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)DFXOW\�RI�,VODPLF�&LYLOLVDWLRQ�

8QLYHUVLWL�7HNQRORJL�0DOD\VLD�

$�WKHVLV�VXEPLWWHG�LQ�IXOILOPHQW�RI�WKH��

UHTXLUHPHQWV�IRU�WKH�DZDUG�RI�WKH�GHJUHH�RI�

'RFWRU�RI�3KLORVRSK\��)LTK�6FLHQFH�DQG�7HFKQRORJ\��
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0DNH�XVHIXO�IRU�PH�ZKDW�<RX�WDXJKW�PH�DQG�

WHDFK�PH�NQRZOHGJH�WKDW�ZLOO�EH�XVHIXO�IRU�PH�
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,�ZRXOG�OLNH�WR�H[SUHVV�P\�VSHFLDO�DSSUHFLDWLRQ�DQG�WKDQNV�WR�P\�VXSHUYLVRUV�

$VVRFLDWH�3URIHVVRU�'U��$PLQXGGLQ�5XVNDP�DQG�3URIHVVRU�'U��$EGXO�5DKLP�<DDFRE�

IRU�JLYLQJ�PH�JXLGDQFH��FULWLFDO�FRPPHQWV��DQG�HQFRXUDJHPHQW�GXULQJ�P\�VWXG\��%RWK�

RI�\RX�KDYH�EHHQ�WUHPHQGRXV�PHQWRUV� WR�PH��,�DOVR�ZDQW� WR�WKDQN�\RX�'U�1DML�DQG�

$VVRFLDWH�3URIHVVRU�'U��8PL�.DOWKRP�$KPDG� �)6�870���'U��0DK\XGGLQ� �803���

$VVRFLDWH� 3URIHVVRU� =XOIDNDU� 5DPOHH� �,,80��� 0U�� $PLGRQ� $QDQ� �8.0��� IRU� WKH�

RSSRUWXQLW\�WR�JDLQ�H[WUD�NQRZOHGJH�LQ�IRUPDO�DQG�LQIRUPDO�IRUHQVLF�VFLHQFH�HGXFDWLRQ�

GXULQJ�P\�3K�'�MRXUQH\��,�ZRXOG�DOVR�OLNH�WR�WDNH�WKLV�RSSRUWXQLW\�WR�WKDQN�$VVRFLDWH�

3URIHVVRU�'U��$ULHII�6DOOHK�5RVPDQ��870��DQG�3URIHVVRU�'U��$PLU�+XVLQ�0RKG�1RU�

�86,0���P\�YLYD�YRFH�H[DPLQHUV��IRU�WKHLU�YHU\�KHOSIXO�FRPPHQWV�DQG�VXJJHVWLRQV��,�

JUDWHIXOO\�DFNQRZOHGJH�WKH�IXQGLQJ�UHFHLYHG�WRZDUGV�P\�3K�'�IURP�WKH�0\%UDLQ����

0LQLVWU\� RI� +LJKHU� (GXFDWLRQ� 0DOD\VLD� �02+(��� IURP� P\� IDPLO\� HVSHFLDOO\� P\�

EURWKHUV�DQG�VLVWHUV��0U��.KDOHG�6DIL��3XVDW�,VODP�870�DQG�VHYHUDO�UHVHDUFK�JUDQWV�

IURP�870�02+(��,�ZRXOG�HVSHFLDOO\�OLNH�WR�WKDQN�SURIHVVRUV��DVVRFLDWH�SURIHVVRUV��

DQG�OHFWXUHUV�RI�)DFXOW\�RI�,VODPLF�&LYLOLVDWLRQ��870�-RKRU�%KDUX�IRU�JLYLQJ�DFDGHPLF�

VXSSRUWV�DORQJ�WKLV�MRXUQH\���6SHFLDO�WKDQNV�WR�P\�IDPLO\��:RUGV�FDQQRW�H[SUHVV�KRZ�

JUDWHIXO� ,� DP� WR�P\�PRWKHU� DQG� IDWKHU��1RUL\DK�5D]DOL��%DKDUXGGLQ� ,PDP�$ZDQJ��

PRWKHU� DQG� IDWKHU�LQ�ODZ�� 6LWL� .DUWLZL� =DLQDO� $ELGLQ�� 5RVODQ� 0DMXNL�� DQG� DOO� P\�

IDPLO\�PHPEHUV�IRU�DOO�WKH�VDFULILFHV�WKDW�\RX�KDYH�PDGH�RQ�P\�EHKDOI��$OO�SUD\HUV�IRU�

PH�ZHUH�ZKDW�VXVWDLQHG�PH�WKLV�IDU��,�ZRXOG�DOVR�OLNH�WR�WKDQN�DOO�RI�P\�IULHQGV�ZKR�

VXSSRUWHG�PH�LQ�WKLV�MRXUQH\�WR�VWULYH�WRZDUGV�P\�JRDO��)LQDOO\��,�ZRXOG�OLNH�WR�H[SUHVV�

P\� DSSUHFLDWLRQ� WR� P\� EHORYHG� ZLIH� 6LWL� 5RELDWXQ� $GGDZL\DK� 5RVODQ� ZKR� VSHQW�

VOHHSOHVV�QLJKWV�ZLWK�DQG�ZDV�DOZD\V�P\�VXSSRUW�LQ�WKH�PRPHQWV�ZKHQ�WKHUH�ZDV�QR�

RQH�WR�DQVZHU�P\�TXHULHV��$OVR�WR�<XVXI�)DZZD]��IRU�EHLQJ�RQH�RI�WKH�XOWLPDWH�UHDVRQV�

IRU�ILQLVKLQJ�WKLV�MRXUQH\�� �

$&.12:/('*(0(17�



Y�

�

7KH�ZRUOG�LV�FDOOLQJ�IRU�IRUHQVLF�VFLHQFH�LQ�SURYLQJ�WKH�WUXWK�IRU�WKH�MXVWLFH�RI�
VRSKLVWLFDWHG�FDVHV��7KH� LPSDFW�RI� VHSDUDWLRQ�EHWZHHQ� UHOLJLRQ� DQG�VFLHQFH�DQG� WKH�
QHJOLJHQFH�RI�YLHZLQJ�IRUHQVLF�VFLHQFH�IURP�WKH�PDTƗৢLGLF�SHUVSHFWLYH�OHIW�D�KXJH�JDS�
LQ�VKDULDK�OLWHUDWXUHV�WKXV�UHVXOWLQJ�IRUHQVLF�VFLHQFH�WR�EHFRPH�H[FOXVLYH�DQG�DOLHQ�WR�
,VODPLF� ODZ��)DLOXUH� LQ�XQGHUVWDQGLQJ�IXQGDPHQWDOV�RI� IRUHQVLF�VFLHQFH�ZRUVHQV� WKH�
VLWXDWLRQ�E\�JLYLQJ�QHJDWLYH� LPSOLFDWLRQV�WRZDUGV� WKH� LQFRPSHWHQF\�RI� ,VODPLF� ODZ��
7KLV�VWXG\�DLPV�WR�LGHQWLI\�IRUHQVLF�VFLHQFH�HOHPHQWV�LQ�0XVOLP�VFKRODUV¶�YLHZ�RQ�WKH�
DGPLVVLELOLW\�RI�DO�TDUƯQDK� LQ� ,VODP�� WR�DQDO\VH� WKH� UHODWLRQVKLS�RI� IRUHQVLF� VFLHQFH�
HOHPHQWV�ZLWK�PDTƗ܈LG�DO�VKDUƯµDK�IURP�LWV�WUDQVIHUDELOLW\�WKURXJK�UHSRUWHG�IRUHQVLF�
VFLHQFH�FDVHV��WR�DQDO\VH�IXQGDPHQWDO�IUDPHZRUN�RI�IRUHQVLFV�LQ�,VODP��DQG�WR�SURSRVH�
IRU�D�IXQGDPHQWDO�UHFRPPHQGDWLRQ�RI�IRUHQVLF�VFLHQFH�DV�LQWHJUDWLRQ�ZLWK�DO�TDUƯQDK�
WRZDUGV� DFKLHYLQJ� PDTƗ܈LG� DO�VKDUƯµDK�� 7KLV� TXDOLWDWLYH� UHVHDUFK� XVHG� *URXQGHG�
7KHRU\� DQG� FRQWHQW� DQDO\VLV� PHWKRG� WR� REWDLQ� UHVHDUFK� REMHFWLYHV�� &RQVWDQW�
FRPSDUDWLYH�DSSURDFK�RQ�WKHRUHWLFDO�VDPSOHV�DQG�GHVFULSWLYH��LQGXFWLYH��DQG�GHGXFWLYH�
DSSURDFKHV� RQ� VHOHFWHG� SULPDU\� DQG� VHFRQGDU\� VRXUFHV� RI� GDWD� ZHUH� XVHG� LQ� WKH�
DQDO\VLV�SURFHVV�ZLWK�WKH�DVVLVW�RI�$WODV�WL�YHUVLRQ���DV�D�VRIWZDUH�DQDO\VLV�WRRO��$�WRWDO�
RI� ���� IRUHQVLF� VFLHQFH� HOHPHQWV� ZHUH� IRXQG� ZKLFK� EXLOW� IRXU� NH\� IXQGDPHQWDOV�
QDPHO\�� µIRUHQVLFV� MXULVSUXGHQFH¶�� µKXPDQ� FDSLWDO¶�� µIRUHQVLF� DQDO\VLV¶�� DQG�
µDFFUHGLWDWLRQ¶�� 7KH� WUDQVIHUDELOLW\� LQWHUSUHWHG� IURP� WKH� WKHRU\� WRZDUGV� VHOHFWHG�
WKHPDWLF�IRUHQVLF�FDVHV�SURYHG�WKDW�DOO�IRXU�NH\�IXQGDPHQWDOV�GR�H[LVW�LQ�SUHVHUYLQJ�
WKH�ILYH�HVVHQWLDO�YDOXHV�RI�KXPDQ�OLIH��,Q�DFKLHYLQJ�PDTƗ܈LG�DO�VKDUƯµDK��µIRUHQVLFV�
MXULVSUXGHQFH¶� IXQGDPHQWDO� DFTXLUHV� D� FRPSUHKHQVLYH� XQGHUVWDQGLQJ� RI� IRUHQVLFV�
DSSOLFDWLRQ�WRZDUGV�DFFRPSOLVKLQJ�WKH�PD¶ƗOƗW�WKDW�FRPSULVHV�KLVWRULFDO�UHYLHZV��WKH�
WHUPLQRORJ\�RI�ILTK�IRUHQVLFV��WKH�UHDVRQLQJ�RI�IRUHQVLFV�WKURXJK�LVWLGOƗO�LQ�XVXO�ILTK�
DQG� LWV� UHODWLRQVKLS�ZLWK�PD[LPV��$V� IRU� WKH� DGDSWDWLRQ� IRU� VKDULDK� OHJDO�SXUSRVHV��
µKXPDQ�FDSLWDO¶�IXQGDPHQWDO�KLJKOLJKWV�D�KROLVWLF�DSSURDFK�LQ�DFKLHYLQJ�PDTƗ܈LG�DO�
VKDUƯµDK� WKURXJK� IRUHQVLF� VFLHQFH� HGXFDWLRQ� DQG� WUDLQLQJ� DV� ZHOO� DV� IXOILOOLQJ� WKH�
FRPSHWHQF\� RI� H[SHUWV�� 7KH� µIRUHQVLF� DQDO\VLV¶� IXQGDPHQWDO� LQFRUSRUDWHV� OHYHO� RI�
GRXEW� LQ� DQDO\VLV�� HWKLFV�� SUHVXPSWLYH� DQG� FRQILUPDWRU\� WHVW�� LQVWUXPHQWV�� FULPH�
ODERUDWRULHV�HSLVWHPRORJ\��DQG�DQDO\VLV�KHOG�E\�D�VKDULDK�HQWLW\�DV�VDOLHQW�IHDWXUHV�WR�
PLQLPLVH� VKXEKDK�� 7KHVH� IHDWXUHV� FRQWULEXWH� WR� WKH� VXJJHVWLRQ� RI� HVWDEOLVKLQJ�
IRUHQVLFV� ODERUDWRU\� IRU� VKDULDK� OHJDO� SXUSRVHV�� 7KH� µDFFUHGLWDWLRQ¶� IXQGDPHQWDO�
UHYLHZHG�VL[�VWDQGDUGV�LQ�IRUHQVLF�VFLHQFH��,62�������06�������,62��������06�������
6$00��DQG�$6&/'�SURJUDP��$PRQJ�DOO��RQO\�,62������LV�QRW�FRPSOLHG�ZLWK�VKDULDK�
SULQFLSOHV��7KH�FRPELQDWLRQ�RI�WKHVH�ILYH�VWDQGDUGV�HQVXUHV�WKH�TXDOLW\�DVVXUDQFH�RI�
IRUHQVLFV�DSSOLFDWLRQ�WR�DFKLHYH�PDTƗ܈LG�DO�VKDUƯµDK��7KXV��WKH�LQWHJUDWLRQ�RI�IRUHQVLF�
VFLHQFH�ZLWK�DO�TDUƯQDK�WKURXJK�LWV�IXQGDPHQWDOV�LV�SURYHQ�SRVVLEOH�WR�UHDOLVH�PDTƗ܈LG�
DO�VKDUƯµDK��7KLV�VWXG\�VXJJHVWV�WKDW�WKH�IRXU�IXQGDPHQWDOV�VKRXOG�EH�JLYHQ�SULRULW\�
DQG�HYDOXDWLRQ�LQ�UDLVLQJ�WKH�EDU�RI�IRUHQVLF�VFLHQFH�LQ�,VODP��
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'XQLD� PHPHUOXNDQ� VDLQV� IRUHQVLN� XQWXN� PHPEXNWLNDQ� NHEHQDUDQ� GDODP�
SHQJDGLODQ�EDJL�NHV�NHV�\DQJ�UXPLW��.HVDQ�GDULSDGD�SHPLVDKDQ�DQWDUD�DJDPD�GDQ�VDLQV�
VHUWD�SHQJDEDLDQ�GDODP�PHOLKDW�VDLQV�IRUHQVLN�PHQJLNXW�VXGXW�SDQGDQJ�PDTƗ܈LG�DO�
VKDUƯµDK�PHQLQJJDONDQ�UXDQJ�\DQJ�EHVDU�GDODP�SHQ\HOLGLNDQ�V\DULDK�PHQ\HEDENDQ�
VDLQV�IRUHQVLN�PHQMDGL�HNVNOXVLI�GDQ�DVLQJ�NHSDGD�XQGDQJ�XQGDQJ�,VODP��.HJDJDODQ�
XQWXN�PHPDKDPL� WHUDV� VDLQV� IRUHQVLN�PHQDPEDK�EXUXN� VLWXDVL� \DQJ�PHPEHUL� LPHM�
QHJDWLI�VLVWHP�SHUXQGDQJDQ�,VODP�VHEDJDL�WLGDN�NRPSHWHQ��.DMLDQ�LQL�EHUWXMXDQ�XQWXN�
PHQJHQDOSDVWL�HOHPHQ�VDLQV�IRUHQVLN�\DQJ�WHUGDSDW�GDODP�SHQGDSDW�XODPD�EHUNDLWDQ�
SHQHULPDDQ� DO�TDUƯQDK� GDODP� ,VODP�� PHQJDQDOLVLV� KXEXQJDQ� DQWDUD� HOHPHQ� VDLQV�
IRUHQVLN�GHQJDQ�PDTƗ܈LG�DO�VKDUƯµDK�GDULSDGD�NHEROHKSLQGDKDQQ\D�PHODOXL�NHV�NHV�
\DQJ�PHOLEDWNDQ� VDLQV� IRUHQVLN�� PHQJDQDOLVLV� NHUDQJND� WHUDV� VDLQV� IRUHQVLN� GDODP�
,VODP�GDQ�PHQJXVXONDQ�FDGDQJDQ�EDJL�WHUDV�VDLQV�IRUHQVLN�PHODOXL�LQWHJUDVL�GHQJDQ�
DO�TDUƯQDK�NH�DUDK�PHQFDSDL�PDTƗ܈LG�DO�VKDUƯµDK��.DMLDQ�NXDOLWDWLI�LQL�PHQJJXQDNDQ�
PHWRGRORJL�*URXQGHG�7KHRU\�GDQ�DQDOLVLV�NDQGXQJDQ�EDJL�PHQFDSDL�REMHNWLI�NDMLDQ��
3HQGHNDWDQ�SHUEDQGLQJDQ�EHUWHUXVDQ�WHUKDGDS�VDPSHO�WHRUL�GDQ�SHQGHNDWDQ�GHVNULSWLI��
LQGXNWLI��GDQ�GHGXNWLI�WHUKDGDS�VXPEHU�SULPHU�GDQ�VHNXQGHU�WHUSLOLK�WHODK�GLJXQDNDQ�
GHQJDQ�EDQWXDQ�SHULVLDQ�DQDOLVLV�NXDOLWDWLI�$WODV�WL�YHUVL����6HMXPODK�����HOHPHQ�VDLQV�
IRUHQVLN�WHODK�GLWHPXL�\DQJ�VHWHUXVQ\D�PHPEHQWXN�HPSDW�NXQFL�WHUDV��LDLWX�µIDOVDIDK�
VDLQV� IRUHQVLN¶�� µPRGDO� LQVDQ¶�� µDQDOLVLV� IRUHQVLN¶�� GDQ� µDNUHGLWDVL¶�� ,QWHUSUHWDVL�
NHEROHKSLQGDKDQ�GDULSDGD�WHRUL�WHUVHEXW�WHUKDGDS�NHV�NHV�IRUHQVLN�WHUSLOLK�PHQJLNXW�
WHPD�PHPEXNWLNDQ�EDKDZD�NHHPSDW�HPSDW�NXQFL�WHUDV�WHODK�ZXMXG�GDODP�PHPHOLKDUD�
OLPD� NHSHQWLQJDQ� DVDV� GDODP� NHKLGXSDQ� PDQXVLD�� 'DODP� PHQFDSDL� PDTƗ܈LG� DO�
VKDUƯµDK�� WHUDV� µIDOVDIDK� VDLQV� IRUHQVLN¶� PHQ\LPSXONDQ� VHEXDK� SHPDKDPDQ�
NRPSUHKHQVLI� EDJL� DSOLNDVL� VDLQV� IRUHQVLN� NH� DUDK� PHQ\HPSXUQDNDQ�PD¶ƗOƗW� \DQJ�
PHUDQJNXPL� XODVDQ� VHMDUDK�� WHUPLQRORJL� ILTK� IRUHQVLN�� SHUWLPEDQJDQ� IRUHQVLN�
PHQHUXVL� LVWLGOƗO� GDODP�XVXO� ILTK� VHUWD�KXEXQJNDLW� GHQJDQ�NDHGDK�NDHGDKQ\D��%DJL�
DGDSWDVL� GDODP� SHUXQGDQJDQ� V\DULDK�� WHUDV� µPRGDO� LQVDQ¶� PHQRQMRONDQ� VHEXDK�
SHQGHNDWDQ� KROLVWLN� GDODP� PHQFDSDL� PDTƗ܈LG� DO�VKDUƯµDK� PHODOXL� SHQGLGLNDQ� GDQ�
ODWLKDQ� VHUWD� SHQ\HPSXUQDDQ� NRPSHWHQVL� EDJL� SDNDU�� 7HUDV� µDQDOLVLV� IRUHQVLN¶�
PHUDQJNXPL� WLQJNDWDQ� NHUDJXDQ� GDODP� DQDOLVLV�� HWLND�� DQDOLVLV� VDULQJDQ� GDQ�
SHQJHVDKDQ�� LQVWUXPHQ��HSLVWHPRORJL�PDNPDO� IRUHQVLN��GDQ�DQDOLVLV� \DQJ�GLODNXNDQ�
ROHK�HQWLWL�V\DULDK�VHEDJDL�FLUL�FLUL�SHQWLQJ�EDJL�PHQJXUDQJNDQ�V\XEKDK��&LUL�FLUL�LQL�
PHPEHUL� VXPEDQJDQ� NHSDGD� FDGDQJDQ� SHQXEXKDQ�PDNPDO� IRUHQVLN� EDJL� NHJXQDDQ�
SHUXQGDQJDQ� V\DULDK�� 7HUDV� µDNUHGLWDVL¶�PHPEXDW� VRURWDQ� WHUKDGDS� HQDP� SLDZDLDQ�
GDODP�VDLQV�IRUHQVLN��,62�������06�������,62��������06�������6$00��GDQ�SURJUDP�
$6&/'��$QWDUD�NHVHPXD�SLDZDLDQ�WHUVHEXW��KDQ\D�,62������WLGDN�PHPDWXKL�SULQVLS�
V\DULDK��.RPELQDVL�OLPD�SLDZDLDQ�GDSDW�PHPDVWLNDQ�MDPLQDQ�NXDOLWL�GDODP�DSOLNDVL�
VDLQV� IRUHQVLN� EDJL�PHQFDSDL�PDTƗ܈LG� DO�VKDUƯµDK��.HVHOXUXKDQQ\D�� LQWHJUDVL� VDLQV�
IRUHQVLN� GHQJDQ� DO�TDUƯQDK� PHODOXL� WHUDV�WHUDVQ\D� GLEXNWLNDQ� PDPSX� PHQFDSDL�
PDTƗ܈LG�DO�VKDUƯµDK��.DMLDQ� LQL�PHQFDGDQJNDQ�DJDU�NHHPSDW�HPSDW� WHUDV�GLEHULNDQ�
NHXWDPDDQ�GDQ�SHQLODLDQ�GHPL�PHQJDQJNDW�NHGXGXNDQ�VDLQV�IRUHQVLN�GDODP�,VODP��
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���� 3UHOLPLQDU\�6WXG\� ��

���� %DFNJURXQG�RI�6WXG\� ��

������7KH�,PSDFW�RI�6HSDUDWLRQ�%HWZHHQ�5HOLJLRQ�DQG�6FLHQFHV� ��

������7KH�1HHG�IRU�)RUHQVLF�6FLHQFH�LQ�3URYLQJ�WKH�7UXWK�LQ�

,VODP� ��
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������3ULRULWLVLQJ�-XVWLFH�WR�0DQNLQG�7KURXJK�0DTƗৢLG�DO�

6KDUƯµDK� ���

������)DLOXUH�LQ�8QGHUVWDQGLQJ�WKH�)XQGDPHQWDOV�RI�)RUHQVLFV�

/HDGV�WR�,UUHOHYDQW�DQG�0LVLQWHUSUHWDWLRQ�LQ�/HJDO�

5HDVRQLQJ��,MWLKƗG��RI�DO�ণXNP� ���

���� 3UREOHP�6WDWHPHQW� ���

���� 5HVHDUFK�2EMHFWLYHV� ���

���� 5HVHDUFK�4XHVWLRQV� ���

���� 5HVHDUFK�6FRSH� ���

���� 2ULJLQDO�&RQWULEXWLRQV�RI�7KLV�6WXG\� ���

���� 2SHUDWLRQDO�'HILQLWLRQ� ���

������)RUHQVLF�6FLHQFH�)XQGDPHQWDOV� ���

������$O�4DUƯQDK��&LUFXPVWDQWLDO�(YLGHQFH�� ���

������0DTƗৢLG�DO�6KDUƯµDK��7KH�2EMHFWLYHV�RI�,VODPLF�/DZ�� ���

���� 6XPPDU\� ���

�� /,7(5$785(�5(9,(:� ���

���� 2YHUYLHZ� ���

���� )RUHQVLF�6FLHQFH�)XQGDPHQWDOV� ���

������6FLHQWLILF�$VSHFWV� ���

������1RQ�6FLHQWLILF�$VSHFWV� ���

���� 7KH�,QWHJUDWLRQ�EHWZHHQ�$O�4DUƯQDK�DQG�)RUHQVLF�6FLHQFH�

WKURXJK�0DTƗৢLG�DO�6KDUƯµDK��7KH�$GPLVVLELOLW\�DQG�3UHYLRXV�

6WXGLHV� ���

���� (DUO\�DQG�0RGHUQ�7KHRULHV�RI�0DTƗৢLG�DO�6KDUƯµDK� ���

������'HILQLWLRQ�DQG�(DUO\�7KHRULHV��3ULQFLSOHV�DQG�5HODWLRQV�

ZLWK�4DZƗµLG�DO�)LTKL\\DK� ���
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������0DTƗৢLG�DO�6KDUƯµDK�LQ�DO�µ8TǌEƗW�DQG�,WV�5HODWLRQVKLS�ZLWK�

0HDQV�RI�-XULVGLFWLRQ�LQ�,VODP��:DVƗ¶LO�DO�,WKEƗW�IƯ�DO�

6KDUƯµDK�DO�,VOƗPL\\DK�� ���

������$�%ULHI�5HYLHZ�RQ�WKH�5HODWLRQV�RI�DO�0DৢƗOƯত�DO�0XUVDODK�

DQG�6DGG�DO�'KDUƯµDK�ZLWK�0DTƗৢLG�DO�6KDUƯµDK� ���

������7KH�,QWHUSUHWDWLRQ�DQG�$SSOLFDWLRQ�RI�0DTƗৢLG�DO�6KDUƯµDK�

LQ�5HFHQW�5HVHDUFK�$UHD� ���

���� *URXQGHG�7KHRU\�0HWKRG�LQ�,VODPLF�DQG�)RUHQVLF�6FLHQFH�)LHOG�

RI�5HVHDUFK� ���

���� 6XPPDU\� ���

�� 0(7+2'2/2*<� ���

���� 2YHUYLHZ� ���

���� 5HVHDUFK�'HVLJQ� ���

������4XDOLWDWLYH�5HVHDUFK�'HVLJQ� ���

������*URXQGHG�7KHRU\��*7��0HWKRG� ���

������4XDOLWDWLYH�&RQWHQW�$QDO\VLV��4&$��0HWKRG� ���

������&RQFHSWXDO�DQG�2SHUDWLRQDO�5HVHDUFK�)UDPHZRUN� ���

���� 'DWD�&ROOHFWLRQ�0HWKRG�DQG�,WV�6RXUFHV� ���

������7KHRUHWLFDO�6DPSOLQJ�IRU�*7�$QDO\VLV� ���

������'DWD�&ROOHFWLRQ�DQG�6RXUFHV�IRU�4&$�0HWKRG� ���

���� 'DWD�$QDO\VLV� ���

������*7�$QDO\VLV� ���

������4&$�0HWKRG�RI�$QDO\VLV� ���

������&RPSXWHU�$LGHG�$VVLVWHG�4XDOLWDWLYH�'DWD�$QDO\VLV�

�&$4'$6��$WODV�WL�:RUNEHQFK� ���

������-XVWLILFDWLRQ�RI�8VLQJ�$WODV�WL�6RIWZDUH� ���

���� 'DWD�3UHVHQWDWLRQ� ���
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������*7�'DWD�3UHVHQWDWLRQ� ���

������4&$�'DWD�3UHVHQWDWLRQ� ���

���� (QVXULQJ�7UXVWZRUWKLQHVV� ���

������2YHUFRPLQJ�/LPLWDWLRQV� ���

������ 6WUDWHJ\�LQ�'DWD�&ROOHFWLRQ� ���

������6WUDWHJ\�LQ�&RGLQJ�DQG�$QDO\VLV�3URFHVV� ����

������7ULDQJXODWLRQ�6WUDWHJ\� ����

������6WUDWHJLHV�WR�,PSURYH�WKH�4XDOLW\�DQG�5HOLDELOLW\�RI�WKH�

5HVXOWV� ����

���� 6XPPDU\� ����

�� 5(6($5&+�),1',1*6��� ����

���� ,QWURGXFWLRQ� ����

���� )RUHQVLF�6FLHQFH�(OHPHQWV�LQ�6FKRODUO\�2SLQLRQ�LQ�7KH�

$GPLVVLELOLW\�RI�DO�4DUƯQDK��)LQGLQJV�IURP�*7�0HWKRG�� ����

������'HVFULSWLRQ�RI�WKH�2SHQ�&RGHV� ����

������'HVFULSWLRQ�RI�$[LDO�&RGHV� ����

������'HVFULSWLRQ�RI�6HOHFWLYH�&RGHV� ����

���� 7KH�5HODWLRQVKLS�RI�)RUHQVLFV�)XQGDPHQWDOV�7RZDUGV�WKH�

3UHVHUYDWLRQ�RI�DO�ঋDUǌUL\\ƗW�DO�.KDPVDK�IURP�LWV�

7UDQVIHUDELOLW\�WKURXJK�5HSRUWHG�)RUHQVLF�&DVHV� ����

������&DVH�5HYLHZ��� ����

������&DVH�5HYLHZ��� ����

������&DVH�5HYLHZ��� ����

������&DVH�5HYLHZ��� ����

���� 6XPPDU\� ����

�
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�� 5(6($5&+�),1',1*6��� ����

���� ,QWURGXFWLRQ� ����

���� )XQGDPHQWDO�)UDPHZRUN�RI�)RUHQVLF�6FLHQFH�EDVHG�RQ�)RUHQVLFV�

(OHPHQWV�IRXQG�LQ�6FKRODUV¶�9LHZ�RQ�WKH�$GPLVVLELOLW\�RI�DO�

4DUƯQDK�LQ�,VODP� ����

������)RUHQVLFV�-XULVSUXGHQFH� ����

������+XPDQ�&DSLWDO� ����

������)RUHQVLF�$QDO\VLV� ����

������$FFUHGLWDWLRQ� ����

���� )XQGDPHQWDO�5HFRPPHQGDWLRQ�RI�)RUHQVLF�6FLHQFH�DV�$Q�

,QWHJUDWLRQ�ZLWK�DO�4DUƯQDK�WRZDUGV�$FKLHYLQJ�0DTƗৢLG�DO�

6KDUƯµDK� ����

���� 6XPPDU\� ����

�� 6800$5<��',6&866,21��$1'�5(&200(1'$7,21� ����

���� 2YHUYLHZ� ����

���� 6XPPDU\� ����

������)LQGLQJV�IRU�5HVHDUFK�2EMHFWLYH��� ����

������)LQGLQJV�IRU�5HVHDUFK�2EMHFWLYH��� ����

������)LQGLQJV�IRU�5HVHDUFK�2EMHFWLYH��� ����

������)LQGLQJV�IRU�5HVHDUFK�2EMHFWLYH��� ����

���� 'LVFXVVLRQ� ����

������)RUHQVLF�6FLHQFH�(OHPHQWV�LQ�6FKRODUV¶�9LHZ�RI�WKH�

$GPLVVLELOLW\�RI�DO�4DUƯQDK� ����

������$FKLHYLQJ�0DTƗৢLG�DO�6KDUƯµDK�WKURXJK�7KH�3UHVHUYDWLRQ�RI�

DO�ঋDUǌUL\\ƗW�DO�.KDPVDK�LQ�7KH�7UDQVIHUDELOLW\�RI�

3URSRVHG�)UDPHZRUN� ����
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������)XQGDPHQWDO�)UDPHZRUN�RI�)RUHQVLF�6FLHQFH�EDVHG�RQ�

)RUHQVLFV�(OHPHQWV�IRXQG�LQ�6FKRODUV¶�9LHZ�RQ�WKH�

$GPLVVLELOLW\�RI�DO�4DUƯQDK�LQ�,VODP� ����

������)XQGDPHQWDO�5HFRPPHQGDWLRQ�RI�)RUHQVLF�6FLHQFH�DV�$Q�

,QWHJUDWLRQ�ZLWK�DO�4DUƯQDK�WRZDUGV�$FKLHYLQJ�0DTƗৢLG�DO�

6KDUƯµDK� ����

���� ,PSOLFDWLRQ�RI�6WXG\� ����

������,PSOLFDWLRQ�WRZDUGV�$FDGHPLF�/LWHUDWXUH� ����

������,PSOLFDWLRQ�WRZDUGV�,QGLYLGXDO�DQG�0XVOLP�&RPPXQLW\�����

������,PSOLFDWLRQ�WRZDUGV�$XWKRULWLHV� ����

���� 6XJJHVWLRQV�IRU�)XWXUH�5HVHDUFK� ����

������5HVHDUFK�RQ�(DFK�)RUHQVLFV�(OHPHQW�)RXQG�LQ�&ODVVLF�

/LWHUDWXUH�RI�,VODPLF�/DZ�DQG�,WV�6LJQLILFDQFH� ����

������5HVHDUFK�RQ�(DFK�.H\�&RPSRQHQWV�RI�)RUHQVLFV�

)XQGDPHQWDOV�IURP�*7�)LQGLQJV� ����

������5HVHDUFK�RQ�5HJXODWRU\�DQG�3ROLF\�,VVXHV�LQ�$GDSWLQJ�WKH�

)XQGDPHQWDOV�5HFRPPHQGDWLRQ�LQWR�&XUUHQW�6KDULDK�

/HJLVODWLRQ�)LHOG� ����

���� &RQFOXVLRQ� ����

�
5()(5(1&(6� � ����

$SSHQGLFHV�$�)� � ��������

�

�

�

�
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����� /LWHUDWXUH�5HYLHZV�RI�)RUHQVLF�6FLHQFH�(OHPHQW�RI�

,QWHJUDWLRQ�DQG�0DTƗৢLG�DO�6KDUƯµDK�'LVFXVVLRQ�RQ�DO�

4DUƯQDK� ���

����� /LWHUDWXUH�5HYLHZV�RI�)RUHQVLF�6FLHQFH�(OHPHQW�RI�

,QWHJUDWLRQ�DQG�0DTƗৢLG�DO�6KDUƯµDK�'LVFXVVLRQ�RQ�DO�

4DUƯQDK��&RQWLQXHG�� ���

���� 3HULRGLF�7DEOH�RI�(DUO\�7KHRU\�RI�0DTƗৢLG�DO�6KDUƯµDK�

DGDSWHG�IURP�$XGD�������� ���

���� 7DEOH�RI�0DTƗৢLG�DO�6KDUƯµDK�,QWHUSUHWDWLRQ�DQG�

$SSOLFDWLRQ�LQ�5HFHQW�5HVHDUFK�$UHD� ���

����� 7DEOH�IRU�*7�$SSURDFK�LQ�5HVHDUFK�6LPSOLILHG�IURP�

:DQ�+DUXQ�������� ���

���� 'DWDVHW�7DEOH� ���

���� 3ULPDU\�'DWD�/LVW�IRU�$WODV�WL�&RGLQJ�3URFHVV� ���

����� 3ULPDU\�'RFXPHQWV�XVHG�LQ�7KHRUHWLFDO�6DPSOLQJ�LQ�*7�

0HWKRG� ���

����� 3ULPDU\�'RFXPHQWV�XVHG�LQ�4&$�0HWKRG� ����

����� 3ULPDU\�'RFXPHQWV�XVHG�LQ�4&$�0HWKRG��&RQWLQXHG�� ����

����� 7DEOH�IRU�6WUDWHJLHV�7DNHQ�WR�,PSURYH�WKH�4XDOLW\�DQG�

5HOLDELOLW\�RI�5HVHDUFK�)LQGLQJV� ����

���� 7DEOH�IRU�6WUDWHJLHV�7DNHQ�WR�,PSURYH�WKH�4XDOLW\�DQG�

5HOLDELOLW\�RI�5HVHDUFK�)LQGLQJV��&RQWLQXHG�� ����

���� 2SHQ�&RGHV�7DEOH�RI�µ3URFHGXUH¶� ����
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���� 2SHQ�&RGHV�7DEOH�RI�µ&ULPH�6FHQH�,QYHVWLJDWLRQ¶� ����

���� 2SHQ�&RGHV�7DEOH�RI�µ0D[LPV¶� ����

���� 2SHQ�&RGHV�7DEOH�RI�µ)RUHQVLFV�3ULQFLSOH¶� ����

���� 2SHQ�&RGHV�7DEOH�RI�µ3UDFWLFDO¶� ����

���� 2SHQ�&RGHV�7DEOH�RI�µ5HFRJQLWLRQ¶� ����

���� 2SHQ�&RGHV�7DEOH�RI�µ&ULWHULD�RI�([SHUWV¶� ����

���� 2SHQ�&RGHV�7DEOH�RI�µ,GHQWLILFDWLRQ�RI�'HFHDVHG¶� ����

���� 2SHQ�&RGHV�7DEOH�RI�µ%LRORJLFDO�$VSHFWV�LQ�)RUHQVLF�

6FLHQFH¶� ����

����� 2SHQ�&RGHV�7DEOH�RI�µ3HUVRQV�,QYROYHG¶� ����

����� 2SHQ�&RGHV�7DEOH�RI�µ3K\VLFDO�$VSHFWV�RI�)RUHQVLF�

6FLHQFH¶� ����

����� 2SHQ�&RGHV�7DEOH�RI�µ&DVHV¶� ����

����� 2SHQ�&RGHV�7DEOH�RI�µ'DOƗ¶LO�DO�ণXNP¶� ����

����� 2SHQ�&RGHV�7DEOH�RI�µ:LWQHVVHV� ����

����� 2SHQ�&RGHV�7DEOH�RI�µ&KDLQ�RI�&XVWRG\¶� ����

����� $[LDO�&RGHV�7DEOH�RI�µ([SHUWV¶� ����

����� $[LDO�&RGHV�7DEOH�RI�µ)RUHQVLF�6FLHQWLVW¶� ����

����� $[LDO�&RGHV�7DEOH�RI�µ,VODPLF�/HJDO�)RXQGDWLRQ¶� ����

����� $[LDO�&RGHV�7DEOH�RI�µ/HJDO�$VSHFWV�RI�)RUHQVLF�

6FLHQFH¶� ����

����� $[LDO�&RGHV�7DEOH�RI�µ$FUHGLWDWLRQ¶� ����

����� $[LDO�&RGHV�7DEOH�RI�µ)RUHQVLF�%DVLF¶� ����

����� 6HOHFWLYH�&RGH�µ)RUHQVLFV�-XULVSUXGHQFH¶�DQG�,WV�

3URSHUWLHV� ����

����� 6HOHFWLYH�&RGH�µ+XPDQ�&DSLWDO¶�DQG�,WV�3URSHUWLHV� ����

����� 6HOHFWLYH�&RGH�µ)RUHQVLF�$QDO\VLV¶�DQG�,WV�3URSHUWLHV� ����

����� 6HOHFWLYH�&RGH�µ+XPDQ�&DSLWDO¶�DQG�,WV�3URSHUWLHV� ����

���� 7LPHOLQH�RI�)RUHQVLF�6FLHQFH�+LVWRU\� ����

���� %ORRG�7\SLQJ�7DEOH�RI�3DUHQWV�DQG�,QKHULWHG�&KLOG� ����

���� 7KH�$SSOLFDWLRQ�RI�)RUHQVLF�6FLHQFH�LQ�$FFRUGDQFH�WR�

7KH�'LYLVLRQV�RI�)LTK�WKURXJK�4&$�0HWKRG� ����
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���� 7KH�$SSOLFDWLRQ�RI�)RUHQVLF�6FLHQFH�LQ�$FFRUGDQFH�WR�

7KH�'LYLVLRQV�RI�)LTK�WKURXJK�4&$�0HWKRG��&RQWLQXHG�� ����

���� 'HWDLOV�RI�4XDOLWDWLYH�$QDO\VLV�0HWKRG�8VHG�LQ�6ROYLQJ�

&DVHV�IURP�,VODPLF�+LVWRULFDO�9LHZ�$QDO\VHG�IURP��,EQ�

)DUতǌQ��������DQG�,EQ�DO�4D\\LP��Q�G��� ����

����� 7DEOH�RI�$FFUHGLWDWLRQ�'HVFULSWLRQ�DQG�,WV�5HOHYDQF\�

ZLWK�0DTƗৢLG�DO�6KDUƯµDK� ����

�

� �
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���� $�6LPSOLILHG�0RGHO�RI�)RUHQVLF�6FLHQFH�DQG�-XGLFLDO�

(UURU�E\�6FKLIIHU�������� ���

���� ,OOXVWUDWLRQ�RI�%HUWLOORQ¶V�6\VWHP�RI�$QWKURSRPHWU\�IRU�

&ODVVLI\LQJ�1RVH�7\SHV��6RXUFHG�IURP��7KH�6SHDNLQJ�

3RUWUDLW��DQ�DUWLFOH�IURP�3HDUVRQ
V�0DJD]LQH�������

�)DUHEURWKHU�	�&KDPSNLQ�������� ���

���� &ODVVLILFDWLRQ�RI�0DTƗৢLG�DO�6KDUƯµDK�DQG�WKH�

&ODVVLILFDWLRQ�RI�(VVHQWLDO�9DOXHV�DGDSWHG�IURP�DO�

6KƗ৬LEƯ��������������DQG�DO�*KD]ƗOL��������������� ���

����� 5HODWLRQV�EHWZHHQ�DO�7DVKUƯ¶�DO�-LQƗ¶Ư�DO�,VOƗPL\��:DVƗ¶LO�

DO�,WKEƗW�IƯ�DO�6KDUƯµDK�DO�,VODPL\\DK�DQG�0DTƗৢLG�DO�

6KDUƯµDK�DGDSWHG�IURP�DO�6KƗ৬LEƯ���������,EQ�$EG�DO�

6DOƗP���������,EQ�µƖVKǌU���������,EQ�DO�4D\\LP��Q�G����

µ$XGDK��Q�G����DQG�DO�=XKD\OL�������� ���

���� 7KH�&ODVVLILFDWLRQ�RI�,QWHUHVWV�%HQHILWV�DQG�'LIIHUHQFH�RI�

2SLQLRQ�RYHU�DO�0DৢODতDK�DO�0XUVDODK�$GDSWHG�IURP�

$EX�=XKUDK�������������DQG�$XGD����������������� ���

���� &DWHJRULHV�RI�3UREDELOLW\�SHU�-XULVWV�:KR�(QGRUVHG�6DGG�

DO�'KDUƗLµ� ���

���� 7KH�5HODWLRQV�RI�0DৢƗOƯত�DO�0XUVDODK�DQG�6DGG�DO�

'KDUƯµDK�ZLWK�0DTƗৢLG�DO�6KDUƯµDK� ���

���� 2YHUYLHZ�RI�5HVHDUFK�0HWKRGRORJ\� ���

���� &RQFHSWXDO�5HVHDUFK�)UDPHZRUN� ���
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���� 2SHUDWLRQDO�5HVHDUFK�)UDPHZRUN� ���

���� )UHH�&RGLQJ�6WHS�$WODV�WL�+HUPHQHXWLF�,QWHUIDFH�

�VDPSOH�� ���

���� 2SHQ�&RGLQJ�6WHS�$WODV�WL�1HWZRUN�9LHZ��VDPSOH�� ���

���� $[LDO�&RGLQJ�6WHS�$WODV�WL�1HWZRUN�9LHZ��VDPSOH�� ���

���� 6HOHFWLYH�&RGLQJ�6WHS�$WODV�WL�1HWZRUN�9LHZ��VDPSOH�� ���

���� 3URFHGXUH�IRU�D�4XDOLWDWLYH�'HVFULSWLYH�$SSURDFK�RI�

&RQWHQW�$QDO\VLV�$GDSWHG�IURP�(OOLRWW�DQG�7LPXODN�

������� ���

���� 3URFHGXUH�IRU�$�'HGXFWLYH�$SSURDFK�RI�4XDOLWDWLYH�

&RQWHQW�$QDO\VLV�$GDSWHG�IURP�&KR�	�/HH�������� ���

����� 3URFHGXUH�IRU�$Q�,QGXFWLYH�$SSURDFK�RI�4XDOLWDWLYH�

&RQWHQW�$QDO\VLV�$GDSWHG�IURP�&KR�	�/HH�������� ���

����� 19LYR�$UDELF�)RQW�,VVXH��$QVZHU�IURP�465� ���

����� $UDELF�)RQW�,VVXH�LQ�19LYR� ���

����� +HUPHQHXWLF�3DJH�6DPSOH�RI�$WODV�WL� ���

����� 7ULDQJXODWLRQ�6WUDWHJ\�IRU�*7�DQDO\VLV� ����

���� 5HODWLRQVKLS�RI�7KH�%DQƯ�µ8UD\QDK�&DVH�ZLWK�7KH�

3K\VLFDO�(YLGHQFH�&RQFHSW�LQ�)RUHQVLF�6FLHQFH� ����

���� +LHUDUFK\�/HYHO�RI�6\DULDK�&RXUW�-XGJHV�LQ�0DOD\VLD� ����

���� 6DPSOH�RI�&DOLEUDWLRQ�5HVXOW�IRU�$�)RUHQVLF�6FLHQFH�

,QVWUXPHQW�DW�-$:,� ����

���� )RXQGDWLRQ�RI�HVWDEOLVKPHQW�RI�4XDOLW\�0DQDJHPHQW�

6\VWHP��,62�������,62������DQG�,62������

�,QWHUQDWLRQDO�2UJDQLVDWLRQ�RI�6WDQGDUG��������

,QWHUQDWLRQDO�6WDQGDUGV�2UJDQL]DWLRQ�������� ����

���� 06������������9DOXH�%DVHG�0DQDJHPHQW�6\VWHP�

0RGHO� ����

���� $�&RPELQDWLRQ�RI�7KUHH�7\SHV�RI�)RUHQVLF�6FLHQFH�

)XQGDPHQWDOV�$SSOLFDWLRQ�LQ�$FKLHYLQJ�0DTƗৢLG�DO�

6KDUƯµDK� ����

���� 7KH�8QGHUVWDQGLQJ�RI�)RUHQVLFV�-XULVSUXGHQFH�WKURXJK�

WKH�)LTK�RI�0D¶ƗOƗW� ����
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���� 7KH�$GDSWDWLRQ�5HFRPPHQGDWLRQ�RI�)RUHQVLF�6FLHQFH�

)XQGDPHQWDOV�IRU�6KDULDK�/HJDO�3XUSRVHV� ����

���� 7KH�$SSOLFDWLRQ�RI�)RUHQVLFV�)XQGDPHQWDO�

5HFRPPHQGDWLRQ�WRZDUGV�3UHVHUYLQJ�)LYH�(VVHQWLDO�

9DOXHV� ����

���� 2SHQ��$[LDO��DQG�6HOHFWLYH�&RGLQJ�2YHUYLHZ� ����

���� 7KH�7UDQVIHUDELOLW\�RI�)RUHQVLFV�)XQGDPHQWDOV�LQ�,VODP� ����

���� 2YHUYLHZ�RI�7KH�)UDPHZRUN�RI�)RUHQVLFV�)XQGDPHQWDOV�

DV�$Q�,QWHJUDWLRQ�ZLWK�DO�4DUƯQDK�WRZDUGV�$FKLHYLQJ�

0DTƗৢLG�DO�6KDUƯµDK� ����

���� )XQGDPHQWDOV�5HFRPPHQGDWLRQ�RI�)RUHQVLF�6FLHQFH�DV�

$Q�,QWHJUDWLRQ�ZLWK�DO�4DUƯQDK�WRZDUGV�$FKLHYLQJ�

0DTƗৢLG�DO�6KDUƯµDK� ����

����� 7KH�5HODWLRQVKLS�7KHRU\�RI�)XQGDPHQWDOV�)UDPHZRUN�

ZLWK�0DTƗৢLG�DO�6KDUƯµDK�IURP�,WV�7UDQVIHUDELOLW\�WR�

3UHVHUYH�DO�ঋDUǌUL\\ƗW�DO�.KDPVDK�WKURXJK�5HSRUWHG�

)RUHQVLF�&DVHV� ����

����� 7KH�5HODWLRQVKLS�7KHRU\�RI�)RUHQVLFV�$SSOLFDWLRQ�LQ�7KH�

'LYLVLRQV�RI�)LTK�ZLWK�7KH�3UHVHUYDWLRQ�RI�DO�ঋDUǌUL\\ƗW�

DO�.KDPVDK�WKURXJK�4&$�0HWKRG� ����

����� 7KH�)RUHQVLF�3ULQFLSOHV�DV�9DOXHV�WR�$FKLHYH�0DTƗৢLG�

DO�6KDUƯµDK� ����

���� 7KH�8QGHUVWDQGLQJ�RI�&HUWDLQW\�WKURXJK�,WV�/HYHO�RI�

3HUFHQWDJH�&RQFOXGHG�IURP�4&$�0HWKRG� ����

���� 6DPSOH�RI�)LHOG�6REULHW\�7HVW�&RPSLODWLRQ�*XLGHOLQHV� ����

������ 2YHUYLHZ�RI�7KH�,QWHJUDWLRQ�RI�)RUHQVLF�6FLHQFH�

)XQGDPHQWDOV�DQG�DO�4DUƯQDK�WRZDUGV�$FKLHYLQJ�

0DTƗৢLG�DO�6KDUƯµDK� ����

������ 7KH�7KHRU\�RI�$FKLHYLQJ�0DTƗৢLG�DO�6KDUƯµDK�WKURXJK�

)RUHQVLFV�-XULVSUXGHQFH� ����

������ 7KH�7KHRU\�RI�$FKLHYLQJ�0DTƗৢLG�DO�6KDUƯµDK�WKURXJK�

+XPDQ�&DSLWDO� ����
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������ $Q�,OOXVWUDWLRQ�RI�DO�$ৢIDKƗQƯ�,VODPLF�DQG�+ROLVWLF�

'HYHORSPHQW�0RGHO�6RXUFHG�IURP�2ODGDSR�DQG�$VPDN�

������� ����

������ 7KH�7KHRU\�RI�$FKLHYLQJ�0DTƗৢLG�DO�6KDUƯµDK�WKURXJK�

)RUHQVLF�$QDO\VLV� ����

������ 7KH�7KHRU\�RI�$FFUHGLWDWLRQ�&RPELQDWLRQ�7RZDUGV�

$GDSWDWLRQ�RI�)RUHQVLF�6FLHQFH�IRU�6KDULDK�/HJDO�

3XUSRVH�WR�$FKLHYH�0DTƗৢLG�DO�6KDUƯµDK� ����

�

� �
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$'� � � �� � $QQR�'RPLQL��EHIRUH�FXUUHQW�HUD��

$),6� � � �� � $XWRPDWHG�)LQJHUSULQW�,GHQWLILFDWLRQ�6\VWHP�

$+� � � �� � $IWHU�+LMUDK�

%�&�(��%&(� � �� � %HIRUH�&XUUHQW�(UD�

&�(��&(� � �� � &XUUHQW�(UD�

'$,-����������������������������� 'LSORPD� LQ� ,VODPLF� -XGLFLDU\� DQG� /HJDO�

$GPLQLVWUDWLRQ�

'1$� � � �� � 'HR[\ULERQXFOHLF�$FLG�

)%,� � � �� � )HGHUDO�%XUHDX�RI�,QYHVWLJDWLRQ�

*7� � � �� � *URXQGHG�7KHRU\�

,.0� � � �� � ,QVWLWXW�.LPLD�0DOD\VLD�

,/.$3�� � �� � -XGLFLDO�DQG�/HJDO�7UDLQLQJ�,QVWLWXWH�

,77&����������������������������� %DKDJLDQ� ,QGXVWUL� 'DQ� .ODVLILNDVL� 7DULI�

'DJDQJDQ� �,QGXVWU\� DQG� 7UDGH� 7DULII�

&ODVVLILFDWLRQ��

-$:,����������������������������� -DEDWDQ� $JDPD� ,VODP� :LOD\DK� 3HUVHNXWXDQ�

�'HSDUWPHQW� RI� )HGHUDO� 7HUULWRU\� RI� ,VODPLF�

$IIDLUV��

-.60����������������������������� -DEDWDQ�.HKDNLPDQ�6\DULDK�0DOD\VLD��6KDULDK�

-XGLFLDU\�'HSDUWPHQW�RI�0DOD\VLD��

.,0,$�������������������������� -DEDWDQ� .LPLD� 0DOD\VLD� �'HSDUWPHQW� RI���

&KHPLVWU\��

10/� � � �� � 1DWLRQDO�0HWURORJ\�/DERUDWRU\�

1R�� � � �� � 1XPEHU� �

S�E�X�K�� � �� � 3HDFH�EH�XSRQ�+LP�
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U�D�� � � �� � 5DڲLDOODK�µDQKX��µDQKXP��µDQKƗ�

3'� � � �� � 3ULPDU\�'DWD�

SO�� � � �� � 3OXUDO�

%3$� � � �� � %ORRG�3DWWHUQ�$QDO\VLV�

33� � � �� � 3XEOLF�3URVHFXWRU�

33$������������������������������� 3HJDZDL� 3HQJXDWNXDVD� $JDPD� �5HOLJLRXV�

(QIRUFHPHQW�2IILFHU��

503� � � �� � 5R\DO�0DOD\VLD�3ROLFH�

6$00�������������������������� 6LMLO� $NUHGLWDVL� 0DNPDO� 0DOD\VLD� �/DERUDWRU\�

$FFUHGLWDWLRQ�6FKHPH�RI�0DOD\VLD��

6,06� � � �� � 6HFRQGDU\�,RQ�0DVV�6SHFWURPHWU\�

6,5,0��������������������������� 6FLHQWLILF� DQG� ,QGXVWULDO� 5HVHDUFK� ,QVWLWXWH� RI�

0DOD\VLD�

623� � � �� � 6WDQGDUG�2SHUDWLQJ�3URFHGXUH�

67$1'$5'6� �� � 'HSDUWPHQW�RI�6WDQGDUGV�0DOD\VLD�

675� � � �� � 6SHFLDO�7HFKQLFDO�5HTXLUHPHQW�

V�Z�W�� � � �� � 6XEۊƗQDKX�ZD�WDµƗOƗ�

� �
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7$%/(�2)�&$6(6�

-R\�ELQ�)HOL[�Y�3XEOLF�3URVHFXWRU���>����@���0/-�����

/DL�:HQJ�.HDW�Y�3XEOLF�3URVHFXWRU���>����@���0/-������

/LQJ�+DZ�&KHXQ�Y�3XEOLF�3URVHFXWRU���>����@���0/-�����

$]LODK�ELQ�+DGUL�	�$QRU�Y�3XEOLF�3URVHFXWRU�DQG�DQRWKHU�DSSHDO���>����@���0/-�����

3HQGDNZD�6\DULH�1HJHUL�6DEDK�OZQ��5RVOL�ELQ�$EGXO�-DSDU���>����@������-+�����

3XEOLF�3URVHFXWRU�Y�6DP�+RQJ�&KR\���>����@���0/-�����

-XQDLGL�ELQ�$EGXOODK�Y�3XEOLF�3URVHFXWRU���>����@���0/-����������6&�

3XEOLF�3URVHFXWRU�Y�/LP�/LDQ�&KHQ�>����@���0/-�����

'DWR¶�0RNKWDU�ELQ�+DVKLP�Y�3XEOLF�3URVHFXWRU�>����@���0/-������)&�

3XEOLF�3URVHFXWRU�Y�0XKDPHG�ELQ�6XODLPDQ�>����@���0/-�����)&�

.RQJ�1HQ�6LHZ�>����@���0/-�����

:RQJ�&KRS�6DRZ�Y�3XEOLF�3URVHFXWRU�>����@���0/-�����

�

� �
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&RQVRQDQWV��

�

$UDELF�� 7UDQVOLWHUDWHG�(QJOLVK�� $UDELF�� 7UDQVOLWHUDWHG�(QJOLVK�

�

Ǥy�Ǫ� �� � ¶$��$� � � ǹ� �� � 6�

Ǭ� �� � %� � � Ǻ� �� � '�

Ǯ� �� � 7� � � ǻ� �� � 7�

ǯ� �� � 7+� � � Ǽ� �� � =�

ǰ� �� � -� � � ǽ� �� � µ�

Ǳ� �� � +� � � Ǿ� �� � *+�

ǲ� �� � .+� � � Ȁ� �� � )�

ǳ� �� � '� � � ȁ� �� � 4�

Ǵ� �� � '+� � � Ȃ� �� � .�

ǵ� �� � 5� � � ȃ� �� � /�

Ƕ� �� � =� � � Ȅ� �� � 0�

Ƿ� �� � 6� � � ȅ� �� � 1�

Ǹ� �� � 6+� � � ȇ� �� � :� �
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'LSKWKRQJ��

$UDELF�� 7UDQVOLWHUDWHG�(QJOLVK�� $UDELF�� 7UDQVOLWHUDWHG�(QJOLVK�

�

ȉȓǫ� �� � D\� � � ȇȓǫ� �� � DZ�

9RZHOV��

$UDELF�� 7UDQVOLWHUDWHG�(QJOLVK�

�

�Ȓ ǫ� �� � D�

�
Ү
Ǫȉ � �� � ë�

�Ҭǫȇ � �� � X�

� �
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$NKOƗT�� � � �� *RRG�YLUWXH�

µ$TƯGDK� � � �� )DLWK�

$O�ED\\LQDK� � � �� 0HDQ�RI�SURRI�

$Oڲ�DUǌUL\\ƗW�DO�NKDPVDK� �� )LYH�HVVHQWLDO�YDOXHV�

)DVNKX�DOۊ�XNP� � �� 7HUPLQDWLRQ�RI�MXGJHPHQW�

�LIܲ�DO�GƯQۉ � � �� 7KH�SUHVHUYDWLRQ�RI�UHOLJLRQ�

�LIܲ�DO�QDIVۉ � � �� 7KH�SUHVHUYDWLRQ�RI�OLIH�

�LIܲ�DO�µDTOۉ � � �� 7KH�SUHVHUYDWLRQ�RI�LQWHOOHFW�

�LIܲ�DO�PƗOۉ � � �� 7KH�SUHVHUYDWLRQ�RI�SURSHUW\�

�LIܲ�DO�QDVO�µLUGۉ � �� 7KH�SUHVHUYDWLRQ�RI�OLQHDJH�GLJQLW\�

µ,EƗGƗW�� � � �� :RUVKLSSLQJ�

-XPKǌU� � � �� 0RVW�VFKRODUV�

0XƗPDOƗW� � � �� 7UDQVDFWLRQ�

$O�TDUƯQDK� � � �� &LUFXPVWDQWLDO�(YLGHQFH�

6DQDG� � � � �� 7KH�FKDLQ�RI�QDUUDWRU��LQ�D�KDGLWK��

�D\QۊÄۊ�܇ � � �� 5HIHUV�WR�ৡDতƯত�%XNKDUL�DQG�0XVOLP�

6KXEKDK� �� 'RXEWV��FRQMHFWXUH��KHVLWDWLRQ�

$O�TƗڲƯ� �� -XGJH��

$O�LTUƗU� �� &RQIHVVLRQ�

$O�VKDKƗGDK� �� 7HVWLPRQ\�

$O�\DPƯQ� �� 2DWK�

8ODPƗ¶�DO�PXWDTDGGLPƯQ� �� 3UHYLRXV�VFKRODUV�

8ODPƗ¶�DO�PXµƗVLUƯQ� � �� 3UHVHQW�ODWHVW�VFKRODUV
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/,67�2)�$33(1',&(6�

$33(1',;�
�

7,7/(� 3$*(�

� � � �
$�� &RS\ULJKWV��$ZDUGV��DQG�3XEOLFDWLRQV� ����

%�� 2YHUDOO�1HWZRUN�9LHZ�RI�&RGLQJ�5HVXOWV� ����

%�� +LHUDUFK\�RI�)UHH�1RGHV��2SHQ��$[LDO��DQG�6HOHFWLYH�&RGHV� ����

%�� ,QWHUYLHZ�3URWRFRO��� ����

%�� ,QWHUYLHZ�3URWRFRO��� ����

&�� $GGLWLRQDO�4XDOLILFDWLRQ� ����

&�� $GGLWLRQDO�4XDOLILFDWLRQ��&RQWLQXHG�� ����

'�� (QVXULQJ�7UXVWZRUWKLQHVV� ����

'�� (QVXULQJ�7UXVWZRUWKLQHVV��&RQWLQXHG�� ����

(�� *DLQLQJ�,QWHUQDO�9DOLGLW\��� ����

(�� *DLQLQJ�,QWHUQDO�9DOLGLW\��� ����

(�� *DLQLQJ�,QWHUQDO�9DOLGLW\��� ����

(�� *DLQLQJ�,QWHUQDO�9DOLGLW\��� ����

)� 7KHRUHWLFDO�VDPSOLQJ�DQG�&RGLQJ�3URFHVV��6DPSOH�� ����
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���� 3UHOLPLQDU\�6WXG\�

7HFKQRORJ\� LV� FRQVWDQWO\� HYROYLQJ� DV� WKH�ZRUOG� KDV� EHHQ� UDSLGO\� FKDQJHG��

+XPDQ�VRFLHW\�QRZDGD\V�EHFDPH�PRUH�VRSKLVWLFDWHG��PRUH�DGYDQFHG�DQG�FRPSOHWHO\�

GLIIHUHQW�DV�GD\V�SDVVHG��7HFKQRORJ\�KDV�GUDVWLFDOO\�FKDQJHG�HYHU\WKLQJ�PDNLQJ�WKH�

GDLO\�OLIH�HDVLHU��PRUH�HIILFLHQW��DQG�XQGRXEWHGO\�LQIOXHQFLQJ�SHRSOH�E\�FKDQJLQJ�WKH�

H[SHFWDWLRQV�DQG�UHDOLWLHV��)RUHQVLF�VFLHQFH�LV�RQH�RI�WKH�DUHDV�WKDW�GHYHORS�LQ�JUHDW�

VSHHG��7KH�GHYHORSPHQW�DQG�LPSURYHPHQW�RI�WHFKQRORJ\�XVHG�LQ�WKH�ILHOG�RI�IRUHQVLF�

REYLRXVO\�KHOSV�LQ�SURYLGLQJ�JRRGQHVV��HOLPLQDWLQJ�KDUPV�DQG�JLYLQJ�MXVWLFH��3ULRU�WR�

LWV� ILHOG�� IRUHQVLF� VFLHQFH�PHUHO\�JLYHV�EHQHILWV� LQ� WKH� MXGLFLDO�DVSHFW� LQ�KHOSLQJ� WR�

VROYH�FDVHV�DQG�FRQYLFW�FULPLQDOV��0RUHRYHU��IRUHQVLF�VFLHQFH�KDV�VKDSHG�WKH�ZRUOG�

RI�MXVWLFH�E\�VHWWLQJ�XS�LWV�SULRU�WR�EH�LQ�KLJKHU�OHYHO�LQ�FRXUW��:LWKRXW�IRUHQVLF�VFLHQFH��

WKH� WUXWK� EHKLQG� VRPH� RI� WKH� PRVW� VRSKLVWLFDWHG� FULPLQDO� DFWLRQV� ZRXOG� UHPDLQ�

XQVROYHG��&HUWDLQO\��ZLWK�WKH�DGYDQFHPHQW�RI�WHFKQRORJ\�DQG�WKH�GHYHORSPHQW�RI�QHZ�

PHWKRGV�DQG�WHFKQLTXHV�LQ�WKLV�IRUHQVLF�ILHOG�ZLOO�SUHFLVH�DQG�LQFUHDVH�WKH�DFFXUDF\�RI�

VROYLQJ�WKH�FULPHV��

$GPLWWHGO\��DO�TDUƯQDK�KDV�EHHQ�XVHG�IURP�WKH�HDUOLHU�SUHVHQFH�RI� ,VODP�WR�

SULRU�MXVWLFH�LQ�ILUVW�SODFH��,Q�D�JOLPSVH��WKH�UHODWLRQ�EHWZHHQ�IRUHQVLF�VFLHQFH�DQG�DO�

TDUƯQDK�LQ�SUHVHUYLQJ�KXPDQ�HVVHQWLDO�YDOXHV�JLYHV�D�JHQHUDO�K\SRWKHVLV�WKDW�IRUHQVLF�
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VFLHQFH�KDV�LWV�RZQ�UROH�LQ�SUHVHUYLQJ�WKH�ILYH�HVVHQWLDO�YDOXHV�LQ�PDTƗ܈LG�DO�VKDUƯµDK��

IDLWK��OLIH��OLQHDJH��LQWHOOHFW��DQG�SURSHUW\��,Q�WKH�VDPH�WLPH��DO�VKDUƯµDK�LV�FRPPRQO\�

JURXQGHG�RQ�LQWHUHVWV�WR�WKH�LQGLYLGXDO�DQG�FRPPXQLW\��DQG�LW�LV�LQWHQWLRQHG�WR�SURWHFW�

DQG�SUHVHUYH�EHQHILWV�DQG�WR�SURYLGH�DQG�SHUIHFW�D�EHWWHU�FRQGLWLRQ�RI�KXPDQ�OLIH�RQ�

HDUWK��0DTƗ܈LG�DO�VKDUƯµDK�LV�WKH�NQRZOHGJH�RI�WKH�JRDOV�RU�WKH�SXUSRVHV�WKDW�$OODK�

�V�Z�W��KDV�FRQVLGHUHG� LQ� IRUPXODWLQJ� WKH� ODZV�RI� ,VODP�� ,W�GLVFXVVHV�RQ�ZK\�RI� WKH�

SDUWLFXODU� OHJLVODWLRQ�RI�UXOH� OHJLVODWHG��7KH�GLVFRYHULHV�RI� WKH�UHODWLRQVKLS�EHWZHHQ�

IRUHQVLF�VFLHQFH�DQG�PDTƗ܈LG�DO�VKDUƯµDK� WKURXJK�WKH�LQWHJUDWLRQ�RI�DO�TDUƯQDK�KDV�

\HW�WR�EH�GRQH��+HQFH��WKLV�TXDOLWDWLYH�VWXG\�ZDV�FRQGXFWHG�WR�ILOO�WKH�JDSV��

���� %DFNJURXQG�RI�6WXG\�

$GYDQFHG�WHFKQRORJ\�DQG�VRSKLVWLFDWHG�FULPH�VWUDWHJLHV�QRZDGD\V�FRQWULEXWH�

WR�ODUJH�QXPEHUV�RI�YHU\�FRPSOLFDWHG��GLIILFXOW�WR�EH�VROYHG�DQG�ZHOO�SODQQHG�FDVHV��

&ULPLQDOV�ZLOO�WU\�WKHLU�EHVW�WR�FRQFHDO�FULPHV�XVLQJ�YDULRXV�PHWKRGV�DQG�VWUDWHJLHV��,Q�

D�UHIHUHQFH�WR�WKH�,VODPLF�ODZ�LQWURGXFHG�E\�,VODPLF�FRXQWULHV�VXFK�DV�6DXGL�$UDELD��

3DNLVWDQ�� 6XGDQ�� ,UDQ�� DQG� 0DOD\VLD�� WKHUH� DUH� VRPH� HQDFWPHQWV� DQG� VWDWXWHV�

FRQFHUQLQJ�WKH�ODZ�RI�HYLGHQFH�DQG�LWV�YDOLGLW\��+RZHYHU��WKHUH�LV�D�VLWXDWLRQ�ZKHUH�

VRPH�PHDQV� RI� SURRI� KDV� EHFRPH� LQVXIILFLHQW� DQG� LQHIILFLHQW� LQ� DVVLVWLQJ� WR� VROYH�

FULPHV� DQG� FDVHV�� 6RPH� RI� WKH�PHWKRGV� DUH� DOVR� RXW�GDWHG� DQG� LQFDSDEOH� WR� VROYH�

SURIHVVLRQDO� DQG� VRSKLVWLFDWHG� FULPHV� WKXV� EULQJ� LQMXVWLFH� WR� YLFWLPV�� � ,W� LV� DQ�

XQDYRLGDEOH�SUREOHP�IDFHG�LQ�WKHVH�FRXQWULHV��

$V� UHSRUWHG� E\� /DXSD� -XQXV� �������� E\� IRFXVVLQJ� RQ� WKH� GHYHORSPHQW� RI�

VFLHQFH� DQG� WHFKQRORJLFDO�SURJUHVV� LQ� WKH� ILHOG�RI� IRUHQVLF� VFLHQFH�FDQ�EH�XVHIXO� LQ�

FULPLQRORJ\� ILHOG�� )RUHQVLF� VFLHQFH� KDV� KHOSHG� ODZ� HQIRUFHPHQW� LQ� VROYLQJ� FULPHV�

WKURXJK� GHWHFWLRQ� PHWKRGV� VXFK� DV� ILQJHUSULQWLQJ�� WKH� ILUHDUPV� LGHQWLILFDWLRQ�

�LQYROYLQJ� WKH� H[DPLQDWLRQ� RI� EXOOHWV� DQG� VKHOOV� DQG� JXQILUH� UHVLGXH� DQDO\VLV���

FODVVLILFDWLRQ� RI� EORRG�� GHR[\ULERQXFOHLF� DFLG� �'1$�� SURILOLQJ�� DQDO\VLV� WUDFH�
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HYLGHQFH��RWKHU�DQDO\VHV��LQFOXGLQJ�H[DPLQDWLRQ�RI�GRFXPHQWV��GLJLWDO�IRUHQVLFV�DQG�

IRUHQVLF�PHGLFLQH��DV�NQRZQ�DV�IRUHQVLF�SDWKRORJ\���'1$�SURILOLQJ��IRU�H[DPSOH��ZDV�

ILUVW�LQWURGXFHG�DQG�DGRSWHG�LQ������LQ�(QJODQG�ZKHQ�SROLFH�RUGHUHG�$OOHF�-HIIUH\V�

IURP�(QJODQG�ZKR�VWXGLHG�WKH�XVH�RI�'1$�LQ�IRUHQVLFV��WR�SURYH�WKH�WHVWLPRQ\�RI�D�

���\HDU�ROG� \RXWK� LQ� D� UDSH� DQG� PXUGHU� FDVH� LQ� (QJODQG
V� 0LGODQGV�� 7KH� '1$�

SURILOLQJ�WHVW�WKHQ�FRQILUPHG�WKH�WHHQDJHU�LV�WKH�YLFWLP�DQG�QRW�ORQJ�DIWHU�WKDW��WKH�UHDO�

UDSLVWV�DUUHVWHG�DOVR�XVLQJ�'1$�SURILOLQJ�PHWKRGV��&RUPLHU�HW�DO�����������

+LVWRULFDOO\�� LW� ZDV� UHFRUGHG� LQ� WKH� VWRU\� RI� 3URSKHW� <ǌVXI� �S�E�X�K��� DQG�

LPUD¶DK�DO�µD]Ư]��WKH�ZLIH�RI�WKH�JRYHUQRU��WKDW�DO�TDUƯQDK�KDG�EHHQ�XVHG�WR�GHWHUPLQH�

WUXH�IDFWV�RI�WKH�VLWXDWLRQ��7KHUHIRUH��WKH�WHDU�RI�3URSKHW�<ǌVXI¶V��S�E�X�K���JDUPHQW�DW�

WKH�EDFN�LV�D�SRZHUIXO�IRUP�RI�DO�TDUƯQDK�WR�VKRZ�WKDW�3URSKHW�<ǌVXI��S�E�X�K���GLG�

QRW�KDUDVV�WKH�ZRPDQ�EXW�LQ�IDFW�WKDW�ZRPDQ�SXUVXHG�KLP��7KH�YHUVHV�DUH�DV�LQ�WKH�

VHTXHO�EHORZ��

�

L�� &DVH�RFFXUUHG��

� ՑɰȆ Ցɠ� Օɰ Փǻ�Ȇ Ցɺ Փɨ
Օɸ
Ց
Ƿ� Օɵ Փɭ�

Տȯ ՓɸȆ
ՑȻ� Ցȯ Փɺ

ՑȻ Ցɼܣ� Փۜؠ
Օɘ Ցɱ� Օɵ Ցɏܣ� Փۚ

Օȕ ՑȮ ՑɼȄ ՑȲ� Ցʏ Փۂ� ՑɤȆ
Ցɛ�� Րɪ Ւȍ Ւɛ� Օɵ Փɭ�

զȯ Ւɛ� Ւɻ Ւɀʊ Փɮ
Ցɛ

�� Ցɰ؈ Փȉ ՓȰȆ
Ցɢ ՕɦȄ� Ցɵ Փɭ� Ցɽ Ւɸ Ցɼ� Օș Ցɛ Ցȯ Ցɀ Ցɗհմ��

7UDQVODWLRQ��+H��<ǌVXI��VDLG���,W�ZDV�VKH�WKDW�VRXJKW�WR�VHGXFH�PH���
DQG�D�ZLWQHVV�RI�KHU�KRXVHKROG�ERUH�ZLWQHVV��VD\LQJ���,I�LW�EH�WKDW�KLV�
VKLUW�LV�WRUQ�IURP�WKH�IURQW��WKHQ�KHU�WDOH�LV�WUXH��DQG�KH�LV�D�OLDU���

�6ǌUDK�<ǌVXI����������

�

LL�� +\SRWKHVLV�LQIHUUHG��

�� Ցɰ؈ Փɛ ՓȮȆ զɀɦȄ� Ցɵ Փɭ� Ցɽ Ւɸ Ցɼ� Օș Ցȉ Ցȱ Ցɡ Ցɗ� Րȳ
Ւȉ ՒȮ� Օɵ Փɭ�

զȯ Ւɛ� Ւɻ Ւɀʊ Փɮ
Ցɛ� ՑɰȆ Ցɠ� Օɰ Փǻ

Ցɼհյ��

7UDQVODWLRQ���%XW�LI�LW�EH�WKDW�KLV�VKLUW�LV�WRUQ�IURP�WKH�EDFN��WKHQ�VKH�
KDV�WROG�D�OLH�DQG�KH�LV�VSHDNLQJ�WKH�WUXWK�´��

�6ǌUDK�<ǌVXI���������

�

LLL�� ,QYHVWLJDWLRQ�VWDUWHG�DQG�HYLGHQFH�IRXQG��



��

�

�� Տɯʊ ՓɌ Ցɏ� զɵ Ւɟ Ցȯ Օʊ Ցɟ� զɰ Փǻ�
զɵ Ւɟ Փȯ Օʊ

Ցɟ� Օɵ Փɭ�
Ւɻ զɱ Փǻ� ՑɤȆ

Ցɛ� Րȳ
Ւȉ ՒȮ� Օɵ Փɭ�

զȯ Ւɛ� Ւɻ Ցɀʊ Փɮ
Ցɛ�ɾ

Ց
Ƿ ՑȲ�Ȇ զɮ

Ցɨ Ցɗհն��

7UDQVODWLRQ��6R��ZKHQ�KH��KHU�KXVEDQG��VDZ�KLV��<ǌVXI
V��VKLUW�WRUQ�DW�
WKH� EDFN�� �KHU� KXVEDQG�� VDLG�� �6XUHO\�� LW� LV� D� SORW� RI� \RX� ZRPDQ��
&HUWDLQO\��PLJKW\�LV�\RXU�SORW���

��6ǌUDK�<ǌVXI���������
�

LY�� -XGJHPHQW�DQG�GHFLVLRQ��

�� Ցɰ؈ ՓȀ ՓɇȆ
Ցݵ ՕݍȄ� Ցɵ Փɭ� Փș

Օɳ Ւɟ� Փɣ
զɱ Փǻ� Փɣ Փȍ

Օɱ Ցȱ Փɦ�ʅՓȳ Փɘ
Օɔ Ցȗ ՕȷȄ Ցɼ�Ȅ Ցȱ Ցɸ� Օɵ Ցɏ� ՕɂՓȳ

Օɏ
Ց
Ƿ� Ւə Ւȷɽ Ւʆհշ��

7UDQVODWLRQ�� �2� <ǌVXI�� 7XUQ� DZD\� IURP� WKLV�� �2� ZRPDQ��� $VN�
IRUJLYHQHVV�IRU�\RXU�VLQ��9HULO\��\RX�ZHUH�RI�WKH�VLQIXO����

�6ǌUDK�<ǌVXI���������

�

7R�EH�QRWHG� LQ� WKLV� DFFRXQW��DO�TDUƯQDK� KDV�EHHQ�GLVFRYHUHG� WKURXJK�D� IHZ�

FRQFHSWV�RI�EDVLF� IRUHQVLF� LQYHVWLJDWLRQ�DV�PHQWLRQHG�DERYH��7KH�YHUVH���� OLWHUDOO\�

VKRZV�WKDW�WKHUH�ZDV�DQ�LQYHVWLJDWLRQ�PDGH�WR�GLVFRYHU�WKH�UHDO�FRQGLWLRQ�RI�VLWXDWLRQ��

3URSKHW�<ǌVXI¶V��S�E�X�K��VKLUW�FDQ�EH�FRQVLGHUHG�DV�SK\VLFDO�HYLGHQFH�DV�6LHJHO��������

VD\V� WKDW� SK\VLFDO� HYLGHQFH� FRQVLVWV� RI� REMHFWV� RU� WKLQJV�� 7KH� YHUVH� DOVR� FRXOG� EH�

UHODWLYHO\�XVHG�QRZDGD\V�WR�EH�UHODWHG�ZLWK�WKH�RXWVROH�LPSUHVVLRQV�DQG�LQVROH�LPSULQW�

LQ� WKH� FRQFHSW�RI� IRUHQVLF� HYLGHQFH��+HQFH�� LW� GHPRQVWUDWHV� WKDW� WKH� DFFRXQW�RI� WKH�

3URSKHW� <ǌVXI� �S�E�X�K��� FRQWDLQV� WKH� DGPLVVLELOLW\� RI� IRUHQVLF� VFLHQFH� ZLWKLQ� WKH�

FRQFHSW�RI�DO�TDUƯQDK�LQ�,VODP��$V�IRU�WKH�IDPRXV�KDGLWK�LQ�WKH�ERRN�RI�DO�JKDQƯPDK�

�VSRLOV�RI�ZDU���DO�%XNKƗUL����������,EQ�5DMDE��������VDLG�WKDW�LQ�WKLV�KDGLWK�3URSKHW�

0XKDPPDG��S�E�X�K���QRWLFHG�WKDW�WKH�VZRUG�RI�,EQ�DO�-DPXত�KDG�EHHQ�SHQHWUDWHG�GHHS�

�������������������������������������������������
��7KH�KDGLWK�UHIHUV�WR��7UDQVODWLRQ���:KLOH�,�ZDV�VWDQGLQJ�LQ�WKH�URZ�RQ�WKH�GD\��RI�WKH�EDWWOH��RI�%DGU��
,�ORRNHG�WR�P\�ULJKW�DQG�P\�OHIW�DQG�VDZ�WZR�\RXQJ�$QVDUL�ER\V��DQG�,�ZLVKHG�LI�,�ZHUH�EHWZHHQ�VRPH�
VWURQJHU��PHQ��WKDQ�WKH\��2QH�RI�WKHP�FDOOHG�P\�DWWHQWLRQ�VD\LQJ�����8QFOH��'R�\RX�NQRZ�$EX�-DKO"��
,�VDLG���<HV��ZKDW�GR�\RX�ZDQW�IURP�KLP����P\�QHSKHZ"��+H�VDLG���,�KDYH�EHHQ�LQIRUPHG�WKDW�KH�DEXVHV�
$OODK
V�0HVVHQJHU��%\�+LP�LQ�:KRVH�+DQGV�P\�VRXO� LV�� LI�,�VKRXOG�VHH�KLP��WKHQ�P\�ERG\�ZLOO�QRW�
OHDYH�KLV�ERG\�WLOO�HLWKHU�RI�XV�PHHWV�KLV�GHDWK���,�ZDV�DVWRQLVKHG�DW�WKDW�WDON��7KHQ�WKH�RWKHU�ER\�FDOOHG�
P\�DWWHQWLRQ�VD\LQJ�WKH�VDPH�DV�WKH�RWKHU�KDG�VDLG��$IWHU�D�ZKLOH�,�VDZ�$EX�-DKO�ZDONLQJ�DPRQJVW�WKH�
SHRSOH��,�VDLG��WR�WKH�ER\V����/RRN��7KLV�LV�WKH�PDQ�\RX�DVNHG�PH�DERXW���6R��ERWK�RI�WKHP�DWWDFNHG�KLP�
ZLWK� WKHLU� VZRUGV�DQG�VWUXFN�KLP�WR�GHDWK�DQG�UHWXUQHG� WR�$OODK
V�0HVVHQJHU� WR� LQIRUP�KLP�RI� WKDW��
$OODK
V�0HVVHQJHU�DVNHG���:KLFK�RI�\RX�KDV�NLOOHG�KLP"��(DFK�RI�WKHP�VDLG���,�KDYH�NLOOHG�KLP���$OODK
V�
0HVVHQJHU�DVNHG���+DYH�\RX�FOHDQHG�\RXU�VZRUGV"��7KH\�VDLG���1R���+H�WKHQ�ORRNHG�DW�WKHLU�VZRUGV�
DQG�VDLG���1R�GRXEW��\RX�ERWK�KDYH�NLOOHG�KLP�DQG�WKH�VSRLOV�RI�WKH�GHFHDVHG�ZLOO�EH�JLYHQ�WR�0X
DGK�
ELQ�
$PU�ELQ�DO�-DPXK��
�7KH�WZR�ER\V�ZHUH�0X
DGK�ELQ�
$IUD
�DQG�0X
DGK�ELQ�
$PU�ELQ�$O�-DPXK���
�

�DO�%XNKƗUL��������+DGLWK�1R��������
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LQWR�WKH�ERG\�RI�WKH�NLOOHG�PDQ��0XKDPPDG�0XKVLQ�.KDQ���������/LWHUDOO\��WKLV�KDGLWK�

VKRZV�WKDW�WKH�3URSKHW�0XKDPPDG��S�E�X�K���GHFLGHG�LQ�WKH�XVH�RI�DO�TDUƯQDK�ZLWKLQ�

WKH�EDVLV�RI�IRUHQVLF�VFLHQFH��7KH�H[KLELW�RI�EORRG�VWDLQHG�RQ� WKH�VZRUGV�RI�WKH�WZR�

FODLPDQWV� ZDV� XVHG� E\� WKH� 3URSKHW� �S�E�X�K��� DV� D� WUXWK� LQGLFDWRU� RI� WKH� FODLP��

*HQHUDOO\��WKH�LQGLFDWLRQ�RI�EORRG�VWDLQ�ZDV�DQ�DPD]LQJ�ZLWQHVV�DV�WKHRULVHG�E\�,EQ�DO�

4D\\LP��G������$+�������&(���Q�G����7KLV�SXW�WKH�OHYHO�RQ�WKH�VDPH�SDU�DV�RWKHU�PHDQV�

RI�SURRI�LQ�JLYLQJ�WKH�MXVWLFH�WR�PDQNLQG�WKURXJK�WKH�SUHVHUYDWLRQ�RI�KXPDQ�HVVHQWLDO�

YDOXHV��$V�D� WKHRU\�� WKLV�PHWKRG� LV� WKH� VDPH�DV�XVHG�E\� IRUHQVLF�DQDO\VW�NQRZQ�DV�

%ORRGVWDLQ�3DWWHUQ�$QDO\VLV��%3$���ZLWKLQ�WKH�FRQVLGHUDWLRQV�RI�ELRORJLFDO��FKHPLFDO��

DQG�SK\VLFDO�WR�LGHQWLI\�WKH�UHDO�VLWXDWLRQ�RI�DQ\�FDVHV��%3$�LV�D�GLVFLSOLQH�WKDW�XVHV�

WKH�ILHOGV�RI�ELRORJ\��SK\VLFV��DQG�PDWKHPDWLFV��-DPHV�HW�DO����������$V�DQ�LQIHUHQFH��

LI�PRUH�H[WHQVLYH�DQDO\VLV�PDGH�WR�HODERUDWH�RQ�WKLV�VWRU\��WKH�PHWKRG�XVHG�E\�3URSKHW�

0XKDPPDG��S�E�X�K���FRXOG�EH�FODVVLILHG�WR�EH�LQ�V\QF�ZLWK�RWKHU�UHOLDEOH�IRUHQVLFV�

PHWKRGV�VXFK�DV�'1$�SURILOLQJ�PHWKRG�XQGHU�FULPLQDOLVW�IRUHQVLFV��,W�LV�DOVR�LQIHUUHG�

E\� WKDW� WLPH� 3URSKHW� 0XKDPPDG� �S�E�X�K��� KDV� DOUHDG\� XVHG� WKH� IRUHQVLF� VFLHQFH�

DSSOLFDWLRQ�WR�VROYH�FDVHV�EXW�ZLWKLQ�WKH�WHFKQRORJ\�OLPLWDWLRQ��1RQH�RI�WKH�OHVV�ZH�

FDQ�DOVR�LQIHU�WKDW�EDVHG�RQ�WKLV�DFFRXQW��WKH�3URSKHW�0XKDPPDG��S�E�X�K���KDV�WDNHQ�

WKH�UROH�DV�DQ�LQYHVWLJDWRU�WR�LQYHVWLJDWH�WKH�UHDO�VLWXDWLRQ�DQG�VFUXWLQLVHG�WKH�VZRUG�

ZKLFK�FDQ�EH�UHODWHG�WR�EDVLF�SULQFLSOHV�RI�FULPH�VFHQH�LQYHVWLJDWLRQ��

7KHVH�DUH�MXVW�WZR�VDPSOHV�RI�FDVHV�IURP�QXPHURXV�,VODPLF�FODVVLFDO�DFFRXQWV�

WKDW�UHODWLYHO\�FRQWDLQ�WKH�IRUHQVLF�VFLHQFH�YDOXHV�WR�EH�GLVFRYHUHG��$OO�RI� WKHP�DUH�

EDUHO\� IXQGDPHQWDO� WKHRULHV�� EDVLF� SULQFLSOHV�� LQIHUHQFHV� DQG� HTXDWLRQV� LQ� IRUHQVLF�

VFLHQFH�WKDW�FDQ�EH�FRQQHFWHG�ZLWK�PDTƗڍLG�DO�VKDUƯµDK��,Q�RUGHU�WR�GLVFRYHU�PRUH�RQ�

WKH� IRUHQVLFV� HOHPHQWV� LQ� FODVVLFDO� PDQXVFULSWV� DQG� ZKHWKHU� IRUHQVLF� VFLHQFH� FDQ�

UHDOLVH�PDTƗڍLG�DO�VKDUƯµDK�RU�QRW��IXUWKHU�UHVHDUFK�KDV�WR�EH�PDGH��$V�D�SUHOLPLQDU\�

WKHRU\�EDVHG�RQ�WKHVH�LQWURGXFWRU\�VWXGLHV��IRUHQVLF�VFLHQFH�KDV�LWV�RZQ�IXQGDPHQWDOV�

LQ�DFKLHYLQJ�PDTƗڍLG�DO�VKDUƯµDK��+HQFH��UHVHDUFK�PXVW�EH�PDGH�WR�GHPRQVWUDWH�VXFK�

WKHRU\��



��

�

������ 7KH�,PSDFW�RI�6HSDUDWLRQ�%HWZHHQ�5HOLJLRQ�DQG�6FLHQFHV�

*HRUJH�6DUWRQ�� D� VFLHQFH� SKLORVRSKHU� GHVFULEHG� WKDW� GXULQJ� WKH� SHULRG�����

�����$�'���WKH�0XVOLPV�ZHUH�WKH�LQWHOOHFWXDO�SLRQHHU�ZKROH�ZRUOG��5DPOL�$ZDQJ�HW�

DO��� ������� 5HVHDUFKHUV� DPRQJ� WKH� JOREH� DJUHHG� RQ� WKH� JORULRXV� FRQWULEXWLRQ� RI�

0XVOLPV�LQ�WKH�VFLHQFH�ZRUOG��7KLV�QRWDEOH�DFKLHYHPHQW�ZDV�WKHQ�VORZO\�GHFUHDVHG�

GXH�WR�WKH�VHSDUDWLRQ�RI�UHOLJLRQ�DQG�VFLHQFH��6HSDUDWLRQ�RI�UHOLJLRQ�DQG�VFLHQFH�EHJDQ�

WR�KDSSHQ�DIWHU���WK�FHQWXU\�DV�WKH�,VODPLF�ZRUOG�EHJDQ�WR�GLPLQLVK�JUDGXDOO\�LQ�VL]H��

7KXV��WKHUH�ZHUH�VHYHUDO�LPSDFWV�RFFXUUHG�LQFOXGLQJ�WKH�NQRZOHGJH�VHSDUDWLRQ�ZKHUH�

0XVOLPV� OHDUQHG� VFLHQFH� DSDUW� IURP� UHOLJLRXV� NQRZOHGJH�� /DFN� RI� XQGHUVWDQGLQJ�

VFLHQFH� IURP� WKH� UHOLJLRXV� YLHZ� DQG� WKH� LVRODWLRQ� RI� UHOLJLRXV� HWKLFV� LQ� SUDFWLFLQJ�

VFLHQWLILF�DQDO\VLV�ZHUH�DPRQJ�WKH�FRQVHTXHQFHV�RI�WKLV�FLUFXPVWDQFH��

)URP�WKH�IRUHQVLFV�ILHOG��0LWFKDP�������������LQ�(QF\FORSDHGLD�RI�6FLHQFH��

7HFKQRORJ\��DQG�(WKLFV�VWDWHG�WKDW�WKHUH�DUH�IHZ�LVVXHV�DQG�FKDOOHQJHV�WKDW�QHHG�WR�EH�

RYHUFRPH�ZKLFK�DUH��

L�� 7R�SUHVHUYH�WKH�HYLGHQFH�IURP�GDPDJH�EHIRUH��GXULQJ��DQG�DIWHU�
WKH� HYLGHQFH� EHLQJ� FROOHFWHG� IURP� FULPH� VFHQHV� RU� LQ� VWRUDJH�
IDFLOLWLHV�DQG�ODERUDWRULHV��

LL�� 7R�JLYH�DFFXUDWH�DQDO\VLV�DQG�JHQXLQHO\�SUHVHQW�WKH�ILQGLQJV�DQG�
MXVWLI\�KRZ�FULPHV�RFFXUUHG�LQ�OHJDO�SURFHHGLQJV�WR�DVVLVW�LQ�WKH�
FULPHV�FRQYLFWLRQ��

LLL�� 7R�H[SDQG�DQG�SUHVHUYH�WKH�SURIHVVLRQDOLVP�RI�IRUHQVLFV�WKURXJK�
NQRZOHGJH�VKDULQJ�DQG�UHJXODU�SUDFWLFH��

LY�� 7R�DFTXLUH��DWWHVW��FRQILUP��DQG�SUHVHUYH�ODERUDWRU\�HTXLSPHQW��
Y�� 7UXWKIXOO\�WHVWLI\LQJ�DERXW�DQDO\WLFDO�PHWKRGRORJLHV��ILQGLQJV�DQG�

FUHGHQWLDOV�WR�H[DPLQHUV��
YL�� 7R� EH� TXDOLILHG� LQ� SUHVHQWLQJ� WKRVH� ILQGLQJ� DV� DQ� H[SHUW� LQ� WKH�

IRUHQVLF�ILHOG��

�S������

$OO�WKHVH�FKDOOHQJHV�QHHG�WR�EH�KDQGOHG�ZLVHO\�E\�IRUHQVLF�SUDFWLWLRQHUV��+RZHYHU��LW�

LV�QRW�DV�UHDOLVWLF�DV�ZULWWHQ�LQ�UHSRUW�RU�MRXUQDO��7KHUH�DUH�PDQ\�FDVHV�ZKLFK�DUH�VWLOO�

LQ�UHYLVLRQ�IRU�WKH�WLPH�EHLQJ�DV�WKH\�ZHUH�VR�PDQ\�DQDO\VHV�KDQGOHG�LQ�LQDSSURSULDWH�

ZD\V��0DQ\�FDVHV�FDQQRW�EH�VROYHG�DV�WKH�HWKLFV�FRXOG�QRW�EH�IROORZHG�LQ�GHILQLWH��
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6LJQLILFDQWO\�� DOO� WKHVH� LVVXHV� PXVW� EH� RYHUFRPH� WR� SURYLGH� D� FRQVLVWHQW�

VWDQGDUG�RI�HYLGHQFLQJ�WKURXJK�IRUHQVLF�VFLHQFH��7KRVH�LVVXHV�DUH�OLNHO\�SRLQWHG�WR�WKH�

UROH�RI�HWKLFV� LQ�FRQGXFWLQJ�DQ\�IRUHQVLFV�DQDO\VLV��7KH�UHDVRQ�RQ�ZK\�WKHVH�LVVXHV�

FDQQRW� EH� RYHUFRPH� LV� ZKHQ� WKH� IXQGDPHQWDOV� RU� EDVLF� SULQFLSOHV� DUH� QRW� EHLQJ�

FRPSOLHG�ZLWK�UHDO�HWKLFV�VWDQGDUGV��&RUGQHU���������$V�IRU�DQ�H[DPSOH��LQ�PHGLFDO�

�LQFOXGLQJ�IRUHQVLF�SDWKRORJ\��HWKLFV��2PDU�.DVXOH��������������VDLG�WKDW�WKH�LQFUHDVH�

LQ� PRUDO� DQG� HWKLFV� YLRODWLRQV� E\� PHGLFDO� SUDFWLWLRQHUV� LQ� (XURSHDQ� FRXQWULHV� KDV�

EHFRPH�D�GLOHPPD�DV�PRUDO�YDOXHV�ZHUH�QRW�SDUW�RI�WKH�VHFXODU�VFLHQFH�WUDGLWLRQ�LQ�

UHFHQW���WK�FHQWXULHV��7KH�UHQDLVVDQFH�RI�WKH�GLVFLSOLQH�RI�HWKLFV�WKXV�EHFDPH�LQHYLWDEOH�

UHFHQWO\�WKXV�DWWHPSWV�WR�H[SORUH�PRUH�RQ�WKH�WRSLF�DUH�VWLOO�RQJRLQJ��%XW�WKH�WUXWK�LV��

WKH�LPSOLFDWLRQ�RI�WKH�VHSDUDWLRQ�EHWZHHQ�VFLHQFH�DQG�UHOLJLRQV�KDV�UHSODFHG�WKH�ZD\�

RI�SUDFWLFLQJ�µVKDULDK�JXLGHG¶�IRUHQVLF�VFLHQFH�ZLWK�WKH�:HVWHUQ�VW\OH��7KLV�VLWXDWLRQ�

RFFXUUHG� DV� VRPH�RI� WKHP�EHOLHYHG� WKDW� ,VODP� LV� DQ�REVWDFOH� WR� KXPDQ� OLIH� �5DPOL�

$ZDQJ�HW�DO����������

)URP�SUHOLPLQDU\�LQYHVWLJDWLRQV���0XVOLP�SUDFWLWLRQHUV�LQ�WKH�ILHOG�RI�IRUHQVLF�

VFLHQFH�GR�QRW�KDYH�WKH�GHILQLWH�LGHD�RQ�WKLV�LVVXH��7KH�LQYHVWLJDWLRQ�KHOG�RQ�WKH�EDVLF�

NQRZOHGJH�RI�,VODPLF�HWKLFV��FULWHULD�RI�EHFRPLQJ�DQ�H[SHUW�ZLWQHVV�LQ�,VODPLF�ODZ�DQG�

KLVWRULFDO�UHYLHZ�RI�,VODPLF�SUDFWLFH�LQ�IRUHQVLF�DQDO\VLV��LQ�JHQHUDO��VKRZHG�WKDW�WKH\�

KDYH�YHU\�OHDVW�NQRZOHGJH�LQ�WKLV�EDVLV��6HYHUDO�IDFWRUV�KDYH�EHHQ�K\SRWKHVLVHG�VXFK�

DV� LVRODWLRQ� LPSDFW� RI� WKH� VHSDUDWLRQ� EHWZHHQ� VFLHQFH� DQG� UHOLJLRQ� WKURXJK� WKH�

HGXFDWLRQDO�SURJUDPPH��5DPOL�$ZDQJ�HW�DO����������DQG�ODFN�RI�UHVHDUFK�FRQGXFWHG�

LQ�FRUUHODWLQJ�IRUHQVLF�VFLHQFH�ZLWK�UHOLJLRQV��7KH\�GR�UHDOLVH�DERXW�WKH�H[LVWHQFH�RI�

UHOLJLRQV�GLOHPPD�WRZDUGV�IRUHQVLFV�SUDFWLFDO��DO�+XVVHLQL��������5XWW\���������EXW�DW�

WKH�VDPH� WLPH�� WKH\�GR�QRW� UHDOO\�XQGHUVWDQG�RQ�EDVLFV�RU� IXQGDPHQWDOV�RI� IRUHQVLF�

HYLGHQFH�LQ�,VODP�WKDW�QHHG�WR�EH�SULRULWLVHG��

�������������������������������������������������
��3UHOLPLQDU\� LQYHVWLJDWLRQV�KDYH�EHHQ�FRQGXFWHG� WKURXJK�XQVWUXFWXUHG� LQWHUYLHZ� DQG�EUDLQVWRUPLQJ�
VHVVLRQV�ZLWK�UDQGRPO\�FKRVHQ�0XVOLP�IRUHQVLF�VFLHQFH�SUDFWLWLRQHUV�LQ�������
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������ 7KH�1HHG�IRU�)RUHQVLF�6FLHQFH�LQ�3URYLQJ�WKH�7UXWK�LQ�,VODP�

,Q�UHFHQW�\HDUV�� WKH�ZRUOG�KDV�FODLPHG�WKDW� ,VODPLF�ODZ�GRHV�QRW�HIILFLHQW� WR�

EULQJ�MXVWLFH�WR�SHRSOH��5RVH���������,VODPLF�ODZ�IDLOV�WR�FRQYLQFH�WKH�VRFLHW\�IRU�LWV�

HIILFLHQF\� LQ� FRQYLFWLQJ� FULPHV� WKURXJK� DGYDQFHG� DQG� ODWHVW� GHYHORSPHQW� RI�

WHFKQRORJ\��&RQWUDU\�WR�WKDW��DQRWKHU�MXVWLFH�V\VWHP�KDV�EHHQ�OLQHDUO\�XS�WR�GDWH�LQ�WKH�

DGYDQFHPHQW�RI�WHFKQRORJ\�XVHG�LQ�FRXUW�FDVHV�HVSHFLDOO\�ZKHQ�LW�FRPHV�WR�WKH�XVH�RI�

IRUHQVLF� VFLHQFH� DV� FLUFXPVWDQWLDO� HYLGHQFH� LQ� FRXUW�� )RU� WKDW� UHDVRQ�� WKLV� VWXG\� LV�

FRQGXFWHG�LQ�D�FRQWULEXWLRQ�RI�DGDSWLQJ�SULRU�VWDQGDUGV�RI�DO�TDUƯQDK�WR�WKH�DSSOLFDWLRQ�

RI�IRUHQVLF�VFLHQFH�LQ�,VODPLF�ODZ��7KLV�ZLOO�VLPLOLVH�WKH�SULRULW\�RI�DO�TDUƯQDK�ZLWK�DO�

VKDKƗGDK� DQG� DO�LTUƗU� LQ� WKHLU� ZD\� DFKLHYLQJ� PDTƗ܈LG� DO�VKDUƯµDK�� 7KLV� DOVR�

FRQVHTXHQWO\�DWWULEXWHV�WR�UHVWRUH�WKH�SHUVSHFWLYH�RQ�WKH�HIILFLHQF\�RI�,VODPLF�ODZ�WR�

SUHVHUYH�RI�KXPDQ¶V�PD܈ODۊDK��

0RUHRYHU��WKH�SULRULW\�RI�DO�VKDKƗGDK�DQG�DO�LTUƗU�LQ�,VODPLF�ODZ�DUH�DFFHSWHG�

E\� WKH� MXPKǌU� �PRVW�VFKRODUV��DV� LW�FRPHV�IURP�X܈ǌO�DO�TDܒµL\\DK� �GHILQLWLYH�GLYLQH�

VFULSWV�� �/XNPDQ� 	�:DQ� $EGXO� )DWWDK�� ������� 7KH� SUREOHP� LV�� LQ� WRGD\¶V� ZRUOG�

FRQYLFWLRQ�RI�FULPHV�DQG�VROYLQJ�FDVHV�WKURXJK�WKH�HYLGHQFLQJ�E\�DO�VKDKƗGDK�DQG�DO�

LTUƗU�LV�DOPRVW�LPSRVVLEOH�GXH�WR��$EGXO�+DPLG���������

L�� $O�LTUƗU��ZKHQ�LW�FRPHV�WR�WKH�VLWXDWLRQ�ZKHQ�WKH�WUXH�,VODPLF�WHDFKLQJ�LV�

QRW�IXOO\�SUDFWLFHG�ZLWKLQ�WKH�VLWXDWLRQ�RI�DO�ƯPƗQ�DQG�DO�WDTZƗ�DUH�KDUGO\�

WR�EH�DFKLHYHG��KRZ�FDQ�ZH�H[SHFW�WKH�FULPLQDOV�WR�FRQIHVV�WKHPVHOYHV�IRU�

WKH�FRQYLFWLRQ�RI�FULPHV"��$EGXO�+DPLG���������$OVR��DV�WLPH�FKDQJHG��WKLV�

SUHVHQW� FHQWXU\� LV� ZD\� WRR� IDU� IURP� WKH� GD\V� RI� 3URSKHW� 0XKDPPDG�

�S�E�X�K��� DQG� WKH� FRPSDQLRQV�� 6R�� LW� LV� KDUG� WR� ILQG� WKH� JHQHUDWLRQ� WKDW�

PHQWLRQHG�E\�WKH�SURSKHW�DV�WKH�EHVW�JHQHUDWLRQ�RI�DOO�WLPH�DV�LQ�WKH�KDGLWK�

QDUUDWHG�IURP�µ,PUƗQ�ELQ�ণXVD\Q���

�������������������������������������������������
��7KH�KDGLWK�UHIHUV�WR��
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7UDQVODWLRQ��7KH�EHVW�RI�P\�IROORZHUV�DUH�WKRVH�OLYLQJ�LQ�P\�FHQWXU\��JHQHUDWLRQ���WKHQ�WKRVH�FRPLQJ�
DIWHU� WKHP� DQG� WKHQ� WKRVH� FRPLQJ� DIWHU� WKH� ODWWHU��� µ,PUDQ� DGGHG�� ³,� GR� QRW� UHPHPEHU� ZKHWKHU� KH�
PHQWLRQHG�WZR�RU�WKUHH�FHQWXULHV��JHQHUDWLRQV��DIWHU�KLV�FHQWXU\��JHQHUDWLRQ���WKHQ�WKH�3URSKHW�DGGHG��
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LL�� $O�VKDKƗGDK��DV�PHQWLRQHG�LQ�YDULRXV�ERRNV�RI�ILTK��WKHUH�DUH�FHUWDLQ�FULWHULD�

DSSOLHG� WR� WKH� GLUHFW� ZLWQHVV� EHIRUH� DSSURYHG� E\� TƗڲƯ� WR� DFFHSW� WKHLU�

WHVWLPRQLHV��$V�WLPH�FKDQJHG��WKH�VDPH�VLWXDWLRQ�JRHV�KHUH��,W�LV�KDUG�WR�ILQG�

WKH� DFFXUDWH� DQG� ILW� ZLWQHVVHV� LQ� D� FRQYLFWLRQ�� <HW�� MXVWLFH� FRXOG� QRW� EH�

LPSOLHG��:KDW� LV� OHIW� LQ� HYHU\� FDVH� LV� WKH� UROH� RI� H[SHUW�ZLWQHVVHV� HLWKHU�

ZKRVH�DQDO\VHG�DO�TDUƯQDK�DQG�EHLQJ�EURXJKW�WR�WKH�FRXUW�WR�H[SODLQ�RQ�WKH�

DQDO\VLV�PDGH�� ,Q� IRUHQVLF� VFLHQFH� ILHOG�� WKH\�KDYH�EHHQ�NQRZQ� DV� HLWKHU�

IRUHQVLF�VFLHQWLVW�RU�IRUHQVLF�LQYHVWLJDWRU��

1H[W��WKH�DGYDQFHPHQW�RI�WHFKQRORJ\�LQ�WKLV�HUD�OHDGV�WR�VRSKLVWLFDWHG�DQG�ZHOO�

SODQQHG�FULPHV��(YLOV�DQG�KDUPV�DIIHFWHG�WKH�VRFLHW\�EDGO\��7KH�JHQHUDO�SULQFLSOH�RI�

PDTƗ܈LG� DO�VKDUƯµDK� LV� WR� SUHVHUYH� WKH� FRQFLOLDWLRQ� RI� WKH� JRRGQHVV� DQG� HOLPLQDWH�

KDUPV�DV�VDLG�E\�,EQ�µƖVKǌU���������7KHRUHWLFDOO\��WKLV�PDTƗ܈LG�HOHPHQW�LQ�IRUHQVLFV�

KDV�EHHQ�LQWURGXFHG�ORQJ�WLPH�DJR�WR�SUHVHUYH�WKH�HVVHQWLDO�YDOXHV�RI�KXPDQ�OLIH��<HW�

WR�EH�FRQILUPHG�QR�GHWDLOHG�UHVHDUFK�KDV�EHHQ�PDGH�WR�LQWHJUDWH�RQ�WKH�UROH�RI�IRUHQVLF�

VFLHQFH�LQ�UHDOLVLQJ�PDTƗ܈LG�DO�VKDUƯµDK��7KLV�LV�LPSRUWDQW�WR�JHQXLQHO\�SURYH�RQ�KRZ�

PDTƗ܈LG� DO�VKDUƯµDK� FDQ�EH� REWDLQHG� E\� WKH� UROH� RI� IRUHQVLF� VFLHQFH�� ,I� WKH� UROH� RI�

IRUHQVLF�VFLHQFH�FDQ�EH�SURYHG�WR�UHDOLVH�PDTƗ܈LG�DO�VKDUƯµDK��LW�ZLOO�JLYH�DGGLWLRQDO�

YDOXHV� WR� IRUHQVLF� VFLHQFH� LWVHOI� WR� EH� UDLVHG� D� SDU� KLJKHU� LQ� SUHYHQWLQJ� KDUPV� DQG�

SUHVHUYLQJ�JRRGQHVV��7KLV�LV�RQH�RI�WKH�PDLQ�DVSHFWV�RI�,VODP��7KLV�GRHV�QRW�PHDQ�WKDW�

WKH�IXQGDPHQWDOV�WKDW�H[LVW�QRZDGD\V�DUH�WRWDOO\�LQ�FRQWUDGLFW�ZLWK�,VODPLF�SULQFLSOHV��

%XW� LW�PHDQV� WKDW� WKLV� UHFHQW�GHYHORSPHQW�RI� WHFKQRORJ\� VKRXOG� EH� OLQNHG�ZLWK� WKH�

SLOODUV�RI�UHOLJLRQ�WR�DFKLHYH�PDTƗ܈LG�DO�VKDUƯµDK��+RSHIXOO\��E\�KLJKOLJKWLQJ�RQ�WKH�

LQWHJUDWLRQ�EHWZHHQ�IRUHQVLF�VFLHQFH�DQG�DO�TDUƯQDK�ZLWKLQ�WKH�UHDOLVDWLRQ�RI�PDTƗ܈LG�

DO�VKDUƯµDK��WKLV�VWXG\�ZLOO�VLJQLILFDQWO\�ILOO�WKH�WKHRUHWLFDO�JDS��

�������������������������������������������������

7KHUH�ZLOO�FRPH�DIWHU�\RX��SHRSOH�ZKR�ZLOO�EHDU�ZLWQHVV�ZLWKRXW�EHLQJ�DVNHG�WR�JLYH�ZLWQHVV��DQG�WKH\�
ZLOO�EH�GLVKRQHVW�DQG�QRW�WUXVWZRUWK\��DQG�WKH\�ZLOO�YRZ�DQG�ZLOO�QRW�IXOILO�WKHLU�YRZV��DQG�IDWQHVV�ZLOO�
DSSHDU�DPRQJ�WKHP�´�

�DO�%XNKƗUL������������+DGLWK�1R��������
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������ 3ULRULWLVLQJ�-XVWLFH�WR�0DQNLQG�7KURXJK�0DTƗ܈LG�DO�6KDUƯµDK�

,VODP�SULRULWLVHV�MXVWLFH�LQ�OLIH�WKDW�LV�D�SDUW�RI�WKH�SUHVHUYDWLRQ�RI�PD܈ƗOƯۊ�RU�

DOڲ�DUǌUL\\ƗW��µ8WKPƗQ������������7KH�DOڲ�DUǌUL\\ƗW�KDV�EHHQ�GLVFXVVHG�WKRURXJKO\�LQ�

WKH� ILHOG� RI�PDTƗ܈LG� WKURXJK� ILYH� FRQVHFXWLYH� YDOXHV� QDPHO\�� IDLWK�� OLIH�� OLQHDJH��

LQWHOOHFW�� DQG�SURSHUW\��7KHVH�DUH�E\�GHILQLWLRQ�DFFRUGLQJ� WR�DO�6KƗ৬LEƯ� �G������$+��

�����&(���������������QHFHVVDU\�LQ�VRFLHW\�WR�SUHVHUYH�WKH�YDOXHV�WKDW�UHODWHG�WR�WKH�

WUDQTXLOOLW\� DQG�FDOPQHVV��$O�VKDUƯµDK� LV� HQWLUHO\� ORRNLQJ� IRUZDUG� LQ� WKH� SULRULW\�RI�

PDLQWDLQLQJ� WKHVH� HVVHQWLDO� YDOXHV� DQG� YDOLGDWHV� DOO� PHDVXUHV� QHFHVVDU\� IRU� WKHLU�

SURWHFWLRQ�DQG�GHYHORSPHQW��.DPDOL���������:LWK�WKH�ZRUVW�FDVH�VFHQDULR�QRZDGD\V��

,VODPLF�ODZ�VKRXOG�EH�LPSOHPHQWHG�V\VWHPDWLFDOO\�DQG�VRPH�SDUWLFXODU�SDUWV�RI�WKH�ODZ�

QHHG�WR�EH�FDUHIXOO\�UHSRVLWLRQLQJ�WR�EH�LQ�OLQH�ZLWK�WKH�DGYDQFHPHQW�RI�WHFKQRORJ\��

$V�LQ�RWKHU�SDUWV�LQ�,VODP�VXFK�DV�EDQNLQJ�DQG�ILQDQFH�WKHUH�DUH�D�ORW�RI�LPSURYHPHQW�

PDGH��$V� ORQJ�DV� LW� LV� QRW�EHLQJ� LQ� FRQWUDGLFW�ZLWK�QX܈ǌ܈� �GHVFULSWLYH�� DQG�DGLOODK�

�VFULSW��ZLWKLQ�WKH�UROH�RI�PD܈ƗOƯۊ�DO�PXUVDODK��WKH�UHSRVLWLRQLQJ�SURFHVV�FDQ�EH�GRQH�

E\� VWDJHV�� 7KH� ILUVW� VWHS� WR� EH� WDNHQ� LV� WR� NQRZ� WKH� EDVLF� IXQGDPHQWDOV� RI� FHUWDLQ�

WHFKQRORJ\�HVSHFLDOO\�LQ�IRUHQVLF�VFLHQFH�ILHOG��

0RUHRYHU��DV�ZH�WDON�DERXW�WKH�LVVXH�RI�DO�VKXEKƗW��SO��RI�DO�VKXEKDK��GRXEWV��

FRQMHFWXUH��KHVLWDWLRQ��LQ�WKH�LVVXH�RI�DO�TDUƯQDK��LW�LV�D�ELJ�SUREOHP�DV�,VODPLF�ODZ�LV�

VWULFWO\�UHOLHG�RQ�WKH�FRQFHSW�RI�DO�\DTƯQ�LQ�VR�PDQ\�LPSRUWDQW�MXGLFLDO�FDVHV�VXFK�DV�

DOۊ�XGǌG�� GHWHUPLQLQJ� DO�QDVDE� DQG� WKH� GHWHUPLQDWLRQ� RI� EHORQJLQJV� RU� RQH¶V�

SURSHUWLHV��$V�IRUHQVLF�VFLHQFH�FRXOG�SURYH�DQG�KHOSV�LQ�DOO�LVVXHV�UHODWHG��WKHUH�DUH�

SDUWV�ZKLFK�FDUU\�WKH�HOHPHQWV�RI�DO�VKXEKDK��$V�WROG�E\�DO�0DMDOL���������DO�VKXEKDK�

FDQ�H[LVW�LQ�GLIIHUHQW�ZD\V��IRU�H[DPSOHV��DO�VKXEKDK�IƯ�DO�PDNƗQ�DQG�DO�VKXEKDK�IƯ�DO�
]DPƗQ�� 7KH� FKDOOHQJH� RI� XVLQJ� IRUHQVLF� HYLGHQFH� LQ� HYLGHQFLQJ� VKDULDK� FDVHV� LV� WR�

GHWHUPLQH� WKH� ZHLJKW� RI� WKH� HYLGHQFH� WKURXJK� DQDO\VLV� PDGH�� ,Q� DVVLVW� WR� WKLV�

GHWHUPLQDWLRQ�SURFHVV��KXPDQ�DQG�PDFKLQH�PLVWDNHV�VHOGRP�EHLQJ�PDGH�WKURXJK�WKH�

DQDO\VLV� SURFHVV� WKXV� FUHDWLQJ� DO�VKXEKDK� LQ� DQDO\VLV� DQG� PDQDJHPHQW�� 7KLV� DO�

VKXEKDK�VKRXOG�EH�GHILQHG�FOHDUO\�DV�LW�LV�D�SDUW�RI�WKH�IRUHQVLF�VFLHQFH�EDVLFV��'HILQLQJ�

WKH� SUHFLVH� VWDQGDUG� LQ� DFFHSWLQJ� VFLHQWLILF� HYLGHQFH� KHOSV� LQ� HOLPLQDWLQJ� WKH� DO�

VKXEKDK��<HW��WKLV�LV�DQRWKHU�ORRSKROH�RI�WKLV�ILHOG�WKDW�QHHGV�WR�EH�H[SORUHG����
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/HW�XV�WDNH�DQ�LQVWDQW�DQDO\VLV�RQ�RWKHU�HVWDEOLVKHG�µKXPDQ�EDVLV¶�ODZV�DURXQG�

WKH�ZRUOG�VXFK�DV�%ULWLVK�ODZ�DQG�,QGLDQ�ODZ��7KHLU�FRXUWV�KDYH�FHUWDLQ�VWDQGDUGV�LQ�

DFFHSWLQJ�IRUHQVLF�DQDO\VLV�WR�EH�FDUULHG�RXW�DV�HYLGHQFH�LQ�FRXUW���,Q�VHTXHQFH�ZLWK�

WKH�LVVXH�RI�DO�VKXEKDK�WKDW�KDV�EHHQ�UDLVHG�EHIRUH��,VODPLF�OHJLVODWLRQ�HVSHFLDOO\�FRXUW�

VKRXOG�KDYH�LWV�RZQ�SDUDPHWHUV�RU�VWDQGDUGV�LQ�DFFHSWLQJ�RU�WDNH�LQWR�DQ\�FRQVLGHUDWLRQ�

WR� KHDU� RQ� IRUHQVLF� HYLGHQFH�� 'XH� WR� ODFN� RI� UHVHDUFK� DQG� VWXG\� LQ� WKH� ILHOG� RI�

LQWHJUDWLRQ�EHWZHHQ�IRUHQVLF�VFLHQFH�DQG�,VODPLF�OHJLVODWLRQ��,VODPLF�ODZ�QRZDGD\V�LQ�

GHILFLHQF\�WR�UHMXYHQDWH�WKH�V\VWHP��7KXV��PDQ\�FDVHV�DQG�SUREOHPV�FDQQRW�EH�VROYHG�

FRPSHWHQWO\��,W�VKRXOG�KDYH�LWV�RZQ�SDUDPHWHU�LQ�DFFHSWLQJ�DQ\�IRUHQVLF�HYLGHQFH�VLQFH�

,VODP�DOUHDG\�KDV�LWV�RZQ�JXLGHOLQHV�EDVHG�RQ�DO�4XU¶ƗQ�DQG�DO�6XQQDK���

0RUHRYHU��D�UHYLHZ�PDGH�E\�1LN�1RUDLQL�����������RQ�UDSH�FDVHV�LQ�3DNLVWDQ�

WKURXJK� WKH�2UGLQDQFH������� WKH�2IIHQFH�RI�=LQD��(QIRUFHPHQW�RI�ণXGǌG��FODLPHG�

WKDW�WKHUH�LV�D�QHHG�WR�UHMXYHQDWH�WKH�HYLGHQFLQJ�SURFHGXUH�LQ�RUGHU�WR�EULQJ�MXVWLFH�DW�

WKH�ILUVW�SODFH��7KH�UHYLHZ�GHQRWHV�WKDW�WKH�,VODPLF�ODZ�GRHV�QRW�VHULRXV�LQ�SUHVHUYLQJ�

KXPDQ� HVVHQWLDO� YDOXHV�� $OVR�� WKHUH� LV� QR� GLIIHUHQWLDWLRQ� PDGH� EHWZHHQ� WKH� SURRI�

UHTXLUHG� IRU� UDSH� DQG� ]LQD� FDVHV�� %RWK� GHPDQGHG� IRXU� PDOH� ZLWQHVVHV� IRU� WKH�

SHQHWUDWLRQ� DFWLYLW\��+RZ� FRXOG� D�ZRPDQ� SURYH� WKDW� VKH� KDV� EHHQ� UDSHG�ZKHQ� WKH�

HYLGHQFLQJ�SURFHGXUH�VWULFWO\�UHOLHV�XSRQ�WKH�DIRUHPHQWLRQHG�UHTXLUHPHQW"�7KH�ZRUVW�

FDVH�VFHQDULR��LI�VKH�LV�SUHJQDQW�ZLWKRXW�DQ\�PDUULDJH�GXH�WR�WKH�UDSH��KHU�SUHJQDQF\�

FRXOG� EH� XVHG� WRZDUGV� HYLGHQFLQJ� WKH� DFW� RI� ]LQD� DJDLQVW� KHU��:LWKRXW� DQ\� IXUWKHU�

UHVHDUFK��FODULILFDWLRQ��DQG�GLVFXVVLRQ�RQ�WKLV�WRSLF��VRPH�PD\�XVH�WKLV�FDVH�RI�VWXG\�

DV�HYLGHQFH�WKDW�LW�LV�LPSRVVLEOH�WR�UHDOLVH�PDTƗ܈LG�DO�VKDUƯµDK�EDVHG�RQ�WKH�GHFLVLRQ�

PDGH�� 2WKHUV� PD\� JLYH� WKH� RSLQLRQ� DQG� VSHFXODWLRQ� WKDW� ,VODPLF� ODZ� LV� LUUHOHYDQW�

QRZDGD\V�DV�LW�FDQQRW�SULRU�DQG�SUHVHUYH�HVVHQWLDO�YDOXHV�RI�WKH�KXPDQ��

$V�D�IXUWKHU�PDWWHU��IRU�WKH�SXUSRVH�WR�SULRULWLVH�MXVWLFH�LQWR�ILUVW�SODFH��,VODPLF�

ODZ�LV�FRQVLVW�RI�PDQ\�EUDQFKHV�RI�ODZ�VXFK�DV�IDPLO\�ODZ��FRPPHUFLDO�ODZ��FLYLO�DQG�

FULPLQDO�ODZ��7R�SULRU�MXVWLFH��HDFK�ODZ�KDV�WKHLU�RZQ�UROH�ZLWKLQ�WKH�JXLGDQFH�RI�DO�

4XU¶ƗQ�DQG�DO�6XQQDK�� �$V�DQ�H[DPSOH�� WKH�ODZ�RI�HYLGHQFH�LV�VDOLHQW� WR�FUHDWH�DQG�

�������������������������������������������������
��5HDGHU�PLJKW�DOVR�EH� LQWHUHVWHG� LQ�VRPH�RI� WKH�SUHFHGLQJ� UHVHDUFK�DQG�UHYLHZV��6HH�IRU�H[DPSOHV��
*LDQQHOOL��������DQG�5LVLQJHU�HW�DO����������
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GHYHORS� WKH� OHJDO� VWUXFWXUH� WR�EH� HIIHFWLYHO\� FRQWUROOHG� LQ� VXFFHVVIXOQHVV� �=XOIDNDU��

�������7KH�WKUHH�DFFHSWHG�PHDQV�RI�SURRI�QDPHO\��DO�LTUƗU��FRQIHVVLRQ���DO�VKDKƗGDK�

�WHVWLPRQ\�� DQG� DO�\DPƯQ� �RDWK�� DUH� IRUPDOO\� DFNQRZOHGJHG� E\� ,VODPLF� ODZ� RI�

HYLGHQFH�WKURXJKRXW�WKH�KLVWRU\��DO�=XKD\OL���������������DO�7DZLMLUƯ���������$QRWKHU�

PHDQ�RI�SURRI�WKDW�KDV�EHHQ�GHEDWHG�E\�WKH�MXULVWV�LV�DO�TDUƯQDK�RU�LQ�FRQYHQWLRQDO�ODZ��

LW�LV�NQRZQ�DV�FLUFXPVWDQWLDO�HYLGHQFH��=XOIDNDU���������������6FLHQWLILF�HYLGHQFH�FDQ�

EH�OLVWHG�XQGHU�WKLV�PHDQ�DFFRUGLQJ�WR�VRPH�VFKRODUV��+RZHYHU��IRUHQVLF�HYLGHQFH�GRHV�

QRW�RQO\�FRYHU�RQ�WKH�DQDO\VLV�DVSHFW��EXW�LW�LV�ZLGH�LQFOXGLQJ�RWKHU�DVSHFWV�VXFK�DV�

TXDOLW\�DVVXUDQFH�DQG�KXPDQ�LQWHOOLJHQFH��7KH�LVVXH�RFFXUV�ZKHQ�WKH�WHFKQRORJ\�DQG�

GHYHORSPHQW�RI�VFLHQFH�FDQQRW�EH�ZLVHO\�LQWHJUDWHG�ZLWK�DO�TDUƯQDK��7KLV�LV�EHFDXVH�

VFKRODUV�KDYH�QRW�\HW�UHVSRQGHG�RQ�WKH�LPSRUWDQFH�RI�IRUHQVLF�VFLHQFH�DV�DO�TDUƯQDK�

WR� SUHVHUYH� KXPDQ� HVVHQWLDO� YDOXHV�� HVSHFLDOO\� LQ�PDTƗ܈LG� DO�VKDUƯµDK�� 7KLV� LV� DV�

5DTXLE��������VDLG��

,VODP�KDV�DQ�HVVHQWLDO�VRFLDO�HWKLFDO�OHJDO�GLPHQVLRQ�LQ�DGGLWLRQ�WR�WKH�
LQWHULRU�IDLWK�RI�WKH�LQGLYLGXDOV��$�WHFKQRORJ\�LQVSLUHG�E\�WKH�,VODPLF�
REMHFWLYHV�DQG�LGHDOV�VKDOO�FDWHU�WR�WKH�VRFLDO�HWKLFDO�OHJDO�GLPHQVLRQ��
:KLOH�PRGHUQ� WHFKQRORJ\� GLVWDQFHV� SHRSOH� IURP� DWWULEXWHV� VXFK� DV�
VRFLDO�UHVSRQVLELOLW\��FRPSDVVLRQ�DQG�VHOI�UHVWUDLQW��IXUWKHULQJ�DLPOHVV�
UHFUHDWLRQ��REMHFWLYHV��PDTƗৢLG��RI�6KDULD�RULHQWHG�WHFKQRORJ\�VKRXOG�
KHOS� IXOILO� REMHFWLYHV� WKDW� DOORZ� LQGLYLGXDOV� WR� OLYH� D� KXPDQH� OLIH��
DOORZLQJ� WKHP� WR� EH� FRQWHPSODWLYH� DQG� VHOI�UHIOHFWLYH� ZKLFK� DUH�
HVVHQWLDO�FKDUDFWHULVWLFV�IRU�GHYHORSLQJ�D�UHOLJLRXV�FRQVFLRXVQHVV���

�S����

6KH�VWDWHG�WKDW� WKH�UROH�RI� WHFKQRORJ\�LQ�WKH�KXPDQ�OLIH�VKRXOG�EH�RULHQWHG�WKURXJK�

PDTƗ܈LG�DO�VKDUƯµDK��6KH�DOVR�VWDWHG�WKDW�WKHUH�LV�DQ�XUJHQW�QHHG�LQ�WKH�0XVOLP�ZRUOG�

WR�EURDGHQ�WKH�VFRSH�RI�ILTK�LQ�RUGHU�WR�UHVSRQG�WR�WKH�QDWXUH�RI�PRGHUQ�WHFKQRORJ\��

7KH� FKDOOHQJHV� IURP� FRQWHPSRUDU\� WHFKQRORJLFDO� SDUDGLJP� FDQ� EH� HQFRXQWHUHG�

WKURXJK�FULWLFDO�GLVFRXUVH�DQG�GLVFXVVLRQ�RQ�WKH�PDTƗ܈LG�DO�VKDUƯµDK�WKDW�FRPSUHKHQG�

WKH�QRWLRQ�RI�PD܈ODۊDK�ZLWKLQ�WKH�FRQWH[W�YDOXHV�LQ�WKH�WHFKQRORJLFDO�SURJUHVV�PRGHO�

�5DTXLE���������,Q�UHODWHG�ZLWK�WKLV�WKHRU\��WKH�MXVWLFH�WR�PDQNLQG�FRXOG�EH�PLVGLUHFWHG�

WKURXJK�WKH�PLVXQGHUVWDQGLQJ�RI�IRUHQVLF�VFLHQFH��7KLV�VLWXDWLRQ�FDQ�EH�RYHUFRPH�E\�

D�WKRURXJK�XQGHUVWDQGLQJ�RI�IRUHQVLF�VFLHQFH�IXQGDPHQWDOV��

� �
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������ )DLOXUH� LQ� 8QGHUVWDQGLQJ� WKH� )XQGDPHQWDOV� RI� )RUHQVLFV� /HDGV� WR�
,UUHOHYDQW�DQG�0LVLQWHUSUHWDWLRQ�LQ�/HJDO�5HDVRQLQJ��,MWLKƗG��RI�DOۉ�XNP�

)LQDOO\�� VR� PDQ\� RI� WKH� MXGLFLDO� RSLQLRQV� GHDOLQJ� ZLWK� IRUHQVLF�
HYLGHQFH�HPSOR\�VXFK� WRUWXUHG� ORJLF� WKDW� LW� LV� LPSRVVLEOH� WR�EHOLHYH�
WKDW� FRXUWV� DUH� EOLQG� WR� WKH� HPSLULFDO� UHDOLWLHV� RI� WKLV� HYLGHQFH�� ,W�
DSSHDUV��WKHUHIRUH��WKDW�ODFN�RI�ZLOO�LV�D�EHWWHU�H[SODQDWLRQ�WKDQ�SODLQ�
LJQRUDQFH��

�6DNV�	�)DLJPDQ��������

7KH� UHDVRQLQJ� PHWKRG� LQ� ,VODP� UHTXLUHG� WKH� DXWKRULW\� WR� KDYH� HQRXJK�

NQRZOHGJH�EHIRUH�PDNLQJ�WKH�FRQFOXVLRQ�RQ�FHUWDLQ�LVVXHV��7KLV�PHWKRGRORJ\�LV�QRW�

OLPLWHG�WR�WKH�PXIWL�RU�UHOLJLRXV�FRXQVHO�RQO\��EXW�LW�LV�PDQGDWRU\�IRU�WKH�VKDULDK�RIILFHUV�

LQFOXGLQJ�TƗڲƯ�LQ�ZKLFK�ZKHQ�WKH�DGPLVVLELOLW\�RI�VFLHQWLILF�HYLGHQFH�KDV�EHHQ�UDLVHG�

LQ�6\DULDK�&RXUW��6FLHQWLILF�HYLGHQFH�KDG�EHHQ�ZLGHO\�XVHG�LQ�&LYLO�FRXUW�LQ�0DOD\VLD�

DV�IURP�)HEUXDU\������XQWLO�1RYHPEHU�������WKHUH�ZHUH�DERXW�����FDVHV�UHSRUWHG�WR�

LQFOXVLYHO\�FDOO�XSRQ� IRUHQVLF�H[SHUWV�DV�ZLWQHVVHV�DQG�GHDO�ZLWK� IRUHQVLF�HYLGHQFH�

LQFOXGLQJ�ERWK�FLYLO�DQG�FULPLQDO�PDWWHUV��/H[LV1H[LV��0DOD\VLD���������0HDQZKLOH��

LQ�6\DULDK�&RXUW�� WKH�DSSOLFDWLRQ�RI� VFLHQWLILF�HYLGHQFH�ZDV�YHU\� OLPLWHG��6FLHQWLILF�

HYLGHQFH�VWDUWHG�WR�EH�XVHG�LQ������WKURXJK�'1$�HYLGHQFH�LQ�D�FULPLQDO�FDVH�ZKLFK�

ZDV�ZHOFRPHG�ZLWK�ORWV�RI�DUJXPHQWDWLRQ�ZKHQ�LW�ILUVW�LQWURGXFHG�LQ�6\DULDK�&RXUW�LQ�

0DOD\VLD� ��3HQGDNZD� 6\DULH� 1HJHUL� 6DEDK� OZQ�� 5RVOL� ELQ� $EGXO� -DSDU��� ������

=XOIDNDU�� ������� 6LQFH� WKH� \HDU� ����� XQWLO� ������ WKH� FDVHV� WKDW�ZHUH� IRXQG� WR� XVH�

IRUHQVLFV�H[SHUWV�DQG�VFLHQWLILF�HYLGHQFH�DV�SDUW�RI�WKH�WULDOV�ZHUH�LQ�D�VPDOO�DPRXQW�

�0XKDPPDG�$]KDUL��������5LGKD�$EGDK���������7KLV�VWDWHPHQW�VKRZV�KRZ�IRUHQVLFV�

LV�OLNHO\�WR�EH�H[FOXVLYH�DQG�RGG�WR�VKDULDK�FDVHV�WKXV�UHVXOWLQJ�)RUPHU�0DOD\VLD�&KLHI�

-XVWLFH��7XQ�$EGXO�+DPLG��������LQ�KLV�VSHHFK�WR�VWDWH��

³&DEDUDQ� SDOLQJ� EHVDU� NHSDGD� %UXQHL� LDODK� EDJDLPDQD� 3HJDZDL�
3HJDZDL�3HQ\LDVDW�6\DUL¶DK��3HJDZDL�3HJDZDL�3HQGDNZD�6\DUL¶DK�
GDQ�+DNLP�+DNLP� 6\DUL¶DK� DNDQ�PHQMDODQNDQ� WXJDV�WXJDV�PHUHND�
GDODP� PHQ\LDVDW�� PHQGDNZD� GDQ� PHPELFDUDNDQ� NHV�NHV� LWX��
VHNXUDQJ�NXUDQJQ\D� GL� SHULQJNDW� DZDO�� 6HODPD� LQL�� SHQJDODPDQ�
PHUHND�KDQ\D�WHUKDG�NHSDGD�NHV�NHV� MHQD\DK�NHFLO�VHSHUWL�NKDOZDW��
$SDELOD� XQGDQJ�XQGDQJ� LWX� GLODNVDQDNDQ�� WLED�WLED� PHUHND� DNDQ�
WHUSDNVD�PHQDQJDQL� NHV�NHV� \DQJ� OHELK� UXPLW� VHSHUWL�PHQ\HEDENDQ�
NHPDWLDQ�� URJRO� GDQ� PHQ\HEDENDQ� NHFHGHUDDQ� \DQJ� MXJD� DNDQ�
PHOLEDWNDQ�SHQHULPDDQ�NHWHUDQJDQ� VDLQWLILN�PHODLQNDQ� MLND�PHUHND�
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KDQ\D� DNDQ� PHQXQJJX� RUDQJ� \DQJ� GLV\DNL� PHPEXDW� SHQJDNXDQ�
PHODOXL� LTUDU�� \DQJ� WLGDN� PXQJNLQ� EHUODNX«� 3HQJKDNLPDQ�
SHQJKDNLPDQ� LWX� DNDQ� PHQFHUPLQNDQ� PXWX� SHQWDGELUDQ� NHDGLODQ�
\DQJ�PHUHND�ODNXNDQ�´��

�S�����

7KH�WH[W�ZDV�TXRWHG�LQ�UHIHUULQJ�WR�KLV�RSLQLRQ�UHJDUGLQJ�WKH�LPSOHPHQWDWLRQ�RI�6KDULD�

3HQDO� &RGH�2UGHU� ����� E\� WKH� JRYHUQPHQW� RI� %UXQHL�� +H� TXHVWLRQHG� RQ� KRZ� WKH�

SUDFWLFDO� ZLOO� EH� IRU� VKDULDK� RIILFHUV� LQFOXGLQJ� MXGJHV� LQ� GHDOLQJ� ZLWK� VFLHQWLILF�

HYLGHQFH�LQ�FRXUW�ODWHU��$Q\�GHFLVLRQ�PDGH�ZLOO�ODWHU�GLVSOD\�WKH�TXDOLW\�RI�MXGJHPHQW�

DQG�ZLOO�EH�ZRUOGO\�YLHZHG��:LWK�WKDW��IDLOXUH�LQ�XQGHUVWDQGLQJ�WKH�EDVLFV�RI�IRUHQVLF�

VFLHQFH� OHDGV� WR� LUUHOHYDQW� DQG� PLVLQWHUSUHWDWLRQ� LQ� OHJDO� UHDVRQLQJ� RI� DOۊ�XNP�

�MXGJHPHQW�UXOHV���$KPDG�6\XNUDQ��$PLGRQ��HW�DO����������

&RQGXFWLQJ�LMWLKƗG�LV�D�VDOLHQW�IHDWXUH�LQ�MXVWLFH�DGPLQLVWUDWLRQ�DV�,VODP�RUGHUV�

WR�FDUU\�RXW�MXGJHPHQW�ZLWK�WKH�EHVW�RI�KLV�DELOLW\�RQ�WKH�WULDO��DO�6DJJDI���������$V�LQ�

KDGLWK�QXPEHU������LQ�ৡDতƯত�0XVOLP��Q�G�����LW�LV�D�VHSDUDEOH�WDVN�IURP�LVVXLQJ�DQG�

FDUU\LQJ�RXW�WKH�MXGJHPHQW�ZKHUHE\�WKH�MXGJH�QHHGV�WR�UHVSRQG�WR�WKH�FDVHV�EURXJKW�

LQFOXGLQJ�WKH�HYLGHQFH�DYDLODEOH�EHIRUH�PDNLQJ�MXGJHPHQW��,Q�D�UHODWHG�VLWXDWLRQ��WKH�

QHHG�WR�XQGHUVWDQG�SUHFLVHO\�RQ�HDFK�DUHD�RI�IRUHQVLF�HYLGHQFH�HLWKHU�E\�WKH�DVVLVWDQFH�

RI�H[SHUWV�LV�WKH�VDOLHQW�DFWLRQ�EHIRUH�FRQVLGHULQJ�PDNLQJ�LMWLKƗG��7KLV�VLWXDWLRQ�ZDV�

VXSSRUWHG� E\� 6FKLIIHU� ������� ZKR� H[SODLQHG� RQ� UHODWLRQVKLS� RI� MXGLFLDO� HUURU� ZLWK�

IRUHQVLF�VFLHQFH��+H�VLPSOLILHG�WKH�UHODWLRQVKLS�WKURXJK�)LJXUH������

�������������������������������������������������
��7KH�KDGLWK�UHIHUV�WR��
�

�Ցɏ� Օɵ Ցɏ�Քɯ Ւț�ȯ Փڈ
Ցْ ՕȡȆ Ցɗ� Ւɯ ՓɟȆ ՑݍݰȄ� Ցɯ

Ցɡ Ցȧ�Ȅ ՑȰ Փǻ�� ՑɤȆ
Ցɛ� Ցɯ զɨ Ցȷ Ցɼ� Փɻ Օʊ

Ցɨ Ցɏ� Ւד�ʄ զڴ Ցȿ� Փד� Ցɤɽ Ւȷ ՑȲ� Ցɑ Փɮ Ցȷ� Ւɻ զɱ
Ց
Ƿ�֗ ՓȾȆ Ցɐ ՕɦȄ� Փɵ

Օȉ�ɼȳ Օɮ� Ցɯ Ցɡ Ցȧ�Ȅ ՑȰ Փǻ
Ցɼ�֗� ՓɰȄ Ցȳ

Օȡ
Ց
Ƿ� Ւɻ Ցɨ Ցɗ�ȈȆ Ցȿ

Ց
Ƿ�

�Տȳ Օȡ
Ց
Ƿ� Ւɻ Ցɨ Ցɗ�

Ց
Ǹ
Ց
Ɉ Օȫ

Ց
Ƿ� Քɯ Ւț� Ցȯ Փڈ

Ցْ ՕȡȆ Ցɗ�
7UDQVODWLRQ��$PU�LEQ�DO�µ$ৢ�UHSRUWHG��7KH�0HVVHQJHU�RI�$OODK��SHDFH�DQG�EOHVVLQJV�EH�XSRQ�KLP��VDLG��
³,I�D�MXGJH�PDNHV�D�UXOLQJ��VWULYLQJ�WR�DSSO\�KLV�UHDVRQLQJ��LMWLKDG��DQG�KH�LV�FRUUHFW��WKHQ�KH�ZLOO�KDYH�
WZR�UHZDUGV��,I�D�MXGJH�PDNHV�D�UXOLQJ��VWULYLQJ�WR�DSSO\�KLV�UHDVRQLQJ�DQG�KH�LV�PLVWDNHQ��WKHQ�KH�ZLOO�
KDYH�RQH�UHZDUG��

�0XVOLP��Q�G�����������
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)LJXUH����� $�6LPSOLILHG�0RGHO�RI�)RUHQVLF�6FLHQFH�DQG�-XGLFLDO�(UURU�E\�6FKLIIHU�

�������

� 6FKLIIHU�������������DGGHG�WKDW�WKH�MXGLFLDO�HUURU�FDQ�DOVR�RFFXU�GXH�WR�VRPH�

ODFNV�LQ�IRUHQVLF�VFLHQFH�RU�WKH�MXVWLFH�V\VWHP��(LWKHU�LW�RFFXUV�LQ�WKH�DQDO\VLV��JDWKHULQJ�

DQG� HYDOXDWLRQ� SURFHVV�� RU� LQ� WKH� MXVWLFH� V\VWHP� LWVHOI� VXFK� DV� WKH� SRVVLELOLWLHV� RI�

PLVXQGHUVWDQGLQJ� VWDWLVWLFDO� DQG� SUREDELOLVWLF� GDWD� SUHVHQWDWLRQ� �7KRPSVRQ� 	�

6FKXPDQQ���������+RZ�FRXOG�WKH�MXGJHV�FRPH�WR�WKH�FRUUHFW�MXGJHPHQW�ZKHQ�WKH�FRXUW�

ZDV�EHLQJ�SUHVHQWHG�ZLWK�PLVLQWHUSUHWDWLRQ�GXH�WR�ODZ\HU¶V�IDOODFLHV�DQG�LI�LW�VR��KRZ�

FRXOG� WKH� VKDULDK� MXGJHV� NQRZ� WKHUH� ZHUH� IDOODFLHV� ZKHQ� WKH\� KDYH� D� PLQLPXP�

HGXFDWLRQ�EDFNJURXQG�LQ�IRUHQVLF�VFLHQFH�RU�DW�]HUR"���

0RUHRYHU�� WKH� DFDGHPLF� UHVHDUFK� LQ� FRQQHFWLQJ� WKH� UHOLJLRXV�ZLWK� IRUHQVLFV�

ILHOG� LV� D� QHYHU�HQGLQJ� VWRU\� DV� WKH� IRUHQVLFV� WHFKQRORJ\� UDSLGO\� HYROYHV��

0LVXQGHUVWDQGLQJ�WKH�FRQFHSW�DQG�SULQFLSOH�LQ�IRUHQVLFV�ILHOG�FDQ�FDXVH�WR�D�VHULRXV�

IDOODF\� LQ� MXVWLI\LQJ� UHODWHG� LVVXHV�� $V� IRU� DQ� H[DPSOH�� 0RKG� 1RRU� ������� LQ� KLV�

GLVVHUWDWLRQ�KDV�PLVXQGHUVWRRG�WKH�SULQFLSOH�RI�VFUHHQLQJ�DQG�TXDOLWDWLYH�DQDO\VLV�WKDW�

DSSOLHG�LQ�FDVHV�UHODWHG�WR�WKH�LQWR[LFDWLRQ��7KLV�UHVHDUFKHU�GLG�QRW�WUHDW�WKLV�LGHD�ZHOO��

7KLV�LV�GXH�WR�WKH�PLVXQGHUVWDQGLQJ�RI�WKH�IRUHQVLF�VFLHQFH�EDVLFV�DQG�SULQFLSOHV��+H�

FRQFOXGHG�WKDW�WKH�ZHLJKW�RI�HYLGHQFH�IURP�D�TXDOLWDWLYH�DQDO\VLV�RI�LQWR[LFDWLRQ�FRXOG�
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EH�DFFHSWHG�LQ�VKDULDK�FRXUW�ZLWKRXW�IXUWKHU�GHWDLOLQJ�RQ�ZKLFK�DQDO\VLV�LV�DGPLVVLEOH�

LQ� VKDULDK� FRXUW�� 7KHUHIRUH�� IRUHQVLF� VFLHQFH� VKRXOG� KDYH� EHHQ� XQGHUVWRRG� WKURXJK�

H[WHQVLYH� UHVHDUFK�ZRUNV�EHJLQQLQJ�ZLWK� LWV� IXQGDPHQWDOV��+RZHYHU�� WR� WKH�EHVW�RI�

UHVHDUFKHU¶V�NQRZOHGJH��QR�VWXG\�KDV�EHHQ�IRXQG�VR�IDU�FRQGXFWHG�WR�H[SORUH�RQ�WKH�

IXQGDPHQWDOV�RI�IRUHQVLF�VFLHQFH�ZLWKLQ�WKH�,VODPLF�SHUVSHFWLYHV��

���� 3UREOHP�6WDWHPHQW�

3UREOHP�VWDWHPHQW�VLPSOLILHV�WKH�JDSV�RI�VHOHFWHG�UHVHDUFK�ILHOG�LQWR�FRQFLVH�

VWDWHPHQWV��5HVHDUFK�JDS�LV�WKH�PRVW�LPSRUWDQW�SDUW�LQ�WKH�EHJLQQLQJ�RI�D�VWXG\��7KH�

JDS�LQ�RWKHU�ZRUG�LV�D�GLVFRQWLQXLW\�LQ�FHUWDLQ�SDUW�LQ�WKH�ILHOG�RI�VWXG\��%DVHG�RQ�HDUOLHU�

OLWHUDWXUH� DQG� EDFNJURXQG� RI� VWXGLHV� LQ� WKLV� WRSLF�� WKHUH� DUH� VHYHUDO� JDSV� KDV� EHHQ�

LGHQWLILHG��7KHVH�VWDWHPHQWV�VKRXOG�EH�UHDG�DORQJ�ZLWK�WKH�EDFNJURXQG�RI�VWXG\�IRU�

PRUH�H[SODQDWLRQ��)LUVWO\��WKH�LPSDFW�RI�VHSDUDWLRQ�EHWZHHQ�VFLHQFH�DQG�UHOLJLRQ�KDV�

UHVXOWHG� WKH� ZRUOG� WR� D� GXDOLVWLF� HGXFDWLRQ� SURJUDP�� $OVR�� WKLV� LPSOLFDWLRQ� KDV�

GLPLQLVKHG� WKH� SUDFWLFH� RI� UHOLJLRQ� LQ� VFLHQFH� DSSOLFDWLRQ�� 2QH� RI� WKH� ILHOGV� WKDW�

DIIHFWHG�LV�WKH�IRUHQVLF�VFLHQFH�ILHOG���7KH�LPSDFW�FRQWULEXWHV�WR�PDMRU�LVVXHV�LQ�IRUHQVLF�

VFLHQFHV�DQG�,VODP�HVSHFLDOO\�LQ�WKH�ILHOG�RI�ILTK�DO�MLQƗL\\��5HFHQW�FDVHV�LQ�IRUHQVLF�

VFLHQFHV� SURYHG� WKDW� HWKLFDO� LVVXHV�� KXPDQ� HUURUV�� PLVLQWHUSUHWDWLRQ� RI� IRUHQVLF�

HYLGHQFH�LQ�FRXUW��LQVWUXPHQWDWLRQ��DQG�DFFUHGLWDWLRQ�KDYH�HPHUJHG�DV�WKH�PDLQ�LVVXHV�

QRZDGD\V��&RUGQHU���������/DFN�LQ�XQGHUVWDQGLQJ�VFLHQFH�IURP�WKH�UHOLJLRXV�YLHZ�DQG�

WKH� LVRODWLRQ� RI� UHOLJLRXV� HWKLFV� LQ� SUDFWLFLQJ� VFLHQWLILF� DQDO\VLV� ZHUH� DPRQJ� WKH�

FRQVHTXHQFHV�RI� WKLV�FLUFXPVWDQFH��.DVXOH���������������7KLV�LV�GXH�WR�WKH�WKRXJKW�

WKDW�UHOLJLRQ�PDNHV�WKH�OLIH�GLIILFXOW�LQ�DQ\�DVSHFW��5DPOL�$ZDQJ�HW�DO����������<HW�QR�

VSHFLILF�UHVHDUFK�ZDV�IRXQG�WR�UH�LQWHJUDWH�WKH�ILHOG�RI�IRUHQVLF�VFLHQFH�DQG�,VODP�IURP�

LWV�JURXQG��7KH�SKLORVRSKLFDO��SULQFLSOHV��HWKLFV�KLVWRULFDO�DQG�IRXQGDWLRQV�VKRXOG�EH�

UHFRPPHQGHG�WKURXJK�D�FRPSUHKHQVLYH�DQDO\VLV�WR�SURYH�WKDW�WKH�LQWHJUDWLRQ�LV�H[LVWHG�

DQG�UHEXW�WKH�WKRXJKW�WKDW�VDLG�WKH�DSSOLFDWLRQ�RI�UHOLJLRQ�LQ�VFLHQFH�EULQJ�GLIILFXOWLHV�

LQ�OLIH���
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+HQFH��DQRWKHU�LVVXH�LV�KRZ�,VODP�LQWHJUDWHV�WKH�UROH�RI�DGYDQFHG�VFLHQFH�DQG�

WHFKQRORJ\�ZLWK�PDTƗ܈LG�DO�VKDUƯµDK�SULQFLSOHV��$O�TDUƯQDK�KDV�EHHQ�FUXFLDO�QRW�RQO\�

IRU�VFKRODUV�EXW�DOVR�OHJLVODWXUHV�DQG�MXGLFLDULHV��=XOIDNDU���������7KLV�LV�WR�SUHVHUYH�

WKH�HVVHQWLDO�YDOXHV�LQ�KXPDQ�OLIH��*HQHUDOO\��,PƗP�0ƗOLN�DQG�$তPDG�DOVR�VXSSRUWHG�

E\�,EQ�DO�4D\\LP�SXW�DO�TDUƯQDK�LQ�WKH�HTXDO�GHJUHH�ZLWK�WKH�HYLGHQFH�RI�DO�VKDKƗGDK�

DQG�DO�LTUƗU��ZKLOH� RWKHU� VFKRODUV� MXVW� DFNQRZOHGJH� LW� DV� VXSSRUWLYH� HYLGHQFH� LQ� D�

FULPLQDO� FRQYLFWLRQ� �DO�=XতD\OL�� ������ ��������:LWK� WKDW�� IXUWKHU� UHVHDUFK�PXVW� EH�

FRQGXFWHG�WR�UHYHDO�RQ�ZK\�WKRVH�VFKRODUV�DFNQRZOHGJHG�DO�TDUƯQDK�LQ�WKH�HTXDOLW\�RI�

DO�VKDKƗGDK�DQG�DO�LTUƗU�DV�LW�ZLOO�WKHQ�VWURQJO\�VKRZ�WKDW�DO�TDUƯQDK�KDV�DQ�LPSRUWDQW�

UROH�LQ�SUHVHUYLQJ�HVVHQWLDO�YDOXHV�LQ�KXPDQ�OLIH��,Q�IDFW��PDQ\�NLQGV�RI�UHVHDUFK�KDYH�

EHHQ�FRQGXFWHG�WR�H[SODLQ�RQ�WKH�DGPLVVLELOLW\�RI�DO�TDUƯQDK�EXW�\HW�WR�IRXQG�RQ�WKH�

UHODWLRQVKLS�DQG�LQWHJUDWLRQ�WKURXJK�WKH�GHILQLWH�VFULSWV��7KHUH�PXVW�EH�VRPH�SRLQWV�

WKDW� UHDOO\� VSHFLDO� WRZDUGV�PDTƗ܈LG� DO�VKDUƯµDK� VLQFH� LWV� DFFHSWDQFH� KDV� DOVR� EHHQ�

DJUHHG�E\�SURPLQHQW�VFKRODUV��,EQ�DO�4D\\LP��Q�G���,EQ�)DUতXQ����������

0RUHRYHU��LW�LV�FU\VWDO�FOHDU�WKDW�VKDULDK�ODZ�LV�D�FRPSOH[�OHJDO�V\VWHP�GHULYHG�

IURP�WKH�DXWKRULWDWLYHQHVV�RI�LWV�VRXUFHV�EDVHG�RQ�IDLWK��7KH�EDVLF�RI�WKLV�OHJDO�V\VWHP�

UDWLILHV�DEVROXWH�SULQFLSOHV� LQ�RUGHU� WR�SURWHFW� LQQRFHQW�SHRSOH� IURP�XQFRUURERUDWHG�

FRQYLFWLRQ� �$QZDUXOODK�� ������� 'HVSLWH� WKDW� DO�VKDKƗGDK� DQG� DO�LTUƗU� DUH� LQ� WKH�

KLJKHVW�OHYHO�RI�DGPLVVLELOLW\��LW�GRHV�QRW�PHDQ�WKDW�RWKHU�PHDQV�RI�SURRI�VKRXOG�EH�

LJQRUHG��)RUHQVLF�HYLGHQFH��IRU�H[DPSOH��GLG�QRW�GLUHFWO\�EH�PHQWLRQHG�LQ�DO�4XU¶ƗQ�

DQG�SURSKHWLF�WUDGLWLRQ������\HDUV�DJR��WKHUHIRUH�LW�GLG�QRW�H[LVW�LQ�LWV�GHILQLWH�IRUP�DV�

WRGD\��$V�%DGDZ\��������VDLG�IRUHQVLF�HYLGHQFH�VRPHWLPHV�FDQ�HIIHFWLYHO\�UHSODFH�WKH�

WUDGLWLRQDO�PHDQV�RI�SURRI�ZKHQ�FRPSOHPHQWHG�ZLWK�RWKHU�FLUFXPVWDQWLDO�HYLGHQFH��

7KLV�LVVXH�KDV�JLYHQ�DQ�LPSOLFDWLRQ�LQ�XQGHUVWDQGLQJ�WKH�VKDULDK�ODZ�LWVHOI��,Q�0DOD\VLD�

FRQWH[W��VKDULDK�ODZ�KDV�EHHQ�UHFRJQLVHG�DV�RQH�RI�WKH�MXGLFLDO�V\VWHPV�RI�WKH�FRXQWU\��

6RPH�LVVXHV�RFFXU�LQ�FRPSUHKHQGLQJ�WKH�WHUPLQRORJLHV�UHODWHG�WR�WKH�WHUP�DO�TDUƯQDK��

DO�ED\\LQDK�DQG�DO�VKDKƗGDK��%DVHG�RQ�5X]PDQ��������UHVHDUFK��KH�SURYHG�WKDW�DO�

TDUƯQDK�KDV�EHHQ�FDWHJRULVHG�XQGHU�WKH�WHUP�RI�µFLUFXPVWDQWLDO�HYLGHQFH¶��,Q�WKH�VDPH�

WLPH��LW�UHIHUV�WR�µUHOHYDQW�IDFW¶��7KH�OHJDO�GHILQLWLRQ�RI�WKHVH�WZR�WHUPV�LV�DEVROXWHO\�

GLIIHUHQW�DV�GHILQHG�E\��6\DULDK�&RXUW�(YLGHQFH� �)HGHUDO�7HUULWRULHV��� ��������7KLV�

FDXVHG� IRUHQVLFV� DSSOLFDWLRQ� LQ� VKDULDK� OHJLVODWLRQ� LV� D� ZD\� IDU� EHKLQG� IURP� LWV�
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DSSOLFDWLRQ�LQ�&LYLO�OHJLVODWLRQ��7KLV�DXWKRU�VXJJHVWV�IRU�D�UHSRVLWLRQLQJ�RI�DO�TDUƯQDK�

DQG�PRUH�FODULILFDWLRQ�RQ�WKH�WHUP�PHQWLRQHG�LQ�6HFWLRQ���RI�WKH�$FW��7KLV�MXVWLILFDWLRQ�

WKURXJK�FRPSUHKHQVLYH�XQGHUVWDQGLQJ�RQ�WKH�IXQGDPHQWDOV�RI�IRUHQVLF�VFLHQFH�FRXOG�

DVVLVW� LQ� UHSRVLWLRQLQJ� WKHVH� WHUPLQRORJLHV� �5X]PDQ�� ������� +HQFH�� GXH� WR� WKHVH�

FLUFXPVWDQFHV��IRUHQVLF�VFLHQFH�DV�LQWHJUDWLRQ�ZLWK�DO�TDUƯQDK�QHHG�WR�EH�H[SORUHG�DV�

WKH�QHHG�LQ�SURYLQJ�WKH�WUXWK�LQ�,VODP��

7KLUGO\�� LW� LV�DJUHHG�WKDW� LQ�PRVW�RI�VKDULDK�OLWHUDWXUHV��VFLHQWLILF�HYLGHQFH�LV�

VRUWHG�XQGHU�WKH�DO�TDUƯQDK�FDWHJRU\��2QO\�DIWHU���WK�FHQWXU\��SURPLQHQW�VFKRODUV�ZHUH�

IRXQG�WR�SXW�VRPH�RI�WKH�VFLHQWLILF�HYLGHQFH�LQWR�WKH�DO�ED\\LQDK�FDWHJRU\�DV�VFLHQWLILF�

HOHPHQWV�ZHUH�IRXQG�LQ�UHODWHG�FDVHV��7KH�SXUSRVHV�DQG�WKH�DLPV�RI�IRUHQVLF�VFLHQFH�

DUH� OHDGLQJ� WRZDUGV� WR� VDIHJXDUG� KXPDQ� LPSRUWDQW� YDOXHV� DQG� WR� UHPRYH� KDUP� LQ�

VRFLHW\�� 7KLV� LV� WKH� UHDVRQ� ZK\� RWKHU� MXGLFLDO� V\VWHPV� KDYH� DGDSWHG� LW� IRU� DERXW�

FHQWXULHV��,W�LV�D�ELJ�ORVV�LI�IRUHQVLF�VFLHQFH�FDQQRW�EH�DGDSWHG�DV�RQH�RI�WKH�PHDQ�RI�

SURRI� LQ� VKDULDK� ODZ� LQGHSHQGHQWO\� �=XOIDNDU�� ������� $Q� LVVXH� DULVHV� KHUH� ZKHQ�

IRUHQVLF�VFLHQFH�KDV�UDSLGO\�JURZQ�DQG�H[SDQGHG�WR�EHFRPH�VXFK�D�JUHDW�GLVFLSOLQH�LQ�

KXPDQ�OLIH��:KHUH�LV�LWV�SODFH�LQ�WKH�GLVFXVVLRQ�RI�PDTƗ܈LG�DO�VKDUƯµDK�DQG�KRZ�FRXOG�

LW� KDV� UHODWHG� WR� WKLV� ILHOG"� 7KLV� KRZHYHU� QHHGV� D� VWURQJ� DUJXPHQWDWLRQ� WKURXJK�

UHDVRQLQJ� PHWKRG� IURP� WKH� DXWKRULWDWLYHQHVV� RI� ,VODPLF� VRXUFHV� LQ� ZKLFK� FDQ� EH�

FRPSOLHG�ZLWK�PDTƗ܈LG�DO�VKDUƯµDK��+DOODT��������1\D]HH���������$V�IDU�DV�UHVHDUFKHU�

FRQFHUQ�� WKHUH� LV�QR�DFDGHPLF� UHVHDUFK� WKDW� WULHG� WR�JLYH� D� VWURQJ�DUJXPHQWDWLRQ� WR�

DGDSW�IRUHQVLF�VFLHQFH�LQ�ZKROH�ZLWKLQ�PDTƗ܈LG�DO�VKDUƯµDK�IRUPXODWLRQ���

/DVWO\�� OHJDO� UHDVRQLQJ� DQG� GHHS� XQGHUVWDQGLQJ� RI� IRUHQVLF� VFLHQFH�

IXQGDPHQWDOV�DUH� WKH�EDVLF� IRXQGDWLRQV� WRZDUGV� WKH�SHUVRQ�ZKR�GHDOV�ZLWK�IRUHQVLF�

HYLGHQFH��)DLOXUH�LQ�XQGHUVWDQGLQJ�WKH�IXQGDPHQWDOV�RI�IRUHQVLFV�OHDG�WR�LUUHOHYDQW�DQG�

PLVLQWHUSUHWDWLRQ�LQ�UHDVRQLQJ��%DVHG�RQ�EDFNJURXQG�RI�WKH�VWXG\��WKHUH�LV�D�UHVXUJHQFH�

LQ�DSSUHKHQGLQJ�WKH�IRXQGDWLRQ�RI�IRUHQVLF�VFLHQFH�LQ�GHDOLQJ�ZLWK�IRUHQVLF�FDVHV�RU�LQ�

FRQGXFWLQJ� UHVHDUFK� LQ� WKH� UHODWHG� DUHD�� 7KLV� FRXOG� PLQLPLVH� HUURUV� LQ� MXGLFLDO�

LQWHUSUHWDWLRQ�RI�IRUHQVLF�HYLGHQFH�DQG�HQVXUH�DFFXUDWH�ILQGLQJV�RI�VWXGLHV�LQ�UHODWHG�

ILHOG��6DNV�	�)DLJPDQ��������6FKLIIHU���������+HQFH��VRPH�UHFRPPHQGDWLRQ�VKRXOG�

EH�SURSRVHG�VLQFH��XQWLO�WKLV�SHULRG�RI�WLPH��WKLV�NLQG�RI�UHVHDUFK�KDV�\HW�WR�EH�GRQH��
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���� 5HVHDUFK�2EMHFWLYHV�

7KH� IRFXV� RI� WKLV� UHVHDUFK� LV� WR� UHFRPPHQG� IRU� WKH� LQWHJUDWLRQ� RI� IRUHQVLF�

VFLHQFH� IXQGDPHQWDOV� DQG�DO�TDUƯQDK� WRZDUGV� DFKLHYLQJ�PDTƗ܈LG� DO�VKDUƯµDK��:LWK�

VXFK�DQ�REMHFWLYH�LQ�PLQG��WKH�UHVHDUFK�DLPV��

L�� 7R�LGHQWLI\�IRUHQVLF�VFLHQFH�HOHPHQWV�LQ�0XVOLP�VFKRODUV¶�YLHZ�RQ�WKH�

DGPLVVLELOLW\�RI�DO�TDUƯQDK�LQ�,VODP��

LL�� 7R�DQDO\VH�WKH�UHODWLRQVKLS�RI�IRUHQVLF�VFLHQFH�HOHPHQWV�ZLWK�PDTƗ܈LG�

DO�VKDUƯµDK� IURP� LWV� WUDQVIHUDELOLW\� WKURXJK� UHSRUWHG� IRUHQVLF� VFLHQFH�

FDVHV��

LLL�� 7R� DQDO\VH� IXQGDPHQWDO� IUDPHZRUN� RI� IRUHQVLFV� LQ� ,VODP� EDVHG� RQ�

IRUHQVLFV�HOHPHQWV�IRXQG�LQ�VFKRODUV¶�YLHZ�RQ�WKH�DGPLVVLELOLW\�RI�DO�

TDUƯQDK�LQ�,VODP��

LY�� 7R�SURSRVH�IRU�D�IXQGDPHQWDO�UHFRPPHQGDWLRQ�RI�IRUHQVLF�VFLHQFH�DV�

LQWHJUDWLRQ�ZLWK�DO�TDUƯQDK�WRZDUGV�DFKLHYLQJ�PDTƗ܈LG�DO�VKDUƯµDK��

���� 5HVHDUFK�4XHVWLRQV�

$V�IRU�WKLV�VWXG\��LQ�WKH�HQG�RI�UHVHDUFK��ILQGLQJV�ZLOO�PDQDJH�WR�HODERUDWH�RQ�

KRZ�FRXOG�IRUHQVLF�VFLHQFH�IXQGDPHQWDOV�DFKLHYH�PDTƗ܈LG�DO�VKDUƯµDK�DQG�DQVZHU�RQ��

L�� :KDW�DUH�WKH�IRUHQVLF�VFLHQFH�HOHPHQWV�LQ�0XVOLP�VFKRODUV¶�YLHZ�RQ�WKH�

DGPLVVLELOLW\�RI�DO�TDUƯQDK�LQ�,VODP"�

LL�� :KDW�DUH�WKH�UHODWLRQVKLS�RI�IRUHQVLF�VFLHQFH�HOHPHQWV�ZLWK�PDTƗ܈LG�DO�

VKDUƯµDK�WKURXJK�WKH�UHSRUWHG�IRUHQVLF�FDVHV"�

LLL�� :KDW�DUH� WKH�FRPSRQHQWV�RI� IRUHQVLFV� IXQGDPHQWDO� IUDPHZRUN�EDVHG�

RQ� IRUHQVLF� VFLHQFH� HOHPHQWV� IRXQG� LQ� VFKRODUV¶� YLHZ� RQ� WKH�

DGPLVVLELOLW\�RI�DO�TDUƯQDK�LQ�,VODP"�

Y�� +RZ�ZRXOG�WKH�IRUHQVLF�VFLHQFH�IXQGDPHQWDOV�EH�UHFRPPHQGHG�DV�DQ�

LQWHJUDWLRQ�ZLWK�DO�TDUƯQDK�LQ�DFKLHYLQJ�PDTƗ܈LG�DO�VKDUƯµDK"�
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���� 5HVHDUFK�6FRSH�

5HVHDUFKHU�DZDUH�WKDW�IRUHQVLF�VFLHQFH�LV�WRR�EURDG�LQ�VFRSH��%\�OLPLWLQJ�WKH�

VFRSH�RI�WKLV�VWXG\��WKLV�UHVHDUFK�ZLOO�EH�LQ�IRFXV�DQG�WKH�ILQGLQJV�ZLOO�EH�FRQFLVH�DQG�

FRPSDFW��7KH�VFRSH�RI�IRUHQVLF�VFLHQFH�LQ�WKLV�VWXG\�LV�YLHZHG�IURP�WKH�IXQGDPHQWDOV�

DVSHFW�ZKLFK�FRYHUV�WKH�SKLORVRSKLFDO�SDUW�RI�IRUHQVLF�VFLHQFH�VXFK�DV�WKH�IRXQGDWLRQ��

SULQFLSOHV�� DQG� WKH� KLVWRULFDO� DUHD�� 5HVHDUFKHU� DOVR� KDV� OLPLWHG� WKH� VFRSH� WR� WKH�

GLVFXVVLRQ�RQ�WKH�VFKRODUV¶�YLHZ�LQ�WKH�DGPLVVLELOLW\�RI�DO�TDUƯQDK�DV�WKLV�LV�WKH�SRLQW�

WKDW�PDNHV�IRUHQVLF�VFLHQFH�EHLQJ�DGPLVVLEOH� LQ� ,VODPLF� ODZ��0RUHRYHU�� VWDWXWH�DQG�

UHYLHZV�DOVR�EHLQJ�OLPLWHG�WR�)HGHUDO�6WDWH�RI�:LOD\DK�3HUVHNXWXDQ�DV�LW�LV�SDUL�PDWHULD�

WR� VKDULDK� OHJLVODWLRQ� LQ� RWKHU� VWDWHV� LQ�0DOD\VLD� �1DMLEDK�� ������� 7KH� UHYLHZV� RI�

IRUHQVLF�VFLHQFH�SUDFWLFH�LQ�WKLV�VWXG\�LV�DOVR�OLPLWHG�WR�-DEDWDQ�$JDPD�,VODP�:LOD\DK�

3HUVHNXWXDQ��'HSDUWPHQW�RI�)HGHUDO�7HUULWRU\�RI�,VODPLF�$IIDLUV��±�-$:,��$V�IURP�

WKH�PHWKRGRORJLFDO�DVSHFWV��GDWD�VRXUFHV�LQFOXGHG�YDULRXV�4XU¶DQLF�YHUVHV�DQG�KDGLWK�

�DV�H[SODLQHG�LQ�PHWKRGRORJ\�VHFWLRQ��EXW�QRW�OLPLWHG�WR�ILTK�VRXUFHV��5HJDUGLQJ�WKH�

GLVFXVVLRQ�RI�PDTƗ܈LG�DO�VKDUƯµDK�LQ�WKLV�VWXG\��WKH�VFRSH�KDV�LQFOXGHG�EXW�QRW�OLPLWHG�

WR�PDTƗ܈LG�DO�VKDUƯµDK�NKD܈܈DK�IRFXVVHG�RQ�µXTǌEƗW��

���� 2ULJLQDO�&RQWULEXWLRQV�RI�7KLV�6WXG\�

7KLV�WKHVLV�KDV�WKUHH�SURPLQHQW�FRQWULEXWLRQV��PHWKRGRORJLFDO��WKHRUHWLFDO��DQG�

SUDFWLFDO�� $V� IRU� WKH� PHWKRGRORJLFDO� LPSOLFDWLRQ�� WKLV� VWXG\� VXJJHVWV� VRPH� QHZ�

DQDO\WLFDO�WHFKQLTXH�LQ�WKH�ILHOG�RI�,VODPLF�UHVHDUFK��7KH�FRPELQDWLRQ�RI�FRPSXWHULVHG�

DQG�PDQXDO�FRGLQJ�SURFHVVHV�WRZDUGV�WZR�GLIIHUHQW�ODQJXDJHV�RI�PDQXVFULSWV�QDPHO\��

$UDELF�DQG�(QJOLVK�ODQJXDJHV�GHOLEHUDWHO\�HQVXUH�WKH�VPRRWKQHVV�RI�FRGLQJ�SURFHVV��

,Q�IDFW��WKDW�WKLV�NLQG�RI�FRPELQDWLRQ�JLYHV�D�FOHDUHU�SLFWXUH�RI�WKH�VHDUFKHG�FRGHV��2Q�

WKH� WKHRUHWLFDO� IURQW�� WKLV� VWXG\� FRQWULEXWHV� WR� WKH� OLWHUDWXUH� RI� LQWHJUDWLRQ� EHWZHHQ�

VFLHQFH� DQG� UHOLJLRQ� LQ� JHQHUDO� DQG� WKH� FRQQHFWLRQ� EHWZHHQ� IRUHQVLF� VFLHQFH� DQG�

PDTƗ܈LG�DO�VKDUƯµDK�VSHFLILFDOO\�� WKURXJK�WKH�LQWHJUDWLRQ�RI�DO�TDUƯQDK�DQG�IRUHQVLF�
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VFLHQFH��7KLV�UHVHDUFK�FODLPV�WKDW�WKH�LQWHJUDWLRQ�EHWZHHQ�VFLHQFHV�DQG�,VODPLF�ODZ�KDV�

EHHQ� HVWDEOLVKHG� DV� WKH� IRUHQVLFV� HOHPHQWV� GR� H[LVWHG� LQ� UHOLJLRXV� PDQXVFULSWV� RI�

,VODPLF�ODZ��,W�DOVR�VWUHVVHG�RQ�WKH�UROH�RI�IRUHQVLFV�LQ�WKH�SUHVHUYDWLRQ�RI�DOڲ�DUǌUL\\ƗW�

DO�NKDPVDK�LQGXFWLYHO\�DQG�GHGXFWLYHO\�IURP�FDVH�VWXGLHV�SUHVHQWHG��)XUWKHUPRUH��WKLV�

VWXG\� DOVR� KLJKOLJKWV� WKH� UROH� RI� DO�TDUƯQDK� LQ� UHDOLVLQJ� PDTƗ܈LG� DO�VKDUƯµDK���

,QWHUHVWLQJO\�WKLV�UHVHDUFK�DGGV�WR�WKH�OLWHUDWXUH�RI�IRUHQVLFV�WKDW�WKHUH�LV�D�EOXHSULQW�WR�

UHFRJQLVHG� IRUHQVLFV�DV�DO�TDUƯQDK� LQ� WKH�SUHVHUYDWLRQ�RI�DOڲ�DUǌUL\\ƗW�DO�NKDPVDK��

0HDQZKLOH��RQ�WKH�SUDFWLFDO�SRLQW�RI�YLHZ��WKLV�UHVHDUFK�HPSKDVLVHV�WKDW�WKH�IRUHQVLFV�

DQG�,VODPLF�ODZ�PXVW�EH�LQ�V\QFKURQLVHG�ZLWK�HDFK�RWKHU��7KH�QHJOLJHQFH�RI�LQWHJUDWLQJ�

WKHVH�WZR�ILHOGV�ZLOO�QHJDWLYHO\�LQIOXHQFH�ERWK�VLGHV���

7KLV�UHVHDUFK�KDV�DOVR�JLYH�EHQHILWV� WR� WKH�ILHOG�RI�PDTƗ܈LG�DO�VKDUƯµDK� LQ�D�

FRQWULEXWLRQ�WR�RSHQ�D�QHZ�WRSLF�RI�GLVFXVVLRQ��+HQFH��PDTƗ܈LGƯ�VFKRODUV�ZLOO�ODWHU�

PDNH� IXUWKHU� HODERUDWLRQV� UHODWHG�RQ� WKLV� WRSLF��$V� IRU� DQ\� ,VODPLF� LQVWLWXWLRQV� WKDW�

LQWHQG� WR� VHW� D� ILUP�RU� HVWDEOLVKLQJ� WKH� JXLGDQFH� RI� ,VODPLF� SUDFWLFHV� DQG� HWKLFV� LQ�

IRUHQVLF� VFLHQFH�� WKHUH� DUH� VRPH� LPSOLFDWLRQV� WKDW� FDQ�EH� UHIHUUHG� DW� WKH� HQG�RI� WKH�

UHVHDUFK��,W�LV�XS�WR�WKH�LQVWLWXWLRQV�WR�HYDOXDWH�WKH�ILQGLQJV�ZKHWKHU�LW�LV�VXLWDEOH�WR�EH�

WDNHQ�IRU�IXUWKHU�DFWLRQV�RU�QRW���$V�IRU�VFLHQWLVWV��0XVOLP�IRUHQVLF�VFLHQWLVWV�HVSHFLDOO\�

FDQ�JDLQ�QHZ�SHUVSHFWLYHV�RQ�WKHLU�MRE�DQG�WKXV�ZLOO�FRQWULEXWH�WR�DQ�,VODPLF�PRGHO�RI�

SURIHVVLRQ�DQG�SUDFWLFH��)RU�WKH�EHQHILWV�RI�IXWXUH�UHVHDUFKHUV��WKLV�VWXG\�JXLGHV�WKHP�

WR�SXW�IRUZDUG�IRU�PRUH�UHVHDUFK�LQ�WKLV�ILHOG�RI�VWXG\�DV�WKLV�LV�D�IDVW�IORZLQJ�UHVHDUFK�

DUHD��%\�UHFRJQLVLQJ�WKH�UROH�DQG�WKH�LPSRUWDQFH�RI�IRUHQVLF�VFLHQFH�LQ�,VODP�ZLOO�OHDG�

WR� IXUWKHU� H[WHQVLYH� UHVHDUFK�� 7KLV� VWXG\� LV� DOVR� D� SLRQHHU� WR� RWKHU� UHVHDUFKHUV� WR�

H[SORUH�PRUH� LQ� WKH� ILHOG� RI� LQWHJUDWLRQ� EHWZHHQ� IRUHQVLF� VFLHQFH�� DO�TDUƯQDK�� DQG�

PDTƗ܈LG�DO�VKDUƯµDK��



���

�

���� 2SHUDWLRQDO�'HILQLWLRQ�

6RPH�RI�WKH�EDVLF�WHUPLQRORJLHV�WKDW�DUH�UHODWHG�WR�WKLV�VWXG\�DUH�PHQWLRQHG�LQ�

WKLV� VHFWLRQ�� 7KHVH� HODERUDWLRQV� DLP� WR� JXLGH� WKH� VWXG\� WKURXJK� GHILQLWH� WHUPV� DQG�

SUHYHQW�DQ\�PLVLQWHUSUHWDWLRQ�RI�WKH�XQGHUVWDQGLQJ�WR�UHDGHUV��

������ )RUHQVLF�6FLHQFH�)XQGDPHQWDOV�

µ)RUHQVLF� VFLHQFH¶� WHUPLQRORJ\� VKRXOG� EH� UHDG� WRJHWKHU� DV� D� QRXQ� ZKLFK�

GHVFULEHG�DV�WKH�DSSOLFDWLRQ�RI�VFLHQWLILF�WHFKQLTXHV�WR�OHJDO�LQYHVWLJDWLRQV�DQG�VFLHQFH�

LQ�WKH�VHUYLFH�RI�WKH�ODZ��(PEDU�6HGGRP�	�3DVV������������5HVHDUFKHU�DOVR�XVHG�WKH�

WHUP�µIRUHQVLFV¶�WR�UHIHU�WR�IRUHQVLF�VFLHQFH�LQ�WKLV�VWXG\�IRU�WKH�HDVH�RI�UHDGLQJ�DQG�

ZULWLQJ��$V�IRU�WKLV�VWXG\��µWKH�IRUHQVLF�VFLHQFH�IXQGDPHQWDOV¶�LV�D�SKUDVH�WKDW�UHIHUV�WR�

WKH� SULPDU\� UXOHV�� SULQFLSOHV�� EDVH�� DQG� FRUH� RI� IRUHQVLF� VFLHQFH� �+RXFN�	� 6LHJHO��

�������7KH�ZRUG�µIXQGDPHQWDOV¶�VKRXOG�EH�UHDG�WRJHWKHU�ZLWK�µIRUHQVLF�VFLHQFH¶�IRU�D�

FRPSOHWH�WHUPLQRORJ\�XQGHUVWDQGLQJ�RI�WKLV�VWXG\��7KLV�WHUPLQRORJ\�LQFOXGHV�EXW�QRW�

OLPLWHG�WR�VFLHQWLILF�DQG�QRQ�VFLHQWLILF�DVSHFWV�RI�IRUHQVLF�VFLHQFH�WKDW�FRQVLVWV�RI�VL[�

DVSHFWV�QDPHO\��FULPLQDO�MXVWLFH��DQDO\WLFDO�WRROV��ELRORJLFDO��FKHPLFDO��SK\VLFDO��DQG�

OHJDO�DVSHFWV�RI�IRUHQVLF�VFLHQFH��0RUHRYHU��WKLV�VWXG\�DOVR�XVHG�WKH�WHUPLQRORJ\�RI�

µIRUHQVLF� VFLHQFH� HOHPHQWV¶� WKDW� UHIHUV� WR� WKH� UXGLPHQWV� DQG� FRPSRQHQW� SDUWV� RI�

IRUHQVLF�VFLHQFH�DSSOLFDWLRQ��

������ $O�4DUƯQDK��&LUFXPVWDQWLDO�(YLGHQFH��

,Q�IDFW��WKHUH�LV�D�ORW�RI�DUJXPHQWDWLRQ�LQ�GHILQLQJ�DO�TDUƯQDK��WKLV�VWXG\�XVHG�

WKH�GHILQLWLRQ�JLYHQ�E\�,EQ�1XMD\P��Q�G����WKDW�LV�DQ\�VLJQ��SURRI�RU�HYLGHQFH�ZKLFK�LV�
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FLUFXPVWDQWLDOO\�FRUURERUDWLQJ�WRZDUGV�UHOHYDQW�IDFW�RU�SUHVXPSWLYH�SURRI�WR�UHDFK�WR�

WKH�FHUWDLQ�SRLQW�RI�D�FDVH��,Q�WKLV�VWXG\��WKH�GHILQLWLRQ�DOVR�LQFOXGHV�DO�TDUƯQDK�ZKLFK�

UHODWHG�WR�HYHU\�DVSHFW�RI�IRUHQVLF�VFLHQFH�WKDW�FDQ�EH�DVVLPLODWHG�LQWR�WKH�DGPLVVLELOLW\�

RI�DO�TDUƯQDK�LQ�HYLGHQFLQJ�FDVHV��

������ 0DTƗ܈LG�DO�6KDUƯµDK��7KH�2EMHFWLYHV�RI�,VODPLF�/DZ��

7KLV� UHVHDUFK� UHIHUV�PDTƗ܈LG� DO�VKDUƯµDK� DV� WKH� OHJLWLPDWH� SXUSRVHV� RU� WKH�

REMHFWLYHV�RI�,VODPLF�ODZ�DQG�XVHG�D�FRPELQDWLRQ�RI�WKH�GHILQLWLRQ�JLYHQ�E\�DO�4DUUƗIL�

������� �������� DO�5D\VǌQL� ������� ����� DQG� µ$XGD� ������� ���� ,W� LV� WKH� µJRDOV� RI� WKH�

VKDULDK� WKDW� DLPV� DQG� EULGJHV� EHWZHHQ� WKH� ODZ� DQG� WRGD\¶V� FRQFHSWLRQV� RI� KXPDQ�

ULJKWV�� GHYHORSPHQW�� DQG� FLYLOLVDWLRQ� ZKLFK� OLQNHG� ZLWK� SUHVHUYLQJ� PD܈ODۊDK� DQG�

HOLPLQDWLQJ�PDIVDGDK� FRQFHSW�� WKDW� QHHG� WR� EH� REWDLQHG� IRU� WKH� EHQHILW� RI� KXPDQ�

EHLQJ¶��7KLV�GHILQLWLRQ�DOVR�LQFOXGHV�EXW�QRW�OLPLWHG�WR�WKH�GHILQLWLRQ�RI�DOڲ�DUǌUL\\ƗW�

DO�NKDPVDK�WKDW�FDQ�EH�GHILQHG�DV�WKH�SUHVHUYDWLRQ�RI�ILYH�HVVHQWLDO�YDOXHV��UHOLJLRQ��

OLIH��LQWHOOHFW��GLJQLW\�OLQHDJH��DQG�SURSHUW\��

���� 6XPPDU\�

$OO� LQ� DOO�� WKLV� FKDSWHU�GHDOV�ZLWK� WKH� LQWURGXFWRU\� SDUW� RI� WKLV� VWXG\��ZKLFK�

FRQVLVWV�EDFNJURXQG�DQG�VWDWHPHQW�RI�SUREOHP��REMHFWLYHV��VLJQLILFDQFH��DQG�VFRSH�RI�

WKH�VWXG\��)RXU�LVVXHV�KDYH�EHHQ�KLJKOLJKWHG�LQ�WKH�EDFNJURXQG�RI�VWXGLHV�WKDW�EXLOW�WKH�

SUREOHP� VWDWHPHQWV�� 7KLV� VWXG\� DOVR� DLPV� WR� DFKLHYH� DQG� DQVZHU� IRXU� UHVHDUFK�

REMHFWLYHV�DQG�TXHVWLRQV��8QGHU�D�VSHFLILF�VFRSH��WKLV�VWXG\�DOVR�KDG�EHHQ�QDUURZHG�

LQWR� VHYHUDO� OLPLWDWLRQV�� ,Q� IDFW�� WKLV� VWXG\� DOVR� RULJLQDOO\� FRQWULEXWHV� WR� WKH� WKUHH�

SURPLQHQW�DVSHFWV��2SHUDWLRQDO�GHILQLWLRQ�KDV�EHHQ�H[SODLQHG�WKURXJK�WKH�ILQDO�VHFWLRQ���

+RSHIXOO\��WKH�HODERUDWLRQ�LQ�WKLV�FKDSWHU�FDQ�JLYH�DQ�RYHUDOO�YLHZ�RI�WKH�VWXG\��
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�

5()(5(1&(6�

µ$OƗ� DO�'ƯQ� DO�%XNKƗUƯ�� $EG� DO�µ$]Ư]� $KPDG� 0XKDPPDG�� �Q�G���� .DVKI� DO�$VUƗU�
6KDU܈�8ۊǌO�DO�%D]GDZƯ��Q�S���'ƗU�DO�.LWƗE�DO�,VOƗPL\��

�
µ$XGDK��$EG�DO�4ƗGLU���Q�G����DO�7DKVUƯµ�DO�-LQƗL\�DO�,VOƗPL\�PXTƗUDQDQ�EL�DO�4ƗQǌQ�

DO�:DڲDµƯ��%HLUXW��'ƗU�DO�.LWƗE�DO�
$UDEL\��
�
µ$]]ƗP��৫ƗULT�ৡƗOLত�<ǌVXI����������$WKDU�$O�ܑLEE�$O�6KDUµLH�IL�LWKEƗW�DOۉ�XTǌT�ZD�

DO�-DUƗLP��$PPDQ��-RUGDQ��'ƗU�DO�1DIƗLV��
��
µ8]D\]DK��$GQDQ�+DVDQ�������XMML\\DK�DO�4DUƗLQ�Iۉ���� Ư�DO�6KDUƯ
DK�DO�,VOƗPL\\DK��

DO�%D܈PƗW��DO�4L\ƗIDW��'LOƗODW�DO�ƖWKƗU�7Dۊ�OƯO�DO�'DPP��
$PPDQ��'ƗU�
$PPƗU�
OL�DO�1DVKU�ZD�DO�7DZ]Ư
��

�
µ8WKPƗQ��0XKDPPDG�5DµIƗW����������$O�1LܲƗP�DO�4DڲƗƯ�IƯ�DO�ILTK�DO�,VOƗPƯ��$O�µD\Q��

8QLWHG�$UDE�(PLUDWHV��'ƗU�DO�%D\ƗQ��
�
$EGXO� +DPLG�� 0RKDPDG�� �������� 3HODNVDQDDQ� +XGXG� 'L� %UXQHL�� 3HUEH]DDQ� 'L�

$QWDUD� %UXQHL� 'DQ� 0DOD\VLD�� -DEDWDQ� .HPDMXDQ� ,VODP� 0DOD\VLD� �-$.,0����
5HWULHYHG� ��WK� 'HFHPEHU�� ������ IURP�
KWWS���ZZZ�LVODP�JRY�P\�VLWHV�GHIDXOW�ILOHV�EDKDJLDQ�SHQ\HOLGLNDQ�WXQBDEGXOB
KDPLGBPRKDPDG�SHODNVDQDDQBKXGXGBGLBEUXQHL�SGI�

�
$EGXU�5DVKLG�� .��� )XUEHU�� 6�� :��� 	� $EGXO�%DVVHU�� 7�� �������� /LIWLQJ� WKH� YHLO�� D�

W\SRORJLFDO�VXUYH\�RI�WKH�PHWKRGRORJLFDO�IHDWXUHV�RI�,VODPLF�HWKLFDO�UHDVRQLQJ�
RQ� ELRPHGLFDO� LVVXHV��7KHRU�0HG�%LRHWK�� ������� ������� GRL�� ��������V������
�����������

�
$Eǌ�'ƗZXG��6XOD\PƗQ�ELQ�DO�$VKµDWK�ELQ�,VতƗT�ELQ�%DVKƯU�DO�6LMLVWƗQƯ���Q�G����6XQDQ�

$EƯ�'ƗZXG��DO�ণDPƯG��0XতDPPDG�0Dত\Ư�DO�'ƯQ�$EG�(G����%HLUǌW��0DNWDEDK�
DO�µ$ৢUL\\DK��

�
$Eǌ�.KD৬৬ƗE��0DতIǌ਌�$তPDG�DO�ণDVDQ����������$O�7DPKƯG�IƯ�8܈ǌO�DO�)LTK��Q�S���'ƗU�

DO�0DGDQƯ�OL�DO�৫LEƗµDK�ZD�DO�1DVKU�ZD�DO�7DZ]Ưµ��
�
$Eǌ�=XKUDK��0XKDPPDG������ǌO�DO�)LTK��&DLUR܈��8����'ƗU�DO�)LNU�DO�µ$UDEƯ��
�
$FFUHGLWDWLRQ����������,Q�2[IRUG�(QJOLVK�'LFWLRQDU\��2[IRUG��2[IRUG�8QLYHUVLW\�3UHVV��
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�

$GPLQLVWUDWLRQ�RI�,VODPLF�/DZ��)HGHUDO�7HUULWRULHV��$FW���������
�
$JUDZDO�� $EKD�� �������� (QG1RWH� ������ HDV\��� 5HIHUHQFH� 0DQDJHPHQW� IRU� 7KH�

3URIHVVLRQDO��6SULQJHU�6FLHQFH�	�%XVLQHVV�0HGLD��
�
$KPDG�,EUDKLP
V�.XOOL\\DK�RI�/DZV�,,80����������%DFKHORU�RI�/DZ�6KDULDK��+RQV���

//�%B6�� 3URJUDPPH� 'HVFULSWLRQ�� � 5HWULHYHG� ��WK� 'HFHPEHU�� ������ IURP�
KWWS���ZZZ�LLXP�HGX�P\�DLNRO�SURJUDPPHV�FRXUVHV�XQGHUJUDGXDWH�
SURJUDPPHV�EDFKHORU�ODZ�VKDULDK�OOEV�

�
$KPDG� 6XQDZDUL�� /RQJ� �������� 3HQJHQDODQ� 0HWRGRORJL� 3HQ\HOLGLNDQ� 3HQJDMLDQ�

,VODP��-DEDWDQ�8VXOXGGLQ�GDQ�)DOVDIDK��8QLYHUVLWL�.HEDQJVDDQ�0DOD\VLD��
�
$KPDG� 6\XNUDQ�� %DKDUXGGLQ�� ��������'L� 6HEDOLN� )LTDK� )RUHQVLN�� .XDOD� /XPSXU��

7HODJD�%LUX�6GQ��%KG��
�
$KPDG� 6\XNUDQ�� %DKDUXGGLQ�� $PLGRQ�� $QDQ�� 0RKDPPDG� $PLU�� :DQ� +DUXQ��

$PLQXGGLQ�� 5XVNDP��	�$EGXO� 5DKLP�� <DFRE�� ��������0DNPDO� .ULPLQRORJL�
�)RUHQVLN��7HUDNUHGLWDVL�%DJL�.HJXQDDQ�0DKNDPDK�6KDUL¶DK��6XDWX�7LQMDXDQ�
$ZDO��6DLQV�+XPDQLND���������

�
$KPDG�6\XNUDQ��%DKDUXGGLQ��$PLQXGGLQ��5XVNDP��	�$EGXO�5DKLP��<DFRE�������D���

3ULQVLS�$VDV�6DLQV�)RUHQVLN�GDUL�3HUVSHNWLI�,VODP��6XDWX�6RURWDQ�/LWHUDWXU��6DLQV�
+XPDQLND���������

�
$KPDG�6\XNUDQ��%DKDUXGGLQ��$PLQXGGLQ��5XVNDP��	�$EGXO�5DKLP��<DFRE�������E���

7KH�5ROH�RI�)RUHQVLF�%LRORJ\�LQ�5HDOLVLQJ�0DTƗৢLG�DO�6KDUƯµDK��7KH�2EMHFWLYHV�
RI�,VODPLF�/DZ���6DLQV�+XPDQLND���������

�
$KPDG�6\XNUDQ��%DKDUXGGLQ��$PLQXGGLQ��5XVNDP��	�$EGXO�5DKLP��<DFRE���������

7KH�5ROH�RI�%LRORJ\�LQ�)RUHQVLF�6FLHQFH�LQ�5HDOLVLQJ�DOڱ�DUǌUL\\ƗW�DO�.KDPVDK��
3DSHU� SUHVHQWHG� DW� WKH� ,QWHUQDWLRQDO� 6HPLQDU� RQ� ,VODPLF� -XULVSUXGHQFH� LQ�
&RQWHPSRUDU\�6RFLHW\��8QLYHUVLWL�6XOWDQ�=DLQDO�$ELGLQ��

�
$KPDG�6\XNUDQ��%DKDUXGGLQ��+DVQD��%LGLQ��:DQ�,VPDLO��:DQ�'DJDQJ��$PLQXGGLQ��

5XVNDP��	�$EGXO�5DKLP��<DFRE���������)LTK�)RUHQVLFV�� ,QWHJUDWLRQ�EHWZHHQ�
6FLHQFHV�DQG�,VODPLF�/DZ�IRU�$XWRSVLHV�DQG�,GHQWLILFDWLRQ�RI�'HFHDVHG��6DLQV�
+XPDQLND���������

�
$KPDG�6\XNUDQ��%DKDUXGGLQ��0RKDPPDG�$PLU��:DQ�+DUXQ��$PLQXGGLQ��5XVNDP��

	�$EGXO� 5DKLP�� <DFRE�� �����D��� )RUHQVLN� %LRORJL�'DODP� 3HQMDJDDQ�1DVDE�
�+LI]� DO�1DVDE�1DVO��� 805$1�,QWHUQDWLRQDO� -RXUQDO� RI� ,VODPLF� DQG�
&LYLOL]DWLRQDO�6WXGLHV��(,661���������������������

�
$KPDG�6\XNUDQ��%DKDUXGGLQ��0RKDPPDG�$PLU��:DQ�+DUXQ��$PLQXGGLQ��5XVNDP��

	�$EGXO�5DKLP��<DFRE������E���7KUHH�'LPHQVLRQDO���'��%LRSULQWLQJ�RI�+XPDQ�
2UJDQV�LQ�5HDOLVLQJ�0DTƗৢLG�DO�6KDUƯµDK��3HULQWLV�(�-RXUQDO���
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�

$KPDG�6\XNUDQ��%DKDUXGGLQ��0RKDPPDG�$PLU��:DQ�+DUXQ��$PLQXGGLQ��5XVNDP��
	�$EGXO�5DKLP��<DFRE� ��������/DZ�RI� ,QGLYLGXDOLW\� DQG�/RFDUG¶V� 3ULQFLSOH�
IURP�,VODPLF�3HUVSHFWLYH��0HGLWHUUDQHDQ�-RXUQDO�RI�6RFLDO�6FLHQFHV��������������

�
$KPDG�6\XNUDQ��%DKDUXGGLQ��	�6LWL�5RELDWXQ�$GGDZL\DK��5RVODQ����������0XGDKQ\D�

(QG1RWH�;��9HUVL�3HQ\HOLGLNDQ�6DLQV�6RVLDO�GDQ�3HQJDMLDQ�,VODP��-RKRU�%DKUX��
-RKRU��<5�$FDGHPLF�5HVRXUFHV��

�
$NKPHWRYD��(OPLUD����������*HQHWLFDOO\�PRGLILHG�IRRG�DQG�KXPDQLW\¶V�ZHOO�EHLQJ��DQ�

,VODPLF�SHUVSHFWLYH�,VODPLF�3HUVSHFWLYHV�RQ�6FLHQFH�DQG�7HFKQRORJ\��SS������
������6SULQJHU��

�
DO�µ$LQƯ��$Eǌ�0XতDPPDG�0DতPǌG�� ��������DO�%DQƗ\DK� VKDUۊ�DO�+LGƗ\DK��%HLUXW��

'ƗU�DO�.XWXE�DO�µ,OPL\\DK��
�
DO�µ$VTDOƗQƯ�� ,EQ� ণDMDU� $তPDG� ELQ� µ$OL�� �������� )DWۊ� DO�%ƗUƯ� IL� 6KDUۊ� �ۊƯۊD܇ DO�

%XNKƗUƯ��%HLUXW��'ƗU�DO�0DµULIDK��
�
DO�ƖPLGƯ�� $Eǌ� ণDVDQ�� �Q�G���� $O�,ۊNƗP� IƯ� �ǌO܈8 DO�$ۊNƗP�� %HLUXW�� $O�0DNWDE� DO�

,VOƗPL\��
�
DO�$\ǌEL�� 6D
DG� $তPDG� 0DVµXG�� �������� 0DTƗ܈LG� DO�6KDUƯµDK� DO�,VOƗPL\\DK� ZD�

µDOƗTDWXKƗ�EL�DO�$GLOODK�DO�6KDUµL\\DK��6DXGL�$UDELD��'ƗU�,EQ�DO�-DZ]L\��
�
DO�$ৢIDKƗQƯ��$Eǌ�DO�4ƗVLP�DO�ণXVD\Q����������DO�'KDUƯµDK�LOƗ�0DNƗULP�DO�6KDUƯµDK��

&DLUR��'ƗU�DO�6DOƗP��
�
DO�%ƗEDUWƯ��0XতDPPDG�0XতDPPDG�0DতPǌG�� �Q�G����DO�µ,QƗ\DK�6KDUۊ� DO�+LGƗ\DK��

Q�S���'ƗU�DO�)LNU�
�
DO�%DGDZƯ\�� <ǌVXI� $তPDG� 0XতDPPDG�� �������� 0DTƗ܈LG� DO�6KDUƯµDK� µLQGD� ,EQ�

7D\PL\\DK��-RUGDQ��'ƗU�DO�1DIƗLV��
�
DO�%DOTƯQƯ��µ8PDU�,EQ�5XVOƗQ����������$O�)DZƗLG�DO�-LVƗP�µDOƗ�4DZƗLG�,EQ�$EG�DO�

6DODP��4DWDU��0LQLVWU\�RI�(QGRZPHQW�DQG�,VODPLF�$IIDLUV�RI�4DWDU��
�
DO�%XKǌWƯ��0DQVǌU�ELQ�<ǌQXV�ELQ�ৡROƗত�DO�'ƯQ�ELQ�ণDVDQ�ELQ�,GULV���Q�G����.DVKƗI�DO�

4DQQƗµ�µDQ�PDWQ�DO�,TQƗµ��%HLUXW��'ƗU�DO�.XWXE�DO�
,OPL\\DK��
�
DO�%XNKƗUL��0XতDPPDG�LEQ�,VPƗ¶ƯO����������7KH�7UDQVODWLRQ�RI�WKH�0HDQLQJV�RI܇�DۊƯۊ�

%XNKƗUL��5L\DGK��'DUXVVDODP�3XEOLVKHUV�DQG�'LVWULEXWRUV��
�
DO�%XNKƗUL��0XতDPPDG� LEQ� ,VPƗµƯO�� �ۊƯۊD܇�������� DO�%XNKƗUƯ�� %HLUXW��'ƗU�৫ǌT� DO�

1DMƗW��
�
DO�%XNKD\W��1XVD\EDK�0DতPǌG�$EG�$OODK����������DO�$ۊNƗP�DO�0XWDµDOOLTƗW�EL�DO�

6DPǌP��'LUƗVDW�)LTKL\\DK��-RUGDQ��'ƗU�DO�1DIƗLV�OL�DO�1DVKU�ZD�DO�7DZ]Ưµ��
�
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�

DO�%ǌৢƯUƯ��6KLKƗE�DO�'ƯQ�$তPDG����������,WۊƗI�DO�.KD\UDW�DO�0DKDUUDW�EL�=DZƗLG�DO�
0DVƗQƯG�DO�µ$V\DUDK��5L\DGK��6DXGL�$UDELD��'ƗU�DO�:D৬DQ�OL�DO�1DVKU��

�
DO�'LVXTL��5DVKD�� ��������-XULVWLF�)DPLO\�5XOLQJV��$�6WXG\�RI�0DTƗৢLG�DO�6KDUƯµDK��

,QWHUQDWLRQDO�-RXUQDO�-XULVSUXGHQFH�)DPLO\�����������
�
DO�)ƗL]�� ,EUƗKƯP�0XতDPPDG�� ��������$O�,WKEƗW� EƯ� DO�4DUƗLQ� IƯ� DO�)LTK� DO�,VOƗPL\��

5L\DGK��0DNWDEDK�8VƗPDK��
�
DO�)DUƗKƯGƯ�� DO�.KDOLO� ELQ�$তPDG�� �Q�G����.LWƗE� DO�µ$\Q�� Q�S���'ƗU�ZD�0DNWDEDK� DO�

+LOƗO��
�
DO�)D\\ǌPL��0XতDPPDG� ,EUƗKƯP�� ��������7ƗULNK�DO�)LNU�DO�'ƯQL�DO�-ƗKLOL\��%HLUXW��

'ƗU�DO�)LNU�DO�
$UDEL��
�
DO�*KƗPLGL\��1DৢLU�0XতDPPDG�0DVKƗUƯ����������4ƗµLGDW�DO�7DৢDUUXI�D
OƗ�DO�5D
L\\DK�

0DQǌ৬�EL�DO�0DৢODতDK�0DMDOODW�OL�-ƗPLµƗW�8PP�DO�4XUƗ�OL�
8OǌP�DO�6KDUƯµDK�ZD�
DO�'LUƗVƗW�DO�,VOƗPL\\DK�������

�
DO�*KD]ƗOƯ��0XতDPPDG�ELQ�0XতDPPDG�� ��������$O�0XVWD܈IƗ��%HLUXW��'ƗU�DO�.XWXE�

DO�
,OPL\\DK��
�
DO�*KD]ƗOƯ��0XতDPPDG�ELQ�0XতDPPDG����������$O�:DVLܒ�IƯ�DO�0DGKKDE��&DLUR��'ƗU�

DO�,VODP��
�
DO�*KD]]L\�� $তPDG� 0XতDPPDG� 6LGTL�� �������� $O�:DMƯ]� IƯ� LڲƗµ� $O�4DZƗµLG� $O�

.XOOL\\DK��%HLUXW��/XEQDQ��0XDVVDVDK�$O�5LVƗODK��
�
DO�ণDPDZƯ��6KLKƗE�DO�'LQ�DO�+XVD\QL����������*KDP]X�µ8\ǌQ�DO�%D܈ƗLU�IƯ�6KDUۊ�DO�

$VKEƗK�ZD�DO�1DܲƗLU��%HLUXW��/HEDQRQ��'ƗU�DO�.XWXE�DO�
,OPL\\DK��
�
DO�+D\WKDPL\��$EX�DO�ণDVDQ�1ǌU�DO�'ƯQ�
$OL����������0DMPDµ�DO�=DZƗLG�ZD�0DQEDµ�

DO�)DZƗLG��&DLUR��(J\SW��0DNWDEDK�DO�4XGV��
�
DO�+D\WKDPL\��,EQ�ণDMDU�0XতDPPDG�$তPDG����������7XۊIDW�DO�0XۊWƗM� IƯ�6KDUۊ�DO�

0LQKƗM��%HLUXW��'ƗU�,ত\Ɨ�DO�7XUƗWK�DO�
$UDEL��
�
DO�ণXVDLQL��0XতDPPDG�5DVKƯG�ELQ�µ$OL�5LGKƗ�� ��������7DIVƯU�DO�0DQƗU��&DLUR��$O�

+D\¶DK�DO�0DৢUL\\DK�DO�µ$PPDK�OL�DO�.LWƗE��
�
DO�+XVVHLQL��'DQD� ,�� ��������7KH� ,PSOLFDWLRQV� RI� 5HOLJLRXV�%HOLHIV� RQ�0HGLFDO� DQG�

3DWLHQW�&DUH���0DVWHU�RI�6FLHQFH���8QLYHUVLW\�RI�3HQQV\OYDQLD��8QLWHG�6WDWHV�RI�
$PHULFD�����

�
DO�-XQGL\�� $EG� DO�:DKKDE�� ��������0DTƗ܈LG� DO�6KDUƯµDK� µLQGD� ,EQ� DO�4D\\LP� DO�

-DZ]L\\DK��%HLUXW��5HVDODK�3XEOLVKHUV��
�
DO�-XUMƗQL��µ$OL�ELQ�0XতDPPDG����������DO�7D
UƯIƗW��%HLUXW��'ƗU�DO�.XWXE�DO�µ,OPL\\DK��
�
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�

DO�-XZD\QƯ��µ$EGXO�0ƗOLN�µ$EG�$OODK�<ǌVXI����������1LKƗ\DW�0DܒODE�IƯ�'LUƗ\DW�DO�
0DGKKDE��Q�S���'ƗU�DO�0DQKDM��

�
DO�.ƗVƗQƯ��µ$OƗ¶�DO�'ƯQ���������%DGƗLµ�DO܇�DQƗLµ� IƯ�7DUWƯE�DO�6KDUƗLµ�%HLUXW��'ƗU�DO�

.XWXE�DO�
OPL\\DK��
�
DO�.KƗGLPƯ�� 1ǌU� DO�'ƯQ� 0XNKWƗU�� �������� DO�,MWLKƗG� DO�0DTƗ܈LGƯ� +XMML\DWXK�

�XK�0DMƗOƗWXK��4DWDUܒDZƗELڱ�'ƗU�DO�.XWXE�DO�4DWDUL\\DK��
�
DO�.KƗOLGƯ��ৡDOƗত�µ$EG�)DWWƗত����������0D
D�4D܈D܈�DO�6ƗELTƯQ�IƯ�DO�4XUƗQ��'XUXV�IƯ�DO�

ƮPƗQ�ZD�DO�'D¶ZDK�ZD�DO�-LKƗG��-HGGDK��'ƗU�DO�%DVKƯU��
�
DO�0DJKOXWV��6DPL�ELQ�$EGXOODK���������$WODV�5DVXOXOODK�V�D�Z���0HQHOXVXUL�6HMDUDK�

+LGXS�0DQXVLD�3DOLQJ�$JXQJ��%DWX�&DYHV��6HODQJRU��376�,VODPLND�6GQ��%KG��
�
DO�0DNK]ǌPL\��$Eǌ�DO�ণXMMƗM�0XMƗKLG�ELQ�-DEDU����������7DIVƯU�0XMƗKLG��$EX�1D\O��

0XতDPPDG�µ$EG�DO�6DODP�(G����(J\SW��'ƗU�DO�)LNU�DO�,VOƗPL\�DO�ণDGƯWKDK��
�
DO�0DQƗZƯ�� =D\Q� DO�'ƯQ�0XতDPPDG�� ��������DO�7DZTƯI� µDOƗ�0XKLPPƗW� DO�7DµƗUƯI��

&DLUR��(J\SW��µƗOLP�DO�.XWE�µ$EG�DO�.KƗOLT�7KDUZDW��
�
DO�0DUGƗZƯ��µ$OƗ
�DO�'ƯQ�µ$OƯ�ELQ�6XOD\PƗQ���Q�G����DO�,Q܈ƗI�IƯ�0D
ULIDW�DO�5ƗMLۊ�PLQ�

DO�.KLOƗI��Q�S���'ƗU�,ত\Ɨ
�DO�7XUƗWK�DO�
$UDEƯ\��
�
DO�0DWUǌGƯ��µ$EG�DO�ণDNƯP����������&LUFXPVWDQWLDO�(YLGHQFH�DQG�/HJDO�6WUDWDJHPV�LQ�

6ǌUDW�<ǌVXI��DO�4DUƯQDK�ZD�DO�ণƯODK�IƯ�6ǌUDW�<ǌVXI��-RXUQDO�RI�4XU
DQLF�6WXGLHV��
����������

�
DO�1DMGƯ��µ$EG�DO�5DতPƗQ�������ƗG�DO�0XVWDTQLµ=�ۊ�DO�0XUELµ�VKDUڲƗVKL\DK�5DZۉ�����
�
DO�1DPODK��µ$EG�DO�.DUƯP�ELQ�µ$OƯ�ELQ�0XতDPPDG����������$O�-ƗPLµ�OL�0DVƗLO�8܈ǌO�

DO�)LTK�ZD�7DܒEƯTƗWXKƗ�µDOƗ�0DGKKDE�DO�5ƗML��5ۊL\DGK��0DNWDEDK�DO�5XVKG��
�
DO�1DZDZƯ��$Eǌ�=DNDUL\\Ɨ�0Dত\�DO�'ƯQ�<Dত\D�ELQ�6KDUDI����������0LQKƗM�DO�ܑƗOLEƯQ�

ZD�µ8PGDW�DO�0XIWƯQ�IƯ�DO�)LTK��µ,ZDঌ��µ,ZDঌ�4ƗVLP�$তPDG�(G����%HLUXW��'ƗU�
DO�)LNU��

�
DO�1DZDZƯ��$Eǌ�=DNDUL\\Ɨ�0Dত\�DO�'ƯQ�<Dত\D�ELQ�6KDUDI����������$O�0LQKƗM�6KDUDۊ�

��0XVOLP��%HLUXWۊƯۊD܇�'ƗU�,ত\Ɨ
�DO�7XUƗWK�DO�
$UDEƯ��
�
DO�1DZDZL��$Eǌ�=DNDUL\\Ɨ�0Dত\�DO�'ƯQ�<Dত\D�ELQ�6KDUDI����������5DXڲDW�DO�ܑƗOLEƯQ��

%HLUXW��DO�0DNWDE�DO�,VOƗPL\��
�
DO�1DZDZL��$Eǌ�=DNDUL\\Ɨ�0Dত\�DO�'ƯQ�<Dত\D�ELQ�6KDUDI���Q�G����DO�0DMPXµ�IL�6KDUۊ�

DO�0XKDGKGKDE��%HLUXW��'ƗU�DO�)LNU��
�
DO�1X
PƗQƯ�� $Eǌ� ণDIৢ� 6LUƗM� DO�'ƯQ� 
8PDU�� �������� DO�/XEƗE� IL� µ8OǌP� DO�.LWƗE�

�0DZMǌG��
$GLO�$KPDG�$EG�(G����%HLUXW��'ƗU�DO�.XWXE�DO�
,OPL\\DK��
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DO�4DUDঌƗZƯ�� 0XতDPPDG� <ǌVXI�� �������� $ZODZL\\ƗW� DOۉ�DUDNDW� DO�,VOƗPL\\DK� IƯ�
0DUۊDODK� DO�4ƗGLPDK� �3ULRULWLHV� RI� 7KH� ,VODPLF� 0RYHPHQW� LQ� 7KH� &RPLQJ�
3KDVH���'RKD��Q�S���

�
DO�4DUUƗIL��$তPDG�ELQ�,GULV�ELQ�µ$EG�DO�5DতPƗQ�6KLKƗE�DO�'ƯQ����������$O�'KDNKƯUDK��

%HLUXW��'ƗU�DO�µ$UDE�DO�,VOƗPL\\��
�
DO�4DUUƗIL�� $তPDG� ELQ� ,GULV� ELQ� µ$EG� DO�5DতPƗQ� 6KLKƗE� DO�'ƯQ�� �Q�G����$QZƗU� DO�

%XUǌT�IƯ�$QZƗ¶�DO�)XUǌT��%HLUXW��ƖODP�DO�.XWXE��
�
DO�4DWWƗQ�� 0DQQƗ� .DOƯO� �������� DO�7DVKUƯµ� ZD� DO�)LTK� DO�,VOƗPL\� 7ƗUƯNKDQ� ZD�

0DQKDMDQ��&DLUR��0DNWDEDK�:DKEDK��
�
DO�4DZƗVLPƯ�� %DVVƗP� 0XতDPPDG�� �������� ƖWKƗU� DO�'DP� ZD� DO�%D܈PƗW� DO�

:LUƗWKL\\ƗW�IƯ�DO�,WKEƗW��-RUGDQ��'ƗU�DO�1DIƗLV��
�
DO�4XUDKGƗJKƯ��µƖULI�µ$OL�µƖULI����������0DVƗ¶LO�)LTKL\\DK�0XµƗ܈DUDK��.XDOD�/XPSXU��

0DOD\VLD��,,80�3UHVV��,,80��
�
DO�4XU৬XEL��$Eǌ�µ$EG�$OODK�$তPDG�ELQ�0XতDPPDG�6KDPV�DO�'ƯQ����������7DIVƯU�DO�

4XUܒXEL��&DLUR��'ƗU�DO�.XWXE�DO�0DৢUL\\DK��
�
DO�5DPOƯ��6KDPV�DO�'ƯQ�0XতDPPDG�ELQ�$EƯ�DO�µ$EEƗV����������1LKƗ\DW�DO�0XۊWƗM�LOƗ�

6KDUۊ�DO�0LQKƗM��%HLUXW��'ƗU�DO�)LNU��
�
DO�5D\VǌQL��$তPDG����������,PDP�DO�6KDWLEL
V�7KHRU\�RI� WKH�+LJKHU�2EMHFWLYHV�DQG�

,QWHQWV�RI�,VODPLF�/DZ��6HODQJRU��,VODPLF�%RRN�7UXVW��
�
DO�5Ɨ]Ư�� )DNKU� DO�'LQ�� �������� $O�0D܈ۊǌO� IƯ� �ǌO܈8 DO�)LTK�� 5L\DGK�� 0XDVVDVDK� DO�

5LVƗODK��
�
DO�6DJJDI��6\HG�2PDU�6\HG�0RKDPDG����������,VODPLF�:RUOG�9LHZ�RQ�+DUPRQLVDWLRQ��

3DSHU� SUHVHQWHG� DW� WKH� ,QWHUQDWLRQDO� 6HPLQDU� RQ� ,VODPLF� -XULVSUXGHQFH� LQ�
&RQWHPSRUDU\�6RFLHW\��.XDOD�7HUHQJJDQX���

�
DO�ৡDQµƗQƯ�� $Eǌ� %DNU� $EG� DO�5D]]ƗT�� �������� DO�0X܈DQQDI�� %HLUXW�� DO�0DNWDE� DO�

,VOƗPL\\��
�
DO�6DQǌVƯ��µ$EG�DO�5DতPƗQ�0XµDPPDU����������,µWLEƗU�DO�0D¶ƗOƗW�ZD�0XUƗµƗW�1DWƗLM�

DO�7D܈DUUXIƗW�� 'LUƗVDW� 0XTƗUDQDW� IƯ� �ǌO܈8 DO�)LTK� ZD� 0DTƗ܈LG� DO�6KDUƯµDK��
6DXGL�$UDELD��'ƗU�,EQ�DO�-DZ]L\��

�
DO�6DUNKDVL��6KDPV�DO�'ƯQ���Q�G����8܈ǌO�DO�6DUNKDVL��%HLUXW��'ƗU�DO�0D¶ULIDK��
�
DO�6DUNKDVL��6KDPV�DO�'ƯQ����������DO�0DE܈ǌܒ��%HLUXW��'ƗU�DO�0D¶ULIDK��
�
DO�6KDUELQƯ��6KDPV�DO�'LQ�DO�.KD৬ƯE����������0XJKQƯ�DO�0XۊWƗM�LOƗ�0DµULIDW�0DµƗQƯ�

DOIƗܲ�DO�0LQKƗM��%HLUXW��/XEQDQ��'ƗU�DO�.XWXE�DO�µ,OPL\\DK��
�
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DO�6KƗ৬LEƯ��,EUƗKƯP�ELQ�0ǌVƗ����������DO�0XZƗIDTƗW��6DOPƗQ��$Eǌ�8ED\GDK�0DVKKǌU�
ELQ�+DVDQ�µ$OL�(G����(J\SW��'ƗU�,EQ�¶DIIƗQ��

�
DO�6X\ǌ৬Ư�� -DOƗO� DO�'ƯQ� µ$EG� DO�5DতPƗQ�� �������� $O�$VKEƗK� ZD� DO�1DܲƗLU�� %HLUXW��

/XEQDQ��'ƗU�DO�.XWXE�DO�µOPL\\DK��
�
DO�6X\ǌ৬Ư�� -DOƗO� DO�'ƯQ� µ$EG�DO�5DতPƗQ�� ��������7DIVƯU�$O�-DOƗOD\Q��%HLUXW��'ƗU� DO�

)LNU��
�
DO�6X\ǌ৬Ư��-DOƗO�DO�'ƯQ�µ$EG�DO�5DতPƗQ����������$O�'ƯEƗM�µDOD܇�DۊƯ�0ۊXVOLP�ELQ�DO�

+XMMƗM��$O�.KXEDU��'ƗU�,EQ�
$IIƗQ�OL�DO�1DVKU�ZD�DO�7DZ]Ưµ��
�
DO�৫DEDUƯ��0XতDPPDG�ELQ�-DUƯU�� ��������-ƗPLµ�DO�%D\ƗQ� IƯ� WD¶ZƯO�DO�4XU¶DQ��(J\SW��

0XDVVDVDK�DO�5LVƗODK��
�
DO�৫DEUƗQƯ��6XOD\PDQ�ELQ�$তPDG����������DO�0XµMDP�DO�$ZVDܒ��&DLUR��(J\SW��'ƗU�DO�

ণDUDPD\Q��
�
DO�৫DUDEOXVƯ��$Eǌ�DO�ণDVDQ�µDOƗ¶�DO�'ƯQ���Q�G����0XµLQ�DOۉ�XNNƗP�IƯ�PƗ�\DWDUDGGDGX�

ED\QD�DO�.KDVPD\Q�PLQ�DO�$ۊNƗP��Q�S���'ƗU�DO�)LNU��
�
DO�7DZƯMLUL�� 0XতDPPDG� ,EUƗKƯP�� ��������0DXVǌµDK� DO�)LTK� DO�,VOƗPL\�� %XUD\GDK��

6DXGL�$UDELD��%D\W�DO�$INƗU�DO�'DXOL\\DK��
�
DO�৫D\ƗOLVƯ��$Eǌ�'ƗZǌG����������0XVQDG�$EƯ�'ƗZǌG�$O�ܑD\ƗOLVƯ��(J\SW��'ƗU�+LMU��
�
DO�7LNULWL��1DELO����������.DODP�LQ�WKH�6HUYLFH�RI�6WDWH��$SRVWDV\�DQG�WKH�'HILQLQJ�RI�

2WWRPDQ�,VODPLF�,GHQWLW\��/HJLWLPL]LQJ�WKH�2UGHU��7KH�2WWRPDQ�5KHWRULF�RI�6WDWH�
3RZHU������������

�
DO�7LUPLGKƯ��$Eǌ�µƮVƗ�0XতDPPDG���������6XQDQ�DO�7LUPLGKƯ��0DµUǌI��%DVKƗU�µ,ZƗG�

(G����%HLUXW��'ƗU�DO�*KDUDE�DO�,VOƗPL\��
�
DO�=DKUƗZƯ��$Eǌ�DO�4ƗVLP�.KDODI�LEQދ�$EEƗV����������DO�7DVUƯI�OL�PDQ�µDML]D�µDQ�DO�

7D¶OƯI� �$OEXFDVLV� RQ� VXUJHU\� DQG� LQVWUXPHQWV��� *XVWDYH� (�� YRQ� *UXQHEDXP�
&HQWHU�IRU�1HDU�(DVWHUQ��8QLYHUVLW\�RI�&DOLIRUQLD�3UHVV��

�
DO�=DPDNKVKƗUƯ��0DতPǌG� ELQ� µ$PUX�� �������� DO�.DVKƗI� DQ�+DTƗLT�*KDZƗPLG� DO�

7DQ]ƯO��%HLUXW��'ƗU�DO�.LWƗE�DO�
$UDEL\��
�
DO�=DUNDVKƯ�� $Eǌ� µ$EG� $OODK� %DGU� DO�'ƯQ� 0XতDPPDG�� �������� DO�%DۊU� DO�0XۊLܒ��

%HLUXW��'ƗU�DO�.XWXE�DO�,OPL\\DK��
�
DO�=D\ODµL�� µ8WKPDQ� ELQ� µ$OƯ� )DNKU� DO�'ƯQ� �������� 7DE\ƯQ� DOۉ�DTƗ¶LT�� &DLUR��

0DNWDEDK�DO�.XEUD�DO�$PƯUL\\DK��
�
DO�=XতD\OL��0XতDPPDG�0XV৬DIƗ����������:DVƗLO�DO�,WKEƗW�IƯ�DO�6KDUƯµDK�DO�,VOƗPL\\DK�

IƯ� DO�0XµƗPDOƗW� DO�0DGDQL\\DK� ZD� DO�$ۊZƗO� DO�6KDNK܈L\\DK�� 'DPDVFXV��
0DNWDEDK�'ƗU�DO�%D\ƗQ��
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DO�=XতD\OL��0XতDPPDG�0XV৬DIƗ����������$O�4DZƗµLG�DO�)LTKL\\DK�ZDܒ�DܒEƯTƗWXKƗ�IƯ�
DO�PDGKƗKLE�DO�$UEDµDK��'DPDVFXV��'ƗU�DO�)LNU��

�
DO�=XতD\OL��:DKEDK�0XV৬DIƗ����������DO�7DIVƯU�DO�0XQƯU�IL�DO�µ$TƯGDK�ZD�DO�6KDUƯµDK�

ZD�DO�0DQKDM��%HLUXW��'ƗU�DO�)LNU�DO�0XƗৢLU��
�
DO�=XতD\OL��:DKEDK�0XV৬DIƗ���Q�G����$O�)LTK�DO�,VOƗPƯ�ZD�$GLOODWXKX��'DPDVFXV��'ƗU�

DO�)LNU��
�
$ODD� $KPHG� $EERRG�� *KD]DOL� 6XORQJ�� 	� 3HWHUV�� 6DELQH� 8�� �������� $� 5HYLHZ� RI�

)LQJHUSULQW�,PDJH�3UH�SURFHVVLQJ��-XUQDO�7HNQRORJL�����6SHFLDO�,VVXH�����������
�
$OIRQVR�5��*HQQDUR��$XGUH\�+DUW�1RUD��-DPHV�-��1RUD��5LFKDUG�:��6WDQGHU��	�:HLVV��

/HRQ����������%ODNLQVWRQ
V�*RXOG�0HGLFDO�'LFWLRQDU\��IRXUWK�HG����8QLWHG�6WDWHV�
RI�$PHULFD��0F�*UDZ�+LOO�%RRN�&RPSDQ\��

�
$OL��0DUL\D����������&KLOG�VH[XDO�DEXVH��FDQ�WKH�GRFWULQHV�RI�DO�PDTƗৢLG�DO�VKDUƯµDK�

DQG� PDৢODতDK� DVVLVW� LQ� FKDOOHQJLQJ� WKH� KRQRXU� LGHRORJ\"� 7KH� ,QWHUQDWLRQDO�
-RXUQDO�RI�+XPDQ�5LJKWV���������������������

�
$OLDV��$]KDU��	�5DKLPLQ�$IIDQGL��$EGXO�5DKLP����������$SOLNDVL�(OHPHQ�3HPLNLUDQ�

6DLQWLILN�'DODP�3HQJDMLDQ�6KDULDK��-XUQDO�)LTK������������
�
$OZDQL�� =�� �������� 0DTƗৢLG� 4XU¶DQL\\D�� $� 0HWKRGRORJ\� RQ� (YDOXDWLQJ� 0RGHUQ�

&KDOOHQJHV� DQG� )LTK� DO�$TDOOL\\DW�� 0XVOLP� :RUOG�� �������� ��������� GRL��
��������PXZR�������

�
$OZL�� +DVVDQ�� �������� 3HUPDVDODKDQ� LQWHOHNWXDO� GDODP� SHPELQDDQ� KXNXP� ,VODP�

VHPDVD� GL� 0DOD\VLD�� 3DSHU� SUHVHQWHG� DW� WKH� 6HPLQDU� +XNXP� ,VODP� 6HPDVD�
3HULQJNDW�.HEDQJVDDQ��$NDGHPL�3HQJDMLDQ�,VODP��8QLYHUVLWL�0DOD\D���

�
$PDO�+D\DWL�� ,VKDN��	�0XKDPDG�5DKLPL��2VPDQ�� ��������$�6\VWHPDWLF�/LWHUDWXUH�

5HYLHZ�RQ�,VODPLF�9DOXHV�$SSOLHG�LQ�4XDOLW\�0DQDJHPHQW�&RQWH[W��-RXUQDO�RI�
%XVLQHVV�(WKLFV��������������������

�
$PHULFDQ�6RFLHW\�RI�&ULPH�/DERUDWRU\�'LUHFWRUV��/DERUDWRU\�$FFUHGLWDWLRQ�%RDUG��

�������� $FFUHGLWDWLRQ� 3URJUDPV�� � � 5HWULHYHG� ��� 0DUFK�� ������ IURP�
KWWS���ZZZ�DVFOG�ODE�RUJ�DFUHGLWDWLRQ�SURJUDPV��

�
$PHULFDQ�6RFLHW\�RI�&ULPH�/DERUDWRU\�'LUHFWRUV��/DERUDWRU\�$FFUHGLWDWLRQ�%RDUG��

�������� $6&/'�/$%�,QWHUQDWLRQDO� 3URJUDP� 2YHUYLHZ� 9HUVLRQ� ����� 8QLWHG�
6WDWHV� RI� $PHULFD�� $PHULFDQ� 6RFLHW\� RI� &ULPH� /DERUDWRU\� 'LUHFWRUV� ��
/DERUDWRU\�$FFUHGLWDWLRQ�%RDUG��$6&/'�/$%���

�
$PLGRQ��$QDQ���������3HUVRQDO�RSLQLRQ�UHJDUGLQJ�LVVXHV�EHWZHHQ�WKH�UHODWLRQVKLS�RI�

IRUHQVLF� VFLHQFH� DQG� KXPDQ� HVVHQWLDO� YDOXHV�,QWHUYLHZHU�� $KPDG� 6\XNUDQ��
%DKDUXGGLQ��.QRZOHGJH�7UDQVIHU�*UDQW��JUDQW�QR��5'8����������:RUNVKRS����

�
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$PLQ��/���6XMDN��6��)���5DPOHH��6��1��6���6DPLDQ��$��/���+DURQ��0��6���	�0RKDPDG��
0��1����������(GXFDWLQJ�WKH�8PPDK�E\�LQWURGXFLQJ�,VODPLF�ELRHWKLFV�LQ�JHQHWLFV�
DQG�PRGHUQ� ELRWHFKQRORJ\�� 3DSHU� SUHVHQWHG� DW� WKH� �UG�:RUOG�&RQIHUHQFH� RQ�
(GXFDWLRQDO�6FLHQFHV��

�
$PLU�+XVLQ��0RKG�1RU��	�1LN�$]ODQ��1LN�0DQ����������4DULQDK��.DMLDQ�3HQJJXQDDQ�

$ODW� 3HQJHVDQ� $ONRKRO� GL� %DKDJLDQ� 3HQJXDWNXDVD� -DEDWDQ� $JDPD� ,VODP�
:LOD\DK�3HUVHNXWXDQ��-XUQDO�8QGDQJ�8QGDQJ�'DQ�0DV\DUDNDW����������������

�
$QGHUVRQ��*DLO� 6��&HUYHQND��9DOHULH� -��+DJOXQG��:'��	�6RUJ��0�� �������� ,QVHFWV�

DVVRFLDWHG� ZLWK� WKH� ERG\�� WKHLU� XVH� DQG� DQDO\VHV�� $GYDQFHV� LQ� )RUHQVLF�
7DSKRQRP\��0HWKRG��7KHRU\��DQG�$UFKDHRORJLFDO�3HUVSHFWLYHV������������

�
$QWKRQ\� -�� %HUWLQR�� �������� )RUHQVLF� 6FLHQFH� )XQGDPHQWDOV� DQG� ,QYHVWLJDWLRQV��

8QLWHG�6WDWHV�RI�$PHULFD��6RXWK�:HVWHUQ�&HQJDJH�/HDUQLQJ��
�
$QZDUXOODK����������3ULQFLSOHV�RI�(YLGHQFH�LQ�,VODP��.XDOD�/XPSXU��$�6��1RRUGHHQ��
�
$UFK�� $�� �������� ,GHQWLILFDWLRQ� DQG� &ODVVLILFDWLRQ�� 8QLWHG� 6WDWHV� RI� $PHULFD��

$FDGHPLF�3UHVV��
�
$ULHII�6DOOHK��5RVPDQ����������$PDQDW�'HNDQ������3HULEDGL�6DUMDQD�PHODOXL�$QDOLVLV�

6ǌUDK�DO�4DODP��'HZDQ�DO�0DUEDZL\��8QLYHUVLWL�7HNQRORJL�0DOD\VLD��
�
$ULI�� 6D]HOLQ�� 	� 6LGHN�� 6DILDK�� �������� $SSOLFDWLRQ� RI� +DODODQ� 7D\\LEDQ� LQ� WKH�

6WDQGDUG� 5HIHUHQFH� IRU� 'HWHUPLQLQJ� 0DOD\VLDQ� +DODO� )RRG�� $VLDQ� 6RFLDO�
6FLHQFH����������������

�
$UVDG��6\DKL]D��$KPDG��5DKD\DWL��)LVRO��:DQ�1D]MPL�0RKDPHG��6DLG��5RVKLPD��	�

+DML�2WKPDQ�� <XVXI�� �������� 0DTƗৢLG� 6KDUƯµDK� LQ� &RUSRUDWH� 6RFLDO�
5HVSRQVLELOLW\�RI�6KDUL¶DK�&RPSOLDQW�&RPSDQLHV��5HVHDUFK�-RXUQDO�RI�)LQDQFH�
DQG�$FFRXQWLQJ������������������

�
$VXWD\�� 0HKPHW�� 	� +DUQLQJW\DV�� $VWULG� )LRQQD�� �������� 'HYHORSLQJ� 0DTƗৢLG� DO�

6KDUƯ¶DK�,QGH[�WR�(YDOXDWH�6RFLDO�3HUIRUPDQFH�RI�,VODPLF�%DQNV��$�&RQFHSWXDO�
DQG�(PSLULFDO�$WWHPSW��,QWHUQDWLRQDO�-RXUQDO�RI�,VODPLF�(FRQRPLFV�DQG�)LQDQFH�
6WXGLHV���������

�
$WWRUQH\� *HQHUDO¶V� &KDPEHUV� RI�0DOD\VLD�� �������� 7UDLQLQJ� 1HHG� $QDO\VLV� $*&��

$WWRUQH\�*HQHUDO¶V�&KDPEHUV�RI�0DOD\VLD�5HWULHYHG���WK�'HFHPEHU������IURP�
KWWS���ZZZ�DJF�JRY�P\�LQGH[�SKS",WHPLG ���	LG ����	ODQJ HQ	RSWLRQ FR
PBFRQWHQW	YLHZ DUWLFOH��

�
$XGD��-DVVHU����������0DTƗ܈LG�DV�3KLORVRSK\�RI�,VODPLF�/DZ��6HODQJRU��,VODPLF�%RRN�

7UXVW��
�
$ZDQJ��,GULV��	�5DKLP��5DKLPLQ�$IIDQGL�$EGXO����������6RURWDQ�.DMLDQ�/HSDV��7HRUL�

GDQ�$PDODQ�GDODP�3HQ\HOLGLNDQ�,VODP��-XUQDO�)LTK������
�
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$\PDQ�0XতDPPDG�µ$OƯ����������6KDKƗGDK�$KO�DO�.KLEUDK�ZD�$ۊNƗPXKƗ��'LUƗVDW�
ILTKL\\DK�PXTƗUDQDK��$PPDQ��-RUGDQ��'ƗU�DO�ণƗPLG�OL�DO�1DVKU�ZD�DO�7DZ]L
��

�
$\XQQL��.DULP��0RKG�$QXDU��5DPOL��	�0XKDPDG�$V\UDI��$KPDG�7HUPLPL����������

*DULV� 3DQGXDQ� 3HQJLNODQDQ� \DQJ� 0HOLEDWNDQ� :DQLWD� GL� 0DOD\VLD� 0HQXUXW�
3HUVSHNWLI� 0DTƗৢLG� 6KDULDK� 0DTƗ܈LG� DO�6KDUÕն DK�� $SOLNDVL� 'DODP� $VSHN�
0XDPDODW� 'DQ� .HKDUWDDQ� �SS�� ���������� 'HSDUWPHQW� RI� )LTK� DQG� 8VXO��
$FDGHP\�RI�,VODPLF�6WXGLHV��8QLYHUVLW\�RI�0DOD\D��

�
$]PDQ��0RKG�1RRU����������$�9LFWLP¶V�&ODLP�RI�%HLQJ�5DSHG�LV�1HLWKHU�D�&RQIHVVLRQ�

WR� =LQD� QRU� &RPPLWWLQJ� 4DGKI� �0DNLQJ� )DOVH� $FFXVDWLRQ� RI� =LQD���0XVOLP�
:RUOG�-RXUQDO�RI�+XPDQ�5LJKWV���������

�
%DGDZ\�� 7DUHN�� �������� 7RZDUGV� D� &RQWHPSRUDU\� 9LHZ� RI� ,VODPLF� &ULPLQDO�

3URFHGXUHV��$�)RFXV�RQ�WKH�7HVWLPRQ\�RI�:LWQHVVHV��$UDE�/DZ�4XDUWHUO\���������
���������GRL�������������������[�������

�
%DGU�DO�'ƯQ�DO�µ$\QL��0DতPǌG�ELQ�$তPDG�ELQ�0ǌVƗ�ELQ�$তPDG���Q�G����µ8PGDW�DO�

4ƗUƯ�IƯ�6KDU܇�ۊDۊƯۊ�DO�%XNKƗUƯ��%HLUXW��'ƗU�,ত\�DO�7XUƗWK�DO�µ$UDEƯ��
�
%DKDUXGGLQ��$���0XVD��0��1���	�6DOOHK��6��0��6��6��0����������$�3UHOLPLQDU\�,QVLJKW�

LQWR� DQ� ,VODPLF� 0HFKDQLVP� IRU� 1HXURHWKLFV��0DOD\VLDQ� -RXUQDO� RI� 0HGLFDO�
6FLHQFH���������������

�
%DKQDVL��$তPDG�)DWতL����������1DܲDUL\\DK�DO�,WKEƗW�IƯ�DO�)LTK�DO�-LQƗ¶L\��%HLUXW��'ƗU�

DO�6KXUǌT��
�
%DQHUMHH��$\DQ��$SSRQL��/XFLDQR�+��3DYODWK��*UDFH�.��	�&RUEHWW��$QLWD�+����������

3$%31���PROHFXODU�IXQFWLRQ�DQG�PXVFOH�GLVHDVH��)(%6�-RXUQDO����������������
�������

�
%DUEDUD�� -RKQ� -�� �������� &HUWLILFDWLRQ� DQG� $FFUHGLWDWLRQ� 2YHUYLHZ� +DQGERRN� RI�

'LJLWDO�DQG�0XOWLPHGLD�)RUHQVLF�(YLGHQFH��SS����������6SULQJHU��
�
%DWHVRQ�� :LOOLDP�� 	� 0HQGHO�� *UHJRU�� �������� 0HQGHO
V� SULQFLSOHV� RI� KHUHGLW\��

3XWQDP
V��
�
%HFNPDQ�� /DUV�� %||N�� -D�� 	� /DQGHU�� (OYLU�� �������� $Q� HYDOXDWLRQ� RI� VRPH�

DQWKURSRORJLFDO�WUDLWV�XVHG�LQ�SDWHUQLW\�WHVWV��+HUHGLWDV������ဨ��������������
�
%HGRXL�� +�� (��� 	� 0DQVRXU�� :�� �������� 3HUIRUPDQFH� DQG� 0DTƗৢLG� DO�6KDUƯ
DK
V�

3HQWDJRQ�6KDSHG�(WKLFDO�0HDVXUHPHQW��6FLHQFH�(QJLQHHULQJ�(WKLFV�������������
�����GRL����������V�����������������

�
%HOO�� 6X]DQQH�� �������� 7KH� IDFWV� RQ� ILOH� GLFWLRQDU\� RI� IRUHQVLF� VFLHQFH�� ,QIREDVH�

3XEOLVKLQJ��
�
%HUHOVRQ��%HUQDUG����������&RQWHQW�DQDO\VLV�LQ�FRPPXQLFDWLRQ�UHVHDUFK��1HZ�<RUN��

+DIQHU��



����

�

%(51$0$�� �������� ��� -HQD]DK�:DUJD�0DOD\VLD�0DQJVD�7UDJHGL�0+��� 6HODPDW�
'LEDZD� 3XODQJ� 6HWDNDW� ,QL�� %(51$0$�FRP�� 5HWULHYHG� ��WK� -XQH� ����� IURP�
KWWS���ZHE���EHUQDPD�FRP�PK���LQGH[�SKS"ODQJ P\	VLG QHZVGHWDLO	LG ��
�������

�
%(51$0$�� �������� 1DMLE� /DXQFKHV� 0DOD\VLDQ� 6\DULDK� ,QGH[�� %(51$0$�FRP��

5HWULHYHG� �UG� $SULO� ����� IURP�
KWWS���ZZZ�EHUQDPD�FRP�EHUQDPD�Y��VS�QHZVVSRUWV�SKS"LG ���������

�
%HUQDUG� 5REHUVWRQ�� *�� $�� 9LJQDX[�� �������� ,QWHUSUHWLQJ� (YLGHQFH�� (YDOXDWLQJ�

)RUHQVLF�6FLHQFH�LQ�WKH�&RXUWURRP��8QLWHG�.LQJGRP��-RKQ�:LOH\�	�6RQ�/WG��
�
%HUWLOOLRQ
V�6\VWHP�����������(QF\FORSDHGLD�%HUWLOOLRQ
V�6\VWHP��2KLR��8QLWHG�6WDWHV�RI�

$PHULFD��5��5��'RQQHOH\��
�
%LUWRQ��0��1XU�$���7UL\XZRQR��,ZDQ��0XODZDUPDQ��$ML�'HGL��	�5DKPDQ��$XOLD�)XDG��

�������� 7KHRU\� RI� 6KDULDKL]DWLRQ� RQ� &RQFHSWXDO� $FFRXQWLQJ� )UDPHZRUN�� $�
6XEVWDQWLYH�7KHRU\��3URFHGLD���6RFLDO�DQG�%HKDYLRUDO�6FLHQFHV����������������
GRL��KWWS���G[�GRL�RUJ���������M�VEVSUR�������������

�
%RUQHR�3RVW�2QOLQH�� ���������WK�1RYHPEHU��������/DSRUDQ�$QDOLVLV�0DNPDO�7LGDN�

6DK� -LND� 7LGDN� ,NXW� 3URVHGXU�� %RUQHR� 3RVW� 2QOLQH�� 5HWULHYHG� IURP�
KWWS���ZZZ�WKHERUQHRSRVW�FRP������������DKOL�NLPLD�GDQ�SHNHUMD�PDNPDO�
PHVWL�SDWXKL�SURVHGXU�SURWRNRO�GLWHWDSNDQ��

�
%UDGIRUG�7��8OHU\��5��$XVWLQ�+LFNOLQ��-R$QQ�%XVFDJOLD��	�5REHUWV��0DULD�$QWRQLD��

�������� $FFXUDF\� DQG� UHOLDELOLW\� RI� IRUHQVLF� ODWHQW� ILQJHUSULQW� GHFLVLRQV��
3URFHHGLQJV� RI� WKH� 1DWLRQDO� $FDGHP\� RI� 6FLHQFHV� RI� WKH� 8QLWHG� 6WDWHV� RI�
$PHULFD�(DUO\�(GLWLRQ���GRL����������SQDV������������

�
%U¡QGXP�-DFREVHQ�� 3HWHU�� 1RUGHVWJDDUG�� %¡UJH� *�� 1LHOVHQ�� 6XQH� )�� 	� %HQQ��

0DULDQQH�� �������� 6NLQ� FDQFHU� DV� D� PDUNHU� RI� VXQ� H[SRVXUH� DVVRFLDWHV� ZLWK�
P\RFDUGLDO� LQIDUFWLRQ�� KLS� IUDFWXUH� DQG� GHDWK� IURP� DQ\� FDXVH�� ,QWHUQDWLRQDO�
MRXUQDO�RI�HSLGHPLRORJ\���������������������

�
%U¡QGXP�-DFREVHQ�� 3HWHU�� 1RUGHVWJDDUG�� %¡UJH� *�� 1LHOVHQ�� 6XQH� )�� 	� %HQQ��

0DULDQQH�� �������� $XWKRUV¶� 5HVSRQVH� WR�� 6NLQ� FDQFHU� DV� D� PDUNHU� RI� VXQ�
H[SRVXUH²D� FDVH� RI� VHULRXV� LPPRUWDOLW\� ELDV�� ,QWHUQDWLRQDO� MRXUQDO� RI�
HSLGHPLRORJ\��G\X������

�
%U\PDQ��$ODQ����������6RFLDO�UHVHDUFK�PHWKRGV��Q�S���2[IRUG�XQLYHUVLW\�SUHVV��
�
&DUOWRQ��*UHJRU\�+����������$�JURXQGHG�WKHRU\�DSSURDFK�WR�LGHQWLI\LQJ�DQG�PHDVXULQJ�

IRUHQVLF�GDWD�DFTXLVLWLRQ�WDVNV��-RXUQDO�RI�'LJLWDO�)RUHQVLFV��6HFXULW\�DQG�/DZ��
��������������

�
&DUWH��*HQH�(��	�&DUWH��(ODLQH�+����������3ROLFH�UHIRUP�LQ�WKH�XQLWHG�VWDWHV��7KH�HUD�

RI�$XJXVW�9ROOPHU�������������8QLYHUVLW\�RI�&DOLIRUQLD�3UHVV�%HUNHOH\��&$��
�



����

�

&DWWDQHR�� &ULVWLQD�� 3RUWD�� 'DYLGH�� 	� $QJHOLV�� 'DQLOR� 'H�� �Q�G���� ,GHQWLILFDWLRQ� RI�
+XPDQ�5HPDLQV��:LOH\�(QF\FORSHGLD�RI�)RUHQVLF�6FLHQFH���

�
&DWWV��(3��	�*RII��0�/HH�� ��������)RUHQVLF�HQWRPRORJ\� LQ�FULPLQDO� LQYHVWLJDWLRQV��

$QQXDO�5HYLHZ�RI�(QWRPRORJ\�������������������
�
&HQWHU�IRU�*UDGXDWH�6WXGLHV�86,0����������$FDGHPLF�3URJUDPPH��'LSORPD�LQ�,VODPLF�

-XGLFLDO� DQG�$GYRFDWRU\�3UDFWLFH� �',-$3��� �5HWULHYHG� ��UG�1RYHPEHU�� ������
IURP�
KWWSV���P\GRFV�XVLP�HGX�P\�8VHUV������7$.:,0���',-$3���6(6,���$
.$'(0,.�������������SGI�

�
&KHPLVW�$FW�������$PPHQGPHQW��������
�
&KR��-L�<RXQJ��	�/HH��(XQ�+HH����������5HGXFLQJ�FRQIXVLRQ�DERXW�JURXQGHG�WKHRU\�

DQG� TXDOLWDWLYH� FRQWHQW� DQDO\VLV�� VLPLODULWLHV� DQG� GLIIHUHQFHV��7KH�4XDOLWDWLYH�
5HSRUW�����������������

�
&ODXGH� 5RX[�� )UDQN� &ULVSLQR�� 	� 2OLYLHU� 5LEDX[�� �������� 6WUHQJWKHQLQJ� )RUHQVLF�

6FLHQFH� LQ� WKH� 8QLWHG� 6WDWHV�� $� 3DWK� )RUZDUG�� 8QLWHG� 6WDWHV� RI� $PHULFD��
1DWLRQDO�$FDGHPLHV�3UHVV��

�
&RPSHDX�� /DUU\� '�� 7DVKDNNRUL�� $EEDV��	� 7HGGOLH�� &KDUOHV�� �������� +DQGERRN� RI�

PL[HG�PHWKRGV�LQ�VRFLDO�	�EHKDYLRUDO�UHVHDUFK��7KRXVDQG�2DNV��6DJH�
�
&RQQDZD\��/\QQ�6LOLSLJQL��	�3RZHOO��5RQDOG�5����������%DVLF�UHVHDUFK�PHWKRGV�IRU�

OLEUDULDQV��$%&�&/,2��
�
&RUELQ��-XOLHW��	�6WUDXVV��$QVHOP����������%DVLFV�RI�TXDOLWDWLYH�UHVHDUFK��7HFKQLTXHV�

DQG�SURFHGXUHV�IRU�GHYHORSLQJ�JURXQGHG�WKHRU\��Q�S���6DJH�SXEOLFDWLRQV��
�
&RUGQHU��6WHSKHQ�� ��������(WKLFV� LQ�)RUHQVLF�0HGLFLQH��3DSHU�SUHVHQWHG� DW� WKH�7KH�

��WK�,QGR�3DFLILF�$VVRFLDWLRQ�RI�/DZ��0HGLFLQH�DQG�6FLHQFH�&RQJUHVV�.XDOD�
/XPSXU��

�
&RUPLHU�� .DUHQ�� &DODQGUR�� /LVD�� 	� 5HHGHU�� 'HQQLV�� �������� (YROXWLRQ� RI� '1$�

(YLGHQFH� IRU� &ULPH� 6ROYLQJ��$� -XGLFLDO� DQG� /HJLVODWLYH� +LVWRU\�� )RUHQVLF�
0DJD]LQH��������������

�
&UHVZHOO��-RKQ�:����������4XDOLWDWLYH�LQTXLU\�DQG�UHVHDUFK�GHVLJQ��&KRRVLQJ�DPRQJ�

ILYH�DSSURDFKHV��6DJH��
�
'DQJHURXV�'UXJ�$FW���������5HYLVHG��������
�
'DQLpORX��-HDQ����������3ULPLWLYH�&KULVWLDQ�6\PEROV��9RO������Q�S���%XUQV�	�2DWHV��
�
�
�



����

�

'DYLG��-��+DQVRQ����������$FFXUDF\�RI�%UHDWKDO\]HUV�D�7KUHDW�WR�/DZ�$ELGLQJ�'ULYHUV���
5HWULHYHG� ��WK� -DQXDU\�� ������ IURP�
KWWSV���ZZZ�DOFRKROSUREOHPVDQGVROXWLRQV�RUJ�DFFXUDF\�EUHDWKDO\]HUV�WKUHDW�
ODZ�DELGLQJ�GULYHUV��

�
'D\DQ�� 7DPDU�� 6LPEHUORII�� 'DQLHO�� 7FKHUQRY�� (LWDQ��	�<RP�7RY�� <RUDP�� ��������

&DQLQH�FDUQDVVLDOV��FKDUDFWHU�GLVSODFHPHQW�LQ�WKH�ZROYHV��MDFNDOV�DQG�IR[HV�RI�
,VUDHO��%LRORJLFDO�-RXUQDO�RI�WKH�/LQQHDQ�6RFLHW\�������������������

�
'HQ]LQ�� 1RUPDQ� .�� �������� 7KH� UHVHDUFK� DFW�� $� WKHRUHWLFDO� LQWURGXFWLRQ� WR�

VRFLRORJLFDO�PHWKRGV��7UDQVDFWLRQ�SXEOLVKHUV��
�
'HQ]LQ��1RUPDQ�.���	�/LQFROQ��<YRQQD�6����������7KH�6DJH�KDQGERRN�RI�TXDOLWDWLYH�

UHVHDUFK��8QLWHG�6WDWHV�RI�$PHULFD��6DJH�3XEOLFDWLRQV�,QF��
�
'HSDUWPHQW� RI� &KHPLVWU\�� �������� ����� $QQXDO� 5HSRUW�� 3HWDOLQJ� -D\D�� 6HODQJRU��

'HSDUWPHQW�RI�&KHPLVWU\�0DOD\VLD��
�
'HSDUWPHQW� RI� &KHPLVWU\�� �������� ����� $QQXDO� 5HSRUW�� 3HWDOLQJ� -D\D�� 6HODQJRU��

'HSDUWPHQW�RI�&KHPLVWU\�0DOD\VLD��
�
'HSDUWPHQW� RI� &KHPLVWU\� -RKRU�� �������� .HUWDV� .HUMD� 0HQJHQDL� .HVDKLKDQ�

.HSXWXVDQ�$QDOLVLV��3DSHUZRUN��'HSDUWPHQW�RI�&KHPLVWU\�-RKRU����
�
'HSDUWPHQW�RI�&KHPLVWU\�0DOD\VLD�������D���,QGXVWU\�DQG�&ODVVLILFDWLRQ�7UDGH�7DULII����

5HWULHYHG� ��� 1RYHPEHU�� ������ IURP� KWWS���ZZZ�NLPLD�JRY�P\�Y��HQ�DERXW�
XV�LQGXVWU\�DQG�FODVVLILFDWLRQ�WUDGH�WDULII�LQGXVWU\�DQG�FODVVLILFDWLRQ�WUDGH�
WDULII�KWPO�

�
'HSDUWPHQW�RI�&KHPLVWU\�0DOD\VLD�������E���,QGXVWU\�DQG�&ODVVLILFDWLRQ�7UDGH�7DULII��

,QVWUXPHQWV� DQG� )DFLOLWLHV�� � 5HWULHYHG� ��QG� 1RYHPEHU�� ������ IURP�
KWWS���ZZZ�NLPLD�JRY�P\�Y��HQ�DERXW�XV�LQGXVWU\�DQG�FODVVLILFDWLRQ�WUDGH�
WDULII�LQVWUXPHQWV�DQG�IDFLOLWLHV���KWPO�

�
'HSDUWPHQW� RI� ,VODPLF� 'HYHORSPHQW� 0DOD\VLD�� �������� ,VODPLF� 9LHZ� RQ� 9LUWXDO�

$XWRSV\�� � � 5HWULHYHG� �WK� )HEUXDU\�� ������ IURP�
KWWS���MNLP�LVODP�JRY�P\�HQ�LVODPLF�YLHZ�YLUWXDO�DXWRSV\�VHULHV�LL�QRUOLDK�
VDMXUL�MDNLP�

�
'HSDUWPHQW�RI�6WDQGDUGV�0DOD\VLD����������06�,62�����������4XDOLW\�0DQDJHPHQW�

6\VWHP�UHTXLUHPHQWV� )URP� ,VODPLF� 3HUVSHFWLYHV�� &\EHUMD\D�� 'HSDUWPHQWV� RI�
6WDQGDUGV�0DOD\VLD��

�
'HSDUWPHQW� RI� 6WDQGDUGV� 0DOD\VLD�� �����D��� 6NLP� $NUHGLWDVL� 0DNPDO� 0DOD\VLD�

�6$00�� �� /DERUDWRU\� $FFUHGLWDWLRQ� 6FKHPH� RI�0DOD\VLD� 6SHFLILF� 7HFKQLFDO�
5HTXLUHPHQWV�IRU�$FFUHGLWDWLRQ�RI�'1$�3URILOLQJ�IRU�)RUHQVLF�6FLHQFH�7HVWLQJ�
/DERUDWRULHV��

�



����

�

'HSDUWPHQW� RI� 6WDQGDUGV� 0DOD\VLD�� �����E��� 6NLP� $NUHGLWDVL� 0DNPDO� 0DOD\VLD�
�6$00�� �� /DERUDWRU\�$FFUHGLWDWLRQ� 6FKHPH� RI�0DOD\VLD� 675����� �� 6SHFLILF�
7HFKQLFDO� 5HTXLUHPHQWV� IRU� $FFUHGLWDWLRQ� RI� $QDO\VLV� RI� $FFHOHUDQWV� LQ� )LUH�
'HEULV� IRU�)RUHQVLF� 6FLHQFH�7HVWLQJ�/DERUDWRULHV��&\EHUMD\D��'HSDUWPHQW� RI�
6WDQGDUGV�0DOD\VLD��

'HSDUWPHQW� RI� 6WDQGDUGV� 0DOD\VLD�� �����F��� 6NLP� $NUHGLWDVL� 0DNPDO� 0DOD\VLD�
�6$00�� �� /DERUDWRU\� $FFUHGLWDWLRQ� 6FKHPH� RI�0DOD\VLD� 6SHFLILF� 7HFKQLFDO�
5HTXLUHPHQWV�IRU�$FFUHGLWDWLRQ�RI�'RFXPHQW�([DPLQDWLRQ�IRU�)RUHQVLF�6FLHQFH�
7HVWLQJ�/DERUDWRULHV��&\EHUMD\D��'HSDUWPHQW�RI�6WDQGDUGV�0DOD\VLD��

�
'HSDUWPHQW� RI� 6WDQGDUGV� 0DOD\VLD�� �����D��� 6NLP� $NUHGLWDVL� 0DNPDO� 0DOD\VLD�

�6$00����/DERUDWRU\�$FFUHGLWDWLRQ�6FKHPH�RI�0DOD\VLD�6$00�3ROLF\����63���
±� 6SHFLILF� 5HTXLUHPHQWV� RQ� 7KH� ,VVXH� RI� 6$00� (QGRUVHG� &DOLEUDWLRQ�
&HUWLILFDWHV��&\EHUMD\D��'HSDUWPHQW�RI�6WDQGDUGV�0DOD\VLD��

�
'HSDUWPHQW� RI� 6WDQGDUGV� 0DOD\VLD�� �����E��� 6NLP� $NUHGLWDVL� 0DNPDO� 0DOD\VLD�

�6$00����/DERUDWRU\�$FFUHGLWDWLRQ�6FKHPH�RI�0DOD\VLD�6$00�3ROLF\����63���
±� 5HTXLUHPHQWV� )RU� 7KH� $FFUHGLWDWLRQ� RI� 6LWH� 7HVWLQJ� DQG� &DOLEUDWLRQ�
/DERUDWRULHV��&\EHUMD\D��'HSDUWPHQW�RI�6WDQGDUV�0DOD\VLD��

�
'HSDUWPHQW� RI� 6WDQGDUGV� 0DOD\VLD�� �����F��� 6NLP� $NUHGLWDVL� 0DNPDO� 0DOD\VLD�

�6$00����/DERUDWRU\�$FFUHGLWDWLRQ�6FKHPH�RI�0DOD\VLD�6$00�3ROLF\�����63�
���� ±� *UDGLQJ� RI� 1RQ�&RQIRUPLWLHV�� &\EHUMD\D�� 'HSDUWPHQW� RI� 6WDQGDUGV�
0DOD\VLD��

�
'HSDUWPHQW� RI� 6WDQGDUGV� 0DOD\VLD�� �����G��� 6NLP� $NUHGLWDVL� 0DNPDO� 0DOD\VLD�

�6$00����/DERUDWRU\�$FFUHGLWDWLRQ�6FKHPH�RI�0DOD\VLD�6SHFLILF�&ULWHULD�����
�6&� ����� 6SHFLILF� &ULWHULD� IRU� $FFUHGLWDWLRQ� RI� )RUHQVLF� 6FLHQFH� 7HVWLQJ��
&\EHUMD\D��'HSDUWPHQW�RI�6WDQGDUGV�0DOD\VLD��

�
'HSDUWPHQW� RI� 6WDQGDUGV� 0DOD\VLD�� �����H��� 6NLP� $NUHGLWDVL� 0DNPDO� 0DOD\VLD�

�6$00����/DERUDWRU\�$FFUHGLWDWLRQ�6FKHPH�RI�0DOD\VLD�6$00�3ROLF\����63���
±� 3ROLF\� RQ� 0HDVXUHPHQW� 8QFHUWDLQW\� 5HTXLUHPHQWV� IRU� 6$00� 7HVWLQJ�
/DERUDWRULHV��&\EHUMD\D��'HSDUWPHQW�RI�6WDQGDUGV�0DOD\VLD��

�
'HSDUWPHQW� RI� 6WDQGDUGV� 0DOD\VLD�� �������� 6NLP� $NUHGLWDVL� 0DNPDO� 0DOD\VLD�

�6$00����/DERUDWRU\�$FFUHGLWDWLRQ�6FKHPH�RI�0DOD\VLD�6$00�3ROLF\����63�
���±�5HTXLUHPHQWV�)RU�6$00�$SSURYHG�6LJQDWRU\��&\EHUMD\D��'HSDUWPHQW�RI�
6WDQGDUGV�0DOD\VLD��

�
'HSDUWPHQW� RI� 6WDQGDUGV� 0DOD\VLD�� �����D��� 0V� ������ ����� 9DOXH�%DVHG�

0DQDJHPHQW�6\VWHPV��5HTXLUHPHQWV�IURP�$Q�,VODPLF�3HUVSHFWLYH��&\EHUMD\D��
'HSDUWPHQW�RI�6WDQGDUGV�0DOD\VLD��

�
'HSDUWPHQW� RI� 6WDQGDUGV� 0DOD\VLD�� �����E��� 6NLP� $NUHGLWDVL� 0DNPDO� 0DOD\VLD�

�6$00����/DERUDWRU\�$FFUHGLWDWLRQ�6FKHPH�RI�0DOD\VLD�675������±�6SHFLILF�
7HFKQLFDO�5HTXLUHPHQWV�IRU�$FFUHGLWDWLRQ�RI�$QDO\VLV�RI�'DQJHURXV�'UXJV�DQG�



����

�

2WKHU� &RQWUROOHG� 6XEVWDQFHV� IRU� )RUHQVLF� 6FLHQFH� 7HVWLQJ� /DERUDWRULHV��
&\EHUMD\D��'HSDUWPHQW�RI�6WDQGDUGV�0DOD\VLD��

�
'HSDUWPHQW� RI� 6WDQGDUGV� 0DOD\VLD�� �������� 6NLP� $NUHGLWDVL� 0DNPDO� 0DOD\VLD�

�6$00����/DERUDWRU\�$FFUHGLWDWLRQ�6FKHPH�RI�0DOD\VLD�675������±�6SHFLILF�
7HFKQLFDO� 5HTXLUHPHQWV� IRU� $FFUHGLWDWLRQ� RI� 7UDFH� (YLGHQFH� $QDO\VLV� IRU�
)RUHQVLF� 6FLHQFH� 7HVWLQJ� /DERUDWRULHV�� &\EHUMD\D�� 'HSDUWPHQW� RI� 6WDQGDUGV�
0DOD\VLD��

�
'HSDUWPHQW� RI� 6WDQGDUGV� 0DOD\VLD�� �������� 6NLP� $NUHGLWDVL� 0DNPDO� 0DOD\VLD�

�6$00����/DERUDWRU\�$FFUHGLWDWLRQ�6FKHPH�RI�0DOD\VLD�6$00�3ROLF\����63���
�� 3ROLF\� )RU� 3DUWLFLSDWLRQ� ,Q� 3URILFLHQF\� 7HVWLQJ� $FWLYLWLHV�� &\EHUMD\D��
'HSDUWPHQW�RI�6WDQGDUGV�0DOD\VLD��

�
'HSDUWPHQW� RI� 6WDQGDUGV� 0DOD\VLD�� �����D��� 6$00� 3XEOLFDWLRQ�� $FFUHGLWDWLRQ���

5HWULHYHG� ��� 2FWREHU�� ������ IURP� KWWS���ZZZ�MVP�JRY�P\�VDPP�
SXEOLFDWLRQ��:%2�3�5��5��

�
'HSDUWPHQW� RI� 6WDQGDUGV� 0DOD\VLD�� �����E��� 6NLP� $NUHGLWDVL� 0DNPDO� 0DOD\VLD�

�6$00����/DERUDWRU\�$FFUHGLWDWLRQ�6FKHPH�RI�0DOD\VLD�6$00�3ROLF\����63���
±�3ROLF\�RQ�7KH�7UDFHDELOLW\�RI�0HDVXUHPHQW�5HVXOWV��

�
'HSDUWPHQW� RI� 6WDQGDUGV� 0DOD\VLD�� �����F��� 6NLP� $NUHGLWDVL� 0DNPDO� 0DOD\VLD�

�6$00����/DERUDWRU\�$FFUHGLWDWLRQ�6FKHPH�RI�0DOD\VLD�6$00�3ROLF\����63���
±�7HUPV�$QG�&RQGLWLRQV�*RYHUQLQJ�7KH�/DERUDWRU\�$FFUHGLWDWLRQ�6FKHPH�2I�
0DOD\VLD��&\EHUMD\D��'HSDUWPHQW�RI�6WDQGDUGV�0DOD\VLD��

�
'HSDUWPHQW� RI� 6WDQGDUGV� 0DOD\VLD�� �����G��� 6NLP� $NUHGLWDVL� 0DNPDO� 0DOD\VLD�

�6$00����/DERUDWRU\�$FFUHGLWDWLRQ�6FKHPH�RI�0DOD\VLD�6$00�3ROLF\����63���
±�3ROLF\�RQ�7KH�8VH�2I�6DPP�$FFUHGLWDWLRQ�6\PERO�DQG�&RPELQHG�,/$&�05$�
0DUN�RU�5HIHUHQFH�WR�6$00�$FFUHGLWDWLRQ��&\EHUMD\D��'HSDUWPHQW�RI�6WDQGDUGV�
0DOD\VLD��

�
'HSDUWPHQW� RI� 6\DULDK� -XGLFLDU\�0DOD\VLD�� �������� -.60�3URILOH�� � �5HWULHYHG� ��WK�

1RYHPEHU�� ������ IURP�
KWWS���ZZZ�HV\DULDK�JRY�P\�SRUWDO�SDJH�SRUWDO�3RUWDO���(�
6\DULDK���%,�3RUWDO���(�6\DULDK���3URILO���-.60�

�
'HSDUWPHQW�RI�6\DULDK�-XGLFLDU\�0DOD\VLD�� ��������3HUDQFDQJDQ�7DKXQDQ�-DEDWDQ�

.HKDNLPDQ�6\DULDK��'HSDUWPHQW�RI�6\DULDK�-XGLFLDU\�0DOD\VLD��
�
'HSDUWPHQW�RI�6\DULDK�-XGLFLDU\�0DOD\VLD�� ��������3HUDQFDQJDQ�7DKXQDQ�-DEDWDQ�

.HKDNLPDQ�6\DULDK��'HSDUWPHQW�RI�6\DULDK�-XGLFLDU\�0DOD\VLD��
�
'HXUDVHK��1XUGHQJ����������1HZ�(VVHQWLDO�9DOXHV�2I�'DUXUL\\DK��1HFHVVLWLHV��2I�7KH�

2EMHFWLYHV� 2I� ,VODPLF� /DZ� �0DTƗৢLG� $O�6KDUƯ¶DK��� -XUQDO� +DGKDUL�� $Q�
,QWHUQDWLRQDO�-RXUQDO������������������

�



����

�

'H\��,DQ����������4XDOLWDWLYH�GDWD�DQDO\VLV��$�XVHU�IULHQGO\�JXLGH�IRU�VRFLDO�VFLHQWLVWV��
1HZ�<RUN��5RXWOHGJH��

�
'L)RQ]R��-�+HUELH����������7KH�&ULPHV�RI�&ULPH�/DEV��+RIVWUD�/DZ�5HYLHZ����������
'LUHFWRUDWH� RI� $FFUHGLWDWLRQ� $OEDQLD�� �������� $FFUHGLWDWLRQ�� � � 5HWULHYHG� ��QG�

'HFHPEHU��������IURP�KWWS���GSD�JRY�DO�HQ�DFFUHGLWDWLRQ�
�
'RQLV�.HOOHU�� +HOHQ�� *UHHQ�� 3KLOLS�� +HOPV�� &\QWKLD�� &DUWLQKRXU�� 6DPXHO��

:HLIIHQEDFK��%DUEDUD��6WHSKHQV��.DUHQ��������/DQGHU��(ULF�6����������$�JHQHWLF�
OLQNDJH�PDS�RI�WKH�KXPDQ�JHQRPH��&HOO�������������������

�
'UDXFNHU�� &ODLUH� %�� 0DUWVROI�� 'RQQD� 6�� 5RVV�� 5DWFKQHHZDQ�� 	� 5XVN�� 7KRPDV� %��

�������� 7KHRUHWLFDO� VDPSOLQJ� DQG� FDWHJRU\� GHYHORSPHQW� LQ� JURXQGHG� WKHRU\��
4XDOLWDWLYH�+HDOWK�5HVHDUFK���������������������

�
(LQVHOQ��$QMD�� �������� )RUHQVLF�/DERUDWRU\�$FFUHGLWDWLRQ�7KH�)RUHQVLF�/DERUDWRU\�

+DQGERRN�3URFHGXUHV�DQG�3UDFWLFH��SS���������6SULQJHU��
�
(OOLRWW��5REHUW��	�7LPXODN��/DGLVODY����������'HVFULSWLYH�DQG�LQWHUSUHWLYH�DSSURDFKHV�

WR�TXDOLWDWLYH�UHVHDUFK��$�KDQGERRN�RI�UHVHDUFK�PHWKRGV�IRU�FOLQLFDO�DQG�KHDOWK�
SV\FKRORJ\������������

�
(OR��6DWX��.llULlLQHQ��0DULD��.DQVWH��2XWL��3|ONNL��7DUMD��8WULDLQHQ��.DWL��	�.\QJlV��

+HOYL�� �������� 4XDOLWDWLYH� &RQWHQW� $QDO\VLV�� 6$*(� 2SHQ�� ������
������������������GRL��������������������������

�
(PEDU�6HGGRP��$\Q��	�3DVV��$OODQ�'����������)RUHQVLF��8QLWHG�6WDWHV�RI�$PHULFD��

+DPLOWRQ�3ULQWLQJ�&RPSDQ\��
�
(YDQV��0DU\�0DUJDUHW��	�6WDJQHU��3DPHOD�$����������0DLQWDLQLQJ�WKH�FKDLQ�RI�FXVWRG\�

HYLGHQFH�KDQGOLQJ�LQ�IRUHQVLF�FDVHV��$VVRFLDWLRQ�RI�2SHUDWLYH�5HJLVWHUHG�1XUVHV��
�����������������

�
(ZHQ��7RP����������7KH�5ROH�DQG�,PSDFW�RI�)RUHQVLF�(YLGHQFH�LQ�WKH�&ULPLQDO�-XVWLFH�

6\VWHP��)LQDO�5HSRUW��-XVWLFH��8�6��'HSDUWPHQW�RI��7UDQV����9LUJLQLD��1DWLRQDO�
,QVWLWXWH�RI�-XVWLFH��

�
)DFXOW\�RI�/DZ�8L70����������/:������3RVWJUDGXDWH�'LSORPD�,Q�6KDULDK�/DZ�DQG�

3UDFWLFH�� 3URJUDPPH� 6WUXFWXUH�� � 5HWULHYHG� ��UG� 1RYHPEHU�� ������ IURP�
KWWS���ODZ�XLWP�HGX�P\�Y��LQGH[�SKS�SURJUDPPHV�SRVWJUDGXDWH�GOVD�

�
)DFXOW\� RI� 6KDULDK� DQG� /DZ� 86,0�� �Q�G���� $FDGHPLF� 3URJUDPPHV�� %DFKHORU� RI�

6KDULDK� DQG� /DZ� �+RQV���� � 5HWULHYHG� ��WK� 'HFHPEHU�� ������ IURP�
KWWS���IVX�XVLP�HGX�P\�HQ�SURJ�GHJUHH�V\DULDK�

�
)DLJPDQ�� 'DYLG� /�� �������� -XGJHV� DV� $PDWHXU� 6FLHQWLVWV�� %RVWRQ� 8QLYHUVLW\� /DZ�

5HYLHZ�������������
�



����

�

)DODJDV��0DWWKHZ�(��=DUNDGRXOLD��(IILH�$��	�6DPRQLV��*HRUJH����������$UDE�VFLHQFH�
LQ�WKH�JROGHQ�DJH�����±�����&(��DQG�WRGD\��7KH�)$6(%�-RXUQDO���������������
�������

�
)DUDK�)DUKDQD��5RVOL��	�0RKG�$QXDU��5DPOL����������3HQHUDSDQ�0DTƗৢLG�DO�6KDUƯµDK�

7HUKDGDS�)LTK�6HPDVD�GDODP�3HQJDMDUDQ�3HQGLGLNDQ�,VODP�GL�,3*�0DTƗ܈LG�DO�
6KDUÕն DK�� $SOLNDVL� 'DODP� $VSHN� 6RVLDO� 'DQ� 3HUXQGDQJDQ� �SS�� ����������
'HSDUWPHQW� RI� )LTK� DQG� 8VXO�� $FDGHP\� RI� ,VODPLF� 6WXGLHV�� 8QLYHUVLW\� RI�
0DOD\D��

�
)DUDK� :DKLGD�� =XONLIOHH�� ������� 'DWD� 'RFXPHQWDWLRQ� DQG� ,QWHUYLHZ� 6HVVLRQ��

,QWHUYLHZHU��%DKDUXGGLQ��$KPDG�6\XNUDQ��
�
)DUHEURWKHU�� 5LFKDUG�� 	� &KDPSNLQ�� -XOLDQ�� �������� $OSKRQVH� %HUWLOORQ� DQG� WKH�

PHDVXUH�RI�PDQ��0RUH�H[SHUW�WKDQ�6KHUORFN�+ROPHV��6LJQLILFDQFH����������������
GRL����������M����������������������[�

�
)HHOLVFK��0DUWLQ��*RUPDQ��6KHOOH\��	�:HOOHU��5LFKDUG�%����������9LWDPLQ�'�VWDWXV�DQG�

LOO�KHDOWK��&DQFHU�(SLGHPLRO�%LRPDUNHUV�3UHYLHZ����������������
�
)LHOGLQJ��1LJHO�*���	�/HH��5D\PRQG�0����������&RPSXWHU�DQDO\VLV�DQG�TXDOLWDWLYH�

UHVHDUFK��6XUUH\��*UHDW�%ULWDLQ��6DJH�3XEOLFDWLRQV�/WG��
�
)LVKHU��%DUU\�$-��	�)LVKHU��'DYLG�5����������7HFKQLTXHV�RI�FULPH�VFHQH�LQYHVWLJDWLRQ��

&5&�3UHVV��
�
)RUHQVLF����������,Q�2[IRUG�(QJOLVK�'LFWLRQDU\��2[IRUG��2[IRUG�8QLYHUVLW\�3UHVV��
�
)RUHQVLF�� �������� ,Q� 7KH�0HUULDP�:HEVWHU� 'LFWLRQDU\��8QLWHG� 6WDWHV� RI� $PHULFD��

0HUULDP�:HEVWHU�,QF��
�
)UDHQNHO��-DFN�5���	�:DOOHQ��1RPDQ�(����������+RZ�WR�'HVLJQ�$QG�(YDOXDWH�5HVHDUFK�

LQ�(GXFDWLRQ��8QLWHG�6WDWHV�RI�$PHULFD��0F*UDZ�+LOO�+LJKHU�(GXFDWLRQ��
�
)ULHVH��6XVDQQH����������4XDOLWDWLYH�GDWD�DQDO\VLV�ZLWK�$7/$6��WL��*UHDW�%ULWDLQ��6DJH��
�
)XQGDPHQWDO����������,Q�2[IRUG�(QJOLVK�'LFWLRQDU\��2[IRUG��2[IRUG�8QLYHUVLW\�3UHVV��
�
)XQGDPHQWDOV����������,Q�7KH�0HUULDP�:HEVWHU�'LFWLRQDU\������HG����8QLWHG�6WDWHV�RI�

$PHULFD��0HUULDP�:HEVWHU�,QF��
�
*DU\� (GPRQG�� 0DWWHZ� %�� 7KRPSVRQ�� -DVRQ� 0�� 7DQJHQ�� �������� $� JXLGH� WR�

LQWHUSUHWLQJ� IRUHQVLF� WHVWLPRQ\�� 6FLHQWLILF� DSSURDFKHV�� /DZ�� 3UREDELOLW\� DQG�
5LVN���������

�
*HQQDUG��'RURWK\����������)RUHQVLF�HQWRPRORJ\��DQ�LQWURGXFWLRQ��8QLWHG�.LQJGRP��

-RKQ�:LOH\�	�6RQV��
�
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�

*LDQQHOOL�� 3DXO� &�� �������� 'DXEHUW� DQG� IRUHQVLF� VFLHQFH�� 7KH� SLWIDOOV� RI� ODZ�
HQIRUFHPHQW�FRQWURO�RI�VFLHQWLILF�UHVHDUFK��8QLYHUVLW\�RI�,OOLQRLV�/DZ�5HYLHZ���
�����

�
*LEE��+�$�5����������(QF\FORSDHGLD�RI�,VODP�(QF\FORSDHGLD�(QF\FORSDHGLD�RI�,VODP��

/HLGHQ��7KH�1HWKHUODQGV��%ULOO�3XEOLFDWLRQ��
�
*LODQL��6D\\LG�0RKDPPDG�<XQXV��	�6KDOLP��.0�=DNLU�+RVVDLQ�� ��������)RUHQVLF�

(YLGHQFH� LQ� 3URYLQJ� &ULPHV�� ([SORULQJ� WKH� /HJDO� )UDPHZRUNV� RI� 6KDUƯޏDK��
-RXUQDO�RI�,VODP�LQ�$VLD�������������������

�
*ODVHU��%DUQH\�*����������7KH�FRQVWDQW�FRPSDUDWLYH�PHWKRG�RI�TXDOLWDWLYH�DQDO\VLV��

6RFLDO�SUREOHPV�������������������
�
*ODVHU��%DUQH\�*��	�6WUDXVV��$QVHOP�/����������7KH�GLVFRYHU\�RI�JURXQGHG�WKHRU\��

6WUDWHJLHV� IRU� TXDOLWDWLYH� UHVHDUFK�� 8QLWHG� 6WDWHV� RI� $PHULFD�� 7UDQVDFWLRQ�
SXEOLVKHUV��

�
*OXJVWRQ��0�-�� ��������7KH�1HZ�3HQJXLQ�'LFWLRQDU\�RI� 6FLHQFH�� /RQGRQ��(QJODQG��

7KH�3HQJXLQ�*URXS��
�
*RO]DUL��6DPDG�(-��.KDQ��=DKLG�+XVVDLQ��*KDELOL��.DP\DU��+RVVHLQ]DGHK��+DP]HK��

6ROHLPDQSRXU�� +DVVDQ�� $]DUIDULQ�� 5DVRXO�� �� �� �� $QVDULQ�� .KDOLO�� ��������
&RQWULEXWLRQV� RI�PHGLHYDO� ,VODPLF� SK\VLFLDQV� WR� WKH� KLVWRU\� RI� WUDFKHRVWRP\��
$QHVWKHVLD�	�$QDOJHVLD����������������������

�
*UD\�(XURP��.HOO\��6HDEHUJ��'DYLG�&��	�:HDUV��5REHUW�/����������7KH�SURVHFXWLRQ�

RI�VH[XDO�DVVDXOW�FDVHV��FRUUHODWLRQ�ZLWK�IRUHQVLF�HYLGHQFH��$QQDOV�RI�(PHUJHQF\�
0HGLFLQH�����������������

�
+DOODT��:DHO����������1RWHV�RQ�WKH�7HUP�TDUƯQD�LQ�,VODPLF�/HJDO�'LVFRXUVH��-RXUQDO�

RI�WKH�$PHULFDQ�2ULHQWDO�6RFLHW\������������
�
+DOODT��:DHO� %�� ��������:DV� WKH� JDWH� RI� LMWLKƗG� FORVHG"� ,QWHUQDWLRQDO� -RXUQDO� RI�

0LGGOH�(DVW�6WXGLHV�����������������
�
+DPLG�� -XVRK�� �������� 7D]NL\DK� DO�6\XKXG� 6LUL� 3HUNHPEDQJDQ�8QGDQJ�XQGDQJ� GL�

0DOD\VLD��9RO������SS�������.XDOD�/XPSXU��'HZDQ�%DKDVD�GDQ�3XVWDND��
�
+DPRVK��$GD��6FRWW��$ODQ�)��$PEHUJHU��-RDQQD�6��%RFFKLQL��&DURO�$��	�0F.XVLFN��

9LFWRU� $�� �������� 2QOLQH� 0HQGHOLDQ� ,QKHULWDQFH� LQ� 0DQ� �20,0��� D�
NQRZOHGJHEDVH�RI�KXPDQ�JHQHV�DQG�JHQHWLF�GLVRUGHUV��1XFOHLF�DFLGV�UHVHDUFK��
���VXSSO�����'����'������

�
+DQFRFN��%HYHUOH\��2FNOHIRUG��(OL]DEHWK��	�:LQGULGJH��.DWH����������$Q�LQWURGXFWLRQ�

WR�TXDOLWDWLYH�UHVHDUFK��1RWWLQJKDP��7UHQW�IRFXV�JURXS�1RWWLQJKDP��
�
+DQOH\��-DPHV�$��	�)RVWHU��%HWKDQ\�-����������$YRLGLQJ�EOXQGHUV�LQYROYLQJ�µLPPRUWDO�

WLPH¶��,QWHUQDWLRQDO�MRXUQDO�RI�HSLGHPLRORJ\��G\X������



����

�

+DUXQ�0��+DVKLP�/DZ�&HQWUH�,,80���Q�G����'LSORPD�LQ�/DZ�DQG�$GPLQLVWUDWLRQ�RI�
,VODPLF� -XGLFLDU\� �'$,-��� � � 5HWULHYHG� ��WK� 1RYHPEHU�� ������ IURP�
KWWS���ZZZ�LLXP�HGX�P\�KPKODZFHQWUH�SURJUDPPHV�FRXUVHV�SRVWJUDGXDWH�
SURJUDPPH�GLSORPD�ODZ�DGPLQLVWUDWLRQ�LVODPLF�MXGLFLDU\��

�
+DVDQ��6KXতƗWDK�$EG�DO�0X৬৬DOLE��������ۉ��XMML\\DW�DO�'DOƯO�DO�0ƗGGL\�IƯ�DO�,WKEƗW�IƯ�

DO�)LTK�DO�,VOƗPL\�ZD�DO�4ƗQǌQ�DO�:DڲDµƯ��$OH[DQGULD��(J\SW��'ƗU�DO�-ƗPL
DK�
DO�-DGƯGDK�OL�DO�1DVKU��

�
+DVKL��$EGXUH]DN�$EGXODKL��	�%DV\LU�$����������+XPDQ�&DSLWDO�'HYHORSPHQW�IURP�

,VODPLF�3HUVSHFWLYH��3DSHU�SUHVHQWHG�DW�WKH�,QWHUQDWLRQDO�&RQIHUHQFH�RI�+XPDQ�
&DSLWDO�'HYHORSPHQW��.XDQWDQ��3DKDQJ���

�
+DVKLP��5RVQDQL��	�4DGRXV��$OODP�,+����������7KH�,QGXFWLYH�5HVHDUFK�0HWKRG�LQ�

(DUO\� ,VODPLF� 7UDGLWLRQ� EDVHG� RQ� ,EQ� 7XID\O¶V� :RUN�+D\\� ,EQ� <DT]DQ��
5HYHODWLRQ�DQG�6FLHQFH���������

�
+HOPHU��:LOOLDP� -��	�%LOHN��$UWKXU� -�� �������� 6W�� 9DOHQWLQH
V�'D\�0DVVDFUH�� 7KH�

8QWROG� 6WRU\� 2I� 7KH� *DQJODQG� %ORRGEDWK� 7KDW� %URXJKW� 'RZQ� $O� &DSRQH��
8QLWHG�6WDWHV�RI�$PHULFD��&XPEHUODQG�+RXVH�3XEOLVKLQJ��

�
+HQGHUVRQ��,VDEHOOD�)HUJXVRQ��	�/DZUHQFH��(OHDQRU����������+HQGHUVRQ
V�'LFWLRQDU\�

RI�%LRORJ\��3HDUVRQ�(GXFDWLRQ��
�
+HZLVRQ��.����������,VODPLF�6WDWHKRRG�DQG�0DTƗৢLG�$O�6KDUƯ¶DK�LQ�0DOD\VLD��$�=HUR�

VXP� *DPH"� -RXUQDO� RI� &RQWHPSRUDU\� $VLD�� ������� ��������� GRL��
�����������������������������

�
+LWWL��<XVXI�.���Q�G����+LWWL
V�(QJOLVK�$UDELF�0HGLFDO�'LFWLRQDU\��%HLUXW��7KH�1DWLRQDO�

/HEDQHVH�3ULQWLQJ�3UHVV��%HLUXW�/HEDQRQ��
�
+ODVWDOD�� 0LFKDHO� 3�� �������� 3K\VLRORJLFDO� HUURUV� DVVRFLDWHG� ZLWK� DOFRKRO� EUHDWK�

WHVWLQJ��7KH�&KDPSLRQ�-XO\����������
�
+ODVWDOD��0LFKDHO� 3�� �������� 3DUDGLJP� VKLIW� IRU� WKH� DOFRKRO� EUHDWK� WHVW�� -RXUQDO� RI�

)RUHQVLF�6FLHQFHV�������������������
�
+RXFN��0D[�0��	�6LHJHO��-D\�$����������)XQGDPHQWDOV�RI�)RUHQVLF�6FLHQFH��8QLWHG�

.LQJGRP��$FDGHPLF�3UHVV��
�
+RXFN��0D[�0����������)RUHQVLF�6FLHQFH��0RGHUQ�0HWKRGV�RI�6ROYLQJ�&ULPH��8QLWHG�

6WDWHV�RI�$PHULFD��3UDHJHU��
�
+R[�� -RRS� -��	�%RHLMH��+HQQLH�5�� ��������'DWD� FROOHFWLRQ�� SULPDU\� YV�� VHFRQGDU\��

(QF\FORSHGLD�RI�VRFLDO�PHDVXUHPHQW���������������
�
,EQ�µ$UDEL��0XতDPPDG�ELQ�µ$EG�$OODK�$Eǌ�%DNDU����������$O�0D܈ۊǌO�IƯ�8܈ǌO�DO�)LTK��

$PPDQ��'ƗU�DO�%D\ƗULT��
�



����

�

,EQ� µƖVKǌU�� 0XতDPPDG� ৫ƗKLU� 0XতDPPDG�� �������� 0DTƗ܈LG� DO�6KDUƯµDK� DO�
,VOƗPL\\DK��-RUGDQ��'ƗU�DO�1DIƗLV��

�
,EQ�µƖVKǌU��0XতDPPDG�৫ƗKLU�0XতDPPDG����������$O�7DۊUƯU�ZD�DO�7DQZƯU��7XQLVLD��

'ƗU�DO�7ǌQƯVLDK�OL�DO�1ƗVKLU��
�
,EQ�µ$EG�DO�6DOƗP��µ,]]�DO�'ƯQ�µ$EG�DO�
$]Ư]����������4DZƗµLG�DO�$ۊNDP�IƯ�0D܈ƗOLۊ�

DO�$QƗP��&DLUR��0DNWDEDK�DO�.XOOL\ƗW�DO�$]KDUL\\DK��
�
,EQ� µ$EG� DO�6DOƗP�� µ,]]� DO�'ƯQ� µ$EG� DO�
$]Ư]�� �������� $O�)DZƗLG� IƯ� ,NKWL܈ƗU� DO�

0DTƗ܈LG��'DPDVFXV��'ƗU�DO�)LNU�DO�0X
ƗৢLU��
�
,EQ�$EƯ�6KD\EDK��$Eǌ�%DNU����������DO�.LWƗE�DO�0X܈DQQDI�IƯ�DO�$ۊƗGƯWK�ZD�DO�ƖWKƗU��

5L\DGK��0DNWDEDK�DO�5XVKG��
�
,EQ�$EƯ�6KD\EDK��$Eǌ�%DNU����������0XVQDG�,EQ�$EƯ�6KD\EDK��DO�5L\Ɨঌ��'ƗU�DO�:D৬Q��
�
,EQ�DO�4D\\LP��6KDPV�DO�'ƯQ�0XতDPPDG���Q�G����DO�ܑXUXT�DOۉ�XNPL\\DK��%HLUXW��'DU�

DO�.XWXE�DO�
,OPL\\DK��
�
,EQ�DO�4D\\LP��6KDPV�DO�'ƯQ�0XতDPPDG����������,µOƗP�DO�0XZƗTLµƯQ�µDQ�5DEE�DO�

µƖODPƯQ��%HLUXW��'ƗU�DO�.XWXE�DO�
,OPL\\DK��
�
,EQ�DO�4D\\LP��6KDPV�DO�'ƯQ�0XতDPPDG��������DO�%DNUL��NƗP�$KO�DO�'KLPPDKۊ$����

<ǌVXI�ELQ�$তPDG�(G��)LUVW�HG����'DPƗP��5DPƗGƯ�OL�DO�1DVKU��
�
,EQ�DO�6XENƯ\��7ƗM�DO�'ƯQ�$EG�DO�:DKKƗE����������$O�$VKEƗK�ZD�DO�1DܲƗLU��Q�S���'ƗU�

DO�.XWXE�DO�
,OPL\\DK���
�
,EQ�%D৬৬ƗO��$Eǌ�ণDVDQ�µ$OƯ�ELQ�.KDODI����������6KDUD܇�ۊDۊƯۊ�DO�%XNKƗUƯ�OL�LEQ�%DܒܒƗO�

�,EUƗKƯP��$Eǌ�7DPLP�<ƗVLU�(G��6HFRQG�HG����5L\DGK��6DXGL�$UDELD��0DNWDEDK�
DO�5XVKG��

�
,EQ�)DUতXQ��,EUƗKƯP�ELQ�µ$OƯ�ELQ�0XতDPPDG�%XUKDQXGLQ����������7DE܈LUDW�DOۉ�XNNƗP�

IƯ�8܈ǌO�DO�$TGL\DK�ZD�0DQƗKLM�DO�$ۊNƗP��&DLUR��0DNWDEDK�DO�$]KDUL��
�
,EQ�)ƗULV��$KPDG�ELQ�=DNDUL\D¶�DO�4D]ZƯQƯ���������0XµMDP�0DTƗ\ƯV�DO�/XJKDK��Q�S���

'ƗU�DO�)LNU��
�
,EQ�ণDQEDO��$Eǌ�µ$EG�$OODK�$তPDG�ELQ�0XতDPPDG����������0XVQDG�DO�,PƗP�$ۊPDG�

ELQ� �DQEDOۉ �6KX
D\E� DO�$UQƗZX৬�� 
ƖGLO� 0XUVKLG�� 	� DO�� HW�� (GV���� %HLUXW��
0XDVVDVDK�DO�5LVƗODK��

�
,EQ�ণD]P��$Eǌ�0XতDPPDG�µ$OL���Q�G����$O�0XۊDOOƗ�EƯ�DO�ƖWKƗU��%HLUXW��'ƗU�DO�)LNU��
�
,EQ�.DWKƯU��,VPƗµƯO�ELQ�µ8PDU����������7DIVƯU�,EQX�.DWKƯU��'ƗU�DO�৫D\\LEDK�OL�DO�1DVKU�

ZD�DO�7DZ]Ưµ��
�
,EQ�0DQ਌ǌU��DO�$IUƯTƯ����������/LVƗQ�DO�µ$UDE��%HLUXW��'ƗU�DO�ৡDGU��
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�

,EQ�1XMD\P��=D\Q�DO�'ƯQ���Q�G����%DۊU�DO�5ƗLT�IƯ�6KDUۊ�.DQ]�DO�'DTƗLT��Q�S���'ƗU�DO�
.LWƗE�DO�,VOƗPL\\DK��

�
,EQ�1XMD\P��=D\Q�DO�'ƯQ����������$O�$VKEƗK�ZD�DO�1DܲƗLU�µDOƗ�0DGKKDE�$EƯ�+DQƯIDK�

DO�1XµPƗQ��'ƗU�DO�.XWXE�DO�µ,OPL\\DK��
�
,EQ�4XGƗPDK��$Eǌ�0XতDPPDG�0XZDILT�DO�'ƯQ�µ$EGXOODK����������$O�0XJKQƯ��&DLUR��

0DNWDEDK�DO�4ƗKLUDK��
�
,EQ�4XGƗPDK��$Eǌ�0XতDPPDG�0XZDILT�DO�'ƯQ�µ$EGXOODK����������DO�.ƗIƯ�IƯ�DO�)LTK�

DO�,PƗP�$KPDG��%HLUXW��'ƗU�DO�.XWXE�DO�µ,OPL\\DK��
�
,EQ�4XGƗPDK��$Eǌ�0XতDPPDG�0XZDILT�DO�'ƯQ�µ$EGXOODK����������5DZڲDW�DO�1ƗܲLU�

ZD� -DQQDW� DO�0DQƗܲLU� IƯ� �ǌO܈8 DO�)LTK� µDOD� 0DGKKDE� DO�,PƗP� �PDGۊ$ ELQ�
�0�DQEDOۉXDVVDVDW�DO�5D\\ƗQ�OL�DO�৫LEƗ
DK�ZD�DO�1DKVU�ZD�DO�7DZ]Ưµ��

�
,EQ�5DMDE��DO�ণDQEDOL����������)DWۊ�DO�%ƗUL�6KDU܇�ۊDۊƯۊ�DO�%XNKDUL��&DLUR��0DNWDE�DO�

7DতƯT�'ƗU�DO�ণDUDPD\Q��
�
,EQ� 5XVKG�� �������� %LGƗ\DW� DO�0XMWDKLG� ZD� 1LKƗ\DW� DO�0XTWD܈LG�� &DLUR�� 'ƗU� DO�

ণDGƯWK��
�
,EQ�7D\PL\\DK��7DTL\�DO�'ƯQ�$তPDG����������$O�0XۊDUUDU�IƯ�DO�)LTK�µDOƗ�0DGKKDE�

DO�,PƗP�$ۊPDG�ELQۉ�DQEDO�5L\DGK��DO�0DNWDEDK�DO�0D
ƗULI��
�
,EQ�7D\PL\\DK��7DTL\�DO�'ƯQ�$তPDG����������0DMPǌµ�DO�)DWƗZƗ��0HGLQD��0DMPDµ�

DO�0DOLN�)DKDG�OL�DO�৫LEƗµDK�DO�0XVতDI�DO�6KDUƯI��
�
,EQX� 0ƗMDK�� 0XতDPPDG� <D]ƯG� DO�4D]ZLQƯ�� �Q�G���� 6XQDQ� ,EQX� 0ƗMDK� �%ƗTL��

0XKDPPDG�)X¶DG�$EGXO�(G����%HLUXW��'ƗU�,ত\Ɨ
�DO�.XWXE�DO�
$UDEL\\DK��
�
,EUDKLP�� ,EQRU�$]OL��/DOXGGLQ��+D\DWXOODK��	�6DPVXGLQ��0XKDPPDG�$GLE�� ��������

5HODWLRQVKLS�RI�0DTƗৢLG�$O�6KDUƯ¶DK�ZLWK�4LৢƗৢ�DQG�'L\DK��$QDO\WLFDO�9LHZ��
7KH�6RFLDO�6FLHQFHV������������������

�
,QPDQ��.HLWK�� ��������3ULQFLSOHV� DQG�3UDFWLFH� RI�&ULPLQDOLVWLFV��7KH�3URIHVVLRQ� RI�

)RUHQVLF�6FLHQFH��)ORULGD��8�6�$��&5&�3UHVV�//&��
�
,QWHUQDWLRQDO�2UJDQLVDWLRQ� RI� 6WDQGDUG�� �������� 6HOHFWLRQ� DQG� XVH� RI� WKH� ,62� �����

IDPLO\� RI� VWDQGDUGV�� *HQHYD�� 6ZLW]HUODQG�� ,QWHUQDWLRQDO� 2UJDQLVDWLRQ� RI�
6WDQGDUG��

�
,QWHUQDWLRQDO�6WDQGDUGV�2UJDQL]DWLRQ���������� ,62������������4XDOLW\�0DQDJHPHQW�

6\VWHPV��*HQHYD��6ZLW]HUODQG��,62�&RS\ULJKW�2IILFH��
�
,QWHUQDWLRQDO� 6WDQGDUGV� 2UJDQL]DWLRQ�� �������� 4XDOLW\� PDQDJHPHQW� SULQFLSOHV��

*HQHYD��6ZLW]HUODQG��,62�&HQWUDO�6HFUHWDULDW��
�
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�

,QWHUQHW� (QF\FORSDHGLD� RI� 3KLORVRSK\�� �Q�G���� 'HGXFWLYH� DQG� ,QGXFWLYH� $UJXPHQWV�
(QF\FORSDHGLD�'HGXFWLYH�DQG�,QGXFWLYH�$UJXPHQWV��

�
,VODPLF�)LTK�&RXQFLO����������DO�4DUƗUƗW�DO�6ƗELµ��%Ư�6KD¶QL�O�%DVPDW�DO�:LUƗWKL\\DW�

ZD�0DMƗOƗW�DO�,VWLI�ƗGDW�0LQKƗ���������������0HFFD��0XVOLP�:RUOG�/HDJXH���
�
,VPƗ
ƯO� 6ƗOLP�� $EG� DO�
$O�� �������� $O�%DۊWK� DO�)LTKƯ�ܑREƯµDWXKX�.KD܈ƗL܈XKX�

�ƗGLUXKX܈XOXKX�0D܈8 PDµD� DO�0Xܒ܈DOƗۊƗW� DO�)LTKL\\DK� IL� DO�0DGKƗKLE� DO�
$UED
DK��&DLUR��(J\SW��0DNWDEDK�DO�=DKUƗ¶��

�
-DEDWDQ�.LPLD�0DOD\VLD����������*DULV�3DQGXDQ�3HQJKDQWDUDQ�6DPSHO��.HPHQWHULDQ�

6DLQV��7HNQRORJL�GDQ�,QRYDVL�
�
-DEDWDQ� 3HUNKLGPDWDQ� $ZDP� 0DOD\VLD�� �������� 6XUDW� 3HNHOLOLQJ� 3HUNKLGPDWDQ�

�-XGLFLDO�DQG�/HJDO�6HUYLFH�&LUFXODU�� ��3HODNVDQDDQ�6LVWHP�6DUDDQ�0DOD\VLD�
%DJL�$QJJRWD�3HUNKLGPDWDQ�$ZDP�3HUVHNXWXDQ��-DEDWDQ�3HUNKLGPDWDQ�$ZDP�
0DOD\VLD�

�
-DFNVRQ�� $QGUHZ� 5�� :�� 	� -DFNVRQ�� -XOLH� 0�� �������� )RUHQVLF� VFLHQFH�� 3HDUVRQ�

(GXFDWLRQ��
�
-DPHV��6WXDUW�+��.LVK��3DXO�(��	�6XWWRQ��7�3DXOHWWH����������3ULQFLSOHV�RI�EORRGVWDLQ�

SDWWHUQ�DQDO\VLV��WKHRU\�DQG�SUDFWLFH��&5&�3UHVV��
�
-DZDWDQNXDVD� .DMLDQ� /DQMXW� 8QGDQJ�XQGDQJ� 6LKLU�� �������� .DMLDQ� 8QWXN�

0HZXMXGNDQ� 3HUXQWXNDQ� .HVDODKDQ� %HUNDLWDQ� $PDODQ� 6LKLU� GDODP� 8QGDQJ�
XQGDQJ�.HVDODKDQ�-HQD\DK�6\DULDK��SS�������8QLYHUVLWL�0DOD\VLD�3DKDQJ��

�
-LDQMXQ��/LX����������7KH�&URVV��D�6\PERO�LQ�&KULVWLDQLW\��%LEOLFDO�/LWHUDWXUH�6WXGLHV��

�����&1.,�-RXUQDO��
�
-LOOUKLQH�������D���*URXQGHG�7KHRU\�LV�WKH�VWXG\�RI�D�FRQFHSW����$�/HFWXUH�E\�%DUQH\�

*ODVHU� 5HWULHYHG� ��WK� 'HFHPEHU�� ������ IURP�
KWWSV���ZZZ�\RXWXEH�FRP�ZDWFK"Y 2FS[D/4'Q/N��

�
-LOOUKLQH�������E���7KH�/LWHUDWXUH�5HYLHZ�LQ�*URXQGHG�7KHRU\���$�/HFWXUH�E\�%DUQH\�

*ODVHU� 5HWULHYHG� ��WK� 'HFHPEHU�� ������ IURP�
KWWSV���ZZZ�\RXWXEH�FRP�ZDWFK"Y �6�N-�N�\+N��

�
-RKDQVHQ��%DEHU����������6LJQ�DV�(YLGHQFH��7KH�'RFWULQH�RI�,EQ�7D\PL\\DK��,VODPLF�

/DZ�DQG�6RFLHW\�������(YLGHQFH�LQ�,VODPLF�/DZ��������������
�
-RKQVRQ��%XUNH��	�7XUQHU��/LVD�$����������'DWD�FROOHFWLRQ�VWUDWHJLHV�LQ�PL[HG�PHWKRGV�

UHVHDUFK��+DQGERRN�RI�PL[HG�PHWKRGV�LQ�VRFLDO�DQG�EHKDYLRUDO�UHVHDUFK������
������

�
-RKQVRQ��5�%XUNH�� ��������([DPLQLQJ� WKH�YDOLGLW\� VWUXFWXUH�RI�TXDOLWDWLYH� UHVHDUFK��

(GXFDWLRQ����������������
�
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�

-R\�ELQ�)HOL[�Y�3XEOLF�3URVHFXWRU���0/-������&RXUW�RI�$SSHDO��3XWUDMD\D���������
�
-R\VH\��9DOHULH� &�� �������� 7KH� UHODWLRQ� EHWZHHQ� DQLPDO� DQG� KXPDQ� EORRG� JURXSV��

%ULWLVK�PHGLFDO�EXOOHWLQ�������������������
�
-XGLFLDO�DQG�/HJDO�7UDLQLQJ� ,QVWLWXWH�� ��������/DSRUDQ�7DKXQDQ�������%DQGDU�%DUX�

%DQJL��6HODQJRU��-XGLFLDO�DQG�/HJDO�7UDLQLQJ�,QVWLWXWH��
�
-XGLFLDO�DQG�/HJDO�7UDLQLQJ� ,QVWLWXWH�� ��������/DSRUDQ�7DKXQDQ�������%DQGDU�%DUX�

%DQJL��6HODQJRU��-XGLFLDO�DQG�/HJDO�7UDLQLQJ�,QVWLWXWH��
�
-XGLFLDO�DQG�/HJDO�7UDLQLQJ� ,QVWLWXWH�� ��������/DSRUDQ�7DKXQDQ�������%DQGDU�%DUX�

%DQJL��6HODQJRU��-XGLFLDO�DQG�/HJDO�7UDLQLQJ�,QVWLWXWH��
�
-XGLFLDO�DQG�/HJDO�7UDLQLQJ�,QVWLWXWH�������D���/DSRUDQ�7DKXQDQ�������%DQGDU�%DUX�

%DQJL��6HODQJRU��-XGLFLDO�DQG�/HJDO�7UDLQLQJ�,QVWLWXWH��
�
-XGLFLDO�DQG�/HJDO�7UDLQLQJ�,QVWLWXWH�������E���3URJUDP�/DWLKDQ�������%DQGDU�%DUX�

%DQJL��6HODQJRU��-XGLFLDO�DQG�/HJDO�7UDLQLQJ�,QVWLWXWH��
�
-XGLFLDO�DQG�/HJDO�7UDLQLQJ� ,QVWLWXWH�� ��������/DSRUDQ�7DKXQDQ�������%DQGDU�%DUX�

%DQJL��6HODQJRU��-XGLFLDO�DQG�/HJDO�7UDLQLQJ�,QVWLWXWH��
�
-XGLFLDO�DQG�/HJDO�7UDLQLQJ�,QVWLWXWH�������D���&RUSRUDWH�,QIRUPDWLRQ����5HWULHYHG���WK�

'HFHPEHU��������IURP�KWWS���ZZZ�LONDS�JRY�P\�HQJOLVK�DERXW�SKS�
�
-XGLFLDO� DQG� /HJDO� 7UDLQLQJ� ,QVWLWXWH�� �����E��� 7UDLQLQJ�'LYLVLRQ�� � � 5HWULHYHG� ��WK�

'HFHPEHU��������IURP�KWWS���ZZZ�LONDS�JRY�P\�HQJOLVK�NKLGPDW�SKS�
�
-XULVSUXGHQFH�� �������� ,Q� 2[IRUG� (QJOLVK� 'LFWLRQDU\�� 2[IRUG�� 2[IRUG� 8QLYHUVLW\�

3UHVV��
�
-XULVSUXGHQFH����������,Q�7KH�0HUULDP�:HEVWHU�'LFWLRQDU\��8QLWHG�6WDWHV�RI�$PHULFD��

0HUULDP�:HEVWHU�,QF��
�
.DGL��:DGDG����������(GXFDWLRQ�LQ�,VODP²0\WKV�DQG�WUXWKV��&RPSDUDWLYH�(GXFDWLRQ�

5HYLHZ�������������������
�
.DPDOL�� 0RKDPPDG� +DVKLP�� �������� 0DTƗৢLG� DO�6KDUL¶DK� 0DGH� 6LPSOH�� ,VODPLF�

6WXGLHV���������������
�
.DPDOL��0RKDPPDG�+DVKLP����������0DTƗৢLG�DO�6KDUL
DK�DQG�LMWLKƗG�DV�LQVWUXPHQWV�

RI�FLYLOLVDWLRQDO�UHQHZDO��D�PHWKRGRORJLFDO�SHUVSHFWLYH��,VODP�DQG�&LYLOLVDWLRQDO�
5HQHZDO��������������

�
.DPDUXO�$]PL�� -DVPL�� ��������%XNX�3DQGXDQ�7HVLV�*D\D�)DNXOWL� 7DPDGXQ� ,VODP��

-RKRU�%KDUX��)DNXOWL�7DPDGXQ�LVODP��870��
�
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.DPGDU��6ZDSQLO�5��	�3DQGH\��$VWKD����������7KH�6FRSH�RI�$UWLILFLDO�,QWHOOLJHQFH�LQ�
)RUHQVLF�6FLHQFH��)RUHQVLF�$XGLW�������

�
.DSODQ��$��5����������*HQHWLFV�RI�5HODWLYH�7RH�/HQJWKV��$FWD�*HQHW�0HG�*HPHOORO�

�5RPD�����������������
�
.DUO�/DQVWHLQHU��0�'�� ��������)RUHQVLF�$SSOLFDWLRQ�RI�6HURORJ\� ,QGLYLGXDOLW\�7HVW��

7KH�-RXUQDO�RI�$PHULFDQ�0HGLFDO�$VVRFLDWLRQ��������������
.DVXOH��2PDU�� ��������6RFLDO� DQG� UHOLJLRXV�GLPHQVLRQV�RI�XQZDQWHG�SUHJQDQF\��DQ�

,VODPLF�SHUVSHFWLYH��0HGLFDO�-RXUQDO�RI�0DOD\VLD�����6XSSO��$�����������
�
.DVXOH��2PDU����������0HGLFDO�(WKLFV�IURP�0DTƗ܈LG�DO�6KDUƯ¶DK��3DSHU�SUHVHQWHG�DW�

WKH�,QWHUQDWLRQDO�6FLHQWLILF�&RQYHQWLRQ��.XDQWDQ��
�
.DVXOH��2PDU����������,VODPLF�0HGLFDO�(WKLFV�ZLWK�6SHFLDO�5HIHUHQFH�WR�0DTƗ܈LG�DO�

6KDUƯ
DK�� 3DSHU� SUHVHQWHG� DW� WKH� ,VODPLF� 0HGLFDO� (WKLFV� &RQIHUHQFH�� .XDOD�
/XPSXU��

�
.DXU�%ROD��.XOZLQGHU��	�5DQGKDZD��*XUFK�� ��������5ROH�RI� ,VODPLF� UHOLJLRXV� DQG�

FXOWXUDO�EHOLHIV�UHJDUGLQJ�LQWHOOHFWXDO�LPSDLUPHQW�DQG�VHUYLFH�XVH��$�6RXWK�$VLDQ�
SDUHQWDO�SHUVSHFWLYH��&RPPXQLFDWLRQ�	�PHGLFLQH��������������

�
.DYLWKD�� %�� (LQVWHLQ�� $�� 6LYDSDWKDVXQGKDUDP�� %�� 	� 6DUDVZDWKL�� 75�� ��������

/LPLWDWLRQV�LQ�IRUHQVLF�RGRQWRORJ\��-RXUQDO�RI�IRUHQVLF�GHQWDO�VFLHQFHV������������
�
.D\H�� 'DYLG� +�� �������� 'R�:H� 1HHG� D� &DOFXOXV� RI�:HLJKW� WR� 8QGHUVWDQG� 3URRI�

%H\RQG�D�5HDVRQDEOH�'RXEW"�%RVWRQ�8QLYHUVLW\�/DZ�5HYLHZ������������
�
.HNUH��+��%����	�%KDUDGL��9��$����������)LQJHUSULQW�&RUH�3RLQW�'HWHFWLRQ�$OJRULWKP�

XVLQJ� 2ULHQWDWLRQ� )LHOG� %DVHG� 0XOWLSOH� )HDWXUHV�� ,QWHUQDWLRQDO� -RXUQDO� RI�
&RPSXWHU�$SSOLFDWLRQV���������GRL������������������

�
.HPHQWHULDQ� 6DLQV� 7HNQRORJL� GDQ� ,QRYDVL�� 0267,�� �Q�G���� )RUHQVLN�� � � 5HWULHYHG�

0DUFK��������IURP�KWWS���ZZZ�NLPLD�JRY�P\�EP�IXQJVL�EDKDJLDQ�IRUHQVLN�KWPO�
�
.KDLUXO�$]UDQ��+XVVLQ����������%HUL�NXDVD�NHSDGD�+DNLP�0DKNDPDK�6\DULH��%HULWD�

+DULDQ� 2QOLQH�� 5HWULHYHG� �WK� 0DUFK� ������ IURP�
KWWSV���ZZZ�EKDULDQ�FRP�P\�QRGH��������

�
.KDWLMDK�� 2WKPDQ� �������� $� %ULHI� 2YHUYLHZ� RQ� ,VODPLF� &RPSOLDQFH� 4XDOLW\�

0DQDJHPHQW� 6\VWHP�� ,QWHUQDWLRQDO� -RXUQDO� RI� 0DQDJHPHQW� 6FLHQFHV� DQG�
%XVLQHVV�5HVHDUFK������������������

�
.LUN��3DXO�/����������7KH�2QWRJHQ\�RI�&ULPLQDOLVWLFV��7KH�-RXUQDO�RI�&ULPLQDO�/DZ��

&ULPLQRORJ\��DQG�3ROLFH�6FLHQFH�������������
�
.RHKOHU�� 0LFKDHO� -�� 6DNV� 	� -RQDWKDQ� -�� �������� 7KH� ,QGLYLGXDOL]DWLRQ� )DOODF\� LQ�

)RUHQVLF�6FLHQFH�(YLGHQFH��9DQGHUELOW�/DZ�5HYLHZ������������
�



����

�

.ROE��6KDURQ�0����������*URXQGHG�WKHRU\�DQG�WKH�FRQVWDQW�FRPSDUDWLYH�PHWKRG��9DOLG�
UHVHDUFK�VWUDWHJLHV� IRU� HGXFDWRUV��-RXUQDO�RI�(PHUJLQJ�7UHQGV� LQ�(GXFDWLRQDO�
5HVHDUFK�DQG�3ROLF\�6WXGLHV�������������

�
.UHIWLQJ�� /DXUD�� �������� 5LJRU� LQ� TXDOLWDWLYH� UHVHDUFK�� 7KH� DVVHVVPHQW� RI�

WUXVWZRUWKLQHVV��$PHULFDQ�MRXUQDO�RI�RFFXSDWLRQDO�WKHUDS\�������������������
�
.ZDQ��4�<����������,QIHUHQFH�RI�,GHQWLW\�RI�6RXUFH���'RFWRU�RI�3KLORVRSK\���8QLYHUVLW\�

RI�&DOLIRUQLD��%HUNHOH\��8QLYHUVLW\�RI�&DOLIRUQLD��
�
/DHKHHP��.DVHWFKDL����������7KH�,VODPLF�ZD\�RI�\RXWK�FDUH�E\�0XVOLP�OHDGHUV�LQ�WKH�

WKUHH�VRXWKHUQ�ERUGHU�SURYLQFHV�RI�7KDLODQG��$VLDQ�6RFLDO�6FLHQFH���������S������
�
/DL�:HQJ�.HDW�Y�3XEOLF�3URVHFXWRU���0/-�������)HGHUDO�&RXUW�3XWUDMD\D���������
�
/DQGVWHLQHU��.DUO��	�/HYLQH��3KLOLS����������2Q�LQGLYLGXDO�GLIIHUHQFHV�LQ�KXPDQ�EORRG��

7KH�-RXUQDO�RI�([SHULPHQWDO�0HGLFLQH�������������������
�
/DWLIQHMDG�5RXGVDUL��5REDE��$OODQ��+HOHQ��	�6PLWK��3DP����������$�TXDOLWDWLYH�LQTXLU\�

LQWR� WKH� PHGLDWLQJ� UROH� RI� UHOLJLRQ� DQG� VSLULWXDOLW\� LQ� DGMXVWLQJ� PDULWDO�
UHODWLRQVKLSV�RI�LQIHUWLOH�ZRPHQ��-RXUQDO�RI�0LGZLIHU\�DQG�5HSURGXFWLYH�+HDOWK��
��������������

�
/HH�� +HQU\� &�� 	� /DGG�� &DUOO�� �������� 3UHVHUYDWLRQ� DQG� FROOHFWLRQ� RI� ELRORJLFDO�

HYLGHQFH��&URDWLDQ�0HGLFDO�-RXUQDO�������������������
�
/HH��+HQU\�&�� /DGG�� &DUOO�� 6FKHUF]LQJHU��&DURO� $��	� %RXUNH��0LFKDHO� 7�� ��������

)RUHQVLF�DSSOLFDWLRQV�RI�'1$�W\SLQJ��SDUW����FROOHFWLRQ�DQG�SUHVHUYDWLRQ�RI�'1$�
HYLGHQFH��7KH�$PHULFDQ�-RXUQDO�RI�)RUHQVLF�0HGLFLQH�DQG�3DWKRORJ\������������
�����

�
/HQRFKRYD�� 3DYOLQD�� 	� +DYOLFHN�� -DQ�� �������� +XPDQ� ERG\� RGRXU� LQGLYLGXDOLW\�

&KHPLFDO�6LJQDOV�LQ�9HUWHEUDWHV�����SS������������6SULQJHU��
�
/HY\�5XELQ��0LOND����������1RQ�0XVOLPV�LQ�WKH�HDUO\�,VODPLF�HPSLUH��IURP�VXUUHQGHU�

WR�FRH[LVWHQFH��&DPEULGJH�8QLYHUVLW\�3UHVV��
�
/HZLQV��$QQ��	�6LOYHU��&KULVWLQD����������8VLQJ�VRIWZDUH�LQ�TXDOLWDWLYH�UHVHDUFK��$�

VWHS�E\�VWHS�JXLGH��6DJH��
�
/HZLV��5�%DUU\����������19LYR�����DQG�$7/$6��WL������$�FRPSDUDWLYH�UHYLHZ�RI�WZR�

SRSXODU�TXDOLWDWLYH�GDWD�DQDO\VLV�SURJUDPV��)LHOG�0HWKRGV�������������������
�
/H[LV1H[LV�� 0DOD\VLD�� �������� &DVH� /DZ�� /H[LV�� 0DOD\VLD�� IURP� /H[LV1H[LV��

0DOD\VLD� 6GQ� %KG�� 5HWULHYHG� �WK� 0DUFK� ������ IURP�
KWWS���ZZZ�OH[LVQH[LV�FRP�H]SUR[\�SV]�XWP�P\�P\�OHJDO�UHVXOWV�OLVWYLHZ�OLVWYL
HZ�GR"VWDUW ���	VRUW 0$,1�&$6(�
1$0(�$�+��36(8'2/26.�$�+	IRUPDW *1%(;/,67	ULVE ��B7������
������



����

�

/LQJ�+DZ�&KHXQ�Y�3XEOLF�3URVHFXWRU����0/-������&RXUW�RI�$SSHDO��.XFKLQJ���������
�
/RFDUG�� (GPRQG�� �������� /
HQTXrWH� FULPLQHOOH� HW� OHV� PpWKRGHV� VFLHQWLILTXHV�� (��

)ODPPDULRQ��
�
/RFN�� $P\� %�� 	�0RUULV��0D[�'�� �������� 6LJQLILFDQFH� RI� $QJOH� LQ� WKH� 6WDWLVWLFDO�

&RPSDULVRQ�RI�)RUHQVLF�7RRO�0DUNV��7HFKQRPHWULFV�������������������
�
/XNPDQ��$EGXO�0XWDOLE��	�:DQ�$EGXO�)DWWDK��:DQ�,VPDLO����������$O�TDUƯQDK��DQWDUD�

.HNXDWDQ� GDQ� .HSHUOXDQ� GDODP� 0HQVDELWNDQ� -HQD\DK�=LQD��� ,QWHUQDWLRQDO�
-RXUQDO�RI�,VODPLF�7KRXJKW�����������

�
/XQJX��5HPXV��	�/XQJX��)ORULQ����������4XDOLW\�0DQDJHPHQW�6\VWHPV�*URXQGHG�RQ�

,VODPLF�9DOXHV��$FWXDO�3UREOHPV�RI�(FRQRPLFV�$NWXDO
QL�3UREOHPL�(NRQRPuNL��
����������

�
0�&ULP�� .HLWK� ,QPDQ�� 	� 5XGLQ�� 1RUDK�� �������� 3ULQFLSOHV� DQG� 3UDFWLFH� RI�

&ULPLQDOLVWLFV��7KH�SURIHVVLRQ�RI�)RUHQVLF�6FLHQFH��8QLWHG�6WDWHV�RI�$PHULFD��
&5&�3UHVV��

�
0DFKDGR��+HOHQD��6DQWRV��)LOLSH��	�6LOYD��6XVDQD����������3ULVRQHUV¶�H[SHFWDWLRQV�RI�

WKH� QDWLRQDO� IRUHQVLF� '1$� GDWDEDVH�� VXUYHLOODQFH� DQG� UHFRQILJXUDWLRQ� RI�
LQGLYLGXDO�ULJKWV��)RUHQVLF�VFLHQFH�LQWHUQDWLRQDO��������������������

�
0DKD]DQ��$��0���$LVKDK��+��6���$]GL��:��5��:��0��)���5XPDL]XGGLQ��*��0���<XVHUL��

$���5RVPL]L��$��5��0���������.KDLUXQQHH]DP��0��1����������,VODPLF�/HDGHUVKLS�
DQG�0DTƗৢLG�DO�6KDUƯµDK��5HLQYHVWLJDWLQJ�WKH�'LPHQVLRQV�RI�,VODPLF�/HDGHUVKLS�
,QYHQWRU\� �,OL�� 9LD� &RQWHQW� $QDO\VLV� 3URFHGXUHV�� 6RFLRLQW���� ,QWHUQDWLRQDO�
&RQIHUHQFH�RQ�6RFLDO�6FLHQFHV�DQG�+XPDQLWLHV����������

�
0DKPXG�6DHGRQ��2WKPDQ����������.DGL��3HUODQWLNDQ��3HUOXFXWDQ�GDQ�%LGDQJ�.XDVD�

��VW�HG����$PSDQJ��6HODQJRU��'HZDQ�%DKDVD�GDQ�3XVWDND��
�
0DOD\VLD�$LUOLQHV����������0+���3DVVHQJHU�DQG�&UHZ�0DQLIHVW��5HWULHYHG��WK�0DUFK��

����� IURP� KWWS���ZZZ�PDOD\VLDDLUOLQHV�FRP�FRQWHQW�GDP�PDOD\VLD�
DLUOLQHV�PDV�3')�0+���0+�����3$;���$1'���&5(:���0$1,)(6
7����������SGI�ZHEVLWH�

�
0DOD\VLD� ,QVWLWXWH� RI� &KHPLVWU\�� �������� 7UDLQHU
V� 3URILOH�� 3URIHVVLRQDO� &HQWUH���

5HWULHYHG� ��� -DQXDU\�� ������ IURP� KWWS���ZZZ�LNP�RUJ�P\�LQGH[�SKS�N��N��
FDWHJRULHV�WUDLQHU�V�SURILOH�

�
0DOD\VLDQ�4XDOLILFDWLRQV�$JHQF\�� ��������3URJUDPPH�6WDQGDUG��/DZ�DQG�6KDUL
DK�

/DZ���3HWDOLQJ�-D\D��6HODQJRU��0DOD\VLDQ�4XDOLILFDWLRQV�$JHQF\��
�
0ƗOLN�� LEQ� $QDV� LEQ� 0ƗOLN�� �������� $O�0XZDܒܒD¶�� $EX� 'KDEL�� $UDE� (PLUDWHV��

0XDVVDVDK� =D\G� ELQ� 6XO৬DQ� µ$OƯ� 1DK\DQ� OL� DO�$µPƗO� DO�.KD\UL\\DK� ZD� DO�
,QVƗQL\\DK��

�



����

�

0DONRF��(NUHP��	�1HXWHERRP��:LP����������7KH�FXUUHQW�VWDWXV�RI�IRUHQVLF�VFLHQFH�
ODERUDWRU\�DFFUHGLWDWLRQ�LQ�(XURSH��)RUHQVLF�VFLHQFH�LQWHUQDWLRQDO��������������
������

�
0DQVRXU�� 0HKGL� 6KDEDQQLD�� +DVVDQ�� .DPDO� +DOLOL�� 	� %DJKHUL�� 3DUYL]�� ��������

6KDUL¶DK�3HUVSHFWLYH�RQ�*UHHQ�-REV�DQG�(QYLURQPHQWDO�(WKLFV��(WKLFV��3ROLF\�	�
(QYLURQPHQW���������

�
0DQVRXU��:����������0DTƗৢLG�)RXQGDWLRQV�RI�0DUNHW�(FRQRPLFV��-RXUQDO�RI�,VODPLF�

6WXGLHV������������������GRL����������MLV�HWX����
�
0DUJRW�� 3LHUUH�� �������� )RUHQVLF� VFLHQFH� RQ� WULDO�:KDW� LV� WKH� ODZ� RI� WKH� ODQG"�

$XVWUDOLDQ�-RXUQDO�RI�)RUHQVLF�6FLHQFHV��������������������
�
0DUNRP�� 5�� �������� ,VODPLF� (QWUHSUHQHXUVKLS� WRZDUGV� $FKLHYLQJ� 0DTƗৢLG� $O�

6KDUƯ¶DK��(QWUHSUHQHXUVKLS�3ROLF\�	�3UDFWLFH�����������
�
0DUNRP��5���	�<DDNXE��1��,����������/LWLJDWLRQ�DV�GLVSXWH�UHVROXWLRQ�PHFKDQLVP�LQ�

,VODPLF� ILQDQFH�� 0DOD\VLDQ� H[SHULHQFH�� (XURSHDQ� -RXUQDO� RI� /DZ� DQG�
(FRQRPLFV������������������GRL����������V���������������[�

�
0DVVHWL��0����������&DUQLYRUHV�RI�6\ULD��3DSHU�SUHVHQWHG�DW�WKH�$QLPDO�%LRGLYHUVLW\�

LQ� WKH� 0LGGOH� (DVW�� 3URFHHGLQJV� RI� WKH� )LUVW� 0LGGOH� (DVWHUQ� %LRGLYHUVLW\�
&RQJUHVV��$TDED��-RUGDQ��SS����������

�
0D[ZHOO��-RVHSK�$����������4XDOLWDWLYH�UHVHDUFK�GHVLJQ��$Q�LQWHUDFWLYH�DSSURDFK��$Q�

LQWHUDFWLYH�DSSURDFK��9RO�������6DJH��
�
0D\ULQJ��3KLOLSS����������&RPELQDWLRQ�DQG�LQWHJUDWLRQ�RI�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�

DQDO\VLV�� 3DSHU� SUHVHQWHG� DW� WKH� )RUXP� 4XDOLWDWLYH� 6R]LDOIRUVFKXQJ�)RUXP��
4XDOLWDWLYH�6RFLDO�5HVHDUFK��

�
0F*UDZ�+LOO�� �������� 0F*UDZ�+LOO� (QF\FORSHGLD� RI� 6FLHQFH� DQG� 7HFKQRORJ\�

(QF\FORSDHGLD� 0F*UDZ�+LOO� (QF\FORSHGLD� RI� 6FLHQFH� DQG� 7HFKQRORJ\��
0F*UDZ�+LOO��1HZ�<RUN��

�
0F/DUHQ��&DURO\Q�-DQH����������'LJLWDO�LPDJLQJ�	�LPDJH�SURFHVVLQJ�WHFKQLTXHV�IRU�

WKH� FRPSDULVRQ� RI� KXPDQ� KDLU� IHDWXUHV�� �'RFWRU� RI� 3KLORVRSK\��� )DFXOW\� RI�
$SSOLHG�6FLHQFH��8QLYHUVLW\�RI�&DQEHUUD�����

�
0F/DXJKOLQ��*UHJRU\��'RW\��.\OH�&��	�/HGQHY�� ,JRU�.�� ��������'LVFULPLQDWLRQ�RI�

KXPDQ� DQG� DQLPDO� EORRG� WUDFHV� YLD� 5DPDQ� VSHFWURVFRS\�� )RUHQVLF� VFLHQFH�
LQWHUQDWLRQDO���������������

�
0LQLVWU\�RI�$ZTDI�DQG�,VODPLF�$IIDLUV�6WDWH�RI�.XZDLW��.XZDLW����������$O�0DZVǌ
DK�

DO�)LTKL\\DK� DO�.XZD\WL\\DK� (QF\FORSDHGLD� $O�0DZVǌ
DK� DO�)LTKL\\DK� DO�
.XZD\WL\\DK��.XZDLW��0LQLVWU\�RI�$ZTDI�DQG�,VODPLF�$IIDLUV�6WDWH�RI�.XZDLW��

�



����

�

0LQLVWU\� RI� +HDOWK� 0DOD\VLD�� �����D��� )RUHQVLF� 6FLHQFH� 6HUYLFHV� LQ� 0LQLVWU\� 2I�
+HDOWK�� � � 5HWULHYHG� ��WK� 1RYHPEHU�� ������ IURP�
KWWS���ZZZ�P\KHDOWK�JRY�P\�HQ�IRUHQVLF�VFLHQFH�VHUYLFHV�LQ�PLQLVWU\�RI�
KHDOWK��

�
0LQLVWU\�RI�+HDOWK�0DOD\VLD�������E���3HODQ�/DWLKDQ��7UDLQLQJ�5RDG�0DS��$QJJRWD�

6DLQV� .HVLKDWDQ� %HUVHNXWX� �$6.%��� � 0LQLVWU\� RI� +HDOWK� 0DOD\VLD� 2IILFLDO�
:HEVLWH��0LQLVWU\�RI�+HDOWK�0DOD\VLD��

�
0LQLVWU\� RI� +LJKHU� (GXFDWLRQ�� �Q�G����4XDOLILFDWLRQ� 5HFRJQLWLRQ� RI� ,MD]DK� 6DUMDQD�

0XGD� 6DVWHUD� �6KDULDK�� 3HQJDMLDQ� ,VODP��� 0LQLVWU\� RI� +LJKHU� (GXFDWLRQ�
5HWULHYHG� ��WK� 'HFHPEHU�� ������ IURP�
KWWSV���DSS�PRKH�JRY�P\�LNWLUDI�VLMLO�FHWDN.HOD\DNDQ�SKS"VLG �������

�
0LU]D�� 0XKDPPDG� 5DP]DQ�� 	� ৡLGGLTL�� 0XতDPPDG� ,TEDO�� �������� 0XVOLP�

&RQWULEXWLRQ�WR�6FLHQFH��.D]L�3XEOLFDWLRQV��
�
0RKDPDG��0��+��6���$OL��0��$���	�6KDULI��5��$��0����������'HWHUPLQDQWV�RI�0DTƗৢLG�

$O�6KDUL
DK�%DVHG�3HUIRUPDQFH�0HDVXUHPHQW�3UDFWLFHV��7KH�&DVH�RI�0DOD\VLDQ�
,VODPLF� %DQNV�� ,QWHUQDWLRQDO� -RXUQDO� RI� (FRQRPLFV� 0DQDJHPHQW� DQG�
$FFRXQWLQJ�����������������

�
0RKDPDG��1��$����������/DQG�'HYHORSPHQW�LQ�WKH�/LJKW�RI�WKH�2EMHFWLYHV�RI�6KDULDK�

�0DTƗৢLG��� ,QQRYDWLRQ� 0DQDJHPHQW� DQG� 6XVWDLQDEOH� (FRQRPLF� &RPSHWLWLYH�
$GYDQWDJH��)URP�5HJLRQDO�'HYHORSPHQW�WR�*OREDO�*URZWK��������������

�
0RKDPHG��0��6���	�1RRU��6��1����������,VODPLF�ELRHWKLFDO�GHOLEHUDWLRQ�RQ�WKH�LVVXH�RI�

QHZERUQV�ZLWK�GLVRUGHUV�RI�VH[�GHYHORSPHQW��6FLHQFH�(QJLQHHULQJ�(WKLFV���������
���������GRL����������V���������������]�

�
0RKDPPDG� $L]DW�� -DPDOXGLQ�� �������� )LTK� ,VWLKDODK�� ,QWHJUDWLRQ� RI� 6FLHQFH� DQG�

,VODPLF�/DZ��5HYHODWLRQ�DQG�6FLHQFH����������
�
0RKDPPDG� $PLU�� :DQ� +DUXQ�� �������� 3HPELQDDQ� 0RGHO� 3HODQ� 3HPDNDQDQ�

%HUGDVDUNDQ� 3ULQVLS� �DOƗODQۉ ܑD\\LEDQ�� �'RFWRU� RI� 3KLORVRSK\��� )DFXOW\� RI�
,VODPLF�&LYLOLVDWLRQ��8QLYHUVLWL�7HNQRORJL�0DOD\VLD��-RKRU�%KDUX�����

�
0RKDPPDG�1DTLE��+DPGDQ��0RKG�$QXDU��5DPOL��	�:DQ�1XU�'HHQL��:DQ�$OL���������

3HPEHGDKDQ�3ODVWLN�'DQ�5HNRQVWUXNVL�<DQJ�0HOLEDWNDQ�3HQJXEDKDQ�&LSWDDQ�
$OODK�6:7��$QDOLVLV�%HUGDVDUNDQ�3DUDPHWHU�0DTƗৢLG�DO�6KDUƯ¶DK�0DTƗ܈LG�DO�
6KDUƯ¶DK��$SOLNDVL�'DODP�$VSHN�6DLQV�	�7HNQRORJL��SS������������'HSDUWPHQW�
RI�)LTK�DQG�8VXO��$FDGHP\�RI�,VODPLF�6WXGLHV��8QLYHUVLW\�RI�0DOD\D��

�
0RKDPPHG��0��2���7DULTXH��.��0���	�,VODP��5����������0HDVXULQJ�WKH�SHUIRUPDQFH�

RI�,VODPLF�EDQNV�XVLQJ�PDTƗৢLG�EDVHG�PRGHO��,QWHOOHFWXDO�'LVFRXUVH����������
������

�
�



����

�

0RKG� $NUDP�� 6KDLU� 0RKDPHG�� �������� 4XDQWXP� RI� SURRI� ZKHQ� FDVH� IRU� WKH�
SURVHFXWLRQ� GHSHQGV� VXEVWDQWLDOO\� RU� ZKROO\� RQ� FLUFXPVWDQWLDO� HYLGHQFH��
LUUHVLVWLEOH�FRQFOXVLRQ�WHVW�RU�UHDVRQDEOH�EH\RQG�D�GRXEW�WHVW"�-RXUQDO�RI�,VODPLF�
/DZ�5HYLHZ���������������

�
0RKG� 0XQ]LO�� 0XKDPDG�� $KPDG� $]DP�� 0RKG� 6KDULII�� 5DMDPDQLFNDP��

5DPDOLQJJDP��0D]XSL��$EGXO�5DKPDQ��$QRZDU�� =DKLG��	�1RRUIDMUL�� ,VPDLO��
��������4DULQDK��$GPLVVLELOLW\�RI�&LUFXPVWDQWLDO�(YLGHQFH�LQ�+XGXG�DQG�4LVDV�
&DVHV��0HGLWHUUDQHDQ�-RXUQDO�RI�6RFLDO�6FLHQFHV��������������

�
0RKG�1RRU��'DXG�� ��������4DUƯQDK�'DQ�3HPDNDLDQQ\D�'DODP�.HKDNLPDQ� ,VODP��

�0DVWHU�'HJUHH���8QLYHUVLWL�0DOD\D��.XDOD�/XPSXU�����
�
0RKG�<XVRI��0RKDPDG��=DLQXO�,EUDKLP��=DLQXGGLQ��	�0XQLUDK��6KD
EDQ����������7KH�

DSSOLFDWLRQ� RI� WLVVXH� HQJLQHHULQJ� LQ� GHJHQHUDWLYH� GLVF� GLVHDVH�� DQ� ,VODPLF�
SHUVSHFWLYH��5HJHQHUDWLYH�5HVHDUFK����������������

�
0RQFNWRQ�6PLWK�� -DQH�� $GDPV�� 7RQ\�� +DUW�� $GDP�� 	� :HEE�� -XOLD�� ��������

,QWURGXFLQJ�)RUHQVLF�DQG�&ULPLQDO�,QYHVWLJDWLRQ��6DJH��
�
0XKDPDG� 6D\XWL�� 0DQVRU�� 	� 0RKG� $QXDU�� 5DPOL�� �������� 3HQGHNDWDQ� 3VHXGR�

0DTƗৢLG� GDODP� $OLUDQ� +XNXP� ,VODP� 6HPDVD�0DTƗ܈LG� DO�6KDUƯ¶DK�� $SOLNDVL�
'DODP�$VSHN�6RVLDO�'DQ�3HUXQGDQJDQ��SS������������'HSDUWPHQW�RI�)LTK�DQG�
8VXO��$FDGHP\�RI�,VODPLF�6WXGLHV��8QLYHUVLW\�RI�0DOD\D��

�
0XKDPPDG� $]KDUL�� $EGXO� 5DKPDQ�� ��������0HQHOLWL� .HWHUDQJDQ� 6DNVL� 3DNDU� GL�

0DKNDPDK�6KDULDK��3DSHU�SUHVHQWHG�DW�WKH�/DZ\HU��2QH�6WRS�&HQWUH����$O�ƖOL�
DO�%D\W�8QLYHUVLW\��-RUGDQ���

�
0XKDPPDG�0XKVLQ� .KDQ�� �������� 7KH� 7UDQVODWLRQ� RI� WKH�0HDQLQJV� RI� �ۊƯۊD܇ DO�

%XNKƗUL�� 5L\DGK�� .LQJGRP� RI� 6DXGL� $UDELD�� 'DUXVVDODP� 3XEOLVKHUV� DQG�
'LVWULEXWRUV��

�
0XKU��7KRPDV�� ��������$WODV�WL²D�SURWRW\SH� IRU� WKH� VXSSRUW� RI� WH[W� LQWHUSUHWDWLRQ��

4XDOLWDWLYH�VRFLRORJ\�������������������
�
0XOKLP�� %DUDNDW� $KPDG� %DQL�� ��������0DTƗ܈LG� $O�6KDUƯ¶DK� $O�,VOƗPL\\DK� IƯ� $O�

6KDKƗGƗW��$PPDQ��'ƗU�$O�1DIƗLV��
�
0XQDZDU��1XUVDEULQD����������7KH�,VODPLF�SHUVSHFWLYH�DSSURDFK�RQ�SODQW�SLJPHQWV�DV�

QDWXUDO� IRRG� FRORXUDQWV��3URFHGLD�6RFLDO� DQG�%HKDYLRUDO� 6FLHQFHV�� ����� ����
������

�
0XTULQ�� 0XতDPPDG� ELQ� 6D
DG� ELQ� 0XতDPPDG�� �������� 6DGG� DO�'KDUƗLµ� ZD�

µDOƗTƗWXKƗ�EL�DO�0DTƗ܈LG�DO�6KDUƯµDK��.LQJGRP�RI�6DXGL�$UDELD��-ƗPLµDK�0DOLN�
6DµXG��

�



����

�

0XVOLP��,EQ�DO�ণDMMƗM�$Eǌ�DO�ণDVDQ�DO�4DVKƯUƯ�DO�1D\VƗEǌUƯ���Q�G��܇��DۊƯ�0ۊXVOLP��DO�
0XVQDG� DO܇�DۊƯۊ� DO�0XNKWD܈ƗU� ELQDTO� DO�µ$GO� 
DQ� DO�µ$GO� LOƗ�5DVXOLOOƗK�� �DO�
%ƗTƯ��0XতDPPDG�)XƗG�(G����%HLUXW��'ƗU�DO�,ত\Ɨ¶�DO�7XUƗWK�DO�µ$UDEƯ��

�
1D¶LPDK��6XOHLPDQ����������3URVSHN�SHPDNDLDQ�TDUƯQDK�GDQ�SHQGDSDW�SDNDU�GDODP�

SHPEXNWLDQ�MHQD\DK�VLKLU���0DVWHU���8QLYHUVLWL�0DOD\D�����
�
1DMLEDK��0��=LQ����������7UDLQLQJ��$SSRLQWPHQW��DQG�6XSHUYLVLRQ�RI�,VODPLF�-XGJHV�LQ�

0DOD\VLD��7KH��3DFLILF�5LP�/DZ�	�3ROLF\�-RXUQDO������������
�
1DVLPDK�� +XVVLQ�� 	� 0DMGDK�� =DZDZL�� �������� 7KH� $SSOLFDWLRQ� RI� 7KH� 5XOH� RI�

³$YRLGLQJۉ�XGǌG�'XH�WR�6KXEKDK´�DV�$�0HFKDQLVP�IRU�(QVXULQJ�-XVWLFH�LQ�7KH�
'HWHUPLQDWLRQ�2I�3XQLVKPHQWV�LQ�,VODPLF�&ULPLQDO�/DZ��3DSHU�SUHVHQWHG�DW�WKH�
,QWHUQDWLRQDO�6HPLQDU�RQ�,VODPLF�-XULVSUXGHQFH�LQ�&RQWHPSRUDU\�6RFLHW\��.XDOD�
7HUHQJJDQX���

�
1DVU��6H\\HG�+RVVHLQ����������,VODPLF�OLIH�DQG�WKRXJKW��7KH�2WKHU�3UHVV��
�
1DWLRQDO� 5HVHDUFK� &RXQFLO�� �������� 6WUHQJWKHQLQJ� IRUHQVLF� VFLHQFH� LQ� WKH� 8QLWHG�

6WDWHV��D�SDWK�IRUZDUG��8QLWHG�6WDWHV�RI�$PHULFD��1DWLRQDO�$FDGHPLHV�3UHVV��
�
1HXHQGRUI��.LPEHUO\�$����������7KH�&RQWHQW�$QDO\VLV�*XLGH�%RRN��8QLWHG�6WDWHV�RI�

$PHULFD��6DJH�3XEOLFDWLRQV�,QF��
�
1LFNHOO��-RH��	�)LVFKHU��-RKQ�)����������&ULPH�VFLHQFH��PHWKRGV�RI�IRUHQVLF�GHWHFWLRQ��

8QLYHUVLW\�3UHVV�RI�.HQWXFN\��
�
1LN�1RUDLQL��1LN�%DGOL�6KDK����������+XGXG�/DZV�$QG�,WV�,PSOLFDWLRQV�2Q�:RPHQ��

.$181�-XUQDO�8QGDQJ�8QGDQJ�0DOD\VLD���������
�
1RRU�� $�� 0��� .DPDUXGLQ�� $�� $��� 	� +DURQ�� 0�� 1�� �������� 7KH� ,PSRUWDQFH� RI�

8QGHUVWDQGLQJ�WKH�0DTƗৢLG�RI�6KUDUƯ¶DK�LQ�WKH�'HYHORSPHQW�RI�,VODPLF�%DQNLQJ�
DQG�WKH�)LQDQFLDO�6\VWHP��$O�6KDMDUDK����������

�
1RRU�0XQLUDK��,VD����������ঋDUǌUDK��1HFHVVLW\��DQG�LWV�DSSOLFDWLRQ�LQ�,VODPLF�HWKLFDO�

DVVHVVPHQW�RI�PHGLFDO�DSSOLFDWLRQV��$�UHYLHZ�RQ�0DOD\VLDQ�)DWZD��6FLHQFH�DQG�
HQJLQHHULQJ�HWKLFV���������������������

�
1RUGLQ�� 0�� 0�� �������� ,PPXQLVDWLRQ� IURP� WKH� SHUVSHFWLYH� RI� 0DTƗৢLG� 6KDUƯ¶DK��

%DQJODGHVK�-RXUQDO�RI�0HGLFDO�6FLHQFH�������������������
�
1XU�+LGD\DK��$EGXO�-DEDU��=XO�,OKDP��6KDLNK�0RKG�6DLIXGGHHQ���	�1RRU�1DHPDK��

$EGXO�5DKPDQ����������*UHHQ�(QHUJ\�WRZDUGV�6XVWDLQDELOLW\�IURP�WKH�,VODPLF�
3HUVSHFWLYH���,QWHUQDWLRQDO�-RXUQDO�RI�6XVWDLQDEOH�)XWXUH�IRU�+XPDQ�6HFXULW\��
��������������

�
�
�



����

�

1XUKLGD\DK��0XKDPDG�6KDULIXGGLQ��0RKG�$QXDU��5DPOL��7HQJNX�)DWLPDK�$]]DKUD��
7HQJNX�0G�)DX]L��	�1XU�'L\DQD��$]L]L����������3HQJJXQDDQ�5DZDWDQ�0RGHQ�
%HUDVDVNDQ�'DUDK�0HQJLNXW�3ULQVLS�0DTƗৢLG�DO�6KDUƯ¶DK�0DTƗ܈LG�DO�6KDUƯ¶DK��
$SOLNDVL�'DODP�$VSHN�6DLQV�	�7HNQRORJL��SS������������'HSDUWPHQW�RI�)LTK�DQG�
8VXO��$FDGHP\�RI�,VODPLF�6WXGLHV��8QLYHUVLW\�RI�0DOD\D��

�
1\D]HH�� ,PUDQ�$KVDQ�.KDQ�� ��������7KHRULHV�RI� ,VODPLF�/DZ��7KH�0HWKRGRORJ\�RI�

,MWLKƗG��$GDP�3XEOLVKHUV��
�
2KNL��0DVDIXPL��	�.DWR��+LURPX����������,GLRSDWKLF�WLQQLWXV�FRQFRPLWDQW�ZLWK�H\H�

FORVXUH��2WRORJ\�	�1HXURWRORJ\�������������������
�
2ODGDSR�� ,EUDKLP�$ELRGXQ��	�$VPDN��$E�5DKPDQ����������0DTƗৢLG�6KDUƯ¶DK��7KH�

'ULYH�)RU�$Q�,QFOXVLYH�+XPDQ�'HYHORSPHQW�3ROLF\��-XUQDO�6\DULDK����������
�
2ORVR��..��	�8WKPDQ��,EUDKLP�2ODWXQGH����������7KH�$SSOLFDWLRQ�2I�$O�8TǌEƗW�,Q�

7KH�&RQWHPSRUDU\�6RFLHW\��$�5H�([DPLQDWLRQ�8VLQJ�7KH�0DTƗৢLG�$O�6KDUƯ¶DK�
%DVHG�6FKHPHV��-RXUQDO�RI�,VODPLF�/DZ�5HYLHZ������������������

�
2PDU��$EGXO�++��+DPLG��'D\DQJ�+7$+��$OLDV��1RUPD��	� ,VODP��0G�5�� ��������

*URXQGHG�WKHRU\��$�VKRUW�FXW�WR�KLJKOLJKW�D�UHVHDUFKHUV
�LQWHOOHFWXDOLW\��-RXUQDO�
RI�6RFLDO�6FLHQFHV������������������

�
2SZLV�� )HOLFLWDV�� �������� 0D܈ODۊDK� DQG� 7KH� 3XUSRVH� RI� 7KH� /DZ�� /HLGHQ�� 7KH�

1HWKHUODQGV��.RQLQNOLMNH�%ULOO�19��
�
2VERUQ��3���(G����������$�&RQFLVH�/DZ�'LFWLRQDU\���)RXUWK�HG����/RQGRQ��6ZHHW�	�

0D[ZHOO��
�
2VHQL��8��$����������'LVSXWH�PDQDJHPHQW�LQ�,VODPLF�ILQDQFLDO�VHUYLFHV�DQG�SURGXFWV��

$�PDTƗৢLG�EDVHG�DQDO\VLV��,QWHOOHFWXDO�'LVFRXUVH����������������
�
3DGHOD��$DVLP�,��6KDQDZDQL��+DVDQ��*UHHQODZ��-DQH��+DPLG��+DPDGD��$NWDV��0HKPHW��

	� &KLQ�� 1DQF\�� �������� 7KH� SHUFHLYHG� UROH� RI� ,VODP� LQ� LPPLJUDQW� 0XVOLP�
PHGLFDO�SUDFWLFH�ZLWKLQ�WKH�86$��DQ�H[SORUDWRU\�TXDOLWDWLYH�VWXG\��-RXUQDO�RI�
PHGLFDO�HWKLFV�������������������

�
3DGHOD�� $VLI� ,�� �������� $� *URXQGHG� 7KHRU\� 6WXG\� RI� WKH� 3URSKHW� 0XKDPPDG¶V�

/HDGHUVKLS� %HKDYLRUV�� $� 0RGHO� IRU� ,VODPLF� 6FKRRO� 3ULQFLSDOV�� �'RFWRU� RI�
(GXFDWLRQ���6W��-RKQ�)LVKHU�&ROOHJH��

�
3DJH�� 0DUN�� 7D\ORU�� -DQH�� 	� %OHQNLQ�� 0DWW�� �������� 8QLTXHQHVV� LQ� WKH� IRUHQVLF�

LGHQWLILFDWLRQ�VFLHQFHV²)DFW�RU�ILFWLRQ"�)RUHQVLF�VFLHQFH�LQWHUQDWLRQDO����������
��������

�
3DROD�$��3UDGD��%�6��.HQQHWK��	�*��)XUWRQ����������+XPDQ�6FHQW�'HWHFWLRQ��$�UHYLHZ�

RI�,WV�'HYHORSPHQW�DQG�)RUHQVLF�$SSOLFDWLRQV��5HYLVWD�GH�&LHQFLDV�)RUHQVHV����
�������������

�



����

�

3DUDKRR�� .�� �������� 5HVHDUFK� GHVLJQV� 1XUVLQJ� UHVHDUFK�� SULQFLSOHV�� 3URFHVV� DQG�
LVVXHV��%DVLQJVWRNH�3DOJUDYH��

�
3DVWHUQDN��-DFN�-����������$Q�LQWURGXFWLRQ�WR�KXPDQ�PROHFXODU�JHQHWLFV��PHFKDQLVPV�

RI�LQKHULWHG�GLVHDVHV��-RKQ�:LOH\�	�6RQV��
�
3DWWRQ�� 0LFKDHO� 4�� �������� (QKDQFLQJ� WKH� TXDOLW\� DQG� FUHGLELOLW\� RI� TXDOLWDWLYH�

DQDO\VLV��+HDOWK�VHUYLFHV�UHVHDUFK�������3W������������
�
3HQGDNZD�6\DULH�1HJHUL�6DEDK�OZQ��5RVOL�ELQ�$EGXO�-DSDU�������-+������0DKNDPDK�

7LQJJL�6\DULDK�1HJHUL�6DEDK��������
�
3HQQ�� 'XVWLQ� -�� 2EHU]DXFKHU�� (OLVDEHWK�� *UDPPHU�� .DUO�� )LVFKHU�� *RWWIULHG�� 6RLQL��

+HOHQD�$��:LHVOHU��'RQDOG�� �� �� ��%UHUHWRQ��5LFKDUG�*�� �������� ,QGLYLGXDO� DQG�
JHQGHU�ILQJHUSULQWV�LQ�KXPDQ�ERG\�RGRXU��-RXUQDO�RI�WKH�5R\DO�VRFLHW\�LQWHUIDFH��
�����������������

�
3HVFKHO��2��.XQ]�� 61�� 5RWKVFKLOG��0$��	�0�W]HO�� (�� �������� %ORRG� VWDLQ� SDWWHUQ�

DQDO\VLV��)RUHQVLF�VFLHQFH��PHGLFLQH��DQG�SDWKRORJ\������������������
�
3ROLV� 'LUDMD� 0DOD\VLD� �5R\DO� 0DOD\VLD� 3ROLFH��� �������� 7DKXNDK� $QGD"� 6HMDUDK�

0DNPDO� )RUHQVLN� 3'50�� � � 5HWULHYHG� 0DUFK�� ������ IURP�
KWWS���JDOHULSGUP�EORJVSRW�FRP���������WDKXNDK�DQGD�VHMDUDK�PDNPDO�
IRUHQVLN�KWPO��

�
3RZHUV��0DWWKHZ��/DVKOH\��&RQGD��6DQFKH]��3DPHOD��	�6KQHLGHUPDQ��%HQ�� ��������

$Q� H[SHULPHQWDO� FRPSDULVRQ� RI� WDEXODU� DQG� JUDSKLF� GDWD� SUHVHQWDWLRQ��
,QWHUQDWLRQDO�-RXUQDO�RI�0DQ�0DFKLQH�6WXGLHV�������������������

�
3UDFWLFDO����������,Q�2[IRUG�(QJOLVK�'LFWLRQDU\��2[IRUG��2[IRUG�8QLYHUVLW\�3UHVV��
�
3UDLQVDFN��%DUEDUD��	�.LW]EHUJHU��0DUWLQ����������'1$�%HKLQG�%DUV�2WKHU�:D\V�RI�

.QRZLQJ�)RUHQVLF�'1$�7HFKQRORJLHV��6RFLDO�VWXGLHV�RI�VFLHQFH�����������������
�
3UHVOH\�� /DZUHQFH�$�� �������� 7KH� )%,� ODERUDWRU\� DQG�$6&/'�/$%� DFFUHGLWDWLRQ��

)RUHQVLF�6FLHQFH�&RPPXQLFDWLRQV���������
�
4XDULQR��/DZUHQFH��	�%UHWWHOO��7KRPDV�$����������&XUUHQW�LVVXHV�LQ�IRUHQVLF�VFLHQFH�

KLJKHU�HGXFDWLRQ��$QDO�%LRDQDO�&KHP����������������������
�
5��(��*DHQVVOHQ��3HWHU�-��'HVLR��	�/HH��+HQU\�&�� ��������*HQHWLF�0DUNHU�6\VWHPV�

,QGLYLGXDOL]DWLRQ� RI� %ORRG� DQG�%RG\� )OXLGV�)RUHQVLF� 6FLHQFH� �SS�� ����������
:DVKLQJWRQ��$PHULFDQ�&KHPLFDO�6RFLHW\��

�
5DEE�� ,QWLVDU� $�� �������� 5HDVRQDEOH� 'RXEW� LQ� ,VODPLF� /DZ�� <DOH� -RXUQDO� RI�

,QWHUQDWLRQDO�/DZ�����������
�
�
�



����

�

5DKLPLQ�$IIDQGL��$EGXO�5DKLP��0RKG�$QXDU��5DPOL� ��0RKG�,PUDQ��$EGXO�5D]DN��
0XKDPPDG� ,NKODV�� 5RVHOH� �� 	� 6LWL� 0DLPXQDK�� .DKDO�� �������� 0HQDQJDQL�
)HQRPHQD�(NVWUHPLVPH�$JDPD�0HQJLNXW�3HUVSHNWLI�0DTƗৢLG�6KDULDK�0DTƗ܈LG�
DO�6KDULDK�� $SOLNDVL� 'DODP� $VSHN� 6RVLDO� 'DQ� 3HUXQGDQJDQ� �SS�� ����������
'HSDUWPHQW� RI� )LTK� DQG� 8VXO�� $FDGHP\� RI� ,VODPLF� 6WXGLHV�� 8QLYHUVLW\� RI�
0DOD\D��

�
5DKPDQ��)��.���7DUHT��0��$���	�0DQG]LU��$����������3HUIRUPDQFH�0HDVXUHPHQW�LQ�

+DODO� ,QGXVWU\�� $Q� ,QLWLDO� 3URSRVHG� &RQFHSW� %DVHG� RQ� 0DTƗৢLG� 6KDUƯ¶DK��
3URFHHGLQJV� RI� WKH� ��WK� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� ,QQRYDWLRQ� DQG�
0DQDJHPHQW��9ROV�,�	�,,������������

�
5DPOL�$ZDQJ��.DPDUX]]DPDQ�<XVRII��%DGOLVKLVKDP�0RKG�1DVLU��0RKG�1DVLU�5LSLQ��

	�+XVVLQ�6RORPRQ�� ��������7KH� ,PSDFW�RI�6HSDUDWLRQ�%HWZHHQ�5HOLJLRQ� DQG�
6FLHQFH��7KH�6RFLDO�6FLHQFHV����������������

5DQH�� +DOLP�� �������� 0DTƗৢLG�� &RQWH[WXDOLVDWLRQ� DQG� 6RFLDO� 6FLHQFH�� 7RZDUGV� D�
&RQWHPSRUDU\�0HWKRGRORJ\�RI�,QWHUSUHWLQJ�7KH�4XUDQ�,VODPLF�3HUVSHFWLYH��SS��
��������8QLWHG�6WDWHV�RI�$PHULFD��;OLEULV�&RUSRUDWLRQ��

�
5DTXLE�� $PDQD�� �������� 7KH� ,VODPLF� 6WDQGDUG� IRU� WKH� $VVHVVPHQW� RI� 0RGHUQ�

7HFKQRORJ\��-RXUQDO�RI�UHYHODWLRQ�DQG�6FLHQFH���������
�
5DTXLE�� $PDQD�� ��������0DTƗৢLG� DO�6KDUƯ� µDK�� $� 7UDGLWLRQDO� 6RXUFH� IRU� (QVXULQJ�

'HVLJQ� DQG� 'HYHORSPHQW� RI� 0RGHUQ� 7HFKQRORJ\� IRU� +XPDQLW\¶V� %HQHILW�
,VODPLF�3HUVSHFWLYHV�RQ�6FLHQFH�DQG�7HFKQRORJ\��SS������������6SULQJHU��

�
5DXI�� ,PDP� )HLVDO� $EGXO�� �������� 7KH� 0DTƗৢLG�� 5HIRUP� DQG� 5HQHZDO� 'HILQLQJ�

,VODPLF�6WDWHKRRG��SS������������6SULQJHU��
�
5D]DN��7��$���	�$EGXODKL��+��$����������,QFRUSRUDWLQJ�0RUDO�9DOXHV�DQG�0DTƗৢLG�$O�

6\DUƯ
DK�LQWR�0HGLFDO�DQG�+HDOWKFDUH�3UDFWLFHV��,QWHUQDWLRQDO�0HGLFDO�-RXUQDO�
0DOD\VLD���������������

�
5HGG\��/9����������/LS�SULQWV��$Q�RYHUYLHZ�LQ�IRUHQVLF�GHQWLVWU\��-RXUQDO�RI�$GYDQFHG�

'HQWDO�5HVHDUFK��������������
�
5HYDWKL� 5DMDQ�� 1LN� )DNKUXGGLQ� 1LN� +DVDQ�� 0RKDPPHG� 1DVLPXO� ,VODP�� ��������

&KHPLFDO� )LQJHUSULQWLQJ� RI� +XPDQ� %RG\� 2GRXU�� $Q� 2YHUYLHZ� RI� 3UHYRLXV�
6WXGLHV��0DOD\VLDQ�-RXUQDO�RI�)RUHQVLF�6FLHQFHV���������������

�
5KRGHV��+HQU\��	�7D\ORU�� )RZNHV�� ��������$OSKRQVH� %HUWLOORQ�� IDWKHU� RI� VFLHQWLILF�

GHWHFWLRQ��$EHODUG�6FKXPDQ��
�
5LFKDUGVRQ��'DQLHO��:RRG��.DWH��	�*ROGPHLHU��'DYLG����������(MDFXODWRU\�'LVRUGHUV��

$� 4XDOLWDWLYH� 3LORW� 6WXG\� RI� ,VODPLF� 0HQ� ZLWK� /LIHORQJ� 3UHPDWXUH� �5DSLG��
(MDFXODWLRQ��-�6H[�0HG������������������

�



����

�

5LGKD�$EGDK��6XEUL����������$SSOLFDWLRQ�V��RI�)RUHQVLF�(YLGHQFH�LQ�3URYLQJ�)DFWV�LQ�
,VVXH��3DSHU�SUHVHQWHG�DW�WKH�/DZ\HUV�2QH�6WRS�&HQWUH��/$1&(5��������$O�ƖOL�
DO�%D\W�8QLYHUVLW\��DO�0DIUDT��-RUGDQ���

�
5LG]XDQ��.XQML�.R\D����������3HPED]LUDQ�3DNDU�)RUHQVLN��+DULDQ�0HWUR��5HWULHYHG�

��WK�-DQXDU\������IURP�KWWS������������������LQGH[�SKS�PV�SDSHUFXWWLQJ������
SHPED]LUDQ�SDNDU�IRUHQVLN�KWPO�

�
5LVLQJHU��'�0LFKDHO��6DNV��0LFKDHO�-��7KRPSVRQ��:LOOLDP�&��	�5RVHQWKDO��5REHUW��

��������7KH�'DXEHUW�.XPKR�LPSOLFDWLRQV�RI�REVHUYHU�HIIHFWV�LQ�IRUHQVLF�VFLHQFH��
+LGGHQ�SUREOHPV�RI�H[SHFWDWLRQ�DQG�VXJJHVWLRQ��&DOLIRUQLD�/DZ�5HYLHZ���������
�������

�
5LYD�� )DELDQR�� 	� &KDPSRG�� &KULVWRSKH�� �������� $XWRPDWLF� FRPSDULVRQ� DQG�

HYDOXDWLRQ�RI�LPSUHVVLRQV�OHIW�E\�D�ILUHDUP�RQ�ILUHG�FDUWULGJH�FDVHV��-RXUQDO�RI�
)RUHQVLF�6FLHQFHV�������������������

�
5RVH��,VPDLO����������7KH�3UDFWLVH�RI�+XGXG�LQ�2WKHU�&RXQWULHV�+XGXG�LQ�0DOD\VLD�

WKH�,VVXHV�DW�6WDNH��3HWDOLQJ�-D\D��,OPLDK�3XEOLVKHUV�6GQ��%KG��
�
5RX[��&ODXGH��&ULVSLQR��)UDQN��	�5LEDX[��2OLYLHU����������)URP�IRUHQVLFV�WR�IRUHQVLF�

VFLHQFH��&XUUHQW�,VVXHV�&ULPLQDO�-XVWLFH����������
�
5XGLQ��1RUDK��	� ,QPDQ��.HLWK�� ��������$Q� LQWURGXFWLRQ� WR� IRUHQVLF�'1$�DQDO\VLV��

8QLWHG�6WDWHV�RI�$PHULFD��&5&�SUHVV��

5XWW\��-DQH�(����������5HOLJLRXV�$WWLWXGHV�WR�'HDWK�DQG�3RVW�0RUWHP�([DPLQDWLRQV�
7KH� +RVSLWDO� $XWRSV\�� $� 0DQXDO� RI� )XQGDPHQWDO� $XWRSV\� 3UDFWLFH�� ,WDO\��
&DUROLQH�0DNHSHDFH��

�
5X]PDQ�� 0G� 1RRU�� �������� .HGXGXNDQ� %D\\LQDK�� 6\DKDGDK� 'DQ� 4DULQDK� 'DODP�

3HQJJXEDODQ�8QGDQJ�8QGDQJ�.HWHUDQJDQ�,VODP�'L�0DOD\VLD��-XUQDO�6\DULDK��
��������

�
5X]PDQ��0G�1RRU����������$NWD�.HWHUDQJDQ�0DKNDPDK�6\DULDK��:LOD\DK�:LOD\DK�

3HUVHNXWXDQ��������$NWD�������8ODVDQ�3HUXQGDQJDQ��-XUQDO�.DQXQ�������������
�
6DDG�� 1�� 0��� 0DPDW�� 0�� 1��� 	� 0RKDPDG�� 1�� (�� $�� �������� 6WUXFWXULQJ� 6XNXN�

'HYHORSPHQW� DQG� 9DOLGDWLQJ� WKH� ,VVXDQFHV
� FKDUDFWHULVWLFV� )RU� 0DOD\VLDQ�
,VODPLF�&DSLWDO�0DUNHW��:FLW��������QG�:RUOG�&RQIHUHQFH�RQ�,VODPLF�7KRXJKW�
	�&LYLOL]DWLRQ��9ROV�,�DQG�,,��������������

�
6DFKV��-HVVLFD�6Q\GHU����������7LPH�RI�'HDWK��1DWXUH��)RUHQVLFV�DQG�WKH�6HDUFK�IRU�

'HDWK
V�6WRSZDWFK��5DQGRP�+RXVH��
�
6DHHG��$EGXOODK����������7KH�4XU
DQ��DQ�LQWURGXFWLRQ��1HZ�<RN��5RXWOHGJH��
�
6DIHUVWHLQ��5LFKDUG��	�+DOO��3UHQWLFH�� ��������$Q� ,QWURGXFWLRQ� WR�)RUHQVLF�6FLHQFH��

&ULPLQDOLVWLFV��3UHQWLFH�+DOO��8SSHU�6DGGOH�5LYHU��1HZ�-HUV\������������



����

�

6DIL��/RXD\����������7KH�0DTƗৢLG�DSSURDFK�DQG�UHWKLQNLQJ�SROLWLFDO�ULJKWV�LQ�PRGHUQ�
VRFLHW\��,QWHOOHFWXDO�'LVFRXUVH���������������

�
6DLIXGGHHQ��6��0���&KDQJ��/��:���,EUDKLP��$��+���	�.KRWLE��1��$��0����������,VODPLF�

(WKLFDO�)UDPHZRUN�WR�7DFNOH�6FLHQWLILF�DQG�7HFKQRORJLFDO�'LOHPPDV��-RXUQDO�
RI�'KDUPD�������������������

�
6DLIXGGHHQ��6��0���5DKPDQ��1��1���,VD��1��0���	�%DKDUXGGLQ��$����������0DTƗৢLG�DO�

6KDUƯ¶DK� DV� D� FRPSOHPHQWDU\� IUDPHZRUN� WR� FRQYHQWLRQDO� ELRHWKLFV��6FL��(QJ��
(WKLFV������������������GRL����������V�����������������

�
6DLQVEXU\�� /RXLVH��.ULVKQDQ��*RSL��	�(YDQV��&KULV�� ��������0RWLYDWLQJ� IDFWRUV� IRU�

PDOH�IRUHQVLF�SDWLHQWV�ZLWK�SHUVRQDOLW\�GLVRUGHU��&ULPLQDO�%HKDYLRXU�DQG�0HQWDO�
+HDOWK�����������������

�
6DNV��0LFKDHO�-��	�)DLJPDQ��'DYLG�/����������)DLOHG�IRUHQVLFV��+RZ�IRUHQVLF�VFLHQFH�

ORVW� LWV�ZD\� DQG� KRZ� LW�PLJKW� \HW� ILQG� LW��$QQXDO� 5HYLHZ� RI� /DZ�DQG� 6RFLDO�
6FLHQFH���������������

�
6DUDVZDWKL��75��0LVKUD��*DXUL��	�5DQJDQDWKDQ��.����������6WXG\�RI�OLS�SULQWV��-RXUQDO�

RI�IRUHQVLF�GHQWDO�VFLHQFHV�������������
�
6DXGL�6WDQGDUGV��0HWURORJ\��DQG�4XDOLW\�2UJDQL]DWLRQ����������&HUWLILFDWLRQ�RI�,62�

0DQDJHPHQW� 6\VWHPV�� � � 5HWULHYHG� ��UG� 'HFHPEHU�� ������ IURP�
KWWS���ZZZ�VDVR�JRY�VD�HQ�TXDOLW\�3DJHV�PDQDJBFHUWLI�DVS[�

�
6D\HG�6LNDQGDU��6KDK�+DQHHI����������)RUHQVLF�HYLGHQFH��$�UHWKLQNLQJ�DERXW�LWV�XVH�

DQG�ZHLJKW�LQ�,VODPLF�MXULVSUXGHQFH��,VODP�LQ�$VLD������������������
�
6D\HG�6LNDQGDU��6KDK�+DQHHI�� ��������0RGHUQ�0HDQV�RI�3URRI��/HJDO�%DVLV� IRU� ,WV�

$FFRPPRGDWLRQ�LQ�,VODPLF�/DZ��$UDE�/DZ�4XDUWHUO\�������������������
�
6D\HG�6LNDQGDU��6KDK�+DQHHI����������)RUHQVLF�(YLGHQFH��$�&RPSDUDWLYH�$QDO\VLV�RI�

WKH�*HQHUDO�3RVLWLRQ�LQ�&RPPRQ�/DZ�DQG�6KDUƯ
DK��,VODPLF�6WXGLHV������������
�
6D\\LG� 4X৬E�� ,EUƗKƯP� ণXVƯQ� DO�6KƗULEƯ�� �������� 7DIVƯU� IƯ� ܱLOƗO� $O�4XU¶ƗQ�� %HLUXW��

/XEQDQ��'ƗU�6\XUǌT��
�
6FKLIIHU�� %pDWULFH�� �������� 7KH� UHODWLRQVKLS� EHWZHHQ� IRUHQVLF� VFLHQFH� DQG� MXGLFLDO�

HUURU�� D� VWXG\� FRYHULQJ� HUURU� VRXUFHV�� ELDV�� DQG� UHPHGLHV�� �'RFWRU� RI�
3KLORVRSK\���8QLYHUVLW\�RI�/DXVDQQH�����

�
6FKRRQ��*HUWUXG�$$��	�'H�%UXLQ��-&����������7KH�DELOLW\�RI�GRJV�WR�UHFRJQL]H�DQG�

FURVV�PDWFK�KXPDQ�RGRXUV��)RUHQVLF�VFLHQFH�LQWHUQDWLRQDO�������������������
�
6FKZDUW]��'DYLG�6����������)RXQGDWLRQ�7KHRU\�RI�(YLGHQFH��$��*HR��/-������������
�
6HODPDW�� +DVKLP�� ��������0D܈ODۊDK� GDODP� 3HUXQGDQJDQ� +XNXP� 6\DUDN�� 6NXGDL��

3HQHUELW�8QLYHUVLWL�7HNQRORJL�0DOD\VLD��



����

�

6HODQJRU�6\DULDK�-XGLFLDU\�'HSDUWPHQW����������)RUHQVLF�6FLHQFH�&RXUVHV����5HWULHYHG�
��WK� 'HFHPEHU�� ������ IURP� KWWS���ZZZ�MDNHVV�JRY�P\�Y��LQGH[�SKS�LQIR�
MDEDWDQ�DUNLE�EHULWD�����NXUVXV�VDLQV�IRUHQVLN��

�
6KDµUƗZƯ�� 0XতDPPDG� 0XWDZDOOL�� �������� 7DIVƯU� $O�6KDµUƗZƯ�$O�.KDZDWLU�� &DLUR��

0D৬DELµ�$NKEDU�DO�<DXP��
�
6KDEDQD��$\PDQ����������3DWHUQLW\�EHWZHHQ�/DZ�DQG�%LRORJ\��7KH�5HFRQVWUXFWLRQ�RI�

WKH�,VODPLF�/DZ�RI�3DWHUQLW\�LQ�WKH�:DNH�RI�'1$�7HVWLQJ��=\JRQ�������������
������

�
6KDEDQD��$\PDQ�� ��������/DZ�DQG�(WKLFV� LQ� ,VODPLF�%LRHWKLFV��1RQPDOHILFHQFH� LQ�

,VODPLF�3DWHUQLW\�5HJXODWLRQV��=\JRQ�������������������
�
6KDEDQD��$\PDQ����������,VODPLF�/DZ�RI�3DWHUQLW\�%HWZHHQ�&ODVVLFDO�/HJDO�7H[WV�DQG�

0RGHUQ� &RQWH[WV�� )URP� 3K\VLRJQRP\� WR� '1$�$QDO\VLV�� -RXUQDO� RI� ,VODPLF�
6WXGLHV����������������

�
6KDKDP��5RQ����������7KH�H[SHUW�ZLWQHVV�LQ�,VODPLF�FRXUWV��PHGLFLQH�DQG�FUDIWV�LQ�WKH�

VHUYLFH�RI�ODZ��Q�S���8QLYHUVLW\�RI�&KLFDJR�3UHVV��
�
6KDLNK� 0RKG� 6DLIXGGHHQ�� 1RRU� 1DHPDK�� $EGXO� 5DKPDQ�� 1RRU� 0XQLUDK�� ,VD�� 	�

$]L]DQ�� %DKDUXGGLQ� �������� 0DTƗৢLG� DO�6KDUƯ¶DK� DV� D� FRPSOHPHQWDU\�
IUDPHZRUN� WR� FRQYHQWLRQDO� ELRHWKLFV�� 6FLHQFH� DQG� HQJLQHHULQJ� HWKLFV�� �������
����������

�
6KDNLU� 8OODK�� �������� )DWZD� 5HSRVLWLRQLQJ�� 7KH� +LGGHQ� 6WUXJJOH� IRU� 6KDUL¶D�

&RPSOLDQFH� ZLWKLQ� ,VODPLF� )LQDQFLDO� ,QVWLWXWLRQV�� �'RFWRU� RI� 3KLORVRSK\���
8QLYHUVLW\� RI� 6RXWKDPSWRQ�� 5HWULHYHG� ��WK� -DQXDU\�� ������ IURP�
KWWS���HSULQWV�VRWRQ�DF�XN����������KDV&RYHUVKHHW9HUVLRQ�)LQDOB3K'B7KHVLV�
6KDNLUB8OODK�B0D\B�����SGI���

�
6KDUPD��%�5����������)RUHQVLF�6FLHQFH�LQ�&ULPLQDO�,QYHVWLJDWLRQ�DQG�7ULDOV��,QGLD��
�
6KHQWRQ�� $QGUHZ� .�� �������� 6WUDWHJLHV� IRU� HQVXULQJ� WUXVWZRUWKLQHVV� LQ� TXDOLWDWLYH�

UHVHDUFK�SURMHFWV��(GXFDWLRQ�IRU�LQIRUPDWLRQ����������������
�
6LGGLTXL�� 'LOZDQD]� $�� �������� +XPDQ� 5HVRXUFHV� 'HYHORSPHQW�� $�0XVOLP�:RUOG�

3HUVSHFWLYH��7KH�$PHULFDQ�-RXUQDO�RI�,VODPLF�6RFLDO�6FLHQFHV���������
�
6LHJHO��-D\�$����������)RUHQVLF�6FLHQFH�7KH�%DVLFV��)ORULGD��8�6�$��&5&�3UHVV��7D\ORU�

	�)UDQFLV�*URXS��
�
6LWL�$UQL��%DVLU� ��	� ,OKDDPLH��$EG�*KDQL�$]PL�� ��������0DOD\VLDQ� ,VODPLF�4XDOLW\�

0DQDJHPHQW� 6\VWHP� 06� ����� )URP� $Q� ,VODPLF� 3HUVSHFWLYH�� $Q�
,PSOHPHQWDWLRQ�0RGHO��-XUQDO�6\DULDK������������������

�



����

�

6LWL�$UQL��%DVLU��0RKG�)DULG��0RKG�6KDULI��	�5DMD�+LV\DPXGLQ��5DMD�6XORQJ����������
,62������IURP�,VODPLF�3HUVSHFWLYH��0DQDJHULDO�$XGLWLQJ�-RXUQDO�������������
������

�
6LWL� =XEDLGDK�� ,VPDLO�� 	� 0XKDPPDG� =DKLUL�� $ZDQJ� 0DW�� �������� .HUHOHYDQDQ�

SURJUDP�SHQJDMLDQ�XQGDQJ�XQGDQJ�,VODP�GDODP�PHQGHSDQL�FDEDUDQ�VHPDVD��
3HQJDODPDQ�8QLYHUVLWL�0DOD\D��3DSHU�SUHVHQWHG�DW�WKH�,QWHUQDWLRQDO�&RQIHUHQFH�
RQ�5HVHDUFK�LQ�,VODPLF�DQG�$UDELF�/DQJXDJH�(GXFDWLRQ��,&(5,$/(���������

�
6RHPLWUD��$�� ��������+LJKHU�2EMHFWLYHV�RI� ,VODPLF� ,QYHVWPHQW�3URGXFWV�� ,VODPL]LQJ�

,QGRQHVLDQ� &DSLWDO� 0DUNHW�� 6WXGLD� ,VODPLND�� ������� ��������� GRL��
���������VGL�Y����������

�
6ROLKX��$��.���	�$PEDOL��$��5����������'LVVROYLQJ�WKH�HQJLQHHULQJ�PRUDO�GLOHPPDV�

ZLWKLQ�WKH�,VODPLF�HWKLFR�OHJDO�SUD[HV��6FLHQFH�(QJLQHHULQJ�(WKLFV�������������
�����GRL����������V�����������������

�
6RXDOKL��<����������$SSOLFDWLRQ�RI�6KDUL
DK�FRQWUDFWV�LQ�FRQWHPSRUDU\�,VODPLF�ILQDQFH��

$�PDTƗৢLG�SHUVSHFWLYH��,QWHOOHFWXDO�'LVFRXUVH����������������
�
6WHYHQVRQ��$QJXV����������2[IRUG�'LFWLRQDU\�RI�(QJOLVK��2[IRUG�8QLYHUVLW\�3UHVV��
�
6WUDXVV��$QVHOP��	�&RUELQ��-XOLHW����������%DVLFV�RI�TXDOLWDWLYH�UHVHDUFK��3URFHGXUHV�

DQG�WHFKQLTXHV�IRU�GHYHORSLQJ�JURXQGHG�WKHRU\��8QLWHG�6WDWHV�RI�$PHULFD��6DJH�
3XEOLFDWLRQV��,QF��

�
6WUDXVV��$QVHOP��	�&RUELQ��-XOLHW�0����������%DVLFV�RI�TXDOLWDWLYH�UHVHDUFK��*URXQGHG�

WKHRU\�SURFHGXUHV�DQG�WHFKQLTXHV��8QLWHG�6WDWHV�RI�$PHULFD�6DJH��3XEOLFDWLRQV��
,QF��

�
6WUDXVV��$QVHOP�/����������4XDOLWDWLYH�DQDO\VLV�IRU�VRFLDO�VFLHQWLVWV��8QLWHG�6WDWHV�RI�

$PHULFD��&DPEULGJH�8QLYHUVLW\�3UHVV��
�
6WULSLQLV�� 'DQLHO�� �������� 3UREDELOLW\� 7KHRU\� DQG� &LUFXPVWDQWLDO� (YLGHQFH��

,PSOLFDWLRQV�IURP�D�0DWKHPDWLFDO�$QDO\VLV��-XULPHWULFV����������
�
6XNHQLN��(OHD]DU�/LSD����������7KH�HDUOLHVW�UHFRUGV�RI�&KULVWLDQLW\��$PHULFDQ�-RXUQDO�

RI�$UFKDHRORJ\������������
�
6XNPDQD��5���	�7DTZD��.��=����������'HYHORSLQJ�3URJUDPV�%DVHG�RQ�0DTƗৢLG�6KDULD�

E\� ,VODPLF� 0LFURILQDQFH� ,QVWLWXWLRQ� WR� 6XSSRUW� )LQDQFLDO� ,QFOXVLRQ�� �QG�
,QWHUQDWLRQDO�&RQIHUHQFH�RQ�(GXFDWLRQ�DQG�6RFLDO�6FLHQFHV� �,QWFHVV
���������
������

�
6XOD\PDQ��+��,����������9DOXHV�%DVHG�&XUULFXOXP�0RGHO��$�3UDFWLFDO�$SSOLFDWLRQ�RI�

,QWHJUDWHG� 
0DTƗৢLG� $O�6KDUƯ¶DK¶� IRU� :KROHQHVV� 'HYHORSPHQW� RI� 0DQNLQG��
7D\ORU
V��WK�7HDFKLQJ�DQG�/HDUQLQJ�&RQIHUHQFH�������7UDQVIRUPDWLYH�+LJKHU�
(GXFDWLRQ�7HDFKLQJ� DQG�/HDUQLQJ� LQ�3UDFWLFH� �7WOF������� ����� ��������� GRL��
��������M�VEVSUR��������������
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�

6\DULDK�&RXUW�(YLGHQFH��)HGHUDO�7HUULWRULHV��$FW���������
�
6\DULDK�&ULPLQDO�2IIHQFHV��)HGHUDO�7HUULWRULHV��$FW���������
�
6\DULDK� -XGLFLDU\� 'HSDUWPHQW� 0DOD\VLD�� �����D��� 5HVROXVL� 3HUVLGDQJDQ� 3HUVDWXDQ�

3HJDZDL� 6\DULDK�0DOD\VLD�.DOL�.H��� ������� �$QQXDO� &RQIHUHQFH� RI� 6\DULDK�
2IILFHU��� 5HWULHYHG� ��QG� 1RYHPEHU�� ������ IURP�
KWWS���ZZZ�MNVP�JRY�P\�LQGH[�SKS�ZDUJD�MNVP�SHUVLGDQJDQ�WDKXQDQ�SHJDZDL�
V\DULDK�����SHUVLGDQJDQ�SHJDZDL�V\DULDK�VHOXUXK�PDOD\VLD�NDOL�NH���������

�
6\DULDK� -XGLFLDU\� 'HSDUWPHQW� 0DOD\VLD�� �����E��� 5HVROXVL� 3HUVLGDQJDQ� 3HUVDWXDQ�

3HJDZDL�6\DULDK�0DOD\VLD�.DOL�.H����������� �$QQXDO�&RQIHUHQFH�RI�6\DULDK�
2IILFHU��� � � 5HWULHYHG� ��QG� � 1RYHPEHU�� ������ IURP�
KWWS���ZZZ�MNVP�JRY�P\�LQGH[�SKS�ZDUJD�MNVP�SHUVLGDQJDQ�WDKXQDQ�SHJDZDL�
V\DULDK�����SHUVLGDQJDQ�SHJDZDL�V\DULDK�VHOXUXK�PDOD\VLD�NDOL�NH����������

�
7DKLU��,��1����������6RFLR�(FRQRPLF�5HIRUPV�LQ�/LQH�ZLWK�WKH�0DTƗৢLG�$O�6KDUƯ
DK���

7KH�&DVH�RI�&DOLSK�
8PDU�,EQ�
$EG�$O�
$]L]��$O�6KDMDUDK�������������������
�
7D\ORU��*DLO�� %\� WKH�%RRN��$OFKHP\� DQG� WKH� /DERUDWRU\�0DQXDO� IURP�$O�5Ɨ]Ư� WR�

/LEDYLXV�������������
�
7D\ORU�� *DLO�� �������� 7KH� .LWDE� $O�$VUDU�� $Q� $OFKHP\�0DQXDO� LQ� 7HQWK�&HQWXU\�

3HUVLD��$UDE�6WXGLHV�4XDUWHUO\����������������
�
7D\ORU�� 6WHYHQ� -�� 	� %RJGDQ�� 5REHUW�� ��������:RUNLQJ� ZLWK� GDWD�� GDWD� DQDO\VLV� LQ�

TXDOLWDWLYH�UHVHDUFK��,QWURGXFWLRQ�WR�TXDOLWDWLYH�UHVHDUFK�PHWKRGV���������������
�
7HQJNX� )DWLPDK� $]]DKUD�� 7HQJNX� )DX]L�� 0RKG� $QXDU�� 5DPOL�� 	� 1XUKLGD\DK��

0XKDPPDG� 6KDULIXGGLQ�� �������� 9DNVLQDVL� WHUKDGDS� .DQDN�.DQDN� 0HQXUXW�
3HUVSHNWLI� 0DTƗৢLG� 6\DUƯDK� 0DTƗৢLG� DO�6KDUƯ¶DK�� .RQVHS� GDQ� 3HQGHNDWDQ��
8QLYHUVLWL�0DOD\D��-DEDWDQ�)LTK�GDQ�8VXO��$NDGHPL�3HQJDMLDQ�,VODP��

�
7HVFK��5HQDWD�� ��������&RPSXWHU�SURJUDPV� WKDW�DVVLVW� LQ� WKH�DQDO\VLV�RI�TXDOLWDWLYH�

GDWD��$Q�RYHUYLHZ��4XDOLWDWLYH�+HDOWK�5HVHDUFK������������������
�
7KH�*RYHUQPHQW�RI�0DOD\VLD���Q�G����([SHUW�(YLGHQFH��Q�S���0DOD\VLD�*RYHUQPHQW��
�
7KH�7DIVLU�6FKRODUV�&RPPLWWHH�RI�(J\SW����������$O�0XQWDNKDE�IƯ�DO�7DIVƯU�DO�4XU¶ƗQ�

DO�.DUƯP��&DLUR��0XDVVDVDK�DO�$]KDU��
�
7KRPSVRQ��0DWWKHZ�%���7DQJHQ��-DVRQ�0���	�0F&DUWK\��'XQFDQ�-����������([SHUWLVH�

LQ�)LQJHUSULQW� ,GHQWLILFDWLRQ��-RXUQDO�RI�)RUHQVLF�6FLHQFHV��������������������
GRL��������������������������

�
7KRPSVRQ��:LOOLDP�&����������6XEMHFWLYH�LQWHUSUHWDWLRQ��ODERUDWRU\�HUURU�DQG�WKH�YDOXH�

RI�IRUHQVLF�'1$�HYLGHQFH��WKUHH�FDVH�VWXGLHV��*HQHWLFD���������������������
�



����

�

7KRPSVRQ��:LOOLDP�&��	�6FKXPDQQ��(GZDUG�/���������� ,QWHUSUHWDWLRQ�RI�VWDWLVWLFDO�
HYLGHQFH�LQ�FULPLQDO�WULDOV��7KH�SURVHFXWRU
V�IDOODF\�DQG�WKH�GHIHQVH�DWWRUQH\
V�
IDOODF\��/DZ�+XPDQ�%HKDYLRU���������������

�
7LPPHUPDQV�� 6WHIDQ�� �������� 7KH� FDXVH� RI� GHDWK� YV�� WKH� JLIW� RI� OLIH�� %RXQGDU\�

PDLQWHQDQFH� DQG� WKH�SROLWLFV�RI� H[SHUWLVH� LQ�GHDWK� LQYHVWLJDWLRQ��6RFLRORJ\�RI�
KHDOWK�	�LOOQHVV�������������������

�
7LQJ� .XHK� 6RRQ�� �������� ,QVWLWXW� .LPLD� 0DOD\VLD�� ,Q� 3XUVXLW� RI� ([FHOOHQFH� LQ�

&KHPLVWU\���������5HWULHYHG�IURP�&KHPLVWU\�,QWHUQDWLRQDO�ZHEVLWH�
�
7UDQVODE��0��6GQ��%KG�������D���/LRQ�$OFREORZ��$OFRKRO�%UHDWKDO\VHU��Q�S���-DEDWDQ�

$JDPD�,VODP�:LOD\DK�3HUVHNXWXDQ����
�
7UDQVODE��0��6GQ��%KG�������E���/LRQ�$OFROPHWHU�6'�����3$�3��Q�S���-DEDWDQ�$JDPD�

,VODP�:LOD\DK�3HUVHNXWXDQ����
�
8PL�.DOWKRP�$KPDG��	�$EGXO�5DKLP�<DFRE����������3HQJHQDODQ�6DLQV�)RUHQVLN��

6NXGDL��3HQHUELW�8QYHVLWL�7HNQRORJL�0DOD\VLD��
�
8UEDFK�� &ROLQ� +RZVRQ� DQG� 3HWHU�� �������� 6FLHQWLILF� 5HDVRQLQJ�� 7KH� %D\HVLDQ�

$SSURDFK��8QLWHG�6WDWHV�RI�$PHULFD��2SHQ�&RXUW�3XEOLVKLQJ�&RPSDQ\��
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