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0��5��6DVHHQGUDQDWK�HW�DO�

3$5$78%(5&8/26,6�,1�$�&2:�
$�&$6(�678'<

-RKQH¶V� GLVHDVH�� DJUDQXORPDWRXVHQWHULW LV� RI� UXPLQDQWV� LV� FDXVHG� E\0\FREDFWHULXP�DYLXP�VXEVS��SDUDWXEHUFXORVLV�0$3�� DQG�PDQLIHVWHG� FOLQLFDOO\� E\� FKURQLFGLDUUKRHD�DQG�SURJUHVVLYH�HPDFLDWLRQ��,Q�FDWWOHLQIHFWLRQ�EHJLQV�LQ�YHU\�\RXQJ�DQLPDOV�EXW�WKHVLJQV�RI�LOOQHVV�GR�QRW�DSSHDU�XQWLO�WKH�KRVW�LVDGXOW��,Q�WKH�WHUPLQDO�VWDJH�RI�GLVHDVH��DQLPDOVEHFRPH� FDFKHWLF�� DQDHPLF� DQG� WRR�ZHDN� WRULVH��0DQQLQJ�DQG�&ROOLQV��������
2QH� %URZQ� 6ZLVV� FURVV� EUHG� FRZEHORQJLQJ� WR� WKH�8QLYHUVLW\� /LYHVWRFN� IDUP�0DQQXWK\�ZDV�SUHVHQWHG�ZLWK�KLVWRU\�RI�ZDWHU\GLDUUKRHD�� ZHDNQHVV�� HPDFLDWLRQ� DQGUHGXFWLRQ� LQ� PLON� \LHOG� VLQFH� IHZ� ZHHNV�$SSHWLWH�RI� WKH�DQLPDO�ZDV�QRUPDO�DQG�WKHUHZDV�QR�UHVSRQVH�WR�WKH�DQWL�GLDUUKHDO�WUHDWPHQWSURYLGHG��2Q�GHWDLOHG�FOLQLFDO�H[DPLQDWLRQ�DOOWKH� FOLQLFDO� GDWD� UHPDLQHG�ZLWKLQ� WKH� QRUPDOUDQJH�� �7HPS� ������)�� SXOVH� ��� �� PLQXWH�UHVSLUDWLRQ� ��� �� PLQXWH� DQG� PXFRXVPHPEUDQHV�ZHUH�IRXQG�WR�EH�SDOH���7KH�GXQJDQG� EORRG� VDPSOHV� ZHUH� FROOHFWHG�(QGRSDUDVLWLVP� ZDV� UXOHG� RXW� E\SDUDVLWRORJLFDO� H[DPLQDWLRQ�� 6LQJOHLQWUDGHUPDO� -RKQLQ� WHVW�ZDV� FDUULHG� RXW� DQGUHDGLQJ�DIWHU����KRXUV�JDYH�D�QHJDWLYH�UHVXOW�'XQJ�VPHDU�ZDV�PDGH�DQG�H[DPLQHG�IRU�WKHSUHVHQFH� RI�0\FREDFWHULXP� DYLXP� VXEVS�SDUDWXEHUFXORVLV�E\� =LHKO�1HHOVHQ� DFLG� IDVWVWDLQLQJ��EXW�QR�RUJDQLVP�FRXOG�EH�GHWHFWHG�'D\�E\�GD\�FRQGLWLRQ�RI�WKH�DQLPDO�KDG�JRQHZRUVH�DQG�ZDV�RQ�VXSSRUWLYH�WKHUDS\�ZLWK�,QM�'H[WURVH� VDOLQH�� ,QM�� &DOFLXP� ERURJOXFRQDWH������� ,QM�� +LYLW� �9LW�$� ����� LX��'������LX��(���PJ��1LDFLQDPLGH���PJ��7KLDPLQH��PJ��3\ULGR[LQH� ��PJ��5LERIODYLQ� ��PJ��'SDQWRWKHQRO� ��PJ�� '�ELRWLQ� ��PFJ�� 9LW� %����PFJ�DQG�FDOFLXP����PJ��PO��DQG�,QM��%LRWULP�6XOSKDGLD]LQH�����PJ��7ULPHWKRSULP����PJ��PO���LQWUDYHQRXVO\��2Q�WKH�WKLUG�GD\�WKH�DQLPDOZDV�RQ� ODWHUDO� UHFXPEHQF\�� WRR�ZHDN� WR� ULVHDQG�GHK\GUDWHG�ZLWK�SHUVLVWHQW�GLDUUKRHD�DQGWKH�DQLPDO�GLHG�RQ�WKH�VDPH�GD\�
3RVW�PRUWHP� H[DPLQDWLRQ� UHYHDOHGFRUUXJDWLRQ� RI� L OHXP� DQG� HQGRFDUGLDOPLQHUDOL]DWLRQ��0HVHQWHULF�O\PSK�QRGHV�ZHUHQRUPDO� LQ� VL]H� ZLWKRXW� DQ\� HQODUJHPHQW� RURHGHPD��7KHUH�ZDV� JHODWLQL]DWLRQ� RI� IDW��1RRWKHU�JURVV�OHVLRQV�ZHUH�YLVLEOH��6PHDUV�IURPFRUUXJDWHG�LOHXP�DQG�PHVHQWHULF�O\PSK�QRGHUHYHDOHG�DEXQGDQW�DFLG�IDVW�RUJDQLVP��$�SLHFH

RI�O\PSK�QRGH�ZDV�VXEMHFWHG�WR�,6����WLVVXH3&5�DQG�SDUDWXEHUFXORVLV�ZDV� FRQILUPHG�DWWKH� $QLPDO� %LRWHFKQRORJ\� XQLW�� 0DGUDV9HWHULQDU\�&ROOHJH��&KHQQDL�
7KH�FOLQLFDO�VLJQV�ZHUH�VXJJHVWLYH�RIERYLQH� SDUDWXEHUFXORVLV��7KH� DQLPDO� GLG� QRWUHVSRQG�WR�WKH�VWDQGDUG�DQWLGLDUUKRHDO�WKHUDS\�7KH�IDHFDO�VDPSOH�ZDV�QHJDWLYH�RQ�DFLG�IDVWVWDLQLQJ�DQG�WKH�VLQJOH�LQWUDGHUPDO�-RKQLQ�WHVWDOVR�JDYH�D�QHJDWLYH�UHVXOW�
5R\�HW�DO�� �������RSLQHG� WKDW�-RKQLQWHVW�LV�KHOSIXO�LQ�LGHQWLI\LQJ�WKH�HDUO\�VWDJHV�RIGLVHDVH��EXW�LQ�ODWHU�FOLQLFDO�VWDJHV�WKH�DQLPDOPD\�QRW�HYRNH�HQRXJK�UHVSRQVH��,Q�WKH�HDUO\VWDJHV�RI� SDUDWXEHUFXORVLV� WKH� FHOO�PHGLDWHGLPPXQH� UHVSRQVH� SUHGRPLQDWHV� DQG� WKHQZDQHV�ZLWK�DGYDQFLQJ�GLVHDVH��$XVWHUPDQ�HWDO����������1HJDWLYH�UHVXOW�E\�VLQJOH�LQWUDGHUPDO-RKQLQ� WHVW� LQ� WKLV� FDVH� DJUHHV� ZLWK� WKHREVHUYDWLRQ�RI�WKHVH�ZRUNHUV�
2Q�SRVW�PRUWHP�H[DPLQDWLRQ� W\SLFDOOHVLRQV�ZHUH� GHWHFWHG� DQG� WKH� VPHDU� IURPYDULRXV� WLVVXHV� DOVR� JDYH� SRVLWLYH� IRU� WKHRUJDQLVP�RQ�DFLG�IDVW�VWDLQLQJ���)LJ���
)DHFDO�VDPSOH�H[DPLQDWLRQ�ZDV�DOVRQHJDWLYH� RQ� DFLG� IDVW� VWDLQLQJ��'R\OH� ������ZDV�RI�WKH�RSLQLRQ�WKDW�RQO\����WR����SHU�FHQWFDVHV�FRXOG�EH�GLDJQRVHG�E\�H[DPLQDWLRQ�RIIDHFDO� VDPSOHV��7KLV� ILQGLQJ� LQGLFDWHV� WKDW� DQHJDWLYH� IDHFDO� VDPSOH� UHVXOW� E\� OLJKWPLFURVFRS\� KDV� QR� VLJQLILFDQW� YDOXH� LQGLDJQRVLQJ�SDUDWXEHUFXORVLV�DV�RSLQHG�E\�+ROHDQG�0DFOD\� �������� 7KH� RUJDQLVP�PD\� EHDEVHQW�RU�SUHVHQW�LQ�IDHFDO�VDPSOH�DW�D�OHYHOQRW� GHWHFWDEOH� E\� OLJKW�PLFURVFRS\��$FLG� IDVWVWDLQLQJ� KDG� OLPLWHG� VHQVLWLYLW\� DQG� DV�PDQ\DV����� EDFWHULD�SHU� JUDP�PD\�EH�QHFHVVDU\IRU� GHWHFWLRQ� E\� OLJKW�PLFURVFRS\� �7KRUHVHQHW�DO���������
7\SLFDO� SRVW� PRUWHP� OHVLRQV� ZHUHREVHUYHG�LQ�WKLV�FDVH��7KH�FODVVLFDO�LQWHVWLQDOFKDQJH�LV�GLIIXVH�WKLFNHQLQJ�RI�PXFRVD��ZKLFKLV� IROGHG� LQWR� WUDQVYHUVH� UXJDH��:KHQ�ZHOOGHYHORSHG�� WKH� PXFRVDO� IROGV� FDQQRW� EHVPRRWKHG�RXW�E\�VWUHWFKLQJ��-XEE�HW�DO���������7KH� JURVV� OHVLRQ� LQ� -RKQH¶V� GLVHDVH� LV� DFKURQLF�VHJPHQWDO�WKLFNHQLQJ�RI�LOHXP��FDHFXPDQG� SUR[LPDO� FRORQ�� $IIHFWHG� VHJPHQWVVKRZHG� D� YDULDEO\� WKLFNHQHG�� URXJK�� UXJRVH

5HFHLYHG�����������
$FFHSWHG�����������
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3DUDWXEHUFXORVLV�LQ�D�FRZ���

PXFRVD��RIWHQ�ZLWK�PXOWLSOH�IRFL�RI�XOFHUDWLRQ�)LJ�����6HFRQGDU\�OHVLRQV�LQ�SDUDWXEHUFXORVLVLQFOXGH� KHSDWLF� JUDQXORPDV� DQG� HQGRFDUGLDODQG� DRUWLF� PLQHUDOL]DWLRQ� �.UHHJHU�� ������$RUWLF� PLQHUDOL]DWLRQ�� ZKHQ� LW� RFFXUV� LQDVVRFLDWLRQ�ZLWK�WKH�FOLQLFDO�VLJQV�DQG�OHVLRQVRI� SDUDWXEHUFXORVLV�� LV� VSHFLILF� IRU� -RKQH¶VGLVHDVH�LQ�FDWWOH��0F*DYLQ�DQG�=DFKDU\��������
-XEE� HW� DO�� ������� UHSRUWHG� WKDWLOHRFDHFDO�O\PSK�QRGH�DQG�DIIHFWHG�VHJPHQWVRI�JXW�DUH�FDQGLGDWH�VLWHV�IRU�FXOWXUH�WR�FRQILUPD� GLDJQRVLV� RI� -RKQH¶V� GLVHDVH�� +HUH� WKHRUJDQLVP�ZDV�SUHVHQW�DW�D�OHYHO�GHWHFWDEOH�E\OLJKW� PLFURVFRS\� RI� DFLG� IDVW� VWDLQHGLPSUHVVLRQ� VPHDU� DQG� KHQFH� SRVLWLYH� UHVXOWZDV�REWDLQHG��7KH�GLVHDVH�ZDV�FRQILUPHG�E\,6���� WLVVXH�3&5�E\�DPSOLILFDWLRQ�RI�����ESDPSOLFRQV�VSHFLILF�IRU�0$3��0RVV�HW�DO���������6XPPDU\
$�FDVH�RI�ERYLQH�SDUDWXEHUFXORVLV� LVSUHVHQWHG�ZKLFK�ZDV�WHQWDWLYHO\�GLDJQRVHG�RQWKH� EDVLV� RI� V\PSWRPV� DQG� SRVW� PRUWHPILQGLQJV� DQG� VXEVHTXHQWO\� FRQILUPHG� E\GHPRQVWUDWLRQ� RI� DFLG� IDVW� RUJDQLVP� LQLPSUHVVLRQ� VPHDU� IURP� LQWHVWLQH� DQG� ,6���WLVVXH�3&5�� =LHKO�1HHOVHQ� DFLG� IDVW� VWDLQHGIDHFDO�VPHDU�H[DPLQDWLRQ�E\�OLJKW�PLFURVFRS\DQG� VLQJOH� LQWUDGHUPDO� -RKQLQ� WHVW� IDLOHG� WRGHWHFW�WKH�GLVHDVH�

5HIHUHQFHV
$XVWHUPDQ��6��5��� 6WDEHO�� -��5�� DQG�3DOPHU�0�9��������(YDOXDWLRQ�RI�,)1�m�(/,6$LQ� VKHHS� VXE� FOLQLFDOO\� LQIHFWHG�ZLWK0\FREDFWHULXP� DYLXP� VXEVSSDUDWXEHUFXORVLV� XVLQJ� D�ZKROH� FHOOVRQLFDWH�RU�D�-RKQLQ�SXULILHG�SURWHLQGHULYDWLYH�� -�� 9HW�� 'LDJQ�� ,QYHVW�������������
'R\OH��7��0��������-RKQH¶V�GLVHDVH���9HW��5HF�������������
+ROH�� 1�� +�� DQG�0DFOD\�� 0�� +�� ������ 7KHGLDJQRVLV�RI�-RKQH¶V�GLVHDVH�LQ�FDWWOH

DQG� WKH� LGHQWLI LFDWLRQ� RI0\FREDFWHULXP� MRKQHL� LQIHFWLRQ�� 9HW�5HF����������������
� -XEE��.�9��)���.HQQHG\��3��&��DQG�3DOPHU��1�������3DWKRORJ\�RI�GRPHVWLF�DQLPDOV���WK

HG��$FDGHPLF�3UHVV��86$��SS����������
.UHHJHU�� -�� 0�� ������ 5XPLQDQW� SDUDWXEHUFXORVLV� D� FHQWXU\� RI� SURJUHVV� DQGIUXVWUDWLRQ�� -�� 9HW�� 'LDJQ�� ,QYHVW�����������
0DQQLQJ�� (� �-�� %�� DQG�&ROOLQV��0��7�� �����0\FREDFWHULXP� DYLXP� VXEVSSDUDWXEHUFXORVLV�� SDWKRJHQ�SDWKRJHQHVLV�DQG�GLDJQRVLV��5HY��6FL�7HFK��2II��,QW��(SL]�������������
0F*DYLQ��0��'��DQG�=DFKDU\��-��)��������3DWKRORJLFEDVLV�RI�YHWHULQDU\�GLVHDVH���WK��HG���0RVE\,QF���0LVVRXUL��SS��������
0RVV��0��7���*UHHQ��(��3���7L]DUG��0��/���0DOLN�=�� 3�� DQG� +HUPRQ� 7D\ORU�� -�� �����6SHFLILF� GHWHFWLRQ� RI�0\FREDFWHULXPSDUDWXEHUFXORVLV�E\�'1$�K\EULGL]DWLRQZLWK� D� IUDJPHQW� RI� WKH� LQVHUWLRQHOHPHQW� ,6�����*XW�� ����������
5R\�� 3��� (GZLQ�� 3�� *��� -D\DNXPDU�� 9��+HPDOHWKD��6��DQG�3XUXVKRWKDPDQ��9�������$Q�RXWEUHDN�RI�-RKQH¶V�GLVHDVHDPRQJ� VKHHS� LQ� DQ� RUJDQL]HG� IDUP�,QGLDQ�-��$QLP��6FL�� ������������
7KRUHVHQ��2��)���)DON��.��DQG�(YHQVHQ��2�������&RPSDULVRQ�RI�LPPXQR�KLVWRFKHPLVWU\�DFLG� IDVW� VWDLQLQJ� DQG� FXOWLYDWLRQ� IRUGHWHFWLRQ� RI� 0\FREDFWHULXPSDUDWXEHUFXORVLV�LQ�JRDWV��-��9HW��'LDJQ�,QYHVW�������������
0��5��6DVHHQGUDQDWK���6��6XOILFDU��
.��1��1LPLVKD���$UFKDQD��6��1DLU�
DQG�.��.XPDQDQ�
'HSW��RI�9HWHULQDU\�(SLGHPLRORJ\�DQG�3UHYHQWLYH�0HGLFLQH�
&ROOHJH�RI�9HWHULQDU\�DQG�$QLPDO�6FLHQFHV
0DQQXWK\������������7KULVVXU��.HUDOD

� 3URIHVVRU�DQG�+HDG
� 3K�'�6FKRODU��9&5,��1DPDNNDO��7$189$6
��	�� 9HWHULQDU\�6XUJHRQV��$+'��.HUDOD
� 3URIHVVRU�DQG�+HDG��$QLPDO�%LRWHFKQRORJ\�8QLW��09&��&KHQQDL��

)LJ��� &OXPSV�RI�DFLG�IDVW�EDFLOOL� LQ� LPSUHVVLRQ
VPHDU� RI� LQWHVWLQH

)LJ����7KLFNHQHG�FRUUXJDWHG�LOHXP�ZLWK
KDHPRUUKDJLF� VSRWV


