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� ,QGLDQ� $JULFXOWXUDO� 6WDWLVWLFV�
5HVHDUFK� ,QVWLWXWH� �,$65,�� HVWDEOLVKHG� LQ�
�����ZDV�PDLQO\�UHVSRQVLEOH�IRU�SURPRWLQJ�
DQG� FRQGXFWLQJ� UHVHDUFK� DQG�
HGXFDWLRQ�WUDLQLQJ�LQ�$JULFXOWXUDO�6WDWLVWLFV���
:LWK� WKH� DGYDQFHV� LQ� � LQIRUPDWLRQ�
WHFKQRORJ\� WKH� LQVWLWXWH� KDV� DGDSWHG� LWVHOI�
WR� WKH� FXUUHQW� QHHGV� RI� DJULFXOWXUDO�
UHVHDUFK�� � ,Q� � WKH� FKDQJHG� � VFHQDULR�� WKH�
PDQGDWH� RI� WKH� ,QVWLWXWH� LV�� � WR� XQGHUWDNH�
EDVLF�� DSSOLHG� DQG� DGDSWLYH� UHVHDUFK� LQ�
DJULFXOWXUDO� VWDWLVWLFV�� WR� DVVLVW� LQ� WKH�
GHYHORSPHQW�DQG�VWUHQJWKHQLQJ�RI�1DWLRQDO�
$JULFXOWXUDO� 6WDWLVWLFV� 6\VWHP�� WR� FRQGXFW�
SRVW� JUDGXDWH� DQG� LQ�VHUYLFH� WUDLQLQJ�
FRXUVHV� LQ� $JULFXOWXUDO� 6WDWLVWLFV� DQG�
&RPSXWHU� $SSOLFDWLRQV�� � WR� SURYLGH�
FRQVXOWDQF\�VHUYLFHV�� WR�DFW�DV�D�UHSRVLWRU\�
RI� LQIRUPDWLRQ� RQ� DJULFXOWXUDO� VWDWLVWLFV�� WR�
GHYHORS� WKH� ,QVWLWXWH� DV� DQ� $GYDQFHG�
&HQWUH� RI� ([FHOOHQFH� LQ� HGXFDWLRQ� DQG�
WUDLQLQJ� LQ� $JULFXOWXUDO� 6WDWLVWLFV� DQG�
&RPSXWHU� $SSOLFDWLRQV� DQG� WR� XQGHUWDNH�
VSRQVRUHG�UHVHDUFK�DQG�WUDLQLQJ�RI�QDWLRQDO�
DQG� LQWHUQDWLRQDO� RUJDQLVDWLRQV� LQ� WKHVH�
GLVFLSOLQHV��
�
� $� QXPEHU� RI� UHVHDUFK� SURMHFWV� DUH�
XQGHUWDNHQ�LQ� WKH�GLIIHUHQW�GLYLVLRQV�RI� WKH�
,QVWLWXWH�QDPHO\�6DPSOH�6XUYH\��'HVLJQ�RI��
([SHULPHQWV�%LRPHWULFV�� )RUHFDVWLQJ�
7HFKQLTXHV�� � (FRQRPHWULFV� DQG� &RPSXWHU�
$SSOLFDWLRQV���'XULQJ�WKH�\HDU�XQGHU�UHSRUW��
WKHUH� ZHUH� ��� ,QVWLWXWH� EDVHG� RQJRLQJ�
UHVHDUFK�SURMHFWV�����SURMHFWV�IXQGHG�E\�$3�
&HVV����H[WHUQDOO\�IXQGHG�SURMHFWV����1$73�
SURMHFWV� DQG� RQH� UHYROYLQJ� IXQG� SURMHFW�
FRYHULQJ�WKH�PDLQ�WKUXVW�DUHDV���OLNH�SRXOWU\��
PHDW� SURGXFWLRQ�� LQODQG� ILVK� FDWFK�
HVWLPDWLRQ��SURGXFWLRQ�DQG�DUHD�HVWLPDWLRQ��
DVVHVVPHQW� DQG� HYDOXDWLRQ� VWXGLHV�� UHPRWH�
VHQVLQJ� DQG� JHRJUDSKLF� LQIRUPDWLRQ�
V\VWHP�� � GHYHORSPHQW� RI� GDWDEDVHV��
FURSSLQJ� V\VWHP� UHVHDUFK�� LQIRUPDWLRQ�
V\VWHP� IRU� DJULFXOWXUDO� DQG� DQLPDO�
H[SHULPHQWV�� H[SHULPHQWDO� GHVLJQV� IRU�
DJULFXOWXUDO�� DQLPDO�� DJUR�IRUHVWU\� DQG�
ILVKHU\�UHVHDUFK��VWDWLVWLFDO�LQYHVWLJDWLRQV�LQ��
JHQHWLFV� DQG� ELR�WHFKQRORJ\�� � IRUHFDVWLQJ�
WHFKQLTXHV� LQ� DJULFXOWXUDO� V\VWHP��
WHFKQRORJLFDO�FKDQJH��ULVN�DQG�XQFHUWDLQW\��

�
�
LQ� DJULFXOWXUH�� DQG� PRGHOOLQJ� IRU�
DJULFXOWXUDO� SODQQLQJ�� � ,Q� VRPH� RI� WKHVH�
VWXGLHV�� � ,QVWLWXWH� LV� FROODERUDWLQJ� ZLWK�
YDULRXV� ,QVWLWXWHV� DQG� DOVR� XVHU�
RUJDQLVDWLRQV�� �7KH�5HVHDUFK�&RRUGLQDWLRQ�
DQG�0DQDJHPHQW�8QLW��5&08���DSDUW�IURP�
FRRUGLQDWLRQ� DQG� PDQDJHPHQW� ZRUN���
EURXJKW�RXW��$QQXDO�5HSRUW�RI�WKH�,QVWLWXWH��
4XDUWHUO\� ,$65,� 1HZV� DQG� � 0RQLWRULQJ�
3URJUHVV�5HSRUWV�� �()&�0HPR�IRU�,;�3ODQ�
DQG�LWV�PLG��WHUP�DSSUDLVDO��HWF��
�
� 7KH�'LYLVLRQ� RI� 6DPSOH� 6XUYH\� LV�
PDLQO\� LQYROYHG� LQ� WKH� GHYHORSPHQW� RI�
VDPSOH�VXUYH\�WHFKQLTXHV�IRU�HVWLPDWLRQ�RI�
YDULRXV� SDUDPHWHUV� RI� LQWHUHVW� UHODWLQJ� WR�
FURSV�� OLYHVWRFN�� ILVKHU\� DQG� DOOLHG� ILHOGV��
1LQH� UHVHDUFK� SURMHFWV� ZHUH� WDNHQ�XS�
FRYHULQJ� WKH� WKUXVW� DUHDV� OLNH� UHPRWH�
VHQVLQJ� DQG� JHRJUDSKLF� LQIRUPDWLRQ�
V\VWHP�� SRXOWU\� PHDW� SURGXFWLRQ�� LQODQG�
ILVK� FDWFK� HVWLPDWLRQ�� SURGXFWLRQ� DQG� DUHD�
HVWLPDWLRQ�� DVVHVVPHQW� DQG� HYDOXDWLRQ�
VWXGLHV�� $JULFXOWXUDO� UHVHDUFK� LV� D� YLWDO�
LQSXW� IRU� SODQQHG� JURZWK� DQG� VXVWDLQDEOH�
GHYHORSPHQW� RI� DJULFXOWXUH� LQ� WKH� FRXQWU\��
7KH� 'LYLVLRQ� KDV� WDNHQ� WKH� OHDG� LQ�
SXEOLFDWLRQ� RI� $JULFXOWXUDO� 5HVHDUFK� 'DWD�
%RRN� VLQFH� ������ 7KH� $JULFXOWXUDO�
5HVHDUFK� 'DWD� %RRN� ������ ZKLFK� LV� WKH�
ILIWK� LQ� WKH� VHULHV� LV� DQ� DWWHPSW� WR� SXW�
WRJHWKHU�PDLQ�FRPSRQHQWV�LQGLFDWRUV�RI�WKH�
LQIRUPDWLRQ� SHUWDLQLQJ� WR� DJULFXOWXUDO�
UHVHDUFK�� HGXFDWLRQ� DQG� UHODWHG� DVSHFWV�
IURP� GLIIHUHQW� VRXUFHV� VFDWWHUHG� RYHU�
YDULRXV�W\SHV�RI�SXEOLVKHG�DQG�XQSXEOLVKHG�
UHFRUGV�� 7KH�'LYLVLRQ� KDV� EHHQ� RUJDQLVLQJ�
QXPEHU�RI�VSRQVRUHG�WUDLQLQJ�SURJUDPPHV��
1XPEHU� RI� SURMHFWV� KDYH� DOVR� EHHQ�
SUHSDUHG�LQ�WKH�IRUP�RI�FRQVXOWDQF\�HIIRUWV�
WR� EH� IXQGHG� IURP� RWKHU� DJHQFLHV�� 7KH�
EHQHILFLDULHV� RI� WKHVH� UHVHDUFK� SURMHFWV��
WUDLQLQJ�SURJUDPPH�DV�ZHOO�DV�FRQVXOWDQF\�
DUH� VSUHDG� RYHU� WKH� ,QVWLWXWHV� LQ� 1DWLRQDO�
$JULFXOWXUDO������5HVHDUFK����6\VWHP�����6WDWH��
'HSDUWPHQWV�RI�$JULFXOWXUH��'LUHFWRUDWH�RI�
(FRQRPLFV� 	� 6WDWLVWLFV�� 'HSDUWPHQW� RI�
$QLPDO�+XVEDQGU\�	�'DLU\LQJ�LQ�0LQLVWU\�
RI� $JULFXOWXUH�� &HQWUDO� 6WDWLVWLFDO�
2UJDQLVDWLRQ� DQG� 1DWLRQDO� 6DPSOH� 6XUYH\�
2UJDQLVDWLRQ� HWF�� 7KH� 'LYLVLRQ� RUJDQLVHG��
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&$6� VSRQVRUHG� 7UDLQLQJ� 3URJUDPPH� RQ�
³5HFHQW� $GYDQFHV� LQ� WKH� $QDO\VLV� RI�
6XUYH\� 'DWD´� IRU� WKH� 6FLHQWLVWV� �� )DFXOW\�
0HPEHUV� RI� 1DWLRQDO� $JULFXOWXUDO�
5HVHDUFK�6\VWHP�DW�WKH�,QVWLWXWH�GXULQJ�)HE�
���±�����������7HDFKLQJ�IDFXOW\�ZDV�PRVWO\�
IURP� WKH� 'LYLVLRQ�� +RZHYHU� GLVWLQJXLVKHG�
VSHDNHUV� IURP� YDULRXV� RUJDQLVDWLRQV� H�J��
'HOKL� 8QLYHUVLW\�� ,&05�� 1662�� '(6��
2IILFH� RI� 5HJLVWUDU�*HQHUDO� HWF�� ZHUH� DOVR�
LQYLWHG� IRU� GHOLYHULQJ� WKH� OHFWXUHV��
3DUWLFLSDQWV� RI� WKH� WUDLQLQJ� SURJUDPPH�
ZHUH� H[SRVHG� RQ� UHFHQW� DGYDQFHV� LQ� WKH�
ILHOG� RI� VDPSOLQJ� DORQJZLWK� WKH� XVH� RI�
FRPSXWHU� LQ� WKH� DQDO\VLV� RI� VDPSOH� VXUYH\�
GDWD�� �$�VWXG\� WRXU�WUDLQLQJ�SURJUDPPH�RQ�
�'HYHORSPHQW� RI� &URS� 6WDWLVWLFV�
0HWKRGRORJ\��� IXQGHG� E\� )RRG� DQG�
$JULFXOWXUH� 2UJDQLVDWLRQ� �)$2�� IRU� WZR�
VWDII� PHPEHUV� IURP� *RYW�� RI� (ULWUHD� ZDV�
SODQQHG�� � $� UHPRWH� VHQVLQJ� ODERUDWRU\�
HTXLSSHG� ZLWK� VXLWDEOH� KDUGZDUH� DQG�
GLJLWDO� LPDJH� SURFHVVLQJ� DQG� *,6�
VRIWZDUH�KDV�EHHQ�IXUWKHU�VWUHQJWKHQHG��
�
� 7KH� 'LYLVLRQ� RI� 'HVLJQ� RI��
([SHULPHQWV� KDV� XQGHUWDNHQ� WZR� SURMHFWV�
�L�� µ)HUWLOL]HU� UHVSRQVH� UDWLR� IRU� GLIIHUHQW�
FURSV� LQ� ,QGLD� �IXQGHG� E\� WKH� �0LQLVWU\�RI��
$JULFXOWXUH���LL��(YDOXDWLRQ�RI�IDWLJXH�VFRUH�
FDUG� IRU� DQLPDOV� �,Q� FROODERUDWLRQ� ZLWK�
$,&53� RQ� XWLOL]DWLRQ� RI� LQFUHDVHG�$QLPDO�
(QHUJ\� ZLWK� HQKDQFHG� V\VWHP� HIILFLHQF\��
.�9�.��� 5HZDUL��� � 7KH� VWXG\� RI� WKH� ILUVW�
SURMHFW� EDVLFDOO\� GHDOV� ZLWK� WKH�
GHYHORSPHQW� RI� VXLWDEOH� VWDWLVWLFDO�
SURFHGXUHV� IRU� REWDLQLQJ� WKH� IHUWLOL]HU�
UHVSRQVH� UDWLRV� IRU� YDULRXV� FURSV� LQ�
GLIIHUHQW� UHJLRQV� RI� WKH� FRXQWU\� DQG� WR�
REWDLQ�IHUWLOL]HU�UHVSRQVH�UDWLRV�IRU�GLIIHUHQW�
FURSV� LQ� GLIIHUHQW� UHJLRQV� RI� WKH� FRXQWU\��
EDVHG�RQ�IDUPHUV�ILHOG��WULDOV��7KH�IHUWLOL]HU�
UHVSRQVH�UDWLRV� IRU� ��� PDMRU� FURSV� ���
FHUHDOV�� �� SXOVHV�� �� RLOVHHGV� DQG� �� ILEUH��
KDYH�EHHQ� HYDOXDWHG� DW� UHJLRQDO� DV�ZHOO� DV�
DW� 6WDWHV� OHYHO�� � 'DWD� RI� RQ�IDUP� WULDOV�
FRQGXFWHG�GXULQJ�WKH�SHULRG���������XQGHU�
$OO� ,QGLD�&RRUGLQDWHG�5HVHDUFK�3URMHFW�RQ�
&URSSLQJ� 6\VWHP�5HVHDUFK� FRQVWLWXWHG� WKH�
PDMRU� VRXUFH� IRU� HYDOXDWLQJ� WKH� UDWLRV���
7KHVH� UDWLRV� KDYH� EHHQ� HYDOXDWHG� IRU� WZR�
VLWXDWLRQV�RI� IHUWLOL]HU�XVH�QDPHO\��L��ZKHQ�
IDUPHUV� DGRSW� WKHLU� RZQ� FXOWXUDO� DQG�
PDQDJHPHQW�SUDFWLFHV��6LWXDWLRQ�,���DQG��LL��
ZKHQ� IDUPHUV� DGRSW� WKH� LPSURYHG� FXOWXUDO�
DQG� PDQDJHPHQW� SUDFWLFHV� �6LWXDWLRQ�,,����

7KHVH� KDYH� EHHQ� ZRUNHG� RXW� IRU� WKH�
FRPSRVLWH� GRVH� RI� QXWULHQWV� �1�3�.�� E\�
FRQVLGHULQJ� IDUPHUV¶� SUDFWLFH� RI� IHUWLOL]HU�
DSSOLFDWLRQ� DV� WKH� EDVH� OHYHO� DQG�
UHFRPPHQGHG�GRVH�DV�D�KLJKHU�OHYHO���7KXV�
WKH� UHVSRQVH� UDWLR� LQGLFDWHV� DYHUDJH�
LQFUHDVH� LQ� WKH�\LHOG� �NJ�KD��RI� D� FURS�GXH�
WR� SHU� NJ�KD� LQFUHDVH� LQ� WKH� IHUWLOL]HU� XVH�
RYHU�IDUPHUV�DSSOLFDWLRQ�RI�IHUWLOL]HU��,Q�WKH�
VHFRQG� SURMHFW�� PHWKRGRORJ\� IRU�
GHYHORSPHQW� RI� IDWLJXH� VFRUH� FDUG� IRU�
FDPHOV�LV�ILQDOL]HG��
�
� 7KH� GDWD� UHFHLYHG� IURP� GLIIHUHQW�
FROODERUDWLYH�SURMHFWV�XQGHU�$,&53�GXULQJ�
WKH� \HDU� ZHUH� DQDO\VHG� � ZLWK� DSSURSULDWH�
VWDWLVWLFDO� � WHFKQLTXHV�� �7KH� DQQXDO� UHSRUWV�
RI� WKHVH� SURMHFWV� DUH� � SXEOLVKHG� E\� WKHLU�
UHVSHFWLYH�FROODERUDWLYH�DJHQFLHV�� �,Q�RUGHU��
WR�KLJKOLJKW��VKRUW�FRPLQJV�REVHUYHG��LQ�WKH�
FRQGXFW� RI� H[SHULPHQWV� IURP� VWDWLVWLFDO�
SRLQW�RI�YLHZ��LW�ZDV��GHFLGHG�WR�SUHSDUH�WKH�
6WDWXV� 5HSRUWV� IRU� HDFK� SURMHFW�� � 2QH��
6WDWXV�5HSRUW�HQWLWOHG�µ3ODQQLQJ��GHVLJQLQJ�
DQG� DQDO\VLV� RI� H[SHULPHQWV� SODQQHG� µ2Q�
VWDWLRQV¶� � XQGHU� 3'&65� ������������ E\�
5DMLQGHU�.DXU�DQG�$MLW�.DXU�ZDV�SUHSDUHG�
DQG�SXEOLVKHG�����
�
� �$� PRQRJUDSK� � � KLJKOLJKWLQJ� � WKH�
DFKLHYHPHQWV�RI� WKH�'LYLVLRQ�RI�'HVLJQ�RI�
([SHULPHQWV� GXULQJ� ���������� ZDV�
SUHSDUHG�� � � $� � &'�520�(OHFWURQLF� %RRN��
ZDV�DOVR�GHYHORSHG�����
�
� $�WUDLQLQJ��SURJUDPPH�RQ�µ'HVLJQ�
DQG�$QDO\VLV� RI�$JULFXOWXUDO�([SHULPHQWV¶�
ZDV�RUJDQL]HG�XQGHU�WKH�DHJLHV�RI�FHQWUH�RI�
$GYDQFHG� 6WXGLHV� IRU� $JULFXOWXUDO��
6WDWLVWLFV� DQG� &RPSXWHU� $SSOLFDWLRQ� IURP�
��WK� 6HSWHPEHU� ±�WK� 2FWREHU�� ������ � � 7KH�
SULPDU\� REMHFWLYH� RI� WKH� WUDLQLQJ�
SURJUDPPH� ZDV� WR� H[SRVH� WKH� 6FLHQWLVWV��
ZRUNLQJ�LQ�GLIIHUHQW��DUHDV��RI�$JULFXOWXUDO��
DQLPDO� 6FLHQFHV� DQG� )LVKHULHV� � WR� ODWHVW�
GHVLJQV��DQDO\VLV�RI�H[SHULPHQWDO��GDWD�DQG�
XVH� RI� VRIWZDUH� SDFNDJHV� OLNH� 6$6�� 6336�
HWF�� � � 7KH� WUDLQLQJ� ZDV� SODQQHG� LQ� VXFK� D�
ZD\� WKDW� LW� ZDV� D� EOHQG� RI� WKHRU\� DQG�
DSSOLFDWLRQ���
�
� 7KH�'LYLVLRQ�RI�%LRPHWULFV�KDV�WKH�
PDQGDWH� WR� FRQGXFW� EDVLF� DQG� DSSOLHG�
VWDWLVWLFDO� UHVHDUFK� LQ� PRGHOOLQJ� DQG�
VLPXODWLRQ�WHFKQLTXHV�LQ�ELRORJLFDO�V\VWHPV�
ZLWK�VSHFLDO� WKUXVW�RQ�FRPSXWHU�VLPXODWLRQ�
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VWXGLHV� DQG� DSSOLFDWLRQV� RI� UHVDPSOLQJ�
WHFKQLTXHV�� OLNH� ERRWVWUDS�� -DFNNQLIH��
EDODQFHG� UHSHDWHG� UHSOLFDWLRQV� LQ�
$JULFXOWXUDO� 6WDWLVWLFV�� 1RQ�OLQHDU�
VWDWLVWLFDO� PRGHOOLQJ� RI� ELRORJLFDO��
HFRORJLFDO� DQG� HFRQRPLF� SKHQRPHQD��
VWXGLHV� RQ� JHQH� DFWLRQ�� HVWLPDWLRQ� RI�
JHQHWLF� SDUDPHWHUV� DQG� JHQHWLF� PHULW��
JHQHWLF�SURJUHVV�DQG�RWKHU�UHODWHG�VWDWLVWLFDO�
PHWKRGV�� WHDFKLQJ� DQG� WUDLQLQJ� LQ�
$JULFXOWXUDO� VWDWLVWLFV� DQG� &RPSXWHU�
$SSOLFDWLRQV�� � 'XULQJ� WKH� \HDU�� ILYH�
UHVHDUFK� SURMHFWV� ZHUH� LQ� SURJUHVV� QDPHO\�
�L�� 6WXGLHV� RQ� JURZWK� SDWWHUQ� DQG�
KHULWDELOLW\�RI�ILWQHVV�WUDLWV�LQ�,QGLDQ�EUHHGV�
RI� JRDWV�� �LL�� 2Q� UREXVW� HVWLPDWLRQ� RI�
KHULWDELOLW\�� �LLL�� (PSLULFDO� LQYHVWLJDWLRQV�
RQ� WKH� LQIOXHQFH� RI� IL[HG� HIIHFWV� RQ� WKH�
HVWLPDWHV� RI� KHULWDELOLW\�� �LY��'HYHORSPHQW�
RI� VWDWLVWLFDO� SURFHGXUHV� IRU� VHOHFWLQJ�
JHQRW\SHV� VLPXOWDQHRXVO\� IRU� \LHOG� � DQG�
VWDELOLW\� ��LQ�FROODERUDWLRQ�ZLWK� �,$5,��� �Y��
6WXG\� RI� QRQ�OLQHDU� WLPH� VHULHV� PRGHOOLQJ�
LQ� DJULFXOWXUH�� DQG� � �YL�� 6WXG\� � RQ� GDWD�
SURFHVVLQJ� WHFKQLTXHV� IRU� VWDWLVWLFDO�
DQDO\VLV� RI� ODUJH� ILHOG� YDULDELOLW\� LQ� KLOO\�
DQG� VDOW� DIIHFWHG� VRLO� UHJLRQV�� �,QWHU�
'LYLVLRQDO� SURMHFW� ZLWK� WKH� 'LYLVLRQ� RI�
'HVLJQ� RI�([SHULPHQWV� IXQGHG� E\�1$73��
� �
� 7KH� 'LYLVLRQ� RI� )RUHFDVWLQJ� KDV�
WKH� PDQGDWH� WR� GHYHORS� PRGHOV� IRU�
REWDLQLQJ� SUH�KDUYHVW� IRUHFDVW� RI� FURS�
SURGXFWLRQ�� ILVK� SURGXFWLRQ�� PLON�
SURGXFWLRQ�� SRXOWU\� SURGXFWV��
DJURPHWHRURORJLFDO� PRGHOV� IRU� HDUO\�
ZDUQLQJ� DQG� \LHOG� DVVHVVPHQW� DQG�
DVVHVVPHQW�RI�ORVVHV�GXH�WR�YDULRXV�IDFWRUV��
7KH� UHSRUW� IRU� WKH� SURMHFW� ³8VH� RI�
GLVFULPLQDQW� IXQFWLRQ� RI� ZHDWKHU�
SDUDPHWHUV� IRU� GHYHORSLQJ� IRUHFDVW� PRGHO�
RQ� ULFH� FURS´� KDV� EHHQ� EURXJKW� RXW�� � 7KH�
UHVXOWV�UHYHDOHG�WKDW�UHOLDEOH�IRUHFDVWV�FRXOG�
EH�REWDLQHG�WKURXJK�WKLV�PHWKRGRORJ\�ZLWK�
��� GHYLDWLRQ� IURP� REVHUYHG� \LHOG� IRU�
5DLSXU� GLVWULFW�� � %D\HVLDQ� SUREDELOLW\�
IRUHFDVW�PRGHO�EDVHG�RQ�IDUPHUV¶�DSSUDLVDO�
GDWD� RQ� ZKHDW� FURS� � SURYLGHG� IRUHFDVW� IRU�
0X]DIIDUQDJDU� GLVWULFW� DW� DERXW� � �� PRQWKV�
EHIRUH�KDUYHVW���7KH�GHYLDWLRQV�RI�IRUHFDVWV�
IURP� REVHUYHG� \LHOGV� UDQJHG� EHWZHHQ� ��
����� �$QRWKHU� VWXG\� RQ� ³'HYHORSPHQW� RI�
IRUHZDUQLQJ� V\VWHP� IRU� DSKLGV� SHVWV� RQ�
SRWDWR´� LQ� FROODERUDWLRQ� ZLWK� 1&,30�
LQGLFDWHG� WKH� SRVVLELOLW\� RI� LVVXLQJ�
IRUHZDUQLQJ� RQH� ZHHN� �� WZR� ZHHNV� � � LQ���

DGYDQFH����WKURXJK���KLJKHU�GHJUHH�FRPSOH[�
SRO\QRPLDOV� �XVLQJ�*0'+�WHFKQLTXH��DQG�
QRQ�OLQHDU�PRGHOV�EDVHG�RQ�ZHDWKHU�GDWD��

�
,Q� WKH� SURMHFW� HQWLWOHG�

³'HYHORSPHQW� RI� HDUO\� ZDUQLQJ� DQG� \LHOG�
DVVHVVPHQW�PRGHOV� IRU� UDLQIHG�FURSV�EDVHG�
RQ� � � DJURPHWHRURORJLFDO� � � � LQGLFHV´����
IRUHFDVW�PRGHOV�ZHUH�GHYHORSHG� IRU�5LFH� ��
5DLSXU� �&KDWLVJDUK��� 6RUJKXP� ��'HOKL� DQG�
3DUEKDQL��0DKDUDVKWUD��DQG�0DL]H�±�'HOKL�
XVLQJ� � ZHLJKWHG� � VWUHVV� LQGLFHV�� � 7KHVH��
PRGHOV�SURYLGHG�IRUHFDVW��VL[�ZHHNV�EHIRUH�
KDUYHVW� IRU� VRUJKXP�� IRXU� ZHHNV� EHIRUH�
KDUYHVW� IRU� PDL]H� DQG� ILYH� ZHHNV� EHIRUH�
KDUYHVW� IRU� ULFH�� � 7KH� PRGHOV� ZHUH�
YDOLGDWHG� DQG� IRUHFDVWV� IRU� VXEVHTXHQW�
\HDUV� �������� WR� �������� ZHUH� REWDLQHG���
2XW� RI� ��� FDVHV� FRPSDUHG� LQ� VHYHQ� FDVHV�
GHYLDWLRQV� RI� IRUHFDVW� IURP� REVHUYHG� \LHOG�
UDQJHG� EHWZHHQ� ��� WR� ����� LQ� IRXU� FDVHV�
GHYLDWLRQV� ZHUH� KLJK�� � +RZHYHU�� IRUHFDVWV�
IRU� UHFHQW� \HDUV� FRXOG� QRW� EH� FRPSDUHG� DV�
REVHUYHG� �� RIILFLDO� \LHOGV� DUH� VWLOO� WR� EH�
SXEOLVKHG���FDOFXODWHG��

�
�%HVLGHV� WKHVH� SURMHFWV��

FROODERUDWLYH� VWXGLHV� DUH� LQ� SURJUHVV� RQ�
³)RUHFDVWLQJ� ILVK� SURGXFWLRQ� IURP� SRQGV´��
³)RUHFDVWLQJ� WKH� ORVV� LQ� \LHOG� GXH� WR�
ZHHGV´�� ³'HYHORSPHQW� RI� � IRUHZDUQLQJ�
V\VWHP� IRU� PDMRU� SHVWV� DQG� LQVHFWV� IRU�
PDQJR� DQG� SDGG\´�� � 5HFHQWO\� D� SURMHFW�
HQWLWOHG�� � ³)RUHFDVWLQJ� VXJDUFDQH� \LHOGV�
XVLQJ� PXOWLSOH� PDUNRY� FKDLQV´� KDV� EHHQ�
LQLWLDWHG��

�
� 7KH� 'LYLVLRQ� RI� (FRQRPHWULFV��
FRPSOHWHG�D�UHVHDUFK�UHSRUW�HQWLWOHG��6WXG\�
RI� 'HPDQG� IRU� $JULFXOWXUDO� 3URGXFWV� DQG�
LWV�,PSOLFDWLRQV�IRU�)RRG�6HFXULW\�LQ�,QGLD����
$QRWKHU� SURMHFW� RQ� �(FRQRPHWULF�6WXG\�RI�
7HFKQRORJLFDO�'XDOLVP�LQ�(JJ�3URGXFWLRQ��
ZDV� LQLWLDWHG�� � 'XULQJ� WKH� \HDU� LW� LV� LQ�
RSHUDWLRQ�LQ�FROODERUDWLRQ�RI�'HSDUWPHQW�RI�
$QLPDO�+XVEDQGU\��*RYHUQPHQW�RI�3XQMDE���
7KH� VWXG\�ZLOO� FRQFHQWUDWH� LQ� WZR�GLVWULFWV�
RI�3XQMDE���$QRWKHU�SURMHFW�RQ��+RXVHKROG�
)RRG� DQG� 1XWULWLRQDO� 6HFXULW\� LQ� 7ULEDO��
%DFNZDUG�DQG�+LOO\�$UHDV���LV�D�-DL�9LJ\DQ�
1DWLRQDO� 6FLHQFH� DQG� 7HFKQRORJ\�0LVVLRQ�
3URMHFW� DQG� LV�EHLQJ� ILQDQFHG� IURP�1$73���
7KH� SURMHFW� ZDV� LQLWLDWHG� GXULQJ� WKH� \HDU�
DQG� ZRUN� IRU� VWXG\LQJ� WKH� VWDWXV� RI�
DJULFXOWXUDO� SURGXFWLRQ�� IRRG� DQG�
QXWULWLRQDO� VHFXULW\� DW� KRXVHKROG� OHYHO�ZDV�



�

���
���

XQGHUWDNHQ� LQ� $MPHU�� -RGKSXU� DQG�
%DQVZDUD�GLVWULFWV�RI�5DMDVWKDQ��6WDWH��
�
� $� VKRUW� FRXUVH� HQWLWOHG� �(FRQRPLF�
(YDOXDWLRQ� RI� 3URGXFWLYLW\� ,PSURYHPHQWV�
DQG� 7HFKQLFDO� &KDQJH� LQ� $JULFXOWXUH�
6HFWRU�� ZDV� RUJDQL]HG� GXULQJ� ��WK� $XJXVW��
WR� �QG� 6HSWHPEHU�� ������ � 7ZHQW\� ILYH�
WHDFKHUV�DQG�UHVHDUFKHUV�ZRUNLQJ�LQ�YDULRXV�
,&$5� ,QVWLWXWHV� DQG� 6WDWH� $JULFXOWXUH�
8QLYHUVLWLHV�SDUWLFLSDWHG�LQ�WKH�FRXUVH���7KH�
IDFXOW\� IRU� WKH� FRXUVH� ZDV� GUDZQ� IURP�
GLIIHUHQW�UHSXWHG�RUJDQLVDWLRQV��
�
� 7KH� 'LYLVLRQ� RI� &RPSXWHU�
$SSOLFDWLRQV� LQLWLDWHG�SURJUDPPHV�NHHSLQJ�
LQ� YLHZ� WKH� PDQGDWH� RI� WKH� GLYLVLRQ� DQG�
GHYHORSHG� LQIRUPDWLRQ� V\VWHPV� DQG�
VRIWZDUH�IRU�LWV�XVH�LQ�DJULFXOWXUDO�UHVHDUFK��
7KH�'LYLVLRQ� FRQWLQXHG� FRQGXFWLQJ� GHJUHH�
FRXUVHV� OHDGLQJ� WR� 0�6F�� LQ� &RPSXWHU�
$SSOLFDWLRQ� LQ� FROODERUDWLRQ� ZLWK� 3RVW�
*UDGXDWH� 6FKRRO� RI� ,QGLDQ� $JULFXOWXUDO�
5HVHDUFK� ,QVWLWXWH� �,$5,��� 1HZ�'HOKL� DQG�
DOVR� RUJDQLVHG� QXPEHU� RI� WUDLQLQJ�
SURJUDPPH� LQ� LQIRUPDWLRQ� WHFKQRORJ\� IRU�
VFLHQWLVWV� DQG� VWDII� RI� 6WDWH� $JULFXOWXUDO�
8QLYHUVLWLHV� DQG� ,&$5� ,QVWLWXWHV�� 3URMHFW�
,QIRUPDWLRQ� DQG� 0DQDJHPHQW� 6\VWHP�
�3,06��� GHYHORSHG� XQGHU� WKH� 1$73�
3URMHFW�� ,QVWLWXWLRQDOL]DWLRQ� RI� 5HVHDUFK�
3ULRULW\�6HWWLQJ��0RQLWRULQJ�DQG�(YDOXDWLRQ�
DQG� 1HWZRUNLQJ� RI� 6RFLDO� 6FLHQWLVWV´� KDV�
EHHQ� LPSOHPHQWHG� DW� YDULRXV� ORFDWLRQV� RI�
WKH� 1$73� SURMHFWV�� 3,06� SURYLGHV�
LQIRUPDWLRQ� RQ� WKH� 3URMHFWV� XQGHU� WKH�
1$73� SURJUDPPH� DQG� FDQ� EH� XVHG� IRU�
PRQLWRULQJ� DQG� HYDOXDWLRQ� RI� UHVHDUFK�
SURMHFWV�� $Q� ,QWHUQHW� YHUVLRQ� RI� 3,06� LV�
XQGHU� GHYHORSPHQW�� $� ZHE� EDVHG� RQ�OLQH�
V\VWHP� 1,6$*(1(7� IRU� 1DWLRQDO�
,QIRUPDWLRQ� 6\VWHP� RQ� $JULFXOWXUDO�
(GXFDWLRQ� LQ� ,QGLD�� KDV� EHHQ�GHVLJQHG� DQG�
LV� EHLQJ� GHYHORSHG�� 7KH� VFLHQWLVWV� RI� WKH�
'LYLVLRQ�SDUWLFLSDWHG�LQ�VL[�,QWHU�'LYLVLRQDO�
UHVHDUFK�SURMHFWV�� �$Q�,QWUDQHW�VROXWLRQ�IRU�
,$65,� KDV� DOVR� EHHQ� LPSOHPHQWHG�
SURYLGLQJ� XVHIXO� VHUYLFHV� WR� WKH� XVHUV��
6HYHQ� VWXGHQWV� FRPSOHWHG� WKHLU� 0�6F��
GHJUHH� LQ� &RPSXWHU� $SSOLFDWLRQ� IURP� 3*�
6FKRRO�RI�,$5,��7KH�'LYLVLRQ�RUJDQLVHG����
WUDLQLQJ� SURJUDPV�� RI� ZKLFK� ��� WUDLQLQJ�
SURJUDPV� ZHUH� XQGHU� WKH� 5HYROYLQJ� )XQG�
6FKHPH�� RQH� WUDLQLQJ� SURJUDP� XQGHU� &$6�
DQG� RQH� GLYLVLRQDO� WUDLQLQJ� SURJUDP�� 7KH�
'LYLVLRQ� ZDV� LQYROYHG� LQ� WKH�

FRPSXWHUL]DWLRQ� RI� WKH� ��WK� VHVVLRQ� RI� WKH�
,QGLDQ�6FLHQFH�&RQJUHVV�KHOG�DW�1HZ�'HOKL�
IURP� ���� -DQXDU\� ����� DQG� GHYHORSHG� WKH�
ZHEVLWH� RI� WKH� ,QGLDQ� 6FLHQFH� &RQJUHVV�
������ .HHSLQJ� LQ� YLHZ� WKH� SURJUDPPHV�
RXWOLQHG� LQ� WKH�9LVLRQ� ������ D� SURJUDPPH�
XQGHU�WKH�1$73�0LVVLRQ�0RGH�³,QWHJUDWHG�
1DWLRQDO�$JULFXOWXUDO�5HVHDUFK�,QIRUPDWLRQ�
6\VWHP´� �,1$5,6�� KDV� EHHQ� LQLWLDWHG��7KH�
'LYLVLRQ� FRQWLQXHG� WR� SURYLGH� FRPSXWHU�
VHUYLFHV� LQ� WKH� ,QVWLWXWH� DQG� VWUHQJWKHQHG�
WKH�VDPH���
�

5HVHDUFK� &RRUGLQDWLRQ� DQG��
0DQDJHPHQW� 8QLW� �5&08�� LV� UHVSRQVLEOH�
IRU� GRFXPHQWDWLRQ� DQG� GLVVHPLQDWLRQ� RI�
VFLHQWLILF� RXWSXW� RI� WKH� ,QVWLWXWH��
RUJDQLVDWLRQ� RI� 1DWLRQDO� &RQIHUHQFHV� RI�
$JULFXOWXUDO�5HVHDUFK�6WDWLVWLFLDQV� RQFH� LQ�
WKUHH� \HDUV�� RUJDQLVDWLRQ� RI� PHHWLQJV� RI�
65&�� 5$&�� 457� DQG� 6HQLRU� 2IILFHUV� � RI�
WKH� ,QVWLWXWH�� � FRUUHVSRQGHQFH� ZLWK� ,&$5�
+4V� DQG� LWV� ,QVWLWXWHV�� 6$8V� DQG� RWKHU�
RUJDQLVDWLRQV�LQ�,QGLD�DQG�DEURDG�IURP�WLPH�
WR� WLPH�� WR� H[DPLQH� WKH� QHZ� 5HVHDUFK�
3URMHFW� SURSRVDOV� EHIRUH� WKHVH� DUH�
FRQVLGHUHG� E\� WKH� 65&� LQ� UHVSHFW� RI�
1DWLRQDO� LPSRUWDQFH�� � WR� PRQLWRU� WKH�
SURJUHVV�RI�RQ�JRLQJ� UHVHDUFK�SURMHFWV� DQG��
WR�EULQJ�RXW�KDOI�\HDUO\�PRQLWRULQJ�SURJUHVV�
UHSRUWV�� WR� SUHSDUH� $QQXDO� $FWLRQ� 3ODQ��
$FWLYLW\� 0LOHVWRQH�� ()&� 0HPR�� � WR�
PDLQWDLQ� WKH� 5HVHDUFK� 3URMHFW� )LOHV� DQG�
DOVR�WKHLU�VXEPLVVLRQ�WR�$5,&��,&$5��DQG�
WKH� 8QLW� DOVR� SURYLGHV� KHOS� LQ� $UW��
3KRWRJUDSK\�	�5HSURJUDSKLF�6HUYLFHV����

�
7KH� UHJXODU� PHHWLQJV� RI� 5HVHDUFK�

$GYLVRU\� &RPPLWWHH�� 0DQDJHPHQW�
&RPPLWWHH� DQG� 6WDII� 5HVHDUFK� � &RXQFLO�
ZHUH� KHOG� DQG� GHFLVLRQV� WDNHQ� ZHUH�
LPSOHPHQWHG����
�

7UDLQLQJ� $GPLQLVWUDWLRQ� &HOO��
�7$&�� � LV� UHVSRQVLEOH� IRU� SODQQLQJ��
RUJDQLVDWLRQ�DQG�FR�RUGLQDWLRQ�RI�WKH�HQWLUH�
3RVW�JUDGXDWH� WHDFKLQJ� DQG� WUDLQLQJ�
SURJUDPPHV� RI� WKH� ,QVWLWXWH� LQ�
FROODERUDWLRQ� ZLWK� 3*� 6FKRRO�� ,$5,�� � WR�
SURYLGH� JXLGDQFH� WR� VWXGHQWV� LQ� WKHLU�
UHVHDUFK�WUDLQLQJ� SURJUDPPHV�� DG�KRF�
FRXUVHV� RQ� VSHFLDOLVHG� WRSLFV� LQ�
$JULFXOWXUDO� 6WDWLVWLFV� 	� &RPSXWHU�
$SSOLFDWLRQV�DQG�WUDLQLQJ�FRXUVHV�XQGHU�WKH�
DHJLV� RI� &HQWUH� RI� $GYDQFHG� 6WXGLHV� LQ�
$JULFXOWXUDO� 6WDWLVWLFV� 	� &RPSXWHU�
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$SSOLFDWLRQV��'XULQJ�WKH�\HDU�IRXU��
VWXGHQWV� ZHUH� DZDUGHG� 3K�'�� �$JUL��
6WDWLVWLFV���VL[�0�6F�� �$JUL��6WDWLVWLFV���DQG�
VHYHQ� 0�6F�� �&RPSXWHU� $SSOLFDWLRQ��
GHJUHH�� 0RUHRYHU�� WKLV� \HDU� IRXU� VWXGHQWV�
ZHUH� DGPLWWHG� WR� WKH� 3K�'�� �$JUL��
6WDWLVWLFV�� &RXUVH�� ILYH� WR� 0�6F�� �$JUL��
6WDWLVWLFV�� FRXUVH�� DQG� IRXU� WR� � 0�6F��
GHJUHH�LQ��&RPSXWHU�$SSOLFDWLRQ��

�

7KH� VFLHQWLVWV� RI� WKH� ,QVWLWXWH�
SDUWLFLSDWHG� LQ� QXPEHU� RI� ZRUNVKRSV��
VHPLQDUV�� VXPPHU� ,QVWLWXWHV� UHODWHG� WR� WKH�
GLVFLSOLQHV� RI� DJULFXOWXUDO� VWDWLVWLFV� DQG�
FRPSXWHU� DSSOLFDWLRQV�� � $� QXPEHU� RI�
UHVHDUFK� SDSHUV� KLJKOLJKWLQJ� WKH� UHVXOWV�
DFKLHYHG�LQ�YDULRXV�VWXGLHV�ZHUH�SXEOLVKHG�
E\� WKH� VFLHQWLVWV� RI� WKH� ,QVWLWXWH���
&RQVXOWDQF\� ZDV� JLYHQ� WR� GLIIHUHQW�
RUJDQLVDWLRQV���
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,1752'8&7,21
�

�
�
%ULHI�+LVWRU\�
�

� 7KH� � ,QVWLWXWH� � PDGH� D� PRGHVW�
EHJLQQLQJ� LQ� ����� DV� � D� � VPDOO� 6WDWLVWLFDO�
6HFWLRQ� LQ� WKH� WKHQ� ,PSHULDO� &RXQFLO� RI��
$JULFXOWXUDO� 5HVHDUFK� � WR� � DVVLVW� � WKH� 6WDWH�
'HSDUWPHQWV� � RI� � $JULFXOWXUH� � DQG� $QLPDO��
+XVEDQGU\��LQ��SODQQLQJ�WKHLU� �H[SHULPHQWV���
DQDO\VLV� � RI� H[SHULPHQWDO� � GDWD��
LQWHUSUHWDWLRQ� RI� UHVXOWV� DV� � DOVR� � UHQGHULQJ�
DGYLFH� RQ� WKH� IRUPXODWLRQ� RI� WKH� WHFKQLFDO�
SURJUDPPHV� DQG� H[DPLQLQJ� � WKH� SURJUHVV�
UHSRUWV� RI� WKH� VFKHPHV� IXQGHG� E\� � WKH��
&RXQFLO�� 7KH� DFWLYLWLHV� RI� WKH� 6HFWLRQ�
LQFUHDVHG� UDSLGO\� ZLWK� WKH� DSSRLQWPHQW� RI�
'U� 39� 6XNKDWPH� DV� 6WDWLVWLFLDQ� WR� WKH�
&RXQFLO� LQ� ����� DQG� UHVHDUFKHV� � ZHUH�
LQLWLDWHG� IRU� GHYHORSLQJ� REMHFWLYH� DQG��
UHOLDEOH� PHWKRGV� IRU� FROOHFWLQJ� \LHOG�
VWDWLVWLFV� RI� SULQFLSDO� IRRG� � FURSV�� 7KH��
HIILFLHQF\� DQG� SUDFWLFDELOLW\� RI� WKHVH�
PHWKRGV� � ZHUH� � GHPRQVWUDWHG� LQ� GLIIHUHQW�
6WDWHV� IRU� HVWLPDWLQJ� \LHOG� E\� FURS� � FXWWLQJ�
H[SHULPHQWV�� 7KH� UHVXOW�ZDV� � VXFK� WKDW�� � LQ�
WKH� FRXUVH� RI� D� IHZ� \HDUV�� WKH�PHWKRG�ZDV�
H[WHQGHG� �SUDFWLFDOO\� � WR� � WKH�HQWLUH�FRXQWU\�
WR� FRYHU� DOO� SULQFLSDO� � IRRG� � DQG� QRQ�IRRG��
FURSV�� � � 5HVHDUFK� LQ� VDPSOLQJ� WKHRU\� � DQG��
WUDLQLQJ��RI�ILHOG��DQG��VWDWLVWLFDO�VWDII��ZHUH�
WKH� DFWLYLWLHV� � LQLWLDWHG� � LQ� WKLV� � SHULRG�
UHVXOWLQJ� LQ� WKH� UH�RUJDQL]DWLRQ� RI� WKH��
6WDWLVWLFDO� 6HFWLRQ� LQWR� D� 6WDWLVWLFDO� %UDQFK�
LQ� � �����ZLWK� � DSSURSULDWH� H[SDQVLRQ� LQ� LWV�
VWUHQJWK�� � 7KH� GHVLJQDWLRQ� � RI� 6WDWLVWLFLDQ�
ZDV� FKDQJHG� WR� 6WDWLVWLFDO� $GYLVRU�� � � 7KH�
6WDWLVWLFDO� � %UDQFK� VRRQ� DFTXLUHG�
LQWHUQDWLRQDO� UHFRJQLWLRQ� DV� � D� � FHQWUH� � IRU��
UHVHDUFK� DQG� WUDLQLQJ� LQ� WKH� ILHOG� � RI��
$JULFXOWXUDO�6WDWLVWLFV����'XULQJ������RQ�WKH�
UHFRPPHQGDWLRQV�RI�WZR��)$2��H[SHUWV���'U�
)UDQN�<DWHV� DQG�'U�'-�)LQQH\�ZKR�YLVLWHG�
WKH� &RXQFLO� � RQ� WKH� � LQYLWDWLRQ� � RI� WKH�
*RYHUQPHQW� RI� ,QGLD�� � DFWLYLWLHV� � RI� � WKH�
6WDWLVWLFDO� %UDQFK� ZHUH� IXUWKHU� H[SDQGHG�
DQG� GLYHUVLILHG�� 6XEVHTXHQWO\�� LQ�
UHFRJQLWLRQ� � RI� LWV� � LPSRUWDQW� UROH� DV� D�
WUDLQLQJ� DQG� UHVHDUFK� � LQVWLWXWLRQ�� � WKH�
6WDWLVWLFDO� � :LQJ� ZDV� UH�GHVLJQDWHG� DV� WKH�
,QVWLWXWH�RI��$JULFXOWXUDO��5HVHDUFK�6WDWLVWLFV�
�,$56��RQ��QG�RI�-XO\�������$Q��LPSRUWDQW��
ODQGPDUN� LQ� WKH� GHYHORSPHQW� RI� WKH��
,QVWLWXWH�ZDV��WKH��LQVWDOODWLRQ��RI��DQ�,%0��

�
����� 0RGHO�,,� (OHFWURQLF� &RPSXWHU� LQ��
������ $QRWKHU� � PDMRU� ODQG� PDUN� IRU� WKH�
,QVWLWXWH� ZDV� WKH� VLJQLQJ� � RI� � D�
0HPRUDQGXP� � RI� � 8QGHUVWDQGLQJ� ZLWK�
,QGLDQ� � $JULFXOWXUDO� � 5HVHDUFK� ,QVWLWXWH��
�,$5,��� �1HZ�'HOKL� LQ�������FRQVHTXHQW� WR��
ZKLFK� � � QHZ� FRXUVHV� OHDGLQJ� WR� 06F� DQG�
3K'�GHJUHHV� LQ�$JULFXOWXUDO�6WDWLVWLFV�ZHUH��
VWDUWHG� � LQ� FROODERUDWLRQ� ZLWK� ,$5,� LQ�
2FWREHU�� � ������ � � ,Q� $SULO�� ������ WKH�
,QVWLWXWH� ZDV� GHFODUHG� DV� D� IXOO�IOHGJHG��
,QVWLWXWH� � LQ� WKH� ,&$5� V\VWHP� DQG� LV� VLQFH�
WKHQ� KHDGHG� E\� D� � 'LUHFWRU�� 6LQFH� �VW�
-DQXDU\�������WKH�QDPH�RI�WKH�,QVWLWXWH�ZDV�
FKDQJHG� � WR� ,QGLDQ� $JULFXOWXUDO� 6WDWLVWLFV�
5HVHDUFK� ,QVWLWXWH� �,$65,�� � HPSKDVL]LQJ��
WKH�UROH�RI� 
$JULFXOWXUDO�6WDWLVWLFV
�DV�D� � IXOO��
IOHGJHG�GLVFLSOLQH�E\�LWVHOI����
�
�����6LQFH� � WKH� DFWLYLWLHV� RI� WKH� ,QVWLWXWH�
H[SDQGHG�PDQLIROG�� � D� QHZ� � WKUHH�VWRUH\HG�
&RPSXWHU�&HQWUH�EXLOGLQJ�ZDV� �FRQVWUXFWHG��
LQ� WKH� FDPSXV� RI� WKH� ,QVWLWXWH� LQ� ������ � $�
WKLUG� JHQHUDWLRQ� FRPSXWHU� %XUURXJKV�������
V\VWHP� �ZDV� LQVWDOOHG� LQ�0DUFK�� ������� � �$��
ODUJH�QXPEHU��RI��FRPSXWHU��SURJUDPPHV�IRU�
VSHFLILF��SUREOHPV��DV��DOVR�JHQHUDO��SXUSRVH��
DSSOLFDWLRQ� VRIWZDUH�ZHUH� �GHYHORSHG�� �7KH��
ROG� %XUURXJKV� � %������ � V\VWHP� ZDV�
UHSODFHG� LQ� ����� E\� � D� � 6XSHU� � 0LQL�
&26026�����/$1�6HUYHU�ZLWK�PRUH� WKDQ�
KXQGUHG� 3&�$7
V�� 3&�;7
V� DQG� GXPE��
WHUPLQDOV�DOO�LQ�D�/$1�HQYLURQPHQW����/DWHU��
&26026����� /$1� � 6HUYHU� ZDV� UHSODFHG�
E\� D� 3(17,80���� /$1� � 6HUYHU� KDYLQJ��
VWDWH�RI�DUW� � � WHFKQRORJ\�� � � � &RPSXWHU�
ODERUDWRULHV� HTXLSSHG� ZLWK� 3&V�� WHUPLQDOV�
DQG��SULQWHUV��HWF��KDG�EHHQ�VHW�XS�LQ�HDFK�RI�
WKH� VL[� GLYLVLRQV� DV� ZHOO� DV� � LQ�
$GPLQLVWUDWLYH��:LQJ��RI�WKH�,QVWLWXWH���8VHU��
IULHQGO\� � VRIWZDUH� SDFNDJHV� OLNH� 6366��
,PDJH� 3URFHVVLQJ� 6RIWZDUH�� +DUYDUG��
*UDSKLFV���/2786���G��%$6(�,9��06�'26��
81,;� � DQG� D� IHZ� � RWKHUV� KDYH� � DOVR� � EHHQ�
PDGH��DYDLODEOH���
�
�� $� � QHZ� 0XOWL�VWRUH\HG� 7UDLQLQJ�
FXP�$GPLQLVWUDWLRQ��%ORFN�ZDV�FRQVWUXFWHG�
LQ� WKH� &DPSXV� WR� PHHW� WKH� LQFUHDVLQJ�
QHFHVVLW\� RI� KRXVLQJ� LWV� VWDII�� � � 7KH� VDPH�
ZDV�RFFXSLHG�LQ��������
�
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� ,Q� RUGHU� WR� UHPRYH� DQG� UHFWLI\�
GHILFLHQFLHV� LQ� WKH� H[LVWLQJ� � GRFXPHQWDWLRQ��
VHUYLFHV�GHDOLQJ�ZLWK� �DJULFXOWXUH�� WKH�)RRG��
DQG� � $JULFXOWXUH� 2UJDQLVDWLRQ� � RI� � WKH�
8QLWHG�1DWLRQV�LQLWLDWHG�D�VHULHV��RI��VWXGLHV��
LQ� � ������ WR� HVWDEOLVK� WKH� ,QIRUPDWLRQ�
6\VWHP� IRU� $JULFXOWXUDO� 6FLHQFHV� � DQG��
7HFKQRORJ\� � �$*5,6���7KH� ,QVWLWXWH� LV� RQH�
RI�WKH�1DWLRQDO�LQSXW�FHQWUHV���IRU�DGGLQJ�RXU�
LQSXWV� � WR� � WKH� � 6\VWHP� HYHU\�PRQWK�� � 7KH�
,QVWLWXWH� SURYLGHV� VHOHFWLYH� LQIRUPDWLRQ��
VHUYLFHV� WR� VFLHQWLVWV� LQ� WKH� ,&$5� ,QVWLWXWHV�
DQG�$JULFXOWXUDO��8QLYHUVLWLHV��RQ�UHIHUHQFHV�
WR� GRFXPHQWV� UHODWLQJ� WR� DUHDV� RI� WKHLU�
VSHFLILF� � LQWHUHVW�� � 7KH� ELEOLRJUDSKLF�
GDWDEDVHV� LQ� %LRWHFKQRORJ\� DQG� $QLPDO�
6FLHQFH� 5HVHDUFK� DUH� EHLQJ� PDLQWDLQHG� LQ�
WKH� %LR�,QIRUPDWLFV� /DERUDWRU\� SURYLGLQJ�
6HOHFWLYH� 'LVVHPLQDWLRQ� RI� ,QIRUPDWLRQ�
�6',�� VHUYLFHV�RQ�9(7&'��%($67&'�DQG�
$*5,&2/$�GDWDEDVHV���
�
� )URP�2FWREHU�������WR�0DUFK�������
WKH�,QVWLWXWH�DOVR�IXQFWLRQHG�DV��D��&HQWUH��RI�
$GYDQFHG� 6WXGLHV� LQ�$JULFXOWXUDO� 6WDWLVWLFV��
DQG��&RPSXWHU��$SSOLFDWLRQV�XQGHU�WKH�DHJLV�
RI� WKH� 8QLWHG� 1DWLRQV� 'HYHORSPHQW�
3URJUDPPH� � � �81'3��� � 7KLV� � SURJUDPPH�
DLPHG�DW�GHYHORSLQJ�D�&HQWUH�RI�([FHOOHQFH�
ZLWK� � DGHTXDWH� � LQIUDVWUXFWXUH� DQG� IDFLOLWLHV�
WR� XQGHUWDNH� � DGYDQFHG� � WUDLQLQJ�
SURJUDPPHV� DQG� WR� FDUU\� RXW� UHVHDUFK� RQ�
YDULRXV� DVSHFWV� RI� � DJULFXOWXUDO� � VWDWLVWLFV��
DQG� � FRPSXWHU� DSSOLFDWLRQ�� � 8QGHU� WKLV�
SURJUDPPH�� WKLUWHHQ� GLVWLQJXLVKHG�
VWDWLVWLFLDQV� DQG� FRPSXWHU� H[SHUWV� IURP�
DEURDG� �YLVLWHG�WKH�,QVWLWXWH�IRU�D�SHULRG��RI��
IRXU� � WR� HLJKW� ZHHNV� ZLWK� D� YLHZ� WR�
LQWHUDFWLQJ� ZLWK� WKH� VFLHQWLVWV� RI� WKH�
,QVWLWXWH�� � JLYLQJ� VHPLQDUV�OHFWXUHV� DQG�
VXJJHVWLQJ� � LPSURYHPHQWV� LQ� � WKH� � UHVHDUFK��
SURJUDPPH� � RI� WKH� ,QVWLWXWH�� � 6HYHQWHHQ�
VFLHQWLVWV�IURP� � WKLV� � ,QVWLWXWH� �KDG�UHFHLYHG�
WUDLQLQJ� � DEURDG�� LQ� GLIIHUHQW� DUHDV� RI��
UHVHDUFK�� � H[WHQGLQJ� RYHU� SHULRGV� RI� ����
PRQWKV� HDFK�� � ,Q� DGGLWLRQ�� � D� � QHZ� FRXUVH�
OHDGLQJ� WR� 0�6F�� GHJUHH� LQ� &RPSXWHU�
$SSOLFDWLRQ� LQ� � $JULFXOWXUH� � ZDV� LQLWLDWHG��
IURP� WKH� VHVVLRQ� �������� � ZKLFK� ZDV�
VXEVHTXHQWO\� � FKDQJHG� LQWR� 0�� 6F�� �&$���
IURP�WKH�VHVVLRQ�������������
�

.HHSLQJ�DQ�H\H�RQ�WKH�WHFKQRORJLFDO�
GHYHORSPHQWV� LQ� WKH� ,QIRUPDWLRQ�
7HFKQRORJ\� �,7�� � ILHOG�� � WKH� QHZ� RSHUDWLQJ�
V\VWHPV� DQG� WKH� ODUJH� QXPEHU� RI� PDFKLQHV�

FRQQHFWHG�RQ� WKH�QHWZRUN�� LW�ZDV�QHFHVVDU\�
WR� XSJUDGH�UHSODFH� WKH� H[LVWLQJ� FRPSXWHU�
KDUGZDUH�DQG�DOVR�SXUFKDVH�QHZ�FRPSXWHUV��
$FFRUGLQJO\�� �� 6HUYHU� ZLWK� �� 1RGHV�� DQG�
QHFHVVDU\� SHULSKHUDOV�� /DVHU� -HW� 3ULQWHUV���
1RWH�%RRN�&RPSXWHU��'HVN�-HW�3ULQWHU��$���
6L]H� 6FDQQHU�� &'�:ULWHU�� � WZR� YLGHR�
SURMHFWLRQ� HTXLSPHQW� ZHUH� SURFXUHG� DQG�
LQVWDOOHG�� ��8VHU� IULHQGO\� VRIWZDUH�SDFNDJHV�
OLNH� RSHUDWLQJ� V\VWHP� � 06� :LQGRZV� ����
:RUG�3HUIHFW��(�PDLO�6HUYLFHV��6$6��,PDJH�
3URFHVVLQJ� � 6RIWZDUH�� 6&2�81,;��
25$&/(�� 06�2IILFH� 6XLWH�� 0LFURVRIW�
9LVXDO� 6WXGLHV� ���� 0LFURVRIW� 2IILFH� ����
0LFURVRIW�3URMHFW�����67$5���1RUWRQ�$QWL�
YLUXV�SDFNDJHV��DQG�D��IHZ��RWKHUV��KDYH�DOVR�
EHHQ� PDGH� DYDLODEOH�� %RUODQG� 7XUER� &����
*HR�0HGLD�6RIWZDUH�ZHUH�DOVR�SXUFKDVHG�WR�
NHHS� SDFH� ZLWK� WKH� QHZ� HPHUJLQJ�
WHFKQRORJ\�� � %HVLGHV� WKLV�� � HYHU\�
DGPLQLVWUDWLRQ� DQG� DFFRXQWV� VHFWLRQ� RI� WKH�
,QVWLWXWH� KDV� EHHQ� HTXLSSHG� ZLWK� 3&� $7¶V�
DQG�SULQWHUV���

�
$�ODE�RQ�5HPRWH�6HQVLQJ��56��DQG�

*HRJUDSKLF� ,QIRUPDWLRQ� 6\VWHP� �*,6�� KDV�
EHHQ� GHYHORSHG� FRQVLVWLQJ� RI� :,1'2:6��
17� 6HUYHU�� � 7ZR� 1RGHV� �� 3HQWLXP� ,,,��
YHQWXULV� );���� ������ 0RQLWRU� ���� �&RORU���
(WKHUQHW� +XE�� 'LJLWLVHU�� 6*� 9� $�� VL]H��
(3621� 6W\OXV� FRORU� 3ULQWHU� ������
:RUNVWDWLRQ� :LSUR� *UDILND� 3HQWLXP� ,,,��
1RGH� 3HQWLXP� ,,,� :LSUR� 0HQWRU� DV�
KDUGZDUHV� DQG� (5� 0DSSHU� ����� � 3&�
$5&�,1)2�� 0LFURVWDWLRQ� ���� *HRPHGLD�
3URIHVVLRQDO�� $5&�,1)2�� :RUNVWDWLRQ�
�������(5'$6�,PDJLQH������� � �DV� VRIWZDUHV�
LQ� WKH� LQVWLWXWH� ZLWK� WKH� KHOS� RI� IXQGV�
UHFHLYHG� WKURXJK� WZR� $3� &HVV� )XQG��
SURMHFWV���

�
:LWK� WKH� DGYDQFHV� LQ� ,QIRUPDWLRQ�

7HFKQRORJ\�DQG�WKH�UHTXLUHPHQWV�DW�,$65,��
WKH� QHZ� VWUXFWXUHG� FDEOLQJ� IRU� ��� QRGHV� DW�
,$65,¶V�FRPSXWHU�FHQWHU�EXLOGLQJ�XVLQJ�WKH�
ZRUOG� VWDQGDUG� $03� SURGXFWV� ZDV� GRQH�
XQGHU� WKH�$5,6� SURJUDPPH�� 7KH� ��� QRGHV�
ZLWK� WKH� WUDQVIHU� VSHHG� RI� ����0%36�ZHUH�
LQVWDOOHG� DQG� IRU� PDQDJLQJ� DOO� WKHVH� QRGHV�
WKH� ³1(7&211(&7´� UDFN� ZDV� LQVWDOOHG�
ZKHUH� WKH� FDEOHV� IURP� GLIIHUHQW� URRPV�
WHUPLQDWH�DQG�WKH�SDWFK�FRUGV�IURP�WKHVH�DUH�
XVHG�WR�FRQQHFW�LQ�WKH����3RUW�%D\�1HWZRUNV�
KXEV�� 7KH� WZR� QHZ� ��� SRUW� %D\� 1HWZRUNV�
KXEV� DORQJ� ZLWK� WKH� H[LVWLQJ� WZR� ��� SRUW�
PDQDJLQJ��WKH�ZKROH�QHWZRUN����$OO�WKH�IRXU�
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KXEV�ZHUH�PRXQWHG�RQ�WKH�UDFN�IRU�KXEV�DUH�
QRZ� FDVFDGHG� DQG� ZLWK� WKLV� WKH� ,QWHUQHW�
FRQQHFWLRQ� KDV� EHFRPH�PXFK� IDVWHU�� � � 7KH�
H[LVWLQJ� /$1� KDV� EHHQ� VWUHQJWKHQHG� E\�
H[WHQGLQJ�FRQQHFWLYLW\�WR����QRGHV�XVLQJ�WKH�
VWUXFWXUHG�FDEOLQJ���,Q�DOO�����QRGHV�DUH�QRZ�
RQ�WKH�QHWZRUN���(PDLO�DQG�,QWHUQHW�VHUYLFHV�
DUH� QRZ� DYDLODEOH� WR� DOO� WKH�
VFLHQWLILF�DGPLQLVWUDWLYH� VWDII� LQ� WKH�
,QVWLWXWH��
�
� ,Q� YLHZ� RI� JURZLQJ� GHPDQG� IURP�
YDULRXV� TXDUWHUV�� WKH� ,QVWLWXWH� UHYLYHG� WKH�
6HQLRU� &HUWLILFDWH� &RXUVH� LQ� C$JULFXOWXUDO�
6WDWLVWLFV� DQG� &RPSXWLQJ¶� � LQ� ����� � ZLWK��
FKDQJH� LQ� WKH�FRXUVH�FXUULFXOXP�NHHSLQJ� LQ�
YLHZ�WKH�GHPDQG�RI�ZHOO� WUDLQHG�PDQSRZHU�
LQ�$JULFXOWXUDO�6WDWLVWLFV�DORQJZLWK�DGHTXDWH�
NQRZOHGJH�LQ�&RPSXWHU�$SSOLFDWLRQ����
�
� 7KH� � � ,QVWLWXWH� � KDV� � � � DFKLHYHG�
LQWHUQDWLRQDO� UHFRJQLWLRQ� IRU� LWV� � KLJK��
TXDOLW\� UHVHDUFK� DQG� WHDFKLQJ� ZRUN� LQ� WKH�
ILHOG�RI�$JULFXOWXUDO� �6WDWLVWLFV�� � �$�QXPEHU�
RI� UHVHDUFK�ZRUNHUV� IURP� WKH� ,QVWLWXWH�KDYH��
VHUYHG� � DV� � FRQVXOWDQWV� DQG� DGYLVRUV� LQ�
$VLDQ�� $IULFDQ� DQG� /DWLQ� $PHULFDQ�
FRXQWULHV����$OVR���D��QXPEHU�RI�VWDWLVWLFLDQV�
DQG�VWXGHQWV�RI�WKH�,QVWLWXWH��DUH��DW��SUHVHQW�

RFFXS\LQJ�KLJK�SRVLWLRQV�LQ�XQLYHUVLWLHV�DQG�
RWKHU�DFDGHPLF��DQG��UHVHDUFK�LQVWLWXWLRQV�RI�
86$��&DQDGD�DQG�RWKHU�FRXQWULHV��
�

2UJDQLVDWLRQDO�6HW�XS�
�
�� 7KH��,QVWLWXWH��KDV�WKH�IROORZLQJ��VL[�
'LYLVLRQV�� RQH� � 8QLW� � DQG� � RQH� &HOO� � WR��
XQGHUWDNH� UHVHDUFK�� WUDLQLQJ�� FRQVXOWDQF\���
GRFXPHQWDWLRQ� � DQG� � GLVVHPLQDWLRQ� RI�
VFLHQWLILF�RXWSXW���
��
'LYLVLRQV��
�
−� 6DPSOH�6XUYH\��
−� 'HVLJQ�RI�([SHULPHQWV��
−� %LRPHWULFV��
−� )RUHFDVWLQJ�7HFKQLTXHV���
−� (FRQRPHWULFV�����
−� &RPSXWHU�$SSOLFDWLRQV��
�
8QLW��
−� 5HVHDUFK� &R�RUGLQDWLRQ� DQG�
0DQDJHPHQW��
�
&HOO��
�������7UDLQLQJ�$GPLQLVWUDWLRQ�

)LQDQFLDO�6WDWHPHQW�
�

%XGJHW�VWDWHPHQW�IRU�WKH��\HDU�����������
���������������5V��LQ�ODNKV��

&RGH� +HDG�RI�$FFRXQW� %XGJHW� ([SHQGLWXUH�
� � 3ODQ� 1RQ�3ODQ� 3ODQ� 1RQ�3ODQ�
��� (VWDEOLVKPHQW�&KDUJHV� �� ������� �� �������
��� 2YHUWLPH�$OORZDQFH� �� ����� �� �������
��� 7UDYHOOLQJ�([SHQVHV� ����� ����� ������ �������
��� 2WKHU�&KDUJHV�,QFO��(TXLSPHQW� ������ ������ ������ ������
��� :RUNV� �� ������ �� ������
��� )HOORZVKLSV�6FKRODUVKLS�$ZDUG� ����� ������ ������ ������
� �������������������*5$1'�727$/� ������ ������� ������ �������
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�
$EVWUDFW�������������

�����������������������������������������������������������������������������������������������������������������������5XSHHV�LQ�/DNKV��
����������������������������������������������������������������������%XGJHW� ([SHQGLWXUH�

3ODQ�� �������� ������
1RQ�3ODQ� �������� �������
������������������������727$/� ������� �������
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�6WDII�3RVLWLRQ�
��$V�RQ��������������

�
6U��
1R��

0DQSRZHU� 1R��RI�SRVWV�
VDQFWLRQHG�

1R��RI�SRVWV�ILOOHG�

��� 'LUHFWRU� �� ��
��� -RLQW�'LUHFWRU� �� ��
��� 6FLHQWLILF� ���� ����
��� 7HFKQLFDO� ���� ����
��� $GPLQLVWUDWLYH� ���� ����
��� $X[LOLDU\� ��� ���
��� 8QFODVVLILHG� �� ��
��� 6XSSRUWLQJ� ��� ���
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�
0DQGDWH�

�

�
7KUXVW�$UHDV�

�
7R� HYROYH� VDPSOH� VXUYH\� WHFKQLTXHV� IRU�
HVWLPDWLRQ� RI� YDULRXV� � SDUDPHWHUV� RI�
LQWHUHVW� UHODWLQJ� � WR� FURSV�� OLYHVWRFN��
ILVKHU\�� IRUHVWU\� DQG� DOOLHG� ILHOGV� DQG� � WR�
GHYHORS� WHFKQLTXHV� IRU� DQDO\VLV� RI� VXUYH\�
GDWD�����������������������������������������������������������������������������
�

•� ,QODQG�ILVK�FDWFK�HVWLPDWLRQ��������
•� $VVHVVPHQW�DQG�HYDOXDWLRQ�VWXGLHV����
•� 3RXOWU\�PHDW��SURGXFWLRQ�
•� 3URGXFWLRQ�DQG�DUHD��HVWLPDWLRQ��
•� &RVW�RI�3URGXFWLRQ�6WXGLHV�
•� 5HPRWH� VHQVLQJ� DQG� JHRJUDSKLF�

LQIRUPDWLRQ�V\VWHP������
�
�

7KUXVW� DUHD�ZLVH� OLVW� RI� SURMHFWV� LQ�
RSHUDWLRQ� LV� JLYHQ� LQ� &KDSWHU� ���� � 7KH�
SURJUHVV�RI�WKH�SURMHFWV�LV�JLYHQ�EHORZ��
�
,QODQG�)LVK�&DWFK�(VWLPDWLRQ�
�
��� 6DPSOH� VXUYH\� WR� HYROYH�

PHWKRGRORJ\� IRU� HVWLPDWLRQ� RI� ILVK�
FDWFK� IURP� ULYHUV� RU� VWUHDPV� RI� WKH�
KLOO\�DUHDV���

� �
7KH� REMHFWLYH� RI� WKH� SURMHFW� LV� WR�

HYROYH� VXLWDEOH� VDPSOLQJ� PHWKRGRORJ\� IRU�
HVWLPDWLRQ� RI� ILVK� FDWFK� IURP� ULYHUV� DQG�
VWUHDPV�RI�WKH�KLOO\�DUHDV���

�
7KLV� VWXG\� ZDV� XQGHUWDNHQ� LQ�

FROODERUDWLRQ�ZLWK� WKH� VWDWH� JRYHUQPHQW� RI�
+LPDFKDO� 3UDGHVK�� 7KH� PDLQ� REMHFWLYH� RI�
WKH�VWXG\�ZDV�WR�HYROYH�D�VXLWDEOH�VDPSOLQJ�
PHWKRGRORJ\� IRU� HVWLPDWLRQ� RI� ILVK� FDWFK�
IURP� ULYHUV� DQG� VWUHDPV� RI� WKH� KLOO\� DUHDV�
ZLWK� VSHFLDO� UHIHUHQFH� WR� +LPDFKDO�
3UDGHVK�� 7KUHH� GLVWULFWV� YL]�� %LODVSXU��
.DQJUD� DQG� 0DQGL� ZHUH� WDNHQ� IRU� WKH�
VWXG\�� 7KH� 'HSDUWPHQW� RI� )LVKHULHV��
+LPDFKDO� 3UDGHVK� SURYLGHG� ILHOG� VWDII� IRU�
GDWD� FROOHFWLRQ� RQ� ILVK� FDWFK�� 6WUDWLILHG�
VDPSOLQJ� WHFKQLTXH� ZDV� XVHG� LQ� WKLV�
SURMHFW��7KH�GLVWULFWV�%LODVSXU��.DQJUD� DQG�
0DQGL� ZHUH� VXE�GLYLGHG� LQWR� GLIIHUHQW�
VWUDWD� E\� FRPELQLQJ� WKH� DGMRLQLQJ� VXE�
GLYLVLRQV� LQ� WKH� GLVWULFW�� )XUWKHU�� VHOHFWLRQ�
RI�YLOODJHV�ZHUH�PDGH�DW�UDQGRP�DQG�DOO�WKH�
ILVKHUPHQ� RI� WKH� VHOHFWHG� YLOODJHV� ZHUH�
WDNHQ� XS� IRU� WKH� VWXG\�� 7KH� GDWD� RQ� ILVK�
FDWFK� DQG� YDULRXV� RWKHU� SDUDPHWHUV� ZHUH�
FROOHFWHG�E\�DFWXDO� REVHUYDWLRQ� DIWHU� HYHU\�
WHQ� GD\V�� ,QIRUPDWLRQ� UHJDUGLQJ� WKH�

LQWHUYHQLQJ� SHULRG� L�H�� WKH� SHULRG� EHWZHHQ�
WKH�ODVW�YLVLW�DQG�FXUUHQW�YLVLW�ZDV�FROOHFWHG��
E\�HQTXLU\�RQ�WKH�GD\�RI�YLVLW���

�
,Q� DOO� WKH� WKUHH� GLVWULFWV� YL]��

%LODVSXU�� .DQJUD� DQG� 0DQGL� FDVW� QHW� LV�
SUHGRPLQDQWO\� XVHG� IRU� ILVKLQJ�� ,Q�.DQJUD�
GLVWULFW�������SHUFHQW�RI�WKH�ILVKHUPHQ�FRYHU�
RQ� DQ� DYHUDJH� D� GLVWDQFH� RI� �� NPV� IURP�
WKHLU� YLOODJH� IRU� ILVKLQJ�� ZKHUHDV�� �����
SHUFHQW� ILVKHUPHQ� LQ� 0DQGL� GLVWULFW� DQG�
����� SHUFHQW� ILVKHUPHQ� LQ�%LODVSXU� GLVWULFW�
FRYHU� D� GLVWDQFH� RI� XSWR� �� NPV� IURP� WKHLU�
YLOODJH� IRU� ILVKLQJ�� $V� UHJDUGV� WKH� WLPH�
VSHQW�RQ�ILVKLQJ�������SHUFHQW�RI�ILVKHUPHQ�
LQ� %LODVSXU� GLVWULFW� VSHQG� XSWR� �� KRXUV� RQ�
ILVKLQJ�� &RUUHVSRQGLQJ� SHUFHQWDJH� IRU�
.DQJUD� DQG� 0DQGL� LV� ����� DQG� �����
UHVSHFWLYHO\��

�
� ,Q�.DQJUD�GLVWULFW�������SHUFHQW�DQG�
LQ�0DQGL�GLVWULFW�������SHUFHQW�RI�ILVKHUPHQ�
GLVSRVH� RII� WKHLU� FDWFK� LQ� ORFDO� PDUNHW��
6LPLODUO\�������SHUFHQW�RI�WRWDO�ILVK�FDWFK�LQ�
.DQJUD� GLVWULFW� DQG� ����� SHUFHQW� RI� WRWDO�
ILVK�FDWFK� LQ�0DQGL�GLVWULFW� LV�VROG� LQ� ORFDO�
PDUNHW��
��
� 6RPH� RI� WKH� LPSRUWDQW� VSHFLHV� RI�
ILVKHV� IRXQG� LQ� WKHVH�GLVWULFWV�RI�+LPDFKDO�
3UDGHVK� DUH�� 0DKVKHHU�� *XJDOL�� 6DORK��
3DWH\� 	� 7RSUH�� 0LUURU� &DUS�� .XUND��
-DEEDU��6LQJKDUD��*LGG�HWF��$YHUDJH�ZHLJKW�
RI�0DKVKHHU� LQ�0DQGL�GLVWULFW� LV�������NJ��
LQ� .DQJUD� GLVWULFW� LW� LV� ������ NJ� DQG� LQ�
%LODVSXU�GLVWULFW� LW� LV�������NJ��6LQJKDUD� LV�
DQRWKHU� VSHFLHV� IRXQG� LQ� 0DQGL� GLVWULFW�
ZKRVH�DYHUDJH�ZHLJKW�LV�������NJ��$YHUDJH�
OHQJWK�RI�0DKVKHHU�YDULHV� IURP�������FPV�
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WR�������FPV�LQ�WKH�WKUHH�GLVWULFWV��$YHUDJH�
OHQJWK�RI�6LQJKDUD�ZKLFK�LV�IRXQG�LQ�0DQGL�
GLVWULFW�LV�������FPV��
�
� 3HUFHQW� FRPSRVLWLRQ� RI� GLIIHUHQW�
VSHFLHV� RI� ILVK� DFFRUGLQJ� WR� WKH� ZHLJKW� RI�
WKH� ILVK� FDXJKW� VKRZV� WKDW� 0DKVKHHU�
FRQVWLWXWH������SHUFHQW� LQ�%LODVSXU�GLVWULFW��
����� SHUFHQW� LQ� .DQJUD� GLVWULFW� DQG� �����
SHUFHQW�LQ�0DQGL�GLVWULFW��*XJDOL�LV�DQRWKHU�
LPSRUWDQW�VSHFLHV�FRQVWLWXWLQJ������SHUFHQW�
LQ� 0DQGL� GLVWULFW�� 6LPLODUO\�� SHUFHQW�
FRPSRVLWLRQ� RI� GLIIHUHQW� VSHFLHV� RI� ILVK� DV�
SHU� WKH� QXPEHU� RI� ILVK� FDXJKW� VKRZV� WKDW�
*XJDOL� FRQVWLWXWHG� ����� SHUFHQW� LQ� 0DQGL�
GLVWULFW�DQG������SHUFHQW�LQ�.DQJUD�GLVWULFW��
*LGG� FRQVWLWXWH� ����� SHUFHQW� LQ� %LODVSXU�
GLVWULFW�DQG������SHUFHQW�LQ�.DQJUD�GLVWULFW��
�
� (VWLPDWH� RI� ILVK� FDWFK� SHU� GD\�
FRUUHVSRQGLQJ� WR� WKH� GLVWULFWV� RI� %LODVSXU��
.DQJUD� DQG� 0DQGL� DUH� �������� NJ� �ZLWK�
������ SHUFHQW� VWDQGDUG� HUURU��� �������� NJ�
�ZLWK� ����� SHUFHQW� VWDQGDUG� HUURU�� DQG�
�������� NJ� �ZLWK� ����� SHUFHQW� VWDQGDUG�
HUURU��UHVSHFWLYHO\��
�
� 6LPLODUO\�� HVWLPDWH� RI� QXPEHU� RI�
ILVKHV�FDXJKW�SHU�GD\�LV���������ZLWK�������
SHUFHQW�VWDQGDUG�HUURU�IRU�%LODVSXU�GLVWULFW��
�������� ZLWK� ����� SHUFHQW� VWDQGDUG� HUURU�
IRU� .DQJUD� GLVWULFW� DQG� �������� ZLWK� �����
SHUFHQW�VWDQGDUG�HUURU�IRU�0DQGL�GLVWULFW��
�
$VVHVVPHQW�DQG�(YDOXDWLRQ�6WXGLHV�
�
��� (VWLPDWLRQ� RI� IORZ� DQG� FKDQJH� LQ�

G\QDPLF�SRSXODWLRQV�
�

7KH�REMHFWLYHV�RI� WKH�SURMHFW� DUH� �L�� WR�
HVWLPDWH� WKH� VWUXFWXUDO� FKDQJHV� LQ� WKH�
SRSXODWLRQ�GXH�WR�FURVV�PRYHPHQWV�RI�XQLWV�
LQ� YDULRXV� FODVVHV� EHWZHHQ� WZR� RFFDVLRQV�
XQGHU�JHQHUDO�GHYHORSPHQWDO�SKHQRPHQRQ��

�LL��WR�HVWLPDWH�WKH�VWUXFWXUDO�FKDQJHV�LQ�WKH�
SRSXODWLRQ� GXH� WR� YDULRXV� FDVXDO� IDFWRUV��
�LLL�� WR� HVWLPDWH� WKH� SDUDPHWHU� IRU�
FKDUDFWHULVWLF� RI� LQWHUHVW� LQ� UHVSHFW� RI� D�
VWDWLRQDU\� SRSXODWLRQ� DQG� VWUXFWXUDO�
FKDQJHV� RFFXUULQJ� LQ� WKDW� SRSXODWLRQ� DQG�
�LY�� WR� HVWLPDWH� WKH� FKDQJHV� LQ� WKH�
SDUDPHWHU� IRU� WKH�FKDUDFWHULVWLF�RQ�DFFRXQW�
RI� WKH� VWUXFWXUDO� FKDQJHV� RFFXUULQJ� LQ� WKH�
SRSXODWLRQ�GXH�WR�FURVV�PRYHPHQWV�RI�XQLWV�
LQ�YDULRXV�FODVVHV�EHWZHHQ�WZR�RFFDVLRQV��

�
,Q� VDPSOH� VXUYH\V� RIWHQ� WKH�

REMHFWLYH�LV�QRW�RQO\�WR�HVWLPDWH�SRSXODWLRQ�
SDUDPHWHUV� IRU�D�FKDUDFWHULVWLF�XQGHU� VWXG\�
IRU� D�SRSXODWLRQ�DQG� IRU� HDFK�RI� D�QXPEHU�
RI� FODVVHV� LQWR� ZKLFK� D� SRSXODWLRQ� XQLWV�
PD\�EH�DVVXPHG�WR�IORZ�EXW�DOVR�WR�REWDLQ�
HVWLPDWHV�IRU�WKH�LQWHU�FODVVLILFDWRU\�IORZ�RI�
SRSXODWLRQ� XQLWV� GXH� WR� YDULRXV� FDVXDO�
IDFWRUV� RYHU� WLPH�� %RWK� IRUZDUG� DQG�
EDFNZDUG�PRELOLW\�RI�XQLWV�RI�D�SRSXODWLRQ�
EHWZHHQ�FKDQJLQJ�FODVVHV�WKHUHRI�RYHU�WLPH�
WRJHWKHU� LV� GHILQHG� DV� FURVV� PRPHQWV� RI�
XQLWV�� LQWHU�FODVVLILFDWRU\�FURVV�PRPHQWV�RI�
XQLWV�RU�IORZ�RI�XQLWV�ZLWKLQ�WKH�SRSXODWLRQ��
)RU� H[DPSOH� OHW� 1�� WKH� QXPEHU� RI�
DJULFXOWXUDO� ZRUNHUV� LQ� D� SRSXODWLRQ�� EH�
IL[HG� GXULQJ� WZR� \HDUV� DQG�1��� DQG�1��� EH�
WKH� VL]H� RI� WZR� FODVVHV� RI� DOO� WKH� Q�
HPSOR\HG� DQG� XQHPSOR\HG� DJULFXOWXUDO�
ZRUNHUV�IRUPLQJ�WKH�SRSXODWLRQ�LQ�WKH�ILUVW�
\HDU��6XSSRVH�DIWHU�D�SHULRG�RI�RQH�\HDU� LW�
LV� REVHUYHG� 1��� RI� WKRVH� �1���� DJULFXOWXUDO�
ZRUNHUV� ZKR� ZHUH� HPSOR\HG� LQ� WKH� ILUVW�
\HDU� EHFDPH� XQHPSOR\HG� LQ� WKH� VHFRQG�
\HDU�UHWDLQLQJ�WKH�1���ZRUNHUV�DV�HPSOR\HG�
ZKHUHDV� 1��� RI� WKRVH� �1���� ZKR� ZHUH�
XQHPSOR\HG�EHFDPH�HPSOR\HG�OHDYLQJ�1���
ZRUNHUV�DV�XQHPSOR\HG��7KH�GLVWULEXWLRQ�RI�
IORZ� RI� WKH� 1� ZRUNHUV� LQ� WZR� FODVVHV�
DFFRUGLQJ� WR� WKHLU� HPSOR\PHQW� VWDWXV�
GXULQJ� WKH� WZR� \HDUV� LV� GLDJUDPPDWLFDOO\�
GHSLFWHG�DV�IROORZV��

�
,,�<HDU�
(PSOR\PHQW�VWDWXV� (PSOR\HG� 8QHPSOR\HG� 7RWDO�
(PSOR\HG� 1��� 1��� 1���
8QHPSOR\HG� 1��� 1��� 1���

�
,�<HDU�

7RWDO� 1��� 1��� 1�
�
�
7KH�DERYH�GLVWULEXWLRQ�LV�DOVR�NQRZQ�DV�)ORZ�0DWUL[�)�� >1LM@����6D\�9L�M� �������

�
� �
�
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7KH� SUHVHQW� VWXG\� ZDV� IRUPXODWHG� WR�
GHYHORS� HVWLPDWRUV� IRU� IORZ� RI� XQLWV� LQ� D�
G\QDPLF� SRSXODWLRQ� GXH� WR� FURVV�
PRYHPHQWV� RI� XQLWV� LQ� YDULRXV� FODVVHV�
XQGHU� JHQHUDO� GHYHORSPHQWDO� SKHQRPHQRQ�
DQG� VXEMHFW� WR� WKH� YDULRXV� FDVXDO� IDFWRUV�
RYHU� K� RFFDVLRQV�� ,Q� DGGLWLRQ� WR� WKHVH�
HVWLPDWRUV� RI� SRSXODWLRQ� SDUDPHWHU�� VD\�
PHDQ� IRU� WKH� FKDUDFWHULVWLF� XQGHU� VWXG\�RQ�
WZR�RFFDVLRQV��FKDQJH� WKHUHLQ�DQG�DYHUDJH�
WKHUHRI�IRU�WKH�FODVV�,�VXE�SRSXODWLRQ��FODVV�
,,� VXE�SRSXODWLRQ� DQG� WKLV� SRSXODWLRQ� DV� D�
ZKROH�ZHUH�DOVR�DLPHG�WR�EH�GHYHORSHG��
� �

,Q�WKLV�SURMHFW�HVWLPDWRUV�KDYH�EHHQ�
GHYHORSHG� IRU� FRPSRVLWLRQDO� FKDQJHV� LQ�
WHUPV� RI� QXPEHU� RI� XQLWV� LQ� G\QDPLF�
SRSXODWLRQ�GXH�WR�FURVV�PRYHPHQWV�RI�XQLWV�
LQ�WZR�FODVVHV�RYHU�WKH�WZR�RFFDVLRQV�XQGHU�
JHQHUDO� GHYHORSPHQWDO� SKHQRPHQRQ� DQG�
YDULRXV� FDVXDO� IDFWRUV� E\� DGRSWLQJ� WKH�
VXFFHVVLYH� VDPSOLQJ� SODLQ� DQG� E\� PDNLQJ�
XVH� RI� 3URMHFWLYH� *HRPHWU\� DSSURDFK� DQG�
7UDQVLWLRQ� 3UREDELOLW\� 0DWUL[� DSSURDFK��
7KH�7UDQVLWLRQ�3UREDELOLW\�0DWUL[�DSSURDFK�
KDV� GHDOW� RQO\� ZLWK� HVWLPDWLRQ� RI� IORZ� RI�
XQLWV�LQ��YDULRXV��FODVVHV�RI�WKH��
SRSXODWLRQ� RYHU� WLPH�� (VWLPDWRUV� RI�
SRSXODWLRQ� SDUDPHWHUV�� VD\�� PHDQ� IRU� WKH�
FKDUDFWHULVWLF� XQGHU� VWXG\� RQ� WZR�
RFFDVLRQV�� FKDQJH� WKHUHLQ� DQG� DYHUDJH�
WKHUHRI� IRU� FODVV� ,� VXE�SRSXODWLRQ�� FODVV� ,,�
VXE�SRSXODWLRQ� DQG� WKLV� SRSXODWLRQ� DV� D�
ZKROH�DORQJ�ZLWK�WKHLU�YDULDQFHV�KDYH�EHHQ�
GHYHORSHG��
�
� 7KH� SUHVHQW� VWXG\� FRXOG� EH� XVHIXO�
LQ� D� YDULHW\� RI� ZD\V�� IRU� H[DPSOH� LQ�
FRQVLGHULQJ� WKH� SUREDELOLWLHV� RI� FHUWDLQ�
W\SHV�RI�PDWLQJ�LQ�JHQHWLFV��LQ�VWXG\LQJ�WKH�
\HDUO\� PRELOLW\� RI� ODERXU� IRUFH�� LQ� OLYH�
VWRFN� DQG� LQ� WKH� ILHOG� RI� DJULFXOWXUH� DQG�
SODQQLQJ� IURP� WKH� YLHZ� SRLQW� RI� NQRZLQJ�
WKH�VRFLR�HFRQRPLF�VWDWXV�R�YDULRXV�FODVVHV�
RI�WKH�IDUPLQJ�FRPPXQLW\�LQ�WKH�FRXQWU\��
�

7KH�SURMHFW�UHSRUW�LV�XQGHU�UHYLVLRQ�
LQ� YLHZ� RI� WKH� ([WHUQDO� 5HIHUHH¶V�
FRPPHQWV��
�
��� 6DPSOLQJ� SURFHGXUH� IRU� VHOHFWLRQ� RI�

UHSUHVHQWDWLYH� VDPSOHV� RI� IHUWLOLVHU�
IURP� VKLSV±� )XQGHG� WKURXJK� $�3��
&HVV� )XQG� �&ROODERUDWLYH� ZLWK�
&HQWUDO�)HUWLOLVHU�4XDOLW\�&RQWURO�	�
7UDLQLQJ�,QVWLWXWH��)DULGDEDG��

7KH� REMHFWLYH� RI� WKH� SURMHFW� LV� WR�
GHYHORS� VDPSOLQJ� PHWKRGRORJ\� IRU�
VHOHFWLRQ� RI� UHSUHVHQWDWLYH� VDPSOHV� RI�
IHUWLOL]HU� IURP� VKLSV� IRU� WKH� SXUSRVH� RI�
TXDOLW\�FKHFN��

�
6DPSOLQJ�ZRUN�ZLOO� EH� FDUULHG� RXW�

DW� RQH� PDMRU� SRUW� DQG� RQH� PLQRU� SRUW�� $W�
WKH� PDMRU� SRUW� VDPSOH� ZLOO� EH� VHOHFWHG�
V\VWHPDWLFDOO\�GLUHFWO\�IURP�WKH�KDWFKHV��$W�
WKH�PLQRU�SRUW�VDPSOLQJ�RI�IHUWLOL]HU�ZLOO�EH�
FDUULHG�RXW�DW�ZKDUI��+HUH�DOVR�DV�LQ�FDVH�RI�
PDMRU� SRUW� VDPSOH� ZLOO� EH� VHOHFWHG�
V\VWHPDWLFDOO\��*HQHUDOO\�� RQH� VDPSOH�ZLOO�
EH� VHOHFWHG� IURP� HDFK� EDUJH�� 6DPSOH� VL]H�
ZLOO�EH�GHWHUPLQHG�E\� IL[LQJ� WKH�GHJUHH�RI�
SUHFLVLRQ�DQG�OHYHO�RI�VLJQLILFDQFH���
�

7KH� SULPDU\� GDWD� FROOHFWLRQ� ZRUN� DW�
ERWK� WKH� PDMRU� DV� ZHOO� DV� PLQRU� SRUW� LV�
FRPSOHWHG�� 7KH� DQDO\VLV� RI� GDWD� KDV� DOVR�
EHHQ� FRPSOHWHG�� 5HSRUW� ZULWLQJ� LV� LQ�
SURJUHVV��
�
��� 6WXG\� UHODWLQJ� WR� IRUPXODWLQJ� ORQJ�

WHUP� PDFKDQLVDWLRQ� VWUDWHJ\� IRU�
HDFK� DJUR�FOLPDWLF� ]RQH�6WDWH� �
)XQGHG� E\� 'HSDUWPHQW� 2I�
$JULFXOWXUH� DQG� &RRSHUDWLRQ��
0LQLVWU\�RI�$JULFXOWXUH��

�
2EMHFWLYHV�RI�WKH�SURMHFW�DUH��

�
L�� 7R� VWXG\� WKH� VRLO� W\SHV�� ODQG�

WRSRJUDSK\��
�
LL�� 7R� VWXG\� WKH� VRFLR�HFRQRPLF�

FRQGLWLRQV� �ILQDQFLDO� VWDWXV�� RI� WKH�
IDUPHUV� DQG� IDUP� ODERXUHUV� DQG�
DVVHVV� WKHLU� FDSDELOLWLHV� IRU�
DFTXLULQJ� DQG� DGRSWLQJ� WKH� QHHGHG�
DJULFXOWXUDO�HTXLSPHQW��PDFKLQHU\��

�
LLL�� 7R� VWXG\� WKH� SUHVHQW� VWDWXV��

XOWLPDWH� SRWHQWLDO�� WKH� JDSV��
KLJKOLJKWLQJ� FULWLFDO� RQHV�� IRU�
HTXLSPHQW� XVHG� LQ� YDULRXV�
DJULFXOWXUDO� RSHUDWLRQV� VWDUWLQJ�
ULJKW� IURP� WLOODJH� WR� WKH� SRVW�
KDUYHVW�RSHUDWLRQV��

�
LY�� 7R� VWXG\� WKH� W\SHV� DQG� XWLOLW\� RI�

YDULRXV� DJULFXOWXUDO� HTXLSPHQW��
ERWK� FRQYHQWLRQDO� DQG� LPSURYHG�
RQHV�� SUHVHQWO\� LQ� XVH� DQG� WKRVH�
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QHHGHG�LQ�IXWXUH��IRU�GLIIHUHQW�FURSV�
��FURSSLQJ�V\VWHPV�LQ�WKH�=RQHV��

�
Y�� 7R� VWXG\� WKH� LPSDFW� RI� IDUP�

PHFKDQLVDWLRQ� RQ� HPSOR\PHQW� RI�
ODERXU��

�
YL�� 7R�VWXG\�WKH�FURSSLQJ�SDWWHUQ��ERWK�

DJULFXOWXUDO�DQG�KRUWLFXOWXUDO��LQ�WKH�
=RQHV�� \LHOGV� LQ� UHODWLRQ� WR� WKH�
QDWLRQDO� DYHUDJH�� DQG� WKHLU� JURZWK�
SRWHQWLDO��

�
YLL�� 7R�VWXG\�DQG�DVVHVV�WKH�XVH�RI�IDUP�

SRZHU� SHU� KHFWDUH�� XOWLPDWH�
UHTXLUHPHQW�� ZD\V� DQG� PHDQV� WR�
IXOILO� WKH� JDSV� IRU� YDULRXV� IDUP�
RSHUDWLRQV��

�
YLLL�� 7R� VWXG\� WKH� LQIUDVWUXFWXUDO�

IDFLOLWLHV� IRU� WKH� PDQXIDFWXUH��
PDUNHWLQJ�� DIWHU� VDOH� VHUYLFH� ��
UHSDLUV� DYDLODELOLW\� � HWF�� RI�
DJULFXOWXUDO�HTXLSPHQW��

�
L[�� 7R� VWXG\� DQG� DVVHVV� WKH� DGHTXDF\�

DQG� WKH� UHTXLUHPHQW� RI�
LQIUDVWUXFWXUH� DW� WKH� FHQWUDO� DQG�
VWDWH� OHYHOV�� IRU� SODQQLQJ��
SURPRWLRQ�� H[HFXWLRQ� DQG�
H[WHQVLRQ� RI� WKH� YDULRXV� SODQ�
SURJUDPPHV� RQ� DJULFXOWXUDO�
PHFKDQL]DWLRQ��

�
[�� 7R� LGHQWLI\� QHZ�� LPSURYHG� IDUP�

HTXLSPHQW� WKDW� PD\� EH� QHHGHG� E\�
WKH� IDUPHUV� GXULQJ� QH[W� ��� \HDUV�
L�H�� E\� WKH� \HDU� ������ IRU� FDUU\LQJ�
RXW�GLIIHUHQW�IDUP�RSHUDWLRQV��

�
[L�� 7R� IRUPXODWH� VWUDWHJLHV� DQG�

SURJUDPPHV� WKDW� PD\� EH� UHTXLUHG�
IRU� PHFKDQLVDWLRQ� RI� DJULFXOWXUH�
GXULQJ� WKH� SHULRG� �����������
�������������������������������

�
7KH� SURMHFW� VWDUWHG� IURP� �VW� -XO\�� ������
'XULQJ� WKH� UHSRUWHG�SHULRG�� WKH�ZRUN�GRQH�
LV�DV�XQGHU��
�
L�� $� 6HPLQDU±&XP±*URXS�

'LVFXVVLRQ� WR� FU\VWDOOLVH� WKH�
DSSURDFK� DQG� PRGDOLWLHV� RI� WKH�
H[WHUQDOO\� IXQGHG� FRQVXOWDQF\�
SURMHFW� HQWLWOHG� ³VWXG\� UHODWLQJ� WR�
)RUPXODWLQJ� /RQJ�7HUP�

0HFKDQLVDWLRQ� 6WUDWHJ\� IRU� HDFK�
$JUR�&OLPDWLF� =RQH�6WDWH´� ZDV�
RUJDQLVHG� DW� WKH� ,QVWLWXWH� GXULQJ�
-XO\� ������� ����� XQGHU� WKH�
FKDLUPDQVKLS� RI� 'U�� %�6�3DWKDN��
'LUHFWRU�� 635(5,�� *XMDUDW�� 6HQLRU�
2IILFLDOV� IURP� ,&$5� KTUV��� &,$(��
%KRSDO�� ,$5,�� 1HZ� 'HOKL��
1%66	/83�� 'HOKL� &HQWUH� DORQJ�
ZLWK� WKH� VFLHQWLVWV�RIILFLDOV�
DVVRFLDWHG� ZLWK� WKH� SURMHFW�
SDUWLFLSDWHG� LQ� WKH� 6HPLQDU±&XP±
*URXS�'LVFXVVLRQ��

�
LL�� /LVW� RI� GLVWULFWV� LQ� HDFK� 6WDWH�87V�

ZDV� SUHSDUHG� DQG� VHOHFWLRQ� RI� ����
GLVWULFWV� LQ� WKH� VDPSOH�� NHHSLQJ� LQ�
YLHZ� WKH� OHYHO� RI� PHFKDQLVDWLRQ�
ZDV�FRPSOHWHG��

�
LLL�� /LVW�RI� YLOODJHV� IRU� DOO� WKH� VHOHFWHG�

GLVWULFWV�LQ�YDULRXV�6WDWHV��87V�ZDV�
REWDLQHG� DQG� UDQGRP� VHOHFWLRQ� RI�
���YLOODJHV�LQ�HDFK�VHOHFWHG�GLVWULFW�
ZDV�FRPSOHWHG���

�
LY�� 'XULQJ� 1RY�� � ������ D� JURXS� RI�

6FLHQWLVWV�� DWWHQGHG� PHHWLQJV� ZLWK�
'U�� *�6LQJK�� 'LUHFWRU�� &,$(��
%KRSDO� DQG� 'U�� 0�0�� 3DQGH\��
3URMHFW� &RRUGLQDWRU�� $,&53� RQ��
)DUP� ,PSOHPHQW� 	� 0DFKLQHU\�
�),0�� LQ� FRQQHFWLRQ�ZLWK�ZRUNLQJ�
RXW� PRGDOLWLHV� RI� FROODERUDWLRQ� LQ�
ILHOG� GDWD� FROOHFWLRQ� ZRUN� RI� � WKH�
SURMHFW��

�
Y�� $OORFDWHG� WKHP�����GLVWULFWV� WR� WKH�

GLIIHUHQW�),0�&HQWUH�� �:RUNHG�RXW�
GLVWDQFHV� RI� ���� GLVWULFWV� IURP�
$,&53� RQ�),0�&HQWUHV� VSUHDG� DOO�
RYHU�WKH�FRXQWU\��

�
YL�� 0HHWLQJV�ZLWK�)DUP�0HFKDQLVDWLRQ�

([SHUWV� RQ� GLIIHUHQW� DVSHFWV�
FRQFHUQLQJ�WKH�SURMHFW���

�
YLL�� &RQVWLWXWLRQ� RI� 3URMHFW�

0DQDJHPHQW� &RPPLWWHH� �30&���
'U��6�'��6KDUPD��'LUHFWRU�EHLQJ�LWV�
&KDLUPDQ��

�
YLLL�� 'XULQJ� 'HF�� ������ -DQ�� ����� DQG�

0DUFK������� � IRXU�PHHWLQJV�RI� WKH�
3URMHFW� 0DQDJHPHQW� &RPPLWWHH�
�30&�� ZHUH� FRQYHQHG� XQGHU� WKH�
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&KDLUPDQVKLS�RI�'U��6�'��6KDUPD��
'LUHFWRU��

�
L[�� /HWWHUV� IURP� 'HSXW\� 'LUHFWRU�

*HQHUDO
V��(QJJ���VLGH�ZHUH�VHQW�WR�
WKH� 9LFH�&KDQFHOORUV� RI� DOO� WKH�
6$8V�'LUHFWRUV�RI�,&$5�,QVWLWXWHV��
ZKHUH� WKH�),0�&HQWUH� DUH� ORFDWHG��
IRU�UHQGHULQJ�DVVLVWDQFH�LQ�WKH�ILHOG�
GDWD�FROOHFWLRQ�ZRUN���

�
[�� 'XULQJ�'HF�� ������� ������ D� JURXS�

RI� 6FLHQWLVWV� DQG� )LHOG� 2IILFHU�
YLVLWHG� &,$(�� %KRSDO� LQ�
FRQQHFWLRQ�ZLWK� LPSDUWLQJ� WUDLQLQJ�
WR� 5HVHDUFK� (QJLQHHUV� RI� �� ),0�
&HQWHUV� LQ� WKH� ILHOG�GDWD� FROOHFWLRQ�
ZRUN�UHODWLQJ�WR�WKH�SURMHFW���

�
[L�� 7HVWLQJ� RI� VFKHGXOHV� ZDV� GRQH� LQ�

WKH� YLOODJHV� RI� *KD]LDEDG�� %KRSDO�
DQG� 'HOKL�� *RRG� QXPEHU� RI�
PHHWLQJV�RI�JURXS�RI�6FLHQWLVWV�DQG�
)LHOG� 2IILFHU� DVVRFLDWHG� ZLWK� WKH�
SURMHFW� ZHUH� FRQYHQHG� IRU�
ILQDOLVDWLRQ�RI�VFKHGXOHV��

�
[LL�� 6FKHGXOHV� IRU� GLIIHUHQW� VWDJHV� RI�

VDPSOLQJ� L�H�� 'LVWULFW�� 9LOODJH� DQG�
+RXVHKROG� ZHUH� UHYLVHG� DQG�
ILQDOLVHG�� NHHSLQJ� LQ� YLHZ� WKH�
GLVFXVVLRQV� ZLWK� WKH� 5HVHDUFK�
(QJLQHHUV�DQG�RWKHU�([SHUWV� LQ� WKH�
DUHD�� 7KH� ,QVWUXFWLRQV� 0DQXDO� IRU�
WKH�)LHOG�,QYHVWLJDWRUV�LQ�WKH�ILOOLQJ�
XS� RI� GLIIHUHQW� VFKHGXOHV�ZDV� DOVR�
SUHSDUHG��

�
[LLL�� 7KH�WRSLFV�RI�YDULRXV�VWDWXV�SDSHUV�

DV� ZHOO� DV� WKH� IRUPDW� ZHUH�
ILQDOLVHG�� �7RSLF�ZLVH� UHSRUWV�ZHUH�
LGHQWLILHG� IRU� SUHSDUDWLRQ� RI� VWDWXV�
SDSHUV� DQG� OHWWHUV� LQ� WKLV�
FRQQHFWLRQ� ZHUH� VHQW� WR� WKH�
H[SHUWV�� � $Q� HGLWRULDO� FRPPLWWHH�
KDV�DOVR�EHHQ�FRQVWLWXWHG���

�
[LY�� 7KH� IXQGV� IRU� ILHOG� GDWD� FROOHFWLRQ�

ZRUN� ZHUH� WUDQVIHUUHG� WR� ��� ),0�
&HQWUHV� ORFDWHG� DW� YDULRXV� 6$8V��
,&$5�,QVWLWXWHV���

�
3RXOWU\�0HDW�3URGXFWLRQ�
�
��� 3LORW� VDPSOH� VXUYH\� WR� GHYHORS� D�

VDPSOLQJ�PHWKRGRORJ\�IRU�HVWLPDWLRQ�
RI�SRXOWU\�PHDW�SURGXFWLRQ��

7KH�VWXG\�ZDV�XQGHUWDNHQ�ZLWK�WKH�
REMHFWLYHV��L�� WR�HVWLPDWH� � WKH�SRXOWU\�PHDW�
SURGXFWLRQ� WKURXJK� H[LVWLQJ� LQWHJUDWHG�
VDPSOH� VXUYH\V� IRU� HVWLPDWLRQ� RI� OLYHVWRFN�
SURGXFWV�� �LL�� WR� HVWLPDWH� WKH� SRXOWU\�PHDW�
SURGXFWLRQ� WKURXJK� RUJDQLVHG� IDUPV� DQG�
�LLL�� WR� GHYHORS� D� VXLWDEOH� VDPSOLQJ�
WHFKQLTXH� IRU� HVWLPDWLQJ� WKH� SRXOWU\� PHDW�
SURGXFWLRQ� LQWHJUDWLQJ� WKH� HVWLPDWHV� DW� � �L��
DQG��LL��WR�JHW�HVWLPDWH�RI�WRWDO��
�

7KH� UDSLGO\� LQFUHDVLQJ�GHPDQG� IRU�
SRXOWU\� PHDW� LQ� WKH� PDUNHW� DQG�
DGYDQFHPHQW� LQ� SRXOWU\� WHFKQRORJ\� WKH�
SRXOWU\�KXVEDQGU\�KDYH�DWWUDFWHG�PRUH�DQG�
PRUH�SHRSOH� LQ� WKH�YLOODJHV�DQG� WRZQV�DQG�
EURLOHU� IDUPLQJ� KDYH� JDLQHG� D� G\QDPLF�
LQGXVWU\�VWUXFWXUH�DURXQG�WKH�ELJ�FLWLHV��7KH�
SRXOWU\� PHDW� SURGXFLQJ� ELUGV� DUH� UHDUHG�
HLWKHU� DW� RUJDQLVHG� FRPPHUFLDO� SRXOWU\�
IDUPV�RU�DW� WKH�EDFN�\DUG�RI�KRXVHKROGV� LQ�
WKH� YLOODJH� WRZQV�� 7KHUHIRUH� SRXOWU\� PHDW�
SURGXFWLRQ� LV� HLWKHU� WKURXJK� RUJDQLVHG�
IDUPV� RU� WKURXJK� EDFNZDUG� RI� KRXVHKROGV�
UHDULQJ� SRXOWU\� ELUGV�� ,Q� WKH� SUHVHQW� VWXG\�
WKH� HVWLPDWHG� WKH� SRXOWU\� PHDW� SURGXFWLRQ�
DW�IDUP�OHYHO�DV�ZHOO�DV�D�KRXVHKROG�OHYHO��
�

6DPSOLQJ� GHVLJQV� DGRSWHG� IRU�
FRQGXFWLQJ� WKH� VXUYH\� DQG� FROOHFWLRQ� RI�
GDWD� ZDV� HQWLUHO\� GLIIHUHQW� IRU� HDFK� OHYHO��
6DPSOLQJ� GHVLJQV� DGRSWHG� IRU� IDUP� ZDV�
VWUDWLILHG�XQL�VWDJH�UDQGRP�VDPSOLQJ�ZKHUH�
SRXOWU\�IDUP�ZDV�WKH�ILUVW�VWDJH�XQLW��$OO�WKH�
SRXOWU\� IDUPV�ZRUNLQJ� LQ� WKH� GLVWULFW�ZHUH�
FDWHJRUL]HG� RQ� WKH� EDVLV� RI� W\SH� RI� ELUGV�
UHDUHG� L�H�� ERLOHU� OD\HUV� RU� SDUHQW� VWRFN�
IDUPV�� 7KHQ� HDFK� FDWHJRU\� ZDV� IXUWKHU�
FODVVLILHG� LQWR� WKUHH� FODVVHV� YL]�� VPDOO�
PHGLXP� DQG� ODUJH� IDUP� DFFRUGLQJ� WR� WKHLU�
IORFN�VWUHQJWK��

�
� )RU� GHWDLOHG� LQTXLU\� RI� DERXW� ���UG�
RI�SRXOWU\�IDUPV�ZHUH�UDQGRPO\�VHOHFWHG�E\�
XVLQJ� WKH� WHFKQLTXH� RI� VLPSOH� UDQGRP�
VDPSOLQJ�ZLWKRXW� UHSODFHPHQW� �656:'5��
IURP�HDFK�FODVV�RI�DOO�FDWHJRULHV�RI�SRXOWU\�
IDUPV��
�
� 6LPLODUO\� VDPSOLQJ� GHVLJQ� DGRSWHG�
IRU� EDFN\DUG� SRXOWU\� UHDULQJ�ZDV� VWUDWLILHG�
PXOWL� VWDJH� UDQGRP� VDPSOLQJ� GHVLJQ�� 7KH�
SULPDU\� VDPSOLQJ� XQLW� ZDV� WKH� YLOODJH� RU�
XUEDQ� ZDUG� WKH� VHFRQG� VWDJH� XQLW� ZDV�
KRXVHKROG� KDYLQJ� SRXOWU\� ELUGV� DQG� WKH�
WKLUG�VWDJH�ZDV�WKH�SRXOWU\�ELUG��
�
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� 7KH� UHVXOWV� REWDLQHG� LQ� WKLV� VWXG\�
SURYLGH� VDWLVIDFWRU\� HVWLPDWHV� RI� SRXOWU\�
PHDW�SURGXFWLRQ� WKURXJK�RUJDQLVHG�SRXOWU\�
IDUP�� 7KH� PHWKRGRORJ\� GHYHORSHG� IRU�
HVWLPDWLRQ� RI� SRXOWU\� PHDW� SURGXFWLRQ� E\�
EURLOHU� OD\HU� DQG� SDUHQW� VWRFN� FDQ� EH�
DSSOLHG� IRU� RWKHU� SRXOWU\� ELUGV� OLNH� TXDOV��
WXUNH\�� JRRVH�� DQG� EXOORFN� DOVR�� ,Q� WKH�
SUHVHQW� VWXG\� DWWHPSW� KDYH� EHHQ� PDGH� WR�
HVWLPDWH� WKH� RWKHU� DVSHFWV� RI� SRXOWU\�
KXVEDQGU\� G\QDPLFV� RI� SRXOWU\� SRSXODWLRQ�
DQG�IDUPV�DQG�VDOH�DQG�SXUFKDVH�RI�SRXOWU\�
ELUGV�PRQWKO\��VHDVRQDOO\�DQG�DQQXDOO\���
�
� 7KH� PRUWDOLW\� RI� SRXOWU\� ELUGV� DW�
GLIIHUHQW� VWDJH� RI� WKHLU� JURZWK� KDYH� EHHQ�
FDOFXODWHG� DQG� GLVFXVVHG� LQ� GHWDLOV�� 7KH�
SHUFHQWDJH�RI�GHDWK�GXH�WR�YDULRXV�GLVHDVHV�
DQG� UHDVRQV� KDYH� EHHQ� FDOFXODWHG�� )DUP�
VWUXFWXUH� DQG� PDQDJHPHQW� RI� IDUPV�
LQFOXGLQJ� HPSOR\PHQW� RI� KRPH� RU� KLUHG�
ODERXU�KDYH�EHHQ�GLVFXVVHG� LQ�GHWDLO��7\SH�
DQG� TXDQWLW\� RI� IHHG� JLYHQ� WR� GLIIHUHQW�
W\SHV�DQG�EUHHGV�RI�SRXOWU\�ELUGV�KDYH�EHHQ�
JLYHQ�LQ�WKH�UHSRUW��
�
� +RZHYHU�� W\SHV� RI� FRQVWUDLQWV�
IDFHG� GXULQJ� VXUYH\� SHULRGV� ZHUH� QRQ�
UHVSRQVH�� ZURQJ� LQIRUPDWLRQ�� ODFN� RI�
VXIILFLHQW� EXGJHW� DQG� QRQ�FRRSHUDWLRQ� RI�
IDUPV� RZQHU� DQG� GHSDUWPHQWV� RI� +DU\DQD�
*RYHUQPHQW�� 7KH� PHWKRGRORJ\� GHYHORSHG�
DQG� GLVFXVVHG� LQ� WKH� SUHVHQW� VWXG\� ZLOO�
SURYLGH� D� VDWLVIDFWRU\� JXLGHOLQHV� IRU�
FRQGXFWLQJ� IXWXUH� VWXG\� LQGHSHQGHQW� E\�RU�
LQ� FROODERUDWLRQ� ZLWK� LQWHJUDWHG� VDPSOH�
VXUYH\� IRU� PDMRU� OLQH� VWRFN� SURGXFWV�
DOUHDG\� ZRUNLQJ� LQ� DOO� WKH� VWDWHV� IRU�
HVWLPDWLRQ� RI� SRXOWU\� PHDW� SURGXFWLRQ� DW�
VWDWH�DQG�FRXQWU\�OHYHO����
�
3URGXFWLRQ�DQG�$UHD�(VWLPDWLRQ�
�
��� 6WXG\� IRU� HVWLPDWLRQ� RI� DUHD� DQG�

SURGXFWLRQ� RI� LPSRUWDQW� YHJHWDEOH�
FURSV�RQ�WKH�EDVLV�RI�SDUWLDO�KDUYHVW�

�
� 7KH� REMHFWLYHV� RI� WKH� VWXG\� DUH� �L��
WR� GHYHORS� D� VXLWDEOH� WKHRUHWLFDO� IUDPH�
ZRUN� IRU� VDPSOLQJ� IURP� WZR� GLPHQVLRQDO�
SRSXODWLRQ�VSUHDG�RYHU�VSDFH�DQG�WLPH�ZLWK�
SDUWLFXODU�UHIHUHQFH�WR�YHJHWDEOH�FURSV����LL����
WR�DSSO\��DQG��WHVW�WKH�WKHRU\�RQ�VHFRQGDU\�
GDWD� � FROOHFWHG� � XQGHU� � HDUOLHU� � YHJHWDEOH��
VXUYH\V� DW� ,$65,� LQ� RUGHU� WR� GHYHORS� D��
VXLWDEOH� � PHWKRGRORJ\� � IRU� HVWLPDWLQJ� WKH�

SURGXFWLRQ� RI� YHJHWDEOH� FURSV� EDVHG� RQ�
SDUWLDO� � KDUYHVWV�� DQG� �LLL�� WR� HVWLPDWH� WKH�
WRWDO� SURGXFWLRQ� RI� LPSRUWDQW� YHJHWDEOH��
FURSV� DQG� WKHLU� \LHOG� UDWHV� RQ� WKH� EDVLV� RI�
SDUWLDO�KDUYHVW��
�

7KH� VWXG\� ZDV� FDUULHG� RXW� LQ� WZR�
SKDVHV���,Q�WKH�ILUVW�SKDVH��WKH�SUREOHP�ZDV�
WDFNOHG� DV� VDPSOLQJ� IURP� WZR�GLPHQVLRQDO�
SRSXODWLRQV� ZKHUH�� LQ� RQH� RI� WKH�
GLPHQVLRQV� VHOHFWLRQ� RI� VDPSOLQJ� XQLWV�
ZHUH� FRQVLGHUHG� ZKLOH� LQ� WKH� RWKHU�
GLPHQVLRQ� VDPSOLQJ�ZDV� VSUHDG� RYHU� WLPH�
LQ�ZKLFK� WKH� VHOHFWHG�XQLWV�ZHUH�REVHUYHG���
$Q� DSSURDFK� IRU� D� YDULHW\� RI� VDPSOLQJ�
GHVLJQV�DVVRFLDWHG�ZLWK�VDPSOLQJ�RYHU�WLPH�
ZDV� GHYHORSHG� XVLQJ� WKH� YDU\LQJ�
SUREDELOLW\� VDPSOLQJ� PHWKRGV�� � 7KLV�
PHWKRG� ZDV� WHVWHG� RQ� VHFRQGDU\� GDWD� LQ�
ZKLFK� WKH� GLIIHUHQW� GXUDWLRQ� RI� WLPH�
LQWHUYDOV�RQ�ZKLFK�GDWD�ZDV�WR�EH�FROOHFWHG�
DQG� DOVR� WKH� SHULRGLFLW\� IRU� WKH� V\VWHPDWLF�
VDPSOLQJ� LQWHUYDO� ZHUH� WDFNOHG�� � ,W� ZDV�
IRXQG�WKDW�D�VSDQ�RI���GD\V�LQ�WKH�JDS�RI����
GD\V� ZDV� D� VXLWDEOH� SODQ� IRU� REVHUYLQJ�
SDUWLDO� KDUYHVW� GDWD� IRU� GLIIHUHQW� YHJHWDEOH�
FURSV�� ,Q� WKH� VHFRQG� SKDVH�� D� VXUYH\� ZDV�
FRQGXFWHG� LQ� UXUDO� DUHDV� RI� 'HOKL� GXULQJ�
�������� WKURXJK� ZKLFK� WKH� PHWKRGRORJ\�
GHYHORSHG� IRU� HVWLPDWLRQ� RI� YHJHWDEOH�
SURGXFWLRQ�EDVHG�RQ�SDUWLDO�KDUYHVW�GDWD�KDV�
EHHQ�GHPRQVWUDWHG��
�� �

'XULQJ� WKH� \HDU� WKH� SURMHFW� UHSRUW�
ZDV�ILQDOLVHG�LQ�WKH�OLJKW�RI�LQWHUQDO�DV�ZHOO�
DV� H[WHUQDO� UHIHUHH¶V� FRPPHQWV�� WKH� UHSRUW�
LV� LQ� WKH� SURFHVV� RI� SULQWLQJ�(VWLPDWLRQ�
SURFHGXUH�IRU�REWDLQLQJ�\LHOG�UDWHV�DQG�WRWDO�
SURGXFWLRQ� RI� YHJHWDEOH� FURSV� XWLOL]LQJ�
SULPDU\� GDWD� KDV� EHHQ� ILQDOL]HV� DQG� DUH�
EHLQJ� ZRUNHG� RXW� IRU� GLIIHUHQW� YHJHWDEOH�
FURSV�IRU�ZKLFK�GDWD�KDV�EHHQ�FROOHFWHG��
�
� 7KH� PHWKRGRORJ\� KDV� EHHQ�
GHYHORSHG�IRU�HVWLPDWLQJ� WKH�SURGXFWLRQ�RI�
FURSV� DQG� FRPPRGLWLHV� ZLWK� PXOWLSOH�
REVHUYDWLRQV�� 7KH� PHWKRGRORJ\� ZLOO�
SURYLGH�HVWLPDWHV�EDVHG�RQ�SDUWLDO�KDUYHVW��
�
��� 3LORW� VDPSOH� VXUYH\� IRU� HVWLPDWLQJ�

WKH�DUHD�DQG�\LHOG�UDWHV�RI�JLQJHU�DQG�
SRWDWR�LQ�KLOO\�DUHDV��

�
7KH�SURMHFW�ZDV�XQGHUWDNHQ�GXULQJ�

�������� ZLWK� WKH� REMHFWLYH� RI� GHYHORSLQJ�
VDPSOLQJ�PHWKRGRORJ\�IRU�L��HVWLPDWLQJ�WKH�
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DUHD� XQGHU� JLQJHU� DQG� SRWDWR� DQG� LL��
HVWLPDWLQJ� WKH� \LHOG� UDWHV� RI� JLQJHU� DQG�
SRWDWR��7KH� ILHOG�ZRUN�RQ�SRWDWR� FURS�ZDV�
FRQGXFWHG� LQ� (DVW� .KDVL� +LOOV� DQG� WKDW� RI�
JLQJHU�LQ�(DVW�*DUR�+LOOV��
�
�������� 7KH� GHVLJQ� DGRSWHG� RI� WKH� VXUYH\�
ZDV� VWUDWLILHG� PXOWL�VWDJH� UDQGRP�
VDPSOLQJ�� WKH� VWUDWD� LQ� HDFK� GLVWULFW� EHLQJ�
&RPPXQLW\�'HYHORSPHQW�%ORFNV���9LOODJHV�
JURZLQJ� JLQJHU�SRWDWR� ZHUH� WKH� SULPDU\�
VWDJH�VDPSOLQJ�XQLWV��)RU�HVWLPDWLRQ�RI�DUHD�
�� FXOWLYDWRUV� LQ� D� YLOODJH� JURZLQJ� JLQJHU��
SRWDWR� ZHUH� WKH� VHFRQG� VWDJH� VDPSOLQJ�
XQLWV�� )RU� HVWLPDWLQJ� DYHUDJH� \LHOG�� FURS�
FXWWLQJ� H[SHULPHQWV� ZHUH� FRQGXFWHG� ZLWK�
FXOWLYDWRUV�DQG�ILHOGV�JURZLQJ�JLQJHU�SRWDWR�
DV� WKH� VHFRQG� DQG� WKLUG� VWDJH� RI� VDPSOLQJ�
XQLWV��)URP�WKH�VHOHFWHG�ILHOGV�RQH�VXE�SORW�
LQ� FDVH� RI� SRWDWR� FURS� ZDV� UDQGRPO\�
VHOHFWHG� IURP� WRWDO� QXPEHU� RI� VXE� SORWV� LQ�
WKH�ILHOG��$W�DOO�WKH�VWDJHV�RI�VDPSOLQJ�XQLWV�
ZHUH� VHOHFWHG� ZLWK� HTXDO� SUREDELOLW\�
ZLWKRXW�UHSODFHPHQW��7KH�XOWLPDWH�VL]H�ZDV�
����FXOWLYDWRUV� IRU� DUHD� HVWLPDWLRQ�HQTXLU\�
DQG� ���� FURS� FXWV� IRU� \LHOG� HVWLPDWLRQ� SHU�
FURS��
�

7KH� DUHD� XQGHU� SRWDWR� LQ� (DVW�
.KDVL�+LOOV�ZDV�HVWLPDWHG�DV������KHFWDUHV�
GXULQJ� �������� ZLWK� D� KLJK� GHJUHH� RI�
SUHFLVLRQ� �6�(����������7KH� FRUUHVSRQGLQJ�
DYHUDJH� \LHOG� SRROHG� RYHU� GLIIHUHQW�
YDULHWLHV�ZDV�HVWLPDWHG�DV������NJ�KD�ZLWK�
D�IDLUO\�JRRG�SUHFLVLRQ��6�(��������,Q�FDVH�RI�
SRWDWR�FURS�WKH�DYHUDJH�\LHOG�IURP�VXE�SORW�
DQG� WKH� DUHD� RI� WKH� VXE� SORW�� :KLOH�
UHFRUGLQJ�WKH�OHQJWK�DQG�EUHDGWK�RI�WKH�VXE�
SORW� LW� ZDV� VXJJHVWHG� WR� LQFOXGH� WKH�
GLVWDQFH�EHWZHHQ�WZR�URZV�RI�VXE�SORWV�DQG�
WKH� GLVWDQFH� EHWZHHQ� WZR� VXE� SORWV� LQ�
OHQJWK�DQG�EUHDGWK�RI�WKH�VXE�SORWV��

�
,Q� FDVH� RI� JLQJHU� WKH� DUHD� ZDV�

HVWLPDWHG�DW������KD�ZLWK�D�6�(��RI������SHU�
FHQW� GXULQJ����������7KH� DYHUDJH�\LHOG�RI�
JLQJHU� LQ�(DVW�*DUR�+LOOV�ZDV�HVWLPDWHG�DW�
�����NJ�KD�ZLWK�D�6�(��RI�������
�
&RVW�RI�3URGXFWLRQ�6WXGLHV�
�
��� $�SLORW�VWXG\�RQ�FRVW�RI�SURGXFWLRQ�

RI� &RFRQXW� LQ� .HUDOD�±� )XQGHG�
IURP�&RFRQXW�'HYHORSPHQW�%RDUG��
.RFKL�� .HUDOD� �&ROODERUDWLYH� ZLWK�

&HQWUDO�3ODQWDWLRQ�&URSV�5HVHDUFK�
,QVWLWXWH��.DVDUJRG��.HUDOD��

�
7KH�REMHFWLYH�RI� WKH�SURMHFW�DUH� � L��

WR� �EXLOG� UHOLDEOH�DQG�HIILFLHQW�HVWLPDWHV�RI�
FRVW� RI� FXOWLYDWLRQ� RI� FRFRQXW�� LL�� WR� VWXG\�
WKH�DJULFXOWXUDO�SUDFWLFH�LQ�&RFRQXW�DQG�LLL��
WR�XWLOLVH�WKH�LQIRUPDWLRQ�FROOHFWHG�LQ��LL��RQ�
LQSXW� GHWDLOV� WR� IRUPXODWH� PRUH�
UHPXQHUDWLYH�FXOWLYDWLRQ�SUDFWLFH��

�
&RFRQXW� LV� D� SHUHQQLDO� FURS� ZLWK�

ORQJ�JHVWDWLRQ�SHULRG�DQG�FRQWLQXRXV�\LHOG�
IRU�D�QXPEHU�RI�\HDUV��7KH�FRVW�FDOFXODWLRQ�
ZLOO� EH� EDVHG� RQ� ERWK� WKH� FRVW� RI�
HVWDEOLVKLQJ� WKH�FURS�DV�ZHOO� DV� WKH�DQQXDO�
PDLQWHQDQFH� FRVW�� 7KH� DQQXDO� FRVW�ZLOO� EH�
ZRUNRXW� E\� WKH� XVXDO� FRVW� DFFRXQWLQJ�
PHWKRG�� ,W� WDNHV� DERXW� ������ \HDUV� IRU� D�
FRFRQXW� WUHH� WR� SURGXFH� VWDELOL]HG� \LHOG��
7KXV��WKH�HQWLUH�LQYHVWPHQW�VSUHDG�RYHU����
��� \HDUV� ZLOO� FRQVWLWXWH� WKH� FRVW� RI�
HVWDEOLVKLQJ� WKH� RUFKDUG�� 7R� FDOFXODWH� WKH�
FRVW� RI� HVWDEOLVKLQJ� WKH� FRFRQXW� RUFKDUG��
WKH� VDPSOH�ZLOO� EH� VHOHFWHG� LQ� VXFK� D�ZD\�
WKDW� LW� FRQWDLQV� GLIIHUHQW� DJH� JURXS� WUHHV��
7KH� GLIIHUHQW� DJH� JURXSV� LGHQWLILHG� DUH�
SODQWHG�ODVW�\HDU������\HDU�ROG��DERYH�WKUHH�
\HDUV� EXW� QRQ�EHDULQJ� DQG�EHDULQJ��2Q� WKH�
EDVLV�RI�WKH�FROOHFWHG�GDWD�FRVW�SHU�QXW�ZLOO�
EH�ZRUNHG�RXW��
�

7KLV� VWXG\� LV� EHLQJ� FDUULHG� RXW� LQ�
WKUHH�GLVWULFWV�RI�.HUDOD��QDPHO\��&DOLFXW�LQ�
QRUWK�� (UQDFXODP� LQ� FHQWUDO� DQG�
7KLUXYDQDWKDSXUDP� LQ� VRXWKHUQ� SDUW� RI�
.HUDOD�� 7KH� ILUVW� SKDVH� RI� GDWD� FROOHFWLRQ�
ZRUN�L�H��SUHSDUDWLRQ�RI�IUDPH�IRU�VHOHFWLRQ�
RI� XOWLPDWH� XQLWV� RI� VDPSOLQJ� �KRXVHKROGV��
LQ�WKLV�FDVH��KDV�EHHQ�FRPSOHWHG��6FKHGXOHV�
DUH� EHLQJ� ILQDOL]HG� IRU� LQSXW�RXWSXW� GDWD�
FROOHFWLRQ� ZRUN�� 7KH� LQSXW� �� RXWSXW� GDWD�
FROOHFWLRQ�ZRUN� LV� WR� VWDUW� LQ� WKH�PRQWK� RI�
$SULO����������

�
5HPRWH� 6HQVLQJ� DQG� *HRJUDSKLF�
,QIRUPDWLRQ�6\VWHP�
�
��� 6WXG\�RI�/DQG�8VH�6WDWLVWLFV�WKURXJK�

LQWHJUDWHG� PRGHOLQJ� XVLQJ�
*HRJUDSKLF� ,QIRUPDWLRQ� 6\VWHP�
�$�3��&HVV�)XQG��

�
7KH�REMHFWLYHV�RI� WKH�SURMHFW�DUH� L��

WR�REWDLQ�ODQG�XVH�VWDWLVWLFV�ZLWK�WKH�KHOS�RI��
�
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VXUYH\�DQG� UHPRWH�VHQVLQJ� WHFKQLTXH� LL�� WR�
VWXG\� WKH� TXDOLWDWLYH� DVSHFW� RI� ODQG�
XWLOLVDWLRQ� VWDWLVWLFV� REWDLQHG� WKURXJK�
GLIIHUHQW� VRXUFHV� L�H�� FHQVXV�� VXUYH\� DQG�
UHPRWH� VHQVLQJ� DQG� � LLL�� WR� GHYHORS�PRGHO�
IRU� LQWHJUDWLRQ� RI� VWDWLVWLFV� REWDLQHG�
WKURXJK�GLIIHUHQW�VRXUFHV��

�
'XULQJ� WKH� SHULRG� XQGHU� UHSRUW� D�

QHZ� VSDWLDO� VDPSOLQJ� SURFHGXUH� KDV� EHHQ�
SURSRVHG� IRU� VHOHFWLRQ� RI� YLOODJHV� LQ� WKH�
/DOLWSXU�GLVWULFW��,Q�WKLV�VDPSOLQJ�GHVLJQ�WKH�
SUREDELOLWLHV� RI� VHOHFWLRQ� IRU� HDFK� YLOODJHV�
DVVLJQHG�E\�WDNLQJ�LQWR�DFFRXQW�WKHLU�VSDWLDO�
ORFDWLRQV� DV�ZHOO� DV� VL]H�PHDVXUH� L�H�� WRWDO�
DUHD� XQGHU� LPSRUWDQW� ODQG� XVH� FODVVHV��
&RPSXWHU� SURJUDP� IRU� WKH� VDPH� KDV� EHHQ�
GHYHORSHG�DQG�D�VDPSOH�RI����YLOODJHV�IURP�
WKH� VWXG\�GLVWULFW�/DOLWSXU� KDV� EHHQ� GUDZQ��
&RSLHV� RI� .KDVDUD� UHFRUGV� DQG� FDGHVWUDO�
PDSV�RI� WKHVH�YLOODJHV�ZHUH�REWDLQHG� IURP�
GLVWULFW� �� WHKVLO� RIILFHV�� 'LJLWL]DWLRQ� RI�
YDULRXV� ODQG� XVH� IHDWXUHV� DQG� FRQWRXUV� RI�
WKH�GLVWULFW�IURP�VXUYH\�RI�,QGLD�7RSRVKHHWV�
LV�LQ�SURJUHVV��&UHDWLRQ�RI�GDWD�EDVHV�RI�WKH�
UHYHQXH� UHFRUGV� RI� WKH� VHOHFWHG� YLOODJHV� LQ�
06� $FFHVV� LV� LQ� SURJUHVV�� )LHOG� VXUYH\�
VWDUWHG� LQ� )HE�� ������ *URXQG� WUXWKLQJ� KDV�
EHHQ� FRPSOHWHG� IRU� WKH� UDEL� FURSV� LQ�
/DOLWSXU� GLVWULFW�� )LHOG� GDWD� FROOHFWLRQ� KDV�
EHHQ� VXSHUYLVHG� DQG� FRPSOHWHG� IRU� WKH�
VHDVRQ�� 6FUXWLQ\� DQG� FRGLQJ� RI� GDWD� LV� LQ�
SURJUHVV��
�
����'HYHORSPHQW�RI�*,6�EDVHG�WHFKQLTXH�

IRU� LGHQWLILFDWLRQ� RI� SRWHQWLDO� DJUR�
IRUHVWU\�DUHD�

�
7KH�REMHFWLYHV�RI� WKH�SURMHFW�DUH� L��

WR�LGHQWLI\�WKH�LPSRUWDQW�IDFWRUV�UHVSRQVLEOH�
IRU�JURZWK�RI�DJUR�IRUHVWU\���LL��WR�FRQVWUXFW�
WKH� VXLWDELOLW\� LQGH[�XVLQJ�6SDWLDO�$QDO\WLF�
+LHUDUFK\� 3URFHVV� DQG� LLL�� WR� FRPSDUH� WKH�
DERYH�PHQWLRQHG�LQGH[�ZLWK�WKH�&RPSRVLWH�
GHYHORSPHQW�LQGH[��

�
$� SLORW� VWXG\� RQ� DJUR�IRUHVWU\��

VRFLDO� IRUHVWU\� KDV� EHHQ� FRQGXFWHG� LQ�
<DPXQDQDJDU� GLVWULFW� RI� +DU\DQD� E\� WKH�
LQVWLWXWH�� ,Q� WKLV� VWXG\�� H[KDXVWLYH�
LQIRUPDWLRQ� UHODWHG� WR� DJUR�IRUHVWU\� KDYH�
EHHQ� FROOHFWHG�� 9LOODJHV�ZHUH� GLYLGHG� LQWR�
WZR�GLIIHUHQW�FDWHJRULHV�����YLOODJHV�KDYLQJ�
FRPPRQ�ERXQGDULHV�ZLWK�WKH�IRUHVW�DQG�����
UHVW� RI� WKH� YLOODJHV�� 7KH� GDWD� DUH� DYDLODEOH�
IURP� HDFK� FDWHJRU\� RI� WKH� YLOODJHV��

$GGLWLRQDO� GDWD� LQ� UHVSHFW� RI� GLIIHUHQW�
IDFWRUV� FRUUHODWHG� ZLWK� WKH� IDFWRUV�
UHVSRQVLEOH�IRU�JURZWK�RI�DJUR�IRUHVWU\�ZLOO�
EH� REWDLQHG� IURP� SRSXODWLRQ� FHQVXV��
OLYHVWRFN� FHQVXV�� ODQG� XVH� VWDWLVWLFV� HWF��
7KLV� GDWD� ZLOO� EH� VXLWDEO\� DQDO\VHG� WR�
LGHQWLI\� WKH� PDMRU� IDFWRUV� DIIHFWLQJ� WKH�
JURZWK�RI�DJUR�IRUHVWU\���
�

7HFKQRORJLFDO� DGYDQFHV� LQ�
FRPSXWDWLRQ� KDYH� IXOILOOHG� WKH� QHHG� IRU�
FRPSXWHUV� LQ� LQWHJUDWLQJ� GDWD� IURP� D�
YDULHW\� RI� VRXUFHV�� LQ� PDQLSXODWLRQ� DQG�
DQDO\]LQJ� GDWD� LQ� SURYLGLQJ� RXWSXW� ZKLFK�
FRXOG�EH�XVHG�DV�SDUW�RI�D�GHFLVLRQ�PDNLQJ�
SURFHVV��7KH�QHHG�RI�FODVVLILHG�LQIRUPDWLRQ�
KDV�JLYHQ�ELUWK�WR�WKH�VSHFLODLVHG�EUDQFK�RI�
LQIRUPDWLRQ� V\VWHP� OLNH� *HRJUDSKLF�
,QIRUPDWLRQ� 6\VWHP� �*,6�� ZKLFK� LV� WKH�
GHPDQG� RI� WRGD\¶V� VRFLHW\�� 2QFH�� WKH�
LPSRUWDQW�IDFWRUV�UHVSRQVLEOH�IRU�JURZWK�RI�
DJUR�IRUHVWU\� DUH� LGHQWLILHG�� DQ� DQDO\WLF�
HQYLURQPHQW� SURYLGHG� E\� *,6� DQG� D�
GHFLVLRQ�PDNLQJ� PHWKRG� SURYLGHG� E\�
$QDO\WLF�+LHUDUFK\�3URFHVV� �$+3��ZLOO� EH�
XVHG� IRU� LGHQWLI\LQJ�SRWHQWLDO� DJUR�IRUHVWU\�
DUHDV�� $WWHPSWV� ZLOO� DOVR� EH� PDGH� WR�
FRPSDUH� WKH� VXLWDELOLW\� LQGH[� GHYHORSHG�
XVLQJ� 6SDWLDO�$+3� IRU� HDFK� YLOODJH� RI� WKH�
GLVWULFW� ZLWK� WKH� FRPSRVLWH� GHYHORSPHQW�
LQGH[�RI�WKH�YLOODJH��

�
,W�LV�H[SHFWHG�WKDW�WKH�PHWKRGRORJ\�

GHYHORSHG� LQ� WKLV� SURMHFW� ZLOO� KHOS� LQ�
LGHQWLI\LQJ� WKH� SRWHQWLDO� ]RQHV� RI� DJUR�
IRUHVWU\�V\VWHPV��7KLV�VWXG\�ZLOO�GHYHORS�D�
UHOLDEOH� DQG� VSHHG\� WHFKQLTXH�WRRO� IRU� WKH�
SODQQLQJ��PDQDJHPHQW�DQG�GHYHORSPHQW�RI�
DJUR�IRUHVWU\� ZLWK� WKH� KHOS� RI� UHFHQWO\�
DYDLODEOH�FRPSXWHU�WHFKQRORJ\��

�
7KH�GDWDEDVH�RI�DYDLODEOH�GDWD�IURP�

HDUOLHU� VXUYH\� UHODWHG� WR� DJUR�IRUHVWU\�ZLWK�
UHVSHFW�WR�<DPXQDQDJDU�GLVWULFW�RI�+DU\DQD�
KDV�EHHQ� FUHDWHG��7KH�GDWD�ZLWK� UHVSHFW� WR�
RWKHU� IDFWRUV� DIIHFWLQJ� JURZWK� RI� DJUR�
IRUHVWU\� KDV� EHHQ� REWDLQHG� IURP� &HQVXV�
GDWD� RI� <DPXQDQDJHU� DW� 3XVKSD� %KDYDQ��
1HZ� 'HOKL�� 7KH� GDWD� IURP� HDUOLHU� VXUYH\�
DQG� WKH� &HQVXV� GDWD� KDYH� EHHQ� OLQNHG�
WRJHWKHU��'DWD�DQDO\VLV�IRU�LGHQWLILFDWLRQ�RI�
IDFWRUV� UHVSRQVLEOH� IRU� JURZWK� RI� DJUR�
IRUHVWU\� LV� DW� ILQDO� VWDJH�� 7UDFLQJ� DQG�
'LJLWLVDWLRQ� RI� WKHPDWLF� PDSV� DUH� LQ�
SURJUHVV�� 0HWKRGRORJLFDO� GHYHORSPHQW�
VXFK�DV�GHYHORSPHQW�RI�6SDWLDO� ±�$QDO\WLF�
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+LHUDUFK\� 3URFHVV� DQG� GDWD�
DQDO\VLV�LV�DOVR�LQ�SURJUHVV��
�
���� $JULFXOWXUDO� 5HVHDUFK� 'DWD�

%RRN������
$JULFXOWXUDO� UHVHDUFK� LV� D� YLWDO�

LQSXW� IRU� SODQQHG� JURZWK� DQG� VXVWDLQDEOH�
GHYHORSPHQW�RI�DJULFXOWXUH�LQ�WKH�FRXQWU\���
,QGLDQ� &RXQFLO� RI� $JULFXOWXUDO� 5HVHDUFK�
EHLQJ� DQ� DSH[� VFLHQWLILF� RUJDQLVDWLRQ� DW�
QDWLRQDO� OHYHO�� SOD\V� D� FUXFLDO� UROH� LQ�
SURPRWLQJ� WKH� DFFHOHUDWLQJ�XVH�RI� VFLHQFH�
DQG� WHFKQRORJ\� SURJUDPPH� UHODWLQJ� WR�
DJULFXOWXUDO� UHVHDUFK� DQG� HGXFDWLRQ�� � ,W�
DOVR� SURYLGHV� DVVLVWDQFH� DQG� VXSSRUW� LQ�
GHPRQVWUDWLQJ�WKH�XVH�RI�QHZ�WHFKQRORJLHV�
LQ�DJULFXOWXUH��

,QIRUPDWLRQ� SHUWDLQLQJ� WR�
DJULFXOWXUDO� UHVHDUFK�� HGXFDWLRQ� DQG�
UHODWHG� DVSHFWV� DYDLODEOH� IURP� GLIIHUHQW�
VRXUFHV� LV� VFDWWHUHG� RYHU� YDULRXV� W\SHV� RI�
SXEOLVKHG� DQG� XQSXEOLVKHG� UHFRUGV�� � 7KH�
$JULFXOWXUDO� 5HVHDUFK� 'DWD� %RRN� ������
ZKLFK�LV�ILIWK�LQ�WKH�VHULHV�LV�DQ�DWWHPSW�WR�
SXW�WRJHWKHU�PDLQ�FRPSRQHQWV���LQGLFDWRUV�
RI� VXFK� LQIRUPDWLRQ�� � 7KH� 'DWD� %RRN�
FRPSULVLQJ� RI� ���� 7DEOHV�� LV� RUJDQL]HG��
IRU� WKH� SXUSRVH� RI� FRQYHQLHQFH� RI� WKH�
XVHUV�LQWR�HOHYHQ�VHFWLRQV�QDPHO\��1DWXUDO�
5HVRXUFHV�� (QYLURQPHQW�� $JULFXOWXUDO�

,QSXWV��)LVKHULHV��+RUWLFXOWXUH��3URGXFWLRQ�
DQG� 3URGXFWLYLW\��� 3URGXFH� 0DQDJHPHQW��
([SRUW�	�,PSRUW��,QGLDQ�3RVLWLRQ�LQ�:RUOG�
$JULFXOWXUH�� ,QYHVWPHQW� LQ� $JULFXOWXUDO�
5HVHDUFK� 	� (GXFDWLRQ� DQG� +XPDQ�
5HVRXUFHV� XQGHU� 1DWLRQDO� $JULFXOWXUDO�
5HVHDUFK� 6\VWHP� �1$56��� � ,W� DOVR�
FRQWDLQV� DW� WKH� HQG�� OLVW� RI� LPSRUWDQW�
1DWLRQDO� DQG� ,QWHUQDWLRQDO� ,QVWLWXWLRQV�
DVVRFLDWHG� ZLWK� DJULFXOWXUDO� UHVHDUFK� DQG�
HGXFDWLRQ� DORQJ�ZLWK� WKHLU� DGGUHVVHV� DQG�
FRQWDFW�SHUVRQV��

7KH�'DWD�%RRN�KDV�EHHQ�FRPSLOHG�
WKURXJK� WKH� MRLQW� HIIRUWV� RI� WKH� ,QGLDQ�
$JULFXOWXUDO� 6WDWLVWLFV� 5HVHDUFK� ,QVWLWXWH�
�,$65,�� DQG� WKH� &RPSXWHU� &HQWUH� RI� WKH�
,QGLDQ� &RXQFLO� RI� $JULFXOWXUDO� 5HVHDUFK�
�,&$5����,W�LV�WKH�ILIWK�HGLWLRQ�DQG�FRQWDLQV�
WKH� ODWHVW� LQIRUPDWLRQ�� GDWD� DV� DYDLODEOH� LQ�
WKH� FRXQWU\� DW� WKH� HQG� RI� 2FWREHU�� ������
7KH� ILUVW� HGLWLRQ�RI� WKH�'DWD�%RRN�KDG� WKH�
LQIRUPDWLRQ� XS� WR� WKH� HQG� RI� ������ WKH�
VHFRQG� HGLWLRQ� KDG� WKH� LQIRUPDWLRQ� XS� WR�
-XO\�� ������ WKH� WKLUG� HGLWLRQ� FRQWDLQHG� WKH�
LQIRUPDWLRQ�XS� WR�2FWREHU�������ZKLOH� WKH�
IRXUWK�HGLWLRQ�FRQWDLQHG�WKH�LQIRUPDWLRQ�XS�
WR� 2FWREHU�� ������ ,W� LV� KRSHG� WKDW� WKH�
LQIRUPDWLRQ� SUHVHQWHG� LQ� WKLV� 'DWD� %RRN�
ZLOO� EH� LQWHUHVWLQJ� DQG�XVHIXO� IRU� D� YDULHW\�
RI�UHDGHUV��
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0DQGDWH��

�
7KUXVW�$UHDV�

�
7R� GHYHORS� VWDWLVWLFDO� GHVLJQV� DQG�
PHWKRGRORJLHV� IRU� DQDO\VLV� RI� GDWD� UHODWLQJ�
WR� ILHOG� DQG� ODERUDWRU\� H[SHULPHQWDWLRQ� LQ��
DJULFXOWXUDO��DQG�DQLPDO�VFLHQFHV���

•� &URSSLQJ�V\VWHPV��UHVHDUFK��
•� ,QIRUPDWLRQ� V\VWHP� IRU� � DJULFXOWXUDO�

DQG�DQLPDO��H[SHULPHQWV�
•� ([SHULPHQWDO�GHVLJQV�IRU�DJULFXOWXUDO���

DQLPDO�� DJUR�IRUHVWU\� DQG� � ILVKHULHV��
UHVHDUFK��

�
�
7KUXVW� DUHD�ZLVH� OLVW� RI� SURMHFWV� LQ�
RSHUDWLRQ� LV� JLYHQ� LQ� &KDSWHU� ���� � 7KH�
SURJUHVV�RI�WKH�SURMHFWV�LV�JLYHQ�EHORZ��
�
&URSSLQJ�6\VWHPV�5HVHDUFK��
�
��� 3ODQQLQJ�� GHVLJQLQJ� DQG�
DQDO\VLV� RI� � H[SHULPHQWV� SODQQHG� RQ�
VWDWLRQV� XQGHU� WKH� 3URMHFW�
'LUHFWRUDWH� IRU� &URSSLQJ� 6\VWHPV�
5HVHDUFK�
�

7KH�REMHFWLYHV�RI�WKH�SURMHFW�DUH��L��
WR� LGHQWLI\� WKH� VXLWDEOH� VWDWLVWLFDO� GHVLJQV�
IRU� FRQGXFW� RI� H[SHULPHQWV� DFFRUGLQJ� � WR�
WKH��WHFKQLFDO�SURJUDPPH�IRUPXODWHG�RI�WKH�
SURMHFW�� �LL�� WR� GHYHORS� VXLWDEOH� PHWKRG� RI�
DQDO\VLV�IRU�WKH�LGHQWLILHG��GHVLJQV�DQG��LLL��
WR� VWDWLVWLFDOO\� DQDO\VH� WKH� GDWD� RI�
H[SHULPHQWV� � FRQGXFHG� DW� ��� &URSSLQJ�
6\VWHPV�5HVHDUFK��FHQWHUV����
�

'HVLJQV� � DGRSWHG� � IRU� FRQGXFW� � RI��
H[SHULPHQWV� ZHUH� 5%'�� 6SOLW� SORW�� 6WULS�
SORW��)DFWRULDO�5%'��6SOLW��6SOLW�SORW�����[���
SDUWLDOO\���FRQIRXQGHG��%,%'�DQG�EDODQFHG�
FRQIRXQGHG��[��� �� �7KH� �GDWD�RI�DERXW�����
H[SHULPHQWV�SHUWDLQLQJ� � WR�����������FURS�
\HDU�ZHUH� UHFHLYHG� �GXULQJ�����������DQG�
DQDO\VHG� DV� SHU� WKH� GHVLJQ� � DGRSWHG���
'HHSHU�VWDWLVWLFDO���DQDO\VLV��RYHU�\HDUV�ZDV�
DOVR� WDNHQ�XS� �IRU�FRQFOXGLQJ�H[SHULPHQWV���
$QQXDO�5HSRUW�IRU�����������SHUWDLQLQJ�WR�
WKH�GDWD�RI���������LV�XQGHU�SXEOLFDWLRQ���
�

7KH� H[SHULPHQWV� DUH� SODQQHG� DQG�
FRQGXFWHG� XQGHU� IRXU� W\SHV� RI� UHVHDUFK��
SURJUDPPHV� �L�� GHYHORSPHQW� � RI� QHZ�
FURSSLQJ�V\VWHPV� �LL��QXWULHQW�PDQDJHPHQW�
LQ� � FURSSLQJ� V\VWHPV� �LLL�� GHYHORSPHQW� RI�

V\VWHP� EDVHG� PDQDJHPHQW� SUDFWLFHV� � �LY��
PD[LPXP�\LHOG�UHVHDUFK���
�

)RU� ILUVW� W\SH� RI� UHVHDUFK�
SURJUDPPH�� � FURSSLQJ� VHTXHQFHV��
FRPSULVLQJ� � RI� YDULHWLHV� RI� FURSV� ZHUH�
FRPSDUHG� LQ� WHUPV� RI� PRQHWDU\� UHWXUQV�
ZKLFK� ZHUH� JHQHUDOO\� FDOFXODWHG� � E\�
VXEWUDFWLQJ� � WKH� IHUWLOL]HU� FRVW� IURP� JURVV�
UHWXUQ�RI�JUDLQ�\LHOG��RQO\���'DWD�RI�FRVW�RI�
FXOWLYDWLRQ� � RQ� YDULRXV� � DJULFXOWXUDO� LQSXWV�
DQG�RSHUDWLRQV�DV�ZHOO�DV�VWUDZ�\LHOG��ZHUH�
PDGH� DYDLODEOH� � IURP� � WKH� WKUHH� FHQWUHV�
QDPHO\�1DYVDUL��6�.��1DJDU�DQG�-XQDJDGK����
7KH� HFRQRPLFV� � RI� FURS� VHTXHQFHV� ZDV�
ZRUNHG� RXW� EDVHG� ILUVWO\� RQ� WKH� PHWKRG�
SUHYLRXVO\�XVHG�DQG�VHFRQGO\�E\�XVLQJ� WKH�
GDWD�RI�FRVW�RI� FXOWLYDWLRQ�DQG�VWUDZ�\LHOG���
7KH� DQDO\VLV� LQGLFDWHG� WKDW� RUGHU� RI�
SHUIRUPDQFH�RI�GLIIHUHQW�FURS�VHTXHQFHV�LQ�
WHUPV� RI� PRQHWDU\� UHWXUQV� � GLIIHUV� � ZKHQ�
QHW� UHWXUQV� ZHUH� � FDOFXODWHG� � DIWHU� WDNLQJ�
FDUH� RI� FRVW� RI� FXOWLYDWLRQ�� JUDLQ� � � DQG��
UHWXUQ�IURP�JUDLQ�DQG�VWUDZ�\LHOG�LQVWHDG�RI�
FRVW�RI�IHUWLOL]HU�LQSXW�RQO\�DQG�UHWXUQ�IURP�
JUDLQ�\LHOG���
�

%HVLGHV� WKH� $QQXDO� 5HSRUW�
SXEOLVKHG� � E\� � SURMHFW� 'LUHFWRUDWH� IRU�
&URSSLQJ� 6\VWHPV� 5HVHDUFK�� � ILUVW� 6WDWXV�
5HSRUW� ������������ ZDV� SUHSDUHG�
KLJKOLJKWLQJ� WKH�VKRUWFRPLQJV� LQ�GHVLJQLQJ��
DQG�OD\RXW�RI�H[SHULPHQWV�DQG�UHSRUWLQJ�RI�
GDWD�DQG�DQDO\VLV� �IRU�VRPH�W\SLFDO� W\SH�RI�
H[SHULPHQWV�� � 7KH� UHSRUW�ZDV� GLVFXVVHG� LQ�
WKH� ZRUNVKRS� � � RI� � WKH� SURMHFW� KHOG� DW�
03.9�� 5DKXUL� ZLWK� ''*�150���
'LUHFWRU�3'&65��� $'*�$JURQRP\�� DQG�
DOO� FRQFHUQHG� � FKLHI� DJURQRPLVWV�� � 7KH��
HIIRUWV� ZHUH� DSSUHFLDWHG� � DQG� LW� ZDV�
VXJJHVWHG� WKDW� SUHSDUDWLRQ� RI� VWDWXV� UHSRUW�
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VKRXOG�EH�D�FRQWLQXLQJ��IHDWXUH�DQG�PXVW�EH�
SUHVHQWHG� LQ� HYHU\�ZRUNVKRS�� � 3UHSDUDWLRQ�
RI�VWDWXV�UHSRUW�������������LV�LQ�SURJUHVV�����

�
�����3ODQQLQJ��GHVLJQLQJ��DQG�DQDO\VLV�RI�����
�����³21�)$50¶�UHVHDUFK�H[SHULPHQWV���
�����SODQQHG�XQGHU�3URMHFW�'LUHFWRUDWH�IRU���
����&URSSLQJ�6\VWHPV�5HVHDUFK�����
�
� 8QGHU� � WKH� � ,$65,� &53� RQ� &65��
QHZ� WHFKQLFDO� SURJUDPPH� KDYH� EHHQ�
ILQDOL]HG� IRU� � RQ� IDUP� WULDOV� DQG� � DOO�
UHVHDUFK�FHQWUHV�DUH�UHTXLUHG�WR�FRQGXFW�WKH�
IROORZLQJ�� WKUHH�W\SHV�RI�ILHOG�H[SHULPHQWV��
LQ�V\VWHP�PRGH���
�
�L�� 5HVSRQVH�RI�QXWULHQWV��1�3�DQG�.�����
���������������RQ�IDUPHU¶V�ILHOG���
�LL�� $JURQRPLF�PDQDJHPHQW�SUDFWLFHV���
�������������IRU�VXVWDLQDEOH�SURGXFWLRQ�V\VWHP�
�LLL�� ,QWHQVLILFDWLRQ�DQG�GLYHUVLILFDWLRQ��
�������������RI�WKH�H[LVWLQJ�&URSSLQJ�V\VWHP����
�
� )RU� HDFK� RI� WKH� W\SHV� RI�
H[SHULPHQWDWLRQ�� SURIRUPD� � IRU� UHFRUGLQJ��
RI� WKH� LQIRUPDWLRQ� KDV� EHHQ� GHYHORSHG� LQ�
FRQVXOWDWLRQ�ZLWK�3,�2)5��0RGLSXUDP���
�
�� WKH�GDWD�LQ�UHVSHFW�RI������WULDOV�������

���� DQG� ����� WULDOV� ������������ ZHUH�
UHFHLYHG�DQG�VWDWLVWLFDOO\�DQDO\VHG���

�
�� 7KH� ILQDO� WDEOHV� RI� WKH� UHVXOWV� RI� WKH�

WULDOV�����������ZHUH�SUHSDUHG�DQG�VHQW�
WR�WKH�3URMHFW�'LUHFWRU��3'&65�IRU�WKH�
LQFOXVLRQ� LQ� WKH�$QQXDO�5HSRUW� ������
������RI�WKH�SURMHFW��

�
� 7KH� VDOLHQW� UHVXOWV� RI� WKH�
H[SHULPHQWV� RQ� UHVSRQVH� RI� QXWULHQWV�
FRQGXFWHG� DW� IDUPHU¶V� ILHOG� � LQ� VHOHFWHG�
]RQHV�DUH�JLYHQ�EHORZ���
�
� ,Q� ULFH�ZKHDW� FURSSLQJ� V\VWHP� DW�
%XQGHONKDQG��83����QXWULHQW�UHVSRQVH��ZDV�
������ NJ� JUDLQ�NJ� 1�� ������ NJ� JUDLQ�NJ��
3�2�� � RYHU� 1� DQG� ����� NJ� JUDLQ�NJ� .� �2�
RYHU� 1� DSSOLHG� GXULQJ� NKDULI� DQG� WKH�
FRUUHVSRQGLQJ� ILJXUHV� GXULQJ� UDEL� ZHUH�
������ ����� DQG� ����� NJ� JUDLQ�NJ� QXWULHQW�
DSSOLHG�UHVSHFWLYHO\���$W�)DL]DEDG��83��IRU�
WKH�VDPH�FURSSLQJ�VHTXHQFH��13.�UHVSRQVH�
REVHUYHG�ZHUH�������NJ��JUDLQ��NJ���1��������
NJ� � � JUDLQ�NJ� � � 3�2�� � RYHU�1� DQG� ����� NJ�
JUDLQ�NJ� .� � RYHU� 1� RI� ULFH� FURS� LQ� NKDULI�
DQG� WKHVH� ILJXUHV� IRU� ZKHDW� ZHUH� ����� ����

DQG� ���� NJ� � � � � JUDLQ� �� NJ� QXWULHQW� DSSOLHG�
UHVSHFWLYHO\���
� �
� $W� -XQDJDGK� �*M�� � LQ� � EDMUD�
PXVWDUG� FURSSLQJ� V\VWHP�� UHVSRQVH� WR�
QXWULHQWV�ZHUH�REVHUYHG�WR�WKH�WXQH�RI�������
����� DQG������NJ�JUDLQ�NJ�1��3�2�� DQG�.���
DSSOLFDWLRQ� GXULQJ� NKDULI� DQG� ����� ���� DQG�
����NJ�JUDLQ�NJ�QXWULHQW��DSSOLHG�GXULQJ�UDEL�
UHVSHFWLYHO\����
�
� 7KH� VXVWDLQDELOLW\� IDFWRU�
DGGUHVVHG� DW� %XQGHONKDQG� �83�� IRU� 8UDG�
:KHDW� V\VWHP� ZDV� LPSURYHG� YDULHW\� DQG�
ZHHG� � FRQWURO� � PHDVXUHV� DQG� � WKHVH� KDYH�
VKRZQ�HQKDQFHPHQW�LQ�WKH�SURGXFWLYLW\��RI�
WKH�WXQH�RI�����LQ�NKDULI�FURS�DQG�����LQ�
VXEVHTXHQW�ZKHDW�FURS���
�
� )RU� *� 1XW�� ±� ZKHDW� FURSSLQJ�
V\VWHP� DW� -XQDJDGK� �*M���� � WKH� LPSURYHG�
YDULHWLHV�DORQJ�ZLWK�LPSURYHG�PDQDJHPHQW�
SUDFWLFHV� � KDYH� VKRZQ� ���� LQFUHDVH� LQ�
SURGXFWLYLW\� LQ� NKDULI� FURS� DQG� QR�
VLJQLILFDQW�FKDQJH�LQ�ZKHDW�FURS���
�
��� 3ODQQLQJ�� GHVLJQLQJ� DQG� DQDO\VLV� RI�

GDWD� UHODWLQJ� WR� H[SHULPHQWV�
FRQGXFWHG� XQGHU� $,&53� RQ� /RQJ�
7HUP�IHUWLOL]HU�H[SHULPHQWV��

�
7KH�REMHFWLYHV�RI�WKH�SURMHFW�DUH��L��

WR� SODQ� � DQG� GHVLJQ� ORQJ� WHUP� IHUWLOL]HU�
H[SHULPHQWV�� �LL�� WR� WU\� DOWHUQDWLYH�
DSSURDFKHV�IRU�DQDO\VLV�RI�GDWD��DQG��LLL��WR�
&R�RUGLQDWH� WKH�ZRUN� UHODWLQJ� WR� VWDWLVWLFDO�
DVSHFWV� RI� WKH� SURMHFW� DQG� DOVR� WR� SURYLGH�
QHFHVVDU\� LQIRUPDWLRQ� WR� WKH� 3URMHFW�
&RRUGLQDWRU��/7)(��DQG�,&$5�
�

,Q��RUGHU��WR���VWXG\��WKH��HIIHFW��RI�
&RPSOHWH� VWRSSDJH� RI� SKRVSKRUXV��
DSSOLFDWLRQ� RQ� \LHOG� VXVWDLQDELOLW\� LQ� SORWV�
VKRZLQJ� LWV� KXJH� EXLOG� XS� LQ� VRLOV� RYHU�
\HDUV�� D�SODQQHG�FKDQJH�ZDV� LQWURGXFHG� LQ�
WKH�H[SHULPHQW�DW�/XGKLDQD���IURP�WKH�\HDU�
����������� VSOLWWLQJ� � RQH� PRUH� WUHDWPHQW��
13.� ��6�� WR� VXSHULPSRVH� � QHZ� VHW� RI�
WUHDWPHQWV���$V�VXFK�WKH�DQDO\VLV�SURFHGXUH��
ZDV�PRGLILHG�E\�RPLWWLQJ�WKH�GXPP\�SORWV�
RI� WKH� XQVSOLWWHG� WUHDWPHQWV� XQGHU� QHVWHG�
WZR�ZD\�GHVLJQ���
�
� 7KH� VWDWLVWLFDO� DQDO\VLV� RI�
VXSHULPSRVHG� WUHDWPHQWV� RYHU� \HDUV�
UHYHDOHG�WKDW���
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�� 1R�VLJQLILFDQW�UHGXFWLRQ��LQ��FURS�\LHOGV��
DW� /XGKLDQD� ZDV� REVHUYHG� ZLWKRXW�
SKRVSKRUXV�RYHU�LWV�RSWLPDO�DSSOLFDWLRQ�
DORQJZLWK� RSWLPDO� GRVHV� RI� QLWURJHQ�
DQG� SRWDVVLXP�� � 7KH� UHTXLUHPHQW� RI�
SKRVSKRUXV� IRU� FURSV�ZDV�PHW� WKURXJK�
WKH�QDWLYH�VRXUFH�RI�VRLO���

�
�� 5HGXFWLRQ� RI� SKRVSKRUXV� DSSOLFDWLRQ�

E\� ���� RYHU� LWV� RSWLPXP� OHYHO�
FRQVLVWHQWO\� JDYH� VXVWDLQDEOH� \LHOGV���
ZLWKRXW�DIIHFWLQJ�WKH�VRLO�IHUWLOLW\���

�
�� $GGLWLRQ� RI� ]LQF�)<0� DORQJZLWK�

UHGXFHG� RU� QR� SKRVSKRUXV� DSSOLFDWLRQ�
HQKDQFHG�WKH�\LHOG�OHYHOV�RI�FURSV���

�
��������� 7UHDWPHQW�ZLVH�\LHOG�DQG�DYDLODEOH�
VRLO� QXWULHQW� � � GDWD� ZHUH� VXEMHFWHG� WR�
UHJUHVVLRQ� DQDO\VLV� WR� VWXG\� WKHLU� WUHQGV�
RYHU�\HDUV���&URS�ZLVH�\LHOG�VXPPDULVDWLRQ�
RYHU�\HDUV�ZHUH�DOVR�FDUULHG�RXW�XVLQJ�WKUHH�
IDFWRU� LQWHUDFWLRQ� PRGHO�� � 6RPH� � RI� WKH��
VDOLHQW�UHVXOWV�REWDLQHG�DUH�DV�IROORZV����
�
�� 8SWR� D� QXPEHU� RI� \HDUV� �������� WKH�

UHVSRQVHV� WR� WKH� WUHDWPHQW� � � RSWLPDO�
13.���)<0��#������W�KD�±��\U�±��ZHUH�
IRXQG� WR� EH� DV� JRRG� DV� 13.� DORQH�
HLWKHU� � DW� RSWLPXP� RU� VXSHU� RSWLPDO�
OHYHOV�� ZKHUHDV� EH\RQG� WKHVH� \HDUV�
FRQWLQXRXV� DSSOLFDWLRQ� RI� LQRUJDQLF�
13.� DW� WKHVH� OHYHOV� UHVXOWHG� LQ� OHVV�
UHVSRQVH�WKDQ�WR�13.�)<0��WUHDWPHQW�
RYHU� \HDUV� DV� VRPH� VHFRQGDU\� RU�
PLFURQXWULHQWV�OLNH�6�DQG�=Q�LQ�WKH�VRLO�
EHFDPH� \LHOG� OLPLWLQJ� IDFWRUV� ZKLOH�
)<0� � KHOSHG� LQ� VXVWDLQLQJ� WKH� \LHOG���
RYHU�\HDUV�GXH�WR�LWV�FRQGLWLRQLQJ�HIIHFW�
RQ�WKH�VRLO�IHUWLOLW\���

�
�� )HUWLOL]HU� UHVSRQVHV� ZHUH� REVHUYHG� LQ�

WKH� RUGHU� RI� 13.� !13!1� EXW� WKH�
GHJUHH� RI� UHVSRQVH� WR� LQGLYLGXDO�
QXWULHQWV� YDULHG� ZLWK� ORFDWLRQ���
&RQWLQXRXV� DSSOLFDWLRQ� RI� RSWLPXP�
GRVH� RI� 1� DORQH� UHFRUGHG� JUHDWHVW�
GHFOLQH� DW� PRVW� RI� WKH� FHQWUHV�
SDUWLFXODUO\� LQ� DFLG� VRLOV� GHILFLHQW� LQ�
ERWK�3�DQG�.�QXWULHQWV��

�
,QIRUPDWLRQ� 6\VWHP� � IRU� $JULFXOWXUDO��
DQG�$QLPDO��([SHULPHQWV����
�
�
�

��� $JULFXOWXUDO� )LHOG� ([SHULPHQWV�
,QIRUPDWLRQ�V\VWHP�$)(,6����

�
7KH��REMHFWLYHV�RI�SURMHFW�DUH��L���WR�

FROOHFW� WKH� GDWD� LQ� UHVSHFW� RI� $JULFXOWXUDO��
ILHOG� H[SHULPHQWV� FRQGXFWHG� DW� YDULRXV�
DJULFXOWXUDO�UHVHDUFK�VWDWLRQV�LQ�WKH�FRXQWU\���
DQG� �LL�� � WR� FUHDWH� D� GDWD� EDVH� RI� WKH�
LQIRUPHG�H[SHULPHQWV��
�
� 7KH� H[SHULPHQWDO� GDWD� LV� FROOHFWHG�
E\�WKH�QHW�ZRUN��RI�UHJLRQDO�VWDII�HVSHFLDOO\�
SRVWHG� IRU� WKLV� SXUSRVH�� � 7KH� � GDWD� LV�
WUDQVIRUPHG� � WR� HOHFWURQLF� IURP� XVLQJ�
VWDQGDUG� GDWD� SUHSDUDWLRQ� VKHHWV�� � 7KH�
VRIWZDUH� IRU� WKH�VWRUDJH�DQG� �UHWULHYDO� �KDV�
EHHQ� GHYHORSHG� XVLQJ� � 'EDVH� ,9�)R[�SUR���
9DOLGDWLRQ� RI� GDWD� LV� GRQH� XVLQJ� FRPSXWHU�
VRIWZDUH�DV�ZHOO�DV�PDQXDO�FKHFNLQJ���
�
� 'XULQJ� WKH� \HDU� GDWD� RI� ������
H[SHULPHQWV� KDYH� EHHQ� FROOHFWHG� IURP� ��
UHJLRQDO� FHQWUHV�� � 7KH� GDWD� KDV� � EHHQ�
XSGDWHG��ZLWK��������QHZ�H[SHULPHQWV��DQG�
QRZ� FRQWDLQV� GHWDLOV� RI� �������
H[SHULPHQWV�� � 9DOLGDWLRQ� RI� ������
H[SHULPHQWV� IURP� VWDWHV� 8�3�� DQG� � 2ULVVD�
KDV� EHHQ� FRPSOHWHG�� � 3DPSKOHW� KDV� EHHQ�
SUHSDUHG�IRU�FUHDWLQJ��DZDUHQHVV�DPRQJ�WKH��
UHVHDUFK� FRPPXQLW\� UHJDUGLQJ� WKH�
H[LVWHQFH� RI� � GDWD� EDVH�� � 7KH� � UHWULHYDO� RI�
H[SHULPHQWDO� � GDWD� KDV� EHHQ� GRQH� IRU� � WKH�
WZR� ,QVWLWXWLRQDO� SURMHFWV� HQWLWOHG� �� �L��
VWDWLVWLFDO� � LQYHVWLJDWLRQ� RQ� IHUWLOL]HU� XVH�
HIILFLHQF\� � LQ� UHODWLRQ� RI� FXOWXUDO� SUDFWLFHV��
�LL�� 'LDJQRVWLF� � VWXG\� IRU� WKH� GHVLJQ� DQG�
DQDO\VLV�RI�ILHOG�H[SHULPHQWV���
�
� 7R����UHGHVLJQ�WKH�GDWD�EDVH�RQ�WKH�
SULQFLSOH� RI� 5HODWLRQDO� GDWD� EDVH�
PDQDJHPHQW� � V\VWHP� DQG� PDNH� WKH�
LQIRUPDWLRQ� � V\VWHP� RQ� OLQH�� � ,W� LV� DOVR�
SODQQHG�WR�SUHSDUH�UHJLRQDO�DQG�FRPPRGLW\�
EDVH�GDWD�EDVHV���
��
([SHULPHQWDO� GHVLJQV� IRU� $JULFXOWXUDO���
$QLPDO�� $JURIRUHVWU\� DQG� )LVKHULHV�
5HVHDUFK�������
�
��� $� VWDWLVWLFDO� LQYHVWLJDWLRQ� RQ� WKH�

ORQJ� WHUP� HIIHFW� RI� IHUWLOL]HUV� RQ��
SURGXFWLYLW\� RI� FHUHDO� FURS�
VHTXHQFHV��

�
7KH�REMHFWLYHV�RI�WKH�SURMHFW�DUH��L���
�
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WR� HVWLPDWH� WKH� RYHUDOO� IHUWLOL]HU� WUHDWPHQW�
HIIHFWV�IRU�HDFK�FURS�VHTXHQFH���LL��WR�VWXG\�
WKH�HIIHFW�RI�ORQJ�WHUP�IHUWLOL]HU�XVH�RQ�WKH�
\LHOG� RI� GLIIHUHQW� FURSV�� �LLL�� � WR� GHYHORS�
PHWKRGRORJ\� IRU� �D�� GHWHUPLQLQJ�
HFRQRPLFDOO\� RSWLPDO� IHUWLOL]DWLRQ� SUDFWLFH�
IRU� HDFK� RI� WKH� FURS� VHTXHQFHV�� DQG� �E��
HVWLPDWLRQ� RI� DYHUDJH� DQQXDO� QHW� UHWXUQV�
DQG� YDULDQFH� RI� QHW� UHWXUQV� IRU� WKH� FURS�
VHTXHQFHV�� DQG� �LY�� WR� GHYHORS� \LHOG�
SUHGLFWLRQ� PRGHOV� IRU� FURSV� LQFOXGHG� LQ�
GLIIHUHQW�VHTXHQFHV���
�

7KH� DQDO\VLV� RI� YDULDQFH� ZDV�
FDUULHG� RXW� WR� GHFRPSRVH� WKH� WRWDO� VXP� RI�
VTXDUHV��66��LQWR�66�GXH�WR�YDULRXV�HIIHFWV�
YL]��WUHDWPHQW��\HDU��UHSOLFDWLRQ��WUHDWPHQW�[�
\HDU�� \HDU� [� UHSOLFDWLRQ� DQG� WUHDWPHQW� [�
UHSOLFDWLRQ� LQWHUDFWLRQ� XQGHU� D� OLQHDU� IL[HG�
HIIHFW� PRGHO�� � 7KH� H[SHFWHG� YDOXH� RI� WKH�
PHDQ� VTXDUHV� LQGLFDWHG� WKDW� HUURU� PHDQ�
VTXDUH� LV� DQ� DSSURSULDWH�GLYLVRU� IRU� WHVWLQJ�
VLJQLILFDQFH� RI� YDULRXV� HIIHFWV�� � (IIHFW� RI�
ORQJ� WHUP� IHUWLOL]HU� XVH� RQ� WKH� \LHOG� RI�
FURSV� ZDV� VWXGLHG� XVLQJ� UHJUHVVLRQ�
DQDO\VLV�� � $Q� XQELDVHG� HVWLPDWRU� RI� WKH�
UHWXUQV� RYHU� WKH� IHUWLOL]HU� FRVW� �SHU� KHFWDUH�
SHU� DQQXP�� IRU� HDFK� WUHDWPHQW� ZDV�
REWDLQHG� XQGHU� D� VSHFLILF� HUURU� VWUXFWXUH�
DORQJ� ZLWK� LWV� YDULDQFH� DQG� WKH� YDULDQFH�
HVWLPDWRU�� <LHOG� SUHGLFWLRQ� PRGHOV� KDYH�
DOVR�EHHQ�GHYHORSHG����
�
� � )RXU� FHQWUHV� QDPHO\�� $NROD��
3DQWQDJDU�� 1DYVDUL� DQG� 5DMHQGUDQDJDU�
ZHUH� LQFOXGHG� LQ� WKH� VWXG\�� � � 5HVXOWV�
VKRZHG� � WKDW� IRU� $NROD� FHQWUH� ZLWK�
VRUJKXP�ZKHDW� FURS� VHTXHQFH�� � WUHDWPHQW�
7�� ����� UHFRPPHQGHG�13.�GRVH� WKURXJK�
IHUWLOL]HUV� �� ���� 1� WKURXJK� )<0� WR�
VRUJKXP� FURS� DQG� ����� UHFRPPHQGHG�
13.�GRVH�WKURXJK�IHUWLOL]HUV�WR�ZKHDW��ZDV�
WKH� DSSURSULDWH� IHUWLOL]HU� WUHDWPHQW� LQ�
JLYLQJ� WKH� KLJKHVW� JUDLQ� \LHOG� RI� WKH�
VHTXHQFH�� � +RZHYHU�� DW� WKH� FRQVLGHUHG�
SULFHV���PD[LPXP�UHWXUQV�FRXOG�EH�UHDOL]HG�
IURP� WKH� 7UHDWPHQW� 7�� ������
UHFRPPHQGHG�13.�GRVH�WKURXJK�IHUWLOL]HUV�
DSSOLHG� WR� ERWK� WKH� FURSV��� � $W� 3DQWQDJDU�
DQG�1DYVDUL�FHQWUHV�ZKHUH� ULFH�ZKHDW�FURS��
VHTXHQFH� KDV� EHHQ� DGRSWHG�� WUHDWPHQW� 7��
JDYH�WKH�KLJKHVW�\LHOG�DQG�PRQHWDU\�UHWXUQV�
ZKHUHDV� WUHDWPHQW�7��� ����� UHFRPPHQGHG�
13.� GRVH� WKURXJK� IHUWLOL]HUV� �� ���� 1�
WKURXJK� JUHHQ� PDQXUH� � WR� ULFH� FURS� DQG�
����� UHFRPPHQGHG� 13.� GRVH� WKURXJK�

IHUWLOL]HUV� WR� ZKHDW�� ZDV� IRXQG� WR� EH� WKH�
VHFRQG� EHVW�� � � $W� 5DMHQGUDQDJDU� FHQWUH�
ZKHUH� ULFH�ULFH� FURS� VHTXHQFH� LV� SUDFWLVHG��
WKH�WUHDWPHQW�7���JDYH�WKH�KLJKHVW�\LHOGV�RI�
ULFH� LQ�ERWK� WKH� VHDVRQV�ZKLFK�ZHUH�DW�SDU�
ZLWK�WKH�\LHOGV�REWDLQHG�XQGHU�WUHDWPHQW�7����
7KH�UHSRUW�ILQDOL]DWLRQ�LV�LQ�SURJUHVV����
�
��� $� 'LDJQRVWLF� 6XUYH\� RI� 'HVLJQ� DQG�

DQDO\VLV�RI�)LHOG�([SHULPHQWV�
�

7KH�REMHFWLYHV�RI�WKH�SURMHFW�DUH��L��
WR� FRQGXFW� D� GLDJQRVWLF� VXUYH\� RI� VHYHUDO�
H[SHULPHQWV� IRU� LGHQWLI\LQJ� GLIIHUHQW�
H[SHULPHQWDO� VLWXDWLRQV� VR� DV� WR� SURYLGH�
DSSURSULDWH�PHWKRGV�RI�DQDO\VLV�RI�GDWD�IRU�
HDFK� SRVVLEOH� VLWXDWLRQ� DV� ZHOO� DV� WR�
GHYHORS� PHWKRGRORJ\� IRU� GDWD� DQDO\VLV�
ZKHUH� DSSURSULDWH�PHWKRGV� RI� DQDO\VLV� DUH�
QRW� DYDLODEOH� RU� VXLWDEOH�� �LL�� WR� HYROYH�
DSSURSULDWH� DQG� PRGLILHG� PHWKRGV� RI�
FRPELQHG� DQDO\VLV� RI� GDWD� IURP�
H[SHULPHQWV� FRQGXFWHG� DW� GLIIHUHQW�
ORFDWLRQV�DQG�RU�\HDUV�E\�XVLQJ�WKH�FRQFHSW�
RI�QHVWHG�PRGHOV���LLL��WR�XVH�WKH�FRQFHSW�RI�
PXOWLYDULDWH�DQDO\VLV�RI�YDULDQFH�WR�DQDO\]H�
WKH� GDWD� RI� H[SHULPHQWV� ZLWK� PXOWLSOH�
UHVSRQVHV�� DQG� �LY�� WR� GHYHORS� DQ�
DSSURSULDWH�EXW�H[DFW�PHWKRG�RI�HVWLPDWLRQ�
RI� YDULDQFH� FRPSRQHQWV� IURP� DQ�
XQEDODQFHG� GDWD� REWDLQHG� IURP� EORFN�
GHVLJQV� ZLWK� SRVVLEO\� XQHTXDO� EORFN� VL]HV�
DQG�YDU\LQJ�UHSOLFDWLRQV��
�

7KH� H[SHULPHQWV� ZLWK� PL[WXUHV�
PHWKRGRORJ\� KDV� EHHQ� DSSOLHG� WR� WKH�
TXDOLW\�HYDOXDWLRQ�RI�PL[HG�IUXLW� MXLFHV� IRU�
5HDG\� WR� 6HUYH� �576�� EHYHUDJH�� � 7KH�
RSWLPXP�SURGXFWLRQ�RI�GLIIHUHQW�IUXLW�MXLFHV�
KDV�DOVR�EHHQ�REWDLQHG���7KH�DERYH�DQDO\VLV�
KDV� EHHQ� FDUULHG� RXW� LQ� FROODERUDWLRQ� ZLWK�
'LYLVLRQ� RI� )UXLWV� DQG� +RUWLFXOWXUDO�
7HFKQRORJ\��,$5,��1HZ�'HOKL���

�
,Q� RQH� RI� WKH� SHUPDQHQW� SORW�

H[SHULPHQWV� RQ� ULFH�ULFH� VHTXHQFH�
FRQGXFWHG� DW� 6LUXJXSSD� 5HVHDUFK� 6WDWLRQ�
XQGHU�$,&53�RI�2Q�6WDWLRQ�([SHULPHQWV�LQ�
RQH�RI�WKH�\HDUV��LQVWHDG�RI�XVLQJ�WKH�VDPH�
YDULHW\� LQ� DOO� WKH� UHSOLFDWLRQV�� WKH�
H[SHULPHQWHU�FKDQJHG�WKH�YDULHW\�LQ�WZR�RI�
WKH� UHSOLFDWLRQV� L�H�� LQ� WZR� UHSOLFDWLRQV� WKH�
YDULHW\�ZDV�NHSW�DV�VDPH�DV�SUHYLRXV�\HDUV�
DQG� LQ� WZR� UHSOLFDWLRQV� WKH� YDULHW\� ZDV�
FKDQJHG���7R�VHH�WKH�HIIHFW�RI�WUHDWPHQWV�RQ�
\LHOG� LV� VDPH� IRU� WKH� WZR� YDULHWLHV� RU� QRW��
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WKH�GDWD�DYDLODEOH�RQ�\LHOG�ZDV�DQDO\VHG�E\�
FRQVLGHULQJ� WKDW� WKH� GDWD� LV� REWDLQHG� IURP�
WZR� VHSDUDWH� H[SHULPHQWV� HDFK� FRQGXFWHG�
ZLWK� �� UHSOLFDWLRQV�� � 7KH� UHVXOWV� LQGLFDWH�
WKDW�WKH�SHUIRUPDQFH�RI�ERWK�WKH�YDULHWLHV�LV�
VLPLODU�XQGHU�D�JLYHQ� VHW�RI� WUHDWPHQWV�� � W�
VWDWLVWLF� LQGLFDWHG� WKDW� WKH� GLIIHUHQFH� RI�
WUHDWPHQW� PHDQV� IURP� WZR� VHWV� ZHUH� QRQ�
VLJQLILFDQWO\� GLIIHUHQW�� � 0XOWLSOH� OLQHDU�
UHJUHVVLRQ�HTXDWLRQV�ZHUH�ILWWHG�XVLQJ�JUDLQ�
\LHOG� DV� GHSHQGHQW� YDULDEOH� DQG� RWKHU�
DX[LOLDU\� FKDUDFWHUV� VXFK� DV� QXPEHU� RI�
VHHGV�SDQLFOH�� WHVW� ZHLJKW� DQG� OHQJWK� RI�
SDQLFOH� IRU� WKH� WZR�VHWV�RI�GDWD�VHSDUDWHO\��
7KH� WZR� UHJUHVVLRQV� HTXDWLRQV�ZHUH� IRXQG�
WR�EH�KRPRJHQHRXV���

�
$�GDWD�SHUWDLQLQJ�WR�DQ�H[SHULPHQW�

UHODWHG� WR� YDULHWDO� UHVSRQVH� WR� IUXLW�
GHYHORSPHQW� DQG� VWRUDJH� LQ� %ULQMDO�
�6RODQXP�PHORQJHQD�/���KDV�EHHQ�DQDO\VHG�
XVLQJ� WKH� SURFHGXUH� RI� JURXSV� RI�
H[SHULPHQWV�� ,Q� WKLV� VWXG\�� WKH� KDUYHVWLQJ�
VWDJHV� ZHUH� FRQVLGHUHG� DV� DUWLILFLDOO\�
FUHDWHG� HQYLURQPHQWV�� 7KLV� DQDO\VLV� LV�
EDVHG� RQ� WKH� GDWD� RI� D� 0�6F�� 6WXGHQW� RI�
'LYLVLRQ� RI� 9HJHWDEOH� &URSV�� ,$5,�� 1HZ�
'HOKL���

�
)RU�WKH�FURS�VHTXHQFH�H[SHULPHQWV�

ZKHUH� WKH� WZR� VHWV� RI� WUHDWPHQWV� DUH�
DSSOLHG��WKH�WUHDWPHQWV�EHORQJLQJ�WR�RQH�VHW�
DUH�DSSOLHG� WR�RQH�RI� WKH�FURSV�� VD\�.KDULI�
DQG� DQRWKHU� VHW� RI� WUHDWPHQWV� DUH� EHLQJ�
DSSOLHG� WR� DQRWKHU� FURS�� VD\� 5DEL�� WKH�

H[WHQGHG�JURXS�GLYLVLEOH�GHVLJQV�KDYH�EHHQ�
UHFRPPHQGHG� LQ� SODFH� RI� WKH� XVXDO� VSOLW�
SORW� GHVLJQV� XVHG� LQ� WKHVH� H[SHULPHQWDO�
VLWXDWLRQV�� �7KH� H[SUHVVLRQV�RI� HIILFLHQFLHV�
RI� WKH� YDULRXV� IDFWRULDO� HIIHFWV� KDYH� EHHQ�
REWDLQHG�� 7KHVH� GHVLJQV� DUH� XVHIXO� IRU� WKH�
VLWXDWLRQV�HYHQ�ZKHQ�WKH�WUHDWPHQWV�LQ�ERWK�
RU�DQ\�RQH�FURS�KDYH�WKH�IDFWRULDO�VWUXFWXUH���
+RZHYHU�� WKHVH� GHVLJQV� WDNH� FDUH� RI� WKH�
UHVLGXDO� HIIHFWV� RI� WKH� ILUVW� RUGHU� HIIHFWV�
RQO\�� � 7KH� GHWDLOV� RI� WKH� UHFRPPHQGHG�
GHVLJQV�DUH�JLYHQ�EHORZ��

�
([WHQGHG� JURXS� GLYLVLEOH� GHVLJQ�

ZLWK� ��� ��×��� WUHDWPHQWV� KDYH� EHHQ�
VXJJHVWHG�WR�D�3K�'��VWXGHQW�RI�'LYLVLRQ�RI�
$JURQRP\�� ,$5,��1HZ�'HOKL�� �7KH�GHWDLOV�
RI�WKH�H[SHULPHQW�DUH�DV�IROORZV��
�

,W� LV� DQ� H[SHULPHQW� RQ� FURS�
VHTXHQFHV�� �� KHUELFLGDO� WUHDWPHQWV�ZHUH� WR�
EH� DSSOLHG� WR� WKH� .KDULI� FURS� DQG� ��
KHUELFLGDO�WUHDWPHQWV�WR�WKH�5DEL�FURS���7KH�
H[SHULPHQWHU�LV�LQWHUHVWHG�LQ�FRPSDULQJ�WKH�
GLUHFW� HIIHFWV� RI� .KDULI� DQG� 5DEL�
7UHDWPHQWV� UHVLGXDO� HIIHFWV� RI� .KDULI�
WUHDWPHQWV� DQG� LQWHUDFWLRQ� EHWZHHQ� WKH�
UHVLGXDO� HIIHFWV� RI� .KDULI� WUHDWPHQWV� DQG�
GLUHFW�HIIHFWV�RI�5DEL�WUHDWPHQWV��

��
,I�ZH�GHQRWH� WKH�.KDULI� WUHDWPHQWV�

DV���������������DQG�5DEL�WUHDWPHQWV�DV�D��E��
F��G���7KHQ�WKH�OD\RXW�RI�WKH�GHVLJQ�LV�JLYHQ�
DV�

�
�

%ORFN��� �D� �D� �D� �D� �D� �E� �E� �E� �E� �E�
%ORFN��� �D� �D� �D� �D� �D� �F� �F� �F� �F� �F�
%ORFN��� �D� �D� �D� �D� �D� �G� �G� �G� �G� �G�
%ORFN��� �E� �E� �E� �E� �E� �F� �F� �F� �F� �F�
%ORFN��� �E� �E� �E� �E� �E� �G� �G� �G� �G� �G�
%ORFN��� �F� �F� �F� �F� �F� �G� �G� �G� �G� �G�
�
7KH� SDUDPHWHUV� RI� WKH� GHVLJQ� DUH� ���N��U��E�����Y ====×= �

���� =λ ��� ���� == λλ �DQG�WKH�HIILFLHQFLHV�RI�GLIIHUHQW�IDFWRULDO�HIIHFWV�DV�FRPSDUHG�WR�WKH�
UDQGRPL]HG�EORFN�GHVLJQ�DUH�UHVSHFWLYHO\���
�
�

7KH� DERYH� DQDO\VLV� ZLOO� EH�
SHUIRUPHG�XWLOL]LQJ� WKH� EORFN�GHVLJQV�ZLWK�
IDFWRULDO�VWUXFWXUH��
�

,Q�ULFH�K\EULGL]DWLRQ�SURJUDPPH��LW�
LV�QHFHVVDU\�WKDW�WKH�IORZHULQJ�LQ�PDOH�DQG�
IHPDOH� SDUHQWV� LV� V\QFKURQL]HG�� � ,Q� VRPH�

FDVHV�� LW� KDV� EHHQ� REVHUYHG� WKDW� WKHUH� LV� D�
GLIIHUHQFH� RI� ��� WR� ��� GD\V� LQ� IORZHULQJ�
GDWHV� RI� PDOH� DQG� IHPDOH� SDUHQWV���
7KHUHIRUH�� LW� LV� QHHGHG� WKDW� WKH� IORZHULQJ�
SHULRG�RI� WKHVH�PDOH�DQG� IHPDOH�SDUHQWV� LV�
V\QFKURQL]HG�� � 'LYLVLRQ� RI� 6HHG�
7HFKQRORJ\� SODQQHG� DQ� H[SHULPHQW� WR�



�

����
���

VWXG\�WKH�HIIHFW�RI���FKHPLFDO�WUHDWPHQWV����
FKHPLFDOV� HDFK� DW� WZR� GRVHV�� DQG� RQH�

FRQWURO� DSSOLHG� DW� GLIIHUHQW� IRXU� VWDJHV� RI�
FURS� JURZWK�� � 7KH� WRWDO� QXPEHU� RI�

WUHDWPHQW�FRPELQDWLRQV�LV� ( ) ����� =+× ���
7KH�PDMRU� LQWHUHVW� LV� LQ� FRPSDULQJ� WKH� ���
WUHDWPHQW� FRPELQDWLRQV� ZLWK� WKH� FRQWURO���
$OVR�LW�LV�H[SHFWHG�WKDW�WKH�HIIHFW�RI�VWDJHV�
ZLOO�EH�PRUH�SURPLQHQW���7KH�H[SHULPHQWHU�
LV� DOVR� LQWHUHVWHG� LQ� PDLQ� HIIHFWV� RI�
FKHPLFDO� WUHDWPHQWV�� VWDJHV� RI� DSSOLFDWLRQ�
DQG� WKHLU� LQWHUDFWLRQV�� � $� JURXS� GLYLVLEOH�
WUHDWPHQW� GHVLJQ� REWDLQHG� E\� DGGLQJ� WKH�
FRQWURO�WUHDWPHQW�RQFH�WR�HDFK�RI�WKH�EORFNV�

RI� VLQJXODU� JURXS� GLYLVLEOH� GHVLJQ�
���N��U��E�������Y ===×= �

��� =λ �Q��P��� ===λ ��
ZDV�VXJJHVWHG��
�
,I�ZH�GHQRWH� WKH� FKHPLFDO� WUHDWPHQWV� E\���
WR����VWDJHV�DV�6���6���6��DQG�6��DQG�FRQWURO�
DV�F��WKH�OD\RXW�RI�WKH�GHVLJQ�LV�JLYHQ�DV�
�

�
�
%ORFN��� �6�� �6�� �6�� �6�� �6�� �6�� �6�� �6�� �6�� �6�� �6�� �6�� �6�� �6�� �6�� �6�� F�
%ORFN��� �6�� �6�� �6�� �6�� �6�� �6�� �6�� �6�� �6�� �6�� �6�� �6�� �6�� �6�� �6�� �6�� F�
%ORFN��� �6�� �6�� �6�� �6�� �6�� �6�� �6�� �6�� �6�� �6�� �6�� �6�� �6�� �6�� �6�� �6�� F�
%ORFN��� �6�� �6�� �6�� �6�� �6�� �6�� �6�� �6�� �6�� �6�� �6�� �6�� �6�� �6�� �6�� �6�� F�
%ORFN��� �6�� �6�� �6�� �6�� �6�� �6�� �6�� �6�� �6�� �6�� �6�� �6�� �6�� �6�� �6�� �6�� F�
%ORFN��� �6�� �6�� �6�� �6�� �6�� �6�� �6�� �6�� �6�� �6�� �6�� �6�� �6�� �6�� �6�� �6�� F�
�
�

$� EDODQFHG� FRQIRXQGHG� IDFWRULDO�
H[SHULPHQW� �� [� ��� LQ� �� SORWV� SHU� EORFN� LQ�
WKUHH� UHSOLFDWLRQ� KDYH� EHHQ� UHFRPPHQGHG�
WR� D� 3K�'�� VWXGHQW� RI� 'LYLVLRQ� RI�
$JURQRP\��,$5,��1HZ�'HOKL�� �(DFK�RI�WKH�
EORFNV� ZHUH� UHLQIRUFHG� E\� RQH� EORFN� RI� D�
%,%�GHVLJQ�������������LQ���H[WUD�WUHDWPHQWV�
ZLWKRXW�ZDWHU�DQG�ZLWK�WKH�FRPSOHPHQWDU\�
%,%�GHVLJQ�LQ���WUHDWPHQWV�ZLWK�ZDWHU��7KH�
IXUWKHU� GHWDLOV� RI� WKH� H[SHULPHQW� DUH� DV�
IROORZV��
�

7KH�H[SHULPHQWHU�ZDV�LQWHUHVWHG�LQ�
VWXG\LQJ� WKH� PDLQ�HIIHFWV� DQG� LQWHUDFWLRQV�
RI� � ELRIHUWLOLVHUV�� 3KRVSKRUXV� DQG� PHWKRG�
RI�DSSOLFDWLRQ�RI�3KRVSKRUXV��7KH�OHYHOV�RI�
WKH�YDULRXV�IDFWRUV�DUH�JLYHQ�LQ�WKH�WDEOH�
�
)DFWRUV� /HYHOV�
%LRIHUWLOLVHU� &RQWURO�� 36%�� 9$0���

36%�9$0�
3KRVSKRUXV� �������NJ�KD�
0HWKRG� RI���������
DSSOLFDWLRQ�

'HHS� SODFHPHQW� DQG�
IHUWLJDWLRQ�

�

%HVLGHV�WKH�DERYH�IDFWRUV��WKH�H[SHULPHQWHU�
ZDV� DOVR� LQWHUHVWHG� LQ� WDNLQJ� �� PRUH�
WUHDWPHQWV�L�H��WKH�OHYHOV�RI�WKH�ELRIHUWLOLVHUV�
LQ� WKH� DEVHQFH� RI� DSSOLFDWLRQ� RI�
SKRVSKRUXV��7KHVH���WUHDWPHQWV�ZHUH�WR�EH�
DSSOLHG� ZLWKRXW� ZDWHU� DQG� ZLWK� ZDWHU�
�DPRXQW� HTXLYDOHQW� WR� WKDW� UHTXLUHG� E\�
IHUWLJDWLRQ��� WKHUHIRUH�� LQ� HIIHFW� WKHUH�ZHUH�
WZR� VHWV� RI� �� WUHDWPHQWV� HDFK�� � 7KH�
H[SHULPHQWHU� ZDV� LQWHUHVWHG� LQ� FRPSDULQJ�
WKH� HIIHFW� RI� WKH� IRXU� WUHDWPHQWV� �ZLWKRXW�
ZDWHU�� DPRQJ� WKHPVHOYHV� DQG�ZLWK� UHVW� RI�
WKH� ��� WUHDWPHQWV� DQG� VLPLODU� FRPSDULVRQV�
ZHUH� RI� LQWHUHVW� ZLWK� �� WUHDWPHQWV� ZLWK�
ZDWHU���7KH�FRPSDULVRQV�RI�WUHDWPHQWV�ZLWK�
DQG�ZLWKRXW�ZDWHU�ZHUH�DOVR�RI�LQWHUHVW����
�

/HW� XV� GHQRWH� WKH� OHYHOV� RI�
ELRIHUWLOL]HUV�DV�����������DQG�OHYHOV�RI�RWKHU�
WZR�IDFWRUV�DV���DQG���DQG�$���%���&���'��
DUH� WKH� IRXU� ELRIHUWLOVHU� OHYHOV� DSSOLHG�
ZLWKRXW�ZDWHU� DQG�$���%���&��DQG�'��DUH�
WKH� IRXU� ELRIHUWLOLVHU� OHYHOV� DSSOLHG� ZLWK�
ZDWHU��7KH�OD\RXW�RI�WKH�GHVLJQ�JLYHQ�DV�
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5HSOLFDWLRQ�,� � 5HSOLFDWLRQ�,,� � � 5HSOLFDWLRQ�,,,� �
%ON��� �%ON��� �%ON��� � %ON��� � %ON��� � %ON���
�� �� �� ��� �� �� ��� �� �� � �� �� �� � �� �� �� � �� �� ��
�� �� �� ��� �� �� ��� �� �� � �� �� �� � �� �� �� � �� �� ��
�� �� �� ��� �� �� ��� �� �� � �� �� �� � �� �� �� � �� �� ��
�� �� �� ��� �� �� ��� �� �� � �� �� �� � �� �� �� � �� �� ��
�� �� �� ��� �� �� ��� �� �� � �� �� �� � �� �� �� � �� �� ��
�� �� �� ��� �� �� ��� �� �� � �� �� �� � �� �� �� � �� �� ��
�� �� �� ��� �� �� ��� �� �� � �� �� �� � �� �� �� � �� �� ��
�� �� �� ��� �� �� ��� �� �� � �� �� �� � �� �� �� � �� �� ��
$�� �&�� �$�� � %�� � $�� � %��
%�� �'�� �&�� � '�� � '�� � &��
&�� �$�� �%�� � $�� � %�� � $��
'�� �%�� �'�� � &�� � &�� � '���
�

��� )HUWLOL]HU� UHVSRQVH� UDWLRV� IRU�
GLIIHUHQW�FURSV�LQ�,QGLD��)XQGHG�E\�
WKH�0LQLVWU\�RI�$JULFXOWXUH��

�
7KH�REMHFWLYHV�RI�WKH�SURMHFW�DUH��L��

WR� GHYLVH� VXLWDEOH� VWDWLVWLFDO� SURFHGXUH� IRU�
REWDLQLQJ� WKH� IHUWLOL]HU� UHVSRQVH� UDWLRV� RI�
YDULRXV� FURSV� LQ� GLIIHUHQW� UHJLRQV� RI� WKH�
FRXQWU\�� DQG� � �LL�� WR� REWDLQ� IHUWLOL]HU�
UHVSRQVH� UDWLRV� IRU� GLIIHUHQW� FURSV� LQ�
GLIIHUHQW� UHJLRQV� RI� WKH� FRXQWU\� EDVHG� � RQ�
IDUPHUV�ILHOG�WULDOV��
�

'HYHORSHG� PHWKRGRORJ\� IRU�
ZRUNLQJ�RXW�WKH�IHUWLOL]HU�UHVSRQVH�UDWLRV�DW�
WKH�UHJLRQDO�OHYHO�IRU�GLIIHUHQW�FURSV��
�

7KH�IHUWLOL]HU�UHVSRQVH�UDWLRV�IRU����
PDMRU�FURSV����FHUHDOV����SXOVHV����RLOVHHGV�
DQG���ILEUH��KDYH�EHHQ�HYDOXDWHG�DW�UHJLRQDO�
�3ODQQLQJ�&RPPLVVLRQ���QDWLRQDO�DV�ZHOO�DV�
DW� 6WDWHV� OHYHO�� � 'DWD� RI� RQ�IDUP� WULDOV�
FRQGXFWHG�GXULQJ�WKH�SHULRG���������XQGHU�
$OO� ,QGLD�&RRUGLQDWHG�5HVHDUFK�3URMHFW�RQ�
&URSSLQJ� 6\VWHP�5HVHDUFK� FRQVWLWXWHG� WKH�
PDMRU� VRXUFH� IRU� HYDOXDWLQJ� WKH� UDWLRV���
7KHVH� UDWLRV� KDYH� EHHQ� HYDOXDWHG� IRU� WZR�
VLWXDWLRQV�RI�IHUWLOL]HU�XVH�QDPHO\���L��ZKHQ�
IDUPHUV� DGRSW� WKHLU� RZQ� FXOWXUDO� DQG�
PDQDJHPHQW�SUDFWLFHV��6LWXDWLRQ�,���DQG��LL��
ZKHQ� IDUPHUV� DGRSW� WKH� LPSURYHG� FXOWXUDO�
DQG� PDQDJHPHQW� SUDFWLFHV� �6LWXDWLRQ�,,����
7KHVH� KDYH� EHHQ� ZRUNHG� RXW� IRU� WKH�
FRPSRVLWH� GRVH� RI� QXWULHQWV� �1�3�.�� E\�
FRQVLGHULQJ� IDUPHUV¶� SUDFWLFH� RI� IHUWLOL]HU�
DSSOLFDWLRQ� DV� WKH� EDVH� OHYHO� DQG�
UHFRPPHQGHG�GRVH�DV�D�KLJKHU� OHYHO��7KXV�
WKH� UHVSRQVH� UDWLR� LQGLFDWHV� DYHUDJH�
LQFUHDVH� LQ� WKH�\LHOG� �NJ�KD��RI� D� FURS�GXH�

WR� SHU� NJ�KD� LQFUHDVH� LQ� WKH� IHUWLOL]HU� XVH�
RYHU� IDUPHUV� DSSOLFDWLRQ� RI� IHUWLOL]HU�����
)HUWLOL]HU�UHVSRQVH�UDWLRV�IRU�FHUHDO�FURSV�DW�
WKH�DOO�,QGLD�OHYHO�YDU\�IURP�������MRZDU��WR�
������ �UDJL�� LQ� 6LWXDWLRQ�,�� � ([DFWO\� WKH�
VDPH� SDWWHUQ� LV� REVHUYHG� LQ� 6LWXDWLRQ�,,��
PLQLPXP� EHLQJ� ����� IRU� MRZDU� DQG�
PD[LPXP� ������ IRU� UDJL�� � 7KH� UHVSRQVH�
UDWLRV� IRU� ULFH� DQG�ZKHDW� XQGHU� 6LWXDWLRQ�,�
�6LWXDWLRQ�,,�� ZHUH� REVHUYHG� WR� EH� �����
������� DQG� ����� �������� UHVSHFWLYHO\���
$PRQJ� WKH� WZR� FRQVLGHUHG� SXOVH� FURSV��
JUDP�VKRZV�KLJKHU� UHVSRQVH� UDWLRV�RI������
DQG������ LQ�6LWXDWLRQ�,� DQG� ,,�� UHVSHFWLYHO\�
UHODWLYH� WR� WXU� IRU� ZKLFK� WKHVH� UDWLRV� DUH�
����� DQG� ������ � $PRQJVW� RLOVHHG� FURSV��
KLJKHVW� UHVSRQVH� UDWLR� RI� ����� LV� REVHUYHG�
IRU�WKH�PXVWDUG�FURS�DQG�WKH�ORZHVW�RI������
IRU�VXQIORZHU�XQGHU�6LWXDWLRQ�,�ZKHUHDV�WKH�
PD[LPXP� UDWLR� RI� ������ LV� REVHUYHG� IRU�
JURXQGQXW� DQG� PLQLPXP� RI� ����� IRU�
VHVDPXP�XQGHU�6LWXDWLRQ�,,�� �7KH�UHVSRQVH�
UDWLRV� IRU� FRWWRQ�FURS�DUH� IRXQG� WR�EH������
DQG������IRU�VLWXDWLRQ�,�DQG�,,��UHVSHFWLYHO\���
3RROHG� UHVSRQVH� UDWLR� IRU� DOO� WKH� FURSV� SXW�
WRJHWKHU� �H[FOXGLQJ� FRWWRQ�� DW� WKH� QDWLRQDO�
OHYHO� LV� VHHQ� WR� UHPDLQ� EHWZHHQ� ����� DQG�
����� GHSHQGLQJ� XSRQ� WKH� SURSRUWLRQ� RI�
DFUHDJH� XQGHU� VLWXDWLRQV� ,� DQG� ,,�
UHVSHFWLYHO\�� � 7KH� DYHUDJH� UHVSRQVH� UDWLR�
IRU�IRRGJUDLQV�LV�REVHUYHG�WR�EH������ZKHQ�
DFUHDJH�XQGHU�WKH�WZR�VLWXDWLRQV��6LWXDWLRQ�
,� DQG� 6LWXDWLRQ�,,�� KDV� WKH� FRPSRVLWLRQ� RI�
���� HDFK�� 7KH� ILQDO� UHSRUW� ZDV� VXEPLWWHG�
WR�WKH�0LQLVWU\�RI�$JULFXOWXUH��
�
��� 6WDWLVWLFDO� LQYHVWLJDWLRQ� RI� WKH�

IHUWLOL]HU�XVH�HIILFLHQF\�LQ�UHODWLRQ�RI�
FXOWXUDO��SUDFWLFHV��
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7KH�REMHFWLYHV�RI�WKH�SURMHFW�DUH��L��
WR� FDUU\� RXW� WKH� FRPELQHG� DQDO\VLV� RI�
FXOWXUDO� FXP�PDQXULDO� WULDOV�RYHU�\HDUV� IRU�
YDULRXV� FURSV�� �LL�� WR� GHYHORS� IHUWLOL]HU�
PRGHO� EDVHG� RQ� FXOWXUDO� FXP� PDQXULDO�
WULDOV��DQG��LLL��WR�REWDLQ�RXWSXW�LQSXW�UDWLRV�
DW� YDULRXV� OHYHOV� RI� FXOWXUDO� SUDFWLFHV� IRU�
YDULRXV�FURSV���
�
� 7KH� GDWD� RI� ���� FXOWXUDO� FXP�
PDQXULDO�H[SHULPHQWV�DW�YDULRXV�FURSV�KDYH�
EHHQ� WDNHQ� XS� IURP� WKH� SURMHFW� $�)�(�,�6���
7KH� GDWD� ZHUH� FULWLFDOO\� H[DPLQHG� LQ�
UHVSHFW� RI� GHVLJQ� DGRSWHG�� WUHDWPHQWV�
DSSOLHG�� GXUDWLRQ� RI� H[SHULPHQW�� UDZ� GDWD�
RI� XQ� DQDO\VHG� H[SHULPHQWV� DQG� UHVXOWV� RI�
DQDO\]HG�H[SHULPHQWV���,W�ZDV�REVHUYHG�WKDW�
WKH�SHUFHQWDJH�RI�H[SHULPHQWV�ZLWK�UHVSHFW�
RI�5�%�'�� �)DFWRULDO�5�%�'���6SOLW�SORW�DQG�
6SOLW� ±� 6SOLW� SORW� DUH� ������ �� ������ ������
DQG������UHVSHFWLYHO\���,QGLYLGXDO��DQDO\VLV�
RI� WKHVH� H[SHULPHQWV� LV� LQ� SURJUHVV�� � 7KH�
DQDO\VHG� UHVXOWV� DUH� EHLQJ� FKHFNHG� ZLWK�
UHVSHFW� WR� FRQYHUVLRQ� IDFWRU� RI� \LHOG� GDWD�
HWF��� WKH� VLJQLILFDQFH� RI� YDULRXV� PDLQ�
HIIHFWV�	� LQWHUDFWLRQV� IURP�$129$� WDEOH�
RI� DQDO\]HG� UHVXOWV� � DUH� � EHLQJ� H[DPLQHG��
DQG�PDUNHG� � WR� LQGLYLGXDO� �H[SHULPHQWV�E\������
)�YDOXHV��9DULDQFH�UDWLR�WDEOHV���
�
��� 7KUHH�DVVRFLDWH� � SDUWLDOO\� EDODQFHG�

LQFRPSOHWH� EORFN� GHVLJQV� DQG� WKHLU��
DSSOLFDWLRQ�LQ�SDUWLDO�GLDOOHO�FURVVHV�

��
7KH�REMHFWLYHV�RI�WKH�SURMHFW�DUH��L��

WR�REWDLQ� VRPH�PHWKRGV�RI� FRQVWUXFWLRQ�RI�
WKUHH� DVVRFLDWH� FODVV� SDUWLDOO\� EDODQFHG�
LQFRPSOHWH� EORFN� GHVLJQV� DQG� WR�SUHSDUH� D�
FDWDORJXH�RI� WKH�DYDLODEOH�3%,%����GHVLJQV�
DORQJ� ZLWK� WKRVH� FRQVWUXFWHG�� �LL�� WR�
GHYHORS� D� FRPSXWHU� PRGXOH� WR� FDWDORJXH��
JHQHUDWH� DQG� DQDO\]H� WKUHH� DVVRFLDWH� FODVV�
SDUWLDOO\� EDODQFHG� LQFRPSOHWH� EORFN�
GHVLJQV�� DQG� �LLL�� WR� LGHQWLI\� WKH� HIILFLHQW�
SODQV� IRU� SDUWLDO� GLDOOHO� FURVVHV� REWDLQHG�
WKURXJK� WKUHH� DVVRFLDWH� FODVV� DVVRFLDWLRQ�
VFKHPHV�DQG�WR�GHYHORS�FRPSXWHU�PRGXOHV�
IRU� JHQHUDWLRQ� RI� WKHVH� SODQV� DORQJ� ZLWK�
WKHLU� DQDO\VLV� LQ� FRPSOHWH� DQG� �� RU�
LQFRPSOHWH�EORFN�VHWWLQJV��

�
$�FULWLFDO�UHYLHZ�RI��VRQH�OLWHUDWXUH�

DYDLODEOH� RQ� KLJKHU� DVVRFLDWH� FODVV� 3%,%�
GHVLJQV�ZDV�PDGH���$WWHPSWV�ZHUH�PDGH�WR�
REWDLQ� VRPH� QHZ� GHVLJQV� EDVHG� RQ� KLJKHU�
DVVRFLDWH� FODVVHV�� $� FDWDORJXH� RI� VRPH�

FODVVHV� RI� 3%,%���� GHVLJQV� KDV� EHHQ�
SUHSDUHG����
� �

$� WKUHH�DVVRFLDWH� DVVRFLDWLRQ�
VFKHPH�KDV�EHHQ�GHILQHG�IRU�Y� ���O�V��V�≥�
���O��≥������3DUDPHWHUV�RI�WKH�VFKHPH�DUH��
Q��� �V�±���
Q��� ��O�±���V�
Q��� �OV�
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� $� PHWKRG� RI� FRQVWUXFWLQJ� 3%,%����
GHVLJQV�ZLWK�Y� ��OV��E� �O���U� �O��N� ��V��λ��
 � O�� �λ�� ���� �λ�� ���� � �EDVHG�RQ� WKH�DERYH�
VFKHPH�KDV�EHHQ�REWDLQHG���7KH�DVVRFLDWLRQ�
VFKHPH�KDV�EHHQ�JHQHUDOL]HG�WR�Y� �QOV��Q�≥�
���WUHDWPHQWV�DQG�D�PHWKRG�IRU�FRQVWUXFWLQJ�
WKH� 3%,%���� GHVLJQV� EDVHG� RQ� WKHP� KDV�
DOVR� EHHQ� REWDLQHG�� � &DWDORJXLQJ� RI� VRPH�
RI� WKH� 3%,%���� GHVLJQV� OLNH� UHFWDQJXODU��
FXELF��H[WHQGHG�WULDQJXODU�DQG�FLUFXODU�LV�LQ�
SURJUHVV��
�
���� �����'HVLJQV� IRU� )LWWLQJ� � 5HVSRQVH�

VXUIDFH� LQ� $JULFXOWXUDO�
([SHULPHQWV� � �$3� ±� &HVV� IXQG� ��
,&$5���

�
7KH�REMHFWLYHV�RI�WKH�SURMHFW�DUH��L��

WR� REWDLQ� UHVSRQVH� VXUIDFH� GHVLJQV� IRU�
UHVSRQVH�RSWLPL]DWLRQ�DQG�VORSH�HVWLPDWLRQ�
ZKHQ� YDULRXV� IDFWRUV� DUH�ZLWK� HTXL�VSDFHG�
OHYHOV�DQG�RU�KDYH�XQHTXDO�GRVH�UDQJHV� IRU�
ERWK� V\PPHWULFDO� DV� ZHOO� DV� DV\PPHWULFDO�
IDFWRULDOV�� �LL�� WR� REWDLQ� UHVSRQVH� VXUIDFH�
GHVLJQV� IRU� TXDOLWDWLYH�FXP�TXDQWLWDWLYH�
IDFWRUV���LLL��WR�VWXG\�WKH�UREXVWQHVV�DVSHFWV�
RI� UHVSRQVH� VXUIDFH� GHVLJQV� DJDLQVW� QRQ�
DYDLODELOLW\�RI�GDWD�RQ�VRPH�SRLQW�V����LY��WR�
SUHSDUH� D� FDWDORJXH� RI� UHVSRQVH� VXUIDFH�
GHVLJQV� VXLWDEOH� IRU� DJULFXOWXUDO�
H[SHULPHQWV��DQG��Y��WR�GHYHORS�D�FRPSXWHU�
VRIWZDUH� IRU� WKH� DQDO\VLV� RI� WKH� GHVLJQV�
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REWDLQHG� DQG� FDWDORJXHG� DQG� WR� LOOXVWUDWH�
HPSLULFDOO\��
�

$� FDWDORJXH� RI� PRGLILHG� DQG�RU�
URWDWDEOH� VHFRQG� RUGHU� UHVSRQVH� VXUIDFH�
GHVLJQV� IRU� VORSH� HVWLPDWLRQ� ZKHQ� YDULRXV�
IDFWRUV�DUH�ZLWK�HTXL�VSDFHG�GRVHV�KDV�EHHQ�
SUHSDUHG�� 7KLV� FDWDORJXH� FRQVLVWV� RI� WKH�
GHVLJQV� WKDW� DUH� REWDLQDEOH� IURP� %,%�
GHVLJQV��

�
7KH� UREXVWQHVV� DVSHFWV� RI� FHQWUDO�

FRPSRVLWH� GHVLJQV� KDYH� EHHQ� VWXGLHG�
DJDLQVW� RQH� PLVVLQJ� REVHUYDWLRQ� XVLQJ�
LQIRUPDWLRQ� FRQWDLQHG� LQ� DQ� REVHUYDWLRQ�
DQG� UDWLR� RI� LQFUHDVH� LQ� YDULDQFH� RI�
SUHGLFWHG� UHVSRQVH� WR� WKDW� RI� RULJLQDO�
YDULDQFH�RI�WKH�SUHGLFWHG�UHVSRQVH��

�
$�VWHS�E\�VWHS�SURFHGXUH�KDYH�EHHQ�

GHYHORSHG� IRU� ILWWLQJ� RI� VHFRQG� RUGHU�
UHVSRQVH� VXUIDFHV�� GHWHUPLQDWLRQ� RI� FR�
RUGLQDWHV�RI� WKH�VWDWLRQDU\�SRLQW�� FDQRQLFDO�
HTXDWLRQ� RI� WKH� VHFRQG� RUGHU� UHVSRQVH�
VXUIDFHV� DQG� WR� H[SORUH� WKH� UHVSRQVH�
VXUIDFH� LQ� WKH� YLFLQLW\� RI� WKH� VWDWLRQDU\�
SRLQW�� LI� WKH� VWDWLRQDU\� SRLQW� LV� D� VDGGOH�
SRLQW�� $� FRGH� KDV� DOVR� EHHQ� ZULWWHQ� LQ�
6366�IRU�H[SORULQJ�WKH�UHVSRQVH�VXUIDFH�LQ�
WKH�YLFLQLW\�RI�VDGGOH�SRLQW��

�
$� VHFRQG� RUGHU� URWDWDEOH� UHVSRQVH�

VXUIDFH�GHVLJQ�IRU���IDFWRUV�HDFK�DW���HTXL�
VSDFHG� OHYHOV� LQ� ��� GHVLJQ� SRLQWV� ZDV�
UHFRPPHQGHG� WR� RQH� 0�9�6F�� VWXGHQW� RI�
,�9�5�,��� ,]DWQDJDU�� %DUHLOO\�� � 7KH�
H[SHULPHQW� ZDV� UHODWHG� WR� SURGXFWLRQ� RI�
ORZ� IDW� PHDW� SURGXFWV� XVLQJ� IDW� UHSODFHV���
7KH�IDFWRUV�DQG�OHYHOV�DUH�JLYHQ�EHORZ��
�
6�1R�� )DFWRU� /HYHOV�
��� :KH\�SURWHLQ� ���������������

DQG����
��� *XDU�*XP� ������� �������

������� ������
DQG��������

��� 6WDUFK� ������ ������
������ ����� DQG�
������

�
���� � 3ODQQLQJ�� GHVLJQLQJ� DQG� DQDO\VLV��

RI� H[SHULPHQWV� UHODWLQJ� WR� $,&53�
RQ�67&5���

�
� � 7KH�REMHFWLYHV�RI�WKH�SURMHFW�DUH��L��
WR� LPSURYH� WKH� H[LVWLQJ� PHWKRGRORJ\� IRU�

DQDO\VLV� RI� RQ�JRLQJ� 67&5� H[SHULPHQWV��
�LL�� WR�&DUU\RXW�SODQQLQJ�DQG�GHVLJQLQJ�IRU�
WKH�FRQGXFW�RI�QHZ��VHW�RI�H[SHULPHQWV�DQG�
VXEVHTXHQWO\� WR� FDUU\RXW� WKH� DQDO\VLV� RI�
GDWD�� DQG� �LLL�� WR� GHYHORS� D� � GDWDEDVH� IRU�
67&5�H[SHULPHQWV���
�
� � 7KH� SURMHFW� ZDV� VWDUWHG� RQ� ������
������ �'XULQJ� WKH�SHULRG�XQGHU� UHSRUW�� WKH�
SURMHFW� OHDGHU� DORQJZLWK� RQH� RI� WKH�
DVVRFLDWHV� YLVLWHG� ,QGLDQ� ,QVWLWXWH� RI� � � VRLO�
6FLHQFHV�� %KRSDO� DQG� GLVFXVVHG� WKH� VWDWXV�
RI� WKH� SURMHFW� RI� VRLO� WHVW� FURS� UHVSRQVH�
FRUUHODWLRQ� ZKLFK� LV� LQ� RSHUDWLRQ� VLQFH�
������ � 7KH� SDFNDJH�ZLWK�ZKLFK� WKH\� KDYH�
EHHQ�DQDO\VLQJ��GDWD�KDYH�EHHQ�SURYLGHG�WR�
XV� �� �7KH� �3�&�� �DJUHHG� WR� � LQWURGXFH�XV� WR�
WKH� YDULRXV� FRUSRUDWLQJ� FHQWUHV� XQGHU� KLP�
E\�ZULWLQJ� D� OHWWHU� WR� WKH� LQFKDUJH� � � RI� DOO�
FHQWUHV� ���� LQ� DOO��� � +H� DOVR� DJUHHG� WR� DVN�
WKHP� WR� � � VHQG� GDWD� GLUHFWO\� WR� ,$65,� � IRU��
DQDO\VHG�DQG� �FUHDWLRQ� � �RI�GDWDEDVH�� �7LOO�
GDWH�ZH�KDYH�UHFHLYHG��GDWD�IURP���FHQWUHV�
YL]��.DO\DQL��:�%����9DOODQLNNDUD��.HUDOD���
-DEDOSXU� �0�3��� �� %DUUDFNSRUH� �:�%����
3DODPSXU� �+�3���� /XGKLDQD� �3E��� �� 5DLSXU�
�&KKDWLVJDUK� �� DQG� &RLPEDWRUH� �7�1��� IRU�
RQO\�RQH�	�WZR�\HDUV���2Q�VFUXWLQ\�RI�GDWD���
QXPEHU�RI� GLFUHSDFLHV�KDYH�EHHQ�REVHUYHG�
IRU� ZKLFK� FODULILFDWLRQV� KDYH� EHHQ� VRXJKW�
IURP� UHVSHFWLYH� FHQWUHV�� � $� WHQWDWLYH��
VFKHGXOH� IRU� UHFRUGLQJ� � WKH� DQFLOODU\�
LQIRUPDWLRQ� RI� WKH� FRQGXFWHG� H[SHULPHQWV�
DORQJ�ZLWK� � \LHOG� GDWD� KDV� EHHQ� IDEULFDWHG��
DQG�VHQW� WR� WKH� LQFKDUJH�RI�YDULRXV�FHQWUHV�
LQFOXGLQJ� WKH� 3URMHFW� &RRUGLQDWRU�� � 7KH�
GDWD� DUH� EHLQJ� DQDO\VHG� E\� 5HVSRQVH�
VXUIDFH� 0HWKRGRORJ\�� *HQHUDO� /LQHDU�
0RGHOV�DQG�0XOWLSOH�UHJUHVVLRQ��%DFNZDUG�
HOLPLQDWLRQ� �� HWF�� � $OVR� HIIRUWV� DUH� RQ� WR�
VWDQGDUGL]H� WKH� 67&5� 3DFNDJH�� � WKH�
PHFKDQLVP� RI� GHVLJQ� ZKLFK� � LV� SUHVHQWO\�
IROORZHG�E\�WKH�FRUSRUDWLQJ�LV�EHLQJ�ORRNHG�
LQWR������
�
� � 3ODQQLQJ�DQG��GHVLJQLQJ�RI�QHZ�VHW�
RI�H[SHULPHQWV�DW�GLIIHUHQW�ORFDWLRQV�ZRXOG�
EH� FDUULHG� RXW�ZLWK� WKH� KHOS� RI� WKH� SURMHFW�
&RRUGLQDWRU����
�
���� 'HVLJQV� DQG� $QDO\VLV� RI� DJUR�

IRUHVWU\�H[SHULPHQWV��
�

7KH�REMHFWLYHV�RI�WKH�SURMHFW�DUH��L��
WR� HYROYH� DQG� GRFXPHQW� JHQHUDO�
PHWKRGRORJLHV� IRU� WKH� VWDWLVWLFDO� DQDO\VLV��
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RI� �GDWD� �DOUHDG\�JHQHUDWHG� � � WKURXJK�DJUR�
IRUHVWU\� H[SHULPHQWV�� �LL�� WR� REWDLQ�
DSSURSULDWH� GHVLJQV� DORQJ� ZLWK� WKH� OD\RXW�
SODQV�DQG�PHWKRGRORJ\�IRU�WKH��DQDO\VLV�RI�
WKH�H[SHULPHQWV�XQGHU�DJUR�IRUHVWU\�V\VWHP�
WR� EH� VXJJHVWHG� WR� WKH� � FROODERUDWLYH�
FHQWUH�V���DQG��LLL��WR�VWXG\�WKH�UHODWLRQVKLS�
DPRQJ� WKH� YDULRXV� FRPSRQHQWV� �WUHHV� DQG�
FURSV��LQ�DJUR�IRUHVWU\�V\VWHP��
� �
� 7KH� H[SHULPHQW� RQ� ³(YDOXDWLRQ� RI�
IRGGHU� WUHHV�ZLWK� DQG�ZLWKRXW� FURSV� XQGHU�
UDLQIHG� DUDEOH� IDUPLQJ� IRU� VHPL�DULG�
FRQGLWLRQV´� KDV� EHHQ� FRQGXFWHG� DW� ,*)5,��
-KDQVL� ZLWK� ��� WUHDWPHQWV�� FRQVLVWLQJ� RI�
FRPELQDWLRQV� DV�ZHOO� DV� VROH� WUHH� DQG� VROH�
FURS�RI���IRGGHU�WUHHV�DQG���FURSV������
�
� 7KH� FURS� DQDO\VLV� KDV� EHHQ� GRQH�
FRQVLGHULQJ� IDFWRUV� UHSOLFDWLRQ�� WUHH��
ORFDWLRQ�� GLUHFWLRQ� DQG� GLVWDQFH� LQ� WKH�
PRGHO�ZLWK�UHOHYDQW�LQWHUDFWLRQV�LQ�IDFWRULDO�
VHW�XS�����
�
� )RU�FRPSDULQJ�WKH�HIIHFW�RI�WUHH�RQ�
FURS��WZR�ZD\�FODVVLILHG�DQDO\VLV�ZDV�GRQH�
ZLWK� �� REVHUYDWLRQ� SHU� FHOO� DQG� FRQWUDVW�
DQDO\VLV�ZHUH�SHUIRUPHG��� �
�
� ,Q� WUHH�� WKH� � DQDO\VLV�� RI� GLIIHUHQW�
SDUDPHWHUV� OLNH� +HLJKW�� '%+�� &ROODU�
'LDPHWHU�� &URZQ� 'LDPHWHU� HWF�� ZDV� GRQH�
E\�XVXDO�5%'�DQDO\VLV��)XUWKHU�WR�FRPSDUH�
WKH� WUHH� ZLWK� FURS� DQG� ZLWKRXW� FURS�� WKH�
FRQWUDVW� DQDO\VLV� ZDV� SHUIRUPHG� IRU�
FRPSDULQJ� ZLWKLQ� DQG� EHWZHHQ� IRXU� WUHH�
VSHFLHV���
�

8QGHU� WKH� H[SHULPHQW� RQ�
³(VWDEOLVKPHQW�DQG�JURZWK�RI�IUXLW�WUHH�DQG�
WKHLU�HIIHFW�RQ�FURS�JURZWK�DQG�SURGXFWLRQ´��
�

L�� 7KH� �SDWK�DQDO\VLV�ZDV�DSSOLHG� � WR�
VWXG\� WKH� HIIHFW� RI� GLIIHUHQW�
ELRPHWULFDO� FKDUDFWHUV� OLNH� SODQW�
KHLJKW��SODQW�SRSXODWLRQ��QXPEHU�RI�
HIIHFWLYH� WLOOHUV� SHU� SODQW�� JUDLQ�
ZHLJKW�SHU�HDU�KHDG�DQG�QXPEHU�RI�
WLOOHUV� RQ� \LHOG� RI� ZKHDW� FURSV�
XQGHU�GLIIHUHQW�IUXLW�WUHHV���

�
LL�� 7KH� DQDO\VLV� RI� ELRPHWULFDO�

FKDUDFWHUV� IRU� SODQW� KHLJKW�� SODQW�
SRSXODWLRQ�� QXPEHU� RI� HIIHFWLYH�
WLOOHUV� DQG� QXPEHU� RI� WLOOHUV� SHU�
PHWHU� RI� URZ� RI� ZKHDW� FURS� IURP�

WKH� DERYH� H[SHULPHQW� XVLQJ� WKH�
PRGHO� FRQVLVWLQJ� RI� UHSOLFDWLRQ��
VSDFLQJ�� WUHHV� DQG� GLVWDQFH� KDV�
EHHQ�GRQH��

�����������������������������
� 7KH� H[SHULPHQW� RQ� ³(YDOXDWLRQ� RI�
IRGGHU� WUHHV�ZLWK� DQG�ZLWKRXW� FURSV� XQGHU�
UDLQIHG� DUDEOH� IDUPLQJ� IRU� VHPL�DULG�
FRQGLWLRQV´� LV� EHLQJ� FRQGXFWHG� DW� ,*)5,��
-KDQVL� ZLWK� ��� WUHDWPHQWV�� FRQVLVWLQJ� RI�
FRPELQDWLRQV�RI���IRGGHU�WUHHV�DQG���FURSV�
DV�ZHOO�DV�VROH�WUHH�DQG�VROH�FURS���
�

7KHUH�DUH���WUHHV�RI�VDPH�VSHFLHV�LQ�
D�SORW���7KH�EDUOH\�FURS�ZDV�KDUYHVWHG�IURP�
ERWK�QRUWK�DQG�VRXWK�GLUHFWLRQ�RI�WKH�WUHH�LQ�
HLJKW� URZV�� � 7KH� GDWD� RI� WZR� URZV� ZHUH�
SRROHG��WKDW�UHVXOWHG�LQ�WRWDO���URZV����FP��
�P�����P�DQG��P��RQ�ERWK�VLGHV�RI�WKH�WUHH���
7KH�GDWD�KDV�EHHQ�DQDO\VHG�FRQVLGHULQJ�WKH�
IDFWRUV�UHSOLFDWLRQV��WUHH��ORFDWLRQ��GLUHFWLRQ�
DQG� URZV� �GLVWDQFHV�� LQ� WKH� PRGHO� DORQJ�
ZLWK� WKH� UHOHYDQW� LQWHUDFWLRQV�� � 7KH�
FRHIILFLHQW� RI� YDULDWLRQ� RI� WKH� H[SHULPHQW�
ZDV�REWDLQHG�DV�������ZLWK�5�� ������7KH�
HIIHFWV� ZKLFK� ZHUH� VLJQLILFDQW� DUH� WUHHV��
GLVWDQFH�� GLUHFWLRQ� [� GLVWDQFH�� WUHH� [�
GLUHFWLRQ�[�GLVWDQFH�DQG�ORFDWLRQ�[�GLUHFWLRQ�
[� GLVWDQFH�� &RQWUDVW� DQDO\VLV� ZDV�
SHUIRUPHG� IRU� RQH� IDFWRU� GLVWDQFH� ZKLFK�
ZDV�IRXQG� WR�EH�VLJQLILFDQW��)XUWKHU� LW�ZDV��
VSOLW� LQWR� VLQJOH� GHJUHH� RI� IUHHGRP� DQG� LW�
ZDV�IRXQG�WKDW�RQO\�ILUVW� URZ�GLVWDQFH�ZDV�
VLJQLILFDQW�� LQGLFDWLQJ� WKDW� WUHH� KDV� LWV�
LPSDFW� RQ� QHDUHVW� URZ� RI� WKH� FURS�� � 7KH�
EHKDYLRXU� RI� WKH� FURS� LQ� WKH� SUHVHQFH� DQG�
DEVHQFH� RI� WUHH� ZDV� DOVR� VLJQLILFDQWO\�
GLIIHUHQW��7KH�GHWDLOHG�VWXG\�LV�LQ�SURJUHVV��
�

7KH�GDWD�UHFHLYHG�RQ�FUXGH�SURWHLQ��
IROLDJH� \LHOG�� IXHO� \LHOG�� KHLJKW� DQG� FURZQ�
GLDPHWHU� RI� WUHHV� KDV� EHHQ� DQDO\VHG�� � 7KH�
UHVXOW� UHODWHG� WR� FUXGH� SURWHLQ� FRQWHQWV� RI�
WKH� WUHHV� ZHUH� IRXQG� WR� EH� KLJKO\�
VLJQLILFDQW�� � )XUWKHU� FRQWUDVW� DQDO\VLV� ZDV�
SHUIRUPHG� DQG� LW� ZDV� REVHUYHG� WKDW� WKH�
FRQWUDVW� SHUWDLQLQJ� WR� VROH� %DEXO�� %DEXO� ��
%DUOH\� DQG� %DEXO� �� JUDP� ZHUH� KLJKO\�
VLJQLILFDQW� LQGLFDWLQJ� WKH� HIIHFW� RI� FURS� LQ�
WKH� FUXGH� SURWHLQ� RI� %DEXO� WUHH�� � 6LPLODU�
WUHQG� KDV� EHHQ� REVHUYHG� LQ� WKH� DQDO\VLV� RI�
RWKHU�FKDUDFWHUV�RI�WKH�WUHHV��
��

7KH� GDWD� RQ� KHLJKW� DQG� FURZQ�
GLDPHWHU� RI� WKH� WUHH� EHIRUH� VRZLQJ� RI� WKH�
FURS� DQG� DIWHU� WKH� FURS�ZDV� KDUYHVWHG� DQG�
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ZDV� DQDO\VHG� DV� D� WZR�ZD\� FODVVLILHG� GDWD�
ZLWK� LQWHUDFWLRQ�� � 7KH� WZR� IDFWRUV� EHLQJ�
WUHDWPHQWV�DQG�VWDJHV���7KH�DQDO\VLV��VKRZV�
D� VLJQLILFDQW� LQWHUDFWLRQ� EHWZHHQ� WKH�
WUHDWPHQW� DQG� WKH� VWDJH� LQ� FDVH� RI� FURZQ�
GLDPHWHU��
�

7KH� GDWD� RQ� WKH� FURSV� *UDP� DQG�
%DUOH\� ZHUH� DQDO\VHG� VHSDUDWHO\� � E\�
FRQVLGHULQJ� �� WUHDWPHQWV� ��� WUHDWPHQWV� RI�
WKH� FURS� ZLWK� WUHH� ��� ZLWKRXW� WUHH�� LQ� ��
UHSOLFDWLRQV�� � ,W� LV� VHHQ� WKDW� WKH� WUHDWPHQWV�
LQ� FRPSDULVRQ� WR� WKH� FRQWURO� ZHUH�
VLJQLILFDQWO\� GLIIHUHQW� IURP� WKH� GDWD� RQ�
EDUOH\� �GU\� IRGGHU��� *UDP� �*UDLQ� DQG�
VWUDZ�� LQGLFDWLQJ� WKH�SRVLWLYH�HIIHFW�RI� WUHH�
RQ�FURS���
�

7KH� H[SHULPHQW� RQ� ³(VWDEOLVKPHQW�
DQG�JURZWK�RI�IUXLW� WUHH�DQG�WKHLU�HIIHFW�RQ�
FURS� JURZWK� DQG� SURGXFWLRQ´� KDV� EHHQ�
FRQGXFWHG�DW�15&$)�-KDQVL�ZLWK���VSDFLQJ�
��[���[�� DQG� ��[��� DV� PDLQ� SORW�� �� WUHH�
VSHFLHV� *XDYD�� %HU�� $QDU� DQG� .LQQRZ� LQ�
VXESORW� DQG� �� FURS� URWDWLRQV� VRUJKXP�
:KHDW��6RUJKXP�*UDP��*URXQGQXW�:KHDW��
*URXQGQXW�*UDP� LQ� VXE�VXE� SORW� KDYLQJ� D�
'RXEOH�VSOLW�SORW�GHVLJQ�ZLWK���UHSOLFDWLRQV��
�

8QGHU� WKLV�H[SHULPHQW�� WKH�PHWKRG�
RI� SDWK� DQDO\VLV� ZDV� XVHG� WR� VWXG\� WKH�
HIIHFW� RI� GLIIHUHQW� ELRPHWULFDO� FKDUDFWHUV�
OLNH�SODQW�KHLJKW��SODQW�SRSXODWLRQ��QXPEHU�
RI� HIIHFWLYH� WLOOHUV� SHU� SODQW�� JUDLQ� ZHLJKW�
SHU�HDU�KHDG�DQG�QXPEHU�RI�WLOOHUV�RQ�\LHOG�
RI� ZKHDW� FURSV� XQGHU� GLIIHUHQW� IUXLW� WUHHV���
,W� KDV� EHHQ� FRQFOXGHG� WKDW� SODQW� KHLJKW� LV�
WKH� PDLQ� FRPSRQHQW� RI� FURS� WKDW� KDV�

PD[LPXP� GLUHFW� HIIHFW� RQ� \LHOG� XQGHU� DOO�
WKH� IRXU� WUHH� VSHFLHV� RI� DJUR�IRUHVWU\�
V\VWHP��
�

)URP� WKH� DQDO\VLV� RI� ELRPHWULFDO�
FKDUDFWHUV� RI� ZKHDW� FURS� IURP� WKH� DERYH�
H[SHULPHQW� XVLQJ� WKH� PRGHO� FRQVLVWLQJ� RI�
UHSOLFDWLRQ�� VSDFLQJ�� WUHHV� DQG� GLVWDQFH�� LW�
KDV� EHHQ� REVHUYHG� WKDW� URZ� GLVWDQFH� KDV�
VLJQLILFDQW� LPSDFW� RQ� WKH� FKDUDFWHU�� SODQW�
KHLJKW�� SODQW� SRSXODWLRQ�� QXPEHU� RI�
HIIHFWLYH� WLOOHUV� DQG� QXPEHU� RI� WLOOHUV� SHU�
PHWHU�RI�URZ���
�

)URP� WKH� DQDO\VLV� RI� WKH� GDWD� RQ�
JUHHQ�DQG�GU\�\LHOG�RI�%DUOH\��������LW�ZDV�
REVHUYHG� WKDW�� WKHUH� ZHUH� VLJQLILFDQW�
GLIIHUHQFHV� LQ� � GU\� DQG� JUHHQ� \LHOG� EDUOH\�
XQGHU� WKH� �� WUHH� VSHFLHV� �6LULV��� 1HDP��
6KLVKDP� DQG� %DEXO��� � 7KH� RWKHU� IDFWRUV�
ZKLFK� ZHUH� IRXQG� WR� EH� VLJQLILFDQW� ZHUH�
ORFDWLRQ��GLUHFWLRQ��GLVWDQFH��WUHH�[�ORFDWLRQ�
DQG� WUHH�[�GLUHFWLRQ�� �7KH�PD[LPXP�JUHHQ�
\LHOG������T�KD��DQG�GU\�\LHOG��������T�KD��
ZHUH� IRXQG� XQGHU� WKH� 6LULV� WUHH� DQG�
PLQLPXP� ZHUH� XQGHU� %DEXO� WUHH�� � 7KHUH�
ZHUH� VLJQLILFDQW�GLIIHUHQFHV� LQ� WKH�\LHOG�RI�
FURS�ZLWK� WUHH� DQG�ZLWKRXW� WUHH�� LQGLFDWLQJ�
WKH� SRVLWLYH� HIIHFW� RI� WUHH� RQ� WKH� \LHOG� RI�
EDUOH\�FURS��
�

7KH� H[SHULPHQWHU� FDQ� XVH� WKH�
PHWKRGRORJ\� � IRU� WKH� DQDO\VLV� RI� DJUR�
IRUHVWU\� � H[SHULPHQWV� DQG� FDQ� SODQ� KLV�
H[SHULPHQWV� EDVHG� RQ� WKH� UHVXOWV� DFKLHYHG�
IURP� LW� IRU� LQFUHDVLQJ� KLV� SURGXFWLRQ� IURP�
SHU�XQLW�RI�ODQG����

��
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�
0DQGDWH�

�
7KUXVW�$UHD�

�
7R� FRQGXFW� EDVLF� DQG� DSSOLHG� VWDWLVWLFDO�
UHVHDUFK�LQ�%LRPHWULFV��

•� &RPSXWHU� VLPXODWLRQ� VWXGLHV� DQG�
DSSOLFDWLRQV�RI�UH�VDPSOLQJ�WHFKQLTXHV��
OLNH� ERRWVWUDS�� -DFNNQLIH�� EDODQFHG�
UHSHDWHG� UHSOLFDWLRQV� LQ� $JULFXOWXUDO�
6WDWLVWLFV��

•� 6WXGLHV� RQ� JHQH� DFWLRQ�� HVWLPDWLRQ� RI�
JHQHWLF� SDUDPHWHUV� DQG� JHQHWLF� PHULW��
JHQHWLF� SURJUHVV� DQG� RWKHU� UHODWHG�
VWDWLVWLFDO�PHWKRGV��

•� 1RQ�OLQHDU� VWDWLVWLFDO� PRGHOOLQJ� RI�
ELRORJLFDO�� HFRORJLFDO� DQG� HFRQRPLF�
SKHQRPHQD��

�
��
�
7KUXVW� DUHD�ZLVH� OLVW� RI� SURMHFWV� LQ�
RSHUDWLRQ� LV� JLYHQ� LQ� &KDSWHU� ���� � 7KH�
SURJUHVV�RI�WKH�SURMHFWV�LV�JLYHQ�EHORZ��
�
&RPSXWHU� VLPXODWLRQ� VWXGLHV� DQG�
DSSOLFDWLRQV� RI� UH�VDPSOLQJ�
WHFKQLTXHV� OLNH� ERRWVWUDS�� -DFNNQLIH��
EDODQFHG� UHSHDWHG� UHSOLFDWLRQV� LQ�
$JULFXOWXUDO�6WDWLVWLFV�
�
���'HYHORSPHQW� RI� VWDWLVWLFDO�

SURFHGXUHV�IRU�VHOHFWLQJ�JHQRW\SHV�
VLPXOWDQHRXVO\� IRU� \LHOG� DQG�
VWDELOLW\��

�
7KH� REMHFWLYHV� RI� WKH� SURMHFW� DUH��

�L�� WR� FRQVWUXFW� QHZ� LQGLFHV� IRU� VHOHFWLQJ�
JHQRW\SHV� VLPXOWDQHRXVO\� IRU� ERWK� \LHOG�
DQG� VWDELOLW\�� �LL�� WR� PDNH� FRPSDULVRQ�
DPRQJ� WKH� LQGLFHV� GHYHORSHG�� EDVHG� RQ�
VWDQGDUG� VWDWLVWLFDO� � WHFKQLTXHV� DQG� RQ��
WHFKQLTXHV�LQYROYLQJ�VLPXODWLRQ��DQG��LLL��WR�
GHYHORS� D� FRPSXWHU� SURJUDP� IRU� MXGJLQJ�
GHVLUDEOH�JHQRW\SHV��
�

$� QXPEHU� RI� QHZ� LQGLFHV� IRU�
VHOHFWLQJ� JHQRW\SHV� VLPXOWDQHRXVO\� IRU�
\LHOG� DQG� VWDELOLW\� ZLOO� EH� FRQVWUXFWHG� E\�
FRPELQLQJ�GLIIHUHQW� VWDELOLW\�PHDVXUHV� DQG�
\LHOG� LQGLFDWRUV�� � 1HFHVVDU\� WKHRUHWLFDO�
EDVLV�IRU�GHWHUPLQLQJ� WKH�ZHLJKWV�IRU�\LHOG�
DQG�VWDELOLW\�LQ�WKHVH�LQGLFHV�ZLOO�EH�DUULYHG�
DW�� � $� FRPSDULVRQ� DPRQJ� WKH� LQGLFHV� VR�
GHYHORSHG�ZLOO�EH�PDGH�VR�DV� WR� MXGJH� WKH�
VXSHULRULW\�RI�RQH�LQGH[�RYHU�DQRWKHU���7KLV�

FRPSDULVRQ� ZLOO� EH� EDVHG� QRW� RQO\� RQ�
VWDQGDUG� VWDWLVWLFDO� WHFKQLTXHV� EXW� DOVR� RQ�
WHFKQLTXHV� LQYROYLQJ� VLPXODWLRQ�� � ,Q� VRPH�
FDVHV�WKH�PHULW�RI�LQGLFHV�ZLOO�EH�MXGJHG�RQ�
WKH�EDVLV�RI�FRQYHUJHQFH�RI�REVHUYHG�7\SH�
��HUURU�DQG�SRZHU�RI�WKH�WHVWV�LQYROYHG���$Q�
,%0�3&� FRPSDWLEOH� SURJUDP� IRU� VHOHFWLQJ�
YDULHWLHV� VLPXOWDQHRXVO\� IRU� \LHOG� DQG�
VWDELOLW\�� EDVHG� RQ� GHYHORSHG� LQGLFHV�� ZLOO�
EH� PDGH�� � ,QLWLDOO\� WKH� GHYHORSHG� LQGLFHV�
ZLOO� EH� WHVWHG� RQ� VRPH� FHUHDO� FURSV� GDWD�
DQG� GHSHQGLQJ� RQ� WKH� WUHQG� REWDLQHG� WKH�
SURFHGXUHV�PD\� EH� H[WHQGHG� WR� RWKHU� FURS�
VLWXDWLRQV�� � )RU� ULFH� FURS�� WKH� GDWD�ZLOO� EH�
XVHG� IURP� $OO� ,QGLD� &RRUGLQDWHG� WULDOV�
FRQGXFWHG�E\�'LUHFWRUDWH�RI�5LFH�5HVHDUFK��
+\GHUDEDG�� � 7KH� JHQRW\SHV� LQFOXGHG� DUH�
WKH� SURPLVLQJ� OLQHV� RU� HOLWH� EUHHGLQJ� OLQHV�
ZKLFK� DUH� DW� GLIIHUHQW� VWDJHV� RI� WHVWLQJ� LQ�
WKH�FRRUGLQDWHG�SURMHFW��
������������

$SSURSULDWH�GDWD�VHWV�RQ�YDULHWLHV�[�
ORFDWLRQV�[�\HDUV�KDYH�EHHQ�SURFXUHG�IURP�
$OO� ,QGLD� &RRUGLQDWHG� 5LFH� ,PSURYHPHQW�
3URJUDPPH��'LUHFWRUDWH� RI� 5LFH�5HVHDUFK��
+\GHUDEDG�� � 7KH\� DUH� ��[�[�� ������� ����
���� IRU� ]RQH� ��� ��[�[�� ������� ���� ���� IRU�
]RQH� ��� ��[�[�� ������� ���� ���� IRU� ]RQH����
��[�[�� ������� ���� ���� IRU� ]RQH� ��� ��[�[��
�������������������IRU�]RQH�����[�[���������
������������ IRU�]RQH���� �7KH�SURFXUHG�GDWD�
ZDV� WUDQVIHUUHG� RQ� WR� H[FHO� ZRUNVKHHWV���
7KH� JHQRW\SHV� FRQVLGHUHG� IRU� DQDO\VLV� DUH�
WKH� WHVW� FXOWLYDWRUV� RI� DGYDQFH� YDULHWDO�
WULDOV�� � 7KH� FRQVWUXFWLRQ� RI� LQGLFHV� IRU�
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VLPXOWDQHRXV� VHOHFWLRQ� LV� LQ� SURJUHVV�� :H�
DUH� VWXG\LQJ� WKH� SURSHUWLHV� RI� GLIIHUHQW�
PHDVXUHV� IRU� WKHLU� LQFOXVLRQ� LQ� WKH�
FRPSRVLWH� LQGH[�� � (IIRUWV� DUH� DOVR� RQ�� LQ�
FROOHFWLQJ� LQIRUPDWLRQ� RQ� ORFDO� FKHFNV� IRU�
FRPSDULVRQ�SXUSRVH��
�

&RPSRVLWH� LQGH[� ZLOO� EH�
FRQVWUXFWHG� WR� VHOHFW� JHQRW\SHV�
VLPXOWDQHRXVO\� IRU� \LHOG� DQG� VWDELOLW\���
3URJUDPV� ZLOO� EH� GHYHORSHG� IRU� FRPSXWHU�
VLPXODWLRQ� DQG� UHODWHG� YDULHWDO� VHOHFWLRQ�
WHFKQLTXHV�� � 6RPH� FULWHULD� ZLOO� EH�
GHYHORSHG� WR� DVVLJQ� UHODWLYH� ZHLJKWV� WR�
\LHOG� DQG� VWDELOLW\� LQGLFDWRUV�� � )RU�
HYDOXDWLQJ� YDULHWDO� VHOHFWLRQ� LQGLFHV�
QHFHVVDU\�� � SURJUDPV� ZLOO� EH� ZULWWHQ���
)XUWKHU�� WKH� GHYHORSHG� LQGLFHV� ZLOO� EH�
FRPSDUHG� IURP� WKH� SRLQW� RI� YLHZ� RI�
VWDWLVWLFDO�SURSHUWLHV�DQG�WKURXJK�VLPXODWLRQ�
WHFKQLTXHV��
�
��� 6WXGLHV� RQ� GDWD� SURFHVVLQJ�

WHFKQLTXHV�IRU�VWDWLVWLFDO�DQDO\VLV�RI�
ODUJH� ILHOG� YDULDELOLW\� LQ� KLOO\� DQG�
VDOW�DIIHFWHG�VRLO�UHJLRQV�

�
�

7KH� REMHFWLYHV� RI� WKH� SURMHFW� DUH��
�L�� WR� FRQVROLGDWH� LQ� D� FRPSUHKHQVLYH�
PDQQHU� WKH� GDWD� SURFHVVLQJ� WHFKQLTXHV� IRU�
VWDWLVWLFDO� TXDQWLILFDWLRQ� RI� WKH� ODUJH� ILHOG�
YDULDELOLW\� LQ� KLOO\� DQG� VDOW� DIIHFWHG� VRLOV��
�LL�� WR� ILQDOLVH� WKH� DOJRULWKPV� DQG� GHYHORS�
VRIWZDUH� IRU� FRPSXWHULVHG� GDWD� SURFHVVLQJ�
RI� WKH� QDWXUDO� YDULDELOLW\� SUHVHQW� LQ� WKH�
SODQWDWLRQV� FDUULHG� RXW� LQ� XQFXOWLYDEOH�
ODQGV�� �LLL�� WR� GHYHORS� FRPSXWHULVHG�
WHFKQLTXHV� IRU� WKH� FRQVWUXFWLRQ� RI� WKH�
IHUWLOLW\�JUDGLHQW�PDSV�RI�WKH�H[DPLQHG�VRLO�
FKDUDFWHULVWLF� ILHOG� YDULDELOLW\� REWDLQHG� E\�
XVLQJ� GLIIHUHQW� FRQFHSWV� RI� VWDWLVWLFDO�
PHWKRGRORJ\�� DQG� �LY�� WR� IRUPXODWH�
FRPSXWHULVHG� GDWD� SURFHVVLQJ� WHFKQRORJ\�
IRU� FRUUHODWLQJ� WKH� SODQW� JURZWK� WUDLW�
SHUIRUPDQFH� ZLWK� WKDW� RI� VRLO�
FKDUDFWHULVWLFV�
�

7KH� WKHRU\� RI� JHR�VWDWLVWLFV��
$129$� IRU� UHSHDWHG� PHDVXUHV� DQG�
JHQHUDOLVHG� $129$� LQ� WKH� SUHVHQFH� RI�
VSDWLDO�SDWWHUQV�ZLOO�EH�XVHG�WR�H[DPLQH�WKH�
ILHOG� YDULDELOLW\� LQ� KLOO\� DQG� VDOW� DIIHFWHG�
VRLO� UHJLRQV�� � �7KH�GDWD�RI�RQH� H[SHULPHQW�
FRQGXFWHG�DW�&6:57,��'HKUDGXQ�KDV�EHHQ�
UHFHLYHG� DQG� DQDO\VLV� RI� LW� LV� LQ� SURJUHVV��

7KH�DQDO\VLV�KDV�EHHQ�FDUULHG�RXW�E\�XVLQJ�
YDULRXV� WHFKQLTXHV�RI� DQDO\VLV�RI�YDULDQFH��
UHSHDWHG� PHDVXUHG� DQDO\VLV�� UHVLGXDO�
DQDO\VLV� DQG� PXOWLYDULDWH� DQDO\VLV�� 7KH�
LQIRUPDWLRQ�RI�WKH�FRYDULDWHV�KDV�DOVR�EHHQ�
LQFOXGHG� LQ� WKH� DQDO\VLV� VR� DV� WR� DUULYH� DW�
WKH� ULJKW� FRQFOXVLRQV� DERXW� WKH�GLIIHUHQFHV�
LQ� WKH� WUHDWPHQWV� XQGHU� FRQVLGHUDWLRQ���
(IIRUWV�DUH�DOVR�LQLWLDWHG�IRU�SURFXUHPHQW�RI�
PRUH�GDWD�VHWV�RI�H[SHULPHQWV�FRQGXFWHG�LQ�
KLOO\�DUHDV�DQG�VDOW�DIIHFWHG�VRLO�UHJLRQV��
�

7KH� WKHRU\� RI� UHSHDWHG� PHDVXUHV�
ZLOO� EH� H[SORUHG� IXUWKHU� IRU� WKH� FDVH� RI�
XQEDODQFHG� VLWXDWLRQ� DQG� LQFRUSRUDWLQJ� WKH�
WUHQG�DQDO\VLV�LQ�LW��
�
6WXGLHV� RQ� JHQH� DFWLRQ�� HVWLPDWLRQ� RI�
JHQHWLF� SDUDPHWHUV� DQG� JHQHWLF� PHULW��
JHQHWLF� SURJUHVV� DQG� RWKHU� UHODWHG�
VWDWLVWLFDO�PHWKRGV�
�
��� 2Q� VRPH� UREXVW� HVWLPDWLRQ� RI�

KHULWDELOLW\�
�

7KH� REMHFWLYHV� RI� WKH� SURMHFW� DUH��
�L�� WR� H[DPLQH� WKH� LQIOXHQFH� RI� QRQ�
QRUPDOLW\� DQG� RWKHU� DVVXPSWLRQV� RQ� WKH�
HVWLPDWLRQ� RI� KHULWDELOLW\�� �LL�� WR� VWXG\� WKH�
HIIHFW� RI� DEHUUDQW� YDOXHV� RQ� WKH� HVWLPDWLRQ�
RI� KHULWDELOLW\�� DQG� �LLL�� WR� LGHQWLI\� DQG�
GHYHORS�SURFHGXUHV�IRU�UREXVW�HVWLPDWLRQ�RI�
KHULWDELOLW\��
�

7KH� PHWKRGV� RI� PD[LPXP�
OLNHOLKRRG�� $129$�5(0/�0,148(� ZLOO�
EH� HPSOR\HG� WR� REWDLQ� UREXVW� HVWLPDWHV� RI�
YDULDQFH� FRPSRQHQWV� DQG� VXEVHTXHQWO\� WKH�
HVWLPDWHV� RI� KHULWDELOLW\�� � 7KHVH�
PHWKRGRORJLHV� ZLOO� EH� PRGLILHG� WR� VROYH�
WKH� SUREOHPV� RI� DEHUUDQW� YDOXHV� DQG� IRU�
REWDLQLQJ�UREXVW�HVWLPDWLRQ����
�

7KH� ZRUN� LV� LQ� SURJUHVV� IRU�
VWXG\LQJ�WKH�LQIOXHQFH�RI�DEHUUDQW�YDOXHV�RQ�
WKH� HVWLPDWLRQ� RI� WKH� YDULDQFH� FRPSRQHQWV�
LQ� JHQHUDO� DQG� KHULWDELOLW\� LQ� SDUWLFXODU��
7KLV�LV�EHLQJ�FDUULHG�RXW�E\�HPSOR\LQJ�ERWK�
%D\HVLDQ� DQG� WUDGLWLRQDO� VWDWLVWLFDO�
WHFKQLTXHV�� %RWK� WKH� WHFKQLTXHV� H[KLELW�
VLJQLILFDQW� UROH� RI� DEHUUDQW� YDOXHV� RQ� WKH�
HVWLPDWHV� RI� KHULWDELOLW\�� +RZHYHU���
%D\HVLDQ�WHFKQLTXHV�WRR��DW�PDQ\�RFFDVLRQV�
JDYH�HVWLPDWHV�IDU�IURP�WKH�WUXH�SDUDPHWULF�
YDOXHV�� 7KH� DWWHPSWV� DUH� LQLWLDWHG� IRU� WKH�
DSSOLFDWLRQ� RI� %D\HVLDQ� WHFKQLTXHV� RQ� WKH�
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GLIIHUHQW� VLWXDWLRQV� LQYROYLQJ�YDULRXV� W\SHV�
RI� SULRU� GLVWULEXWLRQV� � RI� WKH� YDULDQFH�
FRPSRQHQWV��
�

7KH� FRQFHSW� RI� %D\HVLDQ�
WHFKQLTXHV�ZLOO� EH� HPSOR\HG� WR� REWDLQ� WKH�
UREXVW� HVWLPDWHV� RI� YDULDQFH� FRPSRQHQWV���
7KLV� ZLOO� EH� DWWHPSWHG� E\� XVLQJ� WKH�
LQIRUPDWLRQ�RI�GLIIHUHQW�SULRUV��
�
��� (PSLULFDO� LQYHVWLJDWLRQV� RQ� WKH�

LQIOXHQFH� RI� IL[HG� HIIHFWV� RQ� WKH�
HVWLPDWHV�RI�KHULWDELOLW\�

�
7KH� REMHFWLYHV� RI� WKH� SURMHFW� DUH��

�L�� � WR� VWXG\� WKH� HIIHFW� RI� QRQ�JHQHWLF�
IDFWRUV�RQ�WKH�HVWLPDWLRQ�RI�KHULWDELOLW\�DQG�
LW
V� � SUHFLVLRQ�� � �LL�� � WR� � FRPSDUH� � WKH��
GLIIHUHQW� �PHWKRGV� �RI� �FRUUHFWLRQ��RI� �GDWD��
E\� � DSSO\LQJ� � WKH� � PHWKRG� � RI� � ILWWLQJ�
FRQVWDQWV�� DQG� �LLL�� � WR� � FRPSDUH� � PL[HG��
PRGHO� � WHFKQLTXH� � ZLWK� � � � WKH� � DERYH��
PHWKRGV� � � IRU� � HVWLPDWLRQ� � RI� � � YDULDQFH�
FRPSRQHQWV�DQG�FRQVHTXHQWO\�KHULWDELOLW\���
�

�7KH� GDWD� ZDV� VLPXODWHG� IRU�
GLIIHUHQW� YDOXHV� RI� KHULWDELOLW\� E\� KDOI�VLE�
PRGHO� IRU� VLQJOH� IL[HG� HIIHFW�� 7KH�PHWKRG�
RI� ILWWLQJ� FRQVWDQWV� E\�+DUYH\� ������� ZDV�
XVHG� IRU� FRUUHFWLRQ� RI� IL[HG� HIIHFW�� 7KH�
FRUUHFWHG� DQG� XQFRUUHFWHG� GDWD� ZHUH�
DQDO\]HG�E\�KDOI�VLE�DQDO\VLV���
�

7KH� GDWD� XQGHU� KDOI�VLE� IRU�
GLIIHUHQW� IDPLO\� VWUXFWXUHV� ZHUH� VLPXODWHG�
IURP� SRSXODWLRQV� ZLWK� ORZ�� PRGHUDWH� DQG�
KLJK�KHULWDELOLW\� IRU�GLIIHUHQW� VDPSOH� VL]HV���
6LQJOH� IL[HG� HIIHFW� ZLWK� IRXU� OHYHOV� ZDV�
LQWURGXFHG� LQ� WKH� GDWD� DQG� KHULWDELOLW\�
HVWLPDWHV�ZHUH�REWDLQHG�IURP�UDZ�GDWD�ERWK�
EHIRUH� DQG� DIWHU� WKH� LQWURGXFWLRQ� RI� IL[HG�
HIIHFW��6XEVHTXHQWO\�WKH�GDWD�ZDV�FRUUHFWHG�
IRU� IL[HG� HIIHFW� E\� PHWKRG� RI� ILWWLQJ�
FRQVWDQWV� DQG� WKH� KHULWDELOLW\� HVWLPDWHV�
ZHUH�REWDLQHG�IURP�WKH�FRUUHFWHG�GDWD��7KH�
GDWD�VLPXODWLRQ�ZLWK�WZR�IL[HG�HIIHFWV�LV�LQ�
SURJUHVV��
��

7KH� GDWD� XQGHU� KDOI�VLE� PRGHO� IRU�
GLIIHUHQW�VDPSOH�VL]HV�DQG�IDPLO\�VWUXFWXUHV�
ZLOO� EH� VLPXODWHG� IURP� SRSXODWLRQ� ZLWK�
GLIIHUHQW� OHYHOV� RI� KHULWDELOLW\� ZLWK� WZR�
IL[HG� HIIHFWV�� 7KH� GDWD� ZLOO� EH� DQDO\VHG�
ERWK�EHIRUH�DQG�DIWHU�WKH�FRUUHFWLRQ�RI�IL[HG�
HIIHFWV� DQG� KHULWDELOLW\� HVWLPDWHV� ZLOO� EH�
REWDLQHG�DORQJ�ZLWK�LWV�VWDQGDUG�HUURU���

��� 6WXGLHV� RQ� JURZWK� SDWWHUQ� DQG�
KHULWDELOLW\�RI�ILWQHVV�WUDLWV�LQ�,QGLDQ�
EUHHGV�RI�JRDWV�

�
7KH� REMHFWLYHV� RI� WKH� SURMHFW� DUH��

�L�� WR� FRPSDUH� GLIIHUHQW� PHWKRGV� RI�
HVWLPDWLRQ� RI� KHULWDELOLW\� RI� ILWQHVV� WUDLWV��
DQG� �LL�� � WR� FRPSDUH� WKH� DGHTXDF\� RI�
GLIIHUHQW� QRQ�OLQHDU� PRGHOV� XWLOL]HG� IRU�
VWXG\LQJ�JURZWK�SDWWHUQ��
�

%UHHGLQJ�GDWD�RI�JRDWV�LQ�UHVSHFW�RI�
ILWQHVV� WUDLWV� VXFK� DV� W\SH� RI� ELUWK� DQG�
VWD\DELOLW\� DW� GLIIHUHQW� VWDJHV� RI� DJH� RI�
DQLPDOV� ZDV� WUDQVIHUUHG� E\� DSSO\LQJ�
DUFVLQH�WUDQVIRUPDWLRQ���7KHVH�UHFRUGV�ZHUH�
XVHG� WR� REWDLQ� KHULWDELOLW\� HVWLPDWHV� E\�
+DOI�VLE� FRUUHODWLRQ�PHWKRG� IRU� ERWK� VH[HV�
VHSDUDWHO\�� � +HULWDELOLW\� HVWLPDWHV� IRU�
ILWQHVV� WUDLWV� ZHUH� DOVR� REWDLQHG� E\�
+HWHURJHQHLW\�FKL�VTXDUH�PHWKRG��
�

6WDWLVWLFDO� DQDO\VLV� WR� REWDLQ�
KHULWDELOLW\�HVWLPDWHV�IRU�ILWQHVV�WUDLWV��VXFK�
DV� W\SH� RI� ELUWK�� VWD\DELOLW\� DW� GLIIHUHQW�
VWDJHV� RI� DJH� RI� DQLPDOV� E\� +DOI�VLE�
FRUUHODWLRQ� PHWKRG� DV� ZHOO� DV� E\�
+HWHURJHQHLW\� FKL�VTXDUH� PHWKRG� IRU� ERWK�
WKH� VH[HV� VHSDUDWHO\� LQ� UHVSHFW� RI� HDFK�
JHQHWLF�JURXSV�RI�JRDWV�����JHQHWLF�JURXSV��
ZDV� FDUULHG� RXW�� � $QDO\VLV� ZRUN� WR� VWXG\�
WKH�EHKDYLRXU�RI�UHSURGXFWLYH�WUDLWV�VXFK�DV�
QXPEHU�RI� UHSURGXFWLYH� F\FOHV�� FRPSOHWHG��
QXPEHU� RI� NLGGLQJ�� HWF�� ZDV� DOVR��
XQGHUWDNHQ��
�

*URZWK� GDWD� IRU� HIIHFWV�� OLNH�
VHDVRQ�� SHULRG� DQG� W\SH� RI� ELUWK�� ZLOO� EH�
DGMXVWHG�E\��OHDVW�VTXDUH�WHFKQLTXH���7KHVH�
DGMXVWHG� UHFRUGV� ZLOO� EH� XWLOL]HG� WR� VWXG\�
WKH� JURZWK� SDWWHUQ� RI� JRDWV� IRU� GLIIHUHQW�
JHQHWLF� JURXSV� DQG� LQ� UHVSHFW� RI� HDFK� VH[�
VHSDUDWHO\�� � 6XLWDELOLW\� RI� GLIIHUHQW� ILWWHG�
PRGHOV�ZLOO� EH� H[DPLQHG�E\�XVLQJ�YDULRXV�
FULWHULD�RI�WHVWLQJ�WKH�DGHTXDF\�RI�JRRGQHVV�
RI��ILW���VXFK�DV�5���HUURU�PHDQ�VTXDUH���HWF��
�
1RQ�OLQHDU� VWDWLVWLFDO� PRGHOOLQJ� RI�
ELRORJLFDO�� HFRORJLFDO� DQG� HFRQRPLF�
SKHQRPHQD�
�
��� 6WXG\� RI� QRQ�OLQHDU� WLPH� VHULHV�

PRGHOOLQJ�LQ��DJULFXOWXUH�
�

7KH�REMHFWLYHV�RI�WKH�SURMHFW�DUH���
�
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�L���WR�VWXG\�UHODWLYH�PHULWV�DQG�GHPHULWV�RI�
YDULRXV�WHVWV�IRU�WHVWLQJ�RI��OLQHDULW\���LL��WR�
LQYHVWLJDWH� SURSHUWLHV� RI� DXWR�UHJUHVVLYH�
FRQGLWLRQDO� KHWHURVFHGDVWLF�� VHOI�H[FLWLQJ�
WKUHVKROG� DXWRUHJUHVVLYH� DQG� ELOLQHDU�
PRGHOV� IURP� WKH� IDPLO\� RI� SDUDPHWULF�
QRQOLQHDU� WLPH� VHULHV� PRGHOV�� DQG� �LLL�� � WR�
GHYHORS� UHOHYDQW� FRPSXWHU� SURJUDPV� IRU�
ILWWLQJ�RI�DERYH�PRGHOV�DQG� WR� DSSO\� WKHVH�
WR�UHDO�GDWD�IURP�WKH�ILHOGV�RI�HQWRPRORJ\��
ILVKHU\��DJULFXOWXUDO�HFRQRPLFV��HWF��
�

6HFRQG�RUGHU�LQGH[�RI�OLQHDULW\�ZLOO�
EH� FRPSXWHG� WR� GHWHFW� QRQ�OLQHDULW\�� 7KH�
HVWLPDWHG�UHJUHVVLRQ�IXQFWLRQ�PM��Q��ZLOO�EH�
XVHG�WR�LGHQWLI\�WKH�SRVVLEOH�YDOXH�RI�GHOD\�
SDUDPHWHU� LQ� 6(7$5� PRGHO�� 1XPEHU� RI�
WHVWV� ERWK� LQ� WLPH� GRPDLQ� DQG� IUHTXHQF\�
GRPDLQ�ZLOO�EH�SHUIRUPHG��
�
� (IIRUWV�ZLOO�EH�PDGH�WR�ILW� WKH�GDWD�
E\� $5�S��$5&+�T�� PRGHO� ZKHUH� WKH�
VTXDUHG� HUURU� ZLOO� EH� DXWRFRUUHODWHG��
6(7$5� PRGHO� ZLOO� EH� WDNHQ� LQWR� DFFRXQW�
IRU� PRGHOOLQJ� GDWD� UHODWHG� WR� SRSXODWLRQ�
F\FOH�XQGHU�IRRG�OLPLWDWLRQ��
�

%\� UHIHUHQFH� WR� D� SUHOLPLQDU\�
DQDO\VLV�RI�WKH�$XVWUDOLDQ�EORZIO\�GDWD��WKH�
TXHVWLRQ� RI� µZKHQ¶� �¶KRZ¶� DQG� µZKDW¶� LQ�

QRQOLQHDU� WLPH� VHULHV� PRGHOOLQJ� KDV� EHHQ�
ZLGHO\� LQYHVWLJDWHG�� � 7KH� DERYH�
ELRORJLFDO�HFRORJLFDO� GLVFXVVLRQ� VWURQJO\�
VXJJHVWV� WKDW� D� FRQYHQWLRQDO� OLQHDU� WLPH�
VHULHV� PRGHO� ZKLFK� LV� EDVHG� RQ� WKH�
*DXVVLDQLW\� RI� WKH� HUURU� UDQGRP� YDULDEOHV�
DQG� WKH� OLQHDU� UHODWLRQVKLS� DPRQJ� WKH�
REVHUYDWLRQV� �L�H�� OLQHDU� FRQGLWLRQDO�PHDQ���
ZLOO� EH� ZLGH� RII� WKH� PDUN� EHFDXVH� LW�
FRPSOHWHO\�LJQRUHV�WKH�WZR�FUXFLDO�IHDWXUHV��
�

L�� WKUHVKROG� GXH� WR� IRRG�
OLPLWDWLRQ�

�
LL���������GHOD\�GXH�WR�GHYHORSPHQW�WLPH�

�
$ORQJ�ZLWK�WKH�OLNHOLKRRG�UDWLR�WHVW�

IRU�WHVWLQJ�RI�OLQHDULW\�� WKUHH�RWKHU�WHVWV�IRU�
QRQ�OLQHDULW\� RQ� WKH� WZR� VXEVHWV� RI� GDWD�
KDYH�EHHQ�SHUIRUPHG�ZKLFK�KDV�HVWDEOLVKHG�
WKH� QRQ�OLQHDULW\� LQ� WKH� GDWD�� � 7KH�
VWDWLVWLFDOO\�LGHQWLILHG�WLPH�GHOD\�RI���XQLWV�
RI�WLPH�LQ�WKH�SLHFHZLVH�OLQHDU�PRGHO�ILWV�LQ�
TXLWH� ZHOO� ZLWK� WKH� REVHUYHG� WLPH� WR�
HPHUJHQFH� EHWZHHQ� ��� WR� ��� GD\V�� � 7KH�
WKUHVKROG� SDUDPHWHU� HVWLPDWHV� RI� �����
PLJKW� EH� HFRORJLFDOO\� PHDQLQJIXO� WR�
LQYHVWLJDWH� WKH� LPSOLFDWLRQV� LQ� WHUPV� RI�
IRRG� XWLOL]DWLRQ�� UDQGRP� FURZGLQJ� HIIHFW��
HWF��

��
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�

�
0DQGDWH�

�
7KUXVW�$UHDV�

�
7R�GHYHORS�PRGHOV�IRU�REWDLQLQJ�SUH�KDUYHVW�
IRUHFDVW�RI�FURS�SURGXFWLRQ��ILVK�SURGXFWLRQ��
PLON� SURGXFWLRQ�� SRXOWU\� SURGXFWV��
DJURPHWHRUR�ORJLFDO� PRGHOV� IRU� HDUO\�
ZDUQLQJ� DQG� \LHOG� DVVHVVPHQW� DQG�
DVVHVVPHQW�RI�ORVVHV�GXH�WR�YDULRXV�IDFWRUV��

•� )RUHFDVWLQJ� WHFKQLTXHV� LQ�
$JULFXOWXUDO�6\VWHP��

�
�
7KUXVW� DUHD�ZLVH� OLVW� RI� SURMHFWV� LQ�
RSHUDWLRQ� LV� JLYHQ� LQ� &KDSWHU� ���� � 7KH�
SURJUHVV��RI�WKH�SURMHFWV�LV�JLYHQ�EHORZ��
�
)RUHFDVWLQJ� 7HFKQLTXHV� LQ�
$JULFXOWXUDO�6\VWHP�
�
��� 3LORW� VWXG\� IRU� GHYHORSLQJ�

%D\HVLDQ� SUREDELOLW\� IRUHFDVW�
PRGHO� EDVHG� RQ� IDUPHUV¶�
DSSUDLVDO�GDWD�RQ�ZKHDW�FURS�

�
7KH�VWXG\�ZDV�FRQGXFWHG�ZLWK�WZR�

REMHFWLYHV�YL]����L���WR�GHYHORS�WKH�%D\HVLDQ�
SUREDELOLW\�PRGHO�IRU�IRUHFDVWLQJ�WKH�ZKHDW�
FURS� \LHOG� DQG� �LL�� WR� HQOLVW� WKH� IDFWRUV�
DIIHFWLQJ� WKH� FURS� \LHOG� EDVHG� RQ� IDUPHUV¶�
DSSUDLVDO��
� �

7KH� PHWKRGRORJ\� FRQVLVWHG� RI�
FRQGXFWLQJ� D� VXUYH\� DW� WKH� GLVWULFW� OHYHO�
IROORZLQJ� D� VWUDWLILHG� PXOWLVWDJH� UDQGRP�
VDPSOLQJ�GHVLJQ���7DNLQJ�WHKVLOV�DV�VWUDWXP��
YLOODJHV� DV� ILUVW� VWDJH� XQLWV� DQG� IDUPHUV� DV�
H[SHUWV�� D� UDQGRP� VDPSOH� RI� ��� IDUPHUV�
ZDV� VHOHFWHG�� �7KH� H[SHUW�RSLQLRQ�GDWD� DUH�
FROOHFWHG� LQ� D� QXPEHU� RI� URXQGV� E\�
LQWHUYLHZLQJ�WKH�VHOHFWHG�IDUPHUV�UHJDUGLQJ�
WKHLU� DVVHVVPHQWV� DERXW� WKH� OLNHO\� FURS�
SURGXFWLRQ�DQG�FKDQFHV�RI�RFFXUUHQFHV����,Q�
WKH� ILUVW� URXQG� D� UHTXLVLWH� LQIRUPDWLRQ�ZDV�
FROOHFWHG� IRU� HVWDEOLVKLQJ� DQ� DSSUR[LPDWH�
GLVWULEXWLRQ� RI� FURS� \LHOG�� � $IWHU�
VXPPDULVLQJ�WKH�UHVSRQVHV�LQ�YDULRXV�\LHOG�
FODVVHV�� HDFK� IDUPHU� ZDV� DVNHG� LQ� URXQG�
WZR� WR� HVWLPDWH� WKH� FKDQFHV� LQ� IDYRXU� RI�
JHWWLQJ�\LHOG�LQ�YDULRXV�FODVVHV���)URP�WKHVH�
UHVSRQVHV� DYHUDJH� SULRU� SUREDELOLWLHV� ZHUH�
FRPSXWHG�� � $W� KDUYHVW�� ZKHDW� \LHOG� GDWD�
ZDV� REWDLQHG� E\� HQTXLULQJ� WKH� VHOHFWHG�
IDUPHUV���$FWXDO�KDUYHVW�\LHOG�DQG�IDUPHUV¶�
DSSUDLVDO� GDWD� RQ� \LHOG� IURP� WKH� SUHYLRXV�

\HDU�V��DUH��WDNHQ�LQWR�DFFRXQW�WR�REWDLQ�WKH�
SRVWHULRU�SUREDELOLWLHV�ZKLFK�� �DUH�XVHG�IRU�
REWDLQLQJ�%D\HVLDQ� IRUHFDVW� � RI� FURS� \LHOG�
IRU�WKH�FXUUHQW�\HDU��
�
�� 8VLQJ� WKH� SURSRVHG� PHWKRGRORJ\��
%D\HVLDQ� IRUHFDVW� RI� ZKHDW� \LHOG� IRU�
0X]DIIDUQDJDU� GLVWULFW� LV� REWDLQHG� DERXW� ��
PRQWKV� EHIRUH� KDUYHVW�� � :KHDW� \LHOG�
IRUHFDVW� IRU� WKH� \HDU� �������� LV� IRXQG�
������T�KD�DV�DJDLQVW�WKH�DFWXDO�PHDQ�\LHOG�
RI� ������ T�KD�� E\� XVLQJ� WKH� ��������
OLNHOLKRRGV���%DVHG�RQ�WKH�OLNHOLKRRG�IRU�WKH�
\HDU� ��������� \LHOG� IRUHFDVW� IRU� WKH� \HDU��
���������LV��IRXQG����������T�KD����DV�DJDLQVW�
WKH�DFWXDO�PHDQ�\LHOG�RI�������T�KD��$QG�LW�
LV� IRXQG� ������ T�KD� ZKHQ� SRVWHULRU�
SUREDELOLWLHV� DUH� REWDLQHG� RQ� WKH� EDVLV� RI�
OLNHOLKRRG� IRU� WKH� \HDU� ��������� �7KH� SDVW�
VXUYH\� GDWD� RI� DFWXDO� \LHOG� DQG� IDUPHUV¶�
IRUHFDVW� DUH� WDNHQ� LQWR� DFFRXQW� IRU�PDNLQJ�
WKH�%D\HVLDQ� IRUHFDVW� IRU� WKH� FXUUHQW� \HDU���
7KLV�HQVXUHV�D�FRQWLQXRXV� IORZ�RI�GDWD� IRU�
XSGDWLQJ� RI� OLNHOLKRRG� XVHG� LQ� LVVXLQJ�
IRUHFDVW� IRU� WKH� FXUUHQW� \HDU�� � 7KH�
VLJQLILFDQW� DGYDQWDJH� RI� WKH� %D\HVLDQ�
DSSURDFK� LV� WKDW� LW� SURYLGHV� IRUHFDVW�
UHSUHVHQWLQJ� WKH� FRPSRVLWH� WKLQNLQJ� RI� D�
QXPEHU� RI� IDUPHUV� DFWXDOO\� HQJDJHG� LQ�
FXOWLYDWLRQ�RI�WKH�FURS��
�
� 7R� DVFHUWDLQ� IDFWRUV� WKDW� DIIHFW�
ZKHDW� SURGXFWLRQ�� IDUPHUV� ZHUH� DVNHG� WR�
VWDWH�WKH�HIIHFW�RI�VHYHUDO�IDFWRUV�LQ�WHUPV�RI��
LQFUHDVH� ��GHFUHDVH� LQ�\LHOG�� �%DVHG�RQ� WKH�
IDUPHU¶V� DSSUDLVDO� LW� LV� IRXQG� WKDW�
VXJDUFDQH��ZKHDW�� JURXQGQXW� DQG�SRWDWR�DV�
WKH�SUHYLRXV�FURSV�WR�WKH�ZKHDW�VRZLQJ�KDV�
D� IDYRXUDEOH� HIIHFW� RQ� ZKHDW� SURGXFWLRQ���
-RZDU�FURS�KDV�DQ�DGYHUVH�HIIHFW�RQ�ZKHDW�
\LHOG� DV� UHSRUWHG� E\� ���� RI� WKH� IDUPHUV���
'HHSHU� PHWKRG� RI� SORXJKLQJ� WKURXJK�
WUDFWRU� DQG� EDVDO� GRVH� RI� IHUWLOL]HU� KDV� D�
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SRVLWLYH�HIIHFW���,UULJDWLRQ�EHIRUH�VRZLQJ�RI�
ZKHDW� LV� QHFHVVDU\� IRU� KLJKHU�ZKHDW� \LHOG���
0HWKRG�RI� VRZLQJ� WKURXJK�EURDGFDVWLQJ� LV�
FRQVLGHUHG� WR� EH� DGYHUVH� DV� FRPSDUHG� WR�
WKH� VRZLQJ� WKURXJK� GULOOLQJ� DQG� GLEEOLQJ���
6SDFLQJ� EHWZHHQ�SODQWV� GLG� QRW� ILQG�PXFK�
LPSRUWDQFH� LQ� WKH� RSLQLRQ� RI� IDUPHUV���
&KHPLFDOO\� WUHDWHG� VHHGV� DUH� IRXQG� EHWWHU�
DV� FRPSDUHG� WR� XQWUHDWHG� VHHGV�� � $ERXW�
���� RSLQLRQV� DUH� LQ� IDYRXU� RI� UHPRYLQJ�
ZHHGV�IRU�KLJKHU�\LHOG���,Q�DOO�����IDUPHUV�
DUH� RI� WKH� YLHZ� WKDW� IRU� REWDLQLQJ� KLJKHU�
\LHOG� EHWWHU� PDQDJHPHQW� RI� WKH� FURS� LV�
GHVLUDEOH���$�PDMRULW\�RI�WKH�IDUPHUV�DUH�RI�
WKH� RSLQLRQ� WKDW� WLPHO\� DQG� PRGHUDWH�
UDLQIDOO� KDV� D� IDYRXUDEOH� � HIIHFW� RQ� ZKHDW�
SURGXFWLRQ�� � +RZHYHU�� LI� WKH� UDLQIDOO� LV� DW�
WKH� WLPH� RI� VRZLQJ� RU� LW� LV� KHDY\� EHIRUH�
WLOOHULQJ�� LW� DGYHUVHO\� DIIHFWV� WKH�
SURGXFWLYLW\�� � 6LPLODU� LV� WKH� HIIHFW� RI�
WHPSHUDWXUH� LI� LW� GHFUHDVHV� EHORZ� � WKH�
QRUPDO� PLQLPXP� WHPSHUDWXUH� RI� WKH�
VHDVRQ�� � :LQG� YHORFLW\� DOVR� DIIHFWV�
DGYHUVHO\�WR�WKH�FURS��
�
� 7KH� OLPLWDWLRQ�RI� WKH�SUHVHQW� VWXG\�
LV�WKDW�WKH�UHVXOWV�DUH�EDVHG�RQ�VPDOO�VDPSOH�
RI� IDUPHUV� VR� WKH� PHWKRGRORJ\� SURSRVHG�
QHHGV�WR�EH�WHVWHG�RQ�D�ODUJHU�VFDOH�EHIRUH�LW�
LV� UHFRPPHQGHG� IRU� RSHUDWLRQDO� XVH�� � 7KH�
ILQGLQJV�RI�WKH�SURMHFW�ZHUH�SUHVHQWHG�LQ�DQ�
RSHQ�VHPLQDU��
�
��� 3LORW� VWXG\� RQ� IRUHFDVWLQJ� RI� EURRG�

ODF� \LHOG� IURP� %XWHD� PRQRVSHUPD�
�3DODV���

�
7KH�REMHFWLYH�RI� WKH�SURMHFW�DUH� �L��

WR� LGHQWLI\� WKH� IDFWRUV� DIIHFWLQJ� \LHOG� RI�
EURRGODF�� � DQG� �LL�� WR� GHYHORS� PRGHOV� IRU�
IRUHFDVWLQJ�WKH�\LHOG�RI�EURRGODF�IURP�SDODV�
WUHH��
�

7KLV� LV� D� FHVV� IXQG� SURMHFW� RI�
,QGLDQ� /DF� 5HVHDUFK� ,QVWLWXWH�� 5DQFKL� LQ�
RXU� ,QVWLWXWH� FROODERUDWLRQ�� 7KH� GDWD�
FROOHFWLRQ� ZRUN� LQ� UHVSHFW� RI� YDULRXV�
IDFWRUV� DQG� FXOWLYDWLRQ� RSHUDWLRQV� GXULQJ�
ODF�LQVHFW�JURZWK�SHULRG�ZDV�FDUULHG�RXW�DW�
�� SODFHV� YL]�� �L�� 9LOODJH� ±� /DFKDQSXU��
'LVWULFW�%LODVSXU� �&KDWWLVJDUK��� �LL��9LOODJH�
±�3XWLGLK��'LVWULFW� �3XUXOLD��:�%���DQG��LLL��
,/5,� )DUP�� 1DPNXP�� 'LVWULFW� � 5DQFKL�
�-KDUNKDQG����7KH�DQDO\VLV�IRU�WKH�ILUVW�\HDU�
GDWD� KDYH� EHHQ� WDNHQ� XS�� � 7KH� GDWD�

FROOHFWLRQ� IRU� WKH� VHFRQG� \HDU� LV� LQ�
SURJUHVV��
�
��� 'HYHORSPHQW� RI� IRUHZDUQLQJ� V\VWHP�

IRU�DSKLGV��P\]XV�SHUVLFDH��VXO]HU��RQ�
SRWDWR��

�
7KH� REMHFWLYH� RI� WKH� SURMHFW� LV� WR�

GHYHORS� IRUHZDUQLQJ� WHFKQLTXH� WR� LGHQWLI\�
DSKLG� IUHH�ORZ� SHULRG� DQG� DUHD� IRU� VHHG�
SURGXFWLRQ��
��

7KH� SURMHFW� UHSRUW� ZDV� ILQDOL]HG���
7ZR� W\SHV� RI� SUHGLFWLRQ� PRGHOV�KLJKHU�
GHJUHH� FRPSOH[� SRO\QRPLDOV� �XVLQJ�
*0'+� WHFKQLTXH�� DQG� QRQ�OLQHDU� PRGHOV�
ZHUH� GHYHORSHG� IRU� WKH� FHQWUHV� 3DQWQDJDU�
�83��� 'HHVD� �*XMDUDW�� DQG� .DO\DQL�:%����
:HHN�ZLVH�PRGHOV�ZHUH�ILWWHG�EHWZHHQ�WKH�
DSKLG� SRSXODWLRQ� DQG� VXLWDEO\� LGHQWLILHG�
RQH���WZR�ZHHN�ODJJHG�ZHDWKHU�YDULDEOHV�±�
PD[LPXP� WHPSHUDWXUH�� PLQLPXP�
WHPSHUDWXUH�� PD[LPXP� UHODWLYH� KXPLGLW\��
PLQLPXP� UHODWLYH� KXPLGLW\� DQG� UDLQIDOO���
)LWWLQJ� DQG� YDOLGDWLRQ� UHVXOWV� RI� WKHVH�
PRGHOV� ZHUH� VDWLVIDFWRU\�� � 7KH� DSKLG�
SRSXODWLRQ� LQ� D� SDUWLFXODU� ZHHN� FDQ� EH�
SUHGLFWHG�E\�LQFRUSRUDWLQJ�WKH�YDOXHV�RI�WKH�
FRQFHUQHG� RQH� �� WZR� ZHHNV� ODJJHG� YDOXHV�
RI� WKH� YDULDEOHV� LQWR� WKH� ILWWHG� PRGHOV���
7KXV� WKH� VWXG\� UHYHDOV� WKDW� IRUHZDUQLQJ�
PD\�EH�LVVXHG�RQH���WZR�ZHHNV�LQ�DGYDQFH��
��
��� 'HYHORSPHQW� RI� HDUO\� ZDUQLQJ� DQG�

\LHOG� DVVHVVPHQW� PRGHOV� IRU� UDLQIHG�
FURSV� EDVHG� RQ� DJUR�PHWHRURORJLFDO�
LQGLFHV��

�
7KH�REMHFWLYHV�RI�WKH�SURMHFW�DUH��L��

WR� SUHSDUH� DJUR�PHWHRURORJLFDO� LQGLFHV� IRU�
HDUO\� ZDUQLQJ� DQG� \LHOG� DVVHVVPHQW� RI�
UDLQIHG�FURSV�� �LL�� WR�GHYHORS�PRGHOV�XVLQJ�
DJUR�PHWHRURORJLFDO� LQGLFHV� IRU� HDUO\�
ZDUQLQJ� DQG� \LHOG� DVVHVVPHQW�� DQG� �LLL�� WR�
YDOLGDWH�WKH�PRGHOV�DQG�SURYLGH�HDUO\��\LHOG��
DVVHVVPHQW��
�

)RUHFDVW� PRGHOV� ZHUH� GHYHORSHG�
IRU�5LFH� ��5DLSXU� �&KDWLVJDUK���6RUJKXP� ��
'HOKL� DQG� 3DUEKDQL� �0DKDUDVKWUD�� DQG�
0DL]H� ±� 'HOKL� XVLQJ� � ZHLJKWHG� � VWUHVV�
LQGLFHV��7KHVH� � �PRGHOV� SURYLGHG� IRUHFDVW��
VL[�ZHHNV�EHIRUH�KDUYHVW�IRU�VRUJKXP��IRXU�
ZHHNV� EHIRUH� KDUYHVW� IRU� PDL]H� DQG� ILYH�
ZHHNV�EHIRUH�KDUYHVW�IRU�ULFH���7KH�PRGHOV�
ZHUH�YDOLGDWHG�DQG�IRUHFDVWV�IRU�VXEVHTXHQW�
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\HDUV� �������� WR� �������� ZHUH� REWDLQHG���
2XW� RI� ��� FDVHV� FRPSDUHG� LQ� VHYHQ� FDVHV�
GHYLDWLRQV� RI� IRUHFDVW� IURP� REVHUYHG� \LHOG�
UDQJHG� EHWZHHQ� ��� WR� ����� LQ� IRXU� FDVHV�
GHYLDWLRQV� ZHUH� KLJK�� � +RZHYHU�� IRUHFDVWV�
IRU� UHFHQW� \HDUV� FRXOG� QRW� EH� FRPSDUHG� DV�
REVHUYHG� �� RIILFLDO� \LHOGV� DUH� VWLOO� WR� EH�
SXEOLVKHG�FDOFXODWHG���

�
��� )RUHFDVWLQJ� WKH� ORVV� LQ� \LHOG� GXH� WR�

ZHHGV��
�

7KH�REMHFWLYHV�RI�WKH�SURMHFW�DUH��L��
WR� LQYHVWLJDWH� WKH� LQWHQVLW\� DQG� � JURZWK��
SDWWHUQ� RI� GLIIHUHQW� ZHHGV�� �LL�� WR� ILQG� RXW�
WKH� UHODWLRQVKLS� EHWZHHQ� FURS� \LHOG� DQG�
ZHHG� SDUDPHWHUV�� � �LLL�� WR� GHYHORS�
PHWKRGRORJ\� IRU� IRUHFDVWLQJ� WKH� ORVV� LQ��
\LHOG�GXH�WR�ZHHGV��DQG��LY��WR�FRPSDUH�WKH�
HFRQRPLFV� RI� GLIIHUHQW� ZHHG� FRQWURO�
PHWKRGV��
�

7KH� H[SHULPHQWV� IRU� WKH� VHFRQG�
\HDU� RQ� WKH� � 6R\DEHDQ� DQG� ZKHDW� GXULQJ�
UHVSHFWLYH� VHDVRQ� RI� NKDULI� DQG� UDEL� ZHUH�
ODLG�RXW�DW�WKH�DJURQRP\�ILHOG�RI�,$5,��7KH�
REVHUYDWLRQV� ZHUH� UHFRUGHG� RQ� ZHHG�
FRXQWV�� GU\� PDWWHU� DFFXPXODWLRQ� DQG� OHDI�
DUHD� IRU� DOO� WKH� WUHDWPHQWV� DW� ZHHNO\�
LQWHUYDO� DIWHU� HPHUJHQFH� RI� ZHHGV�� � 7KH�
DFWXDO� \LHOG� RI� WKH� FURS�ZDV� DOVR� UHFRUGHG�
DW� KDUYHVW�� � 7KH� SDUW� RI� REVHUYDWLRQV�ZHUH�
UHFRUGHG� RQ� ZHHG� SDUDPHWHUV� DIWHU�
HPHUJHQFH� RI� � ZHHGV� � IRU� ZKHDW� FURS� LQ�
5DEL� VHDVRQ�� � 6WDWLVWLFDO� DQDO\VLV� � RI� ILUVW�
\HDU� GDWD� IRU� 6R\DEHDQ� FURS� KDV� EHHQ�
FDUULHG� RXW� DQG� IRU� ZKHDW� GDWD� LV� LQ�
SURJUHVV���
�
���� )RUHFDVWLQJ�ILVK�SURGXFWLRQ�IURP�
SRQGV�
�

7KH� REMHFWLYH� RI� WKH� SURMHFW� LV� WR�
GHYHORS� DSSURSULDWH� PHWKRGRORJ\� IRU�
IRUHFDVWLQJ�ILVK�SURGXFWLRQ�IURP�SRQGV�DQG�
WR� GHWHUPLQH� WKH� RSWLPXP� WLPH� RI�
IRUHFDVWLQJ��
��

7KH� VWXG\� FRQVLVWV� RI� WZR� SKDVHV���
,Q� WKH� ILUVW� SKDVH�� PHWKRGRORJ\�ZDV� WR� EH�
GHYHORSHG� IRU� FHPHQWHG� SRQGV�ZKHUHDV� LQ�
WKH�VHFRQG�SKDVH��PRGHOV�IRU�QDWXUDO�SRQGV�
DUH�WR�EH�DWWHPSWHG���7KH�ILUVW�SKDVH�RI�WKH�
VWXG\� KDV� EHHQ� FRPSOHWHG� EDVHG� RQ�
VHFRQGDU\� GDWD� FROOHFWHG� IURP� FHPHQWHG�
SRQGV� LQ� /XGKLDQD�� � /LQHDU� PXOWLSOH�

UHJUHVVLRQ�ZDV� ILWWHG� WDNLQJ� ILVK�ZHLJKW� DW�
KDUYHVW� DV� GHSHQGHQW� YDULDEOH� DQG� ILVK�
ZHLJKW�DW�VHYHQWK�PRQWK��GLVVROYHG�R[\JHQ��
IUHH� FDUERQGLR[LGH�� S+� YDOXH� DQG� ZDWHU�
WHPSHUDWXUH� DV� LQGHSHQGHQW� YDULDEOHV���
6WHSZLVH� UHJUHVVLRQ� ZDV� XVHG� WR� REWDLQ�
VLJQLILFDQW�YDULDEOHV�� �5HVXOWV�UHYHDOHG�WKDW�
QRQH�RI� WKH�YDULDEOHV�H[FHSW�ILVK�ZHLJKW�DW�
VHYHQWK�PRQWK�ZDV�VLJQLILFDQW���&RUUHODWLRQ�
DQDO\VLV�DOVR�FRQILUPHG�WKLV�IDFW���7KXV��XVH�
RI� LQSXWV� IRU� GHYHORSPHQW� RI� � IRUHFDVW�
PRGHOV� LV� QRW� IHDVLEOH� IRU� FHPHQWHG� SRQGV�
DQG� PRGHOV� GHYHORSHG� HDUOLHU� XVLQJ� ILVK�
ZHLJKW� GDWD� RQO\� �µ1RQ�OLQHDU� PRGHOV� IRU�
IRUHFDVWLQJ�ILVK�SURGXFWLRQ�IURP�SRQGV¶�E\�
:DOLD��6�6��HW�DO���,$65,�3XEOLFDWLRQ��������
FDQ� EH� � XVHG� IRU� FHPHQWHG� SRQGV���
+RZHYHU�� WKH� UHVXOWV� PD\� EH� GLIIHUHQW� IRU�
QDWXUDO� SRQGV�� )RU� WKH� VHFRQG� SKDVH�� � RQH�
VHW�RI�VHFRQGDU\�GDWD�FROOHFWHG�IURP�QDWXUDO�
SRQGV�KDV�EHHQ�UHFHLYHG���$QDO\VLV�RI�WKHVH�
GDWD�LV�LQ�SURJUHVV��
��
��� 6WXGLHV�RQ�ELRHFRORJ\�DQG�SRSXODWLRQ�

G\QDPLFV� RI� PDMRU� SHVWV� RI� PDQJR�
�KRSSHUV�� IUXLWIO\�� OHDI� ZHEEHU� DQG�
LQIORUHVFHQFH� PLGJH�� DQG� JXDYD�
�IUXLW�ERUHU��

�
7KH� REMHFWLYH� LV� WR� GHYHORS�

IRUHZDUQLQJ� V\VWHP� IRU� RXWEUHDN� RI��
IUXLWIO\�PDQJR�KRSSHU�LQ�PDQJR�FURS��
�
�� 7KH�PHWKRGRORJ\� IRU� GHYHORSPHQW�
RI�WKH�IRUHZDUQLQJ�V\VWHP�ZDV�ILQDOLVHG���,W�
LQFOXGHV� LGHQWLILFDWLRQ� RI� WKH� XQGHUO\LQJ�
ODZ�WKH�IUXLWIO\�IROORZV�LQ�QDWXUDO�ZD\�RI�LWV�
RZQ� DQG� HVWDEOLVKPHQW� RI� WKH� UHODWLRQVKLS�
EHWZHHQ� IUXLWIO\� SRSXODWLRQ� DGMXVWHG� IRU�
QDWXUDO� F\FOH� ZLWK� YDULRXV� UHOHYDQW� ODJ�
ZHDWKHU� YDULDEOHV� E\� ZD\� RI� ILWWLQJ�
DSSURSULDWH�PRGHOV�� �3URFHVVLQJ�RI�ZHHNO\�
GDWD� RQ� IUXLWIO\� SRSXODWLRQ� DQG�
FRUUHVSRQGLQJ� ZHDWKHU� SDUDPHWHUV� IRU� WKH�
SHULRG� � �������� WR� �������� � ZDV� LQ�
SURJUHVV���7KH�UDWLRQDO�IXQFWLRQ�RI�WKH�IRUP�
<� � �D�E[�� �� ���F[��G[���ZDV� IRXQG� WR�EH�
DSSURSULDWH� PRGHO� IRU� UHSUHVHQWLQJ� WKH�
QDWXUDO� F\FOH� RI� IUXLWIO\�� � 6HOHFWLRQ� RI�
UHOHYDQW� LQGHSHQGHQW�YDULDEOHV�IURP�D�ORQJ�
OLVW� RI� YDULRXV������� � ODJ�ZHDWKHU� YDULDEOHV�
DQG� ILWWLQJ� RI� VXLWDEOH� IXQFWLRQV� EHWZHHQ�
DGMXVWHG� IUXLWIO\� SRSXODWLRQ� DQG� HDFK�
VHOHFWHG� LQGHSHQGHQW� ZHDWKHU� YDULDEOH�
VHSDUDWHO\� LV� RYHU�� � 'HYHORSPHQW� RI� ILQDO�
PRGHO�XVLQJ�LQGLYLGXDO�IXQFWLRQV�LGHQWLILHG�
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����
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LV� LQ�SURJUHVV�� � ,W�KDV�DOVR�EHHQ�SODQQHG� WR�
DSSO\� DQ� DOWHUQDWLYH� DSSURDFK� WR� LGHQWLI\�
WKH� QDWXUDO� F\FOH� RI� IUXLWIO\� SRSXODWLRQ� E\�
XVLQJ� VRPH� WUDQVIRUPDWLRQ� DQG� WKHQ�
DFFRUGLQJO\�UHDGMXVWPHQW�RI� WKH�HQWLUH�GDWD�
ZLOO�EH� UHTXLUHG�� �7KH�VHOHFWLRQ�RI�VXLWDEOH�
WUDQVIRUPDWLRQ�LV�DOVR�LQ�SURJUHVV��
��
��� 'HYHORSPHQW� RI� � PRGHO� IRU�

IRUHZDUQLQJ� DERXW� LQIHVWDWLRQ� RI� WKH�
LQVHFWV�RI�SDGG\�FURS�

�
7KH� REMHFWLYH� RI� WKH� SURMHFW� LV� WR�

GHYHORS� PRGHO� IRU� IRUHZDUQLQJ� DERXW�
LQIHVWDWLRQ�RI�LQVHFWV�RI�SDGG\�FURS��
�

'DWD� ILOHV� KDYH� EHHQ� SUHSDUHG���
,GHQWLILFDWLRQ� RI� WLPH� VHULHV� FRPSRQHQWV�
VXFK� DV� WUHQG�� F\FOLF� SDWWHUQ�� VHDVRQDOLW\�
HWF��ZHUH�GRQH�E\�FRQVLGHULQJ�D�VLQJOH�SHVW�
RI�SDGG\�FURS���)RUHFDVWLQJ�PHWKRGV��ZKLFK�
XWLOL]H� EDVLF� WLPH� VHULHV� FRQFHSWV� OLNH�
PRYLQJ� DYHUDJHV�� GHFRPSRVLWLRQ��
VPRRWKLQJ� HWF�� KDYH� EHHQ� WULHG���
&RPSDULVRQV� RI� WKH� GLIIHUHQW� PHWKRGV� KDV�
EHHQ� GRQH� XVLQJ� GLIIHUHQW� DFFXUDF\�
PHDVXUHV�OLNH�PHDQ�DEVROXWH�SHU�FHQW�HUURU��
$&)�HWF���7KHVH�FRPSDULVRQV�UHYHDOHG�WKDW�
IRU� WKH� GDWD�� H[SRQHQWLDO� VPRRWKLQJ� FDPH�
RXW� WR� EH� EHWWHU� WKDQ� PRYLQJ� DYHUDJHV� IRU�
IRUHFDVWLQJ�SXUSRVHV��

�
���� (SLGHPLRORJ\� DQG� IRUHFDVWLQJ� WR�

SRZGHU\� PLOGHZ� DQG�
DQWKUDFQRVH��

�
7KH� REMHFWLYH� RI� WKH� SURMHFW� LV� WR�

GHYHORS� � � IRUHZDUQLQJ� WHFKQLTXHV� IRU�
LQFLGHQFH�RI�SRZGHU\�PLOGHZ�LQ�PDQJR��
�

/RJLVWLF� UHJUHVVLRQ� PRGHOV� KDYH�
EHHQ�GHYHORSHG�WR�GHVFULEH�WKH�UHODWLRQVKLS�
RI� ZHDWKHU� SDUDPHWHUV� XSRQ� HSLGHPLF�
VWDWXV� RI� SRZGHU\� PLOGHZ� LQ� PDQJR���
:HDWKHU� GDWD� LQ� .DNRUL� DQG� 0DOLKDEDG�
PDQJR� EHOW� RI� 8�3�� KDYH� EHHQ� XVHG� WR� ILW�
WKHVH� PRGHOV� DQG� YDOLGDWHG� XVLQJ� UHFHQW�

GDWD�� � 7KH� IRUHZDUQLQJ� V\VWHP� WKXV�
REWDLQHG� SURYHG� HIIHFWLYH� ZLWK� WKH� UHVXOWV�
REWDLQHG�FRPSDULQJ�ZHOO�ZLWK�WKH�REVHUYHG�
UHVSRQVHV���)XUWKHU�UHILQHPHQW�RI�WKH�PRGHO�
ZLOO�EH�WDNHQ�XS��
�
���� )RUHFDVWLQJ�VXJDUFDQH�\LHOGV�XVLQJ�

PXOWLSOH�PDUNRY�FKDLQV��
�

7KH�REMHFWLYHV�RI�WKH�SURMHFW�DUH��L��
WR� GHYHORS� PRGHOV� IRU� IRUHFDVWLQJ�
VXJDUFDQH� \LHOGV� EDVHG� RQ� KLJKHU� RUGHU�
0DUNRY� &KDLQV�� �LL�� WR� H[SORUH� WKH�
IHDVLELOLW\�RI�XVH�RI�GDWD�RI�PRUH� WKDQ�RQH�
SRLQW� RI� WLPH� WKURXJK� JURZWK� LQGLFHV� DQG�
SULQFLSDO� FRPSRQHQW� DQDO\VLV�� �LLL�� WR�
LQYHVWLJDWH� � WKH�XVDJH�RI� OXPSDEOH�0DUNRY�
FKDLQV� LQ� IRUHFDVW� PRGHOV�� �LY�� WR�
LQYHVWLJDWH� WKH� EHKDYLRXU� RI� WKH� SURSRVHG�
DQG�DOVR�WKH�H[LVWLQJ�PRGHOV�IRU�IRUHFDVWLQJ�
VXJDUFDQH�\LHOGV�DIWHU�LQFUHDVLQJ�WKH�VL]H�RI�
WKH� � EDVHOLQH� GDWD� VHW� WKURXJK� VLPXODWLRQ��
DQG� �Y�� WR� IRUHFDVW� WKH� VXJDUFDQH� \LHOGV�
IURP� WKH� GHYHORSHG� PRGHOV� DQG� FRPSDUH�
WKHP�ZLWK�WKRVH�REWDLQHG�IURP�WKH�H[LVWLQJ�
PHWKRGV��

�
7KH� SURMHFW� ZDV� LQLWLDWHG� LQ�

-DQXDU\���������7KH�UHYLHZ�RI�OLWHUDWXUH�KDV�
EHHQ� GRQH� DQG� GHYHORSPHQW� RI� FRPSXWHU�
SURJUDPV� IRU� REWDLQLQJ� WUDQVLWLRQ�
SUREDELOLW\�PDWULFHV� RI�0DUNRY� FKDLQV� KDV�
EHHQ� WDNHQ� XS�� � ([SORUDWLRQ� RI� GDWD� LV� LQ�
SURJUHVV����
�
� +LJKHU� RUGHU� 0DUNRY� FKDLQV� ZLOO�
EH� XWLOLVHG� WR� GHYHORS� PRGHOV� IRU�
IRUHFDVWLQJ� VXJDUFDQH� \LHOGV�� � 7KH� GDWD�
XSRQ� ELRPHWULFDO� FKDUDFWHUV� IRU� GLIIHUHQW�
VWDJHV� RI� FURS� JURZWK� ZLOO� EH� XVHG� WR�
FRQVWUXFW� JURZWK� LQGLFHV� DQG� SULQFLSDO�
FRPSRQHQWV�� � 'HYHORSPHQW� RI� OXPSDEOH�
PDUNRY� FKDLQ� PRGHOV� ZLOO� DOVR� EH� GRQH���
$OVR� WKH� EHKDYLRXU� RI� WKH� SURSRVHG�
PHWKRGV� ZLOO� EH� VWXGLHG� XSRQ� D� ODUJH�
GDWDEDVH�JHQHUDWHG�IURP�WKH�H[LVWLQJ�GDWD��
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0DQGDWH�

�

�
7KUXVW�$UHD�

�
7R�XQGHUWDNH�WKH�ZRUN�UHODWLQJ�WR�PRGHOV�IRU�
DJULFXOWXUDO� SODQQLQJ�� QRQ�OLQHDU� HFRQRPLF�
PRGHOV�� VWXG\� RI� WHFKQRORJLFDO� FKDQJH� DQG�
LWV�GLIIXVLRQ��VWXG\�RI�ULVN�DQG�XQFHUWDLQW\�LQ�
DJULFXOWXUH�DQG�DJULFXOWXUDO�GHYHORSPHQW�DQG�
SRYHUW\�DOOHYLDWLRQ��

•� 6WXG\�RI�7HFKQRORJLFDO�&KDQJH�� �5LVN�
DQG�8QFHUWDLQW\�LQ�$JULFXOWXUH��

•� 0RGHOOLQJ�IRU�$JULFXOWXUDO�3ODQQLQJ��

����
�
7KUXVW� DUHD�ZLVH� OLVW� RI� SURMHFWV� LQ�
RSHUDWLRQ� LV� JLYHQ� LQ� &KDSWHU� ���� � 7KH�
SURJUHVV�RI�WKH�SURMHFWV�LV�JLYHQ�EHORZ��
�
6WXG\�RI�7HFKQRORJLFDO� FKDQJH��ULVN�DQG�
8QFHUWDLQW\�LQ�DJULFXOWXUH�
�
��� $Q� (FRQRPHWULF� 6WXG\� RI�

7HFKQRORJLFDO� 'XDOLVP� LQ� (JJ��
3URGXFWLRQ�

�
7KH�REMHFWLYHV�RI�WKH�SURMHFW�DUH��L��

WR�VWXG\�WKH�H[WHQW�RI�WHFKQRORJLFDO�GXDOLVP�
DQG� WHFKQRORJLFDO� FKDQJH� LQ� HJJ�
SURGXFWLRQ�� �LL�� � WR� � VWXG\� � WKH� HIIHFW� RI�
WHFKQRORJLFDO� GXDOLVP�� �LLL�� WR� H[DPLQH�
HIIHFWV� RI� WHFKQRORJLFDO� FKDQJH� RQ�
IXQFWLRQDO�LQFRPH�GLVWULEXWLRQ���DQG��LY���WR�
H[DPLQH� DOORFDWLYH� HIILFLHQF\� XQGHU�
GLIIHUHQW�OHYHOV�RI�WHFKQRORJ\��
�

7KH� SURMHFW� ZDV� LQLWLDWHG� LQ�
2FWREHU� ����� DQG� LV� LQ� RSHUDWLRQ� LQ�
FROODERUDWLRQ� ZLWK� WKH� 'HSDUWPHQW� RI�
$QLPDO� +XVEDQGU\�� *RYW�� RI� 3XQMDE��
&KDQGLJDUK�� 0RJD� DQG� /XGKLDQD� GLVWULFWV�
KDYH� EHHQ� VHOHFWHG� IRU� GHWDLOHG�
LQYHVWLJDWLRQ�� �6FKHGXOHV� IRU�SULPDU\� �GDWD��
FROOHFWLRQ� KDYH� EHHQ� SUHSDUHG� DQG� WHVWHG���
)RUPDO�GLVFXVVLRQ�ZDV�FDUULHG�RXW�ZLWK�WKH�
VWDWH�*RYW�� RIILFLDOV� WR� VRUW�RXW�RSHUDWLRQDO�
GLIILFXOWLHV�
�
0RGHOOLQJ�IRU�$JULFXOWXUDO�3ODQQLQJ�
�
��� 6WXG\���RI�GHPDQG�IRU�DJULFXOWXUDO�

SURGXFWV� DQG� LWV� LPSOLFDWLRQ� IRU�
IRRG�VHFXULW\�LQ�,QGLD��

�
� 7KH�REMHFWLYHV�RI�WKH�SURMHFW�DUH��L��
WR� VWXG\� WKH� FRQVXPSWLRQ� SDWWHUQ� RI�
IRRGJUDLQV� LQ� UXUDO� DQG�XUEDQ� DUHDV�� �LL�� WR�
HVWLPDWH� GHPDQG� IXQFWLRQV� DQG� � HQJHO�

HODVWLFLW\�IRU�WKHVH�LWHPV���DQG��LLL��WR�VWXG\�
WKH�LPSOLFDWLRQV�IRU�FRQVXPSWLRQ�SDWWHUQ�RI�
SRRUHU� VHFWLRQ� RI� SRSXODWLRQ� IRU� IRRG�
VHFXULW\��
�
� 7KH�VWXG\�LQGLFDWHG�WKDW�GXULQJ�WKH�
\HDU� ������ LQ� UXUDO� DUHDV�� WKH� LQFRPH�
HODVWLFLW\�IRU�ULFH�IRU�WKH�FRXQWU\�DV�D�ZKROH�
ZDV� ������� � 7KH� LQFRPH� HODVWLFLW\� ZDV�
JUHDWHU� WKDQ� �� LQ� +LPDFKDO� 3UDGHVK� DQG�
-DPPX� DQG� .DVKPLU�� � 'XULQJ� �������� LQ�
UXUDO� DUHDV�� ZKHDW� KDG� VKRZQ� LQFRPH�
HODVWLF�GHPDQG�LQ�WKH�VWDWHV�RI�7DPLO�1DGX��
$QGKUD� 3UDGHVK�� .DUQDWDND�� .HUDOD� DQG�
2ULVVD�ZKLOH�LW�ZDV�LQHODVWLF�LQ�RWKHU�VWDWHV���
'XULQJ� WKH� VDPH� \HDU� LQ� XUEDQ� DUHD�� WKH�
YDOXHV�RI�HODVWLFLWLHV�IRU�ULFH�ZDV�VPDOOHU�LQ�
DOPRVW�DOO�VWDWHV�� �7KH�VWDWHV�RI�.HUDOD�DQG�
2ULVVD� KDG� HODVWLF� GHPDQG� SDWWHUQ� IRU�
SXOVHV�� 'XULQJ� WKH� \HDU� ��������� LQ� UXUDO�
DUHDV��PRVW� RI� WKH� ULFH� SURGXFLQJ� VWDWHV� RI�
8WWDU�3UDGHVK��%LKDU��2ULVVD��:HVW�%HQJDO��
7DPLO� 1DGX�� $QGKUD� 3UDGHVK� DQG� $VVDP�
KDG� ZLWQHVVHG� VPDOOHU� LQFRPH� HODVWLFLWLHV�
LQGLFDWLQJ� WKDW� WKLV� FRPPRGLW\� LV� D�
QHFHVVLW\� LQ� WKH� FRQVXPSWLRQ� EDVNHW� RI�
SHRSOH�LQ�WKHVH�VWDWHV���
� �

7KH� GHPDQG�� IRU� FHUHDOV� VXFK� DV�
ULFH�� ZKHDW�� MRZDU� EDMUD� DQG� PDL]H�� IRU�
KXPDQ� FRQVXPSWLRQ� DORQH� ZDV� SURMHFWHG���
7KHVH�FRPPRGLWLHV�ZRXOG�EH�GHPDQGHG�WR�
WKH� WXQH� RI� ������� PLOOLRQ� WRQQHV� DQG�
������� PLOOLRQ� WRQQHV� UHVSHFWLYHO\� IRU� WKH�
\HDU������DQG�������
� �
��� -DL�9LJ\DQ� 1DWLRQDO� 6FLHQFH� DQG�

7HFKQRORJ\� 0LVVLRQ� RQ� +RXVHKROG�
)RRG� DQG� 1XWULWLRQDO� 6HFXULW\� IRU�
7ULEDO��%DFNZDUG�DQG�+LOO\�$UHDV��

�
7KH� �2EMHFWLYHV� RI� WKH� SURMHFW� DUH�

�L�� WR�GRFXPHQW� VRFLR�HFRQRPLF�FRQGLWLRQV�
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DQG� IRRG� VHFXULW\� VWDWXV� RI� WKH� WDUJHWHG�
SRSXODWLRQ���LL��WR�DVVHVV�FRVW�RI�GLIIHUHQWLDO�
WHFKQRORJLFDO� LQWHUYHQWLRQV� LQ� YDULRXV�
WDUJHW� GRPDLQV�� � �LLL�� WR� LGHQWLI\� SRVVLEOH�
FRQVWUDLQWV� IRU� GLYHUVLILFDWLRQ� DQG� ZLGHU�
DGRSWLRQ� RI� LPSURYHG� OLIH� VXSSRUW� FURS�
VSHFLHV� DQG� DOOLHG� HQWHUSULVHV�� �LY�� WR�
TXDQWLI\� WKH�SRWHQWLDO�EHQHILWV�RI� LPSURYHG�
WHFKQRORJLHV�DQG�GLYHUVLILFDWLRQ�RQ�SRYHUW\�
DOOHYLDWLRQ�� IRRG� VHFXULW\�� LQFRPH� DQG�
VXVWDLQDELOLW\�RI�UHVRXUFH�EDVH�LQ�WKH�WDUJHW�
GRPDLQ�� � �Y�� WR� DVVHVV� LPSOLFDWLRQV� RI�
LPSURYHG� WHFKQRORJ\� LQWHUYHQWLRQV� RQ�
JHQGHU� UHODWHG� LVVXHV�� DQG� �YL�� WR� H[DPLQH�

UROH� RI� JRYHUQPHQW� LQWHUYHQWLRQ� WKURXJK�
RQ�JRLQJ�SURJUDPV� IRU�ZLGHU� DGRSWLRQ�DQG�
ODUJHU� LPSDFW� RI� LPSURYHG� WHFKQRORJLHV� LQ�
WULEDO��EDFNZDUG�DQG�KLOO\�DUHDV��
� �
� 7KH� SURMHFW� VWDUWHG� LQ� $SULO� �������
7KHUH� DUH� VL[� FRRSHUDWLQJ� FHQWUHV� DQG�
,$65,�LV�RQH�RI�WKHVH�FHQWUHV��7KH�ZRUN�IRU�
H[DPLQLQJ� WKH� VWDWXV� RI� DJULFXOWXUDO�
SURGXFWLRQ� DQG� IRRG� DQG� QXWULWLRQDO�
VHFXULW\� DW� KRXVHKROG� OHYHO� KDV� EHHQ�
XQGHUWDNHQ� LQ� $MPHU�� -RGKSXU� DQG�
%DQVZDUD�GLVWULFWV�RI�5DMDVWKDQ��

�
�
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�
7KUXVW�$UHDV�

�
7R� GHYHORS� GDWDEDVHV� DQG� LQIRUPDWLRQ�
V\VWHPV� IRU� DJULFXOWXUDO� UHVHDUFK�� WR�
FRQGXFW� SRVW�JUDGXDWH� WHDFKLQJ� DQG� DG�
KRF� WUDLQLQJ� FRXUVHV� LQ� FRPSXWHU�
DSSOLFDWLRQ�� � WR� SURYLGH� DGYLVRU\� DQG�
FRQVXOWDQF\� VHUYLFHV� LQ� HOHFWURQLF� GDWD�
SURFHVVLQJ�� DQG� WR� SURYLGH� FRPSXWHU�
VHUYLFHV�LQ�WKH�,QVWLWXWH�

•� 'HYHORSPHQW� RI� GDWDEDVHV� DQG�
LQIRUPDWLRQ� V\VWHP� IRU� 1DWLRQDO�
$JULFXOWXUDO�5HVHDUFK�6\VWHP��

•� &RQGXFW� 3RVW� �� *UDGXDWH� WHDFKLQJ� DQG�
DG�KRF� WUDLQLQJ� FRXUVHV� LQ� ,QIRUPDWLRQ�
7HFKQRORJ\��

�
�
�
�
,������'HYHORSPHQW�RI�GDWDEDVHV�DQG���
�������LQIRUPDWLRQ�V\VWHP�IRU�1DWLRQDO���
�������$JULFXOWXUDO�5HVHDUFK�6\VWHP�����
��������1$56��
�
�D�� 3URJUDP�XQGHU�1$73���
�
,QVWLWXWLRQDOL]DWLRQ� RI� 5HVHDUFK� 3ULRULW\�
6HWWLQJ�� 0RQLWRULQJ� DQG� (YDOXDWLRQ� DQG�
1HWZRUNLQJ�RI��6RFLDO�6FLHQWLVWV��
�

7KH�REMHFWLYHV�RI�WKH�SURMHFW�DUH��L��
WR� GHYHORSPHQW� RI�PRQLWRULQJ�PHFKDQLVP��
�LL�� � WR� GHYHORSPHQW� RI� PRQLWRULQJ�
LQGLFDWRUV�DW�GLIIHUHQW�RSHUDWLYH�OHYHOV���LLL���
WR�GHYHORSPHQW�RI�3URMHFW� ,QIRUPDWLRQ�DQG�
0DQDJHPHQW�6\VWHP��3,06��DQG�OLQNLQJ�LW�
ZLWK� ,QWHUQHW�� �LY�� WUDLQLQJ� DQG� ZRUNVKRSV�
RQ� PRQLWRULQJ� DQG� 3,06�� � DQG� �Y�� � WR�
HVWDEOLVKLQJ� QHWZRUN� RI� DJULFXOWXUDO�
VWDWLVWLFLDQV�DQG�HFRQRPLVWV��
�

7KH� GHYHORSPHQW� RI� VWDQGDORQH�
YHUVLRQ� RI�3,06�KDV� EHHQ� FRPSOHWHG��7KH�
V\VWHP
V� WHVWLQJ� DQG� GHEXJJLQJ� ZDV� GRQH�
ZLWK� WKH� UHDO� SURMHFW� GDWD� RI� WKH� ,UULJDWHG�
$JUR�(FR�6\VWHP��7KH�VRIWZDUH�SDFNDJH�LV�
DYDLODEOH� RQ� D� &'� DORQJ� ZLWK� D� XVHUV�
UHIHUHQFH� PDQXDO�� � )RU� LPSOHPHQWDWLRQ� RI�
3,06�� RQVLWH�WUDLQLQJ� ZRUNVKRSV� ZHUH�
RUJDQLVHG�E\�WKH�VFLHQWLVWV�RI�,$65,�DW� WKH�
$JUR�(FR�6\VWHP� GLUHFWRUDWHV� DQG�
SURGXFWLRQ� V\VWHP� OHYHO� VFLHQWLVW� RIILFHV��
3,06� ZDV� LQVWDOOHG� LQ� WKHLU� UHVSHFWLYH�
ORFDWLRQV� IRU� GDWD� HQWU\� RI� WKH� SURMHFWV��
3,06�VRIWZDUH�SDFNDJH�RQ�&'¶V�ZDV�PDGH�
DYDLODEOH� WR� HDFK� FHQWHU�� 1HFHVVDU\�
WHFKQLFDO� VXSSRUW� ZDV� SURYLGHG� IRU� WKH�
TXHULHV� DQG� SUREOHPV� IDFHG� DW� GLIIHUHQW�
FHQWHUV� LQ� HQWHULQJ� WKHLU� SURMHFW
V� GDWD� LQ�

3,06�� 3,061(7�� WKH� RQOLQH� YHUVLRQ� RI�
3,06� LV� XQGHU� GHYHORSPHQW�� 7KH�
IXUQLVKLQJ� RI� WKH� 1$73� ODERUDWRU\� KDV�
EHHQ�FRPSOHWHG���
�
3URJUDP� XQGHU� &HQWUH� RI� $GYDQFHG�
6WXGLHV� LQ� $JULFXOWXUDO� 6WDWLVWLFV� DQG�
&RPSXWHU�$SSOLFDWLRQV�
�
1DWLRQDO� ,QIRUPDWLRQ� 6\VWHP� RQ�
$JULFXOWXUDO� (GXFDWLRQ� RQ� ,QWHUQHW�
�1,6$*(1(7��
�

.HHSLQJ� LQ� YLHZ� WKH� LPPHQVH�
SRWHQWLDO� RI� ,QWHUQHW� LQ� WUDQVIHU� RI�
,QIRUPDWLRQ� 7HFKQRORJ\�� WKH� 1,6$*(� RQ�
,17(51(7�� WKDW� LV� WKH�ZHE�EDVHG� RQ�OLQH�
GDWDEDVHV� IRU�1DWLRQDO� ,QIRUPDWLRQ�6\VWHP�
RQ� $JULFXOWXUDO� (GXFDWLRQ� LQ� ,QGLD�� KDV�
EHHQ�GHVLJQHG�DQG�LV�EHLQJ�GHYHORSHG��
�

7KH� ,$65,� �,&$5�� KDG� WDNHQ� XS�
OHDG� WR� GHYHORS� D� ZHE� EDVHG� RQ�OLQH�
LQIRUPDWLRQ� V\VWHP� IRU� 1DWLRQDO�
,QIRUPDWLRQ� 6\VWHP� RQ� $JULFXOWXUDO�
(GXFDWLRQ� LQ� ,QGLD�ZLWK� WKH�XVXDO� IDFLOLWLHV�
RI�XSGDWLQJ�� UHWULHYDO� DQG�GLVVHPLQDWLRQ�RI�
LQIRUPDWLRQ� DW� WKH� QDWLRQDO� OHYHO�� 7KH�
V\VWHP� ZLOO� EH� FDSDEOH� RI� PDLQWDLQLQJ� DQ�
XS�WR��DJULFXOWXUDO�HGXFDWLRQ�GDWD�EDQN�DQG�
SURYLGLQJ� DQVZHUV� WR� DVVHVVPHQW� RI�
DJULFXOWXUDO� HGXFDWLRQ� UHODWHG� TXHULHV�
FRYHULQJ� DOO� LPSRUWDQW� DVSHFWV� OLNH�
FKDUDFWHULVWLFV� RI� DJULFXOWXUDO�
XQLYHUVLWLHV�LQVWLWXWLRQV�� FROOHJHV� XQGHU�
GLIIHUHQW�XQLYHUVLWLHV��WHDFKLQJ�SURJUDPPHV�
RIIHUHG��LQIUDVWUXFWXUH�IDFLOLWLHV�DYDLODEOH�LQ�
GLIIHUHQW� XQLYHUVLWLHV�� PDQSRZHU� LQ�
DJULFXOWXUDO� XQLYHUVLWLHV� OLNH� FDGUH�ZLVH�
PDQSRZHU�� IXQFWLRQ�ZLVH� PDQSRZHU�
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����
�

GLVWULEXWLRQ�� VH[�ZLVH� DQG� JUDGH�ZLVH�
GLVWULEXWLRQ� RI� IDFXOW\� DQG� 5	'�
LQIRUPDWLRQ� OLNH� XQLYHUVLW\� UHVHDUFK�
IXQGLQJ�� � XQLYHUVLW\�ZLVH� GLVWULEXWLRQ� RI�
SURMHFWV�� � WHFKQRORJLHV� GHYHORSHG�� � 6$8V�
DFKLHYHPHQWV���6$8V�SXEOLFDWLRQV�HWF���
�
1,6$*(1(7� KDV� EHHQ� GHVLJQHG� DQG� LV�
EHLQJ� GHYHORSHG� LQ� VL[� PRGXOHV� WKDW�
FRQWDLQ�LQIRUPDWLRQ�RQ��
�

•� $FDGHPLF� ,QIRUPDWLRQ� RI� WKH�
8QLYHUVLWLHV�

•� ,QIUDVWUXFWXUH�IDFLOLWLHV�DYDLODEOH�
•� %XGJHW�,QIRUPDWLRQ�
•� 0DQSRZHU�RI�WKH�8QLYHUVLWLHV�
•� 3HUVRQDO�,QIRUPDWLRQ�RI�WKH�IDFXOW\�

PHPEHUV�
•� $FKLHYHPHQWV� DQG� KLJKOLJKWV�

�5	'��
�

$V� D� ILUVW� UHSRUW� SXEOLFDWLRQ� IURP�
1,6$*(�� WKH� GLUHFWRU\� RI� $JULFXOWXUDO�
8QLYHUVLWLHV� ZDV� SXEOLVKHG� DQG� ZDV�
UHOHDVHG� E\� WKH�0LQLVWHU� RI� $JULFXOWXUH� DW�
WKH� LQDXJXUDO� VHVVLRQ� RI� WKH� 9LFH�
&KDQFHOORU¶V�&RQIHUHQFH�DQG�([KLELWLRQ�RQ�
µ$JULFXOWXUDO� (GXFDWLRQ� LQ� WKH� QH[W�
PLOOHQQLXP¶� KHOG� GXULQJ� �����WK�
6HSWHPEHU�� ����� LQ� WKH�$XGLWRULXP� RI� WKH�
1%3*5�� 1HZ� 'HOKL�� 7KH� FDSDELOLWLHV� RI�
1,6$*(� ZHUH� DOVR� SUHVHQWHG� DQG�
GLVFXVVHG�LQ�WKH�FRQIHUHQFH��
�

$� UHIHUHQFH� 0DQXDO� RQ� 1DWLRQDO�
,QIRUPDWLRQ� 6\VWHP� RQ� $JULFXOWXUDO�
(GXFDWLRQ� �1,6$*(�� ZHUH� FRPSLOHG� IRU�
HIIHFWLYH� LPSOHPHQWDWLRQ� RI� WKH� VRIWZDUH�
SDFNDJH� LQ� 6WDWH� $JULFXOWXUDO� 8QLYHUVLWLHV�
IRU�WLPHO\��XSGDWLRQ��TXHULHV�DQG�UHSRUWLQJ��
�

7KH�1,6$*(1(7�ZLOO�EH�XVHIXO�WR�
DFDGHPLFLDQV�� SODQQHUV�� SROLF\� PDNHUV��
VFLHQWLVWV� DQG� WHFKQRORJLVWV�� VWXGHQWV� IRU�
XQGHUJRLQJ�KLJKHU�HGXFDWLRQ�LQ�DJULFXOWXUH��
DQG� RWKHU� UHODWHG� LQGLYLGXDOV� DQG�
LQVWLWXWLRQV��
�
,QWHU�,QVWLWXWLRQDO�3URMHFW�
�
�L��1HWZRUN�RI�6RFLDO�6FLHQWLVWV�

�
/HDG� ,QVWLWXWH�� 1DWLRQDO� &HQWUH� IRU�
$JULFXOWXUDO� (FRQRPLFV� DQG� 3ROLF\�
5HVHDUFK��1HZ�'HOKL�
�

7KH� LPPHGLDWH� REMHFWLYHV� RI� WKH� SURMHFW�
DUH��
�� 7R�GHVLJQ�D�IUDPHZRUN�IRU�QHWZRUNLQJ�

RI�VRFLDO�VFLHQWLVWV��
�� 7R� GHVLJQ� DQG� GHYHORS� D� GDWDEDVH� RI�

VRFLDO�VFLHQWLVWV�LQ�,&$5�DQG�6$8V��
�� 7R� LPSOHPHQW� WKH� GHVLJQ� XVLQJ� � WKH�

,QWHUQHW�WHFKQRORJLHV�
�� 7R� GHVLJQ� XVHU� LQWHUIDFH� DQG� � IUDPH�

ZRUN�IRU�WKH�ZHEVLWH��
�� 7R�GHYHORS�WKH�ZHEVLWH��
�� 7R� ODXQFK� WKH� ZHEVLWH� RQ� WKH�

,17(51(7�IRU�:::�
�
7KH�ORQJ�WHUP�REMHFWLYHV�RI�WKH�SURMHFW�DUH��
�
�� 7R� XVH� ,QWHUQHW� 7HFKQRORJLHV� IRU�

VWUHQJWKHQLQJ� VRFLDO� VFLHQFH� UHVHDUFK�
SDUWLFXODUO\�$JULFXOWXUDO�(FRQRPLFV��

�
�� 7R� LPSURYH� WKH� VFLHQWLILF� SURGXFWLYLW\�

RI� WKH� 6RFLDO� 6FLHQWLVWV� E\� LGHQWLI\LQJ�
WKHLU�SUREOHPV�DQG�FRQVWUDLQWV��

�
3URJUHVV��
�
�� :HEVLWH� IRU� QHWZRUNLQJ� RI� HFRQRPLVW�

ODXQFKHG�DW�1,&��
�� 6LWH� LV� DYDLODEOH� XQGHU� DGGUHVV� ��

KWWS���DJULHFRQHW�QLF�LQ��
�
�LL�� 1$73� 3URMHFW� ³'HYHORSPHQW� RI�

3HVWLFLGH� 5HVLGXH� )UHH� ,30�
3DFNDJH� IRU� 6RPH� 0DMRU�
9HJHWDEOHV´��

�
/HDG� ,QVWLWXWH�� � � � ,QGLDQ� ,QVWLWXWH� RI�
+RUWLFXOWXUH��%DQJDORUH�
�
7KH�REMHFWLYHV�RI�WKH�SURMHFW�DUH��
�
�� 7R�GHYHORS�,30�SDFNDJHV�ZLWK�DOUHDG\�

DYDLODEOH� LQIRUPDWLRQ� RI� LQVHFW� DQG�
GLVHDVH� PDQDJHPHQW� IRU� UHVLGXH� IUHH�
SURGXFH� LQ� FKLOOLHV�� WRPDWRHV� DQG�
FDEEDJHV���

�
�� 7R� FRQGXFW� UHVHDUFK� DJDLQVW� JDSV�

LGHQWLILHG� LQ� WKH� ,30� IRU� PDMRU� SHVWV�
DQG� GLVHDVHV� RI� FKLOOL�� WRPDWR� DQG�
FDEEDJH��

�
�� 5HILQHPHQW� RI� WKH� ,30V� E\�

LQFRUSRUDWLQJ�UHVXOWV�RI�WKH�JDS�VWXGLHV��
�



�

����
���

�� (YDOXDWLRQ� RI� WKH� ,30� SDFNDJHV� LQ�
GLIIHUHQW�ORFDWLRQV�DQG�KRW�VSRWV��

�
�� 'HYHORSLQJ� PXOWLPHGLD� SDFNDJHV� DQG�

SRSXODUL]DWLRQ� RI� WKH� DERYH� SDFNDJHV�
WKURXJK�H[WHQVLRQ�PHWKRGV���

�
3URJUHVV��
�

7KH�GDWD�DQDO\VHV�RI�WKH�SURMHFW�IRU�
����������ZDV�XQGHUWDNHQ�DQG�D�SURWRW\SH�
RI�DQ�LQIRUPDWLRQ�V\VWHP�IRU�,30�KDV�EHHQ�
GHYHORSHG��
�
,,����&RQGXFWLQJ�3RVW�*UDGXDWH��
�������WHDFKLQJ�DQG�DG�KRF�WUDLQLQJ��
�������FRXUVHV�LQ�,QIRUPDWLRQ���
�������7HFKQRORJ\�
�
�D�� 7HDFKLQJ� � DQG� *XLGDQFH� LQ� WKH� 3*�
3URJUDPPH�LQ�&RPSXWHU�$SSOLFDWLRQV�

�
7KLUG� 7ULPHVWHU� FRXUVHV� IRU� WKH�

\HDU� ���������� DQG� �VW� DQG� �QG� � 7ULPHVWHU�
FRXUVHV� IRU� WKH� \HDU� ���������� IRU�
0�6F��&RPSXWHU� $SSOLFDWLRQV�� ZHUH�
RIIHUHG��7KHVH�ZHUH�DWWHQGHG�E\�VWXGHQWV�RI�
0�6F��&$�� DQG� 3K�'�� 0�6F�� VWXGHQWV� RI�
3�*�� 6FKRRO� ,$5,�� � 6HYHQ� VWXGHQWV�
FRPSOHWHG� WKHLU� 0�6F�� SURJUDPPH� GXULQJ�
�����������
�
�E���� �$G�KRF�7UDLQLQJ�3URJUDPPHV�
�
7KH� GLYLVLRQ� RUJDQLVHG� RQH� WUDLQLQJ�
SURJUDPPH� XQGHU� &HQWUH� RI� $GYDQFHG�
6WXGLHV�� RQH� IRU� 3,06� IRU� LWV� LPPHGLDWH�
LPSOHPHQWDWLRQ� DQG� ��� WUDLQLQJ� SURJUDPV�
XQGHU� WKH�5HYROYLQJ�)XQG�6FKHPH�� � ,Q� DOO�
�����SDUWLFLSDQWV�IURP�,&$5�,QVWLWXWHV�DQG�
YDULRXV� 6$8¶V� DWWHQGHG� WKH� FRXUVHV�� 7KH�
FRXUVHV� LQFOXGH� :LQGRZV� ���� 06�2IILFH��
06�3URMHFW�� 6WDWLVWLFDO� 3DFNDJHV� 6$6��
6366�� *(167$7� DQG� 63$5��� ,QWHUQHW��
(PDLO�� 9LVXDO� %DVLF� 3URJUDPPLQJ�� :HE�
3DJH� 'HVLJQLQJ� DQG� 2EMHFW� 2ULHQWHG�
3URJUDPPLQJ�HWF���
�
,,,�� $GYLVRU\�DQG�FRQVXOWDQF\��

��������VHUYLFHV�LQ�GDWD�SURFHVVLQJ�
�
�D�� &RQVXOWDQF\�LQ�$JULFXOWXUDO���

����������������5HVHDUFK�'DWD�3URFHVVLQJ�
�
(OHYHQ� 0�6F��3K�'��UHVHDUFK� ZRUNHUV�
ZHUH� SURYLGHG� KHOS� LQ� GDWD� SURFHVVLQJ�

DQG� LQWHUSUHWDWLRQ� RI� UHVXOWV� DV� SHU�
GHWDLOV��JLYHQ�EHORZ���
�
��� 6K��$PLW�.XPDU� �� -�9�&ROOHJH��%DUDXW�

�0HHUXW��
��� 6K�� 6KDLOHQGHU� .XPDU� �� -�9�&ROOHJH��

%DUDXW��0HHUXW��
��� 6K�� � $MD\� 3DQMJRWUD�� -�9�&ROOHJH��

%DUDXW��0HHUXW��
��� 6K�� 6KLY� .XPDU�� -�9�&ROOHJH�� %DUDXW�

�0HHUXW��
��� 6K�� $PLW� .XPDU�� -�9�&ROOHJH�� %DUDXW�

�0HHUXW��
��� 6K��6�.�3DQGH\��&6$8��.DQSXU�
��� 6K��0DOLN�)DURRT���%DQJORUH�
��� 6K��6XQGHHS�.XPDU��$OODKDEDG�
��� 'U�� 3UHHWL�0HGLUHWWD�� � &ROOHJH� RI� 9HW��

6FL��	�$�+���0KRZ��
����'U�� 3�1�6KULYDVWDYD�� &ROOHJH� RI� 9HW��

6FL��	�$�+���-DEDOSXU�
����'U��5�1�6DKRR��&ROOHJH�RI�9HW��6FL��	�

$�+���-DEDOSXU�
�
,9�� &RPSXWHU�6HUYLFHV��
�
�D�� 6HOHFWLYH� 'LVVHPLQDWLRQ� RI�

,QIRUPDWLRQ��
�
%LRLQIRUPDWLFV�&HQWUH�SURYLGHG�VHUYLFHV�WR�
6FLHQWLVWV� LQ� WKH�1$56� LQ� WHUPV� VHDUFKLQJ�
IURP�WKH�ELEOLRJUDSKLF�GDWDEDVHV�DQG�WR�WKH�
VFLHQWLVWV� RI� WKH� ,QVWLWXWH� IRU� FRORXU� RXWSXW�
RI� FHUWLILFDWHV�� FRYHU� SDJHV� DQG� ODVHU� RXW�
SXWV� IRU� YDULRXV� GRFXPHQWV�� ,W� UHFHLYHG� ��
UHTXHVWV�IURP�RWKHU� LQVWLWXWHV�RI�,&$5�DQG�
RXWSXW�RI��������DEVWUDFWV�ZHUH�SURYLGHG�WR�
WKHP��
�
�E��� 'DWD�(QWU\�
�
3HUVRQDO� &RPSXWHUV� LQ� WKH� GLYLVLRQ� ZHUH�
XVHG�WR�SUHSDUH�GDWD�UHFRUGV�RQ�IORSSLHV�DV�
XQGHU���
�

7RWDO�MREV� ���
7RWDO�UHFRUGV�FUHDWHG� ������

�
�F�� ����1HZ�&RPSXWLQJ�)DFLOLWLHV���
�����������3URYLGHG�LQ�WKH�,QVWLWXWH�
�
�L�� ���3XUFKDVH�RI�&RPSXWHUV��

�����+DUGZDUH�DQG�RWKHU�3HULSKHUDOV��
�
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.HHSLQJ� H\H� RQ� WKH� WHFKQRORJLFDO�
GHYHORSPHQWV� LQ� WKH� ,7� ILHOG�� LW� ZDV�
QHFHVVDU\� WR� XSJUDGH�UHSODFH� WKH� H[LVWLQJ�
FRPSXWHU�KDUGZDUH�DQG�DOVR�SXUFKDVH�QHZ�
FRPSXWHUV�� $FFRUGLQJO\� WKH� IROORZLQJ�
FRPSXWHU� KDUGZDUH� DQG� UHODWHG� HTXLSPHQW�
KDV�EHHQ�SURFXUHG�DQG�LQVWDOOHG���
�
(TXLSPHQW� 4W\��
3HQWLXP� :RUN�
6WDWLRQ�

��

3HQWLXP�3&� ��
836� ��

��
�LL��� 6RIWZDUH�3DFNDJHV�
�

)HZ� QHZ� VRIWZDUH� SDFNDJHV� ZHUH�
SXUFKDVHG� LQ� WKLV� \HDU�� 7KHVH� QHZ�
SDFNDJHV�DUH�QHFHVVDU\�VR�DV�WR�NHHS�SDFH�
ZLWK�QHZ��HPHUJLQJ�WHFKQRORJLHV���

�
�D�� (�YLHZ��
�E�� $NVKDU�8SJUDGH�
�F�� 06�%DFN�2IILFH�
�G�� 06�2IILFH�
�H�� 6$6�8SJUDGH�

�
�LLL�� 1$73�/DERUDWRU\�
�
$Q� 1$73� /DERUDWRU\� KDV� EHHQ� VHW� XS� LQ�
5RRP�1R�������&RPSXWHU�&HQWUH�%XLOGLQJ�
ZLWK�D�FDELQ�IRU�1$73�&HOO�DQG�IDFLOLW\�IRU�
���XVHUV��
�
7UDLQLQJ� &RQGXFWHG� XQGHU� WKH�
5HYROYLQJ�)XQG�6FKHPH��5)6���
�
6KRUW� 7HUP� 7UDLQLQJ� 3URJUDPV� ,Q��
,QIRUPDWLRQ�7HFKQRORJ\�
�

,Q�YLHZ�RI�WKH�PDQGDWH�RI�GLYLVLRQ�
WR� FRQGXFW� WUDLQLQJ� LQ� WKH� DUHD� RI�
LQIRUPDWLRQ� WHFKQRORJ\� IRU� KXPDQ�
UHVRXUFHV� GHYHORSPHQW�� WKLV� SURMHFW� KDV�
EHHQ�WDNHQ�ZLWK�WKH�IROORZLQJ�REMHFWLYHV��

�
L�� 7R� WUDLQ� PDQSRZHU� LQ� WKH� ILHOG� RI�

,QIRUPDWLRQ�7HFKQRORJ\��
LL�� 7R� H[SRVH� WKH� 6FLHQWLVWV� RI�1$56� WR�

ODWHVW� GHYHORSPHQWV� LQ� ,QIRUPDWLRQ�
WHFKQRORJ\��

�
��� WUDLQLQJ� SURJUDPPHV� ZHUH�

RUJDQLVHG�RQ�06�2IILFH����,���06�2IILFH�
��� �,,��� :HE� 3URJUDPPLQJ� 	� ,QWHUQHW�
7HFKQRORJLHV�� 5HODWLRQ� 'DWDEDVH�

0DQDJHPHQW�6\VWHP��	�$FFHVV�����2EMHFW�
2ULHQWHG� 3URJUDPPLQJ� XVLQJ� &���� 6366��
-DYD� 3URJUDPPLQJ�� 9LVXDO� %DVLF�� :HE�
'HVLJQLQJ� DQG�%XLOGLQJ�0,6� XVLQJ�9LVXDO�
%DVLF� GXULQJ� WKH�\HDU� ���������� LQ�ZKLFK�
���� SDUWLFLSDQWV�ZHUH� WUDLQHG�� �7KH� GHWDLOV�
RI� WKHVH� WUDLQLQJ� SURJUDPPHV� DUH� DV�
IROORZV��
�
��� �� 06�2IILFH������,��� IURP� ������� WR�

������� IRU� RIILFLDOV� RI� ,&$5� ,QVWLWXWHV�
ZDV� FRQGXFWHG� XQGHU� 5HYROYLQJ� )XQG�
6FKHPH�� 6HYHQ� SDUWLFLSDQWV� DWWHQGHG�
WKH� WUDLQLQJ� SURJUDPPH�� 7KH� WRSLFV�
LQFOXGHG� ZHUH� :LQGRZV� ���� 06�
:25'��06�3RZHU3RLQW�DQG�(�PDLO��

�
��� ��06�2IILFH������,,���IURP���������WR�

�������� IRU� � RIILFLDOV� RI� ,&$5�
,QVWLWXWHV� ZDV� FRQGXFWHG� XQGHU�
5HYROYLQJ� )XQG� 6FKHPH�� 1LQH�
SDUWLFLSDQWV� DWWHQGHG� WKH� WUDLQLQJ�
SURJUDPPH�� 7KH� WRSLFV� LQFOXGHG� ZHUH�
:LQGRZV� ���� 06�([FHO�� 06�$FFHVV�
DQG�(�PDLO��

�
��� ³%DVLF� &RPSXWHU� &RQFHSWV� 	�

2SHUDWLQJ�6\VWHPV´�IURP��������WR����
����� IRU� � RIILFLDOV� RI� ,&$5� ,QVWLWXWHV�
ZDV� FRQGXFWHG� XQGHU� 5HYROYLQJ� )XQG�
6FKHPH�� 6L[� SDUWLFLSDQWV� DWWHQGHG� WKH�
WUDLQLQJ�SURJUDPPH��

�
��� ³7UDLQLQJ�SURJUDPPH�RQ�9LVXDO�%DVLF´�

IURP���������WR��������IRU��RIILFLDOV�RI�
,&$5� ,QVWLWXWHV� ZDV� FRQGXFWHG� XQGHU�
5HYROYLQJ� )XQG� 6FKHPH�� (LJKW�
SDUWLFLSDQWV� DWWHQGHG� WKH� WUDLQLQJ�
SURJUDPPH�� 7KH� WRSLFV� LQFOXGHG� ZHUH�
9LVXDO� %DVLF� 3URJUDPPLQJ�� 9LVXDO�
%DVLF� ,'(�� 9LVXDO� %DVLF� /DQJXDJH�
'LUHFWLYHV�� 9LVXDO� %DVLF� 2EMHFWV� DQG�
&RQWUROV��'DWDEDVH�$FFHVV�2EMHFWV�DQG�
$FWLYH�;�&RPSRQHQWV��

�
��� �³:HE� 3URJUDPPLQJ� 	� ,QWHUQHW�

7HFKQRORJLHV´� IURP� �������� WR� �������
IRU� RIILFLDOV� RI� ,&$5� ,QVWLWXWHV� ZDV�
FRQGXFWHG� XQGHU� 5HYROYLQJ� )XQG�
6FKHPH�� 1LQWHHQ� SDUWLFLSDQWV� DWWHQGHG�
WKH� WUDLQLQJ� SURJUDPPH�� 7KH� WRSLFV�
LQFOXGHG� ZHUH� FRQFHSWV� RI� ,QWHUQHW��
,QWUDQHW�� ([WUDQHW�� ,QWHUQHW� ([SORUHU�
DQG� 1HWVFDSH� 1DYLJDWRU�� +70/� DQG�
9%� VFULSWV�� $FWLYH� ;� FRQWURO� 3DG� DQG�
$FWLYH�6HUYHU�3DJHV�HWF��



�

����
���

��
��� �� %XLOGLQJ�0,6� XVLQJ� 9LVXDO� %DVLF� 	�

$FFHVV�� IURP� �������� WR� �������� IRU�
RIILFLDOV� RI� ,&$5� ,QVWLWXWHV� ZDV�
FRQGXFWHG� XQGHU� 5HYROYLQJ� )XQG�
6FKHPH�� 7KUHH� SDUWLFLSDQWV� DWWHQGHG�
WKH�WUDLQLQJ�SURJUDPPH��

�
��� ��06�2IILFH������,��� IURP� �������� WR�

������� IRU� RIILFLDOV� RI� ,&$5� ,QVWLWXWHV�
ZDV� FRQGXFWHG� XQGHU� 5HYROYLQJ� )XQG�
6FKHPH�� 7ZHQW\� )LYH� SDUWLFLSDQWV�
DWWHQGHG� WKH� WUDLQLQJ� SURJUDPPH�� 7KH�
WRSLFV�LQFOXGHG�ZHUH�:LQGRZV�����06�
:25'��06�3RZHU3RLQW�DQG�(�PDLO��

�
��� �� 06�2IILFH������,,��� IURP� ������� WR�

�������� IRU� � RIILFLDOV� RI� ,&$5�
,QVWLWXWHV� ZDV� FRQGXFWHG� XQGHU�
5HYROYLQJ� )XQG� 6FKHPH�� )LYH�
SDUWLFLSDQWV� DWWHQGHG� WKH� WUDLQLQJ�
SURJUDPPH�� 7KH� WRSLFV� LQFOXGHG� ZHUH�
:LQGRZV� ���� 06�([FHO�� 06�$FFHVV�
DQG�(�PDLO��

��� �6366�� IURP� �������� WR� �������� IRU�
RIILFLDOV� RI� ,&$5� ,QVWLWXWHV� ZDV�
FRQGXFWHG� XQGHU� 5HYROYLQJ� )XQG�
6FKHPH�� 6L[� SDUWLFLSDQWV� DWWHQGHG� WKH�
WUDLQLQJ�SURJUDPPH��

�
������ :HE� 3URJUDPPLQJ� DQG� ,QWHUQHW�

7HFKQRORJLHV� �� IURP����������� WR� ���
��������IRU�RIILFLDOV�RI�,&$5�,QVWLWXWHV�
ZDV� FRQGXFWHG� XQGHU� 5HYROYLQJ� )XQG�
6FKHPH�� 6L[� SDUWLFLSDQWV� DWWHQGHG� WKH�
WUDLQLQJ�SURJUDPPH��

�
������5'%06�	�06�$FFHVV��IURP�������

����� WR� ���������� IRU� RIILFLDOV� RI�
,&$5� ,QVWLWXWHV� ZDV� FRQGXFWHG� XQGHU�
5HYROYLQJ� )XQG� 6FKHPH�� )RXU�
SDUWLFLSDQWV� DWWHQGHG� WKH� WUDLQLQJ�
SURJUDPPH���

�
�����06�2IILFH������,����IURP����������WR�

��������� IRU� � RIILFLDOV� RI� ,&$5�
,QVWLWXWHV� ZDV� FRQGXFWHG� XQGHU�
5HYROYLQJ� )XQG� 6FKHPH�� )LYH�
SDUWLFLSDQWV� DWWHQGHG� WKH� WUDLQLQJ�
SURJUDPPH�� 7KH� WRSLFV� LQFOXGHG� ZHUH�
:LQGRZV� ���� 06�([FHO�� 06�$FFHVV�
DQG�(�PDLO��

�
�����06�2IILFH������ �,�� 	� �,,��� IURP� ���

������ WR� ��������� IRU� � RIILFLDOV� RI�
,&$5�,QVWLWXWHV�ZDV�FRQGXFWHG�XQGHU��

�
5HYROYLQJ� )XQG� 6FKHPH�� 7ZHQW\� RQH�
SDUWLFLSDQWV� DWWHQGHG� WKH� WUDLQLQJ�
SURJUDPPH�� 7KH� WRSLFV� LQFOXGHG� ZHUH�
:LQGRZV� ���� 06�:RUG�� 06�([FHO��
06�$FFHVV�DQG�(�PDLO��
�

�����-DYD� 3URJUDPPLQJ�� IURP� �������� WR�
��������� IRU� RIILFLDOV� RI� ,&$5�
,QVWLWXWHV� ZDV� FRQGXFWHG� XQGHU�
5HYROYLQJ� )XQG� 6FKHPH�� (LJKW�
SDUWLFLSDQWV� DWWHQGHG� WKH� WUDLQLQJ�
SURJUDPPH��

�
�����06�2IILFH������,��� IURP� �������� WR�

��������� IRU� � RIILFLDOV� RI� ,&$5�
,QVWLWXWHV� ZDV� FRQGXFWHG� XQGHU�
5HYROYLQJ� )XQG� 6FKHPH�� 7ZHQW\�
SDUWLFLSDQWV� DWWHQGHG� WKH� WUDLQLQJ�
SURJUDPPH�� 7KH� WRSLFV� LQFOXGHG� ZHUH�
:LQGRZV� ���� 06�([FHO�� 06�$FFHVV�
DQG�(�PDLO��

�
�����:HE� 'HVLJQLQJ� �+70/� )URQW� 3DJH��

'UHDPZHDYHU���IURP�����������WR�����
����� IRU� RIILFLDOV� RI� ,&$5� ,QVWLWXWHV�
ZDV� FRQGXFWHG� XQGHU� 5HYROYLQJ� )XQG�
6FKHPH��)RXU�SDUWLFLSDQWV�DWWHQGHG�WKH�
WUDLQLQJ�SURJUDPPH��

�
�����9LVXDO�%DVLF�3URJUDPPLQJ�� IURP����

������� WR� ���������� IRU� RIILFLDOV� RI�
,&$5� ,QVWLWXWHV� ZDV� FRQGXFWHG� XQGHU�
5HYROYLQJ� )XQG� 6FKHPH�� 7KUHH�
SDUWLFLSDQWV� DWWHQGHG� WKH� WUDLQLQJ�
SURJUDPPH���

�����06�2IILFH������,��� ���������� WR� ���
�������IRU��RIILFLDOV�RI�,&$5�,QVWLWXWHV�
ZDV� FRQGXFWHG� XQGHU� 5HYROYLQJ� )XQG�
6FKHPH�� 6HYHQ� SDUWLFLSDQWV� DWWHQGHG�
WKH� WUDLQLQJ� SURJUDPPH�� 7KH� WRSLFV�
LQFOXGHG�ZHUH�:LQGRZV�����06�([FHO��
06�$FFHVV�DQG�(�PDLO��

�
&RPSXWHUL]DWLRQ� RI�5HJLVWUDWLRQ� IRU� WKH�
��WK� 6HVVLRQ� RI� WKH� ,QGLDQ� 6FLHQFH�
&RQJUHVV��,6&��������
�

7KH�'LYLVLRQ�ZDV�DFWLYHO\�LQYROYHG�
LQ� WKH� UHJLVWUDWLRQ� SURFHVV� IRU� ,QGLDQ�
6FLHQFH�&RQJUHVV������KHOG� DW�1HZ�'HOKL�
IURP� ���� -DQXDU\� ������ 6RIWZDUH� ZDV�
GHYHORSHG� IRU� FRPSXWHUL]DWLRQ� RI� DOO� WKH�
DFWLYLWLHV�UHODWHG�WR�UHJLVWUDWLRQ��
�



�

����
�

:HEVLWH�'HYHORSPHQW�IRU���WK�6HVVLRQ�RI�
WKH�,QGLDQ�6FLHQFH�&RQJUHVV��,6&��������
�
2Q� WKLV� RFFDVLRQ�� D�:HEVLWH�ZDV� GHVLJQHG�
DQG� PDLQWDLQHG� IRU� ,QGLDQ� 6FLHQFH�
&RQJUHVV� ������ 7KH�:HE� VLWH� RI� WKH� ,6&�
�����ZDV�GHYHORSHG�DQG�PDLQWDLQHG��E\�WKH�
VFLHQWLVWV� RI� WKH� 'LYLVLRQ�� 7KH� ZHE� VLWH�

GLVSOD\HG� YDULRXV� DFWLYLWLHV� WKDW� LQFOXGHG�
,QWURGXFWLRQ�� 7KHPH�� 9LVLRQ�� ,QYLWDWLRQ��
,6&$�� )HDWXUHV�� 9HQXH�� +RVWV�� 3UHVLGHQW��
&RPPLWWHHV�� 3URJUDPPH�� ([KLELWLRQ��
0HPEHUVKLS�� $EVWUDFWV�� $ZDUGV��
5HJLVWUDWLRQ�� $FFRPPRGDWLRQ�� 'HDGOLQHV�
HWF��RI� WKH�6FLHQFH�&RQJUHVV��7KH� VLWH�ZDV�
DYDLODEOH�DW�ZZZ�LVF�����QLF�LQ���

�
7KH�RSHQLQJ�SDJH�RI�WKH�VLWH�LV�SUHVHQWHG�EHORZ�²�
�

�
�
�
�
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/,%5$5<�$1'�'2&80(17$7,21�6(59,&(6�
�

�
/LEUDU\� DQG� ,QIRUPDWLRQ� 6HUYLFHV�

SOD\V� DQ� LPSRUWDQW� UROH� LQ� VHUYLQJ� WKH�
,QVWLWXWH¶V� � LQIRUPDWLRQ� QHHGV� DV� D� &HQWHU�
IRU� 6FLHQWLILF� UHVRXUFH� EDVH� DV� SHU�
,QVWLWXWH
V� PDQGDWH�� � 7KH� /LEUDU\� RI� WKH�
,$65,�LV�D�ULFK�UHVRXUFH�FHQWUH�LQ�WKH�ZKROH�
,&$5� V\VWHP� DV� ZHOO� DV� FRXQWU\���
VSHFLDOLVHG� LQ� $JULFXOWXUDO� 6WDWLVWLFV� DQG�
&RPSXWHU� $SSOLFDWLRQ� DQG� DOOLHG� ILHOGV��
7KH� /LEUDU\� 6\VWHP� RI� WKH� ,QVWLWXWH�
SURYLGHV� GRFXPHQWDWLRQ� DQG� LQIRUPDWLRQ�
VHUYLFHV�WR�LQ�KRXVH�VFLHQWLVWV��VWXGHQWV�DQG�
UHVHDUFKHUV� DV� ZHOO� DV� XVHUV� IURP� ,&$5�
,QVWLWXWHV�DQG�$JULFXOWXUDO�8QLYHUVLWLHV��
�
� 7KH� � /LEUDU\�$GYLVRU\�&RPPLWWHH�
SOD\V�D�DGYLVRU\�UROH�LQ�WKH�PDQDJHPHQW�RI�
WKH� /LEUDU\� � DQG� FOHDUHG� DOO� SURSRVDOV�
UHODWLQJ� WR� HQULFKPHQW� RI� UHVRXUFH� EDVH� RI�
WKH� /LEUDU\�� VXFK� DV� VFLHQWLILF� ERRNV��
MRXUQDOV�� HTXLSPHQW¶V� � DQG� OLEUDU\�
UHQRYDWLRQ� HWF�� � 7KH� /LEUDU\� $GYLVRU\�
&RPPLWWHH� IRU� WKH� \HDU� ���������� KDV�
EHHQ�DV�XQGHU��
�
��� 'U��6�'��6KDUPD� ���&KDLUPDQ� �
��� 'U��$�.��6ULYDVWDYD���0HPEHU� �
��� 'U��9�.��*XSWD� ����0HPEHU� ���
��� 'U��3�.��0DOKRWUD������0HPEHU�
��� 'U��3UDMQHVKX� ����0HPEHU�
��� 'U��+�9�/��%DWKOD������0HPEHU��
��� 'U��5�.��3DQGH\� ����0HPEHU��� �
��� 'U��5DQMQD�$JDUZDO���0HPEHU�
��� 'U��9�.��6KDUPD� �����0HPEHU�
���� 'U��'�.��$JDUZDO������0HPEHU�
���� 6KUL�0DKHVK�.XPDU��0HPEHU�
���� 6K��&KLURQML�/DO�� �����0HPEHU�
���� 6K��6�.��6DPDGDU������0HPEHU�
���� 'U��3�.��%DWUD���� �%26�0HPEHU��
���� ���'U��/�0��%KDU� %26�0HPEHU�
���� ���6K��5DYL�&KDQGUDQ� �����������

� ��6WXGHQW�5HSUHVHQWDWLYH�
����'U��6�6��6ULYDVWDYD�0HPEHU�6HFUHWDU\�

�
/LEUDU\�,QIRUPDWLRQ�6HUYLFHV���
�

7KH� IROORZLQJ� GRFXPHQWDWLRQ�
VHUYLFHV� DUH� SURYLGHG� E\� WKH� /LEUDU\�
6\VWHP��

��� 5HSURJUDSKLF�6HUYLFHV�
��� &XUUHQW�&RQWHQW�6HUYLFH�
��� &XUUHQW�%RRN�5HYLHZ�
���� &XUUHQW�$ZDUHQHVV�6HUYLFH�
��� 6HOHFW�%LEOLRJUDSK\�
��� &'�VHDUFKHV�
�
/LEUDU\� 5HQRYDWLRQ� 3ODQ�� � )LUVW� 3KDVH� RI�
WKH�/LEUDU\�UHQRYDWLRQ�KDV�EHHQ�FRPSOHWHG�
VXFFHVVIXOO\��
�
/LEUDU\�KDV�VWDUWHG�FUHDWLQJ�D�/LEUDU\�ERRNV�
GDWD�EDVH�XVLQJ�&'6�,6,6�ZLQGRZ�YHUVLRQ���
6R� IDU� ����� ERRNV�� ELEOLRJUDSKLFDO� DQG�
RWKHU�GHWDLOV�DUH�FRPSXWHULVHG��
�
%ULHI��6WDWLVWLFV��
�
1R��RI�%RRNV�DGGHG�
�

�� �������

��� 1R��RI�*UH\�,QIRUPDWLRQ�
������PDWHULDO�DGGHG�

�� ����

��� 1R��RI�,QGLDQ��	��
������)RUHLJQ�-RXUQDOV�VXEVFULEHG��

�� ����

��� 1R��RI�3XEOLFDWLRQV�LVVXHG�
������IURP�WKH�/LEUDU\�

�� ������

��� 1R��RI�3XEOLFDWLRQV�ERUURZHG��
������RU�OHQW�RXW�RQ�,//�

�� ���

��� 1R��RI�UHDGHUV�ZKR�YLVLWHG�WKH��
������/LEUDU\�

�� ������

��� 1R��RI�,VVXHV�RI�&XUUHQW�&RQWHQWV��
������EURXJKW�RXW�

�� ���

��� 1R��RI�SDJHV�RI�VFLHQWLILF�	��
�������WHFKQLFDO�QDWXUH�UHSURJUDSKHG�

�� ������

��� 1R�� RI� ,QGLDQ� 1HZVOHWWHUV�
UHFHLYHG�RQ�FRPSOLPHQWDU\�EDVLV�

�����

�� ����

�
0LVFHOODQHRXV�
�

7KH� /LEUDU\� KDV� EHHQ� YHQXH� IRU�
'LVSOD\�RI�3RVW�6HVVLRQ�IRU��6WDWLVWLFV��DQG�
�0DWKHPDWLFV�� GXULQJ� ,QGLDQ� 6FLHQFH�
&RQJUHVV�GXULQJ�����-DQXDU\�������

�
�
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7(&+12/2*<�$66(66('�$1'�75$16)(55('�
�
�
�� $Q� DSSURDFK� IRU� FURS� \LHOG� HVWLPDWLRQ�

EDVHG� RQ� VPDOO� DUHD� HVWLPDWLRQ�
WHFKQLTXHV�ZDV� VXJJHVWHG� IRU�1DWLRQDO�
$JULFXOUXUH�,QVXUDQFH�6FKHPH��1$,6���
,Q� WKH� HDUOLHU� &RPSUHKHQVLYH� &URS�
,QVXUDQFH� 6FKHPH� �&&,6�� WKH� QRWLILHG�
DUHD� XQLWV� ZHUH� &'� %ORFN� ZKHUHDV� LQ��
1$,6�� *UDP� 3DQFKD\DW� �*3�� DUH� WKH�
QRWLILHG�DUHD�XQLWV��$V�VXFK��FURS�\LHOG�
HVWLPDWHV�DUH�QHHGHG�DW�*3�OHYHO��,Q�WKH�
WUDGLWLRQDO� DSSURDFK� EDVHG� RQ� FURS�
FXWWLQJ� H[SHULPHQWV� WKH� QXPEHU� RI�
H[SHULPHQWV�QHHGHG�IRU�GHYHORSLQJ�*3�
OHYHO� HVWLPDWHV� ZRXOG� KDYH� EHHQ�
HQRUPRXV� DQG� UDWKHU� FRVW� SURKLELWLYH���
7KH� SURSRVHG� DSSURDFK� WDNHV�
DGYDQWDJHV� RI� � IDUPHU¶V� HVWLPDWHV� LQ�
GHYHORSLQJ�FURS�\LHOG�HVWLPDWHV��,Q�WKLV�
DSSURDFK�� HVWLPDWHV�GHYHORSHG� WKURXJK�
*HQHUDO� &URS� (VWLPDWLRQ� 6FKHPH�
�*&(6��DW�EORFN��GLVWULFWV�LV�WDNHQ�DV�D�
EHQFKPDUN� DQG� LV� VFDOHG� GRZQ� WR� *3�
OHYHO� XWLOL]LQJ� IDUPHU¶V� HVWLPDWHV� DV� D�
FRUUHFWLRQ� IDFWRU�� $� VSHFLDO� IHDWXUH� RI�
WKH�DSSURDFK�LV�WKDW�WKH�QXPEHU�RI�FURS�
FXWWLQJ� H[SHULPHQWV� QHHG� QRW� EH�

HQKDQFHG� LQ� RUGHU� WR� JHW� *3� OHYHO�
HVWLPDWHV� IRU�FURS�\LHOG��7KH�DSSURDFK�
LV� EHLQJ� WULHG� RQ� D� SLORW� EDVLV� LQ�
VHOHFWHG� GLVWULFWV� RI� YDULRXV� 6WDWHV�
WKURXJKRXW� WKH� FRXQWU\� WKURXJK�
0LQLVWU\� RI� $JULFXOWXUH�� *,&� DQG�
1662�� 7KH� ,QVWLWXWH� KDV� SOD\HG� DQ�
LPSRUWDQW� UROH� LQ� VXJJHVWLQJ� WKH�
PHWKRGRORJ\�DV�ZHOO�DV� LQ� WKH�FRQGXFW�
RI�WKH�SLORW�VWXG\��

�
�� 3URYLGHG�FRPPHQWV��VXJJHVWLRQV�RQ�WKH�

SURMHFW� HQWLWOHG� µ0RGHOLQJ� RI�
(QYLURQPHQWDO�&RQWULEXWLRQV�RI�,QGLD¶V�
/LYHVWRFN� VXEPLWWHG� LQ� ,$65,�� 1HZ�
'HOKL� E\� 'U�� 6�1�� 0LVKUD�� &KDLUPDQ��
6RFLHW\� IRU� (FRQRPLF� DQG� 6RFLDO�
5HVHDUFK�� 'HOKL�� 7KH� DIRUHVDLG� /LYH�
VWRFN¶V� HQYLURQPHQWDO� FRQWULEXWLRQ�
RULHQWHG�VWXG\�VHHPV�WR�EH�HQWKXVLDVWLF�
DQG� UHYROXWLRQDU\�RQH� EXW� LW� VKRXOG� EH�
VXSSRUWHG� DQG� GHPRQVWUDWHG� E\� WKH�
UHDOLVWLF� GDWD� FROOHFWLRQ� RQ� DOO� WKH�
UHOHYDQW� DVSHFWV� EHLQJ� WDFNOHG� XQGHU�
WKH�VWXG\�

�
�
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('8&$7,21�$1'�75$,1,1*�
�

'HJUHH�&RXUVHV�
�

� 7KH� ,QVWLWXWH� FRQWLQXHG� WR� FRQGXFW�
WKH� IROORZLQJ� GHJUHH� FRXUVHV� LQ�
FROODERUDWLRQ�ZLWK�3RVW�*UDGXDWH�6FKRRO�
RI�,QGLDQ�$JULFXOWXUDO�5HVHDUFK�,QVWLWXWH�
�,$5,�� ZKLFK� KDV� WKH� VWDWXV� RI� D�
'HHPHG�8QLYHUVLW\��
�
L�� 3K�'���$JULFXOWXUDO�6WDWLVWLFV��
LL�� 0�6F���$JULFXOWXUDO�6WDWLVWLFV��
LLL�� 0�6F���&RPSXWHU�$SSOLFDWLRQ��
�
� %RWK�3K�'��DQG�0�6F�� VWXGHQWV�DUH�
UHTXLUHG� WR� GR� FRXUVHV� QRW� RQO\� LQ�
0DWKHPDWLFV� DQG� $JULFXOWXUDO� 6WDWLVWLFV�
EXW� DOVR� LQ� $JULFXOWXUDO� 6FLHQFHV� OLNH�
*HQHWLFV�� $JURQRP\�� $JULFXOWXUDO�
(FRQRPLFV�� HWF��� � $OO� FRXUVHV� LQ�
0DWKHPDWLFV��$JULFXOWXUDO�6WDWLVWLFV�DQG�
&RPSXWHU� $SSOLFDWLRQ�� HWF�� DUH� RIIHUHG�
DW� WKLV� ,QVWLWXWH� ZKLOH� WKH� FRXUVHV� LQ�
$JULFXOWXUDO� 6FLHQFHV� DUH� RIIHUHG� DW� WKH�
,�$�5�,��
�
� � 7KH�HOLJLELOLW\�TXDOLILFDWLRQ�
IRU� DGPLVVLRQ� WR� 0DVWHU¶V� GHJUHH� LQ�
$JULFXOWXUDO� 6WDWLVWLFV� LV� D� %DFKHORU¶V�
GHJUHH� LQ� $JULFXOWXUH� �� +RUWLFXOWXUH� ��
)RUHVWU\� �� $JURIRUHVWU\� �� � 6HULFXOWXUH� ��
$JULFXOWXUDO� 0DUNHWLQJ� 25� %�6F��
�������� V\VWHP��� � )RU� DGPLVVLRQ� WR�
0DVWHU¶V� GHJUHH� LQ� &RPSXWHU�
$SSOLFDWLRQ�� WKH� HOLJLELOLW\� TXDOLILFDWLRQ�
LV� D� %DFKHORU¶V� GHJUHH� LQ� $JULFXOWXUH� ��
&RPSXWHU� 6FLHQFH� �� $JULFXOWXUDO�
(QJLQHHULQJ���%�6F���+RUWLFXOWXUH���9HW\�
6FLHQFH��+RPH�6FLHQFH��%�6F���)RUHVWU\��
RU� %�6F�� ZLWK� 0DWKV�6WDWLVWLFV�� 3K\VLFV�
RU�%�6F����������6\VWHP���
�

)XUWKHU� IRU� DGPLVVLRQ� WR� 'RFWRU¶V�
GHJUHH� LQ� $JULFXOWXUDO� 6WDWLVWLFV� WKH�
HOLJLELOLW\� TXDOLILFDWLRQ� LV� D� 0DVWHU¶V�
GHJUHH� LQ� $JULFXOWXUDO� 6WDWLVWLFV� 25�
VWDWLVWLFV�25�0DWKHPDWLFDO�6WDWLVWLFV�25�
%LR�6WDWLVWLFV�RI� ,95,� �25�3URIHVVLRQDO�
6WDWLVWLFLDQV¶�&HUWLILFDWH�&RXUVH��36&&��
IURP�,$65,�
�

1XPEHU� RI� VWXGHQWV� DGPLWWHG� ��
&RPSOHWHG�YDULRXV�FRXUVHV�GXULQJ������
���LV�DV�IROORZV��
�

�D�� 3K�'���$JULFXOWXUDO�6WDWLVWLFV��
�

)RXU�VWXGHQWV�ZHUH�DGPLWWHG�DQG�
IRXU� VWXGHQWV� KDYH� FRPSOHWHG� 3K�'��
�$JULFXOWXUDO�6WDWLVWLFV���
�
�E�� 0�6F���$JULFXOWXUDO�6WDWLVWLFV��

�
)LYH�VWXGHQWV�ZHUH�DGPLWWHG�DQG�

VL[� VWXGHQWV� KDYH� FRPSOHWHG� 0�6F��
�$JULFXOWXUDO�6WDWLVWLFV���

�
��F����0�6F���&RPSXWHU�$SSOLFDWLRQ��

�
)RXU� VWXGHQWV� ZHUH� DGPLWWHG� DQG��

VHYHQ� VWXGHQWV� KDYH� FRPSOHWHG� 0�6F��
�&RPSXWHU�$SSOLFDWLRQ��

�
1$7,21$/� 75$,1,1*�

352*5$00(�
�
6HQLRU� &HUWLILFDWH� &RXUVH� LQ�

$JULFXOWXUDO� 6WDWLVWLFV� DQG�
&RPSXWLQJ���

�
� 7KH� 6HQLRU� &HUWLILFDWH� &RXUVH� LQ�
$JULFXOWXUDO� 6WDWLVWLFV� DQG� &RPSXWLQJ�
ZDV�RUJDQLVHG�IRU�WKH�EHQHILW�RI�UHVHDUFK�
ZRUNHUV� HQJDJHG� LQ� KDQGOLQJ� VWDWLVWLFDO�
GDWD� FROOHFWLRQ�� SURFHVVLQJ��
LQWHUSUHWDWLRQ�DQG�HPSOR\HG� LQ� UHVHDUFK�
,QVWLWXWHV� RI� WKH� &RXQFLO�� 6WDWH�
$JULFXOWXUDO� 8QLYHUVLWHV� DQG� 6WDWH�
*RYHUQPHQW� 'HSDUWPHQWV� RI�
$JULFXOWXUH�� $QLPDO� +XVEDQGU\� DQG�
)LVKHULHV�HWF��7KH�PDLQ�REMHFWLYH�RI� WKH�
FRXUVH�ZDV�WR�LPSDUW�WKH�ODWHVW�VWDWLVWLFDO�
WHFKQLTXHV�DV�ZHOO�XVH�RI�FRPSXWHUV�DQG�
VRIWZDUH�SDFNDJHV��7KH�FRXUVH�KDV�EHHQ�
PRGLILHG� IURP� WKLV� \HDU� DQG� RUJDQLVHG�
GXULQJ� WKH� SHULRG� -XO\�������� WR�
'HF����������� 7KH� FRXUVH� FRPSULVHV� RI�
WZR� LQGHSHQGHQW� PRGXOHV� RI� WKUHH�
PRQWKV� GXUDWLRQ� HDFK�� 2QH� SDUWLFLSDQW�
KDV� DWWHQGHG� WKH�PRGXOH� �,� DQG� DQRWKHU�
SDUWLFLSDQW�KDV�DWWHQGHG�PRGXOH�,,�RI�WKH���
FRXUVH� � ZKHUHDV� ��� SDUWLFLSDQWV�
LQFOXGLQJ� �� GHSDUWPHQWDO� KDYH� DWWHQGHG�
ERWK� WKH� PRGXOHV�� ��� SDUWLFLSDQWV�
LQFOXGLQJ� �� GHSDUWPHQWDO�ZHUH� DZDUGHG�
WKH� FRXUVH� FHUWLILFDWH� DIWHU� VXFFHVVIXOO\�
FRPSOHWLQJ� ERWK� WKH� PRGXOHV�� 7KH�
FRXUVH� FRYHUHG� XQGHU� ERWK� WKH�PRGXOHV�
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LQFOXGHG� 6WDWLVWLFDO� 0HWKRGV� DQG�
2IILFLDO� $JULFXOWXUDO� 6WDWLVWLFV�� 8VH� RI�
&RPSXWHUV� LQ� $JULFXOWXUDO� 5HVHDUFK��
6DPSOLQJ� 7HFKQLTXHV�� (FRQRPHWULFV� 	�
)RUHFDVWLQJ� 7HFKQLTXHV�� 'HVLJQ� RI�
([SHULPHQWV� DQG� 6WDWLVWLFDO�
*HQHWLFV�7KH� FRXUVH� � FRQFOXGHG� ZLWK� D�
YDOHGLFWRU\� IXQFWLRQ� RQ� 'HFHPEHU� ����
����� GXULQJ� ZKLFK� 6K�'�.�7UHKDQ��
(FRQRPLF� 	� 6WDWLVWLFDO� $GYLVRU��
0LQLVWU\� RI� $JULFXOWXUH� GLVWULEXWHG� WKH�
FHUWLILFDWHV� WR� WKH� VXFFHVVIXO�
SDUWLFLSDQWV��
�
75$,1,1*� 352*5$00(�
81'(5� 5(92/9,1*� )81'�
352-(&7�
�

��� WUDLQLQJ� SURJUDPPHV� ZHUH�
RUJDQLVHG� IRU� RIILFLDOV� RI� 6$8V� DQG�
,&$5� ,QVWLWXWHV�� � 7KH� GHWDLOV� RI� WKHVH�

SURJUDPPHV�LV�JLYHQ�XQGHU�WKH�'LYLVLRQ�
RI�&RPSXWHU�$SSOLFDWLRQ�FKDSWHU����

75$,1,1*� 352*5$00(6� 81'(5�
&(175(� 2)� $'9$1&('� 678',(6�
�&$6��
�

6O�
1R�

7LWOH� 3HULRG� 1R��RI�
SDUWLFLSDQWV�

��� 'HVLJQ� DQG�
$QDO\VLV� RI�
$JULFXOWXUDO�
([SHULPHQWV�

����������
WR�

����������
���

��� 'HYHORSPHQ
W�RI�'DWDEDVH�
DQG�
,QIRUPDWLRQ�
6\VWHP�

����������
WR�

����������
���

��� 5HFHQW�
$GYDQFHV� LQ�
WKH� $QDO\VLV�
RI� 6XUYH\�
'DWD�

����������
WR�

����������
���

�
�
�
27+(5�75$,1,1*�352*5$00(6�
�
6O��
1R��

7\SH�RI�7UDLQLQJ� 7LWOH� 3HULRG� 1R��RI�
SDUWLFLSDQWV�

��� 7UDLQLQJ� SURJUDPPH� RQ�
3,06� IRU� LWV� LPPHGLDWH�
LPSOHPHQWDWLRQ� DW� YDULRXV�
&HQWUHV�ORFDWHG�LQ�'HOKL�

3URMHFW� 'DWD� (QWU\� RQ�
&RPSXWHU�6\VWHP�DQG� LWV�
0DQDJHPHQW�

�����������
WR�

�����������
���

��� 7UDLQLQJ� SURJUDPPH�
VSRQVRUHG� E\� ,&$5�� 1HZ�
'HOKL�

(FRQRPLF� (YDOXDWLRQ� RI�
3URGXFWLYLW\�
,PSURYHPHQW� DQG�
7HFKQLFDO� FKDQJH� LQ�
$JULFXOWXUDO�6HFWRU�

�����������
WR�

�����������
���

��� 7UDLQLQJ� SURJUDPPH� IRU�
RIILFLDOV� RI� 6$8V�� ,&$5�
,QVWLWXWHV� DQG� 6WDWH� *RYW��
'HSWWV�� 2I�
$JULFXOWXUH�$QLPDO�
+XVEDQGU\�	�)LVKHULHV�

6HQLRU�&HUWLILFDWH�&RXUVH�
LQ� $JULFXOWXUDO� 6WDWLVWLFV�
	�&RPSXWLQJ�

�����������
WR�

�����������
���

�
�
�
�
,Q� DGGLWLRQ� WR� WKH� DERYH� D�

VSHFLDOLVHG�WUDLQLQJ�SURJUDPPH�RQ�µ2IILFLDO�
6WDWLVWLFV�DQG�5HODWHG�0HWKRGRORJ\¶�IRU�WKH�
��� SDUWLFLSDQWV� RI� ,QWHUQDWLRQDO� 6WDWLVWLFV�
(GXFDWLRQ� &HQWUH� �,6(&��� &DOFXWWD�
VSRQVRUHG� E\� &HQWUDO� 6WDWLVWLFDO�
2UJDQLVDWLRQ��1HZ�'HOKL�ZDV�RUJDQLVHG��LQ�
WKH� ,QVWLWXWH� RQ� � 6HSW�� ���� ������ 7ZHQW\�
(LJKW�VWXGHQWV�RI�0�6WDW�FRXUVH�RI�,QGLDQ��

�
�
�

6WDWLVWLFDO� ,QVWLWXWH�� 1HZ� 'HOKL�&DOFXWWD��
%DOJORUH� YLVLWHG� WKLV� ,QVWLWXWH� RQ� -XQH� ���
����� �� 7KH� VWXGHQWV� ZHUH� H[SRVHG� WR� WKH��
UHFHQW� GHYHORSPHQWV� LQ� VWDWLVWLFV� DQG�
UHVHDUFK�DFWLYLWLHV�RI�WKH�,QVWLWXWH�LQFOXGLQJ�
%LRPHWULFV�� 6DPSOH� 6XUYH\V�� 'HVLJQ� RI�
([SHULPHQWV�� &URS� )RUHFDVWLQJ��
(FRQRPHWULFV��&RPSXWHU�$SSOLFDWLRQ�HWF��

�
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�
7UDLQLQJ�SURJUDPPH�IRU�%�6F�� �$JULO���DQG�
0�6F�� �6WDW��� � VWXGHQWV� RI� FROOHJH� RI�
$JULFXOWXUH�� 0DQG\D�� .DUDQDWDND��
$QQDPDODL� 8QLYHUVLW\�� 7DPLO� 1DGX� DQG�
3DQMDE� 8QLYHUVLW\�� &KDQGLJDUK� � ZHUH� DOVR�
RUJDQLVHG�GXULQJ�WKH�\HDU��
�
1$7,21$/�7(&+12/2*<�'$<�
�
� 7KH�1DWLRQDO�7HFKQRORJ\�GD\�ZDV�
FHOHEUDWHG� RQ� ��WK� 0D\�� ������ 3URIHVVRU�
$�$ODP��'�'�*���(QJJ����,&$5�JUDFHG�WKH�
RFFDVLRQ� DV� WKH� &KLHI� *XHVW�� $� GHEDWH�
FRQWHVW� IRU� VWXGHQWV� � KHOG� LQ� WKH� DIWHUQRRQ�
VHVVLRQ�� 7KH� WRSLF� RI� WKH� FRQWHVW� ZDV� µ�
7HFKQRORJ\� DQG� +XPDQ� :HOIDUH¶��
'U�'�.�$JDUZDO�� 6U�6FLHQWLVW� DQG�6FLHQWLVW�
,QFKDUJH��7$&��ZDV�WKH�FRQYHQRU��
�
5(6($5&+��)(//2:6+,36�
�
� 'XULQJ� ��������� 1LQHWHHQ� 0�6F��
DQG� (OHYHQ� 3K�'�� VWXGHQWV� UHFHLYHG�
UHVHDUFK� IHOORZVKLS�� 7KLUWHHQ� 0�6F��
VWXGHQWV� UHFHLYHG� -XQLRU� 5HVHDUFK�
)HOORZVKLS�#�5V������ �S�P��HDFK�EHVLGHV�
5V������ � SHU� DQQXP� DV� FRQWLQJHQFLHV�
JUDQW�� 6L[� 0�6F�� VWXGHQWV� UHFHLYHG� ,$5,�
-XQLRU�6FKRODUVKLS�#�5V������ �S�P���HDFK�
EHVLGHV� 5V������ � SHU� DQQXP� DV�
FRQWLQJHQFLHV�JUDQW��(OHYHQ�3K�'�� VWXGHQWV�
UHFHLYHG� ,$5,� 6HQLRU� 6FKRODUVKLS� #�
5V������ � S�P�� LQ� DGGLWLRQ� WR�5V�������� �
SHU�DQQXP�DV�FRQWLQJHQFLHV�JUDQW��
����
)$&8/7<� 0(0%(56� 2)� 3�*��
6&+22/�� � ,$5,� � � ,1�
$*5,&8/785$/�67$7,67,&6�
�
������'U�$�.�6ULYDVWDYD��-RLQW�'LUHFWRU�
������'U�9�.�6KDUPD������3URIHVVRU���
��������$JULFXOWXUDO�6WDWLVWLFV�������
������'U�3UDMQHVKX��3ULQFLSDO�6FLHQWLVW�
������'U�+�9�/�%DWKOD��3ULQFLSDO�6FLHQWLVW�
������'U�5DQGKLU�6LQJK��3ULQFLSDO�6FLHQWLVW�
��� �'U�5DQMDQD�$JDUZDO��3ULQFLSDO��������
�������6FLHQWLVW�
��� 'U�9�7�3UDEKDNDUDQ��3ULQFLSDO����
�������6FLHQWLVW�

������'U�9�.�*XSWD��+�'��'(��
������'U�%�&�6D[HQD��6HQLRU�6FLHQWLVW�
�����'U�'�3�+DQGD��6HQLRU�6FLHQWLVW�
�����'U�9�.�%KDWLD��6HQLRU�6FLHQWLVW�
�����0UV�$VKD�6D[HQD��6HQLRU�6FLHQWLVW�
�����'U�'�/�$KXMD��6HQLRU�6FLHQWLVW�
�����'U�8�&�6XG��6HQLRU�6FLHQWLVW�
�����'U�&KDQGUDKDV��6HQLRU�6FLHQWLVW�
�����6K�6�'�:DKL��6HQLRU�6FLHQWLVW�
�����'U�.�.�7\DJL��6HQLRU�6FLHQWLVW�
�����'U�3�.�%DWUD��6HQLRU�6FLHQWLVW�
�����'U�3�6�5DQD��6HQLRU�6FLHQWLVW�
�����'U�5�6ULYDVWDYD��6HQLRU�6FLHQWLVW�
�����'U�-DJELU�6LQJK��6HQLRU�6FLHQWLVW�
�����'U�0�6�1DUDQJ��6HQLRU�6FLHQWLVW�
�����'U�$ORNH�/DKLUL��6FLHQWLVW��6U�6FDOH��
�����'U�$QLO�5DL��6U�6FLHQWLVW�
�����'U�6HHPD�-DJJL��6FLHQWLVW��6U��6FDOH��
�����'U�5DMHQGHU�3DUVDG��6FLHQWLVW�6U��6F���
�����'U�/DO�0RKDQ�%KDU��6FLHQWLVW�
�����'U��$PULW�.XPDU�3DXO��6FLHQWLVW�
�����'U��7DXTXHHU�$KPHG��6FLHQWLVW�
�����'U��$�5�5DR��6FLHQWLVW�
�����'U�&LQL�9DUJKHVH��6FLHQWLVW�
�����'U�5DPDVXEUDPDQLDQ�9���6FLHQWLVW�
�����'U�*LULVK�.XPDU�-KD��6FLHQWLVW�
�
)$&8/7<� 0(0%(56� 2)� 3�*��
6&+22/�� � ,$5,� � � ,1�&20387(5�
$33/,&$7,21�
�
������'U�6�'�6KDUPD��'LUHFWRU�
�����'U�3�.�0DOKRWUD��+�'�	�3URIHVVRU����
�������&RPSXWHU�$SSOLFDWLRQ��
�����'U��5�&�*R\DO��3ULQFLSDO�6FLHQWLVW�
�����6K�0DKHVK�.XPDU��6HQLRU�6FLHQWLVW�
�����'U�,�&�6HWKL��6HQLRU�6FLHQWLVW�
�����'U�9�.�0DKDMDQ��6HQLRU�6FLHQWLVW�
�����'U�'�.�$JDUZDO��6HQLRU�6FLHQWLVW�
�����'U��5�.��-DLQ���6HQLRU�6FLHQWLVW� �
��� 6K�+DUQDP�6LQJK�6LNDUZDU��6FLHQWLVW���
�������6U��6FDOH���
�
)$&8/7<� 0(0%(5� 2)� 3�*��
6&+22/�� ,$5,� ,1�
$*5,&8/785$/�(&2120,&6��
�
'U�5�.�3DQGH\��3ULQFLSDO�6FLHQWLVW�
�
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�

�� 'U�� 3UDMQHVKX� UHFHLYHG� �%HVW� 7HDFKHU�
$ZDUG±������ IURP� 3RVW� *UDGXDWH�
6FKRRO�� ,QGLDQ� $JULFXOWXUDO� 5HVHDUFK�
,QVWLWXWH�� 1HZ� 'HOKL� IRU� RXWVWDQGLQJ�
FRQWULEXWLRQ� WR� WHDFKLQJ� DQG� UHVHDUFK�
JXLGDQFH��

�
�� 7KH� � SDSHU� � HQWLWOHG� � �$� QRQOLQHDU�

VWDWLVWLFDO� � PRGHO� � IRU� � DSKLG��
SRSXODWLRQ� �JURZWK�� �E\�'U��3UDMQHVKX�
ZDV� DGMXGJHG� DV� WKH� �%HVW� 3DSHU��
DPRQJ�WKH�SDSHUV�SXEOLVKHG�LQ�WKH�ILHOG�
RI� $SSOLHG� 6WDWLVWLFV� LQ� WKH� -RXUQDO� RI�
WKH� ,QGLDQ� 6RFLHW\� RI� $JULFXOWXUDO�
6WDWLVWLFV� GXULQJ� WKH� \HDUV� ����� WR�
�����C�

�
�� 'U�� 5DMHQGHU� 3DUVDG�� 6FLHQWLVW� �66��

UHFHLYHG� <RXQJ� 6FLHQWLVW� $ZDUG� IRU�
6RFLDO� 6FLHQFHV� IURP� 1DWLRQDO�
$FDGHP\� RI� $JULFXOWXUDO� 6FLHQFHV� IRU�
WKH� \HDUV� ����������� 7KH� DZDUG�
FRQVLVWV� RI� D� FLWDWLRQ�� D� PHGDO� DQG� D�
FKHTXH� RI� 5V�� ��������� DQG� ZLOO� EH�
SUHVHQWHG� LQ� WKH� LQDXJXUDO� VHVVLRQ� RI�
WKH� �WK� $JULFXOWXUDO� 6FLHQFH� &RQJUHVV�
WR� EH� KHOG� DW� $VVDP� $JULFXOWXUDO�
8QLYHUVLW\��*XZDKDWL�GXULQJ�$SULO������
������

�
�
�

�� 'U�� 5DMHQGHU� 3DUVDG� UHFHLYHG�
DSSUHFLDWLRQ� OHWWHU� IURP� 'HDQ��
3�*�6FKRRO�� DQG� ,�$�5�,�� IRU� ([FHOOHQW�
7HDFKHU� ������ LQ� WKH� GLVFLSOLQH� RI�
$JULFXOWXUDO�6WDWLVWLFV��

�
�
�� 'U� 7� $KPDG�� 6FLHQWLVW� � UHFHLYHG�

DSSUHFLDWLRQ� OHWWHU� IURP� 'HDQ�� 3�*��
6FKRRO�� ,$5,�� 1HZ� 'HOKL� WR� EH� RQH�
DPRQJ� WKH� H[FHOOHQW� WHDFKHU� LQ� &$�
GLVFLSOLQH� LQ� ������ +H� DOVR� UHFHLYHG� D�
OHWWHU�IURP�5HJLVWUDU��3*�6FKRRO��,$5,��
1HZ�'HOKL�PHQWLRQLQJ�WKDW�KH�KDV�EHHQ�
VKRUW�OLVWHG� E\� WKH� 3*� 6FKRRO� IRU�
FRQVLGHUDWLRQ� IRU� WKH� %HVW� 7HDFKHU�
$ZDUG���������

�
�� 7KH� SDSHU� HQWLWOHG´� 5REXVWQHVV� RI�

%ORFN� 'HVLJQV� DJDLQVW� ,QWHUFKDQJH� RI�
7UHDWPHQWV´� E\� � 'U�� 3�.�%DWUD�� 'U��
3�5�6UHHQDWK� DQG� 'U�� 5DMHQGHU� 3DUVDG��
ZDV� DGMXGJHG� WKH� ³%HVW´� DPRQJ� WKH�
SDSHUV� LQ� WKH� ILHOG� RI� 'HVLJQ� RI�
([SHULPHQWV� SXEOLVKHG� LQ� WKH� -RXUQDO�
RI� ,QGLDQ� 6RFLHW\� RI� $JULFXOWXUDO�
6WDWLVWLFV� GXULQJ� WKH� \HDUV� ����� DQG�
�����
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5(&2*1,7,216�
�
�
�D��0HPEHUVKLS�RI��6FLHQWLILF�6RFLHWLHV�
�
������,QGLDQ�6RFLHW\�RI�$JULFXOWXUDO�6WDWLVWLFV��1HZ�'HOKL�

�
3URI�6'�6KDUPD�
'U�$.�6ULYDVWDYD�
'U�5.�3DQGH\�
'U��3UDMQHVKX�
'U�9.�*XSWD�
'U�+9/�%DWKOD�
'U�3.�0DOKRWUD�
'U�9.�6KDUPD��
'U�5DQGKLU�6LQJK��
'U�6PW�5DQMDQD�$JUZDO�
'U�9.�%KDWLD�
6K�/DO�&KDQG�
6K�6'�:DKL�
'U�63�%KDUGZDM�
'U�9.�0DKDMDQ�
'U�&KDQGUDKDV���
'U�'/�$KXMD�
'U�..�7\DJL�
'U�8&�6XG�
6K�56�.KDWUL�
'U�97�3UDEKDNDUDQ�
6K�$6�*XSWD�

'U�-DJELU�6LQJK�
'U�'3�+DQGD��
6K��-.�.DSRRU�
'U�5�6ULYDVWDYD�
'U�3.�%DWUD��
'U�06�1DUDQJ�
'U�$ORNH�/DKLUL��
'U��*.�-KD�
6K�-3�*R\DO�
6K�'&�0DWKXU�
6PW�5DMLQGHU�.DXU�
6K�6&�0HKWD��
6K�0DGDQ�0RKDQ�
6K�7ULEKXZDQ�5DL�
6K�6&�6HWKL�
6K�6DW\D�3DO�
6K�9.�-DLQ�
6K�6.�0DKDMDQ�
6K�*/�.KXUDQD��
6PW��$MLW�.DXU�%KDWLD��
6K��1.�6KDUPD��
6K�%DOELU�6LQJK�

'U�5DMHQGHU�3DUVDG��
'U�6HHPD�-DJJL��
'U�/0�%KDU�
'U�$.�3DXO�
'U�$5�5DR�
'U�5DPDVXEUDPDQLDQ�9��
'U�&LQL�9DUJKHVH�
0V�0LQL�.*�
6K�9+�*XSWD�
6K�5DMHQGUD�.XPDU��
6K�..�.KHU�
6K�50�6RRG�
'U�$QLO�5DL�
'U�7DXTHHU�$KPHG�
6K�$.�*XSWD�
6K�$.�0RJKD�
6K�3DUYHHQ�$U\D�
6K�6DQMD\�3DQZDU�
6K�/0�9HUPD�
'U�60*�6DUDQ�

�
6RFLHW\�RI�6WDWLVWLFV��&RPSXWHU�DQG�$SSOLFDWLRQV���1HZ�'HOKL�
�
3URI�6'�6KDUPD�
'U�9.�*XSWD�
'U�9.�6KDUPD�
'U��0UV��5DQMDQD�
$JUDZDO��
6PW�$VKD�6DNVHQD�

'U�$ORNH�/DKLUL��
6K�05�9DWV�
'U�5DMHQGHU�3DUVDG��
'U�6HHPD�-DJJL��
'U�5DPDVXEUDPDQLDQ�9�
'U�$5�5DR�

'U�&LQL�9DUJKHVH�
0V�6RQDOL�'DV��
'U�5�6ULYDVWDYD�
'U�$QLO�.XPDU�
0V�$QVKX�'L[LW�
�

�
�

����,QGLDQ�6RFLHW\�RI�$JULFXOWXUDO�6FLHQFHV��1HZ�'HOKL�
�
'U�9.�%KDWLD�
'U�&KDQGUDKDV��
-.�.DSRRU�
'.�6HKJDO�
$QLO�.XPDU�

6K�7�5DL�
6K�6DW\D�3DO�
6K�9.�-DLQ�
6K�*/�.KXUDQD�
6PW��$MLW�.DXU�%KDWLD��

6K�+6�6LNDUZDU�
'U�5DMHQGHU�3DUVDG�
6K�5DMHQGUD�.XPDU�
'U�$.�3DXO�
6K�+�*KRVK�

�
,QGLDQ�6FLHQFH�&RQJUHVV�$VVRFLDWLRQ���&DOFXWWD�
�
3URI�6'�6KDUPD��
'U�$.�6ULYDVWDYD�
'U�+9/�%DWKOD�
'U�3.�0DOKRWUD�
'U�5DQGKLU�6LQJK�
'U�6PW�5DQMDQD�
$JUDZDO�

'U�'.�$JDUZDO��
'U�..�7\DJL�
'U�%&�6D[HQD�
'U��*&�&KDZOD��
'U�5DMHQGHU�3DUVDG��
'U�6HHPD�-DJJL�
'U�'/�$KXMD�

6K�56�.KDWUL� �
6K�$6�*XSWD�
'U�-DJELU�6LQJK�
'U�06�1DUDQJ�
6K�-3�*R\DO�
6K�'&�0DWKXU�
6K�6&�$JDUZDO��



�

����

6K�%KDJZDQ�'DV�
6K�5&�*ROD�
6K�6DW\D�3DO�
6K�9.�-DLQ�
6K�6&�6HWKL�
6K�50�6RRG� �
6K�$.�*XSWD�
'U�7�$KPDG�
'U�*.�-KD�
6K�$.�0RJKD�
'U�9.�*XSWD��
'U�9.�6KDUPD��
'U�'3�+DQGD�
'U�5��6ULYDVWDYD��
'U�3.��%DWUD��
-.���.DSRRU��
$ORNH�/DKLUL�
5DMLQGHU�NDXU�
*/��.KXUDQD�
05��9DWV��
'.��0HKWD��

'.�6HKJDO��
$MLW�.DXU�
1.�6KDUPD��
&LQL�9DUJKHVW��
5DMHQGUD�.XPDU�
$QLO�.XPDU��
'U�9.�%KDWLD��
'U�36�5DQD�
6K�,QGUD�6LQJK�
'U�$.�3DXO�
'U�$5�5DR�
6K�+�*KRVK�
6PW�$VKD�6DNVHQD�
66�:DOLD�
6&�0HKWD�
'U�5DPDVXEUDPDQLDQ�9�
'U�5&�*R\DO�
'U�,&�6HWKL�
6K��0DKHVK�.XPDU�
'U�9.�0DKDMDQ�
6K�.&�*XSWD�

6K�5.�-DLQ�
'U�$QLO�5DL�
6K�23�.KDQGXUL�
6K��%DOELU�6LQJK�
6K�+2�$JDUZDO�
6K�+6�6LNDUZDU�
0V�$OND�$URUD�
0V�6RQDOL�'DV�
6K�9+�*XSWD�
0V�6DVKL�1DUZDO�
6K�06�)DURRTXL�
6K�3DO�6LQJK�
6K�6XGHHS�
0V�6DQJHHWD�$KXMD�
6K�6DXUDEK�3UDNDVK�
6K�..�&KDWXUYHGL�
6K�9.�'XEH\�
0V�$QVKX�'L[LW�
6K�6��,VODP�

�
���,QVWLWXWH�RI�$SSOLHG�6WDWLVWLFV�DQG�����
��'HYHORSPHQW�6WXGLHV��/XFNQRZ�
�
'U��$.�6ULYDVWDYD�
�

���,QGLDQ�'DLU\�$VVRFLDWLRQ��,'$��
�
6K�56�.KDWUL�
�
,QGLDQ� 6RFLHW\� RI� $JULFXOWXUDO�
(FRQRPLFV��%RPED\�
�
0UV��6XVKLOD�.DXO�
�
,QGLDQ� 6RFLHW\� RI� $JULFXOWXUDO�
0DUNHWLQJ��1DJSXU��
�
'U�5.�3DQGH\�
0UV��6XVKLOD�.DXO�
�
&RPSXWHU�6RFLHW\�RI�,QGLD����%RPED\�
�
3URI�6'�6KDUPD��
'U�3.�0DOKRWUD�
6K�0DKHVK�.XPDU�
'U�5&�*R\DO�
'U�9.�0DKDMDQ�
�
,QGLDQ�6WDWLVWLFDO�$VVRFLDWLRQ��3XQH��
�
'U�9.�*XSWD�
'U�*&�&KDZOD��

�
,QGLDQ�(FRQRPHWULF�6RFLHW\��1HZ�'HOKL�

�
'U�9.�6KDUPD�

�
,QGLDQ�6RFLHW\�IRU�0HGLFDO�6WDWLVWLFV��1HZ�
'HOKL�
�
'U�-DJELU�6LQJK�
�
6RFLHW\�RI�0DWKHPDWLFDO�6FLHQFHV��'HOKL�
'U�3UDMQHVKX�
�
)DUPLQJ� 6\VWHP� 5HVHDUFK� DQG�
'HYHORSPHQW� $VVRFLDWLRQ� �� 0RGLSXUDP� ��
0HHUXW��
�
6PW�5DMLQGHU�.DXU�
6PW�$MLW�.DXU�%KDWLD�
'U�3.�%DWUD�
'U�1.�6KDUPD�
'U�$QLO�.XPDU�
�
,QGLDQ�6RFLHW\�RI�*HQHWLFV�DQG�3ODQW�
%UHHGLQJ�
�
'U�97�3UDEKDNDUDQ�
'U�$5�5DR�
�
$QGDPDQ�6FLHQFH�$VVRFLDWLRQ�
�
'U�$QLO�.XPDU��
�
,QGLDQ�6RFLHW\�RI�$JURIRUHVWU\�
�
'U�'3�+DQGD�
�
6RLO�FRQVHUYDWLRQ�6RFLHW\�RI�,QGLD�
�
'U�'3�+DQGD�

�



�

����
���

�E��2IILFHV�LQ�3URIHVVLRQDO�6RFLHWLHV�
�
,QGLDQ�6RFLHW\�RI�$JULFXOWXUDO�6WDWLVWLFV��1HZ�'HOKL�
�
3URI��6'�6KDUPD� 6HFUHWDU\��([HFXWLYH�&RXQFLO��0HPEHU��(GLWRULDO�%RDUG�
'U�$.�6ULYDVWDYD� -RLQW�6HFUHWDU\��([HFXWLYH�&RXQFLO��0HPEHU��(GLWRULDO�%RDUG�
'U�+9/�%DWKOD� 0HPEHU��([HFXWLYH�&RXQFLO�
'U�9.�*XSWD� 0HPEHU���([HFXWLYH�&RXQFLO��0HPEHU��(GLWRULDO�%RDUG�
'U�3UDMQHVKX� 0HPEHU��(GLWRULDO�%RDUG�
'U�3.�0DOKRWUD� 0HPEHU���([HFXWLYH�&RXQFLO��0HPEHU��(GLWRULDO�%RDUG�
'U�9.�6KDUPD� 0HPEHU��([HFXWLYH�&RXQFLO�
'U�9.�%KDWLD� -RLQW�6HFUHWDU\��([HFXWLYH�&RXQFLO��0HPEHU��(GLWRULDO�%RDUG�
'U�5DQGKLU�6LQJK� 0HPEHU��(GLWRULDO�%RDUG�
6K�56�.KDWUL� -RLQW�6HFUHWDU\��([HFXWLYH�&RXQFLO��0HPEHU��(GLWRULDO�%RDUG�
�
6RFLHW\�RI�6WDWLVWLFV��&RPSXWHU�DQG�$SSOLFDWLRQV��1HZ�'HOKL�
�
3URI�6'�6KDUPD�� �L��9LFH�3UHVLGHQW�

�LL��0HPEHU�RI�WKH�([HFXWLYH�&RXQFLO�
'U�9.�*XSWD��
�

�L���0DQDJLQJ�(GLWRU�
�LL��0HPEHU�RI�WKH�([HFXWLYH�&RXQFLO��
�

'U�$ORNH�/DKLUL� -RLQW�6HFUHWDU\�
�
,QGLDQ�6RFLHW\�RI�$JULFXOWXUDO�0DUNHWLQJ��1DJSXU��
���
'U�5.�3DQGH\� � 9LFH�3UHVLGHQW�
�
$OLJDUK�-RXUQDO�RI�6WDWLVWLFV�
�
'U�%&�6D[HQD� ([HFXWLYH�PHPEHU�RI�(GLWRULDO�%RDUG�
�
)DUPLQJ�6\VWHPV�5HVHDUFK�DQG�'HYHORSPHQW�$VVRFLDWLRQ�
�
6K�$QLO�.XPDU� -RLQW�6HFUHWDU\�RI�([HFXWLYH�&RXQFLO�
�
,QGLDQ�6FRHLW\�RI�$JULFXOWXUDO�6FLHQFH�
�
'U�5DMHQGHU�3DUVDG� 0HPEHU��(GLWRULDO�%RDUG��%DVLF�6FLHQFHV�IRU�$QQDOV�RI�

$JULFXOWXUDO�5HVHDUFK�
�
&&6�8QLYHUVLW\��0HHUXW��83�
�
6K�$QLO�.XPDU� ([WHUQDO�([DPLQHU�
�
%UDVVLFD�1HZV��0XVWDUG�5HVHDUFK�DQG�3URPRWLRQ�&RQVRWLXP��353&���1HZ�'HOKL�
�
'U�6HHPD�-DJJL� 0HPEHU��(GLWRULDO�%RDUG�
�
,QGLDQ�6RFLHW\�RI�*HQHWLFV�DQG�3ODQW�%UHHGLQJ�
�
'U�97�3UDEKDNDUDQ� 0HPEHU��(GLWRULDO�
�
��
�



�

����
�

�&�� 0HPEHUVKLS�2IILFHV�LQ�&RPPLWWHHV�3DQHOV�:RUNLQJ�*URXSV�
�

'U�6'�6KDUPD� L��
�
LL��
�
LLL��
LY��
Y��
YL��
�
YLL��
�
YLLL��
�
L[��

&KDLUPDQ�RI� WKH�5DMEKDVKD�,PSOHPHQWDWLRQ�&RPPLWWHH�RI� WKH�
,QVWLWXWH��
&KDLUPDQ�RI� WKH�PHHWLQJV�RI� WKH�*ULHYDQFH�&RPPLWWHH�RI� WKH�
,QVWLWXWH��
&KDLUPDQ�RI�WKH�6HQLRU�2IILFHUV�0HHWLQJV�RI�WKH�,QVWLWXWH��
&KDLUPDQ�RI�WKH�,QVWLWXWH�-RLQW�6WDII�&RXQFLO��
&KDLUPDQ�RI�WKH�,QVWLWXWH�6WDII�5HVHDUFK�&RXQFLO�PHHWLQJV��
&KDLUPDQ� RI� WKH� PHHWLQJV� RI� WKH� ,QVWLWXWH� 0DQDJHPHQW�
&RPPLWWHH��
&KDLUPDQ�RI� WKH�PHHWLQJ� RI� WKH�/LEUDU\�$GYLVRU\�&RPPLWWHH�
RI�WKH�,QVWLWXWH��
&KDLUPDQ� RI� WKH� *HQHUDO� %RG\� PHHWLQJV� RI� WKH� ,$65,� &R�
RSHUDWLYH�7KULIW�DQG�&UHGLW�6RFLHW\��
&KDLUPDQ�RI�*HQHUDO�%RG\�PHHWLQJV�RI�WKH�,&$5��,$65,��&R�
RSHUDWLYH�6WRUH��

'U�$.�6ULYDVWDYD� L��
�
�
LL��
�
�
LLL��
�
�
�
LY��
�
�
Y��
�
YL��
�
�
YLL��
�
YLLL��
�
L[��
�
��
[��

&KDLUPDQ� RI� ZRUNLQJ� JURXS� RI� ([SHUWV� IRU� UHYLHZLQJ�
$JULFXOWXUDO�&HQVXV�2SHUDWLRQV�LQ�WKH�FRXQWU\�DQG�IRU�3ODQQLQJ�
RI�$JULFXOWXUDO�&HQVXV������������
0HPEHU�RI� WKH� VXE�JURXS� WR� UHYLHZ� WKH� LPSURYHPHQW�RI�FURS�
VWDWLVWLFV� �,&6�� SURJUDPPH� ZLWK� UHIHUHQFH� WR� VXUYH\� GHVLJQ��
FRQVWLWXWHG�E\�1DWLRQDO�6WDWLVWLFDO�&RPPLVVLRQ�
0HPEHU� RI� WKH� 3URJUDPPH� $GYLVRU\� &RPPLWWHH� �3$&���
1DWLRQDO� 6FLHQFH� DQG� 7HFKQRORJ\� 0DQDJHPHQW� ,QIRUPDWLRQ�
6\VWHP� �1670,6�� 6FKHPH� FRQVWLWXWHG� E\� 'HSDUWPHQW� RI�
6FLHQFH�DQG�7HFKQRORJ\��1HZ�'HOKL��
0HPEHU� RI� WKH� FRPPLWWHH� WR� UHYLHZ� WKH� FRQWHQWV� RI� WKH�
FRPSHQGLXP�RI�(QYLURQPHQWDO�6WDWLVWLFV�EHLQJ�EURXJKW�RXW�E\�
&HQWUDO�6WDWLVWLFDO�2UJDQLVDWLRQ��
0HPEHU�RI�WKH�([SHUW�&RQVXOWDWLRQ�JURXS�RQ�*OREDO�5HVRXUFH�
6XUYH\�FRQVWLWXWHG�E\�)RUHVW�6XUYH\�RI�,QGLD��)6,���
0HPEHU� �DOWHUQDWH�� RI� WKH� 0DQDJHPHQW� DQG� 3URGXFWLYLW\�
6HFWLRQDO� &RPPLWWHH� 06'� �� DQG� ��� %XUHDX� RI� ,QGLDQ�
6WDQGDUGV��
0HPEHU� RI� WKH� 7HFKQLFDO� &RPPLWWHH� RI� 'LUHFWLRQ� IRU�
,PSURYHPHQW�RI�$QLPDO�+XVEDQGU\�DQG�'DLU\LQJ�6WDWLVWLFV��
0HPEHU� RI� 7HFKQLFDO� $GYLVRU\� &RPPLWWHH�� (GXFDWLRQ�
6XUYH\V��1&(57��
0HPEHU�RI�7HFKQLFDO�$GYLVRU\�&RPPLWWHH�RQ�6DPSOH�6XUYH\V�
RI�5HJLVWHUHG�6PDOO�6FDOH�,QGXVWULHV��66,��8QLWV�FRQVWLWXWHG�E\�
0LQLVWU\�RI�,QGXVWULHV��
0HPEHU� RI� D� VXE�JURXS� IRU� LPSURYHPHQW� RI� DJULFXOWXUDO�
VWDWLVWLFV�FRQVWLWXWHG�E\�1662���,Q�WKLV�VXE�JURXS�IHDVLELOLW\�RI�
5HPRWH� 6HQVLQJ� $SSOLFDWLRQV� LQ� FRQMXQFWLRQ� ZLWK�
,PSURYHPHQW� RI� &URS� (VWLPDWLRQ� 6FKHPH� �,&6�� LV� EHLQJ�
H[DPLQHG��

'U�9.�*XSWD� L��
�
�
LL��
�

&KDLUPDQ� RI� FRQWULEXWHG� SDSHU� VHVVLRQ� RQ� 'HVLJQ� RI���
([SHULPHQWV� RI� ��WK� &RQIHUHQFH� RI� ,QGLDQ� 6RFLHW\� RI��
$JULFXOWXUDO�6WDWLVWLFV�
&RQYHQRU� IRU� RQH� VHVVLRQ� RQ� C'HVLJQ� RI� ([SHULPHQWV� RI�
,QWHUQDWLRQDO�&RQIHUHQFH�RQ�5HFHQW�'HYHORSPHQWV� LQ6WDWLVWLFV�
DQG� 3UREDELOLW\� DQG� WKHLU� $SSOLFDWLRQV� KHOG� DW� ,QGLD�
,QWHUQDWLRQDO�&HQWUH�



�

����
���

'U�3.�0DOKRWUD� L��
�
�
LL��
�
�
�
LLL��
�
�
LY��

&RRUGLQDWRU� RI� WKH� 6XEMHFW� 0DWWHU� &RPPLWWHH� RI�
6WDWLVWLFDO� 6FLHQFHV� VHW� XS� E\� ,&$5� IRU� UHYLVLRQ� RI� 3*�
FRXUVHV�DQG�RWKHU�UHODWHG�LVVXHV�
0HPEHU�6HFUHWDU\�RI� WKH�&RUH�&RPPLWWHH�IRU�PRGLILFDWLRQ�RI�
V\OODEXV� LQ� WKH� GLVFLSOLQH� RI� &RPSXWHU�$SSOLFDWLRQV� IRU� $56�
([DPLQDWLRQ�VHW�XS�E\�$65%�
0HPEHU� &RUH� &RPPLWWHH� IRU� 5HJLVWUDWLRQ� DQG�
&RPSXWHULVDWLRQ� RI� WKH� ��WK� 6HVVLRQ� RI� ,QGLDQ� 6FLHQFH�
&RQJUHVV�KHOG�DW�,$5,��1HZ�'HOKL�
&KDLUPDQ� RI� WKH� :HEVLWH� 'HYHORSPHQW� DQG� XSGDOWLQJ�
FRPPLWWHH�IRU�WKH���WK�6HVVLRQ�RI�,QGLDQ�6FLHQFH�&RQJUHVV�KHOG�
DW�,$5,��1HZ�'HOKL�

'U�+9/�%DWKOD� L��
�
LL��
�
�
LLL��
�
�
�
�
LY��
Y��
�

0HPEHU�6HFUHWDU\��5HVHDUFK�$GYLVRU\�&RPPLWWHH�RI�WKH�
,QVWLWXWH�
&RXUVH�'LUHFWRU�RI�WKH�WUDLQLQJ�SURJUDPPH�RQ�C5HFHQW�
$GYDQFHV�LQ�WKH�$QDO\VLV�RI�6XUYH\�'DWD
�RUJDQLVHG�LQ�WKH�
'LYLVLRQ�GXULQJ�)HE�������������
1RPLQDWHG�E\�WKH�([SHUW�&RPPLWWHH�RI�VSHFLILFDWLRQV�RI�
LPSRUWHG�IHUWLOLVHUV�DV�PHPEHU�RI�WKH�FRPPLWWHH�WR�UHYLHZ�WKH�
H[LVWLQJ�PHWKRGRORJ\�RI�GUDZDO�RI�VDPSOHV�IURP�XUHD�YHVVHOV�
DW�SRUWV�DQG�VXJJHVW�LPSURYHPHQWV�
6SHFLDO�,QYLWHH��&RQVXOWDQF\�3URFHVVLQJ�&HOO�
1RPLQDWHG�DV�PHPEHU�RI�,QGLJHQRXV�7HFKQLFDO�.QRZOHGJH�
,QIRUPDWLRQ�&RPPLWWHH�LQ�FRQQHFWLRQ�ZLWK�1$73�PLVVLRQ�
PRGH�

'U�5DQGKLU�6LQJK� L��
�
�
LL��
�
�
LLL��
�

0HPEHU�RI�C&RPPLWWHH�RI�H[SHUWV�WR�H[DPLQH�WKH�XVH�RI�
UHPRWH� VHQVLQJ� WHFKQRORJ\� LQ� GHWHFWLRQ� RI� VSUHDG� RI�
GLVHDVHV� RQ� FURSV� LQFOXGLQJ� FRWWRQ
� FRQVWLWXWHG� E\�
0LQLVWU\�RI�$JULFXOWXUH�DQG�&RRSHUDWLRQ��*RYW��RI�,QGLD�
$GYLVRU�IRU�3HUVRQDOLW\�WHVW�%RDUG�RI�,66�([DPLQDWLRQ�RI�
�����RI�836&�GXULQJ�$XJ��������������
([DPLQHU�IRU�0�6F��3K�'��WKHVLV�DQG�H[DPLQDWLRQV�IURP�WKH�
IROORZLQJ�XQLYHUVLWLHV��8QLYHUVLW\�RI�5DMDVWKDQ��-DLSXU��0HHUXW�
8QLYHUVLW\��0HHUXW�DQG�+$8�+LVVDU�

'U�9.�6KDUPD� L��
�
LL��

/RFDO� 6HFUHWDU\� RI� WKH� 6WDWLVWLFV� 6HFWLRQ� RI� ��WK� $QQXDO�
&RQIHUHQFH�RI�WKH�,QGLDQ�6FLHQFH�&RQJUHVV�
0HPEHU�RI�WKH�([HFXWLYH�&RXQFLO�RI�WKH�3*�6FKRRO�RI�,$5,�
DQG�DOVR�PHPEHU�RI�WKH�6WDQGLQJ�&RPPLWWHH�RQ�)DFXOW\�DQG�
'LVFLSOLQH�

'U�9.�%KDWLD� L��
�
�
�
LL��
�
�
�
LLL��

&RQYHQRU�RI�D�V\PSRVLXP�RQ�C$GYDQFHV�LQ�6WDWLVWLFDO�0HWKRGV�
IRU�$QLPDO�DQG�3ODQW�*HQHWLF�,PSURYHPHQW�3URJUDPPH
�GXULQJ�
WKH� FRQIHUHQFH� RI� ,,6$� ���������� ,QGLD� -60� DW� 1HZ� 'HOKL�
IURP�'HF����WR�-DQ����������
&KDLUPDQ��WKH�V\PSRVLXP�RQ�C$GYDQFHV�LQ�6WDWLVWLFDO�0HWKRGV�
IRU�$QLPDO� DQG�3ODQW�*HQHWLF� ,PSURYHPHQW� 3URJUDPPH
� KHOG�
GXULQJ� WKH� FRQIHUHQFH� RI� ,,6$� ����� KHOG� DW�1HZ�'HOKL� IURP�
'HF����WR�-DQ����������
&KDLUPDQ�� WKH� IRXUWK�PHHWLQJ�RI�)RRG�$QDO\VLV�DQG�1XWULWLRQ�
6HFWLRQDO�&RPPLWWHH�� )$'���� WR�0DU� ���� ����� DW�%XUHDX� RI�
,QGLD�6WDQGDUGV��1HZ�'HOKL�

'U�'.�$JDUZDO� L��
LL��
LLL��
�
LY��

0HPEHU�6HFUHWDU\��65&�
1RGDO�2IILFHU�RI�,35�
1RGDO�2IILFHU�UHJDUGLQJ�WKH�VWXG\�RQ�GHSOR\PHQW�RI�UHVHDUFK�
UHVRXUFHV�WR�EH�FDUULHG�RXW�E\�'U�'1�-KD��1DWLRQDO�3URIHVVRU�
0HPEHU��&RQVXOWDQF\�3URFHVVLQJ�&HOO�



�

����
�

Y��
YL��
YLL��
�
YLLL��

0HPEHU�6HFUHWDU\���6HQLRU�2IILFHUV�0HHWLQJ�
0HPEHU�6HFHWUDU\���3ODFHPHQW�&HOO��FRQVWLWXWHG�DW�WKH�,QVWLWXWH�
&HQYHQRU�RI�'HFODPDWLRQ�&RQWHVWV�RI�WKH�$QQXDO�'D\�
)XQFWLRQ�
,QFKDUJH��3URMHFW�0DQDJHPHQW�DQG�(YDOXDWLRQ�&HOO�

'U�%&�6D[HQD� � 6HFUHWDU\��6HPLQDU�$VVRFLDWLRQ�RI�WKH�,QVWLWXWH�
�

'U�..�7\DJL� L��
�
�
LL��
LLL��
�
LY��
Y��

$VVRFLDWH� &RXUVH� 'LUHFWRU� RI� WKH� WUDLQLQJ� SURJUDPPH� RQ�
C5HFHQW�$GYDQFHV�LQ�WKH�$QDO\VLV�RI�6XUYH\�'DWD
�RUJDQLVHG�LQ�
WKH�'LYLVLRQ�GXULQJ�)HE�������������
0HPEHU�C&HQWUDO�([DPLQDWLRQ�&RPPLWWHH
�DW�WKH�,QVWLWXWH�
0HPEHU��:RUNV�	�0DLQWHQDQFH�&RPPLWWHH�RI�WKH�,QVWLWXWH�
9LFH�3UHVLGHQW��,$65,�5HFUHDWLRQ�	�:HOIDUH�&OXE�
0HPEHU��OQVWLWXWH�6SRUWV�&RPPLWWHH�

6K�0DKHVK�.XPDU� � 0HPEHU�RI�6XEMHFW�0DWWHU�&RPPLWWHH�$RI�6WDWLVWLFDO�6FLHQFH�
VHW�XS�E\� ,&$5�IRU� UHYLVLRQ�RI�3*�&RXUVHV�DQG�RWKHU� UHODWHG�
LVVXHV�

6K�.&�*XSWD� � 0HPEHU�� 6DPSDGDN� PDQGDO�� 6DQVWKDQ� 5DDMEKDVKD�
.DU\DQYD\DQ�6DPLWL�

'U�5DMHQGHU�3DUVDG� � &RQYHQRU� IRU� WZR� VHVVLRQV� RQ� C'HVLJQ� RI� ([SHULPHQWV� RI�
,QWHUQDWLRQDO�&RQIHUHQFH�RQ�5HFHQW�'HYHORSPHQWV�LQ�6WDWLVWLFV�
DQG� 3UREDELOLW\� DQG� WKHLU� $SSOLFDWLRQV� KHOG� DW� ,QGLD�
,QWHUQDWLRQDO�&HQWUH�
�
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�
6O��
1R��

7LWOH�
�

&ROODERUDWLYH�$JHQF\� 6WDUW� &RPSOHWLRQ�

��� 6DPSOH� VXUYH\� WR� HYROYH�
PHWKRGRORJ\� IRU� HVWLPDWLRQ� RI�
ILVK�FDWFK�IURP�ULYHUV�DQG�VWUHDPV�
HVSHFLDOO\�RI�WKH�KLOO\�DUHDV��

'HSDUWPHQW�RI�
)LVKHULHV���
+LPDFKDO�3UDGHVK�

����������� �����������

��� 3LORW�VDPSOH�VXUYH\�IRU�HVWLPDWLQJ��
WKH�DUHD�DQG�\LHOG� UDWHV�RI�JLQJHU���
DQG�SRWDWR�LQ�KLOO\�DUHDV����

'LUHFWRUDWH�RI�
(FRQRPLFV�	�
6WDWLVWLFV���
0HJKDOD\D��6KLOORQJ��

����������� �����������

��� 6WXG\� RI� ODQG� XVH� VWDWLVWLFV�
WKURXJK� LQWHJUDWHG� PRGHOOLQJ�
XVLQJ� JHRJUDSKLF� LQIRUPDWLRQ�
V\VWHP����$�3��&HVV�)XQG���

$,6�	�/86��0LQLVWU\�
RI�$JULFXOWXUH�

����������� �����������

��� 6DPSOLQJ� SURFHGXUH� IRU� VHOHFWLRQ�
RI� UHSUHVHQWDWLYH� VDPSOHV� RI�
IHUWLOLVHU� IURP� VKLSV�� � �$�3�� &HVV�
)XQG��

&HQWUDO�)HUWLOLVHU�
4XDOLW\�&RQWURO�	�
7UDLQLQJ�,QVWLWXWH��
)DULGDEDG�

����������� �����������
�

��� $� VWXG\� UHODWLQJ� WR� IRUPXODWLQJ�
ORQJ� WHUP�PDFKDQLVDWLRQ� VWUDWHJ\�
IRU�HDFK�DJUR�FOLPDWLF�]RQH�6WDWH��
�)XQGHG� IURP� 'HSDUWPHQW� RI�
$JULFXOWXUH� DQG� &RRSHUDWLRQ��
0LQLVWU\�RI�$JULFXOWXUH��

'HSDUWPHQW�RI�
$JULFXOWXUH�DQG�
&RRSHUDWLRQ��0LQLVWU\�
RI�$JULFXOWXUH�

����������� �����������

��� $� SLORW� VWXG\� RQ� FRVW� RI�
SURGXFWLRQ� RI�&RFRQXW� LQ�.HUDOD���
�)XQGHG� IURP� &RFRQXW�
'HYHORSPHQW� %RDUG�� .RFKL��
.HUDOD��

&HQWUDO�3ODQWDWLRQ�
&URSV�5HVHDUFK�
,QVWLWXWH���
.DVDUDJRG��.HUDOD��

����������� �����������

��� $VVHVVPHQW� RI� KDUYHVW� DQG� SRVW�
KDUYHVW� ORVVHV�� � � �7R� EH� IXQGHG�
XQGHU� 1$73� 0LVVLRQ� 0RGH�
3URJUDPPH���

� ����������� �����������

��� ,QWHJUDWHG� 1DWLRQDO� $JULFXOWXUDO�
5HVRXUFHV� ,QIRUPDWLRQ� 6\VWHP�
�1$73�SURMHFW��

� ����������� �����������

��� (VWLPDWLRQ� RI� ZRRO� SURGXFWLRQ� ��
HPHUJLQJ� GDWD� QHHGV� DQG� D�
PHWKRGRORJLFDO�UHDSSUDLVDO����$�3��
&HVV�)XQG���

&6:5,��$YLNDQDJDU�
�5DMDVWKDQ��

$SSURYHG� �

���� &URS� \LHOG� HVWLPDWLRQ� RI� VPDOOHU�
DUHD�OHYHO�XVLQJ�IDUPHUV
�HVWLPDWHV��
�$� VPDOO� VWXG\� WDNHQ� LQ� GLVWULFW�
.DUQDO���

'HSDUWPHQW�RI�
$JULFXOWXUH��
+DU\DQD�

� �

���� 'HVLJQV� IRU� ILWWLQJ� UHVSRQVH�
VXUIDFHV� LQ� $JULFXOWXUDO�
([SHULPHQWV����$�3�&HVV�)XQG���

� ����������� �����������

���� 3ODQQLQJ��GHVLJQLQJ�DQG�VWDWLVWLFDO�
DQDO\VLV� RI� GDWD� UHODWLQJ� WR�
H[SHULPHQWV� FRQGXFWHG� XQGHU�
$,&53� RQ� /RQJ�7HUP� )HUWLOL]HU�
([SHULPHQWV��

3URMHFW�&RRUGLQDWRU�
�/7)(��DQG�6WDWH�
$JULFXOWXUDO�
8QLYHUVLWLHV�

$SULO������� &RQWLQXLQJ��

���� 3ODQQLQJ�� GHVLJQLQJ� DQG� DQDO\VLV�
RI� RQ�IDUP� UHVHDUFK� H[SHULPHQWV�
SODQQHG�XQGHU�WKH�3'&65�

'LUHFWRUDWH�RI�
&URSSLQJ�6\VWHPV�
5HVHDUFK���
0RGLSXUDP��0HHUXW�

$SULO������� &RQWLQXLQJ��
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&ROODERUDWLYH�$JHQF\� 6WDUW� &RPSOHWLRQ�

���� 3ODQQLQJ�� GHVLJQLQJ� DQG� DQDO\VLV�
RI� H[SHULPHQWV� SODQQHG� RQ�
VWDWLRQV�XQGHU�WKH�3'&65�

'LUHFWRUDWH�RI�
&URSSLQJ�6\VWHPV�
5HVHDUFK���
0RGLSXUDP��0HHUXW��

$SULO������� &RQWLQXLQJ��

���� 3ODQQLQJ�� GHVLJQLQJ� DQG� DQDO\VLV�
RI�H[SHULPHQWV�UHODWLQJ�WR�$,&53�
RQ� 6RLO� WHVW� FURS� UHVSRQVH�
FRUUHODWLRQ�

3URMHFW�&RRUGLQDWRU�
�67&5����,QGLDQ�
,QVWLWXWH�RI�6RLO�
6FLHQFH��,&$5���
%KRSDO�

0DUFK������� )HE��������

���� 'HVLJQ� DQG� DQDO\VLV� RI�
$JURIRUHVWU\�([SHULPHQWV��

,*)5,���
-KDQVL��

0DUFK������� )HE���������
�
�

���� )HUWLOL]HU� UHVSRQVH� UDWLR� IRU�
GLIIHUHQW�FURSV�LQ�,QGLD�

6SRQVRUHG�E\�0LQLVWU\�
RI�$JULFXOWXUH�

-XQH������� )HE��������

���� (YDOXDWLRQ� RI� )DWLJXH� VFRUH� FDUG�
IRU�DQLPDOV� �$,&53�RQ� LQFUHDVHG�
XWLOL]DWLRQ�RI�$QLPDO�(QHUJ\�ZLWK�
HQKDQFHG�V\VWHP�HIILFLHQF\��

.�9�.���5DZDUL� � �

���� 'HYHORSPHQW� RI� 6WDWLVWLFDO�
SURFHGXUHV� IRU� VHOHFWLQJ�
JHQRW\SHV� VLPXOWDQHRXVO\� IRU�
\LHOG�DQG�VWDELOLW\��

,�$�5�,���1HZ�'HOKL� ����������� �����������

���� 3LORW� VWXG\� RQ� IRUHFDVWLQJ� RI�
EURRG�ODF� \LHOG� IURP� %XWHD��
0RQRVSHUPD��SDODV���������

,�/�5�,���
5DQFKL��

����������� �����������

���� 'HYHORSPHQW� RI� IRUHZDUQLQJ�
V\VWHP� � IRU� � DSKLGV�� P\]XV�
SHUVLFDH��VXO]HU��RQ�SRWDWR��

1&,30��1HZ�'HOKL�	�
$,&3,3���6KLPOD�

0D\������� $SULO�������
�
�

���� )RUHFDVWLQJ� WKH� ORVV� LQ� \LHOG� GXH�
WR�ZHHGV��

,$5,��1HZ�'HOKL� 0D\������� 2FW��������
���� )RUHFDVWLQJ� RI� ILVK� SURGXFWLRQ�

IURP�SRQGV��
&,)$��%KXEDQHVKZDU�� $XJ�������� -XO\�������

���� 6WXGLHV� RQ� ELRHFRORJ\� DQG�
SRSXODWLRQ� G\QDPLFV� RI� PDMRU�
SHVWV�RI�PDQJR��KRSSHUV�� IUXLWIO\��
OHDI� ZHEEHU� DQG� LQIORUHVFHQFH�
PLGJH��DQG�JXDYD��IUXLW�ERUHU�����

&,6+���
/XFNQRZ�

2FW�������� 0DUFK�������

���� (SLGHPLRORJ\� DQG� IRUHFDVWLQJ� RI�
SRZGHU\�PLOGHZ�DQG�DQWKUDFQRVH��

&,6+���
/XFNQRZ�

2FW�������� 0DUFK�������
���� 7R�GHYHORS�PRGHO�RI�IRUHZDUQLQJ�

DERXW� LQIHVWDWLRQ� RI� LQVHFWV� IRU�
SDGG\�FURS���

1��'��8QLY��RI�$JUL��	�
7HFK���.XPDUJDQM��
)DL]DEDG�

���������� 2FW��������

���� 1$73� SURMHFW� RQ�
,QVWLWXWLRQDOL]DWLRQ� RI� 5HVHDUFK�
3ULRULW\� 6HWWLQJ�� 0RQLWRULQJ� DQG�
(YDOXDWLRQ� DQG� 1HWZRUNLQJ� RI�
6RFLDO�6FLHQWLVWV�

L�� 'WH��RI�0DL]H�5HV���
,$5,��1HZ�'HOKL�

LL�� 1&$3��1HZ�'HOKL�
LLL��&$=5,��-RGKSXU�
LY��1$$50��

+\GHUDEDG�
Y�� &6:&5�	7,��

'HKUDGXQ�
YL��&5,'$��

+\GHUDEDG�
YLL��,QGLDQ�,QVWLWXWH�RI�

3XOVHV�5HVHDUFK��
.DQSXU��8�3���

YLLL�� 15&�RQ�
0LWKXQ��
0HG]LSKHPD��
1DJDODQG��

-XQH������� 1RY��������
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&ROODERUDWLYH�$JHQF\� 6WDUW� &RPSOHWLRQ�

L[��15&�RQ�2LO�3DOP��
(OXUX�3HGDYHJL��
��������$�3���

[�� &,&5��1DJSXU��
�������

[L��3'&65��
0RGLSXUDP��
0HHUXW��������
�8�3���

[LL��)DFLOLWDWRU��FRWWRQ�
EDVHG���3$8��
/XGKLDQD�±��������
�3XQMDE��

[LLL�� ,QGLDQ�
,QVWLWXWH�RI�
6XJDUFDQH�
5HVHDUFK��
/XFNQRZ���������
�8�3���

[LY�� &HQWUDO�
,QVWLWXWH�IDU�
%UDFNLVK�:DWHU�
$TXDFXOWXUH��
�&,%$��������
0DKDOLQJDSXUDP��
PDLQ�URDG��
&KHQQDL���������

[Y��&HQWUDO�5LFH�
5HVHDUFK�,QVWLWXWH��
�&55,���&XWWDFN�±�
��������2ULVVD��

[YL�� 'LUHFWRUDWH�RI�
2LOVHHG�5HVHDUFK��
+\GHUDEDG�±�
��������$�3���

�
���� 1$73� 3URMHFW� RQ� 
'HYHORSPHQW�

RI� 3HVWLFLGH� 5HVLGXH� )UHH� ,30�
3DFNDJH� IRU� VRPH� 0DMRU�
9HJHWDEOHV
�

'LYLVLRQ�RI�$JUL��
&KHPLVWU\��,$5,���
1HZ�'HOKL�

$XJXVW��
�����

1RY��������

���� 1$73�3URMHFW�RQ�� 
([SHUW�6\VWHP�
LQ�([WHQVLRQ
�

,$5,���1HZ�'HOKL� � �
��� 7KH� 'HYHORSPHQW� RI�

1,6$*(1(7�
$OO�6$8V� � �

���� 3URMHFW� 0DQDJHPHQW� ,QIRUPDWLRQ�
6\VWHP�'HYHORSPHQW�DQG�*,6�

&,00<7��0H[LFR� � �
���� 'HYHORSPHQW�RI�3,06� ,$&��:DJHQLQJHQ��

7KH�1HWKHUODQGV�
� �

�
�

�
�D��1DWLRQDO�,QVWLWXWHV�DQG���
������$JULFXOWXUDO�8QLYHUVLWLHV��

�
7KH�'LYLVLRQ�KDV�FROODERUDWHG�ZLWK�&$=5,��

-RGKSXU��DQG����SURYLGHG���FRQVXOWDQF\��DQG��D�
3HUVRQQHO���,QIRUPDWLRQ���6\VWHP��IRU��&$=5,���

�
�

-RGKSXU�ZDV�GHYHORSHG��
�
��E���([WHQVLRQ�DQG�'HYHORSPHQW��

$JHQFLHV��
�

'LUHFWRUDWH�RI�([WHQVLRQ��*RYW��RI�,QGLD��1HZ�
'HOKL�

�
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5HVHDUFK� &RRUGLQDWLRQ� DQG�
0DQDJHPHQW� 8QLW� �5&08�� LV� UHVSRQVLEOH�
IRU� � � GRFXPHQWDWLRQ� DQG� GLVVHPLQDWLRQ� RI�
VFLHQWLILF� RXWSXW� RI� WKH� ,QVWLWXWH� � WKURXJK�
,$65,�1HZV�DQG�$QQXDO�5HSRUW�HWF��,W�DOVR��
RUJDQLVHV� � 1DWLRQDO� � &RQIHUHQFHV� � � RI���
$JULFXOWXUDO�5HVHDUFK�6WDWLVWLFLDQV��RQFH�LQ��
WKUHH� \HDUV� DQG� � FRQGXFWV� PHHWLQJV� � RI��
+HDGV�RI�'LYLVLRQV�DQG�3ULQFLSDO�6FLHQWLVWV��
RI� � WKH� ,QVWLWXWH� IURP� WLPH� WR� WLPH�� � � 7KH�
8QLW� DOVR� DVVLVWV� WKH� 457� � DQG� LV��
UHVSRQVLEOH� � � IRU� FRUUHVSRQGHQFH� � ZLWK��
,&$5�� � � ,&$5� � ,QVWLWXWHV�� � 6$8V� � DQG��
RWKHU� RUJDQLVDWLRQV� LQ� ,QGLD� DQG� DEURDG��
7KH� � RWKHU� � IXQFWLRQV� � RI� � WKH� XQLW� DUH�� WR��
H[DPLQH� � WKH� � QHZ� 5HVHDUFK� � 3URMHFW�
SURSRVDOV��EHIRUH��WKHVH�DUH��FRQVLGHUHG�E\��
WKH� �65&� � LQ� UHVSHFW� � RI� � � � LPSRUWDQFH� �RI�
SUREOHPV�� LWV� � GHVLJQ� � DQG� � ILQDO�
UHTXLUHPHQWV�� � WR� � PRQLWRU� � WKH� � SURJUHVV���
RI���RQ�JRLQJ��UHVHDUFK�SURMHFWV�DQG�WR�EULQJ��
RXW� � KDOI� \HDUO\� � PRQLWRULQJ� � SURJUHVV�
UHSRUWV���WR��SUHSDUH��$QQXDO��$FWLRQ���3ODQ��
$FWLYLW\� � 0LOHVWRQH�� ()&� 0HPR�� WR�
PDLQWDLQ� WKH� �5HVHDUFK� �3URMHFW�)LOHV� � DQG�
DOVR� WKHLU� VXEPLVVLRQ� WR� $5,&� � �,&$5����
7KH� 8QLW� DOVR� SURYLGHV� KHOS� LQ� $UW��
3KRWRJUDSK\�	�5HSURJUDSKLF�6HUYLFHV����
�

7KH� � � IROORZLQJ� DFWLYLWLHV� � ZHUH��
XQGHUWDNHQ� E\� WKH� 8QLW� GXULQJ� � WKH� � \HDU��
XQGHU�UHSRUW��
�
3XEOLFDWLRQV��
��
•� $QQXDO� 5HSRUW� RI� WKH� ,QVWLWXWH� IRU� WKH�

\HDU�����������
&RPSOLHG� 	� HGLWHG� E\� $.� 6ULYDVWDYD��
'.� $JDUZDO�� 33� 6LQJK� DQG� � -��
6ULQLYDVDQ��

•� ,$65,�1HZV��9RO�����1R�����-DQ�±0DU���
������
&RPSOLHG�	�HGLWHG�E\� �$.�6ULYDVWDYD��
'.� $JDUZDO�� 33� 6LQJK�� -� 6ULQLYDVDQ��
6RP�'XWW�DQG�23�6LQJK�

•� ,$65,�1HZV��9RO�����1R������$SU�±-XQ���
������
&RPSOLHG�	�HGLWHG�E\� �$.�6ULYDVWDYD��
'.� $JDUZDO�� 33� 6LQJK�� -� 6ULQLYDVDQ��
6RP�'XWW��DQG�23�6LQJK�

•� ,$65,�1HZV��9RO�����1R������-XO�±�6HS���
������

&RPSOLHG�	�HGLWHG�E\� �$.�6ULYDVWDYD��
'.� $JDUZDO�� 33� 6LQJK�� -� 6ULQLYDVDQ��
6RP�'XWW��DQG�23�6LQJK�

•� ,$65,�1HZV��9RO�����1R�����2FW�±�'HF���
�����
&RPSOLHG�	�HGLWHG�E\� �$.�6ULYDVWDYD��
'.� $JDUZDO�� 33� 6LQJK�� -� 6ULQLYDVDQ��
6RP�'XWW��DQG�23�6LQJK�

•� 'LVFXVVLRQ� 3DSHUV� 	� 3URFHHGLQJV� RI�
;,,� 1DWLRQDO� &RQIHUHQFH� RI�
$JULFXOWXUDO�5HVHDUFK�6WDWLVWLFLDQV�KHOG�
DW� 5&$�� 8GDLSXU� �5DMDVWKDQ�� GXULQJ��
$XJ��������������
&RPSOLHG�	�HGLWHG�E\�+9/�%DWKOD��33�
6LQJK�DQG�-�6ULQLYDVDQ��

�
0RQLWRULQJ�3URJHVV�5HSRUW����
�
6XPPDU\�RI�SURJUHVV�RI�RQ�JRLQJ�UHVHDUFK�
SURMHFWV�
�
2SHUDWLYH�SHULRG�HQGLQJ���VW�0DUFK��������
&RPSOLHG� 	� HGLWHG� E\� $�.�� 6ULYDVWDYD���
'�.��$JDUZDO���0RKDQ�/DO���$QLO�*DUJ�DQG�
$QLO�.XPDU�
�
2SHUDWLYH� SHULRG� � HQGLQJ� ��WK� 6HSWHPEHU��
�����
&RPSOLHG� 	� HGLWHG� E\� $�.�� 6ULYDVWDYD���
'�.��$JDUZDO���0RKDQ�/DO���$QLO�*DUJ�DQG�
$QLO�.XPDU�
�
&RPPXQLFDWLRQ�RI�5HVHDUFK�0DWHULDO�WR��
�
L�����,&$5�
�
•� 0DWHULDO� IRU� SUHSDUDWLRQ� RI� � '$5(�

,&$5� $QQXDO� 5HSRUW� IRU� WKH� \HDU�
����������

•� 5HSO\� RI� DXGLW� SDUD� UHJDUGLQJ� WKH�
4XLQTXHQQLDO�5HYLHZ�7HDP��457��RI�
WKH�,QVWLWXWH�

•� 5HSO\� RI� DXGLW� PHPR� UHJDUGLQJ� WKH�
UHVHDUFK�SURMHFW�RI�WKH�,QVWLWXWH��

•� )ROORZ�XS� DFWLRQ� � WDNHQ� UHSRUW� RI� WKH�
SURFHHGLQJV� RI� WKH� 'LUHFWRUV¶�
&RQIHUHQFH� KHOG� DW� 1%3*5�� � 1HZ�
'HOKL�RQ�2FWREHU��������������

•� $FWLRQ�WDNHQ�UHSRUW�RQ�WKH�SURFHHGLQJV�
RI� WKH� PHHWLQJ� RI� 'LUHFWRUV� RI� ,&$5�
,QVWLWXWHV�KHOG�RQ�2FW��������������
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•� 5HSO\�WR�3DUOLDPHQW�4XHVWLRQ�RQ�$JUR�
,QIRUPDWLRQ�7HFKQRORJ\��

•� ,QIRUPDWLRQ� DERXW� FRPSLODWLRQ� RI� WKH�
OLVW�RI�YLGHR�ILOPV�DYDLODEOH�ZLWK�,&$5�
,QVWLWXWHV��

•� 7KH� VDOLHQW� DFKLHYHPHQW� UHSRUW� RI�
����������IRU�RQZDUG�WUDQVPLVVLRQ�WR�
&6&� 'LYLVLRQ� IRU� SUHSDUDWLRQ� RI�
VSHHFKHV� RI� +RQ¶EOH� 0LQLVWHU� �$JUL���
DQG� '*�� ,&$5� IRU� $*0� RI� WKH�
6RFLHW\�RI�WKH��&RXQFLO��

•� ,PSDFW� RI� GHSXWDWLRQ�FROODERUDWLRQ� RQ�
WKH�TXDOLW\�RI�UHVHDUFK�SURJUDPPHV�RI�
WKH�,QVWLWXWH��

•� ,QIRUPDWLRQ� RQ� GHSXWDWLRQ� WR�
LQWHUQDWLRQDO� RUJDQLVDWLRQ�LQVWLWXWLRQ�
DEURDG��XQGHU�028��

•� 0DWHULDO� IRU� ,QGXVWU\� ,QWHUIDFH� RQ�
$JULFXOWXUDO�5HVHDUFK�

•� 5HYLHZ� RI� $QQXDO� 5HSRUW� ����������
RI� 5HVHDUFK� ,QVWLWXWH� IRU� JLYLQJ� WKH�
7URSK\�WR�WKH�%HVW�$QQXDO�5HSRUW��

•� /LVW� RI� 3DQHO� RI� UHIHUHHV� IRU� WKH�
SXEOLFDWLRQV�ERWK�LQ�(QJOLVK�DQG�+LQGL�
EURXJKW�E\�',3$��

•� 0RQWKO\� SURJUHVV� UHSRUW� RQ�
3UHVLGHQW¶V�$GGUHVV�WR�3DUOLDPHQW�VHQW�
HYHU\�PRQWK�WR�$'*��(60���,&$5��

•� 3UHSDULQJ� WKH� =HUR� %DVHG� %XGJHWLQJ�
DV�SHU�WKH�JXLGHOLQHV�RI�WKH�&RXQFLO��

•� ,QIRUPDWLRQ� RI� WKH� GLIIHUHQW� UHVHDUFK�
SURMHFWV� ILOHV� �53)V� ,�� ,,�� ,,,�� RI�
YDULRXV� GLYLVLRQ� � RI� WKH� ,QVWLWXWH� LV�
SURSHUO\� PDLQWDLQHG� VR� DV� WR� H[WUDFW�
WKH� UHTXLVLWH� LQIRUPDWLRQ� QHHG� WR�
$5,&�,&$5� %KDYDQ� DQG� ZKHQ�
UHTXLUHG��

•� ,QIRUPDWLRQ� UHJDUGLQJ� SURJUHVV� UHSRUW�
IRU�$QQXDO�ZRUN�SODQ�ZDV�SUHSDUHG��

•� 3UHSDULQJ�WKH�PLG�WHUP�DSSUDLVDO�IRU�
,;�3ODQ�VFKHPH�DV�SHU�WKH�JXLGHOLQHV�
RI�WKH�&RXQFLO��

•� 5HSO\�SHUWDLQLQJ�WR�YDULRXV�DXGLW�SDUD�
RQ�YDULRXV�UHVHDUFK�SURMHFWV�LQ�WKH�
,QVWLWXWH��

•� 3UHSDULQJ�WKH�SURMHFW�EDVHG�EXGJHWLQJ�
DV�SHU�WKH�JXLGHOLQH�RI�WKH�&RXQFLO��

•� 3UHSDULQJ��WKH�DFKLHYHPHQW�RI�,;�3ODQ�
DQG� SURSRVDO� SUHSDUHG� IRU� ;� � 3ODQ�
WKUXVW�DUHDV�DV�SHU�WKH�JXLGHOLQHV�RI�WKH�
&RXQFLO���

LLL�� 2WKHU�2UJDQL]DWLRQV�LQ�,QGLD�
�
'HSDUWPHQW� RI� 6FLHQFH� 	� 7HFKQRORJ\��
0LQLVWU\� RI� 6FLHQFH� DQG� 7HFKQRORJ\��
1HZ�'HOKL��

•� 4XHVWLRQQDLUH� RQ� 1DWLRQDO� 6XUYH\� RQ�
UHVRXUFHV� GHYRWHG� WR� VFLHQWLILF� DQG�
WHFKQRORJLFDO��6	7��DFWLYLWLHV�������
���HGLWLRQ�
�

0LQLVWU\� RI� 6WDWLVWLFV� � DQG� 3URJUDPPH�
,PSOHPHQWDWLRQ��1HZ�'HOKL��

�
•� ,QIRUPDWLRQ�RQ�FRQVWLWXWLRQ�RI�6HDUFK�

&RPPLWWHH� IRU� UHFRPPHQGLQJ�
VXLWDEOH� QDPHV� WR� DGYLVRU\�
&RPPLWWHH� IRU� JLYLQJ� 1DWLRQDO�
$ZDUGV�LQ�WKH�ILHOG�RI�VWDWLVWLFV��

•� ,QIRUPDWLRQ� IRU� EULQJLQJ� RXW� D�
SXEOLFDWLRQ�µ/LVW�RI�6WDWLVWLFDO�3XEOLFDWLRQ¶��

��
&HQWUDO� 6WDWLVWLFDO� 2UJDQLVDWLRQ�� 1HZ�
'HOKL�

�
•� ,QIRUPDWLRQ� DERXW� WKH� SXEOLFDWLRQ� RI�

6WDWLVWLFDO�6\VWHP�LQ�,QGLD�
�

1DWLRQDO�,QVWLWXWH�RI�5XUDO�'HYHORSPHQW��
+\GHUDEDG�

�
•� 4XHVWLRQQDLUH� � RQ� GDWD� EDVH� RQ� UXUDO�

GHYHORSPHQW�LQVWLWXWLRQ�LQ�,QGLD�
�

1DWLRQDO� 6WDWLVWLFDO� &RPPLVVLRQ�� 1HZ�
'HOKL�

�
•� :ULWH�XS� RQ� UROH� RI� ,$65,� LQ�

VWUHQJWKHQLQJ� WKH� 6WDWLVWLFDO� 6\VWHPV�
IRU� $JULFXOWXUDO� 6XE�*URXS� RI� WKH�
1DWLRQDO�6WDWLVWLFDO�&RPPLWWHH��

�
,QGLDQ� ,QVWLWXWH� RI� 6WDWLVWLFDO� 5HVHDUFK�
�,,65���/XFNQRZ�

�
•� $FWLRQ� WDNHQ� UHSRUW� RQ� WKH�

UHFRPPHQGDWLRQV� RI� ;9� PHHWLQJ� RI�
,&$5�5HJLRQDO�&RPPLWWHH�1R��,9�KHOG�
DW� ,,65�� /XFNQRZ� GXULQJ� 'HFHPEHU�
�����DQG�6WDWXV�5HSRUW��

�
,QGLD�0HWHRURORJLFDO�'HSDUWPHQW��3XQH�

�
•� 4XHVWLRQQDLUH� RQ� VWDWXV� UHODWHG� WR�

FRPPHUFLDOL]DWLRQ��
�

LLL�������$EURDG�
�

•� ,QIRUPDWLRQ�IRU�GLUHFWRU\�RI�DJULFXOWXUDO�
SHULRGLFDOV� RI� 6$55&� &RXQWULHV� WR�
6$$5&� $JULFXOWXUDO� ,QIRUPDWLRQ�
&HQWUH��6$,&���%DQJDODGHVK��



�

����
�

•� ,QIRUPDWLRQ� IRU� ,QWHUQDWLRQDO� 5HVHDUFK�
&HQWUHV� 'LUHFWRU\� WR� WKH� *DOH� *URXS�
0LFKLJDQ��86$��

�
0HHWLQJV�RUJDQLVDWLRQ�
�
•� 8QLW� RUJDQLVHV� HOHYHQ� PHHWLQJV� RI�

+HDG�RI�'LYLVLRQV�DQG�6HQLRU�2IILFHUV�
�620�� RI� WKH� ,QVWLWXWH� WR� GLVFXVV�
YDULRXV� LWHPV� UHODWHG� WR� UHVHDUFK��
WUDLQLQJ�� HGXFDWLRQ�� JHQHUDO� PDWWHUV�
HWF�� RQ� 0D\� ���� 0D\� ���� -XO\� ����
$XJXVW� ���� 2FWREHU� ���� 2FWREHU� ����
1RYHPEHU� ���� 'HFHPEHU� ���� �������
-DQ�����������)HEUXDU\����DQG�0DUFK�
�����������

•� 3URFHHGLQJV� RI� DOO� WKH� +'V�6HQLRU�
2IILFHUV¶� PHHWLQJ� ZHUH� SUHSDUHG� DQG�
GLVWULEXWHG�WR�DOO�FRQFHUQHG��

�
5HVHDUFK�$GYLVRU\�&RPPLWWHH���5$&���
�

•� $JHQGD� LWHPV� IRU� WKH� ILIWK� 5$&�
PHHWLQJ��ZHUH�SUHSDUHG�	�VXSSOLHG�WR�
DOO�0HPEHUV�RI�WKH�&RPPLWWHH��

•� )LIWK� � 5HVHDUFK� $GYLVRU\� &RPPLWWHH�
�5$&�� � PHHWLQJ� RI� WKH� ,QVWLWXWH� ZDV�
RUJDQLVHG�RQ��$XJ����������XQGHU�WKH�
&KDLUPDQVKLS�RI�6K�95�5DR���)RUPHU�
'LUHFWRU�*HQHUDO��&62��1HZ�'HOKL�

•� 3URFHHGLQJV� ZHUH� SUHSDUHG� DQG� LWV�
GLVWULEXWLRQ�

•� 2WKHU� PLVFHOODQHRXV� FRUUHVSRQGHQFH�
UHODWHG�WR�5$&�ZHUH�XQGHUWDNHQ��
�

6WDII�5HVHDUFK�&RXQFLO��65&��
�
•� 7ZR�PHHWLQJV�RI�WKH�6WDII�5HVHDUFK�

&RXQFLO��65&��ZHUH�KHOG�GXULQJ��
$XJXVW�������������DQG�-DQXDU\����
���������

•� $V�SHU�WKH�JXLGHOLQHV��RI�65&�WKH�QHZ��
UHVHDUFK��SURMHFW��SURSRVDOV��ZHUH�VHQW�
WR�WKH�RXWVLGH�H[SHUWV���7KH�GRFXPHQWV�
DORQJZLWK� WKH� FRPPHQWV� RI� RXWVLGH�
H[SHUWV� ZHUH� SUHSDUHG� IRU� WKHLU�
DSSURYDO�E\�WKH�&KDLUPDQ�RI�WKH�6WDII�
5HVHDUFK�&RXQFLO��65&��PHHWLQJV��
�

1DWLRQDO� &RQIHUHQFH� RI� $JULFXOWXUDO�
5HVHDUFK�6WDWLVWLFLDQV�
�
•� 3URSRVDO� VHQW� WR� 3$8�� /XGKLDQD�

�3XQMDE��IRU�KRVWLQJ�WKH��;,,,�1DWLRQDO�
&RQIHUHQFH� RI� $JULFXOWXUDO� 5HVHDUFK�
6WDWLVWLFLDQV�GXULQJ�1RY�������������

•� 'LVFXVVLRQ� 3DSHUV� 	� 3URFHHGLQJV� RI�
WKH�;,,�1&$56�KHOG�DW�5&$��8GDLSXU�
�5DMDVWKDQ�� ZHUH� VHQW� WR� YDULRXV�
,QVWLWXWLRQV�2UJDQLVDWLRQV��

•� 0DMRU� UHFRPPHQGDWLRQV� PDGH� GXULQJ�
WKH�;,,�1&$56�KHOG�DW�5&$��8GDLSXU�
�5DM��� ZHUH� VHQW� WR� YDULRXV�
,QVWLWXWLRQV�2UJDQLVDWLRQV� IRU� WDNLQJ�
QHFHVVDU\�DFWLRQ��

•� )LUVW� LQYLWDWLRQ� OHWWHU� IRU� SDUWLFLSDWLQJ�
LQ� WKH� ;,,,� 1DWLRQDO� &RQIHUHQFH� RI�
$JULFXOWXUDO� 5HVHDUFK� 6WDWLVWLFLDQV� WR�
EH� KHOG� DW� 3$8�� /XGKLDQD� �3XQMDE��
GXULQJ�1RYHPEHU������������

�
&RQVXOWDQF\�3URFHVVLQJ�&HOO�
�
•� 2QH�PHHWLQJ�RI�&RQVXOWDQF\�

3URFHVVLQJ�&HOO�ZDV�RUJDQLVHG�DW�WKH�
,QVWLWXWH�RQ�6HS����������DQG�
SURFHHGLQJV�ZDV�SUHSDUHG�DQG�
GLVWULEXWHG�

�
��WK� 6HVVLRQ� RI� ,QGLDQ� 6FLHQFH�&RQJUHVV� ±�
�����DW�,$5,�
�

•� 9DULRXV�PDLOLQJ� OLVW�ZHUH�SUHSDUHG�
DQG�VXSSOLHG�WR�WKH�,Q�FKDUJH�RI�WKH�
RIILFH�RI�,QGLDQ�6FLHQFH�&RQJUHVV��

•� 3DUWLFLSDWH� DQG� UHJLVWHULQJ� WKH�
SDUWLFLSDQWV� RI� WKH� &RQIHUHQFH� DW�
WKH�YHQXH�RI��,$5,��

�
,Q�DGGLWLRQ� WR� WKH� DERYH�� � WKH� � � IROORZLQJ�
LWHPV�ZHUH�DOVR�XQGHUWDNHQ��
�

•� 6XSSO\LQJ� WKH� LQIRUPDWLRQ� DERXW�
WUDLQLQJ� SURJUDPPHV�UHVHDUFK�
DFWLYLWLHV� UHFHLYHG� IURP� ,&$5� DQG�
YDULRXV� RUJDQLVDWLRQV� IURP� WLPH� WR�
WLPH� DPRQJ� WKH� +'V� DQG� 3ULQFLSDO�
6FLHQWLVWV�RI�WKH�,QVWLWXWH�

•� )RU�ILQDOLVLQJ�WKH��,;�3ODQ�()&�0HPR�
RI�WKH�,QVWLWXWH�RQ�YDULRXV�VWDJHV�

•� ,QIRUPDWLRQ� RQ� LQWURGXFWLRQ� RI� =HUR�
%DVH�%XGJHWLQJ�LQ�'$5(�,&$5�Z�H�I��
�����������

•� 5HYLVHG�SURSRVDO�RQ�RQH�WLPH�FDWFK�XS�
JUDQW�RI�WKH�,QVWLWXWH�

•� 3URSRVDOV� IRU� GHSXWDWLRQ� RI� VFLHQWLVWV�
RI�WKH�,QVWLWXWH�IRU�YDULRXV�FRQIHUHQFHV��

•� ,QIRUPDWLRQ� IRU� SUHSDUDWLRQ� RI�
2UJDQLVDWLRQDO� &KDUW� RI� WKH� ,QVWLWXWH�
IRU�GLVSOD\LQJ�LQ�WKH�&RPPLWWHH�5RRP�
DQG� ([KLELWLRQ� URRP� IRU� ��WK� 6HVVLRQ�
RI�,QGLDQ�6FLHQFH�&RQJUHVV��
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$UW��3KRWRJUDSK\�DQG�5HSURJUDSK\�
�

$VVLVWHG� WKH� VFLHQWLVWV� � LQ��
SUHSDULQJ� � GLDJUDPV�� � FKDUWV�� � KLVWRJUDPV�
DQG� PDSV� IRU� UHVHDUFK� SXEOLFDWLRQV� � DQG��
DOVR��YLVXDO��GLVSOD\�RI�UHVHDUFK�ILQGLQJV�LQ�
WKH�H[KLELWLRQ��URRP���,W��DOVR���DVVLVWHG��LQ��
WUDQVFULELQJ� � WKH� � OHFWXUHV� � �ZULWH�XSV� � � RQ��
WUDQVSDUHQFLHV��
�

3KRWRJUDSKLF� � � MREV� � LQFOXGLQJ��
H[SRVLQJ�� � � SURFHVVLQJ� � � DQG� � SULQWLQJ� � RI��
DERXW� ���� SKRWRJUDSKV� WDNHQ� � RQ� � YDULRXV��
LPSRUWDQW� �RFFDVLRQV�RI� LPSRUWDQW� UHVHDUFK�
DQG� H[WHQVLRQ� DFWLYLWLHV� � RI� � WKH� � ,QVWLWXWH�
DQG� VRPH� VOLGHV� � ZHUH� SUHSDUHG�� ,Q�
DGGLWLRQ��HQODUJHPHQW��RI��JRRG��QXPEHU�RI�
SKRWRJUDSKV�ZDV�DOVR�GRQH��

�
7KH� � FKDUWV� DQG� JUDSKV� ZHUH� XS�

GDWHG� LQ� WKH� OLJKW� RI� � UHFHQW� � UHVHDUFK�
ILQGLQJV�IRU�GLVSOD\�LQ�WKH�H[KLELWLRQ��URRP����
$�QXPEHU� RI� � QHZ� FKDUWV�ZHUH� DOVR� DGGHG�
WR� WKH� H[LVWLQJ� RQHV� GHSLFWLQJ� FXUUHQW��
UHVHDUFK� � ILQGLQJV�� � 3KRWRJUDSKV� WDNHQ� DW�
WKH��VSHFLDO��RFFDVLRQV��ZHUH�DOVR�GLVSOD\HG��
/DWHVW�SXEOLFDWLRQV�ZHUH�DOVR�DGGHG��
�

2Q� *HVWHWQHU� &RS\� 3ULQWHU� �����
PDFKLQH� LQVWDOOHG� DW� WKH� XQLW� ODE� DERXW� ����
ODNK� FRSLHV� RI� ����� SDJHV� IRU� ���� MREV�
ZHUH� PXOWLFRSLHG� DQG� VXSSOLHG� WR� YDULRXV��
XVHUV�RI�WKH�,QVWLWXWH����
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*(1(5$/���0,6&(//$1(286�
�

/,67�2)�38%/,&$7,216�
�
�
�D�� 3DSHUV�3XEOLVKHG�
�
�
��� %$-3$,�� 3.� DQG� � 35$%+$.$5$1��

97� �������� $� QHZ� SURFHGXUH� IRU�
VLPXOWDQHRXV� VHOHFWLRQ� IRU� KLJK�
\LHOGLQJ�DQG�VWDEOH�FURS�JHQRW\SHV��,QG�
�-�*HQHW������������������

��� %$75$� 3.��3$56$'�� 5$-(1'(5��
*837$�� 9.� DQG� .+$1'85,�� 23�
��������$Q�DOWHUQDWH�VWUDWHJ\�IRU�GHVLJQ�
DQG� DQDO\VLV� RI� H[SHULPHQWV� LQYROYLQJ�
VSOLW� DSSOLFDWLRQ� RI� IHUWLOL]HU�� 6WDWLVWLFV�
DQG�$SSOLFDWLRQV������������±������

��� %+$7,$��$.�DQG�.$85��5$-,1'(5�
�������� � 6WDWLVWLFDO� DVVHVVPHQW� RI� ULFH�
EDVHG�&URSSLQJ�6HTXHQFHV���-RXUQDO��RI�
)DUPLQJ� 6\VWHPV� 5HVHDUFK� DQG�
'HYHORSPHQW��9RO�����	������������

��� %+$7,$�� '.�� $5<$�� 61�� *837$��
+&�DQG�0$7+85��'&����������6PDOO�
DUHD� HVWLPDWLRQ� RI� EXIIDORH� PLON�
SURGXFWLRQ�� � +DU\DQD� (FRQRPLF�
-RXUQDO�� .DUQDO�� 9RO� ;;,� ������� SS�
���������

��� '$6��621$/,�DQG�0,1,��.*���������
$UWLILFLDO� QHXUDO� QHWZRUNV� IRU�
SUHGLFWLRQ� LQ� DJULFXOWXUH�� 3URFHHGLQJV�
RI� �WK� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ�
&RJQLWLYH�V\VWHPV��³&RJQLWLYH�6\VWHPV�
5HYLHZV� DQG� 3UHYLHZV��� 3KRHQL[�
3XEOLVKLQJ� +RXVH�� 1HZ� 'HOKL�� ����
������

��� '(<�� '(%-$1,� DQG� '$6�� 621$/,�
�������� 0DQDJHPHQW� RI� WKH� 1DWLRQDO�
3XVD� ,QVHFW� &ROOHFWLRQ� ,QIRUPDWLRQ�
8VLQJ�5'%06�ZLWK�6SHFLDO�(PSKDVLV�
RQ� 2UGHU� �� +\PHQRSWHUD�� 6KDVKSD��
���������±�����

��� *837$�� $6�� 6$;(1$�� %&� DQG�
622'�� 50� �������� � ,PSDFW� RI�
FRPPDQG� DUHD� RQ� SURGXFWLYLW\���
$JULFXOWXUDO� 6LWXDWLRQ� LQ� ,QGLD���
/9,��������������

��� *837$�� +&�� 6,1*+�� -$*%,5� DQG�
.$7+85,$�� 23� ��������
0HWKRGRORJLFDO� LQYHVWLJDWLRQ� RQ� 3RVW�
+DUYHVW�/RVVHV���-RXUQDO��RI�WKH�,QGLDQ�
6RFLHW\� RI� $JULFXOWXUDO� 6WDWLVWLFV��
����������������

��� .$85��5$-,1'(5�DQG�%+$7,$��$.�
�������� � &URS� UHVLGXH� PDQDJHPHQW� LQ�
ULFH� EDVHG� FURSSLQJ� V\VWHPV�� � -RXUQDO�
RI� )DUPLQJ� 6\VWHPV� 5HVHDUFK� � DQG�
'HYHORSPHQW���9RO����	�����	����������

����.+$75,��56�DQG�*2<$/��-3����������
(VWLPDWLRQ� RI� ZRRO� SURGXFWLRQ�� VRPH�
SUREOHPV� DQG� SURVSHFWV�� -RXUQDO� RI�
,QGLDQ�6PDOO�5XPLQDQW���������������

����.+85$1$� �� */�� � .80$5��
5$-(1'5$� DQG� *$5*�� 51������ � ����
$QDO\VLV� RI� 0HDQV� PHWKRG� IRU�
H[SORLWLQJ� LQWHUDFWLRQV� RI� $JURQRPLF�
)DFWRUV� DW� 5HGXFHG� OHYHOV� �� � 1HZ�
%RWDQLVW���9RO�;;9������±������

����.+85$1$� �� */�� .80$5��
5$-(1'5$�DQG�*$5*��51�����������
,QWHUDFWLRQV� RI� (QYLURQPHQW� 9V��
3DFNDJH� RI� $JURQRPLF� )DFWRUV� LQ�
-RZDU� ±� ZKHDW� VHTXHQFH� � DQG� WKHLU�
WHVWLQJ�SURFHGXUHV�� � �1HZ�%RWDQLVW�9RO�
;;9���������������

����.80$5�� � 5$-(1'5$�� 65((1$7+�
35� DQG� -$,1�� 63� ������� �� � (IIHFW� RI�
FRHIILFLHQW� RI� YDUDWLRQ� RQ� WKH�
KHWHURJHQHLW\� RI� HUURU� YDULDQFH� LQ�
$JULFXOWXUDO�)LHOG�([SHULPHQW��-RXUQDO�
RI� $QQDOV� � RI� $JULFXOWXUDO� 5HVHDUFK���
9RO����������

����.80$5�� 5$-(1'5$� DQG��
.$3225�� -.� �������� � 6WXG\� RI�
UHVSRQVH� VXUIDFH� IRU� FXOWXUDO� FXP�
PDQXULDO�DJULFXOWXUDO� ILHOG�H[SHULPHQWV�
-RXUQDO� RI� $QQDOV� RI� $JULFXOWXUDO�
5HVHDUFK����9RO���������

����/$/�� .5,6+$1�� *837$�� 9.� DQG�
%+$5�� /$/� 02+$1� ���������
5REXVWQHVV� RI� GHVLJQV� DJDLQVW� PLVVLQJ�
GDWD�� � -RXUQDO� � RI� $SSOLHG� 6WDWLVWLFV���
����������±������

����0(+7$�� 6&�� $*5$:$/��
5$1-$1$� DQG� 6,1*+��931� ��������
6WUDWHJLHV� IRU� FRPSRVLWH� IRUHFDVW���
-RXUQDO� RI� WKH� ,QGLDQ� 6RFLHW\� RI�
$JULFXOWXUDO� 6WDWLVWLFV� �� 1HZ� 'HOKL��
9RO��1R������1R�����

����1$5$,1�� 3��� � 6+$50$�� 6�'��� 5$,��
6�&�� DQG� %+$7,$�� 9�.�� ��������
5HJLRQDO� GLVSDULWLHV� LQ� VRFLR�HFRQRPLF�
GHYHORSPHQWV� LQ� 7DPLO� 1DGX�� -RXUQDO�
RI� WKH� ,QGLDQ� 6RFLHW\� RI� $JULFXOWXUDO�
6WDWLVWLFV����������������
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����3$56$'�� 5$-(1'(5�� 65((1$7+��
35� DQG� $*$5:$/�� 1,7,� ��������
&RQVWUXFWLRQ� RI� EDODQFHG� ELSDUWLWH�
EORFN� GHVLJQV� ZLWK� QHVWHG� URZV� DQG�
FROXPQV�� � &DOFXWWD� 6WDWLVWLFDO�
$VVRFLDWLRQ�%XOOHWLQ�� ������������� ����
±������

����3$8/�� $05,7� .80$5� DQG�
%+$7,$�� 9.� �������� (PSLULFDO�
FRPSDULVRQ� RI� GLIIHUHQW� PHWKRGV� RI�
HVWLPDWLRQ� RI� KHULWDELOLW\� RI� VWD\DELOLW\�
LQ� GDLU\� FDWWOH�� -RXUQDO� RI� WKH� ,QGLDQ�
6RFLHW\� RI� $JULFXOWXUDO� 6WDWLVWLFV���
����������������

����3$8/�� $05,7� .80$5� DQG�
%+$7,$�� 9.� �������� +HULWDELOLW\� RI�
VWD\DELOLW\�E\�SDWK�FRHIILFLHQW�DSSURDFK�
ZKHQ� KHUGOLIH� LV� LQIOXHQFHG� E\�
XQUHODWHG� DX[LOLDU\� FKDUDFWHUV��
6DQNK\D��6HULHV�%������������������

����35$-1(6+8� � DQG� '$6�� 3.� ��������
*URZWK� PRGHOV� IRU� GHVFULELQJ�
VWDWHZLVH� ZKHDW� SURGXFWLYLW\�� -RXUQDO�
RI� WKH� ,QGLDQ� 6RFLHW\� RI� $JULFXOWXUDO�
6WDWLVWLFV���������������

����5$,� $1,/�� 0,6+5$� 35$&+,� DQG�
6,1*+� 5$1'+,5� ������� *,6� EDVHG�
VSDWLDO� VDPSOLQJ� WHFKQLTXHV� LQ�
DJULFXOWXUDO� VXUYH\V��3URFHHGLQJ� RI� DQ�
,QWHUQDWLRQDO� &RQIHUHQFH� RQ� 5HFHQW���
'HYHORSPHQWV� LQ� 6WDWLVWLFV� DQG�
3UREDELOLW\� DQG� WKHLU� $SSOLFDWLRQV��
'HF���� ����� WR� -DQ� ��� ������ � ���� ��
�����

����5$,�� $1,/�� 5$,�� 7�� /$/�� 02+$1�
$1'� *$5*�� 5�1�� �������� $Q�
HYDOXDWLRQ� RI� WKH� SHUIRUPDQFH� RI� KLJK�
\LHOGLQJ� YDULHWLHV� RI� ULFH� LQ� +DU\DQD�
VWDWH��-1.99�5HV�-�����	���������

����5$,��$1,/��6,1*+��0�DQG��3$7+$.�
*�0��������� � $� VWXG\� RI� $JURIRUHVWU\�
LQ�&KKDFKKUROL�EORFN�RI�<DPXQD�QDJDU�
GLVWULFW� RI�+DU\DQD� �-RXUQDO�$QQDOV� RI�
$JULFXOWXUDO�5HVHDUFK���������������

����5$,�� $1,/�� 65,9$67$9$�� $.� DQG�
*837$�� +&� ������� 6PDOO� VDPSOH�
FRPSDULVRQ� RI� 0RGLILHG� &KL�VTXDUH�
WHVW�VWDWLVWLFV�IRU�VXUYH\�GDWD��%LRP��-���
���������������

����5$,*(5�� +/� $1'�
35$%+$.$5$1�� 97� �������� $�
VWDWLVWLFDO� FRPSDULVRQ� EHWZHHQ� QRQ�
SDUDPHWULF� DQG� SDUDPHWULF� VWDELOLW\�
PHDVXUHV��,QG�-�*HQHW�������������������

����5$1$�� 36� DQG� 6,1*+�� ,�� ��������
3UHPLXP� UDWHV� HVWLPDWLRQ� XVLQJ�

QRQSDUDPHWULF�GHQVLW\�DSSURDFK�LQ�FURS�
LQVXUDQFH� LQ� ,QGLD��$IUR�$VLDQ� -�5XUDO�
'HYHORSPHQW������������������

����5$2��$5� DQG� 35$%+$.$5$1��97�
�������� 2Q� VRPH� XVHIXO�
LQWHUUHODWLRQVKLSV� DPRQJ� FRPPRQ�
VWDELOLW\� SDUDPHWHUV�� ,QG�-�*HQHW���
��������������

����58672*,��5/�$1'�$*$5:$/��6&�
�������� � &RVW� RI� UHDULQJ� DQG�
PDLQWHQDQFH� RI� JRDW� LQ� UXUDO� DUHDV� RI�
0DWKXUD� GLVWULFW� �8�3���� -U�� RI� $QLPDO�
5HVHDUFK���������������

����6$.6(1$��$6+$��.$85��$-,7� DQG�
6,.$5:$5�� +6� �������� $� VWXG\� RI�
EHKDYLRXU� RI� ZKHDW� UHVSRQVH� WR� ORQJ�
WHUP� IHUWLOL]HU� DSSOLFDWLRQ´� � $QQDOV� RI�
$JUL��5HV����9RO���������0DUFK�������

����6$.6(1$�� $6+$�� � %+$7,$�� $-,7�
.$85� DQG� 6,.$5:$5� +$51$0�
6,1*+� �������� 6WXG\� RI� EHKDYLRXU� RI��
ZKHDW� � UHVSRQVH� WR� ORQJ� WHUP� IHUWLOL]HU��
DSSOLFDWLRQ�� $QQDOV� RI� � $JULFXOWXUDO�
5HVHDUFK��06�������9RO���������

����6$5$'$�� &�� DQG� 35$-1(6+8�
�������� /DJUDQJLDQ�3RLVVRQ�
GLVWULEXWLRQ� IRU� GHVFULELQJ� VSDWLDO�
VSUHDG�RI�DSKLGV��-�$SKLGRO��������������

����6$;(1$�� %&�� � 7<$*,�� ..� DQG�
%,1'$/��9,-$<�����������7HFKQLTXHV�
IRU� GHWHUPLQDWLRQ�RI� LQWDNH�E\�ERYLQHV�
WKURXJK� JUD]LQJ�� � ,QGLDQ� -RXUQDO� RI�
$QLPDO�6FLHQFH���������������������

����6+$50$�� %6�� 35$%+$.$5$1��
97� DQG� 3,5&+1(5�� )�� �������� *HQH�
DFWLRQ��DQG�KHWHURVLV��LQ��OLIHWLPH�WUDLWV��
-�$QL�%UHHG�*HQHW�����������������

����6+$50$�<.����6,1*+���5$1'+,5���
5$,� $1,/� DQG� 9(50$�� � 66� �������
5HJUHVVLRQ� HVWLPDWHV� IURP� VXUYH\� GDWD�
IRU� VPDOO� VDPSOH�VL]HV��-RXUQDO� �RI� WKH�
,QGLDQ� 6RFLHW\� RI� $JULFXOWXUDO�
6WDWLVWLFV������������������

����6,1*+���5$1'+,5���5$,���$1,/�DQG�
&++,.$5$�� � 56� �������� 8VH� RI�
5HPRWH� 6HQVLQJ� VDWHOOLWH� GDWD� IRU� FURS�
\LHOG� HVWLPDWLRQ�� 3URFHHGLQJ� RI� DQ�
,QWHUQDWLRQDO� &RQIHUHQFH� RQ� 5HFHQW���
'HYHORSPHQWV� LQ� 6WDWLVWLFV� DQG�
3UREDELOLW\�DQG�WKHLU�DSSOLFDWLRQV��'HF�
���������WR�-DQ�����������������������

����6,1*+�� 5$1'+,5� DQG� 6+$50$��
<.���������5HJUHVVLRQ�HVWLPDWRUV�IURP�
VXUYH\� GDWD� IRU� VPDOO� VDPSOH� VL]HV��
-RXUQDO� RI� WKH� ,QGLDQ� 6RFLHW\� RI�
$JULFXOWXUDO�6WDWLVWLFV���SS����������
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����65,9$67$9$�� 5��� 3$56$'��
5$-(1'(5� DQG� *837$�� 9.��������
6WUXFWXUH� 5HVLVWDQW� )DFWRULDO� 'HVLJQV��
6DQNK\D�%������������������

����68'�� 8&� DQG� 65,9$67$9$�� $.�
���������(VWLPDWLRQ�RI�SRSXODWLRQ�PHDQ�
LQ� UHSHDW� VXUYH\V� LQ� WKH� SUHVHQFH� RI�
PHDVXUHPHQW� HUURUV�� -RXUQDO� RI� WKH�
,QGLDQ� 6RFLHW\� RI� $JULFXOWXUDO�
6WDWLVWLFV����������

����9$5*+(6(� &,1,�� 9,-$<$� %� DQG�
6+$50$�� 9.� �������� � &URVVRYHU�
GHVLJQV� IRU� FRPSDULVRQ� RI� WZR�
WUHDWPHQWV� LQ� SUHVHQFH� RI� UHVLGXDO�
HIIHFWV�� � ,QGLDQ� -�� $QLP�� 6FL�� �������
��������

����9$5*+(6(�� &,1,�� DQG� 6+$50$��
9.� �������� � 2Q� WRWDOO\� EDODQFHG�
FKDQJH�RYHU� GHVLJQV�� -RXUQDO� RI� WKH�
,QGLDQ� 6RFLHW\� RI� $JULFXOWXUDO�
6WDWLVWLFV�������������������

����9(18*23$/$1�� 5�� DQG�
35$-1(6+8���������3HOOD�7RPOLQVRQ�
QRQOLQHDU� VWDWLVWLFDO� PRGHO� ZLWK�
DXWRFRUUHODWHG� HUURUV�� -RXUQDO� RI� WKH�
,QGLDQ� 6RFLHW\� RI� $JULFXOWXUDO�
6WDWLVWLFV��������������

�
5HVHDUFK� SDSHUV� DFFHSWHG� IRU�
SXEOLFDWLRQ�
�
��� *837$�� $6�� DQG� 6$;(1$�� %&���

9LWDO� GHPRJUDSKLF� SDUDPHWHUV� LQ�
VKHHS� DQG� JRDWV�� ,QGLDQ� 9HWHULQHU\�
-RXUQDO���

��� *837$�� 9.� �� � 5$00$1$�� '99�
DQG� 3$56$'�� 5$-(1'(5���
:HLJKWHG� $�RSWLPDO� EORFN� GHVLJQV�
IRU� FRPSDULQJ� WHVW� � WUHDWPHQWV� ZLWK�
FRQWUROV� �ZLWK� � � � � �XQHTXDO�SUHFLVLRQ���
-RXUQDO� RI� 6WDWLVWLFDO� 3ODQQLQJ� DQG�
,QIHUHQFH� �� � �6SHFLDO� LVVXH� LQ� � � � WKH�
PHPRU\�RI�3URIHVVRU��<$0$0272���

��� .$85�� 5$-,1'(5� DQG� %+$7,$��
$.����3HUIRUPDQFH�RI�RLOVHHG�FURSV�LQ�
FRPSDULVRQ� WR� RWKHU� � � � � FURSV� LQ�
GLIIHUHQW� � FURS� VHTXHQFHV�� � %UDVVLFD�
1HZV���

��� .+85$1$�� */� �� .80$5��
5$-(1'5$� DQG� � *$5*�� 51���
,GHQWLILFDWLRQ� RI� DJURQRPLF� IDFWRUV�
IRU� KLJKHU� JUDLQ� SURGXFWLYLW\� �� �1HZ�
%RWDQLVW��9RO��;;9,���

��� .+85$1$�� */�� � .80$5��
5$-(1'5$� DQG� *$5*�� 51����
7HVWLQJ� � RI� $GDSWDELOLW\� RI� FRPSOH[�

GHVLJQV�LQ�&�6�5��H[SHULPHQWV��� �1HZ�
%RWDQLVW�9RO��;;9,���

��� .80$5��08.(6+� �� 6,1*+�� 3�9��
DQG�.80$5��$1,/���)ORZHULQJ��DQG�
EXOE� SURGXFWLRQ� � RI� 7XEHURVH�
�3ROLDQWKHV� 7XEHURVD�� �� -RXQUDO� RI�
)DUPLQJ� V\VWHPV� 5HVHDUFK� DQG�
'HYHORSPHQW��

��� .80$5��08.(6+� �� 6,1*+�� 3�9��
DQG� .80$5�� $1,/�� � � (IIHFW� RI�
VSDFLQJ�� � OHYHOV� RI� QLWURJHQ� DQG� *$�
,,,�RQ�JURZWK�DQG�\LHOG��RI�7XEHGURVH�
�3ROLDQWKHV�7XEHURVD�� �� �-RXUQDO� � � RI�
)DUPLQJ� 6\VWHPV� 5HVHDUFK� DQG�
'HYHORSPHQW�������	�����

��� 3$56$'��5$-(1'(5�DQG�*837$��
9.�� � %DODQFHG� %LSDUWLWH� 5RZ� ±�
FROXPQ�'HVLJQV�$VV��FRPELQDWRULDO����

��� 35$-1(6+8� $1'�
5$9,&+$1'5$1�� 6�� �������� 8VH�
RI� H[SHFWHG�YDOXH� SDUDPHWHUV� IRU�
HVWLPDWLQJ� OHQJWK�ZHLJKW� UHODWLRQVKLS�
LQ� ILVKHV�� 7R� DSSHDU� LQ� ,QG�-�)LVK���
����

���� 5$2�� $5� DQG� � 35$%+$.$5$1��
97� �������� � $� ERRWVWUDS� PHWKRG� RI�
HVWLPDWLQJ� KHULWDELOLW\� IURP� YDULHWDO�
WULDO�GDWD��7R�DSSHDU�LQ�,QG��-��*HQHW���
�������

���� 5$9,&+$1'5$1�� 6�� DQG��
35$-1(6+8� �������� '\QDPLFDO�
WLPH�VHULHV� PRGHOOLQJ� IRU� GHVFULELQJ�
ILVK� SURGXFWLRQ�� 7R� DSSHDU� LQ�
,QG�-�$QL�6FL������

���� 5$9,&+$1'5$1�� 6�� DQG�
35$-1(6+8� ������� �� 6WDWH� VSDFH�
PRGHOOLQJ�YHUVXV�$5,0$�WLPH�VHULHV�
PRGHOOLQJ�� 7R� DSSHDU� LQ� -RXUQDO� RI�
WKH� ,QGLDQ� 6RFLHW\� RI� $JULFXOWXUDO�
6WDWLVWLFV���

���� 6$5.(5�� 6�� DQG� 5$1$�� 3�6��
��������2Q�PDWKHPDWLFDO� IRUPXODWLRQ�
RI� ODFWDWLRQ� FXUYHV�� 7R� DSSHDU� LQ�
,QG�-��$QL�6FL���

���� 6,1*+�� -$*%,5� DQG� %$7+/$��
+9/��(VWLPDWLRQ�RI�IRRG�JUDLQ�ORVVHV�
DQG� VHDVRQDO� IOXFWXDWLRQ���
$JULFXOWXUDO�6LWXDWLRQ�LQ�,QGLD��

���� 6,1*+�� 5�� 6(0:$/��'3��5$,�� $��
DQG� &++,.$5$�� 56� ������� 6PDOO�
DUHD� HVWLPDWLRQ� RI� FURS� \LHOG� XVLQJ�
UHPRWH� VHQVLQJ� VDWHOOLWH� GDWD�� ,QW�� -��
5HPRWH�6HQVLQJ���$FFHSWHG���

���� 6,1*+�� 5$1'+,5�� � 6PDOO� DUHD�
HVWLPDWLRQ�RI�FURS�\LHOG�XVLQJ�UHPRWH�
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VHQVLQJ� VDWHOOLWH� GDWD�� � ,QWHUQDWLRQDO�
-RXUQDO�RI�5HPRWH�6HQVLQJ��

���� 65,9$67$9$�� $.� DQG� -+$�� *.���
6RPH� 0HWKRGRORJLFDO� ,VVXHV� LQ�
$JULFXOWXUDO� 6XUYH\V�� � -U�� RI� ,QFRPH�
	�:HDOWK��

���� 68'�� 8&�� 65,9$67$9$� $.� DQG�
6+$50$�� '3�� � 2Q� D� ELDVHG�
HVWLPDWLRQ� LQ� UHSHDW� VXUYH\V��-RXUQDO�
RI� WKH� ,QGLDQ� 6RFLHW\� RI� $JULFXOWXUDO�
6WDWLVWLFV��

���� 9$5*+(6(�� &,1,� DQG� � *(25*(��
.&�� �$� FRPSRVLWH� VRZ� LQGH[� DQG� LWV��
HIIHFWV�GXH�WR�ULFH��SDULW\�DQG�VHDVRQ���
,QGLDQ�-RXUQDO�$QLPDO��6FLHQFH���

���� 9$76�� 05� �� 6(+*$/�� '.� DQG�
0(+7$�� '.�� � ([WUDQHRXV� IDFWRUV�
DIIHFWLQJ� � FXPXODWLYH� \LHOGV� LQ� ORQJ�
WHUP� IHULOL]HU� H[SHULPHQWV�� � ,QGLDQ�
-RXUQDO�RI�$JULFXOWXUDO��5HVHDUFK���

�
5HVHDUFK�3URMHFW�5HSRUWV��
�
3XEOLVKHG�
�
��� $� PHWKRGRORJLFDO� LQYHVWLJDWLRQ� LQ�

HVWLPDWLQJ� VHDVRQDO� IOXFWXDWLRQV� LQ�
SRVW�KDUYHVW� IRRG� JUDLQV� ORVVHV�
�ZKHDW�� E\� -DJELU� 6LQJK�� +&� *XSWD�
DQG�23�.DWKXULD��

��� $� SLORW� VWXG\� RI� $JURIRUHVWU\� LQ�
&KKDFKKDXOL� EORFN� RI� <DPXQDQDJDU�
GLVWULFW� �+DU\DQD�� ������� E\� 931�
6LQJK��$QLO�5DL�DQG�9.�-DLQ��

��� $� 6WXG\� RI� YDULDQFH� HVWLPDWLRQ� LQ�
FRPSOH[� VXUYH\V� �������E\�$QLO�5DL��
$.�6ULYDVWDYD��DQG�0DQ�6LQJK�

��� $JULFXVOWXUDO� 5HVHDUFK� 'DWD� %RRN�
����� E\�+9/� %DWKOD�� ..� 7\DJL�� 56�
.KDWUL�� -DJELU� VLQJK�� 50� 6RRG�� -3�
*R\DO�� 6&� $JDUZDO�� 06� 9HUPD� DQG�
%1�&KDNUDERUW\�

��� &'�520��(OHFWURQLF�%RRN�RQ�GHVLJQ�
DQG� $QDO\VLV� RI� $JULFXOWXUDO�
([SHULPHQWV� ������� E\� 5DMHQGHU�
3DUVDG���5�6ULYDVWDYD�DQG�9.�*XSWD��

��� (VWLPDWLRQ�RI�'HPDQG�IRU�&UHGLW�DQG�
LWV� LPSDFW� RQ� HPSOR\PHQW� DQG�
LQFRPH� E\� 81� 'L[LW�� $VKRN� .XPDU�
DQG�$QW�5DP����

��� (VWLPDWLRQ� RI� UHJUHVVLRQ� FRHIILFLHQWV�
IURP� VDPSOH� VXUYH\� GDWD� ������� E\�
8&�6XG��$QLOD�5DL��,&�6HWKL�DQG�931�
6LQJK�

��� (YDOXDWLRQ� RI� )DWLJXH� 6FRUH� FDUG� IRU�
$QLPDO��$QQXDO�5HSRUW�RI�$,&53�RQ�

,QFUHDVHG� XWLOL]DWLRQ� � RI� $QLPDO�
(QHUJ\� ZLWK� (QKDQFHG� 6\VWHP�
(IILFLHQW�LQ�&ROODERUDWLRQ�ZLWK��.9.��
5HZHUL� E\� 0�� 'LQ�� -\RWVQD�� � 3�.��
6ULYDVWDYD�DQG��5DMHQGHU�3DUVDG�

��� 0RQRJUDSK�RQ�GHVLJQ�RI�H[SHULPHQWV�
������������ E\�9.�*XSWD�� 5DMHQGHU�
3DUVDG�DQG�6HHPD�-DJJL�

���� 3ODQQLQJ� GHVLJQLQJ� DQG� DQDO\VLV� RI�
H[SHULPHQWV� SODQQHG� RQ� VWDWLRQV�
XQGHU� WKH� 3URMHFW� 'LUHFWRUDWH� IRU�
&URSSLQJ� 6\VWHPV� 5HVHDUFK� 6WDWXV�
5HSRUW� ������������� E\� � 5DMLQGHU�
.DXU��$MLW�.DXU�

���� 6WDWLVWLFDO�PRGHOOLQJ�IRU�SURMHFWLRQ�RI�
ERYLQH� SRSXODWLRQV� DQG� SUHGLFWLRQ� RI�
PLON� DYDLODELOLW\�E\�61�$U\D�DQG�6&�
$JJDUZDO���

���� 6WXGLHV�RQ�RSWLPDOLW\��RI�EORFN�GHVLJQ�
IRU� PDNLQJ� WHVW� WUHDWPHQWV� ±�
FRPSDULVRQV� ������� E\� 5DMHQGHU�
3DUVVDG��5��6ULYDVWDYD��9�.��*XSWD���

���� 6WXG\� IRU� HVWLPDWLRQ� RI� DUHD� DQG�
SURGXFWLRQ� RI� LPSRUWDQW� YHJHWDEOH�
FURSV� RQ� WKH� EDVLV� RI� SDUWLDO� KDUYHVW�
E\� $.� 6ULYDVWDYD�� '/� $KXMD�� '&�
0DWKXU�DQG�.�&KXJK�

���� 7R� VWXG\� WKH� HIIHFW� RI� YDULRXV� LQSXW�
FRPSRQHQWV�RQ�WKH�\LHOG�RI�LPSRUWDQW�
YHJHWDEOH�FURSV�E\�$.�*XSWD�

���� 8VH� RI� GLVFULPLQDQW� IXQFWLRQ� RI�
ZHDWKHU� SDUDPHWHUV� IRU� GHYHORSLQJ�
IRUHFDVW�PRGHO�RQ�ULFH�FURS�������E\���
7��5DL�DQG�&KDQGUDKDV��

���� 8VH�RI�UHPRWH�VHQVLQJ�VDWHOOLWH�GDWD�LQ�
FURS� VXUYH\V� E\� 5DQGKLU� 6LQJK� DQG�
5&�*R\DO�

�
)LQDOLVHG�
�
��� 'HYHORSPHQW� RI� HDUO\� ZDUQLQJ� DQG�

\LHOG� DVVHVVPHQW� PRGHOV� IRU� UDLQIHG�
FURSV� EDVHG� RQ� DJURPHWHRURORJLFDO�
LQGLFHV� E\� $VKD� 6DNVHQD�� 5�&�� -DLQ�
�5HWLUHG�RQ������������5�/��<DGDY��

��� 3LORW� VWXG\� IRU� GHYHORSLQJ� %D\HVLDQ�
SUREDELOLW\� IRUHFDVW� PRGHO� EDVHG� RQ�
IDUPHUV¶�DSSUDLVDO�GDWD�RQ�ZKHDW�FURS�
E\�&KDQGUDKDV�DQG�7��5DL�

�
',66(57$7,216�$33529('�
�
3K�'���$JULFXOWXUDO�6WDWLVWLFV��

�
��� ',/((3� .80$5� 3$1'$� �� 2Q�

5REXVWQHVV� RI� 'LDOOHO� DQG� 7ULDOOHO�
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&URVVLQJ� 3ODQV� $JDLQVW� ([FKDQJH�
RU�,QWHUFKDQJH�RI�&URVVHV�

�
��,Q�SODQW� DQG�DQLPDO� LPSURYHPHQW�

H[SHULPHQWDWLRQV�� YDULRXV� IRUPV� RI�PDWLQJ�
GHVLJQ�OLNH�GLDOOHO��WULDOOHO�DQG�GRXEOH�FURVV�
SOD\�D�YLWDO�UROH�LQ�HYDOXDWLQJ�WKH�DFWLRQ�RU�
LQWHUDFWLRQ� RI� JHQHWLF� PDWHULDOV�� $OO� WKHVH�
PDWLQJ� GHVLJQV� DUH� WR� EH� HPEHGGHG� LQ� DQ�
H[SHULPHQWDO� GHVLJQ� FDOOHG� HQYLURQPHQWDO�
GHVLJQ� WR� REWDLQ� REVHUYDWLRQV� IRU� IXUWKHU�
DQDO\VLV� XVLQJ� DSSURSULDWH� VWDWLVWLFDO�
SURFHGXUHV� IRU� GUDZLQJ� YDOLG� FRQFOXVLRQV��
6RPHWLPHV�� D� VFLHQWLILFDOO\� SODQQHG�
H[SHULPHQW� WXUQV� RXW� WR� EH� XVHOHVV� ZKHQ�
VRPH� GLVWXUEDQFHV� RFFXU� DQG� YLRODWH� WKH�
DVVXPSWLRQV� UHTXLUHG� E\� WKH� VWDWLVWLFDO�
SURFHGXUHV�� 7KXV�� LW� LV� RI� LQWHUHVW� WR�
LQYHVWLJDWH� WKH� GHVLJQV� WKDW� DUH� LQVHQVLWLYH�
WR� VXFK� DEHUUDWLRQV�� $Q� DWWHPSW� KDV� EHHQ�
PDGH� LQ� WKLV� WKHVLV� WR� VWXG\� WKH� UREXVWQHVV�
RI� EORFN� GHVLJQV� IRU� GLDOOHO� DQG� WULDOOHO�
FURVVLQJ� SODQV� DJDLQVW� H[FKDQJH� RU�
LQWHUFKDQJH�RI�FURVVHV�XVLQJ�FRQQHFWHGQHVV�
DQG� HIILFLHQF\� FULWHULD�� ,W� KDV� EHHQ� VKRZQ�
WKDW� DOO� ELQDU\� EDODQFHG� EORFN� �%%%��
GHVLJQV� IRU� FRPSOHWH� GLDOOHO� FURVVHV� DUH�
UREXVW�DJDLQVW�H[FKDQJH�RI�D�FURVV�LQ�RQH�RI�
WKH� EORFNV� H[FHSW� D� %%%� GHVLJQ� ZLWK� S�
�QXPEHU�RI�OLQHV�� ����E��QXPEHU�RI�EORFNV��
 ��� DQG�N� �EORFN� VL]H�� � ��� �7KH� EDODQFHG�
EORFN� GHVLJQV� IRU� GLDOOHO� FURVVHV� LQ� ZKLFK�
HDFK� RI� WKH� OLQH� DSSHDUV� VDPH� QXPEHU� RI�
WLPHV�LQ�HDFK�RI�WKH�EORFNV�KDYH�DOVR�VKRZQ�
WR�EH�UREXVW��7KH�DERYH�FODVV�RI�GHVLJQV�DUH�
DOVR�UREXVW�DJDLQVW�LQWHUFKDQJH�RI�D�SDLU�RI�
FURVVHV���

�
5REXVWQHVV� RI� RSWLPDO� WULDOOHO� FURVVLQJ�
SODQV� DJDLQVW� H[FKDQJH� RU� LQWHUFKDQJH� RI�
FURVVHV� KDV� EHHQ� VWXGLHG�� ,W� KDV� EHHQ�
REVHUYHG� WKDW� DOO� GHVLJQV� IRU� S� ≥� ��� DUH�
UREXVW� DFFRUGLQJ� WR� FRQQHFWHGQHVV� DV� ZHOO�
DV�HIILFLHQF\�FULWHULD�������������
�
���������������������������*XLGH�'U�9�.�6KDUPD���
�
��� +$180$1� /$/� 5$,*(5� �� 2Q�

6WDELOLW\� &RQFHSWV�� 6WDELOLW\�
$VVHVVPHQWV� DQG� ,PSURYHG�
3URFHGXUHV�IRU�9DULHWDO�6HOHFWLRQ��
�

� 2QH� RI� WKH� LPSRUWDQW� VWHSV� LQ� DQ\�
FURS� LPSURYHPHQW� SURJUDPPH� LV� WR� DVVHVV�
WKH� SHUIRUPDQFH� RI� LPSURYHG� YDULHWLHV� LQ�
PXOWL�HQYLURQPHQW� WULDO� IRU� LGHQWLI\LQJ�

VXSHULRU� YDULHWLHV� IRU� ODUJH� VFDOH�
SURSRJDWLRQ�� � ,Q� DFWXDO� SUDFWLFH� YDULHWLHV�
SHUIRUP� GLIIHUHQWO\� LQ� GLIIHUHQW�
HQYLURQPHQWV�� OHDGLQJ�WR�DOWHUDWLRQ�RI� WKHLU�
UDQNLQJ� LQ� WKH� HQYLURQPHQWV�� � 7KH� QRQ��
SDUDPHWULF� WHFKQLTXHV� RI� UDQNLQJ� KDV� EHHQ�
XVHG� WR� VWXG\� WKH� JHQRW\SLF�� HQYLURQPHQW�
LQWHUDFWLRQ� E\� D� JDOD[\� RI� ZRUNHUV���
+RZHYHU�� WKHUH� KDV� EHHQ� KDUGO\� DQ\�
DWWHPSW� WR� WDFNOH� WKH� GLIILFXOWLHV� WKDW� DULVH�
ZKHQ�QRQ�OLQHDU�LQWHUDFWLRQV�DUH�SUHVHQW���$�
SURFHGXUH� IRU� GHDOLQJ� VXFK� VLWXDWLRQ� LV�
GHYHORSHG� XQGHU� WKH� SUHVHQW� VWXG\���
)XUWKHU��GLIIHUHQW�FRPSXWDWLRQV�RQ�7\SH�±�,���
HUURU� DQG� SRZHU� RI� WKH� WHVW� DUH� PDGH� IRU�
HYDOXDWLQJ� WKH� PHULWV� RI� YDULRXV� VWDELOLW\�
PHDVXUHV�� � 3HUIRUPDQFH� RI� QRQ�SDUDPHWULF�
PHDVXUHV� YLV�j�YLV� SDUDPHWULF� � PHDVXUHV�
KDV� EHHQ� DVVHVVHG� EDVHG� RQ� WKH� DERYH�
FULWHULD���$SSOLFDWLRQ�RI�VWDELOLW\�PHDVXUH�V��
WR�UHDO�GDWD�RQ�SHDUO�PLOOHW�ZDV��DOVR�PDGH�
LQ� UHJDUG� WR� WKHLU� VXLWDELOLW\� IRU� VWDELOLW\�
DVVHVVPHQW��
�
�������������������*XLGH��'U�9�7�3UDEKDNDUDQ��
��� 6$5$'$� &+81'85,� ��

6WDWLVWLFDO� 6WXG\� RI� 6SDWLDO� DQG�
7HPSRUDO� $VSHFWV� RI� 3HVWV�
3RSXODWLRQV� DQG� 3HVWLFLGH�
&RQVXPSWLRQ�

�
�'XULQJ� WKH� ODVW� WKUHH� � GHFDGHV� RU�

VR��PDMRU�DGYDQFHV��KDYH��EHHQ���PDGH����LQ�
LQFUHDVLQJ� FURS� SURGXFWLYLW\� DV� D� UHVXOW� RI�
ODUJH� VFDOH� DGRSWLRQ� RI� PRGHUQ� KLJK�
\LHOGLQJ� YDULHWLHV� DQG� LPSURYHG�
WHFKQRORJLHV���7KLV�DOO�URXQG�LQWHQVLILFDWLRQ�
KDV� UHVXOWHG� LQ� LQFUHDVHG� SHVWLFLGH�
DSSOLFDWLRQ� LQ� DJULFXOWXUH�� ZKLFK� LQ� WXUQ��
DFFHQWXDWHG� WKH� SHVW� SUREOHP�� ,W� ZDV�
HVWLPDWHG� WKDW� RYHU� RQH� ODNK� VSHFLHV� RI�
SHVWV� DQQXDOO\� GHVWUR\� IRRG� VXIILFLHQW� WR�
IHHG�����PLOOLRQ�SHRSOH�DOO�RYHU�WKH�ZRUOG���
,Q� ,QGLD�� SHVWV� GHVWUR\� FURS� ZRUWK� VHYHUDO�
WKRXVDQGV� RI� HYHU\� \HDU�� � � 7KXV�� WR� WDFNOH�
WKLV� SUREOHP�� SURSHU� SODQW� SURWHFWLRQ�
PHDVXUHV� DUH� RI� JUHDW� UHOHYDQFH���
8QIRUWXQDWHO\�� ODUJH� VFDOH� DQG�
XQVFUXSXORXV� DSSOLFDWLRQ� RI� SHVWLFLGHV� LQ�
LQWHQVLYH� DJULFXOWXUH� KDV� UHVXOWHG� LQ� ODUJH�
QXPEHU�RI� DGYHUVH� HIIHFWV� VXFK� � DV�KXPDQ�
DQG�DQLPDO�KHDOWK�KD]DUGV��GHJUDGDWLQDWXUDO��
UHVRXUFH�HQYLURQPHQWDO� SROOXWLRQ� DQG� WRWDO�
LPEDODQFH� RI� DJUR� �� HFRORJ\�� �+RZHYHU�� D�
WRWDO� EDQ�RQ� SHVWLFLGHV�ZLWKRXW� DYDLODELOLW\�
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RI� HFRQRPLFDOO\� YLDEOH� DOWHUQDWLYHV� ZRXOG�
UHVXOW� LQ� VLJQLILFDQW� UHGXFWLRQ� LQ� FXUUHQW�
SURGXFWLRQ�DQG�ZRXOG�DOVR�UDLVH�IRRG�SULFHV�
VHYHUDO� WLPHV�7KHUHIRUH�� SURSHU�
PDQDJHPHQW� RI� SHVW� SRSXODWLRQ� DQG�
VXVWDLQDEOH� SHVWLFLGH� XVH� LV� QHFHVVDU\� IRU�
SUHYHQWLQJ� \LHOG� ORVVHV� WR� HQVXUH� IRRG�
VXSSO\� WR� WHHPLQJ�PLOOLRQV� DQG� SUHYHQWLQJ�
DGYHUVH�HIIHFWV�RI�XVH�RI�SHVWLFLGHV���7R�WKLV�
HQG�D�VWXG\�RI�VSDWLDO�DQG�WHPSRUDO�DVSHFWV�
RI� SHVW� SRSXODWLRQ� JURZWK� DV� ZHOO� DV�
VWDWLVWLFDO� PRGHOOLQJ� RI� SHVWLFLGH�
FRQVXPSWLRQ� KDV� EHHQ� FDUULHG� RXW�� )RXU�
LPSRUWDQW� *HQHUDOL]HG� �VWRSSHG� �� VXP��
GLVWULEXWLRQV�� YL]�� 1H\PDQ� 7\SH� �� $��
7KRPDV�� 3RO\D� �� $HSSOL� DQG� /DJUDQJLDQ� ��
3RLVVRQ� GLVWULEXWLRQV� DUH� VWXGLHG� WR�
XQGHUVWDQG� VSDWLDO� VSUHDG� RI� SHVW�
SRSXODWLRQV�� � 7ZR� PHWKRGV� RI� SDUDPHWHU�
HVWLPDWLRQ�� YL]�� µ0HWKRG� RI�PRPHQWV¶� DQG�
µ0HWKRG� RI� PD[LPXP� OLNHOLKRRG¶� DUH�
GLVFXVVHG�� 8QIRUWXQDWHO\� PRVW� RI� WKH�
VWDQGDUG� VWDWLVWLFDO� VRIWZDUH� SDFNDJHV�� OLNH�
VWDWLVWLFDO� SDFNDJH� IRU� VRFLDO� VFLHQFHV�
�6366�� DQG� 6WDWLVWLFDO� $QDO\VLV� 6\VWHP�
�6$6�� GR� QRW� FRQWDLQ� FRPSXWHU� SURJUDPV�
IRU� ILWWLQJ� WKHVH� GLVWULEXWLRQV��� � 7KHUHIRUH��
WKHVH� DUH� GHYHORSHG� IRU� ILWWLQJ� WKH� DERYH�
PHQWLRQHG�FRQWDJLRXV�GLVWULEXWLRQV�� �$V�DQ�
LOOXVWUDWLRQ�� WKHVH�GLVWULEXWLRQV� DUH� ILWWHG� WR�
WKH� GDWD� VHWV� FROOHFWHG� IURP� HQWRPRORJLFDO�
OLWHUDWXUH�� � 7KH� WZR� QRQOLQHDU� FXUYDWXUH�
PHDVXUHV�� YL]�� ,QWULQVLF� QRQOLQHDULW\� DQG�
SDUDPHWHU�HIIHFWV�QRQOLQHDULW\�DUH�GHVFULEHG�
LQ�GHWDLO�DORQJ�ZLWK�WKHLU�FRPSXWDWLRQV��$V�
WKHVH� PHDVXUHV� DUH� H[SUHVVLEOH� DV� UDWLR� RI�
WZR� PDWULFHV�� FRQWDLQLQJ� ILUVW� DQG� VHFRQG�
SDUWLDO�GHULYDWLYHV�� WKHLU�HYDOXDWLRQ� LQYROYH�
KXJH� FRPSXWDWLRQV�� � 7KH� SURFHGXUH� IRU�
DFKLHYLQJ�WKH� WDVN� LV� WKRURXJKO\�GLVFXVVHG��
$V� DQ� LOOXVWUDWLRQ�� FXUYDWXUH� PHDVXUHV� DUH�
FRPSXWHG�IRU�D�QRQOLQHDU�G\QDPLFDO�PRGHO�
IRU� DSKLG� SRSXODWLRQ� JURZWK� DSSOLHG� WR�
VRPH� GDWD� RQ� SRWDWR� DSKLG�� 0DUJLQDO�
FXUYDWXUHV� DQG� SURILOH� �� W� SORWV� IRU�
LQGLYLGXDO� SDUDPHWHUV� DUH� VWXGLHG�� � 7KLV�
W\SH�RI� � � LQYHVWLJDWLRQ�KHOSV�LQ�NQRZLQJ�WR�
ZKLFK� SDUDPHWHU� LV� VKRZLQJ� KLJKO\�
QRQOLQHDU� EHKDYLRXU� DQG� KHQFH�� QHHGV� D�
UHSDUDPHWHUX]DWLRQ�� � )XUWKHU�� D� SURFHGXUH�
IRU� FKRLFH� RI� VXLWDEOHUHSDUDPHWHUL]DWLRQ� LV�
GHVFULEHG�� � 7KH� WHFKQLTXH� RI� µ([SHFWHG�
YDOXH� SDUDPHWHUV¶� DV� ZHOO� DV� µ6LPXODWLRQ�
VWXGLHV¶� DUH� XVHG� WR� LGHQWLI\� VXLWDEOH�
UHSDUDPHWHUL]DWLRQ� DQG� LOOXVWUDWHG� ZLWK� DQ�
H[DPSOH��7KH�VHQVLWLYLW\�DQDO\VLV�LV�FDUULHG�

RXW� E\� ILUVW� YDU\LQJ� VLQJOH� SDUDPHWHU� DQG�
WKHUHDIWHU�E\�VLPXOWDQHRXV�YDULDWLRQ�RI�WZR�
SDUDPHWHUV�� 7KH� FRUUHVSRQGLQJ� WZR� DQG�
WKUHH� �� GLPHQVLRQDO� JUDSKV� DUH� SUHVHQWHG� ��
)XUWKHU�� WKH� FKRLFH� RI� GHVLJQ� SRLQWV� IRU� D�
QRQOLQHDU�PRGHO� IRU� EHWWHU� HVWLPDWLRQ�ZLWK�
WKH� KHOS� RI� VHQVLWLYLW\� IXQFWLRQV� LV� DOVR�
GLVFXVVHG�����

�
µ6WDWLVWLFDO�0RGHOOLQJ¶� RI� SHVWLFLGH�

FRQVXPSWLRQ�GDWD�RI�WKH�FRXQWU\�GXULQJ�WKH�
SHULRG���������WR���������ZDV�FDUULHG�RXW�
3RO\QRPLDO� IXQFWLRQV� DSSURDFK� DQG� WLPH� ��
VHULHV� PRGHOOLQJ� DUH� FRQVLGHUHG� IRU�
PRGHOOLQJ� SXUSRVHV�� � ,Q� WKH� IRUPHU�� D�
VHFRQG� GHJUHH� SRO\QRPLDO� IXQFWLRQ� ZLWK�
$5���� HUURU� VWUXFWXUH� LV� IRXQG� WR� EH�
DSSURSULDWH� IRU� WKH� GDWD� XQGHU�
FRQVLGHUDWLRQ�� � ,Q� WKH� ODWWHU� DSSURDFK�� WZR�
SURFHGXUHV� YL]�$5,0$�PRGHOV� DQG�SLHFH�
ZLVH� WKUHVKROG� WLPH� �� VHULHV� PRGHOV� DUH�
HPSOR\HG� IRU� GHVFULELQJ� WKH� SHVWLFLGH�
FRQVXPSWLRQ�GDWD�� �$PRQJ�VHYHUDO�PRGHOV�
FRQVLGHUHG��$5,0$� �������� LV� IRXQG� WR� EH�
DSSURSULDWH� PRGHO� EDVHG� RQ�
DXWRFRUUHODWLRQV�DQG�SDUWLDO� DXWRFRUUHODWLRQ�
IXQFWLRQV�� $� QRWHZRUWK\�� IHDWXUH� LV� WKDW�
SHVWLFLGH� FRQVXPSWLRQ� LQFUHDVHG� XSWR� \HDU�
����� DQG� LV� H[KLELWLQJ� D� GRZQZDUG� WUHQG�
WKHUHDIWHU�� � 7R� FDSWXUH� WKLV�� D� SLHFH�ZLVH�
WKUHVKROG�WLPH���VHULHV�PRGHO�LV�FRQVLGHUHG�
E\�WDNLQJ������DV�WKH�WKUHVKROG�\HDU���7ZR�
$5,0$� VXEPRGHOV�� RQH� IRU� WKH� SHULRG� XS�
WR������DQG�WKH�RWKHU�IRU�WKH�SHULRG�EH\RQG�
����� DUH� ILWWHG�� � 7KH� SHUIRUPDQFH� RI� WKLV�
PRGHO� LV� IRXQG� WR� EH� WKH� EHVW�� � +RZHYHU��
WKHUH� LV� QR� JXDUDQWHH� WKDW� WKLV� JRRG�
SHUIRUPDQFH� RI� WKH� VHOHFWHG� PRGHOV�
FRQWLQXH� WR� KROG� LQ� IXWXUH� DOVR�� � 7KH�
PRPHQW� SHVWLFLGH� FRQVXPSWLRQ� VWDUWV�
VKRZLQJ�DQ�LQFUHDVLQJ�WUHQG��ZKLFK�LV�PRVW�
OLNHO\�WR�RFFXU�VRRQHU�WKDQ�ODWHU��WKH�PRGHOV�
QHHG� WR�EH� ILWWHG�DJDLQ� WR� WKH�XSGDWHG�GDWD�
WR�DUULYH�DW�WKH�PRVW�DSSURSULDWH�PRGHO��

�
����������������������*XLGH��'U�3UDMQHVKX��

�
��� 6�� 5$9,&+$1'5$1� �� $� 6WXG\�

RI� � '\QDPLFDO� 0RGHOOLQJ� LQ�
$JULFXOWXUH�

�
� ,Q� WKH� ILHOG�RI�DJULFXOWXUH��GDWD�DUH�
XVXDOO\�FROOHFWHG�RYHU� WLPH��6R��G\QDPLFDO�
WHFKQLTXHV� DUH� RI� JUHDW� UHOHYDQFH� IRU�
PRGHOOLQJ�DQG�IRUHFDVWLQJ�RI�VXFK�GDWD�VHWV��
,QWURGXFWLRQ� GHDOV� ZLWK� YDULRXV� FDWHJRULHV�
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RI� PDWKHPDWLFDO� PRGHOV� DUH� GLVFXVVHG���
6RPH� LPSRUWDQW� QRQOLQHDU� JURZWK� PRGHOV�
DQG� VXUSOXV� SURGXFWLRQ� PRGHOV� DUH� DOVR�
GHVFULEHG�DORQJ�ZLWK�HVWLPDWLRQ�SURFHGXUHV�
IRU� ILWWLQJ� VXFK� QRQOLQHDU�PRGHOV�� �$�EULHI�
UHYLHZ� RI� $5,0$� WLPH� VHULHV� PRGHOOLQJ�
DSSURDFK� LV� DOVR� SURYLGHG�� 8VH� RI�
³H[SHFWHG�YDOXH� SDUDPHWHUV´� IRU� ILWWLQJ�
QRQOLQHDU� VWDWLVWLFDO� PRGHOV� LV� DOVR�
GLVFXVVHG�� �7KLV�W\SH�RI�UHSDUDPHWHUL]DWLRQ��
UHVXOWV� LQ� D� PRGHO� KDYLQJ� FORVH�WR�OLQHDU�
EHKDYLRXU� DQG� ORZ� FRUUHODWLRQV� DPRQJ�
SDUDPHWHU� HVWLPDWHV�� � 7KH� ZHOO�NQRZQ�
QRQOLQHDU�DOORPHWULF�PRGHO�DQG�)R[�VXUSOXV�
SURGXFWLRQ� PRGHO� DUH� FRQVLGHUHG�� 7KH�
H[SOLFLW� H[SUHVVLRQV� LQ� WHUPV� RI� H[SHFWHG�
YDOXH� SDUDPHWHUV� DUH� GHULYHG� DQG� WKH�
PHWKRGRORJ\� LV� GHPRQVWUDWHG� E\� DSSO\LQJ�
LW� WR� UHDO�OLIH� ILVKHULHV� GDWD�� �7LPH�YDU\LQJ�
VWDWH� VSDFH� UHJUHVVLRQ� PRGHOOLQJ� DSSURDFK�
XVLQJ� .DOPDQ� ILOWHULQJ� � WHFKQLTXH� LV� DOVR�
GLVFXVVHG�� � $V� DQ� LOOXVWUDWLRQ�� WKH�
PHWKRGRORJ\� LV� DSSOLHG� WR� DOO� �� ,QGLD� GDWD�
RQ� PDULQH� ILVKHULHV�� 6WXGLHV� RQ� DQRWKHU�
SURPLVLQJ� DSSURDFK�� YL]�� 6WDWH� VSDFH�
PRGHOOLQJ�DSSURDFK�XVLQJ�.DOPDQ�ILOWHULQJ�
WHFKQLTXH� LV� GLVFXVVHG�� 7KH� DGYDQWDJH� RI�
WKLV� WHFKQLTXH� LV� WKDW� LW� FDQ� WDNH� LQWR�
DFFRXQW� WKH� WLPH� GHSHQGHQF\� RI� WKH�
XQGHUO\LQJ� SDUDPHWHUV�� � $V� DQ� LOOXVWUDWLRQ��
PRGHOOLQJ� DQG� IRUHFDVWLQJ� RI� DOO�,QGLD�
PDULQH�SURGXFWV�H[SRUW�GDWD� LV� FDUULHG�RXW���
³6WUXFWXUDO� WLPH� VHULHV� PRGHOOLQJ� �670�´�
DSSURDFK� ZKHQ� WKHUH� LV� SUHVHQFH� RI�
SURPLQHQW� WUHQG� LV� GLVFXVVHG�� 6SHFLILFDOO\��
WKUHH� W\SHV� RI� 670� PRGHOV�� YL]�� /RFDO�
OHYHO� PRGHO� �//0��� /RFDO� OLQHDU� WUHQG�
PRGHO� �//70��� DQG� /RFDO� OLQHDU� WUHQG�
PRGHO� ZLWK� LQWHUYHQWLRQ� �//70,�� DUH�
GLVFXVVHG� DORQJ� ZLWK� WKHLU� HVWLPDWLRQ�
SURFHGXUHV� DQG� WKHQ� DSSOLHG� WKHVH� WR� GDWD�
VHWV�IURP�DJULFXOWXUH��6WUXFWXUDO�WLPH�VHULHV�
PRGHOOLQJ� IRU� GHVFULELQJ� DOO�,QGLD� PLON�
SURGXFWLRQ� EDVHG� RQ� ORJLVWLF� JURZWK� FXUYH�
LV�DOVR�GLVFXVVHG��$OO���,QGLD�VKULPS�H[SRUW�
GDWD� LV� DOVR� PRGHOOHG� YLD� 670� ZKHQ� WKH�
VHULHV� XQGHU� FRQVLGHUDWLRQ� IROORZV� DQ�
DXWRUHJUHVVLYH� SURFHVV�� � ,W� LV� IRXQG� WKDW�
670� SHUIRUPV� PXFK� EHWWHU� WKDQ� $5,0$�
DSSURDFK��DV�MXGJHG�E\�YDULRXV�JRRGQHVV�RI�
ILW� FULWHULD�� � )LQDOO\�� LGHQWLILHG� PRGHO� LV�
XVHG�WR�IRUHFDVW�VKULPS�H[SRUW�IRU� WKH�QH[W�
ILYH� \HDUV�� � � � � 9DULRXV� W\SHV� RI� VWUXFWXUDO��
WLPH� VHULHV� PRGHOV�� ZKLFK� DUH� FDSDEOH� RI�
H[SODLQLQJ� ³F\FOLFDO� IOXFWXDWLRQV´� LV�
GLVFXVVHG�� �$V� DQ� LOOXVWUDWLRQ�� DOO�,QGLD� ODF�

SURGXFWLRQ� GDWD��ZKLFK� KDV�SURPLQHQW� ILYH�
\HDUV¶� F\FOHV� DORQJ�ZLWK� D� GHFOLQLQJ� WUHQG�
LV� PRGHOOHG�� � 5HVXOWV� DUH� FRPSDUHG� ZLWK�
FRUUHVSRQGLQJ� DQDORJXH� IURP� $5,0$�
IDPLO\���)LQDOO\��IRUHFDVWLQJ�RI�DOO�,QGLD�ODF�
SURGXFWLRQ� GDWD� LV� FDUULHG� RXW�� )RU�
PRGHOOLQJ� VHDVRQDO� IOXFWXDWLRQV� LQ� ILVK�
SRSXODWLRQV�� DSSURSULDWH� PRGHOV� IURP� WKH�
IDPLO\�RI�670�DUH� LGHQWLILHG�� �$�KHDVSHFW�
RI� WKLV� DSSURDFK� LV� WKDW� WKH� SHFXOLDU�
IHDWXUHV�� OLNH� WUHQG�� DQG� VHDVRQDO�
IOXFWXDWLRQV�� H[KLELWHG� E\� WKH� GDWD� GLFWDWH�
WKH� SDUWLFXODU� PRGHO� IURP� WKH� IDPLO\� RI�
670�WR�EH�HPSOR\HG���7ZR�W\SHV�RI�IRUPV��
YL]�� GXPP\�VHDVRQDOLW\�� DQG� WULJRQRPHWULF�
VHDVRQDOLW\� DUH� FRQVLGHUHG� IRU� GHVFULELQJ�
VHDVRQDO� IOXFWXDWLRQV�� � $V� LOOXVWUDWLRQV��
WKHVH�PRGHOV�DUH�ILWWHG�WR�TXDUWHUO\�ODQGLQJV�
RI� VLOYHUEHOOLHV� DQG� FURDNHUV� LQ� 7DPLO�
1DGX�� ,QGLD� GXULQJ� WKH� SHULRG� ����������
&RPSDULVRQV� ZLWK� $5,0$� PRGHOV� UHYHDO�
WKDW�WKH�IRUPHU�DSSURDFK�LV� �PXFK�VXSHULRU�
WR�WKH�ODWWHU���)LQDOO\���WKH�LGHQWLILHG�PRGHOV�
DUH�XVHG�IRU�IRUHFDVWLQJ�SXUSRVH���7ZR�QHZ�
SURPLVLQJ� DSSURDFKHV�� YL]�� ³%D\HVLDQ�
DQDO\VLV� RI� WLPH� VHULHV� �%$76�� ´� � DQG�
³6WUXFWXUDO� WLPH� VHULHV� PRGHOOLQJ� �670�´��
DUH�GLVFXVVHG�DQG�DSSOLHG� WR�PRGHO�,QGLD¶V�
IRRGJUDLQ� SURGXFWLRQ� GDWD� IRU� WKH� SHULRG�
���������� LV� GLVFXVVHG�� � )RUHFDVWV� IRU� WKH�
\HDU� ������ RQ� WKH� EDVLV� RI� WKHVH� WZR�
PRGHOV�� DUH� PDGH�� � %D\HVLDQ� QRQOLQHDU��
QRQQRUPDO� VWDWH� VSDFH� �%16�� IRUPXODWLRQ�
IRU� WKLV� PRGHO� LV� DOVR� GLVFXVVHG� LQ� WKLV�
FKDSWHU�� � 3RVWHULRU� GHQVLW\� IXQFWLRQ� LV�
REWDLQHG� E\� XVLQJ� *LEEV� VDPSOLQJ�
SURFHGXUH���7KH�UHOHYDQW�FRPSXWHU�SURJUDP�
IRU�ILWWLQJ�RI�%16�PRGHO�LV�DOVR�DSSHQGHG��
$V� DQ� LOOXVWUDWLRQ�� WKH� PHWKRGRORJ\� LV�
DSSOLHG� WR� VRPH� ILVKHULHV� GDWD� HPSOR\LQJ�
³%D\HVLDQ� LQIHUHQFH� XVLQJ�*LEEV� VDPSOLQJ�
�%8*6�´�VRIWZDUH�SDFNDJH��
�

�*XLGH���'U��3UDMQHVKX��
�
0�6F�� �$*5,&8/785$/�
67$7,67,&6��
�
��� $0,7$9$� '(<� �� 5REXVW� %ORFN�

'HVLJQV� IRU� 'LDOOHO� &URVVHV�
$JDLQVW�$�0LVVLQJ�2EVHUYDWLRQ�

�
'LDOOHO�FURVVLQJ�LV�D��XVHIXO�PHWKRG�

IRU�FRQGXFWLQJ�SODQW�EUHHGLQJ�H[SHULPHQWV��
7KH�GLDOOHO�FURVV�LV�D�W\SH�RI�PDWLQJ�GHVLJQ�
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XVHG�WR�VWXG\�WKH�JHQHWLF�SURSHUWLHV�RI�D�VHW�
RI�LQEUHG�OLQHV��

�
1RQ�DYDLODELOLW\� RI� GDWD� LQ� D�

SODQQHG�H[SHULPHQW�PD\�VRPHWLPHV�OHDG�WR�
VXFK�D�SRRU�UHVLGXDO�GHVLJQ�WKDW�LW�PD\�QRW�
HYHQ� EH� SRVVLEOH� WR� HVWLPDWH� DOO� WKH�
HOHPHQWDU\� WUHDWPHQW� FRQWUDVWV� WKURXJK� WKH�
UHVLGXDO� GHVLJQ�� RU� LW� PD\� KDSSHQ� WKDW� WKH�
UHVLGXDO� GHVLJQ� LV� WUHDWPHQW� FRQQHFWHG� EXW�
WKH� HIILFLHQF\� RI� WKH� UHVLGXDO� GHVLJQ� PD\�
IDOO� FRQVLGHUDEO\� DV� FRPSDUHG� WR� WKH�
RULJLQDO� GHVLJQ�� 7KXV� LW� LV� QHFHVVDU\� WR�
VWXG\� WKH� UREXVWQHVV� RI� EORFN� GHVLJQV� IRU�
GLDOOHO� FURVVHV� DJDLQVW� PLVVLQJ�
REVHUYDWLRQV�5REXVWQHVV� RI� EORFN� GHVLJQV�
IRU� GLDOOHO� FURVV� H[SHULPHQWV� KDYH� EHHQ�
LQYHVWLJDWHG� IRU� WKH� VLWXDWLRQ� ZKHQ� WKH�
LQWHUHVW�RI�WKH�H[SHULPHQWHU�LV�LQ�HVWLPDWLQJ�
WKH� JHQHUDO� FRPELQLQJ� DELOLW\� HIIHFWV�
DVVXPLQJ� WKDW� WKH� VSHFLILF� FRPELQLQJ�
DELOLW\�DIIHFWV�DUH�H[FOXGHG�IURP�WKH�PRGHO��
7KH� EORFN� GHVLJQV� IRU� GLDOOHO� FURVV�
H[SHULPHQWV� WKDW� DUH� UREXVWKDYH� EHHQ�
LGHQWLILHG� DJDLQVW� D� PLVVLQJ� REVHUYDWLRQ��
XVLQJ� FRQQHFWHG� DQG� HIILFLHQF\� FULWHULRQ��
&DWDORJXHV� KDYH� EHHQ� SUHSDUHG� RI� UREXVW�
PDWWLQJ� GHVLJQV� DV� SHU� HIILFLHQF\� FULWHULRQ�
RI� UREXVWQHVV�� 5REXVWQHVV� RI� ELQDU\�
EDODQFHG� EORFN� GHVLJQV� IRU� GLDOOHO� FURVV�
H[SHULPHQWV� JHQHUDWHG� IURP�1%,%�GHVLJQV�
DJDLQVW� RQH� FRPSOHWH� EORFN� PLVVLQJ� KDYH�
DOVR�EHHQ�VWXGLHG��

� � � � �
� � �*XLGH�'U�5�6ULYDVWDYD��

�
��� -8*18� $16$5,� �� $Q�

,QYHVWLJDWLRQ� RQ� WKH� (IIHFW� RI�
0DWLQJ�'HVLJQV�RQ�WKH�9DULDQFH�RI�
+HULWDELOLW\�(VWLPDWHV�

� � � �
�)RU� SODQQLQJ� WKH� EUHHGLQJ�

SURJUDPPHV� IRU� DQLPDO� DQG� SODQW�
LPSURYHPHQW�WKH�PHWKRG�RI�VHOHFWLRQ�LV�DQ�
LPSRUWDQW� DVSHFW�� 7KH� UHOLDELOLW\� RI� WKLV�
PHWKRG� LV� EDVHG� RQ� WKH� PDJQLWXGH� RI�
JHQHWLF�GLIIHUHQFHV�DPRQJ�WKH�LQGLYLGXDO�RI�
EDVH� SRSXODWLRQ� WR� ZKLFK� WKLV� PHWKRG� LV�
DSSOLHG��$� TXDQWLWDWLYH�PHDVXUH� RI� JHQHWLF�
YDULDELOLW\� DVVRFLDWHG� ZLWK� WKLV� GHVFULSWLRQ�
LV� SURYLGHG� E\� WKH� FRHIILFLHQW� RI�
KHULWDELOLW\�� 7KH� YDOXH� RI� KHULWDELOLW\�
FRHIILFLHQW� VKRXOG� OLH� EHWZHHQ� ]HUR� DQG�
RQH�� %XW�� ZKLOH� GHDOLQJ� ZLWK� DQLPDO�
EUHHGLQJ� GDWD�� IUHTXHQWO\� WKH� VDPSOH�
HVWLPDWHV�RI�KHULWDELOLW\�FRHIILFLHQW�WXUQ�RXW�

WR�EH�HLWKHU�QHJDWLYH�RU�D�YDOXH�JUHDWHU�WKDQ�
XQLW\�� ,Q� WKH� SUHVHQW� GLVVHUWDWLRQ� D� FULWLFDO�
DQG� FRPSUHKHQVLYH� UHYLHZ� RI� SDVW� ZRUN�
GRQH� RQ� WKH� RFFXUUHQFH� RI� LQDGPLVVLEOH�
HVWLPDWHV�� WKHLU� FDXVHV�� RSWLPXP� GHVLJQV�
IRU� H[SHULPHQWDWLRQ� DQG� SURFHGXUHV� IRU�
LPSURYHG� HVWLPDWLRQ� RI� KHULWDELOLW\� KDV�
EHHQ� GRQH�� 7KH� HVWLPDWLRQ� RI� KHULWDELOLW\�
DQG� LWV� YDULDQFHV� E\� ERRWVWUDS� WHFKQLTXH�
ZDV� DOVR� VWXGLHG� WR� JDLQ� LQVLJKW� LQWR� WKH�
H[LVWLQJ� JDSV�� $� GHWDLOHG� GHVFULSWLRQ� RI�
VLPXODWLRQ� DQG� ERRWVWUDS� WHFKQLTXHV� KDV�
EHHQ� XVHG� LQ� WKH� SUHVHQW� ZRUN�� )RU� WKLV�
VWXG\� �� JHQHUDWLRQ� RI� UDQGRP� QXPEHUV��
QRUPDO� YDULDWHV� ZLWK� FHUWDLQ� SDUDPHWULF�
YDOXHV�DQG�VLPXODWLQJ�PDVWHU�VDPSOHV�IURP�
KDOI�±VLE�DQG�IXOO�VLE�PRGHOV�� WKDW�DUH�XVHG�
IRU� ERRWVWUDSSLQJ� LQ� RUGHU� WR� JHW� YDULDQFH�
HVWLPDWHV� RI� KHULWDELOLW\� �� ,W� DOVR� JLYHV� WKH�
RSWLPXP� VDPSOH� VL]HV�� VWUXFWXUH� DQG�
QXPEHU� RI� ERRWVWUDS� UHSOLFDWLRQV� IRU�
REWDLQLQJ� PHDQLQJIXO� HVWLPDWHV� RI�
KHULWDELOLW\�� :H� FRPSDUHG� YDULDQFH� RI�
ERRWVWUDS� HVWLPDWHV�RI�KHULWDELOLW\�REWDLQHG�
IURP� KDOI�VLE� PHWKRG� ZLWK� WKRVH�
GHWHUPLQHG�IURP�VLUH�FRPSRQHQW�RI�IXOO�VLE�
DQDO\VLV��$�VHFRQG�FRPSDULVRQ�ZDV�FDUULHG�
RXW�EHWZHHQ�VLUH�DQG�VLUH�GDP�FRPSRQHQWV�
RI� IXOO�VLE� DQDO\VLV�� +HUH� DOVR� WKHVH�
FRPSDULVRQV� DUH� EDVHG� RQ� WKH� ERRWVWUDS�
HVWLPDWH�RI�YDULDQFHV��
�

�*XLGH�'U�9�7�3UDEKDNDUDQ��
�
��� 1$9((1�&+21$���(VWLPDWLRQ�RI�

)LVK� &DWFK� IURP� ,QODQG� 5HVRXUFHV�
DW�6PDOO�$UHD�/HYHO�

�
7KH� JURZLQJ� GHPDQG� IRU� UHOLDEOH�

HVWLPDWHV�DW�VPDOOHU�DUHDV�PDNHV�VPDOO�DUHD��
HVWLPDWLRQ�LQ�VXUYH\�VDPSOLQJ�DQ�LPSRUWDQW�
VXEMHFW�� 7KH� VDPSOH� VXUYH\V� ODQQHG� IRU�
HVWLPDWLRQ�IRU�ODUJHU�UHDV��LI�XVHG�IRU�VPDOO�
DUHDV� WKHQ� VDPSOH� VL]HV� DUH� LQDGHTXDWH��
,QFDVH� RI� LQODQG� ILVKHULHV� LQ� ,QGLD�� WKH�
SRVLWLRQ�RI�VWDWLVWLFV�RI�FDWFK�IURP�GLIIHUHQW�
LQODQG� UHVRXUFHV� LV� QRW� VDWLVIDFWRU\�� 7KH�
FRQFHSW� RI� VPDOO� DUHD� KDV� QRW� VR� IDU� EHHQ�
H[SORUHG�LQ�WKLV�DUHD�DQG�LW�ZDV�FRQVLGHUHG�
QHFHVVDU\� WR� LQYHVWLJDWH� VRPH� VPDOO� DUHD�
HVWLPDWLRQ� WHFKQLTXHV� LQ� FDVH� RI� LQODQG�
ILVKHULHV�� )RU� HVWLPDWLQJ� WKH� ILVK� FDWFK� RI�
GLIIHUHQW� VSHFLHV� �6PDOO� $UHDV�� DW� GLVWULFW�
OHYHO�� WKUHH� HVWLPDWRUV� QDPHO\� GLUHFW��
UDNLQJ�UDWLR�DQG�FRPSRVLWH�HVWLPDWRUV�KDYH�
EHHQ� GHYHORSHG�� 7RWDO� QXPEHUV� RI� ZDWHU�
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XQLWV� LQ� VHOHFWHG� GLVWULFWV� KDYH� EHHQ�
FRQVLGHUHG� DV� WKH� DX[LOLDU\� YDULDEOH� LQ�
GHYHORSLQJ� WKHVH� HVWLPDWRUV�� ,W� KDV� EHHQ�
REVHUYHG� WKDW� IRU� HVWLPDWH� RI� ILVK� FDWFK� RI�
GLIIHUHQW� VSHFLHV� LQ� WKHVH� GLVWULFWV�� WKH�
FRPSRVLWH� HVWLPDWRU� KDV� SURYHG� WR� EH� WKH�
EHVW�ZLWK�PLQLPXP�SHUFHQW�VWDQGDUG�HUURUV�
DV� FRPSDUHG� WR� RWKHU� HVWLPDWRUV� L�H�� GLUHFW�
DQG�UDNLQJ�UDWLR�����������

� � � � �
� �*XLGH�'U�+�9�/�%DWKOD��

�
��� 1�2.(1'52� 6,1*+� �� 6WXG\� RQ�

WKH� (IIHFW� RI� 6DPSOH� 6L]H� DQG�
6WUXFWXUH� RQ� WKH� %RRWVWUDS�
(VWLPDWHV� RI� 9DULDQFH� RI�
+HULWDELOLW\�� �

�
7KH� SUHVHQW� LQYHVWLJDWLRQ� ZDV�

FRQGXFWHG�WR�VWXG\�WKH�HIIHFW�RI�VDPSOH�VL]H�
DQG� VWUXFWXUH� IRU� HVWLPDWLQJ� WKH� SUHFLVLRQ�
XQGHU� GLIIHUHQW� PDWLQJ� GHVLJQV� RI�
KHULWDELOLW\� DQG� WR� GHFLGH� WKH� RSWLPXP�
QXPEHU� RI� ERRWVWUDS� UHSOLFDWLRQV� UHTXLUHG�
IRU� SUHFLVLRQ� RI� KHULWDELOLW\�� 7KLV� ZDV�
DFKLHYHG� HPSLULFDOO\� E\� XVLQJ� WKH�
VLPXODWHG� GDWD� IRU� GLIIHUHQW� YDOXHV� RI�
SRSXODWLRQ� SDUDPHWHUV�� 7KH� ERRWVWUDS�
WHFKQLTXH�ZKLFK�LV�DQ�DQDO\WLFDO�DQG�KLJKO\�
FRPSXWHU� RULHQWHG� PHWKRG� ZDV� XVHG� WR�
REWDLQ�WKH�HVWLPDWH�RI�KHULWDELOLW\��ELDV�DQG�
VWDQGDUG� HUURU�� 7KH� KHULWDELOLW\� HVWLPDWHV�
ZHUH� REWDLQHG�E\� WZR�GLIIHUHQW� SURFHGXUHV�
QDPHO\� UHJUHVVLRQ� RI� RIIVSULQJ� RQ� SDUHQW�
DQG� KDOI�VLE� DQDO\VLV�� ,Q� WKH� ILUVW� FDVH�� WKH�
UHVXOWV� ZHUH� REWDLQHG� IURP� WKH� GDWD�
VLPXODWHG� E\� SDUHQW�RIIVSULQJ� PRGHO� E\�
VHOHFWLQJ� GLIIHUHQW� PDVWHU� VDPSOHV� RI� �����
����� ����� DQG� ����� SDLUV� RI� REVHUYDWLRQV�
IURP� WKH� SRSXODWLRQV� ZLWK� GLIIHUHQW�
KHULWDELOLW\� OHYHOV� IRU� GLIIHUHQW� ERRWVWUDS�
UHSOLFDWLRQ�QXPEHUV��7KH�RSWLPXP�QXPEHU�
RI�ERRWVWUDS� UHSOLFDWLRQV� UHTXLUHG� WR�REWDLQ�
VWDEOH� HVWLPDWH� RI� VWDQGDUG� HUURU� RI�
KHULWDELOLW\� IRU� DOO� WKH� WKUHH� FDVHV�
FRQVLGHUHG�ZDV�DERXW�����WKDW�UHTXLUHG�����
DERYH� IRU� VPDOO� VDPSOH�� 7KH� RSWLPXP�
VDPSOH�VL]H�UHTXLUHG�WR�JHW�SUHFLVH�HVWLPDWH�
RI�VWDQGDUG�HUURU�IRU�ERWK�ORZ�DQG�PRGHUDWH�
KHULWDELOLW\� YDOXHV�ZDV� DERXW� ����� EXW� WKH�
VDPSOH� VL]H�RI� ����ZDV� VXIILFLHQW� IRU� KLJK�
KHULWDELOLW\� YDOXH�� 7KH� ERRWVWUDS� HVWLPDWHV�
RI� KHULWDELOLW\� XVLQJ� KDOI�VLE� DQDO\VLV� ZDV�
REWDLQHG� E\� GUDZLQJ� VDPSOHV� RI� ����� ����
DQG� ���� IRU� GLIIHUHQW� IDPLO\� VWUXFWXUHV� RI�
HDFK� VDPSOH� VL]H�� $V� LQ� RWKHU� PHWKRG� WKH�

VWDEOH� HVWLPDWH� RI� ERRWVWUDS� VWDQGDUG� HUURU�
UHTXLUHG� ZDV� DERXW� ���� ERRWVWUDS�
UHSOLFDWLRQV� LQ� DOO� WKH� OHYHOV� RI� KHULWDELOLW\�
YDOXHV�WDNHQ��,W�ZDV�IRXQG�WKDW�WKH�RSWLPXP�
IDPLO\� VL]H� DQG� VWUXFWXUH�ZDV� ��� VLUHV� DQG�
��� SURJHQLHV� SHU� VLUH� IRU� ORZ� KHULWDELOLW\��
6LPLODUO\�� WKH� RSWLPXP� VDPSOH� VL]H� DQG�
VWUXFWXUH�IRU�JHWWLQJ�WKH�SUHFLVH�HVWLPDWH�RI�
VWDQGDUG� HUURU� RI� KHULWDELOLW\�ZHUH� ��� VLUHV�
DQG����SURJHQLHV�SHU�VLUH�DQG����VLUHV�DQG�
���SURJHQLHV�SHU�VLUH�RI�PRGHUDWH�DQG�KLJK�
KHULWDELOLW\�YDOXHV�UHVSHFWLYHO\��
�

� � �*XLGH��6K�6�'�:DKL��
�
��� 5$0(6+�.2//858����2Q�6RPH�

$VSHFWV� RI� *URZWK� 3DWWHUQV� RI�
&URVVEUHG�&DWWOH�

����� ���� ��������������������������������������������������������
7KH� UHVHDUFK� RQ� FDWWOH� JURZWK� LV�

RQH� RI� WKH� LPSRUWDQW� VWXGLHV� LQ� WKH� DQLPDO�
VFLHQFHV�� $OWKRXJK� PHWKRGV� DUH� DYDLODEOH�
LQ�OLWHUDWXUH�IRU�WKH�DQDO\VLV�RI�JURZWK�GDWD��
QR� XQLYHUVDO� PHWKRG� LV� UHFRPPHQGHG�� ,Q�
WKH�SUHVHQW�VWXG\�GDWD�RQ�ERG\�ZHLJKW�ZDV�
WDNHQ�IURP�ELUWK� WR�DQ�DJH�XSWR����PRQWKV�
RQ� ��� FURVVEUHG� FDWWOH�� $V� WKH� VFDWWHUSORWV�
UHYHDOHG�D�VLJPRLG� VKDSH�DQG�DOVR� WKDW� WKH�
JURZWK�RI�DQLPDOV��LQ�JHQHUDO�IROORZ�D�QRQ�
OLQHDU� GLVWULEXWLRQ�� ILYH� QRQ�OLQHDU� PRGHOV�
ZHUH�XVHG�WR�PRGHO�ZHLJKW�DJH�GDWD�IRU�WKH�
DQLPDOV�� $OVR� WKDW� WKHVH� VLJPRLG� PRGHOV�
DUH� HPSLULFDO� LQ� WKH� VHQVH� WKDW� WKH�
SDUDPHWHUV� KDYH� VRPH� ELRORJLFDO�
LQWHUSUHWDELOLW\�� &RPSDULVRQV� ZHUH� PDGH�
DPRQJ� WKHVH� PRGHOV� IRU� JRRGQHVV� RI� ILW��
7KH� WKUHH� VLJPRLG� PRGHOV� YL]��� %URG\��
9RQ�%HUWDODQII\� DQG� *RPSHUW]� RYHU�
HVWLPDWHG� WKH� ZHLJKWV�� 5LFKDUGV� DQG�
/RJLVWLF� PRGHOV� VXLWHG� WKH� GDWD� SDWWHUQ��
/RJLVWLF� PRGHO� LQ� FRPSDULVRQ� ZLWK�
5LFKDUG¶V�PRGHO�� LV� FRPSXWDWLRQDOO\�HDVLHU�
WR�ILW�� ,Q�WKH�DERYH�VDLG�PRGHOV�SDUDPHWHUV�
ZHUH�HVWLPDWHG�XVLQJ�RUGLQDU\�OHDVW�VTXDUHV�
WHFKQLTXH�� %XW� WKH� DVVXPSWLRQV� IRU�
DSSOLFDWLRQV�RI�WKLV�WHFKQLTXH�DUH�UDUHO\�PHW�
LQ�SUDFWLFDO�VLWXDWLRQV��6R�ZH�HVWLPDWHG�WKH�
SDUDPHWHUV� XQGHU� KHWURVFHGDVWLF� YDULDQFH�
VWUXFWXUH�� 7KH� HVWLPDWHV� REWDLQHG� VR�
UHYHDOHG� WR� EH� EHWWHU�� 6LQFH� WKH� GDWD� LV�
WDNHQ�RQ� UHSHDWHG�PHDVXUHPHQWV� WKH�HUURUV�
PD\� EH� RI� WZR� W\SHV�� V\VWHPDWLF� DQG�
UDQGRP�� 7KH� SDUDPHWHUV� ZHUH� HVWLPDWHG�
WKURXJK� +LHUDUFKLFDO� QRQ�OLQHDU� PRGHOLQJ���
8VLQJ� WKH� KLHUDUFKLFDO� QRQ�OLQHDU� PRGHOV��
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WKH� GDWD� SDWWHUQV� DUH� EHWWHU� GHVFULEHG�
FRPSDUHG�ZLWK�WKH�HDUOLHU�WHFKQLTXHV��
� � � � �

���������*XLGH��'U�3�6�5DQD��
�
��� 680$17$� .80$5� '$6� ��

2SWLPL]DWLRQ� 7HFKQLTXHV� XQGHU�
0XOWLSOH� )UDPH� 6DPSOLQJ� IRU�
0XOWLYDULDWH�6WUDWLILFDWLRQ�

�
7KH� DSSURDFK� RI� PXOWLSOH� IUDPHV�

LQFOXGHV� LQGHSHQGHQW� VHOHFWLRQ� RI� VDPSOHV�
IURP� GLIIHUHQW� IUDPHV� DQG� WR� REWDLQ�
FRPELQHG�HVWLPDWH�RQ�WKH�EDVLV�RI�ERWK�WKH�
VDPSOHV� DQG� RSWLPL]DWLRQ� RI� WKH� VDPSOH�
VL]HV� DQG� WKH� ZHLJKWV� DWWDFKHG� WR� WKH�
VDPSOH� SRUWLRQ� FRPLQJ� IURP� WKH� FRPPRQ�
IUDPHV���

2SWLPL]DWLRQ� LQ� VDPSOLQJ� LV�
QRUPDOO\� YLHZHG� LQ� WHUPV� RI� YDULDQFH� DQG�
FRVW�IXQFWLRQ��+HUH�ZH�FKRRVH�D�IXQFWLRQ�RI�
VHYHUDO� YDULDEOHV�� ZKLFK� LV� PD[LPL]HG� RU�
PLQLPL]HG� VXEMHFW� WR� RQH� RU� PRUH�
FRQVWUDLQWV�� 7KH� FRQVWUDLQWV� DUH� JHQHUDOO\�
HTXDOLWLHV� RU� LQHTXDOLWLHV�� ZKLFK� PXVW� EH�
VDWLVILHG� E\� WKH� YDULDEOHV� RI� WKH� REMHFWLYH�
IXQFWLRQ�� 2SWLPL]DWLRQ� LV� DQ� LPSRUWDQW�
DVSHFW� LQ� WKH� VWXG\� RI� VDPSOLQJ� IURP�
PXOWLSOH� IUDPH� VLWXDWLRQV�� $� VDPSOLQJ�
GHVLJQ� LV� FRQVLGHUHG� IRU� PXOWLSXUSRVH�
VXUYH\V� LQ� ZKLFK� VHYHUDO� VWUDWLI\LQJ�
YDULDEOHV�DUH� DYDLODEOH�DQG� WKH�REMHFWLYH� LV�
WR� HVWLPDWH� WKH� WRWDOV� RU� PHDQV� RI� VHYHUDO�
YDULDEOHV�HDFK�KLJKO\�FRUUHODWHG�ZLWK�RQH�RI�
WKH�VWUDWLI\LQJ�YDULDEOH�7KH�GHVLJQ�LQYROYHV�
VHOHFWLQJ� VHSDUDWH� VXEVDPSOHV�
LQGHSHQGHQWO\� E\� VWUDWLI\LQ� JYDULDEOH� LQ�
WXUQ��(VWLPDWLRQ�WKHQ�LQYROYHV�SRROLQJ�GDWD�
IURP� VHSDUDWH� VXEVDPSOHV� XVLQJ� PXOWLSOH�
IUDPH� VDPSOLQJ�� 7KH� VWUDWHJ\� LV� FRPSDUHG�
ZLWK� VWDQGDUG� DSSURDFKHV� VXFK� DUDWLR�
UHJUHVVLRQ� LQ� VLPXODWLRQ� VWXG\� DQG� UHODWLYH�
HIILFLHQF\�ZLOO�EH�GHWHUPLQHG�� �
� �����������������������������������������������������������

�*XLGH�'U�%�&�6D[HQD��
�
0�6F���&20387(5�$33/,&$7,21��
�
��� %$6$17� .80$5� �� 3HVW�

0DQDJHPHQW� ,QIRUPDWLRQ� 6\VWHP�
RQ�6XJDUFDQH�

�
� ,QVSLWH�RI�,QGLD�UDQNLQJ�ILUVW�LQ�DUHD�
DQG� SURGXFWLRQ� DPRQJ� WKH� VXJDUFDQH�
JURZLQJ� FRXQWULHV� RI� WKH� ZRUOG�� \LHOG� SHU�
KHFWDUH�LV�VWLOO�PXFK�ORZHU�WKDQ�PRVW�RI�WKH�

FRXQWULHV�� $PRQJ� WKH� YDULRXV� UHDVRQV� RI�
ORZ� SURGXFWLYLW\�� DWWDFN� LQVSHFW�SHVWV��
GLVHDVHV�� ZHHGV�� PRWHV� HWF� SOD\V� DQ�
LPSRUWDQW� UROH�� ,W� LV� HVWLPDWHG� WKDW� DERXW�
���� RI� WKH� WRWDO� VXJDUFDQH� FURS� LQ� WKH�
FRXQWU\� LV�GHVWUR\HG�HYHU\�\HDU�DV�D� UHVXOW�
RI� WKH� DWWDFN� RI� VHYHUDO� SHVWV�� GLVHDVH� DQG�
LQIHVWDWLRQ� E\� WKH� ZHHGV�� 6ROXWLRQ� DUH�
DYDLODEOH� LQ� WKH� IRUP� RI� FRQWURO� PHDVXUHV�
DQG�,30��D�VXVWDLQDEOH�DSSURDFK�WR�PDQDJH�
WKH� LQVHFW�SHVWV� SUREOHPV� E\� FRPELQLQJ�
ELRORJLFDO� FXOWXUDO�� SK\VLFDO� DQG� FKHPLFDO�
WRROV� LQ� D� ZD\� WKDW� PLQLPL]HV� HFRQRPLF��
KHDOWK� DQG� HQYLURQPHQWDO� UHVNV��� %XW� WKH�
LQIRUPDWLRQ��ZKLFK�LV�DYDLODEOH�LQ�WKH�IRUP�
RI� ERRNV�� MRXUQDOV�� PDJD]LQHV� HWF�� DUH�
EH\RQG� WKH� UHDFK� RI� FRPPRQ� SHUVRQ�� DOVR�
WKH\�DUH�QRW�LQ�XSGDWHG�IRUP��6R�D�QHHG�ZDV�
IHOW� WR� SXW� WKH� LQIRUPDWLRQ� LQ� HOHFWURQLF�
IRUPDW� WKURXJK� WKH� ,QWHUQHW�� 3HVW�
0DQDJHPHQW� ,QIRUPDWLRQ� 6\VWHP� LQ�
6XJDUFDQH��30,66��FDQ�EH�LPSOHPHQWHG�DV�
D� QHWZRUN�EDVHG� V\VWHP� ZLWK� D� VHUYHU�� ,W�
PDLQWDLQV�LQIRUPDWLRQ�UHJDUGLQJ�6XJDUFDQH�
DQG� LWV� ,30� SULPDULO\� ZLWK� HPSKDVLV� RQ�
LQVHFWV��GLVHDVHV��ZHHGV�DQG�PLWHV�LQIHVWLQJ�
LW��7KHUH� LV�DOVR�SURYLVLRQ� WR� LQVHUW��XSGDWH�
DQG� GHOHWH� WKH� LQIRUPDWLRQ�� ,W� KDV� WKUHH� ±
OD\HUHG�DUFKLWHFWXUH�� ,W�KDV�EHHQ�GHYHORSHG�
LQ� +70/�� -DYD6FULSW�� 0LFURVRIW� $FFHVV�
DQG�-DYD�6HUYOHWV�	�-'%&��30,66�UXQV�DW�
DQ\�QRGH�RI�,QWHUQHW�WKURXJK�D�EURZVHU��
�

�*XLGH��'U�3�.�0DOKRWUD��
�
��� 0'�� =8%,5� $+0$'� ��

,QIRUPDWLRQ� 6\VWHP� IRU� $SSOH�
&URS�

�
� $SSOH� IUXLW� LV�RQH�RI� WKH� LPSRUWDQW�
IUXLW� RI� ,QGLD�� $SSOH� LQGXVWU\� LV� WKH�
EDFNERQH� RI� ,QGLDQ� IUXLW� LQGXVWU\� DQG�
$3('$�KDV� LGHQWLILHG� DSSOH� DV�RQH�RI� WKH�
HLJKW� IUXLWV� IRU� DFFHOHUDWLQJ� H[SRUW�
SRWHQWLDO�� 7KRXJK� DSSOH� LV� JURZQ� LQ�
GLIIHUHQW� VWDWHV� EXW� PDMRU� VKDUH� LV�
FRQWULEXWHG� E\� RQO\� �� VWDWHV�� ,QIRUPDWLRQ�
RQ� $SSOH� FURS� LV� DYDLODEOH� LQ� WKH� IRUP� RI�
ERRNV��MRXUQDOV�DQG�SRSXODU�PDJD]LQHV�HWF��
DQG� DUH� EH\RQG� WKH� UHDFK� RI� QHHG\� DFURVV�
WKH� ZRUOG�� ([WHQVLRQ� DJHQF\� DOVR� UHTXLUHV�
XSGDWHG� � LQIRUPDWLRQ� WR�DGYLVH� WKH�IDUPHUV�
RQ� DSSOH� FXOWLYDWLRQ�� 7KH� SUHVHQW�
LQYHVWLJDWLRQ�ZDV�FDUULHG�RXW�ZLWK� WKH� LGHD�
RI� GHYHORSLQJ� DQ� ,QIRUPDWLRQ� 6\VWHP� IRU�
$SSOH� &URS� �,6$&�� WKDW� ZLOO� SURYLGH�



�

����
�

LQIRUPDWLRQ� RQ� DOO� DVSHFWV� RI� DSSOH�
FXOWLYDWLRQ��SURFHVVLQJ�DQG�PDUNHWLQJ���7KH�
V\VWHP� KDV� EHHQ� GHYHORSHG� XVLQJ� 9LVXDO�
%DVLF�DW�WKH�IURQW�HQG�DQG�06�$FFHVV�DW�WKH�
EDFNHQG��,6$&�UXQV�DW�DQ\�ZLQGRZV�EDVHG�
FRPSXWHU� V\VWHP�� 7KLV� VRIWZDUH� DOVR� KDV�
KHOS� DQG� LQGH[� WR� IDFLOLWDWH� VPRRWK�
RSHUDWLRQ�� $� SHUVRQ� ZLWK� OLWWOH� FRPSXWHU�
NQRZOHGJH� FDQ� RSHUDWH� DQG� JHW� GHVLUHG�
LQIRUPDWLRQ��

�
� �*XLGH��6K�0DKHVK�.XPDU��

�
��� 35$.+$5� 35$6+$17� ��

,QWHJUDWHG� 3HVW� 0DQDJHPHQW�
,QIRUPDWLRQ�6\VWHP�RQ�7RPDWR�

�
� ,QGLD� KDV� D� PDMRU� VKDUH� LQ� WKH�
DJULFXOWXUH�SURGXFWLRQ�LQ�WKH�ZRUOG�DQG�WKH�
VHFRQG� ODUJHVW� SURGXFHU� RI� IUXLWV� DQG�
YHJHWDEOHV�� :LWK� WKH� DGYHQW� RI� QHZ�
XSFRPLQJ� WHFKQRORJLHV� DQG� UHVHDUFK� ZRUN�
XQGHUWDNHQ�LQ�WKH�ILHOG�RI�DJULFXOWXUH��LW�KDV�
EHFRPH�SRVVLEOH� WR�PLQLPL]H� WKH� ORVVHV� LQ�
FURS� SURGXFWLRQ� GXH� WR� LQIHVWDWLRQ� E\� WKH�
LQVHFWV�SHVWV�� GLVHDVHV�� ZHHGV� DQG� PLWHV��
,QGLD�KDV�WDNHQ�VWURQJ�LQLWLDWLYH�LQ�WKH�IUXLWV�
DQG� YHJHWDEOHV� UHVHDUFK� WR� LQFUHDVH�
SURGXFWLRQ� DQG� SURGXFWLYLW\� LQ� D�
VXVWDLQDEOH�PDQQHU��,QIRUPDWLRQ�RQ�WRPDWR�
FURS� LV� DYDLODEOH� LQ� WKH� IRUP� RI� ERRNV��
MRXUQDOV�� PDJD]LQHV� HWF�� DUH� EH\RQG� WKH�
UHDFK�RI�FRPPRQ�SHUVRQ�DFURVV� WKH�ZRUOG��
6R�WKHUH�LV�D�QHHG�WR�SXW�WKH�LQIRUPDWLRQ�LQ�
HOHFWURQLF�IRUPDW� WKURXJK�WKH�,QWHUQHW��7KH�
SUHVHQW� LQYHVWLJDWLRQ� ZDV� FDUULHG� RXW� ZLWK�
WKH� LGHD� RI� GHYHORSLQJ� ,QWHJUDWHG� 3HVW�
0DQDJHPHQW� ,QIRUPDWLRQ� 6\VWHP� RQ�
7RPDWR� �,30,67�� VRIWZDUH� WKDW�
LQFRUSRUDWHV� EDVLF� LQIRUPDWLRQ� RQ�7RPDWR��
LWV� ,30�DQG� LQIHVWDWLRQ� E\� YDULRXV� LQVHFWV��
GLVHDVHV�� ZHHG� DQG� PLWHV� DQG� FDQ� EH�
DFFHVVHG� WKURXJK� ,QWHUQHW�� ,W� KDV� D� WKUHH�
OD\HUHG�DUFKLWHFWXUH�� ,W�KDV�EHHQ�GHYHORSHG�
LQ� +70/�� -DYD6FULSW�� 0LFURVRIW� $FFHVV�
DQG� -DYD� 6HUYOHWV� 	� -'%&� �WKH� ODWHVW�
WHFKQRORJ\�RI�6XQ�0LFURV\VWHPV���,30,67�
FDQ� EH� LPSOHPHQWHG� DV� D� QHWZRUN�EDVHG�
V\VWHP�ZLWK�D�VHUYHU��7KHUH�LV�SURYLVLRQ�WR�
LQVHUW��XSGDWH�DQG�GHOHWH�WKH�LQIRUPDWLRQ��
�

� �*XLGH��'U�3�.�0DOKRWUD��
�
��� 5$&+$1$� &+$'+$� �� � 'LJLWDO�

,PDJH� 3URFHVVLQJ� RI� ,QGLDQ�
5HPRWH�6HQVLQJ�6DWHOOLWH�'DWD�

5HPRWH� 6HQVLQJ� LV� D�
PXOWLGLVFLSOLQDU\�DFWLYLW\�ZKLFK�GHDOV�ZLWK�
WKH�,QYHQWRU\�PRQLWRULQJ�DQG�DVVHVVPHQW�RI�
QDWXUDO� UHVRXUFHV� WKURXJK� WKH� DQDO\VLV� RI�
GDWD� REWDLQHG� E\� REVHUYDWLRQV� IURP� D�
UHPRWH� SODWIRUP�� 7KH� GLJLWDO� LPDJHV�
REWDLQHG� QHHG� WR� EH� PDQLSXODWHG� DQG�
LQWHUSUHWHG� ZLWK� WKH� DLG� RI� FRPSXWHU��
7KHUHIRUH�� VRIWZDUH� LV� UHTXLUHG� WR� SURFHVV�
WKH� GLJLWDO� LPDJH��+HQFH�� VRIWZDUH� HQWLWOHG�
³,QWHUDFWLYH� 'LJLWDO� ,PDJH� 3URFHVVLQJ�
6\VWHP� ³�,',36�� KDV� EHHQ� GHYHORSHG� DV�
XVHU�IULHQGO\� VRIWZDUH� IRU� LPDJH�
UHVWRUDWLRQ��HQKDQFHPHQW�DQG�FODVVLILFDWLRQ�
RI� ,QGLDQ� 5HPRWH� 6HQVLQJ� 6DWHOOLWH� GLJLWDO�
GDWD�� 7KH� VRIWZDUH� ,',36� KDV� EHHQ�
GHYHORSHG�IRU�:LQGRZ�SODWIRUP��0LFURVRIW�
)RXQGDWLRQ� &ODVVHV� �0)&�� LQ� 9LVXDO� &���
GHYHORSPHQW� HQYLURQPHQW� LV� XVHG� WR�
GHYHORS� ,',36�� 0)&� LV� D� OLEUDU\� RI� &���
FODVVHV� XVHG� WR� EXLOG� :LQ��� DSSOLFDWLRQV��
,',36�PDNH�XVH�RI�WKH�YDULRXV�FODVVHV�IURP�
0)&��2QH�RI�WKH�PRVW�LPSRUWDQW�FODVVHV�LV�
&563UM'RF� WKDW� FRQWDLQV� WKH� GDWD� RI� WKH�
DSSOLFDWLRQ�� )XUWKHU� WKH� FODVV�&563UM9LHZ�
FODVV� GLVSOD\V� WKH� LPDJHV� IRUPHG� E\� XVLQJ�
WKH�GDWD�VWRUHG�LQ�&563UM'RF�FODVV���,',36�
DOORZV� XVHU� WR� UHVWRUH� DQ� LPDJH� DQG� YLHZ�
YDULRXV� EDQG� LPDJHV� DQG� IDOVH� FRORU�
FRPSRVLWHV�� ,W� DOVR� SURYLGHV� IDFLOLW\� WR�
SHUIRUP� OLQHDU� DQG� QRQ�OLQHDU�
HQKDQFHPHQW�� HGJH� GHWHFWLRQ�� FDOFXODWHV�
YHJHWDWLRQ�LQGLFHV��'LVWULEXWLRQ�RI�GDWD�FDQ�
EH� DQDO\]HG� E\� YLHZLQJ� KLVWRJUDPV�� ,Q�
FODVVLILFDWLRQ�� ,',36� SURYLGHV� WKH� IDFLOLW\�
RI� VXSHUYLVHG� FODVVLILFDWLRQ� DQG� KHQFH�
DOORZV�XVHU� WR�VHOHFW� WUDLQLQJ�DUHDV�RI�HDFK�
ODQG�FRYHU�FODVV��)RU�HDFK�WUDLQLQJ�VLWH��WKH�
VWDWLVWLFDO� SDUDPHWHUV� DUH� JHQHUDWHG�� 7KH�
FODVVLILHUV� XVHG� DUH� PLQLPXP� GLVWDQFH� WR�
PHDQV� FODVVLILHU�� SDUDOOHO� SLSHG� FODVVLILHU�
DQG�PD[LPXP�OLNHOLKRRG�FODVVLILHU��

�
�*XLGH��'U�6�'�6KDUPD��

�
��� 5,78� 0$/,.� �� 'HYHORSPHQW� RI�

:HE� %DVHG� &XUUHQW� $ZDUHQHVV�
6HUYLFH�IRU�/LEUDU\�

�
/LEUDU\� VHUYHV� DV� D� &HQWUH� IRU�

DURXVLQJ� DQG� VWLPXODWLQJ� LQWHOOHFWXDO�
FXULRVLW\�DQG�WKH�GHVLUH�WR�OHDUQ�E\�RIIHULQJ�
PDWHULDOV�DQG�SURJUDPV�WR�VDWLVI\�WKH�GHVLUH�
IRU�NQRZOHGJH��&XUUHQW�$ZDUHQHVV�6HUYLFH�
�&$6�� RI� /LEUDU\� HQGHDYRUV� WR� NHHS� WKH�
XVHU� LQIRUPHG� SURPSWO\� RI� DOO� QDVFHQW�
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����
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WKRXJKWV�FUHDWHG�LQ�WKHLU�ILHOGV�RI�ZRUN�DQG�
UHODWHG� ILHOGV�� 2QH� VXFK� VHUYLFH� LV�
³&855(17� &217(17� 21�
$*5,&8/785(��&&$�´�LV�EURXJKW�RXW�E\�
,$5,� �,QGLDQ� $JULFXOWXUDO� 5HVHDUFK�
,QVWLWXWH�� OLEUDU\�� LQ� ZKLFK� ;HUR[� FRS\� RI�
WKH�FRQWHQW�LQGH[�SDJH�RI�LVVXH�DUH�ERXQGHG�
DV�D�ERRNOHW�DQG�VHQG�WR�DOO�WKH�GLYLVLRQV�RI�
WKH�,$5,�OLEUDU\��.HHSLQJ�VSHHG�WLPHOLQHVV�
RI�&$6�LQ�PLQG��:HER�&XUUHQW�$ZDUHQHVV�
6HUYLFH� �:&$6�� LV� GHYHORSHG� DV� WKH�
,QWUDQHW� VROXWLRQ� WR� EULQJ� WKH� &&$� RQ� WKH�
ZHE� DQG� RYHUFRPH� LWV� OLPLWDWLRQV�� WKDW� LV��
WLPH� UHTXLUHG� UHDFKLQJ� LW� WR� XOWLPDWH� XVHU��
:&$6� 6RIWZDUH� SURYLGHV� &$6� IRU�
-RXUQDOV��%RRNV�DQG�7KHVLV��:&$6¶V��RQH�
RI�WKH�VLOHQW�IHDWXUHV�LV�WR�SURYLGH�WKH�OLVW�RI�
-RXUQDO¶V� ,VVXH��ZKLFK�DUH�SURFXUHG�E\� WKH�
/LEUDU\� EHWZHHQ� WKH� WZR� VSHFLILHG� GDWHV��
:&$6� DOORZV� LWV� XVHUV� WR� VHH� WKH�
FRQWHQW�,QGH[�SDJH�RI�WKH�UHFHQWO\�SURFXUHG�
LVVXH�� � :&$6� LV� GHYHORSHG� XVLQJ� -DYD�
6HUYOHWV� �VHUYHU� VLGH� SURJUDPPLQJ�� DQG�
-'%&��-DYD�'DWDEDVH�&RQQHFWLYLW\���ZKLFK�
PDNHV� LW� SODWIRUP� LQGHSHQGHQW�� :&$6� LV�
EDVHG� RQ� :LQGRZV� '1$� �'LVWULEXWHG�
,QWHU1HW�$SSOLFDWLRQ��$UFKLWHFWXUH��GLYLGHG�
LQWR� WZR� SDUWV� QDPHO\�� (QG8VHU� DQG�
$GPLQLVWUDWRU� �IRU� OLEUDU\� VWDII� WR� XSGDWH�
WKH� LQIRUPDWLRQ� LQ� WKH� GDWDEDVH��� 7KURXJK�
(QG8VHU� SRUWLRQ�� :&$6� SURYLGHV� WKUHH�
W\SHV� RI� VHDUFK� IDFLOLWLHV� QDPHO\��
3KUDVH�.H\ZRUG� 6HDUFK�� %RROHDQ� 6HDUFK�
DQG�&RPELQHG�6HDUFK���
� �

�*XLGH��6K�0DKHVK�.XPDU��
�

��� 628%+5$75$� '$6� �� :HE�
%DVHG� ,QIRUPDWLRQ� 6\VWHP� RQ�
,QWHJUDWHG� 3HVW� 0DQDJHPHQW� RI�
&XFXUELWV�

�
2YHU� WKH� ODVW� IHZ� GHFDGHV�� WKH�

FRXQWU\� KDV� PDGH� LPSUHVVLYH� SURJUHVV� LQ�
WKH� ILHOG� RI� DJULFXOWXUH�� $JULFXOWXUH� VWLOO�
UHPDLQV� WKH� PRVW� YLWDO� VHFWRU� LQ� WKH�
HFRQRP\� RI� RXU� FRXQWU\�� � ,W� KDV� EHFRPH�
SRVVLEOH� WR� PLQLPL]H� WKH� ORVVHV� LQ� FURS�
SURGXFWLRQ� GXH� WR� LQIHVWDWLRQ� E\� WKH�
LQVHFWV�SHVWV��GLVHDVHV��ZHHGV�DQG�PLWHV�E\�
XVLQJ� QHZ� WHFKQRORJLHV� DQG� UHVHDUFK�� 7KH�
LQLWLDWLYHV�WDNHQ�LQ�WKH�IUXLWV�DQG�YHJHWDEOHV�
UHVHDUFK� WR� LQFUHDVH� SURGXFWLRQ� DQG�

SURGXFWLYLW\� LQ� D� VXVWDLQDEOH� PDQQHU� FDQ�
\LHOG�EHWWHU�UHVXOWV�LI�LQIRUPDWLRQ�LV�UHDGLO\�
DYDLODEOH� WR� WKH� FRQFHUQHG�� 7KH�
LQIRUPDWLRQ��ZKLFK�LV�DYDLODEOH�LQ�WKH�IRUP�
RI� ERRNV�� MRXUQDOV�� PDJD]LQHV� HWF�� FDQ�
UHDFK� WKH� FRPPRQ�SHUVRQ� LI� LW� LV� DYDLODEOH�
LQ� HOHFWURQLF� IRUPDW� WKURXJK� WKH� ,QWHUQHW��
7KH� SUHVHQW� LQYHVWLJDWLRQ� ZDV� FDUULHG� RXW�
ZLWK�WKH�LGHD�RI�GHYHORSLQJ�,QWHJUDWHG�3HVW�
0DQDJHPHQW� ,QIRUPDWLRQ� 6\VWHP�
�&,30,6�� VRIWZDUH� WKDW� LQFRUSRUDWHV� EDVLF�
LQIRUPDWLRQ� RQ� 0DMRU� &XFXUELWV�� LWV� ,30�
DQG�LQIHVWDWLRQ�E\�YDULRXV�LQVHFWV��GLVHDVHV��
ZHHG� DQG� PLWHV�� ,W� KDV� D� WKUHH�OD\HUHG�
DUFKLWHFWXUH�� ,W� KDV� EHHQ� GHYHORSHG� LQ�
+70/�� -DYD6FULSW�� 0LFURVRIW� $FFHVV� DQG�
-DYD� 6HUYOHWV� 	� -'%&� �WKH� ODWHVW�
WHFKQRORJ\�RI�6XQ�0LFURV\VWHPV���&,30,6�
FDQ� EH� LPSOHPHQWHG� DV� D� QHWZRUN�EDVHG�
V\VWHP�ZLWK�D�VHUYHU��7KHUH�LV�SURYLVLRQ�WR�
LQVHUW��XSGDWH�DQG�GHOHWH�WKH�LQIRUPDWLRQ��

�
�*XLGH��'U�3�.�0DOKRWUD��

�
��� 9�9�680$17� .80$5� ��

'HYHORSPHQW� 2I� :HE� %DVHG� (�
&KRXSDO�

�
'HYHORSPHQW� RI� (OHFWURQLF�

&KDXSDO�LV�DQ�DWWHPSW�WR�LQFUHDVH�WKH�VFRSH�
RI� WKH� &KDXSDO�� ZKLFK� PHDQV� D� IRUXP�
ZKHUH� D� JURXS� RI� SHUVRQV� �JHQHUDOO\�
IDUPHUV�� PHHW� WRJHWKHU� DQG� GLVFXVV� LVVXHV�
RI� WKHLU� LQWHUHVW�� 7KH� PDLQ� JRDO� RI� WKLV�
SURMHFW� LV� WR� JLYH� ZRUNLQJ� VROXWLRQV� WR�
IDUPHUV� UHJDUGLQJ� YDULRXV� SUREOHPV� RI�
FURSV��(�&KDXSDO� LV� D� FRPELQDWLRQ� RI�1RQ�
9LUWXDO� 5HDOLW\� 0RGHOLQJ� /DQJXDJH�
�950/�� &KDW� 6RIWZDUH�� 950/� &KDW�
6RIWZDUH�	�'LVFXVVLRQ�)RUXPV��7KH�HIIRUWV�
DUH�IRFXVHG�RQ�WKH�JUDSKLFDO�XVHU�LQWHUIDFH��
ZKLFK� VKDOO� QRW� EH� UHVWULFWHG� WR� WZR�
GLPHQVLRQDO�JUDSKLFV��UDWKHU�WKH�IDUPHU�FDQ�
H[SHULHQFH� D� WKUHH�GLPHQVLRQDO� VKDUHG�
HQYLURQPHQW�� LQ� ZKLFK� KH� RU� VKH� FDQ�
QDYLJDWH� LQ� D� QDWXUDO� ZD\�� ,WV� DELOLWLHV� DUH�
GHPRQVWUDWHG�RQ�WKH�FRQFUHWH�DSSOLFDWLRQ�RI�
(OHFWURQLF� &KDXSDO�� 7KH� (�&KDXSDO� KDV�
EHHQ� GHVLJQHG� XVLQJ� REMHFW�RULHQWHG�
PHWKRGRORJ\� DQG� LPSOHPHQWHG� XVLQJ� -DYD�
	�950/��
� �

�*XLGH�'U�6�'�6KDUPD��
�
�
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/,67�2)�$33529('�21�*2,1*�352-(&76�
�
�
6�1R�� 3URMHFW�WLWOH�

�
3URMHFW�OHDGHU��
�DQG�DVVRFLDWHV�

,QODQG�ILVK�FDWFK�HVWLPDWLRQ�
6DPSOH�VXUYH\�WR�HYROYH�PHWKRGRORJ\�IRU�HVWLPDWLRQ�RI�ILVK�
FDWFK�IURP�ULYHUV�RU�VWUHDPV�VSHFLDOO\�RI�WKH�KLOO\�DUHDV�
�

+9/�%DWKOD�
..�.KHU�
$.��*XSWD�

$VVHVVPHQW�DQG�HYDOXDWLRQ�VWXGLHV�
(VWLPDWLRQ�RI�IORZ�DQG�FKDQJHV�LQ�G\QDPLF��SRSXODWLRQ�
�

-DJELU�6LQJK�

6DPSOLQJ�SURFHGXUH�IRU�VHOHFWLRQ�RI�UHSUHVHQWDWLYH�VDPSOH�RI�
IHUWLOL]HU�IURP�VKLS��)XQGHG�WKURXJK�$�3��&HVV�)XQG��

8&�6XG�
+9/�%DWKOD�
$QLO�5DL�

6WXG\� UHODWLQJ� WR� IRUPXODWLQJ� ORQJ� WHUP� PHFKDQLVDWLRQ�
VWUDWHJ\� IRU� HDFK� DJUR�FOLPDWLF� ]RQH�VWDWH� �)XQGHG� E\�
'HSDUWPHQW� RI� $JULFXOWXUH� DQG� &RRSHUDWLRQ�� 0LQLVWU\� RI�
$JULFXOWXUH��

..�7\DJL�
+9/�%DWKOD�
'/�$KXMD�
06�1DUDQJ�
6DW\D�3DO�
50�6RRQ�
%KDJZDQ�'DVV�
6&�$JDUZDO�
$.�*XSWD�
..�.KHU�
0DQ�6LQJK�

3RXOWU\�PHDW��SURGXFWLRQ�
3LORW�VDPSOH�VXUYH\�WR�GHYHORS�D�VDPSOLQJ�PHWKRGRORJ\�IRU�
HVWLPDWLRQ�RI�SRXOWU\�PHDW��SURGXFWLRQ��

0DKHQGHU�6LQJK�

3URGXFWLRQ�DQG�DUHD�HVWLPDWLRQ�
6WXG\� IRU� HVWLPDWLRQ� RI� DUHD� DQG� � � SURGXFWLRQ� RI� LPSRUWDQW�
YHJHWDEOH��FURSV���RQ�WKH�EDVLV�RI�SDUWLDO�KDUYHVW��

$.�6ULYDVWDYD�
'/�$KXMD�
'&�0DWKXU�
.�&KXJ�

3LORW�VDPSOH�VXUYH\�IRU�HVWLPDWLQJ��WKH�DUHD�DQG�\LHOG�UDWHV�RI�
JLQJHU���DQG�SRWDWR�LQ�KLOO\�DUHDV���
�

66�*XSWD�
06�1DUDQJ�
5&�*ROD�

&RVW�RI��3URGFXWLRQ�6WXGLHV�
3LORW� VWXG\� RQ� FRVW� RI� SURGXFWLRQ� RI� FRFRQXW� LQ� .HUDOV�
�)XQGHG�IURP�&RFRQXW�'HYHORSPHQW�%RDUG��.RFKL��.HUDOD��

8&�6XG�
+9/�%DWKOD�
-DJELU�6LQJK�
'&�0DWKXU�
..�.KHU�
�

5HPRWH�VHQVLQJ�DQG�*HRJUDSKLF�,QIRUPDWLRQ�6\VWHP�
6WXG\� RI� /DQG� 8VH� 6WDWLVWLFV� WKURXJK� LQWHJUDWHG� PRGHOOLQJ�
XVLQJ�*HRJUDSKLF�,QIRUPDWLRQ�6\VWHP�
�)XQGHG�E\�$3�&HVV�IXQG��

$QLO�5DL�
$.�6ULYDVWDYD�
5DQGKLU�6LQJK�
+&�*XSWD�
9.�-DLQ�

'HYHORSPHQW� RI� *,6� EDVHG� WHFKQLTXHV� IRU� LGHQWLILFDWLRQ� RI�
SRWHQWLDO�DJUR�IRUHVWU\�DUHD�

7DXTXHHU�$KPDG�
5DQGKLU�6LQJK�
$QLO�5DL�

&URSSLQJ�6\VWHPV�5HVHDUFK�
3ODQQLQJ��GHVLJQLQJ�DQG�DQDO\VLV�RI��H[SHULPHQWV�SODQQHG�RQ�
VWDWLRQV�XQGHU�WKH�3URMHFW�'LUHFWRUDWH�IRU�&URSSLQJ�6\VWHPV�
5HVHDUFK��

5DMLQGHU�.DXU���
$MLW�.DXU��%KDWLD��
�
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�
���� 3ODQQLQJ�� 'HVLJQLQJ� DQG� $QDO\VLV� RI� µ2Q� )DUP� 5HVHDUFK�

([SHULPHQWV¶�SODQQHG�XQGHU�3URMHFW�'LUHFWRUDWH�RI�&URSSLQJ�
6\VWHP�5HVHDUFK��

3.�%DWUD���
1.��6KDUPD������
0DKHVK�.XPDU��
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6�1R�� 3URMHFW�WLWOH�
�

3URMHFW�OHDGHU��
�DQG�DVVRFLDWHV�

���� 3ODQQLQJ�� GHVLJQLQJ� � DQG� DQDO\VLV� RI� GDWD� UHODWLQJ� WR�
H[SHULPHQWV� FRQGXFWHG� � XQGHU� � $,&53� RQ� ORQJ�7HUP�
)HUWLOL]HU�([SHULPHQWV��

05�9DWV�
'.�6HKJDO��
'.�0HKWD��
�

� ,QIRUPDWLRQ�V\VWHP�IRU�$JULFXOWXUDO�DQG�$QLPDO�([SHULPHQWV�
���� 'HVLJQV� IRU� ILWWLQJ� UHVSRQVH� VXUYDFHV� LQ� DJULFXOWXUDO�

H[SHULPHQWV��$S�&HVV�)XQG�,&$5��
5DMHQGHU�3DUVDG�
5��6ULYDVWDYD�
3.�%DWUD�
�

� ([SHULPHQWDO�'HVLJQV�IRU�$JULFXOWXUDO��$QLPDO��$JUR�IRUHVWU\��DQG�)LVKHULHV�
5HVHDUFK�

$� VWDWLVWLFDO� LQYHVWLJDWLRQ� RQ� WKH� ORQJ� WHUP� HIIHFW� RI�
IHUWLOL]HUV�RQ��SURGXFWLYLW\�RI�FHUHDO�FURS�VHTXHQFHV��

9.�6KDUPD��
5DMLQGHU�.DXU��
�

$� GLDJQRVWLF� VXUYH\� � RI� GHVLJQ� DQG� DQDO\VLV� RI� ILHOG�
H[SHULPHQWV��

5DMHQGHU�3DUVDG�
9.�*XSWD�
3.�%DWUD�
5��6ULYDVWDYD�
5DMLQGHU�.DXU��
$MLW�.DXU�%KDWLD��
3UDZHHQ�$U\D�

)HUWLOL]HU�UHVSRQVH�UDWLRV�IRU�GLIIHUHQW��FURSV�LQ��,QGLD�� 6'�6KDUPD��
9.�6KDUPD��
3.�%DWUD��
1.�6KDUPD�
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�
���� 6WDWLVWLFDO�,QYHVWLJDWLRQ�RI�WKH�IHUWLOL]HU�XVH�HIILFLHQF\��LQ�

UHODWLRQ�WR�FXOWXUDO�SUDFWLFHV��
5DMHQGUD�.XPDU�
-.�.DSRRU��

� 6WDWLVWLFDO�LQYHVWLJDWLRQV�LQ�*HQHWLFV�DQG�%LR�WHFKQRORJ\�
7KUHH� DVVRFLDWH� FODVV� SDUWLDOO\� EDODQFHG� LQFRPSOHWH� EORFN�
GHVLJQV�DQG�WKHLU�DSSOLFDWLRQ�LQ�SDUWLDO�GLDOOHO�FURVV�

&LQL�9HDUJKHVH�
9.�6KDUPD�
6HHPD�-DJJL�

$JULFXOWXUDO�)LHOG�([SHULPHQWV�,QIRUPDWLRQ�6\VWHP� 3.�%DWUD�
23�.KDQGXUL�
'&�3DQW�

3ODQQLQJ�� GHVLJQLQJ� DQG� DQDO\VLV� RI� H[SHULPHQWV� UHODWLQJ� WR�
$,&U3�RQ�67&5�

$ORNH�/DKLUL�
9.�6KDUPD�
$��6XEEDUDR�
05�9DWV�
'.�0HKWD�
5DMHQGHU�3DUDVDG�
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�
����
�
�
�
�
�
���� 'HVLJQ�DQG�DQDO\VLV�RI�DJURIRUHVWU\�H[SHULPHQWV� '3�+DQGD�

6HHPD�-DJJL�
9.�6KDUPD�
$6�*LOO�

� &RPSXWHU�VLPXODWLRQ�VWXGLHV�DQG�DSSOLFDWLRQV�RI�UH�VDPSOLQJ�WHFKQLTXHV�OLNH�
ERRWVWUDSV��-DFNNQLIH��EDODQFHG�UHSHDWHG�UHSOLFDWLRQV�LQ�$JULFXOWXUDO�6WDWLVWLFV�

'HYHORSPHQW� RI� VWDWLVWLFDO� SURFHGXUHV� IRU� VHOHFWLQJ�
JHQRW\SHV�VLPXOWDQHRXVO\�IRU�\LHOG�DQG�VWDELOLW\��
�

$5�5DR�
97�3UDEKDNDUDQ�
$.�6LQJK�

����
�
�
���� 6WXGLHV�RQ�GDWD�SURFHVVLQJ�WHFKQLTXHV�IRU�VWDWLVWLFDO�DQDO\VLV�

RI�ODUJH�ILHOG�YDULDELOLW\�LQ�KLOO\�DQG�VDOW�DIIHFWHG�VRLO�UHJLRQV�
9.�%KDWLD�
5DMHQGHU�3DUVDG�

� 6WXGLHV�RQ�JHQH�DFWLRQ��HVWLPDWLRQ�RI�JHQHWLF�SDUDPHWHUV�DQG�JHQHWLF�PHULW���
JHQHWLF�SURJUHVV�DQG�RWKHU�UHODWHG�VWDWLVWLFDO�PHWKRGV�

2Q�VRPH�UREXVW�HVWLPDWLRQ�RI�KHULWDELOLW\�� 9.�%KDWLD�
$.�3DXO�

����
�
����
�
�

(PSLULFDO�LQYHVWLJDWLRQV�RQ�WKH�LQIOXHQFH�RI�IL[HG�HIIHFWV�RQ�
WKH�HVWLPDWHV�RI�KHULWDELOLW\��
�

6'�:DKL�
$5�5DR�
/DO�&KDQG�
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6�1R�� 3URMHFW�WLWOH�
�

3URMHFW�OHDGHU��
�DQG�DVVRFLDWHV�

���� 6WXGLHV�RQ�JURZWK�SDWWHUQ�DQG�KHULWDELOLW\�RI�ILWQHVV�WUDLWV�LQ�
,QGLDQ�EUHHGV�RI�JRDWV��
�

/DO�&KDQG�
9.�%KDWLD�
6'�:DKL�

� 1RQ�OLQHDU�VWDWLVWLFDO�PRGHOOLQJ�RI�ELRORJLFDO��HFRORJLFDO�DQG�HFRQRPLF�SKHQRPHQD�
���� 6WXG\�RI�QRQ�OLQHDU�WLPH�VHULHV�PRGHOOLQJ�LQ��DJULFXOWXUH�

�
+LPDGUL�*KRVK�
3UDMQHVKX�
$.�3DXO�

3LORW� VWXG\� IRU� GHYHORSLQJ� %D\HVLDQ� SUREDELOLW\� IRUHFDVW�
PRGHO�EDVHG�RQ�IDUPHUV¶�DSSUDLVDO�GDWD�RQ�ZK�HDW�FURS��

&KDQGUDKDV�
7��5DL�

'HYHORSPHQW� RI� IRUHZDUQLQJ� V\VWHP� IRU� DSKLGV�� P\]XV�
SHUVLFDH��VXO]HU��RQ�SRWDWR��
�
�

73�7ULYHGL��1&,30����
60�3DXO�.KXUDQD�
�����������$&3,3��6KLPOD��
5&�-DLQ�
�����5HWLUHG�RQ�����������
6&�0HKWD�
/0�%KDU�
*�6LQJK��
�����*%38$7��3DQWQDJDU��

����
�
����
�
�
�
�
�
�
�
�
���� 'HYHORSPHQW�RI�HDUO\�ZDUQLQJ�DQG�\LHOG�DVVHVVPHQW�PRGHOV�

IRU�UDLQIHG�FURSV�EDVHG�RQ�DJUR�PHWHRURORJLFDO�LQGLFHV��
�

$VKD�6DNVHQD�
5&�-DLQ�
����5HWLUHG�RQ�����������
5/�<DGDY��
����'LUHFWRU��0RGLSXUDP�
�����0HHUXW��

)RUHFDVWLQJ�WKH�ORVV�LQ�\LHOG�GXH�WR�ZHHGV�� 0DGDQ�0RKDQ�
7.��'DV���,$5,���
7�5DL��
5DQMDQD�$JUDZDO�

)RUHFDVWLQJ�RI�ILVK�SURGXFWLRQ�IURP�SRQGV� /0�%KDU��
66��:DOLD��
$.�5R\����&,)$��
5DGKH\�6K\DP��&,)$���

3LORW� VWXG\� RQ� IRUHFDVWLQJ� RI� EURRG�ODF� \LHOG� IURP� %XWHD�
PRQRVSHUPD��3DODV��

$.�-DLVZDO����,/5,���
..��6KDUPD��,/5,��
&KDQGUDKDV���

6WXGLHV� RQ� ELRHFRORJ\� DQG� SRSXODWLRQ� G\QDPLFV� RI� PDMRU�
SHVWV� RI� PDQJR� �KRSSHUV�� IUXLWIO\�� OHDI� ZHEEHU� DQG�
LQIORUHVFHQH�PLGJH��DQG�JXDYD��IUXLW�ERUHU���

536KXNOD���&,6+��
6&�0HKWD�
6KDVKL�6KDUPD��&,6+���
�
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�
�
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�
�
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�
�
�
���� 'HYHORSPHQW� RI� PRGHO� RI� IRUHZDUQLQJ� DERXW� LQIHVWDWLRQ� RI�

WKH�LQVHFWV�RI�SDGG\�FURS��
0.�6KDUPD���1'8$7��
9�3DQGH\���1'8$7��
56�6LQJK��1'8$7��
5DPDVXEUDPDQLDQ�9���
66��:DOLD�����

(SLGHPLRORJ\� DQG� IRUHFDVWLQJ� RI� SRZGHU\� PLOGHZ� DQG�
$QWKUDFQRVH��

$.�0LVUD��&,6+����
2P�3UDNDVK��&,6+��
5DPDVXEUDPDQLDQ�9���

)RUHFDVWLQJ�VXJDUFDQH�\LHOGV�XVLQJ�0XOWLSOH�0DUNRY�&KDLQV�� 5DPDVXEUDPDQLDQ�9��
5DQMDQD�$JUDZDO��
/0�%KDU�

6WXG\�RI�7HFKQRORJLFDO�FKDQJH��ULVN�DQG�XQFHUWDLQW\�LQ�$JULFXOWXUH�
$Q� HFRQRPHWULF� VW\G\� RI� WHFKQRORJLFDO� GXDOLVP� LQ� (JJ��
3URGXFWLRQ�

�

0RGHOOLQJ�IRU�$JULFXOWXUDO�3ODQQLQJ�
6WXG\�RI�GHPDQG�IRU�DJULFXOWXUDO�SURGXFWV�DQG�LWV�LPSOLFDWLRQ�
IRU�IRRG�VHFXULW\�LQ�,QGLD�

5.�3DQGH\�
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�
�
�
����
�
�
����
�
���� -DL� 9LJ\DQ� 1DWLRQDO� VFLHQFH� DQG� WHFKQRORJ\� PLVVLRQ� RQ�

KRXVHKROG�IRRG�DQG�QXWULWLRQDO�VHFXULW\�IRU�7ULEDO��%DFNZDUG�
DQG�+LOO\�DUHDV�

5.�3DQGH\�
6XVKLOD�.DXO�
'KDUDP�5DM�6LQJK�
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&2168/7$1&<��3$7(176��&200(5&,$/,6$7,21�2)�
7(&+12/2*<�

�
�
�� 7HFKQLFDO� JXLGDQFH� ZHUH� SURYLGHG� WR�

WKH� 6FLHQWLVWV� IURP� 6KHU�H�.DVKPLU�
8QLYHUVLW\�RI�$JULFXOWXUDO�6FLHQFHV�DQG�
7HFKQRORJ\� UHJDUGLQJ� WKH� SUREOHPV�
SHUWDLQLQJ� WR� WKH� HVWLPDWLRQ� RI� FURS�
SURGXFWLRQ��

�
�� 5HJDUGLQJ� ILQDOLVDWLRQ� RI�PHWKRGRORJ\�

IRU� HVWLPDWLRQ� RI� IUXLWV� DQG� YHJHWDEOHV�
LQ�5DMDVWKDQ��FRQVXOWDQF\�ZDV�SURYLGHG�
WR� WKH� -RLQW� 'LUHFWRU� �6WDW��� %RDUG� RI�
5HYHQXH��$MPHU��

�� 5HJDUGLQJ�DQDO\VLV�RI�GDWD�RI�WKH�SRVW�
KDUYHVW� ORVVHV� SURMHFW� DW� ,QGLDQ� *UDLQ�
5HVHDUFK� ,QVWLWXWH�� +DSXU� DGYLVH�
SURYLGHG� WR� WKH�'HSXW\�'LUHFWRU�RI� WKH�
,QVWLWXWH��

�
�� 6UL� 3DUDVKHU�� 0DUNHWLQJ� 2IILFHU� IURP�

'HSWW�� RI� � 0DUNHWLQJ� DQG� ,QVSHFWLRQ��
1DJSXU� YLVLWHG� WKH� ,QVWLWXWH� UHJDUGLQJ�
DGYLFH� SHUWDLQLQJ� WR� WKH� PHWKRGRORJ\�
IRU� DQDO\VLV� RI� GDWD� RI� WKH� SURMHFW�
HQWLWOHG� �$VVHVVPHQW� RI� SRVW� KDUYHVW�
ORVVHV�DQG�PDUNHWDEOH�IRRG�JUDLQV���

�
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5$&��0$1$*(0(17�&200,77((��65&�(7&��0((7,1*6�
:,7+��6,*1,),&$17�'(&,6,21�

�
�
5HVHDUFK�$GYLVRU\�&RPPLWWHH�
�

5HVHDUFK�$GYLVRU\�&RPPLWWHH�RI�
WKH�,QVWLWXWH�DV�DSSURYHG�E\�WKH�&RXQFLO�LV�
DV�IROORZV���
� �
��� 6K�95�5DR�
��� 'U�6'�6KDUPD�
��� 'U�01�'DV�
��� 3URI��3UHP�1DUDLQ���
��� 'U�00�3DQW�
��� 'U�6�0RKDQW\��
��� 'U�9-�6KULNKDQGH�
��� 6K� 6\HG� 0G�� $OWDI�

%XNKDUL�
��� 6K�+7�0RKDQ�.XPDU�
����'U��-3�0LVKUD�
����'U�+9/�%DWKOD�

&KDLUPDQ�
0HPEHU�
0HPEHU��
0HPEHU�
0HPEHU�
0HPEHU�
0HPEHU�
0HPEHU�
��
0HPEHU�
��
0HPEHU�
0HPEHU�
6HFUHWDU\�

�
7KH� I,IWK� PHHWLQJ� RI� WKH� 5HVHDUFK�

$GYLVRU\� &RPPLWWHH� RI� WKH� ,QVWLWXWH� ZDV�
KHOG� RQ�$XJXVW� ���� ������ � ,Q� WKH�PHHWLQJ�
WKH� DFWLRQ� WDNHQ� RQ� WKH� UHFRPPHQGDWLRQV�
PDGH� LQ� WKH� ODVW� PHHWLQJ�� DOO� UHVHDUFK�
SURJUDPPHV� FRPSOHWHG�� RQJRLQJ�� LQLWLDWHG��
SURSRVHG�� VXEPLWWHG� IRU� H[WHUQDO� IXQGLQJ��
UHYROYLQJ� IXQG�VFKHPH��1$73�3URMHFW�DQG�
DOVR� WKH� WUDLQLQJ� DQG� WHDFKLQJ�SURJUDPPHV�
RUJDQLVHG� DQG� SURSRVHG� ZHUH� GLVFXVVHG���
$IWHU� GHWDLOHG� GLVFXVVLRQ�� WKH� IROORZLQJ�
UHFRPPHQGDWLRQV�ZHUH�PDGH������

�
��� 65&�SURFHHGLQJV� VKRXOG� EH� VHQW� WR� DOO�

WKH�PHPEHUV�RI�5$&��LQ�IXWXUH��
�
��� 8WLOLVDWLRQ� RI� UHVRXUFHV� LQ� WHUPV� RI�

PDQSRZHU�� L�H�� VFLHQWLVWV� LQYROYHG� LQ�
SURJUDPV�DORQJZLWK�SHUFHQWDJH�RI�WLPH�
GHYRWHG�E\�WKHP�VKRXOG�DOVR�EH�SODFHG�
EHIRUH�WKH�5$&��

�
��� $�FRS\�RI�HDFK�SURMHFW�UHSRUW�ZKHQHYHU�

FRPSOHWHG� VKRXOG� EH� VHQW� WR� WKH� 5$&�
PHPEHUV��

�
��� 7KH� ,QVWLWXWH� VKRXOG� HQVXUH� ZLGHU�

SXEOLFLW\� RI� WKH� UHVXOWV� DFKLHYHG�� DQG�
WHFKQLTXHV� GHYHORSHG� LQ� GLIIHUHQW�
SURMHFWV� GRFXPHQWHG� � LQ� FRQFLVH� EXW�
VLPSOH� ODQJXDJH��7KHVH� VKRXOG�EH� VHQW�
WR� WKH� XVHU� RUJDQLVDWLRQV� DQG� RWKHU�
EHQHILFLDULHV��

�

��� $� GHWDLOHG� QRWH� RQ� WKH� IRUHFDVWLQJ�
PHWKRGRORJLHV� GHYHORSHG� DW� WKH�
,QVWLWXWH�VKRXOG�EH�SUHSDUHG�DQG�VHQW�WR�
WKH�5$&�PHPEHUV��

�
��� 7KH� ,QVWLWXWH� VKRXOG� H[DPLQH� RQFH�

DJDLQ� WKH� IRUHFDVWLQJ� WHFKQLTXHV� LW� KDV�
GHYHORSHG� LQ� WHUPV� RI� IHDVLELOLW\� DQG�
DIIRUGDELOLW\���$�FOHDU�UHFRPPHQGDWLRQ�
VKRXOG� FRPH� RXW� UHJDUGLQJ�
LPSOHPHQWDWLRQ� VWUDWHJ\� LQFOXGLQJ�
LGHQWLILFDWLRQ� RI� DJHQFLHV� ZKLFK� PD\�
EH� LQYROYHG� LQ� FROOHFWLRQ� RI�
LQIRUPDWLRQ� RQ� YDULRXV� SDUDPHWHUV� RI�
WKH� PRGHO� DQG� DW� ZKDW� OHYHO� DUH� WKH�
IRUHFDVWV� IHDVLEOH� �QDWLRQDO�� VWDWH��
GLVWULFW��7KH� ,QVWLWXWH� VKRXOG� FRQVLGHU�
XQGHUWDNLQJ� � D� PXOWL�GLVFLSOLQDU\�
SURMHFW� RQ� IRUHFDVWLQJ� IRU� WKLV� ZLWK�
LQSXWV� IURP� H[SHUWV� LQ� DUHDV� VXFK� DV�
PHWHRURORJ\�� ELRPHWULFV� DQG� UHPRWH�
VHQVLQJ���

�
��� $� QRWH� FRQWDLQLQJ� WKH� REMHFWLYHV�� FRVW�

HIIHFWLYHQHVV� DQG� ILQDO� FRQFOXVLRQV� RI�
WKH� $3� &HVV� IXQGHG� SURMHFW� HQWLWOHG�
�8VH� RI� UHPRWH� VHQVLQJ� GDWD� LQ� FURS�
VXUYH\V��VKRXOG�EH�SUHSDUHG�DQG�VHQW�WR�
5$&�PHPEHUV��

�
��� $� WHFKQLFDO� SDSHU� RQ� WKH�PHWKRGRORJ\�

RI� WKH� SURMHFW� HQWLWOHG� �6WDWLVWLFDO�
LQYHVWLJDWLRQV�RQ� WKH� ORQJ� WHUP� HIIHFWV�
RI� IHUWLOLVHUV� RQ� SURGXFWLYLW\� RI� FHUHDO�
FURSV�� VKRXOG� EH� SUHSDUHG� DQG� VHQW� WR�
5$&� PHPEHUV� ZKHQ� WKH� SURMHFW� LV�
FRPSOHWH��

�
��� 7KH� H[SHUWV� IURP� RXWVLGH� VKRXOG� EH�

LQYLWHG� WR� VSHQG� WLPH� LQ� WKH� ,QVWLWXWH�
DQG� ZRUN� DORQJZLWK� WKH� VFLHQWLVWV� RQ�
VHOHFWHG� SURMHFWV� LQ� RUGHU� WR� SURYLGH�
JXLGDQFH� DQG� ODUJHU� H[SRVXUH� WR� WKH�
UHVHDUFK�VWDII� LQ�QHZHU�DQG�VSHFLDOLVHG�
DUHDV��

�
����7KH� DUHDV� OLNH� UHPRWH� VHQVLQJ��

IRUHFDVWLQJ� DQG� VPDOO� DUHD� HVWLPDWLRQ�
VKRXOG�EH�JLYHQ�WKH�SULRULW\��

�
�
�
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���� �L��7KH� � ,QVWLWXWH� � LQYROYHPHQW� � LQ� � WKH��
SURMHFW� � HQWLWOHG� � �3LORW� � VWXG\� � RQ��
IRUHFDVWLQJ� � RI� EURRG�ODF� � \LHOG� � IURP��
EXWHD�� � 0RQRVSHUPD� �3DODV��� VKRXOG��
EH� PXFK� � FORVHU�� 7KH� ,QVWLWXWH� VKRXOG�
DOVR� EH� LQYROYHG� LQ� WKH� GDWD� FROOHFWLRQ�
SURFHVV���

�
���� �7KH� � � SURMHFW� � � HQWLWOHG� � �)RUHFDVWLQJ��

ILVK��SURGXFWLRQ��IURP��SRQGV����VKRXOG���
EH�UHYLHZHG�DQG�H[DPLQHG�ZKHWKHU�WKH�
SURMHFW� VKRXOG� FRQWLQXH� WLOO� ��VW� -XO\��
�����RU��QHHG�WR�EH�WHUPLQDWHG�HDUOLHU���

���� ,Q� FDVH� FRQFOXVLRQV� GUDZQ� IURP� WKH�
SURMHFW� HQWLWOHG� �3LORW� VWXG\� IRU�
GHYHORSLQJ� � � � � � %D\HVLDQ� SUREDELOLW\�
IRUHFDVW� PRGHO� EDVHG� RQ� IDUPHU
V�
DSSUDLVDO� GDWD� RQ� ZKHDW� FURS�� DUH�
HQFRXUDJLQJ�WKHQ�LW�VKRXOG�EH�WULHG�RQ�D�
PXFK� ODUJHU� VFDOH� WKURXJK� $3� &HVV�
IXQGLQJ�DV�WKLV�FDQ�EH�DQ�DOWHUQDWLYH�IRU�
FURS� \LHOG� HVWLPDWLRQ� SXUSRVH�� $�
GHWDLOHG�QRWH�RQ� WKH�FRQFOXVLRQV�RI� WKH�
SURMHFW� VKRXOG�EH� SUHSDUHG� DQG� VHQW� WR�
WKH�5$&�PHPEHUV��

�
����7KH�XVH�RI�WKH�VWXG\�HQWLWOHG��6WXG\�RI�

GHPDQG� IRU� DJULFXOWXUDO� SURGXFWV� DQG�
LWV� LPSOHPHQWDWLRQ� IRU� IRRG� VHFXULW\��
VKRXOG� EH� KLJKOLJKWHG� LQ� WKH� SURMHFW�
UHSRUW� DQG� WKH� ILQGLQJV� VKRXOG� EH�
FRPSDUHG� ZLWK� WKH� ILQGLQJV� RI� RWKHU�
VLPLODU� VWXGLHV� XQGHUWDNHQ� E\� WKH�
1662� HWF�� 7KH� DFWXDO� QXPEHU� RI�
KXQJHU�DQG�PDOQXWULWLRQ�VKRXOG�DOVR�EH�
JLYHQ�VWDWH�ZLVH��

�
0DQDJHPHQW�&RPPLWWHH�
�
� 7KH��'LUHFWRU��RI��WKH�,QVWLWXWH��ZKR�
LV� LQ�FKDUJH� �RI� � WKH� �RYHUDOO� �PDQDJHPHQW��
RI� WKH�,QVWLWXWH�� LV�DVVLVWHG� LQ� WKH�GLVFKDUJH�
RI� KLV� � IXQFWLRQV� � E\� WKH� 0DQDJHPHQW�
&RPPLWWHH� RI� WKH� ,QVWLWXWH� �FRQVWLWXWHG� E\��
WKH� � &RXQFLO�� E\� SURYLGLQJ� D� EURDG�EDVHG�
SODWIRUP� IRU� GHFLVLRQ� PDNLQJ� SURFHVV� E\��
SHULRGLFDOO\� H[DPLQLQJ� WKH� SURJUHVV� RI� WKH��
,QVWLWXWH� � DFWLYLWLHV� DQG� E\� � UHFRPPHQGLQJ�
VXLWDEOH�UHPHGLDO�PHDVXUHV�IRU�ERWWOHQHFNV��
LI��DQ\��
�

7KH� 0DQDJHPHQW� &RPPLWWHH� KDV�
EHHQ� UHFRQVWLWXWHG� IRU� D� SHULRG� RI� WKUHH�
\HDUV�ZLWK�HIIHFW� IURP�'HFHPEHU����������
YLGH� &RXQFLO
V� 2IILFH� 2UGHU� 1R�� ��������
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����������
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LV�0HPEHU�6HFUHWDU\�RI�65&��
�

7ZR�PHHWLQJV�RI�WKH�VWDII�5HVHDUFK�
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VXUYH\� IRU� OLYH� VWRFN�
SURGXFWV� RUJDQLVHG� E\� $+�
	� '� 'HSWW�� � RI� � 0LQ�� RI�
$JULO��� 1HZ� 'HOKL� DQG� $+�
'HSWW���.DUQDWDND�*RYW���

%DQJDORUH� -XQ�������������

��� � 'U��3�.��0DOKRWUD��
'U��5�&�*R\DO�
6K��9�+�*XSWD�
0V��$OND�$URUD�
6K��.�.�&KDWXUYHGL�
6K��6DXUDEK�3UDNDVK�
6K��6XGHHS�
6K��9LSLQ�'XEH\�
6K�3/�*XSWD�
6K�3UDWDS�6LQJK�
0V�+HPODWD�6ZDPL�

7UDLQLQJ� SURJUDPPH� RQ�

64/�6HUYHU����
�

67*�� 1HZ�
'HOKL�

-XO�������������

��� � 'U��5DMHQGHU�3DUVDG� $� WUDLQLQJ� SURJUDPPH� RQ�
�$QDO\WLFDO� 7RROV� DQG�
7HFKQLTXHV� IRU� $VVHVVLQJ�

1DWLRQ�
$FDGHP\� RI�
$JULFXOWXUDO�

$XJ� ��� �� ����
�����



�

����
���

6U��
1R��

1DPH�RI�WKH�6FLHQWLVW�
�

3URJUDPPH� 9HQXH� 3HULRG�
�

$JULFXOWXUDO�6XVWDLQDELOLW\�� 5HVHDUFK�
0DQDJHPHQW��
+\GHUDEDG�

��� � 'U��5�&�*R\DO�
9�+�*XSWD�
0V��$OND�$URUD�
6K��.�.�&KDWXUYHGL�
6K��6DXUDEK�3UDNDVK�
6K��6XGHHS�
6K��9LSLQ�'XEH\�
6K�3/�*XSWD�
6K�5.�6DLQL�
6K�3UDWDS�6LQJK�
0V�+HPODWD�6ZDPL�

7UDLQLQJ� SURJUDPPH� RQ�

$FWLYH�6HUYHU�3DJHV
�

67*�� 1HZ�
'HOKL�

$XJ�������������

��� � 6K�6XEKDVK�&KDQG�
6K�-DL�%KDJZDQ�

'HYHORSPHQW� RI� ,QWHUQHW�
DQG�,QWUDQHWV�XVLQJ�/,18;�
2SHUDWLQJ�6\VWHP�

&,5*��0DWKXUD� $XJ�������������

��� � 6K�3DO�6LQJK�
0V�$QVKX�'L[LW�
0V�6DQJHHWD�$KXMD�

���)2&$56� 1$$50��
+\GHUDEDG�

$XJ������'HF�����
�����

��� � 'U��9.�%KDWLD� $� WUDLQLQJ� � SURJUDPPH� RQ�

1HZ�)HDWXUHV�RI�9HUVLRQ���
RI�6$6
�

6$6� ,QVWLWXWH�
,QGLD��0XPEDL�

$XJ�������������

���� � 'U�8&�6XG� $� WUDLQLQJ� SURJUDPPH� RQ�
µ5HPRWH� VHQVLQJ� DQG� *,6�
DSSOLFDWLRQV�LQ�$JULFXOWXUH¶�

$,7��%DQJNRN� 6HS� ��� �� 'HF� ����
�����

���� � 0V�3UDFKL�0LVUD�
�

7UDLQLQJ� 3URJUDPPH� RQ�
³,5'$6�,0$*,1(´�

.DONDML�� 1HZ�
'HOKL�

6HS��������������
�

���� � 'U��$5�5DR�
0V�$MLW�.DXU�%KDWLD�
6K�0G�6DPLU�)DURRTXL�
�

7UDLQLQJ� 3URJUDPPH� RQ�

'HVLJQ� DQG� $QDO\VLV� RI�
$JULFXOWXUDO�([SHULPHQWV
�

,$65,�� 1HZ�
'HOKL�

6HS� ��� �� 2FW� ����
�����

���� � 'U�7DXTXHHU�$KPHG� 7UDLQLQJ� 3URJUDPPH� RQ�
³$5&�9LHZ�*,6´�RUJDQLVHG�
E\�(65,�,QGLD���

.DONDML�� 1HZ�
'HOKL�

6HS���������������
�

���� � 'U�*.�-KD� ;� :LQWHU� VFKRRO� RQ�
µ5HPRWH� VHQVLQJ� LQ�
$JULFXOWXUH� ZLWK� VSHFLDO�
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6WDWLVWLFDO� ([SORUDWLRQ� RI�
SDWWHUQV�RI�VSDWLDO�DQG�RWKHU�
W\SHV�RI�ODUJH�GDWD�

,6,��.RONDWD� )HE�������������

���� � 6K�-3�*R\DO� &$6� 7UDLQLQJ� 3URJUDPPH� ,$65,�� 1HZ� )HE��������������



�

����
�

6U��
1R��

1DPH�RI�WKH�6FLHQWLVW�
�

3URJUDPPH� 9HQXH� 3HULRG�
�

'U�$5�5DR�
�

RQ�³5HFHQW�$GYDQFHV�LQ�WKH�
$QDO\VLV�RI�6XUYH\�'DWD´�
�

'HOKL�

���� � 6K�/0�%KDU� 8*&� 5HIUHVKHU� &RXUVH� RQ�
6WDWLVWLFV�

,6,��.RONDWD� )HE� ��� ��0DU� ����
�����

7HFKQLFDO�3HUVRQQHO�
�
�&������
�'��3DUWLFLSDWLRQ� RI� WKH� ,QVWLWXWH� LQ�

YDULRXV� PHHWLQJV�� GLVFXVVLRQV��
IXQFWLRQV��HWF��

�
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FRQWHQWV� � RI� 6RIWZDUH� (QJLQHHULQJ�
7UDLQLQJ�3URJUDPPH�IRU� WKH�;;,,,�
EDWFK� RI� ,66� SUREDWLRQHUV� RI� WKH�
0LQLVWU\� RI� 6WDWLVWLFV� DQG�
3URJUDPPH� ,PSOHPHQWDWLRQ� RQ�
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��������������

�
���� 'LVFXVVLRQV� DERXW� WKH� YDULRXV�

DFWLYLWLHV� RI� WKH� ,QVWLWXWH� ZLWK� 'U�
$EX]DU� $VUD�� $VLDQ� 'HYHORSPHQW�
%DQN�� 0DQLOD�� 7KH� 3KLOLSSLQHV��
ZKR� YLVLWHG� WKH� ,QVWLWXWH� RQ� $SULO�
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()&� RI� WKH� SURMHFW� C&URS�
(VWLPDWLRQ� 6XUYH\¶� LQ� WKH�
'LUHFWR�UDWH� RI� (FRQRPLF� 	�
6WDWLVWLFV�� 0LQLVWU\� RI� $JULFXOWXUH��
1HZ�'HOKL�RQ�2FW�����������

�
���� 0HHWLQJ� ZLWK� WKH� :RUOG� %DQN�

5HYLHZ� 7HDP� WR� GLVFXVV� YDULRXV�
LVVXHV� FRQFHUQLQJ� WKH� 5DLQIHG�
$JUR�(FR� 6\VWHP� XQGHU� 1$73�
KHOG�DW�1&,30��1HZ�'HOKL�RQ�2FW�
��������

�
���� )LUVW� PHHWLQJ� RI� WKH� ,7.,&�

�,QGLJHQRXV� 7HFKQLFDO� .QRZOHGJH�
,QIRUPDWLRQ� &RPPLWWHH�� IRU� WKH�
PLVVLRQ�PRGH�SURMHFW�XQGHU�1$73�
HQWLWOHG� �&ROOHFWLRQ��
'RFXPHQWDWLRQ� DQG� 9DOLGDWLRQ� RI�
,QGLJHQRXV� 7HFKQLFDO� .QRZOHGJH��
RQ�2FW����������

�
���� 0HHWLQJ� RI� WKH� (GLWRULDO�

&RPPLWWHH�RI�WKH�,QGLDQ�-RXUQDO�RI�
$JULFXOWXUH� 6FLHQFH� �,&$5�� DW�
.ULVKL� $QXVDQGKDQ� %KDYDQ�� 1HZ�
'HOKL�RQ�2FW����������

�
���� ,&$5� 'LUHFWRUV� 0HHW� RQ� 2FW� ���

���� ����� DW� 1%3*5�� 1HZ� 'HOKL�
DQG� PDGH� D� SUHVHQWDWLRQ� RQ� GDWD�
ZDUHKRXVH�IRU�1$56�

�
���� 0HHWLQJ�XQGHU�WKH�FKDLUPDQVKLS�RI�

'LUHFWRU� *HQHUDO�� ,&$5� LQ�
FRQQHFWLRQ�ZLWK�WKH�RUJDQLVDWLRQ�RI�
��WK� ,QGLDQ� 6FLHQFH� &RQJUHVV�� ����
RQ�2FW����DQG�1RY���������

���� ([HFXWLYH� &RXQFLO� RI� ,QGLDQ�
6RFLHW\� RI� $JULFXOWXUDO� 6WDWLVWLFV��
KHOG� DW� ,$65,�� 1HZ�'HOKL� RQ� 2FW�
���������

�
���� 0HHWLQJ� LQ� FRQQHFWLRQ� ZLWK� WKH�

1DWLRQDO� $JULFXOWXUDO� ,QVXUDQFH�
6FKHPH�XQGHU� WKH�FKDLUPDQVKLS�RI�
6KUL� %KDJDW� 6LQJK�� $GGLWLRQDO�
6HFUHWDU\�� 'HSDUWPHQW� RI�
$JULFXOWXUH� 	� &RRSHUDWLRQ��
0LQLVWU\� RI� $JULFXOWXUH� DW� .ULVKL�
%KDYDQ�� 1HZ� 'HOKL� RQ� 1RY� ���
����� WR� GLVFXVV� WKH� PRGDOLWLHV� IRU�
LPSOHPHQWLQJ� VPDOO� DUHDV� FURS�
HVWLPDWLRQ�DSSURDFK���

�



�

����
���

���� 0HHWLQJ� RI� WKH� $GYLVRU\�
&RPPLWWHH� RI� WKH� ��WK� 6HVVLRQ� RI�
WKH� ,QGLDQ�6FLHQFH�&RQJUHVV�������
XQGHU� WKH� FKDLUPDQVKLS� RI� 'U�06�
6ZDPLQDWKDQ�RQ�1RY�����������

�
���� 0HHWLQJV� RI� WKH� 6XE�JURXS� RQ�

$JULFXOWXUDO� 6WDWLVWLFV� RI� WKH�
1DWLRQDO� 6WDWLVWLFDO� &RPPLVVLRQ��
*RYHUQPHQW� RI� ,QGLD� DW� 6DUGDU�
3DWHO� %KDYDQ�� 1HZ� 'HOKL� RQ� 1RY�
���DQG�'HF�����������

���� 0HHWLQJ�RI�DOO�WKH�&&3,V�RI�1$73�
SURMHFW� HQWLWOHG� 
3LORW� VWXG\� RQ�
DVVHVVPHQW� RI� KDUYHVW� DQG� SRVW�
KDUYHVW�ORVVHV
��RQ�'HF�������������
DW�,$65,��1HZ�'HOKL�IRU�ILQDOLVLQJ�
WKH� SURMHFW� SURSVDO� LQ� WKH� OLJKW� RI�
53&� UHFRPPHQGDWLRQV�� � 'U� +9/�
%DWKOD��+'�66��LV�3,�RI�WKH�SURMHFW��

�
���� 0HHWLQJV� RI� 3URMHFW� 0DQDJHPHQW�

&RPPLWWHH��30&��SHUWDLQLQJ�WR�WKH�
SURMHFW� HQWLWOHG� 
6WXG\� UHODWLQJ� WR�
IRUPXODWLQJ� ORQJ� WHUP�
PHFKQDLVDWLRQ� VWUDWHJ\� IRU� HDFK�
DJURFOLPDWLF� ]RQH�VWDWH
� KHOG� RQ�
'HF�����������-DQ�����������

�
���� 0HHWLQJ�XQGHU�WKH�FKDLUPDQVKLS�RI�

'LUHFWRU� *HQHUDO�� ,&$5� LQ�
FRQQHFWLRQ�ZLWK�WKH���WK�6HVVLRQ�RI�
WKH� ,QGLDQ�6FLHQFH�&RQJUHVV�������
KHOG�DW�1$6&�&RPSOH[�RQ�'HF�����
������

�
���� 0HHWLQJ� RI� WKH� &RRUGLQDWLRQ�

&RPPLWWHH� SHUWDLQLQJ� WR� WKH�
WUDLQLQJ� FRXUVH� RQ� 
5HFHQW�
$GYDQFHV� LQ� WKH� $QDO\VLV� RI�
6XUYH\� 'DWD
� VSRQVRUHG� E\� &$6�
ZDV� DUUDQJHG� IRU� ILQDOLVLQJ� WKH�
WRSLFV�RI� OHFWXUHUV� WR�EH�DOORWWHG� WR�
WKH� IDFXOW\� PHPEHUV� RQ� 'HF� ����
������

�
���� 0HHWLQJ� ZLWK� 'U�� 3UHP� 9DVKLVW��

'LUHFWRU��$JUR�(FRQRPLF�5HVHDUFK�
&HQWUH��'HOKL�8QLYHUVLW\� UHJDUGLQJ�
1$73�SURMHFW�HQWLWOHG�� 
3LORW� VWXG\�
RQ� DVVHVVPHQW� RI� KDUYHVW� DQG� SRVW�
KDUYHVW� ORVVHV
� DV� SHU�
UHFRPPHQGDWLRQV�PDGH�E\�53&�RI�
1$73�RQ�'HF�����������

�

���� 0HHWLQJV� UHJDUGLQJ� IRUPXODWLRQ� RI�
D�SURMHFW�SURSRVDO�RQ� 
7KH�6WDWH�RI�
WKH� ,QGLDQ� )DUPHU
�� $� 0LOOHQLXP�
6WXG\
� � DW�$KPHGDEDG� RQ�'HF� ����
������

�
���� 0HHWLQJ� RI� WKH� 1$73� 0LVVLRQ�

0RGH� 3URMHFW� C� 'LJLWL]DWLRQ� RI�
'DWDEDVHV�RI�1DWLRQDO�$JULFXOWXUDO�
5HVRXUFHV¶�DW�,$65,�RQ�'HF��������
�����

�
���� 'LVFXVVLRQ� RQ� WRSLFV� RI� PXWXDO��

LQWHUHVW� ZLWK� 3URIHVVRU� -DPHV� +�
0DWLV�� 'HSDUWPHQW� RI� 6WDWLVWLFV��
7H[DV�� $	0� 8QLYHUVLW\�� &ROOHJH�
VWDWLRQ�� 7H[DV�� 86$� ZKR� YLVLWHG�
WKH�,QVWLWXWH�RQ�'HF�����������

�
���� 6HULHV� RI� PHHWLQJV� RQ� &URS� <LHOG�

(VWLPDWLRQ� DW� *UDP� 3DQFKD\DW�
/HYHO� IRU� 1DWLRQDO� $JULFXOWXUDO�
,QVXUDQFH� 6FKHPH� �1$,6�� RQ� -DQ�
��� ����� DW� .DQLVKND� +RWHO�� 1HZ�
'HOKL���

�
���� ,,� 0HHWLQJ� RI� ,7.� ,QIRUPDWLRQ�

&RPPLWWHH� RQ� &ROOHFWLRQ��
'RFXPHQWDWLRQ� DQG� 9DOLGDWLRQ� RI�
,QGLJHQRXV� 7HFKQLFDO� .QRZOHGJH�
XQGHU� WKH� &KDLUPDQVKLS� RI� 'U��
$ODP�� ''*� �(QJJ�� �� DW� .ULVKL�
%KDYDQ�� 1HZ� 'HOKL� RQ� -DQ� ����
������

�
���� 0HHWLQJ�RI� FROODERUDWRUV� RI�1$73�

6XE�SURMHFW� RQ� ,QVWLWXWLRQDOL]DWLRQ�
RI� 30(� 	� 1HWZRUNLQJ� RI� 6RFLDO�
6FLHQWLVWV�DW�1&$3��1HZ�'HOKL�RQ�
-DQ����������

���� $QQXDO� 'LDORJXH� RQ� C,QIRUPDWLRQ�
DQG� &RPPXQLFDWLRQ� 7HFKQRORJ\�
IRU� 3RYHUW\� (UDGLFDWLRQ¶� DW� 06�
6ZDPLQDWKDQ� 5HVHDUFK�
)RXQGDWLRQ�� &KHQQDL� GXULQJ� -DQ�
������������

�
���� 'LVFXVVLRQV� UHJDUGLQJ� :$,&(17�

ZLWK� 'U� $QWRQ� 0DQJVWO�� GLUHFWRU��
/LEUDU\�	�GRFXPHQWDWLRQ�6\VWHPV��
)$2� ZKR� YLVLWHG� WKH� ,QVWLWXWH� RQ�
-DQ� ���� ������ � 'U� $QZDU� $ODP��
''*� �(QJJ���� ,&$5� DQG�
FRQFHUQHG� VFLHQWLVWV� IURP� WKH�
,QVWLWXWH� DOVR� WRRN� SDUW� LQ� WKH�
GLVFXVVLRQ���



�

����
�

�
���� 0HHWLQJV� RI� WKH� 6WDII� 5HVHDUFK�

&RXQFLO� RI� WKH� ,QVWLWXWH� WR� GLVFXVV�
WKH� UHVHDUFK� DJHQGD� RI� ,QVWLWXWH��
PRQLWRU� WKH� SURMHFW� SURJUHVV� DQG�
DSSURYH� QHZ� UHVHDUFK� SURMHFWV� RI�
WKH� ,$65,� VFLHQWLVWV� RQ� -DQ� �������
�������7KH�'LUHFWRU�RI�WKH�,QVWLWXWH�
FKDLUHG�PHHWLQJV��

�
���� 0HHWLQJ� WR� GLVFXVV� WLPHO\�

VXEPLVVLRQ� RI� DUHD� LQIRUPDWLRQ�
XQGHU� 7LPHO\� 5HSRUWLQJ�
6FKHPH�($56� XQGHU� WKH�
FKDLUPDQVKLS� RI� (FRQRPLF� 	�
VWDWLVWLFDO� $GYLVHU� DW� WKH�
'LUHFWRUDWH� RI� (FRQRPLFV� 	�
6WDWLVWLFV�� KHOG� DW� .ULVKL� %KDYDQ��
1HZ�'HOKL�RQ�-DQ��������������

�
���� 0HHWLQJ� RI� WKH� 6HFWLRQDO�

&RPPLWWHH�06'�� �� RI� WKH�%XUHDX�
RI�,QGLDQ�6WDQGDUGV��1HZ�'HOKL�RQ�
)HE���������

�
���� 0HHWLQJ� RI� (GLWRULDO� %RDUG� RI�

6WDWLVWLFV�	�&RPSXWHU�$SSOLFDWLRQV�
DW� ,QGLDQ� 6WDWLVWLFDO� ,QVWLWXWH�� 1HZ�
'HOKL�LQ�WKH�RIILFH�FKDPEHU�RI�8QLW�
+HDG�'U�$ORNH�'H\��

�
���� 7KH� OHFWXUH� RQ� C'HPRJUDSKLF�

6WXGLHV� 7RGD\¶� ZKLFK� ZDV�
GHOLYHUHG�E\�6K�6.�6LQKD��'HSXW\�
5HJLVWUDU� *HQHUDO�� 2IILFH� RI�
5HJLVWUDU� *HQHUDO� RI� ,QGLD�� 1HZ�
'HOKL� KHOG� DW� ,$65,� RQ� )HE� ����
�����

�
���� 7ZHQW\�QLQWK�PHHWLQJ� RI� WKH� 
6XE�

FRPPLWWHH� IRU� ,62�7&� ��� :RUN��
�06&������RQ�)HEUXDU\����������DW�
%XUHDX� RI� ,QGLDQ� 6WDQGDUGV�� 1HZ�
'HOKL��

�
���� ([SHUW� &RQVXOWDWLRQ� *URXS�

0HHWLQJ� RQ� *OREDO� )RUHVW� 6XUYH\�
RUJDQLVHG� E\� )RUHVW� 6XUYH\� RI�
,QGLD�DW�)$2�2IILFH��1HZ�'HOKL�RQ�
)HE��������������

�
���� 0HHWLQJ� DW�'(6� UHJDUGLQJ� D� VWXG\�

SURSRVHG�WR�EH�XQGHUWDNHQ�HQWLWOHG��
�&RVW� RI� FXOWLYDWLRQ�SURGXFWLRQ� IRU�
RSLXP�RQ�0DUFK�����������

�

�
���� 0HHWLQJ�XQGHU�WKH�FKDLUPDQVKLS�RI�

$GGLWLRQDO� 6HFUHWDU\�� 'HSDUWPHQW�
RI� $JULFXOWXUH� 	� &RRSHUDWLRQ��
0LQLVWU\� RI� $JULFXOWXUH��
*RYHUQPHQW�RI�,QGLD�LQ�FRQQHFWLRQ�
ZLWK� WKH� LPSOHPHQWDWLRQ� RI�
1DWLRQDO� $JULFXOWXUH� ,QVXUDQFH�
6FKHPH� DW� *UDP� 3DQFKD\DW� OHYHO�
E\� DGRSWLQJ� DOWHUQDWLYH�
PHWKRGRORJ\�� � 6PDOO� $UHD� &URS�
(VWLPDWLRQ� $SSURDFK�� KHOG� DW�
.ULVKL� %KDYDQ�� 1HZ� 'HOKL� RQ�
0DUFK���������

�
���� 0HHWLQJ�RI�WKH�6XE�JURXS�RI�WKH�;�

)LYH� <HDU� 3ODQ� RQ� $QLPDO�
+XVEDQGU\� 6WDWLVWLFV� KHOG� DW� WKH�
C'HSDUWPHQW�RI�$QLPDO�+XVEDQGU\�
	� 'DLU\LQJ�� *RYHUQPHQW� RI� ,QGLD�
DW� .ULVKL� %KDYDQ�� 1HZ� 'HOKL� RQ�
0DUFK����������

�
���� $GGUHVV� GHOLYHUHG� E\� 1REOH�

/DXUHDWH� 3URI� 1RUPDQ� (�� %RUODXJ�
WR� 'HOKL� EDVHG� 6FLHQWLVWV� DW� ,$5,�
$XGLWRULXP�RQ�0DUFK����������

�
���� ,QDXJXUDO� )XQFWLRQ� RI� .ULVKL�

9LJ\DQ�0HOD� RI� ,$5,�� 1HZ�'HOKL�
RQ�0DUFK����������

�
���� )RXUWK� PHHWLQJ� RI� )RRG� $QDO\VLV�

DQG�1XWULWLRQ�6HFWLRQDO�&RPPLWWHH��
)$'� ��� RQ� 0DUFK� ���� ����� DW�
%XUHDX� RI� ,QGLDQ� 6WDQGDUGV�� 1HZ�
'HOKL��

�
���� 0HHWLQJ� RI� $JULFXOWXUDO� &HQVXV�

KHOG� DW� ,$65,�� 1HZ� 'HOKL� RQ�
0DUFK�����������

�
���� 0HHWLQJ� ZLWK� 6K� 3DXO� -RVHSK�� -W��

6HFUHWDU\�� 6K� 56� 'RKDUH�� $GGO��
&RPPLVVLRQHU� �0\��� DQG� 6K� 5��
7HZDUL�� '\�� &RPPLVVLRQHU� �0\����
'2$&� FRQFHUQLQJ� UHYLHZLQJ� WKH�
SURJUHVV� RI� WKH� )DUP�
0HFKDQLVDWLRQ� SURMHFW� DORQJZLWK�
XWLOLVDWLRQ� RI� IXQGV� RQ� 0DUFK� ����
�������

�
���� )HOLFLWDWLRQ� )XQFWLRQ� RI� 3URI� &5�

5DR� RQ� 0DUFK� ���� ����� DW� +RWHO�
6DPUDW�� 1HZ� 'HOKL� RQ� KLV�
UHFHLYLQJ� WKH� 3DGPD� 9LEKXVKDQ�
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$ZDUG�� � 7KH� IXQFWLRQ� ZDV�
RUJDQLVHG� E\� WKH� 0LQLVWU\� RI�
6WDWLVWLFV� 	� 3URJUDPPH�
,PSOHPHQWDWLRQ�� *RYHUQPHQW� RI�
,QGLD�����

�
���� 7KH� VHPLQDU� GHOLYHUHG�E\�3URI�6DW�

1� *XSWD�� 'HSDUWPHQW� RI�
0DWKHPDWLFV� DQG� 6WDWLVWLFV��
8QLYHUVLW\� RI� 6RXWKHUQ� 0DLQH��
3RUWODQG�� 86$� KHOG� DW� ,$65,� RQ�
0DUFK� ���� ������ �7KH� WRSLF� RI� WKH�
VHPLQDU�ZDV�C5ROH�RI�&RQVXOWLQJ�LQ�
5HVHDUFK� DQG� 7HDFKLQJ� RI�
6WDWLVWLFV¶�

�
���� 3UHOLPLQDU\� PHHWLQJ� ZLWK� 'U�

3DGDP� 6LQJK�� &KDLUPDQ��
4XLQTXHQQLDO�5HYLHZ�7HDP�RI� WKH�
,QVWLWXWH�RQ�0DUFK����������KHOG�LQ�
WKH� FKDPEHU� RI� WKH� ''*� �(QJJ�����
,&$5���

�
/HFWXUHV� 'HOLYHUHG� E\� WKH� 6FLHQWLVW� DW�
RWKHU�RUJDQLVDWLRQV�
�
3URI��6'�6KDUPD�
�
•� 'HOLYHUHG� D� OHFWXUH� RQ� �'DWD�

3URFHVVLQJ� DQG� &RPSXWDWLRQDO�
7HFKQLTXHV�LQ�$JULFXOWXUDO�6\VWHPV��LQ�
WKH� 6\PSRVLXP� RQ� ,QIRUPDWLRQ�
6\VWHPV� IRU� ,QGLJHQRXV� 'HYHORSPHQW�
DQG� $JUR� EDVHG� ,QGXVWULHV�� MRLQWO\�
RUJDQL]HG�E\�WKH�6HFWLRQ�RI�&RPSXWLQJ�
6FLHQFH�DQG�)RUXP�RQ�&RPPXQLFDWLRQ�
DQG� ,QIRUPDWLRQ� 6FLHQFH� RQ� -DQ� ����
����� GXULQJ� WKH� ��WK� 6HVVLRQ� RI� WKH�
,QGLDQ�6FLHQFH�&RQJUHVV�KHOG�DW� ,$5,��
1HZ�'HOKL��

��
'U��$.�6ULYDVWDYD�
�
•� 'HOLYHUHG�D�OHFWXUH�RQ��5ROH�RI�6DPSOH�

VXUYH\V� LQ� 3ROLF\� IRUPXODWLRQ�� LQ� WKH�
&$6� WUDLQLQJ� SURJUDPPH� LQ�
$JULFXOWXUDO�(FRQRPLFV�'LYLVLRQ��,$5,�
RQ�$XJ�����������

�
•� 'HOLYHUHG� D� OHFWXUH� RQ� �5HVHDUFK�

DFWLYLWLHV� RI� WKH� ,QVWLWXWH�� LQ� ,6(&�
FRXUVH�IRU�,6,�&DOFXWWD�DW�,$65,�RQ�6HS�
����������

�
'U��+9/�%DWKOD�
�

•� 'HOLYHUHG� WZR� OHFWXUHUV� WR� WKH�
SDUWLFLSDQWV� RI� WKH� WUDLQLQJ� SURJUDPPH�
�'HVLJQLQJ� DQG� DQDO\VLV� RI� ILHOG�
H[SHULPHQWV��DW�&&6��+$8��+LVVDU��

�
•� 'HOLYHUHG� D� OHFWXUHU� RQ� �6DPSOH�

6X\UYH\V�� WR� WKH� ,66� SUREDWLRQHUV� RQ�
'HF�����������

�
'U��5DQMDQD�$JUDZDO�
�
•� 'HOLYHUHG� WZR� OHFWXUHUV� RQ� �&URS�

IRUHFDVWLQJ�PHWKRGV��LQ�FRXUVH�HQWLWOHG�
�'HVLJQLQJ� DQG� DQDO\VLV� RI� ILHOG�
H[SHULPHQWV��DW�&&6+$8��+LVDU�

�
'U��/0�%KDU�
�
•� 'HOLYHUHG� D� OHFWXUHU� RQ� �)RUHFDVWLQJ�

WHFKQLTXHV�ZLWK�UHVSHFW�WR�SODQW�GLVHDVH�
FRQWURO�� LQ� D� VKRUW� FRXUVH� RQ�
$SSOLFDWLRQ� RI� HSLGHPLRORJLFDO�
SULQFLSOHV� LQ� SODQW� GLVHDVH� FRQWURO�� DW�
'HSWW�� RI� 3ODQW� 3DWKRORJ\�� &&6�
+DU\DQD� $JULO�� 8QLYHUVLW\�� +LVDU�
GXULQJ�'HF���������������

�
'U��5DMHQGHU�3DUVDG�
�
•� 'HOLYHUHG� ILYH� /HFWXUHV� RQ� ³� ���

5HVROYDEOH� %ORFN�'HVLJQV� ��� OHFWXUHV���
���9DULDQFH�%DODQFHG�%ORFN�'HVLJQV����
OHFWXUHV�´� WR� WKH� SDUWLFLSDQWV� RI� WKH�
$GYDQFHG�/HFWXUH�&LUFXLW�LQ�'HVLJQ�RI�
([SHULPHQWV� DW� 'HSDUWPHQW� RI�
6WDWLVWLFV�� 8QLYHUVLW\� RI� 'HOKL�� 'HOKL��
GXULQJ�6HS��������1RY����DQG�1RY�����
�����

�
•� 'HOLYHUHG� WZR� OHFWXUHV� RQ� ³���

&RYDULDQFH� $QDO\VLV� � ��� 5HVSRQVH�
6XUIDFH�'HVLJQV´� WR� WKH�SDUWLFLSDQWV�RI�
WKH�WUDLQLQJ�SURJUDPPH�RQ�³�'HVLJQLQJ�
DQG� $QDO\VLV� RI� )LHOG� ([SHULPHQWV´�
KHOG� DW� $FDGHP\� RI� $JULFXOWXUDO�
5HVHDUFK� (GXFDWLRQ� DQG� 0DQDJHPHQW��
&&6�+$8��+LVVDU�GXULQJ�2FW����������
WR�1RY�������������

�
•� 'HOLYHUHG� D� OHFWXUH� RQ� ³6WDWLVWLFDO�

0HWKRGV�DQG�&RPSXWHU�$SSOLFDWLRQV�LQ�
3HVWLFLGH� 6FLHQFH´� � WR� WKH� SDUWLFLSDQWV�
RI� WKH� WUDLQLQJ� SURJUDPPH� RQ� ³5HFHQW�
'HYHORSPHQWV� LQ� $JURFKHPLFDO�
5HVHDUFK�WR�0HHW�WKH�&KDOOHQJHV�RI�WKH�
��VW� &HQWXU\�� 'LYLVLRQ� RI� $JULFXOWXUDO�
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&KHPLFDOV�� ,QGLDQ� $JULFXOWXUDO�
5HVHDUFK� ,QVWLWXWH�� 1HZ� 'HOKL� GXULQJ�
1RY�������������

�
•� 'HOLYHUHG� D� OHFWXUH� RQ� � 'HVLJQ� RI�

([SHULPHQWV�� ³$FWLYLWLHV� DQG�
)XQFWLRQV´� WR� WKH� ,QGLDQ� 6WDWLVWLFDO�
6HUYLFHV�3HUVRQQHO�RI�WKH���WK�%DWFK�RQ�
'HF�����������

�
'U��6HHPD�-DJJL�
�
•� 'HOLYHUHG� D� VHULHV� RI� OHFWXUHV� RQ�

3DUWLDOO\� %DODQFHG� ,QFRPSOHWH� %ROFN�
�3%,%�� GHVLJQV�� 5HIUHVKHU� &RXUVH��
8QLYHUVLW\�RI�'HOKL��'HOKL�LQ�WKH�PRQWK�
RI�1RY���������

�
�
'U��9.�6KDUPD�
�
•� 'HOLYHUHG� WZR� OHFWXUHV� RQ� XVH� RI� QRQ�

OLQHDU� PRGHOV� IRU� � VWXG\LQJ�
WHFKQRORJLFDO� � &KDQJH� LQ� ,QGLDQ�
$JULFXOWXUH� 7UDLQLQJ� SURJUDPPH� RQ�
µ4XDQWLWDWLYH� WHFKQLTXHV� IRU� SROLF\��
DQDO\VLV� � LQ� $JULFXOWXUDO� � (FRQRPLFV���
'LYLVLRQ� � RI� $JULFXOWXUDO� � (FRQRPLFV��
1HZ� 'HOKL� IURP� 6HS�� ��� �� 2FW� ����
������

�
9LVLW�$EURDG�
�
•� 'U� $.� 6ULYDVWDYD�� -RLQW� 'LUHFWRU�

DWWHQGHG�DQ� ,QWHUQDWLRQ�:RUNVKRS�DV�D�
UHVRXUFH� SHUVRQ� RQ� $JULFXOWXUDO�
6XUYH\V� EDVHG� RQ� 0XOWLSOH� )UDPH�
6DPSOLQJ� 0HWKRGV� RUJDQLVHG� E\�
)$2�6,$3�DW�%DQJNRN��7KDLODQG� IURP�
1RYHPEHU� ������� ������ � 7KLV� ZDV� D�
FRQVXOWDQF\�DVVLJQPHQW�IURP�)RRG�DQG�
$JULFXOWXUH�2UJDQLVDWLRQ��5RPH���

�
•� 'U�� 8&� 6XG�� 6HQLRU� 6FLHQWLVW� YLVLWHG�

$,5��%DQJNRN�WR�DWWHQG�D�WKUHH�PRQWKV�
WUDLQLQJ�SURJUDPPH�RQ��8VH�RI�*,6�LQ�
LPSURYHPHQW� RI� FURS� VWDWLVWLFV�� XQGHU�
WKH� $+5'� SURMHFW� IURP� 6HS� ���'HF�
����������

�
5DGLR� 7DON�79� ,QWHUYLHZ�3UHVV�
&RQIHUHQFH�
�
•� $WWHQGHG� WKH� &XUWDLQ� 5DLVHU� 3UHVV�

&RQIHUHQFH� RI� WKH� ��WK� 6HVVLRQ� RI� WKH�
,QGLDQ�6FLHQFH�&RQJUHVV�������DW�1HZ�
'HOKL�RQ�'HF����������

�
�
�
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��� �6LQJK��5DQGKLU� 8VH� RI� *,6� IRU� VDPSOLQJ�
GHVLJQ� IRU� $JULFXOWXUDO�
6XUYH\V�

0DS�LQGLD��
�����±��UG�
,QWHUQDWLRQDO�
&RQIHUHQFH�RQ�
*,6��*36�DQG�
5HPRWH�
6HQVLQJ�
�

1HZ�'HOKL� $SU��������
�����

��� 5DQD��36� 3UHGLFWLRQ� LQ� ODFWDWLRQ�
FXUYHV�

;9�$QQXDO�
&RQIHUHQFH�RI�
5DPDQXMDQ�
0DWKHPDWLFDO�
6RFLHW\�

5DPDQXMDQ�
,QVWLWXWH�IRU�
$GYDQFHG�
VWXG\�LQ�
0DWKV��
8QLYHUVLW\�RI�
0DGUDV��
&KHQQDL�
�

-XQ���������
�����

��� 3DQGH\��5.���
.DXO��6XVKLOD�

$QDO\WLFDO� 3URFHGXUH� DQG�
UHSRUW� )RUPDW� IRU� 6RFLR�
(FRQRPLF� 6XUYH\� IRU�
([LVWLQJ� )RRG� 6HFXULW\�
6WDWXV�
�

5HYLHZ�
ZUNVKRS�RQ�
-DL�9LJ\DQ�
1DWLRQDO�
6FLHQFH�DQG�
7HFKQRORJ\�
0LVVLRQ�3URMHFW�
RQ�KRXVHKROG�
IRRG�VHFUXLW\��

1&$3��1HZ�
'HOKL��

6HS�����
�����

��� 0DOKRWUD��3.��
5DL��$QLO�

&RQFHSW� SDSHU� RQ�
'DWDZDUH�KRXVLQJ�

:RUNVKRS�RQ�
�3ULRULWL]DWLRQ�
LQ�$JULFXOWXUDO�
5HVHDUFK��
�

6XUDM�.XQG��
+DU\DQD�

6HS��������
�����
�

��� 5DQD��36�� �2Q� PRGHOOLQJ� IRU� JURZWK�
SDWWHUQ�LQ�FURVVEUHG�FDWWOH�
�

1DWLRQDO�
6\PSRVLXP�RQ�
6WRFKDVWLF�
0RGHOOLQJ�DQG�
2SHUDWLRQV�
0DQDJHPHQW�
�

.XUXNVKHWUD�
8QLYHUVLW\��
.XUXNVKHWUD�

2FW���������
�����

��� /DKLUL��$ORNH� 6WXGLHV� RQ� GHWHUPLQLQJ�
HFRQRPLF� IHUWLOL]HU� GRVHV�
ZRUNLQJ� GDWD� RQ� VRLO� WHVW�
YDOXHV�RI�WKH�QXWULHQWV��
�

�UG�$QQXDO�
&RQIHUHQFH�RI�
WKH�VRFLHW\�RI�
VWDWLVWLFV��
FRPSXWHU�DQG�
DSSOLFDWLRQ�

7DPLO�1DGX�
$JULFXOWXUDO�
8QLYHUVLW\��
&RLPEDWLRUH�
�7�1���

1RY��������
�����

��� *KRVK��+LPDGUL�
�
�
�
�

2SWLPDO� GHVLJQV� IRU�
YDULDQFH� FRPSRQHQWV�
HVWLPDWLRQ� LQ� GLDOOHO� FURVV�
H[SHULPHQWV�

�GR�� �GR�� �GR��

��� $KXMD��'/��
7\DJL��..�

(VWLPDWLRQ� RI� IHHG�� VHHG�
DQG� ZDVWDJH� 5DWLRV� IRU�
IRRG�JUDLQV�
�

��WK�$QQXDO�
&RQIHUHQFH�RI��
,6$6�

1'8$7��
.XPDUJDQM��
)DL]DEDG�

1RY��������
�����

��� %KDUGZDM��63�
3DQGH\��5.��
0DKDMDQ��9.�

6WDWLVWLFDO� $QDO\VLV� RI�
3URGXFWLRQ� DQG� 5HVRXUFH�
8VH�LQ���%URLOHU�3URGXFWLRQ�
�

�GR�� �GR�� �GR��

���� %KDWLD���$MLW�.DXU� <LHOG� PD[LPL]DWLRQ� RI� D�
V\VWHP� RI� FURSSLQJ� E\�

�GR�� �GR�� �GR��
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RSWLPDO� FRPELQDWLRQ� RI�
LQSXW�XVH��
�

���� &KDQG��/DO��
:DKL��6'�
%KDWLD��9.�
�

*HQHWLF� SDUDPHWHUV� RI�
ILWQHVV� FKDUDFWHUV� LQ�
-DPDQD� 3DUL� DQG� %ODFN�
%HQJDO�JRDWV�
�

�GR�� �GR�� �GR��

���� *XSWD��$.�
0RJKD��$.��
6DW\D�3DO�

(IIHFW� RI� IHUWLOL]HU� DQG�
LQVHFWLFLGHV� 	� SHVWLFLGHV�
RQ�WKH�\LHOG�RI�YHJHWDEOHV�
�

��GR��� ��GR��� ��GR���

���� .DXU���5DMLQGHU� (YDOXDWLRQ� RI� UHODWLRQVKLS�
EHWZHHQ�WZR�ULFH�YDULHWLHV�
�

�GR�� �GR�� �GR��

���� 5DXW��.&��
.KDWUL��56�
�

6RPH� DVSHFWV� RI� OLYHVWRFN�
GHYHORSPHQW� LQ� LQGLD�� $�
FULWLFDO�DSSUDLVDO�
�
�

��GR��� ��GR��� ��GR���

���� 3DO���6DW\D��
5DL��7�
6RRG��50����
*XSWD��$.�

<LHOG� *DS� $QDO\VLV� XVLQJ�
SDWK�FRHIILFLHQW�WHFKQLTXH�
�
�

��GR��� ��GR��� ��GR���

���� 6KDUPD��9.�
.DXU��5DMLQGHU��

$� VWDWLVWLFDO� LQYHVWLJDWLRQ�
RQ� WKH� ORQJ�WHUP� HIIHFW� RI�
IHUWLOL]HU�RQ�SURGXFWLYLW\�RI�
FHUHDO�FURS�VHTXHQFHV�
�

��GR��� ��GR��� ��GR���

���� 6LQJK���-DJELU���
%DWKOD��+9/�

$VVHVVPHQW� RI�
SHUIRUPDQFH� RI� 'HVLJQ�
VWUDWHJ\�
�

��GR��� ��GR��� ��GR���

���� 6LQJK��931�
5DL��$QLO���
-DLQ��9.�

5H�VDPSOLQJ�SURFHGXUHV� LQ�
VXUYH\� VDPSOLQJ�� $�
HPSHULFDO�VWXG\�
�

��GR��� ��GR��� ��GR���

���� 7\DJL��..�
6KDUPD��6'�
6ULYDVWDYD��$.����
%DWKOD��+9/�

2Q� VWXG\� UHODWLQJ� WR�
IRUPXODWLQJ� ORQJ� WHUP�
)DUP� 0HFKDQL]DWLRQ�
VWUDWHJ\� IRU� HDFK� $JUR�
FOLPDWLF�]RQH�VWDWH�
�

�GR�� �GR�� �GR��

���� :DKL��6'��
6LQJK��2NHQGUR�1��

(IIHFW� RI� VDPSOH� VL]H� 	�
VWUXFWXUH� RQ� WKH� ERRWVWUDS�
HVWLPDWH� RI� YDULDQFH� RI�
KHULWDELOLW\��
�

�GR�� �GR�� �GR��

���� -KD��*.��
%DWKOD��+9/��

0HWKRGRORJLFDO� DVSHFWV� RI�
+RUWLFXOWXUH� &URSV� ��
3UREOHPV�DQG�,VVXHV�

6\PSRVLXP�RQ�
³6WDWLVWLFV�RI�
+RUWLFXOWXUH�
&URSV��
3UREOHPV�DQG�
,VVXHV´�
RUJDQLVHG�
GXULQJ�WKH���WK�
$QQXDO�
&RQIHUHQFH�RI��
,6$6�
�

1'8$7��
.XPDUJDQM��
)DL]DEDG�

1RY��������
�����

���� 9DUJKHVH��&�
5DR��$5���
6KDUPD��9.�
�

5REXVWQHVV�RI�FKDQJH�RYHU�
GHVLJQV���

1LQWK�
,QWHUQDWLRQDO�
ZRUNVKRS�RQ�
PDWULFHV�DQG�

,6,��
+\GHUDEDG�
�

'HF��������
�����



�

����
���

6U�
1R�

$XWKRU�V�� 7LWOH�RI�WKH�SDSHU� 3URJUDPPH� 9HQXH� 3HULRG�

6WDWLVWLFV�
���� 6ULYDVWDYD��$.� ,QIRUPDWLRQ� 6XSSRUW� IRU�

0DQDJHPHQW� RI�
$JULFXOWXUH�

:RUNVKRS�RQ�
7KH�6WDWH�RI�
WKH�,QGLDQ�
)DUPHU
��$�
0LOOHQLXP�
6WXG\�

,QGLDQ�
,QVWLWXWH�RI�
0DQDJH�
PHQW��
$KPHGDEDG�

'HF�����
�����

���� $KPDG��7�� *,6�EDVHG�VSDWLDO�VDPSOLQJ�
SURFHGXUHV� IRU�
HQYLURQPHQWDO� VWXGLHV� LQ�
DJULFXOWXUH�

C(QYLURQPHQWDO�
6WDWLVWLFV��
6\PSRVLXP�RI�
�WK�
,QWHUQDWLRQDO�
&RQIHUHQFH�RQ�
6WDWLVWLFV��
&RPELQDWRULFV�
DQG�5HODWHG�
$UHDV��
�

,,7��%RPED\� 'HF��������
�����

���� 3DQGH\��5.��
3DQGH\��5.�
.DXO��6XVKLOD�

$JULFXOWXUDO� (FRQRPLFV�
5HVHDUFK� DQG� (GXFDWLRQ��
:KLFK�:D\� WR� *R� ,Q� 7KH�
)LUVW� 'HFDGH� 2I� WKH�
0LOOHQLXP�
�

$QQXDO�
FRQIHUHQFH�RI�
$JULFXOWXUH�
(FRQRPLFV�
5HVHDUFK�
$VVRFLDWLRQ��

7DPLO�1DGX�
9HWHULQDU\�
DQG�$QLPDO�
6FLHQFH�
8QLYHUVLW\��
&KHQQDL�
�

'HF��������
�����

���� *KRVK��+LPDGUL� 2SWLPDO� GLDOOHO� FURVV�
GHVLJQ� IRU� HVWLPDWLRQ� RI�
KHULWDELOLW\�
�

)LUVW�-RLQW�
6WDWLVWLFDO�
PHHWLQJ�RI�WKH�
,QWHUQDWLRQDO�
,QGLDQ�
6WDWLVWLFDO�
$VVRFLDWLRQ�
DQG�,QGLDQ�
6WDWLVWLFDO�
2UJDQLVDWLRQV�
�

,QGLD�
,QWHUQDWLRQDO�
&HQWUH��1HZ�
'HOKL�

'HF�����
�����±�-DQ�
���������

���� -KD��*.�
6ULYDVWDYD��$.����
5DL��$QLO�
�

&RQGLWLRQDOO\� XQELDVHG�
UDWLR�W\SH�HVWLPDWRUV�

�GR�� �GR�� �GR��

���� �3DUVDG��5DMHQGHU� 2SWLPDO�'HVLJQV�IRU�PXOWL�
DOOHO�FURVV�H[SHULPHQWV�

�GR�� �GR�� �GR��

���� 5DPDVXEUDPDQLDQ�9�����
6LQJK��5DQGKLU��
5DL��$QLO�
�

�&RQGLWLRQDO� LQIHUHQFH� IRU�
YDULDQFH� HVWLPDWLRQ� XQGHU�
WZR�SKDVH�VDPSOLQJ�

�GR�� �GR�� �GR��

���� 6LQJK��5DQGKLU� 8VH� RI� UHPRWH� VHQVLQJ�
VDWHOOLWH�GDWD�IRU�FURS�\LHOG�
HVWLPDWLRQ�
�

�GR�� �FGR�� �GR��

���� 6ULYDVWDYD��$.� &URS� <LHOG� (VWLPDWLRQ� DW�
*UDP�3DQFKD\DW�/HYHO� IRU�
1DWLRQDO� $JULFXOWXUDO�
,QVXUDQFH� 6FKHPH�
�1$,6�B�

6PDOO� $UHDV�
&URS�
(VWLPDWLRQ�
6XUYH\�

0LQLVWU\� RI�
$JULFXOWXUH��
.DQLVKND�
+RWHO�� 1HZ�
'HOKL�

-DQ���������

���� *XSWD��9.� :HLJKWHG�$�RSWLPDO�EORFN�
GHVLJQV� IRU� FRPSDULQJ� WHVW�
WUHDWPHQWV� ZLWK� FRQWUROV�
ZLWK�XQHTXDO�SUHFLVLRQ�
�

��WK�6HVVLRQ�RI�
,QGLDQ�6FLHQFH�
&RQJUHVV�

,$5,��1HZ�
'HOKL�

-DQ��������
�����

���� +DQGD��'3�
6UHHQDWK��35�
5DMSDOL��6.�

(IILFLHQF\�RI�/DWLQ�6TXDUH�
H[SHULPHQWDWLRQ�ZLWK�RDWV�

�GR�� �GR�� �GR��

���� .DXO��6XVKLOD�� 6WXG\�RI�)RRG�$YDLODELOLW\� �GR�� �GR�� �GR��
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3DQGH\��5.� DQG� 6WDWXV� RI� )RRG�
6HFXULW\�LQ�,QGLD�
�

���� .XPDU��$VKRN�
+DQGD��'3�
5DMSDOL��6.�
6D[HQD��$.�

)UHTXHQF\� GLVWULEXWLRQ� RI�
SORW� \LHOG� LQ� /XFHUQH�
�0HGLFDJRS�6DWLYD��DV�OLYH�
VWRFN�IHHG�
�

�GR�� �GR�� �GR��

���� 6LQJK��5DQGKLU� /DQG� XVH�ODQG� FRYHU�
VWDWLVWLFV� DQG� H[WHQW� RI�
IORRGV� GXULQJ� ������ IRU�
GLVWULFW� 5RKWDN�� +DU\DQD�
XVLQJ� UHPRWH� VHQVLQJ�
VDWHOOLWH�GDWD�
�

�GR�� �GR�� �GR��

���� .DXO��6XVKLOD��
3DQGH\��5.�

(FRQRPLF� 6WXG\� RI�
7HQDQF\�6WUXFWXUH�LQ�,QGLD��
�

��WK�$QQXDO�
&RQIHUHQFH�RI�
,QGLDQ�VRFLHW\�
RI�$JULFXOWXUDO�
(FRQRPLFV��

8QLYHUVLW\�RI�
.DO\DQL��
.DO\DQL�

-DQ��������
�����

���� 6LQJK��5DQGKLU� 8VH� RI� VDWHOOLWH� GDWD� DQG�
IDUPHUV� H\H� HVWLPDWH� RI�
\LHOG� IRU� FURS� \LHOG�
IRUHFDVWLQJ�

0DS�,QGLD�
�����±��WK�
$QQXDO�
,QWHUQDWLRQDO�
&RQIHUHQFH�DQG�
([KLELWLRQ�RQ�
*,6��*36�DQG�
5HPRWH�
6HQVLQJ�
�

1HZ�'HOKL� )HE��������
�����

�
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�
5HFHQW� $GYDQFHV� LQ� WKH� $QDO\VLV� RI�
6XUYH\� 'DWD� XQGHU� 1DWLRQDO�
$JULFXOWXUDO�5HVHDUFK�6\VWHP��1$56��

7KH�,QVWLWXWH�RUJDQLVHG�D�&HQWUH�RI�
$GYDQFHG� 6WXGLHV� �&$6�� VSRQVRUHG�
7UDLQLQJ� 3URJUDPPH� RQ� ³5HFHQW�
$GYDQFHV� LQ� WKH� $QDO\VLV� RI� 6XUYH\�
'DWD´� IRU� WKH� 6FLHQWLVWV� �� $VVWW�� �� $VVR��
3URI�� RI� YDULRXV� 6$8V� XQGHU� 1DWLRQDO�
$JULFXOWXUDO� 5HVHDUFK� 6\VWHP� �1$56��
GXULQJ� )HE� ��±���� ������ 6HYHQWHHQ�
SDUWLFLSDQWV� SDUWLFLSDWHG� LQ� WKH� WUDLQLQJ�
SURJUDPPH��2Q�)HE������������ WKH�&RXUVH�
,QWURGXFWRU\� VHVVLRQ� ZDV� RUJDQLVHG� ZKLOH�
RQ�)HE������������WKH�9DOHGLFWRU\�)XQFWLRQ�
RI� WKH�7UDLQLQJ�3URJUDPPH�ZDV�RUJDQLVHG���
3URI�� $�� $ODP�� '\�� 'LUHFWRU� *HQHUDO�
�(QJJ��� ZDV� WKH� &KLHI� *XHVW�� 7KH� &KLHI�
*XHVW� GLVWULEXWHG� WKH� &HUWLILFDWHV� WR� WKH�
SDUWLFLSDQWV�� 'U�� 6�'�� 6KDUPD�� 'LUHFWRU�
ZHOFRPHG� WKH� &KLHI� *XHVW�� 'U� +�9�/��
%DWKOD� SUHVHQWHG� WKH� &RXUVH� 'LUHFWRU¶V�
UHSRUW� UHODWLQJ� WR� WKH� WUDLQLQJ� SURJUDPPH�
DQG� 'U� .�.�� 7\DJL�� $VVRFLDWH� &RXUVH�
'LUHFWRU� SURSRVHG� 9RWH� RI� 7KDQNV�� 7KH�
FRUH� IDFXOW\� IRU� WKLV�ZDV� GUDZDQ� IURP� WKH�
'LYLVLRQ�RI�VDPSOH�VXUYH\���6FLHQWLVWV�IURP�
WKH� RWKHU� 'LYLVLRQV� RI� WKH� ,QVWLWXWH� DOVR�
GHOLYHUHG� IHZ� OHFWXUHV�� $SDUW� IURP� WKLV��
IDFXOW\� ZHUH� DOVR� LQYLWHG� IURP� 1DWLRQDO�
6DPSOH� 6XUYH\� 2UJDQL]DWLRQ�� 'LUHFWRUDWH�
RI� (FRQRPLFV� 	� 6WDWLVWLFV�� 2IILFH� RI�
5HJLVWUDU�*HQHUDO� RI� ,QGLD�� ,QGLDQ�&RXQFLO�
RI� 0HGLFDO� 5HVHDUFK� DQG� 8QLYHUVLW\� RI�
'HOKL� HWF�� WR� GHOLYHU� OHFWXUHV� RQ� VRPH�
VSHFLILF� WRSLF�� 'XULQJ� WKH� WUDLQLQJ�� WKH�
SDUWLFLSDQWV� ZHUH� H[SRVHG� WR� UHFHQW�
DGYDQFHV� LQ� WKH� ILHOG� RI� 6DPSOH� 6XUYH\V�
OLNH� +LVWRULFDO� 3HUVSHFWLYH� RI� 6DPSOH�
6XUYH\V�� 6LPXODWLRQ� 7HFKQLTXHV�� 6PDOO�
$UHD�(VWLPDWLRQ��0RGHO�%DVHG�$SSURDFK�LQ�
6XUYH\� 6DPSOLQJ�� 5HJUHVVLRQ� DQDO\VLV��
&DWHJRULFDO� GDWD� DQDO\VLV�� 9DULDQFH�
(VWLPDWLRQ�� 5HPRWH� 6HQVLQJ�� &XUUHQW�
6WDWXV�RI�&URS�6XUYH\V��4XDOLWDWLYH�$VSHFW�
LQ� $JULFXOWXUDO� 6XUYH\�� 0XOWLSOH� DQG�
,PSHUIHFW� )UDPHV� LQ� 6DPSOH� 6XUYH\V��
,QIHUHQWLDO� $VSHFWV� LQ� 6XUYH\� 6DPSOLQJ��
,PSXWDWLRQ� 7HFKQLTXHV�� *,6�� � &XUUHQW�
6WDWXV� RI� /LYHVWRFN� 6XUYH\V� HWF�� � 7KH�

SDUWLFLSDQWV� ZHUH� DOVR� JLYHQ� H[SRVXUH� WR�
ZRUNLQJ�RQ�FRPSXWHUV�DQG�XVH�RI�GLIIHUHQW�
VWDWLVWLFDO� SDFNDJHV� UHODWHG� WR� VDPSOH�
VXUYH\V� OLNH�� 06� ([FHO�� 3&� &$53�� 6$6��
06� $FFHVV�� 6366�� $5&�,1)2� HWF�� 7KH�
PDLQ� WKUXVW� RI� WKH� SURJDUDPPH� ZDV� RQ�
DSSOLFDWLRQ� RI� WKHVH� HPHUJLQJ� DUHDV� LQ�
FROOHFWLRQ�DQG�DQDO\VLV�RI�VXUYH\�GDWD��

�
'HVLJQ� DQG� $QDO\VLV� RI� $JULFXOWXUDO�
([SHULPHQWV�XQGHU�WKH�DHJLV�RI�&HQWUH�RI�
$GYDQFHG�6WXGLHV��&$6��
�

$� WUDLQLQJ� SURJUDPPH� RQ� �'HVLJQ�
DQG�$QDO\VLV�RI�$JULFXOWXUDO�([SHULPHQWV��
ZDV�RUJDQLVHG�XQGHU�WKH�DHJLV�RI�&HQWUH�RI�
$GYDQFHG� 6WXGLHV� IRU� $JULFXOWXUDO�
6WDWLVWLFV� DQG� &RPSXWHU� $SSOLFDWLRQ� IURP��
6HSWHPEHU����������WR��2FWREHU��������������
7KH� REMHFWLYH� RI� WKH� WUDLQLQJ� SURJUDPPH�
ZDV� WR� H[SRVH� WKH� 6FLHQWLVWV� ZRUNLQJ� LQ�
GLIIHUHQW� DUHDV� RI� DJULFXOWXUH�� DQLPDO�
VFLHQFHV� DQG� ILVKHULHV� WR� ODWHVW� GHVLJQV��
DQDO\VLV� RI� H[SHULPHQWDO� GDWD� DQG� XVH� RI�
ODWHVW� VRIWZDUH� SDFNDJHV� OLNH� 6$6� DQG�
6366�HWF��7KH�WUDLQLQJ�ZDV�SODQQHG�LQ�VXFK�
D� ZD\� WKDW� LW� ZDV� D� EOHQG� RI� WKHRU\� DQG�
DSSOLFDWLRQ���7KH�SDUWLFLSDQWV�ZHUH�HQJDJHG�
LQ� DQDO\VLQJ� WKH� GDWD� XVLQJ� VRIWZDUH�
SDFNDJHV� OLNH� 6$6� HWF�� � 7KH� SDUWLFLSDQWV�
ZHUH�SURYLGHG�QRWHV�RI�OHFWXUHV�LQ�WKH�IRUP�
RI�PDQXDO�LQ�WKH�EHJLQQLQJ��RI�WKH�WUDLQLQJ�
SURJUDPPH�� 7KH� SDUWLFLSDQWV� ZHUH� GUDZQ�
IURP� YDULRXV� 6WDWH� $JULFXOWXUDO�
8QLYHUVLWLHV� DQG� ,&$5� LQVWLWXWHV�� � ,Q� DOO�
VHYHQWHHQ� SDUWLFLSDQWV� SDUWLFLSDWHG� LQ� WKH�
SURJUDPPH�� � 7KH� IDFXOW\� ZDV� GUDZQ� ERWK�
IURP�WKH�LQVWLWXWH�DQG�RXWVLGH��
�
'HYHORSPHQW� RI� 'DWDEDVHV� DQG�
,QIRUPDWLRQ�6\VWHP�
� �

$� WUDLQLQJ� SURJOUDPPH� RQ�
C'HYHORSPHQW� RI� 'DWDEDVHV� DQG�
,QIRUPDWLRQ� 6\VWHP� ZDV� RUJDQLVHG� LQ� WKH�
,QVWLWXWH�IURP�-DQ���������������7KH�FRXUVH�
ZDV� PHDQW� NOQIRU� VFLHQWLVWV� DQG� IDFXOW\�
PHPEHUV� RI� ,&$5� ,QVWLWXWHV� DQG� 6WDWH�
$JULFXOWXUDO�8QLYHUVLWLHV�� �7KH�SDUWLFLSDQWV�
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ZHUH� H[SRVHG� WR� WKH� DGYDQFHPHQW� WDNLQJ�
SODFH� LQ� WKH� ILHOG� RI� ,QIRUPDWLRQ�
7HFKQRORJ\��
�
)RUHFDVWLQJ�7HFKQLTXHV�
�

$� WZR�GD\� WUDLQLQJ� SURJUDPPH� RQ�
IRUHFDVWLQJ� WHFKQLTXHV� IRU� WUDLQHHV� RI�
6HQLRU� &HUWLILFDWH� &RXUVH� GXULQJ� 'HF�� ���
����������

�
(FRQRPLF�(YDOXDWLRQ�RI�3URGXFWLYLW\�
,PSURYHPHQWV�DQG�7HFKQLFDO�&KDQJH�LQ��
$JULFXOWXUH�6HFWRU�
�
� $� VKRUW� FRXUVH� HQWLWOHG�³(FRQRPLF�
(YDOXDWLRQ� RI� 3URGXFWLYLW\� ,PSURYHPHQWV�
DQG� 7HFKQLFDO� &KDQJH� LQ� � $JULFXOWXUH�
6HFWRU´�ZDV�RUJDQLVHG�GXULQJ��$XJXVW����WR��
6HSWHPEHU������������7ZHQW\�ILYH�WHDFKHUV�
DQG� VFLHQWLVWV� ZRUNLQJ� LQ� YDULRXV� ,&$5��
,QVWLWXWHV� DQG� 6WDWH� $JULFXOWXUDO�
8QLYHUVLWLHV�SDUWLFLSDWHG�LQ�WKH�FRXUVH���7KH�
IDFXOW\� IRU� WKH� FRXUVH� ZDV� GUDZQ� IURP�
,$65,��,$5,��1&$3��,&$5�+HDG�4XDUWHUV��
1DWLRQDO� &RXQFLO� RI� $SSOLHG� (FRQRPLFV�
5HVHDUFK��1HZ�'HOKL�DQG�'HOKL�8QLYHUVLW\��
'HOKL�� � 7KH� FRXUVH� ZDV� LQDXJXUDWHG� E\�
3URI�� 6�'�6KDUPD�� 'LUHFWRU�� ,$65,�� � � 'U��
5�.�3DQGH\� ZDV� WKH� &RXUVH� 'LUHFWRU� DQG�
'U��0V���6XVKLOD�.DXO�ZDV�WKH�&R�GLUHFWRU��

�
7KH�$QQXDO�'D\��
�
� 7KH� $QQXDO� 'D\� RI� WKH� ,QVWLWXWH�
ZDV�FHOHEUDWHG�RQ�-XO\�����������$V�D�SDUW�
RI� WKH� FHOHEUDWLRQ� D� GHEDWH� FRQWHVW� IRU�
7HFKQLFDO� DQG� $GPLQLVWUDWLYH� VWDII� ZDV�
RUJDQLVHG�RQ�-XQH����������LQ�WKH�DIWHUQRRQ�
VHVVLRQ� �� 7KH� WRSLF� RI� WKH� FRQWHVW� ZDV� µ�
:KHWKHU� &RQWUDFWXDO� 6HUYLFHV� FDQ� OHDG� WR�
LPSURYH� ZRUN� FXOWXUH¶�� 6KUL� '�&�3DQW��
7HFKQLFDO� 2IILFHU� FRQYHQHG� WKLV� FRQWHVW��
$QRWKHU� 'HFODPDWLRQ� &RQWHVW� IRU� VWXGHQWV�

DQG� VFLHQWLVWV� ZDV� KHOG� RQ� -XO\� ��� ������
7KH� WRSLF� RI� WKH� FRQWHVW� ZDV� µ� 5ROH� RI�
,QIRUPDWLRQ� 7HFKQRORJ\� LQ� *URZWK� RI�
6WDWLVWLFV¶� 'U�'�.�$JDUZDO�� 6U�� 6FLHQWLVW�
DQG� 6FLHQWLVW� ,QFKDUJH� �7$&�� ZDV� WKH�
FRQYHQRU��
�

,Q� WKH� DIWHUQRRQ� VHVVLRQ�� WKH� PDLQ�
$QQXDO�'D\� IXQFWLRQ�ZDV� FHOHEUDWHG�� � 'U��
$QZDU�$ODP��'�'�*�� �(QJJ��� �� ,&$5�ZDV�
WKH� &KLHI� *XHVW�� 'U�9�/�&KRSUD�� IRUPHU�
'*�� ,&$5� GHOLYHUHG� WKH� 7HQWK� � 1HKUX�
0HPRULDO� /HFWXUH� HQWLWOHG� µ&RQYHQWLRQDO�
%UHHGLQJ� DQG� *HQHWLF� (QJLQHHULQJ¶�� 7KH�
ODWH� 6KUL� 0�.�%RVH� 0HPRULDO� 3UL]H� ZDV�
DZDUGHG� WR� 6KUL� 3UDPRG� .XPDU��
'HSDUWPHQWDO� FDQGLGDWH� VHFXULQJ� KLJKHVW�
PDUNV� LQ� WKH� 6HQLRU� &HUWLILFDWH� &RXUVH� LQ�
$JULFXOWXUDO� 6WDWLVWLFV� 	� &RPSXWLQJ�
H[DPLQDWLRQ�RI�WKH�,QVWLWXWH�GXULQJ�WKH�\HDU�
����������� 7KH� SUL]HV� ZHUH� DOVR�
GLVWULEXWHG� WR� WKH� ZLQQHUV� DQG� UXQQHUV� IRU�
WKH�'HEDWH�DQG�WKH�'HFODPDWLRQ�&RQWHVW��
�
6HPLQDUV�
�
� 7KH�UHVXOW�RI� UHVHDUFK�SURMHFWV�DQG�
ILHOG� WULDOV� XQGHUWDNHQ� LQ� GLIIHUHQW� DVSHFWV�
RI� $JULFXOWXUDO� 6WDWLVWLFV� DQG� &RPSXWHU�
$SSOLFDWLRQV� ZHUH� SUHVHQWHG� LQ� WKH�
VHPLQDUV� RUJDQLVHG� UHJXODUO\� LQ� WKH�
,QVWLWXWH��
�
� 'XULQJ� WKH� SHULRG� XQGHU� UHSRUW� LQ�
DOO� �HLJKW�VL[�6HPLQDUV�ZHUH�RUJDQLVHG��RXW�
RI� ZKLFK� VL[W\�VHYHQ� VHPLQDUV� ZHUH�
GHOLYHUHG� E\� WKH� VWXGHQWV� RI� 3*� 6FKRRO��
,$5,�� � HOHYHQ� E\� WKH� 6FLHQWLVWV� RI� WKH�
,QVWLWXWH� DQG� � HLJKW� ZHUH� GHOLYHUHG� E\�
HPLQHQW� JXHVW� VSHDNHUV�� � 1DPH�V�� DQG�
WRSLFV�RI�WKH�UHVHDUFK�VHPLQDUV�GHOLYHUHG�E\�
HPLQHQW�VFLHQWLVWV�DUH�DV�IROORZV��

�
6HPLQDUV�E\�*XHVW�6SHDNHUV�

�
6�1R�� 6SHDNHU� 7RSLFV� 'DWH�

�
��� 0U�'DYLG�+HDUOH��

'LUHFWRU��,0$���
8.�

4XDOLW\� PDQDJHPHQW� RI�
WUDLQLQJ�SURJUDPPH�

�����������

��� 'U�%'�7LNNLZDO��
5HWLUHG�3URIHVVRU��
,QVWLWXWH� RI� 'HYHORSPHQW�
5HVHDUFK�	�6WDWLVWLFV���
-RGKSXU�

2Q� ILOOLQJ� RI� GDWD� JDSV� IRU�
HIILFLHQW� SODQQLQJ� RI�
DJULFXOWXUDO�HGXFDWLRQ�

�����������
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6�1R�� 6SHDNHU� 7RSLFV� 'DWH�
�

��� 'U�$.�6LQKD� 5DQN� 6HW� 6DPSOLQJ�
�$SSOLFDWLRQ�LQ�$JULO��

�����������
��� 'U�0XUDUL�6LQJK��

,&$5'$��
$//(32���
6\ULD�

6HOHFWLRQ� RI� &RYDULDQFH�
6WUXFWXU�H�IRU�3ORW�(UURUV�IURP�
$� 7KUHH� &RXUVH� :KHDW�
5RWDWLRQDO�7ULDO�

�����������

��� 'U�-1�6ULYDVWDYD��
3URIHVVRU��
'HSDUWPHQW�RI�0DWKV�	�6WDW���
&RORUDGR�6WDWH�8QLYHUVLW\��
)RUW�&ROOLQV��
&RORUDGR���������86$��
�

0XOWLVWDJH� VHDUFK� SURFHGXUHV�
IRU� LGHQWLI\LQJ� WZR� IDFWRU�
LQWHUDFWLRQV� ZKHQ� KLJKHU� RQH�
DUH�QHJOLJLEOH��

�����������

��� 3URI�-DPHV�+��0DWLV��
'HSDUWPHQW�RI�6WDWLVWLFV��
7H[DV��$	0�8QLYHUVLW\�
&ROOHJH�6WDWLRQ���
7H[DV��86$�

0RGHOOLQJ� 	� )RUHFDVWLQJ� RI�
%LRORJLFDO�SRSXODWLRQ�

�����������

��� 6K�6.�6LQKD��
'HSXW\�5HJLVWUDU�*HQHUDO���
2IILFH� RI� � WKH� 5HJLVWUDU� *HQHUDO�
RI�,QGLD��
5.�3XUDP��1HZ�'HOKL�

'HPRJUDSKLF�6WXGLHV� �����������

��� 3URI�6DW�1��*XSWD��
'HSDUWPHQW� RI� 0DWKHPDWLFV� 	�
6WDWLVWLFV���
8QLYHUVLW\�RI�6RXWKHUQ�0DLQH���
3RUWODQG��86$�

5ROH�RI�FRQVXOWLQJ� LQ� UHVHDUFK�
DQG�WHDFKLQJ�RI�VWDWLVWLFV�

�����������

6HPLQDUV�E\�,QVWLWXWH�6FLHQWLVWV�
��� 6K�6&�0HKWD���

6FLHQWLVW��6U�6FDOH��
'LYLVLRQ� RI� )RUHFDVWLQJ�
7HFKQLTXHV��
,$65,��1HZ�'HOKL��������

6WXG\� RQ� ELR�HFRORJ\� DQG�
SRSXODWLRQ� G\QDPLFV� RI�PDMRU�
SHVWV�RI�PDQJR�DQG�JXDYD�
�

�����������

���� 'U�5DQGKLU�6LQJK�
3ULQFLSDO�6FLHQWLVW�
'LYLVLRQ�RI�6DPSOH�6XUYH\�
,$65,��1HZ�'HOKL��������

8VH� RI� 6DWHOOLWH� 'DWD� $ORQJ�
ZLWK�6RLO�3DUDPHWHUV� IRU�&URS�
\LHOG� (VWLPDWLRQ� DQG�
0RGHOOLQJ�

�����������

���� 6K�%DOELU�6LQJK�
6FLHQWLVW��6U�6FDOH��
'LYLVLRQ�RI�&RPSXWLQJ�6FLHQFH�
,$65,��1HZ�'HOKL��������

'HYHORSPHQW� RI� VRIWZDUH� IRU�
RQ�OLQH�LQIRUPDWLRQ�V\VWHP�IRU�
SHUVRQDO� PDQSRZHU� SODQQLQJ�
IRU�,&$5�

�����������
�

���� 6K�+LPDGUL�*KRVK�
6FLHQWLVW�
'LYLVLRQ�RI�%LRPHWULFV�
,$65,��1HZ�'HOKL���������

6WXG\�RI�QRQ�OLQHDU�WLPH�VHULHV�
PRGHOOLQJ�LQ�$JULFXOWXUH��
�

�����������

���� 'U�&KDQGUDKDV�
6U�6FLHQWLVW�
'LYLVLRQ� RI� )RUHFDVWLQJ�
7HFKQLTXHV��
,$65,��1HZ�'HOKL��������

3LORW� VWXG\� IRU� GHYHORSLQJ�
%D\HVLDQ� SRUEDELOLW\� IRUHFDVW�
PRGHO� EDVHG� RQ� IDUPHU¶V�
DSSUDLVDO� GDWD� RQ� ZKHDW� FURS�
�FRPSOHWHG�SURMHFW��

�����������

���� 'U�7�5DL�
6FLHQWLVW��6U�6FDOH��
'LYLVLRQ� RI� )RUHFDVWLQJ�
7HFKQLTXHV��
,$65,��1HZ�'HOKL��������
�
�

3URMHFW�FRPSOHWLRQ� �����������

���� 'U�8&�6XG� *,6�DQG�5HPRWH�6HQVLQJ� �����������
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6�1R�� 6SHDNHU� 7RSLFV� 'DWH�
�

6U�6FLHQWLVW�
'LYLVLRQ�RI�6DPSOH�6XUYH\�
,$65,��1HZ�'HOKL��������

���� 'U�9.�6KDUPD�
3ULQFLSDO�6FLHQWLVW�
'LYLVLRQ� RI� 'HVLJQ� RI�
([SHULPHQWV�
,$65,��1HZ�'HOKL��������

$� VWDWLVWLFDO� LQYHVWLJDWLRQ� RQ�
WKH� ORQJ�WHUP� HIIHFW� RI�
IHUWLOL]HUV� RQ� SURGXFWLYLW\� RI�
VHULDO� FURSV� VHTXHQFHV�
�FRPSOHWHG�SURMHFW��

�����������

���� 6K�$.�*XSWD�
6FLHQWLVW�
'LYLVLRQ�RI�6DPSOH�6XUYH\�
,$65,��1HZ�'HOKL��������

6DPSOH� VXUYH\� WR� HYROYH�
PHWKRGRORJ\� RI� ILVK� FDWFK�
IURP� ULYHUV� DQG� VWUHDPV� RI�
KLOO\�DUHDV�

�����������

���� 'U�..�7\DJL�
6U�6FLHQWLVW�
'LYLVLRQ�RI�6DPSOH�6XUYH\�
,$65,��1HZ�'HOKL��������

6WXG\� UHODWLQJ� WR� IRUPXODWLQJ�
ORQJ� WHUP� PHFKDQLVDWLRQ�
VWUDWHJ\�IRU�HDFK�DJUR�FOLPDWLF�
]RQH�

�����������

���� 'U�8&�6XG�
6U�6FLHQWLVW�
'LYLVLRQ�RI�6DPSOH�6XUYH\�
,$65,��1HZ�'HOKL��������

$� SLORW� VWXG\� RQ� FRVW� RI�
SURGXFWLRQ� RI� FRFRQXW� LQ�
.HUDOD�

�����������

�
��WK�6HVVLRQ�RI�,QGLDQ�6FLHQFH�&RQJUHVV�
�
� ��WK� ,QGLDQ� 6FLHQFH� &RQJUHVV� RQ�
)RRG��1XWULWLRQ�	�(QYLURQPHQWDO� 6HFXULW\�
ZDV� MRLQWO\� RUJDQLVHG� E\� ,QGLDQ� 6FLHQFH�
&RQJUHVV� $VVRFLDWLRQ� �,6&$��� ,QGLDQ�
&RXQFLO� RI� $JULFXOWXUDO� 5HVHDUFK� �,&$5���
,QGLDQ� $JULFXOWXUDO� 5HVHDUFK� ,QVWLWXWH�
�,$5,�� DQG� 1DWLRQDO� $FDGHP\� RI�

$JULFXOWXUDO� 6FLHQFHV� �1$$6�� DW� ,QGLDQ�
$JULFXOWXUDO� 5HVHDUFK� ,QVWLWXWH� GXULQJ�
-DQXDU\��������������,$65,�ZDV�JLYHQ�WKH�
UHVSRQVLELOLW\�RI�RUJDQLVLQJ�WZR�VHVVLRQV�RQ�
0DWKHPDWLFV� 	� 6WDWLVWLFV�� � ,Q� DGGLWLRQ� WR�
DERYH�� ,QVWLWXWH� ZDV� DOVR� JLYHQ� WKH�
UHVSRQVLELOLW\� RI� SUHSDUDWLRQ� RI� :HE�VLWH��
UHJLVWUDWLRQ� DQG� GLVWULEXWLRQ� RI� PDWHULDO� WR�
WKH�SDUWLFLSDQWV��
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',67,1*8,6+('�9,6,7256�
�

,1',$1�
�

�
'U�56�3DURGD��
'LUHFWRU�*HQHUDO��,&$5�	�6HFUHWDU\��'$5(��
*RYHUQPHQW�RI�,QGLD��
.ULVKL�%KDYDQ��
1HZ�'HOKL��������

�

0U��'.�7UHKDQ��
(FRQRPLFV�DQG�6WDWLVWLFDO�$GYLVRU��
'LUHFWRUDWH�RI�(FRQRPLFV�DQG�6WDWLVWLFV���
.ULVKL�%KDYDQ��1HZ�'HOKL�

3URI�$�$ODP��
'HSXW\�'LUHFWRU�*HQHUDO��(QJJ����
,&$5��.ULVKL�%KDYDQ��
1HZ�'HOKL��������
�

'U�0�1HHONDQWDQ��
'HSXW\�'LUHFWRU�*HQHUDO��)2'���
1DWLRQDO�6DPSOH�6XUYH\�2UJDQLVDWLRQ��
)DULGDEDG�

'U�01�'DV��
)RUPHU�'LUHFWRU��,$65,���
1HZ�'HOKL��������
�

3URI�6��0RKDQW\��
9,0������6DLOD�6KUHH�9LKDU��
%KXEDQHVZDU������������2ULVVD��

'U�3DGDP�6LQJK��
$GGLWLRQDO�'LUHFWRU�*HQHUDO��
,QGLDQ�&RXQFLO�RI�0HGLFDO�5HVHDUFK��
1HZ�'HOKL�
�

'U��9-�6KULNKDQGH��
)RUPHU�3URI��DQG�+HDG��
'HSDUWPHQW�RI�6WDWLVWLFV��
��*+���� �����0DFKKOD�0DJUD��6HFWRU� ��
����
8GDLSXU������������5DMDVWKDQ��
�

6K�95�5DR��
([�'LUHFWRU�*HQHUDO��
&HQWUDO�6WDWLVWLFDO�2UJDQLVDWLRQ��
1HZ�'HOKL�
�

'U��6�,O\DV��
$VVLVWDQW�'LUHFWRU�*HQHUDO��(60���
,�&�$�5���.ULVKL�%KDYDQ���
1HZ�'HOKL�����������

'U�%'�7LNNLZDO��
5HWLUHG�3URIHVVRU��
,QVWLWXWH�RI�'HYHORSPHQW�5HVHDUFK�	�
6WDWLVWLFV���
-RGKSXU�
�

6K��+7�0RKDQ�.XPDU��
'LPEDGD�(VWDWH��
+XUXGL�3RVW������������
6DNDOHVKSXU�7DOXN��
+DVDQ�'LVWW���.DUQDWDND���

6K�6.�6LQKD��
'HSXW\�5HJLVWUDU�*HQHUDO���
2IILFH�RI��WKH�5HJLVWUDU�*HQHUDO�RI�,QGLD��
5.�3XUDP��1HZ�'HOKL�
�

'U�0&�$JDUZDO��
3URIHVVRU��6WDWLVWLFV���
'HOKL�8QLYHUVLW\��
'HOKL�
�

)25(,*1�
�

0U�'DYLG�+HDUOH��
'LUHFWRU��,0$���
8.�
�

'U�$GHO�(O�%HOWDJ\���
'LUHFWRU�*HQHUDO��
,&$5'$���$//(32���6\ULD�

0V�-HWW\�%UXJJHPDQ��
0DQDJHPHQW�,QIRUPDWLRQ�6\VWHP��
,$&��
:DJHQLQJHQ��
1HWKHUODQGV�
�
�

'U�0XUDUL�6LQJK��
,&$5'$��
$//(32���
6\ULD�
�
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�
0U�-RRVW��)UDQV�1HZPDQ�
,$&��:DJHQLQJHQ���
1HWKHUODQGV�
�

'U�-LP�5\DQ���
:RUOG�%DQN�
�

0U�/��+DUULQJWRQ�
,$&��:DJHQLQJHQ��
1HWKHUODQGV�
�

'U�$VKRN�6HWK���
:RUOG�%DQN�
�

3URI�-DPHV�+��0DWLV��
'HSDUWPHQW�RI�6WDWLVWLFV��
7H[DV��$	0�8QLYHUVLW\�
&ROOHJH�6WDWLRQ���
7H[DV��86$�
�

'U�5.�*XSWD��
&,00<7�5:&�
0D[LFR�

'U�$QWRQ�0DQJVWO��
'LUHFWRU���
/LEUDU\�DQG�'RFXPHQWDWLRQ�6\VWHPV���
)$2�
��

0U�3HWHU�+REEV�
&,00<7�5:&��
0D[LFR�
�

3URI�6DW�1��*XSWD��
'HSDUWPHQW�RI�0DWKHPDWLFV�	�6WDWLVWLFV���
8QLYHUVLW\�RI�6RXWKHUQ�0DLQH���
3RUWODQG��86$�
�

'U�-�1�6ULYDVWDYD��
3URIHVVRU��
'HSDUWPHQW�RI�0DWKV�	�6WDW���
&RORUDGR�6WDWH�8QLYHUVLW\��
)RUW�&ROOLQV��
&RORUDGR���������86$�
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,$65,���3(56211(/�
�$V�RQ�������������

�
�3URI��6'�6KDUPD���'LUHFWRU�

'U�$.�6ULYDVWDYD��-RLQW�'LUHFWRU�
�
�

'LYLVLRQ�RI�6DPSOH�6XUYH\���
'U�+9/�%DWKOD��3ULQFLSDO�6FLHQWLVW� DQG�
+HDG����
3ULQFLSDO�6FLHQWLVW�
'U�5DQGKLU�6LQJK�
6U��6FLHQWLVWV�
'U�..�7\DJL�
'U�'/�$KXMD�
'U�%&�6D[HQD� ������
'U�8&�6XG�
6KUL�56�.KDWUL�
6KUL�$6�*XSWD�
6KUL�656�$U\D�
'U�06�1DUDQJ�
'U�-DJELU�6LQJK� �
6KUL�'&�0DWKXU�
6KUL��-3�*R\DO�
6FLHQWLVWV��6U��6FDOH��
6KUL�6&�$JDUZDO�
6KUL�6DW\D�3DO��
6KUL�6&�6HWKL��
6KUL�%KDJZDQ�'DVV�������
6KUL�5&�*ROD�
6KUL�9.�-DLQ������������
6KUL�50�6RRG� � �
6KUL�..�.KHU����
6FLHQWLVWV�
'U��7DXTXHHU�$KPDG�
'U��*.�-KD�
6KUL�$.�*XSWD�
6KUL�50�%KDVLQ�
0V�3UDFKL�%KDVLQ�
'LYLVLRQ�RI�'HVLJQ�RI�([SHULPHQWV��
'U� 9.� *XSWD�� 3ULQFLSDO� 6FLHQWLVW� 	�
+HDG�
3ULQFLSDO�6FLHQWLVW�����
'U�9.�6KDUPD�

6U��6FLHQWLVWV�
6PW��5DMLQGHU�.DXU�
'U�5DYLQGUD�6ULYDVWDYD����
'U�'3�+DQGD���������������
'U�3.�%DWUD���������������
6KUL�-.�.DSRRU����������
'U�$ORNH�/DKLUL�
6FLHQWLVWV��6U��6FDOH��
6KUL�'.�0HKWD�����
6KUL�'.�6HKJDO��������
6KUL�05�9DWV����������
6KUL�1.�6KDUPD�
6KUL�*/�.KXUDQD�
6PW��$MLW�.DXU�%KDWLD�
'U�5DMHQGHU�3DUVDG��
'U��0UV��6HHPD�-DJJL�
6FLHQWLVWV�
'U��&LQL�9DUJKHVH�
6KUL�5DMHQGUD�.XPDU�6LQJK���
6KUL�$QLO�.XPDU��
'LYLVLRQ�RI��%LRPHWULFV�
'U� 3UDMQHVKX�� 3ULQFLSDO� 6FLHQWLVW� DQG�
+HDG��
3ULQFLSDO�6FLHQWLVW�
'U�97�3UDEKDNDUDQ�
'U�9.�%KDWLD�
6U��6FLHQWLVWV��
'U�36�5DQD���������
6KUL�/DO�&KDQG�����
6KUL�6'�:DKL�
6FLHQWLVW��6U��6FDOH��
6KUL�,QGUD�6LQJK��
6FLHQWLVWV�
'U��$PULW�.XPDU��3DXO�
6KUL�+LPDGUL�*KRVK�
'U��$�5DPD�.ULVKDQ�5DR�
0V�0LQL�.*�
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'LYLVLRQ�RI�)RUHFDVWLQJ�7HFKQLTXHV��
'U�� �6PW��5DQMDQD� $JDUZDO�� 3ULQFLSDO�
6FLHQWLVW�	�+HDG�
6U��6FLHQWLVWV�
�
'U�&KDQGUDKDV���
6PW�$VKD�6DNVHQD��
6FLHQWLVWV��6U��6FDOH��
6KUL�6&�0HKWD�������������������
6KUL�66�:DOLD�������
6KUL�0DGDQ�0RKDQ�
6KUL��7�5DL��������
6FLHQWLVWV�
'U��/DO�0RKDQ�%KDU�
'U��5DPDVXEUDPDQLDQ��9�
6KUL�$PUHQGHU�.XPDU�
'LYLVLRQ�RI��(FRQRPHWULFV�
'U�5.�3DQGH\�� �3ULQFLSDO�6FLHQWLVW� DQG�
+HDG������
6U��6FLHQWLVWV��
'U�63�%KDUGZDM������
'U�66�.XWDXOD�������
'U��$VKRN�.XPDU�
6FLHQWLVWV��6U��6FDOH��
6KUL�$QW�5DP���
6PW�6XVKLOD�.DXO��
6KUL�0DKLQGHU�6LQJK�
6FLHQWLVWV�
6KUL�3UDZLQ�$U\D�
6KUL�6DQMHHY�3DQZDU�
0G��:DVL�$ODP�
'U��'KDUDP�5DM�6LQJK�
'LYLVLRQ�RI�&RPSXWLQJ�6FLHQFH�����
'U�3.�0DOKRWUD���3ULQFLSDO�6FLHQWLVW�DQG��
+HDG�
3ULQFLSDO�6FLHQWLVW��
'U��5&�*R\DO�
6U��6FLHQWLVWV��
'U�,&�6HWKL���
'U�9.�0DKDMDQ�����������������
'U��5.�-DLQ�

6KUL�0DKHVK�.XPDU�������������
6KUL�.&�*XSWD��
'U�$QLO�5DL�
6FLHQWLVW��6*��
6KUL�23�.KDQGXUL�
6FLHQWLVWV��6U��6FDOH��
6KUL�+2�$JJDUZDO����
6KUL�%DOELU�6LQJK��
6KUL�+6�6LNDUZDU�
6FLHQWLVWV�
6KUL�9+�*XSWD�
0V�$OND�$URUD�
6KUL�5DYL�.XPDU�%DGJH�
0V�6RQDOL�'DV�
0V�6KDVKL�'DKL\D�
6KUL�6DQMHHY�.XPDU�
6KUL�0RKPPDG�6DPLU�)DURTTXL�
0V�6DQJHHWD�$KXMD�
6KUL�6XGHHS�.XPDU�
6KUL�6DXUDYK�3DUNDVK�
6KUL�3DO�6LQJK�
6KUL�.ULVKDQ�.XPDU�&KDWXUYHGL�
6KUL�9LSLQ�.XPDU�'XEH\�
0V�$QVKX�'L[LW�
6KUL�6KDKQDZD]XO�,VODP�
7UDLQLQJ�$GPLQLVWUDWLRQ�&HOO�
'U��$.�6ULYDVWDYD��-RLQW�'LUHFWRU�
'U��9.�6KDUPD��3URIHVVRU��$J��6WDW���
'U��3.�0DOKRWUD��3URIHVVRU��&$��
6K�56�.KDWUL��:DUGHQ��
'U��'.�$JDUZDO��6FLHQWLVW�LQ�FKDUJH�
5HVHDUFK� &RRUGLQDWLRQ� DQG�
0DQDJHPHQW�8QLW�
'U��$.�6ULYDVWDYD��-RLQW�'LUHFWRU�
'U��'.�$JDUZDO���6FLHQWLVW�LQ�&KDUJH�
/LEUDU\�
'U��66�6ULYDVWDYD��+HDG�
$GPLQLVWUDWLRQ�
6KUL�&KLURQML�/DO��&KLHI�$GPLQLVWUDWLYH�
2IILFHU��
6KUL� +.� 6DPDGDU�� )LQDQFH� 	�
$FFRXQWV�2IILFHU��

�
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$1<�27+(5�5(/(9$17�,1)250$7,21�68&+�$6�63(&,$/�
,1)5$6758&785$/��'(9(/230(17�

�
�
-RLQW�6WDII�&RXQFLO�
�
� 7KH� ,QVWLWXWH� KDV� D� -RLQW� 6WDII�
&RXQFLO� �-6&�� WR� SURPRWH� KDUPRQLRXV�
UHODWLRQV� DQG� VHFXUH� WKH� EHVW�PHDQV� RI� FR�
RSHUDWLRQ� EHWZHHQ� WKH� &RXQFLO�,$65,� DV�
HPSOR\HU� DQG� WKH� JHQHUDO� ERG\� RI� LWV�

HPSOR\HHV� LQ� PDWWHUV� RI� FRPPRQ� FRQFHUQ�
IRU�HQVXULQJ�D�KLJK�GHJUHH�RI�HIILFLHQF\� LQ�
WKH�VHUYLFH��
�
� 7KH� -RLQW� 6WDII� &RXQFLO� RI� WKH�
,QVWLWXWH�ZDV�UHFRQVWLWXWHG�IRU�WKH�SHULRG�RI�
WKUHH�\HDUV�Z�H�I��0DUFK����������DV�XQGHU��

�
3URI��6'�6KDUPD� 'LUHFWRU� &KDLUPDQ�
2IILFLDO�VLGH�5HSUHVHQWDWLYHV�
��� � 'U��$.�6ULYDVWDYD� -RLQW�'LUHFWRU� 0HPEHU�
��� � 'U��9.�*XSWD� 3ULQFLSOH�6FLHQWLVW� 0HPEHU�
��� � 6K��56�.KDWUL� 6U��6FLHQWLVW� 0HPEHU�
��� � 'U��/�0��%KDU� 6FLHQWLVW� 0HPEHU� 	� 6HFUHWDU\�

�2IILFLDO�VLGH��
��� � 6K��&KLURQML�/DO� &�$�2�� 0HPEHU�
��� � 6K��+.�6DPDGDU� )	$2��([�2IILFLR�� 0HPEHU�
6WDII�VLGH�5HSUHVHQWDWLYHV�
��� � 6K�'36�0DQQ�� $VVLVWDQW� 6HFUHWDU\�
��� � 6K��.%�6KDUPD� 8'&� 0HPEHU�
��� � 6K�*KDVL�5DP� 7HFKQLFDO�2IILFHU��7���� 0HPEHU�
���� � 6K�-DUQDLO�6LQJK� )LHOG�,QYHVWLJDWRU� 0HPEHU�
���� � 6K��5.�6DLQL� 7HFKQLFDO�2IILFHU��7���� 0HPEHU�
���� � 6K�5DM�3DO�6LQJK� 6�6��*U�,,� 0HPEHU�
���� � 6K�5DP�3DUDV� 6�6��*U�,,,� 0HPEHU�

�
�
2QH�PHHWLQJ�RI�,QVWLWXWH�-RLQW�6WDII�&RXQFLO�
ZHUH� KHOG� RQ� -XQH� ���� ����� XQGHU� WKH�
&KDLUPDQVKLS� RI� � 3URI�� 6'� 6KDUPD��
'LUHFWRU� RI� WKH� ,QVWLWXWH� WR� UHVROYH� YDULRXV�
PDWWHUV�IRU�WKH�EHQHILW�RI�,$65,�VWDII����
�
,$65,�(PSOR\HHV�&R�RSHUDWLYH�7KULIW�DQG�
&UHGLW�6RFLHW\�
�
� 7KH� VRFLHW\� ZKLFK� LV� UHJLVWHUHG�
ZLWK� WKH� 5HJLVWUDU� &R�RSHUDWLYH� 6RFLHWLHV��
'HOKL�$GPLQLVWUDWLRQ��'HOKL� � FRQWLQXHG� LWV�
DFWLYLWLHV� LQ� WKH� VLPLODU� PDQQHU� DV� GXULQJ�
WKH� SDVW� \HDUV� E\� DGYDQFLQJ� ORDQV� WR� LWV�
PHPEHUV� DQG� ORRNLQJ� DIWHU� WKHLU� ZHOIDUH���
7KH�VRXUFH�RI�IXQGV�RI�WKH�VRFLHW\�DUH�VKDUH�
PRQH\�� FRPSXOVRU\� GHSRVLWV� DQG� IL[HG�
GHSRVLWV� IURP� WKH�PHPEHUV� RI� WKH� VRFLHW\���
$W� SUHVHQW� WKH� QXPEHU� RI�PHPEHUV� RQ� WKH�
UROO�RI�WKH�VRFLHW\�LV������
�

7KH� HOHFWLRQ� RI� WKH� QHZ�
PDQDJHPHQW� FRPPLWWHH� ZDV� KHOG� RQ�0D\�
���������DQG�RIILFH�EHDUHUV�DUH�DV�IROORZV��
�

3UHVLGHQW�
9LFH�
3UHVLGHQW�
6HFUHWDU\�
7UHDVXUHU�
,QWHUQDO�
$XGLWRU�
0HPEHU�
0HPEHU�
0HPEHU�
0HPEHU�
0HPEHU�
0HPEHU�
0HPEHU�

��� 6K��9.�0LVKUD�

0HPEHU�
�
0DLQ�DFKLHYHPHQWV�RI�WKH�6RFLHW\�
��� 7KH�VRFLHW\�DGYDQFHG�5V�������������WR�

WKH�PHPEHUV�DV�ORDQ�
��� $Q� DPRXQW� RI� 5V������� ZDV� JLYHQ� DV�

JLIW�WR�WKH�HDFK�VHYHQ�PHPEHUV�DQG�5V��
������ WR� HOHYHQ� PHPEHUV� RQ� WKHLU�
UHWLUHPHQW�IURP�WKH�,QVWLWXWH�
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��� 7KH� ILQDQFLDO� KHOS� ZDV� H[WHQGHG� IURP�
WKH�PHPEHU�ZHOIDUH�IXQG�WR�WKH�WXQH�RI�
5V�� �������� DQG� 5V�� �������� WR� WKH�
EHUHDYHG� IDPLO\� RI� WZR� PHPEHUV� DQG�
DOVR� 5V�� ������� WR� 6KUL� %KRRS� 6LQJK�
DQG� 5V�� �������� HDFK� WR� 6KUL� %KDJZDW�
5DL� DQG� 6K�� 5DWWDQ� 6LQJK� IRU� WKHLU�
WUHDWPHQW� ZKR� ZHUH� VXIIHULQJ� IURP�
LQFXUDEOH� GLVHDVHV� DQG� UHTXLUHG�
H[SHQVLYH�PHGLFDWLRQ���

�
*ULHYDQFH�&RPPLWWHH�
�
� 7KH� *ULHYDQFH� &RPPLWWHH� RI� WKH�
,QVWLWXWH� �FRQVWLWXWHG� DV� SHU� ,&$5� UXOHV��
SURYLGHV�WKH�HPSOR\HHV�D�IRUXP�WR�YHQWLODWH�
WKHLU�JULHYDQFHV� UHODWLQJ� WR�RIILFLDO�PDWWHUV�
DQG� IRU� WDNLQJ� UHPHGLDO� PHDVXUHV�� � 7KH�
*ULHYDQFH� &RPPLWWHH� RI� WKH� ,QVWLWXWH� ZDV�
UHFRQVWLWXWHG� ZLWK� WKH� DSSURYDO� RI� WKH�
0DQDJHPHQW�&RPPLWWHH�RI�WKH�,QVWLWXWH�IRU�
D��SHULRG�RI�WZR�\HDUV�Z�H�I��-XO\����������
DV�IROORZV�����
�
�
2IILFLDO�VLGH�5HSUHVHQWDWLYH�
��� 3URI��6'�6KDUPD� &KDLUPDQ�
��� 'U��$.�6ULYDVWDYD� 0HPEHU�
��� 6K��&KLURQML�/DO� 0HPEHU�
��� 6K��+.�6DPDGDU� 0HPEHU�
��� 6K��'1�%KDWLD� 0HPEHU�

6HFUHWDU\�
6WDII�VLGH�5HSUHVHQWDWLYH�
��� 6K��0DKHQGDU�6LQJK� 0HPEHU�
��� 6K��5.�6LQJK� 0HPEHU�
��� 6K��6XGHUVKDQ�6KDUPD� 0HPEHU�
��� 6K��3XUVKRWDP�6KDUPD� 0HPEHU�
�

)LYH� PHHWLQJV� RI� WKH� *ULHYDQFH�
&RPPLWWHH� RI� WKH� ,QVWLWXWH� ZHUH� KHOG� RQ�
$SU�����-XO�����2FW�������������)HE����DQG�
0DU� ���� ����� � XQGHU� WKH� FKDLUPDQVKLS� RI�
WKH�'LUHFWRU���
� �
:RPHQ�&HOO�
�
� $�:RPHQ�&HOO� KDV� EHHQ� VHW� XS� DW�
WKH� ,QVWLWXWH� RQ� -DQ� ���� ������ � � 7KH� &HOO��
IXQFWLRQV����IRU�WKH�:OHIDUH�RI�:RHP�LQ��
*HQHUDO�� � ,W� FDWHUV� WR� WKH� LVVXHV�JULHYDQFHV�
SHUWDLQLQJ� WR� WKH� ZRPHQ� HPSOR\HHV���
:RHPQ�&HOO�FRQVLVWV�DV�JLYHQ�EHORZ���
�

��� &KLHI�$GPLQLVWUDWLYH�
2IILFHU�

&KDLUPDQ�
��� 6PW�&LQL�9HUJKHHVH��

6FLHQWLVW�
0HPEHU�

��� 6PW�0HHQD�1DQGD��
7HFKQLFDO�2IILFHU�

0HPEHU�
��� 6PW�3XVKSD�%DUHMD��

$VVLVWDQW�
0HPEHU�

��� 6PW�8VKD�6RRG��66�
*UDGH�,�

0HPEHU�

��� 6PW�6HHWD�0DOKRWUD��
$VVWW��$GPQ��2IILFHU�

&RQYHQRU�

� $�PHHWLQJ�RI�WKH�&HOO�ZDV�KHOG�RQ��
0DUFK��������������
+RVWHO�$FWLYLWLHV�
� 7KHUH� � DUH� WZR� ZHOO� IXUQLVKHG�
KRVWHOV� YL]�� 3DQVH� +RVWHO� DQG� 6XNKDWPH�
+RVWHO�WR�FDWHU��WKH�UHVLGHQWLDO�UHTXLUHPHQWV�
RI� WKH� WUDLQHHV� DQG� VWXGHQWV� RI� 0�6F����
3K�'�� FRXUVHV� DQG� 6HQLRU� &HUWLILFDWH�
&RXUVHV� �6&&�� DW� WKH� ,QVWLWXWH� ZLWKLQ� LWV�
SUHPLVHV���2IILFHUV�DQG�RWKHU�WUDLQHHV�WR�WKH�
YDULRXV� RWKHU� UHIUHVKHU�� VKRUW�WHUP� DQG� DG�
KRF� FRXUVHV� RUJDQLVHG� DW� WKH� ,QVWLWXWH� DUH�
DOVR�SURYLGHG�UHVLGHQWLDO�DFFRPPRGDWLRQ�DW�
WKH�3DQVH�+RVWHO���$PSOH�IDFLOLWLHV�H[LVW�IRU�
WKH� FXOWXUDO� DFWLYLWLHV� DQG� VSRUWV� IRU� WKH�
KRVWHO� LQPDWHV�� �+RVWHO�PHVV� LV� UXQ� E\� WKH�
VWXGHQWV�RQ�FR�RSHUDWLYH�EDVLV���7KH�JHQHUDO�
PDQDJHPHQW� RI� WKH� KRVWHOV� LV� YHVWHG� ZLWK�
WKH�:DUGHQ��ZKR�LV�DVVLVWHG�E\�WKH�3UHIHFW�
DQG�WKH�RWKHU�VWXGHQWV���7KH�PDLQ�DFWLYLWLHV�
LQFOXGHG�DUH�DV�IROORZV���
� $�*HQHUDO�%RG\�PHHWLQJ�RI�,$65,�
KRVWHO� LQPDWHV� ZDV� KHOG� XQGHU� WKH�
&KDLUPDQVKLS� RI� 6KUL� 56�.KDWUL��:DUGHQ���
)RU� VPRRWK� IXQFWLRQLQJ� RI� WKH� KRVWHO�
DFWLYLWLHV�� WKH� IROORZLQJ� H[HFXWLYH�
FRPPLWWHH� � PHPEHUV� ZHUH� HOHFWHG� IRU� WKH�
VHVVLRQ������������
�� 3UHIHFW� 0U�$PLWDYD�'D\�
�� $VVLVWDQW�3UHIHFW��

0HVV��6HFUHWDU\�
5DWDQ�-\RWL�

�� 6SRUWV�6HFUHWDU\�� +DULVK�.XPDU�
6XEUDWUD�.XPDU�
6DWSDWL�

�� &RPSXWHU�
6HFUHWDU\�

9�%KXVKDQ�%DEX�
9LNDV�.XPDU�

�� &KLHI�$XGLWRU� 0G��-DZDLG�$VKUDI�
�� 0DLQWHQDQFH��

6HFUHWDU\�
$EKLVKHN�5DWKRU�
3DUYHHQ�.ULVKQD�

�� +HDOWK�	�
6DQLWDWLRQ�
6HFUHWDU\�

+HPDQW�.XPDU�
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� 2Q�WKH�HYH�RI�DQQXDO�GD\�RQ�-XO\����
������ D� VSRUWV� ZHHN� ZDV� RUJDQLVHG� E\�
,$65,�LQ��6XNKDWPH�+RVWHO�ZKHUH�VWXGHQWV�
DW� ,$65,� LQFOXGLQJ� JLUOV� SDUWLFLSDWHG� LQ�
YDULRXV� VSRUWV� OLNH� WDEOH� WHQQLV�� EDGPLQWRQ�
HWF�� � 6HYHUDO� RWKHU� VSRUW� HYHQWV� OLNH� WDEOH�
WHQQLV�DQG�7XJ�RI�ZDU�ZHUH�DOVR�RUJDQLVHG�
EHWZHHQ�IDFXOW\�PHPEHUV�DQG�VWXGHQWV�� �$�
FULFNHW� PDWFK�ZDV� DOVR� RUJDQLVHG� EHWZHHQ�
IDFXOW\� PHPEHUV� DQG� VWXGHQWV� LQFOXGLQJ�
6&&�VWXGHQWV�RQ�0DUFK��������������
�
� %RDUGLQJ� DQG� ORGJLQJ�
DUUDQJHPHQWV�ZHUH�PDGH� LQ� � 3DQVH�+RVWHO�
�*XHVW� +RXVH�� IRU� WKH� SDUWLFLSDQWV� RI�
YDULRXV� WUDLQLQJ� SURJUDPPHV� RUJDQLVHG� DW�
WKH� ,QVWLWXWH�� � 6LPLODU� DUUDQJHPHQWV� ZHUH�
PDGH� IRU� WKH� JXHVWV� ZKR� VWD\HG� LQ� JXHVW�
KRXVH� IURP� GLIIHUHQW� GHSDUWPHQWV��
RUJDQLVDWLRQV��
�
%HQHYROHQW�)XQG�
�
� 7KH� HPSOR\HHV� RI� WKH� ,QVWLWXWH�
KDYH� FRQVWLWXWHG� D� %HQHYROHQW� )XQG� IURP�
WKHLU�RZQ�FRQWULEXWLRQV�WR�SURYLGH�UHOLHI� WR�
WKH� IDPLOLHV� RI� WKH� HPSOR\HHV� ZKR� GLH� LQ�
KDUQHVV�DQG�DUH�OHIW�LQ�DQ�LQGLJHQW�FRQGLWLRQ��
DQG�D�JLIW�RI�5V��������LV�EHLQJ�JLYHQ�WR�WKH�
UHWLULQJ� H[SOR\HHV� RI� WKH� ,QVWLWXWH�� � $�
PHHWLQJ�RI�WKH�%HQHYROHQW�IXQGV�ZDV��KHOG�
RQ��-DQ�����������
�
&R�RSHUDWLYH�6WRUH�
�
� 7KH� FRRSHUDWLYH� VWRUH� UHJLVWHUHG�
ZLWK� WKH� 5HJLVWUDU�� &RRSHUDWLYH� 6RFLHWLHV��
'HOKL� $GPLQLVWUDWLRQ�� 'HOKL� FRQWLQXHG� WR�
EH�UXQ�IRU�WKH�EHQHILW�RI�WKH�VWDII�PHPEHUV�
RI�WKH�,QVWLWXWH���&ROG�GULQNV��FRIIHH��VQDFNV�
SURYLVLRQV� DQG� JHQHUDO� PHUFKDQGLVH� HWF��
ZHUH�PDGH� DYDLODEOH� DW� UHDVRQDEOH� UDWHV� WR�
WKH�VWDII��PHPEHUV�RI�WKH�,QVWLWXWH����
�
� 0HPEHU
V� &KLOGUHQ� (GXFDWLRQ�
:HOIDUH� 6FKHPH� ZDV� LQWURGXFHG� E\� WKH�
0DQDJLQJ� &RPPLWWHH� GXULQJ� WKH� \HDU�
�������� IRU� WKH� SURPRWLRQ� RI� HGXFDWLRQDO�
LPSURYHPHQW� IRU� WKH� FKLOGUHQ� RI� WKH�
PHPEHUV� RI� WKH� FRRSHUDWLYH� VWRUH�� � 8QGHU�
WKH� VFKHPH����FKLOGUHQ�RI� WKH�PHPEHUV�RI�
WKH�FRRSHUDWLYH�VWRUH�ZHUH�EHQHILWHG�VR�IDU�����
�

7KH� *HQHUDO� %RG\� PHHWLQJ� RI� WKH�
&RRSHUDWLYH� 6WRUH� ZDV� KHOG� RQ�0DUFK� ����
����� DQG� GSUHVLGHG� E\� 'U�� 6'� 6KDUPD��
'LUHFWRU�� ,$65,�� 1HZ� 'HOKL�� � 7KH�

IROORZLQJ� RIILFH� EHDUHUV� ZHUH� HOHFWHG�
XQDQLPRXVO\� LQ� WKH�*HQHUDO�%RG\�0HHWLQJ�
KHOG�RQ�0DUFK����������

�
�� 6KUL�6.�0DKDMDQ� 3UHVLGHQW�
�� 'U��66�6ULYDVWDYD� 9LFH�3UHVLGHQW�
�� 6KUL�6&�$JDUZDO� 6HFUHWDU\�
�� 6KUL�1.�6KDUPD� 7UHDVXUHU�
�� 6KUL�$VKD�5DP�6KDUPD� 0HPEHU�
�� 6KUL�'1�%KDWLD� 0HPEHU�
�� 6KUL�.%�6KDUPD� 0HPEHU�
�� 6KUL�0RKDQ�/DO� 0HPEHU�
�� 6KUL�9LQRG�.XPDU�0LVKUD� 0HPEHU�
��� 0V�9LMD\�%LQGDO� 0HPEHU�
��� 0UV�+DUVK�.DSRRU� 0HPEHU��

�
7KH� WRWDO� � PHPEHUVKLS� RI� WKH�

FRRSHUDWLYH� VWRUH� DV� RQ� ��VW� 0DUFK�� �����
ZDV������

�
5HFUHDWLRQ�DQG�:HOIDUH�&OXE�
�
� 7KH� ,QVWLWXWH� KDV� D�5HFUHDWLRQ� DQG�
:HOIDUH�&OXE�ZKLFK� SURYLGHV� IDFLOLWLHV� IRU�
LQGRRU�DQG�RXWGRRU�JDPHV��SURPRWHV�VRFLDO�
DQG� IULHQGO\� UHODWLRQV� DPRQJ� WKH�PHPEHUV�
DQG� JHQHUDO� UHFUHDWLRQ� DQG� ZHOIDUH� RI� LWV�
PHPEHUV�� � 7KH� FOXE� RUJDQLVHV� VSRUW�
WRXUQDPHQWV� DQQXDOO\� DW� ,QVWLWXWH� OHYHO� IRU�
GLIIHUHQW� JDPHV�HYHQWV� � H�J�� 7DEOH� 7HQQLV��
&DUURP��9ROOH\EDOO�� &DUG� JDPHV� HWF�� � 7KH�
VSRUW� WRXUQDPHQWV� IRU� WKH� \HDU� ����� ZHUH�
RUJDQLVHG�GXULQJ�������������

7KH� SUL]H� GLVWULEXWLRQ� IXQFWLRQ� RI�
WKH�5HFUHDWLRQ�DQG�:OHIDUH�&OXE�ZDV�KHOG�
RQ� -XO\� ��� ������ RQ� WKH� $QQXDO� 'D\�
IXQFWLRQ� RI� WKH� ,QVWLWXWH�� 6K� � *0� 3DWKDN��
7HFKQLFDO� 2IILFHU� �7���� ZDV� DGMXGJHG� WKH�
%HVW�6SRUWVPDQ�RI�WKH�<HDU�����������

���)ROORZLQJ� LV� WKH� ([HFXWLYH�
&RPPLWWHH�RI�5	:�&OXE��

�
����3URI��6'�6KDUPD� 3UHVLGHQW�
����'U��..�7\DJL� 9LFH�3UHVLGHQW�
����6K��6DQWRVK�.XPDU� 6HFUHWDU\�
����6K��5DP�%KRRO� 6SRUWV�

6HFUHWDU\�
����6K��..�+DQV� 7UHDVXUHU�
����6K��0RKDQ�/DO� 0HPEHU�
����6K��1DUHVK�.XPDU� 0HPEHU�
����6K��3UDGHHS�.XPDU� 0HPEHU�
���6K��'LZDQ�6LQJK� 0HPEHU�

�
�
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�����
�

� �
6SRUWV�$FWLYLWLHV�
�
� $�FRQWLQJHQW�FRPSULVLQJ�RI�DERXW�
����RIILFHUV�DQG�VWDII��SDUWLFLSDWHG�LQ�WKH�
,&$5�=RQH�,9�,QWHU�,QVWLWXWLRQDO�
7RXUQDPHQWV�DW�,QGLDQ�*UDVV�DQG�)RGGHU�
5HVHDUFK�,QVWLWXWH��,*)5,���IURP�1RY����
����������
� �
� 7KH� ,QVWLWXWH� WHDP� SDUWLFLSDWHG� LQ�
YDULRXV� JDPHV� DQG� EURXJKW� ODXUHOV� WR� WKH�
,QVWLWXWH� E\� ZD\� RI� DFKLHYLQJ� WKH�
SUHVWLJLRXV�SRVLWLRQV�DV��
�
� &KDPSLRQ�7URSK\�LQ��7DEOH�7HQQLV�
�0HQ�� E\� RXW� FORVLQJ� WHDPV� IURP� ���
,QVWLWXWHV�DQG�HYHQ�WKH�ILQDOV�ZHUH�ZRQ�E\�D�
FRPIRUWDEOH� PDUJLQ� RI� ���� � DJDLQVW�

1%3*5�� 1HZ� 'HOKL�� XQGHU� WKH� FDSWDLQF\�
RI�6K�23�.KDQGXUL����
�
� 7KH� ,QVWLWXWH� DOVR� WRRN� SDUW� DQG�
ZRQ�LQ�WKH�IROORZLQJ�HYHQWV���
�

��� 6PW�9LMD\�/D[PL�0XUWK\��ZRQ�WKH�
ZLQQHU� XS� LQ� 7DEOH� 7HQQLV�
�:RPHQ��

��� 6PW� 5DQMDQD� $JDUZDO� ZRQ� WKH�
UXQQHU�XS�LQ�&KHVV��:RPHQ��

��� 6K�35�3DDLWH�ZRQ����� �PHWHU� DQG�
���� PHWHU� UXQQLQJ� UDFH� DQG� ZDV�
DGMXGJHG�WKH�IDVWHVW�PDQ��

�
7KH� ,QVWLWXWH� SDUWLFLDSWHG� ,QWHU�

=RQDO� 6SRUWV�0HHW� KHOG� DW� &,)(��0XPEDL�
GXULQJ�)HE����������������,W�ZRQ�ZLQQHU�XS�
LQ�7DEOH�7HQQLV�0HQ��
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