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' ( ( � � ��LV�D�UDUH�JHQHWLF�FRQGLWLRQ�WKDW�OHDGV�WR�VHL] XUHV
DQG�SUHYHQWV�FKLOGUHQ�IURP �UHDFKLQJ�GHYHORSP HQWDO

P LOHVWRQHV�OLNH�Z DONLQJ�DQG�VSHDNLQJ��,W�LV�RQH�W\ SH�RI
GHYHORSP HQWDO�HSLOHSWLF�HQFHSKDORSDWK\ ��D�VHYHUH�IRUP
RI�HSLOHSV\ �WKDW�LV�DFFRP SDQLHG�E\ �GHYHORSP HQWDO�GHOD\

DQG�HQFHSKDORSDWK\ ��$ �UHFHQW�UHYLHZ �IRXQG�WKDW�RYHU
� � � �GLIIHUHQW�JHQHV�Z HUH�DVVRFLDWHG�Z LWK�' ( ( �3RNH�HW

DO���� � � � ���' ( ( � � �LV�FDXVHG�E\ �SDWKRJHQLF�YDULDQWV�LQ�WKH
&\ ILS� �JHQH��7KHUH�LV�QR�WUHDWP HQW�RU�FXUH�IRU�WKLV

GLVHDVH�
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$ERXW�&\ ILS�

&\ ILS� �LV�DQ�DEEUHYLDWLRQ�RI�&\ WRSODVP LF�)UDJLOH�; �0 HVVHQJHU
5LERQXFOHRSURWHLQ�� �,QWHUDFWLQJ�3URWHLQ�� ��7KH�JHQH�Z DV�ILUVW

GLVFRYHUHG�LQ�� � � � �E\ �UHVHDUFKHUV�VWXG\ LQJ�)UDJLOH�;
V\ QGURP H�6FKHQFN�HW�DO���� � � � ���7KH�JHQHWLF�FDXVH�RI�)UDJLOH�;

V\ QGURP H�LV�D�JHQH�FDOOHG�)0 53��DQG�WKH�&\ ILS� �SURWHLQ�DFWV�DV�D
SDUWQHU�WR�)0 53��+RZ HYHU��LW�Z DV�QRW�XQWLO�� �\ HDUV�ODWHU�WKDW

ELRFKHP LVWV�VWXG\ LQJ�D�SURWHLQ�FDOOHG�DFWLQ�WKDW�DQRWKHU�UROH�RI
&\ ILS� �EHFDP H�FOHDU�&KHQ�HW�DO���� � � � ���&\ ILS� ��Z KLFK�LV�P DLQO\ �IRXQG
LQ�QHXURQV�LQ�WKH�EUDLQ��NHHSV�FRQWURO�RYHU�WKH�SURWHLQ�FRP SOH[ �WKDW
UHP RGHOV�WKH�F\ WRVNHOHWRQ��D�QHWZ RUN�RI�SURWHLQ�FDEOHV�LQVLGH�WKH

FHOO��: KHQ�&\ ILS� �LV�QRW�IXQFWLRQLQJ�FRUUHFWO\ �WKH�SURWHLQ�FDEOHV�DUH
ODLG�GRZ Q�LQ�SODFHV�Z KHUH�WKH\ �FDXVH�SUREOHP V�IRU�WKH�QHXURQV�

DQG�EUDLQ�GHYHORSP HQW�DQG�IXQFWLRQ�DUH�DIIHFWHG�

7R�GDWH��FOLQLFLDQV�DQG�VFLHQWLVWV�KDYH�FRQILUP HG�WKDW�� � �GLIIHUHQW
JHQHWLF�YDULDQWV�LQ�&\ ILS� �DUH�OLQNHG�WR�' ( ( � � ��Z LWK�WZ R�RWKHU

YDULDQWV�VXVSHFWHG�WR�EH�OLQNHG�WR�WKH�GLVHDVH�%HJHP DQQ�HW�DO��
� � � � ��=Z HLHU�HW�DO���� � � � ��%HJHP DQQ��XQSXEOLVKHG�GDWD���$OP RVW�KDOI

RI�WKH�YDULDQWV�RFFXU�RQ�$UJLQLQH�� � ��D�FULWLFDO�DP LQR�DFLG�IRU
FRQWUROOLQJ�WKH�UHP RGHOLQJ�RI�WKH�F\ WRVNHOHWRQ��0 RVW�RI�WKH�RWKHU
YDULDQWV�DOVR�DSSHDU�LQYROYHG�LQ�WKLV�F\ WRVNHOHWRQ�FRQWURO��0 RVW

' ( ( � � �SDWLHQWV�H[ SHULHQFH�HSLOHSV\ ��GHFUHDVHG�P XVFOH�WRQH��DQG
VHYHUH�LQWHOOHFWXDO�GLVDELOLW\ � GHYHORSP HQWDO�GHOD\ ��$ �FRP SUHKHQVLYH

QDWXUDO�KLVWRU\ �VWXG\ �RI�� � �SDWLHQWV�LV�LQ�SURJUHVV��%HJHP DQQ�
XQSXEOLVKHG��



0 RGHOV�RI�' ( ( � � �WKDW�FRXOG�EH�XVHG�WR�GLVFRYHU�DQG�WHVW�WUHDWP HQWV
IRU�WKH�GLVHDVH�LQFOXGH�P RXVH�DQG�] HEUDILVK�&\ ILS� �NQRFNRXWV��D

WDGSROH�LQ�Z KLFK�$UJ� � &\ V�&\ ILS� �P 51 $�KDV�EHHQ�DGGHG
WHP SRUDULO\ ��DQG�D�P RXVH�Z LWK�D�JHQRP LF�HGLW�WR�FKDQJH�&\ ILS� �WR

WKH�$UJ� � &\ V�YDULDQW�RQ�RQH�RI�WKH�WZ R�FRSLHV��,Q�DGGLWLRQ��VDP SOHV
IURP �SDWLHQWV�KDYH�EHHQ�XVHG�WR�FUHDWH�FHOO�OLQHV�WKDW�FDUU\ �VHYHUDO

RI�WKH�GLVHDVH�FDXVLQJ�YDULDQWV��
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' LVHDVH�P RGHOV



~5HFHQW�VWXGLHV�DW�WKH�P ROHFXODU��FHOOXODU��DQG�DQLP DO�P RGHO
OHYHOV�DUH�JUDGXDOO\ �XQFRYHULQJ�WKH�SDWKRORJLFDO�P HFKDQLVP V
XQGHUO\ LQJ�&<) ,3� � DVVRFLDWHG�QHXURGHYHORSP HQWDO�GLVRUGHUV�
+RZ HYHU��WKHUH�DUH�VWLOO�VLJQLILFDQW�JDSV�LQ�WKH�GHYHORSP HQW�RI

WKHUDSHXWLF�VWUDWHJLHV��LQGLFDWLQJ�D�QHHG�IRU�IXUWKHU�SURJUHVV�DQG
FROODERUDWLRQ�EHWZ HHQ�FOLQLFDO�DQG�EDVLF�UHVHDUFK�•�0 D�HW�DO�

� � � �

7UHDWP HQWV�LQ�GHYHORSP HQW�IRU�' ( ( � � �DUH�LQ�WKHLU�HDUO\ �VWDJHV�
7KHUDSHXWLF�RSWLRQV�LQFOXGH�D�VHOHFWLYH�UHP RYDO�RI�WKH

SDWKRJHQLF�P HVVHQJHU�51 $�E\ �DQWLVHQVH�ROLJRQXFOHRWLGH��$62 ��
UHSXUSRVHG�GUXJV�VHOHFWHG�IURP �WKRVH�DOUHDG\ �DSSURYHG�E\ �WKH
) ' $ �DQG�RWKHU�UHJXODWRUV��DQG�FRP SRXQGV�WKDW�UHJXODWH�RWKHU
DVSHFWV�RI�WKH�ELRORJLFDO�SDWKZ D\ �LP SDLUHG�E\ �&\ ILS� �YDULDQWV�
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7UHDWP HQWV�LQ�' HYHORSP HQW�



' HVFULSWLRQ�RI�WKH�' LVHDVH

3DWLHQWV�DUH�FXUUHQWO\ �GLDJQRVHG�Z LWK�' ( ( � � �EDVHG�RQ�D
FOLQLFDO�SUHVHQWDWLRQ��LQFOXGLQJ�LQWUDFWDEOH�VHL] XUHV�WKDW�EHJLQ

Z LWKLQ�WKH�ILUVW�VL[ �P RQWKV�RI�OLIH��GHOD\ HG�SV\ FKRP RWRU
GHYHORSP HQW��P LFURFHSKDO\ ��IDFLDO�G\ VP RUSKLVP V��DQG

K\ SRWRQLD��7KLV�FOXVWHU�RI�V\ P SWRP V�LV�VRP HWLP HV�WHUP HG
2 KWDKDUD�RU�: HVW�V\ QGURP H��6FKHIIHU�HW�DO���� � � � ���6LQFH�WKLV
FOXVWHU�RI�V\ P SWRP V�LQGLFDWHV�D�JHQHWLF�FDXVH��SDWLHQWV�DUH
RIWHQ�HYDOXDWHG�Z LWK�Z KROH�JHQRP H�VHTXHQFLQJ��: * 6��RU
Z KROH�H[ RP H�VHTXHQFLQJ��: ( 6����: LWK�RYHU�� � � �GLIIHUHQW

JHQHV�SRWHQWLDOO\ �OHDGLQJ�WR�' ( ( ��ILQGLQJ�WKH�LGHQWLW\ �RI�WKH
JHQHWLF�FDXVH�IRU�HDFK�SDWLHQW�LV�D�SDLQVWDNLQJ�SURFHVV��



7KH�WHUP �' ( ( �Z DV�LQWURGXFHG�LQ�� � � � �WR�GLIIHUHQWLDWH�HSLOHSV\
V\ QGURP HV�Z KHUH�VHL] XUHV�DUH�WKH�FDXVH�RI�GHYHORSP HQWDO

GHOD\ �IURP �WKRVH�Z KHUH�WKH�GHYHORSP HQWDO�GHOD\ �LV�DQ
LQGHSHQGHQW�GLVHDVH�V\ P SWRP ��$W�WKDW�WLP H�LW�Z DV�FOHDU�WKDW
P RVW�RI�WKH�' ( ( �V\ QGURP HV�Z HUH�FDXVHG�E\ �JHQHWLF�YDULDQWV�
7KH�P RVW�FRP P RQ�IRUP �RI�' ( ( �LV�' UDYHW�V\ QGURP H��' ( ( V�DUH
FRP SOH[ �QHXURORJLFDO�GLVRUGHUV�DQG�DUH�WKHUHIRUH�GLIILFXOW�WR
GLDJQRVH��' LDJQRVLV�DQG�LGHQWLILFDWLRQ�RI�WKH�JHQHWLF�FDXVH
RIWHQ�IDLO�WR�OHDG�WR�DQ�HIIHFWLYH�WUHDWP HQW�SODQ��EXW�EHFDXVH
VRP H�' ( ( �V\ QGURP HV�DUH�WUHDWDEOH�Z LWK�GUXJV��VXUJHU\ ��RU

GLHWDU\ �FKDQJHV��LW�LV�LP SRUWDQW�WR�HVWDEOLVK�WKH�JHQHWLF
FDXVH�DV�HDUO\ �DV�SRVVLEOH�6DP DQWD�HW�DO���� � � � ��

' ( ( � � �LV�D�YHU\ �UDUH�VXEVHW�RI�' ( ( ��,Q�DQ�HSLGHP LRORJ\ �VWXG\
LQ�6FRWODQG�LQ�� � � � �WKH�LQFLGHQFH�RI�' ( ( �Z DV�DSSUR[ LP DWHO\ ��

LQ�� � � � �FKLOGUHQ�ERUQ�6\ P RQGV�HW�DO���� � � � ���7KH�P RVW
FRP P RQ�' ( ( ��' UDYHW�V\ QGURP H��P DNHV�XS�DERXW�� �� � �RI�' ( (

FDVHV�LQ�WKDW�VWXG\ ��,W�LV�YHU\ �GLIILFXOW�WR�HVWLP DWH�WKH
LQFLGHQFH�RI�D�GLVHDVH�DV�UDUH�DV�' ( ( � � ��7KH�ODWHVW�QDWXUDO

KLVWRU\ �UHSRUW�IURP �$QDLV�%HJHP DQQ�LQ�6Z LW] HUODQG�LGHQWLILHV
� � �' ( ( � � �SDWLHQWV�WKDW�KDYH�EHHQ�UHSRUWHG�LQ�WKH�OLWHUDWXUH�RU

GLUHFWO\ �LGHQWLILHG�LQ�' U��%HJHP DQQ•V�FOLQLFDO�SUDFWLFH��: LWK
WKH�LQFRP SOHWH�DGRSWLRQ�RI�JHQHWLF�WHVWLQJ�Z RUOGZ LGH�LW�LV

SUREDEOH�WKDW�P RUH�FDVHV�H[ LVW�EXW�DUH�XQGLDJQRVHG�

' HVFULSWLRQ�RI�WKH�' LVHDVH



0 DQ\ �UDUH�GLVHDVHV�DUH�JLYHQ�P XOWLSOH�QDP HV�DV�GLIIHUHQW
SK\ VLFLDQV�GHVFULEH�UHODWHG��RU�RIWHQ�WKH�VDP H�VHW�RI�V\ P SWRP V

LQGHSHQGHQWO\ ��7KHVH�V\ QGURP HV�DUH�GLIIHUHQWLDWHG�IURP �RQH
DQRWKHU�EDVHG�RQ�WKH�W\ SH�RI�VHL] XUH��WKH�DJH�RI�RQVHW��DQG�WKH
SURJUHVVLRQ�RI�V\ P SWRP V��,Q�WKH�DJH�RI�JHQHWLF�WHVWLQJ��D�QHZ

V\ VWHP �RI�QDP LQJ�DQG�FODVVLILFDWLRQ�KDV�DULVHQ��Z KHUH�HDFK�JHQHWLF
FDXVH�RI�WKH�GLVHDVH�LV�JLYHQ�D�XQLTXH�LGHQWLILHU��VXFK�DV�' ( ( � � �IRU

SDWLHQWV�Z LWK�&\ ILS� �YDULDQWV��* LYLQJ�WKH�V\ QGURP H�D�QDP H�OLNH�: HVW
RU�2 KWDKDUD�FDQ�JLYH�GRFWRUV�DQ�RYHUDOO�SLFWXUH�RI�WKH�V\ P SWRP V�WKH
SDWLHQW�KDV�DQG�VXJJHVW�WUHDWP HQW�UHJLP HQV��. QRZ LQJ�WKH�SUHFLVH
JHQHWLF�FDXVH�P D\ �QRW�OHDG�WR�JUHDWHU�XQGHUVWDQGLQJ�RI�V\ P SWRP V
RU�OHDG�WR�GLIIHUHQW�WUHDWP HQW�FRXUVHV�LQ�WKH�VKRUW�WHUP ��EXW�LW�FRXOG
VXJJHVW�D�ORQJ�WHUP �SODQ�IRU�GUXJ�GHYHORSP HQW��7KHUHIRUH�Z H�FDQ

VWLOO�XVH�WKH�QDP H�RI�D�GRFWRU�Z KR�GHVFULEHG�D�VHW�RI�V\ P SWRP V�ORQJ
EHIRUH�WKH�HUD�RI�P RGHUQ�JHQHWLF�WHVWLQJ��' U��: HVW�GHVFULEHG�WKH

V\ QGURP H�WKDW�EHDUV�KLV�QDP H�LQ�� � � � ��DV�D�VKRUWKDQG�IRU�D
FRP SOH[ �DQG�YDULDEOH�V\ QGURP H�



3DWLHQWV�Z LWK�' ( ( � � �DOO�H[ SHULHQFH�LQWHOOHFWXDO�GLVDELOLW\ �DQG
GHYHORSP HQWDO�GHOD\ ��0 RVW�DOVR�KDYH�HSLOHSV\ ��FRQVLVWLQJ�RI

GLIIHUHQW�W\ SHV�RI�VHL] XUHV��LQFOXGLQJ�WRQLF��P \ RFORQLF��DQG�WRQLF�
FORQLF�VHL] XUHV��DEVHQFHV��DQG�HSLOHSWLF�VSDVP V��DQG

DEQRUP DOLWLHV�LQ�WKHLU�0 5,�DQG�( ( * �WHVWV��7KH�P DMRULW\ �RI�SDWLHQWV
H[ KLELW�K\ SRWRQLD��P XVFOH�Z HDNQHVV��DQG�DERXW�KDOI�VKRZ �VP DOOHU
KHDG�VL] H�WKDQ�LV�QRUP DO�IRU�WKHLU�DJH�DQG�Z HLJKW��P LFURFHSKDO\ ��
0 DQ\ �SDWLHQWV�DOVR�H[ KLELW�YLVXDO�SUREOHP V��HLWKHU�RSWLF�DWURSK\ �
FRUWLFDO�YLVLRQ�LP SDLUP HQW��RU�FURVVHG�H\ HV���IHHGLQJ�GLIILFXOWLHV�

DQG�EHKDYLRUDO�SUREOHP V�WKDW�DUH�VLP LODU�WR�DXWLVP �VSHFWUXP
GLVRUGHU�%HJHP DQQ�HW�DO���� � � � ���6RP H�SDWLHQWV�KDYH�EHHQ�IRXQG

WR�ODFN�WKH�QRUP DO�FRP SOHP HQW�RI�QHXWURSKLOV�LQ�WKHLU�EORRG�
$OWKRXJK�WKH�UHSRUWHG�LQFLGHQFH�RI�WKLV�QHXWURSHQLD�LV�ORZ ��LW�LV
QRW�D�WHVW�WKDW�Z RXOG�QRUP DOO\ �EH�RUGHUHG�LQ�D�Z RUN�XS�IRU�DQ

HSLOHSV\ �SDWLHQW��7KHUHIRUH�LW�LV�SRVVLEOH�WKDW�&\ ILS� �YDULDQWV�DOVR
DIIHFW�HLWKHU�WKH�SURGXFWLRQ�RU�VXUYLYDO�RI�QHXWURSKLOV�DQG�FRXOG

WKHUHIRUH�FRP SURP LVH�WKH�SDWLHQW•V�UHVSRQVH�WR�LQIHFWLRQ�

6LJQV�DQG�6\ P SWRP V



,VDEHOOD�DQG�KHU�IDP LO\ �
%UD] LO

,VDEHOOD�DQG�KHU�IDP LO\ �
%UD] LO

~: H�SODFH�RXU�KRSH�LQ�VFLHQFH�WR�VLJQLILFDQWO\
LP SURYH�,VDEHOOD
V�TXDOLW\ �RI�OLIH��HVSHFLDOO\

Z KHQ�LW�FRP HV�WR�KHU�FRP P XQLFDWLRQ�•�
� ,VDEHOOD•V�0 RP



6RP H�' ( ( � � �SDWLHQWV�KDYH�EHHQ�WUHDWHG�VXFFHVVIXOO\ �Z LWK�DQWL�
VHL] XUH�P HGLFDWLRQV�DV�UHYLHZ HG�LQ�6TXLUH��� � � � ��7KH�DXWKRUV

P HQWLRQ�WKH�HIIHFWLYHQHVV�RI�YDOSURLF�DFLG�DQG�ODFRVDP LGH��EXW
WKH�DQWLVHL] XUH�P HGLFDWLRQV�WKDW�KDYH�EHHQ�UHSRUWHG�LQ�FDVH

VWXGLHV�YDULHV�FRQVLGHUDEO\ ��6RP HWLP HV�FDUHJLYHUV�FDQ�WDNH�RQ
WKH�UHVSRQVLELOLW\ �WR�FKRRVH�DQ�HIIHFWLYH�WUHDWP HQW�UHJLP HQ

IURP �Z LWKLQ�D�VHW�RI�P HGLFDWLRQV�DQG�GRVHV�JLYH�E\ �WKHLU
GRFWRUV��( QFRXUDJLQJ�FOLQLFLDQV�WR�VKDUH�WKHLU�H[ SHULHQFH

WUHDWLQJ�' ( ( � � �SDWLHQWV�Z LWK�RQH�DQRWKHU�P D\ �VKRUWHQ�WKH�WLP H
QHHGHG�WR�RSWLP L] H�WUHDWP HQW�IRU�IXWXUH�SDWLHQWV��5HVHDUFK�LQ

P LFH�DQG�DQHFGRWDO�HYLGHQFH�IURP �SDWLHQWV�UDLVHV�WKH
SRVVLELOLW\ �WKDW�VHL] XUH�DFWLYLW\ �P D\ �VXEVLGH�D�IHZ �\ HDUV�DIWHU

ELUWK�EXW�UHDSSHDU�ODWHU�LQ�OLIH��

7KH�QRQ� VHL] XUH�V\ P SWRP V�RI�' ( ( � � ��OLNH�RWKHU�' ( ( V��DUH
GLIILFXOW�WR�FKDUDFWHUL] H�DQG�KDYH�IHZ �WUHDWP HQW�RSWLRQV�

&DUHJLYHUV�DQG�SDUHQWV�RI�' ( ( �SDWLHQWV�UHSRUW�FRP P XQLFDWLRQ
DQG�JURVV�P RWRU�IXQFWLRQ�DV�WKHLU�WRS�SULRULWLHV�IRU

WUHDWP HQWV�+HFNHU�HW�DO���� � � � ���' ( ( � � �SDUHQWV�H[ SUHVVHG�WKDW
Z KLOH�VHL] XUHV�DUH�WKH�P DMRU�IRFXV�RI�P HGLFDO�YLVLWV�DQG�GD\ �WR
GD\ �LQWHUYHQWLRQV��WKH�QRQ� VHL] XUH�V\ P SWRP V��LQFOXGLQJ�VOHHS

SUREOHP V��DUH�HTXDOO\ �LI�QRW�P RUH�FRQFHUQLQJ�

&XUUHQW�7UHDWP HQW�2 SWLRQV



5HVHDUFK�/ DQGVFDSH

5HVHDUFK�LQWR�WKH�IXQFWLRQ�RI�&\ ILS� �EHJDQ�LQ�� � � � �
Z KHQ�WKH�JHQH�Z DV�ILUVW�FDOOHG�3,5� � � �6DOOHU�HW�DO��
� � � � ���,W�Z DV�QRW�XQWLO�� � � � �WKDW�FOLQLFLDQV�LQ�-DSDQ
OLQNHG�IRXU�FDVHV�RI�' ( ( �Z LWK�YDULDQWV�LQ�$UJLQLQH
� � �RI�&\ ILS� �1 DNDVKLP D�HW�DO���� � � � ���: KLOH�WKH

QXP EHU�RI�ODERUDWRULHV�VWXG\ LQJ�&\ ILS� �DQG�' ( ( � �
UHP DLQV�VP DOO��VLJQLILFDQW�SURJUHVV�LQ�RXU

XQGHUVWDQGLQJ�RI�WKH�FDXVHV�RI�WKH�GLVHDVH�KDV
UHVXOWHG�IURP �VFLHQWLILF�LQWHUHVW�LQ�VHYHUDO�DVSHFWV

RI�&\ ILS� �IXQFWLRQ�



&\ ILS�
5HVHDUFK

3DUHQWV�RI�D�FKLOG�
Z LWK�HSLOHSWLF

HQFHSKDORSDWK\ �ORRNLQJ
IRU�DQVZ HUV�LQ

ODERUDWRU\ �VFLHQFH

$Q�LQYHVWLJDWLRQ�
LQWR�WKH�FDXVH�RI�

)UDJLOH�; �V\ QGURP H

$�VWXG\ �WR�ILQG�WKH
UHDVRQ�Z K\ �WZ R�UHODWHG
VWUDLQV�RI�P LFH�UHVSRQG

GLIIHUHQWO\ �WR�FRFDLQH

$�P ROHFXODU�GLVVHFWLRQ
RI�WKH�FRP SRQHQWV�RI�D

SURWHLQ�FRP SOH[ �WKDW
FRQWUROV�FHOOXODU

P RYHP HQW�DQG�VKDSH

$�VHDUFK�IRU�JHQHV
WKDW�FRQWURO�WKH
UHVSRQVH�RI�ILVK

ODUYDH�WR�ORXG�QRLVHV



6FLHQWLVWV�WDNH�XS�DQ�DUHD�RI�VWXG\ �IRU�P DQ\ �UHDVRQV�
6RP H�DUH�JXLGHG�WR�D�SDUWLFXODU�UHVHDUFK�SURMHFW�E\ �WKHLU
FDUHHU�P HQWRUV��2WKHUV�EHFRP H�LQWULJXHG�E\ �D�VFLHQWLILF

UHSRUW�DQG�LQLWLDWH�D�QHZ�OLQH�RI�LQYHVWLJDWLRQ��6RP HWLP HV
SDWLHQWV�RU�FDUHJLYHUV�RI�SDWLHQWV�UHTXHVW�WKDW�D�UHVHDUFKHU

LQYHVWLJDWH�WKHLU�GLVHDVH��VSDUNLQJ�D�OLIHORQJ�LQWHUHVW�LQ
ILQGLQJ�WUHDWP HQWV��7KH�OHDGLQJ�&\ ILS� �UHVHDUFKHUV�ZHUH
DVNHG�ZKDW�OHG�WR�WKHLU�LQWHUHVW�LQ�WKLV�DUHD�RI�ELRORJ\ �

7KHLU�UHVSRQVHV�YDULHG��EXW�DOO�OHG�WR�VLJQLILFDQW
FRQWULEXWLRQV�WR�WKH�ILHOG�

+RZ�GR�VFLHQWLVWV�FRP H�WR�EH�LQWHUHVWHG�LQ
VWXG\LQJ�&\ ILS� �DQG�' (( � � "

+RQRULQJ�WKH�P HP RU\ �RI
0 DUFHOOXV��8 QLWHG�6WDWHV



5HVHDUFK�/ DQGVFDSH

&DVH�+LVWRULHV

)RU�DQ�XOWUD�UDUH�GLVHDVH��HYHU\ �SDWLHQW�WKDW�LV�GHVFULEHG�WR
WKH�VFLHQWLILF�FRP P XQLW\ �DGGV�VLJQLILFDQW�GDWD�WR�RXU

XQGHUVWDQGLQJ�RI�WKDW�GLVHDVH��&OLQLFLDQV�ZKR�GLVFRYHU�D
JHQHWLF�GLDJQRVLV�RI�D�' ( ( �XVXDOO\ �UHSRUW�WKDW�UHVXOW�LQ�D

VFLHQWLILF�SDSHU�FDOOHG�D�FDVH�KLVWRU\ ��7R�GDWH�WKHUH�KDYH�EHHQ
� �FDVH�KLVWRU\ �UHSRUWV�LQ�WKH�OLWHUDWXUH��LQFOXGLQJ�WZR�ODUJHU

UHSRUWV�WKDW�FRP SLOH�WKH�SUHYLRXV�FDVH�KLVWRULHV��FDOOHG
UHWURVSHFWLYH�QDWXUDO�KLVWRULHV�$P DWR�HW�DO���� � � � ��$ULVDND�HW

DO���� � � � ��%HJHP DQQ�HW�DO���� � � � ��' D�6LOYD�&DUGRVR�HW�DO��
� � � � ��1DNDVKLP D�HW�DO���� � � � ��3HQJ�HW�DO���� � � � ��6DORNLYL�HW�DO��
� � � � ��=KRQJ�HW�DO���� � � � ��=ZHLHU�HW�DO���� � � � ���7KHVH�UHSRUWV

FRP SDUH�WKH�FOLQLFDO�FKDUDFWHULVWLFV�RI�HDFK�SDWLHQW�DV�ZHOO�DV
WKH�JHQHWLF�FDXVH�RI�WKH�GLVHDVH��WKH�VSHFLILF�SDWKRJHQLF

YDULDQW�LQ�&\ ILS� ���7KH�UHVXOWLQJ�GDWD�DOORZV�IRU�D
JHQRW\ SH� SKHQRW\ SH�FRUUHODWLRQ��D�JURXSLQJ�RI�SDWLHQWV

EDVHG�RQ�WKHLU�GLVHDVH�FRXUVH�DQG�WKHLU�VSHFLILF�P XWDWLRQ�
: LWK�D�YHU\ �VP DOO�GDWD�VDP SOH��WKLV�JHQRW\ SH� SKHQRW\ SH

FRUUHODWLRQ�LV�LP SHUIHFW��,W�LV�LP SRVVLEOH�DW�WKLV�SRLQW�WR�SUHGLFW
WKH�FOLQLFDO�FRXUVH�D�SDWLHQW�P LJKW�H[ SHULHQFH�EDVHG�RQ�WKHLU

SDWKRJHQLF�YDULDQW��+RZHYHU��LW�GRHV�DSSHDU�VR�IDU�WKDW
YDULDQWV�DW�SRVLWLRQ�� � �OHDG�WR�P RUH�VHYHUH�V\ P SWRP V�WKDQ

YDULDQWV�DW�RWKHU�SDUWV�RI�WKH�JHQH�



5HVHDUFK�/ DQGVFDSH

* DLQ�RU�/ RVV�RI�)XQFWLRQ"

7R�GHYHORS�DQ�HIIHFWLYH�WUHDWP HQW�IRU�' ( ( � � �LW�LV�LP SRUWDQW�WR
GHWHUP LQH�LI�WKH�GLVHDVH�LV�FDXVHG�E\ �D�~JDLQ�RI�IXQFWLRQ•�RU�D
~ORVV�RI�IXQFWLRQ•�RI�&\ ILS� ��$ �JHQH�WKDW�LV�~ORVW•�RU�P XWDWHG�LQ
VXFK�D�Z D\ �WKDW�QR�IXQFWLRQDO�SURWHLQ�LV�V\ QWKHVL] HG�FRXOG�EH
WUHDWHG�E\ �JHQH�UHSODFHP HQW��+RZ HYHU��Z KHQ�D�JHQH�JDLQV
IXQFWLRQ��RU�WDNHV�RQ�D�GLIIHUHQW��GDP DJLQJ�UROH�LQ�WKH�FHOO

EHFDXVH�RI�D�FKDQJH�LQ�WKH�DP LQR�DFLG�VHTXHQFH��UHGXFLQJ
WKH�DP RXQW�RI�WKH�GDP DJLQJ�SURWHLQ�Z RXOG�EH�DQ�HIIHFWLYH

WUHDWP HQW�

2 QH�LP SRUWDQW�SLHFH�RI�LQIRUP DWLRQ�XVHG�WR�GHWHUP LQH�LI
&\ ILS� �SDWKRJHQLF�YDULDQWV�UHSUHVHQW�D�JDLQ�RU�ORVV�RI�IXQFWLRQ

LV�WKH�JHQRW\ SH� SKHQRW\ SH�FRUUHODWLRQ��,I�SDWLHQWV�H[ LVW�WKDW
KDUERU�D�FRP SOHWH�ORVV�RI�WKH�JHQH��D�QXOO�YDULDQW��WKHQ�D�ORVV

RI�IXQFWLRQ�P HFKDQLVP �LV�SRVVLEOH��+RZ HYHU��LQ�WKH�P RVW
UHFHQW�RYHUYLHZ �RI�WKH�FDVH�KLVWRULHV�' U��$QDLV�%HJHP DQQ�KDV

IRXQG�WKDW�DOO�RI�WKH�GHVFULEHG�FDVH�KLVWRULHV�IURP �SDWLHQWV
Z KHUH�WKH�JHQHWLF�FDXVH�LV�FRQILUP HG�IHDWXUH�VP DOO�FKDQJHV
LQ�WKH�JHQH�WKDW�Z RXOG�QRW�UHVXOW�LQ�D�QXOO�YDULDQW��7KHUHIRUH�LW
LV�P RVW�OLNHO\ �JLYHQ�WKH�LQIRUP DWLRQ�DYDLODEOH�WR�GDWH�WKDW�JDLQ

RI�IXQFWLRQ�LQ�&\ ILS� �LV�WKH�P HFKDQLVP �IRU�' ( ( � � ��7KHUH�DUH
P RUH�Z D\ V�WR�GHWHUP LQH�Z KHWKHU�JDLQ�RU�ORVV�RI�IXQFWLRQ�LV

WKH�P HFKDQLVP �IRU�' ( ( � � �WKDW�Z LOO�EH�GLVFXVVHG�EHORZ �



7KH�&\ ILS� �1 HWZ RUN�KDV�SDUWQHUHG�Z LWK�5$5( � ; �WR�FROOHFW
LQIRUP DWLRQ�DERXW�' ( ( � � �SDWLHQWV�DQG�IDFLOLWDWH�UHVHDUFK�DQG
WUHDWP HQW�GHYHORSP HQW��7KH�' DWD�&ROOHFWLRQ�3URJUDP �DOORZ V

IDP LOLHV�WR�SDUWLFLSDWH�LQ�UHVHDUFK�DW�QR�FRVW�DQG�Z LWK�QR
UHTXLUHG�FOLQLF�YLVLWV�

: KHQ�FDUHJLYHUV�ORJ�LQWR�WKH�SODWIRUP �WKH\ �DUH�JLYHQ�D�~KHDG
WR�WRH•�VXUYH\ �RI�WKH�SDWLHQW��%DVHG�RQ�WKH�DQVZ HUV�WR�WKDW

VXUYH\ ��DGGLWLRQDO�VXUYH\ V�DUH�JHQHUDWHG��,Q�DGGLWLRQ�WR
VHL] XUH�DQG�VSDVP �GHWDLOV��WKH�VXUYH\ V�P D\ �LQFOXGH
TXHVWLRQV�DERXW�VOHHS�GLVWXUEDQFHV��SV\ FKRP RWRU

LP SDLUP HQWV��FRP P XQLFDWLRQ�DELOLW\ ��DEHUUDQW�EHKDYLRU�
JDVWURLQWHVWLQDO�LVVXHV��YLVXDO�SUREOHP V��DQG�LP P XQH�KHDOWK�

7KH�SODWIRUP �Z LOO�DOVR�FROOHFW�LQIRUP DWLRQ�DERXW�P HGLFDO
LQWHUYHQWLRQV��GLHW��SK\ VLFDO�WKHUDS\ �DQG�SDWLHQW�DQG

FDUHJLYHU�TXDOLW\ �RI�OLIH��7KLV�LQIRUP DWLRQ�Z LOO�KHOS
UHVHDUFKHUV�VWXG\ �WKH�P HFKDQLVP �RI�WKH�GLVHDVH�DQG

SRWHQWLDOO\ �FUHDWH�WUHDWP HQWV�IRU�SDWLHQWV�

5HVHDUFK�/ DQGVFDSH

&\ ILS� �' DWD�&ROOHFWLRQ�3URJUDP

6LJQ�8 S�+HUH6LJQ�8 S�+HUH



* LXVHSSH�DQG�KLV�IDP LO\ �
,WDO\

* LXVHSSH�DQG�KLV�IDP LO\ �
,WDO\

~+H�LV�DQ�H[ DP SOH�RI�VWUHQJWK�DQG�FRXUDJH�IRU�HYHU\ RQH�•
� * LXVHSSH•V�0 RP



5HVHDUFK�/ DQGVFDSH

&\ ILS� �%LRFKHP LVWU\

&\ ILS� �Z DV�ILUVW�LGHQWLILHG�DV�D�JHQH�WKDW�Z DV�WXUQHG
RQ�E\ �D�P XWDQW�IRUP �RI�WKH�SURWHLQ�S� � �6DOOHU�HW�DO��

� � � � ���Z KLFK�LV�RIWHQ�P XWDWHG�LQ�KXP DQ�FDQFHUV��7KH
FRQQHFWLRQ�EHWZ HHQ�&\ ILS� �DQG�S� � �KDV�OHG�WR

GR] HQV�RI�UHVHDUFK�DUWLFOHV�RQ�WKH�UROH�RI�&\ ILS� �LQ
FDQFHU��: KLOH�WKHVH�FDQFHU�IRFXVHG�VWXGLHV�GR�QRW
GLUHFWO\ �FRQQHFW�Z LWK�WKH�UROH�RI�&\ ILS� �YDULDQWV�LQ

' ( ( � � ��WKH�FRQWLQXHG�LQWHUHVW�LQ�WKH�SURWHLQ�IURP �WKH
YHU\ �DFWLYH�DQG�Z HOO�IXQGHG�FDQFHU�UHVHDUFK

FRP P XQLW\ �FRXOG�VHUYH�WR�DGYDQFH�' ( ( � � �WKHUDSHXWLF
GHYHORSP HQW�

/ DQGRQ��8 QLWHG�6WDWHV



5HVHDUFK�/ DQGVFDSH

&\ ILS� �%LRFKHP LVWU\
&\ ILS� �LQWHUDFWV�Z LWK�D�SURWHLQ�FDOOHG�)0 53��)UDJLOH

; �0 HQWDO�5HWDUGDWLRQ�3URWHLQ��RU�)UDJLOH�;
0 HVVHQJHU�5LERQXFOHRSURWHLQ���8 VLQJ�D�P HWKRG�WR
~ILVK•�QHZ �SURWHLQ�ELQGLQJ�SDUWQHUV�RXW�RI�D�\ HDVW
FHOO�XVLQJ�)0 53�DV�WKH�~EDLW•�WZ R�QHZ �JHQHV�Z HUH

GLVFRYHUHG��&\ ILS� �DQG�&\ ILS� ��6FKHQFN�HW�DO��
� � � � ���&\ ILS� �DQG�� �DUH�DP RQJ�WKH�P RVW�VWXGLHG�RI
WKH�)0 53�DVVRFLDWHG�SURWHLQV��DQG�\ HW�WKHLU�UROH�LQ
)0 53•V�IXQFWLRQV�DUH�VWLOO�QRW�FOHDU��)0 53�ELQGV�WR
51 $��FRQWUROOLQJ�WKH�SURFHVV�E\ �Z KLFK�51 $�LV�UHDG

WR�SURGXFH�SURWHLQV��WUDQVODWLRQ���&\ ILS� �LV
DSSDUHQWO\ �LP SRUWDQW�WR�FRRUGLQDWH�51 $�WUDQVODWLRQ

Z LWK�F\ WRVNHOHWRQ�UHP RGHOLQJ�' H5XEHLV�HW�DO��
� � � � ���&\ ILLS� �DQG�&\ ILS� �DUH�YHU\ �VLP LODU�WR�RQH

DQRWKHU��� � � �RI�WKH�DP LQR�DFLGV�LQ�WKH�SURWHLQ�DUH
LGHQWLFDO��EXW�WKH\ �KDYH�GLIIHUHQW�MREV�LQ�WKH�FHOO�



5HVHDUFK�/ DQGVFDSH

,Q�� � � � �D�QHZ �UROH�IRU�WKH�&\ ILS�SURWHLQV�Z DV�XQFRYHUHG��&HOOV
DUH�KHOG�WRJHWKHU�E\ �OLSLG�P HP EUDQHV�WKDW�IRUP �WKH�Z DOOV�DQG
SURWHLQ�ILODP HQWV�WKDW�P DLQWDLQ�LQWHUQDO�ULJLGLW\ �OLNH�WKH�FDEOHV

WKDW�KROG�XS�D�VXVSHQVLRQ�EULGJH��2 QH�RI�WKH�SURWHLQV�WKDW
P DNH�XS�WKHVH�ILODP HQWV�LV�FDOOHG�DFWLQ��7KH�: DYH�5HJXODWRU\

&RP SOH[ ��RU�: 5&��LV�DQ�LP SRUWDQW�VZ LWFK�WKDW�GHWHUP LQHV�Z KHUH
DQG�Z KHQ�DFWLQ�ILODP HQWV�DUH�IRUP HG��6FLHQWLVWV�DW�8 7

6RXWKZ HVWHUQ�Z HUH�H[ DP LQLQJ�WKH�FRP SRQHQWV�RI�WKH�: 5&�DQG
IRXQG�WKDW�&\ ILS� �SOD\ V�DQ�LP SRUWDQW�UROH�LQ�RUJDQL] LQJ�WKH�: 5&

DQG�KROGLQJ�D�FRP SRQHQW�FDOOHG�WKH�9&$�LQ�DQ�LQDFWLYH
VWDWH�&KHQ�HW�DO���� � � � ���&\ ILS� ��Z KLFK�LV�QHDUO\ �LGHQWLFDO�WR

&\ ILS� ��FDQ�WDNH�WKLV�UROH�LQ�WKH�: 5&�DV�Z HOO��: KHQ�WKH�&\ ILS
SURWHLQV�DUH�QRW�IXQFWLRQLQJ�SURSHUO\ �WKH�9&$�LV�DFWLYH�DW�DOO

WLP HV�DQG�DFWLQ�ILODP HQWV�IRUP �LQ�SODFHV�Z KHUH�WKH�FHOO�GRHVQ•W
QHHG�WKHP ��

,Q�QHXURQV�WKH�SUHFLVH�IRUP DWLRQ�RI�DFWLQ�ILODP HQWV�LV�LP SRUWDQW
WR�JXLGH�QHXURQ�H[ WHQVLRQV�FDOOHG�GHQGULWHV�DQG�D[ RQV�WR�WKHLU

SURSHU�WDUJHWV��DQG�WR�IRUP �WKH�FRQQHFWLRQV�DW�WKRVH�WDUJHWV
FDOOHG�V\ QDSVHV�' H5XEHLV�HW�DO���� � � � ��+DQ�HW�DO���� � � � ��<��. LP

HW�DO���� � � � ���: KLOH�WKHUH�KDV�EHHQ�QR�GLUHFW�GHP RQVWUDWLRQ�WKDW
ORVV�RI�DFWLQ�ILODP HQW�FRQWURO��D[ RQ�JXLGDQFH��DQG�SURSHU

V\ QDSVH�IRUP DWLRQ�OHDGV�WR�WKH�V\ P SWRP V�RI�' ( ( � � ��WKDW�LV�WKH
SUHYDLOLQJ�K\ SRWKHVLV�IRU�KRZ �&\ ILS� �SDWKRJHQLF�YDULDQWV�FDXVH

GLVHDVH�

7KH�: $9( �5HJXODWRU\ �&RP SOH[



&\ ILS�

5$&� �
* ' 3
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FRP SOH[
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6FKHP DWLF�GUDZ LQJ�RI�WKH�: DYH�5HJXODWRU\ �&RP SOH[ �DQG
WKH�SURWHLQV�WKDW�LQWHUDFW�Z LWK�LW��&\ ILS� �LV�D�ODUJH�SURWHLQ

WKDW�DFWV�DV�D�VFDIIROG�IRU�DVVHP EO\ �RI�WKH�FRP SOH[ ��,W�DOVR
NHHSV�WKH�SDUW�RI�: $9( � �FDOOHG�9&$�LQ�D�SRFNHW��SUHYHQWLQJ
LW�IURP �WULJJHULQJ�DFWLQ�ILODP HQW�DVVHP EO\ �XQWLO�WKH�SURWHLQ
5DF� �DFWLYDWHV�WKH�FRP SOH[ ��: KHQ�&\ ILS� �FDQ•W�KROG�9&$�LQ

WKDW�SRFNHW��WKH�UHG�OLJKWQLQJ�EROW��DFWLQ�ILODP HQWV�DUH
IRUP HG�HYHQ�Z KHQ�5DF� �LV�QRW�DFWLYDWLQJ�WKH�SURFHVV�

7KHVH�H[ WUD�DFWLQ�ILODP HQWV�IRUP �LQ�SDUWV�RI�WKH�FHOO�Z KHUH
WKH\ �DUH�QRW�QHHGHG�DQG�LP SDLU�QHXURQ�IXQFWLRQ��=Z HLHU�HW

DO���� � � � �



7R�VWXG\ �DQ\ �GLVHDVH��Z KHWKHU�WR�JDLQ�D�JUHDWHU
XQGHUVWDQGLQJ�RI�WKH�FDXVH��UHILQH�WKH�GLDJQRVLV��RU�GHYHORS
QHZ �WUHDWP HQWV��VFLHQWLVWV�KDYH�WR�UHFUHDWH�WKH�GLVHDVH�LQ�D
FRQWUROOHG�ODE�VHWWLQJ��7KH�VLP SOHVW�IRUP �RI�GLVHDVH�P RGHOV
P D\ �UHTXLUH�D�IHZ �SURWHLQV�SDFNHG�LQWR�D�FU\ VWDO�ODWWLFH�WKDW
FDQ�EH�LOOXP LQDWHG�E\ �; � UD\ V��0 RUH�FRP SOH[ �DUH�P L[ WXUHV�RI

SURWHLQV��QXFOHLF�DFLGV��DQG�FKHP LFDO�FRP SRXQGV�WKDW
UHSURGXFH�WKH�LQWHUDFWLRQV�EHWZ HHQ�FHOO�FRP SRQHQWV��6RP H
GLVRUGHUV�FDQ�EH�P RGHOHG�LQ�FHOO�FXOWXUH�Z KLOH�RWKHUV�P D\

UHTXLUH�DQ�HQWLUH�OLYLQJ�RUJDQLVP �WR�FDSWXUH�DOO�RI�WKH
P HFKDQLVP V�WKDW�OHDG�WR�GLVHDVH�SURJUHVVLRQ��7KH�P RVW

FRP SOH[ �ODE�P RGHOV�RI�GLVHDVH�LQYROYH�P DP P DOV�Z LWK�WKH
SDWKRORJLFDO�YDULDQW�LQWURGXFHG�LQWR�WKHLU�' 1 $��

5HVHDUFK�/ DQGVFDSH

&\ ILS� �5HVHDUFK�7RROV

,QFUHDVLQJ�FRP SOH[ LW\



5HVHDUFK�/ DQGVFDSH

: 5&�&U\ VWDO�6WUXFWXUH

&\ ILS� �LV�D�P HP EHU�RI�DW�OHDVW�WZ R�SURWHLQ�FRP SOH[ HV��: KLOH
WKH�; � UD\ �FU\ VWDO�VWUXFWXUH�RI�WKH�: DYH�5HFHSWRU�&RP SOH[

FRQWDLQLQJ�&\ ILS� �KDV�EHHQ�UHSRUWHG�&KHQ�HW�DO���� � � � ���WKH
VWUXFWXUH�WKDW�FRQWDLQV�&\ ILS� �KDV�QRW��7KH�WZ R�SURWHLQV
VKDUH�D�JUHDW�GHDO�RI�VLP LODULW\ �DQG�WKLV�KDV�DOORZ HG�D

UHFUHDWLRQ�RI�WKH�: 5&�VWUXFWXUH�Z LWK�&\ ILS� �LQ�D�FRP SXWHU
P RGHO�%LHP EHQJXW�HW�DO���� � � � ���7KLV�~LQ�VLOLFR•�P RGHO�FDQ

EH�IXUWKHU�DQLP DWHG�E\ �D�FRP SXWDWLRQDO�SURFHVV�FDOOHG
P ROHFXODU�G\ QDP LFV�WR�UHYHDO�WKH�P HFKDQLVP �RI�: 5&

G\ VUHJXODWLRQ�E\ �$UJLQLQH�� � �YDULDQWV��,W�FDQ�DOVR�EH�XVHG�WR
VFUHHQ�IRU�FRP SRXQGV�WKDW�P LJKW�UHYHUVH�WKH�HIIHFW�RI�WKRVH

YDULDQWV�9HQWXUL�%LHP EHQJXW�HW�DO���� � � � ��



7KH�UHVHDUFK�WRROV�QHHGHG�WR�LQWURGXFH�DQ\ �P XWDWLRQ�LQWR�D�FHOO•V
' 1 $�DOORZ �VFLHQWLVWV�WR�FUHDWH�DOO�RI�WKH�NQRZ Q�SDWKRJHQLF

YDULDQWV�LQ�WKH�FHOO�W\ SH�RI�WKHLU�FKRLFH��+RZ HYHU��LW�LV�SUHIHUDEOH
LQ�P DQ\ �FDVHV�WR�XVH�FHOOV�FROOHFWHG�IURP �SDWLHQWV�DQG�FORVH
IDP LO\ �P HP EHUV�VLQFH�WKH�UHVW�RI�WKH�SDWLHQW•V�JHQRP H�P D\

LQIOXHQFH�WKH�HIIHFW�RI�WKH�&\ ILS� �YDULDQW��&HOOV�FDQ�EH�FROOHFWHG
IURP �EORRG��FKHHN�VZ DEV��ELRSVLHV�RU��LQ�WKH�FDVH�RI�D�� � � �

SDSHU�' D�6LOYD�&DUGRVR�HW�DO���� � � � ��XULQH�VSHFLP HQV��)LEUREODVWV
IURP �' ( ( � � �SDWLHQWV�LQ�FXOWXUH�VKRZ �D�GHILFLW�LQ�WKH�IRUP DWLRQ�RI�D

VWUXFWXUH�FDOOHG�D�GRUVDO�UXIIOH��%HJHP DQQ�HW�DO���� � � � ���7KLV�LV
ERWK�DQ�LQGLFDWRU�RI�DFWLQ�ILODP HQW�G\ VIXQFWLRQ�DV�Z HOO�DV�D

SRWHQWLDO�VWDUWLQJ�SRLQW�WR�FUHDWH�D�FHOO� EDVHG�VFUHHQLQJ�DVVD\ �IRU
D�GUXJ�UHSXUSRVLQJ�HIIRUW�

5HVHDUFK�/ DQGVFDSH

&HOO�/ LQHV

: KHQ�,�DP �Z RUNLQJ�RQ�D�FHOO�OLQH�LQ�WKH�ODE�
,�UHP LQG�P \ VHOI�WKDW�WKLV�LV�D�FHOO�IURP �D

SDWLHQW�Z KR�KDV�D�IDP LO\ ��,W�LV�LP SRUWDQW�WR
VWRS�DQG�WKLQN�DERXW�WKDW�VRP HWLP HV�

v�' U��,VDEHOOH�=DERURVNL�6LOYD



5HVHDUFK�/ DQGVFDSH

&HOO�/ LQHV

$QLP DO�P RGHOV��WR�EH�GLVFXVVHG�EHORZ ��KDYH�VKRZ Q�WKDW
&\ ILS� �DFWLYLW\ �ORVV�LP SDLUV�WKH�DELOLW\ �RI�QHXURQV�LQ�WKH

GHYHORSLQJ�EUDLQ�WR�ILQG�WKHLU�LQWHQGHG�WDUJHW�&LRQL�HW�DO��
� � � � ���3DWLHQW�GHULYHG�FHOO�OLQHV�FDQ�EH�LQGXFHG�WR�EHFRP H

QHXURQV�LQ�FXOWXUH��,I�WKH�' ( ( � � �FDXVLQJ�YDULDQWV�GLVUXSW�D[ RQ
JXLGDQFH�WKH�VDP H�Z D\ �WKDW�&\ ILS� �JHQH�NQRFNRXW�GRHV��LW
VKRXOG�EH�HYLGHQW�LQ�WKH�Z D\ �WKH�QHXURQV�JURZ �LQ�FXOWXUH�

7KLV�VWXG\ �LV�LQ�SURJUHVV�DW�: DVKLQJWRQ�8 QLYHUVLW\ �6W��/ RXLV�



5HVHDUFK�/ DQGVFDSH

)OLHV�DQG�)LVK
)UXLW�IOLHV�DUH�H[ WUDRUGLQDULO\ �XVHIXO�P RGHO�RUJDQLVP V�IRU

JHQHWLF�VWXGLHV��EHFDXVH�WKH\ �DUH�TXLFN�WR�UHSURGXFH�DQG
UHODWLYHO\ �HDV\ �WR�JHQHWLFDOO\ �P DQLSXODWH��7KH�IUXLW�IO\ �KDV�RQO\

RQH�IRUP �RI�&\ ILS��%\ �UHP RYLQJ�SDUW�RI�WKH�SURWHLQ�WKH
UHVHDUFKHUV�IRXQG�WKDW�IUXLW�IO\ �&\ ILS�SOD\ V�D�UROH�LQ�D[ RQ

JXLGDQFH��V\ QDSVH�IRUP DWLRQ�DQG�DFWLQ�SRO\ P HUL] DWLRQ�6FKHQFN
HW�DO���� � � � ���7KH\ �GLG�QRW�DQDO\ ] H�EHKDYLRU�LQ�WKH�IOLHV��7KHUH
KDYH�EHHQ�QR�UHSRUWV�RI�' ( ( � � �FDXVLQJ�YDULDQWV�LQ�IUXLW�IOLHV�

=HEUDILVK�VKDUH�P DQ\ �RI�WKH�DWWUDFWLYH�IHDWXUHV�RI�IUXLW�IOLHV�IRU
JHQHWLF�VWXGLHV�EXW�KDYH�WKH�DGGHG�EHQHILW�WKDW�WKH\ �DUH

YHUWHEUDWHV��$�P XWDQW�] HEUDILVK�VWUDLQ�FDOOHG�QHYHUP LQG��LQ
Z KLFK�D[ RQV�P HDQW�IRU�WKH�YLVXDO�FRUWH[ �IDLO�WR�ILQG�WKHLU
WDUJHWV��LV�D�QXOO�YDULDQW�IRU�&\ ILS� �3LWWP DQ�HW�DO���� � � � ���$

VHSDUDWH�VWXG\ �ORRNLQJ�IRU�JHQHV�WKDW�UHJXODWH�WKH�ILVK�ODUYD•V
UHVSRQVH�WR�VWLP XOL�DOVR�VKRZ HG�WKDW�D�&\ ILS� �QXOO�YDULDQW��WKLV

RQH�FDOOHG�WULJJHUKDSS\ ��KDG�D�UHGXFHG�VWDUWOH
WKUHVKROG�0 DUVGHQ�HW�DO���� � � � ���7KLV�P RGHO�DOORZ HG�VFLHQWLVWV

WR�WHVW�WKH�HIIHFW�RI�UHP RYLQJ�DQG�DGGLQJ�EDFN�WKH�JHQH�DW
GLIIHUHQW�WLP HV��DQG�WKH\ �IRXQG�WKDW�WKH�FKDQJH�LQ�VWDUWOH

WKUHVKROG�Z DV�UHYHUVLEOH��: KLOH�WKLV�ILQGLQJ�P D\ �QRW�EH�GLUHFWO\
DSSOLFDEOH�WR�' ( ( � � �FDXVLQJ�YDULDQWV�LQ�KXP DQ�EUDLQV��LW�LV�RQH

LQGLFDWLRQ�WKDW�WKH�UROH�RI�&\ ILS� �LQYROYHV�P DLQWHQDQFH�RI
QHXURQ�IXQFWLRQ�DQG�QRW�VLP SO\ �GHYHORSP HQW�RI�IXQFWLRQDO
QHXUDO�QHWZ RUNV��' HYHORSP HQW�RI�D�] HEUDILVK�H[ SUHVVLQJ

' ( ( � � � FDXVLQJ�YDULDQWV�LQ�&\ ILS� �LV�XQGHUZ D\ �DW�1 RUWK�&DUROLQD
6WDWH�8 QLYHUVLW\ �LQ�WKH�ODERUDWRU\ �RI�' U��. XUW�0 DUVGHQ�



5HVHDUFK�/ DQGVFDSH

0 RXVH�0 RGHOV

&RP SDUHG�WR�ILVK�DQG�LQYHUWHEUDWHV��P DP P DOV�DUH�P RUH�GLIILFXOW
WR�NHHS�LQ�WKH�ODE��WDNH�XS�P RUH�VSDFH�DQG�FRVW�P RUH�WR�NHHS

KHDOWK\ ��' HVSLWH�WKHVH�GUDZ EDFNV��P RVW�VFLHQWLVWV�FRQVLGHU
P RXVH�P RGHOV�HVVHQWLDO�WR�XQGHUVWDQGLQJ�KRZ �D�GLVHDVHV

GHYHORS�DQG�Z KHWKHU�WUHDWP HQWV�Z LOO�EH�HIIHFWLYH�LQ�SDWLHQWV��/ LNH
IUXLW�IOLHV�DQG�] HEUDILVK��WKH�WRROV�QHHGHG�WR�P DQLSXODWH�WKH

JHQHV�RI�P LFH�DUH�Z HOO�GHYHORSHG��8 QOLNH�IUXLW�IOLHV�DQG�] HEUDILVK
P LFH�FDQ�EH�GRVHG�XVLQJ�URXWHV�WKDW�DUH�VLP LODU�WR�WKH�Z D\

KXP DQ�SDWLHQWV�Z RXOG�EH�GRVHG��RUDOO\ �IRU�VRP H�SKDUP DFHXWLFDO
GUXJV��LQWUDYHQRXV��RU�LQWR�WKH�FHQWHU�RI�WKH�EUDLQ�RU�VSLQDO�FRUG

IRU�ROLJRQXFOHRWLGHV�DQG�YLUDO�JHQH�WKHUDSLHV�

7KH�ILUVW�P RXVH�P RGHOV�H[ SORULQJ�&\ ILS� �FDP H�DERXW
VHUHQGLSLWRXVO\ ��6FLHQWLVWV�Z HUH�VWXG\ LQJ�WKH�UHVSRQVH�RI�P LFH�WR
FRFDLQH�DQG�IRXQG�WZ R�FORVHO\ �UHODWHG�VWUDLQV�RI�ODERUDWRU\ �P LFH

UHVSRQGHG�GLIIHUHQWO\ �WR�WKH�GUXJ��7KH�VWUDLQ�&� � %O� � -�UHDFWHG
P RUH�VWURQJO\ �WKDQ�WKH�VWUDLQ�&� � %/ � � 1 �. XP DU�HW�DO���� � � � ���7KHVH

WZ R�P RXVH�VWUDLQV�GLIIHU�RQO\ �VOLJKWO\ �LQ�WKHLU�JHQHWLF�FRGH��2 QH
GLIIHUHQFH�LQ�&\ ILS� �WKDW�P DNHV�WKH�SURWHLQ�OHVV�VWDEOH�SURYHG�WR
EH�WKH�FDXVH�RI�WKH�ORZ HUHG�FRFDLQH�UHVSRQVH�LQ�WKH�� 1 �P LFH�

7KLV�UHVXOW�OHG�WR�DQ�H[ SORUDWLRQ�RI�WKH�UROH�RI�&\ ILS� �LQ�LP SXOVLYH
EHKDYLRU�DQG�UHZ DUG�FLUFXLWV�WKDW�FRQWURO�QRW�RQO\ �FRFDLQH

UHVSRQVHV�EXW�DOVR�DOFRKRO�LQWDNH�DQG�ELQJH�HDWLQJ�+DUWP DQQ�HW
DO���� � � � ��



5HVHDUFK�/ DQGVFDSH

0 RXVH�0 RGHOV
8 VLQJ�D�VWUDWHJ\ �FDOOHG�NQRFN� RXW��Z KHUH�D�JHQH�LV�DOWHUHG�VR�QR

SURWHLQ�SURGXFW�LV�SURGXFHG��. LKRRQ�+DQ�DQG�FROOHDJXHV�VKRZ HG�WKDW
&\ ILS� �LV�HVVHQWLDO�IRU�P RXVH�VXUYLYDO�+DQ�HW�DO���� � � � ���6LQFH�P RVW
JHQHV�H[ LVW�LQ�WZ R�FRSLHV�RU�DOOHOHV��RQH�IURP �HDFK�SDUHQW��WKHVH

UHVHDUFKHUV�VWXGLHG�P LFH�WKDW�RQO\ �NHSW�RQH�DOOHOH�RI�WKH�JHQH
�KHWHUR] \ JRXV�NQRFNRXWV���7KHVH�P LFH�GLVSOD\ HG�K\ SHUDFWLYLW\ �DQG
DSSHDUHG�TXLWH�VLP LODU�WR�P LFH�ODFNLQJ�)0 53��: KLOH�WKH�NQRFNRXW

VWUDWHJ\ �LV�DQ�LP SRUWDQW�Z D\ �WR�H[ SORUH�KRZ �D�JHQH�DIIHFWV�ELRORJLFDO
SDWKZ D\ V��D�P RUH�ODERULRXV�SURFHGXUH�LV�QHFHVVDU\ �WR�VWXG\ �D

SDWKRJHQLF�YDULDQW�WKDW�UHVXOWV�LQ�D�JDLQ�RI�IXQFWLRQ��,W�Z DV�QRW�XQWLO
� � � � �WKDW�VXFK�D�P RXVH�P RGHO�Z DV�JHQHUDWHG��DQG�WKLV

DFFRP SOLVKP HQW�UHSUHVHQWV�D�P DMRU�DGYDQFH�LQ�WKH�GHYHORSP HQW�RI
WKHUDSLHV�

0 LFH�H[ SUHVVLQJ�WKH�$UJ� � &\ V�YDULDQW�LQ�&\ ILS� �LQ�RQH�RI�WKHLU�WZ R
FRSLHV�RI�WKH�JHQH�KDYH�UHGXFHG�ERG\ �Z HLJKW�DQG�VWUHQJWK�. DQJ�HW�DO��

� � � � ���7KH\ �GLVSOD\ �VSRQWDQHRXV�HSLOHSV\ � OLNH�VSDVP V�Z KLFK
GLVDSSHDUHG�DV�WKH�P LFH�DJHG�EXW�UHFXUUHG�Z KHQ�WKH\ �UHDFKHG
DGXOWKRRG�0 D�HW�DO��� � � � ���7KH\ �KDG�D�ORZ HU�UHVSRQVH�WR�VRFLDO

LQWHUDFWLRQ�LQ�WHVWV�WKDW�DUH�XVHG�WR�VWXG\ �DXWLVP �VSHFWUXP �LQ�P LFH��7KH
P LFH�KDYH�DQ�LQFUHDVHG�VHQVLWLYLW\ �WR�WKH�VHL] XUH�LQGXFLQJ�GUXJ�37=��$OO

RI�WKHVH�UHVXOWV�VXJJHVW�WKDW�WKH�$UJ� � &\ V�&\ ILS� �P RXVH�LV�D�YDOLG
P RGHO�RI�WKH�KXP DQ�GLVHDVH��7KH�GLIIHUHQFH�LQ�WKH�KHWHUR] \ JRXV

NQRFNRXW�P LFH�DQG�WKRVH�H[ SUHVVLQJ�WKH�$UJ� � &\ V�YDULDQW�DOVR�DUH
VWURQJO\ �VXJJHVWLYH�WKDW�WKH�GLVHDVH�P HFKDQLVP �LQYROYHV�D�JDLQ�RI

IXQFWLRQ��7KHVH�P LFH�VKRXOG�EH�XVHIXO�LQ�SUHGLFWLQJ�WKH�GLVHDVH�FRXUVH
LQ�SDWLHQWV�DQG�Z RXOG�DOVR�EH�KHOSIXO�LQ�WHVWLQJ�DQ\ �QHZ �WKHUDSHXWLF
VWUDWHJLHV��LQFOXGLQJ�SKDUP DFHXWLFDO�GUXJV�DQG�JHQHWLFDOO\ �WDUJHWHG

WKHUDSLHV�



5HVHDUFK�/ DQGVFDSH

1 HZ �0 RXVH�0 RGHO
7KH�P RXVH�P RGHO�GHYHORSHG�E\ �' U��+DQ�DQG�FROOHDJXHV�DW�. RUHD

8 QLYHUVLW\ �UHSUHVHQWV�D�P DMRU�VWHS�LQ�WKH�XQGHUVWDQGLQJ�RI�' ( ( � � �DQG
WKH�GHYHORSP HQW�RI�WUHDWP HQWV��+RZ HYHU��RQH�RI�WKH�P DMRU�JDSV�LQ�RXU
XQGHUVWDQGLQJ�RI�' ( ( � � �WKDW�H[ SHUW�VFLHQWLVWV�LGHQWLILHG�LV�WKH�WLP H�DQG
SODFH�Z KHUH�&\ ILS� �G\ VUHJXODWLRQ�DIIHFWV�QHXURQV��7KLV�LQIRUP DWLRQ�LV
NH\ �WR�GHYHORSLQJ�WUHDWP HQWV��EHFDXVH�WKRVH�WUHDWP HQWV�Z LOO�KDYH�WR
FUHDWH�WKHLU�HIIHFW�DW�D�VSHFLILF�WLP H��WKH�WLP H�RI�WUHDWP HQW��DQG�LQ�D

VSHFLILF�ORFDWLRQ��GHSHQGLQJ�RQ�KRZ �WKH�WUHDWP HQW�LV�GHOLYHUHG�WR�WKH
SDWLHQW���: H�QHHG�WR�HQVXUH�WKDW�WKH�WLP H�DQG�SODFH�RI�GUXJ�HIIHFW�LV
FRQVLVWHQW�Z LWK�WKH�WLP H�DQG�SODFH�Z KHUH�WKH�GLVHDVH�P HFKDQLVP

RFFXUV�

)RU�WKLV�UHDVRQ��WKH�&\ ILS� �1 HWZ RUN�KDV�SDUWQHUHG�Z LWK�WKH�&] HFK
&HQWHU�IRU�3KHQRJHQRP LFV��&&3��WR�SURGXFH�D�FRQGLWLRQDO�P RXVH�P RGHO
RI�' ( ( � � ��,Q�WKLV�P RGHO��WKH�SDWKRJHQLF�YDULDQW�$UJ� � &\ V�LV�LQWURGXFHG
LQ�VXFK�D�Z D\ �WKDW�LW�Z LOO�RQO\ �EH�H[ SUHVVHG�LQ�FHOOV�LQ�WKH�P RXVH�WKDW

DOVR�H[ SUHVV�WKH�SURWHLQ�&UH��7KLV�Z LOO�DOORZ �VFLHQWLVW�WR�EUHHG�P LFH�WKDW
RQO\ �H[ SUHVV�WKH�SDWKRJHQLF�YDULDQW�LQ�RQH�SDUWLFXODU�W\ SH�RI�QHXURQ�

IRU�H[ DP SOH��RU�RQO\ �H[ SUHVV�WKH�$UJ� � &\ V�IRUP �DW�VRP H�GHILQHG�SRLQW
DIWHU�ELUWK��7KLV�LQFUHDVHG�IOH[ LELOLW\ �GHP RQVWUDWHV�WKH�UHP DUNDEOH

SRZ HU�RI�P RXVH�JHQRP LFV�

$IWHU�D�VXFFHVVIXO�JUDQW�DSSOLFDWLRQ��WKH�&&3�KDV�JHQHURXVO\ �RIIHUHG�WR
FUHDWH�WKH�FRQGLWLRQDO�P RXVH�P RGHO�DW�QR�FRVW�WR�WKH�&\ ILS� �1 HWZ RUN�

2 QFH�WKH�P LFH�DUH�ERUQ�DQG�WKH�FRQGLWLRQDO�H[ SUHVVLRQ�RI�WKH
SDWKRJHQLF�JHQH�KDV�EHHQ�FRQILUP HG��WKH�P LFH�Z LOO�KDYH�WR�EH

FKDUDFWHUL] HG�LQ�D�VHULHV�RI�H[ SHULP HQWV��7KH�EXGJHW�IRU�SHUIRUP LQJ
WKHVH�H[ SHULP HQWV�LV�VWLOO�LQ�GHYHORSP HQW�



' HYHORSLQJ�WKHUDSHXWLFV�IRU�WKHVH�NLGV�LQYROYHV
DQ�LQWHQVH�DP RXQW�RI�Z RUN��EXW�Z H�VWLOO�QHHG�WR

Z RUN�KDUGHU��v�' U��9LYHN�. XP DU

2 XU�LP P HGLDWH�JRDO�LV�WR�GHOLQHDWH�WKH�GHWDLOHG
QHXURELRORJLFDO�FKDQJHV�RFFXUULQJ�LQ�WKH�EUDLQ�RI�&\ ILS�

$UJ� � &\ V�P LFH��%DVHG�RQ�WKRVH�LQVLJKWV�Z H�DLP �WR
LGHQWLI\ �DQG�YDOLGDWH�WKHUDSHXWLF�WDUJHWV��v�' U�. LKRRQ�+DQ

0 RXVH�0 RGHO�* HQHUDWLRQ�DW�WKH�&] HFK�&HQWHU�IRU�3KHQRJHQRP LFV�

/ DE�Z RUN

� �P RQWKV

)DOO�� � � �

&RQILUP
IRXQGHU�P LFH

� �P RQWKV

6SULQJ�� � � �

%DFNFURVV
EUHHGLQJ

� �P RQWKV

: LQWHU�� � � �
6SULQJ�� � � �

' LVHDVH
SKHQRW\ SLQJ

� � � � �P RQWKV

6XP P HU�� � � �



)LQDOO\ ��WKH�$IULFDQ�&ODZ HG�)URJ��; HQRSXV�ODHYLV��KDV
EHFRP H�DQ�LP SRUWDQW�UHVHDUFK�WRRO�IRU�WKH�P DMRU�UHDVRQ

WKDW�WKH�HJJV�DUH�VR�ODUJH�WKH\ �FDQ�EH�LQMHFWHG�Z LWK
SURWHLQV�DQG�QXFOHLF�DFLGV�Z LWK�IDU�OHVV�GLIILFXOW\ �WKDQ

RWKHU�YHUWHEUDWH�FHOOV��,QMHFWLQJ�; HQRSXV�HJJV�Z LWK�&\ ILS�
Z LOG�W\ SH�51 $�UHVXOWHG�LQ�VOLJKWO\ �K\ SHUDFWLYH�WDGSROHV�

Z KHUHDV�LQMHFWLQJ�&\ ILS� �$UJ� � &\ V�51 $�FDXVHG�WKH
WDGSROHV�WR�GHYHORS�VSRQWDQHRXV�VHL] XUH�EHKDYLRU�DQG
DEQRUP DO�EUDLQ�DFWLYLW\ �3DQWKL�HW�DO���� � � � ���7KLV�P RGHO

UHSUHVHQWV�DQRWKHU�VWURQJ�LQGLFDWRU�RI�D�JDLQ�RI�IXQFWLRQ
P HFKDQLVP ��VLQFH�SURGXFLQJ�WKH�VHL] XUH�SKHQRW\ SH�GLG

QRW�UHTXLUH�UHP RYLQJ�WKH�Z LOG�W\ SH�&\ ILS� ��7KHVH�WDGSROHV
FRXOG�DOVR�EH�XVHG�WR�VFUHHQ�SRWHQWLDO�WUHDWP HQWV��LQ

KLJKHU�QXP EHUV�WKDQ�Z RXOG�EH�SRVVLEOH�IRU�P LFH�

5HVHDUFK�/ DQGVFDSH

7DGSROHV

)LQ�DQG�KLV�IDP LO\ ��6Z LW] HUODQG



0 RGHO /RFDWLRQ

3DWLHQW�GHULYHG�ILEUREODVWV���
GLIIHUHQW�OLQHV�

8QLYHUVLW\ �RI�=XULFK

3DWLHQW�GHULYHG�L36&V���
SDWLHQWV��ERWK�$UJ� � &\ V�

,QVWLWXWH�&DUORV�&KDJDV� )LRFUX]

3DWLHQW�GHULYHG�ILEUREODVWV &RULHO�,QVWLWXWH��QRW�FDWDORJHG�

; HQRSXV�/DHYLV�WDGSROHV
H[ SUHVVLQJ�� �GLIIHUHQW

SDWKRJHQLF�YDULDQWV�RI�&\ ILS�

8QLYHULVW\ �RI�2WDJR��1HZ
=HDODQG

&\ ILS� �NQRFNRXW�] HEUDILVK 1&68

&\ ILS� �NQRFNRXW�P LFH
,QWHUQDWLRQDO�0 RXVH

3KHQRW\ SLQJ�&RQVRUWLXP

&\ ILS� �$UJ� � &\ V�HGLWHG�P LFH . RUHD�8QLYHUVLW\

5HVHDUFK�/ DQGVFDSH

' LVHDVH�0 RGHOV�$YDLODEOH



+RQ] LN��&] HFK�5HSXEOLF+RQ] LN��&] HFK�5HSXEOLF
~,�KRSH�+RQ] ïN�Z LOO�OHDUQ�WR�Z DON�DQG�WDON
EHWWHU��,�Z RXOG�DOVR�OLNH�WR�KHOS�RWKHUV�•

� +RQ] LN•V�0 RP



%DVLF�VFLHQWLILF�XQGHUVWDQGLQJ

: KHUH�DQG�Z KHQ�LV�&\ ILS� �H[ SUHVVLRQ�LP SRUWDQW�LQ�EUDLQ
GHYHORSP HQW"
: KDW�SURWHLQV�P DNH�XS�WKH�: 5&�LQ�SDUWQHUVKLS�Z LWK
&\ ILS� "
+RZ �LV�&\ ILS� �DFWLYLW\ �UHJXODWHG"
: KDW�LV�WKH�UROH��LI�DQ\ ��RI�WKH�&\ ILS� � )0 53�LQWHUDFWLRQ�LQ
' ( ( � � "
+RZ �GR�WKH�YDULDQWV�RWKHU�WKDQ�$UJ� � [ �DIIHFW�DFWLYLW\ "

5HVHDUFK�WRROV

&RQGLWLRQDO�P RXVH�P RGHO��DOORZ V�UHVHDUFKHUV�WR�UHVWULFW
WKH�SDWKRJHQLF�YDULDQW�WR�FHUWDLQ�WLVVXHV�RU�WR�FHUWDLQ
WLP HV�GXULQJ�GHYHORSP HQW�
&RP SOH[ �FHOO�EDVHG�P RGHOV��VXFK�DV�� ' �FXOWXUH�DQG�EUDLQ
RUJDQRLGV��WR�H[ SORUH�Z KDW�FHOO�W\ SHV�DUH�P RVW�YXOQHUDEOH
WR�&\ ILS� �SDWKRJHQLF�YDULDQWV�DQG�WR�UHSURGXFH�VHL] XUH�
OLNH�UHVSRQVHV�LQ�D�P RUH�FRQWUROODEOH�P RGHO�V\ VWHP ��

* DSV�LQ�WKH�5HVHDUFK�/ DQGVFDSH

: KLOH�VLJQLILFDQW�SURJUHVV�KDV�EHHQ�P DGH�VLQFH�&\ ILS�
Z DV�ILUVW�LGHQWLILHG�DV�WKH�JHQH�DVVRFLDWHG�Z LWK�' ( ( � � �

P XFK�UHP DLQV�WR�EH�GRQH��



3XUSRVH 3URMHFW
5HVHDUFK
/ RFDWLRQ�

,QYHVWLJDWRU
&RVW

�' �L�V�H�D�V�H
�0�R�G�H�O
�*�H�Q�H�U�D�W�L�R�Q

�&�R�O�O�H�F�W
�E�L�R�O�R�J�L�F�D�O

�V�D�P�S�O�H�V���I�U�R�P
�S�D�W�L�H�Q�W�V���W�R

�F�U�H�D�W�H���F�H�O�O���O�L�Q�H�V
���I�L�E�U�R�E�O�D�V�W�V���R�U

�L�3�6�&�V��

�8�Q�L�Y�H�U�V�L�W�\���R�I
�%�U�H�V�F�L�D�����,�W�D�O�\��

�$�O�H�V�V�D�Q�G�U�R
�%�D�U�E�R�Q

�' �L�V�H�D�V�H
�0�R�G�H�O
�*�H�Q�H�U�D�W�L�R�Q

�&�K�D�U�D�F�W�H�U�L�]�H
�$�U�J�� ���&�\�V

�&�\�I�L�S�� ���P�L�F�H
�E�H�L�Q�J���J�H�Q�H�U�D�W�H�G

�D�W���&�]�H�F�K
�,�Q�V�W�L�W�X�W�H

�8�&���' �D�Y�L�V��
�&�&�3

: KDW�FDQ�&\ ILS� �1HWZRUN�DQG�WKHLU�DOOLHV�GR�WR
KHOS"



7KHUDSHXWLF�' HYHORSP HQW7KHUDSHXWLF�' HYHORSP HQW
3KRWR��( OL�GXULQJ�D�' 0 ,�,QWHQVLYH�&RXUVH�



7KHUDSHXWLF�' HYHORSP HQW

2 QH�RI�WKH�P RVW�LP SRUWDQW�JRDOV�RI�WKH�&\ ILS� �1 HWZ RUN
LV�WR�DFFHOHUDWH�WKH�GHYHORSP HQW�RI�GLVHDVH�P RGLI\ LQJ

WKHUDSLHV�IRU�' ( ( � � ��&XUUHQW�WUHDWP HQWV�IRFXV�RQ
VHL] XUH�FRQWURO��Z KLFK�LV�LP SRUWDQW��EXW�GRHV�QRW

DGGUHVV�WKH�RWKHU�DVSHFWV�RI�WKH�GLVHDVH��

~0 RUELGLWLHV�LQFOXGH�GHYHORSP HQWDO�GHOD\ �DQG�UHJUHVVLRQ�UHVXOWLQJ
LQ�LQWHOOHFWXDO�GLVDELOLW\ ��SV\ FKLDWULF�IHDWXUHV�LQFOXGLQJ�DXWLVP
VSHFWUXP �GLVRUGHU��P RRG�GLVRUGHUV��DQ[ LHW\ ��DQG�SV\ FKRVLV�
JDVWURLQWHVWLQDO��P XVFXORVNHOHWDO��UHVSLUDWRU\ ��DQG�FDUGLDF

P DQLIHVWDWLRQV��WRJHWKHU�Z LWK�D�FRQVLGHUDEO\ �LQFUHDVHG�P RUWDOLW\
UDWH�•

6FKHIIHU�HW�DO���� � � �

2 Q�D�SRVLWLYH�QRWH��Z H�DUH�HQWHULQJ�LQWR�D�QHZ �HUD�RI
P HGLFLQH�Z KHUH�JHQHWLFDOO\ �WDUJHWHG�GUXJV�WKDW�FDQ�UHGXFH�

UHSODFH�RU�HYHQ�UHSDLU�GHIHFWLYH�JHQHV�DUH�FXUUHQWO\ �LQ
GHYHORSP HQW�IRU�UDUH�DQG�HYHQ�XOWUD� UDUH�GLVHDVHV��



7KHUDSHXWLF�' HYHORSP HQW

' UXJ�5HSXUSRVLQJ

&UHDWLQJ�DQ�HQWLUHO\ �QHZ �SKDUP DFHXWLFDO�GUXJ�LV�DQ
H[ SHQVLYH�DQG�WLP H�FRQVXP LQJ�SURFHVV�DQG�WKHUH�LV�OLWWOH
HFRQRP LF�LQFHQWLYH�WR�SXUVXH�QHZ �WUHDWP HQWV�IRU�XOWUD�
UDUH�GLVHDVHV��+RZ HYHU��ILQGLQJ�D�QHZ �XVH�IRU�DQ�ROG

GUXJ�LV�UHODWLYHO\ �LQH[ SHQVLYH�DQG�IDVW��$�OLWWOH�RYHU�� � �
FKHP LFDO�FRP SRXQGV�WKDW�DFW�RQ�WDUJHWV�Z LWKLQ�WKH�EUDLQ
KDYH�EHHQ�DSSURYHG�IRU�XVH�LQ�KXP DQV��DQG�Z KLOH�QRQH

RI�WKRVH�GUXJV�Z HUH�DSSURYHG�WR�WUHDW�' ( ( � � ��LW�LV
SRVVLEOH�WKDW�RQH�RI�WKHP �KDV�D�ELRORJLFDO�HIIHFW�WKDW

Z RXOG�EH�EHQHILFLDO�WR�SDWLHQWV��

/ XFDV��8 QLWHG�6WDWHV



7KHUDSHXWLF�' HYHORSP HQW

' UXJ�5HSXUSRVLQJ

' LVFRYHULQJ�Z KLFK�RI�WKH�DSSURYHG�GUXJV�P LJKW�EHQHILW�' ( ( � �
SDWLHQWV�FDQ�EH�GRQH�LQ�D�IHZ �GLIIHUHQW�Z D\ V��5HVHDUFKHUV�DW

WKH�%UD] LOLDQ�LQVWLWXWH�)LRFUX] �XVHG�D�FRP SXWHU�P RGHO�RI�&\ ILS�
WR�~GRFN•�FKHP LFDO�FRP SRXQGV�LQWR�WKH�$UJ� � &\ V

ORFDWLRQ�9HQWXUL�%LHP EHQJXW�HW�DO���� � � � ���7KH\ �IRXQG�� �
FRP SRXQGV�WKDW�WKH\ �SUHGLFWHG�Z RXOG�ELQG�WLJKWO\ ��7R�WHVW�WKHVH
UHVXOWV�DJDLQVW�WKH�DFWXDO�SURWHLQ�WKH\ �DGGHG�WKH�GUXJV�WR�FHOOV
WR�WHVW�Z KHWKHU�WKH\ �Z RXOG�FKDQJH�WKH�WHP SHUDWXUH�DW�Z KLFK
WKH�SURWHLQ�EHFDP H�GHQDWXUHG��7KH\ �IRXQG�WKDW�� �FRP SRXQGV
LQFUHDVHG�WKH�WKHUP DO�VWDELOLW\ �RI�&\ ILS� ��LQGLFDWLQJ�WKDW�WKHVH
FRP SRXQGV�ELQG�WR�WKH�SURWHLQ��7KH�QH[ W�VWHS�WR�GHWHUP LQH�LI
WKHVH�FRP SRXQGV�Z RXOG�EH�EHQHILFLDO�WR�' ( ( � � �SDWLHQWV�LV�WR
WHVW�WKHP �LQ�D�FHOO� EDVHG�DVVD\ �WKDW�Z RXOG�LQGLFDWH�HLWKHU�D

UHVWRUDWLRQ�RI�QRUP DO�&\ ILS� �IXQFWLRQ�RU�UHP RYDO�RI�WKH
XQZ DQWHG�IXQFWLRQ�RI�WKH�$UJ� � &\ V�YDULDQW��$W�OHDVW�WKUHH�ODEV

DUH�DFWLYHO\ �FUHDWLQJ�VXFK�FHOO� EDVHG�DVVD\ V��3DWULFLD�6KLJXQRY•V
ODE�DW�)LRFUX] ��-RVHSK�' RXJKHUW\ •V�ODE�DW�: DVKLQJWRQ�8 QLYHUVLW\

6W��/ RXLV��DQG�( LOHHQ�. HQQHG\ •V�ODE�DW�WKH�8 QLYHUVLW\ �RI�1 RUWK
&DUROLQD��,W�LV�YLWDOO\ �LP SRUWDQW�WR�XVH�DQ�DVVD\ �WKDW�DFFXUDWHO\

UHIOHFWV�WKH�GLVHDVH��VR�LW�Z RXOG�EH�KHOSIXO�WR�XVH�D�IHZ �GLIIHUHQW
FHOO� EDVHG�DVVD\ V�IRU�WKLV�SXUSRVH��7KH�FRP SRXQGV�VKRXOG�DOVR
EH�WHVWHG�LQ�WKH�FRQWH[ W�RI�RWKHU�SDWKRJHQLF�YDULDQWV��EHFDXVH
WKRVH�YDULDQWV�DOVR�FDXVH�FKDQJHV�LQ�WKH�VDP H�UHJLRQ�RI�WKH
SURWHLQ�DV�$UJ� � &\ V��7KLV�Z RXOG�UHTXLUH�WKH�FUHDWLRQ�RI�D�FHOO

OLQH�IURP �SDWLHQWV�Z LWK�WKH�RWKHU�SDWKRJHQLF�YDULDQWV�



7KHUDSHXWLF�' HYHORSP HQW

' UXJ�5HSXUSRVLQJ

$�VHFRQG�Z D\ �WR�GLVFRYHU�SRWHQWLDO�GUXJV�WR�UHSXUSRVH�LV�WR
SHUIRUP �D�KLJK�WKURXJKSXW�VFUHHQ�LQ�D�UHOHYDQW�DVVD\ ��7KLV�FRXOG

EH�D�FHOO� EDVHG�DVVD\ ��IRU�H[ DP SOH�WKH�GRUVDO�UXIIOH�WHVW�LQ
ILEUREODVWV�GHVFULEHG�DERYH�%HJHP DQQ�HW�DO���� � � � ����RU�D�WHVW�LQ

DQLP DOV�VP DOO�HQRXJK�WR�XVH�LQ�DQ�H[ SHULP HQW�Z LWK�RYHU�� � �
FRQGLWLRQV��WDGSROHV��3DQWKL�HW�DO���� � � � ��RU�] HEUDILVK��IRU

H[ DP SOH���' HYHORSP HQW�RI�DQ�DVVD\ �VXLWDEOH�IRU�KLJK�WKURXJKSXW
VFUHHQLQJ�RI�DSSURYHG�GUXJV�LV�DQ�DFWLYLW\ �WKDW�LV�ILQDQFLDOO\

Z LWKLQ�UHDFK�RI�SDWLHQW�DGYRFDF\ �JURXSV�DQG�KDV�SRWHQWLDO�WR
VLJQLILFDQWO\ �LP SDFW�WKH�VHDUFK�IRU�HIIHFWLYH�WUHDWP HQWV��

,VDEHOOD��%UD] LO



7KHUDSHXWLF�' HYHORSP HQW

' UXJ�5HSXUSRVLQJ

$QRWKHU�DSSURDFK�WR�UHSXUSRVLQJ�GUXJV�LV�WR�WDNH�DGYDQWDJH�RI�WKH
IDFW�WKDW�LQ�DGGLWLRQ�WR�' ( ( � � ��&\ ILS�SURWHLQV�DUH�DOVR�LQYROYHG�WKH

SURFHVV�RI�FDQFHU�JURZ WK�DQG�P HWDVWDVLV��5HVHDUFKHUV�DW�WKH
8 QLYHUVLW\ �RI�* HRUJLD�DQG�8 QLYHUVLW\ �RI�1 RUWK�&DUROLQD�&KDSHO�+LOO
KDYH�GHYHORSHG�FRP SRXQGV�WKDW�DOWHU�WKH�IXQFWLRQ�RI�WKH�: DYH

5HJXODWRU\ �&RP SOH[ �/ LP D\ H�HW�DO���� � � � ���7KRVH�FRP SRXQGV�DFW�RQ
FHOOV�WKDW�H[ SUHVV�WKH�Z LOG�W\ SH�&\ ILS�SURWHLQV��EXW�LW�Z LOO�EH�DQ

LP SRUWDQW�QH[ W�VWHS�WR�GHWHUP LQH�LI�WKH\ �UHP RYH�WKH�KDUP IXO�HIIHFWV
RI�SDWKRJHQLF�YDULDQWV�RI�&\ ILS� ��: KLOH�WKHVH�WUHDWP HQWV�DUH�VWLOO�D

ORQJ�Z D\ �IURP �KXP DQ�VWXGLHV��WKH\ �DUH�EHLQJ�GHYHORSHG�IRU�D
GLVHDVH�WKDW�DWWUDFWV�D�JUHDW�GHDO�RI�UHVRXUFHV�Z KLFK�Z LOO�P RYH

WKHP �IRUZ DUG�P RUH�TXLFNO\ �WKDQ�DQ\ �WUHDWP HQW�VSHFLILF�IRU�' ( ( � � �

8 QLYHUVLW\ �RI�1 RUWK�&DUROLQD��&KDSHO�+LOO



7KHUDSHXWLF�' HYHORSP HQW

$OOHOH�VHOHFWLYH�$62 V

&\ ILS� �LV�SUHVHQW�LQ�WZ R�DOOHOHV�LQ�HYHU\ �FHOO��RQH�RQ�HDFK
FKURP RVRP H�� ���,Q�' ( ( � � �SDWLHQWV�RQH�DOOHOH�LV�QRUP DO�DQG
WKH�RWKHU�FRS\ �FDUULHV�D�SDWKRJHQLF�YDULDQW��7KH�YDULDQW�LV
RIWHQ�RQO\ �RQH�QXFOHRWLGH�GLIIHUHQW�IURP �WKH�QRUP DO�DOOHOH

�FDOOHG�D�VLQJOH�QXFOHRWLGH�SRO\ P RUSKLVP ��RU�VQS�
SURQRXQFHG�~VQLS•���EXW�WKLV�RQH�QXFOHRWLGH�LV�HQRXJK�WR

SURGXFH�D�SURWHLQ�WKDW�KDV�D�KDUP IXO�HIIHFW�RQ�WKH�FHOO�DQG
XOWLP DWHO\ �WKH�SDWLHQW��,Q�P LFH��UHP RYDO�RI�ERWK�DOOHOHV�RI

&\ ILS� �LV�QRW�WROHUDWHG��7KH�P LFH�Z LWK�QR�&\ ILS� �DW�DOO�GRQ•W
OLYH�SDVW�ELUWK��0 LFH�Z LWK�RQO\ �RQH�DOOHOH�RI�WKH�JHQH�OLYH
SDVW�ELUWK��DOWKRXJK�WKH\ �GR�KDYH�VRP H�GLIIHUHQFHV�IURP
WKRVH�Z LWK�ERWK�DOOHOHV�+DQ�HW�DO���� � � � ��* ��+ ��. LP �HW�DO��

� � � � ��=KDQJ�HW�DO���� � � � ��� � � � ���7KHVH�GLIIHUHQFHV�DUH�QRW
DV�VHYHUH�DV�WKRVH�VHHQ�LQ�WKH�P LFH�H[ SUHVVLQJ�$UJ� � &\ V�LQ
RQH�DOOHOH�. DQJ�HW�DO���� � � � ���&RQVLGHULQJ�WKLV�P RXVH�GDWD
DORQJ�Z LWK�WKH�IDFW�WKDW�DOO�' ( ( � � �SDWLHQWV�VWXGLHG�WR�GDWH
H[ SUHVV�VRP H�IRUP �RI�&\ ILS� ��DV�RSSRVHG�WR�D�QXOO�YDULDQW�
VXJJHVW�WKDW�WKH�GLVHDVH�P HFKDQLVP �LV�D�JDLQ�RI�IXQFWLRQ�
7KHUHIRUH�LW�P D\ �EH�EHQHILFLDO�WR�SDWLHQWV�WR�UHP RYH�WKH

SDWKRJHQLF�DOOHOH��WR�UHYHUVH�WKH�JDLQ�RI�IXQFWLRQ��LI�LW
SRVVLEOH�WR�GR�VR�DQG�OHDYH�WKH�QRUP DO�DOOHOH�LQ�SODFH�



$�WKHUDSHXWLF�DSSURDFK�FDOOHG�51 $�LQWHUIHUHQFH��JHQH�VLOHQFLQJ�RU
NQRFNGRZ Q�FRXOG�DFKLHYH�WKLV�DOOHOH�VHOHFWLYH�UHP RYDO�RI�&\ ILS� �

$Q�ROLJRQXFOHRWLGH�WKDW�LV�FRP SOHP HQWDU\ �WR�WKH�&\ ILS� �P HVVHQJHU
51 $��DQ�DQWLVHQVH�ROLJRQXFOHRWLGH�RU�$62 ��FRXOG�EH�FRQVWUXFWHG

WKDW�H[ DFWO\ �P DWFKHV��IRU�H[ DP SOH��WKH�$UJ� � &\ V�YDULDQW��%HFDXVH
WKH�$62 �GRHVQ•W�H[ DFWO\ �P DWFK�WKH�QRUP DO�DOOHOH��LW�Z RXOG�QRW

LQWHUIHUH�Z LWK�WKH�SURGXFWLRQ�RI�WKH�QRUP DO�SURWHLQ��6XFK�DOOHOH�
VSHFLILF�JHQH�VLOHQFLQJ�ROLJRQXFOHRWLGHV�KDYH�EHHQ�JHQHUDWHG�IRU

+XQWLQJWRQ•V�GLVHDVH�&RQUR\ �HW�DO���� � � � ���7KH�GHVLJQ�RI�DOOHOH�
VSHFLILF�$62 V�LV�GHVFULEHG�LQ�WKH�SDSHU�DQG�WKH�DXWKRUV�VKRZ HG

WKDW�WKH�P HWKRG�LV�DSSOLFDEOH�WR�RWKHU�JHQHV�

7KHUDSHXWLF�' HYHORSP HQW

$OOHOH�VHOHFWLYH�$62 V

: LOG�W\ SH�DOOHOH 0 XWDQW�DOOHOH

0 LVP DWFK

51 DVH+ �

51 DVH+ �

P 51 $�GHJUDGDWLRQ

JDSP HU�$62

P XWDWLRQ�VLWH



' HVLJQ�RI�DQ�DOOHOH� VSHFLILF�$62 �IRU�WKH�$UJ� � &\ V�YDULDQW�Z RXOG
EHQHILW�WKH�P RVW�' ( ( � � �SDWLHQWV��EXW�LW�Z RXOG�EH�HYHQ�P RUH

EHQHILFLDO�WR�GHVLJQ�DQ�$62 �WKDW�FRXOG�VLOHQFH�DQ\ �SDWKRJHQLF
DOOHOH��,Q�WKH�ODERUDWRU\ �RI�-RVHSK�' RXJKHUW\ �DW�WKH�: DVKLQJWRQ

8 QLYHUVLW\ �RI�6W��/ RXLV��UHVHDUFKHUV�LGHQWLILHG�D�~VLOHQW•�VQS
FDOOHG�UV� � � � � � � �LQ�WKH�&\ ILS� �JHQH�WKDW�FDXVHV�QR�FKDQJH�LQ

WKH�SURWHLQ�VHTXHQFH�DQG�LV�IRXQG�LQ�DSSUR[ LP DWHO\ �� � � �RI
DOOHOHV��%\ �WDUJHWLQJ�RQH�RU�WKH�RWKHU�YHUVLRQ�RI�WKLV�VLOHQW

YDULDQW��LW�P D\ �EH�SRVVLEOH�WR�VLOHQFH�WKH�SDWKRJHQLF�DOOHOH
Z LWKRXW�DIIHFWLQJ�WKH�QRUP DO�DOOHOH�

7KHUDSHXWLF�' HYHORSP HQW

$OOHOH�VHOHFWLYH�$62 V



3XUSRVH 3URMHFW
5HVHDUFK
/ RFDWLRQ�

,QYHVWLJDWRU
&RVW

' UXJ�UHSXUSRVLQJ

7HVW�FRP SRXQGV
IURP �LQ�VLOLFR
VFUHHQ�LQ�FHOO�
EDVHG�P RGHO

)LRFUX] � 6KLJXURY

' UXJ�UHSXUSRVLQJ
6FUHHQ

FRP SRXQGV�LQ
] HEUDILVK

1&68� 0 DUVGHQ

1HZ�GUXJ
GHYHORSP HQW

7HVW�&\ ILS�
WDUJHWLQJ�VWDSOHG
SHSWLGHV�LQ�FHOO�
EDVHG�P RGHO

81&� . HQQHG\

$OOHOH�VSHFLILF�JHQH
VLOHQFLQJ

7HVW�SDWKRJHQLF
YDULDQW�VSHFLILF
$62 V�LQ�FHOO�
EDVHG�P RGHO

: 867/ � ' RXJKHUW\

: KDW�FDQ�&\ ILS� �1 HWZ RUN�DQG�WKHLU�DOOLHV
GR�WR�KHOS"



$GD�DQG�KHU�IDP LO\ ��
8 QLWHG�6WDWHV

$GD�DQG�KHU�IDP LO\ ��
8 QLWHG�6WDWHV



7KHUDSHXWLF�' HYHORSP HQW

7UHDWP HQWV�Z LWK�SRWHQWLDO�IRU
DOO�' ( ( V

%HFDXVH�' ( ( � � �VKDUHV�V\ P SWRP V�DQG�SURJQRVLV�Z LWK
RWKHU�' ( ( V�LW�LV�Z RUWK�H[ SORULQJ�WUHDWP HQWV�WKDW�DUH

HIIHFWLYH�LQ�WUHDWLQJ�RWKHU�' ( ( V�DQG�H[ DP LQLQJ�Z KHWKHU
WKH\ �P LJKW�KDYH�XWLOLW\ �LQ�WUHDWLQJ�' ( ( � � �

%H[ LFDVHULQ

: LWK�WKH�DFTXLVLWLRQ�RI�/ RQJERDUG�3KDUP DFHXWLFDOV�E\
/ XQGEHFN��WKH�GHYHORSP HQW�RI�WKH�ILUVW�WUHDWP HQW�DLP HG�DW�DOO
' ( ( V�KDV�P RYHG�WR�D�ODUJH�FRP SDQ\ �Z LWK�VLJQLILFDQW
UHVRXUFHV�DQG�H[ SHUWLVH�DW�P RYLQJ�QHXURORJLFDO�GUXJV
WRZ DUGV�P DUNHW�DSSURYDO��%H[ LFDVHULQ�DFWV�RQ�D�VSHFLILF
VHURWRQLQ�UHFHSWRU�� � +7� &��' UXJV�OLNH�IHQIOXUDP LQH�WKDW
WDUJHW�VHURWRQLQ�UHFHSWRUV�QRQ� VHOHFWLYHO\ �UHGXFH�VHL] XUHV
EXW�FDXVH�XQZ HOFRP H�VLGH�HIIHFWV��VHGDWLRQ�DQG�YDOYXODU
KHDUW�GLVHDVH��DP RQJ�RWKHUV���&RP SRXQGV�WKDW�VSHFLILFDOO\
DFWLYDWH�� � +7� &�Z HUH�FRQVLGHUHG�SURP LVLQJ�EHFDXVH�P LFH
ODFNLQJ�� � +7� &�GLVSOD\ �VSRQWDQHRXV�VHL] XUHV�7HFRWW�HW�DO��
� � � � ���%H[ LFDVHULQ�UHGXFHV�VHL] XUHV�LQ�' ( ( �SDWLHQWV�DQG�KDV
VR�IDU�UDLVHG�QR�VHULRXV�VDIHW\ �FRQFHUQV�&KDQ�HW�DO���� � � � ��
7KH�GUXJ�LV�FXUUHQWO\ �LQ�D�3KDVH�,,,�WULDO��WKH�ILQDO�VWDJH�EHIRUH
FRP P HUFLDO�DSSURYDO��



7KHUDSHXWLF�' HYHORSP HQW

7UHDWP HQWV�Z LWK�SRWHQWLDO�IRU
DOO�' ( ( V

%0 %� � � �

6LP LODU�WR�%H[ LFDVHULQ��%0 %� � � � �DFWV�RQ�WKH�� � +7� &�UHFHSWRU��,W�LV
FXUUHQWO\ �LQ�D�3KDVH�� �WULDO�IRU�' ( ( ��,W�LV�LP SRUWDQW�WR�QRWH�WKDW
VHL] XUH�IUHTXHQF\ �LV�WKH�SULP DU\ �HQGSRLQW�LQ�ERWK�VWXGLHV�RI�� �
+7� &�DJRQLVWV��%0 %� � � � �DQG�%H[ LFDVHULQ���: KLOH�WKHUH�KDV�EHHQ
QR�FRQYLQFLQJ�GDWD�WKDW�UHGXFWLRQ�LQ�VHL] XUHV�LP SDFWV�FRJQLWLYH
GHYHORSP HQW�LQ�' ( ( ��WKH�RQO\ �KLQW�WKDW�D�GUXJ�FDQ�LP SURYH
FRJQLWLRQ�LQ�HSLOHSV\ �LV�IHQIOXUDP LQH�6RWR� ,QVXJD�HW�DO���� � � � ��
Z KLFK�DV�D�VHURWRQLQ�UHOHDVLQJ�DJHQW�Z LOO�DFW�RQ�DOO�VHURWRQLQ
UHFHSWRUV��7KHUHIRUH��LW�LV�SRVVLEOH�WKDW�WKHVH�EHWWHU�WROHUDWHG
VHURWRQLQ�DJRQLVWV��VHOHFWLYH�IRU�WKH�� � +7� &�UHFHSWRU��FRXOG�KDYH
D�VLP LODU�EHQHILW��EXW�LW�P D\ �EH�GLIILFXOW�IRU�WKH�UHVHDUFKHUV�WR�WHOO
LI�VXFK�DQ�HIIHFW�H[ LVWV�Z LWKRXW�DQ�DSSURSULDWH�RXWFRP H�P HDVXUH
�VHH�QH[ W�VHFWLRQ��

5HOXWULJLQH

3UD[ LV�3UHFLVLRQ�0 HGLFLQH�KDV�GHYHORSHG�D�VRGLXP �FKDQQHO
EORFNHU�WKDW�KDV�VKRZ Q�HIILFDF\ �LQ�DQLP DO�P RGHOV�RI�QRQ� VRGLXP
FKDQQHO�HSLOHSVLHV��7KH�FRP SDQ\ �GHP RQVWUDWHG�HIILFDF\ �LQ
6&1 � $� 6&1 � $�SDWLHQWV�DQG�LV�H[ SDQGLQJ�WKH�VWXGLHV�WR�LQFOXGH
DOO�' ( ( �SDWLHQWV��: KLOH�WKH�FRP SDQ\ �VWDWHV�WKDW�~DOO�JHQHWLFDOO\
GULYHQ�' ( ( V�UHVXOW�LQ�K\ SHUDFWLYDWLRQ�RI�VRGLXP �FKDQQHOV•�LW
Z RXOG�EH�LP SRUWDQW�WR�WHVW�WKH�FRP SRXQG�LQ�D�P RGHO�RI�' ( ( � � �WR
HQVXUH�WKDW�VHL] XUHV�LQ�WKRVH�P RGHOV�DUH�DOVR�UHGXFHG��



7KHUDSHXWLF�' HYHORSP HQW

5DYLFWL

7KH�$P JHQ�GUXJ�5DYLFWL��RU�JO\ FHURO�SKHQ\ OEXW\ UDWH��LV�XVHG�WR
FRQWURO�DP P RQLD�OHYHOV�LQ�XUHD�F\ FOH�GLVRUGHUV��7KH�GUXJ�VKRZ HG
DQWL� VHL] XUH�DFWLYLW\ �LQ�P RGHOV�RI�6/&� $� �DQG�67; %3� �HSLOHSV\ �
5HVHDUFKHUV�DW�: HLOO�&RUQHOO�0 HGLFLQH�DUH�FRQGXFWLQJ�D�VWXG\ �RI
WKH�GUXJ�LQ�DOO�' ( ( V�IROORZ LQJ�DQ�LQLWLDO�DUP �Z LWK�RQO\ �6/&� $� �DQG
67; %3� SDWLHQWV�6WRQH�HW�DO���� � � � ��

( SLGLROH[ � &DQQDELGLRO� &%' �RLO

7KH�) ' $ �DSSURYHG�( SLGLROH[ �WR�WUHDW�WZ R�IRUP V�RI�HSLOHSV\ ��' UDYHW
6\ QGURP H�DQG�/ HQQR[ � * DVWDXW�V\ QGURP H��LQ�� � � � ��%RWK�DUH�IRUP V
RI�' ( ( ��~7KH�FXUUHQWO\ �DYDLODEOH�GDWD�VXJJHVW�WKDW�UHVSRQVH�WR
WUHDWP HQW�Z LWK�D�KLJKO\ �SXULILHG��SODQW� GHULYHG�&%' �RLO� EDVHG
VROXWLRQ�FDQ�EH�VHHQ�LQ�SDWLHQWV�DFURVV�D�EURDG�UDQJH�RI�HSLOHSV\
GLVRUGHUV�DQG�HWLRORJLHV�•��/ DWWDQ] L�HW�DO���� � � � ��$ �UHSRUW�RI�WKH
VXFFHVVIXO�WUHDWP HQW�RI�D�VLQJOH�' ( ( � � �SDWLHQW�Z LWK�FDQQDELGLRO��GH
* � HV�HW�DO���� � � � ��GRHV�QRW�FRQWDLQ�DQ\ �LQIRUP DWLRQ�DERXW�WKH
GRVH��VFKHGXOH�RU�VRXUFH�RI�WKH�GUXJ��VR�LW�LV�GLIILFXOW�WR�DVVHVV�WKH
HIIHFWLYHQHVV�RI�WKLV�WUHDWP HQW��

. HWRJHQLF�RU�P RGLILHG�$WNLQV�GLHW

6RP H�IRUP V�RI�' ( ( ��LQFOXGLQJ�' UDYHW�6\ QGURP H��UHVSRQG�Z HOO�WR�D
NHWRJHQLF�GLHW��6KDUP D�	 �7ULSDWKL��� � � � ����+RZ HYHU��VRP H�VXEW\ SHV
RI�' ( ( �DUH�QRW�DP HQDEOH�WR�WKLV�WUHDWP HQW��DQG�WKH�GLHW�FDQ
DFWXDOO\ �P DNH�SDWLHQWV�Z RUVH��. R�HW�DO���� � � � ���6LQFH�WKHUH�LV�QR
UHSRUWHG�HIILFDF\ �RI�WKLV�WUHDWP HQW�LQ�WKH�OLWHUDWXUH�LW�LV�EHVW��DV�Z LWK
DQ\ �LQWHUYHQWLRQ��WR�SURFHHG�Z LWK�FDXWLRQ�



$V�UHSRUWHG�DERYH��SDUHQWV�RI�' ( ( � � �SDWLHQWV�H[ SUHVVHG�WKDW
Z KLOH�VHL] XUH�FRQWURO�LV�LP SRUWDQW��GHYHORSP HQWDO�GHOD\ �LV�DV

LP SRUWDQW�LI�QRW�P RUH�VR�Z KHQ�FRQVLGHULQJ�D�WKHUDS\ •V
HIIHFWLYHQHVV��' HYHORSLQJ�D�WKHUDSHXWLF�LQWHUYHQWLRQ�WKDW�WUHDWV

WKHVH�QRQ� VHL] XUH�V\ P SWRP V�Z LOO�UHTXLUH�D�Z D\ �WR�P HDVXUH
LP SURYHP HQW�LQ�WKH�SDWLHQW��7KHVH�RXWFRP H�P HDVXUHV��Z KHWKHU
XVHG�LQ�QDWXUDO�KLVWRU\ �RU�LQWHUYHQWLRQDO�FOLQLFDO�WULDOV��P XVW�EH�

���� ��5HOHYDQW�WR�WKH�SDWLHQW•V�TXDOLW\ �RI�OLIH�DQG�Z HOO�EHLQJ

���� ��$SSOLHG�FRQVLVWHQWO\ �E\ �GLIIHUHQW�FOLQLFDO�HYDOXDWRUV�DQG�DW
GLIIHUHQW�ORFDWLRQV

���� ��5HVSRQVLYH�WR�FKDQJH��HLWKHU�LP SURYHP HQW�RU�Z RUVHQLQJ

2 WKHU�WKDQ�6WRNH�7KHUDSHXWLFV� %LRJHQ•V�3KDVH�� �WUHDWP HQW�IRU
' UDYHW�V\ QGURP H��] RUHYXQHUVHQ��FOLQLFDO�WULDOV�VWXG\ LQJ�GLVHDVH

P RGLI\ LQJ�WUHDWP HQWV�IRU�' ( ( �DUH�VWLOO�LQ�WKHLU�HDUO\ �VWDJHV�
7KHUH�LV�VWLOO�WLP H�WR�SUHSDUH�IRU�FOLQLFDO�WULDOV�IRU�GLVHDVH

P RGLI\ LQJ�WUHDWP HQWV�LQ�D�Z D\ �WKDW�Z LOO�HQVXUH�HIIHFWLYH�GUXJV
UHDFK�WKH�SDWLHQWV�Z KR�QHHG�WKHP �

7KHUDSHXWLF�' HYHORSP HQW

&OLQLFDO�7ULDOV�IRU�' ( ( V



7KHUDSHXWLF�' HYHORSP HQW

&OLQLFDO�7ULDOV�IRU�' ( ( V

( YHQ�WKRXJK�P DQ\ �GUXJV�KDYH�EHHQ�LQYHVWLJDWHG�DQG�DSSURYHG
WKDW�UHGXFH�VHL] XUH�EXUGHQ�LQ�SDWLHQWV�Z LWK�GLIIHUHQW�IRUP V�RI

HSLOHSV\ ��P HDVXULQJ�Z KHWKHU�D�GUXJ�UHGXFHV�VHL] XUH�EXUGHQ�LV
VWLOO�QRW�DV�VLP SOH�RU�UHOLDEOH�DV�LQYHVWLJDWRUV�Z RXOG�OLNH�WR

ULJRURXVO\ �SURYH�WKDW�D�GUXJ�LV�HIIHFWLYH��6HL] XUHV�RIWHQ�KDSSHQ
DW�KRP H��FDQ�RFFXU�DW�DQ\ �WLP H�RI�GD\ �RU�QLJKW��DQG�HYHQ�WKH

P RVW�DWWHQWLYH�DQG�REVHUYDQW�FDUHJLYHUV�FDQQRW�DOZ D\ V
GHWHUP LQH�Z KDW�NLQG�RI�VHL] XUH�WKH�SDWLHQW�LV�H[ SHULHQFLQJ�
Z KHQ�LW�VWDUWHG��RU�Z KDW�WULJJHUHG�LW��' HVSLWH�WKLV�OLP LWDWLRQ�

P RVW�WUHDWP HQWV�WKDW�DUH�LQYHVWLJDWHG�IRU�' ( ( �Z LOO�XVH�D�VHL] XUH
EXUGHQ�FRXQW�DV�D�SULP DU\ �RXWFRP H�P HDVXUH�

* LXVHSSH�DQG�KLV�IDP LO\ ��,WDO\



7KHUDSHXWLF�' HYHORSP HQW

7KH�,QFKVWRQH�3URMHFW
%HFDXVH�SUHFLVLRQ�WKHUDSLHV�DUH�H[ SHFWHG�WR�QRW�RQO\ �UHGXFH�VHL] XUH

IUHTXHQF\ �DQG�LQWHQVLW\ ��EXW�DOVR�LP SURYH�EUDLQ�GHYHORSP HQW�DQG
LQWHOOHFWXDO�GLVDELOLW\ ��RXWFRP H�P HDVXUHV�LQ�WKH�FOLQLFDO�WULDOV�P XVW�EH

VHQVLWLYH�WR�WKH�H[ SHFWHG�FKDQJH��7KH�' HYHORSP HQWDO�( SLOHSWLF
( QFHSKDORSDWK\ �3URMHFW��' ( ( � 3��KDV�LQLWLDWHG�D�SURJUDP �WR�GHYHORS

WKRVH�RXWFRP H�P HDVXUHV��FDOOHG�WKH�,QFKVWRQH�3URMHFW��EHFDXVH�LW�LV
IRFXVHG�RQ�VP DOOHU�LP SURYHP HQWV�WKDQ�W\ SLFDO�P LOHVWRQH

P HDVXUHP HQWV���7KH�SURMHFW�LQFOXGHV�DGDSWLQJ�P HWKRGV�RI
P HDVXULQJ�VNLOOV�WR�YLVXDOO\ �LP SDLUHG�FKLOGUHQ��GHWHUP LQLQJ�Z KDW�D
P HDQLQJIXO�FKDQJH�LQ�P RWRU�IXQFWLRQ�UHSUHVHQWV�WR�SDUHQWV�RI�' ( (
FKLOGUHQ��DQG�GHYHORSLQJ�QHZ �RXWFRP H�P HDVXUHV�DSSURSULDWH�WR

SDWLHQWV�Z KR�P LJKW�SHUIRUP �RQ�WKH�~IORRU•�RI�WKH�VWDQGDUG�%D\ OH\ �RU
9LQHODQG�GHYHORSP HQW�VFDOHV�+HFNHU�HW�DO���� � � � ���0 HDVXULQJ�DQ\

LP SURYHP HQW�WKDW�D�WUHDWP HQW�EULQJV�DERXW�Z LOO�EH�GLIILFXOW�DQG�Z LOO
UHTXLUH�QHZ �WRROV�WR�DFFXUDWHO\ �FDSWXUH�VXEWOH�JDLQV�LQ�SDWLHQWV�Z KR

VWDUW�Z LWK�SURIRXQG�LP SDLUP HQW��

7KH�,QFKVWRQH�3URMHFW�DLP V�WR�DFFHOHUDWH�RXWFRP H�P HDVXUHV
GHYHORSP HQW�WR�WKH�SRLQW�RI�) ' $ �DSSURYDO�IRU�' ( ( �SDWLHQWV��6XFK

RXWFRP H�P HDVXUHV�P XVW�EH�P RUH�VHQVLWLYH�WR�LQFUHP HQWDO
LP SURYHP HQWV�WKDQ�WKH�WRROV�WKDW�KDYH�EHHQ�XVHG�IRU�OHVV�VHYHUH

GHYHORSP HQWDO�GHOD\ V��7KH�SURMHFW�DVVHP EOHV�EHKDYLRUDO�GRP DLQV
DQG�WKH�VP DOOHVW�LP SURYHP HQW�WKDW�FDUHJLYHUV�Z RXOG�FRQVLGHU

LP SRUWDQW�DQG�LGHQWLILHV�SDWWHUQV�LQ�WKH�GDWD�' RZ QV�HW�DO���� � � � ��
7KLV�LV�D�ILUVW�VWHS�LQ�WKH�GHYHORSP HQW�DQG�VHOHFWLRQ�RI�FOLQLFDO

RXWFRP HV�DVVHVVP HQWV�WKDW�FRXOG�EH�XVHG�LQ�FOLQLFDO�WULDOV�IRU�' ( ( V
DV�QHZ �WUHDWP HQWV�DUH�WHVWHG�



3XUSRVH 3URMHFW
/ RFDWLRQ�

,QYHVWLJDWRU
&RVW

�2�S�W�L�P�L�]�L�Q�J���W�K�H
�H�I�I�H�F�W�L�Y�H�Q�H�V�V���R�I
�H�[�L�V�W�L�Q�J���V�H�L�]�X�U�H

�W�U�H�D�W�P�H�Q�W�V

�&�R�O�O�H�F�W
�W�U�H�D�W�P�H�Q�W

�U�H�V�X�O�W�V���I�U�R�P
�S�D�W�L�H�Q�W�V���D�Q�G

�I�R�U�P
�F�R�Q�V�H�Q�V�X�V

�R�S�L�Q�L�R�Q

�$�O�O���' �(�(�� ��
�F�O�O�L�Q�L�F�L�D�Q�V

�&�R�P�S�D�U�H���(�(�*�V
�I�U�R�P���' �(�(�� ��

�S�D�W�L�H�Q�W�V���Z�L�W�K
�R�W�K�H�U���G�L�V�R�U�G�H�U�V

�(�(�*���%�D�Q�N

�&�R�P�E�L�Q�H�G
�%�U�D�L�Q�����D�O�O
�' �(�(�� ��

�F�O�L�Q�L�F�L�D�Q�V

�&�O�L�Q�L�F�D�O���W�U�L�D�O
�U�H�D�G�L�Q�H�V�V

�,�Q�F�K�V�W�R�Q�H
�3�U�R�M�H�F�W

�Z�Z�Z���L�Q�F�K�V�W�R�Q�H
�S�U�R�M�H�F�W���R�U�J

�$�O�O���' �(�(�� ��
�F�D�U�H�J�L�Y�H�U�V���D�Q�G

�F�O�L�Q�L�F�D�Q�V

: KDW�FDQ�&\ ILS� �1 HWZ RUN�DQG�WKHLU�DOOLHV
GR�WR�KHOS"



&RQFOXVLRQV

&RP SDUHG�WR�WKH�P RUH�FRP P RQ�IRUP V�RI�' ( ( ��' UDYHW
V\ QGURP H� 6&1 � $��6&1 � $�&' . / � ��WKH�GHYHORSP HQW�RI�WUHDWP HQWV

IRU�' ( ( � � �LV�DW�DQ�HDUO\ �VWDJH��+RZ HYHU��OHVVRQV�OHDUQHG�IURP
WKH�WUHDWP HQW�RI�WKRVH�RWKHU�' ( ( V�Z LOO�P DNH�' ( ( � � �WUHDWP HQWV

P RYH�IURP �VFLHQWLILF�GLVFRYHU\ �WR�FOLQLFDO�VWXGLHV�WR�SDWLHQW�FDUH
P RUH�TXLFNO\ ��7KH�VWXG\ �RI�&\ ILS� �IXQFWLRQ�LQ�FRQWH[ WV�RWKHU�WKDQ

' ( ( � � �Z LOO�DOVR�GULYH�UHVHDUFK�IRUZ DUG��DOWKRXJK�WKH
DSSOLFDELOLW\ �RI�WKH�EDVLF�VFLHQFH�UHVXOWV�P D\ �QRW�EH�LP P HGLDWHO\
DSSDUHQW��3DWLHQW�FDUHJLYHUV�FDQ�DFFHOHUDWH�WKLV�SURFHVV�GLUHFWO\

E\ �GRQDWLQJ�ELRVDP SOHV��IRU�FUHDWLQJ�FHOO� EDVHG�GLVHDVH
P RGHOV���SDUWLFLSDWLQJ�LQ�QDWXUDO�KLVWRU\ �VWXGLHV��WR�EHWWHU�SUHGLFW

WKH�FOLQLFDO�FRXUVH��SURGXFLQJ�GDWD�WKDW�FDQ�DFW�DV�D�YLUWXDO
SODFHER�JURXS�IRU�VP DOO�VWXGLHV��DQG�E\ �VXSSRUWLQJ�WKH�HDUOLHVW�
ULVN\ �VWDJHV�RI�UHVHDUFK��2 UJDQL] DWLRQV�OLNH�WKH�&\ ILS� �1 HWZ RUN

DOVR�SOD\ �DQ�LP SRUWDQW�UROH�LQ�VFLHQWLILF�UHVHDUFK�E\ �EULQJLQJ
WRJHWKHU�LQYHVWLJDWRUV�IURP �YHU\ �GLIIHUHQW�Z RUOGV�Z KR�FDQ�OHDUQ
IURP �RQH�DQRWKHU��,Q�0 DUFK�RI�� � � � �WKH�&\ ILS� �1 HWZ RUN�KRVWHG

D�YLUWXDO�P HHWLQJ�Z KHUH�VFLHQWLVWV�VWXG\ LQJ�P RXVH�FRFDLQH
VHHNLQJ�EHKDYLRU��] HEUDILVK�QRLVH�UHVSRQVHV��DFWLQ�ILODP HQW

RUJDQL] DWLRQ�DQG�HSLOHSWLF�HQFHSKDORSDWK\ �H[ FKDQJHG�LGHDV
DQG�LQLWLDWHG�FROODERUDWLRQV��7KLV�UROH�DV�QHWZ RUN�KXE�LV�DQ
LQYDOXDEOH�FRP SRQHQW�RI�WKH�SURFHVV�RI�VFLHQWLILF�GLVFRYHU\ �



* ORVVDU\

$FWLQ�v�D�SURWHLQ�WKDW�IRUP V�ILODP HQWV�RU�FDEOHV�LQVLGH�FHOOV

$JRQLVW�v�D�VXEVWDQFH�WKDW�DFWLYDWHV�D�UHFHSWRU�WR�WUDQVP LW�D
VLJQDO�LQWR�D�FHOO

$OOHOH�v�RQH�FRS\ �RI�D�JHQH��XVXDOO\ �XVHG�LQ�WKH�FRQWH[ W
Z KHUH�D�SDWLHQW�KDV�WZ R�GLIIHUHQW�DOOHOHV�

$QWLVHQVH�ROLJRQXFOHRWLGH��$62 ��v�D�VWULQJ�RI�QXFOHRWLGHV�WKDW
FRP SOHP HQWV�D�VHTXHQFH�RI�51 $�RU�' 1 $�DQG�WKHUHIRUH
DWWDFKHV�LWVHOI�WR�WKH�51 $�RU�' 1 $�DW�D�VSHFLILF�VLWH

$UJLQLQH�v�RQH�RI�WKH�� � �DP LQR�DFLGV�DQG�D�IUHTXHQW�VLWH�RI
SDWKRJHQLF�YDULDQWV

$[ RQ�v�D�ORQJ�SURMHFWLRQ�WKDW�OHDGV�IURP �WKH�ERG\ �RI�D
QHXURQ�WR�DQRWKHU�FHOO

&HOO�OLQH�v�D�P RGLILHG�FHOO�IURP �D�SDWLHQW�RU�DQ�DQLP DO�WKDW
OLYHV�LQ�DQ�LQFXEDWRU�DQG�FDQ�EH�P XOWLSOLHG�VHYHUDO�WLP HV�WR
SURYLGH�UHVHDUFK�P DWHULDO�IRU�VHYHUDO�H[ SHULP HQWV��&HOO�OLQHV
FDQ�DOVR�EH�IUR] HQ�DQG�WUDQVIHUUHG�IURP �RQH�ODE�WR�DQRWKHU

&RQGLWLRQDO�P RXVH�P RGHO�v�D�JHQHWLFDOO\ �P RGLILHG�P RXVH
WKDW�DOORZ V�UHVHDUFKHUV�WR�FRQWURO�Z KHUH�DQG�Z KHQ�D
SDWKRJHQLF�YDULDQW�LV�H[ SUHVVHG



&\ WRVNHOHWRQ�v�WKH�QHWZ RUN�RI�ILODP HQWV��LQFOXGLQJ�DFWLQ
ILODP HQWV��WKDW�JLYH�D�FHOO�ULJLGLW\ �DQG�DOORZ �LW�WR�P RYH

' H�QRYR�v�D�SDWKRJHQLF�YDULDQW�WKDW�LV�QRW�LQKHULWHG�IURP
HLWKHU�SDUHQW

' HQDWXUH�v�D�SURFHVV�LQ�Z KLFK�WKH�� �GLP HQVLRQDO�VKDSH�RI�D
SURWHLQ�LV�DOWHUHG�VR�WKDW�LW�QR�ORQJHU�SHUIRUP V�LWV�QRUP DO
IXQFWLRQ��7KH�SURWHLQ�XVXDOO\ �EHFRP HV�LQVROXEOH��7KH�DOEXP LQ
LQ�HJJ�Z KLWH�LV�GHQDWXUHG�Z KHQ�WKH�HJJ�LV�FRRNHG

' HQGULWH�v�RQH�RI�P DQ\ �VKRUW�SURMHFWLRQV�WKDW�OHDG�IURP �WKH
ERG\ �RI�D�QHXURQ��XVXDOO\ �RQH�QHXURQ•V�D[ RQ�FRQQHFWV�Z LWK
DQRWKHU�QHXURQ•V�GHQGULWH�

' RP LQDQW�v�D�JHQHWLF�FRQGLWLRQ�LQ�Z KLFK�RQH�DOOHOH�RI�D�JHQH
FRQWUROV�WKH�SKHQRW\ SH�RI�WKH�RUJDQLVP �QR�P DWWHU�Z KDW�WKH
RWKHU�DOOHOH�LV��VXFK�DV�EURZ Q�H\ HV�

' RUVDO�UXIIOH�v�D�ULQJ�RI�DFWLQ�ILODP HQWV�WKDW�LV�IRXQG�RQ�WRS�RI
P DQ\ �FXOWXUHG�ILEUREODVWV

)LEUREODVW�v�D�W\ SH�RI�FHOO�WKDW�LV�IRXQG�LQ�P DQ\ �SDUWV�RI�WKH
ERG\ �DQG�LV�HDV\ �WR�XVH�WR�FUHDWH�D�FHOO�OLQH

* DLQ�RI�IXQFWLRQ�v�D�FKDQJH�WKDW�JLYHV�D�SURWHLQ�D�QHZ
DFWLYLW\ ��LQ�WKH�FRQWH[ W�RI�JHQHWLF�GLVHDVH�WKH�QHZ �DFWLYLW\ �LV
XVXDOO\ �GHOHWHULRXV�WR�KHDOWK�



* HQH�UHSODFHP HQW�WKHUDS\ �v�D�WUHDWP HQW�WKDW�GHOLYHUV�D
QHZ ��KHDOWK\ �FRS\ �RI�D�JHQH�WR�FHUWDLQ�WLVVXHV�LQ�D�SDWLHQW

* HQRP LF�HGLW�v�D�P HWKRG�RI�FKDQJLQJ�WKH�' 1 $�VHTXHQFH�LQ
D�OLYLQJ�RUJDQLVP ��HLWKHU�WR�FUHDWH�D�GLVHDVH�P RGHO�RU�WR
FXUH�D�GLVHDVH�LQ�D�SDWLHQW

* HQRW\ SH� SKHQRW\ SH�FRUUHODWLRQ�v�D�FRP SDULVRQ�RI�WKH
SDWKRJHQLF�YDULDQWV��JHQH�VHTXHQFH��Z LWK�SK\ VLFDO
FKDUDFWHULVWLFV�VXFK�DV�GLVHDVH�VLJQV�DQG�V\ P SWRP V

+\ SRWRQLD�v�ORVV�RI�P XVFOH�VWUHQJWK�DQG�FRQWURO

,Q�VLOLFR�v�DQ�H[ SHULP HQW�WKDW�WDNHV�SODFH�LQ�D�FRP SXWHU
XVLQJ�GDWD�VXSSOLHG�E\ �D�UHVHDUFKHU

,QWHUYHQWLRQDO�FOLQLFDO�WULDO�v�D�FOLQLFDO�VWXG\ �LQ�Z KLFK�D
WUHDWP HQW�LV�JLYHQ�WR�WKH�SDWLHQW�WR�GHWHUP LQH�LI�WKH
WUHDWP HQW�LV�HIIHFWLYH

. QRFNRXW�v�UHP RYLQJ�D�JHQH�IURP �' 1 $�WR�FUHDWH�D�FHOO�
EDVHG�RU�DQLP DO�P RGHO

/ RVV�RI�IXQFWLRQ�v�D�FKDQJH�WKDW�UHP RYHV�WKH�QRUP DO
IXQFWLRQ�RI�D�SURWHLQ��LQ�WKH�FRQWH[ W�RI�JHQHWLF�GLVHDVH�WKH
ORVV�LV�GHOHWHULRXV�WR�KHDOWK�

0 HVVHQJHU�51 $�RU�P 51 $�v�DQ�ROLJRQXFOHRWLGH�SURGXFHG�E\
D�FHOO�WKDW�KROGV�WKH�LQVWUXFWLRQV�IRU�P DNLQJ�D�SURWHLQ



0 ROHFXODU�G\ QDP LFV�v�WKH�UDSLG�P RYHP HQW�RI�SDUWV�RI�D
P ROHFXOH�LQ�UHODWLRQ�WR�RWKHU�SDUWV

1 DWXUDO�KLVWRU\ �VWXG\ �v�D�FOLQLFDO�VWXG\ �LQ�Z KLFK�SDWLHQW�GDWD�LV
FROOHFWHG�RYHU�WLP H�Z LWK�QR�WUHDWP HQW��RU�Z LWK�D�FRQVLVWHQW
VWDQGDUG�RI�FDUH�WUHDWP HQW��WR�FROOHFW�LQIRUP DWLRQ�DERXW�KRZ �D
GLVHDVH�XVXDOO\ �SURJUHVVHV

1 HXWURSKLO�v�D�EORRG�FHOO�LQYROYHG�LQ�ILJKWLQJ�RII�FHUWDLQ�NLQGV�RI
LQIHFWLRQ

1 RQ� VHOHFWLYH�v�D�VXEVWDQFH�WKDW�DIIHFWV�P DQ\ �GLIIHUHQW
ELRORJLFDO�WDUJHWV

1 XFOHRWLGH�v�D�XQLW�RI�' 1 $�RU�51 $�WKDW�P DNHV�XS�WKH�JHQHWLF
FRGH��$��7��* �RU�&�LQ�' 1 $�

1 XOO�YDULDQW�v�D�JHQHWLF�YDULDQW�WKDW�UHVXOWV�LQ�QR�IXQFWLRQDO
SURWHLQ��VLP LODU�WR�ORVV�RI�IXQFWLRQ�

2 XWFRP H�P HDVXUH�v�D�P HDVXUHP HQW�XVHG�LQ�D�FOLQLFDO�WULDO�WR
GHWHUP LQH�GLVHDVH�VHYHULW\ ��SURJUHVVLRQ��RU�UHVSRQVH�WR�D
WUHDWP HQW

3DWKRJHQLF�YDULDQW�v�DQ�DOWHUQDWLYH�VHTXHQFH�RI�D�JHQH�WKDW
UHVXOWV�LQ�D�JHQHWLF�GLVHDVH

3KDVH�� �FOLQLFDO�WULDO�v�D�FOLQLFDO�VWXG\ �WKDW�GHWHUP LQHV�KRZ �P XFK
GUXJ�LV�VDIH�WR�JLYH�WR�SDWLHQWV��VRP HWLP HV�SHUIRUP HG�LQ�KHDOWK\
VXEMHFWV�

3KDVH�� �FOLQLFDO�WULDO�v�D�FOLQLFDO�VWXG\ �WKDW�GHWHUP LQHV�Z KDW
GRVH�RI�GUXJ�LV�HIIHFWLYH�LQ�SDWLHQWV



3KDVH�� �FOLQLFDO�WULDO�v�D�FOLQLFDO�VWXG\ �WKDW�GHWHUP LQHV�Z KHWKHU�D
GUXJ�LV�HOLJLEOH�IRU�FRP P HUFLDO�GLVWULEXWLRQ

5HSXUSRVHG�GUXJ�v�D�GUXJ�WKDW�KDV�EHHQ�DSSURYHG�IRU
FRP P HUFLDO�GLVWULEXWLRQ�IRU�RQH�GLVHDVH�WKDW�LV�HIIHFWLYH�DW
WUHDWLQJ�DQRWKHU�GLVHDVH

6HURWRQLQ�UHFHSWRU�v�D�IDP LO\ �RI�SURWHLQV�WKDW�GHWHFW�WKH
QHXURWUDQVP LWWHU�VHURWRQLQ�DQG�WUDQVP LW�D�VLJQDO�LQWR�D�FHOO�
7KHVH�UHFHSWRUV�DUH�UHVSRQVLEOH�IRU�WKH�DFWLYLW\ �RI�P DQ\
SV\ FKRDFWLYH�VXEVWDQFHV�LQFOXGLQJ�WUHDWP HQWV�IRU�P HQWDO
GLVRUGHUV�

6RGLXP �FKDQQHO�EORFNHU�v�D�FODVV�RI�VXEVWDQFHV�WKDW�UHGXFH�WKH
IORZ �RI�VRGLXP �WKURXJK�D�FHOO�P HP EUDQH��7KLV�FODVV�LQFOXGHV
QDWXUDO�WR[ LQ��SDLQ�P HGLFDWLRQV��KHDUW�DUU\ WKP LD�GUXJV�DV�Z HOO�DV
DQWL� FRQYXOVDQWV�

7KHUP DO�VWDELOLW\ � �WKH�DELOLW\ �RI�D�SURWHLQ�WR�Z LWKVWDQG
GHQDWXUDWLRQ�LQ�UHVSRQVH�WR�KHDW��7KLV�SURSHUW\ �LV�XVXDOO\
FKDQJHG�Z KHQ�D�VXEVWDQFH�ELQGV�WR�WKH�SURWHLQ��VR�WKHUP DO
VWDELOLW\ �LV�D�UHODWLYHO\ �VLP SOH�Z D\ �RI�VFUHHQLQJ�FRP SRXQGV�IRU�D
VSHFLILF�ELRORJLFDO�DFWLYLW\ �

8 OWUD� UDUH�GLVHDVH�v�D�GLVHDVH�WKDW�DIIHFWV�IHZ HU�WKDQ�� �LQ�� � �� � �
SHRSOH

: KROH�H[ RP H�VHTXHQFLQJ�v�D�P HWKRG�RI�HYDOXDWLQJ�DOO�RI�WKH
H[ SUHVVHG�JHQHV�LQ�D�SDWLHQW�WR�ILQG�SRWHQWLDO�SDWKRJHQLF
YDULDQWV��7KLV�P HWKRG�RQO\ �VHTXHQFHV�DERXW�� � �RI�WKH�JHQRP H
DQG�FDQQRW�HYDOXDWH�YDULDQWV�WKDW�DUH�RXWVLGH�RI�WKH�H[ SUHVVHG
JHQHV��Z KLFK�P D\ �KDYH�HIIHFWV�RQ�KHDOWK�



: KROH�JHQRP H�VHTXHQFLQJ�v�D�P HWKRG�RI�HYDOXDWLQJ�DOO�RI�D
SDWLHQW•V�' 1$�WR�ILQG�SDWKRJHQLF�YDULDQWV��7KLV�P HWKRG�LV�P RUH
H[ SHQVLYH�WKDQ�ZKROH�H[ RP H�VHTXHQFLQJ�DQG�WKH�UHVXOWV�DUH
P RUH�GLIILFXOW�WR�LQWHUSUHW�

: LOG�W\ SH�v�D�JHQH�VHTXHQFH�WKDW�LV�IUHH�RI�GHOHWHULRXV�YDULDQWV�
RU�DQ�DQLP DO�WKDW�KDV�QR�SDWKRJHQLF�YDULDQWV�LQ�DQ\ �JHQH��7KLV
GHILQLWLRQ�LV�QHYHU�DEVROXWH��VLQFH�DQ\ �FKDQJH�LQ�JHQH�VHTXHQFH
P D\ �KDYH�DQ�DIIHFW�RQ�DQLP DO�KHDOWK�XQGHU�FHUWDLQ�FRQGLWLRQV�
)RU�H[ DP SOH��ERWK�WKH�&� � %O� � -�DQG�&� � %O� � 1 �P RXVH�VWUDLQV�DUH
FRQVLGHUHG�ZLOG�W\ SH��EXW�WKH�&� � %O� � 1 �KDV�D�YDULDQW�LQ�&\ ILS�
WKDW�DIIHFWV�UHZDUG�VHHNLQJ�EHKDYLRU�



7LP HOLQH�RI�&\ ILS� �5HVHDUFK
7KH�VLP SOHVW�Z D\ �WR�YLHZ �WKHVH�SXEOLFDWLRQV�LV�WR�YLVLW�3XEP HG�DQG

HQWHU�WKH�30 ,' �LQ�WKH�VHDUFK�EDU�

� � � � 6DOOHU�( ��7RP �( ��%UXQRUL�0 ��2 WWHU�0 ��( VWUHLFKHU�$��0 DFN�' + �
,JJR�5��
,QFUHDVHG�DSRSWRVLV�LQGXFWLRQ�E\ �� � � ) �P XWDQW�S� � ��
( 0 %2 �-��� � � � �$XJ�� � �� � �� � ��� � � � � � � �
30 ,' ��� � � � � � � �

&\ ILS� �Z DV�ILUVW�LGHQWLILHG�LQ�D�VFUHHQ�RI�JHQHV�WKDW�DUH
DIIHFWHG�E\ �D�P XWDQW�WUDQVFULSWLRQ�IDFWRU�FDOOHG�S� � ��7KH
DXWKRUV�FDOOHG�WKH�JHQH�� � � ) � VSHFLILF�S� � �LQGXFLEOH�51 $
RU�3,5� � � ��7KH\ �GLG�QRW�NQRZ �WKH�IXQFWLRQ�RI�WKH�JHQH

� � � � 6SUDQJHU�6��5RP P HO�%��-DXFK�$��%RGDP P HU�5��0 HKO�%�
%XOOHUGLHN�-�
�,QWHUVWLWLDO�GHOHWLRQ�RI�� T� � �� T� � �� �LQ�D�JLUO�Z LWK�P LOG
P HQWDO�UHWDUGDWLRQ��
$P �-�0 HG�* HQHW��� � � � �-XO�� � �� � �� ��� � � � � ��
30 ,' ��� � � � � � � � �

7KLV�LV�D�FDVH�UHSRUW�WKDW�LGHQWLILHV�D�SRVVLEOH�FDXVH�RI
P HQWDO�UHWDUGDWLRQ�LQ�D�� �\ HDU�ROG�JLUO��Z LWK�SV\ FKRP RWRU
GHOD\ �DQG�VHL] XUHV��7KH�UHJLRQ�RI�FKURP RVRP H�� �WKDW�LV
GHOHWHG�FRQWDLQV�&\ ILS� ��EXW�WKHUH�LV�QR�SURRI�WKDW�&\ ILS�
DOWHUDWLRQ�LV�WKH�FDXVH�RI�WKH�JLUO•V�V\ P SWRP V�



� � � �
6FKHQFN�$��%DUGRQL�%��0 RUR�$��%DJQL�&��0 DQGHO�-/ ��
$ �KLJKO\ �FRQVHUYHG�SURWHLQ�IDP LO\ �LQWHUDFWLQJ�Z LWK�WKH�IUDJLOH
; �P HQWDO�UHWDUGDWLRQ�SURWHLQ��)0 53��DQG�GLVSOD\ LQJ�VHOHFWLYH
LQWHUDFWLRQV�Z LWK�)0 53� UHODWHG�SURWHLQV�) ; 5� 3�DQG�) ; 5� 3�
�3URF�1 DWO�$FDG�6FL�8 �6�$ ��� � � � �-XO�� � �� � �� � ��� � � � � � ��
30 ,' ��� � � � � � � �

7KH�ILUVW�VFLHQWLILF�UHSRUW�WKDW�XVHG�WKH�QDP H�&\ ILS� ��WKLV
UHVHDUFK�VWXG\ �VWDUWHG�RXW�DV�D�VHDUFK�IRU�SURWHLQV
DVVRFLDWHG�Z LWK�WKH�)UDJLOH�; �0 HQWDO�5HWDUGDWLRQ�3URWHLQ
�)0 53���7KH\ �GLG�QRW�DVVLJQ�D�IXQFWLRQ�IRU�&\ ILS� �LQ�WKLV
VWXG\ ��EXW�WKH\ �GLG�ILQG�LW�LQ�QHXURQV��DQG�VSHFLILFDOO\ �QHDU
V\ QDSVHV��WKDW�FRQQHFW�QHUYHV�WRJHWKHU��)0 53�FRQWUROV
P HVVHQJHU�51 $�WKDW�SURYLGHV�WKH�LQVWUXFWLRQV�IRU�P DNLQJ
SURWHLQV�LQ�QHXURQV�

� � � � 6FKHQFN�$��%DUGRQL�%��/ DQJP DQQ�&��+DUGHQ�1 ��0 DQGHO�-/ �
* LDQJUDQGH�$�
&<) ,3� 6UD� � �FRQWUROV�QHXURQDO�FRQQHFWLYLW\ �LQ�' URVRSKLOD
DQG�OLQNV�WKH�5DF� �* 73DVH�SDWKZ D\ �WR�WKH�IUDJLOH�;
SURWHLQ�
1 HXURQ��� � � � �-XQ�� � �� � �� ��� � � � � � �
30 ,' ��� � � � � � � � �

�7KLV�IROORZ �XS�WR�WKH�� � � � �SDSHU�IURP �WKH�VDP H�JURXS
QRZ �LGHQWLILHV�D�IXQFWLRQ�IRU�WKH�&\ ILS�SURWHLQV��)UXLW�IOLHV
�' URVRSKLOD��KDYH�RQO\ �RQH�IRUP �RI�&\ ILS��5HP RYLQJ�WKLV
JHQH�IURP �WKH�IOLHV�UHVXOWV�LQ�GHIHFWV�LQ�QHXURQ�VWUXFWXUHV
FDOOHG�D[ RQV�DQG�FRQQHFWLRQV�EHWZ HHQ�QHXURQV�FDOOHG
V\ QDSVHV��7KH\ �GLG�QRW�H[ DP LQH�WKH�EHKDYLRU�RI�WKH�IOLHV�



� � � �

&KHQ�=��%RUHN�' ��3DGULFN�6%��* RP H] �76��0 HWODJHO�=��,VP DLO
$0 ��8 P HWDQL�-��%LOODGHDX�' ' ��2 WZ LQRZ VNL�=��5RVHQ�0 . ��
6WUXFWXUH�DQG�FRQWURO�RI�WKH�DFWLQ�UHJXODWRU\ �: $9( �FRP SOH[ �
�1 DWXUH��� � � � �1 RY�� � �� � � �� � � � ��� � � � � �
30 ,' ��� � � � � � � �

7KH�DFWLQ�F\ WRVNHOHWRQ�LV�D�FRP SOH[ �RI�SURWHLQ�FDEOHV�WKDW
GHILQH�WKH�FHOO•V�VKDSH��7KH�FDEOHV�DUH�FRQVWDQWO\ �FKDQJLQJ
Z LWK�WKH�FHOO•V�QHHGV��DQG�WKLV�SURFHVV�P XVW�EH�FDUHIXOO\
FRQWUROOHG��$�FRP SOH[ �FDOOHG�WKH�: $9( �UHJXODWRU\ �FRP SOH[
�: 5&��LV�RQH�FRQWUROOHU�RI�WKH�DFWLQ�F\ WRVNHOHWRQ��7KLV�SDSHU
VKRZ HG�WKH�Z D\ �WKDW�&\ ILS� ��LQ�WKLV�SDSHU�FDOOHG�6UD� ��ILWV
LQWR�WKH�: 5&��&\ ILS� ��Z KLFK�LV�YHU\ �VLP LODU�WR�&\ ILS� ��DOVR�ILWV
LQWR�WKH�: 5&�LQ�WKH�VDP H�Z D\ ��DQG�SOD\ V�WKH�VDP H�UROH�LQ
FRP P XQLFDWLQJ�IURP �VLJQDO�LQSXWV�WR�F\ WRVNHOHWDO�RXWSXWV�

3LWWP DQ�$ -��* D\ QHV�-$��&KLHQ�&%��
QHY��F\ ILS� ��LV�UHTXLUHG�IRU�UHWLQDO�ODP LQDWLRQ�DQG�D[ RQ
JXLGDQFH�LQ�WKH�] HEUDILVK�UHWLQRWHFWDO�V\ VWHP ��
' HY�%LRO��� � � � �$XJ�� � �� � � �� ��� � � � � � �
30 ,' ��� � � � � � � �

6FLHQWLVWV�VWXG\ LQJ�GHYHORSP HQW�RI�WKH�QHUYRXV�V\ VWHP �OLNH
WR�XVH�] HEUDILVK�EHFDXVH�OLNH�KXP DQV�WKH\ �DUH
YHUWHEUDWHV��EXW�XQOLNH�KXP DQV�WKH\ �DUH�WUDQVSDUHQW
GXULQJ�GHYHORSP HQW��7KLV�VWXG\ �XVHG�D�P XWDQW�] HEUDILVK
FDOOHG�QHYHUP LQG�LQ�Z KLFK�QHXURQV�Z HQW�DVWUD\ �RQ�WKH
Z D\ �WR�WKHLU�WDUJHW�RUJDQV��7KH\ �GLVFRYHUHG�WKDW�WKH
P XWDQW�ILVK�ODFNHG�&\ ILS� ��DQG�K\ SRWKHVL] HG�WKDW�HLWKHU
WKH�DFWLQ�F\ WRVNHOHWRQ�FRQWUROOLQJ�DFWLRQV�RU�WKH�51 $
ELQGLQJ�DFWLRQV�RI�&\ ILS� �Z HUH�QHFHVVDU\ �IRU�QHXURQV�WR
ILQG�WKHLU�Z D\ �



. XP DU�9��. LP �. ��-RVHSK�&��. RXUULFK�6��<RR�6+ ��+XDQJ�+&�
9LWDWHUQD�0 + ��GH�9LOOHQD�)3��&KXUFKLOO�* ��%RQFL�$��7DNDKDVKL
-6��
&� � %/ � � 1 �P XWDWLRQ�LQ�F\ WRSODVP LF�)0 53�LQWHUDFWLQJ�SURWHLQ
� �UHJXODWHV�FRFDLQH�UHVSRQVH��
6FLHQFH��� � � � �' HF�� � �� � � �� � � � ��� � � � � � � �
30 ,' ��� � � � � � � �

6WXG\ LQJ�WZ R�FORVHO\ �UHODWHG�VWUDLQV�RI�ODERUDWRU\ �P LFH�
WKHVH�VFLHQWLVWV�IRXQG�WKDW�RQH�VWUDLQ�UHVSRQGHG�WR
UHSHDWHG�FRFDLQH�DGP LQLVWUDWLRQ�GLIIHUHQWO\ �WKDQ�WKH�RWKHU�
7KH\ �VHDUFKHG�IRU�WKH�GLIIHUHQFH�EHWZ HHQ�WKHVH�WZ R�VWUDLQV
DQG�IRXQG�WKDW�WKH�RQH�WKDW�WKH�VWUDLQ�WKDW�Z DV�OHVV
VHQVLWLYH�WR�FRFDLQH�KDG�D�YDULDQW�IRUP �RI�&\ ILS� �WKDW
GHFUHDVHG�WKH�VWDELOLW\ �RI�WKH�SURWHLQ��7KH\ �K\ SRWKHVL] HG
WKDW�FKDQJHV�LQ�WKH�FRQQHFWLRQV�EHWZ HHQ�QHUYHV�LQ�WKH
EUDLQ�Z HUH�UHVSRQVLEOH�IRU�WKHVH�GLIIHUHQFHV�

� � � � $EHNKRXNK�6��%DUGRQL�%��
&<) ,3�IDP LO\ �SURWHLQV�EHWZ HHQ�DXWLVP �DQG�LQWHOOHFWXDO
GLVDELOLW\ ��OLQNV�Z LWK�)UDJLOH�; �V\ QGURP H��
)URQW�&HOO�1 HXURVFL��� � � � �0 DU�� � �� �� � ��
30 ,' ��� � � � � � � �

7KLV�UHYLHZ �DUWLFOH�VSHFXODWHV�WKDW�EHFDXVH�&\ ILS� �DQG
&\ ILS� �FDQ�LQWHUDFW�Z LWK�)0 53��WKH\ �P D\ �DOVR�SURYH�WR�EH
LQYROYHG�LQ�LQWHOOHFWXDO�GLVDELOLW\ �RU�DXWLVP �VSHFWUXP
GLVRUGHUV��: KLOH�WKHUH�LV�QR�QHZ �GDWD��WKH�K\ SRWKHVLV�LV
UHP DUNDEO\ �SUHVFLHQW�

� � � �



� � � �
+DQ�. ��&KHQ�+ ��* HQQDULQR�9$��5LFKP DQ�5��/ X�+&��=RJKEL�+<��
)UDJLOH�; � OLNH�EHKDYLRUV�DQG�DEQRUP DO�FRUWLFDO�GHQGULWLF
VSLQHV�LQ�F\ WRSODVP LF�)0 5� � LQWHUDFWLQJ�SURWHLQ�� � P XWDQW
P LFH��
+XP �0 RO�* HQHW��� � � � �$SU�� �� � �� ��� � � � � � � �
30 ,' ��� � � � � � � �

,QWHUHVWHG�LQ�VWXG\ LQJ�WKH�SDUWQHUV�RI�)0 53��WKHVH�DXWKRUV
JHQHUDWHG�&\ ILS� �NQRFNRXW�P LFH��7KH�P LFH�ODFNLQJ�ERWK
FRSLHV�RI�&\ ILS� �GLG�QRW�OLYH�ORQJ�SDVW�ELUWK��EXW�WKH�P LFH
ODFNLQJ�RQH�FRS\ ��DQG�UHWDLQLQJ�RQH�FRS\ ��VKRZ HG
K\ SHUDFWLYLW\ ��VLP LODU�WR�P LFH�ODFNLQJ�)0 53��7KLV�GDWD�LV
VWURQJO\ �VXJJHVWLYH�WKDW�&\ ILS� �DFWLYLW\ �LV�LP SRUWDQW�IRU
)0 53�IXQFWLRQ��>,W�LV�LP SRUWDQW�WR�QRWH�WKDW�D�NQRFNRXW
�FRP SOHWH�ORVV�RI�WKH�SURWHLQ��P D\ �EH�YHU\ �GLIIHUHQW�IURP
H[ SUHVVLRQ�RI�D�SURWHLQ�Z LWK�D�YDULDQW�WKDW�GLVUXSWV�WKH
DFWLYLW\ �@

� � � �

0 DUVGHQ�. &��-DLQ�5$��: ROP DQ�0 $��( FKHYHUU\ �)$ ��1 HOVRQ�-&�
+D\ HU�. ( ��0 LOWHQEHUJ�%��3HUHGD�$( ��* UDQDWR�0 ��
$ �&\ ILS� � ' HSHQGHQW�( [ FLWDWRU\ �,QWHUQHXURQ�3DWKZ D\
( VWDEOLVKHV�WKH�,QQDWH�6WDUWOH�7KUHVKROG��
&HOO�5HS��� � � � �$SU�� � �� � �� ��� � � � � � � �
30 ,' ��� � � � � � � �

6HDUFKLQJ�IRU�JHQHV�WKDW�DIIHFW�WKH�UHVSRQVHV�RI�] HEUDILVK
ODUYDH�WR�ORXG�QRLVHV��WKHVH�DXWKRUV�LQWURGXFHG�UDQGRP
P XWDWLRQV�RYHU�WKH�HQWLUH�ILVK�JHQRP H��7KH�P XWDWLRQV�WKDW
DIIHFWHG�WKH�~VWDUWOH�UHVSRQVH•�EXW�GLG�QRW�DIIHFW�WKH�ILVK•V
DELOLW\ �WR�KHDU�WKH�QRLVH�RU�P RYH�LQ�UHVSRQVH�LQFOXGHG�D
FKDQJH�LQ�&\ ILS� �WKDW�LV�H[ SHFWHG�WR�UHP RYH�WKH�HQWLUH�IXQFWLRQ
RI�WKH�SURWHLQ��5HVWRULQJ�WKH�IXOO�JHQH�ODWHU�LQ�WKH�ILVK•V
GHYHORSP HQWDO�SURJUDP �UHVWRUHG�WKH�VWDUWOH�UHVSRQVH�WR
QRUP DO�OHYHOV��7KH�UROH�RI�&\ ILS� �LQ�WKLV�ELRORJLFDO�SDWKZ D\ �LV
OLNHO\ �GXH�WR�WKH�DFWLQ�F\ WRVNHOHWRQ�UHP RGHOLQJ�IXQFWLRQ�



0 DMRU�EUHDNWKURXJK�

�$Q�LQYHVWLJDWLRQ�LQWR�WKH�JHQHWLF�FDXVHV�RI
HSLOHSWLF�HQFHSKDORSDWK\ �LQ�� � � �SDWLHQWV
UHYHDOHG�$UJLQLQH�� � �YDULDQWV�LQ�&\ ILS� �LQ��
LQGLYLGXDOV��$UJLQLQH�LV�SDUWLFXODUO\
VXVFHSWLEOH�WR�VSRQWDQHRXV�P XWDWLRQ�EHFDXVH
WKH�' 1 $�FRGH�WKDW�FDOOV�IRU�DUJLQLQH�LV
YXOQHUDEOH�WR�FKHP LFDO�DOWHUDWLRQ��$UJLQLQH�� �
LV�SUHGLFWHG�WR�VWDELOL] H�WKH�LQWHUDFWLRQ�RI
&\ ILS� �Z LWK�: $9( ��UHVXOWLQJ�LQ�D�: $9( �DFWLYLW\
WKDW�LV�DOZ D\ V�LQ�WKH�~RQ•�SRVLWLRQ�UHJDUGOHVV
RI�FHOO�UHTXLUHP HQWV�IRU�DFWLQ�ILEHU�JURZ WK�
,QGHHG��Z KHQ�WKH�YDULDQW�&\ ILS� �Z DV�DGGHG
WR�FHOOV��UXQDZ D\ �DFWLQ�ILEHUV�UHVXOWHG��7KLV
NH\ �SDSHU�QRW�RQO\ �GHVFULEHV�WKH�V\ QGURP H
ODWHU�QDP HG�' ( ( � � �IRU�WKH�ILUVW�WLP H��LW
VXJJHVWV�WKH�P HFKDQLVP �E\ �Z KLFK�YDULDQW
&\ ILS� �OHDGV�WR�FRQVHTXHQFHV�LQ�QHXURQV�

1 DNDVKLP D�0 ��. DWR�0 ��$RWR�. ��6KLLQD�0 ��%HODO�+ �
0 XNDLGD�6��. XP DGD�6��6DWR�$��=HUHP �$��/ HUP DQ� 6DJLH�7�
/ HY�' ��/ HRQJ�+<��7VXUXVDNL�<��0 L] XJXFKL�7��0 L\ DWDNH�6�
0 L\ DNH�1 ��2 JDWD�. ��6DLWVX�+ ��0 DWVXP RWR�1 ��
' H�QRYR�KRWVSRW�YDULDQWV�LQ�&<) ,3� �FDXVH�HDUO\ � RQVHW
HSLOHSWLF�HQFHSKDORSDWK\ �
�$QQ�1 HXURO��� � � � �$SU�� � �� ��� � � � � � � �
30 ,' ��� � � � � � � � �

� � � �



&LRQL�-0 ��: RQJ�++ ��%UHVVDQ�' ��. RGDP D�/ ��+DUULV�: $��+ROW
&( ��
$ [ RQ� $[ RQ�,QWHUDFWLRQV�5HJXODWH�7RSRJUDSKLF�2 SWLF�7UDFW
6RUWLQJ�YLD�&<) ,3� � ' HSHQGHQW�: $9( �&RP SOH[ �)XQFWLRQ��
1 HXURQ��� � � � �0 DU�� �� � �� ��� � � � � � � � � �H� �
30 ,' ��� � � � � � � �

,Q�WKLV�WHFKQRORJLFDO�WRXU�GH�IRUFH�SDSHU��WKH�DXWKRUV�XVH
JHQH�NQRFNRXW�DQG�UHSODFHP HQW�P HWKRGV�LQ�ILVK�DQG�IURJV
WR�VKRZ �WKDW�&\ ILS� �SOD\ V�DQ�LP SRUWDQW�UROH�LQ�VRUWLQJ
D[ RQV�DV�WKH�QHUYRXV�V\ VWHP �GHYHORSV��7KH\ �JR�RQ�WR
GHP RQVWUDWH�WKDW�RI�WKH�WZ R�GLVWLQFW�UROHV�&\ ILS� �KDV�EHHQ
DVVLJQHG��LWV�LQWHUDFWLRQ�Z LWK�WKH�: 5&�DQG�VXEVHTXHQW
HIIHFWV�RQ�WKH�DFWLQ�F\ WRVNHOHWRQ�DUH�FUXFLDO�WR�WKH�IXQFWLRQ
RI�D[ RQ�VRUWLQJ��Z KLOH�51 $�ELQGLQJ�LV�QRW�UHTXLUHG�

3HQJ�-��: DQJ�<��+H�)��&KHQ�&��: X�/: ��<DQJ�/ )��0 D�<3�
=KDQJ�: ��6KL�=4 ��&KHQ�&��; LD�. ��* XR�+ ��<LQ�)��3DQJ�1 ��
1 RYHO�: HVW�V\ QGURP H�FDQGLGDWH�JHQHV�LQ�D�&KLQHVH
FRKRUW��
&1 6�1 HXURVFL�7KHU��� � � � �' HF�� � �� � ��� � � � � � � � � �
30 ,' ��� � � � � � � �

$Q�DQDO\ VLV�RI�� � �&KLQHVH�SDWLHQW�Z LWK�: HVW�V\ QGURP H
�LQIDQWLOH�HSLOHSV\ �Z LWK�GHOD\ HG�GHYHORSP HQW��UHYHDOHG�� �
FDQGLGDWH�JHQHV�WKDW�OLNHO\ �FDXVH�WKH�GLVHDVH��LQFOXGLQJ
DQ�DUJLQLQH�WR�F\ VWHLQH�YDULDQW�DW�SRVLWLRQ�� � �RI�&\ ILS� �

� � � �



� � � �

=KDQJ�<��. DQJ�+5��+DQ�. ��
' LIIHUHQWLDO�FHOO� W\ SH� H[ SUHVVLRQ�RI�&<) ,3� �DQG�&<) ,3� �LQ�WKH
DGXOW�P RXVH�KLSSRFDP SXV�
�$QLP �&HOOV�6\ VW��6HRXO���� � � � �1 RY�� � �� � �� ��� � � � � � � �
30 ,' ��� � � � � � � �

' HVSLWH�WKHLU�VLP LODULW\ ��LW�LV�FOHDU�WKDW�&\ ILS� �DQG�&\ ILS� �SOD\
GLIIHUHQW�UROHV�LQ�ELRORJ\ ��+HUH�WKH�DXWKRUV�VKRZ �WKDW�WKH
WZ R�SURWHLQV�DUH�ORFDWHG�LQ�GLIIHUHQW�FHOO�W\ SHV�LQ�WKH�EUDLQ�
Z LWK�&\ ILS� �IRXQG�LQ�QHXURQV�DQG�DVWURF\ WHV�LQ�GLVFUHWH
UHJLRQV�RI�WKH�EUDLQ��Z KLOH�&\ ILS� �LV�H[ SUHVVHG�DOO�RYHU�WKH
EUDLQ�EXW�RQO\ �LQ�QHXURQV�

=KRQJ�0 ��/ LDR�6��/ L�7��: X�3��: DQJ�<��: X�)��/ L�; ��+RQJ�6��<DQ
/ ��-LDQJ�/ ��
( DUO\ �GLDJQRVLV�LP SURYLQJ�WKH�RXWFRP H�RI�DQ�LQIDQW�Z LWK
HSLOHSWLF�HQFHSKDORSDWK\ �Z LWK�F\ WRSODVP LF�)0 53�LQWHUDFWLQJ
SURWHLQ�� �P XWDWLRQ��&DVH�UHSRUW�DQG�OLWHUDWXUH�UHYLHZ ��
0 HGLFLQH��%DOWLP RUH���� � � � �1 RY�� � �� � ��H� � � � � �
30 ,' ��� � � � � � � �

$Q�LQIDQW�JLUO�LQ�&KLQD�VKRZ LQJ�V\ P SWRP V�RI�: HVW
V\ QGURP H�Z DV�GLDJQRVHG�Z LWK�' ( ( � � �IROORZ LQJ�Z KROH
H[ RP H�VHTXHQFLQJ��6KH�KDG�D�5� � / �P XWDWLRQ�LQ�&\ ILS� �



� � � � =KDQJ�<��. DQJ�+ ��/ HH�<��. LP �<��/ HH�%��. LP �-<��-LQ�&��. LP �6�
. LP �+ ��+DQ�. ��
6P DOOHU�%RG\ �6L] H��( DUO\ �3RVWQDWDO�/ HWKDOLW\ ��DQG�&RUWLFDO
( [ WUDFHOOXODU�0 DWUL[ � 5HODWHG�* HQH�( [ SUHVVLRQ�&KDQJHV�RI
&\ ILS� � 1 XOO�( P EU\ RQLF�0 LFH��
)URQW�0 RO�1 HXURVFL��� � � � �-DQ�� �� � �� � � �
30 ,' ��� � � � � � � �

: H�NQRZ �IURP �SUHYLRXV�UHSRUWV�WKDW�P LFH�FRP SOHWHO\ �ODFNLQJ
&\ ILS� �H[ SUHVVLRQ�GR�QRW�VXUYLYH��7KLV�VWXG\ �DWWHP SWV�WR
GHWHUP LQH�Z K\ �WKH�P LFH�GLH�VKRUWO\ �DIWHU�ELUWK��+RZ HYHU��WKH
EUDLQV�RI�WKH�&\ ILS� �ODFNLQJ�P LFH�DSSHDU�QRUP DO�XVLQJ�WKH
P HWKRGV�WKHVH�DXWKRUV�HP SOR\ ��OHDYLQJ�WKH�TXHVWLRQ
XQDQVZ HUHG�IRU�QRZ �



,P SRUWDQW�P LOHVWRQH��

5DUH�GLVHDVH�UHVHDUFK�GHSHQGV�RQ�FROOHFWLQJ�LQIRUP DWLRQ�IURP �DV�P DQ\
SDWLHQWV�DV�SRVVLEOH�LQ�QDWXUDO�KLVWRU\ �VWXGLHV��7KLV�ILUVW�QDWXUDO�KLVWRU\
VWXG\ �LQ�' ( ( � � �GHVFULEHV�� � �SDWLHQWV�Z LWK�� �GLIIHUHQW�JHQHWLF�YDULDWLRQV�
$OO�RI�WKHVH�YDULDQWV�H[ FHSW�IRU�RQH�DUH�ORFDWHG�LQ�SDUWV�RI�WKH�SURWHLQ
WKDW�LQWHUDFW�Z LWK�: $9( �DQG�WKH�DXWKRUV�VSHFXODWH�WKDW�DOO�RI�WKH
YDULDQWV�UHVXOW�LQ�DQ�~DOZ D\ V�RQ•�VWDWH�RI�: $9( �DFWLQ�SRO\ P HUL] DWLRQ�
2 QH�RI�WKHVH�YDULDQWV�UHVXOWV�LQ�D�VKRUWHQHG�SURWHLQ��Z KHUH�WKH�P LVVLQJ
SLHFH�LV�QRW�WKRXJKW�WR�FRQWDFW�: $9( �EXW�UDWKHU�DQRWKHU�P HP EHU�RI�WKH
: 5&��FDOOHG�1 &. $3� ��0 RVW�RI�WKHVH�SDWLHQWV�GLVSOD\ HG�VHL] XUHV�DQG�DOO
Z HUH�UHSRUWHG�WR�VKRZ �D�GHYHORSP HQWDO�GHOD\ ��LQ�P RVW�FDVHV�VHYHUH��,W
LV�LP SRUWDQW�WR�QRWH�WKDW�XS�WR�WKLV�SXEOLFDWLRQ�DOO�' ( ( � � � FDXVLQJ
YDULDQWV�LQ�&\ ILS� �SURGXFH�D�SURWHLQ��P HDQLQJ�WKH�GLVHDVH�LV�FDXVHG�E\
DQ�DOWHUHG�IXQFWLRQ�RI�&\ ILS� ��QRW�D�UHGXFHG�DP RXQW�RI�WKH�SURWHLQ��7KLV
LV�LQ�FRQWUDVW�WR�WKH�P RXVH�P RGHOV�WKDW�Z HUH�GHVFULEHG�DERYH��LQ�Z KLFK
WKH�P RXVH�FHOOV�SURGXFH�KDOI�WKH�QRUP DO�DP RXQW�RI�SURWHLQ��,W�LV�QRW
XQXVXDO�WKDW�WZ R�GLIIHUHQW�GLVHDVHV�FDQ�UHVXOW�IURP �DOWHUHG�IXQFWLRQ�DQG
FRP SOHWH�ORVV�RI�D�SURWHLQ��DQG�WKLV�P D\ �EH�WKH�FDVH�IRU�&\ ILS� �EDVHG
RQ�WKH�HYLGHQFH�VR�IDU�

=Z HLHU�0 ��%HJHP DQQ�$�������5DXFK�$��
6SDWLDOO\ �FOXVWHULQJ�GH�QRYR�YDULDQWV�LQ�&<) ,3� ��HQFRGLQJ
WKH�F\ WRSODVP LF�)0 53�LQWHUDFWLQJ�SURWHLQ�� ��FDXVH
LQWHOOHFWXDO�GLVDELOLW\ �DQG�VHL] XUHV��
( XU�-�+XP �* HQHW��� � � � �0 D\ �� � �� ��� � � � � � � ��
30 ,' ��� � � � � � � �

� � � �



� � � �

$ULVDND�$��1 DNDVKLP D�0 ��. XP DGD�6��,QRXH�. ��1 LVKLGD�+ �
0 DVKLP R�+ ��. DVKLL�+ ��. DWR�0 ��0 DUX\ DP D�. ��2 NXP XUD�$�
6DLWVX�+ ��0 DWVXP RWR�1 ��)XNXGD�0 ��
$VVRFLDWLRQ�RI�HDUO\ � RQVHW�HSLOHSWLF�HQFHSKDORSDWK\ �Z LWK
LQYROXQWDU\ �P RYHP HQWV�� �&DVH�VHULHV�DQG�OLWHUDWXUH�UHYLHZ ��
( SLOHSV\ �%HKDY�5HS��� � � � �' HF�� � �� � �� � � � � � �
30 ,' ��� � � � � � � �

)RXU�SDWLHQWV�Z LWK�VLP LODU�V\ P SWRP V��RQH�RI�Z KLFK�KDG�D
SDWKRJHQLF�YDULDQW�LQ�&\ ILS� ��DUH�FRP SDUHG��$�GLVWLQFWLYH
W\ SH�RI�P RYHP HQW�GLVRUGHU��FKDUDFWHUL] HG�E\ �VP DOO��UDSLG�
UHSHWLWLYH�P RYHP HQWV��FKRUHLIRUP �P RYHP HQWV��LV�GHVFULEHG
DV�D�GLVWLQFWLYH�IHDWXUH�RI�' ( ( � � �

. LP �* + ��=KDQJ�<��. DQJ�+5��/ HH�6+ ��6KLQ�-��/ HH�&+ ��. DQJ
+ ��0 D�5��-LQ�&��. LP �<��. LP �6<��. Z RQ�6. ��&KRL�6<��/ HH�. -�
+DQ�. ��
$OWHUHG�SUHV\ QDSWLF�IXQFWLRQ�DQG�QXP EHU�RI�P LWRFKRQGULD
LQ�WKH�P HGLDO�SUHIURQWDO�FRUWH[ �RI�DGXOW�&\ ILS�
KHWHUR] \ JRXV�P LFH��
0 RO�%UDLQ��� � � � �6HS�� � �� � �� ��� � � �
30 ,' ��� � � � � � � �

7KH�SURSRVHG�UROHV�RI�&\ ILS� �VR�IDU�LQFOXGH�WKH�DVVRFLDWLRQ
Z LWK�WKH�51 $�FRQWUROOLQJ�SURWHLQ�)0 53�DQG�SDUWLFLSDWLRQ�LQ
WKH�DFWLQ�F\ WRVNHOHWRQ�UHP RGHOLQJ�: 5&��7KLV�SDSHU
SURSRVHV�DQRWKHU�UROH��UHJXODWLQJ�WKH�ORFDWLRQ�RI
P LWRFKRQGULD�LQ�WKH�QHXURQ��0 LWRFKRQGULD�DUH�HVVHQWLDO�IRU
P DQ\ �QHXURQ�IXQFWLRQV�DQG�WKH\ �QHHG�WR�EH�SUHVHQW�DW
VSHFLILF�ORFDWLRQV�LQ�WKH�FHOO�WR�FDUU\ �RXW�WKHVH�WDVNV��0 LFH
ODFNLQJ�RQH�FRS\ �RI�&\ ILS� �KDYH�IHZ HU�P LWRFKRQGULD�LQ�WKH
H[ WUHP H�HQGV�RI�WKH�QHXURQV��DQG�&\ ILS� �Z DV�IRXQG�DV�D
FRP SRQHQW�RI�WKH�P LWRFKRQGULD�WKHP VHOYHV�



� � � �

/ HH�<��=KDQJ�<��. DQJ�+ ��%DQJ�* ��. LP �<��. DQJ�+5��0 D�5��-LQ
&��. LP �-<��+DQ�. ��
( SLOHSV\ � �DQG�LQWHOOHFWXDO�GLVDELOLW\ � DVVRFLDWHG�&<) ,3�
LQWHUDFWV�Z LWK�ERWK�DFWLQ�UHJXODWRUV�DQG�51 $� ELQGLQJ
SURWHLQV�LQ�WKH�QHRQDWDO�P RXVH�IRUHEUDLQ�
%LRFKHP �%LRSK\ V�5HV�&RP P XQ��� � � � �$XJ�� � �� � � �� ��� � � �
30 ,' ��� � � � � � � � �

8 S�XQWLO�WKLV�UHSRUW�WKH�H[ SODQDWLRQ�RI�WKH�FDXVH�RI�' ( ( � �
KDG�IRFXVHG�RQ�WKH�UROH�RI�&\ ILS� �LQ�WKH�: 5&��+RZ HYHU�
&\ ILS� �Z DV�ILUVW�LGHQWLILHG�DV�D�SDUWQHU�RI�WKH�51 $
FRQWUROOLQJ�SURWHLQ�)0 53��,Q�WKLV�SDSHU�WKH�DXWKRUV
H[ DP LQHG�Z KDW�SURWHLQV�&\ ILS� �VWLFNV�WR�LQVLGH�FHOOV�
: KLOH�WKH\ �GLG�ILQG�RWKHU�P HP EHUV�RI�WKH�: 5&��WKH\ �DOVR
IRXQG�RWKHU�51 $�ELQGLQJ�SURWHLQV��1 H[ W�WKH\ �WHVWHG�WKH
HIIHFW�RI�&\ ILS� �H[ SUHVVLRQ�RQ�WKH�IRUP DWLRQ�RI
51 $� SURWHLQ�VWUXFWXUHV�FDOOHG�VWUHVV�JUDQXOHV��: KLOH�WKH\
IRXQG�Z LOG�W\ SH�&\ ILS� �DV�D�FRP SRQHQW�RI�VWUHVV
JUDQXOHV��WKH�SDWKRJHQLF�YDULDQWV�5� � &��5� � 3�DQG�5� � /
QRW�RQO\ �GR�QRW�DVVRFLDWH�Z LWK�VWUHVV�JUDQXOHV��WKHLU
SUHVHQFH�SUHYHQWV�WKH�VWUHVV�JUDQXOHV�IURP �IRUP LQJ��7KLV
P D\ �H[ SODLQ�KRZ �WKH�5� � �YDULDQWV�OHDG�WR�D�P RUH�VHYHUH
GLVHDVH�WKDQ�WKH�YDULDQWV�IRXQG�RQ�RWKHU�SDUWV�RI�&\ ILS� �



� � � �

* KRVK� $�� 0 L] XQR� . �� 7LZ DUL� 66�� 3URLWVL� 3�� * RP H] � 3HUH] �
1 LHYDV�%��* OHQQRQ�( ��0 DUWLQH] � 1 XQH] �57��* LHVH�. 3��
$O] KHLP HU
V� GLVHDVH� UHODWHG� G\ VUHJXODWLRQ� RI� P 51 $
WUDQVODWLRQ�FDXVHV�NH\ �SDWKRORJLFDO�IHDWXUHV�Z LWK�DJHLQJ��
7UDQVO�3V\ FKLDWU\ ��� � � � �-XQ�� � �� � �� ��� � � �
30 ,' ��� � � � � � � �

7KLV�DUWLFOH�SURSRVHV�D�SRWHQWLDO�GHOHWHULRXV�HIIHFW�RI
HOLP LQDWLQJ�RQH�FRS\ �RI�&\ ILS� ��VLQFH�WKH�P LFH�Z LWK�RQH
FRS\ �UHP DLQLQJ�GHYHORSHG�SDWKRORJ\ �VLP LODU�WR�$O] KHLP HU•V
' LVHDVH��+RZ HYHU��LW•V�LP SRUWDQW�WR�QRWH�WKH�GHWDLO�WKDW�WKH
P RXVH�VWUDLQ�WKH\ �XVHG�WR�FUHDWH�WKH�P LFH�Z DV�WKH
&� � %/ � � 1 ��Z KLFK�KDV�D�YDULDQW�LQ�&\ ILS� �FDXVLQJ�WKH�SURWHLQ
WR�EH�OHVV�VWDEOH��7KHVH�UHVXOWV�VKRXOGQ•W�EH�GLUHFWO\
FRP SDUHG�WR�WKH�SUHYLRXV�FKDUDFWHUL] DWLRQ�RI�&\ ILS�
KHWHUR] \ JRXV�NQRFNRXWV��Z KLFK�XVHG�WKH�&� � %/ � � -�VWUDLQ�

6FKDNV�0 ��5HLQNH�0 ��: LWNH�: ��5RWWQHU�. ��
0 ROHFXODU�' LVVHFWLRQ�RI�1 HXURGHYHORSP HQWDO�' LVRUGHU�
&DXVLQJ�0 XWDWLRQV�LQ�&<) ,3� ��
&HOOV��� � � � �0 D\ �� � �� �� ��� � � �
30 ,' ��� � � � � � � �

$OWKRXJK�UHVHDUFKHUV�KDG�DOUHDG\ �JXHVVHG�WKDW�WKH�' ( ( � �
FDXVLQJ�YDULDQWV�LQ�&\ ILS� �Z HUH�WXUQLQJ�: $9( �RQ
LQDSSURSULDWHO\ ��LW�KDG�QHYHU�EHHQ�GLUHFWO\ �WHVWHG��,Q�WKLV
SDSHU�WKH�DXWKRUV�XVHG�D�FHOO�DVVD\ �FDOOHG�ODP HOOLSRGLD
IRUP DWLRQ�WR�VKRZ �WKDW�Z KLOH�Z LOG�W\ SH�&\ ILS� �FRXOG�QRW
E\ SDVV�WKH�~RQ�VZ LWFK•�IRU�DFWLQ�SRO\ P HUL] DWLRQ��WKH�' ( ( � �
FDXVLQJ�YDULDQWV�FRXOG��7KH�WUXQFDWLQJ�P XWDQW�GHVFULEH�LQ
WKH�QDWXUDO�KLVWRU\ �VWXG\ �GLG�QRW�KDYH�WKH�VDP H�DFWLYLW\ �
VXJJHVWLQJ�WKDW�LW�Z RUNV�WR�FDXVH�LQWHOOHFWXDO�GLVDELOLW\ �LQ�D
GLIIHUHQW�Z D\ ��$QRWKHU�LP SRUWDQW�DFFRP SOLVKP HQW�LQ�WKLV
SDSHU�LV�WKH�GHYHORSP HQW�RI�D�FHOO� EDVHG�DVVD\ �IRU
LGHQWLI\ LQJ�SRWHQWLDO�WKHUDSHXWLFV��: KLOH�WKH�P HDVXUHP HQW
RI�ODP HOOLSRGLD�LQ�FHOOV�LV�QRW�HDV\ ��LW�P D\ �IRUP �WKH�EDVLV�IRU
D�KLJK�WKURXJKSXW�VFUHHQ�Z LWK�VRP H�P RGLILFDWLRQV�



� � � �
%HJHP DQQ�$��6WLFKW�+ ��%HJWUXS�$��9LWREHOOR�$��)DLYUH�/ �
%DQND�6��$OKDGGDG�%��$VDGROODKL�5��%HFNHU�-��%LHUKDOV�7�
%URZ Q�. ( ��%UXHO�$/ ��%UXQHW�7��&DUQHLUR�0 ��&UHP HU�. ��' D\
5��' HQRP P Þ� 3LFKRQ�$6��' \ P HQW�' $��( QJHOV�+ ��)LVKHU�5�
* RK�( 6��+DMLDQSRXU�0 -��+DHUWHO�/ 50 ��+DXHU�1 ��+HP SHO�0 �
+HUJHW�7��-RKDQQVHQ�-��. UDXV�&��/ H�* X\ DGHU�* ��/ HVFD�* �
0 DX� 7KHP �)7��0 F' HUP RWW�-+ ��0 F: DOWHU�. ��0 H\ HU�3�
¤ XQDS�. ��3RSS�%��5HLP DQG�7��5LHGKDP P HU�. 0 ��5XVVR�0 �
6DGOHLU�/ * ��6DHQ] �0 ��6FKLII�0 ��6FKXOHU�( ��6\ UEH�6��9DQ�GHU
9HQ�$7��9HUORHV�$��: LOOHP V�0 ��=Z HLHU�&��6WHLQGO�. ��=Z HLHU
0 ��5DXFK�$��
1 HZ �LQVLJKWV�LQWR�WKH�FOLQLFDO�DQG�P ROHFXODU�VSHFWUXP �RI
WKH�QRYHO�&<) ,3� � UHODWHG�QHXURGHYHORSP HQWDO�GLVRUGHU
DQG�LP SDLUP HQW�RI�WKH�: 5&� P HGLDWHG�DFWLQ�G\ QDP LFV��
* HQHW�0 HG��� � � � �0 DU�� � �� ��� � � � � � � �
�30 ,' ��� � � � � � � �

' HP RQVWUDWLQJ�WKH�SRZ HU�RI�SDWLHQW� FDUHJLYHU
HQJDJHP HQW�LQ�WKH�VFLHQWLILF�SURFHVV��WKLV
FRP SUHKHQVLYH�QDWXUDO�KLVWRU\ �VWXG\ �UHSUHVHQWV�D
VLJQLILFDQW�IROORZ �XS�WR�WKH�� � � � �UHSRUW��Z LWK�DQ
DGGLWLRQDO�� � �SDWLHQWV�H[ SUHVVLQJ�P LVVHQVH�YDULDQWV�DQG
� �Z LWK�VXVSHFWHG�ORVV�RI�IXQFWLRQ��� � �QHZ �YDULDQWV�Z HUH
GHVFULEHG�DV�Z HOO�DV�WKUHH�P RUH�$UJ� � &\ V�SDWLHQWV��$OO
SDWLHQWV�VKRZ HG�GHYHORSP HQWDO�GHOD\ ��KDOI�Z LWK
VHL] XUHV��7KH�WKUHH�SDWLHQWV�Z LWK�ORVV�RI�IXQFWLRQ
YDULDQWV�KDG�D�OHVV�VHYHUH�SUHVHQWDWLRQ�DQG�LW�LV
SRVVLEOH�WKDW�WKH�&\ ILS� �YDULDQWV�GLG�QRW�FDXVH�WKHLU
V\ P SWRP V��7KH�SDWLHQW�ILEUREODVWV�Z HUH�FXOWXUHG�DQG
WKH�DFWLQ�F\ WRVNHOHWRQ�RI�WKH�FHOOV�Z DV�H[ DP LQHG��7KH
SDWLHQW�FHOOV�GLVSOD\ HG�D�UHGXFHG�SUHVHQFH�RI�D
VWUXFWXUH�FDOOHG�D�GRUVDO�UXIIOH�

� � � �



%LHP EHQJXW�†9��6KLJXQRY�3��)URWD�1 )��/ RXUHQ] RQL�0 5��GH
6RX] D�7$&%��
0 ROHFXODU�' \ QDP LFV�RI�&<) ,3� �3URWHLQ�DQG�,WV�5� � &�9DULDQW
5HODWHG�WR�( DUO\ �,QIDQWLOH�( SLOHSWLF�( QFHSKDORSDWK\ ��
,QW�-�0 RO�6FL��� � � � �$XJ�� �� � �� � ��� � � � �
30 ,' ��� � � � � � � �

$Q�[ � UD\ �FU\ VWDOORJUDSK\ �VWXG\ �HVWDEOLVKHG�WKH�VWUXFWXUH�RI
WKH�: 5&�WKDW�LQFOXGHG�&\ ILS� ��7KH�VLP LODULW\ �EHWZ HHQ�&\ ILS�
DQG�&\ ILS� �LV�VXIILFLHQW�IRU�WKHVH�DXWKRUV�WR�FUHDWH�D
VLP XODWHG�FRP SXWHU�P RGHO�RI�WKH�: 5&�FRQWDLQLQJ�Z LOG
W\ SH�DQG�' ( ( � � �FDXVLQJ�YDULDQWV�RI�&\ ILS� ��$FFRUGLQJ�WR
WKHVH�VLP XODWLRQV��UHSODFLQJ�$UJLQLQH�� � �Z LWK�F\ VWHLQH
UHVXOWV�LQ�D�GHVWDELOL] DWLRQ�RI�DQ�LP SRUWDQW�VXEVWUXFWXUH�RI
&\ ILS� �

&KD\ D�7��,VKLNDQH�+ ��9DUQHU�/ 5��6XJLWD�<��0 DHGD�<��7VXWVXP L
5��0 RWRRND�' ��2 NX] DNL�' ��)XUXNDZ D�7��
' HILFLHQF\ �RI�WKH�QHXURGHYHORSP HQWDO�GLVRUGHU� DVVRFLDWHG
JHQH�&\ ILS� �DOWHUV�WKH�UHWLQDO�JDQJOLRQ�FHOO�SURSHUWLHV�DQG
YLVXDO�DFXLW\ �
+XP �0 RO�* HQHW��� � � � �)HE�� � �� � �� ��� � � � � � � �
30 ,' ��� � � � � � � �

3UHYLRXV�QDWXUDO�KLVWRU\ �VWXGLHV�KDYH�VKRZ Q�WKDW�RYHU�KDOI
RI�' ( ( � � �SDWLHQWV�H[ KLELW�YLVXDO�SUREOHP V��8 VLQJ�D�P RXVH
VWUDLQ�WKDW�FDQQRW�H[ SUHVV�&\ ILS� �LQ�WKH�UHWLQD��FRQGLWLRQDO
NQRFN�RXW�P LFH��WKHVH�DXWKRUV�VKRZ �WKDW�Z KLOH�WKH�UHWLQDV
ORRN�QRUP DO�DQG�UHVSRQG�WKH�VDP H�WR�OLJKW�Z KHWKHU�WKH\
H[ SUHVV�&\ ILS� �RU�QRW��WKH�P LFH�Z LWKRXW�&\ ILS� �LQ�WKHLU
UHWLQDV�GR�KDYH�VRP H�FKDQJHV�LQ�JHQH�H[ SUHVVLRQ�LQ�WKH
UHWLQD�DQG�KDYH�VRP H�GLIIHUHQFHV�LQ�WKHLU�DELOLW\ �WR�WUDFN
P RYHP HQW�Z LWK�WKHLU�H\ HV�

� � � �



3DQWKL�6��V] \ V] ND�3��EHFN�&:
H[ SUHVVLRQ�RI�P 51 $�HQFRGLQJ�WZ R�JDLQ� RI� IXQFWLRQ�F\ ILS�
YDULDQWV�DVVRFLDWHG�Z LWK�' HH� � �UHVXOWV�LQ�VSRQWDQHRXV
VHL] XUHV�LQ�[ HQRSXV�ODHYLV�WDGSROHV
ELRU[ LY�SUHSULQW��� � � �
KWWSV�� � Z Z Z �ELRU[ LY�RUJ� FRQWHQW� � � �� � � � � � � � � �� � �� � �� � � � �
� Y� �IXOO�SGI

/ LP D\ H�$ -��%HQG] XQDV�* 1 ��: KLWWDNHU�0 . ��/ H&ODLU�7-�
+HOWRQ�/* ��. HQQHG\ �( -��
,Q�6LOLFR�2 SWLP L] HG�6WDSOHG�3HSWLGHV�7DUJHWLQJ�: $6) � �LQ
%UHDVW�&DQFHU��
$&6�0 HG�&KHP �/ HWW��� � � � �0 DU�� �� � �� ��� � � � � � � �
30 ,' ��� � � � � � � �

&\ ILS� �Z DV�ILUVW�LGHQWLILHG�DV�D�SURWHLQ�DVVRFLDWHG�Z LWK
FDQFHU�SURJUHVVLRQ��7KHVH�UHVHDUFKHUV�GHYHORSHG�D�GUXJ
WKDW�ELQGV�WR�&\ ILS� �DQG�GLVUXSWV�LWV�IXQFWLRQ�LQ�WKH�: 5&�
7KLV�DSSURDFK�FRXOG�KDYH�WKHUDSHXWLF�EHQHILW�LQ�' ( ( � �
SDWLHQWV�

7KLV�UHSRUW�GHVFULEHV�D�SRWHQWLDOO\ �YDOXDEOH�YHUWHEUDWH
P RGHO�RI�' ( ( � � ��$ IULFDQ�FODZ HG�IURJV��; HQRSXV�ODHYLV��DUH
DQ�LP SRUWDQW�UHVHDUFK�WRRO��7KHVH�UHVHDUFKHUV�LQMHFWHG
IURJ�HP EU\ RV�Z LWK�P HVVHQJHU�51 $�HQFRGLQJ�HLWKHU�Z LOG
W\ SH�RU�WZ R�GLIIHUHQW�SDWKRJHQLF�YDULDQWV�RI�&\ ILS� ��7KH
WDGSROHV�KDWFKHG�IURP �HJJV�JLYHQ�WKH�SDWKRJHQLF�YDULDQW
GLVSOD\ HG�VSRQWDQHRXV�VHL] XUH�DFWLYLW\ �

� � � �



6DORNLYL�7��3DUNNROD�5��5DMHQGUDQ�<��%KDUDGZ DM�7��$FKDU\ D
$��/ HDO�60 ��-Í UYHOÍ �,��$UYLR�0 ��6FKUDXZ HQ�,��
$ �QRYHO�YDULDQW�LQ�&<) ,3� �LQ�D�JLUO�Z LWK�VHYHUH�GLVDELOLWLHV
DQG�ELODWHUDO�SHULV\ OYLDQ�SRO\ P LFURJ\ ULD��
$P �-�0 HG�* HQHW�$��� � � � �$SU�� � � �� ��H� � � � � �
30 ,' ��� � � � � � � �

7KLV�UHSRUW�GHVFULEHV�D�JLUO�Z LWK�D�QRYHO�SDWKRJHQLF
YDULDQW�LQ�&\ ILS� ��9DOLQH�� � � �/ HXFLQH�WKDW�FDXVHV�D
GLVWLQFW�EXW�RYHUODSSLQJ�VHW�RI�V\ P SWRP V�DV�WKH�' ( ( � �
YDULDQWV�GHVFULEH�WR�GDWH�

6LOYD�,/ =��* RP HV� -" QLRU�5��GD�6LOYD�( %��9D] �,0 ��-DP XU�95�
GH�)UHLWDV�6RX] D�%6��6KLJXQRY�3��
* HQHUDWLRQ�RI�DQ�LQGXFHG�SOXULSRWHQW�VWHP �FHOO�OLQH�IURP �D
SDWLHQW�Z LWK�HSLOHSWLF�HQFHSKDORSDWK\ �FDXVHG�E\ �WKH
&<) ,3� �5� � &�YDULDQW�
+XP �&HOO��� � � � �1 RY�� � �� ��� � � � � � � � �
30 ,' ��� � � � � � � � �

&HOO�EDVHG�P RGHOV�DUH�DQ�LP SRUWDQW�WRRO�LQ�WKH�VWXG\ �RI
DQ\ �GLVHDVH��EXW�IRU�UDUH�GLVHDVHV�WKH\ �DUH�SDUWLFXODUO\
LP SRUWDQW��,Q�WKLV�UHSRUW�FHOOV�Z HUH�FROOHFWHG�IURP �D�XULQH
VDP SOH�RI�D�SDWLHQW��UHSURJUDP P HG�LQWR�LQGXFHG
SOXULSRWHQW�VWHP �FHOOV��7KHVH�FHOOV�FDQ�WKHQ�EH�XVHG�WR
H[ DP LQH�WKH�HIIHFW�RI�WKLV�SDUWLFXODU�SDWKRJHQLF�YDULDQW
�5� � &��RQ�WKH�IXQFWLRQ�RI�UHOHYDQW�FHOO�W\ SHV�VXFK�DV
QHXURQV�

� � � �



� � � �

0 D�5��=KDQJ�<��/ L�+ ��. DQJ�+5��. LP �<��+DQ�. ��
&HOO� DXWRQRP RXV�UHGXFWLRQ�RI�&<) ,3� �LV�LQVXIILFLHQW�WR
LQGXFH�$O] KHLP HU
V�GLVHDVH� OLNH�SDWKRORJLHV�LQ�WKH
KLSSRFDP SDO�&$� �S\ UDP LGDO�QHXURQV�RI�DJHG�P LFH��
$QLP �&HOOV�6\ VW��6HRXO���� � � � �0 DU�� � �� � �� ��� � � � � � �
30 ,' ��� � � � � � � �

0 LFH�ODFNLQJ�RQH�FRS\ �RI�&\ ILS� �IURP �WKH�SRLQW�RI
FRQFHSWLRQ�JR�RQ�WR�GHYHORS�$O] KHLP HU•V�GLVHDVH�OLNH
IHDWXUHV�DV�WKH\ �DJH��7KLV�UHSRUW�VKRZ V�WKDW�LI�&\ ILS� �LV
FRP SOHWHO\ �UHP RYHG�DIWHU�WKH�P LFH�DUH�ERUQ��QR�VXFK
$O] KHLP HU•V�GLVHDVH�SDWKRORJLHV�UHVXOW��7KLV�VWXG\
VXJJHVWV�WKDW�&\ ILS� �SOD\ V�DQ�LP SRUWDQW�UROH�GXULQJ
SUHQDWDO�GHYHORSP HQW�EXW�SRVVLEO\ �D�GLIIHUHQW�UROH�DIWHU
ELUWK�

' D�6LOYD�&DUGRVR�-��* RP HV�5��$EUHX�0 ��3DUHQWH�)UHL[ R�-�
)DOFÓR�5HLV�&��* DUULGR�&��
&OLQLFDO�5ROH�RI�&RGRQ�� � �RI�WKH�&<) ,3� �* HQH�LQ�( DUO\
,QIDQWLOH�( SLOHSWLF�( QFHSKDORSDWK\ ��$ �&OLQLFDO�&DVH
' HVFULSWLRQ�
&XUHXV��� � � � �)HE�� � �� � �� ��H� � � � �
30 ,' ��� � � � � � � �

7KLV�FDVH�VWXG\ �UHYHDOV�D�QHZ �P ROHFXODU�FDXVH�RI�' ( ( � � �
D�GHOHWLRQ�RI�WKUHH�DP LQR�DFLGV��LQFOXGLQJ�5� � ��7KH
SUHVHQWDWLRQ�RI�WKH�GLVHDVH�LV�VLP LODU�WR�WKDW�RI�SDWLHQWV
KDUERULQJ�D�P LVVHQVH�YDULDQW�VXFK�DV�$UJ� � &\ V��



� � � � . DQJ�0 ��=KDQJ�<��. DQJ�+5��. LP �6��0 D�5��<L�<��/ HH�6�
. LP �<��/ L�+ ��-LQ�&��/ HH�' ��. LP �( ��+DQ�. ��
&<) ,3� �S�$UJ� � &\ V�&DXVHV�1 HXURORJLFDO�' HIHFWV�DQG
' HJUDGDWLRQ�RI�&<) ,3� ��
$QQ�1 HXURO��� � � � �-DQ�� � �� ��� � � � � � �
30 ,' ��� � � � � � � � �

,P SRUWDQW�5HVHDUFK�7RRO��

' HYHORSP HQW�RI�WUHDWP HQWV�IRU�GLVHDVH�GHSHQGV�RQ�UHVHDUFK�P RGHOV�
LGHDOO\ �OLYH�DQLP DO�P RGHOV��DQG�EHFDXVH�RXU�XQGHUVWDQGLQJ�RI�P RXVH
JHQHWLFV�LV�IDU�DGYDQFHG�FRP SDUHG�WR�RWKHU�P DP P DOV��VFLHQWLVWV�WHQG�WR
JHQHUDWH�P RXVH�P RGHOV�ILUVW��

7KHVH�DXWKRUV�XVH�D�JHQHWLF�HGLWLQJ�WRRO�WR�FKDQJH�RQH�FRS\ �RI�D�P RXVH
�WKH\ �XVHG�WKH�&� � %/ � � 1 �VWUDLQ��&\ ILS� �JHQH�WR�WKH�$UJ� � &\ V�YDULDQW��7KH
P LFH�JUHZ �WR�DGXOWKRRG�EXW�Z LWK�UHGXFHG�ERG\ �Z HLJKW�DQG�VWUHQJWK��7KH\
VKRZ HG�VLJQV�RI�QHXURORJLFDO�SUREOHP V�LQFOXGLQJ�DXWLVP � OLNH�EHKDYLRUV�
VSRQWDQHRXV�VSDVP V�DQG�JUHDWHU�VHQVLWLYLW\ �WR�WKH�VHL] XUH�LQGFLQJ�GUXJ
37=�

' HFUHDVHG�RUJDQL] DWLRQ�RI�WKH�EUDLQ�LQ�WKH�$UJ� � &\ V�P LFH�DQG�LQFUHDVHG
LQIODP P DWLRQ�SURJUHVVHG�Z LWK�DJH�

2 YHUDOO�WKLV�DQLP DO�P RGHO�GLVSOD\ V�H[ FHOOHQW�FRUUHODWLRQ�Z LWK�KXP DQ
GLVHDVH�DQG�Z RXOG�EH�D�YDOXDEOH�UHVHDUFK�WRRO�IRU�WKH�FUHDWLRQ�RI�QHZ
WKHUDSHXWLFV��7KH�P RXVH�VWUDLQ�XVHG�KDV�D�OHVV�VWDEOH�IRUP �RI�&\ ILS�
�6HU� � � 3KH���VR�LW�Z RXOG�EH�LP SRUWDQW�WR�UHSHDW�WKLV�VWXG\ �XVLQJ�WKH
&� � %/ � � -�VWUDLQ�Z LWK�WKH�P RUH�VWDEOH�IRUP �RI�WKH�SURWHLQ�



� � � � 3RNH�* ��6WDQOH\ �-��6FKHIIHU�,( ��6DGOHLU�/ * ��
( SLGHP LRORJ\ �RI�' HYHORSP HQWDO�DQG�( SLOHSWLF
( QFHSKDORSDWK\ �DQG�RI�,QWHOOHFWXDO�' LVDELOLW\ �DQG
( SLOHSV\ �LQ�&KLOGUHQ��
1 HXURORJ\ ��� � � � �0 DU�� � �� � � �� � ��H� � � � � H� � � �
30 ,' ��� � � � � � � �

: KLOH�LW�LV�GLIILFXOW�WR�HVWDEOLVK�WKH�SUHYDOHQFH�RI�D�UDUH
GLVHDVH��WKHVH�DXWKRUV�DWWHP SW�WR�FDOFXODWH�WKH
IUHTXHQF\ �RI�' ( ( �LQ�D�6FRWWLVK�SRSXODWLRQ�

� � � �

' HVODXULHUV�-&��* KRWNDU�53��5XVV�/ $��-DUP DQ�-$��0 DUWLQ
50 ��7LSSHWW�5* ��6XP DWKLSDOD�6+ ��%XUWRQ�' )��&ROH�' &�
0 DUVGHQ�. &��
&\ ILS� �FRQWUROV�WKH�DFRXVWLF�VWDUWOH�WKUHVKROG�WKURXJK
)0 53��DFWLQ�SRO\ P HUL] DWLRQ��DQG�* $%$%�UHFHSWRU�IXQFWLRQ�
�ELR5[ LY�>3UHSULQW@��� � � � �)HE�� �� � � � �� � �� � �� � � � � � �
30 ,' ��� � � � � � � �

&\ ILS� �KDV�WZ R�P DMRU�IXQFWLRQV�LQ�ELRORJ\ ��SDUWLFLSDWLRQ
LQ�WKH�: 5&�WR�FRQWURO�DFWLQ�SRO\ P HUL] DWLRQ�DQG�ELQGLQJ�WR
)0 53�WR�VXSSUHVV�51 $�WUDQVODWLRQ��8 S�WR�WKLV�SRLQW�WKH
: 5&�DFWLYLW\ �RI�&\ ILS� �KDV�H[ SODLQHG�DOO�RI�WKH�NQRZ Q
HIIHFWV�RI�&\ ILS� �P XWDWLRQ�RU�ORVV��,Q�WKLV�UHSRUW��Z KLFK
H[ SDQGV�RQ�DQ�HDUOLHU�VWXG\ �RQ�VWDUWOH�UHVSRQVH�LQ
] HEUDILVK�ODUYDH��ERWK�ELRORJLFDO�DFWLYLWLHV�FRP H�WRJHWKHU
IRU�WKH�ILUVW�WLP H��&\ ILS� �P XWDQWV�WKDW�DUH�XQDEOH�WR�ELQG
WKH�: 5&�UHJXODWRU�5DF� �DQG�P XWDQWV�WKDW�FDQQRW�ELQG
)0 35�DUH�ERWK�XQDEOH�WR�UHVWRUH�QRUP DO�IXQFWLRQ�WR�ILVK
ODFNLQJ�&\ ILS� ��2 QH�IXQFWLRQ�RI�&\ ILS� �LQ�WKLV�FRQWH[ W�LV
WKH�DFWLYDWLRQ�RI�D�QHXURWUDQVP LWWHU�UHFHSWRU�FDOOHG
* $%$%�DQG�Z KHQ�* $%$%�LV�DFWLYDWHG�E\ �D�GUXJ�FDOOHG
%DFORIHQ�WKH�QRUP DO�VWDUWOH�UHVSRQVH�LV�UHVWRUHG�



9HQWXUL�%LHP EHQJXW�†��GH�&DVWUR�$QGUHDVVD�( �
GH�6RX] D�7$&%��
,GHQWLILFDWLRQ�RI�&<) ,3� �$UJ� � &\ V�/ LJDQGV�YLD�,Q
6LOLFR�DQG�,Q�9LWUR�$SSURDFKHV��
%LRP HGLFLQHV��� � � � �)HE�� � �� � �� ��� � � �
30 ,' ��� � � � � � � �

7KHUDSHXWLF�GHYHORSP HQW��

8 S�WR�WKLV�SRLQW�DOO�RI�WKH�UHVHDUFK�RQ�' ( ( � � �KDV�EHHQ�DLP HG�DW
XQGHUVWDQGLQJ�WKH�ELRORJ\ �EHKLQG�WKH�GLVHDVH��7KH�DXWKRUV�RI�WKLV�VWXG\
ORRNHG�IRU�DSSURYHG�GUXJV�WKDW�P LJKW�VWLFN�WR�WKH�$UJ� � &\ V�IRUP �RI�&\ ILS�
DQG�WKHUHIRUH�DOWHU�LWV�IXQFWLRQ�

8 VLQJ�D�WHFKQLTXH�FDOOHG�P ROHFXODU�GRFNLQJ��WKH�DXWKRUV�IRXQG
FRP SRXQGV�WKDW�WKH\ �SUHGLFWHG�Z RXOG�ELQG�SUHIHUHQWLDOO\ �WR�&\ ILS�
$UJ� � &\ V�RYHU�WKH�Z LOG�W\ SH�SURWHLQ��8 VLQJ�D�FHOO�FXOWXUH�WKH�� �P RVW
SURP LVLQJ�FRP SRXQGV�Z HUH�IRXQG�WR�ELQG�&\ ILS� �$UJ� � &\ V
�
7KH�QH[ W�VWHSV�IRU�WHVWLQJ�WKHVH�FRP SRXQGV�DV�SRWHQWLDO�WUHDWP HQWV
LQYROYH�VKRZ LQJ�WKDW�WKH\ �SUHYHQW�WKH�SDWKRJHQLF�IXQFWLRQ�RI�WKH�SURWHLQ�
DQG�KDYH�D�SRVLWLYH�HIIHFW�RQ�V\ P SWRP V�LQ�D�GLVHDVH�P RGHO�VXFK�DV�WKH
P RXVH�

$V�WKH�ILUVW�GHP RQVWUDWLRQ�RI�D�SRWHQWLDO�WUHDWP HQW�IRU�' ( ( � � �WKLV�SDSHU
UHSUHVHQWV�D�WUDQVLWLRQ�RI�WKH�UHVHDUFK�RQ�WKLV�GLVHDVH�LQWR�D�QHZ �SKDVH�

� � � �



� � � �

; LH�6��=XR�. ��' H�5XEHLV�6��5XJJHURQH�3��&DUORQL�3��
0 ROHFXODU�EDVLV�RI�WKH�&<) ,3� �DQG�1 &. $3� �DXWLVP �
OLQNHG�YDULDQWV�LQ�WKH�: $9( �UHJXODWRU\ �FRP SOH[ ��
3URWHLQ�6FL��� � � � �-DQ�� � �� ��H� � � � �
30 ,' ��� � � � � � � �

8 VLQJ�D�ULJRURXV�FRP SXWDWLRQDO�P HWKRG�WKH�DXWKRUV
H[ DP LQH�WKH�HIIHFW�RI�HDFK�' ( ( � � � FDXVLQJ�YDULDQW�RQ
&\ ILS� �VWUXFWXUH�DQG�LQWHUDFWLRQ�Z LWK�RWKHU�P HP EHUV
RI�WKH�: 5&��7KH\ �FRQILUP �WKDW�DOO�RI�WKH�YDULDQWV�WKDW
FDXVH�GLVHDVH�DOVR�GLVUXSW�WKH�IXQFWLRQ�RI�&\ ILS� �LQ
FRQWUROOLQJ�: $9( �IXQFWLRQ�

+HFNHU�-��&RQHFNHU�* ��&KDSP DQ�&��+RP P HU�5�
/ XGZ LJ�1 1 ��6HYLQF�* ��7H�6��: RMQDURVNL�0 ��' RZ QV�-�
%HUJ�$7��
3DWLHQW� DGYRFDWH� OHG�JOREDO�FRDOLWLRQ�DGDSWLQJ�ILW� IRU�
SXUSRVH�RXWFRP HV�P HDVXUHV�WR�DVVXUH�P HDQLQJIXO
LQFOXVLRQ�RI�' ( ( V�LQ�FOLQLFDO�WULDOV��
7KHU�$GY�5DUH�' LV��� � � � �-XQ
� � �� � �� � � � � � � � � � � � � � � � �
30 ,' ��� � � � � � � �

' HVFULEHV�WKH�,QFKVWRQH�3URMHFW�DQG�WKH�UHVXOWV�RI�WKH
Z RUN�RQ�GHYHORSLQJ�QHZ �RXWFRP H�P HDVXUHV�IRU�' ( ( V�



� � � �

. LP �+ * ��%HUGDVFR�&��1 DLUQ�$&��. LP �<��
7KH�: $9( �FRP SOH[ �LQ�GHYHORSP HQWDO�DQG�DGXOWKRRG
EUDLQ�GLVRUGHUV��
( [ S�0 RO�0 HG��� � � � �)HE�� � �� ��� � � � � �
30 ,' ��� � � � � � � �

7KLV�UHYLHZ �DUWLFOH�RXWOLQHV�WKH�SDUDOOHOV�EHWZ HHQ
GLVHDVH�FDXVLQJ�YDULDQWV�LQ�: $9( � ��1 &. $3� ��&\ ILS�
DQG�RWKHU�P HP EHUV�RI�WKH�: 5&�DQG�UHODWHG�SDWKZ D\ V�
,W�DOVR�JLYHV�D�EDFNJURXQG�RQ�WKH�~XSVWUHDP •
SDWKZ D\ V�WKDW�UHJXODWH�WKH�: 5&��VRP H�RI�Z KLFK�P D\
UHSUHVHQW�SURP LVLQJ�WKHUDSHXWLF�WDUJHWV�IRU�' ( ( � � �

0 D�5��. LP �8 6��&KXQJ�<��. DQJ�+5��=KDQJ�<��+DQ�. ��
5HFHQW�DGYDQFHV�LQ�&<) ,3� � DVVRFLDWHG
QHXURGHYHORSP HQWDO�GLVRUGHUV��)URP �KXP DQ�JHQHWLFV
WR�P ROHFXODU�P HFKDQLVP V�DQG�P RXVH�P RGHOV��
%UDLQ�' HY��� � � � �)HE�� � �� ��� � � � � � ��
30 ,' ��� � � � � � � � �

$Q�H[ FHOOHQW�UHYLHZ �RI�WKH�UHFHQW�OLWHUDWXUH�WKDW�VKRZ V
WKH�GLIIHUHQFHV�EHWZ HHQ�&\ ILS� �FRP SOHWH�NQRFNRXW�
SDUWLDO�NQRFNRXW��DQG�$UJ� � &\ V�UHSODFHP HQW��DQG
K\ SRWKHVL] HV�WKDW�GLIIHUHQW�SDWKRJHQLF�YDULDQWV�FRXOG
LP SDFW�GLVWLQFW�&\ ILS� �IXQFWLRQV�DQG�GLVHDVH
V\ P SWRP V�



5HIHUHQFHV

$P DWR��0 ��( ���)UïDV��0 ���&HULVROD��$���5ROGÊQ��0 ���	 �2 UWLJR] D� ( VFREDU��-��' ���� � � � ��
1 RYHO�&<) ,3� �)UDP HVKLIW�9DULDQW�/ LQNHG�WR�' \ VNLQHWLF�&ULVHV��)XQFWLRQDO�6WXGLHV�6KRZ
,P SDLUHG�&HOO�0 RWLOLW\ ��&OLQLFDO�* HQHWLFV��Q� D�Q� D��
KWWSV�� � GRL�RUJ� KWWSV�� � GRL�RUJ� � � �� � � � � FJH�� � � � �

$ULVDND��$���1 DNDVKLP D��0 ���. XP DGD��6���,QRXH��. ���1 LVKLGD��+ ���0 DVKLP R��+ ���. DVKLL�
+ ���. DWR��0 ���0 DUX\ DP D��. ���2 NXP XUD��$���6DLWVX��+ ���0 DWVXP RWR��1 ���	 �)XNXGD��0 �
�� � � � ���$VVRFLDWLRQ�RI�HDUO\ � RQVHW�HSLOHSWLF�HQFHSKDORSDWK\ �Z LWK�LQYROXQWDU\
P RYHP HQWV�v�&DVH�VHULHV�DQG�OLWHUDWXUH�UHYLHZ ��( SLOHSV\ �DQG�%HKDYLRU�5HSRUWV��� � �
KWWSV�� � GRL�RUJ� � � �� � � � � M�HEU�� � � � �� � � � � �

%HJHP DQQ��$���6WLFKW��+ ���%HJWUXS��$���9LWREHOOR��$���)DLYUH��/ ���%DQND��6���$OKDGGDG��%��
$VDGROODKL��5���%HFNHU��-���%LHUKDOV��7���%URZ Q��. ��( ���%UXHO��$�� / ���%UXQHW��7���&DUQHLUR�
0 ���&UHP HU��. ���' D\ ��5���' HQRP P Þ� 3LFKRQ��$�� 6���' \ P HQW��' ��$ ���( QJHOV��+ ���i �5DXFK�
$���� � � � ���1 HZ �LQVLJKWV�LQWR�WKH�FOLQLFDO�DQG�P ROHFXODU�VSHFWUXP �RI�WKH�QRYHO�&<) ,3� �
UHODWHG�QHXURGHYHORSP HQWDO�GLVRUGHU�DQG�LP SDLUP HQW�RI�WKH�: 5&� P HGLDWHG�DFWLQ
G\ QDP LFV��* HQHWLFV�LQ�0 HGLFLQH��� �� � ���� � � v� � � ��KWWSV�� � GRL�RUJ� � � �� � � � � V� � � � �

%LHP EHQJXW��†��9���6KLJXQRY��3���)URWD��1 ��)���/ RXUHQ] RQL��0 ��5���	 �GH�6RX] D��7��$ ��&��%�
�� � � � ���0 ROHFXODU�' \ QDP LFV�RI�&<) ,3� �3URWHLQ�DQG�,WV�5� � &�9DULDQW�5HODWHG�WR�( DUO\
,QIDQWLOH�( SLOHSWLF�( QFHSKDORSDWK\ ��,QWHUQDWLRQDO�-RXUQDO�RI�0 ROHFXODU�6FLHQFHV��� � �� � ��
KWWSV�� � GRL�RUJ� � � �� � � � � LMP V� � � � � � � �

&KDQ��5���2 UHYLOOR��&���2 •&RQQHOO��* ���0 F/ LQ��' ���3ROHJD��6���6ULQLYDV��1 ��5���	 �. D\ H��5�
�� � � � ���6DIHW\ ��7ROHUDELOLW\ ��3KDUP DFRNLQHWLFV��3KDUP DFRG\ QDP LFV��DQG�)RRG�( IIHFW�RI
%H[ LFDVHULQ�LQ�+HDOWK\ �3DUWLFLSDQWV��$�)LUVW� LQ� +XP DQ�5DQGRP L] HG��' RXEOH� %OLQG�
3ODFHER� &RQWUROOHG�6LQJOH�$VFHQGLQJ�' RVH�( VFDODWLRQ�3KDVH�� �6WXG\ ��&OLQLFDO
3KDUP DFRORJ\ �LQ�' UXJ�' HYHORSP HQW��KWWSV�� � GRL�RUJ� � � �� � � � � FSGG�� � � �

&KHQ��=���%RUHN��' ���3DGULFN��6��%���* RP H] ��7��6���0 HWODJHO��=���,VP DLO��$��0 ���8 P HWDQL�
-���%LOODGHDX��' ��' ���2 WZ LQRZ VNL��=���	 �5RVHQ��0 ��. ���� � � � ���6WUXFWXUH�DQG�FRQWURO�RI�WKH
DFWLQ�UHJXODWRU\ �: $9( �FRP SOH[ ��1 DWXUH��� � � �� � � � ���� � � v� � � �
KWWSV�� � GRL�RUJ� � � �� � � � � QDWXUH� � � � �

&LRQL��-��0 ���: RQJ��+ ��+ ��: ���%UHVVDQ��' ���. RGDP D��/ ���+DUULV��: ��$ ���	 �+ROW��&��( �
�� � � � ���$ [ RQ� $[ RQ�,QWHUDFWLRQV�5HJXODWH�7RSRJUDSKLF�2 SWLF�7UDFW�6RUWLQJ�YLD�&<) ,3� �
' HSHQGHQW�: $9( �&RP SOH[ �)XQFWLRQ��1 HXURQ��� � �� ���� � � � � � � � � �H� �
KWWSV�� � GRL�RUJ� � � �� � � � � M�QHXURQ�� � � � �� � �� � �



&RQUR\ ��)���0 LOOHU��5���$OWHUP DQ��-��)���+DVVOHU��0 ��5���( FKHYHUULD��' ���* RGLQKR��%��0 ��' �
&���. QR[ ��( ��* ���6DSS��( ���6RXVD��-���<DP DGD��. ���0 DKP RRG��)���%RXGL��$ ���. HJHO�
* OHDVRQ��. ���' L)LJOLD��0 ���$URQLQ��1 ���. KYRURYD��$���	 �3ILVWHU��( ��/ ���� � � � ���&KHP LFDO
HQJLQHHULQJ�RI�WKHUDSHXWLF�VL51 $V�IRU�DOOHOH� VSHFLILF�JHQH�VLOHQFLQJ�LQ�+XQWLQJWRQ•V
GLVHDVH�P RGHOV��1 DWXUH�&RP P XQLFDWLRQV��� � �� ���KWWSV�� � GRL�RUJ� � � �� � � � � V� � � � � � � � � �
� � � � � � [

' D�6LOYD�&DUGRVR��-���* RP HV��5���$EUHX��0 ���3DUHQWH�)UHL[ R��-���)DOFÓR�5HLV��&���	
* DUULGR��&���� � � � ���&OLQLFDO�5ROH�RI�&RGRQ�� � �RI�WKH�&<) ,3� �* HQH�LQ�( DUO\ �,QIDQWLOH
( SLOHSWLF�( QFHSKDORSDWK\ ��$ �&OLQLFDO�&DVH�' HVFULSWLRQ��&XUHXV�
KWWSV�� � GRL�RUJ� � � �� � � � � FXUHXV�� � � � �

GH�* � HV��)��9���GH�$QGUDGH�5DP RV��-��7��0 ���GD�6LOYD�)RQWDQD��5���GH�&DUYDOKR�6HUÓR�
&��/ ���. RN��)���	 �* DQGHOP DQ�+RURYLW] ��' ��' ���� � � � ���&DQQDELGLRO�6XFFHVVIXO�7KHUDS\ �IRU
' HYHORSP HQWDO�DQG�( SLOHSWLF�( QFHSKDORSDWK\ �5HODWHG�WR�&<) ,3� ��7KH�2 SHQ�1 HXURORJ\
-RXUQDO��� � �� ���KWWSV�� � GRL�RUJ� � � �� � � � � � � � � � � � [ � Y� � � H� � � � � � �

' H5XEHLV��6���3DVFLXWR��( ���/ L��. ��: ���)HUQÊQGH] ��( ���' L0 DULQR��' ���%X] ] L��$ ���2 VWURII��/ �
( ���. ODQQ��( ���=Z DUWNUXLV��)��-��7���. RP L\ DP D��1 ��+ ���* UDQW��6��* ��1 ���3RXMRO��&���&KRTXHW�
' ���$FKVHO��7���3RVWKXP D��' ���6P LW��$��%���	 �%DJQL��&���� � � � ���&<) ,3� �FRRUGLQDWHV�P 51 $
WUDQVODWLRQ�DQG�F\ WRVNHOHWRQ�UHP RGHOLQJ�WR�HQVXUH�SURSHU�GHQGULWLF�6SLQH�IRUP DWLRQ�
1 HXURQ��� � �� ���� � � � v� � � � ��KWWSV�� � GRL�RUJ� � � �� � � � � M�QHXURQ�� � � � �� � �� � �

' RZ QV��-���+D\ Z RRG��6���/ XGZ LJ��1 ��1 ���: RMQDURVNL��0 ���+RP P HU��5���0 X] \ F] ND��. ��
+HFNHU��-��( ���&RQHFNHU��* ���. HHOH\ ��-���	 �%HUJ��$ ��7���� � � � ���&DUHJLYHU� UHSRUWHG
P HDQLQJIXO�FKDQJH�LQ�IXQFWLRQDO�GRP DLQV�IRU�LQGLYLGXDOV�Z LWK�GHYHORSP HQWDO�DQG
HSLOHSWLF�HQFHSKDORSDWK\ ��$ �FRQYHUJHQW�P L[ HG� P HWKRGV�GHVLJQ��' HYHORSP HQWDO
0 HGLFLQH�DQG�&KLOG�1 HXURORJ\ ��KWWSV�� � GRL�RUJ� � � �� � � � � GP FQ�� � � � �

+DQ��. ���&KHQ��+ ���* HQQDULQR��9��$ ���5LFKP DQ��5���/ X��+ ��&���	 �=RJKEL��+ ��<���� � � � ��
)UDJLOH�; � OLNH�EHKDYLRUV�DQG�DEQRUP DO�FRUWLFDO�GHQGULWLF�VSLQHV�LQ�&\ WRSODVP LF�)0 5� �
LQWHUDFWLQJ�SURWHLQ�� � P XWDQW�P LFH��+XP DQ�0 ROHFXODU�* HQHWLFV��� � �� ���� � � � v� � � � �
KWWSV�� � GRL�RUJ� � � �� � � � � KP J� GGX� � �

+DUWP DQQ��0 ��&���0 F&XOOH\ ��: ��' ���+ROEURRN��6��( ���+DQH\ ��0 ��0 ���6P LWK��&��* ���. XP DU�
9���	 �5RVHQZ DVVHU��$��0 ���� � � � ���&\ ILS� �DOOHOLF�YDULDWLRQ�LQ�&� � %/ � � -�DQG�&� � %/ � � 1 -
P LFH�DOWHUV�IUHH� FKRLFH�HWKDQRO�GULQNLQJ�EXW�QRW�ELQJH� OLNH�GULQNLQJ�RU�Z KHHO� UXQQLQJ
DFWLYLW\ ��$OFRKRO��&OLQLFDO�DQG�( [ SHULP HQWDO�5HVHDUFK��� � �� ���� � � � v� � � � �
KWWSV�� � GRL�RUJ� � � �� � � � � DFHU�� � � � �

+HFNHU��-��( ���&RQHFNHU��* ���&KDSP DQ��&���+RP P HU��5���/ XGZ LJ��1 ��1 ���6HYLQF��* ���7H�
6���: RMQDURVNL��0 ���' RZ QV��-���	 �%HUJ��$ ��7���� � � � ���3DWLHQW� DGYRFDWH� OHG�JOREDO
FRDOLWLRQ�DGDSWLQJ�ILW� IRU� SXUSRVH�RXWFRP HV�P HDVXUHV�WR�DVVXUH�P HDQLQJIXO�LQFOXVLRQ
RI�' ( ( V�LQ�FOLQLFDO�WULDOV��,Q�7KHUDSHXWLF�$GYDQFHV�LQ�5DUH�' LVHDVH��9RO��� � ���6$* (
3XEOLFDWLRQV�/ WG��KWWSV�� � GRL�RUJ� � � �� � � � � � � � � � � � � � � � � � � � � �



. DQJ��0 ���=KDQJ��<���. DQJ��+ ��5���. LP ��6���0 D��5���<L��<���/ HH��6���. LP ��<���/ L��+ ���-LQ��&��
/ HH��' ���. LP ��( ���	 �+DQ��. ���� � � � ���&<) ,3� �S�$UJ� � &\ V�&DXVHV�1 HXURORJLFDO�' HIHFWV
DQG�' HJUDGDWLRQ�RI�&<) ,3� ��$QQDOV�RI�1 HXURORJ\ ��� � �� ���� � � v� � � �
KWWSV�� � GRL�RUJ� KWWSV�� � GRL�RUJ� � � �� � � � � DQD�� � � � �

. LP ��* ��+ ���=KDQJ��<���. DQJ��+ ��5���/ HH��6��+ ���6KLQ��-���/ HH��&��+ ���. DQJ��+ ���0 D��5���-LQ�
&���. LP ��<���. LP ��6��<���. Z RQ��6��. ���&KRL��6��<���/ HH��. ��-���	 �+DQ��. ���� � � � ���$OWHUHG
SUHV\ QDSWLF�IXQFWLRQ�DQG�QXP EHU�RI�P LWRFKRQGULD�LQ�WKH�P HGLDO�SUHIURQWDO�FRUWH[ �RI
DGXOW�&\ ILS� �KHWHUR] \ JRXV�P LFH��0 ROHFXODU�%UDLQ��� � �� ��
KWWSV�� � GRL�RUJ� � � �� � � � � V� � � � � � � � � � � � � � � � �

. LP ��<���0 D��5���=KDQJ��<���. DQJ��+ ��5���. LP ��8 ��6���	 �+DQ��. ���� � � � ���&HOO� DXWRQRP RXV
UHGXFWLRQ�RI�&<) ,3� �FKDQJHV�GHQGULWH�OHQJWK��GHQGULWLF�SURWUXVLRQ�P RUSKRORJ\ ��DQG
LQKLELWRU\ �V\ QDSVH�GHQVLW\ �LQ�WKH�KLSSRFDP SDO�&$� �S\ UDP LGDO�QHXURQV�RI�� � � P RQWK�
ROG�P LFH��$QLP DO�&HOOV�DQG�6\ VWHP V��� � �� ���� � � v� � � �
KWWSV�� � GRL�RUJ� � � �� � � � � � � � � � � � � �� � � � �� � � � � � �

. R��$ ���-XQJ��' ��( ���. LP ��6��+ ���. DQJ��+ ��&���/ HH��-��6���/ HH��6��7���&KRL��-��5���	 �. LP ��+ ��' �
�� � � � ���7KH�HIILFDF\ �RI�NHWRJHQLF�GLHW�IRU�VSHFLILF�JHQHWLF�P XWDWLRQ�LQ�GHYHORSP HQWDO
DQG�HSLOHSWLF�HQFHSKDORSDWK\ ��)URQWLHUV�LQ�1 HXURORJ\ ��� �-8 / ��
KWWSV�� � GRL�RUJ� � � �� � � � � IQHXU�� � � � �� � � � �

. XP DU��9���. LP ��. ���-RVHSK��&���. RXUULFK��6���<RR��6��+ ���+XDQJ��+ ��&���9LWDWHUQD��0 ��+ ��
' H�9LOOHQD��)��3��0 ���&KXUFKLOO��* ���%RQFL��$ ���	 �7DNDKDVKL��-��6���� � � � ���&� � %/ � � 1
P XWDWLRQ�LQ�F\ WRSODVP LF�)0 53�LQWHUDFWLQJ�SURWHLQ�� �UHJXODWHV�FRFDLQH�UHVSRQVH�
6FLHQFH��� � � �� � � � ���� � � � v� � � � ��KWWSV�� � GRL�RUJ� � � �� � � � � VFLHQFH�� � � � � � �

/ DWWDQ] L��6���7ULQND��( ���6WULDQR��3���5RFFKL��&���6DOYHP LQL��6���6LOYHVWULQL��0 ���	 �%ULJR��)�
�� � � � ���+LJKO\ �3XULILHG�&DQQDELGLRO�IRU�( SLOHSV\ �7UHDWP HQW��$�6\ VWHP DWLF�5HYLHZ �RI
( SLOHSWLF�&RQGLWLRQV�%H\ RQG�' UDYHW�6\ QGURP H�DQG�/ HQQR[ v* DVWDXW�6\ QGURP H��,Q�&1 6
' UXJV��9RO��� � ��,VVXH�� ��SS��� � � v� � � ���$GLV��KWWSV�� � GRL�RUJ� � � �� � � � � V� � � � � � � � � �
� � � � � � \

/ LP D\ H��$ ��-���%HQG] XQDV��* ��1 ���: KLWWDNHU��0 ��. ���/ HFODLU��7��-���+HOWRQ��/ ��* ���	
. HQQHG\ ��( ��-���� � � � ���,Q�6LOLFR�2 SWLP L] HG�6WDSOHG�3HSWLGHV�7DUJHWLQJ�: $6) � �LQ�%UHDVW
&DQFHU��$&6�0 HGLFLQDO�&KHP LVWU\ �/ HWWHUV��� � �� ���� � � v� � � �
KWWSV�� � GRL�RUJ� � � �� � � � � DFVP HGFKHP OHWW�� F� � � � �

0 DUVGHQ��. ��&���-DLQ��5��$ ���: ROP DQ��0 ��$ ���( FKHYHUU\ ��)��$ ���1 HOVRQ��-��&���+D\ HU��. ��( ��
0 LOWHQEHUJ��%���3HUHGD��$��( ���	 �* UDQDWR��0 ���� � � � ���$ �&\ ILS� � ' HSHQGHQW�( [ FLWDWRU\
,QWHUQHXURQ�3DWKZ D\ �( VWDEOLVKHV�WKH�,QQDWH�6WDUWOH�7KUHVKROG��&HOO�5HSRUWV��� � �� ��
� � � v� � � ��KWWSV�� � GRL�RUJ� � � �� � � � � M�FHOUHS�� � � � �� � �� � �



1 DNDVKLP D��0 ���. DWR��0 ���$RWR��. ���6KLLQD��0 ���%HODO��+ ���0 XNDLGD��6���. XP DGD��6��
6DWR��$���=HUHP ��$ ���/ HUP DQ� 6DJLH��7���/ HY��' ���/ HRQJ��+ ��<���7VXUXVDNL��<���0 L] XJXFKL��7��
0 L\ DWDNH��6���0 L\ DNH��1 ���2 JDWD��. ���6DLWVX��+ ���	 �0 DWVXP RWR��1 ���� � � � ���' H�QRYR
KRWVSRW�YDULDQWV�LQ�&<) ,3� �FDXVH�HDUO\ � RQVHW�HSLOHSWLF�HQFHSKDORSDWK\ ��$QQDOV�RI
1 HXURORJ\ ��� � �� ���� � � v� � � ��KWWSV�� � GRL�RUJ� � � �� � � � � DQD�� � � � �

3DQWKL��6���6] \ V] ND��3���	 �%HFN��&��: ���� � � � ���( [ SUHVVLRQ�RI�P 51 $�HQFRGLQJ�WZ R�JDLQ�
RI� IXQFWLRQ�F\ ILS� �YDULDQWV�DVVRFLDWHG�Z LWK�' ( ( � � �UHVXOWV�LQ�VSRQWDQHRXV�VHL] XUHV�LQ
; HQRSXV�ODHYLV�WDGSROHV��KWWSV�� � GRL�RUJ� � � �� � � � � � � � � �� � �� � �� � � � � �

3HQJ��-���: DQJ��<���+H��)���&KHQ��&���: X��/ ��: ���<DQJ��/ ��)���0 D��<��3���=KDQJ��: ���6KL��=�
4 ���&KHQ��&���; LD��. ���* XR��+ ���<LQ��)���	 �3DQJ��1 ���� � � � ���1 RYHO�: HVW�V\ QGURP H
FDQGLGDWH�JHQHV�LQ�D�&KLQHVH�FRKRUW��&1 6�1 HXURVFLHQFH�DQG�7KHUDSHXWLFV��� � �� � ��
� � � � v� � � � ��KWWSV�� � GRL�RUJ� � � �� � � � � FQV�� � � � �

3LWWP DQ��$��-���* D\ QHV��-��$ ���	 �&KLHQ��&��%LQ���� � � � ���1 HY��F\ ILS� ��LV�UHTXLUHG�IRU�UHWLQDO
ODP LQDWLRQ�DQG�D[ RQ�JXLGDQFH�LQ�WKH�] HEUDILVK�UHWLQRWHFWDO�V\ VWHP ��' HYHORSP HQWDO
%LRORJ\ ��� � � �� ���� � � v� � � ��KWWSV�� � GRL�RUJ� � � �� � � � � M�\ GELR�� � � � �� � �� � �

3RNH��* ���6WDQOH\ ��-���6FKHIIHU��,��( ���	 �6DGOHLU��/ ��* ���� � � � ���( SLGHP LRORJ\ �RI
' HYHORSP HQWDO�DQG�( SLOHSWLF�( QFHSKDORSDWK\ �DQG�RI�,QWHOOHFWXDO�' LVDELOLW\ �DQG
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