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$�FKDUDFWHULVWLF�IHDWXUH�RI�IHUULWH�JDUQHW
ILOPV� LV� WKH� PL[HG� DQLVRWURS\� FKDUDFWHU�
WKDW� LV�� WKH� SUHVHQFH� RI� FXELF� (.8� DQGXQLD[LDO� DQLVRWURS\� (.�� >����@�� 7KH� DQLVRW�URS\� HQHUJ\� GHQVLW\� QRUPDOL]HG� WR� .�� IRUILOPV� ZLWK� WKH� PL[HG� DQLVRWURS\� RI� �����
RULHQWDWLRQ�LQ�FRRUGLQDWH�V\VWHP��&6��ZKHUH
WKH� D[HV� [�� \�� ]� FRLQFLGH� ZLWK� D[HV� ¢��
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ZKHUH� T��M� DUH� SRODU� DQG� D]LPXWK� DQJOHV� RI
PDJQHWL]DWLRQ� YHFWRU�P�� Q� �.8�.��� ,Q� >�@�VWDEOH� GLUHFWLRQV� RI�P� LQ� GRPDLQV� KDYH� EHHQ
GHWHUPLQHG� E\�PLQLPL]DWLRQ� ����ZLWK� UHVSHFW
WR�T�DQG�M��DQG�WKH�SKDVH�GLDJUDP��3'��KDYH
EHHQ�EXLOW�� ,Q�WKH�3'��WKUHH�DUHDV�FDQ�EH�GLV�
WLQJXLVKHG�� $UHD� ,� �Q�!�������� DUHD� RI� D[LDO

SKDVH� H[LVWHQFH�� DQG� DUHD� ,,���������Q���������
DUHD� RI� D� PHWDVWDELOLW\�� ZHUH� FRQVLGHUHG� LQ
>����@��$UHD�,,,� �Q���������� EHLQJ� WKDW� RI� DQ�
JXODU�SKDVHV�ZKHUH�GRPDLQ�ZDOOV��':��FDQ�EH
RI� GLIIHUHQW� W\SHV� ZLWK� GLIIHUHQW� PDJQHWL]D�
WLRQ� YHFWRU� J\UDWLRQ� DQJOHV� WKHUHLQ�� 7\SH� �
':� FRUUHVSRQGLQJ� WR� URWDWLRQDO� GLVSODFH�
PHQWV� ��o��� ���o���� ��o���� DQG� WR� VLPLODU
URWDWLRQDO� GLVSODFHPHQWV� XQGHU� WKH� ILOP
SODQH��7\SH���':����o��
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ZKDW� IROORZV�� WKH� ':� HQHUJ\� LV� FDOFXODWHG
IRU�GLIIHUHQW�':�W\SHV�DQG�WKH�PRVW�IDYRU�
DEOH� ':� RULHQWDWLRQV� ZLWK� UHVSHFW� WR� WKH
ILOP�SODQH�DUH�GHWHUPLQHG�

7KH� FDOFXODWLRQ� ZLOO� EH� GRQH� DVVXPLQJ
WKDW� WKH� GRPDLQ� ZDOO� LV� DQ� LVRODWHG� %ORFK
W\SH� ':�� 7KH� UHTXLUHPHQW� RI� DEVHQFH� RI
PDJQHWLF� ILHOGV� LQ� %ORFK� ':� LPSOLHV� WKDW
ZKHQ� SDVVLQJ� IURP�RQH� GRPDLQ� WR� DQRWKHU�
WKH� URWDWLRQDO� GLVSODFHPHQW� RI� PDJQHWL]D�
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WLRQ�YHFWRU�ZLOO�RFFXU�DORQJ�WKH�VLGH�VXUIDFH
RI� D� FRQH��7KXV�� WKH� QRUPDO� WR�':�VKRXOG
EH�FR�SODQDU�ZLWK�WKH�ELVHFWRU�EHWZHHQ�PDJ�
QHWL]DWLRQ� YHFWRUV� LQ� WKH� QHLJKERULQJ� GR�
PDLQV��DV�ZHOO�DV�SHUSHQGLFXODU�WR�WKH�SODQH
FRQWDLQLQJ� WZR� PDJQHWL]DWLRQ� YHFWRUV�
:KHQ� FDOFXODWLQJ� WKH�':�HQHUJ\��ZH� VKDOO
XVH� D� QHZ� &6� K�L�� K�L�� K�L� DVVRFLDWHG� ZLWKWKH�IODW�':��7KH�D[LV�K�L� LV�RULHQWHG�DORQJWKH�QRUPDO�WR�':��2ULHQWDWLRQ�RI�WKH�YHFWRU
P�ZLWK�UHVSHFW�WR�WKH�QHZ�&6�ZLOO�EH�JLYHQ
E\� SRODU� DQG� D]LPXWKDO� DQJOHV� TL� DQG� ML�UHVSHFWLYHO\� �L� ���� ��� �� EHLQJ� WKH� LQGH[
ZKLFK� VSHFLILHV� WKH� ':� W\SH��� 7KHQ� LW� LV
HDV\� WR� FDOFXODWH� WKH� ':� HQHUJ\� DQG� LWV
RULHQWDWLRQ��PDNLQJ�XVH�RI�WKH�IRUPXOD
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ZKHUH�(f�LV�WKH�DQLVRWURS\�HQHUJ\�GHQVLW\�LQ
WKH�GRPDLQ��ML�����ML����DQJOHV�RI�WKH�PDJQHWL�]DWLRQ� YHFWRUV� LQ� WKH� QHLJKERULQJ� GRPDLQV�
($L��WKH�DQLVRWURS\�HQHUJ\�GHQVLW\�ZULWWHQ�LQ
WKH�FRRUGLQDWH�V\VWHP�K�L��K�L��K�L�7R� H[SODLQ� PRUH� FOHDUO\� WKHRUHWLFDO� UH�
VXOWV�� OHW� WKH� WUDQVLWLRQV� ��o���� ��o��
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� EH� FRQVLGHUHG�� L�H�� RQH� RI� WKUHH

HTXLYDOHQW�WUDQVLWLRQV�RI�HDFK�W\SH��7KHQ�OHW
WKH� DQJOHV� FKDUDFWHUL]LQJ� JHRPHWU\� RI� WKH
SUREOHP�EH�GHVFULEHG�LQ�PRUH�GHWDLO��DV�ZHOO
DV� FRQQHFWLRQ�EHWZHHQ� WKRVH� �)LJ������ �DL� LVWKH� DQJOH� EHWZHHQ� YHFWRUV�P� LQ� WKH� QHLJK�
ERULQJ� GRPDLQV� LQ� WKH� SODQH� $L� FRQWDLQLQJWKHVH�WZR�YHFWRUV��LQ�RXU�FDVH�� LQ�WKH�SODQH
�����
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�SODQH���VLQD�� �VLQS���VLQT����D����D��� �D�� �S��E��WKH�DQJOH�RI�WKH�SODQH����
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D[LV� >���@� �FRVE� �FRVT����Ü����� VLQ�T�����
\L�� WKH� DQJOH� GHVFULELQJ� D� GHYLDWLRQ� RI� WKHSHUSHQGLFXODU�QL�WR�':�RI�L�W\SH�RXW�RI�WKH
SODQH�$L�� 7KH� DQJOH�\L� YDULHV�ZLWKLQ� OLPLWVÜS����S����7KH�YDOXH�\L� ���PHDQV�WKDW�WKH':�SODQH�LV�SHUSHQGLFXODU�WR�SODQH�$L�ZKLOH\L� �rS���VKRZV�WKDW�WKH�URWDWLRQDO�GLVSODFH�PHQW�RI�P� IURP�RQH�GRPDLQ� WR�DQRWKHU�RF�
FXUV� LQ� D� SODQH� SDUDOOHO� WR� WKH� ':� SODQH�
7KDW� LV�� DV� \L� YDULHV� IURP� �� XS� WR� S���RSHQLQJ� TL� RI� WKH� J\UDWLRQ� FRQH� LQFUHDVHV�FRVTL� �FRV\L� FRVDL� WJML� �WJDL�VLQ\L��� /HWXV� SXW� \L�!��� LI� WKH� QRUPDO� LV� DERYH� WKHSODQH����

BB
�DQG�\L�����LI�WKH�QRUPDO�LV�XQGHUWKDW�SODQH��/HW�XV�GLVWLQJXLVK�DOVR�J\UDWLRQ

RI� P� LQ� WKH� ':� DORQJ� WKH� �ORZHU�� DQG
�XSSHU��VXUIDFH�RI�WKH�FRQH�� L�H��XQGHU�DQG

DERYH� WKH� SODQH� ���
BB
�� UHVSHFWLYHO\�� 7KLV� LV

QHFHVVDU\�WR�FDOFXODWH�WKH�':�HQHUJ\�DW�GLI�
IHUHQW� J\UDWLRQ� GLUHFWLRQV� RI�P�� EHFDXVH� D
VKRUWHU�SDWK�GRHV�QRW�PHDQ�DQ�HQHUJ\�JDLQ�

1RZ�WKH�REWDLQHG�WKHRUHWLFDO�UHVXOWV�ZLOO
EH� H[SODLQHG�� 7KH� GHSHQGHQFHV� JL� �I�\L�KDYH�EHHQ�GHWHUPLQHG�IURP�WKH� IRUPXOD� ���
E\� QXPHULFDO� FDOFXODWLRQV� DW� YDULRXV� Q� YDO�
XHV�� +HQFH�� LW� LV� HDV\� WR� GHILQH� WKH� ':
RULHQWDWLRQ� ZLWK� UHVSHFW� WR� WKH� SODQH� �����
DV�ZHOO� DV� WKH�GHSHQGHQFH� JL� �I�Q�� �)LJV�������� ,Q� WKH� FDVH� RI� WKH� ��VW� W\SH�%ORFK�':�
WKHUH� DUH� �� GLIIHUHQW� SDWKV� IRU� YHFWRU� P
J\UDWLRQ� IURP� WKH� VWDWH� �� LQWR� WKH� VWDWH� ��
J���� � DQG� J���� DUH�':�HQHUJLHV� LQ� WKH� FDVH
RI�J\UDWLRQ�DORQJ�WKH�XSSHU�DQG�ORZHU�FRQH
VXUIDFH�� ZKHQ� \L������ J���� DQG� J����� WKHVDPH� ZKHQ� \L�!���� $W� Q�!���� WKH� PLQLPDOHQHUJ\�YDOXH�LV�DWWDLQHG�LQ�WKH�GLDJUDP�J���DW�D� FHUWDLQ�YDOXH�RI�WKH�DQJOH�\L������7KLVFDQ�EH�H[SODLQHG�DV�IROORZV��DW�D�JLYHQ�YDOXH
RI� WKH� DQJOH� \L� �GLIIHUHQW� IRU� GLIIHUHQW� Q��WKH� J\UDWLRQ� ZLOO� SDVV� WKURXJK� WKH� LQIOHF�
WLRQ�LQ�WKH�GLDJUDP�RI�DQLVRWURS\�HQHUJ\�LQ
SRODU�FRRUGLQDWH�V\VWHP��3&6���$W�\L� ����DQRQHTXLYDOHQFH� RI� J\UDWLRQ� DORQJ� WKH� ORZHU
DQG�XSSHU� FRQH� DUF� LV� REVHUYHG�� IRU� WKLV�\LYDOXH�� WKH� ':� HQHUJ\� J���� FRLQFLGHV� ZLWKJ����� DQG� J����� ZLWK� J����� WKH� J\UDWLRQ� DUFOHQJWKV�DUH�HTXDO�WR�RQH�DQRWKHU��1HYHUWKH�
OHVV�� LW� LV� IDYRUDEOH� WR�PDNH� J\UDWLRQ� RQ� D
XSSHU�FRQH�IDFH�QHDU�WR�WKH�LQIOHFWLRQ�LQ�WKH
GLDJUDP�LQ�WKH�3&6��2QO\�DW�D�FHUWDLQ�SRVL�
WLYH� YDOXH� RI� WKH� DQJOH�\�� HQHUJ\� J���� DQGJ���� EHFRPH� HTXDO�� $V� WKH� SDUDPHWHU� Q� DW�WDLQV� Q� ���� ZH� KDYH� RQO\� FXELF� DQLVRWURS\
�)LJ����G���7KH�J\UDWLRQ�JRHV�LPPHGLDWHO\�LQ

)LJ�����*HRPHWU\�RI�WKH�SUREOHP�
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WKH� SODQH�$L� FRQWDLQLQJ� PDJQHWL]DWLRQ� YHF�WRUV� LQ� WKH� QHLJKERULQJ� GRPDLQV�� DQG� LQ�
FOXGHV� DQ� D[LV� RI� ����!� W\SH�� D� GLIILFXOW
D[LV� RI� FXELF� DQLVRWURS\� �LQIOHFWLRQ��� 7KXV�
WKH� RSHQLQJ� RI� WKH� J\UDWLRQ� FRQH� �L�H�� WKH
DQJOH� TL�� LQFUHDVHV� DV� WKH� Q� SDUDPHWHU� GH�FUHDVHV��DQG�DW�Q� ����LW�DWWDLQV�T�� �����7KH�PLQLPDO�':�HQHUJ\�YDOXH� LQFUHDVHV
DV� WKH� Q� SDUDPHWHU� GHFUHDVHV� �)LJ������ 7KLV
FDQ�EH�H[SODLQHG�E\�WKH�IDFW�WKDW��LQ�DFFRUG�
DQFH�ZLWK� WKH� LQFUHDVH� RI� WKH�DQJOH�T� �DQG�
KHQFH��WKH�DQJOH�D���WKH�J\UDWLRQ�DUF�OHQJWKJURZV��$W�Q� ���� J���PLQ� ��CCCC$.L �� WKXV�FRLQ�
FLGLQJ�ZLWK�WKH�����':�HQHUJ\�LQ�PDJQHWLFV
ZLWK�D�FXELF�DQLVRWURS\��WKH�PDJQHWRVWULFWLRQ
EHLQJ�QRW�WDNHQ�LQWR�DFFRXQW��D�� �D�� �S����,Q�)LJ�����GHSHQGHQFH�RI�WKH�DQJOH�F��EH�WZHHQ� WKH�':�SODQH� DQG� WKH� >���@� D[LV� RQ
WKH�SDUDPHWHU�Q�LV�VKRZQ��+HUH��WKH�SRVLWLYH
F�� YDOXHV� FKDUDFWHUL]H� WKH� VWDWH� ZKHQ� WKHSODQH�$�� DQG� WKH�':�SODQH� DUH� DW� GLIIHUHQW
VLGHV�ZLWK�UHVSHFW�WR�WKH�>���@�D[LV�ZKLOH�WKH
QHJDWLYH� RQHV� VSHFLI\� WKH� SUHVHQFH� RI� WKHVH
WZR�SODQHV�DW�WKH�VDPH�KDQG�IURP�>���@�

$V� WKH�SDUDPHWHU�Q����� �ZKHQ�WKH� LQIOX�
HQFH� RI� XQLD[LDO� DQLVRWURS\� LV� UHGXFHG� WR
SUHVHQFH�RI�D�OLJKW�SODQH��DQG�FXELF�RQH��WR
SUHVHQFH� RI� OLJKW� D[HV� RI� >���@� W\SH��� LW� LV
IDYRUDEOH� IRU�WKH���VW� W\SH�GRPDLQ�ZDOOV� WR
EH�RULHQWHG�VR�WKDW�WKH�PDJQHWL]DWLRQ�YHFWRU
J\UDWLRQ� RFFXUV� DORQJ� WKH� �ORZHU�� VXUIDFH
RI� D� FRQH� QHDU� WR� WKH� OLJKW� SODQH� �\��!����7KDW�LV��WKH�PLQLPXP�RI�':�HQHUJ\�LV�QRZ
DWWDLQHG� QRW� DW� J���� � EXW� DW� J����� DQG� WKHJ\UDWLRQ�ZLOO� SDVV� WKH� LQIOHFWLRQ� LQ� WKH� DQ�

LVRWURS\� HQHUJ\� GLDJUDP� LQ� 3&6�� $W� Q� �Ü
����� DV� WKH� LQIOHFWLRQ� GLVDSSHDUV�� J\UDWLRQ
VWDUWV� WR� RFFXU� EHORZ� WKH� SODQH� ������� $W
QHJDWLYH� Q� YDOXHV�� WKH� J\UDWLRQ� QRQHTXLYD�
OHQFH� DW� WKH� �XSSHU�� DQG��ORZHU�� FRQH� VXU�
IDFHV� LV� REVHUYHG� DJDLQ� DW� \�� ��� �DW� WKHVDPH�J\UDWLRQ�SDWK���

7KXV��DV�RQO\� WKH�DQLVRWURS\�HQHUJ\�DQG
H[FKDQJH�HQHUJ\�DUH�WDNHQ�LQWR�DFFRXQW��WKH
��VW� W\SH� ':� WHQG� WR� EH� RULHQWHG� VR� WKDW
WKH�PDJQHWL]DWLRQ�YHFWRU�J\UDWLRQ�IURP�RQH
GRPDLQ� WR� DQRWKHU� RFFXUV� DORQJ� WKH� SDWK
ZLWK�PLQLPDO�DQLVRWURS\�HQHUJ\�

6LPLODU� FDOFXODWLRQV� KDYH� EHHQ� FDUULHG
RXW� XQGHU� FRQGLWLRQ� RI� D� FRPSHWLWLRQ� EH�
WZHHQ�WKH�':�DUHD�DQG�WKH�PLQLPDO�DQLVRW�
URS\�HQHUJ\��,I�ZLWKRXW�WDNLQJ�LQWR�DFFRXQW
':�DUHD�DW�FKDQJH�RI�WKH�SDUDPHWHU�Q�VLJQ�
WKH� PLQLPXP� RI� ':� HQHUJ\� VKRZHG� WKH
WUDQVLWLRQ�J����o�J���� �DQG�':�DUHD�JUDGX�
DOO\� LQFUHDVHG� ZLWK� GLPLWXWLRQ� RI� J��� QRZ
VXFK� WUDQVIRUPDWLRQ� RFFXUV� WKURXJK� DQ� LQ�
WHUPHGLDWH� YDOXH�� L�H�� J����o�J����o�J����'XH� WR� WKDW� LQWHUPHGLDWH� YDOXH�� WKH� PDJ�
QHWL]DWLRQ� YHFWRU� J\UDWLRQ� GLUHFWLRQ� YDULHV
JUDGXDOO\�� ZKLOH� WKH� ':� RULHQWDWLRQ� �DQG
KHQFH�WKH�':�DUHD��UHPDLQLQJ�XQFKDQJHG�

6LPLODU� FDOFXODWLRQV� KDYH� EHHQ� FDUULHG
RXW� IRU�WKH���QG�W\SH�':��7KH�':�HQHUJ\
DQG� ':� RULHQWDWLRQ� LQ� XQOLPLWHG�PDJQHWLF
KDYH�EHHQ�IRXQG��DV�ZHOO�DV�WDNLQJ�LQWR�FRQ�
VLGHUDWLRQ�WKH�':�DUHD��$W�Q�!�����WKH���QG
W\SH� ':� HQHUJ\� LV� KLJKHU� DV� FRPSDUHG� WR
WKH���VW�W\SH�':�HQHUJ\��)LJ������VLQFH�WKH

)LJ����� 'HSHQGHQFH� RI� WKH� DQJOH� FL� EHWZHHQ':� RI� YDULRXV� W\SHV� DQG� WKH� D[LV� >���@� RQ
SDUDPHWHU�Q����Ü�':�RI���VW�W\SH����Ü�':�RI
��VW� W\SH�ZLWK�DFFRXQW�RI�':�DUHD����Ü�':
RI� ��QG� W\SH�� �� Ü� ':� RI� ��QG� W\SH� ZLWK
DFFRXQW�RI�':�DUHD����Ü�':�RI���G�W\SH����Ü

)LJ�����'HSHQGHQFH�RI�HQHUJ\�RQ�SDUDPHWHU�Q
IRU�YDULRXV�W\SHV�':����Ü�':�RI���VW� W\SH�
�� Ü� ':� RI� ��VW� W\SH�� �� Ü� ':� RI� ��VW� W\SH
ZLWK� DFFRXQW� RI�':�DUHD���� Ü�':�RI���QG
W\SH�� �� Ü�':� RI� ��QG� W\SH�ZLWK� DFFRXQW� RI
':�DUHD����Ü�':�RI���G�W\SH����Ü�':�RI���G
W\SH�ZLWK�DFFRXQW�RI�':�DUHD���
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J\UDWLRQ�DUF�LQ�WKLV�FDVH�LV�ORQJHU��+RZHYHU�
DV�WKH�SDUDPHWHU�Q�GHFUHDVHV��WKH���QG�W\SH
':�HQHUJ\�GHFUHDVHV�DQG�DW�Q� ���LV�HTXDO�
L]HG�ZLWK�WKH���VW�W\SH�':�RQH��$W�QHJDWLYH
Q� YDOXHV�� LW� LV� MXVW� WKH� ��QG� W\SH�':� WKDW
KDV�ORZHU�YDOXH�HQHUJ\��7KDW�LV��IRU�Q� ����D
WUDQVLWLRQ�RI�WKH���VW�W\SH�':�LQWR�WKH���QG
W\SH� RQH� FDQ� EH� VWDWHG�� WKH� J\UDWLRQ� DUF
OHQJWKV� IRU� ':� RI� GLIIHUHQW� W\SH� EHFRPH
HTXDO��DOVR�GLIIHUHQW�W\SH�':�WDNH�WKH�VDPH
VSDWLDO�RULHQWDWLRQV�

,Q�)LJ�����WKH�GHSHQGHQFH�RI�DQJOH�F��EH�WZHHQ� WKH�':�SODQH� DQG� WKH� D[LV� >���@� RQ
WKH� Q� SDUDPHWHU� LV� VKRZQ��$V� WKH� WHPSHUD�
WXUH� GURSV�� WKH� DQJOH� F�� LV� LQFUHDVHG�� WKH':� SODQH� WLOWV�PRUH� DQG�PRUH� WR� WKH� ILOP
VXUIDFH��DQG�DW�D�VXIILFLHQWO\�QHJDWLYH�YDOXH
RI�SDUDPHWHU�Q�EHFRPHV�SDUDOOHO� WR�WKH�ILOP
SODQH��7KXV��XQGHU�DFFRXQW�RQO\�IRU�DQLVRW�
URS\�HQHUJ\�DQG�H[FKDQJH�HQHUJ\�� WKH���QG
W\SH�':�DUH� RULHQWHG� VR� WKDW� WKH�PDJQHWL�
]DWLRQ� YHFWRU� J\UDWLRQ� LQ� ':� RFFXUV
WKURXJK�WKH� LQIOHFWLRQ� LQ� WKH�3&6�GLDJUDP�
$W� D� FRPSHWLWLRQ� RQO\� EHWZHHQ� SDWK� OHQJWK
DQG� WKH� DQLVRWURS\� HQHUJ\� YDOXH� LQ� WKLV
SDWK��WKH�':�RULHQWDWLRQ�PD\�EH�DUELWUDU\�
LQFOXGLQJ� WKH� SRVLWLRQ� SDUDOOHO� WR� WKH� ILOP
SODQH��WKDW�UHVXOWV�LQ�DQ�XQERXQGHG�JURZWK
RI� WKH� ':� DUHD� LQ� FDVH� RI� D� VLQJOH� FU\VWDO
SODWH�FXW�LQ�SDUDOOHO�WR�WKH�SODQH��������7KH
DFFRXQW� IRU� ��QG� W\SH� ':� DUHD� PDNHV� WKH
IROORZLQJ�FRUUHFWLRQV�WR�WKH�':�HQHUJ\�DQG
':� RULHQWDWLRQ�� $W� Q�!����� WKH� PLQLPDO
':� HQHUJ\� LV� DWWDLQHG� IRU� \�� �S���� DWQ�d������\����S���DQG�WKH�PDJQHWL]DWLRQ�YHF�WRU�J\UDWLRQ�RFFXUV� DORQJ� WKH� FRQH� VXUIDFH�
LQVWHDG� RI� LQ� D� SODQH� DV� LW� ZDV� HDUOLHU�� ,Q
VXFK� D� ZD\�� D� GLPLQXWLRQ� RI� WKH� GRPDLQ
ZDOO�DUHD�LV�SURYLGHG�WKRXJK�WKH�DQLVRWURS\
HQHUJ\� LV� LQFUHDVHG�� 'LVDSSHDUDQFH� RI� WKH
LQIOHFWLRQ� IRU� ��VW� W\SH� ':� RI� DW� Q� �Ü���
GRHV�QRW�LQIOXHQFH�LQ�DQ\�ZD\�WKH�LQIOHFWLRQ
IRU���QG�W\SH�':��7KH�FKDUDFWHU�RI�RI���QG
W\SH� ':� HQHUJ\� GHSHQGHQFH� RQ� SDUDPHWHU
Q� XQGHU� DFFRXQW� IRU� WKH� DUHD� LV� VLPLODU� WR
WKDW�IRU���QG�W\SH�':�LQ�D�XQOLPLWHG�FU\V�
WDO�� DV� WKH� SDUDPHWHU� Q� GHFUHDVHV�� WKH� ':
HQHUJ\� GURSV� PRQRWRQRXVO\�� $W� VRPH
QRQ]HUR� YDOXH� RI� SDUDPHWHU� Q�� WKH� GRPDLQ
ZDOO� W\SH� LV� REVHUYHG� WR� FKDQJH�� WKH� ��QG
W\SH�GRPDLQ�ZDOOV�EHFRPH�PRUH�IDYRUDEOH�LQ
HQHUJ\� WKDQ� WKH� ��VW� W\SH� RQHV� �)LJ�����
+RZHYHU�� LQ� WKLV�FDVH��WKH�':�RI�GLIIHUHQW
W\SHV� WDNH� GLIIHUHQW� RULHQWDWLRQV� ZLWK� UH�
VSHFW�WR�WKH�ILOP�SODQH�

7KH������GRPDLQ�ZDOOV�LQ�PDJQHWLFV�ZLWK
PL[HG� DQLVRWURS\� KDYH� WKH� KLJKHVW� HQHUJ\

DV�FRPSDUHG�WR�':�RI�RWKHU�W\SHV�DW�DQ\�Q
YDOXHV�� 7KLV� HYLGHQFHV� QRW� RQO\� WKDW� WKH
PDJQHWL]DWLRQ�YHFWRU�J\UDWLRQ�DUF� OHQJWK� LV
WKH�JUHDWHVW�� EXW� DOVR� WKDW� WKH�GRPDLQ�ZDOO
WHQGV� WR� RFFXS\� VRPH� HTXLOLEULXP� SRVLWLRQ
EHWZHHQ�WZR�LQIOHFWLRQV�LQ�WKH�3&6�GLDJUDP
RI�DQLVRWURS\�HQHUJ\��VLQFH�WKH�SODQH�RI���UG
W\SH�':�FDQQRW�VLPXOWDQHRXVO\�FRQWDLQ�WZR
LQIOHFWLRQV��IRU���VW�DQG���QG�':�W\SHV���$V
D� FRQVHTXHQFH�� WKH� LQHTXDOLW\� J�PLQ��J�PLQzJ�PLQ� LV� QRW� YDOLG� DW� DQ\� YDOXHV� RISDUDPHWHU�Q� �H[FHSW�IRU�Q� ���ZKHQ��LQ�FDVH
RI�XQOLPLWHG� FU\VWDO��':�SODQHV� RI� DOO� WKUHH
W\SHV� FRLQFLGH� DQG� WKH� PDJQHWL]DWLRQ� YHFWRU
J\UDWLRQ�RFFXUV�LQ�WKH�':�SODQH���7KH�RULHQ�
WDWLRQ�RI���UG�W\SH�':�DOVR�LV�VHOHFWHG�EDVLQJ
RQ� SDWK� OHQJWK� FRPSHWLWLRQ� ZLWK� DQLVRWURS\
HQHUJ\�RQ�WKLV�SDWK�

7KXV�� WKH� FDOFXODWLRQV� DOORZ� IRU� WKH� IRO�
ORZLQJ� FRQFOXVLRQV�� ,Q� PDJQHWLFV� ZLWK
PL[HG� DQLVRWURS\�� WKUHH� W\SHV� RI� GRPDLQ
ZDOOV� PD\� EH� UHDOL]HG�� &DOFXODWLRQ� RI� ':
HQHUJ\� DQG� ':� RULHQWDWLRQ� LQ� XQOLPLWHG
FU\VWDO� KDV� VKRZQ� WKDW� WKH� GRPDLQ� ZDOOV
WHQG�WR�EH�DUUDQJHG�VR�WKDW�J\UDWLRQ�RFFXUV
DORQJ� D� SDWK� ZLWK� PLQLPDO� DQLVRWURS\� HQ�
HUJ\� �WKURXJK� GLIIHUHQW� VRUWV� RI� LQIOHFWLRQV
LQ� WKH� DQLVRWURS\� HQHUJ\� GLDJUDP� LQ� SRODU
FRRUGLQDWHV�� DW� VLPXOWDQHRXV� VKRUWHQLQJ� RI
WKH� URWDWLRQ� SDWK�� 7KH�':�PD\� WDNH� TXLWH
GLIIHUHQW� RULHQWDWLRQV� ZLWK� UHVSHFW� WR� WKH
SODQH� ������ ZKLFK� LV� WKH� VXUIDFH� SODQH� RI
WKH� ILOPV� XQGHU� VWXG\�� 8QGHU� DFFRXQW� IRU
WKH�DUHD��WKH�GRPDLQ�ZDOOV�DUH�RULHQWHG�QRW
TXLWH� IDYRUDEO\� DV� WR� DQLVRWURS\� HQHUJ\
�WKHUH� LV� D� FRPSHWLWLRQ� EHWZHHQ� WKH� SDWK
OHQJWK�� DQLVRWURS\� HQHUJ\� LQ� WKLV� SDWK� DQG
':� DUHD��� WKH� J\UDWLRQ� RFFXUV� QHDU� WR� DQ
LQIOHFWLRQ�� EXW� QRW� LPPHGLDWHO\� WKURXJK� LW�
6XFK� D� VLWXDWLRQ� FDQ� UHVXOW� LQ� WKDW� LQ� UHDO
PDJQHWLFV� ZLWK� PL[HG� DQLVRWURS\�� WKH� GR�
PDLQ� ZDOOV� RI� D� FRPSOH[� VWUXFWXUH� ZLOO� EH
UHDOL]HG��ZKHQ�LW�LV�IDYRUDEOH�IRU�PDJQHWL]D�
WLRQ�YHFWRU�WR�IRUP�PDJQHWLF�ILHOG�VWUHQJWKV
DW�WKH�':�VXUIDFH��L�H���WKH�':�ZLOO�QRW�EH
RI�H[DFWO\�%ORFK�RU�1HHO�W\SH���EXW�WR�URWDWH
WKURXJK�WKH� LQIOHFWLRQ�� WKXV�VLPXOWDQHRXVO\
UHGXFLQJ� WKH�':�DUHD�� ,Q� IDFW�� WKH� H[SHUL�
PHQWV�GHVFULEHG� LQ� >����@� VSHFLI\� VXFK� FRP�
SOH[� FKDUDFWHU� RI� PDJQHWL]DWLRQ� YHFWRU� J\�
UDWLRQ� LQ� WKH� ':� SODQH�� )RU� DQ� XQOLPLWHG
FU\VWDO�DQG�D�VLQJOH�FU\VWDO�SODWH�� WKH�WKHR�
UHWLFDO� PRGHO� LQGLFDWHV� WKH� WUDQVIRUPDWLRQ
RI� D� ��VW� W\SH�':� LQWR� ��QG� W\SH� RQH� DW� D
SDUWLFXODU� YDOXH� RI� SDUDPHWHU� Q�� 8QIRUWX�
QDWHO\�� WKH� SUHVHQWHG� VLPSOH� HQRXJK� WKHR�
UHWLFDO� PRGHO� WDNLQJ� LQWR� DFFRXQW� RQO\� WKH
DQLVRWURS\�HQHUJ\�DQG�H[FKDQJH�HQHUJ\�GRHV
QRW� IHDWXUH� WKH� PDJQHWL]DWLRQ� YHFWRU� URWD�
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WLRQDO�GLVSODFHPHQW�SURFHVV�LWVHOI�DW�WKH�':
W\SH�FKDQJH��+RZHYHU��DFFRUGLQJ�WR�WKH�H[�
SHULPHQWDO� UHVXOWV� GHVFULEHG� LQ� >�@�� VXFK
WUDQVIRUPDWLRQ� RFFXUV� E\� WXUQLQJ� RI� WKH
PDJQHWL]DWLRQ� YHFWRU� LQ� RQH� RI� GRPDLQV� DW
LQVLJQLILFDQW�DOWHUDWLRQ�LQ�':�RULHQWDWLRQ��
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