
)RUPDWLRQ�RI�/D�FRQWDLQLQJ�PLFURFU\VWDOVLQ�.&O DQG�1D&O PDWULFHV
7�'HPNLY��9�9LVWRYVN\\��3�6DYFK\Q��*�6WU\JDQ\XN�$�9RORVKLQRYVNLL��/�'HPNLY

,�)UDQNR�/YLY�1DWLRQDO�8QLYHUVLW\�
��.\U\OD�DQG�0HIRGL\D�6W���������/YLY��8NUDLQH,QVWLWXWH�IRU�6FLQWLOODWLRQ�0DWHULDOV��67&��,QVWXWLWH�IRU�6LQJOH�&U\VWDOV��

1DWLRQDO�$FDGHP\�RI�6FLHQFHV�RI�8NUDLQH��
���/HQLQ�$YH���������.KDUNLY��8NUDLQH,�)UDQNR�/YLY�1DWLRQDO�8QLYHUVLW\�����'UDJRPDQRY�6W��

������/YLY��8NUDLQH

5HFHLYHG�)HEUXDU\��������
7KH�PHFKDQLVP�RI�WKH�.�/D&O��DQG�/D&O��DJJUHJDWH�IRUPDWLRQ�LQ�.&O�DQG�1D&O�PDWULFHVDV� D� UHVXOW� RI� ORQJ�WHUP� DQQHDOLQJ� LV� GLVFXVVHG�� 7KHUPRG\QDPLF� DQDO\VLV� RI� IRUPDWLRQ

FRQGLWLRQV� RI� VXFK� DJJUHJDWHV� KDV� EHHQ� SHUIRUPHG�� 7KH� LQIOXHQFH� RI� GLIIXVLRQ� SURFHVVHV
DQG�WKH�HODVWLF�GHIRUPDWLRQ�RI�DJJUHJDWHV�E\�WKH�PDWUL[�DUH�FRQVLGHUHG��,W�KDV�EHHQ�VKRZQ
WKDW�&H�DQG�3U�DV�DFWLYDWRU�LRQV�SHQHWUDWH�HIILFLHQWO\�LQWR�DJJUHJDWHV��
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7KH� IRUPDWLRQ� RI� �FU\VWDO� LQ� FU\VWDO�
W\SH� FRPSRVLWHV� LV� D� SURPLVLQJ� ZD\� WR� RE�
WDLQ� HIILFLHQW� PDWHULDOV� IRU� GLIIHUHQW� IXQF�
WLRQDO�XVHV�>����@��LQ�SDUWLFXODU��IDVW�VFLQWLO�
ODWRUV��.�/D&O��&H�DQG�/D&O��&H�VLQJOH�FU\V�WDOV�DUH�ZHOO�NQRZQ�DV�HIILFLHQW�VFLQWLOODWLRQ
PDWHULDOV�LQ�WKH�ZLGH�VSHFWUDO�UDQJH��J�UD\V�
;�UD\V�� 989�� ZLWK� KLJK� OLJKW� \LHOG�� IDVW
UHVSRQVH� DQG� KLJK� HQHUJ\� UHVROXWLRQ� >����@�
+RZHYHU��WKRVH�DUH�XQVWDEOH�DW�QRUPDO�FRQ�
GLWLRQV�GXH� WR�K\JURVFRSLFLW\�DQG�R[LGDWLRQ
LQ� DLU�� 7KHUHIRUH�� WKH� LQFRUSRUDWLQJ� RI
.�/D&O�� DQG� /D&O�� FU\VWDOV� DFWLYDWHG� ZLWKFHULXP� RU� SUDVHRG\PLXP� LRQV� LQWR� D
ZHDWKHU�UHVLVWDQW�LQVXODWRU�KRVW�LV�RI�D�VSH�
FLDO� LQWHUHVW�� ,Q� RUGHU� WR� HOXFLGDWH� WKH
PHFKDQLVP�RI�.�/D&O�� DQG�/D&O�� SKDVH� IRU�

PDWLRQ� GXULQJ� ORQJ�WHUP� DQQHDOLQJ�� WKH
WKHUPRG\QDPLF� DQDO\VLV� RI� WKH� DJJUHJDWH
IRUPDWLRQ�FRQGLWLRQV�KDV�EHHQ�SHUIRUPHG�

7KH�EXON� FU\VWDOV� RI�.&O±/D&O����PRO���Ü&H&O������� PRO����� .&O±/D&O����PRO���Ü
3U&O�������PRO�����DQG�1D&O±/D&O����PRO���Ü&H&O�������PRO���� FRPSRVLWLRQ�ZHUH�JURZQ
LQ� TXDUW]� DPSRXOHV� E\� D� PRGLILHG� %ULGJ�
PDQ�6WRFNEDUJHU�WHFKQLTXH�XVLQJ�SUHYLRXVO\
SXULILHG� VDOWV�� 7KH� REWDLQHG� FU\VWDOV� ZHUH
VXEMHFWHG�WR� ORQJ�WHUP������K��DQQHDOLQJ�DW
DERXW� ���� .�� $V� D� UHVXOW� RI� VXFK� D� WUHDW�
PHQW��.�/D&O��RU�/D&O��DJJUHJDWHV�DFWLYDWHGZLWK�&H��� RU�3U��� LRQV�ZHUH� IRUPHG� LQ�.&O
DQG�1D&O�KRVWV��UHVSHFWLYHO\�

7KH� FU\VWDO� PLFURVWUXFWXUH� ZDV� VWXGLHG
XVLQJ� D� VFDQQLQJ� HOHFWURQ�PLFURVFRSH� �6(0
-(2/� -60�7���$���7KH� HOHPHQWDO� FRPSRVL�

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�67&��,QVWLWXWH�IRU�6LQJOH�&U\VWDOV�

)XQFWLRQDO�PDWHULDOV������������� ���



WLRQ�RI�WKH�VDPSOHV�SUHSDUHG�E\�FOHDYLQJ�LQ
GU\� DWPRVSKHUH� ZDV� VWXGLHG� XVLQJ� ;�UD\
DQDO\]HU� �GLVSHUVLRQ� 6L� �/L�� GHWHFWRU��� 0L�
FURJUDSKV� ZHUH� REWDLQHG� XVLQJ� VHFRQGDU\
HOHFWURQ� DQG� FDWKRGROXPLQHVFHQFH� UHJLVWUD�
WLRQ�PRGHV��

,W� LV�ZHOO�NQRZQ� WKDW� WZR� VWDEOH� WHUQDU\
FRPSRXQGV� FRXOG� H[LVW�� .�/D&O�� �P�S�
����&�� DQG� .�/D�&O��� LQ� .&O±/D&O�� V\VWHP>�@��,Q�RXU�FDVH��KRZHYHU��WKH�/D&O��FRQFHQ�WUDWLRQ� LQ� D� FU\VWDO� LV� ORZ� ����PRO������ VR
RQO\� IRUPDWLRQ� RI� WKH� .�/D&O�� FU\VWDOOLQHSKDVH� LQ� .&O� PDWUL[� LV� SRVVLEOH�� 7KH� ORQJ�
WHUP� DQQHDOLQJ� UHVXOWV� LQ� IRUPDWLRQ� RI
.�/D&O��PLFURFU\VWDOV� LQ� WKH�YROXPH�RI�.&OPDWUL[�� 7KLV� IDFW� LV� FRQILUPHG� E\� WKH� PL�
FURJUDSK� RI� D� .&O±/D&O����PRO����� VDPSOH
IUHVKO\�FOHDYHG�VXUIDFH� �)LJ������'DUN�VSRWV
RI���Ü���PP�VL]H� ORFDWHG�DW�D� OLJKWHU�EDFN�
JURXQG�DUH�FOHDUO\�VHHQ��7KH�;�UD\�DQDO\VLV
UHVXOWV� LQGLFDWH� WKDW� WKH�PDVV� UDWLR� RI� HOH�
PHQWV� LQ� WKH� GDUN� VSRWV� FRUUHVSRQGV� WR
.�/D&O�� ZKLOH� WKDW� LQ� WKH� OLJKWHU� EDFN�JURXQG�� WR�.&O�� $W� WKH� VDPH� WLPH�� QR� ODQ�
WKDQXP� LRQV� KDYH� EHHQ� UHYHDOHG� RXWVLGH� RI
GDUN�VSRWV��

7R� MXVWLI\� WKH� REWDLQHG� H[SHULPHQWDO� UH�
VXOWV� RQ� WKH�.�/D&O�� FU\VWDOOLQH�PLFURSKDVHIRUPDWLRQ�ZLWKLQ�WKH�.&O�PDWUL[��WKHUPRG\�
QDPLF�DQDO\VLV�KDV�EHHQ�SHUIRUPHG��:H�DQD�
O\]HG�WKH�WHPSHUDWXUH�EHKDYLRU�RI�WKH�HTXL�
OLEULXP�FRQVWDQW�IRU�WKH�UHDFWLRQ�RI�.�/D&O�IRUPDWLRQ� IURP� WKH� FRUUHVSRQGLQJ� FRPSR�
QHQWV�

�.&O���/D&O��o�.�/D&O�� ���
7KH� UHVXOWDQW� FKDQJHV� RI� VWDQGDUG� HQ�

WKDOS\��'+U���DQG�HQWURS\��'6U���RI�WKLV�FRP�
SRXQG� IRUPDWLRQ� ZHUH� WDNHQ� IURP� >�@�
ZKHUH�DXWKRUV�KDG�VWXGLHG�WKH�IRUPDWLRQ�RI

.�/D&O�� FRPSRXQG�� DQDO\VLQJ� WKH� IROORZLQJUHDFWLRQV�� � � ���.&O���/D&O�� �� .���/D&O���DQG� ���.&O���.���/D&O���� �� .�/D&O��� 7KRVH�'+U��� DQG� �'6U��� YDOXHV� DPRXQW� Ü
����� N-�PRO� DQG� ���� -��PRO�.��� UHVSHF�
WLYHO\�� DW� 7� �����.� DQG� ¯� ����� 3D�� 7KH
*LEEV� HQHUJ\� IRU� WKH� UHDFWLRQ� ���� FDQ� EH� H[�
SUHVVHG� LQ� WHUPV� RI� �'+U��� DQG� �'6U��� XVLQJ
*LEEV�+HOPKROW]�HTXDWLRQ��'*7�� �'+U����7'6U��
)LQDOO\�� WKH� HTXLOLEULXP� FRQVWDQW� YDOXHV
KDYH�EHHQ�FDOFXODWHG�XVLQJ�>�@�
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$V� LV� VHHQ� IURP� )LJ���� WKH�.S� YDOXH� LQ�FUHDVHV� ZLWK� WHPSHUDWXUH� ORZHULQJ�� 7KLV
PHDQV� WKDW� WKH� .�/D&O�� IRUPDWLRQ� LQ� .&O±/D&O�� TXDVLELQDU\� V\VWHP� LV� HQHUJHWLFDOO\PRUH� IDYRUDEOH� SURFHVV� DW� ORZHU� WHPSHUD�
WXUHV�� $W� WKH� VDPH� WLPH�� ZKHQ� WKH� /D&O�FRQFHQWUDWLRQ� LQ�.&O±/D&O�� V\VWHP�GRHV�QRWH[FHHG�VHYHUDO�PRO�����WKH�GLIIXVLRQ�RI�FRU�
UHVSRQGLQJ�FRPSRQHQWV�LV�D�QHFHVVDU\�IDFWRU
IRU�WKH�.�/D&O��IRUPDWLRQ�LQ�.&O�PDWUL[��,WLV�ZHOO�NQRZQ�WKDW�GLIIXVLRQ�RFFXUV�YLD�UDQ�
GRP� KRSSLQJV� RI� DWRPV� EHWZHHQ� WKH� VWDWHV
FRUUHVSRQGLQJ�WR�WKH�PLQLPD�RI�WKHLU�SRWHQ�
WLDO�HQHUJ\��IRU�H[DPSOH��LQ�VLWHV�DQG�LQWHU�
VWLWLDOV��7KH�WHPSHUDWXUH�GHSHQGHQFH�RI�GLI�
IXVLRQ� FRHIILFLHQW� LV� GHILQHG� E\� $UUKHQLXV
HTXDWLRQ�>�@�

'� �'�H[S��('�e�N�7�� ���
ZKHUH�'�� FKDUDFWHUL]HV� WKH� IOXFWXDWLRQ� QD�WXUH� RI� D�SDUWLFOH�KRSSLQJV��('� LV� WKH�DFWL�YDWLRQ�HQHUJ\�RI�D�GLIIXVLRQ�SURFHVV��7KHUH�
IRUH�� LQ� RUGHU� WR� HQVXUH� WKH�.�/D&O�� DJJUH�JDWH� IRUPDWLRQ�� WKH� DFWLYDWLRQ� RI� GLIIXVLRQ
SURFHVV�� WKDW� LV�� WKH� FHUWDLQ� WHPSHUDWXUH�
VKRXOG�EH�SURYLGHG��

$W�WKH�VDPH�WLPH��WKHUH�LV�RQH�PRUH�IDF�
WRU� WKDW� LQIOXHQFHV� VLJQLILFDQWO\� WKH� IRUPD�

)LJ����� 0LFURJUDSK� RI� .&O±/D&O���� PRO�� ��
IUHVKO\�FOHDYHG�VXUIDFH�

)LJ����� 7HPSHUDWXUH� GHSHQGHQFH� RI� WKH� HTXL�
OLEULXP� FRQVWDQW� .S� IRU� WKH� UHDFWLRQ� RI.�/D&O��IRUPDWLRQ�

7�'HPNLY�HW�DO����)RUPDWLRQ�RI�/D�FRQWDLQLQJ���

��� )XQFWLRQDO�PDWHULDOV�������������



WLRQ�RI�DJJUHJDWHV� LQ� WKH�PDWUL[��6LQFH� WKH
SDUDPHWHUV� RI� .�/D&O�� DQG� .&O� FU\VWDOOLQHVWUXFWXUHV� DUH� PLVPDWFKHG�� WKH� FU\VWDO� UH�
JLRQ� ZKHUH� WKH� IRUPDWLRQ� RI� DQ� DJJUHJDWH
RFFXUV� LV� VWUDLQHG��7KH�HQHUJ\�RI�DQ�DJJUH�
JDWH� HODVWLF� VWUDLQ� GHSHQGV� RQ� LWV� VL]H� DQG
UHVXOWV�LQ�DQ�LQFUHDVHG�SRWHQWLDO�ZHOO�HQHUJ\
DQG� WKXV� WR� VORZHG� GLIIXVLRQ� KRSSLQJV� RI
DWRPV�WR�WKH�DJJUHJDWH�IRUPDWLRQ�UHJLRQ��$V
D�UHVXOW��WKH�DJJUHJDWH�VL]H�LV�FRQILQHG�

7KH�.�/D&O��IRUPDWLRQ�UHDFWLRQ�LQ�D�TXD�VLELQDU\��.&O�[�/D&O���±o�V\VWHP�LV�GHILQHG�DV�
.&O[�/D&O����[�o

o������[�.�/D&O������[�����.&O�
���

,W�LV�ZRUWK�QRWLQJ�WKDW�����LV�YDOLG�DW�[� 
�����WR���DQG�WKH�.�/D&O��IRUPDWLRQ�LV�SRV�VLEOH� RQO\� LQ� WKH� FRPSRVLWLRQ� UDQJH� FRUUH�
VSRQGLQJ�WR�WKH�UHJLRQ�RI�WHUQDU\�FRPSRXQG
H[LVWHQFH�RQ�WKH�SKDVH�GLDJUDP�>�@�

7KH� IUHH� HQHUJ\� FKDQJH� RI� WKH� V\VWHP
ZKHUH� .�/D&O�� DJJUHJDWHV� DUH� IRUPHG�� DF�FRUGLQJO\�WR������LV�H[SUHVVHG�DV�

')� �³�®̄>�����[��+.�/D&O����76.�/D&O�
� ���

����[������+.&O���76.&O� �@��
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ZKHUH� WKH� ILUVW� WHUP� GHILQHV� WKH� HQHUJ\� RI
.�/D&O�� SKDVH� IRUPDWLRQ� DQG� WKH� VHFRQGRQH��(HO�GHI��WKH�HQHUJ\�RI�DQ�DJJUHJDWH�HODV�WLF�VWUDLQ�GXH�WR�WKH�PDWUL[��7KH�IRUPDWLRQ
RI� DJJUHJDWHV� LV� SRVVLEOH� DW� ')��� >�@�� 7KH
JURZWK�RI�DQ�DJJUHJDWH�LV�VWRSSHG�ZKHQ�WKH
HODVWLF�VWUDLQ�HQHUJ\�(HO�GHI�FRPSHQVDWHV�WKHFRPSRXQG�IRUPDWLRQ�HQHUJ\��

7KH� GLIIXVLRQ� WUDQVIHU� RI� WKH� .�/D&O�FRPSRQHQWV� IURP� WKH� PDWUL[� YROXPH� LQWR

WKH�DJJUHJDWH� IRUPDWLRQ�UHJLRQ�DQG� WKH�GH�
IRUPDWLRQ� WKHUHRI�GXH� WR� WKH�PDWUL[�FDXVHV
WKH� H[LVWHQFH� RI� WKH� WHPSHUDWXUH� UDQJH
ZKHUH� WKH� .�/D&O�� IRUPDWLRQ� LV� SRVVLEOH�7KH�ORZHU�OLPLW�RI�WKDW�WHPSHUDWXUH�UDQJH�LV
GXH�WR�WKH�QHHG�IRU�WKH�GLIIXVLRQ�DFWLYDWLRQ
RI� .�/D&O�� FRPSRQHQWV� DQG� WKH� XSSHU� RQH�WR� WKH� FRPSHQVDWLRQ� RI� WKH� .�/D&O�� IRUPD�WLRQ� HQHUJ\� E\� WKH� HQHUJ\� RI� WKH� HODVWLF
VWUDLQLQJ�RI�DQ�DJJUHJDWH�LQ�WKH�.&O�PDWUL[�
7KH�JURZWK�RI�DQ�DJJUHJDWH�FRQWLQXHV�XQWLO
WKH�FRPSRXQG�IRUPDWLRQ�HQHUJ\�ZLOO�EH�FRP�
SHQVDWHG�E\�WKH�HODVWLF�VWUDLQ�HQHUJ\��

7KH� .&O±/D&O�� ����� PRO��Ü&H&O������� PRO�� ���� .&O±/D&O�� ����� PRO�� ��Ü
3U&O�� ������ PRO�� ��� FU\VWDOV� ZHUH� JURZQ
DGGLQJ�&H&O�� RU� 3U&O�� LQWR� WKH� FKDUJH�� UH�VSHFWLYHO\��$V� D� UHVXOW�� WKH�.�/D&O��&H� DQG.�/D&O��3U�DJJUHJDWHV�HPEHGGHG�LQ�.&O�KRVWZHUH�IRUPHG��7KH�GLIIXVLRQ�PLJUDWLRQ�RI�&H
RU�3U�LRQV�WKURXJK�WKH�FU\VWDO�UHVXOWV�LQ�WKH
DFFXPXODWLRQ� RI� WKHVH� HOHPHQWV� LQ� WKH� UH�
JLRQV� ZKHUH� WKH� .�/D&O�� DJJUHJDWHV� DUHIRUPHG�� 7KH� PLFURJUDSKV� RI� VXFK� FRPSRV�
LWHV� LQ� WKH� VHFRQGDU\� HOHFWURQ�PRGH� DQG� LQ
WKH� FDWKRGROXPLQHVFHQFH� RQH� DUH� VKRZQ� LQ
)LJ����� 7KRVH� FRQILUP� WKH� DFWLYDWLRQ� RI
.�/D&O��PLFURFU\VWDOV� E\�&H� RU�3U� LRQV��$VLV�VHHQ��RQO\�WKH�DJJUHJDWHV�HPLW�WKH� OLJKW�
WKDW� LV�SRVVLEOH� LQ� WKH�FDVH�RI� WKH� LPSXULW\
SHQHWUDWLRQ� LQWR� PLFURSKDVH�� 7KXV�� 3U� LRQV
HQWHU� PDLQO\� WKH� .�/D&O�� PLFURSKDVH�� $VLPLODU� VLWXDWLRQ� LV� REVHUYHG� LQ� WKH� FDVH� RI
&H�LRQV�

�7KH�IRUPDWLRQ�RI�RQO\�/D&O��FU\VWDOOLWHV
LQ�1D&O±/D&O����PRO����Ü&H&O�������PRO����
FU\VWDO� FRPHV� IURP� WKH� SKDVH� GLDJUDP� RI
1D&O±/D&O��V\VWHP�>�@��ZKHUH�WKH�VROLG�VROX�WLRQ� RI� UDZ� FRPSRXQGV� H[LVWV� LQ� WKH�ZKROH
UDQJH� RI� WKHLU� FRQFHQWUDWLRQV�� 7KXV�� LW� LV
VXIILFLHQW� WR� FRPSDUH� WKH� HTXLOLEULXP� FRQ�
VWDQW�YDOXHV�IRU�WKH�UHDFWLRQV�

)LJ�����0LFURJUDSKV�RI�.&O±/D&O�������PRO����Ü3U&O��������PRO�����IUHVKO\�FOHDYHG�VXUIDFH�REWDLQHG
XVLQJ�WKH�HOHFWURQ�EHDP�DQDO\VLV�WHFKQLTXH�LQ�WKH�VHFRQGDU\�HOHFWURQ�PRGH��D��DQG�LQ�WKH�FDWKRGROX�
PLQHVFHQFH�PRGH��E��

7�'HPNLY�HW�DO����)RUPDWLRQ�RI�/D�FRQWDLQLQJ���

)XQFWLRQDO�PDWHULDOV������������� ���
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7KH�WHPSHUDWXUH�GHSHQGHQFH�RI�*LEEV�HQ�
HUJ\� KDV� EHHQ� REWDLQHG� LQ� WKH� ILUVW� 8OLFK
DSSUR[LPDWLRQ�>�@��7KH�GDWD�XVHG�LQ�FDOFXOD�
WLRQ�DUH�VKRZQ�LQ�WKH�7DEOH��7KH�FDOFXODWLRQ
UHVXOWV� RI� WKH� WHPSHUDWXUH� GHSHQGHQFH� RI
HTXLOLEULXP�FRQVWDQWV�DUH�SUHVHQWHG�LQ�)LJ����
,W� LV�VHHQ�IURP�WKH�)LJXUH�WKDW�WKH�HTXLOLE�
ULXP�FRQVWDQW�YDOXHV�RI�/D&O��IRUPDWLRQ�H[�FHHG� WKRVH� IRU� 1D&O�� 7KLV� LQGLFDWHV� WKH
KLJKHU� SULRULW\� RI� WKH� DJJUHJDWLRQ� SURFHVV
RI�WKH�/D�FRQWDLQLQJ�SKDVH��6LQFH�WKH�DJJUH�
JDWLRQ�RFFXUV�GXH�WR�WKH�GLIIXVLRQ��RXU�SUH�
YLRXV� VXJJHVWLRQV� DERXW� WKH� IRUPDWLRQ
PHFKDQLVP� RI� .�/D&O�� LQ� .&O� PDWUL[� DUHYDOLG�IRU�WKH�1D&O±/D&O��V\VWHP�DV�ZHOO�� ,QDGGLWLRQ�� VLPLODU� WR� WKH� FDVH� RI� .&O±/D&O�V\VWHP�� HPEHGGHG� /D&O�� DJJUHJDWHV� DUHVWUDLQHG� GXH� WR� WKH� PLVPDWFK� EHWZHHQ� WKH
/D&O�� DQG� 1D&O� FU\VWDOOLQH� VWUXFWXUH� SD�
UDPHWHUV��7KH�HODVWLF�VWUDLQV�DULVLQJ�DW�WKLV
FRQGLWLRQ�FDXVHV�WKH�VL]H�FRQILQHPHQW�RI�DJ�
JUHJDWHV��

7KH� GLIIXVLRQ� PLJUDWLRQ� RI� &H� LRQV
WKRXJKW� WKH� FU\VWDO� UHVXOWV� LQ� IRUPDWLRQ�RI
/D&O��&H� DJJUHJDWHV� HPEHGGHG� LQ� 1D&O�
VLPLODU� DV� LQ� WKH�FDVH� RI�.�/D&O�� DJJUHJDWHIRUPDWLRQ�� ,Q� WKH�1D&O±/D&O�� FU\VWDOV� DFWL�YDWHG�ZLWK�&H� LRQV��LW� LV�DOVR�H[SHFWHG�WKDW
WKH�GLIIXVLRQ�EHKDYLRU�RI�&H�LRQV�LV�VLPLODU
WR�WKDW�RI�/D�LRQV��
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