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WUHDWPHQW�IRU�XS�WR�����RI�DOO�$/6�FDVHV�DQG�IRU�D�VLPLODU�SRUWLRQ�RI�)7'�FDVHV�

,Q�DGGLWLRQ�WR�WKH�LQVLJKWV�SURYLGHG�E\�HDFK�QRYHO�$/6�JHQH��WKH�FROOHFWLYH�NQRZOHGJH�

JDLQHG�IURP�JHQHWLF�IDFWRUV�SURYLGHV�D�PRUH�FRPSUHKHQVLYH�XQGHUVWDQGLQJ�RI�WKH�LQWHUDFWLQJ�

SDWKZD\V�XQGHUO\LQJ�PRWRU�QHXURQ�GHJHQHUDWLRQ��)RU�H[DPSOH��WKH�LGHQWLILFDWLRQ�RI�$/6�

JHQHV�KDV�UHYHDOHG�DW�OHDVW�WKUHH�SDWKZD\V�EHOLHYHG�WR�FRQWULEXWH�WR�WKH�GHYHORSPHQW�RI�$/6��

����51$�PHWDEROLVP��EDVHG�RQ�WKH�REVHUYDWLRQ�RI�PXWDWLRQV�LQ�&�RUI����7'3�����)86��
+1513$���DQG�0$75��������SURWHLQ�KRPHRVWDVLV��8%4/1���9&3��2371��9$3%�������
F\WRVNHOHWDO�G\QDPLFV��3)1���78%$�$��'&71����&KLD�HW�DO���������5REEHUHFKW�DQG�
(\NHQV��������7D\ORU�HW�DO����������8QGHUVWDQGLQJ�WKH�PHFKDQLVPV�OHDGLQJ�WR�GLVHDVH�

SDWKRJHQHVLV�DJDLQ�SURYLGHV�WDUJHWV�IRU�WKHUDSHXWLF�LQWHUYHQWLRQ�WKDW�PD\�EH�DSSOLFDEOH�WR�DOO�

IRUPV�RI�$/6�

'XH�WR�WKH�GHFUHDVHG�DFFHVVLELOLW\�RI�PXOWLSOH�DIIHFWHG�IDPLO\�PHPEHUV�ZLWK�XQNQRZQ�

JHQHWLF�HWLRORJ\��WKHUH�KDV�EHHQ�DQ�LQFUHDVHG�IRFXV�RQ�WKH�LGHQWLILFDWLRQ�RI�$/6�DVVRFLDWHG�

JHQHV�ZLWK�PRGHUDWH�WR�ORZ�LPSDFW��'HVSLWH�WKHLU�ORZHU�HIIHFW��VXFK�JHQHV�FRQWLQXH�WR�

SURYLGH�YDOXDEOH�LQVLJKW�LQWR�$/6�SDWKRJHQHVLV��)RU�H[DPSOH��WKH�SURGXFW�RI�WKH�ULVN�IDFWRU�

7%.��LV�NQRZQ�WR�LQWHUDFW�ZLWK�WKH�SURGXFW�RI�$/6�DVVRFLDWHG�JHQH�2371��IXUWKHU�
VROLGLI\LQJ�WKH�UROH�RI�DXWRSKDJ\�DQG�SURWHLQ�KRPHRVWDVLV�LQ�GLVHDVH�GHYHORSPHQW��&LUXOOL�HW�

DO���������)UHLVFKPLGW�HW�DO���������0DUX\DPD�HW�DO���������0RUWRQ�HW�DO����������6LPLODUO\��

WKH�ULVN�IDFWRU�1(.���LGHQWLILHG�WKURXJK�D�UDUH�YDULDQW�EXUGHQ�DQDO\VLV�RI�LQGH[�)$/6��L�H���
RQH�DIIHFWHG�VDPSOH�SHU�IDPLO\���LV�D�NQRZQ�ELQGLQJ�SDUWQHU�RI�&��RUI���DQ�$/6�ULVN�IDFWRU�
IRXQG�WKURXJK�JHQRPH�ZLGH�DVVRFLDWLRQ�VWXGLHV��*:$6���&LUXOOL�HW�DO���������.HQQD�HW�DO���

������0DORYDQQD\D�HW�DO���������YDQ�5KHHQHQ�HW�DO����������7KH�LQWHUDFWLRQ�RI�WKHVH�WZR�

SURWHLQV�LV�UHTXLUHG�IRU�HIILFLHQW�'1$�GDPDJH�UHSDLU��)DQJ�HW�DO����������D�SDWKZD\�ZKLFK�LV�

EHFRPLQJ�LQFUHDVLQJO\�LPSOLFDWHG�DV�D�FRQWULEXWLQJ�IDFWRU�LQ�$/6�DQG�RWKHU�

QHXURGHJHQHUDWLYH�GLVHDVHV��&RSSHGq�DQG�0LJOLRUH��������/RSH]�*RQ]DOH]�HW�DO���������

0DGDEKXVKL�HW�DO���������:DQJ�HW�DO���������

5(68/76

*HQRPH�ZLGH�$VVRFLDWLRQ�6WXGLHV�,GHQWLI\�.,)�$�DV�D�1RYHO�$/6�$VVRFLDWHG�*HQH

7R�LGHQWLI\�QHZ�VXVFHSWLELOLW\�ORFL�RSHUDWLQJ�LQ�$/6��ZH�XQGHUWRRN�D�ODUJH�VFDOH�*:$6�

LQYROYLQJ��������SDWLHQWV�GLDJQRVHG�ZLWK�$/6�DQG��������FRQWURO�VXEMHFWV��7DEOH�6���6����

2XU�GDWD�ZHUH�WKHQ�LQFRUSRUDWHG�LQWR�D�PHWD�DQDO\VLV�ZLWK�D�UHFHQWO\�SXEOLVKHG�*:$6�

LQYROYLQJ��������$/6�FDVHV�DQG��������FRQWURO�VXEMHFWV��YDQ�5KHHQHQ�HW�DO����������$IWHU�

LPSXWDWLRQ�DQG�TXDOLW\�FRQWURO�PHDVXUHV��VHH�0HWKRGV��)LJXUH�6��IRU�WKH�ZRUNIORZ�DQG�

)LJXUH�6��IRU�WKH�PXOWLGLPHQVLRQDO�VFDOLQJ�SORW��������������JHQRW\SHG�DQG�LPSXWHG�

YDULDQWV�IURP��������$/6�FDVHV�DQG��������FRQWURO�VDPSOHV�ZHUH�DYDLODEOH�IRU�DVVRFLDWLRQ�

DQDO\VLV��)LJXUH��$���4XDQWLOH�TXDQWLOH�SORWV�GLG�QRW�VKRZ�HYLGHQFH�RI�VLJQLILFDQW�SRSXODWLRQ�

VWUDWLILFDWLRQ�� ����� ��������)LJXUH�6����6LQJOH�QXFOHRWLGH�SRO\PRUSKLVPV��613V��DFKLHYLQJ�

JHQRPH�ZLGH�VLJQLILFDQFH��3������î��í���DUH�OLVWHG�LQ�7DEOH����7DEOH�6��DQG�VXJJHVWLYH�ORFL�
ZLWK�613V�DVVRFLDWHG�DW�3������î��í��DUH�OLVWHG�LQ�7DEOH�6��

1LFRODV�HW�DO� 3DJH��

1HXURQ��$XWKRU�PDQXVFULSW��DYDLODEOH�LQ�30&������0DUFK����

$
XWKRU�0

DQXVFULSW
$
XWKRU�0

DQXVFULSW
$
XWKRU�0

DQXVFULSW
$
XWKRU�0

DQXVFULSW



2XU�DQDO\VLV�UHYHDOHG�ILYH�SUHYLRXVO\�LGHQWLILHG�ORFL�WKDW�DFKLHYHG�JHQRPH�ZLGH�VLJQLILFDQFH�

�ORFL�LQFOXGLQJ�71,3���&�RUI����7%.���81&��$��&��RUI����%HQ\DPLQ�HW�DO���������
/DDNVRYLUWD�HW�DO���������6KDWXQRY�HW�DO���������YDQ�(V�HW�DO���������YDQ�5KHHQHQ�HW�DO���

�������,Q�DGGLWLRQ��ZH�REVHUYHG�D�VWURQJ�DVVRFLDWLRQ�VLJQDO�IRU�ILYH�613V�LQ�OLQNDJH�

GLVHTXLOLEULXP�RQ�FKURPRVRPH���T�����WKDW�UHDFKHG�JHQRPH�ZLGH�VWDWLVWLFDO�VLJQLILFDQFH�

�7DEOH����)LJXUH��%��VSDQQLQJ�D�UHJLRQ�RI�VHYHUDO�KXQGUHG�NLOREDVHV��2I�WKH�ILYH�613V��WZR�

RI�WKHP�UHVLGHG�LQ�FORVH�SUR[LPLW\�WR�HDFK�RWKHU�ZLWKLQ�D�ODUJH�LQWHUJHQLF�UHJLRQ�DQG�WZR�LQ�

SUR[LPLW\�WR�VKRUW�FKDLQ�GHK\GURJHQDVH�UHGXFWDVH�IDPLO\��&�PHPEHU����6'5�&����D�JHQH�
H[SUHVVHG�SULPDULO\�LQ�VNLQ��+RZHYHU��RQH�613��UV�����������UHVXOWV�LQ�D�S�3UR���/HX�

FRGLQJ�FKDQJH�ZLWKLQ�WKH�NLQHVLQ�IDPLO\�PHPEHU��$��.,)�$��JHQH��3� ����î��í����25� �
����������&,� �����±�������7KH�FDVH�FRQWURO�DOOHOH�IUHTXHQFLHV�IRU�WKH�FRPELQHG�GLVFRYHU\�

FRKRUW�ZHUH�������������DQG�JHQRW\SH�FRXQWV�ZHUH����������������WR����������������

�KRPR]\JRWHV�DOWHUQDWLYH�DOOHOH��KHWHUR]\JRWHV��KRPR]\JRXV�UHIHUHQFH�DOOHOH��)LJXUH�����

&DOFXODWLRQV�EDVHG�RQ�RXU�FRKRUW�VL]H�DV�ZHOO�DV�WKH�25�DQG�DOOHOH�IUHTXHQF\�RI�UV����������

UHVXOW�LQ�D�a������SRZHU�WR�GHWHFW�WKLV�DV�DQ�$/6�DVVRFLDWHG�613�

5DUH�9DULDQW�%XUGHQ�$QDO\VLV�,GHQWLILHV�.,)�$�DV�DQ�$/6�JHQH

,Q�DQ�LQGHSHQGHQW�OLQH�RI�LQYHVWLJDWLRQ��ZH�DWWHPSWHG�WR�LGHQWLI\�QRYHO�$/6�JHQHV�WKURXJK�

H[RPH�ZLGH�UDUH�YDULDQW�EXUGHQ�DQDO\VLV��59%���,Q�EULHI��59%�FRPSDUHV�WKH�IUHTXHQF\�RI�

YDULDQWV�ZLWKLQ�HDFK�JHQH�EHORZ�D�XVHU�GHILQHG�IUHTXHQF\�WKUHVKROG�LQ�D�FDVH�FRQWURO�FRKRUW��

$V�WKH�ODVW�WZR�$/6�DVVRFLDWHG�JHQHV�LGHQWLILHG�E\�WKLV�PHWKRGRORJ\��7%.���1(.���
GLVSOD\HG�DQ�LQFUHDVHG�IUHTXHQF\�RI�ORVV�RI�IXQFWLRQ��/2)��YDULDQWV��ZH�IRFXVHG�RXU�LQLWLDO�

DQDO\VLV�RQ�VXFK�YDULDQWV��FRQVLVWLQJ�RI�QRQVHQVH�DQG�SUHGLFWHG�VSOLFH�DOWHULQJ���&LUXOOL�HW�DO���

������)UHLVFKPLGW�HW�DO���������.HQQD�HW�DO���������

7RZDUGV�WKLV�HQG��ZH�SHUIRUPHG�59%�WHVWLQJ�IRU�DVVRFLDWLRQ�RI�/2)�YDULDQWV�LQ�D�FRKRUW�RI�

������LQGH[�)$/6�FDVHV�DQG��������FRQWUROV��DIWHU�DSSO\LQJ�TXDOLW\�FRQWURO�ILOWHUV�

�([SHULPHQWDO�0HWKRGV��)LJXUH�6���7DEOH�6���6����*HQHV�GLVSOD\LQJ�3������î��í��DUH�
VKRZQ�LQ�7DEOH����7KH�SUHYLRXVO\�LGHQWLILHG�$/6�JHQHV��7%.���3� �����î��í���25� ��������
����&,� �����±�������DQG�1(.���3� �����î��í���25� �����������&,� �����±��������
\LHOGHG�VWURQJ�DVVRFLDWLRQV�ZLWK�$/6�UHDFKLQJ�H[RPH�ZLGH�VLJQLILFDQFH��)LJXUH�����,Q�

DGGLWLRQ��ZH�REVHUYHG�D�VLQJOH�QRYHO�JHQH�UHDFKLQJ�H[RPH�ZLGH�VLJQLILFDQFH��.,)�$��3� �
����î��í���25� ������������&,� �����±���������:LWKLQ�WKLV�JHQH��ZH�REVHUYHG���/2)�

YDULDQWV�LQ�RXU�������FDVHV���������FRPSDUHG�WR���VXFK�YDULDQWV�LQ�RXU�FRPSDULVRQ�FRKRUW�RI�

�������FRQWUROV����������7DEOH�����7KHUH�ZDV�QR�HYLGHQFH�RI�JHQRPLF�LQIODWLRQ��  ������

)LJXUH�6����VHTXHQFLQJ�FHQWHU�RU�RWKHU�VXE�FRKRUW�ELDV��)LJXUH�6����RU�FDOO�UDWH�ELDV��)LJXUH�

6���LQ�RXU�DQDO\VLV��2I�WKH�LQGH[�)$/6�FDVHV�FDUU\LQJ�.,)�$�/2)�PXWDWLRQV��ZH�REWDLQHG�
'1$�IURP�WZR�VLEOLQJV�RI�WKH�SUREDQG�FDUU\LQJ�D�F�������&!7��H[RQ������� VSOLFH�MXQFWLRQ�

YDULDQW��DQG�IURP�D�VLEOLQJ�RI�D�GLIIHUHQW�SUREDQG�FDUU\LQJ�D�F�������7!$��H[RQ�������

VSOLFH�MXQFWLRQ�YDULDQW��7KHVH�YDULDQWV�VHJUHJDWHG�ZLWK�GLVHDVH�ZLWKLQ�HDFK�RI�WKHVH�IDPLOLHV��

6DQJHU�VHTXHQFLQJ�YDOLGDWHG�DOO�LGHQWLILHG�/2)�YDULDQW�FRQWDLQLQJ�VDPSOHV�LQ�WKH�GLVFRYHU\�

VHW�DQG�DIIHFWHG�UHODWLYHV�

,QWHUHVWLQJO\��ZKHQ�ZH�LQYHVWLJDWHG�WKH�ORFDWLRQ�RI�WKH�VL[�$/6�DVVRFLDWHG�YDULDQWV�SUHVHQW�LQ�

.,)�$��DOO�RFFXUUHG�ZLWKLQ�D����ES�VWUHWFK�RI�'1$�DQG�ZHUH�SUHGLFWHG�WR�HIIHFW�VSOLFLQJ�RI�
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H[RQ����WKDW�HQFRGHV�DPLQR�DFLGV����±������7DEOH����)LJXUH��$���)LYH�RI�WKH�VL[�YDULDQWV�

ZHUH�ORFDWHG�RQ�VHTXHQWLDO�EDVH�SDLUV�RQ�WKH�� HQG�RI�WKH�H[RQ��ZKHUHDV�RQH�ZDV�ORFDWHG��

HQG�RI�WKH�H[RQ��:H�XVHG�WKH�DSSOLFDWLRQ�$66('$��$XWRPDWHG�6SOLFH�6LWH�DQG�([RQ�

'HILQLWLRQ�$QDO\VHV��WR�SUHGLFW�DQ\�PXWDQW�P51$�VSOLFH�LVRIRUPV�UHVXOWLQJ�IURP�WKHVH�

YDULDQWV��7RPSVRQ�HW�DO����������7KLV�DOJRULWKP�ZDV�FKRVHQ�DV�LW�LV�NQRZQ�WR�KDYH�KLJK�

SHUIRUPDQFH�LQ�VSOLFH�SUHGLFWLRQ��&DPLQVN\�HW�DO����������$66('$�SUHGLFWHG�D�FRPSOHWH�

VNLSSLQJ�RI�H[RQ����IRU�DOO�YDULDQWV��\LHOGLQJ�D�WUDQVFULSW�ZLWK�D�IUDPHVKLIW�DW�FRGLQJ�DPLQR�

DFLG������WKH�GHOHWLRQ�RI�WKH�QRUPDO�&�WHUPLQDO����DPLQR�DFLGV�RI�WKH�FDUJR�ELQGLQJ�GRPDLQ��

DQG�WKH�H[WHQVLRQ�RI�DQ�DEHUUDQW����DPLQR�DFLGV�WR�WKH�&�WHUPLQXV��7DEOH����)LJXUH��%���&���

7KH�SUHVHQFH�RI�WUDQVFULSWV�ZLWK�VNLSSHG�H[RQ����ZDV�GHPRQVWUDWHG�E\�SHUIRUPLQJ�57�3&5�

LQ�WZR�SDWLHQWV�FDUU\LQJ�H[RQ������� VSOLFH�MXQFWLRQ�YDULDQWV��F�������7!$�DQG�F�

������*!$��XVLQJ�51$�IURP�O\PSKREODVWV�DQG�SHULSKHUDO�EORRG�PRQRQXFOHDU�FHOOV��

UHVSHFWLYHO\��7KLV�VSOLFH�IRUP�ZDV�QRW�GHWHFWHG�LQ�IRXU�FRQWURO�OLQHV��)LJXUH��'���6HTXHQFH�

DQDO\VLV�RI�WKH�VPDOOHU�57�3&5�SURGXFWV�REWDLQHG�IURP�WKH�SDWLHQW�FHOOV�FRQILUPHG�WKH�H[RQ�

��±���VSOLFLQJ�HYHQW��0DWHULDO�IRU�57�3&5�ZDV�QRW�DYDLODEOH�IRU�DQ\�RWKHU�SDWLHQW�FDUU\LQJ�D�

.,)�$�/2)�YDULDQW�

2XU�LQLWLDO�59%�ZDV�UHVWULFWHG�WR�VLQJOH�QXFOHRWLGH�YDULDQWV�GXH�WR�WKH�OLPLWHG�VHQVLWLYLW\�DQG�

FRPSDUDWLYHO\�KLJK�IDOVH�SRVLWLYH�UDWHV�DVVRFLDWHG�ZLWK�LGHQWLI\LQJ�VPDOO�LQVHUWLRQV�DQG�

GHOHWLRQV��LQGHOV��ZLWKLQ�H[RPH�VHTXHQFLQJ�GDWD��)DQJ�HW�DO����������%DVHG�RQ�RXU�GLVFRYHU\�

RI�LQFUHDVHG�/2)�YDULDQWV�ZLWKLQ�.,)�$��ZH�UH�HYDOXDWHG�WKLV�UHJLRQ�IRU�WKH�SUHVHQFH�RI�
LQGHOV��2XU�DQDO\VLV�UHYHDOHG�WZR����������LQGHOV�ZLWKLQ�RXU�FRKRUW�RI�������)$/6�FDVHV��

FRPSDUHG�WR�]HUR������LQGHOV�DPRQJ��������FRQWURO�VDPSOHV��%RWK�RI�WKHVH�LQGHOV�

�S�$VS���IV��S�$VQ���IV��UHVXOWHG�LQ�D�IUDPHVKLIW�RI�WKH�.,)�$�SURWHLQ�FRGLQJ�VHTXHQFH��

DQG�ZHUH�ORFDWHG�FORVH�WR�WKH�VSOLFH�MXQFWLRQ�YDULDQWV�WKDW�ZH�SUHYLRXVO\�REVHUYHG�WR�FDXVH�

VNLSSLQJ�RI�H[RQ����UHVXOWLQJ�LQ�D�IUDPHVKLIW�DW�DPLQR�DFLG������7DEOH�����6DQJHU�VHTXHQFLQJ�

FRQILUPHG�WKH�SUHVHQFH�RI�ERWK�LQGHOV��&RPELQLQJ�WKH�UHVXOWV�RI�WKH�VLQJOH�QXFOHRWLGH�DQG�

LQGHO�YDULDQW�DQDO\VLV�\LHOGHG�D�KLJKO\�VLJQLILFDQW�3�RI����î��í���25� ������������&,� �
�����±���������:H�IDLOHG�WR�GHWHFW�DQ\�VLJQDOV�RI�59%�DVVRFLDWLRQ�IRU�UDUH�PLVVHQVH�YDULDQWV�

DFURVV�.,)�$�RU�ZLWKLQ�DQ\�VXE�GRPDLQ�RI�WKH�JHQH��7DEOH�6���

5HSOLFDWLRQ�$QDO\VLV�RI�UV����������DQG�/2)�9DULDQWV�LQ�.,)�$

*LYHQ�WKH�VWURQJ�VLJQDO�RI�WKH�PLVVHQVH�YDULDQW�LGHQWLILHG�E\�RXU�*:$6��S�3UR���/HX��

UV�����������DQG�LWV�FORVH�SUR[LPLW\�WR�WKH�/2)�YDULDQWV�LGHQWLILHG�E\�RXU�59%�DQDO\VLV�

�DPLQR�DFLGV����±������ZH�DWWHPSWHG�WR�UHSOLFDWH�LWV�DVVRFLDWLRQ�ZLWK�$/6�E\�DQDO\]LQJ�

DGGLWLRQDO�FRKRUWV��7R�DFFRPSOLVK�WKLV��ZH�HYDOXDWHG�WKLV�YDULDQW�LQ�D�FRKRUW�RI�������$/6�

FDVHV�DQG��������FRQWUROV�WKDW�ZHUH�QRQ�RYHUODSSLQJ�ZLWK�RXU�*:$6�GLVFRYHU\�DQDO\VLV�

�0HWKRGV��)LJXUH�6����7KLV�LQFOXGHG�QRQ�RYHUODSSLQJ�VDPSOHV�IURP�RXU�59%�DQDO\VLV������

)$/6���������FRQWUROV���$QDO\VLV�RI�WKH�FRKRUW�UHYHDOHG�DQ�DOOHOH�IUHTXHQF\�RI�������LQ�

FDVHV�DQG�������LQ�FRQWUROV��UV�����������3� �����î��í���25� �����������&,� �����±�������
WKHUHE\�UHSOLFDWLQJ�WKH�DVVRFLDWLRQ�RI�WKH�RULJLQDO�*:$6��$�PHWD�DQDO\VLV�RI�WKH�*:$6�DQG�

UHSOLFDWLRQ�FRKRUW��Q� ��������FDVHV���������FRQWUROV��\LHOGHG�D�KLJKO\�VLJQLILFDQW�3�RI�
����î��í����25� �����������&,� �����±������)LJXUH�����7KHVH�UHVXOWV�VXSSRUW�WKH�

DVVRFLDWLRQ�RI�.,)�$�S�3UR���/HX�ZLWK�$/6��+RZHYHU��DW�WKLV�SRLQW�ZH�FDQQRW�GHILQLWHO\�
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VWDWH�WKDW�WKH�PLVVHQVH�YDULDQW�LV�WKH�SULPDU\�ULVN�IDFWRU��DV�ZH�FDQQRW�UXOH�RXW�RWKHU�YDULDQWV�

LQ�OLQNDJH�GLVHTXLOLEULXP�

:H�QH[W�SHUIRUPHG�PXWDWLRQDO�VFUHHQLQJ�RI�.,)�$�LQ�DQ�DGGLWLRQDO�FRKRUW�RI�������$/6�
FDVHV�WKDW�KDG�QRW�EHHQ�LQFOXGHG�LQ�RXU�RULJLQDO�59%�DQDO\VLV��7KLV�UHYHDOHG�WKUHH�DGGLWLRQDO�

FDUULHUV�RI�&�WHUPLQDO�YDULDQWV��2QH�VSRUDGLF�SDWLHQW�KDUERUHG�DQ�H[RQ����IUDPHVKLIW�

PXWDWLRQ��S�$VQ���IV��DQG�D�VHFRQG�VSRUDGLF�SDWLHQW�KDUERUHG�DQ�H[RQ����VSOLFH�DOWHULQJ�

PXWDWLRQ��F�������*!$��7DEOH�����7KH�WKLUG�SDWLHQW�FDUULHG�D�S�$UJ����/\V��F�����*!$��

PXWDWLRQ�DQG�KDG�D�IDPLOLDO�KLVWRU\�RI�$/6��7KLV�PXWDWLRQ�ZDV�DOVR�REVHUYHG�LQ�D�)$/6�

SDWLHQWV�IURP�RXU�59%�DQDO\VLV��KRZHYHU��D�FRPSDULVRQ�RI���������FRPPRQ�YDULDQW�VLWHV�

EHWZHHQ�WKH�WZR�SDWLHQWV�IDLOHG�WR�UHYHDO�D�IDPLOLDO�UHODWLRQVKLS��([SHULPHQWDO�0HWKRGV���

$GGLWLRQDOO\��RQH�SDWLHQW�ZDV�REVHUYHG�WR�FDUU\�D�SUHGLFWHG�VSOLFH�DOWHULQJ�YDULDQW�SUR[LPDO�

WR�H[RQ����F������*!$���+RZHYHU��WKLV�YDULDQW�ZDV�QRW�VXSSRUWHG�DV�FUHDWLQJ�DQ�DEHUUDQW�

WUDQVFULSW�E\�$66('$��7KH�FRKRUW�XVHG�IRU�WKLV�DQDO\VLV�ZDV�FRPSULVHG�PDLQO\�IUHTXHQF\�

RI�VSRUDGLF�$/6�FDVHV��/2)�YDULDQWV�ZHUH�QRW�REVHUYHG�LQ�D�IROORZ�XS�SDQHO�RI�������

FRQWUROV��&RPSDULVRQ�RI�WKH�/2)�YDULDQWV�LQ�VSRUDGLF�SDWLHQWV����������FDVHV����������ZLWK�

HLWKHU�WKH�������UHSOLFDWLRQ�FRQWUROV�RU�DOO�FRQWUROV�DQDO\]HG�LQ�WKLV�VWXG\���������FRQWUROV��

ERWK�\LHOGHG�LQVLJQLILFDQW�3�YDOXHV��������DQG��������UHVSHFWLYHO\���,QWHUHVWLQJO\��WKH�
IUHTXHQF\�RI�/2)�YDULDQWV�LQ�VSRUDGLF�FDVHV�LV�ORZHU�WKDQ�WKDW�REVHUYHG�LQ�RXU�RULJLQDO�

)$/6�FRKRUW�����������VXJJHVWLQJ�WKDW�.,)�$�/2)�YDULDQWV�GLVSOD\�D�KLJK�SHQHWUDQFH��
)XUWKHUPRUH��WKH�UDWH�RI�/2)�YDULDQWV�UHSRUWHG�LQ�WKH�([RPH�$JJUHJDWLRQ�&RQVRUWLXP�

�([$&��GDWDEDVH�LV�ORZHU�WKDQ�ZH�REVHUYHG�LQ�WKH�FRQWURO�VDPSOHV�XVHG�LQ�RXU�GLVFRYHU\�

FRKRUW���������YHUVXV���������

$/6�$VVRFLDWHG�0XWDWLRQV�LQ�.,)�$�DUH�'LVWLQFW�IURP�63*���&07��0XWDWLRQV

0LVVHQVH�PXWDWLRQV�ZLWKLQ�.,)�$�DUH�D�NQRZQ�FDXVH�RI�KHUHGLWDU\�VSDVWLF�SDUDSDUHVLV�
�VSDVWLF�SDUDSOHJLD�W\SH�����DXWRVRPDO�GRPLQDQW��20,0����������DQG�RI�&KDUFRW�0DULH�

7RRWK�GLVHDVH�7\SH����&07����&ULPHOOD�HW�DO���������-HQQLQJV�HW�DO���������/LX�HW�DO���������

5HLG�HW�DO����������$OWKRXJK�63*���DQG�&07��VKDUH�FOLQLFDO�IHDWXUHV�ZLWK�$/6��D�FDUHIXO�

H[DPLQDWLRQ�RI�WKH�FOLQLFDO�UHFRUGV�RI�WKH�$/6�FDVHV�ZLWK�/2)�PXWDWLRQV�LQ�.,)�$�UXOHG�
RXW�PLVGLDJQRVLV��)XUWKHUPRUH��ZH�GHWHFWHG�QR�YDULDQWV�SUHYLRXVO\�DVVRFLDWHG�ZLWK�63*���RU�

&07��LQ�RXU�)$/6�FRKRUW��/LX�HW�DO���������

7R�IXUWKHU�HOXFLGDWH�JHQRW\SH�SKHQRW\SH�UHODWLRQVKLSV��ZH�HYDOXDWHG�WKH�ORFDWLRQ�RI�

PXWDWLRQV�ZLWKLQ�.,)�$��,QWHUHVWLQJO\��PXWDWLRQV�FRQWULEXWLQJ�WR�63*���DQG�WR�&07��DUH�

DOPRVW�H[FOXVLYHO\�WR�EH�PLVVHQVH�FKDQJHV�DQG�DUH�ORFDWHG�LQ�WKH�1�WHUPLQDO�PRWRU�GRPDLQ�

�DPLQR�DFLGV��±�����RI�.,)�$��)LJXUH�����,Q�FRQWUDVW��WKH�PXWDWLRQV�LGHQWLILHG�DV�

FRQWULEXWLQJ�WR�$/6�DUH�IRXQG�SUHGRPLQDQWO\�LQ�WKH�&�WHUPLQDO�FDUJR�ELQGLQJ�UHJLRQ�RI�

.,)�$��DPLQR�DFLGV����±������ZLWK�WKH�KLJKO\�SHQHWUDQW�)$/6�PXWDWLRQV�VKRZLQJ�/2)��

7KHVH�UHVXOWV�LQGLFDWH�WKDW�WKH�IXQFWLRQDO�GRPDLQ�PXWDWHG�LQ�.,)�$�GLFWDWHV�WKH�FOLQLFDO�

SKHQRW\SH��UHVXOWLQJ�LQ�GLVWLQFW�\HW�RYHUODSSLQJ�QHXURGHJHQHUDWLYH�GLVHDVHV�

3DWLHQWV�ZLWK�.,)�$�/2)�0XWDWLRQV�'LVSOD\�<RXQJHU�$JH�DW�2QVHW�DQG�/RQJHU�6XUYLYDO

7R�HVWDEOLVK�WKH�H[LVWHQFH�RI�DQ\�FRPPRQDOLWLHV�EHWZHHQ�SDWLHQWV�ZLWK�/2)�PXWDWLRQV�LQ�WKH�

&�WHUPLQDO�UHJLRQ�RI�.,)�$��ZH�HYDOXDWHG�WKHLU�FOLQLFDO�SKHQRW\SH��&DVHV�ZLWK�/2)�
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PXWDWLRQV�H[KLELWHG�D�PHGLDQ�DJH�RI�RQVHW�DW������\HDUV��Q� �����7DEOH�6����7KLV�LV�ORZHU�

WKDQ�WKH�DJH�RI�RQVHW�UHSRUWHG�IRU�$/6�LQ�HSLGHPLRORJLFDO�VWXGLHV�������\HDUV��LQWHUTXDUWLOH�

UDQJH������±��������$/6*(1�&RQVRUWLXP�HW�DO����������,QWHUHVWLQJO\��ZH�DOVR�REVHUYHG�DQ�

LQFUHDVHG�GLVHDVH�GXUDWLRQ��VXUYLYDO��LQ�SDWLHQWV�KDUERULQJ�WKHVH�/2)�PXWDWLRQV��7KH�PHGLDQ�

VXUYLYDO�WLPH�RI�$/6�SDWLHQWV�LV����±����PRQWKV��$/6*(1�&RQVRUWLXP�HW�DO����������,Q�

FRQWUDVW��FDVHV�ZLWK�/2)�PXWDWLRQV�H[KLELWHG�D�PHGLDQ�VXUYLYDO�RI�QHDUO\����\HDUV������

PRQWKV��Q� �����7DEOH�6����$/6�SDWLHQWV�ZLWK�V\PSWRP�RQVHW�EHIRUH����\HDUV�RI�DJH�KDYH�

EHHQ�VKRZQ�WR�KDYH�ORQJHU�VXUYLYDO��RIWHQ�H[FHHGLQJ����\HDUV��&KLR�HW�DO����������,Q�FRQWUDVW��

SDWLHQWV�ZLWK�XQFRPSOLFDWHG�W\SHV�RI�KHUHGLWDU\�VSDVWLF�SDUDSDUHVLV�DQG�&07��GLVSOD\�D�

QRUPDO�OLIH�H[SHFWDQF\��3DW]Ny�DQG�6K\��������

',6&866,21

:H�SUHYLRXVO\�LGHQWLILHG�.,)�$�DV�D�FDQGLGDWH�JHQH�IRU�$/6�LQ�RXU�SULRU�VWXG\�WKDW�ODFNHG�
WKH�SRZHU�WR�GUDZ�D�GHILQLWLYH�FRQFOXVLRQ��.HQQD�HW�DO����������.,)�$�ZDV�DOVR�D�FDQGLGDWH�
$/6�JHQH�LQ�D�SUHYLRXV�*:$6��WKRXJK�LW�VLPLODUO\�IDLOHG�WR�UHDFK�JHQRPH�ZLGH�VLJQLILFDQFH�

�0F/DXJKOLQ�HW�DO���������YDQ�5KHHQHQ�HW�DO���������DV�ZHOO�DV�D�VLQJOH�JHQH�VWXG\�VHOHFWHG�

EDVHG�RQ�WKH�D�SULRUL�NQRZOHGJH�RI�LWV�UROH�LQ�+63�&07��DQG�F\WRVNHOHWDO�IXQFWLRQ��%UHQQHU�

HW�DO����������+HUH��ZH�KDYH�FRQILUPHG�.,)�$�DV�DQ�$/6�DVVRFLDWHG�JHQH�ZLWK�JHQRPH�ZLGH�
VLJQLILFDQFH�WKURXJK�WZR�LQGHSHQGHQW�DSSURDFKHV��%\�SHUIRUPLQJ�D�*:$6�LQYROYLQJ�

a�������VDPSOHV��LQ�DGGLWLRQ�WR�UHSOLFDWLQJ�ILYH�SUHYLRXVO\�SXEOLVKHG�ORFL��DV�ZHOO�DV�WKH�

SUHYLRXVO\�UHSRUWHG�ORFXV�6&)'��XVLQJ�D�OLQHDU�PL[HG�PRGHO�DQDO\VLV��GDWD�QRW�VKRZQ���ZH�
LGHQWLILHG�D�PLVVHQVH�YDULDQW�ZLWKLQ�WKH�.,)�$�JHQH�WKDW�UHDFKHG�JHQRPH�ZLGH�VLJQLILFDQFH�
IRU�DVVRFLDWLRQ�ZLWK�$/6�ULVN��,W�VKRXOG�EH�VWDWHG�WKRXJK�WKDW��DV�ZLWK�DOO�*:$6��ZH�FDQQRW�

UXOH�RXW�WKDW�RWKHU�YDULDQWV�LQ�OLQNDJH�GLVHTXLOLEULXP�UHSUHVHQW�WKH�SULPDU\�ULVN�IDFWRU��,Q�DQ�

LQGHSHQGHQW�OLQH�RI�LQYHVWLJDWLRQ��ZH�DSSOLHG�59%�DQDO\VLV�WR�H[RPH�VHTXHQFLQJ�RI�a�������

VDPSOHV�DQG�LGHQWLILHG�DQ�H[RPH�ZLGH�VLJQLILFDQW�DVVRFLDWLRQ�EHWZHHQ�)$/6�ULVN�DQG�UDUH�

.,)�$�/2)�YDULDQWV��$QDO\VHV�RI�.,)�$�LQ�LQGHSHQGHQW�UHSOLFDWLRQ�FRKRUWV�FRQILUPHG�RXU�
LQLWLDO�ILQGLQJ�IRU�ERWK�WKH�S�3UR���/HX�YDULDQW�DQG�UHYHDOHG�WKUHH�DGGLWLRQDO�FDUULHUV�RI�/2)�

YDULDQWV�LQ�������$/6�FDVHV��7DNHQ�WRJHWKHU�RXU�UHVXOWV�LQGLFDWH�WKDW�WKH�S�3UR���/HX�

.,)�$�YDULDQW�PD\�UHSUHVHQW�D�UHODWLYHO\�FRPPRQ��EXW�ORZ�SHQHWUDQFH�ULVN�DOOHOH�IRU�$/6��
ZKLOH�/2)�YDULDQWV�FRQVWLWXWH�UDUH��EXW�KLJK�SHQHWUDQFH�ULVN�IDFWRUV�

.LQHVLQV�DUH�PLFURWXEXOH�EDVHG�PRWRU�SURWHLQV�LQYROYHG�LQ�LQWUDFHOOXODU�WUDQVSRUW�RI�

RUJDQHOOHV�ZLWKLQ�HXNDU\RWLF�FHOOV��,Q�PDPPDOV��WKHUH�DUH�WKUHH�KHDY\�FKDLQ�LVRIRUPV�RI�

.,)���.,)�$��.,)�%�DQG�.,)�&��0LNL�HW�DO����������7KH�WKUHH�SURWHLQV�KRPR��DQG�

KHWHURGLPHUL]H�WKURXJK�WKHLU�FRLOHG�FRLOHG�VWDON�GRPDLQ��DQG�FUHDWH�D�FRPSOH[�ZLWK�WZR�

NLQHVLQ�OLJKW�FKDLQV�YLD�ELQGLQJ�WR�WKH�WDLO�GRPDLQ��+LURNDZD�HW�DO����������$OO�WKUHH�.,)��

JHQHV�DUH�H[SUHVVHG�LQ�QHXURQV��.DQDL�HW�DO���������DQG�IXQFWLRQ�WR�WUDQVSRUW�PDQ\�FDUJRV�E\�

ELQGLQJ�WR�GLVWLQFW�DGDSWRU�SURWHLQV�

7KH�FHQWUDO�UROH�RI�NLQHVLQV�LQ�D[RQDO�WUDQVSRUW�OHDGV�XV�WR�VSHFXODWH�WKDW�PXWDWLRQV�LQ�.,)�$�
FDXVH�GLVHDVH�E\�GLVUXSWLQJ�D[RQDO�WUDQVSRUW��,QGHHG��GHIHFWV�LQ�D[RQDO�WUDQVSRUW�DUH�D�

FRPPRQ�REVHUYDWLRQ�LQ�$/6�SDWLHQWV�DQG�DUH�DOUHDG\�NQRZQ�WR�GLUHFWO\�FRQWULEXWH�WR�PRWRU�

QHXURQ�GHJHQHUDWLRQ�SDWKRJHQHVLV��&KHYDOLHU�/DUVHQ�DQG�+RO]EDXU��������+LURNDZD�HW�DO���

������0LOOHFDPSV�DQG�-XOLHQ���������.,)��PHGLDWHV�WKH�WUDQVSRUW�RI�JUDQXOHV�FRQWDLQLQJ�
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ERWK�51$�DQG�51$�ELQGLQJ�SURWHLQV�ZLWKLQ�QHXURQDO�GHQGULWHV�DQG�D[RQV��.DQDL�HW�DO���

�������$PRQJ�WKHVH�FDUJRV�DUH�WKH�$/6�DVVRFLDWHG�SURWHLQV�)86�DQG�KQ513$���*XR�HW�DO���

������.LP�HW�DO���������.ZLDWNRZVNL�HW�DO���������9DQFH�HW�DO����������6LPLODUO\��.,)��

PHGLDWHV�WKH�WUDQVSRUW�RI�9$3%�WKURXJK�WKH�DGDSWRU�SURWHLQ�SURWUXGLQ��0DWVX]DNL�HW�DO���

�������DQG�PXWDWLRQV�LQ�WKH�9$3%�JHQH�KDYH�EHHQ�LGHQWLILHG�LQ�$/6�DQG�ODWH�RQVHW�VSLQDO�
PXVFXODU�DWURSK\��1LVKLPXUD�HW�DO����������������.,)��LV�UHVSRQVLEOH�IRU�WKH�D[RQDO�

WUDQVSRUW�RI�QHXURILODPHQWV��:DQJ�DQG�%URZQ��������DQG�.,)�$�NQRFNRXW�PLFH�GLVSOD\�

DEQRUPDO�WUDQVSRUW�RI�QHXURILODPHQWV��;LD�HW�DO����������$EQRUPDO�DFFXPXODWLRQ�RI�

QHXURILODPHQWV�DUH�D�SDWKRORJLFDO�KDOOPDUN�RI�$/6�DQG�UDUH�PXWDWLRQV�LQ�QHXURILODPHQW�

KHDY\�SRO\SHSWLGH��1()+��DUH�DVVRFLDWHG�ZLWK�$/6��$O�&KDODEL�HW�DO���������

.,)��DOVR�FRQWULEXWHV�WR�WKH�WUDQVSRUW�RI�PLWRFKRQGULD��.DQDL�HW�DO���������7DQDND�HW�DO���

������DQG�PRWRU�QHXURQV�GHULYHG�IURP�.,)�$í�í�PLFH�GLVSOD\�WUDQVSRUW�GHILFLWV�DQG�UHGXFHG�

VXUYLYDO��.DUOH�HW�DO����������,PSDLUHG�WUDQVSRUW�DQG�G\VIXQFWLRQ�RI�PLWRFKRQGULD�UHSUHVHQW�

DQRWKHU�FRPPRQ�KDOOPDUN�REVHUYHG�LQ�$/6�SDWLHQWV��&KHYDOLHU�/DUVHQ�DQG�+RO]EDXU��������

*XR�HW�DO���������3DORPR�DQG�0DQIUHGL��������6PLWK�HW�DO����������.,)��DOVR�FRQWULEXWHV�WR�

WKH�WUDQVSRUW�RI�$03$�W\SH��+HLVOHU�HW�DO���������6HWRX�HW�DO���������DQG�*$%$$�UHFHSWRUV�

�1DNDMLPD�HW�DO����������,Q�NHHSLQJ�ZLWK�UHSRUWHG�$/6�JHQHV�VXFK�DV�1(.���7KLHO�HW�DO���
������DQG�3)1���:X�HW�DO����������PRGXODWLRQ�RI�.,)�$�H[SUHVVLRQ�KDV�EHHQ�VKRZQ�WR�
LQIOXHQFH�WKH�IRUPDWLRQ�RI�QHXULWH�OLNH�PHPEUDQH�SURWUXVLRQV��0DWVX]DNL�HW�DO����������*LYHQ�

LWV�FULWLFDO�LQWHUDFWLRQV�ZLWK�WKH�F\WRVNHOHWRQ��WKH�LGHQWLILFDWLRQ�RI�.,)�$�PXWDWLRQV�IXUWKHU�
H[WHQGV�WKH�OLVW�RI�F\WRVNHOHWDO�UHODWHG�SURWHLQV�LPSOLFDWHG�LQ�$/6�SDWKRJHQHVLV��VXFK�DV�

3)1���78%$�$��1()+�DQG�SHULSKHULQ��$O�&KDODEL�HW�DO���������*URV�/RXLV��������6PLWK�HW�

DO���������:X�HW�DO���������

$Q�LPSRUWDQW�TXHVWLRQ�UDLVHG�E\�WKH�FXUUHQW�VWXG\�LV�ZK\�YDULDWLRQ�ZLWKLQ�WKH�&�WHUPLQDO�

FDUJR�ELQGLQJ�GRPDLQ�LV�DVVRFLDWHG�ZLWK�$/6��ZKLOH�PLVVHQVH�YDULDWLRQV�RI�WKH�1�WHUPLQDO�

PRWRU�GRPDLQ�DUH�DVVRFLDWHG�ZLWK�KHUHGLWDU\�VSDVWLF�SDUDSDUHVLV�DQG�&KDUFRW�0DULH�7RRWK��

W\SH����0LVVHQVH�PXWDWLRQV�ZLWKLQ�WKLV�ODWWHU�GRPDLQ�KDYH�EHHQ�VKRZQ�WR�DIIHFW�PLFURWXEXOH�

ELQGLQJ�DQG�RU�$73�K\GURO\VLV��UHVXOWLQJ�LQ�D�GHIHFWLYH�.,)�$�PHGLDWHG�DQWHURJUDGH�

WUDQVSRUW�RI�FDUJR�DORQJ�GHQGULWHV�DQG�D[RQV��7KLV��LQ�WXUQ��OHDGV�WR�WKH�D[RQDO�UHWURJUDGH�

GHJHQHUDWLRQ�REVHUYHG�ERWK�LQ�KHUHGLWDU\�VSDVWLF�SDUDSDUHVLV�DQG�&KDUFRW�0DULH�7RRWK��W\SH�

���WZR�OHQJWK�GHSHQGHQW�D[RQRSDWKLHV��(EELQJ�HW�DO����������,Q�FRQWUDVW��WKH�SULPDU\�FHOOXODU�

OHVLRQ�LQ�$/6�LV�EHOLHYHG�WR�RFFXU�ZLWKLQ�PRWRU�QHXURQ�FHOO�ERGLHV��ZKHUH�F\WRSODVPLF�

SURWHLQ�DJJUHJDWHV�DUH�FRQVLVWHQWO\�REVHUYHG��DQG�WR�SURSDJDWH�DQWHURJUDGH�DORQJ�QHXULWHV��

:H�DQWLFLSDWH�WKDW�/2)�YDULDQWV�ZLWKLQ�WKH�&�WHUPLQDO�GRPDLQ�RI�.,)�$�ZLOO�GLVUXSW�ELQGLQJ�

ZLWK�VSHFLILF�FDUJR�SURWHLQV��7KLV�LV�VXSSRUWHG�E\�D�VWXG\�LQ�]HEUDILVK�LQ�ZKLFK�WUXQFDWLRQ�RI�

WKH�&�WHUPLQDO�UHVXOWHG�LQ�D�GUDPDWLF�GLVUXSWLRQ�RI�D[RQDO�ORFDOL]DWLRQ�RI�PLWRFKRQGULD�

�&DPSEHOO�HW�DO����������2QH�SRVVLEOH�PHFKDQLVP�LV�WKDW�GLVUXSWLRQ�RI�ELQGLQJ�WR�FDUJR�PD\�

SRVVLEO\�OHDG�WR�WKHLU�DFFXPXODWLRQ�DQG�VHHG�DJJUHJDWLRQ�ZLWKLQ�WKH�FHOO�ERG\�UHVXOWLQJ�LQ�D�

GHILFLHQF\�DW�QHXULWH�WHUPLQDOV��'HILFLHQF\�LQ�.,)�$�H[SUHVVLRQ�DQG�FDUJR�ELQGLQJ�KDV�EHHQ�

DVVRFLDWHG�ZLWK�DFFXPXODWLRQ�RI�SKRVSKRU\ODWHG�QHXURILODPHQWV�DQG�DP\ORLG�SUHFXUVRU�

SURWHLQ�ZLWKLQ�QHXURQDO�FHOO�ERGLHV��DQG�VXEVHTXHQW�QHXURGHJHQHUDWLRQ��LQ�SDWLHQWV�ZLWK�

PXOWLSOH�VFOHURVLV��+DUHV�HW�DO����������:KLOH�GLIIHUHQFHV�LQ�.,)�$�NLQHWLFV�DQG�.,)�$�

LQWHUDFWLRQV�FRQVWLWXWH�RQH�SRVVLELOLW\�WR�H[SODLQ�WKH�SKHQRW\SLF�KHWHURJHQHLW\��LW�LV�DOVR�

SRVVLEOH�&�WHUPLQDO�DQG�1�WHUPLQDO�YDULDQWV�DFW�WKURXJK�D�FRPPRQ�PHFKDQLVP��EXW�WKDW�D�
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GLIIHUHQFH�LQ�WKH�UHODWLYH�H[WHQW�RI�ORVV�RU�JDLQ�RI�IXQFWLRQ�WR[LFLWLHV�OHDGV�WR�PLOGHU��L�H��

KHUHGLWDU\�VSDVWLF�SDUDSOHJLD��&KDUFRW�0DULH�7RRWK��W\SH����RU�PRUH�VHYHUH��L�H��$/6��

SKHQRW\SHV�

67$5�0(7+2'6

&217$&7�)25�5($*(17�$1'�5(6285&(�6+$5,1*

)XUWKHU�LQIRUPDWLRQ�DQG�UHTXHVWV�IRU�UHVRXUFHV�DQG�UHDJHQWV�VKRXOG�EH�GLUHFWHG�WR�DQG�ZLOO�EH�

IXOILOOHG�E\�WKH�/HDG�&RQWDFW��-RKQ�/DQGHUV��MRKQ�ODQGHUV#XPDVVPHG�HGX��

(;3(5,0(17$/�02'(/�$1'�68%-(&7�'(7$,/6

6WXG\�FRKRUWV

*:$6�FRKRUW�,��:H�XQGHUWRRN�D�*:$6�RI�SDWLHQWV�GLDJQRVHG�ZLWK�$/6��FDVH�FRKRUW��DQG�

QHXURORJLFDOO\�QRUPDO�FRQWURO�LQGLYLGXDOV��FRQWURO�FRKRUW���'1$�ZDV�H[WUDFWHG�IURP�HLWKHU�

ZKROH�EORRG�RU�IUR]HQ�EUDLQ�WLVVXH�VDPSOHV�XVLQJ�VWDQGDUG�SURFHGXUHV��$OO��������SDWLHQWV�

LQFOXGHG�LQ�WKH�FDVH�FRKRUW�KDG�EHHQ�GLDJQRVHG�ZLWK�$/6�DFFRUGLQJ�WR�WKH�(O�(VFRULDO�

FULWHULD��%URRNV��������E\�D�QHXURORJLVW�VSHFLDOL]LQJ�LQ�$/6��KDG�RQVHW�RI�V\PSWRPV�DIWHU�

DJH����\HDUV��DQG�ZHUH�RI�QRQ�+LVSDQLF�ZKLWH�UDFH�HWKQLFLW\��%RWK�SDWLHQWV�ZLWK�IDPLOLDO�

$/6�DQG�SDWLHQWV�ZLWK�VSRUDGLF�$/6�ZHUH�LQFOXGHG�LQ�WKH�DQDO\VLV�

)RU�WKH�FRQWURO�FRKRUW��ZH�XVHG�JHQRW\SH�GDWD�REWDLQHG�IURP��D��WKH�GDWDEDVH�RI�*HQRW\SHV�

DQG�3KHQRW\SHV��GE*D3��ZHE�UHSRVLWRU\��Q� ��������86�VDPSOHV����E��WKH�+<3(5*(1(6�

3URMHFW��Q� �����,WDOLDQ�VDPSOHV���6DOYL�HW�DO����������DQG��F��WKH�:HOOFRPH�7UXVW�&DVH�

&RQWURO�&RQVRUWLXP��Q� �������%ULWLVK�VDPSOHV���$Q�DGGLWLRQDO�������86�DQG�,WDOLDQ�FRQWURO�

VDPSOHV�ZHUH�JHQRW\SHG�LQ�WKH�/DERUDWRU\�RI�1HXURJHQHWLFV��1DWLRQDO�,QVWLWXWH�RQ�$JLQJ��

7KH�FRQWURO�FRKRUW�ZDV�PDWFKHG�WR�WKH�FDVH�FRKRUW�IRU�UDFH�DQG�HWKQLFLW\��EXW�QRW�IRU�DJH�RU�

VH[��$�GHWDLOHG�GHVFULSWLRQ�RI�WKH�FRKRUWV�LV�DYDLODEOH�LQ�7DEOH�6���6��

:ULWWHQ�FRQVHQW�ZDV�REWDLQHG�IURP�DOO�LQGLYLGXDOV�HQUROOHG�LQ�WKLV�VWXG\��DQG�WKH�VWXG\�ZDV�

DSSURYHG�E\�WKH�LQVWLWXWLRQDO�UHYLHZ�ERDUG�DSSURYDO�RI�WKH�1DWLRQDO�,QVWLWXWH�RQ�$JLQJ�

�SURWRFRO�QXPEHU����$*�1�����

*:$6�FRKRUW�,,��6XPPDU\�VWDWLVWLFV�IURP�D�UHFHQWO\�SXEOLVKHG�*:$6�EDVHG�RQ�ORJLVWLF�

UHJUHVVLRQ�DQDO\VLV�LQYROYLQJ��������FDVHV�DQG��������FRQWUROV�ZHUH�GRZQORDGHG�IURP�WKH�

3URMHFW�0LQ(�9DULDQW�%URZVHU��$GGLWLRQDO�GHWDLOV�RI�WKH�FRKRUWV�XVHG�LQ�WKLV�VWXG\�DUH�

DYDLODEOH�LQ�YDQ�5KHHQHQ�HW�DO��YDQ�5KHHQHQ�HW�DO���������

)$/6�GLVFRYHU\�FRKRUW��$�WRWDO�RI�������)$/6�SDWLHQWV�ZHUH�LQFOXGHG�LQ�WKH�LQLWLDO�FRKRUW�

�SUH�4&���3DWLHQWV�ZHUH�UHFUXLWHG�DW�VSHFLDOLVW�FOLQLFV�LQ�$XVWUDOLD��Q� ������%HOJLXP��Q� �

�����&DQDGD��Q� ������*HUPDQ\��Q� �������,UHODQG��Q� ������,VUDHO��Q� ������,WDO\��Q� �������

1HWKHUODQGV��Q� ������6SDLQ��Q� ������7XUNH\��Q� ������8.��Q� �������DQG�86$��Q� �������

$OO�VDPSOHV�ZHUH�H[RPH�VHTXHQFHG�H[FHSW�WKRVH�IURP�WKH�1HWKHUODQGV�ZKLFK�ZHUH�ZKROH�

JHQRPH�VHTXHQFHG��)DPLOLDO�KLVWRU\�ZDV�FRQVLGHUHG�SRVLWLYH�IRU�$/6�LI�WKH�SUREDQG�KDG�DW�

OHDVW�RQH�DIIHFWHG�UHODWLYH�ZLWKLQ�WKUHH�GHJUHHV�RI�UHODWHGQHVV�
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&RQWURO�GLVFRYHU\�FRKRUW��5HDG�OHYHO�VHTXHQFLQJ�GDWD�ZHUH�REWDLQHG�IURP�GE*$3�DQG�WKH�

(XURSHDQ�*HQRPH�3KHQRPH�$UFKLYH��(*$��DQG�DUH�OLVWHG�LQ�7DEOH�6��

$/6�:;6�:*6�UHSOLFDWLRQ�FRKRUW��5HSOLFDWLRQ�DQDO\VHV�LQFOXGHG�VHTXHQFLQJ�GDWD�IRU�D�

IXUWKHU�������$/6�FDVHV�DQG�������QRQ�$/6�FRQWUROV�WKDW�ZHUH�QRW�DOVR�UHSUHVHQWHG�LQ�WKH�

)$/6�GLVFRYHU\�VHW��7KHVH�VDPSOHV�LQFOXGHG�������FDVHV�VXEMHFWHG�WR�:;6�E\�WKH�$/6�

6HTXHQFLQJ�&RQVRUWLXP��DV�GHVFULEHG�SUHYLRXVO\��&LUXOOL�HW�DO��������������FDVHV�VXEMHFWHG�WR�

:;6�E\�WKH�/DERUDWRU\�RI�1HXURJHQHWLFV��1DWLRQDO�,QVWLWXWH�RQ�$JLQJ������FDVHV�DQG�����

FRQWUROV�VXEMHFWHG�WR�:*6�E\�WKH�/DERUDWRU\�RI�1HXURJHQHWLFV��1DWLRQDO�,QVWLWXWH�RQ�$JLQJ��

����FDVHV�VXEMHFWHG�WR�:*6�E\�WKH�&5H$7H�&RQVRUWLXP��������FDVHV�VXEMHFWHG�WR�:*6�E\�

WKH�1<*&�$/6�&RQVRUWLXP��*HQRPLF�7UDQVODWLRQ�IRU�$/6�&DUH��*7$&��&RQVRUWLXP�DQG�

$QVZHU�$/6�)RXQGDWLRQ��DQG�������FDVHV�DQG�������FRQWUROV�VXEMHFWHG�WR�:*6�E\�WKH�

3URMHFW�0LQ(�6HTXHQFLQJ�&RQVRUWLXP�

$OO�VDPSOHV�LQFOXGHG�LQ�WKH�FDVH�FRKRUW�KDG�EHHQ�GLDJQRVHG�ZLWK�$/6�DFFRUGLQJ�WR�WKH�(O�

(VFRULDO�FULWHULD��%URRNV��������E\�D�QHXURORJLVW�VSHFLDOL]LQJ�LQ�$/6��:H�UHFHLYHG�DSSURYDO�

IRU�WKLV�VWXG\�IURP�WKH�LQVWLWXWLRQDO�UHYLHZ�ERDUGV�RI�WKH�SDUWLFLSDWLQJ�FHQWHUV��DQG�ZULWWHQ�

LQIRUPHG�FRQVHQW�ZDV�REWDLQHG�IURP�DOO�SDWLHQWV��FRQVHQW�IRU�UHVHDUFK��

0(7+2'�'(7$,/6

'DWD�JHQHUDWLRQ�DQG�SUH�SURFHVVLQJ

*HQHUDWLRQ�RI�613�DUUD\�FDOOVHW��7KH�FDVH�FRKRUW��Q� ��������VDPSOHV��DQG�SDUW�RI�WKH�

FRQWURO�FRKRUW��Q� ��������ZHUH�JHQRW\SHG�LQ�WKH�/DERUDWRU\�RI�1HXURJHQHWLFV��1DWLRQDO�

,QVWLWXWH�RQ�$JLQJ��XVLQJ�+XPDQ2PQL([SUHVV�%HDG&KLSV��YHUVLRQ������,OOXPLQD�,QF���6DQ�

'LHJR��&$��DFFRUGLQJ�WR�WKH�PDQXIDFWXUHU¶V�SURWRFRO��7KHVH�613�JHQRW\SLQJ�DUUD\V�DVVD\�

��������613V�DFURVV�WKH�JHQRPH��,QGLYLGXDO�OHYHO�JHQRW\SHV�IRU�WKHVH�VDPSOHV�DUH�DYDLODEOH�

RQ�WKH�GE*D3�ZHE�SRUWDO��DFFHVVLRQ�QXPEHU�SKV�������Y��S����7KH�UHPDLQGHU�RI�WKH�FRQWURO�

FRKRUW�KDG�EHHQ�SUHYLRXVO\�JHQRW\SHG�RQ�+XPDQ2PQL�%HDG&KLSV��,OOXPLQD��DV�SDUW�RI�RWKHU�

*:$6�HIIRUWV��VHH�7DEOH�6����$QDO\VHV�ZHUH�FRQILQHG�WR�WKH���������DXWRVRPDO�613V�WKDW�

ZHUH�FRPPRQ�DFURVV�WKH�613�JHQRW\SLQJ�DUUD\V�

*HQHUDWLRQ�RI�)$/6�FDVH�FRQWURO�FDOOVHW�IRU�H[RPH�ZLGH�59%�GLVFRYHU\�

DQDO\VLV��([RPH�VHTXHQFLQJ�RI�FDVHV�ZDV�SHUIRUPHG�DV�SUHYLRXVO\�GHVFULEHG��.HQQD�HW�DO���

�������&RQWURO�H[RPH�VHTXHQFHV�ZHUH�JHQHUDWHG�DV�GHVFULEHG�XQGHU�WKH�UHOHYDQW�GE*$3�DQG�

(*$�SURMHFW�DFFHVVLRQV��6HTXHQFH�UHDGV�ZHUH�DOLJQHG�WR�KXPDQ�UHIHUHQFH�*5&K���XVLQJ�

%:$��%XUURZV�:KHHOHU�$OLJQHU��DQG�SURFHVVHG�DFFRUGLQJ�WR�UHFRPPHQGHG�*HQRPH�

$QDO\VLV�7RRONLW¶V��*$7.��EHVW�SUDFWLFHV��KWWSV���VRIWZDUH�EURDGLQVWLWXWH�RUJ�JDWN�EHVW�

SUDFWLFHV����-RLQW�YDULDQW�GHWHFWLRQ�DQG�JHQRW\SLQJ�RI�DOO�VDPSOHV�ZHUH�SHUIRUPHG�XVLQJ�WKH�

*$7.�+DSORW\SH&DOOHU��9DULDQW�TXDOLW\�FRQWURO�ZDV�SHUIRUPHG�XVLQJ�WKH�*$7.�YDULDQW�

TXDOLW\�VFRUH�UHFDOLEUDWLRQ�PHWKRG�ZLWK�GHIDXOW�ILOWHUV��$�PLQLPXP�YDULDQW�TXDOLW\�E\�GHSWK�

�4'��VFRUH�RI���ZDV�DOVR�LPSRVHG�DQG�DOO�JHQRW\SHV�DVVRFLDWHG�ZLWK�JHQRW\SH�TXDOLW\��*4���

���ZHUH�UHVHW�WR�PLVVLQJ��9DULDQWV�ZHUH�DOVR�H[FOXGHG�LQ�WKH�HYHQW�RI�FDVH�RU�FRQWURO�FDOO�

UDWHV�������SRVW�JHQRW\SH�4&���,GHQWLILHG�YDULDQWV�FDQ�EH�YLHZHG�WKURXJK�RXU�ZHE�EDVHG�

$/6�9DULDQW�6HUYHU��VHH�OLQN�EHORZ��
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*HQHUDWLRQ�RI�$/6�FDVH�FRQWURO�FDOOVHW�IRU�.,)�$�UHSOLFDWLRQ�DQDO\VLV��'DWD�IRU�WKH�

.,)�$�ORFXV�ZDV�H[WUDFWHG�IURP�DOO�LQGHSHQGHQWO\�JHQHUDWHG�VHTXHQFLQJ�GDWDVHWV�DQG�
UHPDSSHG�WR�*5&K����9DULDQW�FDOOLQJ�ZDV�SHUIRUPHG�XVLQJ�WKH�*$7.�KDSORW\SH�FDOOHU�DV�

GHVFULEHG�DERYH��,Q�DGGLWLRQ�WR�WKH�.,)�$�ORFXV��GDWD�ZDV�DOVR�H[WUDFWHG�IRU�D�SDQHO�RI�
��������FRPPRQ�YDULDQW�VLWHV�DQG�XVHG�WR�SHUIRUP�D�VLQJOH�XQLILHG�VDPSOH�4&�DV�GHVFULEHG�

EHORZ�

)XQFWLRQDO�DQQRWDWLRQ�RI�YDULDQWV�LGHQWLILHG�E\�:;6�:*6²9DULDQW�FDOOV�ZHUH�

DVVLJQHG�SUHGLFWHG�IXQFWLRQDO�FRQVHTXHQFHV�XVLQJ�VQS())��6LQJOH�1XFOHRWLGH�3RO\PRUSKLVP�

(IIHFW��&LQJRODQL�HW�DO����������GE16)3��$�'DWDEDVH�RI�+XPDQ�1RQ�V\QRQ\PRXV�619V�DQG�

7KHLU�)XQFWLRQDO�3UHGLFWLRQV�DQG�$QQRWDWLRQV��/LX�HW�DO���������DQG�GEVF619��GDWDEDVH�RI�

VSOLFH�VLWH�FRQVHTXHQFHV�RI�6LQJOH�1XFOHRWLGH�9DULDQWV��-LDQ�HW�DO����������ZKLFK�LV�

LQFRUSRUDWHG�LQWR�GE16)3��9DULDQWV�ZHUH�FODVVLILHG�DV�³ORVV�RI�IXQFWLRQ´��/2)��ZKHUH�WKH�

VHTXHQFH�FKDQJH�ZDV�SUHGLFWHG�WR�HQFRGH�D�SUHPDWXUH�VWRS�FRGRQ��D�IUDPHVKLIW�FDXVLQJ�

LQVHUWLRQ�GHOHWLRQ�RU�D�VSOLFH�VLWH�GLVUXSWLQJ�619��9DULDQWV�ZHUH�FODVVLILHG�DV�SRWHQWLDOO\�

VSOLFH�DOWHULQJ�LI�DVVLJQHG�DQ�³DGD´�RU�³UI´�VFRUH�!����E\�GEVF619��6SOLFH�YDULDQWV�RI�

SRWHQWLDO�LQWHUHVW�ZHUH�IXUWKHU�DVVHVVHG�IRU�SXWDWLYH�HIIHFWV�RQ�H[RQ�VNLSSLQJ�XVLQJ�D�

VHFRQGDU\�DOJRULWKP���DXWRPDWHG�VSOLFH�VLWH�DQG�H[RQ�GHILQLWLRQ�VHUYHU��$66('$��7RPSVRQ�

HW�DO���������

57�3&5�$QDO\VLV²7RWDO�51$�ZDV�SUHSDUHG�IURP�O\PSKREODVW�OLQHV�XVLQJ�7UL]RO�UHDJHQW��

5HYHUVH�WUDQVFULSWLRQ�XVLQJ�$SSOLHG�%LRV\VWHPV�51$�WR�F'1$�NLW�������������ZDV�

SHUIRUPHG�ZLWK�����XJ�ZLWK�51$VH�LQKLELWRU�LQ�D����XO�UHDFWLRQ�DFFRUGLQJ�WR�WKH�

PDQXIDFWXUHU¶V�SURWRFRO��3&5�ZDV�FDUULHG�RXW�XVLQJ�1HZ�(QJODQG�%LRODEV�2QH�7DT�+RW�

6WDUW�'1$�3RO\PHUDVH����0����6�����XO�57�UHDFWLRQ��UHSUHVHQWLQJ����QJ�LQSXW�51$��DQG�

IRUZDUG�DQG�UHYHUVH�SULPHU�������X0�HDFK��LQ�D����XO�UHDFWLRQ�YROXPH��$PSOLILFDWLRQ�

FRQGLWLRQV�ZHUH�DV�IROORZV�����&�IRU����VHFRQGV��^���&�IRU����VHFRQGV�����&�IRU����

VHFRQGV�����&�IRU���PLQXWH`�[����F\FOHV��IROORZHG�E\�DQ�H[WHQVLRQ�VWDJH�RI����&�IRU���

PLQXWHV�DQG�D���&�KROG��$PSOLILFDWLRQ�RI�ERWK�QRUPDO�DQG�PXWDQW�VSOLFH�IRUPV�XVHG�SULPHUV�

)���&$*7**$*&&$&$7&77&7*��DQG�5���7&7&77**7**$*$***$$$���3ULPHUV�

XVHG�IRU�WKH�VSHFLILF�DPSOLILFDWLRQ�RI�WKH�PXWDQW�VSOLFH�IRUP�ZHUH�)��

�&&$$&$7**$&$$7**$*7*$���ZKLFK�VSDQV�H[RQV����DQG�����DQG�5��

48$17,),&$7,21�$1'�67$7,67,&$/�$1$/<6,6

6WDWLVWLFDO�DQDO\VHV

$QDO\VLV�RI�613�DUUD\�JHQRW\SHV��6WDQGDUG�TXDOLW\�FRQWURO�SURFHGXUHV�ZHUH�DSSOLHG�WR�RXU�

JHQRW\SH�GDWD�XVLQJ�3/,1.�VRIWZDUH�SDFNDJH��YHUVLRQ������&KDQJ�HW�DO����������DQG�D�

VXPPDU\�RI�WKH�ZRUNIORZ�LV�VKRZQ�LQ�)LJXUH�6���:H�H[FOXGHG�VDPSOHV�WKDW�GHPRQVWUDWHG��

FDOO�UDWHV�RI�OHVV�WKDQ��������QRQ�(XURSHDQ�DQFHVWU\��DEQRUPDO�)�LQEUHHGLQJ�FRHIILFLHQW��
PLVPDWFK�EHWZHHQ�SKHQRW\SLF�DQG�JHQRW\SLF�JHQGHU��RU��FU\SWLF�UHODWHGQHVV�GHILQHG�DV�

LGHQWLW\�E\�GHVFHQW�SURSRUWLRQ�RI�LQKHULWDQFH��SLBKDW�IURP�3/,1.��JUHDWHU�WKDQ��������

6DPSOHV�LQ�FRPPRQ�EHWZHHQ�RXU�VWXG\�DQG�YDQ�5KHHQHQ¶V�VWXG\�ZHUH�LGHQWLILHG�XVLQJ�WKH�

FKHFNVXP�SURJUDP�LGBJHQRBFKHFNVXP�DQG�ZHUH�UHPRYHG�IURP�RXU�DQDO\VHV��:H�H[FOXGHG�

SDOLQGURPLF�613V��DV�ZHOO�DV�613V�ZLWK��FDOO�UDWHV�OHVV�WKDQ�����LQ�WKH�86�DQG�,WDOLDQ�

FRKRUWV�RU�OHVV�WKDQ�����LQ�WKH�8.��)UHQFK�DQG�%HOJLXP�FRKRUWV��PLQRU�DOOHOH�IUHTXHQF\�
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OHVV�WKDQ������LQ�WKH�FRQWURO�FRKRUWV��+DUG\�:HLQEHUJ�HTXLOLEULXP�3�OHVV�WKDQ���í��LQ�WKH�86�
DQG�,WDOLDQ�FRQWURO�FRKRUWV�DQG�OHVV�WKDQ���í��LQ�WKH�8.��)UHQFK�DQG�%HOJLXP�FRKRUWV��

PLVVLQJQHVV�E\�FDVH�FRQWURO�VWDWXV�3�OHVV�WKDQ���í���RU�613V�DVVRFLDWHG�EHWZHHQ�WKH�8.�DQG�
)UHQFK�FRQWURO�FRKRUWV�ZLWK�3�OHVV�WKDQ����î��í���$IWHU�TXDOLW\�FRQWURO��������FDVH�DQG�
�������FRQWURO�VDPSOHV�ZHUH�LQFOXGHG�LQ�WKH�DQDO\VLV��DQG���������613V�ZHUH�DYDLODEOH�IRU�

LPSXWDWLRQ�LQ�WKH�86$�DQG�,WDO\�FRKRUWV��DQG���������613V�ZHUH�DYDLODEOH�LQ�WKH�8.��

)UHQFK�DQG�%HOJLXP�FRKRUWV�

(VWLPDWLRQ�RI�WKH�KDSORW\SHV�ZDV�SHUIRUPHG�ZLWK�6+$3(,7��YHUVLRQ���U�����'HODQHDX�HW�

DO����������,PSXWDWLRQ�ZDV�SHUIRUPHG�IRU�LQGLYLGXDO�EDWFKHV�EDVHG�RQ�HWKQLFLW\�XVLQJ�WKH�

�����*HQRPHV�3URMHFW�GDWDVHW��SKDVH����YHUVLRQ��D��UHOHDVH�����������������JHQRPHV�RUJ��

DV�UHIHUHQFH�DQG�XVLQJ�0LQLPDF��VRIWZDUH��YHUVLRQ���������'DV�HW�DO���������ZLWK�GHIDXOW�

VHWWLQJV��$IWHU�LPSXWDWLRQ��SULQFLSDO�FRPSRQHQWV�ZHUH�FDOFXODWHG�XVLQJ�3/,1.�VRIWZDUH�

DIWHU�UHPRYLQJ�NQRZQ�K\SHUYDULDEOH�UHJLRQV�DQG�WKH���0%�VXUURXQGLQJ�WKH�&�RUI���UHJLRQ��
$IWHU�DQDO\VLV�RI�WKH�6FUHH�SORWV����WR���SULQFLSDO�FRPSRQHQWV�ZHUH�UHWDLQHG�SHU�FRKRUW�DV�

FRYDULDWHV�LQ�WKH�DVVRFLDWLRQ�DQDO\VHV�WR�FRPSHQVDWH�IRU�DQ\�UHVLGXDO�SRSXODWLRQ�

VWUDWLILFDWLRQ�

/RJLVWLF�UHJUHVVLRQ�ZDV�SHUIRUPHG�SHU�EDWFK�XVLQJ�PDFK�GDW�VRIWZDUH��YHUVLRQ��������

�0DUFKLQL�DQG�+RZLH��������LQFRUSRUDWLQJ���WR���SULQFLSDO�FRPSRQHQWV��DJH�DQG�JHQGHU�DV�

FRYDULDWHV��ZLWK�GRVDJH�RI�LPSXWHG�613V�VHOHFWHG�EDVHG�RQ�D�0LQLPDF��5��YDOXH�RI�

LPSXWDWLRQ�DFFXUDF\�JUHDWHU�WKDQ������613V�ZLWK�DQ�DEVROXWH�EHWD�FRHIILFLHQW�YDOXH�DERYH���

RU�ZLWK�D�PLQRU�DOOHOH�IUHTXHQF\�OHVV�WKDQ������ZHUH�H[FOXGHG�IURP�PHWD�DQDO\VLV��0HWD�

DQDO\VLV�ZDV�WKHQ�SHUIRUPHG�FRPELQLQJ�WKH�DVVRFLDWLRQ�UHVXOWV�RI�WKH����EDWFKHV�RI�RXU�

LQGLYLGXDO�OHYHO�VWXGLHV�ZLWK�YDQ�5KHHQHQ¶V�VWXG\�VXPPDU\�VWDWLVWLFV�XVLQJ�0(7$/�

VRIWZDUH��YHUVLRQ�������������:LOOHU�HW�DO���������XQGHU�DQ�LQYHUVH�ZHLJKWHG��IL[HG�HIIHFW�

PRGHO��$�WKUHVKROG�3�RI����î��í��ZDV�VHW�IRU�JHQRPH�ZLGH�VLJQLILFDQFH�DIWHU�%RQIHUURQL�
FRUUHFWLRQ�IRU�PXOWLSOH�WHVWLQJ�LQ�WKH�*:$6��3H¶HU�HW�DO���������

7KH�SURJUDPPLQJ�FRGH�XVHG�WR�DQDO\]H�WKHVH�GDWD�LV�IUHHO\�DYDLODEOH�RQ�*LW+XE��VHH�OLQN�

EHORZ���DQG�*:$6�VXPPDU\�VWDWLVWLFV�UHVXOWV�IRU�DOO�WHVWHG�613V�DUH�DYDLODEOH�IURP��OLQN�WR�

EH�VXSSOLHG�DW�SXEOLFDWLRQ��

$QDO\VLV�RI�:;6�:*6�JHQRW\SHV��)RU�ERWK�WKH�GLVFRYHU\�DQG�UHSOLFDWLRQ�SKDVHV��VDPSOHV�

ZHUH�H[FOXGHG�IURP�WKH�VWXG\�LQ�WKH�HYHQW�RI�IDLOLQJ�WR�PHHW�VWDQGDUG�JHQRW\SH�FDOO�UDWH��

KHWHUR]\JRVLW\��GXSOLFDWLRQ��UHODWHGQHVV�RU�SRSXODWLRQ�VWUDWLILFDWLRQ�ILOWHUV�DV�VXPPDUL]HG�LQ�

7DEOH�6���(DFK�RI�WKHVH�ILOWHUV�ZDV�SHUIRUPHG�XVLQJ�D�VHW�RI�DXWRVRPDO�PDUNHUV�PHHWLQJ�DOO�

RI�WKH�IROORZLQJ�FULWHULD��FDOO�UDWH�!�������PLQRU�DOOHOH�IUHTXHQF\��0$)��!�������3�!�������
IRU�GHYLDWLRQ�IURP�+DUG\�:HLQEHUJ�HTXLOLEULXP��OLQNDJH�GLVHTXLOLEULXP�SUXQLQJ��5���������

ZLQGRZ�VL]H� �����VWHS� �����)LOWHULQJ�RI�DXWRVRPDO�PDUNHUV��VDPSOH�FDOO�UDWH�DVVHVVPHQWV�

DQG�VDPSOH�KHWHUR]\JRVLW\�DVVHVVPHQWV�ZHUH�SHUIRUPHG�XVLQJ�3/,1.�VRIWZDUH��6WXG\�

GXSOLFDWHV�DQG�VDPSOH�UHODWHGQHVV�ZLWKLQ�WKH�:;6�:*6�FRKRUWV�ZDV�LGHQWLILHG�XVLQJ�.,1*�

VRIWZDUH��0DQLFKDLNXO�HW�DO����������6WXG\�GXSOLFDWHV�EHWZHHQ�:;6�:*6�FRKRUWV�DQG�

*:$6�GDWDVHWV�ZHUH�LGHQWLILHG�XVLQJ�WKH�FKHFNVXP�SURJUDP�LGBJHQRBFKHFNVXP��/$6(5�

ZDV�XVHG�WR�JHQHUDWH�3&$�FRRUGLQDWHV�IRU�VDPSOHV�IURP�WKH�+XPDQ�*HQRPH�'LYHUVLW\�3DQHO�

�+*'3���6DPSOHV�IURP�WKH�)$/6�GLVFRYHU\�FRKRUW�ZHUH�WKHQ�PDSSHG�WR�WKLV�UHIHUHQFH�FR�
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RUGLQDWH�VSDFH��7KH�GLVFRYHU\�FRKRUW�ZDV�UHVWULFWHG�WR�FDVHV�DQG�FRQWUROV�RFFXUULQJ�ZLWKLQ���

VWDQGDUG�GHYLDWLRQV�RI�WKH�PHDQ�IRU�(XURSHDQ�+*'3�VDPSOHV�DORQJ�SULQFLSDO�FRPSRQHQWV�

�±��

59%�DQDO\VHV�ZHUH�SHUIRUPHG�E\�SHQDOL]HG�ORJLVWLF�UHJUHVVLRQ�RI�FDVH�FRQWURO�VWDWXV�ZLWK�

UHVSHFW�WR�QXPEHU�RI�PLQRU�DOOHOHV�REVHUYHG�SHU�VDPSOH�SHU�JHQH�ZLWK�DQG�0$)���������

$QDO\VHV�ZHUH�RQO\�SHUIRUPHG�ZKHUH�WKH�GDWDVHW�FRQWDLQHG�PRUH�WKDQ���YDULDQW�DOOHOH�

RFFXUUHQFHV��5HSOLFDWLRQ�DQDO\VHV�RI�UV����������ZHUH�SHUIRUPHG�XVLQJ�WKH�VDPH�ORJLVWLF�

UHJUHVVLRQ�SURWRFRO�DV�XVHG�IRU�59%�DQDO\VHV��$OO�DQDO\VHV�ZHUH�FRQGLWLRQHG�RQ�WKH�ILUVW���

HLJHQYHFWRUV�JHQHUDWHG�E\�SULQFLSDO�FRPSRQHQWV�DQDO\VLV�RI�FRPPRQ�YDULDQW�SURILOHV��

*HQRPLF�LQIODWLRQ�IDFWRUV�ZHUH�FDOFXODWHG�XVLQJ�JHQRPH�ZLGH�DVVRFLDWLRQ�DQDO\VLV�IRU�

TXDQWLWDWLYH��ELQDU\�DQG�WLPH�WLOO�HYHQW�WUDLWV�XVLQJ�*HQ$%(/�VRIWZDUH��&DQGLGDWH�

DVVRFLDWLRQV�ZHUH�WHVWHG�IRU�VLJQV�RI�FDOO�UDWH�RU�VXEFRKRUW�ELDVHV�DV�RXWOLQHG�LQ�)LJXUHV�6���

6���0HWD�DQDO\VLV�RI�UV����������DVVRFLDWLRQ�UHVXOWV�EHWZHHQ�VHTXHQFLQJ�DQG�*:$6�ZDV�

SHUIRUPHG�XVLQJ�0(7$/��8QOHVV�RWKHUZLVH�LQGLFDWHG��DOO�VWDWLVWLFDO�DQDO\VHV�ZHUH�

SHUIRUPHG�XVLQJ�5��YHUVLRQ��������

&RQWURO�FRQWURO�DQDO\VHV��7R�LGHQWLI\�JHQHV�SRWHQWLDOO\�VXEMHFW�WR�FRQIRXQGLQJ�ELDVHV�LQ�

)$/6�59%�DQDO\VHV�DQG�WR�DVVHVV�WKH�SRWHQWLDO�LPSDFW�RI�EDWFK�HIIHFWV�ZLWK�QRQ�$/6�

UHODWHG�GDWD��SRSXODWLRQ�RU�SKHQRW\SLF�VWUDWLILHUV��WKH�FRQWURO�VDPSOH�FRKRUW�ZDV�GLYLGHG�LQWR�

���SVHXGR�FDVH�FRQWURO�JURXSV�EDVHG�RQ�WKH�VHTXHQFLQJ�FHQWHU�RU�DVVRFLDWHG�GE*D3�(*$�

SURMHFW��7DEOH�6����*HQHV�VKRZQ�LQ�JUD\�DFKLHYH�IRU�SRVVLEOH�FRQIRXQGHU�DVVRFLDWLRQ��/RFL�

DFKLHYLQJ�D�PLQLPX�3�����î���±��ZHUH�GHHPHG�DV�GLVSOD\LQJ�SRVVLEOH�DVVRFLDWLRQ�ZLWK�QRQ�
$/6�UHODWHG�EDWFK�HIIHFWV�

'$7$�$1'�62)7:$5(�$9$,/$%,/,7<

'DWDVHWV²7KH�SURJUDPPLQJ�FRGH�XVHG�WR�DQDO\]H�WKH�*:$6�GDWD�LQFOXGLQJ�WKH�

LPSXWDWLRQ�ZLWK�6+$3(,7�DQG�0LQLPDF���LQGLYLGXDO�EDVHG�DVVRFLDWLRQ�DQDO\VLV�XVLQJ�

0DFK�GDW�DQG�D�PHWD�DQDO\VLV�XVLQJ�0(7$/�LV�IUHHO\�DYDLODEOH�RQ�*LW+XE��KWWSV���

JLWKXE�FRP�$XGH'1�$/6B*:$6B����*BPDFK�GDWB�������*:$6�VXPPDU\�VWDWLVWLFV�

UHVXOWV�IRU�DOO�WHVWHG�613V�DQG�LGHQWLILHG�619V�IURP�RXU�������)$/6�FRKRUW�XVHG�IRU�WKH�

59%�DQDO\VLV�FDQ�EH�YLHZHG�WKURXJK�RXU�ZHE�EDVHG�$/6�9DULDQW�6HUYHU��KWWS���

DOV�XPDVVPHG�HGX���)RU�HDFK�YDULDQW��LQIRUPDWLRQ�RQ�RYHU����DQQRWDWLRQ�ILHOGV�DQG�WKH�

UHVXOWV�FDQ�EH�GRZQORDGHG�GLUHFWO\�LQWR�([FHO�

'DWD�5HVRXUFHV�DQG�'DWDEDVHV²�����*HQRPHV�3URMHFW�GDWDVHW��KWWS���

ZZZ�LQWHUQDWLRQDOJHQRPH�RUJ

'DWDEDVH�RI�*HQRW\SHV�DQG�3KHQRW\SHV��GE*D3���ZZZ�QFEL�QOP�QLK�JRY�JDS

GE16)3��KWWSV���VLWHV�JRRJOH�FRP�VLWH�MSRSJHQ�GE16)3

GEVF619��LQFRUSRUDWHG�LQWR�GE16)3��VHH�SUHYLRXV�OLQN��

(XURSHDQ�*HQRPH�SKHQRPH�$UFKLYH��(*$���KWWSV���HJD�DUFKLYH�RUJ

+DS0DS�SURMHFW��KWWS���ZZZ�VDQJHU�DF�XN�UHVRXUFHV�GRZQORDGV�KXPDQ�KDSPDS��KWPO�

1LFRODV�HW�DO� 3DJH���

1HXURQ��$XWKRU�PDQXVFULSW��DYDLODEOH�LQ�30&������0DUFK����

$
XWKRU�0

DQXVFULSW
$
XWKRU�0

DQXVFULSW
$
XWKRU�0

DQXVFULSW
$
XWKRU�0

DQXVFULSW



+XPDQ�*HQRPH�'LYHUVLW\�3DQHO��+*'3���KWWS���ZZZ�KDJVF�RUJ�KJGS�

+<3(5*(1(6�3URMHFW��KWWS���ZZZ�K\SHUJHQHV�HX

3URMHFW�0LQ(�9DULDQW�%URZVHU��KWWS���GDWDEURZVHU�SURMHFWPLQH�FRP

VQS())��KWWS���VQSHII�VRXUFHIRUJH�QHW�6QS(II�KWPO

:HOOFRPH�7UXVW�&DVH�&RQWURO�&RQVRUWLXP��ZZZ�ZWFFF�RUJ�XN

6RIWZDUH²$66('$��KWWS���ZZZ�F\WRJQRPL[�FRP�"SRVWBW\SH GXND	S ����

%:$��KWWS���ELR�EZD�VRXUFHIRUJH�QHW

*HQ$%(/��KWWS���ZZZ�JHQDEHO�RUJ

*$7.��KWWSV���VRIWZDUH�EURDGLQVWLWXWH�RUJ�JDWN�

LGBJHQRBFKHFNVXP��KWWSV���SHUVRQDO�EURDGLQVWLWXWH�RUJ�VULSNH�VKDUHBOLQNV�

FKHFNVXPVBGRZQORDG�

.,1*��KWWS���SHRSOH�YLUJLQLD�HGX�aZF�F�.,1*�

/$6(5��KWWS���FVJ�VSK�XPLFK�HGX�FKDRORQJ�/$6(5�

0DFK�GDW��KWWSV���JHQRPH�VSK�XPLFK�HGX�ZLNL�0DFK�GDW�B$VVRFLDWLRQBZLWKB0$&+BRXWSXW

0(7$/��KWWS���FVJ�VSK�XPLFK�HGX�DEHFDVLV�PHWDO�LQGH[�KWPO

0LQLPDF���KWWSV���JHQRPH�VSK�XPLFK�HGX�ZLNL�0LQLPDF�

3/,1.��KWWS���]]]�EZK�KDUYDUG�HGX�SOLQN�

5��KWWSV���ZZZ�U�SURMHFW�RUJ

6+$3(,7��KWWSV���PDWKJHQ�VWDWV�R[�DF�XN�JHQHWLFVBVRIWZDUH�VKDSHLW�VKDSHLW�KWPO

6XSSOHPHQWDU\�0DWHULDO

5HIHU�WR�:HE�YHUVLRQ�RQ�3XE0HG�&HQWUDO�IRU�VXSSOHPHQWDU\�PDWHULDO�

$XWKRUV�

$XGH�1LFRODV�����.HYLQ�3��.HQQD�����$ODQ�(��5HQWRQ���������1LFROD�7LFR]]L�������)DUD]�

)DJKUL�������5XWK�&KLD�����-DQLFH�$��'RPLQRY���%UHQGDQ�-��.HQQD���0LNH�$��1DOOV������

3DPHOD�.HDJOH���$OEHUWR�0��5LYHUD���:RXWHU�YDQ�5KHHQHQ����1DWDOLH�$��0XUSK\���

-RNH�-�)�$��YDQ�9XJW����-RVKXD�7��*HLJHU����5LFN�$��9DQ�GHU�6SHN����+DQQDK�$��

3OLQHU���6KDQNDUDFKDU\D���%UDGOH\�1��6PLWK����*LXVHSSH�0DUDQJL������6LPRQ�'��

7RSS����<HYJHQL\D�$EUDP]RQ������$WKLQD�6RUDJLD�*ND]L����-RKQ�'��(LFKHU����$RLIH�

.HQQD���,7$/6*(1�&RQVRUWLXP��*DEULHOH�0RUD����$QGUHD�&DOYR����/HWL]LD�
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0D]]LQL����1LOR�5LYD����-HVVLFD�0DQGULROL����&ODXGLD�&DSRQQHWWR����6WHIDQLD�

%DWWLVWLQL����3DROR�9RODQWL����9LQFHQ]R�/D�%HOOD����)UDQFHVFD�/��&RQIRUWL����*LXVHSSH�

%RUJKHUR����6RQLD�0HVVLQD����,VDEHOOD�/��6LPRQH����)UDQFHVFD�7URMVL����)DEUL]LR�

6DOYL����)UDQFHVFR�2��/RJXOOR����6DQGUD�'¶$OIRQVR����/XFLD�&RUUDGR����0DUJKHULWD�

&DSDVVR����/XLJL�)HUUXFFL����*HQRPLF�7UDQVODWLRQ�IRU�$/6�&DUH��*7$&��

&RQVRUWLXP��&ULVWLDQH�GH�$UDXMR�0DUWLQV�0RUHQR����6LWKDUWKDQ�.DPDODNDUDQ����

'DYLG�%��*ROGVWHLQ����7KH�$/6�6HTXHQFLQJ�&RQVRUWLXP��$DURQ�'��*LWOHU����7LP�

+DUULV����5LFKDUG�0��0\HUV����1<*&�$/6�&RQVRUWLXP��+HPDOL�3KDWQDQL����5DMHHYD�

/RFKDQ�0XVXQXUL����8GD\�6KDQNDU�(YDQL����$YLQDVK�$EK\DQNDU����0LFKDHO�&��

=RG\����$QVZHU�$/6�)RXQGDWLRQ��-XOLD�.D\H����6WHYHQ�)LQNEHLQHU�������6WDFLD�.��

:\PDQ����$OH[�/H1DLO����/HDQGUR�/LPD����(UQHVW�)UDHQNHO�������&OLYH�1��

6YHQGVHQ�������/HVOLH�0��7KRPSVRQ�������-HQQLIHU�(��9DQ�(\N����-DPHV�'��

%HUU\�������7LPRWK\�0��0LOOHU����6WHSKHQ�-��.ROE����0HULW�&XGNRZLF]�������(PLO\�

%D[L����&OLQLFDO�5HVHDUFK�LQ�$/6�DQG�5HODWHG�'LVRUGHUV�IRU�7KHUDSHXWLF�

'HYHORSPHQW��&5H$7H��&RQVRUWLXP��0LFKDHO�%HQDWDU����-��3DXO�7D\ORU�������(YDGQLH�

5DPSHUVDXG����*DQJ�:X����-RDQQH�:XX����6/$*(1�&RQVRUWLXP��*LXVHSSH�

/DXULD����)HGHULFR�9HUGH���,VDEHOOD�)RJK������&LQ]LD�7LORFD���*LDFRPR�3��&RPL����

*LDQQL�6RUDU�����&ULVWLQD�&HUHGD����)UHQFK�$/6�&RQVRUWLXP��3KLOLSSH�&RUFLD����

+DQQX�/DDNVRYLUWD����/LLVD�0\OO\NDQJDV����/LOMD�-DQVVRQ����0LNR�9DORUL����-RKQ�

(DOLQJ����+LVKDP�+DPGDOOD����6DUD�5ROOLQVRQ����6WXDUW�3LFNHULQJ�%URZQ����5LFKDUG�

:��2UUHOO����.DWLH�&��6LGOH����$QGUHD�0DODVSLQD����-RKQ�+DUG\����$QGUHZ�%��

6LQJOHWRQ���-DQHO�2��-RKQVRQ���6DPSDWK�$UHSDOOL����3HWHU�&��6DSS���'LDQH�

0F.HQQD�<DVHN���0HUDLGD�3RODN����6HQHVKDZ�$VUHVV����6DID�$O�6DUUDM����$QGUHZ�

.LQJ����&ODLUH�7URDNHV����&DUROLQH�9DQFH����-DFTXHOLQH�GH�%HOOHURFKH����)UDQN�

%DDV����$QQHORRU�/0$�WHQ�$VEURHN����-RVp�/XLV�0XxR]�%ODQFR����'HQD�*��

+HUQDQGH]����-LQKXL�'LQJ����-��5DSKDHO�*LEEV����6RQMD�:��6FKRO]�������0DU\�.D\�

)ORHWHU����5R\�+��&DPSEHOO���)UDQFHVFR�/DQGL����5REHUW�%RZVHU����6WHIDQ�0��

3XOVW����-RKQ�0��5DYLWV����'DQLHO�-��/��0DF*RZDQ����-DQLQH�.LUE\����(ULN�3��3LRUR����

5RJHU�3DPSKOHWW����-DPHV�%URDFK����*OHQQ�*HUKDUG����7UDYLV�/��'XQFNOH\����

&KULVWRSKHU�%��%UDG\�������1HLO�:��.RZDOO����-XDQ�&��7URQFRVR����,VDEHOOH�/H�%HU����

.HYLQ�0RX]DW����6HUJH�/XPEURVR����7HUU\�'��+HLPDQ�3DWWHUVRQ�������)UH\D�

.DPHO����/XGR�9DQ�'HQ�%RVFK���������5REHUW�+��%DORK�����7LP�0��6WURP���������

7KRPDV�0HLWLQJHU�������������$OHNVH\�6KDWXQRY����.ULVWHO�5��9DQ�(LMN����0DPHGH�GH�

&DUYDOKR���������0DDUWHQ�.RR\PDQ�����%DV�0LGGHONRRS����0DWWKLHX�0RLVVH���������

5XVVHOO�/��0F/DXJKOLQ�����0LFKDHO�$��9DQ�(V����0DUNXV�:HEHU�����.HYLQ�%��

%R\ODQ�����0DUND�9DQ�%OLWWHUVZLMN�����5RVD�5DGHPDNHUV�����.DUHQ�(��0RUULVRQ�����

$��1D]OL�%DVDN�����-HV~V�6��0RUD�����9LYLDQ�(��'URU\�����3DPHOD�-��6KDZ����0DUWLQ�

5��7XUQHU�����.HYLQ�7DOERW�����2UOD�+DUGLPDQ�����.HOO\�/��:LOOLDPV�����-HQQLIHU�$��

)LILWD�����*DUWK�$��1LFKROVRQ���������,DQ�3��%ODLU�����*X\�$��5RXOHDX�����-HV~V�

(VWHEDQ�3pUH]�����$OEHUWR�*DUFtD�5HGRQGR�����$PPDU�$O�&KDODEL����3URMHFW�0LQ(�

$/6�6HTXHQFLQJ�&RQVRUWLXP��(NDWHULQD�5RJDHYD�����/RUQH�=LQPDQ�����/\OH�:��

2VWURZ����1LFKRODV�-��0DUDJDNLV����-HIIUH\�'��5RWKVWHLQ����=DFKDU\�6LPPRQV�����

-RKQDWKDQ�&RRSHU�.QRFN����$OH[LV�%ULFH����6WHSKHQ�$��*RXWPDQ�����(YD�/��

)HOGPDQ�����6XPPHU�%��*LEVRQ����)UDQFR�7DURQL�����$QWRQLD�5DWWL�����&LQ]LD�

*HOOHUD�����3KLOLS�9DQ�'DPPH�������������:LP�5REEHUHFKW�������������3LHWUR�
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)UDWWD����0DULR�6DEDWHOOL�����&KULVWLDQ�/XQHWWD�����$OEHUW�&��/XGROSK�����3HWHU�0��

$QGHUVHQ�����-RFKHQ�+��:HLVKDXSW�����:LOOLDP�&DPX�����-RKQ�4��7URMDQRZVNL�����

9LYLDQQD�0�9DQ�'HHUOLQ�����5REHUW�+��%URZQ�-U����/HRQDUG�+��YDQ�GHQ�%HUJ����-DQ�

+��9HOGLQN����0DWWKHZ�%��+DUPV����-RQDWKDQ�'��*ODVV����'DYLG�-��6WRQH�������3HQWWL�

7LHQDUL������9LQFHQ]R�6LODQL�������$GULDQR�&KLz����������&KULVWRSKHU�(��6KDZ������

%U\DQ�-��7UD\QRU�������
��DQG�-RKQ�(��/DQGHUV��������


$IILOLDWLRQV

�1HXURPXVFXODU�'LVHDVHV�5HVHDUFK�6HFWLRQ��/DERUDWRU\�RI�1HXURJHQHWLFV��1DWLRQDO�

,QVWLWXWHV�RQ�$JLQJ��1DWLRQDO�,QVWLWXWHV�RI�+HDOWK��3RUWHU�1HXURVFLHQFH�5HVHDUFK�

&HQWHU��%HWKHVGD��0'��������86$��'HSDUWPHQW�RI�1HXURORJ\��8QLYHUVLW\�RI�

0DVVDFKXVHWWV�0HGLFDO�6FKRRO��:RUFHVWHU��0DVVDFKXVHWWV��������86$�
�'HSDUWPHQW�RI�1HXURVFLHQFH��,FDKQ�6FKRRO�RI�0HGLFLQH�DW�0RXQW�6LQDL��1HZ�<RUN��

1<��������86$��5RQDOG�0��/RHE�&HQWHU�IRU�$O]KHLPHU¶V�'LVHDVH��,FDKQ�6FKRRO�RI�

0HGLFLQH�DW�0RXQW�6LQDL��1HZ�<RUN��1<��������86$��'HSDUWPHQW�RI�1HXURORJ\�DQG�

/DERUDWRU\�RI�1HXURVFLHQFH��,5&&6�,VWLWXWR�$X[RORJLFR�,WDOLDQR��0LODQ��,WDO\�
�'HSDUWPHQW�RI�3DWKRSK\VLRORJ\�DQG�7UDQVSODQWDWLRQ��µ'LQR�)HUUDUL¶�&HQWHU���

8QLYHUVLWj�GHJOL�6WXGL�GL�0LODQR��0LODQ�������,WDO\��0ROHFXODU�*HQHWLFV�6HFWLRQ��

/DERUDWRU\�RI�1HXURJHQHWLFV��1DWLRQDO�,QVWLWXWHV�RQ�$JLQJ��1DWLRQDO�,QVWLWXWHV�RI�

+HDOWK��3RUWHU�1HXURVFLHQFH�5HVHDUFK�&HQWHU��%HWKHVGD��0'��������86$�
�'HSDUWPHQW�RI�&RPSXWHU�6FLHQFH��8QLYHUVLW\�RI�,OOLQRLV�DW�8UEDQD�&KDPSDLJQ��

8UEDQD��,/��86$���'DWD�7HFQLFD�,QWHUQDWLRQDO��*OHQ�(FKR��0'��86$���'HSDUWPHQW�RI�

1HXURORJ\��%UDLQ�&HQWHU�5XGROI�0DJQXV��8QLYHUVLW\�0HGLFDO�&HQWHU�8WUHFKW��8WUHFKW��

7KH�1HWKHUODQGV���1HXURGHJHQHUDWLYH�'LVHDVHV�5HVHDUFK�8QLW��1DWLRQDO�,QVWLWXWH�RI�

1HXURORJLFDO�'LVRUGHUV�DQG�6WURNH��1DWLRQDO�,QVWLWXWHV�RI�+HDOWK��%HWKHVGD��0'�

�������86$���0DXULFH�:RKO�&OLQLFDO�1HXURVFLHQFH�,QVWLWXWH��'HSDUWPHQW�RI�%DVLF�

DQG�&OLQLFDO�1HXURVFLHQFH��.LQJ¶V�&ROOHJH�/RQGRQ��/RQGRQ�6(���56��8.���,QVWLWXWH�

RI�*HQRPLF�0HGLFLQH��&DWKROLF�8QLYHUVLW\��5RPD��,WDO\���6REHOO�'HSDUWPHQW�RI�0RWRU�

1HXURVFLHQFH�DQG�0RYHPHQW�'LVRUGHUV��8QLYHUVLW\�&ROOHJH�/RQGRQ��,QVWLWXWH�RI�

1HXURORJ\��/RQGRQ��8.���*HQHWLFV�DQG�3KDUPDFRJHQRPLFV��05/��0HUFN�	�&R���

,QF���%RVWRQ��0$��������86$���$/6�&HQWHU��6DOYDWRUH�0DXJHUL�)RXQGDWLRQ��,5&&6��

0LVWUHWWD��0HVVLQD��,WDO\���¶5LWD�/HYL�0RQWDOFLQL¶�'HSDUWPHQW�RI�1HXURVFLHQFH��

8QLYHUVLW\�RI�7XULQ��7XULQ��,WDO\���´0DJJLRUH�GHOOD�&DULWj´�8QLYHUVLW\�+RVSLWDO��1RYDUD��

,WDO\���'HSDUWPHQW�RI�1HXURORJ\��,QVWLWXWH�RI�([SHULPHQWDO�1HXURORJ\��'LYLVLRQ�RI�

1HXURVFLHQFH��6DQ�5DIIDHOH�6FLHQWLILF�,QVWLWXWH��0LODQ��,WDO\���'HSDUWPHQW�RI�

1HXURVFLHQFH��6W��$JRVWLQR�(VWHQVH�+RVSLWDO��$]LHQGD�2VSHGDOLHUR�8QLYHUVLWDULD�GL�

0RGHQD��0RGHQD��,WDO\���'HSDUWPHQW�RI�1HXURVFLHQFHV��2SKWKDOPRORJ\��*HQHWLFV��

5HKDELOLWDWLRQ��0DWHUQDO�DQG�&KLOG�+HDOWK��2VSHGDOH�3ROLFOLQLFR�6DQ�0DUWLQR��

*HQRD��,WDO\���'HSDUWPHQW�RI�0HGLFDO��6XUJLFDO�DQG�1HXURORJLFDO�6FLHQFHV��

8QLYHUVLW\�RI�6LHQD��6LHQD��,WDO\���$/6�&OLQLFDO�5HVHDUFK�&HQWHU��8QLYHUVLW\�RI�

3DOHUPR��3DOHUPR��,WDO\���,QVWLWXWH�RI�1HXURORJLFDO�6FLHQFHV��1DWLRQDO�5HVHDUFK�

&RXQFLO��0DQJRQH��&RVHQ]D��,WDO\���'HSDUWPHQW�RI�1HXURORJ\��$]LHQGD�8QLYHUVLWDULR�

2VSHGDOLHUD�GL�&DJOLDUL�DQG�8QLYHUVLW\�RI�&DJOLDUL��&DJOLDUL��,WDO\���'HSDUWPHQW�RI�

&OLQLFDO�DQG�([SHULPHQWDO�0HGLFLQH��8QLYHUVLW\�RI�0HVVLQD�DQG�1HPR�6XG�&OLQLFDO�

&HQWHU�IRU�1HXURPXVFXODU�'LVHDVHV��$XURUD�)RXQGDWLRQ��0HVVLQD��,WDO\�
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��'HSDUWPHQW�RI�%DVLF�0HGLFDO�6FLHQFHV��1HXURVFLHQFHV�DQG�6HQVH�2UJDQV��

8QLYHUVLW\�RI�%DUL��,WDO\���'HSDUWPHQW�RI�0HGLFDO��6XUJLFDO��1HXURORJLFDO��0HWDEROLF�

DQG�$JLQJ�6FLHQFHV��8QLYHUVLW\�RI�&DPSDQLD�³/XLJL�9DQYLWHOOL´��1DSOHV��,WDO\���´,O�

%HQH´�&HQWHU�IRU�,PPXQRORJLFDO�DQG�5DUH�1HXURORJLFDO�'LVHDVHV�DW�%HOODULD�

+RVSLWDO��,5&&6��,VWLWXWR�GHOOH�6FLHQ]H�1HXURORJLFKH��%RORJQD��,WDO\���1HXURORJLFDO�

&OLQLF��0DUFKH�3RO\WHFKQLF�8QLYHUVLW\��$QFRQD��,WDO\���'HSDUWPHQW�RI�+HDOWK�

6FLHQFHV��8QLYHUVLW\�RI�(DVWHUQ�3LHGPRQW��1RYDUD��,WDO\���'HSDUWPHQW�RI�1HXURORJ\��

8QLYHUVLW\�RI�&KLHWL��&KLHWL��,WDO\���/RQJLWXGLQDO�6WXGLHV�6HFWLRQ��&OLQLFDO�5HVHDUFK�

%UDQFK��1DWLRQDO�,QVWLWXWH�RQ�$JLQJ��1DWLRQDO�,QVWLWXWHV�RI�+HDOWK��%DOWLPRUH��0'��

�������86$���'HSDUWPHQW�RI�1HXURORJ\��&ROXPELD�8QLYHUVLW\��1HZ�<RUN��1<�������

86$���,QVWLWXWH�IRU�*HQRPLF�0HGLFLQH��&ROXPELD�8QLYHUVLW\��1HZ�<RUN��1<�������

86$���'HSDUWPHQW�RI�*HQHWLFV��6WDQIRUG�8QLYHUVLW\�6FKRRO�RI�0HGLFLQH��6WDQIRUG��

&$�������86$���%LRYHUDWLY�������QG�$YH��:DOWKDP��0$���������+XGVRQ$OSKD�

,QVWLWXWH�IRU�%LRWHFKQRORJ\��+XQWVYLOOH��$/�������86$���&HQWHU�IRU�*HQRPLFV�RI�

1HXURGHJHQHUDWLYH�'LVHDVHV��&*1'���1HZ�<RUN�*HQRPH�&HQWHU��1HZ�<RUN��1<�
��&RPSXWDWLRQDO�%LRORJ\��1HZ�<RUN�*HQRPH�&HQWHU��1HZ�<RUN��1<���*ODGVWRQH�

,QVWLWXWH�RI�1HXURORJLFDO�'LVHDVH��6DQ�)UDQFLVFR��&$��86$���'HSDUWPHQWV�RI�

1HXURORJ\�DQG�3K\VLRORJ\��8QLYHUVLW\�RI�&DOLIRUQLD��6DQ�)UDQFLVFR��&$��86$�
��'HSDUWPHQW�RI�%LRORJLFDO�(QJLQHHULQJ��0DVVDFKXVHWWV�,QVWLWXWH�RI�7HFKQRORJ\�����

0DVVDFKXVHWWV�$YHQXH��&DPEULGJH��0DVVDFKXVHWWV���������86$���%URDG�,QVWLWXWH��

����0DLQ�6W��&DPEULGJH��0DVVDFKXVHWWV���������86$���%RDUG�RI�*RYHUQRUV�

5HJHQHUDWLYH�0HGLFLQH�,QVWLWXWH��&HGDUV�6LQDL�0HGLFDO�&HQWHU��/RV�$QJHOHV��&$��

�������86$���'HSDUWPHQW�RI�%LRPHGLFDO�6FLHQFHV��&HGDUV�6LQDL�0HGLFDO�&HQWHU��

/RV�$QJHOHV��&$���������86$���'HSDUWPHQW�RI�1HXURELRORJ\�DQG�%HKDYLRU��,QVWLWXWH�

RI�0HPRU\�,PSDLUPHQW�DQG�1HXURORJLFDO�'LVRUGHUV��8QLYHUVLW\�RI�&DOLIRUQLD��,UYLQH��

&$��������86$���'HSDUWPHQW�RI�3V\FKLDWU\�DQG�+XPDQ�%HKDYLRU��,QVWLWXWH�RI�

0HPRU\�,PSDLUPHQW�DQG�1HXURORJLFDO�'LVRUGHUV��8QLYHUVLW\�RI�&DOLIRUQLD��,UYLQH��&$�

�������86$���7KH�+HDUW�,QVWLWXWH�DQG�'HSDUWPHQW�RI�0HGLFLQH��&HGDUV�6LQDL�

0HGLFDO�&HQWHU��/RV�$QJHOHV��&$���+DUYDUG�0HGLFDO�6FKRRO��'HSDUWPHQW�RI�

1HXURORJ\��0DVVDFKXVHWWV�*HQHUDO�+RVSLWDO��0*+���%RVWRQ��0DVVDFKXVHWWV��86$�
��1HXURORJLFDO�&OLQLFDO�5HVHDUFK�,QVWLWXWH��1&5,���0DVVDFKXVHWWV�*HQHUDO�+RVSLWDO��

%RVWRQ��0DVVDFKXVHWWV��86$���'HSDUWPHQW�RI�1HXURORJ\��:DVKLQJWRQ�8QLYHUVLW\�

6FKRRO�RI�0HGLFLQH��6W��/RXLV��02��86$���'HSDUWPHQW�RI�1HXURORJ\��7KH�2KLR�6WDWH�

8QLYHUVLW\�:H[QHU�0HGLFDO�&HQWHU��&ROXPEXV��2+��8QLWHG�6WDWHV���'HSDUWPHQW�RI�

1HXURORJ\��-RKQV�+RSNLQV�8QLYHUVLW\��%DOWLPRUH��0'��������86$���'HSDUWPHQW�RI�

1HXURORJ\��8QLYHUVLW\�RI�0LDPL��0LDPL��)/��������86$���+RZDUG�+XJKHV�0HGLFDO�

,QVWLWXWH��&KHY\�&KDVH��0'���������'HSDUWPHQW�RI�&HOO�DQG�0ROHFXODU�%LRORJ\��6W��

-XGH�&KLOGUHQ¶V�5HVHDUFK�+RVSLWDO��0HPSKLV��71���������'HSDUWPHQW�RI�

&RPSXWDWLRQDO�%LRORJ\��6W��-XGH�&KLOGUHQ¶V�5HVHDUFK�+RVSLWDO��0HPSKLV��71�������
���UG�1HXURORJ\�8QLW��0RWRU�1HXURQ�'LVHDVHV�&HQWHU��)RQGD]LRQH�,5&&6�,VWLWXWR�

1HXURORJLFR�µ&DUOR�%HVWD¶��0LODQ��,WDO\�DQG�'HSDUWPHQW�RI�%LRPHGLFDO�DQG�&OLQLFDO�

6FLHQFHV�³/XLJL�6DFFR´��8QLYHUVLW\�RI�0LODQ��,WDO\���1HXURORJ\�8QLW��,5&&6�

)RXQGDWLRQ�&D¶�*UDQGD�2VSHGDOH�0DJJLRUH�3ROLFOLQLFR��0LODQ��,WDO\���'HSDUWPHQW�RI�

1HXURVFLHQFHV��8QLYHUVLW\�RI�3DGRYD��3DGRYD��,WDO\���*HQRPLF�DQG�SRVW�*HQRPLF�
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&HQWHU��,5&&6�0RQGLQR�)RXQGDWLRQ��3DYLD��,WDO\���$/6�&HQWHU��&+8�%UHWRQQHDX��

7RXUV�8QLYHUVLW\��7RXUV��)UDQFH���'HSDUWPHQW�RI�1HXURORJ\��+HOVLQNL�8QLYHUVLW\�

+RVSLWDO�DQG�0ROHFXODU�1HXURORJ\�3URJUDPPH��%LRPHGLFXP��8QLYHUVLW\�RI�+HOVLQNL��

+HOVLQNL��),1��������)LQODQG���'HSDUWPHQW�RI�3DWKRORJ\��8QLYHUVLW\�RI�+HOVLQNL�DQG�

+HOVLQNL�8QLYHUVLW\�+RVSLWDO��+HOVLQNL��)LQODQG���*UHDWHU�0DQFKHVWHU�1HXURVFLHQFHV�

&HQWUH��6DOIRUG�5R\DO�1+6�)RXQGDWLRQ�7UXVW��6DOIRUG�0���+'���)DFXOW\�RI�+XPDQ�

DQG�0HGLFDO�6FLHQFHV��8QLYHUVLW\�RI�0DQFKHVWHU��0DQFKHVWHU�0����37��8.�
��'HSDUWPHQW�RI�&OLQLFDO�1HXURVFLHQFH��,QVWLWXWH�RI�1HXURORJ\��8QLYHUVLW\�&ROOHJH�

/RQGRQ��/RQGRQ�1:���3*��8.���'HSDUWPHQW�RI�0ROHFXODU�1HXURVFLHQFH�DQG�5HWD�

/LOD�:HVWRQ�/DERUDWRULHV��,QVWLWXWH�RI�1HXURORJ\��8QLYHUVLW\�&ROOHJH�/RQGRQ��4XHHQ�

6TXDUH�+RXVH��/RQGRQ�:&�1��%*��8.���&HQWUH�IRU�1HXURVFLHQFH�DQG�7UDXPD��

%OL]DUG�,QVWLWXWH��4XHHQ�0DU\�8QLYHUVLW\�RI�/RQGRQ��1RUWK(DVW�/RQGRQ�DQG�(VVH[�

5HJLRQDO�0RWRU�1HXURQ�'LVHDVH�&DUH�&HQWUH��/RQGRQ��(���$7��8.���*HQRPLFV�

7HFKQRORJ\�*URXS��/DERUDWRU\�RI�1HXURJHQHWLFV��1DWLRQDO�,QVWLWXWHV�RQ�$JLQJ��

1DWLRQDO�,QVWLWXWHV�RI�+HDOWK��3RUWHU�1HXURVFLHQFH�5HVHDUFK�&HQWHU��%HWKHVGD��0'�

�������86$���'HSDUWPHQW�RI�1HXURORJ\��(PRU\�8QLYHUVLW\�6FKRRO�RI�0HGLFLQH��

$WODQWD��*$��������86$���'LYLVLRQ�RI�%UDLQ�6FLHQFHV��'HSDUWPHQW�RI�0HGLFLQH��

,PSHULDO�&ROOHJH�/RQGRQ��:���11��8.���'HSDUWPHQW�RI�&OLQLFDO�*HQHWLFV��/HLGHQ�

8QLYHUVLW\�0HGLFDO�&HQWHU��/HLGHQ��7KH�1HWKHUODQGV���'HSDUWPHQW�RI�1HXURJHQHWLFV�

DQG�1HXURORJ\��$FDGHPLF�0HGLFDO�&HQWUH��$PVWHUGDP��7KH�1HWKHUODQGV���$/6�

1HXURPXVFXODU�8QLW��+RVSLWDO�*HQHUDO�8QLYHUVLWDULR�*UHJRULR�0DUDxyQ��,,6*0��

0DGULG��6SDLQ���&RPSXWDWLRQDO�%LRORJ\�*URXS��/DERUDWRU\�RI�1HXURJHQHWLFV��

1DWLRQDO�,QVWLWXWHV�RQ�$JLQJ��1DWLRQDO�,QVWLWXWHV�RI�+HDOWK��3RUWHU�1HXURVFLHQFH�

5HVHDUFK�&HQWHU��%HWKHVGD��0'��������86$���0RWRU�1HXURQ�'LVRUGHUV�8QLW��

1DWLRQDO�,QVWLWXWH�RI�1HXURORJLFDO�'LVRUGHUV�DQG�6WURNH��1DWLRQDO�,QVWLWXWHV�RI�+HDOWK��

%HWKHVGD��0'��������86$���&HQWHU�IRU�*HULDWULF�0HGLFLQH��'HSDUWPHQW�RI�

*HULDWULFV��1HXURVFLHQFHV�DQG�2UWKRSHGLFV��&DWKROLF�8QLYHUVLW\�RI�6DFUHG�+HDUW��

5RPH��������,WDO\���'LYLVLRQ�RI�1HXURORJ\��%DUURZ�1HXURORJLFDO�,QVWLWXWH��3KRHQL[��

$UL]RQD��86$���'HSDUWPHQW�RI�1HXURORJ\��8QLYHUVLW\�RI�8WDK�6FKRRO�RI�0HGLFLQH��

6DOW�/DNH�&LW\��8WDK��86$���'HSDUWPHQW�RI�1HXURVFLHQFH��8QLYHUVLW\�RI�&DOLIRUQLD�

6DQ�'LHJR��/D�-ROOD��&$��86$���0RXQW�6LQDL�%HWK�,VUDHO�+RVSLWDO��0RXQW�6LQDL�

6FKRRO�RI�0HGLFLQH��1HZ�<RUN�&LW\��1<���6KHIILHOG�,QVWLWXWH�IRU�7UDQVODWLRQDO�

1HXURVFLHQFH��6,7UD1���8QLYHUVLW\�RI�6KHIILHOG��6KHIILHOG��8.���'HSDUWPHQW�RI�

1HXURORJ\��1HXURPXVFXODU�&HQWHU��1HXURORJLFDO�,QVWLWXWH��&OHYHODQG�&OLQLF��

&OHYHODQG��2KLR��86$���'LVFLSOLQH�RI�3DWKRORJ\��%UDLQ�DQG�0LQG�&HQWUH��7KH�

8QLYHUVLW\�RI�6\GQH\�����0DOOHWW�6W��&DPSHUGRZQ��16:������$XVWUDOLD�
��'HSDUWPHQW�RI�%LRFKHPLVWU\��3HQQ�6WDWH�&ROOHJH�RI�0HGLFLQH��+HUVKH\��3$��86$�
��'HSDUWPHQW�RI�3DWKRORJ\��3HQQ�6WDWH�&ROOHJH�RI�0HGLFLQH��+HUVKH\��3$��86$�
��1HXURJHQRPLFV�'LYLVLRQ��7UDQVODWLRQDO�*HQRPLFV�5HVHDUFK�,QVWLWXWH��3KRHQL[��$=�
��5HVHDUFK�DQG�'HYHORSPHQW�6HUYLFH��9HWHUDQV�$IIDLUV�%RVWRQ�+HDOWKFDUH�6\VWHP��

%RVWRQ��0$���'HSDUWPHQW�RI�1HXURORJ\��3URJUDP�LQ�%HKDYLRUDO�1HXURVFLHQFH��

%RVWRQ�8QLYHUVLW\�6FKRRO�RI�0HGLFLQH��%RVWRQ��0$���1HXURORJ\�6HUYLFH��9$�%RVWRQ�

+HDOWKFDUH�6\VWHP�DQG�%RVWRQ�8QLYHUVLW\�$O]KHLPHU¶V�'LVHDVH�&HQWHU��%RVWRQ�0$�

��������'HSDUWPHQWV�RI�3DWKRORJ\�DQG�1HXURORJ\��-RKQV�+RSNLQV�8QLYHUVLW\�6FKRRO�
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RI�0HGLFLQH��%DOWLPRUH��0'��������86$���6RUERQQH�8QLYHUVLWpV��830&�8QLY�3DULV�

����,QVHUP��&156��,QVWLWXW�GX�FHUYHDX�HW�OD�PRHOOH��,&0���$VVLVWDQFH�3XEOLTXH�

+{SLWDX[�GH�3DULV��$3�+3����+{SLWDO�3LWLp�6DOSrWULqUH��3DULV��)UDQFH���,10��8QLY�

0RQWSHOOLHU��0RQWSHOOLHU��)UDQFH�DQG�'HSW��RI�%LRFKHPLVWU\��&+8�1vPHV��1vPHV��

)UDQFH���'HSDUWPHQW�RI�1HXURORJ\��'UH[HO�8QLYHUVLW\�&ROOHJH�RI�0HGLFLQH��

3KLODGHOSKLD��3$���'HSDUWPHQW�RI�1HXURORJ\��/HZLV�.DW]�6FKRRO�RI�0HGLFLQH��

7HPSOH�8QLYHUVLW\��3KLODGHOSKLD��3$���(SLGHPLRORJ\�%UDQFK��1DWLRQDO�,QVWLWXWH�RI�

(QYLURQPHQWDO�+HDOWK�6FLHQFHV��1&��������86$����.8�/HXYHQ���8QLYHUVLW\�RI�

/HXYHQ��'HSDUWPHQW�RI�1HXURVFLHQFHV��([SHULPHQWDO�1HXURORJ\�DQG�/HXYHQ�

5HVHDUFK�,QVWLWXWH�IRU�1HXURVFLHQFH�DQG�'LVHDVH��/,1'���%������/HXYHQ��%HOJLXP�
���9,%��&HQWHU�IRU�%UDLQ�	�'LVHDVH�5HVHDUFK��/DERUDWRU\�RI�1HXURELRORJ\��/HXYHQ��

%HOJLXP����'HSDUWPHQW�RI�1HXURORJ\��&HGDUV�6LQDL�0HGLFDO�&HQWHU��/RV�$QJHOHV��

&DOLIRUQLD��86$����,QVWLWXWH�RI�+XPDQ�*HQHWLFV��7HFKQLVFKH�8QLYHUVLWlW�0�QFKHQ��

0XQLFK��*HUPDQ\����,QVWLWXWH�RI�+XPDQ�*HQHWLFV��+HOPKROW]�=HQWUXP�0�QFKHQ��

*HUPDQ�5HVHDUFK�&HQWHU�IRU�(QYLURQPHQWDO�+HDOWK��1HXKHUEHUJ��*HUPDQ\�
���0XQLFK�&OXVWHU�IRU�6\VWHPV�1HXURORJ\��6\1HUJ\���0XQLFK��*HUPDQ\����,QVWLWXWH�

RI�3K\VLRORJ\��,QVWLWXWH�RI�0ROHFXODU�0HGLFLQH��)DFXOW\�RI�0HGLFLQH��8QLYHUVLW\�RI�

/LVERQ��/LVERQ��3RUWXJDO����'HSDUWPHQW�RI�1HXURVFLHQFHV��+RVSLWDO�GH�6DQWD�0DULD�

&+/1��/LVERQ��3RUWXJDO����685)VDUD��$PVWHUGDP��WKH�1HWKHUODQGV����3RSXODWLRQ�

*HQHWLFV�/DERUDWRU\��6PXUILW�,QVWLWXWH�RI�*HQHWLFV��7ULQLW\�&ROOHJH�'XEOLQ��'XEOLQ��

5HSXEOLF�RI�,UHODQG����1HXURPXVFXODU�'LVHDVHV�&HQWHU�$/6�&OLQLF��.DQWRQVVSLWDO�6W��

*DOOHQ��6W��*DOOHQ�6ZLW]HUODQG����'HSDUWPHQW�RI�1HXURORJ\��0D\R�&OLQLF�)ORULGD��

-DFNVRQYLOOH��)ORULGD��������86$����'HSDUWPHQW�RI�1HXURVFLHQFH��0D\R�&OLQLF��

-DFNVRQYLOOH��)ORULGD��86$����)DFXOW\�RI�0HGLFLQH��8QLYHUVLW\�RI�6RXWKDPSWRQ��

6RXWKDPSWRQ��8.����6XQD�DQG�,QDQ�.LUDF�)RXQGDWLRQ��1HXURGHJHQHUDWLRQ�

5HVHDUFK�/DERUDWRU\��%RJD]LFL�8QLYHUVLW\��,VWDQEXO��7XUNH\����$/6�8QLW�1HXURORJ\��

+RVSLWDO�6DQ�5DIDHO��0DGULG��6SDLQ����'HSDUWPHQW�RI�1HXURORJ\�7HO�$YLY�6RXUDVN\�

0HGLFDO�&HQWUH��,VUDHO����1XIILHOG�'HSDUWPHQW�RI�&OLQLFDO�1HXURVFLHQFHV��8QLYHUVLW\�

RI�2[IRUG��8.����$FDGHPLF�8QLW�RI�1HXURORJ\��7ULQLW\�%LRPHGLFDO�6FLHQFHV�,QVWLWXWH��

7ULQLW\�&ROOHJH�'XEOLQ��'XEOLQ��5HSXEOLF�RI�,UHODQG����&HQWUH�IRU�01'�5HVHDUFK��

)DFXOW\�RI�0HGLFLQH�DQG�+HDOWK�6FLHQFHV��0DFTXDULH�8QLYHUVLW\��6\GQH\��16:�

������$XVWUDOLD����$1=$&�5HVHDUFK�,QVWLWXWH��&RQFRUG�+RVSLWDO��8QLYHUVLW\�RI�

6\GQH\��6\GQH\��16:�������$XVWUDOLD����0RQWUHDO�1HXURORJLFDO�,QVWLWXWH��

'HSDUWPHQW�RI�1HXURORJ\�DQG�1HXURVXUJHU\��0F*LOO�8QLYHUVLW\��0RQWUHDO��4XHEHF��

&DQDGD����8QLGDG�GH�(/$��,QVWLWXWR�GH�,QYHVWLJDFLyQ�+RVSLWDO����GH�2FWXEUH�GH�

0DGULG��6(50$6��DQG�&HQWUR�GH�,QYHVWLJDFLyQ�%LRPpGLFD�HQ�5HG�GH�

(QIHUPHGDGHV�5DUDV��&,%(5(5�8�������0DGULG��6SDLQ����7DQ]�&HQWUH�IRU�

5HVHDUFK�RI�1HXURGHJHQHUDWLYH�'LVHDVHV��'LYLVLRQ�RI�1HXURORJ\��'HSDUWPHQW�RI�

0HGLFLQH��8QLYHUVLW\�RI�7RURQWR��7RURQWR��21��0�6��+���&DQDGD����'LYLVLRQ�RI�

1HXURORJ\��'HSDUWPHQW�RI�,QWHUQDO�0HGLFLQH��6XQQ\EURRN�+HDOWK�6FLHQFHV�&HQWUH��

8QLYHUVLW\�RI�7RURQWR��7RURQWR��21��0�1��0���&DQDGD����'HSDUWPHQW�RI�1HXURORJ\��

3HQQ�6WDWH�+HUVKH\�0HGLFDO�&HQWHU��+HUVKH\��3$��86$����'HSDUWPHQW�RI�

1HXURORJ\��8QLYHUVLW\�RI�0LFKLJDQ��$QQ�$UERU��0LFKLJDQ��86$����8QLW�RI�*HQHWLFV�RI�

1HXURGHJHQHUDWLYH�DQG�0HWDEROLF�'LVHDVHV��)RQGD]LRQH�,5&&6�,VWLWXWR�
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1HXURORJLFR�µ&DUOR�%HVWD¶��0LODQ��������,WDO\����8QLYHUVLW\�+RVSLWDOV�/HXYHQ��

'HSDUWPHQW�RI�1HXURORJ\��/HXYHQ��%HOJLXP����&HQWUR�&OLQLFR�1H02��,QVWLWXWH�RI�

1HXURORJ\��&DWKROLF�8QLYHUVLW\��/DUJR�)��9LWR����������5RPH��,WDO\����1(XUR0XVFXODU�

2PQLFHQWHU��1(02���6HUHQD�2QOXV�)RXQGDWLRQ��0LODQ��,WDO\����1HXURORJ\�

'HSDUWPHQW��8OP�8QLYHUVLW\��$OEHUW�(LQVWHLQ�$OOHH�����������8OP��*HUPDQ\�
���'HSDUWPHQW�RI�3KDUPDFRORJ\�DQG�&OLQLFDO�1HXURVFLHQFH��8PHn�8QLYHUVLW\��8PHn�

6(����������$/6�FHQWHU��&+8�*XL�GH�&KDXOLDF��8QLYHUVLW\�RI�0RQWSHOOLHU��

0RQWSHOOLHU��)UDQFH����'HSDUWPHQW�RI�3DWKRORJ\�DQG�/DERUDWRU\�0HGLFLQH��8QLYHUVLW\�

RI�3HQQV\OYDQLD��3KLODGHOSKLD��3$��86$����*HQHWLFV�DQG�3KDUPDFRJHQRPLFV��05/��

0HUFN�	�&R���,QF���:HVW�3RLQW��3$��������86$����1HXURVFLHQFH�,QVWLWXWH�RI�7RULQR��

7XULQ��������,WDO\

$FNQRZOHGJPHQWV

)XQGLQJ�6XSSRUW��7KH�$/6�$VVRFLDWLRQ��$/6$��SURYLGHG�IXQGLQJ�VXSSRUW�WR�3URMHFW�0LQ(�����/*&$�������
1<*&�$/6�&RQVRUWLXP�����/*&$�������WKH�&5H$7H�&RQVRUWLXP�����/*&$�������WKH�*7$&�&RQVRUWLXP�����
/*&$�������WKH�7DUJHW�$/6�+XPDQ�3RVWPRUWHP�7LVVXH�&RUH�����/*&$������DQG�1HXUR/,1&6��DQ�1,+�IXQGHG�
FROODERUDWLYH�HIIRUW��3�9�'��LV�D�VHQLRU�LQYHVWLJDWRU�RI�):2�9ODDQGHUHQ��3URMHFW�0LQ(�%HOJLXP�KDV�EHHQ�VXSSRUWHG�
E\�$/6�OLJD�%HOJLs��)ODQGHUV�,QQRYDWLRQ�	�(QWHUSUHQHXUVKLS��,:7�JUDQW�3URMHFW�0LQ(���WKH�%HOJLDQ�1DWLRQDO�
/RWWHU\�DQG�D�JUDQW�IURP�2SHQLQJ�WKH�)XWXUH�)XQG��.8�/HXYHQ���:�5��LV�VXSSRUWHG�WKURXJK�WKH�(��YRQ�%HKULQJ�
&KDLU�IRU�1HXURPXVFXODU�DQG�1HXURGHJHQHUDWLYH�'LVRUGHUV�DQG�(5&��JUDQW�DJUHHPHQW�Q�����������$GGLWLRQDO�
IXQGLQJ�VXSSRUW�LQFOXGHV�1,1'6�5���16��������5�5���DQG�3��16��������5�5��DQG�.�%�%����$�1�%��WKDQNV�6XQD�
DQG�,QDQ�.LUDF�)RXQGDWLRQ��,VWDQEXO��75�IRU�LWV�JHQHURXV�VXSSRUW�RI�WKH�1HXURGHJHQHUDWLRQ�5HVHDUFK�/DERUDWRU\�
WKURXJKRXW�WKLV�VWXG\��)XQGLQJ�IRU�WKLV�ZRUN�ZDV�SURYLGHG�E\�WKH�+HDWRQ�(OOLV�7UXVW��7KH�0LGGOHPDVV�)DPLO\��
0RWRU�1HXURQH�'LVHDVH�$VVRFLDWLRQ��0HGLFDO�5HVHDUFK�&RXQFLO��0HGLFDO�5HVHDUFK�)RXQGDWLRQ��7KH�3V\FKLDWU\�
5HVHDUFK�7UXVW�RI�WKH�,QVWLWXWH�RI�3V\FKLDWU\��*X\¶V�DQG�6W��7KRPDV¶�&KDULW\��WKH�:HOOFRPH�7UXVW��DQG�WKH�1RUHHQ�
0XUUD\�)RXQGDWLRQ��&�(�6���7KLV�ZRUN�ZDV�DOVR�VXSSRUWHG�E\�WKH�8.�'HPHQWLD�5HVHDUFK�,QVWLWXWH�ZKLFK�LV�IXQGHG�
E\�WKH�0HGLFDO�5HVHDUFK�&RXQFLO��$O]KHLPHU¶V�6RFLHW\�DQG�$O]KHLPHU¶V�5HVHDUFK�8.��&�(�6����7KH�VDODU\�IRU�
%�1�6�ZDV�IXQGHG�E\�WKH�0HGLFDO�5HVHDUFK�)RXQGDWLRQ��05)���05)����������5*�60,7+���3�&�6��ZDV�
VXSSRUWHG�WKURXJK�WKH�DXVSLFHV�RI�'U��+��5REHUW�+RUYLW]��0DVVDFKXVHWWV�,QVWLWXWH�RI�7HFKQRORJ\���DQ�,QYHVWLJDWRU�RI�
WKH�+RZDUG�+XJKHV�,QVWLWXWH��6XSSRUW�IURP�WKH�'HSDUWPHQW�RI�9HWHUDQV�$IIDLUV�DQG�1,+��3��$*�������WR�1�:�.��
,�3�%��LV�VXSSRUWHG�E\�WKH�0RWRU�1HXURQH�'LVHDVH�5HVHDUFK�,QVWLWXWH�RI�$XVWUDOLD�DQG�WKH�1DWLRQDO�+HDOWK�DQG�
0HGLFDO�5HVHDUFK�&RXQFLO�RI�$XVWUDOLD���������������������3�)��LV�VXSSRUWHG�E\�DQ�05&�01'$�/(:)�DQG�E\�
1,+5�8&/+�%5&��5HVHDUFK�VXSSRUW�IURP�1,+�1,(+6��.��(6���������WKH�$/6�$VVRFLDWLRQ��7DUJHW�$/6��DQG�
&\WRNLQHWLFV�ZDV�SURYLGHG�WR�6�$�*��0�&��ZDV�DZDUGHG�IXQGLQJ�IURP�$/6�)LQGLQJ�D�&XUH��1�7���&�7L���&�*���9�6��
DQG�-�(�/��UHFHLYHG�UHVHDUFK�VXSSRUW�IURP�$UL6/$���)RQGD]LRQH�,WDOLDQD�GL�5LFHUFD�SHU�OD�6/$��JUDQWV�
(;20()$/6�DQG�129$/6��DQG�WKH�,WDOLDQ�0LQLVWU\�RI�+HDOWK��JUDQW�*5�����������������,5LV$/6���5�/�0��
ZDV�VXSSRUWHG�E\�6FLHQFH�)RXQGDWLRQ�,UHODQG�DQG�WKH�01'�$VVRFLDWLRQ�RI�(QJODQG��:DOHV�DQG�1RUWKHUQ�,UHODQG��
2�+��LV�IXQGHG�E\�WKH�+HDOWK�5HVHDUFK�%RDUG�&OLQLFLDQ�6FLHQWLVW�3URJUDPPH�DQG�6FLHQFH�)RXQGDWLRQ�,UHODQG��3�-�6��
LV�VXSSRUWHG�DV�DQ�1,+5�6HQLRU�,QYHVWLJDWRU��1)�6,��������������3�-�6��DQG�-�.��DUH�VXSSRUWHG�E\�WKH�6KHIILHOG�
1,+5�%LRPHGLFDO�5HVHDUFK�&HQWUH�IRU�7UDQVODWLRQDO�1HXURVFLHQFH��,6�%5&��������������$�&��UHFHLYHV�UHVHDUFK�
VXSSRUW�IURP�WKH�,WDOLDQ�0LQLVWU\�RI�+HDOWK��5LFHUFD�)LQDOL]]DWD���5HJLRQH�3LHPRQWH��5LFHUFD�)LQDOL]]DWD���
8QLYHUVLW\�RI�7XULQ��)RQGD]LRQH�9LDOOL�H�0DXUR�RQOXV��DQG�WKH�(XURSHDQ�&RPPLVVLRQ��+HDOWK�6HYHQWK�)UDPHZRUN�
3URJUDPPH���3�0�$��LV�VXSSRUWHG�E\�UHVHDUFK�JUDQWV�IURP�WKH�6ZHGLVK�%UDLQ�)RXQGDWLRQ��WKH�6ZHGLVK�6FLHQFH�
&RXQFLO��WKH�.QXW�DQG�$OLFH�:DOOHQEHUJ�)RXQGDWLRQ��WKH�%HUWLO�+nOOVWHQ�)RXQGDWLRQ��WKH�8OOD�&DULQ�/LQGTXLVW�
)RXQGDWLRQ��WKH�1HXURI|UEXQGHW�$VVRFLDWLRQ��WKH�7RUVWHQ�DQG�5DJQDU�6|GHUEHUJ�)RXQGDWLRQ��WKH�6WUDWQHXUR�
,QLWLDWLYH��9lVWHUERWWHQ�&RXQW\�&RXQFLO��5�%��UHFHLYHG�IXQGLQJ�VXSSRUW�IURP�1,1'6�16�������DQG�7DUJHW�$/6��
5�+�%�-��UHFHLYHG�IXQGLQJ�IURP�WKH�$QJHO�)XQG��3URMHFW�$/6�3�$/6��DQG�WKH�$/6�7KHUDS\�$OOLDQFH��(�5��UHFHLYHG�
IXQGLQJ�VXSSRUW�IURP�WKH�&DQDGLDQ�&RQVRUWLXP�RQ�1HXURGHJHQHUDWLRQ�LQ�$JLQJ��/�0��UHFHLYHG�IXQGLQJ�VXSSRUW�
IURP�+HOVLQNL�8QLYHUVLW\�+RVSLWDO�DQG�WKH�$FDGHP\�RI�)LQODQG��JUDQW����������7�3��UHFHLYHG�IXQGLQJ�VXSSRUW�IURP�
+HOVLQNL�8QLYHUVLW\�+RVSLWDO�DQG�WKH�6LJULG�-XVHOLXV�)RXQGDWLRQ��-�'�*��UHFHLYHG�IXQGLQJ�VXSSRUW�IURP�WKH�$/6�
$VVRFLDWLRQ�DQG�0XVFXODU�'\VWURSK\�$VVRFLDWLRQ��$GGLWLRQDO�IXQGLQJ�ZDV�SURYLGHG�E\�WKH�1,+�1,1'6�
�5��16��������-�(�/����WKH�$/6�$VVRFLDWLRQ��1�7���9�6��&�(�6���5�+�%�-���-�(�/����DQG�WKH�01'�$VVRFLDWLRQ��1�7���
9�6���&�(�6���-�(�/����-�.D���6�)���6�:���$�/���(�)���&�1�6���/�0�7���-�(�9�(���DQG�-�'�5��UHFHLYHG�IXQGLQJ�WKURXJK�
1HXUR/,1&6��1,+�8���16��������

7KH�VHTXHQFLQJ�DFWLYLWLHV�DW�1<*&�ZHUH�DGGLWLRQDOO\�VXSSRUWHG�E\�WKH�72:�)RXQGDWLRQ��7KH�&5H$7H�FRQVRUWLXP�
�8��16��������LV�SDUW�RI�5DUH�'LVHDVHV�&OLQLFDO�5HVHDUFK�1HWZRUN��5'&51���DQ�LQLWLDWLYH�RI�WKH�2IILFH�RI�5DUH�
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'LVHDVHV�5HVHDUFK��25'5���1&$76��7KLV�FRQVRUWLXP�LV�IXQGHG�WKURXJK�FROODERUDWLRQ�EHWZHHQ�1&$76��DQG�WKH�
1,1'6��7KH�7DUJHW�$/6�+XPDQ�3RVWPRUWHP�7LVVXH�&RUH�UHFHLYHG�IXQGLQJ�VXSSRUW�IURP�7DUJHW�$/6��JUDQW�
�����������7KH�,Q&+,$17,�VWXG\�EDVHOLQH������±������ZDV�VXSSRUWHG�DV�D�³WDUJHWHG�SURMHFW´��,&6������
5)�������E\�WKH�,WDOLDQ�0LQLVWU\�RI�+HDOWK�DQG�LQ�SDUW�E\�WKH�8�6��1DWLRQDO�,QVWLWXWH�RQ�$JLQJ��&RQWUDFWV������0'�
�����DQG�����0'����������WKH�,Q&+,$17,�)ROORZ�XS��������±������ZDV�IXQGHG�E\�WKH�8�6��1DWLRQDO�,QVWLWXWH�RQ�
$JLQJ��&RQWUDFWV��1���$*�����DQG�1���$*����������WKH�,Q&+,$17,�)ROORZ�XSV���DQG���VWXGLHV������±������
ZHUH�ILQDQFHG�E\�WKH�8�6��1DWLRQDO�,QVWLWXWH�RQ�$JLQJ��&RQWUDFW��1���$*����������7KLV�ZRUN�ZDV�VXSSRUWHG�LQ�SDUW�
E\�WKH�,QWUDPXUDO�5HVHDUFK�3URJUDPV�RI�WKH�86�1DWLRQDO�,QVWLWXWHV�RI�+HDOWK��1,+���1DWLRQDO�,QVWLWXWH�RQ�$JLQJ�
�=���$*������������E\�WKH�1DWLRQDO�,QVWLWXWH�RI�1HXURORJLFDO�'LVRUGHUV�DQG�6WURNH��DQG�E\�0HUFN�	�&R���,QF��7KH�
ZRUN�ZDV�DOVR�VXSSRUWHG�E\�WKH�&HQWHU�IRU�'LVHDVH�&RQWURO�DQG�3UHYHQWLRQ��WKH�0XVFXODU�'\VWURSK\�$VVRFLDWLRQ��
0LFURVRIW�5HVHDUFK��WKH�3DFNDUG�&HQWHU�IRU�$/6�5HVHDUFK�DW�-RKQV�+RSNLQV��WKH�$/6�$VVRFLDWLRQ��8.�01'�
$VVRFLDWLRQ��0HGLFDO�5HVHDUFK�&RXQFLO��05&��8.��:HOOFRPH�7UXVW�05&�-RLQW�&DOO�LQ�1HXURGHJHQHUDWLRQ�$ZDUG��
05&�1HXURPXVFXODU�&HQWUH��8.�1DWLRQDO�,QVWLWXWH�IRU�+HDOWK�5HVHDUFK�%LRPHGLFDO�5HVHDUFK�8QLW��,WDOLDQ�+HDOWK�
0LQLVWU\��5LFHUFD�6DQLWDULD�)LQDOL]]DWD��������)RQGD]LRQH�9LDOOL�H�0DXUR�2QOXV��&RPSDJQLD�GL�6DQ�3DROR��
(XURSHDQ�&RPPXQLW\¶V�+HDOWK�6HYHQWK�)UDPHZRUN�3URJUDPPH��)3�������������XQGHU�JUDQW�DJUHHPHQWV��������

5ROH�RI�WKH�6SRQVRUV��7KH�VSRQVRUV�GLG�QRW�SDUWLFLSDWH�LQ�WKH�GHVLJQ�DQG�FRQGXFW�RI�WKH�VWXG\��FROOHFWLRQ��
PDQDJHPHQW��DQDO\VLV�RU�LQWHUSUHWDWLRQ�RI�WKH�GDWD��RU�SUHSDUDWLRQ��UHYLHZ��RU�DSSURYDO�RI�WKH�PDQXVFULSW��RU�
GHFLVLRQ�WR�VXEPLW�WKH�PDQXVFULSW�IRU�SXEOLFDWLRQ�

$GGLWLRQDO�FRQWULEXWLRQV��:H�WKDQN�WKH�SDWLHQWV�DQG�UHVHDUFK�VXEMHFWV�ZKR�FRQWULEXWHG�VDPSOHV�IRU�WKLV�VWXG\��7KLV�
VWXG\�XVHG�'1$�VDPSOHV�DQG�FOLQLFDO�GDWD�IURP�WKH�7DUJHW�$/6�+XPDQ�3RVWPRUWHP�7LVVXH�&RUH��WKH�1,1'6�
5HSRVLWRU\�DW�&RULHOO��WKH�1RUWK�(DVW�$/6��1($/6��&RQVRUWLXP�%LRUHSRVLWRU\��WKH�1HZ�<RUN�%UDLQ�%DQN�7KH�
7DXE�,QVWLWXWH��&ROXPELD�8QLYHUVLW\��'HSDUWPHQW�RI�9HWHUDQV�$IIDLUV�%LRUHSRVLWRU\�%UDLQ�%DQN��JUDQW��%;��������
&�%�%����7KH�%DOWLPRUH�/RQJLWXGLQDO�6WXG\�RI�$JLQJ��%/6$��DQG�WKH�-RKQV�+RSNLQV�8QLYHUVLW\�$O]KHLPHU¶V�
'LVHDVH�5HVHDUFK�&HQWHU��WKH�1,&+'�%UDLQ�DQG�7LVVXH�%DQN�IRU�'HYHORSPHQWDO�'LVRUGHUV�DW�WKH�8QLYHUVLW\�RI�
0DU\ODQG�DQG�WKH�$XVWUDOLDQ�01'�'1$�%DQN��:H�DOVR�WKDQN�&U\VWDO�3DFXW��%ODNH�6ZLKDUW��DQG�-D\QD�'XHOO��51�
IRU�DVVLVWDQFH�LQ�VWXG\�FRRUGLQDWLRQ��6�$�*����7KLV�VWXG\�XWLOL]HG�WKH�KLJK�SHUIRUPDQFH�FRPSXWDWLRQDO�FDSDELOLWLHV�
RI�WKH�%LRZXOI�/LQX[�FOXVWHU�DW�WKH�1DWLRQDO�,QVWLWXWHV�RI�+HDOWK��%HWKHVGD��0DU\ODQG��KWWS���ELRZXOI�QLK�JRY��DQG�
WKH�0DVVDFKXVHWWV�*UHHQ�+LJK�3HUIRUPDQFH�&RPSXWLQJ�&HQWHU�DW�WKH�8QLYHUVLW\�RI�0DVVDFKXVHWWV�0HGLFDO�6FKRRO�
�KWWSV���ZZZ�PJKSFF�RUJ���7KLV�VWXG\�DOVR�XVHG�JHQRW\SH�DQG�FOLQLFDO�GDWD�IURP�WKH�:HOOFRPH�7UXVW�&DVH�&RQWURO�
&RQVRUWLXP�

5HIHUHQFHV

$O�&KDODEL�$��$QGHUVHQ�30��1LOVVRQ�3��&KLR]D�%��$QGHUVVRQ�-/��5XVV�&��6KDZ�&(��3RZHOO�-)��/HLJK�
31��'HOHWLRQV�RI�WKH�KHDY\�QHXURILODPHQW�VXEXQLW�WDLO�LQ�DP\RWURSKLF�ODWHUDO�VFOHURVLV��+XPDQ�
0ROHFXODU�*HQHWLFV�������������±�����>3XE0HG���������@�

$KPHWL�.%��$MURXG�'ULVV�6��$O�&KDODEL�$��$QGHUVHQ�30��$UPVWURQJ�-��%LUYH�$��%ODXZ�+0��%URZQ�
5+��%UXLMQ�/��HW�DO��$/6*(1�&RQVRUWLXP��$JH�RI�RQVHW�RI�DP\RWURSKLF�ODWHUDO�VFOHURVLV�LV�
PRGXODWHG�E\�D�ORFXV�RQ��S������1HXURELRO�$JLQJ���������������H�±�H���

$UWKXU�.&��&DOYR�$��3ULFH�75��*HLJHU�-7��&KLR�$��7UD\QRU�%-��3URMHFWHG�LQFUHDVH�LQ�DP\RWURSKLF�
ODWHUDO�VFOHURVLV�IURP������WR�������1DW�&RPPXQ�����������������>3XE0HG����������@�

%HQ\DPLQ�%��+H�-��=KDR�4��*UDWWHQ�-��*DUWRQ�)��/HR�3-��/LX�=��0DQJHOVGRUI�0��$O�&KDODEL�$��
$QGHUVRQ�/��HW�DO��&URVV�HWKQLF�PHWD�DQDO\VLV�LGHQWLILHV�DVVRFLDWLRQ�RI�WKH�*3;��71,3��ORFXV�ZLWK�
DP\RWURSKLF�ODWHUDO�VFOHURVLV��1DW�&RPPXQ���������������>3XE0HG����������@�

%UHQQHU�'��<LOPD]�5��0�OOHU�.��*UHKO�7��3HWUL�6��0H\HU�7��*URVVNUHXW]�-��:H\GW�3��5XI�:��1HXZLUWK�
&��HW�DO��+RW�VSRW�.,)�$�PXWDWLRQV�FDXVH�IDPLOLDO�$/6��%UDLQ��������GRL����������EUDLQ�DZ[���

%URRNV�%5��(O�(VFRULDO�:RUOG�)HGHUDWLRQ�RI�1HXURORJ\�FULWHULD�IRU�WKH�GLDJQRVLV�RI�DP\RWURSKLF�
ODWHUDO�VFOHURVLV��6XEFRPPLWWHH�RQ�0RWRU�1HXURQ�'LVHDVHV�$P\RWURSKLF�/DWHUDO�6FOHURVLV�RI�WKH�
:RUOG�)HGHUDWLRQ�RI�1HXURORJ\�5HVHDUFK�*URXS�RQ�1HXURPXVFXODU�'LVHDVHV�DQG�WKH�(O�(VFRULDO�
³&OLQLFDO�OLPLWV�RI�DP\RWURSKLF�ODWHUDO�VFOHURVLV´�ZRUNVKRS�FRQWULEXWRUV��-�1HXURO�6FL��������
����6XSSO����±�����>3XE0HG���������@�

&DPLQVN\�1*��0XFDNL�(-��5RJDQ�3.��,QWHUSUHWDWLRQ�RI�P51$�VSOLFLQJ�PXWDWLRQV�LQ�JHQHWLF�GLVHDVH��
UHYLHZ�RI�WKH�OLWHUDWXUH�DQG�JXLGHOLQHV�IRU�LQIRUPDWLRQ�WKHRUHWLFDO�DQDO\VLV��)����5HV���������������
>3XE0HG����������@�

&DPSEHOO�3'��6KHQ�.��6DSLR�05��*OHQQ�7'��7DOERW�:6��0DUORZ�)/��8QLTXH�IXQFWLRQ�RI�.LQHVLQ�
.LI�$�LQ�ORFDOL]DWLRQ�RI�PLWRFKRQGULD�LQ�D[RQV��-RXUQDO�RI�1HXURVFLHQFH����������������±�������
>3XE0HG����������@�
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&KDQJ�&&��&KRZ�&&��7HOOLHU�/&��9DWWLNXWL�6��3XUFHOO�60��/HH�--��6HFRQG�JHQHUDWLRQ�3/,1.��ULVLQJ�WR�
WKH�FKDOOHQJH�RI�ODUJHU�DQG�ULFKHU�GDWDVHWV��*LJDVFLHQFH�����������±����>3XE0HG����������@�

&KHYDOLHU�/DUVHQ�(��+RO]EDXU�(/)��$[RQDO�WUDQVSRUW�DQG�QHXURGHJHQHUDWLYH�GLVHDVH��%LRFKLP�%LRSK\V�
$FWD�����������������±������>3XE0HG����������@�

&KLD�5��&KLR�$��7UD\QRU�%-��1RYHO�JHQHV�DVVRFLDWHG�ZLWK�DP\RWURSKLF�ODWHUDO�VFOHURVLV��GLDJQRVWLF�DQG�
FOLQLFDO�LPSOLFDWLRQV��/DQFHW�1HXURO�������������±�����>3XE0HG����������@�

&KLR�$��/RJURVFLQR�*��+DUGLPDQ�2��6ZLQJOHU�5��0LWFKHOO�'��%HJKL�(��7UD\QRU�%*��2Q�%HKDOI�RI�WKH�
(XUDOV�&RQVRUWLXP��3URJQRVWLF�IDFWRUV�LQ�$/6��$�FULWLFDO�UHYLHZ��$P\RWURSK�/DWHUDO�6FOHU��������
������±�����>3XE0HG����������@�

&LQJRODQL�3��3ODWWV�$��:DQJ�//��&RRQ�0��1JX\HQ�7��:DQJ�/��/DQG�6-��/X�;��5XGHQ�'0��$�SURJUDP�
IRU�DQQRWDWLQJ�DQG�SUHGLFWLQJ�WKH�HIIHFWV�RI�VLQJOH�QXFOHRWLGH�SRO\PRUSKLVPV��6QS(II��613V�LQ�WKH�
JHQRPH�RI�'URVRSKLOD�PHODQRJDVWHU�VWUDLQ�Z������LVR����LVR����)O\��$XVWLQ�������������±����
>3XE0HG����������@�

&LUXOOL�(7��/DVVHLJQH�%1��3HWURYVNL�6��6DSS�3&��'LRQ�3$��/HEORQG�&6��&RXWKRXLV�-��/X�<)��:DQJ�4��
.UXHJHU�%-��HW�DO��([RPH�VHTXHQFLQJ�LQ�DP\RWURSKLF�ODWHUDO�VFOHURVLV�LGHQWLILHV�ULVN�JHQHV�DQG�
SDWKZD\V��6FLHQFH����������������±������>3XE0HG����������@�

&RSSHGq�)��0LJOLRUH�/��0XWDWLRQ�5HVHDUFK�)XQGDPHQWDO�DQG�0ROHFXODU0HFKDQLVPV�RI�0XWDJHQHVLV��
0XWDWLRQ�5HVHDUFK���)XQGDPHQWDO�DQG�0ROHFXODU�0HFKDQLVPV�RI�0XWDJHQHVLV��������������±����
>3XE0HG����������@�

&ULPHOOD�&��%DVFKLURWWR�&��$UQROGL�$��7RQHOOL�$��7HQGHULQL�(��$LUROGL�*��0DUWLQX]]L�$��7UDEDFFD�$��
/RVLWR�/��6FDUODWR�0��HW�DO��0XWDWLRQV�LQ�WKH�PRWRU�DQG�VWDON�GRPDLQV�RI�.,)�$�LQ�VSDVWLF�
SDUDSOHJLD�W\SH����DQG�LQ�D[RQDO�&KDUFRW�0DULH�7RRWK�W\SH����&OLQ�*HQHW��������������±�����
>3XE0HG����������@�

'DV�6��)RUHU�/��6FK|QKHUU�6��6LGRUH�&��/RFNH�$(��.ZRQJ�$��9ULH]H�6,��&KHZ�(<��/HY\�6��0F*XH�0��
HW�DO��1H[W�JHQHUDWLRQ�JHQRW\SH�LPSXWDWLRQ�VHUYLFH�DQG�PHWKRGV��1DW�*HQHW���������������±������
>3XE0HG����������@�

'H-HVXV�+HUQDQGH]�0��0DFNHQ]LH�,5��%RHYH�%)��%R[HU�$/��%DNHU�0��5XWKHUIRUG�1-��1LFKROVRQ�$0��
)LQFK�1$��)O\QQ�+��$GDPVRQ�-��HW�DO��([SDQGHG�****&&�KH[DQXFOHRWLGH�UHSHDW�LQ�QRQFRGLQJ�
UHJLRQ�RI�&�25)���FDXVHV�FKURPRVRPH��S�OLQNHG�)7'�DQG�$/6��1HXURQ��������������±�����
>3XE0HG����������@�

'HODQHDX�2��=DJXU\�-)��0DUFKLQL�-��,PSURYHG�ZKROH�FKURPRVRPH�SKDVLQJ�IRU�GLVHDVH�DQG�SRSXODWLRQ�
JHQHWLF�VWXGLHV��1DW�0HWK������������±��

(EELQJ�%��0DQQ�.��6WDURVWD�$��-DXG�-��6FKROV�/��6FKXOH�5��:RHKONH�*��(IIHFW�RI�VSDVWLF�SDUDSOHJLD�
PXWDWLRQV�LQ�.,)�$�NLQHVLQ�RQ�WUDQVSRUW�DFWLYLW\��+XPDQ�0ROHFXODU�*HQHWLFV���������������±
������>3XE0HG����������@�

)DQJ�+��:X�<��1DU]LVL�*��2¶5DZH�-$��%DUUyQ�/7-��5RVHQEDXP�-��5RQHPXV�0��,RVVLIRY�,��6FKDW]�0&��
/\RQ�*-��5HGXFLQJ�,1'(/�FDOOLQJ�HUURUV�LQ�ZKROH�JHQRPH�DQG�H[RPH�VHTXHQFLQJ�GDWD��*HQRPH�
0HG��������������>3XE0HG����������@�

)DQJ�;��/LQ�+��:DQJ�;��=XR�4��4LQ�-��=KDQJ�3��7KH�1(.��LQWHUDFWRU��&��25)���LV�UHTXLUHG�IRU�
HIILFLHQW�'1$�GDPDJH�UHSDLU��$FWD�%LRFKLP�%LRSK\V�6LQ��������������±�����>3XE0HG��
��������@�

)UHLVFKPLGW�$��:LHODQG�7��5LFKWHU�%��5XI�:��6FKDHIIHU�9��0�OOHU�.��0DUURTXLQ�1��1RUGLQ�)��+�EHUV�
$��:H\GW�3��HW�DO��+DSORLQVXIILFLHQF\�RI�7%.��FDXVHV�IDPLOLDO�$/6�DQG�IURQWR�WHPSRUDO�GHPHQWLD��
1DW�1HXURVFL��������������±�����>3XE0HG����������@�

*ODGPDQ�0��=LQPDQ�/��7KH�HFRQRPLF�LPSDFW�RI�DP\RWURSKLF�ODWHUDO�VFOHURVLV��D�V\VWHPDWLF�UHYLHZ��
([SHUW�5HY�3KDUPDFRHFRQ�2XWFRPHV�5HV��������������±�����>3XE0HG����������@�

*URV�/RXLV�)��$�)UDPHVKLIW�'HOHWLRQ�LQ�3HULSKHULQ�*HQH�$VVRFLDWHG�ZLWK�$P\RWURSKLF�/DWHUDO�
6FOHURVLV��-RXUQDO�RI�%LRORJLFDO�&KHPLVWU\�����������������±�������>3XE0HG����������@�

*XR�:��1DXMRFN�0��)XPDJDOOL�/��9DQGRRUQH�7��%DDWVHQ�3��%RRQ�5��2UGRYiV�/��3DWHO�$��:HOWHUV�0��
9DQZHOGHQ�7��HW�DO��+'$&��LQKLELWLRQ�UHYHUVHV�D[RQDO�WUDQVSRUW�GHIHFWV�LQ�PRWRU�QHXURQV�GHULYHG�
IURP�)86�$/6�SDWLHQWV��1DW�&RPPXQ���������������>3XE0HG����������@�

+DUHV�.��5HGRQGR�-��.HPS�.��5LFH�&��6FROGLQJ�1��:LONLQV�$��$[RQDO�PRWRU�SURWHLQ�.,)�$�DQG�
DVVRFLDWHG�FDUJR�GHILFLWV�LQ�PXOWLSOH�VFOHURVLV�OHVLRQDO�DQG�QRUPDO�DSSHDULQJ�ZKLWH�PDWWHU��
1HXURSDWKRO�$SSO�1HXURELRO��������������±�����>3XE0HG����������@�
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+HLVOHU�))��/HH�+.��*URPRYD�.9��3HFKPDQQ�<��6FKXUHN�%��5XVFKNLHV�/��6FKURHGHU�0��6FKZHL]HU�0��
.QHXVVHO�0��*5,3��LQWHUOLQNV�1�FDGKHULQ�DQG�$03$�UHFHSWRUV�DW�YHVLFOHV�WR�SURPRWH�FRPELQHG�
FDUJR�WUDQVSRUW�LQWR�GHQGULWHV��3URFHHGLQJV�RI�WKH�1DWLRQDO�$FDGHP\�RI�6FLHQFHV����������������±
�����

+LURNDZD�1��3ILVWHU�..��<RULIXML�+��:DJQHU�0&��%UDG\�67��%ORRP�*6��6XEPROHFXODU�GRPDLQV�RI�
ERYLQH�EUDLQ�NLQHVLQ�LGHQWLILHG�E\�HOHFWURQ�PLFURVFRS\�DQG�PRQRFORQDO�DQWLERG\�GHFRUDWLRQ��&HOO��
������������±�����>3XE0HG���������@�

+LURNDZD�1��1LZD�6��7DQDND�<��0ROHFXODU�0RWRUV�LQ�1HXURQV�7UDQVSRUW�0HFKDQLVPV�DQG�5ROHVLQ�
%UDLQ�)XQFWLRQ��'HYHORSPHQW��DQG�'LVHDVH��1HXURQ��������������±�����>3XE0HG����������@�

+LUW]�'��7KXUPDQ�'-��*ZLQQ�+DUG\�.��0RKDPHG�0��&KDXGKXUL�$5��=DOXWVN\�5��+RZ�FRPPRQ�DUH�
WKH�³FRPPRQ´�QHXURORJLF�GLVRUGHUV"�1HXURORJ\��������������±�����>3XE0HG����������@�

-HQQLQJV�6��&KHQHYHUW�0��/LX�/��0RWWDPDO�0��:RMFLN�(-��+XFNDED�70��&KDUDFWHUL]DWLRQ�RI�NLQHVLQ�
VZLWFK�,�PXWDWLRQV�WKDW�FDXVH�KHUHGLWDU\�VSDVWLF�SDUDSOHJLD��3/R6�21(�����������H���������
>3XE0HG����������@�

-LDQ�;��%RHUZLQNOH�(��/LX�;��,Q�VLOLFR�SUHGLFWLRQ�RI�VSOLFH�DOWHULQJ�VLQJOH�QXFOHRWLGH�YDULDQWV�LQ�WKH�
KXPDQ�JHQRPH��1XFOHLF�$FLGV�5HVHDUFK����������������±�������>3XE0HG����������@�

.DQDL�<��2NDGD�<��7DQDND�<��+DUDGD�$��7HUDGD�6��+LURNDZD�1��.,)�&��D�QRYHO�QHXURQDO�NLQHVLQ�
HQULFKHG�LQ�PRWRU�QHXURQV��-�1HXURVFL���������������±������>3XE0HG����������@�

.DQDL�<��'RKPDH�1��+LURNDZD�1��.LQHVLQ�WUDQVSRUWV�51$��LVRODWLRQ�DQG�FKDUDFWHUL]DWLRQ�RI�DQ�51$�
WUDQVSRUWLQJ�JUDQXOH��1HXURQ��������������±�����>3XE0HG����������@�

.DUOH�.1��0|FNHO�'��5HLG�(��6FKROV�/��$[RQDO�WUDQVSRUW�GHILFLW�LQ�D�.,)�$�±�±�PRXVH�PRGHO��
1HXURJHQHWLFV��������������±�����>3XE0HG����������@�

.HQQD�.3��YDQ�'RRUPDDO�37&��'HNNHU�$0��7LFR]]L�1��.HQQD�%-��'LHNVWUD�)3��YDQ�5KHHQHQ�:��YDQ�
(LMN�.5��-RQHV�$5��.HDJOH�3��HW�DO��1(.��YDULDQWV�FRQIHU�VXVFHSWLELOLW\�WR�DP\RWURSKLF�ODWHUDO�
VFOHURVLV��1DW�*HQHW���������������±������>3XE0HG����������@�

.LP�+-��.LP�1&��:DQJ�<'��6FDUERURXJK�($��0RRUH�-��'LD]�=��0DF/HD�.6��)UHLEDXP�%��/L�6��
0ROOLH[�$��HW�DO��0XWDWLRQV�LQ�SULRQ�OLNH�GRPDLQV�LQ�KQ513$�%��DQG�KQ513$��FDXVH�
PXOWLV\VWHP�SURWHLQRSDWK\�DQG�$/6��1DWXUH���������������±�����>3XE0HG����������@�

.ZLDWNRZVNL�7-��%RVFR�'$��/H&OHUF�$/��7DPUD]LDQ�(��9DQGHUEXUJ�&5��5XVV�&��'DYLV�$��*LOFKULVW�-��
.DVDUVNLV�(-��0XQVDW�7��HW�DO��0XWDWLRQV�LQ�WKH�)86�7/6�*HQH�RQ�&KURPRVRPH����&DXVH�)DPLOLDO�
$P\RWURSKLF�/DWHUDO�6FOHURVLV��6FLHQFH����������������±������>3XE0HG����������@�

/DDNVRYLUWD�+��3HXUDOLQQD�7��6FK\PLFN�-&��6FKRO]�6:��/DL�6/��0\OO\NDQJDV�/��6XONDYD�5��-DQVVRQ�/��
+HUQDQGH]�'*��*LEEV�-5��HW�DO��&KURPRVRPH��S���LQ�DP\RWURSKLF�ODWHUDO�VFOHURVLV�LQ�)LQODQG��D�
JHQRPH�ZLGH�DVVRFLDWLRQ�VWXG\��/DQFHW�1HXURO�������������±�����>3XE0HG����������@�

/LX�;��-LDQ�;��%RHUZLQNOH�(��GE16)3�Y�����D�GDWDEDVH�RI�KXPDQ�QRQ�V\QRQ\PRXV�619V�DQG�WKHLU�
IXQFWLRQDO�SUHGLFWLRQV�DQG�DQQRWDWLRQV��+XP�0XWDW�����������(����±(������>3XE0HG����������@�

/LX�<7��/DXUi�0��+HUVKHVRQ�-��+RUJD�$��-DXQPXNWDQH�=��%UDQGQHU�6��3LWWPDQ�$��+XJKHV�'��3RONH�
-0��6ZHHQH\�0*��HW�DO��([WHQGHG�SKHQRW\SLF�VSHFWUXP�RI�.,)�$�PXWDWLRQV��)URP�VSDVWLF�
SDUDSOHJLD�WR�D[RQDO�QHXURSDWK\��1HXURORJ\��������������±�����>3XE0HG����������@�

/RSH]�*RQ]DOH]�5��/X�<��*HQGURQ�7)��.DU\GDV�$��7UDQ�+��<DQJ�'��3HWUXFHOOL�/��0LOOHU�%/��$OPHLGD�
6��*DR�)%��3RO\�*5��LQ�&�25)���5HODWHG�$/6�)7'�&RPSURPLVHV�0LWRFKRQGULDO�)XQFWLRQ�DQG�
,QFUHDVHV�2[LGDWLYH�6WUHVV�DQG�'1$�'DPDJH�LQ�L36&�'HULYHG�0RWRU�1HXURQV��1HXURQ��������
������±�����>3XE0HG����������@�

0DGDEKXVKL�5��3DQ�/��7VDL�/+��'1$�'DPDJH�DQG�,WV�/LQNV�WR�1HXURGHJHQHUDWLRQ��1HXURQ��������
������±�����>3XE0HG����������@�

0DMRXQLH�(��5HQWRQ�$(��0RN�.��'RSSHU�(*3��:DLWH�$��5ROOLQVRQ�6��&KLR�$��5HVWDJQR�*��1LFRODRX�
1��6LPyQ�6iQFKH]�-��HW�DO��)UHTXHQF\�RI�WKH�&�RUI���KH[DQXFOHRWLGH�UHSHDW�H[SDQVLRQ�LQ�SDWLHQWV�
ZLWK�DP\RWURSKLF�ODWHUDO�VFOHURVLV�DQG�IURQWRWHPSRUDO�GHPHQWLD��D�FURVV�VHFWLRQDO�VWXG\��/DQFHW�
1HXURO��������������±�����>3XE0HG����������@�

0DORYDQQD\D�$��/DQ]�5%��-XQJ�6<��%XO\QNR�<��/H�17��&KDQ�':��'LQJ�&��6KL�<��<XFHU�1��.UHQFLXWH�
*��HW�DO��$QDO\VLV�RI�WKH�KXPDQ�HQGRJHQRXV�FRUHJXODWRU�FRPSOH[RPH��&HOO���������������±�����
>3XE0HG����������@�

0DQLFKDLNXO�$��0\FKDOHFN\M�-&��5LFK�66��'DO\�.��6DOH�0��&KHQ�:0��5REXVW�UHODWLRQVKLS�LQIHUHQFH�
LQ�JHQRPH�ZLGH�DVVRFLDWLRQ�VWXGLHV��%LRLQIRUPDWLFV���������������±������>3XE0HG����������@�
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0DUFKLQL�-��+RZLH�%��*HQRW\SH�LPSXWDWLRQ�IRU�JHQRPH�ZLGH�DVVRFLDWLRQ�VWXGLHV��1DW�5HY�*HQHW��
������������±�����>3XE0HG����������@�

0DUX\DPD�+��0RULQR�+��,WR�+��,]XPL�<��.DWR�+��:DWDQDEH�<��.LQRVKLWD�<��.DPDGD�0��1RGHUD�+��
6X]XNL�+��HW�DO��0XWDWLRQV�RI�RSWLQHXULQ�LQ�DP\RWURSKLF�ODWHUDO�VFOHURVLV��1DWXUH���������������±
�����>3XE0HG����������@�

0DWVX]DNL�)��6KLUDQH�0��0DWVXPRWR�0��1DND\DPD�.,��3URWUXGLQ�VHUYHV�DV�DQ�DGDSWRU�PROHFXOH�WKDW�
FRQQHFWV�.,)��DQG�LWV�FDUJRHV�LQ�YHVLFXODU�WUDQVSRUW�GXULQJ�SURFHVV�IRUPDWLRQ��0ROHFXODU�%LRORJ\�
RI�WKH�&HOO���������������±������>3XE0HG����������@�

0F/DXJKOLQ�5/��6FKLMYHQ�'��YDQ�5KHHQHQ�:��YDQ�(LMN�.5��2¶%ULHQ�0��.DKQ�56��2SKRII�5$��*RULV�
$��%UDGOH\�'*��$O�&KDODEL�$��HW�DO��*HQHWLF�FRUUHODWLRQ�EHWZHHQ�DP\RWURSKLF�ODWHUDO�VFOHURVLV�DQG�
VFKL]RSKUHQLD��1DW�&RPPXQ�����������������>3XE0HG����������@�

0LNL�+��6HWRX�0��.DQHVKLUR�.��+LURNDZD�1��$OO�NLQHVLQ�VXSHUIDPLO\�SURWHLQ��.,)��JHQHV�LQ�PRXVH�DQG�
KXPDQ��3URF�1DWO�$FDG�6FL�86D���������������±������>3XE0HG����������@�

0LOOHFDPSV�6��-XOLHQ�-�3��$[RQDO�WUDQVSRUW�GHILFLWV�DQG�QHXURGHJHQHUDWLYH�GLVHDVHV��1DW�5HY�1HXURVFL��
������������±�����>3XE0HG����������@�

0RUWRQ�6��+HVVRQ�/��3HJJLH�0��&RKHQ�3��(QKDQFHG�ELQGLQJ�RI�7%.��E\�DQ�RSWLQHXULQ�PXWDQW�WKDW�
FDXVHV�D�IDPLOLDO�IRUP�RI�SULPDU\�RSHQ�DQJOH�JODXFRPD��)(%6�/HWW���������������±������
>3XE0HG����������@�

1DNDMLPD�.��<LQ�;��7DNHL�<��6HRJ�'+��+RPPD�1��+LURNDZD�1��0ROHFXODU�0RWRU�.,)�$�,V�(VVHQWLDO�
IRU�*$%$��1HXURQ��������������±�����>3XE0HG����������@�

1LVKLPXUD�$/��$O�&KDODEL�$��=DW]�0��$�FRPPRQ�IRXQGHU�IRU�DP\RWURSKLF�ODWHUDO�VFOHURVLV�W\SH���
�$/6���LQ�WKH�%UD]LOLDQ�SRSXODWLRQ��+XP�*HQHW���������������±�����>3XE0HG����������@�

1LVKLPXUD�$/��0LWQH�1HWR�0��6LOYD�+&$��5LFKLHUL�&RVWD�$��0LGGOHWRQ�6��&DVFLR�'��.RN�)��2OLYHLUD�
-50��*LOOLQJZDWHU�7��:HEE�-��HW�DO��$�PXWDWLRQ�LQ�WKH�YHVLFOH�WUDIILFNLQJ�SURWHLQ�9$3%�FDXVHV�
ODWH�RQVHW�VSLQDO�PXVFXODU�DWURSK\�DQG�DP\RWURSKLF�ODWHUDO�VFOHURVLV��7KH�$PHULFDQ�-RXUQDO�RI�
+XPDQ�*HQHWLFV��������������±�����>3XE0HG����������@�

3DORPR�*0��0DQIUHGL�*��([SORULQJ�QHZ�SDWKZD\V�RI�QHXURGHJHQHUDWLRQ�LQ�$/6��WKH�UROH�RI�
PLWRFKRQGULD�TXDOLW\�FRQWURO��%UDLQ�5HVHDUFK���������������±����>3XE0HG����������@�

3DW]Ny�$��6K\�0(��8SGDWH�RQ�&KDUFRW�0DULH�7RRWK�GLVHDVH��&XUU�1HXURO�1HXURVFL�5HS�������������±
����>3XE0HG����������@�

3H¶HU�,��<HOHQVN\�5��$OWVKXOHU�'��'DO\�0-��(VWLPDWLRQ�RI�WKH�PXOWLSOH�WHVWLQJ�EXUGHQ�IRU�JHQRPHZLGH�
DVVRFLDWLRQ�VWXGLHV�RI�QHDUO\�DOO�FRPPRQ�YDULDQWV��*HQHW�(SLGHPLRO��������������±�����>3XE0HG��
��������@�

5HLG�(��.ORRV�0��$VKOH\�.RFK�$��+XJKHV�/��%HYDQ�6��6YHQVRQ�,.��*UDKDP�)/��*DVNHOO�3&��'HDUORYH�
$��3HULFDN�9DQFH�0$��HW�DO��$�NLQHVLQ�KHDY\�FKDLQ��.,)�$��PXWDWLRQ�LQ�KHUHGLWDU\�VSDVWLF�
SDUDSOHJLD��63*�����7KH�$PHULFDQ�-RXUQDO�RI�+XPDQ�*HQHWLFV���������������±������>3XE0HG��
��������@�

5HQWRQ�$(��&KLR�$��7UD\QRU�%-��6WDWH�RI�SOD\�LQ�DP\RWURSKLF�ODWHUDO�VFOHURVLV�JHQHWLFV��1DW�1HXURVFL��
�����������±����>3XE0HG����������@�

5HQWRQ�$(��0DMRXQLH�(��:DLWH�$��6LPyQ�6iQFKH]�-��5ROOLQVRQ�6��*LEEV�-5��6FK\PLFN�-&��/DDNVRYLUWD�
+��YDQ�6ZLHWHQ�-&��0\OO\NDQJDV�/��HW�DO��$�KH[DQXFOHRWLGH�UHSHDW�H[SDQVLRQ�LQ�&�25)���LV�WKH�
FDXVH�RI�FKURPRVRPH��S���OLQNHG�$/6�)7'��1HXURQ��������������±�����>3XE0HG����������@�

5REEHUHFKW�:��(\NHQV�&��7KH�JHQHWLF�EDVLV�RI�DP\RWURSKLF�ODWHUDO�VFOHURVLV��$JJ����������±����

5RVHQ�'5��6LGGLTXH�7��3DWWHUVRQ�'��)LJOHZLF]�'$��6DSS�3��+HQWDWL�$��'RQDOGVRQ�'��*RWR�-��2¶5HJDQ�
-3��'HQJ�+;��0XWDWLRQV�LQ�&X�=Q�VXSHUR[LGH�GLVPXWDVH�JHQH�DUH�DVVRFLDWHG�ZLWK�IDPLOLDO�
DP\RWURSKLF�ODWHUDO�VFOHURVLV��1DWXUH��������������±����>3XE0HG���������@�

6DOYL�(��.XWDOLN�=��*ORULRVR�1��%HQDJOLR�3��)UDX�)��.X]QHWVRYD�7��$ULPD�+��+RJJDUW�&��7LFKHW�-��
1LNLWLQ�<3��HW�DO��*HQRPHZLGH�DVVRFLDWLRQ�VWXG\�XVLQJ�D�KLJK�GHQVLW\�VLQJOH�QXFOHRWLGH�
SRO\PRUSKLVP�DUUD\�DQG�FDVH�FRQWURO�GHVLJQ�LGHQWLILHV�D�QRYHO�HVVHQWLDO�K\SHUWHQVLRQ�VXVFHSWLELOLW\�
ORFXV�LQ�WKH�SURPRWHU�UHJLRQ�RI�HQGRWKHOLDO�12�V\QWKDVH��+\SHUWHQVLRQ��������������±�����
>3XE0HG����������@�

6HWRX�0��6HRJ�'+��7DQDND�<��.DQDL�<��7DNHL�<��.DZDJLVKL�0��+LURNDZD�1��*OXWDPDWH�UHFHSWRU�
LQWHUDFWLQJ�SURWHLQ�*5,3��GLUHFWO\�VWHHUV�NLQHVLQ�WR�GHQGULWHV��1DWXUH��������������±����>3XE0HG��
��������@�
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6KDWXQRY�$��0RN�.��1HZKRXVH�6��:HDOH�0(��6PLWK�%��9DQFH�&��-RKQVRQ�/��9HOGLQN�-+��YDQ�(V�0$��
YDQ�GHQ�%HUJ�/+��HW�DO��&KURPRVRPH��S���LQ�VSRUDGLF�DP\RWURSKLF�ODWHUDO�VFOHURVLV�LQ�WKH�8.�DQG�
VHYHQ�RWKHU�FRXQWULHV��D�JHQRPH�ZLGH�DVVRFLDWLRQ�VWXG\��/DQFHW�1HXURO�������������±�����
>3XE0HG����������@�

6PLWK�%1��7LFR]]L�1��)DOOLQL�&��*ND]L�$6��7RSS�6��.HQQD�.3��6FRWWHU�(/��.RVW�-��.HDJOH�3��0LOOHU�-:��
HW�DO��([RPH�ZLGH�5DUH�9DULDQW�$QDO\VLV�,GHQWLILHV�78%$�$�0XWDWLRQV�$VVRFLDWHG�ZLWK�)DPLOLDO�
$/6��1HXURQ��������������±�����>3XE0HG����������@�

6PLWK�()��6KDZ�3-��'H�9RV�.-��7KH�UROH�RI�PLWRFKRQGULD�LQ�DP\RWURSKLF�ODWHUDO�VFOHURVLV��
1HXURVFLHQFH�/HWWHUV��������GRL����������M�QHXOHW������������

7DQDND�<��.DQDL�<��2NDGD�<��1RQDND�6��7DNHGD�6��+DUDGD�$��+LURNDZD�1��7DUJHWHG�GLVUXSWLRQ�RI�
PRXVH�FRQYHQWLRQDO�NLQHVLQ�KHDY\�FKDLQ��NLI�%��UHVXOWV�LQ�DEQRUPDO�SHULQXFOHDU�FOXVWHULQJ�RI�
PLWRFKRQGULD��&HOO���������������±������>3XE0HG���������@�

7D\ORU�-3��%URZQ�5+��&OHYHODQG�':��'HFRGLQJ�$/6��IURP�JHQHV�WR�PHFKDQLVP��1DWXUH��������
�������±�����>3XE0HG����������@�

7KLHO�&��.HVVOHU�.��*LHVVO�$��'LPPOHU�$��6KDOHY�6$��+DDU�YRQ�GHU�6��=HQNHU�0��=DKQOHLWHU�'��6W|VV�
+��%HLQGHU�(��HW�DO��5(325�71(.��0XWDWLRQV�&DXVH6KRUW�5LE�3RO\GDFW\O\�6\QGURPH�7\SH�
0DMHZVNL��7KH�$PHULFDQ�-RXUQDO�RI�+XPDQ�*HQHWLFV��������������±�����>3XE0HG����������@�

7RPSVRQ�6:-��5XL]�3HUH]�9/��%ODLU�+-��%DUWRQ�6��1DYDUUR�9��5REVRQ�-/��:ULJKW�0-��*RRGVKLS�-$��
6HTXHQFLQJ�(9&�DQG�(9&��LGHQWLILHV�PXWDWLRQV�LQ�WZR�WKLUGV�RI�(OOLV�YDQ�&UHYHOG�V\QGURPH�
SDWLHQWV��+XP�*HQHW���������������±�����>3XE0HG����������@�

YDQ�(V�0$��+DUGLPDQ�2��&KLR�$��$O�&KDODEL�$��3DVWHUNDPS�5-��9HOGLQN�-+��YDQ�GHQ�%HUJ�/+��
$P\RWURSKLF�ODWHUDO�VFOHURVLV��/DQFHW����������������±������>3XE0HG����������@�

YDQ�(V�0$��9HOGLQN�-+��6DULV�&*-��%ODXZ�+0��YDQ�9XJKW�3:-��%LUYH�$��/HPPHQV�5��6FKHOKDDV�+-��
*URHQ�(-1��+XLVPDQ�0+%��HW�DO��*HQRPH�ZLGH�DVVRFLDWLRQ�VWXG\�LGHQWLILHV���S������81&��$��
DQG��S�����DV�VXVFHSWLELOLW\�ORFL�IRU�VSRUDGLF�DP\RWURSKLF�ODWHUDO�VFOHURVLV��1DW�*HQHW��������
�������±������>3XE0HG����������@�

YDQ�5KHHQHQ�:��6KDWXQRY�$��'HNNHU�$0��0F/DXJKOLQ�5/��'LHNVWUD�)3��3XOLW�6/��YDQ�GHU�6SHN�5$$��
9}VD�8��GH�-RQJ�6��5RELQVRQ�05��HW�DO��*HQRPH�ZLGH�DVVRFLDWLRQ�DQDO\VHV�LGHQWLI\�QHZ�ULVN�
YDULDQWV�DQG�WKH�JHQHWLF�DUFKLWHFWXUH�RI�DP\RWURSKLF�ODWHUDO�VFOHURVLV��1DW�*HQHW���������������±
������>3XE0HG����������@�

9DQFH�&��5RJHOM�%��+RUWREDJ\L�7��'H�9RV�.-��1LVKLPXUD�$/��6UHHGKDUDQ�-��+X�;��6PLWK�%��5XGG\�'��
:ULJKW�3��HW�DO��0XWDWLRQV�LQ�)86��DQ�51$�3URFHVVLQJ�3URWHLQ��&DXVH�)DPLOLDO�$P\RWURSKLF�
/DWHUDO�6FOHURVLV�7\SH����6FLHQFH����������������±������>3XE0HG����������@�

:DQJ�/��%URZQ�$��$�KHUHGLWDU\�VSDVWLF�SDUDSOHJLD�PXWDWLRQ�LQ�NLQHVLQ��$�.,)�$�GLVUXSWV�
QHXURILODPHQW�WUDQVSRUW��0RO�1HXURGHJHQHUDWLRQ������������±���

:DQJ�:<��3DQ�/��6X�6&��4XLQQ�(-��6DVDNL�0��-LPHQH]�-&��0DFNHQ]LH�,5$��+XDQJ�(-��7VDL�/+��
,QWHUDFWLRQ�RI�)86�DQG�+'$&��UHJXODWHV�'1$�GDPDJH�UHVSRQVH�DQG�UHSDLU�LQ�QHXURQV��1DW�
1HXURVFL���������������±������>3XE0HG����������@�

:LOOHU�&-��/L�<��$EHFDVLV�*5��0(7$/��IDVW�DQG�HIILFLHQW�PHWD�DQDO\VLV�RI�JHQRPHZLGH�DVVRFLDWLRQ�
VFDQV��%LRLQIRUPDWLFV���������������±������>3XE0HG����������@�

:X�&+��)DOOLQL�&��7LFR]]L�1��.HDJOH�3-��6DSS�3&��3LRWURZVND�.��/RZH�3��.RSSHUV�0��0F.HQQD�
<DVHN�'��%DURQ�'0��HW�DO��0XWDWLRQV�LQ�WKH�SURILOLQ���JHQH�FDXVH�IDPLOLDO�DP\RWURSKLF�ODWHUDO�
VFOHURVLV��1DWXUH���������������±�����>3XE0HG����������@�

;LD�&+��5REHUWV�($��+HU�/6��/LX�;��:LOOLDPV�'6��&OHYHODQG�':��*ROGVWHLQ�/6%��$EQRUPDO�
QHXURILODPHQW�WUDQVSRUW�FDXVHG�E\�WDUJHWHG�GLVUXSWLRQ�RI�QHXURQDO�NLQHVLQ�KHDY\�FKDLQ�.,)�$��7KH�
-RXUQDO�RI�&HOO�%LRORJ\��������������±����>3XE0HG����������@�

&216257,$

$/6�6HTXHQFLQJ�&RQVRUWLXP

$QGUHZ�6��$OOHQ��6WDQOH\�$SSHO��5REHUW�+��%DORK��5LFKDUG�6��%HGODFN��%UDGHQ�(��%RRQH��

5REHUW�%URZQ��-RKQ�3��&DUXOOL��$OHVVDQGUD�&KHVL��:HQG\�.��&KXQJ��(OL]DEHWK�7��&LUXOOL��
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*UHJRU\�0��&RRSHU��-XOLHQ�&RXWKRXLV��$DURQ�*��'D\�:LOOLDPV��3DWULFN�$��'LRQ��6XPPHU�

*LEVRQ��$DURQ�'��*LWOHU��-RQDWKDQ�'��*ODVV��'DYLG�%��*ROGVWHLQ��<XMXQ�+DQ��0DWWKHZ�%��

+DUPV��7LP�+DUULV��6HEDVWLDQ�'��+D\HV��$QJHOD�/��-RQHV��-RQDWKDQ�.HHEOHU��%ULDQ�-��

.UXHJHU��%ULWWDQ\�1��/DVVHLJQH��6KDZQ�(��/HY\��<L�)DQ�/X��7RP�0DQLDWLV��'LDQH�0F.HQQD�

<DVHN��7LPRWK\�0��0LOOHU��5LFKDUG�0��0\HUV��6ODYp�3HWURYVNL��6WHIDQ�0��3XOVW��$O\D�5��

5DSKDHO��-RKQ�0��5DYLWV��=KRQJ�5HQ��*X\�$��5RXOHDX��3HWHU�&��6DSS��1HLO�$��6KQHLGHU��

(ULFND�6LPSVRQ��.DWKHULQH�%��6LPV��-RKQ�)��6WDURSROL��/LQGVD\�/��:DLWH��4XDQOL�:DQJ��-DFN�

5��:LPELVK��:LQQLH�:��;LQ

$QVZHU�$/6�)RXQGDWLRQ

-XOLD�.D\H��6WHYHQ�)LQNEHLQHU��6WDFLD�:\PDQ��$OH[DQGHU�/H1DLO��/HDQGUR�/LPD��(UQHVW�

)UDHQNHO��-HIIUH\�'��5RWKVWHLQ��&OLYH�1��6YHQGVHQ��/HVOLH�0��7KRPSVRQ��-HQQ\�9DQ�(\N��

1LFKRODV�-��0DUDJDNLV��-DPHV�'��%HUU\��-RQDWKDQ�'��*ODVV��7LPRWK\�0��0LOOHU��6WHSKHQ�-��

.ROE��5REHUW�+�%DORK��0HULW�&XGNRZLF]��(PLO\�%D[L

&OLQLFDO�5HVHDUFK�LQ�$/6�DQG�5HODWHG�'LVRUGHUV�IRU�7KHUDSHXWLF�

'HYHORSPHQW��&5H$7H��&RQVRUWLXP

0LFKDHO�%HQDWDU��-��3DXO�7D\ORU��*DQJ�:X��(YDGQLH�5DPSHUVDXG��-RDQQH�:XX��5RVD�

5DGHPDNHUV��6WHSKDQ�=�FKQHU��5HEHFFD�6FKXOH��-DFRE�0F&DXOH\��6XPDLUD�+XVVDLQ��$QQH�

&RROH\��0DULHOOH�:DOODFH��&KULVWLQH�&OD\PDQ��5LFKDUG�%DURKQ��-HIIUH\�6WDWODQG��-RKQ�

5DYLWV��$QGUHD�6ZHQVRQ��&DUOD\QH�-DFNVRQ��-D\D�7ULYHGL��6KDLGD�.KDQ��-RQDWKDQ�.DW]��

/LEHUW\�-HQNLQV��7HG�%XUQV��.HOO\�*ZDWKPH\��-DPHV�&DUHVV��&RUH\�0F0LOODQ��/DXUHQ�

(OPDQ��(ULN�3LRUR��-HDQQLQH�+HFNPDQQ��<XHQ�6R��'DYLG�:DON��6DPXHO�0DLVHU��-LQJKXL�

=KDQJ

)UHQFK�$/6�&RQVRUWLXP

:LOOLDP�&DPX��.HYLQ�0RX]DW��6HUJH�/XPEURVR��3KLOLSSH�&RUFLD��9LQFHQW�0HLQLQJHU��

*pUDUG�%HVVRQ��(PPHOLQH�/DJUDQJH��3LHUUH�&ODYHORX��1DWKDOLH�*X\��3KLOLSSH�&RXUDWLHU��

3DWULFN�9RXUFK��9pURQLTXH�'DQHO��(PLOLHQ�%HUQDUG��*ZHQGDO�/HPDVVRQ

*HQRPLF�7UDQVODWLRQ�IRU�$/6�&DUH��*7$&��&RQVRUWLXP

0DWWKHZ�%��+DUPV��'DYLG�%��*ROGVWHLQ��1HLO�$��6KQHLGHU��6WHSKHQ�*RXWPDQ��=DFKDU\�

6LPPRQV��7LPRWK\�0��0LOOHU��6LGGKDUWKDQ�&KDQGUDQ��6XYDQNDU�3DO��*HRUJH�0DQRXVDNLV��

6WDQOH\�+��$SSHO��(ULFND�6LPSVRQ��/HR�:DQJ��5REHUW�+�%DORK��6XPPHU�*LEVRQ��5LFKDUG�

%HGODFN��'DYLG�/DFRPLV��'KUXY�6DUHHQ��$OH[DQGHU�6KHUPDQ��/XFLH�%UXLMQ��0LFKHOOH�3HQQ\

,7$/6*(1�&RQVRUWLXP

)UDQFHVFR�2��/RJXOOR��,VDEHOOD�6LPRQH��*LDQFDUOR�/RJURVFLQR��)DEUL]LR�6DOYL��,ODULD�

%DUWRORPHL��*LXVHSSH�%RUJKHUR��0DULD�5LWD�0XUUX��(PDQXHOD�&RVWDQWLQR��&DUOD�3DQL��

5REHUWD�3XGGX��&DUOD�&DUHGGD��9DOHULD�3LUDV��6WHIDQLD�7UDQTXLOOL��6WHIDQLD�&XFFX��'DQLHOD�

&RURQJLX��0DXUL]LR�0HOLV��$QWRQLR�0LOLD��)UDQFHVFR�0DUURVX��0DULD�*LRYDQQD�0DUURVX��

*LDQOXFD�)ORULV��$QWRQLQR�&DQQDV��6WHIDQLD�7UDQTXLOOL��0DUJKHULWD�&DSDVVR��&ODXGLD�

1LFRODV�HW�DO� 3DJH���

1HXURQ��$XWKRU�PDQXVFULSW��DYDLODEOH�LQ�30&������0DUFK����

$
XWKRU�0

DQXVFULSW
$
XWKRU�0

DQXVFULSW
$
XWKRU�0

DQXVFULSW
$
XWKRU�0

DQXVFULSW



&DSRQQHWWR��*LDQOXLJL�0DQFDUGL��3DROD�2ULJRQH��3DROD�0DQGLFK��)UDQFHVFD�/��&RQIRUWL��

6HEDVWLDQR�&DYDOODUR��*DEULHOH�0RUD��.DOOLRSL�0DULQRX��5LFFDUGR�6LGHUL��6LOYDQD�3HQFR��

/RUHQD�0RVFD��&KULVWLDQ�/XQHWWD��*LXVHSSH�/DXULD�3LQWHU��0DVVLPR�&RUER��1LOR�5LYD��3DROD�

&DUUHUD��3DROR�9RODQWL��-HVVLFD�0DQGULROL��1LFROD�)LQL��$QWRQLR�)DVDQR��/XFLR�7UHPROL]]R��

$OHVVDQGUR�$URVLR��&DUOR�)HUUDUHVH��)UDQFHVFD�7URMVL��*LRDFFKLQR�7HGHVFKL��0DULD�5RVDULD�

0RQVXUUz��*LRYDQQL�3LFFLULOOR��&LQ]LD�)HPLDQR��$QQD�7LFFD��(Q]R�2UWX��9LQFHQ]R�/D�%HOOD��

5RVVHOOD�6SDWDUR��7L]LDQD�&ROOHWWL��0DULR�6DEDWHOOL��0DUFHOOD�=ROOLQR��$PHOLD�&RQWH��0DUFR�

/XLJHWWL��6HUHQD�/DWWDQWH��*LXVHSSH�0DUDQJL��0DULDOXLVD�6DQWDUHOOL��$QWRQLR�3HWUXFFL��0DXUD�

3XJOLDWWL��$QJHOR�3LULVL��/HVOLH�'��3DULVK��3DWUL]LD�2FFKLQHUL��)DELR�*LDQQLQL��6WHIDQLD�

%DWWLVWLQL��&ODXGLD�5LFFL��0LFKHOH�%HQLJQL��7HD�%��&DX��'DQLHOD�/RL��$QGUHD�&DOYR��&ULVWLQD�

0RJOLD��0DXUD�%UXQHWWL��0DUFR�%DUEHULV��*DEULHOOD�5HVWDJQR��)HGHULFR�&DVDOH��*LXVHSSH�

0DUUDOL��*LXVHSSH�)XGD��,UHQH�2VVROD��6WHIDQLD�&DPPDURVDQR��$QWRQLR�&DQRVD��$QWRQLR�

,ODUGL��8PEHUWR�0DQHUD��0DXUL]LR�*UDVVDQR��5DIIDHOOD�7DQHO��)DEUL]LR�3LVDQR

1<*&�$/6�&RQVRUWLXP

+HPDOL�3KDWQDQL��-XVWLQ�.ZDQ��'KUXY�6DUHHQ��-DPHV�5��%URDFK��=DFKDU\�6LPPRQV��;LPHQD�

$UFLOD�/RQGRQR��(GZDUG�%��/HH��9LYLDQQD�0��9DQ�'HHUOLQ��1HLO�$��6KQHLGHU��(UQHVW�

)UDHQNHO��/\OH�:��2VWURZ��)UDQN�%DDV��1RDK�=DLWOHQ��-DPHV�'��%HUU\��$QGUHD�0DODVSLQD��

3LHWUR�)UDWWD��*UHJRU\�$��&R[��/HVOLH�0��7KRPSVRQ��6WHYH�)LQNEHLQHU��(IWKLPLRV�'DUGLRWLV��

7LPRWK\�0��0LOOHU��6LGGKDUWKDQ�&KDQGUDQ��6XYDQNDU�3DO��(UDQ�+RUQVWHLQ��'DQLHO�-��

0DF*RZDQ��7HUU\�+HLPDQ�3DWWHUVRQ��0ROO\�*��+DPPHOO��1LNRODRV��$��3DWVRSRXORV��-RVKXD�

'XEQDX��$YLQGUD�1DWK

3URMHFW�0LQ(�$/6�6HTXHQFLQJ�&RQVRUWLXP

$KPDG�$O�.KHLIDW��$PPDU�$O�&KDODEL��3HWHU�$QGHUVHQ��$��1D]OL�%DVDN��,DQ�3�%ODLU��

$GULDQR�&KLR��-RQDWKDQ�&RRSHU�.QRFN��3KLOLSSH�&RUFLD��3KLOLSSH�&RXUDWLHU��0DPHGH�GH�

&DUYDOKR��$QQHORW�'HNNHU��9LYLDQ�'URU\��$OEHUWR�*DUFLD�5HGRQGR��0DUF�*RWNLQH��2UOD�

+DUGLPDQ��:LQVWRQ�+LGH��$OIUHGR�,DFRDQJHOL��-RQDWKDQ�*ODVV��.HYLQ�.HQQD��0DWWKHZ�

.LHUQDQ��0DDUWHQ�.RR\PDQ��-RKQ�/DQGHUV��5XVVHOO�0F/DXJKOLQ��%DV�0LGGHONRRS��-RQDWKDQ�

0LOO��0LJXHO�0LWQH�1HWR��0DWWLHX�0RLVVH��-HVXV�0RUD�3DUGLQD��.DUHQ�0RUULVRQ��6WHSKHQ�

1HZKRXVH��6XVDQD�3LQWR��6DUD�3XOLW��:LP�5REEHUHFKW��$OHNVH\�6KDWXQRY��3DPHOD�6KDZ��

&KULV�6KDZ��9LQFHQ]R�6LODQL��:LOOLDP�6SURYLHUR��*LMV�7D]HODDU��1LFROD�7LFR]]L��3KLOLS�YDQ�
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