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(�PDLO��GUPLOOHWW#WKHVWHDGPDQFOLQLF�FRP

3DWFK�$XJPHQWHG�5RWDWRU�&XII�5HSDLU

*LYHQ �WKH �VLJQLILFDQW �IDLOXUH �UDWH �RI �PDVVLYH �URWDWRU �FXII �UHSDLUV �>�@� �SDWFK �DXJPHQWDWLRQ �PDWHULDOV �KDYH �EHHQ
GHYHORSHG �WR �HQKDQFH �WKH �VWUHQJWK �RI �WKH �UHSDLU �DQG �LQFUHDVH �KHDOLQJ �SRWHQWLDO� �$ �YDULHW\ �RI �SDWFK �DXJPHQWDWLRQ
PDWHULDOV �KDYH �EHHQ �GHYHORSHG �DQG �XVHG �FOLQLFDOO\� �LQFOXGLQJ �GHJUDGDEOH �>�� ��@ �RU �QRQ�GHJUDGDEOH �>�� ��@ �V\QWKHWLF
VFDIIROGV��DQG�H[WUDFHOOXODU�PDWUL[�EDVHG�SDWFKHV�>������@�

*HQHUDOO\�VSHDNLQJ��SDWFK�DXJPHQWHG�URWDWRU�FXII�UHSDLU�LV�LQGLFDWHG�IRU�SDWLHQWV�ZLWK�PDVVLYH��UHWUDFWHG�URWDWRU�FXII
WHDUV�ZLWK�UHODWLYHO\�KHDOWK\�PXVFOH�DQG�SRRU�WHQGRQ�TXDOLW\��7KLV�RIWHQ�RFFXUV�LQ�UHYLVLRQ�VHWWLQJV�DIWHU�D�SULRU�IDLOHG
URWDWRU�FXII�UHSDLU�

3UHIHUUHG�6XUJLFDO�7HFKQLTXH�IRU�3DWFK�$XJPHQWHG�5RWDWRU�&XII�5HSDLU

3UHRSHUDWLYH�PDJQHWLF�UHVRQDQFH�LPDJLQJ��05,��XVXDOO\�SURYLGHV�D�JRRG�LGHD�RQ�VL]H�RI�WKH�WHDU�DQG�GHJUHH�RI
WHQGRQ�UHWUDFWLRQ��)LJ�����DV�ZHOO�DV�PXVFOH�DWURSK\�DQG�IDWW\�LQILOWUDWLRQ�

)LJ� ����� �05,��FRURQDO �YLHZ��7���RI �D�ULJKW �VKRXOGHU� �GHPRQVWUDWLQJ�D�PDVVLYH� �UHWUDFWHG�URWDWRU �FXII �UH�WHDU �IROORZLQJ�SUHYLRXV
GRXEOH�URZ�URWDWRU�FXII�UHSDLU�

+RZHYHU��WKH�XOWLPDWH�GHFLVLRQ�XSRQ�UHSDUDELOLW\�RI�D�URWDWRU�FXII�WHDU�FDQ�XVXDOO\�RQO\�EH�PDGH�LQWUDRSHUDWLYHO\�

)LJ� ����� �$UWKURVFRSLF �DVVHVVPHQW �RI �QDWLYH �URWDWRU �FXII �WLVVXH �TXDOLW\ �DQG �PRELOLW\ �LQ �D �ULJKW �VKRXOGHU ��VDPH�SDWLHQW �DV �)LJ� ���
YLHZLQJ�IURP�WKH�ODWHUDO�SRUWDO��7KH�WHQGRQ�FDQ�EH�PRELOL]HG�WR�WKH�JUHDWHU�WXEHURVLW\��EXW�LV�WKLQ�DQG�RI�SRRU�TXDOLW\�DIWHU���SUHYLRXV
IDLOHG�URWDWRU�FXII�UHSDLUV�
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)ROORZLQJ�WKH�DGPLQLVWUDWLRQ�RI�D�UHJLRQDO�LQWHUVFDOHQH�EORFN�DQG�WKH�LQGXFWLRQ�RI�JHQHUDO�DQHVWKHVLD��WKH�SDWLHQW�LV
SODFHG�LQ�WKH�PRGLILHG�EHDFK�FKDLU�SRVLWLRQ�ZLWK�D�SQHXPDWLF�DUP�KROGHU��6WDQGDUG�SRVWHULRU�DQG�DQWHURVXSHULRU�SRUWDOV
DUH�HVWDEOLVKHG��'LDJQRVWLF�DUWKURVFRS\�LV�SHUIRUPHG�DQG�DOO�LQWUD�DUWLFXODU�SDWKRORJLHV�DUH�DGGUHVVHG��$Q�DFFHVVRU\
ODWHUDO�SRUWDO�LV�HVWDEOLVKHG�WR�DOORZ�IRU�DFFHVV�WR�WKH�VXEDFURPLDO�VSDFH��0RELOLW\�RI�WKH�WRUQ�FXII�WHQGRQV�LV�DVVHVVHG
DQG�LQWUD��DQG�H[WUD�DUWLFXODU�UHOHDVHV�DUH�SHUIRUPHG�XVLQJ�DQ�DUWKURVFRSLF�VKDYHU�DQG�D�UDGLRIUHTXHQF\�SUREH��$W�WKLV
SRLQW��DIWHU�DVVHVVLQJ�ERWK�PRELOLW\�DQG�TXDOLW\�RI�WKH�QDWLYH�URWDWRU�FXII�WLVVXH��WKH�GHFLVLRQ�LV�PDGH�ZKHWKHU�WR�SHUIRUP
URWDWRU�FXII�UHSDLU�ZLWK�RU�ZLWKRXW�SDWFK�DXJPHQWDWLRQ��)LJ�����

$Q\�UHWDLQHG�VXWXUHV�DQG�VXWXUH�DQFKRUV�IURP�SUHYLRXV�VXUJHULHV�DUH�WKHQ�UHPRYHG��,I�VXEDFURPLDO�LPSLQJHPHQW�LV
VXVSHFWHG��D�VXEDFURPLDO�EXUVHFWRP\�DQG�DFURPLRSODVW\�DUH�SHUIRUPHG�

5RWDWRU �FXII �UHSDLU �ZLWK �SDWFK �DXJPHQWDWLRQ �LV �WKHQ �SHUIRUPHG �XVLQJ �HLWKHU �DQ �RSHQ �RU �DUWKURVFRSLF �WHFKQLTXH
DFFRUGLQJ�WR�WKH�VL]H�DQG�FRQILJXUDWLRQ�RI�WKH�WHDU��)RU�WKH�RSHQ�DSSURDFK��D�GHOWRLG�VSOLWWLQJ�DSSURDFK�LV�XWLOL]HG��7KH
JUHDWHU�WXEHURVLW\�IRRWSULQW�LV�WKHQ�GHEULGHG�WR�D�EOHHGLQJ�VXUIDFH�XVLQJ�D�PRWRUL]HG�VKDYHU��&UHVFHQW�VKDSHG�WHDUV�DUH
PRELOL]HG�DQG�UHSDLUHG�GLUHFWO\�WR�WKH�PHGLDO�IRRWSULQW��)RU�8��DQG�/�VKDSHG�WHDUV��D�PDUJLQ�FRQYHUJHQFH�WHFKQLTXH�LV
XVHG�WR�FORVH�WKH�GHIHFW�IURP�PHGLDOO\�WR�ODWHUDOO\�

5HJDUGLQJ �WKH �SDWFK �PDWHULDO� �ZH �SUHIHU �KXPDQ �DFHOOXODU �GHUPDO �H[WUDFHOOXODU �PDWUL[ �SDWFKHV �LPSUHJQDWHG �ZLWK
JURZWK�IDFWRUV��JO\FRVDPLQRJO\FDQV�DQG�SURWHRJO\FDQV�DV�JUDIW�DXJPHQWDWLRQV��$OORJUDIWV�DUH�XVXDOO\�XVHG�DV�DXJPHQWV
WR�UHLQIRUFH�WKH�QDWLYH�URWDWRU�FXII�WLVVXH��QRW�WR�EULGJH�RYHU�WHQGRQ�GHIHFWV�

7KH�DOORJUDIW�SDWFK�LV�WULPPHG�WR�PDWFK�WKH�SODQQHG�DUHD�RI�DXJPHQWDWLRQ��:H�SUHIHU�WR�SHUIRUP�WKH�DXJPHQWDWLRQ
XVLQJ�DQ�LQWHUFRQQHFWHG��OLQNHG�GRXEOH�URZ�WHFKQLTXH�ZLWK�VXWXUH�WDSHV�DFFRUGLQJ�WR�WKH�PHWKRG�GHVFULEHG�E\�YDQ�GHU
0HLMGHQ�HW�DO��>��@��7KH�PHGLDO�URZ�RQ�WKH�KXPHUDO�IRRWSULQW�FRQVLVWV�RI�XVXDOO\�����NQRWOHVV�VXWXUH�DQFKRUV�ORDGHG�ZLWK
D�QR���WLS�UHWHQWLRQ�VXWXUH�DQG�D���PP�VXWXUH�WDSH��2QH�VWUDQG�RI�ERWK�WKH�VXWXUH�DQG�WKH�VXWXUH�WDSH�DUH�SDVVHG�WKURXJK
WKH�QDWLYH�URWDWRU�FXII�XVLQJ�D�VXWXUH�ODVVR�RU�RWKHU�VKXWWOLQJ�GHYLFH��7KH�VXWXUHV�DUH�WLHG�XVLQJ�D�KRUL]RQWDO�PDWWUHVV
VWLWFK�ZKLFK�DQFKRUV�WKH�PHGLDO�VXWXUH�DQFKRUV�WR�WKH�UHPDLQLQJ�FXII�WLVVXH��)LJ�����

)LJ� ����� �%LUGdV �H\H�YLHZ�RQ�WKH�GHOWRLG�VSOLWWLQJ�DSSURDFK�LQ�D �ULJKW �VKRXOGHU ��VDPH�SDWLHQW �DV �)LJV� �� �DQG���� �ZLWK�PHGLDO �URZ
DQFKRUV�LQ�SODFH�DQG�UHSDLU�RI�WKH�QDWLYH�URWDWRU�FXII�WLVVXH�WR�WKH�PHGLDO�DVSHFW�RI�WKH�IRRWSULQW�

$GGLWLRQDO�WDJJLQJ�VXWXUHV�DUH�SODFHG�LQ�WKH�ODWHUDO�DVSHFW�RI�WKH�DOORJUDIW�DQG�WKH�VXWXUH�WDSHV�DUH�SDVVHG�WKURXJK�WKH
PHGLDO�DVSHFW�RI�WKH�DOORJUDIW��7KH�JUDIW�LV�WKHQ�SXVKHG�LQWR�SRVLWLRQ�DQG�LQFRUSRUDWHG�LQWR�WKH�GRXEOH�URZ�UHSDLU�XVLQJ
WKH�OLQNHG�VXWXUH�WDSHV�IURP�WKH�PHGLDO�URZ�WR�WKH�ODWHUDO�URZ�RYHU�WKH�WRS�RI�WKH�HQWLUH�FRQVWUXFW��)LJ�����

7KLV�WHFKQLTXH�FRPSUHVVHV�WKH�JUDIW�RQ�WRS�RI�WKH�QDWLYH�WHQGRQ�IURP�LWV�EXUVDO�VXUIDFH�DQG�FRPSOHWHO\�FRYHUV�WKH
JUHDWHU�WXEHURVLW\�IRRWSULQW��0RVW�RIWHQ����DQFKRUV�DUH�SODFHG�PHGLDOO\�DQG���DQFKRUV�ODWHUDOO\��$UWKUH[��6SHHGEULGJH
.LW��1DSOHV��)/���)LJ������3ODWHOHW�ULFK�SODVPD��353��FDQ�EH�LQMHFWHG�LQWR�WKH�URWDWRU�FXII�UHSDLU�VLWH�DW�WKH�HQG�RI�WKH
SURFHGXUH��GHSHQGLQJ�RQ�WKH�VXUJHRQdV�SUHIHUHQFH�
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)LJ�������%LUGdV�H\H�YLHZ�RQ�WKH�GHOWRLG�VSOLWWLQJ�DSSURDFK�LQ�D�ULJKW�VKRXOGHU��VDPH�SDWLHQW�DV�)LJV��������ZLWK�ILQDO�FRQVWUXFW�LQ�SODFH�
$Q�DFHOOXODU�GHUPDO�PDWUL[�DOORJUDIW�SDWFK�LV�LQWHJUDWHG�LQWR�WKH���DQFKRU�EULGJLQJ�GRXEOH�URZ�URWDWRU�FXII�UHSDLU�

%LRPHFKDQLFDO�5HVXOWV�RI�3DWFK�$XJPHQWHG�5RWDWRU�&XII�5HSDLU

6HYHUDO�FDGDYHULF�VWXGLHV�KDYH�LQYHVWLJDWHG�WKH�ELRPHFKDQLFDO�SURSHUWLHV�RI�SDWFK�DXJPHQWHG�URWDWRU�FXII�UHSDLUV�>��
����@�

,QFUHDVHG�JDS�IRUPDWLRQ�KDV�EHHQ�SURSRVHG�WR�LPSHGH�KHDOLQJ�DW�WKH�WHQGRQ�ERQH�LQWHUIDFH�>��@��6KHD�HW�DO��UHSRUWHG
D�UHGXFWLRQ�RI�JDS�IRUPDWLRQ�DW�WKH�WHQGRQ�ERQH�UHSDLU�VLWH�GXULQJ�F\FOLF�ORDGLQJ�E\�����IRU�DQ�H[WUDFHOOXODU�PDWUL[
[HQRJUDIW�UHLQIRUFHG�UHSDLU ����� �PP��FRPSDUHG�WR �D �VWDQGDUG�URWDWRU �FXII �UHSDLU ����� �PP�� �7KH�ORDG�WR �IDLOXUH �DOVR
LQFUHDVHG�ZLWK�WKH�DXJPHQWHG�UHSDLU������1�YV������1��>��@��7KHVH�ILQGLQJV�ZHUH�FRQILUPHG�E\�0F&DUURQ�HW�DO���ZKR
DOVR �GHPRQVWUDWHG �D �GHFUHDVHG �JDS �IRUPDWLRQ �ZKHQ �XVLQJ �D �IDVFLD �ODWD�DXWRJUDIW �DV �SDWFK �DXJPHQWDWLRQ �PDWHULDO�
)XUWKHUPRUH��DOO�DXJPHQWHG�UHSDLUV�LQ�WKHLU�VWXG\�FRPSOHWHG�WKH�F\FOLF�ORDGLQJ�SURWRFRO��ZKLOH�RQH�WKLUG�RI�WKH�QRQ�
DXJPHQWHG �UHSDLUV �IDLOHG �>��@� �+HQFH� �WKHVH �ELRPHFKDQLFDO �VWXGLHV �VXJJHVW �WKDW �SDWFK �DXJPHQWDWLRQ �PD\ �IDFLOLWDWH
KHDOLQJ�RI�WKH�URWDWRU�FXII�WHQGRQ�E\�GHFUHDVLQJ�JDS�IRUPDWLRQ�

,Q �D �UHFHQW �ELRPHFKDQLFDO �VWXG\�E\�YDQ�GHU �0HLMGHQ�HW �DO� �WKDW �FUHDWHG �D �PDVVLYH �WHDU �PRGHO� �SDWFK�DXJPHQWHG
GRXEOH�URZ�UHSDLUV�FRXOG�UHVWRUH�WKH�UHSDLU�VWUHQJWK�EDFN�WR�D�QRUPDO�VWDWH�LQ�ZKLFK�WKH�VXSUD��DQG�LQIUDVSLQDWXV�ZHUH
LQWDFW��EXW�WKH�DXJPHQWDWLRQ�GLG�QRW�LQFUHDVH�WKH�ORDG�WR�IDLOXUH�FRPSDUHG�WR�WKH�QRQ�DXJPHQWHG�GRXEOH�URZ�UHSDLU��,W�LV
LPSRUWDQW�WR�QRWH�WKDW�WKH�URWDWRU�FXII�WHQGRQV�ZHUH�RI�QRUPDO�TXDOLW\�>��@��$V�LQ�DOO�FDGDYHULF�VWXGLHV��WKH�WLPH�]HUR
FRPSRQHQW�ZLWK�WKH�LQDELOLW\�WR�DFFRXQW�IRU�ELRORJLFDO�KHDOLQJ�HIIHFWV�KDV�WR�EH�QRWHG�DQG�ELRPHFKDQLFDO�LQ�YLYR�UHVXOWV
PD\�GLIIHU�UHPDUNDEO\�IURP�WKH�FDGDYHULF�ILQGLQJV��:KLOH�WKH�PDMRULW\�RI�VWXGLHV�KDYH�UHSRUWHG�SDWFK�DXJPHQWDWLRQV�WR
EH�DGYDQWDJHRXV��IXUWKHU�UHVHDUFK�LV�QHHGHG�WR�GHWHUPLQH�WKH�WUXH�EHQHILW�RI�SDWFK�DXJPHQWDWLRQV�DQG�WKH�EHVW�ZD\�WR�IL[
WKH�JUDIWV�

&OLQLFDO�2XWFRPHV�RI�3DWFK�$XJPHQWHG�5RWDWRU�&XII�5HSDLU

,Q�DQ�HDUO\�UDQGRPL]HG�FOLQLFDO�WULDO�IURP�������,DQQRWWL�HW�DO��XVHG�D�SRUFLQH�VPDOO�LQWHVWLQH�VXEPXFRVD�SDWFK�WR
DXJPHQW�UHSDLUV�RI�ODUJH�DQG�PDVVLYH�FKURQLF�URWDWRU�FXII�WHDUV��7KH\�IRXQG�QR�LPSURYHPHQW�RI�KHDOLQJ�UDWH�RU�FOLQLFDO
RXWFRPHV�IRU�SDWFK�DXJPHQWDWLRQ�FRPSDUHG�WR�QRUPDO�URWDWRU�FXII�UHSDLUV�>��@�

+RZHYHU��IDYRUDEOH�FOLQLFDO�RXWFRPHV�KDYH�EHHQ�UHSRUWHG�LQ�VHYHUDO�VXEVHTXHQW�VWXGLHV�ZLWK�SDWFKHV�PDGH�RI�RWKHU
PDWHULDOV��7KHVH�FRQIOLFWLQJ�UHVXOWV�VXJJHVW�WKDW�WKH�W\SH�RI�SDWFK�VHHPV�WR�LQIOXHQFH�RXWFRPHV��6\QWKHWLF�DEVRUEDEOH�>��
�@ �RU �QRQ�DEVRUEDEOH�>�� ��@ �SDWFK�PDWHULDOV �KDYH�EHHQ�LQYHVWLJDWHG� �ZLWK�VLJQLILFDQW �SRVWRSHUDWLYH�LPSURYHPHQWV �LQ
$6(6�DQG�8&/$�VFRUHV�

0RUL�HW�DO��FRPSDUHG�DUWKURVFRSLF�SDUWLDO�URWDWRU�FXII�UHSDLU�WR�IDVFLD�ODWD�DXWRJUDIW�DXJPHQWHG�URWDWRU�FXII�UHSDLU�IRU
ODUJH�WR�PDVVLYH�URWDWRU�FXII�WHDUV�ZLWK�D�PHDQ�IROORZ�XS�RI����PRQWKV��3DWLHQWV�ZKR�XQGHUZHQW�WKH�SDWFK�DXJPHQWDWLRQ
KDG�VLJQLILFDQWO\�EHWWHU�PHDQ�SRVWRSHUDWLYH�&RQVWDQW�VFRUHV�DQG�$PHULFDQ�6RFLHW\�RI�6KRXOGHU�DQG�(OERZ�6XUJHRQV
�$6(6��VFRUHV�FRPSDUHG�WR�WKH�SDUWLDO�UHSDLU�JURXS��$GGLWLRQDOO\��UHWHDU�UDWHV�GHWHFWHG�RQ�05,�ZHUH������LQ�WKH�SDWFK�
DXJPHQWDWLRQ�JURXS�DQG�������LQ�WKH�SDUWLDO�UHSDLU�JURXS�>��@��7KLV�VWXG\�VXJJHVWV�WKDW�SDWFK�DXJPHQWHG�URWDWRU�FXII
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UHSDLU�PD\�OHDG�WR�HQKDQFHG�KHDOLQJ�DQG�LPSURYHG�FOLQLFDO�RXWFRPHV�FRPSDUHG�WR�SDUWLDO�UHSDLU�

$Q�DFHOOXODU�KXPDQ�GHUPDO�PDWUL[�DOORJUDIW�ZDV�XVHG�E\�%RQG�HW�DO��>�@��:RQJ�HW�DO��>�@��%DUEHU�HW�DO��>�@��DOO�RI
WKHP�UHSRUWLQJ �SURPLVLQJ �FOLQLFDO �UHVXOWV �SRVWRSHUDWLYHO\� �6LPLODU �VLJQLILFDQW �LPSURYHPHQWV �LQ �FOLQLFDO �VFRUHV �ZHUH
REVHUYHG�IRU�SRUFLQH�GHUPDO�[HQRJUDIWV�DV�XVHG�E\�*XSWD�HW�DO��>�@�DQG�*LDQQRWWL�HW�DO��>��@�

6XSHULRU�&DSVXOH�5HFRQVWUXFWLRQ

,Q�OLJKW�RI�WKH�FRQVLGHUDEO\�KLJK�UDWH�RI�UHWHDUV�DIWHU�SDWFK�DXJPHQWHG�URWDWRU�FXII�UHSDLU�IRU�LUUHSDUDEOH�URWDWRU�FXII
WHDUV��VXSHULRU�FDSVXOH�UHFRQVWUXFWLRQ��6&5��KDV�UHFHQWO\�EHHQ�SURSRVHG�DV�D�SURPLVLQJ�QHZ�WRRO�SURYLGLQJ�VXSHULRU
VWDELOLW\�>������@�

6WUXFWXUDOO\��WKH�VKRXOGHU�MRLQW�FDSVXOH��LQFOXGLQJ�WKH�VXSHULRU�FDSVXOH�VWDWLFDOO\�VWDELOL]HV�WKH�JOHQRKXPHUDO�MRLQW
>��@��7KH�VXSHULRU�FDSVXOH�DWWDFKHV�WR�D�VLJQLILFDQW�SRUWLRQ�RI�WKH�JUHDWHU�WXEHURVLW\�>��@��DQG�LV�RIWHQ�FRQFRPLWDQWO\�WRUQ
ZKHQ�WKH�VXSUD��DQG�LQIUDVSLQDWXV�WHQGRQV�DUH�WRUQ�>��@�

,VKLKDUD �HW �DO� �UHFHQWO\ �GHPRQVWUDWHG �LQ �D �ELRPHFKDQLFDO �VWXG\ �WKDW �D �GHILFLHQW �VXSHULRU �FDSVXOH �LQFUHDVHG
JOHQRKXPHUDO �WUDQVODWLRQ �LQ �DOO �GLUHFWLRQV� �SDUWLFXODUO\ �VXSHULRU �WUDQVODWLRQ �DW ��b �DQG ���b �RI �DEGXFWLRQ �>��@� �,Q �D
FDGDYHULF�VWXG\��0LKDWD�HW�DO��LQWLDOO\�UHSRUWHG�WKDW�D�VLPXODWHG�WHDU�RI�WKH�VXSUDVSLQDWXV�WHQGRQ�VLJQLILFDQWO\�LQFUHDVHG
VXSHULRU �WUDQVODWLRQ �RI �WKH �KXPHUXV� �LQFUHDVHG �VXEDFURPLDO �FRQWDFW �SUHVVXUH� �DQG �GHFUHDVHG �WKH �JOHQRKXPHUDO
FRPSUHVVLRQ�IRUFH�>��@��6XEVHTXHQWO\��WKH\�FRPSDUHG�VXSHULRU�JOHQRKXPHUDO�VWDELOLW\�IRU�VLPXODWHG�LUUHSDUDEOH�URWDWRU
FXII�WHDUV�DQG�UHSDLUV��7KH\�GHPRQVWUDWHG�WKDW�VXSHULRU�JOHQRKXPHUDO�WUDQVODWLRQ�ZDV�UHVWRUHG�SDUWLDOO\�DIWHU�DSSO\LQJ�D
SDWFK�JUDIW�WR�WKH�VXSUDVSLQDWXV�WHQGRQ��ZKLOH�WUDQVODWLRQ�ZDV�IXOO\�UHVWRUHG�DIWHU�DSSO\LQJ�WKH�SDWFK�WR�UHFRQVWUXFW�WKH
VXSHULRU�FDSVXOH��7KH�DXWKRUV�FRQFOXGHG�WKDW�WKH�SDWFK�VKRXOG�EH�DWWDFKHG�PHGLDOO\�WR�WKH�VXSHULRU�JOHQRLG�LQVWHDG�RI�WKH
VXSUDVSLQDWXV�WHQGRQ�VWXPS��DQG�ODWHUDOO\�WR�WKH�JUHDWHU�WXEHURVLW\�WR�UHVWRUH�VXSHULRU�VWDELOLW\�RI�WKH�KXPHUDO�KHDG�>��@�

)LJ�������$UWKURVFRSLF�YLHZ��OHIW�VKRXOGHU��YLHZ�IURP�WKH�SRVWHURODWHUDO�SRUWDO��VKRZLQJ�D�PDVVLYH�URWDWRU�FXII�WHDU�

3UHIHUUHG�6XUJLFDO�7HFKQLTXH�IRU�6XSHULRU�&DSVXOH�5HFRQVWUXFWLRQ

6XUJHU\�LV�SHUIRUPHG�XQGHU�JHQHUDO�DQHVWKHVLD�ZLWK�DQ�DGGLWLRQDO�LQWHUVFDOHQH�QHUYH�FDWKHWHU��7KH�SDWLHQW�LV�SODFHG
LQ�WKH�EHDFK�FKDLU�SRVLWLRQ��6WDQGDUG�SRVWHULRU�DQG�DQWHURVXSHULRU�SRUWDOV�DUH�HVWDEOLVKHG�DQG�GLDJQRVWLF�DUWKURVFRS\�LV
SHUIRUPHG� �([WHQVLYH �GHEULGHPHQW �RI �WKH �UHPDLQLQJ �FXII �WLVVXH �EDFN �WR �VWDEOH �PDUJLQV �LV �SHUIRUPHG� �2QFH �WKH
LUUHSDUDEOH�URWDWRU�FXII�WHDU�LV�FRQILUPHG��)LJ������WKH�VL]H�RI�WKH�WHDU�LV�GHWHUPLQHG�LQ�WKH�VDJLWWDO�DQG�FRURQDO�SODQHV
ZLWK�DQ�DUWKURVFRSLF�UXOHU�

7KH�JUHDWHU�WXEHURVLW\�DQG�WKH�VXSHULRU�JOHQRLG�DUH�SUHSDUHG�ZLWK�D�PRWRUL]HG�VKDYHU�RU�UDVS�LQ�RUGHU�WR�HQKDQFH
JUDIW�WR�ERQH�KHDOLQJ��$�1HYLDVHU�SRUWDO�LV�HVWDEOLVKHG�DQG�GULOOLQJ�IRU�WKH�ILUVW�JOHQRLG�DQFKRU�LV�SHUIRUPHG��$�NQRWOHVV
DQFKRU�ORDGHG�ZLWK�VXWXUH�WDSH������PP�6ZLYHORFN�DQFKRU�ZLWK�)LEHUWDSH��$UWKUH[�,QF���1DSOHV��)/��LV�LQVHUWHG�DW�WKH���
RdFORFN�SRVLWLRQ�RI�WKH�JOHQRLG�

$�NQRWOHVV �EULGJLQJ�GRXEOH�URZ�UHSDLU �LV �XVHG�IRU �WKH�ODWHUDO� �KXPHUDO �VLGH�IL[DWLRQ��6SHHG�%ULGJH�NLW� �$UWKUH[�
1DSOHV��)/���7KH�ILUVW�NQRWOHVV�DQFKRU�ORDGHG�ZLWK�VXWXUH�WDSH�LV�LQVHUWHG�DW�WKH�DQWHURPHGLDO�DVSHFW�RI�WKH�URWDWRU�FXII
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IRRWSULQW� �DGMDFHQW �WR �WKH �DUWLFXODU �FDUWLODJH �PDUJLQ� �1H[W� �WKH �SRVWHURPHGLDO �DQFKRU �LV �LQVHUWHG �IRU �WKH �PHGLDO �URZ
IL[DWLRQ��$OO�VXWXUH�VWUDQGV�DUH�WKHQ�UHWULHYHG�DQG�SXOOHG�WKURXJK�WKH�DQWHURODWHUDO�SRUWDO�

7KH�JUHDWHU�WXEHURVLW\�LV�PLFURIUDFWXUHG�LQ�DQ�HIIRUW�WR�HQKDQFH�JUDIW�WR�ERQH�KHDOLQJ�

1H[W� �D �KXPDQ�DFHOOXODU �GHUPDO �DOORJUDIW ��� �PP�$UWKURIOH[� �$UWKUH[� �1DSOHV� �)/� �LV �SUHSDUHG� �DFFRUGLQJ�WR �WKH
DUWKURVFRSLF�PHDVXUHPHQWV�RI�WKH�GHIHFW��7KH�VXWXUHV�DUH�VKXWWOHG�WKURXJK�WKH�SDWFK�DW�DSSURSULDWH�LQWHUYDOV�DFFRUGLQJ�WR
LQWUD�DUWLFXODU �PHDVXUHPHQWV� �7KH �HGJHV �RI �WKH �JUDIW �DUH �VHFXUHG �ZLWK �DGGWLRQDO �WDJJLQJ �VXWXUHV� �IL[HG �LQ �D �FLQFK�
FRQILJXUDWLRQ��)LJ�����

)LJ�������7KH�KXPDQ�DFHOOXODU�GHUPDO�DOORJUDIW�LV�SUHSDUHG�H[�YLYR�XVLQJ�WKH�VXWXUH�WDSHV�IURP�WKH�PHGLDQ�JOHQRLG�DQFKRU�DQG�WKH
PHGLDO�KXPHUDO�URZ�RI�DQFKRUV��DV�ZHOO�DV�DGGLWLRQDO�WDJJLQJ�VXWXUHV�LQ�D�FLQFK�FRQILJXUDWLRQ�

7KH�SDWFK�LV�WKHQ�LQWURGXFHG�LQWR�WKH�VKRXOGHU�YLD�WKH�DQWHURODWHUDO�SRUWDO�ZLWK�DQ�DUWKURVFRSLF�NQRW�SXVKHU��7KH
VXWXUHV�DUH�WKHQ�UHWULHYHG�WKURXJK�WKH�FRUUHVSRQGLQJ�SRUWDOV�

)LJ�������$UWKURVFRSLF�YLHZ��OHIW�VKRXOGHU��YLHZ�IURP�WKH�SRVWHURODWHUDO�SRUWDO��VDPH�SDWLHQW�DV�)LJV����DQG����RQ�WKH�JOHQRLG�IL[DWLRQ
RI�WKH�ILQDO�FRQVWUXFW�RI�WKH�VXSHULRU�FDSVXOH�UHFRQVWUXFWLRQ�

,Q�RUGHU�WR�GHILQLWLYHO\�IL[�WKH�JUDIW�PHGLDOO\��WZR�PRUH�NQRWOHVV�VXWXUH�DQFKRUV������PP�/DEUDO�6ZLYHORFN��$UWKUH[
,QF���1DSOHV��)/��DUH�WKHQ�ORDGHG�ZLWK�WKH�VXWXUH�WDSH�VWUDQGV�IURP�WKH�SUHYLRXVO\�LQVHUWHG�PHGLDQ�JOHQRLG�DQFKRU�DQG�D
FLQFK�VXWXUH�IURP�WKH�PHGLDO�DVSHFWV�RI�WKH�JUDIW��7KHVH�WZR�DQFKRUV�DUH�WKHQ�LQVHUWHG�LQWR�WKH�JOHQRLG�DW�DSSUR[LPDWHO\
WKH����RdFORFN�SRVLWLRQ��DQG�WKH���RdFORFN�SRVLWLRQ��UHVSHFWLYHO\��)LJ�����

7KH �QDWLYH �URWDWRU �FXII �WLVVXH �LV �WKHQ �DWWDFKHG �WR �WKH �JUDIW �XVLQJ �WKH �WLS �UHWHQWLRQ �VXWXUHV �IURP �WKH �PHGLDO �URZ
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DQFKRUV��)RU�ODUJHU�WHDUV��D�WKLUG�DQFKRU�ORDGHG�ZLWK�VXWXUH�WDSH�FDQ�EH�DGGHG�EHWZHHQ�WKH�WZR�SUHYLRXVO\�SODFHG�PHGLDO
DQFKRUV�WR�FRPSOHWH�WKH�PHGLDO�URZ��ILQDOO\�UHVXOWLQJ�LQ�D���DQFKRU�UHSDLU�

7KH�JUDIW�LV�WKHQ�IL[HG�ODWHUDOO\�RQWR�WKH�JUHDWHU�WXEHURVLW\��7KH�ODWHUDO�URZ�DQFKRUV�HDFK�FRQQHFW�WZR�VXWXUH�WDSH
VWUDQGV �RI �WKH �PHGLDO �URZ �DQFKRUV� �7KH �ILQDO �FRQVWUXFW �LV �WKHQ �YLVXDOL]HG �YLD �WKH �ODWHUDO �SRUWDO �DQG �VWDELOLW\ �RI �WKH
FRQVWUXFW�LV�DVVHVVHG�IURP�ERWK�WKH�EXUVDO��)LJ�����DQG�DUWLFXODU�VLGH��7KLV�DVVHVVPHQW�LV�DOVR�UHSHDWHG�GXULQJ�D�G\QDPLF
H[DPLQDWLRQ�RI�WKH�VKRXOGHU�

)LJ�������$UWKURVFRSLF�YLHZ��OHIW�VKRXOGHU��YLHZ�IURP�WKH�SRVWHURODWHUDO�SRUWDO��VDPH�SDWLHQW�DV�)LJV�������RQ�WKH�KXPHUDO�IL[DWLRQ�RI
WKH�ILQDO�FRQVWUXFW�RI�WKH�VXSHULRU�FDSVXOH�UHFRQVWUXFWLRQ�

&OLQLFDO�2XWFRPHV�RI�6XSHULRU�&DSVXODU�5HFRQVWUXFWLRQ�DQG�%ULGJLQJ�5HFRQVWUXFWLRQV

,Q�WKH�RQO\�FOLQLFDO�VWXG\�RQ�6&5�RXWFRPHV��0LKDWD�HW�DO��UHSRUWHG�WKH�FOLQLFDO�RXWFRPHV�RI�DUWKURVFRSLF�VXSHULRU
FDSVXODU�UHFRQVWUXFWLRQV�LQ����SDWLHQWV�ZLWK�D�PHDQ�DJH�RI����\HDUV�ZLWK�LUUHSDUDEOH�URWDWRU�FXII�WHDUV�>��@��7KH\�XVHG�D
IDVFLD�ODWD�DXWRJUDIW��ZKLFK�ZDV�IL[HG�PHGLDOO\�WR�WKH�JOHQRLG�VXSHULRU�WXEHUFOH�ZLWK�D�VLQJOH�URZ�RI�VXWXUH�DQFKRUV��DQG
ODWHUDOO\�WR�WKH�JUHDWHU�WXEHURVLW\�XVLQJ�D�GRXEOH�URZ�WHFKQLTXH��7KH�JUDIW�ZDV�OLQNHG�WR�WKH�LQIUDVSLQDWXV�SRVWHULRUO\�DQG
WKH�DQWHULRU�VXSUDVSLQDWXV�RU�VXEVFDSXODULV�DQWHULRUO\�ZLWK�VLGH�WR�VLGH�VXWXUHV�LQ�RUGHU�WR�UHVWRUH�DQWHULRU�DQG�SRVWHULRU
IRUFH �FRXSOHV� �$IWHU �D �PHDQ �IROORZ�XS �RI ��� �PRQWKV� �WKH �$6(6 �VFRUH �KDG �VLJQLILFDQWO\ �LPSURYHG �IURP �����
SUHRSHUDWLYHO\�WR������SRVWRSHUDWLYHO\��6KRXOGHU�PXVFOH�VWUHQJWK�DOVR�VLJQLILFDQWO\�LPSURYHG�DQG�WKH�DFURPLRKXPHUDO
GLVWDQFH�VLJQLILFDQWO\�LQFUHDVHG�DIWHU�VXUJHU\��05,�ILQGLQJV�LQGLFDWHG�WKDW�����RI�WKH�VKRXOGHUV�GLG�QRW�KDYH�UH�WHDUV�RU
JUDIW�WHDUV��$GGLWLRQDOO\��QR�SDWLHQWV�VKRZHG�SURJUHVVLRQ�RI�RVWHRDUWKULWLV�RU�URWDWRU�FXII�PXVFOH�DWURSK\�>��@�

5HSUHVHQWLQJ �D �FURVV�RYHU �SURFHGXUH �EHWZHHQ �SDWFK�DXJPHQWHG �URWDWRU �FXII �UHSDLU �DQG �VXSHULRU �FDSVXOH
UHFRQVWUXFWLRQ��*XSWD�HW�DO��VXJJHVWHG�VHZLQJ�D�KXPDQ�GHUPDO�DOORJUDIW�LQWR�WKH�QDWLYH�WHQGRQ�LQVWHDG�RI�DQFKRULQJ�LW�WR
WKH�VXSHULRU�JOHQRLG�PHGLDOO\��FUHDWLQJ�D�EULGJLQJ�LQWHUSRVLWLRQ�UHFRQVWUXFWLRQ�IRU�LUUHSDUDEOH�PDVVLYH�URWDWRU�FXII�WHDUV�
,Q�D�SURVSHFWLYH�REVHUYDWLRQDO�VWXG\�RI����SDWLHQWV��WKH\�UHSRUWHG�VLJQLILFDQW�LPSURYHPHQWV�LQ�SDLQ��UDQJH�RI�PRWLRQ�
DQG�VWUHQJWK�DW�DQ�DYHUDJH���\HDU�IROORZ�XS��7KH�DYHUDJH�$6(6�VFRUH�LPSURYHG�IURP������SUHRSHUDWLYHO\�WR������SRLQWV
SRVWRSHUDWLYHO\��8OWUDVRXQG�GHWHUPLQHG�WKDW�����RI�WKH�UHFRQVWUXFWLRQV�ZHUH�IXOO\�LQWDFW�DW�ILQDO�IROORZ�XS�>�����@��,Q
WKHRU\��WKHLU�NLQG�RI�EULGJLQJ�UHFRQVWUXFWLRQ�ZLWK�WKH�JUDIW�VXWXUHG�WR�WKH�UHPDLQLQJ�WHQGRQ�PHGLDOO\�PD\�EH�DEOH�WR
EHWWHU�UHVWRUH�VWUHQJWK�DQG�DFWLYH�UDQJH�RI�PRWLRQ�FRPSDUHG�WR�WKH�VXSHULRU�FDSVXOH�UHFRQVWUXFWLRQ��ZKHUH�WKH�JUDIW�LV
DQFKRUHG�WR�WKH�VXSHULRU�JOHQRLG�PHGLDOO\��+RZHYHU��FRQFHUQV�DERXW�WKH�TXDOLW\�RI�WKH�QDWLYH�WLVVXH�DQG�SRWHQWLDO�ORQJ�
WHUP�PHGLDO�SXOO�RXW�IDLOXUHV�UHPDLQ�

&21&/86,21

)RU�\RXQJHU�SDWLHQWV�ZLWK�LUUHSDUDEOH�URWDWRU�FXII�WHDUV�ZLVKLQJ�WR�DYRLG�WHQGRQ�WUDQVIHUV�RU�UHYHUVH�WRWDO�VKRXOGHU
DUWKURSODVW\� �ERWK �SDWFK�DXJPHQWDWLRQ �DQG �6&5 �UHSUHVHQW �SURPLVLQJ �WUHDWPHQW �RSWLRQV� �6HYHUDO �FDVH �VHULHV �KDYH
UHSRUWHG �SURPLVLQJ �FOLQLFDO �RXWFRPHV �IRU �SDWFK�DXJPHQWHG �URWDWRU �FXII �UHSDLU� �$GGLWLRQDO �EDVLF �VFLHQFH �VWXGLHV �DUH
QHHGHG�WR�EHWWHU�XQGHUVWDQG�WKH�ELRORJLFDO�IDFWRUV�DVVRFLDWHG�ZLWK�WKH�KHDOLQJ�RI�URWDWRU�FXII�UHSDLUV�LQ�RUGHU�WR�IXUWKHU
LPSURYH�DXJPHQWDWLRQ�PDWHULDOV�
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6XSHULRU �FDSVXOH �UHFRQVWUXFWLRQ �DSSHDUV �WR �EH �DQ �HPHUJLQJ �VROXWLRQ �ZKHQ �HYHQ �D �SDUWLDO �UHSDLU �DQG �SDWFK�
DXJPHQWDWLRQ �DUH �QR �ORQJHU �IHDVLEOH� �7KLV �WHFKQLTXH �KDV �EHHQ �UHSRUWHG �ELRPHFKDQLFDOO\ �WR �UHVWRUH �DOPRVW �QRUPDO
JOHQRKXPHUDO�NLQHPDWLFV��)XUWKHU�FOLQLFDO�WULDOV�DUH�QHHGHG�WR�LQYHVWLJDWH�WKH�ORQJ�WHUP�EHQHILW�RI�WKLV�WHFKQLTXH�DV�ZHOO
DV�WR�GHWHUPLQH�WKH�EHVW�LQGLFDWLRQ�IRU�WKLV�SURFHGXUH�

&21)/,&7�2)�,17(5(67

7KLV�UHVHDUFK�ZDV�VXSSRUWHG�E\�WKH�6WHDGPDQ�3KLOLSSRQ�5HVHDUFK�,QVWLWXWH��7KH�,QVWLWXWH�UHFHLYHV�UHVHDUFK�VXSSRUW
IURP�WKH�IROORZLQJ�HQWLWLHV��6PLWK�	�1HSKHZ�(QGRVFRS\��,QF���$UWKUH[��,QF���6LHPHQV�0HGLFDO�6ROXWLRQV�86$��,QF��
2VVXU�$PHULFDV� �,QF�� �2SHGL[��,QF� �7KLV�ZRUN�ZDV�QRW�VXSSRUWHG�GLUHFWO\�E\�RXWVLGH�IXQGLQJ�RU�JUDQWV� �'U� �3HWHU�-�
0LOOHWW �KDV �UHFHLYHG �IURP �$UWKUH[ �VRPHWKLQJ �RI �YDOXH ��H[FHHGLQJ �WKH �HTXLYDOHQW �RI �86����� �QRW �UHODWHG �WR �WKLV
PDQXVFULSW�RU�UHVHDUFK��+H�LV�D�FRQVXOWDQW�DQG�UHFHLYHV�SD\PHQWV�IURP�$UWKUH[�DQG�KDV�VWRFN�RSWLRQV�LQ�*DPH5HDG\
DQG�9XPHGL��'U��0D[LPLOLDQ�3HWUL�KDG�KLV�UHVHDUFK�SRVLWLRQ�DW�WKH�6WHDGPDQ�3KLOLSSRQ�5HVHDUFK�LQVWLWXWH�IXQGHG�E\
$UWKUH[��7KH�RWKHU�DXWKRUV�UHFHLYH�VXSSRUW�IURP�WKH�6WHDGPDQ�3KLOLSSRQ�5HVHDUFK�,QVWLWXWH�

$&.12:/('*(0(176

'HFODUHG�QRQH�

5()(5(1&(6

>�@ *HUEHU�&��)XFKV�%��+RGOHU�-��7KH�UHVXOWV�RI�UHSDLU�RI�PDVVLYH�WHDUV�RI�WKH�URWDWRU�FXII��-�%RQH�-RLQW�6XUJ�$P���������������������
>30,'����������@

>�@ *DODW]�/0��%DOO�&0��7HHIH\�6$��0LGGOHWRQ�:'��<DPDJXFKL�.��7KH�RXWFRPH�DQG�UHSDLU�LQWHJULW\�RI�FRPSOHWHO\�DUWKURVFRSLFDOO\�UHSDLUHG
ODUJH�DQG�PDVVLYH�URWDWRU�FXII�WHDUV��-�%RQH�-RLQW�6XUJ�$P����������$������������
>30,'����������@

>�@ &LDPSL�3��6FRWWL�&��1RQLV�$��HW�DO��7KH�EHQHILW�RI�V\QWKHWLF�YHUVXV�ELRORJLFDO�SDWFK�DXJPHQWDWLRQ�LQ�WKH�UHSDLU�RI�SRVWHURVXSHULRU�PDVVLYH
URWDWRU�FXII�WHDUV��D���\HDU�IROORZ�XS�VWXG\��$P�-�6SRUWV�0HG����������������������
>KWWS���G[�GRL�RUJ�������������������������@�>30,'����������@

>�@ 3URFWRU�&6��/RQJ�WHUP�VXFFHVVIXO�DUWKURVFRSLF�UHSDLU�RI�ODUJH�DQG�PDVVLYH�URWDWRU�FXII�WHDUV�ZLWK�D�IXQFWLRQDO�DQG�GHJUDGDEOH�UHLQIRUFHPHQW
GHYLFH��-�6KRXOGHU�(OERZ�6XUJ�����������������������
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