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3K\VLFDO�DQG�FKHPLFDO�SURSHUWLHV�RI�FU\V�
WDOOLQH� PDWHULDOV� DUH� GLUHFWO\� UHODWHG� WR
WKHLU� JOREDO� FU\VWDO� VWUXFWXUH� DV� ZHOO� DV� WR
WKHLU� PLFURVWUXFWXUH�� 6SHFLILF� IHDWXUHV� RI
VRPH�FU\VWDOOLQH�PDWHULDOV�FDXVHV�WKH�VXEGL�
YLVLRQ�WKHUHRI�LQWR�IHUURHODVWLF��IHUURHOHFWULF
GRPDLQV� NQRZQ� DV� WZLQV� DQG� KHQFH�� D� IXU�
WKHU�W\SH�RI�UHDO�VWUXFWXUH�DSSHDUV�UHIHUUHG
WR� DV� GRPDLQ� VWUXFWXUH�� 7KH� GRPDLQV� DUH
FU\VWDOOLQH�DUHDV�FRQVLVWLQJ�RI�WKH�VDPH�PD�
WHULDO� MRLQHG� WRJHWKHU� E\� FHUWDLQ� V\PPHWU\
HOHPHQW��ZKLFK�GRHV�QRW�EHORQJ�WR�WKH�VSDFH
JURXS� V\PPHWU\� RI� D� VLQJOH� GRPDLQ� RI� WKH
VDPSOH�� 7KH� GLIIHUHQW� GRPDLQV� DUH� HTXLYD�
OHQW� LQ� HQHUJ\�� 7KH� IHUURHODVWLF� VWUXFWXUH
LQKHUHQW� LQ�GRPDLQV� FRPSOLFDWHV� HVVHQWLDOO\
WKH� FU\VWDO� VWUXFWXUH� LQYHVWLJDWLRQ� DQG� WKH
GHWHUPLQDWLRQ� RI� WKHLU� SK\VLFDO� DQG� FKHPL�
FDO� SURSHUWLHV�� HVSHFLDOO\� WKH� DQLVRWURSLHV�
7KH� EHKDYLRU� RI� GRPDLQV� PD\� VWURQJO\� LQ�
IOXHQFH� WKH� PDWHULDO� SURSHUWLHV�� IRU� H[DP�
SOH�� WKH� FRQILJXUDWLRQ� RI� WKH� PDJQHWLF� GR�

PDLQ� VWUXFWXUH� LQ� VROLG� VROXWLRQV� RI� UDUH
HDUWK�PDQJDQLWHV�>�@��7KH�LQWHUDFWLRQ�RI�GH�
IHFWV� LQ� R[LGH� VXEODWWLFH� ZLWK� GRPDLQ
ERXQGDULHV� GHWHUPLQHV� D� VHULHV� RI� SK\VLFDO
SURSHUWLHV� LQ�PDWHULDOV�ZLWK� SHURYVNLWH�OLNH
VWUXFWXUH��ZKLFK�KDYH�IRXQG�QXPHURXV�WHFK�
QLFDO� DSSOLFDWLRQV� LQ� ODVW� \HDUV�� $PRQJ
WKRVH�� WKHUH� LV� D� ODUJH�JURXS�RI� FRPSRXQGV
KDYLQJ�XQLTXH�GLHOHFWULF��IHUURHOHFWULF�SURS�
HUWLHV�>�Ü�@��DV�ZHOO�DV�LRQLF�>����@�DQG�KLJK�
WHPSHUDWXUH�FRQGXFWLYLW\�>�@�
7ZLQQLQJ�KDV� ORQJ�EHHQ�FRQVLGHUHG�WR�EH

RQH�RI�WKH�PRVW�VHULRXV�SRWHQWLDO�KLQGUDQFHV
WR� VWUXFWXUH� GHWHUPLQDWLRQ�� 7KH� WZLQQLQJ
FDQ� VLJQLILFDQWO\� FRPSOLFDWH� WKH� VWUXFWXUH
VROXWLRQ�UHILQHPHQW� SURFHVV�� 1XPHURXV
GHILQLWLRQV�� DSSURDFKHV� DQG� FRPSXWHU� SUR�
JUDPV� VSHFLILFDOO\� LQWHQGHG� IRU� WKH� GDWD
SURFHVVLQJ�DQG�UHDO�VWUXFWXUH�GHWHUPLQDWLRQ
RI� WZLQQHG� FU\VWDOV� ZHUH� GHYHORSHG� >�Ü��@�
7KHVH� PHWKRGV� FDQ� EH� KHOSIXO� RQO\� ZKHQ� D
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FU\VWDOORJUDSKHU�KDV�FRUUHFWO\�LGHQWLILHG�WKH
WZLQQLQJ�ODZV�
$Q�LQIRUPDWLYH�DQG�RIWHQ�XVHG�LQYHVWLJD�

WLRQ�PHWKRG�RI�GRPDLQ�VWUXFWXUH�LV�HOHFWURQ
PLFURVFRS\�� ZKLFK� VXSSOLHV� KLJK� UHVROXWLRQ
RQ�VXEPLFURQ�DV�ZHOO�DV�VXEPLOOLPHWHU�VFDOH
>��Ü��@��)XUWKHUPRUH��SRVVLELOLW\�RI�SDUDOOHO
XVH� RI� VHOHFWLYH� HOHFWURQ� GLIIUDFWLRQ� LQ� GLI�
IHUHQW� DUHDV� RI� VDPSOH�PDNHV� LW� SRVVLEOH� WR
ILQG� RULHQWDWLRQ� RI� WKH� VHOHFWHG� ]RQHV�� $W
WKH� VDPH� WLPH�� IRU� LQWHUSUHWDWLRQ� RI� RE�
WDLQHG� LPDJHV�� D� FRPSOLFDWHG� VLPXODWLRQ� LV
QHFHVVDU\� >��@� ZKHQ� GLIIHUHQW� V\PPHWU\
PRGHOV� RI� FRQQHFWLRQ� �WZLQQLQJ� HOHPHQWV�
EHWZHHQ� LQYHVWLJDWHG� RULHQWDWLRQ� VWDWHV
VKRXOG� EH� SRVWXODWHG�� 7KLV�� LQ� SDUW�� GH�
PDQGV� FRPSOLFDWHG� DQG� WLPH�FRQVXPLQJ
DQDO\VLV� RI� SRVVLEOH� FRQILJXUDWLRQV� RI� IHU�
URHODVWLF�GRPDLQ�VWUXFWXUH�XVLQJ�WKHRUHWLFDO
JURXS�DQDO\VLV� >��@��PHWKRG�RI�VSRQWDQHRXV
VWUDLQ� WHQVRUV� �6DSULHO�V� PHWKRG�� >��@� RU
WKHRU\�RI�PHFKDQLFDO�WZLQQLQJ�>������@��1H�
JOHFWLQJ� RI� WKHVH� WKHRUHWLFDO� PHWKRGV� RIWHQ
UHVXOWV�LQ�LQFRUUHFW�LQWHUSUHWDWLRQ�
7KH� SXUSRVH� RI� WKLV� ZRUN� LV� WR� SURYLGH

WKH�IXQGDPHQWDO�FRQFHSWV�DQG�DOJRULWKP�IRU
GHWHUPLQDWLRQ�RI�SRVVLEOH�VHFRQG�RUGHU�WZLQ�
QLQJ� ODZV� Û� PLUURU� SODQHV� DQG� WZRIROG
D[HV��7KH�PHWKRG�SUHVHQWHG�LV�DSSOLFDEOH�IRU
FHQWHU�V\PPHWULFDO� IHUURHODVWLFV� DQG�RU� VR�
FDOOHG�WZLQV�ZLWK�QRQ�]HUR�REOLTXLW\�
)XQGDPHQWDO� FRQFHSWV�� 'RPDLQV� FDQ

RULJLQDWH� LQ� WKUHH� GLIIHUHQW� ZD\V�� ��� ZKHQ
WKH� QXFOHL� DUH� FROOLGHG� GXULQJ� FU\VWDO
JURZWK� DQG� D� QHZ� GRPDLQ� LV� DGGHG� WR� WKH
IDFH�RI�DQ�DOUHDG\�H[LVWLQJ�GRPDLQ��EXW�KDV
DQ� RULHQWDWLRQ� GLIIHUHQW� IURP� WKH� ILUVW� GR�
PDLQ�����ZKHQ�D�SUH�H[LVWHQW�FU\VWDO�XQGHU�
JRHV�D�SRO\PRUSKLF�WUDQVIRUPDWLRQ�GXH�WR�D
WHPSHUDWXUH� FKDQJH�� ��� FDQ� EH� LQGXFHG� E\
VRPH� DSSOLHG� H[WHUQDO� �PHFKDQLFDO�� HOHFWUL�
FDO��ILHOGV�
,Q� OLWHUDWXUH�>��@�� WKHUH�DUH�VHYHUDO�GHIL�

QLWLRQV� RI� WZLQQLQJ�� ZKLFK� GHSHQG� RQ� GH�
OLPLWDWLRQ� FRQFHSWLRQ�� 2QH� RI� WKH� ROGHVW
FODVVLILFDWLRQV� LV� WKH� �FU\VWDOORJUDSKLF�PLQ�
HUDORJLFDO���ZKLFK�ZDV� VXPPDUL]HG� LQ� >��@�
%DVHG� XSRQ� WKHLU� GLIIUDFWLRQ� SDWWHUQV�
WZLQQHG� FU\VWDOV�PD\� EH� JURXSHG� LQWR� IRXU
JHQHUDO� FDWHJRULHV�� PHURKHGUDO�� UHWLFXODU
PHURKHGUDO�� SVHXGR�PHURKHGUDO� DQG� UHWLFX�
ODU�SVHXGR�PHURKHGUDO��$�FRDUVHU�FODVVLILFD�
WLRQ� ZDV� LQWURGXFHG� LQ� >��@�� ZKHUH� ]HUR�
REOLTXLW\� WZLQV� �7ZLQ� /DWWLFH� 6\PPHWU\�
7/6�� DQG� QRQ�]HUR� REOLTXLW\� WZLQV� �7ZLQ
/DWWLFH� 4XDVL� 6\PPHWU\�� 7/46�� DUH� GLVWLQ�
JXLVKHG�� 7KLV� FODVVLILFDWLRQ� SXWV� PRUH� HP�
SKDVLV� RQ� WKH� UROH� RI� D� VSHFLILF� SDUDPHWHU�
WKH� WZLQ� REOLTXLW\� Z�� ZKLFK� LV� UHVSRQVLEOH

IRU� WKH� VSOLWWLQJ� RI� WKH� UHIOHFWLRQV� LQ� WKH
GLIIUDFWLRQ� SDWWHUQ� RI� D� WZLQQHG� VDPSOH��$
PRUH� GHWDLOHG� GHVFULSWLRQ� RI� WKH� �FU\VWDO�
ORJUDSKLF�PLQHUDORJLFDO�� FODVVLILFDWLRQ� LV
SUHVHQWHG��IRU�H[DPSOH��DW�>������@��
$QRWKHU� ��SK\VLFDO��� GHILQLWLRQ� RI� GR�

PDLQV�LV�EDVHG�RQ�SKHQRPHQRORJLFDO�FRQFHSW
RI� WUDQVIRUPDWLRQ� WZLQV�� ,Q� ������ z�$L]X
>��@�KDV�LQWURGXFHG�D�VSHFLDO�GHILQLWLRQ��IHU�
URLFV��LQWR�VROLG�VWDWH�SK\VLFV��$FFRUGLQJ�WR
KLV� GHILQLWLRQ�� IHUURLFV� DUH� D� FODVV� RI� FU\V�
WDOOLQH�VROLGV�LQ�ZKLFK�WZR�RU�PRUH�RULHQWD�
WLRQ� VWDWHV� �GRPDLQV�� FDQ� DSSHDU� LQ� WKH� DE�
VHQFH� RI� H[WHUQDO�PDJQHWLF�� HOHFWULF� RU�PH�
FKDQLFDO� ILHOGV� DQG� VZLWFK� IURP� RQH� WR
DQRWKHU� XQGHU� PDJQHWLF� �IHUURPDJQHWLFV��
HOHFWULF� �IHUURHOHFWULFV�� ILHOGV� DQG� PHFKDQL�
FDO� VWUHVV� �IHUURHODVWLFV�� RU� WKHLU� FRPELQD�
WLRQ�� )RU� FKDUDFWHUL]DWLRQ� RI� IHUURLFV��$L]X
LQWURGXFHG� DOVR� WKH� FRQFHSW� RI� �VSHFLHV��
ZKLFK� LQFOXGHV� WZR� SRLQW� JURXSV�� 7KH� ILUVW
LV�D�FHUWDLQ�QRQIHUURLF�SRLQW�JURXS�*��ZKLFK
ZDV�UHIHUUHG�WR�DV�WKH��SURWRW\SH���7KH�VHF�
RQG� LV� D� SRLQW� JURXS� )� RI� IHUURLF� SKDVH
EHLQJ� FRQVLGHUHG�� ZKLFK� FDQ� EH� FRQVLGHUHG
DV� D� VOLJKW�PRGLILFDWLRQ� RI� WKH� �SURWRW\SH�
SKDVH�� 7KH� V\PPHWU\� RI� IHUURPDJQHWLF� GR�
PDLQV� LV� FKDUDFWHUL]HG�E\�VSHFLILF�PDJQHWLF
JURXSV��ZKLFK�DUH�FRPELQDWLRQ��LQWHJUDWLRQ�
RI�VSDFH�JURXSV�ZLWK�VSHFLILF�PDJQHWLF�V\P�
PHWU\�HOHPHQW�Û�WLPH�LQYHUVLRQ��DQG�LW�ZLOO
EH�QRW�IXUWKHU�FRQVLGHUHG�LQ�WKLV�ZRUN�
,W�ZDV�VKRZQ�>��@�WKDW�WKH�FRPSDULVRQ�RI

SRLQW� JURXSV� �WKH� V\PPHWU\� HOHPHQWV
WKHUHRI�� RI� WKH� *� SURWRW\SH� SKDVH� DQG� )
IHUURLF�RQH�DOORZV� WR�GHWHUPLQH� WKH�QXPEHU
RI�SRVVLEOH�GRPDLQV��GRPDLQ�VWDWHV���V\PPH�
WU\� HOHPHQWV�� ZKLFK� FRQQHFW� WKHVH� VWDWHV�
DQG� WKH� RULHQWDWLRQ�RI� VRPH� �QRW� DOO�� SRVVL�
EOH�GRPDLQ�ZDOOV��,I�)�LV�WKH�SRLQW�JURXS�RI
WKH�'��RULHQWDWLRQ�VWDWH�DQG�JM�LV�WKH�RSHUD�WLRQ� WUDQVIRUPLQJ� IURP�WKH�'�� VWDWH� WR� WKH'M� VWDWH� �LQFOXGLQJ�'���� WKHQ� WKH� VHW� RI� DOORSHUDWLRQV� FRQQHFWLQJ� '�� DQG� 'M� LV� JL�)�7KLV�PHDQV�WKDW�HDFK�VWDWH�'M�KDV�LWV�FRUUH�VSRQGLQJ�OHIW�FRVHW�+L�RI�WKH�VXEJURXS�)�LQZKLFK�*�FDQ�EH�H[SUHVVHG�>��@�

*� �+����+����������+T� ���
ZKHUH� +L� �JL�)� DQG� L� �����T�� +HUH�� WKHQXPEHU� T� RI� SRVVLEOH� RULHQWDWLRQ� VWDWHV� LQ
WKH�IHUURLF�SKDVH�LV�HTXDO�WR�WKH�RUGHU�RI�WKH
*� SRLQW� JURXS� LQ� WKH� SURWRW\SH� SKDVH� GL�
YLGHG�E\�WKH�RUGHU�RI�WKH�)�VXEJURXS�LQ�WKH
IHUURLF�SKDVH��T� �Q*�Q)��������6WUDLQ�IUHH� GRPDLQ� ZDOOV� FDQ� H[LVW� EH�
WZHHQ�WZR�RULHQWDWLRQ�VWDWHV�RQO\�ZKHQ�FRU�
UHVSRQGLQJ� �FRQQHFWLRQ�� HOHPHQWV� JM�+L
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PHHW�WKH�FRQGLWLRQ�RI�RULHQWDWLRQ�VWDWH�SHU�
PXWDWLRQ�� 7KLV� PHDQV� WKDW� LI� JM� DSSOLHG� WR'�� \LHOGV� 'L�� WKHQ� WKH� VDPH� RSHUDWLRQ� JMXSRQ�'L�VKRXOG�\LHOG�'��� WKDW� LQGLFDWHV�WKHHTXLYDOHQF\�RI�'��DQG�'M�RULHQWDWLRQ�VWDWHV�7KXV��WKH�DPELYDOHQFH�FRQGLWLRQ�>��@�VKRXOG
EH�PHW� WR� HQVXUH� WKDW� WKH� FRQGLWLRQ�RI� RUL�
HQWDWLRQ�VWDWHV�SHUPXWDWLRQ�LV�DOVR�IXOILOOHG�

JL����)��� ���
,I�WKH�GRPDLQV�DUH�FRQQHFWHG�ZLWK�D�PLU�

URU� SODQH�� WKLV� SODQH�PD\�EH� D� FRPSRVLWLRQ
SODQH� :� EHWZHHQ� FRUUHVSRQGLQJ� GRPDLQV�
7KLV� LV� REYLRXV� IURP� WKH� IDFW� WKDW� WKH� UH�
SHDWHG�PLUURU�UHIOHFWLRQ�ZLWK�UHVSHFW�WR�WKH
VDPH�P�SODQH�UHVXOWV�LQ�WKH�LGHQWLFDO�WUDQV�
IRUPDWLRQ�(�RI�DQ�REMHFW�LQ�LWVHOI�

P�u�P� �(� ���
7KH��QG�RUGHU�URWDWLRQ�DOVR�PHHWV�WKH�DP�

ELYDOHQFH�FRQGLWLRQ�
��u��� �(� ���

+HQFH�� LI� WKHUH� LV� D� WZRIROG� D[LV� DPRQJ
WKH�HOHPHQWV�FRQQHFWLQJ�'�� DQG�'L� RULHQWD�WLRQ� VWDWHV�� WKH� SODQH� FRQWDLQLQJ� WKLV� D[LV
PD\�EH� D�GRPDLQ�ZDOO� EHWZHHQ� WKHVH� RULHQ�
WDWLRQ�VWDWHV� �6�ZDOO��� ,Q�FRQWUDVW�WR�:�ZDOOV�
WKH� RULHQWDWLRQ� RI� WKLV�ZDOO�PD\� KDYH� QRQ�
LQWHJUDO�0LOOHU� LQGLFHV�� ,Q�FHQWHU�V\PPHWUL�
FDO� IHUURLFV�� WKH� OHIW� FRVHW�+M� FDQ� FRQWDLQERWK� WKH� PLUURU� SODQH� DQG� WZRIROG� D[LV
ZKLFK� LV� SHUSHQGLFXODU� �LQ� WKH� SURWRW\SH
SKDVH��WR�WKLV�SODQH�

LI�P�+M�WKHQ�P�u�&� ���DQG���+M��EHFDXVH�&�)����

LI���+M�WKHQ���u�&� �P�DQG�P�+M��EHFDXVH�&�)����
,W�VKRXOG�EH�QRWHG�WKDW�FHQWHU�V\PPHWUL�

FDO� IHUURLFV� FDQ� EH� RQO\� IHUURHODVWLFV�� )HU�
URHODVWLF�GRPDLQV�FDQ�EH�VZLWFKHG�IURP�RQH
GRPDLQ� VWDWH� WR� DQRWKHU� XQGHU� PHFKDQLFDO
VWUHVV� RI� FHUWDLQ� YDOXH� DQG� GLUHFWLRQ�� 7KH
LQIOXHQFH�RI�D�VSHFLILFDOO\�RULHQWHG�H[WHUQDO
PHFKDQLFDO� VWUHVV� FDQ� FDXVH� WKH� VKHDU� RI
SDUWLFXODU� UHJLRQV� RI� WKH� PRQRGRPDLQ� IHU�
URHODVWLF�FU\VWDO�DQG�WUDQVIRUP�LW�LQWR�D�EL�
GRPDLQ�VDPSOH��7KH�UHODWLYH�SRVLWLRQ�RI�WZR
WZLQ� VWDWHV� FDQ� EH� IRUPDOO\� GHVFULEHG� DV� D
UHVXOW� RI� WKH� XQLIRUP� GHIRUPDWLRQ� WKURXJK
WKH�VLPSOH�VKHDU��L�H���DSSHDULQJ�RI�QHZ�IHU�
URHODVWLF��RULHQWDWLRQ��GRPDLQ�FDQ�EH�FRQVLG�
HUHG� DV� WKH� PHFKDQLFDO� WZLQQLQJ�� $W� WKH
VDPH� WLPH�� WZLQQLQJ� HOHPHQWV� DUH� SRLQW
JURXS� V\PPHWU\� HOHPHQWV� ORVW� DW� SKDVH
WUDQVLWLRQ��7KRVH�DUH�PLUURU�SODQHV�DQG�WZR�
IROG� D[HV� RI� SURWRW\SH� SKDVH��$FFRUGLQJ� WR
WKH� �FU\VWDOORJUDSKLF�PLQHUDORJLFDO�� FODVVL�
ILFDWLRQ�� WKH� RULJLQDWLRQ� RI� VXFK� WZR� GR�
PDLQV� LV� UHIHUUHG� WR� DV� SVHXGR�PHURKHGUDO
WZLQQLQJ�DQG�FKDUDFWHUL]HG�E\�D�VSHFLILF�SD�
UDPHWHU��WKH�WZLQ�REOLTXLW\�Z�>��@�
7KH�KRPRJHQHRXV�VWUDLQ�LV�FRPSOHWHO\�GH�

ILQHG� E\� DQ� HOOLSVRLG� LQWR� ZKLFK� DQ� LPDJL�
QDU\�VSKHUH�ZLWKLQ�WKH�ERG\�LV�WUDQVIRUPHG
�)LJ���D��� 7KH� z�� WZLQQLQJ� SODQH� LV� D� GR�PDLQ�ZDOO�EHWZHHQ�D�SDLU�RI�RULHQWDWLRQ�GR�
PDLQV��ZLWK�WKH�ILUVW�GRPDLQ�LQLWLDOO\�H[LVW�
LQJ� DQG� WKH� VHFRQG� RQH� EHLQJ� IRUPHG

)LJ�����&RQMXJDWHG�V\VWHPV�RI�WZLQQLQJ�DQG�WZLQQLQJ�HOHPHQWV��.��LV�WKH�FRPSRVLWLRQ�SODQH��P���WKH
VKHDU� GLUHFWLRQ��.��� WKH� VHFRQG� FLUFXODU� FURVV�VHFWLRQ�� P��� WKH� D[LV� RI� WKH� SULQFLSDO� ]RQH��1�� WKHGLVSODFHPHQW�SODQH��WKH�SODQH�RI�WKH�)LJXUH���V��WKH�GLVSODFHPHQW�YDOXH�
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WKURXJK� WKH� WZLQ� VKHDU� IURP� D� FHUWDLQ� UH�
JLRQ�RI� WKH� ILUVW�GRPDLQ��7KH�VHFRQG�FLUFX�
ODU� FURVV�VHFWLRQ� z�� LV� D� SODQH� ZKHUH� DOOYHFWRUV� GR� QRW� FKDQJH� WKHLU� OHQJWKV�� KRZ�
HYHU�� EHLQJ� URWDWHG� DW� WKH� �Z� DQJOH�� 7KH
SODQH� FRLQFLGHQW� ZLWK� WKH� )LJXUH� LV� FDOOHG
WKH�GLVSODFHPHQW�SODQH�1��7KH� WUDFH� RI� WKH
LQWHUVHFWLRQ�RI�WKH��QG�FLUFXODU�FURVV�VHFWLRQ
z��DQG�WKH�GLVSODFHPHQW�SODQH�1�LV�GHQRWHGP��DQG�UHIHUUHG�WR�DV�WKH�SULQFLSDO�]RQH�D[LV>������@�
)LJ���E�VKRZV�WKDW�WKH�VDPH�HOOLSVRLG�FDQ

EH� GHULYHG� WKURXJK� WKH� WZLQ� VKHDU� RI� FHOO
VLWHV�DW�WKH�VDPH�GLVWDQFH�V�LQ�WKH�GLUHFWLRQ
P���,Q�WKLV�FDVH�� WKH�FRPSRVLWLRQ��WZLQQLQJ�SODQH�VHSDUDWLQJ�WKH�GLVWRUWHG�SDUW��VHPL�HO�
OLSVH�� DQG�QRQ�GLVWRUWHG� SDUW� RI� WKH� FU\VWDO
�VHPL�VSKHUH�� LV� WKH�z�� SODQH�� ,Q� WKLV� QHZFDVH��WKH�VHFRQG�FLUFXODU�FURVV�VHFWLRQ�LV�z��DQG� P�� LV� WKH� D[LV� RI� WKH� SULQFLSDO� ]RQH�+HQFH�� LI� WKHUH� LV� D� WZLQ� VKHDU� ZLWK� HOH�
PHQWV�z���z���P��DQG�P��LQ�WKH�FU\VWDO��WKHQDQRWKHU� WZLQ� V\VWHP� ZLWK� WZLQ� VKHDU� HOH�
PHQWV� z�
�� z�
�� P�
� DQG� P�
� PD\� H[LVW� LQWKH�FHQWUDO�V\PPHWULF�FU\VWDO�

z�
� �z���z�
� �z���P�
 P��DQG�P�
� �P�� ���
,Q� WKH� ILUVW� FDVH�� WKH� WZLQ� DQG� WKH� QRQ�

GLVWRUWHG�SDUW�DUH�VHSDUDWHG�E\�SODQH�z���LQWKH�VHFRQG�FDVH��E\�z�
� �.���7KH�SODQH�z�
LV� DOPRVW� SHUSHQGLFXODU� WR� SODQH� z�� IRU� DVPDOO�YDOXH�V� RI� WKH�FU\VWDOORJUDSKLF�VKHDU�
7KH� WZLQQLQJ� HOHPHQWV� FDQ� EH� DVVRFLDWHG
ZLWK�SODQHV�DQG�GLUHFWLRQV�RI�WKH�FU\VWDO�FHOO
WDNLQJ� LQWR� DFFRXQW� WKH� GLVFUHWH� DWRPLF
VWUXFWXUH�RI�WKH�FU\VWDO��,Q�WKH�ILUVW�FDVH��LI
z��DQG�P��KDYH�LQWHJHU�0LOOHU�LQGLFHV��+./�DQG� >89:@�� WKHQ� D� QHZ� ODWWLFH� IRUPHG� E\
WKH� WZLQQLQJ� VKHDU� LV� FRQQHFWHG� ZLWK� WKH
QRQ�GLVSODFHG� ODWWLFH� E\� WKH� PLUURU� UHIOHF�
WLRQ�UHODWLYHO\�WR�SODQH�z���,Q�WKLV�FDVH��WKHWZLQ�LV�FDOOHG�UHIOHFWLRQ�WZLQ��7KHQ��DFFRUG�
LQJ�WR������IRU�DQRWKHU�WZLQ�V\VWHP��P�
�DQG.�
� KDYH� LQWHJHU� 0LOOHU� LQGLFHV�� DQG� z�
DQG�P�
�DUH�LUUDWLRQDO��,Q�WKLV�FDVH��WKH�QHZODWWLFH� LV� FRQQHFWHG� ZLWK� WKH� ODWWLFH� LQ� WKH
QRQ�GLVSODFHG�UHJLRQ�WKURXJK�WKH������URWD�
WLRQ� DURXQG� P�
� �>89:@�� 7KLV� WZLQ� LVFDOOHG�URWDWLRQ�WZLQ��EHFDXVH�WZLQ�VWDWHV�DUH
FRQQHFWHG� E\� WZRIROG� D[LV�� 6XFK� WZR� WZLQ
V\VWHPV�DUH�FDOOHG�FRUUHVSRQGLQJ�WZLQV�ZLWK
WKH� VDPH� WZLQ� REOLTXLW\�Z� IRU� ERWK� UHIOHF�
WLRQ�DQG�URWDWLRQ�WZLQV�>��@�
7KH� GRPDLQV� IRUPHG� WKURXJK� WKH� WZLQ

VKHDU�IURP�D�FHUWDLQ�UHJLRQ�RI�WKH�ILUVW�GR�
PDLQ�'�� LQ� ERWK� FDVHV� �UHIOHFWLRQ� DQG� URWD�WLRQ�WZLQV��EHORQJ�WR�WKH�VDPH�VWDWH�'M��EH�FDXVH�WKH\�FRUUHVSRQG�WR�WKH�VDPH�OHIW�FRVHW

+M�� ZKLFK� FRQWDLQV� WKH� PLUURU� SODQH
�+M.M/M��DV�ZHOO�DV�WKH�WZRIROG�D[LV�>8M9M:M@�VHH�HT�����DQG������
7KH� 0LOOHU� LQGLFHV� IRU� FU\VWDOORJUDSKLF

SODQHV� RI�'�� DQG�'M� RULHQWDWLRQ� VWDWHV� DUHFRQQHFWHG�E\�0XJJH�WUDQVIRUPDWLRQ�>��@��
KML� ��+M�8M���K�L���9M���N�L���:M���O�L���
�������K�L�8M���+M���9M���.M���:M���/M��
NML� ��.M�8M���K�L���9M���N�L���:M���O�L������
��������N�L�8M���+M���9M���.M���:M���/M��
OML� ��/M�8M���K�L���9M���N�L���:M���O�L����
��������O�L�8M���+M���9M�.M���:M���/M��

���

ZKHUH� �K�LN�LO�L�� DUH� 0LOOHU� LQGLFHV� RI� WKHSODQHV� LQ�RULHQWDWLRQ�VWDWH�'��DQG��KMLNMLOML��WKRVH�LQ�RULHQWDWLRQ�VWDWH�'M��ZKLFK�DSSHDUVDIWHU� D� VKHDU�� ,Q� WKH� FDVH� ZKHQ� VWDWHV� '�DQG� 'M� DUH� FRQQHFWHG� E\� PLUURU� SODQH��+M.M/M�� DUH� WKH� LQGLFHV� RI� FRPSRVLWLRQSODQH�z���>8M9M:M@�DUH�LQGLFHV�RI�WKH�D[LV�RI
WKH� SULQFLSDO� ]RQH� P���:KHQ� WKH� VWDWHV� DUH
FRQQHFWHG� E\� WZRIROG� D[LV�� �+M.M/M�� DUH� LQ�GLFHV�RI�.�
��DQG�>8M9M:M@�DUH�LQGLFHV�RI�WKH
VKHDU�GLUHFWLRQ�P�
�'HWHUPLQDWLRQ�DOJRULWKP�IRU�WKH�WZLQQLQJ
HOHPHQWV�� 7KH� SURSRVHG� DOJRULWKP� RI� WZLQ�
QLQJ� HOHPHQWV�� GHWHUPLQDWLRQ� LV� EDVHG� RQ
$L]XV�FRQFHSW�WKDW�FRQVLGHUV�WKH�IHUURHODVWLF
SKDVH� WUDQVLWLRQ� DV� D� VOLJKW� GLVWRUWLRQ� RI
SDUDHODVWLF� �WKH� SURWRW\SH�� XQLW� FHOO� ZLWK

)LJ����� 7KH� VSDWLDO� RULHQWDWLRQ� RI� GRPDLQ
�WZLQQHG�� RULHQWDWLRQ� VWDWHV� RI� D
/D����6U����*D���0J���2������ FU\VWDO� LQ� WKH� RU�WKRUKRPELF� SKDVH� DQG� FRUUHVSRQGLQJ� GHIRU�
PDWLRQV�RI�WKH�SHURYVNLWH�FHOO�

'�,�6DY\WVNLL���7ZLQQLQJ�HOHPHQWV�RI����

)XQFWLRQDO�PDWHULDOV������������� ���



V\PPHWU\�SRLQW�JURXS�*��7KH�UHVXOWLQJ�IHU�
URHODVWLF� SKDVH� FHOO� KDV� SRLQW� JURXS� )�
ZKLFK� LV� VXEJURXS� RI� *�� )XUWKHUPRUH�� SR�
WHQWLDO� DERYH�PHQWLRQHG� GLVWRUWLRQ� FDQ� EH
UHDOL]HG�LQ�T�ZD\V��L�H���T�GLIIHUHQW�RULHQWD�
WLRQ�VWDWHV� FDQ�DSSHDU�ZLWKLQ�WKH�IHUURHODV�
WLF�SKDVH��ZKHUH�T� �Q*�Q)�>��@��7KH�ODWWLFHVLWHV� �LRQV�� DWRPV�� ZKLFK� IRUPHG� D� FU\VWDO�
ORJUDSKLF�SODQH�LQ�SDUDHODVWLF�SKDVH��LQ�IHU�
URHODVWLF� SKDVH� ZLOO� DOVR� IRUP� D� FU\VWDO�
ORJUDSKLF�SODQH�ZLWK�DQRWKHU�VSDFH�SRVLWLRQ
GHSHQGLQJ� RQ� WKH� PRGH� RI� GLVWRUWLRQ�� L�H�
UHDOL]HG�GRPDLQ�VWDWH��7KH�SODQHV�LQ�GLIIHU�
HQW� VWDWHV� ZLOO� EH� LQGH[HG� GLIIHUHQWO\�� GXH
WR�GLIIHUHQW�RULHQWDWLRQV�RI�WKH�ODWWLFH�EDVLV�
1HYHUWKHOHVV�� LQ� GLIIHUHQW� VWDWHV�� WKH� VSDFH
GLVRULHQWDWLRQ� RI� QHRJHQLF� SODQHV� UHODWLYHO\
WR� WKH� SRVLWLRQV� RI� FRUUHVSRQGLQJ� SODQHV� LQ
SDUDHODVWLF�SKDVH�LV�YHU\�VPDOO�GXH�WR�PLQRU
GLVSODFHPHQWV�ZKLFK� LV� W\SLFDO�RI� IHUURHODV�
WLF�SKDVH�WUDQVLWLRQV��
,I�ZH�FRQVLGHU�DQ�DUELWUDU\�SDLU�RI�FU\V�

WDOORJUDSKLF� SODQHV� LQ� SDUDHODVWLF� SKDVH�
WKHQ�FRUUHVSRQGLQJ�SODQH�SDLUV�FDQ�EH�IRXQG
LQ� DOO� SRVVLEOH�GRPDLQ�VWDWHV�RI� IHUURHODVWLF
SKDVH�� 1RZ�� LI� ZH� WDNH� LQWR� DFFRXQW� WKDW
WKHLU� VSDFH� SRVLWLRQV� DUH� FORVH� WR� WKRVH� LQ
SDUDHODVWLF� SKDVH�� WKHQ� ZH� FDQ� DVVHUW� WKDW
WKH�DQJOHV�EHWZHHQ�DERYH�PHQWLRQHG�SDLU�RI
SODQHV� LQ� DOO� GRPDLQ� VWDWHV� RI� IHUURHODVWLF
SKDVH�DUH�FORVH�WR�WKDW�LQ�SDUDHODVWLF�SKDVH�
$V� D� UXOH�� YDOXH� RI� DQJOH� FKDQJHV� GRHV�QRW
H[FHHG� IHZ� GHJUHHV� IRU� KDUG� IHUURHODVWLFV
DQG� LV� VPDOOHU� WKDQ� RQH� GHJUHH� IRU� VRIW
RQHV�
/HW�XV�FRQVLGHU�DV�DQ�H[DPSOH�WKH�IHUUR�

HODVWLF� WUDQVLWLRQ� P�P)PPP� �T� ������ 
����ZKLFK� LV� W\SLFDO� RI�PRVW�SHURYVNLWH�OLNH
IHUURHODVWLFV�� LQFOXGLQJ�� IRU� H[DPSOH�� UDUH
HDUWK�JDOODWHV��DOXPLQDWHV��PDQJDQLWHV��HWF�
7KH� WUDQVIRUPDWLRQ� FDQ� EH� FRQVLGHUHG� DV
VWUHWFKLQJ� RI� LGHDO� SHURYVNLWH� FXELF� ODWWLFH
DORQJ� �� GLIIHUHQW� IDFH� GLDJRQDOV� RI� FXEH�
6SDFH� RULHQWDWLRQV�RI� WKHVH�SRVVLEOH�GRPDLQ
VWDWHV� LQ� RUWKRUKRPELF� SKDVH� DUH� VKRZQ� LQ
)LJ����� ,Q� )LJ����� WZR� FU\VWDOORJUDSKLF
SODQHV� �����¯� DQG� �����¯� DUH� PDUNHG� LQSHURYVNLWH� SDUDHODVWLF� ODWWLFH��$W� WKH� SKDVH
WUDQVLWLRQ� WR� WKH� '�� VWDWH� RI� IHUURHODVWLFSKDVH�� WKHVH� SODQHV� EHFRPH� WUDQVIRUPHG
LQWR� �����º� DQG� �����º� SODQHV�� DQG� LQ� WKHFDVH� RI� '�� VWDWH�� LQWR� �����º� DQG� �����º�UHVSHFWLYHO\� �)LJ������$V� LV� VHHQ�� WKH�0LOOHU
LQGLFHV�RI�RQH�SODQH� �����¯� DUH� WKH� VDPH� LQERWK�RULHQWDWLRQ�VWDWHV�VLQFH�WKDW�LV�MXVW�WKH
SODQH�EHLQJ� WKH�ERXQGDU\�EHWZHHQ� WKH�ERWK
VWDWHV�� ZKLOH� WKH� VHFRQG� SODQH� �����¯� LVWUDQVIRUPHG� LQWR� FU\VWDOORJUDSKLF� SODQHV
ZLWK� GLIIHUHQW� LQGLFHV�� �����º� RU� �����º� LQ

VHWWLQJ�RI�RUWKRUKRPELF�SKDVH��)RU�H[DPSOH�
LQ� /6*0��� FU\VWDO� WKH� DQJOH� EHWZHHQ� WKH
PDUNHG�SODQHV� IRUPV�D� ����� LQ�SDUDHODVWLF
FXELF�SKDVH��ZKLOH�LW�ZLOO�EH�HTXDO�WR�D�� ��������LQ�GRPDLQ�VWDWH�'�� DQG�D�� ��������� LQ�'�VWDWH� DIWHU� SKDVH� WUDQVIRUPDWLRQ� WR� RUWKRU�
KRPELF� VWUXFWXUH�� +HQFH�� D� GLIIHUHQFH� EH�
WZHHQ�D��DQG�D�� LV�HTXDO�WR��������DW�URRPWHPSHUDWXUH�
,Q�WKH�SURSRVHG�DOJRULWKP��ZH�XVH�DQ�LQ�

GH[LQJ�PHWKRG�RI�ODXH�GLIIUDFWLRQ�SDWWHUQV�
IRU� H[DPSOH�� VHH� >��@�� 7KH� LQGH[LQJ� DOJR�
ULWKP� LV� EDVHG� RQ� GHWHUPLQDWLRQ� RI
&DUWHVLDQ�FRRUGLQDWHV�IRU�1�VSRWV�LQ�D�/DXH
SDWWHUQ� �RSWLPDO�YDOXH�1� ����DQG�FRPSDUL�
VRQ�RI�WKH�DQJXODU�GLVWDQFHV�VHSDUDWLQJ�WKH
VHOHFWHG� VSRWV� �D�H[S���DPH[S�� FDOFXODWHG� IURP
WKH� SDWWHUQ� ZLWK� WKRVH� FDOFXODWHG� WKHRUHWL�
FDOO\� �D�WKHRU���DPWKHRU�� VWDUWLQJ� IURP� WKH
NQRZQ� ODWWLFH� SDUDPHWHUV�� )RU�1� ����P� 
��� SDLUV� RI� FU\VWDOORJUDSKLF� SODQHV� DUH� RE�
WDLQHG�� ,Q�WKH�FRPSXWHU�SURJUDP��WKH�SURF�
HVV� RI� VSRWV� LQGH[LQJ� LV� UHDOL]HG�E\�ZD\�RI
VHDUFK� RI� VHWV� RI� DQJOHV� �D�WKHRU���DPWKHRU��� IRU
ZKLFK� WKH� DQJXODU� GLVWDQFHV� DLWKHRU� IXOILOO
QH[W�HTXDWLRQ�

DLH[S���H�d�DLWKHRU�d�DLH[S���H�� ���
ZKHUH� H� LV� D� VPDOO� IL[HG� DQJOH� �WROHUDQFH��
3DUDPHWHU� H� LV� SUHVHW� E\� WKH�XVHU� DQG�GRHV
QRW�H[FHHG��Ü��GHJUHHV��$V�D�UHVXOW��D�VHW�RI
0LOOHU�LQGLFHV�IRU�1�FU\VWDOORJUDSKLF�SODQHV
�K�N�O��WKHRU� ����K1N1O1�WKHRU� LV� GHWHUPLQHG�

)LJ����� $QJOH� WUDQVIRUPDWLRQ� EHWZHHQ� WZR
FU\VWDOORJUDSKLF� SODQHV� DW� IHUURHODVWLF� SKDVH
WUDQVLWLRQ�� 7ZR� SODQHV� �����¯� DQG� �����¯�PDUNHG�LQ�SDUDHODVWLF�FXELF�SKDVH��DUH�WUDQV�
IRUPHG�LQWR������º�DQG������º�RI�'��VWDWH�DQG�����º�DQG������º�RI�'��VWDWH�LQ�RUWKRUKRPELFIHUURHODVWLF�SKDVH�RI�/6*0�FU\VWDO�

'�,�6DY\WVNLL���7ZLQQLQJ�HOHPHQWV�RI����
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7KH�DQJOHV�EHWZHHQ�WKHVH�SODQH�SDLUV�DUH�LQ
WKH� DQJOH� UDQJHV�PHHWLQJ� WKH�FRQGLWLRQ� ����
,I�WKH�LQSXW�YDOXH�H�LV�UHODWLYHO\�ODUJH��WKHQ
PRUH�WKDQ�RQH��D�WKHRU���DPWKHRU��VHW�FDQ�EH�RE�
WDLQHG��IRU�ZKLFK�FRQGLWLRQ�����LV�IXOILOOHG�
,Q�WKH�SURSRVHG�DOJRULWKP��ZH�KDYH�PRGL�

ILHG� DERYHPHQWLRQHG� PHWKRG� IRU� /DXH� SDW�
WHUQ� LQGH[LQJ�� 7KH�XVHU� LQSXWV�0LOOHU� LQGL�
FHV� IRU�1� DUELWUDU\� FU\VWDOORJUDSKLF� SODQHV
�K�N�O��UHI� ����K1N1O1�UHI� DQG� WKHQ� WKH� SUR�JUDP� FDOFXODWHV� P� DQJXODU� GLVWDQFHV
�D�UHI���DPUHI��EHWZHHQ�DOO�SDLUV�RI�SODQHV�XVLQJ
NQRZQ� ODWWLFH� SDUDPHWHUV�� 7KH� FDOFXODWHG
VHW� RI� DQJXODU� GLVWDQFHV� �D�UHI���DPUHI�� LV� DF�
FHSWHG�DV��D�H[S���DPH[S��DQG�WKHQ�WKH�VWDQGDUG
SURFHVV�RI�LQGH[LQJ�LV�FRQWLQXHG��)RU�H[DP�
SOH�� LI� ZH� LQSXW� 1� SODQHV� �K�N�O��UHI����K1N1O1�UHI�� LQFOXGLQJ� SODQHV� �����º� DQG�����º� �ZH� FRQGLWLRQDOO\� DFFHSW� VWDWH�'�� DVWKH� UHIHUHQFH�GRPDLQ�VWDWH�'�� �'UHI��� WKHQLQ� WKH� VHW� RI� FDOFXODWHG� DQJOHV� �D�UHI���DPUHI� �
ZH� REWDLQ�DNUHI� ����������$W� WKH� HQG� RI� LQ�
GH[LQJ� SURFHGXUH�� WKH� VDPH� VHW� �K�N�O��UHI�����K1N1O1�UHI�ZLWK�SODQHV������º�DQG������ºZLOO� EH� REWDLQHG�� %HVLGHV�� VLQFH� D� WROHUDQFH
H�ZDV�LQSXW��IRU�H[DPSOH��H� �������WKHQ�RQH
PRUH� VHW� �K�N�O��UHI�� ����K1N1O1�UHI�� LQFOXG�LQJ� SODQHV� �����º� DQG� �����º� ZLOO� EH� RE�WDLQHG�� 7KDW� LV�� DSDUW� IURP� WKH� VHW
�K�N�O��UHI� ����K1N1O1�UHI� LQSXW� E\� WKH� XVHU�WKDW�FRUUHVSRQGV�WR�VWDWH�'���ZH�REWDLQ�VHF�RQG� VHW� RI� SODQHV� �VHFRQG� VROXWLRQ��� ZKLFK
FRUUHVSRQGV�WR�VWDWH�'���,Q� WKLV� H[DPSOH�� WKH� DQJOH� EHWZHHQ� WKH
SODQHV� LV� ���� LQ� SDUDHODVWLF� FXELF� SKDVH�
%XW�� LI� ZH� LQSXW� VRPH� SODQHV� �K�N�O��UHI� ����K1N1O1�UHI�� IRU� ZKLFK� WKH� DQJOHV� DUH
VPDOOHU� WKDQ� ����� WKHQ� WKH� GLIIHUHQFHV� EH�
WZHHQ�DQJOHV�IRU�SODQHV�RI�GLIIHUHQW�IHUURH�
ODVWLF� GRPDLQ� VWDWHV� DUH� DOVR� OHVV� WKDQ� WKH
GLIIHUHQFH� D�ÜD�� ��������� ,Q� HVVHQFH�� IRUDQ� /6*0� FU\VWDO�� �� VROXWLRQV� ZHUH� DOUHDG\
REWDLQHG� DW� WROHUDQFH� H� ������ DQG�FRQIRUP�
DEOH� VHOHFWLRQ� RI� LQSXW� VHW� �K�N�O��UHI����K1N1O1�UHI�� 7KHVH� �� GLIIHUHQW� VHWV� RISODQH� LQGLFHV� FRUUHVSRQG� WR� �� GLIIHUHQW
VWDWHV�RI�IHUURHODVWLF�RUWKRUKRPELF�SKDVH�LQ
/6*0�FU\VWDO��)LJ�����
'XH�WR�VPDOO�VSRQWDQHRXV�GHIRUPDWLRQ�RI

SDUDHODVWLF� ODWWLFH��ZKLFK� LV� W\SLFDO� IRU� IHU�
URHODVWLFV��ZH�REWDLQ�T�VHWV�RI�SODQH�LQGLFHV
�K�N�O��UHI� ����K1N1O1�UHI�� �K�N�O��UHI�����K1N1O1�UHI�� í�K�N�O��UHIT� ����K1N1O1�UHITZKHQ� SHUIRUPLQJ� WKH� SURSRVHG� �LQGH[LQJ�
SURFHGXUH��7KHVH�T�VROXWLRQV�FRUUHVSRQG�WR�T
SRVVLEOH�GRPDLQ�VWDWHV�LQ�IHUURHODVWLF�SKDVH�

,W� LV� VLJQLILFDQW� WKDW� SODQHV� �KMNMOM�UHI��KMNMOM�UHI�� ����KMNMOM�UHIQ� DUH� FUHDWHG� IURP� WKHVDPH�SODQH� RI�SDUDHODVWLF� SKDVH� �KMNMOM�SURWR�ZKHUH� M� �����1��DQG�PXWXDOO\�FRQQHFWHG�E\
HTXDWLRQ�RI�0XJJH�����
7KH�REWDLQHG�VHWV��K�N�O��UHI�����K1N1O1�UHI��K�N�O��UHI�� ����K1N1O1�UHI�� í�K�N�O��UHIQ����K1N1O1�UHIQ�� DUH� IXUWKHU� XVHG� WR� GHWHU�PLQH� WKH� �QG� RUGHU� V\PPHWU\� HOHPHQWV� RI�

L�H��� LQGLFHV� RI� PLUURU� SODQHV� �+M.M/M�� DQGWZRIROG� D[HV� >8M9M:M@� IURP� HTXDWLRQV� RI0XJJH�����IRU�DOO�SRVVLEOH�GRPDLQ�SDLUV��IRU
H[DPSOH�� '�� DQG� 'M�� ZKHUH� M� �����T�� %H�FDXVH�DW�WKH�HQG�RI�SURSRVHG��LQGH[LQJ��ZH
REWDLQ�1� SODQHV� IRU� HYHU\� VROXWLRQ��ZH� FDQ
ZULWH�1�0XJJH�HTXDWLRQV������ZKLFK�FRQQHFW
PXWXDOO\� WKH� SODQH� LQGLFHV� RI� M�WK� VROXWLRQ
�K�N�O��UHIM�����K1N1O1�UHIM�ZLWK�LQGLFHV�RI�WKHILUVW� �UHIHUHQFH�� RQH� �K�N�O��UHI����K1N1O1�UHI�� )RU� 1� SODQHV�� ZH� FDQ� EXLOG��u�1� OLQHDU� HTXDWLRQV� ZLWK� RQO\� VL[� XQ�
NQRZQ�LQGLFHV�+M��.M��/M�DQG�8M��9M��:M��7KHXQNQRZQ� LQGLFHV� DUH� LQVFULEHG� LQ� WKH� HTXD�
WLRQV� LQ� WKH� IRUP� RI� �� FRUUHVSRQGLQJ� SURG�
XFWV� +M8M�� +M9M�� +M:M�� .M8M�� .M9M�� .M:M�/M8M��/M9M�DQG�/M:M��,Q�RUGHU�WR�JHW�D�OLQHDUHTXDWLRQ� V\VWHP�� ZH� SURSRVH� WR� FUHDWH� DQ
HTXDWLRQ�V\VWHP�IURP���HTXDWLRQV�XVLQJ�LQ�
GLFHV� RI� RQO\� WKUHH�SODQHV� IURP�1� REWDLQHG
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ZKHUH�K����N���� O����K����N��G�� O����K����N���O���DQG�KM���NM���OM�G��KM���NM���OM���KM���NM���OM�DUH� 0LOOHU� LQGLFHV� RI� ILUVW� WKUHH� SODQHV� LQ
WKH�ILUVW� �UHIHUHQFH��DQG� M�WK�VROXWLRQV��7KH
VHOHFWHG� WKUHH� SODQHV� VKRXOG� QRW� EHORQJ� WR
WKH� VDPH� FU\VWDOORJUDSKLF� ]RQH�� EHFDXVH� LQ
WKLV�FDVH��LQGLFHV�RI�VHOHFWHG�SODQHV�K����N���O���� K���� N���� O���� K���� N���� O��� DQG� UHVSHF�WLYHO\� KM��� NM��� OM��� KM��� NM��� OM���KM��� NM��� OM�DUH� OLQHDUO\� LQGHSHQGHQW�DQG�WKH�GHWHUPLQDQW
LV�QRW�HTXDO�]HUR��)RU�GHWHUPLQDWLRQ�RI�VXFK�V\V�
WHP��WKH�NQRZQ�.UDPHU�DSSURDFK�FDQ�EH�XVHG�
7KH� DERYH�PHQWLRQHG� HTXDWLRQ� V\VWHP

FDQ�EH�IRUPHG�IRU�DQ�DUELWUDU\�SDLU�RI�VROX�
WLRQV� REWDLQHG� DIWHU� WKH� �LQGH[LQJ�� SURFH�
GXUH��%XW��LW�LV�QRW�QHHGHG�WR�ILQG�WZLQQLQJ
HOHPHQWV�IRU�DOO�SRVVLEOH�SDLUV�RI�VWDWHV��L�H�
VROXWLRQV�� ,W� LV� HQRXJK� WR� GHWHUPLQH� WKH
WZLQQLQJ�HOHPHQWV�EHWZHHQ�WKH�UHIHUHQFH�'�

'�,�6DY\WVNLL���7ZLQQLQJ�HOHPHQWV�RI����

)XQFWLRQDO�PDWHULDOV������������� ���



DQG�RWKHU�GRPDLQ�VWDWHV�'M��L��H���VWDWH�SDLUV'�Ü'�������'�Ü'T��VLQFH�IRU�RWKHU�SDLUV��WKHVDPH� WZLQQLQJ� HOHPHQWV� ZLOO� EH� REWDLQHG�
7KLV� IROORZV� IURP� SULQFLSOH� RI� GRPDLQ� VWDWH
HTXLYDOHQFH�� EHFDXVH� DQ\� DUELWUDU\� GRPDLQ
IURP�T�SRVVLEOH�RULHQWDWLRQ�VWDWHV�RI�IHUURHODV�
WLF� SKDVH� FDQ� EH� VHOHFWHG� DV� D� UHIHUHQFH� GR�
PDLQ�
,I�ZH�XVH�D�ODUJH�WROHUDQFH�YDOXH�H��WKHQ

DPRQJ�DOO�WKH�VROXWLRQV��WKRVH�ZLWK�FU\VWDO�
ORJUDSKLF� SODQHV� WKDW� DUH� FORVH� WR� �UHIHU�
HQFH��SODQHV�DQG�DUH�QRW�FRQQHFWHG�E\�HTXD�
WLRQ� RI� 0XJJH� ���� PD\� DSSHDU�� 7KLV� VLWX�
DWLRQ� PD\� DULVH� LQ� FDVH� RI� �KDUG�
IHUURHODVWLFV�ZKHQ�D�ODUJH�YDOXH�RI�WROHUDQFH
H� LV� QHHGHG� WR� EH� LQSXW�� 7R� VRUW� RXW� WKHVH
VROXWLRQV��ZH�VKRXOG� WDNH� LQWR�DFFRXQW� WKDW
LQGLFHV�+M��.M�� /M� DQG�8M�� 9M��:M� PXVW� EHLQWHJHUV� DFFRUGLQJ� WR� WKHRU\� RI� PHFKDQLFDO
WZLQQLQJ� >����������@�� )RU� �QRQ�WZLQ�� VROX�
WLRQV��ZH� REWDLQ� UDWLRQDO� LQGLFHV�+M��.M��/MDQG�8M��9M��:M�7R� FRQFOXGH�� WKH� SURSRVHG� DOJRULWKP� DO�
ORZV�WR�GHWHUPLQH�WZLQQLQJ�HOHPHQWV�LQ�FHQ�
WUDO�V\PPHWULFDO� IHUURHODVWLFV� XVLQJ� RQO\
NQRZQ�ODWWLFH�SDUDPHWHUV�ZLWKRXW�DGGLWLRQDO
DQDO\VLV� RI� FRUUHODWLRQ� RI� SDUD�� DQG� IHUURH�
ODVWLF� SRLQW�JURXSV�RU�XVLQJ�RWKHU� WKHRUHWL�
FDO�PHWKRGV� RI� WZLQ� VWUXFWXUH� IRUHFDVW�� IRU
H[DPSOH��6DSULHO�PHWKRG��HWF��>������@�
7KLV� ZRUN� KDV� EHHQ� VXSSRUWHG� E\� :7=

�8.5�������� DQG� 8NUDLQLDQ� 0LQLVWU\� RI
(GXFDWLRQ�DQG�6FLHQFH��3URMHFW��6HJQHW����

5HIHUHQFHV
� ���*�-XQJ�� 9�0DUNRYLFK�� &�-�%HHN� HW� DO��� 3K\V�

5HY���%������������������
� ���&�:DQJ�� 4�)�)DQJ�� <�6KL� HW� DO��� 0DW��5HV�

%XOO�������������������
� ���+�)UD\VVLJQHV�� 0�*DEED\�� *�)DQWR]]L� HW� DO��

-��(XU��&HUDP��6RF��������������������

� ���6��7�=KDQJ�� *��/�<XDQ�� -�:DQJ� HW� DO��� 6RO�
6WDWH�&RPPXQ�������������������

� ���-�=�/LX�� <�;�-LD�� 5�1�6KHOWRQ� HW� DO��� 3K\V�
5HY��/HWW�������������������

� ���'�6DY\WVNLL��/�9DV\OHFKNR��8�%LVPD\HU�HW�DO��
1$72�6FLHQFH�6HULHV������������������

� ���0�.XUXPDGD�� (�,JXFKL�� '�6DY\WVNLL�� -��$SSO�
3K\V����������������������

� ���$�.�3UDGKDQ�� <�)HQJ�� 6�6KLEDWD� HW� DO��
3K\VLFD�����Ü����������������

� ���5�+HUEVW�,UPHU��*�0��6KHOGULFN��$FWD� &U\VW��
%���������������

����5�,�� &RRSHU�� 5�2�*RXOG�� 6�3DUVRQV� HW� DO��� -�
$SSO��&U\VW������������������

����5�+HUEVW�,UPHU�� *�0�6KHOGULFN�� $FWD� &U\VW��
%����������������

����&�/�-LD��.�8UEDQ��6FLHQFH��������������������
����5�)�.OLH��<�,WR��6�6WHPPHU�HW�DO���8OWUDPLFUR�

VFRS\�����������������
����6�6WHPPHU��$�6DQH��1�'�%URZQLQJ�HW�DO���6RO�

6WDWH�,RQLFV������������������
����)�7VDL��9�.KL]QLFKHQNR��-�0�&RZOH\��8OWUDPL�

FURVFRS\����������������
����2�,�/HEHGHY��*�7HQGHORR�� 6�$PHOLQFN[� HW� DO��

3K\ORV��0DJ������������������
����9�-DQRYHF��&]HFK��-��3K\V���%���������������
����-�6DSULHO��3K\V��5HY���%�����������������
����5�:�&DKQ��$GY��3K\V������������������
����0�9�.ODVVHQ�1HNO\XGRYD�� 0HFKDQLFDO� 7ZLQ�

QLQJ�RI�&U\VWDOV��0RVFRZ��������>LQ�5XVVLDQ@�
����KWWS���ZZZ�OFP�E�XKS�QDQF\�IU�PDWKFU\VW�W

ZLQV�KWP
����*�)ULGHO��/HFRQV�GH�&U\VWDOORJUDSKLH��%HUJHU�

/HYUDXOW��3DULV��������
����*�'RQQD\�� -�'�+�'RQQD\�� &DQ��0LQHUDO��� ���

����������
����0�1HVSROR�� *�)HUUDULV�� =��.ULVWDOORJU��� ����

�����������
����.�$L]X��3K\V��5HY���%����������������
����$�.HOO\�� *�*URZV�� &U\VWDOORJUDSK\� DQG� 'H�

IHFWV� LQ� &U\VWDOV�� /RQJPDQ�� /RQGRQ�� ����
�������

����5�5LTXHW�� '�%RQQHW�� -��$SSO��&U\VW��� ���� ��
�������
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