
ȕ�$UUHVWLQ�5HJXODWLRQ�RI�0\RVLQ�/LJKW�&KDLQ
3KRVSKRU\ODWLRQ�3URPRWHV�$7�D5�PHGLDWHG�&HOO
&RQWUDFWLRQ�DQG�0LJUDWLRQ
(OLH�6LPDUG���-HIIUH\�-��.RYDFV���:LOOLDP�(��0LOOHU���-LKHH�.LP���0LFKHO�*UDQGERLV�������5REHUW�-�
/HINRZLW]�����


��'pSDUWHPHQW�GH�3KDUPDFRORJLH��)DFXOWp�GH�0pGHFLQH�HW�GHV�6FLHQFHV�GH�OD�6DQWp�GH�O¶8QLYHUVLWp�GH�6KHUEURRNH��6KHUEURRNH��4XpEHF��&DQDGD����,QVWLWXW�GH
3KDUPDFRORJLH�GH�6KHUEURRNH��)DFXOWp�GH�0pGHFLQH�HW�GHV�6FLHQFHV�GH� OD�6DQWp�GH� O¶8QLYHUVLWp�GH�6KHUEURRNH��6KHUEURRNH��4XpEHF��&DQDGD����&KDLUH�GH
5HFKHUFKH� &DQDGLHQQH� HQ� 1DQRSKDUPDFRORJLH� HW� 0LFURVFRSLH� j� )RUFH� $WRPLTXH�� )DFXOWp� GH� 0pGHFLQH� HW� GHV� 6FLHQFHV� GH� OD� 6DQWp� GH� O¶8QLYHUVLWp� GH
6KHUEURRNH��6KHUEURRNH��4XpEHF��&DQDGD����'HSDUWPHQW�RI�0HGLFLQH��'XNH�8QLYHUVLW\�0HGLFDO�&HQWHU��'XUKDP��1RUWK�&DUROLQD��8QLWHG�6WDWHV�RI�$PHULFD�
��'HSDUWPHQW�RI�%LRFKHPLVWU\��'XNH�8QLYHUVLW\�0HGLFDO�&HQWHU��'XUKDP��1RUWK�&DUROLQD��8QLWHG�6WDWHV�RI�$PHULFD����+RZDUG�+XJKHV�0HGLFDO�,QVWLWXWH��'XNH
8QLYHUVLW\�0HGLFDO�&HQWHU��'XUKDP��1RUWK�&DUROLQD��8QLWHG�6WDWHV�RI�$PHULFD����'HSDUWPHQW�RI�0ROHFXODU�*HQHWLFV��8QLYHUVLW\�RI�&LQFLQQDWL�&ROOHJH�RI�0HGLFLQH�
&LQFLQQDWL��2KLR��8QLWHG�6WDWHV�RI�$PHULFD

$EVWUDFW

2YHU� WKH� ODVW� GHFDGH�� LW� KDV� EHHQ� HVWDEOLVKHG� WKDW� *�SURWHLQ�FRXSOHG� UHFHSWRUV� �*3&5V�� VLJQDO� QRW� RQO\� WKURXJK
FDQRQLFDO� *�SURWHLQ�PHGLDWHG� PHFKDQLVPV�� EXW� DOVR� WKURXJK� WKH� XELTXLWRXV� FHOOXODU� VFDIIROGV� ȕ�DUUHVWLQ��� DQG� ȕ�
DUUHVWLQ����3UHYLRXV�VWXGLHV�KDYH� LPSOLFDWHG�ȕ�DUUHVWLQV�DV� UHJXODWRUV�RI�DFWLQ� UHRUJDQL]DWLRQ� LQ� UHVSRQVH� WR�*3&5
VWLPXODWLRQ�ZKLOH�DOVR�EHLQJ� UHTXLUHG� IRU�PHPEUDQH�SURWUXVLRQ�HYHQWV� WKDW�DFFRPSDQ\�FHOOXODU�PRWLOLW\��2QH�RI� WKH
PRVW�FULWLFDO�HYHQWV�LQ�WKH�DFWLYH�PRYHPHQW�RI�FHOOV�LV�WKH�F\FOLF�SKRVSKRU\ODWLRQ�DQG�DFWLYDWLRQ�RI�P\RVLQ�OLJKW�FKDLQ
�0/&��� ZKLFK� LV� UHTXLUHG� IRU� FHOOXODU� FRQWUDFWLRQ� DQG� PRYHPHQW�� :H� KDYH� LGHQWLILHG� WKH� P\RVLQ� OLJKW� FKDLQ
SKRVSKDWDVH�7DUJHWLQJ�6XEXQLW� �0<37����DV�D�ELQGLQJ�SDUWQHU�RI� WKH�ȕ�DUUHVWLQV�DQG� IRXQG� WKDW�ȕ�DUUHVWLQV�SOD\�D
UROH� LQ� UHJXODWLQJ� WKH� WXUQRYHU� RI� SKRVSKRU\ODWHG�P\RVLQ� OLJKW� FKDLQ�� ,Q� UHVSRQVH� WR� VWLPXODWLRQ� RI� WKH� DQJLRWHQVLQ
7\SH��D�5HFHSWRU��$7�D5���0/&�SKRVSKRU\ODWLRQ� LV� LQGXFHG�TXLFNO\�DQG�SRWHQWO\��:H�KDYH�IRXQG�WKDW�ȕ�DUUHVWLQ��
IDFLOLWDWHV� GHSKRVSKRU\ODWLRQ� RI�0/&��ZKLOH�� LQ� D� UHFLSURFDO� IDVKLRQ�� ȕ�DUUHVWLQ� �� OLPLWV� GHSKRVSKRU\ODWLRQ� RI�0/&�
,QWULJXLQJO\��ORVV�RI�HLWKHU�ȕ�DUUHVWLQ���RU���EORFNV�SKRVSKR�0/&�WXUQRYHU�DQG�FDXVHV�D�GHFUHDVH�LQ�WKH�FRQWUDFWLRQ�RI
FHOOV� DV� PRQLWRUHG� E\� DWRPLF� IRUFH� PLFURVFRS\� �$)0��� )XUWKHUPRUH�� E\� HPSOR\LQJ� WKH� ȕ�DUUHVWLQ� ELDVHG� OLJDQG
>6DU��,OH��,OH�@�$QJ�� ZH� GHPRQVWUDWH� WKDW� $7�D5�PHGLDWHG� FHOOXODU� PRWLOLW\� LQYROYHV� D� ȕ�DUUHVWLQ� GHSHQGHQW
FRPSRQHQW��7KLV�VXJJHVWV�WKDW�WKH�UHFLSURFDO�UHJXODWLRQ�RI�0/&�SKRVSKRU\ODWLRQ�VWDWXV�E\�ȕ�DUUHVWLQV���DQG���FDXVHV
WXUQRYHU� LQ� WKH� SKRVSKRU\ODWLRQ� VWDWXV� RI� 0/&� WKDW� LV� UHTXLUHG� IRU� FHOO� FRQWUDFWLOLW\� DQG� VXEVHTXHQW� FKHPRWD[LF
PRWLOLW\�

&LWDWLRQ��6LPDUG�(��.RYDFV�--��0LOOHU�:(��.LP�-��*UDQGERLV�0��HW�DO���������ȕ�$UUHVWLQ�5HJXODWLRQ�RI�0\RVLQ�/LJKW�&KDLQ�3KRVSKRU\ODWLRQ�3URPRWHV
$7�D5�PHGLDWHG�&HOO�&RQWUDFWLRQ�DQG�0LJUDWLRQ��3/R6�21(��������H�������GRL���������MRXUQDO�SRQH��������

(GLWRU��$GULDQR�0DUFKHVH��/R\ROD�8QLYHUVLW\�&KLFDJR��6WULWFK�6FKRRO�RI�0HGLFLQH��8QLWHG�6WDWHV�RI�$PHULFD
5HFHLYHG�-XO\�����������$FFHSWHG�2FWREHU�����������3XEOLVKHG�1RYHPEHU��������
&RS\ULJKW���������6LPDUG�HW�DO��7KLV�LV�DQ�RSHQ�DFFHVV�DUWLFOH�GLVWULEXWHG�XQGHU�WKH�WHUPV�RI�WKH�&UHDWLYH�&RPPRQV�$WWULEXWLRQ�/LFHQVH��ZKLFK�SHUPLWV
XQUHVWULFWHG�XVH��GLVWULEXWLRQ��DQG�UHSURGXFWLRQ�LQ�DQ\�PHGLXP��SURYLGHG�WKH�RULJLQDO�DXWKRU�DQG�VRXUFH�DUH�FUHGLWHG�

)XQGLQJ��7KLV�ZRUN�ZDV�VXSSRUWHG�E\��1,+�+/��������1,+�+/��������+RZDUG�+XJKHV�0HGLFDO�,QVWLWXWH��1DWXUDO�6FLHQFHV�DQG�(QJLQHHULQJ�5HVHDUFK
&RXQFLO�RI�&DQDGD�����������&KDLUH�GH�5HFKHUFKH�&DQDGLHQQH�HQ�1DQRSKDUPDFRORJLH�HW�0LFURVFRSLH�j�)RUFH�$WRPLTXH��7KH�IXQGHUV�KDG�QR�UROH�LQ
VWXG\�GHVLJQ��GDWD�FROOHFWLRQ�DQG�DQDO\VLV��GHFLVLRQ�WR�SXEOLVK��RU�SUHSDUDWLRQ�RI�WKH�PDQXVFULSW�

&RPSHWLQJ�LQWHUHVWV��7KH�DXWKRUV�KDYH�GHFODUHG�WKDW�QR�FRPSHWLQJ�LQWHUHVWV�H[LVW�

�(�PDLO��/HINR���#UHFHSWRU�ELRO�GXNH�HGX

,QWURGXFWLRQ

&HOOXODU� FRQWUDFWLRQ�� JRYHUQHG� E\� DFWLQ�P\RVLQ�PHGLDWHG
PRWRU� DFWLYLW\�� LV� FHQWUDO� WR� PDQ\� SK\VLRORJLFDO� SURFHVVHV� LQ
ERWK� PXVFOH� DQG� QRQ�PXVFOH� FHOOV�� LQFOXGLQJ� FHOO� GLYLVLRQ�
DGKHVLRQ��FKHPRWD[LV�DQG�F\WRNLQHVLV�>�@��'\QDPLF�PHFKDQLFDO
DFWLYLW\�DOVR�UHJXODWHV�FRQWUDFWLOH�HYHQWV� WKDW�PHGLDWH�YDVFXODU
SHUPHDELOLW\� LQ� YDVFXODU� HQGRWKHOLDO� FHOOV� DQG� JRYHUQV� EORRG
SUHVVXUH�LQ�YDVFXODU�VPRRWK�PXVFOH�FHOOV�>�@��5HJXODWLRQ�RI�WKH
WHQVLOH�VWDWH�RI�FHOOV�LV�WKHUHIRUH�FULWLFDO�IRU�RUJDQ�KRPHRVWDVLV�

,QGHHG��DEQRUPDO�FRQWUDFWLRQ�RI�YDVFXODU�VPRRWK�PXVFOH�FHOOV
FDQ� OHDG� WR� K\SHUWHQVLRQ� DQG� FRPSOLFDWLRQV� VXFK� DV� FDUGLDF
K\SHUWURSK\�DQG�IDLOXUH��UHQDO�G\VIXQFWLRQ�DQG�FHUHEURYDVFXODU
PDODGLHV�>�@�
6HYHUDO�*�SURWHLQ�FRXSOHG� UHFHSWRUV� �*3&5V��� VXFK� DV� WKH

$QJLRWHQVLQ� ,,� W\SH� �D� UHFHSWRU� �$7�D5��� DUH� LQYROYHG� LQ� WKH
UHJXODWLRQ� RI� FHOOXODU� FRQWUDFWLRQ�� 7KH� $7�D5� DJRQLVW�
$QJLRWHQVLQ�,,� �$QJ�,,���D�SRWHQW�YDVRFRQVWULFWRU�� LV�ZHOO�NQRZQ
WR�FRQWULEXWH�WR�WKH�GHYHORSPHQW�RI�FDUGLRYDVFXODU�GLVHDVHV�>�@�
$7D�5�LV�FRXSOHG�PDLQO\�WR�WKH�*ĮT����*�SURWHLQV�DQG�VLJQDOV
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SULPDULO\� WKURXJK� WKH� GRZQVWUHDP� HIIHFWRUV� SKRVSKROLSDVH� &
DQG� SURWHLQ� NLQDVH� &� >�@�� $GGLWLRQDOO\�� LW� KDV� EHHQ� VKRZQ
$7�D5� LV� DOVR� FRXSOHG� WR� *Į������ ZKLFK� KDV� WKH� VPDOO� *�
SURWHLQ� 5KR� DV� DQ� HIIHFWRU� >�@�� 8SRQ� DFWLYDWLRQ� RI� $7�D5�� ȕ�
DUUHVWLQV� DUH� DOVR� UHFUXLWHG� WR� WKH� UHFHSWRU� WR� GHVHQVLWL]H� *�
SURWHLQ�PHGLDWHG� VLJQDOLQJ� DQG� WR� DFW� DV� VFDIIROGLQJ� SURWHLQV
>���@� WKDW� PHGLDWH� VHYHUDO� RWKHU� VLJQDOLQJ� SDWKZD\V� >�@�
,QFOXGHG� LQ� WKHVH� ȕ�DUUHVWLQ�PHGLDWHG� VLJQDOLQJ� SDWKZD\V� DUH
WKH� PLWRJHQ�DFWLYDWHG� SURWHLQ� NLQDVH� �0$3.�� >�@� DQG� 5KR�$�
*73DVH� FDVFDGHV�� ZKLFK� KDYH� EHHQ� VKRZQ� WR� UHJXODWH� ERWK
DFWLQ�F\WRVNHOHWDO�UHRUJDQL]DWLRQ�DQG�FHOO�PLJUDWLRQ�>�@��5HFHQW
SURWHRPLF� VWXGLHV� UHYHDOHG� WKDW� WKH� ȕ�DUUHVWLQV� LQWHUDFW� ZLWK
PRUH� WKDQ����FHOOXODU�VWUXFWXUDO�SURWHLQV� LQFOXGLQJ�F\WRVNHOHWDO
FRPSRQHQWV�VXFK�DV�DFWLQ��DQG�PRWRU�SURWHLQV�VXFK�DV�P\RVLQ
>�@�
0\RVLQV� �ERWK� VPRRWK� PXVFOH� DQG� QRQ�PXVFOH�� DUH

UHJXODWHG�E\�WKH�SKRVSKRU\ODWLRQ�RI�0/&�>��@��3KRVSKRU\ODWLRQ
RI� P\RVLQ� FDWDO\]HG� HLWKHU� E\� 0\RVLQ� /LJKW� &KDLQ� .LQDVH
�0/&.��RU�E\�5KR�DFWLYDWHG�.LQDVH��52&.���DFWLYDWHV�P\RVLQ
E\� SURPRWLQJ� WUDQVLWLRQ� WR� DQ� H[WHQGHG� FRQIRUPDWLRQ�� 7KLV
FRQIRUPDWLRQ� DOORZV� P\RVLQ� WR� ELQG� DFWLQ� DQG� XVH� $73� WR
JHQHUDWH�D�IRUFH�RI�FRQWUDFWLRQ��&RQYHUVHO\��GHSKRVSKRU\ODWLRQ
RI�0/&�E\�0\RVLQ�/LJKW�&KDLQ�3KRVSKDWDVH��0/&3��VWDELOL]HV
DQ�LQKLELWHG�DQG�EHQW�FRQIRUPDWLRQ�ZLWK�ORZ�DIILQLW\�IRU�DFWLQ��,W
KDV� EHHQ� SURSRVHG� WKDW� F\FOLQJ� RI� 0/&� EHWZHHQ� LWV
SKRVSKRU\ODWHG� DQG� XQSKRVSKRU\ODWHG� VWDWHV� LV� UHTXLUHG� IRU
FHOO� PRWLOLW\� DQG� FRQWUDFWLRQ� >��@�� 7XUQRYHU� RI� SKRVSKRU\ODWHG
0/&� LV� UHJXODWHG�� LQ�SDUW��E\�0/&3��ZKLFK� LV�D�KHWHURWULPHULF
SURWHLQ�FRPSRVHG�RI�D�SKRVSKDWDVH��33�&���D�P\RVLQ�ELQGLQJ
DQG� UHJXODWRU\� GRPDLQ� �0<37��� DQG� D� GRPDLQ� �0/���� RI
XQNQRZQ� IXQFWLRQ� >��@�� ,QWHUHVWLQJO\�� 52&.� FDQ� DIIHFW� 0/&
SKRVSKRU\ODWLRQ� E\� GLUHFWO\� SKRVSKRU\ODWLQJ� 0/&� >��@� RU� E\
SKRVSKRU\ODWLQJ� 0<37� DQG� FRQVHTXHQWO\� LQKLELWLQJ� 0/&3
DFWLYLW\�
6HYHUDO�OLQHV�RI�HYLGHQFH�VXJJHVW�D�UROH�IRU�ȕ�DUUHVWLQV�LQ�WKH

UHJXODWLRQ�RI�FHOOXODU�FRQWUDFWLRQ��:H�KDYH�SUHYLRXVO\�UHSRUWHG
WKDW� ȕ�DUUHVWLQ��� LV� UHTXLUHG� IRU� 5KR$�52&.� DFWLYDWLRQ� DQG
VWUHVV�ILEHU�IRUPDWLRQ�>�@��*RGLQ�HW�DO��DOVR�UHSRUWHG�UHFHQWO\�WKH
LPSRUWDQFH� IRU�ȕ�DUUHVWLQV���DQG��� LQ� WKH� UHJXODWLRQ�RI�5KR�$�
GHSHQGHQW� PHPEUDQH� EOHEELQJ� >��@�� $GGLWLRQDOO\�� ZH� KDYH
SUHYLRXVO\� VKRZQ� WKDW� ȕ�DUUHVWLQ��� LV� UHTXLUHG� IRU� $QJ� ,,�
LQGXFHG� FKHPRWD[LV� LQ� +(.� ���� $7�D5� FHOOV� �$7�D5�����
>��@��7KHVH�VWXGLHV�VXJJHVW�D�UROH�IRU�DQJLRWHQVLQ�GHSHQGHQW�ȕ�
DUUHVWLQ�VLJQDOLQJ�LQ�G\QDPLF�F\WRVNHOHWDO�UHRUJDQL]DWLRQ�
3UHYLRXVO\�� D� SURWHRPLFV� VWXG\� IURP� RXU� JURXS� IRXQG� WKDW

0<37��� LQWHUDFWV�ZLWK�ȕ�DUUHVWLQ���XSRQ�$7�D5�DFWLYDWLRQ� >�@�
+HUH�� ZH� SUHVHQW� D� \HDVW�,,� K\EULG� VFUHHQ� UHYHDOLQJ� D� GLUHFW
LQWHUDFWLRQ� EHWZHHQ� ȕ�DUUHVWLQ��� DQG� 0<37���� %DVHG� RQ� RXU
SUHYLRXV� GDWD�� DQG� WKH� IDFW� WKDW� OLWWOH� LV� NQRZQ� DERXW� WKH
FRQVHTXHQFHV�RI�WKH�ȕ�DUUHVWLQ�0<37���LQWHUDFWLRQ��ZH�VHW�RXW
WR� GHOLQHDWH� WKH� UHVSHFWLYH� UROHV� RI� ȕ�DUUHVWLQ��� DQG� �� LQ
UHJXODWLQJ� 0/&� SKRVSKRU\ODWLRQ� E\� LQYHVWLJDWLQJ� WKH
GRZQVWUHDP� FRQVHTXHQFHV� RI� WKLV� VLJQDOLQJ� LQWHUSOD\�� 2XUV
UHVXOWV� FRQILUP� D� NH\� UROH� IRU� ȕ�DUUHVWLQ�PHGLDWHG� VLJQDOLQJ� LQ
UHJXODWLQJ�FHOO�FRQWUDFWLRQ�DQG�PRWLOLW\�

0DWHULDOV�DQG�0HWKRGV

5HDJHQWV
$QJLRWHQVLQ� ,,� ZDV� SXUFKDVHG� IURP� 6LJPD�� >6DU��� ,OH��� ,OH�@�

$QJLRWHQVLQ� ,,� �6,,�� ZDV� SXUFKDVHG� IURP� WKH� &OHYHODQG� &OLQLF
&RUH�6\QWKHVLV�)DFLOLW\��4�VHUXP�ZDV�SUHSDUHG�DV�IROORZV���PO
6RXUFH���4�EHDGV��*(�+HDOWKFDUH�/LIH�6FLHQFH��ZHUH�ZDVKHG
WZR� WLPHV� LQ� SKRVSKDWH� EXIIHUHG� VDOLQH� �3%6�� WKHQ� LQFXEDWHG
ZLWK� ���PO� IHWDO� ERYLQH� VHUXP� �)%6�� �6LJPD�� IRU� ���PLQ�ZLWK
DJLWDWLRQ�� 7KH�PL[WXUH�ZDV� WKHQ� FHQWULIXJHG� DW� ����� USP� DQG
WKH�WUHDWHG�VHUXP�ZDV�UHFRYHUHG�DQG�ILOWHUHG�WKURXJK�������P�

&HOO�FXOWXUH
$7�D5�VWDEOH�+(.����� �$7�D5������ FHOOV�ZHUH�PDLQWDLQHG

LQ�PLQLPXP�HVVHQWLDO�(DJOH¶V�PHGLXP��(0(0���0������6LJPD�
SOXV� ���� )%6�� ���� ,8�PO� SHQLFLOOLQ� �6LJPD�� DQG� ���� �J�PO
VWUHSWRP\FLQ� �6LJPD�� LQ� WKH� SUHVHQFH� RI� ���� ȝJ�PO� ]HRFLQ
�,QYLWURJHQ��DV�GHVFULEHG�SUHYLRXVO\� >��@��5DW�YDVFXODU�VPRRWK
PXVFOH� FHOOV� �U960&�� ZHUH� SUHSDUHG� IURP� DRUWDV� RI� PDOH
6SUDJXH�'DZOH\� UDWV� E\� HQ]\PDWLF� GLJHVWLRQ� >��@� DQG
PDLQWDLQHG� LQ�0HGLXP����� �0�����6LJPD�� VXSSOHPHQWHG�ZLWK
����)%6������,8�PO�SHQLFLOOLQ�DQG�����J�PO�VWUHSWRP\FLQ��6ORZ
JURZLQJ�HDUO\�SDVVDJH��OHVV�WKDQ����FHOOV�DW��������FRQIOXHQFH
ZHUH�XVHG�IRU�DOO�H[SHULPHQWV�

<HDVW�WZR�K\EULG�6FUHHQ
7KH� IXOO� OHQJWK� F'1$�RI� UDW�ȕ�DUUHVWLQ���ZDV�VXEFORQHG� LQWR

WKH� \HDVW� H[SUHVVLRQ� YHFWRU� S$6���� XVLQJ� (FR5,� DQG� %DP+,
UHVWULFWLRQ�VLWHV��)ROORZLQJ�DPSOLILFDWLRQ�LQ�(VFKHULFKLD�FROL�� WKH
S$6����ȕ�DUUHVWLQ���SODVPLG�ZDV�WUDQVIRUPHG� LQWR�\HDVW�VWUDLQ
3-����$� DQG� D� \HDVW� WZR�K\EULG� VFUHHQ� ZDV� FDUULHG� RXW
HVVHQWLDOO\� DFFRUGLQJ� WR� WKH� &ORQWHFK� 0DWFKPDNHU� SURWRFRO
XVLQJ� D� *$/�� DFWLYDWLRQ� GRPDLQ� IXVLRQ� OLEUDU\� LQ� S$&7�
�0DWFKPDNHU� KXPDQ� KHDUW� F'1$� OLEUDU\�� &ORQWHFK��� /LEUDU\
FORQHV�FRQWDLQLQJ�SXWDWLYH�ȕ�DUUHVWLQ���LQWHUDFWLQJ�SURWHLQV�ZHUH
LGHQWLILHG�E\�SRVLWLYH�JURZWK�RQ�7US�/HX�+LV�$GH�GURSRXW�SODWHV�
3ODVPLGV� ZHUH� LVRODWHG� IURP� SRVLWLYH� FORQHV� XVLQJ� VWDQGDUG
PHWKRGRORJLHV� DQG� DQDO\]HG� E\� '1$� VHTXHQFLQJ� �+RZDUG
+XJKHV�1XFOHLF� $FLG� )DFLOLW\�� 'XNH�8QLYHUVLW\��� 2QH� RI� WKHVH
FORQHV� FRUUHVSRQGHG� WR� DPLQR� DFLGV� ���� WR� ���� RI� KXPDQ
0<37��� �10B������������ 7R� FRQILUP� WKLV� LQWHUDFWLRQ� DQG� WR
PDS� WKH� ȕ�DUUHVWLQ��� LQWHUDFWLQJ� GRPDLQ�� '1$� IUDJPHQWV
FRUUHVSRQGLQJ�WR�DPLQR�DFLGV�������RU�������RI�UDW�ȕ�DUUHVWLQ��
ZHUH� 3&5� DPSOLILHG� DQG� VXEFORQHG� LQWR� S$6���� XVLQJ� (FR5,
DQG� %DP+�� UHVWULFWLRQ� VLWHV�� 3ODVPLGV� FRUUHVSRQGLQJ� WR� IXOO
OHQJWK� ��������� ������� RU� ������ ȕ�DUUHVWLQ��� ZHUH� WKHQ� FR�
WUDQVIRUPHG� ZLWK� S$&7�� 0<37������������ LQWR� WKH� 3-����$
\HDVW� VWUDLQ� DQG� VHOHFWHG� RQ� 7US�/HX� GURSRXW� SODWHV�� <HDVWV
FRQWDLQLQJ� WKH� ȕ�DUUHVWLQ��� DQG� 0<37��� SODVPLGV� ZHUH� WKHQ
DQDO\]HG�IRU�JURZWK�RQ�7US�/HX�$GH�GURSRXW�SODWHV�

3ODVPLG�7UDQVIHFWLRQ�DQG�VL51$
�� GD\V� EHIRUH� ȕ�DUUHVWLQ� RYHUH[SUHVVLRQ� H[SHULPHQWV�

$7�D5����� FHOOV� ZHUH� WUDQVIHFWHG� ZLWK� HLWKHU� �ȝJ� RI� SODVPLG
SF'1$��ȕ�DUUHVWLQ���)/$*� RU� SF'1$��� ȕ�DUUHVWLQ���)/$*
�HQFRGLQJ� UDW� ȕ�DUUHVWLQV�� >�����@� XVLQJ� )X*(1(� �� �5RFKH

ȕ�DUUHVWLQV�5HJXODWH�0\RVLQ�3KRVSKRU\ODWLRQ
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$SSOLHG� 6FLHQFH�� WUDQVIHFWLRQ� UHDJHQW� DFFRUGLQJ� WR� WKH
PDQXIDFWXUHU¶V�LQVWUXFWLRQV�
�� GD\V� EHIRUH� ȕ�DUUHVWLQ� DQG� 0<37��� VL51$�PHGLDWHG

NQRFNGRZQ�H[SHULPHQWV������FRQIOXHQW�KXPDQ�$7�D5�����RU
U960&�FHOOV�ZHUH�WUDQVIHFWHG�ZLWK�VL51$�XVLQJ�*HQH�6LOHQFHU
�*HQH� 7KHUDS\� 6\VWHPV�� DV� SUHYLRXVO\� GHVFULEHG� >�����@� RU
3URWHLQ�7UDQVGXFWLRQ� 'RPDLQ�'RXEOH�VWUDQGHG� 51$� %LQGLQJ�
'RPDLQ��37'�'5%'��UHDJHQW��D�JLIW�IURP�6WHYHQ�'RZG\¶V�ODE�
VHH� SURWRFRO� EHORZ�� >��@�� 8QODEHOHG� DQG� <)3�WDJJHG� FXVWRP
PDGH� FRQWURO�� KXPDQ� ȕ�DUUHVWLQ��� DQG� KXPDQ� ȕ�DUUHVWLQ��
VL51$V� ZHUH� ��XXFXFFJDDFJXJXFDFJXG7G7���� ��
DJFFXXFXJFJFJJDJDDXG7G7��� DQG� ��
FFDDFFXFDXXJDDXXXJDG7G7���� UHVSHFWLYHO\�� 7KH� 60$57SRRO
VL51$� WDUJHWLQJ�KXPDQ�0<37���FRQVLVWV�RI���GLIIHUHQW�VL51$
VHTXHQFHV� �/���������'KDUPDFRQ���7KH�FXVWRP�PDGH�VL51$
VHTXHQFHV� WDUJHWLQJ� UDW� ȕ�DUUHVWLQ��� DQG� UDW� ȕ�DUUHVWLQ���ZHUH
��$*&�&88�&8*�8*&�8*$�*$$�&���DQG���&&$�$&&�7&$
77*�$$7�7&*�$��� UHVSHFWLYHO\� >��@��7KH�60$57SRRO� VL51$
WDUJHWLQJ� UDW�0<37��� FRQVLVW� RI� �� GLIIHUHQW� VL51$� �/��������
'KDUPDFRQ��� 3URWHLQ� NQRFNGRZQ� HIILFDF\� ZDV� GHWHUPLQHG� E\
LPPXQREORWWLQJ�DQG�FDOFXODWHG�E\�FRPSDULQJ� WKH� OHYHOV�RI� WKH
WDUJHW� SURWHLQ� LQ� FHOOV� WUDQVIHFWHG�ZLWK� WKH� VSHFLILHG� VL51$� WR
WKH�FHOOV�WUHDWHG�ZLWK�WKH�FRQWURO�VL51$��'DWD�DUH�H[SUHVVHG�DV
��RI�UHGXFWLRQ�LQ�SURWHLQ�H[SUHVVLRQ�

37'�G5%'�VL51$�GHOLYHU\�SURWRFRO
U960&V�ZHUH�VHHGHG�WR�����FRQIOXHQF\�LQ���ZHOO�SODWHV�DQG

FXOWXUHG� RYHUQLJKW�� 7KH� IROORZLQJ� GD\�� VL51$� GHOLYHU\� V\VWHP
ZDV�SUHSDUHG�E\�PL[LQJ�����O�RI�����0�VL51$�GLOXWHG�LQ�ZDWHU
ZLWK����O�RI������0�37'�G5%'�SURWHLQ�SUH�GLOXWHG�LQ�������O�RI
3%6����� *O\FHURO�� :KLOH� WKH� VL51$� GHOLYHU\� PL[� ZDV
LQFXEDWLQJ�RQ�LFH�IRU����PLQXWHV��FHOOV�ZHUH�ZDVKHG�ZLWK�VHUXP
IUHH� PHGLXP� DQG� LQFXEDWHG� LQ� �� PO� ���� 4�VHUXP�PHGLXP�
$IWHU� LQFXEDWLRQ�RQ� LFH�� WKH�37'�G5%'�VL51$�PL[�ZDV�GLOXWHG
���� LQ� ����4�VHUXP�PHGLXP��0HGLD�ZDV� UHPRYHG� IURP� FHOOV
DQG� UHSODFHG�ZLWK� ���� XO� 37'�G5%'�VL51$� FRPSOH[HV�� $IWHU
���� KUV� RI� LQFXEDWLRQ� DW� ���&� LQ� ���&2�� LQFXEDWRU�� WKH� FHOOV
ZHUH� ZDVKHG� WZLFH� ZLWK� ���� )%6� PHGLXP� DQG� NHSW� XQGHU
FXOWXUH� FRQGLWLRQV� XQWLO� DVVD\V� �PRWLOLW\� RU� ZHVWHUQ� EORWWLQJ�
ZHUH�SHUIRUPHG����KRXUV�ODWHU�

,PPXQRSUHFLSLWDWLRQ�DQG�LPPXQREORWWLQJ
&HOOV� ZHUH� VROXELOL]HG� LQ� O\VLV� EXIIHU� FRQWDLQLQJ� ��� P0

+(3(6� �S+� ������ ����� 1RQLGHW� 3����� ���� P0� 1D&O�� �� P0
('7$�������Y�Y��JO\FHURO����P0�VRGLXP�RUWKRYDQDGDWH����P0
VRGLXP� IOXRULGH�� �� P0� SKHQ\OPHWK\OVXOIRQ\O� IOXRULGH�� �� ȝJ�PO
OHXSHSWLQ�� ��ȝJ�PO� DSURWLQLQ�� ��ȝJ�PO� SHSVWDWLQ�$�DQG�����ȝ0
EHQ]DPLQLGLQH�� )RU� LPPXQRSUHFLSLWDWLRQ�� ��� ȝO� RI� SURWHLQ� $�*
SOXV�DJDURVH��6DQWD&UX]��DQG���ȝJ�RI�VSHFLILHG�DQWLERG\�ZHUH
DGGHG�WR�ZKROH�FHOO�O\VDWHV��$IWHU���KRXU�LQFXEDWLRQ�DW����&�RQ
D� URFNHU� SODWIRUP�� WKH� LPPXQRSUHFLSLWDWHV� ZHUH� FROOHFWHG� E\
FHQWULIXJDWLRQ� DW� ������ USP� IRU� �� PLQ�� 7KH� VXSHUQDWDQW� ZDV
GLVFDUGHG��ZKHUHXSRQ�WKH�SHOOHW�ZDV�ZDVKHG���WLPHV�DQG�WKHQ
GLVVROYHG�LQ�VDPSOH�EXIIHU��)RU�GLUHFW�GHWHFWLRQ�RI�SURWHLQ�OHYHOV
LQ� O\VDWHV�� ZKROH�FHOO� O\VDWHV� ZHUH� GLUHFWO\� XVHG� IRU� 6'6�
SRO\DFU\ODPLGH� JHO� HOHFWURSKRUHVLV�� 6'6�3$*(� ZHUH
FRQGXFWHG�RQ�����SRO\DFU\ODPLGH�WULV�JO\FLQH�JHOV��,QYLWURJHQ�
DQG�WUDQVIHUUHG�WR�QLWURFHOOXORVH�PHPEUDQHV�IRU�LPPXQREORWWLQJ

DFFRUGLQJ�WR�VWDQGDUG�SURWRFROV�� ,PPXQREORWV�ZHUH�SHUIRUPHG
XVLQJ� WKH� IROORZLQJ� DQWLERGLHV�� ȕ�DUUHVWLQ��� SRO\FORQDO� $�&7
DQG� ȕ�DUUHVWLQ��� SRO\FORQDO� $�&7� >��@�� )/$*� 0�� �)�����
6LJPD��� 0<37��� ������� &HOO� 6LJQDOLQJ��� SKRVSKRU\ODWHG�0/&
������� &HOO� 6LJQDOLQJ��� $FWLQ� �$������ 6LJPD�� DQG� 7XEXOLQ
�7������ 6LJPD��� &KHPLOXPLQHVFHQW� GHWHFWLRQ� ZDV� SHUIRUPHG
ZLWK� KRUVHUDGLVK� SHUR[LGDVH�FRXSOHG� VHFRQGDU\� DQWLERGLHV
�$PHUVKDP�%LRVFLHQFHV�� DQG�6XSHU6LJQDO�:HVW�3LFR� UHDJHQW
�3LHUFH��� &KHPLOXPLQHVFHQFH� ZDV� TXDQWLILHG� E\� D� FKDUJH�
FRXSOHG� GHYLFH� FDPHUD� �6\QJHQH� &KHPL*HQLXV���
UHSUHVHQWDWLYH� LPDJHV� DUH� VKRZQ� DV� LQYHUWHG� JUD\VFDOH�
5HODWLYH� TXDQWLILFDWLRQ� RI� SURWHLQ� OHYHOV� ZDV� SHUIRUPHG� E\
GLYLGLQJ� WKH� LQWHQVLW\�RI� WKH�EDQG�FRUUHVSRQGLQJ� WR� WKH�SURWHLQ
RI�LQWHUHVW�E\�WKH�LQWHQVLW\�RI�WKH�EDQG�PHQWLRQHG�DV�WKH�ORDGLQJ
FRQWURO�SURWHLQ�

$)0�0HDVXUHPHQWV
$�FXVWRP�PDGH�$)0�EDVHG�IRUFH�PHDVXUHPHQW�GHYLFH�ZDV

PRXQWHG�RQ�DQ�LQYHUWHG�HSLIOXRUHVFHQW�PLFURVFRSH��&DUO�=HLVV�
DV�GHVFULEHG�SUHYLRXVO\�>��@��6LOLFRQ�QLWULGH�����1�P�FDQWLOHYHUV
�+<'5$�5����1*��$SS1DQR��ZHUH�XVHG�DV� IRUFH� VHQVRU� IRU
UHDO�WLPH� PRQLWRULQJ� RI� WKH� FHOO� FRQWUDFWLOH� UHVSRQVHV�� &HOOV
VWDUYHG�RYHUQLJKW�LQ�&2��LQGHSHQGHQW�(0(0�PHGLD�FRQWDLQLQJ
+(3(6� DW� ���F�ZHUH� DGDSWHG� WR� URRP� WHPSHUDWXUH� RQH� KRXU
SULRU� WR� DQ� $)0� H[SHULPHQW�� <)3� IOXRUHVFHQFH� ZDV� XVHG� WR
VHOHFW� FHOOV� WKDW� LQFRUSRUDWHG� VL51$V� DQG� FRQWUDVW� SKDVH
PLFURVFRS\� ZDV� XVHG� WR� PDQXDOO\� SRVLWLRQ� WKH� FDQWLOHYHU� WLS
RYHU� WKH� DSLFDO� UHJLRQ� RI� WKH� FHOO�� :LWK� WKH� KHOS� RI� D� ��� �0
SLH]R� VFDQQHU� �3K\VLN� ,QVWXPHQWH�� DQ� LQGLYLGXDO� FHOO� ZDV
DSSURDFKHG�XQWLO�D�FRQWDFW� IRUFH�RI�DSSUR[LPDWHO\����S1�ZDV
PHDVXUHG��%DVHOLQH�PHDVXUHPHQWV�ZHUH�W\SLFDOO\�UHFRUGHG�IRU
��PLQV�DIWHU�ZKLFK�YHKLFOH� LQMHFWLRQ�ZDV�SHUIRUPHG�DV�FRQWURO�
$IWHU� DQ� DGGLWLRQDO� �� PLQ�� DJRQLVWV� ZHUH� LQMHFWHG�
6LPXOWDQHRXVO\� WR� $)0� GDWD� UHFRUGLQJ�� PLFURJUDSKV� ZHUH
WDNHQ�HYHU\�VHFRQG�LQ�SKDVH�FRQWUDVW�PLFURVFRS\�XVLQJ�D���;
REMHFWLYH�DQG�DQ�$[LR&DP�05P�FDPHUD��&DUO�=HLVV���$OO�$)0
H[SHULPHQWV� ZHUH� SHUIRUPHG� DW� URRP� WHPSHUDWXUH� WR� OLPLW
PHFKDQLFDO�YLEUDWLRQ�DQG�WKHUPDO�GULIW�LQWURGXFHG�E\�D�KHDWLQJ�
FRROLQJ� V\VWHP�� &HOO� PHFKDQLFDO� UHVSRQVHV� DUH� UHSRUWHG� DV
YDULDWLRQV� LQ� FHOO� KHLJKW�PHDVXUHG�E\� WKH� FDQWLOHYHU� GHIOHFWLRQ
�QP�� DQG� FHOO� FRQWUDFWLRQV� ZHUH� UHSRUWHG� DV� WKH� PD[LPDO
YDULDWLRQ�RI�WKH�FHOO�KHLJKW�ZLWK�UHVSHFW�WR�WKH�EDVHOLQH�

&KHPRWD[LV�$VVD\V
%R\GHQ�&KDPEHU� DVVD\V� ZHUH� SHUIRUPHG� LQ� WUDQVZHOO

FKDPEHUV�RI����ZHOO�LQVHUWV�ZLWK���ȝP�SRUH�PHPEUDQHV�FRDWHG
ZLWK�ILEURQHFWLQ����J�PO��IRU���KRXU��U960&�ZHUH�VHUXP�VWDUYHG
IRU���KRXUV�LQ�0����WKHQ�DVVD\V�ZHUH�FRQGXFWHG�LQ�VHUXP�IUHH
0���� PHGLD� DV� ZHOO�� $JRQLVWV� ZHUH� SODFHG� LQ� WKH� ORZHU
FKDPEHU��DQG���������FHOOV�ZHUH�SODFHG�LQ�WKH�XSSHU�FKDPEHU
DQG� LQFXEDWHG� IRU� �� K� DW� ���&� DQG� ���&2���&HOOV�ZHUH� WKHQ
UHPRYHG� IURP� WKH� XSSHU� FKDPEHU� DQG� WKH� XSSHU� VLGH� RI� WKH
PHPEUDQH�� OHDYLQJ�RQO\� WKRVH�FHOOV� WKDW�PLJUDWHG� WKURXJK� WKH
PHPEUDQH� DQG� WR� WKH� ORZHU� FKDPEHU��0HPEUDQHV�ZHUH� WKHQ
IL[HG� ZLWK� ��� SDUDIRUPDOGHK\GH� DQG� VWDLQHG� ZLWK� ��� FU\VWDO
YLROHW�EHIRUH�EHLQJ�GULHG��H[FLVHG��DQG�PRXQWHG�RQ�PLFURVFRSH
VOLGHV�� 0HPEUDQH� GHQVLWLHV� ZHUH� TXDQWLILHG� XVLQJ� WKH
*HQH7RROV� LPDJH� DQDO\VLV� VRIWZDUH� �6\QJHQH��� 7KH
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FKHPRWDFWLF� LQGH[� ZDV� FDOFXODWHG� E\� GLYLGLQJ� YDOXHV� IURP
PHPEUDQHV�LQ�WKH�VWLPXODWHG�FRQGLWLRQV�E\�YDOXHV�IURP�FRQWURO
PHPEUDQHV��9HKLFOH��
4&0�FKHPRWD[LV�FHOO�PLJUDWLRQ�DVVD\V� �(&0�����0LOOLSRUH�

ZHUH�SHUIRUPHG�LQ����ZHOO�SODWHV��%ULHIO\��U960&�ZHUH�VWDUYHG
RYHUQLJKW� LQ�0����DQG��������FHOOV�SHU�ZHOO�ZHUH�XVHG�XVLQJ
WKH� SURWRFRO� VXSSOLHG� E\� WKH� PDQXIDFWXUHU�� 7KH� FHOO
IOXRUHVFHQFH� ZDV� PHDVXUHG� E\� D� IOXRUHVFHQFH� SODWH� UHDGHU
XVLQJ� �������� QP� ILOWHU� VHW�� 7KH� FKHPRWDFWLF� LQGH[� ZDV
FDOFXODWHG� E\� GLYLGLQJ� YDOXHV� IURP� WKH� GLIIHUHQW� WUHDWPHQWV� E\
YDOXHV�IURP�FRQWURO�FRQGLWLRQV�

5HVXOWV

,Q�RUGHU�WR�LGHQWLI\�ELQGLQJ�SDUWQHUV�RI�ȕ�DUUHVWLQ����D�\HDVW�,,
K\EULG�VFUHHQ�ZDV�SHUIRUPHG�XVLQJ�S$6���ȕ�DUUHVWLQ���DV� WKH
EDLW�DQG�D�KXPDQ�KHDUW�F'1$�OLEUDU\�DV�WKH�SUH\��:H�LVRODWHG
RQH�FORQH�FRUUHVSRQGLQJ�WR�WKH�F�WHUPLQXV�DPLQR�DFLGV������WR
����� RI� 0<37��� �10B������������ $PLQR� DFLGV� ���� WR� ���
FRQWDLQ� WKH� UHJXODWRU\� DQG� P\RVLQ� ELQGLQJ� GRPDLQV� RI� WKH
0/&3�FRPSOH[��LQGLFDWLQJ�WKDW�WKHVH�GRPDLQV�FRQIHU�WKH�DELOLW\
RI�0/&3�WR�LQWHUDFW�ZLWK�ȕ�DUUHVWLQ����7R�GHWHUPLQH�WKH�UHJLRQV
RI� ȕ�DUUHVWLQ��� WKDW� LQWHUDFW� ZLWK� 0<37���� ȕ�DUUHVWLQ��

IUDJPHQWV� ZHUH� FR�H[SUHVVHG� ZLWK� 0<37������������ LQ� D
\HDVW�,,�K\EULG�DVVD\��7KH�UHVXOWV�GHPRQVWUDWH�WKDW�ȕ�DUUHVWLQ��
�������� DQG� �������� LQWHUDFW� ZLWK� 0<37������������� ZKLOH� ȕ�
DUUHVWLQ��� �������� GLG� QRW� �)LJXUH� �$��� 7KHVH� UHVXOWV� VXJJHVW
WKDW�DPLQR�DFLGV�����������RI�ȕ�DUUHVWLQ���FRQWDLQ�WKH�0<37��
ELQGLQJ� GRPDLQ�� ,QWULJXLQJO\�� SURWHRPLF� H[SHULPHQWV� KDYH
VKRZQ� WKDW� ȕ�DUUHVWLQ��� DOVR� LQWHUDFWV� ZLWK� 0<37��� LQ� DQ
$7�D5� VWLPXOXV� GHSHQGHQW� IDVKLRQ�� VXJJHVWLQJ� WKDW� ERWK� ȕ�
DUUHVWLQV� ELQG� 0<37��� >�@�� :RUWK\� RI� QRWLFH�� WKH� DPLQR� DFLG
VHTXHQFH� RI� ȕ�DUUHVWLQ��� DQG� ȕ�DUUHVWLQ��� LV� KLJKO\� VLPLODU� LQ
WKLV�UHJLRQ��)LJXUH��%��
7R� FRQILUP� WKH� LQWHUDFWLRQ� RI� ȕ�DUUHVWLQV� ZLWK� 0<37���� FR�

LPPXQRSUHFLSLWDWLRQV�ZHUH� SHUIRUPHG� IROORZLQJ� $QJ� ,,� ��� Q0�
VWLPXODWLRQ� RI� $7�D5����� FHOOV� RYHUH[SUHVVLQJ� ȕ�DUUHVWLQ��� RU
ȕ�DUUHVWLQ���� )LJXUH� �� VKRZV� WKDW� ȕ�DUUHVWLQ��� LQWHUDFWV� ZLWK
0<37���LQ�UHVWLQJ�FHOOV��DQ�LQWHUDFWLRQ�ZKLFK�GLPLQLVKHV�UDSLGO\
IROORZLQJ� $QJ� ,,� VWLPXODWLRQ�� 2Q� WKH� RWKHU� KDQG�� ȕ�DUUHVWLQ��
ZHDNO\� LQWHUDFWV�ZLWK�0<37��� LQ� EDVDO� FRQGLWLRQ��+RZHYHU�� LQ
SUHVHQFH� RI� $QJ� ,,�� WKLV� LQWHUDFWLRQ� LV� WUDQVLHQWO\� LQFUHDVHG� WR
UHDFK� D� PD[LPXP� ZLWKLQ� �� PLQXWHV�� 7DNHQ� WRJHWKHU�� WKRVH
UHVXOWV� FRQILUP� WKDW� ȕ�DUUHVWLQ��� DQG� �� LQWHUDFW� ZLWK� 0<37��
DQG� VXJJHVW� WKH\� PD\� SOD\� D� UROH� LQ� WKH� UHJXODWLRQ� RI� WKH
SKRVSKRU\ODWLRQ�RI�0/&�

)LJXUH���� �ȕ�$UUHVWLQ��� LQWHUDFWV�ZLWK�0<37���� �$��ȕ�$UUHVWLQ���FRQVWUXFWV�FRPSULVLQJ�DPLQR�DFLGV������� �IXOO�OHQJWK���������RU
������ZHUH�FR�WUDQVIRUPHG�ZLWK�D�0<37���FRQVWUXFW�FRQWDLQLQJ�DPLQR�DFLGV����������WKH�UHJXODWRU\�DQG�P\RVLQ�ELQGLQJ�GRPDLQV�RI
0/&3���������DQG�������ȕ�DUUHVWLQ���FRQVWUXFWV� LQWHUDFWHG�ZLWK�0<37���DV� LQGLFDWHG�E\�JURZWK�RQ�$GH�GURSRXW�SODWHV��ZKLOH� WKH
������ȕ�DUUHVWLQ���FRQVWUXFW�RU�HPSW\�YHFWRU��S$6�����GLG�QRW��7KHUHIRUH��LW�DSSHDUV�WKDW�DPLQR�DFLGV���������RI�ȕ�DUUHVWLQ���FRQWDLQ
WKH�0<37��� LQWHUDFWLQJ� GRPDLQ�� 
� 1�$� VHFWRUV� DUH� XQUHODWHG� H[SHULPHQWV��%�� ȕ�$UUHVWLQ��� ���������� GRPDLQ� DOLJQPHQW� ZLWK� WKH
FRUUHVSRQGLQJ�ȕ�DUUHVWLQ���GRPDLQ��
�,QGLFDWHV�FRQVHUYHG�DPLQR�DFLGV�EHWZHHQ�ȕ�DUUHVWLQ���DQG���
GRL����������MRXUQDO�SRQH���������J���
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:RUN� IURP�RXU�JURXS�DQG�RWKHUV�KDV�UHYHDOHG�D�FULWLFDO� UROH
IRU�ERWK�ȕ�DUUHVWLQV�LQ�F\WRVNHOHWDO�G\QDPLFV�GRZQVWUHDP�RI�WKH
$7�D5�>����@��6LQFH�ERWK�ȕ�DUUHVWLQV�ELQG�0<37����LW�VXJJHVWV
WKDW� WKLV� LQWHUDFWLRQ� PD\� DIIHFW� WKH� OHYHOV� RI� SKRVSKRU\ODWHG
P\RVLQ� OLJKW� FKDLQ� LQ� FHOOV�� 7R� LQYHVWLJDWH� WKH� UROHV� RI� ȕ�
DUUHVWLQ���DQG���LQ�UHJXODWLQJ�0/&�SKRVSKRU\ODWLRQ��ZH�DFXWHO\
NQRFNHG� GRZQ� ȕ�DUUHVWLQV� H[SUHVVLRQ� E\� WUDQVLHQWO\
WUDQVIHFWLQJ� $7�D5����� FHOOV� ZLWK� VL51$V� WDUJHWLQJ� ȕ�
DUUHVWLQ����ȕ�DUUHVWLQ���RU�0<37����)LJXUH��$�FRQILUPV�WKDW�WKH
NQRFNGRZQ� RI� WKH� GLIIHUHQW� SURWHLQV� RI� LQWHUHVW� ZDV� HIIHFWLYH�
)RU�DOO�$7�D5�����FHOOV�H[SHULPHQWV��HIILFDFLHV�ZHUH�HYDOXDWHG

DQG�IRXQG�WR�EH������������IRU�ȕ�DUUHVWLQ��������������IRU�ȕ�
DUUHVWLQ��� DQG� ���������� IRU� 0<37���� &RQWURO� DQG� NQRFNHG
GRZQ�FHOOV� IRU� ȕ�DUUHVWLQ���� ȕ�DUUHVWLQ���RU�0<37���ZHUH� WKHQ
DQDO\]HG�IRU�0/&�SKRVSKRU\ODWLRQ�LQ�UHVSRQVH�WR�$QJ�,,���Q0��
6WLPXODWLRQ�ZLWK�$QJ�,,�UDSLGO\�LQGXFHV�0/&�SKRVSKRU\ODWLRQ�LQ
FRQWURO� FHOOV� UHDFKLQJ�D�PD[LPXP�EHWZHHQ���DQG����PLQXWHV
�)LJXUH� �%�� XSSHU� OHIW� DQG� �&�� VROLG� FLUFOHV�� DQG� WKHQ
VKRZLQJ�D�VOLJKW�GHFUHDVH�EHIRUH�OHYHOLQJ�RII�DV�WKH�WXUQRYHU�RI
SKRVSKR�0/&�UHDFKHV�DQ�DSSDUHQW�HTXLOLEULXP� IRU�DW� OHDVW���
PLQ�� ,Q� FHOOV� NQRFNHG� GRZQ� IRU� ȕ�DUUHVWLQ���� $QJ� ,,�VWLPXODWHG
0/&�SKRVSKRU\ODWLRQ� LV�HVVHQWLDOO\�DEODWHG� �)LJXUH��%��XSSHU

)LJXUH�����ȕ�$UUHVWLQ���DQG���LQWHUDFW�ZLWK�0<37�����$��$7�D5�����FHOOV�ZHUH�WUDQVIHFWHG�WR�H[SUHVV�HLWKHU�ȕ�DUUHVWLQ���)/$*�RU
ȕ�DUUHVWLQ���)/$*�WKHQ�VWLPXODWHG�ZLWK�$QJ� ,,���Q0�IRU� WKH� LQGLFDWHG� WLPH��7KH� LQWHUDFWLRQ�EHWZHHQ�RYHUH[SUHVVHG�ȕ�DUUHVWLQ�DQG
HQGRJHQRXV�0<37���ZDV�DQDO\]HG�E\� LPPXQRSUHFLSLWDWLRQ�RI�0<37���DQG� UHYHODWLRQ�RI�ȕ�DUUHVWLQ�E\� LPPXQREORWWLQJ� WKH�)/$*
WDJ��%�� 6HPL�TXDQWLWDWLYH� DQDO\VLV� RI� ȕ�DUUHVWLQ� DQG�0<37� LQWHUDFWLRQ� �Q ���� )RU� HDFK� H[SHULPHQW�� WKH� ȕ�DUUHVWLQ� EDQG� ZLWK� WKH
KLJKHVW�LQWHQVLW\�ZDV�DVVLJQHG�WR������DQG�DOO�RWKHU�EDQGV�ZHUH�QRUPDOL]HG�DV�D�SHUFHQWDJH�RI�WKDW�YDOXH��'DWD�DUH�SUHVHQWHG�DV
PHDQ�VWDQGDUG�PHDQ�HUURU�ZKHUH�


�S�������FRPSDUHG�ZLWK�UHVSHFWLYH�XQVWLPXODWHG�FRQGLWLRQ����PLQ��XVLQJ�RQH�ZD\�$129$�ZLWK
%RQIHUURQL�FRUUHFWLRQ�
GRL����������MRXUQDO�SRQH���������J���
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ULJKW� DQG� �&�� RSHQ� FLUFOHV�� VXJJHVWLQJ� WKDW� ȕ�DUUHVWLQ�� LV
UHTXLUHG� IRU� $QJ� ,,� GULYHQ�0/&� SKRVSKRU\ODWLRQ�� ,QWHUHVWLQJO\�
$QJ� ,,� VWLPXODWLRQ� RI� ȕ�DUUHVWLQ��� NQRFNGRZQ� FHOOV� OHDGV� WR� D
GUDPDWLF� LQFUHDVH� LQ�0/&�SKRVSKRU\ODWLRQ�� �)LJXUH��%�� ORZHU
OHIW� DQG� �&�� ILOOHG� WULDQJOHV��� VXJJHVWLQJ� WKDW� ȕ�DUUHVWLQ��
QRUPDOO\� IXQFWLRQV� WR� VXSSUHVV� SKRVSKRU\ODWLRQ� RI� 0/&�
0<37��� NQRFNGRZQ� OHDGV� WR� D� VLJQLILFDQW� LQFUHDVH� LQ� ERWK
EDVDO�DQG�$QJ�,,�VWLPXODWHG�0/&�SKRVSKRU\ODWLRQ�DV�ZRXOG�EH
SUHGLFWHG� IRU� FHOOV� ODFNLQJ� 0/&3� DFWLYLW\� �)LJXUH� �%�� ORZHU
ULJKW�DQG��&��RSHQ�WULDQJOHV���6LQFH�WKH�ORVV�RI�ȕ�DUUHVWLQ���RU
0<37���OHDGV�WR�D�VLPLODUO\�KLJK�OHYHO�RI�0/&�SKRVSKRU\ODWLRQ�
RXU� UHVXOWV� VXJJHVW� WKDW� ȕ�DUUHVWLQ��� LV� D� SRVLWLYH� UHJXODWRU� RI
0<37��� DQG�� FRQVHTXHQWO\�� 0/&3� DFWLYLW\�� 7DNHQ� WRJHWKHU�
WKHVH�GDWD�SRLQW�WRZDUGV�RSSRVLQJ�UROHV�IRU�ȕ�DUUHVWLQ���DQG�ȕ�
DUUHVWLQ��� RQ� 0/&� SKRVSKRU\ODWLRQ� ZKHUH� ȕ�DUUHVWLQ��
SURPRWHV� 0/&� SKRVSKRU\ODWLRQ� ZKLOH� ȕ�DUUHVWLQ��� DFWV� DV� D
UHSUHVVRU�RI�0/&�SKRVSKRU\ODWLRQ�E\�SURPRWLQJ� WKH�DFWLYLW\�RI
0<37��� DQG� WKH�0/&3� FRPSOH[�� 7KHVH� H[SHULPHQWV� LGHQWLI\
WKH�ȕ�DUUHVWLQV�DV�LPSRUWDQW�UHJXODWRUV�RI�0/&�SKRVSKRU\ODWLRQ
DQG�VXJJHVW�WKDW�WKH\�PD\�LQ�WXUQ�DIIHFW�P\RVLQ�GHSHQGHQW�FHOO
FRQWUDFWLRQ�DQG�PRWLOLW\�
6LQFH� SKRVSKRU\ODWLRQ� RI� 0/&� LV� DVVRFLDWHG� ZLWK� FHOO

FRQWUDFWLOLW\�DQG�PRWLOLW\��ZH�QH[W�GHWHUPLQHG�LI�WKHVH�ȕ�DUUHVWLQ�
PHGLDWHG�UHJXODWLRQV�RI�0/&�SKRVSKRU\ODWLRQ�FRXOG�DOVR�DIIHFW
FHOOXODU� FRQWUDFWLRQ�� ,Q� RUGHU� WR� H[DPLQH� WKLV� TXHVWLRQ�� ZH
FRQGXFWHG�$)0�EDVHG�PHDVXUHPHQWV�RI�VLQJOH�FHOO�FRQWUDFWLOLW\
LQ� UHVSRQVH� WR� $7�D5� DFWLYDWLRQ� WULJJHUHG� E\� WKH� IXOO� DJRQLVW
$QJ� ,,� ��Q0�� RU� WKH� ȕ�DUUHVWLQ� ELDVHG� DJRQLVW� 6,,� ���� �0�
�)LJXUH�����$)0�H[SHULPHQWV�TXDQWLI\�WKH�FRQWUDFWLRQ�RI�WKH�FHOO
ERG\�DV�D�UDSLG�LQFUHDVH�LQ�FHOO�KHLJKW�IROORZLQJ�WKH�VWLPXODWLRQ
ZLWK�DJRQLVWV��&RPSLOHG�LQGHSHQGHQW�H[SHULPHQWV��)LJXUHV��&
DQG��(���VKRZ�WKDW�$QJ�,,�DQG�6,,�HOLFLW�D�FRQWUDFWLOH�UHVSRQVH
RI� ������� QP� DQG� ������ QP�� UHVSHFWLYHO\�� 7KRVH� UHVSRQVHV
ZHUH�DOVR�EORFNHG�E\�WKH�$7�D5�DQWDJRQLVW�/RVDUWDQ��)LJXUHV
�'� DQG� �)��� WKXV� FRQILUPLQJ� WKH� VSHFLILFLW\� RI� WKH� FRQWUDFWLOH
UHVSRQVHV�WR�WKH�DFWLYDWLRQ�RI�$7�D5��6LQFH�$QJ�,,�HOLFLWV�ERWK
*�SURWHLQ�PHGLDWHG� DQG� ȕ�DUUHVWLQ�PHGLDWHG� VLJQDOOLQJ
UHVSRQVHV�� ZKLOH� WKH� 6,,� HOLFLWV� RQO\� D� ȕ�DUUHVWLQ�PHGLDWHG
VLJQDOLQJ� UHVSRQVH�� WKH� VPDOOHU� FRQWUDFWLOH� UHVSRQVH� LQGXFHG
E\� 6,,� VXJJHVWV� WKDW� WKHUH� DUH� WZR� FRPSRQHQWV� WR� FRQWUDFWLOH
HYHQWV�GRZQVWUHDP�RI�WKH�$7�D5��RQH�JRYHUQHG�E\�*�SURWHLQ�
PHGLDWHG�VLJQDOOLQJ�DQG�RQH�JRYHUQHG�E\�ȕ�DUUHVWLQ�VLJQDOLQJ�
7R� H[DPLQH� WKH� FRQWULEXWLRQ� RI� WKH� ȕ�DUUHVWLQV� LQ� $QJ� ,,�

GHSHQGHQW� FHOO� FRQWUDFWLRQ�� ZH� FRQGXFWHG� VLPLODU� $)0
H[SHULPHQWV�LQ�FHOOV�WUDQVIHFWHG�ZLWK�ȕ�DUUHVWLQ���RU�ȕ�DUUHVWLQ��
VL51$��:KHQ� FRPSDUHG� WR� WKH� FRQWUDFWLOH� UHVSRQVH�REVHUYHG
ZLWK� $QJ� ,,� ��Q0�� VWLPXODWLRQ� �������� QP��� WKH� ORVV� RI� ȕ�
DUUHVWLQ���RU��� OHDGV� WR�VPDOOHU�FRQWUDFWLRQV�RI�������QP�DQG
������ QP�� UHVSHFWLYHO\� �)LJXUHV� �%� DQG� &��� 0RUHRYHU�� WKH
UHSUHVVLRQ� RI� ERWK� ȕ�DUUHVWLQ��� DQG� �� �)LJXUH� �'�� IXUWKHU
GHFUHDVHV� FRQWUDFWLOLW\� ������� QP��� 7KLV� IXUWKHU� VXSSRUWV� WKH
QRWLRQ�WKDW�FHOOXODU�FRQWUDFWLRQ�LQGXFHG�E\�$QJ�,,�LQYROYHV�D�*�
SURWHLQ�PHGLDWHG� FRPSRQHQW� WKDW� LV� LQGHSHQGHQW� RI� ȕ�DUUHVWLQ
VLJQDOOLQJ�
7R�GHWHUPLQH�LI�WKH�6,,�PHGLDWHG�HIIHFWV�RQ�FRQWUDFWLOLW\�VHHQ

LQ�)LJXUH���DUH�WKH�UHVXOW�RI�ȕ�DUUHVWLQ�VLJQDOLQJ�DQG�WR�LGHQWLI\
WKH� UHVSHFWLYH� FRQWULEXWLRQV� RI� ȕ�DUUHVWLQ��� DQG� �� LQ� WKLV
UHVSRQVH�� ZH� NQRFNHG� GRZQ� ȕ�DUUHVWLQ��� RU� ȕ�DUUHVWLQ��

H[SUHVVLRQ� SULRU� WR� VWLPXODWLRQ� ZLWK� 6,,� ����0�� �)LJXUH� ���
,QWHUHVWLQJO\�� 6,,�GHSHQGHQW� FRQWUDFWLOLW\� �������� QP�� ZDV
VOLJKWO\� GHFUHDVHG� LQ� FHOOV� ODFNLQJ� ȕ�DUUHVWLQ��� ������� QP�
)LJXUH� �%� DQG� �(�� RU� ȕ�DUUHVWLQ��� ������� QP��)LJXUH� �&�DQG
�(��� ZKHUHDV� FHOOV� ODFNLQJ� ERWK� ȕ�DUUHVWLQV� ������� QP�� QR
ORQJHU� UHVSRQGHG� �)LJXUH� �'�DQG��(��� 7KHVH� UHVXOWV� FRQILUP�
WKURXJK�XVH�RI�WKH�ȕ�DUUHVWLQ�ELDVHG�OLJDQG��6,,��WKDW�ȕ�DUUHVWLQ�
PHGLDWHG� VLJQDOOLQJ� LV� DFWLYHO\� LQYROYHG� LQ� FHOO� FRQWUDFWLRQ�
0RUHRYHU��WKHVH�UHVXOWV�VXSSRUW�WKH�K\SRWKHVLV�WKDW�ȕ�DUUHVWLQ�
UHJXODWHG� SKRVSKR�0/&� WXUQRYHU� LV� QHFHVVDU\� IRU� VXFFHVVIXO
F\WRVNHOHWDO� UHRUJDQL]DWLRQ� DQG� PHPEUDQH� FRQWUDFWLRQ� >��@�
,QGHHG�� LQ� FHOOV� ODFNLQJ� RQH� RU� ERWK� ȕ�DUUHVWLQV�� WKHVH� HYHQWV
DUH� FRPSURPLVHG� DQG� WKLV� FRUUHODWHV� ZLWK� FKDQJHV� LQ� WKH
PDJQLWXGH�DQG�WLPLQJ�RI�0/&�SKRVSKRU\ODWLRQ�
6LQFH� LW� DSSHDUV� WKDW� ERWK� ȕ�DUUHVWLQV� SOD\� D� UROH� LQ� WKH

UHJXODWLRQ� RI�0/&� SKRVSKRU\ODWLRQ�� DQG� ERWK� DUH� UHTXLUHG� IRU
$7�D5�LQGXFHG�FHOOXODU�FRQWUDFWLOLW\��ZH�ZLVKHG�WR�H[DPLQH�WKH
LQYROYHPHQW� RI� ȕ�DUUHVWLQ���� ȕ�DUUHVWLQ���� DQG� 0<37��� LQ� D
SK\VLRORJLFDOO\� UHOHYDQW� V\VWHP� WKDW� H[SUHVVHV� HQGRJHQRXV
OHYHOV�RI�$7�D5�UHFHSWRUV��7KHUHIRUH��ZH�XVHG�SULPDU\�FXOWXUHV
RI� UDW� YDVFXODU� VPRRWK� PXVFOH� FHOOV� �U960&�� DV� WKH\
HQGRJHQRXVO\� H[SUHVV� WKH� $7�D5� DQG� FKHPRWD[� UREXVWO\� LQ
UHVSRQVH� WR� $QJ� ,,� ��Q0�� �������� IROG�� RU� 6,,� ���0�� �������
IROG�� �)LJXUH� ���� 7KH� U960&V� ZHUH� WKHQ� WUDQVIHFWHG� ZLWK� ȕ�
DUUHVWLQ���� ȕ�DUUHVWLQ���� RU�0<37��� VL51$V� DQG� FHOO�PLJUDWLRQ
ZDV� DVVHVVHG� XQGHU� $QJ� ,,� RU� 6,,� VWLPXODWLRQ�� :HVWHUQ� EORW
DQDO\VLV�VKRZV�WKDW�NQRFNGRZQV�RI�ȕ�DUUHVWLQ����ȕ�DUUHVWLQ���RU
0<37��� LQ� U960&� ZHUH� VXFFHVVIXO� DQG� GLG� QRW� DIIHFW� WKH
H[SUHVVLRQ�RI�RWKHU�SURWHLQV�RI�LQWHUHVW��)LJXUH��$���.QRFNGRZQ
HIILFDFLHV� ZHUH� HYDOXDWHG� IURP� PXOWLSOH� LQGHSHQGHQW
H[SHULPHQWV� DQG� IRXQG� WR� EH� ���������� �� IRU� ȕ�DUUHVWLQ���
������������ IRU� ȕ�DUUHVWLQ��� DQG� ���������� IRU� 0<37���
$JDLQ��UHVXOWV�VKRZ�WKDW�FKHPRWD[LV� LV� LQGXFHG�E\�ERWK�$QJ�,,
���Q0�� ������ IROG�� DQG� 6,,� ���0�� �������� IROG�� LQ� U960&V
WUDQVIHFWHG�ZLWK�FRQWURO�VL51$��+RZHYHU��ZKHQ�WKH�H[SUHVVLRQ
RI� ȕ�DUUHVWLQ��� ZDV� UHSUHVVHG�� WKH� FKHPRWDFWLF� UHVSRQVH� WR
HLWKHU�$QJ�,,����������IROG��RU�6,,����������IROG��ZDV�GLPLQLVKHG
�)LJXUH� �%��� 6LPLODU� UHVXOWV� FRXOG� EH� IRXQG� LQ� FHOOV� ZKHUH� ȕ�
DUUHVWLQ���H[SUHVVLRQ�ZDV� LQKLELWHG�DQG�VWLPXODWHG�ZLWK�$QJ� ,,
��������� IROG�� RU� 6,,� ��������� IROG�� �)LJXUH� �%��� )XUWKHUPRUH�
UHVXOWV� VKRZ� WKDW� 0<37��� UHPRYDO� DOVR� GHFUHDVHG� U960&
PRWLOLW\� IROORZLQJ� $QJ� ,,� ��������� IROG�� RU� 6,,� ��������� IROG�
VWLPXODWLRQ� �)LJXUH� �%��� 7KHVH� GDWD� FRQILUP� WKDW� ȕ�DUUHVWLQ�
PHGLDWHG� VLJQDOLQJ� SOD\V� D� PDMRU� UROH� LQ� SURPRWLQJ� FHOO
FRQWUDFWLOLW\� DQG� FKHPRWD[LV� GRZQVWUHDP� RI� WKH� $7�D5�
)XUWKHUPRUH�� LW� VHHPV� WKDW� WKH� UHFLSURFDO� UHJXODWLRQ� RI
SKRVSKRU\ODWHG� 0/&� E\� ȕ�DUUHVWLQV��� DQG� �� LV� D� SDUW� RI� WKLV
LQWHUSOD\�

'LVFXVVLRQ

7KH�DFWLYDWLRQ�RI�GLVWLQFW�*3&5V�KDV�EHHQ�UHSRUWHG�WR�LQLWLDWH
QXPHURXV� SK\VLRORJLFDO� UHVSRQVHV� LQFOXGLQJ� FRQWUDFWLRQ� LQ
PXVFOH� DQG� QRQ�PXVFOH� FHOO� W\SHV�� ,Q� DGGLWLRQ� WR� WKHLU� *�
SURWHLQ�PHGLDWHG� VLJQDOLQJ�� WKHVH� UHFHSWRUV� DOVR� WULJJHU� WKH
UHFUXLWPHQW� DQG� DFWLYDWLRQ� RI� ȕ�DUUHVWLQV� WKDW� DUH� QRW� RQO\
UHVSRQVLEOH� IRU� PHGLDWLQJ� UHFHSWRU� LQWHUQDOL]DWLRQ� DQG
GHVHQVLWL]DWLRQ�� EXW� DOVR� IRU� GULYLQJ�*�SURWHLQ�LQGHSHQGHQW�� ȕ�
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)LJXUH���� �ȕ�$UUHVWLQ���DQG�ȕ�DUUHVWLQ���KDYH�RSSRVLQJ�UROH�RQ�0/&�SKRVSKRU\ODWLRQ�� �$��$7�D5�����FHOOV�ZHUH�WUDQVIHFWHG
ZLWK�VL51$V�WRZDUGV� LQGLFDWHG�SURWHLQV�DQG�LPPXQREORWWLQJ�ZDV�XVHG�WR�GHWHUPLQH�NQRFNGRZQ�HIILFDFLHV�IRU� LQGLFDWHG�WDUJHWV��%�
$7�D5����� FHOOV�ZHUH� VWLPXODWHG�ZLWK�$QJ� ,,� �Q0� IRU� WKH� LQGLFDWHG� WLPH� DIWHU� NQRFNGRZQ�ZLWK� LQGLFDWHG� VL51$V��3KRVSKR�0/&
OHYHOV�ZHUH�DQDO\]HG�E\�LPPXQREORWWLQJ�ZKHUH�DFWLQ�ZDV�XVHG�DV�D�ORDGLQJ�FRQWURO��&��6HPL�TXDQWLWDWLYH�DQDO\VLV�RI�SKRVSKR�0/&
OHYHOV��Q ����ZKHUH�SKRVSKR�0/&�OHYHOV�DUH�QRUPDOL]HG�DFFRUGLQJ�WR�UHVSHFWLYH�DFWLQ�OHYHOV�WKHQ�H[SUHVVHG�DV���RI�XQVWLPXODWHG
FRQWURO� VL51$� ���PLQ��� 'DWD� DUH� SUHVHQWHG� DV�PHDQ�VWDQGDUG�PHDQ� HUURU� ZKHUH� S������ ���PLQ�� DQG� S������ ����PLQ�� IRU� FHOOV
GHSOHWHG�LQ�ȕ�DUUHVWLQ����S�����������������DQG����PLQ��DQG�S����������PLQ��IRU�FHOOV�GHSOHWHG�LQ�ȕ�DUUHVWLQ���DQG�S����������PLQ���
S���������DQG����PLQ��DQG�S�������������DQG����PLQ��LQ�FHOOV�GHSOHWHG�LQ�0<37���FRPSDUHG�WR�&RQWURO�VL51$�VDPSOH�DW�JLYHQ�WLPH
SRLQWV�XVLQJ�RQH�ZD\�$129$�ZLWK�%RQIHUURQL�FRUUHFWLRQ�
GRL����������MRXUQDO�SRQH���������J���
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)LJXUH���� �$QJ� ,,�DQG�6,,� LQGXFH�FHOO�FRQWUDFWLRQ�GHWHFWDEOH�E\�$)0�� �7\SLFDO�$)0�FXUYHV�PRQLWRULQJ� WKH�FHOOXODU�FRQWUDFWLRQ
IROORZLQJ�VWLPXODWLRQV�ZLWK��$��9HKLFOH���%��/RVDUWDQ���&��$QJ�,,���'��/RVDUWDQ�DQG�$QJ�,,��(��6,,��)��/RVDUWDQ�DQG�6,,��*��+LVWRJUDP
VKRZLQJ�DYHUDJH�FHOO�FRQWUDFWLRQ��PD[LPDO�FHOO�KHLJKW�YDULDWLRQ��RI�FHOOV�SUHWUHDWHG�ZLWK�9HKLFOH�RU�/RVDUWDQ�����Q0�DQG�VWLPXODWHG
ZLWK�$QJ� ,,���Q0�RU�6,,�����0��(DFK�EDU� UHSUHVHQWV������� LQGHSHQGHQW�H[SHULPHQWV�DQG�(0(0�ZDV�XVHG�DV�YHKLFOH��'DWD�DUH
H[SUHVVHG�DV�PHDQ�VWDQGDUG�PHDQ�HUURU�ZKHUH�
�S������FRPSDUHG�ZLWK�UHVSHFWLYH�$QJ�,,�DQG�6,,�UHVSRQVHV�XVLQJ�6WXGHQW�W�WHVW�
GRL����������MRXUQDO�SRQH���������J���
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)LJXUH�����ȕ�$UUHVWLQ���DQG���DUH�SDUWLFLSDWLQJ�LQ�$QJ�,,�GHSHQGHQW�FHOO�FRQWUDFWLRQ���7\SLFDO�$)0�FXUYHV�PRQLWRULQJ�WKH�FHOOXODU
FRQWUDFWLRQ� IROORZLQJ� VWLPXODWLRQV�ZLWK� �$�� FRQWURO�� �%�� ȕ�DUUHVWLQ���� �&�� ȕ�DUUHVWLQ��� RU� �'�� ȕ�DUUHVWLQ��� DQG� �� VL51$V� RQ�$QJ� ,,�
LQGXFHG� FHOOXODU� FRQWUDFWLRQ��(�� +LVWRJUDP� VKRZLQJ� DYHUDJH� FHOO� FRQWUDFWLRQ� �PD[LPDO� FHOO� KHLJKW� YDULDWLRQ�� �FRQWUDFWLRQ�� RI� FHOOV
WUDQVIHFWHG�ZLWK�LQGLFDWHG�VL51$�DQG�VWLPXODWHG�ZLWK�$QJ�,,���Q0��(DFK�EDU�UHSUHVHQWV�������LQGHSHQGHQW�H[SHULPHQWV�DQG�(0(0
ZDV� XVHG� DV� YHKLFOH�� 'DWD� DUH� H[SUHVVHG� DV� PHDQ�VWDQGDUG� PHDQ� HUURU� ZKHUH� 
� S������ FRPSDUHG� ZLWK� FRQWURO� WUDQVIHFWLRQ
UHVSRQVH�XVLQJ�RQH�ZD\�$129$�IROORZHG�E\�'XQQHWW�SRVW�WHVW�
GRL����������MRXUQDO�SRQH���������J���
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)LJXUH� ��� �6,,� DFWV� DV� D� ELDVHG� DJRQLVW� LQGXFLQJ� FRQWUDFWLRQ� YLD� ERWK� ȕ�DUUHVWLQ��� DQG� �� DFWLYDWLRQ�� � 7\SLFDO� $)0� FXUYHV
PRQLWRULQJ�WKH�FHOOXODU�FRQWUDFWLRQ�IROORZLQJ�VWLPXODWLRQV�ZLWK��$��FRQWURO���%��ȕ�DUUHVWLQ�����&��ȕ�DUUHVWLQ���RU��'��ȕ�DUUHVWLQ���DQG��
VL51$V�RQ�6,,�LQGXFHG�FHOOXODU�FRQWUDFWLRQ��(��+LVWRJUDP�VKRZLQJ�DYHUDJH�FHOO�FRQWUDFWLRQ� �PD[LPDO�FHOO�KHLJKW�YDULDWLRQ��RI�FHOOV
WUDQVIHFWHG�ZLWK� LQGLFDWHG�VL51$�DQG�VWLPXODWHG�ZLWK�6,,�����0��(DFK�EDU�UHSUHVHQWV�������LQGHSHQGHQW�H[SHULPHQWV�DQG�(0(0
ZDV� XVHG� DV� YHKLFOH�� 'DWD� DUH� H[SUHVVHG� DV� PHDQ�VWDQGDUG� PHDQ� HUURU� ZKHUH� 
� S������ FRPSDUHG� ZLWK� FRQWURO� WUDQVIHFWLRQ
UHVSRQVH�XVLQJ�RQH�ZD\�$129$�IROORZHG�E\�'XQQHWW�SRVW�WHVW�
GRL����������MRXUQDO�SRQH���������J���
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DUUHVWLQ�PHGLDWHG� VLJQDOLQJ�� 7KH� $7�D5� LV� ZHOO�NQRZQ� WR
LQGXFH� FRQWUDFWLOH� UHVSRQVHV� LQ� PXVFOH� FHOOV� >��@�� 0RUHRYHU�
VLPLODU� UHVXOWV� KDYH� EHHQ� IRXQG� LQ� QRQ�PXVFOH�+(.����� FHOOV
ZKLFK� RYHUH[SUHVV� $7�D5� >�����@�� D� ZHOO�HVWDEOLVKHG� PRGHO
V\VWHP� IRU� HOXFLGDWLQJ� $7�D5� GRZQVWUHDP� VLJQDOLQJ� HYHQWV�
,QWHUHVWLQJO\�� ZH� KDYH� SUHYLRXVO\� VKRZQ� WKDW� ȕ�DUUHVWLQ��� LV
UHTXLUHG� IRU� 5KR� $� DFWLYDWLRQ� DQG� VXEVHTXHQW� VWUHVV� ILEHU
IRUPDWLRQ�DQG�F\WRVNHOHWRQ�UHDUUDQJHPHQW�>�@��)XUWKHUPRUH��ZH
KDYH�DOVR�VKRZQ�WKDW�ȕ�DUUHVWLQ���LV�UHTXLUHG�IRU�$QJ�,,�LQGXFHG
FKHPRWD[LV� >��@�� WKXV� LPSOLFDWLQJ� ERWK� ȕ�DUUHVWLQV� LQ� WKH
FRQWUDFWLRQ�PRWLOLW\� VLJQDOLQJ� D[LV�� +HUH� ZH� EXLOG� XSRQ� WKRVH
SUHYLRXV� ILQGLQJV� WR� IXUWKHU�HOXFLGDWH� WKH�PHFKDQLVP�ZKHUHE\

WKH� ȕ�DUUHVWLQV� UHJXODWH� DJRQLVW�LQGXFHG� FHOO� FRQWUDFWLRQ
WKURXJK�WKHLU�LQWHUSOD\�ZLWK�0/&�
:H�KDYH�VKRZQ�KHUH�WKDW�WKH�ȕ�DUUHVWLQ�PHGLDWHG�UHJXODWLRQ

RI� SKRVSKRU\ODWHG�0/&� LV� D� VLJQLILFDQW� FRPSRQHQW� RI�$7�D5�
LQGXFHG� PHFKDQLFDO� UHVSRQVH�� 'HSOHWLRQ� RI� ȕ�DUUHVWLQ��� IURP
FHOOV�GHFUHDVHV� OHYHOV�RI�SKRVSKR�0/&�LQ�UHVSRQVH�WR�$7�D5
VWLPXODWLRQ��)LJXUH����VXJJHVWLQJ�D�K\SHUDFWLYH�0/&3�FRPSOH[�
7KLV�UHJXODWRU\�HYHQW�FRXOG�EH�GXH�WR�D�VLPSOH�VHTXHVWUDWLRQ�RI
0<37���DZD\�IURP�WKH�0/&3�FRPSOH[��RU�DV�VXJJHVWHG�E\�RXU
SUHYLRXV� ZRUN� >�@� FRXOG� EH� GXH� WR� D� ORVV� RI� ȕ�DUUHVWLQ���
GHSHQGHQW�DFWLYDWLRQ�RI�5KR�$��7KLV�ZRXOG�FRQVHTXHQWO\� OHDG
WR� D� ORVV� RI� 52&.� DFWLYDWLRQ� DQG� K\SHUDFWLYH� 0/&3�� 0RVW

)LJXUH�����$QJ�,,�DQG�6,,�LQGXFH�U960&�PLJUDWLRQ���$��&U\VWDO�YLROHW�VWDLQLQJ�RI�PHPEUDQHV�IROORZLQJ�WUDQVZHOO�PLJUDWLRQ�DVVD\�RI
U960&�H[SRVHG�WR�$QJ�,,���Q0�RU�6,,����0��%��+LVWRJUDP�VKRZLQJ�$QJ�,,�DQG�6,,� LQGXFHG�FKHPRWD[LV� LQ�U960&��Q ����'DWD�DUH
H[SUHVVHG� DV� PHDQ�VWDQGDUG� PHDQ� HUURU� ZKHUH� 
� S������ DQG� 

� S������ FRPSDUHG� ZLWK� YHKLFOH� XVLQJ� RQH�ZD\� $129$� ZLWK
%RQIHUURQL�FRUUHFWLRQ�
GRL����������MRXUQDO�SRQH���������J���
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OLNHO\�� LW� LV� D� FRPELQDWLRQ� RI� WKHVH� IDFWRUV� WKDW� FDXVHV� WKH
HIIHFWV�VHHQ�E\�ORVV�RI�ȕ�DUUHVWLQ���
$GGLWLRQDOO\��ZH�KDYH�VKRZQ�WKDW�ȕ�DUUHVWLQ���LV�LPSRUWDQW�IRU

$7�D5�PHGLDWHG�GHSKRVSKRU\ODWLRQ�RI�0/&��)LJXUH�����$JRQLVW
VWLPXODWLRQ� OHDGV� WR� KLJKHU� OHYHOV� RI� SKRVSKR�0/&� LQ� WKH
DEVHQFH�RI�ȕ�DUUHVWLQ����VXJJHVWLQJ�WKDW�D�ȕ�DUUHVWLQ���0<37��
FRPSOH[�PD\�OLPLW�WKH�DFFHVV�RI�0/&3�WR�LWV�VXEVWUDWH�UHVXOWLQJ
LQ� ORZ�DFWLYLW\�RI�0/&3��0RUHRYHU�� WKH� ORVV�RI�0<37��� LQ� WKLV
V\VWHP�PLPLFNHG� WKH� ORVV�RI�ȕ�DUUHVWLQ���� WKXV� OHQGLQJ� IXUWKHU
FUHGHQFH�WR�WKH�LPSRUWDQFH�RI�0/&3�DFWLYLW\�DQG�LWV�UHFLSURFDO
UHJXODWLRQ� E\� ȕ�DUUHVWLQV� LQ� SKRVSKR�0/&� WXUQRYHU�� )XUWKHU

LQYHVWLJDWLRQ� ZLOO� EH� QHHGHG� WR� FRPSOHWHO\� XQGHUVWDQG� WKH
VSDWLDO� DQG� WHPSRUDO� LQWHUSOD\�RI� WKH�ȕ�DUUHVWLQV��0<37���DQG
WKH�0/&3�FRPSOH[�LQ�UHVSRQVH�WR�$7�D5�VWLPXODWLRQ��(5.����
>�@�DQG�VHYHUDO�RWKHU�VLJQDOLQJ�SDWKZD\V�DUH�DOVR�LQYROYHG�LQ�ȕ�
DUUHVWLQ� VLJQDOLQJ� >�@�� ,QWHUHVWLQJO\�� LW� KDV� EHHQ� UHSRUWHG� WKDW
(5.� FDQ� SKRVSKRU\ODWH� 0/&.� DQG� SDUWLFLSDWH�� WR� D� VPDOO
H[WHQW�� LQ� P\RVLQ� OLJKW� FKDLQ� SKRVSKRU\ODWLRQ�� FHOO� FRQWUDFWLRQ
DQG�IRUFH�JHQHUDWLRQ�>��@��+RZHYHU�� WR�RXU�NQRZOHGJH��QR� OLQN
KDV�EHHQ�PDGH�EHWZHHQ�ȕ�DUUHVWLQ�GHSHQGHQW�(5.�DFWLYDWLRQ
DQG�0/&.�UHJXODWLRQ�

)LJXUH���� �ȕ�$UUHVWLQV�DUH�UHTXLUHG�IRU�FHOO�PLJUDWLRQ�� �$�� U960&�ZHUH� WUDQVGXFHG�ZLWK�VL51$V�WRZDUG� WKH� LQGLFDWHG�SURWHLQV�
,PPXQREORWV� RI� UHSUHVHQWDWLYH� U960&� O\VDWHV� IURP� FHOO� SRSXODWLRQV� XVHG� LQ� PRWLOLW\� H[SHULPHQWV� ZHUH� SHUIRUPHG� WR� FRQILUP
NQRFNGRZQ�� %�� U960&� PRWLOLW\� ZDV� H[DPLQHG� XVLQJ� KLJK�WKURXJKSXW� 4&0� PLJUDWLRQ� DVVD\�� &HOO� PLJUDWLRQ� ZDV� DVVHVVHG� LQ
UHVSRQVH�WR�$QJ�,,����Q0�RU�6,,����0�VWLPXODWLRQ�DIWHU���KRXUV��+LVWRJUDP�VKRZLQJ�$QJ�,,�DQG�6,,�LQGXFHG�FKHPRWD[LV�LQ�FRQGLWLRQV
RI�ȕ�$UUHVWLQ������DQG�0<37���GHSOHWLRQ��'DWD�DUH�H[SUHVVHG�DV�PHDQ�VWDQGDUG�PHDQ�HUURU�ZKHUH�
�S������FRPSDUHG�ZLWK�FRQWURO
WUDQVIHFWLRQ�UHVSRQVHV�XVLQJ�RQH�ZD\�$129$�ZLWK�%RQIHUURQL�FRUUHFWLRQ�
GRL����������MRXUQDO�SRQH���������J���
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,Q� ������ 0DWVXPXUD� HW� DO�� SURSRVHG� D� PRGHO� ZKHUH� KLJK
OHYHOV�RI�SKRVSKRU\ODWHG�0/&�GR�QRW�QHFHVVDULO\�WUDQVODWH�LQWR
LQFUHDVHG� FHOO� FRQWUDFWLRQ� RU� PLJUDWLRQ�� ,Q� WKHLU� PRGHO�� KLJK
0/&�SKRVSKRU\ODWLRQ�FRXSOHG�ZLWK� ORZ�0/&3�DFWLYLW\� UHVXOW� LQ
ORZ�SKRVSKR�0/&�WXUQRYHU� OHDGLQJ� WR� LQFUHDVHG�FHOO�DGKHVLRQ
DQG� VWUHVV� ILEHU� IRUPDWLRQ�� &RQYHUVHO\�� KLJK� 0/&
SKRVSKRU\ODWLRQ�FRXSOHG�ZLWK�KLJK�0/&3�DFWLYLW\�UHVXOW� LQ�KLJK
SKRVSKR�0/&� WXUQRYHU� OHDGLQJ� WR�PRUSKRORJLFDO� FKDQJHV�DQG
FHOO�PRWLOLW\�E\�DFFHOHUDWLQJ�IRFDO�DGKHVLRQ�WXUQRYHU�DQG�OLPLWLQJ
P\RVLQ�LQGXFHG�DFWLQ�SRO\PHUL]DWLRQ� >��@��2XU� UHVXOWV� VXJJHVW
WKDW� WKH� ȕ�DUUHVWLQV� DUH� UHTXLUHG� IRU� WKLV� G\QDPLF� WXUQRYHU� RI
SKRVSKR�0/&�� 0RUHRYHU�� LQ� 0<37��� GHSOHWLRQ� H[SHULPHQWV�
OHYHOV�RI�SKRVSKR�0/&�ZHUH�IRXQG�WR�EH�YHU\�KLJK�DIWHU�$QJ�,,
WUHDWPHQW�� DQG� QRW� VXUSULVLQJO\�� 0<37��� GHSOHWLRQ� LQ� U960&
UHGXFHG� FHOO� PLJUDWLRQ� LQ� UHVSRQVH� WR� ERWK� $QJ� ,,� DQG� 6,,�
7KHVH� UHVXOWV�PLUURU� WKRVH�VHHQ�ZLWK� ORVV�RI�ȕ�DUUHVWLQ����DQG
VXJJHVW�WKDW�GHIHFWLYH�SKRVSKR�0/&�WXUQRYHU�GXH�WR�ORVV�RI�ȕ�
DUUHVWLQ�UHJXODWHG� 0/&3� DFWLYLW\� OHDGV� WR� UHGXFHG� FHOOXODU
PLJUDWLRQ�
&\FOLQJ� RI� 0/&� SKRVSKRU\ODWLRQ� FRUUHODWHV� ZLWK� FHOO

FRQWUDFWLOLW\� >��@� DQG� ZH� VKRZHG� WKDW� DFWLYDWLRQ� RI� $7�D5

VLJQDOLQJ�WKURXJK�ȕ�DUUHVWLQV�LQGXFHV�DQ�LQFUHDVH�LQ�SKRVSKRU�
0/&�WKDW�FDQ�EH�FRUUHODWHG�ZLWK�FHOOXODU�FRQWUDFWLRQ�HYHQWV��:H
DOVR� REVHUYHG� WKDW�� 6,,�� D� ȕ�DUUHVWLQ�ELDVHG� OLJDQG� IRU� WKH
$7�D5�� FDQ� LQGXFH� FHOOXODU� FRQWUDFWLRQ� DQG� FHOO� PLJUDWLRQ
�)LJXUH������� ,QWHUHVWLQJO\��ZKLOH� WKH� WZR�ȕ�DUUHVWLQV�DSSHDU� WR
UHFLSURFDOO\� UHJXODWH�SKRVSKRU\ODWLRQ�RI�0/&�� ORVV�RI�HLWKHU�ȕ�
DUUHVWLQ��� RU� ȕ�DUUHVWLQ��� IXQFWLRQ� DSSHDUV� WR� KDYH� VLPLODU
HIIHFWV� RQ� FHOO� FRQWUDFWLOLW\� DQG� PRWLOLW\�� &RQVLGHULQJ� WKDW
SKRVSKRU\ODWLRQ� RI�0/&� LV� D� NH\� HYHQW� LQ� FHOOXODU� FRQWUDFWLRQ
DQG� D� GULYHU� RI� FHOOXODU�PLJUDWLRQ��ZH� EHOLHYH� WKDW� D� IDLOXUH� WR
SURSHUO\� UHJXODWH� 0/&� F\FOLQJ� LQ� WKH� DEVHQFH� RI� ȕ�DUUHVWLQ�
PHGLDWHG� VLJQDOOLQJ� LV� PDQLIHVWHG� DV� GHIHFWLYH� FHOOXODU
FRQWUDFWLOLW\�DQG�PLJUDWLRQ�

$XWKRU�&RQWULEXWLRQV

&RQFHLYHG�DQG�GHVLJQHG�WKH�H[SHULPHQWV��(6�-.�:(0�-.�0*
5-/�� 3HUIRUPHG� WKH� H[SHULPHQWV�� (6� -.�:(0� -.�� $QDO\]HG
WKH� GDWD�� (6� -.� :(0� -.� 0*� 5-/�� &RQWULEXWHG� UHDJHQWV�
PDWHULDOV�DQDO\VLV�WRROV��0*�5-/��:URWH�WKH�PDQXVFULSW��(6�-.
:(0�-.�0*�5-/�

5HIHUHQFHV

�� .RORGQH\�06��7KLPJDQ�06��+RQGD�+0��7VDL�*��<HH�+)��������&D���
LQGHSHQGHQW� P\RVLQ� ,,� SKRVSKRU\ODWLRQ� DQG� FRQWUDFWLRQ� LQ� FKLFNHQ
HPEU\R� ILEUREODVWV�� -� 3K\VLRO� /RQG� ���� �� ���� ������� GRL���������M�
������������������DG�[��3XE0HG����������

�� 7DQJ�''��$QILQRJHQRYD�<��������3K\VLRORJLF�SURSHUWLHV�DQG�UHJXODWLRQ
RI� WKH� DFWLQ� F\WRVNHOHWRQ� LQ� YDVFXODU� VPRRWK� PXVFOH�� -� &DUGLRYDVF
3KDUPDFRO� 7KHU� ���� ��������� GRL��������������������������
3XE0HG�����������

�� GH� *DVSDUR� 0�� &DWW� .-�� ,QDJDPL� 7�� :ULJKW� -:�� 8QJHU� 7� ������
,QWHUQDWLRQDO�XQLRQ�RI�SKDUPDFRORJ\��;;,,,��WKH�DQJLRWHQVLQ�,,�UHFHSWRUV�
3KDUPDFRO�5HY��������������3XE0HG�����������

�� .LP� 6�� ,ZDR� +� ������� 0ROHFXODU� DQG� FHOOXODU� PHFKDQLVPV� RI
DQJLRWHQVLQ�,,�PHGLDWHG�FDUGLRYDVFXODU�DQG�UHQDO�GLVHDVHV��3KDUPDFRO
5HY������������3XE0HG�����������

�� %DUQHV�:*��5HLWHU�(��9LROLQ�-'��5HQ�;5��0LOOLJDQ�*�HW�DO���������%HWD�
DUUHVWLQ���DQG�JDOSKDT����FRRUGLQDWHO\�DFWLYDWH�5KR$�DQG�VWUHVV� ILEHU
IRUPDWLRQ� IROORZLQJ�UHFHSWRU�VWLPXODWLRQ��-�%LRO�&KHP����������������
3XE0HG�����������

�� *RRGPDQ�2%�-U��.UXSQLFN�-*��6DQWLQL�)��*XUHYLFK�99��3HQQ�5%�HW�DO�
������� %HWD�DUUHVWLQ� DFWV� DV� D� FODWKULQ� DGDSWRU� LQ� HQGRF\WRVLV� RI� WKH
EHWD��DGUHQHUJLF� UHFHSWRU�� 1DWXUH� ����� ��������� GRL�
��������������D���3XE0HG����������

�� /DSRUWH�6$��2DNOH\�5+��=KDQJ�-��+ROW�-$��)HUJXVRQ�66�HW�DO�� ������
7KH� EHWD��DGUHQHUJLF� UHFHSWRU�EHWDDUUHVWLQ� FRPSOH[� UHFUXLWV� WKH
FODWKULQ�DGDSWRU�$3���GXULQJ�HQGRF\WRVLV��3URF�1DWO�$FDG�6FL�8�6�$����
�����������GRL���������SQDV������������3XE0HG�����������

�� ;LDR� .�� 0F&ODWFK\� '%�� 6KXNOD� $.�� &KHQ� <=D0� HW� DO� 6KHQR\� 6.�
������� )XQFWLRQDO� VSHFLDOL]DWLRQ� RI� EHWD�DUUHVWLQ� LQWHUDFWLRQV� UHYHDOHG
E\� SURWHRPLF� DQDO\VLV�� 3URF�1DWO� $FDG�6FL�8�6�$� ����� ������������
GRL���������SQDV�������������3XE0HG������������GRL���������SQDV�
�����������3XE0HG����������

�� :HL� +�� $KQ� 6�� %DUQHV� :*�� /HINRZLW]� 5-� ������� 6WDEOH� LQWHUDFWLRQ
EHWZHHQ�EHWD�DUUHVWLQ� �� DQG�DQJLRWHQVLQ� W\SH� �$� UHFHSWRU� LV� UHTXLUHG
IRU�EHWD�DUUHVWLQ���PHGLDWHG�DFWLYDWLRQ�RI�H[WUDFHOOXODU�VLJQDO�UHJXODWHG
NLQDVHV� �� DQG� ��� -� %LRO� &KHP� ����� ������������� GRL���������
MEF�0�����������3XE0HG�����������

��� ,NHEH�5��5HDUGRQ�6��0LWVXL�7�� ,NHEH�0� �������5ROH�RI� WKH�1�WHUPLQDO
UHJLRQ�RI�WKH�UHJXODWRU\� OLJKW�FKDLQ� LQ�WKH�GHSKRVSKRU\ODWLRQ�RI�P\RVLQ
E\� P\RVLQ� OLJKW� FKDLQ� SKRVSKDWDVH�� -� %LRO� &KHP� ����� ������������
GRL���������MEF���������������3XE0HG�����������

��� 0DWVXPXUD� )�� +DUWVKRUQH� '-� ������� 0\RVLQ� SKRVSKDWDVH� WDUJHW
VXEXQLW�� 0DQ\� UROHV� LQ� FHOO� IXQFWLRQ�� %LRFKHP� %LRSK\V� 5HV� &RPPXQ
��������������GRL���������M�EEUF��������������3XE0HG�����������

��� /LQFROQ�70��������0\RVLQ�SKRVSKDWDVH�UHJXODWRU\�SDWKZD\V��'LIIHUHQW
IXQFWLRQV� RU� UHGXQGDQW� IXQFWLRQV"� &LUF� 5HV� ����� ������� GRL�
�����������5(6����������������������3XE0HG�����������

��� $PDQR� 0�� ,WR� 0�� .LPXUD� .�� )XNDWD� <�� &KLKDUD� .� HW� DO�� ������
3KRVSKRU\ODWLRQ� DQG� DFWLYDWLRQ� RI� P\RVLQ� E\� UKR�DVVRFLDWHG� NLQDVH
�UKR�NLQDVH��� -� %LRO� &KHP� ����� ������������� GRL���������MEF�
��������������3XE0HG����������

��� *RGLQ� &0�� )HUJXVRQ� 66*� ������� 7KH� DQJLRWHQVLQ� ,,� W\SH� �� UHFHSWRU
LQGXFHV� PHPEUDQH� EOHEELQJ� E\� FRXSOLQJ� WR� UKR� $�� UKR� NLQDVH�� DQG
P\RVLQ� OLJKW� FKDLQ� NLQDVH�� 0RO� 3KDUPDFRO� ���� ��������� GRL���������
PRO�������������3XE0HG�����������

��� +XQWRQ�'/��%DUQHV�:*��.LP�-��5HQ�;5��9LROLQ�-'�HW�DO�� �������%HWD�
DUUHVWLQ���GHSHQGHQW�DQJLRWHQVLQ�,,�W\SH��$�UHFHSWRU�PHGLDWHG�SDWKZD\
RI� FKHPRWD[LV�� 0RO� 3KDUPDFRO� ���� ����������� GRL���������PRO�
������������3XE0HG�����������

��� 5HQ� ;5�� 5HLWHU� (�� $KQ� 6�� .LP� -�� &KHQ�:� HW� DO�� ������� 'LIIHUHQW� *
SURWHLQ�FRXSOHG� UHFHSWRU� NLQDVHV� JRYHUQ� *� SURWHLQ� DQG� EHWD�DUUHVWLQ�
PHGLDWHG�VLJQDOLQJ�RI�9��YDVRSUHVVLQ�UHFHSWRU��3URF�1DWO�$FDG�6FL�8�6
$�����������������GRL���������SQDV�������������3XE0HG�����������

��� .LP� -�� $KQ� 6�� 5DMDJRSDO� .�� /HINRZLW]� 5-� ������� ,QGHSHQGHQW� EHWD�
DUUHVWLQ��DQG�JT�SURWHLQ�NLQDVH�F]HWD�SDWKZD\V�IRU�(5.�VWLPXODWHG�E\
DQJLRWHQVLQ� W\SH� �$� UHFHSWRUV� LQ� YDVFXODU� VPRRWK� PXVFOH� FHOOV
FRQYHUJH�RQ� WUDQVDFWLYDWLRQ�RI� WKH�HSLGHUPDO�JURZWK� IDFWRU� UHFHSWRU��-
%LRO�&KHP������ ������������� GRL���������MEF�0�����������3XE0HG�
���������

��� /XWWUHOO�/0��5RXGDEXVK�)/��&KR\�(:��0LOOHU�:(��)LHOG�0(�HW�DO��������
$FWLYDWLRQ� DQG� WDUJHWLQJ� RI� H[WUDFHOOXODU� VLJQDO�UHJXODWHG� NLQDVHV� E\
EHWD�DUUHVWLQ�VFDIIROGV��3URF�1DWO�$FDG�6FL�8�6�$����������������GRL�
��������SQDV������������3XE0HG�����������

��� .LP�-��$KQ�6��5HQ�;5��:KDOHQ�(-��5HLWHU�(�HW� DO�� �������)XQFWLRQDO
DQWDJRQLVP� RI� GLIIHUHQW� *� SURWHLQ�FRXSOHG� UHFHSWRU� NLQDVHV� IRU� EHWD�
DUUHVWLQ�PHGLDWHG�DQJLRWHQVLQ�,,�UHFHSWRU�VLJQDOLQJ��3URF�1DWO�$FDG�6FL
8� 6� $� ����� ����������� GRL���������SQDV������������� 3XE0HG�
���������

��� (JXFKL� $�� 'RZG\� 6)� ������� (IILFLHQW� VL51$� GHOLYHU\� E\� QRYHO� 37'�
'5%'� IXVLRQ� SURWHLQV�� &HOO� &\FOH� ��� ��������� GRL���������FF�
�����������3XE0HG�����������

��� *HVW\�3DOPHU� '�� &KHQ�0�� 5HLWHU� (�� $KQ� 6�� 1HOVRQ� &'� HW� DO�� ������
'LVWLQFW� EHWD�DUUHVWLQ�� DQG� *� SURWHLQ�GHSHQGHQW� SDWKZD\V� IRU
SDUDWK\URLG� KRUPRQH� UHFHSWRU�VWLPXODWHG� (5.���� DFWLYDWLRQ�� -� %LRO
&KHP� ����� ������������� GRL���������MEF�0����������� 3XE0HG�
���������

��� $WWUDPDGDO�+�� $UUL]D� -/�� $RNL�&��'DZVRQ� 70��&RGLQD� -� HW� DO�� ������
%HWD�DUUHVWLQ��� D� QRYHO� PHPEHU� RI� WKH� DUUHVWLQ�EHWD�DUUHVWLQ� JHQH
IDPLO\��-�%LRO�&KHP�������������������3XE0HG����������

��� &XHUULHU�&0��%HQRLW�0��*XLOOHPHWWH�*��*REHLO�)�-U��*UDQGERLV�0�������
5HDO�WLPH�PRQLWRULQJ�RI�DQJLRWHQVLQ�,,�LQGXFHG�FRQWUDFWLOH�UHVSRQVH�DQG
F\WRVNHOHWRQ�UHPRGHOLQJ�LQ�LQGLYLGXDO�FHOOV�E\�DWRPLF�IRUFH�PLFURVFRS\�
3IOXJHUV� $UFK� ����� ����������� GRL���������V�����������������
3XE0HG�����������
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��� 0HKWD� 3.�� *ULHQGOLQJ� ..� ������� $QJLRWHQVLQ� ,,� FHOO� VLJQDOLQJ�
3K\VLRORJLFDO�DQG�SDWKRORJLFDO�HIIHFWV�LQ�WKH�FDUGLRYDVFXODU�V\VWHP��$P
-�3K\VLRO�&HOO�3K\VLRO������&���&����3XE0HG�����������

��� $XJHU�0HVVLHU� 0�� 7XUJHRQ� (6�� /HGXF� 5�� (VFKHU� (�� *XLOOHPHWWH� *
�������7KH�FRQVWLWXWLYHO\�DFWLYH�1���*�$7��UHFHSWRU�IRU�DQJLRWHQVLQ�,,
PRGLILHV� WKH� PRUSKRORJ\� DQG� F\WRVNHOHWDO� RUJDQL]DWLRQ� RI� +(.����

FHOOV�� ([S� &HOO� 5HV� ����� ��������� GRL���������M�\H[FU�������������
3XE0HG�����������

��� '
$QJHOR� *�� $GDP� /3� ������� ,QKLELWLRQ� RI� (5.� DWWHQXDWHV� IRUFH
GHYHORSPHQW� E\� ORZHULQJ� P\RVLQ� OLJKW� FKDLQ� SKRVSKRU\ODWLRQ�� $P� -
3K\VLRO�+HDUW�&LUF�3K\VLRO������+����+�����3XE0HG�����������

��� 9LFHQWH�0DQ]DQDUHV�0��0D�;��$GHOVWHLQ�56��+RUZLW]�$5��������1RQ�
PXVFOH�P\RVLQ�,,�WDNHV�FHQWUH�VWDJH�LQ�FHOO�DGKHVLRQ�DQG�PLJUDWLRQ��1DW
5HY� 0RO� &HOO� %LRO� ���� ��������� GRL���������QUP������ 3XE0HG�
���������
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