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1XUIDGLODK��±�7KH�(IIHFW�RI�&XOWXUH�0HGLD�DQG�$FWLYDWHG�&KDUFRDO�RQ�$V\PELRWLF�6HHG�*HUQLQDWLRQ�DQG�6HHGOLQJ�'HYHORSPHQW� 


'LWHULPD�����$JXVWXV������-�'LVHWXMXL�����'HVHPEHU����� 

,1752'8&7,21 

'HQGURELXP� WDXUXOLQXP� LV� DQ� HSLSK\WLF� RU�
FKLG�HQGHPLF�WR�6HUDP�,VODQG��0ROXFFDV��,QGRQHVLD��
7KLV�VSHFLHV�SUHGRPLQDQWO\�RFFXUV�LQ�ORZO\LQJ�ODQGV�
�&ULEE���������0DQ\�RUFKLG�VSHFLHV�LQ�,QGRQHVLD�DUH�
H[SHULHQFLQJ�SRSXODWLRQ�GHFOLQH�DV�D�UHVXOW�RI�KDELWDW�
GHVWUXFWLRQ�� IRUHVW� GHJUDGDWLRQ�� DQG� RYHUFROOHFWLRQ��
7KHVH� DQWKURSRJHQLF� SURFHVVHVV� FDQ� EH� KDUPIXO� IRU�
WKH� VXUYLYDO� DQG� WKH� VXVWDLQDELOLW\� RI� RUFKLGV� LQ� WKH�
QDWXUDO� KDELWDW��7KLV� OHDG� WR� WKH� VHWWLQJ�RI�FRQVHUYD�
WLRQ�SULRULWLHV� IRU� WKUHDWHQHG�RUFKLG� VSHFLHV� LQ� ,QGR�
QHVLD��'HQGURELXP� WDXUXOLQXP� � �)LJXUH���� LV� RQH�RI��
��� RUFKLGV� WKDW� LV� QDWLRQDOO\� OLVWHG� DV� D� WKUHDWHQHG�
VSHFLHV�IRU�FRQVHUYDWLRQ�SULRULW\��5LVQD�HW�DO��������� 

&RQVHUYDWLRQ� SURJUDPV� IRU�'HQGURELXP� WDX�
UXOLQXP�VKRXOG�EH�IRUPXODWHG�WR�SURWHFW� WKLV�VSHFLHV�
IURP�EHFRPLQJ� H[WLQFW�� 3URSDJDWLRQ� SOD\V� D� VLJQLIL�
FDQW�UROH�LQ�WKH�FRQVHUYDWLRQ�RI�WKUHDWHQHG�VSHFLHV�WR�
JHQHUDWH�D� ODUJH�QXPEHU�RI�VHHGOLQJV�IRU� UHLQWURGXF�

WLRQ�RU�UHLQIRUFHPHQW�WR�LQFUHDVH�WKH�SRSXODWLRQ�VL]H��
$V\PELRWLF� VHHG� FXOWXUH� WHFKQLTXHV� DUH� RIWHQ� DQG�
ZLGHO\�XVHG�LQ�WKH�SURSDJDWLRQ�RI�RUFKLGV��5XEOXR�HW�
DO��� ������5DPVD\� DQG�6WHZDUW�� ������.DXWK� HW� DO����
������6DUDVDQ�HW�DO���������GD�6LOYD�������� 

$V\PELRWLF� VHHG� FXOWXUH� LV� DGRSWHG� LQ� WKH�
SURSDJDWLRQ�RI�RUFKLGV�EDVHG�RQ�WKH�ELRORJLFDO�FKDU�
DFWHULVWLF� RI� RUFKLGV��2UFKLGV� KLJKO\�GHSHQG�RQ�P\�
FRUUKL]DO�IXQJL�WR�VXSSRUW�VHHG�JHUPLQDWLRQ�DQG�VHHG�
OLQJ� GHYHORSPHQW�� )RU� VRPH� RUFKLGV�� WKLV�P\FRUUKL�
]DO�GHSHQGHQF\�UHPDLQV�WR�WKH�DGXOW�VWDJH��HQWLUH�OLIH�
RI�RUFKLGV���2UFKLG�VHHGV�DUH�WLQ\�DQG�ODFN�RI�QXWULHQW�
UHVHUYHV��$UGLWWL�DQG�*KDQL���������)RU�JHUPLQDWLRQ��
RUFKLG�VHHGV�UHTXLUH�H[WHUQDO�QXWULHQW�VXSSO\��7KLV�LV�
IXOILOOHG� E\� IRUPLQJ� V\PELRWLF� DVVRFLDWLRQV� ZLWK�
FRPSDWLEOH�P\FRUUKL]DO� IXQJL� LQ� QDWXUDO� KDELWDWV�� DV�
P\FRUUKL]DO�IXQJL�VHUYH�DV�VXSSOLHUV�RI�QXWULHQWV�VXFK�
DV�FDUERQ�VRXUFH��YLWDPLQV�DQG�RWKHU�HVVHQWLDO�QXWUL�
HQWV� �6PLWK� DQG� 5HDG�� � ������ %DWW\� HW� DO��� ����� 

7+(�())(&7�2)�&8/785(�0(',$�$1'�$&7,9$7('�&+$5&2$/� 
21�$6<0%,27,&�6(('�*(50,1$7,21�$1'�6(('/,1*�'(9(/230(17� 
2)�$�7+5($7(1('�25&+,'�'HQGURELXP�WDXUXOLQXP�-�-��6PLWK�,1�9,752�
>3HQJDUXK�0HGLD�.XOWXU�GDQ�$UDQJ�$NWLI�SDGD�3HUNHFDPEDKDQ�%LML�GDQ� 

3HUNHPEDQJDQ�6HHGOLQJ�$QJJUHN�/DQJND�'HQGURELXP WDXUXOLQXP -��-��6PLWK LQ�YLWUR@ 
 

6LWL�1XUIDGLODK 

3XUZRGDGL�%RWDQLF�*DUGHQ�,QGRQHVLDQ�,QVWLWXWH�RI�6FLHQFHV 
-O��6XUDED\D-0DODQJ�.P�����3XUZRGDGL�3DVXUXDQ�(DVW�-DYD�,QGRQHVLD������ 

HPDLO��VLWL�QXUIDGLODK#OLSL�JR�LG��IDGLODK]U#JPDLO�FRP 

 

$%675$&7 

6HHG�JHUPLQDWLRQ�DQG�VHHGOLQJ�GHYHORSPHQW�DUH�DQ�LQLWLDO�DQG�FUXFLDO�VWDJH�LQ� WKH�SODQW�JURZWK�DQG�GHYHORSPHQW��0DQ\�IDFWRUV� LQIOXHQFH�
VHHG�DQG�VHHGOLQJ�GHYHORSPHQW��7KH�DLP�RI�WKH�SUHVHQW�VWXG\�ZDV�WR�LQYHVWLJDWH�WKH�HIIHFWV�RI�GLIIHUHQW�FXOWXUH�PHGLD��.&��9:��DQG�06��
DQG� WKH� FRQFHQWUDWLRQ� RI� DFWLYDWHG� FKDUFRDO� ��� J�O� DQG� �� J�O�� RQ� DV\PELRWLF� VHHG� JHUPLQDWLRQ� DQG� VHHGOLQJ� GHYHORSPHQW� RI� D� WKUHDWHQHG� 
RUFKLG��'HQGURELXP�WDXUXOLQXP��5HVXOWV�VKRZHG�WKDW�JHUPLQDWLRQ�RFFXUUHG�UHJDUGOHVV�RI�FXOWXUH�PHGLD�W\SH��KRZHYHU�WKH�SHUFHQWDJH�RI�VHHG�
JHUPLQDWLRQ�ZDV�KLJKHU�RQ�PHGLD�ZLWK���J�O�DFWLYDWHG�FKDUFRDO��!�������WKDQ�RQ�PHGLD�ZLWKRXW�DFWLYDWHG�FKDUFRDO����J�O���$IWHU����ZHHNV�
DV\PELRWLF�VHHG�FXOWXUH��VHHGV�VRZQ�RQ�PHGLD�ZLWK���J�O�DFWLYDWHG�FKDUFRDO�JUHZ�DQG�GHYHORSHG�PRUH�UDSLGO\� WR� OHDI-EHDULQJ�SURWRFRUPV�
�VHHGOLQJV�� FRPSDUHG� WR� PHGLD� ZLWKRXW� DFWLYDWHG� FKDUFRDO�7KH� KLJKHVW� RFFXUUHQFH� RI� DGYDQFHG� VHHGOLQJV� �VWDJH� ��� �������� ZDV� 
REVHUYHG�RQ�06�PHGLXP�ZLWK���J�O�DFWLYDWHG�FKDUFRDO� 
 

.H\�ZRUGV��WKUHDWHQHG�RUFKLG��VHHG�JHUPLQDWLRQ��VHHGOLQJ�GHYHORSPHQW��FRQVHUYDWLRQ��'HQGURELXP�WDXUXOLQXP  

 

$%675$. 

3HUNHFDPEDKDQ�ELML�GDQ�SHUNHPEDQJDQ�VHHGOLQJ�PHUXSDNDQ�WDKDSDQ�LQLVLDVL�SHQWLQJ�GDODP�SHUWXPEXKDQ�GDQ�SHUNHPEDQJDQ�WDQDPDQ��%DQ�
\DN� IDNWRU�PHPSHQJDUXKL�SHUNHFDPEDKDQ�ELML�GDQ�SHUNHPEDQJDQ� VHHGOLQJ��7XMXDQ�GDUL�SHQHOLWLDQ� LQL�DGDODK�XQWXN�PHQJHWDKXL�SHQJDUXK�
GDUL�PHGLD� NXOWXU� �.&��9:�� GDQ�06�� GDQ� NRQVHQWUDVL� DUDQJ� DNWLI� ��� J�O� GDQ� �� J�O�� WHUKDGDS� SHUNHFDPEDKDQ� ELML� VHFDUD� DVLPELRWLN� GDQ�
SHUNHPEDQJDQ� VHHGOLQJ� DQJJUHN� ODQJND��'HQGURELXP� WDXUXOLQXP��+DVLO�SHQHOLWLDQ� LQL�PHQXQMXNNDQ�EDKZD�ELML� EHUNHFDPEDK�SDGD� VHPXD�
MHQLV�PHGLD��WHWDSL��SHUVHQWDVH�SHUNHFDPEDKDQ�ELML�SDGD�PHGLD�GHQJDQ���J�O�DUDQJ�DNWLI��OHELK�WLQJJL��!�������GLEDQGLQJNDQ�GHQJDQ�SHUVHQ�
WDVH�SHUNHFDPEDKDQ�ELML�SDGD�PHGLD�GHQJDQ���J�O�DUDQJ�DNWLI��6HWHODK����PLQJJX�NXOWXU�ELML�VHFDUD�DVLPELRWLN��ELML�\DQJ�WXPEXK�SDGD�PHGLD�
GHQJDQ���J�O�DUDQJ�DNWLI�WXPEXK�GDQ�EHUNHPEDQJ�OHELK�FHSDW�PHQMDGL�VHHGOLQJ�GLEDQGLQJNDQ�GHQJDQ�SDGD�PHGLD�WDQSD�DUDQJ�DNWLI��6HHGOLQJ�
SDGD� IDVH���� IDVH�SDGD� WDKDSDQ�SHUWXPEXKDQ�VHHGOLQJ� OHELK� ODQMXW�EDQ\DN�GLMXPSDL� WXPEXK����������SDGD�PHGLD�06�GHQJDQ���J�O�DUDQJ�
DNWLI��� 
 

.DWD�NXQFL��DQJJUHN�\DQJ�WHUDQFDP��SHUNHFDPEDKDQ�ELML��SHUNHPEDQJDQ�VHHGOLQJ��NRQVHUYDVL��'HQGURELXP�WDXUXOLQXP � 
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�5DVPXVVHQ�� ������%UXQGUHWW� HW� DO��������� 6ZDUWV� HW�
DO���������� ,Q� WKH� ODERUDWRU\�� DJDU�PHGLD� FRQWDLQLQJ�
HVVHQWLDO� QXWULHQWV� KDYH� EHHQ� GHYHORSHG� LQFOXGLQJ�
.&� �.QXGVRQ� &�� .QXGVRQ�� ������� 9:� �9DFLQ� DQG�
:HQW���������DQG�06��0XUDVKLJH�DQG�6NRRJ��������
WKDW� VXSSRUW� RUFKLG� VHHG� JHUPLQDWLRQ� E\� DFWLQJ� DV� D�
VXEVWLWXWH� IRU�QXWULHQWV�VXSSOLHG�E\�P\FRUUKL]DO� IXQ�
JL�� 2UFKLG� VHHGV� DUH� VRZQ� RQ� WKHVH� QXWULHQW-
FRQWDLQLQJ�PHGLD�LQ�DVHSWLF�FXOWXUH��ZKLFK�LV�WHUPHG�
DV\PELRWLF�VHHG�FXOWXUH���������� 

$V\PELRWLF� VHHG� JHUPLQDWLRQ� SURWRFROV� KDYH�
EHHQ�HVWDEOLVKHG�IRU�PDQ\�RUFKLG�VSHFLHV��7KH�SURWR�
FROV�RI�RUFKLG�VHHG�JHUPLQDWLRQ�DUH�VSHFLHV-VSHFLILF��
ZKHUH� HDFK� VSHFLHV� UHTXLUH� D� VSHFLILF� SURWRFRO� WKDW�
FDQ�EH�GLIIHUHQW� WR�RWKHU� VSHFLHV� �3HGUR]D-0DQULTXH�
DQG�0LFDQ-*XWLHUUH]��������6WHZDUW�DQG�.DQH��������
-RKQVRQ�HW�DO���������$YLOD-'LD]�HW�DO���������9\DV�HW�
DO���������9DVXGHYDQ� DQG� 6WDGHQ�� ������5R\� HW� DO���
������ 3DXO� HW� DO��� ������� 7KH� DGGLWLRQ� RI� DFWLYDWHG�
FKDUFRDO�LQ�FXOWXUH�PHGLD�KDV�VKRZQ�WR�SURPRWH�VHHG�
JHUPLQDWLRQ� RI� PDQ\� RUFKLGV� �(UQVW�� ������ $UGLWWL��
������=QDQLHFND�HW�DO���������+RVVDLQ��������3DFHN-

%LHQLN�HW�DO���������+RVVDLQ�HW�DO���������6KLQ�HW�DO���
�������7KH��DLP�RI�WKH�SUHVHQW�VWXG\�ZDV�WR�H[DPLQH�
YDULRXV� EDVDO� JHUPLQDWLRQ� PHGLD� ZLWK� DQG� ZLWKRXW�
DGGLWLRQ�RI�DFWLYDWHG�FKDUFRDO�WR�GHYHORS�DQ�HIILFLHQW�
DV\PELRWLF� VHHG� JHUPLQDWLRQ� DQG� VHHGOLQJ� GHYHORS�
PHQW�SURWRFRO�IRU�'HQGURELXP�WDXUXOLQXP�WR�VXSSRUW�
FRQVHUYDWLRQ�RI�WKLV�WKUHDWHQHG�VSHFLHV�� 

0$7(5,$/6�$1'�0(7+2'6 

6HHG�VRXUFH�DQG�VWHULOL]DWLRQ 

0DWXUH� FDSVXOHV� �GHKLVFHG� FDSVXOHV�� ZHUH�
FROOHFWHG�IURP�'HQGURELXP�WDXUXOLQXP�SODQWV� LQ� WKH�
JUHHQ� KRXVH� RI� 3XUZRGDGL� %RWDQLF� *DUGHQ-

,QGRQHVLDQ� ,QVWLWXWH� RI� 6FLHQFHV�� 6HHGV� IURP� GH�
KLVFHG� FDSVXOHV� �VLJQLI\LQJ� WKDW� WKH� HPEU\RV� ZHUH�
FRPSOHWHO\�GHYHORSHG�DQG�PDWXUH��ZHUH�SODFHG�LQ�DQ�
HQYHORSH�DQG�NHSW�LQ�DPELHQW�WHPSHUDWXUH��7KH�VHHGV�
ZHUH� SURFHVVHG� IRU� DV\PELRWLF� VHHG� JHUPLQDWLRQ�
WUHDWPHQWV� WKH� QH[W� GD\�� 7KH� VHHGV� ZHUH� SODFHG� LQ�
IROGHG�ILOWHU�SDSHUV��DQG�VXUIDFH�VWHULOLVHG�LQ�����Y�Y�
VRGLXP� K\SRFKORULWH� �1D2&O�� VROXWLRQ� IRU� ���
PLQXWHV� DQG� ULQVHG� WKUHH� WLPHV� LQ� VWHULOH� GLVWLOOHG�
ZDWHU�� 

 

$V\PELRWLF�VHHG�JHUPLQDWLRQ�PHGLD�DQG�DFWLYDWHG�

FKDUFRDO�WUHDWPHQWV 

7KUHH� DV\PELRWLF� VHHG� JHUPLQDWLRQ� PHGLD��
.QXGVRQ�&� �.&���9DFLQ� DQG�:HQW� �9:��� DQG�0X�
UDVKLJH�DQG�6NRRJ� �06��ZHUH� VFUHHQHG� IRU� WKHLU�HI�
IHFWLYHQHVV� LQ� SURPRWLQJ� DV\PELRWLF� VHHG� JHUPLQD�
WLRQ� DQG� VHHGOLQJ� GHYHORSPHQW� �7DEOH� ��7DEOH� ����
7KH� HIIHFW� RI� WKH� DGGLWLRQ� RI� DFWLYDWHG� FKDUFRDO�
��%UDWDFR�����J�O�DQG���J�O��LQWR�PHGLD�RQ�WKH�DV\P�
ELRWLF� JHUPLQDWLRQ� DQG� VHHGOLQJ� GHYHORSPHQW� ZDV�
DOVR�H[DPLQHG� 

7KH�S+�RI�DOO�PHGLD�ZDV�DGMXVWHG�WR�����ZLWK�

1D2+�DQG�+&O�SULRU� WR� DXWRFODYLQJ� DW� ���ö�&������

SVL� IRU����PLQXWHV��6XUIDFH�VWHULOLVHG�VHHGV�ZHUH� LQ�
RFXODWHG�RQWR� WKH� VXUIDFH�RI� VWHULOH�JHUPLQDWLRQ�PH�
GLD�LQ���FP�GLDPHWHU�3HWUL�SODWHV�FRQWDLQLQJ�FD�����PO�
PHGLD� XVLQJ� D� VWHULOH� EDFWHULDO� LQRFXODWLQJ� ORRS��$Q�
DYHUDJH� RI� ��� VHHGV� ZHUH� VRZQ� RQWR� HDFK� SODWH��
7KUHH� UHSOLFDWH� SODWHV� ZHUH� SUHSDUHG� IRU� HDFK� WUHDW�
PHQW�� 3ODWHV� ZHUH� VHDOHG� ZLWK� D� WKHUPRSODVWLF� ILOP�

�3DUDILOPÑ��� 6HHG� FXOWXUHV� ZHUH� LQFXEDWHG� DW� ��ö&�

DQG�XQGHU����K�OLJKW������K�GDUN�SKRWRSHULRG� 
 

*HUPLQDWLRQ�VFRULQJ�DQG�VWDWLVWLFDO�DQDO\VLV 

6HHG� JHUPLQDWLRQ� ���� DQG� VHHGOLQJ� GHYHORS�
PHQW� VWDJH� �VFDOH� RI� �� -� ��� 7DEOH� ��� ZHUH� UHFRUGHG�
DIWHU����ZHHNV��3HUFHQWDJH�RI�VHHGOLQJV�LQ�HDFK�VWDJH�
ZDV� FDOFXODWHG� IRU� HDFK� WUHDWPHQW� E\� GLYLGLQJ� WKH�
QXPEHU� RI� JHUPLQDWHG� VHHGV� LQ� HDFK� VWDJH� E\� WKH�
WRWDO�QXPEHU�RI�VHHGV�[�����*HUPLQDWLRQ�ZDV�FRQVLG�
HUHG� WR� KDYH� RFFXUUHG� RQO\� ZKHQ� SURWRFRUPV� ZHUH�

)LJXUH����'HQGURELXP�WDXUXOLQXP �IORZHU ��SKRWR�
 ��E\��'HVWDULR�0HWXVDOD� 



  �� 

1XUIDGLODK��±�7KH�(IIHFW�RI�&XOWXUH�0HGLD�DQG�$FWLYDWHG�&KDUFRDO�RQ�$V\PELRWLF�6HHG�*HUQLQDWLRQ�DQG�6HHGOLQJ�'HYHORSPHQW� 

 

SUHVHQW��VWDJH�����)LJ���DQG�)LJ������7RWDO�SHUFHQWDJH�
RI� VHHG� JHUPLQDWLRQ� ZDV� FDOFXODWHG� E\� GLYLGLQJ� WKH�
WRWDO�QXPEHU�RI�JHUPLQDWHG�VHHGV�DW�VWDJHV��� -��� LQ�
FOXVLYH�E\� WKH� WRWDO�QXPEHU�RI� VHHGV�[������6WDJH���
UHSUHVHQWHG�XQJHUPLQDWHG�VHHGV��'DWD�ZHUH�DQDO\]HG�
XVLQJ�$QDO\VLV�RI�9DULDQFH��$129$��0,1,7$%�����
6LJQLILFDQW� GLIIHUHQFHV� EHWZHHQ� WUHDWPHQWV�ZHUH� GH�
WHUPLQHG�E\�7XNH\¶V�WHVW�DW�.� ������ 

 

5(68/76 

'HYHORSPHQWDO�VWDJHV�IURP�VHHGV�WR�VHHGOLQJV 

5HFRUGV� RI� WKH� JURZWK� DQG� GHYHORSPHQW� RI�
VHHGV� RI� 'HQGURELXP� WDXUXOLQXP� LQWR� VHHGOLQJV� LQ�
DV\PELRWLF�FXOWXUH� VKRZHG� WKH� VHTXHQFH�RI�GHYHORS�
PHQWDO� VWDJHV� �)LJ�� ��� 7DEOH� ���� 6HHG� JHUPLQDWLRQ�
ZDV� PDUNHG� E\� WKH� PRUSKRORJLFDO� GHYHORSPHQW� RI�
VHHGV� LQWR� D� JUHHQ� VSKHULFDO� VWUXFWXUH� �SURWRFRUPV��
�VWDJH�����)XUWKHU�GHYHORSPHQW�ZDV� VLJQLILHG�E\� WKH�

7DEOH����6HHG�JHUPLQDWLRQ�DQG�GHVFU LSWLRQ�RI�HDU O\�WR�ODWH�VWDJHV�RI�VHHGOLQJ�GHYHORSPHQW�GXU LQJ� LQ�YLWUR�
FXOWXUH�RI�'HQGURELXP�WDXUXOLQXP�� 

7DEOH����1XWU LHQW�FRPSRVLWLRQ�RI�JHUPLQDWLRQ�PHGLD�XVHG�IRU �DV\PELRWLF�VHHG�JHUPLQDWLRQ�RI�'HQGUREL�
XP�WDXUXOLQXP��PRGLILHG�IURP�'XWUD�HW�DO�������� 

  .& 9: 06 

0DFURQXWULHQWV��P0�       

$PPRQLXP ���� ���� ����� 

1LWUDWH ���� ���� ����� 

&DOFLXP ���� ���� ���� 

&KORULQH - - ���� 

0DJQHVLXP ���� ���� ���� 

3RWDVVLXP ���� ����� ����� 

3KRVSKDWH ���� ���� ���� 

6XOSKDWH ���� ���� ���� 

6RGLXP - - ����� 

0LFURQXWULHQWV���0�       

%RURQ - - ��� 

&REDOW - - ��� 

,URQ ��� ��� ��� 

&RSSHU - - ��� 

0DQJDQHVH �� ����� ��� 

,RGLQH - - � 

0RO\EGHQXP - - � 

=LQF - - �� 

2UJDQLF�QXWULHQW       

&RFRQXW�ZDWHU 
6XFURVH 

����PO 
���J 

����PO 
���J 

����PO 
���J 

.&-�.QXGVRQ�&��9:�±�9DFLQ�	�:HQW��06-0XUDVKLJH�	�6NRRJ 

1R 6WDJH 'HVFULSWLRQ 

� 6WDJH�� 8QJHUPLQDWHG�VHHGV 

� 6WDJH�� 3URWRFRUP 

� 6WDJH�� 3URWRFRUP�ZLWK�WKH�LQLWLDWLRQ�RI�OHDI�SULPRUGLXP�DQG�UKL]RLGV 

� 6WDJH�� 3ODQWOHW�ZLWK�ILUVW�OHDI 

� 6WDJH�� 3ODQWOHW�ZLWK���OHDYHV 
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GHYHORSPHQW� RI� OHDI� SULPRUGLD� DQG� UKL]RLGV� WKDW�
HPHUJHG� IURP� WKH� DSLFDO� DQG� EDVDO� SDUWV� RI� WKH� 
SURWRFRUPV�� UHVSHFWLYHO\� �VWDJH� ���� $GYDQFHG� VHHG�
OLQJ� GHYHORSPHQW� RFFXUHG�ZKHUH� D� OHDI� SULPRUGLXP�
GHYHORSHG�DQG�FRQYHUWHG� LQWR� WKH� ILUVW� OHDI� �VWDJH����
DQG� GHYHORSHG� IXUWKHU� LQWR� SODQWOHWV� ZLWK� �� OHDYHV�
�VWDJH�����7KH�VWDJHV�RI��JURZWK�DQG�GHYHORSPHQW�RI�
'�� WDXUXOLQXP� VHHGV� LQWR� VHHGOLQJV� ZHUH� VLPLODU� WR�
RWKHU� RUFKLGV� DV� GHVFULEHG� LQ� �5DPVD\� HW� DO��� ������
-RKQVRQ�HW� DO���������'XWUD�HW� DO���������9DVXGHYDQ�
DQG�YDQ�6WDGHQ��������6WHZDUW�DQG�.DQH��������� 

 

$V\PELRWLF�VHHG�JHUPLQDWLRQ�PHGLD�DQG�DFWLYDWHG�

FKDUFRDO�WUHDWPHQWV 

$IWHU����ZHHNV�DV\PELRWLF�FXOWXUH��VHHGV�JHU�
PLQDWHG�RQ�DOO�PHGLD�WUHDWPHQWV��.&��9:��DQG�06��
ZLWK�RU�ZLWKRXW� DFWLYDWHG� FKDUFRDO� ���J�O� DQG���J�O���
ZLWK� WKH� WRWDO�VHHG�JHUPLQDWLRQ�UDQJHG�IURP��������
WR� ����� �� �)LJ�� ���+RZHYHU�� WKHUH� ZDV� YDULHG� UH�
VSRQVH� LQ� WHUPV� RI� VHHG� JHUPLQDWLRQ� DQG� VHHGOLQJ�
GHYHORSPHQWDO� VWDJH� EHWZHHQ� FXOWXUH�PHGLD�ZLWK� RU�
ZLWKRXW�DFWLYDWHG�FKDUFRDO����J�O�DQG���J�O���7DEOH����� 

(DUO\�GHYHORSPHQWDO�VWDJHV����DQG����VKRZHG�
W\SLFDO� DSSHDUDQFH� RI� SURWRFRUPV� DQG� SURWRFRUPV�
ZLWK� OHDI�SULPRUGLD�DQG�ZHUH�PRUH�SUHYDOHQW�LQ�FXO�
WXUH�PHGLD�ZLWK���J�O�DFWLYDWHG�FKDUFRDO�WKDQ�LQ���J�O�
DFWLYDWHG� FKDUFRDO� �7DEOH� ���� $� KLJK� SHUFHQWDJH� RI�
VWDJH���ZDV�REVHUYHG�LQ�.&�DQG�9:�ZLWK���J�O�DFWL�
YDWHG� FKDUFRDO� �UHVSHFWLYHO\�� ����� �� DQG� ��������

)LJXUH����$V\PELRWLF�VHHG�JHUPLQDWLRQ�DQG�VHHGOLQJ�GHYHORSPHQW�RI�'HQGURELXP�WDXUXOLQXP��D��6WDJH����
 ���XQJHUPLQDWHG�VHHGV��E��*HUPLQDWLRQ��6WDJH����SURWRFRUPV��F��6WDJH����SURWRFRUPV�ZLWK�WKH�LQLWLDWLRQ�
 ���RI� OHDI�SULPRUGLXP�DQG�UKL]RUGV��G��6WDJH����SURWRFRUPV�ZLWK� ILUVW�JUHHQ� OHDI� �H��6WDJH����3ODQWOHWV�����
 ���ZLWK���OHDYHV�DIWHU����ZHHNV�RI�VHHG�LQRFXODWLRQ��6FDOH�EDUV� ���PP� 
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ZKLOH� D� KLJK�SHUFHQWDJH�RI� VWDJH���ZDV�REVHUYHG� LQ�
06�ZLWK���J�O�DFWLYDWHG�FKDUFRDO�����������7DEOH��� 

$GYDQFHG�VHHGOLQJ�GHYHORSPHQW��VWDJHV���DQG�
��� VKRZHG� WKH� HPHUJHQFH� RI� WKH� ILUVW� RQH� WR� WZR�
OHDYHV��DQG�ZDV�PRUH�SUHYDOHQW�LQ�FXOWXUH�PHGLD�ZLWK�
��J�O�DFWLYDWHG�FKDUFRDO��7DEOH�����0HGLD�.&�ZLWK���
J�O�DFWLYDWHG�FKDUFRDO�VXSSRUWHG� WKH�KLJKHVW�SHUFHQW�
DJH� RI� VWDJH� �� SURWRFRUPV� ������ ���� +RZHYHU� WKH�
PRVW� DGYDQFHG� VHHGOLQJ�GHYHORSPHQW� �VWDJH����RQO\�
RFFXUHG� LQ�06�ZLWK���J�O�DFWLYDWHG�FKDUFRDO�ZLWK� �D�
KLJK���������REVHUYHG���7DEOH�������� 

,W� FDQ� EH� VHHQ� FOHDUO\� WKDW�'HQGURELXP� WDX�
UXOLQXP� VHHGV�JUHZ�DQG�GHYHORSHG�PRUH� UDSLGO\�RQ�
PHGLD� ZLWK� �� J�O� DFWLYDWHG� FKDUFRDO� WKDQ� RQ� PHGLD�
ZLWK�QR�DFWLYDWHG�FKDUFRDO��)LJXUH�����$IWHU����ZHHNV�
DV\PELRWLF�VHHG�FXOWXUH��VHHGV�RQ�PHGLD�ZLWKRXW�DFWL�

YDWHG� FKDUFRDO� RQO\� GHYHORSHG� LQWR� VWDJH� �� DQG� ��
SURWRFRUPV�� 6HHGV� VRZQ� RQ� .&� ZLWKRXW� DFWLYDWHG�
FKDUFRDO� RQO\� UHDFKHG� VWDJH� ��� ZKLOH� 9:� DQG� 06�
ZLWKRXW� DFWLYDWHG� FKDUFRDO� UHDFKHG� VWDJH� �� �)LJXUH�
����6HHGV�RQ�PHGLD�ZLWK���J�O�DFWLYDWHG�FKDUFRDO�GH�
YHORSHG� LQWR� DGYDQFHG� VWDJH� SURWRFRUPV� ��� DQG� ���
PRUH�RIWHQ�WKDW�RQ�PHGLD�ZLWKRXW�DFWLYDWHG�FKDUFRDO��
.&� DQG� 9:� PHGLD� ZLWK� �� J�O� DFWLYDWHG� FKDUFRDO�
FRXOG� UHDFK� VWDJH� �� DIWHU� ��� ZHHNV� VHHG� FXOWXUH��
ZKLOH� WKH�PRVW� DGYDQFHG� VHHGOLQJV� ZLWK� WZR� OHDYHV�
�VWDJH����ZHUH�RQO\�IRXQG�RQ�06�ZLWK���J�O�DFWLYDWHG�
FKDUFRDO��ZKLOH�RQ�.&�DQG�:9��ZLWK���J�O�DFWLYDWHG�
FKDUFRDO�� RQO\� GHYHORSHG� LQWR� VHHGOLQJV� ZLWK� ILUVW�
OHDI���)LJXUH����� 

7RWDO� SHUFHQWDJH� RI� VHHG� JHUPLQDWLRQ� ZDV�
FDOFXODWHG�IURP�WKH� WRWDO�RI�SHUFHQWDJH�RI� VWDJH��� WR�

$FWLYDWHG�FKDUFRDO���J�O  $FWLYDWHG�FKDUFRDO���J�O  

&XOWXUH�
0HGLD 

6WDJH���
��� 

6WDJH���
��� 

6WDJH���
��� 

6WDJH���
��� 

6WDJH���
��� 

6WDJH���
��� 
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��� 6WDJH������ 
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7DEOH� ���&RPSDUDWLYH�HIIHFWV�RI�FXOWXUH�PHGLD�DQG�DFWLYDWHG�FKDUFRDO�RQ� LQ�YLWUR� �VHHG�JHUPLQDWLRQ�DQG�
VHHGOLQJ�GHYHORSPHQW�VWDJH�SHUFHQWDJH�����DIWHU����ZHHN�DV\PELRWLF�VHHG�FXOWXUH�RI�'��WDXUXOLQXP��� 

1RWH��'LIIHUHQW�OHWWHUV�LQGLFDWH�VLJQLILFDQWO\�GLIIHUHQW��.&��.QXGVRQ�&���9:��9DFLQ�DQG�:HQW���06��0XUDVKLJH�DQG�6NRRJ� 

)LJXUH� ���7KH�HIIHFW�RI�FXOWXUH�PHGLD�DQG�DFWLYDWHG�FKDUFRDO�RQ�WKH�WRWDO�SHUFHQWDJH�RI�VHHG�JHUPLQDWLRQ����
 ����RI�'HQGURELXP� WDXUXOLQXP� �� 6(� �6WDQGDUW� (UURU��� 'LIIHUHQW� OHWWHUV� DERYH� FROXPQV� LQGLFDWH� VLJQL- 
������I\FDQWO\�GLIIHUHQW��.&��NUXGVRQ�&���9:��9DFLQ�DQG�:HQW���06��0XUDVKLJH�DQG�6NRRJ� 
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VWDJH����H[FOXGLQJ�VWDJH����XQJHUPLQDWHG�VHHGV���7KH�
UHVXOW� VKRZHG� WKDW� WKH� DGGLWLRQ� RI� �� J�O� DFWLYDWHG�
FKDUFRDO� LQ� DOO� FXOWXUH�PHGLD� UHVXOWHG� LQ� KLJKHU�JHU�
PLQDWLRQ��������-����������WKDQ�PHGLD�ZLWKRXW�DFWL�
YDWHG�FKDUFRDO�������-�����������)LJXUH����� 

 

',6&866,21 

$V\PELRWLF� VHHG� JHUPLQDWLRQ� KDV� EHHQ� DS�
SOLHG� IRU� SURSDJDWLRQ� DQG� FRQVHUYDWLRQ� RI� PDQ\�

WKUHDWHQHG�RUFKLGV�� ,Q� WKH�SUHVHQW� VWXG\��DQ�HIILFLHQW�
SURWRFRO� IRU�VHHG�JHUPLQDWLRQ�DQG�VHHGOLQJ�GHYHORS�
PHQW�RI�D�WKUHDWHQHG�,QGRQHVLDQ�RUFKLG��'HQGURELXP�
WDXUXOLQXP�ZDV�GHYHORSHG��2UFKLG�VHHGV�ODFN�RI�QX�
WULHQW�UHVHUYHV��WKXV��H[RJHQRXV�QXWULHQWV�DUH�UHTXLUHG�
WR�VXSSRUW�VHHGV�WR�JHUPLQDWH��-RKQVRQ�HW�DO����������
$� YDULHW\� RI� FXOWXUH�PHGLD� LQFOXGLQJ�.&� �.QXGVRQ�
&���9:��9DFLQ�DQG�:HQW���DQG�06��0XUDVKLJH�DQG�
6NRRJ�� WKDW� FRQWDLQ� D� YDULHW\� RI� FRPSRVLWLRQ� DQG�

)LJXUH����&RPSDUDWLYH�JURZWK�DQG�GHYHORSPHQW�RI�'��WDXUXOLQXP�VHHGV�RQ�PHGLD�.&��9:�DQG�06�ZLWK�
 ���WKH��DGGLWLRQ�RI�DFWLYDWHG�FKDUFRDO����J�O�DQG�J�O��DIWHU����ZHHNV�VHHG�FXOWXUH�LQ�YLWUR 
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FRQFHQWUDWLRQ�RI� QXWULHQWV� KDV�EHHQ�XVHG� LQ� WKH�SUH�
VHQW� VWXG\� DV� WKH� VXEVWLWXWH� RI� QXWULHQWV� VXSSOLHG� E\�
P\FRUUKL]DO�IXQJL�LQ�WKH�QDWXUDO�KDELWDW��&XOWXUH�PH�
GLD�FRQWDLQLQJ�DFWLYDWHG�FKDUFRDO�DUH�NQRZQ�WR�KDYH�
EHQHILFLDO� HIIHFWV� ZLWK� LQ� YLWUR� FXOWXUH� RI� RUFKLGV�
�(UQVW�� ������ $UGLWWL�� ������ =QDQLHFND� HW� DO��� ������
7KRPSVRQ�HW�DO���������+RVVDLQ��������3DFHN-%LHQLN�
HW�DO���������6KLQ�HW�DO��������� 

,Q� WKH� SUHVHQW� VWXG\�� VHHGV� JHUPLQDWHG� LQ� DOO�
FXOWXUH�PHGLD�ZLWK�RU�ZLWKRXW� �DFWLYDWHG�FKDUFRDO����
RU���J�O���+RZHYHU�� WKHUH�ZDV�YDULDWLRQ� LQ� VHHG�JHU�
PLQDWLRQ�UHVSRQVH�DQG�GHYHORSPHQWDO�VWDJHV�EHWZHHQ�
WKHVH�WUHDWPHQWV��$FWLYDWHG�FKDUFRDO��DSSHDUV�WR�VXS�
SRUW�JUHDWHU�VHHG�JHUPLQDWLRQ�LQ�DOO�FXOWXUH�PHGLD��!�
��� ��� FRPSDUHG� WR� WUHDWPHQWV� ZLWKRXW� DFWLYDWHG�
FKDUFRDO��7KHVH�UHVXOWV�FRQILUP�UHVXOWV�LQ�RWKHU�VWXG�
LHV�VKRZLQJ�WKDW�DFWLYDWHG�FKDUFRDO�KDV�DQ�LPSRUWDQW�
UROH� LQ� WKH� VHHG� JHUPLQDWLRQ� RI� PDQ\� RWKHU� RUFKLG�
VSHFLHV��(UQVW��������$UGLWWL��������=QDQLHFND�HW�DO���
������7KRPSVRQ�HW�DO���������+RVVDLQ��������3DFHN-

%LHQLN�HW�DO���������6KLQ�HW�DO����������=QDQLHFND�HW�DO�
������� UHSRUWHG� WKDW� WKH� DGGLWLRQ� RI� DFWLYDWHG� FKDU�
FRDO�LQ�FXOWXUH�PHGLD�UHVXOWHG�LQ�WKH�KLJKHVW�SHUFHQW�
DJH�RI�VHHG�JHUPLQDWLRQ�RI�(QF\FOLD�DII��RQFLGLRLGHV��
+RVVDLQ� ������� DOVR� GHPRQVWUDWHG� WKDW� WKH� SHUFHQW�
DJH� RI� VHHG� JHUPLQDWLRQ� RI� (SLGHQGUXP� LEDJXHQVH�
LQFUHDVHG� RQ� PHGLD� VXSSOHPHQWHG� ZLWK� DFWLYDWHG�
FKDUFRDO��3DFHN-%LHQLN�HW�DO��������DOVR�UHSRUWHG�WKDW�
DV\PELRWLF� VHHG� JHUPLQDWLRQ� DQG� VHHGOLQJ� GHYHORS�
PHQW�RI�=\JRVWDWHV�JUDQGLIORUD�ZDV�EHWWHU�RQ�PHGLD�
VXSSOHPHQWHG� ZLWK� DFWLYDWHG� FKDUFRDO�� 6KLQ� HW� DO�
�������DOVR�UHSRUWHG�WKH�VLJQLILFDQW�HIIHFW�RI�WKH�DFWL�
YDWHG� FKDUFRDO� WR� LQFUHDVH� WKH� SHUFHQWDJH� RI� VHHG�
JHUPLQDWLRQ� RI�&DODQWKH� K\EULGV�� ,Q� FRQWUDVW� WR� WKH�
SURPRWLYH� HIIHFW� RI� WKH� DFWLYDWHG� FKDURFRDO� RQ� VHHG�
JHUPLQDWLRQ� DQG� VHHGOLQJ� GHYHORSPHQW� WKDW� KDYH�
EHHQ� ZLGHO\� UHSRUWHG�� 3LHULN� HW� DO��� ������� UHSRUWHG�
WKDW�DFWLYDWHG�FKDUFRDO�KDG�QR�HIIHFWV�RQ�VHHG�JHUPL�
QDWLRQ� DQG� VOLJKWO\� LQKLELWHG� VHHG� JHUPLQDWLRQ� RI�
3DSKLRSHGLOXP� FLOLRUH�� EXW� SRVLWLYHO\� LQFUHDVHG� 
IXUWKHU�VHHGOLQJ�GHYHORSPHQW�� 

$IWHU� ���ZHHNV� DV\PELRWLF� VHHG� FXOWXUH�� GLI�
IHUHQW� UHVSRQVHV� LQ� GHYHORSPHQWDO� VWDJHV� EHWZHHQ�
WUHDWPHQWV� ZDV� DOVR� REVHUYHG� LQ� WKH� SUHVHQW� VWXG\��
:KLOH�PRVW�VHHGV�VWLOO�LQLWLDWHG�HDUO\�JURZWK�DQG�GH�
YHORSPHQW� LQ� PHGLD� WUHDWPHQWV� ZLWKRXW� DFWLYDWHG�
FKDUFRDO�� WKH� IRUPDWLRQ� RI� D� KLJK� SHUFHQWDJH� RI� DG�

YDQFHG� GHYHORSPHQWDO� SURWRFRUP� VWDJHV� �PDUNHG�
ZLWK�WKH�HPHUJHQFH�RI�OHDYHV�DW�VWDJHV���DQG����ZDV�
REVHUYHG� LQ� WKH� PHGLD� WUHDWPHQWV� ZLWK� DFWLYDWHG� 
FKDUFRDO��7KLV�VXJJHVWV�WKDW�DFWLYDWHG�FKDUFRDO�LV�DEOH�

WR�DFFHOHUDWH�VHHGOLQJ�JURZWK�DQG�GHYHORSPHQWX�7KH�

SUHVHQFH�RI�DFWLYDWHG�FKDUFRDO� LQ� WKH�PHGLD�DOVR�HQ�
KDQFHG� WKH� GHYHORSPHQW� RI� OHDYHV� DQG� URRWV� LQ� =\�
JRVWDWHV�JUDQGLIORUD��3DFHN-%LHQLN�HW�DO����������5R\�
HW�DO��������DOVR�UHSRUWHG�WKH�DGYDQWDJH�RI�WKH�DGGL�
WLRQ�RI�DFWLYDWHG�FKDUFRDO�LQ�PHGLD�IRU�EHWWHU�VHHGOLQJ�
JURZWK� DQG� GHYHORSPHQW� RI� 9DQGD� FRHUXOHD�� 7KH�
SURPRWLYH� HIIHFW� RI� DFWLYDWHG� FKDUFRDO� LV� UHODWHG� WR�
WKH� DELOLW\� RI� DFWLYDWHG� FKDUFRDO� �L�� WR� DEVRUE� WR[LF�
PHWDEROLWHV� DQG� SKHQROLF� FRPSRXQGV� WKDW� GHFUHDVHG�
WR[LF� PHWDEROLWHV� DQG� SKHQROLF� FRPSRXQGV� LQ� WKH�
FXOWXUH�PHGLD���LL��WR�UHPRYH�WKH�LQKLELWRU\�VXEVWDQF�
HV� IURP� WKH�FXOWXUH�PHGLD� �LLL�� WR� UHOHDVH� VXEVWDQFHV�
QDWXUDOO\� SUHVHQW� LQ� $&� WKDW� SURPRWH� JURZWK�
�7KRPDV�� ������ 7KRPSVRQ� HW� DO��� ������ 0HQVXDOL�
6RGL�HW�DO���������� 

$OWKRXJK� DOO� PHGLD� WUHDWPHQWV� FRQWDLQLQJ�
DFWLYDWHG�FKDUFRDO� VWLPXODWHG�JHUPLQDWLRQ� WR� WKH�DG�
YDQFHG� VHHGOLQJ� VWDJH�ZLWK� WKH� IRUPDWLRQ� RI� OHDYHV��
WKH�PRVW� DGYDQFHG� VHHGOLQJV� �ZLWK� WKH� GHYHORSPHQW�
RI� WZR� OHDYHV�� VWDJH� ��� ZHUH� RQO\� REVHUYHG� RQ�06�
PHGLD�ZLWK���J�O� DFWLYDWHG�FKDUFRDO��ZKLOH� VHHGOLQJV�
RQ�.&�DQG�9:��ZLWK���J�O�DFWLYDWHG�FKDUFRDO��RQO\�
VKRZHG�ILUVW� OHDI�RU�VWDJH���SURWRFRUP�GHYHORSPHQW��
7KLV�PLJKW�EH�GXH�WR�WKH�FRPSRVLWLRQ�DQG�FRQFHQWUD�
WLRQ� RI� PDFURQXWULHQWV� DQG� PLFURQXWULHQWV� LQ� 06�
PHGLXP�EHLQJ�PRUH� FRPSOH[� DQG� DW� KLJKHU� FRQFHQ�
WUDWLRQV� FRPSDUHG� WR�.&� DQG�9:�PHGLD�� 7KH� FRQ�
FHQWUDWLRQ�RI�DPPRQLXP�DQG�QLWUDWH� LQ�06�PHGLXP�
LV� KLJKHU� ������� DQG� ������ P0�� FRPSDUHG� WR� .&�
������ DQG� ����� P0�� DQG� 9:� ������ DQG� ����� P0��
PHGLD��$OWRJHWKHU��WKH�DYDLODELOLW\�RI�QLWURJHQ�LQ�06�
PHGLXP� LV� PXFK� JUHDWHU� ������� P0�� FRPSDUHG� WR�
.&�������P0��DQG�9:��������P0��PHGLD��1LWURJHQ�
LV� D� FULWLFDO� QXWULHQW� FRPSRXQG� UHTXLUHG� IRU� SODQW�
JURZWK� DQG� GHYHORSPHQW� �5DJKDYDQ� DQG� 7RUUH\��
������'LMN�DQG�(FN������D������E���06�PHGLD�DOVR�
FRQWDLQV�PRUH�FRPSOH[�PLFURQXWULHQWV� LQFOXGLQJ��%��
&R��)H��&X��0Q��,��0R��DQG�=Q��FRPSDUHG�WR�.&�DQG�
9:� PHGLD� WKDW� RQO\� FRQWDLQ� WZR� FRPSRXQGV� RI� 
PLFURQXWULHQWV� �)H�DQG�0Q���0LFURQXWULHQWV�DUH�DOVR�
HVVHQWLDO�IRU�JURZWK�DQG�GHYHORSPHQW�RI�SODQWV� 
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7KH�VXLWDELOLW\�RI�06�PHGLXP�IRU�VHHG�JHUPL�
QDWLRQ� DQG� VHHGOLQJ� GHYHORSPHQW� KDV� DOVR� EHHQ� UH�
SRUWHG�IRU�RWKHU�RUFKLGV��VXFK�DV�6DW\UXP�QHSDOHQVH�
�0DKHQGUDQ� DQG� %DL�� �������/DHOLD� VSHFLRVD� �$YLOD�
'LD]� HW� DO��� ������� 'HQGURELXP� FKU\VDQWKXP� �5DR�
DQG�%DUPDQ���������'HQGURELXP�KRRNHULDQXP��3DXO�
HW� DO��� �������&\PELGLXP�PDVWHUVLL� �0RKDQW\� HW� DO���
������� 2WKHU� PHGLD� FRPSRVLWLRQV� WHVWHG� IRU� RUFKLG�
VHHG�JHUPLQDWLRQ�DQG�VHHGOLQJ�GHYHORSPHQW��VXFK�DV�
+\GUR-&ROMDS�PHGLXP��IRU� LQ�YLWUR�JHUPLQDWLRQ�DQG�
JURZWK� WRI� 2GRQWRJRVVXP� JORULRVXP�� 3HGUR]D-
0DQULTXH� DQG� 0LFDQ-*XWLHUUH]�� ������� 3K\WR7HFK�
QRORJ\� 2UFKLG� 6HHG� 6RZLQJ� 0HGLXP� �IRU� LQ� YLWUR�
JURZWK�RI�(XORSKLD�DOWD� �-RKQVRQ�HW�DO����������9:�
0HGLXP� IRU� %OHWLD� SXUSXUHD� �'XWUD� HW� DO��� �������
LQGLFDWH� VSHFLHV� VSHFLILFLW\� DV� UHJDUGV� RUFKLG� VHHG�
JHUPLQDWLRQ�DQG�VHHGOLQJ�GHYHORSPHQW�� 

7KH�SUHVHQW�VWXG\�GHVFULEHV�D�VLPSOH�DQG�HIIL�
FLHQW�SURWRFRO�IRU�VHHG�JHUPLQDWLRQ�DQG�VHHGOLQJ�GH�
YHORSPHQW� RI� 'HQGURELXP� WDXUXOLQXP� XVLQJ� PHGLD�
06�ZLWK� WKH� DGGLWLRQ� RI� �� J�O� DFWLYDWHG� FKDUFRDO� WR�
JHQHUDWH� D� ODUJH� QXPEHU�RI� VHHGOLQJV� LQ� D� UHODWLYHO\�
VKRUW�SHULRG���������� 
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7KLV�SURMHFW�ZDV�IXQGHG�E\�',3$�3XUZRGDGL�
%RWDQLF�*DUGHQ-,QGRQHVLDQ�,QVWLWXWH�RI�6FLHQFHV�� 

 

5()(5(1&(6 

$UGLWWL�-�DQG�$.$�*KDQL��������1XPHULFDO�DQG�3K\VLFDO�3URSHU�
WLHV� RI� 2UFKLG� 6HHGV� DQG� 7KHLU� %LRORJLFDO� ,PSOLFDWLRQV��
1HZ�3K\WRORJLVW���������-����� 

$UGLWWL�-��������0LFURSURSDJDWLRQ�RI�2UFKLGV����-����%ODFNZHOO�
3XEOLVKLQJ��86$� 

$YLOD-'ÕD]� ,�� .� 2\DPD�� &� *RPH]-$ORQVR� DQG� 5� 6DOJDGR-
*DUFLJOLD�� ������ ,Q� 9LWUR� 3URSDJDWLRQ� RI� 7KH� (QGDQ�
JHUHG� 2UFKLG� /DHOLD� VSHFLRVD�� 3ODQW� &HOO� 7LVVXH� 2UJDQ�
&XOWXUH��������±���� 

%DWW\�$/��.:�'L[RQ��0�%UXQGUHWW�DQG�.�6LYDVLWKDPSDUDP��
�����&RQVWUDLQWV�WR�6\PELRWLF�*HUPLQDWLRQ�RI�7HUUHVWULDO�
2UFKLG�6HHG� LQ� �0HGLWHUUDQHDQ�%XVKODQG��1HZ�3K\WROR�
JLVW���������-���� 

%UXQGUHWW�0&�� $� 6FDGH�� $/�%DWW\�� .:�'L[RQ� DQG�.� 6LYD�
VLWKDPSDUDP�� ������ 'HYHORSPHQW� I� ,Q� 6LWX� DQG� ([�
6LWX� 6HHG� %DLWLQJ� 7HFKQLTXHV� WR� 'HWHFW� 0\FRUUKL]DO�
)XQJL� IURP� 7HUUHVWULDO� 2UFKLG� +DELWDWV�� 0\FRORJLFDO�
5HVHDUFK����������±����� 

&ULEE�3-��������'HQGURELXP�VHFW��6SDWXODWD�/LQGO���7KH�&RUUHFW�
1DPH� IRU� 7KH� µ$QWHORSH¶� 'HQGURELXPV�� 2UFKDGLDQ� ���
���� 

GD� 6LOYD� -$7�� ������ 2UFKLGV�� $GYDQFHV� LQ� 7LVVXH� &XOWXUH��
*HQHWLFV��3K\WRFKHPLVWU\�DQG�7UDQVJHQLF�%LRWHFKQRORJ\��
)ORULFXOWXUH�DQG�2UQDPHQWDO�%LRWHFKQRORJ\�����-��� 

'LMN�(�DQG�1�(FN������D��$[HQLF�,Q�9LWUR�1LWURJHQ�DQG�3KRV�
SKRUXV� 5HVSRQVHV� RI� 6RPH�'XWFK�0DUVK� 2UFKLGV��1HZ�
3K\WRORJLVW���������-���� 

'LMN� (� DQG� 1� (FN�� ����E�� $PPRQLXP� 7R[LFLW\� DQG� 1LWUDWH�

5HVSRQVH� RI� $[HQLFDOO\� *URZQ� 'DFW\ORUKL]D� LQFDUQDWD�
6HHGOLQJV��1HZ�3K\WRORJLVW���������-���� 

'XWUD�'��75�-RKQVRQ��3-�.DXWK���6/�6WHZDUW��0(�.DQH�DQG�/�
5LFKDUGVRQ�� ������ $V\PELRWLF� 6HHG� *HUPLQDWLRQ�� ,Q�
9LWUR�6HHGOLQJ�'HYHORSPHQW��DQG�*UHHQKRXVH�$FFOLPDWL�
]DWLRQ� RI� 7KH� 7KUHDWHQHG� 7HUUHVWULDO� 2UFKLG�%OHWLD� SXU�
SXUHD��3ODQW�&HOO�7LVVXH�2UJDQ�&XOWXUH�������±��� 

(UQVW�5�� ������7KH�8VH�RI�$FWLYDWHG�&KDUFRDO� LQ�$V\PELRWLF�
6HHGOLQJ� &XOWXUH� RI� 3DSKLRSHGLOXP�� $PHULFDQ� 2UFKLG�
6RFLHW\�%XOOHWLQ�������±��� 

-RKQVRQ�75��6/�6WHZDUW� ��'�'XWUD� ��0(�.DQH��DQG�/��5LFK�
DUGVRQ�������$V\PELRWLF� DQG�6\PELRWLF�6HHG�*HUPL�
QDWLRQ� RI� (XORSKLD� DOWD� �2UFKLGDFHDH�²3UHOLPLQDU\�
(YLGHQFH� IRU� 7KH� 6\PELRWLF� &XOWXUH� $GYDQWDJH�� 3ODQW�
&HOO�7LVVXH�2UJDQ�&XOWXUH��������±���� 

-RKQVRQ�75��0(�.DQH��DQG�+(�3HUH]���������([DPLQLQJ�7KH�
,QWHUDFWLRQ� RI� /LJKW�� 1XWULHQWV� DQG� &DUERK\GUDWHV� RQ�
6HHG�*HUPLQDWLRQ�DQG�(DUO\�6HHGOLQJ�'HYHORSPHQW 

 �RI�%OHWLD�SXUSXUHD� �2UFKLGDFHDH���3ODQW�*URZWK�5HJXOD�
WLRQ�������±��� 

+RVVDLQ� 00�� ������ $V\PELRWLF� 6HHG� *HUPLQDWLRQ� DQG� ,Q�
9LWUR� 6HHGOLQJ� 'HYHORSPHQW� RI� (SLGHQGUXP� LEDJXHQVH�
.XQWK�� �2UFKLGDFHDH���$IULFDQ� -RXUQDO�RI�%LRWHFKQRORJ\�
�������-����� 

+RVVDLQ�00��0�6KDUPD���GD�-$7�6LOYD��DQG�3��3DWKDN��������
6HHG� *HUPLQDWLRQ� DQG� 7LVVXH� &XOWXUH� RI� &\PELGLXP�
JLJDQWHXP�:DOO�H[�/LQGO��6FLHQWLD�+RUWLFXOWXUDH���������
±���� 

.DXWK�3-��:$�9HQGUDPH�DQG�0(�.DQH�������� ,Q�9LWUR�6HHG�
&XOWXUH� DQG� 6HHGOLQJ� 'HYHORSPHQW� RI� &DORSRJRQ� WX�
EHURVXV��3ODQW� &HOO�� 7LVVXH� DQG� 2UJDQ� &XOWXUH� ���� ��±
���� 

.QXGVRQ�/��������$�1HZ�1XWU LHQW�6ROXWLRQ�IRU �*HUPLQDWLRQ�RI�
2UFKLG�6HHGV��$PHULFDQ�2UFKLG�6RFLHW\�%XOOHWLQ���������
±����� 

0DKHQGUDQ�*�DQG�91�%DL��������0DVV�3URSDJDWLRQ�RI�6DW\UL�
XP� QHSDOHQVH� '�'RQ�²$� 0HGLFLQDO� 2UFKLG� YLD� 6HHG�
&XOWXUH��6FLHQWLD�+RUWLFXOWXUDH���������±���� 

0RKDQW\�3��6�3DXO��0&�'DV��6�.XPDULD�DQG�3�7DQGRQ��������
$�6LPSOH� DQG�(IILFLHQW�3URWRFRO� IRU�7KH�0DVV�3URSDJD�
WLRQ�RI�&\PELGLXP�PDVWHUVLL��$Q�2UQDPHQWDO�2UFKLG�RI�
1RUWKHDVW�,QGLD��$2%�3ODQWV���-�� 

0HQVXDOL-6RGL�$$��0�3DQL]]D��*�6HUUD�DQG�)�7RJQRQL��������
,QYROYHPHQW�RI�$FWLYDWHG��&KDUFRDO��LQ��7KH�0RGXODWLRQ��
RI�$ELRWLF�DQG�%LRWLF� �(WK\OHQH� �/HYHOV� � LQ�7LVVXH� �&XO�
WXUHV��6FLHQWLD�+RUWLFXOWXUDH�������-��� 

0XUDVKLJH�7�DQG�)�6NRRJ��������$�5HYLVHG�0HGLXP�IRU �5DSLG�
*URZWK� DQG� %LR-$VVD\V� ZLWK� 7REDFFR� 7LVVXH� &XOWXUHV��
3ODQW�3K\VLRORJ\���������±���� 

3DFHN-%LHQLHN� $��0�'\GXFK-6LHPL�VND� DQG�0�5XGD��� ������
,QIOXHQFH� RI� $FWLYDWHG� &KDUFRDO� RQ� 6HHG� *HUPLQDWLRQ�
DQG�6HHGOLQJ�'HYHORSPHQW�E\�7KH�$V\PELRWLF�0HWKRG�LQ�
=\JRVWDWHV� JUDQGLIORUD� �/LQGO��� 0DQVI�� �2UFKLGDFHDH���
)ROLD�+RUWLFXOWXUDH�$QQ�����������-�� 

3DXO�6��6�.XPDULD�DQG�3�7DQGRQ��������$Q�(IIHFWLYH�1XULHQW�
0HGLXP�IRU�$V\PELRWLF�*HUPLQDWLRQ�DQG�/DUJH� ±�6FDOH�
,Q� 9LWUR� 5HJHQHUDWLRQ� RI� 'HQGURELXP� KRRNHULDQXP�� $�
7KUHDWHQHG�2UFKLG�RI�1RUWKHDVW�,QGLD��$2%�3ODQWV���-����� 

3HGUR]D-0DQULTXH� -� DQG� $�0LFDQ-*XWLHUUH]�� ������$V\PEL�
RWLF� *HUPLQDWLRQ� RI� 2GRQWRJORVVXP� JORULRVXP� 5FKE�)��
�2UFKLGDFHDH��XQGHU�,Q�9LWUR�&RQGLWLRQV��,Q�YLWUR�&HOOXODU�
DQG�'HYHORSPHQWDO�%LRORJ\²3ODQW�������±���� 

3LHULN�5,0��3$�6SUHQNHOV��%�9DQ�'HU�+DUVW�DQG�4*�9DQ�'HU�
0H\V��������6HHG��*HUPLQDWLRQ��DQG��)XU WKHU ��'HYHO�
RSPHQW� � RI�3ODQWOHWV� � RI�3DSKLRSHGLOXP� � FLOLRODUH� �3ILW]���
,Q��9LWUR��6FLHQWLD�+RUWLFXOWXUDH���������-���� 

5DJKDYDQ�9�DQG�-*�7RUUH\�������� ,QRUJDQLF�1LWURJHQ�1XWU L�
WLRQ�RI�7KH�6HHGOLQJV�RI�7KH�2UFKLG��&DWWOH\D��$PHULFDQ�
-RXUQDO�RI�%RWDQ\��������-���� 

5DPVD\�55��.:�'L[RQ�DQG�.�6LYDVLWKDPSDUDP�� ������ 3DW�
WHUQV�RI�,QIHFWLRQ�DQG�(QGRSK\WHV�$VVRFLDWHG�ZLWK�:HVW�
HUQ�$XVWUDOLDQ�2UFKLGV��/LQGOH\DQD�������-���� 

5DPVD\�00�DQG�-�6WHZDUW��������2UFKLG�3RSXODWLRQ�%LRORJ\��



  �� 

1XUIDGLODK��±�7KH�(IIHFW�RI�&XOWXUH�0HGLD�DQG�$FWLYDWHG�&KDUFRDO�RQ�$V\PELRWLF�6HHG�*HUQLQDWLRQ�DQG�6HHGOLQJ�'HYHORSPHQW� 

 

&RQVHUYDWLRQ� DQG� &KDOOHQJHV�� 5H-(VWDEOLVKPHQW� RI� 7KH�
/DG\¶V� 6OLSSHU� 2UFKLG� �&\SULSHGLXP� FDOFHROXV� /��� LQ�
%ULWDLQ�%RWDQLFDO�-RXPDO�RI�WKH�/LQQHDQ�6RFLHW\���������
-���� 

5DR� 6� DQG� %� %DUPDQ�� ������ ,Q� 9LWUR�0LFURSURSDJDWLRQ� RI�
'HQGURELXP�FKU\VDQWKXP�:DOO�H[�/LQGO��±�$�7KUHDWHQHG�
2UFKLG��6FKRODUV�$FDGHPLF�-RXUQDO�RI�%LRVFLHQFHV���������
��-��� 

5DVPXVVHQ�+1�� ������ 5HFHQW�'HYHORSPHQWV� LQ� 7KH� 6WXG\� RI�
2UFKLG�0\FRUUKL]D��3ODQW�DQG�6RLO���������-���� 

5LVQD�5$��'�:LG\DWPRNR��<:&�.XVXPD��+HQGULDQ��GDQ�'2�
3ULEDGL��������6SHVLHV�3ULRULWDV�XQWXN�.RQVHUYDVL�7XP�
EXKDQ� ,QGRQHVLD�� 6HUL� ,�� 3XVDW� .RQVHUYDVL� 7XPEXKDQ�
.HEXQ�5D\D�%RJRU-/,3,� 

5R\�$5��56�3DWHO��99�3DWHO��6�6DMHHY��%&�'HND��������$V\P�
ELRWLF�6HHG�*HUPLQDWLRQ��0DVV�3URSDJDWLRQ�DQG�6HHGOLQJ�
'HYHORSPHQW� RI� 9DQGD� FRHUXOHD� *ULII� H[�/LQGO�� �%OXH�
9DQGD���$Q�,Q�9LWUR�3URWRFRO�IRU�$Q�(QGDQJHUHG�2UFKLG��
6FLHQWLD�+RUWLFXOWXUDH���������±���� 

5XEOXR�$��9�&KDYH]��$3�0DUWLQH]��DQG�2�0DUWLQH]-9IL]TXH]��
������ 6WUDWHJLHV� � IRU� � 7KH� � 5HFRYHU\� � RI� � (QGDQJHUHG�
2UFKLGV��DQG��&DFWL��WKURXJK��,Q�9LWUR��&XOWXUH��%LRORJLFDO��
&RQVHUYDWLRQ��������-��� 

6DUDVDQ�9��5�&ULSSV��00�5DPVD\��&�$WKHUWRQ��0�0FPLFKHQ��
*�3UHQGHUJDVW��DQG�-.�5RZQWUHH��������&RQVHUYDWLRQ�
,Q� 9LWUR� RI� 7KUHDWHQHG� 3ODQWV� ±� 3URJUHVV� LQ� 7KH� 3DVW�
'HFDGH��,Q�YLWUR�&HOOXODU�DQG�'HYHORSPHQWDO�%LRORJ\�²
3ODQW��������±���� 

6KLQ�<.��0$�%DTXH��(-�/HH�DQG�.<�3DHN�� ������(IIHFWV�RI�
$FWLYDWHG�&KDUFRDO��3ODQW�*URZWK�5HJXODWRUV� DQG�8OWUD�
VRQLF�3UH-7UHDWPHQWV�RQ�,Q�9LWUR�*HUPLQDWLRQ�DQG�3URWR�
FRUP�)RUPDWLRQ� RI�&DODQWKH� K\EULGV��$XVWUDOLDQ� -RXUQDO�
RI�&URS�6FLHQFH�������-���� 

6PLWK�6(�DQG�'-�5HDG�������0\FRUUKL]DO�6\PELRVLV��$FDGHP�
LF�3UHVV��/RQGRQ� 

6WHZDUW�6/�DQG�0(�.DQH��������$V\PELRWLF�6HHG�*HUPLQDWLRQ�
DQG� ,Q� 9LWUR� 6HHGOLQJ� 'HYHORSPHQW� RI�+DEHQDULD� PDF�
URFHUDWLWLV� �2UFKLGDFHDH��� $� 5DUH� )ORULGD� 7HUUHVWULDO�
2UFKLG��3ODQW�&HOO�7LVVXH�2UJDQ�&XOWXUH�������±���� 

6WHZDUW�6/�DQG�0(�.DQH��������(IIHFWV�RI�&DUERK\GUDWH�6RXUFH�
RQ� 7KH� ,Q� 9LWUR� $V\PELRWLF� 6HHG� *HUPLQDWLRQ� RI� 7KH�
7HUUHVWULDO� 2UFKLG� +DEHQDULD� PDFURFHUDWLWLV�� -RXUQDO� RI�
3ODQW�1XWULWLRQ���������±���� 

6ZDUWV�1'��($�6LQFODLU��$�)UDQFLV�DQG�.:�'L[RQ��������(FR�
ORJLFDO�6SHFLDOL]DWLRQ�LQ�0\FRUUKL]DO�6\PELRVLV�/HDGV�WR�
5DULW\�LQ�$Q�(QGDQJHUHG�2UFKLG��0ROHFXODU�(FRORJ\�����
����±����� 

7KRPDV� 7'�� ������ 7KH� 5ROH� RI� $FWLYDWHG� &KDUFRDO� LQ� 3ODQW�
7LVVXH�&XOWXUH��%LRWHFKQRORJ\�$GYDQFHV��������±���� 

7KRPSVRQ�',��7UHYRU�-(�DQG�-�YDQ�6WDGHQ��������(YDOXDWLQJ�
$V\PELRWLF�6HHG�&XOWXUH�0HWKRGV�DQG�(VWDEOLVKLQJ�'LVD�
�2UFKLGDFHDH�� *HUPLQDELOLW\� ,Q� 9 LWUR�� 5HODWLRQVKLSV��
5HTXLUHPHQWV� DQG� )LUVW-7LPH� 5HSRUWV�� 3ODQW� *URZWK�
5HJXODWLRQ��������±���� 

9DFLQ� (� DQG� )� :HQW�� ������ 6RPH� S+� &KDQJHV� LQ� 1XWU LHQW�
6ROXWLRQ��%RWDQLF�*DUGHQV�&RQVHUYDWLRQ�1HZV���������-

��� 

9DVXGHYDQ�5�DQG�-�YDQ�6WDGHQ��������,Q�9LWUR�$V\PELRWLF�6HHG�
*HUPLQDWLRQ� DQG� 6HHGOLQJ� *URZWK� RI� $QVHOOLD� DIULFDQD�
/LQGO��6FLHQWLD�+RUWLFXOWXUDH���������±���� 

9\DV� 6�� 6� *XKD��0� %KDWWDFKDU\D� DQG� ,8� 5DR�� ������ 5DSLG�
5HJHQHUDWLRQ�RI�3ODQWV�RI�'HQGURELXP�OLWXLIORUXP�/LQGO��
�2UFKLGDFHDH�� E\�8VLQJ�%DQDQD�([WUDFW�� 6FLHQWLD�+RUWL�
FXOWXUDH��������±��� 

=QDQLHFND� -��$�.UROLFND��0�6LGZD-*RU\FND�� --�5\EF]\QVNL��
'/� 6]ODFKHWNR� DQG� (� /RMNRZVND�� ������ $V\PELRWLF�
*HUPLQDWLRQ�� 6HHGOLQJ�'HYHORSPHQW� DQG�3ODQWOHW� 3URSD�
JDWLRQ� RI� (QF\FOLD� DII�� RQFLGLRLGHV� ±� $Q� (QGDQJHUHG�
2UFKLG�� $FWD� 6RFLHWDWLV� %RWDQLFRUXP� 3RORQLDH� ���� ���-

����� 



3HGRPDQ�3HQXOLVDQ�1DVNDK�%HULWD�%LRORJL 
 

%HULWD�%LRORJL�DGDODK�MXUQDO�\DQJ�PHQHUELWNDQ�DU WLNHO�NHPDMXDQ�SHQHOLWLDQ�GL�ELGDQJ�ELRORJL�GDQ�LOPX -LOPX�WHUNDLW�GL�,QGRQHVLD��%HULWD�%LRORJL�
PHPXDW�NDU\D�WXOLV�LOPLDK�DVOL�EHUXSD�PDNDODK�KDVLO�SHQHOLWLDQ��NRPXQLNDVL�SHQGHN�GDQ�WLQMDXDQ�NHPEDOL�\DQJ�EHOXP�SHUQDK�GLWHUELWNDQ�DWDX�WLGDN�
VHGDQJ�GLNLULP�NH�PHGLD�ODLQ���0DVDODK�\DQJ�GLOLSXW��GLKDUXVNDQ�PHQDPSLONDQ�DVSHN�DWDX�LQIRUPDVL�EDUX� 

 

7LSH�QDVNDK 

�� 0DNDODK�OHQJNDS�KDVLO�SHQHOLWLDQ��RULJLQDO�SDSHU� 
 1DVNDK� PHUXSDNDQ� KDVLO� SHQHOLWLDQ� VHQGLUL� � \DQJ� PHQJDQJNDW� WRSLN� \DQJ� XS-WRGDWH�� � 7LGDN� OHELK� GDUL� ��� KDODPDQ� WHUPDVXN� WDEHO� GDQ�

JDPEDU��3HQFDQWXPDQ�ODPSLUDQ�VHSHUOXQ\D��QDPXQ�UHGDNVL�EHUKDN�PHQJXUDQJL�DWDX�PHQLDGDNDQ�ODPSLUDQ� 
�� .RPXQLNDVL�SHQGHN��VKRUW�FRPPXQLFDWLRQ� 
 .RPXQLDVL�SHQGHN�PHUXSDNDQ�PDNDODK�KDVLO�SHQHOLWLDQ�\DQJ�LQJLQ�GLSXEOLNDVLNDQ�VHFDUD�FHSDW�NDUHQD�KDVLO�WHUPXDQ�\DQJ�PHQDULN��VSHVLILN�

GDQ�EDUX��DJDU�GDSDW��VHJHUD�GLNHWDKXL�ROHK�XPXP���$UWLNHO�\DQJ�GLWXOLV�WLGDN�OHELK�GDUL����KDODPDQ��+DVLO�GDQ�SHPEDKDVDQ�EROHK�GLJDEXQJ� 
�� 7LQMDXDQ�NHPEDOL��UHYLHZ� 
 7LQMDXDQ�NHPEDOL�PHUXSDNDQ� UDQJNXPDQ�WLQMDXDQ� LOPLDK�\DQJ�VLVWHPDWLV-NULWLV� VHFDUD� ULQJNDV�QDPXQ�PHQGDODP� WHUKDGDS� WRSLN�SHQHOLWLDQ�

WHUWHQWX�� +DO� \DQJ� GLWLQMDX�PHOLSXWL� VHJDOD� VHVXDWX� \DQJ� UHOHYDQ� WHUKDGDS� WRSLN� WLQMDXDQ� \DQJ�PHPEHULNDQ� JDPEDUDQ� µVWDWH� RI� WKH� DUW¶��
PHOLSXWL�WHPXDQ�DZDO��NHPDMXDQ�KLQJJD�LVVXH�WHUNLQL��WHUPDVXN�SHUGHEDWDQ�GDQ�NHVHQMDQJDQ�\DQJ�DGD�GDODP�WRSLN�\DQJ�GLEDKDV��7LQMDXDQ�
XODQJ�LQL�KDUXV�PHUDQJNXP�PLQLPDO����DUWLNHO� 

 

6WUXNWXU�QDVNDK 

�� %DKDVD 
 %DKDVD�\DQJ�GLJXQDNDQ�DGDODK�EDKDVD�,QGRQHVLD�DWDX�,QJJULV�\DQJ�EDLN�GDQ�EHQDU� 
�� -XGXO 
 -XGXO� KDUXV� VLQJNDW�� MHODV� GDQ� PHQFHUPLQNDQ� LVL� QDVNDK� GLLNXWL� ROHK� QDPD� GDQ� DODPDW� VXUDW� PHQ\XUDW� SHQXOLV�� � 1DPD� SHQXOLV� XQWXN�

NRUHVSRQGHQVL�GLEHUL�WDQGD�DPSORS�FHWDN�DWDV��VXSHUVFULSW�� 
�� $EVWUDN 

 $EVWUDN�GLEXDW�GDODP�GXD�EDKDVD��EDKDVD�,QGRQHVLD�GDQ�,QJJULV��$EVWUDN�PHPXDW�VHFDUD�VLQJNDW�WHQWDQJ�ODWDU�EHODNDQJ��WXMXDQ��PHWRGH��KDVLO�
\DQJ�VLJQLILNDQ��NHVLPSXODQ�GDQ�LPSOLNDVL�KDVLO�SHQHOLWLDQ��$EVWUDN�EHULVL�PDNVLPXP�����NDWD��VSDVL�WXQJJDO��'L�EDZDK�DEVWUDN�GLFDQWXPNDQ�
NDWD�NXQFL�\DQJ�WHUGLUL�DWDV�PDNVLPXP�HQDP�NDWD��GLPDQD�NDWD�SHUWDPD�DGDODK�\DQJ�WHUSHQWLQJ���$EVWUDN�GDODP�EDKDVD�,QJJULV�PHUXSDNDQ�
WHUMHPDKDQ�GDUL�EDKDVD�,QGRQHVLD���(GLWRU�EHUKDN�XQWXN�PHQJHGLW�DEVWUDN�GHPL�DODVDQ�NHMHODVDQ�LVL�DEVWUDN� 

�� 3HQGDKXOXDQ 

 3HQGDKXOXDQ�EHULVL�ODWDU�EHODNDQJ��SHUPDVDODKDQ�GDQ�WXMXDQ�SHQHOLWLDQ���6HEXWNDQ�MXJD�VWXGL�WHUGDKXOX�\DQJ�SHUQDK�GLODNXNDQ� 
�� %DKDQ�GDQ�FDUD�NHUMD 
 3DGD�EDJLDQ�LQL�EROHK�GLEXDW�VXE-MXGXO�\DQJ�VHVXDL�GHQJDQ�WDKDSDQ�SHQHOLWLDQ��0HWRGD�KDUXV�GLSDSDUNDQ�GHQJDQ�MHODV�VHVXDL�GHQJDQ�VWDQGDU�

WRSLN�SHQHOLWLDQ�GDQ�GDSDW�GLXODQJ�ROHK�SHQHOLWL�ODLQ���$SDELOD�PHWRGD�\DQJ�GLJXQDNDQ�DGDODK�PHWRGD�\DQJ�VXGDK�EDNX�FXNXS�GLWXOLV�VLWDVL�
GDQ�DSDELOD�DGD�PRGLILNDVL�KDUXV�GLWXOLVNDQ�GHQJDQ�MHODV�EDJLDQ�PDQD�GDQ�DSD�\DQJ�GLPRGLILNDVL� 

�� +DVLO 
 6HEXWNDQ� KDVLO-KDVLO� XWDPD� \DQJ� GLSHUROHK� EHUGDVDUNDQ�PHWRGD� \DQJ� GLJXQDNDQ�� � $SDELOD� LQJLQ�PHQJDFX� SDGD� WDEHO�JUDILN�GLDJUDP� DWDX�

JDPEDU� XUDLNDQ� KDVLO� \DQJ� WHUSHQWLQJ� GDQ� MDQJDQ� PHQJJXQDNDQ� NDOLPDW� µ/LKDW� 7DEHO� �¶�� � $SDELOD� PHQJJXQDNDQ� QLODL� UDWD-UDWD� KDUXV�
PHQ\HEXWNDQ�VWDQGDU�GHYLDVL� 

�� 3HPEDKDVDQ 

 -DQJDQ�PHQJXODQJ�LVL�KDVLO��3HPEDKDVDQ�PHQJXQJNDS�DODVDQ�GLGDSDWNDQQ\D�KDVLO�GDQ�DSD�DUWL�DWDX�PDNQD�GDUL�KDVLO�\DQJ�GLGDSDW� WHUVHEXW���
%LOD�PHPXQJNLQNDQ��EDQGLQJNDQ�KDVLO�SHQHOLWLDQ�LQL�GHQJDQ�PHPEXDW�SHUEDQGLQJDQ�GHQJDQ�VWXGL�WHUGDKXOX��ELOD�DGD�� 

�� .HVLPSXODQ 

 0HQ\LPSXONDQ�KDVLO�SHQHOLWLDQ��VHVXDL�GHQJDQ�WXMXDQ�SHQHOLWLDQ��GDQ�SHQHOLWLDQ�EHULNXW�\DQJ�ELVD�GLODNXNDQ� 
�� 8FDSDQ�WHULPD�NDVLK 

��� 'DIWDU�SXVWDND 

 7LGDN�GLSHUNHQDQNDQ�XQWXN�PHQVLWDVL�DUWLNHO�\DQJ�WLGDN�PHODOXL�SURVHV�SHHU�UHYLHZ��$SDELOD�KDUXV�PHQ\LWLU�GDUL��/DSRUDQ��DWDX��NRPXQLNDVL�

SHUVRQDO��GLWXOLVNDQ�
XQSXEOLVKHG
�GDQ�WLGDN�SHUOX�GLWDPSLONDQ�GL�GDIWDU�SXVWDND��'DIWDU�SXVWDND�KDUXV�EHULVL�LQIRUPDVL�\DQJ�XS�WR�GDWH�\DQJ�

VHEDJLDQ�EHVDU�EHUDVDO�GDUL�RULJLQDO�SDSHUV���3HQXOLVDQ�WHUELWDQ�EHUNDOD�LOPLDK��QDPD�MXUQDO��WLGDN�GLVLQJNDW� 

� 
 

)RUPDW�QDVNDK 

�� 1DVNDK�GLNHWLN�GHQJDQ�PHQJJXQDNDQ�SURJUDP�:RUG�3URFHVVRU��KXUXI�1HZ�7LPHV�5RPDQ�XNXUDQ�����VSDVL�JDQGD�NHFXDOL�$EVWUDN��%DWDV�NLUL
-NDQDQ�DWDV-EDZDK�PDVLQJ-PDVLQJ�����FP��0DNVLPXP�LVL�QDVNDK����KDODPDQ�WHUPDVXN�LOXVWUDVL�GDQ�WDEHO� 

�� 3HQXOLVDQ� ELODQJDQ� SHFDKDQ� GHQJDQ� NRPD� PHQJLNXWL� EDKDVD� \DQJ� GLWXOLV� PHQJJXQDNDQ� GXD� DQJND� GHVLPDO� GL� EHODNDQJ� NRPD�� $SDELOD�
PHQJJXQDNDQ�EDKDVD�,QGRQHVLD��DQJND�GHVLPDO�PHQJJXQDNDQ�NRPD�����GDQ�WLWLN�����ELOD�PHQJJXQDNDQ�EDKDVD�,QJJULV��&RQWRK��3DQMDQJ�EXNX�
DGDODK����FP��/HQJKW�RI�WKH�ERRN�LV�����FP���3HQXOLVDQ�DQJND��-��GLWXOLV�GDODP�NDWD�NHFXDOL�ELOD�ELODQJDQ�VDWXDQ�XNXU��VHGDQJNDQ�DQJND����
GDQ�VHWHUXVQ\D�GLWXOLV�GHQJDQ�DQJND���&RQWRK�OLPD�RUDQJ�VLVZD��SDQMDQJ�EXNX���FP� 

�� 3HQXOLVDQ�VDWXDQ�PHQJLNXWL�DWXUDQ�LQWHUQDWLRQDO�V\VWHP�RI�XQLWV� 
�� 1DPD�WDNVRQ�GDQ�NDWHJRUL�WDNVRQRPL�PHUXMXN�NHSDGD�DWXUDQ�VWDQGDU�WHUPDVXN�\DQJ�GLDNXL��8QWXN�WXPEXKDQ�,QWHUQDWLRQDO�&RGH�RI�%RWDQLFDO�

1RPHQFODWXUH� �,&%1��� XQWXN� KHZDQ� ,QWHUQDWLRQDO� &RGH� RI� =RRORJLFDO� 1RPHQFODWXUH� �,&=1��� XQWXN� MDPXU� ,QWHUQDWLRQDO� &RGH� RI�
1RPHQFODWXUH�IRU�$OJDH��)XQJL�DQG�3ODQW��,&)$)3���,QWHUQDWLRQDO�&RGH�RI�1RPHQFODWXUH�RI�%DFWHULD� �,&1%���GDQ�XQWXN�RUJDQLVPH�\DQJ�
ODLQ�PHUXMXN�SDGD�NHVHSDNDWDQ�,QWHUQDVLRQDO���3HQXOLVDQ�QDPD�WDNVRQ�OHQJNDS�GHQJDQ�QDPD�DXWKRU�KDQ\D�GLODNXNDQ�SDGD�EDJLDQ�GHVNULSVL�
WDNVRQ��PLVDOQ\D�SDGD�QDVNDK�WDNVRQRPL��6HGDQJNDQ�SHQXOLVDQ�QDPD�WDNVRQ�XQWXN�ELGDQJ�ODLQQ\D�WLGDN�SHUOX�PHQJJXQDNDQ�QDPD�DXWKRU� 

�� 7DWD�QDPD�GL�ELGDQJ�JHQHWLND�GDQ�NLPLD�PHUXMXN�NHSDGD�DWXUDQ�EDNX�WHUEDUX�\DQJ�EHUODNX� 
�� ,OXVWUDVL�GDSDW�EHUXSD�IRWR��KLWDP�SXWLK�DWDX�EHUZDUQD��DWDX�JDPEDU�WDQJDQ��OLQH�GUDZLQJ�� 
�� 7DEHO 
 7DEHO�GLEHUL�MXGXO�\DQJ�VLQJNDW�GDQ�MHODV�GDODP�EDKDVD�,QGRQHVLD�GDQ�,QJJULV��VHKLQJJD�7DEHO�GDSDW�EHUGLUL�VHQGLUL��7DEHO�GLEHUL�QRPRU�XUXW�

VHVXDL�GHQJDQ�NHWHUDQJDQ�GDODP�WHNV��.HWHUDQJDQ�7DEHO�GLOHWDNNDQ�GL�EDZDK�7DEHO��7DEHO�WLGDN�GLEXDW�WHUWXWXS�GHQJDQ�JDULV�YHUWLNDO��KDQ\D�
PHQJJXQDNDQ�JDULV�KRULVRQWDO�\DQJ�PHPLVDKNDQ�MXGXO�GDQ�EDWDV�EDZDK� 

�� *DPEDU 
 *DPEDU�ELVD�EHUXSD�IRWR��JUDILN��GLDJUDP�GDQ�SHWD��-XGXO�GLWXOLV�VHFDUD�VLQJNDW�GDQ�MHODV���.HWHUDQJDQ�\DQJ�PHQ\HUWDL�JDPEDU� KDUXV�GDSDW�

EHUGLUL�VHQGLUL��GLWXOLV�GDODP�EDKDVD�,QGRQHVLD�GDQ�,QJJULV��*DPEDU�GLNLULP�GDODP�EHQWXN��MSHJ�GHQJDQ�UHVROXVL�PLQLPDO�����GSL�GDQ�WHUSLVDK�
GDUL�EDGDQ�WXOLVDQ�DWDX�GDODP�ILOH�\DQJ�EHUEHGD�� 

�� 'DIWDU�3XVWDND 
 6LWDVL�GDODP�QDVNDK�DGDODK�QDPD�SHQXOLV�GDQ�WDKXQ��%LOD�SHQXOLV�OHELK�GDUL�VDWX�PHQJJXQDNDQ�NDWD�µGDQ¶�DWDX�HW�DO��&RQWRK���.UDPHU���������

�+DP]DK�GDQ�<XVXI����������3UHPDFKDQGUD�HW�DO����������%LOD�QDVNDK�GLWXOLV�GDODP�EDKDVD�,QJJULV�\DQJ�PHQJJXQDNDQ�VLWDVL���RUDQJ�SHQXOLV�
PDND�GLJXQDNDQ�NDWD�µDQG¶��&RQWRK���+DP]DK�DQG�<XVXI�������� 

D� -XUQDO 
 1DPD�MXUQDO�GLWXOLV�OHQJNDS� 
 3UHPDFKDQGUD�*6��+�6DQHNR��.�)XMLWD�DQG�6�2JDWD��������/HDI�:DWHU�5HODWLRQV��2VPRWLF�$GMXVWPHQW��&HOO�0HPEUDQH�6WDELOLW\��(SLFX�
WLODU�:D[�/RDG�DQG�*URZWK�DV�$IIHFWHG�E\�,QFUHDVLQJ�:DWHU�'HILFLWV�LQ�6RUJKXP��-RXUQDO�RI�([SHULPHQWDO�%RWDQ\���������-����� 



E���%XNX 
 .UDPHU�3-��������3ODQW�:DWHU�5HODWLRQVKLS������(GLVL�NH-�ELOD�DGD���$FDGHPLF��1HZ�<RUN�� 
F� 3URVLGLQJ�DWDX�KDVLO�6LPSRVLXP�6HPLQDU�/RNDNDU\D� 
 +DP]DK�06�GDQ�6$�<XVXI��������3HQJDPDWDQ�%HEHUDSD�$VSHN�%LRORJL�6RWRQJ�%XOXK��6HSLRWHXWKLV�OHVVRQLDQD��GL�6HNLWDU�3HUDLUDQ�3DQWDL�
:RNDP�%DJLDQ�%DUDW��.HSXODXDQ�$UX��0DOXNX�7HQJJDUD�� �3URVLGLQJ�6HPLQDU�1DVLRQDO�%LRORJL�;,��8MXQJ�3DQGDQJ���-��� -XOL� ������0�
+DVDQ��$�0DWWLPX��-*�1HOZDQ�GDQ�0�/LWDD\��3HQ\XQWLQJ������-�����3HUKLPSXQDQ�%LRORJL�,QGRQHVLD� 

G� 0DNDODK�VHEDJDL�EDJLDQ�GDUL�EXNX 
 /HHJRRG�5&�DQG�'$�:DONHU��������&KORURSODVW�DQG�3URWRSODVW�� ,Q��3KRWRV\QWKHVLV�DQG�3URGXFWLRQ�LQ�D�&KDQJLQJ�(QYLURQPHQW��'2�
+DOO��-02�6FXUORFN��+5�%RKODU�1RUGHQNDPSI��5&�/HHJRRG�DQG�63�/RQJ��(GV������-�����&KDPSPDQ�DQG�+DOO���/RQGRQ� 

H�� 7KHVLV�GDQ�VNULSVL� 
 .HLP�$3��������0RQRJUDSK�RI�WKH�JHQXV�2UDQLD�=LSS���$UHFDFHDH��2UDQLLQDH���8QLYHUVLW\�RI�5HDGLQJ��5HDGLQJ��>3K'��7KHVLV@� 
I�� $UWLNHO�RQOLQH� 
 $UWLNHO� \DQJ�GLXQGXK�VHFDUD�RQOLQH�PHQJLNXWL� IRUPDW�\DQJ�EHUODNX�PLVDOQ\D�XQWXN�MXUQDO��EXNX�DWDX�WKHVLV�� VHUWD�GLWXOLVNDQ�DODPDW� VLWXV�
VXPEHU�GDQ�ZDNWX�PHQJXQGXK��7LGDN�GLSHUNHQDQNDQ�XQWXN�PHQVLWDVL�DUWLNHO�\DQJ�WLGDN�PHODOXL�SURVHV�SHHU�UHYLHZ�DWDX�DUWLNHO�GDUL�ODPDQ�
ZHE�\DQJ�WLGDN�ELVD�GLSHUWDQJXQJ�MDZDENDQ�NHEHQDUDQQ\D�VHSHUWL�ZLNLSHGLD� 

 )RUHVW�:DWFK�,QGRQHVLD>):,@��������3RWUHW�NHDGDDQ�KXWDQ�,QGRQHVLD�SHU LRGH�����-������KWWS���ZZZ�IZL�RU�LG���'LXQGXK���'HVHPEHU�
������ 

 

)RUPXOLU�SHUVHWXMXDQ�KDN�DOLK�WHUELW�GDQ�NHDVOLDQ�QDVNDK 

6HWLDS�SHQXOLV�\DQJ�PHQJDMXNDQ�QDVNDKQ\D�NH�UHGDNVL�%HULWD�%LRORJL�DNDQ�GLPLQWD�XQWXN�PHQDQGDWDQJDQL�OHPEDU�SHUVHWXMXDQ�\DQJ�EHULVL�KDN�DOLK�
WHUELW�QDVNDK�WHUPDVXN�KDN�XQWXN�PHPSHUEDQ\DN�DUWLNHO�GDODP�EHUEDJDL�EHQWXN�NHSDGD�SHQHUELW�%HULWD�%LRORJL��6HGDQJNDQ�SHQXOLV�WHWDS�EHUKDN�
XQWXN�PHQ\HEDUNDQ�HGLVL�FHWDN�GDQ�HOHNWURQLN�XQWXN�NHSHQWLQJDQ�SHQHOLWLDQ�GDQ�SHQGLGLNDQ���)RUPXOLU�LWX�MXJD�EHULVL�SHUQ\DWDDQ�NHDVOLDQ�QDVNDK��
\DQJ�PHQ\HEXWNDQ�EDKZD�QDVNDK�DGDODK�KDVLO�SHQHOLWLDQ�DVOL��EHOXP�SHUQDK�GDQ�VHGDQJ�GLWHUELWNDQ�GL�WHPSDW�ODLQ� 
 

3HQHOLWLDQ�\DQJ�PHOLEDWNDQ�KHZDQ 

8QWXN�VHWLDS�SHQHOLWLDQ�\DQJ�PHOLEDWNDQ�KHZDQ�VHEDJDL�RE\HN�SHQHOLWLDQ��PDND�VHWLDS�QDVNDK�\DQJ�GLDMXNDQ�ZDMLE�GLVHUWDL�GHQJDQ�¶HWKLFDO�FOHDUDQFH�
DSSURYDOµ�WHUNDLW�DQLPDO�ZHOIDUH�\DQJ�GLNHOXDUNDQ�ROHK�EDGDQ�DWDX�SLKDN�EHUZHQDQJ� 
 

/HPEDU�LOXVWUDVL�VDPSXO 
*DPEDU�LOXVWUDVL�\DQJ�WHUGDSDW�GL�VDPSXO�MXUQDO�%HULWD�%LRORJL�EHUDVDO�GDUL�VDODK�VDWX�QDVNDK���2OHK�NDUHQD�LWX�VHWLDS�QDVNDK�\DQJ�DGD�LOXVWUDVL�KDUDS�
PHQJLULPNDQ�LOXVWUDVL�GHQJDQ�NXDOLWDV�JDPEDU�\DQJ�EDLN�GLVHUWDL�NHWHUDQJDQ�VLQJNDW�LOXVWUDVL�GDQ�QDPD�SHPEXDW�LOXVWUDVL� 
 

3URRIV 
1DVNDK�SURRIV�DNDQ�GLNLULP�NH�DXWKRU�GDQ�GLZDMLENDQ�PHPEDFD�GDQ�PHPHULNVD�NHPEDOL�LVL�QDVNDK�GHQJDQ�WHOLWL���1DVNDK�SURRIV�KDUXV�GLNLULP�
NHPEDOL�NH�UHGDNVL�GDODP�ZDNWX�WLJD�KDUL�NHUMD� 
 

1DVNDK�FHWDN 
6HWLDS�SHQXOLV�\DQJ�QDVNDKQ\D�GLWHUELWNDQ�DNDQ�GLEHULNDQ���HNVHPSODU�PDMDODK�%HULWD�%LRORJL�GDQ�UHSULQW��0DMDODK�WHUVHEXW�DNDQ�GLNLULPNDQ�NHSDGD�
FRUUHVSRQGLQJ�DXWKRU� 
 

3HQJLULPDQ�QDVNDK 

1DVNDK�GLNLULP�GDODP�EHQWXN��GRF�DWDX��GRF[�� 
$ODPDW�NRQWDN��5HGDNVL�-XUQDO�%HULWD�%LRORJL��3XVDW�3HQHOLWLDQ�%LRORJL-/,3, 
  ��&LELQRQJ�6FLHQFH�&HQWUH��-O��5D\D�%RJRU�.P�����&LELQRQJ������ 

  ��7HOS�����-��-������� 
  ��)D[�����-��-�������������������������� 
 (PDLO��MXUQDOEHULWDELRORJL#\DKRR�FR�LG 
  EHULWD�ELRORJL#PDLO�OLSL�JR�LG� 
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