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7KH� SDSHU� VXPPDUL]HV� UHFHQW� 670� H[SHULPHQWV� WKDW� KDYH� IRXQG� VSDWLDO�
PRGXODWLRQV� RQ� WKH� WXQQHOLQJ� FRQGXFWDQFH� RQ� %L � 6U � &D&X � 2 ��� δ�� ,Q� WKH�
VXSHUFRQGXFWLQJ� SKDVH� WKRVH� PRGXODWLRQV� KDYH� EHHQ� UHODWHG� WR� TXDVL�SDUWLFOH�
LQWHUIHUHQFH� GXH� WR� VFDWWHULQJ� IURP� GHIHFWV�� 6LPLODU� PRGXODWLRQV� IRXQG� RQ� WKH�
SVHXGRJDS� SKDVH� GRQ·W� VHHP� WR� ILW� WR� WKH� TXDVL�SDUWLFOH� H[SODQDWLRQ�� ,Q� WKH� HQG�
GLVFXVV�KRZ�WKRVH�H[SHULPHQWV�ILW�RQ�WKH�ELJ�SLFWXUH�DQG�WU\�WR�JLYH�VRPH�SHUVRQDO�
LQSXWV�RQ�WKH�VXEMHFW��



���%DFNJURXQG�
�

)RU� DOPRVW� WZHQW\� \HDUV�� WKH� VXSHUFRQGXFWRUV� ZLWK� KLJK� WUDQVLWLRQ�
WHPSHUDWXUHV� �KLJK�7 � �� KDYH� EHHQ� NHHSLQJ� PDQ\� SK\VLFLVWV� EXV\�� 7KH�
FKDOOHQJH� WR� H[SODLQ� WKH� PLFURVFRSLF� PHFKDQLVP� RI� WKH� +LJK�7 � �
VXSHUFRQGXFWLYLW\�KDYH�JHQHUDWHG�QXPHURXV�SURSRVDOV�DQG�GLVFXVVLRQV � �� � � �

6FDQQLQJ� 7XQQHOLQJ�0LFURVFRS\� �670�� LV� D� SRZHUIXO� WRRO� WR� LQYHVWLJDWH�
WKH�HOHFWURQLF�VWDWHV�RI�FRQGXFWLQJ�PDWHULDOV�DW�DWRPLF�VFDOH��,Q�WKLV�SDSHU�,�
ZLOO� JLYH� DQ� RYHUYLHZ� RI� UHVXOWV� REWDLQHG� E\� DSSO\LQJ� WKLV� WHFKQLTXH� RQ�
KLJK�7 � � VXSHUFRQGXFWRUV�� 7KH� PHDVXUHPHQWV� UHYHDO� WKDW� WKH� HOHFWURQLF�
VWDWHV�KDYH�DQ� VSDWLDO�PRGXODWLRQ��7KLV� UHVXOWV� FRXOG�EH�XVHG� DV�D�ZD\� WR�
YHULI\�WKH�GLYHUVH�SURSRVDOV�IRU�RUGHULQJ�LQ�FXSUDWHV�� �
�
����:KDW�GR�\RX�PHDVXUH�ZLWK�670"�

%HIRUH�,�VWDUW�,� MXVW�ZDQW�WR�JLYH�WKH�UHDGHU�D�EHWWHU�LGHD�RI�ZKDW�670�
FRQVLVWV�� �

7KH�670�XVHV�DQ�FRQGXFWLQJ�WLS�LQ�RUGHU�WR�VFDQ�WKH�GHQVLW\�RI�VWDWHV�RI�
DQ� FRQGXFWLQJ� VDPSOH�� 2QFH� WKH� WLS� JHWV� FORVH� HQRXJK� �DERXW� ��$�� WR� WKH�
VDPSOH��LW�LV�DEOH�WR�WXQQHO�FXUUHQW�WR�LW��6R�E\�NHHSLQJ�WKH�FXUUHQW�FRQVWDQW�
DV� LW� VFDQV�� RQH� REWDLQV� D� WRSRJUDSKLF� LPDJH� RI� WKH� VDPSOH�� 7KH� �ELDV��
YROWDJH�\RX�DSSO\�WR�WKH�VDPSOH��ZLOO�GHILQH�XQWLO�ZKLFK�HOHFWURQLF�VWDWH�\RX�
DUH�WXQQHOLQJ��DOVR��WKH�SRODULW\�ZLOO�GHILQH�LI�\RX�DUH�WXQQHOLQJ�WR�HOHFWURQV�
RU�KROHV�VWDWHV���

7KH� PRVW� LQWHUHVWLQJ� IHDWXUH� LV� WKDW� LI� \RX� DUH� DEOH� WR� PHDVXUH� WKH�
GLIIHUHQWLDO� WXQQHOLQJ� FRQGXFWDQFH�� WKH�GHULYDWLYH� RI� WKH� WXQQHOLQJ� FXUUHQW�
RQ� WKH�ELDV�YROWDJH� �9 � ��� DW�D� FHUWDLQ�SRLQW��\RX�ZLOO�EH�REWDLQLQJ� WKH� ORFDO�
GHQVLW\�RI�VWDWHV�/'26�>�@�� �
�

/'26�(�U��∝�G,�9 � ��U��G9� � � � � � � � � � ZLWK�(� �H9� � � � ���� � �
�
$QG�E\�/'26�RQH�VKRXOG�XQGHUVWDQG�WKH�IROORZLQJ��

/'26�(�U��∝�ΣN�_Ψ � �U�_ � �δ�(���ε�N��� � � � ����
ZLWK�Ψ � �DUH�WKH�HLJHQVWDWHV�IRU��TXDVL�SDUWLFOHV�ZLWK�GLVSHUVLRQ�UHODWLRQ�ε�N���
���������������������������������������������������	 � 
����� ����� ������� ������� �!���"�!# $&%'$��)(+* ,!-/.!��01$&01�2��043 5+6'7�� ��6���8�$!9�:."�!;<��01$&=>$�?@���1��6�� $�;16�$�.!�"���A=&� # #1� � ;17@� �B�$�6�$!� 8�$!7C �!�$D�90�E";GFIH�J�KL6�� ��E!�9� �!;���M"NL����?IE�71M



2QH�NLQG�RI�H[SHULPHQWV�WKDW�LV�RIWHQ�XVHG�WR�FRQWUDVW�670�GDWD�LV�WKH�
DQJOH�UHVROYHG�SKRWRHPLVVLRQ�VSHFWURVFRS\��$53(6���5HIHU�WR�>�@�IRU�D�JRRG�
UHYLHZ��$V� DQ� VFDWWHULQJ�PHWKRG��$53(6�ZLOO�PDNH� WKH� VSHFWURVFRS\�PDS� �
RQ�WKH�PRPHQWXP�SKDVH�VSDFH��SURYLGLQJ�\RX�WKH�GLVSHUVLRQ�UHODWLRQ�ε�N���

%RWWRP�OLQH�LV��670�DOORZ�\RX�WR�REWDLQ�D�PDS�LQ�UHDO�VSDFH�RI�WKH�/'26��
0RVW�RI�WKH�GDWD�,�ZLOO�EH�VKRZLQJ�KHUH�FRQVLVWV�RI�WKRVH�/'26�PDSV��
�
����:KDW�LV�LQWHUHVWLQJ�LQ�+LJK�7 O �VXSHUFRQGXFWRUV"�

7KH�PDWHULDOV� ,�ZLOO�EH� LQWHUHVWHG�DUH� WKH�VR� FDOOHG�FXSUDWHV��7KRVH�DUH�
FHUDPLF�FRPSRXQGV�LQ�ZKLFK�VRPH�HOHPHQWV��H�J��<WWULXP�DQG�%DULXP��DUH�
VDQGZLFKHG� EHWZHHQ� &RSSHU�2[\JHQ� SODQHV�� ,QLWLDOO\� EHLQJ� LQVXODWRUV��
VXSHUFRQGXFWLYLW\�ZLOO�DULVH�RQFH�ZH�GRSH�WKH�&X�2�SODQH�ZLWK�KROHV��7KLV�LV�
GRQH�E\�VXEVWLWXWLRQ�RI�VRPH�RI�WKH�VDQGZLFKHG�HOHPHQW��)RU�H[DPSOH��LQ�WKH�
SLRQHHU� H[SHULPHQW� >�@�� WKH�PDWHULDO�/D � &X2 P � KDYH�VRPH�RI� WKH�/D�DWRPV��
ZKLFK�KDYH���DYDLODEOH�HOHFWURQV��UHSODFHG�E\�6U��ZKLFK�KDV�RQO\���HOHFWURQV�
DYDLODEOH��PDNLQJ�/D �"Q δ6Uδ&X2 P �� �

7KH�VXSHUFRQGXFWLYLW\�RQ�WKRVH�PDWHULDOV� LV�GLIIHUHQW� IURP�WKH�RQH�ZLWK�
ORZ�7 � ��7KH�PHFKDQLVP�WR�XQGHUVWDQG�WKH�IRUPDWLRQ�RI�WKH�&RRSHU�SDLUV�FDQ�
QR�ORQJHU�EH�XQGHUVWRRG�LQ�WHUPV�RI�%&6��2QH�RI�WKH�VWULNLQJ�IHDWXUHV�LV�WKDW�
%&6�SDLUV�KDYH�]HUR�DQJXODU�PRPHQWXP��V�ZDYH�V\PPHWU\��ZKLOH�PRVW�RI�
WKH�+LJK�7 � �RQHV�KDYH�QRQ�]HUR�DQJXODU�PRPHQWXP��G�ZDYH�V\PPHWU\���

7KH� JHQHUDO� EHKDYLRU� RI� WKH� FXSUDWHV� DV� ZH� FKDQJH� WHPSHUDWXUH� DQG�
GRSLQJ�LV�LOOXVWUDWHG�LQ�WKH�SKDVH�GLDJUDP�EHORZ��ILJXUH����

�

)LJXUH����´7\SLFDOµ�FXSUDWH�SKDVH�GLDJUDP��(OHFWURQLF�EHKDYLRU�DV�IXQFWLRQ�RI�WKH�
7HPSHUDWXUH�DQG�KROH�GRSLQJ��



,Q�WKLV�SDSHU�,�ZLOO�EH�VKRZLQJ�GDWD�REWDLQHG�LQ�ERWK�WKH�VXSHUFRQGXFWLQJ�
SKDVH�6&��DQG�WKH�SVHXGRJDS�UHJLRQ��3*���7KH�RWKHU�DUHDV�DUH�WKH�RQHV�WKDW�
DUH� XQGHUVWRRG� WKH� EHVW�� 2Q� ]HUR� GRSLQJ�� WKH� FXSUDWHV� DUH� LQVXODWRUV� DQG�
ZLWK� WHPSHUDWXUHV� ORZ� HQRXJK�� WKH\� SUHVHQW� DQ� DQWLIHUURPDJQHWLF� �$)��
WUDQVLWLRQ��$W�KLJK�GRSLQJ�ZH�DUH�LQ�D�PHWDO�SKDVH��ZHOO�XQGHUVWRRG�ZHOO�E\�
LQWURGXFLQJ� WKH� TXDVLSDUWLFOH� FRQFHSW�� IRUPLQJ� WKH� VR�FDOOHG� )HUPL� OLTXLG�
�)/��� 7KH� FHQWUDO� DUHD� �0)/�� PDUJLQDO� )HUPL� OLTXLG��� DERYH� WKH�
VXSHUFRQGXWLQJ�UHJLPH�DQG�EHWZHHQ�WKH�)HUPL�OLTXLG�DQG�SVHXGRJDS�UHJLRQ�
LV� FKDUDFWHUL]HG� E\� D� VLPLODU� EHKDYLRU� WR� WKH�)HUPL� OLTXLGV� EXW�ZLWK� VRPH�
WUDQVSRUW�SURSHUWLHV�TXLWH�GLIIHUHQW�� ,�ZLOO�QRW� HQWHU� LQ�GHWDLOV�DERXW� WKHVH�
KHUH��OHW·V�LQVWHDG�IRFXV�RXU�DWWHQWLRQ�WR�RXU�WZR�DUHD�RI�LQWHUHVW��

7KH�VXSHUFRQGXWLQJ�SKDVH�LV�FKDUDFWHUL]HG�E\�WKH�&RRSSHU�SDLU�IRUPDWLRQ��
UHODWHG�SUHVHQFH�RI�D�HQHUJ\�JDS��ZLWK�G�ZDYH�V\PPHWU\�LQ�FXSUDWHV���ZKLFK�
OHDGV�WR�]HUR�UHVLVWLYLW\��6R�HYHQ�LI�WKH�LQJUHGLHQWV�DUH�NQRZQ��WKH�FKDOOHQJH�
LV�WR�ILQG�WKH�PHFKDQLVP�IRU�WKH�IRUPDWLRQ�RI�WKLV�JDS�� �

7KH� SVHXGRJDS� UHJLPH� LV� QRW� VXSHUFRQGXFWLQJ� EXW� DOVR� KDYH� GLUHFW�
LQGLFDWLRQV�RI�D�SUHVHQFH�DQ�HQHUJ\�JDS��(QHUJ\�JDS�FDQ�EH�HDVLO\�VHHQ�ZKHQ�
ZH� WDNH�D� ORRN�DW� WKH�GHQVLW\�RI� VWDWHV��/HW·V� WDNH�D� ORRN�DW� WKH�670�GDWD�
WDNHQ�E\�5HQQHU�HW�DO�>�@�VKRZQ�LQ��ILJXUH�����

)LJXUH����&RQGXFWDQFH�DV�IXQFWLRQ�RI�WKH�ELDV�YROWDJH�DW�YDULRXV�WHPSHUDWXUHV��7KLV�GDWD�
ZDV�WDNHQ�LQ�VOLJKWO\�XQGHUGRSHG�%L R 6U R &D&X R 2 SUT δ��%L������ZKLFK�KDV�7 V � ���.��7KH�SHDNV�
RQ�WKH�JDS�ERXQGDULHV�DUH�UHODWHG�WR�WKH�VXSHUFRQGXFWLYLW\�FRKHUHQFH��1RWLFH�WKDW�RQFH�ZH�
PRYH�WR�WKH�SVHXGRJDS�UHJLPH�ZH�GRQ·W�KDYH�WKRVH�SHDNV��7KH�VFDOH�FRUUHVSRQG�WR�WKH�GDWD�
DW����.�DQG�WKH�RIIVHW�LV�IRU�FODULW\��)LJ��WDNHQ�IURP�>�@��



�
7KLV�GDWD�VKRZV�WKH�SUHVHQFH�RI�D�JDS�LQ�WHPSHUDWXUHV�ZD\�KLJKHU�WKDQ�

7 � � DQG� KDYLQJ� VWLOO� D� WLQ\� SUHVHQFH� HYHQ� LQ� URRP� WHPSHUDWXUH�� ,Q� 670�
H[SHULPHQWV�ZH�DUH�QRW�DEOH�WR�YLVXDOL]H�WKH�V\PPHWU\�RI�WKH�JDS��EHFDXVH��
DV�LW�LV�VKRZQ�LQ�HTXDWLRQ������DV�ZH�PDS�LQ�UHDO�VSDFH�WKH�/'26�ZH�GRQ·W�
KDYH�WKH�DQJOH�GHSHQGHQFH� LQ�PRPHQWXP�N��'DWD� IURP�RWKHU�H[SHULPHQWV��
H�J��$53(6��KDYH�VKRZQ�WKDW�WKH�SVHXGRJDS�KDV�WKH�VDPH�V\PPHWU\�DV�WKH�
VXSHUFRQGXFWLQJ�JDS��G�ZDYH���)RU�D�JRRG�H[SHULPHQWDO�UHYLHZ�SDSHU�RQ�WKH�
SVHXGRJDS��,�UHFRPPHQG�WKH�UHDGHU�WR�FKHFN�>�@��

1RZ�LI�WKH�VXSHUFRQGXFWLQJ�JDS�LV�UHODWHG�WR�WKH�SDLU�IRUPDWLRQ��RQH�PD\�
DVN� ´ZKDW�NLQG� RI� RUGHU� LV� UHODWHG� WR� WKH� SVHXGRJDSµ"�7KLV�QR� RQH� NQRZV��
0DQ\�WKLQN�WKH\�GR�WKRXJK����9DULRXV�PRGHOV�KDYH�DULVHQ�WU\LQJ�WR�H[SODLQ�
DOO�H[SHULPHQWDO�GDWD�EXW�OLWWOH�DJUHHPHQW�KDYH�EHHQ�DFKLHYHG��$�IDVW�ORRN�LQ�
WKH�OLWHUDWXUH�DQG�RQH�ILQGV�PRGHOV�ZLWK�SDLU�IRUPDWLRQ�ZLWKRXW�ORQJ�UDQJH�
RUGHU��FKDUJH�RU�VSLQ�RUGHU��FLUFXODWLQJ�FXUUHQWV��TXDQWXP�FULWLFDO�SRLQWV��HWF��
,� FRXOG� ZULWH� WHQ� SDSHUV� JRLQJ� WKURXJK� WKRVH� PRGHOV�� 6R� OHW·V� UHVWULFW�
RXUVHOYHV� WR� DQDO\]LQJ� ODWHU� KRZ� VRPH� RI� WKRVH� PRGHOV� VWDQGV� WR�
H[SHULPHQWV�GHVFULEHG�QH[W��
�
���'DWD�
�

$OPRVW� DOO� 670� GDWD� ZDV� WDNHQ� LQ� VLQJOH� FU\VWDOV� RI� %L � 6U � &D&X � 2 W:X δ��
7KH�UHDVRQ�LV�WKDW�WR�SHUIRUP�DQG�H[SHULPHQW��D�YHU\�FOHDQ�DQG�IODW�VXUIDFH�
LV� QHHGHG�� 7KLV� LV� DFKLHYHG� E\� FOHDYLQJ� WKH� VDPSOH� LQ� VLWX�� LQ� XOWUD� KLJK�
YDFXXP��7KLV�FOHDYLQJ�SURFHVV�LV�YHU\�HIIHFWLYH�LQ�%L � 6U � &D&X � 2 W�X δ�EXW�YHU\�
DUGXRXV� LQ� RWKHU� FXSUDWHV�� 7KH� VDPSOH� LV� QRW� FOHDYHG� LQ� WKH� &X�2� SODQH�
�ZKHUH� VXSHUFRQGXFWLYLW\� KDSSHQV�� EXW� LQ� WKH� %L�2� SODQH�� ,W� LV� EHOLHYHG�
WKRXJK�WKDW�WKH�WLS�LV�DEOH�WR�SUREH�WKH�HOHFWURQLF�VWDWHV�LQ�WKH�&X�2�SODQH��

,Q� DQ� H[SHULPHQW� SHUIRUPHG� LQ� -�� &�� 'DYLV·� ODE� >�@�� WKH\� PDSSHG� WKH�
WXQQHOLQJ�FRQGXFWDQFH�IRU�YDULRXV�YDOXHV�RI�VDPSOH�ELDV��2QH�RI�WKRVH�FDQ�EH�
VHHQ� LQ� �ILJXUH� ���� 7KHLU� GDWD� LV� WDNHQ� DW� �.�� VFDQQLQJ� QHDUO\� RSWLPXP�
GRSHG� VDPSOHV� �ZLWK� 7 � UDQJLQJ� IURP� ��.� WR� ��.�� 7KH� WRSRJUDSK\� PDS�
VKRZV� WKH�DELOLW\� WR�VFDQ�ZLWK�DWRPLF� UHVROXWLRQ�DQG�JLYHV�D�EHWWHU�LGHD�RI�
WKH�ORFDWLRQ�DQG�UHVROXWLRQ�LQ�ZKLFK�WKH�GDWD�ZDV�WDNHQ��$V�WKH�DWRPV�DUH�
GLVSODFHG� IURP� WKHLU� LGHDO� VTXDUH� ODWWLFH�� WKH\� IRUP� WKLV� VXSHUPRGXODWLRQ�
DORQJ�WKH�FU\VWDO�E�D[LV�VKRZQ�RQ�WKH�LQVHW��7KH�VHFRQG�LPDJH�LV�DQ�H[DPSOH�



RI�WKH�WXQQHOLQJ�FRQGXFWDQFH�PDS�� �

�
)LJXUH����$WRPLF�UHVROXWLRQ�LPDJHV�WDNHQ�ZLWK�D����$�ILHOG�RI�YLHZ�)29����D��

7RSRJUDSKLF�LPDJH�RI�WKH�%L�2�SODQH��7KH�LQVHW�LV�D�[��PDJQLILFDWLRQ�WR�VKRZ�EHWWHU�WKH�
TXDOLW\�RI�WKH�LPDJH���E��7XQQHOLQJ�FRQGXFWDQFH�PDS��J�U�9 Y ���WDNHQ�ZLWK�ELDV�YROWDJH�9 Y � �

���P9��,PDJHV�IRXQG�LQ�>�@��
�

1RZ�LQ�RUGHU�YLVXDOL]H�PRGXODWLRQV�RQ�UHDO�VSDFH�ZH�FDQ�WDNH�D�)RXULHU�
WUDQVIRUP� RI� WKH� PDSV� DQG� YLVXDOL]H� WKH� UHFLSURFDO� ODWWLFH�� &RQVWDQW�
PRGXODWLRQV�LQ�UHDO�VSDFH�ZLOO�EH�UHSUHVHQWHG�E\�SRLQWV�LQ�PRPHQWXP�VSDFH��
([DPSOHV�7KH�UHVXOW�FDQ�EH�VHHQ�EHORZ��

)LJXUH����([DPSOHV�RI�WKH�FRQGXFWLYLW\�LQ�WKH�UHFLSURFDO�VSDFH��J�T�9 Y ���7KH�ELDV�YROWDJHV�
DUH�LQGLFDWHG�LQ�HDFK�LPDJH��7KH�DUURZV�SRLQW�WR�QRQ�GLVSHUVLYH�E�D[LV�VXSHUPRGXODWLRQV��

7KH�RWKHU�SRLQW�OLNH�IHDWXUHV�DUH�WKH�GLVSHUVLYH�PRGXODWLRQV�RI�LQWHUHVW�



�
7KH�GDWD� WDNHQ� LV�D� FROOHFWLRQ�RI�PDSV�DW�YDULRXV�YDOXHV�RI� ELDV��9� ��%\�

REVHUYLQJ�WKH�SRVLWLRQ�RI�WKH�SHDNV�LQ�WKH�UHFLSURFDO�VSDFH��RQH�FDQ�ILQG�RXW�
LI� WKH� PRGXODWLRQ� GLVSHUVHV�� LI� LW� FKDQJHV� LWV� SHULRG� IRU� GLIIHUHQW� HQHUJ\�
OHYHOV��7KH�SHDN�SRVLWLRQ�KDV�D�FOHDU�GLVSHUVLRQ�DV�LW�FDQ�EH�VHHQ�RQ��ILJXUH�
�D���,�ZLOO�HQWHU�LQ�PRUH�GHWDLOV�RQ�WKH�LPSOLFDWLRQV�RQ�WKH�QH[W�VHFWLRQ�� �

�
�D�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �E��

)LJXUH�����D��7KH�PHDVXUHG�GLVSHUVLRQ�RI�WKH�PRGXODWLRQV�DW�ORZ�WHPSHUDWXUH��7KH�SHDN�
SRVLWLRQ�LV�SORWWHG�DV�IXQFWLRQ�RI�WKH�ELDV��7KH�GLIIHUHQW�FRORUV�FRUUHVSRQG�WR�GLIIHUHQW�SHDNV��
7KH�VROLG�OLQH�LV�WKHRUHWLFDO�SUHGLFWLRQ��>�@�E��$�FURVV�VHFWLRQ�RI�WKH�)RXULHU�PDS��LOOXVWUDWLQJ�

WKH�SHDNV�DV�IXQFWLRQV�RI�_T_��ZLWK�GLIIHUHQW�FRORUV�FRUUHVSRQGLQJ�WR�GLIIHUHQW�ELDV�>�@�
�

,Q�DQRWKHU�H[SHULPHQW�>�@��SHUIRUPHG�LQ�<D]GDQL·V�/DE��WKH\�ZHUH�DEOH�WR�
JHW�PHDVXUHPHQWV� RI� WKRVH�PRGXODWLRQ� EXW� DW� KLJKHU� WHPSHUDWXUHV�� 7KHLU�
GDWD�LQ�ORZ�WHPSHUDWXUHV��LQ�VLGH�WKH�VXSHUFRQGXFWLQJ�SKDVH��7 ��.��DJUHHV�
ZLWK�WKH�RQH�IRXQG�LQ�>���@�EXW�WKH�VWULNLQJ�IHDWXUH�LV�WKDW�DERYH�7 � ��LQWR�WKH�
SVHXGRJDS�UHJLPH��7 ���.���WKH\�IRXQG�PRGXODWLRQV�DQG�WKH\�GRQ·W�VHHP�WR�
GLVSHUVH�DV�WKH�RQHV�LQ�ORZ�WHPSHUDWXUHV��ILJXUH��E���7KH�SHULRGLFLW\�KDV�D�
IL[HG�YDOXH�RI�����±�����D Z ��ZKHUH�D Z �LV�WKH�&X�&X�GLVWDQFH��

�
���$QDO\VLV�

�
/HW·V� VWDUW� ZLWK� D� VHDUFK� IRU� D� SRVVLEOH� H[SODQDWLRQ� IRU� RULJLQ� WKH�

PRGXODWLRQV�LQ�WKH�VXSHUFRQGXFWLQJ�SKDVH�� �
7KH�PRVW�REYLRXV�H[SODQDWLRQ�FRXOG�EH�VRPH�NLQG�RI�VWUXFWXUDO�HIIHFW��7KH�



E�D[LV� VXSHUPRGXODWLRQ� LV�DQ�H[DPSOH�RI� VWUXFWXUDO�HIIHFW�� ,Q� WKLV� FDVH�WKH�
SHDNV�VKRXOG�QRW�GLVSHUVH�� �,W�FDQ�EH�YHULILHG�LQ�ERWK�JURXS·V�GDWD�WKDW�WKH�
E�D[LV� PRGXODWLRQ� GRHV� QRW� GLVSHUVH��� 6R� WKLV� H[SODQDWLRQ� ZRXOG� EH� RQO\�
VXLWDEOH� IRU� WKH� SVHXGRJDS� PRGXODWLRQ�� ,Q� RUGHU� WR� YHULI\� WKDW�� <D]GDQL·V�
JURXS�PHDVXUHG�WKH�SHDN�LQWHQVLW\��,W�LV�H[SHFWHG�WKDW�IRU�VWUXFWXUDO�HIIHFWV�
WKH� SHDN� LQWHQVLW\� LQFUHDVHV� WKH� VDPH� ZD\� DV� WKH� /'26� GRHV�� %XW� E\�
SORWWLQJ�KRZ�WKH�/'26�FKDQJHV�DV�IXQFWLRQ�RI�WKH�ELDV�YROWDJH��WKH\�QRWLFH�
WKDW�WKH�DWRPLF�SHDNV�DQG�WKH�E�D[LV�PRGXODWLRQ�RQHV�IROORZ�WKH�'26�WUHQG�
EXW� WKH� QHZ� PRGXODWLRQ� GRHV� QRW�� 4XLWH� WKH� RSSRVLWH�� ZKLOH� WKH� '26� LV�
VPDOOHU�DW�ORZ�YROWDJHV��JDS�UHJLRQ���WKH�PRGXODWLRQV�KDYH�WKHLU�PD[LPXP�
LQWHQVLW\�LQ�WKLV�UHJLRQ�� �

$�JRRG�PRGHO�IRU�WKH�VXSHUFRQGXFWLQJ�PRGXODWLRQV�LV�EDVHG�RQ�TXDQWXP�
LQWHUIHUHQFH� RI� TXDVLSDUWLFOH� VWDWHV� FDXVHG� E\� VFDWWHULQJ� GHIHFWV� >���@�� 7KH�
TXDVLSDUWLFOH� GLVSHUVLRQ� UHODWLRQ� ε�N�� KDV� EHHQ� PDSSHG� E\� $53(6�� )RU�
HQHUJLHV� EHORZ� WKH�PD[LPXP� RI� WKH� HQHUJ\� JDS�� WKH� FRQWRXUV� RI� FRQVWDQW�
HQHUJ\� KDYH� D� SHFXOLDU� EDQDQD� OLNH� VKDSH� �)LJXUH�D��� 7KH� TXDVLSDUWLFOH�
GHQVLW\�RI�VWDWHV� IRU�D�JLYHQ�HQHUJ\�LV�SURSRUWLRQDO�WR� ∫_∇ [ ε�N�_ Q2\ GN�DW�WKLV�
HQHUJ\�� 7KH� HQG� RI� WKH� EDQDQDV� DUH� WKH� WHUPV� WKDW� JLYH� WKH� PD[LPXP�
FRQWULEXWLRQ� IRU� WKH� _∇ [ ε�N�_ Q \ �� 6R� HODVWLF� VFDWWHULQJ� EHWZHHQ� WKRVH� HQGV�
VKRXOG�JHQHUDWH�WKH�PRVW�LQWHQVH�PRGXODWLRQV�LQ�WKH�/'26�� �

�
�

)LJXUH���>�@���D��7KH�EDQDQD�OLNH�FRQWRXU�DUH�WKH�FRQVWDQW�HQHUJ\�FRQWRXUV��6FDWWHULQJ�
EHWZHHQ�WKH�UHG�]RQHV�VKRXOG�GRPLQDWH�WKH�PRGXODWLRQV�DW�WKH�/'26�PDS���E��WKH�DOO�
SRVVLEOH�VFDWWHULQJ�T�YHFWRUV�DUH�SXW�ZLWK�FRPPRQ�RULJLQ��7KH�RQHV�LQ�EOXH�DUH�WKH�RQHV�

VKRZQ�LQ�WKH��D���WKHUH�LV�D�WRWDO�RI�SRVVLEOH����GLVWLQJXLVKDEOH�V\PPHWULF�SDLUV�RI�T�YHFWRUV��



�
,Q�>�@��LW�LV�SRVVLEOH�WR�LGHQWLI\����RI�WKRVH����PRGXODWLRQV��2Q��ILJXUH��D��

WKH� VROLG� OLQHV� UHSUHVHQW� H[SHFWHG� GLVSHUVLRQ� UHODWLRQ� IRU� WKH�PRGXODWLRQV�
XVLQJ�WKLV�TXDVLSDUWLFOH�PRGHO��7KH\�ILW�WKH�GDWD�LQ�D�UHPDUNDEOH�ZD\��

2Q�WKH�RWKHU�KDQG�WKH�H[SHULPHQW�RQ�WKH�SVHXGRJDS�FDQQRW�XVH�WKH�VDPH�
PRGHO�� 7KH� VWURQJHVW� DUJXPHQW� LV� EDVHG� RQ� WKH� IDFW� WKH� SHULRG� RI� WKH�
PRGXODWLRQV� LV� FRQVWDQW�� 7KLV� SHULRG� ZDV� YHULILHG� WKH� VDPH� LQ� GLIIHUHQW�
VDPSOHV�� ZLWK� GLIIHUHQW� FRQFHQWUDWLRQV� RI� GHIHFWV� DQG� LPSXULWLHV�� VKRZLQJ�
WKDW� WKH� YDOXH� LV� YHU\� UREXVW�� �$QRWKHU� GLIILFXOW\� IRU� WKLV� ,� WKLQN�� LV� LQ�
GHILQLQJ� WKH� FRQFHSW� RI� TXDVLSDUWLFOH� RQ� WKH� SVHXGRJDS�� ZKHUH� LW� LV� LOO�
GHILQHG��

$�SRSXODU�VXJJHVWLRQ�IRU�RUGHUHG�VWDWH�LQ�WKH�SVHXGRJDS�SKDVH�LV�WKH�RQH�
GLPHQVLRQDO� FKDUJH� RUGHULQJ�� VWULSHV�� 7KH� YDOXH� RI� WKH� SHULRG� RI� WKH�
PRGXODWLRQV�IRXQG�LQ�>�@�LV�XQIRUWXQDWH�EHFDXVH�LW�PDNHV�LW�KDUG�WR�WKLQN�RI�
KRZ�RQH�ZRXOG� JHW� WKH����D Z � YDOXH��3URSRVDOV� IRU� D����D Z �PRGXODWLRQ�KDYH�
EHHQ� PDGH� EXW� WKLV� LV� IDU� DZD\� IURP� WKH� HUURU� EDU� RI� WKH� H[SHULPHQW��
$QRWKHU� IDFWRU� LV� WKDW� WKRVH� PRGXODWLRQV� KDYH� D� FKHFNHUERDUG� �WZR�
GLPHQVLRQDO��QDWXUH�DQG�QRW�RQH�GLPHQVLRQDO��

7KH� VWULSHV� LQWHUSUHWDWLRQ� FDQQRW� EH� XQGHUHVWLPDWHG�� 2Q� DQ� H[WHQVLYH�
UHYLHZ� >�@��.LYHOVRQ� HW� DO�� VXJJHVWV� KRZ� IOXFWXDWLQJ� VWULSHV� FRXOG� JLYH� WKH�
VDPH� FKHFNHU�ERDUG� SDWWHUQ� IRXQG� LQ� 670�� 7KH� FRXQWHU�DUJXH� WKH�
TXDVLSDUWLFOH� PHFKDQLVP� DV� WKH� RQO\� PHFKDQLVP� JHQHUDWLQJ� PRGXODWLRQV��
7KH�DUJXPHQWV�IDOO�LV�EH\RQG�P\�NQRZOHGJH�DQG�,�DP�QR�ZD\�DEOH�HYDOXDWH�
WKHP��

�
���&RQFOXVLRQV�

�
7KH�SDWWHUQV�IRXQG�RQ�670�VXSSRUW�WKDW�WKH�FXSUDWH�SKDVH�GLDJUDP�KDV�

D�FRPSOH[�FRPSHWLWLRQ�EHWZHHQ�GLIIHUHQW�RUGHUV��7KHVH�H[SHULPHQWV�DUH�MXVW�
RQH� PRUH� DPRQJ� YDULRXV� SKHQRPHQD� IRXQG� RQ� FXSUDWHV� WKDW� KDYH�
FRQWURYHUVLDO�H[SODQDWLRQ�� �

2Q� WKH� H[SHULPHQWDO� VLGH�� ,� EHOLHYH� WKHUH� LV� D� QHHG� WR� JR� EH\RQG� WKH�
OLPLWDWLRQV�RI� WKH�670��(YHQ�WKRXJK� LW�JLYH�XV�ULFK�LQIRUPDWLRQ�WKH�VLQJOH�
SDUWLFOHV� VWDWHV�� XVXDOO\� WKHRULHV� XUJH� IRU� PHDVXUHPHQWV� RI� FRUUHODWLRQ�
IXQFWLRQV�� 6XFK� LQIRUPDWLRQ� FRXOG� VHOHFW� EHWWHU� ZKLFK� NLQG� RI� RUGHUV� DUH�
SUHVHQW�� �



2Q�WKH�WKHRULVW�SRLQW�RI�YLHZ��,�EHOLHYH�WKHUH�LV�D�QHFHVVLW\�RI�JLYLQJ�PRUH�
SUHGLFWLRQV� RI� HIIHFWV� WKDW� FRXOG� EH� REVHUYHG� RQ� VLQJOH� SDUWLFOH� VSHFWUD� RU�
UHODWHG�WR�WUDQVSRUW��WKHUPRG\QDPLFV��HWF���SURSHUWLHV��6RPHWLPHV�,�KDYH�WKH�
IHHOLQJ�WKDW�DGMXVWLQJ�WKHRULHV�WR�ILW�H[SHULPHQWDO�GDWD�LV�QRW�DV�FRQYLQFLQJ��
0DQ\�PRGHOV�FRPH�XS�ZLWK�VRPH�RUGHU�WKDW�ILWV�ZHOO�ZLWK�VRPH�H[SHULPHQWV�
DQG�OHW�RWKHU�HIIHFWV�ZLWKRXW�H[SODQDWLRQV��)RU�H[DPSOH��DIWHU�UHDGLQJ�VRPH�
SDSHUV� DERXW� VWULSHV� ,� FRXOG� QRW� XQGHUVWDQG� KRZ� LW� LV� HYHQ� UHODWHG� WR� WKH�
SVHXGRJDS� HQHUJ\� PDJQLWXGH� RU� KRZ� FDQ� LW� SURGXFH� WKH� G�ZDYH� JDS�
V\PPHWU\�� 3URSRVDOV� ZLWK� VSLQ�FKDUJH� VHSDUDWLRQ�� DGMXVW� EHWWHU� WR� WKRVH�
SURSHUWLHV�EXW�DOVR�UHFHLYHV�LWV�FULWLFV�� �

�
���(SLORJXH� �

�
7KHUH� DUH� RWKHU� FRXSOH� RI� QHDW� H[SHULPHQWV� SHUIRUPHG� E\� 'DYLV·� JURXS�

WKDW�FDXJKW�P\�DWWHQWLRQ>�����@�� ,Q�WKRVH�ZH�FDQ�VHH� LQGLYLGXDO� LPSXULWLHV�
HIIHFWV� RQ� WKH� FXSUDWH� VXSHUFRQGXFWLYLW\�� 7KH\� PHDVXUHG� KRZ� WKH�
GLIIHUHQWLDO� FRQGXFWDQFH� FKDQJHV� DV� \RX� ZDON� WRZDUGV� WKH� VLWH� RI� WKH�
LPSXULW\�� 7KLV� ZD\�� ZH� FDQ� VHH� WKH� HYROXWLRQ� RI� WKH� VXSHUFRQGXFWLQJ� JDS��
7KH\� XVH� WZR� GLIIHUHQW� NLQGV� RI� VDPSOHV�� RQH� KDYLQJ� 1L� DV� LPSXULW\� DQG�
RWKHU�KDYLQJ�=Q��7KH�LPSXULW\�ZLOO�VXEVWLWXWH�WKH�&X�LQ�&X�2�SODQH��IRUPLQJ�
IRU�H[DPSOH�%L � 6U � &D�&X \�Q ] �1L ] � � 2 W:X δ�� �



)LJXUH�����D��(YROXWLRQ�RI�WKH�GLIIHUHQWLDO�WXQQHOLQJ�FRQGXFWDQFH�DV�ZH�ZDON�DZD\�IURP�
WKH�=Q�VLWH��7KH�DUURZV�SRLQW�RXW�WKH�VXSSUHVVLRQ�RI�WKH�FRKHUHQFH�SHDNV���E��6LPLODU�SORW�
EXW�ZLWK�WKH�1L�LPSXULW\��7KH�ULJKW�VFDOH�LV�ELW�PLVOHDGLQJ��WKH�WRS�PRVW�JUDSKLF�FRUUHVSRQG�

WR�WKH�1L�VLWH�ZKLOH�WKH�ERWWRP�PRVW�WR�VRPHZKHUH�IDU��$OO�GDWD�WDNHQ�DW��.��
�
7KH�PHDVXUHPHQWV�RI�WKH�/'26�LQ�WKH�LPSXULW\�VLWH��)LJXUH���VKRZV�WKDW�

WKH�=Q�GHVWUR\V�WKH�JDS�ORFDOO\�ZKLOH�WKH�1L�GRHV�QRW��7KH�1L�LV�EHOLHYHG�WR�
EH�D�PDJQHWLF� LPSXULW\�ZKLOH�WKH�=Q�QRW��,Q�FRQYHQWLRQDO�VXSHUFRQGXFWRUV��
PDJQHWLF�LPSXULWLHV�DUH�GHVWUXFWLYH�WR�WKH�VXSHUFRQGXFWLYLW\��+HUH��KRZHYHU��
ZH�QRWLFH�TXLWH�WKH�RSSRVLWH��7KH�IDFW�WKDW�1L�LPSXULWLHV�KDYH�VPDOOHU�HIIHFWV�
RQ� WKH� VXSHUFRQGXFWLYLW\� WKHQ� =Q� VXSSRUW� PRGHOV� ZLWK� PDJQHWLF�
PHFKDQLVPV��
�
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