
 

-�/LDTXDW�8QL�0HG�+HDOWK�6FL�-8/<-6(37(0%(5�������9RO�����1R���� ��� 

$%675$&7 
 

2%-(&7,9(��7R�HYDOXDWH� WKH� IUHTXHQF\�RI�+-S\ORUL� LQIHFWLRQ�DQG� O\PSKRLG� IROOLFOH� IRUPDWLRQ� LQ�JDVWULF�
ELRSVLHV� 
0(7+2'2/2*<�� 7KH� SUHVHQWHG� VWXG\� ZDV� D� FURVV-VHFWLRQDO� DQG� SHUIRUPHG� LQ� 316� 6KLID� KRVSLWDO��
.DUDFKL� IURP�1RYHPEHU������ WR�0D\�������*DVWULF�ELRSVLHV�RI�����SDWLHQWV�RI�DJH�EHWZHHQ� ���� WR������
PDOH�DQG�IHPDOH�ZLWK�FRPSODLQ�RI�PLOG�WR�VHYHUH�JDVWULWLV�ZHUH�LQFOXGHG��ZKLOH�SDWLHQWV�RQ�WUHDWPHQW�RU�
NQRZQ� FDVH� RI� FDUFLQRPD�� LQDGHTXDWH�� XQIL[HG� DQG� FUXVKHG� ELRSVLHV� ZHUH� H[FOXGHG�� 'HWDLO�
KLVWRSDWKRORJLFDO� H[DPLQDWLRQ� ZDV� FDUULHG� RXW�� 7KH� IUHTXHQFLHV� RI� +�� S\ORUL� LQIHFWLRQ� DQG� O\PSKRLG�
IROOLFOHV�IRUPDWLRQ�ZHUH�QRWLFHG�DORQJ�ZLWK�WKH�KLVWRU\�RI�WKH�SDWLHQWV� 
5(68/76��,Q�WKH�SUHVHQW�VWXG\��RXW�RI�����FDVHV������������ZHUH�EHWZHHQ���-���\HDUV�RI�DJH�ZKLOH���
���������ZHUH�LQ�EHWZHHQ���-���\HDUV�RI�DJH��PHDQ�DJH�ZDV�FDOFXODWHG�DV�������������\HDUV�������������
ZHUH�PDOH�DQG������������ZHUH�IHPDOHV��)UHTXHQF\�RI�+-S\ORUL�LQIHFWLRQ�DQG�O\PSKRLG�IROOLFOHV�LQ�JDVWULF�
ELRSVLHV�ZHUH�FDOFXODWHG�DV������������DQG������������UHVSHFWLYHO\��6LJQLILFDQW�DVVRFLDWLRQ�RI�+��S\ORUL�
LQIHFWLRQ�DQG�O\PSKRLG�IROOLFOH�IRUPDWLRQ�ZDV�VHHQ���3-YDOXH �������E\�&KL-VTXDUH�WHVW� 
&21&/86,21�� 7KLV� VWXG\� FRQFOXGHV� WKDW� WKH� IUHTXHQF\� RI� +-S\ORUL� LQIHFWLRQ� DQG� O\PSKRLG� IROOLFOH�
IRUPDWLRQ��SUHFXUVRU�RI�0$/7�O\PSKRPD��LQ�JDVWULF�ELRSV\�LV�VLJQLILFDQWO\�DVVRFLDWHG�DQG�WKLV�VWXG\�ZLOO�
KHOS� LQ� HDUO\� GHWHFWLRQ� RI� SRVLWLYH� FDVHV� IRU� DSSURSULDWH� DQWLELRWLF� WKHUDS\� DQG� +-S\ORUL� HUDGLFDWLRQ�
WKHUDS\��WKXV�VDYLQJ�WKH�SDWLHQW�IURP�GHYHORSLQJ�0$/7�/\PSKRPD�DQG�RWKHU�PDOLJQDQFLHV�� 

.H\ZRUGV��+��S\ORUL��/\PSKRLG�IROOLFOH��0$/7�/\PSKRPD 

,1752'8&7,21 

7KH� SUHVHQFH� RI� +� S\ORUL� LQIHFWLRQ� PD\� KHOS� WR�
SURYRNH� PXFRVD-DVVRFLDWHG� O\PSKRLG� WLVVXH� �0$/7��
O\PSKRPD� LQ� FKURQLF� FDVHV� YLD� DOWHUDWLRQV� LQ� JDVWULF�
PXFRVDO� FHOO� SUROLIHUDWLRQ�� 7KH� FKURQLF� LQIHFWLRQ�
LQGXFHG� E\� +� S\ORUL� LV� XVXDOO\� UHSRUWHG� WR� EH�
FDUFLQRJHQLF� GXH� WR� LWV� DELOLW\� WR� SURPRWH� WKH�
SURGXFWLRQ� RI� ELRDFWLYH� IDFWRUV� VXFK� DV� JDVWULQ� DQG�
VRPDWRVWDWLQ� DQG� K\GURFKORULF� DFLG�� 0RUHRYHU��
+HOLFREDFWHU� S\ORUL� DUH� DOVR� DVVRFLDWHG� ZLWK� QRQ-
XOFHUG\VSHSVLD�� JDVWULF� DGHQRFDUFLQRPD� DQG� QRQ-
+RGJNLQ
V�O\PSKRPD���� 
7KLV� LV� YHU\� LPSRUWDQW� WR� KDYH� FRPSOHWH� LQIRUPDWLRQ�
DERXW� KLVWRSDWKRORJLFDO� DEQRUPDOLWLHV� UHJDUGLQJ� +-
S\ORUL� LQGXFHG�FKURQLF� LQIHFWLRQV�DQG�IROOLFOH�IRUPDWLRQ�
LQ� FOLQLFDO� VWXGLHV�� 7KH� SURSHU� PDQDJHPHQW� RI� WKLV�
SDWKRORJ\� ZLWK� GUXJV� VHOHFWHG� DIWHU� VHQVLWLYLW\� DQG�
UHVLVWDQFH�WHVW�KHOS�WR�HUDGLFDWH�WKH�SUREOHP�DW� LQLWLDO�
VWDJHV� KHQFH� SUHYHQW� 0$/7� /\PSKRPD�
GHYHORSPHQW�� 

+-S\ORUL�� D� FDXVDWLYH� RUJDQLVP� RI� FKURQLF� DFWLYH�
JDVWULWLV� LV� FODVVLILHG� DV� FODVV� �� FDUFLQRJHQ� E\�
:+2��7KH� HSLGHPLRORJLFDO� IHDWXUHV� DUH� FRPPRQ� IRU�
+-S\ORUL� DQG� JDVWULF� DGHQRFDUFLQRPD� LQ� GLIIHUHQW�

SRSXODWLRQV�RI�WKH�ZRUOG�� 
,WV� SUHYDOHQFH� LV� KLJK� LQ� 3DNLVWDQ�� ,QGLD� DQG�
%DQJODGHVK��YDU\LQJ�IURP���-������$�VWXG\�FRQGXFWHG�
VKRZV�� UDWH� RI� +-S\ORUL� SRVLWLYH� JDVWULWLV� LV� ��������
$QRWKHU� VWXG\� FRQGXFWHG� DW� .DUDFKL� VKRZV� WKH�
SUHYDOHQFH� RI� +�S\ORUL� LQGXFHG� LQIHFWLRQ� ������ DQG�
O\PSKRLG� IROOLFOHV� ZHUH� �������� VHHQ� LQ� +-S\ORUL�
SRVLWLYH� JDVWULWLV��� :HVWHUQ� OLWHUDWXUH� VKRZV� D� ZHOO-
HVWDEOLVKHG� UHODWLRQVKLS� RI� +�S\ORUL� LQGXFHG� JDVWULWLV��
O\PSKRLG� IROOLFOHV� DQG� 0$/7-O\PSKRPD�� 7KHUHIRUH��
+�S\ORUL� LQGXFHG� JDVWULWLV� OHDGLQJ� WR� O\PSKRLG� IROOLFOH�
IRUPDWLRQ� VKRXOG� EH� SURSHUO\� GRFXPHQWHG� LQ� RXU�
SRSXODWLRQ��WRR� 
7KH�UDWLRQDOH�RI�WKLV�VWXG\�LV�WR�HYDOXDWH�WKH�IUHTXHQF\�
RI�+-S\ORUL�LQIHFWLRQ�DQG�O\PSKRLG�IROOLFOH�IRUPDWLRQ�DV�
�SUHFXUVRU� RI� 0$/7� O\PSKRPD�� FRQFHUQLQJ� WKH�
VHYHULW\� RI�JDVWULWLV�E\�XVLQJ�XSGDWHG�6\GQH\�VFRULQJ�
V\VWHP�DV��PLOG��PRGHUDWH�DQG�VHYHUH���7KLV�ZLOO�KHOS�
LQ� HDUO\� GHWHFWLRQ� RI� SRVLWLYH� FDVHV� IRU� DSSURSULDWH�
DQWLELRWLF� WKHUDS\�� +-S\ORUL� HUDGLFDWLRQ� WKHUDS\� FDQ�
VDYH� WKH� SDWLHQW� IURP� GHYHORSLQJ� 0$/7� /\PSKRPD�
DQG�RWKHU�PDOLJQDQFLHV�� 
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FRQGXFWHG� ZLWK� ���� SDWLHQWV� LQ� WKH� GHSDUWPHQW� RI�
KLVWRSDWKRORJ\�� 316� 6KLID� KRVSLWDO� .DUDFKL� IURP�
1RYHPEHU� ����� WR� 0D\� ������ 7KH� VXEMHFWV� DJHG�
EHWZHHQ� ��-��� \HDUV� IURP�ERWK� JHQGHUV�ZLWK�PLOG� WR�
VHYHUH� JDVWULWLV� ZHUH� LQFOXGHG� ZKLOH� LQDGHTXDWH�
ELRSVLHV�DQG�SDWLHQWV�RQ�WUHDWPHQW�DQG�NQRZQ�FDVH�RI�
FDUFLQRPD� ZHUH� H[FOXGHG� IURP� WKH� VWXG\�� 7KH�
VSHFLPHQV�IRU�ELRSV\�ZHUH�SUHVHUYHG�LQ�����IRUPDOLQ�
DQG� SURFHVVHG� WR� SUHSDUH� KLVWRORJLFDO� VOLGHV� DQG�
URXWLQH� VWDLQV� ZHUH� SHUIRUPHG� ZLWK� KHPDWR[\OLQ� DQG�
HRVLQ��+�DQG�(��VWDLQ�IRU�WKH�GHWHFWLRQ�RI�+�S\ORUL�DQG�
IRUPDWLRQ� RI� O\PSKRLG� IROOLFOHV� DV� SHU� RSHUDWLRQDO�
GHILQLWLRQ��7R�DVVXUH�WKH�SUHVHQFH�RI�+��S\ORUL��*LHPVD�
VWDLQLQJ�ZDV� FDUULHG� RXW��0LFURVFRSLF� HYDOXDWLRQ�ZDV�
GRQH�E\�&RQVXOWDQW�+LVWRSDWKRORJLVW��)RUPDO�DSSURYDO�
RI� WKH� VWXG\� IURP� WKH� KRVSLWDO� HWKLFDO� FRPPLWWHH�ZDV�
DOVR� VRXJKW�� 7KH� GDWD� ZHUH� DQDO\]HG� E\� 6366��
)UHTXHQF\�SHUFHQWDJHV� IRU� DJH�� JHQGHU�� +�� S\ORUL�
LQIHFWLRQ�� O\PSKRLG� IROOLFOH� IRUPDWLRQ� DQG� VHYHULW\� RI�
JDVWULWLV�ZHUH�FDOFXODWHG��&KL-VTXDUH�WHVW�ZDV�XVHG�WR�
UHYHDOHG� DVVRFLDWLRQ� RI� +�� S\ORUL� LQIHFWLRQ� DQG�
O\PSKRLG�IROOLFOH�IRUPDWLRQ��3-YDOXH�HTXDOV�RU�OHVV�WKDQ�
�����ZDV�FRQVLGHUHG�VLJQLILFDQW� 

5(68/76 

$FFRUGLQJ� WR� WKH� LQFOXVLRQ�H[FOXVLRQ� FULWHULD�� ����
FDVHV�ZHUH�HQUROOHG� WR�GHWHUPLQH� WKH�SUHVHQFH�RI�+-
S\ORUL� LQIHFWLRQ� DQG� O\PSKRLG� IROOLFOH� IRUPDWLRQ�
�SUHFXUVRU� RI� 0$/7� O\PSKRPD�� LQ� JDVWULF� ELRSVLHV��
3DWLHQW¶V� DJH� GLVWULEXWLRQ� ZDV� GRQH� ZKLFK� VKRZV� ��
���������ZHUH�EHWZHHQ���-��� \HDUV�RI�DJH�ZKLOH���
��������� ZHUH� EHWZHHQ� ��-��� \HDUV� RI� DJH��
PHDQ�6'� ZDV� FDOFXODWHG� DV� ������������ \HDUV� DV�
VKRZQ� LQ�)LJXUH� ,�� ,Q� WKLV� VWXG\��ZH� IRXQG� WKDW� ���+��
S\ORUL�SRVLWLYH�SDWLHQWV�ZHUH�PLGGOH-DJHG�DGXOW����-���
\HDUV�ROG��ZKLFK�ZDV�PRUH�DV�FRPSDUHG����+��S\ORUL-
LQIHFWHG�SDWLHQWV�ZHUH�\RXQJ�DGXOWV����-���\HDUV�ROG��
DQG�� WKH�S-YDOXH�ZDV�FDOFXODWHG�DV��������$PRQJ����
+�S\ORUL� SRVLWLYH� FDVHV� ����������� PDOH� DQG� ��
��������� IHPDOH� SDWLHQWV�� 7KLV� GLIIHUHQFH� ZDV�
VWDWLVWLFDOO\� VLJQLILFDQW�� )LJXUH� ,,�� S-YDOXH� ZDV�
FDOFXODWHG�DV������  
7DEOH� ,� UHSRUWV� WKH� DVVRFLDWLRQ� RI� +-S\ORUL� LQGXFHG�
LQIHFWLRQ� ZLWK� O\PSKRLG� IROOLFOH� IRUPDWLRQ� LQ� JDVWULF�
ELRSVLHV� XVLQJ� WKH� &KL-VTXDUH� WHVW�� $PRQJ� ��
��������� +�S\ORUL� SRVLWLYH� JDVWULF� ELRSVLHV� UHYHDO� ��
��������� O\PSKRLG� IROOLFOH� IRUPDWLRQ�� 7KHUH� ZDV� D�
VLJQLILFDQW� DVVRFLDWLRQ� REVHUYHG� EHWZHHQ� +�S\ORUL�
LQGXFHG� LQIHFWLRQ� DQG� O\PSKRLG� IROOLFOH� IRUPDWLRQ�ZLWK�
S������ 
7DEOH�,,�VKRZV�PLOG������+�S\ORUL�LQIHFWLRQ�KDG�PLOG�����
QXPEHU� RI� O\PSKRLG� IROOLFOH� IRUPDWLRQ� LQ� FRQWUDVW� WR�
VHYHUH� ����� JDVWULWLV� UHYHDO� LQFUHDVH� ����� QXPEHU� RI�
O\PSKRLG� IROOLFOHV� IRUPDWLRQ�� 7KXV�� PRUH� IROOLFOH�
IRUPDWLRQ� LQGXFHG� E\� VHYHULW\� RI� +�� S\ORUL-LQIHFWHG�
JDVWULWLV� 
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RQH�RI�WKH�LPSRUWDQW�FDXVDWLYH�DJHQWV�DQG�KDYH�EHHQ�
UHSRUWHG� DV� DQ� LPSRUWDQW� VRXUFH� RI� O\PSKRLG� WLVVXH-
RULHQWHG� LQIODPPDWLRQ� DQG� GHYHORSPHQW� RI� %� FHOO�
O\PSKRPD��+��S\ORUL�DUH�UHVSRQVLEOH�WR�DFFHOHUDWH�WKH�
PXWDWHG� SUROLIHUDWLRQ� LQ� JDVWULF� PXFRVD� FRQWDLQV� WR�
HQKDQFH� WKH� QXPEHU� RI� O\PSKRF\WHV� LQ� WKH� ODPLQD�
SURSULD�� 7KLV� FRQGLWLRQ� OHDGV� WR� WKH� IRUPDWLRQ� RI�
O\PSKRLG� IROOLFOHV� DQG� DJJUHJDWHV� LQ� SDWLHQWV� RI�
JDVWULWLV����� $� QXPEHU� RI� VWXGLHV� DUH� EHLQJ� FRQGXFWHG�
DFURVV� WKH� ZRUOG� WR� HVWDEOLVK� WKH� DVVRFLDWLRQ� RI�
+�S\ORUL� LQGXFHG� JDVWULWLV� DQG�0$/7� O\PSKRPD�-���� $�
UHFHQW�VWXG\�LQ�,UDQ�DOVR�VKRZHG�VWURQJ�FRUUHODWLRQ��� 

7KH� FXUUHQW� VWXG\� ZDV� SODQQHG� WR� GHWHUPLQH� WKH�
IUHTXHQF\� RI�+-S\ORUL� LQGXFHG� LQIHFWLRQ� DQG� O\PSKRLG�
IROOLFOH� IRUPDWLRQ� �SUHFXUVRU� RI� 0$/7� /\PSKRPD�� WR�
WKH�VHYHULW\�RI�JDVWULWLV�XVLQJ�XSGDWHG�6\GQH\�VFRULQJ�
V\VWHP�DV��PLOG��PRGHUDWH�DQG�VHYHUH�����7KLV�PD\�EH�
KHOSIXO� LQ� HDUO\� GHWHFWLRQ� RI� SRVLWLYH� FDVHV� IRU�
DSSURSULDWH� DQWLELRWLF� WKHUDS\�� +-S\ORUL� HUDGLFDWLRQ�
WKHUDS\� FDQ� VDYH� WKH� SDWLHQW� IURP� GHYHORSLQJ�0$/7�
/\PSKRPD�DQG�RWKHU�PDOLJQDQFLHV�� 

7KH� SUHYDOHQFH� +�� S\ORUL� LQIHFWLRQ� ZDV� ���� LQ� RXU�
VWXG\�� ZKLOH� LQ� SUHYLRXVO\� SXEOLVKHG� SDSHUV� VKRZ� D�
ZLGH� UDQJH� IURP� ������ WR� ������ GHSHQGLQJ� RQ�
VRFLRHFRQRPLF� VWDWXV�� K\JLHQH� DQG� VDQLWDU\�
FRQGLWLRQ���� ,Q� DGGLWLRQ� WR� WKLV�� LW� ZDV� DOVR� REVHUYHG�
WKDW� PRVW� RI� WKH� LQIHFWHG� SDWLHQWV� ��������� ZHUH�
EHORQJHG�WR�WKH�PLGGOH�DJH�JURXS����-����\HDUV�ZLWK�D�
PHDQ� DJH� FDOFXODWHG� ZDV� ������������ \HDUV�� 7KHVH�
UHVXOWV� DUH� VXSSRUWHG� DQG� YHU\� FORVH� WR� WKH� SUHYLRXV�
VWXGLHV� FRQGXFWHG� LQ� WKH� ORFDO� SRSXODWLRQ�RI�3DNLVWDQ�
ZLWK� WKH� PHDQ� DJH� RI� ������ \HDUV���� 6LPLODUO\��
VWUDWLILFDWLRQ� IRU� WKH� IUHTXHQF\� RI� +-S\ORUL� LQGXFHG�
LQIHFWLRQ� LQ� JDVWULF� ELRSVLHV� ZLWK� UHJDUGV� WR� JHQGHU�
VKRZHG� WKH�GLIIHUHQFH��+RZHYHU��PRVW� RI� WKH� VWXGLHV�
LQ�WKH�VDPH�FRQWH[W�VKRZHG�QR�FRUUHODWLRQ�RI�DJH�DQG�
JHQGHU�ZLWK� WKH� VHYHULW\� RI� JDVWULWLV�� IROOLFOH� IRUPDWLRQ�
DQG� IUHTXHQFLHV� RI� +�� S\ORUL���� 7KH� VWUDWLILFDWLRQ� IRU�
IUHTXHQF\�RI�+-S\ORUL� LQIHFWLRQ�LQ�JDVWULF�ELRSVLHV�ZLWK�
UHJDUGV� WR� VHYHULW\� VKRZHG� D� VLJQLILFDQW� GLIIHUHQFH�
EHWZHHQ� WKUHH�JURXSV��*���PLOG��*���PRGHUDWH�	�*��
VHYHUH�� LQ� WKH� SUHVHQWHG� VWXG\� ZKLFK� UHIOHFWHG� WKH�
VWURQJ� DVVRFLDWLRQ� EHWZHHQ� WKH� IUHTXHQF\� RI�+-S\ORUL�
LQIHFWLRQ� DQG� WKH� VHYHULW\� RI� JDVWULWLV�� /LX�:�� HW� DO����
VWURQJO\�IDYRU�WKH�DVVRFLDWLRQ�RI�����SDWLHQWV�ZLWK�+-
S\ORUL� ZLWK� FKURQLF� JDVWULWLV� ZKLOH� VWXG\LQJ� ����
SDWLHQWV�� $QRWKHU� VWXG\� FRQGXFWHG� E\� 0HKPRRG� .�
�������DOVR�VXSSRUWHG�WKH�DVVRFLDWLRQ�RI�WKH�SUHVHQFH�
RI�+�� S\ORUL�ZLWK� JDVWULWLV� VHYHULW\��6LPLODUO\�� DOO� RI� WKH�
WKUHH�JURXSV�VKRZHG�D�VLJQLILFDQW�DVVRFLDWLRQ�ZLWK�WKH�
IRUPDWLRQ� RI� O\PSKRLG� IROOLFOH�� � 3UHYLRXV� VWXGLHV� DOVR�
VXSSRUWHG�WKH�VDPH�LGHD��� ,Q�D�FRPSUHKHQVLYH�VWXG\��
*HQWD��5��������FRQFOXGHG�WKDW�ILQGLQJ�HYHQ�D�VLQJOH�
O\PSKRLG� IROOLFOH� LQ� D� JDVWULF� ELRSV\� VSHFLPHQ� LV�
DVVRFLDWHG� ZLWK� D� YHU\� KLJK� SUREDELOLW\� �!����� RI�
GHWHFWLQJ� +�� S\ORUL� LQ� WKH� VDPH� RU� LQ� DQRWKHU�
V\QFKURQRXV� ELRSV\� VSHFLPHQ� REWDLQHG� IURP� WKDW�
SDWLHQW�� /\PSKRLG� IROOLFOHV� DUH� DEVHQW� LQ� WKH� QRUPDO�

VWRPDFK���� WKHUHIRUH�WKHLU�DSSHDUDQFH� LQ�WKH�VWRPDFK�
ZLWK� +�� S\ORUL-DVVRFLDWHG� JDVWULWLV�� LV� DQ� LVVXH� RI�
FRQVLGHUDEOH� LQWHUHVW�� 7KH� GHYHORSPHQW� RI� PXFRVD-
DVVRFLDWHG�O\PSKRLG�WLVVXH�LV�D�QHFHVVDU\�ILUVW�VWHS�LQ�
WKH� GHYHORSPHQW� RI� SULPDU\� 0$/7� O\PSKRPD� LQ�
YDULRXV�RUJDQV�VXFK�DV� OXQJ�� WK\URLG�RU�VWRPDFK� WKDW�
DUH� QRUPDOO\� GHYRLG� RI� 0$/7������� 7KHUHIRUH��
DVVRFLDWLRQ�LQ�WKH�VWRPDFK�PXFRVD�VXJJHVWV�D�FDXVDO�
UHODWLRQVKLS�EHWZHHQ�+��S\ORUL�DQG�WKH�RULJLQ�RI�JDVWULF�
0$/7� O\PSKRPD�� 2XU� VWXG\� DOVR� UHYHDOHG� D�
VLJQLILFDQW�DVVRFLDWLRQ�EHWZHHQ�+��S\ORUL�LQIHFWLRQ�DQG�
O\PSKRLG�IROOLFOH�IRUPDWLRQ� 
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:H�FRQFOXGHG�WKDW� WKH�IUHTXHQF\�RI�+-S\ORUL� LQIHFWLRQ�
DQG� O\PSKRLG� IROOLFOH� IRUPDWLRQ� �SUHFXUVRU� RI� 0$/7�
O\PSKRPD�� LQ� JDVWULF� ELRSVLHV� LV� VLJQLILFDQWO\�
DVVRFLDWHG� DQG� HDUO\� GHWHFWLRQ� RI� SRVLWLYH� FDVHV� IRU�
DSSURSULDWH�DQWLELRWLF�WKHUDS\�DQG�+-S\ORUL�HUDGLFDWLRQ�
WKHUDS\� FDQ� VDYH� WKH� SDWLHQW� IURP� GHYHORSLQJ�0$/7�
/\PSKRPD�DQG�RWKHU�PDOLJQDQFLHV� 

(WKLFDO� SHUPLVVLRQ�� � 316� 6KLID�� .DUDFKL��
'LVVHUWDWLRQ�DSSURYDO�OHWWHU������ 

&RQIOLFW� RI� LQWHUHVW�� 7KHUH� LV� QRW� FRQIOLFW� RI�
LQWHUHVW� 

)XQGLQJ��7KHUH�ZDV�QR�IXQGLQJ�IURP�DQ\�DJHQF\� 
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3DUZHHQ�6��0DLQ�DXWKRU�� LGHD��FROOHFWLRQ�RI�GDWD�DQG�
DQDO\VLV 
0HKERRE�6��0DQXVFULSW�ZULWLQJ 
6XOWDQ�%$��5HYLHZ�	�SURRI�UHDGLQJ 
,UVKDG�=��5HYLHZ�	�SURRI�UHDGLQJ 
6KDLNK�$��'DWD�DQDO\VLV 
.XPDU�6��3URRI�UHDGLQJ 

5()(5(1&(6 

�� 7URSSDQ� .��:HQ]O� .�� 1HXPHLVWHU� 3�� 'HXWVFK� $��
0ROHFXODU� 3DWKRJHQHVLV� RI� 0DOW� /\PSKRPD��
*DVWURHQWHURO� 5HV� 3UDFW�� ������ ������ ��������
GRL���������������������� 

�� 0FPDKRQ� %�� %UXFH� 0�� .RFK� $�� *RRGPDQ� .���
7VXNDQRY�9��0XOYDG�*��HW�DO��7KH�'LDJQRVLV�DQG�
7UHDWPHQW�RI�+HOLFREDFWHU�3\ORUL�,QIHFWLRQ�LQ�$UFWLF�
5HJLRQV� ZLWK� D� +LJK� 3UHYDOHQFH� RI� ,QIHFWLRQ��
([SHUW� &RPPHQWDU\�� (SLGHPLRO� ,QIHFW�� ������ ���
��������-�����GRL���������6����������������� 

�� %XUNLWW� 0�� 'XFNZRUWK� &��:LOOLDPV� -�� 3ULWFKDUG� '��
+HOLFREDFWHU� 3\ORUL-,QGXFHG� *DVWULF� 3DWKRORJ\��
,QVLJKWV� IURP� ,Q� 9LYR� DQG� ([� 9LYR� 0RGHOV�� 'LV�
0RGHO� 0HFK�� ������ ������� ��-����� GRL���������
GPP�������� 

�� 6PLWK� 6�� )RZRUD�0�� 3HOOLFDQR�5�� ,QIHFWLRQV�:LWK�
+HOLFREDFWHU� 3\ORUL� $QG� &KDOOHQJHV� (QFRXQWHUHG�
,Q� $IULFD�� :RUOG� -� *DVWURHQWHURO�� ������ ��������
����-����GRL���������:MJ��9���,������� 

6DOPD�3DUZHHQ��6KDIDTXH�0HKERRE��%LQLVK�$ULI�6XOWDQ��=DUHHQ�,UVKDG��$VPD�6KDLNK��6XUHVK�.XPDU�/DQJKDQL 

��� 



 

-�/LDTXDW�8QL�0HG�+HDOWK�6FL�-8/<-6(37(0%(5�������9RO�����1R���� 

�� /LP� .�� 3DOD\DQ� .�� $� UHYLHZ� RI� JDVWULF� FDQFHU�
UHVHDUFK� LQ� 0DOD\VLD�� $VLDQ� 3DF� -� &DQFHU� 3UHY��
��������������-���� 

�� 6LGGLTXL�6��1D]�(��'DQLVK�)��0LU]D�7��$]L]�6��$OL�
$�� )UHTXHQF\� RI� +HOLFREDFWHU� 3\ORUL� LQ� %LRSV\-
3URYHQ� *DVWULWLV� DQG� LWV� $VVRFLDWLRQ� ZLWK�
/\PSKRLG� )ROOLFOH� )RUPDWLRQ�� -� 3DN� 0HG� $VVRF��
���������������-��� 

�� :RWKHUVSRRQ� $�� 2UWL]-+LGDOJR� &�� )DO]RQ� 0��
,VDDFVRQ� 3�� +HOLFREDFWHU� 3\ORUL-$VVRFLDWHG�
*DVWULWLV� DQG� 3ULPDU\� %-&HOO� *DVWULF� /\PSKRPD��
/DQFHW�� ������ ����������� ����–��� GRL�� ���������
����-�������������-]� 

�� &KH\� :�� :RQJ� %�� $PHULFDQ� &ROOHJH� RI�
*DVWURHQWHURORJ\� *XLGHOLQH� RQ� WKH� 0DQDJHPHQW�
RI� +HOLFREDFWHU� 3\ORUL� ,QIHFWLRQ�� $P� -�
*DVWURHQWHURO�� ������ �������� ����-����
GRL����������M������-����������������[� 

�� +X�4��=KDQJ�<��=KDQJ�;��)X�.��*DVWULF�0XFRVD-
$VVRFLDWHG� /\PSKRLG� 7LVVXH� /\PSKRPD� DQG�
+HOLFREDFWHU�3\ORUL�,QIHFWLRQ��$�5HYLHZ�RI�&XUUHQW�
'LDJQRVLV�DQG�0DQDJHPHQW��%LRPDUN�5HV��������
�������GRL���������V�����-���-����-�� 

��� =DJDUL� 5�� 5RPDQR� 0�� 2MHWWL� 9�� 6WRFNEUXJJHU� 5��
*XOOLQL� 6�� $QQLEDOH� %�� HW� DO�� *XLGHOLQHV� IRU� WKH�
0DQDJHPHQW� RI� +HOLFREDFWHU� 3\ORUL� ,QIHFWLRQ� LQ�
,WDO\�� 7KH� ,,,� :RUNLQJ� *URXS� &RQVHQVXV� 5HSRUW�
������ 'LJ� /LYHU� 'LV�� ������ �������� ���-���� 
GRL����������M�GOG������������� 

��� /HH� 6�� &XUUHQW� SURJUHVV� WRZDUG� HUDGLFDWLQJ�
+HOLFREDFWHU� 3\ORUL� LQ� (DVW� $VLDQ� &RXQWULHV��
'LIIHUHQFHV� LQ� WKH� ����� UHYLVHG� *XLGHOLQHV�
EHWZHHQ�&KLQD��-DSDQ��DQG�6RXWK�.RUHD��:RUOG�-�
*DVWURHQWHURO�� ������ ������� ����-������
GRL� ��������ZMJ�Y���L������� 

��� &KLQHVH� 6RFLHW\� RI� *DVWURHQWHURORJ\�� � &6*+3��
/LX� :�� ;LH� <�� &KHQJ� +�� /X� 1�� HW� DO�� )RXUWK�
&KLQHVH� 1DWLRQDO� &RQVHQVXV� 5HSRUW� RQ� WKH�
0DQDJHPHQW� RI� +HOLFREDFWHU� 3\ORUL� ,QIHFWLRQ�� 
-�'LJ�'LV������������������-��� 

��� +HUU�0��6FKRQIHOG�6��'RUHV�*��(QJHOV�(��7XFNHU�
0�� &XUWLV� 5�� (W� $O�� 5LVN� )RU� 0DOLJQDQFLHV� 2I�
,QIHFWLRXV� (WLRORJ\� $PRQJ� $GXOW� 6XUYLYRUV� 2I�
6SHFLILF� 1RQ-+RGJNLQ� /\PSKRPD� 6XEW\SHV��
%ORRG� $GY�� ������ ������� ����-��� GRL���������
EORRGDGYDQFHV������������ 

��� %DVKLUL� +�� (VPDHLO]DGHK� $�� 9RVVRXJKLQLD� +��
*KDIIDU]DGHJDQ� .�� 5D]LHL� +5�� %R]RUJRPLG� $��
$VVRFLDWLRQ� EHWZHHQ� *DVWULF� /\PSKRLG� )ROOLFOHV�
�3UHFXUVRU� RI� 0DOW� /\PSKRPDV�� DQG� +�3\ORUL�
,QIHFWLRQ� DW� D� 5HIHUUDO� +RVSLWDO� LQ� ,UDQ�� &OLQ� ([S�
*DVWURHQWHURO�� ������ ���� ���-����� GRL���������
&(*�6������� 

��� 3UXWKL� 6��1LUXSDPD�0��&KDNUDERUWL� 6��(YDOXDWLRQ�
RI�*DVWULF�%LRSVLHV�LQ�&KURQLF�*DVWULWLV��*UDGLQJ�RI�
,QIODPPDWLRQ� E\� 9LVXDO� $QDORJXH� 6FDOH�� ������ �
��������-���GRL�������������-������������ 

��� :DVD\�0�� -DIUL�:��.KHDODQL�%��$]DP� ,��+XVVDLQL�
$�� +HOLFREDFWHU� 3\ORUL� *DVWULWLV� $QG� 5LVN� 2I�
,VFKDHPLF�6WURNH��-�3DN�0HG�$VVRF���������������
���-��� 

��� 6LSSRQHQ� 3�� .HNNL� 0�� 6LXUDOD� 0�� $JH-5HODWHG�
WUHQGV� RI� *DVWULWLV� DQG� ,QWHVWLQDO� 0HWDSODVLD� LQ�
*DVWULF� &DUFLQRPD� 3DWLHQWV� DQG� &RQWUROV�
5HSUHVHQWLQJ� WKH� 3RSXODWLRQ� DW� /DUJH�� 
%U� -� &DQFHU�� ������ ������� ���-���� GRL� ��������
EMF��������� 

��� 0HKPRRG� .�� $ZDQ� $�� 0XKDPPDG� 1�� +DVDQ� )��
1DGLU� $�� +HOLFREDFWHU� 3\ORUL� SUHYDOHQFH� DQG�
+LVWRSDWKRORJLFDO�ILQGLQJV�LQ�'\VSHSWLF�3DWLHQWV��-�
$\XE�0HG�&ROO�$EERWWDEDG������������������-�� 

��� *HQWD� 5�� +DPPHU� +�� 7KH� 6LJQLILFDQFH� RI�
/\PSKRLG�)ROOLFOHV� LQ� WKH� ,QWHUSUHWDWLRQ� RI� JDVWULF�
%LRSV\� 6SHFLPHQV�� $UFK� 3DWKRO� /DE� 0HG�� ������
�����������-�� 

��� 6DNLPXUD� &�� 7DQDND� +�� 2NXQR� 7�� +LUDPDWVX� 6��
0XJXUXPD� .�� +LUDNDZD� .�� HW� DO�� %� &HOOV� ,Q�
7HUWLDU\�/\PSKRLG�6WUXFWXUHV�$UH�$VVRFLDWHG�:LWK�
)DYRXUDEOH� SURJQRVLV� ,Q� *DVWULF� &DQFHU�� -� 6XUJ�
5HV�� ������ ������-���� GRL���������
-�-VV������������� 

��� 7DNHXFKL� <�� 0L\DKDUD� .�� 0RULWR� 7�� HW� DO�� 7KH�
3URJUHVVLRQ� RI� (VRSKDJHDO� 0XFRVD-DVVRFLDWHG�
/\PSKRLG� 7LVVXH� /\PSKRPD� DIWHU� +HOLFREDFWHU�
S\ORUL� (UDGLFDWLRQ� 7KHUDS\�� $� &DVH� 5HSRUW� DQG�
'LVFXVVLRQ� RI� 7KHUDSHXWLF� 2SWLRQV�� ,QWHUQ� 0HG��
����������������-����� 

��� $EEDV�+��1LD]L�0��0DNNHU�-��0XFRVD-$VVRFLDWHG�
/\PSKRLG� 7LVVXH� �0$/7�� /\PSKRPD� RI� WKH�
&RORQ�� $� &DVH� 5HSRUW� DQG� D� /LWHUDWXUH�
5HYLHZ� $P� -� &DVH� 5HS�� ������ GRL����������
$-&5��������� 

7R�'HWHUPLQH�WKH�)UHTXHQF\�RI�+��3\ORUL�,QIHFWLRQ 

��� 
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'U��=DUHHQ�,UVKDG 
$VVLVWDQW�3URIHVVRU 
'HSDUWPHQW�RI�3DWKRORJ\ 
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'U��$VPD�6KDLNK 
$VVLVWDQW�3URIHVVRU 
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.DUDFKL��6LQGK-3DNLVWDQ� 
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