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5HFHLYHG�1RYHPEHU���������
7KH�R[LGDWLRQ�SURFHVVHV�RI�LQGLXP�DQG�JDOOLXP�PRQRWHOOXULGHV�KDYH�EHHQ�GLVFXVVHG��7KH

R[LGDWLRQ� KDV� EHHQ� HVWDEOLVKHG� WR� UHVXOW� LQ� IRUPDWLRQ� RI� DGGLWLRQDO� SKDVHV� ZLWK� KLJKHU
WHOOXULXP�FRQWHQW��QDPHO\��JDOOLXP�DQG�LQGLXP�VHVTXLWHOOXULGHV��UHVSHFWLYHO\��
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5HFHQWO\�� WKH� LQGLXP� DQG� JDOOLXP
PRQRWHOOXULGHV� KDYH� EHHQ� XVHG� LQ� VHPLFRQ�
GXFWRU�KHWHURVWUXFWXUHV�FUHDWLRQ�>����@��)XU�
WKHUPRUH�� WKHLU� IRUPDWLRQ� DW� WKH� LQWHUIDFH
LV� W\SLFDO�RI� VWUXFWXUHV�RI�$,,%9,�$,,,%9� W\SH
>����@�

7KHUPDO� R[LGDWLRQ� RI� VHPLFRQGXFWRU
FU\VWDOV�LV�RQH�RI�WKH�PRVW�RIWHQ�XVHG�PHWK�
RGV� WR�FUHDWH�KHWHURVWUXFWXUHV� IRU�GLIIHUHQW
SUDFWLFDO� DSSOLFDWLRQV��7KH� FKHPLFDO� FRPSR�
VLWLRQ� RI� VHPLFRQGXFWRU�LQWULQVLF� R[LGH� LQ�
WHUIDFH� IRU� DOO� SKDVHV� LV� D� NH\� IDFWRU� FRQ�
WUROOLQJ� SURSHUWLHV� RI� VXFK� VWUXFWXUHV�� 7KH
R[LGDWLRQ� SURFHVVHV� DUH� ZHOO� VWXGLHG� IRU
PDQ\�VHPLFRQGXFWRUV��LQ�SDUWLFXODU��IRU�HOH�
PHQWDO� RQHV�� +RZHYHU�� WKH� VWUXFWXUH� DQG
SKDVH� FRPSRVLWLRQ� RI� R[LGL]HG� OD\HUV� KDYH
QRW�EHHQ�GHVFULEHG� WR�GDWH� IRU� WHOOXULGHV�RI
�UG� *URXS� PHWDOV�� 7KH� PDLQ� GLIILFXOW\� LQ
GHVFULSWLRQ�RI�$�%�� FRPSRXQGV�R[LGDWLRQ� LV
D�SRVVLELOLW\�RI�VHYHUDO�VWDEOH�SKDVHV�LQ�FRQ�
WUDVW�� IRU� H[DPSOH�� WR� $�%�� DQG� $�%�� V\V�
WHPV��6R��WKH�*D±7H�V\VWHP�KDV�WKUHH�VWDEOH
SKDVHV��*D7H��*D�7H��DQG�*D�7H���>�@�ZKLOHWKH� ,Q±7H� V\VWHP� KDV� IRXU� RQHV� �,Q�7H��,Q7H�� ,Q�7H�� DQG� ,Q�7H��� >�@�� ,Q� FRQQHFWLRQZLWK� XQFHUWDLQW\� RI� LQWULQVLF� R[LGH� IRUPD�
WLRQ� RQ� VXUIDFHV� RI� $�%�� FRPSRXQGV�� WKLV

ZRUN�LV�GHYRWHG�WR�WKH�VWXG\�RI�SK\VLFDO�DQG
FKHPLFDO� SURFHVVHV� RI� R[\JHQ� LQWHUDFWLRQ
ZLWK� ,Q7H� DQG� *D7H� VLQJOH� FU\VWDOV� FOHDY�
DJHV��

*D7H� DQG� ,Q7H� VLQJOH� FU\VWDOV� ZHUH
JURZQ�E\�%ULGJPDQ�PHWKRG�IURP�SUHYLRXVO\
V\QWKHVL]HG�DOOR\V��7KH�WKHUPDO�R[LGDWLRQ�RI
VDPSOHV� ZDV� FDUULHG� RXW� E\� KHDW� WUHDWPHQW
LQ� DQ� HOHFWULF� IXUQDFH� LQ� DLU�� 7KH� VDPSOHV
KDYH� EHHQ� EURXJKW� LQWR� WKH� IXUQDFH� SUH�
YLRXVO\�KHDWHG� WR�WKH�VSHFLILHG� WHPSHUDWXUH
IRU�D�VSHFLILHG�WLPH�WR�JXDUDQWHH�IDVW�KHDW�
LQJ�� 'XULQJ� WKH� KHDW� WUHDWPHQW�� WKH� WHP�
SHUDWXUH�ZDV�PDLQWDLQHG� DW� DQ� DFFXUDF\� WR
ZLWKLQ� r��v�� 7KH� FDWKRGROXPLQHVFHQFH� �&/�
DQDO\VLV� DQG� RI� ;�UD\� GLIIUDFWLRQ� �;5'�
KDYH� EHHQ� FKRVHQ� WR� VWXG\� WKH� LQWULQVLF
R[LGH� OD\HU�FRPSRVLWLRQ��7KH�;5'�SDWWHUQV
ZHUH�UHFRUGHG�XVLQJ�D�'521���VSHFWURPHWHU
LQ� WKH� UDQJH�RI���Ü����ZLWK�D� VFDQ�VWHS�RI
������ XVLQJ� PRQRFKURPDWLF� UDGLDWLRQ� IURP
&X±.D�;�UD\�VRXUFH��7KH�SKDVHV�ZHUH� LGHQ�WLILHG�E\�WKHLU�LQGLYLGXDO�;5'�GDWD�>�@��7KH
&/�ZDV� H[FLWHG� DW� QLWURJHQ� WHPSHUDWXUH� E\
HOHFWURQ�SXOVHV�RI���PV�GXUDWLRQ�����+]�IUH�
TXHQF\�� D� FXUUHQW� LQ� WKH� HOHFWURQ� EHDP� RI
����P$��HOHFWURQ�HQHUJ\���NH9�DQG�HOHFWURQ
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VSRW�GLDPHWHU�RQ�WKH�VDPSOH�VXUIDFH���PP�
/XPLQHVFHQFH�VSHFWUD�LQ�WKH�UDQJH����Ü��H9
ZHUH� UHFRUGHG� XVLQJ� D� SKRWRPXOWLSOLHU
�)(8�����)(8������WKURXJK�D�'05���PRQR�
FKURPDWRU��

7KH�OXPLQHVFHQFH�VSHFWUD�RI�*D7H�VLQJOH
FU\VWDOV� KHDW� WUHDWHG� LQ� DLU� GXULQJ� �� K� DUH
VKRZQ� LQ� )LJ����� 7KH� &/� VSHFWUXP� RI� WKH
LQLWLDO� *D7H� VLQJOH� FU\VWDO� FRQVLVWV� RI� WZR
QDUURZ�EDQGV�ZKLFK�DUH�ORFDWHG�LQ�WKH�UDQJH
RI����Ü����H9��7KLV�VSHFWUXP�GLIIHUV�D�OLWWOH
IURP� SKRWROXPLQHVFHQFH� VSHFWUXP� RI� *D7H
GHVFULEHG� LQ� >�@�� EXW� WKH� ODVW� RQH�� DV� D
ZKROH�� UHSUHVHQWV� LQ� RXU� RSLQLRQ� WKH� UHDO
UHFRPELQDWLRQ� PHFKDQLVPV�� 7KH� EDQG� QHDU
����� H9� LV� FDXVHG� E\� IUHH� H[FLWRQ� UHFRPEL�
QDWLRQ�ZKLOH�WKH�ORZ�HQHUJ\�EDQG�LV�UHODWHG
REYLRXVO\�WR�UHDO�FU\VWDO�VWUXFWXUH��SUHVHQFH
RI�VWUXFWXUH�GHIHFWV�DQG�LPSXULWLHV��

7KH�KHDWLQJ�RI�*D7H�FU\VWDOV�XS�WR�����v
GRHV� QRW� HVVHQWLDOO\� DIIHFW� WKH� ORZ� HQHUJ\
&/��$�VOLJKW�GHFUHDVH�RI�LWV�LQWHQVLW\�LV�RQO\
REVHUYHG��)LJ�����LQVHUW�$���$W�WHPSHUDWXUHV

RYHU� ����v�� WKH� &/� VSHFWUD� DUH� FKDQJHG
GUDVWLFDOO\�� 7KH� ORZ�HQHUJ\� OXPLQHVFHQFH
WUDQVIRUPV� JUDGXDOO\� LQWR� D� EURDG�XQVWUXF�
WXUHG�EDQG�ZLWK�VLPXOWDQHRXV�GHFUHDVLQJ�RI
WKH� LQWHQVLW\�� 7KH� WHPSHUDWXUH� HOHYDWLRQ
IURP�����WR�����v�LV�DFFRPSDQLHG�E\�D�GH�
FUHDVH� RI� ORZ� HQHUJ\� &/� LQWHQVLW\� E\�PRUH
WKDQ�WZR�RUGHUV��$W�WKH�VDPH�WLPH��WKH�KLJK�
HQHUJ\�OXPLQHVFHQFH�W\SLFDO�RI�JDOOLXP�R[LGH
*D�2��DSSHDUV�LQ�&/�VSHFWUD��VHH�)LJ������$� VKDUS� LQFUHDVH� LQ� WKH� &/� LQWHQVLW\
W\SLFDO� RI� JDOOLXP� R[LGH� *D�2�� >�Ü��@� LVREVHUYHG� IRU� FU\VWDOV� R[LGL]HG� DW� WHPSHUD�
WXUHV� DERYH� ����v� �)LJ����� LQVHW� %��� 6RPH
GLVSODFHPHQW� RI� WKH� KLJK� HQHUJ\� &/� PD[L�
PXP�ZLWK�LQFUHDVLQJ�R[LGDWLRQ�WHPSHUDWXUH
�VHH� )LJ����� SRLQWV� RXW� WKH� UHODWLYH� LQWHQVLW\
FKDQJHV�RI�EDQGV�IRUPLQJ�WKH�KLJK�HQHUJ\�&/�

7KH�&/�VSHFWUD�RI�*D7H�FU\VWDOV�R[LGL]HG
DW� KLJK� WHPSHUDWXUHV� FRQVLVW� DOVR� RI� WKH
EDQG�DW�����H9��EHVLGH�LQKHUHQW�E�*D�2��OX�PLQHVFHQFH��� 7KH� UHODWLYH� LQWHQVLW\� RI� WKLV
EDQG� GHFUHDVHV� ZLWK� LQFUHDVLQJ� R[LGDWLRQ
WHPSHUDWXUH��VHH�)LJ������,WV�QDWXUH�UHTXLUHV
D� IXUWKHU� LQYHVWLJDWLRQ�� +RZHYHU�� ZH� FDQ
FRPH� RXW� ZLWK� D� VXJJHVWLRQ� EDVHG� RQ� RXU
SUHYLRXV� UHVXOWV� RQ�*D6H� FU\VWDO� R[LGDWLRQ
>��@��7KHUH�ZDV�DOVR�DQ�DGGLWLRQDO�EDQG�QHDU
���� H9�DQG� LW�ZDV� FRQQHFWHG�ZLWK� VHOHQLXP
DWRPV�RFFXS\LQJ�R[\JHQ�YDFDQFLHV�LQ�*D�2�ODWWLFH��7KH�R[LGL]HG�*D6�FU\VWDOV�DOVR�VKRZ
DQ�DGGLWLRQDO�&/�EDQG�QHDU�����H9�� ,Q� WKLV
FRQQHFWLRQ�� ZH� FRXOG� QRW� H[FOXGH� D� VLPLODU
VXEVWLWXWLRQ�RI�R[\JHQ�YDFDQFLHV�E\�WHOOXULXP
DWRPV��FDXVLQJ�&/�HPLVVLRQ�QHDU�����H9�

$Q\�&/� HPLVVLRQ� RI� ,Q7H� VLQJOH� FU\VWDOV
KDV�QRW�EHHQ�REVHUYHG�LQ�WKH�UDQJH�RI����Ü��H9
HYHQ�DIWHU�WKH�R[LGDWLRQ�DW�WHPSHUDWXUHV�XS
WR�����v��7KH�&/�DSSHDUV�RQO\�DIWHU�WKH�KHDW
WUHDWPHQW�DW�KLJKHU�WHPSHUDWXUHV��)LJ������7KH
VSHFWUDO�GLVWULEXWLRQ�RI�VXFK�OXPLQHVFHQFH�FRU�
UHVSRQGV� WR� ,Q�2�� >�����@�� 7KLV� PHDQV� DQR[LGH�OD\HU�IRUPDWLRQ��1RWH�WKDW�WKH�HQHUJ\
JDS� RI� ,Q7H� LV� a���� H9� >��@�� VR�ZH� GLG� QRW
GHWHFW� OXPLQHVFHQFH� IURP� WKH� VXEVWUDWH�

)LJ����� &/� VSHFWUD� RI� *D7H� VLQJOH� FU\VWDOV
WKHUPDOO\� R[LGL]HG� GXULQJ� �� K�� 7HPSHUDWXUH
GHSHQGHQFH�RI�����H9��LQVHW�$��DQG�����H9�&/
EDQG�LQWHQVLW\��LQVHW�%��

)LJ�����&/�VSHFWUD�RI� ,Q7H�VLQJOH�FU\VWDOV�WKHU�
PDOO\�R[LGL]HG�GXULQJ��K����Û�����v����Û�����v�
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7KXV�� &/� LQYHVWLJDWLRQV� VKRZ� WKH� WHPSHUD�
WXUH� GHYHORSPHQW� RI� LQGLXP� DQG� JDOOLXP
PRQRWHOOXULGHV�R[LGDWLRQ�SURFHVVHV�

7KH�;5'�SDWWHUQV�RI�R[LGL]HG�*D7H�DQG
,Q7H� FU\VWDOV� DUH� VKRZQ� LQ� )LJ����� )RU� WKH
VDPSOH�KHDW�WUHDWHG�DW�����v��RQO\�WUDFHV�RI
*D�7H��DUH�REVHUYHG�EHVLGHV�UHIOH[HV�RI�WKHLQLWLDO� FRPSRXQG��$W� WKH� VDPH�WLPH�� LQ� WKH
SDWWHUQ�RI�VDPSOH�R[LGL]HG�DW�����v��UHIOHF�
WLRQV� IURP� WKH� VXEVWUDWH� DUH� DOPRVW� DEVHQW
DQG� GLIIUDFWLRQ� SDWWHUQ� FRUUHVSRQGV� WR� WKH
VXSHUSRVLWLRQ�RI�*D�7H�� DQG�*D�2��SKDVHV�)RU� ,Q7H�� R[LGDWLRQ� DW� WHPSHUDWXUHV� XS� WR
����v� GRHV� QRW� FKDQJH� WKH� GLIIUDFWLRQ� SDW�
WHUQ�� ZKLFK� LV� FKDUDFWHUL]HG� E\� LQGLXP
PRQRWHOOXULGH� SHDNV� RQO\�� 7KH� ;5'� VSHF�
WUXP� RI� WKH� VDPSOH� R[LGL]HG� DW� ����v� LV

PRUH�FRPSOLFDWHG��7KHUH�DUH�UHIOHFWLRQV�IURP
WZR� FXELF� SKDVHV� ,Q�7H�� DQG� ,Q�2��� 1HLWKHUWUDFHV� RI� SXUH� 7H�� QRU� LWV� R[LGH� 7H2�� KDYHEHHQ� GHWHFWHG� RQ� ;5'� SDWWHUQV� RI� R[LGL]HG
*D7H�DQG�,Q7H�FU\VWDOV��,W�LV�VLJQLILFDQW�WKDW
IRUPDWLRQ�RI�$�,,,%�9,�FRPSRXQGV�RQ� LQWHUIDFH
LV� W\SLFDO� RI�$,,%9,�$,,,%9�FRPSRXQGV��HSL�
WD[LDO� JURZWK� RI� FRUUHVSRQGLQJ� &G� DQG� =Q
FKDOFRJHQLGHV� RQ� WKH� VXEVWUDWHV� RI� WKH� LQ�
GLXP� DQG� JDOOLXP� DUVHQLGHV� DQG� DQWL�
PRQLGHV� >����@��� 7KLV� LV� MXVWLILHG� QRW� RQO\
WKHUPRG\QDPLFDOO\� EXW� DOVR� E\� KLJKHU
�FXELF�� V\PPHWU\� RI� DOO� ORZ� WHPSHUDWXUH
PRGLILFDWLRQV�RI� WKH� VHVTXLWHOOXULGHV�RI��UG
*URXS�PHWDOV�

)LJ�����;5'�RI�WKHUPDOO\�R[LGL]HG�GXULQJ���K�DW�����R&��D�������R&��E��*D�H�DQG�����R&��F��������R&��G�
,Q�H�VLQJOH�FU\VWDOV�;5'�RI�*D7H�DQG�,Q7H�VLQJOH�FU\VWDOV�WKHUPDOO\�R[LGL]HG�GXULQJ���K�
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7KXV�� WKH� ;5'� LQYHVWLJDWLRQV� RI� R[L�
GL]HG� ,Q7H� DQG�*D7H� FU\VWDOV� VXSSO\� LQIRU�
PDWLRQ�DGGLWLRQDO�WR�&/�UHVXOWV��7KH�SKDVHV
ZLWK� KLJKHU� 7H� FRQWHQWV� Û� ,Q�7H�� DQG*D�7H��� UHVSHFWLYHO\�� ZHUH� UHYHDOHG� E\;5'�� VLQFH� WKHLU� OXPLQHVFHQFH� SURSHUWLHV
GXH� WR�QDUURZ�EDQG�JDSV� �a�� H9� IRU� ,Q�7H�DQG� ����� H9� IRU� *D�7H�� >�����@�� GR� QRWPDWFK�WR�WKH�LQYHVWLJDWHG�VSHFWUDO�UDQJH�

7R� DQDO\]H� WKH� H[SHULPHQWDO� LQYHVWLJD�
WLRQV� UHVXOWV� RI� WKH� SKDVH� WUDQVIRUPDWLRQ
FRQVHTXHQFH�GXULQJ�LQGLXP�DQG�JDOOLXP�WHO�
OXULGHV� R[LGDWLRQ�� ZH� KDYH� FRQVLGHUHG� WHP�
SHUDWXUH� GHSHQGHQFHV� RI� HTXLOLEULXP� FRQ�
VWDQWV� IRU� SRVVLEOH� UHDFWLRQV� DQG� KDYH� FRQ�
VWUXFWHG�WKH�SKDVH�HTXLOLEULXP�GLDJUDPV��

�&RQVLGHUDWLRQ�RI�SRVVLEOH�R[LGDWLRQ�UHDF�
WLRQV�IRU�ELQDU\�FRPSRXQGV�LV�FRQYHQLHQW�WR
SHUIRUP� XVLQJ� SKDVH� GLDJUDP� PHWKRG� >���
������@�� 7R� WKDW� DLP�� LQWHUDFWLRQ� EHWZHHQ
FRQGHQVHG� SKDVHV� LQ� QRUPDO� FRQGLWLRQV� LV
FRQVLGHUHG�� 7KH� GLDJUDP� FRQWDLQV� RQO\
VWUDLJKW� OLQHV� MRLQLQJ� SKDVH� SDLUV� DQG� H[�
SUHVVLQJ� WKH� WKHUPRG\QDPLF� HTXLOLEULXP
VWDWH� EHWZHHQ� WKHP�� 7KH� OLQH� MRLQLQJ� WKH
UHDFWLRQ�SURGXFWV�ZLWK�'*U�������IRU�DOO�SRV�
VLEOH� LQWHUVHFWLRQV� ZLWK� RWKHU� OLQHV�� LV� FRQ�
VLGHUHG� WR� EH� VWDEOH��7KH�*LEEV� IUHH�HQHUJ\
YDULDWLRQ� RI� WKH� FKHPLFDO� UHDFWLRQ� '*U�� LV
GHWHUPLQHG�IRU�LQWHUVHFWLRQV�SRLQWV�DV�

'*U��UHDFWLRQ�� 
 �¦'*I��SURGXFWV����¦'*I��UHDFWDQWV��

���

7KH� QRUPDO� *LEEV� IUHH� HQHUJ\�'*U�� LV� GH�
WHUPLQHG� XVLQJ� QRUPDO� HQWKDOS\� '+I�� RI
FKHPLFDO� UHDFWLRQV� IRU� 7� ����� .� DQG� ¯� 
����3È��
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ZKHUH�'+���� � LV� WKH�IRUPDWLRQ�HQWKDOS\�LQ�QRU�
PDO�FRQGLWLRQV��&S�7���KHDW�FDSDFLW\�DW�FRQVWDQW
SUHVVXUH��'6�� �6��SURGXFWV��Ü�¦� 6��UHDFWDQWV��
WKH� HQWURS\� H[FHVV�� 7KH� OLWHUDWXUH� GDWD
DERXW�WKH�H[LVWHQFH�RI�WHUQDU\�R[LGHV�LQ�WKLV
V\VWHP� DUH� DEVHQW�� WKHUHIRUH�� ZH� KDYH� QRW
LQFOXGHG� WKHP� LQ� WKH� GLDJUDP�� )RU� RWKHU
FRPSRXQGV�� WKHUPRG\QDPLFDO� GDWD� FDQ� EH
IRXQG�LQ�>��Ü��@�

$W� ILUVW�� ZH� WHVWHG� WKH� VWDELOLW\� RI� WKH
OLQHV�RXWJRLQJ�IURP�WKH�PHWDO�FRUQHU�RI�WKH
,Q±7H±2� GLDJUDP� �UHDFWLRQV� ��� �� LQ� WKH
7DEOH��� ,W� LV� VHHQ� WKDW� WKH� VWDEOH� OLQHV� DUH
,Q�2�±,Q�7H�� DQG� ,Q�2�±7H�� 7KH� ODVW� OLQH� LVDOVR� VWDEOH�IRU� ,Q�7H��DQG� ,Q�7H��ZLWK�7H2�SKDVH�UHDFWLRQV��UHDFWLRQV������LQ�WKH�7DEOH��
7KH� OLQHV� ,Q�2�±,Q7H�� ,Q�2�±,Q�7H�� DQG,Q�2�±,Q�7H�� DUH� VWDEOH�EHFDXVH�RI�EHLQJ� OR�FDWHG� EHWZHHQ� WKH� ,Q�2�±,Q�7H�� DQG� ,Q�2�±7H� VWDEOH� OLQHV�� 6LPLODU� VWHSV� FDQ� EH� PDGH
IRU� WKH� *D±7H±2� V\VWHP�� +HUH�� WKH� VWDEOH
OLQHV� DUH�*D�2�±*D7H� DQG�*D�2�±7H� �UHDF�WLRQV������LQ�WKH�7DEOH���7KH�ODVW�OLQH�LV�DOVR
VWDEOH� IRU� UHDFWLRQV� RI� DOO� VHPLFRQGXFWRU
SKDVHV� ZLWK� 7H2�� �UHDFWLRQV� ��� �� LQ� WKH7DEOH���7KH�OLQHV�*D�2�±*D�7H��DQG�*D�2�±*D�7H�� DUH� VWDEOH� EHFDXVH� RI� EHLQJ� ORFDWHGEHWZHHQ�WKH�*D�2�±*D7H�DQG�*D�2�±7H�VWD�EOH� OLQHV�� 7KH� ILQDO� *D±7H±2� DQG� ,Q±7H±2
SKDVH�GLDJUDPV�DUH�VKRZQ�LQ�)LJ�����D��

�:H� KDYH� XVHG� *LEEV� IUHH� HQHUJ\� GDWD
IRU� FRUUHVSRQGLQJ� FRPSRXQGV� DQG� H[SUHV�
VLRQV� ����� ���� WR� FDOFXODWH� WKH� WHPSHUDWXUH
GHSHQGHQFHV� RI� HTXLOLEULXP� FRQVWDQWV�� 7KH
HTXDWLRQV� RI� R[LGDWLRQ� UHDFWLRQV� KDYH� EHHQ

7DEOH��&DOFXODWHG�WLH�OLQHV�LQ�,Q±7H±2�DQG�*D±7H±2�V\VWHPV
1R� 5HDFWLRQ�HTXDWLRQ '*U���N-�PROÜ�
� �,Q����7H2��o���,Q�2����,Q�7H� Ü������
� �,Q����7H2��o���,Q�2�����7H Ü������
� ,Q�7H�����7H2��o���,Q�2�����7H Ü������
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REWDLQHG�IURP�WKH�LQWHUVHFWLRQ�RI�FRPSRXQG
Û�R[\JHQ�OLQH�ZLWK�VWDEOH�OLQHV�RI�WKH�SKDVH
HTXLOLEULXP� GLDJUDPV� �VHH� )LJ����� D��� :H
RPLWWHG� RQO\� WKH� UHDFWLRQV�ZLWK� ,Q�7H�� DQG*D�7H�� DV� SURGXFWV�� EHFDXVH� WKHUH� VKRXOGQRW� EH� VXFK� D� DPRXQW� RI� IUHH� WHOOXULXP� LQ
WKH� LQWULQVLF�R[LGH�ILOP��:H�DOVR�DGPLW�WKDW
WKHUPRG\QDPLFDOO\� SRVVLEOH� UHDFWLRQV� ZLWK
HTXLOLEULXP�FRQVWDQW�KLJKHU�WKDQ���ZHUH�FRQ�
VLGHUHG��

:H� KDYH� GHWHUPLQHG� HTXLOLEULXP� FRQ�
VWDQWV�IRU�FRUUHVSRQGLQJ�UHDFWLRQV�XVLQJ�WKH
*LEEV� IUHH� HQHUJ\� ���� DQG� WKH� 9DQ�W�*RII
LVRWKHUP�HTXDWLRQ���

.S�7�� �H[S��
'*7�
57 �� ���

7KH� FDOFXODWLRQ� UHVXOWV� RI� WKH� WHPSHUD�
WXUH�GHSHQGHQFHV�RI�WKH�R[LGDWLRQ�UHDFWLRQV
RI� WKH� HTXLOLEULXP�FRQVWDQWV� IRU� FRQVLGHUHG
FRPSRXQGV� DUH� FRPSDUHG� LQ� )LJ����� E�� 7KH
UHDFWLRQV� �� DQG� �� DUH� WKHUPRG\QDPLFDOO\
PRUH� HIILFLHQW� IRU� ,Q7H� DQG� *D7H� FRP�

SRXQGV��0RUHRYHU��WKH�HTXLOLEULXP�FRQVWDQW
IRU� UHDFWLRQ� �� LV� VLJQLILFDQWO\� KLJKHU� WKDQ
IRU� UHDFWLRQ� �� ZLWKLQ� WKH� ZKROH� R[LGDWLRQ
WHPSHUDWXUH�UDQJH�IRU�WKHVH�FRPSRXQGV��VHH
)LJ�����E���7KHUHIRUH��WKH�UHDFWLRQ�ZLWK�JDO�
OLXP�R[LGH�IRUPDWLRQ�DQG�HOHPHQWDU\�7H�H[�
WUDFWLRQ� LV�GRPLQDQW��$W�ILUVW�VLJKW��VXFK�D
UHVXOW�LV�LQ�FRQWUDGLFWLRQ�ZLWK�H[SHULPHQWDO
GDWD�� +RZHYHU�� LW� PXVW� EH� WDNHQ� LQWR� DF�
FRXQW� WKDW� WKH� FDOFXODWLRQV� RI� HTXLOLEULXP
FRQVWDQWV� KDYH� EHHQ� SHUIRUPHG� IRU� HTXLOLE�
ULXP�FRQGLWLRQV��%XW�LQ�RXU�FDVH��WKH�GLIIX�
VLRQ� SURFHVVHV� VXFK� DV� R[\JHQ� GLIIXVLRQ
WKURXJK� WKH� VXUIDFH� LQVLGH� D� FU\VWDO� LQIOX�
HQFH� VLJQLILFDQWO\� WKH� R[LGDWLRQ� UHDFWLRQV�
7KH� HVWLPDWLRQ� RI� R[\JHQ� GLIIXVLRQ� FRHIIL�
FLHQW�LQ� ,Q�2��FU\VWDOV�>��@�VKRZV�WKDW�HYHQDW� ����v� �VLJQLILFDQWO\� KLJKHU� WKDQ� RXU
FU\VWDO� R[LGDWLRQ� WHPSHUDWXUHV��� WKH� WLPH
QHHGHG�IRU�UHODWLYH�R[\JHQ�FRQFHQWUDWLRQ�WR
UHDFK� ����� LQ� D� GHSWK� RI� �� PP� IURP� WKH
VXUIDFH�� LV� RYHU� ��� K� DQG� GLIIXVLRQ� WLPH
QHDUO\� WHQV� RI� PLQ� GHPDQGV� PXFK� PRUH

)LJ�����3KDVH�HTXLOLEULXP�GLDJUDPV�RI�*D±7H±2�DQG� ,Q±7H±2�V\VWHPV��È��DQG�WHPSHUDWXUH�GHSHQG�
HQFHV�RI�HTXLOLEULXP�FRQVWDQWV�RI�JDOOLXP�DQG�LQGLXP�PRQRWHOOXULGHV�R[LGDWLRQ�UHDFWLRQV� �E�����Û
0H7H������2�� �����0H�7H�������0H�2�����Û�0H7H������2�� �����0H�2����7H�
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KLJKHU� WHPSHUDWXUHV� �!������v���7KHUHIRUH�
DQ�REYLRXV� ODFN�RI�R[\JHQ�H[LVWV� LQVLGH�WKH
FU\VWDO�WKDW�MXVWLILHV�UHDFWLRQ����SHU���PROH
RI� LQLWLDO� FRPSRXQG� IRU� UHDFWLRQ� ��� WKUHH
WLPHV�OHVV�RI�R[\JHQ�LV�QHHGHG�WKDQ�WKDW�IRU
UHDFWLRQ�����

7KXV�� FRPSDULQJ� WKH� H[SHULPHQWDO� UH�
VXOWV� DQG� WKHUPRG\QDPLF�GHVFULSWLRQ� RI� LQ�
GLXP�DQG�JDOOLXP�WHOOXULGHV�R[LGDWLRQ�SURF�
HVVHV�� WKH� IROORZLQJ� FRQFOXVLRQV� FDQ� EH
PDGH��:H� KDYH� HVWDEOLVKHG� WKDW� WKH� R[LGD�
WLRQ� RI� ,Q7H� DQG�*D7H� VLQJOH� FU\VWDOV� VXU�
IDFHV�LQYROYHV�WKH�IRUPDWLRQ�RI�SKDVHV�ZLWK
D� KLJKHU� WHOOXULXP� FRQWHQW� �,Q�7H�� DQG*D�7H���� LQ� VSLWH� RI� WKDW� FRUUHVSRQGLQJ� UH�DFWLRQV�DUH�OHVV�IDYRUDEOH�WKDQ�UHDFWLRQ�ZLWK
PHWDO�R[LGH�DQG�WHOOXULXP�DV�SURGXFWV��2[L�
GDWLRQ� SURFHVVHV� FRUUHODWH� ZHOO� ZLWK� WKHU�
PRG\QDPLFDO�DQDO\VHV�RQO\�LI�GLIIXVLRQ�IHD�
WXUHV� LQ� WKRVH� FU\VWDOV� DUH� WDNHQ� LQWR� DF�
FRXQW����
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