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2SWLFDO�DQG�SKRWRYROWDLF�SURSHUWLHV�RI�SRO\PHU�FRPSRVLWHV�ZLWK�KLJK��������FRQFHQWUD�

WLRQ� RI� &O�FRQWDLQLQJ� SRO\PHWKLQH� G\H� �PHVR�&O�� ILOPV� KDYH� EHHQ� VWXGLHG�� $V� SRO\PHU
PDWUL[�� FDUED]ROH� FRQWDLQLQJ� SRO\PHUV�� SRO\�1�YLQ\OFDUED]ROH� � SRO\�1�HSR[\SURS\OFDUED�
]ROH�� RFW\O� PHWKDFU\ODWH�1�YLQ\OFDUED]ROH�� DQG� RFW\O� PHWKDFU\ODWH���LRGR�1�YLQ\OFDUED]ROH
��,�9&]�20$�� FRSRO\PHUV�ZHUH�XVHG��6HYHUDO� W\SHV� RI� DJJUHJDWHV�KDYH� EHHQ� VKRZQ� WR� EH
IRUPHG� LQ�PHVR�&O�SRO\PHU� ILOPV��7KLV� UHVXOWV� LQ� VLJQLILFDQW�ZLGHQLQJ� RI� WKH�DEVRUEDQFH
VSHFWUDO�UHJLRQ�WRZDUGV�VKRUWHU�ZDYHOHQJWKV��XS�WR�����QP��DV�FRPSDUHG�WR�WKH�PROHFXODU
DEVRUEDQFH� LQ� VROXWLRQV�� 7KH� FKDUJH� FDUULHU� SKRWRJHQHUDWLRQ� HIILFLHQF\� IRU� DJJUHJDWHV� GH�
SHQGV� KHDYLO\� RQ� WKH� SRO\PHU� PDWUL[�� 7KH� FRPSRVLWH� RQ� �,�9&]�20$� EDVH� KDYH� PD[LPDO
SKRWRVHQVLWLYLW\� DPRQJ� WKH� SRO\PHU�PDWUL°HV� VWXGLHG�� 7KH� HIIHFW� RI�PROHFXODU� VWUXFWXUH� RI
SRO\PHUV�DQG�G\HV�DV�ZHOO�DV�WKH�G\H�DJJUHJDWLRQ�RQ�SKRWRYROWDLF�SURSHUWLHV�RI�FRPSRVLWH�ILOPV
LV�GLVFXVVHG��7KH�FRPSRVLWH�ILOPV�FDQ�EH�XVHG�IRU�WKH�GHYHORSPHQW�RI�SODVWLF�SKRWRFRQYHUWHUV
VHQVLWLYH�LQ�QHDU�,5�UHJLRQ��LQFOXGLQJ�RUJDQLF�VRODU�FHOOV�
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2QH�RI�WKH�PDLQ�UHDVRQV�RI�UHODWLYHO\� ORZ
LQWHJUDO�HIILFLHQF\�RI�RUJDQLF�SKRWRYROWDLF�GH�
YLFHV��LQFOXGLQJ�VRODU�FHOOV��LV�WKHLU�ORZ�SKRWR�
VHQVLWLYLW\�LQ�QHDU�LQIUDUHG��,5��UHJLRQ�>�@��7KDW
LV� ZK\� WKH� VHDUFK� IRU� QHZ� SKRWRVHQVLWLYH

SRO\PHU�FRPSRVLWHV��ZKLFK�DEVRUE�OLJKW�LQ�WKH
YLVLEOH�DQG�QHDU�,5�UHJLRQV��DQG�WKH�GHYHORS�
PHQW� RI� FRPSRVLWH� ILOPV� SKRWRVHQVLWLYH
ZLWKLQ� D� ZLGH� VSHFWUDO� UDQJH�� LV� DQ� DFWXDO
WDVN��,Q�D�SUHYLRXV�SDSHU�>�@��ZH�KDYH�VKRZQ
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WKDW�ILOPV�RI�+,7&�SRO\PHWKLQH�G\H�FRPSRV�
LWHV� LQ� FDUED]ROH� FRQWDLQLQJ� SRO\PHU� FRP�
SRXQGV� DUH� SKRWRVHQVLWLYH� LQ� D� ZLGHU� VSHF�
WUDO�UHJLRQ�WKDQ�ZHOO�NQRZQ�VRODU�GHYLFHV�RQ
WKH�EDVLV�RI�SRO\PHULF�FRPSRVLWHV�>����@��EXW
VWLOO�DEVRUE�OHVV�VRODU�OLJKW�WKDQ��H�J���&G7H
EDVHG� VRODU� GHYLFHV� >�@��7R� HQKDQFH� IXUWKHU
WKH� SKRWRVHQVLWLYLW\� RI� SRO\PHWKLQH� G\H
EDVHG� SRO\PHULF� FRPSRVLWHV�� ZH� KDYH� GH�
FLGHG�WR�XWLOL]H�WKH�NQRZQ�IDFW�WKDW�KDORJHQ
�FKORULQH�� DWRPV�� ZKHQ� EHLQJ� SUHVHQW� LQ� D
G\H� PROHFXOH�� SURYLGH� DQ� HQKDQFHG� SKRWR�
VHQVLWLYLW\��7R�FKHFN� WKLV� HIIHFW� H[SHULPHQ�
WDOO\� LQ� FRPSRVLWHV� RI� SRO\PHWKLQH� G\HV�� D
&O�FRQWDLQLQJ�SRO\PHWKLQH�G\H�PHVR�&O�ZLWK
DQ� DEVRUEDQFH� PD[LPXP� DW� DERXW� ���� QP
ZDV� V\QWKHVL]HG� DW� WKH� ,QVWLWXWH� RI� RUJDQLF
FKHPLVWU\� RI� 1$6� RI� 8NUDLQH�� DQG� ,�FRQ�
WDLQLQJ� SRO\PHULF� FRPSRXQGV�� DW� WKH� .\LY
1DWLRQDO�8QLYHUVLW\��

7KH�FRPSRVLWH�ILOPV�RI�PHVR�&O� �P&O±3P��
LQ� YDULRXV� PDWULFHV�� SRO\�1�YLQ\OFDUED]ROH
�39&]��� SRO\�1�HSR[\SURS\OFDUED]ROH� �3(3&]��
RFW\OPHWDFU\ODWH�1�YLQ\OFDUED]ROH� �9&]�
20$��� RFW\OPHWDFU\ODWH���,RGR�1�YLQ\OFDU�
ED]ROH� ��,�9&]�20$�� ZHUH� VWXGLHG�� 7KH
VDPSOHV� ZHUH� GHSRVLWHG� RQWR� JODVV� VXE�
VWUDWHV� FRDWHG� ZLWK� WUDQVSDUHQW� 6Q2�� HOHF�WURGH� E\� VSLQ� FRDWLQJ� IURP� ����GLFOR�
URHWKDQH� VROXWLRQ�� 7KH� ILOP� WKLFNQHVV� ZDV
DSSUR[LPDWHO\� WKH� VDPH� DPRXQWLQJ� DERXW
��PP��7KH�G\H�FRQFHQWUDWLRQ�LQ�WKH�FRPSRV�
LWH�RI����ZW����ZDV�VHW�LQ�WKH�VWXGLHG�VDP�
SOHV��7KH�DEVRUSWLRQ�VSHFWUD�ZHUH�PHDVXUHG
E\� 63(&25'�0��� DQG�+LWDFKL�0���� VSHF�
WURSKRWRPHWHUV�� 7KH� WHFKQLTXH�� H[SHULPHQWDO
VHWXS� DQG� WKH� FRQILJXUDWLRQ� RI� FHOOV� IRU� WKH
PHDVXUHPHQW� RI� VSHFWUDO� FKDUDFWHULVWLFV� RI
SKRWR�H�P�I�� �9�� ZHUH� GHVFULEHG� HOVHZKHUH� >�@�
$OO� SKRWR�H�P�I�� GHSHQGHQFHV� ZHUH� PHDVXUHG
XVLQJ� D� PRGXODWHG� LOOXPLQDWLRQ� DQG� QRUPDO�
L]HG�WR�WKH�VDPH�QXPEHU�RI�LQFLGHQW�SKRWRQV�
,Q�DEVRUSWLRQ�VSHFWUD�RI�P&O±3P�VROXWLRQ�LQ
GLFKORURHWKDQH� �)LJ����� FXUYH� ��� LQ� VSHFWUDO
UHJLRQ����Ü����H9��D�ZLGH� ����Ü����H9��DQG
LQWHQVH� EDQG� RI� ��VW� HOHFWURQLF� WUDQVLWLRQ
ZLWK� D� PD[LPXP� DW� ������ H9� DQG� KDOI�
ZLGWK� RI� ��� PH9� LV� REVHUYHG� DV� ZHOO� DV� D
YHU\� ZHDN� EDQG� ZLWK� D� PD[LPXP� DW� DERXW
����H9��FDXVHG�SUREDEO\�E\�D�V\PPHWU\�IRU�
ELGGHQ�VHFRQG�HOHFWURQLF�WUDQVLWLRQ��7KH�DE�
VRUSWLRQ� RI� ��VW� HOHFWURQLF� WUDQVLWLRQ� FRQ�
VLVWV� RI� WKH� VDLG� HOHFWURQLF� EDQG� SHDNHG� DW
������H9�DQG���EDQGV�RI�FRQVLGHUDEO\�ORZHU
LQWHQVLW\� DQG� LV� ILWWHG� ZHOO� E\� �� *DXVVLDQ
FRPSRQHQWV�ZLWK� HQHUJ\� GLIIHULQJ� E\� DERXW
����PH9��)LJ�����GDVKHG�FXUYHV���7KLV�WHVWL�
ILHV� WKDW� WKH� DEVRUSWLRQ� LV� FDXVHG� E\� HOHF�
WURQLF�WUDQVLWLRQV�ZLWKRXW�DQG�ZLWK�LQYROYH�

PHQW�RI�RQH�DQG�WZR�LQWUDPROHFXODU�RVFLOOD�
WLRQV��7KH�LQWHQVLW\�RI�DEVRUSWLRQ�LQYROYLQJ
�� LQWUDPROHFXODU�RVFLOODWLRQV� ������H9��GRHV
QRW�H[FHHG�����RI� WKH�HOHFWURQLF� WUDQVLWLRQ
LQWHQVLW\��)LJ������

,Q� DEVRUSWLRQ� VSHFWUD� RI� �,�9&]�|lk
FRPSRVLWH�ILOPV��)LJ�����FXUYH�����WKH�PD[L�
PXP� RI� WKH� ��VW� HOHFWURQLF� WUDQVLWLRQ� DE�
VRUSWLRQ�EDQG�LV�VKLIWHG�WRZDUGV�ORZHU�HQHU�
JLHV� E\� ��� PH9�� LWV� ZLGWK� LV� LQFUHDVHG� DO�
PRVW� WKULFH� �XS� WR� ����� H9�� DQG� WKH
DEVRUSWLRQ� LQWHQVLW\� LQ� WKH� ���Ü���� H9
UDQJH�LV�LQFUHDVHG�FRQVLGHUDEO\��,W�LV�LPSRV�
VLEOH� WR� H[SODLQ� WKH� DEVRUSWLRQ� LQWHQVLW\� LQ
WKLV� UHJLRQ� RQO\� E\� D� EURDGHQLQJ� RI� EDQGV
ZKLFK� ZHUH� REVHUYHG� LQ� DEVRUSWLRQ� VSHFWUD
RI�WKH�PROHFXOH��7KLV�DEVRUSWLRQ�PD\�EH�GXH
HLWKHU� WR� D� FRQVLGHUDEOH� LQFUHDVH� �E\� ��Ü��
WLPHV��RI�WKH�DEVRUSWLRQ�HIILFLHQF\�LQYROYLQJ
�Ü�� LQWUDPROHFXODU� RVFLOODWLRQV� ZLWK
VWURQJO\�RYHUODSSHG�DEVRUSWLRQ�EDQGV��RU�WR
IRUPDWLRQ�RI�s�DJJUHJDWHV� LQ� ILOPV�� WKDW� LV
W\SLFDO�RI� WKLV�FODVV�RI� FRPSRXQGV� >�@��6HY�
HUDO� W\SHV� RI� VXFK� s�DJJUHJDWHV� PD\� EH
IRUPHG� GLIIHULQJ� LQ� QXPEHU� RI� PROHFXOHV
DQG� WKHLU� RULHQWDWLRQ� ZLWKLQ� DQ� DJJUHJDWH
DQG��DV�D�FRQVHTXHQFH��LQ�HQHUJ\��:KHQ�WKH
TXDQWXP� \LHOG� RI� FKDUJH� FDUULHU� SKRWRJHQ�
HUDWLRQ� LQ� s�DJJUHJDWHV� GLIIHUV� HVVHQWLDOO\
IURP� WKDW� DW� H[FLWDWLRQ� RI� LVRODWHG� PROH�
FXOHV�� DGGLWLRQDO� PD[LPD� RU� PLQLPD� PXVW

)LJ� ��� $EVRUSWLRQ� VSHFWUXP� RI� PHVR�&O� G\H
VROXWLRQ� ����� LWV� GHFRQYROXWLRQ� RQ� *DXVVLDQ
FRPSRQHQWV� ����� DQG� DEVRUSWLRQ� VSHFWUXP� RI
FRPSRVLWH�ILOP������
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DSSHDU�LQ�WKH�VSHFWUDO�GHSHQGHQFH�RI�SKRWR�
H�P�I��LQ�WKLV�UHJLRQ�

2XU� PHDVXUHPHQWV� RI� VSHFWUDO� GHSHQG�
HQFH� RI� D� VXUIDFH� SKRWR�H�P�I� LQ� ILOPV� RI
WKHVH� FRPSRVLWHV� KDYH� VKRZQ� WKDW� LQ� WKH
����Ü���� H9� VSHFWUDO� UHJLRQ�� 9V�'�!��� DQGVHYHUDO� VKRXOGHUV� �ZHDNO\� H[SUHVVHG� PD[�
LPD�� DUH�SUHVHQW��7KHLU� HQHUJLHV� FDQ�EH�GH�
WHUPLQHG� PRUH� SUHFLVHO\� IURP� VSHFWUDO� GH�
SHQGHQFH� RI� WKH� 9V�'� UDWLR� IRU� FRPSRVLWHILOPV� �)LJ������ ,Q� WKLV� GHSHQGHQFH�� PD[LPD
DUH�FOHDUO\�GLVSOD\HG�DW������������������DQG
����� H9�� ZKHUH� 9V�'� UDWLR�� DQG� WKXV� WKHUDWLR� RI� TXDQWXP� HIILFLHQF\� RI� FKDUJH� FDU�
ULHU�SKRWRJHQHUDWLRQ� LQ� G\H� DJJUHJDWHV� DQG
PROHFXOHV�� H[FHHGV� �� �E\� ������ ������ �����
DQG� ����� WLPHV�� UHVSHFWLYHO\��� 7KH� HQHUJ\
SRVLWLRQV� RI� WKRVH� VKRXOGHUV� GLIIHUV� FRQVLG�
HUDEO\�IURP�WKRVH�RI�DEVRUSWLRQ�PD[LPD�LQ�
YROYLQJ� ���� LQWUDPROHFXODU� RVFLOODWLRQV
�������� ������� ������ DQG� ����� H9��� 0RUH�
RYHU��D�PD[LPXP�DW������H9�LV�VHHQ�FOHDUO\
LQ� WKH� VSHFWUDO� GHSHQGHQFH� RI�9V�'� �)LJ����FXUYH�����6LQFH�LWV�HQHUJ\�LV�ORZHU�WKDQ�WKH
H[FLWDWLRQ� HQHUJ\� RI� D� PROHFXOH� LQ� D� SRO\�
PHULF� DJJUHJDWH�� LW� PD\� EH� FDXVHG� E\� WKH
IRUPDWLRQ� RI� &7�FRPSOH[� EHWZHHQ� WKH� G\H
PROHFXOHV�DQG�SRO\PHULF�FRPSRXQG�

7KHVH� GDWD� HYLGHQFH� WKDW� WKH� FRQVLGHU�
DEO\�LQFUHDVHG�DEVRUSWLRQ�RI�WKHVH�FRPSRVLWH
ILOPV� LQ����Ü����H9�UDQJH�FDQ�EH�H[SODLQHG
PRUH�FRUUHFWO\�E\�WKH�IRUPDWLRQ�RI�+�DJJUH�
JDWHV�� 7KH� IRUPDWLRQ� SUREDELOLW\� RI� D� SDU�
WLFXODU� DJJUHJDWH� VKRXOG� EH� SURSRUWLRQDO� WR
WKH�UDWLR�RI�LWV�DEVRUSWLRQ�DUHD�WR�WKH�WRWDO

DEVRUSWLRQ� DUHD� RI� ��VW� HOHFWURQLF� WUDQVLWLRQ�
7R�HVWLPDWH�WKLV�SUREDELOLW\�ZH�KDYH�H[SDQGHG
WKH�ZLGH�EDQG�RI���VW�HOHFWURQLF�WUDQVLWLRQ�LQWR
*DXVVLDQ�FRPSRQHQWV�ZLWK�HQHUJ\�SRVLWLRQV�HV�
WLPDWHG� H[DFWO\� EDVHG� RQ� DERYH� GDWD��7KH� UH�
VXOWV� RI� VXFK� H[SDQVLRQ� DUH� JLYHQ� LQ� )LJ����
&RQVLGHUDWLRQ�RI�WKH�GDWD�REWDLQHG�VKRZV�WKDW
WKH� IRUPDWLRQ� SUREDELOLW\� RI� s�DJJUHJDWHV
DPRXQWV� ���� ���� ���� ���� �� ��� UHVSHFWLYHO\�
ZKLOH� WKH� WRWDO� DPRXQW� RI� G\H� PROHFXOHV� LQ�
YROYHG� LQ� WKH�+�DJJUHJDWH� IRUPDWLRQ�EHLQJ�RI
DSSUR[LPDWHO\� ����� FKDUDFWHUL]HV� WKH� DJJUH�
JDWLRQ�HIILFLHQF\�LQ�WKLV�SRO\PHU�

7KH�VSDWLDO�GLVWULEXWLRQ�RI�VSHFLILF�s�DJ�
JUHJDWHV� �RU� &7�FRPSOH[HV�� RYHU� WKH� ILOP
WKLFNQHVV� PD\� YDU\�� 7R� VWXG\� WKDW� GLVWULEX�
WLRQ�� ZH� KDYH� PHDVXUHG� WKH� SKRWR�H�P�I�
XQGHU� LOOXPLQDWLRQ� IURP� RSSRVLWH� ILOP� VLGHV
LQ�LGHQWLFDO�FRQGLWLRQV��)LJ������,Q�WKH�)LJXUH�
HVSHFLDOO\�LQ�FXUYH����LW�LV�VHHQ�WKDW�WKH�s�DJ�
JUHJDWHV� RI� ������ ����� DQG� ����� H9� HQHUJLHV
DUH� IRUPHG� SUHGRPLQDQWO\� DW� WKH� ILOP� IUHH
VXUIDFH� �9V�9H�!����� ZKLOH� WKH� DJJUHJDWH� RI����� H9� HQHUJ\� DQG� &7�FRPSOH[� RI� ����� H9
HQHUJ\�DUH�GLVWULEXWHG�RYHU�WKH�ILOP�WKLFNQHVV
DSSUR[LPDWHO\�KRPRJHQHRXVO\��9V�9H�G����7KH� SKRWRVHQVLWLYLW\� RI� PHVR�&O� DJJUH�
JDWHV�GHSHQGV�KHDYLO\�RQ�WKH�SRO\PHU�PDWH�
ULDO��HVSHFLDOO\�LQ�WKH�UHJLRQ�RI�s�DJJUHJDWH
H[FLWDWLRQ�� ,W� LV� PD[LPDO� IRU� �,�9&]�20$
FRPSRVLWHV� DQG� PLQLPDO� IRU� 39&]� DQG
3(3&]�� 7KLV� LV� GXH� PDLQO\� WR� WKH� GHSHQG�
HQFH�RI�FKDUJH�FDUULHU�SKRWRJHQHUDWLRQ�HIIL�
FLHQF\�LQ�s�DJJUHJDWHV�RQ�WKH�SRO\PHU�PROHFX�
ODU� VWUXFWXUH��7KLV� LV� FOHDUO\� VHHQ�DW� WKH�FRP�

)LJ� ��� $EVRUSWLRQ� ���� DQG� SKRWRYROWDJH� ���
VSHFWUD� RI� PHVR�&O��,�9&]�20$� � FRPSRVLWH
ILOP�DQG�WKHLU�UDWLR������

)LJ� ��� $EVRUSWLRQ� VSHFWUXP� RI� PHVR�&O� G\H
FRPSRVLWH� ILOP� DQG� LWV� GHFRQYROXWLRQ� RQ
*DXVVLDQ�FRPSRQHQWV��

1�%HUH]LQD�HW�DO����(IIHFW�RI�SRO\PHU�PDWUL[�RQ����

��� )XQFWLRQDO�PDWHULDOV�������������



SDULVRQ� RI� 9V� DQG� 9V�'� VSHFWUD� IRU� �,�9&]�20$�DQG�9&]�20$� �)LJ������ ,Q� FRQWUDVW� WR
�,�9&]�20$�� ZKHUH� WKH� PD[LPXP� 9V�'YDOXH� DWWDLQV� ���9V�'����� LQ� ILOPV� RI� 9&]�20$� FRPSRVLWHV�� H[FHSW� IRU� WKH� H[FLWDWLRQ
UHJLRQ�RI�&7�FRPSOH[�������H9���ZKHUH�LW�LV
HVVHQWLDOO\� LGHQWLFDO� IRU� FRPSRVLWHV� RI� ERWK
SRO\PHUV�� 7KXV�� WKH� FKDUJH� FDUULHU� SKRWRJHQ�
HUDWLRQ�HIILFLHQF\�LQ�s�DJJUHJDWHV�IRU�9&]�20$
LV�ORZHU�WKDQ�DW�WKH�PROHFXOH�H[FLWDWLRQ��7KH�s�
DJJUHJDWH� HQHUJLHV� LQ� 9&]�20$�� DV� GHWHUPLQHG
IURP�WKH�SRVLWLRQV�RI�PLQLPD�LQ�VSHFWUDO�GHSHQG�
HQFH� RI�9V�'�� DUH� RQO\������ H9� ORZHU� WKDQ�IRU�,�9&]�20$��L�H��DUH�SUDFWLFDOO\�LQGHSHQGHQW�RI
WKH�SRO\PHU�PDWHULDO��7KLV�DOORZV�XV�WR�FRQFOXGH
WKDW�WKH�LQWURGXFWLRQ�RI�LRGLQH�DWRP�LQWR�39&]
PROHFXOH� UHVXOWV� PDLQO\� LQ� LQFUHDVHG� SKRWRJHQ�
HUDWLRQ�HIILFLHQF\�LQ�s�DJJUHJDWHV�

$� FRPSDULVRQ� RI� 9V� VSHFWUD� RI� WKH
P&O±3P��,�9&]�20$� FRPSRVLWH� ZLWK� WKDW
REWDLQHG�E\�XV�EHIRUH�IRU�+,7&�G\H�FRPSRV�
LWHV� >����@� LQ� WKH� VDPH�SRO\PHU� VKRZV�� WKDW
WKH�G\H�PROHFXODU� VWUXFWXUH�GRHV�QRW� LQIOX�
HQFH�VLJQLILFDQWO\�WKH�SKRWRVHQVLWLYLW\�RI�+�
DJJUHJDWHV�� VLQFH� WKH� 9V� VSHFWUDO� GHSHQG�HQFHV� LQ�ERWK� DJJUHJDWHV�DUH�HVVHQWLDOO\� FR�
LQFLGHQW�>����@��7KH�G\H�PROHFXODU�VWUXFWXUH
LQIOXHQFHV�WKH�SRVLWLRQ�RI�WKH�SKRWRVHQVLWLY�
LW\� ORQJ�ZDYH� HGJH� PRUH� VWURQJO\� WKDW� IRU
P&O±3P� FRPSRVLWWHV� LV� VKLIWHG� WRZDUGV
ORQJHU� ZDYHOHQJWKV� E\� DERXW� ��� QP�� 7KLV
UHVXOWV�RI�FRXUVH�LQ�LQFUHDVHG�DEVRUEHG�IUDF�
WLRQ� RI� VRODU� UDGLDWLRQ� DSSUR[LPDWHO\� E\
������WKXV�� WKH�P&O±3P��,�9&]�20$�FRP�

SRVLWHV� DUH� RI� JRRG� SURPLVH� IRU� GHYHORSPHQW
RI�VRODU�FHOOV��LQFOXGLQJ�SODVWLF�VRODU�GHYLFHV�

7R� FRQFOXGH�� WKH� VRODU� OLJKW� DEVRUSWLRQ
VSHFWUDO� UHJLRQ� IRU� SRO\PHULF� FRPSRVLWH
ILOPV�FRQWDLQLQJ�PHVR�&O�SRO\PHWKLQH�G\H�LV
ODUJHU�WKDQ�IRU�WKH�G\H�PROHFXOHV�LQ�D�VROX�
WLRQ��7KLV�LV�GXH�PDLQO\�E\�WKH�IRUPDWLRQ�RI
s�DJJUHJDWHV� LQ� ILOPV� ZLWK� HQHUJ\� H[FHHG�
LQJ� WKH� H[FLWDWLRQ� HQHUJ\� RI� WKH� G\H�PROH�
FXOHV� DV� ZHOO� DV� RI� &7�FRPSOH[HV� FRQWDLQ�
LQJ� WKH� G\H� DQG� SRO\PHU� PROHFXOHV� ZLWK
HQHUJ\�ORZHU�WKDQ�WKH�G\H�PROHFXOH�H[FLWD�
WLRQ� HQHUJ\�� 7KH� FKDUJH� FDUULHU� SKRWRJHQ�
HUDWLRQ� HIILFLHQF\� LQ� WKH�s�DJJUHJDWHV� GH�
SHQGV� KHDYLO\� RQ� WKH� SRO\PHU� PROHFXODU
VWUXFWXUH��7KH�SUHVHQFH�RI�LRGLQH�DWRPV�LQ
WKH� SRO\PHU� VWUXFWXUH� UHVXOWV� LQ� D� FRQVLG�
HUDEOH�LQFUHDVH�RI�FKDUJH�FDUULHU�SKRWRJHQ�
HUDWLRQ�HIILFLHQF\� LQ�s�DJJUHJDWHV��7KH�HQ�
HUJ\� RI� s�DJJUHJDWHV� DQG� UHODWLYH� HIIL�
FLHQF\� RI� FKDUJH� FDUULHU� SKRWRJHQHUDWLRQ
FDQ�EH�GHWHUPLQHG�IURP�WKH�SRVLWLRQ�RI�H[�
WUHPHV� LQ� VSHFWUDO� GHSHQGHQFH� RI� WKH� UDWLR
RI�VXUIDFH�SKRWR�H�P�I��WR�RSWLFDO�GHQVLW\�RI
FRPSRVLWH� ILOPV�� LI� WKH� FKDUJH� FDUULHU� SKR�
WRJHQHUDWLRQ� HIILFLHQF\� WKHUHLQ� GLIIHUV� VXI�
ILFLHQWO\� IURP� WKDW� IRU� WKH� G\H� PROHFXOH�
7KH� SKRWRVHQVLWLYLW\� VSHFWUDO� UHJLRQ� RI
FRPSRVLWH�ILOPV�IRU�PHVR�&O�LQ�,�FRQWDLQLQJ
FDUED]ROH� SRO\PHUV� �,�9&]�20$� LV� PXFK
ZLGHU� WKDQ� IRU� WKH� FRUUHVSRQGLQJ� FRPSRV�
LWH�ILOPV�RI�+,7&�G\H��DQG�WKLV�FDQ�EH�XWLO�
L]HG� DW� WKH� GHYHORSPHQW� RI�SKRWRFRQYHUWHUV
DQG�VRODU�FHOOV��

)LJ����$EVRUSWLRQ�DQG�SKRWRYROWDJH�VSHFWUD�RI
PHVR�&O� FRPSRVLWH� ILOPV� DQG� WKHLU� UDWLR� IRU
GLIIHUHQW�SRO\PHULF�PDWUL[HV��
�Ü9�,9&]Ü20$����Ü9�9&]Ü20$�����Ü9&]�20$�

)LJ� ��� 3KRWRYROWDJH� VSHFWUD� RI� PHVR�&O��,�
9&]�20$� � FRPSRVLWH� ILOP� XQGHU� GLIIHUHQW
VLGHV�Ü�IUHH�VXUIDFH�����DQG�HOHFWURGH�����LOOX�
PLQDWLRQ�DQG�WKHLU�UDWLR�����
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