
7KLV�DUWLFOH�KDV�EHHQ�DFFHSWHG�IRU�SXEOLFDWLRQ�DQG�XQGHUJRQH�IXOO�SHHU�UHYLHZ�EXW�KDV�QRW�EHHQ�
WKURXJK�WKH�FRS\HGLWLQJ��W\SHVHWWLQJ��SDJLQDWLRQ�DQG�SURRIUHDGLQJ�SURFHVV��ZKLFK�PD\�OHDG�WR�
GLIIHUHQFHV�EHWZHHQ�WKLV�YHUVLRQ�DQG�WKH�9HUVLRQ�RI�5HFRUG��3OHDVH�FLWH�WKLV�DUWLFOH�DV�GRL��
��������DFHP�������������
7KLV�DUWLFOH�LV�SURWHFWHG�E\�FRS\ULJKW��$OO�ULJKWV�UHVHUYHG�

ZĞĐĞŝǀĞĚ��ĂƚĞ�͗�ϭϯͲEŽǀͲϮϬϭϲ
ZĞǀŝƐĞĚ��ĂƚĞ���͗�ϭϳͲ:ĂŶͲϮϬϭϳ
�ĐĐĞƉƚĞĚ��ĂƚĞ�͗�ϬϲͲ&ĞďͲϮϬϭϳ
�ƌƚŝĐůĞ�ƚǇƉĞ������͗��ǀŝĚĞŶĐĞͲďĂƐĞĚ��ŝĂŐŶŽƐƚŝĐƐ

7LWOH�RI�0DQXVFULSW��'LDJQRVWLF�$FFXUDF\�RI�+LVWRU\��3K\VLFDO�([DP��/DERUDWRU\�7HVWV�DQG�3RLQW�
RI�&DUH�8OWUDVRXQG�IRU�3HGLDWULF�$FXWH�$SSHQGLFLWLV�LQ�WKH�(PHUJHQF\�'HSDUWPHQW��$�6\VWHPDWLF
5HYLHZ�DQG�0HWD�$QDO\VLV

$XWKRUV�
�5RVKDQDN�%HQDEEDV��0'

�� 681<�'RZQVWDWH�0HGLFDO�&HQWHU
'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH�
����&ODUNVRQ�$YHQXH��%URRNO\Q��1<������

�� .LQJV�&RXQW\�+RVSLWDO�&HQWHU
'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH�
����&ODUNVRQ�$YHQXH��%URRNO\Q��1<������

5RVKDQDN�%HQDEEDV#GRZQVWDWH�HGX

�0DUN�+DQQD��0'
�� 681<�'RZQVWDWH�0HGLFDO�&HQWHU
'HSDUWPHQW�RI�3HGLDWULFV
����&ODUNVRQ�$YHQXH��%URRNO\Q��1<������

�� .LQJV�&RXQW\�+RVSLWDO�&HQWHU
'HSDUWPHQW�RI�3HGLDWULFV
����&ODUNVRQ�$YHQXH��%URRNO\Q��1<������

DEGRX�RQH#JPDLO�FRP

�-D\�6KDK
�� .LQJV�&RXQW\�+RVSLWDO�&HQWHU
'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH�
����&ODUNVRQ�$YHQXH��%URRNO\Q��1<������

MD\�VKDK#JPDLO�FRP

�5LFKDUG�6LQHUW��'2
�� 681<�'RZQVWDWH�0HGLFDO�&HQWHU
'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH�
����&ODUNVRQ�$YHQXH��%URRNO\Q��1<������



7KLV�DUWLFOH�LV�SURWHFWHG�E\�FRS\ULJKW��$OO�ULJKWV�UHVHUYHG�

�� .LQJV�&RXQW\�+RVSLWDO�&HQWHU
'HSDUWPHQW�RI�(PHUJHQF\�0HGLFLQH�
����&ODUNVRQ�$YHQXH��%URRNO\Q��1<������

QHSKURQ�#JPDLO�FRP

&RUUHVSRQGLQJ�$XWKRU� 5LFKDUG�6LQHUW��'R
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$FNQRZOHGJPHQWV� 7KH�DXWKRUV�ZRXOG�OLNH WR�WKDQN�&KULVWRSKHU�6WHZDUW� VHQLRU�DVVLVWDQW�

OLEUDULDQ�DW�681< 'RZQVWDWH�0HGLFDO�&HQWHU��IRU�KLV�KHOS�LQ�FRQGXFWLQJ�WKH�OLWHUDWXUH VHDUFKHV�

$%675$&7

%DFNJURXQG��$FXWH�DSSHQGLFLWLV��$$��LV�WKH�PRVW�FRPPRQ�VXUJLFDO�HPHUJHQF\�LQ�FKLOGUHQ��$FFXUDWH�DQG�

WLPHO\�GLDJQRVLV�LV�FUXFLDO�EXW�FKDOOHQJLQJ�GXH�WR�DW\SLFDO�SUHVHQWDWLRQV�DQG�WKH�LQKHUHQW�GLIILFXOW\�RI�

REWDLQLQJ�D�UHOLDEOH�KLVWRU\�DQG�SK\VLFDO�H[DPLQDWLRQ�LQ�\RXQJHU�FKLOGUHQ��

2EMHFWLYHV� 7R�GHWHUPLQH�WKH�XWLOLW\�RI�KLVWRU\��SK\VLFDO H[DP��ODERUDWRU\�WHVWV��3HGLDWULF�$SSHQGLFLWLV�

6FRUH��3$6��DQG�(PHUJHQF\�'HSDUWPHQW�3RLQW�RI�&DUH�8OWUDVRXQG��('�32&86��LQ�WKH�GLDJQRVLV�RI�$$

LQ�('�SHGLDWULF�SDWLHQWV��:H�SHUIRUPHG�D�V\VWHPDWLF�UHYLHZ�DQG�PHWD�DQDO\VLV�DQG�XVHG�D�WHVW�WUHDWPHQW�

WKUHVKROG�PRGHO�WR�LGHQWLI\�GLDJQRVWLF�ILQGLQJV�WKDW�FRXOG�UXOH�LQ�RXW�$$�DQG�REYLDWH WKH�QHHG�IRU�IXUWKHU�

LPDJLQJ�VWXGLHV�VSHFLILFDOO\��&7�VFDQ��05,�DQG�5DGLRORJ\ 'HSDUWPHQW�8OWUDVRXQG��586��

0HWKRGV�:H�VHDUFKHG�38%0('��(0%$6(� DQG�6&2386�XS WR�2FWREHU������IRU�VWXGLHV�RQ�('�

SHGLDWULF�SDWLHQWV�ZLWK�DEGRPLQDO�SDLQ��4XDOLW\�$VVHVVPHQW�7RRO�IRU�'LDJQRVWLF�$FFXUDF\�6WXGLHV�

�48$'$6����ZDV�XVHG�WR�HYDOXDWH�WKH�TXDOLW\ DQG�DSSOLFDELOLW\�RI�LQFOXGHG�VWXGLHV��3RVLWLYH�DQG�QHJDWLYH�

/LNHOLKRRG�5DWLRV��/5��DQG�/5���IRU�GLDJQRVWLF�PRGDOLWLHV�ZHUH�FDOFXODWHG�DQG�ZKHQ�DSSURSULDWH�GDWD�
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ZDV�SRROHG�XVLQJ�0HWD�'L6F��%DVHG�RQ�WKH�DYDLODEOH�OLWHUDWXUH�RQ�WKH�WHVW FKDUDFWHULVWLFV RI�GLIIHUHQW�

LPDJLQJ�PRGDOLWLHV DQG�DSSO\LQJ 3DXNHU�.DVVLUHU�PHWKRG�ZH�GHYHORSHG�D�WHVW�WUHDWPHQW�WKUHVKROG�PRGHO�

5HVXOWV� 7ZHQW\�RQH�VWXGLHV�ZHUH�LQFOXGHG�HQFRPSDVVLQJ�������SDWLHQWV�ZLWK�$$�SUHYDOHQFH�RI��������

6WXGLHV�KDG�YDULDEOH�TXDOLW\�XVLQJ�WKH�48$'$6���WRRO�ZLWK�PRVW�VWXGLHV�DW�KLJK�ULVN�RI SDUWLDO�

YHULILFDWLRQ�ELDV��:H�GLYLGHG�VWXGLHV�EDVHG�RQ�WKHLU�LQFOXVLRQ�FULWHULD�LQWR�WZR�JURXSV�RI�³XQGLIIHUHQWLDWHG�

DEGRPLQDO�SDLQ´�DQG�DEGRPLQDO�SDLQ�³VXVSHFWHG�RI�$$´��,Q�SDWLHQWV�ZLWK�³XQGLIIHUHQWLDWHG�DEGRPLQDO�

SDLQ´�KLVWRU\�RI�³SDLQ�PLJUDWLRQ�WR�5/4´��/5������������&,������������DQG�SUHVHQFH�RI�³FRXJK�KRS�

SDLQ´�LQ�WKH�SK\VLFDO�H[DP��/5������������&,������������ZHUH�PRVW�VWURQJO\�DVVRFLDWHG�ZLWK�$$��,Q�

SDWLHQWV�³VXVSHFWHG�RI�$$´�QRQH�RI�WKH�KLVWRU\�RU�ODERUDWRU\�ILQGLQJV�ZHUH�VWURQJO\�DVVRFLDWHG�ZLWK�$$��

5RYVLQJ¶V�VLJQ�ZDV�WKH�SK\VLFDO�H[DP�ILQGLQJ�PRVW�VWURQJO\�DVVRFLDWHG�ZLWK�$$��/5������������&,������

�������$PRQJ�GLIIHUHQW�3$6�FXWRII�SRLQWV�3$6�����/5������������&, �����������ZDV�PRVW�DVVRFLDWHG�

ZLWK�$$��1RQH�RI�WKH�KLVWRU\��SK\VLFDO�H[DP��ODE�WHVWV�ILQGLQJV�RU�3$6�DORQH�FRXOG�UXOH�LQ�RU�UXOH�RXW�$$�

LQ�SDWLHQWV�ZLWK�³XQGLIIHUHQWLDWHG�DEGRPLQDO�SDLQ´�RU�WKRVH�³VXVSHFWHG�RI�$$´��(PHUJHQF\�'HSDUWPHQW�

3RLQW�RI�&DUH�8OWUDVRXQG��('�32&86��KDG�/5������������&,�������������DQG�/5� ����������&,������

������ 8VLQJ�RXU�WHVW�WUHDWPHQW�WKUHVKROG PRGHO��SRVLWLYH�('�32&86�FRXOG�UXOH�LQ�$$�ZLWKRXW�WKH�XVH�RI�

&7�DQG�05,��EXW�QHJDWLYH�('�32&86�FRXOG�QRW�UXOH�RXW�$$�

&RQFOXVLRQ� 3UHVHQFH�RI�$$�LV PRUH�OLNHO\�LQ�SDWLHQWV�ZLWK�XQGLIIHUHQWLDWHG�DEGRPLQDO�SDLQ�PLJUDWLQJ�WR�

WKH�5/4�RU�ZKHQ�FRXJK�KRS�SDLQ�LV�SUHVHQW�LQ�WKH�SK\VLFDO�H[DP��2QFH�$$�LV�VXVSHFWHG��QR�VLQJOH�

KLVWRU\��SK\VLFDO�H[DP��ODE�ILQGLQJ�RU�VFRUH�DWWDLQHG�RQ�3$6�FDQ�HOLPLQDWH�WKH�QHHG�IRU�LPDJLQJ�VWXGLHV��

7HVW FKDUDFWHULVWLFV�RI�('�32&86�DUH�VLPLODU�WR�WKRVH�UHSRUWHG�IRU�586�LQ�OLWHUDWXUH�IRU�GLDJQRVLV�RI�$$��

,Q�('�SDWLHQWV�VXVSHFWHG�RI�$$��D�SRVLWLYH�('�32&86�LV�GLDJQRVWLF�DQG�REYLDWHV�WKH�QHHG�IRU�&7�RU�05,�

ZKLOH�QHJDWLYH�('�32&86�LV�QRW�HQRXJK�WR�UXOH�RXW�$$�
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,1752'8&7,21

$EGRPLQDO�SDLQ�LV�RQH�RI�WKH�PRVW�FRPPRQ�FKLHI�FRPSODLQWV DPRQJ (PHUJHQF\�'HSDUWPHQW��('��

SHGLDWULF SDWLHQWV ZLWK�RYHU���������� DQQXDO�YLVLWV LQ�SDWLHQWV�\RXQJHU�WKDQ����\HDUV�ROG��$OWKRXJK�PDQ\�

FDVHV�DUH�EHQLJQ��LW�LV�FUXFLDO�WR�FRUUHFWO\�DQG�WLPHO\�LGHQWLI\�WKRVH�UHTXLULQJ IXUWKHU�ZRUNXS��LPDJLQJ�

VWXGLHV��RU�VXUJLFDO�LQWHUYHQWLRQ��$FXWH�$SSHQGLFLWLV �$$� LV�WKH�PRVW�FRPPRQ�VXUJLFDO�HPHUJHQF\�LQ�

FKLOGUHQ�ZLWK��������KRVSLWDO�GLVFKDUJHV�SHU�\HDU�� 'LDJQRVLQJ�$$ LQ�FKLOGUHQ�UHPDLQV�FKDOOHQJLQJ GXH�WR�

DW\SLFDO�SUHVHQWDWLRQV��� DQG GLIILFXOW\�RI REWDLQLQJ�D�UHOLDEOH�KLVWRU\�DQG�SK\VLFDO�H[DP� HVSHFLDOO\�LQ�

\RXQJHU�FKLOGUHQ���� 3URPSW�GLDJQRVLV�RI�DFXWH�DSSHQGLFLWLV FDQ�SUHYHQW�FRPSOLFDWLRQV�VXFK�DV�SHUIRUDWLRQ

DQG DEVFHVV�IRUPDWLRQ�����

,Q�HYHU\GD\�FOLQLFDO�SUDFWLFH��SK\VLFLDQV�FRPELQH�WKHLU�FOLQLFDO�VXVSLFLRQ�RI�$$�ZLWK�ODERUDWRU\ WHVWV�

ILQGLQJV DQG�LPDJLQJ�VWXGLHV�WR�PDNH�D�ILQDO�GLDJQRVLV�� $FXWH�$SSHQGLFLWLV�VFRULQJ�V\VWHPV�VXFK�DV�

3HGLDWULF�$SSHQGLFLWLV�6FRUH��3$6��� DQG�$OYDUDGR�6FRUH�� XVH�HOHPHQWV RI KLVWRU\��SK\VLFDO�H[DP� DQG�

ODE�WHVW�ILQGLQJV WR�LGHQWLI\�SDWLHQWV�ZLWK�D�KLJK�ULVN�RI�KDYLQJ�$$��+RZHYHU��WKH�UHSRUWHG�VHQVLWLYLW\�DQG�

VSHFLILFLW\�RI�WKHVH�VFRULQJ�V\VWHPV�YDU\�ZLGHO\�EHWZHHQ�VWXGLHV�����DQG�QHLWKHU�VFRULQJ�V\VWHP��3$6�DQG�

$OYDUDGR��� LQWHJUDWH�LPDJLQJ�VWXGLHV GHVSLWH WKH LQFUHDVLQJ�XVH�RI�&7 VFDQ� LQ�WKH�('������

*LYHQ�WKH�FRQFHUQ�RI�H[SRVLQJ�FKLOGUHQ�WR�LRQL]LQJ�UDGLDWLRQ E\�XVLQJ�&7�VFDQ��$PHULFDQ�&ROOHJH�RI�

(PHUJHQF\�3K\VLFLDQ���DQG�$PHULFDQ�&ROOHJH�RI�5DGLRORJ\�� UHFRPPHQG�FRQVLGHULQJ�8OWUDVRQRJUDSK\�

�86��DV�WKH�LQLWLDO�UDGLRORJLF�PRGDOLW\�IRU SHGLDWULF�$$�

,Q DQ DWWHPSW�WR�LQWHJUDWH�LPDJLQJ�DQG�FOLQLFDO�DQG�ODE�ILQGLQJV� %DFKXU�HW�DO�� FDOFXODWHG�3$6�LQ�D�FRKRUW�

RI�('�SHGLDWULF�SDWLHQWV�VXVSHFWHG�RI�$$�ZKR�KDG�XQGHUJRQH 86�VWXG\� %DFKXU�HW�DO�� VXJJHVWHG LQ�WKHLU�

FRQFOXVLRQ�WKDW�SDWLHQWV�ZLWK KLJK�ULVN�3$6 �3$6������ EXW�QHJDWLYH�86� RU�ORZ�ULVN�3$6 �3$6����� EXW�

SRVLWLYH�86 EHQHILW�IURP�VHULDO�H[DPLQDWLRQ�RU�IXUWKHU�ZRUNXS��,Q�SDWLHQWV�ZLWK�PHGLXP�ULVN�3$6��3$6 �
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������%DFKXU�HW�DO�� VXJJHVWHG�DSSHQGHFWRP\�LQ�WKRVH�ZLWK�SRVLWLYH�86�DQG�REVHUYDWLRQ�LQ�WKRVH�ZLWK�

QHJDWLYH�86��+RZHYHU��WKLV�VLQJOH�FHQWHU VWXG\�XVHG�5DGLRORJ\ 'HSDUWPHQW 86 �586� DV�RSSRVHG�WR�('�

3RLQW�2I�&DUH�8OWUDVRXQG��('�32&86�

1RW DOO�('V�KDYH�D�UDGLRORJ\�GHSDUWPHQW�VRQRJUDSKHU DYDLODEOH������ZKLFK�FDQ�GHOD\�WKH GLDJQRVLV�RI�$$�

DQG�LQFUHDVH�WKH�ULVN�RI�FRPSOLFDWLRQV��(PHUJHQF\�'HSDUWPHQW�3RLQW�2I�&DUH�8OWUDVRXQG RI�DSSHQGL[�FDQ�

SURYLGH�YDOXDEOH��UHDO�WLPH�LQIRUPDWLRQ�WR�WKH�WUHDWLQJ�SK\VLFLDQ�ZKLOH�GHFUHDVLQJ�('�OHQJWK�RI�VWD\������

:H�GHFLGHG�WR�XVH�D�V\VWHPDWLF�UHYLHZ�DQG�PHWD�DQDO\VLV�PHWKRGRORJ\�WR�HYDOXDWH�ZKLFK�HOHPHQW�V��RI�

KLVWRU\��SK\VLFDO�H[DP��ODE�WHVWV��3$6��RU�('�32&86�DUH�PRVW�XVHIXO�LQ WKH GLDJQRVLV�RI�$$�LQ�('�

SHGLDWULF�SDWLHQWV��6SHFLILFDOO\��ZH�ZHUH�LQWHUHVWHG�LQ�LQYHVWLJDWLQJ�LI�DQ\�RI�WKHVH�ILQGLQJV�FRXOG�REYLDWH�

WKH�QHHG�IRU�UDGLRORJ\�GHSDUWPHQW�UHVRXUFHV��&7��05,��RU�586��DQG�WKHUHIRUH� H[SHGLWH SDWLHQW�

GLVSRVLWLRQ�

3ULRU V\VWHPDWLF�UHYLHZV�RI SHGLDWULF�DSSHQGLFLWLV�E\�%XQG\�HW�DO� DQG�'DKDEUHK�HW�DO����ERWK LQFOXGHG�

VWXGLHV�WKDW�ZHUH KHWHURJHQHRXV LQ GHVLJQ�DQG VWXG\ SRSXODWLRQ��+RZHYHU��LQ�RUGHU�WR�HYDOXDWH WKH�WHVW�

FKDUDFWHULVWLFV�RI�LQGH[�WHVWV�LQ�('�SDWLHQWV� LW�LV PRUH�XVHIXO�WR�H[DPLQH�VWXGLHV�OLPLWHG�WR�WKH�('�

SRSXODWLRQ��7KHUHIRUH��ZH�OLPLWHG�RXU�SRSXODWLRQ�WR�SHGLDWULF�SDWLHQWV�SUHVHQWLQJ�WR�WKH�(' ZLWK�

DEGRPLQDO�SDLQ��:H�DOVR�OLPLWHG�RXU�DVVHVVPHQW�RI�86�WR�('�32&86��SHUIRUPHG�DQG�LQWHUSUHWHG�E\�('

SK\VLFLDQV�

0(7+2'6

6WXG\�'HVLJQ�

:H�FRQGXFWHG�D�V\VWHPDWLF�UHYLHZ DQG�PHWD�DQDO\VLV RI�VWXGLHV�RQ�WKH�GLDJQRVLV�RI�$$�LQ�('�SHGLDWULF�

SDWLHQWV ZLWK�DEGRPLQDO�SDLQ��7KH GHVLJQ�RI�WKLV V\VWHPDWLF�UHYLHZ DQG�0HWD�$QDO\VLV IROORZV�WKH�
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UHFRPPHQGDWLRQV�RI�WKH�3UHIHUUHG�5HSRUWLQJ�,WHPV�IRU�6\VWHPDWLF�5HYLHZ�DQG�0HWD�DQDO\VHV�

�35,60$����JXLGHOLQH�DQG�0HWD�DQDO\VLV�RI�2EVHUYDWLRQDO�6WXGLHV�LQ�(SLGHPLRORJ\��0226(��

VWDWHPHQW����

6HDUFK�6WUDWHJ\

,Q�FRQMXQFWLRQ�ZLWK�D�PHGLFDO�OLEUDULDQ��ZH�VHDUFKHG�WKH�PHGLFDO�OLWHUDWXUH�LQ�38%0('��(0%$6(�DQG�

6&2386�IURP�WKHLU�LQFHSWLRQ�XS WR�2FWREHU ���� IRU VHDUFK�WHUPV�GLDJQRVLV�DQG�DSSHQGLFLWLV���6HH�

$SSHQGL[���IRU�VHDUFK�VWUDWHJLHV DQG�0H6+�WHUPV�XVHG���7KH�38%0('��(0%$6(� DQG�6&2386

VHDUFKHV�ZHUH�FRPELQHG�DQG�OLPLWHG�WR�KXPDQ�VXEMHFWV�DQG�(QJOLVK�ODQJXDJH�IRU�WKUHH�VHSDUDWH�VHDUFK�

WRSLFV��+LVWRU\�DQG�SK\VLFDO�H[DP��/DERUDWRU\�WHVWV�DQG�('�32&86��1DUUDWLYH�UHYLHZV��FDVH�FRQWURO�

VWXGLHV� DQG FDVH�UHSRUWV�ZHUH�H[FOXGHG��

6WXG\�6HOHFWLRQ�DQG�'DWD�$EVWUDFWLRQ

7ZR�DXWKRUV��5%��0+��LQGHSHQGHQWO\�VHOHFWHG�DUWLFOHV�IRU�HDFK�LQGH[�WHVW�FDWHJRU\��+LVWRU\�DQG�SK\VLFDO�

H[DP��/DERUDWRU\�WHVWV� DQG�('�32&86��IURP�WKH�FRPELQHG�3XE0HG��(0%$6(��DQG�6&2386 VHDUFK�

IRU�WKH�IXOO�WH[W�UHYLHZ��(DFK�UHYLHZHU�LQGHSHQGHQWO\�VHOHFWHG�SRWHQWLDOO\�HOLJLEOH�VWXGLHV��6WXGLHV�HOLJLEOH�

IRU�LQFOXVLRQ�ZHUH�WKRVH�WKDW�GHVFULEHG�SDWLHQWV�ZLWK WKH PD[LPXP�DJH�RI����\HDUV�SUHVHQWLQJ�WR�WKH�('�

ZLWK�HLWKHU�³XQGLIIHUHQWLDWHG�DEGRPLQDO�SDLQ´�RU�DEGRPLQDO�SDLQ�³VXVSHFWHG�RI�$$´���,Q�VWXGLHV�ZLWK�ERWK�

DGXOW�DQG�SHGLDWULF�SDUWLFLSDQWV��ZH�LQFOXGHG�RQO\�WKRVH WKDW�HLWKHU�SUHVHQWHG�WKH�GDWD�IURP�WKHLU�SHGLDWULF�

SDUWLFLSDQWV�VHSDUDWHO\�RU�FRXOG�SURYLGH�XV�ZLWK�WKDW�GDWD�XSRQ�FRQWDFWLQJ�WKH�DXWKRU��6WXGLHV�RQ�('�

32&86 ZHUH�LQFOXGHG�RQO\�LI�SHUIRUPHG�DQG�LQWHUSUHWHG�E\�DQ�('�SK\VLFLDQ��6WXGLHV�ZHUH�LQFOXGHG�RQO\�

LI�SURYLGHG�VXIILFLHQW GDWD�WR�FRQVWUXFW ��E\���WDEOHV�HLWKHU�LQ�WKH�WH[W�RU�DIWHU�FRQWDFWLQJ�WKH�DXWKRU��

,QFOXGHG�VWXGLHV�ZHUH�WKRVH�ZKLFK�GHVFULEHG�SRVLWLYH�DQG�QHJDWLYH�LQGH[�WHVW�DORQJ�ZLWK�WKH�ILQDO�

GLDJQRVLV�XVLQJ�D�JROG�VWDQGDUG��KLVWRSDWKRORJLF�GLDJQRVLV�RI�$$� $PRQJ�WULDOV RQ�FOLQLFDO�VFRUHV��ZH�

GHFLGHG�WR�LQFOXGH�RQO\ WKRVH�GHGLFDWHG�WR 3$6� DV WKH�PRVW�EURDGO\ VWXGLHG�FOLQLFDO�VFRUH�IRU�WKH�
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GLDJQRVLV�RI�$$�LQ�FKLOGUHQ� :H�GHFLGHG�QRW�WR�UHYLHZ�$OYDUDGR�VFRUH�DV�LW�ZDV�RULJLQDOO\�GHYHORSHG�IRU�

LGHQWLI\LQJ�DGXOW�SDWLHQW DW�KLJK�ULVN�RI�$$�

$�PHHWLQJ�ZDV�KHOG�DQG�DQ\�GLVDJUHHPHQW LQ�VWXG\�VHOHFWLRQ�ZHUH�UHVROYHG�E\�FRQVHQVXV EHIRUH�D�ILQDO�

OLVW�RI�LQFOXGHG�VWXGLHV�ZDV�PDGH��5HIHUHQFH�OLVW�RI�LQFOXGHG�VWXGLHV�ZDV UHYLHZHG�WR�ORRN�IRU�DGGLWLRQDO�

VWXGLHV�WKDW�FRXOG�EH�LQFOXGHG�

'DWD�$QDO\VLV

6HQVLWLYLWLHV��VSHFLILFLWLHV��DQG�OLNHOLKRRG�UDWLRV��/5��ZHUH�FDOFXODWHG�EDVHG�RQ�FRQVWUXFWLRQ�RI�WZR�E\�WZR�

WDEOHV�IRU�ILQGLQJV�RI�HDFK�LQFOXGHG�VWXG\��:KHQ�PRUH�WKDQ�RQH�VWXG\�UHSRUWHG�D�YDULDEOH��ZH�SRROHG�WKH�

GDWD�XVLQJ�0HWD�'L6F�VRIWZDUH ZLWK�UDQGRP�HIIHFWV�PRGHO��� ,QWHU�VWXG\�KHWHURJHQHLW\�ZDV�DVVHVVHG�

XVLQJ�WKH�'HU6LPRQLDQ�/DLUG�UDQGRP�HIIHFW�PRGHO��:H�SRROHG�GDWD�RQO\�ZKHQ�,�VTXDUH�ZDV�OHVV�WKDQ�

����DQG�UHSRUWHG SRLQW�HVWLPDWHV�IRU�YDULDEOHV�GHPRQVWUDWLQJ KLJK�KHWHURJHQHLW\�

4XDOLW\�$VVHVVPHQW

7ZR�DXWKRUV��5%��0+��LQGHSHQGHQWO\�DVVHVVHG�WKH�TXDOLW\�DQG�DSSOLFDELOLW\�RI�HDFK�LQFOXGHG�VWXG\�XVLQJ�

WKH�4XDOLW\�$VVHVVPHQW�7RRO�IRU�'LDJQRVWLF�$FFXUDF\�6WXGLHV��48$'$6������ $JUHHPHQW EHWZHHQ�WKH�

WZR�UHYLHZHUV�ZDV�DVVHVVHG E\�FDOFXODWLQJ�NDSSD XVLQJ�6366 �,%0��6366���9HUVLRQ�����,%0�&RUS���

$UPRQN��1<�

)RXU GRPDLQV ZHUH DVVHVVHG IRU ELDVHV� �� 3DWLHQW VHOHFWLRQ �� ,QGH[ WHVW �� 5HIHUHQFH WHVW �� )ORZ DQG

WLPLQJ� 6HYHUDO�FRQVLGHUDWLRQV�ZHUH�HVWDEOLVKHG�SULRU�WR�DVVHVVLQJ�WKH�TXDOLW\�RI�LQGLYLGXDO�VWXGLHV��DQG�D�

VHW�RI�VLJQDOLQJ�TXHVWLRQV�ZHUH�GHYHORSHG�IRU�HDFK�VHFWLRQ�RI�WKH�48$'$6���

7KH�LGHDO�VWXG\�SRSXODWLRQ�ZRXOG�EH�SDWLHQWV�ZKR�SUHVHQWHG�WR�WKH�('�ZLWK�DEGRPLQDO�SDLQ�DQG�

VXEVHTXHQWO\�UHFHLYHG�ERWK�LQGH[�WHVW�DQG�UHIHUHQFH�WHVW�ZLWK�WKH�LQWHUSUHWHU�RI�HDFK�WHVW�EOLQGHG�WR�WKH�
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UHVXOWV�RI�WKH�RWKHU��$Q�H[FOXVLRQ�EDVHG�RQ�SUHYLRXV�KLVWRU\�RI�DEGRPLQDO�VXUJHULHV�RWKHU�WKDQ�

DSSHQGHFWRP\��DEGRPLQDO�WUDXPD��RU�SUHYLRXV�ZRUN�XS�VXFK�DV�VXUJLFDO�FRQVXOWDWLRQ��LPDJLQJ�VWXGLHV��RU�

ODE�WHVWV�ZHUH�MXGJHG�WR�EH�LQDSSURSULDWH�

,I�WKH�H[HFXWLRQ�RI�WKH�LQGH[�WHVW�ZDV�QRW�FOHDUO\�GHILQHG�RU�WKH�LQGH[�WHVW�ZDV�SHUIRUPHG�DIWHU�NQRZLQJ�

WKH�UHVXOW�RI�WKH�UHIHUHQFH�WHVW��WKDW�SRUWLRQ�RI�48$'$6���ZRXOG�EH�DW�KLJK�ULVN�IRU�ELDV��)RU�ODE�WHVWV�DQG�

('�32&86�WKH�FULWHULD�IRU�D�SRVLWLYH�WHVW�QHHGHG�WR�EH�FOHDUO\�VSHFLILHG�IRU�WKDW�VWXG\�WR�EH�DW�ORZ�ULVN�RI�

ELDV��)RU�SK\VLFDO�H[DP��WKH�GHFLVLRQ�WR�TXDOLI\�D�ILQGLQJ�DV�SRVLWLYH�RU�QHJDWLYH�ZDV�OHIW�WR�SK\VLFLDQ�

GLVFUHWLRQ��:H�DVVHVVHG�WKH�LQGH[�UHIHUHQFH�WHVW�LQWHUYDO�DV�DSSURSULDWH�LI�SDWLHQWV�UHFHLYHG�WKH�LQGH[�WHVW�

XSRQ�SUHVHQWDWLRQ�WR�WKH�('�DQG�ZHUH�VHQW�WR�WKH�RSHUDWLQJ�URRP�LQ�D�WLPHO\�PDQQHU�LI�LQGLFDWHG��,I�

SHUIRUPDQFH�RI�WKH�UHIHUHQFH�WHVW�ZDV�QRW�FOHDUO\�GHILQHG�RU�WKH�LQWHUSUHWHU�RI�WKH�UHIHUHQFH�WHVW�ZDV�QRW�

EOLQGHG�RI�WKH�UHVXOW�RI�WKH�LQGH[�WHVW��WKHQ�WKDW�SRUWLRQ�RI�48$'$6���ZRXOG�EH�DW�ULVN�RI�ELDV��&RQFHUQV�

UHJDUGLQJ�WKH�DSSOLFDELOLW\�RI�WKH�UHVXOWV�RI�LQGH[�RU�UHIHUHQFH�WHVW�ZHUH�UDLVHG�LI�WKHVH�WHVWV�ZHUH�

FRQGXFWHG�LQ�D�PDQQHU�WKDW�GLIIHUHG�IURP URXWLQH�FOLQLFDO�SUDFWLFH�

7HVW�7UHDWPHQW�7KUHVKROG�(VWLPDWHV

:H�XVHG�WKH�3DXNHU�.DVVLUHU�PHWKRG �� WR�DVVHVV WKH WHVWLQJ�DQG�WUHDWPHQW�WKUHVKROGV IRU�&7�VFDQ�DQG�

05, DQG�LQYHVWLJDWHG ZKLFK�HOHPHQW�V��RI�+LVWRU\�DQG�3K\VLFDO�H[DP��ODE�WHVWV��3$6� RU�('�32&86

FRXOG�KDYH�VXIILFLHQW�GLVFULPLQDWRU\�SRZHU�WR�HOLPLQDWH�WKH�QHHG�IRU�&7�6FDQ��05,�RU�5DGLRORJ\�

'HSDUWPHQW 86��586��LQ�WKH�GLDJQRVLV�RI�$$�DQG�IDFLOLWDWH�SDWLHQW�GLVSRVLWLRQ�

:H�XVHG�WKH�DFFXUDF\�DQG�ULVN�DVVRFLDWHG�ZLWK HDFK�GLDJQRVWLF�PRGDOLW\�DV�ZHOO�DV�WKH�ULVN�DQG�EHQHILW�RI�

WUHDWPHQW�WR�HVWLPDWH�WKUHVKROGV�IRU�WHVWLQJ�DQG�WUHDWPHQW IRU�HDFK�LPDJLQJ�PRGDOLW\ �&7��05,� DQG�

586���7KHQ� XVLQJ�WKH�RSHUDWLQJ�FKDUDFWHULVWLFV�RI�HDFK��LQGH[�WHVW��KLVWRU\��SK\VLFDO H[DP� ODE�ILQGLQJ�

3$6� DQG�('�32&86��ZH�HVWLPDWHG�WKH�SRVW�WHVW�SUREDELOLW\�RI�$$ DSSO\LQJ�WKH %D\HV�WKHRUHP��3RVW�

WHVW�SUREDELOLWLHV RI�$$�ZHUH�WKHQ�FRPSDUHG�WR�WKH�WHVWLQJ�DQG�WUHDWPHQW�WKUHVKROGV�RI�&7� 05,� DQG�586
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WR�LQYHVWLJDWH�LI�SUHVHQFH RU�DEVHQFH�RI�HDFK�LQGH[�WHVW�FDQ�UXOH�LQ RU�UXOH�RXW�$$�ZLWKRXW�WKH�XVH�RI�

UDGLRORJ\�GHSDUWPHQW�UHVRXUFHV�

5(68/76

7KH�38%0('��(0%$6( DQG�6&2386�VHDUFKHV LGHQWLILHG�����FLWDWLRQV�IRU�+LVWRU\�DQG�3K\VLFDO

�+	3�������FLWDWLRQV�IRU�/DERUDWRU\�VWXGLHV� DQG������ FLWDWLRQV�IRU�('�32&86��8SRQ�UHYLHZ�RI�WKH�

ELEOLRJUDSK\�RI�WKH�UHYLHZHG�DUWLFOHV��� PRUH�FLWDWLRQV�ZHUH�IRXQG�

:H�GHFLGHG�WR�UHPRYH�DOO�WKH�UHWURVSHFWLYH�VWXGLHV� ������IURP�RXU�UHYLHZ��$OO�RI�WKHVH�VWXGLHV�KDG�LVVXHV�

UHODWHG�WR UHOLDELOLW\�RI�WKHLU�UHWURVSHFWLYHO\�DEVWUDFWHG�GDWD��$OO�RI�WKH�UHWURVSHFWLYH�VWXGLHV IDLOHG�WR�

GRFXPHQW�PHWKRGV�VXJJHVWHG�E\�*LOEHUW�HW�DO�� WR�LPSURYH�WKHLU�DFFXUDF\�DQG�PLQLPL]H�LQFRQVLVWHQFLHV�LQ�

GDWD�DFTXLVLWLRQ� ,I�DQ DUWLFOH�GLG�QRW�SURYLGH�DGHTXDWH GDWD�WR�UHSURGXFH���E\���WDEOHV�LW�ZDV�H[FOXGHG�

IURP�WKH�UHYLHZ ������:H�DOVR�H[FOXGHG�DQ\ DUWLFOH�WKDW�GLG�QRW�PHQWLRQ�³(PHUJHQF\�'HSDUWPHQW´��³('´�

RU�³(PHUJHQF\�5RRP´�DV�WKHLU�VHWWLQJ ����������RU�WULDOV�WKDW LQFOXGHG�SUH RU�SRVW�DSSHQGHFWRP\ �������

DGPLWWHG ����� RU�UHIHUUDO�SDWLHQWV� �����:H�IRXQG�IRXU�DUWLFOHV�ZLWK�SRVVLELOLW\�RI�KDYLQJ�RYHUODSSLQJ SDWLHQW

SRSXODWLRQ��6FKQHLGHU�HW�DO����%HFNHU�HW�DO�� &ROYLQ�HW�DO����DQG�.KDUEDQGD�HW�DO����:H�GHFLGHG�WR�LQFOXGH�

RQO\�6FKQHLGHU�HW�DO�� DQG�H[FOXGH�WKH�RWKHU�WKUHH��2XU�GHFLVLRQ�ZDV�EDVHG�RQ�WKH�IDFW�WKDW�6FKQHLGHU�HW�DO

��� XQOLNH RWKHU�WKUHH��SURYLGHG GDWD�RQ�3$6� 7ULDOV RQ�WKH�DFFXUDF\�RI�FOLQLFDO�VFRUHV��RWKHU�WKDQ�3$6��

ZHUH�RQO\�LQFOXGHG�LI�WKH\�UHSRUWHG�WKH�WHVW�FKDUDFWHULVWLFV�RI�DOO�RI�WKHLU�YDULDEOHV��$UWLFOHV�WKDW�RQO\�

SURYLGHG�WKH�ILQDO�VFRUH�ZLWK�OLPLWHG�RU�QR�GDWD�RQ�WKH�YDULDEOHV�ZHUH H[FOXGHG�������

7ZHQW\�RQH VWXGLHV������������������������� ZHUH�LQFOXGHG�LQ�RXU�UHYLHZ� 7DEOH���� DQG�7DEOH���� GHVFULEH�WKH�

LQFOXGHG�VWXGLHV�
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3UHYDOHQFH

7KH�FRPELQHG�SRSXODWLRQ�IURP�WKH��� VWXGLHV LQFOXGHG�LQ�WKLV�UHYLHZ�ZDV������ SDWLHQWV RI�ZKLFK������

ZHUH�GLDJQRVHG�ZLWK�$$��������������&, ������������� 3UHYDOHQFH�RI�$$�UDQJHG�IURP����� ��� WR�

�������ZLWK�ZHLJKWHG�SUHYDOHQFH�RI������ �������&, ������������� 7KH LQFOXVLRQ�FULWHULD�ZHUH QRW�

XQLIRUP�DFURVV�VWXGLHV��7KHUHIRUH� ZH�GHFLGHG�WR�JURXS�VWXGLHV�EDVHG�RQ�WKHLU�LQFOXVLRQ�FULWHULD�

7KH�ZHLJKWHG�SUHYDOHQFH�RI�$$�ZDV�VLJQLILFDQWO\ �S��������KLJKHU LQ�VWXGLHV�WKDW�XVHG�HLWKHU�³DEGRPLQDO�

SDLQ�VXVSHFWHG�RI�$$´�RU�³5/4�SDLQ´�DV�WKHLU�LQFOXVLRQ�FULWHULD���� VWXGLHV �������������������������������� �

1 ����� ��$$�SUHYDOHQFH �����������&,��������������FRPSDUHG�WR�WKRVH�WKDW�XVHG�³DEGRPLQDO�SDLQ´�RU�

³XQGLIIHUHQWLDWHG�DEGRPLQDO�SDLQ´����VWXGLHV������� ��1 ������ $$�SUHYDOHQFH ����������&,�������

�������

+LVWRU\ DQG�3K\VLFDO�([DP

)LIWHHQ VWXGLHV SURYLGHG�GDWD�RQ�KLVWRU\�DQG�SK\VLFDO�H[DP�ILQGLQJV��7DEOH ����� $OO�H[FHSW�IRU WZR�������

ZHUH�VLQJOH�FHQWHU�VWXGLHV��,QFOXVLRQ�FULWHULD�ZHUH QRW�XQLIRUP�DFURVV�UHYLHZHG�VWXGLHV��*ROGPDQ�HW�DO��

DQG�2¶VKHD�HW�DO����XVHG�³XQGLIIHUHQWLDWHG�DEGRPLQDO�SDLQ´ DV�LQFOXVLRQ�FULWHULD�ZKLOH �� WULDOV LQFOXGHG�

SDWLHQWV�ZLWK�³VXVSHFWHG�RI�$$´ DQG�WZR �:X�HW�DO��� 	�.KDQ�HW�DO�����XVHG�³5/4�SDLQ´��6DPSOH�VL]H�

YDULHG�FRQVLGHUDEO\�EHWZHHQ�VWXGLHV�UDQJLQJ�IURP��� �'RQLJHU���� WR ����� �%DFKXU������7KH�PHDQ�DJH�RI�

VWXG\ SDUWLFLSDQWV�UDQJHG�IURP�PHDQV�RI���� WR��� \HDUV� :KLOH�VRPH VWXGLHV�H[FOXGHG SDWLHQWV�ZLWK�

KLVWRU\�RI�DEGRPLQDO�VXUJHU\�DW�DQ\�WLPH ����������������� RU�LQ�WKH�SUHYLRXV \HDU���� RWKHUV ������������� RQO\�

H[FOXGHG�SDWLHQWV�ZLWK�KLVWRU\ RI�DSSHQGHFWRP\���$OO�LQFOXGHG�VWXGLHV�GHILQHG�$$�DV�SRVLWLYH�

KLVWRSDWKRORJLF�ILQGLQJV�LQ�SDWLHQWV�ZKR�XQGHUZHQW�DSSHQGHFWRP\�DQG�IROORZ�XS�E\�SKRQH�FDOO�LQ�QRQ�

VXUJLFDO�SDWLHQWV��7KH�IROORZ�XS�OHQJWK�UDQJHV�IURP���GD\V��&D\URO�����WR���PRQWKV��6LYLW]�����=XQLJD�HW�
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DO�� XVHG�D�GDWDEDVH�VHDUFK�IRU�QRQ�VXUJLFDO�SDWLHQWV�DQG�LQ�+XFNLQV HW�DO���� GLVFKDUJH�GLDJQRVLV�ZDV�

FRQVLGHUHG�DV�WKH�ILQDO�GLDJQRVLV�

:H�GHFLGHG�WR�UHSRUW WKH SRROHG�GDWD�RQO\�ZKHQ�,�VTXDUH�ZDV�OHVV�WKDQ�������� DQG�RQO\�UHSRUW�SRLQW�

HVWLPDWHV�IRU�YDULDEOHV�WKDW�VKRZHG�PRGHUDWH�WR�KLJK�KHWHURJHQHLW\� ,Q�7DEOH������7DEOH���� DQG�7DEOH����

,�VTXDUH�LV�PHQWLRQHG�ZKHQ�SRROLQJ�RI�WKH�GDWD�ZDV�QRW�SRVVLEOH�GXH�WR�KLJK�KHWHURJHQHLW\ �,�!������

$FURVV�VWXGLHV�RQ�SDWLHQWV�³VXVSHFWHG�RI�$$´��7DEOH������ QRQH�RI�WKH�KLVWRU\�ILQGLQJV�KDG�VWURQJ�WHVW�

FKDUDFWHULVWLFV ZLWK�³0LJUDWLRQ�RI�SDLQ´�GHPRQVWUDWLQJ�WKH�KLJKHVW�/5�������������&,������������DQG�

³$QRUH[LD´�KDYLQJ�WKH�ORZHVW�/5� ������������&,�������������,Q�SDWLHQWV�ZLWK�³XQGLIIHUHQWLDWHG�

DEGRPLQDO�SDLQ´��7DEOH������DQG�EDVHG�RQ�WKH�UHVXOWV�IURP�D�VLQJOH�VWXG\��2¶VKHD�HW�DO���� IHYHU ZDV�PRVW�

VXJJHVWLYH�RI�$$��/5�����������&,������������ZKLOH�DEVHQFH�RI�IHYHU�GHFUHDVHG�WKH�SUREDELOLW\�RI�$$�

WKH�PRVW��/5� ����������&,������������

$PRQJ VWXGLHV�RQ�SDWLHQWV�³VXVSHFWHG�RI�$$´ �7DEOH�������5RYVLQJ¶V�VLJQ�ZDV WKH�SK\VLFDO�H[DP�ILQGLQJ

PRVW�VXJJHVWLYH�RI�$$��/5������������&,������������ZKLOH�LW¶V�DEVHQFH�KDG�PLQLPDO�HIIHFW�RQ�

SUREDELOLW\�RI�$$��/5� ����������&,�������������3UHVHQFH�RU�DEVHQFH�RI�IHYHU�LQ�SK\VLFDO�H[DP �DV�

PHDVXUHG�LQ�WKH�('�� GLG�QRW�VLJQLILFDQWO\ DOWHU�WKH SUREDELOLW\�RI�$$��/5�������DQG�/5��������*URXSLQJ�

VWXGLHV�EDVHG�RQ�FXWRII�SRLQW�XVHG�WR�GHILQH�IHYHU�GLG�QRW�LPSURYH WKH WHVW�FKDUDFWHULVWLFV�RI�WKLV�YDULDEOH

�7DEOH������ 2QO\�RQH�VWXG\��*ROGPDQ HW�DO�����LQYHVWLJDWHG�SK\VLFDO�H[DP�ILQGLQJV�LQ�SDWLHQWV�ZLWK�

³XQGLIIHUHQWLDWHG�DEGRPLQDO�SDLQ´��7DEOH�������,Q�*ROGPDQ�HW�DO�� VWXG\�³&RXJK�+RS�SDLQ´��/5��������

����&,������������DQG�³5LJKW�,OLDF�)RVVD�WHQGHUQHVV´��/5������������&,�����������ZHUH�PRVW�VXJJHVWLYH�

RI�$$��
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/DERUDWRU\�7HVWV

(OHYHQ VWXGLHV�SURYLGHG�GDWD�RQ�ODERUDWRU\�WHVWV��7HQ VWXGLHV���������������������������������ZHUH�GRQH�RQ�SDWLHQWV�

³VXVSHFWHG�RI�$$´�DQG�RQH�VWXG\��RQ�SDWLHQWV�ZLWK�³XQGLIIHUHQWLDWHG�DEGRPLQDO�SDLQ´ �7DEOH������ $OO�

H[FHSW�IRU�WZR�������� ZHUH VLQJOH�FHQWHU�VWXGLHV� :KLWH�EORRG�FRXQW��:%&��ZDV�WKH�PRVW�FRPPRQO\�

UHSRUWHG�ODE�WHVW���� VWXGLHV��IROORZHG�E\�$EVROXWH�1HXWURSKLO�&RXQW��$1&��RU SHUFHQWDJH�RI�1HXWURSKLOV

�1HXW� �� VWXGLHV���7KH�FXWRII�SRLQW�IRU�:%&�ZDV��������FHOOV�PP� LQ�QLQH VWXGLHV�DQG��������FHOOV� PP��

LQ�RQH�VWXG\��.ZDQ������7KH�FXW�RII�SRLQW�IRU�$1& YDULHG�DPRQJ�VWXGLHV��������� FHOOV� PP���=XQLJD����

*ROGPDQ��� DQG���������FHOOV� PP� �6LYLW]�����2QH�VWXG\ �%DFKXU�HW�DO�����LQYHVWLJDWHG YDULRXV FXWRII�

SRLQWV�RI�:%&�DQG�$1&�LQ WKUHH GLIIHUHQW�DJH�JURXSV��OHVV�WKDQ���������DQG�ROGHU WKDQ��� \HDUV�ROG��

6HYHUDO�VWXGLHV�UHSRUWHG�SHUFHQWDJH�RI�QHXWURSKLOV��%DFKXU����0DQGHYLOOH��� DQG�6FKQHLGHU��UHSRUWHG�

1HXWURSKLO� ����DQG�6DQWLOODQHV��� UHSRUWHG�1HXWURSKLO������2WKHU�YDULDEOHV�VWXGLHG ZHUH�'�GLPHU��

&53��8ULQH�NHWRQHV� DQG�3URFDOFLWRQLQ�

$FURVV�VWXGLHV�RQ�SDWLHQWV�³VXVSHFWHG�RI�$$´� PRVW�ODERUDWRU\ WHVWV�KDG�SRRU�WHVW�FKDUDFWHULVWLFV �7DEOH�

����� 2I�ODERUDWRU\�WHVWV�UHSRUWHG�LQ PRUH�WKDQ�RQH�DUWLFOH��&53!��ZDV PRVW�VXJJHVWLYH�RI�$$��/5��������

����&,������������ZKLOH�:%&��������ZDV�PRVW�DVVRFLDWHG�ZLWK�DEVHQFH�RI�$$��/5� ����������&,������

�������$�FRPELQDWLRQ�RI�:%&��������DQG�&53!��KDG�WKH�KLJKHVW�/5�������������&,������������

KRZHYHU��WKLV�FRPELQDWLRQ�ZDV�RQO\�GHVFULEHG�LQ�.ZDQ�HW�DO��� VWXG\��7DEOH������

2QH�VWXG\��%DFKXU�HW�DO������RQ�SDWLHQWV�ZLWK�³VXVSHFWHG�$$´�LQYHVWLJDWLQJ�WKH�HIIHFW�RI�DJH�RQ�:%&�DQG�

$1& LQ�$$�SDWLHQWV DQG IRXQG�WKHVH�YDULDEOHV WR�KDYH�D�EHWWHU�GLDJQRVWLF�SHUIRUPDQFH�LQ�ROGHU�FKLOGUHQ��

$FURVV�UHSRUWHG FXWRII�SRLQWV�RI�:%&�FRXQW� ��������WR�����������/5��ZDV�����������LQ�FKLOGUHQ�

\RXQJHU�WKDQ���YV��/5������������LQ�FKLOGUHQ�ROGHU�WKDQ�����6LPLODUO\��DFURVV�GLIIHUHQW�FXWRII�SRLQWV�RI�

$1&���������WR����������� /5��ZDV�����������LQ�FKLOGUHQ�\RXQJHU�WKDQ���YV����������LQ�FKLOGUHQ�ROGHU�

WKDQ����
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2QO\ RQH�VWXG\ �*ROGPDQ�HW�DO����UHSRUWHG�ODE�WHVWV�LQ�SDWLHQWV�ZLWK�µXQGLIIHUHQWLDWHG�DEGRPLQDO�SDLQ´��

�7DEOH������,Q�*ROGPDQ�HW�DO�� VWXG\��$1& ������ ZDV�PRVW�DVVRFLDWHG�ZLWK�GLDJQRVLV�RI�$$��/5��������

����&,������������ZKLOH�DEVHQFH�RI�OHXNRF\WRVLV�ZDV�PRVW�DVVRFLDWHG�ZLWK�DEVHQFH�RI�$$��/5� ������

����&,������������

3HGLDWULF�$SSHQGLFLWLV�6FRUH��3$6��

6HYHQ�VWXGLHV�HYDOXDWHG�3$6�DW�GLIIHUHQW�FXWRII�SRLQWV��)LYH�VWXGLHV�LQFOXGHG�SDWLHQWV�VXVSHFWHG�RI�$$��

:X�HW�DO���� RQO\�LQFOXGHG�SDWLHQWV�ZLWK�5/4�SDLQ�DQG�*ROGPDQ�HW�DO��LQFOXGHG�SDWLHQWV�ZLWK�

³XQGLIIHUHQWLDWHG�DEGRPLQDO�SDLQ´��6DPSOH�VL]H�UDQJHG�IURP����� WR��������� DQG�WKH�PHDQ�DJH�UDQJHG�

IURP���� WR����� \HDUV��

7ZR�VWXGLHV��0DQGHYLOOH�HW�DO��� DQG�*ROGPDQ�HW�DO����UHSRUWHG�GDWD�RQ�HYHU\�SRVVLEOH�FXWRII�SRLQW�IRU�3$6�

������ ZKLOH WKUHH�VWXGLHV��6FKQHLGHU ����.KDQDIHU��� DQG�(VFULED����GHVFULEHG GDWD�RQ�3$6�FXWRII�SRLQWV���

WR�����%DFKXU HW�DO�� FDWHJRUL]HG�WKH�UHVXOWV LQ�WKH�IROORZLQJ�JURXSV��3$6����3$6 ����DQG�3$6���DQG��

:X��� GHVFULEHG�3$6� ��FXWRII�SRLQW�RQ�WKH�GD\���WR�� RI�SUHVHQWDWLRQ��)RU�WKH�SXUSRVH�RI�WKLV�UHYLHZ�ZH�

RQO\�LQFOXGHG�GDWD�FROOHFWHG�RQ�'D\�� �DW�SUHVHQWDWLRQ���

:H�GHFLGHG�WR H[FOXGH�RQH�VWXG\��(VFULED�HW�DO����IURP ILQDO DQDO\VLV��(VFULED�HW�DO��XVHG�³PRUH�WKDQ´��!��

DV�WKH�GHILQLWLRQ�RI�FXWRII�SRLQW��,W¶V�XQFOHDU�ZKDW�WKH�DXWKRUV�PHDQ�E\�3$6!���DV�3$6 ���LV�WKH�

PD[LPXP�VFRUH�D�SDWLHQW�FDQ�JHW�RQ�3$6��:H�XQVXFFHVVIXOO\�WULHG�WR�FRQWDFW�WKH�DXWKRU�WR�FODULI\�WKLV�

SRLQW��,Q�WKH�DUWLFOH�E\�6FKQHLGHU�HW�DO����³��6SHFLILFLW\´�ZDV�LQFRUUHFWO\�UHSRUWHG�LQ�SODFH�RI�³6SHFLILFLW\´

��$IWHU�FRQWDFWLQJ�RQH�RI�WKH�DXWKRUV�DQG�FRQILUPLQJ�WKDW�WKH�GDWD�SUHVHQWHG�ZDV�LQ�IDFW�DQ�HUURU�LQ�SULQW�

ZH�UHFDOFXODWHG�WKH�UHSRUWHG�VSHFLILFLWLHV�DQG�XVHG�WKH�GDWD�
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'DWD�IURP�VL[�VWXGLHV�ZHUH�LQFOXGHG�LQ�WKH�PHWD�DQDO\VLV��ILYH�RQ�SDWLHQWV�³VXVSHFWHG�RI�$$´ DQG�

*ROGPDQ�HW�DO��RQ�SDWLHQWV�ZLWK�³XQGLIIHUHQWLDWHG�DEGRPLQDO�SDLQ´��$FURVV�VWXGLHV�RQ�SDWLHQWV�³VXVSHFWHG�

RI�$$��7DEOH������ WKH�KLJKHVW�/5��ZDV�IRU�3$6 ����/5���������3$6����/5�������� DQG�3$6����/5��

����� PDNLQJ�RQO\�KLJKHVW�VFRUHV� �3$6 ������DQG�����JRRG�SUHGLFWRUV RI�$$��7KH�UHVXOWV�ZHUH�YHU\�

KHWHURJHQHRXV��,� �������������IRU�WKH�ORZHVW�FXWRII�SRLQWV�RI�3$6��3$6�����DQG����DQG�WKHUHIRUH�

SRROHG�GDWD FRXOG�QRW�EH�FDOFXODWHG� ,Q�RQH�VWXG\ RQ�SDWLHQWV�ZLWK�³XQGLIIHUHQWLDWHG�DEGRPLQDO�SDLQ´�

�7DEOH������ PRGHUDWH�3$6�FXWRII�SRLQWV�KDG�WKH�KLJKHVW�/5���3$6���ZLWK�/5������� DQG�3$6�� ZLWK

/5�������� ,Q�*ROGPDQ�HW�DO����3$6����/5� ������DQG�3$6����/5� ������KDG�WKH�ORZHVW�/5� DQG�

WKHUHIRUH�3$6 ��DQG�3$6���ZHUH�PRVW�VXJJHVWLYH�RI�DEVHQFH�RI�$$�

(PHUJHQF\�'HSDUWPHQW�3RLQW�RI�&DUH�8OWUDVRQRJUDSK\��('�32&86�

)LYH VWXGLHV������������������PHW�RXU�LQFOXVLRQ�FULWHULD��$OO�ILYH�VWXGLHV�LQFOXGHG�SDWLHQWV ³VXVSHFWHG�RI�$$´�

�7DEOH����� :KLOH�IRXU�VWXGLHV�ZHUH�GRQH�H[FOXVLYHO\�RQ�SHGLDWULF�SDWLHQWV��)R[�HW�DO��� LQFOXGHG�ERWK�

DGXOW�DQG�SHGLDWULF�SDWLHQWV� KRZHYHU� WKH\�SUHVHQWHG�GDWD�IRU�WKHLU�SHGLDWULF�SRSXODWLRQ��Q ����VHSDUDWHO\�

6LYLW]�HW�DO��UHSRUWHG�QXPEHU�RI�SRVLWLYH�DQG�QHJDWLYH�('�32&86�VWXGLHV� ZKLFK�ZDV�VOLJKWO\�KLJKHU WKDQ�

WKH VDPSOH�VL]H�VXJJHVWLQJ�WKDW�VRPH�SDWLHQWV�UHFHLYHG�PRUH�WKDQ�RQH�('�32&86�VWXG\��6LQFH WKH�

QXPEHU�RI�VFDQV�ZDV�FORVH�WR�WKH�VDPSOH�VL]H� �����('�32&86�VWXGLHV�LQ�����SDWLHQWV��ZH�GHFLGHG�WR�

LQFOXGH WKLV�VWXG\�LQ�RXU�UHYLHZ� ,Q�RQH�VWXG\��.LP�HW�DO�����ERWK�(0�UHVLGHQWV�DQG�DWWHQGLQJ SK\VLFLDQV

�HLWKHU�RQ�VLWH�RU�YLD�WHOH�8OWUDVRQRJUDSK\��SHUIRUPHG�('�32&86�RQ�WKH�VDPH�JURXS�RI�SDUWLFLSDQWV�

*LYHQ�WKDW�UHVLGHQW�SHUIRUPHG�32&86��WHOH�8OWUDVRQRJUDSK\��DQG�DWWHQGLQJ�SHUIRUPHG�32&86�ZHUH�

SHUIRUPHG RQ�WKH�VDPH�VWXG\�SRSXODWLRQ�DQG�WR�DYRLG�DQ\�RYHUODSSLQJ�GDWD� ZH�GHFLGHG�WR�LQFOXGH�RQO\�

WKH�('�32&86�VFDQV�GRQH�E\�UHVLGHQWV��
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6DPSOH�VL]H�YDULHG�ZLGHO\�EHWZHHQ�VWXGLHV�UDQJLQJ�IURP�����'RQLJHU HW�DO�����WR ��� �6LYLW] HW�DO������)RXU

VWXGLHV���������������H[FOXGHG�SDWLHQWV�ZKR�KDG�XQVWDEOH�YLWDO�VLJQV��6LYLWL] HW�DO���H[FOXGHG�SDWLHQWV�ZLWK�

KLVWRU\�RI�DEGRPLQDO�VXUJHU\�ZKLOH�)R[���DQG�'RQLJHU���H[FOXGHG�SUHJQDQW�SDWLHQWV��'RQLJHU���DOVR�

H[FOXGHG�WKRVH�ZLWK�UHFHQW�DEGRPLQDO�LPDJLQJ DQG .LP HW�DO����GLG�QRW�VSHFLI\�DQ\�H[FOXVLRQ�FULWHULD��7KH�

GXUDWLRQ�RI�IROORZ�XS�LQ�SDWLHQWV�ZKR�ZHUH�PDQDJHG�QRQ�VXUJLFDOO\�YDULHG�IURP���ZHHNV���WR���PRQWKV���

2QH�VWXG\��� GLG�QRW�VSHFLI\�WKH�GXUDWLRQ�RI�IROORZ�XS� ,Q�IRXU VWXGLHV ���������������WKH�WUHDWLQJ�DQG�WKH�

HQUROOLQJ�SK\VLFLDQ�FRXOG�EH�WKH�VDPH��.LP�HW�DO���GLG�QRW SURYLGH�GHWDLOV�DERXW�WKHLU�WUHDWLQJ�SK\VLFLDQV��

,Q�DOO�VWXGLHV�(' UHVLGHQWV�DQG�DWWHQGLQJ SK\VLFLDQV RU�3HGLDWULF�(PHUJHQF\�0HGLFLQH��3(0��IHOORZV�DQG�

DWWHQGLQJ SK\VLFLDQV REWDLQHG�DQG�LQWHUSUHWHG�WKH�('�32&86� )R[�HW�DO��� OLPLWHG�WKH�GXUDWLRQ�RI�('�

32&86�WR���PLQXWHV��ZKHUHDV�WKH�UHVW�RI�WKH�VWXGLHV�GLG�QRW�XVH�VXFK�OLPLWDWLRQ�

(OLNDVKYLOL HW�DO �� UHSRUWHG�VLJQLILFDQWO\�KLJKHU�SHUFHQWDJH�RI�HTXLYRFDO�UHVXOWV�FRPSDUHG�WR�DOO�RWKHU�

VWXGLHV�LQ�WKLV�JURXS� +LJK�QXPEHU�RI�HTXLYRFDO�UHVXOWV�LQ�(OLNDVKYLOL�HW�DO�� FDQ�EH�DWWULEXWHG�WR�WKH�IDFW�

WKDW�IXOO�YLVXDOL]DWLRQ�RI�D�QRUPDO DSSHQGL[�ZDV�PDQGDWRU\�WR�FRQVLGHU�DQ�('�32&86�VFDQ�QHJDWLYH�

ZKHUHDV�RWKHU�VWXGLHV�LQ�WKLV�JURXS�GLG�QRW�PDQGDWH�D�IXOO�YLVXDOL]DWLRQ��'XH�WR�KLJK�SUHYDOHQFH�RI�

HTXLYRFDO�UHVXOWV LQ (OLNDVKYLOL�HW�DO��� ��ZH�GHFLGHG�WR�H[FOXGH�WKLV�VWXG\ IURP�RXU�ILQDO�DQDO\VLV��$FURVV�

WKH�UHPDLQLQJ�IRXU�VWXGLHV ����������������('�32&86�KDG�D�VHQVLWLYLW\�RI����������&,�����������

VSHFLILFLW\ RI ���������&,�����������/5������������&,��������������DQG�/5� ����������&,������������

PDNLQJ�SRVLWLYH�('�32&86 D�JRRG�SUHGLFWRU�RI�$$�ZKLOH�QHJDWLYH�('�32&86�FRQVLGHUDEO\�GHFUHDVHV�

WKH�SUREDELOLW\�RI�$$��7DEOH������)LJXUH������ $�VHQVLWLYLW\�DQDO\VLV�DGGLQJ (OLNDVKYLOL�HW�DO ��UHVXOWV�GLG�

QRW�FKDQJH�/5��������YV�������GUDVWLFDOO\�ZKLOH VLJQLILFDQWO\�LQFUHDVHG�WKH�KHWHURJHQHLW\��



7KLV�DUWLFOH�LV�SURWHFWHG�E\�FRS\ULJKW��$OO�ULJKWV�UHVHUYHG�

48$'$6���$QDO\VLV�RI�,QFOXGHG�6WXGLHV

,QLWLDO�LQWHU�UDWHU�UHOLDELOLW\�DPRQJ�WKH�WZR�48$'$6�UHYLHZHUV�ZDV�VXEVWDQWLDO��NDSSD ����������&,�

������������$�PHHWLQJ�ZDV�KHOG�EHWZHHQ�WZR�UHYLHZHUV��5%��0+��DQG WKH�WKLUG�DXWKRU��56��WR�UHVROYH�

DQ\�GLVDJUHHPHQWV�E\�FRQVHQVXV DQG�DOO�DXWKRUV�DJUHHG������RQ�WKH�ILQDO�48$'$6���VFRULQJ���)LJXUH���

3DWLHQW�6HOHFWLRQ�:H�IRXQG�VHYHUDO�VWXGLHV�DW�ULVN�RI�ELDV�GXH�WR�LQDSSURSULDWH�H[FOXVLRQ��6HYHUDO�

VWXGLHV����������������� H[FOXGHG�SDWLHQWV�ZLWK�KLVWRU\�RI�DQ\�DEGRPLQDO�VXUJHU\��DQG�QRW�H[FOXVLYHO\�

DSSHQGHFWRP\���DEGRPLQDO�WUDXPD� �������RU�DEGRPLQDO�LPDJLQJ �������,QDSSURSULDWH�H[FOXVLRQ�UHGXFHV�WKH�

JHQHUDOL]DELOLW\�RI�WKH�UHVXOWV��&HUWDLQ�H[FOXVLRQV�FDQ�UHVXOW�LQ�PLVVLQJ�PLOGHU�FDVHV�RI�$$��)RU�LQVWDQFH��

H[FOXVLRQ�RI�DOO�SDWLHQWV�ZLWKRXW�VXUJLFDO�FRQVXOWDWLRQ��LPDJLQJ�VWXGLHV��RU�ODE�WHVWV���������������������6HYHUDO�

VWXGLHV ����������� H[FOXGHG�DOO�SDWLHQWV�LQ�ZKRP�PLVVLQJ�GDWD�SUHYHQWHG�LQYHVWLJDWRUV�IURP�FDOFXODWLQJ�3$6

ZKLFK�FDQ�LQWURGXFH�VLJQLILFDQW�ELDV��,W�LV�XQFOHDU�KRZ�WKLV�ELDV�VNHZV�WKH�UHVXOWV��PRUH�VHYHUH�FDVHV�RI�

$$�PLJKW�KDYH�UHFHLYHG�OHVV�ZRUNXS�DQG�ZHUH�VHQW�VWUDLJKW�WR�VXUJHU\�DQG�WKHUHIRUH�PLVV�GDWD�IRU�

FDOFXODWLQJ�3$6��2Q�WKH�RWKHU�KDQG��SDWLHQWV�OHDVW�VXVSHFWHG�RI�KDYLQJ�$$�PLJKW�KDYH�EHHQ�GLVFKDUJHG�

ZLWKRXW�DQ\�ODE�WHVWV�DQG�WKHUHIRUH�PLVV�GDWD�IRU�FDOFXODWLQJ�3$6��

,QGH[� 7HVW� ,Q� DOO� VWXGLHV�� WKH� LQWHUSUHWHU� RI� WKH� LQGH[� WHVW� �+	3�� /DEV�� 3$6� DQG� ('�32&86�� ZDV�

EOLQGHG�WR�WKH�UHIHUHQFH�WHVW��2SHUDWLYH�UHSRUW�DQG�KLVWRSDWKRORJ\���,Q�DOO�RI�WKH�VWXGLHV�RQ�ODE�WHVWV�RU ('�

32&86��FULWHULD�IRU�D�SRVLWLYH�WHVW�ZHUH�SUH�VSHFLILHG��)RU�SK\VLFDO�H[DP��ZKHWKHU�WR�TXDOLI\�D�ILQGLQJ�DV�

SRVLWLYH�RU�QHJDWLYH�ZDV�OHIW�WR�SK\VLFLDQ�GLVFUHWLRQ��

5HIHUHQFH�7HVW� 6XUJHU\�DQG�KLVWRSDWKRORJLF�H[DPLQDWLRQ�RI� UHPRYHG� WLVVXH�ZDV�XVHG�DV� WKH� UHIHUHQFH�

WHVW�LQ�DOO�LQFOXGHG�VWXGLHV��:LWK�WKH�H[FHSWLRQ�RI WKUHH�VWXGLHV� �.HQWVLV �����.KDQDIHU�����)R[ ���� DOO�WULDOV

IDLOHG�WR�VSHFLI\�LI�WKH�LQWHUSUHWHU�RI�WKH�UHIHUHQFH�WHVW��SDWKRORJLVW��ZDV�EOLQGHG�WR�WKH�UHVXOWV�RI�WKH�LQGH[�
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WHVW��WKLV�FDQ�LQWURGXFH�LQFRUSRUDWLRQ�ELDV��,QFRUSRUDWLRQ�ELDV�LV�OLNHO\�ZKHQ�WKH�UHVXOW�RI�WKH�LQGH[�WHVW�FDQ�

GHWHUPLQH�ZKHWKHU�WKH�UHIHUHQFH�WHVW�FODVVLILHV�SDWLHQWV�DV�GLVHDVH�SRVLWLYH�RU�GLVHDVH�QHJDWLYH��,Q�VHYHUDO�

VWXGLHV� WKH� SDWKRORJLVW� ZDV� VROHO\� EOLQGHG� WR� WKH� PDLQ� LQGH[� WHVW� XQGHU� LQYHVWLJDWLRQ�)RU� LQVWDQFH�� LQ�

6FKQHLGHU ��� *ROGPDQ�� DQG�%DFKXU�� WKH�LQWHUSUHWHU�RI�WKH�UHIHUHQFH�WHVW �SDWKRORJLVW� ZDV�EOLQGHG�WR�WKH�

ILQDO�FDOFXODWHG�3$6�EXW�QRW�QHFHVVDULO\� WR� WKH�FRPSRQHQWV�RI�3$6 �+LVWRU\��3K\VLFDO�H[DP� DQG�/DEV��

6LPLODUO\�� LQ� VWXGLHV� E\�.KDQ��� &D\URO��� DQG�+XFNLQV ���SDWKRORJLVW�ZDV� EOLQGHG� WR� WKH�PDLQ� ODE� WHVW�

VWXGLHG�EXW�QRW� WR� WKH�KLVWRU\��SK\VLFDO�H[DP ILQGLQJV� RU�RWKHU� ODE� WHVWV DQG�LQ�6LYLW]�HW�DO ��SDWKRORJLVW�

ZDV�RQO\�EOLQGHG�WR�('�32&86��

)ORZ�DQG�7LPLQJ� 6WXGLHV�WKDW�H[DPLQH�WKH�DFFXUDF\�RI KLVWRU\� SK\VLFDO H[DP��ODERUDWRU\�WHVWV� DQG�

3$6�LQ�SDWLHQWV�VXVSHFWHG�RI�$$��DUH�DW�D�KLJK�ULVN�RI�SDUWLDO�YHULILFDWLRQ�ELDV��3DUWLDO�YHULILFDWLRQ�ELDV��DV�

GHVFULEHG�E\�.RKQ�HW�DO ��� RFFXUV ZKHQ�WKH�UHVXOW�RI�WKH�LQGH[�WHVW�GHWHUPLQHV ZKR�UHFHLYHV WKH�UHIHUHQFH�

WHVW���,Q�VWXGLHV WKDW�LQFOXGHG�RQO\�SDWLHQWV�VXVSHFWHG�RI�$$��WKH�LQGH[�WHVWV �KLVWRU\��SK\VLFDO�H[DP� DQG�

ODEV��DUH DOUHDG\�XVHG�WR�GHFLGH�ZKR�HQWHUV WKH�VWXG\�DQG�ODWHU�UHFHLYHV�WKH�UHIHUHQFH VWDQGDUG��$OWKRXJK�

3$6�ZDV�QRW�XVHG�LQGHSHQGHQWO\�DV�DQ�LQFOXVLRQ�FULWHULRQ��WKH�ULVN�RI�SDUWLDO�YHULILFDWLRQ�ELDV�LV�VWLOO�KLJK�

JLYHQ�WKDW�3$6�LV�FDOFXODWHG�XVLQJ�D�FRPELQDWLRQ�RI�KLVWRU\��SK\VLFDO�H[DP� DQG�ODE�ILQGLQJV��3DUWLDO�

YHULILFDWLRQ�ELDV�FRXOG�LQIODWH HVWLPDWHV�RI�VHQVLWLYLW\�ZKLOH�XQGHUHVWLPDWLQJ�WKH�VSHFLILFLW\�RI�LQGH[�WHVWV�

:H�IRXQG�DOO�VWXGLHV�DW�KLJK�ULVN�RI�GLIIHUHQWLDO�YHULILFDWLRQ�ELDV��'LIIHUHQWLDO�YHULILFDWLRQ�ELDV��DOVR�FDOOHG�

GRXEOH�JROG�VWDQGDUG�ELDV��FDQ�RFFXU�ZKHQ�SDWLHQWV�ZLWK�D�SRVLWLYH�LQGH[�WHVW�DUH�PRUH�OLNHO\�WR�UHFHLYH�DQ�

LPPHGLDWH�UHIHUHQFH�WHVW�ZKHUHDV�WKRVH�ZLWK�QHJDWLYH�LQGH[�WHVW�UHFHLYH�RQO\�FOLQLFDO�IROORZ�XS��� ��$OO�

WULDOV XVHG�IROORZ�XS�DV�DQ�DOWHUQDWH�IRU�KLVWRSDWKRORJ\ LQ�QRQ�VXUJLFDO�SDWLHQWV��$OWKRXJK�QR�FDVH�RI�$$�

ZDV UHSRUWHG�LQ�WKH�IROORZ�XS�JURXS��FDVHV�RI�VHOI�UHVROYLQJ�$$�DUH�UHSRUWHG�LQ�WKH�OLWHUDWXUH� �������

)XUWKHUPRUH��PRVW�LQFOXGHG�VWXGLHV�GLG�QRW�VSHFLI\�LI�WKH\�GLVFKDUJHG�DQ\�SDWLHQW�RQ�DQWLELRWLFV��ZKLFK�

FDQ�UHVXOW�LQ�UHVROXWLRQ�RI�PLOGHU�FDVHV�RI $$�����'LIIHUHQWLDO�YHULILFDWLRQ�ELDV�FDQ�IDOVHO\�LQFUHDVH�ERWK�

VHQVLWLYLW\�DQG�VSHFLILFLW\�RI�WKH�LQGH[�WHVW� 7KH�ULVN�RI�ELDV�LV�KLJKHU�LQ�+XFNLQV��� HW�DO�VWXG\�GXH�WR�ODFN�
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RI�IROORZ�XS RU�LQ�WKRVH�VWXGLHV���������������������������������� WKDW�ORVW�SDWLHQWV�WR�WKH�VWDQGDUG�IROORZ�XS��

$OWKRXJK�VRPH�RI�WKHVH�VWXGLHV�WULHG�DOWHUQDWLYH�IROORZ�XS�VXFK�DV�VHDUFKLQJ�HOHFWURQLF�UHFRUGV ������� RU

FRQWDFWLQJ�SDWLHQW¶V�SHGLDWULFLDQ��� WKH�ULVN�RI�PLVVLQJ�$$�VWLOO�H[LVWV��/RVV�WR�IROORZ�XS�HYHQ�LQ�VPDOO�

QXPEHUV FDQ�LQWURGXFH�VLJQLILFDQW�ELDV� �������

,Q IRXU�VWXGLHV�������������RQ�('�32&86�� WKH� WUHDWLQJ�DQG� WKH�HQUROOLQJ�SK\VLFLDQ�ZHUH� WKH�VDPH�LQ�DOO�RU�

VRPH� SDWLHQWV� ZKLFK� LQWURGXFHV� GLIIHUHQWLDO� YHULILFDWLRQ� ELDV� VLQFH� WKH� UHVXOWV� RI� ('�32&86� FRXOG�

LQIOXHQFH�IXUWKHU�WHVWLQJ�DQG�GHWHUPLQH�ZKR�UHFHLYHV WKH�JROG�VWDQGDUG��6LYLW] HW�DO�� UHGXFHG�WKLV�ULVN�E\�

EOLQGLQJ�WKH�WUHDWLQJ�SK\VLFLDQ�WR�WKH�UHVXOWV�RI�('�32&86�ZKHQ�SRVVLEOH��'RQLJHU HW�DO���DQG�)R[ HW�DO���

GHFUHDVHG� WKH� ULVN� RI� GLIIHUHQWLDO� YHULILFDWLRQ� ELDV� E\� HQVXULQJ� WKDW� WKH� WUHDWLQJ� SK\VLFLDQ� PDGH� DQ\�

GHFLVLRQ�UHJDUGLQJ�GLDJQRVLV�DQG�WUHDWPHQW�DSSURDFK�EHIRUH�SHUIRUPLQJ�WKH ('�32&86���.LP�HW�DO���GLG�

QRW�VSHFLI\�ZKHWKHU�WKHLU�HQUROOLQJ�DQG�WUHDWLQJ�SK\VLFLDQ�ZHUH�WKH�VDPH��

6HYHUDO�VWXGLHV�ZHUH�DW�ULVN�RI�ELDV�GXH�WR�H[FOXVLRQ�RI�VXEJURXSV�RI�WKHLU�HQUROOHG�SDWLHQWV�IURP�ILQDO�

DQDO\VLV��.KDQDIHU���� %DFKXU����6FKQHLGHU����:X�����=XQLJD����.KDQ���DQG�(VFULED�� H[FOXGHG�SDWLHQWV�GXH�

WR�LQFRPSOHWH�GDWD�RU�PLVVLQJ�GDWD��)R[�����0DQGHYLOOH�����6DQWLOODQHV�����:X�����(VFULED��DQG�.LP���

H[FOXGHG�SDWLHQWV�ZKR�ZHUH�ORVW�WR�IROORZ�XS�IURP�WKH�ILQDO�DQDO\VLV��DQG�.HQWVLV�HW�DO���H[FOXGHG�SDWLHQWV�

ZLWK�SHUIRUDWHG�$$�ZKR�XQGHUZHQW�LQWHUYDO�DSSHQGHFWRP\�

7HVW�7UHDWPHQW�7KUHVKROG�(VWLPDWHV

:H�XVHG�WKH�3DXNHU DQG�.DVVLUHU PHWKRG �� WR�HVWLPDWH�WKUHVKROGV�IRU�WHVWLQJ�RU�WUHDWPHQW�ZKHQ�FDULQJ�IRU�

D�SHGLDWULF�SDWLHQW�ZLWK�DEGRPLQDO�SDLQ�LQ�WKH�('��2SHUDWLYH�FKDUDFWHULVWLFV�IRU�('�32&86��7DEOH�����

VHQVLWLYLW\������VSHFLILFLW\������ZHUH�YHU\�VLPLODU�WR�WKRVH�RI�586 �VHQVLWLYLW\������VSHFLILFLW\������

UHSRUWHG�LQ�WKH�OLWHUDWXUH ��� DQG�WKHUHIRUH ZH�GHFLGHG�WR�UHPRYH�586�IURP�RXU WHVW�WUHDWPHQW�WKUHVKROG�

PRGHO� 7KLV�PRGHO�XWLOL]HV�WKH�XQLTXH�RSHUDWLQJ�FKDUDFWHULVWLFV�RI�HDFK�GLDJQRVWLF�PRGDOLW\��&7�VFDQ�DQG�
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05,� ZKLOH�FRQWUROOLQJ�IRU�WKH�ULVN�RI�WUHDWPHQW�RI�SDWLHQWV�ZLWKRXW�$$ �5U[���WKH�ULVN�RI�HDFK GLDJQRVWLF�

PRGDOLW\ �5W���DQG�WKH�EHQHILW�RI�WUHDWPHQW�RI�$$ �%U[���9DULDEOHV�DUH�SUHVHQWHG�DV SUREDELOLWLHV��

,Q�)LJXUH ���ZH�FUHDWHG�WZR WHVW WUHDWPHQW�WKUHVKROG�PRGHOV���� &7�VFDQ ���05,��WR�GLDJQRVH�$$� 7KH�WRS�

KDOI�RI�)LJXUH���GHVFULEHV�WKH�YDULDEOHV�DQG�FDOFXODWLRQV�XVHG�WR�SURGXFH�WKH�WHVW�DQG�WUHDWPHQW�WKUHVKROGV�

RI�&7�DQG�05, LOOXVWUDWHG LQ�WKH�JUDSKLF�EHORZ� :H�XVHG�WKH�RSHUDWLQJ�FKDUDFWHULVWLFV�RI�&7�VFDQ�DQG�

05,�GRFXPHQWHG�LQ�UHFHQW�V\VWHPDWLF�UHYLHZV��,Q�D�UHYLHZ�RI����DUWLFOHV�ZLWK�D�WRWDO�SRSXODWLRQ�RI�������

SHGLDWULF�SDWLHQWV� 'RULD�HW�DO ���UHSRUWHG ����VHQVLWLYLW\ DQG�����VSHFLILFLW\�IRU�&7�VFDQ���0RRUH�HW�DO���

UHYLHZHG����VWXGLHV��HQFRPSDVVLQJ�������SHGLDWULF�SDWLHQWV�DQG�IRXQG�05,�WR�EH�������VHQVLWLYH�DQG�

������VSHFLILF�LQ�GLDJQRVLV�RI�$$�

:H�GHILQHG�ULVN�RI�WUHDWPHQW��5U[��DV�WKH�ULVN�RI�PRUWDOLW\�DQG�PRUELGLW\�IROORZLQJ�DSSHQGHFWRP\��$]L]�

HW�DO ��� UHYLHZHG����VWXGLHV�ZLWK�D�WRWDO�SRSXODWLRQ�RI�������DQG�IRXQG�WKH�ULVN�RI�FRPSOLFDWLRQV��

LQFOXGLQJ�ZRXQG�LQIHFWLRQ��WR�EH������������GHSHQGLQJ�RQ�WKH�WHFKQLTXH�XVHG �2SHQ�DQG�ODSDURVFRSLF�

DSSHQGHFWRP\ UHVSHFWLYHO\�� ,Q�D�UHYLHZ�RI���VWXGLHV�ZLWK�D�WRWDO�SRSXODWLRQ�RI��������+HDO\�DW�DO���

UHSRUWHG WKH�RYHUDOO�ULVN�RI�LQWUDDEGRPLQDO�FROOHFWLRQ�IRUPDWLRQ��ZRXQG�LQIHFWLRQ� DQG�UHDGPLVVLRQ WR�EH�

�����������DQG���� ��UHVSHFWLYHO\��%DVHG�RQ�WKH�OLWHUDWXUH�ZH�HVWLPDWHG�5U[�WR�EH�����

:H�MXGJHG�WKH�ULVN�RI�WKH�GLDJQRVWLF�WHVW��5W��DV�������� IRU�&7�VFDQ DQG�]HUR IRU�05,��7KH ULVN�RI�&7�

VFDQ�LV�EDVHG�RQ�WKH�OLIHWLPH�ULVN�RI�UDGLDWLRQ�LQGXFHG�FDQFHU�IROORZLQJ�D�VLQJOH�DEGRPLQDO�&7�VFDQ�LQ�D�

��\HDU�ROG� ������������LQ�PDOHV�DQG������������LQ�IHPDOHV� ���

)LQDOO\��WKH�EHQHILW�RI�WUHDWPHQW��%U[��RI�SDWLHQWV�ZLWK�$$�KDV�QHYHU�EHHQ��QRU�HYHU�ZLOO�EH�WHVWHG�E\�D�

UDQGRPL]HG�GRXEOH�EOLQGHG�SODFHER�FRQWUROOHG�PHWKRGRORJ\��LW�ZRXOG�EH�XQHWKLFDO�WR�VWXG\�WKH�

VSRQWDQHRXV�UHFRYHU\�UDWH�RI�$$�ZLWKRXW�DQWLELRWLFV�RU�VXUJHU\��:LWKRXW�DYDLODEOH�HYLGHQFH�ZH�XVHG�D�

FRQVHUYDWLYH�HVWLPDWH�IRU WKH�EHQHILW�RI WUHDWLQJ�$$ �%U[� �������
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,Q�WKH�ORZHU�KDOI�RI�WKH�)LJXUH����WKH�WHVW�WKUHVKROGV�DUH�GHSLFWHG�DV�WKH�OHIW�PRVW�RSHQ�DUURZ�IRU�HDFK�

GLDJQRVWLF�PRGDOLW\ � &7�VFDQ���� � DQG�05,������� 7KH�WUHDWPHQW�WKUHVKROGV�DUH�UHSUHVHQWHG�E\�WKH�

ULJKW�PRVW�RSHQ�DUURZ�IRU�HDFK�GLDJQRVWLF�PRGDOLW\ �&7�VFDQ�������DQG�05, ��������

7KH�YHUWLFDO�GDVKHG�OLQHV�UHSUHVHQW�WKH�SRVW�WHVW�SUREDELOLWLHV RI�$$�LQ�WKH�SUHVHQFH RI�D�QHJDWLYH�RU�D�

SRVLWLYH�('�32&86� $SSO\LQJ %D\HV�WKHRUHP�DQG�XVLQJ�WKH�$$�SUHYDOHQFH�LQ�SDWLHQWV�VXVSHFWHG�RI�$$

��������DV�WKH�SUH�WHVW�SUREDELOLW\��D�QHJDWLYH�('�32&86��/5� ����� ZRXOG�UHVXOW�LQ�D GHFUHDVH�LQ�WKH�

SRVW�WHVW�SUREDELOLW\�IURP������ WR ��� UHSUHVHQWHG�E\�WKH�OHIW�PRVW�YHUWLFDO�GDVKHG�OLQH� ,Q�FDVH�RI�D�

SRVLWLYH ('�32&86 �/5� �������WKH�SRVW�WHVW�SUREDELOLW\�RI�$$ ZRXOG�LQFUHDVH�IURP������ WR�����

UHSUHVHQWHG�E\�WKH�ULJKW�PRVW�YHUWLFDO�GDVKHG�OLQH�

$V�VHHQ�LQ�)LJXUH����WKH�IDU�ULJKW�YHUWLFDO�GDVKHG�OLQH��WKH�SUREDELOLW\�RI $$ LQ�SUHVHQFH�RI�D�SRVLWLYH�('�

32&26������� IDOOV�WR�WKH�ULJKW�RI�WKH�WUHDWPHQW�WKUHVKROG�IRU ERWK�GLDJQRVWLF�PRGDOLWLHV� ������ IRU &7�

VFDQ DQG������ IRU�05,� 7KHUHIRUH��LQ�D�SDWLHQW�³VXVSHFWHG�RI�$$´� D�SRVLWLYH�('�32&86 FRXOG�REYLDWH�

WKH�QHHG�WR�SHUIRUP�&7�VFDQ�RU�05, EHIRUH�WUHDWPHQW�FDQ�EH�LQLWLDWHG��7KH�IDU�OHIW�YHUWLFDO�GDVKHG�OLQH�

�WKH�SUREDELOLW\�RI�$$�DIWHU�D QHJDWLYH�('�32&26������� IDOOV�WR�WKH�ULJKW�RI�WKH�WHVW�WKUHVKROG�IRU ERWK��

&7�VFDQ �������DQG�05, �������DQG�WKHUHIRUH� QHJDWLYH�('�32&86�LV�QRW�VXIILFLHQW�WR�UXOH�RXW�$$�

ZLWKRXW�WKH�QHHG�IRU�&7�VFDQ�RU�05,�

%DVHG�RQ�WKLV�PRGHO��LQ�SDWLHQWV�ZLWK�³XQGLIIHUHQWLDWHG�DEGRPLQDO�SDLQ´ �SUHWHVW�SUREDELOLW\�RI��������D�

WHVW�QHHGV�WR�KDYH�/5��!���� DQG�/5�!�� WR HVWDEOLVK�WKH�GLDJQRVLV�RI�$$ ZLWKRXW�WKH�QHHG�IRU�&7�DQG�

05,� UHVSHFWLYHO\� ,Q�WKH�VDPH�SRSXODWLRQ��D�WHVW�ZLWK /5� �������FDQ�UXOH�RXW�$$�REYLDWLQJ�WKH�QHHG�IRU�

&7�DQG�05, �3RVW�WHVW�SUREDELOLW\� �����
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$FURVV�KLVWRU\�DQG�SK\VLFDO�H[DP�ILQGLQJV� RQO\�³&RXJK�+RS�SDLQ�VKRZHG�KLJK�HQRXJK�/5�������WR�

REYLDWH�WKH�QHHG�IRU�&7�VFDQ �EXW�QRW�05,� LQ�SDWLHQWV�ZLWK�³XQGLIIHUHQWLDWHG�$$´��+RZHYHU� WKLV�ILQGLQJ�

LV�IURP�D�VLQJOH�VWXG\ DQG WKHUHIRUH�WKH�UHVXOWV�PD\�QRW�EH�JHQHUDOL]DEOH��1R�KLVWRU\��SK\VLFDO�H[DP��ODE�

RU�3$6�FXWRII�SRLQW�KDG�D�ORZ�HQRXJK�/5� WR�H[FOXGH�$$�ZLWKRXW�XVH�RI�&7�RU�05,���,Q�SDWLHQWV�

³VXVSHFWHG�RI�$$´� LW¶V�LQDFFXUDWH�WR�HVWLPDWH�WKH�SRVW�WHVW�SUREDELOLW\�RI�$$�EDVHG�RQ�WHVW�FKDUDFWHULVWLFV�

RI�KLVWRU\��SK\VLFDO�H[DP��ODE�WHVWV�DQG�3$6�GXH�WR�KLJK�ULVN�RI�ELDV�PHQWLRQHG�HDUOLHU�

7KH�WHVW�WUHDWPHQW�PRGHO�SUHVHQWHG�KHUH�LV�DQ�LQWHUDFWLYH�WRRO�DQG�VRPH�YDULDEOHV�FDQ�EH�PRGLILHG LQ�WKH�

0LFURVRIW�([FHO�FDOFXODWRU�SXEOLVKHG�RQOLQH��$SSHQGL[���� )RU�LQVWDQFH��ZH�MXGJHG WKH�ULVN�RI�WUHDWPHQW�

�5U[��WR�EH�����$VVLJQLQJ�D�JUHDWHU�ULVN�WR�DSSHQGHFWRP\��EDVHG�RQ WKH FOLQLFDO�MXGJPHQW��ZLOO�UHVXOW�LQ�

DQ�LQFUHDVHG�WUHDWPHQW�WKUHVKROG�DQG�WKHUHIRUH�DGGLWLRQDO WHVWLQJ�PD\�EH�QHHGHG LQ�VXFK SDWLHQWV�

',6&866,21

2XU�V\VWHPDWLF�UHYLHZ�H[DPLQHG WKH�XWLOLW\�RI�+LVWRU\��3K\VLFDO�H[DP��/DE�UHVXOWV��3$6�DQG�('�32&86�

IRU�WKH�GLDJQRVLV�RI�$$�LQ�('�SHGLDWULF�SDWLHQWV��7ZHQW\�RQH VWXGLHV�PHW WKH LQFOXVLRQ�FULWHULD ZLWK�PRVW�

VWXGLHV�GHGLFDWHG�WR�HYDOXDWLQJ�KLVWRU\�DQG�SK\VLFDO�H[DP��ODE�WHVWV� DQG�3$6 DW KLJK�ULVN RI�ELDV��:H�

IRXQG�QR�VLQJOH�KLVWRU\��SK\VLFDO�H[DP��ODE�WHVW�ILQGLQJ�RU�3$6�FXWRII SRLQW WR�EH�VXIILFLHQWO\�UREXVW�

HQRXJK�WR�UXOH�RXW�$$�DQG HOLPLQDWH�WKH�QHHG�IRU�XVLQJ�&7 VFDQ�RU�05,��7KLV�LV�QRW�WR�LPSO\ WKDW�KLVWRU\��

SK\VLFDO�H[DP RU�ODE�WHVWV�DUH�QRW�YDOXDEOH�LQ�WKH�GLDJQRVLV�RI�$$�DV�WKH�SUHVHQFH�RI�WKHVH�ILQGLQJV�LV

QHFHVVDU\�WR�VXVSHFW�$$�LQ�D�SDWLHQW�SUHVHQWLQJ�WR�WKH�('�ZLWK�DEGRPLQDO�SDLQ�

&RPSDUHG WR WKH�WZR SUHYLRXVO\�SXEOLVKHG V\VWHPDWLF�UHYLHZV RQ�SHGLDWULF�$$�E\�%XQG\�HW�DO� DQG�

'HKDEUHK�HW�DO ����ZH�XVHG�PRUH�ULJRURXV�LQFOXVLRQ�H[FOXVLRQ�FULWHULD DQG�LQFOXGHG RQO\�SURVSHFWLYH�

VWXGLHV�GHGLFDWHG�WR ('�SDWLHQWV� $OWKRXJK�UHYLHZV�VXFK�DV�%XQG\�DQG�'HKDEUHK ��DUH�PRUH�

FRPSUHKHQVLYH�DQG�SURYLGH�WKH�UHDGHU ZLWK�D�VXPPDU\�RI�DOO�DYDLODEOH�OLWHUDWXUH�RQ�SHGLDWULF�$$��WKHLU�
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UHVXOWV�FDQQRW�EH�XVHG�WR�DQVZHU�RXU FOLQLFDO�TXHVWLRQ� :KLFK�HOHPHQW�V� RI�KLVWRU\��SK\VLFDO�H[DP��ODE�

WHVWV� RU�LPDJLQJ�VWXGLHV LQ�('�SHGLDWULF�SDWLHQWV�FRXOG�UXOH�LQ�RXW�$$�REYLDWLQJ�WKH�QHHG�IRU�&7�DQG�

05,"

2XU�UHVXOWV ZHUH�LQ�FRQFRUGDQFH�ZLWK�'HKDEUHK�HW�DO�� ZKR�DOVR IRXQG�KLVWRU\��SK\VLFDO�H[DP� DQG�ODE�WHVW�

ILQGLQJV WR�KDYH�ORZ�VHQVLWLYLW\�DQG�VSHFLILFLW\�ZKHQ�XVHG�LQ�LVRODWLRQ IRU�WKH�GLDJQRVLV�RI�$$��2XU�UHVXOWV�

DUH DOVR�VLPLODU�WR�%XQG\�HW�DO� V\VWHPDWLF�UHYLHZ�³'RHV�WKLV�FKLOG�KDYH�DSSHQGLFLWLV"´� %XQG\�HW�DO��

IRXQG�KLVWRU\ RI�IHYHU�WR�EH�³WKH�PRVW�XVHIXO´ EXW�QRW�GLDJQRVWLF ILQGLQJ�DVVRFLDWHG�ZLWK�$$� $OWKRXJK�

%XQG\�HW�DO UHYLHZHG�ILYH�VWXGLHV�IRU�WKH�YDULDEOH�IHYHU��WKH\�GHULYHG�WKHLU�FRQFOXVLRQ�IURP�RQO\�D�VLQJOH�

VWXG\�RQ�³XQGLIIHUHQWLDWHG�DEGRPLQDO�SDLQ´ SDWLHQWV��2¶6KHD�HW�DO�����DOVR�LQFOXGHG�LQ�RXU�UHYLHZ� 2XU�

UHYLHZ�GRHV�QRW�VXSSRUW�%XQG\�HW�DO¶V�VWDWHPHQW�DERXW�IHYHU��,Q��SDWLHQWV ZLWK�³XQGLIIHUHQWLDWHG�DEGRPLQDO�

SDLQ´� XVLQJ�WKH�SUH�WHVW�SUREDELOLW\�RI�������$$�SUHYDOHQFH�LQ�2¶VKHD�HW�DO�����DQG�DSSO\LQJ�%D\HV�

WKHRUHP� KLVWRU\�RI IHYHU�LQFUHDVHV�WKH�SUREDELOLW\�RI�$$�WR�RQO\�����ZKLFK�LV�EHORZ�WKH�WUHDWPHQW�

WKUHVKROG�IRU�ERWK�&7���������DQG�05, ���������$EVHQFH�RI�IHYHU�GHFUHDVHV�WKH�SUREDELOLW\�RI�$$�WR���

ZKLFK�LV�DERYH�WKH�WHVWLQJ�WKUHVKROG�RI�ERWK�&7 ������ DQG�05, �������

2QH FULWLFLVP�RI�SUHYLRXV�V\VWHPDWLF�UHYLHZV ���� ��LV�SRROLQJ�RI�GDWD�IURP�VWXGLHV�ZLWK�GLIIHUHQW�LQFOXVLRQ�

FULWHULD��,Q�DQ�DWWHPSW�WR�FRPSDUH�VWXGLHV�ZLWK�VLPLODU�LQFOXVLRQ�PHWKRGRORJ\� ZH�VHSDUDWHG�RXU�UHYLHZHG�

VWXGLHV�LQWR WZR�JURXSV��*ROGPDQ�� DQG�2¶VKHD���� RQ�SDWLHQWV�ZLWK�³XQGLIIHUHQWLDWHG�DEGRPLQDO�SDLQ´ DQG�

�� VWXGLHV���������������������������������RQ�SDWLHQWV�³VXVSHFWHG�RI�$$´�

6WXGLHV�WKDW�XVHG�HLWKHU�³VXVSHFWHG�DSSHQGLFLWLV´�RU�³ULJKW�ORZHU�TXDGUDQW�DEGRPLQDO�SDLQ´�DV�WKHLU�

LQFOXVLRQ�FULWHULD�DUH�DW�KLJK�ULVN�RI�SDUWLDO�YHULILFDWLRQ�ELDV�JLYHQ�WKDW�WKH�LQGH[�WHVWV��KLVWRU\�DQG�SK\VLFDO�

H[DP�ILQGLQJV��ZHUH�DOUHDG\�XVHG�DV�SDUW�RI�WKHLU�LQFOXVLRQ�FULWHULD��7KH�VDPH�ORJLF�DSSOLHV�WR�3$6 VWXGLHV

WKDW XVHG�SDWLHQWV�³VXVSHFWHG�RI�DSSHQGLFLWLV´ DV�WKHLU�LQFHSWLRQ�FRKRUW��3DUWLDO�YHULILFDWLRQ�ELDV�IDOVHO\�

LQFUHDVHV�VHQVLWLYLW\�DQG�GHFUHDVHV�VSHFLILFLW\�DQG�WKHUHIRUH�DOWHUV�WKH�FDOFXODWHG�OLNHOLKRRG�UDWLRV�
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6WXGLHV�RQ�SDWLHQWV�ZLWK�³XQGLIIHUHQWLDWHG�DEGRPLQDO�SDLQ´� PD\ SURYLGH�OHVV�ELDVHG HVWLPDWHV�RI WKH

RSHUDWLQJ�FKDUDFWHULVWLFV�RI�KLVWRU\ DQG SK\VLFDO�H[DP ILQGLQJV��&RPSDULQJ�WKH�WHVW�FKDUDFWHULVWLFV�RI

³&RXJK��+RS�3DLQ´�IURP�*ROGPDQ�� VWXG\ �1 ���� ZKLFK�LQFOXGHG�SDWLHQWV�ZLWK�³XQGLIIHUHQWLDWHG�

DEGRPLQDO�SDLQ´�WR VWXGLHV�RQ�SDWLHQWV�³VXVSHFWHG�RI�$$´����VWXGLHV��1 ��������GHPRQVWUDWHV�WKH�HIIHFW�RI�

SDUWLDO�YHULILFDWLRQ�ELDV��)RU�WKLV�YDULDEOH��/5��LV�ORZHU������ YV ������DQG�/5� LV�KLJKHU������ YV�������LQ�

³VXVSHFWHG�RI�$$´�VWXGLHV�FRPSDUHG�WR�*ROGPDQ�HW�DO�� RQ ³XQGLIIHUHQWLDWHG�DEGRPLQDO�SDLQ´�

8QIRUWXQDWHO\��IHZ VWXGLHV�DUH�DYDLODEOH�RQ�SDWLHQWV�ZLWK�³XQGLIIHUHQWLDWHG�DEGRPLQDO�SDLQ´��

,Q�D�FRKRUW�RI�SDWLHQWV�ZLWK�³XQGLIIHUHQWLDWHG�DEGRPLQDO�SDLQ´� *ROGPDQ HW�DO�� IRXQG WKH�SUHVHQFH�RI�

³&RXJK��KRS�SDLQ´�DQG�³3DLQ�PLJUDWLRQ�WR�5/4´�WR�EH�PRVW�VXJJHVWLYH�RI�$$��/5�������DQG�/5��������

UHVSHFWLYHO\���8VLQJ RXU�WHVW�WUHDWPHQW�PRGHO��LQ�SDWLHQWV�ZLWK�³XQGLIIHUHQWLDWHG�DEGRPLQDO�SDLQ´ �SUHWHVW�

SUREDELOLW\�RI�$$ ������� SUHVHQFH�RI�&RXJK�+RS�SDLQ �/5��������FRXOG�REYLDWH�WKH�QHHG�IRU�&7�VFDQ�

EXW�QRW�05, �3RVW�WHVW SUREDELOLW\�RI�$$ ��� FRPSDUHG�WR�WKH�WUHDWPHQW�WKUHVKROG�RI�������IRU�&7�VFDQ�

DQG�������IRU�05,�� +RZHYHU��WKLV�ILQGLQJ�VKRXOG�EH�LQWHUSUHWHG�ZLWK�FDXWLRQ�DV�LW�LV�GHULYHG�IURP�RQH��

VLQJOH�FHQWHU�VWXG\�DQG�WKHUHIRUH�PD\�QRW�EH�JHQHUDOL]DEOH�

2QH�DSSURDFK�XVHG�WR�LQFUHDVH WKH�SRZHU�RI�KLVWRU\��SK\VLFDO�H[DP DQG�ODEV�LQ�GLDJQRVLQJ�$$ LV�WR�

FRPELQH�WKHP�LQWR D�VFRULQJ�V\VWHP��2QH�RI�WKH�PRVW�VWXGLHG�RI�WKHVH�VFRULQJ�V\VWHPV�LV�3HGLDWULF�

$SSHQGLFLWLV�6FRUH��3$6��ZKLFK�ZH�XVHG�DV�DQ�H[DPSOH�WR�HYDOXDWH�WKH�ELDV�DQG�KHWHURJHQHLW\�LQ�

YDOLGDWLRQ�VWXGLHV��3HGLDWULF�$SSHQGLFLWLV�6FRUH��3$6��ZDV�GHYHORSHG�E\�6DPXHO�HW�DO�� DV�D�FOLQLFDO�

GHFLVLRQ�UXOH�WR�LGHQWLI\�KLJK�ULVN�SDWLHQWV�IRU�$$ �7DEOH���� ,Q�D�SURVSHFWLYH�VLQJOH�FHQWHU�VWXG\� 6DPXHO�

HW�DO�� HYDOXDWHG�������SDWLHQWV�ZLWK D�YHU\�KLJK $$�SUHYDOHQFH�RI�����DQG�VXJJHVWHG�WKDW�3$6���LV D

JRRG�SUHGLFWRU�RI�$$�ZLWK�VHQVLWLYLW\�RI������DQG�VSHFLILFLW\�RI������+RZHYHU� QXPHURXV VWXGLHV�

DLPLQJ WR�YDOLGDWH�3$6�KDYH�QRW�IRXQG�VXFK�IDYRUDEOH�RSHUDWLQJ�FKDUDFWHULVWLFV��6HQVLWLYLW\���������

6SHFLILFLW\�������� �������������0RUHRYHU��VWXGLHV�WKDW�DLP�WR�YDOLGDWH�3$6�LQ�D�FRKRUW�RI�SDWLHQWV�
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³VXVSHFWHG�RI�$$´�DUH�DW�FRQVLGHUDEOH ULVN�RI�SDUWLDO�YHULILFDWLRQ�ELDV��3DWLHQWV�³VXVSHFWHG�RI�$$´�DUH�

PRUH�OLNHO\ WR�EH�SRVLWLYH�IRU�PDQ\�YDULDEOHV�RI�3$6��7DEOH��� DQG�FRQVHTXHQWO\ DVVLJQHG�D�KLJKHU�ILQDO�

VFRUH��7KH�XVH�RI WKH WHVW�FKDUDFWHULVWLFV�RI�3$6��GHULYHG�IURP�D�VHULHV�RI�VWXGLHV�ZLWK�VXFK�ELDV�DQG�WKHLU�

UHDSSOLFDWLRQ�RQ�SDWLHQWV ³VXVSHFWHG�RI�$$´�VXEVWDQWLDOO\�LQFUHDVHV WKH�ULVN�RI�ELDV��$�VLPLODU ORJLF�

DSSOLHV�WR�DQ\�RWKHU�VFRULQJ�V\VWHP ����������� GHULYHG�DQG�YDOLGDWHG�RQ�SDWLHQWV�³VXVSHFWHG�RI�$$´��6WXGLHV�

RQ�SDWLHQWV�ZLWK�³XQGLIIHUHQWLDWHG�DEGRPLQDO�SDLQ´ DUH�DW�ORZHU�ULVN�RI�VXFK�ELDV�

:H�FRXOG�RQO\�ILQG�RQH�VWXG\�WKDW�PHW�RXU�LQFOXVLRQ�FULWHULD�DQG�WHVWHG�3$6�LQ�SDWLHQWV�ZLWK�

³XQGLIIHUHQWLDWHG�DEGRPLQDO�SDLQ´ DQG�WKXV DW�ORZHU�ULVN�RI�SDUWLDO�YHULILFDWLRQ�ELDV��*ROGPDQ�HW�DO ���

VXJJHVWHG�3$6���WR�EH�GLDJQRVWLF�RI�$$�DQG�3$6���WR�KDYH�KLJK�YDOLGLW\�IRU�UXOLQJ RXW�$$�� +RZHYHU��

XVLQJ�WKH�GDWD�IURP�*ROGPDQ HW�DO�� �SUH�WHVW�SUREDELOLW\�RI��������DQG�DSSO\LQJ�%D\HV�WKHRUHP��LQ�

SDWLHQWV�ZLWK�³XQGLIIHUHQWLDWHG�DEGRPLQDO�SDLQ´�DQG�3$6��� WKH SRVW�WHVW�SUREDELOLW\�RI�$$�ZRXOG�

LQFUHDVH�WR ����ZKLFK�LV�ORZHU�WKDQ WKH WUHDWPHQW�WKUHVKROG�IRU�ERWK�&7�VFDQ���������DQG�05, ���������

,Q�WKH�VDPH�SRSXODWLRQ�EXW�ZLWK�3$6����WKH�SRVW�WHVW�SUREDELOLW\�RI�$$�ZRXOG�GHFUHDVH�WR ���ZKLFK�LV�

DERYH�WKH�WHVW�WKUHVKROG�IRU�ERWK�&7 VFDQ������� DQG�05, � �������7KHUHIRUH� QHLWKHU�3$6���QRU�3$6���

FDQ�HOLPLQDWH WKH QHHG�IRU�&7�VFDQ�RU�05,��$FFRUGLQJ�WR�RXU�WHVW�WUHDWPHQW�PRGHO�RQO\�3$6 ��GHFUHDVHV

WKH�SRVW�WHVW�SUREDELOLW\�RI�$$�ORZ�HQRXJK�WR�REYLDWH�WKH�QHHG�IRU�&7�RU�05,��,Q�RWKHU�ZRUGV��LI�D�SDWLHQW�

ZLWK�³XQGLIIHUHQWLDWHG�DEGRPLQDO�SDLQ´ LV�QHJDWLYH�IRU�DOO YDULDEOHV�RI�3$6��WKH�SUREDELOLW\�RI�$$�LV�

QHDUO\ ���DQG SDWLHQW�FDQ�EH�GLVFKDUJHG ZLWKRXW�IXUWKHU�LQYHVWLJDWLRQ�

2YHUDOO�ZH�IRXQG�YHU\�KHWHURJHQHRXV�UHVXOWV�IRU�PRVW�FXWRII�SRLQWV�RI�3$6��2XU�UHVXOWV�DUH�VLPLODU�WR�

(EHOO�HW�DO �����,Q�D V\VWHPDWLF�UHYLHZ�RI�VL[�VWXGLHV� (EHOO�HW�DO ��� GLG�QRW�ILQG DQ\�FXWRII�SRLQW�WKDW�FDQ�

UXOH�LQ�RXW�$$��2I�DUWLFOHV UHYLHZHG�E\�(EHOO HW�DO �����ILYH ZHUH�LQFOXGHG�LQ�RXU�UHYLHZ�DORQJ�ZLWK�WKUHH�

DGGLWLRQDO�VWXGLHV�WKDW�ZHUH�QRW�UHYLHZHG�E\�(EHOO�HW�DO ��� �:X�����%DFKXU��DQG�.KDQDIHU�����IRU�D�WRWDO��

VWXGLHV��1 ��������2QH�FULWLFLVP�WR�WKH�(EHOO�HW�DO ��� UHYLHZ�LV�LQDSSURSULDWHO\ SRROLQJ�RI�WKH�GDWD�IURP�

VWXGLHV�ZLWK�GLIIHUHQW�LQFOXVLRQ�FULWHULD�DQG�KHWHURJHQHRXV UHVXOWV ��� �,� �������� $OWKRXJK� ZH JURXSHG�
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VWXGLHV�ZLWK�VLPLODU�LQFOXVLRQ�FULWHULD WRJHWKHU��ZH VWLOO REVHUYHG KHWHURJHQHRXV�UHVXOWV IRU�PRVW�FXWRII�

SRLQWV RI�3$6 �,� ��������� (YHQ�VWXGLHV�ZLWK�VLPLODU�VHWWLQJV DQG�$$ SUHYDOHQFHV KDG�KHWHURJHQHRXV�

UHVXOWV� :H�XQVXFFHVVIXOO\�DWWHPSWHG WR FRQWDFW WKH DXWKRUV�RI�WKH�LQFOXGHG�VWXGLHV�WR�XWLOL]H WKHLU�UDZ�GDWD�

WR�FDOFXODWH LQWHUYDO�OLNHOLKRRG�UDWLRV�LQVWHDG�RI�XVLQJ�DUELWUDU\�FXWRII�SRLQW��DQG�WKHUHIRUH�GHFUHDVH�

KHWHURJHQHLW\�

2QH�SRVVLEOH�H[SODQDWLRQ�IRU�KLJK�KHWHURJHQHLW\�REVHUYHG DFURVV�3$6�VWXGLHV�LV�WKDW���RXW�RI���YDULDEOHV�

FRPSRVLQJ WKH�3$6�DUH�KLVWRU\�DQG�SK\VLFDO�H[DP�ILQGLQJV�DQG�WKHUHIRUH�H[DPLQHU�GHSHQGHQW��,Q�RQH

UHFHQW�VWXG\ IRFXVLQJ�VROHO\�RQ�WKH�LQWHU�H[DPLQHU�UHOLDELOLW\�RI�KLVWRU\�DQG�SK\VLFDO�H[DP ILQGLQJV�LQ�

SHGLDWULF�DEGRPLQDO�SDLQ�SDWLHQWV ZLWK�DQG�ZLWKRXW�$$��� ��RQO\�YRPLWLQJ�VKRZHG KLJK LQWHU�H[DPLQHU�

UHOLDELOLW\ �N ����� ZLWK�RWKHU�ILQGLQJV�IDLOLQJ�WR�VKRZ�DFFHSWDEOH�LQWHU�H[DPLQHU�UHOLDELOLWLHV �������������

<HQ�HW�DO��� DOVR�IRXQG�SRRU LQWHU�H[DPLQHU�UHOLDELOLW\�RI�SK\VLFDO�H[DP�ILQGLQJV LQ�SHGLDWULF�SDWLHQWV�ZLWK�

DEGRPLQDO�SDLQ �N ����������� :KHQ PRVW�FRPSRQHQWV�RI�D�FOLQLFDO�VFRUH�DUH�LQKHUHQWO\�DW�ULVN�RI�ORZ�

UHSURGXFLELOLW\��LW�LV RQO\ QDWXUDO�IRU�WKH�HQG�UHVXOWV�WR�EH�KHWHURJHQHRXV�DV�ZHOO��

6LQFH�KLVWRU\��SK\VLFDO H[DP��ODE�WHVWV� DQG�3$6�DOO�KDG�KLJK�KHWHURJHQHLW\�DQG�SRRU�WHVW�FKDUDFWHULVWLFV�

ZH�GHFLGHG�WR�LQYHVWLJDWH�WKH�RSHUDWLQJ�FKDUDFWHULVWLFV�RI�('�32&86� 7HVW�FKDUDFWHULVWLFV�RI�('�32&86�

ZHUH�VLPLODU�WR�WKRVH�RI�5DGLRORJ\�8OWUDVRXQG��586� DV�UHSRUWHG�E\�'RULD�HW�DO�����6HQVLWLYLW\�����YV�

����DQG 6SHFLILFLW\����YV������7KHUHIRUH� ZH�GHFLGHG�QRW WR LQFOXGH�586�LQ�RXU�WHVW�WUHDWPHQW�

WKUHVKROG�PRGHO�

8VLQJ�RXU�WHVW�WUHDWPHQW�WKUHVKROG�PRGHO� �)LJXUH �� LQ�SDWLHQWV�VXVSHFWHG�RI�$$��SUH�WHVW�SUREDELOLW\�RI�

������ DQG�D�SRVLWLYH�('�32&86� WKH�SK\VLFLDQ�FDQ�DVVXPH�WKH�GLDJQRVLV�RI�$$��SRVW�WHVW�SUREDELOLW\�RI�

�����ZLWKRXW�WKH�QHHG�IRU�&7�VFDQ�RU�05,��$�QHJDWLYH�('�32&86�GHFUHDVHV�WKH�SRVW�WHVW�SUREDELOLW\�RI�

$$�IURP�������WR�����H[FHHGLQJ WKH�WHVWLQJ�WKUHVKROG�IRU�&7��������DQG�05,������� DQG IXUWKHU�

LQYHVWLJDWLRQ�LV UHFRPPHQGHG��7KH�ORZ�WHVWLQJ WKUHVKROG�RI�&7�VFDQ�DQG�05,�FDQ�EH�DWWULEXWHG�WR�D
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FRPELQDWLRQ�RI�KLJK�EHQHILW�RI�WUHDWPHQW��%U[���ORZ�ULVN�DVVRFLDWHG�ZLWK�WKHVH�GLDJQRVWLF�PRGDOLWLHV �5W���

DQG�WKH ORZ�ULVN�RI�DSSHQGHFWRP\��5U[���,Q�IDFW��LQ�RUGHU WR�REYLDWH�WKH�QHHG�IRU�&7�DQG�05, XVLQJ�('�

32&86��WKH�SUHWHVW�SUREDELOLW\�PXVW�EH�ORZHU�WKDQ������� ZKLFK�LV�H[WUHPHO\ XQOLNHO\�LQ�D�SDWLHQW�

HYDOXDWHG�IRU�DEGRPLQDO�SDLQ ³VXVSHFWHG RI $$´��)DFWRUV�VXFK�DV�DYDLODELOLW\�RI�UDGLRORJ\�PRGDOLWLHV��FRVW�

RI�WUHDWPHQW� DQG�HPHUJHQF\ GHSDUWPHQW OHQJWK�RI�VWD\ XQGHQLDEO\�SOD\�LPSRUWDQW�UROHV LQ�UHDO�OLIH�VHWWLQJ��

+RZHYHU��VXFK�IDFWRUV�DUH EH\RQG�WKH�VFRSH�RI�WKLV�UHYLHZ DQG�DUH�QRW�DFFRXQWHG�IRU�ZLWKLQ�WKH�

DIRUHPHQWLRQHG FDOFXODWLRQV�

,Q�D�SDWLHQW�ZLWK�QHJDWLYH�('�32&86��WKH�GHFLVLRQ�WR�XVH IXUWKHU�LPDJLQJ VWXGLHV� REVHUYH LQ�WKH�('�

REWDLQ�VXUJLFDO�FRQVXOWDWLRQ� RU�GLVFKDUJH IURP�WKH�(' LV�EDVHG�RQ�WUHDWLQJ�SK\VLFLDQ¶V�FOLQLFDO�MXGJPHQW��

$Q�DOWHUQDWLYH�PDQDJHPHQW�DSSURDFK�WR�SHUIRUPLQJ�&7�RU�05,�LQ�SDWLHQWV�ZLWK�QHJDWLYH�('�32&86�

FRXOG�EH�DQWLELRWLF�WKHUDS\� :KLOH�QRQ�RSHUDWLYH�PDQDJHPHQW�RI�$$�LV�QRW�WKH�PDLQ�IRFXV�RI�WKLV�UHYLHZ��

ZH�EULHIO\�DGGUHVV�LW�KHUH�JLYHQ�WKH�LQFUHDVLQJ�HYLGHQFH�VXSSRUWLQJ�WKLV�DSSURDFK� $QWLELRWLF�WKHUDS\�LV�D�

FRPPRQ�SUDFWLFH�LQ�SHGLDWULF�SDWLHQWV�ZLWK�FRPSOLFDWHG�$$�EXW�OHVV�VWXGLHG LQ�XQFRPSOLFDWHG�$$��)HZ�

VWXGLHV�RQ�WKLV�VXEMHFW�������� ��GHPRQVWUDWHG�QR�GLIIHUHQFH�LQ WKH UDWH�RI�SRVW�RSHUDWLYH�FRPSOLFDWLRQV�

EHWZHHQ�FKLOGUHQ�ZKR�XQGHUZHQW�DSSHQGHFWRP\�DIWHU�IDLOXUH�RI�DQWLELRWLF�WKHUDS\�DQG�WKRVH�ZKR�ZHUH�

WUHDWHG�VXUJLFDOO\�XSRQ�ILUVW�SUHVHQWDWLRQ�RI�$$��7KLV�LV�VLPLODU�WR�WKH�ILQGLQJV�IURP�WKH�DGXOW�SRSXODWLRQ��

,Q�D�V\VWHPDWLF�UHYLHZ�RI���5&7V�LQ�DGXOW�SDWLHQWV�ZLWK�XQFRPSOLFDWHG�$$��5ROOLQV�HW�DO��� VKRZHG�WKDW�

ULVN�RI�FRPSOLFDWLRQV�ZDV�ORZHU�LQ�WKRVH�ZKR�KDG�DSSHQGHFWRP\�IROORZLQJ�³IDLOXUH´�RI�DQWLELRWLF�WKHUDS\�

FRPSDUHG�WR�WKRVH�ZKR�XQGHUZHQW DSSHQGHFWRP\�XSRQ WKHLU�ILUVW�SUHVHQWDWLRQ�RI�$$ �������YV��������

,Q�RQH�5&7�LQ�FKLOGUHQ��6YHQVVRQ�HW�DO��� WUHDWHG����SHGLDWULF�SDWLHQWV�VXVSHFWHG�RI�$$�ZLWK�DQWLELRWLFV�

DORQH�ZKLOH�VHQW����WR�VXUJHU\��'XULQJ�WKH�IROORZ�XS SHULRG�RI���\HDU� WZR SDWLHQWV����� KDG�

DSSHQGHFWRP\�ZLWK�SDWKRORJLFDOO\�SURYHQ�$$��7KLV�LV�VLPLODU�WR�WKH�UHFXUUHQFH�UDWH�LQ�DQWLELRWLF�WKHUDS\�

LQ�SHGLDWULF�SDWLHQWV�ZLWK�FRPSOLFDWHG�$$�ZLWK�RU�ZLWKRXW�LQWHUYDO�DSSHQGHFWRP\���� %DVHG�RQ�WKH�

OLWHUDWXUH �����������������ZH�K\SRWKHVL]HG�ULVN�RI�WUHDWPHQW�IDLOXUH�WR�EH����������7KHUHIRUH��WKH�ULVN�RI�

UHFXUUHQFH�LQ�('�32&86�QHJDWLYH�SDWLHQWV�GLVFKDUJHG�RQ�DQWLELRWLFV ZLOO�EH�������7KLV�LV�D�URXJK�
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HVWLPDWH�DV�PRVW�WULDOV RQ�WUHDWLQJ�$$�SDWLHQWV�ZLWK�DQWLELRWLFV�DUH�QRW�5&7V�DQG�WKHUHIRUH��DW�VXEVWDQWLDO�

ULVN�RI�VHOHFWLRQ�ELDV��:KHWKHU�RU�QRW�WR�DFFHSW�WKLV�ULVN�GHSHQGV�RQ�SK\VLFLDQ¶V�FOLQLFDO�MXGJPHQW�DQG�WKH�

VHWWLQJ�LQ�ZKLFK�SDWLHQW�LV�EHLQJ�WUHDWHG��,I�SDWLHQW�FDQ EH�IROORZHG�DQG�WUDQVIHUUHG�WR�D�KRVSLWDO�LQ�FDVH�RI�

D�UHFXUUHQFH�������PD\ EH D�UHDVRQDEOH�ULVN�WR�DFFHSW� +RZHYHU��LI WKH�WUHDWLQJ�SK\VLFLDQ�KDV�KLJK�

FOLQLFDO�VXVSLFLRQ IRU�$$ GHVSLWH�QHJDWLYH�('�32&86 RU�DQWLFLSDWHV SRRU�PHGLFDWLRQ�FRPSOLDQFH RU�ORVV�

WR�IROORZ�XS��XVLQJ�&7�VFDQ�RU�05,�WR�PDNH�WKH�ILQDO�GLDJQRVLV�PD\ EH�D�EHWWHU�DSSURDFK��

/LPLWDWLRQV

:H�H[FOXGHG�DOO�VWXGLHV�LQ�ODQJXDJHV�RWKHU�WKDQ�(QJOLVK�ZKLFK�FDQ GHFUHDVH�WKH�JHQHUDOL]DELOLW\�RI�WKH�

ILQGLQJV��:H GLG�QRW�KDYH�DFFHVV�WR�SDWLHQW�OHYHO�GDWD�WKHUHIRUH��LW�ZDV�LPSRVVLEOH�WR�HYDOXDWH�WKH�HIIHFW�RI�

IDFWRUV�VXFK�DV�V\PSWRP�GXUDWLRQ��VHYHULW\�RI�WKH�GLVHDVH��HWKQLFLW\��RU�VRFLRHFRQRPLFV��$OO�VWXGLHV�RQ�

('�32&86�LQFOXGHG�LQ�WKLV�UHYLHZ�ZHUH�SHUIRUPHG LQ DFDGHPLF�VHWWLQJV GHFUHDVLQJ�WKH�JHQHUDOL]DELOLW\�

RI�WKH�UHVXOWV�WR�RWKHU�VHWWLQJV�

&21&/86,216

:KLOH�WKH�DLP�RI�WKLV�UHYLHZ�LV�QRW�WR�SURYLGH�D�SUDFWLFH�JXLGHOLQH��WKH�UHVXOWV�FDQ�EH�XVHG�E\�SK\VLFLDQV WR�

PDNH�GHFLVLRQV LQ�WKH�('�ZKHQ�FDULQJ�IRU�D�FKLOG�ZLWK�DEGRPLQDO�SDLQ��7KH�IROORZLQJ�LV�WKH�VXPPDU\�RI�

RXU�ILQGLQJV��

x ,Q�D�SDWLHQW�SUHVHQWLQJ�WR�WKH�('�ZLWK�³XQGLIIHUHQWLDWHG�DEGRPLQDO�SDLQ´��PLJUDWLRQ�RI�SDLQ�WR�WKH�

5/4�RU�SUHVHQFH�RI ³FRXJK�KRS�SDLQ´ LQ�SK\VLFDO�H[DP�LQFUHDVHV WKH�SUREDELOLW\�RI�$$�DQG�D�

GLDJQRVLV�RI�$$�VKRXOG�EH�VXVSHFWHG LQ�VXFK�SDWLHQW��2QFH�SK\VLFLDQ�VXVSHFWV�$$� QR�VLQJOH�

KLVWRU\��SK\VLFDO�H[DP��ODE�ILQGLQJ� RU�3$6�UHVXOW�FDQ�HVWDEOLVK�WKH�GLDJQRVLV�RI�$$�ZLWKRXW WKH�

QHHG�IRU�LPDJLQJ�VWXGLHV�
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x 7KH SRROHG RSHUDWLQJ FKDUDFWHULVWLFV�IRU�('�32&86�LQ�WKLV�UHYLHZ�DUH�VLPLODU�WR�WKRVH�UHSRUWHG�

IRU�586 LQ�OLWHUDWXUH��,I�RSHUDWRU�RI�('�32&86�KDV�VLPLODU�H[SHUWLVH�DQG�WUDLQLQJ�DV�RSHUDWRUV�LQ�

RXU�LQFOXGHG�VWXGLHV� ('�32&86�FDQ UHSODFH�586�IRU�WKH GLDJQRVLV�RI�$$�

x ,Q�D�SHGLDWULF�SDWLHQW�³VXVSHFWHG�RI�$$´� D�SRVLWLYH�('�32&86�LV�GLDJQRVWLF�RI�$$��+RZHYHU��D

QHJDWLYH�('�32&86 LV�QRW�VXIILFLHQW�WR�UXOH�RXW�$$�ZLWKRXW�WKH�XVH�RI�&7�6FDQ�RU�05,��

$UHDV�RI�)XWXUH�5HVHDUFK

&OLQLFDO�VFRUHV�DUH�SHUKDSV�PRUH�YDOXDEOH�LI FRQVWUXFWHG�XVLQJ YDULDEOHV�WKDW�DUH�ZHOO�VWXGLHG�LQ�PXOWLSOH�

VHWWLQJV�DQG�ZLWK�D�GHVLJQ�WKDW�LV�OHVV�SURQH�WR�SDUWLDO�YHULILFDWLRQ�ELDV��$�PXOWL�FHQWHU�VWXG\�RQ�SDWLHQWV�

ZLWK�XQGLIIHUHQWLDWHG�DEGRPLQDO�SDLQ�WKDW�HYDOXDWHV QRW�RQO\ WKH WHVW�FKDUDFWHULVWLFV RI�KLVWRU\�DQG�

SK\VLFDO�H[DP�ILQGLQJV�EXW�DOVR�WKHLU�LQWHU�H[DPLQHU�UHOLDELOLW\�LV�VXJJHVWHG�DQG�ZRXOG EH�YHU\�EHQHILFLDO

LQ�GHYHORSLQJ�IXWXUH�FOLQLFDO�VFRUHV�RU�JXLGHOLQHV��7R�GHFUHDVH�WKH�ULVN�RI�GLIIHUHQWLDO�YHULILFDWLRQ�ELDV��LW¶V�

VXJJHVWHG�WKDW�LQ�IXWXUH�VWXGLHV�SDWLHQWV REVHUYHG�ZLWKRXW�VXUJHU\ XQGHUJR�D�FRPSOHWH IROORZ�XS��

$OVR��WKH�WHVW�FKDUDFWHULVWLFV DQG�LQWHU�UDWHU�UHOLDELOLW\ RI�('�32&86�VKRXOG�EH�WHVWHG�LQ�YDULRXV�VHWWLQJV��

LQFOXGLQJ�QRQ�DFDGHPLF�('V�

5HIHUHQFHV��

�� 1DWLRQDO�+RVSLWDO�$PEXODWRU\�0HGLFDO�&DUH�6XUYH\�������(PHUJHQF\�'HSDUWPHQW�6XPPDU\�7DEOHV
KWWSV���ZZZ�FGF�JRY�QFKV�GDWD�DKFG�QKDPFVBHPHUJHQF\�����BHGBZHEBWDEOHV�SGI

�� +DOO�0-��'H)UDQFHV�&-��:LOOLDPV�61��*RORVLQVNL\�$��6FKZDUW]PDQ�$��1DWLRQDO�+RVSLWDO�'LVFKDUJH�6XUYH\�������
VXPPDU\��1DWLRQDO�KHDOWK�VWDWLVWLFV�UHSRUWV��������������

�� %HFNHU�7��.KDUEDQGD�$��%DFKXU�5��$W\SLFDO�FOLQLFDO�IHDWXUHV�RI�SHGLDWULF�DSSHQGLFLWLV��$FDGHPLF�HPHUJHQF\�PHGLFLQH���
RIILFLDO�MRXUQDO�RI�WKH�6RFLHW\�IRU�$FDGHPLF�(PHUJHQF\�0HGLFLQH���������������

�� 1DQFH�0/��$GDPVRQ�:7��+HGULFN�+/��$SSHQGLFLWLV�LQ�WKH \RXQJ�FKLOG��D�FRQWLQXLQJ�GLDJQRVWLF�FKDOOHQJH��3HGLDWULF�HPHUJHQF\�
FDUH���������������

�� 'DYHQSRUW�0��$FXWH�DEGRPLQDO�SDLQ�LQ�FKLOGUHQ��%0-��&OLQLFDO�UHVHDUFK�HG�������������������

�� 0DU]XLOOR�3��*HUPDQL�&��.UDXVV�%6��%DUEL�(��$SSHQGLFLWLV�LQ�FKLOGUHQ�OHVV�WKDQ�ILYH�\HDUV�ROG��$�FKDOOHQJH�IRU�WKH�JHQHUDO�
SUDFWLWLRQHU��:RUOG�MRXUQDO�RI�FOLQLFDO�SHGLDWULFV��������������

�� %XQG\�'*��%\HUOH\�-6��/LOHV�($��3HUULQ�(0��.DW]QHOVRQ�-��5LFH�+(��'RHV�WKLV�FKLOG�KDYH�DSSHQGLFLWLV"�-DPD�
����������������
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�� %UDWWRQ�6/��+DEHUNHUQ�&0��:DOGKDXVHQ�-+��$FXWH�DSSHQGLFLWLV�ULVNV�RI�FRPSOLFDWLRQV��DJH�DQG�0HGLFDLG�LQVXUDQFH��3HGLDWULFV�
��������������

�� 3HQJ�<6��/HH�+&��<HXQJ�&<��6KHX�-&��:DQJ�1/��7VDL�<+��&OLQLFDO�FULWHULD�IRU�GLDJQRVLQJ�SHUIRUDWHG�DSSHQGL[�LQ�SHGLDWULF�
SDWLHQWV��3HGLDWULF�HPHUJHQF\�FDUH���������������

��� 1DUVXOH�&.��.DKOH�(-��.LP�'6��$QGHUVRQ�$&��/XNV�),��(IIHFW�RI�GHOD\ LQ�SUHVHQWDWLRQ�RQ�UDWH�RI�SHUIRUDWLRQ�LQ�FKLOGUHQ�
ZLWK�DSSHQGLFLWLV��7KH�$PHULFDQ�MRXUQDO�RI�HPHUJHQF\�PHGLFLQH���������������

��� 5RWKURFN�6*��3DJDQH�-��$FXWH�DSSHQGLFLWLV�LQ�FKLOGUHQ��HPHUJHQF\�GHSDUWPHQW�GLDJQRVLV�DQG�PDQDJHPHQW��$QQDOV�RI�
HPHUJHQF\�PHGLFLQH���������������

��� 6DPXHO�0��3HGLDWULF�DSSHQGLFLWLV�VFRUH��-RXUQDO�RI�SHGLDWULF�VXUJHU\����������������

��� $OYDUDGR�$��$�SUDFWLFDO�VFRUH�IRU�WKH�HDUO\�GLDJQRVLV�RI�DFXWH�DSSHQGLFLWLV��$QQDOV�RI�HPHUJHQF\�PHGLFLQH�������������
���

��� *ROGPDQ�5'��&DUWHU�6��6WHSKHQV�'��$QWRRQ�5��0RXQVWHSKHQ�:��/DQJHU�-&��3URVSHFWLYH�YDOLGDWLRQ�RI�WKH�SHGLDWULF�
DSSHQGLFLWLV�VFRUH��7KH�-RXUQDO�RI�SHGLDWULFV�����������������

��� =XQLJD�59��$UULEDV�-/��0RQWHV�63��HW�DO��$SSOLFDWLRQ�RI�3HGLDWULF�$SSHQGLFLWLV�6FRUH�RQ�WKH�HPHUJHQF\�GHSDUWPHQW�RI�D�VHFRQGDU\�
OHYHO�KRVSLWDO��3HGLDWULF�HPHUJHQF\�FDUH����������������

��� (VFULED�$��*DPHOO�$0��)HUQDQGH]�<��4XLQWLOOD�-0��&XEHOOV�&/��3URVSHFWLYH�YDOLGDWLRQ�RI�WZR�V\VWHPV�RI�FODVVLILFDWLRQ�IRU�WKH�
GLDJQRVLV�RI�DFXWH�DSSHQGLFLWLV��3HGLDWULF�HPHUJHQF\�FDUH���������������

��� %KDWW�0��-RVHSK�/��'XFKDUPH�)0��'RXJKHUW\�*��0F*LOOLYUD\�'��3URVSHFWLYH�YDOLGDWLRQ�RI�WKH�SHGLDWULF�DSSHQGLFLWLV�
VFRUH�LQ�D�&DQDGLDQ�SHGLDWULF�HPHUJHQF\�GHSDUWPHQW��$FDGHPLF�HPHUJHQF\�PHGLFLQH���RIILFLDO�MRXUQDO�RI�WKH�6RFLHW\�IRU�
$FDGHPLF�(PHUJHQF\�0HGLFLQH���������������

��� +U\KRUF]XN�$/��0DQQL[�5&��7D\ORU�*$��3HGLDWULF�DEGRPLQDO�SDLQ��XVH�RI�LPDJLQJ�LQ�WKH�HPHUJHQF\�GHSDUWPHQW�LQ�WKH�
8QLWHG�6WDWHV�IURP������WR�������5DGLRORJ\�����������������

��� %URGHU�-��)RUGKDP�/$��:DUVKDXHU�'0��,QFUHDVLQJ�XWLOL]DWLRQ�RI�FRPSXWHG�WRPRJUDSK\�LQ�WKH�SHGLDWULF�HPHUJHQF\�
GHSDUWPHQW�������������(PHUJHQF\�UDGLRORJ\����������������

��� /DUVRQ�'%��-RKQVRQ�/:��6FKQHOO�%0��*RVNH�0-��6DOLVEXU\�65��)RUPDQ�+3��5LVLQJ�XVH�RI�&7�LQ�FKLOG�YLVLWV�WR�WKH�
HPHUJHQF\�GHSDUWPHQW�LQ�WKH�8QLWHG�6WDWHV�������������5DGLRORJ\������������������

��� +RZHOO�-0��(GG\�2/��/XNHQV�7:��7KLHVVHQ�0(��:HLQJDUW�6'��'HFNHU�::��&OLQLFDO�SROLF\��&ULWLFDO�LVVXHV�LQ�WKH�HYDOXDWLRQ�DQG�
PDQDJHPHQW�RI�HPHUJHQF\�GHSDUWPHQW�SDWLHQWV�ZLWK�VXVSHFWHG�DSSHQGLFLWLV��$QQDOV�RI�HPHUJHQF\�PHGLFLQH����������������

��� 5RVHQ�03��'LQJ�$��%ODNH�0$��HW�DO��$&5�$SSURSULDWHQHVV�&ULWHULD�5��ULJKW�ORZHU�TXDGUDQW�SDLQ��VXVSHFWHG�DSSHQGLFLWLV��
-RXUQDO�RI�WKH�$PHULFDQ�&ROOHJH�RI�5DGLRORJ\���-$&5���������������

��� %DFKXU�5*��&DOODKDQ�0-��0RQXWHDX[�0&��5DQJHO�6-��,QWHJUDWLRQ�RI�XOWUDVRXQG�ILQGLQJV�DQG�D�FOLQLFDO�VFRUH�LQ�WKH�
GLDJQRVWLF�HYDOXDWLRQ�RI�SHGLDWULF�DSSHQGLFLWLV��7KH�-RXUQDO�RI�SHGLDWULFV�����������������

��� (OLNDVKYLOL�,��7D\�(7��7VXQJ�-:��7KH�HIIHFW�RI�SRLQW�RI�FDUH�XOWUDVRQRJUDSK\�RQ�HPHUJHQF\�GHSDUWPHQW�OHQJWK�RI�VWD\�DQG�
FRPSXWHG�WRPRJUDSK\�XWLOL]DWLRQ�LQ�FKLOGUHQ�ZLWK�VXVSHFWHG�DSSHQGLFLWLV��$FDGHPLF�HPHUJHQF\�PHGLFLQH���RIILFLDO�MRXUQDO�RI�WKH�
6RFLHW\�IRU�$FDGHPLF�(PHUJHQF\�0HGLFLQH����������������

��� 6LYLW]�$%��&RKHQ�6*��7HMDQL�&��(YDOXDWLRQ�RI�DFXWH�DSSHQGLFLWLV�E\�SHGLDWULF�HPHUJHQF\�SK\VLFLDQ�VRQRJUDSK\��$QQDOV�RI�
HPHUJHQF\�PHGLFLQH����������������H��

��� 'DKDEUHK�,-��$GDP�*3��+DOODGD\�&:��HW�DO��$+54�&RPSDUDWLYH�(IIHFWLYHQHVV�5HYLHZV���'LDJQRVLV�RI�5LJKW�/RZHU�
4XDGUDQW�3DLQ�DQG�6XVSHFWHG�$FXWH�$SSHQGLFLWLV��5RFNYLOOH��0'���$JHQF\�IRU�+HDOWKFDUH�5HVHDUFK�DQG�4XDOLW\��86���
�����

��� 6KDPVHHU�/��0RKHU�'��&ODUNH�0��HW�DO��3UHIHUUHG�UHSRUWLQJ�LWHPV�IRU�V\VWHPDWLF�UHYLHZ�DQG�PHWD�DQDO\VLV�SURWRFROV��35,60$�3��
������HODERUDWLRQ�DQG�H[SODQDWLRQ��%0-��&OLQLFDO�UHVHDUFK�HG�����������J�����
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��� 6WURXS�')��%HUOLQ�-$��0RUWRQ�6&��HW�DO��0HWD�DQDO\VLV�RI�REVHUYDWLRQDO�VWXGLHV�LQ�HSLGHPLRORJ\��D�SURSRVDO�IRU�UHSRUWLQJ��
0HWD�DQDO\VLV�2I�2EVHUYDWLRQDO�6WXGLHV�LQ�(SLGHPLRORJ\��0226(��JURXS��-DPD������������������

��� =DPRUD�-��$EUDLUD�9��0XULHO�$��.KDQ�.��&RRPDUDVDP\�$��0HWD�'L6F��D�VRIWZDUH�IRU�PHWD�DQDO\VLV�RI�WHVW�DFFXUDF\�GDWD��%0&�
PHGLFDO�UHVHDUFK�PHWKRGRORJ\�����������

��� :KLWLQJ�3)��5XWMHV�$:��:HVWZRRG�0(��HW�DO��48$'$6����D�UHYLVHG�WRRO�IRU�WKH TXDOLW\�DVVHVVPHQW�RI�GLDJQRVWLF�DFFXUDF\�VWXGLHV��
$QQDOV�RI�LQWHUQDO�PHGLFLQH�����������������

��� 3DXNHU�6*��.DVVLUHU�-3��7KH�WKUHVKROG�DSSURDFK�WR�FOLQLFDO�GHFLVLRQ�PDNLQJ��7KH�1HZ�(QJODQG�MRXUQDO�RI�PHGLFLQH�
�����������������

��� 0F&ORVNH\�.��*URYHU�6��9XLOOHUPLQ�3��%DEO�)(��2YDULDQ�WRUVLRQ�DPRQJ�JLUOV�SUHVHQWLQJ�ZLWK�DEGRPLQDO�SDLQ��D�
UHWURVSHFWLYH�FRKRUW�VWXG\��(PHUJHQF\�PHGLFLQH�MRXUQDO���(0-���������H���

��� 0DOOLFN�06��$SSHQGLFLWLV�LQ�SUH�VFKRRO�FKLOGUHQ��D�FRQWLQXLQJ�FOLQLFDO�FKDOOHQJH��$�UHWURVSHFWLYH�VWXG\��,QWHUQDWLRQDO�
MRXUQDO�RI�VXUJHU\��/RQGRQ��(QJODQG���������������

��� .XWDV\�%��/D[DPDQDGDVV�*��3XUL�3��,V�&�UHDFWLYH�SURWHLQ�D�UHOLDEOH�WHVW�IRU�VXVSHFWHG�DSSHQGLFLWLV�LQ�H[WUHPHO\�REHVH�
FKLOGUHQ"�3HGLDWULF�VXUJHU\�LQWHUQDWLRQDO���������������

��� /DXUHOO�+��+DQVVRQ�/(��*XQQDUVVRQ�8��0DQLIHVWDWLRQV�RI�DFXWH�DSSHQGLFLWLV��D�SURVSHFWLYH�VWXG\�RQ�DFXWH�DEGRPLQDO�
SDLQ��'LJHVWLYH�VXUJHU\�����������������

��� +HQQHPDQ�3/��0DUFXV�&6��,QNHOLV�6+��%XWOHU�-$��%DXPJDUWQHU�)-��(YDOXDWLRQ�RI�FKLOGUHQ�ZLWK�SRVVLEOH�DSSHQGLFLWLV�
XVLQJ�WHFKQHWLXP���P�OHXNRF\WH�VFDQ��3HGLDWULFV����������������

��� 'XQQLQJ�3*��*ROGPDQ�0'��7KH�LQFLGHQFH�DQG�YDOXH�RI�UHFWDO�H[DPLQDWLRQ�LQ�FKLOGUHQ�ZLWK�VXVSHFWHG�DSSHQGLFLWLV��
$QQDOV�RI�WKH�5R\DO�&ROOHJH�RI�6XUJHRQV�RI�(QJODQG���������������

��� 7RSUDN�+��.LOLQFDVODQ�+��$KPDG�,&��HW�DO��,QWHJUDWLRQ�RI�XOWUDVRXQG�ILQGLQJV�ZLWK�$OYDUDGR�VFRUH�LQ�FKLOGUHQ�ZLWK�
VXVSHFWHG�DSSHQGLFLWLV��3HGLDWULFV�LQWHUQDWLRQDO���RIILFLDO�MRXUQDO�RI�WKH�-DSDQ�3HGLDWULF�6RFLHW\��������������

��� /LQ�&+��&KHQ�-+��/L�7&��+R�<-��/LQ�:&��&KLOGUHQ�SUHVHQWLQJ�DW�WKH�HPHUJHQF\�GHSDUWPHQW�ZLWK�ULJKW�ORZHU�TXDGUDQW�
SDLQ��7KH�.DRKVLXQJ�MRXUQDO�RI�PHGLFDO�VFLHQFHV�������������

��� $QJ�$��&KRQJ�1.��'DQHPDQ�$��3HGLDWULF�DSSHQGLFLWLV�LQ��UHDO�WLPH���7KH�YDOXH�RI�VRQRJUDSK\�LQ�GLDJQRVLV�DQG�
WUHDWPHQW��3HGLDWULF�(PHUJHQF\�&DUH����������������

��� %DWHV�0)��.KDQGHU�$��6WHLJPDQ�6$��7UDF\�-U�7)��/XNV�),��8VH�RI�ZKLWH�EORRG�FHOO�FRXQW�DQG�QHJDWLYH�DSSHQGHFWRP\�UDWH��
3HGLDWULFV����������H���H���

��� $QDQGDOZDU�63��&DOODKDQ�0-��%DFKXU�5*��HW�DO��8VH�RI�ZKLWH�EORRG�FHOO�FRXQW�DQG�SRO\PRUSKRQXFOHDU�OHXNRF\WH�GLIIHUHQWLDO�WR�
LPSURYH�WKH�SUHGLFWLYH�YDOXH�RI�XOWUDVRXQG�IRU�VXVSHFWHG�DSSHQGLFLWLV�LQ�FKLOGUHQ��-RXUQDO�RI�WKH�$PHULFDQ�&ROOHJH�RI�6XUJHRQV�
����������������

��� &HUyQ�0��*XHUUHUR�'��%XVWRV�(��0DUWtQH]�2��%DxXHORV�&��2OLYDU�9��0RVW�IUHTXHQW�FOLQLFDO�PDQLIHVWDWLRQV�RI�DFXWH�DSSHQGLFLWLV�LQ�
FKLOGUHQ�XQGHU�WKH�DJH�RI�WKUHH��)LIWHHQ�\HDUV�RI�H[SHULHQFH�LQ�WKH�KRVSLWDO�LQIDQWLO�GH�PH[LFR�IHGHULFR�JRPH]�HPHUJHQF\�
GHSDUWPHQW��$FWD�3DHGLDWULFD��,QWHUQDWLRQDO�-RXUQDO�RI�3DHGLDWULFV�������������

��� *HQGHO�,��*XWHUPDFKHU�0��%XNODQ�*��HW�DO��5HODWLYH�YDOXH�RI�FOLQLFDO��ODERUDWRU\�DQG�LPDJLQJ�WRROV�LQ�GLDJQRVLQJ�SHGLDWULF�DFXWH�
DSSHQGLFLWLV��(XURSHDQ�-RXUQDO�RI�3HGLDWULF�6XUJHU\����������������

��� 2NDPRWR�7��6DQR�.��2JDVDKDUD�.��5HFHLYHU�RSHUDWLQJ�FKDUDFWHULVWLF�DQDO\VLV�RI�OHXNRF\WH�FRXQWV�DQG�VHUXP�F�UHDFWLYH�SURWHLQ�
OHYHOV�LQ�FKLOGUHQ�ZLWK�DGYDQFHG�DSSHQGLFLWLV��6XUJHU\�7RGD\���������������

��� 6DO|�0��2KOVVRQ�%��$UQEM|UQVVRQ�(��6WHQVWU|P�3��$SSHQGLFLWLV�LQ�FKLOGUHQ�IURP�D�JHQGHU�SHUVSHFWLYH��3HGLDWULF�6XUJHU\�
,QWHUQDWLRQDO����������������

��� &HVXU�2��%HQOL�$5��.R\XQFX�0��$QDO\VHV�RI�ODERUDWRU\�WHVWV�LQ�FDVHV�ZLWK�DSSHQGLFLWLV�LQ�FKLOGKRRG��.RQXUDOS�7LS�'HUJLVL�
�����������
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��� .LP�(��6XEKDV�*��0LWWDO�9.��*ROODGD\�(6��&�UHDFWLYH�SURWHLQ�HVWLPDWLRQ�GRHV�QRW�LPSURYH�DFFXUDF\�LQ�WKH�GLDJQRVLV�RI�DFXWH�
DSSHQGLFLWLV�LQ�SHGLDWULF�SDWLHQWV��,QWHUQDWLRQDO�MRXUQDO�RI�VXUJHU\��/RQGRQ��(QJODQG��������������

��� &ROYLQ�-0��%DFKXU�5��.KDUEDQGD�$��7KH�SUHVHQWDWLRQ�RI�DSSHQGLFLWLV�LQ�SUHDGROHVFHQW�FKLOGUHQ� 3HGLDWULF�HPHUJHQF\�FDUH�
���������������

��� 0HNKDLO�3��1DJXLE�1��<DQQL�)��,]]LGLHQ�$��$SSHQGLFLWLV�LQ�SDHGLDWULF�DJH�JURXS��FRUUHODWLRQ�EHWZHHQ�SUHRSHUDWLYH�LQIODPPDWRU\
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��� <D]LFL�0��2]NLVDFLN�6��2]WDQ�02��*XUVR\�+��1HXWURSKLO�O\PSKRF\WH�UDWLR�LQ�WKH�GLDJQRVLV�RI�FKLOGKRRG�DSSHQGLFLWLV��7KH�7XUNLVK�
MRXUQDO�RI�SHGLDWULFV���������������

��� +VLDR�.+��/LQ�/+��&KHQ�')��$SSOLFDWLRQ�RI�WKH�0$175(/6�VFRULQJ�V\VWHP�LQ�WKH�GLDJQRVLV�RI�DFXWH�DSSHQGLFLWLV�LQ�
FKLOGUHQ��$FWD�SDHGLDWULFD�7DLZDQLFD� �7DLZDQ�HU�NH�\L�[XH�KXL�]D�]KL����������������

��� 'DGR�*��$QDQLD�*��%DFFDUDQL�8��HW�DO��$SSOLFDWLRQ�RI�D�FOLQLFDO�VFRUH�IRU�WKH�GLDJQRVLV�RI�DFXWH�DSSHQGLFLWLV�LQ�FKLOGKRRG�
D�UHWURVSHFWLYH�DQDO\VLV�RI�����SDWLHQWV��-RXUQDO�RI�SHGLDWULF�VXUJHU\����������������

��� *UDKDP�-0��3RNRUQ\�:-��+DUEHUJ�)-��$FXWH�DSSHQGLFLWLV�LQ�SUHVFKRRO�DJH�FKLOGUHQ��$PHULFDQ�MRXUQDO�RI�VXUJHU\�
����������������

��� 3HDUO�5+��+DOH�'$��0ROOR\�0��6FKXWW�'&��-DTXHV�'3��3HGLDWULF�DSSHQGHFWRP\��-RXUQDO�RI�SHGLDWULF�VXUJHU\�
���������������GLVFXVVLRQ������

��� 3DDMDQHQ�+��6RPSSL�(��(DUO\�FKLOGKRRG�DSSHQGLFLWLV�LV�VWLOO�D�GLIILFXOW�GLDJQRVLV��$FWD�SDHGLDWULFD��2VOR��1RUZD\���������
���������������

��� :X�+3��&KDQJ�&)��/LQ &<��3UHGLFWLYH�LQIODPPDWRU\�SDUDPHWHUV�LQ�WKH�GLDJQRVLV�RI�DFXWH�DSSHQGLFLWLV�LQ�FKLOGUHQ��$FWD�
SDHGLDWULFD�7DLZDQLFD� �7DLZDQ�HU�NH�\L�[XH�KXL�]D�]KL����������������

��� +DUODQG�51��'LDJQRVLV�RI�DSSHQGLFLWLV�LQ�FKLOGKRRG��-RXUQDO�RI�WKH�5R\DO�&ROOHJH�RI�6XUJHRQV�RI�(GLQEXUJK������������
���

��� 5RGULJXH]�6DQMXDQ�-&��0DUWLQ�3DUUD�-,��6HFR�,��*DUFLD�&DVWULOOR�/��1DUDQMR�$��&�UHDFWLYH�SURWHLQ�DQG�OHXNRF\WH�FRXQW�LQ�
WKH�GLDJQRVLV�RI�DFXWH�DSSHQGLFLWLV�LQ�FKLOGUHQ��'LVHDVHV�RI�WKH�FRORQ�DQG�UHFWXP����������������

��� %RQHOOR�-&��$EUDPV�-6��7KH�VLJQLILFDQFH�RI�D��SRVLWLYH��UHFWDO�H[DPLQDWLRQ�LQ�DFXWH�DSSHQGLFLWLV��'LVHDVHV�RI�WKH�FRORQ�
DQG�UHFWXP����������������

��� 0ROOLWW�'/��0LWFKXP�'��7HSDV�--���UG��3HGLDWULF�DSSHQGLFLWLV��HIILFDF\�RI�ODERUDWRU\�DQG�UDGLRORJLF�HYDOXDWLRQ��6RXWKHUQ�
PHGLFDO�MRXUQDO����������������

��� 'DYLGVRQ�30��'RXJODV�&'��+RVNLQJ�&6��*UDGHG�FRPSUHVVLRQ�XOWUDVRQRJUDSK\�LQ�WKH�DVVHVVPHQW�RI�WKH��WRXJK�GHFLVLRQ��
DFXWH�DEGRPHQ�LQ�FKLOGKRRG��3HGLDWULF�VXUJHU\�LQWHUQDWLRQDO��������������

��� .OHLQ�0'��5DEEDQL�$%��5RRG�.'��HW�DO��7KUHH�TXDQWLWDWLYH�DSSURDFKHV�WR�WKH�GLDJQRVLV�RI�DEGRPLQDO�SDLQ�LQ�FKLOGUHQ��
SUDFWLFDO�DSSOLFDWLRQV�RI�GHFLVLRQ�WKHRU\��-RXUQDO�RI�SHGLDWULF�VXUJHU\�����������������

��� 7VHQJ�<&��/HH�06��&KDQJ�<-��:X�+3��$FXWH�DEGRPHQ�LQ�SHGLDWULF�SDWLHQWV DGPLWWHG�WR�WKH�SHGLDWULF�HPHUJHQF\�
GHSDUWPHQW��3HGLDWULFV�DQG�QHRQDWRORJ\����������������
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��� )R[�-&��+XQW�0-��=OLGHQQ\�$0��2VKLWD�0+��%DUDMDV�*��/DQJGRUI�0,��5HWURVSHFWLYH�DQDO\VLV�RI�HPHUJHQF\�GHSDUWPHQW�
XOWUDVRXQG�IRU�DFXWH�DSSHQGLFLWLV��7KH�&DOLIRUQLD�MRXUQDO�RI�HPHUJHQF\�PHGLFLQH���&DOLIRUQLD�&KDSWHU�RI�WKH�$PHULFDQ�
$FDGHP\�RI�(PHUJHQF\�0HGLFLQH�������������

��� 0DFFR�6��9URXHQUDHWV�%&��GH�&DVWUR�60��(YDOXDWLRQ�RI�VFRULQJ�V\VWHPV�LQ�SUHGLFWLQJ�DFXWH�DSSHQGLFLWLV�LQ�FKLOGUHQ��
6XUJHU\������
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��� *LOEHUW�(+��/RZHQVWHLQ�65��.R]LRO�0F/DLQ�-��%DUWD�'&��6WHLQHU�-��&KDUW�UHYLHZV�LQ�HPHUJHQF\�PHGLFLQH�UHVHDUFK��
:KHUH�DUH�WKH�PHWKRGV"�$QQDOV�RI�HPHUJHQF\�PHGLFLQH���������������

��� $EEDV�3,��=DPRUD�,-��(OGHU�6&��HW�DO��+RZ�/RQJ�'RHV�LW�7DNH�WR�'LDJQRVH�$SSHQGLFLWLV"�7LPH�3RLQW�3URFHVV�0DSSLQJ�LQ�
WKH�(PHUJHQF\�'HSDUWPHQW��3HGLDWULF�HPHUJHQF\�FDUH������

��� 3UDGD�$ULDV�0��9D]TXH]�-/��6DOJDGR�%DUUHLUD�$��*RPH]�9HLUDV�-��0RQWHUR�6DQFKH]�0� )HUQDQGH]�/RUHQ]R�-5��
'LDJQRVWLF�DFFXUDF\�RI�ILEULQRJHQ�WR�GLIIHUHQWLDWH�DSSHQGLFLWLV�IURP�QRQVSHFLILF�DEGRPLQDO�SDLQ�LQ�FKLOGUHQ��7KH�
$PHULFDQ�MRXUQDO�RI�HPHUJHQF\�PHGLFLQH������

��� %HQLWR�-��$FHGR�<��0HGUDQR�/��%DUFHQD�(��*DUD\�53��$UUL�($��8VHIXOQHVV�RI�QHZ�DQG�WUDGLWLRQDO�VHUXP�ELRPDUNHUV�LQ�
FKLOGUHQ�ZLWK�VXVSHFWHG�DSSHQGLFLWLV��7KH�$PHULFDQ�MRXUQDO�RI�HPHUJHQF\�PHGLFLQH���������������

��� 7XUN\LOPD]�=��6RQPH]�.��.DUDEXOXW�5��HW�DO��6HTXHQWLDO�F\WRNLQH�OHYHOV�LQ�WKH�GLDJQRVLV�RI�DSSHQGLFLWLV��6FDQGLQDYLDQ�
MRXUQDO�RI�FOLQLFDO�DQG�ODERUDWRU\�LQYHVWLJDWLRQ����������������

��� 6FKROHU�6-��3LWXFK�.��2UU�'3��'LWWXV�56��8VH�RI�WKH�UHFWDO�H[DPLQDWLRQ�RQ�FKLOGUHQ�ZLWK�DFXWH�DEGRPLQDO�SDLQ��&OLQLFDO�
SHGLDWULFV���������������

��� 'L[RQ�-0��(OWRQ�5$��5DLQH\�-%��0DFOHRG�'$��5HFWDO�H[DPLQDWLRQ�LQ�SDWLHQWV�ZLWK�SDLQ�LQ�WKH�ULJKW�ORZHU�TXDGUDQW�RI�WKH�
DEGRPHQ��%0-��&OLQLFDO�UHVHDUFK�HG�����������������

��� *URVHOM�*UHQF�0��5HSVH�6��9LGPDU�'��'HUJDQF�0��&OLQLFDO�DQG�ODERUDWRU\�PHWKRGV�LQ�GLDJQRVLV�RI�DFXWH�DSSHQGLFLWLV�LQ�
FKLOGUHQ��&URDWLDQ�PHGLFDO�MRXUQDO����������������

��� 2]JXQHU�,��.L]LOJXQ�0��.DUDPDQ�$��HW�DO��$UH�QHXWURSKLO�&'���H[SUHVVLRQ�DQG�LQWHUOHXNLQ���HDUO\�XVHIXO�PDUNHUV�IRU�
GLDJQRVLV�RI�DFXWH�DSSHQGLFLWLV"�(XURSHDQ�MRXUQDO�RI�SHGLDWULF�VXUJHU\���RIILFLDO�MRXUQDO�RI�$XVWULDQ�$VVRFLDWLRQ�RI�
3HGLDWULF�6XUJHU\����������������

��� 6DFN�8��%LHUHGHU�%��(ORXDKLGL�7��%DXHU�.��.HOOHU�7��7UREV�5%��'LDJQRVWLF�YDOXH�RI�EORRG�LQIODPPDWRU\�PDUNHUV�IRU�
GHWHFWLRQ�RI�DFXWH�DSSHQGLFLWLV�LQ�FKLOGUHQ��%0&�VXUJHU\�����������

��� /DX�:<��+R�<&��&KX�.:��<HXQJ�&��/HXFRF\WH�FRXQW�DQG�QHXWURSKLO�SHUFHQWDJH�LQ�DSSHQGLFHFWRP\�IRU�VXVSHFWHG�
DSSHQGLFLWLV��7KH�$XVWUDOLDQ�DQG�1HZ�=HDODQG�MRXUQDO�RI�VXUJHU\���������������

��� &KDNKXQDVKYLOL�/��,QDVDULG]H�$��6YDQLG]H�6��6DPNKDUDG]H�-��&KNKDLG]H�,��3URFDOFLWRQLQ�DV�WKH�ELRPDUNHU�RI�
LQIODPPDWLRQ�LQ�GLDJQRVWLFV�RI�SHGLDWULF�DSSHQGLFXODU�SHULWRQLWLV�DQG�IRU�WKH�SURJQRVLV�RI�HDUO\�SRVWRSHUDWLYH�
FRPSOLFDWLRQV��*HRUJLDQ�PHGLFDO�QHZV������������

��� 0LNDHOVVRQ�&��$UQEMRUQVVRQ�(��7KH�YDOXH�RI�&�UHDFWLYH�SURWHLQ��&53��GHWHUPLQDWLRQV�LQ�SDWLHQWV�ZLWK�VXVSHFWHG�DFXWH�
DSSHQGLFLWLV��$QQDOHV�FKLUXUJLDH�HW�J\QDHFRORJLDH���������������

��� &KHQ�&<��=KDR�//��/LQ�<5��:X�.+��:X�+3��'LIIHUHQW�XULQDO\VLV�DSSHDUDQFHV�LQ�FKLOGUHQ�ZLWK�VLPSOH�DQG�SHUIRUDWHG�
DSSHQGLFLWLV��7KH�$PHULFDQ�MRXUQDO�RI�HPHUJHQF\�PHGLFLQH����������������

��� .DIHW]LV�'$��9HOLVVDULRX�,0��1LNRODLGHV�3��HW�DO��3URFDOFLWRQLQ�DV�D�SUHGLFWRU�RI�VHYHUH�DSSHQGLFLWLV�LQ�FKLOGUHQ��(XURSHDQ�
MRXUQDO�RI�FOLQLFDO�PLFURELRORJ\�	�LQIHFWLRXV�GLVHDVHV���RIILFLDO�SXEOLFDWLRQ�RI�WKH�(XURSHDQ�6RFLHW\�RI�&OLQLFDO�
0LFURELRORJ\���������������

��� %HOWUDQ�0$��$OPRQDFLG�-��9LFHQFLR�$��*XWLHUUH]�-��&UXFHV�.6��&XPVLOOH�0$��3UHGLFWLYH�YDOXH�RI�ZKLWH�EORRG�FHOO�FRXQW�
DQG�&�UHDFWLYH�SURWHLQ�LQ�FKLOGUHQ�ZLWK�DSSHQGLFLWLV��-RXUQDO�RI�SHGLDWULF�VXUJHU\�����������������

��� /\FRSRXORX�/��0DPRXODNLV�&��+DQW]L�(��HW�DO��6HUXP�DP\ORLG�$�SURWHLQ�OHYHOV�DV�D�SRVVLEOH�DLG�LQ�WKH�GLDJQRVLV�RI�DFXWH�
DSSHQGLFLWLV�LQ�FKLOGUHQ��&OLQLFDO�FKHPLVWU\�DQG�ODERUDWRU\�PHGLFLQH���������������

��� 6WHIDQXWWL�*��*KLUDUGR�9��*DPED�3��,QIODPPDWRU\�PDUNHUV�IRU�DFXWH�DSSHQGLFLWLV�LQ�FKLOGUHQ��DUH�WKH\�KHOSIXO"�-RXUQDO�RI�
SHGLDWULF�VXUJHU\���������������
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��� 0LVNRZLDN�-��%XUFKDUWK�)��7KH�ZKLWH�FHOO�FRXQW�LQ�DFXWH�DSSHQGLFLWLV��$�SURVSHFWLYH�EOLQG�VWXG\��'DQLVK�PHGLFDO�EXOOHWLQ�
��������������

��� 2ZHQ�7'��:LOOLDPV�+��6WLII�*��-HQNLQVRQ�/5��5HHV�%,��(YDOXDWLRQ�RI�WKH�$OYDUDGR�VFRUH�LQ�DFXWH�DSSHQGLFLWLV��-RXUQDO�RI�
WKH�5R\DO�6RFLHW\�RI�0HGLFLQH��������������

��� <DS�7/��&KHQ�<��/RZ�::��HW�DO��$�QHZ���VWHS�ULVN�VWUDWLILFDWLRQ�FOLQLFDO�VFRUH�IRU�VXVSHFWHG�DSSHQGLFLWLV�LQ�FKLOGUHQ��
-RXUQDO�RI�SHGLDWULF�VXUJHU\����������������

��� YDQ�GHQ�%URHN�:7��YDQ�GHU�(QGH�('��%LMQHQ�$%��%UHVODX�3-��*RXPD�'-��:KLFK�FKLOGUHQ�FRXOG�EHQHILW�IURP�DGGLWLRQDO�
GLDJQRVWLF�WRROV�LQ�FDVH�RI�VXVSHFWHG�DSSHQGLFLWLV"�-RXUQDO�RI�SHGLDWULF�VXUJHU\���������������

��� 5XELQ�6=��0DUWLQ�'-��8OWUDVRQRJUDSK\�LQ�WKH�PDQDJHPHQW�RI�SRVVLEOH�DSSHQGLFLWLV�LQ�FKLOGKRRG��-RXUQDO�RI�SHGLDWULF�
VXUJHU\����������������

��� .RVORVNH�$0��/RYH�&/��5RKUHU�-(��*ROGWKRUQ�-)��/DFH\�65��7KH�GLDJQRVLV�RI�DSSHQGLFLWLV�LQ�FKLOGUHQ��RXWFRPHV�RI�D�
VWUDWHJ\�EDVHG�RQ�SHGLDWULF�VXUJLFDO�HYDOXDWLRQ��3HGLDWULFV����������������

��� )OHLVFKPDQ�5-��'HYLQH�0.��<DJDSHQ�0$��HW�DO��(YDOXDWLRQ�RI�D�QRYHO�SHGLDWULF�DSSHQGLFLWLV�SDWKZD\�XVLQJ�KLJK� DQG�
ORZ�ULVN�VFRULQJ�V\VWHPV��3HGLDWULF HPHUJHQF\�FDUH����������������

��� 6FKQHLGHU�&��.KDUEDQGD�$��%DFKXU�5��(YDOXDWLQJ�DSSHQGLFLWLV�VFRULQJ�V\VWHPV�XVLQJ�D�SURVSHFWLYH�SHGLDWULF�FRKRUW��
$QQDOV�RI�HPHUJHQF\�PHGLFLQH��������������������H��

��� %HFNHU�7��.KDUEDQGD�$��%DFKXU�5��$W\SLFDO�FOLQLFDO�IHDWXUHV�RI�SHGLDWULF�DSSHQGLFLWLV��$FDGHPLF�HPHUJHQF\�PHGLFLQH���
RIILFLDO�MRXUQDO�RI�WKH�6RFLHW\�IRU�$FDGHPLF�(PHUJHQF\�0HGLFLQH���������������

��� .KDUEDQGD�$%��7D\ORU�*$��)LVKPDQ�6-��%DFKXU�5*��$�FOLQLFDO�GHFLVLRQ�UXOH�WR�LGHQWLI\�FKLOGUHQ�DW�ORZ�ULVN�IRU�
DSSHQGLFLWLV��3HGLDWULFV�����������������

��� 0DFNOLQ�&3��5DGFOLIIH�*6��0HUHL�-0��6WULQJHU�0'��$�SURVSHFWLYH�HYDOXDWLRQ�RI�WKH�PRGLILHG�$OYDUDGR�VFRUH�IRU�DFXWH�
DSSHQGLFLWLV�LQ�FKLOGUHQ��$QQDOV�RI�WKH�5R\DO�&ROOHJH�RI�6XUJHRQV�RI�(QJODQG���������������

��� %RQG�*5��7XOO\�6%��&KDQ�/6��%UDGOH\�5/��8VH�RI�WKH�0$175(/6�VFRUH�LQ�FKLOGKRRG�DSSHQGLFLWLV��D�SURVSHFWLYH�VWXG\�
RI�����FKLOGUHQ�ZLWK�DEGRPLQDO�SDLQ��$QQDOV�RI�HPHUJHQF\�PHGLFLQH����������������

��� /LQWXOD�+��3HVRQHQ�(��.RNNL�+��9DQDPR�.��(VNHOLQHQ�0��$�GLDJQRVWLF�VFRUH�IRU�FKLOGUHQ�ZLWK�VXVSHFWHG�DSSHQGLFLWLV��
/DQJHQEHFN
V�DUFKLYHV�RI�VXUJHU\���'HXWVFKH�*HVHOOVFKDIW�IXU�&KLUXUJLH�����������������

���� 6DXFLHU�$��+XDQJ�(<��(PHUHPQL�&$��3HUVKDG�-��3URVSHFWLYH�HYDOXDWLRQ�RI�D�FOLQLFDO�SDWKZD\�IRU�VXVSHFWHG�DSSHQGLFLWLV��
3HGLDWULFV����������H������

���� .KDUEDQGD�$%��'XGOH\�1&��%DMDM�/��HW�DO��9DOLGDWLRQ�DQG�UHILQHPHQW�RI�D�SUHGLFWLRQ�UXOH�WR�LGHQWLI\�FKLOGUHQ�DW�ORZ�ULVN�
IRU�DFXWH�DSSHQGLFLWLV��$UFKLYHV�RI�SHGLDWULFV�	�DGROHVFHQW�PHGLFLQH�����������������

���� .ZDQ�.<��1DJHU�$/� 'LDJQRVLQJ�SHGLDWULF�DSSHQGLFLWLV��XVHIXOQHVV�RI�ODERUDWRU\�PDUNHUV��7KH�$PHULFDQ�MRXUQDO�RI�
HPHUJHQF\�PHGLFLQH�����������������

���� .HQWVLV�$��$KPHG�6��.XUHN�.��HW�DO��'HWHFWLRQ�DQG�GLDJQRVWLF�YDOXH�RI�XULQH�OHXFLQH�ULFK�DOSKD���JO\FRSURWHLQ�LQ�FKLOGUHQ�
ZLWK�VXVSHFWHG�DFXWH�DSSHQGLFLWLV��$QQDOV�RI�HPHUJHQF\�PHGLFLQH���������������H��

���� 0DQGHYLOOH�.��3RWWNHU�7��%XOORFK�%��/LX�-��8VLQJ�DSSHQGLFLWLV�VFRUHV�LQ�WKH�SHGLDWULF�('��7KH�$PHULFDQ�MRXUQDO�RI�
HPHUJHQF\�PHGLFLQH���������������

���� +XFNLQV�'6��6LPRQ�+.��&RSHODQG�.��6SLUR�'0��*RJDLQ�-��:DQGHOO�0��$�QRYHO�ELRPDUNHU�SDQHO�WR�UXOH�RXW�DFXWH�
DSSHQGLFLWLV�LQ�SHGLDWULF�SDWLHQWV�ZLWK�DEGRPLQDO�SDLQ��7KH�$PHULFDQ�MRXUQDO�RI�HPHUJHQF\�PHGLFLQH�����������������

���� &D\URO�-��0LJXH]�0&��*XHUUHUR�*��7RPDWLV�&��6LPDO�,��0DUDQRQ�5��'LDJQRVWLF�DFFXUDF\�DQG�SURJQRVWLF�XWLOLW\�RI�'�
'LPHU�LQ�DFXWH�DSSHQGLFLWLV�LQ�FKLOGUHQ��(XURSHDQ�MRXUQDO�RI�SHGLDWULFV�����������������

���� )R[�-&��6ROOH\�0��$QGHUVRQ�&/��=OLGHQQ\�$��/DKKDP�6��0DDVXPL�.��3URVSHFWLYH�HYDOXDWLRQ�RI�HPHUJHQF\�SK\VLFLDQ�
SHUIRUPHG�EHGVLGH�XOWUDVRXQG�WR�GHWHFW�DFXWH�DSSHQGLFLWLV��(XURSHDQ�-RXUQDO�RI�(PHUJHQF\�0HGLFLQH��������������
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SHGLDWULF�DFXWH�DSSHQGLFLWLV�LQ�WKH�('��$PHULFDQ�-RXUQDO�RI�(PHUJHQF\�0HGLFLQH����������������

���� :X�+3��<DQJ�:&��:X�.+��&KHQ�&<��)X�<&��'LDJQRVLQJ�DSSHQGLFLWLV�DW�GLIIHUHQW�WLPH�SRLQWV�LQ�FKLOGUHQ�ZLWK�ULJKW�
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���� 'RQLJHU�6-��.RUQEOLWK�$��3RLQW�RI�&DUH�8OWUDVRXQG�,QWHJUDWHG�,QWR�D�6WDJHG�'LDJQRVWLF�$OJRULWKP�IRU�3HGLDWULF�
$SSHQGLFLWLV��3HGLDWULF�HPHUJHQF\�FDUH������

���� 6DQWLOODQHV�*��6LPPV�6��*DXVFKH�+LOO�0��HW�DO��3URVSHFWLYH�HYDOXDWLRQ�RI�D�FOLQLFDO�SUDFWLFH�JXLGHOLQH�IRU�GLDJQRVLV�RI�
DSSHQGLFLWLV�LQ�FKLOGUHQ��$FDGHPLF�HPHUJHQF\�PHGLFLQH���RIILFLDO�MRXUQDO�RI�WKH�6RFLHW\�IRU�$FDGHPLF�(PHUJHQF\�
0HGLFLQH����������������

���� .KDQ�$1��6DZDQ�$��/LNRXUH]RV�$��6FKQHOOLQJHU�0��*DUFLD�(��7KH�XVHIXOQHVV�RI�SURFDOFLWRQLQ�LQ�WKH�GLDJQRVLV�RI�
DSSHQGLFLWLV�LQ�FKLOGUHQ��D�SLORW�VWXG\� (PHUJHQF\�PHGLFLQH�LQWHUQDWLRQDO������������������

���� .KDQDIHU�,��0DUWLQ�'$��0LWUD�73��HW�DO��7HVW�FKDUDFWHULVWLFV�RI�FRPPRQ�DSSHQGLFLWLV�VFRUHV�ZLWK�DQG�ZLWKRXW�ODERUDWRU\�
LQYHVWLJDWLRQV��D�SURVSHFWLYH�REVHUYDWLRQDO�VWXG\��%0&�SHGLDWULFV�������������

���� %DFKXU�5*��'D\DQ�36��'XGOH\�1&��HW�DO��7KH�,QIOXHQFH�RI�$JH�RQ�WKH�'LDJQRVWLF�3HUIRUPDQFH�RI�:KLWH�%ORRG�&HOO�
&RXQW�DQG�$EVROXWH�1HXWURSKLO�&RXQW�LQ�6XVSHFWHG�3HGLDWULF�$SSHQGLFLWLV��$FDGHPLF�HPHUJHQF\�PHGLFLQH���RIILFLDO�
MRXUQDO�RI�WKH�6RFLHW\�IRU�$FDGHPLF�(PHUJHQF\�0HGLFLQH������

���� +LJJLQV�-3��7KRPSVRQ�6*��'HHNV�--��$OWPDQ�'*��0HDVXULQJ�LQFRQVLVWHQF\�LQ�PHWD�DQDO\VHV��%0-��&OLQLFDO�UHVHDUFK�HG��
����������������

���� .RKQ�0$��&DUSHQWHU�&5��1HZPDQ�7%��8QGHUVWDQGLQJ�WKH�GLUHFWLRQ�RI�ELDV�LQ�VWXGLHV�RI�GLDJQRVWLF�WHVW�DFFXUDF\��
$FDGHPLF�HPHUJHQF\�PHGLFLQH���RIILFLDO�MRXUQDO�RI�WKH�6RFLHW\�IRU�$FDGHPLF�(PHUJHQF\�0HGLFLQH������������������

���� 0LJUDLQH�6��$WUL�0��%UHW�30��/RXJK�-2��+LQFKH\�-(��6SRQWDQHRXVO\�UHVROYLQJ�DFXWH�DSSHQGLFLWLV��FOLQLFDO�DQG�VRQRJUDSKLF�
GRFXPHQWDWLRQ��5DGLRORJ\���������������

���� +HOOHU�0%��6NROQLFN�0/��8OWUDVRXQG�GRFXPHQWDWLRQ�RI�VSRQWDQHRXVO\�UHVROYLQJ�DSSHQGLFLWLV��7KH�$PHULFDQ�MRXUQDO�RI�HPHUJHQF\�
PHGLFLQH��������������

���� 'L�6DYHULR�6��6LELOLR�$��*LRUJLQL�(��HW�DO��7KH�127$�6WXG\��1RQ�2SHUDWLYH�7UHDWPHQW�IRU�$FXWH�$SSHQGLFLWLV���SURVSHFWLYH�VWXG\�
RQ�WKH�HIILFDF\�DQG�VDIHW\�RI�DQWLELRWLFV��DPR[LFLOOLQ�DQG�FODYXODQLF�DFLG��IRU�WUHDWLQJ�SDWLHQWV�ZLWK�ULJKW�ORZHU�TXDGUDQW�DEGRPLQDO�
SDLQ�DQG�ORQJ�WHUP�IROORZ�XS�RI�FRQVHUYDWLYHO\�WUHDWHG�VXVSHFWHG�DSSHQGLFLWLV��$QQDOV�RI�VXUJHU\�����������������

���� 'HWWRUL�-5��/RVV�WR�IROORZ�XS��(YLGHQFH�%DVHG�6SLQH�&DUH�-RXUQDO�������������

���� %KDQGDUL�0��*X\DWW�*+��6ZLRQWNRZVNL�0)��8VHU
V�JXLGH�WR�WKH�RUWKRSDHGLF�OLWHUDWXUH��KRZ�WR�XVH�DQ�DUWLFOH�DERXW�D�
VXUJLFDO�WKHUDS\��7KH�-RXUQDO�RI�ERQH�DQG�MRLQW�VXUJHU\�$PHULFDQ�YROXPH���������D��������

���� 'RULD�$6��0RLQHGGLQ�5��.HOOHQEHUJHU�&-��HW�DO��86�RU�&7�IRU�'LDJQRVLV�RI�$SSHQGLFLWLV�LQ�&KLOGUHQ�DQG�$GXOWV"�$�0HWD�
$QDO\VLV��5DGLRORJ\����������������

���� 0RRUH�00��.XOD\ODW�$1��+ROOHQEHDN�&6��(QJEUHFKW�%:��'LOOPDQ�-5��0HWKUDWWD�67��0DJQHWLF�UHVRQDQFH�LPDJLQJ�LQ�
SHGLDWULF�DSSHQGLFLWLV��D�V\VWHPDWLF�UHYLHZ��3HGLDWULF�UDGLRORJ\����������������

���� $]L]�2��$WKDQDVLRX�7��7HNNLV�33��HW�DO��/DSDURVFRSLF�YHUVXV�RSHQ�DSSHQGHFWRP\�LQ�FKLOGUHQ��D�PHWD�DQDO\VLV��$QQDOV�RI�
VXUJHU\����������������

���� +HDO\�'$��'R\OH�'��0R\QDJK�(��HW�DO��6\VWHPDWLF�5HYLHZ�DQG�0HWD�$QDO\VLV�RQ�WKH�,QIOXHQFH�RI�6XUJHRQ�6SHFLDOL]DWLRQ�
RQ�2XWFRPHV�)ROORZLQJ�$SSHQGLFHFWRP\�LQ�&KLOGUHQ��0HGLFLQH���������H�����
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���� :DQ�0-��.UDKQ�0��8QJDU�:-��HW�DO��$FXWH�DSSHQGLFLWLV�LQ�\RXQJ�FKLOGUHQ��FRVW�HIIHFWLYHQHVV�RI�86�YHUVXV�&7�LQ�
GLDJQRVLV��D�0DUNRY�GHFLVLRQ�DQDO\WLF�PRGHO��5DGLRORJ\�����������������

���� (EHOO�0+��6KLQKROVHU�-��:KDW�DUH�WKH�PRVW�FOLQLFDOO\�XVHIXO�FXWRIIV�IRU�WKH�$OYDUDGR�DQG 3HGLDWULF�$SSHQGLFLWLV�6FRUHV"�$�
V\VWHPDWLF�UHYLHZ��$QQDOV�RI�HPHUJHQF\�PHGLFLQH����������������H��

���� .KDUEDQGD�$%��$SSHQGLFLWLV��GR�FOLQLFDO�VFRUHV�PDWWHU"�$QQDOV�RI�HPHUJHQF\�PHGLFLQH���������������

���� .KDUEDQGD�$%��)LVKPDQ�6-��%DFKXU�5*��&RPSDULVRQ�RI�SHGLDWULF�HPHUJHQF\�SK\VLFLDQV
�DQG�VXUJHRQV
�HYDOXDWLRQ�DQG�
GLDJQRVLV�RI�DSSHQGLFLWLV��$FDGHPLF�HPHUJHQF\�PHGLFLQH���RIILFLDO�MRXUQDO�RI�WKH�6RFLHW\�IRU�$FDGHPLF�(PHUJHQF\�
0HGLFLQH����������������

���� <HQ�.��.DUSDV�$��3LQNHUWRQ�+-��*RUHOLFN�0+��,QWHUH[DPLQHU�UHOLDELOLW\�LQ�SK\VLFDO�H[DPLQDWLRQ�RI�SHGLDWULF�SDWLHQWV�ZLWK�
DEGRPLQDO�SDLQ��$UFKLYHV�RI�SHGLDWULFV�	�DGROHVFHQW�PHGLFLQH����������������

���� 6YHQVVRQ�-)��3DWNRYD�%��$OPVWURP�0��HW�DO��1RQRSHUDWLYH�WUHDWPHQW�ZLWK�DQWLELRWLFV�YHUVXV�VXUJHU\�IRU�DFXWH�
QRQSHUIRUDWHG�DSSHQGLFLWLV�LQ�FKLOGUHQ��D�SLORW�UDQGRPL]HG�FRQWUROOHG�WULDO��$QQDOV�RI�VXUJHU\����������������

���� 0LQQHFL�3&��0DKLGD�-%��/RGZLFN�'/��HW�DO��(IIHFWLYHQHVV�RI�3DWLHQW�&KRLFH�LQ�1RQRSHUDWLYH�YV�6XUJLFDO�0DQDJHPHQW�RI�
3HGLDWULF�8QFRPSOLFDWHG�$FXWH�$SSHQGLFLWLV��-$0$�VXUJHU\�����������������

���� 7DQDND�<��8FKLGD�+��.DZDVKLPD�+��HW�DO��/RQJ�WHUP�RXWFRPHV�RI�RSHUDWLYH�YHUVXV�QRQRSHUDWLYH�WUHDWPHQW�IRU�
XQFRPSOLFDWHG�DSSHQGLFLWLV��-RXUQDO�RI�SHGLDWULF�VXUJHU\����������������

���� 5ROOLQV�.(��9DUDGKDQ�..��1HDO�.5��/RER�'1��$QWLELRWLFV�9HUVXV�$SSHQGLFHFWRP\�IRU�WKH�7UHDWPHQW�RI�8QFRPSOLFDWHG�
$FXWH�$SSHQGLFLWLV��$Q�8SGDWHG�0HWD�$QDO\VLV�RI�5DQGRPLVHG�&RQWUROOHG�7ULDOV��:RUOG�MRXUQDO�RI�VXUJHU\������

���� $QGHUVVRQ�5(��3HW]ROG�0*��1RQVXUJLFDO�WUHDWPHQW�RI�DSSHQGLFHDO�DEVFHVV RU�SKOHJPRQ��D�V\VWHPDWLF�UHYLHZ�DQG�PHWD�
DQDO\VLV��$QQDOV�RI�VXUJHU\����������������

���� $EHV�0��3HWLN�%��.D]LO�6��1RQRSHUDWLYH�WUHDWPHQW�RI�DFXWH�DSSHQGLFLWLV�LQ�FKLOGUHQ��-RXUQDO�RI�SHGLDWULF�VXUJHU\�
����������������

���� $UPVWURQJ�-��0HUULWW�1��-RQHV�6��6FRWW�/��%XWWHU�$��1RQ�RSHUDWLYH�PDQDJHPHQW�RI�HDUO\��DFXWH�DSSHQGLFLWLV�LQ�FKLOGUHQ��LV�
LW�VDIH�DQG�HIIHFWLYH"�-RXUQDO�RI�SHGLDWULF�VXUJHU\���������������

���� 0LQQHFL�3&��6XONRZVNL�-3��1DFLRQ�.0��HW�DO��)HDVLELOLW\�RI�D�QRQRSHUDWLYH�PDQDJHPHQW�VWUDWHJ\�IRU�XQFRPSOLFDWHG�DFXWH�
DSSHQGLFLWLV�LQ�FKLOGUHQ��-RXUQDO�RI�WKH�$PHULFDQ�&ROOHJH�RI�6XUJHRQV����������������
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Wh�D��
,ŝƐƚŽƌǇ�ĂŶĚ�WŚǇƐŝĐĂů��ǆĂŵ
;ΗĂƉƉĞŶĚŝĐŝƚŝƐΗDĞ^,�dĞƌŵƐ�KZ�ΗĂƉƉĞŶĚŝĐŝƚŝƐΗ�ůů�&ŝĞůĚƐͿ��E��;;ΗƐĞŶƐŝƚŝǀŝƚǇ�ĂŶĚ�
ƐƉĞĐŝĨŝĐŝƚǇΗDĞ^,�dĞƌŵƐ�KZ�;ΗƐĞŶƐŝƚŝǀŝƚǇΗ�ůů�&ŝĞůĚƐ��E��ΗƐƉĞĐŝĨŝĐŝƚǇΗ�ůů�&ŝĞůĚƐͿ�KZ�
ΗƐĞŶƐŝƚŝǀŝƚǇ�ĂŶĚ�ƐƉĞĐŝĨŝĐŝƚǇΗ�ůů�&ŝĞůĚƐ�KZ�ΗWƌĞĚŝĐƚŝǀĞ�sĂůƵĞ�ŽĨ�dĞƐƚƐΗDĞƐŚͿͿ��E��
;;ΗĐŚŝůĚΗDĞ^,�dĞƌŵƐ�KZ�ΗĐŚŝůĚΗ�ůů�&ŝĞůĚƐͿ�KZ�;ΗĂĚŽůĞƐĐĞŶƚΗDĞ^,�dĞƌŵƐ�KZ�
ΗĂĚŽůĞƐĐĞŶƚΗ�ůů�&ŝĞůĚƐͿͿ �E��;;ΗƉŚǇƐŝĐĂů�ĞǆĂŵŝŶĂƚŝŽŶΗDĞ^,�dĞƌŵƐ�KZ�;;ΗƉŚǇƐŝĐĂůΗ�ůů�&ŝĞůĚƐ�
KZ�͞ĐůŝŶŝĐĂů͟�ůů�&ŝĞůĚƐͿ��E��;ΗĞǆĂŵŝŶĂƚŝŽŶΗ�ůů�&ŝĞůĚƐ�KZ�͞ĨĞĂƚƵƌĞΎ͟�ůů�&ŝĞůĚƐ�KZ�
͞ĨŝŶĚŝŶŐΎ͟�ůů�&ŝĞůĚƐͿͿ�KZ�ΗƉŚǇƐŝĐĂů�ĞǆĂŵŝŶĂƚŝŽŶΗ�ůů�&ŝĞůĚƐͿ�KZ�;;ΗŵĞĚŝĐĂůΗ�ůů�&ŝĞůĚƐ��E��
ΗŚŝƐƚŽƌǇΗ�ůů�&ŝĞůĚƐͿ�KZ�ΗŵĞĚŝĐĂů�ŚŝƐƚŽƌǇΗ�ůů�&ŝĞůĚƐ�KZ�ΗDĞĚŝĐĂů�,ŝƐƚŽƌǇ�dĂŬŝŶŐΗDĞƐŚͿͿ
hůƚƌĂƐŽŶŽŐƌĂƉŚǇ�
;ΗĂƉƉĞŶĚŝĐŝƚŝƐΗDĞ^,�dĞƌŵƐ�KZ�ΗĂƉƉĞŶĚŝĐŝƚŝƐΗ�ůů�&ŝĞůĚƐͿ��E��;;ΗƐĞŶƐŝƚŝǀŝƚǇ�ĂŶĚ�
ƐƉĞĐŝĨŝĐŝƚǇΗDĞ^,�dĞƌŵƐ�KZ�;ΗƐĞŶƐŝƚŝǀŝƚǇΗ�ůů�&ŝĞůĚƐ��E��ΗƐƉĞĐŝĨŝĐŝƚǇΗ�ůů�&ŝĞůĚƐͿ�KZ�
ΗƐĞŶƐŝƚŝǀŝƚǇ�ĂŶĚ�ƐƉĞĐŝĨŝĐŝƚǇΗ�ůů�&ŝĞůĚƐ�KZ�ΗWƌĞĚŝĐƚŝǀĞ�sĂůƵĞ�ŽĨ�dĞƐƚƐΗDĞƐŚͿͿ��E��
;;ΗĐŚŝůĚΗDĞ^,�dĞƌŵƐ�KZ�ΗĐŚŝůĚΗ�ůů�&ŝĞůĚƐͿ�KZ�;ΗĂĚŽůĞƐĐĞŶƚΗDĞ^,�dĞƌŵƐ�KZ�
ΗĂĚŽůĞƐĐĞŶƚΗ�ůů�&ŝĞůĚƐͿͿ��E��;;ΗƵůƚƌĂƐŽŶŽŐƌĂƉŚǇΗ^ƵďŚĞĂĚŝŶŐ�KZ�ΗƵůƚƌĂƐŽŶŽŐƌĂƉŚǇΗ�ůů�
&ŝĞůĚƐ�KZ�ΗƵůƚƌĂƐŽƵŶĚΗ�ůů�&ŝĞůĚƐ�KZ�ΗƵůƚƌĂƐŽŶŽŐƌĂƉŚǇΗDĞ^,�dĞƌŵƐ�KZ�ΗƵůƚƌĂƐŽƵŶĚΗ�ůů�
&ŝĞůĚƐ�KZ�ΗƵůƚƌĂƐŽŶŝĐƐΗDĞ^,�dĞƌŵƐ�KZ�ΗƵůƚƌĂƐŽŶŝĐƐΗ�ůů�&ŝĞůĚƐͿ�KZ�;ΗƚŽŵŽŐƌĂƉŚǇ͕�ǆͲƌĂǇ�
ĐŽŵƉƵƚĞĚΗDĞ^,�dĞƌŵƐ�KZ�;ΗƚŽŵŽŐƌĂƉŚǇΗ�ůů�&ŝĞůĚƐ��E��ΗǆͲƌĂǇΗ�ůů�&ŝĞůĚƐ��E��
ΗĐŽŵƉƵƚĞĚΗ�ůů�&ŝĞůĚƐͿ�KZ�ΗǆͲƌĂǇ�ĐŽŵƉƵƚĞĚ�ƚŽŵŽŐƌĂƉŚǇΗ�ůů�&ŝĞůĚƐ�KZ�;ΗĐƚΗ�ůů�&ŝĞůĚƐ��E��
ΗƐĐĂŶΗ�ůů�&ŝĞůĚƐͿ�KZ�ΗĐƚ�ƐĐĂŶΗ�ůů�&ŝĞůĚƐͿͿ
>Ăď�dĞƐƚƐ�
;ΗĂƉƉĞŶĚŝĐŝƚŝƐΗDĞ^,�dĞƌŵƐ�KZ�ΗĂƉƉĞŶĚŝĐŝƚŝƐΗ�ůů�&ŝĞůĚƐͿ��E��;;ΗƐĞŶƐŝƚŝǀŝƚǇ�ĂŶĚ�
ƐƉĞĐŝĨŝĐŝƚǇΗDĞ^,�dĞƌŵƐ�KZ�;ΗƐĞŶƐŝƚŝǀŝƚǇΗ�ůů�&ŝĞůĚƐ��E��ΗƐƉĞĐŝĨŝĐŝƚǇΗ�ůů�&ŝĞůĚƐͿ�KZ�
ΗƐĞŶƐŝƚŝǀŝƚǇ�ĂŶĚ�ƐƉĞĐŝĨŝĐŝƚǇΗ�ůů�&ŝĞůĚƐ�KZ�ΗWƌĞĚŝĐƚŝǀĞ�sĂůƵĞ�ŽĨ�dĞƐƚƐΗDĞƐŚͿͿ��E��
;;ΗĐŚŝůĚΗDĞ^,�dĞƌŵƐ�KZ�ΗĐŚŝůĚΗ�ůů�&ŝĞůĚƐͿ�KZ�;ΗĂĚŽůĞƐĐĞŶƚΗDĞ^,�dĞƌŵƐ�KZ�
ΗĂĚŽůĞƐĐĞŶƚΗ�ůů�&ŝĞůĚƐͿͿ��E��;;;ΗůĂďŽƌĂƚŽƌŝĞƐΗDĞ^,�dĞƌŵƐ�KZ�ΗůĂďŽƌĂƚŽƌŝĞƐΗ�ůů�&ŝĞůĚƐ�KZ�
ΗůĂďŽƌĂƚŽƌǇΗ�ůů�&ŝĞůĚƐͿ��E��;ĐŚĂƌĂĐƚĞƌŝƐƚŝĐƐ�ůů�&ŝĞůĚƐ  KZ ƚĞƐƚƐ�ůů�&ŝĞůĚƐͿͿ�KZ�;ΗĐůŝŶŝĐĂů�
ůĂďŽƌĂƚŽƌǇ�ƚĞĐŚŶŝƋƵĞƐΗDĞ^,�dĞƌŵƐ�KZ�;ΗĐůŝŶŝĐĂůΗ�ůů�&ŝĞůĚƐ��E��ΗůĂďŽƌĂƚŽƌǇΗ�ůů�&ŝĞůĚƐ��E��
ΗƚĞĐŚŶŝƋƵĞƐΗ�ůů�&ŝĞůĚƐͿ�KZ�ΗĐůŝŶŝĐĂů�ůĂďŽƌĂƚŽƌǇ�ƚĞĐŚŶŝƋƵĞƐΗ�ůů�&ŝĞůĚƐ�KZ�;ΗůĂďŽƌĂƚŽƌǇΗ�ůů�
&ŝĞůĚƐ��E��ΗĚŝĂŐŶŽƐŝƐΗ�ůů�&ŝĞůĚƐͿ�KZ�ΗůĂďŽƌĂƚŽƌǇ�ĚŝĂŐŶŽƐŝƐΗ�ůů�&ŝĞůĚƐͿͿ
�D��^�
,ŝƐƚŽƌǇ�ĂŶĚ�WŚǇƐŝĐĂů��ǆĂŵ
��
DSSHQGLFLWLV
�H[S�25�DSSHQGLFLWLV��$1'�;;ƐĞŶƐŝƚŝǀŝƚǇ��E��ƐƉĞĐŝĨŝĐŝƚǇͿ�KZ�ΖƐĞŶƐŝƚŝǀŝƚǇ�ĂŶĚ�
ƐƉĞĐŝĨŝĐŝƚǇΖͬĞǆƉ�KZ�ΖĚŝĂŐŶŽƐƚŝĐ�ǀĂůƵĞΖͬĞǆƉ�KZ�ΖƉƌĞĚŝĐƚŝŽŶΖͬĞǆƉ�KZ�ƉƌĞĚŝĐƚŝŽŶ�KZ�ΖƉƌĞĚŝĐƚŝǀĞ�
ǀĂůƵĞΖͬĞǆƉͿ��E���
FKLOG
�H[S�25�FKLOG�25�
DGROHVFHQW
�H[S�25�DGROHVFHQW�� �E��;ΖƉŚǇƐŝĐĂů�
ĞǆĂŵŝŶĂƚŝŽŶΖͬĞǆƉ�KZ�ΖƉŚǇƐŝĐĂů�ĞǆĂŵŝŶĂƚŝŽŶΖ�KZ�ΖĐůŝŶŝĐĂů�ĞǆĂŵŝŶĂƚŝŽŶΖͬĞǆƉ�KZ�ΖĐůŝŶŝĐĂů�
ĞǆĂŵŝŶĂƚŝŽŶΖ�KZ�ΖĐůŝŶŝĐĂů�ĨĞĂƚƵƌĞΖͬĞǆƉ�KZ�ΖĐůŝŶŝĐĂů�ĨĞĂƚƵƌĞΖ�KZ�ƉŚǇƐŝĐĂů�KZ�ĐůŝŶŝĐĂůͿ��E��
;ΖĞǆĂŵŝŶĂƚŝŽŶΖͬĞǆƉ�KZ�ΖĞǆĂŵŝŶĂƚŝŽŶΖ�KZ�ĞǆĂŵŝŶĂƚŝŽŶͬĞǆƉ�KZ�ĞǆĂŵŝŶĂƚŝŽŶ�KZ�ĨŝŶĚŝŶŐƐ�KZ�
ĨĞĂƚƵƌĞƐͿ



7KLV�DUWLFOH�LV�SURWHFWHG�E\�FRS\ULJKW��$OO�ULJKWV�UHVHUYHG�

hůƚƌĂƐŽŶŽŐƌĂƉŚǇ�
��
DSSHQGLFLWLV
�H[S�25�DSSHQGLFLWLV��$1'�;;ƐĞŶƐŝƚŝǀŝƚǇ��E��ƐƉĞĐŝĨŝĐŝƚǇͿ�KZ�ΖƐĞŶƐŝƚŝǀŝƚǇ�ĂŶĚ�
ƐƉĞĐŝĨŝĐŝƚǇΖͬĞǆƉ�KZ�ΖĚŝĂŐŶŽƐƚŝĐ�ǀĂůƵĞΖͬĞǆƉ�KZ�ΖƉƌĞĚŝĐƚŝŽŶΖͬĞǆƉ�KZ�ƉƌĞĚŝĐƚŝŽŶ�KZ�ΖƉƌĞĚŝĐƚŝǀĞ�
ǀĂůƵĞΖͬĞǆƉͿ��E���
FKLOG
�H[S�25�FKLOG�25�
DGROHVFHQW
�H[S�25�DGROHVFHQW���$1'�
��
XOWUDVRXQG
�H[S�25�XOWUDVRXQG��25��
HFKRJUDSK\
�H[S�25�HFKRJUDSK\��25��
XOWUDVRQLFV
�H[S�
25�XOWUDVRQLFV��25�ΖĐŽŵƉƵƚĞƌ�ĂƐƐŝƐƚĞĚ�ƚŽŵŽŐƌĂƉŚǇΖͬĞǆƉ KZ��FW�$1'�VFDQ��

>Ăď�dĞƐƚƐ�
��
DSSHQGLFLWLV
�H[S�25�DSSHQGLFLWLV��$1'�;;ƐĞŶƐŝƚŝǀŝƚǇ��E��ƐƉĞĐŝĨŝĐŝƚǇͿ�KZ�ΖƐĞŶƐŝƚŝǀŝƚǇ�ĂŶĚ�
ƐƉĞĐŝĨŝĐŝƚǇΖͬĞǆƉ�KZ�ΖĚŝĂŐŶŽƐƚŝĐ�ǀĂůƵĞΖͬĞǆƉ�KZ�ΖƉƌĞĚŝĐƚŝŽŶΖͬĞǆƉ�KZ�ƉƌĞĚŝĐƚŝŽŶ KZ�ΖƉƌĞĚŝĐƚŝǀĞ�
ǀĂůƵĞΖͬĞǆƉͿ��E���
FKLOG
�H[S�25�FKLOG�25�
DGROHVFHQW
�H[S�25�DGROHVFHQW���$1'�
��
ODERUDWRU\
�H[S�25�ODERUDWRU\���$1'��FKDUDFWHULVWLFV 25�WHVWV�25�ΖĚŝĂŐŶŽƐŝƐΖͬĞǆƉ�KZ�
ĚŝĂŐŶŽƐŝƐͿ�KZ�
ODERUDWRU\�GLDJQRVLV
�H[S�

^�KWh^
,ŝƐƚŽƌǇ�ĂŶĚ�WŚǇƐŝĐĂů��ǆĂŵ

�ƉƉĞŶĚŝĐŝƚŝƐ��E��WŚǇƐŝĐĂů��ǆĂŵŝŶĂƚŝŽŶ�

�ƉƉĞŶĚŝĐŝƚŝƐ��E��WŚǇƐŝĐĂů�ĨŝŶĚŝŶŐƐ

�ƉƉĞŶĚŝĐŝƚŝƐ��E��ŚŝƐƚŽƌǇ

�ƉƉĞŶĚŝĐŝƚŝƐ��E��ŵĞĚŝĐĂů�ŚŝƐƚŽƌǇ

hůƚƌĂƐŽŶŽŐƌĂƉŚǇ�

�ƉƉĞŶĚŝĐŝƚŝƐ��E��ƵůƚƌĂƐŽŶŽŐƌĂƉŚǇ�

�ƉƉĞŶĚŝĐŝƚŝƐ��E��ƵůƚƌĂƐŽƵŶĚ�

>Ăď�dĞƐƚƐ�

�ƉƉĞŶĚŝĐŝƚŝƐ��E��ůĂďŽƌĂƚŽƌǇ�ƚĞƐƚƐ



7KLV�DUWLFOH�LV�SURWHFWHG�E\�FRS\ULJKW��$OO�ULJKWV�UHVHUYHG�

7DEOH����� 'HVFULSWLRQ�RI�5HYLHZHG�6WXGLHV��+LVWRU\��3K\VLFDO�([DP�DQG�/DE�ILQGLQJV

^ƚƵĚǇ �ĞƐŝŐŶ�ĂŶĚ�WĂƌƚŝĐŝƉĂŶƚƐ WŽƚĞŶƚŝĂů�WƌĞĚŝĐƚŽƌƐ�ŽĨ�
�ƉƉĞŶĚŝĐŝƚŝƐ

'ŽůĚ�^ƚĂŶĚĂƌĚ WƌĞǀĂůĞŶĐĞ�;ϵϱй��/Ϳ

K͛^ŚĞĂ͕�ϭϵϴϴ �ĞƐŝŐŶ͗�WƌŽƐƉĞĐƚŝǀĞ
/ŶĐůƵƐŝŽŶ͗
�ďĚŽŵŝŶĂů�WĂŝŶ�ф�ϭ�t
�ŐĞ͗�ϯͲϭϴ�zZ
�ǆĐůƵƐŝŽŶ͗�
ZĞĐĞŶƚ�dƌĂƵŵĂ
ZĞĐƵƌƌĞŶƚ�ĂďĚŽŵŝŶĂů�ƉĂŝŶ
�ĂƌĞ�ƚĂŬĞƌ�ŶŽƚ�ŬŶŽǁŝŶŐ��ŶŐůŝƐŚ
^ĂŵƉůĞ�^ŝǌĞ͗�Ϯϰϲ
DĞĚŝĂŶ��ŐĞ͗�ϭϭ�;ϯͲϭϴͿ zZ
'ĞŶĚĞƌ͗�ϰϴй�D

�ŶŽƌĞǆŝĂ
EĂƵƐĞĂͬsŽŵŝƚŝŶŐ
&ĞǀĞƌ
�ŝĂƌƌŚĞĂ
�ǇƐƵƌŝĂ�
>ĞƚŚĂƌŐǇ

Ͳ,ŝƐƚŽƉĂƚŚŽůŽŐǇ
ͲEŽ�ƐƵƌŐĞƌǇ͕�&ͬƵΎ
ϯͲϲ��

ϵ͘ϴй ;ϲ͘ϲͲϭϰ͘ϭϭͿ

^ĐŚŶĞŝĚĞƌ͕�ϮϬϬϳ �ĞƐŝŐŶ͗�WƌŽƐƉĞĐƚŝǀĞ
/ŶĐůƵƐŝŽŶ͗�
^ƵƐƉĞĐƚĞĚ�ĂƉƉĞŶĚŝĐŝƚŝƐ�
�ŐĞ͗�ϯͲϮϭ�zZ
�ǆĐůƵƐŝŽŶ͗
WƌĞŐŶĂŶĐǇ
WƌĞǀŝŽƵƐ�ĂďĚŽŵŝŶĂů�ƐƵƌŐĞƌǇ�
�ŚƌŽŶŝĐ�ŵĞĚŝĐĂů�ĐŽŶĚŝƚŝŽŶƐ
�ďĚŽŵŝŶĂů�ŝŵĂŐŝŶŐ�ŝŶ�ф�Ϯ�t
^ĂŵƉůĞ�^ŝǌĞ͗�ϱϴϴ
DĞĚŝĂŶ��ŐĞ͗�ϭϭ͘ϵ�;/YZ�ϴ͘ϱͲϭϰ͘ϵͿ�
zZ
'ĞŶĚĞƌ͗��ϱϰй�D

�ŶŽƌĞǆŝĂ�
EĂƵƐĞĂͬsŽŵŝƚŝŶŐ
WĂŝŶ�ŵŝŐƌĂƚŝŽŶ�ƚŽ�Z>Y
Z>Y�ƚĞŶĚĞƌŶĞƐƐ�
�ŽƵŐŚͬŚŽƉ�ƉĂŝŶ
ZĞďŽƵŶĚ�ƚĞŶĚĞƌŶĞƐƐ
dшϯϳ͘ϯ
t��шϭϬ͕ϬϬϬ
EĞƵƚƌŽƉŚŝůшϳϱй

Ͳ,ŝƐƚŽƉĂƚŚŽůŽŐǇ
ͲEŽ�ƐƵƌŐĞƌǇ͕�&ͬƵ�Ϯ�
t�Žƌ�ĐŽŶƚĂĐƚŝŶŐ�
ƉĂƚŝĞŶƚ͛Ɛ�
ƉĞĚŝĂƚƌŝĐŝĂŶ

ϯϰй�;ϯϬͲϯϳͿ

'ŽůĚŵĂŶ�͕ϮϬϬϴ �ĞƐŝŐŶ͗�WƌŽƐƉĞĐƚŝǀĞ
/ŶĐůƵƐŝŽŶ͗�
�ďĚŽŵŝŶĂů�ƉĂŝŶ�ф�ϭ�t
�ŐĞ͗ϭͲϭϳ�zZ
�ǆĐůƵƐŝŽŶ͗�
ͲWƌĞǀŝŽƵƐ�ĂƉƉĞŶĚĞĐƚŽŵǇ
^ĂŵƉůĞ�^ŝǌĞ͗�ϴϰϵ
DĞĂŶ��ŐĞ͗�E^
'ĞŶĚĞƌ͗�E^

�ŶŽƌĞǆŝĂ
EĂƵƐĞĂͬsŽŵŝƚŝŶŐ
WĂŝŶ�ŵŝŐƌĂƚŝŽŶ�ƚŽ�Z>Y
�ŽƵŐŚͬŚŽƉ�ƉĂŝŶ�
&ĞǀĞƌ�;dшϯϴΣ��Ϳ
Z>Y�ƚĞŶĚĞƌŶĞƐƐ
t��шϭϬ͕ϬϬϬ
EĞƵƚƌŽƉŚŝů�ш�ϳϱϬϬ

Ͳ,ŝƐƚŽƉĂƚŚŽůŽŐǇ
ͲEŽ�ƐƵƌŐĞƌǇ͕�&ͬƵ�
ϱͲϳ��

ϭϰ͘ϱй�;ϭϮͲϭϳйͿ



7KLV�DUWLFOH�LV�SURWHFWHG�E\�FRS\ULJKW��$OO�ULJKWV�UHVHUYHG�

^ƚƵĚǇ �ĞƐŝŐŶ�ĂŶĚ�WĂƌƚŝĐŝƉĂŶƚƐ WŽƚĞŶƚŝĂů�WƌĞĚŝĐƚŽƌƐ�ŽĨ�
�ƉƉĞŶĚŝĐŝƚŝƐ

'ŽůĚ�^ƚĂŶĚĂƌĚ WƌĞǀĂůĞŶĐĞ�;ϵϱй��/Ϳ

<ǁĂŶ͕�ϮϬϭϬ �ĞƐŝŐŶ͗�WƌŽƐƉĞĐƚŝǀĞ
/ŶĐůƵƐŝŽŶ͗�
^ƵƐƉĞĐƚĞĚ�ĂƉƉĞŶĚŝĐŝƚŝƐ
�ŐĞ͗ϭͲϭϴ�zZ
�ǆĐůƵƐŝŽŶ͗
WƌĞŐŶĂŶĐǇ
�ŚƌŽŶŝĐ�ŵĞĚŝĐĂů�ĐŽŶĚŝƚŝŽŶƐ
�ďĚŽŵŝŶĂů�ƐƵƌŐĞƌǇ�ŝŶ�ф�ϭ�zZ
^ĂŵƉůĞ�^ŝǌĞ͗�ϮϬϵ
DĞĂŶ��ŐĞ͗�ϭϬ͘ϱ�ц�ϯ͘ϳ�zZ
'ĞŶĚĞƌ͗�ϱϵй�D

Z>Y�dĞŶĚĞƌŶĞƐƐ
Z>Y�ZĞďŽƵŶĚ�ƚĞŶĚĞƌŶĞƐƐ
>>Y�dĞŶĚĞƌŶĞƐƐ
WĞƌŝƵŵďŝůŝĐĂů�dĞŶĚĞƌŶĞƐƐ
ZhY�dĞŶĚĞƌŶĞƐƐ
>hY�dĞŶĚĞƌŶĞƐƐ
�ƉŝŐĂƐƚƌŝĐ�dĞŶĚĞƌŶĞƐƐ
^ƵƉƌĂƉƵďŝĐ�dĞŶĚĞƌŶĞƐƐ
t��шϭϮ͕ϬϬϬ
�ZWшϯ�ŵŐͬĚ>

Ͳ,ŝƐƚŽƉĂƚŚŽůŽŐǇ
ͲEŽ�ƐƵƌŐĞƌǇ͕�&ͬƵ�
ϮͲϲ�t

ϱϱй�;ϰϴͲϲϭйͿ

DĂŶĚĞǀŝůůĞ�͕ϮϬϭϭ �ĞƐŝŐŶ͗�WƌŽƐƉĞĐƚŝǀĞ
/ŶĐůƵƐŝŽŶ͗�
^ƵƐƉĞĐƚĞĚ�ĂƉƉĞŶĚŝĐŝƚŝƐ
�ŐĞ͗�ϰͲϭϳ�zZ
�ǆĐůƵƐŝŽŶ͗
WƌĞŐŶĂŶĐǇ
WƌĞǀŝŽƵƐ�ĂďĚŽŵŝŶĂů�ƐƵƌŐĞƌǇ
�ŚƌŽŶŝĐ�ŵĞĚŝĐĂů�ĐŽŶĚŝƚŝŽŶƐ
�ďĚŽŵŝŶĂů�ŝŵĂŐŝŶŐ�ŝŶ�ф�Ϯ�t
^ĂŵƉůĞ�^ŝǌĞ͗�Ϯϴϳ
DĞĂŶ��ŐĞ͗�ϵ͘ϴ�цϯ͘ϭ�zZ
'ĞŶĚĞƌ͗�ϱϮ͘ϲй�D

�ŶŽƌĞǆŝĂ
EĂƵƐĞĂͬsŽŵŝƚŝŶŐ
WĂŝŶ�DŝŐƌĂƚŝŽŶ�ƚŽ�Z>Y
Z>Y�ƚĞŶĚĞƌŶĞƐƐ
dшϯϳ͘ϯ
ZĞďŽƵŶĚ�ƚĞŶĚĞƌŶĞƐƐ
�ŽƵŐŚͬŚŽƉ ƉĂŝŶ
t��шϭϬ͕ϬϬϬ
EĞƵƚƌŽƉŚŝůшϳϱй

Ͳ,ŝƐƚŽƉĂƚŚŽůŽŐǇ
ͲEŽ�ƐƵƌŐĞƌǇ͕�&ͬƵ�Ϯ�
t�

ϱϰй�;ϰϴͲϱϵйͿ

�ƐĐƌŝďĂ͕�ϮϬϭϭ �ĞƐŝŐŶ͗�WƌŽƐƉĞĐƚŝǀĞ
/ŶĐůƵƐŝŽŶ͗
^ƵƐƉĞĐƚĞĚ�ĂƉƉĞŶĚŝĐŝƚŝƐ
�ŐĞ͗�ϰͲϭϴ�zZ
�ǆĐůƵƐŝŽŶ͗
EŽƚ�ŚĂǀŝŶŐ�ůĂď�ƚĞƐƚƐ
^ĂŵƉůĞ�^ŝǌĞ͗ ϵϵ
DĞĂŶ��ŐĞ͗ ϭϭ͘Ϯ�ц�ϯ͘ϳ zZ
'ĞŶĚĞƌ͗ ϲϮ͘ϲй�D

W�^ Ͳ,ŝƐƚŽƉĂƚŚŽůŽŐǇ
ͲEŽ�ƐƵƌŐĞƌǇ͕�&ͬƵ�
ϭϬ��

ϰϮй�;ϯϯͲϱϮйͿ



7KLV�DUWLFOH�LV�SURWHFWHG�E\�FRS\ULJKW��$OO�ULJKWV�UHVHUYHG�

^ƚƵĚǇ �ĞƐŝŐŶ�ĂŶĚ�WĂƌƚŝĐŝƉĂŶƚƐ WŽƚĞŶƚŝĂů�WƌĞĚŝĐƚŽƌƐ�ŽĨ�
�ƉƉĞŶĚŝĐŝƚŝƐ

'ŽůĚ�^ƚĂŶĚĂƌĚ WƌĞǀĂůĞŶĐĞ�;ϵϱй��/Ϳ

tƵ͕�ϮϬϭϮ �ĞƐŝŐŶ͗�WƌŽƐƉĞĐƚŝǀĞ
/ŶĐůƵƐŝŽŶ͗�
Z>Y�ƉĂŝŶ�
�ŐĞ͗�ϯͲϭϴ�zZ
�ǆĐůƵƐŝŽŶ͗�
WĂŝŶ�ĚƵƌĂƚŝŽŶ шϯ��
>ŽƐƐ�ƚŽ�&ͬƵ
^ĂŵƉůĞ�^ŝǌĞ͗ ϭ͕ϯϵϱ
DĞĂŶ��ŐĞ͗ ϭϭ͘ϭц�ϰ͘Ϯ��zZ
'ĞŶĚĞƌ͗ ϰϲ͘Ϯ�й�D

W�^ Ͳ,ŝƐƚŽƉĂƚŚŽůŽŐǇ
ͲEŽ�ƐƵƌŐĞƌǇ͕�&ͬƵ�Ϯ�
t

ϲϯй�;ϲϬͲϲϱйͿ

<ŚĂŶ͕�ϮϬϭϮ �ĞƐŝŐŶ͗�WƌŽƐƉĞĐƚŝǀĞ
/ŶĐůƵƐŝŽŶ͗
Z>Y�ƉĂŝŶ
�ŐĞ͗�ϱͲϭϳ�zZ
�ǆĐůƵƐŝŽŶ͗
KďǀŝŽƵƐ�ƐŝŐŶƐ�ŽĨ�'ĂƐƚƌŽĞŶƚĞƌŝƚŝƐ�
�ŚƌŽŶŝĐ�ŵĞĚŝĐĂů�ĐŽŶĚŝƚŝŽŶƐ
WƌĞŐŶĂŶĐǇ
^ĂŵƉůĞ�^ŝǌĞ͗�ϱϬ
DĞĂŶ��ŐĞ͗�ϭϭцϯ͘Ϯ�zZ
'ĞŶĚĞƌ͗ϰϰй�D

�ŶŽƌĞǆŝĂ
EĂƵƐĞĂͬsŽŵŝƚŝŶŐ
&ĞǀĞƌ
Z>Y�WĂŝŶ
>>Y�WĂŝŶ
�ƉŝŐĂƐƚƌŝĐ�WĂŝŶ
Z>Y�dĞŶĚĞƌŶĞƐƐ
Z>Y�ZĞďŽƵŶĚ�ƚĞŶĚĞƌŶĞƐƐ
'ƵĂƌĚŝŶŐ
�ŽǁĞů�^ŽƵŶĚƐ
WƌŽĐĂůĐŝƚŽŶŝŶ

Ͳ,ŝƐƚŽƉĂƚŚŽůŽŐǇ
ͲEŽ�ƐƵƌŐĞƌǇ͕�&ͬƵ�
Ϯϰ�,ZƐ�ĂŶĚ�Ϯ�t

ϰϰй�;ϯϬͲϱϴͿ

^ĂŶƚŝůůĂŶĞƐ͕�ϮϬϭϮ �ĞƐŝŐŶ͗�WƌŽƐƉĞĐƚŝǀĞ
/ŶĐůƵƐŝŽŶ͗
^ƵƐƉĞĐƚĞĚ�ĂƉƉĞŶĚŝĐŝƚŝƐ
�ǆĐůƵƐŝŽŶ͗ E^
^ĂŵƉůĞ�^ŝǌĞ͗ ϰϳϱ
DĞĂŶ��ŐĞ͗ ϭϭ�;/YZ�ϳͲϭϱͿzZ
'ĞŶĚĞƌ͗ ϱϬй�D

&ĞǀĞƌ
EĂƵƐĞĂͬsŽŵŝƚŝŶŐ
�ŶŽƌĞǆŝĂ
Z>Y�ƉĂŝŶ
WĞƌŝƵŵďŝůŝĐĂů�ƉĂŝŶ
KďƐƚŝƉĂƚŝŽŶ
�ŝĂƌƌŚĞĂ
Z>Y�ƚĞŶĚĞƌŶĞƐƐ
Z>Y�ZĞďŽƵŶĚ�ƚĞŶĚĞƌŶĞƐƐ
'ƵĂƌĚŝŶŐ
WƐŽĂƐ�^ŝŐŶ
KďƚƵƌĂƚŽƌ�ƐŝŐŶ
ZŽƐǀŝŶŐ͛Ɛ�ƐŝŐŶ
t��шϭϬ͕ϬϬϬ

Ͳ,ŝƐƚŽƉĂƚŚŽůŽŐǇ
ͲEŽ�ƐƵƌŐĞƌǇ͕�&ͬƵ�ϭ�
t

ϰϭй�;ϯϲͲϰϱйͿ



7KLV�DUWLFOH�LV�SURWHFWHG�E\�FRS\ULJKW��$OO�ULJKWV�UHVHUYHG�

^ƚƵĚǇ �ĞƐŝŐŶ�ĂŶĚ�WĂƌƚŝĐŝƉĂŶƚƐ WŽƚĞŶƚŝĂů�WƌĞĚŝĐƚŽƌƐ�ŽĨ�
�ƉƉĞŶĚŝĐŝƚŝƐ

'ŽůĚ�^ƚĂŶĚĂƌĚ WƌĞǀĂůĞŶĐĞ�;ϵϱй��/Ϳ

<ĞŶƚƐŝƐ�͕ϮϬϭϮ �ĞƐŝŐŶ͗�WƌŽƐƉĞĐƚŝǀĞ
/ŶĐůƵƐŝŽŶ͗
^ƵƐƉĞĐƚĞĚ��ƉƉĞŶĚŝĐŝƚŝƐ
�ŐĞ�фϭϴ
^ƵƌŐŝĐĂů�ĐŽŶƐƵůƚ�Žƌ�/ŵĂŐŝŶŐ�
ƌĞƋƵĞƐƚĞĚ
�ǆĐůƵƐŝŽŶ͗
�ŚƌŽŶŝĐ�DĞĚŝĐĂů��ŽŶĚŝƚŝŽŶƐ
WƌĞŐŶĂŶĐǇ�
^ĂŵƉůĞ�^ŝǌĞ͗ϰϵ
DĞĂŶ��ŐĞ͗��ϭϬ͘ϵ�ц�ϰ͘ϯ�zZ�
'ĞŶĚĞƌ͗�ϱϯй�D

EĂƵƐĞĂͬsŽŵŝƚŝŶŐ
&ĞǀĞƌ
WĂŝŶ�DŝŐƌĂƚŝŽŶ�ƚŽ�Z>Y
WĂŝŶ��ƵƌĂƚŝŽŶ
Z>Y�WĂŝŶ�Žƌ�dĞŶĚĞƌŶĞƐƐ

Ͳ,ŝƐƚŽƉĂƚŚŽůŽŐǇ�
ͲEŽ�ƐƵƌŐĞƌǇ͕�&ͬƵ�
ϲͲϴ�t

ϰϵй�;ϯϱͲϲϮйͿ

�ƵŶŝŐĂ͕ ϮϬϭϮ /ŶĐůƵƐŝŽŶ͗
^ƵƐƉĞĐƚĞĚ��ƉƉĞŶĚŝĐŝƚŝƐ
�ŐĞф�ϭϰ
�ǆĐůƵƐŝŽŶ͗
WĂŝŶ�шϳ��
WƌĞǀŝŽƵƐ�ĂƉƉĞŶĚĞĐƚŽŵǇ
EŽ�ůĂď�ƚĞƐƚ�ĂǀĂŝůĂďůĞ
^ĂŵƉůĞ�ƐŝǌĞ͗ ϭϬϭ
DĞĂŶ�ĂŐĞ͗ ϵ͘ϱϭ�;ц�Ϯ͘ϳϲͿ�ǇĞĂƌƐ�
'ĞŶĚĞƌ͗�ϱϰ͘ϱй�D

�ŶŽƌĞǆŝĂ
EĂƵƐĞĂͬsŽŵŝƚŝŶŐ
WĂŝŶ�DŝŐƌĂƚŝŽŶ�ƚŽ�Z>Y
dшϯϳ͘ϯ
Z>Y�dĞŶĚĞƌŶĞƐƐ
ZĞďŽƵŶĚ�dĞŶĚĞƌŶĞƐƐ
�ŽƵŐŚͬ,ŽƉ�WĂŝŶ
t��ш�ϭϬ͕ϬϬϬ
EĞƵƚƌŽƉŚŝů�ш�ϳϱϬϬ

Ͳ,ŝƐƚŽƉĂƚŚŽůŽŐǇ
ͲEŽ�ƐƵƌŐĞƌǇ͕�&ͬƵ�ϳ�
��ƚŚƌŽƵŐŚ�
ĚĂƚĂďĂƐĞ�ƐĞĂƌĐŚ�

Ϯϴй�;ϮϬͲϯϳйͿ



7KLV�DUWLFOH�LV�SURWHFWHG�E\�FRS\ULJKW��$OO�ULJKWV�UHVHUYHG�

^ƚƵĚǇ �ĞƐŝŐŶ�ĂŶĚ�WĂƌƚŝĐŝƉĂŶƚƐ WŽƚĞŶƚŝĂů�WƌĞĚŝĐƚŽƌƐ�ŽĨ�
�ƉƉĞŶĚŝĐŝƚŝƐ

'ŽůĚ�^ƚĂŶĚĂƌĚ WƌĞǀĂůĞŶĐĞ�;ϵϱй��/Ϳ

,ƵĐŬŝŶƐ͕�ϮϬϭϯ �ĞƐŝŐŶ͗�WƌŽƐƉĞĐƚŝǀĞ
/ŶĐůƵƐŝŽŶ͗
^ƵƐƉĞĐƚĞĚ�ĂƉƉĞŶĚŝĐŝƚŝƐ
�ŐĞ͗ϮͲϮϬ�zZ
WĂŝŶф�ϳϮ�,Z
�ǆĐůƵƐŝŽŶ͗
WƌĞǀŝŽƵƐ�ĂƉƉĞŶĚĞĐƚŽŵǇ
�ŚƌŽŶŝĐ�DĞĚŝĐĂů�ĐŽŶĚŝƚŝŽŶƐ
�ďĚŽŵŝŶĂů�ƚƌĂƵŵĂ
/ŶǀĂƐŝǀĞ�ĂďĚŽŵŝŶĂů�ƉƌŽĐĞĚƵƌĞƐ
WĂƌƚŝĐŝƉĂƚŝŽŶ�ŝŶ�ĂŶǇ�ŽƚŚĞƌ�
ƌĞƐĞĂƌĐŚ�ƉƌŽƚŽĐŽů�ŝŶ�ƚŚĞ�ƉĂƐƚ�Ϯ�t
^ĂŵƉůĞ�^ŝǌĞ͗�ϱϬϯ
DĞĚŝĂŶ��ŐĞ͗�ϭϮ�;ϴͲϭϲͿ�zZ
'ĞŶĚĞƌ͗�ϰϯй�D

�ŶŽƌĞǆŝĂ
EĂƵƐĞĂͬsŽŵŝƚŝŶŐ
WĂŝŶ�ŵŝŐƌĂƚŝŽŶ�ƚŽ�Z>Y�
Z>Y�ƚĞŶĚĞƌŶĞƐƐ
&ĞǀĞƌ�ш�ϯϳ͘ϱΣ�
ZĞďŽƵŶĚ�ƚĞŶĚĞƌŶĞƐƐ
ZŝŐŝĚŝƚǇ�ĂŶĚ�ŐƵĂƌĚŝŶŐ
ZŽǀƐŝŶŐ�ƐŝŐŶ

Ͳ,ŝƐƚŽƉĂƚŚŽůŽŐǇ
ͲEŽ�ƐƵƌŐĞƌǇ͕�
�ŝƐĐŚĂƌŐĞ�
ĚŝĂŐŶŽƐŝƐ͕�EŽ�&ͬƵ

Ϯϵй�;ϮϱͲϯϮйͿ

^ŝǀŝƚǌ͕�ϮϬϭϰ �ĞƐŝŐŶ͗�WƌŽƐƉĞĐƚŝǀĞ
/ŶĐůƵƐŝŽŶ͗
^ƵƐƉĞĐƚĞĚ�ĂƉƉĞŶĚŝĐŝƚŝƐ�
�ǆĐůƵƐŝŽŶ͗
WƌĞǀŝŽƵƐ�ĂďĚŽŵŝŶĂů�ƐƵƌŐĞƌǇ
hŶƐƚĂďůĞ�sŝƚĂů�^ŝŐŶƐ�
^ĂŵƉůĞ�^ŝǌĞ͗�Ϯϯϭ
DĞĚŝĂŶ��ŐĞ͗�ϭϬ͘ϯ�;/YZ�ϳ͘ϴͲϭϲ͘ϭͿ�
zZ
'ĞŶĚĞƌ͗�ϲϬй�D

�ŶŽƌĞǆŝĂ
EĂƵƐĞĂͬsŽŵŝƚŝŶŐ
WĂŝŶ�ŵŝŐƌĂƚŝŽŶ�ƚŽ�Z>Y
&ĞǀĞƌ
ZĞďŽƵŶĚ�dĞŶĚĞƌŶĞƐƐ
�ŽƵŐŚͬ,ŽƉ�ƉĂŝŶ
t��шϭϬ͕ϬϬϬ
EĞƵƚƌŽƉŚŝůш�ϲϳϱϬ
hƌŝŶĞ�<ĞƚŽŶĞƐ

Ͳ,ŝƐƚŽƉĂƚŚŽůŽŐǇ
ͲEŽ�ƐƵƌŐĞƌǇ͕�&ͬƵ�
͕ϲ�DŽ

ϯϯй�;ϮϳͲϯϵͿ

�ĂĐŚƵƌ͕ϮϬϭϱ �ĞƐŝŐŶ͗�WƌŽƐƉĞĐƚŝǀĞ
/ŶĐůƵƐŝŽŶ͗�
^ƵƐƉĞĐƚĞĚ�ĂƉƉĞŶĚŝĐŝƚŝƐ
�ŐĞ͗�ϯͲϭϴ�zZ
,ĂǀŝŶŐ�Z>Y�hůƚƌĂƐŽƵŶĚ
�ǆĐůƵƐŝŽŶ͗�
WƌĞǀŝŽƵƐ�ĂďĚŽŵŝŶĂů�ƐƵƌŐĞƌǇ
�ƵƌƌĞŶƚ��ŶƚŝďŝŽƚŝĐ�ƵƐĞ�
�ŚƌŽŶŝĐ�ŵĞĚŝĐĂů�ĐŽŶĚŝƚŝŽŶƐ�
^ĂŵƉůĞ�^ŝǌĞ͗�ϳϮϴ

�ŶŽƌĞǆŝĂ
EĂƵƐĞĂ
WĂŝŶ�ŵŝŐƌĂƚŝŽŶ�ƚŽ�Z>Y
dшϯϴ�
DĂǆŝŵĂů�ƉĂŝŶ�ŝŶ�Z>Y
'ƵĂƌĚŝŶŐ
ZĞďŽƵŶĚ
�ŽƵŐŚͬ,ŽƉ�WĂŝŶ�
Z>Y
WĂŝŶ�ĚƵƌĂƚŝŽŶ

Ͳ,ŝƐƚŽƉĂƚŚŽůŽŐǇ
ͲEŽ�ƐƵƌŐĞƌǇ͕�&ͬƵ�
ϭͲϮ�t

Ϯϵй�;ϮϲͲϯϮйͿ



7KLV�DUWLFOH�LV�SURWHFWHG�E\�FRS\ULJKW��$OO�ULJKWV�UHVHUYHG�

^ƚƵĚǇ �ĞƐŝŐŶ�ĂŶĚ�WĂƌƚŝĐŝƉĂŶƚƐ WŽƚĞŶƚŝĂů�WƌĞĚŝĐƚŽƌƐ�ŽĨ�
�ƉƉĞŶĚŝĐŝƚŝƐ

'ŽůĚ�^ƚĂŶĚĂƌĚ WƌĞǀĂůĞŶĐĞ�;ϵϱй��/Ϳ

DĞĚŝĂŶ��ŐĞ͗�ϭϭ͘ϳ�;/YZ�ϳ͘ϴͲϭϰ͘ϵͿ�
zZ
'ĞŶĚĞƌ͗�ϰϰй�D

t��шϭϬ͕ϬϬϬ
EĞƵƚƌŽƉŚŝů�шϳϱй

�ĂǇƌŽů�͕ϮϬϭϲ �ĞƐŝŐŶ͗�WƌŽƐƉĞĐƚŝǀĞ
/ŶĐůƵƐŝŽŶ͗
^ƵƐƉĞĐƚĞĚ ĂƉƉĞŶĚŝĐŝƚŝƐ
�ŐĞ͗�ϭͲϭϲ�zZ
,ĂǀŝŶŐ�ůĂď�ƚĞƐƚƐ
�ǆĐůƵƐŝŽŶ͗
WƌĞǀŝŽƵƐ�ĂƉƉĞŶĚĞĐƚŽŵǇ
�ŚƌŽŶŝĐ�ŵĞĚŝĐĂů�ĐŽŶĚŝƚŝŽŶƐ
WƌĞŐŶĂŶĐǇ
�ŶƚŝĐŽĂŐƵůĂŶƚ�ƚƌĞĂƚŵĞŶƚ�
^ĂŵƉůĞ�^ŝǌĞ͗�ϭϯϱ
DĞĂŶ��ŐĞ͗�ϵ͘ϰϰ�ц�ϯ͘ϯ�zZ
'ĞŶĚĞƌ͗�ϱϭ͘ϭй�

EĂƵƐĞĂ�ĂŶĚ�sŽŵŝƚŝŶŐ�
dшϯϳ͘ϱ
WĂŝŶ�DŝŐƌĂƚŝŽŶ�ƚŽ�Z>Y
Z>Y�ƉĂŝŶ
dĞŶĚĞƌŶĞƐƐ
�ŝĨĨƵƐĞ��ďĚŽŵŝŶĂů�
dĞŶĚĞƌŶĞƐƐ
ZĞďŽƵŶĚ�dĞŶĚĞƌŶĞƐƐ
t��шϭϬ͕ϬϬϬ
�ͲĚŝŵĞƌ
�ZW

Ͳ,ŝƐƚŽƉĂƚŚŽůŽŐǇ
ͲEŽ�ƐƵƌŐĞƌǇ͕�&ͬƵ�ϱ�
�

ϯϴй�;ϯϬͲϰϳйͿ

�ĂĐŚƵƌ͕�ϮϬϭϲ �ĞƐŝŐŶ͗�WƌŽƐƉĞĐƚŝǀĞ
/ŶĐůƵƐŝŽŶ͗�
^ƵƐƉĞĐƚĞĚ�ĂƉƉĞŶĚŝĐŝƚŝƐ
�ŐĞ͗�ϯͲϭϴ�zZ
WĂŝŶф�ϳϮ�,Z
,ĂǀŝŶŐ�t���ĂŶĚ��E��ŝŶ�ƚŚĞŝƌ�
ǁŽƌŬƵƉ
�ǆĐůƵƐŝŽŶ͗�
WƌĞǀŝŽƵƐ�ĂďĚŽŵŝŶĂů�ƐƵƌŐĞƌǇ
WƌĞŐŶĂŶĐǇ
�ŚƌŽŶŝĐ�'/�ĐŽŶĚŝƚŝŽŶƐ�
^ĂŵƉůĞ�^ŝǌĞ͗�Ϯ͕ϭϯϯ
DĞĚŝĂŶ��ŐĞ͗�ϭϬ͘ϵ�;/YZ�ϴͲϭϯ͘ϵͿ�zZ
'ĞŶĚĞƌ͗�ϰϮй�D

^ǇŵƉƚŽŵ��ƵƌĂƚŝŽŶ
t���
�E�

Ͳ,ŝƐƚŽƉĂƚŚŽůŽŐǇ
ͲEŽ�ƐƵƌŐĞƌǇ͕�&ͬƵ�
ϭͲϮ�t͕�ϯ�D�
DĞĚŝĐĂů�ƌĞĐŽƌĚ�
ƌĞǀŝĞǁ�

ϰϭй�;ϯϵͲϰϯͿ

<ŚĂŶĨĞƌ͕
ϮϬϭϲ

�ĞƐŝŐŶ͗�WƌŽƐƉĞĐƚŝǀĞ
/ŶĐůƵƐŝŽŶ͗�
^ƵƐƉĞĐƚĞĚ�ĂƉƉĞŶĚŝĐŝƚŝƐ
�ŐĞ͗�ϱͲϭϳ�zZ
�ǆĐůƵƐŝŽŶ͗�

W�^ Ͳ,ŝƐƚŽƉĂƚŚŽůŽŐǇ
ͲEŽ�ƐƵƌŐĞƌǇ͕�&ͬƵ�ϭ�
D

ϯϬ͘ϲй�;ϮϰͲϯϳйͿ



7KLV�DUWLFOH�LV�SURWHFWHG�E\�FRS\ULJKW��$OO�ULJKWV�UHVHUYHG�

^ƚƵĚǇ �ĞƐŝŐŶ�ĂŶĚ�WĂƌƚŝĐŝƉĂŶƚƐ WŽƚĞŶƚŝĂů�WƌĞĚŝĐƚŽƌƐ�ŽĨ�
�ƉƉĞŶĚŝĐŝƚŝƐ

'ŽůĚ�^ƚĂŶĚĂƌĚ WƌĞǀĂůĞŶĐĞ�;ϵϱй��/Ϳ

WƌĞǀŝŽƵƐ�ĂƉƉĞŶĚĞĐƚŽŵǇ
WƌĞǀŝŽƵƐ��ďĚŽŵŝŶĂů�^ƵƌŐĞƌǇ
�ƐƚĂďůŝƐŚĞĚ�Ěǆ�ŽĨ���
WƌĞŐŶĂŶĐǇ
EŽŶͲǀĞƌďĂů�
^ĂŵƉůĞ�^ŝǌĞ͗ ϭϴϬ
DĞĂŶ��ŐĞ͗ ϭϭ͘Ϯ�ц�ϯ͘ϭ�ǇĞĂƌƐ�zZ
'ĞŶĚĞƌ͗ ϰϯ͘ϯй�D

�ŽŶŝŐĞƌ͕�ϮϬϭϲ �ĞƐŝŐŶ͗�WƌŽƐƉĞĐƚŝǀĞ
/ŶĐůƵƐŝŽŶ͗
^ƵƐƉĞĐƚĞĚ�ĂƉƉĞŶĚŝĐŝƚŝƐ
�ŐĞ�ϮͲϭϴ
�ǆĐůƵƐŝŽŶ͗�
WƌĞŐŶĂŶĐǇ
WƌĞǀŝŽƵƐ�ĂďĚŽŵŝŶĂů�ŝŵĂŐŝŶŐ
^ĂŵƉůĞ�^ŝǌĞ͗�ϰϬ
DĞĂŶ��ŐĞ͗�ϵ͘Ϯϲ�zZ
'ĞŶĚĞƌ͗�ϱϬй�D

�ŶŽƌĞǆŝĂ
EĂƵƐĞĂͬsŽŵŝƚŝŶŐ
&ĞǀĞƌ
&ĞǀĞƌ
Z>Y�ZĞďŽƵŶĚ�dĞŶĚĞƌŶĞƐƐ

Ͳ,ŝƐƚŽƉĂƚŚŽůŽŐǇ
ͲEŽ�ƐƵƌŐĞƌǇ͕�&ͬƵ�
хϮ�t

ϰϬй�;ϮϲͲϱϱͿ

Ύ&ŽůůŽǁͲƵƉ͗��ĞĨŝŶĞĚ�ĂƐ�ĐŽŶƚĂĐƚŝŶŐ�ƉĂƚŝĞŶƚ͛Ɛ�ĐĂƌĞ�ŐŝǀĞƌ�ƵŶůĞƐƐ�ŽƚŚĞƌǁŝƐĞ�ƐƉĞĐŝĨŝĞĚ
zZ͗�zĞĂƌ͕�DŽ͗�DŽŶƚŚ͕��͗��ĂǇ͕�,Z͗�,ŽƵƌ͕�D͗�DĂůĞ͕�d͗�dĞŵƉĞƌĂƚƵƌĞ͕�D͗DĂůĞ
Z>Y͗�ZŝŐŚƚ�>ŽǁĞƌ�YƵĂĚƌĂŶƚ͕�>>Y͗�>ĞĨƚ�>ŽǁĞƌ�YƵĂĚƌĂŶƚ͕�W�^͗�WĞĚŝĂƚƌŝĐ��ƉƉĞŶĚŝĐŝƚŝƐ�^ĐŽƌĞ
/YZ͗�/ŶƚĞƌƋƵĂƌƚŝůĞ�ZĂŶŐĞ͕�E^͗�EŽŶ�^ƉĞĐŝĨŝĞĚ
t��͗�tŚŝƚĞ��ůŽŽĚ��ĞůůƐ͕��ZW͗�ͲZĞĂĐƚŝǀĞ�WƌŽƚĞŝŶ



7KLV�DUWLFOH�LV�SURWHFWHG�E\�FRS\ULJKW��$OO�ULJKWV�UHVHUYHG�

7DEOH����� 'HVFULSWLRQ�RI�5HYLHZHG�6WXGLHV��(PHUJHQF\�'HSDUWPHQW�3RLQW�RI�&DUH�8OWUDVRXQG��('�32&86�

6WXG\ 'HVLJQ�DQG�3DUWLFLSDQWV *ROG�6WDQGDUG ('�32&86 3UHYDOHQFH������&,�

)R[�HW�DO����
����

'HVLJQ��3URVSHFWLYH
,QFOXVLRQ�
6XVSHFWHG�DSSHQGLFLWLV
([FOXVLRQ�
�3UHJQDQF\
�8QDEOH�WR�FRQVHQW
6DPSOH�6L]H���
0HDQ�$JH� 16
0HGLDQ�$JH� 16
*HQGHU� 16

�+LVWRSDWKRORJ\�
�1R�VXUJHU\��)�X���:�
DQG���0

2SHUDWRU��(0�IDFXOW\�SK\VLFLDQV�
DQG�UHVLGHQWV�

,QWHUSUHWHU��6DPH�

7UDLQLQJ��/HFWXUH�

�������������

(OLVNDVKYLOL�
HW�DO�������

'HVLJQ��3URVSHFWLYH
,QFOXVLRQ�
6XVSHFWHG�DSSHQGLFLWLV
$JH���
([FOXVLRQ�
�8QVWDEOH�9LWDO�6LJQV
�'[�RI�$$�RU�,%'
�3ULRU�DEGRPLQDO�&7�RU�
86
6DPSOH�VL]H� ���
0HDQ�DJH� ���������<5
*HQGHU� ����0

�+LVWRSDWKRORJ\
�1R�VXUJHU\� )�X���:

2SHUDWRU���3HGLDWULF�(0�IDFXOW\�
DQG�IHOORZV

,QWHUSUHWHU��6DPH�

7UDLQLQJ�����PLQXWHV�OHFWXUH�SOXV�
���PLQXWHV�KDQGV�RQ�VHVVLRQ

������������

6LYLW]�HW�DO����
����

'HVLJQ��3URVSHFWLYH
,QFOXVLRQ�
6XVSHFWHG�DSSHQGLFLWLV�
([FOXVLRQ�
�3UHYLRXV�DEGRPLQDO�
VXUJHU\
�8QVWDEOH�9LWDO�6LJQV�
6DPSOH�6L]H� ���
0HGLDQ�$JH� ��������
������<5
*HQGHU� ����0

�+LVWRSDWKRORJ\
�1R�VXUJHU\��)�X� ��0

2SHUDWRU��3HGLDWULF�(0�IDFXOW\�DQG�
IHOORZV�

,QWHUSUHWHU��6DPH

7UDLQLQJ�����PLQXWHV�OHFWXUH�SOXV���
VXSHUYLVHG�VFDQV

�����������



7KLV�DUWLFOH�LV�SURWHFWHG�E\�FRS\ULJKW��$OO�ULJKWV�UHVHUYHG�

6WXG\ 'HVLJQ�DQG�3DUWLFLSDQWV *ROG�6WDQGDUG ('�32&86 3UHYDOHQFH������&,�

.LP�HW�DO���
����

'HVLJQ��3URVSHFWLYH
,QFOXVLRQ�
6XVSHFWHG�DSSHQGLFLWLV
$JH����
([FOXVLRQ��
�3DWLHQWV�ORVW�WR�)�X
�3UHYLRXV�&7�VFDQ
6DPSOH�6L]H� ���
0HDQ�$JH�������������
<5
*HQGHU� ������0

�+LVWRSDWKRORJ\
�1R�VXUJHU\��)�X�IRU�
XQGHWHUPLQHG�GXUDWLRQ

2SHUDWRU��(0�UHVLGHQWV�

,QWHUSUHWHU��6DPH�

7UDLQLQJ������<5�H[SHULHQFH�ZLWK�
XOWUDVRXQG SOXV����PLQXWHV
VLPXODWLRQ�WUDLQLQJ�VHVVLRQ

������������

'RQLJHU�HW�DO�
������

'HVLJQ��3URVSHFWLYH
,QFOXVLRQ�
6XVSHFWHG�DSSHQGLFLWLV
$JH�����
([FOXVLRQ��
3UHJQDQF\
3UHYLRXV�DEGRPLQDO�
LPDJLQJ
6DPSOH�6L]H����
0HDQ�$JH�������<5
*HQGHU������0

�+LVWRSDWKRORJ\
�1R�VXUJHU\��)�X�!��:

2SHUDWRU��(0�UHVLGHQW�DQG�
DWWHQGLQJ��3(0�DWWHQGLQJ

,QWHUSUHWHU��6DPH�

7UDLQLQJ�����PLQXWHV�DSSHQGLFLWLV�
XOWUDVRXQG WXWRULDO�SOXV����
VXSHUYLVHG�VFDQV

�����������

<5��<HDU��0��0DOH��)�X��)ROORZ�XS��,%'��,QIODPPDWRU\�%RZHO�'LVHDVH��&7��&RPSXWHG�7RPRJUDSK\�86��8OWUDVRXQG���(0��(PHUJHQF\�0HGLFLQH���3(0��
3HGLDWULF�(PHUJHQF\�0HGLFLQH�



7KLV�DUWLFOH�LV�SURWHFWHG�E\�FRS\ULJKW��$OO�ULJKWV�UHVHUYHG�

7DEOH����� +LVWRU\�)LQGLQJV LQ�&KLOGUHQ 6XVSHFWHG�RI�$SSHQGLFLWLV�

3UHGLFWRUV�RI�3HGLDWULF�
$SSHQGLFLWLV

6WXGLHV
6DPSOH�
6L]H

6HQVLWLYLW\
�����&,�

6SHFLILFLW\
�����&,�

/5�
�����&,�

)HYHU

.HQWVLV�HW�DO������ �� ����������� ����������� ����������

.KDQ�HW�DO� ���� �� ���������� ����������� ����������
6LYLW]�HW�DO������ ��� ����������� ����������� ����������
'RQLJHU�HW�DO������ �� ������������ ����������� ����������

3RROHG�'DWD ��� ����������� ,� ����� ����������������

1DXVHD��9RPLWLQJ

6FKQHLGHU�HW�DO������ ��� ����������� ����������� ����������
0DQGHYLOOH�HW�DO������ ��� ����������� ����������� ���� ����
6DQWLOODQHV�HW�DO������� ��� ��� ������� ��� ������� ���� �����
.HQWVLV�HW�DO������ �� ����������� ����������� ����������
=XQLJD�HW�DO������ ��� ����������� ����������� ����������
.KDQ�HW�DO������� �� ��� ������� ��� ������� ���� �����
+XFNLQV�HW�DO������� ��� ����������� ����������� ����������
6LYLW]�HW�DO�������� ��� ����������� ����������� ���� �����
%DFKXU�HW�DO������ ��� ����������� ����������� ����������
&D\URO�HW�DO������ ��� ����������� ����������� ����������
'RQLJHU�HW�DO������ �� ����������� ����������� ����������

3RROHG�'DWD ����� ,� ����� ,� ����� ����������������

$QRUH[LD

6FKQHLGHU�HW�DO������ ��� ����������� ����������� ����������
0DQGHYLOOH�HW�DO������ ��� ����������� ����������� ����������
6DQWLOODQHV�HW�DO������ ��� ��� ������� ��� ������� ����������
=XQLJD�HW�DO������ ��� ����������� ����������� ����������
.KDQ�HW�DO������ �� ��� ������� ��� ������� ���� �����
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:%&!������ .ZDQ�HW�DO������ ��� ����������� ����������� ����������
$1&������ 6LYLW]�HW�DO������ ��� ����������� ����������� ����������
$1&������ =XQLJD�HW�DO������ ��� ������������ ����������� ����������
1HXW���� 6DQWLOODQHV�HW�DO����� ��� ����������� ����������� ����������

1HXW����
6FKQHLGHU�HW�DO������ ��� ����������� ����������� ����������
0DQGHYLOOH�HW�DO������ ��� ����������� ����������� ����������
%DFKXU HW�DO������ ��� ����������� ����������� ����������

3RROHG�'DWD ����� ,� ����� ,� ����� ����������

&53!� PJ�G/
.ZDQ�HW�DO������ ��� ����������� ����������� ����������
&D\URO HW�DO������ ��� ����������� ����������� ����������

3RROHG�'DWD ��� ,� ����� ,� ��� ����������
:%&!�������&53!� .ZDQ�HW�DO������ ��� ����������� ����������� ����������

3RVLWLYH�8ULQH�.HWRQH 6LYLW]�HW�DO������ ��� ����������� ����������� ����������
'�'LPHU!��� QJ�G/ &D\URO�HW�DO������ ��� ����������� ����������� ����������

3URFDOFLWRQLQ�!����� QJ�G/ .KDQ�HW�DO������ �� ���������� ����������� ���� �����
��0DUNHU�3DQHO +XFNLQV�HW�DO������ ��� ����������� ����������� ����������

3RROHG�GDWD�LV�UHSRUWHG�RQO\�ZKHQ�,�VTXDUH��,�� � ���

:%&��:KLWH�%ORRG�&HOOV��$1&��$EVROXWH�1HXWURSKLO�&RXQW�UHSRUWHG�DV�FHOOV�SHU�PP��1HXW��1HXWURSKLO�

 0DWKHPDWLFDO�FRPELQDWLRQ�RI�:%&��&53�DQG�0\HORLG�5HODWHG�3URWHLQ�������053������
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7DEOH�����3HGLDWULF�$SSHQGLFLWLV�6FRUH��3$6��LQ 3DWLHQWV�6XVSHFWHG�RI�$$

3UHGLFWRUV�RI�
3HGLDWULF�

$SSHQGLFLWLV
6WXGLHV 6DPSOH�6L]H

6HQVLWLYLW\������
&,�

6SHFLILFLW\������
&,�
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3$6�� 0DQGHYLOOH�HW�DO������ ��� ������������� �������� �����������

3$6��
6FKQHLGHU�HW�DO������ ��� ������������� ���������� �������
0DQGHYLOOH�HW�DO������ ��� ����������� �������� �����������
.KDQDIHU�HW�DO������ ��� ������������� �� ������� �����������

3RROHG�'DWD ����� ,� ����� �������� ,� �����

3$6��
6FKQHLGHU�HW�DO������ ��� ������������� �������� �����������
0DQGHYLOOH�HW�DO������ ��� ����������� �������� �����������
.KDQDIHU�HW�DO������ ��� ������������� ����������� ���� ������

3RROHG�'DWD ����� ,� ���� ���������� ,� �����

3$6��
6FKQHLGHU�HW�DO������ ��� ������������� ������������ ���� �����
0DQGHYLOOH�HW�DO������ ��� ����������� ��������� �����������
.KDQDIHU�HW�DO������ ��� ������������ ���������� ���� ������

3RROHG�'DWD ����� ,� ����� ������������ ,� �����

3$6��
6FKQHLGHU�HW�DO������ ��� ����������� ����������� �����������
0DQGHYLOOH�HW�DO������ ��� ����������� ����������� �����������
.KDQDIHU�HW�DO������ ��� ����������� ����������� ���� ������

3RROHG�'DWD ����� ��� ������� ����������� ,� �����

3$6��
6FKQHLGHU�HW�DO������ ��� ����������� ����������� ���� ������
0DQGHYLOOH�HW�DO������ ��� ����������� ����������� �����������
.KDQDIHU�HW�DO������ ��� ����������� ����������� ���� ������

3RROHG�'DWD ����� ����������� ,� ��� ,� �����

3$6��
6FKQHLGHU�HW�DO������ ��� ����������� ����������� ���� ������
0DQGHYLOOH�HW�DO������ ��� ����������� ����������� �����������
.KDQDIHU�HW�DO������ ��� ����������� ����������� ���� ������

3RROHG�'DWD ����� ����������� ,� ����� ����������������

3$6��
6FKQHLGHU�HW�DO������ ��� ����������� ����������� ���� ������
0DQGHYLOOH�HW�DO������ ��� ����������� ����������� �����������

:X�HW�DO������ ����� ����������� ��� ������� ���� ������
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3UHGLFWRUV�RI�
3HGLDWULF�

$SSHQGLFLWLV
6WXGLHV 6DPSOH�6L]H

6HQVLWLYLW\������
&,�

6SHFLILFLW\������
&,�
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%DFKXU�HW�DO������ ��� ����������� ����������� �����������
.KDQDIHU�HW�DO������ ��� ����������� ����������� ���� ������

3RROHG�'DWD ����� ,� ����� ,� ����� ,� �����

3$6��

6FKQHLGHU�HW�DO������ ��� ����������� ����������� ���� ������
0DQGHYLOOH�HW�DO������ ��� ����������� ����������� �����������
=XQLJD�HW�DO������ ��� ����������� ����������� �����������������
.KDQDIHU�HW�DO������ ��� ����������� ����������� ���� ������

3RROHG�'DWD ����� ,� ����� ,� ��� ����������������

3$6��
6FKQHLGHU�HW�DO������ ��� ����������� ����������� ���� �����������
0DQGHYLOOH�HW�DO������ ��� ����������� ����������� �����������
.KDQDIHU�HW�DO������ ��� ����������� ����������� �����������

3RROHG�'DWD ����� ,� ��� ����������� ����������������

3$6���
6FKQHLGHU�HW�DO������ ��� ��������� ������������ ����� ������

0DQGHYLOOH�HW�DO������ ��� ���������� ������������ �����������������
.KDQDIHU�HW�DO������ ��� ��������� ����������� �����������

3RROHG�'DWD ����� ���������� ������������� �����������������

3$6���� %DFKXU�HW�DO������ ��� �������� ����������� �����������
3$6���� %DFKXU�HW�DO������ ��� ����������� ����������� �����������
3$6�� (VFULED�HW�DO������ �� ������������� ����������� ���� ������
3$6!� (VFULED�HW�DO������ �� ������������� ������������ ����������
3$6!� (VFULED�HW�DO������ �� ���� �������� ����������� �����������
3$6!� (VFULED�HW�DO������ �� ������������� ����������� �����������
3$6!� (VFULED�HW�DO������ �� ������������ ����������� �����������
3$6!� (VFULED�HW�DO������ �� ����������� ����������� �����������������
3$6!� (VFULED�HW�DO������ �� ����������� ������������ �����������
3$6!� (VFULED�HW�DO������ �� ����������� ������������� ������������������
3$6!� (VFULED�HW�DO������ �� ����������� ������������� �����������
3$6!� (VFULED�HW�DO������ �� ��������� ������������� ����������
3$6!�� (VFULED�HW�DO������ �� �������� ������������� �����������������

3RROHG�GDWD�LV�UHSRUWHG�RQO\�ZKHQ�,�VTXDUH��,��������
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7DEOH����� 3HGLDWULF�$SSHQGLFLWLV�6FRUH��3$6� LQ�3DWLHQWV�ZLWK�$EGRPLQDO�3DLQ

3UHGLFWRUV�RI�
3HGLDWULF�

$SSHQGLFLWLV
6WXGLHV

6DPSOH�
6L]H

6HQVLWLYLW\�
�����&,�

6SHFLILFLW\�
�����&,�
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3$6�� *ROGPDQ�HW�DO������ ��� ������������� ����������� ����������������
3$6�� *ROGPDQ�HW�DO������ ��� ����������� ����������� ����������������
3$6�� *ROGPDQ�HW�DO������ ��� ����������� ����������� ����������������
3$6�� *ROGPDQ�HW�DO������ ��� ����������� ����������� ����������������
3$6�� *ROGPDQ�HW�DO������ ��� ����������� ����������� ����������������
3$6�� *ROGPDQ�HW�DO������ ��� ����������� ����������� ����������������
3$6�� *ROGPDQ�HW�DO������ ��� ����������� ����������� ����������������
3$6�� *ROGPDQ�HW�DO������ ��� ��������� ����������� ����������������
3$6�� *ROGPDQ�HW�DO������ ��� �������� ������������ ����������������
3$6�� *ROGPDQ�HW�DO������ ��� �������� �������������� ������������������
3$6��� *ROGPDQ�HW�DO������ ��� �������� �������������� ������������������

3RROHG�GDWD�LV�UHSRUWHG�RQO\�ZKHQ�,�VTXDUH��,�� � ���

6WXGLHV 6DPSOH�
6L]H

6HQVLWLYLW\
�����&,�

6SHFLILFLW\
�����&,�
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)R[�HW�DO������ �� ����������� ����������� �����������������

6LYLW]�HW�DO������ ��� ����������� ����������� ������������������
.LP HW�DO������ ��� ����������� ����������� �����������������

'RQLJHU�HW�DO������ �� ������������ ���������� ���� ������������
3RROHG�'DWD ��� ����������� ���������� ����������������� ����������

(OLVNDVKYLOOL HW�DO������ ��� ����������� ����������� ������������������

7DEOH����� (PHUJHQF\�'HSDUWPHQW�3RLQW�RI�&DUH�8OWUDVRXQG��('�32&86� LQ�SDWLHQWV�VXVSHFWHG�RI�$SSHQGLFLWLV

3RROHG�GDWD�LV�UHSRUWHG�RQO\�ZKHQ�,�VTXDUH��,��������
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7DEOH����9DULDEOH�RI�3HGLDWULF�$SSHQGLFLWLV�6FRUH��3$6�

9DULDEOH 3RLQW�9DOXH
0LJUDWLRQ�RI�3DLQ �
$QRUH[LD �
1DXVHD�9RPLWLQJ �
5/4�WHQGHUQHVV �
3DLQ�ZLWK�FRXJK�KRSSLQJ�SHUFXVVLRQ� �
)HYHU �
/HXNRF\WRVLV �
'LIIHUHQWLDO�:%&�FRXQW�ZLWK�D�OHIW�VKLIW �
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�D��^� ƐĞĂƌĐŚ�,ΘW
;ŶсϰϵϵͿ

Wh�D���ƐĞĂƌĐŚ�,ΘW
;ŶсϭϵϲͿ

^�KWh^�ƐĞĂƌĐŚ�,ΘW
;ŶсϭϱϭͿ

DĂŶƵĂů�ƐĞĂƌĐŚ�,ΘW

�ƌƚŝĐůĞƐ�ĂĨƚĞƌ�ĚƵƉůŝĐĂƚĞƐ�ƌĞŵŽǀĞĚ�
Ŷс�Ϯ͕ϭϳϭ

;,ΘW͗�ϳϭϯͲ >ĂďƐ͗�ϯϳϴͲ��ͲWK�h^͗�
ϭ͕ϬϴϬͿ

�ƵƉůŝĐĂƚĞƐ�ƌĞŵŽǀĞĚ�

�ƌƚŝĐůĞƐ�ĞǆĐůƵĚĞĚ�
ďǇ dŝƚůĞ�Žƌ��ďƐƚƌĂĐƚ�

;ŶсϮ͕ϬϴϲͿ

&ƵůůͲƚĞǆƚ�ƌĞǀŝĞǁĞĚ�
;ŶсϴϱͿ

&ƵůůͲƚĞǆƚ�ĂƌƚŝĐůĞƐ�ĞǆĐůƵĚĞĚ͗

ͲZĞƚƌŽƐƉĞĐƚŝǀĞ��ĞƐŝŐŶ ;ŶсϯϳͿ

ͲDŝƐƐŝŶŐ��ĂƚĂ�ĨŽƌ�ϮǆϮ�dĂďůĞƐ ;ŶсϯͿ

Ͳ/ŶĐůƵĚŝŶŐ�ŽŶůǇ�ƉƌĞͲŽƉ�Žƌ�ƉŽƐƚ�
ĂƉƉĞŶĚĞĐƚŽŵǇ�Žƌ�ĂĚŵŝƚƚĞĚ�
ƉĂƚŝĞŶƚƐ�;ŶсϭϭͿ

ͲEŽƚ����ƐĞƚƚŝŶŐ�;ŶсϳͿ�ƌƚŝĐůĞƐ�ŝŶĐůƵĚĞĚ�
;ŶсϮϭͿ

,G
HQ
WL
IL
FD
WL
RQ

6
FU
HH
Q
LQ
J

(
OL
JL
E
LOL
W\

,Q
FO
X
G
HG

�D��^��ƐĞĂƌĐŚ�>ĂďƐ
;ŶсϭϱϱͿ

Wh�D���ƐĞĂƌĐŚ�>ĂďƐ
;ŶсϭϳϮͿ

^�KWh^�ƐĞĂƌĐŚ�>ĂďƐ
;ŶсϭϱϴͿ

DĂŶƵĂů�ƐĞĂƌĐŚ�h^

�D��^��ƐĞĂƌĐŚ�h^
;ŶсϱϳϱͿ

Wh�D���ƐĞĂƌĐŚ�h^
;ŶсϰϱϰͿ

^�KWh^�ƐĞĂƌĐŚ�h^
;ŶсϱϱϳͿ

DĂŶƵĂů�ƐĞĂƌĐŚ�h^
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