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0HVRWKHOLRPD�DW�D�*ODQFH 

6RXUFH������&HQWHUV�IRU�'LVHDVH�&RQWURO�DQG�3UHYHQWLRQ� ,QFLGHQFH�RI�0DOLJQDQW�0HVRWKHOLRPD������–������86&6�'DWD�%ULHI��QR������$WODQWD��*$��&HQWHUV�IRU�
'LVHDVH�&RQWURO�DQG�3UHYHQWLRQ��86�'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV������������+XDQJ�-������:LWKHUV�0��:RQJ�0&6��1&'�*OREDO�+HDOWK�5HVHDUFK�*URXS��
$VVRFLDWLRQ�RI�3DFLILF�5LP�8QLYHUVLWLHV��$358���*OREDO�,QFLGHQFH��5LVN�)DFWRUV��DQG�7HPSRUDO�7UHQGV�RI�0HVRWKHOLRPD��$�3RSXODWLRQ-%DVHG�6WXG\��-�7KRUDF�2QFRO��
�����-XQ����������-���������0ROXQDUL��/LQGD��0HVRWKHOLRPD�6WDWLVWLFV��������KWWSV���ZZZ�PHVRWKHOLRPD�FRP�PHVRWKHOLRPD�VWDWLVWLFV� 

7XQLFD�9DJLQDOLV  
9HU\�UDUH�WXPRUV�WKDW�VWDUW�
LQ�WKH�FRYHULQJ�OD\HU�RI�WKH�

WHVWLFOHV� 

3HULFDUGLDO� 
6WDUW�LQ�WKH�FRYHULQJ�

DURXQG�WKH�KHDUW�DQG�DUH�
YHU\�UDUH� 

3HULWRQHDO� 
6WDUW�LQ�WKH�DEGRPHQ� 

3OHXUDO� 
6WDUW�LQ�WKH�FKHVW��PRUH�

WKDQ���RXW�RI���
PHVRWKHOLRPDV�DUH�SOHXUDO� 

7\SHV�RI�0HVRWKHOLRPD 

����� 
DSSUR[LPDWH�GHDWKV�RI�PHVRWKHOLRPD�������������������
SDWLHQWV�HDFK�\HDU�LQ�WKH�8QLWHG�6WDWHV 

3DWKRORJLFDO�6XEW\SHV� 
· 0RUH�WKDQ�KDOI�RI�PHVRWKHOLRPDV�DUH HSLWKHOLRLG��

7KLV�W\SH�WHQGV�WR�KDYH�D�EHWWHU�SURJQRVLV�WKDQ�
WKH�RWKHU�W\SHV� 

· $ERXW�����WR�����RI�PHVRWKHOLRPDV�
DUH VDUFRPDWRLG� 

· 0L[HG��ELSKDVLF� PHVRWKHOLRPDV�KDYH�ERWK�
HSLWKHOLRLG�DQG�VDUFRPDWRLG�DUHDV��7KH\�PDNH�XS�
WKH�UHPDLQLQJ�����WR�����RI�PHVRWKHOLRPDV� 

*OREDO�,QFLGHQFH�RI�0HVRWKHOLRPD�E\�$JH�LQ ���� 

6RXUFH��&HQWHUV�IRU�'LVHDVH�&RQWURO�DQG�3UHYHQWLRQ� ,QFLGHQFH�RI�0DOLJQDQW�0HVRWKHOLRPD��
����–������86&6�'DWD�%ULHI��QR������$WODQWD��*$��&HQWHUV�IRU�'LVHDVH�&RQWURO�DQG�
3UHYHQWLRQ��86�'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV�������� 

������ 
$PHULFDQV�ZHUH�GLDJQRVHG�ZLWK� 

PHVRWKHOLRPD�EHWZHHQ������DQG����� 
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&RQWHQWV 

0HVRWKHOLRPD�DW�D�*ODQFH � 

0HVRWKHOLRPD�3URJUDP � 

���/HWWHU�IURP�WKH�'LUHFWRUV � 

���0HVRWKHOLRPD�3URJUDP������-�����$FDGHPLF�<HDUV� � 

���3DWLHQW�6QDSVKRW������-����� � 

���0HVRWKHOLRPD�3DWLHQW�7UHDWPHQW�-RXUQH\ � 

&OLQLFDO�)DFXOW\ � 

1XUVLQJ�$OOLHG�+HDOWKFDUH�3URYLGHUV �� 

&OLQLFDO�7ULDOV �� 

5HVHDUFK�$ZDUGV �� 

.H\�3XEOLFDWLRQV �� 

5HVHDUFK�)DFXOW\ �� 

���0HVRWKHOLRPD-)RFXVHG�/DERUDWRULHV �� 

5HVHDUFK�	�/DERUDWRU\�6WDII �� 

���5HVHDUFK�)HOORZV��6FKRODUV��	�6FLHQWLVWV �� 

���5HVHDUFK�	�/DERUDWRU\�6WDII �� 

3XEOLFDWLRQV �� 

1DWLRQDO�5HFRJQLWLRQV�	�/HDGHUVKLS �� 

06.�µ,Q�7KH�1HZV¶ �� 

'HYHORSPHQW�	�$GYRFDF\ �� 

5HSRUW�&RPSLODWLRQ� �� 

0HVRWKHOLRPD�/HDGHUVKLS�0HQWRULQJ �� 

5HTXHVW�$SSRLQWPHQW �� 
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/HWWHU�IURP�WKH�'LUHFWRUV 

0DUMRULH�*��=DXGHUHU��0' 

����$VVRFLDWH�$WWHQGLQJ��7KRUDFLF�2QFRORJ\�6HUYLFH����������
'HSDUWPHQW�RI�0HGLFLQH� 

7KH�0HVRWKHOLRPD�3URJUDP�DW�0HPRULDO�6ORDQ�.HWWHULQJ�&DQFHU�&HQWHU��06.��LV�RQH�RI�WKH�
ORQJHVW-VHUYLQJ�DQG�EXVLHVW�FOLQLFDO��DFDGHPLF��DQG�UHVHDUFK�SURJUDPV�LQ�WKH�ZRUOG��:KLOH�RXU�
IDFXOW\�DQG�VWDII�PHPEHUV�KDYH�SOD\HG�D�NH\�UROH�LQ�RSWLPL]LQJ�WKH�FOLQLFDO�PDQDJHPHQW�RI�SDWLHQWV�
ZLWK�PHVRWKHOLRPD�RYHU�WKH�GHFDGHV��ZH�DUH�DZDUH�RI�WKH�FXUUHQW�OLPLWDWLRQV�WKDW�H[LVW�IRU�FDQFHU�
PDQDJHPHQW��,Q�DGGLWLRQ�WR�SURYLGLQJ�VWDWH-RI-WKH-DUW�FKHPRWKHUDS\��VXUJLFDO�UHVHFWLRQ��WKRUDFLF�
UDGLDWLRQ��DQG�LPPXQRWKHUDS\��WKLV�UHSRUW�UHIOHFWV�WKH�GULYH�DQG�DELOLW\�RI�WKH�PHPEHUV�RI�WKH�
0HVRWKHOLRPD�3URJUDP�WR�FRQGXFW�UHVHDUFK�WKDW�ZLOO�QRW�RQO\�LPSURYH�WKH�WUHDWPHQWV�DYDLODEOH�WR�
RXU�SDWLHQWV��EXW�DOVR�SUHVHUYH�WKHLU�TXDOLW\�RI�OLIH� 

 

7KH�0HVRWKHOLRPD�3URJUDP�'LUHFWRUV¶�UHSRUW�SURYLGHV�DQ�RYHUYLHZ�RI�WKH�FOLQLFDO�FDUH�DQG�
UHVHDUFK�SHUIRUPHG�E\�PHVRWKHOLRPD�VSHFLDOLVWV�DQG�QXUVLQJ�DQG�DOOLHG�KHDOWK�SURIHVVLRQDOV�DW�
06.�GXULQJ�WKH�����–�����DFDGHPLF�\HDUV��7KH�H[FHSWLRQDO�PXOWL-GLVFLSOLQDU\�WHDP�RI�FOLQLFLDQV��
QXUVHV��IHOORZV��DQG�VWDII�WKDW�KDV�EHHQ�GHGLFDWHG�WR�WKH�0HVRWKHOLRPD�3URJUDP�SURYLGHV�FOLQLFDO�
FDUH�DQG�PHHWV�UHJXODUO\�WR�FRRUGLQDWH�LQGLYLGXDOL]HG�SDWLHQW�FDUH��,Q�DGGLWLRQ�WR�WKRVH�ZKR�DUH�
GHGLFDWHG�WR�FOLQLFDO�FDUH��WKLV�UHSRUW�UHFRJQL]HV�WKH�KDUGZRUNLQJ�VWDII�LQ�UHVHDUFK�06.�
ODERUDWRULHV�DQG�WKHLU�SXEOLFDWLRQV�WKDW�KDYH�DGYDQFHG�WKH�XQGHUVWDQGLQJ�RI�PHVRWKHOLRPD�WKURXJK�
EDVLF�VFLHQFH�ODERUDWRU\�UHVHDUFK��WUDQVODWLRQDO�UHVHDUFK��FOLQLFDO�WULDOV��DQG�UHVHDUFK�RQ�SDWLHQW�
RXWFRPHV�DQG�TXDOLW\�RI�OLIH��7KLV�UHSRUW�DOVR�UHFRJQL]HV�WKH�PHPEHUV�ZKR�KDYH�UHFHLYHG�UHVHDUFK�
IXQGLQJ�IURP�IHGHUDO�DQG�QRQ-IHGHUDO�DJHQFLHV�DV�ZHOO�DV�LQGXVWU\�DQG�SKLODQWKURSLF�VRXUFHV� 

 

:H�VSHFLILFDOO\�DFNQRZOHGJH�WKH�IDFXOW\�PHPEHUV�ZKR�KDYH�FRQWULEXWHG�WR�EXLOGLQJ�D�VWURQJ�
IRXQGDWLRQ�WR�DGYDQFH�SDWLHQW�RXWFRPHV��WKHVH�IDFXOW\�PHPEHUV�LQFOXGH�'UV��9DOHULH�:��5XVFK�
�&KLHI�RI�7KRUDFLF�6XUJHU\������–�������0DUN�*��.ULV��&KLHI�RI�7KRUDFLF�2QFRORJ\������–�������
$QGUHDV�5LPQHU��'LUHFWRU�RI�7KRUDFLF�5DGLDWLRQ�2QFRORJ\�5HVHDUFK������–SUHVHQW���(OOHQ�'��
<RUNH��3K\VLFLVW������–SUHVHQW���DV�ZHOO�DV�&KDUOHV�0��5XGLQ�DQG�'DYLG�5��-RQHV��&KLHIV�RI�
7KRUDFLF�'LVHDVH�0DQDJHPHQW�7HDP���)LQDOO\��ZH�ZRXOG�OLNH�WR�WKDQN�DQG�UHFRJQL]H�0HJ�'RROH\�
�6HQLRU�$GYLVRU�WR�WKH�&KLHI�'HYHORSPHQW�2IILFHU��IURP�WKH�06.�2IILFH�RI�'HYHORSPHQW�IRU�KHU�
H[FHSWLRQDO�VXSSRUW�WR�WKH�0HVRWKHOLRPD�3URJUDP�RYHU�WKH�\HDUV��:H�DUH�JUDWHIXO�WR�WKH�SDWLHQWV�
ZKR�KDYH�HQWUXVWHG�WKHLU�FDUH�WR�XV� 

3UDVDG�6��$GXVXPLOOL��0' 

$WWHQGLQJ��7KRUDFLF�6HUYLFH��������������������������
'HSDUWPHQW�RI�6XUJHU\ 

0HVRWKHOLRPD�3URJUDP 



�5HVHDUFK�5HSRUW�_������������������������

 

0HVRWKHOLRPD�3URJUDP������-�����$FDGHPLF�<HDUV� 

)$&8/7< 
&/,1,&$/� 
67$)) 

5(6($5&+�
67$)) 

  

�� 

�� 

38%/,&$7,216 
��2)�38%/,&$7,216�,1������������

-2851$/6�:,7+�$1�,03$&7����
)$&725��,)������ 

&/,1,&$/�������
75,$/6 

��� 

0HVRWKHOLRPD�3URJUDP 

�� �� 

�� 

)('(5$/�
*5$176 

)281'$7,21�
*5$176 

,1'8675<�
*5$176 

  

�� �� �� 



�����_�06.�0HVRWKHOLRPD�3URJUDP 

 

3DWLHQW�6QDSVKRW������-����� 

0HVRWKHOLRPD�3URJUDP 
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0HVRWKHOLRPD�3DWLHQW�7UHDWPHQW�-RXUQH\ 

0HVRWKHOLRPD�3URJUDP 
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&OLQLFDO�)DFXOW\ 

0LFKHOOH�6��*LQVEHUJ��0'������
9LFH�&KDLU�IRU�(GXFDWLRQ��
'HSDUWPHQW�RI�5DGLRORJ\ 

5REHUW�3��/HH��0' 
6HFWLRQ�+HDG��6HFWLRQ�RI�

,QWHUYHQWLRQDO�
3XOPRQRORJ\��3URJUDP�
'LUHFWRU��,QWHUYHQWLRQDO�
3XOPRQRORJ\�)HOORZVKLS 

*DUUHWW�0��1DVK��0'��������
9LFH�&KDLU�IRU�4XDOLW\�DQG�

6DIHW\��'HSDUWPHQW�RI�6XUJHU\ 

�0LFKDHO�'��2IILQ��0'�
$VVLVWDQW�$WWHQGLQJ�7KRUDFLF�

2QFRORJLVW 

(GXDUGR�-��2UWL]�
+RUPD]D��0'������������������������������������

$VVLVWDQW�$WWHQGLQJ�
5DGLRORJLVW 

�'DUUHQ�5��)HOGPDQ��0'�
&KDLU��4XDOLW\�$VVXUDQFH��
'HSDUWPHQW�RI�0HGLFLQH��
6HFWLRQ�+HDG��*HUP�&HOO�

&DQFHU 

�3UDVDG�6��$GXVXPLOOL��0' 
'HSXW\�&KLHI�DQG�$WWHQGLQJ����������

7KRUDFLF�6HUYLFH��9LFH�&KDLU�IRU�
7UDQVODWLRQDO�5HVHDUFK��&R-
'LUHFWRU��06.�0HVRWKHOLRPD�
3URJUDP��0LQ�+��	�<X-)DQ�&��
.DR�&KDLU�LQ�7KRUDFLF�&DQFHU� 

(ULFD�6��$OH[DQGHU��0' 
$VVLVWDQW�$WWHQGLQJ�5DGLRORJLVW 

�0DULQD�.��%DLQH��0'��3K' 
$VVLVWDQW�$WWHQGLQJ�3DWKRORJLVW 

�0DQMLW�6��%DLQV��0' 
7KRUDFLF�6XUJHRQ 

��0RKLW�&KDZOD��0' 
&KLHI��3XOPRQDU\�6HUYLFH 

��9LFWRU�(��5HXWHU��0'�����
9LFH�&KDLU��'HSDUWPHQW�RI��������

3DWKRORJ\��'LUHFWRU��
*HQLWRXULQDU\�3DWKRORJ\�

)HOORZVKLS 

$QGUHDV�5LPQHU��0' 
'LUHFWRU��7KRUDFLF�5DGLDWLRQ�

2QFRORJ\�5HVHDUFK 

�&KDUOHV�0��5XGLQ��0'��
3K'������������������������������

&DQFHU�&HQWHU�'HSXW\�
'LUHFWRU��&KLHI��7KRUDFLF�
2QFRORJ\�6HUYLFH��&R-
'LUHFWRU��'UXFNHQPLOOHU�
&HQWHU�IRU�/XQJ�&DQFHU�

5HVHDUFK��6\OYLD������
+DVVHQIHOG�&KDLU�LQ�/XQJ�

&DQFHU�5HVHDUFK 

�9DOHULH�:��5XVFK��0'�
9LFH�&KDLU�IRU�&OLQLFDO�

5HVHDUFK��'HSDUWPHQW�RI�
6XUJHU\��0LQHU�)DPLO\�&KDLU�LQ�

,QWUDWKRUDFLF�&DQFHUV 

-HQQLIHU�/��6DXWHU��0'���
$VVLVWDQW�$WWHQGLQJ�

3DWKRORJLVW 

$QQHPDULH�)HUQDQGHV�
6KHSKHUG��0'�����

'LUHFWRU��3URWRQ�7KHUDS\�IRU�
7KRUDFLF�0DOLJQDQFLHV 

&KDUOHV�%��6LPRQH��0'���������
&KLHI�0HGLFDO�2IILFHU��1HZ�

<RUN�3URWRQ�&HQWHU 

6WHSKHQ�%��6RORPRQ��
0'����������������������������

&KLHI��,QWHUYHQWLRQDO�
5DGLRORJ\�6HUYLFH��(QLG�$��
+DXSW�&KDLU�LQ�&OLQLFDO�

,QYHVWLJDWLRQ 

:LOOLDP�'��7UDYLV��0'�����
'LUHFWRU��7KRUDFLF�3DWKRORJ\ 

�6RR-5\XP��6WHZDUW��
<DQJ��0'����������������������������������

$VVLVWDQW�$WWHQGLQJ�3DWKRORJLVW 

0DUMRULH�*��=DXGHUHU��
0'�����������������������

$VVRFLDWH�$WWHQGLQJ��
7KRUDFLF�2QFRORJ\�6HUYLFH��

&R-'LUHFWRU��06.�
0HVRWKHOLRPD�3URJUDP 

��(WD\�=LY��0'��3K'��������������������������
$VVRFLDWH�$WWHQGLQJ�

5DGLRORJLVW 

&OLQLFDO�)DFXOW\ 
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'U��5XVFK�ZRUNHG�DV�D�WKRUDFLF�VXUJHRQ�IRU����\HDUV�DW�0HPRULDO�6ORDQ�.HWWHULQJ�
&DQFHU�&HQWHU�LQ�1HZ�<RUN�DQG�VHUYHG�DV�&KLHI�RI�7KRUDFLF�6XUJHU\�IURP������WR�
������'XULQJ�KHU�WHQXUH��VKH�OHG�D�PXOWL-GLVFLSOLQDU\�WHDP�LQ�DGYDQFLQJ�WKH�
PDQDJHPHQW�RI�PDOLJQDQW�SOHXUDO�PHVRWKHOLRPD� 

$�QDWLYH�1HZ�<RUNHU��'U��5XVFK�JUDGXDWHG�IURP�WKH�/\FpH�)UDQoDLV�GH�1HZ�<RUN�
DQG�9DVVDU�&ROOHJH DQG�LV�IOXHQW�LQ�ERWK�)UHQFK�DQG�(QJOLVK��6KH�UHFHLYHG�KHU�
PHGLFDO�GHJUHH�IURP�WKH�&ROOHJH�RI�3K\VLFLDQV�DQG�6XUJHRQV�DW�&ROXPELD�
8QLYHUVLW\��WKHQ�FRPSOHWHG�UHVLGHQF\�WUDLQLQJ�LQ�JHQHUDO�VXUJHU\�DQG�FDUGLRWKRUDFLF�
VXUJHU\�DW�WKH�8QLYHUVLW\�RI�:DVKLQJWRQ�LQ�6HDWWOH��6XEVHTXHQWO\��VKH�VSHQW�RQH�

\HDU�DW�0'�$QGHUVRQ�&DQFHU�&HQWHU LQ�+RXVWRQ IRU�DGGLWLRQDO�WUDLQLQJ�LQ�WKRUDFLF�RQFRORJ\ SULRU�WR�MRLQLQJ�WKH�
IDFXOW\�DW�WKH�8QLYHUVLW\�RI�:DVKLQJWRQ�IRU�VL[�\HDUV��,Q�������VKH�MRLQHG�WKH�VWDII�DW�06.� 

'XULQJ�KHU�WHQXUH�DV�D�IDFXOW\�PHPEHU�DQG�&KLHI�RI�7KRUDFLF�6XUJHU\��'U��5XVFK�PDGH�VHQWLQHO�FRQWULEXWLRQV�LQ�
FRRUGLQDWLQJ�PXOWL-GLVFLSOLQDU\�PHVRWKHOLRPD�SDWLHQW�FDUH��7KHVH�FRQWULEXWLRQV�LQFOXGH�LPSURYLQJ�VWDJLQJ��
GHYHORSLQJ�VWDQGDUGL]HG�WHFKQLTXHV�IRU�VXUJLFDO�UHVHFWLRQ�RI�PHVRWKHOLRPD��HYDOXDWLQJ�RXWFRPHV�IROORZLQJ�
SOHXUHFWRP\�DQG�GHFRUWLFDWLRQ��DQG�LQWHJUDWLQJ�LQWHQVLW\�PRGXODWHG�UDGLDWLRQ�WKHUDS\�LQWR�VWDQGDUG-RI-FDUH�IRU�
SDWLHQWV�ZLWK�SOHXUDO�PHVRWKHOLRPD��,Q�DGGLWLRQ��VKH�KDV�SURYLGHG�NH\�VXSSRUW�IRU�DGYDQFLQJ�PHVRWKHOLRPD�
UHVHDUFK�WKDW�LQYHVWLJDWHV�JHQRPLFV��RQFRO\WLF�YLUDO�WKHUDS\��DQG�DGRSWLYH�FHOO�WKHUDS\� 

,Q�DGGLWLRQ�WR�RWKHU�UHVSRQVLELOLWLHV��VKH�FXUUHQWO\�VHUYHV�DV�&KDLU�RI�WKH�$PHULFDQ�%RDUG�RI�7KRUDFLF�6XUJHU\��D�
5HJHQW��L�H���PHPEHU�RI�WKH�%RDUG�RI�'LUHFWRUV��RI�WKH�$PHULFDQ�&ROOHJH�RI�6XUJHRQV��&KDLU�RI�WKH�/XQJ�DQG�
(VRSKDJXV�7DVN�)RUFH�RI�WKH�$PHULFDQ�-RLQW�&RPPLWWHH�RQ�&DQFHU��DQG�&KDLU�RI�WKH�0HVRWKHOLRPD�
6XEFRPPLWWHH�RI�WKH�,QWHUQDWLRQDO�$VVRFLDWLRQ�IRU�WKH�6WXG\�RI�/XQJ�&DQFHU¶V 6WDJLQJ�&RPPLWWHH�� 

9DOHULH�:��5XVFK��0' 

$ZDUGV� 

3LRQHHU�$ZDUG�IRU�FOLQLFDO�UHVHDUFK�LQ�PDOLJQDQW�
PHVRWKHOLRPD��E\�WKH�0HVRWKHOLRPD�$SSOLHG�5HVHDUFK�
)RXQGDWLRQ������ 

0LQHU�)DPLO\�&KDLU�LQ�,QWUDWKRUDFLF�&DQFHUV 

&OLQLFDO�7ULDOV� 

/XQJ�&DQFHU�6WXG\�*URXS�����-������6WXG\�&KDLUPDQ�IRU�
/&6*������0DOLJQDQW�0HVRWKHOLRPD�3LORW�6WXG\�DQG�
/&6*������$�3KDVH�,,�6WXG\�RI�,QWUDSOHXUDO�DQG�
6\VWHPLF�$GMXYDQW�&KHPRWKHUDS\�IRU�3DWLHQWV�ZLWK�
5HVHFWHG�0DOLJQDQW�0HVRWKHOLRPD 

3ULQFLSDO�,QYHVWLJDWRU��3KDVH�,�6WXG\�RI�,QWUD-3OHXUDO�
$GPLQLVWUDWLRQ�RI�*/-21&���D�*HQHWLFDOO\�0RGLILHG�
9DFFLQLD�9LUXV��,Q�3DWLHQWV�ZLWK�0DOLJQDQW�3OHXUDO�
(IIXVLRQ��3ULPDU\��0HWDVWDVHV�DQG�0HVRWKHOLRPD�
�6.����-������*(1(/8;�,5%���-����������-SUHVHQW 

3ULQFLSDO�,QYHVWLJDWRU��9ROXPHWULF�&7�IRU�WKH�6WDJLQJ�RI�
0DOLJQDQW�3OHXUDO�0HVRWKHOLRPD��0HVRWKHOLRPD�
$SSOLHG�5HVHDUFK�)RXQGDWLRQ�������-���� 

&R-,QYHVWLJDWRU��3KDVH�,,�7R[LFLW\�6WXG\�RI�3OHXUHFWRP\�
'HFRUWLFDWLRQ�)ROORZHG�E\�$GMXYDQW�&KHPRWKHUDS\�
DQG�,QWHQVLW\�0RGXODWHG�5DGLDWLRQ�7KHUDS\�WR�WKH�
3OHXUD�LQ�3DWLHQWV�ZLWK�/RFDOO\�$GYDQFHG�0DOLJQDQW�
3OHXUDO�0HVRWKHOLRPD��&\FOH�IRU�6XUYLYDO������-����� 

&RPPLWWHHV�DQG�2UJDQL]DWLRQ�:RUN� 

3UHVLGHQW��,QWHUQDWLRQDO�0HVRWKHOLRPD�,QWHUHVW�*URXS��
����-���� 

&KDLU��,QWHUQDWLRQDO�$VVRFLDWLRQ�IRU�WKH�6WXG\�RI�/XQJ�
&DQFHU��,$6/&��0HVRWKHOLRPD�'RPDLQ������-SUHVHQW 

0HPEHU��6FLHQWLILF�$GYLVRU\�%RDUG��0HVRWKHOLRPD�$SSOLHG�
5HVHDUFK�)RXQGDWLRQ������-���� 

0HPEHU��0HVRWKHOLRPD�'DWDVHW�'HYHORSPHQW�3DQHO��
,QWHUQDWLRQDO�&RPPLWWHH�RQ�&DQFHU�5HSRUWLQJ��,&&5���
���� 

0HPEHU��$6&2�([SHUW�3DQHO�RQ�7UHDWPHQW�RI�0DOLJQDQW�
3OHXUDO�0HVRWKHOLRPD������-���� 

/HDGHU��6XUJLFDO�(DUO\�6WDJH�*URXS��0HVRWKHOLRPD�
:RUNLQJ�*URXS��1&,�7KRUDFLF�6WDJLQJ�0DOLJQDQFLHV�
&RPPLWWHH��1760�������-SUHVHQW 

6XUJLFDO�5HYLHZHU��'DWD�6DIHW\�DQG�0RQLWRULQJ�
&RPPLWWHH��0$56���WULDO��$�)HDVLELOLW\�6WXG\�
&RPSDULQJ��([WHQGHG��3OHXUHFWRP\�'HFRUWLFDWLRQ�
9HUVXV�QR�3OHXUHFWRP\�'HFRUWLFDWLRQ�LQ�3DWLHQWV�ZLWK�
0DOLJQDQW�3OHXUDO�0HVRWKHOLRPD���8QLWHG�.LQJGRP��
����-SUHVHQW 

&R-&KDLU��,$6/&-(85$6&$1�0XOWLGLVFLSOLQDU\�&RPPLWWHH�
IRU�0HVRWKHOLRPD�&ODVVLILFDWLRQ������-SUHVHQW 

&OLQLFDO�)DFXOW\ 



�5HVHDUFK�5HSRUW�_�������������������������

 

'DYLG�5��-RQHV��0' 

'U��-RQHV�LV�WKH�&KLHI�RI�WKH�06.�7KRUDFLF�6XUJHU\�6HUYLFH� 
 
'U��-RQHV¶V�UHVHDUFK�IRFXVHV�RQ�WKH�PHFKDQLVPV�DQG�GULYHUV�RI�PHWDVWDVHV�LQ�OXQJ�FDQFHU��+LV�
UHVHDUFK�KDV�EHHQ�IXQGHG�E\�WKH�1,+�1&,��'HSDUWPHQW�RI�'HIHQVH��DQG�WKH�$PHULFDQ�$VVRFLDWLRQ�
IRU�&DQFHU�5HVHDUFK��+H�KDV�EHHQ�WKH�SULQFLSDO�LQYHVWLJDWRU�RU�FR-3,�RQ�RYHU����IXQGHG�JUDQWV�DQG�
FXUUHQWO\�KROGV�WZR�5���DZDUGV�IURP�WKH�1&,��+H�KDV�SXEOLVKHG�RYHU�����SDSHUV�DQG�KDV�ZULWWHQ�
RYHU����ERRN�FKDSWHUV�� 

&KDUOHV�0��5XGLQ��0'��3K' 
,Q�DGGLWLRQ�WR�VHUYLQJ�DV�&KLHI�RI�WKH�7KRUDFLF�2QFRORJ\�6HUYLFH��'U��5XGLQ�KDV�OHG�WKH�1DWLRQDO�
&DQFHU�,QVWLWXWH¶V�6PDOO�&HOO�/XQJ�&DQFHU�5HVHDUFK�&RQVRUWLXP�VLQFH�LWV�LQFHSWLRQ�LQ������� 

'U��5XGLQ¶V�ODE�OHDGV�UHVHDUFK�WKDW�IRFXVHV�RQ�WKH�GHYHORSPHQW�DQG�WHVWLQJ�RI�QRYHO�WKHUDSHXWLF�
DSSURDFKHV�WR�OXQJ�FDQFHU�DQG�PHVRWKHOLRPD�LQ�SUHFOLQLFDO�PRGHOV�LQFOXGLQJ�SDWLHQW-GHULYHG�
[HQRJUDIWV��7KHVH�VWXGLHV�DUH�LQWHJUDWHG�ZLWK�HDUO\�SKDVH�FOLQLFDO�WULDOV� 

'U��5XVFK¶V�6HOHFWHG�3XEOLFDWLRQV� 

5XVFK�9:��6DOW]�/��9HQNDWUDPDQ�(���$�3KDVH�,,�WULDO�RI�SOHXUHFWRP\�GHFRUWLFDWLRQ�IROORZHG�E\�LQWUDSOHXUDO�DQG�V\VWHPLF�
FKHPRWKHUDS\�IRU�PDOLJQDQW�SOHXUDO�PHVRWKHOLRPD���-�&OLQ�2QFRO��������������-������30,'� ������� 

5XVFK�9:��7KH�,QWHUQDWLRQDO�0HVRWKHOLRPD�,QWHUHVW�*URXS��$�SURSRVHG�QHZ�LQWHUQDWLRQDO�710�VWDJLQJ�V\VWHP�IRU�PDOLJQDQW�
SOHXUDO�PHVRWKHOLRPD��&KHVW��������������-����30,'� ������� 

5XVFK�9:��5RVHQ]ZHLJ�.��9HQNDWUDPDQ�(��$�SKDVH�,,�WULDO�RI�VXUJLFDO�UHVHFWLRQ�DQG�DGMXYDQW�KLJK�GRVH�KHPLWKRUDFLF�
UDGLDWLRQ�IRU�PDOLJQDQW�SOHXUDO�PHVRWKHOLRPD��-�7KRUDF�&DUGLRYDVF�6XUJ�������������-�����30,'� �������� 

)ORUHV�50��.UXJ�/0«5XVFK�9:���,QGXFWLRQ�FKHPRWKHUDS\��H[WUDSOHXUDO�SQHXPRQHFWRP\��DQG�SRVWRSHUDWLYH�KLJK�GRVH�
UDGLDWLRQ�IRU�ORFDOO\�DGYDQFHG�PDOLJQDQW�SOHXUDO�PHVRWKHOLRPD��$�3KDVH�,,�WULDO���-�7KRUDF�2QFRO�����������-�����
30,'� �������� 

)ORUHV�50��$NKXUVW�7���5XVFK�9:��3RVLWURQ�HPLVVLRQ�WRPRJUDSK\�GHILQHV�PHWDVWDWLF�GLVHDVH�EXW�QRW�ORFRUHJLRQDO�GLVHDVH�LQ�
SDWLHQWV�ZLWK�PDOLJQDQW�SOHXUDO�PHVRWKHOLRPD���-�7KRUDF�&DUGLRYDVF�6XUJ������������-����30,'� �������� 

)ORUHV�50��=DNRZVNL�0«5XVFK�9:���3URJQRVWLF�IDFWRUV�LQ�WKH�WUHDWPHQW�RI�PDOLJQDQW�SOHXUDO�PHVRWKHOLRPD�DW�D�ODUJH�WHUWLDU\�
UHIHUUDO�FHQWHU���-�7KRUDF�2QFRO�����������-�����30,'� �������� 

)ORUHV�50��3DVV�+,«5XVFK�9:���([WUDSOHXUDO�SQHXPRQHFWRP\��(33��YHUVXV�SOHXUHFWRP\�GHFRUWLFDWLRQ��3�'��LQ�WKH�VXUJLFDO�
PDQDJHPHQW�RI�PDOLJQDQW�SOHXUDO�PHVRWKHOLRPD��030���5HVXOWV�LQ�����SDWLHQWV���-�7KRUDF�&DUGLRYDVF�6XUJ�������������
-�����30,'� �������� 

%RWW�0��%UHYHW�0���5XVFK�9:��/DGDQ\L�0��7KH�QXFOHDU�GHXELTXLWLQDVH�%$3��LV�FRPPRQO\�LQDFWLYDWHG�E\�VRPDWLF�PXWDWLRQV�
DQG��S�����ORVVHV�LQ�PDOLJQDQW�SOHXUDO�PHVRWKHOLRPD���1DWXUH�*HQHWLFV���������������-����30,'� �������� 

5XVFK�9:��*LURX[�'��.HQQHG\�&��,QLWLDO�DQDO\VLV�RI�WKH�,QWHUQDWLRQDO�$VVRFLDWLRQ�IRU�WKH�6WXG\�RI�/XQJ�&DQFHU��,$6/&��
PHVRWKHOLRPD�GDWDEDVH���-�7KRUDF�2QFRO������������-������30,'��������� 

3DVV�+��*LURX[�'«5XVFK�9:��6WDJLQJ�DQG�3URJQRVWLF�)DFWRUV�&RPPLWWHH��$GYLVRU\�%RDUGV�DQG�3DUWLFLSDWLQJ�,QVWLWXWLRQV��
7KH�,$6/&�PHVRWKHOLRPD�GDWDEDVH��,PSURYLQJ�VWDJLQJ�RI�D�UDUH�GLVHDVH�WKURXJK�LQWHUQDWLRQDO�SDUWLFLSDWLRQ���-�7KRUDF�
2QFRO�����������������-������30,'���������� 

&OLQLFDO�)DFXOW\ 

'UV��-RQHV�DQG�5XGLQ�LQLWLDWHG�³0HVRWKHOLRPD�3URJUDP�DW�06.´�LQ������DQG�DSSRLQWHG�'UV��$GXVXPLOOL�DQG�
=DXGHUHU�DV�&R-'LUHFWRUV�RI�WKH�SURJUDP� 
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3URWRQ�EHDP�WKHUDS\��3KRWRQ�,057� 



�5HVHDUFK�5HSRUW�_�������������������������

 

   

�/LQGD�$KQ  
$GYDQFHG�3UDFWLFH�3URYLGHU�,,� 

.DUHQ�%DUWOHWW 
&OLQLFDO�1XUVH�,, 

(OL]DEHWK�%ODFNOHU��0%(��/&6:-5 
3URJUDP�0DQDJHU��(WKLFV�&RPPLWWHH��

2IILFH�RI�3K\VLFLDQ-,Q-&KLHI 

 

0LFKHOOH�&ROOHWWL���������������������������
$GYDQFHG�3UDFWLFH�3URYLGHU�,9 

   

-RVHSK�*HRUJH 
&OLQLFDO�1XUVH�,,� 

.DWKOHHQ�/HDU\����������������������������
$GYDQFHG�3UDFWLFH�3URYLGHU�,, 

$OLVRQ�0DVVH\�7DQQHU���������������
$GYDQFHG�3UDFWLFH�3URYLGHU�,, 

 

3DLJH�0XOOLQV��06:��������������
&OLQLFDO�6RFLDO�:RUNHU�, 

1XUVLQJ�$OOLHG� 
+HDOWKFDUH�3URYLGHUV 

   

0DUN�7UD\QRU 
&OLQLFDO�1XUVH�,, 

/HVOLH�7\VRQ 
1XUVH�3UDFWLWLRQHU� 

-RGL�:HLQEHUJ 
$GYDQFHG�3UDFWLFH�3URYLGHU�,, 

 

&DWKHULQH�:LFNHUVKDP 
&OLQLFDO�1XUVH�,9 

 

(ULFD�6WXPSI 
&OLQLFDO�7ULDOV�1XUVH�3UDFWLWLRQHU� 

   

,QQD�3DORWVL 
&OLQLFDO�1XUVH�,,, 

(OL]DEHWK�3DQRUD 
&OLQLFDO�7ULDOV�1XUVH�3UDFWLWLRQHU 

6DUDK�3HUPXWW 
&OLQLFDO�1XUVH�,,, 

 

��5HEHFFD�5HSHWWL 
$GYDQFHG�3UDFWLFH�3URYLGHU�,, 
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&RQVLGHUDWLRQV�IRU�SODQQLQJ�DGMXYDQW�KHPLWKRUDFLF�UDGLDWLRQ�WKHUDS\�WR�EH�GHOLYHUHG�DIWHU�OXQJ-VSDULQJ�VXUJHU\�
IRU�PDOLJQDQW�SOHXUDO�PHVRWKHOLRPD��WKH�,QWHQVLW\-0RGXODWHG�3OHXUDO�5DGLDWLRQ�7KHUDS\�WHFKQLTXH���1RWH�WKDW�WKH�
³ULQG´�LV�FUHDWHG�WR�PLQLPL]H�WKH�KLJK�GRVH�WR�WKH�LSVLODWHUDO�OXQJ��ZLWK�IXUWKHU�GRVH�OLPLWDWLRQV�RQ�WKH�KHDUW��
HVRSKDJXV��VSLQDO�FRUG��DQG�UHOHYDQW�DEGRPLQDO�VWUXFWXUHV��EDVHG�RQ�ODWHUDOLW\��� 
�*RPH]
��5LPQHU
�HW�DO���-72������ 



�5HVHDUFK�5HSRUW�_�������������������������

 

,5% 7LWOH 3,V 

��-��� 
3KDVH����0XOWL-&HQWHU��2SHQ-/DEHO�6WXG\�RI�97�����LQ�3DWLHQWV�ZLWK�5HIUDFWRU\�
/RFDOO\�$GYDQFHG�RU�0HWDVWDWLF�6ROLG�7XPRUV�(QULFKHG�IRU�7XPRUV�+DUERULQJ�
0XWDWLRQV�RI�WKH�1HXURILEURPDWRVLV�7\SH���*HQH��PXWDQW�1)��RU�P1)�� 

=DXGHUHU��0DUMRULH��0'� 
2IILQ��0LFKDHO��0' 

��-��� 

,&$5X6�,,��,QWUDSHULWRQHDO�&KHPRWKHUDS\�$IWHU�F\WR5HGXFWLYH�6XUJHU\���$�0XOWL-
FHQWHU��5DQGRPL]HG�3KDVH�,,�7ULDO�RI�1RUPRWKHUPLF�,QWUDSHULWRQHDO�&KHPRWKHUDS\�
DQG�,QWUDYHQRXV�&KHPRWKHUDS\�$IWHU�&\WRUHGXFWLYH�6XUJHU\�DQG�+\SHUWKHUPLF�
,QWUDSHULWRQHDO�&KHPRWKHUDS\�IRU�0DOLJQDQW�3HULWRQHDO�0HVRWKHOLRPD 

1DVK��*DUUHWW��0'� 
2IILQ��0LFKDHO��0' 

��-��� 
%UHDWKSULQWLQJ��(-1RVH��7HFKQRORJ\�WR�0HDVXUH�5HVSRQVH�WR�7UHDWPHQW�RI�0DOLJQDQW�
3OHXUDO�0HVRWKHOLRPD��030��WKURXJK�030-6SHFLILF�9RODWLOH�2UJDQLF�&RPSRXQGV�
'HWHFWHG�LQ�([KDODWHV� 

5RFFR��*DHWDQR��0' 

��-��� 
$�3KDVH������0XOWL-&HQWHU��2SHQ-/DEHO�6WXG\�WR�(YDOXDWH�WKH�6DIHW\��7ROHUDELOLW\��
DQG�3UHOLPLQDU\�$QWL-WXPRU�$FWLYLW\�RI�71*����LQ�3DWLHQWV�ZLWK�07$3-GHOHWHG�
$GYDQFHG�RU�0HWDVWDWLF�6ROLG�7XPRUV��71*���-&���� 

*RXQGHU��0ULQDO��0'� 
=DXGHUHU��0DUMRULH��0' 

��-��� $�3KDVH�����0XOWLSOH�([SDQVLRQ�&RKRUW�7ULDO�RI�057;�����LQ�3DWLHQWV�ZLWK�
$GYDQFHG�6ROLG�7XPRUV�ZLWK�+RPR]\JRXV�07$3�'HOHWLRQ 

$UERXU��.DWKU\Q��0'� 
2IILQ��0LFKDHO��0' 

��-��� 
$�3URVSHFWLYH��1RQ�,QWHUYHQWLRQDO��7ULDO�(YDOXDWLQJ�WKH�'LDJQRVWLF�$FFXUDF\�RI�
)%/1��IRU�0HVRWKHOLRPD�3OHXUDO�(IIXVLRQV��1<8� 

$GXVXPLOOL��3UDVDG��0'� 
2IILQ��0LFKDHO��0' 

��-��� 
$�3KDVH���6WXG\�RI�3HPEUROL]XPDE�SOXV�&U\RDEODWLRQ�LQ�8QUHVHFWDEOH�
0HVRWKHOLRPDV��IXQGHG�E\�WKH�'UXFNHQPLOOHU�/XQJ�&DQFHU�&HQWHU� 

2IILQ��0LFKDHO��0'�� 
=DXGHUHU��0DUMRULH��0'� 

��-���� 3KDVH���6WXG\�RI�&,-�����$QWL-9,67$�$QWLERG\�LQ�3DWLHQWV�ZLWK�$GYDQFHG�6ROLG�
7XPRU�0DOLJQDQFLHV 

=DXGHUHU��0DUMRULH��0'� 
2IILQ��0LFKDHO��0' 

��-��� '5($0�5��'XUYDOXPDE��0(',������ZLWK�&KHPRWKHUDS\�DV�)LUVW�/LQH�7UHDWPHQW�LQ�
$GYDQFHG�3OHXUDO�0HVRWKHOLRPD�-�$�3KDVH���5DQGRPLVHG�7ULDO��:,5%� 

=DXGHUHU��0DUMRULH��0'� 
2IILQ��0LFKDHO��0' 

��-��� 
3KDVH�,�'RVH�(VFDODWLRQ�DQG�/RFDO�&RQWURO�6WXG\�RI�3HPEUROL]XPDE���,QWHQVLW\-
0RGXODWHG�3OHXUDO�5DGLDWLRQ�7KHUDS\��,035,17��IRU�0DOLJQDQW�3OHXUDO�0HVRWKHOLRPD�
�IXQGHG�E\�0HUFN� 

5LPQHU��$QGUHDV��0'�� 
2IILQ��0LFKDHO��0'��
=DXGHUHU��0DUMRULH��0' 

��-��� 
$�6LQJOH-$UP��2SHQ-/DEHO��3KDVH�,�7ULDO�WR�$VVHVV�WKH�6DIHW\�RI�*HQHWLFDOO\�
(QJLQHHUHG�$XWRORJRXV�7�&HOOV�7DUJHWLQJ�WKH�&HOO�6XUIDFH�$QWLJHQ�0HVRWKHOLQ�ZLWK�
&HOO-,QWULQVLF�&KHFNSRLQW�,QKLELWLRQ�LQ�3DWLHQWV�ZLWK�0HVRWKHOLRPD 

2
&HDUEKDLOO��5RLVLQ��0' 

��-��� 
3KDVH�,,,�5DQGRPL]HG�7ULDO�RI�3OHXUHFWRP\�'HFRUWLFDWLRQ�3OXV�6\VWHPLF�7KHUDS\�
:LWK�RU�:LWKRXW�$GMXYDQW�+HPLWKRUDFLF�,QWHQVLW\-0RGXODWHG�3OHXUDO�5DGLDWLRQ�
7KHUDS\��,035,17��IRU�0DOLJQDQW�3OHXUDO�0HVRWKHOLRPD��030���15*�/8������&,5%� 

5LPQHU��$QGUHDV��0'�� 
5XVFK��9DOHULH��0'� 
=DXGHUHU��0DUMRULH��0' 

��-��� $�3KDVH�����6LQJOH�$UP�2SHQ-/DEHO�&OLQLFDO�7ULDO�RI�*DYRFDEWDJHQH�$XWROHXFHO�
�*$92-&(/��LQ�3DWLHQWV�ZLWK�$GYDQFHG��0HVRWKHOLQ-([SUHVVLQJ�&DQFHU 

2
&HDUEKDLOO��5RLVLQ��0'� 
$GXVXPLOOL��3UDVDG��0' 

��-��� $VVHVVPHQW�RI�(QGRJHQRXV�DQG�&$5�7-&HOO�,PPXQLW\�)ROORZLQJ�$QWL-3'-��$JHQW�DV�
D�7UDQVLWLRQ�6WHS�WR�3KDVH���&RPELQDWLRQ�,PPXQRWKHUDS\ 

$GXVXPLOOL��3UDVDG��0'��
=DXGHUHU��0DUMRULH��0' 

��-��� 
)HDVLELOLW\�DQG�6DIHW\�RI�1HRDGMXYDQW�1LYROXPDE�DQG�&KHPRWKHUDS\�IRU�5HVHFWDEOH�
0DOLJQDQW�3OHXUDO�0HVRWKHOLRPD��IXQGHG�E\�%06� 

2IILQ��0LFKDHO��0'�� 
$GXVXPLOOL��3UDVDG��0'� 
=DXGHUHU��0DUMRULH��0' 

��-��� 
$�3KDVH����2SHQ-/DEHO��'RVH�(VFDODWLRQ�DQG�'RVH�([SDQVLRQ�7ULDO�(YDOXDWLQJ�WKH�
6DIHW\��3KDUPDFRNLQHWLFV��3KDUPDFRG\QDPLFV��DQG�&OLQLFDO�(IIHFWV�RI�2UDOO\�
$GPLQLVWHUHG�&$-����LQ�3DWLHQWV�ZLWK�$GYDQFHG�7XPRUV�DQG�/\PSKRPDV 

=DXGHUHU��0DUMRULH��0' 

��-���� $�3KDVH����)LUVW-LQ-+XPDQ�6WXG\�RI�,.-�����DQ�2UDO�7($'�,QKLELWRU�7DUJHWLQJ�WKH�
+LSSR�3DWKZD\�LQ�6XEMHFWV�:LWK�$GYDQFHG�6ROLG�7XPRUV� 

*RXQGHU��0ULQDO��0' 

&OLQLFDO�7ULDOV 
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 &OLQLFDO�7ULDOV 

,5% 7LWOH 3, 

��-���� 7D]HPHWRVWDW�5ROORYHU�6WXG\��75X67���$Q�2SHQ-/DEHO��5ROORYHU�6WXG\ =DXGHUHU��0DUMRULH��0' 

��-��� 
$�3KDVH���6WXG\�RI�$*-����LQ�WKH�7UHDWPHQW�RI�6XEMHFWV�ZLWK�$GYDQFHG�6ROLG�
7XPRUV�RU�/\PSKRPD�ZLWK�+RPR]\JRXV�'HOHWLRQ�RI�07$3 

*RXQGHU��0ULQDO��0' 

��-��� 
,1&$*1�����-�����$�3KDVH�����6WXG\�([SORULQJ�WKH�6DIHW\��7ROHUDELOLW\��DQG�
(IILFDF\�RI�,1&$*1������LQ�&RPELQDWLRQ�:LWK�,PPXQH�7KHUDSLHV�LQ�6XEMHFWV�
:LWK�$GYDQFHG�RU�0HWDVWDWLF�0DOLJQDQFLHV 

'XQQ��/DUD��0' 

��-��� 
&RPELQLQJ�D�:7��&DQFHU�9DFFLQH��*DOLQSHSLPXW-6��ZLWK�&KHFNSRLQW�,QKLELWLRQ�
�1LYROXPDE��LQ�3DWLHQWV�ZLWK�:7�-([SUHVVLQJ�0DOLJQDQW�3OHXUDO�0HVRWKHOLRPD��$�
3KDVH�,�6WXG\��IXQGHG�E\�%06�DQG�6HOODV�/LIH�6FLHQFHV� 

=DXGHUHU��0DUMRULH��0'� 
2IILQ��0LFKDHO��0' 

��-��� 
3HYRQHGLVWDW�DV�D�6LQJOH�$JHQW�DQG�LQ�&RPELQDWLRQ�ZLWK�&KHPRWKHUDS\�LQ�
3DWLHQWV�ZLWK�0DOLJQDQW�0HVRWKHOLRPD��SDUWLDOO\�IXQGHG�E\�1,+�1&,� 

=DXGHUHU��0DUMRULH��0' 

��-��� $�6DIHW\�6WXG\�RI�$YHOXPDE�SOXV�6%57�LQ�0DOLJQDQW�0HVRWKHOLRPD��030� 5LPQHU��$QGUHDV��0'� 
=DXGHUHU��0DUMRULH��0' 

��-��� 
&$��������$�3KDVH�,,,��5DQGRPL]HG��2SHQ�/DEHO�7ULDO�RI�1LYROXPDE�LQ�
&RPELQDWLRQ�ZLWK�,SLOLPXPDE�YHUVXV�3HPHWUH[HG�ZLWK�&LVSODWLQ�RU�&DUERSODWLQ�DV�
)LUVW�/LQH�7KHUDS\�LQ�8QUHVHFWDEOH�3OHXUDO�0HVRWKHOLRPD 

=DXGHUHU��0DUMRULH��0' 

��-��� $�3KDVH�,,�7ULDO�RI�%,%)�������1LQWHGDQLE��LQ�5HFXUUHQW�0DOLJQDQW�3OHXUDO�
0HVRWKHOLRPD 

=DXGHUHU��0DUMRULH��0' 

��-���� ([DPLQLQJ�WKH�5ROH�RI�&KURPRVRPDO�,QVWDELOLW\�DQG�0ROHFXODU�0DUNHUV�RI�
5DGLRVHQVLWLYLW\��&KHPRVHQVLWLYLW\�DQG�3URJQRVLV�LQ�0DOLJQDQW�0HVRWKHOLRPD� 

=DXGHUHU��0DUMRULH��0'� 
5LPQHU��$QGUHDV�0' 

��-���� 

32/$5,6����-�����5DQGRPL]HG��'RXEOH-%OLQG��3KDVH�����6WXG\�LQ�6XEMHFWV�
ZLWK�0DOLJQDQW�3OHXUDO�0HVRWKHOLRPD�ZLWK�/RZ�$UJLQLQRVXFFLQDWH�6\QWKHWDVH���
([SUHVVLRQ�WR�$VVHVV�$',-3(*����ZLWK�3HPHWUH[HG�DQG�&LVSODWLQ��$720,&-
0HVR�3KDVH�����6WXG\� 

=DXGHUHU��0DUMRULH��0' 

��-���� 
$�3KDVH����0XOWLFHQWHU�6WXG\�RI�WKH�(=+��,QKLELWRU�7D]HPHWRVWDW�LQ�$GXOW�
6XEMHFWV�ZLWK�5HODSVHG�RU�5HIUDFWRU\�0DOLJQDQW�0HVRWKHOLRPD�ZLWK�%$3��/RVV�RI�
)XQFWLRQ 

=DXGHUHU��0DUMRULH��0' 

��-��� ,QYHVWLJDWLQJ�WKH�7XPRU�,PPXQH�0LFURHQYLURQPHQW�LQ�7KRUDFLF�0DOLJQDQFLHV–�
/XQJ�&DQFHU��0HVRWKHOLRPD��(VRSKDJHDO�&DQFHU��DQG�/XQJ�0HWDVWDVLV 

$GXVXPLOOL��3UDVDG��0' 

��-��� 
$�3KDVH�,�,,�&OLQLFDO�7ULDO�RI�0DOLJQDQW�3OHXUDO�'LVHDVH�7UHDWHG�ZLWK�$XWRORJRXV�7�
&HOOV�*HQHWLFDOO\�(QJLQHHUHG�WR�7DUJHW�WKH�&DQFHU-&HOO�6XUIDFH�RI�$QWLJHQ�
0HVRWKHOLQ 

=DXGHUHU��0DUMRULH��0'��
$GXVXPLOOL��3UDVDG��0'� 
2¶&HDUEKDLOO��5RLVLQ��0' 

��-��� &OLQLFDO�DQG�+LVWRSDWKRORJLF�&KDUDFWHULVWLFV�RI�%$3��0XWDWLRQV��IXQGHG�E\�WKH�
'HSDUWPHQW�RI�'HIHQVH� 

=DXGHUHU��0DUMRULH��0' 

��-��� 
5DQGRPL]HG�3KDVH�,,�6WXG\�RI�$GMXYDQW�:7-��$QDORJ�3HSWLGH�9DFFLQH�LQ�
3DWLHQWV�ZLWK�0DOLJQDQW�3OHXUDO�0HVRWKHOLRPD��030��$IWHU�&RPSOHWLRQ�RI�
&RPELQHG�0RGDOLW\�7KHUDS\��IXQGHG�E\�WKH�'HSDUWPHQW�RI�'HIHQVH� 

=DXGHUHU��0DUMRULH��0'� 
5XVFK��9DOHULH��0' 
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0HQWRULQJ 

0HVRWKHOLRPD�/HDGHUVKLS�0HQWRULQJ 

$XVWLQ�+RVSLWDO��6LU�3HWHU�0F&DOOXP�&DQFHU�&HQWUH�� 
5R\DO�0HOERXUQH�DQG�:HVWHUQ�*HQHUDO�+RVSLWDOV 

0HOERXUQH��$XVWUDOLD� 

6WHSKHQ�%DUQHWW��0%%6 
&RQVXOWDQW�7KRUDFLF�6XUJHRQ 

*X\¶V�DQG�6W�7KRPDV¶�1+6�)RXQGDWLRQ�7UXVW 

/RQGRQ��(QJODQG 

$QGUHD�%LOOH��0'��3K' 
&RQVXOWDQW�7KRUDFLF�6XUJHRQ 

6ZHGLVK�&DQFHU�,QVWLWXWH 

6HDWWOH��:DVKLQJWRQ��86$ 

$GDP�-��%RJUDG��0' 

7KRUDFLF�6XUJHRQ 

+HOVLQNL�8QLYHUVLW\�+RVSLWDO 

+HOVLQNL��)LQODQG 

,ONND�,ORQHQ��0'��3K' 
&KLHI�3K\VLFLDQ 

%D\ORU�&ROOHJH�RI�0HGLFLQH 

+RXVWRQ��7H[DV��86$ 

5REHUW�7D\ORU�5LSOH\��0' 
$VVRFLDWH�3URIHVVRU�RI�6XUJHU\ 

7KH�IROORZLQJ�IRUPHU�06.�WUDLQHHV�LQ�WKRUDFLF�VXUJHU\�ZHQW�RQ�WR�GHYHORS�PHVRWKHOLRPD�SURJUDPV�DW�WKHLU�
RZQ�LQVWLWXWLRQV�� 
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0XOWLSOH[�LPPXQRIOXRUHVFHQFH�LPDJH�RI�KXPDQ�PDOLJQDQW�SOHXUDO�PHVRWKHOLRPD�DW�ORZ�PDJQLILFDWLRQ��7XPRU�
FHOOV�DUH�VWDLQHG�IRU�PHVRWKHOLQ��JUHHQ���7�FHOOV�DUH�VWDLQHG�IRU�&'��&'���UHG���DQG�FHOO�QXFOHL�DUH�VWDLQHG�IRU�'$3,�
�EOXH���6FDOH�EDU����PP� 
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)HGHUDO�5HVHDUFK�*UDQWV��$FWLYH�'XULQJ�����-�����$FDGHPLF�<HDUV� 

1DPH 5ROH 
6HUYLFH�

'HSDUWPHQW 
)XQGLQJ����

2UJDQL]DWLRQ 
1DPH�RI�*UDQW 

$GXVXPLOOL��3UDVDG��
=DXGHUHU��0DUMRULH 

0XOWL-3ULQFLSDO���
,QYHVWLJDWRU 

7KRUDFLF�6XUJHU\ 1,+�1&,�5�� $�SKDVH�,�,,�FRPELQDWLRQ�LPPXQRWKHUDS\�
FOLQLFDO�WULDO��PHVRWKHOLQ-WDUJHWHG�FKLPHULF�
DQWLJHQ�UHFHSWRU�7�FHOOV�DQG�FKHFNSRLQW�
EORFNDGH�DJHQW�LQ�SOHXUDO�PHVRWKHOLRPD 

$GXVXPLOOL��3UDVDG� 3ULQFLSDO���
,QYHVWLJDWRU 

7KRUDFLF�6XUJHU\ 1,+�1&,�5�� ,PDJH-JXLGHG�LUUHYHUVLEOH�HOHFWURSRUDWLRQ�
GLUHFWHG�&$5�7-FHOO�GHOLYHU\�WR�VROLG�WXPRUV 

$GXVXPLOOL��3UDVDG��
=DXGHUHU��0DUMRULH 

0XOWL-3ULQFLSDO���
,QYHVWLJDWRU 

7KRUDFLF�6XUJHU\ 'R'�&'053 $VVHVVPHQW�RI�HQGRJHQRXV�DQG�&$5�7-FHOO�
LPPXQLW\�IROORZLQJ�DQWL-3'-��DJHQW�DV�D�
WUDQVLWLRQ�VWHS�WR�SKDVH�,,�FRPELQDWLRQ�
LPPXQRWKHUDS\ 

$GXVXPLOOL��3UDVDG� 3ULQFLSDO���
,QYHVWLJDWRU 

7KRUDFLF�6XUJHU\ 'R'�&'053 &HOO-VHOHFWLYH��UHSHWLWLYH��LUUHYHUVLEOH�
HOHFWURSRUDWLRQ�WR�DXJPHQW�PHVRWKHOLRPD�
&$5�7-FHOO�WKHUDS\ 

$GXVXPLOOL��3UDVDG� &R-
LQYHVWLJDWRU 

7KRUDFLF�6XUJHU\ 1,+�1&,�8���
�1HZ�<RUN�
8QLYHUVLW\�
6FKRRO�RI�
0HGLFLQH� 

7KH�('51�PHVRWKHOLRPD�ELRPDUNHU�
GLVFRYHU\�ODERUDWRU\ 

$GXVXPLOOL��3UDVDG� 0HQWRU 7KRUDFLF�6XUJHU\ 1,+�1&,�7�� 6XUJLFDO RQFRORJ\ UHVHDUFK�WUDLQLQJ�JUDQW�
�7UDLQHH��-HQQLH�&KRH��0'� 

$GXVXPLOOL��3UDVDG� 0HQWRU 7KRUDFLF�6XUJHU\ 1,+�1&,�7�� 6XUJLFDO RQFRORJ\ UHVHDUFK�WUDLQLQJ�JUDQW�
�7UDLQHH��0DWWKHZ�6NRYJDUG��0'� 

$GXVXPLOOL��3UDVDG� 0HQWRU 7KRUDFLF�6XUJHU\ 1,+�1&,�7�� 6XUJLFDO RQFRORJ\ UHVHDUFK�WUDLQLQJ�JUDQW�
�7UDLQHH��-RUGDQ�'R]LHU��0'� 

$GXVXPLOOL��3UDVDG� 0HQWRU 7KRUDFLF�6XUJHU\ 1,+�1&,�7�� 6XUJLFDO RQFRORJ\ UHVHDUFK�WUDLQLQJ�JUDQW�
�7UDLQHH��=DFKDU\�7DQR��0'� 

3RQRPDUHY��9ODGLPLU��
$GXVXPLOOL��3UDVDG� 

3ULQFLSDO���
,QYHVWLJDWRU 

7KRUDFLF�6XUJHU\ 1,+�1&,�5�� ,PDJLQJ�WKH�HIILFDF\�RI�75$,/-HQKDQFHG�
FDQFHU�LPPXQRWKHUDS\ 

=DXGHUHU��0DUMRULH��
*LDQFRWWL��)LOLSSR�*�   

0XOWL-3ULQFLSDO���
,QYHVWLJDWRU 

7KRUDFLF�
2QFRORJ\�
0HGLFLQH 

1,+�1&,�5�� 7KHUDSHXWLF�HIILFDF\�RI�WKH�&5/�LQKLELWRU�
0/1�����LQ�1)��PXWDQW�PHVRWKHOLRPD 

=DXGHUHU��0DUMRULH 3ULQFLSDO���
,QYHVWLJDWRU 

7KRUDFLF�
2QFRORJ\�
0HGLFLQH 

'R'�&'053 %$3��PXWDWLRQV�LQ�PDOLJQDQW�SOHXUDO�
PHVRWKHOLRPD��%LRORJ\��FOLQLFDO�SKHQRW\SHV��
UDGLRWKHUDS\�UHVSRQVH��DQG�WDUJHW�GLVFRYHU\�
IRU�VRPDWLF�DQG�JHUPOLQH�PXWDWLRQV 

=DXGHUHU��0DUMRULH 3ULQFLSDO���
,QYHVWLJDWRU 

7KRUDFLF�
2QFRORJ\�
0HGLFLQH 

'R'�&'053 5DQGRPL]HG�SKDVH�,,�WULDO�RI�DGMXYDQW�:7-��
DQDORJ�SHSWLGH�YDFFLQH�LQ�SDWLHQWV�ZLWK�
PDOLJQDQW�SOHXUDO�PHVRWKHOLRPD�DIWHU�
FRPSOHWLRQ�RI�PXOWLPRGDOLW\�WKHUDS\� 

5HVHDUFK�$ZDUGV 
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)RXQGDWLRQ�5HVHDUFK�*UDQWV��$FWLYH�'XULQJ�����-�����$FDGHPLF�<HDUV� 

1DPH 5ROH 6HUYLFH 
)XQGLQJ����

2UJDQL]DWLRQ 
1DPH�RI�*UDQW 

$GXVXPLOOL��3UDVDG 3ULQFLSDO���
,QYHVWLJDWRU 

7KRUDFLF�
6XUJHU\ 

%DWLVKZD�
)HOORZVKLS� 

1RYHO�WKHUDSLHV�IRU�SOHXUDO�PHVRWKHOLRPD�
�7UDLQHH��0HULHP�7DOHE��3K'� 

$GXVXPLOOL��3UDVDG 3ULQFLSDO���
,QYHVWLJDWRU 

7KRUDFLF�
6XUJHU\ 

%DWLVKZD�
)HOORZVKLS� 

1RYHO�WKHUDSLHV�IRU�SOHXUDO�PHVRWKHOLRPD�
�7UDLQHH��<XTXDQ�;LRQJ��0'��3K'� 

$GXVXPLOOL��3UDVDG 3ULQFLSDO���
,QYHVWLJDWRU 

7KRUDFLF�
6XUJHU\ 

([SHULPHQWDO�
7KHUDSHXWLFV�
&HQWHU��06.� 

7UDQVODWLRQDO�7-FHOO�WKHUDSLHV�IRU�VROLG�WXPRUV 

$GXVXPLOOL��3UDVDG 3ULQFLSDO���
,QYHVWLJDWRU 

7KRUDFLF�
6XUJHU\ 

0HVRWKHOLRPD�
$SSOLHG�
5HVHDUFK�
)RXQGDWLRQ 

3UHFOLQLFDO�PHVRWKHOLQ-WDUJHWHG�DGRSWLYH�7-FHOO�
WKHUDS\ 

$GXVXPLOOL��3UDVDG 3ULQFLSDO���
,QYHVWLJDWRU 

7KRUDFLF�
6XUJHU\ 

0HVRWKHOLRPD�
$SSOLHG�
5HVHDUFK�
)RXQGDWLRQ 

7*)-ȕ�UHVLVWDQW�&$5�7-FHOO�LQWULQVLF�VWUDWHJLHV�IRU�
PHVRWKHOLRPD�WKHUDS\� 

$GXVXPLOOL��3UDVDG 3ULQFLSDO���
,QYHVWLJDWRU 

7KRUDFLF�
6XUJHU\ 

0LQHU�)DPLO\�
)XQG�������������������������� 

7UDQVODWLRQDO�UHVHDUFK�LQ�SOHXUDO�PHVRWKHOLRPD 

$GXVXPLOOL��3UDVDG 3ULQFLSDO���
,QYHVWLJDWRU 

7KRUDFLF�
6XUJHU\ 

7HFKQRORJ\�
'HYHORSPHQW�
)XQG��06.� 

([SORLWLQJ�F.,7�PXWDWLRQ�DV�D�FRVWLPXODWRU\�
GRPDLQ�LQ�&$5�7�FHOOV 

$GXVXPLOOL��3UDVDG 3ULQFLSDO���
,QYHVWLJDWRU 

7KRUDFLF�
6XUJHU\ 

7KH�%DNHU�
6WUHHW�
)RXQGDWLRQ� 

1RYHO�WKHUDSLHV�IRU�SOHXUDO�PHVRWKHOLRPD� 

$GXVXPLOOL��3UDVDG 3ULQFLSDO���
,QYHVWLJDWRU 

7KRUDFLF�
6XUJHU\ 

7UXPEXOO�
)RXQGDWLRQ� 

,PPXQRWKHUDS\�IRU�PHVRWKHOLRPD 

$GXVXPLOOL��3UDVDG 3URMHFW�
3ULQFLSDO���
,QYHVWLJDWRU 

7KRUDFLF�
6XUJHU\ 

([SHULPHQWDO�
7KHUDSHXWLFV�
&HQWHU��06.� 

,QQRYDWLRQV�LQ�WKH�VWUXFWXUHV��IXQFWLRQV�DQG�
WDUJHWV�RI�PRQRFORQDO�DQWLERG\-EDVHG�GUXJV�IRU�
FDQFHU��3URMHFW��&$5�7�FHOOV�ZLWK�FHOO-LQWULQVLF�
FKHFNSRLQW�EORFNDGH�WR�UHVLVW�WXPRU-PHGLDWHG�
LPPXQRLQKLELWLRQ�LQ�OXQJ�FDQFHU� 

$GXVXPLOOL��3UDVDG &R-
,QYHVWLJDWRU� 

7KRUDFLF�
6XUJHU\ 

0HVRWKHOLRPD�
$SSOLHG�
5HVHDUFK�
)RXQGDWLRQ 

1RYHO�&;&5�-WDUJHWHG�WKHUDQRVWLF�FRPSRXQGV�
IRU�PHVRWKHOLRPD 

$OH[DQGHU��(ULFD��2IILQ��
0LFKHO��6RORPRQ��
6WHSKHQ 

0XOWL-3ULQFLSDO���
,QYHVWLJDWRU 

7KRUDFLF�
2QFRORJ\�
0HGLFLQH 

'UXFNHQPLOOHU�
&HQWHU�IRU�/XQJ�
&DQFHU�
5HVHDUFK� 

$Q�HIILFDF\�DQG�VDIHW\�VWXG\�RI�SHPEUROL]XPDE�
SOXV�FU\RDEODWLRQ�LQ�PDOLJQDQW�SOHXUDO�
PHVRWKHOLRPD��030� 

'R]LHU��-RUGDQ 5HFLSLHQW 7KRUDFLF�
6XUJHU\ 

6RFLHW\�RI�
7KRUDFLF�
6XUJHRQV� 

/RRNLQJ�WR�WKH�IXWXUH�VFKRODUVKLS 

5HVHDUFK�$ZDUGV 
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5HVHDUFK�$ZDUGV 

1DPH 5ROH 6HUYLFH 
)XQGLQJ����

2UJDQL]DWLRQ 
1DPH�RI�*UDQW 

1DVK��*DUUHWW 3ULQFLSDO���
,QYHVWLJDWRU 

&RORUHFWDO�
6XUJHU\ 

0HVRWKHOLRPD�
&DQFHU�
5HVHDUFK�)XQG 

0HVRWKHOLRPD�FDQFHU�UHVHDUFK�IXQG 

2IILQ��0LFKDHO 3ULQFLSDO���
,QYHVWLJDWRU 

7KRUDFLF�
2QFRORJ\�
0HGLFLQH 

06. $�SKDVH���VWXG\�RI�SHPEUROL]XPDE�SOXV�
FU\RDEODWLRQ�LQ�XQUHVHFWDEOH�PHVRWKHOLRPDV 

2IILQ��0LFKDHO 3ULQFLSDO���
,QYHVWLJDWRU 

7KRUDFLF�
2QFRORJ\�
0HGLFLQH 

1LQJ�=KDR�	�*H�
/L�)XQG�IRU�
3DWKRORJ\�
5HVHDUFK 

$GMXYDQW�GRVH-SDLQWLQJ�LQWHQVLW\-PRGXODWHG�
UDGLDWLRQ�WKHUDS\��,057��IRU�PDOLJQDQW�SOHXUDO�
PHVRWKHOLRPD��030���$�UDQGRPL]HG��PXOWL-
LQVWLWXWLRQDO�SKDVH�,,�VWXG\ 

5LPQHU��$QGUHDV��
=DXGHUHU��0DUMRULH� 

3ULQFLSDO���
,QYHVWLJDWRU 

5DGLDWLRQ�
2QFRORJ\ 

0LQHU�)DPLO\�
)XQG�������������������������� 

$�SKDVH�,�VWXG\�RI�FRQFXUUHQW�SHPHWUH[HG�
FLVSODWLQ�ZLWK�SOHXUDO�LQWHQVLW\�PRGXODWHG�
UDGLDWLRQ�WKHUDS\�IRU�SDWLHQWV�ZLWK�XQUHVHFWDEOH�
PDOLJQDQW�SOHXUDO�PHVRWKHOLRPD 

5LPQHU��$QGUHDV 3ULQFLSDO���
,QYHVWLJDWRU 

5DGLDWLRQ�
2QFRORJ\ 

&\FOH�IRU�
6XUYLYDO��06.� 

$GMXYDQW�GRVH-SDLQWLQJ�LQWHQVLW\-PRGXODWHG�
UDGLDWLRQ�WKHUDS\��,057��IRU�PDOLJQDQW�SOHXUDO�
PHVRWKHOLRPD��030���$�UDQGRPL]HG��PXOWL-
LQVWLWXWLRQDO�SKDVH�,,�VWXG\ 

5LPQHU��$QGUHDV 3ULQFLSDO���
,QYHVWLJDWRU 

5DGLDWLRQ�
2QFRORJ\ 

06. 0XOWLFHQWHU�SKDVH�,,�VWXG\�RQ�DGMXYDQW�GRVH-
SDLQWLQJ�LQWHQVLW\-PRGXODWHG�UDGLDWLRQ�WKHUDS\�
�,057��IRU�PDOLJQDQW�SOHXUDO�PHVRWKHOLRPD�
�030�� 

6DXWHU��-HQQLIHU 3ULQFLSDO���
,QYHVWLJDWRU 

7KRUDFLF�
3DWKRORJ\ 

'HSDUWPHQW�RI�
3DWKRORJ\�5	'�
*UDQW��06.� 

8WLOLW\�RI�07$3���-KP&�DQG�%$3��
LPPXQRFKHPLVWU\�LQ�WKH�GLDJQRVLV�RI�PDOLJQDQW�
SOHXUDO�PHVRWKHOLRPD�LQ�F\WRORJ\�VSHFLPHQV 

6DXWHU��-HQQLIHU 3ULQFLSDO���
,QYHVWLJDWRU 

7KRUDFLF�
3DWKRORJ\ 

9DOHULDQL�)DPLO\�
)XQG� 

3DWKRORJLF�DQG�PROHFXODU�FKDUDFWHUL]DWLRQ�RI�ORQJ
-WHUP�VXUYLYRUV�ZLWK�SOHXUDO�PHVRWKHOLRPD� 

,QGXVWU\�5HVHDUFK�*UDQWV��$FWLYH�'XULQJ�����-�����$FDGHPLF�<HDUV� 
1DPH 5ROH 6HUYLFH 

)XQGLQJ����
2UJDQL]DWLRQ 

1DPH�RI�*UDQW 

$GXVXPLOOL��3UDVDG 3ULQFLSDO���
,QYHVWLJDWRU 

7KRUDFLF�
6XUJHU\ 

$&($�
%LRVFLHQFHV 

$VVHVVPHQW�RI�DXWRORJRXV�&$5-7�PHGLDWHG�
NLOOLQJ�LQ�SOHXUDO�HIIXVLRQV 

$GXVXPLOOL��3UDVDG 3ULQFLSDO���
,QYHVWLJDWRU 

7KRUDFLF�
6XUJHU\ 

$WDUD�
%LRWKHUDSHXWLFV������ 

$�SKDVH�,�FOLQLFDO�WULDO�RI�PDOLJQDQW�SOHXUDO�
GLVHDVH�WUHDWHG�ZLWK�DXWRORJRXV�7�FHOOV�
JHQHWLFDOO\�HQJLQHHUHG�WR�WDUJHW�WKH�FDQFHU-FHOO�
VXUIDFH�DQWLJHQ�PHVRWKHOLQ 

$GXVXPLOOL��3UDVDG 3ULQFLSDO���
,QYHVWLJDWRU 

7KRUDFLF�
6XUJHU\ 

$WDUD�
%LRWKHUDSHXWLFV��������� 

'HYHORSPHQW�RI�FKLPHULF�DQWLJHQ�UHFHSWRU�7-FHOOV�
WKDW�WDUJHW�PHVRWKHOLQ�DQG�HQFRGH�3'��GRPLQDQW�
QHJDWLYH�UHFHSWRU�FKHFNSRLQW�LQKLELWLRQ 
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,QGXVWU\�5HVHDUFK�*UDQWV��FRQWLQXHG� 

5HVHDUFK�$ZDUGV 

1DPH 5ROH 6HUYLFH 
)XQGLQJ����

2UJDQL]DWLRQ 
1DPH�RI�*UDQW 

$GXVXPLOOL��3UDVDG 3ULQFLSDO���
,QYHVWLJDWRU 

7KRUDFLF�
6XUJHU\ 

$WDUD�
%LRWKHUDSHXWLFV�������� 

$�VLQJOH-DUP��RSHQ-ODEHO��SKDVH�,�WULDO�WR�
DVVHVV�WKH�VDIHW\�RI�JHQHWLFDOO\�HQJLQHHUHG�
DXWRORJRXV�7�FHOOV�WDUJHWLQJ�WKH�FHOO�VXUIDFH�
DQWLJHQ�PHVRWKHOLQ�ZLWK�FHOO-LQWULQVLF�
FKHFNSRLQW�LQKLELWLRQ�LQ�SDWLHQWV�ZLWK�
PHVRWKHOLRPD 

$GXVXPLOOL��3UDVDG 3ULQFLSDO���
,QYHVWLJDWRU 

7KRUDFLF�
6XUJHU\ 

-XQR�7KHUDSHXWLFV� 0HVRWKHOLQ-WDUJHWHG�&$5�7-FHOO�VWUDWHJLHV�WR�
RYHUFRPH�LPPXQRLQKLELWLRQ�LQ�OXQJ�
DGHQRFDUFLQRPD� 

%UDQFK��.HYLQ 5HFLSLHQW 7KRUDFLF�
6XUJHU\ 

0HUULOO�/\QFK 0HUULOO-/\QFK�WUDLQLQJ�SURJUDP�IXQG� 

2IILQ��0LFKDHO� 3ULQFLSDO���
,QYHVWLJDWRU 

7KRUDFLF�
2QFRORJ\�
0HGLFLQH 

%ULVWRO-0\HUV�
6TXLEE 

)HDVLELOLW\�DQG�VDIHW\�RI�QHRDGMXYDQW�
QLYROXPDE�DQG�FKHPRWKHUDS\�IRU�UHVHFWDEOH�
PDOLJQDQW�SOHXUDO�PHVRWKHOLRPD 

2IILQ��0LFKDHO� 3ULQFLSDO���
,QYHVWLJDWRU 

7KRUDFLF�
2QFRORJ\�
0HGLFLQH 

'XDOLW\%LR��,QF��
�'XDOLW\� 

'XDOLW\�SURMHFW�SURSRVDO��'%-�����LQ�0DOLJQDQW�
3OHXUDO�0HVRWKHOLRPD 

2IILQ��0LFKDHO� 3ULQFLSDO���
,QYHVWLJDWRU 

7KRUDFLF�
2QFRORJ\�
0HGLFLQH 

+DUSRRQ�
7KHUDSHXWLFV�,QF 

$�SKDVH����D�RSHQ-ODEHO��PXOWLFHQWHU��GRVH�
HVFDODWLRQ�DQG�GRVH�H[SDQVLRQ�VWXG\�RI�WKH�
VDIHW\��WROHUDELOLW\��DQG�SKDUPDFRNLQHWLFV�RI�
+31����LQ�SDWLHQWV�ZLWK�DGYDQFHG�FDQFHUV�
DVVRFLDWHG�ZLWK�PHVRWKHOLQ�H[SUHVVLRQ�ZKR�
KDYH�IDLOHG�VWDQGDUG�DYDLODEOH�WKHUDS\ 

5LPQHU��$QGUHDV������
5XVFK��9DOHULH��
=DXGHUHU��0DUMRULH 

0XOWL-3ULQFLSDO���
,QYHVWLJDWRU 

5DGLDWLRQ�
2QFRORJ\ 

15*�2QFRORJ\ 3KDVH�,,,�UDQGRPL]HG�WULDO�RI�SOHXUHFWRP\�
GHFRUWLFDWLRQ�SOXV�V\VWHPLF�WKHUDS\�ZLWK�RU�
ZLWKRXW�DGMXYDQW�KHPLWKRUDFLF�LQWHQVLW\-
PRGXODWHG�SOHXUDO�UDGLDWLRQ�WKHUDS\��,035,17��
IRU�PDOLJQDQW�SOHXUDO�PHVRWKHOLRPD��030� 

5LPQHU��$QGUHDV 3ULQFLSDO���
,QYHVWLJDWRU 

5DGLDWLRQ�
2QFRORJ\ 

3IL]HU��,QF� $Q�HIILFDF\�DQG�VDIHW\�VWXG\�RI�DYHOXPDE�SOXV�
6%57�LQ�PDOLJQDQW�PHVRWKHOLRPD��030� 

5LPQHU��$QGUHDV 3ULQFLSDO���
,QYHVWLJDWRU 

5DGLDWLRQ�
2QFRORJ\ 

3IL]HU��,QF� $Q�HIILFDF\�DQG�VDIHW\�VWXG\�RI�DYHOXPDE�SOXV�
6%57�LQ�PDOLJQDQW�PHVRWKHOLRPD��030� 

5XVFK��9DOHULH� 3ULQFLSDO���
,QYHVWLJDWRU 

7KRUDFLF�
6XUJHU\ 

*HQHOX[�
&RUSRUDWLRQ 

3KDVH�,�VWXG\�RI�LQWUD-SOHXUDO�DGPLQLVWUDWLRQ�RI�
*/-21&���D�JHQHWLFDOO\�PRGLILHG�YDFFLQLD�
YLUXV��LQ�SDWLHQWV�ZLWK�PDOLJQDQW�SOHXUDO�
HIIXVLRQ��3ULPDU\��PHWDVWDVHV�DQG�
PHVRWKHOLRPD 

6LPRQH��,,��&KDUOHV 3ULQFLSDO���
,QYHVWLJDWRU 

5DGLDWLRQ�
2QFRORJ\� 

9DULDQ�0HGLFDO�
6\VWHPV� 

,QYHVWLJDWLRQ�RI�ELRORJLFDOO\�RSWLPL]HG�DGDSWLYH�
3%6�SURWRQ�WUHDWPHQW�IRU�OXQJ�WUHDWPHQW  

=DXGHUHU��0DUMRULH 3ULQFLSDO���
,QYHVWLJDWRU 

7KRUDFLF�
2QFRORJ\�
0HGLFLQH 

%ULVWRO-0\HUV�
6TXLEE 

&$��������$�SKDVH�,,,��UDQGRPL]HG��RSHQ�
ODEHO�WULDO�RI�QLYROXPDE�LQ�FRPELQDWLRQ�ZLWK�
LSLOLPXPDE�YHUVXV�SHPHWUH[HG�ZLWK�FLVSODWLQ�RU�
FDUERSODWLQ�DV�ILUVW�OLQH�WKHUDS\�LQ�XQUHVHFWDEOH�
SOHXUDO�PHVRWKHOLRPD 
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1DPH 5ROH 
6HUYLFH�

'HSDUWPHQW 
)XQGLQJ����

2UJDQL]DWLRQ 
1DPH�RI�*UDQW 

=DXGHUHU��0DUMRULH 3ULQFLSDO���
,QYHVWLJDWRU 

7KRUDFLF�
2QFRORJ\�
0HGLFLQH 

%ULVWRO-0\HUV�
6TXLEE 

,,7��%06�&$���-�8���&RPELQLQJ�D�:7��
FDQFHU�YDFFLQH��JDOLQSHSLPXW-6��ZLWK�
FKHFNSRLQW�LQKLELWLRQ��QLYROXPDE��LQ�SDWLHQWV�
ZLWK�:7�-H[SUHVVLQJ�PDOLJQDQW�SOHXUDO�
PHVRWKHOLRPD���$�SKDVH�,�VWXG\ 

=DXGHUHU��0DUMRULH��
+HOOPDQQ��0DWWKHZ� 

0XOWL-3ULQFLSDO���
,QYHVWLJDWRU 

7KRUDFLF�
2QFRORJ\�
0HGLFLQH 

&XULV��,QF� $�SKDVH����RSHQ-ODEHO��GRVH�HVFDODWLRQ�DQG�
GRVH�H[SDQVLRQ�WULDO�HYDOXDWLQJ�WKH�VDIHW\��
SKDUPDFRNLQHWLFV��SKDUPDFRG\QDPLFV��DQG�
FOLQLFDO�HIIHFWV�RI�RUDOO\�DGPLQLVWHUHG�&$-����
LQ�SDWLHQWV�ZLWK�DGYDQFHG�WXPRUV�DQG�
O\PSKRPDV 

=DXGHUHU��0DUMRULH�����
2IILQ��0LFKDHO 

  

0XOWL-3ULQFLSDO���
,QYHVWLJDWRU 

7KRUDFLF�
2QFRORJ\�
0HGLFLQH 

&XULV��,QF� 3KDVH���VWXG\�RI�&,-�����DQWL-9,67$�
DQWLERG\�LQ�SDWLHQWV�ZLWK�DGYDQFHG�VROLG�
WXPRU�PDOLJQDQFLHV 

=DXGHUHU��0DUMRULH 3ULQFLSDO���
,QYHVWLJDWRU 

7KRUDFLF�
2QFRORJ\�
0HGLFLQH 

(SL]\PH��,QF� $�SKDVH����PXOWLFHQWHU�VWXG\�RI�WKH�(=+��
LQKLELWRU�WD]HPHWRVWDW�LQ�DGXOW�VXEMHFWV�ZLWK�
UHODSVHG�RU�UHIUDFWRU\�PDOLJQDQW�
PHVRWKHOLRPD�ZLWK�%$3��ORVV�RI�IXQFWLRQ 

=DXGHUHU��0DUMRULH�����
3DLN��3DXO 

0XOWL-3ULQFLSDO���
,QYHVWLJDWRU 

7KRUDFLF�
2QFRORJ\�
0HGLFLQH 

(SL]\PH��,QF� 7D]HPHWRVWDW�UROORYHU�VWXG\��75X67���DQ�
RSHQ-ODEHO��UROORYHU�VWXG\ 

=DXGHUHU��0DUMRULH������
'DO\��5REHUW 

0XOWL-3ULQFLSDO���
,QYHVWLJDWRU 

7KRUDFLF�
2QFRORJ\�
0HGLFLQH 

.DUPDQRV�&DQFHU�
,QVWLWXWH�:D\QH�
6WDWH�8QLYHUVLW\ 

$�SKDVH�,,�WULDO�RI�%,%)�������QLQWHGDQLE��LQ�
UHFXUUHQW�PDOLJQDQW�SOHXUDO�PHVRWKHOLRPD 

=DXGHUHU��0DUMRULH 3ULQFLSDO���
,QYHVWLJDWRU 

7KRUDFLF�
2QFRORJ\�
0HGLFLQH 

0'�$QGHUVRQ�
&DQFHU�&HQWHU 

7KHUDSHXWLF�HIILFDF\�RI�WKH�&5/�LQKLELWRU�
0/1�����LQ�1)��PXWDQW�PHVRWKHOLRPD 

=DXGHUHU��0DUMRULH 3ULQFLSDO���
,QYHVWLJDWRU 

7KRUDFLF�
2QFRORJ\�
0HGLFLQH 

3RODULV�
3KDUPDFHXWLFDOV��
,QF� 

32/$5,6����-�����5DQGRPL]HG��GRXEOH-
EOLQG��SKDVH�����VWXG\�LQ�VXEMHFWV�ZLWK�
PDOLJQDQW�SOHXUDO�PHVRWKHOLRPD�ZLWK�ORZ�
DUJLQLQRVXFFLQDWH�V\QWKHWDVH���H[SUHVVLRQ�WR�
DVVHVV�$',-3(*����ZLWK�SHPHWUH[HG�DQG�
FLVSODWLQ��$720,&-0HVR�SKDVH�����VWXG\� 

=DXGHUHU��0DUMRULH������
2IILQ��0LFKDHO 

0XOWL-3ULQFLSDO���
,QYHVWLJDWRU 

7KRUDFLF�
2QFRORJ\�
0HGLFLQH 

3U(&2*��//& '5($0�5��'X5YDOXPDE��0(',������ZLWK�
FK(PRWKHUDS\�DV�ILUVW�OLQH�WUH$WPHQW�LQ�
DGYDQFHG�SOHXUDO�0HVRWKHOLRPD�-�$�SKDVH���
5DQGRPLVHG�WULDO��:,5%� 

=DXGHUHU��0DUMRULH������
2IILQ��0LFKDHO 

0XOWL-3ULQFLSDO���
,QYHVWLJDWRU 

7KRUDFLF�
2QFRORJ\�
0HGLFLQH 

9LYDFH�
7KHUDSHXWLFV��,QF� 

3KDVH����PXOWL-FHQWHU��RSHQ-ODEHO�VWXG\�RI�
97�����LQ�SDWLHQWV�ZLWK�UHIUDFWRU\�ORFDOO\�
DGYDQFHG�RU�PHWDVWDWLF�VROLG�WXPRUV�HQULFKHG�
IRU�WXPRUV�KDUERULQJ�PXWDWLRQV�RI�WKH�
QHXURILEURPDWRVLV�W\SH���JHQH��PXWDQW�1)��
RU�P1)�� 

5HVHDUFK�$ZDUGV 
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0XOWLSOH[�LPPXQRIOXRUHVFHQFH�LPDJH�RI�KXPDQ�PDOLJQDQW�SOHXUDO�PHVRWKHOLRPD�DW�ORZ�PDJQLILFDWLRQ��7XPRU�
FHOOV�DUH�VWDLQHG�IRU�PHVRWKHOLQ��JUHHQ���7�FHOOV�DUH�VWDLQHG�IRU�&'��&'���UHG���DQG�FHOO�QXFOHL�DUH�VWDLQHG�IRU�'$3,�
�EOXH�� 



�5HVHDUFK�5HSRUW�_�������������������������

 
.H\�3XEOLFDWLRQV 

&OLQLFDO�RXWFRPHV�RI�VWHUHRWDFWLF�
ERG\�UDGLDWLRQ�WKHUDS\�IRU�
PDOLJQDQW�SOHXUDO�PHVRWKHOLRPD� 
 
6KLQ�-<��2IILQ�0��6LPRQH�,L�&%��=KDQJ�=��6KHSKHUG�$)��:X�$-��6KDYHUGLDQ�
1��*HOEOXP�'<��*RPH]�'5��6DXWHU�-/��*LQVEHUJ�06��$GXVXPLOOL�36��5XVFK�
9:��=DXGHUHU�0*��5LPQHU�$��&OLQLFDO�RXWFRPHV�RI�VWHUHRWDFWLF�ERG\�
UDGLDWLRQ�WKHUDS\�IRU�PDOLJQDQW�SOHXUDO�PHVRWKHOLRPD��5DGLRWKHU�2QFRO��
�����'HF������������GRL����������M�UDGRQF��������������(SXE�DKHDG�RI�
SULQW��30,'����������� 
 
%DFNJURXQG��7KH�REMHFWLYH�RI�WKLV�VWXG\�LV�WR�GHWHUPLQH�WKH�
RXWFRPHV� DQG� WR[LFLWLHV� RI� SDWLHQWV� ZLWK� PDOLJQDQW� SOHXUDO�
PHVRWKHOLRPD� �030�� WUHDWHG� ZLWK� VWHUHRWDFWLF� ERG\�
UDGLRWKHUDS\��6%57�� 

0DWHULDOV� DQG� 0HWKRGV�� 'DWD� ZHUH� H[WUDFWHG� IURP� DQ�
LQVWLWXWLRQDO� WXPRU� UHJLVWU\� IRU� SDWLHQWV� GLDJQRVHG� ZLWK�
PHVRWKHOLRPD� DQG� WUHDWHG� ZLWK� 6%57�� .DSODQ-0HLHU� DQG�
&R[�UHJUHVVLRQ�DQDO\VHV�ZHUH�HPSOR\HG�WR�GHWHUPLQH� ORFDO�
FRQWURO��/&��DQG�RYHUDOO�VXUYLYDO��26�� 

5HVXOWV�� )RUW\-IRXU� SDWLHQWV� ZLWK� ��� WRWDO� WUHDWHG� WXPRUV�
IURP�'HFHPEHU������WR�$SULO������ZHUH�LGHQWLILHG��)LIW\-RQH�

�������� FDVHV� KDG� ROLJRSURJUHVVLYH� GLVHDVH� �ILYH� VLWHV� RU�
OHVV���7KH�PHGLDQ�SUHVFULSWLRQ�GRVH�GHOLYHUHG�ZDV������F*\�
LQ���IUDFWLRQV��UDQJH������-�����F*\�LQ��-��IUDFWLRQV���)LIW\-
RQH� �������� WXPRUV� ZHUH� LQ� WKH� SOHXUD�� �� ������� VSLQH�� ��
�������ERQH�����������EUDLQ��DQG����������SDQFUHDV� 

7KH� PHGLDQ� IROORZ-XS� IURP� 6%57� FRPSOHWLRQ� IRU�
WKRVH� DOLYH� DW� ODVW� IROORZ-XS� ZDV� ���PRQWKV� �UDQJH�� ��-���
PRQWKV���7KH�PRVW�FRPPRQ�WR[LFLWLHV�ZHUH�IDWLJXH����������
QDXVHD� ��������� SDLQ� IODUH� ��������� HVRSKDJLWLV� ��������
GHUPDWLWLV� �������� DQG� SQHXPRQLWLV� �������� 7KHUH� ZHUH� QR�
JUDGH����DFXWH�RU� ODWH� WR[LFLWLHV��7KHUH�ZHUH���������� ORFDO�
IDLOXUHV�� RQH� RI� WKH� SOHXUD� DQG� DQRWKHU� RI� WKH� VSLQH�� 2QH-
\HDU�/&�ZDV������������&,������-�������IRU�DOO�OHVLRQV�DQG�
������ ����� &,�� ����-������� IRU� SOHXUDO� WXPRUV�� 2QH-\HDU�
/&�ZDV������������&,������-������� IRU�HSLWKHOLRLG� WXPRUV�
DQG� ������ ����� &,�� ����-������� IRU� ROLJRSURJUHVVLYH�
WXPRUV�� 2QH-\HDU� 26� IURP� WLPH� RI� 6%57� FRPSOHWLRQ� ZDV�
������ ����� &,�� ����-�������� 2Q� PXOWLYDULDEOH� DQDO\VLV��
.36�ZDV�WKH�ORQH�VLJQLILFDQW�SUHGLFWRU�IRU�26��S ������� 

&RQFOXVLRQV��2XU�VLQJOH-LQVWLWXWLRQDO�H[SHULHQFH�RQ�SDWLHQWV�
ZLWK� 030� VXJJHVWV� WKDW� 6%57� LV� VDIH� ZLWK� D� ORZ� WR[LFLW\�
SURILOH�DQG�SRWHQWLDOO\�DFKLHYH�JRRG�ORFDO�FRQWURO� 

5HOLDELOLW\�RI�DVVHVVLQJ�
PRUSKRORJLF�IHDWXUHV�ZLWK�
SURJQRVWLF�VLJQLILFDQFH�LQ�
F\WRORJ\�VSHFLPHQV�RI�HSLWKHOLRLG�
GLIIXVH�SOHXUDO�PHVRWKHOLRPD�DQG�
LPSOLFDWLRQV�IRU�F\WRSDWKRORJ\�
UHSRUWLQJ� 
 
/L�<��6DODPD�$0��%DLQH�0.��%RGG�)0��2IILQ�0'��5HNKWPDQ�1��=DXGHUHU�
0*��7UDYLV�:'��$GXVXPLOOL�36��6DXWHU�-/��5HOLDELOLW\�RI�DVVHVVLQJ�
PRUSKRORJLF�IHDWXUHV�ZLWK�SURJQRVWLF�VLJQLILFDQFH�LQ�F\WRORJ\�VSHFLPHQV�RI�
HSLWKHOLRLG�GLIIXVH�SOHXUDO�PHVRWKHOLRPD�DQG�LPSOLFDWLRQV�IRU�F\WRSDWKRORJ\�
UHSRUWLQJ��&DQFHU�&\WRSDWKRO�������$XJ�����������-�����GRL����������
FQF\��������(SXE������0D\����30,'����������� 
 
%DFNJURXQG��7KH�:RUOG� +HDOWK� 2UJDQL]DWLRQ� LQFRUSRUDWHV�
PRUSKRORJLF� IHDWXUHV� ZLWK� SURJQRVWLF� VLJQLILFDQFH� LQ� WKH�
����� FODVVLILFDWLRQ� RI� HSLWKHOLRLG� GLIIXVH� SOHXUDO�
PHVRWKHOLRPD� �(-'30��� $OWKRXJK� F\WRORJ\� VSHFLPHQV� DUH�
RIWHQ� WKH� ILUVW�DQG�RFFDVLRQDOO\� WKH�RQO\�VSHFLPHQ�DYDLODEOH�
IRU� SDWLHQWV� ZLWK� '30�� WKHVH� IHDWXUHV� KDYH� QRW� \HW� EHHQ�
LQYHVWLJDWHG�LQ�F\WRORJ\� 

0HWKRGV�� 1XFOHDU� DW\SLD�� SOHRPRUSKLF� IHDWXUHV�� QHFURVLV��
DQG� DUFKLWHFWXUDO� SDWWHUQV�ZHUH� UHWURVSHFWLYHO\� DVVHVVHG� LQ�
��� SDLUHG� F\WRORJ\� DQG� FRQFXUUHQW�FRQVHFXWLYH� VXUJLFDO�

SDWKRORJ\� VSHFLPHQV� RI�(-'30��$JUHHPHQW� EHWZHHQ�SDLUV�
ZDV�GHWHUPLQHG�YLD�XQZHLJKWHG�ț�VFRUHV��'LVFRUGDQW�FDVHV�
ZHUH� UH-UHYLHZHG� WR� GHWHUPLQH� WKH� UHDVRQV� IRU�
GLVDJUHHPHQW� 

5HVXOWV�� ,QWHUSUHWDWLRQ� RI� QXFOHDU� DW\SLD� LQ� F\WRORJ\� ZDV�
FRQFRUGDQW�ZLWK� KLVWRORJ\� LQ� DOO� FDVHV� �ț   ������ S � �������
7KH� SUHVHQFH� RI� SOHRPRUSKLF� IHDWXUHV� DQG� QHFURVLV� ZDV�
FRQFRUGDQW� LQ� ������ �ț   ������ S � ������ DQG� ������
�ț   ������ S   ������ RI� SDLUHG� FDVHV�� UHVSHFWLYHO\��
$VVHVVPHQW� RI� DUFKLWHFWXUDO� SDWWHUQV� LQ� F\WRORJ\� VKRZHG�
RQO\�VOLJKW�DJUHHPHQW�ZLWK�KLVWRORJ\��ț   ������ S   �������,Q�
F\WRORJ\� FDVHV� �Q   ���� ZLWK� FHOO� EORFN� PDWHULDO� DYDLODEOH��
DVVHVVPHQW� RI� QXFOHDU� DW\SLD� DQG� WKH� SUHVHQFH� RI�
SOHRPRUSKLF� IHDWXUHV� VKRZHG� SHUIHFW� DJUHHPHQW�
�ț   ������ S � ������ HDFK��� WKH� SUHVHQFH� RI� QHFURVLV�
VKRZHG� PRGHUDWH� DJUHHPHQW� �ț   ������ S   ������� DQG�
DVVHVVPHQW� RI� DUFKLWHFWXUDO� SDWWHUQV� VKRZHG� VOLJKW�
DJUHHPHQW� �ț   ������ S   ����� LQ� SDLUHG� VSHFLPHQV�� 0RVW�
GLVDJUHHPHQWV� ZHUH� GXH� WR� VDPSOLQJ� GLIIHUHQFHV� EHWZHHQ�
F\WRORJ\�DQG�KLVWRORJ\�VSHFLPHQV� 

&RQFOXVLRQV��$OWKRXJK�FRPSOHWH�QXFOHDU�JUDGLQJ�RI�(-'30�
LV� QRW� SRVVLEOH� JLYHQ� WKH� XQUHOLDELOLW\� RI� PLWRWLF� FRXQWV� LQ�
F\WRORJ\�� DVVHVVPHQW� RI� QXFOHDU� DW\SLD� LQ� F\WRORJ\�
VSHFLPHQV� LV� VKRZQ� WR� EH� UHOLDEOH�� ,GHQWLILFDWLRQ� RI�
SOHRPRUSKLF� IHDWXUHV� DQG� QHFURVLV� LV� DOVR� UHOLDEOH� GHVSLWH�
RFFDVLRQDO� VDPSOLQJ� LVVXHV�� $VVHVVPHQW� RI� DUFKLWHFWXUDO�
SDWWHUQV�LV�PRUH�OLPLWHG�LQ�F\WRORJ\� 

&OLQLFDO 
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0XOWLPRGDOLW\�WKHUDS\�LQ�SDWLHQWV�
ZLWK�SULPDU\�SHULFDUGLDO�
PHVRWKHOLRPD� 
 
2IILQ�0��'H�6LOYD�'/��6DXWHU�-/��(JJHU�-9��<RUNH�(��$GXVXPLOOL�36��5LPQHU�
$��5XVFK�9:��=DXGHUHU�0*��0XOWLPRGDOLW\�7KHUDS\�LQ�3DWLHQWV�:LWK�
3ULPDU\�3HULFDUGLDO�0HVRWKHOLRPD��-�7KRUDF�2QFRO�������'HF������������-
������GRL����������M�MWKR��������������(SXE������6HS����30,'������������
30&,'��30&�������� 
 
,QWURGXFWLRQ��3ULPDU\� SHULFDUGLDO PHVRWKHOLRPD �330�� KDV�
QR� DFFHSWHG� VWDQGDUG-RI-FDUH WUHDWPHQW RSWLRQV� ZLWK�
PDQDJHPHQW� DQG� RXWFRPHV� RIWHQ� H[WUDSRODWHG� IURP�
GLIIXVH SOHXUDO� PHVRWKHOLRPD�� 'LVHDVH-VSHFLILF� UHVHDUFK� LV�
QHHGHG� WR� EHWWHU� GHILQH� 330�� :H� UHSRUW� RXU� LQVWLWXWLRQDO�
H[SHULHQFH� ZLWK� 330� KLJKOLJKWLQJ� WKH� SRWHQWLDO� UROH� IRU�
PXOWLPRGDOLW\�WKHUDS\� 

0HWKRGV�� 3DWLHQWV� ZLWK� 330� GLDJQRVHG� E\� D�
PXOWLGLVFLSOLQDU\� WHDP� RI� PHGLFDO� RQFRORJLVWV�� WKRUDFLF�
VXUJHRQV�� WKRUDFLF SDWKRORJLVWV�� DQG� UDGLRORJLVWV� EHWZHHQ�
-DQXDU\������DQG�-DQXDU\������ZHUH�IROORZHG�WR�)HEUXDU\�

������ &OLQLFRSDWKRORJLF� IHDWXUHV� DQG� WUHDWPHQW� RXWFRPHV�
ZHUH�DQQRWDWHG��2YHUDOO�VXUYLYDO��26��ZDV�GHILQHG�IURP�WKH�
GDWH�RI�SDWKRORJLF�GLDJQRVLV� 

5HVXOWV�� 7KH� PHGLDQ� DJH� DW� GLDJQRVLV� RI� WKH� ��� SDWLHQWV�
LGHQWLILHG�ZLWK�KDYLQJ�330�ZDV�����UDQJH����–����\HDUV�ROG��
0RVW�SDWLHQWV�ZHUH�RI� IHPDOH�VH[� �Q  ��������������RI� WKH�
VDPSOHV� ZHUH� HSLWKHOLRLG� �Q  � ���� DQG� ���� ZHUH�
QRQHSLWKHOLRLG� �WZR VDUFRPDWRLG DQG� RQH� ELSKDVLF��� 0RVW�
FDVHV� ������ ��� RI� ���� KDG� H[SUHVVLRQ� RI� DW� OHDVW� WZR�
PHVRWKHOLDO�PDUNHUV�RQ LPPXQRKLVWRFKHPLVWU\��7KH�PHGLDQ�
26�RI�WKH�FRKRUW�ZDV������PRQWKV��)LYH�SDWLHQWV�KDG�DQ�26�
JUHDWHU� WKDQ� ���PRQWKV�� IRXU� RI� ZKRP� UHFHLYHG� SHULFDUGLDO�
UDGLDWLRQ��7KUHH�RI�WKH�SDWLHQWV�ZKR�UHFHLYHG�UDGLDWLRQ�GLG�VR�
DV� SDUW� RI� D� WULPRGDOLW\� DSSURDFK� �VXUJLFDO�
UHVHFWLRQ� DGMXYDQW�FKHPRWKHUDS\��DQG�UDGLDWLRQ���WKH�26�IRU�
SDWLHQWV�ZKR� UHFHLYHG� WULPRGDOLW\� WKHUDS\�ZDV������PRQWKV�
YHUVXV�����PRQWKV�IRU�WKRVH�ZKR�GLG�QRW� 

&RQFOXVLRQV�� 330� UHSUHVHQWV� D� GLVWLQFW� GLVHDVH� ZLWK� QR�
XQLYHUVDOO\�DFFHSWHG�WUHDWPHQW�RSWLRQV��2XU�ILQGLQJV�VXJJHVW�
WKDW� WULPRGDOLW\� WKHUDS\�PD\� LPSURYH� RXWFRPHV� LQ� VHOHFWHG�
SDWLHQWV�ZLWK�330� 

7KH������:+2�FODVVLILFDWLRQ�RI�
WXPRUV�RI�WKH�SOHXUD��DGYDQFHV�
VLQFH�WKH������FODVVLILFDWLRQ� 
 
6DXWHU�-/��'DFLF�6��*DODWHDX-6DOOH�)��$WWDQRRV�5/��%XWQRU�.-��&KXUJ�$��
+XVDLQ�$1��.DGRWD�.��.KRRU�$��1LFKROVRQ�$*��5RJJOL�9��6FKPLWW�)��7VDR�
06��7UDYLV�:'��7KH������:+2�&ODVVLILFDWLRQ�RI�7XPRUV�RI�WKH�3OHXUD��
$GYDQFHV�6LQFH�WKH������&ODVVLILFDWLRQ��-�7KRUDF�2QFRO�������0D\���
�������-�����GRL����������M�MWKR��������������(SXE������-DQ�����30,'��
��������� 
 
6XEVWDQWLDO� FKDQJHV� LQ� WKH� ����� :+2� &ODVVLILFDWLRQ� RI�
7XPRUV�RI�WKH�3OHXUD�DQG�3HULFDUGLXP�VLQFH�WKH������:+2�
&ODVVLILFDWLRQ� LQFOXGH� WKH� IROORZLQJ�� ���� SOHXUDO� DQG�
SHULFDUGLDO� WXPRUV� KDYH� EHHQ� FRPELQHG� LQ� RQH� FKDSWHU�
ZKHUHDV� LQ� WKH� ����� :+2�� SHULFDUGLDO� WXPRUV� ZHUH�
FODVVLILHG� ZLWK� FDUGLDF� WXPRUV�� ���� ZHOO-GLIIHUHQWLDWHG�
SDSLOODU\� PHVRWKHOLRPD� KDV� EHHQ� UHQDPHG� ZHOO-
GLIIHUHQWLDWHG� SDSLOODU\� PHVRWKHOLDO� WXPRU� JLYHQ� JURZLQJ�
HYLGHQFH� WKDW� WKHVH� WXPRUV� H[KLELW� UHODWLYHO\� LQGROHQW�
EHKDYLRU�� ���� ORFDOL]HG�DQG�GLIIXVH�PHVRWKHOLRPD�QR� ORQJHU�
LQFOXGH�WKH�WHUP�³PDOLJQDQW´�DV�D�SUHIL[������PHVRWKHOLRPD�LQ�

VLWX� KDV� EHHQ� DGGHG� WR� WKH� ����� FODVVLILFDWLRQ� EHFDXVH�
WKHVH� OHVLRQV�FDQ�QRZ�EH�UHFRJQL]HG�E\� ORVV�RI�%$3��DQG�
RU� 07$3� E\� LPPXQRKLVWRFKHPLVWU\� DQG�RU� &'.1�$�
KRPR]\JRXV� GHOHWLRQ� E\� IOXRUHVFHQFH� LQ� VLWX� K\EULGL]DWLRQ��
���� WKH� WKUHH� PDLQ� KLVWRORJLF� VXEW\SHV� �L�H��� HSLWKHOLRLG��
ELSKDVLF�� DQG� VDUFRPDWRLG�� UHPDLQ� WKH� VDPH� EXW�
DUFKLWHFWXUDO�SDWWHUQV�DQG�F\WRORJLF�DQG�VWURPDO�IHDWXUHV�DUH�
PRUH� IRUPDOO\� LQFRUSRUDWHG� LQWR� WKH� ����� FODVVLILFDWLRQ� RQ�
WKH�EDVLV�RI�WKHLU�SURJQRVWLF�VLJQLILFDQFH������QXFOHDU�JUDGLQJ�
IRU� HSLWKHOLRLG� GLIIXVH�PHVRWKHOLRPD� LV� LQWURGXFHG�� DQG� LW� LV�
UHFRPPHQGHG� WR� UHFRUG� WKLV� DQG� RWKHU� KLVWRORJLFDOO\�
SURJQRVWLF� IHDWXUHV� LQ� SDWKRORJ\� UHSRUWV�� ���� %$3��� (=+���
DQG� 07$3� LPPXQRKLVWRFKHPLVWU\� KDYH� EHHQ� IRXQG� WR� EH�
XVHIXO� LQ� VHSDUDWLQJ� EHQLJQ� PHVRWKHOLDO� SUROLIHUDWLRQV� IURP�
PHVRWKHOLRPD������ELSKDVLF�PHVRWKHOLRPD�FDQ�EH�GLDJQRVHG�
LQ� VPDOO� ELRSVLHV� KDYLQJ� ERWK� HSLWKHOLRLG� DQG� VDUFRPDWRLG�
FRPSRQHQWV� HYHQ� LI� WKH� DPRXQW� RI� RQH� FRPSRQHQW� LV� OHVV�
WKDQ� ����� DQG� ���� WKH� PRVW� IUHTXHQWO\� DOWHUHG� JHQHV� LQ�
GLIIXVH�SOHXUDO�PHVRWKHOLRPD�LQFOXGH�%$3���&'.1�$��1)���
73����6(7'���DQG�6(7'%�� 

'LYLGHG�E\�DQ�RFHDQ�RI�ZDWHU�EXW�
XQLWHG�LQ�DQ�RFHDQ�RI�XQFHUWDLQW\��
$�WUDQVDWODQWLF�UHYLHZ�RI�
PHVRWKHOLRPD�VXUJHU\�JXLGHOLQHV� 
 
:DOOHU�'$��2SLW]�,��%XHQR�5��9DQ�6FKLO�3��&DUGLOOR�*��+DUSROH�'��$GXVXPLOOL�
36��'H�3HUURW�0��'LYLGHG�E\�DQ�RFHDQ�RI�ZDWHU�EXW�XQLWHG� LQ�DQ�RFHDQ�RI�

XQFHUWDLQW\�� $� WUDQVDWODQWLF� UHYLHZ� RI� PHVRWKHOLRPD� VXUJHU\� JXLGHOLQHV�� -�
7KRUDF� &DUGLRYDVF� 6XUJ�� ����� -XQ������������-������ GRL�� ��������
M�MWFYV��������������(SXE������1RY�����30,'����������� 

&RPSDULVRQ� RI� WKH� PRVW� UHFHQW� JXLGHOLQHV� IURP� PDMRU�
SURIHVVLRQDO�VRFLHWLHV�LQ�$PHULFD�DQG�(XURSH�RQ�WKH�VXUJLFDO�
PDQDJHPHQW� RI� PDOLJQDQW� SOHXUDO� PHVRWKHOLRPD� UHYHDOV�
PXFK� DJUHHPHQW��:KHUH� GLIIHUHQFHV� GR� RFFXU� WKH\� UHIOHFW�
DUHDV�ZKHUH�JRRG�HYLGHQFH�LV�FXUUHQWO\�ODFNLQJ� 

.H\�3XEOLFDWLRQV 



�5HVHDUFK�5HSRUW�_�������������������������

 

(YROYLQJ�ODQGVFDSH�RI�LQLWLDO�
WUHDWPHQWV�IRU�SDWLHQWV�ZLWK�
PDOLJQDQW�SOHXUDO�PHVRWKHOLRPDV��
FOLQLFDO�WULDOV�WR�FOLQLFDO�SUDFWLFH� 
 
2IILQ�0��5XVFK�9:��5LPQHU�$��$GXVXPLOOL�36��=DXGHUHU�0*��(YROYLQJ�
/DQGVFDSH�RI�,QLWLDO�7UHDWPHQWV�IRU�3DWLHQWV�ZLWK�0DOLJQDQW�3OHXUDO�
0HVRWKHOLRPDV��&OLQLFDO�7ULDOV�WR�&OLQLFDO�3UDFWLFH��2QFRORJLVW�������$XJ�
�����������-�����GRL����������RQFROR�R\DF�����30,'������������30&,'��
30&�������� 

 
0DOLJQDQW�SOHXUDO�PHVRWKHOLRPD��030��LV�WKH�PRVW�FRPPRQ�
IRUP� RI� PHVRWKHOLRPD� DQG� WKH� W\SH� PRVW� RIWHQ� VWXGLHG� LQ�
SURVSHFWLYH� FOLQLFDO� WULDOV�� 7KLV� UHYLHZ� UHSRUWV� WKH� WULDOV� WKDW�
KDYH�VKDSHG�ILUVW-OLQH�WUHDWPHQW� IRU�SDWLHQWV�ZLWK�DGYDQFHG�
XQUHVHFWDEOH�030�DQG�WKH�UHDO-ZRUOG�LQWHJUDWLRQ�RI�ILUVW-OLQH�
LPPXQH�FKHFNSRLQW�LQKLELWRUV�LQWR�FOLQLFDO�SUDFWLFH� 

.H\�3XEOLFDWLRQV 

7KH�XVH�RI�D�QH[W-JHQHUDWLRQ�
VHTXHQFLQJ-GHULYHG�PDFKLQH-
OHDUQLQJ�ULVN-SUHGLFWLRQ�PRGHO�
�2QFR&DVW-030��IRU�PDOLJQDQW�
SOHXUDO�PHVRWKHOLRPD��D�
UHWURVSHFWLYH�VWXG\� 
 
=DXGHUHU�0*��0DUWLQ�$��(JJHU�-��5L]YL�+��2IILQ�0��5LPQHU�$��$GXVXPLOOL�36��
5XVFK�9:��.ULV�0*��6DXWHU�-/��/DGDQ\L�0��6KHQ�5��7KH�XVH�RI�D�QH[W-
JHQHUDWLRQ�VHTXHQFLQJ-GHULYHG�PDFKLQH-OHDUQLQJ�ULVN-SUHGLFWLRQ�PRGHO�
�2QFR&DVW-030��IRU�PDOLJQDQW�SOHXUDO�PHVRWKHOLRPD��D�UHWURVSHFWLYH�
VWXG\��/DQFHW�'LJLW�+HDOWK�������6HS������H���-H�����GRL����������6����-
�������������-���(SXE������-XO�����30,'������������30&,'��
30&�������� 
 
%DFNJURXQG�� &XUUHQW� ULVN� VWUDWLILFDWLRQ� IRU� SDWLHQWV� ZLWK�
PDOLJQDQW� SOHXUDO� PHVRWKHOLRPD� EDVHG� RQ� GLVHDVH� VWDJH�
DQG�KLVWRORJ\�LV�LQDGHTXDWH��)RU�VRPH�LQGLYLGXDOV�ZLWK�HDUO\-
VWDJH� HSLWKHOLRLG� WXPRXUV�� D� JRRG� SURJQRVLV� E\� FXUUHQW�
JXLGHOLQHV� FDQ� SURJUHVV� UDSLGO\�� IRU� RWKHUV� ZLWK� DGYDQFHG�
VDUFRPDWRLG�FDQFHUV��D�SRRU�SURJQRVLV�FDQ�SURJUHVV�VORZO\��
7KHUHIRUH�� ZH� DLPHG� WR� GHYHORS� DQG� YDOLGDWH� D� PDFKLQH-
OHDUQLQJ�WRRO—NQRZQ�DV�2QFR&DVW-030—WKDW�FRXOG�FUHDWH�
D�PRGHO�IRU�SDWLHQW�SURJQRVLV� 

0HWKRGV��:H�GLG�D�UHWURVSHFWLYH�VWXG\�ORRNLQJ�DW�PDOLJQDQW�
SOHXUDO� PHVRWKHOLRPD� WXPRXUV� XVLQJ� QH[W-JHQHUDWLRQ�
VHTXHQFLQJ� IURP� WKH� 0HPRULDO� 6ORDQ� .HWWHULQJ� &DQFHU�
&HQWHU-,QWHJUDWHG� 0XWDWLRQ� 3URILOLQJ� RI� $FWLRQDEOH� &DQFHU�
7DUJHWV��06.-,03$&7���:H�FROOHFWHG�FOLQLFDO��SDWKRORJLFDO��
DQG� URXWLQH� QH[W-JHQHUDWLRQ� VHTXHQFLQJ� GDWD� IURP�
FRQVHFXWLYH� SDWLHQWV� ZLWK� PDOLJQDQW� SOHXUDO� PHVRWKHOLRPD�
WUHDWHG�DW�WKH�0HPRULDO�6ORDQ�.HWWHULQJ�&DQFHU�&HQWHU��1HZ�

<RUN�� 1<�� 86$��� DV� ZHOO� DV� WKH� 06.-,03$&7� GDWD��
7RJHWKHU�� WKHVH� GDWD� FRPSULVHG� WKH� 06.-,03$&7� FRKRUW��
8VLQJ� 2QFR&DVW-030�� DQ� RSHQ-VRXUFH�� ZHE-DFFHVVLEOH��
PDFKLQH-OHDUQLQJ� ULVN-SUHGLFWLRQ� PRGHO�� ZH� LQWHJUDWHG�
DYDLODEOH� GDWD� WR� FUHDWH� ULVN� VFRUHV� WKDW� VWUDWLILHG� SDWLHQWV�
LQWR� ORZ-ULVN� DQG� KLJK-ULVN� JURXSV�� 5LVN� VWUDWLILFDWLRQ� RI� WKH�
06.-,03$&7� FRKRUW� ZDV� WKHQ� YDOLGDWHG� XVLQJ� SXEOLFO\�
DYDLODEOH� PDOLJQDQW� SOHXUDO� PHVRWKHOLRPD� GDWD� IURP� 7KH�
&DQFHU�*HQRPH�$WODV��LH��WKH�7&*$�FRKRUW�� 

)LQGLQJV�� %HWZHHQ� )HE� ���� ������ DQG� -DQ� ���� ������ ZH�
FROOHFWHG�06.-,03$&7�GDWD� IURP�WKH� WXPRXU� WLVVXH�RI�����
SDWLHQWV� LQ� WKH� 06.-,03$&7� FRKRUW�� 7KH� PHGLDQ� RYHUDOO�
VXUYLYDO�ZDV�KLJKHU�LQ�WKH�ORZ-ULVN�JURXS�WKDQ�LQ�WKH�KLJK-ULVN�
JURXS�DV�GHWHUPLQHG�E\�2QFR&DVW-030����ā��PRQWKV�>����
&,���ā�–��ā�@�YV���ā��PRQWKV�>��ā�–��ā�@��KD]DUG�UDWLR�>+5@�
�ā�� >����&,� �ā�–�ā�@�� S��ā�������1R� VLQJOH� IDFWRU� RU� JHQH�
DOWHUDWLRQ� GURYH� ULVN� GLIIHUHQWLDWLRQ�� 2QFR&DVW-030� ZDV�
YDOLGDWHG� DJDLQVW� WKH� 7&*$� FRKRUW�� ZKLFK� FRQVLVWHG� RI� ���
SDWLHQWV��7KH�PHGLDQ�RYHUDOO�VXUYLYDO�ZDV�KLJKHU�LQ�WKH�ORZ-
ULVN�JURXS�WKDQ�LQ�WKH�KLJK-ULVN�JURXS����ā��PRQWKV�>����&,�
��ā�–��ā�@�YV���ā��PRQWKV�>�ā�–��ā�@��+5��ā��>����&,��ā�–
�ā�@��S �ā�������$OWKRXJK�VWDJH-EDVHG�ULVN�VWUDWLILFDWLRQ�ZDV�
XQDEOH�WR�GLIIHUHQWLDWH�VXUYLYDO�DPRQJ�ULVN�JURXSV�DW���\HDUV�
LQ�WKH�06.-,03$&7�FRKRUW������IRU�HDUO\-VWDJH�GLVHDVH�YV�
���� IRU� DGYDQFHG-VWDJH� GLVHDVH�� S �ā����� WKH� 2QFR&DVW-
030-GHULYHG��-\HDU�VXUYLYDO�ZDV�VLJQLILFDQWO\�KLJKHU� LQ� WKH�
ORZ-ULVN� JURXS� WKDQ� LQ� WKH� KLJK-ULVN� JURXS� ����� YV� ����
S �ā������ 

,QWHUSUHWDWLRQ�� 2QFR&DVW-030� JHQHUDWHG� DFFXUDWH��
LQGLYLGXDO� SDWLHQW-OHYHO� ULVN� DVVHVVPHQW� VFRUHV�� $IWHU�
SURVSHFWLYH� YDOLGDWLRQ� ZLWK� WKH� 7&*$� FRKRUW�� 2QFR&DVW-
030� PLJKW� RIIHU� QHZ� RSSRUWXQLWLHV� IRU� HQKDQFHG� ULVN�
VWUDWLILFDWLRQ�RI�SDWLHQWV�ZLWK�PDOLJQDQW�SOHXUDO�PHVRWKHOLRPD�
LQ�FOLQLFDO�WULDOV�DQG�GUXJ�GHYHORSPHQW� 



������_�06.�0HVRWKHOLRPD�3URJUDP 

 .H\�3XEOLFDWLRQV 

0DOLJQDQW�PHVRWKHOLRPD�RI�WKH�
WXQLFD�YDJLQDOLV�WHVWLV��RXWFRPHV�
IROORZLQJ�VXUJLFDO�PDQDJHPHQW�
EH\RQG�UDGLFDO�RUFKLHFWRP\� 
 
5HFDEDO�3��5RVHQ]ZHLJ�%��%D]]L�:0��&DUYHU�%6��6KHLQIHOG�-��0DOLJQDQW�
0HVRWKHOLRPD�RI�WKH�7XQLFD�9DJLQDOLV�7HVWLV��2XWFRPHV�)ROORZLQJ�6XUJLFDO�
0DQDJHPHQW�%H\RQG�5DGLFDO�2UFKLHFWRP\��8URORJ\�������6HS��������-
�����GRL����������M�XURORJ\��������������(SXE������$SU�����30,'��
����������30&,'��30&�������� 
 
2EMHFWLYH��7R�GHVFULEH�FOLQLFDO�PDQDJHPHQW�DQG�RXWFRPHV�
RI� D� FRKRUW� RI� SDWLHQWV�ZLWK�PDOLJQDQW�PHVRWKHOLRPD�RI� WKH�
WXQLFD� YDJLQDOLV� WHVWLV� �00797�� ZKR� UHFHLYHG� WUHDWPHQWV�
EH\RQG�UDGLFDO�RUFKLHFWRP\� 

0HWKRGV�� 3DWLHQWV� ZLWK� FRQILUPHG� 00797� DW� D� VLQJOH�
WHUWLDU\� FDUH� LQVWLWXWLRQ� ZHUH� LGHQWLILHG�� 7UHDWPHQWV��
SDWKRORJLF� RXWFRPHV�� DQG� VXUYLYDO� ZHUH� UHFRUGHG��
3URJQRVWLF�YDULDEOHV�DVVRFLDWHG�ZLWK�VXUYLYDO�ZHUH�DQDO\]HG�
ZLWK� D� &R[� SURSRUWLRQDO� KD]DUGV� PRGHO� DQG� .DSODQ-0HLHU�
FXUYHV� 

5HVXOWV�� 2YHUDOO�� ��� SDWLHQWV� ZHUH� LQFOXGHG�� ,QLWLDO�
SUHVHQWDWLRQ� ZDV� D� VFURWDO� PDVV� LQ� �� RI� ��� ������ DQG�
K\GURFHOH� LQ� �� RI� ��� ������ SDWLHQWV�� &OLQLFDO� VWDJLQJ�

UHYHDOHG�HQODUJHG�QRGHV� LQ���RI����������SDWLHQWV��5DGLFDO�
RUFKLHFWRP\� ZDV� WKH� LQLWLDO� WUHDWPHQW� LQ� �� RI� ��� ������
SDWLHQWV�� 3RVLWLYH� VXUJLFDO� PDUJLQV� ZHUH� IRXQG� LQ� �� RI� ���
������UDGLFDO�RUFKLHFWRPLHV�DQG�ZHUH�DVVRFLDWHG�ZLWK�ZRUVH�
VXUYLYDO� �3ௗ ௗ������� 7KH� PRVW� IUHTXHQW� KLVWRORJLF� VXEW\SH�
ZDV� HSLWKHOLRLG�� DVVRFLDWHG� ZLWK� EHWWHU� VXUYLYDO� �3ௗ ௗ�������
$GGLWLRQDO� VXUJHULHV� ZHUH� SHUIRUPHG� RQ� ��� RI� ��� ������
SDWLHQWV��3DWKRORJLF�H[DPLQDWLRQ�UHYHDOHG�00797�LQ���RI����
������ KHPLVFURWHFWRPLHV�� �� RI� �� ������ UHWURSHULWRQHDO�
O\PSK� QRGH� GLVVHFWLRQV�� �� RI� �� ������ SHOYLF� O\PSK� QRGH�
GLVVHFWLRQV�� DQG� ��� RI� ��� ������� JURLQ� GLVVHFWLRQV�� )LYH�
SDWLHQWV� UHFHLYHG� DGMXYDQW� FKHPRWKHUDS\�� 7ZR� DOVR�
UHFHLYHG� DGMXYDQW� UDGLDWLRQ� WKHUDS\�� 7KUHH� SDWLHQWV� ZLWK�
O\PSK� QRGH� LQYROYHPHQW� UHPDLQ� QR� HYLGHQFH� RI� GLVHDVH�
RYHU���\HDUV�DIWHU�GLDJQRVLV��$IWHU�D�PHGLDQ�IROORZ-XS�RI�����
\HDUV��LQWHUTXDUWLOH�UDQJH�����-��������SDWLHQWV�KDYH�GLHG��DOO�
RI� 00797�� WKH� PHGLDQ� RYHUDOO� VXUYLYDO� KDV� QRW� EHHQ�
UHDFKHG��&RPPRQ�VLWHV�RI� UHODSVH�ZHUH� OXQJV����RI����DQG�
JURLQ����RI���� 

&RQFOXVLRQ��7KH�SDWWHUQ�RI�PHWDVWDWLF�VSUHDG�RI�00797�LV�
SUHGRPLQDQWO\� O\PSKDWLF��1RGHV� LQ� WKH�UHWURSHULWRQHXP�DQG�
WKH� JURLQ� DUH� FRPPRQO\� LQYROYHG�� 3URJQRVLV� LV� SRRU�� EXW�
WKHUH� PD\� EH� D� UROH� IRU� DJJUHVVLYH� VXUJLFDO� UHVHFWLRQ�
LQFOXGLQJ�KHPLVFURWHFWRP\��DQG� LQJXLQDO�DQG�UHWURSHULWRQHDO�
O\PSK�QRGHV� 

$�SKDVH���VDIHW\�VWXG\�RI�
DYHOXPDE�SOXV�VWHUHRWDFWLF�ERG\�
UDGLDWLRQ�WKHUDS\�LQ�PDOLJQDQW�
SOHXUDO�PHVRWKHOLRPD� 
 
5LPQHU�$��$GXVXPLOOL�36��2IILQ�0'��6RORPRQ�6%��=LY�(��+D\HV�6$��
*LQVEHUJ�06��6DXWHU�-/��*HOEOXP�'<��6KHSKHUG�$)��*XWWPDQQ�'0��
(LFKKRO]�-(��=KDQJ�=��5LWWHU�(��:RQJ�3��,TEDO�$1��'DO\�50��1DPDN\GRXVW�
$��/L�+��0F&XQH�0��*HOE�(+��7DXQN�1.��YRQ�5HLEQLW]�'��7\DJL�1��<RUNH�
('��5XVFK�9:��=DXGHUHU�0*��$�3KDVH���6DIHW\�6WXG\�RI�$YHOXPDE�3OXV�
6WHUHRWDFWLF�%RG\�5DGLDWLRQ�7KHUDS\�LQ�0DOLJQDQW�3OHXUDO�0HVRWKHOLRPD��
-72�&OLQ�5HV�5HS�������'HF����������������GRL����������
M�MWRFUU��������������30,'������������30&,'��30&�������� 
 
,QWURGXFWLRQ�� 6LQJOH-DJHQW� PRQRFORQDO� DQWLERG\� WKHUDS\�
DJDLQVW� SURJUDPPHG� GHDWK-OLJDQG� �� �3'-/��� KDV� PRGHVW�
HIIHFWV�LQ�PDOLJQDQW�SOHXUDO�PHVRWKHOLRPD��5DGLDWLRQ�WKHUDS\�
FDQ� HQKDQFH� WKH� DQWLWXPRU� HIIHFWV� RI� LPPXQRWKHUDS\��
1HYHUWKHOHVV�� WKH� VDIHW\� RI� FRPELQLQJ� DQWL-3'-/�� WKHUDS\�
ZLWK�VWHUHRWDFWLF�ERG\�UDGLDWLRQ�WKHUDS\��6%57��LV�XQNQRZQ��
:H� SUHVHQW� WKH� UHVXOWV� RI� D� SKDVH� �� WULDO� WR� HYDOXDWH� WKH�
VDIHW\� RI� WKH� DQWL-3'-/�� DQWLERG\� DYHOXPDE� SOXV� 6%57� LQ�
SDWLHQWV�ZLWK�PDOLJQDQW�SOHXUDO�PHVRWKHOLRPD� 

0HWKRGV��7KLV�ZDV�D�VLQJOH-DUP��LQYHVWLJDWRU-LQLWLDWHG�WULDO�LQ�
SDWLHQWV�ZKR�SURJUHVVHG�RQ�SULRU�FKHPRWKHUDS\��$YHOXPDE�
ZDV�GHOLYHUHG�HYHU\�RWKHU�ZHHN��DQG�6%57�ZDV�GHOLYHUHG�WR�
RQH� OHVLRQ� LQ� WKUHH� WR� ILYH� IUDFWLRQV� �PLQLPXP� RI� ��� *\��
IROORZHG� E\� FRQWLQXDWLRQ� RI� DYHOXPDE� XS� WR� ��� PRQWKV� RU�
XQWLO�GLVHDVH�SURJUHVVLRQ��7KH�SULPDU\�HQG�SRLQW�RI�WKH�VWXG\�
ZDV� VDIHW\� RQ� WKH� EDVLV� RI� JUDGH� ��� QRQKHPDWRORJLF�
DGYHUVH�HYHQWV��$(V��ZLWKLQ���PRQWKV�RI�6%57� 

5HVXOWV��7KLUWHHQ�DVVHVVDEOH�SDWLHQWV�UHFHLYHG�D�PHGLDQ�RI�
VHYHQ�F\FOHV��UDQJH���–���F\FOHV��RI�DYHOXPDE��7KHUH�ZHUH�
���JUDGH�������JUDGH���� IRXU�JUDGH����DQG�QR�JUDGH���RU���
DYHOXPDE-UHODWHG� $(V�� 7KH� PRVW� FRPPRQ� ZHUH� LQIXVLRQ-
UHODWHG�DOOHUJLF�UHDFWLRQV��Q� �����DQRUH[LD�RU�ZHLJKW� ORVV��Q�
 �����IDWLJXH��Q� �����WK\URLG�GLVRUGHUV��Q� �����GLDUUKHD��Q� �
����DQG�P\DOJLD�RU�DUWKUDOJLDV��Q� �����7KHUH�ZHUH����JUDGH�
��� IRXU� JUDGH� ��� RQH� JUDGH� ��� DQG� QR� JUDGH� �� RU� �� 6%57-
UHODWHG�$(V��7KH�PRVW�FRPPRQ�ZHUH�GLDUUKHD��Q� �����FKHVW�
SDLQ�P\DOJLD��Q� �����IDWLJXH��Q� �����FRXJK��Q� �����G\VSQHD�
�Q� �����DQG�QDXVHD�YRPLWLQJ��Q� ���� 

&RQFOXVLRQV�� &RPELQDWLRQ� DYHOXPDE� SOXV� 6%57� VHHPV�
WROHUDEOH�RQ�WKH�EDVLV�RI�WKH�SUHVSHFLILHG�WR[LFLW\�HQG�SRLQWV�
RI� WKH� ILUVW� VWDJH� RI� WKLV� 6LPRQ� WZR-VWDJH� GHVLJQ� SKDVH� ��
VWXG\� 

&OLQLFDO�7ULDOV 



�5HVHDUFK�5HSRUW�_�������������������������

 
.H\�3XEOLFDWLRQV 

(=+��LQKLELWRU�WD]HPHWRVWDW�LQ�
SDWLHQWV�ZLWK�UHODSVHG�RU�
UHIUDFWRU\��%$3�-LQDFWLYDWHG�
PDOLJQDQW�SOHXUDO�PHVRWKHOLRPD��D�
PXOWLFHQWUH��RSHQ-ODEHO��SKDVH���
VWXG\� 
 
=DXGHUHU�0*��6]ORVDUHN�3:��/H�0RXOHF�6��3RSDW�6��7D\ORU�3��3ODQFKDUG�
'��6FKHUSHUHHO�$��.RF]\ZDV�0��)RUVWHU�0��&DPHURQ�5%��3HLNHUW�7��$UJRQ�
(.��0LFKDXG�15��6]DQWR�$��<DQJ�-��&KHQ�<��.DQVUD�9��$JDUZDO�6��)HQQHOO�
'$��(=+��LQKLELWRU�WD]HPHWRVWDW�LQ�SDWLHQWV�ZLWK�UHODSVHG�RU�UHIUDFWRU\��
%$3�-LQDFWLYDWHG�PDOLJQDQW�SOHXUDO�PHVRWKHOLRPD��D�PXOWLFHQWUH��RSHQ-
ODEHO��SKDVH���VWXG\��/DQFHW�2QFRO�������-XQ����������-�����GRL����������
6����-�������������-���(SXE������0D\�����30,'����������� 
 
%DFNJURXQG�� 7UHDWPHQW� RSWLRQV� IRU� PDOLJQDQW� SOHXUDO�
PHVRWKHOLRPD� DUH� VFDUFH�� 7D]HPHWRVWDW�� D� VHOHFWLYH� RUDO�
HQKDQFHU� RI� ]HVWH� KRPRORJ� �� �(=+��� LQKLELWRU�� KDV� VKRZQ�
DQWLWXPRXU� DFWLYLW\� LQ� VHYHUDO� KDHPDWRORJLFDO� FDQFHUV� DQG�
VROLG�WXPRXUV��:H�DLPHG�WR�HYDOXDWH�WKH�DQWL-WXPRXU�DFWLYLW\�
DQG� VDIHW\� RI� WD]HPHWRVWDW� LQ� SDWLHQWV� ZLWK� PHDVXUDEOH�
UHODSVHG�RU�UHIUDFWRU\�PDOLJQDQW�SOHXUDO�PHVRWKHOLRPD� 

0HWKRGV��:H�FRQGXFWHG�DQ�RSHQ-ODEHO��VLQJOH-DUP�SKDVH���
VWXG\� DW� ��� KRVSLWDOV� LQ� )UDQFH�� WKH� 8.�� DQG� WKH� 86$��
(OLJLEOH�SDWLHQWV�ZHUH�DJHG����\HDUV�RU�ROGHU�ZLWK�PDOLJQDQW�
SOHXUDO�PHVRWKHOLRPD�RI�DQ\�KLVWRORJ\� WKDW�ZDV�UHODSVHG�RU�
UHIUDFWRU\� DIWHU� WUHDWPHQW� ZLWK� DW� OHDVW� RQH� SHPHWUH[HG-
FRQWDLQLQJ� UHJLPHQ�� DQ� (DVWHUQ� &RRSHUDWLYH� 2QFRORJ\�
*URXS�SHUIRUPDQFH�VWDWXV�RI���RU����DQG�D�OLIH�H[SHFWDQF\�RI�
JUHDWHU� WKDQ� ��PRQWKV�� ,Q� SDUW� �� RI� WKH� VWXG\�� SDUWLFLSDQWV�
UHFHLYHG�RUDO�WD]HPHWRVWDW�����PJ�RQFH�RQ�GD\���DQG�WKHQ�
WZLFH� GDLO\� IURP� GD\� �� RQZDUGV�� ,Q� SDUW� ��� SDUWLFLSDQWV�
UHFHLYHG� RUDO� WD]HPHWRVWDW� ���� PJ� WZLFH� GDLO\� VWDUWLQJ� RQ�
GD\���RI�F\FOH����XVLQJ�D�WZR-VWDJH�*UHHQ-'DKOEHUJ�GHVLJQ��
7D]HPHWRVWDW� ZDV� DGPLQLVWHUHG� LQ� ��-GD\� F\FOHV� IRU�
DSSUR[LPDWHO\����F\FOHV��7KH�SULPDU\�HQGSRLQW�RI�SDUW���ZDV�

WKH� SKDUPDFRNLQHWLFV� RI� WD]HPHWRVWDW� DQG� LWV�PHWDEROLWH� DW�
GD\� ��� DIWHU� DGPLQLVWUDWLRQ� RI� ���� PJ� WD]HPHWRVWDW�� DV�
PHDVXUHG�E\�PD[LPXP�VHUXP�FRQFHQWUDWLRQ��&PD[���WLPH�WR�
&PD[� �7PD[��� DUHD� XQGHU� WKH� FRQFHQWUDWLRQ-WLPH� FXUYH�
�$8&��WR�GD\�����$8&�–W���DUHD�XQGHU�WKH�FXUYH�IURP�WLPH���
H[WUDSRODWHG� WR� LQILQLW\� �$8&�–���� DQG� WKH� KDOI-OLIH� �W����� RI�
WD]HPHWRVWDW��DVVHVVHG�LQ�DOO�SDWLHQWV�HQUROOHG�LQ�SDUW����7KH�
SULPDU\�HQGSRLQW�RI�SDUW���ZDV�WKH�GLVHDVH�FRQWURO�UDWH��WKH�
SURSRUWLRQ� RI� SDWLHQWV� ZLWK� D� FRPSOHWH� UHVSRQVH�� SDUWLDO�
UHVSRQVH�� RU� VWDEOH� GLVHDVH�� DW� ZHHN� ��� LQ� SDWLHQWV� ZLWK�
PDOLJQDQW� SOHXUDO� PHVRWKHOLRPD� SHU� SURWRFRO� ZLWK� %$3��
LQDFWLYDWLRQ� GHWHUPLQHG� E\� LPPXQRKLVWRFKHPLVWU\�� 7KH�
VDIHW\�SRSXODWLRQ� LQFOXGHG�DOO� WKH�SDWLHQWV�ZKR�KDG�DW� OHDVW�
RQH�SRVW-GRVH�VDIHW\�DVVHVVPHQW��7KLV�WULDO�LV�QRZ�FRPSOHWH�
DQG�LV�UHJLVWHUHG�ZLWK�&OLQLFDO7ULDOV�JRY��1&7��������� 

)LQGLQJV�� %HWZHHQ� -XO\� ���� ������ DQG� -XQH� ��� ������ ���
SDWLHQWV� ZHUH� HQUROOHG� ���� LQ� SDUW� �� DQG� ��� LQ� SDUW� ��� DQG�
UHFHLYHG� WD]HPHWRVWDW�� ��� ������ RI� ZKRP� KDG� %$3�-
LQDFWLYDWHG� WXPRXUV�� ,Q� SDUW� ��� IROORZLQJ� UHSHDW� GRVLQJ� RI�
WD]HPHWRVWDW�DW�VWHDG\�VWDWH��RQ�GD\����RI�F\FOH����WKH�PHDQ�
&PD[� ZDV� ���� QJ�P/� �FRHIILFLHQW� RI� YDULDWLRQ� ��ā�����
PHGLDQ�7PD[�ZDV���K��UDQJH��–����PHDQ�$8&�–WZDV������
KāQJ�P/��FRHIILFLHQW�RI�YDULDWLRQ���ā�����PHDQ�$8&�–��ZDV�
����� KāQJ�P/� ���ā����� DQG� WKH� JHRPHWULF� PHDQ� W���� ZDV�
�ā��K����ā�����$IWHU�D�PHGLDQ�IROORZ-XS�RI���ā��ZHHNV��,45�
��ā�–��ā����WKH�GLVHDVH�FRQWURO�UDWH�LQ�SDUW���LQ�SDWLHQWV�ZLWK�
%$3�-LQDFWLYDWHG�PDOLJQDQW�SOHXUDO�PHVRWKHOLRPD�ZDV�����
�����&,���–�������RI����SDWLHQWV��DW�ZHHN�����1R�SDWLHQWV�
KDG� D� FRQILUPHG� FRPSOHWH� UHVSRQVH�� 7ZR� SDWLHQWV� KDG� D�
FRQILUPHG� SDUWLDO� UHVSRQVH�� RQH� KDG� DQ� RQJRLQJ� SDUWLDO�
UHVSRQVH�ZLWK�D�GXUDWLRQ�RI����ZHHNV�DQG� WKH�RWKHU�KDG�D�
GXUDWLRQ� RI� ��� ZHHNV�� 7KH� PRVW� FRPPRQ� JUDGH� �–��
WUHDWPHQW-HPHUJHQW� DGYHUVH� HYHQWV� ZHUH� K\SHUJO\FDHPLD�
�ILYH�>��@�SDWLHQWV���K\SRQDWUDHPLD��ILYH�>��@���DQG�DQDHPLD�
�IRXU� >��@��� VHULRXV� DGYHUVH� HYHQWV� ZHUH� UHSRUWHG� LQ� ���
������RI����SDWLHQWV��)LYH������RI����SDWLHQWV�GLHG�ZKLOH�RQ�
VWXG\��QR�WUHDWPHQW-UHODWHG�GHDWKV�RFFXUUHG� 

$�SKDVH�,�WULDO�RI�UHJLRQDO�
PHVRWKHOLQ-WDUJHWHG�&$5�7-FHOO�
WKHUDS\�LQ�SDWLHQWV�ZLWK�PDOLJQDQW�
SOHXUDO�GLVHDVH��LQ�FRPELQDWLRQ�
ZLWK�WKH�DQWL-3'-��DJHQW�
SHPEUROL]XPDE� 
 
$GXVXPLOOL�36��=DXGHUHU�0*��5LYLqUH�,��6RORPRQ�6%��5XVFK�9:��
2
&HDUEKDLOO�5(��=KX�$��&KHHPD�:��&KLQWDOD�1.��+DOWRQ�(��3LQHGD�-��
3HUH]--RKQVWRQ�5��7DQ�.6��'DO\�%��$UDXMR�)LOKR�-$��1JDL�'��0F*HH�(��
9LQFHQW�$��'LDPRQWH�&��6DXWHU�-/��0RGL�6��6LNGHU�'��6HQHFKDO�%��:DQJ�;��
7UDYLV�:'��*|QHQ�0��5XGLQ�&0��%UHQWMHQV�5-��-RQHV�'5��6DGHODLQ�0��$�
3KDVH�,�7ULDO�RI�5HJLRQDO�0HVRWKHOLQ-7DUJHWHG�&$5�7-FHOO�7KHUDS\�LQ�
3DWLHQWV�ZLWK�0DOLJQDQW�3OHXUDO�'LVHDVH��LQ�&RPELQDWLRQ�ZLWK�WKH�$QWL-3'-��
$JHQW�3HPEUROL]XPDE��&DQFHU�'LVFRY�������1RY������������-������GRL��
������������-�����&'-��-������(SXE������-XO�����30,'������������
30&,'��30&�������� 
 
0DOLJQDQW�SOHXUDO�GLVHDVHV��FRPSULVLQJ�PHWDVWDWLF� OXQJ�DQG�
EUHDVW�FDQFHUV�DQG�PDOLJQDQW�SOHXUDO�PHVRWKHOLRPD��030���
DUH�DJJUHVVLYH�VROLG�WXPRUV�ZLWK�SRRU�WKHUDSHXWLF�UHVSRQVH��
:H� GHYHORSHG� DQG� FRQGXFWHG� D� ILUVW-LQ-KXPDQ�� SKDVH� ,�

VWXG\� RI� UHJLRQDOO\� GHOLYHUHG�� DXWRORJRXV�� PHVRWKHOLQ-
WDUJHWHG� FKLPHULF� DQWLJHQ� UHFHSWRU� �&$5�� 7-FHOO� WKHUDS\��
,QWUDSOHXUDO�DGPLQLVWUDWLRQ�RI����0�WR���0�&$5�7�FHOOV�NJ�LQ�
���SDWLHQWV�����ZLWK�030��ZDV�VDIH�DQG�ZHOO�WROHUDWHG��&$5�
7� FHOOV�ZHUH� GHWHFWHG� LQ� SHULSKHUDO� EORRG� IRU� !����GD\V� LQ�
���� RI� SDWLHQWV�� )ROORZLQJ� RXU� GHPRQVWUDWLRQ� WKDW� 3'-��
EORFNDGH�HQKDQFHV�&$5�7-FHOO�IXQFWLRQ�LQ�PLFH�����SDWLHQWV�
ZLWK� 030� DOVR� UHFHLYHG� SHPEUROL]XPDE� VDIHO\�� $PRQJ�
WKRVH� SDWLHQWV�� PHGLDQ� RYHUDOO� VXUYLYDO� IURP� &$5� 7-FHOO�
LQIXVLRQ� ZDV� ����� PRQWKV� ��-\HDU� RYHUDOO� VXUYLYDO�� ������
6WDEOH�GLVHDVH�ZDV�VXVWDLQHG�IRU����PRQWKV�LQ���SDWLHQWV����
H[KLELWHG� FRPSOHWH� PHWDEROLF� UHVSRQVH� RQ� 3(7� VFDQ��
&RPELQDWLRQ� LPPXQRWKHUDS\� ZLWK� &$5� 7� FHOOV� DQG� 3'-��
EORFNDGH�DJHQWV�VKRXOG�EH�IXUWKHU�HYDOXDWHG�LQ�SDWLHQWV�ZLWK�
VROLG�WXPRUV� 

6LJQLILFDQFH��5HJLRQDO�GHOLYHU\�RI�PHVRWKHOLQ-WDUJHWHG�&$5�
7-FHOO� WKHUDS\� IROORZHG�E\� SHPEUROL]XPDE�DGPLQLVWUDWLRQ� LV�
IHDVLEOH�� VDIH�� DQG� GHPRQVWUDWHV� HYLGHQFH� RI� DQWLWXPRU�
HIILFDF\� LQ� SDWLHQWV� ZLWK� PDOLJQDQW� SOHXUDO� GLVHDVHV�� 2XU�
GDWD� VXSSRUW� WKH� LQYHVWLJDWLRQ� RI� FRPELQDWLRQ�
LPPXQRWKHUDS\�ZLWK�&$5�7�FHOOV�DQG�3'-��EORFNDGH�DJHQWV�
LQ�VROLG�WXPRUV� 



������_�06.�0HVRWKHOLRPD�3URJUDP 

 

,PDJH-JXLGHG�LQWHUYHQWLRQDO�
UDGLRORJLFDO�GHOLYHU\�RI�FKLPHULF�
DQWLJHQ�UHFHSWRU��&$5��7�FHOOV�IRU�
SOHXUDO�PDOLJQDQFLHV�LQ�D�SKDVH�,�,,�
FOLQLFDO�WULDO� 
 
*KRVQ�0��&KHHPD�:��=KX�$��/LYVFKLW]�-��0D\ERG\�0��%RDV�)(��6DQWRV�(��
.LP�'��%HDWWLH�-$��2IILQ�0��5XVFK�9:��=DXGHUHU�0*��$GXVXPLOOL�36��
6RORPRQ�6%��,PDJH-JXLGHG�LQWHUYHQWLRQDO�UDGLRORJLFDO�GHOLYHU\�RI�FKLPHULF�
DQWLJHQ�UHFHSWRU��&$5��7�FHOOV�IRU�SOHXUDO�PDOLJQDQFLHV�LQ�D�SKDVH�,�,,�
FOLQLFDO�WULDO��/XQJ�&DQFHU�������0DU������-���GRL����������
M�OXQJFDQ��������������(SXE������-DQ����30,'������������30&,'��
30&�������� 
 
2EMHFWLYHV��:H�GHVFULEH� WHFKQLTXHV�DQG� UHVXOWV�RI� LPDJH-
JXLGHG� GHOLYHU\� RI� PHVRWKHOLQ-WDUJHWHG� FKLPHULF� DQWLJHQ�
UHFHSWRU��&$5��7�FHOOV� LQ�SDWLHQWV�ZLWK�SOHXUDO�PDOLJQDQFLHV�
LQ�D�SKDVH�,�,,�WULDO��&OLQLFDO7ULDOV�JRY��1&7���������� 

0DWHULDOV�DQG�0HWKRGV��3DWLHQWV�ZLWKRXW�D�SOHXUDO�FDWKHWHU�
RU� ZKR� ODFN� HIIXVLRQ� IRU� LQVHUWLRQ� RI� D� FDWKHWHU� ���� RI� ����
ZHUH�DGPLQLVWHUHG�LQWUDSOHXUDO�&$5�7�FHOOV�E\�LQWHUYHQWLRQDO�
UDGLRORJLVWV�XQGHU�LPDJH�JXLGDQFH�E\�FRPSXWHG�WRPRJUDSK\�
RU� XOWUDVRXQG�� &$5� 7� FHOOV� ZHUH� DGPLQLVWHUHG� WKURXJK� D�

QHHGOH� LQ� DQ� DFFHVVLEOH� SOHXUDO� ORFXODWLRQ� �LQWUDFDYLWDU\�� RU�
IROORZLQJ� DQ� LQGXFHG� ORFXODWHG� DUWLILFLDO� SQHXPRWKRUD[�� ,Q�
SDWLHQWV�ZKHUH� LQWUDFDYLWDU\� LQIXVLRQ�ZDV�QRW� IHDVLEOH��&$5�
7� FHOOV� ZHUH� LQMHFWHG� YLD� SHUFXWDQHRXV� DSSURDFK� HLWKHU�
VXUURXQGLQJ� DQG�RU� LQ� WKH� SOHXUDO� QRGXOH�WKLFNHQLQJ�
�LQWUDWXPRUDO��� 3UH-� DQG� SRVW-SURFHGXUDO� FOLQLFDO�� ODERUDWRU\��
DQG�LPDJLQJ�ILQGLQJV�ZHUH�DVVHVVHG� 

5HVXOWV��&$5�7�FHOOV�ZHUH�DGPLQLVWHUHG�LQWUDSOHXUDOO\�LQ����
SDWLHQWV� ���� SURFHGXUHV�� �� SDWLHQWV� ZHUH� DGPLQLVWHUHG� D�
VHFRQG�GRVH��ZLWK�VXFFHVVIXO�GHOLYHU\�RI�SODQQHG�GRVH����–
���� P/��� ������ ������ LQWUDFDYLWDU\� DQG� ������ ������
LQWUDWXPRUDO��$OO�SURFHGXUHV�ZHUH�FRPSOHWHG�ZLWKLQ���K�RI�7-
FHOO� WKDZLQJ�� 7KHUH� ZHUH� QR� SURFHGXUH-UHODWHG� DGYHUVH�
HYHQWV� JUHDWHU� WKDQ� JUDGH� �� ��� LQ� �� SDWLHQWV� KDG� SULRU�
LSVLODWHUDO� SOHXUDO� IXVLRQ� SURFHGXUHV��� 7KH� PRVW� FRPPRQ�
LPDJLQJ�ILQGLQJ�ZDV�JURXQG�JODVV�RSDFLWLHV�ZLWK� LQWHUOREXODU�
VHSWDO� WKLFNHQLQJ� DQG�RU� FRQVROLGDWLRQ�� REVHUYHG� LQ� ������
������SURFHGXUHV��7KHUH�ZDV�QR�GLIIHUHQFH�LQ�WKH�LQFLGHQFH�
RI� IHYHU�� &53�� ,/-��� DQG� SHDN� YHFWRU� FRS\� QXPEHU� LQ� WKH�
SHULSKHUDO�EORRG�EHWZHHQ�LQIXVLRQ�PHWKRGV� 

&RQFOXVLRQ�� ,PDJH-JXLGHG� LQWUDSOHXUDO� GHOLYHU\� RI� &$5� 7�
FHOOV� XVLQJ� LQWUDFDYLWDU\� RU� LQWUDWXPRUDO� URXWHV� LV� IHDVLEOH��
UHSHDWDEOH� DQG� VDIH� DFURVV� DQDWRPLFDOO\� YDULDEOH� SOHXUDO�
FDQFHUV� 

3KDVH���FRKRUW�H[SDQVLRQ�VWXG\�RI�
/<���������D�GXDO�3,�.�P725�
LQKLELWRU��LQ�SDWLHQWV�ZLWK�DGYDQFHG�
PHVRWKHOLRPD� 
 
=DXGHUHU�0*��$OOH\�(:��%HQGHOO�-��&DSHOOHWWR�(��%DXHU�70��&DOOLHV�6��
6]SXUND�$0��.DQJ�6��:LOODUG�0'��:DFKHFN�9��9DUJKHVH�$0��3KDVH���
FRKRUW�H[SDQVLRQ�VWXG\�RI�/<���������D�GXDO�3,�.�P725�LQKLELWRU��LQ�
SDWLHQWV�ZLWK�DGYDQFHG�PHVRWKHOLRPD��,QYHVW�1HZ�'UXJV�������$XJ���
��������-������GRL����������V�����-���-�����-���(SXE������0DU����30,'��
����������30&,'��30&�������� 
 
%DFNJURXQG�� /<�������� LV� D� VHOHFWLYH�� $73� FRPSHWLWLYH�
LQKLELWRU�RI�FODVV�,�3,�.�LVRIRUPV��P725&����DQG�'1$-3.��
$� 3KDVH� �� GRVH� HVFDODWLRQ�� ���� PJ� WZLFH� GDLO\� �%,'�� RI�
/<�������� ZDV� WKH� GHWHUPLQHG� UHFRPPHQGHG� SKDVH� ��
GRVH��53�'���:H�UHSRUW�WKH�DQWLWXPRU�DFWLYLW\�DQG�VDIHW\�RI�
/<�������� PRQRWKHUDS\� LQ� SDWLHQWV� ZLWK� DGYDQFHG�
PHVRWKHOLRPD� 

0HWKRGV��3DWLHQWV�HQUROOHG�KDG�DGYDQFHG�PDOLJQDQW�SOHXUDO�
RU�SHULWRQHDO�PHVRWKHOLRPD�ZLWK�PHDVXUDEOH�GLVHDVH��(&2*�
36� �–��� ZHUH� UHIUDFWRU\� RU� LQHOLJLEOH� WR� UHFHLYH� VWDQGDUG�
WKHUDSLHV�� 3DWLHQWV� UHFHLYHG� /<�������� ����PJ�%,'�� 7KLV�

GRVH� H[SDQVLRQ� FRKRUW� LV� LQWHQGHG� WR� HYDOXDWH� SUHOLPLQDU\�
DQWLWXPRU� DFWLYLW\� RI� /<�������� E\� RYHUDOO� UHVSRQVH� UDWH��
6DIHW\�� WROHUDELOLW\� DQG� SKDUPDFRNLQHWLFV� ZHUH� DVVHVVHG��
%LRPDUNHUV� DVVRFLDWHG� ZLWK� WUHDWPHQW� UHVSRQVH� ZDV� DQ�
H[SORUDWRU\�HQGSRLQW�� 

5HVXOWV�� )RUW\-WZR� SDWLHQWV� UHFHLYHG� /<�������� IRU� D�
PHGLDQ� GXUDWLRQ� RI� ����� ZHHNV� �UDQJH�� ���–������� 2QH�
SDWLHQW�KDG�D�FRQILUPHG�SDUWLDO�UHVSRQVH��35���255��������
7KUHH�SDWLHQWV�KDG�DQ�XQFRQILUPHG�35��6HYHQWHHQ�SDWLHQWV�
KDG�VWDEOH�GLVHDVH��6'���'&5�������0RVW�FRPPRQ�DGYHUVH�
HYHQWV� �$(V�� LQFOXGHG� IDWLJXH� ������� QDXVHD� �������
GHFUHDVHG� DSSHWLWH� ������� YRPLWLQJ� ������� DQG� GLDUUKHD�
������� $(V� ZHUH�PRVWO\� PLOG� RU� PRGHUDWH�� *UDGHௗ�ௗ�� $(V�
ZHUH� UHSRUWHG� IRU�����RI�SDWLHQWV�ZLWK� IDWLJXH�DV� WKH�PRVW�
IUHTXHQW�HYHQW��������$OWHUDWLRQV�RI�%$3��ZHUH�LGHQWLILHG�LQ�
������ SDWLHQWV� DV� WKH� PRVW� FRPPRQ�PROHFXODU� DEHUUDWLRQ��
IROORZHG�E\�6(7'��DQG�1)��DOWHUDWLRQV��1R�REYLRXV�SDWWHUQ�
RI� JHQHWLF� FKDQJHV�PXWDWLRQV� LQ� VLQJOH� JHQHV� RU� SDWKZD\V�
ZDV�DVVRFLDWHG�ZLWK�DQWL-WXPRU�DFWLYLW\�� 

&RQFOXVLRQ�� /<�������� PRQRWKHUDS\� ����� PJ� %,'��
GHPRQVWUDWHG�DQ�DFFHSWDEOH�DQG�PDQDJHDEOH�VDIHW\�SURILOH�
ZLWK� OLPLWHG� VLQJOH-DJHQW� DFWLYLW\� LQ� SDWLHQWV� ZLWK� DGYDQFHG�
PHVRWKHOLRPD�� &OLQLFDO7ULDOV�JRY� LGHQWLILHU�� 1&7����������
'DWH�RI�UHJLVWUDWLRQ�����-XO\������ 

.H\�3XEOLFDWLRQV 



�5HVHDUFK�5HSRUW�_�������������������������

 
.H\�3XEOLFDWLRQV 

$�UDQGRPL]HG�SKDVH�,,�WULDO�RI�
DGMXYDQW�JDOLQSHSLPXW-6��:7-��
DQDORJXH�SHSWLGH�YDFFLQH��DIWHU�
PXOWLPRGDOLW\�WKHUDS\�IRU�SDWLHQWV�
ZLWK�PDOLJQDQW�SOHXUDO�
PHVRWKHOLRPD� 
 
=DXGHUHU�0*��7VDR�$6��'DR�7��3DQDJHDV�.��/DL�:9��5LPQHU�$��5XVFK�
9:��$GXVXPLOOL�36��*LQVEHUJ�06��*RPH]�'��5LFH�'��0HKUDQ�5��
6FKHLQEHUJ�'$��.UXJ�/0��$�5DQGRPL]HG�3KDVH�,,�7ULDO�RI�$GMXYDQW�
*DOLQSHSLPXW-6��:7-��$QDORJXH�3HSWLGH�9DFFLQH��$IWHU�0XOWLPRGDOLW\�
7KHUDS\�IRU�3DWLHQWV�ZLWK�0DOLJQDQW�3OHXUDO�0HVRWKHOLRPD��&OLQ�&DQFHU�
5HV�������'HF���������������-������GRL��������������-�����&&5-��-
������(SXE������6HS�����30,'������������30&,'��30&�������� 
 
3XUSRVH�� 'HWHUPLQH� WKH� �-\HDU� SURJUHVVLRQ-IUHH� VXUYLYDO�
�3)6�� UDWH� DPRQJ� SDWLHQWV� ZLWK� PDOLJQDQW� SOHXUDO�
PHVRWKHOLRPD� �030�� UHFHLYLQJ� WKH� :7�� SHSWLGH� YDFFLQH�
JDOLQSHSLPXW-6� DIWHU� PXOWLPRGDOLW\� WKHUDS\� YHUVXV� WKRVH�
UHFHLYLQJ�FRQWURO�DGMXYDQWV� 

([SHULPHQWDO� 'HVLJQ�� 7KLV� GRXEOH-EOLQG�� FRQWUROOHG�� WZR�
FHQWHU�SKDVH�,,�WULDO�UDQGRPL]HG�030�SDWLHQWV�DIWHU�VXUJHU\�
DQG�DQRWKHU� WUHDWPHQW�PRGDOLW\� WR�JDOLQSHSLPXW-6�ZLWK�*0-

&6)�DQG�0RQWDQLGH� RU�*0-&6)� DQG�0RQWDQLGH� DORQH�� $Q�
LPSURYHPHQW� LQ� �-\HDU� 3)6� IURP� ���� WR� ���� ZDV� WKH�
SUHGHILQHG� HIILFDF\� WKUHVKROG�� DQG� ��� SDWLHQWV� WRWDO� ZHUH�
SODQQHG�� 7KH� VWXG\� ZDV� QRW� SRZHUHG� IRU� FRPSDULVRQ�
EHWZHHQ�WKH�WZR�DUPV� 

5HVXOWV�� )RUW\-RQH� SDWLHQWV� ZHUH� UDQGRPL]HG�� 7UHDWPHQW-
UHODWHG� DGYHUVH� HYHQWV� ZHUH� PLOG�� VHOI-OLPLWHG�� DQG� QRW�
FOLQLFDOO\�VLJQLILFDQW��2Q�WKH�EDVLV�RI�D�VWULQJHQW�SUHVSHFLILHG�
IXWLOLW\� DQDO\VLV� �IXWLOLW\�  � ���� RI� ��� SDWLHQWV� RQ� RQH� DUP�
H[SHULHQFLQJ�SURJUHVVLRQ����� \HDU��� WKH� FRQWURO� DUP�FORVHG�
HDUO\��7KH�WUHDWPHQW�DUP�ZDV�VXEVHTXHQWO\�FORVHG�EHFDXVH�
RI� WKH� UHVXOWDQW� XQEOLQGLQJ�� 7KH� 3)6� UDWH� DW� �� \HDU� IURP�
EHJLQQLQJ�VWXG\�WUHDWPHQW�ZDV�����DQG�����LQ�WKH�FRQWURO�
DQG� YDFFLQH� DUPV�� UHVSHFWLYHO\�� 0HGLDQ� 3)6� ZDV� ����
PRQWKV� YHUVXV� ����� PRQWKV� DQG� PHGLDQ� 26� ZDV� �����
PRQWKV�YHUVXV������PRQWKV�LQ�WKH�FRQWURO�DQG�YDFFLQH�DUPV��
UHVSHFWLYHO\� 

&RQFOXVLRQV�� 7KH� IDYRUDEOH� VDIHW\� SURILOH� ZDV� FRQILUPHG��
3)6� DQG�26�ZHUH� JUHDWHU� LQ� WKRVH� ZKR� UHFHLYHG� YDFFLQH��
EXW� WKH� WULDO� ZDV� QHLWKHU� GHVLJQHG� QRU� SRZHUHG� IRU�
FRPSDULVRQ� EHWZHHQ� WKH� DUPV�� 2Q� WKH� EDVLV� RI� WKHVH�
SURPLVLQJ� UHVXOWV�� WKH� LQYHVWLJDWRUV� DUH� SODQQLQJ� D� ODUJHU�
UDQGRPL]HG� WULDO�ZLWK� JUHDWHU� VWDWLVWLFDO� SRZHU� WR�GHILQH� WKH�
RSWLPDO�XVH�DQG�EHQHILW�RI�JDOLQSHSLPXW-6�LQ�WKH�WUHDWPHQW�RI�
030� 

,PSURYHG�RXWFRPHV�ZLWK�PRGHUQ�
OXQJ-VSDULQJ�WULPRGDOLW\�WKHUDS\�LQ�
SDWLHQWV�ZLWK�PDOLJQDQW�SOHXUDO�
PHVRWKHOLRPD� 
 
6KDLNK�)��=DXGHUHU�0*��YRQ�5HLEQLW]�'��:X�$-��<RUNH�('��)RVWHU�$��6KL�
:��=KDQJ�=��$GXVXPLOOL�36��5RVHQ]ZHLJ�.(��.UXJ�/0��5XVFK�9:��5LPQHU�
$��,PSURYHG�2XWFRPHV�ZLWK�0RGHUQ�/XQJ-6SDULQJ�7ULPRGDOLW\�7KHUDS\�LQ�
3DWLHQWV�ZLWK�0DOLJQDQW�3OHXUDO�0HVRWKHOLRPD��-�7KRUDF�2QFRO�������
-XQ����������-������GRL����������M�MWKR��������������(SXE������0DU�����
30,'������������30&,'��30&������� 
 
,QWURGXFWLRQ��+LJKHU�WDUJHW�FRQIRUPLW\�DQG�EHWWHU�VSDULQJ�RI�
RUJDQV�DW� ULVN�ZLWK�PRGHUQ� UDGLRWKHUDS\� �57��PD\� UHVXOW� LQ�
KLJKHU� WXPRU� FRQWURO� DQG� OHVV� WR[LFLW\�� ,Q� WKLV� VWXG\�� ZH�
FRPSDUH� RXU� LQVWLWXWLRQDO� PXOWLPRGDOLW\� WKHUDS\� H[SHULHQFH�
RI� DGMXYDQW� FKHPRWKHUDS\� DQG� KHPLWKRUDFLF� LQWHQVLW\-
PRGXODWHG� SOHXUDO� 57� �,035,17�� ZLWK� SUHYLRXVO\� XVHG�
DGMXYDQW�FRQYHQWLRQDO�57��&219��LQ�SDWLHQWV�ZLWK�PDOLJQDQW�
SOHXUDO� PHVRWKHOLRPD� �030�� WUHDWHG� ZLWK� OXQJ-VSDULQJ�
SOHXUHFWRP\�GHFRUWLFDWLRQ��3�'�� 

0HWKRGV��:H� DQDO\]HG� ���� SDWLHQWV� ZKR� XQGHUZHQW� 3�'�
DQG� DGMXYDQW� 57� ����� ZKR� UHFHLYHG� &219� DQG� ��� ZKR�
UHFHLYHG� ,035,17�� IRU�030�EHWZHHQ������DQG�������7KH�

SULPDU\� HQG� SRLQW� ZDV� RYHUDOO� VXUYLYDO� �26��� 7KH� .DSODQ-
0HLHU� PHWKRG� DQG� &R[� SURSRUWLRQDO� KD]DUGV� PRGHO� ZHUH�
XVHG� WR� FDOFXODWH� 26�� FRPSHWLQJ� ULVNV� DQDO\VLV� ZDV�
SHUIRUPHG�IRU�ORFDO�IDLOXUH-IUHH�VXUYLYDO�DQG�SURJUHVVLRQ-IUHH�
VXUYLYDO��8QLYDULDWH� DQDO\VLV� DQG�PXOWLYDULDWH� DQDO\VLV�ZHUH�
SHUIRUPHG�ZLWK�UHOHYDQW�FOLQLFDO�DQG�WUHDWPHQW�IDFWRUV� 

5HVXOWV�� 7KH� PHGLDQ� DJH� ZDV� ��� \HDUV�� DQG� ���� RI� WKH�
SDWLHQWV� ZHUH� PDOH�� 3DWLHQWV� UHFHLYLQJ� ,035,17� KDG�
VLJQLILFDQWO\� KLJKHU� UDWHV� RI� WKH� HSLWKHOLDO� KLVWRORJLFDO� W\SH��
DGYDQFHG�SDWKRORJLFDO�VWDJH��DQG�FKHPRWKHUDS\� WUHDWPHQW��
26� ZDV� VLJQLILFDQWO\� KLJKHU� DIWHU� ,035,17� �PHGLDQ� �����
YHUVXV� ����� PRQWKV�� S�  � �������� +LJKHU� .DUQRIVN\�
SHUIRUPDQFH� VFRUH�� HSLWKHOLRLG� KLVWRORJLFDO� W\SH��
PDFURVFRSLFDOO\� FRPSOHWH� UHVHFWLRQ�� DQG� XVH� RI�
FKHPRWKHUDS\�,035,17�ZHUH�IRXQG�WR�EH�VLJQLILFDQW�IDFWRUV�
IRU� ORQJHU� 26� LQ� PXOWLYDULDWH� DQDO\VLV�� 1R� VLJQLILFDQW�
SUHGLFWLYH� IDFWRUV� ZHUH� LGHQWLILHG� IRU� ORFDO� IDLOXUH� RU�
SURJUHVVLRQ�� *UDGH� �� RU� KLJKHU� HVRSKDJLWLV� GHYHORSHG� LQ�
IHZHU�SDWLHQWV�DIWHU�,035,17�WKDQ�DIWHU�&219������YHUVXV�
����� 

&RQFOXVLRQV�� 7ULPRGDOLW\� WKHUDS\� LQFOXGLQJ� DGMXYDQW�
KHPLWKRUDFLF� ,035,17�� FKHPRWKHUDS\�� DQG� 3�'� LV�
DVVRFLDWHG�ZLWK� SURPLVLQJ�26� UDWHV�DQG�GHFUHDVHG� WR[LFLW\�
LQ� SDWLHQWV� ZLWK� 030�� 'RVH� FRQVWUDLQWV� VKRXOG� EH� DSSOLHG�
YLJLODQWO\�WR�PLQLPL]H�VHULRXV�DGYHUVH�HYHQWV� 
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7XPRU-WDUJHWHG�QRQDEODWLYH�
UDGLDWLRQ�SURPRWHV�VROLG�WXPRU�
&$5�7-FHOO�WKHUDS\�HIILFDF\� 
 
4XDFK�+7��6NRYJDUG�06��9LOOHQD-9DUJDV�-��%HOOLV�5<��&KLQWDOD�1.��$PDGRU
-0ROLQD�$��%DL�<��%DQHUMHH�6��6DLQL�-��;LRQJ�<��9LVWD�:5��%\XQ�$-��'H�
%LDVL�$��=HOWVPDQ�0��0D\RU�0��0RUHOOR�$��0LWWDO�9��*RPH]�'5��5LPQHU�$��
-RQHV�'5��$GXVXPLOOL�36��7XPRU-7DUJHWHG�1RQDEODWLYH�5DGLDWLRQ�3URPRWHV�
6ROLG�7XPRU�&$5�7-FHOO�7KHUDS\�(IILFDF\��&DQFHU�,PPXQRO�5HV�������2FW�
�������������-������GRL��������������-�����&,5-��-������30,'��
����������30&,'��30&��������� 
 
,QILOWUDWLRQ�RI�WXPRU�E\�7�FHOOV�LV�D�SUHUHTXLVLWH�IRU�VXFFHVVIXO�
LPPXQRWKHUDS\�RI�VROLG�WXPRUV��,Q�WKLV�VWXG\��ZH�LQYHVWLJDWH�
WKH�LQIOXHQFH�RI�WXPRU-WDUJHWHG�UDGLDWLRQ�RQ�FKLPHULF�DQWLJHQ�
UHFHSWRU� �&$5�� 7-FHOO� WKHUDS\� WXPRU� LQILOWUDWLRQ��
DFFXPXODWLRQ�� DQG� HIILFDF\� LQ� FOLQLFDOO\� UHOHYDQW� PRGHOV� RI�
SOHXUDO�PHVRWKHOLRPD�DQG�QRQ–VPDOO�FHOO� OXQJ�FDQFHUV��:H�
XVH� D� QRQDEODWLYH� GRVH� RI� WXPRU-WDUJHWHG� UDGLDWLRQ� SULRU� WR�
V\VWHPLF�DGPLQLVWUDWLRQ�RI�PHVRWKHOLQ-WDUJHWHG�&$5�7�FHOOV�
WR� DVVHVV� LQILOWUDWLRQ�� SUROLIHUDWLRQ�� DQWLWXPRU� HIILFDF\�� DQG�
IXQFWLRQDO�SHUVLVWHQFH�RI�&$5�7�FHOOV�DW�SULPDU\�DQG�GLVWDQW�

VLWHV� RI� WXPRU�� $� WXPRU-WDUJHWHG�� QRQDEODWLYH� GRVH� RI�
UDGLDWLRQ� SURPRWHV� HDUO\� DQG� KLJK� LQILOWUDWLRQ�� SUROLIHUDWLRQ��
DQG� IXQFWLRQDO� SHUVLVWHQFH� RI�&$5�7� FHOOV�� 7XPRU-WDUJHWHG�
UDGLDWLRQ� SURPRWHV� WXPRU-FKHPRNLQH� H[SUHVVLRQ� DQG�
FKHPRNLQH-UHFHSWRU� H[SUHVVLRQ� LQ� LQILOWUDWLQJ� 7� FHOOV� DQG�
UHVXOWV� LQ� D� VXESRSXODWLRQ� RI� KLJKHU-LQWHQVLW\� &$5-
H[SUHVVLQJ� 7� FHOOV� ZLWK� KLJK� FRH[SUHVVLRQ� RI� FKHPRNLQH�
UHFHSWRUV� WKDW� IXUWKHU� LQILOWUDWH� GLVWDQW� VLWHV� RI� GLVHDVH��
HQKDQFLQJ�&$5�7-FHOO�DQWLWXPRU�HIILFDF\��(QKDQFHG�&$5�7-
FHOO� HIILFDF\� LV� HYLGHQW� LQ� PRGHOV� RI� ERWK� KLJK-PHVRWKHOLQ-
H[SUHVVLQJ�PHVRWKHOLRPD�DQG�PL[HG-PHVRWKHOLQ-H[SUHVVLQJ�
OXQJ�FDQFHU—WZR�WKRUDFLF�FDQFHUV�IRU�ZKLFK�UDGLRWKHUDS\�LV�
SDUW� RI� WKH� VWDQGDUG� RI� FDUH�� 2XU� UHVXOWV� VWURQJO\� VXJJHVW�
WKDW� WKH� XVH� RI� WXPRU-WDUJHWHG� UDGLDWLRQ� SULRU� WR� V\VWHPLF�
DGPLQLVWUDWLRQ� RI� &$5� 7� FHOOV� PD\� VXEVWDQWLDOO\� LPSURYH�
&$5�7-FHOO�WKHUDS\�HIILFDF\�IRU�VROLG�WXPRUV��%XLOGLQJ�RQ�RXU�
REVHUYDWLRQV�� ZH� GHVFULEH� D� WUDQVODWLRQDO� VWUDWHJ\� RI�
³VDQGZLFK´� FHOO� WKHUDS\� IRU� VROLG� WXPRUV� WKDW� FRPELQHV�
VHTXHQWLDO� PHWDVWDWLF� VLWH–WDUJHWHG� UDGLDWLRQ� DQG� &$5� 7�
FHOOV—D� UHJLRQDO� VROXWLRQ� WR� RYHUFRPH�EDUULHUV� WR� V\VWHPLF�
GHOLYHU\�RI�&$5�7�FHOOV� 

7UDQVODWLRQDO�5HVHDUFK 

1HXURILEURPDWRVLV�W\SH��-\HV-
DVVRFLDWHG�SURWHLQ�DQG�
WUDQVFULSWLRQDO�FRDFWLYDWRU�ZLWK�
3'=-ELQGLQJ�PRWLI�GXDO�
LPPXQRKLVWRFKHPLVWU\�LV�D�UHOLDEOH�
PDUNHU�IRU�WKH�GHWHFWLRQ�RI�
QHXURILEURPDWRVLV�W\SH���
DOWHUDWLRQV�LQ�GLIIXVH�SOHXUDO�
PHVRWKHOLRPD� 
 
/L�<��<DQJ�65��&KHQ�<%��$GXVXPLOOL�36��%LDOLN�$��%RGG�)0��/DGDQ\L�0��
/RSDUGR�-��2IILQ�0'��5XVFK�9:��7UDYLV�:'��=DXGHUHU�0*��&KDQJ�-&��
6DXWHU�-/��1HXURILEURPDWRVLV�7\SH��-<HV-$VVRFLDWHG�3URWHLQ�DQG�
7UDQVFULSWLRQDO�&RDFWLYDWRU�:LWK�3'=-%LQGLQJ�0RWLI�'XDO�
,PPXQRKLVWRFKHPLVWU\�,V�D�5HOLDEOH�0DUNHU�IRU�WKH�'HWHFWLRQ�RI�
1HXURILEURPDWRVLV�7\SH���$OWHUDWLRQV�LQ�'LIIXVH�3OHXUDO�0HVRWKHOLRPD��0RG�
3DWKRO�������0DU���������������GRL����������M�PRGSDW��������������(SXE�
�����-DQ�����30,'������������30&,'��30&��������� 
 
1HXURILEURPDWRVLV�W\SH����1)���ORVV�RFFXUV�LQ�DSSUR[LPDWHO\�
���� WR� ���� RI� GLIIXVH� SOHXUDO� PHVRWKHOLRPD� �'30�� ZLWK�
DFFXPXODWLRQ� RI� \HV-DVVRFLDWHG� SURWHLQ� �<$3�� �� DQG�
WUDQVFULSWLRQDO� FRDFWLYDWRU� ZLWK� 3'=-ELQGLQJ� PRWLI� �7$=�� LQ�
WXPRU� QXFOHL�� 1)�� DQG� <$3�7$=� UHSUHVHQW� SRWHQWLDO�

WKHUDSHXWLF�WDUJHWV��:H�LQYHVWLJDWHG�WKH�SHUIRUPDQFH�RI�1)�
-<$3�7$=� GXDO� LPPXQRKLVWRFKHPLVWU\� �,+&�� LQ� LGHQWLI\LQJ�
'30�WKDW�KDUERUV�1)��DOWHUDWLRQV�DQG�LQ�GLVWLQJXLVKLQJ�'30�
IURP� EHQLJQ� PHVRWKHOLDO� SUROLIHUDWLRQV�� 1)�-<$3�7$=� ,+&�
ZDV�VXEVHTXHQWO\�SHUIRUPHG�LQ�D�'LVFRYHU\�FRKRUW�RI�'30V�
ZLWK��Q� �����RU�ZLWKRXW��Q� �����1)��DOWHUDWLRQV�GHWHFWHG�E\�
QH[W-JHQHUDWLRQ�VHTXHQFLQJ��1*6��DQG���EHQLJQ�FDVHV��7KH�
FXWRII� YDOXHV� IRU� ORVV� RI� 1)�� H[SUHVVLRQ� DQG� <$3�7$=�
RYHUH[SUHVVLRQ�XVLQJ�,+&�ZHUH�GHWHUPLQHG�LQ�WKH�'LVFRYHU\�
FRKRUW�� 7KH� SHUIRUPDQFH� FKDUDFWHULVWLFV� RI� 1)�-<$3�7$=�
,+&�ZHUH�LQYHVWLJDWHG� LQ�D�9DOLGDWLRQ�FRKRUW�����'30V�DQG�
��� EHQLJQ� FDVHV��� ,Q� WKH� 'LVFRYHU\� FRKRUW�� DOO� '30V� ZLWK�
1)��DOWHUDWLRQV�XVLQJ�1*6�VKRZHG�1)�� ,+&�VFRUHV�RI�����
ZKHUHDV�DOO�1)�-ZLOG-W\SH�'30V�VKRZHG�VFRUHV�RI�����1)�-
DOWHUHG�'30V�KDG�VLJQLILFDQWO\�KLJKHU�<$3�7$=�+-VFRUHV��3�
��������WKDQ�1)�-ZLOG-W\SH�'30�DQG�EHQLJQ�SOHXUD��PHGLDQ�
+-VFRUHV�� ������ >UDQJH�� ���-���@�� ������ >UDQJH�� ��-���@��
DQG� ����� >UDQJH�� �-��@�� UHVSHFWLYHO\��� 1)�-<$3�7$=� ,+&�
GHPRQVWUDWHG� ������ VHQVLWLYLW\�� ����� VSHFLILFLW\�� �����
SRVLWLYH�SUHGLFWLYH�YDOXH��DQG�����QHJDWLYH�SUHGLFWLYH�YDOXH�
IRU�GHWHFWLQJ�1)��DOWHUDWLRQV� LQ�'30��Q� �����ZLWK�1*6�DV�
WKH�JROG�VWDQGDUG�DQG�������VHQVLWLYLW\�DQG������VSHFLILFLW\�
IRU� GLVWLQJXLVKLQJ� '30� �Q�  � ���� IURP� EHQLJQ� PHVRWKHOLDO�
SUROLIHUDWLRQV� �Q�  � ����� 1)�-<$3�7$=� ,+&� KDV� D� KLJK�
VHQVLWLYLW\� DQG� VSHFLILFLW\� IRU� GHWHFWLQJ� 1)�� DOWHUDWLRQV� LQ�
'30� DQG� D� KLJK� VSHFLILFLW\� IRU� PDOLJQDQF\�� KLJKOLJKWLQJ�
SRWHQWLDO� XWLOLW\� IRU� JXLGLQJ� 1)�-WDUJHWHG� WKHUDSLHV� DQG�
GLVWLQJXLVKLQJ�'30�IURP�EHQLJQ�PLPLFV� 

.H\�3XEOLFDWLRQV 



�5HVHDUFK�5HSRUW�_�������������������������

 
.H\�3XEOLFDWLRQV 

&RUUHODWLYH�DQDO\VLV�IURP�D�SKDVH�,�
FOLQLFDO�WULDO�RI�LQWUDSOHXUDO�
DGPLQLVWUDWLRQ�RI�RQFRO\WLF�
YDFFLQLD�YLUXV��2OYL-YHF��LQ�SDWLHQWV�
ZLWK�PDOLJQDQW�SOHXUDO�
PHVRWKHOLRPD� 
 
&KLQWDOD�1.��&KRH�-.��0F*HH�(��%HOOLV�5��6DLQL�-.��%DQHUMHH�6��0RUHLUD�
$/��=DXGHUHU�0*��$GXVXPLOOL�36��5XVFK�9:��&RUUHODWLYH�DQDO\VLV�IURP�D�
SKDVH�,�FOLQLFDO�WULDO�RI�LQWUDSOHXUDO�DGPLQLVWUDWLRQ�RI�RQFRO\WLF�YDFFLQLD�YLUXV�
�2OYL-YHF��LQ�SDWLHQWV�ZLWK�PDOLJQDQW�SOHXUDO�PHVRWKHOLRPD��)URQW�,PPXQRO��
�����)HE����������������GRL����������ILPPX���������������30,'��
����������30&,'��30&�������� 
 
%DFNJURXQG�� 7KH� DWWHQXDWHG�� JHQHWLFDOO\� HQJLQHHUHG�
YDFFLQLD� YLUXV�KDV�EHHQ�VKRZQ� WR� EH�D� SURPLVLQJ�RQFRO\WLF�
YLUXV�IRU�WKH�WUHDWPHQW�RI�SDWLHQWV�ZLWK�VROLG�WXPRUV��WKURXJK�
ERWK� GLUHFW� F\WRWR[LF� DQG� LPPXQH-DFWLYDWLQJ� HIIHFWV��
:KHUHDV�V\VWHPLFDOO\�DGPLQLVWHUHG�RQFRO\WLF�YLUXVHV�FDQ�EH�
QHXWUDOL]HG� E\� SUH-H[LVWLQJ� DQWLERGLHV�� ORFRUHJLRQDOO\�
DGPLQLVWHUHG� YLUXVHV� FDQ� LQIHFW� WXPRU� FHOOV� DQG� JHQHUDWH�
LPPXQH�UHVSRQVHV��:H�FRQGXFWHG�D�SKDVH�,�FOLQLFDO�WULDO� WR�
LQYHVWLJDWH� WKH� VDIHW\�� IHDVLELOLW\� DQG� LPPXQH� DFWLYDWLQJ�
HIIHFWV� RI� LQWUDSOHXUDO� DGPLQLVWUDWLRQ� RI� RQFRO\WLF� YDFFLQLD�
YLUXV��1&7���������� 

0HWKRGV��(LJKWHHQ�SDWLHQWV�ZLWK�PDOLJQDQW�SOHXUDO�HIIXVLRQ�
GXH� WR�HLWKHU�PDOLJQDQW�SOHXUDO�PHVRWKHOLRPD�RU�PHWDVWDWLF�
GLVHDVH� �QRQ-VPDOO� FHOO� OXQJ� FDQFHU� RU� EUHDVW� FDQFHU��
XQGHUZHQW� LQWUDSOHXUDO� DGPLQLVWUDWLRQ� RI� WKH� RQFRO\WLF�

YDFFLQLD� YLUXV� XVLQJ� D� GRVH-HVFDODWLQJ� PHWKRG�� IROORZLQJ�
GUDLQDJH�RI�PDOLJQDQW�SOHXUDO�HIIXVLRQ��7KH�SULPDU\�REMHFWLYH�
RI� WKLV� WULDO� ZDV� WR� GHWHUPLQH� D� UHFRPPHQGHG� GRVH� RI�
DWWHQXDWHG�YDFFLQLD�YLUXV��7KH�VHFRQGDU\�REMHFWLYHV�ZHUH�WR�
DVVHVV� IHDVLELOLW\�� VDIHW\� DQG� WROHUDELOLW\�� HYDOXDWH� YLUDO�
SUHVHQFH� LQ� WKH� WXPRU�DQG�VHUXP�DV�ZHOO�DV�YLUDO�VKHGGLQJ�
LQ� SOHXUDO� IOXLG�� VSXWXP�� DQG� XULQH�� DQG� HYDOXDWH� DQWL-
YDFFLQLD�YLUXV� LPPXQH�UHVSRQVH��&RUUHODWLYH�DQDO\VHV�ZHUH�
SHUIRUPHG� RQ� ERG\� IOXLGV�� SHULSKHUDO� EORRG�� DQG� WXPRU�
VSHFLPHQV� REWDLQHG� IURP� SUH-� DQG� SRVW-WUHDWPHQW�
WLPHSRLQWV� 

5HVXOWV�� 7UHDWPHQW� ZLWK� DWWHQXDWHG� YDFFLQLD� YLUXV� DW� WKH�
GRVH� RI� ����(���� SODTXH-IRUPLQJ� XQLWV� �3)8�� WR� ����(����
3)8� ZDV� IHDVLEOH� DQG� VDIH�� ZLWK� QR� WUHDWPHQW-DVVRFLDWHG�
PRUWDOLWLHV� RU� GRVH-OLPLWLQJ� WR[LFLWLHV�� 9DFFLQLD� YLUXV� ZDV�
GHWHFWDEOH� LQ� WXPRU� FHOOV� �-�� GD\V� SRVW-WUHDWPHQW�� DQG�
WUHDWPHQW� ZDV� DVVRFLDWHG� ZLWK� D� GHFUHDVH� LQ� WXPRU� FHOO�
GHQVLW\�DQG�DQ�LQFUHDVH�LQ�LPPXQH�FHOO�GHQVLW\�DV�DVVHVVHG�
E\� D� SDWKRORJLVW� EOLQGHG� WR� WKH� FOLQLFDO� REVHUYDWLRQV�� $Q�
LQFUHDVH� LQ� ERWK� HIIHFWRU� �&'���� 1.�� F\WRWR[LF� FHOOV�� DQG�
VXSSUHVVRU� �7UHJV�� LPPXQH� FHOO� SRSXODWLRQV� ZDV� REVHUYHG�
IROORZLQJ�WUHDWPHQW��'HQGULWLF�FHOO�DQG�QHXWURSKLO�SRSXODWLRQV�
ZHUH� DOVR� LQFUHDVHG�� DQG� LPPXQH� HIIHFWRU� DQG� LPPXQH�
FKHFNSRLQW� SURWHLQV� �JUDQ]\PH� %�� SHUIRULQ�� 3'-��� 3'-/���
DQG� 3'-/��� DQG� F\WRNLQHV� �,)1-Ȗ�� 71)-Į�� 7*)ȕ�� DQG�
5$17(6��ZHUH�XSUHJXODWHG� 

&RQFOXVLRQ�� 7KH� LQWUDSOHXUDO� DGPLQLVWUDWLRQ� RI� RQFRO\WLF�
YDFFLQLD� YLUDO� WKHUDS\� LV� VDIH� DQG� IHDVLEOH� DQG� JHQHUDWHV�
UHJLRQDO� LPPXQH� UHVSRQVH� ZLWKRXW� RYHUW� V\VWHPLF�
V\PSWRPV� 

*HQRPLF�DQG�WUDQVFULSWRPLF�
DQDO\VLV�RI�D�GLIIXVH�SOHXUDO�
PHVRWKHOLRPD�SDWLHQW-GHULYHG�
[HQRJUDIW�OLEUDU\� 
 
2IILQ�0��6DXWHU�-/��7LVFKILHOG�6(��(JJHU�-9��&KDYDQ�6��6KDK�16��0DQRM�3��
9HQWXUD�.��$OODM�9��GH�6WDQFKLQD�(��7UDYLV�:��/DGDQ\L�0��5LPQHU�$��5XVFK�
9:��$GXVXPLOOL�36��3RLULHU�-7��=DXGHUHU�0*��5XGLQ�&0��6HQ�7��*HQRPLF�
DQG�WUDQVFULSWRPLF�DQDO\VLV�RI�D�GLIIXVH�SOHXUDO�PHVRWKHOLRPD�SDWLHQW-
GHULYHG�[HQRJUDIW�OLEUDU\��*HQRPH�0HG�������1RY���������������GRL��
��������V�����-���-�����-���30,'������������30&,'��30&�������� 
 
%DFNJURXQG�� 'LIIXVH� SOHXUDO� PHVRWKHOLRPD� �'30�� LV� DQ�
DJJUHVVLYH� PDOLJQDQF\� WKDW�� GHVSLWH� UHFHQW� WUHDWPHQW�
DGYDQFHV�� KDV� XQDFFHSWDEO\� SRRU� RXWFRPHV�� 7KHUDSHXWLF�
UHVHDUFK� LQ� '30� LV� LQKLELWHG� E\� D� SDXFLW\� RI� SUHFOLQLFDO�
PRGHOV�WKDW�IDLWKIXOO\�UHFDSLWXODWH�WKH�KXPDQ�GLVHDVH� 

0HWKRGV�� :H� HVWDEOLVKHG� ��� SDWLHQW-GHULYHG� [HQRJUDIWV�
�3';��IURP����SDWLHQWV�ZLWK�'30�DQG�SHUIRUPHG�PXOWL-RPLF�
DQDO\VHV� WR� GHFRQYROXWH� WKH�PXWDWLRQDO� ODQGVFDSHV�� JOREDO�
H[SUHVVLRQ� SURILOHV�� DQG�PROHFXODU� VXEW\SHV� RI� WKHVH� 3';�
PRGHOV� DQG� FRPSDUHG� IHDWXUHV� WR� WKRVH� RI� WKH� PDWFKHG�

SULPDU\� SDWLHQW� WXPRUV�� 7DUJHWHG� QH[W-JHQHUDWLRQ�
VHTXHQFLQJ� �1*6�� 06.-,03$&7��� LPPXQRKLVWRFKHPLVWU\��
DQG� KLVWRORJLF� VXEW\SLQJ� ZHUH� SHUIRUPHG� RQ� DOO� DYDLODEOH�
VDPSOHV�� 51$� VHTXHQFLQJ� ZDV� SHUIRUPHG� RQ� DOO� DYDLODEOH�
3';�VDPSOHV��&OLQLFDO�RXWFRPHV�DQG�WUHDWPHQW�KLVWRU\�ZHUH�
DQQRWDWHG�IRU�DOO�SDWLHQWV��3ODWLQXP-GRXEOHW�SURJUHVVLRQ-IUHH�
VXUYLYDO� �3)6�� ZDV� GHWHUPLQHG� IURP� WKH� VWDUW� RI�
FKHPRWKHUDS\� XQWLO� UDGLRJUDSKLF�FOLQLFDO� SURJUHVVLRQ� DQG�
JURXSHG�LQWR���RU�����PRQWKV� 

5HVXOWV��3';�PRGHOV�ZHUH�HVWDEOLVKHG�IURP�ERWK�WUHDWPHQW�
QDwYH� DQG� SUHYLRXVO\� WUHDWHG� VDPSOHV� DQG� ZHUH� QRWHG� WR�
FORVHO\� UHVHPEOH� WKH� KLVWRORJ\�� JHQRPLF� ODQGVFDSH�� DQG�
SURWHRPLF�SURILOHV�RI�WKH�SDUHQW�WXPRU��$IWHU�HVWDEOLVKLQJ�WKH�
YDOLGLW\�RI�WKH�PRGHOV��WUDQVFULSWRPLF�DQDO\VHV�GHPRQVWUDWHG�
RYHUH[SUHVVLRQ� LQ� :17�ȕ-FDWHQLQ�� KHGJHKRJ�� DQG� 7*)-ȕ�
VLJQDOLQJ� DQG� D� FRQVLVWHQW� VXSSUHVVLRQ� RI� LPPXQH-UHODWHG�
VLJQDOLQJ� LQ�3';V�GHULYHG� IURP�SDWLHQWV�ZLWK�ZRUVH� FOLQLFDO�
RXWFRPHV� 

&RQFOXVLRQV�� 7KHVH� GDWD� GHPRQVWUDWH� WKDW� '30� 3';�
PRGHOV� FORVHO\� UHVHPEOH� WKH� JHQRW\SH� DQG� SKHQRW\SH� RI�
SDUHQWDO� WXPRUV�� DQG� LGHQWLI\� SDWKZD\V� DOWHUHG� LQ� '30� IRU�
IXWXUH�H[SORUDWLRQ�LQ�SUHFOLQLFDO�VWXGLHV� 



������_�06.�0HVRWKHOLRPD�3URJUDP 

 

0ROHFXODU�FKDUDFWHUL]DWLRQ�RI�
SHULWRQHDO�PHVRWKHOLRPDV� 
 
2IILQ�0��<DQJ�65��(JJHU�-��-D\DNXPDUDQ�*��6SHQFHU�56��/RSDUGR�-��1DVK�
*0��&HUFHN�$��7UDYLV�:'��.ULV�0*��/DGDQ\L�0��6DXWHU�-/��=DXGHUHU�0*��
0ROHFXODU�&KDUDFWHUL]DWLRQ�RI�3HULWRQHDO�0HVRWKHOLRPDV��-�7KRUDF�2QFRO��
�����0DU����������-�����GRL����������M�MWKR��������������(SXE������2FW�
����30,'������������30&,'��30&�������� 
 
,QWURGXFWLRQ��0DOLJQDQW�SHULWRQHDO�PHVRWKHOLRPD��03H0��LV�
FOLQLFDOO\� GLVWLQFW� DQG� OHVV� VWXGLHG� WKDQ� PDOLJQDQW� SOHXUDO�
PHVRWKHOLRPD�� :H� UHSRUW� WKH� JHQRPLF� DQG�
LPPXQRSKHQRW\SLF� IHDWXUHV� RI� D� SURVSHFWLYHO\� FROOHFWHG�
03H0�FRKRUW� 

0HWKRGV�� 1H[W-JHQHUDWLRQ� VHTXHQFLQJ� �1*6�� ZDV�
SHUIRUPHG� RQ� 03H0� WXPRUV�� *HQRPLF� QHDU-KDSORLGL]DWLRQ�
�*1+��ZDV�DVVHVVHG��:7���%$3���PHVRWKHOLQ��9,67$��DQG�
SURJUDPPHG� GHDWK-OLJDQG� �� ZHUH� HYDOXDWHG� E\�
LPPXQRKLVWRFKHPLVWU\� �,+&�� ZKHQ� WLVVXH� ZDV� DYDLODEOH��
2YHUDOO�VXUYLYDO�ZDV�VWUDWLILHG�E\�VHOHFWHG�JHQRPLF�DQG�,+&�
IHDWXUHV� 

5HVXOWV�� $� WRWDO� RI� ��� FRQVHQWHG� SDWLHQWV� ZLWK� 03H0� ����

HSLWKHOLRLG�� �� QRQHSLWKHOLRLG�� ZHUH� VWXGLHG� H[KLELWLQJ�
FRPPRQ�DOWHUDWLRQV�LQ�%$3�����������RI������1)�����������
RI�����6(7'�����������RI������DQG�73�����������RI������$�
WRWDO� RI� ���� ���� RI� ���� RI� VSHFLPHQV�ZHUH� DVVHVVDEOH� IRU�
DOOHOH-VSHFLILF�FRS\�QXPEHU�DQDO\VLV��������RI�����KDG�*1+��
,+&�SRVLWLYLW\�UDWHV�ZHUH���������RI�����IRU�PHVRWKHOLQ������
����RI����� IRU�:7�����������RI����� IRU�SURJUDPPHG�GHDWK-
OLJDQG����DQG���������RI����� IRU�9,67$��%$3�� ORVV�E\� ,+&�
ZDV�REVHUYHG� LQ���������RI������ LQFOXGLQJ�ILYH�ZLOG-W\SH�RQ�
1*6�� &RPELQLQJ� 1*6� DQG� ,+&� IRU� %$3��� RYHUDOO� VXUYLYDO�
ZDV�ZRUVH�ZLWK�DOWHUDWLRQ�RU�ORVV�FRPSDUHG�ZLWK�ZLOG-W\SH�RU�
UHWDLQHG�LQ�DOO�SDWLHQWV��Q� ����YHUVXV����������YHUVXV�������
PR�� S�  � ������ 7KUHH� RI� ��� SDWLHQWV� KDG� D� SDWKRJHQLF�
JHUPOLQH� YDULDQW�� 327�� ,��7�� 087<+� 5���<�� DQG� %$3��
 �כ���)

&RQFOXVLRQV�� 03H0� KDV� GLVWLQFW� ELRORJ\� DQG� JHQRPLF�
FRPSRVLWLRQ�� &'.1�$�%� DOWHUDWLRQV� ZHUH� UDUH� LQ� 03H0��
ZKHUHDV� %$3��� 1)��� 73���� 6(7'��� DQG� /$76�� ZHUH�
FRPPRQ��%$3��DOWHUDWLRQ�ORVV�ZDV� DVVRFLDWHG�ZLWK� VKRUWHU�
VXUYLYDO�ZKHQ�DOO�SDWLHQWV�ZHUH� LQFOXGHG��$�QRWDEOH�PLQRULW\�
RI� VSHFLPHQV� KDG� *1+� DVVRFLDWHG� ZLWK� 1)��� 73���� DQG�
6(7'%�� PXWDWLRQV�� 3DWKRJHQLF� JHUPOLQH� PXWDWLRQV� ZHUH�
IRXQG�LQ���RI����SDWLHQWV� 

,PDJH-JXLGHG�LQWHUYHQWLRQDO�
UDGLRORJLFDO�GHOLYHU\�RI�FKLPHULF�
DQWLJHQ�UHFHSWRU��&$5��7�FHOOV�IRU�
SOHXUDO�PDOLJQDQFLHV�LQ�D�SKDVH�,�,,�
FOLQLFDO�WULDO� 
 
*KRVQ�0��&KHHPD�:��=KX�$��/LYVFKLW]�-��0D\ERG\�0��%RDV�)(��6DQWRV�(��
.LP�'��%HDWWLH�-$��2IILQ�0��5XVFK�9:��=DXGHUHU�0*��$GXVXPLOOL�36��
6RORPRQ�6%��,PDJH-JXLGHG�LQWHUYHQWLRQDO�UDGLRORJLFDO�GHOLYHU\�RI�FKLPHULF�
DQWLJHQ�UHFHSWRU��&$5��7�FHOOV�IRU�SOHXUDO�PDOLJQDQFLHV�LQ�D�SKDVH�,�,,�
FOLQLFDO�WULDO��/XQJ�&DQFHU�������0DU������-���GRL����������
M�OXQJFDQ��������������(SXE������-DQ����30,'������������30&,'��
30&�������� 
 
2EMHFWLYHV��:H�GHVFULEH� WHFKQLTXHV�DQG� UHVXOWV�RI� LPDJH-
JXLGHG� GHOLYHU\� RI� PHVRWKHOLQ-WDUJHWHG� FKLPHULF� DQWLJHQ�
UHFHSWRU��&$5��7�FHOOV� LQ�SDWLHQWV�ZLWK�SOHXUDO�PDOLJQDQFLHV�
LQ�D�SKDVH�,�,,�WULDO��&OLQLFDO7ULDOV�JRY��1&7���������� 

0DWHULDOV�DQG�0HWKRGV��3DWLHQWV�ZLWKRXW�D�SOHXUDO�FDWKHWHU�
RU� ZKR� ODFN� HIIXVLRQ� IRU� LQVHUWLRQ� RI� D� FDWKHWHU� ���� RI� ����
ZHUH�DGPLQLVWHUHG�LQWUDSOHXUDO�&$5�7�FHOOV�E\�LQWHUYHQWLRQDO�
UDGLRORJLVWV�XQGHU�LPDJH�JXLGDQFH�E\�FRPSXWHG�WRPRJUDSK\�
RU� XOWUDVRXQG�� &$5� 7� FHOOV� ZHUH� DGPLQLVWHUHG� WKURXJK� D�

QHHGOH� LQ� DQ� DFFHVVLEOH� SOHXUDO� ORFXODWLRQ� �LQWUDFDYLWDU\�� RU�
IROORZLQJ� DQ� LQGXFHG� ORFXODWHG� DUWLILFLDO� SQHXPRWKRUD[�� ,Q�
SDWLHQWV�ZKHUH� LQWUDFDYLWDU\� LQIXVLRQ�ZDV�QRW� IHDVLEOH��&$5�
7� FHOOV� ZHUH� LQMHFWHG� YLD� SHUFXWDQHRXV� DSSURDFK� HLWKHU�
VXUURXQGLQJ� DQG�RU� LQ� WKH� SOHXUDO� QRGXOH�WKLFNHQLQJ�
�LQWUDWXPRUDO��� 3UH-� DQG� SRVW-SURFHGXUDO� FOLQLFDO�� ODERUDWRU\��
DQG�LPDJLQJ�ILQGLQJV�ZHUH�DVVHVVHG� 

5HVXOWV��&$5�7�FHOOV�ZHUH�DGPLQLVWHUHG�LQWUDSOHXUDOO\�LQ����
SDWLHQWV� ���� SURFHGXUHV�� �� SDWLHQWV� ZHUH� DGPLQLVWHUHG� D�
VHFRQG�GRVH��ZLWK�VXFFHVVIXO�GHOLYHU\�RI�SODQQHG�GRVH����–
���� P/��� ������ ������ LQWUDFDYLWDU\� DQG� ������ ������
LQWUDWXPRUDO��$OO�SURFHGXUHV�ZHUH�FRPSOHWHG�ZLWKLQ���K�RI�7-
FHOO� WKDZLQJ�� 7KHUH� ZHUH� QR� SURFHGXUH-UHODWHG� DGYHUVH�
HYHQWV� JUHDWHU� WKDQ� JUDGH� �� ��� LQ� �� SDWLHQWV� KDG� SULRU�
LSVLODWHUDO� SOHXUDO� IXVLRQ� SURFHGXUHV��� 7KH� PRVW� FRPPRQ�
LPDJLQJ�ILQGLQJ�ZDV�JURXQG�JODVV�RSDFLWLHV�ZLWK� LQWHUOREXODU�
VHSWDO� WKLFNHQLQJ� DQG�RU� FRQVROLGDWLRQ�� REVHUYHG� LQ� ������
������SURFHGXUHV��7KHUH�ZDV�QR�GLIIHUHQFH�LQ�WKH�LQFLGHQFH�
RI� IHYHU�� &53�� ,/-��� DQG� SHDN� YHFWRU� FRS\� QXPEHU� LQ� WKH�
SHULSKHUDO�EORRG�EHWZHHQ�LQIXVLRQ�PHWKRGV� 

&RQFOXVLRQ�� ,PDJH-JXLGHG� LQWUDSOHXUDO� GHOLYHU\� RI� &$5� 7�
FHOOV� XVLQJ� LQWUDFDYLWDU\� RU� LQWUDWXPRUDO� URXWHV� LV� IHDVLEOH��
UHSHDWDEOH� DQG� VDIH� DFURVV� DQDWRPLFDOO\� YDULDEOH� SOHXUDO�
FDQFHUV� 

.H\�3XEOLFDWLRQV 

'LIIXVH�SOHXUDO�PHVRWKHOLRPD��
DGYDQFHV�LQ�PROHFXODU�
SDWKRJHQHVLV��GLDJQRVLV�DQG�
WUHDWPHQW� 
 
)HEUHV-$OGDQD�&$��)DQDURII�5��2IILQ�0��=DXGHUHU�0*��6DXWHU�-/��<DQJ�65��
/DGDQ\L�0��'LIIXVH�3OHXUDO�0HVRWKHOLRPD��$GYDQFHV�LQ�0ROHFXODU�
3DWKRJHQHVLV��'LDJQRVLV�DQG�7UHDWPHQW��$QQX�5HY�3DWKRO�������6HS�����
GRL����������DQQXUHY-SDWKRO-������-��������(SXE�DKHDG�RI�SULQW��30,'��
��������� 

 
'LIIXVH�SOHXUDO�PHVRWKHOLRPD� �'30�� LV�D�KLJKO\� DJJUHVVLYH�
PDOLJQDQW�QHRSODVP�DULVLQJ�IURP�WKH�PHVRWKHOLDO�FHOOV�OLQLQJ�
WKH� SOHXUDO� VXUIDFHV�� :KLOH� '30� LV� D� ZHOO-UHFRJQL]HG�
GLVHDVH�OLQNHG�WR�DVEHVWRV�H[SRVXUH��UHFHQW�DGYDQFHV�KDYH�
H[SDQGHG�RXU�XQGHUVWDQGLQJ�RI�PROHFXODU�SDWKRJHQHVLV�DQG�
WUDQVIRUPHG�RXU�FOLQLFDO�SUDFWLFH��7KLV�FRPSUHKHQVLYH�UHYLHZ�
H[SORUHV�WKH�FXUUHQW�FRQFHSWV�DQG�HPHUJLQJ�WUHQGV�LQ�'30��
LQFOXGLQJ�ULVN�IDFWRUV��SDWKRELRORJ\��KLVWRORJLF�VXEW\SLQJ��DQG�
WKHUDSHXWLF� PDQDJHPHQW�� ZLWK� DQ� HPSKDVLV� RQ� D�
PXOWLGLVFLSOLQDU\�DSSURDFK�WR�WKLV�FRPSOH[�GLVHDVH� 



�5HVHDUFK�5HSRUW�_�������������������������

 
.H\�3XEOLFDWLRQV 

9-GRPDLQ�,J-FRQWDLQLQJ�
VXSSUHVVRU�RI�7-FHOO�DFWLYDWLRQ�
�9,67$���D�SRWHQWLDOO\�WDUJHWDEOH�
LPPXQH�FKHFNSRLQW�PROHFXOH��LV�
KLJKO\�H[SUHVVHG�LQ�HSLWKHOLRLG�
PDOLJQDQW�SOHXUDO�PHVRWKHOLRPD� 
 
0XOOHU�6��9LFWRULD�/DL�:��$GXVXPLOOL�36��'HVPHXOHV�3��)URVLQD�'��-XQJEOXWK�
$��1L�$��(JXFKL�7��7UDYLV�:'��/DGDQ\L�0��=DXGHUHU�0*��6DXWHU�-/��9-
GRPDLQ�,J-FRQWDLQLQJ�VXSSUHVVRU�RI�7-FHOO�DFWLYDWLRQ��9,67$���D�SRWHQWLDOO\�
WDUJHWDEOH�LPPXQH�FKHFNSRLQW�PROHFXOH��LV�KLJKO\�H[SUHVVHG�LQ�HSLWKHOLRLG�
PDOLJQDQW�SOHXUDO�PHVRWKHOLRPD��0RG�3DWKRO�������)HE����������-�����GRL��
��������V�����-���-����-]��(SXE������6HS�����30,'������������30&,'��
30&�������� 
 
9-GRPDLQ� ,J-FRQWDLQLQJ� VXSSUHVVRU� RI� 7-FHOO� DFWLYDWLRQ�
�9,67$�� LV� DQ� LPPXQH� FKHFNSRLQW� JHQH� WKDW� LQKLELWV� DQWL-
WXPRU� LPPXQH� UHVSRQVHV�� 6LQFH� PRVW� PDOLJQDQW� SOHXUDO�
PHVRWKHOLRPDV� GR� QRW� UHVSRQG� WR� DQWL-SURJUDPPHG� FHOO�
GHDWK�-OLJDQG����3'-�/����F\WRWR[LF�7-O\PSKRF\WH-DVVRFLDWHG�
SURWHLQ� �� �&7/$��� WKHUDS\� DQG� JLYHQ� WKH� UHFHQW� ILQGLQJ� RI�
7KH�&DQFHU�*HQRPH�$WODV�6WXG\�WKDW�SOHXUDO�PHVRWKHOLRPD�
GLVSOD\V�WKH�KLJKHVW�H[SUHVVLRQ�RI�9,67$�DPRQJ�DOO�FDQFHUV�
VWXGLHG�� ZH� H[DPLQHG�9,67$� H[SUHVVLRQ� LQ� D� ODUJH� SOHXUDO�
PHVRWKHOLRPD� FRKRUW�� 9,67$� DQG� 3'-/��
LPPXQRKLVWRFKHPLVWU\�ZHUH�SHUIRUPHG�RQ�WLVVXH�PLFURDUUD\�
RI� LPPXQRWKHUDS\-QDLYH� SOHXUDO� PHVRWKHOLRPDV� �����

HSLWKHOLRLG�����ELSKDVLF�DQG����VDUFRPDWRLG��DQG�WHQ�ZKROH-
WLVVXH�VHFWLRQV�RI�EHQLJQ�SOHXUD� �9,67$�RQO\���3HUFHQWDJHV�
RI� WXPRU�DQG� LQIODPPDWRU\� FHOOV�ZLWK� SRVLWLYH� VWDLQLQJ�ZHUH�
DVVHVVHG�� 2SWLPDO� SURJQRVWLF� FXWRII� SHUFHQWDJHV� ZHUH�
GHWHUPLQHG�XVLQJ�PD[LPDOO\�VHOHFWHG�UDQN�VWDWLVWLFV��2YHUDOO�
VXUYLYDO� ZDV� HYDOXDWHG� XVLQJ� .DSODQ–0HLHU� PHWKRGV� DQG�
&R[� SURSRUWLRQDO� KD]DUG� DQDO\VLV�� $OO� EHQLJQ� PHVRWKHOLXP�
H[SUHVVHG� 9,67$�� (LJKW\-ILYH� SHUFHQW� RI� ���� DQG� ���� RI�
����PHVRWKHOLRPDV�H[SUHVVHG�9,67$�DQG�3'-/�������DQG�
����RI�HSLWKHOLRLG������DQG�����RI�ELSKDVLF��DQG�����DQG�
����RI�VDUFRPDWRLG���UHVSHFWLYHO\��0HGLDQ�9,67$�VFRUH�ZDV�
VLJQLILFDQWO\� KLJKHU� LQ� HSLWKHOLRLG� ������ �YV�� ELSKDVLF� >���@�
DQG�VDUFRPDWRLG�>�@���S�����������ZKLOH�PHGLDQ�3'-/��VFRUH�
ZDV� VLJQLILFDQWO\� KLJKHU� LQ� VDUFRPDWRLG� WXPRUV� ������ �YV��
ELSKDVLF�DQG�HSLWKHOLRLG� >ERWK���@�� �S�����������9,67$�DQG�
3'-/�� ZHUH� H[SUHVVHG� LQ� LQIODPPDWRU\� FHOOV� LQ� ���� �Q�  �
����� DQG� ���� �Q�  � ����� RI� PHVRWKHOLRPD�� UHVSHFWLYHO\��
2SWLPDO�SURJQRVWLF�FXWRIIV� IRU�9,67$�DQG�3'-/��ZHUH�����
DQG������UHVSHFWLYHO\��2Q�PXOWLYDULDEOH�DQDO\VLV��9,67$�DQG�
3'-/�� H[SUHVVLRQ� LQ� PHVRWKHOLRPD� ZHUH� DVVRFLDWHG� ZLWK�
EHWWHU�DQG�ZRUVH�RYHUDOO�VXUYLYDO��S� �������DQG�S� ���������
UHVSHFWLYHO\�� LQGHSHQGHQW� RI� KLVWRORJ\�� ,Q� D� ODUJH� FRKRUW� RI�
PHVRWKHOLRPD��ZH�UHSRUW�IUHTXHQW�H[SUHVVLRQ�RI�9,67$�DQG�
LQIUHTXHQW� H[SUHVVLRQ� RI� 3'-/�� ZLWK� IDYRUDEOH� DQG�
XQIDYRUDEOH� VXUYLYDO� FRUUHODWLRQV�� UHVSHFWLYHO\�� 7KHVH�
ILQGLQJV� PD\� H[SODLQ� SRRU� UHVSRQVHV� WR� DQWL-3'-�/���
LPPXQRWKHUDS\� DQG� VXJJHVW� 9,67$� DV� D� SRWHQWLDO� QRYHO�

WDUJHW�LQ�SOHXUDO�PHVRWKHOLRPD͘ 

&DQFHU�DQWLJHQ�SURILOLQJ�IRU�
PDOLJQDQW�SOHXUDO�PHVRWKHOLRPD�
LPPXQRWKHUDS\��H[SUHVVLRQ�DQG�
FRH[SUHVVLRQ�RI�PHVRWKHOLQ��
FDQFHU�DQWLJHQ������DQG�:LOPV�
WXPRU��� 
 
(JXFKL�7��.DGRWD�.��0D\RU�0��=DXGHUHU�0*��5LPQHU�$��5XVFK�9:��7UDYLV�
:'��6DGHODLQ�0��$GXVXPLOOL�36��&DQFHU�DQWLJHQ�SURILOLQJ�IRU�PDOLJQDQW�
SOHXUDO�PHVRWKHOLRPD�LPPXQRWKHUDS\��H[SUHVVLRQ�DQG�FRH[SUHVVLRQ�RI�
PHVRWKHOLQ��FDQFHU�DQWLJHQ������DQG�:LOPV�WXPRU����2QFRWDUJHW�������6HS�
��������������-�������GRL�����������RQFRWDUJHW��������30,'������������
30&,'��30&�������� 
 
,QWURGXFWLRQ��0DOLJQDQW�SHULWRQHDO�PHVRWKHOLRPD��03H0��LV�
%DFNJURXQG�� 7R� GHYHORS� FDQFHU� DQWLJHQ-WDUJHWHG�
LPPXQRWKHUDSHXWLF� VWUDWHJLHV� IRU� PDOLJQDQW� SOHXUDO�
PHVRWKHOLRPD� �030��� ZH� LQYHVWLJDWHG� WKH� LQGLYLGXDO� DQG�
FRH[SUHVVLRQV�RI�WKH�FDQFHU-DVVRFLDWHG�DQWLJHQV�PHVRWKHOLQ�
�06/1��� FDQFHU� DQWLJHQ� ���� �&$������ DQG�:LOPV� WXPRU� ��
�:7���LQ�ERWK�HSLWKHOLRLG�DQG�QRQ-HSLWKHOLRLG�030� 

0HWKRGV��$OO�DYDLODEOH�KHPDWR[\OLQ�DQG�HRVLQ-VWDLQHG�VOLGHV�
IURP� SDWLHQWV� ZKR� ZHUH� GLDJQRVHG� ZLWK� 030� �����-������
ZHUH�UHYLHZHG��:H�FRQVWUXFWHG�WLVVXH�PLFURDUUD\V�IURP�����
SDWLHQWV� �HSLWKHOLRLG�  � ����� QRQ-HSLWKHOLRLG�  � ����� ,QWHQVLW\�
DQG� GLVWULEXWLRQ� IRU� HDFK� DQWLJHQ� ZHUH� DVVHVVHG� E\�

LPPXQRKLVWRFKHPLVWU\� 

5HVXOWV�� 3RVLWLYH� H[SUHVVLRQ� RI� 06/1�� &$����� DQG� :7��
ZHUH� GHPRQVWUDWHG� LQ� ����� ����� DQG� ���� RI� HSLWKHOLRLG�
030� FDVHV�� DQG� ����� ����� DQG� ���� RI� QRQ-HSLWKHOLRLG�
030� FDVHV�� UHVSHFWLYHO\�� 7ULSOH-� DQG� GRXEOH-SRVLWLYH�
DQWLJHQ�FRH[SUHVVLRQV�ZHUH�GHPRQVWUDWHG�LQ�����DQG�����
RI� HSLWKHOLRLG� 030� FDVHV� DQG� ���� DQG� ���� RI� QRQ-
HSLWKHOLRLG� 030� FDVHV�� UHVSHFWLYHO\�� &RPSOHWH� DEVHQFH� RI�
H[SUHVVLRQ� IRU�DOO� WKUHH�DQWLJHQV�ZDV�GHPRQVWUDWHG� LQ�����
RI� 030� FDVHV�� 0RUH� WKDQ� WZR-WKLUGV� RI� 030� FDVHV� KDG�
����� GLVWULEXWLRQ� RI� 06/1-SRVLWLYH� FHOOV� DQG�� DPRQJ� WKH�
UHPDLQLQJ� WKLUG�� KDOI� KDG������GLVWULEXWLRQ�RI�:7�-SRVLWLYH�
FHOOV�� &$����06/1� FRH[SUHVVLRQ� ZDV� REVHUYHG� LQ� PRUH�
WKDQ� WZR-WKLUGV� RI� HSLWKHOLRLG� 030� FDVHV� DQG� RQH-WKLUG� RI�
QRQ-HSLWKHOLRLG�030�FDVHV� 

&RQFOXVLRQ�� $� OLPLWHG� QXPEHU� RI� FDQFHU-DVVRFLDWHG�
DQWLJHQV� FDQ� WDUJHW� DOPRVW� DOO� 030� WXPRUV� IRU�
LPPXQRWKHUDS\� 

&RQFOXVLRQV�� 03H0� KDV� GLVWLQFW� ELRORJ\� DQG� JHQRPLF�
FRPSRVLWLRQ�� &'.1�$�%� DOWHUDWLRQV� ZHUH� UDUH� LQ� 03H0��
ZKHUHDV� %$3��� 1)��� 73���� 6(7'��� DQG� /$76�� ZHUH�
FRPPRQ��%$3��DOWHUDWLRQ�ORVV�ZDV� DVVRFLDWHG�ZLWK� VKRUWHU�
VXUYLYDO�ZKHQ�DOO�SDWLHQWV�ZHUH� LQFOXGHG��$�QRWDEOH�PLQRULW\�
RI� VSHFLPHQV� KDG� *1+� DVVRFLDWHG� ZLWK� 1)��� 73���� DQG�
6(7'%�� PXWDWLRQV�� 3DWKRJHQLF� JHUPOLQH� PXWDWLRQV� ZHUH�
IRXQG�LQ���RI����SDWLHQWV� 
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7\SLFDO�LVRGRVH�GLVWULEXWLRQ�XVLQJ�HLJKW�DQJOHV�DV�SDUW�RI�D�SOHXUDO�LQWHQVLW\�PRGXODWHG�UDGLDWLRQ�WKHUDS\��,057��
WUHDWPHQW�SODQ��7KHVH�DUH�HTXDOO\�VSDFHG�RYHU����-����GHJUHHV�FRYHULQJ�WKH�OXQJ�RQ�WKH�DIIHFWHG�VLGH�RI�WKH�
FKHVW��7KH�DUHD�ZLWKLQ�WKH�JUHHQ�OLQHV�LV�WKH�WDUJHW�DUHD� 
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5HVHDUFK�)DFXOW\ 

   

:HQG\�+DUULV��3K'���������������
$VVLVWDQW�$WWHQGLQJ�3K\VLFLVW 

*OHQQ�+HOOHU��3K'�����������������������
$WWHQGLQJ�%LRVWDWLVWLFLDQ 

;XHMXQ�-LDQJ��3K'��������������������
/DE�+HDG��7KH ;XHMXQ�-LDQJ /DE� 

 

$FKLP�$��-XQJEOXWK��0'��3K'������������������
$WWHQGLQJ 3DWKRORJLVW� 

   

5RQJODL�6KHQ��3K'���������������
$WWHQGLQJ�%LRVWDWLVWLFLDQ 

.D\�6HH�7DQ��3K'�����������������������
$VVLVWDQW�$WWHQGLQJ�%LRVWDWLVWLFLDQ 

(OOHQ�'��<RUNH��3K'���������������
$WWHQGLQJ�3K\VLFLVW � 

 

'DYLG�$��6FKHLQEHUJ��0'��3K'�����������������������������������
&KDLUPDQ��([SHULPHQWDO�7KHUDSHXWLFV�
&HQWHU��9LQFHQW�$VWRU�&KDLU��'HSXW\�

'LUHFWRU��7KHUDSHXWLF�'LVFRYHU\��6ORDQ�
.HWWHULQJ�,QVWLWXWH 

 

*DHWDQR�5RFFR��0'���
$WWHQGLQJ�7KRUDFLF�6XUJHRQ 

/L&KHQJ�.XR��06�������������������
6HQLRU�5DGLRWKHUDS\�3K\VLFLVW� 

0DUF�/DGDQ\L��0'����������������������
&KLHI��0ROHFXODU�'LDJQRVWLFV�

6HUYLFH��:LOOLDP�-��5XDQH�&KDLU�LQ�
0ROHFXODU�2QFRORJ\ 

��5RVV�/��/HYLQH��0'�����������������
/DXUHQFH�-RVHSK�'LQHHQ�&KDLU�LQ�
/HXNHPLD�5HVHDUFK�ZLWK�6SHFLDO�

(PSKDVLV�RQ�/HXNHPLD�LQ�
&KLOGUHQ�DQG�<RXQJ�3HRSOH��
'HSXW\�3K\VLFLDQ-,Q-&KLHI��

7UDQVODWLRQDO�5HVHDUFK��0HPRULDO�
+RVSLWDO 

'LDQD�0DQGHONHU��0'��3K'����������
'LUHFWRU��'LDJQRVWLF�0ROHFXODU�

*HQHWLFV�/DERUDWRU\ 

� 

9ODGLPLU�3RQRPDUHY��0'��
3K'�������������������������������

$VVRFLDWH�$WWHQGLQJ�,PDJLQJ�
6FLHQWLVW 

5HVHDUFK�)DFXOW\ 
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/DERUDWRULHV�&RQGXFWLQJ�0HVRWKHOLRPD�5HVHDUFK 
,QYHVWLJDWLRQ�RI�WKH�WXPRU�LPPXQH�
PLFURHQYLURQPHQW�DQG�WKH�
GHYHORSPHQW�RI�7-FHOO௅PHGLDWHG�
LPPXQRWKHUDS\�IRU�WKRUDFLF�
PDOLJQDQFLHV�DQG�SOHXUDO-EDVHG�
GLVHDVHV��'U��$GXVXPLOOL¶V�WHDP�KDV�
FKDPSLRQHG�UHJLRQDO�LPPXQRWKHUDS\�
GHOLYHU\�VWUDWHJLHV��UHVXOWLQJ�LQ�
WUDQVODWLRQ�RI�PHVRWKHOLQ-WDUJHWHG�
&$5�7-FHOO�LPPXQRWKHUDS\�IRU�
PDOLJQDQW�SOHXUDO�PHVRWKHOLRPD��
OXQJ��DQG�EUHDVW�FDQFHUV� $'8680,//,�/$% 

7KH�UHVHDUFK�SURJUDP�LQ�WKH�0DUF�/DGDQ\L�ODERUDWRU\�
IRFXVHV�RQ�WKH�JHQRPLFV�DQG�PROHFXODU�SDWKRJHQHVLV�RI�
VDUFRPDV�DQG�WKRUDFLF�PDOLJQDQFLHV��ZLWK�DQ�HPSKDVLV�RQ�
FOLQLFDO�WUDQVODWLRQ�RI�SRWHQWLDO�GLDJQRVWLF�PDUNHUV�DQG�
WKHUDSHXWLF�WDUJHWV��'U��/DGDQ\L�DOVR�FR-GLUHFWV��ZLWK�&KULV�
6DQGHU��WKH�*HQRPH�'DWD�$QDO\VLV�&HQWHU�DW�0HPRULDO�
6ORDQ�.HWWHULQJ��ZKLFK�LV�SDUW�RI�WKH�7&*$�SURMHFW�
QHWZRUN� 

/$'$1<,�/$% 

7KH�JRDO�RI�WKH�UHVHDUFK�RI�WKH�5RVV�/HYLQH�ODERUDWRU\�
LV�WR�LPSURYH�WKH�XQGHUVWDQGLQJ�RI�WKH�JHQHWLF�EDVLV�RI�
EORRG�GLVRUGHUV�NQRZQ�DV�P\HORLG�PDOLJQDQFLHV��DQG�WR�

XVH�WKLV�NQRZOHGJH�WR�LPSURYH�WKHUDSLHV�IRU�SDWLHQWV�
ZLWK�WKHVH�GLVRUGHUV� 

/(9,1(�/$% 

7KH�UHVHDUFK�RI�'U��-LDQJ¶V�ODERUDWRU\�IRFXVHV�
RQ�WZR�GLUHFWLRQV�KLJKO\�UHOHYDQW�WR�FDQFHU�

ELRORJ\������WKH�PROHFXODU�EDVLV�RI�SURJUDPPHG�
FHOO�GHDWK�SURFHVVHV��LQFOXGLQJ�DSRSWRVLV�DQG�
IHUURSWRVLV���DQG�WKHLU�UROHV�LQ�KXPDQ�GLVHDVH��

DQG�����WKH�PROHFXODU�EDVLV�RI�DXWRSKDJ\�DQG�LWV�
UROH�LQ�FDQFHU��7KH�ODE�DOVR�VWXGLHV�YDULRXV�

FDQFHU�VLJQDOLQJ�DQG�FHOOXODU�PHWDEROLF�HYHQWV��
HVSHFLDOO\�WKRVH�LQYROYHG�LQ�FHOO�GHDWK�VXUYLYDO�

GHWHUPLQDWLRQ� 

-,$1*�/$% 

5HVHDUFK�)DFXOW\ 
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6$'(/$,1�/$% 

3K\VLFLDQ-VFLHQWLVW�&KDUOHV�0��5XGLQ��&KLHI�RI�
WKH�7KRUDFLF�2QFRORJ\�6HUYLFH��OHDGV�

UHVHDUFK�WKDW�IRFXVHV�RQ�WKH�GHYHORSPHQW�
DQG�WHVWLQJ�RI�QRYHO�WKHUDSHXWLF�DSSURDFKHV�
WR�OXQJ�FDQFHU�LQ�SUHFOLQLFDO�PRGHOV�LQFOXGLQJ�
SDWLHQW-GHULYHG�[HQRJUDIWV��7KHVH�VWXGLHV�DUH�

LQWHJUDWHG�ZLWK�HDUO\�SKDVH�FOLQLFDO�WULDOV� 

58',1�/$% 

'U��3RQRPDUHY�LV�D�SK\VLFLDQ-VFLHQWLVW�ZKR�IRFXVHV�RQ�WKH�
GHYHORSPHQW�RI�QHZ�PXOWL-PRGDO�LPDJLQJ�DSSURDFKHV�IRU�
VSHFLILF�DSSOLFDWLRQV��VXFK�DV�VHTXHQWLDO�LQ�YLYR�LPDJLQJ�
VWXGLHV�LQ�FDQFHU�ELRORJ\��FDQFHU�LPPXQRWKHUDS\��DQG�
UDGLDWLRQ�VFLHQFHV� 

32120$5(9�/$% 

7KH�RYHUDOO�JRDOV�RI�WKH�'DYLG�6FKHLQEHUJ�ODERUDWRU\�DUH�WR�
GHYHORS�QRYHO�WDUJHWHG�LPPXQRWKHUDSLHV�EDVHG�RQ�

HIIHFWRUV�RI�WKH�LPPXQH�V\VWHP�DQG�WR�XQGHUVWDQG�WKHLU�
PHFKDQLVPV�RI�DFWLRQ�DV�ZHOO�DV�WKH�PHFKDQLVPV�RI�

UHVLVWDQFH�WR�WKHP��7KLV�LQFOXGHV�DQWLERGLHV��WDUJHWHG�QDQR
-GHYLFHV��HQJLQHHUHG�FHOOV��DQG�DFWLYH�VSHFLILF�DJHQWV�VXFK�
YDFFLQHV��$Q�LPSRUWDQW�JRDO�LV�WR�WDNH�WKHVH�QHZ�WKHUDSLHV�

LQWR�KXPDQ�FOLQLFDO�WULDOV�IRU�WHVWLQJ� 

6&+(,1%(5*�/$% 

7KH�0LFKHO�6DGHODLQ�ODE�VWXGLHV�WKH�
PHFKDQLVPV�JRYHUQLQJ�WUDQVJHQH�
H[SUHVVLRQ��VWHP�FHOO�HQJLQHHULQJ��DQG�
JHQHWLF�VWUDWHJLHV�WR�HQKDQFH�LPPXQLW\�
DJDLQVW�FDQFHU��'U�0LFKHO�6DGHODLQ KDV�EHHQ�
DZDUGHG�WKH����� %UHDNWKURXJK�3UL]H LQ�/LIH�
6FLHQFHV��7KH�SUHVWLJLRXV�SUL]H�UHFRJQL]HV�
'U��6DGHODLQ�IRU�WKH�GHYHORSPHQW�RI�
FKLPHULF DQWLJHQ�UHFHSWRU 7�FHOO�
LPPXQRWKHUDS\�ZKHUHE\�WKH�SDWLHQW¶V 7�
FHOOV DUH�PRGLILHG WR�WDUJHW�DQG�NLOO�FDQFHU�
FHOOV� 

5HVHDUFK�)DFXOW\ 
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+HPDWR[\OLQ�DQG�(RVLQ�VWDLQHG�EULJKWILHOG�LPDJH�VKRZLQJ�WXEXORSDSLOODU\�KLVWRORJLFDO�SDWWHUQ�RI�WKH�HSLWKHOLRLG�
VXEW\SH�RI�KXPDQ�PDOLJQDQW�SOHXUDO�PHVRWKHOLRPD��&HOO�QXFOHL�DUH�VWDLQHG�IRU�KHPDWR[\OLQ��EOXH���DQG�FHOO�
F\WRSODVP�DQG�H[WUDFHOOXODU�PDWUL[�FRPSRQHQWV�DUH�VWDLQHG�IRU�HRVLQ��SLQN�� 
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5HVHDUFK�)HOORZV��6FKRODUV��	�6FLHQWLVWV 

5HVHDUFK�	�/DERUDWRU\�
6WDII 

   

$OIUHGR�$PDGRU-0ROLQD��3K'���������������
5HVHDUFK�)HOORZ 

.HYLQ�%UDQFK��0'�����������������������
5HVHDUFK�)HOORZ 

$OH[DQGHU�%\XQ��0'��������������
5HVHDUFK�)HOORZ 

 

-HQQLH�&KRH��0'������������������������
5HVHDUFK�)HOORZ 

-RUGDQ�'R]LHU��0'�����������
5HVHDUFK�6FKRODU 

��7DNDVKL�(JXFKL��3K'�����������
5HVHDUFK�)HOORZ 

0LFKDHO�)RRWH��0'��������������
5HVHDUFK�)HOORZ 

5RELQ�*XR��0'����������������
5HVHDUFK�)HOORZ 

� 

   

6WHIDQ�.LHVJHQ��3K'�������������
5HVHDUFK�)HOORZ 

:��9LFWRULD�/DL��0'���������������������
5HVHDUFK�)HOORZ 

<DQ�/L��0'��3K'����������������������
9LVLWLQJ�,QYHVWLJDWRU 

 

&DPLOOH�/LQRW��3KDUP'��3K'�
5HVHDUFK�)HOORZ 

0LJXHO�/RSH]-/DJR��3K'  
6HQLRU�5HVHDUFK�6FLHQWLVW 

�+XH�7X�4XDFK��3K' 
5HVHDUFK�$VVRFLDWH 

�0HULHP�7DOHE��3K' 
5HVHDUFK�)HOORZ 

�=DFKDU\�7DQR��0'� 
5HVHDUFK�)HOORZ 

�<XTXDQ�;LRQJ��0'��3K' 
6HQLRU�5HVHDUFK�6FLHQWLVW 
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5HVHDUFK�	�/DERUDWRU\�6WDII 

-RH�'\FRFR 
5HVHDUFK�3URMHFW�0DQDJHU 

5REHUW�'\VRQ 
5HVHDUFK�3URMHFW�0DQDJHU 

9LFWRULD�)DPLOLD 
&OLQLFDO�5HVHDUFK�$VVRFLDWH 

�-HVXV�*X]PDQ�9DOOH 
6HQLRU�5HVHDUFK�7HFKQLFLDQ 

�/DUD�&DQL 
&OLQLFDO�5HVHDUFK�&RRUGLQDWRU 

:DVHHP�&KHHPD 
5HVHDUFK�3URMHFW�0DQDJHU� 

�1DYLQ�&KLQWDOD� 
6HQLRU�5HVHDUFK�$VVLVWDQW� 

0DULHO�'XERII������������������������������������
&OLQLFDO�5HVHDUFK�0DQDJHU 

�/LQGD�$KQ  
$GYDQFHG�3UDFWLFH�3URYLGHU�,,� 

�6ULMLWD��%DQHUMHH 
5HVHDUFK�$VVLVWDQW� 

�5HEHFFD�%HOOLV 
6HQLRU�5HVHDUFK�7HFKQLFLDQ 

�-DPHV�%XFNOH\� 
&OLQLFDO�5HVHDUFK�&RRUGLQDWRU 

��$OH[DQGUX�,RQHVFX 
&OLQLFDO�5HVHDUFK�6XSHUYLVRU 

�(PDOL�.KDO\DW 
&OLQLFDO�5HVHDUFK�$VVRFLDWH 

�1LODDE�0HHU 
&OLQLFDO�5HVHDUFK�$VVRFLDWH 

9LDQQH\�0HQD 
&OLQLFDO�7ULDOV�1XUVH�,,, 

5HVHDUFK�	�/DERUDWRU\�
6WDII 
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�-RKQ�0HVVLQJHU 
5HVHDUFK�7HFKQLFLDQ� 

�.\RKHL�0LVDZD� 
5HVHDUFK�7HFKQLFLDQ� 

&DUROLQD�0O\QDUF]\N-*ZL]G]����������������������������
&OLQLFDO�5HVHDUFK�0DQDJHU 

.DLUHH�1DYDUUR 
&OLQLFDO�5HVHDUFK�0DQDJHU 

   

�'LPSOH�3DWHO 
&OLQLFDO�5HVHDUFK�&RRUGLQDWRU 

���6DUDK�5\DQ 
5HVHDUFK�5HJXODWRU\�$VVRFLDWH 

�6DUDK�6DGLN 
&OLQLFDO�5HVHDUFK�&RRUGLQDWRU 

 

-DVPHHQ�6DLQL 
&OLQLFDO�5HVHDUFK�$VVRFLDWH 

  

9DQHVVD�-��:X� 
&OLQLFDO�5HVHDUFK�6XSHUYLVRU 

$P\�=KX��������������������������������������
5HVHDUFK�3URMHFW�0DQDJHU 

 

:LOOLDP-5D\�9LVWD 
6HQLRU�5HVHDUFK�7HFKQLFLDQ 

 

$ODLQ�9LQFHQW 
&OLQLFDO�5HVHDUFK�0DQDJHU 

 

�&DUORV�7KRPDV 
6HQLRU�5HVHDUFK�$VVLVWDQW� 

5HVHDUFK�	�/DERUDWRU\�
6WDII 
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0XOWLSOH[�LPPXQRIOXRUHVFHQFH�LPDJH�RI�KXPDQ�PDOLJQDQW�SOHXUDO�PHVRWKHOLRPD�DW���[�PDJQLILFDWLRQ�� 
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$GXVXPLOOL� 36�� &KLPHULF� DQWLJHQ� UHFHSWRU� 7-FHOO� WKHUDS\�
SOXV� FKHFNSRLQW� EORFNDGH� LQ� WKRUDFLF� FDQFHUV��&OLQ� $GY�
+HPDWRO� 2QFRO�� ����� 0D\����������-����� 30,'��
��������� 

$GXVXPLOOL� 36�� =DXGHUHU� 0*�� 5LYLqUH� ,�� 6RORPRQ� 6%��
5XVFK� 9:�� 2
&HDUEKDLOO� 5(�� =KX� $�� &KHHPD� :��
&KLQWDOD� 1.�� +DOWRQ� (�� 3LQHGD� -�� 3HUH]--RKQVWRQ� 5��
7DQ� .6�� 'DO\� %�� $UDXMR� )LOKR� -$�� 1JDL� '�� 0F*HH� (��
9LQFHQW� $��'LDPRQWH�&��6DXWHU� -/�� 0RGL� 6�� 6LNGHU�'��
6HQHFKDO�%��:DQJ�;��7UDYLV�:'��*|QHQ�0��5XGLQ�&0��
%UHQWMHQV�5-��-RQHV�'5��6DGHODLQ�0��$�3KDVH�,�7ULDO�RI�
5HJLRQDO� 0HVRWKHOLQ-7DUJHWHG� &$5� 7-FHOO� 7KHUDS\� LQ�
3DWLHQWV�ZLWK�0DOLJQDQW�3OHXUDO�'LVHDVH��LQ�&RPELQDWLRQ�
ZLWK� WKH� $QWL-3'-�� $JHQW� 3HPEUROL]XPDE�� &DQFHU�
'LVFRY�������1RY������������-������GRL��������������-
�����&'-��-������(SXE������-XO�����30,'������������
30&,'��30&�������� 

$VKWRQ�0��2
5RXUNH� 1�� &XUULH� 6��5LPQHU� $�� &KDOPHUV� $��
7KH� UROH� RI� UDGLFDO� UDGLRWKHUDS\� LQ� WKH�PDQDJHPHQW� RI�
PDOLJQDQW� SOHXUDO� PHVRWKHOLRPD�� $� V\VWHPDWLF� UHYLHZ��
5DGLRWKHU� 2QFRO�� ����� 2FW���������-���� GRL�� ��������
M�UDGRQF�������������� (SXE� ����� $XJ� ���� 30,'��
����������30&,'��30&�������� 

%UDQFK�.��$GXVXPLOOL� 36�� =DXGHUHU� 0*��6RPH�OLNH�LW�KRW��
WKH� SRWHQWLDO� UROH� RI� K\SHUWKHUPLF� LQWUDWKRUDFLF�
FKHPRWKHUDS\� LQ� WKH�PXOWLPRGDOLW\� WUHDWPHQW� RI� SOHXUDO�
PHVRWKHOLRPD�� 7UDQVO� /XQJ� &DQFHU� 5HV�� ����� )HE�
������������-����� GRL�� ���������WOFU-��-���� (SXE� �����
)HE����30,'������������30&,'��30&�������� 

&DUERQH� 0�� $GXVXPLOOL� 36�� $OH[DQGHU� +5� -U�� %DDV� 3��
%DUGHOOL� )�� %RQRQL� $�� %XHQR� 5�� )HOOH\-%RVFR� (��
*DODWHDX-6DOOH� )�� -DEORQV� '�� 0DQVILHOG� $6�� 0LQDDL� 0��
GH� 3HUURW� 0�� 3HVDYHQWR� 3�� 5XVFK� 9�� 6HYHUVRQ� '7��
7DLROL� (�� 7VDR� $�� :RRGDUG� *�� <DQ� +�� =DXGHUHU� 0*��
3DVV�+,��0HVRWKHOLRPD�� 6FLHQWLILF� FOXHV� IRU� SUHYHQWLRQ��
GLDJQRVLV��DQG�WKHUDS\��&$�&DQFHU�-�&OLQ�������6HS���
�������-�����GRL����������FDDF��������(SXE������-XO����
(UUDWXP� LQ�� &$�&DQFHU� -�&OLQ�� ����� -XO����������-�����
30,'������������30&,'��30&�������� 

&KLQWDOD�1.��5HVWOH�'��4XDFK�+��6DLQL�-��%HOOLV�5��2IILQ�0��
%HDWWLH�-��$GXVXPLOOL�36��&$5�7-FHOO�WKHUDS\�IRU�SOHXUDO�
PHVRWKHOLRPD�� 5DWLRQDOH�� SUHFOLQLFDO� GHYHORSPHQW�� DQG�
FOLQLFDO� WULDOV�� /XQJ� &DQFHU�� ����� -XO�������-���� GRL��
��������M�OXQJFDQ�������������� (SXE� ����� 0D\� ���
30,'������������30&,'��30&�������� 

&KLQWDOD� 1.�� &KRH� -.�� 0F*HH� (�� %HOOLV� 5�� 6DLQL� -.��
%DQHUMHH�6��0RUHLUD�$/��=DXGHUHU�0*��$GXVXPLOOL�36��
5XVFK� 9:��&RUUHODWLYH�DQDO\VLV� IURP�D�SKDVH�,�FOLQLFDO�
WULDO� RI� LQWUDSOHXUDO� DGPLQLVWUDWLRQ� RI� RQFRO\WLF� YDFFLQLD�
YLUXV� �2OYL-YHF�� LQ� SDWLHQWV� ZLWK� PDOLJQDQW� SOHXUDO�

PHVRWKHOLRPD�� )URQW� ,PPXQRO�� ����� )HE�
��������������� GRL�� ��������ILPPX���������������
30,'������������30&,'��30&�������� 

&RRSHU�-��;X�4��=KRX�/��3DYORYLF�0��2MHGD�9��0RXOLFN�.��GH�
6WDQFKLQD� (�� 3RLULHU� -7�� =DXGHUHU� 0�� 5XGLQ� &0��
.DUDMDQQLV�0$��+DQHPDQQ�&2��*LDQFRWWL�)*��&RPELQHG�
,QKLELWLRQ� RI� 1(''�-$FWLYDWLQJ� (Q]\PH� DQG� P725�
6XSSUHVVHV� �L!1)���L!� /RVV-'ULYHQ� 7XPRULJHQHVLV��
0RO� &DQFHU� 7KHU�� ����� $XJ�����������-������ GRL��
������������-�����0&7-��-������ (SXE� ����� 0D\� ���
(UUDWXP� LQ�� 0RO� &DQFHU� 7KHU�� ����� )HE������������
30,'������������30&,'��30&�������� 

&XPPLQJV�.-��%HFLFK�0-��%ODFNOH\�'-��'HDSHQ�'��+DUULVRQ�
5�� +DVVDQ� 5�� +HQOH\� 6-�� +HVGRUIIHU� 0�� +RUWRQ� '.��
0D]XUHN�-0��3DVV�+,��7DLROL�(��:X�;&��=DXGHUHU� 0*��
:HLVVPDQ� '1�� :RUNVKRS� VXPPDU\�� 3RWHQWLDO�
XVHIXOQHVV� DQG� IHDVLELOLW\� RI� D� 86� 1DWLRQDO�
0HVRWKHOLRPD� 5HJLVWU\�� $P� -� ,QG� 0HG�� ����� )HE���
�������-����� GRL�� ��������DMLP�������� (SXE� ����� 1RY�
����30,'������������30&,'��30&�������� 

'HUPDZDQ�-.��7RUUHQFH�'��/HH�&+��9LOODIDQLD�/��0XOODQH\�
.$�� 'L1DSROL� 6�� 6XNKDGLD� 3�� %HQD\HG� 5�� %RUVX� /��
$JDUDP� 13�� 1DVK� *0�� 'LFNVRQ� %&�� %HQKDPLGD� -��
$QWRQHVFX�&5�� (:65���<<�� IXVLRQ� SRVLWLYH� SHULWRQHDO�
HSLWKHOLRLG� PHVRWKHOLRPD� KDUERUV� PHVRWKHOLRPD�
HSLJHQHWLF�VLJQDWXUH��5HSRUW�RI���FDVHV�LQ�VXSSRUW�RI�DQ�
HPHUJLQJ� HQWLW\�� *HQHV� &KURPRVRPHV� &DQFHU�� �����
2FW�����������-�����GRL����������JFF��������(SXE������
-XQ�����30,'������������30&,'��30&�������� 

'HVPHXOHV�3��-RXEHUW�3��=KDQJ�/��$O-$KPDGLH�+$��)OHWFKHU�
&'�� 9DNLDQL� (�� 'HODLU� ')�� 5HNKWPDQ� 1�� /DGDQ\L� 0��
7UDYLV� :'�� $QWRQHVFX� &5�� $� 6XEVHW� RI� 0DOLJQDQW�
0HVRWKHOLRPDV� LQ� <RXQJ� $GXOWV� $UH� $VVRFLDWHG� :LWK�
5HFXUUHQW� (:65��)86-$7)�� )XVLRQV�� $P� -� 6XUJ�
3DWKRO�� ����� -XO����������-����� GRL�� ��������
3$6������������������� 30,'�� ���������� 30&,'��
30&�������� 

'X[�-��*URVVHU�5��$GXVXPLOOL� 36��&RPPHQWDU\��5HWXUQ� WR�
LQWHQGHG� UDGLDWLRQ� WKHUDS\-&ULWHULD� IRU� UHVHFWLRQ"� -�
7KRUDF�&DUGLRYDVF�6XUJ�������6HS�����������-�����GRL��
��������M�MWFYV�������������� (SXE� ����� $SU� ���� 30,'��
����������30&,'��30&��������? 

(JXFKL� 7�� .DGRWD�.��0D\RU�0��=DXGHUHU� 0*�� 5LPQHU� $��
5XVFK� 9:�� 7UDYLV�:'�� 6DGHODLQ� 0�� $GXVXPLOOL� 36��
&DQFHU� DQWLJHQ� SURILOLQJ� IRU� PDOLJQDQW� SOHXUDO�
PHVRWKHOLRPD� LPPXQRWKHUDS\�� H[SUHVVLRQ� DQG�
FRH[SUHVVLRQ� RI� PHVRWKHOLQ�� FDQFHU� DQWLJHQ� ����� DQG�
:LOPV� WXPRU� ���2QFRWDUJHW�� �����6HS� ��������������-
������� GRL�� ���������RQFRWDUJHW�������� 30,'��
����������30&,'��30&�������� 


%OXH�WH[W�LQGLFDWHV�SXEOLFDWLRQV�WKDW�ZHUH�SXEOLVKHG�LQ�D�MRXUQDO�ZLWK�DQ�LPSDFW�IDFWRU���� 

3XEOLFDWLRQV 
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(VFDORQ� -*�� +DUULQJWRQ� .$�� 3ORGNRZVNL� $-�� =KHQJ� -��
&DSDQX�0��=DXGHUHU� 0*�� 5XVFK� 9:�� *LQVEHUJ� 06��
0DOLJQDQW� 3OHXUDO� 0HVRWKHOLRPD�� $UH� 7KHUH� ,PDJLQJ�
&KDUDFWHULVWLFV� $VVRFLDWHG� :LWK� 'LIIHUHQW� +LVWRORJLF�
6XEW\SHV�RQ�&RPSXWHG�7RPRJUDSK\"�-�&RPSXW�$VVLVW�
7RPRJU�� ����� -XO�$XJ����������-����� GRL�� ��������
5&7������������������� 30,'�� ���������� 30&,'��
30&�������� 

)RRWH� 0%�� 6KLD� -�� =DXGHUHU� 0*�� 1DVK� *0�� &HUFHN� $��
7UHDWPHQW� RI� 3ODWLQXP� 1RQUHVSRQVLYH� 0HWDVWDWLF�
0DOLJQDQW� 3HULWRQHDO� 0HVRWKHOLRPD� :LWK� &RPELQDWLRQ�
&KHPRLPPXQRWKHUDS\�� -� ,PPXQRWKHU�� ����� )HE-0DU�
������������-�����GRL����������&-,�������������������
30,'������������30&,'��30&�������� 

)ULHGEHUJ� -6��&XOOLJDQ�0-�� 7VDR�$6��5XVFK� 9�� 6HSHVL� %��
3DVV�+,��%XHQR�5��%XUW�%��6XJDUEDNHU�'-��GH�3HUURW�0��
$GMHL�$$��$GXVXPLOOL�36��+LUVFK�)5��0DOLN�60��+DUSROH�
'-� -U�� $� 3URSRVHG� 6\VWHP� 7RZDUG� 6WDQGDUGL]LQJ�
6XUJLFDO-%DVHG� 7UHDWPHQWV� IRU� 0DOLJQDQW� 3OHXUDO�
0HVRWKHOLRPD��)URP�WKH�-RLQW�1DWLRQDO�&DQFHU�,QVWLWXWH-
,QWHUQDWLRQDO�$VVRFLDWLRQ� IRU� WKH�6WXG\�RI�/XQJ�&DQFHU-
0HVRWKHOLRPD�$SSOLHG�5HVHDUFK�)RXQGDWLRQ�7DVNIRUFH��
-� 7KRUDF� 2QFRO�� ����� $XJ�����������-������ GRL��
��������M�MWKR�������������� (SXE� ����� 0D\� ���� 30,'��
��������� 

)ULHGEHUJ� -6�� 6LPRQH� &%� �QG�� &XOOLJDQ� 0-�� 3XWW� 0(��
%DUVN\� $5�� .DW]� 6�� &HQJHO� .$�� 3RVWHULRU� ,QWHUFRVWDO�
/\PSK� 1RGHV� 'RXEOH� 5HFXUUHQFH� DQG� 'HDWK� 5LVN� LQ�
0DOLJQDQW� 3OHXUDO� 0HVRWKHOLRPD�� $QQ� 7KRUDF� 6XUJ��
����� -XO�����������-����� GRL�� ��������
M�DWKRUDFVXU�������������� (SXE� ����� 2FW� ���� 30,'��
��������� 

)ULHGEHUJ�-6��&XOOLJDQ�0-��7VDR�$6��5XVFK� 9��$GXVXPLOOL�
36�� 6HSHVL� %�� 3DVV� +,�� %XHQR� 5�� %XUW� %�� 6XJDUEDNHU�
'-�� GH� 3HUURW� 0�� $GMHL� $$�� +LUVFK� )5�� 0DOLN� 60��
+DUSROH� '-� -U�� 5HSO\� WR� :DOOHU� HW DO�� 6WDQGDUGL]LQJ�
6XUJLFDO� 7UHDWPHQW� IRU�0HVRWKHOLRPD�� -� 7KRUDF�2QFRO��
����� 0D\�������H��-H���� GRL�� ��������
M�MWKR��������������30,'����������� 

*DODWHDX� 6DOOH� )�� /H� 6WDQJ� 1�� 7LURGH� )�� &RXUWLRO� 3��
1LFKROVRQ�$*��7VDR�06��7D]HODDU�+'��&KXUJ�$��'DFLF�
6�� 5RJJOL� 9�� 3LVVDORX[� '�� 0DXVVLRQ� &�� 0RDULL� 0��
%HDVOH\�0%��%HJXHUHW�+��&KDSHO�'%��&RSLQ�0&��*LEEV�
$5��.OHEH�6��/DQWXHMRXO�6��1DEHVKLPD�.��9LJQDXG�-0��
$WWDQRRV�5��%UFLF�/��&DSURQ�)��&KLULHDF�/5��'DPLROD�)��
6HTXHLURV�5��&D]HV�$��'DPRWWH�'��)RXOHW�$��*LXVLDQR-
&RXUFDPEHFN� 6�� +LURVKLPD� .�� +RIPDQ� 9�� +XVDLQ� $1��
.HUU� .�� 0DUFKHYVN\� $�� 3DLQGDYRLQH� 6�� 3LFTXHQRW� -0��
5RXTXHWWH� ,��6DJDQ�&��6DXWHU� -��7KLYROHW�)��%UHYHW�0��
5RXYLHU�3��7UDYLV�:'��3ODQFKDUG�*��:H\QDQG�%��&OR]HO�

7��:DLQULE�*�� )HUQDQGH]-&XHVWD� /�� 3DLURQ� -&��5XVFK�
9�� *LUDUG� 1�� &RPSUHKHQVLYH�0ROHFXODU� DQG� 3DWKRORJLF�
(YDOXDWLRQ� RI� 7UDQVLWLRQDO� 0HVRWKHOLRPD� $VVLVWHG� E\�
'HHS� /HDUQLQJ� $SSURDFK�� $�0XOWL-,QVWLWXWLRQDO� 6WXG\� RI�
WKH� ,QWHUQDWLRQDO� 0HVRWKHOLRPD� 3DQHO� IURP� WKH�
0(623$7+� 5HIHUHQFH� &HQWHU�� -� 7KRUDF� 2QFRO�� �����
-XQ�����������-������ GRL�� ��������M�MWKR��������������
(SXE� ����� 0DU� ��� 30,'�� ���������� 30&,'��
30&�������� 

*KRVQ�0��&KHHPD�:��=KX�$��/LYVFKLW]�-��0D\ERG\�0��%RDV�
)(��6DQWRV�(��.LP�'��%HDWWLH�-$��2IILQ� 0��5XVFK� 9:��
=DXGHUHU� 0*�� $GXVXPLOOL� 36�� 6RORPRQ� 6%�� ,PDJH-
JXLGHG� LQWHUYHQWLRQDO� UDGLRORJLFDO� GHOLYHU\� RI� FKLPHULF�
DQWLJHQ�UHFHSWRU� �&$5��7�FHOOV� IRU�SOHXUDO�PDOLJQDQFLHV�
LQ�D�SKDVH�,�,,�FOLQLFDO�WULDO��/XQJ�&DQFHU�������0DU������
-��� GRL�� ��������M�OXQJFDQ��������������(SXE������ -DQ�
���30,'������������30&,'��30&�������� 

*LOO�55��7VDR�$6��.LQGOHU�+/��5LFKDUGV�:*��$UPDWR�6*��UG��
)UDQFLV�5-��*RPH]�'5��'DKOEHUJ�6��5LPQHU�$��6LPRQH�
&%��QG��GH�3HUURW�0��%OXPHQWKDO�*��$GMHL�$$��%XHQR�5��
+DUSROH� '+� -U�� +HVGRUIIHU� 0�� +LUVFK� )5�� 3DVV� +,��
<RUNH� (�� 5RVHQ]ZHLJ� .�� %XUW� %�� )HQQHOO� '$��
/LQGZDVVHU�:��0DOLN�6��3HLNHUW�7��0DQVILHOG�$6��6DOJLD�
5�� <DQJ� +�� 5XVFK� 9:�� 1RZDN� $.�� 5DGLRORJLF��
&RQVLGHUDWLRQV�DQG�6WDQGDUGL]DWLRQ�RI�0DOLJQDQW�3OHXUDO�
0HVRWKHOLRPD�,PDJLQJ�:LWKLQ�&OLQLFDO�7ULDOV��&RQVHQVXV�
6WDWHPHQW� IURP� WKH� 1&,� 7KRUDFLF� 0DOLJQDQF\� 6WHHULQJ�
&RPPLWWHH� –� ,QWHUQDWLRQDO� $VVRFLDWLRQ� IRU� WKH� 6WXG\� RI�
/XQJ� &DQFHU� -� 0HVRWKHOLRPD� $SSOLHG� 5HVHDUFK�
)RXQGDWLRQ� &OLQLFDO� 7ULDOV� 3ODQQLQJ� 0HHWLQJ�� -� 7KRUDF�
2QFRO�� ����� 2FW������������-������ GRL�� ��������
M�MWKR�������������� (SXE� ����� $XJ� ���� 30,'��
��������� 

*RPH]� '5�� 5LPQHU� $�� 6LPRQH� &%� �QG�� &KR� %&-�� GH�
3HUURW�0��$GMHL� $$�� %XHQR�5��*LOO�55��+DUSROH�'+� -U��
+HVGRUIIHU� 0�� +LUVFK� )5�� -DFNVRQ� $$�� 3DVV� +,�� 5LFH�
'&��5XVFK�9:��7VDR�$6��<RUNH�(��5RVHQ]ZHLJ�.��7KH�
8VH�RI�5DGLDWLRQ�7KHUDS\�IRU�WKH�7UHDWPHQW�RI�0DOLJQDQW�
3OHXUDO�0HVRWKHOLRPD��([SHUW�2SLQLRQ�IURP�WKH�1DWLRQDO�
&DQFHU� ,QVWLWXWH� 7KRUDFLF� 0DOLJQDQF\� 6WHHULQJ�
&RPPLWWHH�� ,QWHUQDWLRQDO� $VVRFLDWLRQ� IRU� WKH� 6WXG\� RI�
/XQJ� &DQFHU�� DQG� 0HVRWKHOLRPD� $SSOLHG� 5HVHDUFK�
)RXQGDWLRQ��-�7KRUDF�2QFRO�������-XO�����������-������
GRL�� ��������M�MWKR�������������� (SXE� ����� 0D\� ����
30,'����������� 

*RPH]�'5��5LPQHU� $�� 5HVSRQVH� WR� /HWWHU� WR� (GLWRU� IURP�
)RGRU� HW DO��� �7KH� 
5DGLFDO
� 3DOOLDWLRQ� 7KDW� ,QFUHDVHV�
6XUYLYDO� LQ� 0DOLJQDQW� 3OHXUDO� 0HVRWKHOLRPD��� -� 7KRUDF�
2QFRO�� ����� 'HF��������H���-H����� GRL�� ��������
M�MWKR��������������30,'����������� 

3XEOLFDWLRQV 



�5HVHDUFK�5HSRUW�_�������������������������

 

*XR� 5�� 'X%RII� 0�� -D\DNXPDUDQ� *�� .ULV� 0*��/DGDQ\L� 0��
5REVRQ� 0(�� 0DQGHONHU� '�� =DXGHUHU� 0*�� 1RYHO�
*HUPOLQH�0XWDWLRQV� LQ�'1$�'DPDJH�5HSDLU� LQ�3DWLHQWV�
ZLWK�0DOLJQDQW�3OHXUDO�0HVRWKHOLRPDV��-�7KRUDF�2QFRO��
����� $SU����������-����� GRL�� ��������
M�MWKR�������������� (SXE� ����� 'HF� ���� 30,'��
����������30&,'��30&�������� 

+DOSHQQ\� '�� 5DM� 0�� 5LPQHU� $�� =KHQJ� -�� &DSDQX� 0��
*LQVEHUJ� 06��&RPSXWHG� WRPRJUDSK\� IHDWXUHV�RI� ORFDO�
SOHXUDO� UHFXUUHQFH� LQ� SDWLHQWV� ZLWK� PDOLJQDQW� SOHXUDO�
PHVRWKHOLRPD� WUHDWHG� ZLWK� LQWHQVLW\-PRGXODWHG� SOHXUDO�
UDGLDWLRQ�WKHUDS\��(XU�5DGLRO�������-XO�����������-������
GRL�� ��������V�����-���-����-��� (SXE� ����� -DQ� ����
30,'������������30&,'��30&�������� 

+XVDLQ�$1��&ROE\�79��2UGyxH]�1*��$OOHQ�7&��$WWDQRRV�5/��
%HDVOH\�0%��%XWQRU�.-��&KLULHDF�/5��&KXUJ�$0��'DFLF�
6�� *DODWHDX-6DOOp� )�� *LEEV� $�� *RZQ� $0�� .UDXV]� 7��
/LW]N\� /$�� 0DUFKHYVN\� $�� 1LFKROVRQ� $*�� 5RJJOL� 9/��
6KDUPD� $.�� 7UDYLV� :'�� :DOWV� $(�� :LFN� 05��
*XLGHOLQHV� IRU� 3DWKRORJLF� 'LDJQRVLV� RI� 0DOLJQDQW�
0HVRWKHOLRPD� ����� 8SGDWH� RI� WKH� &RQVHQVXV�
6WDWHPHQW�)URP�WKH�,QWHUQDWLRQDO�0HVRWKHOLRPD�,QWHUHVW�
*URXS�� $UFK�3DWKRO� /DE�0HG�� ����� -DQ����������-�����
GRL�� ��������DUSD�����-����-5$�� (SXE� ����� -XO� ���
30,'����������� 

+PHOMDN�-��6DQFKH]-9HJD�)��+RDGOH\�.$��6KLK�-��6WHZDUW�&��
+HLPDQ� '�� 7DUSH\� 3�� 'DQLORYD� /�� 'ULOO� (�� *LEE� ($��
%RZOE\� 5�� .DQFKL� 5�� 2VPDQEH\RJOX� +8�� 6HNLGR� <��
7DNHVKLWD� -�� 1HZWRQ� <�� *UDLP� .�� *XSWD� 0�� *D\� &0��
'LDR� /�� *LEEV� '/�� 7KRUVVRQ� 9�� ,\SH� /�� .DQWKHWL� +��
6HYHUVRQ� '7�� 5DYHJQLQL� *�� 'HVPHXOHV� 3�� -XQJEOXWK�
$$��7UDYLV�:'��'DFLF�6��&KLULHDF�/5��*DODWHDX-6DOOp�)��
)XMLPRWR�-��+XVDLQ�$1��6LOYHLUD�+&��5XVFK�9:��5LQWRXO�
5&��3DVV�+��.LQGOHU�+��=DXGHUHU� 0*��.ZLDWNRZVNL�'-��
%XHQR�5��7VDR�$6��&UHDQH\�-��/LFKWHQEHUJ�7��/HUDDV�.��
%RZHQ�-��7&*$�5HVHDUFK�1HWZRUN��)HODX�,��=HQNOXVHQ�
-&�� $NEDQL� 5�� &KHUQLDFN� $'�� %\HUV� /$�� 1REOH� 06��
)OHWFKHU� -$�� 5REHUWVRQ� $*�� 6KHQ� 5�� $EXUDWDQL� +��
5RELQVRQ� %:�� &DPSEHOO� 3�� /DGDQ\L� 0�� ,QWHJUDWLYH�
0ROHFXODU� &KDUDFWHUL]DWLRQ� RI� 0DOLJQDQW� 3OHXUDO�
0HVRWKHOLRPD�� &DQFHU� 'LVFRY�� ����� 'HF�����������-
������ GRL�� ������������-�����&'-��-������(SXE������
2FW�����30,'������������30&,'��30&�������� 

.LHVJHQ� 6�� &KLFD\EDP� /�� &KLQWDOD� 1.�� $GXVXPLOOL� 36��
&KLPHULF� $QWLJHQ� 5HFHSWRU� �&$5�� 7-&HOO� 7KHUDS\� IRU�
7KRUDFLF� 0DOLJQDQFLHV�� -� 7KRUDF� 2QFRO�� ����� -DQ���
������-���� GRL�� ��������M�MWKR�������������� (SXE� �����
2FW� ���� (UUDWXP� LQ�� -� 7KRUDF� 2QFRO�� ����� $XJ���
����������30,'������������30&,'��30&�������� 

.LQGOHU�+/��,VPDLOD�1��$UPDWR�6*��UG��%XHQR�5��+HVGRUIIHU�
0��-DKDQ�7��-RQHV�&0��0LHWWLQHQ�0��3DVV�+��5LPQHU�$��
5XVFK� 9��6WHUPDQ�'��7KRPDV�$��+DVVDQ�5��7UHDWPHQW�
RI�0DOLJQDQW�3OHXUDO�0HVRWKHOLRPD��$PHULFDQ�6RFLHW\�RI�

&OLQLFDO� 2QFRORJ\� &OLQLFDO� 3UDFWLFH� *XLGHOLQH�� -� &OLQ�
2QFRO�� ����� 0D\� �������������-������ GRL�� ��������
-&2��������������� (SXE� ����� -DQ� ���� 30,'��
����������30&,'��30&�������� 

/DGDQ\L�0��6DQFKH]�9HJD�)��=DXGHUHU�0��/RVV�RI�%$3��DV�
D� FDQGLGDWH� SUHGLFWLYH� ELRPDUNHU� IRU� LPPXQRWKHUDS\� RI�
PHVRWKHOLRPD�� *HQRPH� 0HG�� ����� 0DU� �������������
GRL�� ��������V�����-���-����-��� 30,'�� ����������
30&,'��30&�������� 

/D]DUHY�6��5RVHQ]ZHLJ�.��6DPVWHLQ�5��6DOJDGR�/5��+DVDQ�
6��3UHVV�5+��6KDUPD�6��3RZHOO�&$��+LUVFK�)5��6LPRQH�
&%� �QG��:KHUH� DUH� ZH� ZLWK� SURWRQ� EHDP� WKHUDS\� IRU�
WKRUDFLF� PDOLJQDQFLHV"� &XUUHQW� VWDWXV� DQG� IXWXUH�
SHUVSHFWLYHV��/XQJ�&DQFHU�������)HE��������-�����GRL��
��������M�OXQJFDQ�������������� (SXE� ����� 'HF� ����
30,'����������� 

/HH�6+��5LPQHU�$��'HDV\�-2��+XQW�0$��7\DJL�1��'XDO-LQSXW�
WUDFHU� NLQHWLF� PRGHOLQJ� RI� G\QDPLF� FRQWUDVW-HQKDQFHG�
05,� LQ� WKRUDFLF� PDOLJQDQFLHV�� -� $SSO� &OLQ� 0HG� 3K\V��
����� 1RY�����������-����� GRL�� ��������DFP���������
(SXE� ����� 2FW� ���� 30,'�� ���������� 30&,'��
30&�������� 

/L�;��(JXFKL�7��$O\�5*��&KLQWDOD�1.��7DQ�.6��=DXGHUHU�0*��
'HPELW]HU�)5��%HDVOH\�0%��*KHEUHKLZHW�%��$GXVXPLOOL�
36�� 3HHUVFKNH� (,%�� *OREXODU� &�T� 5HFHSWRU� �J&�T5�
S���+$%3��� ,V� 2YHUH[SUHVVHG� LQ� 0DOLJQDQW� 3OHXUDO�
0HVRWKHOLRPD� DQG� ,V� $VVRFLDWHG� :LWK� ,QFUHDVHG�
6XUYLYDO� LQ� 6XUJLFDO� 3DWLHQWV� 7UHDWHG� :LWK�
&KHPRWKHUDS\�� )URQW� 2QFRO�� ����� 2FW� ����������� GRL��
��������IRQF������������� 30,'�� ���������� 30&,'��
30&�������� 

/L� <��<DQJ� 65�� &KHQ� <%��$GXVXPLOOL� 36�� %LDOLN� $�� %RGG�
)0�� /DGDQ\L� 0�� /RSDUGR� -�� 2IILQ� 0'�� 5XVFK� 9:��
7UDYLV� :'�� =DXGHUHU� 0*�� &KDQJ� -&�� 6DXWHU� -/��
1HXURILEURPDWRVLV� 7\SH� �-<HV-$VVRFLDWHG� 3URWHLQ� DQG�
7UDQVFULSWLRQDO�&RDFWLYDWRU�:LWK�3'=-%LQGLQJ�0RWLI�'XDO�
,PPXQRKLVWRFKHPLVWU\� ,V� D� 5HOLDEOH� 0DUNHU� IRU� WKH�
'HWHFWLRQ� RI� 1HXURILEURPDWRVLV� 7\SH� �� $OWHUDWLRQV� LQ�
'LIIXVH�3OHXUDO�0HVRWKHOLRPD��0RG�3DWKRO�������0DU���
������������ GRL�� ��������M�PRGSDW�������������� (SXE�
�����-DQ�����30,'������������30&,'��30&��������� 

/L� <�� 6DODPD� $0�� %DLQH� 0.�� %RGG� )0�� 2IILQ� 0'��
5HNKWPDQ� 1�� =DXGHUHU� 0*�� 7UDYLV� :'�� $GXVXPLOOL�
36�� 6DXWHU� -/�� 5HOLDELOLW\� RI� DVVHVVLQJ� PRUSKRORJLF�
IHDWXUHV� ZLWK� SURJQRVWLF� VLJQLILFDQFH� LQ� F\WRORJ\�
VSHFLPHQV� RI� HSLWKHOLRLG� GLIIXVH� SOHXUDO� PHVRWKHOLRPD�
DQG� LPSOLFDWLRQV� IRU� F\WRSDWKRORJ\� UHSRUWLQJ�� &DQFHU�
&\WRSDWKRO�� ����� $XJ�����������-����� GRL�� ��������
FQF\��������(SXE������0D\����30,'����������� 


%OXH�WH[W�LQGLFDWHV�SXEOLFDWLRQV�WKDW�ZHUH�SXEOLVKHG�LQ�D�MRXUQDO�ZLWK�DQ�LPSDFW�IDFWRU���� 

3XEOLFDWLRQV 
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0DF5DH� 50�� $VKWRQ� 0�� /DXN� 2��:LOVRQ�:�� 2
5RXUNH� 1��
6LPRQH� &%� �QG�� 5LPQHU� $�� 7KH� UROH� RI� UDGLDWLRQ�
WUHDWPHQW�LQ�SOHXUDO�PHVRWKHOLRPD��+LJKOLJKWV�RI�WKH���WK�
,QWHUQDWLRQDO� &RQIHUHQFH� RI� WKH� ,QWHUQDWLRQDO�
PHVRWKHOLRPD� LQWHUHVW� JURXS�� /XQJ� &DQFHU�� �����
-XQ�������-���� GRL�� ��������M�OXQJFDQ��������������
(SXE������0DU�����30,'����������� 

0DQVILHOG� $6��=DXGHUHU� 0*�� 1LYR-OXWLRQ� LQ� 0HVRWKHOLRPD��
&OLQ� &DQFHU� 5HV�� ����� 6HS� ��������������-������ GRL��
������������-�����&&5-��-������ (SXE� ����� -XO� ����
30,'������������30&,'��30&�������� 

0DUPDUHOLV� 0(��:DQJ� ;�� 5RVKNRYDQ� /�� *UDG\� &%�� 0LXUD�
-7�� *LQVEHUJ� 06�� &LXQFL� &$�� (JJHU� -�� :DONHU� 6��
&HUFHN� $�� )RRWH� 0%�� /LW]N\� /$�� 1DVK� *�� +DDV� $5��
.DUDNRXVLV� *&�� &HQJHO� .$�� .DW]� 6,�� =DXGHUHU� 0*��
/DQJHU�&-��2IILQ�0��&OLQLFDO�2XWFRPHV�$VVRFLDWHG�:LWK�
3HPEUROL]XPDE� 0RQRWKHUDS\� $PRQJ� $GXOWV� :LWK�
'LIIXVH�0DOLJQDQW�3HULWRQHDO�0HVRWKHOLRPD��-$0$�1HWZ�
2SHQ�� ����� 0DU� �������H�������� GRL�� ��������
MDPDQHWZRUNRSHQ������������30,'����������� 

0F&XVNHU� 0*�� 6FLOOD� .$�� 6LPRQH� &%� �QG�� 6DFKGHYD� $��
0LOOHU�.'��%XUNH�$3��5ROIR�&��3URWRQ�%HDP�7KHUDS\�DQG�
,PPXQH� &KHFNSRLQW ,QKLELWRUV� LQ� 0DOLJQDQW� 3OHXUDO�
0HVRWKHOLRPD�� -� 7KRUDF� 2QFRO�� ����� 6HS�������H���-
H����� GRL�� ��������M�MWKR�������������� (SXE� ����� -XQ�
����30,'����������� 

0XOOHU� 6�� 9LFWRULD� /DL� :�� $GXVXPLOOL� 36�� 'HVPHXOHV� 3��
)URVLQD� '�� -XQJEOXWK� $�� 1L� $�� (JXFKL� 7�� 7UDYLV� :'��
/DGDQ\L� 0�� =DXGHUHU� 0*�� 6DXWHU� -/�� 9-GRPDLQ� ,J-
FRQWDLQLQJ� VXSSUHVVRU� RI� 7-FHOO� DFWLYDWLRQ� �9,67$��� D�
SRWHQWLDOO\� WDUJHWDEOH� LPPXQH� FKHFNSRLQW� PROHFXOH�� LV�
KLJKO\� H[SUHVVHG� LQ� HSLWKHOLRLG� PDOLJQDQW� SOHXUDO�
PHVRWKHOLRPD�� 0RG� 3DWKRO�� ����� )HE����������-�����
GRL�� ��������V�����-���-����-]�� (SXE� ����� 6HS� ����
30,'������������30&,'��30&�������� 

1JX\HQ� %�� )RQJ� &�� /XWKUD� $�� 6PLWK� 6$�� 'L1DWDOH� 5*��
1DQGDNXPDU� 6�� :DOFK� +�� &KDWLOD� :.�� 0DGXSXUL� 5��
.XQGUD� 5�� %LHOVNL� &0�� 0DVWURJLDFRPR� %�� 'RQRJKXH�
07$��%RLUH�$��&KDQGDUODSDW\�6��*DQHVK�.��+DUGLQJ�--��
,DFREX]LR-'RQDKXH�&$��5D]DYL�3��5H]QLN�(��5XGLQ�&0��
=DPDULQ� '�� $ELGD� :�� $ERX-$OID� *.�� $JKDMDQLDQ� &��
&HUFHN�$��&KL�3��)HOGPDQ�'��+R�$/�� ,\HU�*�� -DQMLJLDQ�
<<��0RUULV�0��0RW]HU�5-��2
5HLOO\�(0��3RVWRZ�0$��5DM�
13��5LHO\�*-��5REVRQ�0(��5RVHQEHUJ� -(�� 6DIRQRY� $��
6KRXVKWDUL�$1��7DS�:��7HR�0<��9DUJKHVH�$0��9RVV�0��
<DHJHU�5��=DXGHUHU�0*��$EX-5XVWXP�1��*DUFLD-$JXLODU�
-�� %RFKQHU� %�� +DNLPL� $�� -DUQDJLQ� :5�� -RQHV� '5��
0ROHQD�'��0RUULV� /�� 5LRV-'RULD� (��5XVVR�3�� 6LQJHU� 6��
6WURQJ� 9(�� &KDNUDYDUW\� '�� (OOHQVRQ� /+�� *RSDODQ� $��
5HLV-)LOKR� -6��:HLJHOW� %�� /DGDQ\L� 0�� *RQHQ� 0�� 6KDK�

63��0DVVDJXH�-��*DR�-��=HKLU�$��%HUJHU�0)��6ROLW�'%��
%DNKRXP� 6)�� 6DQFKH]-9HJD� )�� 6FKXOW]� 1�� *HQRPLF�
FKDUDFWHUL]DWLRQ�RI�PHWDVWDWLF�SDWWHUQV�IURP�SURVSHFWLYH�
FOLQLFDO� VHTXHQFLQJ� RI� ������� SDWLHQWV�� &HOO�� ����� )HE�
������������-����H���� GRL�� ��������M�FHOO��������������
30,'������������30&,'��30&�������� 

1LFKROVRQ� $*�� 7VDR� 06�� 7UDYLV� :'�� 3DWLO� '7�� *DODWHDX-
6DOOH� )�� 0DULQR� 0�� 'DFLF� 6�� %HDVOH\� 0%�� %XWQRU� .-��
<DWDEH� <�� 3DVV� +,�� 5XVFK� 9:�� 'HWWHUEHFN� )&��
$VDPXUD� +�� 5LFH� 7:�� 5DPL-3RUWD� 5�� (LJKWK� (GLWLRQ�
6WDJLQJ� RI� 7KRUDFLF� 0DOLJQDQFLHV�� ,PSOLFDWLRQV� IRU� WKH�
5HSRUWLQJ� 3DWKRORJLVW�� $UFK� 3DWKRO� /DE� 0HG�� �����
0D\�����������-����� GRL�� ��������DUSD�����-����-5$��
(SXE������)HE�����30,'����������� 

1LFKROVRQ�$*��6DXWHU� -/��1RZDN�$.��.LQGOHU�+/��*LOO�55��
5HP\--DUGLQ� 0�� $UPDWR� 6*� �UG�� )HUQDQGH]-&XHVWD� /��
%XHQR�5��$OFDOD�1��)ROO�0��3DVV�+��$WWDQRRV�5��%DDV�3��
%HDVOH\�0%��%UFLF�/��%XWQRU�.-��&KLULHDF�/5��&KXUJ�$��
&RXUWLRO�3��'DFLF�6��'H�3HUURW�0��)UDXHQIHOGHU�7��*LEEV�
$�� +LUVFK� )5�� +LURVKLPD� .�� +XVDLQ� $�� .OHEH� 6��
/DQWXHMRXO� 6�� 0RUHLUD� $�� 2SLW]� ,�� 3HURO� 0�� 5RGHQ� $��
5RJJOL� 9�� 6FKHUSHUHHO�$�� 7LURGH�)�� 7D]HODDU�+��7UDYLV�
:'�� 7VDR�06�� YDQ� 6FKLO� 3�� 9LJQDXG� -0��:H\QDQG� %��
/DQJ-/D]GXQVNL� /�� &UHH� ,�� 5XVFK� 9:�� *LUDUG� 1��
*DODWHDX-6DOOH� )�� (85$&$1�,$6/&� 3URSRVDOV� IRU�
8SGDWLQJ� WKH� +LVWRORJLF� &ODVVLILFDWLRQ� RI� 3OHXUDO�
0HVRWKHOLRPD�� 7RZDUGV� D� 0RUH� 0XOWLGLVFLSOLQDU\�
$SSURDFK�� -� 7KRUDF� 2QFRO�� ����� -DQ���������-���� GRL��
��������M�MWKR���������������(SXE������6HS�����30,'��
��������� 

1LFKROVRQ� $*�� 6DXWHU� -/�� *DODWHDX-6DOOH� )�� ,Q� 5HSO\�� -�
7KRUDF� 2QFRO�� ����� -XQ�������H��-H���� GRL�� ��������
M�MWKR��������������30,'����������� 

2IILQ�0��<DQJ� 65��(JJHU�-��-D\DNXPDUDQ�*��6SHQFHU�56��
/RSDUGR�-��1DVK�*0��&HUFHN� $��7UDYLV�:'��.ULV�0*��
/DGDQ\L� 0�� 6DXWHU� -/�� =DXGHUHU� 0*�� 0ROHFXODU�
&KDUDFWHUL]DWLRQ�RI�3HULWRQHDO�0HVRWKHOLRPDV��-�7KRUDF�
2QFRO�� ����� 0DU����������-����� GRL�� ��������
M�MWKR��������������(SXE������2FW�����30,'������������
30&,'��30&�������� 

2IILQ�0��5XVFK�9:��5LPQHU� $��$GXVXPLOOL� 36��=DXGHUHU�
0*�� (YROYLQJ� /DQGVFDSH� RI� ,QLWLDO� 7UHDWPHQWV� IRU�
3DWLHQWV�ZLWK�0DOLJQDQW�3OHXUDO�0HVRWKHOLRPDV��&OLQLFDO�
7ULDOV� WR� &OLQLFDO� 3UDFWLFH�� 2QFRORJLVW�� ����� $XJ� ����
�������-����� GRL�� ��������RQFROR�R\DF����� 30,'��
����������30&,'��30&�������� 

2IILQ� 0�� 'H� 6LOYD� '/�� 6DXWHU� -/�� (JJHU� -9�� <RUNH� (��
$GXVXPLOOL� 36��5LPQHU� $��5XVFK� 9:��=DXGHUHU�0*��
0XOWLPRGDOLW\� 7KHUDS\� LQ� 3DWLHQWV� :LWK� 3ULPDU\�
3HULFDUGLDO�0HVRWKHOLRPD��-�7KRUDF�2QFRO�������'HF���
���������-������ GRL�� ��������M�MWKR�������������� (SXE�
�����6HS����30,'������������30&,'��30&�������� 

3XEOLFDWLRQV 
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2IILQ� 0�� 6DXWHU� -/�� 7LVFKILHOG� 6(�� (JJHU� -9�� &KDYDQ� 6��
6KDK�16��0DQRM�3��9HQWXUD�.��$OODM�9��GH�6WDQFKLQD�(��
7UDYLV� :�� /DGDQ\L� 0�� 5LPQHU� $�� 5XVFK� 9:��
$GXVXPLOOL� 36�� 3RLULHU� -7��=DXGHUHU� 0*��5XGLQ� &0��
6HQ�7��*HQRPLF�DQG�WUDQVFULSWRPLF�DQDO\VLV�RI�D�GLIIXVH�
SOHXUDO� PHVRWKHOLRPD� SDWLHQW-GHULYHG� [HQRJUDIW� OLEUDU\��
*HQRPH� 0HG�� ����� 1RY� �������������� GRL�� ��������
V�����-���-�����-��� 30,'�� ���������� 30&,'��
30&�������� 

3DWHO� $0�� %HUJHU� ,�� :LOH\WR� (3�� .KDOLG� 8�� 7RULJLDQ� '$��
1DFKLDSSDQ�$&��%DUERVD�(0�-U��*HIWHU�:%��*DOSHULQ-
$L]HQEHUJ�0�� *XSWD� 1.��6LPRQH� &%� �QG�� +DDV� $5��
$OOH\�(:��6LQJKDO�6��&HQJHO�.$��.DW]�6,��7KH�YDOXH�RI�
GHOD\HG� SKDVH� HQKDQFHG� LPDJLQJ� LQ� PDOLJQDQW� SOHXUDO�
PHVRWKHOLRPD��-�7KRUDF�'LV�������$XJ����������-������
GRL�����������MWG�������������30,'������������30&,'��
30&�������� 

3HHUVFKNH� (�� 6WLHU� .�� /L� ;�� .DQGRY� (�� GH� 6WDQFKLQD� (��
&KDQJ�4��;LRQJ�<��0DQRYD-7RGRURYD�.��)DQ�1��%DUODV�
$��*KHEUHKLZHW�%��$GXVXPLOOL� 36�� J&�T5�+$%3��S���
,V� D� 3RWHQWLDO� 1HZ� 7KHUDSHXWLF� 7DUJHW� $JDLQVW�
0HVRWKHOLRPD��)URQW�2QFRO�������$XJ�������������GRL��
��������IRQF������������� 30,'�� ���������� 30&,'��
30&�������� 

3ULFHPDQ� 6-�� &KHHPD� :�� $GXVXPLOOL� 36�� $GYDQFLQJ�
WRJHWKHU� DQG� PRYLQJ� IRUZDUG�� &RPELQDWLRQ� JHQH� DQG�
FHOOXODU� LPPXQRWKHUDSLHV�� 0RO� 7KHU� 2QFRO\WLFV�� �����
0D\� ���������-����� GRL�� ��������M�RPWR��������������
30,'������������30&,'��30&�������� 

4XDFK� +7�� +RX� =�� %HOOLV� 5<�� 6DLQL� -.�� $PDGRU-0ROLQD� $��
$GXVXPLOOL� 36�� ;LRQJ� <�� 1H[W-JHQHUDWLRQ�
LPPXQRWKHUDS\� IRU� VROLG� WXPRUV�� FRPELQDWLRQ�
LPPXQRWKHUDS\�ZLWK�FURVVWDON�EORFNDGH�RI�7*)ȕ�DQG�3'
-��3'-/��� ([SHUW� 2SLQ� ,QYHVWLJ� 'UXJV�� ����� 1RY���
���������-������ GRL�� �������������������������������
(SXE� ����� 'HF� ��� 30,'�� ���������� 30&,'��
30&��������� 

5HFDEDO�3��5RVHQ]ZHLJ�%��%D]]L�:0��&DUYHU�%6��6KHLQIHOG�
-�� 0DOLJQDQW� 0HVRWKHOLRPD� RI� WKH� 7XQLFD� 9DJLQDOLV�
7HVWLV�� 2XWFRPHV� )ROORZLQJ� 6XUJLFDO� 0DQDJHPHQW�
%H\RQG� 5DGLFDO� 2UFKLHFWRP\�� 8URORJ\�� �����
6HS��������-����� GRL�� ��������M�XURORJ\��������������
(SXE� ����� $SU� ���� 30,'�� ���������� 30&,'��
30&�������� 

5LPQHU�$��$GXVXPLOOL�36��2IILQ�0'��6RORPRQ�6%��=LY�(��
+D\HV� 6$�� *LQVEHUJ� 06�� 6DXWHU� -/�� *HOEOXP� '<��
6KHSKHUG� $)�� *XWWPDQQ� '0�� (LFKKRO]� -(�� =KDQJ� =��
5LWWHU�(��:RQJ�3�� ,TEDO�$1��'DO\�50��1DPDN\GRXVW�$��

/L�+��0F&XQH�0��*HOE�(+��7DXQN�1.��YRQ�5HLEQLW]�'��
7\DJL�1��<RUNH�('��5XVFK�9:��=DXGHUHU�0*��$�3KDVH�
�� 6DIHW\� 6WXG\� RI� $YHOXPDE� 3OXV� 6WHUHRWDFWLF� %RG\�
5DGLDWLRQ� 7KHUDS\� LQ� 0DOLJQDQW� 3OHXUDO� 0HVRWKHOLRPD��
-72� &OLQ� 5HV� 5HS�� ����� 'HF� ��������������� GRL��
��������M�MWRFUU��������������30,'������������30&,'��
30&�������� 

5RVHQ� /(�� .DUULVRQ� 7�� $QDQWKDQDUD\DQDQ� 9�� *DOODQ� $-��
$GXVXPLOOL�36��$OFKDPL�)6��$WWDQRRV�5��%UFLF�/��%XWQRU�
.-�� *DODWHDX-6DOOp� )�� +LURVKLPD� .�� .DGRWD� .��
.ODPSDWVD� $�� 6WDQJ� 1/�� /LQGHQPDQQ� -�� /LW]N\� /$��
0DUFKHYVN\� $�� 0HGHLURV� )�� 0RQWHUR� 0$�� 0RRUH� '$��
1DEHVKLPD� .�� 3DYOLVNR� (1�� 5RJJOL� 9/�� 6DXWHU� -/��
6KDUPD� $�� 6KHDII� 0�� 7UDYLV� :'�� 9LJQHVZDUDQ� :7��
9UXJW� %�� :DOWV� $(�� 7MRWD� 0<�� .UDXV]� 7�� +XVDLQ� $1��
1XFOHDU� JUDGH� DQG� QHFURVLV� SUHGLFW� SURJQRVLV� LQ�
PDOLJQDQW� HSLWKHOLRLG� SOHXUDO� PHVRWKHOLRPD�� D� PXOWL-
LQVWLWXWLRQDO�VWXG\��0RG�3DWKRO�������$SU����������-�����
GRL�� ��������PRGSDWKRO����������� (SXE� ����� -DQ� ����
30,'����������� 

5XVFK� 9:�� &RPPHQWDU\�� ,V� JOXH� WKH� NH\� WR� VXFFHVV� LQ�
PDOLJQDQW� SOHXUDO� PHVRWKHOLRPD"� -� 7KRUDF� &DUGLRYDVF�
6XUJ�� ����� -DQ�����������-����� GRL�� ��������
M�MWFYV�������������� (SXE� ����� 6HS� ���� 30,'��
��������� 

5XVFK� 9:�� &RPPHQWDU\�� 6XUJLFDO� VWDQGDUGL]DWLRQ� LQ�
PHVRWKHOLRPD� WULDOV�� -� 7KRUDF� &DUGLRYDVF� 6XUJ�� �����
-XQ������������-������GRL����������M�MWFYV��������������
(SXE������6HS�����30,'����������� 

5XVFK� 9:�� &RPPHQWDU\�� $VVHVVLQJ� WXPRU� VWDJH� DQG�
WUHDWPHQW�UHVSRQVH�LQ�SOHXUDO�PHVRWKHOLRPD��$UH�SOHXUDO�
WKLFNQHVV� PHDVXUHPHQWV� WKH� QHZ� VWDQGDUG"� -� 7KRUDF�
&DUGLRYDVF� 6XUJ�� ����� $XJ�����������-����� GRL��
��������M�MWFYV�������������� (SXE� ����� -DQ� ��� 30,'��
��������� 

6DXWHU� -/��'DFLF�6��*DODWHDX-6DOOH�)��$WWDQRRV�5/��%XWQRU�
.-��&KXUJ�$��+XVDLQ�$1��.DGRWD�.��.KRRU�$��1LFKROVRQ�
$*�� 5RJJOL� 9�� 6FKPLWW� )�� 7VDR� 06�� 7UDYLV� :'�� 7KH�
����� :+2� &ODVVLILFDWLRQ� RI� 7XPRUV� RI� WKH� 3OHXUD��
$GYDQFHV� 6LQFH� WKH� ����� &ODVVLILFDWLRQ�� -� 7KRUDF�
2QFRO�� ����� 0D\����������-����� GRL�� ��������
M�MWKR��������������(SXE������-DQ�����30,'����������� 

6KDLNK�)��=DXGHUHU�0*��YRQ�5HLEQLW]�'��:X�$-��<RUNH�('��
)RVWHU�$��6KL�:��=KDQJ�=��$GXVXPLOOL� 36��5RVHQ]ZHLJ�
.(�� .UXJ� /0�� 5XVFK� 9:�� 5LPQHU� $�� ,PSURYHG�
2XWFRPHV� ZLWK� 0RGHUQ� /XQJ-6SDULQJ� 7ULPRGDOLW\�
7KHUDS\� LQ� 3DWLHQWV� ZLWK� 0DOLJQDQW� 3OHXUDO�
0HVRWKHOLRPD�� -� 7KRUDF� 2QFRO�� ����� -XQ����������-
������ GRL�� ��������M�MWKR�������������� (SXE� ����� 0DU�
����30,'������������30&,'��30&��������� 
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6KLQ� -<��2IILQ� 0��6LPRQH� &%� �QG��:X� $-�� *RPH]� '5��
6KDYHUGLDQ�1�� 6KHSKHUG� $)��*HOEOXP�'<��$GXVXPLOOL�
36�� 6DXWHU� -/�� *LQVEHUJ� 06�� 5XVFK� 9:�� =DXGHUHU�
0*��5LPQHU� $��&OLQLFDO� RXWFRPHV�RI� VWHUHRWDFWLF� ERG\�
UDGLDWLRQ� WKHUDS\� IRU� PDOLJQDQW� SOHXUDO� PHVRWKHOLRPD��
5DGLRWKHU�2QFRO��������LQ�SUHVV�  

6NRYJDUG� 06�� +RFLQH� +5�� 6DLQL� -.�� 0RUR]� 0�� %HOOLV� 5<��
%DQHUMHH�6��0RUHOOR�$��3RQRPDUHY�9��9LOOHQD-9DUJDV�-��
$GXVXPLOOL� 36�� ,PDJLQJ� &$5� 7-FHOO� NLQHWLFV� LQ� VROLG�
WXPRUV��7UDQVODWLRQDO� LPSOLFDWLRQV��0RO�7KHU�2QFRO\WLFV��
����� -XQ� ���������-����� GRL�� ��������
M�RPWR�������������� 30,'�� ���������� 30&,'��
30&�������� 

7VDR�$6��/LQGZDVVHU�2:��$GMHL�$$��$GXVXPLOOL�36��%H\HUV�
0/�� %OXPHQWKDO� *0�� %XHQR� 5�� %XUW� %0�� &DUERQH� 0��
'DKOEHUJ�6(��GH�3HUURW�0��)HQQHOO�'$��)ULHGEHUJ�-��*LOO�
55��*RPH]�'5��+DUSROH�'+�-U��+DVVDQ�5��+HVGRUIIHU�
0�� +LUVFK� )5�� +PHOMDN� -�� .LQGOHU� +/�� .RUQ� (/�� /LX� *��
0DQVILHOG�$6��1RZDN�$.��3DVV�+,��3HLNHUW�7��5LPQHU�$��
5RELQVRQ�%:6��5RVHQ]ZHLJ�.(��5XVFK� 9:��6DOJLD�5��
6HSHVL� %��6LPRQH� &%� �QG�� 6ULGKDUD� 5�� 6]ORVDUHN� 3��
7DLROL� (�� 7VDR�06�� <DQJ�+��=DXGHUHU� 0*�� 0DOLN� 60��
&XUUHQW� DQG� )XWXUH� 0DQDJHPHQW� RI� 0DOLJQDQW�
0HVRWKHOLRPD�� $� &RQVHQVXV� 5HSRUW� IURP� WKH� 1DWLRQDO�
&DQFHU� ,QVWLWXWH� 7KRUDFLF� 0DOLJQDQF\� 6WHHULQJ�
&RPPLWWHH�� ,QWHUQDWLRQDO� $VVRFLDWLRQ� IRU� WKH� 6WXG\� RI�
/XQJ� &DQFHU�� DQG� 0HVRWKHOLRPD� $SSOLHG� 5HVHDUFK�
)RXQGDWLRQ�� -� 7KRUDF� 2QFRO�� ����� 1RY������������-
������GRL����������M�MWKR���������������(SXE������6HS�
����30,'����������� 

7VDR�$6�� 3DVV�+,��5LPQHU� $�� 0DQVILHOG� $6��1HZ�(UD� IRU�
0DOLJQDQW� 3OHXUDO� 0HVRWKHOLRPD�� 8SGDWHV� RQ�
7KHUDSHXWLF� 2SWLRQV�� -� &OLQ� 2QFRO�� ����� )HE� �����
�������-����� GRL�� ��������-&2����������� (SXE� �����
-DQ����30,'������������30&,'��30&�������� 

YDQ�%UXPPHOHQ�(0-��/HYFKHQNR�(��'yPLQH�0��)HQQHOO�'$��
.LQGOHU�+/��9LWHUL�6��*DGJHHO�6��/ySH]�3*��.RVWRURY�9��
0RUJHQV]WHUQ�'��2UORY�6��=DXGHUHU�0*��9DQVWHHQNLVWH�
-)�� %DNHU-1HEOHWW� .�� 9DVTXH]� -��:DQJ� ;�� %HOORYLQ� ',��
6FKHOOHQV�-+0��<DQ�/��0LWULFD�,��'H<RXQJ�03��7ULJR�-��
$�SKDVH�,E�VWXG\�RI�*6.���������DQ�)*)�OLJDQG�WUDS�LQ�
FRPELQDWLRQ� ZLWK� SHPHWUH[HG� DQG� FLVSODWLQ� LQ� SDWLHQWV�
ZLWK�PDOLJQDQW�SOHXUDO�PHVRWKHOLRPD��,QYHVW�1HZ�'UXJV��
����� $SU����������-����� GRL�� ��������V�����-���-
�����-���(SXE������0D\����30,'������������30&,'��
30&�������� 

:DOOHU� '$�� 2SLW]� ,�� %XHQR� 5�� 9DQ� 6FKLO� 3�� &DUGLOOR� *��
+DUSROH�'��$GXVXPLOOL� 36��'H�3HUURW�0��'LYLGHG�E\�DQ�
2FHDQ�RI�:DWHU�EXW�8QLWHG� LQ�DQ�2FHDQ�RI�8QFHUWDLQW\��
$� 7UDQVDWODQWLF� 5HYLHZ� RI� 0HVRWKHOLRPD� 6XUJHU\�
*XLGHOLQHV��$QQ�7KRUDF�6XUJ�������)HE�����������-�����

GRL�� ��������M�DWKRUDFVXU�������������� (SXE� ����� 1RY�
����30,'����������� 

:DOOHU� '$�� 2SLW]� ,�� %XHQR� 5�� 9DQ� 6FKLO� 3�� &DUGLOOR� *��
+DUSROH�'��$GXVXPLOOL� 36��'H�3HUURW�0��'LYLGHG�E\�DQ�
RFHDQ�RI�ZDWHU�EXW�XQLWHG� LQ�DQ�RFHDQ�RI�XQFHUWDLQW\��$�
WUDQVDWODQWLF�UHYLHZ�RI�PHVRWKHOLRPD�VXUJHU\�JXLGHOLQHV��
-�7KRUDF�&DUGLRYDVF�6XUJ�������-XQ������������-������
GRL�� ��������M�MWFYV�������������� (SXE� ����� 1RY� ����
30,'����������� 

:DOOHU� '$�� 2SLW]� ,�� %XHQR� 5�� 9DQ� 6FKLO� 3�� &DUGLOOR� *��
+DUSROH�'��$GXVXPLOOL� 36��'H�3HUURW�0��'LYLGHG�E\�DQ�
RFHDQ�RI�ZDWHU�EXW�XQLWHG� LQ�DQ�RFHDQ�RI�XQFHUWDLQW\��D�
WUDQVDWODQWLF�UHYLHZ�RI�PHVRWKHOLRPD�VXUJHU\�JXLGHOLQHV��
(XU� -� &DUGLRWKRUDF� 6XUJ�� ����� -DQ� ���������-���� GRL��
��������HMFWV�H]DD�����30,'����������� 

:R]QLDN�$-�� 6FKQHLGHU� %�� .DOHPNHULDQ�*3��'DO\� %��&KHQ�
:�� 9HQWLPLJOLD� -�� 1DJDVDND� 0�� =DXGHUHU� 0*�� 6KRUW�
5HSRUW� RI� D� 3KDVH� ,,� 7ULDO� RI� 1LQWHGDQLE� LQ� 5HFXUUHQW�
0DOLJQDQW� 3OHXUDO� 0HVRWKHOLRPD� �030��� &OLQ� /XQJ�
&DQFHU�� ����� 6HS����������-����� GRL�� ��������
M�FOOF��������������(SXE������$SU����30,'����������� 

:X�-��0LQLNHV�$0��*DR�0��%LDQ�+��/L�<��6WRFNZHOO�%5��&KHQ�
=1��-LDQJ�;��,QWHUFHOOXODU�LQWHUDFWLRQ�GLFWDWHV�FDQFHU�FHOO�
IHUURSWRVLV� YLD� 1)�-<$3� VLJQDOOLQJ�� 1DWXUH�� �����
$XJ��������������-����� GRL�� ��������V�����-���-����
-���(SXE������-XO�����(UUDWXP�LQ��1DWXUH�������$XJ�����
30,'������������30&,'��30&�������� 

<RUNH� ('�� -DFNVRQ� $�� .XR� /&�� 2MR� $�� 3DQFKRR� .��
$GXVXPLOOL� 3��=DXGHUHU� 0*��5XVFK� 9:�� 6KHSKHUG�$��
5LPQHU� $��+HDUW�'RVLPHWU\� LV�&RUUHODWHG�:LWK�5LVN�RI�
5DGLDWLRQ�3QHXPRQLWLV�$IWHU�/XQJ-6SDULQJ�+HPLWKRUDFLF�
3OHXUDO� ,QWHQVLW\� 0RGXODWHG� 5DGLDWLRQ� 7KHUDS\� IRU�
0DOLJQDQW�3OHXUDO�0HVRWKHOLRPD��,QW�-�5DGLDW�2QFRO�%LRO�
3K\V�� ����� 6HS� ����������-���� GRL�� ��������
M�LMURES�������������� (SXE� ����� $SU� ���� 30,'��
����������30&,'��30&�������� 

=DXGHUHU� 0*�� 7VDR� $6�� 'DR� 7�� 3DQDJHDV� .�� /DL� :9��
5LPQHU� $��5XVFK� 9:��$GXVXPLOOL� 36��*LQVEHUJ�06��
*RPH]�'��5LFH�'��0HKUDQ�5��6FKHLQEHUJ�'$��.UXJ�/0��
$�5DQGRPL]HG�3KDVH�,,�7ULDO�RI�$GMXYDQW�*DOLQSHSLPXW-
6��:7-��$QDORJXH�3HSWLGH�9DFFLQH��$IWHU�0XOWLPRGDOLW\�
7KHUDS\� IRU� 3DWLHQWV� ZLWK� 0DOLJQDQW� 3OHXUDO�
0HVRWKHOLRPD�� &OLQ� &DQFHU� 5HV�� ����� 'HF� �����
���������-������ GRL�� ������������-�����&&5-��-������
(SXE� ����� 6HS� ���� 30,'�� ���������� 30&,'��
30&�������� 

=DXGHUHU�0*��*ULJRUHQNR�$��0D\�3��.DVWDQJR�1��:DJQHU�,��
&DUROLQH�$��.ULV�0*��&UHDWLQJ�D�6\QWKHWLF�&OLQLFDO�7ULDO��
&RPSDUDWLYH� (IIHFWLYHQHVV� $QDO\VHV� 8VLQJ� DQ�
(OHFWURQLF� 0HGLFDO� 5HFRUG�� -&2� &OLQ� &DQFHU� ,QIRUP��
����� -XQ����-���� GRL�� ��������&&,����������� 30,'��
����������30&,'��30&�������� 

3XEOLFDWLRQV 
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=DXGHUHU�0*��-D\DNXPDUDQ�*��'X%RII�0��=KDQJ�/��)UDQFLV�
-+��$EUDPVRQ�'+��&HUFHN� $��1DVK�*0��6KRXVKWDUL�$��
&KDSPDQ�3��'
$QJHOR�6��$UQROG�$*��6LHJHO�%��)OHLVFKXW�
0+�� 1L� $�� 5LPQHU� $�� 5XVFK� 9:�� $GXVXPLOOL� 36��
7UDYLV� :��6DXWHU� -/��=HKLU�$��0DQGHONHU� '��/DGDQ\L�
0��5REVRQ�0��3UHYDOHQFH�DQG�3UHOLPLQDU\�9DOLGDWLRQ�RI�
6FUHHQLQJ�&ULWHULD�WR�,GHQWLI\�&DUULHUV�RI�*HUPOLQH�%$3��
0XWDWLRQV��-�7KRUDF�2QFRO�������1RY������������-������
GRL�� ��������M�MWKR�������������� 30,'�� ����������
30&,'��30&�������� 

=DXGHUHU�0*��3UDFWLFDO�$SSOLFDWLRQ�RI�5HDO-:RUOG�(YLGHQFH�
LQ� 'HYHORSLQJ� &DQFHU� 7KHUDSLHV�� -&2� &OLQ� &DQFHU�
,QIRUP�� ����� -XO����-��� GRL�� ��������&&,�����������
30,'������������30&,'��30&�������� 

=DXGHUHU�0*��$OOH\�(:��%HQGHOO�-��&DSHOOHWWR�(��%DXHU�70��
&DOOLHV� 6�� 6]SXUND�$0�� .DQJ�6��:LOODUG�0'��:DFKHFN�
9�� 9DUJKHVH� $0�� 3KDVH� �� FRKRUW� H[SDQVLRQ� VWXG\� RI�
/<���������D�GXDO�3,�.�P725�LQKLELWRU��LQ�SDWLHQWV�ZLWK�
DGYDQFHG� PHVRWKHOLRPD�� ,QYHVW� 1HZ� 'UXJV�� �����
$XJ�����������-������ GRL�� ��������V�����-���-�����-
��� (SXE� ����� 0DU� ��� 30,'�� ���������� 30&,'��
30&�������� 

=DXGHUHU� 0*��7KH� WKHUDSHXWLF� LPSOLFDWLRQV�RI� WKH�JHQRPLF�
DQDO\VLV� RI� PDOLJQDQW� SOHXUDO� PHVRWKHOLRPD�� 1DW�
&RPPXQ�������0DU����������������GRL����������V�����
-���-�����-\��30,'������������30&,'��30&�������� 

=DXGHUHU�0*��0DUWLQ�$��(JJHU�-��5L]YL�+��2IILQ�0��5LPQHU�
$�� $GXVXPLOOL� 36��5XVFK� 9:�� .ULV� 0*�� 6DXWHU� -/��
/DGDQ\L� 0�� 6KHQ� 5�� 7KH� XVH� RI� D� QH[W-JHQHUDWLRQ�
VHTXHQFLQJ-GHULYHG� PDFKLQH-OHDUQLQJ� ULVN-SUHGLFWLRQ�
PRGHO� �2QFR&DVW-030�� IRU� PDOLJQDQW� SOHXUDO�
PHVRWKHOLRPD�� D� UHWURVSHFWLYH� VWXG\�� /DQFHW� 'LJLW�
+HDOWK�� ����� 6HS������H���-H����� GRL�� ��������6����-
�������������-���(SXE������-XO�����30,'������������
30&,'��30&�������� 

=DXGHUHU�0*��2IILQ�0��$5&6-0��IRUJLQJ�SURJUHVV�IURP�WKLV�
QHJDWLYH�WULDO�LQ�PDOLJQDQW�SOHXUDO�PHVRWKHOLRPD��/DQFHW�
2QFRO�� ����� $SU����������-����� GRL�� ��������6����-
�������������-���30,'����������� 

=DXGHUHU�0*��6]ORVDUHN�3:��/H�0RXOHF�6��3RSDW�6��7D\ORU�
3��3ODQFKDUG�'��6FKHUSHUHHO�$��.RF]\ZDV�0��)RUVWHU�0��
&DPHURQ�5%��3HLNHUW�7��$UJRQ�(.��0LFKDXG�15��6]DQWR�
$��<DQJ�-��&KHQ�<��.DQVUD�9��$JDUZDO�6��)HQQHOO�'$��
(=+��LQKLELWRU�WD]HPHWRVWDW�LQ�SDWLHQWV�ZLWK�UHODSVHG�RU�
UHIUDFWRU\�� %$3�-LQDFWLYDWHG� PDOLJQDQW� SOHXUDO�
PHVRWKHOLRPD��D�PXOWLFHQWUH��RSHQ-ODEHO��SKDVH���VWXG\��
/DQFHW� 2QFRO�� ����� -XQ����������-����� GRL�� ��������
6����-�������������-��� (SXE� ����� 0D\� ���� 30,'��
��������� 

=HOWVPDQ�0��'R]LHU� -��0F*HH�(�� 1JDL�'��$GXVXPLOOL� 36��
&$5� 7-FHOO� WKHUDS\� IRU� OXQJ� FDQFHU� DQG� PDOLJQDQW�
SOHXUDO�PHVRWKHOLRPD�� 7UDQVO� 5HV�� ����� 6HS������-����

GRL�� ��������M�WUVO�������������� (SXE� ����� $SU� ����
30,'������������30&,'��30&�������� 

=KHQJ�+�� =HOWVPDQ�0��=DXGHUHU� 0*�� (JXFKL� 7�� 9DJKMLDQL�
5*�� $GXVXPLOOL� 36�� &KHPRWKHUDS\-LQGXFHG�
LPPXQRPRGXODWLRQ� LQ� QRQ-VPDOO-FHOO� OXQJ� FDQFHU�� D�
UDWLRQDOH� IRU� FRPELQDWLRQ� FKHPRLPPXQRWKHUDS\��
,PPXQRWKHUDS\�������6HS����������-�����GRL����������
LPW-����-������ 30,'�� ���������� 30&,'��
30&�������� 
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1DWLRQDO�5HFRJQLWLRQV�	�/HDGHUVKLS 
�2UJDQL]DWLRQ 5ROH )DFXOW\�0HPEHUV 

0P�+��	�<X-)DQ�&��.DR�&KDLU�LQ�7KRUDFLF�&DQFHU &KDLU $GXVXPLOOL��3UDVDG� 

([WHUQDO�6FLHQWLILF�$GYLVRU\�%RDUG��,PPXQRWKHUDS\�*URXS��(UDVPXV�0&�&DQFHU�,QVWLWXWH� 0HPEHU $GXVXPLOOL��3UDVDG� 

)OHLVFKQHU�6RFLHW\��$PHULFDQ�6RFLHW\�RI�&OLQLFDO�,QYHVWLJDWLRQ��DQG�$PHULFDQ�6XUJLFDO�
$VVRFLDWLRQ� 

0HPEHU $GXVXPLOOL��3UDVDG� 

0HVRWKHOLRPD��7K\PRPD�DQG�2WKHU�7KRUDFLF�0DOLJQDQFLHV�7UDFN�&RPPLWWHH�������:RUOG�
&RQIHUHQFH��,QWHUQDWLRQDO�$VVRFLDWLRQ�IRU�WKH�6WXG\�RI�/XQJ�&DQFHU��,$6/&�� 

0HPEHU $GXVXPLOOL��3UDVDG� 

7KRUDFLF�0DOLJQDQFLHV�6WHHULQJ�&RPPLWWHH��0HVRWKHOLRPD�:RUNLQJ�*URXS��1DWLRQDO�&DQFHU�
,QVWLWXWH��1&,� 

0HPEHU $GXVXPLOOL��3UDVDG� 

0HVRWKHOLRPD�&RPPLWWHH��,$6/& 0HPEHU $GXVXPLOOL��3UDVDG� 

7KRUDFLF�0DOLJQDQF\�6WHHULQJ�&RPPLWWHH�������	������0HVRWKHOLRPD�&OLQLFDO�7ULDOV�
3ODQQLQJ�0HHWLQJ��1DWLRQDO�&DQFHU�,QVWLWXWH��&RRUGLQDWLQJ�&HQWHU�IRU�&OLQLFDO�7ULDOV� 

0HPEHU $GXVXPLOOL��3UDVDG� 

7KH�5RGPDQ�(��6KHHQ�DQG�7KRPDV�*��6KHHQ�$ZDUG�������$PHULFDQ�&ROOHJH�RI�6XUJHRQV�� 5HFLSLHQW $GXVXPLOOL��3UDVDG� 

6FLHQWLILF�$GYLVRU\�%RDUG��0HVRWKHOLRPD�$SSOLHG�5HVHDUFK�)RXQGDWLRQ��0$5)� 0HPEHU 2IILQ��0LFKDHO� 

<RXQJ�,QYHVWLJDWRU�$ZDUG��,QWHUQDWLRQDO�0HVRWKHOLRPD�,QWHUHVW�*URXS� 5HFLSLHQW 2IILQ��0LFKDHO� 

,QWHUQDWLRQDO�0HVRWKHOLRPD�,QWHUHVW�*URXS� %RDUG�0HPEHU 5LPQHU��$QGUHDV 

����������0HVRWKHOLRPD�&OLQLFDO�7ULDOV�3ODQQLQJ�0HHWLQJ��1&, 0HPEHU 5LPQHU��$QGUHDV 

0HVRWKHOLRPD�&RPPLWWHH��,$6/& 0HPEHU 5LPQHU��$QGUHDV 

1&,�7KRUDFLF�0DOLJQDQF\�6WHHULQJ�&RPPLWWHH��0HVRWKHOLRPD�:RUNLQJ�*URXS 0HPEHU 5LPQHU��$QGUHDV 

3URJUDP�&RPPLWWHH�������DQG������,$6/&�$QQXDO�0HHWLQJ� 0HPEHU 5LPQHU��$QGUHDV 

7K\PLF�DQG�0HVRWKHOLRPD�:RUNLQJ�*URXSV��,$6/&�6WDJLQJ�DQG�3URJQRVWLF�)DFWRUV�
&RPPLWWHH��63)&�� 

0HPEHU 5LPQHU��$QGUHDV 

7UHDWPHQW�RI�0DOLJQDQW�3OHXUDO�0HVRWKHOLRPD�*XLGHOLQH�3DQHO��$PHULFDQ�6RFLHW\�RI�&OLQLFDO�
2QFRORJ\��$6&2�� 

0HPEHU 5LPQHU��$QGUHDV 

,$6/& &KDLU 5XVFK��9DOHULH 

,$6/&-(85$6&$1�0XOWLGLVFLSOLQDU\�&RPPLWWHH�IRU�0HVRWKHOLRPD�&ODVVLILFDWLRQ� &R-&KDLU� 5XVFK��9DOHULH 

6XUJLFDO�(DUO\�6WDJH�*URXS��0HVRWKHOLRPD�:RUNLQJ�*URXS��1&,�7KRUDFLF�6WDJLQJ�
0DOLJQDQFLHV�&RPPLWWHH� 

/HDGHU 5XVFK��9DOHULH 

$6&2�([SHUW�3DQHO�RQ�7UHDWPHQW�RI�0DOLJQDQW�3OHXUDO�0HVRWKHOLRPD� 0HPEHU� 5XVFK��9DOHULH 

$GYLVRU\�%RDUG��6WDJLQJ�DQG�3URJQRVWLF�)DFWRUV�&RPPLWWHH��,$6/& 0HPEHU� 6DXWHU��-HQQLIHU 

0DQDJHPHQW�RI�3OHXUDO�0HVRWKHOLRPD�*XLGHOLQH��3DWKRORJ\�/HDG�DQG�([SHUW�3DQHO��$6&2 0HPEHU� 6DXWHU��-HQQLIHU 

3ODQQLQJ�&RPPLWWHH��,QWHUQDWLRQDO�0HVRWKHOLRPD�3DQHO��3DWKRORJ\�:RUNLQJ�*URXS�,$6/&-
(85$&$1�0XOWLGLVFLSOLQDU\�0HHWLQJ�LQ�/\RQ�)UDQFH��-XO\�����    �             

0HPEHU�DQG�6HFUHWDU\�
WR�WKH�&KDLU� 

6DXWHU��-HQQLIHU 

,QWHUQDWLRQDO�5HSUHVHQWDWLYH�IRU�5DGLDWLRQ�2QFRORJ\��,QWHUQDWLRQDO�0HVRWKHOLRPD�,QWHUHVW�
*URXS��L0LJ��  

,QWHUQDWLRQDO�
5HSUHVHQWDWLYH� 

6LPRQH��&KDUOHV� 

%LHQQLDO�0HHWLQJ�6FLHQWLILF�$EVWUDFW�5HYLHZ�&RPPLWWHH��L0LJ 0HPEHU 6LPRQH��&KDUOHV� 

6FLHQWLILF�6XEFRPPLWWHH��L0LJ 0HPEHU 6LPRQH��&KDUOHV� 

%RDUG�RI�'LUHFWRUV��0$5)� &KDLU =DXGHUHU��0DUMRULH 

$QQXDO�0HHWLQJ�6FLHQWLILF�3URJUDP�&RPPLWWHH��$6&2 0HPEHU =DXGHUHU��0DUMRULH 

0HVRWKHOLRPD�&RPPLWWHH��,$6/& 0HPEHU =DXGHUHU��0DUMRULH 

0HVRWKHOLRPD�&RPPLWWHH��3HULWRQHDO�6XUIDFH�0DOLJQDQF\�&RQVRUWLXP� 0HPEHU =DXGHUHU��0DUMRULH 

0HVRWKHOLRPD�$QDO\VLV�:RUNLQJ�*URXS��7KH�&DQFHU�*HQRPH�$WODV��7&*$�� 0HPEHU =DXGHUHU��0DUMRULH 

7KRUDFLF�0DOLJQDQF\�0HVRWKHOLRPD�:RUNLQJ�*URXS��1&, 0HPEHU =DXGHUHU��0DUMRULH 

1DWLRQDO�5HFRJQLWLRQV�	�
/HDGHUVKLS� 
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$�WDUJHWHG�GUXJ�VKRZV�SURPLVH�IRU�
FRQWUROOLQJ�SOHXUDO�PHVRWKHOLRPD�� 

7D]HPHWRVWDW�IRU�3OHXUDO�
0HVRWKHOLRPD�6KRZV�
(QFRXUDJLQJ�5HVXOWV� 

0RQGD\��0D\���������� 

06.�µ,Q�7KH�1HZV¶ 

5HVXOWV�IURP�D�FOLQLFDO�WULDO�LQGLFDWH�WKDW�DQ�
H[SHULPHQWDO�&$5�WKHUDS\�IRU�PHVRWKHOLRPD�LV�

VDIH�� 

&$5�7KHUDS\�IRU�6ROLG�
7XPRUV�'UDZV�$WWHQWLRQ�DW�
$QQXDO�&DQFHU�&RQIHUHQFH� 

6XQGD\��0DUFK���������� 

06.�µ,Q�7KH�1HZV¶ 

7KLV�IRUP�RI�FHOO�GHDWK�LV�FDOOHG�IHUURSWRVLV��DQG�
FHUWDLQ�FDQFHU�FHOOV�DUH�HVSHFLDOO\�YXOQHUDEOH�WR�LW�� 

7XHVGD\��$XJXVW���������� 

6FLHQWLVWV�6HH�3RWHQWLDO�LQ�
&HOOXODU�
'HDWK�E\�,URQ
�IRU�

&DQFHU�7UHDWPHQW� 

$�FRPELQDWLRQ�LPPXQRWKHUDS\�DSSURDFK�XVLQJ�&$5�
7�FHOOV�FRXOG�EH�DQ�HIIHFWLYH�QHZ�ZD\�WR�WUHDW�

PHVRWKHOLRPD�� 

7KXUVGD\��-XO\���������� 

&$5�7�&HOO�7KHUDS\�6KRZV�
3URPLVH�IRU�7UHDWLQJ�

0HVRWKHOLRPD� 

/HDUQ�KRZ�UHVHDUFKHUV�HQJLQHHUHG�&$5�7�FHOOV�WR�
ZRUN�EHWWHU�E\�XVLQJ�D�PXWDWLRQ�LQ�D�JHQH�FDOOHG��������

F-.,7�WKDW�GULYHV�FDQFHU�FHOO�JURZWK� 

0RQGD\��-XQH���������� 

1HZ�'HVLJQ�&RXOG�0DNH�&$5�
7�&HOOV�D�0RUH�(IIHFWLYH�
,PPXQRWKHUDS\�IRU�6ROLG�

7XPRUV� 

/HDUQ�KRZ�H[SHUWV�DW�06.�ZKR�KHOSHG�GHYHORS�
&$5�7�FHOO�WKHUDS\�WR�ILJKW�FDQFHU�DUH�PDNLQJ�WKH�

WUHDWPHQW�VWURQJHU��VDIHU��PRUH�GXUDEOH�DQG�
DFFHVVLEOH�WR�PRUH�SHRSOH�� 

7XHVGD\��1RYHPEHU��������� 

+RZ�06.�,V�,PSURYLQJ�
&$5�7�&HOO�7KHUDS\�IRU�

&DQFHU�7UHDWPHQW� 
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1DWDOLH�%DUUDJDQ������������������������������������
$VVRFLDWH�'LUHFWRU��'HYHORSPHQW�

3URJUDPV 

0HJ�'RROH\�������������������������������������
6HQLRU�$GYLVRU�WR�WKH�&KLHI���������������

'HYHORSPHQW�2IILFHU� 

-XOLD�*DOODJKHU� 
9LFH�3UHVLGHQW��'HYHORSPHQW�����������

,QIRUPDWLRQ�6WUDWHJ\�DQG�2SHUDWLRQV� 

   

.DWKHULQH�.OHLQ 
9LFH�3UHVLGHQW��'HYHORSPHQW�������

3URJUDPV� 

1DWDOLD�/RSH]  
$VVRFLDWH�'LUHFWRU��6WUDWHJLF�3URMHFWV�

DQG�7DOHQW�2SHUDWLRQV� 

-HIIUH\�5LFKDUG 
9LFH�3UHVLGHQW��,QGLYLGXDO�DQG�����������

,QVWLWXWLRQDO�*LYLQJ�DQG�&DPSDLJQ����
'LUHFWRU 

   

 .HQQHWK�0DQRWWL� 
6HQLRU�9LFH�3UHVLGHQW��'HYHORSPHQW� 

 

2IILFH�RI�'HYHORSPHQW 

  

0��3LD�5LYHUR 
6HQLRU�'HYHORSPHQW�2IILFHU� 

.RIL�6DUNRGHH 
)LQDQFLDO�0DQDJHU 

'HYHORSPHQW�	�$GYRFDF\ 
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2XWUHDFK�	�$GYRFDF\ 

0HVRWKHOLRPD�$SSOLHG�5HVHDUFK�)RXQGDWLRQ 

ā�7KH�3UHVLGHQW�RI�WKH�%DNHU�6WUHHW�)RXQGDWLRQ�LV�0DU\�0LQHU��� 

ā 7KH�%DNHU�6WUHHW�)RXQGDWLRQ�LV�WKH�PRVW�JHQHURXV�DQG�ORQJVWDQGLQJ�GRQRU�WR�PHVRWKHOLRPD�UHVHDUFK�DW�06.�� 

ā /DUJHVW�*LIWV�WR�06.��$Q�RXWULJKW�JLIW�LQ������DQG�D�SOHGJH�LQ������IURP�0UV��0LQHU�WR�WKH�0LQHU�,QLWLDWLYH�IRU�

,QQRYDWLYH�7KHUDSLHV�LQ�0HVRWKHOLRPD��DQG�SOHGJHV�LQ�ERWK�LQ������DQG������IURP�0UV��0LQHU�WR�VXSSRUW�WKH�

0LQHU�)XQG�IRU�0HVRWKHOLRPD�7KHUDSLHV�� 

ā 0RVW�5HFHQW�*LIW�WR�06.�������YLD�WKH�%DNHU�6WUHHW�)RXQGDWLRQ�WR�VXSSRUW�WKH�0HVRWKHOLRPD�5HVHDUFK�)XQG� 

ā 2WKHU�5HODWHG�*LIWV��7KH�%DNHU�6WUHHW�)RXQGDWLRQ�FUHDWHG�DQ�HQGRZHG�PHVRWKHOLRPD�UHVHDUFK�IXQG�DW�06.�LQ�

WKH�ODWH�����V��2WKHU�UHODWHG�JLIWV�IURP�WKH�H[WHQGHG�0LQHU�IDPLO\�LQFOXGH�WKRVH�IURP�%RE�0LQHU¶V�ODWH�

VLVWHUV��)ORUHQFH�DQG�*ORULD�0LQHU��WR�FUHDWH�WKH�%DWLVKZD�)HOORZVKLS��WKRVH�IURP�)ORUHQFH�DQG�*ORULD�0LQHU�

WR�HQGRZ�WKH�0LQHU�)DPLO\�&KDLU�LQ�,QWUDWKRUDFLF�&DQFHUV��FXUUHQWO\�KHOG�E\�'U��9DOHULH�5XVFK��DQG�WKRVH�

IURP�0DU\�0LQHU¶V�GDXJKWHU��1LFROD�0LQHU��LQ�KRQRU�RI�*ORULD�0LQHU� 

6RXUFH��0HPRULDO�6ORDQ�.HWWHULQJ�&DQFHU�&HQWHU��³$QQXDO�8SGDWH��0HVRWKHOLRPD�5HVHDUFK�DW��������
0HPRULDO�6ORDQ�.HWWHULQJ�&DQFHU�&HQWHU��3UHSDUHG�IRU�WKH�%DNHU�6WUHHW�)RXQGDWLRQ´��2FWREHU����������� 

'HYHORSPHQW�	�$GYRFDF\ 

6XSSRUW 

7KH�%DNHU�6WUHHW�)RXQGDWLRQ� 

7KH�0HVRWKHOLRPD�$SSOLHG�5HVHDUFK�)RXQGDWLRQ�LV WKH�QRQSURILW FKDULW\�RUJDQL]DWLRQ�GHGLFDWHG�WR�HQGLQJ�
PHVRWKHOLRPD��DQG�WKH�VXIIHULQJ�FDXVHG�E\�WKLV�FDQFHU��E\�� 

ā IXQGLQJ�UHVHDUFK�WR�LPSURYH WUHDWPHQW�RSWLRQV 

ā SURYLGLQJ WUHDWPHQW�VXSSRUW DQG�HGXFDWLRQ�IRU�SDWLHQWV�DQG�WKHLU�IDPLOLHV 

ā DGYRFDWLQJ�IRU IHGHUDO�IXQGLQJ RI�UHVHDUFK 

6RXUFH��0HVRWKHOLRPD�$SSOLHG�5HVHDUFK�)RXQGDWLRQ��³$ERXW�8V´��������KWWSV���ZZZ�FXUHPHVR�RUJ�DERXW-XV� 

6XSSRUW 

ā 06.�%RDUG�0HPEHUV��0DUMRULH�*��=DXGHUHU��0'��&KDLU��%RDUG�RI�'LUHFWRUV��0LFKDHO�2IILQ��0'��0HPEHU��

6FLHQFH�$GYLVRU\�%RDUG 

6SHFLDO�7KDQN�<RX�WR�2XU�([WHUQDO�3DUWQHUV 

*RYLQG�6ULPDWKYHHUDYDOOL��3K'����������������������������������������������������
�8QLYHUVLW\�RI�0DVVDFKXVHWWV�$PKHUVW� 

,QWHUQDWLRQDO�$VVRFLDWLRQ�IRU�WKH�6WXG\�RI�/XQJ�&DQFHU��,$6/&� 

0HVRWKHOLRPD�$SSOLHG�5HVHDUFK�)RXQGDWLRQ� 

6WHDPILWWHUV�/RFDO�����8QLRQ 
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 5HTXHVW�$SSRLQWPHQW 

 

7R�UHTXHVW�DQ�DSSRLQWPHQW�ZLWK�D����������������������������������

06.�PHVRWKHOLRPD�H[SHUW��SOHDVH�FDOO� 

 

���-���-����� 
 

&DUH�$GYLVRUV DUH�DYDLODEOH�0RQGD\�WKURXJK�

)ULGD\� �����D�P� - �����S�P� �(67�� 
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0DUMRULH�*��=DXGHUHU��0' 
 

6XPPHU�.RRS��06F�
(GLWRU�*UDQW�&RRUGLQDWRU� 

3DWULFN�(YDQV��0%$ 
3URMHFW�0DQDJHU 

5HSRUW�&RPSLODWLRQ 

:DVHHP�&KHHPD��0' 
5HVHDUFK�3URMHFW�0DQDJHU 

&ODUH�:LOKHOP��3K'�����
6HQLRU�(GLWRU�*UDQW�:ULWHU� 

3UDVDG�6��$GXVXPLOOL��0' 

5HSRUW�&RPSLODWLRQ 
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