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YLWDO�IRUFH��LQ�:HVWHUQ�$UW �́�/LNH�D�VXUJHRQ��KH�VRXJKW�WR�
FUHDWH�E\�VNLOOIXO�FXWWLQJ��/D�*HUEH��PXOWLFRORUHG�OHDYHV�
WKDW�UHVHPEOH�D�VSUD\�RI�ÀRZHUV��ZDV�FRPSOHWHG�D�IHZ�
PRQWKV�EHIRUH�KLV�GHDWK��EXW�LW�ZLOO�IRUHYHU�H[SORGH�ZLWK�
QHZ�OLIH��,I�\RX�OLNH�WKLV�ZD\�RI�H[SUHVVLQJ�UHJHQHUDWLRQ��
,� VXJJHVW� \RX� FKHFN� RXW� KLV� ERRN� Jazz� SXEOLVKHG� LQ�
�����

,Q� WKLV� UHSRUW��ZH�SURYLGH�\RX�ZLWK�D�VDPSOLQJ�RI�
RXU�GLVFRYHULHV�LQ�WKH�DUW�DQG�VFLHQFH�RI�UHJHQHUDWLYH�
RUWKRSDHGLFV�� � (DFK� GD\�ZH� DUH� OHDUQLQJ�PRUH� DQG�
JDLQLQJ�PRUH� UHVSHFW� IRU� WKH� UHJHQHUDWLYH� FDSDFLWLHV�
RI�WKH�KXPDQ�ERG\���2XU�FKDOOHQJH�LV�WR�KDUPRQL]H�RXU�
HIIRUWV�ZLWK�WKRVH�RI�QDWXUH��:H�DUH�PRWLYDWHG�EHFDXVH�
ZH�DUH�QRW�FRQWHQW�ZLWK�WRGD\¶V�RUWKRSDHGLFV��DV�JRRG�
DV�LW�LV��7RGD\��RQH�LQ�IRXU�$PHULFDQV�KDV�DQ�RUWKRSDHGLF�
SUREOHP� QHHGLQJ�PHGLFDO� DWWHQWLRQ��PXVFXORVNHOHWDO�
FRQGLWLRQV�UHPDLQ�WKH�OHDGLQJ�FDXVH�RI�GLVDELOLW\�LQ�RXU�
FRXQWU\��ZZZ�ERQHDQGMRLQWEXUGHQ�RUJ���:H�NQRZ�WKDW�
WKH� IXWXUH�KROGV�EHWWHU� UHJHQHUDWLYH�VROXWLRQV� IRU� WKH�
FRQGLWLRQV�WKDW�GHSULYH�VR�PDQ\�PLOOLRQV�RI�LQGLYLGXDOV�
HDFK�\HDU�RI�WKHLU�DELOLW\�WR�EH�DFWLYH�DQG�WR�EH�DEOH�WR�
SDUWLFLSDWH�FRPIRUWDEO\� LQ�WKHLU�ZRUN�DQG�SOD\��,I�\RX�
ZRXOG�OLNH�WR�OHDUQ�PRUH�DERXW�RXU�HIIRUWV�LQ�UHJHQHUDWLRQ��
,�LQYLWH�\RX�WR�YLVLW�XV�DW�ZZZ�RUWKRS�ZDVKLQJWRQ�HGX�RU�
WR�HPDLO�PH�DW�PDWVHQ#X�ZDVKLQJWRQ�HGX�

,Q�FRQFOXVLRQ��,�ZRXOG�OLNH�WR�WKDQN�DOO�WKH�LQGLYLGXDOV�
DQG� IRXQGDWLRQV� WKDW�KDYH�HQDEOHG�2UWKRSDHGLFV�DQG�
6SRUWV�0HGLFLQH�WR�FRQWLQXH�LWV�FRPPLWPHQW�WR�RQJRLQJ�
GLVFRYHU\���/RRN�DURXQG�DQG�VHH�UHJHQHUDWLRQ�DW�ZRUN�

%HVW�ZLVKHV�IRU�JRRG�KHDOWK�

)UHGHULFN�$��0DWVHQ�,,,��0�'�
8QLYHUVLW\�RI�:DVKLQJWRQ�
'HSDUWPHQW�RI�2UWKRSDHGLFV�DQG�6SRUWV�0HGLFLQH
�����1(�3DFL¿F�6WUHHW��%R[�������
6HDWWOH��:$������
2I¿FH�3KRQH���������������
PDWVHQ#X�ZDVKLQJWRQ�HGX
ZZZ�RUWKRS�ZDVKLQJWRQ�HGX

2Q�WKH�EDFN�FRYHU��SOHDVH�VHH�WKH�SUHRSHUDWLYH�DQG�
���PRQWK�SRVWRSHUDWLYH�[�UD\V�RI�WKH�OHIW�VKRXOGHU�RI�
D�SDWLHQW�KDYLQJ�D�VXFFHVVIXO�UHDP�DQG�UXQ�SURFHGXUH�
�ZZZ�RUWKRS�ZDVKLQJWRQ�HGX�UHDPDQGUXQ��

)RUHZRUG

2UWKRSDHGLFV� LV � D�
VSHFLDOW\� GHGLFDWHG�
W R � U HJHQH UD W L RQ�

DQG� UHQHZDO�� )RUWXQDWHO\�
RXU� ERGLHV� DUH�SUHWW\� JRRG�
DW� UHVWRULQJ� FRPIRUW� DQG�
IXQFWLRQ� DIWHU� LQMXU\��:KHQ�
D�ERQH�LV�EURNHQ��VWHP�FHOOV�
DQG�JURZWK�IDFWRUV�VXUJH�DW�
WKH�VLWH�RI�LQMXU\�FDXVLQJ�QHZ�
ERQH�WR� IRUP��UHFRQQHFWLQJ�
EURNHQ�ERQH�HQGV��%XW�WKDW¶V�
QRW� WKH� HQG� RI� WKH� VWRU\��
7KH� QHZO\� IRUPHG� ERQH�

WKHQ� UHPRGHOV� SURJUHVVLYHO\� XQGHU� WKH� LQÀXHQFH� RI�
PHFKDQLFDO�ORDGLQJ�WR�D�VWUXFWXUH�YLUWXDOO\�LGHQWLFDO�WR�
WKH�ERQH�EHIRUH�WKH�LQMXU\��UHJHQHUDWLRQ��

,Q�2UWKRSDHGLFV�ZH�KDYH�WKH�RSSRUWXQLW\�WR�DVVLVW�
QDWXUH� LQ� WKLV� SURFHVV� RI� UHJHQHUDWLRQ��:H� DOLJQ� WKH�
ERQH�VR� WKDW� WKH� UHJHQHUDWHG�VWUXFWXUH�KDV� WKH� ULJKW�
OHQJWK�DQG�VKDSH�� �:H�DSSUR[LPDWH�WKH�WRUQ�HQGV�RI�
WKH�URWDWRU�FXII�VR�WKDW�KHDOLQJ�FDQ�UHJHQHUDWH�D�VWURQJ�
DQG�VPRRWK�WHQGRQ��2Q�RFFDVLRQ��DV�ZLWK�D�WRUQ�DQWHULRU�
FUXFLDWH�OLJDPHQW��WKH�ERG\�FDQQRW�KHDO�WKH�LQMXU\��LQ�
WKLV�VLWXDWLRQ�ZH�KDYH�OHDUQHG�WR�LQVHUW�D�WHQGRQ�JUDIW�
LQ�D�ZD\�WKDW� LW� UHPRGHOV�WR�D�UHJHQHUDWHG� OLJDPHQW���
:KHQ�D�IUDFWXUH�FUXVKHV�SDUW�RI�WKH�ERQH�RI�WKH�NQHH��
ZH�XVH�D�ERQH�JUDIW�WDNHQ�IURP�WKH�SHOYLV�WKDW�HQDEOHV�
WKH�ERG\�WR�UHJHQHUDWH�WKH�GDPDJHG�VWUXFWXUH��:KHQ�
WKH�VKRXOGHU�LV�GDPDJHG�E\�DUWKULWLV��ZH�KDYH�GLVFRYHUHG�
D�ZD\�WR�VWLPXODWH�WKH�ERQH�RI� WKH�JOHQRLG�VRFNHW�WR�
UHJHQHUDWH� D� GXUDEOH� ELRORJLFDO� MRLQW� VXUIDFH�� 7KHVH�
DUH�EXW�D�IHZ�H[DPSOHV�RI�UHJHQHUDWLYH�RUWKRSDHGLFV���
2XU�IDFXOW\�DUH�GHGLFDWHG�WR�WKH�RQJRLQJ�GLVFRYHU\�RI�
PDQ\�PRUH�RSSRUWXQLWLHV�WR�KHOS�JXLGH�QDWXUH¶V�SRZHUIXO�
UHJHQHUDWLYH�FDSDFLWLHV�VR�WKDW�WKH�QHHG�IRU�SURVWKHWLF�
µUHSODFHPHQWV¶�PDGH� RI�PHWDO� DQG� SODVWLF� EHFRPHV�
OHVV� ZKLOH� ELRORJLFDO� VROXWLRQV� EHFRPH� LQFUHDVLQJO\�
FRPPRQSODFH��

7R�UHSUHVHQW�RXU�GHGLFDWLRQ�WR�UHJHQHUDWLRQ��ZH�KDYH�
VHOHFWHG�/D�*HUEH��WKH�VKHDI��E\�+HQUL�0DWLVVH�IRU�RXU�
FRYHU�DUW�� �7KH�SHUSHWXDO� UHJHQHUDWLRQ�RI� OHDYHV� WKDW�
KDYH�EHHQ�ORVW�VHHPV�QRZKHUH�EHWWHU�SUHVHQWHG�WKDQ�
E\�0DWLVVH¶V�EROG�FRORUV�DQG�FULVS�IRUPV��(YHQ�0DWLVVH¶V�
OLIH�VSHDNV�IRU�UHJHQHUDWLRQ��,Q������KH�ZDV�QHDU�GHDWK�
IURP�FDQFHU��ZULWLQJ�IDUHZHOO�OHWWHUV�WR�IULHQGV�DQG�IDPLO\���
$IWHU�D�ULVN\�VXUJHU\��KH�UHJDLQHG�ZKDW�KH�UHIHUUHG�WR�
DV�D�µQHZ�OLIH¶�DQG�WRRN�RII�LQ�WKH�QHZ�DUWLVWLF�GLUHFWLRQ�
RI�JRXDFKHV�GpFRXSpV��FXW�RXW�ZDWHU�FRORUV��� �7KHVH�
ZRUNV�RI�WKH�ODVW����\HDUV�RI�KLV�OLIH�KDYH�EHHQ�UHIHUUHG�
WR�DV�³WKH�JUDQGHVW�DI¿UPDWLRQV�RI�WKH�pODQ�YLWDO��WKH�
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'��.D\�&ODZVRQ���$�3LRQHHU�LQ�%ULQJLQJ�5HJHQHUDWLYH�
2UWKRSDHGLFV�WR�WKH�&DUH�RI�WKH�,QMXUHG�3DWLHQW

by  Dick  Foley,  Bob  Clawson,  and  Rick  Matsen

)RUW\�¿YH�\HDUV�DJR��'��.D\�&ODZVRQ�IRXQGHG�WKH�
'HSDUWPHQW�RI�2UWKRSDHGLFV�DW�WKH�8QLYHUVLW\�RI�
:DVKLQJWRQ��+H�DQG�KLV�ZLIH�-DQ�FRQWLQXH�WR�EH�

JUHDW�IULHQGV��JHQHURXV�VXSSRUWHUV��DQG�PXFK�DSSUHFLDWHG�
IUHTXHQW�YLVLWRUV� WR� WKH�'HSDUWPHQW��7KXV� LW� LV�D� UHDO�
SOHDVXUH�WR�KRQRU�'U��&ODZVRQ�LQ�WKH������5HSRUW�DQG�WR�
WDNH�WKLV�RSSRUWXQLW\�WR�WKDQN�KLP�IRU�DOO�KLV�FRQWULEXWLRQV�
WR� WKH�8QLYHUVLW\� RI�
:DVKLQJWRQ� DQG� WR�
WKDQN� KLV� IDPLO\�
IRU� HVWDEOLVKLQJ� WKH�
& O DZVRQ � )DP L O \�
2UWKRSDHGLF� /LEUDU\�
(QGRZHG� )XQG�� /HW�
XV� WHOO� \RX� D� ELW�
DERXW�WKLV�PDQ�

7 Z H Q W L H W K�
FHQWXU\� $PHULFDQ�
+LVWRU\�KDV�UHFRUGHG�
PDQ\� VWRU LHV � R I�
XQLTXH� LQGLYLGXDOV�
ERUQ� EHWZHHQ� WKH�
:RUOG�:DUV�� UDLVHG�
LQ� WKH� WLPH� RI� WKH�
*UHDW� 'HSUHVVLRQ��
DQG� ZKR� VHUYHG� LQ�
WKH� 6HFRQG� :RUOG�
:DU���2Q�UHWXUQLQJ�WR�
FLYLOLDQ�OLIH�WKH\�ZHQW�
RQ� WR� UHPDUNDEOH�
DFKLHYHPHQW���7KH�OLIH�
RI�'U��'��.D\�&ODZVRQ�
LV�DQ�H[DPSOH�RI�WKLV�
³$PHULFDQ� 6WRU\´���
7KH� RQO\� FKLOG� RI�
ROGHU�SDUHQWV��KH�ZDV�
ERUQ�$XJXVW���������
LQ� 6DOW� /DNH� &LW\��
8WDK�� � *URZLQJ� XS�
DV� D� ³VSRLOHG� FKLOG´�
LQ� D� VHFXUH�PLGGOH�
FODVV� KRPH� KLV� OLIH�
ZDV�DOWHUHG�VKDUSO\�E\�WKH�GHDWK�RI�KLV�IDWKHU�DW�DJH������
7KH�WUDJHG\�RI�WKLV�ORVV�XQOHDVKHG�DQ�LQGXVWULRXVQHVV�
DQG�UHVROYH�LQ�KLP�WKDW�OHG�WR�D�VHULHV�RI�MREV�LQFOXGLQJ�
ZRUNLQJ�LQ�WKH�6DOW�/DNH�&OLQLF��D�PXOWL�VSHFLDOW\�PHGLFDO�
FOLQLF��DV�D�UHFHSWLRQLVW�DQG�WHOHSKRQH�RSHUDWRU���$Q�HDUO\�
IDVFLQDWLRQ�ZLWK�PHGLFLQH�DIWHU�YLVLWLQJ�WKH�6DQ�)UDQFLVFR�
:RUOG¶V�)DLU�LQ�������OHG�WR�D�SRVLWLRQ�DV�D�1DY\�FRUSVPDQ�
GXULQJ�VHUYLFH�LQ�:RUOG�:DU�,,���7KH�SK\VLFLDQ�FRQWDFWV�
PDGH�DW� WKH�6DOW� /DNH�&LW\�&OLQLF� UHVXOWHG� LQ� VXSSRUW�
WKURXJK�WKH�ORFDO�FKDSWHU�RI�7KH�+DUYDUG�&OXE�LQ�DSSO\LQJ�

WR�+DUYDUG�IRU�PHGLFDO�WUDLQLQJ�DIWHU�VSHQGLQJ�WKUHH�\HDUV�
DW�WKH�8QLYHUVLW\�RI�8WDK�IROORZLQJ�WKH�ZDU��$W�+DUYDUG�
0HGLFDO�6FKRRO��ZKHUH�KH�PHW�KLV� IXWXUH�EULGH�� -DQHW�
'RURWK\�6PLWK��'U��&ODZVRQ�UHFHLYHG�KLV�PHGLFDO�GHJUHH�
IURP�+DUYDUG�LQ������DQG�PDUULHG�-DQHW�RQ�-XQH���WKDW�
\HDU��7KH\�VXEVHTXHQWO\�KDG�WZR�FKLOGUHQ��.LP�&ODZVRQ�
5RVHQVWHLQ��0�'���DQG�'DYLG�5RJHU�&ODZVRQ��0�'�

� 7KH� GULYH� WR�
VXFFHHG� WKURXJK�
WKRVH�\HDUV� LV�EHVW�
H [HPS O L I L H G � E \�
DOZD\V� KROGLQJ� QRW�
RQH�� EXW� WZR� SDUW�
WLPH�MREV��WR�¿QDQFH�
K L V � H G X F D W L R Q ���
' H F L G L Q J � R Q�
2UWKRSHGLF�6XUJHU\�
DV� KLV� VSHFLDOW\��
KH � HQ WH UHG � WKH�
5HVLGHQW� 7UDLQLQJ�
3URJUDP�DW�6WDQIRUG�
8QLYHUVLW\� LQ� ������
+ H � H [ S D Q G H G�
XSRQ� WKLV� WUDLQLQJ�
WKURXJK�D�IHOORZVKLS�
L Q � D G Y D Q F H G�
RUWKRSDHGLFV�DW�WKH�
1DWLRQDO�)RXQGDWLRQ�
I R U � , Q I D Q W L O H�
3D U D O \ V L V � I U RP�
����±������ DQG�
DV� D� ¿UVW� DVVLVWDQW�
WR� 3URIHVVRU� +�� -��
6HGGRQ�� KRQRUDU\�
VHQLRU� UHJLVWUDU� DW�
WKH� 5R\DO� 1DWLRQDO�
2UWKRSDHGLF�+RVSLWDO�
DW�WKH�8QLYHUVLW\�RI�
/RQGRQ�IURP�����±
������

� 'U�� &ODZVRQ¶V�
DELOLWLHV� LPSUHVVHG�

KLV�WHDFKHUV��SDUWLFXODUO\�'RQ�.LQJ��0�'��DQG�6WHUOLQJ�
%XQQHOO��0�'���7KH\�HQFRXUDJHG�KLV�FDUHHU�LQ�$FDGHPLF�
2UWKRSHGLFV��$IWHU�VL[�ZHHNV�DV�DQ�DVVLVWDQW�SURIHVVRU�
DW� WKH� 8&/$�� KH�ZDV� DVNHG� WR� KHDG� WKH� 'LYLVLRQ� RI�
2UWKRSDHGLF�6XUJHU\� DW� WKH�8QLYHUVLW\� RI�:DVKLQJWRQ�
±�WUXO\�D�³IDVW�WUDFN�́ ��

'XULQJ�KLV�\HDUV�DW�WKH�8QLYHUVLW\�RI�:DVKLQJWRQ�KH�
ZDV�UHFRJQL]HG�IRU�KLV�FRQWULEXWLRQ�WR�IUDFWXUH�FDUH�ZLWK�
KLV�GHYHORSPHQW�RI�WKH�VOLGLQJ�KLS�VFUHZ�IRU�IUDFWXUHV�RI�
WKH�XSSHU�IHPXU�DQG�WKH�WKRXJKWIXO�DSSOLFDWLRQ�RI�FORVHG�
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LQWUDPHGXOODU\�QDLOLQJ�IRU�IUDFWXUHV�RI�WKH�IHPRUDO�VKDIW��
,Q�WKDW�WKH�WKHPH�RI�WKLV�LVVXH�LV�µUHJHQHUDWLRQ¶�LW�LV�FULWLFDO�
WR�SRLQW�RXW�WKDW�ERWK�RI�WKHVH�WHFKQLTXHV�DOORZ�IRU�WKH�
LQGLYLGXDO�WR�JHW�XS�RQ�WKHLU�IHHW�DQG�EHDU�ZHLJKW�RQ�WKH�
LQMXUHG�OHJ���7KH�ORDG�RI�WKLV�ZHLJKW�EHDULQJ�LV�VKDUHG�
EHWZHHQ�WKH�PHWDO�LPSODQW�DQG�WKH�ERQH�LWVHOI��UHVXOWLQJ�
LQ�D�VWLPXODWLRQ�RI�ERQH�UHJHQHUDWLRQ�DW�WKH�IUDFWXUH�VLWH��
$W�WKH�WLPH��WKHVH�ZHUH�UHYROXWLRQDU\�LGHDV�DQG�KLJKO\�
FRQWURYHUVLDO��,W�UHTXLUHG�JUHDW�VWUHQJWK�DQG�UHVROYH�WR�
UHVLVW�WKH�UDPSDQW�FULWLFLVP�RI�RUWKRSDHGLF�VXUJHRQV�ZKR�
IHOW�WKDW�µFRQVHUYDWLYH�FDUH¶�PHDQW�OHDYLQJ�SDWLHQWV�LQ�EHG�
LQ�WUDFWLRQ�XQWLO�WKHLU�IDFWXUHV�ZHUH�KHDOHG�HQRXJK�IRU�D�
ERG\�FDVW��&ODZVRQ¶V�LQWURGXFWLRQ�RI�WKHVH�WZR�GHYLFHV�
ZHUH�PDMRU�IDFWRUV�LQ�WKH�HVWDEOLVKPHQW�RI�WKH�8QLYHUVLW\�
RI�:DVKLQJWRQ� DQG�+DUERUYLHZ�0HGLFDO� &HQWHU� DV� WKH�
ELUWKSODFH�RI�PRGHUQ�WUDXPD�FDUH�DQG�IRU�HVWDEOLVKLQJ�
ZKDW� LV�QRZ�WKH�VWDQGDUGV� IRU� IUDFWXUH�FDUH��7KH\� OHG�
GLUHFWO\�WR�RXU�FXUUHQW�SKLORVRSK\�VR�QLFHO\�H[SUHVVHG�E\�
7HG�+DQVHQ��³¿[�DOO�WKH�IUDFWXUHV�DQG�JHW�µHP�RXW�RI�EHG�´�
&KHFN�RXW�WKH�H[FLWLQJ��³WKH�+DUERUYLHZ�6WRU\´�SUHSDUHG�
E\�%RE�&ODZVRQ�DQG�'LFN�)ROH\��\RX�FDQ�VHH�LW�DW�ZZZ�
WUDXPDVWRU\�FRP�

&ODZVRQ¶V�GHSDUWPHQW�ZDV�WKH�¿UVW�LQ�WKH�FRXQWU\�WR�
UHFRJQL]H�VSRUWV�PHGLFLQH�DV�XQLTXH�SDUW�RI�2UWKRSDHGLFV��
KH�ZDV�D�IRXQGLQJ�PHPEHU�RI�WKH�$PHULFDQ�$VVRFLDWLRQ�
RI�2UWKRSDHGLF�6SRUWV�0HGLFLQH��+H�EURXJKW�WKH�FDUH�RI�
WKH�YDUVLW\�DWKOHWHV�WR�WKH�IDFXOW\�RI�WKH�'HSDUWPHQW���,Q�
UHFRJQLWLRQ��ZH�DUH�QRZ�WKH�'HSDUWPHQW�RI�2UWKRSDHGLFV�
DQG�6SRUWV�0HGLFLQH��

+H�ZDV�D�YLJRURXV�FKDLUPDQ��D�JUHDW� VXUJHRQ�DQG�
DQ� DXWKRULWDULDQ� HGXFDWRU�� � +H� ZDV� FRQFHUQHG� WKDW�
PHGLFDO�VWXGHQWV�KDG�LQVXI¿FLHQW�HGXFDWLRQ�LQ�WKH�ERQH�
DQG� MRLQW� FRQGLWLRQV� FRPPRQO\� HQFRXQWHUHG� LQ� WKH�
SUDFWLFH�RI�SULPDU\�FDUH��KLV�DFWLRQ�ZDV�WR�HVWDEOLVK�D�
PXVFXORVNHOHWDO�FRUH�FRXUVH�±�WRGD\�WKLV�FRXUVH�UHPDLQV�
DV�D�FDUGLQDO�H[DPSOH�RI� WKH� µV\VWHPV¶�FXUULFXOXP��+H�
GHYHORSHG�WKH� µSDUW\� OLQH¶�±�D�SUDFWLFDO�JXLGH� WR�PDQ\�
RI�WKH�FRPPRQ�SUREOHPV�HQFRXQWHUHG�LQ�RUWKRSDHGLFV��
5HVLGHQWV� WKDW� GHYLDWHG� IURP� WKH� SDUW\� OLQH� UDQ� WKH�
ULVN�RI�D�VHLVPLF�HYHQW���/HVVRQV�OHDUQHG�IURP�KLP�DUH�
QHYHU�IRUJRWWHQ��3HUKDSV�PRVW�LPSRUWDQW�LV�WKH�ZD\�KH�
DGYRFDWHG�IRU�HDFK�RI�KLV�IDFXOW\��UHVLGHQWV�DQG�VWXGHQWV��
(YHU\RQH�NQHZ�KH�ZDV�WKHUH�IRU�WKHP�������

,Q�������'U��&ODZVRQ�OHIW�WKH�8:�WR�EHFRPH�WKH�'HDQ�
RI�WKH�8QLYHUVLW\�RI�.HQWXFN\�0HGLFDO�6FKRRO�DQG�WKHQ�WR�
.DQVDV�&LW\�DV�([HFXWLYH�9LFH�&KDQFHOORU�RI�WKH�8QLYHUVLW\�
RI�.DQVDV�0HGLFDO�&HQWHU�LQ�������$W�HDFK�LQVWLWXWLRQ�KH�
OHIW�D� OHJDF\�RI�H[FHOOHQFH�DQG�VXSSRUW�IRU�IDFXOW\�DQG�
VWXGHQWV��:KLOH�KH�LV�QRZ�µUHWLUHG¶�KH�UHPDLQV�DV�YLJRURXV�
DV�HYHU��VWLOO�WKRXJKWIXO��SURYRFDWLYH�DQG�VXSSRUWLYH�

'U�� &ODZVRQ¶V� SURIHVVLRQDO� DFWLYLWLHV��PHPEHUVKLSV�
RQ� FRPPLWWHHV� DQG� LQ� DVVRFLDWLRQV�� FRPPLVVLRQV�� DQG�
DSSRLQWPHQWV� DUH� WRR� QXPHURXV� WR� OLVW� KHUH�� DV� DUH�
KLV�KXQGUHGV�RI�SXEOLVKHG� MRXUQDO�DUWLFOHV��ERRNV��DQG�
ERRN�FKDSWHUV��+RZHYHU��WKDQNV�WR�WKH�JHQHURVLW\�RI�WKH�
&ODZVRQ�IDPLO\��PDQ\�RI�WKHVH�UHVRXUFHV��DORQJ�ZLWK�KLV�
DXWRELRJUDSK\��My  Journey:  Genes  or  Environment��ZLOO�
EH�DYDLODEOH�WR�IXWXUH�OHDGHUV�LQ�RUWKRSDHGLF�VXUJHU\�LQ�
WKH� &ODZVRQ� /LEUDU\� DW� +DUERUYLHZ�0HGLFDO� &HQWHU� LQ�
6HDWWOH��
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*DU\�DQG�$OHD�&XOSHSSHU
'RQRUV��+XVN\�)DQV��3DUHQWV��3DWLHQWV

8QLYHUVLW\�RI�:DVKLQJWRQ�

7KH�&XOSHSSHU�)DPLO\

:KHQ�\RX�¿UVW�PHHW�*DU\�DQG�$OHD�&XOSHSSHU�\RX�LPPHGLDWHO\�GLVFRYHU�WKDW��WKRXJK�WKH\�DUH�EXV\�SHRSOH�ZLWK�
PDQ\�LQWHUHVWV��WKH\�KDYH�WZR�SDVVLRQV�WKDW�VWDQG�RXW�DERYH�WKH�UHVW���IDPLO\�DQG�VSRUWV���3DUWLFXODUO\�+XVN\�
6SRUWV���$�OLIHORQJ�UHVLGHQW�RI�WKH�3XJHW�6RXQG�DUHD��*DU\�KDV�D�ORQJ�UHODWLRQVKLS�ZLWK�WKH�8QLYHUVLW\�RI�:DVKLQJWRQ�

KDYLQJ�EHHQ�D�VWXGHQW��DQ�DYLG�+XVN\�VSRUWV�IDQ��D�SDUHQW��WKUHH�RI�WKHLU�VHYHQ�FKLOGUHQ�KDYH�JUDGXDWHG�IURP�8:���D�
GRQRU��DQG�HYHQ�D�SDWLHQW�DW�WKH�8QLYHUVLW\�RI�:DVKLQJWRQ�0HGLFDO�&HQWHU���$OHD��D�OLIHORQJ�VSRUWV�IDQ��LV�MXVW�DV�FRPPLWWHG�
DQG�WKH\�ERWK�DWWHQG�DV�PDQ\�8:�JDPHV�DV�WKH\�FDQ�ZLWK�WKHLU�VHYHQ�FKLOGUHQ�DQG�WKHLU�JURZLQJ�IDPLOLHV���RIWHQ�HYHQ�
WUDYHOLQJ�WR�DWWHQG�JDPHV�RXW�RI�VWDWH���

�7KH�&XOSHSSHUV�¿UVW�OHDUQHG�DERXW�WKH�%RE�DQG�6DOO\�%HKQNH�(QGRZHG�3URIHVVRUVKLS�IRU�WKH�+HDOWK�RI�WKH�6WXGHQW�
$WKOHWH�ZKHQ�WKHLU�GDXJKWHU��6X]DQQH��SOD\HG�IRU�WKH�8:�:RPHQ¶V�VRFFHU�WHDP��$ORQJ�ZLWK�KHU�WHDPPDWHV��6X]DQQH�ZDV�
RFFDVLRQDOO\�WUHDWHG�E\�-RKQ�2¶.DQH��0�'���D�+XVN\�WHDP�SK\VLFLDQ��ZKR�LV�DOVR�D�IDFXOW\�PHPEHU�LQ�WKH�8:�'HSDUWPHQW�
RI�2UWKRSDHGLFV�DQG�6SRUWV�0HGLFLQH�DQG�WKH�KROGHU�RI�WKH�%HKQNH�3URIHVVRUVKLS���2YHU�WKH�\HDUV��WKH�&XOSHSSHUV�OHDUQHG�
¿UVW�KDQG�WKH�LPSRUWDQFH�RI�KDYLQJ�D�JUHDW�SK\VLFLDQ�RQ�IDFXOW\�ZKR�FDQ�DGYRFDWH�IRU�WKH�OLIHORQJ�KHDOWK�RI�WKH�VWXGHQW�
DWKOHWHV�DQG�WKH\�ZDQWHG�WR�KHOS�HQVXUH�WKDW�WKLV�YDOXDEOH�UHVRXUFH�ZRXOG�DOZD\V�EH�DYDLODEOH�IRU�+XVN\�DWKOHWHV�LQ�WKH�
IXWXUH���³'RF�2¶.DQH�ZDV�MXVW�DV�LPSRUWDQW�DV�DQ\�FRDFK�RU�DWKOHWH�RQ�WKDW�WHDP �́�VDLG�*DU\���%\�EHFRPLQJ�GRQRUV�WR�WKH�
%HKQNH�(QGRZHG�3URIHVVRUVKLS�IRU�WKH�+HDOWK�RI�WKH�6WXGHQW�$WKOHWH��D�SDUWQHUVKLS�EHWZHHQ�8:�0HGLFLQH�'HSDUWPHQW�
RI�2UWKRSDHGLFV�DQG�6SRUWV�0HGLFLQH�DQG�WKH�'HSDUWPHQW�RI�,QWHUFROOHJLDWH�$WKOHWLFV��WKH\�KHOSHG�HQVXUH�WKDW�VWXGHQW�
DWKOHWHV�ZRXOG�DOZD\V�KDYH�WKH�VDPH�JUHDW�FDUH�WKDW�WKHLU�GDXJKWHU�UHFHLYHG���
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'DQLHO�)OXJVWDG��0�'�
�����*UDWHIXO�$OXPQXV

8QLYHUVLW\�RI�:DVKLQJWRQ�6FKRRO�RI�0HGLFLQH

'DQLHO�)OXJVWDG��0�'��¶����¶����¶���LV�D�+XVN\�WKURXJK�DQG�WKURXJK���$�6HDWWOH�QDWLYH��KH�FRPSOHWHG�KLV�EDFKHORU�
RI�VFLHQFH��FKHPLVWU\���PHGLFDO�VFKRRO��DQG�RUWKRSDHGLF�UHVLGHQF\�DW�WKH�8QLYHUVLW\�RI�:DVKLQJWRQ��RQO\�OHDYLQJ��
6HDWWOH� IRU� D� RQH�\HDU� IHOORZVKLS� LQ�2UWKRSDHGLF�2QFRORJ\� DW�0DVVDFKXVHWWV�*HQHUDO� +RVSLWDO�� )LUVW� GUDZQ� WR�

RUWKRSDHGLFV�DV�DQ�XQGHUJUDGXDWH�VWXGHQW�DIWHU�ZLWQHVVLQJ�WKH�WUDQVIRUPDWLRQ�LQ�KLV�PRWKHU�LQ�ODZ¶V�OLIH�DIWHU�VKH�KDG�D�
WRWDO�KLS�UHSODFHPHQW��KH�VD\V�WKDW�WKH�8QLYHUVLW\�RI�:DVKLQJWRQ�'HSDUWPHQW�RI�2UWKRSDHGLFV�DQG�6SRUWV�0HGLFLQH�ZDV�
D�JUHDW�SODFH�WR�OHDUQ�WKH�DUW�RI�RUWKRSDHGLF�VXUJHU\���³7KH\�ZHUH�WUDLOEOD]HUV�±�HVSHFLDOO\�LQ�WUDXPD�́ �KH�VDLG���7RGD\��
)OXJVWDG�KDV�D�EXV\�SUDFWLFH�DW�WKH�3RO\FOLQLF�DQG�6ZHGLVK�+RVSLWDO��EXW�FRQWLQXHV�WR�PDNH�WLPH�WR�YROXQWHHU�DV�D�WHDFKHU�
LQ�WKH�DQDWRP\�ODEV�DQG�VHUYHV�DV�D�PHQWRU�IRU�WKH�PHGLFDO�VWXGHQW�LQWHUQV�ZKR�VSHQG�WLPH�DW�6ZHGLVK�+RVSLWDO���,Q�
DGGLWLRQ�WR�WKLV��KH�DQG�KLV�ZLIH��&KHU\O��ZKR�DOVR�JUDGXDWHG�IURP�WKH�8QLYHUVLW\�RI�:DVKLQJWRQ�ZLWK�D�GHJUHH�LQ�FOLQLFDO�
QXWULWLRQ�LQ�������KDYH�JLYHQ�JHQHURXVO\�WR�WKH�8QLYHUVLW\�RI�:DVKLQJWRQ�2UWKRSDHGLFV�5HVLGHQW�(GXFDWLRQ�'LVFUHWLRQDU\�
)XQG�IRU�PDQ\�\HDUV�EHFDXVH�LW�SURYLGHV�PRQH\�IRU�ERRNV��WUDYHO�WR�FRQIHUHQFHV��MRXUQDO�FOXEV�±�WKLQJV�WKDW�PDNH�IRU�D�
JUHDW�HGXFDWLRQ�WKDW�WKH�GHSDUWPHQW�ZDVQ¶W�DEOH�WR�SURYLGH�ZKHQ�KH�ZDV�D�UHVLGHQW���+H�DOVR�DSSUHFLDWHV�WKDW�QRQH�RI�
WKH�PRQH\�LV�XVHG�IRU�RYHUKHDG�H[SHQVHV���$V�)OXJVWDG�VD\V��³WKH�8QLYHUVLW\�RI�:DVKLQJWRQ�JDYH�PH�D�FDUHHU�,�ORYH�DQG�
,�ZDQW�WR�JLYH�EDFN �́��

-RQDWKDQ��VRQ���0DWW��VRQ���&KHU\O��ZLIH���'DQLHO�)OXJVWDG��(ULQ��GDXJKWHU�LQ�ODZ���1LFN��VRQ��
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5LFKDUG�.LUE\��0�'�
�����*UDWHIXO�$OXPQXV

8QLYHUVLW\�RI�:DVKLQJWRQ�6FKRRO�RI�0HGLFLQH
Founder,  Kirby  Orthopaedic  Resident  Endowed  Fund

5LFKDUG��'LFN��.LUE\��¶����¿UVW�JUHZ�LQWHUHVWHG�LQ�WKH�¿HOG�RI�RUWKRSDHGLFV�GXULQJ�KLV�VHFRQG�\HDU�RI�PHGLFDO�VFKRRO�
DW�WKH�8QLYHUVLW\�RI�:DVKLQJWRQ�DIWHU�ZRUNLQJ�ZLWK�D�YROXQWHHU�IDFXOW\�PHPEHU�LQ�KLV�PXVFXORVNHOHWDO�DQDWRP\�ODE����
:KHQ�WKH�WLPH�FDPH�WR�DSSO\�IRU�UHVLGHQF\�SURJUDPV��WKH�RUWKRSDHGLFV�UHVLGHQF\�DW�8:�ZDV�WKH�REYLRXV�FKRLFH���

7RGD\��'U��.LUE\�KDV�D�VXFFHVVIXO�SUDFWLFH��EXW�VSHQGV�KLV�VSDUH�WLPH�KHOSLQJ�WR�LQVSLUH�WKH�QH[W�JHQHUDWLRQ�RI�RUWKRSDHGLF�
VXUJHRQV�E\�YROXQWHHULQJ�DV�D�IDFXOW\�PHPEHU�LQ�WKH�PXVFXORVNHOHWDO�DQDWRP\�ODE���,Q�DGGLWLRQ�WR�YROXQWHHULQJ�KLV�WLPH�
WR�WKH�PHGLFDO�VFKRRO��'U��.LUE\�DQG�KLV�ZLIH��%HWV\��JLYH�DQQXDOO\�WR�VXSSRUW�WKH�UHVLGHQF\�SURJUDP�LQ�WKH�'HSDUWPHQW�
RI�2UWKRSHGLFV���2QH�RI�WKH�WKLQJV�.LUE\�OLNHV�EHVW�DERXW�VXSSRUWLQJ�WKH�UHVLGHQF\�SURJUDP�LV�NQRZLQJ�WKDW�DOO�IXQGV�JR�
GLUHFWO\�WR�VXSSRUW�WKH�UHVLGHQWV�DQG�KHOS�WKH�GHSDUWPHQW�SURYLGH�WKH�VDPH�KLJK�TXDOLW\�HGXFDWLRQDO�H[SHULHQFH�WKDW�KH�
KDG����7KLV�\HDU��WKH�.LUE\V�WRRN�DGYDQWDJH�RI�D�VSHFLDO��RQH�WLPH�PDWFKLQJ�SURJUDP�±�WKH�&DPSDLJQ�IRU�6WXGHQWV�±�DQG�
FUHDWHG�WKH�.LUE\�2UWKRSHGLF�5HVLGHQW�(QGRZHG�)XQG��ZKLFK�ZLOO�SURYLGH�D�SHUPDQHQW�VRXUFH�RI�IXQGV�WR�VXSSRUW�HGXFDWLRQDO�
H[SHQVHV�IRU�RUWKRSDHGLF�UHVLGHQWV�DW�8:���)RU�WKH�.LUE\V��JLYLQJ�WR�VXSSRUW�WKH�UHVLGHQF\�SURJUDP�ZKHUH�'U��.LUE\�WUDLQHG�
LV�D�SULRULW\����³�ZH�JRW�ZKHUH�ZH�DUH�EHFDXVH�RI�WKH�HGXFDWLRQ�,�UHFHLYHG�DW�8:��³
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(OL]DEHWK�$QQH�2XHOOHWWH��0�'�
�����'LVWLQJXLVKHG�$OXPQXV

8QLYHUVLW\�RI�:DVKLQJWRQ�6FKRRO�RI�0HGLFLQH

'U��(OL]DEHWK�$QQH�2XHOOHWWH�REWDLQHG�KHU�PHGLFDO�GHJUHH�DW�WKH�8QLYHUVLW\�RI�7H[DV�6DQ�$QWRQLR�LQ�������,Q������
$QQH�EHFDPH�WKH�VHFRQG�ZRPDQ�WR�JUDGXDWH�IURP�WKH�2UWKRSDHGLF�5HVLGHQF\�DW�WKH�8QLYHUVLW\�RI�:DVKLQJWRQ�6FKRRO�
RI�0HGLFLQH��WKH�¿UVW�EHLQJ�RXU�IDFXOW\�PHPEHU�DQG�8:�0HGLFLQH¶V�'HDQ�RI�$GPLVVLRQV�&DURO�7HLW]�ZKR�JUDGXDWHG�

LQ��������'U��2XHOOHWWH�WUDYHOHG�WR�WKH�8QLYHUVLW\�RI�0LDPL�LQ������IRU�KHU�+DQG�)HOORZVKLS��$IWHUZDUGV�VKH�VWD\HG�DW�WKH�
8QLYHUVLW\�RI�0LDPL�IRU�RYHU����\HDUV�ZKHUH�VKH�DFKLHYHG�WKH�UDQN�RI�3URIHVVRU�DQG�VHUYHG�DV�WKH�&KLHI�RI�+DQG�6XUJHU\�
DQG�WKH�'LUHFWRU�RI�WKH�+DQG�)HOORZVKLS�SURJUDP�DW�WKH�-DFNVRQ�0HPRULDO�+RVSLWDO���'U��2XHOOHWWH�LV�QRZ�WKH�GLUHFWRU�RI�
WKH�0LDPL�,QWHUQDWLRQDO�+DQG�6XUJLFDO�6HUYLFHV��0,+66��

'U��2XHOOHWWH¶V�UHVHDUFK�LQWHUHVWV�LQFOXGH�ELRPHFKDQLFV�RI�ZULVW�LQVWDELOLW\��UHSDLU�RI�QHUYH�LQMXULHV��VNLQ�FRYHUDJH�DQG�
SV\FKRORJLFDO�LQWHUYHQWLRQ�IRU�WKH�XSSHU�H[WUHPLW\�WUDXPD�SDWLHQWV��6RPH�RI�KHU�PRVW�UHFHQW�DUWLFOHV�GLVFXVV�WKH�HIIHFW�
RI� JHQGHU�RQ�KDQG�DUWKULWLV�� LPDJLQJ�RI� DWKOHWLF� KDQG�DQG�ZULVW� LQMXULHV�� DQG�PDQDJHPHQW�RI� VRIW� WLVVXHV� LQ� IUDFWXUH�
WUHDWPHQW�

$QQH� LV�D� OHDGHU� LQ� WKH�ZRUOG�RI�RUWKRSDHGLFV��SDUWLFLSDWLQJ�DFWLYHO\� LQ� WKH�$PHULFDQ�2UWKRSDHGLF�$VVRFLDWLRQ��7KH�
$PHULFDQ�$FDGHP\�RI�2UWKRSDHGLF�6XUJHRQV��$PHULFDQ�6RFLHW\�IRU�6XUJHU\�RI�WKH�+DQG�DQG�WKH�5XWK�-DFNVRQ�2UWKRSDHGLF�
6RFLHW\�IRU�ZKLFK�VKH�VHUYHG�DV�SUHVLGHQW�ODVW�\HDU���,Q�DGGLWLRQ�WR�KHU�SURIHVVLRQDO�OLIH��$QQH�LV�FHQWHUHG�LQ�KHU�IDPLO\�
±�IXOO\�DGPLUHG�E\�KHU�WZR�VRQV�DQG�KXVEDQG�

:H�DUH�SURXG�WR�KRQRU�$QQH�DV�RXU������DOXPQXV�HPHULWXV�
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1HZ�)DFXOW\

6WHYHQ�%DLQ��3K�'�

'U��6WHYH� %DLQ� UHFHLYHG� KLV� XQGHUJUDGXDWH�
GHJUHH�IURP�1RUWKHUQ�$UL]RQD�8QLYHUVLW\�DQG��
D�3K�'��LQ�9HWHULQDU\�6FLHQFH�IURP�:DVKLQJWRQ�

6WDWH�8QLYHUVLW\�LQ��������)ROORZLQJ�KLV��3K�'���'U��%DLQ�
ZDV�D�1$6$�6SDFH�%LRORJ\�)HOORZ�LQ�WKH� ODERUDWRU\�
RI�'U��&OLQW�5XELQ�LQ�WKH�'HSDUWPHQW�RI�2UWKRSDHGLFV�
DW�WKH�6WDWH�8QLYHUVLW\�RI�1HZ�<RUN�LQ�6WRQ\�%URRN���
ZKHUH� KH� LQYHVWLJDWHG� HIIHFWV� DQG� LQWHUDFWLRQV� RI�
PHWDEROLF�YDULDEOHV�VXFK�DV�KRUPRQDO�VWDWXV��DJLQJ��
DQG�FDOFLXP�VWDWXV�RQ�VNHOHWDO�UHPRGHOLQJ�UHVSRQVHV�
HQJHQGHUHG�E\�GLVXVH���

'U��%DLQ¶V�LQWHUHVWV�LQ�PHWDEROLF�ERQH�GLVHDVH�OHG�
KLP�WR�MRLQ�=\PRJHQHWLFV�DV�D��6HQLRU�6FLHQWLVW�LQ������
ZKHUH� KH� DVVLVWHG� LQ� HVWDEOLVKLQJ� WKH� RVWHRSRURVLV�
UHVHDUFK��SURJUDP���6XFFHVV�LQ�WKLV�UHVHDUFK�SURJUDP�
OHG� WR� DQ� H[SDWULDWH� DVVLJQPHQW�ZLWK� WKH� � 'DQLVK�
SDUHQW�FRPSDQ\�RI�=\PRJHQHWLFV��1RYR�1RUGLVN��:KLOH�
LQ�'HQPDUN��'U��%DLQ��PDQDJHG�GLVFRYHU\�UHVHDUFK�IRU�
:RPHQ¶V�+HDOWK�&DUH�5HVHDUFK���,Q�KLV�UROH�DV�SURMHFW��
OHDGHU��'U�� %DLQ� OHG� DQ� LQWHUQDWLRQDO� UHVHDUFK� WHDP�
WKDW�LGHQWL¿HG�D�QHZ�FODVV�RI�VPDOO�PROHFXOH��WLVVXH�
VHOHFWLYH�HVWURJHQV�WKDW�VSHFL¿FDOO\�WDUJHWHG�ERQH�DQG�
K\SRWKDODPXV���8SRQ�KLV�UHWXUQ�WR�WKH�8QLWHG�6WDWHV�
LQ�������'U��%DLQ�ZDV�D�FR�IRXQGHU�RI�6NHOH7HFK��D�
FRQWUDFW� ODERUDWRU\� VSHFLDOL]LQJ� LQ�PXVFXORVNHOHWDO�
ELRORJ\���6NHOH7HFK�ZDV��VROG�LQ������WR�0'6�3KDUPD�
6HUYLFHV��ZKHUH�'U��%DLQ�VHUYHG�DV�WKH�6HQLRU�'LUHFWRU�
RI�,Q�9LYR�3KDUPDFRORJ\���'U��%DLQ¶V�FDUHHU�FDPH�IXOO�
FLUFOH�LQ������ZKHQ�KH�UHMRLQHG�WKH��DFDGHPLF�UDQNV�DV�
D�PHPEHU�RI�WKH�5HVHDUFK�)DFXOW\�LQ�WKH�'HSDUWPHQW�
RI�2UWKRSDHGLFV�� +LV� UHVHDUFK� LQWHUHVWV� LQFOXGH� WKH�
HIIHFWV�RI�SK\VLFDO�VWLPXOL�RQ�IUDFWXUH�UHSDLU�DQG�WLVVXH��
UHJHQHUDWLRQ��PHFKDQLVPV�RI�FKURQLF�ERQH�SDLQ��DQG�
WKH�QHXURQDO�FRQWURO�RI�ERQH�KRPHRVWDVLV�

-HUU\�,��+XDQJ��0�'�

'U��-HUU\�,��+XDQJ�FRPSOHWHG�PHGLFDO�VFKRRO�DW�
WKH�8QLYHUVLW\�RI�&DOLIRUQLD��/RV�$QJHOHV��8&/$��
6FKRRO� RI� 0HGLFLQH� IROORZHG� E\� RUWKRSDHGLF�

UHVLGHQF\�WUDLQLQJ�DW�&DVH�:HVWHUQ�5HVHUYH�8QLYHUVLW\�
LQ� &OHYHODQG��2KLR�� 'U�� +XDQJ� REWDLQHG� VXEVSHFLDOW\�
WUDLQLQJ� LQ� +DQG� DQG�0LFURVXUJHU\� DW� 8&/$�0HGLFDO�
&HQWHU��)ROORZLQJ�KLV�KDQG�IHOORZVKLS��'U��+XDQJ�ZHQW�
RQ�WR�DQ�$2�7UDYHOLQJ�)HOORZVKLS�DW�/LQGHQKRI�+RVSLWDO�LQ�
%HUQ��6ZLW]HUODQG�ZLWK�ZRUOG�UHQRZQHG�XSSHU�H[WUHPLW\�
VXUJHRQV� 3URIHVVRU� 5DOI� +HUWHO� DQG� 3URIHVVRU� 'LHJR�
)HUQDQGH]�

'U��+XDQJ�LV�FRPPLWWHG�WR�H[FHOOHQFH�LQ�WKH�FDUH�RI�
SUREOHPV�UHODWHG�WR�WKH�KDQG��ZULVW��DQG�HOERZ��+H�KDV�
VSHFLDO�FOLQLFDO�LQWHUHVWV�LQ�XSSHU�H[WUHPLW\�WUDXPD�DQG�
SRVW�WUDXPDWLF�UHFRQVWUXFWLRQV��+LV�UHVHDUFK�LQWHUHVWV�
LQFOXGH�ERQH�DQG�FDUWLODJH�WLVVXH�HQJLQHHULQJ�DV�ZHOO�DV�
VWHP�FHOO�EDVHG�WKHUDS\��'U��+XDQJ�KDV�DXWKRUHG�RYHU����
SHHU�UHYLHZHG�DUWLFOHV�DQG�ERRN�FKDSWHUV�LQ�ERWK�FOLQLFDO�
DQG� EDVLF� VFLHQFH� UHVHDUFK�� +LV� H[WHQVLYH� UHVHDUFK�
KDV� EHHQ� SUHVHQWHG� DW� RYHU� ��� SUHVWLJLRXV� QDWLRQDO�
DQG� LQWHUQDWLRQDO�PHHWLQJV��,Q�DGGLWLRQ��KH�KDV�EHHQ�
UHFRJQL]HG�ZLWK�QXPHURXV�DZDUGV�LQFOXGLQJ�WKH�%DUU\�
)ULHGPDQ�$ZDUG��WKH�=LPPHU�5HVLGHQW�5HVHDUFK�$ZDUG��
DQG�VHOHFWLRQ�WR�WKH�$PHULFDQ�$FDGHP\�RI�2UWKRSDHGLF�
6XUJHRQV� �$$26�� &OLQLFLDQ�6FLHQWLVW� 'HYHORSPHQW�
3URJUDP��+LV�UHVHDUFK�KDV�UHFHLYHG�IXQGLQJ�IURP�WKH�
3ODVWLF�6XUJHU\�(GXFDWLRQ�)RXQGDWLRQ��36()���$PHULFDQ�
$VVRFLDWLRQ� RI� +DQG� 6XUJHU\� �$$+6��� DQG� $2�1RUWK�
$PHULFD�

'U�� +XDQJ¶V� LQWHUHVWV� LQFOXGH� EDVNHWEDO O ��
VQRZERDUGLQJ��JROI��DQG�EHDFK�YROOH\EDOO��,Q�DGGLWLRQ��
KH� HQMR\V� UROOHUEODGLQJ�� WUDYHOLQJ�� JRLQJ� WR� WKHDWHU��
RFFDVLRQDO�ZLQH� WDVWLQJ�� DQG� VZLQJ� GDQFLQJ�ZLWK� KLV�
ZLIH��%UDQGL�
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'HSDUWPHQW�RI�2UWKRSDHGLFV�DQG�6SRUWV�0HGLFLQH�)DFXOW\

)UHGHULFN�$��0DWVHQ�,,,��0�'�

3URIHVVRU�DQG�&KDLU

8QLYHUVLW\�RI�:DVKLQJWRQ�0HGLFDO�&HQWHU

6KRXOGHU�DQG�(OERZ�� ����������

PDWVHQ#X�ZDVKLQJWRQ�HGX�

+RZDUG�$��&KDQVN\��0�'�

3URIHVVRU

9$�3XJHW�6RXQG�+HDOWK�&DUH�6\VWHP

7XPRU�6HUYLFH�

FKDQVN\#X�ZDVKLQJWRQ�HGX

&KULVWRSKHU�+��$OODQ��0�'�

$VVRFLDWH�3URIHVVRU

+DUERUYLHZ�0HGLFDO�&HQWHU

+DQG�DQG�:ULVW�� ����������

FDOODQ#X�ZDVKLQJWRQ�HGX�

'DYLG�3��%DUHL��0�'�

$VVRFLDWH�3URIHVVRU

+DUERUYLHZ�0HGLFDO�&HQWHU

7UDXPD

EDUHL#X�ZDVKLQJWRQ�HGX�

&DUOR�%HOODEDUED��0�'�

$VVRFLDWH�3URIHVVRU

+DUERUYLHZ�0HGLFDO�&HQWHU

6SLQH�DQG�7UDXPD�� ����������

FEHOOD#X�ZDVKLQJWRQ�HGX�

'DSKQH�0��%HLQJHVVQHU��0�'�

$VVLVWDQW�3URIHVVRU

+DUERUYLHZ�0HGLFDO�&HQWHU

7UDXPD�� ����������

GDSKQHE#X�ZDVKLQJWRQ�HGX�

6WHSKHQ�.��%HQLUVFKNH��0�'�

3URIHVVRU

+DUERUYLHZ�0HGLFDO�&HQWHU

)RRW�DQG�$QNOH������������

EHQLVNE#X�ZDVKLQJWRQ�HGX�

5LFKDUG�-��%UDQVIRUG��0�'�

$VVLVWDQW�3URIHVVRU

+DUERUYLHZ�0HGLFDO�&HQWHU

6SLQH������������

UEUDQVIR#X�ZDVKLQJWRQ�HGX�

-HQV�5��&KDSPDQ��0�'�

3URIHVVRU

+DUERUYLHZ�0HGLFDO�&HQWHU

6SLQH��

MHQVFKDS#X�ZDVKLQJWRQ�HGX�

(UQHVW�8��&RQUDG�,,,��0�'�

3URIHVVRU

&KLOGUHQ¶V�+RVSLWDO�DQG�5HJLRQDO�0HGLFDO��
&HQWHU

7XPRU�6HUYLFH����������

FKDSSLH�FRQUDG#VHDWWOHFKLOGUHQV�RUJ�

5REHUW�3��'XQEDU��0�'�

$VVLVWDQW�3URIHVVRU

+DUERUYLHZ�0HGLFDO�&HQWHU

7UDXPD�� ����������

GXQEDU#X�ZDVKLQJWRQ�HGX�

'DYLG�5��(\UH��3K�'�

3URIHVVRU

8QLYHUVLW\�RI�:DVKLQJWRQ�0HGLFDO�&HQWHU

5HVHDUFK�� ����������

GH\UH#X�ZDVKLQJWRQ�HGX�

3HWHU�5��&DYDQDJK��3K�'�

3URIHVVRU

8QLYHUVLW\�RI�:DVKLQJWRQ�0HGLFDO�&HQWHU

5HVHDUFK�

FDYDQDJK#X�ZDVKLQJWRQ�HGX

6WHYHQ�%DLQ��3K�'�

5HVHDUFK�$VVRFLDWH�3URIHVVRU

+DUERUYLHZ�0HGLFDO�&HQWHU

5HVHDUFK

VGEDLQ#X�ZDVKLQJWRQ�HGX�
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'HSDUWPHQW�RI�2UWKRSDHGLFV�DQG�6SRUWV�0HGLFLQH�)DFXOW\

7HG�6��*URVV��3K�'�

3URIHVVRU

+DUERUYLHZ�0HGLFDO�&HQWHU

5HVHDUFK�� ����������

WJURVV#X�ZDVKLQJWRQ�HGX�

6HWK�6��/HRSROG��0�'�

3URIHVVRU

8QLYHUVLW\�RI�:DVKLQJWRQ�0HGLFDO�&HQWHU

+LS�DQG�.QHH��

OHRSROG#X�ZDVKLQJWRQ�HGX

'RXJODV�3��+DQHO��0�'�

3URIHVVRU

+DUERUYLHZ�0HGLFDO�&HQWHU

+DQG�DQG�:ULVW�� ����������

GKDQHO#X�ZDVKLQJWRQ�HGX�

6LJYDUG�7��+DQVHQ��-U���0�'�

3URIHVVRU

+DUERUYLHZ�0HGLFDO�&HQWHU

)RRW�DQG�$QNOH

KDQVHWPG#X�ZDVKLQJWRQ�HGX�

0��%UDGIRUG�+HQOH\��0�'�

3URIHVVRU

+DUERUYLHZ�0HGLFDO�&HQWHU

7UDXPD�� ����������

EKHQOH\#X�ZDVKLQJWRQ�HGX�

:DOWHU�)��.UHQJHO�,,,��0�'�

&OLQLFDO�3URIHVVRU

&KLOGUHQ¶V�+RVSLWDO�DQG�5HJLRQDO�0HGLFDO�
&HQWHU

6SLQH������������

ZDOO\�NUHQJHO#VHDWWOHFKLOGUHQV�RUJ�

-DPHV�&��.ULHJ��0�'�

$VVRFLDWH�3URIHVVRU

+DUERUYLHZ�0HGLFDO�&HQWHU

7UDXPD�� ����������

MFNULHJ#X�ZDVKLQJWRQ�HGX�

5RJHU�9��/DUVRQ��0�'�

$VVRFLDWH�3URIHVVRU

8QLYHUVLW\�RI�:DVKLQJWRQ�0HGLFDO�&HQWHU

6SRUWV�0HGLFLQH�� ����������

GUODUVRQ#X�ZDVKLQJWRQ�HGX�

3DXO�$��0DQQHU��0�'�

$VVLVWDQW�3URIHVVRU

8QLYHUVLW\�RI�:DVKLQJWRQ�0HGLFDO�&HQWHU

+LS�DQG�.QHH

SPDQQHU#X�ZDVKLQJWRQ�HGX�

0LFKDHO�-��/HH��0�'�

$VVLVWDQW�3URIHVVRU

8QLYHUVLW\�RI�:DVKLQJWRQ�0HGLFDO�&HQWHU

6SLQH������������

PMO����#X�ZDVKLQJWRQ�HGX�

-RKQ�5��*UHHQ�,,,��0�'�

$VVRFLDWH�3URIHVVRU

8QLYHUVLW\�RI�:DVKLQJWRQ�0HGLFDO�&HQWHU

6SRUWV�0HGLFLQH�� ����������

MJUHHQ�#X�ZDVKLQJWRQ�HGX�

5XVVHOO�-��)HUQDQGHV��3K�'�

5HVHDUFK�$VVRFLDWH�3URIHVVRU

8QLYHUVLW\�RI�:DVKLQJWRQ�0HGLFDO�&HQWHU

5HVHDUFK��� ����������

UMI#X�ZDVKLQJWRQ�HGX�

0LFKDHO�-��*ROGEHUJ��0�'�

&OLQLFDO�3URIHVVRU

&KLOGUHQ¶V�+RVSLWDO�DQG�5HJLRQDO�0HGLFDO��
&HQWHU

3HGLDWULF�2UWKRSDHGLFV���������

PLFKDHO�JROGEHUJ#VHDWWOHFKLOGUHQV�RUJ�

-HUU\�,��+XDQJ��0�'�

$VVLVWDQW�3URIHVVRU

8QLYHUVLW\�RI�:DVKLQJWRQ�0HGLFDO�&HQWHU

+DQG�DQG�:ULVW�� ����������

MLKXDQJ#X�ZDVKLQJWRQ�HGX�
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9LQFHQW�6��0RVFD��0�'�

$VVRFLDWH�3URIHVVRU

&KLOGUHQ¶V�+RVSLWDO�DQG�5HJLRQDO�0HGLFDO��
&HQWHU

3HGLDWULF�2UWKRSDHGLFV���������

YLQFHQW�PRVFD#VHDWWOHFKLOGUHQV�RUJ�

-RKQ�:��2¶.DQH��0�'�

$VVRFLDWH�3URIHVVRU

8QLYHUVLW\�RI�:DVKLQJWRQ�0HGLFDO�&HQWHU

6SRUWV�0HGLFLQH� ����������

MRNDQH#X�ZDVKLQJWRQ�HGX�

'HSDUWPHQW�RI�2UWKRSDHGLFV�DQG�6SRUWV�0HGLFLQH�)DFXOW\

%UXFH�-��6DQJHRU]DQ��0�'�

3URIHVVRU

+DUERUYLHZ�0HGLFDO�&HQWHU

)RRW�DQG�$QNOH������������

EVDQJHRU#X�ZDVKLQJWRQ�HGX�

&DURO�&��7HLW]��0�'�

3URIHVVRU

8QLYHUVLW\�RI�:DVKLQJWRQ�0HGLFDO�&HQWHU

6SRUWV�0HGLFLQH

WHLW]#X�ZDVKLQJWRQ�HGX

*UHJRU\�$��6FKPDOH��0�'�

$VVRFLDWH�3URIHVVRU

&KLOGUHQ¶V�+RVSLWDO�DQG�5HJLRQDO�0HGLFDO��
&HQWHU

3HGLDWULF�2UWKRSDHGLFV�� ����������

*UHJRU\�6FKPDOH#VHDWWOHFKLOGUHQV�RUJ�

-RKQ�$��6LGOHV��3K�'�

3URIHVVRU

8QLYHUVLW\�RI�:DVKLQJWRQ�0HGLFDO�&HQWHU

5HVHDUFK

VLGOHV#X�ZDVKLQJWRQ�HGX�

'RXJODV�*��6PLWK��0�'�

3URIHVVRU

+DUERUYLHZ�0HGLFDO�&HQWHU

)RRW�DQG�$QNOH�����������

GJVPLWK#X�ZDVKLQJWRQ�HGX�

.LW�0��6RQJ��0�'�

$VVRFLDWH�3URIHVVRU

&KLOGUHQ¶V�+RVSLWDO�DQG�5HJLRQDO�0HGLFDO��
&HQWHU

3HGLDWULF�2UWKRSDHGLFV�� ����������

.LW�6RQJ#VHDWWOHFKLOGUHQV�RUJ�

6XQGDU�6ULQLYDVDQ��3K�'�

5HVHDUFK�$VVRFLDWH�3URIHVVRU

+DUERUYLHZ�0HGLFDO�&HQWHU

5HVHDUFK�� ����������

VXQGDUV#X�ZDVKLQJWRQ�HGX�

$OODQ�)��7HQFHU��3K�'�

3URIHVVRU

+DUERUYLHZ�0HGLFDO�&HQWHU

5HVHDUFK

DWHQFHU#X�ZDVKLQJWRQ�HGX�

7KRPDV�(��7UXPEOH��0�'�

3URIHVVRU

8QLYHUVLW\�RI�:DVKLQJWRQ�0HGLFDO�&HQWHU

+DQG�DQG�:ULVW����������

WUXPEOH#X�ZDVKLQJWRQ�HGX�

0LOWRQ�/��5RXWW��-U���0�'�

3URIHVVRU

+DUERUYLHZ�0HGLFDO�&HQWHU

7UDXPD�� ����������

POURXWW#X�ZDVKLQJWRQ�HGX�

/LVD�$��7DLWVPDQ��0�'���0�3�+�

$VVRFLDWH�3URIHVVRU

+DUERUYLHZ�0HGLFDO�&HQWHU

7UDXPD� ����������

WDLWVPDQ#X�ZDVKLQJWRQ�HGX�

6HDQ�(��1RUN��0�'�

$VVRFLDWH�3URIHVVRU

+DUERUYLHZ�0HGLFDO�&HQWHU

7UDXPD����������

QRUN#X�ZDVKLQJWRQ�HGX�
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-DVRQ�6��:HLVVWHLQ��0�'���0�3�+�

$VVLVWDQW�3URIHVVRU

8QLYHUVLW\�RI�:DVKLQJWRQ�0HGLFDO�&HQWHU

7XPRU�6HUYLFH� ����������

ZHLVVWHL#X�ZDVKLQJWRQ�HGX�

'HSDUWPHQW�RI�2UWKRSDHGLFV�DQG�6SRUWV�0HGLFLQH�)DFXOW\

-LDQQ�-LX�:X��3K�'�

5HVHDUFK�$VVRFLDWH�3URIHVVRU

8QLYHUVLW\�RI�:DVKLQJWRQ�0HGLFDO�&HQWHU

5HVHDUFK�� ����������

ZXMM#X�ZDVKLQJWRQ�HGX�

(PHULWXV�)DFXOW\
6WDQOH\�-��%LJRV��0�'�
3URIHVVRU�(PHULWXV

7KHRGRUH�.��*UHHQOHH��-U���0�'�
$VVRFLDWH�3URIHVVRU�(PHULWXV

/\QQ�7��6WDKHOL��0�'�
3URIHVVRU�(PHULWXV

$GMXQFW�)DFXOW\
%DVLD�5��%HO]D��5�1���3K�'�
3URIHVVRU��3K\VLRORJLFDO�1XUVLQJ

-DFN�:��%HUU\PDQ��3K�'�
3URIHVVRU��0HGLFDO�+LVWRU\�	�(WKLFV

&RUD�%UHXQHU��0�'�
$VVRFLDWH�3URIHVVRU��)DPLO\�0HGLFLQH

&KDUOHV�+��&KHVQXW��0�'�
3URIHVVRU��1XFOHDU�0HGLFLQH

5DQGDO�3��&KLQJ��3K�'�
$VVRFLDWH�3URIHVVRU��0HFKDQLFDO�(QJLQHHULQJ

-HIIUH\�%��)ULHGULFK��0�'�
$VVLVWDQW�3URIHVVRU��6XUJHU\

*UHJRU\�&��*DUGQHU��0�'��
3URIHVVRU��5KHXPDWRORJ\

'DQLHO�2��*UDQH\��3K�'�
3URIHVVRU��%LRORJLFDO�6WUXFWXUH

6XVDQ�0��2WW��0�'�
$VVRFLDWH�3URIHVVRU��'LYLVLRQ�RI��
0HWDEROLVP

:HQG\�5DVNLQG��0�'���3K�'�
3URIHVVRU��*HQHUDO�,QWHUQDO�0HGLFLQH

0LFKDHO�/��5LFKDUGVRQ��0�'��
3URIHVVRU��5DGLRORJ\

0LTLQ�=KDQJ��3K�'�
$VVRFLDWH�3URIHVVRU��0DWHULDOV�6FLHQFH�DQG�(QJLQHHULQJ

-RLQW�)DFXOW\
0LFKDHO�0��$YHOOLQR��0�'�
$VVRFLDWH�3URIHVVRU��1HXURORJLFDO�6XUJHU\

5DQG\�0��&KHVWQXW��0�'�
3URIHVVRU��1HXURORJLFDO�6XUJHU\

-DQHW�)��(DU\��0�'�
3URIHVVRU��5DGLRORJ\

-RKQ�(��2OHUXG��0�'�
3URIHVVRU��'LYLVLRQ�RI�'HUPDWRORJ\

1DWKDQ�-��6PLWK��0�'�
3URIHVVRU�(PHULWXV��3HGLDWULFV

0LFKDHO�'��6WURQJ��3K�'�
5HVHDUFK�3URIHVVRU��6XUJHU\

1LFKRODV�%��9HGGHU��0�'�
3URIHVVRU��3ODVWLF�6XUJHU\

0DUFHOR�'��9LOHOD��0�'�
$VVRFLDWH�3URIHVVRU��1HXURORJLFDO�6XUJHU\

&OLQLFDO�)DFXOW\
6DUDK�(��-DFNLQV��5�3�7�
$VVLVWDQW�3URIHVVRU��5HKDELOLWDWLRQ�0HGLFLQH

.ODQH�.��:KLWH��0�'���0�6F�

$VVLVWDQW�3URIHVVRU

&KLOGUHQ¶V�+RVSLWDO�DQG�5HJLRQDO�0HGLFDO��
&HQWHU

3HGLDWULF�2UWKRSDHGLFV�� ����������

NODQH�ZKLWH#VHDWWOHFKLOGUHQV�RUJ�

:LQVWRQ�-��:DUPH��0�'�

$VVRFLDWH�3URIHVVRU

8QLYHUVLW\�RI�:DVKLQJWRQ�0HGLFDO�&HQWHU

6KRXOGHU�DQG�(OERZ����������

ZDUPHZM#X�ZDVKLQJWRQ�HGX�

&KULVWRSKHU�-��:DKO��0�'�

$VVLVWDQW�3URIHVVRU

8QLYHUVLW\�RI�:DVKLQJWRQ�0HGLFDO�&HQWHU

6SRUWV�0HGLFLQH����������

ZDKOF#X�ZDVKLQJWRQ�HGX�

7KHRGRUH�:DJQHU��0�'�

&OLQLFDO�3URIHVVRU

8QLYHUVLW\�RI�:DVKLQJWRQ�0HGLFDO�&HQWHU

6SLQH

ZDJQHU#X�ZDVKLQJWRQ�HGX�
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9LVLWLQJ�/HFWXUHUV

0DUF�
6ZLRQWNRZVNL��0�'�
�����/H&RFT�/HFWXUHU

7KLV� \HDU� DW� RXU�
D QQXD O � / H&R FT�
OHFWXUH� RQ� -DQXDU\�

��QG�DQG���UG��ZH�ZHUH�
KRQRUHG�WR�KDYH�'U��0DUF�
6ZLRQWNRZVNL�DV�RXU������
/H&RFT�/HFWXHUHU�

'U� � 6Z LRQWNRZVN L�
LV� %RDUG� &HUWLILHG� E\�
WKH� $PHULFDQ� %RDUG� RI�
2UWKRSDHGLF�6XUJHU\���+H�
LV� WKH� LPPHGLDWH� SDVW�
SUHVLGHQW�RI�WKH�$PHULFDQ�

2UWKRSDHGLF� $VVRFLDWLRQ�� 'U�� 6ZLRQWNRZVNL� DWWHQGHG�
&DOLIRUQLD�6WDWH�8QLYHUVLW\�DW�)XOOHUWRQ�DQG�REWDLQHG�KLV�%6�
LQ�ELRORJ\���+H�WKHQ�ZHQW�RQ�WR�WKH�8QLYHUVLW\�RI�6RXWKHUQ�
&DOLIRUQLD�6FKRRO�RI�0HGLFLQH�ZKHUH�LQ������KH�REWDLQHG�KLV�
0�'�� �+H�FRPSOHWHG�KLV� LQWHUQVKLS�DQG� UHVLGHQF\� WUDLQLQJ�
DW� WKH� 8QLYHUVLW\� RI�:DVKLQJWRQ�� � +H� WUDLQHG� LQ� 'DYRV��
6ZLW]HUODQG� FRPSOHWLQJ� D� IHOORZVKLS� LQ� /DERUDWRU\� IRU�
([SHULPHQWDO�6XUJHU\�� ,Q������KH�DFFHSWHG�D�SRVLWLRQ�DV�
2UWKRSDHGLF� &RQVXOWDQW� DW� .LOLPDQMDUR� &KULVWLDQ�0HGLFDO�
&HQWHU�LQ�0RVKL��7DQ]DQLD��LQ������KH�ZDV�DFFHSWHG�DV�DQ�
$VVLVWDQW�3URIHVVRU�DW�9DQGHUELOW�8QLYHUVLW\��LQ�-DQXDU\�������
KH�ZDV�SURPRWHG�WR�$VVRFLDWH�3URIHVVRU�DW�9DQGHUELOW��LQ�-XO\�
RI������ZDV�DSSRLQWHG�DW�WKH�8QLYHUVLW\�RI�:DVKLQJWRQ�DV�
$VVRFLDWH�3URIHVVRU���,Q������KH�ZDV�SURPRWHG�WR�3URIHVVRU�
RI�2UWKRSDHGLF�6XUJHU\�DQG�DVVXPHG�WKH�SRVLWLRQ�RI�&KLHI�RI�
2UWKRSDHGLF�6XUJHU\��+DUERUYLHZ�0HGLFDO�&HQWHU�LQ�6HDWWOH��
:DVKLQJWRQ�� � )URP� 6HSWHPEHU� ����� WKURXJK� 2FWREHU�
������ KH� KHOG� WKH� SRVLWLRQ� RI� 3URIHVVRU� DQG�&KDLUPDQ�RI�
WKH�'HSDUWPHQW�RI�2UWKRSDHGLF�6XUJHU\�DW� WKH�8QLYHUVLW\�
RI�0LQQHVRWD���+H�FXUUHQWO\�LV�WKH�&(2�RI�75,$�2UWKRSDHGLF�
&HQWHU�LQ�%ORRPLQJWRQ��01��DQG�KH�FRQWLQXHV�WR�SUDFWLFH�DW�
WKH�8QLYHUVLW\�RI�0LQQHVRWD��

'U��6ZLRQWNRZVNL�KDV�SXEOLVKHG�DUWLFOHV� LQ�SHHU�UHYLHZ�
-RXUQDOV� RQ� QXPHURXV� WRSLFV� LQFOXGLQJ� IUDFWXUHV�� /DVHU�
'RSSOHU�)ORZPHWU\��LQWHUPHGXOODU\�QDLOLQJ��DQG�KDV�OHFWXUHG�
H[WHQVLYHO\�LQ�WKLV�FRXQWU\�DV�ZHOO�DV�DEURDG���+H�LV�FXUUHQWO\�
WKH�'HSXW\�(GLWRU�IRU�WKH�-RXUQDO�RI�%RQH�DQG�-RLQW�6XUJHU\���
+H�KDV�FRQWULEXWHG�WR�QXPHURXV�WH[WERRNV��DV�ZHOO�DV�EHLQJ�
HGLWRU�WR�VHYHUDO����+H�KDV�EHHQ�DZDUGHG�VHYHUDO�JUDQWV�DV�
WKH�3ULQFLSDO�,QYHVWLJDWRU�LQ�WKH�VWXG\�RI�WUDXPD�LQMXULHV�

'U�� 6ZLRQWNRZVNL� KROGV� DSSRLQWPHQWV� WR� QXPHURXV�
6RFLHWLHV� VXFK� DV� $$26�� $PHULFDQ� &ROOHJH� RI� 6XUJHRQV��
$PHULFDQ�$VVRFLDWLRQ�IRU�WKH�6XUJHU\�RI�7UDXPD��$2$��256��
2UWKRSDHGLF�7UDXPD�$VVRFLDWLRQ��$VVRFLDWLRQ�+HDOWK�6HUYLFHV�
5HVHDUFK��DQG�&RFKUDQH�&ROODERUDWLRQ�

0LQLQGHU�6��
.RFKHU��0�'���
0�3�+�

�����25()�+DUN�
/HFWXUHU��5HVLGHQW�
5HVHDUFK�'D\

7KLV� VSU LQJ � ZH�
ZHUH� KRQRUHG� WR�
KDYH�'U��0LQLQGHU�

.RFKHU�DV�RXU�25()�+DUN�
/HFWXUHU� IRU� 5HVLGHQW�
5HVHDUFK� 'D\�� -XQH�
��WK��

0LQLQGHU� 6�� .RFKHU��
0�'��� 0�3�+��� LV� WKH�
$VVRFLDWH� 'LUHFWRU� RI�

WKH�'LYLVLRQ�RI�6SRUWV�0HGLFLQH�DW�&KLOGUHQ¶V�+RVSLWDO�%RVWRQ�
DQG� LV�DQ�$VVRFLDWH�3URIHVVRU�RI�2UWKRSDHGLF�6XUJHU\�DW�
+DUYDUG�0HGLFDO�6FKRRO�

'U��.RFKHU�JUDGXDWHG�3KL�%HWD�.DSSD�IURP�'DUWPRXWK�
&ROOHJH���+H�JUDGXDWHG�ZLWK�KRQRUV�IURP�WKH�'XNH�8QLYHUVLW\�
6FKRRO�RI�0HGLFLQH���+H�FRPSOHWHG�RUWKRSDHGLF�WUDLQLQJ�LQ�
WKH� +DUYDUG� &RPELQHG�2UWKRSDHGLF� 5HVLGHQF\� 3URJUDP�
DW�0DVVDFKXVHWWV�*HQHUDO� +RVSLWDO�� %ULJKDP�	�:RPHQ¶V�
+RVSLWDO�� &KLOGUHQ¶V� +RVSLWDO� %RVWRQ�� DQG� %HWK� ,VUDHO�
+RVSLWDO���+H�FRPSOHWHG�D�SHGLDWULF�RUWKRSDHGLF�IHOORZVKLS�
DW� &KLOGUHQ¶V� +RVSLWDO� %RVWRQ�� � D� VSRUWV�PHGLFLQH� DQG�
DUWKURVFRSLF�VXUJHU\�IHOORZVKLS�DW�WKH�6WHDGPDQ�+DZNLQV�
&OLQLF��9DLO��&RORUDGR���DQG�DQ�2UWKRSDHGLF�5HVHDUFK�DQG�
(GXFDWLRQ�)RXQGDWLRQ��25()��FOLQLFDO�UHVHDUFK�IHOORZVKLS�DW�
WKH�+DUYDUG�6FKRRO�RI�3XEOLF�+HDOWK�

&OLQLFDOO\��'U��.RFKHU¶V�SUDFWLFH�VSHFLDOL]HV�LQ�SHGLDWULF��
DGROHVFHQW��DQG�DGXOW�VSRUWV�PHGLFLQH���+H�LV�D�ZHOO�UHFRJQL]HG�
LQWHUQDWLRQDO�H[SHUW�LQ�SHGLDWULF�VSRUWV�PHGLFLQH���

,Q� WHUPV� RI� UHVHDUFK�� 'U�� .RFKHU� LV� D� UHQRZQHG�
RUWKRSDHGLF� KHDOWK� VHUYLFHV� UHVHDUFKHU�� 'U�� .RFKHU� KDV�
SXEOLVKHG�RYHU�����SHHU�UHYLHZHG�VFLHQWL¿F�DUWLFOHV��RYHU����
ERRN�FKDSWHUV��DQG���WH[WERRNV���'U��.RFKHU�KDV�SUHVHQWHG�
RYHU� ���� SDSHUV� DW� PDMRU� QDWLRQDO� DQG� LQWHUQDWLRQDO�
PHHWLQJV�DQG�KDV�EHHQ�D�YLVLWLQJ�SURIHVVRU�DW�QXPHURXV�
LQVWLWXWLRQV���

$GPLQLVWUDWLYHO\��'U��.RFKHU�LV�WKH�$VVRFLDWH�'LUHFWRU�RI�
WKH�'LYLVLRQ�RI�6SRUWV�0HGLFLQH�DW�&KLOGUHQ¶V�+RVSLWDO�%RVWRQ���
+H�LV�YHU\�LQYROYHG�ZLWK�QXPHURXV�SURIHVVLRQDO�RUJDQL]DWLRQV����
+H�LV�D�FRQVXOWDQW�UHYLHZHU�IRU�QXPHURXV�PHGLFDO�MRXUQDOV�
DQG�LV�D�JUDQW�UHYLHZHU�IRU�QXPHURXV�RUJDQL]DWLRQV���+H�
KDV�EHHQ�HOHFWHG�WR�WKH�$PHULFDQ�2UWKRSDHGLF�$VVRFLDWLRQ�
IRU�DFDGHPLF�RUWKRSDHGLF�OHDGHUV���
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6SLQDO� VWHQRVLV� LV� D� FRPPRQ�
FRQGLWLRQ�LQ�WKH�HOGHUO\�DQG�FDQ�
DOVR�RFFXU�LQ�\RXQJHU�LQGLYLGXDOV�

RQ� D� FRQJHQLWDO� EDVLV�� � ,Q� VSLQDO�
VWHQRVLV� WKHUH� LV� D� QDUURZLQJ� RI� WKH�
VSLQDO� FDQDO� UHVXOWLQJ� LQ�PHFKDQLFDO�
FRPSUHVVLRQ� DQG� LUULWDWLRQ� RI� WKH�
QHUYH�WLVVXH�ZLWKLQ�WKH�FDQDO���6WHQRVLV�
FDQ� RFFXU� IURP� D� FRPELQDWLRQ� RI�
GLVF� EXOJLQJ�� GLVF� KHUQLDWLRQ�� IDFHW�
RVWHRSK\WHV�� HQGSODWH� RVWHRSK\WHV��
OLJDPHQWXP�ÀDYXP�K\SHUWURSK\��DQG�
HSLGXUDO�OLSRPDWRVLV���7KH�PDMRULW\�RI�
SDWLHQWV�ZLWK� VSLQDO� VWHQRVLV� FDQ� EH�
WUHDWHG�ZLWKRXW�VXUJHU\���3DWLHQWV�ZLWK�
VXEVWDQWLDO� DQG� UHIUDFWRU\� V\PSWRPV�
PD\�UHTXLUH�VXUJLFDO�PDQDJHPHQW��

7UDGLWLRQDOO\�� ODPLQHFWRP\� KDV�
EHHQ�WKH�PRVW�IUHTXHQWO\�XVHG�PHWKRG�
IRU� VXUJLFDO� GHFRPSUHVVLRQ� XVHG�
LQ� WKH� WUHDWPHQW� RI� VWHQRVLV�� � ,Q� D�
ODPLQHFWRP\�WKH�VXUJHRQ�UHPRYHV�WKH�
ODPLQD��VSLQRXV�SURFHVVHV��LQWHUVSLQRXV�
OLJDPHQW��DQG�XQGHUFXWV�RI� WKH� IDFHW�
MRLQWV�� �7KLV�SURFHGXUH� LV�HIIHFWLYH� LQ�
WUHDWLQJ�QHXURORJLFDO�OHJ�SDLQ��EXW�WKHUH�
DUH�FRQFHUQV�UHJDUGLQJ�WKH�SRVVLELOLW\�
RI�LQVWDELOLW\�DIWHU�WKLV�SURFHGXUH���$V�
D� UHVXOW�� OHVV� LQYDVLYH� WHFKQLTXHV� IRU�

GHFRPSUHVVLRQ�KDYH�EHHQ�LQWURGXFHG��
VXFK�DV�ODPLQRWRP\���,Q�D�ODPLQRWRP\�
WKH�VXUJHRQ�SDUWLDOO\�PRYHV�WKH�ODPLQD�
DQG� WKH� IDFHW� ZKLOH�PDLQWDLQLQJ� WKH�
FHQWUDO� VWUXFWXUHV� �VSLQRXV� SURFHVV��
LQWHU�DQG�VXSUDVSLQRXV�OLJDPHQWV����7KH�
DGYDQWDJH�RI�WKH�ODPLQRWRP\�LV�WKDW�LW�
UHTXLUHV� OHVV� UHVHFWLRQ� RI� ERQH� DQG�
VRIW�WLVVXH�DQG�PD\�UHVXOW� LQ�D�PRUH�
VWDEOH�VSLQH�DIWHU�WKH�GHFRPSUHVVLRQ���
+RZHYHU�� WKH� GLVDGYDQWDJH� LV� WKDW�
ODPLQRWRP\�LV�WHFKQLFDOO\�PRUH�GLI¿FXOW�
DQG�UHTXLUHV�PRUH�VXUJLFDO�WLPH�WKDQ�
WKH�ODPLQHFWRP\��,Q�DGGLWLRQ��FRQFHUQV�
H[LVW� LI� WKH� GHFRPSUHVVLRQ� DFKLHYHG�
E\�ODPLQRWRP\�LV�FRPSDUDEOH�WR�WKDW�
DFKLHYHG�E\�ODPLQHFWRP\�

1XPHURXV� ELRPHFKDQLFDO� VWXGLHV�
KDYH� GHPRQVW UD WHG � WKDW � Z L WK�
VHTXHQWLDO� UHVHFWLRQ� RI� SRVWHULRU�
VSLQDO� FROXPQ� HOHPHQWV�� WKHUH� LV�
VHTXHQWLDOO\� LQFUHDVLQJ� LQVWDELOLW\���
:KHQ� SHUIRUPLQJ� D� ODPLQHFWRP\�� LW�
KDV� EHHQ� UHFRPPHQGHG� WR� UHWDLQ� DW�
OHDVW�����RI�WKH�IDFHW�ELODWHUDOO\�DQG�
VXI¿FLHQW� SDUV� WR� SUHYHQW� LQVWDELOLW\���
'HVSLWH�WKHVH�PHDVXUHV��WKH�LQFLGHQFH�
RI� SRVW� ODPLQHFWRP\� LQVWDELOLW\� KDV�
EHHQ�UHSRUWHG�WR�UDQJH�IURP���WR�������

7R�RXU�NQRZOHGJH��WKHUH�KDV�EHHQ�QR�
ELRPHFKDQLFDO��VWXG\�H[DPLQLQJ�VWDELOLW\�
RI� WKH� GHFRPSUHVVHG� VSLQH�ZLWK� WKH�
SRVWHULRU�OLJDPHQWRXV�FRPSOH[�LQWDFW���
$OO� SUHYLRXV� ELRPHFKDQLFDO� VWXGLHV�
H[DPLQHG� VWDELOLW\� DIWHU� UHVHFWLRQ� RI�
WKHVH�VWUXFWXUHV���:H�K\SRWKHVL]H�WKDW�
ODPLQRWRP\��ZLWK�LWV�UHWHQWLRQ�RI�WKHVH�
VWUXFWXUHV�ZLOO�DOORZ�IRU�D�PRUH�VWDEOH�
VSLQH�WKDQ�D�ODPLQHFWRP\��

5HVHDUFK
2XU� UHVHDUFK� IRFXVHV� RQ� WKH�

E L RPHFKDQ L FD O � V WDE L O L W \ � D I W H U�
GHFRPSUHVVLRQ� RI� WKH� OXPEDU� VSLQH���
:H� XVHG� KXPDQ� FDGDYHULF� OXPEDU�
VSLQHV�DQG�WHVWHG�WKHLU�PRWLRQ�XQGHU�
QRUPDO�SK\VLRORJLF�IRUFHV���:H�UHFRUG�
WKH�PRWLRQ�RI�WKH�HQWLUH�VSLQH�DQG�WKH�
PRWLRQ�DW�HDFK�OHYHO���8VLQJ�UHÀHFWLYH�
VSKHUHV� DWWDFKHG� DW� HDFK� OHYHO� DQG�
�� FDPHUDV�� ZH� FDQ� DFFXUDWHO\� WUDFN�
WKH� PRWLRQ� RI� HDFK� VHJPHQW�� :H�
WKHQ�PRXQW�WKH�VSLQHV�LQWR�RXU�VSLQH�
VLPXODWRU�� ZKLFK�PLPLFV� IRUFHV� VHHQ�
XQGHU� SK\VLRORJLF� KXPDQ� FRQGLWLRQV����
:H�HYDOXDWH�WKH�VSLQH�PRWLRQ�LQ�ÀH[LRQ�
DQG� H[WHQVLRQ�� VLGH� WR� VLGH� EHQGLQJ��
DQG�URWDWLRQ���:H�HYDOXDWH�WKH�VSLQH¶V�

� �
� 0,&+$(/�-��/((��0�'��
� � � � �
� � � � � $66,67$17�352)(6625
� � � � � 81,9(56,7<�2)�:$6+,1*721�0(',&$/�&(17(5�
� � � � � 63,1(
� � � � � :::�257+23�:$6+,1*721�('8�)$&8/7<�/((
� � � � �
� � � � � 5$1'$/�3��&+,1*��3+�'�

9DULDWLRQV�LQ�6XUJLFDO�7UHDWPHQW�IRU�/XPEDU�6WHQRVLV�
DQG�%LRPHFKDQLFDO�,PSOLFDWLRQV

�� /DPLQHFWRP\�LV�WKH�FRQYHQWLRQDO�PHWKRG�IRU�WUHDWLQJ�OXPEDU�VWHQRVLV�
�� ,QVWDELOLW\�RI�WKH�OXPEDU�VSLQH�KDV�EHHQ�UHSRUWHG�WR�RFFXU�DV�IUHTXHQWO\�������DIWHU���

� ODPLQHFWRP\���6\PSWRPDWLF�LQVWDELOLW\�PD\�UHTXLUH�DGGLWLRQDO�VXUJHU\��LQFOXGLQJ�SRVVLEO\��
� IXVLRQ�

�� /HVV�H[WHQVLYH�VXUJHULHV��OLNH�ELODWHUDO�ODPLQRWRP\�FDQ�EH�GRQH�WR�WUHDW�VWHQRVLV���7KHVH��
� OHVV�H[WHQVLYH�VXUJHULHV�PD\�SUHVHUYH�WKH�WLVVXHV�WKDW�SURYLGH�OXPEDU�VWDELOLW\�

�� :H�KDYH�WHVWHG�PRWLRQ�SDWWHUQV�LQ�KXPDQ�FDGDYHULF�OXPEDU�VSLQHV�DIWHU�ODPLQRWRP\�DQG��
� ODPLQHFWRP\�

�� 2XU�SUHOLPLQDU\�GDWD�VXJJHVW�WKDW�ELODWHUDO�ODPLQRWRP\�PD\�OHDG�WR�OHVV�LQVWDELOLW\�
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PRWLRQ� DQG� VWLIIQHVV� XQGHU� WKUHH�
FRQGLWLRQV� IRU� HDFK� VSHFLPHQ� WHVWHG�
VHTXHQWLDOO\�

���7ULDO���� ,QWDFW� OXPEDU�VSLQH�
±�QR�VXUJHU\��)LJXUH����

���7ULDO����� /XPEDU� VSLQH� DIWHU�
ELODWHUDO� OXPEDU� ODPLQRWRP\� DW� /��
��� /���� 	� /����� /DPLQRWRP\� HQWDLOV�
UHPRYDO� RI� O LJDPHQWXP� IODYXP��
DQG� SDUWLDO� IDFHWHFWRP\� WR� YLVXDOL]H�
WKH� PHGLDO� DVSHFW� RI� WKH� SHGLFOH�
WR� HQVXUH� DGHTXDWH� ODWHUDO� UHFHVV�
GHFRPSUHVVLRQ���7KH�VSLQRXV�SURFHVV��
LQWHU�DQG�VXSUDVSLQDWXV�OLJDPHQWV�ZHUH�
SUHVHUYHG��)LJXUH����

���7ULDO���� /XPEDU� VSLQH� DIWHU�
IXOO�ODPLQHFWRPLHV�DW�/�����/����	�/������
7KLV�HQWDLOV�IXOO�UHPRYDO�RI�WKH�ODPLQD��
VXSUD�DQG�LQWHU�VSLQRXV�OLJDPHQWV��DQG�
VSLQRXV�SURFHVVHV��)LJXUH����

/XPEDU� VSLQH� NLQHPDWLFV� �IXOO�
VSLQH� DQG� VHJPHQWDO�� DUH�PHDVXUHG�
XVLQJ�D�9LFRQ�PRWLRQ�WUDFNLQJ�V\VWHP�
�9LFRQ�0RWLRQ� 6\VWHPV�� /DNH� )RUHVW��
&$����7KH�WRWDO�UDQJH�RI�PRWLRQ��520��
IURP� /�� WR� /�� DUH� DVVHVVHG� DV�ZHOO�
DV� WKH� VHJPHQWDO� UDQJH� RI� PRWLRQ�
EHWZHHQ�/�����/�����/�����DQG�/������
$GGLWLRQDOO\��WKH�RYHUDOO�DQG�VHJPHQWDO�
VWLIIQHVVHV� DUH� FRPSXWHG� IURP� WKH�

PRPHQW�DQJOH�SORWV�
7KH� SDLUHG� WZR�VDPSOH� W� WHVW� LV�

XVHG�WR�HYDOXDWH�GLIIHUHQFHV�LQ�VWLIIQHVV�
DQG�UDQJH�RI�PRWLRQ�DIWHU����ELODWHUDO�
ODPLQRWRP\� DQG� ��� ODPLQHFWRP\���
6WDWLVWLFDO� VLJQL¿FDQFH� LV� GH¿QHG� DV�
S������

5HVXOWV
,Q�WKLV�VWXG\�ZH�IRXQG�WKDW�WKHUH�LV�

D�VLJQL¿FDQW�GLIIHUHQFH�LQ�WKH�LQFUHDVH�
RI�PRWLRQ� DQG� GHFUHDVH� RI� VWLIIQHVV�
RI� WKH� VSLQH� DIWHU� ODPLQHFWRP\� YV��
ODPLQRWRP\��7DEOH�����7KH�ODPLQHFWRP\�
SURFHGXUH� UHVXOWHG� LQ� DOPRVW� WZLFH�

)LJXUH����7KH�LQWDFW�VSLQH�ORDGHG�LQ�WKH�VLPXODWRU�XVLQJ�UHÀHFWLYH�VSKHUHV�WR�UHFRUG�PRWLRQ�SDWWHUQV�

7DEOH����,QFUHDVHG�0RWLRQ�DQG�'HFUHDVHG�6WLIIQHVV�IRU�/DPLQRWRP\�DQG�/DPLQHFWRP\�
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)LJXUH����$Q�REOLTXH�YLHZ�RI� WKH� ODPLQRWRPL]HG�VSLQH�ZLWK� UHWHQWLRQ�RI� FHQWUDO�
VWUXFWXUHV�

DV�PXFK�PRWLRQ� LQFUHDVH� WKDQ� WKH�
ODPLQRWRP\�SURFHGXUH��

'LVFXVVLRQ
:H� KDYH� OHDUQHG� IURP� SUHYLRXV�

VWXGLHV�DQG�H[SHULHQFHV�WKDW�WKH�PRUH�
RI� WKH� OXPEDU� VSLQH�ZH� UHPRYH�� WKH�
PRUH�XQVWDEOH� LW�EHFRPHV�� �3UHYLRXV�
VWXGLHV�KDYH� VXJJHVWHG� WKDW� DW� OHDVW�
����RI�WKH�IDFHWV�VKRXOG�EH�PDLQWDLQHG�
DQG�WKDW�WKH�SDUV�LQWHUDUWLFXODULV�VKRXOG�
EH� SUHVHUYHG� DV� ZHOO�� � 5HVHFWLRQ�
EH\RQG� WKHVH� JXLGHOLQHV� FDQ� UHVXOW�
LQ�DQ�XQVWDEOH�VSLQH�� �1HZHU�VWXGLHV�
KDYH�VXJJHVWHG�WKDW�DEQRUPDO�PRWLRQ�
DQG�VXEWOH�LQVWDELOLW\�PD\�UHVXOW�HYHQ�
GHVSLWH� IROORZLQJ� WKHVH� JXLGHOLQHV��
2XU� SUHOLPLQDU\� GDWD� VXJJHVW� WKDW�
ODPLQRWRP\�PD\�UHVXOW�OHVV�LQVWDELOLW\�
WKDQ�ODPLQHFWRP\�

,Q� WKH� VXUJLFDO� GHFLVLRQ�PDNLQJ��
QXPHURXV�IDFWRUV�KDYH�WR�EH�WDNHQ�LQWR�
FRQVLGHUDWLRQ���,I�WKH�SDWLHQW�LV�HOGHUO\�
ZLWK�PXOWLSOH�FR�PRUELGLWLHV�DQG�FDQQRW�
WROHUDWH�H[WHQGHG�JHQHUDO�DQHVWKHVLD��
WKH� ODPLQHFWRP\� SURFHGXUH�PD\� EH�
PRUH�DSSURSULDWH�DV�LW�LV�PRUH�HDVLO\�
GRQH�DQG�ZLWK�OHVV�RSHUDWLYH�WLPH�DQG�
OHVV�ULVN�WR�WKH�SDWLHQW���,I�D�SDWLHQW¶V�
VSLQH�LV�VWLII�ZLWK�VHYHUH�DUWKULWLV�DQG�
GRHV�QRW�KDYH�PXFK�PRWLRQ�WR�EHJLQ�
ZLWK��WKH�EHQH¿W�RI�ODPLQRWRP\�PD\�EH�
ORVW�RQ�D�VSLQH�WKDW�LV�DOUHDG\�VWLII�DQG�
TXLWH�VWDEOH���,I�WKHUH�LV�VHYHUH�VWHQRVLV��
D�IXOO�ODPLQHFWRP\�PD\�EH�UHTXLUHG�WR�
DGHTXDWHO\�WUHDW�WKH�SDWLHQW¶V�QHXUR�
FRPSUHVVLYH�V\PSWRPV���2FFDVLRQDOO\�
LQ�VSLQH�VXUJHU\��D�UHQW�LQ�WKH�VSLQDO�VDF�
PD\�RFFXU�DQG�FHUHEURVSLQDO�ÀXLG�PD\�
OHDN���7R�UHSDLU�VXFK�D�OHDN�UHTXLUHV�WKH�
DGHTXDWH�H[SRVXUH���$�IXOO�ODPLQHFWRP\�
PD\�EH�UHTXLUHG�WR�DGHTXDWHO\�H[SRVH�
DQG�UHSDLU�VXFK�D�OHDN��

)XUWKHUPRUH�� LW� LV� UHFRJQL]HG�
WKDW� VSLQDO� VWHQRVLV�PD\� UHFXU� DIWHU�
GHFRPSUHVVLRQ� E\� ODPLQRWRP\� RU�
ODPLQHFWRP\�� � ,W� LV� QRW� FOHDU� KRZ�
RIWHQ� RU� KRZ� VRRQ� VWHQRVLV� UHFXUV�
ZLWK� HDFK� SURFHGXUH�� )XWXUH� VWXGLHV�
H[DPLQLQJ� V\PSWRP� UHOLHI�� H[WHQW�
RI� GHFRPSUHVVLRQ�� UHVXOWDQW� K\SHU�
PRELOLW\� DQG� IXWXUH� SUHGLVSRVLWLRQ� WR�
LQVWDELOLW\�ZLOO�KHOS�LQ�GHWHUPLQLQJ�WKH�
RSWLPDO�SURFHGXUH�IRU�WKH�SDWLHQW��

$FNQRZOHGJHPHQWV
7KLV� VWXG\� ZDV� IXQGHG� E\� D�

'HSDUWPHQWDO� ,QLWLDWLYH� *UDQW� IURP�
WKH�'HSDUWPHQW�RI�2UWKRSDHGLFV�DQG�
6SRUWV�0HGLFLQH�

�
)LJXUH����7KH�ODPLQHFWRPL]HG�VSLQH�
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5HFRPPHQGHG�5HDGLQJ

)R[�0:��2�%��� 2QRIULR� %0�� +DQVVHQ�
$'���&OLQLFDO�RXWFRPHV�DQG�UDGLRORJLFDO�
LQVWDELOLW\� IROORZLQJ� GHFRPSUHVVLYH�
OXPEDU�ODPLQHFWRP\�IRU�GHJHQHUDWLYH�
VSLQDO� VWHQRVLV�� D� FRPSDULVRQ� RI�
SDWLHQWV� XQGHUJRLQJ� FRQFRPLWDQW�
DUWKURGHVLV� YHUVXV� GHFRPSUHVVLRQ�
DORQH�� -� 1HXURVXUJ�� ������ ������� S��
��������

'HWZL OHU � 3:�� 6�&�� � 7D\ ORU � 6%��
&UDZIRUG�15��3RUWHU�5:��6RQQWDJ�9.���
%LRPHFKDQLFD�FRPSDULVRQ� RI� IDFHW�
VSDULQJ� ODPLQHFWRP\� DQG� &KULVWPDV�
WUHH�ODPLQHFWRP\��-�1HXURVXUJ��������
������6XSSO����S����������

$EXPL�.��3�0���.UDPHU�.0��'XUDQFHDX�
-��2[ODQG�7��&ULVFR�--���%LRPHFKDQLFDO�
HYDOXDWLRQ� RI� OXPEDU� VSLQDO� VWDELOLW\�
DIWHU� JUDGHG� IDFHWHFWRPLHV�� 6SLQH��
��������������S���������

$WODV��6�-���HW�DO���7KH�0DLQH�/XPEDU�
6SLQH�6WXG\��3DUW�,,,����\HDU�RXWFRPHV�
RI�VXUJLFDO�DQG�QRQVXUJLFDO�PDQDJHPHQW�
RI�OXPEDU�VSLQDO�VWHQRVLV��6SLQH��������
��������S�����������GLVFXVVLRQ������
��
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7KH�+DOR��$OORZLQJ�WKH�6HYHUHO\�,QMXUHG�1HFN�
WR�5HJHQHUDWH�6WDELOLW\�:LWKRXW�6XUJHU\

�� &HUYLFDO�IUDFWXUHV�DQG�GLVORFDWLRQV�DUH�FRPPRQ�QHFN�LQMXULHV��
�� :H�KDYH�IRXQG�WKDW�WKH�PDMRULW\�RI�WKHVH�LQMXULHV�FDQ�EH�VXFFHVVIXOO\�PDQDJHG�ZLWKRXW��

� VXUJHU\�
�� +DOR�YHVW�LPPRELOL]DWLRQ�LV�WKH�PRVW�VHFXUH�ZD\�WR�VWDELOL]H�WKH�FHUYLFDO�VSLQH�ZLWKRXW��

� VXUJHU\��,Q�WKLV�PHWKRG�D�JUDSKLWH�KRUVHVKRH�VKDSHG��µKDOR¶�LV�SODFHG�DURXQG�WKH�KHDG��
� DQG�FRQQHFWHG�WR�LW�E\�SLQV�WKDW�HQJDJH�WKH�VNXOO��7KLV�KDOR�LV�WKHQ�VHFXUHG�WR�D�YHVW���
� WKDW�¿WV�RQ�WKH�SDWLHQW¶V�FKHVW�

�� ����RI�KDORV�SODFHG�FDQ�UHPDLQ�LQ�SODFH�IRU�WKH�SODQQHG�GXUDWLRQ�DQG�����VXFFHVVIXOO\��
� PDQDJH�WKH�FHUYLFDO�LQMXU\�ZLWKRXW�WKH�QHHG�IRU�VXUJHU\���

�� 7KH�PDMRU�FRPSOLFDWLRQV�DVVRFLDWHG�ZLWK�KDOR�PDQDJHPHQW�DUH�SLQ�WUDFW�LQIHFWLRQV�DQG��
� SLQ�WUDFW�ORRVHQLQJ��

+DOR� YHVW� LPPRELOL]DWLRQ� �+9,��
ZLWK�SLQV�LQ�WKH�VNXOO�DWWDFKHG�
WR�D�FKHVW�EUDFH�LV�DQ�HIIHFWLYH�

PHDQV�IRU�VWDELOL]LQJ�WKH�LQMXUHG�FHUYLFDO�
VSLQH�� +RZHYHU�� VWXGLHV� FLWLQJ� KLJK�
FRPSOLFDWLRQ� UDWHV� VXFK� DV� LQIHFWLRQ��
LQVWDELOLW\��VFDUULQJ��DQG�XQDFFHSWDEOH�
VXFFHVV�UDWHV�KDYH�FDOOHG�LQWR�TXHVWLRQ�
LWV�FOLQLFDO�XVHIXOQHVV��7KH�VXFFHVV�RI�
+9,�IRU�VSHFL¿F�IUDFWXUH�W\SHV�KDV�DOVR�
EHHQ�VWXGLHG��ZLWK�SXEOLVKHG�VXFFHVV�
UDWHV�UDQJLQJ�IURP�����WR������$W�WKH�
8QLYHUVLW\� RI�:DVKLQJWRQ�+DUERUYLHZ�
0HGLFDO�&HQWHU��IDFXOW\�VSLQH�VXUJHRQV�
FRQGXFWHG�D�SURVSHFWLYH�VWXG\�OHDGLQJ�
WR� LPSURYHG�VDIHW\�DQG�HIIHFWLYHQHVV�
RI� WKH� KDOR� LQ� WUHDWLQJ� QHFN� LQMXULHV��
&XUUHQWO\� ZH� XVH� VWDWH�RI�WKH�DUW�
PDWHULDOV� DQG� D� FDUH�PDS� WR� JXLGH�
SDWLHQW�PDQDJHPHQW�DIWHU�DSSOLFDWLRQ�
RI�WKH�KDOR�

0HWKRGV
:H�XVHG�+9,�WR�WUHDW�����SDWLHQWV�

EHWZHHQ������DQG������� WKH� ODUJHVW�
VHULHV�SXEOLVKHG�WR�GDWH���2XU�WHFKQLTXH�
XVHG� D� JUDSKLWH� KRUVHVKRH�VKDSHG�

+DOR�ULQJ� VHFXUHG� WR� WKH� SDWLHQW¶V�
VNXOO�ZLWK���7LWDQLXP�SLQV�DSSOLHG� LQ�
WKH� W\SLFDO� ORFDWLRQV� �)LJXUH� ����:H�
IROORZHG� WKHVH� SDWLHQWV� XQWLO� WKHLU�
KDOR�ZDV�UHPRYHG��UHFRUGLQJ�DGYHUVH�
HYHQWV� VXFK� DV� SUREOHPV� UHODWHG� WR�
WKH� SLQV�� SXOPRQDU\� SUREOHPV� DQG�
VNLQ� EUHDNGRZQ� UHODWHG� WR� WKH� YHVW��
VZDOORZLQJ�GLI¿FXOWLHV��GHWHULRUDWLRQ�RI��
QHXURORJLF�IXQFWLRQ��DQG�FRPSOLFDWLRQV��
3LQ�WUDFW�LQIHFWLRQV�ZHUH�FODVVL¿HG�LQWR�
��FDWHJRULHV�RI�VHYHULW\��7DEOH�����:H�
GLIIHUHQWLDWHG�+9,�IDLOXUHV�LQWR�WKH�WZR�
IROORZLQJ�FDWHJRULHV�����$ERUWHG�+9,��
RWKHU� LQWHUYHQWLRQ� XQGHUWDNHQ�� DQG�
��� 3UHPDWXUH� +9,� GLVFRQWLQXDWLRQ��
QR� IXUWKHU� LQWHUYHQWLRQ� QHFHVVDU\��
,QWHQGHG�GXUDWLRQ�RI�+9,�ZDV�SORWWHG�
DJDLQVW�ZHHNV�RI�+9,�WUHDWPHQW�LQ�WKH�
IRUP�RI�D�+9,�WUHDWPHQW�VXUYLYRUVKLS�
DQDO\VLV��

2XU�SDWLHQWV�UDQJHG�LQ�DJH�IURP���
WR����\HDUV�ZLWK�DQ�DYHUDJH�DJH�RI������
\HDUV�� ���� RI� RXU� SDWLHQWV�ZLWK� ����
FHUYLFDO� VSLQH� LQMXULHV�ZHUH� DYDLODEOH�
IRU� DQDO\VLV�� � )URP� WKLV� GDWD� VHW�ZH�
DOVR� H[FOXGHG� ��� SDWLHQWV� ZKR� GLHG�

IRU�UHDVRQV�WKDW�ZHUH�QRW�DWWULEXWDEOH�
WR�+9,������SDWLHQWV�ZLWK�����LQMXULHV�
ZHUH�WKHUHIRUH�IROORZHG�WR�FRPSOHWLRQ�
RI� KDOR� UHPRYDO� DQG� KHDOLQJ� RI� WKHLU�
LQMXU\��

5HVXOWV
1R� SDWLHQW� KDG� QHXURORJLFDO�

GHWHULRUDWLRQ�ZKLOH�EHLQJ�WUHDWHG�ZLWK�
+9,�

7KHUH�ZHUH� ���� FRPSOLFDWLRQV� LQ�
����SDWLHQWV������RI�VXUYLYRUV���7KH�
PRVW�FRPPRQ�FRPSOLFDWLRQV�ZHUH�SLQ�
WUDFW� LQIHFWLRQ� ������ �������� DQG�
SHUVLVWHQW� LQVWDELOLW\� ������ ���������
���� ����� RI� LQIHFWLRQV� FRXOG� EH�
PDQDJHG�ZLWK� ORFDO� FDUH�� ���� �����
UHTXLUHG�SLQ�UHPRYDO�RU�H[FKDQJH��DQG�
�������QHHGHG�VXUJLFDO�GHEULGHPHQW�
DQG�DQWLELRWLFV��6L[WHHQ�RWKHU�SDWLHQWV�
�����KDG�HSLVRGHV�RI�SLQ�VLWH�ORRVHQLQJ�
ZLWKRXW�LQIHFWLRQ���

7ZHQW\�QLQH� RI� ��� SDWLHQWV� ZHUH�
GLDJQRVHG�ZLWK�IUDFWXUH�LQVWDELOLW\�DQ�
DYHUDJH� RI� ���� GD\V� �UDQJH� �� WR� ���
GD\V��DIWHU�KDOR�DSSOLFDWLRQ��DQG������
ZHUH�LGHQWL¿HG�DV�KDYLQJ�VXEOX[DWLRQ�
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)LJXUH�����5HFRPPHQGHG�+DOR�SLQ�SODFHPHQW���7HPSRUDO�SLQV�VKRXOG�DYRLG�WKH�IURQWDO�VLQXV�DQG�VXSUDRUELWDO�QHUYH�PHGLDOO\�DQG�WKH�
WHPSRUDO�DUWHU\�DQG�IRVVD�ODWHUDOO\���7KH�SRVWHULRU�SLQV�VKRXOG�DYRLG�WKH�PDVWRLGV���

)LJXUH����6XUYLYRUVKLS�&XUYH���6XUYLYRUVKLS�FXUYH�GHPRQVWUDWLQJ�UDWHV�RI�IDLOXUH�RI�+9,���$W�SRLQW�RI�SODQQHG�UHPRYDO������RI�����
������VWLOO�KDG�WKH�KDOR�LQ�SODFH���

RU� QRQ�XQLRQ� UHTXLULQJ� VXUJHU\� DQ�
DYHUDJH� RI� ���� GD\V� �UDQJH� �������
GD\V��DIWHU�KDOR�DSSOLFDWLRQ��

2I� WKH� ���� SDWLHQWV� DYDLODEOH� IRU�
¿QDO�IROORZ�XS������������FRPSOHWHG�
WKH� LQLWLDOO\� SUHVFULEHG� FRXUVH� RI�
+9,� �)LJXUH� ��� 6XUYLYRUVKLS� &XUYH���

2YHUDOO� ���� ���������� RI� SDWLHQWV�
ZKRVH�LQMXULHV�ZHUH�WUHDWHG�ZLWK�+9,�
ZHUH� VXFFHVVIXOO\� WUHDWHG�� ZLWKRXW�
WKH� QHHG� IRU� XQSODQQHG� RSHUDWLYH�
PDQDJHPHQW���

)DLOXUH�RI�WUHDWPHQW�RFFXUUHG�ZLWKLQ�
WKH�¿UVW�WKUHH�ZHHNV�LQ����RI�WKH����

������ SDWLHQWV�ZKR� IDLOHG� GH¿QLWLYH�
+9,��)RU�SDWLHQWV�ZKR�FRPSOHWHG�WKH�
¿UVW�WKUHH�ZHHNV�ZLWKRXW�VLJQL¿FDQW�+9,�
UHODWHG� FRPSOLFDWLRQV�� WKH� OLNHOLKRRG�
RI� +9,� IXOILOOLQJ� WKH� LQWHQGHG� JRDO�
LQFUHDVHG�WR����SHUFHQW������������
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7DEOH�����&ODVVL¿FDWLRQ�DQG�GLVWULEXWLRQ�RI�SLQ�WUDFW�LQIHFWLRQV�

'LVFXVVLRQ
:H� HYDOXDWHG� WKH� VXUYLYDO� RI� WKH�

KDOR�YHVW� WR� IXOO� FRPSOHWLRQ� RI� WKH�
RULJLQDOO\� SUHVFULEHG� WUHDWPHQW� SODQ��
UDWKHU� WKDQ� RQO\� HYDOXDWLQJ� IDLOXUH�
DQG� FRPSOLFDWLRQ� UDWHV�� 8VLQJ� WKLV�
DSSURDFK�ZH�IRXQG�WKDW�WKH�LQWHQGHG�
GXUDWLRQ�RI�+9,�ZDV�FRPSOHWHG�LQ�����
RI� SDWLHQWV� ZKR� KDG� WKH�PLQLPXP�
UHTXLUHG�IROORZ�XS���:KHQ�FRQVLGHULQJ�
SDWLHQWV�LQ�ZKRP�+9,�ZDV�GLVFRQWLQXHG�
HDUOLHU� WKDQ� LQWHQGHG�EXW�KDG�VHUYHG�
DV� WKH� SULPDU\� PHDQV� RI� H[WHUQDO�
IUDFWXUH� LPPRELOL]DWLRQ� WKURXJKRXW�
WKH� FRXUVH�RI� WUHDWPHQW�� WKH�GHVLUHG�
FOLQLFDO� RXWFRPH� RI� DYRLGLQJ� VXUJLFDO�
LQWHUYHQWLRQ�ZDV�DFKLHYHG� LQ�����RI�
SDWLHQWV��

2WKHU� WKDQ� SLQ� VLWH� LQIHFWLRQ��
WKH� SULPDU\� FRPSOLFDWLRQ� DPRQJ�
RXU� FRKRUW� ZDV� LQVWDELOLW\� ZKLFK�
FRQVLVWHG� RI� DSSUR[LPDWHO\� RQH�WKLUG�
RI� DOO� FRPSOLFDWLRQV�� ,Q� IDFW�� IDLOXUH�
WR� PDLQWDLQ� DFFHSWDEOH� VWDELOLW\� RI�
WKH� VSLQH� ZDV� WKH� OHDGLQJ� FDXVH� RI�
FHVVDWLRQ�RI�+9,����:H�IRXQG�QR�DGYHUVH�
HYHQWV�LQ�WKH����SDWLHQWV�ZKR�UHTXLUHG�
VXUJLFDO�WUHDWPHQW�DIWHU�+9,�KDG�EHHQ�
DEDQGRQHG�VHFRQGDU\�WR�LQVWDELOLW\���

,W� LV� LPSRUWDQW� WR� QRWH� WKDW� WZR�
WKLUGV�RI�DOO�IDLOXUHV�RFFXUUHG�ZLWKLQ�WKH�
¿UVW� WKUHH�ZHHNV�RI�KDOR�DSSOLFDWLRQ��
VXJJHVWLQJ� WKDW� WKLV� HDUO\� SKDVH� LV�
FULWLFDO� LQ� GHWHUPLQLQJ� WKH� OLNHOLKRRG�
RI� VXFFHVV�� ,Q� IDFW�� WKH� OLNHOLKRRG� RI�
VXFFHVVIXO�IUDFWXUH�WUHDWPHQW�ZLWKRXW�
WKH� QHHG� IRU� VXUJLFDO� LQWHUYHQWLRQ�
LQFUHDVHG�IURP�����WR�����LQ�SDWLHQWV�
ZKR�KDG�QR�DGYHUVH� LQFLGHQW� UHODWHG�
WR�+9,�ZLWKLQ�WKH�¿UVW�WKUHH�ZHHNV�RI�
WUHDWPHQW��2XU�¿QGLQJ�WKDW�QR�SDWLHQW�
VXIIHUHG� DQ\� SHUPDQHQW� GHWULPHQWDO�
HIIHFWV�VHFRQGDU\�WR�ORVV�RI�DOLJQPHQW�

GXULQJ� +9,�� FRPELQHG� ZLWK� � WKH�
REVHUYDWLRQ� WKDW�PRVW� +9,� IDLOXUHV�
GHFODUH� WKHPVHOYHV� ZLWKLQ� WKH� ILUVW�
WKUHH�ZHHNV�RI�WUHDWPHQW��UHQGHU�D�+9,�
WULDO�LQ�ZHOO�VHOHFWHG�SDWLHQWV�DSSHDOLQJ�
DV� D� PHDQV� RI� DYRLGLQJ� IXVLRQ� LQ�
VLWXDWLRQV�ZKHUH�WKH�QHHG�IRU�RSHUDWLYH�
LQWHUYHQWLRQ�LV�XQFHUWDLQ��

&RQFOXVLRQ
7KH� PDMRULW\� RI� SDWLHQWV� ZHUH�

DEOH�WR�FRPSOHWH�D�IXOO�FRXUVH�RI�+9,�
ZLWKRXW�QHHGLQJ�VXUJHU\��7KH�SULPDU\�
UHDVRQ� IRU� FURVV�RYHU� IURP� +9,� WR�
VXUJLFDO� WUHDWPHQW� ZDV� SHUVLVWHQW�
IUDFWXUH� LQVWDELOLW\�� ZKLFK� XVXDOO\�
RFFXUUHG�ZLWKLQ�WKH�¿UVW�WKUHH�ZHHNV�RI�
WUHDWPHQW�DQG�ZDV�QRW�DVVRFLDWHG�ZLWK�
QHXURORJLFDO� ZRUVHQLQJ� RU� ORQJ�WHUP�
SUREOHPV��&RPSOLFDWLRQV�UHODWHG�WR�KDOR�
WUHDWPHQW�DUH�UHODWLYHO\�FRPPRQ��EXW�
WKH�PDMRULW\�RI�WKHVH�FDQ�EH�HIIHFWLYHO\�
WUHDWHG���:KLOH�KDOR�WUHDWPHQW�FDQ�EH�
FKDOOHQJLQJ�IRU�SDWLHQWV�DQG�FOLQLFLDQV��
LW�UHPDLQV�DQ�HIIHFWLYH�WUHDWPHQW�RSWLRQ�
LQ� WKH�PDQDJHPHQW�RI� FHUYLFDO� VSLQH�
LQMXULHV�DQG�RQH�WKDW�PD\�EH�IDYRUDEOH�
WR� VXUJHU\� LQ� FHUWDLQ� VLWXDWLRQV��
,PSOHPHQWDWLRQ�RI�D�V\VWHPDWLF� FDUH�
SURJUDP�LQYROYLQJ�FOLQLFLDQV��RUWKRWLVWV�
DQG�QXUVLQJ�VWDII�DORQJ�ZLWK�SDWLHQW�DQG�
VXSSRUW�HGXFDWLRQ�LPSURYHV�WKH�TXDOLW\�
RI�FDUH�DQG�WKH�RXWFRPH�

2XU� IXWXUH� UHVHDUFK� ZLOO� VHHN�
WR� LGHQW L I\ � SDW LHQW � DQG� LQMXU\�
FKDUDFWHULVWLFV� WKDW�PD\� EH� XVHG� WR�
SUHGLFW�VXFFHVVIXO�+9,�WUHDWPHQW�LQ�DQ�
HIIRUW�WR�HQKDQFH�LWV�HIIHFWLYHQHVV�DQG�
WR�UHGXFH�XQQHFHVVDU\�VXUJHU\��

5HFRPPHQGHG�5HDGLQJ

.RFK� 5$�� 1LFNHO� 9��� 7KH� +DOR� 9HVW��
$Q� (YDOXDWLRQ� RI� 0RWLRQ� DQG� )RUFHV�
$FURVV� WKH�1HFN�� 6SLQH�� ������ ������
S����������

%RWWH��0-��%\UQH�� 73��$EUDPV�5$�� HW�
DO��+DOR�6NHOHWDO�)L[DWLRQ��7HFKQLTXHV�
RI� $SSOLFDWLRQ� DQG� 3UHYHQWLRQ� RI�
&RPSOLFDWLRQV��-�$P�$FDG�2UWKRS�6XUJ��
������������S��������

$VNLQV�9��(LVPRQW�)-��(I¿FDF\�RI�¿YH�
FHUYLFDO�RUWKRVHV�LQ�UHVWULFWLQJ�FHUYLFDO�
PRWLRQ�� $� FRPSDULVRQ� VWXG\�� 6SLQH��
��������������S���������

%XFFL�0���'DXFHU�5&��0D\QDUG�)$��HW�
DO��� 0DQDJHPHQW� RI� SRVW�WUDXPDWLF�
FHUYLFDO� VSLQH� LQVWDELOLW\�� RSHUDWLYH�
IXVLRQ�YHUVXV�KDOR�YHVW�LPPRELOL]DWLRQ��
$QDO\VLV�RI����FDVHV��-�7UDXPD��������
�������S���������

%XFKRO]�� 5'�� &KHXQJ� .&�� +DOR� YHVW�
YHUVXV�VSLQDO�IXVLRQ�IRU�FHUYLFDO�LQMXU\��
HYLGHQFH� IURP� DQ� RXWFRPH� VWXG\�� -�
1HXURVXUJ���������������S���������
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5HRSHUDWLRQV�)ROORZLQJ�6SLQH�6XUJHU\�LQ�:DVKLQJWRQ�6WDWH�

�� :H�H[DPLQHG�WKH�FXPXODWLYH�LQFLGHQFH�RI�VHFRQG�OXPEDU�VSLQH�RSHUDWLRQ��³UHRSHUDWLRQ´���
� IROORZLQJ�DQ�LQLWLDO�OXPEDU�RSHUDWLRQ�IRU�GHJHQHUDWLYH�FRQGLWLRQV�XVLQJ�D�KRVSLWDO�� �
� GLVFKDUJH�UHJLVWU\�

�� 7KH����\HDU�FXPXODWLYH�LQFLGHQFH�RI�UHRSHUDWLRQ�IROORZLQJ�OXPEDU�VSLQH�VXUJHU\�ZDV���
� ����

�� 3DWLHQWV�ZLWK�VSRQG\OROLVWKHVLV�KDG�D�ORZHU�FXPXODWLYH�LQFLGHQFH�RI�UHRSHUDWLRQ�DIWHU���
� IXVLRQ�VXUJHU\�WKDQ�DIWHU�GHFRPSUHVVLRQ�DORQH��������YV���������3 ��������

�� )RU�GLDJQRVHV�RWKHU�WKDQ�VSRQG\OROLVWKHVLV��WKH�FXPXODWLYH�LQFLGHQFH�RI�UHRSHUDWLRQ�ZDV��
� KLJKHU�IROORZLQJ�IXVLRQ�WKDQ�IROORZLQJ�GHFRPSUHVVLRQ�DORQH��������YV���������S� �� �
� ��������

�� $PRQJ�SDWLHQWV�ZKR�XQGHUZHQW�VXUJHU\�IRU�OXPEDU�GHJHQHUDWLYH�GLVHDVH��PRUH�WKDQ���
� WZLFH�DV�PDQ\�KDG�D�IXVLRQ�SURFHGXUH�LQ�WKH������WR������FRKRUW���������FRPSDUHG��
� ZLWK�WKH������WR������FRKRUW��������

�� 7KH���\HDU�FXPXODWLYH�LQFLGHQFH�RI�UHRSHUDWLRQ�ZDV�KLJKHU�LQ�WKH������WR������FRKRUW��
� FRPSDUHG�ZLWK�WKH������WR������FRKRUW��������YV���������S����������

�� $PRQJ�IXVLRQ�SDWLHQWV��WKRVH�LQ�WKH������WR������FRKRUW�ZHUH�DSSUR[LPDWHO\�����PRUH��
� OLNHO\�WR�XQGHUJR�D�UHRSHUDWLRQ�ZLWKLQ�WKH�¿UVW�\HDU�ZKHQ�FRPSDUHG�ZLWK�IXVLRQ�SDWLHQWV��
� WKH������WR������FRKRUW�

�� $�KLJKHU�SURSRUWLRQ�RI�IXVLRQ�SURFHGXUHV�DQG�WKH�LQWURGXFWLRQ�RI�QHZ�VSLQDO�LPSODQWV���
� EHWZHHQ������DQG������ZHUH�QRW�DVVRFLDWHG�ZLWK�UHGXFHG�UHRSHUDWLRQ�UDWHV�

/XP E D U � G H F R P S U H V V L R Q�
SURFHGXUHV�VXFK�DV�ODPLQHFWRP\�
DQG� GLVFHFWRP\� DUH� W\SLFDOO\�

SHUIRUPHG� WR� UHOLHYH� V\PSWRPV� RI�
OHJ� SDLQ�� QXPEQHVV�� RU� ZHDNQHVV�
DVVRFLDWHG� ZLWK� FRPSUHVVLRQ� RI�
OXPEDU� QHUYH� URRWV�� � /XPEDU� VSLQH�
VXUJHU\� UDWHV� KDYH� LQFUHDVHG� RYHU�
WKH�SDVW���GHFDGHV��5DWHV�RI� OXPEDU�
IXVLRQ�VXUJHU\��LQ�SDUWLFXODU��LQFUHDVHG�
�����IURP������WR�������SDUWLFXODUO\�
DFFHOHUDWLQJ�DIWHU�WKH������)RRG�DQG�
'UXJ�$GPLQLVWUDWLRQ��)'$��DSSURYDO�RI�
LQWHUERG\�IXVLRQ�FDJH�LPSODQWV���

5H R S H U D W L R Q V � I R O O RZ L Q J � D�
GHFRPSUHVVLRQ�VXUJHU\�DUH�FRQVLGHUHG�
WR�EH�DQ�LQGLFDWRU�RI�D�SRRU�RXWFRPH�
RI� DQ� LQLWLDO� VXUJHU\� EHFDXVH� WKH\�

JHQHUDOO\�LPSO\�SHUVLVWHQW�V\PSWRPV��
SURJUHVVLRQ� RI� GLVHDVH�� WUHDWPHQW�
FRPSOLFDWLRQ�� RU� IDLOXUH� RI� SDWLHQWV�
WR� FRPSO\� ZLWK� SRVWRSHUDWLYH� FDUH���
3UHYHQWLQJ� UHSHDW� VSLQDO� VXUJHU\�
WKHUHIRUH�� LV� DQ� LPSRUWDQW� JRDO� IRU�
VXUJHRQV�DQG�WKHLU�SDWLHQWV���3UHYLRXV�
UHVHDUFK�KDYH�SURYLGHG�VRPH�HYLGHQFH�
RI� DQ� DVVRFLDWLRQ� EHWZHHQ� SRRU�
RXWFRPHV�DQG�LQFUHDVHG�UHDGPLVVLRQV��
DQG� DUH� FRPPRQO\� XVHG� IRU� TXDOLW\�
DVVXUDQFH� SXUSRVHV� E\� WKH� 1DWLRQDO�
&RPPLWWHH� RQ� 4XDOLW\� $VVXUDQFH�
��������DV�SDUW�RI�WKH�+HDOWK�3ODQ�DQG�
(PSOR\HU� 'DWD� DQG� ,QIRUPDWLRQ� 6HW�
�+(',6���IRU�WKH�9$¶V�1,64,3�SURJUDP��
DQG�E\�WKH�/HDSIURJ�JURXS���

+HDOWK�VHUYLFH�UHVHDUFKHUV�DI¿OLDWHG�

ZLWK�WKH�8:�'HSDUWPHQW�RI�2UWKRSDHGLFV�
DQG� 6SRUWV� 0HGLFLQH� SHUIRUPHG� D�
UHWURVSHFWLYH�GDWD�DQDO\VLV�XVLQJ� WKH�
:DVKLQJWRQ� 6WDWH� &RPSUHKHQVLYH�
+RVSLWDO� $EVWUDFW� 5HSRUWLQJ� 6\VWHP�
�&+$56�� WR� GRFXPHQW� WKH� WUHQGV� LQ�
UHRSHUDWLRQ�UDWHV�IURP������WR��������
7KH�SXUSRVH�RI�WKH�&+$56�V\VWHP�LV�
WR� SURYLGH� SXEOLF� KHDOWK� SHUVRQQHO��
FRQVXPHUV�� SXUFKDVHUV�� SD\HUV��
SURYLGHUV��DQG�UHVHDUFKHUV�ZLWK�XVHIXO�
LQIRUPDWLRQ�E\�ZKLFK�WR�PDNH�LQIRUPHG�
GHFLVLRQV�RQ�KHDOWK�FDUH��7KH�&+$56�
V\VWHP� SURYLGHV� WKRVH� FRQFHUQHG�
ZLWK�WKH�GHYHORSPHQW�RI�SXEOLF�SROLF\�
ZLWK�LQIRUPDWLRQ�QHFHVVDU\�WR�DQDO\]H�
PDQ\� VLJQL¿FDQW� KHDOWK� FDUH� LVVXHV��
6SHFLILFDOO\�� WKH� GHSDUWPHQW� XVHV�
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WKH� &+$56� GDWD� V\VWHP� WR� LGHQWLI\�
DQG�DQDO\]H�KHDOWK� WUHQGV� UHODWHG� WR�
SDWLHQWV¶� KRVSLWDOL]DWLRQV�� HVWDEOLVK�
VWDWHZLGH� GLDJQRVLV� UHODWHG� JURXSV�
�'5*��ZHLJKWV��FUHDWH�KRVSLWDO�VSHFL¿F�
FDVH�PL[� LQGLFHV�� DQG� LGHQWLI\� DQG�
TXDQWLI\� LVVXHV� UHODWHG� WR� KHDOWK�
FDUH� DFFHVV�� TXDO L W\�� DQG� FRVW�
FRQWDLQPHQW�

8VLQJ� D� &R[�SURSRUWLRQDO� +D]DUG�
UHJUHVVLRQ�PRGHO��ZH�GHWHUPLQHG�WKH�
FXPXODWLYH� LQFLGHQFH� RI� UHRSHUDWLRQ�
IR O ORZLQJ� OXPEDU� VXUJHU\� DQG�
FRPSDUHG�WKH�IUHTXHQF\�RI�UHRSHUDWLRQ�
IROORZLQJ� IXVLRQ� VXUJHU\� ZLWK� WKDW�
IROORZLQJ�GHFRPSUHVVLRQ�DORQH�ZLWKLQ�
IRXU� GLDJQRVHV� �KHUQLDWHG� GLVF��
GHJHQHUDWLYH� GLVF�� VSLQDO� VWHQRVLV��
DQG� VSRQG\OROLVWKHVLV��� $GXOWV� ZKR�
XQGHUZHQW� LQSDWLHQW� OXPEDU� VSLQH�
VXUJHU\�IRU�GHJHQHUDWLYH�VSLQH�GLVRUGHUV�
LQ����������Q ��������ZHUH�LQFOXGHG�
LQ�WKH�VWXG\���:H�JURXSHG�SDWLHQWV�DV�
KDYLQJ�HLWKHU�D�VSLQDO�GHFRPSUHVVLRQ�
VXUJHU\� RU� VSLQDO� IXVLRQ� VXUJHU\�
�ZLWK� RU� ZLWKRXW� GHFRPSUHVVLRQ����
2XU� SULPDU\� RXWFRPH�PHDVXUH� ZDV�
WLPH� XQWLO� D� VHFRQG� OXPEDU� VSLQH�
VXUJHU\� �UHRSHUDWLRQ�� RI� DQ\� W\SH���
7KXV��UHRSHUDWLRQV�GLG�QRW�QHFHVVDULO\�
RFFXU� DW� WKH� VDPH�YHUWHEUDO� OHYHO� DV�
WKH� LQLWLDO� VXUJHU\�� EXW� ZHUH� DOZD\V�

OXPEDU�SURFHGXUHV���:H�IRXQG�WKDW�WKH�
FXPXODWLYH�LQFLGHQFH�RI�UHRSHUDWLRQ�DW�
HOHYHQ�\HDUV�ZDV���������)RU�SDWLHQWV�
ZLWK�VSRQG\OROLVWKHVLV��WKH�FXPXODWLYH�
LQFLGHQFH�RI�UHRSHUDWLRQ�ZDV�ORZHU�DIWHU�
IXVLRQ�VXUJHU\�WKDQ�DIWHU�GHFRPSUHVVLRQ�
DORQH��������YHUVXV������S����������
+RZHYHU�� IRU� RWKHU� GLDJQRVHV�� WKH�
FXPXODWLYH� LQFLGHQFH� RI� UHRSHUDWLRQ�
ZDV�VLJQL¿FDQWO\�KLJKHU�IROORZLQJ�IXVLRQ�
VXUJHU\�WKDQ�IROORZLQJ�GHFRPSUHVVLRQ�
DORQH� ������� YV�� ������� S ���������
)ROORZLQJ� IXVLRQ� VXUJHU\�� ������ RI�
UHRSHUDWLRQV� ZHUH� DVVRFLDWHG� ZLWK�
D� GLDJQRVLV� FRGH� LQGLFDWLQJ� GHYLFH�
FRPSOLFDWLRQ�RU�SVHXGDUWKURVLV��

,Q� D� VHSDUDWH� DQDO\VLV� ZH� DOVR�
H[DPLQHG�ZKHWKHU�WKHUH�ZDV�D�WUHQG�LQ�
UHRSHUDWLRQ�RYHU�WLPH���)RU�WKLV�VWXG\��
ZH� FRPSDUHG� WKH� ��\HDU� FXPXODWLYH�
LQFLGHQFH�RI�D�UHRSHUDWLRQ�UDWH�LQ�WZR�
FRKRUWV��D����������Q ��������FRKRUW�
DQG� D� �������� FRKRUW� �Q ����������
:H� XVHG� D� &R[�SURSRUWLRQDO� +D]DUG�
UHJUHVVLRQ� DQDO\VLV�� FRQWUROOLQJ� IRU�
DJH��VH[��LQVXUDQFH��DQG�FRPRUELGLW\�WR�
GHWHUPLQH�WKDW�WKH�IRXU�\HDU�FXPXODWLYH�
LQFLGHQFH�RI�UHRSHUDWLRQ�ZDV�KLJKHU�LQ�
WKH�����������FRKRUW�FRPSDUHG�ZLWK�
WKH� �������� FRKRUW� ������� YHUVXV�
������� KD]DUG� UDWLR� ������ S��������
GHVSLWH�LQFUHDVLQJ�IXVLRQ�VXUJHU\�DQG�

WKH�DYDLODELOLW\�RI�QHZ�LPSODQWV��

&RQFOXVLRQV
%DVHG� RQ� WKHVH� I LQGLQJV� ZH�

FRQFOXGHG� WKDW� IRU� VSRQG\OROLVWKHVLV��
IXVLRQ� VXUJHU\� ZDV� DVVRFLDWHG� ZLWK�
IHZHU�UHRSHUDWLRQV�WKDQ�GHFRPSUHVVLRQ�
DORQH���+RZHYHU��IRU�RWKHU�GHJHQHUDWLYH�
VSLQH� FRQGLWLRQV�� WKH� FXPXODWLYH�
LQFLGHQFH� RI� UHRSHUDWLRQ� LV� KLJKHU�
DIWHU� D� IXVLRQ� SURFHGXUH� WKDQ� DIWHU�
GHFRPSUHVVLRQ� DORQH�� � )XUWKHUPRUH��
WKH�VWXG\�VXJJHVWV�WKDW�WKH�LQWURGXFWLRQ�
RI�QHZ�VSLQDO�LPSODQWV��DQG�LQFUHDVLQJ�
XVH�RI�IXVLRQ�VXUJHU\��GLG�QRW�UHGXFH�
WKH� LQFLGHQFH� RI� UHRSHUDWLRQV� GXULQJ�
WKH�����¶V�

2QJRLQJ� UHVHDUFK� ZLOO� H[DPLQH�
IDFWRUV� WKDW� LQIOXHQFH� WKH� VDIHW\�
RXWFRPHV�IRU�VSLQDO�VXUJHU\���6SHFL¿FDOO\��
ZH�ZLOO� H[DPLQH� WKH� YDULDWLRQ� LQ� WKH�
UDWHV� RI� UHRSHUDWLRQV� DV� DQ� LQGLFDWRU�
RI� VXUJLFDO� VDIHW\� DFURVV� SURYLGHUV��
H[DPLQLQJ� WKH� DVVRFLDWLRQ� EHWZHHQ�
SURFHGXUH� YROXPH� DQG� UHRSHUDWLRQ�
UDWHV��DQG�SURYLGLQJ�D�XVHIXO�DQDO\VLV�
RI� WKH� LQÀXHQFH� WKDW� ULVN�DGMXVWPHQW�
PHDVXUHV�RI�FRPRUELGLW\�KDYH�RQ�VSLQH�
VXUJHU\�RXWFRPHV���9DULDWLRQ�LQ�UDWHV�
RI�SURFHGXUHV�LV�D�FRPPRQO\�UHSRUWHG�
PHWULF�RI�SURIHVVLRQDO�XQFHUWDLQO\�DQG�
KDV� EHHQ� UHSRUWHG� DFURVV� KRVSLWDO�
UHIHUUDO� UHJLRQV� IRU�PDQ\�SURFHGXUHV�
LQFOXGLQJ� WKRVH� RI� VSLQH� VXUJHU\���
+RZHYHU�� YDULDWLRQ� RI� RXWFRPHV� KDV�
QRW�EHHQ�VXEVWDQWLDOO\�H[SORUHG��+LJK�
YDULDWLRQ� LQ� UHRSHUDWLRQ� UDWHV� PD\�
UHÀHFW� XQFHUWDLQW\� UHJDUGLQJ� SDWLHQW�
VHOHFWLRQ��YDU\LQJ�FRPSOLFDWLRQ�UDWHV��
SURJUHVVLRQ� RI� GLVHDVH�� RU� WUHDWPHQW�
IDLOXUHV�� ([DPLQLQJ� WKH� YDULDWLRQ� LQ�
UHRSHUDWLRQ� UDWHV� IROORZLQJ� VSLQH�
VXUJHU\�PD\� DOORZ� FRPSDULVRQV� RI�
VDIHW\�RXWFRPHV�DFURVV�SURYLGHUV��7KLV�
LV� DQ� DWWUDFWLYH� WDUJHW� IRU� UHSRUWLQJ�
SURJUDPV�EHFDXVH�ODUJH�YDULDWLRQ�PD\�
UHÀHFW� RYHUXVH� RI� VHUYLFHV�� YDULDWLRQ�
LQ� WKH� DPRXQW� DQG� TXDOLW\� RI� FDUH��
DQG� YDULDWLRQV� LQ� RXWFRPHV�� )XWXUH�
UHVHDUFK�PD\�DOVR�VXJJHVW�D�GLUHFWLRQ�
WR� LPSURYH� LQGLFDWLRQV� IRU� LQLWLDO� DQG�
UHSHDW� VSLQH� VXUJHU\�� WR� LQYROYH�
SDWLHQWV�LQ�LQIRUPHG�GHFLVLRQ�PDNLQJ��
DQG�WR�GHWHUPLQH�WKH�VDIHVW�DQG�PRVW�
HIIHFWLYH�VXUJLFDO�WHFKQLTXHV�

$FNQRZOHGJHPHQWV
6DODU\� VXSSRUW� UHFHLYHG� IRU�

WKLV� SURMHFW� IURP� WKH� 8QLYHUVLW\�
RI� :DVKLQJWRQ� 6XUJLFDO� '\QDPLFV�
(QGRZHG� &KDLU� IRU� 6SLQH� 2XWFRPHV�
5HVHDUFK���7KLV�VWXG\�ZDV�VXSSRUWHG�

)LJXUH����&XPXODWLYH�LQFLGHQFH�RI�UHRSHUDWLRQ�IROORZLQJ�DQ\�OXPEDU�SURFHGXUH�DPRQJ�
��FRKRUWV�RI�SDWLHQWV�������������DQG�������������DGMXVWHG�IRU�DJH��VH[��FRPRUELGLW\��
DQG�ZKHWKHU�RU�QRW�D�SDWLHQW�LV�FRYHUHG�E\�ZRUNHUV¶�FRPSHQVDWLRQ�
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LQ�SDUW�E\�JUDQW�QXPEHU�3��$5������
DQG� .��$5������ IURP� WKH� 1DWLRQDO�
,QVWLWXWH�RI�$UWKULWLV��0XVFXORVNHOHWDO��
DQG�6NLQ�'LVHDVHV��1,$06��

5HFRPPHQGHG�5HDGLQJ

0DUWLQ� %,�� 0LU]D� 6.�� &RPVWRFN� %$��
*UD\� '7�� .UHXWHU�:�� 'H\R� 5$�� � $UH�
OXPEDU�VSLQH�UHRSHUDWLRQ�UDWHV�IDOOLQJ�
ZLWK�JUHDWHU�XVH�RI�IXVLRQ�VXUJHU\�DQG�
QHZ�VXUJLFDO�WHFKQRORJ\"�6SLQH��������
���������������

0DUWLQ� %,�� 0LU]D� 6��� &RPVWRFN� %���
*UD\�'7��.UHXWHU�:���'H\R��5$�� �5H�
RSHUDWLRQV� IROORZLQJ� /XPEDU� 6SLQH�
6XUJHU\� DQG� WKH� ,QÀXHQFH� RI� 6SLQDO�
)XVLRQ� 3URFHGXUHV�� 6SLQH�� �������
������������

-XUDWOL� 06�� )UDQNOLQ� *0�� 0LU]D� 6.��
:LFNL]HU�70��)XOWRQ�.HKRH�'���/XPEDU�
IXVLRQ�RXWFRPHV�LQ�:DVKLQJWRQ�6WDWH�
ZRUNHUV¶�FRPSHQVDWLRQ���6SLQH�������

)LJXUH����'LDJQRVLV�VSHFL¿F�FXPXODWLYH�LQFLGHQFH�RI�UHRSHUDWLRQ�IROORZLQJ�OXPEDU�VXUJHU\��$JH��VH[��FRPRUELGLW\��DQG�ZRUNHUV¶�FRPSHQVDWLRQ�
VWDWXV�DGMXVWHG����\HDU�FXPXODWLYH�LQFLGHQFH�RI�UHRSHUDWLRQ�IROORZLQJ�OXPEDU�VSLQH�VXUJHU\�SHUIRUPHG�LQ�WKH�����������FRKRUW�

1RY�����������������

+X� 5:�� -DJODO� 6�� $[FHOO� 7�� $QGHUVRQ�
*�� � $� SRSXODWLRQ�EDVHG� VWXG\� RI�
UHRSHUDWLRQV�DIWHU�EDFN�VXUJHU\���6SLQH��
�����2FW�������������������

0DOWHU� $'�� 0F1HQH\� %�� /RHVHU� -'��
'H\R�5$����\HDU�UHRSHUDWLRQ�UDWHV�DIWHU�
GLIIHUHQW�W\SHV�RI�OXPEDU�VSLQH�VXUJHU\���
6SLQH�������$SU����������������

0LQRW�-��5HGXFLQJ�+RVSLWDO�5HDGPLVVLRQV���
$FDGHP\+HDOWK�SXEOLFDWLRQ�VSRQVRUHG�
E\�WKH�&RPPRQZHDOWK�)XQG���������
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$GYDQFHG�7HFKQLTXHV�RI�0LQLPDOO\�,QYDVLYH�3HOYLF�5LQJ�)L[DWLRQ�
3URYLGLQJ�³-XVW�(QRXJK´�*XLGDQFH�
WR�WKH�%RG\¶V�5HJHQHUDWLYH�(IIRUWV

�� 7KH�LQMXUHG�SHOYLV�FDQ�UHJDLQ�WKH�VWDELOLW\�RI�LWV�ERQ\�DQG�OLJDPHQWRXV�VWUXFWXUHV�LI�WKH\��
� DUH�KHOG�¿UPO\�LQ�SURSHU�DOLJQPHQW�GXULQJ�WKH�KHDOLQJ�SURFHVV�
�� ([WHQVLYH��RSHQ�VXUJLFDO�DSSURDFKHV�KDYH�EHHQ�DVVRFLDWHG�ZLWK�FRPSOLFDWLRQV�WKDW�� �

� LQWHUIHUH�ZLWK�KHDOLQJ��
�� :LWK�PLQLPDOO\�LQYDVLYH�\HW�VWDEOH�PHWKRGV�IRU�IUDFWXUH�¿[DWLRQ��WKH�QHFHVVDU\�� �

� UHVWRUDWLRQ�RI�DQDWRP\�FDQ�EH�DFKLHYHG�ZLWKRXW�WKH�ULVNV�RI�RSHQ�VXUJHU\�
�� $FFXUDWH�UHGXFWLRQ�DQG�VWDEOH�¿[DWLRQ�RI�DFHWDEXODU�IUDFWXUHV�DYRLGV�WUDFWLRQ��DOORZV�� �

� HDUO\�SDWLHQW�PRELOL]DWLRQ��DQG�ORZHUV�WKH�ULVN�RI�SRVW�WUDXPDWLF�KLS�DUWKULWLV��

+LJK�HQHUJ\�WUDXPDWLF�HYHQWV�VXFK�
DV�DXWRPRELOH�FUDVKHV�FRQWLQXH�
WR�FDXVH�VLJQL¿FDQW�SHOYLF�ULQJ�

LQMXULHV�� 3DUDPHGLFDO� SHUVRQQHO� DQG�
RWKHU� SULPDU\� UHVSRQGHUV� WR� VXFK�
DFFLGHQWV� KDYH� UHILQHG� WKHLU� LQLWLDO�
SDWLHQW� HYDOXDWLRQ� DQG� UHVXVFLWDWLRQ�
VNLOOV�� ZKLFK� LQ� WXUQ� KDYH� LPSURYHG�
SDWLHQW� VXUYLYDELOLW\��:LWK� LQFUHDVLQJ�
ORQJHYLW\� DQG� LQFUHDVLQJ� DFWLYLW\�� D�
JURZLQJ� QXPEHU� RI� ROGHU� LQGLYLGXDOV�
DUH� VXVWDLQLQJ� SHOYLF� IUDFWXUHV�� 7KH�
PDQDJHPHQW� RI� SHOYLF� LQVWDELOLW\� LQ�
WKHVH�SDWLHQWV�FDQ�EH�FRPSOLFDWHG�E\�
SRRU�ERQH�TXDOLW\�DQG�E\�FRQFXUUHQW�
KHDOWK�FRQGLWLRQV�DIIHFWLQJ�WKH�KHDUW��
OXQJV��DQG�XULQDU\�V\VWHPV�

'XH�LQ�ODUJH�SDUW�WR�LQYHVWLJDWLRQV�
DW� WKH� 8QLYHUVLW\� RI� :DVKLQJWRQ�
+DUERUYLHZ� 0HGLFDO� &HQWHU�� SHOYLF�
VWDELOL]DWLRQ�WHFKQLTXHV�KDYH�SURJUHVVHG�
IDU�EH\RQG�SURORQJHG�EHG�UHVW��ERG\�
FDVWLQJ��DQG�VNHOHWDO�WUDFWLRQ��7KH�PRVW�
UHFHQW� DGYDQFHV� DUH� GXH� WR� IRFXVHG�
VXUJLFDO�H[SHULHQFH�DQG�LQWUD�RSHUDWLYH�
ÀXRURVFRSLF� LPDJLQJ� WHFKQLTXHV� WKDW�
HQDEOH�¿[DWLRQ�ZLWK�PLQLPDO� VXUJLFDO�
H[SRVXUH� DQG� GLVVHFWLRQ�� )RU�PDQ\�
VXUJHRQV�� WKH� SHOYLV� LV� D� GLIILFXOW�

ERQH� WR� XQGHUVWDQG� EHFDXVH� RI� LWV�
XQLTXH�RVVHXV�PRUSKRORJ\��DQDWRPLFDO�
YDULDQWV�� DQG� WRSRJUDSK\��:H� KDYH�
GLVFRYHUHG� VHYHUDO� FRQVLVWHQW� SHOYLF�
RVVHXV� SDWKZD\V� WKDW� H[LVW� LQ�PRVW�
SDWLHQWV��7KHVH�JHRPHWULFDOO\�FRPSOH[�
ERQH\� ³WXEHV´� DUH� FDQFHOORXV� ERQH�
F\OLQGHUV� RI� GLIIHUHQW� GLPHQVLRQV�
DQG� RULHQWDWLRQV� VXUURXQGHG� E\�
FRUWLFDO� ERQH�� 7KHVH� WXEHV� DFFHSW�
DQG� DFFRPPRGDWH� IL[DWLRQ� GHYLFHV�
WKDW�FDQ�EH� LQVHUWHG�XVLQJ�PLQLPDOO\�
LQYDVLYH�VXUJLFDO�WHFKQLTXHV��7\SLFDOO\�
WKH�¿[DWLRQ�GHYLFHV�DUH�ODUJH�DQG�ORQJ�
ERQH�VFUHZV�WKDW�VSDQ�WKH�IUDFWXUH�RU�
OLJDPHQWRXV� LQMXU\�\HW�DUH�FRQWDLQHG�
VDIHO\�DQG�HVVHQWLDOO\�FRPSOHWHO\�ZLWKLQ�
WKH�ERQH�WXEH��%\�VWDELOL]LQJ�SHOYLF�ULQJ�
LQMXULHV��WKHVH�SHUFXWDQHRXVO\�LQVHUWHG�
LPSODQWV� GHFUHDVH� IUDFWXUH� UHODWHG�
EOHHGLQJ�� SURYLGH� SDWLHQW� FRPIRUW��
SUHYHQW� SHOYLF� GHIRUPLW\�� DQG� DOORZ�
PRELOL]DWLRQ� ZKLOH� KHDOLQJ� LV� WDNLQJ�
SODFH�

7KH�SHOYLF�RVVHXV�¿[DWLRQ�SDWKZD\V�
�2)3��DUH�SUHGLFWDEOH�DQG�FDQ�EH�LPDJHG�
LQ� WKH� RSHUDWLQJ� URRP� FRQVLVWHQWO\��
7KHUH�DUH�WZR�FRQVLVWHQW�DQWHULRU�SHOYLF�
2)3��2QH�H[WHQGV�IURP�WKH�V\PSK\VLV�

SXELV� WR� WKH� VXSUD�DFHWDEXODU� ODWHUDO�
LOLDF� UHJLRQ� DQG� LQFOXGHV� HVVHQWLDOO\�
WKH�HQWLUH�VXSHULRU�SXELF�UDPXV��7KH�
RWKHU�DQWHULRU�SHOYLF�2)3�LQFOXGHV�WKH�
LQIHULRU� SXELF� UDPXV� H[WHQGLQJ� IURP�
WKH� V\PSK\VLV� SXELV� WR� WKH� LVFKLDO�
WXEHUVRVLW\�� ,Q� FHUWDLQ� SDWLHQWV�� ERWK�
RI�WKHVH�DQWHULRU�SHOYLF�2)3�PD\�VSDQ�
DFURVV�WKH�V\PSK\VLV�SXELV��7KHUH�DUH�
VHYHUDO�PLG�SHOYLF�RU�LOLDF�2)3V��2QH�LV�
GHHS�DQG�LQFOXGHV�WKH�DQWHULRU�LQIHULRU�
LOLDF�VSLQH��SHOYLF�EULP��DQG�SRVWHULRU�
LOLLXP�� 7KH� VHFRQG� LOLDF�2)3� KDV� WZR�
SDWKZD\�RSWLRQV��H[WHQGLQJ�IURP�WKH�
LOLDF�FUHVW�WR�HLWKHU�WKH�VXSUD�DFHWDEXODU�
RU�TXDGULODWHUDO�VXUIDFH�DUHDV��7KH�WKLUG�
LOLDF� 2)3� LV� VXSHU¿FLDO� DQG� H[WHQGV�
DORQJ� DQG�ZLWKLQ� WKH� LOLDF� FUHVW�� 7KH�
SRVWHULRU�SHOYLF�2)3�LQFOXGHV�WKH�ODWHUDO�
SRVWHULRU�LOLXP��VDFURL�LOLDF�MRLQWV��DQG�
XSSHU�WZR�VDFUDO�YHUWHEUDO�VHJPHQWV��
,Q�VRPH�SDWLHQWV��WKH�SRVWHULRU�SHOYLF�
2)3�H[WHQGV�WUDQV�LOLDF�DQG�WUDQV�VDFUDO�
VSDQQLQJ� IURP� RQH� SRVWHULRU� LOOLXP��
WKURXJK�WKH�HQWLUH�XSSHU�VDFUXP��DQG�
H[LWLQJ� WKH� FRQWUDODWHUDO� LOLDF� FRUWLFDO�
ERQH��$QRWKHU�SHOYLF�2)3�H[WHQGV�IURP�
WKH� SHOYLF� EULP�� UHPDLQV� LQWUDRVVHXV�
DQG�SRVWHULRU�WR�WKH�DFHWDEXOXP��DQG�
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HQGV� DW� WKH� LVFKLDO� WXEHURVLW\�� 8SSHU�
VDFUDO�PRUSKRORJ\� LV� TXLWH� YDULDEOH��
VR� SUHRSHUDWLYH� SODQQLQJ� DQG� LQWUD�
RSHUDWLYH�LPDJLQJV�DUH�YLWDO�WR�VDIH�DQG�
VXFFHVVIXO�LPSODQW�LQVHUWLRQV��

5HGXFWLRQ�RI�WKH�SHOYLF�ULQJ�LQMXU\�
VLWHV� SULRU� WR� IL[DWLRQ� LV� VLPLODUO\�
FULWLFDO� WR� VDIH� LPSODQW� DSSOLFDWLRQ�

ZLWKLQ� WKHVH�2)3V��0LV�DOLJQPHQW� RI�
WKHVH� SHOYLF� 2)3V� QDUURZV� WKH� VDIH�
UHJLRQ� IRU� LPSODQW� SODFHPHQW� DQG�
WKHUHIRUH�LQFUHDVHV�WKH�LQMXU\�ULVN�IRU�
VXUURXQGLQJ� DQDWRPLFDO� VWUXFWXUHV�
VXFK� DV� YLVFHUD�� DUWHULHV�� YHLQV�� DQG�
QHUYH� URRWV�� 3RRU� UHGXFWLRQ� DOORZV�
UHVLGXDO� IUDFWXUH� LQVWDELOLW\� DQG�PD\�

EH�UHODWHG�WR�KLJKHU�LPSODQW�IDLOXUH�DQG�
IUDFWXUH�QRQXQLRQ�UDWHV�

$W�+DUERUYLHZ�0HGLFDO�&HQWHU��ZH�
KDYH�XVHG�HDUO\�PDQLSXODWLYH�UHGXFWLRQ�
DQG�PLQLPDOO\�LQYDVLYH�RU�SHUFXWDQHRXV�
¿[DWLRQ� WHFKQLTXHV� IRU� WZHQW\� \HDUV�
ZLWK� RYHUDOO� H[FHOOHQW� UHVXOWV�� 7KHVH�
SURFHGXUHV�FDQ�EH�URXWLQHO\�SHUIRUPHG�
DV�D�SRUWLRQ�RI�SDWLHQWV¶�UHVXVFLWDWLRQ�
HIIRUWV� LI� QHFHVVDU\�� 7KH� HDUO\� SHOYLF�
UHGXFWLRQ� DQG� VWDELOLW\� GHFUHDVHV�
UHODWHG� KHPRUUKDJH�� ZKLFK� KDV� D�
SRVLWLYH� LPSDFW� RQ� SDWLHQW� VXUYLYDO��
6LPLODUO\��HDUO\�UHGXFWLRQ�DQG�¿[DWLRQ�
SURYLGH�FRPIRUW�DQG�DOORZ�WKH�SDWLHQW�
WR� EH�PRELOL]HG� LQWR� D� FKDLU� RU� RQWR�
FUXWFKHV� GHSHQGLQJ� RQ� WKH� RYHUDOO�
SDWLHQW� FRQGLWLRQ� DQG� LQMXU\� GHWDLOV��
8VLQJ�WKH�QXPHURXV�SHOYLF�2)3��VWDEOH�
¿[DWLRQ�LPSODQWV�FDQ�EH�LQVHUWHG�VDIHO\�
DQG� WKURXJK� VPDOO� VWDE� LQFLVLRQV��
7KHVH�VPDOO�VXUJLFDO�ZRXQGV�GHFUHDVH�
EOHHGLQJ��VFDUULQJ��DQG�LQIHFWLRQ�UDWHV�
VLJQL¿FDQWO\��6XFK�SURFHGXUHV�FDQ�EH�
SHUIRUPHG� H[SHGLWLRXVO\� EHQHILWLQJ�
WKH�SDWLHQW�E\�VDYLQJ�DQHVWKHVLD�DQG�
VXUJHU\�WLPH��+HDOWK�FDUH�GROODUV�DUH�
VDYHG�DV�WKH�SDWLHQWV�DUH�UHKDELOLWDWHG�
TXLFNO\� DQG� HIILFLHQWO\�� DQG� FDQ� EH�
GLVFKDUJHG� WR� KRPH� VRRQHU�� 7KHVH�
SDWLHQWV� FDQ� UHWXUQ� WR� ZRUN� ZLWKLQ�
VHYHUDO� ZHHNV� LI� WKHLU� MRE� VLWXDWLRQV�
ZLOO� DOORZ� WKHP� WR�� 7KH� DFFXUDWH�
UHGXFWLRQ�DQG�VWDEOH�¿[DWLRQ�SURPRWH�
QRUPDO�KHDOLQJ�DQG�SUHYHQW�GLVDEOLQJ�
GHIRUPLWLHV��$YRLGLQJ�SHOYLF�GHIRUPLW\�
KHOSV� WKH� SDWLHQW� DYRLG� SRWHQWLDO�
DVVRFLDWHG� FKURQLF� SDLQ� DQG� JDLW�
GLVWXUEDQFHV�DPRQJ�RWKHUV��

)LJXUH����7KH�FRPPRQ�RVVHXV�¿[DWLRQ�SDWKZD\V��2)3��DUH�UHSUHVHQWHG�DV�VLPSOH�WXEHV�
VXSHULPSRVHG�RQ�WKLV�DQWHURSRVWHULRU�SHOYLF�UDGLRJUDSK��7KH�ZKLWH�WXEHV�UHSUHVHQW�WKH�
LOLDF�FUHVW�DUHDV��7KH�EODFN�WXEH�GHPRQVWUDWHV�WKH�2)3�SRVWHULRU�WR�WKH�DFHWDEXOXP�IURP�
WKH�LVFKLXP�WR�WKH�SHOYLF�EULP���7KH�OLJKW�JUH\�2)3�LV�WKH�XSSHU�VDFUDO�DUHD�ZKHUH�LOLRVDFUDO�
VFUHZV�DUH�DSSOLHG��7KH�GDUN�JUH\�WXEH�UHSUHVHQWV�WKH�2)3�H[WHQGLQJ�IURP�DQWHULRU�LQIHULRU�
LOLDF�VSLQH�WR�WKH�SRVWHULRU�LOLXP��7KH�HPSW\�WXEHV�DOORZ�VFUHZ�¿[DWLRQ�IURP�WKH�LOLDF�FUHVW�WR�
HLWKHU�WKH�VXSUD�DFHWDEXODU�UHJLRQ�RU�TXDGULODWHUDO�VXUIDFH��7KH�PHGLXP�JUH\�2)3�H[WHQGV�
IURP�WKH�SXELF�WXEHUFOH�WR�WKH�VXSUD�DFHWDEXODU�DUHD�DQG�LV�FUDQLDO�DQG�PHGLDO�WR�WKH�KLS�
MRLQW��7KH�OLJKW�PHGLXP�JUH\�2)3�VSDQV�WKH�LQIHULRU�UDPXV�IURP�SXELV�WR�LVFKLXP��%RWK�
DQWHULRU�SHOYLF�2)3V�FDQ�VSDQ�WKH�V\PSK\VLV�SXELV�LI�QHFHVVDU\�IRU�¿[DWLRQ�

)LJXUH�����$	%��$��7KH�SODLQ�SHOYLF�UDGLRJUDSK�GHPRQVWUDWHV�DQ�XQVWDEOH�DQG�GLVSODFHG�SHOYLF�ULQJ�GLVUXSWLRQ�DQG�H[WUD�SHULWRQHDO�
EODGGHU�LQMXU\��7KH�SDWLHQW�ZDV�LQMXUHG�LQ�D�KLJK�VSHHG�FDU�FUDVK�DQG�DOVR�KDG�D�ULJKW�VLGHG�IHPXU�IUDFWXUH��7KH�SHOYLF�LQMXULHV�LQFOXGH�D�
V\PSK\VLV�SXELV�GLVUXSWLRQ��OHIW�PLG�UDPXV�IUDFWXUH��OHIW�VDFURLOLDF�MRLQW��6,-��GLVUXSWLRQ��ULJKW�LQFRPSOHWH�6,-�LQMXU\��DQG�ULJKW�WUDQVYHUVH�
DFHWDEXODU�IUDFWXUH���%��$IWHU�DFXWH�HYDOXDWLRQ�DQG�UHVXVFLWDWLRQ��KHU�SHOYLF�LQMXULHV�ZHUH�WUHDWHG�ZLWK�PDQLSXODWLYH�UHGXFWLRQ�XVLQJ�DQ�
DQWHULRU�SHOYLF�FRPSUHVVLRQ�GHYLFH��IROORZHG�E\�WUDQV�LOLDF�WUDQV�VDFUDO�VFUHZ�¿[DWLRQ��$QWHJUDGH�ELODWHUDO�VXSHULRU�SXELF�UDPXV�VFUHZV�
ZHUH�XVHG�WR�VWDELOL]H�WKH�DFHWDEXODU�DQG�OHIW�UDPXV�IUDFWXUHV��DQG�WKH�SHOYLF�FRPSUHVVRU�ZDV�WKHQ�H[FKDQJHG�IRU�URXWLQH�DQWHULRU�
SHOYLF�H[WHUQDO�¿[DWLRQ��$�WRWDO�RI�VL[�VPDOO�VWDE�ZRXQGV�ZHUH�XVHG�WR�DSSO\�WKH�SHOYLF�¿[DWLRQ��7KH�SHOYLF�SURFHGXUHV�WRRN�OHVV�WKDQ���
WRWDO�KRXUV�WR�FRPSOHWH�ZLWK�QHJOLJLEOH�RSHUDWLYH�EORRG�ORVV��1H[W�KHU�ULJKW�IHPXU�IUDFWXUH�ZDV�WUHDWHG�ZLWK�D�PHGXOODU\�UHDPHG�ORFNHG�
QDLOLQJ�DW�WKH�VDPH�DQHVWKHWLF�
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0LQLPDOO\� LQYDVLYH� SHOYLF� VXUJHU\�
LV�REYLRXVO\�DGYDQWDJHRXV��:KLOH�QRW�
HYHU\�SHOYLF�ULQJ�LQMXU\�LV�DPHQDEOH�WR�
LW��WKH�JUHDW�PDMRULW\�RI�WKHVH�LQMXULHV�
DUH�� ,WV� VXFFHVV� GHSHQGV� RQ� HDUO\�
LQWHUYHQWLRQ�� FRPSOHWH� SUHRSHUDWLYH�
SODQQLQJ�� KLJK� TXDOLW\� IOXRURVFRSLF�
LPDJLQJ�� DFFXUDWH� RYHUDOO� SHOYLF�
UHGXFWLRQ��WKRURXJK�NQRZOHGJH�RI�WKH�
SHOYLF�2)3V��DQG�VWDEOH�¿[DWLRQ�

5HFRPPHQGHG�5HDGLQJ

*DUGQHU�0-��)DUUHOO�('��1RUN�6(��6HJLQD�
'1��&KLS�5RXWW�0/� -U�� � 3HUFXWDQHRXV�
3ODFHPHQW�RI�,OLRVDFUDO�6FUHZV�:LWKRXW�
(OHFWURGLDJQRVWLF�0RQLWRULQJ��-�7UDXPD���
�����6HSW��

0RHG� %5�� ) LVVHO � %$�� -DVH\� *���
3HUFXWDQHRXV�WUDQVLOLDF�SHOYLF�IUDFWXUH�
¿[DWLRQ��FDGDYHU�IHDVLELOLW\�VWXG\�DQG�
SUHOLPLQDU\�FOLQLFDO�UHVXOWV���-�7UDXPD��
�����)HE����������������

5HLOO\�0&��%RQR�&0��/LWNRXKL�%��6LUNLQ�
0�� %HKUHQV� ))�� � 7KH� HIIHFW� RI� VDFUDO�
IUDFWXUH� PDOUHGXFWLRQ� RQ� WKH� VDIH�
SODFHPHQW� RI� LOLRVDFUDO� VFUHZV�� � -�
2UWKRS�7UDXPD�������-DQ�

6WDUU� $-�� 1DNDWDQL� 7�� 5HLQHUW� &0��
&HGHUEHUJ�.�����6XSHULRU�SXELF�UDPXV�
IUDFWXUHV� IL[HG� ZLWK� SHUFXWDQHRXV�
VFUHZV��ZKDW�SUHGLFWV�¿[DWLRQ�IDLOXUH"�
-� 2UWKRS� 7UDXPD�� ����� )HE�� �������
�����

)LJXUH�����$	%��$��7KLV�DFWLYH����\HDU�ROG�PDOH�GHYHORSHG�VHYHUH�OXPERVDFUDO�SDLQ�ZHHNV�DIWHU�H[WHUQDO�UDGLDWLRQ�WUHDWPHQW�IRU�KLV�
SURVWDWLF�FDQFHU��+H�ZDV�DQ�DYLG�WHQQLV�SOD\HU�EXW�ZDV�XQDEOH�WR�ZDON�GXH�WR�SRVWHULRU�SHOYLF�DQG�ORZ�EDFN�SDLQ��5DGLRJUDSKLF�HYDOXDWLRQ�
UHYHDOHG�D�GLVSODFHG�8�VKDSHG�LQVXI¿FLHQF\�IUDFWXUH�RI�WKH�XSSHU�VDFUXP��+H�RSWHG�IRU�SHUFXWDQHRXV�¿[DWLRQ�RI�WKH�IUDFWXUH�XVLQJ�
ELODWHUDO�WUDQVLOLDF�WUDQVVDFUDO�VFUHZV��%��7KH�SRVWRSHUDWLYH�SHOYLF�&7�VFDQ�LPDJH�GHPRQVWUDWHV�WKH�IUDFWXUH�VLWHV�DQG�VFUHZ�ORFDWLRQV��
+LV�SDLQ�UHVROYHG�VRRQ�DIWHU�VXUJHU\��DQG�KH�UHWXUQHG�WR�KLV�SULRU�DFWLYLWLHV���PRQWKV�ODWHU�
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%RQH�/RVV�'XULQJ�6SDFHÀLJKW�±�$�)DLOXUH�RI�5HJHQHUDWLRQ

�� %RQH�ORVV�GXULQJ�VSDFHÀLJKW�KDV�EHHQ�D�NQRZQ�KHDOWK�LVVXH�IRU�PRUH�WKDQ����\HDUV�
�� 7KH�PHFKDQLVP�DSSHDUV�WR�EH�HQKDQFHG�UHVRUSWLRQ�XQEDODQFHG�E\�HQKDQFHG�ERQH�� �

� IRUPDWLRQ�
�� 5LVN�RI�IUDFWXUH�DQG�UHQDO�VWRQHV�KDYH�ERWK�EHHQ�LGHQWL¿HG�E\�1$6$�DV�SRWHQWLDOO\�� �

� PLVVLRQ�OLPLWLQJ�
�� $VWURQDXWV�RQ�ORQJ�GXUDWLRQ�PLVVLRQV�W\SLFDOO\�ORVH����RI�KLS�ERQH�PDVV�SHU�PRQWK�
�� 7KLV�ORVV�LV�DV�PXFK�LQ�D�PRQWK�DV�SRVW�PHQRSDXVDO�ZRPHQ�ORVH�LQ�D�\HDU�
�� ,QWHUQDWLRQDO�6SDFH�6WDWLRQ��,66��FUHZ�PHPEHUV�DUH�UHWXUQLQJ�ZLWK�ORVVHV�RI�XS�WR������

� RI�SUR[LPDO�IHPRUDO�LQ�ERQH�PLQHUDO�GHQVLW\�DQG�����LQ�SUHGLFWHG�ERQH�VWUHQJWK�
�� 7KH�RQO\�FRXQWHUPHDVXUH�WR�ERQH�ORVV�WKDW�KDV�EHHQ�DWWHPSWHG�WR�GDWH�LV�H[HUFLVH�
�� 2XU�H[SHULPHQWV�RQ�ERDUG�WKH�,66�KDYH�VKRZQ�WKDW�H[HUFLVH�ORDGV�DUH�OHVV�WKDQ�WKRVH��

� RQ�(DUWK�
�� ��GHJUHH�KHDG�GRZQ�EHGUHVW�LV�D�JURXQG�EDVHG�DQDORJ�RI�VSDFHÀLJKW�
�� 2XU�EHGUHVW�VWXGLHV�KDYH�VKRZQ�WKDW�LQGLYLGXDOL]HG�H[HUFLVH�SUHVFULSWLRQV�FDQ�PLWLJDWH��

� WRWDO�KLS�ERQH�ORVV�LQ�VRPH�SHRSOH�
�� $�QHZ�UHVLVWDQFH�H[HUFLVH�GHYLFH�ZDV�UHFHQWO\�GHOLYHUHG�WR�WKH�,66�
�� $Q�H[SHULPHQW�ZLWK�RUDO�ELVSKRVSKRQDWHV�KDV�EHHQ�DSSURYHG�IRU�ÀLJKW�
�� 0RUH�LQIRUPDWLRQ�RQ�ERQH�ORVV�LQ�ZRPHQ�DVWURQDXWV�LV�QHHGHG�
�� 5HFRYHU\�IURP�ERQH�ORVV�LV�OHQJWK\�DQG�UHVXOWV�LQ�DOWHUHG�ERQH�VWUXFWXUH�

7KHUH� DUH� SODQV� IRU� KXPDQV� WR�
VHW� IRRW� RQ�0DUV� VRPHWLPH� LQ�
WKH� QH[W� ��� \HDUV�� %HIRUH� WKDW�

FDQ�KDSSHQ��UHVHDUFKHUV�PXVW�VROYH�D�
PDMRU�SUREOHP�WKDW�ZLOO�SXW�WKRVH�VSDFH�
H[SORUHUV�DW�ULVN�IRU�IUDFWXUH�GXULQJ�DQG�
DIWHU�WKHLU�PLVVLRQV��WKH�VLJQL¿FDQW�ORVV�
RI�ERQH�IURP�WKH�VNHOHWRQ�WKDW�RFFXUV�
GXULQJ�VSDFHÀLJKW��7KLV�SKHQRPHQRQ��
ZKLFK�KDV�EHHQ�NQRZQ�IRU�PRUH�WKDQ�
���\HDUV��DSSHDUV�WR�EH�FDXVHG�E\�DQ�
XQFRXSOLQJ� RI� WKH� SURFHVVHV� RI� ERQH�
IRUPDWLRQ� DQG� UHVRUSWLRQ� �� ZKLFK�
DUH� WLJKWO\� OLQNHG� LQ� KHDOWK\� SHRSOH�
RQ� (DUWK�� 7KLV� FRQVWDQW� EXLOGLQJ� DQG�
UHPRYDO� RI� ERQH� UHSODFHV� WKH� HQWLUH�
VNHOHWRQ�LQ�QRUPDO�KXPDQV�RYHU�D����
\HDU�SHULRG��EXW�ZRUN�GRQH�E\�6PLWK�
DQG�FROOHDJXHV�VKRZ�WKDW�LW�DSSHDUV�WKH�

XQORDGLQJ�ZKLFK�RFFXUV�LQ�VSDFHÀLJKW�
UHVXOWV� LQ� DQ� HOHYDWLRQ� RI� UHVRUSWLRQ�
ZKLOH� IRUPDWLRQ� UHPDLQV� UHODWLYHO\�
XQFKDQJHG��

7KH�ZRUN� GRQH� E\� 6PLWK¶V� JURXS�
DOVR� VKRZHG� WKDW� HOHYDWHG� H[FUHWLRQ�
RI�FDOFLXP�LQ�WKH�XULQH�EHJLQV�DOPRVW�
LPPHGLDWHO\�RQFH�DVWURQDXWV�DUULYH�LQ�
RUELW�DQG�DSSHDUV�WR�FRQWLQXH�XQDEDWHG�
GXULQJ�WKH�HQWLUH�ÀLJKW��,Q�DGGLWLRQ�WR�
SXWWLQJ� DVWURQDXWV� DW� ULVN� IRU� UHQDO�
VWRQHV��WKLV�H[FUHWLRQ�RI�FDOFLXP�OHDGV�
WR�D�ORVV�LQ�ERQH�PLQHUDO�GHQVLW\�DQG�
DQ�LQFUHDVHG�ULVN�RI�IUDFWXUH�GXULQJ�DQG�
DIWHU�ORQJ�GXUDWLRQ�PLVVLRQV��

%DVHG� RQ� TXDQWLWDWLYH� FRPSXWHU�
WRPRJUDSK\� �4&7�� WDNHQ� EHIRUH� DQG�
DIWHU� ���� PRQWK� PLVVLRQV� WR� WKH�
,QWHUQDWLRQDO� 6SDFH� 6WDWLRQ� �,66���

/DQJ�HW�DO��GHPRQVWUDWHG�WKDW�D�ORVV�RI�
FRUWLFDO�DQG��PRUH�QRWDEO\��WUDEHFXODU�
ERQH� RFFXUV� LQ� WKH� SUR[LPDO� KLS� DW�
UDWHV� EHWZHHQ� ���������SHU�PRQWK���
6XFK�ORVVHV��H[WUDSRODWHG�WR�WKH�����
\HDU� GXUDWLRQ� RI� 0DUWLDQ�PLVVLRQV��
ZRXOG�KDYH�VHYHUH�FRQVHTXHQFHV� IRU�
VNHOHWDO� LQWHJULW\�� 3XW� LQ� WKH� FRQWH[W�
RI�ERQH�KHDOWK�RQ�(DUWK��WKHVH�ORVVHV�
DUH� DSSUR[LPDWHO\� ��� WLPHV� JUHDWHU�
WKDQ�WKRVH�VHHQ�LQ�D�SRVW�PHQRSDXVDO�
ZRPDQ�DV�UHSRUWV�E\�0D]]XROL�HW�DO���

$OWKRXJK� ERQH� PLQHUDO� GHQVLW\�
�%0'��LV�W\SLFDOO\�XVHG�DV�D�PHDVXUH�
RI� FKDQJH� LQ� ERQH�KHDOWK�� WKLV� LQGH[�
LV� XQGHU� VLJQL¿FDQW� DVVDXOW� EHFDXVH�
LW� LV� RQO\� RQH� IDFHW� RI� WKH� FRPSOH[�
VHW� RI� YDULDEOHV� WKDW� FRQWULEXWH� WR�
ERQH� VWUHQJWK� �� RU� UHVLVWDQFH� WR�
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IUDFWXUH���7KLV�LVVXH�KDV�UHFHQWO\�EHHQ�
GUDPDWLFDOO\� LOOXVWUDWHG� LQ� UHODWLRQ� WR�
VSDFHÀLJKW�E\�.H\DN�HW�DO��ZKR�VKRZHG�
WKDW� WKH� FKDQJHV� LQ� %0'� GHVFULEHG�
DERYH�GXULQJ�PLVVLRQV�WR�WKH�,66�FDQ�
UHVXOW� LQ� UHGXFWLRQV� RI� XS� WR� ���� LQ�
WKH�SUHGLFWHG�VWUHQJWK�RI�WKH�SUR[LPDO�
IHPXU�

7KH�RQO\�FRXQWHUPHDVXUH�WR�WKHVH�
VNHOHWDO� FKDQJHV� WKDW� KDV� VR� IDU�
EHHQ�DWWHPSWHG� LV�H[HUFLVH�� �&XUUHQW�
PRGHV� RI� H[HUFLVHV� DYDLODEOH� RQ� WKH�
,66� DUH� UHVLVWDQFH� H[HUFLVH�� F\FOLQJ��
DQG�WHWKHUHG�WUHDGPLOO�UXQQLQJ��6XFK�
H[HUFLVH� UHTXLUHV� WKDW� WKH� VXEMHFW�
EH� ³WHWKHUHG´� WR� WKH� H[HUFLVH� GHYLFH�
�DV�VKRZQ�LQ�)LJXUH����RU�WKH\�ZRXOG�

VLPSO\�ÀRDW�DZD\�IURP�WKH�GHYLFH�DIWHU�
WKH�¿UVW�IRRW�FRQWDFW���7KH�WHWKHU�FDQ�
EH�WKRXJKW�RI�DV�SURYLGLQJ�D�³JUDYLW\�
UHSODFHPHQW´� DQG� WKH� WHQVLRQ� LQ� WKH�
WHWKHU�ZLOO�GLUHFWO\� LQÀXHQFH� WKH� ORDG�
WKDW� LV� H[SHULHQFHG� RQ� WKH� IHHW��:H�
KDYH�PHDVXUHG� WKHVH� ORDGV� GXULQJ�
H[HUFLVH�RQ�RUELW�DQG�KDYH�IRXQG�WKDW�
WKHUH� LV� D� ���� UHGXFWLRQ� FRPSDUHG�
ZLWK�ZDONLQJ�RQ�(DUWK�������%:�YV������
%:��DQG�D�����UHGXFWLRQ�FRPSDUHG�
ZLWK�UXQQLQJ�RQ�(DUWK������%:�YV�������
%:����0HDQ�RQ�RUELW� ORZHU�H[WUHPLW\�
ORDGV� GXULQJ� F\FOLQJ� H[HUFLVH� ZHUH�
RQO\������%:���:H��WKHUHIRUH��EHOLHYH�
WKDW�RQH�RI�WKH�UHDVRQV�ZK\�H[HUFLVH�
KDV�EHHQ�LQHIIHFWLYH�WR�GDWH�KDV�EHHQ�

WKH�ODFN�RI�³(DUWK�OLNH´�ORDGLQJ�GXULQJ�
H[HUFLVH�

7R� WHVW� WKLV� K\SRWKHVLV�� ZH� DUH�
FRQGXFWLQJ� DQ� H[SHULPHQW� WKDW� XVHV�
EHG� UHVW� DV� D�PRGHO� RI� VSDFHÀLJKW���
+HDOWK\�YROXQWHHUV�DJUHH�WR�UHPDLQ�LQ�
EHG��WLOWHG���GHJUHHV�KHDG�GRZQ��IRU�
��� GD\V�ZLWKRXW� VLWWLQJ� XS�� VWHSSLQJ�
GRZQ��RU�RWKHUZLVH�DOORZLQJ�JUDYLW\�WR�
DFW�DORQJ� WKH� ORQJ�D[LV�RI� WKHLU� OHJV��
+DOI� WKH� VXEMHFWV� DUH� UDQGRPL]HG�
WR� D� FRQWURO� FRQGLWLRQ� LQ�ZKLFK� WKH\�
SHUIRUP� QR� ORDG�EHDULQJ� DFWLYLW\� EXW�
VRPH�VWUHWFKLQJ�H[HUFLVH�IRU�WKH�HQWLUH�
���ZHHN�SHULRG��)LYH�WLPHV�SHU�ZHHN��
WKH�RWKHU�KDOI�RI�WKH�VXEMHFWV�DUH�WDNHQ�
LQ� D� KRUL]RQWDO� SRVLWLRQ� WR� D� XQLTXH�
H[HUFLVH�IDFLOLW\�FDOOHG�WKH�=HUR�*UDYLW\�
/RFRPRWLRQ�6LPXODWRU��=/6���)LJXUH����
WKDW�DOORZV�WKHP�WR�H[HUFLVH�DV�LI�WKH\�
DUH�LQ�VSDFH���-XVW�DV�RFFXUV�LQ�VSDFH��
ZH�DSSO\�ORDGV�RQ�WKH�WHWKHU�XVLQJ�D�
VSHFLDO�KDUQHVV�WKDW�KDV�EHHQ�GHVLJQHG�
EDVHG�RQ�EDFNSDFN�WHFKQRORJ\�WR�PRUH�
FRPIRUWDEO\� GLVWULEXWH� WKH� JUHDWHU�
ORDGV�WKDW�ZH�DUH�DSSO\LQJ�FRPSDUHG�
WR� WKH� KDUQHVVHV� SUHYLRXVO\� XVHG� LQ�
VSDFH���7KH�FRQWURO�VXEMHFWV�DUH�DOVR�
VXVSHQGHG� ILYH� WLPHV� SHU� ZHHN� LQ�
WKH�=/6�LQ�WKH�KRUL]RQWDO�SRVLWLRQ�EXW�
GLG� QRW� SHUIRUP� H[HUFLVH�� � 7KH� %0'�
UHVXOWV� IURP� RXU� VWXG\� �)LJXUH� ����
ZKLFK�LV�FXUUHQWO\�DW�WKH�KDOI�ZD\�SRLQW��
DUH� H[WUHPHO\� SURPLVLQJ�� 7KH� ERQH�
PLQHUDO�GHQVLW\�GDWD� IURP�4&7�VKRZ�
D�SURWHFWLYH�HIIHFW�WKDW�UHSUHVHQWV�WKH�
PRVW� VXFFHVVIXO�PLWLJDWLRQ� RI� ERQH�
ORVV� E\� H[HUFLVH� FRXQWHUPHDVXUHV�
FRPSDUHG�WR�VWXGLHV�LQ�WKH�OLWHUDWXUH��
7KH�¿YH�H[HUFLVH�VXEMHFWV�FRPSOHWHG�
WR� GDWH� VKRZ� D�PHDQ� JDLQ� LQ� WRWDO�
KLS� YROXPHWULF� ERQH�PLQHUDO� GHQVLW\�
�Y%0'���PHDVXUHG�XVLQJ�4&7��ZKLOH�DOO�
DQDWRPLFDO�UHJLRQV�DQG�FRPSDUWPHQWV�
�FRUWLFDO� DQG� WUDEHFXODU�� LQ� WKH� VL[�
FRQWURO� VXEMHFWV� VKRZ� ORVVHV� VLPLODU�
WR�WKRVH�VHHQ�LQ�VSDFHÀLJKW��8ULQH�DQG�
VHUXP�ERQH�PDUNHU�UHVXOWV�DOVR�VXSSRUW�
WKH� HI¿FDF\� RI� RXU� FRXQWHUPHDVXUH��
([HUFLVLQJ�VXEMHFWV�KDG�KLJKHU� OHYHOV�
RI�D�ERQH�IRUPDWLRQ�PDUNHU�DQG�ORZHU�
FDOFLXP�DQG�UHVRUSWLRQ�PDUNHU� OHYHOV�
ZKHQ� FRPSDUHG� WR� FRQWUROV�� 7KHVH�
¿QGLQJV�VXJJHVW�WKDW�WKH�%0'�FKDQJHV�
WKDW�RFFXUUHG�DV�D�UHVXOW�RI�RXU�H[HUFLVH�
LQWHUYHQWLRQ� RFFXUUHG� SDUWO\� WKURXJK�
DWWHQXDWLRQ�RI�WKH�UHVRUSWLRQ�W\SLFDOO\�
VHHQ�LQ�VHGHQWDU\�EHGUHVW�DQG�SDUWO\�
GXH�WR�LQFUHDVHG�IRUPDWLRQ��

$� QHZ� H[HUFLVH�PDFKLQH�� FDOOHG�
D5('� �DGYDQFHG� 5HVLVWDQFH� ([HUFLVH�
'HYLFH���ZDV�GHOLYHUHG� WR� WKH� ,66� LQ�

)LJXUH�����$VWURQDXW�UXQQLQJ�RQ�D�WHWKHUHG�WUHDGPLOO�RQ�WKH�,66�ZKLOH�ZHDULQJ�D�VHW�RI�
LQVWUXPHQWDWLRQ�WKDW�ZH�GHYLVHG�WR�PHDVXUH�MRLQW�PRWLRQ��PXVFOH�DFWLYLW\��DQG�JURXQG�
UHDFWLRQ�IRUFHV�
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ODWH� ������ DQG� WKLV�PDFKLQH� DOORZV�
FRQVLGHUDEO\�JUHDWHU�ORDGV�WKDQ�ZHUH�
SRVVLEOH� XVLQJ� SUHYLRXV� RQ�RUELW�
H[HUFLVH�GHYLFHV��,W�ZLOO�EH�LQWHUHVWLQJ�
WR�VHH�LI�XVH�RI�WKLV�PDFKLQH�FDQ�KDYH�
DQ�LPSDFW�RQ�ERQH�ORVV�RI�IXWXUH�,66�
RFFXSDQWV�

2QH�LPSRUWDQW�DUHD�LQ�ZKLFK�PRUH�

LQIRUPDWLRQ� LV� QHHGHG� LV� WKH� ERQH�
KHDOWK�RI�ZRPHQ�GXULQJ�ORQJ�GXUDWLRQ�
VSDFHÀLJKW���&XUUHQWO\��WKH�PHQVWUXDO�
SHULRGV� RI� ZRPHQ� DVWURQDXWV� DUH�
LQKLELWHG�E\�KRUPRQDO�WKHUDS\�GXULQJ�
VSDFHÀLJKWV�RI�XS�WR���PRQWKV�GXUDWLRQ�
DQG� DFFRUGLQJ� WR�0DUN� HW� DO��� WKLV� LV�
QRW�D�YLDEOH�VWUDWHJ\�IRU�LQWHUSODQHWDU\�

PLVVLRQV� ODVWLQJ� ���� \HDUV�� %HGUHVW�
VWXGLHV� RI� \RXQJ�ZRPHQ� YROXQWHHUV�
FRQGXFWHG� E\� 6PLWK� DQG� KLG� JURXS�
KDYH� VXJJHVWHG� WKDW� WKH\� ORVH� ERQH�
DW� D� VLPLODU� UDWH� WR� \RXQJ�PHQ�� EXW�
VLQFH� WKH� DYHUDJH� DJH� RI� DVWURQDXWV�
LV�FXUUHQWO\�DERXW����\HDUV��ZH�QHHG�
PRUH�LQIRUPDWLRQ�DERXW�ZRPHQ�LQ�WKLV�
DJH�JURXS�

*LYHQ� WKH� IDFW� WKDW� PLOOLRQV� RI�
ZRPHQ� DURXQG� WKH�ZRUOG� DUH� WDNLQJ�
DQWL�UHVRUSWLYH�GUXJV��LW�LV�UHPDUNDEOH�
WKDW� WKHVH� DJHQWV� KDYH� QRW� EHHQ�
XVHG�LQ�VSDFH���7KHUH�KDV�EHHQ�VRPH�
FRQFHUQ� DERXW� PLG�OLIH� DVWURQDXWV�
XVLQJ� GUXJV� GHVLJQHG� DQG� WHVWHG�
IRU� YHUWHEUDO� IUDFWXUH� SUHYHQWLRQ�
LQ� SRVW�PHQRSDXVDO� ZRPHQ�� � 7KH�
UHFHQW�DVVRFLDWLRQ�RI�ELVSKRVSKRQDWH�
XVH�ZLWK�RVWHRQHFURVLV�RI�WKH�MDZ�E\�
6LOYHUPDQ� DQG� /DQGHVEHUJ� KDV� DOVR�
GDPSHQHG� HQWKXVLDVP� DPRQJ� WKH�
$VWURQDXW�&RUSV� IRU�XVH�RI� WKLV�FODVV�
RI�GUXJV�� �+RZHYHU��D�SURWRFRO�XVLQJ�
DQ�RUDO�ELVSKRVSKRQDWH��DOHQGURQDWH��
KDV�EHHQ�DSSURYHG�IRU�ÀLJKW��DQG�WKH�
ILUVW� DVWURQDXW� VXEMHFW� LV� FXUUHQWO\�
HQUROOHG�

/LIHWLPH�ERQH�KHDOWK�LV�D�VLJQL¿FDQW�
FRQFHUQ� IRU� UHWXUQLQJ� ORQJ�GXUDWLRQ�
DVWURQDXWV��6WXGLHV�E\�6LERQJD��/DQJ�
DQG� FROOHDJXHV� KDYH� VKRZQ� WKDW�
DOWKRXJK�����UHFRYHU\�RI�%0'�DSSHDUV�
WR� RFFXU� LQ� WKH� ¿UVW� ��PRQWKV� DIWHU�
ODQGLQJ� WKH�ERQH�VWUXFWXUH� LV�DOWHUHG�
LQ�D�PDQQHU�WKDW�VXJJHVWV�SUHPDWXUH�
VNHOHWDO�DJLQJ�

7KH� LQWHJULW\� RI� WKH� VNHOHWRQ� LV�
FULWLFDO� WR� DVWURQDXW� ¿WQHVV� IRU� GXW\�
GXULQJ� LQWHUSODQHWDU\�PLVVLRQV� DQG�
PXFK� UHPDLQV� WR� EH� OHDUQHG� DERXW�
VWUDWHJLHV� WR� SUHYHQW� WKH� FXUUHQW�
XQDFFHSWDEO\�KLJK�OHYHOV�RI�ERQH�ORVV���
$�FRPELQDWLRQ�RI�SUH��DQG�SRVW�ÀLJKW�
H[SHULPHQWV�DQG�EHGUHVW� VWXGLHV�DUH�
EHJLQQLQJ� WR� SURYLGH� OHDGV� WKDW�PD\�
VROYH� WKLV� LPSRUWDQW� SUREOHP� ZHOO�
EHIRUH�DVWURQDXWV�WDNH�WKHLU�¿UVW�VWHS�
RQWR�WKH�0DUWLDQ�VXUIDFH�

$FNQRZOHGJPHQWV
7KLV� ZRUN�ZDV� VXSSRUWHG� E\� WKH�

1DWLRQDO� $HURQDXWLFV� DQG� 6SDFH�
$GPLQLVWUDWLRQ�� WKH� 1DWLRQDO� 6SDFH�
%LRPHGLFDO� 5HVHDUFK� ,QVWLWXWH�� DQG�
WKH�(QGRZHG�&KDLU�LQ�:RPHQ¶V�6SRUWV�
0HGLFLQH�DQG�/LIHWLPH�)LWQHVV�

5HFRPPHQGHG�5HDGLQJ

%RX[VHLQ� 0/�7HFKQRORJ\� LQVLJKW��
QRQLQYDVLYH� DVVHVVPHQW� RI� ERQH�
VWUHQJWK�LQ�RVWHRSRURVLV��1DW�&OLQ�3UDFW�

)LJXUH����$YHUDJH�SHDN�JURXQG�UHDFWLRQ�IRUFHV��LQ�PXOWLSOHV�RI�ERG\�ZHLJKW��GXULQJ�ERXWV�
RI�H[HUFLVH�RQ�(DUWK���J��DQG�RQ�RUELW���J����7KH�ZDONLQJ�DQG�UXQQLQJ�GDWD�DUH�PHDQ�
YDOXHV�IRU�D�WRWDO�RI����WULDOV�RQ�(DUWK�DQG����WULDOV�DQG�RQ�RUELW�LQ���FUHZPHPEHUV���2QO\�
RQH�WULDO�IRU�F\FOLQJ�ZDV�DYDLODEOH�RQ�RUELW���3HDN�IRUFHV�GXULQJ�ZDONLQJ�DQG�UXQQLQJ�ZHUH�
RQ�DYHUDJH����DQG�����ORZHU�RQ�RUELW�WKDQ�RQ�(DUWK��UHVSHFWLYHO\�����

)LJXUH�����7KH�=HUR�*UDYLW\�/RFRPRWLRQ�6LPXODWRU��=/6��RQ�ZKLFK�EHGUHVW�VXEMHFWV�DUH�
H[HUFLVHG�WR�VLPXODWH�H[HUFLVH�GXULQJ�VSDFHÀLJKW��
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5KHXPDWRO�������-XQ������������

&DYDQDJK��3�5���5LFH��$�-��/LFDWD��$�$��
���<HDUV�RI�%RQH�/RVV�LQ�6SDFH���&KDSWHU�
�� LQ� %RQH� /RVV� GXULQJ� 6SDFHIOLJKW�
&DYDQDJK�� 35�� DQG� 5LFH�� $-�� �(GV����
&OHYHODQG�&OLQLF�3UHVV�������

*HQF�� .�2��� +XPSKUH\V�� %�7��� DQG�
&DYDQDJK��3�5���(QKDQFHG�'DLO\�/RDG�
6WLPXOXV�� $� 0HWKRG� $FFRXQWLQJ� IRU�
&\FOLFDO� /RDGLQJ� DQG� 6WDQGLQJ� RQ�
2VWHRJHQHVLV�� >6XEPLWWHG� WR� $YLDW�
6SDFH�(QYLURQ�0HG@�

*RSDODNULVKQDQ�� 5��� 5LFH�� $�-��� /HH��
6�0�&��� (YDQV�� +�-��� 0DHQGHU�� &�&���
,ODVODQ��+���*HQF��.�2��DQG�&DYDQDJK��
3�5�� � &KDQJHV� LQ� 0XVFOH� 9ROXPH��
6WUHQJWK� DQG� (QGXUDQFH� DIWHU� /RQJ�
'XUDWLRQ�6SDFHÀLJKW��>7R�EH�VXEPLWWHG�
WR�$YLDW�6SDFH�(QYLURQ�0HG@�

.H\DN� -+�� .R\DPD� $.�� /H%ODQF� $��
/X�<�� /DQJ�7)��5HGXFWLRQ� LQ�SUR[LPDO�
IHPRUDO�VWUHQJWK�GXH�WR�ORQJ�GXUDWLRQ�
VSDFHÀLJKW��%RQH�������0DU�����������
���

.H\DN� -+�� .R\DPD� $.�� /H%ODQF� $��
/X�<�� /DQJ�7)��5HGXFWLRQ� LQ�SUR[LPDO�

IHPRUDO�VWUHQJWK�GXH�WR�ORQJ�GXUDWLRQ�
VSDFHÀLJKW��%RQH�������0DU�����������
���

/DQJ� 7�� /H%ODQF� $�� (YDQV� +�� /X� <��
*HQDQW�+��<X�$��&RUWLFDO�DQG�WUDEHFXODU�
ERQH�PLQHUDO�ORVV�IURP�WKH�VSLQH�DQG�
KLS�LQ�ORQJ�GXUDWLRQ�VSDFHÀLJKW�-�%RQH�
0LQHU�5HV�������-XQ���������������

/DQJ�7)��/HEODQF�$'��(YDQV�+-��/X�<��
$GDSWDWLRQ� RI� WKH� SUR[LPDO� IHPXU� WR�
VNHOHWDO� UHORDGLQJ�DIWHU� ORQJ�GXUDWLRQ�
VSDFHÀLJKW�� -� %RQH�0LQHU� 5HV�� �����
$XJ���������������$GDSWDWLRQ�RI�WKH�
SUR[LPDO� IHPXU� WR� VNHOHWDO� UHORDGLQJ�
DIWHU�ORQJ�GXUDWLRQ�VSDFHÀLJKW��-�%RQH�
0LQHU�5HV�������$XJ����������������

0DUN�� 6�� � 6H[�GLIIHUHQFHV� LQ� ERQH�
KHDOWK�� � &KDSWHU� ��� LQ� %RQH� /RVV�
GXULQJ�6SDFHÀLJKW�&DYDQDJK��35��DQG�
5LFH��$-���(GV����&OHYHODQG�&OLQLF�3UHVV��
�����

0D]]XROL�*��$FFD�0��3LVDQL�'��'LDFLQWL�
'��6FDUGD�$��6FDUQHFFKLD�/��3DFLWWL�07��
'¶(UDVPR� (�� 0LQLVROD� 6�� %LDQFKL� *��
0DQIUHGL� *�� $QQXDO� VNHOHWDO� EDODQFH�
DQG�PHWDEROLF�ERQH�PDUNHU�FKDQJHV�LQ�

KHDOWK\�HDUO\�SRVWPHQRSDXVDO�ZRPHQ��
UHVXOWV�RI�D�SURVSHFWLYH�VWXG\��%RQH��
�����$SU�������������

0F*RZDQ��-�$���7KH�%DVLFV�RI�%RQH�LQ�
+HDOWK�DQG�'LVHDVH��&KDSWHU���LQ�%RQH�
KHDOWK� DQG� RVWHRSRURVLV�� D� UHSRUW� RI�
WKH�6XUJHRQ�*HQHUDO����5RFNYLOOH��0G��
�� 8�6�� 'HSW�� RI� +HDOWK� DQG� +XPDQ�
6HUYLFHV��3XEOLF�+HDOWK�6HUYLFH��2I¿FH�
RI�WKH�6XUJHRQ�*HQHUDO���:DVKLQJWRQ��
'�&��

3LHWU]\N� 5$�� -RQHV� -$�� 6DPV� &)��
:KLWVRQ� 3$�� 5HQDO� VWRQH� IRUPDWLRQ�
DPRQJ�DVWURQDXWV��$YLDW�6SDFH�(QYLURQ�
0HG�������$SU������6XSSO��$�����

6LERQJD� -'�� (YDQV� +-�� 6XQJ� +*��
6SHFWRU� (5�� /DQJ� 7)�� 2JDQRY� 96��
%DNXOLQ� $9�� 6KDFNHOIRUG� /&�� /H%ODQF�
$'�� 5HFRYHU\� RI� VSDFHÀLJKW�LQGXFHG�
ERQH�ORVV��ERQH�PLQHUDO�GHQVLW\�DIWHU�
ORQJ�GXUDWLRQ�PLVVLRQV� DV� ¿WWHG�ZLWK�
DQ� H[SRQHQWLDO� IXQFWLRQ�� %RQH�� �����
'HF�������������

6 L OYHUPDQ� 6/� � /DQGHVEHUJ � 5��
2VWHRQHFURVLV�RI�WKH�MDZ�DQG�WKH�UROH�
RI�ELVSKRVSKRQDWHV��D�FULWLFDO�UHYLHZ��
$P� -�0HG�� ����� )HE������� 6XSSO��
6�������5HYLHZ�

6PLWK�60��1LOOHQ�-/��/HEODQF�$��/LSWRQ�
$�� 'HPHUV� /0�� /DQH� +:�� /HDFK�
&6�� &ROODJHQ� FURVV�OLQN� H[FUHWLRQ�
GXULQJ� VSDFH� IOLJKW� DQG� EHG� UHVW��
-� &O LQ� (QGRFULQRO� 0HWDE�� �����
2FW����������������

6PLWK� 60�� :DVWQH\� 0(�� 0RUXNRY�
%9�� /DULQD� ,0�� 1\TXLVW� /(�� $EUDPV�
6$�� 7DUDQ� (1�� 6KLK� &<�� 1LOOHQ� -/��
'DYLV�6WUHHW� -(�� 5LFH� %/�� /DQH� +:�����
&DOFLXP�PHWDEROLVP� EHIRUH�� GXULQJ��
DQG�DIWHU�D���PR�VSDFHÀLJKW��NLQHWLF�
DQG�ELRFKHPLFDO�FKDQJHV��$P�-�3K\VLRO��
�����-XO�������3W����5�����

6PLWK� 60�� =ZDUW� 65�� +HHU� 0�� /HH�
60��%DHFNHU�1��0HXFKH�6��0DFLDV�%5��
6KDFNHOIRUG�/&��6FKQHLGHU�6��+DUJHQV�
$5�:,6(������� VXSLQH� WUHDGPLOO�
H[HUFLVH�ZLWKLQ� ORZHU� ERG\� QHJDWLYH�
SUHVVXUH�DQG�À\ZKHHO�UHVLVWLYH�H[HUFLVH�
DV� D� FRXQWHUPHDVXUH� WR� EHG� UHVW�
LQGXFHG� ERQH� ORVV� LQ� ZRPHQ� GXULQJ�
���GD\�VLPXODWHG�PLFURJUDYLW\��%RQH��
�����0DU��������������

)LJXUH�����&KDQJHV�LQ�Y%0'�LQ�IRXU�UHJLRQV�RI�WKH�KLS��1HFN� �IHPRUDO�QHFN��7URFK� �
JUHDWHU�WURFKDQWHU��,QWHU� �LQWHUWURFKDQWHULF�UHJLRQ�7�+LS� �WRWDO�KLS��DV�PHDVXUHG�E\�
4&7��DIWHU����ZHHNV�RI�EHGUHVW���&RQWURO�VXEMHFWV��Q ����H[HUFLVH�VXEMHFWV��Q �����8QLWV�
DUH��FKDQJH�IURP�SUH�EHGUHVW�VFDQ�ZLWK�EDUV�LQGLFDWLQJ�VWDQGDUG�GHYLDWLRQV���7KHUH�ZDV�
D�VOLJKW�PHDQ�JDLQ�LQ�WRWDO�KLS�Y%0'�LQ�H[HUFLVHUV�ZKLOH�FRQWUROV�ORVW�DSSUR[LPDWHO\������
7KHUH�ZHUH�VOLJKW�ORVVHV�LQ�WKH�WURFKDQWHU�UHJLRQ�RI�WKH�H[HUFLVH�VXEMHFWV�
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(YHU\�6HFRQG�&RXQWV���'LVFRYHULQJ�0LOG�3K\VLFDO�$FWLYLW\�
WR�%XLOG�8S�%RQH�0DVV���3XWWLQJ�5HJHQHUDWLRQ�WR�:RUN

�� 2VWHRSRURVLV�DQG�UHVXOWLQJ�QRQ�WUDXPDWLF�IUDFWXUHV�DUH�DQ�LQHYLWDEOH�FRQVHTXHQFH�RI���
� DJLQJ�DQG�PHQRSDXVH�

�� $QDEROLF�RSWLRQV�DUH�UHTXLUHG�WR�EXLOG�XS�ERQH�PDVV�DW�DGROHVFHQFH�VXFK�WKDW�QRQ�� �
� WUDXPDWLF�IUDFWXUHV�FDQ�EH�SUHYHQWHG�ODWHU�LQ�OLIH�

�� 3K\VLFDO�H[HUFLVH�RIIHUV�SURPLVH�DV�D�WKHUDS\�EXW�UHTXLUHPHQWV�IRU�KLJK�LPSDFW��� �
� VWUHQXRXV�DFWLYLW\�KDYH�SUHYHQWHG�UHDOL]DWLRQ�RI�WKLV�SRWHQWLDO�

�� :H�KDYH�WKHUHIRUH�VRXJKW�WR�GHVLJQ�PLOG�H[HUFLVH�EDVHG�LQWHUYHQWLRQV�E\�IRFXVLQJ�XSRQ��
� REVHUYDWLRQV�WKDW�EULHI�H[HUFLVH��a���±���PLQV��FDQ�HOLFLW�UREXVW�ERQH�DGDSWDWLRQ�

�� 8VLQJ�WKLV�EDVLV��ZH�KDYH�GHYHORSHG�D�QRYHO�FRPSXWDWLRQDO�PRGHO�WKDW�VLPXODWHG�� �
� DFWLYDWLRQ�RI�WKH�&D���1)$7�SDWKZD\��D�VLJQDOLQJ�PHFKDQLVP�FULWLFDO�LQ�KRZ�ERQH�FHOOV��
� DQG�WLVVXH�SHUFHLYH�DQG�UHVSRQG�WR�EULHI�PHFKDQLFDO�ORDGLQJ�RU�SK\VLFDO�H[HUFLVH��

�� ,QWHUHVWLQJO\��RSWLPL]DWLRQ�XVLQJ�WKLV�PRGHO�VXJJHVWHG�WKDW�ORDGLQJ�ERQH�RQFH�HYHU\�����
� PLQV�FRXOG�UHVXOW�LQ�VXEVWDQWLDOO\�PRUH�ERQH�IRUPDWLRQ�WKDQ�ORDGLQJ�ERQH������WLPHV��
� RYHU�D����PLQ�µH[HUFLVH¶�ERXW�

�� 5HPDUNDEO\��RXU�SUHOLPLQDU\�H[SHULPHQWV�FRQ¿UP�SUHGLFWLRQV�RI�WKLV�FRPSXWDWLRQDO�� �
� PRGHO��GHPRQVWUDWH�WKH�XWLOLW\�RI�RXU�DSSURDFK�DQG�VXJJHVW�WKDW�PLOG�DFWLYLW\�FDQ�� �
� LQGHHG�EH�µHQJLQHHUHG¶�WR�EH�SRWHQWO\�DQDEROLF�IRU�WKH�VNHOHWRQ�

�� 8OWLPDWHO\��D�VLPLODU�VWUDWHJ\�FRXOG�EH�XVHG�WR�GHVLJQ�PLOG�SK\VLFDO�H[HUFLVH�WR�UREXVWO\��
� EXLOG�XS�ERQH�PDVV�DW�DGROHVFHQFH�DV�D�EXOZDUN�DJDLQVW�WKH�LQHYLWDEOH�UDYDJHV�RI�DJH��
� DQG�PHQRSDXVH�

2VWHRSRURVLV� DQG� UHODWHG� QRQ�
WUDXPDWLF� IUDFWXUHV� FDQ� EH�
WKRXJKW� RI� DV� WKH� LQHYLWDEOH�

FRQVHTXHQFH� RI� DJLQJ� VXSHULPSRVHG�
XSRQ� D� SUHYLRXVO\� LQVXI¿FLHQW� SHDN�
ERQH�PDVV� µEDQN¶� EDODQFH�� $V� VXFK��
WKH�VHDUFK�LV�RQ�IRU�DQDEROLF�WKHUDSLHV�
WKDW� EXLOG� XS� WKLV� ERQH� µEDQN¶� IURP�
DGROHVFHQFH� WKURXJK� DGXOWKRRG��
WKHUHE\� SURYLGLQJ� D� EXOZDUN� DJDLQVW�
WKH� LQHYLWDEOH� GHFOLQHV� LQ� ERQH�PDVV�
DFFUXHG� RYHU� D� OLIHWLPH�� 3K\VLFDO�
H[HUFLVH�FDQ�EH�VXEVWDQWLDOO\�RVWHRJHQLF�
IRU�ERQH�DQG�KROGV�SURPLVH�DV�D�QRQ�
LQYDVLYH�PHDQV�WR�HQKDQFH�WKH�ERQH�
PDVV� DW� DGROHVFHQFH�� +RZHYHU�� WKH�
YLJRURXV� DQG� KLJK� LPSDFW� DFWLYLWLHV�
WKDW�KDYH�SURYHQ�WR�EH�RVWHRJHQLF�DUH�

QRW�WULYLDO�WR�VDIHO\� LPSOHPHQW� LQ�WKH�
\RXQJ�� JURZLQJ� VNHOHWRQ�� 2XU� JURXS�
DW� WKH� 26/� VHHNV� WR� H[SORUH� ERQH�
PHFKDQRWUDQVGXFWLRQ� IXQFWLRQ�ZLWK�D�
YLHZ�WR�XOWLPDWHO\�GLVFRYHULQJ�SK\VLFDO�
H[HUFLVH� EDVHG� VWUDWHJLHV� WKDW� DUH�
ERWK�PLOG�WR�SHUIRUP�DQG�VXEVWDQWLDOO\�
RVWHRJHQLF�IRU�\RXQJ�DQG�ROG�DOLNH���

*LYHQ� WKLV� JRDO��ZH�KDYH� IRFXVHG�
XSRQ�VWXGLHV�WKDW�VXJJHVW�WKDW�SK\VLFDO�
H[HUFLVH�QHHG�RQO\�EH�EULHI�� LQ�RUGHU�
WR� EHQH¿FLDOO\� LQÀXHQFH� ERQH�PDVV�
DQG� VWUXFWXUH�� 5HPDUNDEO\�� ORDGLQJ�
ERQH�IRU�DV� OLWWOH�DV���VHFRQGV�D�GD\�
KDV� EHHQ� IRXQG� WR� EH� VXIILFLHQW� WR�
HQKDQFH� ERQH�PDVV� DQG� VWUHQJWK���
*LYHQ�WKLV��ERQH�FHOO�DFWLYLW\� LQGXFHG�
GXULQJ� DQG� E\� ORDGLQJ� �L�H��� ZLWKLQ�

VHFRQGV� WR�PLQXWHV��PXVW� FOHDUO\�EH�
FULWLFDO�LQ�UHJXODWLQJ�GRZQVWUHDP�WLVVXH�
DGDSWDWLRQ��+RZHYHU��WKH�DFWLYLW\�DQG�
UHVSRQVHV� LQGXFHG� LQ� ERQH� FHOOV� LQ�
YLYR�ZLWKLQ�WKLV�DFXWH�WLPH�IUDPH�DUH�
KLJKO\� LQDFFHVVLEOH�� 7KHUHIRUH�� DQG�
XVLQJ� D� QRYHO� WHFKQLTXH� VXLWHG� IRU�
WKH� H[SORUDWLRQ� RI� FRPSOH[� V\VWHPV��
ZH� GHYHORSHG� D� ELRSK\VLFDO� DJHQW�
EDVHG� FRPSXWDWLRQDO� PRGHO� �$%0��
IRU�KRZ�FHOO�VLJQDOLQJ� LQLWLDWHG�ZLWKLQ�
VHFRQGV� E\�PHFKDQLFDO� VWLPXOL� FRXOG�
LQÀXHQFH�ERQH�WLVVXH�DGDSWDWLRQ�ZHHNV�
GRZQVWUHDP��

2XU�$%0�IRU�FHOO�VLJQDOLQJ�LQGXFHG�
ZLWKLQ� VHFRQGV� VLPXODWHV� DFWLYDWLRQ�
RI�WKH�&D���1)$7�SDWKZD\��D�FULWLFDO�
PHFKDQLVP� NQRZQ� WR� XQGHU O LH�
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)LJXUH�����$%0�RI�WKH�&D���1)$7�SDWKZD\�LQ�ERQH�FHOOV���7KH�PRGHO��D��ZDV�LPSOHPHQWHG�WR�VLPXODWH�VLJQDOLQJ�ZLWKLQ�WKH�QHWZRUN�
RI�FHOOV�SUHVHQW�DW�WKH�PXULQH�WLELD�PLG�VKDIW��E��WRS�SDQHO�LOOXVWUDWHV�VDPSOH�WKLQ�VHFWLRQ�LPDJH�XVHG�WR�GH¿QH�WKH�FHOOXODU�QHWZRUN�
VKRZQ�LQ�ERWWRP�SDQHO��

PHFKDQRWUDQVGXFWLRQ� �)LJXUH� �� D���
%ULHIO\�� RXU� SDUDPHWULF� PRGHO� LV�
EDVHG� XSRQ� H[SHULPHQWDO� UHSRUWV�
DQG� DVVXPHV� WKDW�PHFKDQLFDO� VWUDLQ�
LQGXFHG�RQ�D� FHOO� ERG\� FDXVHV�&D���
RVFLOODWLRQV�ZLWKLQ� WKH� FHOO� F\WRSODVP�
GXH�WR�WKH�FRQÀXHQFH�RI����&D���LQÀX[�
LQWR�WKH�FHOO�F\WRSODVP�WKURXJK�VWUHWFK�
DFWLYDWHG�LRQ�FKDQQHOV�����&D���HIÀX[�
IURP�WKH�HQGRSODVPLF�UHWLFXOXP��DQG�
��� LQÀX[� RI� &D��� LQWR� WKH� FHOO� ERG\�
IURP�QHLJKERULQJ�QHWZRUNHG�FHOOV�YLD�
JDS�MXQFWLRQDO�H[FKDQJH�RI�&D���LRQV���
'RZQVWUHDP� RI� &D��� RVFLOODWLRQV��
RXU�PRGHO� VLPXODWHV� WKH� G\QDPLFV�
RI� GH�SKRVSKRU\ODWLRQ� DQG� QXFOHDU�
WUDQVSRUW� RI� WKH� F\WRSODVPLF�SURWHLQ��
1)$7���)LQDOO\��JLYHQ�WKH�NQRZQ�ELRORJ\��
RXU� PRGHO� VLPXODWHV� DFFXPXODWHG�
1)$7� SURWHLQ� ELQGLQJ�ZLWK� '1$� DQG�
LWV� FRQWURO� RYHU� PLQHUDO� DSSRVLWLRQ�
E\� VXUIDFH� RVWHREODVWV�� � :H� KDYH�
LPSOHPHQWHG� WKLV� ELRSK\VLFDO�PRGHO�
WR� VLPXODWH� VLJQDOLQJ� LQWHUDFWLRQV�

ZLWKLQ� DQG� EHWZHHQ� FHOOV� SUHVHQW� DW�
WKH�PLG�VKDIW� FURVV�VHFWLRQ�RI�\RXQJ�
DGXOW� IHPDOH� &��%/���PLFH� ��� 0R��
)LJXUH���E����

$V�VXFK��WKH�PRGHO�ZDV�GHVLJQHG�
WR�VLPXODWH�ORDGLQJ�LQGXFHG�DFWLYDWLRQ�
RI�WKH�&D���1)$7�SDWKZD\�ZLWKLQ�DQG�
EHWZHHQ�ERQH�FHOOV�DW�WKH�PXULQH�WLELD�
PLG�VKDIW� DQG� WKH� ERQH� IRUPDWLRQ�
WKDW� HQVXHV� IRO ORZLQJ� UHSHDWHG�
ERXWV�RI� ORDGLQJ�RYHU�D���ZN�SHULRG���
7R� GHWHUPLQH� PRGHO� SDUDPHWHUV��
ZH� µWUDLQHG¶� WKH�PRGHO� XVLQJ� ERQH�
IRUPDWLRQ� GDWD� GHULYHG� IURP� \RXQJ�
DGXOW�DQLPDOV�H[SRVHG�WR����GLIIHUHQW�
PHFKDQLFDO� ORDGLQJ�ZDYHIRUPV�� 7KH�
ORDGLQJ�ZDYHIRUPV�LQYROYHG�VXEMHFWLQJ�
PLFH�WR�LQFUHDVLQJ�VWUDLQ�PDJQLWXGHV��
ORDGLQJ�UHSHWLWLRQV�DQG�LQVHUWLQJ���RU�
���V�XQORDGHG�µUHVW¶�LQWHUYDOV�EHWZHHQ�
HDFK� ORDGLQJ� HYHQW�� �:H� IRXQG� WKDW�
RXU�PRGHO�ZDV�VXI¿FLHQW�WR�DFFXUDWHO\�
VLPXODWH�ERQH�IRUPDWLRQ�LQGXFHG�E\�D�
YDULHW\�RI� ORDGLQJ�SURWRFROV� LQ�\RXQJ�

DGXOW�DQLPDOV��HUURU��������S� ������
)LJXUH� ���� *LYHQ� WKLV�� ZH� VRXJKW� WR�
XVH� WKLV�PRGHO� LQ� D� SUHGLFWLYH� UROH�
DQG�H[DPLQHG�RXU�DELOLW\�WR�RSWLPL]H�
PHFKDQLFDO� VWLPXOL� LQ� \RXQJ� DGXOW�
DQLPDOV�

:H� XWLOL]HG� RXU� $%0� WR� H[SORUH�
ZKHWKHU�D����PLQ� µH[HUFLVH¶�SURWRFRO�
FRXOG� EH� RSWLPL]HG� IRU� \RXQJ� DGXOWV�
VXFK� WKDW� ERQH� WLVVXH� DGDSWDWLRQ�
ZRXOG�EH�VXEVWDQWLDOO\�HQKDQFHG�ZKLOH�
UHTXLULQJ�PLQLPDO�ORDGLQJ�µHIIRUW¶���7R�
SHUIRUP� WKH� RSWLPL]DWLRQ�� ZH� ILUVW�
VLPXODWHG� ERQH� DGDSWDWLRQ� LQGXFHG�
E\� µFRQWURO¶� ORDGLQJ� UHJLPHQV� �)LJXUH�
���� %RQH� IRUPDWLRQ� UDWHV� LQGXFHG�E\�
D�EDVHOLQH�FRQWURO� LQYROYLQJ���������
+]�ORDG�F\FOHV�SURYLGHG���GD\V�ZN�IRU�
��ZHHNV�ZDV� ¿UVW� VLPXODWHG�� � 1H[W��
ZH�XVHG�WKH�PRGHO� WR�VLPXODWH�ERQH�
IRUPDWLRQ�LQGXFHG�E\�D�SRVLWLYH�FRQWURO�
UHJLPHQ� LQYROYLQJ� ���� F�G�� ZLWK� D�
���V� UHVW� EHWZHHQ� HDFK� F\FOH�� IRU� ��
GD\V�ZN�IRU���ZNV�� �)LQDOO\��ZH�XVHG�



�����257+23$(',&�5(6($5&+�5(3257� ��

)LJXUH�����$%0�RI�WKH�&D���1)$7�SDWKZD\�DFFXUDWHO\�VLPXODWHV�UHODWLYH�SHULRVWHDO�
ERQH�IRUPDWLRQ�UDWHV��US�%)5��LQGXFHG�E\�D�YDULHW\�RI�PHFKDQLFDO�VWLPXOL���)RU�WKH�LQ�
YLYR�H[SHULPHQWV��DQLPDOV�ZHUH�VXEMHFW�WR�ORDGLQJ���G�ZN�IRU���ZN�XVLQJ�SURWRFROV�
GH¿QHG�E\�LQGXFHG�VWUDLQV��F\FOHV�G��DQG�UHVW�EHWZHHQ�ORDG�F\FOHV��H�J��������������
����ZRXOG�LPSO\�SHDN�VWUDLQV�RI������PH�ZHUH�LQGXFHG�IRU�����F\FOHV�G�ZLWK�D����V�
XQORDGHG�UHVW�LQWHUYDO�LQVHUWHG�EHWZHHQ�HDFK�ORDG�F\FOH�

)LJXUH� ��� �0RUH�ZLWK� /HVV�� � 7KH� $%0� DFFXUDWHO\� SUHGLFWV� DQG� LGHQWL¿HV� DQ� RSWLPDO�
SURWRFRO����F�G������V�UHVW�EHWZHHQ�F\FOHV��WKDW�LQGXFHV�ERQH�IRUPDWLRQ�JUHDWHU�WKDQ�
EDVHOLQH�FRQWURO�DQG�HTXLYDOHQW�WR�SRVLWLYH�FRQWURO��GHVSLWH�UHTXLULQJ�����DQG����WLPHV�
OHVV�ORDGLQJ�HIIRUW�

RXU� $%0� WR� GHVLJQ� D� SURWRFRO� WKDW�
FRXOG� LQGXFH� ERQH� IRUPDWLRQ� JUHDWHU�
WKDQ�RXU�EDVHOLQH�FRQWURO��HTXLYDOHQW�
WR�RXU�SRVLWLYH�FRQWURO��ZKLOH�UHTXLULQJ�
PLQLPDO� ORDGLQJ�HIIRUW�� �2XU�DQDO\VLV�
VXJJHVWHG� WKDW� ORDGLQJ�ERQH��� WLPHV�
D� GD\�� ZLWK� D� ���PLQ� UHVW�LQWHUYDO�
EHWZHHQ� HDFK� ORDGLQJ� HYHQW�� ZRXOG�
LQGXFH� WKH� UHTXLUHG� ERQH� IRUPDWLRQ���
7R� WHVW� WKHVH� SUHGLFWHG� RXWFRPHV��
ZH� LPSOHPHQWHG� WKHVH� UHJLPHQV� LQ�

\RXQJ� DGXOW� IHPDOH� &��%/��-�PLFH�
���0R��Q� ���� DQG�GHWHUPLQHG�ERQH�
IRUPDWLRQ� UDWHV� LQ� YLYR� YLD� G\QDPLF�
KLVWRPRUSKRPHWU\���:KLOH�SUHOLPLQDU\��
RXU� ¿QGLQJ� WKDW� ORDGLQJ� ERQH� HYHU\�
���PLQV� GXULQJ� D� ���PLQ� µH[HUFLVH¶�
SHULRG�FDQ�VXEVWDQWLDOO\�HQKDQFH�ERQH�
IRUPDWLRQ�ZDV� VWXQQLQJ�� QRW� MXVW� LQ�
YDOLGDWLQJ� WKH�SUHGLFWLYH�DELOLW\�RI�DQ�
LQ�VLOLFD�PRGHO��EXW�LQ�VXJJHVWLQJ�WKDW�
D�PLQLPDO� ORDGLQJ� HIIRUW� FDQ� LQGHHG�

EH� µHQJLQHHUHG¶� WR� EH� VXEVWDQWLDOO\�
DQDEROLF�IRU�ERQH����

,Q� FRQFOXVLRQ�� ZH� KDYH� IRFXVHG�
XSRQ�D�SDWKZD\�WKDW�LV�DFWLYDWHG�GXULQJ�
EULHI�PHFKDQLFDO�VWLPXOL�DV�D�PHDQV�WR�
ERWK�H[SORUH�PHFKDQRWUDQVGXFWLRQ�DQG�
WR�GHVLJQ�QRYHO�DSSURDFKHV�WR�ORDGLQJ�
ERQH���2XU�LQ�VLOLFD�PRGHO�KDV�SURYHQ�
WR�EH�SUHGLFWLYH��DQG�PRUH�LPSRUWDQWO\��
KDV� LGHQWL¿HG� WKDW� ORDGLQJ� ERQH� MXVW�
�� WLPHV� GXULQJ� D� ��� PLQ� H[HUFLVH�
ERXW��FDQ�EH�VXEVWDQWLDOO\�RVWHRJHQLF���
:KLOH�ZH�DUH�VHHNLQJ�WR�FRQ¿UP�WKHVH�
¿QGLQJV��WKH\�LQGHHG�RIIHU�SURPLVH�WR�
ERWK� RXU� DSSURDFK� RI� XVLQJ� LQ� VLOLFD�
PRGHOV�WR�GHVLJQ�LQ�YLYR�H[SHULPHQWV�
DQG�RXU�VXSSRVLWLRQ�IRU�WKH�H[LVWHQFH�
RI�PLOG� ORDGLQJ� SURWRFROV� WKDW�ZRXOG�
EH�VDIH�WR�LPSOHPHQW�\HW�VXEVWDQWLDOO\�
DQDEROLF�IRU�WKH�\RXQJ�DGXOW�VNHOHWRQ���
8OWLPDWHO\��ZH�H[SHFW�WR�EH�DEOH�WR�XVH�
D� VLPLODU� DSSURDFK� LQ� GHVLJQLQJ�PLOG�
SK\VLFDO�H[HUFLVH�UHJLPHQV�IRU�WULDOV�LQ�
DGROHVFHQW�DQG�VFKRRO�DJH�SRSXODWLRQV�
ZLWK�WKH�JRDO�RI�VXI¿FLHQWO\�EXLOGLQJ�XS�
WKHLU�ERQH�µEDQNV¶��

$FNQRZOHGJHPHQWV
)XQGLQJ� I URP� WKH� :KLWDNHU�

)RXQGDWLRQ��66��DQG�1,$06��$5������
�� 76*��$5������� ��66�� LV� JUDWHIXOO\�
DFNQRZOHGJHG�

5HFRPPHQGHG�5HDGLQJ

$XVN�� %�-�� � 7�6�� *URVV�� DQG� 6��
6ULQLYDVDQ�� $Q� DJHQW� EDVHG�PRGHO�
IRU� UHDO�WLPH� VLJQDOLQJ� LQGXFHG� LQ�
RVWHRF\WLF� QHWZRUNV� E\�PHFKDQLFDO�
VWLPXOL�� -�%LRPHFK����������������S��
��������

%HUULGJH��0�-���0�'��%RRWPDQ��DQG�3��
/LSS��&DOFLXP��D�OLIH�DQG�GHDWK�VLJQDO��
1DWXUH�������������������S��������

'ROPHWVFK�� 5�(��� .�� ;X�� DQG� 5�6��
/HZLV�� &DOFLXP� RVFLOODWLRQV� LQFUHDVH�
WKH�HI¿FLHQF\�DQG� VSHFL¿FLW\�RI�JHQH�
H[SUHVVLRQ��1DWXUH�������������������
S��������

*HQHWRV��'�&���'�-��*HLVW��'��/LX��+�-��
'RQDKXH�� DQG� 5�/�� 'XQFDQ�� )OXLG�
VKHDU�LQGXFHG�$73�VHFUHWLRQ�PHGLDWHV�
SURVWDJODQGLQ� UHOHDVH� LQ� 0&�7��(��
RVWHREODVWV��-�%RQH�0LQHU�5HV��������
�������S�������

8PHPXUD��<���7��,VKLNR��7��<DPDXFKL��0��
.XURQR��DQG�6��0DVKLNR��)LYH�MXPSV�SHU�
GD\�LQFUHDVH�ERQH�PDVV�DQG�EUHDNLQJ�
IRUFH�LQ�UDWV��-�%RQH�0LQHU�5HV��������
�������S���������
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3UR[LPDO�+XPHUXV�)UDFWXUHV�
DQG�WKH�5LVN�RI�6XEVHTXHQW�+LS�)UDFWXUH���7LPLQJ�LV�(YHU\WKLQJ

�� ,Q�RVWHRSRURVLV��WKH�UDWH�RI�ERQH�UHJHQHUDWLRQ�IDLOV�WR�NHHS�XS�ZLWK�WKH�UDWH�RI�ERQH�� �
� GHJHQHUDWLRQ�
�� )UDJLOLW\�IDFWXUHV�LQ�LQGLYLGXDOV�ZLWK�RVWHRSRURVLV�DUH�GHELOLWDWLQJ��H[SHQVLYH�DQG�OHWKDO�
�� +DYLQJ�D�IUDFWXUH�DVVRFLDWHG�ZLWK�RVWHRSRURVLV�VLJQL¿FDQWO\�LQFUHDVHV�WKH�ULVN�RI�� �

� VXEVHTXHQW�KLS�IUDFWXUH�
�� ����RI�SDWLHQWV�ZKR�KDYH�D�KLS�IUDFWXUH�ZLOO�GLH�ZLWKLQ�WKH�¿UVW�\HDU�IROORZLQJ�WKH�KLS��

� IUDFWXUH�
�� ����RI�SUR[LPDO�KXPHUXV�IUDFWXUHV�RFFXU�LQ�ZRPHQ�
�� +DYLQJ�D�SUR[LPDO�KXPHUXV�IUDFWXUH�LQFUHDVHV�WKH�ULVN�RI�KDYLQJ�D�KLS�IUDFWXUH���IROG���

� ZLWKLQ��WKH�¿UVW�\HDU�IROORZLQJ�WKH�KXPHUXV�IUDFWXUH�
�� ,QWHUYHQWLRQV�DQG�PHGLFDO�WUHDWPHQWV�FDQ�VXEVWDQWLDOO\�GHFUHDVH�WKH�ULVN�RI�VXEVHTXHQW��

� KLS�IUDFWXUHV�DV�VRRQ�DV�����PRQWKV�DIWHU�LQLWLDWLRQ�RI�WUHDWPHQW�

2VWHRSRURVLV� DQG� DVVRFLDWHG�
IUDJLOLW\� IUDFWXUHV�DUH�D�PDMRU�
KHDOWK� FRQFHUQ� DQG� D� VRXUFH�

RI�VLJQL¿FDQW�PRUELGLW\�DQG�PRUWDOLW\�
DURXQG�WKH�ZRUOG��)RU�WKH�\HDU�������
LW� ZDV� HVWLPDWHG� WKDW� LQ� WKH� 8QLWHG�
6WDWHV�WKH�HFRQRPLF�EXUGHQ�DVVRFLDWHG�
ZLWK� KLS� IUDFWXUHV� DORQH�PLJKW� EH� LQ�
H[FHVV�RI�����ELOOLRQ�GROODUV��*LYHQ�WKH�
HQRUPRXV� VRFLDO� DQG�PRQHWDU\� FRVWV�
RI�KLS�IUDFWXUHV��WKHLU�SUHYHQWLRQ�LV�D�
SUHVVLQJ�FRQFHUQ���,W�LV�ZHOO�HVWDEOLVKHG�
WKDW� SDWLHQWV� KDYLQJ� KDG� D� VLQJOH�
IUDJLOLW\� IUDFWXUH� DUH� DW� VLJQL¿FDQWO\�
LQFUHDVHG� ULVN� RI� KDYLQJ� D� VHFRQG�
IUDFWXUH� LQ� WKH� IXWXUH�� $� KLVWRU\� RI�
SUR[LPDO� KXPHUXV� IUDFWXUHV� �)LJXUH�
��� DOVR� DSSHDUV� WR� EH� D� ULVN� IDFWRU�
IRU�RWKHU�LQFLGHQW�IUDFWXUHV��LQFOXGLQJ�
WKRVH�DW�WKH�KLS��7KHVH�GDWD�VXJJHVW�
WKDW�D�IUDFWXUH�RI�WKH�SUR[LPDO�KXPHUXV�
PD\�EH�SUHGLFWLYH�RI�LQFUHDVHG�ULVN�IRU�
D� VXEVHTXHQW� KLS� IUDFWXUH�� KRZHYHU�
WKH�PHWKRGRORJ\� RI� SUHYLRXV� VWXGLHV�
GLG� QRW� FRQWURO� IRU�PDQ\� LPSRUWDQW�
YDULDEOHV���,QWHUHVWLQJO\��WKH�PHFKDQLVP�

RI� SUR[LPDO� KXPHUXV� IUDFWXUHV� LV�
VLPLODU�WR�WKDW�RI�KLS�IUDFWXUHV�LQ�WKDW�
SDWLHQWV� DUH� XQDEOH� WR� EUHDN� WKHLU�
IRUZDUG�RU� REOLTXH� IDOO� DQG� WKHUHIRUH�
ODQG� GLUHFWO\� RQWR� WKHLU� VKRXOGHU� RU�
KLS���*LYHQ�WKH�VLPLODU�PHFKDQLVP�RI�
IUDFWXUH��LW�LV�LQWXLWLYH�WKDW�WKH�WLPLQJ�
RI� D� KLS� IUDFWXUH�ZRXOG� EH� UHODWLYHO\�
FORVH� WR� WKH� WLPLQJ� RI� D� SUR[LPDO�
KXPHUXV�IUDFWXUH�LQ�FRQWUDVW�WR�RWKHU�
RVWHRSRURWLF�IUDFWXUHV�

:H�K\SRWKHVL]HG�WKDW�SDWLHQWV�ZKR�
VXVWDLQ� D� SUR[LPDO� KXPHUXV� IUDFWXUH�
ZLOO�EH�DW�KLJKHU�ULVN�IRU�D�VXEVHTXHQW�
KLS�IUDFWXUH�DQG�WKDW�WKH�KLS�IUDFWXUHV�
ZRXOG� WHQG� WR� RFFXU� ZLWKLQ� WKH� ¿YH�
\HDUV�DIWHU�WKH�IUDFWXUH�RI�WKH�SUR[LPDO�
KXPHUXV�

0HWKRGV
7KH�6WXG\�RI�2VWHRSRURWLF�)UDFWXUHV�

LV� D� SURVSHFWLYH�PXOWLFHQWHU� FRKRUW�
VWXG\�RI�������ZRPHQ�DJH����\HDUV�
DQG� ROGHU� ZKR� ZHUH� HQUROOHG� IURP�
6HSWHPEHU� ����� WR� 2FWREHU� �����
LQ� IRXU� VHSDUDWH� JHRJUDSKLF� DUHDV�

RI� WKH� 8QLWHG� 6WDWHV��:RPHQ� ZHUH�
UHFUXLWHG� LI� WKH\�ZHUH� RYHU� WKH� DJH�
RI� VL[W\�ILYH�� FRPPXQLW\� GZHOOLQJ��
DPEXODWRU\�� DQG� KDG� QR� KLVWRU\�
RI� ELODWHUDO� KLS� UHSODFHPHQWV�� 7KH�
ZRPHQ�ZHUH� IROORZHG� SURVSHFWLYHO\�
IRU�XS�WR����\HDUV�DW�UHJXODU�LQWHUYDOV���
7KH� SDUWLFLSDQWV� DWWHQGHG� VHYHQ�
H[DPLQDWLRQV� DW� DSSUR[LPDWHO\� WZR�
\HDU�LQWHUYDOV�DQG�ZHUH�FRQWDFWHG�E\�
SKRQH�RU�SRVWFDUG�HYHU\�IRXU�PRQWKV�
WR� DVFHUWDLQ� IUDFWXUH� KLVWRU\� ZLWK�
RYHU� D����� IROORZ�XS� UDWH� DQG�����
DFFXUDF\���

7KH�RULJLQDO�6WXG\�RI�2VWHRSRURWLF�
)UDFWXUHV¶� FRKRUW� LQFOXGHG� ������
ZRPHQ��RI�ZKRP������� ������ZHUH�
H[FOXGHG�IURP�RXU�VWXG\�GXH�WR�PLVVLQJ�
GDWD�UHJDUGLQJ�SULRU�IUDFWXUH�VWDWXV�RU�
DJH��ODFN�RI�FRPSOHWH�IROORZ�XS��KLVWRU\�
RI�KLS�RU�KXPHUXV�IUDFWXUH�SULRU�WR�([DP�
��� RU�PLVVLQJ� ERQH�PLQHUDO� GHQVLW\�
GDWD��$�WRWDO�RI�������������ZRPHQ��
WKHUHIRUH�� ZHUH� FRQVLGHUHG� IRU� RXU�
SUHVHQW�VWXG\�DQG�WKHLU�LQIRUPDWLRQ�ZDV�
XVHG�LQ�WKH�XQLYDULDWH�&R[�UHJUHVVLRQ�
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7DEOH�����(IIHFW�RI�ULVN�IDFWRUV�IRU�KLS�IUDFWXUH��DGMXVWHG�IRU�DJH�DQG�WRWDO�KLS�ERQH�PLQHUDO�GHQVLW\�����6'� �������J�FP���7RWDO�KLS�
ERQH�PLQHUDO�GHQVLW\�DGMXVWHG�IRU�DJH�RQO\�

DQDO\VHV���$�WRWDO�RI�������������ZHUH�
H[FOXGHG� IURP� WKH� ¿QDO�PXOWLYDULDWH�
DQDO\VLV�GXH�WR�PLVVLQJ�GDWD�IRU�RQH�RU�
PRUH�FRYDULDWHV��OHDYLQJ�������������
ZRPHQ�WR�EH�DQDO\]HG��

&R[� SURSRUWLRQDO� KD]DUGV�PRGHOV�
ZHUH�XVHG�WR�TXDQWLI\�WKH�DVVRFLDWLRQ�

EHWZHHQ�LQFLGHQW�KXPHUXV�IUDFWXUH�DQG�
WKH� ULVN� RI� VXEVHTXHQW� KLS� IUDFWXUH���
67$7$��6WDWD&RUS�/3��&ROOHJH�6WDWLRQ��
7H[DV��VWDWLVWLFDO�VRIWZDUH�ZDV�XVHG�IRU�
DOO�DQDO\VLV��$OO�PRGHOV�ZHUH�DGMXVWHG�
IRU� FXUUHQW� DJH� DQG� WRWDO� KLS� ERQH�
PLQHUDO� GHQVLW\�� (DFK� REVHUYDWLRQ� LQ�
WKH�&R[�UHJUHVVLRQ�ZDV�OHIW�FHQVRUHG�
DW� WKH� DJH� XSRQ� HQWHULQJ� WKH� VWXG\�
DQG�HLWKHU�HQGHG�DW�WKH�KLS�IUDFWXUH�RU�
ZDV�ULJKW�FHQVRUHG�DW�WKH�HQG�RI�WKH�
IROORZ�XS�SHULRG�

,Q� RUGHU� WR� H[DPLQH� ZKHWKHU� RU�
QRW� WKH� ULVN� RI� D� VXEVHTXHQW� KLS�
IUDFWXUH� DWWULEXWDEOH� WR� DQ� LQFLGHQW�
KXPHUXV� IUDFWXUH� FKDQJHV� RYHU� WKH�
WLPH� HODSVHG� DIWHU� WKH� KXPHUXV�
IUDFWXUH�� WZR� PXOWLYDULDWH� PRGHOV�
ZHUH� UXQ� FDWHJRUL]LQJ� WLPH� DIWHU�
KXPHUXV� IUDFWXUH� DV� D� WLPH�YDU\LQJ�
YDULDEOH�� � 7KH� WKUHH� SRVW�KXPHUXV�
IUDFWXUH� LQWHUYDOV� ZHUH�� D�� ��� \HDU��
E�� ���� \HDUV�� DQG� F��!�� \HDUV� DIWHU�
WKH� KXPHUXV� IUDFWXUH�� ZLWK� VXEMHFWV�
QRW�H[SHULHQFLQJ�DQ�LQFLGHQW�KXPHUXV�
IUDFWXUH�XWLOL]HG�DV�WKH�UHIHUHQFH�JURXS�
IRU�DOO�DQDO\VHV�

5HVXOWV
7KUHH� KXQGUHG� DQG� WZHQW\�

RQH� ZRPHQ� VXVWDLQHG� D� SUR[LPDO�
KXPHUXV� IUDFWXUH� DQG� IRUW\�IRXU�
VXVWDLQHG� D� VXEVHTXHQW� KLS� IUDFWXUH���
7KH� KD]DUG� UDWLR� IRU� KLS� IUDFWXUH�
IRU� VXEMHFWV� ZLWK� D� IUDFWXUH� RI� WKH�
SUR[LPDO� KXPHUXV� UHODWLYH� WR� WKRVH�
ZLWKRXW� DIWHU� PXOWLYDULDWH� DQDO\VLV�
ZDV� ����� ����� &�,�� ����� �� ��������
$IWHU� PXOWLYDULDWH� DGMXVWPHQW�� WKLV�
ULVN�DSSHDUHG�DWWHQXDWHG�EXW�ZDV�VWLOO�
VLJQL¿FDQW������������&�,���������������
7KH� ULVN� RI� VXEVHTXHQW� KLS� IUDFWXUH�
DIWHU� SUR[LPDO� KXPHUXV� IUDFWXUH�ZDV�
KLJKHVW�ZLWKLQ���\HDU�RI�WKH�SUR[LPDO�
KXPHUXV�IUDFWXUH�ZLWK�D�+D]DUG�5DWLR�
RI�����������&�,��������������� �7KLV�
DVVRFLDWLRQ�ZDV� QRW� VLJQL¿FDQW� DIWHU�
WKH�¿UVW�\HDU��ZLWK�D�+D]DUG�5DWLR�RI�
����� �����&�,�� ����� �� ������ IRU� WKH�
WLPH� SHULRG� EHWZHHQ� ���� \HDUV� SRVW�
KXPHUXV�IUDFWXUH�DQG�����������&�,���
�������������DW�!��\HDUV�

'LVFXVVLRQ
,Q�WKLV�FRKRUW�RI�ROGHU��FRPPXQLW\�

GZHOOLQJ� ZRPHQ�� LQFLGHQW� SUR[LPDO�
KXPHUXV� IUDFWXUHV� VLJQLI LFDQWO\�

)LJXUH����/RZ�HQHUJ\�SUR[LPDO�KXPHUXV�
IUDFWXUH�D�FRPPRQ�³IUDJLOLW\�IUDFWXUH�́
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7DEOH����7KH�ULVN�RI�D�KLS�IUDFWXUH�RYHU�WLPH�IROORZLQJ�D�KXPHUXV�IUDFWXUH�

LQFUHDVHG� ULVN� RI� VXEVHTXHQW� KLS�
IUDFWXUH�� ,Q� SDUWLFXODU�� WKH� ULVN� RI� D�
VXEVHTXHQW�KLS�IUDFWXUH�ZDV�VL[�WLPHV�
KLJKHU�ZLWKLQ� WKH� ¿UVW� \HDU� IROORZLQJ�
WKH�SUR[LPDO�KXPHUXV� IUDFWXUH��HYHQ�
ZKHQ� FRQWUROOHG� IRU� RWKHU� LPSRUWDQW�
ULVN�IDFWRUV�LQ�D�PXOWLYDULDWH�DQDO\VLV���
7KLV� DVVRFLDWLRQ� LV� QRW� VWDWLVWLFDOO\�
VLJQL¿FDQW� DW� WLPH� LQWHUYDOV� JUHDWHU�
WKDQ� RQH� \HDU� DIWHU� WKH� LQFLGHQW�
KXPHUXV�IUDFWXUH��$OWKRXJK�RXU�VWXG\�
FRXOG�KDYH�PLVVHG�D�PRGHVW�SHUVLVWHQW�
DVVRFLDWLRQ�EHWZHHQ�KXPHUXV�IUDFWXUHV�
DQG� LQFLGHQW� KLS� IUDFWXUHV� RFFXUULQJ�
DIWHU�RQH�\HDU�RI�IROORZ�XS��WKH�H[FHVV�
ULVN�RI�KLS� IUDFWXUHV�DWWULEXWDEOH� WR�D�
SULRU�KXPHUXV�IUDFWXUH�FOHDUO\�VKDUSO\�
ZDQHG�DIWHU�RQH�\HDU�RI�IROORZ�XS�

7KH� UHVXOWV� RI� WKH� FXUUHQW� VWXG\�
KDYH� VLJQL¿FDQW� LPSOLFDWLRQV� LQ� WKH�
FOLQLFDO� HYDOXDWLRQ�� WUHDWPHQW�� DQG�
SUHYHQWLRQ� RI� IXWXUH� IUDFWXUHV� LQ�
SDWLHQWV�VXVWDLQLQJ�D�SUR[LPDO�KXPHUXV�
IUDFWXUH���7KH\�GHPRQVWUDWH�WKDW�WKH�
PRVW� FRQFHUQLQJ� WLPH� IUDPH� IRU� WKH�
ULVN� RI� D� VXEVHTXHQW� KLS� IUDFWXUH� LV�

ZLWKLQ�D�\HDU�RI�D�SUR[LPDO�KXPHUXV�
IUDFWXUH�� DQG� WKHUHIRUH� LQWHUYHQWLRQ�
IROORZLQJ�D�KXPHUXV�IUDFWXUH�VKRXOG�EH�
LQLWLDWHG�ZLWKRXW�GHOD\�WR�UHGXFH�ULVN�
RI�VXEVHTXHQW�IUDFWXUHV���6WXGLHV�KDYH�
VXJJHVWHG� WKDW� RUDO� ELVSKRVSKRQDWHV�
EHJLQ� WR� UHGXFH� WKH� ULVN� RI� IUDFWXUHV�
ZLWKLQ� �� WR� �� PRQWKV� DIWHU� EHLQJ�
VWDUWHG�� � ,Q� DGGLWLRQ� WR� LQLWLDWLRQ� RI�
PHGLFDO� WUHDWPHQW� IRU� RVWHRSRURVLV��
VWHSV�VKRXOG�EH�WDNHQ�LQ�WKH�SUHYHQWLRQ�
RI� IDOOV� LQ� WKH� DW�ULVN� SRSXODWLRQ�� DV�
QHDUO\� ���� RI� SUR[LPDO� KXPHUXV�
IUDFWXUHV�DQG�����RI�KLS�IUDFWXUHV�DUH�
UHODWHG�WR�IDOOV�IURP�D�VWDQGLQJ�KHLJKW���
$�UHFHQW�PHWD�DQDO\VLV�GHPRQVWUDWHG�
WKH�QHHG�IRU�D�PXOWLIDFHWHG�DSSURDFK�
LQ�WKH�SUHYHQWLRQ�RI� IDOOV� LQ�KRVSLWDOV�
DQG�QXUVLQJ�KRPHV�DQG�WKDW�QR�VLQJOH�
LQWHUYHQWLRQ�KDG�D�VLJQL¿FDQW�HIIHFW�LQ�
D� KRVSLWDO� VHWWLQJ��$QG�DOWKRXJK� WKLV�
VWXG\�HYDOXDWHG�SDWLHQWV�LQ�D�KRVSLWDO�
RU� QXUVLQJ� KRPH� VHWWLQJ� DQG� QRW�
FRPPXQLW\�DPEXODWRUV�DV�LQ�RXU�VWXG\��
WKH\�WRR�OLNHO\�QHHGHG�D�PXOWLIDFHWHG�
DSSURDFK�WR�WKH�SUHYHQWLRQ�RI�IXUWKHU�

IDOOV� ZKHWKHU� LW� EH� DVVLVWLYH� GHYLFHV�
DW�KRPH��DGMXVWPHQW�RI�PHGLFDWLRQV��
RU� WKH� HYDOXDWLRQ� RI� HQYLURQPHQWDO�
IDFWRUV�WKDW�OHDG�WR�LQLWLDO�IDOOV�DV�ZHOO�
DV� WKH� LQLWLDWLRQ� RI�PHGLFDO� WKHUDS\�
IRU�RVWHRSRURVLV���$�UHFHQW�VWDWHPHQW�
RQ� WKH� JXLGHOLQHV� IRU� WKH� SUHYHQWLRQ�
RI�IDOOV� LQ�WKH�HOGHUO\�ZDV�IRUPXODWHG�
E\� WKH� $PHULFDQ� *HULDWULF� 6RFLHW\��
%ULWLVK�*HULDWULF�6RFLHW\��DQG�$PHULFDQ�
$FDGHP\� RI� 2UWKRSDHGLF� 6XUJHRQV�
DQG� VHUYHV� DV� D� XVHIXO� UHVRXUFH� LQ�
WKH�HYDOXDWLRQ�DQG�SUHYHQWLRQ�RI�IDOOV�
LQ�WKH�JHULDWULF�SRSXODWLRQ���,W�LV�DOVR�
LPSRUWDQW� WR� QRWH� WKDW� WKH� ULVN� RI�
VXEVHTXHQW�IUDFWXUH�LV�LQFUHDVHG�DIWHU�
SUR[LPDO�KXPHUXV�IUDFWXUH�QRW�RQO\�LQ�
ZRPHQ�EXW�DOVR� LQ�PHQ�DV�QRWHG�E\�
(WWLQJHU�HW�DO�

,Q� FRQFOXVLRQ�� WKH� FXUUHQW� VWXG\�
VXSSRUWV�RXU�K\SRWKHVLV�WKDW�SUR[LPDO�
KXPHUXV� IUDFWXUH� LV� DQ� LQGHSHQGHQW�
ULVN�IDFWRU�IRU�VXEVHTXHQW�KLS�IUDFWXUH���
,PSRUWDQWO\��WKH�WLPH�RI�JUHDWHVW�ULVN�
LV� WKH� ILUVW� \HDU� IROORZLQJ� SUR[LPDO�
KXPHUXV� IUDFWXUH�� DQG� WKH� ULVN� RI�

7DEOH����)LQDO�PXOWLYDULDWH�&R[�SURSRUWLRQDO�KD]DUGV�PRGHO� IRU�KLS� IUDFWXUH�� LQFOXGLQJ�KXPHUXV� IUDFWXUH�DV�D� ULVN� IDFWRU�� �1 �����
VXEMHFWV��
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LQFLGHQW� KLS� IUDFWXUH� DWWULEXWDEOH�
WR� SULRU� KXPHUXV� IUDFWXUHV� ZDQHV�
VKDUSO\�DIWHU�WKDW���7KLV�VPDOO�ZLQGRZ�
RI� WLPH� SURYLGHV� DQ� RSSRUWXQLW\� WR�
LPSOHPHQW�PHGLFDO�DQG�HQYLURQPHQWDO�
LQWHUYHQWLRQV� WKDW� PD\� GHFUHDVH�
WKH� ULVN� RI� VXEVHTXHQW� KLS� IUDFWXUHV�
DQG� WKHLU� FRVW� WR� WKH� SDWLHQW� DQG� WR�
VRFLHW\��

5HFRPPHQGHG�5HDGLQJ

&XPPLQJV�65��5XELQ�60�DQG�%ODFN�'��
7KH�IXWXUH�RI�KLS�IUDFWXUHV�LQ�WKH�8QLWHG�
6WDWHV��1XPEHUV��FRVWV��DQG�SRWHQWLDO�
HIIHFWV�RI�SRVWPHQRSDXVDO�HVWURJHQV��
&OLQ��2UWKRS��5HO��5HV������������SS��
��������

5D\�1)�� &KDQ� -.�� 7KDPHU�0��0HOWRQ�
/-� �UG��0HGLFDO� H[SHQGLWXUHV� IRU� WKH�
WUHDWPHQW�RI�RVWHRSRURWLF�IUDFWXUHV�LQ�
WKH�8QLWHG�6WDWHV�LQ�������UHSRUW�IURP�
WKH�1DWLRQDO�2VWHRSRURVLV�)RXQGDWLRQ��
-�%RQH�0LQHU�5HV�������-DQ����������
����

.ORW]EXHFKHU��&0��5RVV�3'��/DQGVPDQ�
3%��$EERWW�7$��UG��%HUJHU�0��3DWLHQWV�
ZLWK�SULRU�IUDFWXUHV�KDYH�DQ�LQFUHDVHG�
ULVN�RI�IXWXUH�IUDFWXUHV��D�VXPPDU\�RI�
WKH�OLWHUDWXUH�DQG�VWDWLVWLFDO�V\QWKHVLV��
-� %RQH� 0LQHU� 5HV�� ������ ������� S��
�������

:X� )�� 0DVRQ� %�� +RUQH� $�� $PHV� 5��
&OHDUZDWHU�-��/LX�0��(YDQV�0&��*DPEOH�
0'�� 5HLG� ,5�� )UDFWXUHV� EHWZHHQ� WKH�
DJHV� RI� ��� DQG� ��� \HDUV� LQFUHDVH�
ZRPHQ¶V�ULVN�RI�VXEVHTXHQW�IUDFWXUHV��
$UFK� ,QWHUQ� 0HG�� ������ �������� S��
�����

+DHQWMHQV� 3�� $XWLHU� 3�� &ROOLQV� -��
9HONHQLHUV� %�� 9DQGHUVFKXHUHQ� '��
%RRQHQ� 6�� &ROOHV� IUDFWXUH�� VSLQH�
IUDFWXUH�� DQG� VXEVHTXHQW� ULVN� RI� KLS�
IUDFWXUH�LQ�PHQ�DQG�ZRPHQ��$�PHWD�
DQDO\VLV��-�%RQH�-RLQW�6XUJ�$P��������
���$������S����������

/DXULW]HQ��-%��6FKDU]�3��0F1DLU�3��/XQG�
%�� 7UDQVERO� ,�� 5DGLDO� DQG� KXPHUDO�
IUDFWXUHV�DV�SUHGLFWRUV�RI�VXEVHTXHQW�
KLS�� UDGLDO� RU� KXPHUDO� IUDFWXUHV� LQ�
ZRPHQ��DQG�WKHLU�VHDVRQDO�YDULDWLRQ��
2VWHRSRURV� ,QW�� ������ ������ S�� ����
��

5RELQVRQ� &0�� 5R\GV� 0�� $EUDKDP�
$�� 0F4XHHQ� 00�� &RXUW�%URZQ� &0��
&KULVWLH� -�� 5HIUDFWXUHV� LQ� SDWLHQWV� DW�
OHDVW�IRUW\�¿YH�\HDUV�ROG��D�SURVSHFWLYH�
DQDO\VLV�RI� WZHQW\�WZR�WKRXVDQG�DQG�
VL[W\�SDWLHQWV��-�%RQH�-RLQW�6XUJ�$P��

���������$�����S����������

3DOYDQHQ� 0�� .DQQXV� 3�� 3DUNNDUL� -��
3LWNDMDUYL� 7�� 3DVDQHQ� 0�� 9XRUL� ,��
-DUYLQHQ�0��7KH�LQMXU\�PHFKDQLVPV�RI�
RVWHRSRURWLF�XSSHU�H[WUHPLW\�IUDFWXUHV�
DPRQJ� ROGHU� DGXOWV�� D� FRQWUROOHG�
VWXG\�RI�����FRQVHFXWLYH�SDWLHQWV�DQG�
WKHLU� ���� FRQWUROV�� 2VWHRSRURV� ,QW��
��������������������

6LOYHUPDQ�6/��:DWWV�1%��'HOPDV�3'��
/DQJH�-/��/LQGVD\�5��(IIHFWLYHQHVV�RI�
ELVSKRVSKRQDWHV�RQ�QRQYHUWHEUDO�DQG�
KLS�IUDFWXUHV�LQ�WKH�¿UVW�\HDU�RI�WKHUDS\��
WKH� ULVHGURQDWH� DQG� DOHQGURQDWH�
�5($/��FRKRUW�VWXG\��2VWHRSRURV�,QW��
�����-DQ��������������

/LQG� 7�� .U¡QHU� .�� -HQVHQ� -�� 7KH�
HSLGHPLRORJ\� RI� IUDFWXUHV� RI� WKH�
SUR[LPDO�KXPHUXV��$UFK�2UWKRS�7UDXPD�
6XUJ�������������������

2OLYHU�'��&RQQHOO\�-%��9LFWRU�&5��6KDZ�
)(��:KLWHKHDG� $�� *HQF� <�� 9DQROL� $��
0DUWLQ� )&�� *RVQH\� 0$�� 6WUDWHJLHV�
WR� SUHYHQW� IDOOV� DQG� IUDFWXUHV� LQ�
KRVSLWDOV� DQG� FDUH� KRPHV� DQG� HIIHFW�
RI� FRJQLWLYH� LPSDLUPHQW�� V\VWHPDWLF�
UHYLHZ�DQG�PHWD�DQDO\VHV��%0-�������
-DQ�����������������

*XLGHOLQH� IRU� WKH� SUHYHQWLRQ� RI� IDOOV�
LQ�ROGHU�SHUVRQV��$PHULFDQ�*HULDWULFV�
6RFLHW\��%ULWLVK�*HULDWULFV�6RFLHW\��DQG�
$PHULFDQ� $FDGHP\� RI� 2UWKRSDHGLF�
6XUJHRQV�3DQHO�RQ�)DOOV�3UHYHQWLRQ��-�
$P�*HULDWU�6RF�������0D\�����������
���

(WWLQJHU� %�� 5D\� *7�� 3UHVVPDQ� $5��
*OXFN�2�/LPE�IUDFWXUHV�LQ�HOGHUO\�PHQ�
DV� LQGLFDWRUV� RI� VXEVHTXHQW� IUDFWXUH�
ULVN�� �$UFK� ,QWHUQ�0HG�������'HF���
������������������
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$UWKURVFRSLF�5HFRQVWUXFWLRQ�RI�(QJDJLQJ�+XPHUDO�
+LOO�6DFKV�'HIHFWV�8VLQJ�&DQQXODWHG�2VWRHRFRQGXFWLYH�*UDIWV

�� 6KRXOGHU�LQVWDELOLW\�DQG�VKRXOGHU�GLVORFDWLRQV�DUH�DPRQJ�WKH�PRVW�FRPPRQO\�RFFXUULQJ��
� DQG�GLVDEOLQJ�RI�VSRUWV�LQMXULHV�
�� ,Q�WKH�PDMRULW\�RI�FDVHV��WUDXPDWLF�GLVORFDWLRQV�UHVXOW�QRW�RQO\�LQ�D�GLVUXSWLRQ�RI�WKH�� �

� VWDELOL]LQJ�JOHQRKXPHUDO�OLJDPHQWV��EXW�DOVR�DQ�LPSUHVVLRQ�FRPSUHVVLRQ�GHIHFW�RQ�WKH��
� KXPHUDO�KHDG��WHUPHG�D�Hill-Sachs  defect��
�� :KHQ�ODUJH�HQRXJK��WKHVH�YROXPHWULF�ERQ\�GHIHFWV�ZLOO�FDXVH�UH�GLVORFDWLRQ�RI�WKH�� �

� VKRXOGHU�HYHQ�DIWHU�DQDWRPLF�UHSDLU�RI�WKH�OLJDPHQWV��WKHVH�DUH�WHUPHG�engaging       
   Hill-Sachs  defects�
�� %HFDXVH�WKH�UHJLRQ�RI�WKH�GHIHFW�LV�KDUG�WR�DFFHVV�ZLWK�WUDGLWLRQDO�VXUJLFDO�� � �

� DSSURDFKHV��SUHYLRXV�WUHDWPHQW�VWUDWHJLHV�KDYH�FHQWHUHG�RQ�RSHQ�QRQ�DQDWRPLFDO�� �
� VXUJLFDO�SURFHGXUHV��/DWDUMHW��(EHQ�+\ELQHWWH��HWF��WKDW�DOWHU�WKH�QRUPDO�VKRXOGHU�� �
� DQDWRP\�WR�WU\�DQG�SUHYHQW�UH�GLVORFDWLRQ���WKHVH�QRQ�DQDWRPLF�SURFHGXUHV�FDQ�EH�� �
� FRPSOLFDWHG�E\�VKRXOGHU�VWLIIQHVV�DQG�SDLQ��
�� :RUNLQJ�LQ�WKH�8QLYHUVLW\�RI�:DVKLQJWRQ�$UWKURVFRS\��5HVHDUFK�DQG�7UDLQLQJ�/DERUDWRU\��

� �$57�ODE���WKH�DXWKRUV�ZHUH�DEOH�WR�GHYHORS�D�PLQLPDOO\�LQYDVLYH��DUWKURVFRSLF�WHFKQLTXH��
� WKDW�UHVWRUHV�WKH�FLUFXPIHUHQWLDO�VXUIDFH�DUHD�RI�WKH�KXPHUDO�KHDG�E\�JUDIWLQJ�WKH�� �
� YROXPHWULF�ERQH�ORVV�ZLWK�V\QWKHWLF�ELR�FRQGXFWLYH�SOXJV�
�� :H�SUHVHQW�WKH�VKRUW�WHUP�FOLQLFDO�UHVXOWV�RI�WKLV�QRYHO�WHFKQLTXH��ZKLFK�DSSHDUV�WR�� �

� UHVWRUH�H[FHSWLRQDO�UDQJH�RI�PRWLRQ�DQG�D�UHWXUQ�WR�DWKOHWLF�SDUWLFLSDWLRQ�ZLWK�D�� �
� PLQLPDOO\�LQYDVLYH��DQDWRPLF�SURFHGXUH�

,W�LV�JHQHUDOO\�DFFHSWHG�WKDW�PRVW�
VPDOO� +LOO�6DFKV� GHIHFWV� DQG�
ERQ\� %DQNDUW� OHVLRQV� ZLOO� QRW�

VLJQL¿FDQWO\�DOWHU�WKH�UHVXOWV�RI�%DQNDUW�
UHFRQVWUXFWLRQ��+RZHYHU�� LW� KDV�EHHQ�
VKRZQ� WKDW� ODUJHU� ERQH� GHIHFWV�PD\�
UHVXOW�LQ�³HQJDJLQJ´�+LOO�6DFKV�GHIHFWV��
ZKLFK� KDYH� EHHQ� DVVRFLDWHG� ZLWK� D�
SRRU� UHVXOW� IROORZLQJ� DUWKURVFRSLF�
UHFRQVWUXFWLRQ� �)LJXUH� ���� � 6RPH�
VXUJHRQV�ZLOO�DWWHPSW�WR�RYHU�WHQVLRQ�
WKH�DQWHULRU�JOHQRKXPHUDO�OLJDPHQWV�WR�
UHVWULFW�PRWLRQ�WR�DYRLG�HQJDJHPHQW��
ERQH� ORVV� FDQ� OHDG� WR� VLJQLILFDQW�
PRWLRQ�GH¿FLWV�DQG�VXFK�VWLIIQHVV�PD\�
SUHGLVSRVH�WR�GHJHQHUDWLYH�DUWKURSDWK\�
RYHU�WKH�ORQJ�WHUP��

1XPHURXV� SURFHGXUHV� KDYH� EHHQ�

GHVLJQHG�WR�LQFUHDVH�WKH�VXUIDFH�DUHD�
IRU�ERQ\�FRQVWUDLQW�RI�WKH�JOHQRKXPHUDO�
MRLQW��7KHVH�UHFRQVWUXFWLRQV�DUH�XVXDOO\�
SHUIRUPHG�DW�WKH�DQWHULRU�JOHQRLG�DQG�
LQFOXGH� WKH� (GHQ�+\ELQHWWH�� %ULVWRZ��
DQG�/DWDUMHW�SURFHGXUHV��DPRQJ�RWKHUV��
0LQLDFL��*HUEHU��.URSI�DQG�RWKHUV�KDYH�
GHVFULEHG�RSHQ�SRVWHULRU�DQG�DQWHULRU�
DSSURDFKHV� WR� UHFRQVWUXFW� ERQ\�
GHIHFWV�ZLWK� DOORJUDIWV�� DQG� UHFHQWO\�
&KDSRYVN\�GHVFULEHG�WKH�DUWKURVFRSLF�
SODFHPHQW� RI� RVWHRFKRQGUDO� DOORJUDIW�
SOXJV� WR� UHFRQVWUXFW� VXFK� D� GHIHFW��
.D]HO� GHVFULEHG� D� SHUFXWDQHRXV�
DSSURDFK� WR� SHUIRUP� UHWURJUDGH�
GLVLPSDFWLRQ� RI� WKHVH� GHIHFWV� LQ� D�
FDGDYHULF�PRGHO��ZKLOH� 5H� GHVFULEHG�
D� VLPLODU� UHWURJUDGH� WHFKQLTXH� XVLQJ�

D�GHOWRSHFWRUDO�DSSURDFK��$�PLQLPDOO\�
LQYDVLYH� DUWKURVFRSLF� DSSURDFK� WR�
UHSDLU� ODUJH�+LOO�6DFKV�GHIHFWV�ZRXOG�
EH� LGHDO�� EXW� WKH� YLVXDOL]DWLRQ� DQG�
DUWKURVFRSLF� DFFHVV� WR� WKHVH� GHIHFWV�
FDQ�EH�GLI¿FXOW�

%LRORJLF� RVWHRFRQGXFWLYH� JUDIW�
SOXJV��7UX)LW�%*6�3OXJ��2VWHRELRORJLFV��
,QF�� 6PLWK�1HSKHZ�� $QGRYHU�� 0$���
KDYH� EHHQ� DSSURYHG� DQG�ZLGHO\� IRU�
WKH� UHFRQVWUXFWLRQ�RI� WUDXPDWLF�ERQH�
GHIHFWV� DQG� WR� µEDFNILOO¶� FDUWLODJH�
GHIHFWV�DIWHU�RVWHRDUWLFXODU�WUDQVSODQW�
KDUYHVWV�LQ�WKH�NQHH��

:H�GHVFULEHG�D�WHFKQLTXH�WKDW�DOORZV�
H[FHOOHQW� YLVXDOL]DWLRQ� DQG� DFFHVV� WR�
WKH�ODUJH�+LOO�6DFKV�GHIHFW�WKDW�DOORZV�
SODFHPHQW�RI�SUH�FDQQXODWHG�ELSKDVLF�
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ERQH�JUDIW�VXEVWLWXWH�SOXJV�LQWR�ODUJH�
GHIHFWV�YLD�DQ�DOO�DUWKURVFRSLF�WHFKQLTXH�
�)LJXUH��$���%���:H�KDYH�SHUIRUPHG�
WKLV� WHFKQLTXH� RQ� WHQ� SDWLHQWV� WKXV�
IDU�� WKUHH� RI� ZKRP� SUHVHQWHG� ZLWK�
UHFXUUHQW� LQVWDELOLW\� DIWHU� SUHYLRXVO\�
IDLOHG�RSHQ�DQG�DUWKURVFRSLF�%DQNDUW�
UHSDLUV��

3DWLHQWV�DQG�0HWKRGV
)URP� $SUL O � ����� WR� -DQXDU\�

����� WHQ� SDWLHQWV� SUHVHQWHG� WR� RXU�
LQVWLWXWLRQ�ZLWK� SULPDU\� RU� UHFXUUHQW�
LQVWDELOLW\� LQ� WKH� VHWWLQJ� RI� ODUJH� RU�
PDVVLYH� YROXPHWULF� ERQH� ORVV� RI� WKH�
SRVWHUR�VXSHULRU� KXPHUDO� KHDG� �+LOO�
6DFKV� OHVLRQ��� 'DWH� RQ� WKH� LQLWLDO�
WUDXPDWLF�GLVORFDWLRQ��SUHYLRXV�VXUJLFDO�

SURFHGXUHV� DQG� UHFXUUHQFHV�� DQG�
GHPRJUDSKLF� DQG� LQMXU\� GDWD� ZHUH�
DYDLODEOH�IRU�DOO�SDWLHQWV��7DEOH����

'LJLWDO� 05� DUWKURJUDPV� ZHUH�
DYDLODEOH� IRU� HYHU\� SDWLHQW�� � &7�
VFDQV� ZHUH� SHUIRUPHG� LQ� SDWLHQWV�
ZKR� SUHVHQWHG� WR� RXU� LQVWLWXWLRQ�
ZLWKRXW�05,� LQ�ZKRP�SODLQ� VKRXOGHU�
UDGLRJUDSKV� GHPRQVWUDWHG�+LOO�6DFKV�

7DEOH����'HPRJUDSKLF�DQG�SUH�RSHUDWLYH�LPDJLQJ�GDWD�RQ����SDWLHQWV�ZKR�XQGHUZHQW�DUWKURVFRSLF�SODFHPHQW�RI�JUDIWV����+$'��+XPHUDO�
$UWLFXODU�$UF�'H¿FLW�WKH�ODUJHVW�DUF�RI�ORVW�VXUIDFH�DUHD���$3*:��$QWHUR�3RVWHULRU�*OHQRLG�:LGWK�WKH�ZLGWK�RI�WKH�JOHQRLG�VRFNHW��+$'�
$3*:��D�FLUFXPIHUHQFH�UDWLR�UDWLRV�KLJKHU�WKDQ�����DUH�VKRXOGHUV�LQ�ZKLFK�GLVORFDWLRQ�LV�H[WUHPHO\�OLNHO\�ZLWKRXW�UHSDLU�RI�WKH�ERQH�
GHIHFW��

)LJXUH����$UWKURVFRSLF�YLHZ�RI�DQ�HQJDJLQJ�+LOO�6DFKV�GHIHFW�IURP�WKH�SRVWHULRU�YLHZLQJ�SRUWDO���:LWK�H[WHUQDO�URWDWLRQ��WKH�+LOO�6DFKV�
GHIHFW�LV�REVHUYHG�WR�HQJDJH�WKH�DQWHUR�LQIHULRU�JOHQRLG�ULP����*��*OHQRLG����+6��+LOO�6DFKV�GHIHFW�
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RU� ERQ\� %DQNDUW� OHVLRQV�� � 8VLQJ� WKH�
HOHFWURQLF�PHGLD��WKH�VL]H�RI�WKH�GHIHFWV�
ZDV�PHDVXUHG�� � 3UHYLRXV� FDGDYHULF�
VWXGLHV�KDYH�GH¿QHG�FULWHULD�LQ�ZKLFK�
D�GHIHFW� LV� OLNHO\�WR� OHDG�WR�UHFXUUHQW�
LQVWDELOLW\��

$OO�SDWLHQWV�XQGHUZHQW�D�GLDJQRVWLF�
DUWKURVFRS\�� DUWKURVFRSLF� JUDIWLQJ� RI�
WKH�+LOO�6DFKV�GHIHFW�DQG�DUWKURVFRSLF�
OLJDPHQW�UHSDLU���&OLQLFDO�UHVXOWV�ZHUH�
JUDGHG� EDVHG� RQ� UDQJH� RI� PRWLRQ��
UHWXUQ�WR�ZRUN��DQG�UHWXUQ�WR�DWKOHWLFV�
DV�µH[FHOOHQW¶��µJRRG¶��µIDLU¶��RU�µSRRU¶��

5HVXOWV
7KH� DYHUDJH� DJH� DW� WKH� WLPH� RI�

VXUJHU\�ZDV� ����� \HDUV�� � 7KH� LQMXU\�
LQYROYHG� WKH� GRPLQDQW� KDQG� LQ� �� RI�

��� SDWLHQWV�� � 7KUHH� RI� ��� SDWLHQWV�
������ SUHVHQWHG� DIWHU� KDYLQJ� IDLOHG�
RQH� RU� PRUH� SUHYLRXV� VWDELOL]DWLRQ�
SURFHGXUHV��

2Q� SK\VLFDO� H[DPLQDWLRQ�� FOLQLFDO�
VLJQV� RI� LQVWDELOLW\� ZHUH� XQLIRUPO\�
SUHVHQW� ZLWK� SRVLWLYH� ILQGLQJV� RQ�
DSSUHKHQV LRQ� � UH ORFDW LRQ� � DQG�
VXUSULVH�WHVWV��DOO�WHVWV�SRVLWLYH�LQ�DOO�
SDWLHQWV��� � 7ZR� SDWLHQWV� KDG� FOLQLFDO�
HYLGHQFH� OLJDPHQWRXV� OD[LW\� ZLWKRXW�
PXOWLGLUHFWLRQDO�LQVWDELOLW\�

'H¿FLWV�RI�WKH�DQWHULRU�JOHQRLG�ULP�
ZHUH� DSSDUHQW� RQ� �� RI� ��� SDWLHQWV�
������� WKUHH�RI�ZKRP�ZHUH� UHYLVLRQ�
FDVHV�� � $OO� SDWLHQWV� ZLWK� DQWHULRU�
JOHQRLG�ERQH�GH¿FLWV�KDG�VLJQL¿FDQWO\�
UHGXFHG�FRQWDFW�EHWZHHQ�WKH�JOHQRLG�

DQG�KXPHUDO�VXUIDFHV�
7KH� DYHUDJH� OHQJWK� RI� IROORZ�XS�

DIWHU� VXUJHU\� LQ� WKLV� JURXS� LV� �����
PRQWKV��UDQJH�������PR����$OO�SDWLHQWV�
KDYH� UHJDLQHG� D� IXQFWLRQDO� UDQJH� RI�
PRWLRQ�DQG���RI����UHWXUQHG�WR�WKHLU�
SUH�RSHUDWLYH� VSRUWLQJ� DFWLYLWLHV��
%DVHG�RQ�RXU�FOLQLFDO�JUDGLQJ�FULWHULD��
�� SDWLHQWV� KDYH� H[FHOOHQW� UHVXOWV�� ��
SDWLHQW� KDV� D� JRRG� UHVXOW�� DQG� RQH�
SDWLHQW�UH�GLVORFDWHG�ZKLOH�VN\GLYLQJ���
PRQWKV�DIWHU�WKH�VXUJLFDO�SURFHGXUH��

'LVFXVVLRQ
1XPHURXV�FOLQLFDO�VWXGLHV�RI�IDLOXUHV�

DIWHU�DUWKURVFRSLF�%DQNDUW�UHSDLU�KDYH�
LPSOLFDWHG� WKH� SUHVHQFH� RI� HQJDJLQJ�
ERQH�GHIHFWV�DV�D�SRWHQWLDO�FRQWULEXWLQJ�
IDFWRU�

0DQ\� DSSURDFKHV� WR� DGGUHVVLQJ�
HQJDJLQJ� ERQ\� GHILFLWV� KDYH� EHHQ�
GHVFULEHG�� 7KH� PRVW� FRPPRQO\�
SHUIRUPHG� SURFHGXUHV� LQFOXGH� RSHQ��
QRQ�DQDWRPLF� FRUDFRLG� WUDQVIHUV�
�%ULVWRZ��/DWDUMHW���JOHQRLG�DXWRORJRXV�
RU�DOORJUDIW�ERQH�JUDIWLQJ�SURFHGXUHV�
�(GHQ�+\ELQHWWH���7KHVH�QRQ�DQDWRPLF�
DSSURDFKHV�GR�QRW�GLUHFWO\�DGGUHVV�WKH�
+LOO�6DFKV�GHIHFW��EXW�UDWKHU�LQFUHDVH�
WKH� JOHQRLG� DUWLFXODWLQJ� VXUIDFH� DUHD�
DQG�RU� SRWHQWLDOO\� DOWHU� WKH� QRUPDO�
PHFKDQLFV�RI�WKH�VXEVFDSXODULV�PXVFOH�
WR� VWDELOL]H� WKH� VKRXOGHU�� � $OWKRXJK�
DQ� DUWKURVFRSLF� /DWDUMHW� KDV� EHHQ�
GHVFULEHG�� PRVW� VXUJHRQV� SHUIRUP�
DQ� RSHQ� DSSURDFK�� ZKLFK� LV� PRUH�
LQYDVLYH� DQG� KDV� EHHQ� DVVRFLDWHG�
ZLWK� SHUPDQHQW� ZHDNQHVV� RI� WKH�
VXEVFDSXODULV��VWLIIQHVV��RU�SUHPDWXUH�
DUWKURVLV�

,Q� RXU� LQLWLDO� WUHDWPHQW� RI� ���
SDWLHQWV�������RI�SHUVRQV�ZKR�KDYH�
EHHQ�IROORZHG�PRUH�WKDQ���PRQWKV�ZHUH�
DEOH�WR�UHWXUQ�WR�DWKOHWLF�SDUWLFLSDWLRQ��
LQFOXGLQJ�FRQWDFW�VSRUWV���7KXV�IDU������
RI�WKHVH�SDWLHQWV�KDYH�VWDEOH�VKRXOGHUV�
DQG� D� QRUPDO� UDQJH� RI�PRWLRQ�� � ,W�
VKRXOG�EH�QRWHG�WKDW�WKH�IDLOXUH�UDWHV�
DVVRFLDWHG�ZLWK�DUWKURVFRSLF�OLJDPHQW�
UHSDLU�RI�VKRXOGHUV�ZLWKRXW�GHIHFWV�LV�
DSSUR[LPDWHO\��������

&RQFOXVLRQ
:H� EHOLHYH� WKDW� DQ� DQDWRPLF�

VROXWLRQ� WR� WKH� DQDWRPLF� SUREOHP� RI�
VKRXOGHU� LQVWDELOLW\�PD\� EH� WKH� EHVW�
DOWHUQDWLYH� LQ� WHUPV� RI� SUHVHUYLQJ� D�
IXQFWLRQDO�UDQJH�RI�PRWLRQ��SUHVHUYLQJ�
VKRXOGHU� MRLQW� VWDELOLW\�� DQG� DYRLGLQJ�
PRUELGLW\� DQG� WKH� ULVNV� RI� VKRXOGHU�
DUWKULWLV�� � )XUWKHU� IROORZ�XS� RQ� WKLV�
SDWLHQW� JURXS� ZLOO� LQGLFDWH� ZKHWKHU�

)LJXUH� ��� � ���\HDU� ROG�PDOH�ZLWK� UHFXUUHQW� ULJKW� VKRXOGHU� LQVWDELOLW\� DIWHU� D� IDLOHG�
DUWKURVFRSLF�%DQNDUW�UHSDLU���$��9LHZ�RI�WKH�SRVWHULRU�KXPHUDO�KHDG�IURP�WKH�1HYLDVHU�
SRUWDO���$�YROXPHWULF�+LOO�6DFKV�GHIHFW�LV�DSSDUHQW���%��9LHZ�RI�WKH�SRVWHULRU�KXPHUDO�KHDG�
DIWHU�JUDIWLQJ�ZLWK�WZR�FDQQXODWHG�V\QWKHWLF�JUDIWV���&�(���$EGXFWLRQ��IRUZDUG�HOHYDWLRQ��
DQG�H[WHUQDO�URWDWLRQ�HYDOXDWHG���PRQWKV�IROORZLQJ�UHYLVLRQ�%DQNDUW�ZLWK�DUWKURVFRSLF�
SODFHPHQW�RI�JUDIWV���)���6KRXOGHU�LQFLVLRQV�XVHG�IRU�UHYLVLRQ�UHFRQVWUXFWLRQ�
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WKLV�PLQLPDOO\� LQYDVLYH� SURFHGXUH� LV�
VXSHULRU�WR�FXUUHQW�RSHQ�QRQ�DQDWRPLF�
WHFKQLTXHV�� � ,Q� WKH�8:�$57�ODE��ZH�
FRQWLQXH� WR�FKDOOHQJH� WKH�VWDWXV�TXR�
LQ�FDUH�RI�DWKOHWLF�LQMXULHV�LQ�DQ�HIIRUW�
WR� ¿QG� OHVV�LQYDVLYH� WHFKQLTXHV� WKDW�
ZLOO�UHVWRUH�QRUPDO�IXQFWLRQ�ZLWK�UDSLG�
UHKDELOLWDWLRQ�

$FNQRZOHGJHPHQW
7KLV� UHVHDUFK�ZDV�PDGH� SRVVLEOH�

E\�JHQHURXV�HGXFDWLRQDO�JUDQW�VXSSRUW�
IURP� 6PLWK� �� 1HSKHZ� �(QGRVFRS\�
'LYLVLRQ�� DQG� 'H3X\�0LWHN�� � %RWK�
FRPSDQ LHV � ZHUH � LQV W UXPHQWD O�
LQ� HVWDEOLVKLQJ� WKH� 8QLYHUVLW\� RI�
:DVKLQJWRQ� $UWKURVFRS\� 5HVHDUFK�
DQG� 7UDLQLQJ� /DERUDWRU\� �$57�ODE���
DQ�HGXFDWLRQDO�DQG�UHVHDUFK�UHVRXUFH�
PDGH� DYDLODEOH� WR� WKH� VFLHQWLVWV��
VXUJHRQV�� DQG� UHVLGHQWV� RI� WKH�
8QLYHUVLW\�RI�:DVKLQJWRQ�'HSDUWPHQW�
RI�2UWKRSDHGLFV�DQG�6SRUWV�0HGLFLQH��

5HFRPPHQGHG�5HDGLQJ

%RLOHDX� 3��9LOODOED�0��+HU\� -�� %DOJ� )��
$KUHQV� 3�� 1H\WRQ� /�� 5LVN� IDFWRUV� IRU�
UHFXUUHQFH�RI�VKRXOGHU�LQDWDELOLW\�DIWHU�
DUWKURVFRSLF� %DQNDUW� UHSDLU�� -� %RQH�
-RLQW�6XUJ�$P��������������������
�����

%XUNKDUW� 66�� 'H� %HHU� -)�� 7UDXPDWLF�
JOHQRKXPHUDO�ERQH�GHIHFWV�DQG� WKHLU�
UHODWLRQVKLS� WR� IDLOXUH�RI�DUWKURVFRSLF�
%DQNDUW� UHSDLUV�� VLJQL¿FDQFH� RI� WKH�
LQYHUWHG�SHDU�JOHQRLG�DQG�WKH�KXPHUDO�
HQJDJLQJ�+LOO�6DFKV�OHVLRQ��$UWKURVFRS\��
2FW��������������������

,WRL� (�� /HH� 6%�� %HUJOXQG� /-�� %HUJH�
//�� $Q� .1�� 7KH� HIIHFW� RI� D� JOHQRLG�
GHIHFW� RQ� DQWHURLQIHULRU� VWDELOLW\� RI�
WKH� VKRXOGHU� DIWHU� %DQNDUW� UHSDLU�� D�
FDGDYHULF�VWXG\��-�%RQH�-RLQW�6XUJ�$P��
-DQ������������������

:DKO�&-��6HLIHUW�((��(OOLV�('��0DWW�6��
0DWVHQ� )$,�� 7KH� ODWHQW� IDLOXUH�� � DQ�
DQDO\VLV�RI�FDSVXORUUDSK\�DUWKURSDWK\�
LQ� SDWLHQWV� SUHVHQWLQJ� DIWHU� IDLOHG�
VKRXOGHU � V WDE L O L ]DW LRQV� � 3DSHU�
SUHVHQWHG� DW�� $QQXDO�0HHWLQJ� RI� WKH�
$PHULFDQ� 2UWKRSDHGLF� 6RFLHW\� IRU�
6SRUWV� 0HGLFLQH�� ������ +HUVKH\��
3HQQV\OYDQLD�

<DPDPRWR� 1�� ,WRL� (�� $EH� +�� HW� DO��
&RQWDFW�EHWZHHQ�WKH�JOHQRLG�DQG�WKH�
KXPHUDO� KHDG� LQ� DEGXFWLRQ�� H[WHUQDO�
URWDWLRQ�� DQG�KRUL]RQWDO� H[WHQVLRQ��D�
QHZ�FRQFHSW�RI�JOHQRLG�WUDFN��-�6KRXOGHU�
(OERZ�6XUJ��6HS�2FW����������������
����
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*OHQRKXPHUDO�&KRQGURO\VLV�$IWHU�6KRXOGHU�$UWKURVFRS\�

�� &KRQGURO\VLV�RI�WKH�VKRXOGHU���UDSLG�GLVVROXWLRQ�RI�WKH�DUWLFXODU�FDUWLODJH���LV�EHLQJ�� �
� GLDJQRVHG�ZLWK�LQFUHDVHG�IUHTXHQF\�VLQFH�WKH�DGYHQW�RI�VKRXOGHU�DUWKURVFRS\�
�� 1R�GH¿QLWLYH�HWLRORJ\�KDV�EHHQ�LGHQWL¿HG��DOWKRXJK�VWURQJ�DVVRFLDWLRQV�KDYH�EHHQ�PDGH��

� ZLWK�WKH�XVH�RI�WKHUPDO�GHYLFHV�DQG�ZLWK�WKH�DGPLQLVWUDWLRQ�RI�LQWUD�DUWLFXODU�DQHVWKHWLFV�
�� 0DQDJHPHQW�RI�JOHQRKXPHUDO�FKRQGURO\VLV�LV�SUREOHPDWLF�DV�PDQ\�RI�WKH�SDWLHQWV�DUH��

� YHU\�\RXQJ�IRU�WUHDWPHQW�ZLWK�FRQYHQWLRQDO�WRWDO�VKRXOGHU�DUWKURSODVW\�
�� :H�KDYH�DQDO\]HG�WKH�H[LVWLQJ�OLWHUDWXUH�DORQJ�ZLWK�D�VHULHV�RI�QHZ�FDVHV�LQ�VHDUFK�RI��

� IDFWRUV�WKDW�PD\�FRQWULEXWH�WR�WKH�GHYHORSPHQW�RI�FKRQGURO\VLV�

&KRQGURO\VLV� LV� D� UHSRUWHG�
FRPSO LFDW LRQ� RI � VKRXOGHU�
DUWKURVFRS\���8S�WKURXJK�������

D�WRWDO�RI����SDWLHQWV������VKRXOGHUV���
KDG�EHHQ�UHSRUWHG��*LYHQ�WKH�WKRXVDQGV�
RI� VKRXOGHU� DUWKURVFRSLHV� WKDW� DUH�
FRQGXFWHG� RQ� DQ� DQQXDO� EDVLV�� WKLV�
QXPEHU�VHHPV�PLQXWH���,W�LV�OLNHO\�WKDW�
WKHUH�DUH�PRUH�FDVHV�WKDW�KDYH�HVFDSHG�
GHWHFWLRQ�RU�ZHUH�QRW�UHSRUWHG��$V�VXFK�
WKH�LQFLGHQFH�LV�QRW�NQRZQ�

7R� GDWH�� WKH� GHYHORSPHQW� RI�
FKRQGURO\VLV�KDV�EHHQ�DVVRFLDWHG�ZLWK�
WKH�XVH�RI�*HQWLDQ�YLROHW�G\H�WR�GHWHFW�
FXII�WHDUV��WKHUPDO�WUHDWPHQW�ZLWKLQ�WKH�
MRLQW� DQG� LQWUD�DUWLFXODU� DQHVWKHWLFV��
2WKHU� SRVVLEOH� DVVRFLDWLRQV� LQFOXGH�
ELRDEVRUEDEOH�LPSODQWV�DQG�DEVRUEDEOH�
VXWXUH� DV�ZHOO� DV� SRVVLEO\� LQIHFWLRQ��
RVWHRDUWKULWLV�DQG�WUDXPD���

1R� SURVSHFW LYH� DQD O\V LV � RU�
UDQGRPL]HG� FOLQLFDO� WULDO� KDV� EHHQ�
GRQH� LQ� KXPDQV�� VR� WKH� VWXG\� RI�
DQHFGRWDO�FDVHV�DORQJ�ZLWK�EHQFK�DQG�
DQLPDO� UHVHDUFK� HIIRUWV� LV� WKH� EHVW�
LQIRUPDWLRQ� DYDLODEOH�� � 7R� VWXG\� WKH�
SUREOHP��ZH�REWDLQHG�VL[W\�RQH�SDWLHQW�
UHFRUGV� ���� VKRXOGHUV�� IURP� RWKHU�
LQVWLWXWLRQV�RI�SDWLHQWV�ZKR�GHYHORSHG�
SRVW�DUWKURVFRSLF� JOHQRKXPHUDO�

FKRQGURO\VLV�� �3$*&/��� DQG� UHYLHZHG�
WKHP� LQ� D� V\VWHPDWLF� IDVKLRQ� DORQJ�
ZLWK�WKH�H[LVWLQJ�FDVHV�LQ�WKH�OLWHUDWXUH�
QRWHG�DERYH���7KLV�DOORZHG�XV�WR�VWXG\�
DOO�WKH�DYDLODEOH�FDVHV�DQG�PRUH�WKDQ�
GRXEOH� WKH� LQIRUPDWLRQ� SUHYLRXVO\�
DYDLODEOH��8OWLPDWHO\�ZH�KDG�GDWD�RQ�
���� SDWLHQWV� ����� VKRXOGHUV�� �7DEOH�
����

$� WRWDO� RI� ���� VKRXOGHUV� LQ� ����
SDWLHQWV�ZLWK�SRVW�VXUJLFDO�JOHQRKXPHUDO�
FKRQGURO\VLV� ZHUH� DQDO\]HG�� � 7KH�
DYHUDJH� SDWLHQW� DJH�ZDV� ��� DQG� ���
DW� WKH� WLPH� RI� VXUJHU\� IRU� WKH� FDVH�
VHULHV�DQG�OLWHUDWXUH�UHYLHZ�UHVSHFWIXOO\�
�5DQJH� �������� 7KH�PRVW� FRPPRQ�
LQGLFDWLRQV�IRU�VXUJHU\�ZHUH�LQVWDELOLW\�
DQG�6/$3� OHVLRQV�� �3DLQ�SXPSV�ZHUH�
XWLOL]HG� LQ� ��� VKRXOGHUV�� ��� LQ� FDVH�
VHULHV�DQG����LQ�WKH�OLWHUDWXUH�UHYLHZ���
/LGRFDLQH������ZDV�XVHG�LQ����SDWLHQWV�
LQ� WKH� FDVH� VHULHV�� DQG� EXSLYDFDLQH�
������������LQ����SDWLHQWV�LQ�WKH�FDVH�
VHULHV�DQG����SDWLHQWV�LQ�WKH�OLWHUDWXUH�
UHYLHZ��ZLWK�DQG�ZLWKRXW�HSLQHSKULQH���
5DGLRIUHTXHQF\� FDSVXORUUKDSK\�ZDV�
SHUIRUPHG� LQ� ��� VKRXOGHUV� ZLWK� DOO�
SDWLHQWV�LQ�WKH�FDVH�VHULHV�KDYLQJ�WKH�
DGGLWLRQ�RI�D�SDLQ�SXPS�

&KRQGURO\VLV�PDQLIHVWHG� FOLQLFDOO\�

DV�SURJUHVVLYH��VHYHUH�DQG�UHIUDFWRU\�
SDLQ�DQG�ORVV�RI�PRWLRQ���5DGLRJUDSKLF�
GRFXPHQWDWLRQ� RI� FKRQGURO\VLV� ZDV�
HVWDEOLVKHG� DW� DQ� DYHUDJH� RI� ����
GD\V� �5DQJH� ��������� DIWHU� WKH�
DUWKURVFRSLF� SURFHGXUH�� �)LJXUH� �$�
	� %��� � ;�UD\� DQG�05,� FKDQJHV�ZHUH�
FRQVLVWHQW�� � MRLQW� VSDFH� QDUURZLQJ�
���� SDWLHQWV��� VXEFKRQGUDO� F\VWV� RI�
WKH�JOHQRLG�����SDWLHQWV��DQG�KXPHUDO�
KHDG� ���� SDWLHQWV��� DQG�PLQLPDO� RU�
QR�RVWHRSK\WRVLV�����SDWLHQWV�DQG����
SDWLHQWV���

&RQFOXVLRQ
*OHQRKXPHUDO� FKRQGURO\VLV� FDQ�

EH� DVVRFLDWHG� ZLWK� WKH� FRPELQDWLRQ�
RI� DUWKURVFRSLF� VXUJHU\� DQG� SRVW�
DUWKURVFRS\�LQIXVLRQ�RI�ORFDO�DQHVWKHWLF���
,Q� FRQWUDVW� WR� SUHYLRXV� UHSRUWV�� WKH�
DUWKURVFRSLF�RSHUDWLRQV�DVVRFLDWHG�ZLWK�
FKRQGURO\VLV� LQ� WKLV� VHULHV� ZHUH� QRW�
OLPLWHG�WR�VWDELOL]DWLRQ�SURFHGXUHV�DQG�
WKH�LQIXVHG�DQHVWKHWLF�ZDV�QRW�OLPLWHG�
WR�EXSLYDFDLQH�

,W� LV� RI� QRWH� WKDW� WKH����SDWLHQWV�
SUHVHQWHG� KHUH� ZHUH� ORFDWHG� EDVHG�
RQ� WKHLU�SUHVHQWDWLRQ�RI� FKRQGURO\VLV�
IROORZLQJ�WKH�XVH�RI�SDLQ�SXPSV���7KLV�
GLG�QRW�DOORZ�IRU�PHDQLQJIXO�VWDWLVWLFDO�
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DQDO\VLV� RU� FRPSDULVRQ� WR� SUHYLRXVO\�
UHSRUWHG�VWXGLHV���$GGLWLRQDOO\��ZH�DUH�
XQDEOH� WR� DVFHUWDLQ� WKH� SRSXODWLRQ�
DW� ULVN� DQG� WKHUHIRUH� ZHUH� XQDEOH�
WR� FDOFXODWH� WKH� WUXH� LQFLGHQFH�
DQG� SUHYDOHQFH� RI� FKRQGURO\VLV� LQ�
WKLV� SRSXODWLRQ�� � ,Q� VSLWH� RI� WKHVH�
OLPLWDWLRQV�� WKLV� VWXG\� GHPRQVWUDWHG�

WKDW�FKRQGURO\VLV�FDQ�RFFXU�LQ�SDWLHQWV�
LQ� D� EURDG� DJH� UDQJH�� ZLWK� PDQ\�
URXWLQH�DUWKURVFRSLF�SURFHGXUHV��XVLQJ�
EXSLYDFDLQH� RU� OLGRFDLQH� ZLWK� DQG�
ZLWKRXW�HSLQHSKULQH���0RUHRYHU��WKHUH�
LV� RIWHQ� D� VXEVWDQWLDO� GHOD\� EHWZHHQ�
WKH� DUWKURVFRSLF� SURFHGXUH� DQG� WKH�
GLDJQRVLV�RI�FKRQGURO\VLV���

7KH� SDWKRORJ\� RI� FKRQGURO\VLV� LV�
FKDUDFWHULVWLF�DQG�UHPDUNDEOH�LQ�WHUPV�
RI�WKH�LQYROYHPHQW�RI�HVVHQWLDOO\�DOO�RI�
WKH�MRLQW¶V�DUWLFXODU�FDUWLODJH���)LJXUH��$�
	�%����2QFH�WKH�SURFHVV�EHJLQV��WKHUH�
LV�QR�HYLGHQFH�WKDW�LW�FDQ�EH�DUUHVWHG���
$UWKURVFRSLF� VXUJHRQV�PD\� ZLVK� WR�
FRQVLGHU� DYRLGLQJ� IDFWRUV� DVVRFLDWHG�

7DEOH�����6XPPDU\�RI�FOLQLFDO�¿QGLQJV���'DWD�UHSUHVHQW�WKH�QXPEHU�RI�VKRXOGHUV�ZLWK�WKH�¿QGLQJ������SDWLHQWV�LQ�WKH�OLWHUDWXUH�UHYLHZ�
GLG�QRW�KDYH�JHQGHU�LGHQWL¿HG�
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ZLWK� FKRQGURO\VLV�� VXFK� DV� WKH� SRVW�
RSHUDWLYH�LQIXVLRQ�RI�ORFDO�DQHVWKHWLFV�
DQG� WKHUPDO� HQHUJ\�� LI� WKHVH� IDFWRUV�
DUH�QRW�HVVHQWLDO�WR�WKH�VXFFHVV�RI�WKH�
SURFHGXUH�

)XWXUH�'HYHORSPHQWV�LQ�2SWLPL]LQJ�
3DWLHQW�&DUH

,Q�WKDW�ZH�DUH�VHHLQJ�DQ�LQFUHDVLQJ�
QXPEHU� RI� LQGLYLGXDOV� ZLWK� SRVW�
DUWKURVFRSLF� FKRQGURO\VLV�� ZH� DUH�
VWULYLQJ� WR�RSWLPL]H� WKH� WUHDWPHQW�RI�
HDFK� RI� WKHP�� 6RPH� SDWLHQWV� ZLWK�
HDUO\�FKRQGURO\VLV�PD\�EH�HIIHFWLYHO\�
PDQDJHG�ZLWK�DQ�DUWKURVFRSLF�DSSURDFK�
RI�GHEULGHPHQW�DQG�FDSVXODU�UHOHDVH���
0RUH� DGYDQFHG� FDVHV�PD\� UHTXLUH� D�
KXPHUDO� KHPLDUWKURSODVW\�ZLWK� QRQ�
SURVWKHWLF� JOHQRLG� DUWKURSODVW\� �WKH�

)LJXUH��$�	�%��&KDUDFWHULVWLF�UDGLRJUDSK�RI�SUH�RSHUDWLYH�QRUPDO�DSSDUHQW�MRLQW�VSDFH���D��DQG����PRQWKV�DIWHU�DUWKURVFRSLF�VXUJHU\�
ZLWK�D�SRVW�RSHUDWLYH�LQWUD�DUWLFXODU�SDLQ�SXPS��E��

³5HDP� DQG� 5XQ´� SURFHGXUH�� �ZZZ�
RUWKRS�ZDVKLQJWRQ�HGX�UHDPDQGUXQ��

5HFRPPHQGHG�5HDGLQJ

&KX� &5�� ,]]R� 1-�� 3DSDV� 1(�� )X�
)+�� ,Q� YLWUR� H[SRVXUH� WR� �����
EXSLYDFDLQH� LV� F\WRWR[LF� WR� ERYLQH�
DUWLFXODU� FKRQGURF\WHV�� $UWKURVFRS\��
�������������������

'UDJRR� -/�� .RURWNRYD� 7�� .DQZDU� 5��
:RRG�%��7KH�HIIHFW�RI�ORFDO�DQHVWKHWLFV�
DGPLQLVWHUHG� YLD� SDLQ� SXPS� RQ�
FKRQGURF\WH� YLDELOLW\�� $P� -� 6SRUWV�
0HG�����������������������

*RPROO� $+�� .DQJ� 5:��:LOOLDPV� -0��
%DFK�%5��&ROH�%-��&KRQGURO\VLV�DIWHU�
FRQWLQXRXV� LQWUD�DUWLFXODU� EXSLYLFDLQH�

LQIXVLRQ�� � DQ� H[SHULPHQWDO� PRGHO�
LQYHVWLJDWLQJ� FKRQGURWR[LFLW\� LQ� WKH�
UDEELW� VKRXOGHU�� -� $UWKURVFRSLF� 5HO�
6XUJ������������������

.DUS LH� -&� � &KX� &5� � / LGRFD LQH�
H[KLELWV� GRVH�� DQG� WLPH�GHSHQGHQW�
F\WRWR[LF� HIIHFWV� RQ� ERYLQH� DUWLFXODU�
FKRQGURF\WHV�LQ�YLWUR��$P�-�6SRUWV�0HG��
����������������������

/HY\�-&��9LUDQL�1$��)UDQNOH�0$��&XII�
'�� 3XSHOOR� '5�� +DPHOLQ� -$�� <RXQJ�
SDWLHQWV� ZLWK� VKRXOGHU� FKRQGURO\VLV�
IROORZLQJ�DUWKURVFRSLF�VKRXOGHU�VXUJHU\�
WUHDWHG�ZLWK�WRWDO�VKRXOG�DUWKURSODVW\��-�
6KRXOGHU�(OERZ�6XUJ�����������������
����

)LJXUH��$�	�%��5RXWLQH�¿QGLQJV�DW�DUWKURSODVW\�VXUJHU\�ZLWK�FRPSOHWH�ORVV�RI�WKH��D��KXPHUDO�KHDG�DQG��E��JOHQRLG�DUWLFXODU�FDUWLODJH�
ZLWKRXW�SUROLIHUDWLYH�RVWHRSK\WHV��%RQH�F\VWV�ZHUH�FRPPRQO\�VHHQ�
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&KDUDFWHULVWLFV�RI������3DWLHQWV�+DYLQJ�3ULPDU\�6KRXOGHU�
$UWKURSODVW\��&RQWUDVWLQJ�7KRVH�8QGHU�DQG�2YHU����<HDUV�RI�$JH

�� 6KRXOGHU�DUWKULWLV�LV�D�GLVDEOLQJ�FRQGLWLRQ�LQ�ZKLFK�WKH�QRUPDOO\�VPRRWK�FDUWLODJH�� �
� VXUIDFHV�RI�WKH�EDOO�DQG�VRFNHW�RI�WKH�VKRXOGHU�DUH�ORVW�EHFDXVH�RI�LQMXU\��GHJHQHUDWLRQ���
� LQÀDPPDWLRQ��RU�VXUJLFDO�PLVDGYHQWXUH�
�� 0RGHUQ�VKRXOGHU�UHSODFHPHQW�VXUJHU\�ZDV�LQWURGXFHG�E\�'U��&KDUOHV�6��1HHU�,,�LQ�WKH��

� ����V��DQG�KDV�EHHQ�SHUIRUPHG�E\�WKH�6KRXOGHU�DQG�(OERZ�7HDP�DW�WKH�8QLYHUVLW\�RI��
� :DVKLQJWRQ�VLQFH������
�� 6KRXOGHU�MRLQW�UHSODFHPHQW�VXUJHU\�LV�PRVW�FRPPRQO\�XVHG�LQ�LQGLYLGXDOV�RYHU�WKH�DJH��

� RI����\HDUV�WR�WUHDW�SULPDU\�JOHQRKXPHUDO�DUWKULWLV���7KH�RXWFRPHV�LQ�WKLV�SDWLHQW�JURXS��
� DUH�JHQHUDOO\�H[FHOOHQW�
�� 7KH�UHSRUWHG�RXWFRPHV�RI�VKRXOGHU�DUWKURSODVW\�LQ�LQGLYLGXDOV�XQGHU����\HDUV�RI�DJH���

� KDYH�EHHQ�UHSRUWHG�WR�EH�ZRUVH�WKDQ�WKRVH�LQ�LQGLYLGXDOV�RYHU����\HDUV�RI�DJH�
�� :H�IRXQG�WKDW�SDWLHQWV�XQGHU����\HDUV�RI�DJH�SUHVHQWLQJ�IRU�VKRXOGHU�DUWKURSODVW\�� �

� DUH�PRUH�OLNHO\�WR�KDYH�FRPSOH[�SDWKRORJLHV�DQG�OHVV�OLNHO\�WR�KDYH�SULPDU\�VKRXOGHU���
� DUWKULWLV�WKDQ�WKHLU�ROGHU�FRXQWHUSDUWV�

6KRXOGHU� DUWKURSODVW\� LV� PRVW�
FRPPRQO\� XVHG� LQ� LQGLYLGXDOV�
RYHU� WKH� DJH� RI� ��� \HDUV� WR�

WUHDW� SULPDU\� JOHQRKXPHUDO� DUWKULWLV��
7KH�RXWFRPHV�DUH�JHQHUDOO\�JRRG�IURP�
WKH�SHUVSHFWLYH�RI�WKH�SDWLHQW�DQG�WKH�
VXUJHRQ���6KRXOGHU�DUWKURSODVW\�LV�DOVR�
IUHTXHQWO\�XVHG�WR�PDQDJH�GHVWUXFWLRQ�
RI�WKH�JOHQRKXPHUDO�MRLQW�IURP�D�YDULHW\�
RI� FDXVHV� LQ� \RXQJHU� LQGLYLGXDOV��
7KH� UHSRUWHG� RXWFRPHV� RI� VKRXOGHU�
DUWKURSODVW\� LQ� \RXQJHU� LQGLYLGXDOV�
DUH� LQIHULRU� WR� WKRVH� IRU� WKHLU� ROGHU�
FRXQWHUSDUWV���6SHUOLQJ�HW�DO�UHYLHZHG�
VHYHQW\�HLJKW�1HHU�KHPLDUWKURSODVWLHV�
DQG� WKLUW\�VL[� 1HHU� WRWDO� VKRXOGHU�
DUWKURSODVWLHV� SHUIRUPHG� LQ� SDWLHQWV�
DJHG����\HDUV�RU�\RXQJHU��7KH�UHVXOWV�
XVLQJ�WKH�1HHU�UDWLQJ�V\VWHP�ZHUH�QRW�
JRRG��$PRQJ�WKH�KHPLDUWKURSODVWLHV��
WKHUH�ZHUH���H[FHOOHQW�����VDWLVIDFWRU\��
DQG����XQVDWLVIDFWRU\�UHVXOWV��$PRQJ�
WRWDO� VKRXOGHU� DUWKURSODVWLHV�� WKHUH�
ZHUH���H[FHOOHQW����VDWLVIDFWRU\��DQG����
XQVDWLVIDFWRU\�UHVXOWV��$V�D�UHVXOW�WKH�

DXWKRUV�FRQFOXGHG��³*UHDW�FDUH�PXVW�
EH�H[HUFLVHG��DQG�DOWHUQDWLYH�PHWKRGV�
RI�WUHDWPHQW�FRQVLGHUHG��EHIRUH�HLWKHU�
KHPLDUWKURSODVW\� RU� WRWDO� VKRXOGHU�
DUWKURSODVW\�LV�RIIHUHG�WR�SDWLHQWV�DJHG�
���\HDUV�RU�\RXQJHU�́ �

,Q�WKDW�VXUJHRQV�ZLOO�FRQWLQXH�WR�EH�
FRQVXOWHG� E\� SDWLHQWV� XQGHU� ���ZLWK�
JOHQRKXPHUDO�DUWKULWLV��LW�LV�LPSRUWDQW�
WR�LGHQWLI\�IDFWRUV�WKDW�PD\�FRQWULEXWH�
WR�WKHVH�VXERSWLPDO�RXWFRPHV��7KHVH�
IDFWRUV� FRXOG� LQFOXGH� WKH�SRVVLELOLWLHV�
WKDW�� LQ� FRPSDULVRQ� WR� WKHLU� ROGHU�
FRXQWHUSDUWV�� WKH� \RXQJHU� SDWLHQWV�
KDG�����UHODWLYHO\�JUHDWHU�LPSDLUPHQW�
RI� WKHLU� VKRXOGHU� IXQFWLRQ� EHIRUH�
WKHLU� VXUJHU\�� ���� D� GLIIHUHQW� JHQGHU�
PL[� OHDGLQJ� WR� GLIIHUHQW� SHUFHSWLRQV�
RI� RXWFRPH�� ���� GLIIHUHQW� GLDJQRVHV��
LQFOXGLQJ�PRUH�FRPSOH[�SDWKRORJ\������
LQFUHDVHG� GHPDQGV� DQG� DFWLYLW\� WKDW�
LQFUHDVH�WKH�ULVN�RI�ORRVHQLQJ�DQG�ZHDU��
���� LQFUHDVHG� H[SHFWDWLRQV��PDNLQJ�
WKHP�DW�JUHDWHU�ULVN�IRU�GLVVDWLVIDFWLRQ��
DQG� ���� LQFUHDVHG� ORQJHYLW\�HQDEOLQJ�

PRUH�SUREOHPV� WR�DSSHDU�RYHU� WLPH��
,GHQWL¿FDWLRQ� RI� VXFK� IDFWRUV� ZRXOG�
HQDEOH� WKH� VXUJHRQ� WR� KDYH� D�PRUH�
LQIRUPHG� SUHRSHUDWLYH� GLVFXVVLRQ�
ZLWK� WKH� \RXQJ� SDWLHQW� FRQVLGHULQJ�
DUWKURSODVW\�� ,Q� WKLV� VWXG\��ZH�ZHUH�
DEOH�WR�H[SORUH�WKH�¿UVW�WKUHH�RI�WKHVH�
IDFWRUV�� 2QH� WKRXVDQG� DQG� WKLUW\�
SDWLHQWV� ZLWK� JOHQRKXPHUDO� DUWKULWLV�
KDYLQJ�D�VKRXOGHU�DUWKURSODVW\�DW�WKH�
8QLYHUVLW\� RI�:DVKLQJWRQ� FRPSULVHG�
WKLV� FDVH� VHULHV�� )RU� HDFK� GHFDGH� RI�
DJH�WKH�SUHYDOHQFH�RI�WZHOYH�GLIIHUHQW�
GLDJQRVHV��WKH�JHQGHU�GLVWULEXWLRQ��DQG�
WKH�VHOI�DVVHVVHG�VKRXOGHU�FRPIRUW�DQG�
IXQFWLRQ�ZHUH� FKDUDFWHUL]HG� SULRU� WR�
SULPDU\�VKRXOGHU�DUWKURSODVW\��

5HVXOWV
6L[WHHQ� SHUFHQW� RI� WKH� SDWLHQWV�

ZHUH�XQGHU����DQG�����RYHU����\HDUV�
RI�DJH��7DEOH����

+\SR WKHV L V � � � � W KH � JHQGH U�
GLVWULEXWLRQ�IRU�SDWLHQWV�OHVV�WKDQ�¿IW\�
\HDUV�RI�DJH�KDG�D�KLJKHU�SHUFHQW�RI�
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IHPDOHV�� � 7KLUW\�VL[� SHUFHQW� RI� WKH�
SDWLHQWV� XQGHU� ���ZHUH� IHPDOH� DQG�
����RI� WKH�SDWLHQWV�RYHU� WKH�DJH�RI�
���ZHUH� IHPDOH��7KH�K\SRWKHVLV�ZDV�
UHMHFWHG�

+\SRWKHVLV����WKH�SUH�DUWKURSODVW\�
VHOI�DVVHVVHG� FRPIRUW� DQG� IXQFWLRQ�
ZDV�ZRUVH�IRU�WKH�SDWLHQWV�XQGHU�¿IW\�
\HDUV� RI� DJH�� 7KH� DYHUDJH� 6KRXOGHU�
7HVW� VFRUHV� ZHUH� QRW� ORZHU� IRU� WKH�
\RXQJHU�SDWLHQWV�� ���������������IRU�
WKH� SDWLHQWV� XQGHU� ��� DQG� ���������
����� IRU� WKH� SDWLHQWV� RYHU� ��� \HDUV�
RI�DJH��7DEOH������7KH�K\SRWKHVLV�ZDV�
UHMHFWHG�

+\SRWKHVLV� ��� WKH� GLVWULEXWLRQ� RI�
GLDJQRVHV� LV� GLIIHUHQW� IRU� SDWLHQWV�
XQGHU� ILIW\� \HDUV� RI� DJH�� ZLWK� D�
KLJKHU�SUHYDOHQFH�RI�GLDJQRVHV�PRUH�
FRPSOH[�WKDQ�VWUDLJKWIRUZDUG�SULPDU\�
GHJHQHUDWLYH� MRLQW� GLVHDVH�� 7KH�
GLVWULEXWLRQ� RI� SDWLHQWV� DPRQJ� WKHVH�
GLDJQRVHV�ZDV� GLIIHUHQW� IRU� SDWLHQWV�
XQGHU���� IURP�WKDW� IRU�SDWLHQWV�RYHU�
���� ZLWK� WKH� IRUPHU� KDYLQJ� D� ����
SUHYDOHQFH� RI� GLDJQRVHV� RWKHU� WKDQ�
SULPDU\� GHJHQHUDWLYH� MRLQW� GLVHDVH�
LQ� FRPSDULVRQ� WR� ���� IRU� WKH� ODWWHU��
�)LJXUHV���DQG�����7KH�FKL�VTXDUH�WHVW�
UHYHDOHG�D�S�YDOXH�RI�������������IRU�
WKLV� GLIIHUHQFH�� 7KH� K\SRWKHVLV� ZDV�
DFFHSWHG�

&OLQLFDO�5HOHYDQFH
,Q�GLVFXVVLQJ�VKRXOGHU�DUWKURSODVW\�

ZLWK� \RXQJHU� SDWLHQWV�� VXUJHRQV�
VKRXOG� H[SODLQ� WKDW� PRUH� FRPSOH[�
SDWKRORJ\�� VXFK� DV� FDSVXORUUKDSK\�
DUWKURSDWK\� �)LJXUH� ���� UKHXPDWRLG�
DUWKULWLV��DQG�SRVW�WUDXPDWLF�DUWKULWLV��
PD\�FRPSOLFDWH�WKH�VXUJLFDO�SURFHGXUH�
DQG�FRPSURPLVH� WKH�HIIHFWLYHQHVV�RI�
WKH� SURFHGXUH� LQ� FRPSDULVRQ� WR� WKH�
VLWXDWLRQ� ZLWK� SULPDU\� GHJHQHUDWLYH�
MRLQW�GLVHDVH�ZKLFK�LV�PRUH�FRPPRQO\�
VHHQ�LQ�ROGHU�LQGLYLGXDOV��

5HFRPPHQGHG�5HDGLQJ

%DUUHWW�:3�� )UDQNOLQ� -/�� -DFNLQV� 6(��
:\VV� &5�� 0DWVHQ� )$�� �UG�� 7RWDO�
VKRXOGHU� DUWKURSODVW\�� -� %RQH� -RLQW�
6XUJ�$P�����������������

%RRUPDQ� 56�� .RSMDU� %�� )HKULQJHU�
(�� &KXUFKLOO� 56�� 6PLWK� .�� 0DWVHQ�
)$�� �UG�� 7KH� HIIHFW� RI� WRWDO� VKRXOGHU�
DUWKURSODVW\� RQ� VHOI�DVVHVVHG� KHDOWK�
VWDWXV� LV� FRPSDUDEOH� WR� WKDW� RI� WRWDO�
KLS� DUWKURSODVW\� DQG� FRURQDU\� DUWHU\�
E\SDVV�JUDIWLQJ��-�6KRXOGHU�(OERZ�6XUJ�
����������������

7DEOH����$JH�DQG�*HQGHU�'LVWULEXWLRQ�IRU�WKH�6HYHQ�0RVW�&RPPRQ�'LDJQRVHV�

7DEOH����7RWDO�667�6FRUH�E\�'HFDGH�DQG�*HQGHU�

)LJXUH����WRS��DQG�)LJXUH����ERWWRP���'LDJQRVHV�IRU�SDWLHQWV�XQGHU�DQG�RYHU����\HDUV��
&$� �FDSVXORUUKDSK\�DUWKULWLV��$91� �DYDVFXODU�QHFURVLV��37$� �SRVW�WUDXPDWLF�DUWKULWLV��
2WKHU�,QÀ� �2WKHU�,QÀDPPDWRU\�DUWKULWLV��5$� �UKHXPDWRLG�DUWKULWLV��'-'� �GHJHQHUDWLYH�
MRLQW�GLVHDVH��&7$� �FXII�WHDU�DUWKURSDWK\�
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&R¿HOG�5+��7RWDO�VKRXOGHU�DUWKURSODVW\�
ZLWK�WKH�1HHU�SURVWKHVLV��-�%RQH�-RLQW�
6XUJ�$P�����������������

)HKULQJHU�(9��.RSMDU�%��%RRUPDQ�56��
&KXUFKLOO� 56�� 6PLWK� ./�� 0DWVHQ� )$��
�UG�� &KDUDFWHUL]LQJ� WKH� IXQFWLRQDO�
LPSURYHPHQW� DIWHU� WRWDO� VKRXOGHU�
DUWKURSODVW\�IRU�RVWHRDUWKULWLV��-�%RQH�
-RLQW� 6XUJ� $P� ��������$������
�����

0DWVHQ� )$�� �UG�� (DUO\� HIIHFWLYHQHVV�
RI� VKRXOGHU� DUWKURSODVW\� IRU� SDWLHQWV�
ZKR� KDYH� SULPDU\� JOHQRKXPHUDO�
GHJHQHUDWLYH�MRLQW�GLVHDVH��-�%RQH�-RLQW�
6XUJ�$P�����������������

0DWVHQ�)$���UG��$QWRQLRX�-��5R]HQFZDLJ�
5��&DPSEHOO�%��6PLWK�./��&RUUHODWHV�
ZLWK� FRPIRUW�DQG� IXQFWLRQ�DIWHU� WRWDO�
VKRXOGHU�DUWKURSODVW\�IRU�GHJHQHUDWLYH�
MRLQW�GLVHDVH�� -�6KRXOGHU�(OERZ�6XUJ�
���������������

1HHU�&6���QG��:DWVRQ�.&��6WDQWRQ�)-��
5HFHQW� H[SHULHQFH� LQ� WRWDO� VKRXOGHU�
UHSODFHPHQW�� -� %RQH� -RLQW� 6XUJ� $P�
����������������

3DUVRQV�,0W��%XRQFULVWLDQL�$0��'RQLRQ�
6�� &DPSEHOO� %�� 6PLWK� ./�� 0DWVHQ�
)$�� �UG�� 7KH� HIIHFW� RI� WRWDO� VKRXOGHU�

)LJXUH����$Q�H[DPSOH�RI�FDSVXORUUKDSK\�DUWKURSDWK\�

DUWKURSODVW\�RQ� VHOI�DVVHVVHG�GH¿FLWV�
LQ� VKRXOGHU� IXQFWLRQ� LQ� SDWLHQWV�ZLWK�
FDSVXORUUKDSK\�DUWKURSDWK\��-�6KRXOGHU�
(OERZ�6XUJ���������6������

:LUWK� 0$�� /LP� 06�� 6RXWKZRUWK� &��
/RUHGR�5��.DDU�7.��5RFNZRRG�&$��-U���
&RPSDFWLRQ�ERQH�JUDIWLQJ�LQ�SURVWKHWLF�
VKRXOGHU� DUWKURSODVW\�� -� %RQH� -RLQW�
6XUJ�$P���������������

:LUWK� 0$�� 7DSVFRWW� 56�� 6RXWKZRUWK�
&�� 5RFNZRRG� &$�� -U��� 7UHDWPHQW�
RI� JOHQRKXPHUDO� DUWKULWLV� ZLWK� D�
KHPLDUWKURSODVW\��D�PLQLPXP�¿YH�\HDU�
IROORZ�XS�RXWFRPH�VWXG\��-�%RQH�-RLQW�
6XUJ�$P�����������������

6SHUOLQJ�-:��&R¿HOG�5+��5RZODQG�&0��
1HHU�KHPLDUWKURSODVW\�DQG�1HHU�WRWDO�
VKRXOGHU�DUWKURSODVW\�LQ�SDWLHQWV�¿IW\�
\HDUV�ROG�RU� OHVV�� /RQJ�WHUP� UHVXOWV��
-� %RQH� -RLQW� 6XUJ�$P�������������
����
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8QGHUVWDQGLQJ�.QHH�,QMXULHV�LQ�:RPHQ�$WKOHWHV���
&DQ�5RERWLFV�+HOS"

�� .QHH�LQMXULHV�LQ�ZRPHQ�FROOHJLDWH�DWKOHWHV�KDYH�EHHQ�FRQVLVWHQWO\�UHSRUWHG�WR�EH�DW�OHDVW��
� WZLFH�JUHDWHU�WKDQ�WKRVH�RI�PHQ�LQ�FRPSDUDEOH�VSRUWV�

�� 0DQ\�RI�WKHVH�LQMXULHV�RFFXU�LQ�VLWXDWLRQV�ZKHUH�WKHUH�LV�QR�FRQWDFW�ZLWK�DQ�RSSRVLQJ���
� SOD\HU��

�� $PRQJ�WKH�PRVW�IUHTXHQW�LQMXU\�LV�GDPDJH�WR�WKH�DQWHULRU�FUXFLDWH�OLJDPHQW��$&/��
�� $�EURDG�UDQJH�RI�PRGL¿DEOH�DQG�QRQ�PRGL¿DEOH�IDFWRUV�KDYH�EHHQ�LPSOLFDWHG�LQ�WKH�� �

� GLVSDULW\�LQ�$&/�LQMXULHV�
�� $QDWRPLFDO�IDFWRUV�VXFK�DV�QRWFK�ZLGWK��WLELDO�SODWHDX�VORSH�DQG�VL]H��DV�ZHOO�DV�� �

� IXQFWLRQDO�IDFWRUV�VXFK�DV�H[FHVVLYH�RU�PLVWLPHG�LQWHUQDO�URWDWLRQ�DQG�DGGXFWLRQ�KDYH��
� EHHQ�SURSRVHG�DV�DPRQJ�WKH�SRWHQWLDO�FDXVDWLYH�IDFWRUV�DOWKRXJK�PXFK�XQFHUWDLQW\�� �
� UHPDLQV�

�� &RPSXWHU�PRGHOLQJ�FDQ�EH�XVHG�WR�VLPXODWH�WKH�HIIHFWV�RI�GLIIHUHQW�VWUXFWXUHV�DQG�� �
� PRYHPHQWV�RQ�WKH�OHQJWK�RI�WKH�$&/�

�� 'LUHFW�PHDVXUHPHQW�RI�OLJDPHQW�OHQJWK�LV�SRVVLEOH�GXULQJ�PHFKDQLFDO�WHVWLQJ�LQ�� �
� DQDWRPLFDO�VSHFLPHQV�

�� 7UDGLWLRQDO�PHFKDQLFDO�WHVWLQJ�ORDGV�D�OLJDPHQW�DORQJ�D�VLQJOH�D[LV�VRPHWLPHV�LQFOXGLQJ��
� WRUVLRQ�

�� /LQHDU�URERWV��VXFK�DV�WKRVH�XVHG�RQ�DXWRPRELOH�SURGXFWLRQ�OLQHV��DQG�WKH�PRUH�XQXVXDO��
� SDUDOOHO�URERWV��DOORZ�DFFXUDWH�SRVLWLRQLQJ�DQG�FDUHIXOO\�FRQWUROOHG�ORDGV�WR�EH�JHQHUDWHG�

�� ,Q�DQ�RUWKRSDHGLF�FRQWH[W��URERWLF�PHWKRGV�DOORZ�WKH�DFFXUDWH�VLPXODWLRQV�RI�PXOWL�� �
� D[LV�IXQFWLRQDO�MRLQW�PRYHPHQWV�WKHUHE\�ORDGLQJ�D�OLJDPHQW�VXFK�DV�WKH�$&/�LQ�D�PRUH��
� UHDOLVWLF�PDQQHU�

�� 1HZ�DSSURDFKHV�WR�VXUJLFDO�UHFRQVWUXFWLRQ�RI�WKH�$&/�FDQ�DOVR�EH�VLPXODWHG�XVLQJ�� �
� URERWV�

�� $�0XVFXORVNHOHWDO�5RERWLFV�/DERUDWRU\�LV�XQGHU�FRQVWUXFWLRQ�DW�WKH�8QLYHUVLW\�RI�� �
� :DVKLQJWRQ�0HGLFDO�&HQWHU�

�� 7KH�8:�2UWKRSDHGLFV�.QHH�%LRPHFKDQLFV�JURXS�LV�D�PXOWL�GLVFLSOLQDU\�WHDP�RI�IDFXOW\��
� PHPEHUV�WKDW�LV�XVLQJ�URERWLFV�DQG�VLPXODWLRQ�WR�SURYLGH�LQVLJKW�LQWR�NQHH�LQMXULHV�DQG��
� WKHLU�VXUJLFDO�UHFRQVWUXFWLRQ�LQ�ZRPHQ�

7KH� KLJKHU� EXUGHQ� RI� NQHH�
LQMXULHV� LQ� ZRPHQ� FROOHJLDWH�
DWKOHWHV�FRPSDUHG�WR�WKHLU�PDOH�

FRXQWHUSDUWV�KDV�EHHQ�GHPRQVWUDWHG�
E\� LQMXU\� VXUYH\V� FRQGXFWHG� E\� WKH�
1DWLRQDO�&ROOHJLDWH�$WKOHWLF�$VVRFLDWLRQ�
�1&$$��RYHU� WKH� ODVW����\HDUV�� � 7KH�
FRPSDULVRQ�LV�SRVVLEOH�LQ�VSRUWV�ZKHUH�
UXOHV�DQG�HTXLSPHQW�DUH�VLPLODU�VXFK�

DV�YROOH\EDOO��VRFFHU��DQG�EDVNHWEDOO�EXW�
QRW�ZKHUH�WKHVH�IDFWRUV�YDU\�EHWZHHQ�
VH[HV�LQ�VSRUWV�VXFK�DV�ODFURVVH��ZKHUH�
WKHUH� LV� QR� FRQWDFW� DQG� GLIIHUHQW�
SURWHFWLYH� HTXLSPHQW� IRU� ZRPHQ����
%HWZHHQ������DQG�������WKH�UHODWLYH�
LQMXU\� UDWHV� IRU�ZRPHQ� FRPSDUHG� WR�
PHQ��DGMXVWHG�IRU�H[SRVXUH��UHPDLQHG�
IDLUO\�VWHDG\�DW�DSSUR[LPDWHO\�����WLPHV�

JUHDWHU� LQ� FROOHJLDWH� VRFFHU� DQG� ����
WLPHV�JUHDWHU�LQ�FROOHJLDWH�EDVNHWEDOO���
,QMXU\�DQDO\VLV�KDV�LQGLFDWHG�WKDW�PDQ\�
RI� WKHVH� LQMXULHV� RFFXU� LQ� VLWXDWLRQV�
ZKHUH�WKHUH�LV�QR�GLUHFW�FRQWDFW�ZLWK�
DQ� RSSRVLQJ� SOD\HU�� $PRQJVW� WKH�
PRVW�FRPPRQ�NQHH�LQMXULHV�WR�ZRPHQ�
DWKOHWHV�LQ�WKHVH�VSRUWV�DUH�LQMXULHV�WR�
WKH�DQWHULRU�FUXFLDWH�OLJDPHQW�
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7KH� DYHUDJH� $&/� OHQJWK� LV�
DSSUR[LPDWHO\���PP�DQG���PP�ORQJ�
LQ�PHQ�DQG�ZRPHQ�UHVSHFWLYHO\�ZLWK�
D�PLQLPXP� FURVV�VHFWLRQDO� DUHD� RI�
DSSUR[LPDWHO\� ��PP�� DQG� ��PP��
�DERXW�WKH�DUHD�RI�D�����´�FLUFOH��LQ�PHQ�
DQG�ZRPHQ�UHVSHFWLYHO\���7KH�OLJDPHQW�
LV�QDUURZHU�LQ�WKH�PLGVHFWLRQ�WKDQ�DW�
WKH� WLELDO� DQG� IHPRUDO� DWWDFKPHQWV��
/HQJWK�PHDVXUHPHQWV�DUH�FRPSOLFDWHG�
E\�WKH�IDFW�WKDW�WKH�$&/�PD\�FRQVLVW�RI�
DW�OHDVW�WKUHH�GLVWLQFW�EXQGOHV�RI�¿EHUV�
DQG�� HYHQ�ZLWKLQ� WKH� EXQGOHV�� WKHUH�
DUH�GLIIHUHQFHV�EHWZHHQ�¿EHUV� LQ�WKH�
FKDQJH� LQ� OHQJWK�ZLWK� MRLQW�PRWLRQ��
7KH� SULPDU\� TXDQWLW\� RI� LQWHUHVW� LQ�
DQDWRPLFDO� VWXGLHV� RI� WKH�$&/� LV� WKH�
³VWUDLQ´�RI�WKH�OLJDPHQW�DV�D�IXQFWLRQ�RI�
MRLQW�SRVLWLRQ���6WUDLQ�LV�DQ�HQJLQHHULQJ�
WHUP�GHQRWLQJ�WKH�UHODWLYH�HORQJDWLRQ�
RI� D� VWUXFWXUH� FRPSDUHG� WR� LWV� LQLWLDO�
OHQJWK�� � 7KLV� DOORZV� WKH� UHVSRQVH� RI�
OLJDPHQWV� RI� GLIIHUHQW� OHQJWKV� WR� EH�
FRPSDUHG�RQ�WKH�VDPH�EDVLV���7\SLFDOO\��
WKH�VWUDLQ�LQ�WKH�$&/�FDQ�DSSURDFK�����
�DQG�LQ�RQH�UHSRUW������EHIRUH�IDLOXUH�

LV�QRWHG�LQ�WKH�ODERUDWRU\�
$� EURDG� UDQJH� RI�PRGL¿DEOH� DQG�

QRQ�PRGLILDEOH� IDFWRUV� KDYH� EHHQ�
LPSOLFDWHG� LQ� WKH� GLVSDULW\� LQ� $&/�
LQMXULHV�� 3RWHQWLDO� FDXVDWLYH� IDFWRUV�
DUH� DOVR� RIWHQ� JURXSHG� LQWR� WKH�
IROORZLQJ� FDWHJRULHV�� HQYLURQPHQWDO��
DQDWRPLFDO��ELRPHFKDQLFDO��KRUPRQDO��
QHXURPXVFXODU��DQG�IDPLOLDO���,W�LV�OLNHO\�
WKDW�D�FRPSOH[�FRPELQDWLRQ�RI�PDQ\�
RU�DOO�RI�WKH�DERYH�IDFWRUV�FRQWULEXWHV�
WR� WKH� GLVSDULW\� DQG� WKXV� D� GHHSHU�
XQGHUVWDQGLQJ� RI� DQ\� RQH� DUHD� ZLOO�
SURYLGH� LQVLJKW� LQWR� WKLV�PXOWLIDFHWHG�
SUREOHP��:KLOH�WKH�SRSXODU�OLWHUDWXUH�
RIWHQ� VHHPV� WR� WUHDW� DQDWRPLFDO� VH[�
GLIIHUHQFHV� �VXFK� DV� SHOYLF�ZLGWK�� 4�
DQJOH�� WLELDO� VORSH�� DQG� NQHH� YDOJXV��
DV� NQRZQ� GHWHUPLQDWHV� RI� LQMXU\�� D�
FORVH� H[DPLQDWLRQ� RI� WKH� UHIHUHHG�
OLWHUDWXUH�VKRZV�PRUH�XQFHUWDLQW\�DV�WR�
WKHLU�UROH��7KHVH�DQG�RWKHU�DQDWRPLFDO�
IDFWRUV�DUH�DPHQDEOH�WR�D�QXPEHU�RI�
UHVHDUFK�DSSURDFKHV�LQFOXGLQJ�LPDJLQJ��
PRGHOLQJ��DQG�PHFKDQLFDO�WHVWLQJ���

'LUHFW�PHDVXUHPHQW�RI�$&/�OHQJWK�

DV�D�IXQFWLRQ�RI�DSSOLHG�IRUFH�LV�SRVVLEOH�
GXULQJ�PHFKDQLFDO�WHVWLQJ�LQ�DQDWRPLFDO�
VSHFLPHQV���7KLV�KDV�WUDGLWLRQDOO\�EHHQ�
GRQH�LQ�D�PDFKLQH�WKDW�DSSOLHV�D�WHQVLOH�
ORDG�RU� D� FRPELQDWLRQ�RI� WHQVLOH� DQG�
WRUVLRQDO�ORDGV���0RUH�UHFHQWO\��OLQHDU�
URERWV���VXFK�DV�WKRVH�RIWHQ�VHHQ�RQ�
DXWRPRELOH�SURGXFWLRQ�OLQHV���KDYH�EHHQ�
HPSOR\HG� WR�PRYH� WKH� MRLQW� WKURXJK�
IXQFWLRQDOO\�UHDOLVWLF�SDWWHUQV�RI�PRWLRQ�
ZKLOH�VLPXOWDQHRXVO\�DSSO\LQJ�UHDOLVWLF�
ORDGV�LQ�WKUHH�GLPHQVLRQV��7R�VLPXODWH�
PXVFOH� IRUFHV�� HOHFWUR�PHFKDQLFDO�
DFWXDWRUV�DUH�DWWDFKHG� WR� WHQGRQV� LQ�
WKH�VSHFLPHQV�XVLQJ�IUHH]H�FODPSV�DQG�
WKLV�DOORZV�WKH�DSSOLFDWLRQ�RI�UHDOLVWLF�
PXVFOH� IRUFHV�� 7KLV�PHDQV� WKDW� WKH�
$&/�OHQJWK�FDQ�EH�GLUHFWO\�PHDVXUHG�
XVLQJ�VPDOO�VHQVRUV�ZKLOH�WKH�MRLQW�LV�
ORDGHG� LQ� DQ� LQMXU\�UHOHYDQW�PDQQHU���
,Q�DGGLWLRQ��QHZ�VXUJLFDO�UHFRQVWUXFWLRQ�
WHFKQLTXHV�FDQ�EH�SHUIRUPHG�DQG�WKHLU�
LQWHJULW\�FDQ�EH�WHVWHG�DQG�FRPSDUHG�
ZLWK�H[LVWLQJ�DSSURDFKHV�

$� 0XVFX ORVNH OHWD O � 5RERW LFV�
/DERUDWRU\� LV� XQGHU� FRQVWUXFWLRQ� DW�

)LJXUH����7KH�5�����5RWRSRG�WKDW�LV�WKH�EDVLV�IRU�WKH�0XVFXORNHOHWDO�5RERWLFV�/DERUDWRU\�LQ�WKH�2UWKRSDHGLFV�DQG�6SRUWV�0HGLFLQH�DW�
WKH�8QLYHUVLW\�RI�:DVKLQJWRQ�
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WKH�8QLYHUVLW\�RI�:DVKLQJWRQ�0HGLFDO�
&HQWHU�DQG�LV�VFKHGXOHG�IRU�FRPSOHWLRQ�
LQ� 6XPPHU� ������ ,Q� WKLV� ODERUDWRU\��
ZH� DUH� LQVWDOOLQJ� DQ� 5����� 5RWRSRG�
SDUDOOHO� URERW� �VHH� )LJXUHV� �� DQG� ���
ZKLFK� DOORZV� PXFK� PRUH� DFFXUDWH�
SRVLWLRQLQJ� RI� VSHFLPHQV� WKDQ�ZKDW�
FDQ� EH� DFKLHYHG� ZLWK� FRQYHQWLRQDO�
OLQHDU� URERWV�� 7KH� 8:� 'HSDUWPHQW�
RI�2UWKRSDHGLFV�DQG�6SRUWV�0HGLFLQH�
.QHH�%LRPHFKDQLFV�JURXS� LV�D�PXOWL�
GLVFLSOLQDU\�WHDP�RI�IDFXOW\�PHPEHUV�
WKDW� LV� XVLQJ� URERWLFV�� ��GLPHQVLRQDO�
PRGHOLQJ��¿QLWH�HOHPHQW�DQDO\VLV�DQG�
VLPXODWLRQ�WR�SURYLGH�LQVLJKW�LQWR�NQHH�
LQMXULHV� LQ�ZRPHQ� DQG� WKHLU� VXUJLFDO�
UHFRQVWUXFWLRQ�� 2XU� ¿QGLQJV� ZLOO� EH�
GHVFULEHG�LQ�DUWLFOHV�LQ�IXWXUH�5HVHDUFK�
5HSRUWV�

5HFRPPHQGHG�5HDGLQJ

'HIUDQFR�0-��%DFK�%5���$�FRPSUHKHQVLYH�
UHYLHZ� RI� SDUWLDO� DQWHULRU� FUXFLDWH�
OLJDPHQW�WHDUV��-�%RQH�-RLQW�6XUJ�$P��
�����)HE�������������

*ULII LQ�/�<� DQG� WKH� +XQW� 9DOOH\�
7HDP���8QGHUVWDQGLQJ�DQG�3UHYHQWLQJ�

1RQFRQWDFW�$&/�,QMXULHV�$P�-�6SRUWV�
0HG�������������������������

+DVKHPL� -�� &KDQGUDVKHNDU�1��*LOO� %��
%H\QQRQ� %'�� 6ODXWHUEHFN� -5�� 6FKXWW�
5&� -U�� 0DQVRXUL� +�� 'DEH]LHV� (�� 7KH�
JHRPHWU\�RI�WKH�WLELDO�SODWHDX�DQG�LWV�
LQÀXHQFH�RQ�WKH�ELRPHFKDQLFV�RI�WKH�
WLELRIHPRUDO� MRLQW�� -� %RQH� -RLQW� 6XUJ�
$P�������'HF����������������

+DVKHPL�-��&KDQGUDVKHNDU�1��0DQVRXUL�
+�� 6ODXWHUEHFN� -5�� +DUG\� '0�� 7KH�
KXPDQ� DQWHULRU� FUXFLDWH� OLJDPHQW��
VH[� GLIIHUHQFHV� LQ� XOWUDVWUXFWXUH�
DQG� FRUUHODWLRQ� ZLWK� ELRPHFKDQLFDO�
SURSHUWLHV�� -� 2UWKRS� 5HV�� �����
-XO��������������

0LKDWD� /&�� %HXWOHU� $,�� %RGHQ� %3�����
&RPSDULQJ� WKH� LQFLGHQFH� RI� DQWHULRU�
FUXFLDWH� OLJDPHQW� LQMXU\� LQ� FROOHJLDWH�
ODFURVVH�� VRFFHU�� DQG� EDVNHWEDOO�
SOD\HUV�� LPSOLFDWLRQV� IRU� DQWHULRU�
FUXFLDWH� OLJDPHQW� PHFKDQLVP� DQG�
SUHYHQWLRQ��������-XQ��������������

4XDWPDQ�&(��+HZHWW�7(��7KH�DQWHULRU�
FUXFLDWH� OLJDPHQW� LQMXU\�FRQWURYHUV\��
LV� ³YDOJXV� FROODSVH´� D� VH[�VSHFLILF�

PHFKDQLVP"� %U� -� 6SRUWV�0HG�� �����
0D\��������������

6KXOW]�6-�-����$&/�LQMXU\�LQ�WKH�IHPDOH�
DWKOHWH��D�PXOWLIDFWRULDO�SUREOHP�WKDW�
UHPDLQV�SRRUO\�XQGHUVWRRG��$WKO�7UDLQ��
�����6HS�2FW�����������

:RR�6/��)LVKHU�0%�(YDOXDWLRQ�RI�NQHH�
VWDELOLW\�ZLWK�XVH�RI�D�URERWLF�V\VWHP��
-� %RQH� -RLQW� 6XUJ� $P�� ����� )HE����
6XSSO���������

9DQ�GH�9HOGH�6.��*LOO�7-��/L�*��(YDOXDWLRQ�
RI� NLQHPDWLFV� RI� DQWHULRU� FUXFLDWH�
OLJDPHQW�GH¿FLHQW� NQHHV�ZLWK� XVH� RI�
DGYDQFHG�LPDJLQJ�WHFKQLTXHV��WKUHH�
GLPHQVLRQDO�PRGHOLQJ�WHFKQLTXHV��DQG�
URERWLFV��-�%RQH�-RLQW�6XUJ�$P�������
)HE����6XSSO�����������

)LJXUH����$�VFKHPDWLF�YLHZ�RI�5����5RWRSRG�LQ�XVH�WR�DVVHVV�NQHH�PHFKDQLFV��'UDZLQJ�FRXUWHV\�RI�5REE�&ROEUXQQ��7KH�&OHYHODQG�
&OLQLF�)RXQGDWLRQ�



�����257+23$(',&�5(6($5&+�5(3257� ��

� �
������3$8/�$��0$11(5��0�'��

� � � � �
� � � � � $66,67$17�352)(6625�� � � � � �
� � � � � 81,9(56,7<�2)�:$6+,1*721�0(',&$/�&(17(5�
� � � � � +,3�$1'�.1((
� � � � � :::�257+23�:$6+,1*721�('8�)$&8/7<�0$11(5

� � � � � %8''<�'��5$71(5��3+�'�
� � � � �
� � � � �

$�&HOO�VHHGHG�,PSODQW�6FDIIROG�IRU�$UWLFXODU�&DUWLODJH�
5HVXUIDFLQJ���6WLPXODWLQJ�WKH�%RG\¶V�5HJHQHUDWLYH�3RZHUV

�� 2VWHRDUWKULWLV���WKH�ORVV�RI�WKH�QRUPDO�FDUWLODJH�RI�D�MRLQW���LV�D�SDLQIXO��GLVDEOLQJ�GLVHDVH��
� DIIHFWLQJ�XS�WR����PLOOLRQ�SHRSOH�LQ�WKH�86�DORQH���
�� :KHQ�FDUWLODJH�LV�ORVW��WKH�FXUUHQW�EHVW�WUHDWPHQW�UHTXLUHV�UHSODFLQJ�WKH�MRLQW�ZLWK�� �

� DUWL¿FLDO�VXUIDFHV�PDGH�RI�PHWDO�DQG�SODVWLF���
�� :H�DUH�LQYHVWLJDWLQJ�DQ�DSSURDFK�WR�WKH�UHJHQHUDWLRQ�RI�FDUWLODJH�WKDW�ZRXOG�SURYLGH�D��

� ELRORJLFDO�WUHDWPHQW�IRU�RVWHRDUWKULWLV�
�� :H�DUH�H[SORULQJ�WKH�FRQFHSW�WKDW�FDUWLODJH�FDQ�EH�UHJHQHUDWHG�E\�HPEHGGLQJ�FDUWLODJH��

� JHQHUDWLQJ�FHOOV�LQ�HQJLQHHUHG�VWUXFWXUHV�WKDW�LPLWDWH�WKH�H[WUDFHOOXODU�PDWUL[�RI�PDWXUH��
� FDUWLODJH���
�� :H�FUHDWHG�D�ELOD\HU�VFDIIROG�ZLWK�WZR�SRUH�VL]HV���D�ERQH�VLGH�ZLWK�SRUH�VL]HV�RI�DERXW��

� ���PLFURPHWHUV�DQG�D�FDUWLODJH�VLGH�ZLWK�SRUH�VL]HV�RI�DERXW��������PLFURPHWHUV���
�� :H�WHVWHG�WKLV�FRQVWUXFW�LQ�D�UDEELW�PRGHO�RI�RVWHRDUWKULWLV�
�� 3UHOLPLQDU\�UHVXOWV�VKRZ�H[FHOOHQW�LQFRUSRUDWLRQ�RI�WKH�QHZ�FRQVWUXFW���
�� %LRHQJLQHHUHG�MRLQW�UHJHQHUDWLRQ�ZRXOG�UHSUHVHQW�D�UHYROXWLRQ�LQ�WUHDWPHQW�RI�DUWKULWLV�

%DFNJURXQG�RI�FOLQLFDO�FKDOOHQJHV�
LQ� 2$�� � 2VWHRDUWKULWLV� �2$�� LV�
D� SDLQIXO�� GLVDEOLQJ� GLVHDVH� RI�

V\QRYLDO� MRLQWV� FKDUDFWHUL]HG� E\� WKH�
HURVLRQ� RI� FDUWLODJH�� RVWHRSK\WH� RU�
ERQH� VSXU� IRUPDWLRQ�� KDUGHQLQJ� RI�
ERQH�PDVV� DQG� ERQH� F\VWV� EHQHDWK�
WKH�VXUIDFH��

7KH�PDJQLWXGH�RI�GLVDELOLW\�GXH�WR�
2$�LV�KLJK��ERWK�IRU�LQGLYLGXDO�SDWLHQWV�
DV�ZHOO�DV�IRU�VRFLHW\�DV�D�ZKROH���,Q�
WKH�86��DQ�HVWLPDWHG����PLOOLRQ�VXIIHU�
IURP�2$���,Q�������DUWKULWLV�DQG�RWKHU�
UKHXPDWLF� FRQGLWLRQV� FRVW� WKH�8QLWHG�
6WDWHV��������ELOOLRQ��������ELOOLRQ�LQ�
PHGLFDO�FDUH�H[SHQGLWXUHV�DQG�������
ELOOLRQ� LQ� ORVW� HDUQLQJV���:LWK� RYHUDOO�
DJLQJ�RI�WKH�SRSXODWLRQ��WKH�SURMHFWHG�
FRVWV�DUH�H[SHFWHG�WR�LQFUHDVH�DW�D�UDWH�
RI������SHU�\HDU�IRU�WKH�IRUHVHHDEOH�
IXWXUH�

&XUUHQW� WUHDWPHQW� PRGDOLWLHV�
LQFOXGH� PHGLFDWLRQ� DQG� VXUJLFDO�
LQWHUYHQWLRQ���$UWKURVFRSLF�WUHDWPHQW�

LV� IUHTXHQWO\� HPSOR\HG�� KRZHYHU��
UHFHQW�VWXGLHV�XVLQJ�VKDP�SURFHGXUHV�
LQ� PDWFKHG� SDWLHQW� JURXSV� KDYH�
VKRZQ� QR� EHQH¿W� WR�PDQ\� RI� WKHVH�
SURFHGXUHV���2WKHU�WHFKQLTXHV��VXFK�DV�
PLFURIUDFWXUH��DXWRORJRXV�FKRQGURF\WH�
LPSODQWDWLRQ�� DQG�PRVDLFSODVW\� KDYH�
VKRZQ� GLVDSSRLQWLQJ� UHVXOWV�� ZLWK�
IRUPDWLRQ� RI� ¿EURFDUWLODJH� DQG� VFDU��
ZKLFK� DUH�PDUNHGO\� LQIHULRU� WR� WUXH�
DUWLFXODU�FDUWLODJH���7KH�PRVW�FRPPRQ�
WUHDWPHQW� GLVDEOLQJ� KLS� DQG� NQHH�
DUWKULWLV� DW� WKLV� WLPH� LV� WRWDO� MRLQW�
UHSODFHPHQW��ZKLFK� LV� SHUIRUPHG� IRU�
DW�OHDVW���������KLS�DQG���������NQHH�
SDWLHQWV�SHU�\HDU�LQ�WKH�8QLWHG�6WDWHV���
$OWKRXJK�KLJKO\�VXFFHVVIXO�LQ�WKH�YDVW�
PDMRULW\�RI�SDWLHQWV��WKLV�UHSUHVHQWV�D�
VXEVWDQWLDO�VXUJLFDO�LQWHUYHQWLRQ��ZLWK�
DWWHQGDQW� ULVNV�� $OO� RI� WKHVH�PHWDO�
DQG� SODVWLF� LPSODQWV� DUH� VXEMHFW� WR�
ORRVHQLQJ�DQG�ZHDU��OLPLWLQJ�WKHLU�XVH�
DQG�WKHLU�OLIH�VSDQ�

7KH�LPSRUWDQFH�RI�ERQH�PDUURZ�FHOO�

FRPSRQHQWV�LQ�UHSDLU�RI�FDUWLODJH�KDV�
EHHQ�HPSKDVL]HG�E\�YDULRXV�VXUJLFDO�
WHFKQLTXHV��VXFK�DV�PLFURIUDFWXUH�DQG�
DEUDVLRQ�FKRQGURSODVW\��ZKLFK�DWWHPSW�
WR� SURYLGH� WKHVH� FHOOV� WR� WKH� DUHD�RI�
FDUWLODJH�ORVV���+RZHYHU��LQ�WKH�PDMRULW\�
RI� FDVHV� XWLOL]LQJ� WKHVH� WHFKQLTXHV��
WKH� UHSDLU� WLVVXH� WDNHV� WKH� IRUP� RI�
¿EURFDUWLODJH��ZKLFK� GLVSOD\V� LQIHULRU�
PHFKDQLFDO� SURSHUWLHV�DQG�GXUDELOLW\��
$�UHJHQHUDWLYH�ELRORJLFDO�DSSURDFK�WR�
UHVXUIDFLQJ� WKH� DUWKULWLF� MRLQW� KROGV�
SURPLVH�DV�D�OLYLQJ�DQG�GXUDEOH�VROXWLRQ�
IRU�DQ�DUWKULWLF�MRLQW��

7LVVXH� HQJLQHHULQJ� UHIHUV� WR� WKH�
FURVV�GLVFLSOLQDU\� DSSOLFDWLRQ� RI�
HQJLQHHULQJ�DQG�OLIH�VFLHQFHV�WR�VWXG\�
WKH� IXQFWLRQ�DQG�VWUXFWXUH�RI�QRUPDO�
DQG� DEQRUPDO� WLVVXHV� ZLWK� WKH� JRDO�
RI� GHYHORSLQJ� IXQFWLRQDO� WLVVXH� DQG�
FHOO� VXEVWLWXWHV�� ,Q� WKH� WUHDWPHQW� RI�
DUWKULWLV�� WKH� LGHDO� WLVVXH�HQJLQHHULQJ�
DSSURDFK�ZRXOG�SODFH�FDUWLODJH�PDNLQJ�
FHOOV�IURP�WKH�VWHP�FHOOV�LQ�WKH�SDWLHQW¶V�
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ERQH�PDUURZ�LQ�DQ�DSSURSULDWH�PDWUL[�
DQG� DOORZ� WKHP� WR� SURGXFH� DUWLFXODU�
FDUWLODJH�

5HFHQW�ZRUN� E\� WKH�8QLYHUVLW\� RI�
:DVKLQJWRQ� (QJLQHHUHG� %LRPDWHULDOV�
WHDP� KDV� UHVXOWHG� LQ� WKH� V\QWKHVLV�
RI� D� QRYHO� ELRGHJUDGDEOH� K\GURJHO��
FRPSRVHG�RI�D�V\QWKHWLF�ELRGHJUDGDEOH�

SRO\PHU�� SRO\��FDSURODFWRQH�� �3&/��
FRSRO\PHUL]HG� ZLWK� ��K\GUR[\HWK\O�
PHWKDFU\ODWH� �+(0$��� � 6WUXFWXUDOO\��
WKH�VFDIIROG�LV�SRURXV��ZLWK�D�SRUH�VL]H�
ZKLFK�FDQ�EH�WLJKWO\�FRQWUROOHG���7KLV�
QDQRVWUXFWXUH� VFDIIROG� UHSUHVHQWV�
D� VLJQLILFDQW� LPSURYHPHQW� LQ� WKH�
IRUPDWLRQ�RI�D�V\QWKHWLF�H[WUDFHOOXODU�

PDWUL[��)LJXUH����
&XUUHQW� ZRUN� LV� QRZ� GLUHFWHG� DW�

XWLOL]DWLRQ� RI� WKLV� WLVVXH�HQJLQHHUHG�
FRQVWUXFW� LQ� YLYR�� � &DUWLODJH� GHIHFWV�
FUHDWHG� LQ� WKH� UDEELW� NQHH� IRUP� WKH�
LQLWLDO�PRGHO�IRU�SODFHPHQW�RI�D�WLVVXH�
HQJLQHHUHG� FRQVWUXFW�� FRPSULVHG�
RI� UDEELW� PHVHQFK\PDO� VWHP� FHOOV�
FXOWXUHG� LQ� D� QDQRVWUXFWXUH� VFDIIROG���
$W����GD\V�DQG�DW����ZHHNV��DFHOOXODU�
QDQRVWUXFWXUH� VFDIIROGV� SODFHG� LQ�
WKHVH� GHIHFWV� UHPDLQ� LQ� SODFH�� ZLWK�
QR�HYLGHQFH�RI�UHMHFWLRQ�RU�UHVRUSWLRQ�
E\�WKH�KRVW�� � ,PSRUWDQWO\��ERQH�FHOOV�
JURZ�LQWR�WKH�VFDIIROG��¿[LQJ�LW�WR�WKH�
XQGHUO\LQJ�ERQ\�VWUXFWXUH��)LJXUH����

7KLV�LV�LQ�FRQWUDVW�WR�GHIHFWV�ZKHUH�
QR� VFDIIROG� KDV� EHHQ� SODFHG�� DQG�
RQO\�VFDU�DQG�¿EURXV�WLVVXH�FDQ�IRUP��
�)LJXUH����

2QH� RI� WKH� FKDOOHQJHV� RI� WLVVXH�
HQJLQHHULQJ� LV� JHWWLQJ� FHOOV� WR� HQWHU�
WKH� VFDIIROG� DQG� VXUYLYH�� � +HUH��
UDEELW� VWHP� FHOOV� KDYH� EHHQ� JURZQ�
IRU�D�ZHHN�LQ�FXOWXUH�FRQGLWLRQV�ZKLFK�
HQFRXUDJH� FDUWLODJH� IRUPDWLRQ� DORQJ�
WKH�HQJLQHHUHG�VFDIIROG��7KH�FHOOV�KDYH�
EHJXQ�WR�HQWHU�WKH�VFDIIROG�DQG�PDNH�
QHZ�FDUWLODJH��)LJXUH����

)XUWKHU� VWXGLHV� ZLOO� DGYDQFH� WKH�
XVH�RI�WKH�QDQRVWUXFWXUH�VFDIIROG�VWHP�
FHOO�FRQVWUXFW�LQ�WKH�WUHDWPHQW�RI�WKH�
RVWHRDUWKULWLF�MRLQW���7KH�QH[W�VWXGLHV�
ZLOO�DGGUHVV�LPSODQWDWLRQ�RI�FHOO�VHHGHG�
FRQVWUXFWV� LQ� WKH� UDEELW�PRGHO�� ZLWK�
VXEVHTXHQW� XVH� RI� D� ODUJH�DQLPDO�
PRGHO�VXFK�DV�D�JRDW���,Q�DGGLWLRQ��WKH�
SRVVLEOH�XVH�RI�WKH�VFDIIROG�IRU�KHDOLQJ�
RI�ERQH�GHIHFWV�ZLOO�EH�H[SORUHG�

$FNQRZOHGJHPHQW
7KHVH�VWXGLHV�ZHUH�IXQGHG�E\�WKH�

:DOODFH�+��&RXOWHU�)RXQGDWLRQ�

5HFRPPHQGHG�5HDGLQJ

%XFNZDOWHU�-$��6DOW]PDQ�&��%URZQ�7��7KH�
LPSDFW� RI� RVWHRDUWKULWLV�� LPSOLFDWLRQV�
IRU� UHVHDUFK�� &OLQ� 2UWKRS� 5HODW� 5HV��
�����2FW������6XSSO��6�����

)XNXL�1��3XUSOH�&5��6DQGHOO���&HOO�ELRORJ\�
DQG�RVWHRDUWKULWLV�� WKH� FKRQGURF\WH¶V�
UHVSRQVH� WR� LQMXU\�� � &XUU� 5KHXPDWRO�
5HS�������'HF��������������

*ROGULQJ� 65�� *ROGULQJ�0%�� 7KH� UROH�
RI� F\WRNLQHV� LQ� FDUWLODJH� PDWUL[�
GHJHQHUDWLRQ� LQ� RVWHRDUWKULWLV�� &OLQ�
2UWKRS� 5HODW� 5HV�� ����� 2FW������
6XSSO��6�������

%RUUHOOL�-�-U���5LFFL�:0��$FXWH�HIIHFWV�RI�
FDUWLODJH�LPSDFW��&OLQ�2UWKRS�5HODW�5HV��

)LJXUH����%LOD\HU�SRO\+(0$�VSKHUH�WHPSODWHG�VFDIIROG��7KH�XSSHU�OD\HU�FRQVLVWV�RI�DQ�
DYHUDJH�SRUH�VL]H�RI����PLFURQV��WKH�ORZHU�OD\HU�����PLFURQV���7KH�XSSHU�OD\HU�LV�IHOW�WR�EH�
PRUH�DGYDQWDJHRXV�IRU�ERQH�LQJURZWK��ZKLOH�WKH�ORZHU�OD\HU�PRUH�FORVHO\�DSSUR[LPDWHV�
WKH�SRUH�VL]H�IRXQG�LQ�FDUWLODJH�

)LJXUH����%\���ZHHNV��ERQH�FHOOV�KDYH�HQWHUHG�WKH�VFDIIROG�DQG�IRUPHG�ERQH�PDWUL[��DW�
���ZHHNV��DERYH��WKH�PDWUL[�KDV�FDOFL¿HG�DQG�EHJLQV�WR�UHVHPEOH�QRUPDO�ERQH�
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�����-XQ�������������

%UDQGW� .'�� ������ $QLPDO�PRGHOV� RI�
RVWHRDUWKULWLV�� %LRUKHRO� ��������� ���
�����������

0LOHQWLMHYLF�'��5XEHO�,)��/LHZ�$6��+HOIHW�
'/��7RU]LOOL�3$��������$Q�LQ�YLYR�PRGHO�
IRU� FDUWLODJH� WUDXPD�� D� SUHOLPLQDU\�
VWXG\�RI�WKH�LQÀXHQFH�RI�LPSDFW�VWUHVV�
PDJQLWXGH�RQ�FKRQGURF\WH�GHDWK�DQG�
PDWUL[�GDPDJH��-�2UWKR�7UDXPD������

$XJ����������������

1HZEHUU\�:1�� *DUFLD� --�� 0DFNHQ]LH�
&'��'HFDPS�&(��+DXW�5&��$QDO\VLV�RI�
DFXWH�PHFKDQLFDO� LQVXOW� LQ�DQ�DQLPDO�
PRGHO�RI�SRVW�WUDXPDWLF�RVWHRDUWKULWLV���
-�%LRPHFK�(QJ�������'HF������������
��

0DMXPGDU� 0.�� %DQNV� 9�� 3HOXVR� '3��
0RUULV�($��,VRODWLRQ��FKDUDFWHUL]DWLRQ��
DQG�FKRQGURJHQLF�SRWHQWLDO�RI�KXPDQ�

ERQH�PDUURZ�GHULYHG�PXOWLSRWHQWLDO�
VWURPDO� FHOOV�� -� &HOO� 3K\VLRO�� �����
2FW����������������

7XOL�5��6HJKDWROHVODPL�05��7XOL�6��:DQJ�
0/��+R]DFN�:-��0DQQHU�3$��'DQLHOVRQ�
.*�� 7XDQ� 56�� � $� VLPSOH�� KLJK�\LHOG�
PHWKRG� IRU� REWDLQLQJ�PXOWLSRWHQWLDO�
PHVHQFK\PDO� SURJHQLWRU� FHOOV� IURP�
WUDEHFXODU�ERQH��0RO�%LRWHFKQRO�������
-DQ��������������

6RQJ� /�� 7XDQ� 56� )$6(%� -�� �����
-XQ�������������� 7UDQVGLIIHUHQWLDWLRQ�
SRWHQWLDO�RI�KXPDQ�PHVHQFK\PDO�VWHP�
FHOOV�GHULYHG�IURP�ERQH�PDUURZ�

7XOL� 5�� 7XOL� 6�� 1DQGL� 6�� :DQJ� 0/��
$OH[DQGHU�3*��+DOHHP�6PLWK�+��+R]DFN�
:-��0DQQHU� 3$�� 'DQLHOVRQ� .*�� 7XDQ�
56��&KDUDFWHUL]DWLRQ�RI�PXOWLSRWHQWLDO�
PHVHQFK\PDO�SURJHQLWRU�FHOOV�GHULYHG�
IURP� KXPDQ� WUDEHFXODU� ERQH�� 6WHP�
&HOOV��������������������

7XOL� 5�� 1DQGL� 6�� /L� :-�� 7XOL� 6��
+XDQJ� ;�� 0DQQHU� 3$�� /DTXHUULHUH�
3��1RWK�8��+DOO�'-�� 7XDQ�56��+XPDQ�
PHVHQFK\PDO� SURJHQLWRU� FHOO�EDVHG�
WLVVXH� HQJLQHHULQJ� RI� D� VLQJOH�XQLW�
RVWHRFKRQGUDO� FRQVWUXFW�� 7LVVXH� (QJ��
�����-XO�$XJ������������������

6RQJ�/��%DNVK�'��7XDQ�56�&\WRWKHUDS\��
�������������������0HVHQFK\PDO�VWHP�
FHOO�EDVHG�FDUWLODJH�WLVVXH�HQJLQHHULQJ��
FHOOV��VFDIIROG�DQG�ELRORJ\��

/L�:-��0DXFN�5/��7XDQ�56��(OHFWURVSXQ�
1DQRILEURXV� 6FDIIROGV�� 3URGXFWLRQ��
&KDUDFWHUL]DWLRQ��DQG�$SSOLFDWLRQV�IRU�
7LVVXH�(QJLQHHULQJ�DQG�'UXJ�'HOLYHU\��
-RXUQDO�RI�%LRPHGLFDO�1DQRWHFKQRORJ\�
�����������������

<HOLQ�(��&LVWHUQDV�0��)RUHPDQ�$��3DVWD�
'��0XUSK\�/��+HOPLFN�&��1DWLRQDO�DQG�
VWDWH�PHGLFDO� H[SHQGLWXUHV� DQG� ORVW�
HDUQLQJV� DWWULEXWDEOH� WR� DUWKULWLV� DQG�
RWKHU� UKHXPDWLF� FRQGLWLRQV� �� 8QLWHG�
6WDWHV��������0RUELGLW\�DQG�0RUWDOLW\�
:HHNO\�5HSRUW����������������

)LJXUH� ��� %\� FRQWUDVW�� LQ� GHIHFWV� QRW� ¿OOHG�ZLWK� WKH� VFDIIROG�� ¿EURXV� WLVVXH� DQG� VFDU�
SUHGRPLQDWH���7KHUH�LV�QR�HYLGHQFH�RI�ERQ\�LQJURZWK�

)LJXUH����6WHP�FHOOV��REWDLQHG�E\�DVSLUDWLRQ�IURP�WKH�LOLDF�FUHVW�RI�DGXOW�UDEELWV��KDYH�
EHHQ�FXOWXUHG�LQ�PHGLXP�SURPRWLQJ�FDUWLODJH�IRUPDWLRQ��DQG�DUH�VKRZQ�DGKHULQJ�WR�DQG�
LQ¿OWUDWLQJ�WKH�HQJLQHHUHG�VFDIIROG�
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7KH�+HOL[�/RRS�+HOL[�3URWHLQ�,G��5HJXODWHV�'LIIHUHQWLDWLRQ�RI�
&KRQGURF\WHV�&OXHV�WR�&DUWLODJH�*HQHUDWLRQ�DQG�5HJHQHUDWLRQ

�� +HDOWK\�FDUWLODJH�LV�FULWLFDO�IRU�QRUPDO�MRLQW�IXQFWLRQ�� � � �
�� :KHQ�LQMXUHG�RU�DUWKULWLF��FDUWLODJH�GRHV�QRW�KHDO�RU�UHJHQHUDWH�QRUPDO�FDUWLODJH�
�� &DUWLODJH�LQMXULHV�DUH�D�FRPPRQ�FDXVH�RI�VHYHUH�GLVDELOLW\�
�� 8QGHUVWDQGLQJ�WKH�PROHFXODU�VLJQDOV�WKDW�UHJXODWH�QRUPDO�FDUWLODJH�GHYHORSPHQW�PD\�EH��

� D�NH\�WR�UHJHQHUDWLQJ�KHDOWK\�FDUWLODJH�DIWHU�LQMXU\�
�� :H�KDYH�LGHQWL¿HG�D�SURWHLQ�WKDW�DSSHDUV�WR�EH�FULWLFDO�IRU�QRUPDO�FDUWLODJH�GHYHORSPHQW��

� LQ�PLFH�

%RQH� KHDOV� DQG� UHJHQHUDWHV�
EXW� FDUWLODJH� GRHV� QRW�� 2QO\�
SDWLHQWV�ZLWK� FDUWLODJH� LQMXULHV�

DUH�PRUH�IUXVWUDWHG�E\�WKLV�ELRORJLFDO�
IDFW� WKDQ� DUH� RUWKRSDHGLF� VXUJHRQV��
:KLOH� ERQH� IUDFWXUHV� FDQ� KHDO� ZLWK�
PLQLPDO�GLVDELOLW\��WKH�VOLJKWHVW�LQMXU\�
WR�DUWLFXODU��MRLQW��FDUWLODJH�UHVXOWV�LQ�
SHUPDQHQW�LQMXU\�WKDW�RIWHQ�OHDGV�WR�D�
VHOI�SHUSHWXDWLQJ�GHJHQHUDWLYH�SURFHVV�
UHVXOWLQJ� LQ� WKH� SDLQ�� VWLIIQHVV� DQG�
ORVV� RI� IXQFWLRQ� WKDW� DUH�ZHOO�NQRZQ�
FRQVHTXHQFHV�RI�RVWHRDUWKULWLV��6RPH�
SURJUHVV�KDV�EHHQ�PDGH�LQ�VWLPXODWLQJ�
FDUWLODJH� LQMXULHV� WR� KHDO� EXW� WKH�
UHVXOWV�DUH�DW�EHVW�XQSUHGLFWDEOH�DQG�
LPSHUIHFW�� 7KH� WLVVXH� WKDW� W\SLFDOO\�
UHSDLUV�WKH�FDUWLODJH�GHIHFWV�ODFNV�WKH�
SHUIHFW� LQWHJUDWLRQ�ZLWK� VXUURXQGLQJ�
KHDOWK\�FDUWLODJH�DQG�LV�QRW�QHDUO\�DV�
UREXVW�DQG�UHVLVWDQW�WR�IXUWKHU�GDPDJH�
DV� QRUPDO� FDUWLODJH�� 7KXV� LW� LV� RXU�
EHOLHI�WKDW�RQO\�IXUWKHU�EDVLF�UHVHDUFK�
WR� H[SODLQ� WKH� SURFHVV� E\� ZKLFK�
FDUWLODJH� GHYHORSV�ZLOO� OHDG� WR�PDMRU�
LPSURYHPHQWV� LQ� WUHDWLQJ� FDUWLODJH�
LQMXULHV��,Q�WKLV�SDSHU�ZH�GHVFULEH�WKH�
VPDOO�SLHFH�RI�WKLV�FKDOOHQJH�WKDW�ZH�DUH�
LQYHVWLJDWLQJ�ZLWKLQ�WKH�'HSDUWPHQW�RI�
2UWKRSDHGLFV�DQG�6SRUWV�0HGLFLQH�

%DFNJURXQG
7KH� SURFHVV� E\� ZKLFK� FDUWLODJH�

GHYHORSV� �FKRQGURJHQHVLV�� FDQ� EH�
PLPLFNHG� LQ� FHOO� FXOWXUH� E\� WUHDWLQJ�
PRXVH�FDUWLODJH�SUHFXUVRU�FHOOV��$7'&��
FKRQGURSURJHQLWRU�FHOOV��ZLWK� LQVXOLQ��
)ROORZLQJ� LQVXOLQ� VWLPXODWLRQ�� WKHVH�
FHOOV� FRQGHQVH� WR� IRUP� QRGXOHV� DQG�
V\QWKHVL]H� FDUWLODJH�OLNH� H[WUDFHOOXODU�
PDWUL[��8VLQJ�WKHVH�FHOOV��ZH�VRXJKW�WR�
LGHQWLI\�QHZ�DQG�SRWHQWLDOO\�LPSRUWDQW�
IDFWRUV�WKDW�FRQWURO�FKRQGURJHQHVLV��7R�
DFFRPSOLVK�WKLV�ZH�FDUULHG�RXW�D�ODUJH�
VFDOH� VFUHHQLQJ� XVLQJ� WKH� WHFKQLTXH�
RI� UHWURYLUDO� LQVHUWLRQ�PXWDJHQHVLV��
5HWURYLUXVHV� LQVHUW� �LQVHUWLRQDO�
PXWDJHQHVLV��WKHLU�'1$�LQWR�WKH�KRVW�
'1$�RI�WKH�FHOOV�WKDW�WKH\�LQIHFW��7KLV�
YLUDO� '1$� LV� LQ� JHQHUDO� LQVHUWHG� LQWR�
UDQGRP�ORFDWLRQV�RI�WKH�KRVW�'1$�DQG�
E\�VFUHHQLQJ� LQIHFWHG�$7'&��FHOOV� WR�
LGHQWLI\�WKRVH�LQ�ZKLFK�FKRQGURJHQHVLV�
LV�GLVUXSWHG��ZH�FDQ� WKHQ�EDFN� WUDFN�
DQG�H[DPLQH�ZKLFK�KRVW�JHQHV�ZHUH�
LQWHUUXSWHG� E\� WKH� LQVHUWLRQ� RI� YLUDO�
'1$�� $� WHFKQLTXH� QDPHG� LQYHUVH�
SRO\PHUDVH� FKDLQ� UHDFWLRQ� �LQYHUVH�
3&5�� LV�XVHG�WR�¿QG�WKH�KRVW��LQ�RXU�
FDVH�WKH�KRVW�FHOOV�DUH�PRXVH�FDUWLODJH�
SUHFXUVRU�FHOOV��VLWHV��JHQHV��LQ�ZKLFK�
WKH�UHWURYLUDO�'1$�LQWHJUDWHG���6RPH�

RI� WKHVH� JHQHV� ZLOO� EH� FULWLFDO� WR�
FKRQGURJHQHVLV�ZKHQ�LQWDFW�DQG�WKXV�
LQWHUIHUH� ZLWK� FKRQGURJHQHVLV� ZKHQ�
GLVUXSWHG�E\�WKH�UHWURYLUDO�'1$��

5HVXOWV�
8VLQJ� WKHVH� WHFKQLTXHV� ZH�ZHUH�

DEOH� WR� LGHQWLI\� D� FRORQ\� �FORQH�� RI�
$7'&�� �FDUWLODJH� SUHFXUVRU�� FHOOV�
WKDW�ZHUH�LQFDSDEOH�RI�GLIIHUHQWLDWLQJ�
LQWR� FDUWLODJH� FHOOV� ZKHQ� VWLPXODWHG�
ZLWK� LQVXOLQ�� 2XW� RI� ������� FRORQLHV�
H[DPLQHG�� WKH� YDVW� PDMRULW\� ZHUH�
QRUPDO�FORQHV�VXFK�DV�(�����DQG�)��
��WKDW�FRXOG�GLIIHUHQWLDWH�LQ�UHVSRQVH�
WR�LQVXOLQ��)LJXUH���� OHIW�WZR�SDQHOV���
$�IHZ�FRORQLHV�VXFK�DV�(�����VKRZHG�
VSRQWDQHRXV� GLIIHUHQWLDWLRQ� LQ� WKH�
DEVHQFH� RI� LQVXOLQ� �)LJXUH� ��� WKLUG�
SDQHO��� 6HYHUDO� FRORQLHV�� VXFK� DV�
WKH� RQH� GHVLJQDWHG� &������ GLG� QRW�
VWDLQ� ZLWK� $OFLDQ� EOXH� HYHQ� ZKHQ�
FXOWXUHG�LQ�LQVXOLQ�IRU����GD\V��)LJXUH�
��� ULJKW� SDQHO��� $OFLDQ� EOXH� ELQGV�
WR� DQG� VWDLQV� FDUWLODJH�� WKHUHIRUH� D�
ODFN�RI�EOXH�VWDLQLQJ�LQGLFDWHV�WKDW�LQ�
FHUWDLQ�FORQHV�WKH�UHWURYLUDO� LQVHUWLRQ�
UHVXOWHG� LQ� GHUHJXODWLRQ� RI� JHQHV�
WKDW� DUH� LPSRUWDQW� WR� FKRQGURJHQLF�
GLIIHUHQWLDWLRQ� RI� $7'&�� FHOOV�� 7KHVH�
FHOOV�FRXOG�QR�ORQJHU�EHFRPH�FHOOV�WKDW�
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PDNH� FDUWLODJH�� �:H� FKRVH� WR� VWXG\�
WKLV�&�����FORQH�WR�LGHQWLI\�ZKDW�JHQH�
ZDV�SUHYHQWLQJ�WKH�$7'&��FHOOV�IURP�
XQGHUJRLQJ� WKHLU� QRUPDO� SURJUHVVLRQ�
WKURXJK�FKRQGURF\WLF�GHYHORSPHQW�DQG�
V\QWKHVLV�RI�FDUWLODJH��2XU�DVVXPSWLRQ�
LV�WKDW�WKH�SURGXFW�RI�VXFK�D�JHQH�ZRXOG�
EH�LPSRUWDQW�DQG�QHFHVVDU\�IRU�QRUPDO�
FDUWLODJH� GHYHORSPHQW� DQG� SHUKDSV�
FDUWLODJH�UHSDLU�

,QYHUVH�3&5�DQDO\VLV�RI�WKLV�FORQH�
UHYHDOHG�WKDW� WKH�UHWURYLUDO�'1$�ZDV�
LQVHUWHG� LQWR� WKH� PRXVH� ,G�� JHQH�
DQG� QRZKHUH� HOVH�� ,G�� LV� D�PHPEHU�
RI� WKH� ,G� �LQKLELWRUV�RI�'1$�ELQGLQJ��
IDPLO\�RI�SURWHLQV�WKDW�KDYH�D�VSHFLDO�
VHFWLRQ�UHIHUUHG�WR�DV�D�KHOL[�ORRS�KHOL[�
�+/+�� GRPDLQ�� 6SHFL¿FDOO\�� WKH�'1$�
ZDV� LQVHUWHG� LQWR�ZKDW� LV� FDOOHG� WKH�
SURPRWHU�UHJLRQ�RI�WKH�,G��JHQH��7KH�
SURPRWHU�RI�D�JHQH�W\SLFDOO\�UHVSRQGV�
WR� VLJQDOV� LQ�D� FHOO� E\� LQFUHDVLQJ� WKH�
V\QWKHVLV�RI�WKH�JHQH�SURGXFW��SURWHLQ����
,PSURSHU� DFWLYDWLRQ� RU� LQKLELWLRQ� RI�
D� JHQH� FRXOG� OHDG� WR� GLVUXSWLRQ� RI�
FDUWLODJH�SURGXFWLRQ��,Q�IDFW��ZH�IRXQG�
WKDW�WKLV�UHWURYLUDO�LQVHUWLRQ�LQFUHDVHG�
,G�� SURWHLQ� OHYHO� WR� WZLFH� WKH� OHYHO�
IRXQG�LQ�QRUPDO�$7'&��FHOOV���

:H � SH U IR UPHG � D � VH U L HV � R I�
H[SHULPHQWV� WR� IXUWKHU� FKDUDFWHUL]H�
DQG� FKHFN� RXU� DVVXPSWLRQ� WKDW�
RYHUH[SUHVVLRQ� RI� ,'�� SURWHLQ� ZDV�

VRPHKRZ�SUHYHQWLQJ�$7'&��FHOOV�IURP�
GLIIHUHQWLDWLQJ�DQG�V\QWKHVL]LQJ�W\SH�,,�
FROODJHQ��:H�¿UVW�ZDQWHG� WR� DQDO\]H�
ZKDW�ZRXOG�KDSSHQ�WR�RXU�$7'&��FHOOV�
LI�ZH�GURYH�GRZQ�WKH�H[SUHVVLRQ�RI�,'���
LQ�HVVHQFH�WKH�RSSRVLWH�H[SHULPHQW�RI�
LQFUHDVLQJ�LWV�H[SUHVVLRQ�E\�LQVHUWLRQDO�
PXWDJHQHVLV�� 7R� DFFRPSOLVK� WKLV� ZH�
XVHG�WKH�WHFKQLTXH�RI�51$�LQWHUIHUHQFH�
WR� SUHYHQW� H[SUHVVLRQ� RI� ,'��� � 7KLV�
GLG� LQGHHG� UHVXOW� LQ� DFFHOHUDWLRQ� RI�
GLIIHUHQWLDWLRQ� RI� $7'&�� FHOOV� DQG�
H[SUHVVLRQ�RI�62;��DQG�FROODJHQ�W\SH�
,,��W\SLFDO�SURGXFWV�RI�FKRQGURF\WHV��,Q�
RQH�RWKHU��H[SHULPHQW�ZH�GURYH�KLJKHU�
OHYHOV�RI�,'��H[SUHVVLRQ�E\�LQWURGXFLQJ�
,G��QXFOHLF�DFLG� LQWR�WKH�$7'&��FHOOV�
XVLQJ� D� YLUDO� YHFWRU�� � $JDLQ�� HYHQ�
PRGHVW�LQFUHDVHV�LQ�,G��H[SUHVVLRQ�LQ�
FKRQGURSURJHQLWRU�FHOOV�KDG�D�VLJQL¿FDQW�
QHJDWLYH�LPSDFW�RQ�GLIIHUHQWLDWLRQ�DQG�
SURGXFWLRQ� RI� FDUWLODJH�OLNH�PDWUL[��
7KXV� WKHVH� H[SHULPHQWV� VXSSRUWHG�
RXU�K\SRWKHVLV�WKDW�D�FHUWDLQ�DPRXQW�
RI� ,'��PXVW� EH� SUHVHQW� IRU� QRUPDO�
FDUWLODJH�GHYHORSPHQW��DW�OHDVW�LQ�WKLV�
PRGHO�V\VWHP�

$7'&�� FHOOV� DUH� RQH� RI� WKH� EHVW�
PRGHO�V\VWHPV�WKDW�ZH�KDYH�WR�VWXG\�
FDUWLODJH�GHYHORSPHQW��+RZHYHU��HYHQ�
WKH� EHVW� PRGHO� V\VWHP� LV� RQO\� DQ�
DSSUR[LPDWLRQ�RI�WKH�ELRORJ\�RI�D�OLYLQJ�
RUJDQLVP��7R�IXUWKHU�H[DPLQH�KRZ�,G��

LV� H[SUHVVHG� LQ� FKRQGURF\WHV� LQ� YLYR�
�LQ�D�³OLYLQJ´�V\VWHP���ZH�FDUULHG�RXW�
LPPXQRVWDLQLQJ� RI�PRXVH� HPEU\RV��
,PPXQRVWDLQLQJ�ZLWK� DQ� DQWLERG\� WR�
,G�� HQDEOHG� XV� WR� VHOHFWLYHO\� ORFDWH�
FHOOV�WKDW�DUH�SURGXFLQJ�WKLV�SDUWLFXODU�
SURWHLQ��,Q�WKLV�FDVH�ZH�IRXQG�WKDW�LQ�
PRXVH�HPEU\RV�� ,G�� LV� H[SUHVVHG� LQ�
DUWLFXODU�FKRQGURF\WHV�DQG�SUROLIHUDWLQJ�
FKRQGURF\WHV�EXW�EDUHO\�GHWHFWDEOH�LQ�
K\SHUWURSKLF�FKRQGURF\WHV��)LJXUH�����
,Q�JHQHUDO��VWDLQLQJ�IRU�,G��GHFUHDVHV�LQ�
FHOOV�IXUWKHU�DZD\�IURP�WKH�MRLQW��FHOOV�
WKDW� DUH� WKHUHIRUH�PRUH� FRPPLWWHG�
WR� WHUPLQDO� GLIIHUHQWLDWLRQ� LQWR� QRQ�
DUWLFXODU� FHOOV�� 7KLV� UHVXOW� DW� ILUVW�
JODQFH�DSSHDUV�WR�FRQWUDGLFW�RXU�HDUOLHU�
¿QGLQJV��+RZHYHU��LPPXQRVWDLQLQJ�LV�
QRW� TXDQWLWDWLYH� DQG�ZKDW� LV� VWDLQHG�
KHUH� UHSUHVHQWV� WKH� QRUPDO� EDVHOLQH�
H[SUHVVLRQ� RI� ,G�� LQ�PRXVH� HPEU\R��
3XWWLQJ� DOO� RI� WKLV� GDWD� �DQG� RWKHU�
H[SHULPHQWV� QRW� GLVFXVVHG� KHUH��
VWURQJO\�VXJJHVWV�WKDW�IRU�WKHUH�WR�EH�
QRUPDO�GHYHORSPHQW�RI�FKRQGURF\WHV�
DQG�FDUWLODJH�WKHUH�PXVW�EH�D�SUHFLVHO\�
UHJXODWHG�OHYHO�RI�,G��SUHVHQW�LQ�WKHVH�
SUHFXUVRUV�RI�DUWLFXODU�FKRQGURF\WHV���

'LVFXVVLRQ
2XU� VWXG\�� IRU� WKH� ILUVW� WLPH��

GHPRQVWUDWHV� WKDW� RYHU�H[SUHVVLRQ�
RI�,G��LQ�$7'&��FHOOV�LQKLELWV�LQVXOLQ�

)LJXUH����6FUHHQLQJ�IRU�PXWDQW�$7'&��FORQHV�DIWHU�UHWURYLUDO�LQVHUWLRQ���$7'&��FHOOV�ZHUH�VHHGHG�LQWR�ZHOOV�RQ�D����ZHOO�SODWH��FXOWXUHG�
LQ�PHGLXP�ZLWK�RU�ZLWKRXW�LQVXOLQ�IRU����GD\V�DQG�WKHQ�VWDLQHG�ZLWK������$OFLDQ�EOXH�WR�GHWHFW�FRPSRQHQWV�RI�FDUWLODJH��,QGLYLGXDO�
UHWURYLUXV�LQIHFWHG�$7'&��FORQHV�ZHUH�LVRODWHG��1RUPDO�FORQHV�(�����DQG�)����XQGHUZHQW�QRUPDO�FKRQGURF\WLF�GLIIHUHQWLDWLRQ�LQ�UHVSRQVH�
WR�LQVXOLQ���0XWDQW�FORQH�(�����XQGHUZHQW�VSRQWDQHRXV�GLIIHUHQWLDWLRQ�HYHQ�LQ�WKH�DEVHQFH�RI�LQVXOLQ��:H�FKRVH�WR�VWXG\�WKH�PXWDQW�
FORQH�&�����WKDW�ZDV�XQDEOH�WR�XQGHUJR�QRUPDO�GLIIHUHQWLDWLRQ�HYHQ�LQ�WKH�SUHVHQFH�RI�LQVXOLQ�
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LQGXFHG� FKRQGURJHQLF� GLIIHUHQWLDWLRQ�
DQG� V\QWKHVLV� RI� FROODJHQ� W\SH� ,,��
&RQVLVWHQW�ZLWK�WKLV�¿QGLQJ��XVLQJ�51$�
LQWHUIHUHQFH�WR�VKXW�GRZQ�SURGXFWLRQ�RI�
,G��FDQ�DFFHOHUDWH�WKH�GLIIHUHQWLDWLRQ�
RI� $7'&�� FHOOV� DQG� VWLPXODWH� WKH�
V\QWKHVLV�RI�FROODJHQ�W\SH�,,��SHUPLWWLQJ�
WKHP� WR� HVFDSH� WKH� UHTXLUHPHQW� RI�
QHHGLQJ� LQVXOLQ�� ,Q�PRXVH� HPEU\R��
WKH� OHYHO� RI� ,G�� SURWHLQ� LV� LQYHUVHO\�
FRUUHODWHG� ZLWK� WKH� SURJUHVVLRQ� RI�
WHUPLQDO�GLIIHUHQWLDWLRQ�RI�JURZWK�SODWH�
FKRQGURF\WHV� EXW� LV� DOVR� SUHVHQW� LQ�
DUWLFXODU�FKRQGURF\WHV���7KHVH�UHVXOWV�

VXJJHVW� WKDW� D� VXEWOH� FKDQJH� LQ� ,G��
H[SUHVVLRQ� GXULQJ� FKRQGURJHQHVLV�
PD\�KDYH�D�ELJ�LPSDFW�RQ�WKH�EDODQFH�
EHWZHHQ�JURZWK�DQG�GLIIHUHQWLDWLRQ�RI�
FKRQGURJHQLF�FHOOV��:H�DUH�FRQGXFWLQJ�
IXUWKHU�H[SHULPHQWV�WR�PRUH�SUHFLVHO\�
GH¿QH� WKH�PHFKDQLVP� E\�ZKLFK� ,G��
FRQWUROV�GHYHORSPHQW�RI�FKRQGURF\WHV�
DQG� FDUWLODJH��8OWLPDWHO\�ZH�KRSH� WR�
FRQWURO�OHYHOV�RI�,G��RU�WKH�PROHFXOHV�
LW� LQWHUDFWV� ZLWK� WR� HQFRXUDJH� WKH�
UHJHQHUDWLRQ� RI� LQMXUHG� DUWLFXODU�
FDUWLODJH�

5HFRPPHQGHG�5HDGLQJ

.URQHQEHUJ��+��0���������'HYHORSPHQWDO�
UHJXODWLRQ�RI�WKH�JURZWK�SODWH��1DWXUH�
�������������

3HQJ�� <��� .DQJ�� 4��� /XR�� 4��� -LDQJ��
:��� 6L�� :��� /LX�� %�� $��� /XX�� +�� +���
3DUN�� -�� .��� /L�� ;��� /XR�� -��� 0RQWDJ��
$�� *��� +D\GRQ�� 5�� &�� DQG� +H�� 7�� &��
������� ,QKLELWRU� RI� '1$� ELQGLQJ�
GLIIHUHQWLDWLRQ�KHOL[�ORRS�KHOL[�SURWHLQV�
PHGLDWH�ERQH�PRUSKRJHQHWLF�SURWHLQ�
LQGXFHG� RVWHREODVW� GLIIHUHQWLDWLRQ� RI�
PHVHQFK\PDO�VWHP�FHOOV��-��%LRO��&KHP��
�����������������

<DQJ�� /��� &OLQWRQ�� -�� 0��� %ODFNEXUQ��
0�� /��� =KDQJ��4��� =RX�� -��� =LHOLQVND�
.ZLDWNRZVND�� $��� 7DQJ�� %�� /�� DQG�
&KDQVN\� � +� � $� � ������� 5DE���
UHJXODWHV� GLIIHUHQWLDWLRQ� RI� $7'&��
FKRQGURSURJHQLWRU�FHOOV��-��%LRO��&KHP��
�����������������

)LJXUH� ��� ([SUHVVLRQ� RI� ,G�� LQ� DUWLFXODU� DQG� JURZWK� SODWH� FKRQGURF\WHV�� $UWLFXODU�
FKRQGURF\WHV�DW�WKH�VKRXOGHU� MRLQW�DQG�JURZWK�SODWH�FKRQGURF\WHV� LQ�WKH�GHYHORSLQJ�
VFDSXOD�RI�D�PRXVH�HPEU\R�ZHUH�VWDLQHG�ZLWK�KHPDWR[\OLQ�HRVLQ��WRS�SDQHO��RU�ZLWK�DQ�
DQWL�,G��DQWLERG\��ERWWRP�SDQHO���/RFDWLRQV�RI�WKH�MRLQW��WKH�K\SHUWURSKLF�]RQH�DQG�QHZ�
ERQHV�DUH�LQGLFDWHG��1RWH�WKH�DEVHQFH�RI�,G��VWDLQLQJ�LQ�K\SHUWURSKLF�FKRQGURF\WHV�DQG�
WKH�GHWHFWLRQ��VSHFNV�LQ�EDFNJURXQG��RI�,G��LQ�WKH�DUWLFXODU�FKRQGURF\WHV�
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0DWUL[�$VVHPEO\��0RQLWRULQJ�&ROODJHQ�+HWHURSRO\PHU�
)RUPDWLRQ�LQ�7LVVXH�(QJLQHHUHG�&DUWLODJH

�� ,Q�DUWKULWLV��D�SURJUHVVLYH�EUHDNGRZQ�RI�WKH�FROODJHQ�¿EULOODU�QHWZRUN�WKDW�IUDPHV�� �
� FDUWLODJH�OHDGV�WR�D�ORVV�RI�QRUPDO�MRLQW�IXQFWLRQ�VLQFH�FDUWLODJH�KDV�D�OLPLWHG�FDSDFLW\�WR��
� KHDO�RU�UHJHQHUDWH�� � �
�� 7KH�FXUUHQW�FKDOOHQJH�LQ�FDUWLODJH�WLVVXH�HQJLQHHULQJ�LV�WR�GLUHFW�FKRQGURF\WHV�DQG�VWHP��

� FHOOV�XQGHUJRLQJ�FKRQGURJHQHVLV�WR�V\QWKHVL]H�DQG�GHSRVLW�VXI¿FLHQW�FROODJHQ�LQ�WKH�� �
� H[WUDFHOOXODU�PDWUL[�
�� %DVLF�UHVHDUFK�RQ�KRZ�WKH�FROODJHQ�¿EULO�LV�DVVHPEOHG�KDV�OHG�WR�DQ�XQGHUVWDQGLQJ�WKDW��

� WKH�W\SH�,,�,;�;,�FROODJHQ�WHPSODWH�LV�FUXFLDO�IRU�WKH�JURZWK�DQG�TXDOLW\�RI�WKH�FROODJHQ��
� ¿EULO�DQG�FRQVHTXHQWO\�IRU�DQ�DGHTXDWH�DPRXQW�RI�FROODJHQ�LQ�FDUWLODJH�
�� 'HYHORSLQJ�PDUNHUV�WR�PRQLWRU�WKLV�DVVHPEO\�LQ�QRUPDO�FDUWLODJH�DQG�WR�DVVHVV�FRUUHFW��

� DVVHPEO\�LQ�WLVVXH�HQJLQHHUHG�FDUWLODJH�LV�D�YDOXDEOH�DQG�LPSRUWDQW�JRDO�
�� :H�VHHN�WR�XQGHUVWDQG�WKH�FKDQJLQJ�TXDOLW\�RI�WKH�FDUWLODJH�FROODJHQ�KHWHURSRO\PHU�LQ��

� GLVHDVH�RU�ZKHQ�SURGXFHG�DV�D�KHDOLQJ�RU�UHJHQHUDWLYH�UHVSRQVH��

0DWXUH� DUWLFXODU� FDUWLODJH� E\�
GU\� ZHLJKW� LV� URXJKO\� WZR�
WKLUGV�FROODJHQ��&KRQGURF\WHV�

V\QWKHVL]H� DQG� GHSRVLW� WKUHH� WLVVXH�
VSHFL¿F�FROODJHQ�PROHFXOHV�� W\SHV� ,,��
,;�DQG�;,�LQ�IRUPLQJ�D�FDUWLODJH�PDWUL[��
0XWDWLRQV� LQ� DQ\� RQH� RI� WKH� JHQHV�
HQFRGLQJ� WKH� WKUHH� SULPDU\� FROODJHQ�
VXEXQLWV� FDQ� FDXVH� FKRQGURG\VSODVLD�
V\QGURPHV � DQG�RU � S UHPDWXUH�
RVWHRDUWKULWLV��7KH�WKUHH�FROODJHQV�DUH�
FR�SRO\PHUL]HG� DQG� FURVV�OLQNHG� E\�
FRYDOHQW�ERQGV��7ULYDOHQW�S\ULGLQROLQHV�
IRUPHG�EHWZHHQ� WKH�DPLQR�� �1�� DQG�
FDUER[\���&�� WHORSHSWLGHV�DQG�KHOLFDO�
VLWHV� LQ� W\SH� ,,� FROODJHQ�PROHFXOHV�
DUH� WKH�PRVW� SUHYDOHQW� FURVV�OLQNV��
3\ULGLQROLQH� DQG� GLYDOHQW� FURVV�OLQNV�
DOVR�ERQG�W\SH�,;�FROODJHQ�PROHFXOHV�
WR� WKH� 1�� DQG� &�� WHORSHSWLGHV� RI�
W\SH� ,,� FROODJHQ�� 7\SH� ;,� FROODJHQ� LV�
FURVV�OLQNHG� H[FOXVLYHO\� E\� GLYDOHQW�
NHWRDPLQH� FURVV�OLQNV� WKDW� LQFOXGH�
ERQGV� WR� WKH� &�WHORSHSWLGH� RI� W\SH�

,,� FROODJHQ� DV� ZHOO� DV� LQWHU�W\SH� ;,�
FURVV�OLQNV��7KH�DELOLW\�RI�FDUWLODJH�WR�
ZLWKVWDQG�PHFKDQLFDO�VWUHVV�GHSHQGV�
RQ� WKH� TXDOLW\� RI� WKH� FURVV�OLQNHG�
FROODJHQ�IUDPHZRUN��

$ � EH W WH U � XQGHUV WDQG LQJ � R I�
FKRQGURF\WH� ELRORJ\� KDV� OHG� WR�
LPSURYHG�FHOO� FXOWXUH� WHFKQLTXHV�DQG�
D� QHZ� ILHOG� RI� UHVHDUFK�� FDUWLODJH�
WLVVXH� HQJLQHHULQJ�� 8QGHU� VXLWDEOH�
FXOWXUH� FRQGLWLRQV� FKRQGURF\WHV� FDQ�
EH� LQGXFHG�WR�V\QWKHVL]H�DQG�IRUP�D�
PDWUL[�EDVHG�RQ�W\SH�,,�FROODJHQ�DQG�
DJJUHFDQ��7R�ZKDW�GHJUHH�WKH�¿EULOODU�
PDWUL[�LV�QRUPDO��LQ�WHUPV�RI�WKH�FR�
DVVHPEO\�RI�WKH�PLQRU�FROODJHQV��W\SHV�
,;�DQG�;,���LV�QRW�ZHOO�FKDUDFWHUL]HG��
:H�KDYH�IRFXVHG�RXU�UHVHDUFK�HIIRUWV�
RQ�GHYHORSLQJ�D�PHWKRG�RI�VFUHHQLQJ�
IRU� QRUPDO� FROODJHQ� FR�SRO\PHULF�
DVVHPEO\�WR�PRQLWRU�WKH�TXDOLW\�RI�WKH�
PDWUL[� GHSRVLWHG� E\� FKRQGURF\WHV� LQ�
FXOWXUH�DQG�LQ�GLVHDVHG�FDUWLODJH�

7KLV�VWXG\�LQYHVWLJDWHG�WKH�DELOLW\�RI�

DUWLFXODU�FKRQGURF\WHV��VHHGHG�ZLWKLQ�
HQJLQHHUHG� VFDIIROGV� DQG� LPSODQWHG�
LQ� LPPXQH� FRPSURPLVHG� PLFH�� WR�
DVVHPEOH� FROODJHQ� W\SHV� ,,�� ,;� DQG�
;,� LQWR� WKH�FR�SRO\PHULF�FURVV�OLQNHG�
QHWZRUN�WKDW�W\SL¿HV�FDUWLODJH�PDWUL[�
in  vivo��

7LVVXH� HQJLQHHUHG� FRQVWUXFWV� RI�
WKH�PLGGOH�SKDODQJHV�ZHUH�SUHSDUHG�
DV� GHVFULEHG� LQ� ,VRJDL� HW� DO� ������
%ULHÀ\��FKRQGURF\WHV�GLVVRFLDWHG�IURP�
VKRXOGHUV� DQG� IRUHOLPEV� RI� QHZERUQ�
FDOYHV�ZHUH� VHHGHG� LQWR� SRO\JO\FROLF�
DFLG� �3*$�� SRO\PHU� PHVK� �[�� FP�
LQ� VL]H� DQG� �PP� LQ� WKLFNQHVV�� 7KLV�
PHVK� ZDV� VRZQ� RQWR� WKH� HQGV� RI�
D� SRO\FDSURODFWRQH� �3&/��SRO\�/�
ODFWLF� DFLG� �3//$�� VFDIIROG� VKDSHG�
LQWR� WKH� IRUP� RI� D� KXPDQ� SKDODQ[��
&RQVWUXFWV� ZHUH� LPSODQWHG� LQWR� WKH�
GRUVDO� VXEFXWDQHRXV� VSDFH� RI� ����
ZHHN�ROG�DWK\PLF�QXGH�PLFH��,PSODQWV�
ZHUH�UHPRYHG�DIWHU����ZHHNV�DQG�WKH�
FROODJHQRXV�PHVKZRUN�IRUPHG� LQ�WKH�
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WLVVXH�HQJLQHHUHG�FDUWLODJH�H[DPLQHG�
ELRFKHPLFDOO\��

7KH� FROODJHQ� QHWZRUN� ODLG� GRZQ�
E\� WKH� ERYLQH� FKRQGURF\WHV� LQ� WKH�
HQJLQHHUHG�FDUWLODJH�ZDV�GHSRO\PHUL]HG�
DQG�H[WUDFWHG�XVLQJ�SHSVLQ��7KH�YDULRXV�
FROODJHQ� FKDLQV� DQG� FKDLQ� IUDJPHQWV�
ZHUH�UHVROYHG�E\�/DHPPOL�6'6�3$*(��
7KH�FROODJHQ�FKDLQV�ZHUH�WUDQVIHUUHG�
RQWR�39')�DQG�SUREHG�ZLWK�PRQRFORQDO�
DQWLERG\��P$E����)��ZKLFK�UHFRJQL]HV�
D� FOHDYDJH�VLWH� �QHRHSLWRSH�� LQ� D�
VHTXHQFH� LQ� WKH�&�WHORSHSWLGH� FURVV�
OLQNLQJ� GRPDLQ� RI� W\SH� ,,� FROODJHQ��
:KHQ�QHFHVVDU\� WKH�EORWV�ZHUH� WKHQ�
SUREHG� ZLWK� PRQRFORQDO� DQWLERG\�
�&���WKDW�UHFRJQL]HV�W\SH�,,�FROODJHQ�
FKDLQV��$�FRORULPHWULF�RU�OXPLQHVFHQFH�
GHWHFWLRQ�V\VWHP�ZDV�XVHG��$�SHSVLQ�
H[WUDFW�RI�ERYLQH�FDUWLODJH�FRQWDLQLQJ�
W\SHV�,,�DQG�;,�FROODJHQ�ZDV�XVHG�DV�
D�VWDQGDUG��

,Q�JHO� WU\SVLQ� GLJHVWV� RI� α��,,��
FROODJHQ� FKDLQV� IURP� WKH� WLVVXH�
HQJLQHHUHG�FDUWLODJH�ZHUH�DQDO\]HG�E\�
PDVV�VSHFWURPHWU\�WR�FRQ¿UP�ERYLQH�
VSHFL¿F�W\SH�,,�FROODJHQ�SURWHLQ�

*ORVV\�� FDUWLODJLQRXV� WLVVXH� DW�
WKH� HQGV� RI� WKH� HQJLQHHUHG� SKDODQ[�
VFDIIROGV����ZHHNV�DIWHU�LPSODQWDWLRQ�
LQ�D�QXGH�PRXVH�ZDV�REVHUYHG��)LJXUH�
����+LVWRORJLFDO�DQDO\VLV�RI�WKLV�WLVVXH�
VKRZHG� LQWHQVH�6DIIUDQLQ�2�VWDLQLQJ��
$�¿UP�FDUWLODJH�OLNH�IHHO�WR�WKH�WLVVXH�
ZDV�QRWHG�

$QDO\VLV� RI� SHSVLQ� H[WUDFWHG�
FROODJHQ�E\�:HVWHUQ�EORWV�XVLQJ�P$E�
�&��� �VSHFL¿F� IRU� W\SH� ,,� FROODJHQ��
VKRZHG�WKH�SUHVHQFH�RI�α��,,��FKDLQV��
�)LJXUH� �$��� � 6'6�3$*(� IROORZHG� E\�
&RRPDVVLH�EOXH�VWDLQLQJ�FRQ¿UPHG�WKDW�
W\SH�,,�FROODJHQ�ZDV�WKH�PDMRU�FROODJHQ�
VROXELOL]HG�E\�SHSVLQ��0RVW�LPSRUWDQWO\��
PDVV� VSHFWURPHWU\� UHYHDOHG� W\SH� ,,�

FROODJHQ� SHSWLGHV� RI� ERYLQH� RULJLQ�
LQGLFDWLQJ� WKDW� WKH� VHHGHG� ERYLQH�
FKRQGURF\WHV�UHPDLQ�GLIIHUHQWLDWHG�DQG�
GHSRVLWHG� DQ� H[WHQVLYH� H[WUDFHOOXODU�
PDWUL[�ZLWKLQ� WKH� VFDIIROG� FRQWDLQLQJ�
W\SH�,,�FROODJHQ��

3HSVLQ� FOHDYHV� LQ� WKH� WHORSHSWLGH�
GRPDLQV�RI�W\SH�,,�FROODJHQ�DQG�LQ�WKH�
QRQ�FROODJHQRXV�GRPDLQV�RI�WKH�PLQRU�
FROODJHQV��W\SH�;,�DQG�,;��OHDYLQJ�WKH�
WULSOH�KHOLFDO�GRPDLQV�LQWDFW��7KH�VKRUW�
VWXEV�RI�UHVLGXDO�WHORSHSWLGHV�UHPDLQ�
FURVV�OLQNHG�WR�WKH�WULSOH�KHOLFDO�VLWHV�WR�
ZKLFK�WKH\�ZHUH�DWWDFKHG�LQ�WKH�PDWUL[��
$QWLERG\���)��ZDV�XVHG�WR�GHWHFW�VXFK�
FURVV�OLQNHG�α��,,��&�WHORSHSWLGHV��

,Q� )LJXUH� �%��P$E� ��)�� UHDFWHG�
ZLWK� WKH� α��,,�� FKDLQ� LQGLFDWLQJ� D�
FURVV�OLQNHG�W\SH�,,�FROODJHQ�QHWZRUN�
KDG� IRUPHG� ZLWKLQ� ��� ZHHNV�� 7KH�
α��;,��FKDLQ�ZDV�DOVR�LPPXQRUHDFWLYH��
VKRZLQJ� WKDW� W\SH� ;,� FROODJHQ� ZDV�
FR�SRO\PHUL]HG� DQG� FURVV�OLQNHG� WR�
&�WHORSHSWLGHV� RI� W\SH� ,,� FROODJHQ��
$� SHSVLQ� H[WUDFW� RI� ERYLQH� FDUWLODJH�
UHYHDOHG�D�VLPLODU�SDWWHUQ��7KH�UHVXOWV�
LQGLFDWH� WKDW� D� W\SH� ,,�;,� FROODJHQ�
KHWHURSRO\PHULF� QHWZRUN� DV� SUHVHQW�
LQ� QRUPDO� FDUWLODJH� KDG� IRUPHG�� 7KH�
FROODJHQ�FRQWHQW�RI�WLVVXH�HQJLQHHUHG�
QHRFDUWLODJH�DSSURDFKHG�YDOXHV� VHHQ�
LQ� ERYLQH� FRQWURO� DUWLFXODU� FDUWLODJH�
�7DEOH�����7KH�FROODJHQRXV�QHWZRUN�LQ�
WKH� WLVVXH�HQJLQHHUHG� FDUWLODJH� ZDV�
VWDELOL]HG� E\� WULYDOHQW� K\GUR[\O\V\O�
S\ULGLQROLQH� �+3�� FURVV�OLQNV� W\SLFDO�
RI�QRUPDO�DUWLFXODU�FDUWLODJH��GDWD�QRW�
VKRZQ��� 7KH� +3� FRQWHQW� RI� WLVVXH�

)LJXUH����0DFURVFRSLF�YLHZ�RI�D�WLVVXH�HQJLQHHUHG�PLGGOH�SKDODQ[��$�� LQWDFW�DQG��%��
ELVHFWHG��VKRZLQJ�QHZO\�V\QWKHVL]HG�FDUWLODJH�DW�WKH�HQGV�RI�WKH�FRQVWUXFW�

)LJXUH����:HVWHUQ�EORWV�VKRZLQJ��$��α��,,��FKDLQV�RI�W\SH�,,�FROODJHQ����%��WKH�SDWWHUQ�RI�FURVV�OLQNHG�W\SH�,,�DQG�;,�FROODJHQ�KHWHURSRO\PHUV�
DVVHPEOHG�E\�ERYLQH�FKRQGURF\WHV�LQ�3*$�HQJLQHHUHG�VFDIIROGV�LPSODQWHG�LQ�QXGH�PLFH��
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HQJLQHHUHG� FDUWLODJHV� DSSURDFKHG�
YDOXHV� W\SLFDO� RI� QRUPDO� DUWLFXODU�
FDUWLODJH�

7KH� SKRWRJUDSKV� LOOXVWUDWH� WKH�
JURVV�DSSHDUDQFH�RI�JOLVWHQLQJ��¿UP��
FDUWLODJH�OLNH� WLVVXH� DW� WKH� HQGV� RI�
RQH�H[DPSOH�RI�DQ�HQJLQHHUHG�PLGGOH�
SKDODQ[�PRGHO� UHWULHYHG� ��� ZHHNV�
DIWHU� LPSODQWDWLRQ� LQ� D� QXGH�PRXVH��
+LVWRORJLFDO�DQDO\VLV�RI�WKLV�DQG�RWKHU�
VXFK�WLVVXHV�VKRZHG�LQWHQVH�6DIUDQLQ�
2� VWDLQLQJ� DQG� D� GHYHORSLQJ� JURZWK�
SODWH��

$Q� H[WHQVLYH� FROODJHQRXV�PDWUL[�
ZDV�V\QWKHVL]HG�E\�WKH�VHHGHG�ERYLQH�
FKRQGURF\WHV��7KH�FROODJHQ�FRQWHQW�RI�
QHRFDUWLODJH�DSSURDFKHG�YDOXHV� VHHQ�
LQ�QRUPDO�ERYLQH�DUWLFXODU�FDUWLODJH�DQG�
ZDV�KLJKHU�WKDQ�WKH�FROODJHQ�FRQWHQW�
LQ�QRUPDO�ERYLQH�WUDFKHDO�FDUWLODJH�DV�
H[SHFWHG��

&RQFOXVLRQV
(DFK�PLQRU� FROODJHQ� LV� HVVHQWLDO�

IRU� QRUPDO� FROODJHQRXV� QHWZRUN�
RUJDQL]DWLRQ� �IRU� H[DPSOH�� ILEULO�
GLDPHWHUV� PRGXODWHG� E\� W\SH� ;,�
FROODJHQ��� DQG� ILQJHUSULQWLQJ� LQWHU�
W\SH� FURVV�OLQNLQJ� SURYLGHV� D� VFUHHQ�
IRU�PDWUL[�DVVHPEO\��$V�GHPRQVWUDWHG�
KHUH�� WKLV�PHWKRG� KDV� UHYHDOHG� WKH�
TXDOLW\� DQG� ELRFKHPLFDO� QDWXUH� RI�
FDUWLODJH�SURGXFHG� LQ�D�QRYHO� WLVVXH�
HQJLQHHUHG�PRGHO�RI�WKH�KXPDQ�PLGGOH�
SKDODQ[���

,Q� WKLV� FRQWH[W�� ERYLQH� DUWLFXODU�
F K R Q G U R F \ W H V � � V H H G H G � R Q W R�
ELRGHJUDGDEOH�VFDIIROGV�WKDW�DUH�WKHQ�
LPSODQWHG� LQ� QXGH� PLFH�� UHPDLQ�
GLIIHUHQWLDWHG� DQG� WKH\� VHFUHWH�
FROODJHQ� WKDW� IRUPV� D� ¿EULOODU�PDWUL[�
RI�WKH�FROODJHQ�,,�,;�;,�KHWHURSRO\PHU�
FKDUDFWHULVWLF�RI�QRUPDO�K\DOLQH�FDUWLODJH�
in   vivo�� 7\SH� ,,� FROODJHQ� LV� VWLOO� WKH�
PDMRU�FROODJHQ�V\QWKHVL]HG��&DUWLODJHV�
HQJLQHHUHG� E\� WKLV�PHWKRG� VKRZ� D�
KLJK� FROODJHQ� FRQWHQW� DSSURDFKLQJ�
WKDW� RI� QRUPDO� FDUWLODJH�� 7ULYDOHQW�
K\GUR[\O\V\O�S\ULGLQROLQH� FURVV�OLQNV�

W\SLFDO� RI� QRUPDO� FDUWLODJH�ZHUH�DOVR�
GHWHFWHG� LQ� WKH� QHRFDUWLODJH�� 7KHVH�
UHVXOWV� VXEVWDQWLDWH� SKDODQ[�PRGHOV�
ZLWK� KXPDQ� FHOOV� IRU� IXWXUH� WLVVXH�
HQJLQHHULQJ�DSSOLFDWLRQV�

.QRZOHGJH� JDLQHG� IURP� EDVLF�
UHVHDUFK�FRQFHUQLQJ�KRZ�WKH�FDUWLODJH�
FHOOV� FDQ� UHDVVHPEOH� RU� UHJHQHUDWH�
D� IXQFWLRQDO� H[WUDFHOOXODU�PDWUL[�ZLOO�
OHDG�WR�LPSURYHG�PHWKRGV�IRU�WUHDWLQJ�
DUWKULWLV��RQH�RI�WKH�JUHDWHVW�FDXVHV�RI�
GLVDELOLW\�LQ�RXU�SRSXODWLRQ�

6XSSRUW
)XQGLQJ� IRU� WKLV� UHVHDUFK� ZDV�

SURYLGHG� E\� 1,+� JUDQWV� $5������
�)HUQDQGHV��� $5������ �(\UH�� DQG�
$5�������/DQGLV���:LOOLDP�-��/DQGLV��
LV� 3URIHVVRU� RI� %LRFKHPLVWU\� DQG�
0ROHFXODU�3DWKRORJ\�DQG�3URIHVVRU�RI�
2UWKRSDHGLF� 6XUJHU\�� 1RUWKHDVWHUQ�
2KLR�8QLYHUVLWLHV�&ROOHJHV�RI�0HGLFLQH�
DQG�3KDUPDF\��5RRWVWRZQ��2KLR�

5HFRPPHQGHG�5HDGLQJ

:X�� -�� -�� 	� (\UH�� '�� 5�� �������
,GHQWLILFDWLRQ� RI� K\GUR[\S\ULGLQLXP�
FURVV�OLQNLQJ�VLWHV�LQ�W\SH�,,�FROODJHQ�RI�
ERYLQH�DUWLFXODU�FDUWLODJH��%LRFKHPLVWU\��
�����������

(\UH�� '�� 5��� $SRQ�� 6��� :X�� -�� -���
(ULFVVRQ��/��+��	�:DOVK��.��$���������
&ROODJHQ�W\SH�,;��HYLGHQFH�IRU�FRYDOHQW�
OLQNDJHV�WR�W\SH�,,�FROODJHQ�LQ�FDUWLODJH��
)(%6�/HWW���������������

:X��-��-��	�(\UH��'��5���������6WUXFWXUDO�
DQDO\VLV� RI� FURVV�OLQNLQJ� GRPDLQV� LQ�
FDUWLODJH�W\SH�;,�FROODJHQ��,QVLJKWV�RQ�
SRO\PHULF�DVVHPEO\��-�%LRO�&KHP�������
���������

)HUQDQGHV��5��-���:HLV��0���6FRWW��0��$���
6HHJPLOOHU��5��(��	�(\UH��'��5���������
&ROODJHQ� ;,� FKDLQ� PLVDVVHPEO\� LQ�
FDUWLODJH�RI�WKH�FKRQGURG\VSODVLD��FKR��
PRXVH��0DWUL[�%LRO��������������

,VRJDL�� 1��� /DQGLV�� :��� .LP�� 7�� +���

*HUVWHQIHOG��/��&���8SWRQ��-��	�9DFDQWL��
-�� 3�� ������� )RUPDWLRQ� RI� SKDODQJHV�
DQG�VPDOO�MRLQWV�E\�WLVVXH�HQJLQHHULQJ��
-�%RQH�-RLQW�6XUJ�$P�������������

)HUQDQGHV��5��-���6FKPLG��7��0��	�(\UH��
'�� 5�� ������� $VVHPEO\� RI� FROODJHQ�
W\SHV�,,��,;�DQG�;,�LQWR�QDVFHQW�KHWHUR�
¿EULOV�E\�D�UDW�FKRQGURF\WH�FHOO�OLQH��(XU�
-�%LRFKHP���������������

7DEOH����&ROODJHQ�FRQWHQW�RI�WLVVXH�HQJLQHHUHG�QHRFDUWLODJH�
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'LYHUVLW\�LQ�6NHOHWDO�7LVVXH�)LEULO�$UFKLWHFWXUH���
5ROH�RI�DQ�$QFHVWUDO�&ROODJHQ�7\SH�9�;,�7HPSODWH

�� &ROODJHQ�W\SH�9�;,�LV�D�TXDQWLWDWLYHO\�PLQRU�EXW�LQGLVSHQVDEOH�SRO\PHULF�WHPSODWH�IRU��
� FROODJHQ�¿EULO�IRUPDWLRQ�LQ�YHUWHEUDWH�WLVVXHV��

�� 7R�XQGHUVWDQG�EHWWHU�KRZ�GLIIHUHQW�FROODJHQ�9�;,�LVRIRUPV�PD\�PRGXODWH�¿EULO�� �
� DUFKLWHFWXUH��ZH�FRPSDUHG�ELRFKHPLFDOO\�WKH�FROODJHQ�FRPSRQHQWV�RI�GHYHORSLQJ�� �
� DQG�DGXOW�ERYLQH�DUWLFXODU�FDUWLODJH�DQG�LQWHUYHUWHEUDO�GLVF�

�� :LWK�PDWXUDWLRQ�RI�DUWLFXODU�FDUWLODJH��WKH�α��9��FKDLQ�SURJUHVVLYHO\�UHSODFHG�WKH�� �
� α��;,��FKDLQ��$�SURPLQHQFH�RI�α��9��FKDLQV�LV�WKHUHIRUH�FKDUDFWHULVWLF�DQG�D�SRWHQWLDO��
� ELRPDUNHU�RI�PDWXUH�PDPPDOLDQ�DUWLFXODU�FDUWLODJH��

�� $�XQLTXH�PROHFXODU�IRUP�RI�W\SH�9�;,�FROODJHQ�LV�UHYHDOHG�LQ�WKH�QXFOHXV�SXOSRVXV�RI�WKH��
� LQWHUYHUWHEUDO�GLVF��

�� :H�SURSRVH�DQ�HYROYLQJ�UROH�IRU�FROODJHQ�9�;,�LVRIRUPV�DV�DQ�DGDSWDEOH�WHPSODWH�RI�¿EULO��
� PDFUR�DUFKLWHFWXUH�DQG�KHQFH�VNHOHWDO�WLVVXH�GLYHUVLW\�

7KH�FROODJHQ�IUDPHZRUN�RI�K\DOLQH�
FDUWLODJHV�LV�EDVHG�RQ�D�FRYDOHQWO\�
FURVV�OLQNHG� KHWHURSRO\PHULF�

QHWZRUN�RI�W\SHV�,,��,;�DQG�;,�FROODJHQ��
,Q� WKDW� WKH� EXON� W\SH� ,,� FROODJHQ� LV�
FRSRO\PHUL]HG�RQ�D�WHPSODWH�RI�W\SH�;,�
FROODJHQ��$V�LOOXVWUDWHG�LQ�)LJXUH����W\SH�
;,�FROODJHQ�PROHFXOHV�DUH�SRO\PHUL]HG�
LQ�WKH�LQWHULRU�ZKHUHDV�W\SH�,;�FROODJHQ�
PROHFXOHV�GHFRUDWH�DQG�DUH�FRYDOHQWO\�
OLQNHG�WR�VXUIDFH�W\SH�,,�PROHFXOHV�DQG�
WR�RWKHU�W\SH�,;�PROHFXOHV��$OO� WKUHH�
FROODJHQ�VXEXQLWV��,,��,;��DQG�;,��DUH�
KHDYLO\�FURVV�OLQNHG�LQ�WKH�VDPH�¿EULO�
WKURXJK� D� O\V\O� R[LGDVH�PHGLDWHG�
PHFKDQLVP��

,Q�IHWDO�FDUWLODJH��W\SH�;,�FROODJHQ�
LV�D�KHWHURWULPHU�RI�WKUHH�JHQHWLFDOO\�
GLVWLQFW� FKDLQV�� α��;,��� α��;,�� DQG�
α��;,�� LQ� D� ������ UDWLR�� 7KH� α��;,��
FKDLQ�KDV�WKH�VDPH�SULPDU\�VHTXHQFH�
DV�α��,,��EXW�WKH�FKDLQV�GLIIHU�LQ�WKHLU�
SRVW�WUDQVODWLRQDO� SURFHVVLQJ� DQG�
FURVV�OLQNLQJ� SURSHUWLHV�� +RZHYHU��
IURP�PDWXUH� DUWLFXODU� FDUWLODJH�� WKH�
LVRODWHG� W\SH� ;,� FROODJHQ� IUDFWLRQ�

LQFOXGHV� D� VLJQLILFDQW� SURSRUWLRQ� RI�
WKH� α��9�� FKDLQ�� WKH� FKDLQ� UDWLRV�
VXJJHVWLQJ� WKH� H[LVWHQFH� RI� W\SH�
9�W\SH� ;,� K\EULG� PROHFXOHV� LQ� WKH�
WLVVXH��&ROODJHQ�W\SH�9�;,�LV�D�PLQRU�
EXW� HVVHQWLDO� SRO\PHULF� WHPSODWH� IRU�
FROODJHQ�¿EULO�IRUPDWLRQ�LQ�YHUWHEUDWH�
WLVVXHV��7KH�UDWLR�RI�W\SH�;,�FROODJHQ�
WR�W\SH�,,�FROODJHQ�LV�DERXW���WR����LQ�
IHWDO� ERYLQH� DQG� KXPDQ� HSLSK\VHDO�
FDUWLODJH�FRPSDUHG�ZLWK���WR����LQ�DGXOW�
DUWLFXODU�FDUWLODJH��7R�XQGHUVWDQG�EHWWHU�
KRZ�GLIIHUHQW� FROODJHQ�9�;,� LVRIRUPV�
PD\�PRGXODWH�¿EULO�DUFKLWHFWXUH�� WKH�
FROODJHQ� FRPSRQHQWV� RI� GHYHORSLQJ�
DQG� DGXOW� ERYLQH� DUWLFXODU� FDUWLODJH�
DQG�LQWHUYHUWHEUDO�GLVF�ZHUH�FRPSDUHG��
7KH�UHVXOWV�VKRZ�FKDQJHV�ZLWK�WLVVXH�
GHYHORSPHQWDO� DJH� DQG�PDWXULW\� LQ�
W\SH� 9�;,� α�FKDLQ� LVRIRUP� XVDJH� LQ�
DUWLFXODU�FDUWLODJH�DQG�D�XQLTXH�SUR¿OH�
RI�W\SH�9�;,�PROHFXODU�LVRIRUPV�LQ�WKH�
QXFOHXV�SXOSRVXV�RI�WKH�LQWHUYHUWHEUDO�
GLVF�

8VLQJ�DQ�HVWDEOLVKHG�WZR�GLPHQVLRQDO�
+3/&�6'6�3$*(�PHWKRG��ZH�DUH�DEOH�

WR� UHVROYH� DOO� ILYH� W\SH� 9�;,� JHQH�
SURGXFWV��α��9���α��9���α��;,���α��;,���
DQG�α��;,�� FKDLQV�� IURP� HDFK� RWKHU��
7KH� FKDLQ� LGHQWLWLHV�� DVVLJQHG� IURP�
WKHLU� HOXWLRQ� RQ� UHYHUVH�SKDVH�+3/&�
DQG�PLJUDWLRQ� RQ� 6'6�3$*(�� ZHUH�
HVWDEOLVKHG� EH\RQG� GRXEW� E\� LQ�JHO�
WU\SVLQ�GLJHVWLRQ��DQG�PLFURERUH�OLTXLG�
FKURPDWRJUDSK\�PDVV� VSHFWURPHWU\�
ZLWK�GDWD�EDVH�PDWFKLQJ�DQG�E\�DPLQR�
WHUPLQDO� SURWHLQ� VHTXHQFH� DQDO\VLV��
:LWK�PDWXUDWLRQ�RI�DUWLFXODU�FDUWLODJH��
WKH�α��9��FKDLQ�SURJUHVVLYHO\�UHSODFHG�
WKH�α��;,�� FKDLQ�� 7KH� SURSRUWLRQ� RI�
α��9��FKDLQV�LQFUHDVHG�DW�WKH�H[SHQVH�
RI�α��;,��FKDLQV��7\SH�;,�FROODJHQ� LV�
FURVV�OLQNHG�E\�O\V\O�R[LGDVH�PHGLDWHG�
ERQGV��7KH�SDWWHUQ�RI�W\SH�;,�FROODJHQ�
FURVV�OLQNLQJ�LQ�IHWDO�FDUWLODJH�H[KLELWV�
VWULFW� FKDLQ� VSHFL¿FLW\�� (DFK�α� FKDLQ�
LV�FURVV�OLQNHG�WKURXJK�LWV�WULSOH�KHOL[�
�DSSUR[�� UHVLGXH� ����� WR� D� VSHFL¿F�
1�WHORSHSWLGH�K\GUR[\O\VLQH�DOGHK\GH�
LQ� D� �'�VWDJJHUHG� DGMDFHQW� W\SH� ;,�
PROHFXOH��)LJXUH�����6WUXFWXUDO�DQDO\VLV�
RI� FURVV�OLQNHG�SHSWLGHV� VKRZHG� WKDW�
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WKH�α��9��FKDLQ�KDV�WKH�VDPH�FURVV�
OLQNLQJ� SUHIHUHQFHV� DV� α��;,��� ZLWK�
WKH�α��9��1�WHORSHSWLGH� OLQNHG� WR� DQ�
α��;,��KHOL[�DQG�WKH�α��9��KHOL[�OLQNHG�
WR�DQ�α��;,��1�WHORSHSWLGH���7RJHWKHU�
ZLWK�WKH�REVHUYHG�GHFUHDVH�LQ�α��;,��
LQ�H[FKDQJH�IRU�DQ�LQFUHDVH�LQ�α��9���
ZH� FRQFOXGH� WKDW� α��9�� UHSODFHV�
α��;,��LVRPRUSKLFDOO\�LQ�DQ�LQFUHDVLQJ�
SURSRUWLRQ� DQG� HYHQWXDO� PDMRULW\�
RI� � QHZO\� V\QWKHVL]HG� 9�;,� K\EULG�
FROODJHQ�PROHFXOHV�DV�DUWLFXODU�FDUWLODJH�
PDWXUHV�� $� PL[� RI� WKH� PROHFXODU�
LVRIRUPV�� α��;,�α��9�α��;,�� DQG�
α��;,�α��;,�α��;,��� EHVW� H[SODLQHG�
WKLV� ¿QGLQJ�� $� SURPLQHQFH� RI�α��9��
FKDLQV� LV� WKHUHIRUH� FKDUDFWHULVWLF�
DQG�D�SRWHQWLDO� ELRPDUNHU�RI�PDWXUH�
PDPPDOLDQ� DUWLFXODU� FDUWLODJH�� 7KH�
¿QGLQJV� LPSO\� WKDW� WKH�H[SUHVVLRQ�RI�
W\SH� ;,� FROODJHQ� E\� FKRQGURF\WHV� LV�
XQGHU�D�PRUH�FRPSOH[�UHJXODWLRQ�WKDQ�

SUHYLRXVO\� DSSUHFLDWHG�� ,Q� D� UHODWHG��
EXW�RSSRVLWH�SKHQRPHQRQ��WKH�α��;,��
FKDLQ�DFFXPXODWHV�LQ�WKH�W\SH�9�FROODJHQ�
FRPSRQHQW�RI�ERQH�ZLWK�PDWXUDWLRQDO�
DJH�� ,W� UHPDLQV� WR� EH� VHHQ�ZKHWKHU�
WKHVH� FKDQJHV� UHIOHFW� DQDWRPLFDOO\�
XQLIRUP�PHWDEROLF�FKDQJHV�WKURXJKRXW�
WKH� WLVVXHV� RU�� IRU� H[DPSOH�� VXUIDFH�
WR�GHHS� RU� SHULFHOOXODU�� WHUULWRULDO�
DQG� LQWHUWHUULWRULDO�PLFUR�DQDWRPLFDO�
YDULDWLRQV� LQ� DUWLFXODU� FDUWLODJH�� 7R�
VSHFXODWH��α��9��FRQWDLQLQJ�W\SH�9�;,�
PROHFXOHV�PD\� SURYLGH� D� SRO\PHULF�
¿ODPHQWRXV� WHPSODWH� IRU� WKH� WKLFNHU�
FROODJHQ� ,,� ILEULOV� ��������� QP�
GLDPHWHU�� WKDW� DFFXPXODWH� LQ� DGXOW�
DUWLFXODU� FDUWLODJH� DV� RSSRVHG� WR�
WKH� XQLIRUPO\� WKLQ� W\SH� ,,� FROODJHQ�
¿EULOV�������QP��DVVRFLDWHG�ZLWK�WKH�
>α��;,�α��;,�α��;,�@� WHPSODWH� RI�
HSLSK\VHDO�JURZWK�FDUWLODJHV��

1XFOHXV�SXOSRVXV��WKH�FHQWUDO�]RQH�

RI� WKH� LQWHUYHUWHEUDO� GLVF�� LV� JHO�OLNH�
DQG�KDV�D�VLPLODU�FROODJHQ�SKHQRW\SH�
WR�WKDW�RI�K\DOLQH�FDUWLODJH�LQ�ZKLFK�WKH�
EXON�FROODJHQ�PRQRPHU�LV�W\SH�,,��,WV�
W\SH�9�;,�FROODJHQ�LVRIRUPV��KRZHYHU�
DUH� PRUH� FRPSOH[� WKDQ� LQ� K\DOLQH�
FDUWLODJH�� )LYH� JHQHWLFDOO\� GLVWLQFW�
FKDLQV��α��;,���α��;,���α��;,���α��9���
DQG�α��9���DUH�SUHVHQW��6LPLODU�WR�WKH�
¿QGLQJV�ZLWK� DUWLFXODU� FDUWLODJH�� WKH�
1�WHORSHSWLGH�RI�α��;,��ZDV�VKRZQ�WR�
EH�OLQNHG�H[FOXVLYHO\�WR�α��;,��LQ�\RXQJ�
QXFOHXV�SXOSRVXV��+RZHYHU��α��;,��LQ�
WKH�QXFOHXV�SXOSRVXV�ZDV�VKRZQ�WR�EH�
OLQNHG�WR�HLWKHU�α��;,��RU�α��9��EXW�QRW�
WR�α��;,���α��;,��RU�α��9���%DVHG�RQ�
WKH�REVHUYHG�VWULFW�FKDLQ�VSHFL¿FLWLHV�
LQ� WKH� FURVV�OLQNLQJ�SURSHUWLHV�RI� WKH�
LQGLYLGXDO� W\SH� 9�;,� FKDLQV� IRXQG� LQ�
DUWLFXODU�FDUWLODJH��WKH�UHVXOWV�IURP�GLVF�
WLVVXH�VWURQJO\�VXJJHVW�WKDW�LQ�DGGLWLRQ�
WR� IRUPLQJ�KHWHURWULPHUV�ZLWK�α��;,��
RU� α��9�� DQG� α��;,��� α��;,�� FKDLQV�
FDQ� DOVR� IRUP� QDWLYH� KHWHURWULPHUV�
WKDW� LQFOXGH�α��9�� FKDLQV�� 7KH�PRVW�
OLNHO\�PROHFXODU� IRUP�RI� WKH� ODWWHU� LV�
>α��;,�@�α��9��� ZKLFK� LV� WKH� VDPH�
9�;,�LVRIRUP�IRXQG�LQ�ERYLQH�YLWUHRXV�
LQ�DVVRFLDWLRQ�ZLWK�FROODJHQV�,,�DQG�,;��
,Q� DGGLWLRQ� WR� >α��;,�α��;,�α��;,�@�
DQG�>α��;,�@�α��9���LW�LV�SRVVLEOH�WKDW�
RWKHU�KHWHURWULPHULF�FRPELQDWLRQV�DUH�
UHSUHVHQWHG�LQ�WKH�W\SH�9�;,�FROODJHQ�
SRRO�RI�WKH�GLVF��:KHWKHU�WKLV�UHÀHFWV�
FRQWULEXWLRQV�E\�GLIIHUHQW�FHOO�W\SHV��IRU�
H[DPSOH�WKH�FKRQGURF\WH�OLNH�FHOOV�RI�
PDWXUH�GLVF�DQG�WKH�QRWRFKRUGDO�FHOOV�
WKDW�SHUVLVW�LQ�\RXQJ�GLVF��LV�XQNQRZQ��
7KH�SUHVHQFH�RI�K\EULG�>α��;,�@�α��9��
PROHFXOHV� LQ� QXFOHXV� LV� VLPLODU� WR�
WKDW�RI�YLWUHRXV�KXPRU�VLQFH�QXFOHXV�
SXOSRVXV�DQG�YLWUHRXV�VKDUH�D�VLPLODU�
W\SH� ,,� FROODJHQ� SKHQRW\SH�� JHO�OLNH�
WH[WXUH��ORZ�FRQFHQWUDWLRQV�RI�YHU\�WKLQ�
¿EULOV�DQG�ODFN�RI�SK\VLFDO�FRQVWUDLQWV�
EHWZHHQ� WKH� ¿EULOV� ZKHQ� WKH� WLVVXH�
LV�UHPRYHG�IURP�WKH�H\H�RU�GLVF�DQG�
VZROOHQ� RVPRWLFDOO\�� 7KH� JRYHUQLQJ�
PHFKDQLVP� IRU� WKHVH� YDULDQWV�PD\�
ODUJHO\�EH�WKH�LQWHUDFWLRQ�SUHIHUHQFHV�
RI�WKH�GLIIHUHQW�&�SURSHSWLGH�GRPDLQV�
RI�WKH�YDULRXV�SURFROODJHQ�FKDLQV�DQG�
WKHLU�UHODWLYH�H[SUHVVLRQ�OHYHOV�LQWR�WKH�
HQGRSODVPLF�UHWLFXOXP��

7KH� ¿QGLQJV� VXSSRUW� DQG� H[WHQG�
WKH� FRQFHSW� WKDW� &2/�� DQG� &2/���
JHQH� SURGXFWV� VKRXOG� EH� FRQVLGHUHG�
PHPEHUV� RI� WKH� VDPH� FROODJHQ�
VXEIDPLO\��'HYHORSPHQWDO��DQG�WLVVXH�
GHSHQGHQW�XVDJH�RI�FKDLQV�IURP�JHQH�
SURGXFWV�RI�FODGH�$��α��,,��α��;,��DQG�
α��9��� DQG� FODGH� %� �α��;,��� α��;,��

)LJXUH����6FKHPDWLF�RI�D�FROODJHQ�,,�,;�;,�KHWHUR¿EULO�RI�GHYHORSLQJ�FDUWLODJH�

)LJXUH�����,GHQWL¿HG�VLWHV�RI�LQWHUPROHFXODU�FURVV�OLQNLQJ�LQ�W\SH�;,�FROODJHQ��7KH�W\SH�
;,�FROODJHQ�PROHFXOHV�DUH�FURVV�OLQNHG�E\�O\V\O�R[LGDVH�PHGLDWHG�ERQGV��ZKLFK�H[KLELW�
GLVWLQFW�FKDLQ�VSHFL¿FLWLHV��L�H��α��;,��LV�OLQNHG�WR�DQ�α��;,��1�WHORSHSWLGH��α��;,��WR�DQ�
α��;,��1�WHORSHSWLGH��DQG�α��;,��WR�DQ�α��;,��1�WHORSHSWLGH��:KLOH�LQ�DGXOW�FDUWLODJH��
WKH�α��9��FKDLQ�VKRZV�WKH�VDPH�FURVV�OLQNLQJ�SUHIHUHQFHV�DV�α��;,��
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DQG� α��9��� KDV� FUHDWHG� D� UDQJH� RI�
PROHFXODU� LVRIRUPV�� 6XFK�PROHFXODU�
YDULDWLRQV�DUH�OLNHO\�WR�EH�IXQFWLRQDOO\�
DVVRFLDWHG� ZLWK� WKH� GLYHUVH� ILEULO�
RUJDQL]DWLRQ�SDWWHUQV�HYLGHQW�EHWZHHQ�
WLVVXHV�DQG�GXULQJ�WLVVXH�GHYHORSPHQW�
DQG� PDWXUDWLRQ�� :H� SURSRVH� DQ�
HYROYLQJ�UROH�IRU�FROODJHQ�9�;,�LVRIRUPV�
DV� DQ� DGDSWDEOH� WHPSODWH� RI� ILEULO�
PDFUR�DUFKLWHFWXUH��7KLV�FRQFHSW�KDV�
LPSRUWDQW�LPSOLFDWLRQV�LQ�XQGHUVWDQGLQJ�
KRZ�WKH�GLYHUVH�FRQQHFWLYH�WLVVXHV�RI�
WKH�PXVFXORVNHOHWRQ�KDYH�HYROYHG�WKHLU�
GLIIHUHQW�SURSHUWLHV�

&RQFOXVLRQ
7KH�W\SH�9�;,�FROODJHQ�FRPSRQHQW�

RI� DGXOW� DUWLFXODU� FDUWLODJH� FRPSULVHV�
IRXU�JHQHWLFDOO\�GLVWLQFW�FKDLQV��α��;,���
α��;,���α��9���DQG�α��;,���DVVHPEOHG�
LQWR�DW�OHDVW�WZR�GLVWLQFW�KHWHURWULPHULF�
PROHFXOHV�� >α��;,�α��;,�α��;,�@�
DQG� >α��;,�α��9�α��;,�@�� 7KHUH� LV�
D�VKLIW� LQ�FKDLQ� LVRW\SH�XVDJH�DV� WKH�
K\DOLQH� FDUWLODJH� SUHFXUVRU�PDWXUHV�
SRVWQDWDOO\�� :LWK� LQFUHDVLQJ� WLVVXH�
PDWXULW\��WKH�W\SH�;,�FROODJHQ�IUDFWLRQ�
FRQWDLQV�PRUH�α��9��DQG� OHVV�α��;,��
LQ� SURSRUWLRQ� WR� α��;,�� DQG� α��;,���
,Q� FRQWUDVW�� W\SH� 9�;,� FROODJHQ�
IURP� QXFOHXV� SXOSRVXV� FRQWDLQV� ¿YH�
JHQHWLFDOO\� GLVWLQFW� FKDLQV�� α��;,���
α��;,��� α��;,��� α��9��� DQG� α��9���
ZKLFK� DUH� GLVWULEXWHG� DPRQJ� VHYHUDO�
GLVWLQFW�KHWHURWULPHULF�PROHFXOHV��7KH�
¿QGLQJV� VXSSRUW� DQ� HYROYLQJ� UROH� IRU�
WLVVXH�VSHFL¿F�PROHFXODU� YDULDQWV� RI�
W\SH�9�;,�FROODJHQ�LQ�UHJXODWLQJ�¿EULO�
IRUP� DQG� IXQFWLRQ� DFURVV� YHUWHEUDWH�
FRQQHFWLYH�WLVVXHV�

5HFRPPHQGHG�5HDGLQJ

1L\LEL]L� &�� DQG� (\UH� '5�� �������
,GHQWL¿FDWLRQ� RI� WKH� FDUWLODJH�α��;,��
FKDLQ� LQ� W\SH� 9� FROODJHQ� IURP� ERQH��
)(%6�/HWW���������������

0D\QH� 5�� %UHZWRQ� 5*�� 0D\QH� 30��
DQG� %DNHU� -5�� ������� ,VRODWLRQ� DQG�
FKDUDFWHUL]DWLRQ�RI�WKH�FKDLQV�RI�W\SH�
9�W\SH�;,�FROODJHQ�SUHVHQW� LQ�ERYLQH�
YLWUHRXV�� -�� %LRO�� &KHP�� ���������
�����

:X�--�DQG�(\UH�'5���������6WUXFWXUDO�
DQDO\VLV� RI� FURVV�OLQNLQJ� GRPDLQV� LQ�
FDUWLODJH�W\SH�;,�FROODJHQ��,QVLJKWV�RQ�
SRO\PHULF� DVVHPEO\�� � -�� %LRO�� &KHP��
��������������������

:X�--�DQG�(\UH�'5���������,QWHUYHUWHEUDO�
GLVF�FROODJHQ��XVDJH�RI�WKH�VKRUW�IRUP�
RI�WKH�α��,;��FKDLQ�LQ�ERYLQH�QXFOHXV�

SXOSRVXV��-��%LRO��&KHP�������������
������

+X[OH\�-RQHV� -�� 5REHUWVRQ� '/�� DQG�
%RRW�+DQGIRUG� 53�� ������� 2Q� WKH�
RULJLQV� RI� WKH� H[WUDFHOOXODU�PDWUL[� LQ�
YHUWHEUDWHV��0DWUL[�%LRO�����������

(\UH�'5��:HLV�0$�DQG�:X�--���������
$GYDQFHV� LQ� FROODJHQ� FURVV�OLQN�
DQDO\VLV��0HWKRGV�����������

:X�--��:HLV�0$��.LP�/6��&DUWHU�%*��DQG�
(\UH�'5���������'LIIHUHQFHV� LQ�FKDLQ�
XVDJH�DQG�FURVV�OLQNLQJ�VSHFL¿FLWLHV�RI�
FDUWLODJH�W\SH�9�;,�FROODJHQ� LVRIRUPV�
ZLWK� DJH� DQG� WLVVXH�� -�� %LRO�� &KHP��
��������������
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3K\VLFLDQV�DQG�3DWLHQWV�9DOXH�4XDOLW\�9HUVXV�/HQJWK�RI�/LIH�
'LIIHUHQWO\��$�7LPH�7UDGH�2II�0RGHO�RI�+HDOWK�8WLOLWLHV�$VVRFLDWHG�

ZLWK�7UHDWLQJ�WKH�,QIHFWHG�7RWDO�+LS�5HSODFHPHQW

�� :KHQ�D�SDWLHQW�DQG�D�VXUJHRQ�DUH�IDFHG�ZLWK�DQ�LQIHFWHG�WRWDO�KLS�LPSODQW��FKRLFHV�PXVW��
� EH�PDGH�DPRQJ�GLIIHUHQW�WUHDWPHQW�RSWLRQV��

�� :H�H[SORUHG�WKH�SHUVSHFWLYHV�RI�WKH�SDWLHQW�DQG�WKH�VXUJHRQ�WKDW�PD\�FRQWULEXWH�WR�WKH��
� GHFLVLRQ�PDNLQJ�SURFHVV�

�� ,PSRUWDQW�GLIIHUHQFHV�ZHUH�IRXQG�EHWZHHQ�SDWLHQWV¶�DQG�VXUJHRQV¶�SHUFHSWLRQV�RI�ULVN��
� DQG�UHZDUG�FRQFHUQLQJ�KHDOWK�VWDWHV�WKDW�PD\�DULVH�GXULQJ�WKH�WUHDWPHQW�RI�DQ�LQIHFWHG��
� WRWDO�KLS�UHSODFHPHQW��7+5��

�� ,Q�JHQHUDO��VXUJHRQV�YDOXHG�TXDOLW\�RI�OLIH��DQG�ZHUH�ZLOOLQJ�WR�WUDGH�TXDQWLW\��OHQJWK��RI��
� OLIH�LQ�RUGHU�WR�GHFUHDVH�SDLQ�DQG�LPSURYH�IXQFWLRQ�

�� ,Q�JHQHUDO��SDWLHQWV�YDOXHG�TXDQWLW\��OHQJWK��RI�OLIH��DQG�ZHUH�ZLOOLQJ�WR�WUDGH�TXDOLW\���
� RI�OLIH���HYHQ�LI�WKH�UHVXOW�ZDV�OLYLQJ�LQ�D�VWDWH�RI�SRRUHU�IXQFWLRQ�RU�LQFUHDVHG�SDLQ���LQ��
� RUGHU�WR�DYRLG�ULVN�RI�GHDWK�DVVRFLDWHG�ZLWK�DQ�LQWHUYHQWLRQ�

�� ,W�LV�LPSRUWDQW�IRU�VXUJHRQV�WR�EH�PLQGIXO�RI�WKLV�SRWHQWLDO�GLIIHUHQFH�LQ�SHUVSHFWLYH�ZKHQ��
� FRXQVHOLQJ�SDWLHQWV�DERXW�VXUJLFDO�DQG�QRQ�RSHUDWLYH�DOWHUQDWLYHV�

5HJDUGOHVV� RI� WKH� RUWKRSDHGLF�
LQWHUYHQWLRQ� LQ� TXHVWLRQ� ��
ZKHWKHU�D�³WUDGLWLRQDO´�DSSURDFK�

WR� UHSODFH�D�ZRUQ� MRLQW�VXUIDFH��RU�D�
FXWWLQJ�HGJH� SURFHGXUH� WKDW� VHHNV�
WR� UHJHQHUDWH� RQH� �� DW� VRPH� SRLQW�
D� PHHWLQJ� RI� WKH� PLQGV� EHWZHHQ�
SDWLHQW�DQG�SK\VLFLDQ�PXVW�RFFXU��7KH�
SK\VLFLDQ¶V�MRE�LQ�WKLV�HQFRXQWHU�LV�WR�
VKDUH�D�PHQX�RI�DYDLODEOH� WUHDWPHQW�
DOWHUQDWLYHV�IURP�ZKLFK�WKH�SDWLHQW�FDQ�
FKRRVH�� RIWHQ�� WKH�PDMRU� WUHDWPHQW�
RSWLRQV� DUH� JLYHQ� DV� SDUW� RI� D� ULVN�
EHQH¿W�DQDO\VLV��ZKLFK�WKH�SDWLHQW�FDQ�
XVH�WR�KHOS�JXLGH�WKH�GHFLVLRQ�

$W� WKH� KHDUW� RI� DQ\� ULVN�EHQHILW�
FDOFXODWLRQ�LV�WKH�FRQFHSW�RI�GLIIHUHQWLDO�
XWLOLW\�RI�WKH�YDULRXV�KHDOWK�VWDWHV�WKDW�
PLJKW�RFFXU�DIWHU� WKH� LQWHUYHQWLRQ� LQ�
TXHVWLRQ��³XWLOLW\´�LV�WKH�EHQH¿W�SDUW�RI�
WKH�ULVN�EHQH¿W�DQDO\VLV��DQG�WKH�KHDOWK�
VWDWHV� DUH� WKH� SRVVLEOH� RXWFRPHV���
&RQVLGHU�VXUJHU\�IRU�WKH� LQIHFWHG�KLS�

UHSODFHPHQW�DV�DQ�H[DPSOH��SDWLHQWV�
ZLOO��VXEFRQVFLRXVO\�RU�H[SOLFLWO\��DVVLJQ�
VRPH� YDOXH� WR� WKH� YDULRXV� SRVVLEOH�
KHDOWK� VWDWHV� WKDW�PLJKW� RFFXU� DIWHU�
WKH� RSHUDWLRQ�� VXFK� DV� UHFXUUHQW�
LQIHFWLRQ�UHTXLULQJ�PRUH�VXUJHU\��IDLOHG�
MRLQW�UHFRQVWUXFWLRQ�DQG�FKURQLF�SDLQ��
RU� VXFFHVV� ZLWK� HUDGLFDWLRQ� RI� WKH�
LQIHFWLRQ� DQG� UHOLHI� RI� SDLQ�� 3DWLHQWV�
ZLOO� SURFHVV� WKRVH� SRVVLELOLWLHV� E\�
FRQVLGHULQJ� WKH� OLNHOLKRRG� RI� HDFK��
DQG� DUULYH� DW� D� GHFLVLRQ� RI� ZKHWKHU�
RU� QRW� WKH� LQWHUYHQWLRQ� VHHPV�ZRUWK�
WKH� ULVN�� +RZHYHU�� LI� VXUJHRQV� YDOXH�
WKRVH�SRVVLEOH�KHDOWK�VWDWHV�GLIIHUHQWO\�
WKDQ� SDWLHQWV� GR�� DQG� WKH� GLIIHUHQFH�
LV�SHUYDVLYH��DFURVV�PRVW�RU�DOO�RI�WKH�
SRVVLEOH�KHDOWK�VWDWHV��DQG�VLJQL¿FDQW�
�ERWK�VWDWLVWLFDOO\�DQG�FOLQLFDOO\���WKHQ�
WKLV�GLIIHUHQFH�FDQ�DIIHFW�WKH�KRZ�WKH�
SDWLHQW�SK\VLFLDQ� FRQYHUVDWLRQ� DERXW�
WUHDWPHQW� RSWLRQV� LV� GHOLYHUHG� DQG�
SHUFHLYHG��DQG�PD\�FDOO�LQWR�TXHVWLRQ�

ZKHWKHU�WUXH�³LQIRUPHG�FRQVHQW´�FDQ�
HYHQ�EH�DFKLHYHG�

7KHUH�LV�D�OLWHUDWXUH�VXJJHVWLQJ�WKDW�
LQGHHG�WKHUH�DUH�GLIIHUHQFHV�EHWZHHQ�
SDWLHQWV�DQG�SK\VLFLDQV�LQ�WHUPV�RI�KRZ�
XWLOLW\�LV�SHUFHLYHG��KRZHYHU��WKLV�WRSLF�
KDV�QRW�EHHQ�H[SORUHG�LQ�WKH�FRQWH[W�
RI�RUWKRSDHGLF�LQWHUYHQWLRQV�

7KH� SUHVHQW� VWXG\� WHVWHG� WKH�
K\SRWKHVLV�WKDW�WKHUH�LV�QR�GLIIHUHQFH�
EHWZHHQ�SDWLHQWV�QDwYH�WR�WKH�FOLQLFDO�
SUREOHP� �WUHDWPHQW� RI� WKH� LQIHFWHG�
7+5��)LJXUH����DQG�VXUJHRQV�LQ�WHUPV�
RI�KRZ�XWLOLW\�ZLOO�EH�DVVLJQHG�WR�KHDOWK�
VWDWHV�UHOHYDQW�WR�WKH�PDQDJHPHQW�RI�
WKH�SDWLHQW�ZLWK�WKH�LQIHFWHG�7+5��

0HWKRGV
7ZR�SRSXODWLRQV�ZHUH�VXUYH\HG�LQ�

WKLV�,5%�DSSURYHG�VWXG\�
���3DWLHQWV�QDwYH�WR�WKH�FRQGLWLRQ�LQ�

TXHVWLRQ�DQG�ZLWKRXW�PXVFXORVNHOHWDO�
SDWKRORJ\�� $� WRWDO� RI� ��� SDWLHQWV��
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)LJXUH����;�UD\�RI�D�SDWLHQW�ZKRVH�LQIHFWHG�7+5�UHVXOWHG�LQ�WKH�QHHG�WR�UHPRYH�WKH�
KLS�MRLQW�HQWLUHO\��YLVLEOH�DUH�DQWLELRWLF�EHDGV�RQ�PHWDOOLF�ZLUHV��DQG�D�ODUJH�DQWLELRWLF�
VSDFHU�LQ�WKH�KLS�VRFNHW��1RWH�WKDW�WKH�UHVXOW�RI�WKLV�LQIHFWLRQ�LV�VHYHUH�ORVV�RI�ERQH�
DQG�MRLQW�GHIRUPLW\�

)LJXUH����$�VDPSOH�TXHVWLRQ�IURP�WKH�VXUYH\��ZKLFK�GHPRQVWUDWHV�KRZ�D�WLPH�WUDGH�RII�
LV�SRUWUD\HG�WR�VXUYH\�SDUWLFLSDQWV�

DJHG� ������� SDUWLFLSDWHG�� 3DWLHQWV�
ZLWKRXW�WKH�FRQGLWLRQV�LQ�TXHVWLRQ�ZHUH�
XVHG� VR� DV� WR� DYRLG� WKH� FKDQFH� WKDW�
XWLOLW\�YDOXHV�ZRXOG�EH�VNHZHG� LQ�DQ�
XQFRQWUROOHG�ZD\�E\�UHFHQW�DQG�GLYHUVH�
H[SHULHQFHV��

��� +LJK�YROXPH� 7+5� VXUJHRQV�� $�
WRWDO�RI����VXUJHRQV�ZKR�GR�����7+5V�

\HDU�ZHUH�VROLFLWHG��DQG����UHVSRQGHG�
E\�FRPSOHWLQJ�WKH�VXUYH\�

3UHIHUHQFH�PHDVXUHV�ZHUH�HOLFLWHG�
XVLQJ� WLPH� WUDGH�RIIV� WKDW� FRPSDUHG�
YDULRXV� VWDWHV� RI� LPSDLUHG� KHDOWK�
�IURP�VXFFHVVIXO�UHYLVLRQ�DUWKURSODVW\��
ZKLFK� LV� D� JRRG� RXWFRPH� EXW� GRHV�
QRW� UHSUHVHQW� SHUIHFW� KHDOWK�� WR�

FRQVWDQW� VHYHUH� SDLQ�� WR� IXOO� KHDOWK�
ZLWK�VKRUWHQHG�OLIH��DQG�EHWZHHQ�SDLUV�
RI� WHPSRUDU\� KHDOWK� VWDWHV� �)LJXUH�
���� $�PDWKHPDWLFDO�PRGHO� XVLQJ� WKH�
7LPH�7UDGH�2II�7HFKQLTXH��FRQYHUWHG�
WKHVH�SUHIHUHQFHV�WR�TXDOLW\�DGMXVWHG�
OLIH�\HDU��4$/<��XWLOLW\�YDOXHV��LQ�WKLV�
PRGHO�� GHDWK� LV� DVVLJQHG� D� YDOXH� RI�
��� DQG� SHUIHFW� KHDOWK� ZLWKRXW� DQ\�
GLVDELOLW\� LV� DVVLJQHG� D� YDOXH� RI� ���
7KHUH�ZHUH����TXHVWLRQV�LQ�WKH�VXUYH\�
�)LJXUH����

5HVXOWV
7KHUH�ZDV�JHQHUDOO\�JRRG�DJUHHPHQW�

EHWZHHQ� VXUJHRQV� DQG� SDWLHQWV��
KRZHYHU��SDWLHQWV�FRQVLVWHQWO\��LQ���RXW�
RI�WKH����KHDOWK�VWDWHV�VXUYH\HG��ZLWK���
RI�WKH���GLIIHUHQFHV�UHDFKLQJ�VWDWLVWLFDO�
VLJQL¿FDQFH�RI�S�������UHSRUWHG�KLJKHU�
XWLOLW\�YDOXHV� IRU� WKH� LPSDLUHG�KHDOWK�
VWDWHV� WKDQ� GLG� VXUJHRQV� �)LJXUH� ����
7KH�PRVW�SURQRXQFHG�GLIIHUHQFH�ZDV�
IRXQG�IRU�WKH�PRVW�GLVDEOLQJ�FRQGLWLRQ��
³FKURQLF� VHYHUH� SDLQ�́ � 7KLV� ILQGLQJ�
LQGLFDWHV� WKDW�RQ�DYHUDJH�� IRU�QHDUO\�
HYHU\� NLQG� RI� LPSDLUPHQW� WKDW� FDQ�
RFFXU� LQ� WKH� FRXUVH� RI� WUHDWLQJ� WKH�
LQIHFWHG�7+5��SDWLHQWV�ZHUH�OHVV�ZLOOLQJ�
WKDQ�VXUJHRQV�WR�UHOLQTXLVK�\HDUV�RI�OLIH�
WR�LPSURYH�TXDOLW\�RI�OLIH��HYHQ�ZKHQ�
WKH�LPSDLUPHQW�LV�DV�VHYHUH�DV�FRQVWDQW�
VHYHUH�SDLQ�

'LVFXVVLRQ�� 2QJRLQJ�:RUN�� DQG�
&RQFOXVLRQV

7KHVH�¿QGLQJV�DUH�FRQVLVWHQW�ZLWK�
RWKHU�� QRQ�RUWKRSDHGLF� UHVHDUFK� WKDW�
VXJJHVWV� WKDW� SDWLHQW� DQG� SURYLGHU�
XWLOLW\�YDOXHV�FRPPRQO\�GLIIHU��DQG�WKDW��
VHYHUH�KHDOWK�VWDWHV�FDQ�UHVXOW�LQ�WKH�
ODUJHVW�GLVFUHSDQFLHV�

7KH�UHVXOWV�RI�WKLV�VWXG\�IRUP�WKH�
EDVLV� RI� DQ� H[SHFWHG�YDOXH� GHFLVLRQ�
DQDO\VLV� FRPSDULQJ� WZR� FRPPRQ�
WUHDWPHQWV�IRU�WKH�LQIHFWHG�7+5��VLQJOH�
VWDJH� GLUHFW�H[FKDQJH� DUWKURSODVW\�
DQG�WZR�VWDJH�UHYLVLRQ��7KLV�GHFLVLRQ�
DQDO\VLV� LV�QRZ� LQ�SURJUHVV��'HFLVLRQ�
DQDO\VLV�LV�D�YHU\�SRZHUIXO�PDWKHPDWLFDO�
DSSURDFK� WKDW� DOORZV� D� GDWD�GULYHQ��
HYLGHQFH�EDVHG�DSSURDFK�WR�FKRRVLQJ�
D� WKHUDSHXWLF� FRXUVH� RI� DFWLRQ� WKDW�
FRQVLGHUV�WKH�SUREDELOLW\�RI�WKH�YDULRXV�
SRVVLEOH�KHDOWK�VWDWHV�WKDW�PD\�UHVXOW�
IURP�WUHDWPHQW��UDQJLQJ�IURP�VXFFHVV�
WR� VHYHUH� FRPSOLFDWLRQ� RI� DQ\� W\SH��
DQG� WKH� XWLOLW\� RI� HDFK� KHDOWK� VWDWH�
WKDW�PLJKW�RFFXU��7KLV�DSSURDFK��ZKLFK�
ZDV�RULJLQDOO\�XVHG�WR�PRGHO�DQG�JXLGH�
EXVLQHVV�GHFLVLRQ�PDNLQJ��LV�EHFRPLQJ�
LQFUHDVLQJO\�SRSXODU�LQ�FOLQLFDO�PHGLFLQH�
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)LJXUH����7KH����KHDOWK�VWDWHV�XVHG�LQ�WKH�WLPH�WUDGH�RII�PRGHO�RI�WKH�LQIHFWHG�7+5��
HDFK�RI�WKHVH�ZDV�LQFRUSRUDWHG�LQWR�D�TXHVWLRQ�DQDORJRXV�WR�WKDW�VKRZQ�LQ�)LJXUH����

)LJXUH����&RPSDULVRQ�RI�PHDQ�SDWLHQW�DQG�VXUJHRQ�VFRUHV��VWDWLVWLFDO�VLJQL¿FDQFH�DW�WKH�S������OHYHO�LV�GHQRWHG�E\�D�VWDU�

DQG�VXUJHU\�
+RZHYHU��WKHVH�UHVXOWV�DOVR�VWDQG�

DORQH� DV� D� FDXWLRQDU\� UHPLQGHU� WKDW�
SDWLHQWV�PD\�WHQG�WR�PDNH�GHFLVLRQV�
WKDW� SODFH� JUHDWHU� HPSKDVLV� RQ�
ORQJHYLW\��ZKLOH�VXUJHRQV�IDYRU�WUDGH�
RIIV�WKDW�ZLOO�WDNH�ULVN�WR�LPSURYH�TXDOLW\�
RI�OLIH��7KLV�GLIIHUHQFH�EHWZHHQ�SDWLHQWV�
DQG�SURYLGHUV�DSSHDUV�SHUYDVLYH��DQG�
IRU�WKDW�UHDVRQ��VXUJHRQV�QHHG�WR�EHDU�
WKLV�GLIIHUHQFH�LQ�PLQG�ZKHQ�FRXQVHOLQJ�
SDWLHQWV�DERXW�D�SURFHGXUH�WKDW�VHHNV�
WR�LPSURYH�TXDOLW\�RI�OLIH�EXW�LQ�ZKLFK�
WKHUH�LV�D�ULVN�RI�GHDWK��

6XUJHRQV�PXVW� QRW� DVVXPH� WKDW�
SDWLHQWV�ZLOO�ULVN�H[FKDQJLQJ�\HDUV�RI�
OLIH�WR�WU\�WR�LPSURYH�OLIH¶V�TXDOLW\��

6XSSRUW
7KLV�ZRUN�ZDV�JHQHURXVO\� IXQGHG�

WKURXJK�WKH�8QLYHUVLW\�RI�:DVKLQJWRQ�
)ULHQGV�RI�2UWKRSDHGLF�5HVHDUFK�DQG�
(GXFDWLRQ�� DV�SDUW� RI� WKH� ³&OXE�0HW´�
SURMHFW��ZKLFK� LV� D�PXOWL�GLVFLSOLQDU\�
SDUWQHUVKLS� EHWZHHQ� WKH� 8QLYHUVLW\�
R I � :DVKLQJWRQ� 'HSDUWPHQW � R I�
2UWKRSDHGLFV�DQG�6SRUWV�0HGLFLQH�DQG�
WKH�'HSDUWPHQW�RI�0HGLFDO�(GXFDWLRQ�

DQG�%LRPHGLFDO�,QIRUPDWLFV�

5HFRPPHQGHG�5HDGLQJ

'UXPPRQG�0)��6FXOSKHU�0-��7RUUDQFH�
*:��HW�DO��0HWKRGV�IRU� WKH�(FRQRPLF�
(YDOXDWLRQ�RI�+HDOWK�&DUH�3URJUDPPHV�
��UG�HG����1HZ�<RUN��2[IRUG�8QLYHUVLW\�
3UHVV�������

)D\HUV� 30�� 0DFKLQ� '�� 4XDOLW\� RI�
/LIH�� 7KH� $VVHVVPHQW�� $QDO\VLV� DQG�
,QWHUSUHWDWLRQ� RI� 3DWLHQW�5HSRUWHG�
2XWFRPHV� ��QG� HG���� +RERNHQ�� 1-��
-RKQ�:LOH\�	�6RQV�/WG�������

7RUUDQFH� *:�� 7KRPDV� :�� 6DFNHWW�
'�� $� XWLOLW\�PD[LPL]DWLRQ�PRGHO� IRU�
HYDOXDWLRQ� RI� KHDOWK� FDUH� SURJUDPV��
+HDOWK�6HUY�5HV���������������

=HWKUDHXV� 1�� -RKDQQHVVRQ� 0�� $�
FRPSDULVRQ�RI�SDWLHQW�DQG�VRFLDO�WDULII�
YDOXHV�GHULYHG�IURP�WKH�WLPH�WUDGH�RII�
PHWKRG��+HDOWK�(FRQ��������������
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�� $QNOH�DUWKULWLV�GLIIHUV�IURP�WKDW�RI�WKH�KLS�DQG�NQHH�LQ�WKDW�LW�LV�PRVW�FRPPRQO\�FDXVHG�
� E\�WUDXPDWLF�LQMXU\��UDWKHU�WKDQ�GHJHQHUDWLRQ�RU�LQÀDPPDWLRQ��DQG�SUHGRPLQDQWO\�� �
� DIIHFWV�\RXQJHU�PDOHV�
�� $QNOH�IXVLRQ�LV�D�ZHOO�HVWDEOLVKHG�WUHDWPHQW�WKDW�FDQ�LPSURYH�SDLQ�EXW�GRHV�VR�DW�D�ORVV��

� RI�PRWLRQ�RI�WKH�DQNOH��,W�GRHVQ¶W�ZRUN�ZHOO�ZKHQ�WKHUH�LV�DOVR�DUWKULWLV�LQ�WKH�QHDUE\���
� MRLQWV���EHFDXVH�LW�SXWV�H[WUD�ORDG�RQ�WKHVH�MRLQWV�
�� $OWHUHG�JDLW�DIWHU�DQNOH�IXVLRQ�FDQ�OHDG�WR�DUWKULWLV�LQ�WKH�VXUURXQGLQJ�VPDOO�MRLQWV�RYHU��

� WLPH�
�� 7KH�UROH�RI�DQNOH�UHSODFHPHQW��ZKLOH�FRPPRQ�LQ�(XURSH��LV�OLPLWHG�LQ�WKH�86�EHFDXVH�RI��

� XQFHUWDLQW\�RI�LWV�HIIHFWLYHQHVV�UHODWLYH�WR�DQNOH�IXVLRQ��
�� 8:�0HGLFLQH�IDFXOW\�VXUJHRQV�KDYH�EHHQ�WUHDWLQJ�SDWLHQWV�ZLWK�DQNOH�UHSODFHPHQW�� �

� VXUJHU\�VLQFH�������,QLWLDOO\��WRWDO�DQNOH�MRLQW�UHSODFHPHQW�ZDV�XVHG�SULPDULO\�LQ�� �
� SDWLHQWV�ZKR�ZHUH�QRW�JRRG�FDQGLGDWHV�IRU�IXVLRQ�
�� 7R�HQDEOH�D�FRPSDULVRQ�RI�RXWFRPHV�IURP�DQNOH�UHSODFHPHQW�DQG�DQNOH�IXVLRQ�ZH�� �

� LQLWLDWHG�D�VWXG\�LQ������WKDW�FRPSDUHV�DFWLYLW\�DQG�SDWLHQW�VDWLVIDFWLRQ�DIWHU�WKHVH�WZR��
� SURFHGXUHV�

8QWLO�UHFHQWO\��WUHDWPHQW�RSWLRQV�
IRU� DGYDQFHG� DQNOH� DUWKULWLV�
KDYH� EHHQ� OLPLWHG� WR� EUDFLQJ��

SKDUPDFRORJLF� LQWHUYHQWLRQ� DQG�
DUWKURGHVLV��DOVR�NQRZQ�DV�IXVLRQ���:LWK�
LPSURYHPHQWV�LQ�WKH�TXDOLW\�RI�DQNOH�
UHSODFHPHQW�LPSODQWV��WKHUH�KDV�EHHQ�
VLJQL¿FDQW�LQWHUHVW�LQ�DQNOH�UHSODFHPHQW�
VXUJHU\� DQG� LQ� GHWHUPLQLQJ� LQ� ZKDW�
FLUFXPVWDQFHV�DQNOH�UHSODFHPHQW�PD\�
EH�PRUH� HIIHFWLYH� WKDQ� DQNOH� IXVLRQ�
IRU� WUHDWPHQW� RI� HQG� VWDJH� DQNOH�
DUWKULWLV��

7KH� DFFHSWHG� ZD\� WR� GHWHUPLQH�
WKH�EHWWHU�RI�WZR�WKHUDSLHV�LV�WR�VWXG\�
WKHP�EOLQGO\�LQ�D�SURVSHFWLYH�IDVKLRQ�
XVLQJ�WKH�VDPH�FULWHULD�IRU�ERWK�JURXSV���
'LI¿FXOWLHV�LQ�VWXG\LQJ�WKH�GLIIHUHQFHV�
LQ�VXUJLFDO�WUHDWPHQW�RXWFRPH�IRU�DQNOH�
DUWKULWLV� DUH� QXPHURXV�� 3DWLHQWV� DUH�
UHOXFWDQW�WR�EH�UDQGRPL]HG��VXUJHRQV�
RIWHQ�KDYH�HWKLFDO�UHVHUYDWLRQV�DERXW�

UDQGRPL]DWLRQ�� VXUJLFDO� H[SHUWLVH�
YDULHV��GLIIHUHQW�OHYHOV�RI�IXQFWLRQ�DQG�
HWLRORJ\�DUH�QRW�ZHOO�GH¿QHG���,Q������
ZH� EHJDQ� FROOHFWLQJ� SLORW� GDWD� WKDW�
ZRXOG�HQDEOH�XV�WR�EHJLQ�D�SURVSHFWLYH�
FOLQLFDO�WULDO��

0HWKRGV
:H�VWXGLHG�SDWLHQWV�ZLWK�HQG�VWDJH�

DQNOH� DUWKULWLV� ZKR� H[KDXVWHG� QRQ�
VXUJLFDO�FDUH�DQG�ZHUH�VFKHGXOHG�IRU�
WUHDWPHQW� E\� DQNOH� IXVLRQ� RU� DQNOH�
UHSODFHPHQW�� 3DWLHQWV�ZHUH� LQFOXGHG�
LI� WKH\� ZHUH� EHWZHHQ� ��� DQG� ���
\HDUV�ROG��DEOH�WR�FRPPXQLFDWH��ZHUH�
DPEXODWRU\�DQG�KDG�QR�RWKHU�ORZHU�OLPE�
PXVFXORVNHOHWDO� FRQGLWLRQ� WKDW�ZRXOG�
DIIHFW�JDLW��3DUW�RQH�RI�WKH�SLORW�ZDV�WR�
GHWHUPLQH�EDVHOLQH�IXQFWLRQ�DQG�IDFWRUV�
WKDW�LPSDFW�IXQFWLRQ�DV�EDVHOLQH��6LQFH�
IXQFWLRQDO�OHYHOV�ZHUH�KLJKO\�YDULDEOH��
ZH� IHOW� WKDW� D� VPDOO� VWXG\�ZRXOG� EH�

XQUHOLDEOH� ZLWKRXW� GDWD� WR� DVVHVV�
IDFWRUV�LQÀXHQFLQJ�DFWLYLW\�OHYHOV��7ZR�
PHDVXUHV� RI� EDVHOLQH� DFWLYLW\� ZHUH�
FROOHFWHG�� VWHS� PRQLWRUV� DQG� JDLW�
DQDO\VLV��:H�H[DPLQHG� VXEMHFWV�ZKR�
ZHUH�VFKHGXOHG�WR�KDYH�DQNOH�VXUJHU\��
6XEMHFWV�ZRUH�WKH�6WHS:DWFK���$FWLYLW\�
0RQLWRUV�IRU����������GD\V��FROOHFWHG�
LQ�RQH�PLQXWH�LQWHUYDOV��RQ�WKHLU�DQNOH�
�6WHS:DWFK�YDOXHV�ZHUH�PXOWLSOLHG�E\�
WZR�WR�REWDLQ�WRWDO�VWHSV�GD\�IRU�ERWK�
OLPEV� DV�PHDVXUHG� E\� SHGRPHWHUV���
6XEMHFWV�WKHQ�FRPSOHWHG�¿YH�EDUHIRRW�
ZDONLQJ�WULDOV�DW�D�FRQWUROOHG�VSHHG������
P�V���*DLW�ELRPHFKDQLFV�ZHUH�FROOHFWHG�
XVLQJ� D� ���FDPHUD� 9LFRQ� V\VWHP�
DQG� WZR�%HUWHF� IRUFH�SODWHV��6DJLWWDO�
SODQH� DQNOH� UDQJH� RI�PRWLRQ� �520���
SHDN�SODQWDU�ÀH[RU��3)��PRPHQW��DQG�
SHDN� SRZHU� DEVRUSWLRQ� �$%6�� DQG�
JHQHUDWLRQ� �*(1�� ZHUH� H[WUDFWHG��
3HUFHQW� GLIIHUHQFH� ��',))�� EHWZHHQ�

� �
� � ��%58&(�-��6$1*(25=$1��0�'��
� � � � �
� � � � � 352)(6625�� � � � � � � �
� � � � � +$5%259,(:�0(',&$/�&(17(5�
� � � � � )227�$1'�$1./(
� � � � � :::�257+23�:$6+,1*721�('8�)$&8/7<�6$1*(25=$1

� � � � � :,//,$0�5��/('28;��3+�'���-$&<1'$�:+((/(5��%�$���� �
� � � � � +$11$+�687721��%�$���$1'�$9$�'��6(*$/��0�6�

&RPSDULVRQ�RI�)XQFWLRQ�$IWHU�$QNOH�)XVLRQ�
DQG�$QNOH�5HSODFHPHQW
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WKH�DIIHFWHG�DQG�XQDIIHFWHG�OLPEV�ZDV�
FDOFXODWHG� IRU� HDFK� ELRPHFKDQLFDO�
PHDVXUH� WR� TXDQWLI\� OLPE� V\PPHWU\��
6XEMHFWV� ZHUH� VHSDUDWHG� LQWR� WZR�
JURXSV�EDVHG�RQ�DYHUDJH� VWHSV�GD\��
/2:� �������� DQG� +,*+� �!�������
2EMHFW LYH� PHDVXUHV� ZHUH� WKHQ�
FRPSDUHG�E\�SDWLHQW�DJH��KHLJKW�DQG�
ZHLJKW��

,Q� VWHS� WZR� RI� WKH� WULDO� VXEMHFWV�
ZHUH� WHVWHG� E\� WKH� VDPH� REMHFWLYH�
PHDVXUHV� RI� DFWLYLW\�� VWHS� FRXQWV�
DQG� JDLW� DQDO\VLV�� ,Q� DGGLWLRQ� WR�

WKH� PHFKDQLFDO� PHDVXUHV�� WZR�
RXWFRPH�LQVWUXPHQWV�ZHUH�XVHG��WKH�
0XVFXORVNHOHWDO�)XQFWLRQDO�$VVHVVPHQW�
�0)$��DQG�WKH�6)�����7KH�6)����LV�WKH�
PRVW�ZLGHO\�XVHG�WRRO�IRU�DVVHVVPHQW�
RI�KHDOWK�VWDWXV��7KH�0)$�LV�D�IXQFWLRQDO�
RXWFRPH�PHDVXUH�FUHDWHG�DQG�YDOLGDWHG�
LQ�D�JURXS�ZLWK�PXVFXORVNHOHWDO�LQMXU\��
7KHVH�PHDVXUHV�ZHUH� UHSHDWHG� DW� ��
PRQWKV�����PRQWKV�DIWHU�VXUJHU\�DQG�
ZLOO�EH�UHSHDWHG�DQQXDOO\��

7KH� UHODWLRQVKLS� EHWZHHQ� VWHS�
FRXQW�JURXS�DQG�RXWFRPH�ZDV�WHVWHG�
ZLWK� ��ZD\� $129$� �GHPRJUDSKLFV�
 � GHSHQGHQW� YDULDEOH�� DQG� UHSHDWHG�
PHDVXUHV� ��ZD\� $129$� ��',))�  �
GHSHQGHQW� YDULDEOH��ZLWK� VWHS� FRXQW�
JURXS�DV�WKH�LQGHSHQGHQW�IDFWRU�

5HVXOWV
7KHUH�ZDV�D�VLJQL¿FDQW�GLIIHUHQFH�LQ�

WKH�PHDQ�VWHSV�GD\����RQH�VWDQGDUG�
GHYLDWLRQ��EHWZHHQ�WKH�/2:�DQG�+,*+�
JURXSV�������������DQG����������������
UHVSHFWLYHO\�� S� � ��������� 7KH� /2:�
VWHS�JURXS�GHPRQVWUDWHG�VLJQL¿FDQWO\�
ODUJHU�OLPE�DV\PPHWULHV�LQ�WKUHH�RI�IRXU�
ELRPHFKDQLFDO� YDULDEOHV� DQG� KLJKHU�
ZHLJKW� FRPSDUHG� WR� WKH� +,*+� VWHS�
JURXS��7DEOH������7KLV�UHVXOW�VXJJHVWV�
WKDW����LQFUHDVHG�ZHLJKW�LV�DVVRFLDWHG�
ZLWK� UHGXFHG� DFWLYLW\� DQG� ��� ORZHU�
DFWLYLW\�OHYHO�DV�PHDVXUHG�E\�VWHS�FRXQW�
LV�SUHGLFWLYH�RI�LQFUHDVHG�ELRPHFKDQLFDO�
DV\PPHWULHV�DQG�LQFUHDVHG�ZHLJKW�IRU�
DQ�(6$$�SRSXODWLRQ�� �7KHVH�EDVHOLQH�
PHDVXUHPHQWV� FDQ� WKHQ� EH� XVHG� WR�
DVVHVV� SRVW�VXUJLFDO� RXWFRPHV� DQG�
WUHDWPHQW�HI¿FDF\���

7ZHQW\�VL[� SDWLHQWV� FRPSOHWHG�
WKH� ¿UVW� \HDU� RI� WKH� VWXG\�� WKLUWHHQ�
LQ�HDFK�JURXS��3DLQ�LPSURYHG�LQ�ERWK�
JURXSV�IURP�DQ�DYHUDJH�RI���RQ�D����
SRLQW�VFDOH�WR���RQ�WKH�VDPH�VFDOH�DW�
���PRQWKV�� 1HLWKHU� WKH� DUWKURSODVW\�
JURXS�QRU� WKH�DUWKURGHVLV�JURXS�KDG�
VLJQL¿FDQW�FKDQJHV� LQ� WKH�QXPEHU�RI�
VWHSV�DW���PRQWKV�RU����PRQWKV��7KH�
6)����LV�D�PHDVXUH�RI�JHQHUDO�KHDOWK��
$W����PRQWKV�WKH�DYHUDJH�VFRUH�RQ�WKH�
6)����FKDQJHG� IURP����WR���� LQ� WKH�
DUWKURGHVLV�JURXS�DQG�IURP����WR�����
WKHVH�FKDQJHV�DUH�QRW�VLJQL¿FDQW��7KH�
0)$�LV�D�PHDVXUH�RI�KHDOWK�VWDWXV�ZLWK�
DQ�DFFHQW�RQ�PXVFXORVNHOHWDO�IXQFWLRQ��
%RWK�WUHDWPHQW�JURXSV�LPSURYHG�ZKHQ�
PHDVXUHG�E\�WKH�0)$��7KH�DUWKURGHVLV�
JURXS�LPSURYHG����SRLQWV��RQ����VFDOH��
ZKLOH�WKH�DUWKURSODVW\�JURXS�LPSURYHG�
��� SRLQWV�� 7KHUH� ZDV� QR� VWDWLVWLFDO�
GLIIHUHQFH�EHWZHHQ�WKH�WZR�JURXSV�

&RQFOXVLRQ
3DWLHQWV�ZLWK� DQNOH� DUWKULWLV� KDYH�

GLIIHUHQW�OHYHOV�RI�IXQFWLRQ��+LJK�ZHLJKW�
LV�DVVRFLDWHG�ZLWK�ORZ�OHYHOV�RI�DFWLYLW\��
ORZ�SRZHU�RXWSXWV�DQG�GHFUHDVHG�DQNOH�
PRWLRQ��$QNOH�DUWKULWLV�FDQ�EH�LPSURYHG�
E\� VXUJLFDO� WUHDWPHQW� ZLWK� DQNOH�
DUWKURGHVLV� RU� DQNOH� DUWKURSODVW\�� $W�
RQH�\HDU�DIWHU�WUHDWPHQW�ERWK�JURXSV�
LPSURYHG� LQ� FRPIRUW� DQG� IXQFWLRQ�DV�
PHDVXUHG�E\�WKH�0)$��$W�RQH�\HDU�ZLWK�
RQO\����SDWLHQWV�LQ�HDFK�JURXS�WKHUH�LV�
LQVXI¿FLHQW�HYLGHQFH�WR�VKRZ�JUHDWHU�
LPSURYHPHQW� LQ� HLWKHU� JURXS�� 7KH�
VWXG\�ZLOO�FRQWLQXH�WR�HQUROO�SDWLHQWV��
,W� LV� OLNHO\� WKDW� GLIIHUHQFHV� VXI¿FLHQW�
WR�JXLGH�FDUH�ZLOO�QRW�EH�DYDLODEOH�IRU�
PRUH�WKDQ�¿YH�\HDUV��,GHDOO\�HQRXJK�
GDWD�ZLOO� EH� FROOHFWHG� WR� OHDUQ�ZKHQ�
HDFK�WUHDWPHQW�LV�LQGLFDWHG�

$FNQRZOHGJHPHQW
7KLV� ZRUN� VXSSRUWHG� E\� WKH�

'HSDUWPHQW�RI�9HWHUDQV�$IIDLUV�

5HFRPPHQGHG�5HDGLQJ

6HJDO�$'��5RKU�(6��6XWWRQ�+��/HGRX[�
:5��:KHHOHU�-��6DQJHRU]DQ�%-����/RZ�
IXQFWLRQ� LQ� SDWLHQWV� ZLWK� HQG�VWDJH�
DQNOH� DUWKULWLV� LV� DVVRFLDWHG� ZLWK�
UHGXFHG� SRZHU� JHQHUDWLRQ�� DQNOH�
UDQJH� RI�PRWLRQ�� DQG� KLJKHU�ZHLJKW����
$PHULFDQ�2UWKRSDHGLF�)RRW�DQG�$QNOH�
6RFLHW\�� 'HQYHU�� &RORUDGR�� -XQH� ���
���������

07�3\HYLFK��0�'���&/�6DOW]PDQ��0�'���
--�� &DOODJKDQ�� )J�� $OYLQH��0�'�� 7RWDO�
$QNOH�$UWKURSODVW\��D�8QLTXH�'HVLJQ��
7ZR�WR�7ZHOYH�<HDU�)ROORZ�XS��-�%RQH�
-RLQW�6XUJ�������������������

$�$��6SLUW��0'��3K'��0�$VVDO��0'�DQG�
67��+DQVHQ��-U���0'�&RPSOLFDWLRQV�DQG�
)DLOXUH�$IWHU�7RWDO�$QNOH�$UWKURSODVW\��
7KH�-RXUQDO�RI�%RQH�DQG�-RLQW�6XUJHU\�

)LJXUH����$QNOH�ZLWK�DUWKULWLV�

)LJXUH����$QNOH�DUWKURSODVW\� )LJXUH����$QNOH�IXVLRQ�
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�$PHULFDQ����������������������

*UHLVEHUJ��-XVWLQ�0'��$VVDO��0DWKLHD�
0'���)OXHFNLJHU��*HUKDUG�0'Á��+DQVHQ��
6LJYDUG� 7� -U�0'� 7DNHGRZQ� RI� $QNOH�
)XVLRQ�DQG�&RQYHUVLRQ�WR�7RWDO�$QNOH�
5HSODFHPHQW�� &OLQLFDO� 2UWKRSDHGLFV�
DQG�5HODWHG�5HVHDUFK�9ROXPH����-XO\�
����SS�������

-0�0D]XU��(�6FKZDUW]�DQG�65�6LPRQ�
$QNOH� DUWKURGHVLV�� /RQJ�WHUP� IROORZ�
XS�ZLWK� JDLW� DQDO\VLV� 7KH� -RXUQDO� RI�
%RQH�DQG�-RLQW�6XUJHU\��9RO�����,VVXH�
�����������������

7DEOH���� �6XEMHFW�GHPRJUDSKLFV�DQG�JDLW�PHDVXUHV� ��',))��E\� VWHS�FRXQW�JURXS� �PHDQ���RQH�VWDQGDUG�GHYLDWLRQ��� �6WDWLVWLFDO�
VLJQL¿FDQFH����VHW�DW�S���������7KH�ORZ�VWHS�DFWLYLW\�JURXS�ZDV�VLJQL¿FDQWO\�KHDYLHU�WKDQ�WKH�KLJK�DFWLYLW\�JURXS�
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)LQLWH�(OHPHQW�0RGHOV�RI�)RRWZHDU�IRU�3HRSOH�ZLWK�'LDEHWHV

�� ,QMXU\�WR�WKH�IHHW�RI�SHRSOH�ZLWK�GLDEHWHV�DQG�QHXURSDWK\�UHVXOWV�IURP�XQSHUFHLYHG�� �
� HOHYDWHG�PHFKDQLFDO�VWUHVV�

�� 2QFH�IRRW�LQMXULHV��VXFK�DV�XOFHUV��DUH�KHDOHG��DSSURSULDWH�WKHUDSHXWLF�IRRWZHDU�LV�FULWLFDO��
� WR�SUHYHQW�XOFHU�UHFXUUHQFH�

�� )RRWZHDU�GHVLJQ�LV�VWLOO�ODUJHO\�D�WULDO�DQG�HUURU�SURFHVV�
�� ,Q�RUGHU�WR�GHWHUPLQH�JHQHUDO�IRRWZHDU�GHVLJQ�SULQFLSOHV��PRGHOLQJ�RIIHUV�WUHPHQGRXV��

� SRWHQWLDO�VLQFH�LW�DOORZV�H[SORUDWLRQ�RI�D�ODUJH�UDQJH�RI�FRQGLWLRQV�
�� 7KH�)LQLWH�(OHPHQW�0HWKRG��)(0��LV�D�WHFKQLTXH�WR�PRGHO�REMHFWV�WKDW�FDQ�KDYH�� �

� FRPSOH[�VKDSH�DQG�RU�GHIRUPDWLRQ�FKDUDFWHULVWLFV�E\�¿OOLQJ�LQ�WKH�JHRPHWU\�ZLWK�VPDOO���
� QXPHULFDOO\�PDQDJHDEOH��VLPSO\�VKDSHG�HOHPHQWV�

�� /LQHDU�PRGHOV�DUH�RIWHQ�DGHTXDWH�IRU�ERQH�EXW�QRQ�OLQHDU�PRGHOV�DUH�UHTXLUHG�WR�� �
� DGHTXDWHO\�GHVFULEH�WKH�ODUJH�GHIRUPDWLRQ�RI�VRIW�WLVVXHV�DQG�PRVW�V\QWKHWLF�SRO\PHUV��
� XVHG�LQ�IRRWZHDU�

�� 1RQOLQHDU�DQDO\VLV�DOVR�DOORZV�WKH�VLPXODWLRQ�RI�FRPSOH[�LQWHUDFWLRQV�EHWZHHQ�WZR�� �
� VXUIDFHV��ZKLFK�FDQ�EH�PRGHOHG�XVLQJ�³FRQWDFW´�LQWHUIDFHV�WR�UHSUHVHQW�IULFWLRQ��DQG�� �
� PHFKDQLFDO�LQWHUDFWLRQ�EHWZHHQ�IRRW�DQG�IRRWZHDU�

�� 5HODWLYHO\�VLPSOH���GLPHQVLRQDO�PRGHOV�FDQ�SURYLGH�XVHIXO�LQVLJKW���)RU�H[DPSOH��WKH���
� DGYDQWDJH�RI�PROGHG�LQVROHV�LQ�SUHVVXUH�UHGXFWLRQ�DW�WKH�KHHO�FDQ�EH�GHPRQVWUDWHG�

�� 0RUH�FRPSOH[���GLPHQVLRQDO�PRGHOV�DUH�EHLQJ�GHYHORSHG�WR�DFFRXQW�IRU�WKH�YDU\LQJ�� �
� JHRPHWULHV�RI�LQGLYLGXDO�IHHW�DQG�IRU�IRRWZHDU�RSWLRQV�DLPHG�DW�SUHVVXUH�UHOLHI�E\�� �
� UHGLVWULEXWLQJ�WKH�SODQWDU�ORDGV�

�� 7KH�PHDVXUHPHQW�RI�SUHVVXUH�EHWZHHQ�WKH�IRRW�DQG�WKH�VKRH�FDQ�EH�KHOSIXO�LQ�LQGLYLGXDO��
� FDVHV�WR�VHH�LI�GHVLJQ�REMHFWLYHV�KDYH�EHHQ�DFKLHYHG�

�� 7R�IDFLOLWDWH�EXLOGLQJ�SDWLHQW�VSHFL¿F�PRGHOV��UDSLG�PHWKRGV�RI�PHVK�JHQHUDWLRQ�QHHG�WR��
� EH�GHYHORSHG��DQG�IRU�SDWLHQW�VSHFL¿F�VLPXODWLRQV��DGYDQFHG�FRPSXWDWLRQDO�WHFKQLTXHV��
� QHHG�WR�EH�HPSOR\HG�

'LDEHWHV�LV�WKH�OHDGLQJ�FDXVH�RI�
QRQ�WUDXPDWLF�ORZHU�H[WUHPLW\�
DPSXWDWLRQ�� � 7KH� SDWKZD\� WR�

DPSXWDWLRQ�RIWHQ�VWDUWV�ZLWK�D�ZRXQG�
RQ� WKH� SODQWDU� VXUIDFH� RI� WKH� IRRW�
WKDW� LV� XQSHUFHLYHG� EHFDXVH� RI� ORVV�
RI� SHULSKHUDO� VHQVDWLRQ� VHFRQGDU\�
WR� G LDEHW LF � V\PPHWU LFD O � G LVWD O�
SRO\QHXURSDWK\��$Q�XOFHU�LV�SDUWLFXODUO\�
OLNHO\�LI��LQ�DGGLWLRQ�WR�ORVV�RI�VHQVDWLRQ��
WKH�LQGLYLGXDO�KDV�IRRW�GHIRUPLW\�ZKLFK�
OHDGV� WR� D� FRQFHQWUDWLRQ� RI� SUHVVXUH�
XQGHU�ORFDOL]HG�DUHDV��VHH�)LJXUH����

$�EUHDN�LQ�WKH�VNLQ�ZKLFK�SHQHWUDWHV�
WR� WKH�GHHS� IDVFLD� LV� FDOOHG�DQ�XOFHU��
6XFK�XOFHUV�FDQ�EHFRPH�LQIHFWHG�DQG��
LQ� WKH� SUHVHQFH� RI� YDVFXODU� GLVHDVH�
DQG�RU�FRQWLQXHG�ZHLJKW�EHDULQJ��FDQ�
EH�GLI¿FXOW�WR�KHDO��+RZHYHU��D�IRRW�XOFHU�
LQ�D�ZHOO�SHUIXVHG�OLPE�FDQ�EH�KHDOHG�
UHODWLYHO\�TXLFNO\��LQ������ZHHNV��ZLWK�
DSSURSULDWH� WUHDWPHQW� WKDW� LQFOXGH�
RII�ORDGLQJ� RI� WKH� GDPDJHG� WLVVXH���
7KLV�KLJKOLJKWV�WKH�UROH�RI�PHFKDQLFDO�
VWUHVV�LQ�WKH�FDXVDWLRQ�DQG�KHDOLQJ�RI�
SODQWDU� IRRW� XOFHUV�� 8OFHU� UHFXUUHQFH�

DIWHU�KHDOLQJ�LV�H[WUHPHO\�FRPPRQ�ZLWK�
VRPH�DXWKRULWLHV�UHSRUWLQJ�XS�WR������
UHFXUUHQFH�LQ���\HDUV�

7KH� GHVLJQ� DQG� SUHVFULSWLRQ� RI�
IRRWZHDU� IRU� QHXURSDWKLF� GLDEHWLF�
SDWLHQWV� ZKR� DUH� DW�ULVN� IRU� IRRW�
LQMXU\�RIIHUV� WKH�SRWHQWLDO� WR�SUHYHQW�
XOFHUDWLRQ� DQG� UH�XOFHUDWLRQ� RI� WKH�
IRRW�� )RRWZHDU�PXVW� EH� GHVLJQHG� WR�
UHGXFH�WKH�KLJK�SHDNV�RI�SUHVVXUH�VHHQ�
LQ�)LJXUH���ZLWKRXW�DGGLQJ�DGGLWLRQDO�
VWUHVV� WR� RWKHU� YXOQHUDEOH� UHJLRQV�RI�
WKH�IRRW��%XW�WKH�GHVLJQ�RI�IRRWZHDU�LV�
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ODUJHO\�D� WULDO�DQG�HUURU�SURFHVV�ZLWK�
OLWWOH�WKHRUHWLFDO�EDFNJURXQG�DQG�DOPRVW�
QR�PHDVXUHPHQW�EHVLGH�IRRW�VL]H�DQG�
VKDSH�DW�WKH�WLPH�RI�SUHVFULSWLRQ���

2YHU� D� QXPEHU� RI� \HDUV� RXU�
UHVHDUFK�WHDP�KDV�ZRUNHG�WR�¿OO�WKLV�
YRLG� E\� EXLOGLQJ� HQJLQHHULQJ�PRGHOV�
RI�IHHW�DQG�IRRWZHDU�XVLQJ�D�WHFKQLTXH�
FDOOHG� WKH� ¿QLWH� HOHPHQW�PHWKRG�� ,Q�
WKLV�DSSURDFK��ODUJH�LUUHJXODU�FRPSOH[�
VWUXFWXUHV� �VXFK� DV� WKH� IRRW�� FDQ�EH�
PRGHOHG�DV�DQ�DVVHPEO\�RI�PDQ\�VPDOO�
UHJXODU� HOHPHQWV�� VXFK� DV� WULDQJOHV�
RU� UHFWDQJOHV� LQ� WZR�GLPHQVLRQDO�
PRGHOV� RU� WLQ\� S\UDPLGDO� RU� EULFN�
VKDSHG� EORFNV�� FDOOHG� WHWUDKHGURQV�
DQG� KH[DKHGURQV� UHVSHFWLYHO\�� LQ�
WKUHH�GLPHQVLRQDO�PRGHOV���(DFK�VPDOO�
HOHPHQW�LV�DVFULEHG�D�PDWHULDO�SURSHUW\�
�ZKLFK� LV� GLIIHUHQW� IRU� WKH� YDULRXV�
VWUXFWXUHV� VXFK�DV�ERQH�� VRIW� WLVVXH��
DQG�IRRWZHDU�PDWHULDOV��DQG�ERXQGDU\�
FRQGLWLRQV� �VXFK� DV� H[WHUQDO� IRUFHV�
DQG�FRQWDFW�ZLWK�DGMDFHQW�VWUXFWXUHV����
7\SLFDO� IRRW�PRGHOV� FDQ�FRQWDLQ�RYHU�
������� HOHPHQWV�� � 8VLQJ� D� SRZHUIXO�
FRPSXWHU��WKH�VWUHVV�DQG�VWUDLQ�LQ�HDFK�
HOHPHQW� FDQ� EH� FDOFXODWHG� DQG� WKH�
LQWHUDFWLRQV�EHWZHHQ�HOHPHQWV�FDQ�EH�
VLPXODWHG���

)LQLWH� HOHPHQW�PRGHOV� KDYH� EHHQ�
ZLGHO\�XVHG�LQ�RUWKRSDHGLFV�WR�PRGHO�
VWUHVVHV� LQ� ERQH�� 0RGHOLQJ� RI� WKH�
IRRW�LV�VRPHZKDW�PRUH�FRPSOH[�WKDQ�
PRGHOLQJ� D� ERQH� VXFK� DV� WKH� IHPXU�
EHFDXVH� WKH� VRIW� WLVVXHV� RI� WKH� IRRW�

XQGHUJR� ODUJH� GHIRUPDWLRQV�� WKH\�
H[KLELW�QHDUO\�LQFRPSUHVVLEOH�QRQOLQHDU�
GHIRUPDWLRQ� FKDUDFWHULVWLFV�� DQG� IRU�
IRRWZHDU� VLPXODWLRQV�� WKH\� LQWHUDFW�
ZLWK� FRPSOH[� HQJLQHHUHG�PDWHULDOV��
H�J��HODVWRPHULF�IRDPV���6LQFH�IULFWLRQ�
LQVLGH�WKH�VKRH�OLNHO\�FDXVHV�LQMXU\�DQG�
LV�LQVWUXPHQWDO�IRU�WKH�WUDQVIHU�RI�ORDGV�
EHWZHHQ�WKH�IRRW�DQG�LWV�HQYLURQPHQW��
WLVVXH� FRQWDFWV� ZLWK� WKH� JURXQG� RU�
ZLWK� IRRWZHDU� QHHG� WR� EH�PRGHOHG�
DV�IULFWLRQDO�LQWHUIDFHV���$GGLQJ�WKHVH�
FKDUDFWHULVWLFV� WR� D�PRGHO� LQFUHDVHV�
FRPSOH[LW\� DQG� WKHUHIRUH� VROXWLRQ�
WLPH���6ROXWLRQ�WLPHV�IRU�ODUJH�PRGHOV�
RI�WKH�IRRW�FDQ�EH�XS�WR�VHYHUDO�GD\V�
HYHQ�RQ�D�YHU\� IDVW��PXOWL�SURFHVVRU�
FRPSXWHU�

+RZHYHU� � HYHQ� V LPSOH� WZR�
GLPHQVLRQDO�PRGHOV�ZLWK� RQO\� D� IHZ�
KXQGUHG�HOHPHQWV�FDQ�SURYLGH�LQVLJKWIXO�
UHVXOWV���)LJXUH���VKRZV�DQ�H[DPSOH�RI�
VXFK�D�PRGHO�RI�WKH�UHDUIRRW�LQVLGH�D�
VKRH���7KLV�VLQJOH�VOLFH�PRGHO�WDNHQ�LQ�
WKH�FRURQDO��IURQWDO��SODQH�ZDV�VROYHG�

)LJXUH������,QVHW��$�IRRW�RI�D�SHUVRQ�ZLWK�GLDEHWHV�ZKR�KDV�DOUHDG\�XQGHUJRQH�DPSXWDWLRQ�
RI�KLV�JUHDW�WRH���7KH�FRORUHG�GLDJUDP�VKRZV�WKH�ODUJHVW�SUHVVXUH�DW�DQ\�WLPH�GXULQJ�
IRRW�FRQWDFW�ZLWK�WKH�ÀRRU�XQGHUQHDWK�HDFK�DUHD�RI�WKH�IRRW�GXULQJ�ZDONLQJ���1RWH�WKH�
FRQFHQWUDWLRQV�RI�KLJK�SUHVVXUH�XQGHU�WKH�IRUHIRRW�DQG�WKH�ODUJH�SHDN�SUHVVXUH�EHKLQG�
WKH�VHFRQG�WRH���7KH�SHDN�SUHVVXUH�RI�����N3D�LV�DSSUR[LPDWHO\�����SRXQGV�SHU�VTXDUH�
LQFK�

)LJXUH���� $�VLPSOH�WZR�GLPHQVLRQDO�¿QLWH�HOHPHQW�PRGHO�RI�WKH�IRRW�DQG�VKRH�FRPSULVHG�
RI�DSSUR[LPDWHO\�����HOHPHQWV���7KLV�PRGHO�LV�D�VOLFH�WKURXJK�WKH�VKRH�DQG�IRRW�LQ�WKH�
FRURQDO��IURQWDO�SODQH����7KH�ERQH�LV�QRW�PRGHOHG�VHSDUDWHO\�EXW�FRQVLGHUHG�WR�EH�D�ULJLG�
ERG\�
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XVLQJ�ZKDW�LV�NQRZQ�DV�D�SODQH�VWUDLQ�
IRUPXODWLRQ�� LQ� ZKLFK� RXW�RI� SODQH�
VWUDLQV��SHUSHQGLFXODU� WR� WKH�SDJH� LQ�
)LJXUH����DUH�DVVXPHG�WR�EH�]HUR���7KLV�
PRGHO�ZDV�FRPSULVHG�RI�DSSUR[LPDWHO\�
����HOHPHQWV���7KH�ERQHV�RI�WKH�IRRW�
DQG�DQNOH�DUH�QRW�PRGHOHG�VHSDUDWHO\�
EXW� FRQVLGHUHG� WR� EH� D� VLQJOH� ULJLG�
ERG\�� 2QH� RI� WKH� JUHDW� DGYDQWDJHV�
RI�¿QLWH�HOHPHQW�PRGHOLQJ�LV�WKDW�WKH�
JHRPHWU\�RI�WKH�PRGHO�DQG�LWV�PDWHULDO�
SURSHUWLHV�FDQ�EH�FKDQJHG�DW�ZLOO�WR�UXQ�
³YLUWXDO�H[SHULPHQWV´�WKDW�ZRXOG�QRW�EH�
IHDVLEOH�WR�FRQGXFW�RQ�KXPDQ�VXEMHFWV���

)RU�H[DPSOH��LQ�WKH�FXUUHQW�PRGHO�WKH�
FRQIRUPLW\� RI� WKH� LQVROH� �ÀDW�� KDOI�
FRQIRUPLQJ�� FRPSOHWHO\� FRQIRUPLQJ���
DQG� LWV� WKLFNQHVV�DQG�VWLIIQHVV� �IURP�
�� �� ��PP� DQG� IURP� VRIW� WR� KDUG��
UHVSHFWLYHO\��ZHUH� YDULHG� WR� H[SORUH�
WKH� LQÀXHQFH�RI� WKHVH� IDFWRUV�RQ� WKH�
SUHGLFWHG� SUHVVXUH� EHWZHHQ� WKH� IRRW�
DQG�WKH�VKRH���)LJXUH����ZKLFK�VKRZV�WKH�
UHVXOWV�IURP����GLIIHUHQW�VLPXODWLRQV��
LOOXVWUDWHV�WKH�GRPLQDQW�HIIHFW�RI�LQVROH�
FRQIRUPLW\�DQG�WKH�VHFRQGDU\�HIIHFW�RI�
WKLFNQHVV�LQ�UHGXFLQJ�KHHO�SUHVVXUH��,Q�
FRPSDULVRQ� WR� WKHVH�HIIHFWV�� WKH�XVH�

RI� GLIIHUHQW� LQVROH�PDWHULDOV� GLG� QRW�
PDUNHGO\�DIIHFW�KHHO�SUHVVXUH���6XFK�
LQVLJKW�LV�H[WUHPHO\�XVHIXO�WR�WKH�VKRH�
GHVLJQHU� DQG� UHSUHVHQWV� D� EXLOGLQJ�
EORFN� LQ� WKH� SURYLVLRQ� RI� HYLGHQFH�
EDVHG� UXOHV� IRU� WKHUDSHXWLF� VKRH�
GHVLJQ��'HFUHDVHG�FRPSXWDWLRQDO�FRVW�
RI�WKHVH�VLPSOHU�PRGHOV�DOVR�DOORZV�IXOO�
GHVLJQ�RSWLPL]DWLRQ�VWXGLHV��ZKHUH�DQ�
LQVROH�SURSHUW\��VXFK�DV�GHIRUPDWLRQ�
FKDUDFWHULVWLFV�� FDQ� EH� FDOFXODWHG� WR�
PLQLPL]H�SHDN�FRQWDFW�SUHVVXUH��6XFK�
DQDO\VLV� FDQ� VWLPXODWH� QRYHO� LQVROH�
PDWHULDO� GHVLJQ� DQG�PDQXIDFWXULQJ�
SUDFWLFHV�

$�PRUH�FRPSOH[�WKUHH�GLPHQVLRQDO�
PRGHO� LV� VKRZQ� LQ� )LJXUH� ��� 7KLV�
IRUHIRRW�PRGHO�FRQWDLQV�DERXW��������
HOHPHQWV� DQG� ZDV� EDVHG� RQ� 05,�
VWXGLHV�RI�WKH�IRRW�RI�DQ�LQGLYLGXDO�IRU�
ZKRP� SUHVVXUH� GDWD� GXULQJ�ZDONLQJ�
�VXFK�DV�WKDW�VKRZQ�LQ�)LJXUH����ZHUH�
DYDLODEOH�� � 7KH�PRGHO� ZDV� XVHG� WR�
LQYHVWLJDWH� WKH� HIIHFWV� RI�PHWDWDUVDO�
SDGV� RQ� UHOLHI� RI� SUHVVXUH� DW� WKH�
PHWDWDUVDO� KHDGV�� 7KLV� LV� D� FRPPRQ�
LQWHUYHQWLRQ�DQG�WKH�VLPXODWLRQ�UHVXOWV�
VKRZHG�WKDW�LWV�HIIHFWLYHQHVV�LV�KLJKO\�
VHQVLWLYH�WR�VPDOO�FKDQJHV�LQ�SODFHPHQW���
0RGHO�SUHGLFWLRQV�FDQ�EH�YDOLGDWHG�E\�
DFWXDO�PHDVXUHPHQWV�RI�WKH�SUHVVXUH�
LQVLGH�WKH�VKRHV�FRQWDLQLQJ�WKH�VDPH�
LQWHUYHQWLRQV�WKDW�KDYH�EHHQ�H[DPLQHG�
LQ�WKH�PRGHO�

:H� DUH� DOVR� EXLOGLQJ�PRGHOV� RI�
WKH�HQWLUH� IRRW� FRQWDLQLQJ�PRUH� WKDQ�
�������HOHPHQWV�EXW�VXFK�PRGHOV�IRUFH�
XV�WR�FRQIURQW�D�PDMRU�OLPLWDWLRQ�RI�WKLV�
DSSURDFK��WKH�PRGHOV�WDNH�TXLWH�ORQJ�
WR�EXLOG�DQG�WR�SHUIHFW�IRU�UREXVW�IRRW�
DQG� IRRWZHDU� VLPXODWLRQV�� WKH� WLPH�
LQYROYHG�FDQ�DSSURDFK�VHYHUDO�PRQWKV�
RI�D�IXOO�WLPH�HQJLQHHU�IRU�D�VLQJOH�IRRW��

)LJXUH����3UHGLFWHG�SHDN�SUHVVXUHV��YHUWLFDO�D[LV��DW�PD[LPDO�ORDGLQJ�RI�WKH�KHHO�GXULQJ�ZDONLQJ�ZKLOH�XVLQJ�D�YDULHW\�RI�LQVROH�GHVLJQV��
%\�SURYLGLQJ�FRQIRUPLQJ�GHVLJQV�DQG�LQFUHDVLQJ�WKH�WKLFNQHVV�RI�WKH�LQVROHV��KRUL]RQWDO�D[LV���SUHVVXUHV�ZHUH�UHGXFHG�VXEVWDQWLDOO\��
LQVROH�PDWHULDO�SURSHUWLHV��IURQW�WR�EDFN�D[LV���RQ�WKH�RWKHU�KDQG��GLG�QRW�KDYH�D�QRWLFHDEOH�LQÀXHQFH�RQ�SUHVVXUH�UHGXFWLRQ���$OO�WKUHH�
VHWV�RI�UHVXOWV�DUH�GUDZQ�WR�WKH�VDPH�VFDOH�

)LJXUH����$�WKUHH�GLPHQVLRQDO�PRGHO�RI�WKH�IRUHIRRW�LQWHUDFWLQJ�ZLWK�IRRWZHDU�FRQWDLQLQJ�
DERXW��������HOHPHQWV���7KLV�PRGHO�ZDV�XVHG�WR�LQYHVWLJDWH�WKH�HIIHFWV�RI�PHWDWDUVDO�
SDGV�RQ�UHOLHI�RI�SUHVVXUH�DW�WKH�PHWDWDUVDO�KHDGV��
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7KHUHIRUH��IXOO\�LQGLYLGXDOL]HG�SDWLHQW�
VSHFLILF� VROXWLRQV� DUH� QRW� UHDOLVWLF����
2QH�ZD\�WR�RYHUFRPH�WKLV�OLPLWDWLRQ�LV�
WR�³PRUSK´�VWDQGDUG�PHVKHV�LQWR�WKH�
VKDSH�RI� DQRWKHU� SDWLHQW¶V� IRRW�� �:H�
KDYH�PDGH� VRPH� SURPLVLQJ� VWHSV� LQ�
WKLV�GLUHFWLRQ�DQG�EHOLHYH�WKDW�SDWLHQW�
VSHFL¿F�PRGHOV�PD\�EH�ZLWKLQ�UHDFK�LQ�
WKH�QHDU�IXWXUH�

,Q� VXPPDU\�� PRGHOLQJ� KDV� WKH�
SRWHQWLDO� WR� SURYLGH� JXLGDQFH� IRU�
WKH� SUDFWLWLRQHU� LQ� WKH� FRPSOH[� WDVN�
RI� SUHYHQWLQJ� IRRW� XOFHUV� DQG� WKHLU�
UHFXUUHQFH� LQ� SHRSOH� ZLWK� GLDEHWLF�
QHXURSDWK\�� � 0RGHOV� RI� W\SLFDO� IHHW�
DQG�IUHTXHQWO\�XVHG�LQWHUYHQWLRQV�ZLOO�
SURYLGH�JHQHUDO�SULQFLSOHV�RI�IRRWZHDU�
GHVLJQ�ZKLOH�PRUSKLQJ�³VWRFN´�PRGHOV�
WR� UHVHPEOH� VSHFL¿F� IHHW�PD\� DOORZ�
PRUH�HYLGHQFH�EDVHG�PDQDJHPHQW�RI�
FRPSOH[�LQGLYLGXDO�SDWLHQWV��

$FNQRZOHGJPHQWV
7KLV� ZRUN� ZDV� VXSSRUWHG� E\�

WKH� 1DWLRQDO� ,QVWLWXWHV� RI� +HDOWK�
�5��+'�������� DQG� WKH� (QGRZHG�
&KDLU�LQ�:RPHQ¶V�6SRUWV�0HGLFLQH�DQG�
/LIHWLPH�)LWQHVV�

'LVFORVXUH
7KH�DXWKRU�KDV�DQ�HTXLW\�LQWHUHVW�

LQ� ',$SHGLD� //&�� D� FRPSDQ\� WKDW� LV�
WKH�UHFLSLHQW�RI�1,+�JUDQWV�WR�GHYHORS�
IRRWZHDU�VROXWLRQV�IRU�GLDEHWLF�SDWLHQWV���
+H�LV�DOVR�DQ�LQYHQWRU�RQ�86�SDWHQWV�
����������������������DQG������������
ZKLFK�HOXFLGDWH�D�ORDG�UHOLHYLQJ�GUHVVLQJ�
DQG�D�PHWKRG�RI�LQVROH�PDQXIDFWXUH�IRU�
RIÀRDGLQJ�

5HFRPPHQGHG�5HDGLQJ

%XGKDEKDWWL� 63�� (UGHPLU� $�� 3HWUH�0��
6IHUUD� -�� 'RQOH\� %�� &DYDQDJK� 35��
)LQLWH� HOHPHQW�PRGHOLQJ� RI� WKH� ¿UVW�
UD\�RI�WKH�IRRW��D�WRRO� IRU�WKH�GHVLJQ�
RI�LQWHUYHQWLRQV��-�%LRPHFK�(QJ�������
2FW��������������

%XV� 6$�� 9DON� *'�� YDQ� 'HXUVHQ� 5:��
$UPVWURQJ�'*��&DUDYDJJL�&��+ODYiFHN�
3�� %DNNHU� .�� &DYDQDJK� 35�� 7KH�
HIIHFWLYHQHVV�RI�IRRWZHDU�DQG�RIÀRDGLQJ�
LQWHUYHQWLRQV�WR�SUHYHQW�DQG�KHDO�IRRW�
XOFHUV�DQG�UHGXFH�SODQWDU�SUHVVXUH�LQ�
GLDEHWHV��D�V\VWHPDWLF�UHYLHZ�'LDEHWHV�
0HWDE�5HV�5HY�������0D\�-XQ����6XSSO�
��6��������5HYLHZ�

&DYDQDJK� 35�� /LSVN\� %$�� %UDGEXU\�
$:�� %RWHN� *�� � � � 7UHDWPHQW� IRU�
GLDEHWLF�IRRW�XOFHUV��/DQFHW�������1RY�
���������������������

*RVNH� 6�� (UGHPLU� $�� 3HWUH� 0��
%XGKDEKDWWL�6��&DYDQDJK�35��5HGXFWLRQ�
RI� SODQWDU� KHHO� SUHVVXUHV�� ,QVROH�
GHVLJQ�XVLQJ�¿QLWH�HOHPHQW�DQDO\VLV��-�
%LRPHFK�����������������������

3HFRUDUR�5(��5HLEHU�*(��%XUJHVV�(0��
3DWKZD\V�WR�GLDEHWLF�OLPE�DPSXWDWLRQ��
%DVLV� IRU� SUHYHQWLRQ�� 'LDEHWHV� &DUH��
�����0D\��������������

3RXQG� 1�� &KLSFKDVH� 6�� 7UHHFH� .��
*DPH� )�� -HIIFRDWH� :�� 8OFHU�IUHH�
VXUYLYDO�IROORZLQJ�PDQDJHPHQW�RI�IRRW�
XOFHUV� LQ�GLDEHWHV��'LDEHW�0HG�������
2FW���������������

�



�����257+23$(',&�5(6($5&+�5(3257� ��

� �
� ��/(:,6�*��=,5./(��0�'��
� � � � �
� � � � � )281'(5�$1'�35(6,'(17�� � � � � �
� � � � � 685*,&$/�,03/$17�*(1(5$7,21�1(7:25.�
� � � � � 1257+:(67�257+23$(',&�$1'�632576�0(',&,1(
� � � � � :::�6,*1�3267�25*
� � � � �
� � � � �

6XUJLFDO�,PSODQW�*HQHUDWLRQ�1HWZRUN��6,*1��
³:RUNLQJ�:RUOGZLGH�WR�%ULGJH�WKH�*DSV�LQ�)UDFWXUH�&DUH´�

+RZ�D�6PDOO��1RQJRYHUQPHQWDO�2UJDQL]DWLRQ�:LWKRXW�)RXQGDWLRQ�
*UDQWV�RU�*RYHUQPHQW�)XQGLQJ�&DQ�0DNH�D�%LJ�'LIIHUHQFH

�� 7KH�SRRU�DUH�LQ�GDQJHU�IURP�GLVDVWHUV��FRQÀLFWV��DQG�URDG�WUDI¿F�DFFLGHQWV������RI�ZKLFK��
� RFFXU�LQ�GHYHORSLQJ�FRXQWULHV�����PLOOLRQ�SHRSOH�DUH�LQMXUHG�LQ�WUDI¿F�DFFLGHQWV�HDFK�\HDU�
�� $FFLGHQW�YLFWLPV�ZLWKRXW�VXUJLFDO�FDUH�VSHQG�PRQWKV�LQ�FURZGHG�ZDUGV�ZKLOH�WKHLU�� �

� IDPLOLHV�ZKR�GHSHQG�RQ�WKHP�DQ[LRXVO\�ZDLW�
�� 6,*1�GHVLJQV��PDQXIDFWXUHV��DQG�VKLSV�IUDFWXUH�LPSODQWV�DQG�WUDLQV�VXUJHRQV�LQ�� �

� GHYHORSLQJ�FRXQWULHV�WR�XVH�WKHP�HIIHFWLYHO\�DQG�WR�WUDFN�WKHLU�UHVXOWV�
�� ([WHQGLQJ�WKH�UHJHQHUDWLYH�SRZHU�RI�PRGHUQ�IUDFWXUH�FDUH�HQDEOHV�SDWLHQWV�LQ�WKHVH�� �

� FRXQWULHV�WR�JHW�RXW�RI�EHG��ZDON��KHDO��DQG�ZRUN�

7KH�RULJLQV� RI� 6,*1� JR� EDFN� WR�
����� ZKHQ� /HZLV� *�� =LUNOH��
-U��� 0�'��� VHUYHG� DV� DQ� DUP\�

RUWKRSDHGLF� VXUJHRQ� LQ� 9LHWQDP��
'XULQJ�KLV�WRXU�RI�GXW\��KH�VSHQW�PXFK�
RI�KLV�VSDUH�WLPH�WUHDWLQJ�9LHWQDPHVH�
FLYLOLDQV�� DV� FLYLOLDQ�PHGLFLQH� KDG� DOO�
EXW� FHDVHG� WR� H[LVW� GXULQJ� WKH�ZDU��
2YHU�WKH�QH[W�WKUHH�GHFDGHV��'U��=LUNOH�

PDGH�QXPHURXV�WULSV�WR�9LHWQDP�DQG�
RWKHU� GHYHORSLQJ� QDWLRQV� WR� DVVLVW�
ORFDO�KHDOWK�FDUH�SURYLGHUV�LQ�GHYLVLQJ�
PRUH�HIIHFWLYH�DQG�VXFFHVVIXO�VXUJLFDO�
WHFKQLTXHV� IRU� WUHDWLQJ� IUDFWXUHV�� ,Q�
WKH� ����V�� KH� LQYHVWHG� D� JUHDW� GHDO�
RI�WLPH�DQG�HIIRUW�LQ�WUDLQLQJ�VXUJHRQV�
LQ� ,QGRQHVLD�� DQG� HVWDEOLVKLQJ� IRXU�
WHDFKLQJ�FHQWHUV��7KURXJK�KLV�HIIRUWV��

WKH� QXPEHU� RI� WUDLQHG� RUWKRSDHGLF�
VXUJHRQV� LQ� WKDW� FRXQWU\� JUHZ� IURP�
RQH�WR�PRUH�WKDQ�����

6RPH�\HDUV�ODWHU��RQ�KLV�UHWXUQ�WR�
,QGRQHVLD�� KH� IRXQG� VXUJHRQV� ZLWK�
JUHDW�VNLOOV�ZKR�ZHUH�HDJHU�WR�OHDUQ�DQG�
DSSO\�QHZ�WHFKQLTXHV��+RZHYHU��WKH\�
FRXOG� QRW� FDUU\� RXW�PRGHUQ� IUDFWXUH�
FDUH�EHFDXVH�WKH�QHFHVVDU\� LPSODQWV�
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)LJXUH����'U��/HZLV�*��=LUNOH�-U���OHIW��ZLWK�DQ�$IJKDQLVWDQ�VXUJHRQ�DQG�WKH�¿UVW�SDWLHQW�WR�UHFHLYH�WKH�6,*1�+LS�&RQVWUXFW�

)LJXUH����,W�LV�FRPPRQ�WR�KDYH�WZR�RSHUDWLRQV�JRLQJ�RQ�DW�WKH�VDPH�WLPH�LQ�RSHUDWLQJ�URRPV�LQ�WKH�GHYHORSLQJ�ZRUOG�
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)LJXUH����5HVLGHQWV�LQ�$IJKDQLVWDQ�OHDUQLQJ�WKH�6,*1�WHFKQLTXH�IRU�KLS�¿[DWLRQ��'U��=LUNOH�LV�RQ�WKH�IDU�ULJKW�

WR� ¿[� IUDFWXUHV� ZHUH� QRW� DYDLODEOH��
3DWLHQWV� OD\� LQ� WUDFWLRQ� DV� ORQJ� DV�
WKUHH� \HDUV� EHIRUH� WKHLU� IUDFWXUHG�
IHPXU�KHDOHG�EHFDXVH�LQWUDPHGXOODU\�
QDLOV�DQG�LQWHUORFNLQJ�VFUHZV�ZHUH�QRW�
DYDLODEOH�WR�WKHP�

,Q� UHVSRQVH�� 'U�� =LUNOH� FUHDWHG�
6,*1�WR� LPSOHPHQW�D�FRPSUHKHQVLYH�
IUDFWXUH� FDUH� V\VWHP� WKDW� FRPELQHG�
WKH�SURYLVLRQ�RI�LPSODQWV�ZLWK�WUDLQLQJ�
LQ�WKHLU�XVH��,Q�LPSRUWDQW�FRQWUDVW�WR�
WKH�V\VWHPV�LQ�ZLGHVSUHDG�XVH�LQ�WKH�
8�6��WKH�6,*1�LPSODQWV�ZHUH�GHVLJQHG�
IRU� XVH� LQ� KRVSLWDOV�ZKHUH� UHDO� WLPH�
LPDJLQJ� DQG� SRZHU� HTXLSPHQW� DUH�
QRW� DYDLODEOH�� 'U�� =LUNOH� DORQJ� ZLWK�
5DQG\�+XHEQHU�DQG�RWKHUV�GHYHORSHG�
WKH� 6,*1� QDLO�� D� WDUJHW� DUP� IRU� WKH�
SUR[LPDO�LQWHUORFNLQJ�VFUHZ�DQG�D�VORW�
¿QGHU�IRU�WKH�GLVWDO�LQWHUORFNLQJ�VFUHZ�
±� D� WHFKQLTXH� WKDW� GLG� QRW� UHTXLUH�
ÀXRURVFRS\�

7KH�FUDIW�RI�VXUJHU\�PXVW�EH�OHDUQHG�
GLIIHUHQWO\�ZKHQ�UHDO�WLPH�LPDJLQJ�DQG�
HOHFWULFLW\�DUH�QRW�DYDLODEOH�LQ�RSHUDWLQJ�
URRPV��'U��=LUNOH�WHDFKHV�VXUJHRQV�WR�

GHYHORS� WKHLU� WDFWLOH� VHQVHV� LQVWHDG��
7KLV�LQYROYHV�IRFXVLQJ�RQ�WKH�IDU�HQG�RI�
WKH�LQVWUXPHQW��IRU�H[DPSOH�ZKHQ�XVLQJ�
D�KDQG�UHDPHU�WKH�VXUJHRQ�LPDJLQHV�
EHLQJ�DW�WKH�HQG�RI�WKH�UHDPHU�WR�MXGJH�
ZKHWKHU�LW�LV�LQ�WKH�FDQDO�RI�WKH�ERQH�E\�
IHHOLQJ�WKH�FLUFXPIHUHQWLDO�SUHVVXUH�RQ�
WKH�UHDPHU��6LPLODUO\��GULOOLQJ��LQVHUWLRQ�
RI� WKH� 6,*1� QDLO� DQG� ILQGLQJ� WKH�
LQWHUORFN�DOO�LQYROYH�WKH�WDFWLOH�VHQVHV�
UDWKHU�WKDQ�GHSHQGLQJ�RQ�DQ�LPDJH�RQ�
D�ÀXRURVFRS\�VFUHHQ�

1RZ� 6,*1� KDV� PRUH� WKDQ� ����
SURJUDPV� LQ����FRXQWULHV�WKURXJKRXW�
WKH�GHYHORSLQJ�ZRUOG��0RUH�WKDQ������
6,*1�VXUJHRQV�XVH�WKH�6,*1�V\VWHP�
WR� UHSDLU� IUDFWXUHV� IURP� URDG� WUDI¿F�
DFFLGHQWV�� 6LQFH� ����� PRUH� WKDQ�
������� SDWLHQWV� KDYH� EHHQ� WUHDWHG�
ZLWK� WKH�6,*1�V\VWHP��(YDOXDWLRQ�RI�
WKHVH� UHVXOWV� LV� FULWLFDO� WR� WKH� 6,*1�
SURJUDP� VR� WKDW� ZH� FDQ� OHDUQ� IURP�
RXU�H[SHULHQFH�DV�GHVLJQHUV��WHDFKHUV�
DQG�VXUJHRQV��

(DFK� 6,*1� SURJUDP� KDV� DQ�
LQGLYLGXDO� GDWDEDVH��ZKLFK� VXUJHRQV�

FDQ�FRQVXOW�WR�UHFDOO�VROXWLRQV�WR�VLPLODU�
SUREOHPV�WKDW�WKH\�PLJKW�HQFRXQWHU�LQ�
DQ�XSFRPLQJ�RSHUDWLRQ��$�FHQWUDO�6,*1�
GDWDEDVH� DOORZV� XV� WR� FROODWH� UHVXOWV�
RI� GLIIHUHQW� DVSHFWV� RI� D� SURFHGXUH�
WR�¿QG�FRQFOXVLRQV�� IRU�H[DPSOH�KRZ�
FDQ�D�VWUDLJKW�QDLO�EH�EHVW�XVHG� LQ�D�
FXUYHG� IHPXU� DQG� ZKDW� LV� WKH� EHVW�
ERQ\�HQWUDQFH�SRLQW�IRU�WKH�QDLO��:H�DUH�
SDUWLFXODUO\� LQWHUHVWHG� LQ� GLVFRYHULQJ�
IDFWRUV�DVVRFLDWHG�ZLWK�FRPSOLFDWLRQV��
VXFK� DV� LQIHFWLRQV� DQG� QRQ�XQLRQV��
0DQ\� RI� WKH� EHVW� LGHDV� FRPH� IURP�
VXUJHRQV�LQ�GHYHORSLQJ�FRXQWULHV�ZKR�
KDYH�D�YHU\�ODUJH�H[SHULHQFH�ZLWK�WKHVH�
LPSODQWV��

:LWK� WKH� LQWUDPHGXOODU\� QDLO�
DQG� LQWHUORFNLQJ� VFUHZ� SURMHFW� ZHOO�
XQGHUZD\�� 6,*1� LV� WDNLQJ� RQ� D� QHZ�
FKDOOHQJH�� ,Q� $IJKDQLVWDQ�� IUDFWXUHG�
KLSV�DUH�WUHDWHG�ZLWK�WUDFWLRQ�IRU�WKUHH�
ZHHNV�DQG�WKHQ�D�ERG\�FDVW��'U��=LUNOH�
WUDYHOHG� WKHUH� LQ� -DQXDU\� ����� DQG�
ODWHU� LQ�1RYHPEHU��ERWK� WLPHV�RI� WKH�
\HDU�ZKHQ� WKH� WHPSHUDWXUH� LV� EHORZ�
IUHH]LQJ��&DQ�\RX�LPDJLQH�EHLQJ�SODFHG�
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LQ�D�ERG\�FDVW�DQG�VHQW�WR�D�FROG�KRPH�
ZKHUH�HOHFWULFLW\� LV�SUHVHQW�RQO\� IRXU�
KRXUV� SHU� GD\"� 7KH� 6,*1� WHDP� KDV�
ZRUNHG�WR�GHYHORS�D�KLS�¿[DWLRQ�GHYLFH�
WKDW�FDQ�EH�LPSODQWHG�ZLWKRXW�XVH�RI�
ÀXRURVFRS\��2XU�JRDO� LV�WR�GHVLJQ�DQ�
LPSODQW� WKDW� ZRXOG� WUHDW� VWDEOH� DQG�
XQVWDEOH� IUDFWXUHV�� :H� KDYH� EHHQ�
MRLQHG� E\� 'DYH� 6KHDUHU�� D� JUDGXDWH�
RI�0,7�ZLWK� D� GHJUHH� LQ�PHFKDQLFDO�
HQJLQHHULQJ�DQG�D�UHFHQW�JUDGXDWH�RI�
WKH�8QLYHUVLW\�RI�:DVKLQJWRQ�PHGLFDO�
VFKRRO��E\�-XVWLQ�5RWK��DQ�HQJLQHHU�ZKR�
LV�QRZ�LQ�PHGLFDO�VFKRRO�LQ�/RV�$QJHOHV��
DQG�E\�$P\�-RKQVRQ��DQ�HQJLQHHU�DW�
3DFL¿F� 5HVHDUFK� /DERUDWRULHV�� $ORQJ�
ZLWK�3DXO�/D%DUUH�WKH\�REWDLQHG�D�JUDQW�
IURP� 7KH� 3URJUDP� IRU� $SSURSULDWH�
7HFKQRORJ\� LQ� +HDOWK� �3$7+�� WR�
WHVW� WKH� 6,*1�+LS� &RQVWUXFW� �6+&���
)RUWXQDWHO\�� RQH� RI� WKH� UHQRZQHG�
H[SHUWV�LQ�ELRPHFKDQLFDO�HQJLQHHULQJ�
DW� WKH� 8QLYHUVLW\� RI�:DVKLQJWRQ�� 'U��
$OODQ�7HQFHU��3K�'���DJUHHG�WR�ZRUN�ZLWK�
XV��:H�PHW�RQH�PRUQLQJ�LQ�KLV�ODE�DQG�
WKH�SURMHFW�ZDV�XQGHUZD\��'U��=LUNOH��
LPSODQWHG�WKH�¿UVW�6+&�LQ�$IJKDQLVWDQ�
LQ�1RYHPEHU������DQG�WZR�GD\V�ODWHU�
KH�KHOSHG�WKH�SDWLHQW�JHW�EDFN�RQ�KLV�
IHHW��7KH�VWRU\�FRQWLQXHV«

,I� \RX�ZRXOG� OLNH� WR� NHHS� FXUUHQW�
RQ� RXU� DWWHPSWV� WR� H[WHQG�PRGHUQ�
IUDFWXUH� FDUH� WR� WKH� SHRSOHV� RI� WKH�
ZRUOG�� SOHDVH� YLVLW� KWWS���ZZZ�VLJQ�
SRVW�RUJ��
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*UDGXDWLQJ�5HVLGHQWV

-DVRQ�.LQJ��0�'�
)ROORZLQJ� UHVLGHQF\�� -DVRQ� ZLOO� FRPSOHWH� D� VSRUWV�

PHGLFLQH�IHOORZVKLS�DW�.HUODQ�-REH�2UWKRSDHGLF�&OLQLF�LQ�/RV�
$QJHOHV���+H�ZLOO�UHWXUQ�WR�6HDWWOH�DQG�EHJLQ�SULYDWH�SUDFWLFH�
DW�2UWKRSHGLF�3K\VLFLDQ�$VVRFLDWHV���-DVRQ�OLNHV�WR�VSHQG�WLPH�
ZLWK�KLV�ZLIH��-HQQLH��DQG�WKHLU�WZR�VRQV��$GGLVRQ�DQG�*ULI¿Q��
SOD\LQJ�VRFFHU��JRLQJ�WR�WKH�EHDFK�DQG�SOD\LQJ�LQ�WKH�SDUN��

$QQLH�/LQNV��0�'�
7KLV�$XJXVW��$QQLH�/LQNV�ZLOO�EHJLQ�KHU�XSSHU�H[WUHPLW\�

IHOORZVKLS� DW� +DUYDUG¶V� %ULJKDP� DQG�:RPHQ¶V� +RVSLWDO� LQ�
%RVWRQ��$QQLH�DQG�KHU�KXVEDQG�.\OH�DQG�EDE\�ER\�SODQ� WR�
UHWXUQ�WR�WKH�3DFL¿F�1RUWKZHVW�DIWHU�KHU�IHOORZVKLS�

5DM�0DKHVKZDUL��0�'�
)ROORZLQJ� UHVLGHQF\�� 5DM� ZLOO� SXUVXH� D� RQH�\HDU�

IHOORZVKLS� LQ� KDQG� DQG� XSSHU� H[WUHPLW\� VXUJHU\�
DW� 6WDQIRUG� 8QLYHUVLW\�� �6KH� SODQV� WR� SUDFWLFH�
RUWKRSDHGLFV� RQ� WKH� ZHVW� FRDVW�� DQG� KRSHV� WR� VSHQG�
KHU� IUHH� WLPH� WUDYHOLQJ�� UHDGLQJ�� FRRNLQJ�� UXQQLQJ��
DQG� HQMR\LQJ� WKH� FRPSDQ\� RI� IULHQGV� DQG� IDPLO\��

6RUHQ�2OVRQ��0�'�
$IWHU�JUDGXDWLRQ�6RUHQ�ZLOO�VSHQG�D�\HDU�DV�D�VSRUWV�

PHGLFLQH�IHOORZ� LQ�7DRV��1HZ�0H[LFR��DQG�WKH�IROORZLQJ�
\HDU�KH�LV�SODQQLQJ�WR�UHWXUQ�WR�6HDWWOH�DV�D�7UDXPD�IHOORZ�
DW�+DUERUYLHZ���+LV�HYHQWXDO�SODQV�LQFOXGLQJ�SXUVXLQJ�DQ�
DFDGHPLF�SRVLWLRQ�EXW�KH�KDV�QR�GH¿QLWLYH�GHVWLQDWLRQ�DW�
WKLV�WLPH�
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*UDGXDWLQJ�5HVLGHQWV

.DUHQ�3HUVHU��0�'�
$IWHU� UHVLGHQF\�� .DUHQ�ZLOO� FRPSOHWH� D� \HDU� RI� 6SRUWV�

0HGLFLQH� )HOORZVKLS� DW� WKH� 6WDWH� 8QLYHUVLW\� RI� 1HZ�
<RUN� DW� %XIIDOR�� $IWHUZDUGV� VKH� ZLOO� UHWXUQ� WR� WKH� 3DFL¿F�
1RUWKZHVW� RU� 0RXQWDLQ�:HVW� UHJLRQ� DQG� SUDFWLFH� JHQHUDO�
RUWKRSDHGLFV���,Q�KHU�IUHH�WLPH�VKH�HQMR\V�WUDYHOLQJ��FDPSLQJ��
VNLLQJ�� SOD\LQJ� ÀDJ� IRRWEDOO�� KLNLQJ� DQG�PRXQWDLQ� ELNLQJ��
�

6FRWW�5XKOPDQ��0�'�
6FRWW�LV�ORRNLQJ�IRUZDUG�WR�DQ�XSFRPLQJ�KDQG�DQG�XSSHU�

H[WUHPLW\�IHOORZVKLS�LQ�%RVWRQ��0$�DW�WKH�%ULJKDP�DQG�:RPHQV�
+DQG�DQG�8SSHU�([WUHPLW\�)HOORZVKLS��6FRWW�LV�KDSSLO\�PDUULHG�
WR�0DU\�5XKOPDQ�DQG�HQMR\V�WKHLU�VRQ��6DP�5XKOPDQ��$IWHU�
IHOORZVKLS�� 6FRWW� SODQV� RQ� ZRUNLQJ� LQ� SULYDWH� SUDFWLFH� LQ�
WKH�6HDWWOH� DUHD��ZKHUH� ERWK� KH� DQG�KLV�ZLIH�ZHUH� UDLVHG��

$GGLVRQ�6WRQH��0�'�
$GGLVRQ�6WRQH�ZLOO�EHJLQ�KLV�6SLQH�)HOORZVKLS�DW�WKH�

6SLQH&DUH�0HGLFDO�*URXS�LQ�6DQ�)UDQFLVFR��&$��+H�HQMR\V�
VNLLQJ��ELNLQJ��FDPSLQJ��DQG�ZRRGZRUNLQJ��$IWHU�IHOORZVKLS�
KH�SODQV�WR�VWDUW�KLV�FDUHHU�LQ�SULYDWH�SUDFWLFH�RQ�WKH�ZHVW�
FRDVW��

-DVRQ�:LOFR[��0�'�
-DVRQ�ZLOO� FRPSOHWH� D� IHOORZVKLS� LQ� 6SRUWV�0HGLFLQH�

DW�WKH�8QLYHUVLW\�RI�8WDK�LQ�6DOW�/DNH�&LW\���)ROORZLQJ�WKH�
\HDU�LQ�6DOW�/DNH�&LW\��KH�ZLOO�UHWXUQ�WR�WKH�6HDWWOH�DUHD�
WR�EHJLQ�SUDFWLFH�
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,QFRPLQJ�5HVLGHQWV

.\OH�&KXQ

.\OH� &KXQ� ZDV� ERUQ� DQG� UDLVHG� LQ�:DKLDZD�� +DZDLL��
+H� DWWHQGHG�PHGLFDO� VFKRRO� DW� WKH� 8QLYHUVLW\� RI� +DZDLL��
:LWKLQ�RUWKRSDHGLFV��KLV�LQWHUHVWV�LQFOXGH�WUDXPD�RXWFRPHV��
SK\VLRORJ\�� FDUWLODJH�ELRORJ\�� DQG� VSRUWV�PHGLFLQH��2XWVLGH�
RI�RUWKRSDHGLFV��KH�HQMR\V�VSHQGLQJ�WLPH�ZLWK�KLV�ZLIH�DQG�
IDPLO\��KXQWLQJ�WKH�RXWHU�LVODQGV��¿VKLQJ�RQ�KLV�IDPLO\¶V�ERDW��
DQG�SOD\LQJ�PXVLF�

/L]�'DLOH\
/L]�LV�IURP�0ROLQH��,OOLQRLV��6KH�DWWHQGHG�PHGLFDO�VFKRRO�DW�

WKH�8QLYHUVLW\�RI�,OOLQRLV�DW�&KLFDJR��/L]�VSHQGV�KHU�WLPH�DZD\�
IURP�RUWKRSDHGLFV�KLNLQJ��XOWLPDWH�IULVEHH��FRRNLQJ��EDNLQJ��
VNLLQJ��DQG�VQRZERDUGLQJ�

$QGUHZ�*KDWDQ
$QGUHZ� LV� IURP�6DQ�0DULQR��&DOLIRUQLD��+H�DWWHQGHG�

PHGLFDO�VFKRRO�DW�WKH�8QLYHUVLW\�RI�6RXWKHUQ�&DOLIRUQLD��,Q�
RUWKRSDHGLFV�KH�LV�PRVW�LQWHUHVWHG�LQ�WXPRUV�DQG�WUDXPD��
$ZD\�IURP�ZRUN�KH�VSHQGV�KLV�VSDUH�WLPH�KLNLQJ��¿VKLQJ��
FDPSLQJ��SOD\LQJ�WHQQLV��HDWLQJ�JRRG�IRRG�DQG�VSHQGLQJ�
WLPH�ZLWK�IDPLO\�DQG�IULHQGV�

%ULDQ�*LOPHU
%ULDQ�ZDV�ERUQ�DQG�UDLVHG�LQ�6XJDU�/DQG��7H[DV��)RU�

PHGLFDO� VFKRRO�� KH� DWWHQGHG� WKH�8QLYHUVLW\� RI� 7H[DV�DW�
*DOYHVWRQ���+H�LV�PRVW�LQWHUHVWHG�LQ�VKRXOGHU�DQG�HOERZ��
WRPRUV��DQG�WUDXPD�LQ�RUWKRSDHGLFV��,Q�KLV�IUHH�WLPH�KH�
OLNHV�EHLQJ�RXWGRRUV��¿VKLQJ�	�KXQWLQJ��SOD\LQJ�XOWLPDWH�
IULVEHH��DQG�ZULWLQJ�	�UHDGLQJ�
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,QFRPLQJ�5HVLGHQWV

-HQQLIHU�+DJHQ
-HQQLIHU�+DJHQ�LV�IURP�/DV�9HJDV��1HYDGD��6KH�DWWHQGHG�

&DVH�:HVWHUQ�5HVHUYH�8QLYHUVLW\�IRU�PHGLFDO�VFKRRO��,Q�KHU�
IUHH�WLPH��VKH�OLNHV�WR�WUDYHO��UHDG��DQG�KLNH�

0DUN�0LOOHU
0DUN�0LOOHU� LV� IURP� 3URVVHU��:DVKLQJWRQ�� +H� DWWHQGHG�

+DUYDUG�0HGLFDO� 6FKRRO�� +LV� RUWKRSDHGLF� LQWHUHVWV� LQFOXGH�
SHGLDWULFV�DQG�WLVVXH�HQJLQHHULQJ��,Q�KLV�VSDUH�WLPH��KH�HQMR\V�
JROI��WHQQLV��DQG�UXQQLQJ�

'DYLG�3DWWHUVRQ
'DYLG� LV� IURP� 6DFUDPHQWR�� &DOLIRUQLD� DQG�ZHQW� WR�

PHGLFDO�VFKRRO�DW�WKH�8QLYHUVLW\�RI�6RXWKHUQ�&DOLIRUQLD��
+H�LV�PRVW�LQWHUHVWHG�LQ�UHJHQHUDWLYH�PHGLFLQH��VWHP�FHOOV��
DQG�PROHFXODU�ELRORJ\�RI�RUWKRSDHGLFV��)RU�UHFUHDWLRQ��KH�
HQMR\V�IRRG��ZLQH��IUHVK�DLU��WKH�WY�VKRZ�7KH�2I¿FH��DQG�
IROORZLQJ�VSRUWV�RI�WKH�3DF����

(PLO\�6TX\HU
(PLO\� LV� IURP�1HPR�� 6RXWK� 'DNRWD�� 6KH� DWWHQGHG�

3HQQ�6WDWH�&ROOHJH�RI�0HGLFLQH��+HU�DUHDV�RI�FOLQLFDO�DQG�
UHVHDUFK�LQWHUHVW�LQFOXGH�WUDXPD�DQG�LQWHUQDWLRQDO�KHDOWK�
FDUH��6KH�HQMR\V�UXQQLQJ��FURVV�FRXQWU\�	�GRZQKLOO�VNLLQJ��
DQG�EHOWLQJ�EURDGZD\�VKRZWXQHV�LQ�WKH�FDU�VKRZHU�
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$&(V
)227�$1./(

63,1(

-HIIUH\�$��+HQQLQJ��0�'� $ODQ�-��/DLQJ��0%%&K

0DUN�$��)UHHERUQ��0�'� &KULVWRSKHU�5��+RZH��0�'�

(ULF�-��1RYDN��0�'�

75$80$

$IVKLQ�&DOD¿��0�'� 0HGDUGR�5��0DURWR��0�'� 6DDP�0RUVKHG��0�'�

&KLQHGX�&KXND�1ZRVD��0�'� )UHGHULFN�3��2OGHQEXUJ��0�'� 5REHUW�-��2UHF��0%�&K%
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$&(V

'HDQD�0��0HUFHU��0�'�

21&2/2*<6+28/'(5�(/%2:

0DWWKHZ�'��6DOW]PDQ��0�'� 7KRPDV�-��6FKDUVFKPLGW��0�'�

)HOORZV
+$1'

.DQH�/��$QGHUVRQ��0�'� -RKQ�3��+RZOHWW��0�'� 0LFKDHO�0XOOLJDQ��0�'�

+DUULV�6��5RVH��0�'�
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5HVHDUFK�*UDQWV

1DWLRQDO�,QVWLWXWHV�RI�+HDOWK��1,+�

$JLQJ�5HODWHG�'HJUDGDWLRQ�LQ�%RQH�
0HFKDQRWUDQVGXFWLRQ
6XQGDU�6ULQLYDVDQ��3K�'�
7HG�6��*URVV��3K�'�

&KDQJHV�LQ�WKH�&KDUDFWHULVWLFV�RI�3ODQWDU�6RIW�7LVVXH�
ZLWK�'LDEHWHV
%UXFH�-��6DQJHRU]DQ��0�'�

&ROODJHQV�RI�&DUWLODJH�DQG�WKH�,QWHUYHUWHEUDO�'LVF
'DYLG�5��(\UH��3K�'�

&ROODJHQ�&URVV�/LQNLQJ�LQ�6NHOHWDO�$JLQJ�DQG�'LVHDVHV
'DYLG�5��(\UH��3K�'�

&ROODJHQ�7\SH�,,�,;�;,�+HWHURSRO\PHU�$VVHPEO\
5XVVHOO�-��)HUQDQGHV��3K�'�

'HVLJQ�&ULWHULD�IRU�7KHUDSHXWLF�)RRWZHDU�LQ�'LDEHWHV�
3HWHU�5��&DYDQDJK��3K�'���'�6F�

'LVXVH�,QGXFHG�2VWHRF\WH�+\SR[LD
7HG�6��*URVV��3K�'�
6WHYHQ�'��%DLQ��3K�'�
6XQGDU�6ULQLYDVDQ��3K�'�

3UHGLFWLQJ�%RQH�)RUPDWLRQ�,QGXFHG�E\�0HFKDQLFDO�
/RDGLQJ�8VLQJ�$JHQW�%DVHG�0RGHOV
6XQGDU�6ULQLYDVDQ��3K�'�

6NHOHWDO�'\VSODVLDV
'DYLG�5��(\UH��3K�'�
5XVVHOO�-��)HUQDQGHV��3K�'�

1DWLRQDO�$HURQDXWLFV�DQG�6SDFH�$GPLQLVWUDWLRQ

$�1RYHO�%HGUHVW�$QDORJ�RI�/XQDU�([SORUDWLRQ
3HWHU�5��&DYDQDJK��3K�'��'�6F

$�4XDQWLWDWLYH�7HVW�RI�2Q�2UELW�([HUFLVH�
&RXQWHUPHDVXUHV�IRU�%RQH�'HPLQHUDOL]DWLRQ�8VLQJ�D�
%HGUHVW�$QDORJ
3HWHU�5��&DYDQDJK��3K�'��'�6F

1DWLRQDO�6SDFH�%LRPHGLFDO�5HVHDUFK�,QVWLWXWH

0RQLWRULQJ�%RQH�+HDOWK�E\�'DLO\�/RDG�6WLPXOXV�
0HDVXUHPHQW�'XULQJ�/XQDU�0LVVLRQV
3HWHU�5��&DYDQDJK��3K�'��'�6F

$Q�,QWHJUDWHG�0XVFXORVNHOHWDO�&RXQWHUPHDVXUH�
%DWWHU\�IRU�/RQJ�'XUDWLRQ�/XQDU�0LVVLRQ
3HWHU�5��&DYDQDJK��3K�'��'�6F

$�4XDQWLWDWLYH�7HVW�RI�2Q�2UELW�([HUFLVH�
&RXQWHUPHDVXUHV�IRU�%RQH�'HPLQHUDOL]DWLRQ�8VLQJ�D�
%HGUHVW�$QDORJ
3HWHU�5��&DYDQDJK��3K�'��'�6F

([WHQW��&DXVHV��DQG�&RXQWHU�PHDVXUHV�RI�,PSDLUHG�
)UDFWXUH�+HDOLQJ�LQ�+\SRJUDYLW\
3HWHU�5��&DYDQDJK��3K�'��'�6F

9HWHUDQV�$IIDLUV�5HKDELOLWDWLRQ�5HVHDUFK�DQG�
'HYHORSPHQW�6HUYLFH

(ZLQJ¶V�6DUFRPD�)XVLRQ�3URWHLQV�DQG�P51$�6SOLFLQJ�
)DFWRUV
+RZDUG�$��&KDQVN\��0�'�

5HGXFLQJ�,QWHUQDO�6WUHVVHV�LQ�'HIRUPHG�'LDEHWLF�)HHW
%UXFH�-��6DQJHRU]DQ��0�'�

6XUJLFDOO\�5HHVWDEOLVKLQJ�)RRW�6KDSH�LQ�6HYHUHO\�
'HIRUPHG�)ODWIHHW
%UXFH�-��6DQJHRU]DQ��0�'�

7UHDWPHQW�2XWFRPHV�IRU�$QNOH�$UWKULWLV
%UXFH�-��6DQJHRU]DQ��0�'�

9$�&HQWHU�RI�([FHOOHQFH�LQ�$PSXWDWLRQ�3UHYHQWLRQ�DQG�
3URVWKHWLF�(QJLQHHULQJ
%UXFH�-��6DQJHRU]DQ��0�'�

9$�0HULW�5HYLHZ�)XQFWLRQDO�$QDO\VLV�RI�(:6�)/,��
+RZDUG�$��&KDQVN\��0�'�

$�2��1RUWK�$PHULFD

$Q�2EVHUYDWLRQDO�6WXG\�$VVHVVPHQW�RI�6XUJLFDO�
7HFKQLTXHV�IRU�7UHDWLQJ�&HUYLFDO�6SRQG\ORWLF�
0\HORSDWK\��&60�
-HQV�5��&KDSPDQ��0�'�

$Q�2EVHUYDWLRQDO�6WXG\�&RPSDULQJ�6XUJLFDO�WR�
&RQVHUYDWLYH�0DQDJHPHQW�LQ�WKH�7UHDWPHQW�RI�7\SH�,,�
2GRQWRLG�)UDFWXUHV�$PRQJ�WKH�(OGHUO\
-HQV�5��&KDSPDQ��0�'�

$2�1RUWK�$PHULFD�2UWKRSDHGLF�7UDXPD�)HOORZVKLS
%UXFH�-��6DQJHRU]DQ��0�'��

$2�6SLQH�1RUWK�$PHULFD�)HOORZVKLS
&DUORV�%HOODEDUED��0�'�

$QDWRPLFDO�DQG�5DGLRJUDSKLF�'HVFULSWLRQ�RI�WKH�
6WDUWLQJ�3RLQW�IRU�$QWHJUDGH�,QWUDPHGXOODU\�+XPHUDO�
1DLOLQJ
-DPHV�&��.ULHJ��0�'�
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5HVHDUFK�*UDQWV

5HOLDELOLW\�RI�D�3HUFXWDQHRXV�$SSURDFK�WR�+LS�
&DSVXORWRP\
/LVD�$��7DLWVPDQ��0�'��
$ULF�$��&KULVWDO��0�'�

%D\HU�$*

$�0XOWL�&HQWHU��5DQGRPL]HG��'RXEOH�%OLQG��
3ODFHER�&RQWUROOHG��3DUDOOHO�'HVLJQ����$UP�6WXG\�WR�
,QYHVWLJDWH�WKH�(IIHFW�RI�$SURWLQLQ�2Q�7UDQVIXVLRQ�
5HTXLUHPHQWV�LQ�3DWLHQWV�8QGHUJRLQJ�(OHFWLYH�6SLQDO�
)XVLRQ�6XUJHU\
-HQV�5��&KDSPDQ��0�'�

%LR$[RQH�7KHUDSHXWLTXH��,QF�

&HWKULQ�7ULDO
-HQV�5��&KDSPDQ��0�'�

%RVWRQ�0HGLFDO�&HQWHU

,QWUDPHGXOODU\�1DLOV�YHUVXV�3ODWH�)L[DWLRQ�
5H�(YDOXDWLRQ�6WXG\�LQ�3UR[LPDO�7LELD�)UDFWXUHV��
$�0XOWL�&HQWHU�5DQGRPL]HG�7UDLO�&RPSDULQJ�1DLOV�DQG�
3ODWHO�)L[DWLRQ
5REHUW�3��'XQEDU��0�'�

&KULVWRSKHU�5HHYH�3DUDO\VLV�)RXQGDWLRQ

8VLQJ�0XVFOH�6WLPXODWLRQ�WR�0LWLJDWH�%RQH�/RVV�
GXH�WR�0XVFOH�3DUDO\VLV
7HG�6��*URVV��3K�'�

'HSX\�6SLQH��,QF�

.\SKRVLV�&RUUHFWLRQ�)URP�&RPELQHG�6PLWK�3HWHUVRQ
2VWHRWRP\�DQG�DQ�,QWHUERG\�6WUXW
0LFKDHO�-��/HH��0�'�

&OLQLFDO�6SLQH�)HOORZVKLS�*UDQW
7KHRGRUH�$��:DJQHU��0�'�

,QWHJUD�/LIHVFLHQFHV�&RUSRUDWLRQ

&RPSDULVRQ�RI�%LRDEVRUDEOH�7XEHV�IRU�5HSDLU�RI�1HUYH�
,QMXU\
7KRPDV�(��7UXPEOH��0�'�

'HIHQVH�$GYDQFHG�5HVHDUFK�3URMHFWV�$JHQF\

3KDVH�,,��'LJLW�5HJHQHUDWLRQ�LQ�0DPPDOV
&KULVWRSKHU�+��$OODQ��0�'�

0'6�3KDUPD�6HUYLFHV��,QF�

&RQVWUXFWLRQ�RI�DQ�&RQWUROOHG�)HPXU�)UDFWXUH�'HYLFH
6WHYHQ�'��%DLQ��3K�'�

03,�5HVHDUFK��,QF�

&RQVWUXFWLRQ�RI�DQ�&RQWUROOHG�)HPXU�)UDFWXUH�'HYLFH
6WHYHQ�'��%DLQ��3K�'�

1DWLRQDO�6FLHQFH�)RXQGDWLRQ

8QLYHUVLW\�RI�:DVKLQJWRQ�(QJLQHHUHG�%LRPDWHULDOV
3DXO�$��0DQQHU��0�'�

2UWKRSDHGLF�5HVHDUFK�DQG�(GXFDWLRQ�)RXQGDWLRQ�
�25()�

&OLQLFDO�(I¿FDF\�DQG�&RVW�,PSOLFDWLRQV�RI�$FXWH�%03��
'DYLG�3��%DUHL��0�'�

3HULRSHUDWLYH�(FRQRPLF�$QDO\VLV�RI�0LQLPDOO\�,QYDVLYH�
9HUVXV�7UDGLWLRQDO�7RWDO�.QHH�$UWKURSODVW\�
6HWK�6��/HRSROG��0�'�

2UWKRSDHGLF�7UDXPD�$VVRFLDWLRQ

7KH�(IIHFW�RI�2EHVLW\�RQ�2XWFRPHV�$PRQJ�7UDXPD�
3DWLHQWV�ZLWK�/RZHU�([WUHPLW\�2UWKRSDHGLF�,QMXULHV
6HDQ�(��1RUN��0�'�
5DMVKUL�0DKHVKZDUL��0�'�

7KH�5ROH�RI�0XVFOH�)XQFWLRQ�LQ�)UDFWXUH�+HDOLQJ
6HDQ�(��1RUN��0�'�
6FRWW�'��5XKOPDQ��0�'�
7HG�6��*URVV��3K�'�

2VWH[�,QWHUQDWLRQDO��,QF�

0ROHFXODU�0DUNHUV�RI�&RQQHFWLYH�7LVVXH�'HJUDGDWLRQ
'DYLG�5��(\UH��3K�'�
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5HVHDUFK�*UDQWV

3DUDGLJP�6SLQH�//&

$�0XWL�&HQWHU��3URVSHFWLYH��5DQGRPL]HG��&OLQLFDO�7ULDO�
&RPSDULQJ�6WDELOL]DWLRQ�ZLWK�&RÀH[�YV��3HGLFOH�6FUHZ�
)L[DWLRQ�DQG�)XVLRQ�DIWHU�'HFRPSUHVVLRQ�IRU�DW�/HDVW�
0RGHUDWH�/XPEDU�6SLQDO�6WHQRVLV
-HQV�5��&KDSPDQ��0�'�

6PLWK�	�1HSKHZ��,QF�

8QLYHUVLW\�RI�:DVKLQJWRQ�$UWKURVFRS\��5HVHDUFK�DQG�
7UDLQLQJ��$57��/DE
&KULVWRSKHU�-��:DKO��0�'�

6\QWKHV

352',6&�&�9HUVXV�$QWHULRU�&HUYLFDO�'LVFHFWRP\�DQG�
)XVLRQ��$&')�
-HQV�5��&KDSPDQ��0�'�
6WHYHQ�'��%DLQ��3K�'�
7HG�6��*URVV��3K�'�

6SLQH�(QG�5HVXOWV�5HVHDUFK�)XQG
)UHGHULFN�$��0DWVHQ�,,,��0�'�

7KH�5ROH�RI�0XVFOH�)XQFWLRQ�LQ�)UDFWXUH�+HDOLQJ��
'HYHORSPHQW�RI�D�7UDQVODWLRQDO�0RGHO
6HDQ�(��1RUN��0�'�
6WHYHQ�'��%DLQ��3K�'�
7HG�6��*URVV��3K�'�

7KH�%RHLQJ�&RPSDQ\

5DQGRPL]HG�&OLQLFDO�7ULDO�RI�2SHQ�YHUVXV�(QGRVFRSLF�
&DUSDO�7XQQHO�5HOHDVH�DQG�+DQG�7KHUDS\�&RPSDULQJ�
3DWLHQW�6DWLVIDFWLRQ���)XQFWLRQDO�2XWFRPH�DQG
&RVW�(IIHFWLYHQHVV
7KRPDV�(��7UXPEOH��0�'�

86�$UP\�5HVHDUFK�2I¿FH

8:�7HDP�$GYDQFH�RQ�6LQJOH�1XFOHDU�'HWHFWLRQ�DQG�
$WRPLF�6FDOH�,PDJLQJ
-RKQ�$��6LGOHV��3K�'�

86�'HSDUWPHQW�RI�(GXFDWLRQ

$GYDQFLQJ�2UWKRWLF�DQG�3URVWKHWLF�&DUH�7KURXJK�
5HVHDUFK��6WDQGDUGV�RI�3UDFWLFH�DQG�2XWUHDFK
'RXJODV�*��6PLWK��0�'�
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'HSDUWPHQW�3XEOLFDWLRQV����������

��� $PLQLDQ�$��+RZH�&5��6DQJHRU]DQ�%-��%HQLUVFKNH�6.��1RUN�6(��%DUHL�'3��,SVLODWHUDO�WDODU�DQG�FDOFDQHDO�
IUDFWXUHV��D�UHWURVSHFWLYH�UHYLHZ�RI�FRPSOLFDWLRQV�DQG�VHTXHODH��,QMXU\�������������������

��� %DOGULGJH�'��6FKZDU]H�8��0RUHOOR�5��/HQQLQJWRQ�-��%HUWLQ�7.��3DFH�-0��3HSLQ�0*��:HLV�0$��(\UH�'5��
:DOVK�-��/DPEHUW�'��*UHHQ�$��5RELQVRQ�+��0LFKHOVRQ�0��+RXJH�*��/LQGPDQ�&��0DUWLQ�-��:DUG�-��/HP\UH�(��0LWFKHOO�
--��.UDNRZ�'��5LPRLQ�'/��&RKQ�'+��%\HUV�3+��/HH�%��&57$3�DQG�/(35(��PXWDWLRQV�LQ�UHFHVVLYH�RVWHRJHQHVLV�
LPSHUIHFWD��+XP��0XWDW��������������������������

��� %DUHL�'3��1RUN�6(��)UDFWXUHV�RI�WKH�WLELDO�SODIRQG��)RRW�$QNOH�&OLQ�������������������

��� %DUHL� '3��2¶0DUD� 7-�� 7DLWVPDQ� /$��'XQEDU� 53��1RUN� 6(�� )UHTXHQF\� DQG� IUDFWXUH�PRUSKRORJ\� RI� WKH�
SRVWHURPHGLDO�IUDJPHQW�LQ�ELFRQG\ODU�WLELDO�SODWHDX�IUDFWXUH�SDWWHUQV��-�2UWKRS�7UDXPD�������������������

��� %DUHL�'3��7DLWVPDQ�/$��%HLQJHVVQHU�'0��'XQEDU�53��1RUN�6(���2SHQ�'LDSK\VHDO�/RQJ�%RQH�)UDFWXUHV���$�
5HGXFWLRQ�0HWKRG�8VLQJ�'HYLWDOL]HG�RU�([WUXGHG�2VVHRXV�)UDJPHQWV���&XUUHQW�2UWKRSHGLF�3UDFWLFH���������������
�����

��� %LJOLDQL�/8��&R¿HOG�5+��)ODWRZ�(/��)XNXGD�+$��+DZNLQV�5-��0DWVHQ�)$��0RUULVRQ�'6��5RFNZRRG�&$�-U��
:DUUHQ�5)��&KDUOHV�1HHU��RQ�WKH�JLDQW�RI�WKH�VKRXOGHU��-�6KRXOGHU�(OERZ�6XUJ������������������

��� %LUPLQJKDP�3��+HOP�-0��0DQQHU�3$��7XDQ�56��6LPXODWHG�MRLQW�LQIHFWLRQ�DVVHVVPHQW�E\�UDSLG�GHWHFWLRQ�RI�
OLYH�EDFWHULD�ZLWK�UHDO�WLPH�UHYHUVH�WUDQVFULSWLRQ�SRO\PHUDVH�FKDLQ�UHDFWLRQ��-�%RQH�-RLQW�6XUJ�$P����������������
����

��� %UDQVIRUG�5��)DOLFRY�$��1JX\HQ�4��&KDSPDQ�-���³7KH�&��/DWHUDO�0DVV�6DJLWWDO�6SOLW�)UDFWXUH��$Q�8QVWDEOH�
-HIIHUVRQ�)UDFWXUH�9DULDQW´�-RXUQDO�RI�1HXURVXUJHU\��6SLQH��0D\�������������������������

��� %UDQVIRUG�5-��&KDQVN\�+$��³7URFKDQWHULF�&DEOH�0LJUDWLRQ�7KURXJK�7KH�3HULQHXP�±�$�&DVH�5HSRUW´�(XURSHDQ�
-RXUQDO�RI�2UWKRSDHGLF�6XUJHU\�DQG�7UDXPDWRORJ\��-DQXDU\���������������������

���� %UHQQDQ�0/��7DLWVPDQ�/$��%DUHL�'3��3XWWOHU�(��1RUN�6(��6KRUWHQLQJ�RVWHRWRP\�DQG�FRPSUHVVLRQ�SODWLQJ�
IRU�DWURSKLF�KXPHUDO�QRQXQLRQV��VXUJLFDO�WHFKQLTXH��-�2UWKRS�7UDXPD������������������

���� %XV�6$��9DON�*'��YDQ�'HXUVHQ�5:��$UPVWURQJ�'*��&DUDYDJJL�&��+ODYiFHN�3��%DNNHU�.��&DYDQDJK�35��7KH�
HIIHFWLYHQHVV�RI�IRRWZHDU�DQG�RIÀRDGLQJ�LQWHUYHQWLRQV�WR�SUHYHQW�DQG�KHDO�IRRW�XOFHUV�DQG�UHGXFH�SODQWDU�SUHVVXUH�
LQ�GLDEHWHV��D�V\VWHPDWLF�UHYLHZ���'LDEHWHV�0HWDE�5HV�5HY�������0D\�-XQ����6XSSO���6��������5HYLHZ�

���� %XV�6$��9DON�*'��YDQ�'HXUVHQ�5:��$UPVWURQJ�'*��&DUDYDJJL�&��+ODYiFHN�3��%DNNHU�.��&DYDQDJK�35��
6SHFL¿F�JXLGHOLQHV�RQ�IRRWZHDU�DQG�RIÀRDGLQJ���'LDEHWHV�0HWDE�5HV�5HY�������0D\�-XQ����6XSSO���6�������

���� %XVKQHOO�%'��0D\�5��&DPSLRQ�(5��6FKPDOH�*$��+HQGHUVRQ�5&��+HPLHSLSK\VHRGHVLV�IRU�ODWH�RQVHW�WLELD�
YDUD��-�3HGLDWU�2UWKRS������������������

���� &KDSPDQ�-5��$JHO�-��-XUNRYLFK�*-��%HOODEDUED�&��7KRUDFROXPEDU�ÀH[LRQ�GLVWUDFWLRQ�LQMXULHV��DVVRFLDWHG�
PRUELGLW\�DQG�QHXURORJLFDO�RXWFRPHV��6SLQH�������������������

���� &KHEOL�&��+XEHU�3��:DWOLQJ�-��%HUWHOVHQ�$��%LFNQHOO�57��0DWVHQ�)$��)DFWRUV�DIIHFWLQJ�¿[DWLRQ�RI�WKH�JOHQRLG�
FRPSRQHQW�RI�D�UHYHUVH�WRWDO�VKRXOGHU�SURWKHVLV��-�6KRXOGHU�(OERZ�6XUJ������������������

���� &OLQWRQ�-��)UDQWD�$��3ROLVVDU�1/��1HUDGLOHN�%��0RXQFH�'��)LQN�+$��6FKRXVERH�-7��0DWVHQ�)$��3UR[LPDO�
KXPHUDO�IUDFWXUH�DV�D�ULVN�IDFWRU�IRU�VXEVHTXHQW�KLS�IUDFWXUHV��-�%RQH�-RLQW�6XUJ�$P�������������������

���� &RQUDG�(��%XUIRUG�1��0F'RQDOG�5��)HUJXVRQ�0-��&RRUGLQDWLRQ�RI�DUVLQH�OLJDQGV�DV�D�JHQHUDO�V\QWKHWLF�
DSSURDFK�WR�UDUH�H[DPSOHV�RI�DUVHQLF�DQWLPRQ\�DQG�DUVHQLF�ELVPXWK�ERQGV��-�$P�&KHP�6RF�������������������
�����

���� 'DKO�0&��$QDQWKDNULVKQDQ�'��1LFDQGUL�*��&KDSPDQ�-5��&KLQJ�53��+HOPHW�DQG�6KRXOGHU�3DG�5HPRYDO�LQ�
)RRWEDOO�3OD\HUV�ZLWK�8QVWDEOH�&HUYLFDO�6SLQH�,QMXULHV��-RXUQDO�RI�$SSOLHG�%LRPHFKDQLFV�������������������

���� 'DLQHV�6%��5RKU�(6��3DFH�$3��)DVVELQG�0-��6DQJHRU]DQ�%-��/HGRX[�:5��&DGDYHULF�VLPXODWLRQ�RI�D�SHV�
FDYXV�IRRW��)RRW�$QNOH�,QW������������������

���� 'XQEDU�53��%DUHL�'3��.XELDN�(1��1RUN�6(��+HQOH\�0%��(DUO\�OLPLWHG�LQWHUQDO�¿[DWLRQ�RI�GLDSK\VHDO�H[WHQVLRQV�
LQ�VHOHFW�SLORQ�IUDFWXUHV��XSJUDGLQJ�$2�27$�W\SH�&�IUDFWXUHV�WR�$2�27$�W\SH�%��-�2UWKRS�7UDXPD����������������
��

���� 'XQEDU�53��*DUGQHU�0-��&XQQLQJKDP�%��5RXWW�0/��6FLDWLF�QHUYH�HQWUDSPHQW�LQ�DVVRFLDWHG�ERWK�FROXPQ�
DFHWDEXODU�IUDFWXUHV��D�UHSRUW�RI���FDVHV�DQG�UHYLHZ�RI�WKH�OLWHUDWXUH��-�2UWKRS�7UDXPD�����������������
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���� (\UH�'5��:HLV�0$��7KH�+HOL[�,,�HSLWRSH��D�FDXWLRQDU\�WDOH�IURP�D�FDUWLODJH�ELRPDUNHU�EDVHG�RQ�DQ�LQYDOLG�
FROODJHQ�VHTXHQFH��2VWHRDUWKULWLV�&DUWLODJH������������������

���� (\UH�'5��:HLV�0$��:X�--��$GYDQFHV�LQ�FROODJHQ�FURVV�OLQN�DQDO\VLV��0HWKRGV������������������

���� )HKOLQJV�0*��7KHRGRUH�1��+DUURS�-��0DXUDLV�*��.XQW]��WK�&��6KDIIUH\�&,��.ZRQ�%.��&KDSPDQ�-5��<HH�
$��7LJKH�$��+XUWW�05��)OLQW�60��+D\QHV�%$��0F.HUUDFKHU�/��$�SKDVH�,�,,D�FOLQLFDO�WULDO�RI�UHFRPELQDQW�5KR�SURWHLQ�
DQWDJRQLVW�LQ�VSLQDO�FRUG�LQMXU\��6XEPLWWHG�WR�1DWXUH��0HGLFLQH�0DUFK������

���� *DUGQHU�0-��)DUUHOO�('��1RUN�6(��6HJLQD�'1��5RXWW�0/���3HUFXWDQHRXV�SODFHPHQW�RI� LOLRVDFUDO�VFUHZV�
ZLWKRXW�HOHFWURGLDJQRVWLF�PRQLWRULQJ���-�7UDXPD�������������������

���� *DUGQHU�0-��0HKWD�6��%DUHL�'3��1RUN�6(��7UHDWPHQW�SURWRFRO�IRU�RSHQ�$2�27$�W\SH�&��SLORQ�IUDFWXUHV�
ZLWK�VHJPHQWDO�ERQH�ORVV��-�2UWKRS�7UDXPD������������������

���� *DUGQHU�0-�� 1RUN� 6(�� %DUHL� '3�� .UDPHU� 3$�� 6DQJHRU]DQ� %-�� %HQLUVFKNH� 6.�� 6HFRQGDU\� VRIW� WLVVXH�
FRPSURPLVH�LQ�WRQJXH�W\SH�FDOFDQHXV�IUDFWXUHV��-�2UWKRS�7UDXPD�������������������

���� *DUGQHU�0-��1RUN�6(��+XEHU�3��.ULHJ�-&��6WLIIQHVV�PRGXODWLRQ�RI� ORFNLQJ�SODWH�FRQVWUXFWV�XVLQJ�QHDU�
FRUWLFDO�VORWWHG�KROHV��D�SUHOLPLQDU\�VWXG\��-�2UWKRS�7UDXPD������������������

���� *LXQWD�&��(OoLRJOX�1��$OEUHFKW�%��(LFK�*��&KDPED]�&��-DQHFNH�$5��<HRZHOO�+��:HLV�0$��(\UH�'��.UDHQ]OLQ�
0��6WHLQPDQQ�%��6SRQG\ORFKHLUR�G\VSODVWLF�IRUP�RI�WKH�(KOHUV�'DQORV�V\QGURPH�±�$Q�DXWRVRPDO�UHFHVVLYH�HQWLW\�
FDXVHG�E\�PXWDWLRQV�LQ�WKH�]LQF�WUDQVSRUWHU�JHQH�6/&��$����$P��-��+XP��*HQHW��������������������������

���� *ROGEHUJ�0��$FWV�RI�/RYLQJ�.LQGQHVV��-�&KLOG�2UWKRS�����������������

���� *X�1<��:ROI�&��/HRSROG�6��0DQQHU�3$��'RFWRU�-1��$�&RPSDULVRQ�RI�3K\VLFLDQ�DQG�3DWLHQW�7LPH�7UDGH�2IIV�
IRU�3RVWRSHUDWLYH�+LS�2XWFRPHV��9DOXH�+HDOWK������

���� +DQ�0��<DQJ�;��/HH�-��$OODQ�&+��0XQHRND�.��'HYHORSPHQW�DQG�UHJHQHUDWLRQ�RI�WKH�QHRQDWDO�GLJLW�WLS�LQ�
PLFH��'HY�%LRO��������������������

���� +RZDUG�-/��$JHO�-��%DUHL�'3��%HQLUVFKNH�6.��1RUN�6(��$�SURVSHFWLYH�VWXG\�HYDOXDWLQJ�LQFLVLRQ�SODFHPHQW�
DQG�ZRXQG�KHDOLQJ�IRU�WLELDO�SODIRQG�IUDFWXUHV��-�2UWKRS�7UDXPD��������������������

���� +RZH�&��+XEHU�3��:ROI�)0��0DWVHQ�)$��'LIIHUHQWLDO�VXWXUH�ORDGLQJ�LQ�DQ�H[SHULPHQWDO�URWDWRU�FXII�UHSDLU��
$P�-�6SRUWV�0HG������������������

���� +RZOHWW�-3��0RVFD�96��%MRUQVRQ�.��7KH�DVVRFLDWLRQ�EHWZHHQ�LGLRSDWKLF�FOXEIRRW�DQG�LQFUHDVHG�LQWHUQDO�
KLS�URWDWLRQ��&OLQ�2UWKRS�5HODW�5HV��������������������

���� +X�+0��=LHOLQVND�.ZLDWNRZVND�$��0XQUR�.��HW�DO��(:6�)/,��VXSSUHVVHV�UHWLQREODVWRPD�SURWHLQ�IXQFWLRQ�
DQG�VHQHVFHQFH�LQ�(ZLQJ¶V�VDUFRPD�FHOOV��-�2UWKRS�5HV�������������������

���� +ZDQJ�0'��3HWWURQH�6��7UXPEOH�7(��:RUN�RI�ÀH[LRQ�UHODWHG�WR�GLIIHUHQW�VXWXUH�PDWHULDOV�DIWHU�ÀH[RU�
GLJLWRUXP�SURIXQGXV�DQG�ÀH[RU�GLJLWRUXP�VXSHU¿FLDOLV�WHQGRQ�UHSDLU�LQ�]RQH�,,��D�ELRPHFKDQLFDO�VWXG\��-�+DQG�
6XUJ�>$P@������������������

���� -HIIFRDWH�:-��/LSVN\�%$��%HUHQGW�$5��&DYDQDJK�35��%XV�6$��3HWHUV�(-��YDQ�+RXWXP�:+��9DON�*'��%DNNHU�
.��,QWHUQDWLRQDO�:RUNLQJ�*URXS�RQ�WKH�'LDEHWLF�)RRW��8QUHVROYHG�LVVXHV�LQ�WKH�PDQDJHPHQW�RI�XOFHUV�RI�WKH�IRRW�
LQ�GLDEHWHV���'LDEHW�0HG�������'HF���������������

���� -HQVH�5-��+RZH�&5��%UDQVIRUG�5-��:DJQHU�7$��'XQEDU�3-��8QLYHUVLW\�RI�:DVKLQJWRQ�RUWKRSHGLF�UHVLGHQW�
H[SHULHQFH�DQG�LQWHUHVW�LQ�GHYHORSLQJ�DQ�LQWHUQDWLRQDO�KXPDQLWDULDQ�URWDWLRQ��$P�-�2UWKRS������������(������

���� .OLQHEHUJ�(��0F+HQU\�7��%HOODEDUED�&��:DJQHU�7��&KDSPDQ�-5��6DFUDO�LQVXI¿FLHQF\�IUDFWXUHV�FDXGDO�WR�
LQVWUXPHQWHG�SRVWHULRU�OXPERVDFUDO�DUWKURGHVLV��6SLQH�������-XO�������������������

���� .ULHJ�-&��0LU]D�$��&DVH�UHSRUW��3DWHOOD�EDMD�DIWHU�UHWURJUDGH�IHPRUDO�QDLO�LQVHUWLRQ��&OLQ�2UWKRS�5HODW�5HV�
�������������������

���� .XELDN�(1��&DPXVR�05��%DUHL�'3��1RUN�6(��2SHUDWLYH�WUHDWPHQW�RI�LSVLODWHUDO�QRQFRQWLJXRXV�XQLFRQG\ODU�
WLELDO�SODWHDX�DQG�VKDIW�IUDFWXUHV��FRPELQLQJ�SODWHV�DQG�QDLOV��-�2UWKRS�7UDXPD������������������

���� /HH�0��&KHEOL�&��0RXQFH�'��%HUWHOVHQ�$��5LFKDUGVRQ�0��0DWVHQ�)$��,QWUDPHGXOODU\�UHDPLQJ�IRU�SUHVV�¿W�
¿[DWLRQ�RI�D�KXPHUDO�FRPSRQHQW�UHPRYHV�FRUWLFDO�ERQH�DV\PPHWULFDOO\��-�6KRXOGHU�(OERZ�6XUJ����������������
����

���� /HRSROG�66��0LQLPDOO\�LQYDVLYH�WRWDO�NQHH�DUWKURSODVW\�IRU�RVWHRDUWKULWLV��1�(QJO�-�0HG�������������������
�����

���� /LQNV�$&��*UDXQNH�.6��:DKO�&��*UHHQ�-5���UG��0DWVHQ�)$��3URQDWLRQ�FDQ�LQFUHDVH�WKH�SUHVVXUH�RQ�WKH�
SRVWHULRU�LQWHURVVHRXV�QHUYH�XQGHU�WKH�DUFDGH�RI�)URKVH��D�SRVVLEOH�PHFKDQLVP�RI�SDOV\�DIWHU�WZR�LQFLVLRQ�UHSDLU�
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IRU�GLVWDO�ELFHSV�UXSWXUH��FOLQLFDO�H[SHULHQFH�DQG�D�FDGDYHULF�LQYHVWLJDWLRQ��-�6KRXOGHU�(OERZ�6XUJ���������������
���

���� /LVOH�-:��(DU\�-)��2¶6XOOLYDQ�-��&RQUDG�(8��5LVN�DVVHVVPHQW�EDVHG�RQ�)'*�3(7�LPDJLQJ�LQ�SDWLHQWV�ZLWK�
V\QRYLDO�VDUFRPD��&OLQ�2UWKRS�5HODW�5HV���������������������

���� /RZHQEHUJ�':��1RUN�6(��$EUX]]R�)0��&RUUHODWLRQ�RI�6KHDU� WR�&RPSUHVVLRQ� IRU�3URJUHVVLYH�)UDFWXUH�
2EOLTXLW\��&OLQ�2UWKRS�5HODW�5HV�������

���� /\QFK�-5��&OLQWRQ�-0��'HZLQJ�&%��:DUPH�:-��0DWVHQ�)$��7UHDWPHQW�RI�RVVHRXV�GHIHFWV�DVVRFLDWHG�ZLWK�
DQWHULRU�VKRXOGHU�LQVWDELOLW\��-�6KRXOGHU�(OERZ�6XUJ�������������������

���� /\QFK�-5��7DLWVPDQ�/$��%DUHL�'3��1RUN�6(��)HPRUDO�QRQXQLRQ��ULVN�IDFWRUV�DQG�WUHDWPHQW�RSWLRQV��-�$P�
$FDG�2UWKRS�6XUJ������������������

���� /\QFK� -5��:DLWD\DZLQ\X�7��+DQHO�'3��7UXPEOH�7(��0HGLDO� FROODWHUDO� OLJDPHQW� LQMXU\� LQ� WKH�RYHUKDQG�
WKURZLQJ�DWKOHWH��-�+DQG�6XUJ�>$P@������������������

���� 0DF/HQQDQ�$-��1HPHFKHN�10��:DLWD\DZLQ\X�7��7UXPEOH�7(��'LDJQRVLV�DQG�DQDWRPLF�UHFRQVWUXFWLRQ�RI�
H[WHQVRU�FDUSL�XOQDULV�VXEOX[DWLRQ��-�+DQG�6XUJ�>$P@������������������

���� 0DKHVKZDUL�5��7DLWVPDQ�/$��%DUHL�'3��6LQJOH�LQFLVLRQ�IDVFLRWRP\�IRU�FRPSDUWPHQWDO�V\QGURPH�RI�WKH�OHJ�
LQ�SDWLHQWV�ZLWK�GLDSK\VHDO�WLELDO�IUDFWXUHV��-�2UWKRS�7UDXPD��������������������

���� 0DQQHU�3$��%XGDVKHZLW]�(���2UWKRSDHGLF�/LDELOLW\���7KH�3ODLQWLII¶V�3HUVSHFWLYH��$Q�,QWHUYLHZ�ZLWK�D�3HUVRQDO�
,QMXU\�/DZ\HU���$$26�1RZ��������0DU������������

���� 0DQQHU�3$��7.$�±�3HDUOV�DQG�3LWIDOOV��$$26�1RZ�������-XQ���������������

���� 0DUWLQ�%,��'H\R�5$��0LU]D�6.��HW�DO��([SHQGLWXUHV�DQG�KHDOWK�VWDWXV�DPRQJ�DGXOWV�ZLWK�EDFN�DQG�QHFN�
SUREOHPV��-DPD��������������������

���� 0DWVHQ�)$��&OLQLFDO�SUDFWLFH��5RWDWRU�FXII�IDLOXUH��1�(QJO�-�0HG����������������������

���� 0DWVHQ�)$��2SHQ�URWDWRU�FXII�UHSDLU�ZLWKRXW�DFURPLRSODVW\��-�%RQH�-RLQW�6XUJ�$P����������������

���� 0DWVHQ�)$��)RXULHU�WUDQVIRUP�LQHTXDOLWLHV�IRU�SK\ORJHQHWLF�WUHHV��,(((�$&0�7UDQV�&RPSXW�%LRO�%LRLQIRUP�
����������������

���� 0DWVHQ�)$��&OLQWRQ�-��/\QFK�-��%HUWHOVHQ�$��5LFKDUGVRQ�0/��*OHQRLG�FRPSRQHQW�IDLOXUH�LQ�WRWDO�VKRXOGHU�
DUWKURSODVW\��-�%RQH�-RLQW�6XUJ�$P�������������������

���� 0DWVHQ�)$��%RLOHDX�3��:DOFK�*��*HUEHU�&��%LFNQHOO�57��7KH�UHYHUVH�WRWDO�VKRXOGHU�DUWKURSODVW\��,QVWU�&RXUVH�
/HFW����������������

���� 0F&DUURQ�-��%DXPEXVFK�&��0LFKHOVRQ�-'��0DQQHU�3$���(FRQRPLF�HYDOXDWLRQ�RI�SHUL�RSHUDWLYH�DGPLVVLRQV�
IRU�GLUHFW�ODWHUDO�YHUVXV���LQFLVLRQ�PLQLPDOO\�LQYDVLYH�WRWDO�KLS�DUWKURSODVW\���6HPLQDUV�LQ�$UWKURSODVW\������0DU�
������������

���� 0HKWD�6��5RXWW�0/��,UUHGXFLEOH�IUDFWXUH�GLVORFDWLRQV�RI�WKH�IHPRUDO�KHDG�ZLWKRXW�SRVWHULRU�ZDOO�DFHWDEXODU�
IUDFWXUHV��-�2UWKRS�7UDXPD��������������������

���� 0RUJDQ�70��3LWWV�7(��*URVV�76��3ROLDFKLN�6/��9HVVHOOD�5/��&RUH\�(��5$'�����(YHUROLPXV��LQKLELWV�JURZWK�RI�
SURVWDWH�FDQFHU�LQ�WKH�ERQH�DQG�WKH�LQKLELWRU\�HIIHFWV�DUH�LQFUHDVHG�E\�FRPELQDWLRQ�ZLWK�GRFHWD[HO�DQG�]ROHGURQLF�
DFLG��3URVWDWH�������������������

���� 0RVFD�96��5DJDE�$$��6WHZDUW�6/��&RRSHUPDQ�'5��,PSOLFDWLRQV�RI�6XEWDODU�-RLQW�$QDWRPLF�9DULDWLRQ�LQ�
&DOFDQHDO�/HQJWKHQLQJ�2VWHRWRP\��-�3HGLDWU�2UWKRS�����������������-�3HGLDWU�2UWKRS������������������

���� 0XQHRND�.��$OODQ�&+��<DQJ�;��/HH�-��+DQ�0��0DPPDOLDQ�UHJHQHUDWLRQ�DQG�UHJHQHUDWLYH�PHGLFLQH��%LUWK�
'HIHFWV�5HV�&�(PEU\R�7RGD\�������������������

���� 1RUN�6(��%DUHL�'3��*DUGQHU�0-��6FKLOGKDXHU�7$��0D\R�.$��%HQLUVFKNH�6.��6XUJLFDO�H[SRVXUH�DQG�¿[DWLRQ�
RI�GLVSODFHG�W\SH�,9��9��DQG�9,�JOHQRLG�IUDFWXUHV��-�2UWKRS�7UDXPD�������������������

���� 2ZLQJV�70��:RHUQHU�-/��)UDPSWRQ�-'��&DYDQDJK�35��%RWHN�*��&XVWRP�WKHUDSHXWLF� LQVROHV�EDVHG�RQ�
ERWK� IRRW� VKDSH� DQG� SODQWDU� SUHVVXUH�PHDVXUHPHQW� SURYLGH� HQKDQFHG� SUHVVXUH� UHOLHI�� 'LDEHWHV� &DUH�� �����
0D\���������������(SXE������)HE���

���� 3DUDGD�6��%HLQJHVVQHU�'0��%DUHL�'3��7HFKQLFDO�7LS��&DOFDQHXV�)UDFWXUH�5HGXFWLRQ�8VLQJ�$�1RYHO�7KUHDGHG�
:LUH�7HFKQLTXH���)RRW�$QNOH�,QW����������$FFHSWHG�DQG�LQ�SUHVV�

���� 3HWUH�0��(UGHPLU�$��&DYDQDJK�35��$Q�05,�FRPSDWLEOH�IRRW�ORDGLQJ�GHYLFH�IRU�DVVHVVPHQW�RI� LQWHUQDO�
WLVVXH�GHIRUPDWLRQ���-�%LRPHFK��������������������(SXE������2FW����
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���� 3ROLDFKLN�6/��7KUHHW�'��6ULQLYDVDQ�6��*URVV�76�����ZN�ROG�&�+�+H-�PLFH�DFWLYHO\�UHVSRQG�WR�PHFKDQLFDO�
ORDGLQJ��%RQH������������������

���� 5LKQ�-$��$QGHUVRQ�'7��6DVVR�5&��=GHEOLFN�7$��/HQNH�/*��+DUULV�0%��&KDSPDQ�-5��9DFFDUR�$5��(PHUJHQF\�
HYDOXDWLRQ��LPDJLQJ��DQG�FODVVL¿FDWLRQ�RI�WKRUDFROXPEDU�LQMXULHV��,QVWU�&RXUVH�/HFW����������������

���� 5XVVHOO�*9��*UDYHV�0/��$UFKGHDFRQ�07��%DUHL�'3��%ULHQ�*$��-U���3RUWHU�6(��7KH�FODPVKHOO�RVWHRWRP\��D�
QHZ�WHFKQLTXH�WR�FRUUHFW�FRPSOH[�GLDSK\VHDO�PDOXQLRQV��-�%RQH�-RLQW�6XUJ�$P�������������������

���� 6DOW]PDQ�0��0HUFHU�'��%HUWHOVHQ�$��:DUPH�:��0DWVHQ� )�� 3RVWVXUJLFDO� FKRQGURO\VLV� RI� WKH� VKRXOGHU��
2UWKRSHGLFV����������������

���� 6DVVR�5&��9DFFDUR�$5��&KDSPDQ�-5��%HVW�10��=GHEOLFN�7$��+DUULV�0%��6DFUDO�IUDFWXUHV��,QVWU�&RXUVH�/HFW�
���������������

���� 6FKLII�0$��7HQFHU�$)��0DFN�&'��5LVN�IDFWRUV�IRU�SHOYLF�IUDFWXUHV�LQ�ODWHUDO�LPSDFW�PRWRU�YHKLFOH�FUDVKHV��
$FFLG�$QDO�3UHY�������������������

���� 6HHJPLOOHU�5(��%RPVWD�%'��%ULGJHZDWHU�/&��1LHGHUKDXVHU�&0��0RQWDQR�&��6XGZHHNV�6��(\UH�'5��)HUQDQGHV�
5-��7KH�KHWHUR]\JRXV�GLVSURSRUWLRQDWH�PLFURPHOLD��GPP��PRXVH��PRUSKRORJLFDO�FKDQJHV�LQ�IHWDO�FDUWLODJH�SUHFHGH�
SRVWQDWDO�GZDU¿VP�DQG�FRPSDUHG�ZLWK�OHWKDO�KRPR]\JRWHV�FDQ�H[SODLQ�WKH�PLOG�SKHQRW\SH��-�+LVWRFKHP�&\WRFKHP�
��������������������

���� 6RQJ�.0��%RDWULJKW�.&��'UDVVOHU�-��HW�DO��7KH�XVH�RI�SRO\PHUDVH�FKDLQ�UHDFWLRQ�IRU�WKH�GHWHFWLRQ�DQG�
VSHFLDWLRQ�RI�EDFWHULDO�ERQH�DQG�MRLQW�LQIHFWLRQ�LQ�FKLOGUHQ��-�3HGLDWU�2UWKRS������������������

���� 6WDQGDHUW�&-��0DQQHU�3$��+HUULQJ�6$��([SHUW�RSLQLRQ�DQG�FRQWURYHUVLHV�LQ�PXVFXORVNHOHWDO�DQG�VSRUWV�
PHGLFLQH��IHPRURDFHWDEXODU�LPSLQJHPHQW��$UFK�3K\V�0HG�5HKDELO������������������

���� 9LOHLN\WH�/��3H\URW�0��*RQ]DOH]�-6��5XELQ�55��*DUURZ�$3��6WLFNLQJV�'��:DWHUPDQ�&��8OEUHFKW�-6��&DYDQDJK�
35��%RXOWRQ�$-��3UHGLFWRUV�RI�GHSUHVVLYH�V\PSWRPV�LQ�SHUVRQV�ZLWK�GLDEHWLF�SHULSKHUDO�QHXURSDWK\��D�ORQJLWXGLQDO�
VWXG\��'LDEHWRORJLD������

���� 9LOHLN\WH�/��5XELQ�55��3H\URW�0��*RQ]DOH]�-6��%RXOWRQ�$-��8OEUHFKW��-6��&DYDQDJK�35��'LDEHWLF�IHHW��%U�-�
*HQ�3UDFW������������������

���� 9LOHOD�0'��*HOIHQEH\Q�0��%HOODEDUED�&��8�VKDSHG�VDFUDO�IUDFWXUH�DQG�OXPERVDFUDO�GLVORFDWLRQ�DV�D�UHVXOW�
RI�D�VKRWJXQ�LQMXU\��FDVH�UHSRUW��1HXURVXUJHU\������������(������

���� :DLWD\DZLQ\X�7��0F&DOOLVWHU�:9��.DWROLN�/,��6FKOHQNHU�-'��7UXPEOH�7(��2XWFRPH�DIWHU�YDVFXODUL]HG�ERQH�
JUDIWLQJ�RI�VFDSKRLG�QRQXQLRQV�ZLWK�DYDVFXODU�QHFURVLV��-�+DQG�6XUJ�>$P@�������������������

���� :DLWD\DZLQ\X�7��5REHUWVRQ�&��&KLQ�6+��6FKOHQNHU�-'��3HWWURQH�6��7UXPEOH�7(��7KH�GHWDLOHG�DQDWRP\�RI�
WKH�����LQWHUFRPSDUWPHQWDO�VXSUDUHWLQDFXODU�DUWHU\�IRU�YDVFXODUL]HG�ERQH�JUDIWLQJ�RI�VFDSKRLG�QRQXQLRQV��-�+DQG�
6XUJ�>$P@�������������������

���� :DQJ�;��0DQQHU�3$��6RQJ�<-��7XDQ�56��������+LVWRQH�GHDFHW\ODVH�LQKLELWRUV�DQWDJRQL]H�)*)��DQG�,/�
EHWD�HIIHFWV�RQ�003�H[SUHVVLRQ�LQ�KXPDQ�DUWLFXODU�FKRQGURF\WHV��*URZWK�)DFWRUV������-DQ�����������

���� :LOOLDPV�6/��%DFKLVRQ�&��0LFKHOVRQ�-'��0DQQHU�3$��&RPSRQHQW�SRVLWLRQ�LQ���LQFLVLRQ�PLQLPDOO\�LQYDVLYH�
WRWDO�KLS�DUWKURSODVW\�FRPSDUHG�WR�VWDQGDUG�WRWDO�KLS�DUWKURSODVW\��-�$UWKURSODVW\��������������������

���� :RQJ�*��+RZDUG�.��:HEVWHU�$��&KDSPDQ�-5��&UDLJ�-&��7KH�KHDOWK�DQG�HFRQRPLF�LPSDFW�RI�FHUYLFDO�FDQFHU�
VFUHHQLQJ�DQG�KXPDQ�SDSLOORPDYLUXV�YDFFLQDWLRQ�LQ�NLGQH\�WUDQVSODQW�UHFLSLHQWV��7UDQVSODQWDWLRQ�����������������
�����

���� :X�--��:HLV�0$��.LP�/6��&DUWHU�%*��(\UH�'5��'LIIHUHQFHV�LQ�FKDLQ�XVDJH�DQG�FURVV�OLQNLQJ�VSHFL¿FLWLHV�
RI�FDUWLODJH�W\SH�9�;,�FROODJHQ�LVRIRUPV�ZLWK�DJH�DQG�WLVVXH��-�%LRO�&KHP���������������������

���� <DQJ�/��&OLQWRQ�-0��%ODFNEXUQ�0/��=KDQJ�4��=RX�-��=LHOLQVND�.ZLDWNRZVND�$��7DQJ�%/��&KDQVN\�+$��5DE���
UHJXODWHV�GLIIHUHQWLDWLRQ�RI�$7'&��FKRQGURSURJHQLWRU�FHOOV��-�%LRO�&KHP�����������������������

���� <DQJ�/��0D�;��/\RQH�$��=RX�-��%ODFNEXUQ�0/��3DQ�-��<DQJ�'��0DWVXVKLWD�+��0HL�%��=LHOLQVND�.ZLDWNRZVND�
$��&KDQVN\�+$��3URSHU�H[SUHVVLRQ�RI�KHOL[�ORRS�KHOL[�SURWHLQ�,G��LV�LPSRUWDQW�WR�FKRQGURJHQLF�GLIIHUHQWLDWLRQ�RI�
$7'&��FHOOV��%LRFKHP�-��������������������

���� <DV]D\� %�� .XELDN� (�� $JHO� -�� +DQHO� '3�� $&*0(� FRUH� FRPSHWHQFLHV�� ZKHUH� DUH� ZH"� 2UWKRSHGLFV�
���������������

���� =GHEOLFN�7$��6DVVR�5&��9DFFDUR�$5��&KDSPDQ�-5��+DUULV�0%��6XUJLFDO�WUHDWPHQW�RI�WKRUDFROXPEDU�IUDFWXUHV��
,QVWU�&RXUVH�/HFW����������������
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'HDU�5HVLGHQF\�$OXPQL�DQG�2UWKRSDHGLF�&ROOHDJXHV�
,I�\RX�DUH�DQ�DOXPQXV�RI�WKH�8:�5HVLGHQF\�RU�DQ�2UWKRSDHGLF�
6XUJHRQ� FROOHDJXH� LQ�:DVKLQJWRQ� 6WDWH�� WKLV�PHVVDJH� LV� IRU�

\RX��$V�\RX�FDQ�VHH�LQ�WKLV�LVVXH�ZH�DUH�IHDWXULQJ�WZR�DOXPQL��'U��'LFN�
.LUE\�DQG�'U��'DQ�)OXJVWDG��HDFK�RI�ZKRP�KDV�EHHQ�D�OHDGHU�LQ�WKHLU�
¿VFDO�VXSSRUW�RI�WKH�UHVLGHQF\��7KH\�DUH�WZR�RI�PDQ\��,Q�IDFW��RYHU����
RI�RXU�DOXPQL�JDYH�������RU�PRUH�LQ�VXSSRUW�RI�UHVLGHQW�HGXFDWLRQ�DW�
WKH�8QLYHUVLW\�RI�:DVKLQJWRQ�ODVW�\HDU��,W�LV�DOVR�RI�QRWH�WKDW������RI�
WKH�UHVLGHQWV�FXUUHQWO\�LQ�WKH�SURJUDP�KDYH�JLYHQ�WR�WKH�2UWKRSDHGLFV�
5HVLGHQW�(GXFDWLRQ�'LVFUHWLRQDU\�)XQG��:H�KRSH�WKDW�\RX�ZLOO�MRLQ�'LFN�
DQG�'DQ�DQG�WKH�RWKHUV� LQ�VXSSRUWLQJ�RXU�UHVLGHQWV¶�DELOLW\�WR�DWWHQG�
FRXUVHV��WKHLU�ERRN�DQG�MRXUQDO�IXQG��DQG�5HVLGHQW�5HVHDUFK�'D\V��,W�
LV�QRZ�PRUH�FRQYHQLHQW�WKDQ�HYHU��MXVW�JR�WR�ZZZ�RUWKRS�ZDVKLQJWRQ�
HGX�JLIW� DQG� FOLFN�RQ� ³2UWKRSDHGLFV�5HVLGHQW�(GXFDWLRQ�'LVFUHWLRQDU\�
)XQG �́��7KLV�LV�D�WD[�GHGXFWLEOH�GRQDWLRQ�

:H�DOVR�KRSH�WKDW�\RX�FDQ�MRLQ�XV�IRU�WKH�8:�2UWKR�*UDQG�5RXQGV��
QRZ�DW�D�QHZ�DQG�PRUH�FRQYHQLHQW� WLPH� IRU�\RX�� �%HJLQQLQJ�-XO\����
������WKH�¿UVW�:HGQHVGD\�RI�HDFK�PRQWK��DW�8:0&��+HDOWK�6FLHQFHV�
%XLOGLQJ��5RRP�7����DW�����������D�P���3XEOLF�SDUNLQJ�LV�DYDLODEOH�LQ�
/RW�(�������E\�+XVN\�6WDGLXP����7KLV�LQIRUPDWLRQ�DQG�GLUHFWLRQV�ZLOO�DOVR�
EH�DYDLODEOH�RQ�WKH�:DVKLQJWRQ�6WDWH�2UWKRSDHGLF�$VVRFLDWLRQ�ZHEVLWH�

ZZZ�ZVRD�RUJ��
$WWHQGDQFH�DW�WKHVH�JUDQG�URXQGV�FDQ�HDUQ�&0(�FUHGLW�IRU�\RXU�PDLQWHQDQFH�RI�FHUWL¿FDWLRQ��DV�ZHOO�DV�JLYLQJ�

\RX�D�FKDQFH�WR�VHH�¿UVW�KDQG�WKH�H[FHOOHQFH�RI�RXU�UHVLGHQWV��%\�DQ\�PHDVXUH��WKHVH�SUHVHQWDWLRQV�DUH�RQ�SDU�ZLWK�
WKH�LQVWUXFWLRQDO�FRXUVH�OHFWXUHV�\RX�KHDU�DW�WKH�$$26��7KH�WRSLFV�DUH�OLVWHG�EHORZ��+RSH�WR�VHH�\RX�WKHUH�

$OVR��,¶G�OLNH�WR�HQFRXUDJH�HYHU\RQH�WR�SDUWLFLSDWH�LQ�WKH�:62$���RXU�VWDWH�RUWKRSDHGLF�DVVRFLDWLRQ�KDV�JUHDW�
QHZ�G\QDPLF�OHDGHUVKLS�DQG�LV�FRPPLWWHG�WR�VHUYLQJ�2UWKRSDHGLFV���LQ�DOO� LWV�GLPHQVLRQV���DFURVV�RXU�JUHDW�
VWDWH�

/\OH�6RUHQVHQ�
3UHVLGHQW��8�:��2UWKRSDHGLF�$OXPQL

$OXPQL

-XO\���
6SHDNHU���'RXJODV�3��+DQHO��0'���
3URIHVVRU� DQG� 'LUHFWRU� RI� 5HVLGHQW�
(GXFDWLRQ� �
7RS L F � � � 6H[XD O � +DU UDVVPHQW ��
3URIHVVLRQDOLVP

$XJXVW���
6SHDNHU���3HWHU�6FKHIIHO��0'��5�����
7RSLF�� � 6SRUWV� ,QMXULHV� WR� WKH� /RZHU�
([WUHPLW\

2FWREHU���
6SHDNHU���&RU\�/DPEOLQ��0'��5�����
7RSLF�� �3RVWHURODWHUDO�&RUQHU� ,QMXULHV�
RI�WKH�.QHH��3UHVHQWDWLRQ��(YDOXDWLRQ��
DQG�7UHDWPHQW���

1RYHPEHU���
6SHDNHU���(GZDUG�0RRQ��0'��5���
7RSLF���+DQG�DQG�)LQJHU�,PSODQWV

'HFHPEHU���
6SHDNHU���'HUHN�5DLQV��0'��5��
7RSLF�� �&RPSOLFDWLRQV�RI�+\SRWHQVLYH�
$QHVWKHVLD�LQ�6KRXOGHU�6XUJHU\� �

-DQXDU\����
6SHDNHU���9LQFH�0RVFD��0'
7RSLF�� � 3DUW� ��� (QJOLVK� JUDPPDU� IRU�
$PHULFDQ�RUWKRSHGLF�UHVLGHQWV��
3DUW� ��� &OLQLF� QRWHV� VKRXOG� GR�PXFK�
PRUH�WKDQ�MXVW�MXVWLI\�OHYHO�RI�ELOOLQJ
� �

)HEUXDU\���
6SHDNHU�� � $DURQ� &KDPEHUODLQ�� 0'�
�5��
7RSLF���+LOO�6DFKV�/HVLRQV���(YDOXDWLRQ�
DQG�0DQDJHPHQW

0DUFK���
6SHDNHU�� � &KULVWLDQ� 6\EURZVN\�� 0'�
�5���
7RS LF� � � 2VWHRSRURV LV � DQG� WKH�
2UWKRSDHGLF�6XUJHRQ

0D\��
6SHDNHU���%ULDQ�'DLQHV��0'��5���
7RSLF���1RQ�XQLRQV

-XQH��
6SHDNHU���%UHWW�:LDWHU��0'��5���
7RSLF���'XUDO�7HDUV�LQ�6SLQDO�6XUJHU\

��������2UWKRSDHGLF�*UDQG�5RXQGV�
�VW�:HGQHVGD\�RI�PRQWK�

7LPH�������������$0��IROORZHG�E\�5HVLGHQWV¶�0HHWLQJ�
/RFDWLRQ���8:0&��+6%��5RRP�7���
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$OXPQL
����
3DUN�:��*OR\G��0�'��★

����
7U\JYH�)RUODQG��0�'��★

����
5REHUW�:��)ORUHQFH��0�'�

����
-��0LFKDHO�(JJOLQ��0�'��★
-RKQ�(��*RHFNOHU��0�'�
5REHUW�/��5RPDQR��0�'�

����
-RKQ�+��$EHUOH��0�'��★
-RKQ�5��%HHEH��0�'�

����
+DUU\�+��.UHW]OHU��-U���0�'��★
-DPHV�5��)ULHQG��0�'��★
.HQQHWK�/��0DUWLQ��0�'��★
6DPXHO�/��&OLIIRUG��0�'�

����
-DPHV�:��7XSSHU��0�'�

����
,UYLQJ�7RELQ��0�'��★
:LOOLDP�9��6PLWK��0�'��★

����
5REHUW�&��&ROEXUQ��0�'�

����
$UWKXU�5DWFOLIIH��0�'�
0DUU�3��0XOOHQ��0�'��★★★

����
$OIUHG�,��%OXH��0�'�
5REHUW�$��.UDIW��0�'�

����
'DYLG�(��.DUJHV��0�'��★★★★★

+DUROG�-��)RUQH\��0�'��★
7KHRGRUH�.��*UHHQOHH�,,��0�'��
★★★★★★

7KRPDV�(��6RGHUEHUJ��0�'�

����
)��5LFKDUG�&RQYHU\��0�'��★
-RVHSK�6��0H]LVWUDQR��0�'��★
:LOOLDP�$��5HLOO\��-U���0�'�

����
,YDU�:��%LUNHODQG��0�'�
-��&RQUDG�&OLIIRUG��0�'��★
5REHUW�)��6PLWK��0�'��★★★★★

����
/\QQ�7��6WDKHOL��0�'��★
6WHZDUW�0��6FKDP��0�'��★
:LOOLDP�7��7KLHPH��0�'��★★

����
(GZDUG�(��$OPTXLVW��0�'��★★★

(GZDUG�/��/HVWHU��0�'�
+XJK�(��7RRPH\��0�'��★★★

6LJYDUG�7��+DQVHQ��-U���0�'��★★★★★

����
-RKQ�&��%URZQ��0�'��★
-RKQ�0��&ROHWWL��-U���0�'��★
0DOFROP�%��0DGHQZDOG��0�'��★
0LFKDHO�7��3KLOOLSV��0�'��★
5REHUW�'�6FKURFN��-U���0�'�

����
%UXFH�(��%UDGOH\��-U���0�'�
)UDQNOLQ�*��$OYLQH��0�'��★★★★

-HURPH�+��=HFKPDQQ��0�'�
/RXLV�$��5RVHU��0�'��★
1LOV�)DXFKDOG��-U���0�'�

����
'DYLG�-��/D*DVVH��0�'�
'DYLG�5��1DQN��0�'��★★

'RQDOG�'��+XEEDUG��0�'��★
-RKQ�$��1HXIHOG��0�'��★
7KRPDV�/��*ULW]ND��0�'��★

����
)UHGHULFN�-��'DYLV��0�'��★
/DUU\�'��+XOO��0�'��★
5REHUW�3��:DWNLQV��-U���0�'��★
7KHRGRUH�$��:DJQHU��0�'��★★★★★

����
5LFKDUG�$��'LPRQG��0�'��★★

5RQDOG�%�+��6DQGOHU��0�'��★★★

6DPXHO�5��%DNHU��0�'��★★

5REHUW�$��:LQTXLVW��0�'��★★★★★★★

����
'RQDOG�/��3ORZPDQ��0�'��★★★

)UHGHULFN�$��0DWVHQ�,,,��0�'��
★★★★★★★

*XQWHU�.QLWWHO��0�'�
/DUU\�5��3HGHJDQD��0�'��★
7KRPDV�0��*UHHQ��0�'��★★★★★

:LOOLDP�0��%DFNOXQG��0�'���3�6��★

����
'RXJODV�.��.HKO��0�'�
'RXJODV�7��'DYLGVRQ�,,,��0�'��★
-RKQ�)��%XUQV��0�'��★
3HWHU�0HOFKHU��0�'�
5LFKDUG�$��=RUQ��0�'��★

����
&DUO�$��$QGUHZV��0�'��★
*HRIIUH\�:��6KHULGDQ��0�'��★★

/DUU\�'��,YHUVHQ��0�'��★
0DUN�&��2OVRQ��0�'��★
6WHYHQ�7��%UDPZHOO��0�'�

����
$UQROG�*��3HWHUVRQ��0�'��★★★★

*DU\�-��&ODQFH\��0�'��★★★★

-RKQ�:��%UDQWLJDQ��0�'�
5LFKDUG�6��:HVWEURRN��0�'��★★

5REHUW�-��6WUXNHO��0�'�
:LOOLDP�2SSHQKHLP��0�'��★★

����
$OODQ�:��%DFK��0�'��★★★★★

*UHJRU\�0��(QJHO��0�'��★★

-RQDWKDQ�/��.QLJKW��0�'��★★

5LFKDUG�/��6HPRQ��0�'��★★★★

����
&DURO�&��7HLW]��0�'��★★★

'RXJODV�*��1RUTXLVW��0�'�
-RKQ�0��+HQGULFNVRQ��0�'��★★

0LFKDHO�$��6RXVD��0�'��★★★★

6WXDUW�5��+XWFKLQVRQ��0�'��★

����
'HQQLV�-��.YLGHUD��0�'��★
-RKQ�0��&ODUN��-U���0�'���3K�'��★★★

0DUWLQ�6��7XOOXV��0�'��★★★★★

5REHUW�*��9HLWK��0�'��★★★★★★

����
-RKQ�/��7KD\HU��0�'��★
5LFKDUG�0��.LUE\��0�'��★★★★★★

6WHYHQ�6��5DWFOLIIH��0�'��★★

:LOOLDP�'��%XUPDQ��0�'�

����
(OL]DEHWK�$QQH�2XHOOHWWH��0�'��★★

(GZDUG�/��)DUUDU�,,,��0�'��★★★★★

+HQU\�.��<HH��0�'�
-RVHSK�'��=XFNHUPDQ��0�'��★★★★

.HLWK�$��0D\R��0�'��★★★★

5REHUW�0��%HUU\��0�'�

★★★★★★★� ���������DQG��DERYH
★★★★★★� ������������������
★★★★★� ������������������

★★★★� ����������������
★★★� ����������������
★★� ����������������

★� ������������
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����
-HIIUH\�&��3DUNHU��0�'��★
-HIIUH\�:��$NHVRQ��0�'��★★★

.HYLQ�3��6FKRHQIHOGHU��0�'��★
0DUF�)��6ZLRQWNRZVNL��0�'��★★★★★★

7KRPDV�-��)LVFKHU��0�'��★★★★

����
'DQLHO�/��)OXJVWDG��0�'��★★★★★

-HIIUH\�1��+DQVHQ��0�'��★★★

3DXO�-��$EERWW��0�'��★★★★

5LFKDUG�-��%DUU\��0�'��★
:LOOLDP�3��%DUUHWW��0�'��★★★★★

����
&DUOHWRQ�$��.HFN��-U���0�'��★★★

*DU\�%HUJPDQ��0�'��★★★★★

/DZUHQFH�(��+ROODQG��0�'��★
0LFKDHO�(��0RUULV��0�'��★★★★

����
&UDLJ�7��$UQW]��0�'��★★★

+HUEHUW�5��&ODUN��0�'��★★

0LFKDHO�.��*DQQRQ��0�'��★
6WHYHQ�/��5HHG��0�'��★

����
-RQDWKDQ�/��)UDQNOLQ��0�'��★★★★★

0LFKDHO�$��7KRUSH��0�'��★★★★★★

5LFKDUG�9��:LOOLDPVRQ��0�'��★

����
-DPHV�3��&UXWFKHU��0�'��★★★★★

/DZUHQFH�9��3DJH��'�2��★★★

0DUWLQ�*��0DQNH\��0�'��★★★★★

1DQF\�-��(QVOH\��0�'�
6WHYH�&��7KRPDV��0�'��★★★★

����
'DYLG�0��.LHUDV��0�'��★
-��5REHUWR�5��&DUUHRQ��0�'�
-D\�$��:LQ]HQULHG��0�'��★★

.HQ�)XMLL��0�'��★
:DOWHU�)��.UHQJHO�,,,��0�'��★★★

����
'DYLG�+��%LVKRS��0�'��★★

.LW�0��6RQJ��0�'�
0DUN�5HPLQJWRQ��0�'��★★★★

0DUN�(��0XUSK\��0�'���3K�'��★★

7LP�3��/RYHOO��0�'��★★

����
&XUW�5RGLQ��0�'�
'RQ�6WULSOLQ��0�'��★★

(OL�3RZHOO��0�'��★
-HII�6WLFNQH\��0�'��★★

-RKQ�'��:HVW��0�'��★★

0LFKDHO�6DLOHU��0�'��★★★

����
-��(ULF�9DQGHUKRRIW��0�'��★★★★★

/\OH�6��6RUHQVHQ��0�'��★★★★★★★

3KLOLS�-��.UHJRU��0�'��★★

6XVDQ�5��&HUR��0�'��★★★★★

����
%URGLH�:RRG��0�'��★★

(ULF�%RZWRQ��0�'��★★

-LP�9DKH\��0�'��★
6RKDLO�.��0LU]D��0�'��★
:LOOLDP�2EUHPVNH\��0�'��★★★

����
5RQ�.ULVWHQVHQ��0�'��★
6FRWW�+RUPHO��0�'��★★

7LPRWK\�%HDOV��0�'��★★

7RGG�&ODUNH��0�'��★★★

:LOOLDP�-��0LOOV�,,,��0�'��★

����
'DYLG�'HQHND��0�'��★★

3HWHU�0LWFKHOO��0�'��★★

3HWHU�7��6LPRQLDQ��0�'��★★★★

9HUQRQ�&RROH\��0�'��★★

:LOOLDP�:DJQHU��0�'��★★★

����
'DQLHO�6WHFKVFKXOWH��-U���0�'�
'DYLG�/HYLQVRKQ��0�'��★
/��$QWKRQ\�$JWDUDS��0�'��★
0RKDPPDG�'LDE��0�'�
5DQGDOO�:��9LROD��0�'�

����
&ROLQ�3RROH��0�'��★
'DYLG�%HO¿H��0�'��★
'RQ�(ULFNVHQ��0�'��★★★★

-D\�&UDU\��0�'��★★★

2ULHQWH�'L7DQR��0�'��★

����
&UDLJ�%RDWULJKW��0�'�
-HIIUH\�*DUU��0�'�
-RKQ�0LFKHORWWL��0�'��★★

-XOLH�$��6ZLW]HU��0�'�
7KRPDV�'��&KL��0�'��★

����
%UHWW�4XLJOH\��0�'��★
&DUD�%HWK�/HH��0�'�
'DQLHO�-RQHV��0�'��★
-RHO�+RHNHPD��0�'��★★

3DWULFN�0F1DLU��0�'�

����
(ULF�1RYDFN��0�'�
)UHGHULFN�+XDQJ��0�'��★★★

0DWWKHZ�&DPXVR��0�'�
0LFKDHO�0HWFDOI��0�'��★★★

5LFKDUG�%UDQVIRUG��0�'��★

����
7LPRWK\�'X0RQWLHU��0�'�
6FRWW�+DFNHU��0�'��★
7LPRWK\�5DSS��0�'��★
:LOOLDP�6LPV��0�'��★
&DUOD�6PLWK��0�'��★

����
%HQ�'X%RLV��0�'��★
$QG\�+RZOHWW��0�'�
*X\�6FKPLGW��0�'��★
%ULDQ�6KDIHU��0�'��★
(PPD�:RRGKRXVH��0�'��★

����
-RQ�%UDPDQ��0�'��★
$OH[LV�)DOLFRY��0�'��★
0LNH�0F$GDP��0�'��★
-DVRQ�7KRPSVRQ��0�'��★
7KHD�.KDQ�)DURRTL��0�'�

����
7RQ\�%XRQFULVWLDQL��0�'��★
:DTTDU�.KDQ�)DURRTL��0�'�
:UHQ�0F&DOOLVWHU��0�'�
7LP�2¶0DUD��0�'�
'DYLG�6WHYHQV��0�'��★

����
+HLGL�6KRUV��0�'��★
6WDFH\�'RQLRQ��0�'�
(ULF�.OLQHEHUJ��0�'�
%LOO�0RQWJRPHU\��0�'��★
0HO�:DKO��0�'�
%XUW�<DV]D\��0�'�

����
-DPLH�$QWRLQH��0�'��★
-HUHPLDK�&OLQWRQ��0�'��★�
0DU\�&XQQLQJKDP��0�'��★
(YDQ�(OOLV��0�'��★
-RVHSK�/\QFK��0�'��★
$OOLVRQ�0DF/HQQDQ��0�'��★

����
'UHZ�)HKVHQIHOG��0�'��★
0DUN�)UHHERUQ��0�'��★
&KULVWRSKHU�+RZH��0�'��★
-RKQ�+RZOHWW��0�'��★
0LFKDHO�/HH��0�'��★
*UHJJ�1LFDQGUL��0�'��★

����
-DVRQ�.LQJ��0�'��★
5DMVKUL�0DKHVKZDUL��0�'��★
6RUHQ�2OVRQ��0�'��★
.DUHQ�3HUVHU��0�'��★
6FRWW�5XKOPDQ��0�'��★
$GGLVRQ�6WRQH��0�'��★
-DVRQ�:LOFR[��0�'��★
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(QGRZPHQWV

:H�H[SUHVV�RXU�DSSUHFLDWLRQ�WR�DOO�ZKR�KDYH�FRQWULEXWHG�WR� WKH�HQGRZPHQWV�RI� WKH�'HSDUWPHQW�RI�2UWKRSDHGLFV�DQG�
6SRUWV�0HGLFLQH���7KLV�DVVLVWDQFH�PDNHV�SRVVLEOH�VSHFLDO�UHVHDUFK�DFWLYLWLHV��HGXFDWLRQDO�SURJUDPV��DQG�RWKHU�SURMHFWV�
WKDW�ZH�FRXOG�QRW�RIIHU�ZLWKRXW�WKLV�H[WUD�VXSSRUW�IURP�RXU�DOXPQL��IDFXOW\��DQG�IULHQGV�LQ�WKH�FRPPXQLW\��,I�\RX�KDYH�
DQ\�TXHVWLRQV��SOHDVH�FRQWDFW�RXU�&KDLU��5LFN�0DWVHQ��PDWVHQ#X�ZDVKLQJWRQ�HGX���RU�RXU�$GPLQLVWUDWRU��.HQ�.DUERZVNL�
�NNDUE#X�ZDVKLQJWRQ�HGX����

+DQVMRHUJ�:\VV�(QGRZHG�&KDLU���-HQV�5��&KDSPDQ��0�'�

(UQHVW�0��%XUJHVV�(QGRZHG�&KDLU�IRU�2UWKRSDHGLFV�,QYHVWLJDWLRQ���'DYLG�5��(\UH��3K�'�

6LJYDUG�7��+DQVHQ�-U��(QGRZHG�&KDLU�LQ�2UWKRSDHGLF�7UDXPDWRORJ\���7HG�6��*URVV��3K�'�

-HURPH�+��'HEV�(QGRZHG�&KDLU�LQ�2UWKRSDHGLF�7UDXPDWRORJ\���6WHSKHQ�.��%HQLUVFKNH��0�'�

%RE�DQG�6DOO\�%HKQNH�(QGRZHG�&KDLU�IRU�WKH�+HDOWK�RI�WKH�6WXGHQW�$WKOHWH���-RKQ�:��2¶.DQH��0�'�

(QGRZHG�&KDLU�IRU�:RPHQ¶V�6SRUWV�0HGLFLQH�DQG�/LIHWLPH�)LWQHVV���3HWHU�5��&DYDQDJK��3K�'�

6XUJLFDO�'\QDPLFV�(QGRZHG�&KDLU�IRU�6SLQH�5HVHDUFK�

'RXJODV�7��+DUU\PDQ�,,�'H3X\�(QGRZHG�&KDLU�IRU�6KRXOGHU�5HVHDUFK���)UHGHULFN�$��0DWVHQ�,,,��0�'�

6\QWKHV�6SLQDO�6XUJHU\�2XWFRPHV�5HVHDUFK�(QGRZPHQW

=LPPHU�)UDFWXUH�)L[DWLRQ�%LRORJ\�(QGRZHG�3URIHVVRUVKLS

2VWH[�%RQH�DQG�-RLQW�5HVHDUFK�(QGRZPHQW

2UWKRSDHGLF�7UDXPDWRORJ\�(QGRZHG�/HFWXUHVKLS

-RKQ�)��/H&RFT�/HFWXUHVKLS�LQ�2UWKRSDHGLF�6XUJHU\

'RQ�DQG�&DURO�-DPHV�5HVHDUFK�)XQG�LQ�6SRUWV�0HGLFLQH�DQG�)LWQHVV

9LFWRU�+��)UDQNHO�$ZDUG

(VWKHU�:KLWLQJ�$ZDUG

(G�/DXUQHQ�$ZDUG

6SLQH�5HVHDUFK�(QGRZPHQW
�

-DPHV�*��*DUULFN�/HFWXUHVKLS�LQ�6SRUWV�0HGLFLQH

$OODQ�7UHXHU���7HG�:DJQHU��0�'��(QGRZHG�&KDLU�LQ�5HJHQHUDWLYH�6SLQH�6XUJHU\

.LUE\�2UWKRSDHGLF�5HVLGHQW�(QGRZHG�)XQG

+XDQJ�%LX�2UWKRSDHGLF�5HVLGHQW�(QGRZHG�)XQG

*UHHQOHH�2UWKRSDHGLF�5HVLGHQW�(QGRZHG�)XQG

-RVK�DQG�0D[�0\HUV�(QGRZHG�2UWKRSDHGLF�)HOORZVKLS�)XQG

6DUFRPD�2QFRORJ\�(QGRZHG�)XQG�
�
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