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 �V\VWHP�KDV�EHHQ�DGGL�
WLRQDOO\� LQYHVWLJDWHG� LQ� WKH� WHPSHUDWXUH� UDQJH� H[WHQGHG� XS� WR� DERXW� ���� .�� 7KH� WHUQDULHV� H[LVW� LQ�
DSSUR[LPDWHO\�� WKH� �� �� [� �� �� FRPSRVLWLRQ� UDQJH�� 7KH� DOOR\V�ZLWK� [� a�� DUH� IUHTXHQWO\� SDUDPDJQHWLF� LQ
D�EURDG� WHPSHUDWXUH� UDQJH��ZKHUHDV� IRU� RWKHU� FRPSRVLWLRQV�� FRPSOH[�PDJQHWLF�SURSHUWLHV� DUH�REVHUYHG�
7KH�UHVXOWV�DUH�GLVFXVVHG�LQ�UHODWLRQ�WR�WKH�IUHH�LRQ�YDOXHV�RI�WKH�1G�DQG�6P�LRQV�

.H\�ZRUGV��UDUH�HDUWK�LQWHUPHWDOOLFV��PDJQHWLF�SURSHUWLHV��KLJK�PDJQHWLF�ILHOG

���,QWURGXFWLRQ
�&RQVLGHUDEOH�DWWHQWLRQ�KDV�UHFHQWO\�EHHQ�SDLG�WR�LQWHUPHWDOOLF�FRPSRXQGV�RI�UDUH�HDUWK

HOHPHQWV�5�DQG��G�PDJQHWLF�WUDQVLWLRQ�PHWDOV�7��EHFDXVH�RI�D�SRVVLELOLW\�RI�WKHLU�DSSOLFD�
WLRQ�� H�J�� GXH� WR� WKHLU� IDYRXUDEOH� PDJQHWLF� SURSHUWLHV�� RU� DV� K\GURJHQ� DFFXPXODWRUV�
&RPSRXQGV�ZLWK� WKH�7K0Q � � �W\SH� WHWUDJRQDO� VWUXFWXUH� �VSDFH�JURXS� ,��PPP��EHORQJ� WR
VXFK�PDWHULDOV��$OOR\V�ZLWK�QRPLQDO�FRPSRVLWLRQ�51L � � RU�5&R � � �GR�QRW�H[LVW��EXW�FDQ�EH
VWDELOL]HG�E\�D�SDUWLDO�VXEVWLWXWLRQ�RI�1L�RU�&R�E\�D�WUDQVLWLRQ�PHWDO�ZLWK�D�ORZHU�YDOHQFH�
HOHFWURQ�GHQVLW\��RU�WKH�S�HOHPHQWV�VXFK�DV�6L�RU�$O��IRU�UHYLHZ�VHH�5HI��>�@���,Q�WKHVH�WHU�
QDU\� FRPSRXQGV�� WKH� 5� DWRPV� RFFXS\� WKH� �D� VLWHV�� ZKHUHDV� WKH� �G�WUDQVLWLRQ� HOHPHQWV
RFFXS\�UHPDLQLQJ��I���L�DQG��M�SRVLWLRQV��,Q�FRQWUDVW�WR�WKH�PRVWO\�SDUDPDJQHWLF�FKDUDFWHU
BBBBBBBBB

� �'HGLFDWHG�WR�3URIHVVRU�2NVDQD�,��%RGDN�RQ�WKH�RFFDVLRQ�RI�KHU��� � � �ELUWKGD\���� &RUUHVSRQGLQJ�DXWKRU��H�PDLO��VXVNL#LQW�SDQ�ZURF�SO�
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RI� QLFNHO�ULFK� FRPSRXQGV�� FREDOW�ULFK� FRPSRXQGV� DUH� XVXDOO\� IHUUR�� RU� IHUULPDJQHWLF�
ZKHUHDV�WKH�SDUHQW�50Q � � �FRPSRXQGV�H[KLELW�QRQ�FROOLQHDU�DQWLIHUURPDJQHWLF�RUGHULQJ�DW
ORZ�WHPSHUDWXUH�>�@�LI�5�LV�QRQ�PDJQHWLF�<��7KH�WUDQVLWLRQ�WHPSHUDWXUH�RI�<0Q � � �KDV�EHHQ
FRQILUPHG�E\� HOHFWULFDO�PHDVXUHPHQWV� >�@�� ,W� LV� UHPDUNDEOH� WKDW� GLIIHUHQW�0Q� VLWHV�ZLWK
WKHLU�GLIIHUHQW�0Q�PRPHQWV��DV�UHSRUWHG�LQ�QHXWURQ�GLIIUDFWLRQ��1'��H[SHULPHQWV�>�@��GR
QRW� DSSHDU� LQ� 65� VSHFWUD� >�@��+RZHYHU�� LI�5� LV� D� KHDY\� UDUH�HDUWK� DWRP�� IHUULPDJQHWLF
SURSHUWLHV�DUH�REVHUYHG�>�±�@��&RQVHTXHQWO\��D�FRPSOH[�PDJQHWLF�EHKDYLRXU�LV�H[SHFWHG�WR
RFFXU�LQ�50Q � ����	 7	 �VROLG�VROXWLRQV�DV�D� UHVXOW�RI�FRPSHWLQJ�IHUUR��DQG�DQWLIHUURPDJQHWLF
LQWHUDFWLRQV��7KH�PDJQHWLF�DQG�HOHFWULFDO�SURSHUWLHV�RI�FRPSRXQGV�ZLWK�)H�DV�D�WUDQVLWLRQ
HOHPHQW�DQG�ZLWK�KHDYLHU�UDUH�HDUWKV�RU�ZLWK�<�DQG�1G�DUH�UHSRUWHG�LQ�5HI��>�±��@��DQG�LQ
UHIHUHQFHV�KHUHLQ��

%ULHI� LQIRUPDWLRQ� DERXW� VHOHFWHG� &R� FRPSRXQGV� KDV� EHHQ� SUHVHQWHG� LQ� >���� ���
��@��ZKHUHDV� D�PRUH� V\VWHPDWLF� VWXG\�RI� WKRVH� LQWHUPHWDOOLFV�KDV�EHHQ� UHSRUWHG� �IRU
1G�DQG�6P��LQ�>��@��,Q�DOO�WKH�PDWHULDOV�PHQWLRQHG�DERYH��ZLWKLQ�D�OLPLWHG�FRPSRVL�
WLRQ� UDQJH�� WKUHH� PDJQHWLF� VXEODWWLFHV� H[LVW� �5�� 0Q� DQG� &R��� ZKLOH� LQ� WKH� ZKROH
FRQFHQWUDWLRQ�UDQJH�[��D�PDJQHWLF�RUGHULQJ�LV�REVHUYHG�DW� OHDVW� LQ� WZR�VXEODWWLFHV��5
DQG� &R��� 8QWLO� QRZ�� RQO\� IHZ� SDSHUV� KDYH� EHHQ� SXEOLVKHG� RQ� WHUQDULHV� FRQWDLQLQJ� 1L�
ZKLFK�WXUQHG�RXW�WR�EH�QRQ�PDJQHWLF�LQ�WKHVH�DOOR\V�>��@��3DUWLFXODUO\�LQWHUHVWLQJ�LV�WKH�FDVH
RI�6P0Q � ����	 1L	 �FRPSRXQGV�>��@� IRU�ZKLFK� WKH� WHPSHUDWXUH�GHSHQGHQFH�RI� WKH�PDJQHWLF
VXVFHSWLELOLW\�H[KLELWV�D�PD[LPXP�DW�7�a���.��7KH�ILHOG�GHSHQGHQFH�RI�PDJQHWLVDWLRQ�DW
ORZ�WHPSHUDWXUH�DQG�DW�UHODWLYHO\�ORZ�ILHOG�LV�LQ�SULQFLSOH�OLQHDU��7KHVH�UHVXOWV�VXJJHVW�WKDW
WKH�PD[LPXP�FRUUHVSRQGV�WR�WKH�RQVHW�RI�DQ�DQWLIHUURPDJQHWLF�RUGHULQJ�DW�WKH�6P�VXEODW�
WLFH�� EHFDXVH� LW� LV� QRW� VHQVLWLYH� WR� WKH� FRPSRVLWLRQ� FKDQJH�� ZKLOH� ERWK� WKH�0Q� DQG�1L
VXEODWWLFHV� VHHP� WR� EH� QRQPDJQHWLF��2XU� SUHOLPLQDU\� LQYHVWLJDWLRQV� RI� WKH�1G0Q � ����	 1L	
V\VWHP�VHHPHG�WR�VXJJHVW�WKDW�WKHVH�PDWHULDOV�DUH�QRQPDJQHWLF�>��@��KRZHYHU��LQ�WKH�OLJKW
RI�SUHVHQW�UHVXOWV��WKLV�FRQFOXVLRQ�LV�QRW�TXLWH�FRUUHFW�

�)RU�JHWWLQJ�D�EHWWHU�LQVLJKW�LQWR�SURSHUWLHV�RI�WKHVH�LQWHUHVWLQJ�DOOR\V��ZH�UHSRUW�DW
SUHVHQW�RQ�KLJK�PDJQHWLF�ILHOG�PHDVXUHPHQWV�RI�WKH��1G��6P�0Q � �
�
	 �&R��1L�	 �V\VWHPV�

���([SHULPHQWDO
�$OO� WKH�50Q � �
�
	 7	 DOOR\V� LQYHVWLJDWHG�KDYH�EHHQ�SUHSDUHG�DV�KDV�EHHQ�GHVFULEHG

SUHYLRXVO\�>��@��7KH�PDJQHWLF�VXVFHSWLELOLW\�RI�1G0Q � �
�
	 1L	 �KDV�EHHQ�LQYHVWLJDWHG�LQ
WKH�WHPSHUDWXUH�UDQJH�RI����±����.��LQ�WKH�PDJQHWLF�ILHOG�RI�����7��XVLQJ�D�648,'
PDJQHWRPHWHU��7KH�PDJQHWLVDWLRQ�KDV�EHHQ�PHDVXUHG�LQ�D�SXOVHG�PDJQHWLF�ILHOG�XS�WR
���7�DW�7� �����.��ZLWK�D�SXOVH�GXUDWLRQ�RI����PV�

���5HVXOWV�DQG�GLVFXVVLRQ
�$OO� WKH� VDPSOHV� LQYHVWLJDWHG�� VWDEOH� IRU� 5�  �1G� LQ� WKH� ��� [� �� �� UDQJH� DQG� IRU

5� �6P�LQ�WKH�����[�����UDQJH��KDYH�EHHQ�IRXQG�WR�EH�LQ�SULQFLSOH�VLQJOH�SKDVH��7KHLU
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XQLW�FHOO�YROXPHV�GHFUHDVH�DV�WKH�FRQFHQWUDWLRQ�RI�WKH�WUDQVLWLRQ�PHWDO�[�LQFUHDVHV��VHH
)LJ������2QO\�1G0Q � 1L � �LV�DQ�H[FHSWLRQ�IURP�WKLV�WUHQG�

)LJ�����8QLW�FHOO�YROXPH�9�YHUVXV�&R�>��@�DQG�1L�>������@
FRQFHQWUDWLRQ�[�IRU�1G0Q 	 
 ��
 &R
 ��WULDQJOHV���6P0Q 	 
 ±&R
 ��IXOO�FLUFOHV��

1G0Q 	 
 ��
 1L
 �GLDPRQGV��DQG�6P0Q 	 
 ��
 1L
 �IXOO�VTXDUHV�

)LJXUH���VKRZV�WKH�UHVXOWV�RI�WKH�KLJK�ILHOG�PHDVXUHPHQWV�RI�WKH�PDJQHWL]DWLRQ�0
DW�7� �����.�IRU�WKH�1G0Q � �
�
	 &R	 �DOOR\V��,W�LV�VHHQ�WKDW�WKH�FKDUDFWHU�RI�WKH�0�+��SORWV
IRU�DOO�WKH�VDPSOHV�LV�IHUURPDJQHWLF��KRZHYHU��ZLWKRXW�D�FOHDU�VDWXUDWLRQ��HYHQ�IRU�WKH
KLJKHVW�PDJQHWLF� ILHOGV��7KH� UHVXOW� IRU� WKH� VDPSOH�[� ��� VXJJHVWV� WKDW� WKH� IHUURPDJ�
QHWLF�FRQWULEXWLRQ�LV�ILHOG�LQGXFHG��VHH�)LJ�����LQ�>��@��DQG�UDWKHU�ZHDN�

)LJ�����0DJQHWL]DWLRQ�0�YHUVXV�PDJQHWLF�ILHOG
�XS�WR����7�DW�����.�IRU�1G0Q 	 
 ��
 &R


$V� FDQ� EH� VHHQ� IURP� )LJ�� ��� DW� 7�  � ���� .� DQG� XQGHU� KLJK� PDJQHWLF� ILHOGV� WKH
6P0Q � �
�
	 &R	 � FRPSRXQGV� KDYH� D� FKDUDFWHU� VOLJKWO\� GLIIHUHQW� IURP� WKRVH� RI� WKH� 1G
FRPSRXQGV�� 7KH� VDPSOH� [�  � �� LV� DQWLIHUURPDJQHWLF� XS� WR� WKH� KLJKHVW� ILHOG�� EXW� WKH
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FRPSRXQG�[� ���H[KLELWV�VRPH�IHUURPDJQHWLF�FRQWULEXWLRQ�ZKLFK�LV�DOVR�VHHQ�LQ�ORZHU
ILHOGV� >��@��+RZHYHU�� WKH�YDOXHV�RI�PDJQHWL]DWLRQ�DUH�FOHDUO\� ORZHU� WKDQ�IRU� WKH�VDPSOH
[� ����7KH�VDPSOH�[� ���LV�DSSDUHQWO\�VWURQJO\�IHUURPDJQHWLF��KRZHYHU��DOVR�ZLWKRXW�D�VDWX�
UDWLRQ� DQG�� LQ� WXUQ�� ZLWK� D� ORZHU� YDOXH� RI� WKH� VDWXUDWLRQ� PDJQHWLF� PRPHQW� WKDQ� WKH
FRUUHVSRQGLQJ�1G�VDPSOH��7KH�ODFN�RI�VDWXUDWLRQ�PD\�UHVXOW� IURP�D�FRQVLGHUDEOH�DQLVRW�
URS\�ZKLFK�LV�LQGLFDWHG�E\�D�GLIIHUHQFH�LQ�WKH�PDJQHWL]DWLRQ�RI�SRZGHUHG�DQG�EXON�VDPSOHV
�VHH�>��@��

)LJ�����0DJQHWL]DWLRQ�0�YHUVXV�PDJQHWLF�ILHOG
XS�WR����7�DW�����.�IRU�6P0Q 	 
 ��
 &R


�2XU�SUHYLRXV�UHVXOWV�>��@�LQGLFDWH��DV�PHQWLRQHG�DERYH�� WKDW� WKH�1G0Q � �
�
	 1L	 DO�
OR\V� DUH� PRVW� SUREDEO\� SDUDPDJQHWLF� EHORZ� ���� .�� 7R� VXSSRUW� WKLV� K\SRWKHVLV�� DW
SUHVHQW�ZH�H[WHQG�WKH�VXVFHSWLELOLW\�PHDVXUHPHQWV�XS�WR�DERXW�����.��,W�LV�VHHQ�IURP
)LJ����WKDW�WKH�FRPSRXQGV�ZLWK�[� ���DQG�[� ���H[KLELW�ZHDNO\�WHPSHUDWXUH�GHSHQGHQW
SDUDPDJQHWLVP��ZKHUHDV�1G0Q � 1L � VKRZV�D�PD[LPXP�RI�PDJQHWLF� VXVFHSWLELOLW\� DW
DERXW�����.��ZKLFK�FDQ�FRUUHVSRQG�WR�WKH�1pHO�SRLQW�

)LJ�����0DJQHWLF�VXVFHSWLELOLW\�
YHUVXV�WHPSHUDWXUH�7�IURP�����WR�����.�IRU�1G0Q � 1L �
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6XFK�D�KLJK�RUGHULQJ�WHPSHUDWXUH�LV�RIWHQ�REVHUYHG�LQ�RWKHU�0Q�WHUQDULHV�>��@��7KH
LQFUHDVH�RI�PDJQHWLF� VXVFHSWLELOLW\� DERYH� ����.�PRVW� SUREDEO\� IROORZV� WKH� WKHUPDO
GHFRPSRVLWLRQ�RI�WKH�PDWHULDO��,Q�)LJXUH����WKH�PDJQHWLF�ILHOG�GHSHQGHQFH�RI�WKH�PDJ�
QHWL]DWLRQ�LV�SUHVHQWHG�DW�7� �����.�IRU�WKH�ODWWHU�PDWHULDO��)RU�WKH�VDNH�RI�VLPSOLFLW\�
RQO\�WKH�UHVXOWV�REWDLQHG�IRU�WKH�SRO\FU\VWDOOLQH�VDPSOH�DUH�VKRZQ��EHFDXVH�WKH�UHVXOWV
IRU�WKH�SRZGHU�VDPSOH�DUH�YHU\�FORVH�WR�WKRVH�VKRZQ�LQ�)LJ�����7KLV�EHKDYLRXU�SURYHV
WKDW�WKHUH�LV�D�YHU\�VPDOO�DQLVRWURS\�LQ�WKLV�PDWHULDO��,W�LV�VHHQ�WKDW�WKH�0�+��GHSHQG�
HQFH� H[KLELWV� DQ� DSSDUHQW� DSSURDFK� WR� VDWXUDWLRQ� ZKLFK� FRXOG� EH� DQ� LQGLFDWLRQ� RI
D�PHWDPDJQHWLF� WUDQVLWLRQ�� DOWKRXJK� LW� LV� GLIILFXOW� WR� GHWHUPLQH� SUHFLVHO\� WKH� FULWLFDO
ILHOG�� 2QH� FDQ� HVWLPDWH� LW� WR� RFFXU� EHORZ� DERXW� ��� 7� IRU� ERWK� SRO\FU\VWDOOLQH� DQG
SRZGHU�VDPSOHV��7KHUHIRUH��ZH�EHOLHYH�WKDW�PDJQHWLF�RUGHULQJ��$)��LV�UHVSRQVLEOH�IRU
WKH�KLJK�WHPSHUDWXUH�DQRPDO\�

)LJ�����0DJQHWL]DWLRQ�0�YHUVXV�PDJQHWLF�ILHOG
XS�WR����7�DW�����.�IRU�1G0Q � 1L �

)LJ�����0DJQHWL]DWLRQ�0�YHUVXV�PDJQHWLF�ILHOG
XS�WR����7�DW�����.�IRU�6P0Q 	 
 ��
 1L
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�3UHYLRXVO\�UHSRUWHG�OLQHDU�FKDUDFWHU�RI�WKH�ILHOG�GHSHQGHQFH�RI�WKH�PDJQHWL]DWLRQ
XS�WR���7�>��@�IRU�KH�6P0Q � �
�
	 1L	 �V\VWHP�LV�LQ�SULQFLSOH�SUHVHUYHG�LQ�KLJKHU�ILHOGV�IRU
WKH�VDPSOHV�ZLWK�[�EHWZHHQ���DQG����VHH�)LJ������+RZHYHU��IRU�WKH�VDPSOH�[� ���VRPH
WHQGHQF\�WR�VDWXUDWLRQ�LV�REVHUYHG�DERYH�DERXW����7��ZKLOH�IRU�WKH�VDPSOH�[� ����WKH
VDPH�EHKDYLRXU�LV�VHHQ��EXW�WKH�FULWLFDO�ILHOG�VHHPV�WR�EH�ORZHU��ZKHUHDV�WKH�YDOXHV�RI
PDJQHWL]DWLRQ�DUH�ODUJHU��7KLV�REVHUYDWLRQ�GRHV�QRW�FRQWUDGLFW�WKH�FRQFOXVLRQ�RI�5HI�
>��@�WKDW�WKH�PDJQHWLF�RUGHULQJ�LV�GXH�WR�WKH�6P�VXEODWWLFH�RQO\��)RU�WKH�VDPSOHV�ZLWK
KLJKHU� FRQFHQWUDWLRQ�RI�1L� �[� ��� DQG�[�  � ���PDJQHWLF� ILHOG� FDQ� LQGXFH� D�PDJQHWLF
RUGHULQJ�LQ�WKH�WUDQVLWLRQ�PHWDO�VXEODWWLFH�HYHQ�RI�D�EDQG�PHWDPDJQHWLF�W\SH��VHH�H�J��
>��@���2QH� VKRXOG� QRWLFH� WKDW� IRU� WKHVH� WZR� VDPSOHV� LQ�PDJQHWLF� ILHOG� EHORZ� DERXW
���7�D�WLQ\�K\VWHUHVLV�LV�REVHUYHG��VHH�)LJV����DQG���>��@��

)LJ�����(IIHFWLYH�PDJQHWLF�PRPHQWV�S � � � � �YHUVXV�FRQFHQWUDWLRQ
RI�WUDQVLWLRQ�HOHPHQW�[��1RWH�WKDW�HIIHFWLYH�PDJQHWLF�PRPHQW

IRU�WKH�1G0Q � &R � �DOOR\�LV�RXW�RI�VFDOH

$V�ZDV�PHQWLRQHG�DERYH��ZH�H[SHFWHG�WKH�KLJK�ILHOG�PDJQHWL]DWLRQ�PHDVXUHPHQWV
SHUIRUPHG�RQ�SRZGHUHG�VDPSOHV�WR�SURYLGH�D�EDVLV�IRU�WKH�FRQVLGHUDWLRQ�RI�WKH�FRQWUL�
EXWLRQ� RI� WKH� WUDQVLWLRQ� HOHPHQWV� WR� WKH� PDJQHWLVP�� 8QIRUWXQDWHO\�� WKH� VDWXUDWLRQ
PRPHQWV�FDQQRW�EH�GHWHUPLQHG�LQ�D�GLUHFW�ZD\��EHFDXVH�KDUGO\�DQ\�VDWXUDWLRQ� LV�DS�
SURDFKHG� LQ� WKH� FRPSRXQGV� LQYHVWLJDWHG�� HYHQ� LQ� UDWKHU� KLJK� PDJQHWLF� ILHOGV�� ,Q
)LJ����� WKH� YDOXHV� RI� WKH� HIIHFWLYH� PDJQHWLF� PRPHQWV� S ��� � � DUH� FROOHFWHG�� 6LQFH
D�PRGLILHG�&XULH±:HLVV� ODZ�LV� IXOILOOHG� LQ�D� UDWKHU�QDUURZ� WHPSHUDWXUH� UDQJH� IRU�DOO
V\VWHPV� LQYHVWLJDWHG�� WKH� YDOXHV� SURYLGHG� DUH� URXJK� HVWLPDWHV� RI� WKH� HIIHFWLYH�PDJ�
QHWLF�PRPHQWV��)RU� WKH� FRPSDULVRQ��ZH� VKRXOG� UHFROOHFW� WKH� YDOXHV� RI� WKH�PDJQHWLF
PRPHQW�IRU�IUHH�LRQV��)RU�1G�WKH\�DPRXQW�WR������DQG����� � DQG�IRU�6P�WR������DQG
���� � � IRU� WKH� VDWXUDWLRQ� DQG�HIIHFWLYH�PDJQHWLF�PRPHQW�� UHVSHFWLYHO\��2QH� FDQ� VHH
WKDW�DOO�H[SHULPHQWDO�YDOXHV�DUH�KLJKHU�WKDQ�WKRVH�RI�IUHH�LRQV��7KHUHIRUH��D�FRQWULEX�
WLRQ� RI� WKH� WUDQVLWLRQ�PHWDO� VXEODWWLFHV� LV� H[SHFWHG��+RZHYHU�� DW� SUHVHQW�ZH� DUH� QRW
DEOH�WR�VD\�ZKLFK�WUDQVLWLRQ�HOHPHQW�KDV�D�PRUH�VXEVWDQWLDO�HIIHFW��7KHVH�V\VWHPV�DUH
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UDWKHU�FRPSOH[�DQG�KRSHIXOO\�D�QHXWURQ�GLIIUDFWLRQ�H[SHULPHQW�ZLOO�SURYLGH�WKH�ILQDO
H[SODQDWLRQ�RI�WKHLU�PDJQHWLF�SURSHUWLHV�

5HIHUHQFHV
>�@�6 ������� �:���>LQ�@�.�$��*VFKQHLGQHU��-U���/�(\ULQJ��(GV����+DQGERRN�RQ�WKH�3K\VLFV�DQG�&KHPLVWU\�RI

5DUH�(DUWKV��9RO������1RUWK�+ROODQG��$PVWHUGDP��������S�������&KDSWHU������
>�@�' ���������	� � �-���* � 
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