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5HFHLYHG�'HFHPEHU��������
7KLV�SDSHU�GLVFXVVHV� WKH�SK\VLFDO�SURFHVVHV� WKDW�GHWHUPLQH�WKH�DVSHFWV�RI�JHQHUDWLRQ�DQG

HQHUJ\� H[FKDQJH� RI� FKDUJH� VWDWHV�� ZKLFK� DULVH� LQ�PROHFXODU� RUJDQLF�PHGLD� E\� DQ� DFWLRQ� RI
LRQL]LQJ�UDGLDWLRQV�RI�GLIIHUHQW�W\SHV��7KH�VHPL�HPSLULFDO�GHVFULSWLRQ�RI�WKH�SULPDU\�SURFHVVHV
RI�HQHUJ\�H[FKDQJH�LQ�WKH�WUDFN�RI�LRQL]LQJ�SDUWLFOHV�LV�DQDO\]HG��7KLV�GHVFULSWLRQ�WDNHV�LQWR
DFFRXQW� WKH� SULPDU\� LQIOXHQFH� RI� WKH� SRODUL]DWLRQ� SURFHVVHV� RQ� WKH� FKDUJH� VWDWHV� HQHUJ\
H[FKDQJH�DQG�TXHQFKLQJ�SURFHVVHV��7KH�SURFHVV�RI�TXHQFKLQJ� LV�GHWHUPLQHG�E\�WKH�YHU\�IDVW
LQLWLDO� UHFRPELQDWLRQ� RI� WKH� PROHFXODU� SRODURQ� SDLU�� 7KLV� SURFHVV�� DW� OHDVW�� LV� DQ� RUGHU� RI
PDJQLWXGH� IDVWHU� WKDQ� WKH� SURFHVV� RI� GLIIXVLRQ� H[SDQGLQJ� RI� WKH� WUDFN�� DQG� LWV� HIILFLHQF\
LQFUHDVHV�ZLWK�WKH�GHQVLW\�RI�WKH�UHFRPELQLQJ�SDLUV��7KH�DQDO\VLV�LV�EDVHG�RQ�WKH�UHVXOWV�RI�WKH
PHDVXUHPHQWV� RI� WKH� OLJKW� \LHOG� RI� VWLOEHQH� DQG� S�WHUSKHQ\O� VFLQWLOODWLRQ� GHWHFWRUV� DV� WKH
IXQFWLRQ�RI�HQHUJ\�IRU�WKH�FDVHV�RI�DOSKD���QHXWURQ��DQG�JDPPD�H[FLWDWLRQV��:H�KDYH�VWXGLHG
VWUXFWXUDOO\�SHUIHFW� RUJDQLF� VLQJOH� FU\VWDOV�� KRW�SUHVVHG�SRO\FU\VWDOV� DQG� FRPSRVLWH� VFLQWLOOD�
WRUV��7KH�REWDLQHG�UHVXOWV�WHVWLI\�DERXW�WKH�SULPDU\�LQIOXHQFH�RI�WKH�W\SH�RI�LRQL]LQJ�UDGLDWLRQ
LQ� FRPSDULVRQ�ZLWK� WKH� LQIOXHQFH� RI� WKH�PDWWHU� VWUXFWXUH�7KLV� SDSHU� GLVFXVVHV� WKH� SK\VLFDO
SURFHVVHV� WKDW� GHWHUPLQH� WKH� DVSHFWV� RI� JHQHUDWLRQ� DQG� HQHUJ\� H[FKDQJH� RI� FKDUJH� VWDWHV�
ZKLFK� DULVH� LQ� PROHFXODU� RUJDQLF� PHGLD� E\� DQ� DFWLRQ� RI� LRQL]LQJ� UDGLDWLRQV�� 7KH� SULPDU\
HQHUJ\�ORVV�RI�D�FKDUJHG�LRQL]LQJ�SDUWLFOH�LQ�WKH�UHJLRQV�RI�KLJK�GHQVLW\�RI�H[FLWDWLRQ�DQG�WKH
SRVVLEOH�FDXVHV�RI�WKLV�HIIHFW�DUH�FRQVLGHUHG�
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���,QWURGXFWLRQ
,Q� FRQWUDVW� WR� WKH� SKRWROXPLQHVFHQFH

WKDW� RFFXUV� XQGHU� SKRWRH[FLWDWLRQ�� WKH
PHFKDQLVP�RI�WKH�UDGLROXPLQHVFHQFH� LV� ODUJHO\

GHWHUPLQHG� E\� WKH� LQLWLDO� FRQGLWLRQV� RI� JHQ�
HUDWLRQ� RI� H[FLWHG� VWDWHV�� 7KH\�� LQ�WXUQ��GH�
SHQG�RQ�WKH�FRQGLWLRQV�RI�LQWHUDFWLRQ�RI�UD�
GLDWLRQ� ZLWK� PDWWHU� DQG� WKH� FRQGLWLRQV� RI
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IRUPDWLRQ�DQG�H[FKDQJH�RI�FKDUJH�VWDWHV�LQ�LW
>����@�� )RU� WKH� VDPH� REMHFWV� H[FLWHG� E\� OLJKW
�SKRWROXPLQHVFHQFH�� RU� E\�D�SDUWLFOH�� WKH�HQ�
HUJ\�RI�WKH�HPLWWHG�SKRWRQV�LV����Ü����WLPHV
OHVV�LQ�WKH�FDVH�RI�WKH�UDGLROXPLQHVFHQFH��)RU
H[DPSOH�� DSSUR[LPDWHO\� ��� ���� SKRWRQV� DUH
FUHDWHG�SHU���0H9�RI�WKH�HQHUJ\�RI�JDPPD
UDGLDWLRQ� DQG� DSSUR[LPDWHO\� ���� SKRWRQV
DUH� FUHDWHG� SHU� ��0H9� RI� WKH� HQHUJ\� RI� DQ
DOSKD� SDUWLFOH� ��� 0H9�� LQ� WKH� VFLQWLOODWLRQ
SXOVH� RI� D� ����PPu�� PP� VWLOEHQH� VLQJOH
FU\VWDO� >�@�� 5HDOO\�� WKH� UDWLR� RI� WKH� HQHUJ\
RI� VFLQWLOODWLRQ� SKRWRQV� LQ� D� SXOVH� WR� WKH
HQHUJ\� RI� D� SULPDU\� SKRWRQ� RI� JDPPD� UD�
GLDWLRQ� RU� DQ� DOSKD� SDUWLFOH� LV� DSSUR[L�
PDWHO\�HTXDO�WR��������Ü��RU��������Ü���FRU�
UHVSRQGLQJO\�� 7KH� SURFHVV� RI� WKH� HQHUJ\
ORVV��ZKLFK�LV�VSHFLILF�IRU�WKH�UDGLROXPLQHV�
FHQFH��LV�NQRZQ�DV�WKH��VSHFLILF��TXHQFKLQJ
>�@��7KLV�HIIHFW� LV� VWURQJHU� IRU�KHDYLHU�SDU�
WLFOHV�DQG�SDUWLFOHV�RI�ORZ�HQHUJLHV�� L�H��WKH
VSHFLILF� HQHUJ\� ORVV�G(�G[� RI� D�SDUWLFOH� LQ�
FUHDVH� ZLWK� HQHUJ\� (�� 7KH� SURFHVV�� ZKLFK
UHGXFHV� WKH� HIILFLHQF\� RI� WKH� UDGLROXPLQHV�
FHQFH� ZLWK� LQFUHDVLQJ� G(�G[�� LV� VRPHWLPHV
FDOOHG�WKH��LRQL]DWLRQ�TXHQFKLQJ��>�@�

7KH� WKHRU\� RI� WKH� VFLQWLOODWLRQ� SURFHVV�
ZKLFK�H[LVWHG�LQ�WKH���Ü��V�RI�WKH�;;�FHQ�
WXU\�� LQ� IDFW�� RQO\� GHFODUHG� WKDW� WKH� SURF�
HVVHV�RI�JHQHUDWLRQ��WUDQVIHU�DQG�UHFRPELQD�
WLRQ� RI� FKDUJH� FDUULHUV� DUH� DQ� LPSRUWDQW
VWDJH�RI�WKH�VFLQWLOODWLRQ�SURFHVV� LQ�RUJDQLF
PROHFXODU�VFLQWLOODWRUV��7R�GHVFULEH�WKH�VFLQ�
WLOODWLRQ� SURFHVV� LW� XVHG� WKH� WKHRU\� RI� WKH
SKRWROXPLQHVFHQFH� RI� PROHFXODU� FRPSRXQGV
>����@��ZKLFK�ZDV�ZHOO�GHYHORSHG�SUHYLRXVO\��7R
WDNH�LQWR�DFFRXQW�WKH�SDUWLFXODULW\�RI�WKH�UDGL�
ROXPLQHVFHQFH� SURFHVV� WKH� IROORZLQJ� DVVXPHG�
7KH�FRQYHUVLRQ�HIILFLHQF\�RI�H[FLWDWLRQ�HQHUJ\
LQ�WKH�OLJKW�VLJQDO�LV�ORZHU�IRU�LRQL]LQJ�H[FLWD�
WLRQ�WKDQ�IRU�SKRWRH[FLWDWLRQ�>����Ü��@�

$Q�LPSURYHG�HGLWLRQ�RI�WKH�UDGLROXPLQHV�
FHQFH� WKHRU\� RI� RUJDQLF� FRQGHQVHG� PHGLD
ZDV�GHYHORSHG�LQ�WKH���Ü��V�RI�WKH�;;�FHQ�
WXU\� >��@�� )RU� WKH� ILUVW� WLPH� WKLV� WKHRU\
JDYH�VHULRXV�DWWHQWLRQ�WR� WKH�GHVFULSWLRQ�RI
JHQHUDWLRQ�� WUDQVIHU� DQG� UHFRPELQDWLRQ� RI
FKDUJH� FDUULHUV�� ,W� VKRZHG� WKDW� DERYH� WKH
'HE\H� WHPSHUDWXUH� WKH� SURFHVV� RI� FKDUJH
WUDQVIHU� RFFXUV� LQ� DFFRUGDQFH� ZLWK� WKH
PHFKDQLVP� RI� WKH� PROHFXODU� SRODURQ� DQG
WKHUHIRUH� GLIIHUV� IXQGDPHQWDOO\� IURP� WKH
PHFKDQLVP�RI�JHQHUDWLRQ� DQG� FKDUJH� WUDQV�
SRUW� LQ� LQRUJDQLF� VFLQWLOODWRUV�� ZKLFK� DUH
LRQLF�RU�FRYDOHQW�V\VWHPV��$W�WKH�EHJLQQLQJ
RI�WKH�;;,�FHQWXU\�� LW�ZDV�SURYHG�WKDW�WKH
FKDUJH� WUDQVSRUW� LQ� PROHFXODU� VFLQWLOODWLRQ
FU\VWDOV� LV� GHVFULEHG� E\� WKH� PHFKDQLVP� RI
WKH� ODWWLFH�PROHFXODU� QHDUO\� VPDOO� SRODURQ

>������@�� ,W� PHDQV� WKDW� WKH� WUDQVIHU� RFFXUV
WKURXJK�WKH�PL[HG�PHFKDQLVP�RI�WKHUPDOO\�
DFWLYDWHG� KRSV� RI� WKH� ODWWLFH� VPDOO� SRODURQ
DQG�LQWHUPROHFXODU�WXQQHOLQJ�RI�D�FKDUJH�LQ
DFFRUGDQFH� ZLWK� WKH� PHFKDQLVP� RI� WKH
QHDUO\�VPDOO�SRODURQ�>��@�

'HVSLWH�D�VXEVWDQWLDO�SURJUHVV�LQ�WKH�WKH�
RU\�RI�WKH�UDGLROXPLQHVFHQFH�RI�RUJDQLF�FRQ�
GHQVHG� PHGLD�� ZKLFK� KDV� EHHQ� DFKLHYHG� E\
WKH�HQG�RI�WKH�;;�FHQWXU\��D�VLWXDWLRQ�ZLWK
WKH�GHVFULSWLRQ�RI�WKH�VSHFLILF�TXHQFKLQJ��DV
EHIRUH�� UHPDLQHG� D� P\VWHU\� >��@�� $� ODUJH
DPRXQW� RI� WKH� UHVXOWV�� DFFXPXODWHG� LQ� WKH
UDGLDWLRQ� FKHPLVWU\� DQG� SK\VLFV� RI� WUDFN� GH�
WHFWRUV�� DUH�SUDFWLFDOO\�QRW�XVHG� >������Ü��@�
,W� ZDV� QRW� RQO\� GXH� WR� WKH� GLIIHUHQW� UH�
VHDUFK� SXUSRVHV� RI� WKH� UDGLROXPLQHVFHQFH�
UDGLDWLRQ�FKHPLVWU\�DQG�WUDFN�GHWHFWRU�VWXG�
LHV�� EXW� DOVR� GXH� WR� QHFHVVLW\� WR� KDUPRQL]H
WKH� LQWHUSUHWDWLRQV� RI� WKH� GLIIHUHQW� H[SHUL�
PHQWV�� 7KH� VLWXDWLRQ� ZDV� VLPLODU� WR� WKDW
ZKLFK�RFFXUUHG�ZKHQ�RQH�WU\�WR�H[SODLQ�WKH
UHVXOWV� RI� D� PROHFXODU� FU\VWDO� VWXG\� DV� DQ
RUJDQLF�VHPLFRQGXFWRU��5HDOO\��IRU�WKH�VFLQ�
WLOODWLRQ� SURFHVV� WKH� UHFRPELQDWLRQ� RI� VXU�
SOXV�HOHFWULFDO�FKDUJHV�LV�WKH�VRXUFH�RI�FUHD�
WLRQ� RI� PROHFXODU� H[FLWDWLRQ� DQG� OXPLQHV�
FHQFH�� ,W� LV� WKH� ZD\� WR� SURGXFH� WKH
UDGLROXPLQHVFHQFH�VLJQDO��)RU�WKH�SK\VLFV�RI
RUJDQLF� VHPLFRQGXFWRUV� WKH� UHFRPELQDWLRQ
RI� VXUSOXV� HOHFWULFDO� FKDUJHV� LV� D� SDUDVLWLF
SKHQRPHQRQ� WKDW� UHGXFHV� WKH� RXWSXW� FXU�
UHQW� RI� D� VDPSOH�� 6LPLODUO\�� WKH� UDSLG� UH�
FRPELQDWLRQ� IROORZLQJ� WKH� H[FLWDWLRQ� RI� D
PDWWHU� LV� D� VHULRXV� FRPSOLFDWLRQ� IRU� WKH
WDVNV� RI� UDGLDWLRQ� FKHPLVWU\�� ,W� GHFUHDVHV
WKH� DFFXUDF\� RI� FDOFXODWLRQ� RI� WKH� HQHUJ\
UHTXLUHG� WR� FUHDWH� D� FKHPLFDO� UDGLFDO� DQG
PDNHV� XQFHUWDLQ� WKH� EDODQFH� RI� SULPDU\
FKHPLFDOV� WKDW�RFFXU�DIWHU� WKH�SDVVDJH�RI�D
SDUWLFOH��7KH�VWXG\�RI�WKH�UHDFWLRQ�SURGXFWV
LV�SRVVLEOH�RQO\�ZKHQ�WKHVH�SURGXFWV�DUH�VWD�
EOH�RYHU�WLPH�WKDW�LV�ORQJHU�WKDQ�WKH�WLPH�RI
WKH�PHDVXUHPHQWV��7KH�UDSLG�SURFHVV�RI�WKH
SULPDU\� UHFRPELQDWLRQ� XVXDOO\� GRHV� QRW
OHDYH� LPSULQWV� LQ� WUDFN� GHWHFWRUV�� ,Q� WKLV
ILHOG� RI� LQYHVWLJDWLRQ�� WKH� DFFXUDWH� H[SHUL�
PHQW� LV� WKDW� IRU� ZKLFK� WKH� UHFRPELQDWLRQ
HIIHFW� EHFRPHV�PLQLPDO��+RZHYHU�� WKH� SKH�
QRPHQRQ� RI� WKH� UDSLG� LQLWLDO� UHFRPELQDWLRQ
H[LVWV�� DQG� WKHUHIRUH� D� FDUHIXO� DQDO\VLV�
EDVHG� RQ� WKH� H[SHULPHQWV� ZLWK� FKHPLFDO
VFDYHQJHUV�� LV� DEOH� WR� GLVWLQJXLVK� LQIRUPD�
WLRQ�DERXW�WKLV�SKHQRPHQRQ�>��@�

:K\� LV� LW� QHFHVVDU\� WR� VWXG\� WKH� SURF�
HVVHV� RI� D� WUDFN� IRUPDWLRQ�� HVSHFLDOO\�� LQ
RUJDQLF�VFLQWLOODWRUV"

)LUVWO\�� LW�FDQ�EH�DVVRFLDWHG�ZLWK�WKH�SH�
FXOLDULWLHV�RI�WKH�XVH�RI�RUJDQLF�VFLQWLOODWRUV

2�$�7DUDVHQNR���*HQHUDWLRQ�DQG�HQHUJ\�H[FKDQJH����
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DV� GHWHFWRUV� RI� LRQL]LQJ� UDGLDWLRQV�� )RU� H[�
DPSOH�� WKH� LRQ�FRYDOHQW� LQRUJDQLF� V\VWHPV
DUH� H[FHOOHQW� GHWHFWRUV� RI� JDPPD� UDGLDWLRQ
>��@�� ,Q� WKLV� FDVH��DV�ZHOO� DV� LQ� WKH�FDVH�RI
H[FLWDWLRQ� E\� IDVW� HOHFWURQV� ZKHQ� WKH� VSH�
FLILF� HQHUJ\� ORVV� G(�G[� DUH� WRR� ORZ�� WKH
LQIOXHQFH� RI� WKH� IHDWXUHV� RI� IRUPDWLRQ� RI
WKH� SULPDU\� UDGLDWLRQ� WUDFN� RQ� WKH� FKDUDF�
WHULVWLFV� RI� WKH� VFLQWLOODWLRQ� SXOVH� LV� QH�
JOHFWHG��:KHQ�G(�G[� LV� ORZ� WKH� WUDFNV� DUH
QRW� IRUPHG�� DQG� WKH� VFLQWLOODWLRQ� SURFHVV
FDQ�EH�VWXGLHG�ZLWKLQ�WKH�VR�FDOOHG��RSWLFDO�
DSSUR[LPDWLRQ� >��@� XVLQJ� ZHOO�NQRZQ� GH�
VFULSWLRQ��ZKLFK�ZDV�GHYHORSHG�IRU�WKH�SKR�
WROXPLQHVFHQFH� >����@�� 2UJDQLF� PROHFXODU
VFLQWLOODWLRQ�V\VWHPV�DUH�PDLQO\�XVHG�WR�GH�
WHFW� WKRVH� W\SHV� RI� LRQL]LQJ� UDGLDWLRQ�� IRU
ZKLFK�WKH�IRUPDWLRQ�RI�WKH�WUDFN�UHJLRQV�LV
GHWHUPLQDWLYH�� 5HDOO\�� RUJDQLF� VFLQWLOODWRUV
KDYH� WKH� ORZ� HIIHFWLYH� DWRPLF� QXPEHU�
7KHUHIRUH� WKH\�� LQ� FRQWUDVW� WR� LQRUJDQLF
RQHV��GHPRQVWUDWH�D�QHJOLJLEOH�EDFN�VFDWWHU�
LQJ� ZKHQ� GHWHFWLQJ� FKDUJHG� SDUWLFOHV� >���
������@��$�IDVW�QHXWURQ�SURGXFHV�UHFRLO�SUR�
WRQV� LQ� VXFK� RUJDQLF� PDWHULDOV� ZLWK� LWV
KLJKHVW� HQHUJ\� HTXDO� WR� WKH� HQHUJ\� RI� WKLV
QHXWURQ�� 7KLV� SK\VLFDO� SURFHVV� LV� WKH� EDVLV
IRU� IDVW� QHXWURQ� VSHFWURPHWU\� >����������@�
7KHUHIRUH� RUJDQLF� VFLQWLOODWRUV� DUH� YHU\� HI�
IHFWLYH� GHWHFWRUV� RI� WKH� DERYH�PHQWLRQHG
W\SHV� RI� UDGLDWLRQV�� $OSKD� SDUWLFOHV�� SUR�
WRQV��HOHFWURQV�RI�WKH�ORZ�HQHUJ\��HWF��IRUP
WKH�WUDFN��6R��WKH�NQRZOHGJH�RI�WKH�FKDUDF�
WHULVWLFV� RI� WKH� SURFHVVHV� RFFXUULQJ� LQ� WKH
WUDFNV� RI� LRQL]LQJ� SDUWLFOHV� LV� WKH� NH\� IRU
XQGHUVWDQGLQJ� WKH� UHVXOWV� RI� WKH� VWXGLHV� RI
WKH� UDGLROXPLQHVFHQFH� RI� RUJDQLF�PROHFXODU
VFLQWLOODWRUV�>�������Ü������@��

6HFRQGO\�� LW� LV� WKH� VHW�RI�SURSHUWLHV�WKDW
GHILQHV� WKH�IXQGDPHQWDO�GLIIHUHQFH�EHWZHHQ
RUJDQLF�DQG�LQRUJDQLF�VFLQWLOODWRUV��7KH�GHQ�
VLW\� DV�ZHOO� DV� WKH� HIIHFWLYH�QXFOHDU� FKDUJH
LV�YHU\�FORVH�IRU�GLIIHUHQW�RUJDQLF�FRQGHQVHG
PHGLD��,W�LV�WKH�UHVXOW�RI�D�SUHGRPLQDQFH�RI
WKH� OLJKW� DWRPV� RI� K\GURJHQ� DQG� FDUERQ� LQ
WKHLU� PROHFXOHV� >��@�� $� FRPSDULVRQ� RI� WKH
UHVXOWV�RI�VWXGLHV�RI�YDULRXV�RUJDQLF�VFLQWLO�
ODWRUV�H[FLWHG�E\�GLIIHUHQW�W\SHV�RI�LRQL]LQJ
UDGLDWLRQ� JLYHV� D� JRRG� SRVVLELOLW\� WR� VHOHFW
WKH� UHVXOWV�� ZKLFK� DUH� FDXVHG� E\� WKH� W\SH� RI
LUUDGLDWLRQ��UDWKHU�WKDQ�WKH�SHFXOLDULWLHV�RI�WKH
FRPSRVLWLRQ�RU�WKH�VWUXFWXUH�RI�WKH�REMHFW��

,Q� DGGLWLRQ�� RUJDQLF� PROHFXODU� V\VWHPV
KDYH�WZR�LQWHUHVWLQJ�IHDWXUHV�UHODWHG�WR�WKH
SUREOHP�GLVFXVVHG� KHUH��'HWHFWRUV� EDVHG� RQ
RUJDQLF� VFLQWLOODWRUV� DUH� WKH� PRVW� HIIHFWLYH
IRU� GHWHFWLQJ� DOSKD� SDUWLFOHV� DQG� IDVW� QHX�
WURQV� >������Ü��@�� WKDW� LV� WKH� LRQL]LQJ� UD�
GLDWLRQV�� ZKLFK� DUH� WKH� PRVW� KD]DUGRXV� WR

KXPDQV��7KXV�� WKH� UDGLDWLRQ�ZHLJKWLQJ� IDF�
WRU�IRU�SKRWRQV�RI�JDPPD�UDGLDWLRQ�LV�HTXDO
WR� ���ZKLOH� IRU� IDVW�QHXWURQV�ZLWK� HQHUJLHV
XS� WR� �� 0H9� DQG� IRU� DOSKD� SDUWLFOHV� WKH
YDOXH� RI� WKH� UDGLDWLRQ�ZHLJKWLQJ� IDFWRU� LQ�
FUHDVHV�WR����>��@��7KHUHIRUH��WKH�UHVXOWV�RI
VXFK� PHDVXUHPHQWV�� LQGLYLGXDOO\�� DUH� RI
JUHDW� LQWHUHVW� IRU� UDGLDWLRQ� PHGLFLQH�� ELRO�
RJ\� DQG� HFRORJ\�� 7KH� QXPEHU� RI� VFLQWLOOD�
WLRQ�SKRWRQV�HPLWWHG�E\�WKH�RUJDQLF�VFLQWLO�
ODWRU� SURSRUWLRQDOO\� JURZV� ZLWK� WKH� H[FLWD�
WLRQ�HQHUJ\�DQG�GHFUHDVHV�E\�WKH�FRHIILFLHQW
RI� WKH� HQHUJ\� ORVV�� LQFOXGLQJ� WKRVH�� ZKLFK
DUH� UHODWHG� WR� WKH� SURFHVV� RI� H[FLWDWLRQ� RI
WKH� VFLQWLOODWRU�� 7KLV� DOORZV� XV� WR� FRQVLGHU
RUJDQLF� VFLQWLOODWRUV� DV� DQ� DOWHUQDWLYH� FODVV
RI�PRGHO� V\VWHPV� IRU� VWXG\LQJ� WKH� LQWHUDF�
WLRQ�RI� LRQL]LQJ�UDGLDWLRQ�ZLWK�RUJDQLF�FRQ�
GHQVHG�PHGLD�>���������@�

���7KHRU\
�����3ULPDU\�SDUWLFOH�HQHUJ\
H[FKDQJH�LQ�DQ�RUJDQLF�PHGLXP
7KH� LQWHUDFWLRQ� RI� DQ� LRQL]LQJ� SDUWLFOH

ZLWK� D�PDWWHU� FDQ�EH�GHVFULEHG� LQ� WHUPV�RI
VXFFHVVLYH� �FROOLVLRQV�� RI� WKH� SDUWLFOH� ZLWK
PROHFXOHV�RI�WKH�PDWWHU��7KHVH�FROOLVLRQV�DUH
GLYLGHG� LQWR� JODQFLQJ� FROOLVLRQV� DQG� NQRFN�
RQ�RQHV��7KH\�DUH�� FRUUHVSRQGLQJO\�� OHDG� WR
JODQFLQJ� DQG� NQRFNRQ� DFWLYDWLRQV� RI� WKH
PROHFXOHV� RI� D� PDWWHU�� ,Q� WKH� FDVH� RI� WKH
JODQFLQJ�DFWLYDWLRQ�IRU�D�VHSDUDWH�DFW�RI�HQ�
HUJ\� WUDQVIHU� WKH� UHVXOWLQJ� HQHUJ\� ORVV� DUH
VPDOO� DQG� DUH� FRPSDUDEOH� ZLWK� WKH� LRQL]D�
WLRQ� SRWHQWLDO� RI� D� VXEVWDQFH�� ,I� WKH� XQLW
HQHUJ\�ORVV�LV�PXFK�JUHDWHU�WKDQ�WKH�LRQL]D�
WLRQ�SRWHQWLDO�� WKHQ� LW� LV� WKH�NQRFN�RQ�DFWL�
YDWLRQ�>������@��

6HFRQGDU\�ORZ�HQHUJ\�HOHFWURQV�ORVH�WKHLU
HQHUJ\� LQ� FORVH� YLFLQLW\� WR� WKH� SDWK� RI� WKH

)LJ���� >�Ü��@�� 6FKHPDWLF� UHSUHVHQWDWLRQ� RI� WKH
SULPDU\� SURFHVVHV� RI� H[FLWDWLRQ� LQGXFHG� E\� D
FKDUJHG�SDUWLFOH�ZLWK� WKH�KLJK� VSHFLILF� HQHUJ\
ORVV� ��� LV� WKH� KLJK� DFWLYDWLRQ� GHQVLW\� UHJLRQ�
��LV�WKH�ORZ�DFWLYDWLRQ�GHQVLW\�UHJLRQ���
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SULPDU\� SDUWLFOH�� 7KH� HOHFWURQV� RI� KLJKHU
HQHUJLHV�RU�G�HOHFWURQV�IRUP�WKHLU�RZQ�VHSD�
UDWH� WUDFNV�� FUHDWLQJ� �D� KDOR�� RI� WKH� SUL�
PDU\�SDUWLFOH�WUDFN�>��������������@�

$�YDOXH�RI�WKH�VSHFLILF�HQHUJ\�ORVV��RU
WKH� OLQHDU� HQHUJ\� WUDQVIHU� YDULHV� IURP
��Ü��0H9�FP� IRU� SKRWRQV� RI� JDPPD� UDGLD�
WLRQ� XS� WR� ����0H9�FP� IRU� DOSKD� SDUWLFOHV
DQG�FDQ�UHDFK�KLJKHU�YDOXHV�IRU�KHDY\� LRQV
>��@�� ,Q� WKH� FDVH� RI�SDUWLFOHV�ZLWK� WKH�KLJK
VSHFLILF�HQHUJ\�ORVV��WKH�ORFDO�UHJLRQV�RI�H[�
FLWDWLRQ�RYHUODS�DQG�FUHDWH� WKH�KLJK�DFWLYD�
WLRQ� GHQVLW\� UHJLRQV�� 7KH� SULPDU\� SDUWLFOH
ZLWK� WKH� KLJK� VSHFLILF� HQHUJ\� ORVV� FUHDWHV
WKH� KLJK� DFWLYDWLRQ� GHQVLW\� UHJLRQV� ZLWK� D
TXDVL�F\OLQGULFDO� V\PPHWU\� WKDW� LV� WKH� SUL�
PDU\� WUDFN� �)LJ������ 7KH� WUDFNV� RI� G�HOHF�
WURQV�DUH�VHSDUDWH� ORFDO�UHJLRQV�RI�WKH�KLJK
DFWLYDWLRQ� GHQVLW\�� FDOOHG� VSXUV� DQG� EOREV
�)LJ������ 7KH� JODQFLQJ� FROOLVLRQV� JHQHUDWH
VSXUV� HDFK� RI� ZKLFK� FRQWDLQV� RQH� RU� PRUH
SDLUV�RI�WKH�FKDUJH�VWDWHV��+LJK�HQHUJ\�HOHF�
WURQV�DQG�SKRWRQV�RI�JDPPD�UDGLDWLRQ�GR�QRW
IRUP�WKH�KLJK�DFWLYDWLRQ�GHQVLW\�UHJLRQV�

7KH� NQRFN�RXW� FROOLVLRQ� RI� DQ� LRQL]LQJ
SDUWLFOH� ZLWK� D� PROHFXOH� UHVXOWV� LQ� GLUHFW
NQRFN�RXW� RI� D� PROHFXOH� HOHFWURQ�� 8VXDOO\
VXFK� WKH� HOHFWURQ� KDV� D� NLQHWLF� HQHUJ\� DS�
SUHFLDEO\� GLIIHUHQW� IURP� ]HUR�� ZKLOH� LQ� D
FDVH� RI� WKH� JODQFLQJ� FROOLVLRQ� WKH� VHSDUDWH
DFWV�RI� LRQL]DWLRQ�RFFXUV�WKURXJK�WKH� LQWHU�
PHGLDWH� VWDJH� RI� IRUPDWLRQ� RI� VKRUW�OLYHG
ORFDOL]HG�VWDWHV�VXFK�DV�SODVPRQV�DQG�VXSHU�
H[FLWHG� VWDWHV� >�����@�� )XUWKHU� UHFRPELQD�
WLRQ�RI�XQFRPSHQVDWHG�SRVLWLYH�DQG�QHJDWLYH
HOHFWULF� FKDUJHV� FDQ� OHDG� WR�PROHFXODU�H[FL�
WDWLRQ��DQG�WKHQ��WR�OXPLQHVFHQFH�

�����7UDFN�VWUXFWXUH
.QRZOHGJH� RI� WKH� UHJLRQV� LQ� ZKLFK� WKH

UHFRPELQDWLRQ� SURFHVV� WDNHV� SODFH� LV� YHU\
LPSRUWDQW� WR� PDNH� WKH� FRUUHFW� DQDO\VLV� RI
WKH� IHDWXUHV� RI� HQHUJ\� H[FKDQJH� RI� WKH
FKDUJH� VWDWHV� LQ� WKH� WUDFN� UHJLRQV� DQG� WKH
LQIOXHQFH�RI�WKH�SRODUL]DWLRQ�PHFKDQLVPV�RQ
WKLV�SURFHVV��,W�PHDQV�WKDW�QRW�RQO\�WKH�LQ�
IRUPDWLRQ�DERXW�WKH�VL]H�RI�VXFK�WKH�UHJLRQ
LV� QHFHVVDU\�� EXW� DOVR� D� FRUUHFW� LQWHUSUHWD�
WLRQ� RI� WKH� WUDFN� VWUXFWXUH� SURGXFHG� E\� DQ
LRQL]LQJ� SDUWLFOH� LV� HVVHQWLDO�� 7KH� WUDFN

VWUXFWXUH�PHDQV� WKH� VSDWLDO� GLVWULEXWLRQ� RI
DFWV�RI�WKH�HQHUJ\�ORVV�RI�DQ�LRQL]LQJ�SDUWL�
FOH�� 7KH� FRPSOH[LW\� RI� WKH� VLWXDWLRQ� LV
FDXVHG� E\� WKH� GLIIHUHQFH� ERWK� LQ� WHUPLQRO�
RJ\�� ZKLFK� GLIIHUHQW� DXWKRUV� XVH�� DQG� LQ
FULWHULD�� ZKLFK� DUH� LQWURGXFHG� WR� GHVFULEH
WKH�GLIIHUHQW�W\SHV�RI�UDGLDWLRQV�DQG�PDWHUL�
DOV�� ,Q�DGGLWLRQ��WKH�ODFN�RI�UHOLDEOH�H[SHUL�
PHQWDO� GDWD� FRQFHUQLQJ� WKH� UDQJHV� RI� WKH
VHFRQGDU\� HOHFWURQV� ZLWK� WKH� HQHUJLHV� OHVV
WKDQ� ���� NH9� �WKH� DYHUDJH� HQHUJ\� RI� HOHF�
WURQV� LQ� WKH� UHDFWLRQ� RI� WULWLXP� GHFD\�
PDNHV� WKH�HVWLPDWLRQV�RI� WKH�H[WHUQDO�VL]HV
RI�WKH�WUDFN�UHJLRQV�PRUH�GLIILFXOW�

5DGLDWLRQ� FKHPLVWU\� LQ� PRVW� FDVHV� FRQ�
VLGHUV� WKH� WUDFN� FRUH� �VHH� )LJ������ EXW� QRW
WKH� HQWLUH� WUDFN�� DV� WKH� UHJLRQ� RI� KHDYLO\
GDPDJHG� VXEVWDQFH� ZLWK� WKH� PD[LPXP� HQ�
HUJ\� ORVV�RI� LRQL]LQJ�UDGLDWLRQ� >��@��7KLV� LV
WKH�UHJLRQ�RI�D�ODWHQW�WUDFN��ZKLFK�LV�SDUWLDO
RU�FRPSOHWH�HWFKHG�>��Ü��@��9DULRXV�PRGHOV
RI� IRUPDWLRQ�RI� WKH� WUDFN� HVWLPDWH� WKH� VL]H
RI� WKH� WUDFN�FRUH� IURP��� WR����QP� >�������
��@��7KH�SK\VLFDO�FRUH�VL]H�FDQ�EH�GHILQHG�DV
WKH� GLVWDQFH� DW� ZKLFK� WKH� WUDQVSRUWHG� HQ�
HUJ\� GHSRVLWLRQ� E\� VHFRQGDU\� HOHFWURQV� MXVW
H[FHHGV� WKRVH� GXH� WR� HYHU\� RWKHU� FKDQQHO�
7KH�PHDQ� UDQJH� RI� VHFRQGDU\� HOHFWURQV� GH�
WHUPLQHV� >��@� WKH� VL]H� RI� WKH� FRUH� VKHOO� RI
WKH�WUDFN��$XWKRUV�>������@�GHVFULEHG�LQ�GH�
WDLO� WKH� UHVXOWV� RI� LQYHVWLJDWLRQV� RI� WKH� HQ�
HUJ\� GLVWULEXWLRQ� RI� WKH� SULPDU\� FKDUJHG
SDUWLFOH� EHWZHHQ� WUDFN� REMHFWV� �VSXUV�� EOREV
DQG�VKRUW�WUDFNV��LQ�D�FRQGHQVHG�PHGLXP�

)LJ���� >��@��$� W\SLFDO� ILVVLRQ� IUDJPHQW� WUDFN
LQ�ZDWHU��VKRZLQJ�GHQVH�RYHUODS�RI�VHFRQGDU\
HOHFWURQV� LQ� WKH� FRUH� VKHOO� UHJLRQ� �VKDGHG��

)LJ���� >��@�� 6FKHPDWLF� UHSUHVHQWDWLRQ� RI� WKH
GLVWULEXWLRQ�RI�DWRPV�+�DQG�LRQ�UDGLFDOV�$±�LQ
D�WUDFN��
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7KH� SURFHVV� RI� UDGLRO\VLV� SURYLGHV� DGGL�
WLRQDO� RSSRUWXQLWLHV� WR� VWXG\� WKH� WUDFN
VWUXFWXUH� LQ� D� FRQGHQVHG�PDWWHU��7KH� WUDFN
RI�DQ�LRQL]LQJ�SDUWLFOH�LV�D�SUHFXUVRU�RI�WKH
UDGLFDO� WUDFN�� ,W� LV� WKH� UHJLRQ�ZKHUH� VKRUW�
OLYHG�LQWHUPHGLDWH�SURGXFWV�RI�UDGLRO\VLV�LQ�
WHUDFW�ZLWK�HDFK�RWKHU�DQG�ZLWK�WKH�HQYLURQ�
PHQW�� 0HWKRGV� RI� HOHFWURQ� SDUDPDJQHWLF
UHVRQDQFH� >������@� FDQ� EH� XVHG� WR� LQYHVWL�
JDWH� WKH� VWUXFWXUH� RI� UDGLFDO� WUDFNV� WKDW� LV
WR� GHWHUPLQH� WKH� UHODWLYH� VSDWLDO� GLVWULEX�
WLRQ� RI� DFWLYH� SDUWLFOHV�� 6XFK� VWXGLHV� FDQ
GLUHFWO\� GHPRQVWUDWH� WKH� LQKRPRJHQHRXV
VSDWLDO� GLVWULEXWLRQ� RI� LQWHUPHGLDWH� SURG�
XFWV� RI� UDGLRO\VLV� LQ� D� FRQGHQVHG� PDWWHU�
)LJ����� DV� DQ� H[DPSOH�� VKRZV� WKH� VWUXFWXUH
RI� WKH� UDGLFDO� WUDFNV� RI� EHWD� SDUWLFOHV� RI
WULWLXP�LQ�D�IUR]HQ�DW����.��0�VXOIXULF�DFLG
VROXWLRQ��)LJ����VKRZV�WKH�FKDUDFWHULVWLF�VL]H
RI� VWDELOL]DWLRQ� RI� UDGLFDOV�� 7KH� VL]H� RI� WKH
UHJLRQ� RI� VWDELOL]DWLRQ�RI� DWRPV�+� DUH�GHWHU�
PLQHG�E\�D�SDWK�OHQJWK�RI�VHFRQGDU\�HOHFWURQV
EHIRUH� WKHLU� WKHUPDOL]DWLRQ�� DQG� WKH� VL]H� RI
VWDELOL]DWLRQ�RI�LRQ�UDGLFDOV�62�±��$±��DUH�GH�WHUPLQHG�E\�WKH�&RXORPE�UHSXOVLRQ�RI�SRVL�
WLYH�FKDUJHV��XS�WR�WKHLU�VWDELOL]DWLRQ�>��@�

7KH� VWXG\� RI� WKH� GHOD\HG� UDGLROXPLQHV�
FHQFH�SXOVH�VKDSH�RI�RUJDQLF�VFLQWLOODWRUV�LV
DQRWKHU� LQGLUHFW� PHWKRG� IRU� VWXG\LQJ� WKH
VWUXFWXUH� RI� D� SDUWLFOH� WUDFN� >��@�� 7KLV
PHWKRG� LV� EDVHG� RQ� WKH� DVVXPSWLRQ� WKDW� D
VORZ� FRPSRQHQW� RI� WKH� UDGLROXPLQHVFHQFH
SXOVH� LV�IRUPHG�LQ�WKH�SURFHVV�RI�WKH�GLIIX�
VLRQ�FRQWUROOHG� WULSOHW�WULSOHW� DQQLKLODWLRQ�
7KLV� DSSURDFK� LV� YDOLG� LI� WKH� FRQFHQWUDWLRQ
RI�WKH�WULSOHW�VWDWHV�LV�ORZ�>�����@��7KH�WULS�
OHW�VWDWHV�RFFXU�GXULQJ�WKH�UHFRPELQDWLRQ�RI
WKH� FKDUJH� VWDWHV� LQ� WKH� FRUH� VKHOO� RI� WKH
WUDFN��DQG�LQ�WKH�SHULSKHUDO�SDUW�RI�WKH�SDU�
WLFOH�WUDFN��FDOOHG�WKH�WUDFN�KDOR�>������@�

7KH� GHVFULSWLRQ� RI� WKH� SURFHVV� RI� WULSOHW�
WULSOHW� DQQLKLODWLRQ� E\� WKH� SUHVFULEHG� GLIIX�
VLRQ�DSSURDFK�>������@�DOORZV�XV�WR�UHSUHVHQW
WKH� UDGLROXPLQHVFHQFH� SXOVH� VORZ� FRPSRQHQW
RI�RUJDQLF�VFLQWLOODWRUV�LQ�WKH�IRUP�>������@�
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,Q� ���� W'� LV� D� WLPH� SDUDPHWHU� ZKLFK� LV� GH�ILQHG�E\�WKH�DSSUR[LPDWLRQ�RI�H[SHULPHQWDO
FXUYHV� RI� WKH� UDGLROXPLQHVFHQFH� SXOVH� VORZ
FRPSRQHQW�� '7� LV� WKH� GLIIXVLRQ� FRHIILFLHQWRI�WULSOHW�VWDWHV��7��VWDWHV���DQG�U��LV�WKH�SD�UDPHWHU��RIWHQ�FDOOHG�DV�WKH��LQLWLDO�UDGLXV��RI
WKH�SDUWLFOH�WUDFN��IRU�WLPH�W�� ����>��������@�3DUDPHWHU�O�LQ�����JLYHV�WKH�QXPEHU�RI�GLPHQ�
VLRQ�RI�WKH�7��VWDWHV�GLIIXVLRQ��

7KH� UHVXOWV�RI� WKH� VWXGLHV� >���������Ü��@
RI� WKH� VORZ� FRPSRQHQW� RI� WKH� VFLQWLOODWLRQ
SXOVH� LQ� RUJDQLF� VFLQWLOODWRUV� KDYH� VKRZQ
WKDW� O� LQ� ���� LV� FORVH� WR� �� IRU� H[FLWDWLRQ� E\
DOSKD� SDUWLFOHV� RU� IDVW� QHXWURQV�� ,W� PHDQV
WKDW� WKH� HQHUJ\� H[FKDQJH� RI� 7�VWDWHV� LV
TXDVL�WZR�GLPHQVLRQDO�� ,Q� RWKHU� ZRUGV�� DQ
H[FLWDWLRQ� E\� LRQL]LQJ� UDGLDWLRQ� ZLWK� WKH
KLJK�YDOXHV�RI�G(�G[�PDLQO\�FDXVHV�WKH�IRU�
PDWLRQ�RI�WUDFNV�ZKRVH�V\PPHWU\�LV�FORVH�WR
D� F\OLQGULFDO� RQH�� 7KH� YDOXH� RI� O� ���� RE�
WDLQHG� IRU� WKH� H[FLWDWLRQ� E\� SKRWRQV� RI
JDPPD�UDGLDWLRQ��WHVWLILHV�WKDW� LQ�WKLV�FDVH
WKH� V\PPHWU\� LV� FORVH� WR� VSKHULFDO� RQH� DQG
WKH�VHSDUDWH�VSXUV�DUH�PDLQO\�IRUPHG��7KHVH
UHVXOWV� DUH� LQ� D� JRRG� DJUHHPHQW� ZLWK� WKH
UHVXOWV� RI� WKH� UDGLDWLRQ�FKHPLFDO� VWXGLHV
>��Ü����������@�� WKH� UHVXOWV� RI� WKH� VWXGLHV
RI� WUDFN� VWUXFWXUHV� LQ� VROLG�VWDWH� WUDFN� GH�
WHFWRUV�>����������@��DQG�DJUHH�ZLWK�WKH�GLV�
WULEXWLRQ� IXQFWLRQV� RI� UDGLFDOV� REWDLQHG� E\
HOHFWURQ�SDUDPDJQHWLF�UHVRQDQFH�>��@��

'HVSLWH�WKH�ODFN�RI�UHDO�SK\VLFDO�PHDQLQJ
WKH� H[SHULPHQWDO�� HIIHFWLYH� SDUDPHWHU� U�JLYHV�UHSURGXFLEOH�UHVXOWV�LQ�WKH�IRUPDO�FDO�
FXODWLRQ�RI�WKH�GLIIXVLRQ�FRHIILFLHQWV�RI�7��VWDWHV� >������Ü��@�� ZKLFK� DJUHH� ZLWK� WKH
DQDORJRXV� YDOXHV� RI� WKH� GLIIXVLRQ� FRHIIL�
FLHQWV� RI� 7��VWDWHV� REWDLQHG� E\� WKH� GLUHFWPHDVXUHPHQWV�XQGHU�SKRWRH[FLWDWLRQ�>��@��

7KH� UHVXOWV� RI� WKH� PHDVXUHPHQWV� RI� WKH
VFLQWLOODWLRQ� SXOVH� VKDSH�� DV� ZHOO� DV� NQRZO�
HGJH� RI� WKH�GLIIXVLRQ� FRHIILFLHQWV� RI� WULSOHW
H[FLWRQV� IURP� WKH� SKRWROXPLQHVFHQW� H[SHUL�
PHQWV� DOORZHG� HVWLPDWLQJ� WKH� LQLWLDO� UDGLXV
RI� WKH� WUDFN� IRU� GLIIHUHQW� W\SHV� RI� H[FLWD�
WLRQ��,Q�>���������Ü��@�ZHUH�REWDLQHG�YDOXHV
U�� ����� ��� DQG� ���� QP� IRU� DOSKD� ����$P��QHXWURQ� ����&I�� DQG� JDPPD� ���&R�� H[FLWD�
WLRQV��FRUUHVSRQGLQJO\�

�����3RODUL]DWLRQ�HIIHFWV�DQG�WKHLUV�LQ�
IOXHQFH�RQ�WKH�HQHUJ\�H[FKDQJH�RI
FKDUJH�VWDWHV�
7KH�SRODUL]DWLRQ�HQHUJ\�WKDW�LV�QHFHVVDU\

WR� FUHDWH� D� PROHFXODU� SRODURQ� LV� DERXW
����H9�IRU�D�PROHFXODU�RUJDQLF�VFLQWLOODWLRQ
FU\VWDO�� ZKLFK� FRQVLVWV� RI� LQLWLDOO\� QHXWUDO
PROHFXOHV�� 7KLV� YDOXH� LV� E\� D� IDFWRU� RI� ���
PRUH� WKDQ� WKH� HQHUJ\�RI� LQWHUPROHFXODU� LQ�
WHUDFWLRQ�WKDW�KROGV�PROHFXOHV�WRJHWKHU�LQ�D
FU\VWDOV� ODWWLFH� >��@��$� VSHFLILF� WLPH� RI� WKH
HOHFWURQLF��PROHFXODU��DQG�LQ�VRPH�FDVHV��WKH
ODWWLFH� SRODUL]DWLRQ�� LV� VKRUWHU� WKDQ� D� VSH�
FLILF� WLPH� RI� HOHFWURQLF� H[FLWDWLRQ� HQHUJ\
WUDQVIHU�DQG�UHOD[DWLRQ�SURFHVVHV�

7KH�UHOD[DWLRQ�WLPH�WKDW�LV�QHFHVVDU\�IRU
WKH� HOHFWURQ� SRODUL]DWLRQ� RI� QHLJKERXULQJ
PROHFXOHV�RI�DQ�RUJDQLF�FU\VWDO�FDQ�EH�HVWL�
PDWHG� DV� WH�|���Ü��Ü��Ü��� V�� 7KH� DYHUDJH
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WLPH� WK� WKDW� LV� QHFHVVDU\� IRU� D� FKDUJH� FDU�ULHU� WR� KRS� IURP� RQH� PROHFXOH� WR� RWKHU� LQ
RUJDQLF� FU\VWDOV�� XVXDOO\�� LV� DERXW� ��Ü���V�
7KH� QHFHVVDU\� DQG� VXIILFLHQW� FRQGLWLRQ� IRU
WKH� HOHFWURQLF� SRODUL]DWLRQ� WR� DSSHDU� LQ� WKH
VXUURXQGLQJ� RI� VXUSOXV� PROHFXOH� FKDUJH� LQ
VXFK� D� FU\VWDO� LV� WK�!�WH�� $� FKDUJH� FDUULHUPRYHV�DORQJ�ZLWK�LWV�SRODUL]DWLRQ�VXUURXQG�
LQJ��7KH�UHOD[DWLRQ�WLPH�WQ�WKDW�LV�UHTXLUHGIRU� LQWUDPROHFXODU� �YLEURQLF�� RVFLOODWLRQV� LV
DERXW���Ü���F��7KH�FRQGLWLRQ�RI�D�IRUPDWLRQ
RI�WKH�PROHFXODU�SRODURQ�LV�WK�!�WQ��7KH�UHS�UHVHQWDWLYH� YDOXH� RI� ODWWLFH� SRODUL]DWLRQ
WLPH�WO� LV�PRUH�WKDQ���Ü���F��7KHUHIRUH�WKHIRUPDWLRQ� RI� WKH� ODWWLFH� SRODURQ� LV� QRW� DO�
ZD\V� SRVVLEOH� IRU� WKHVH� V\VWHPV�� VLQFH�� LQ
SDUWLFXODU��WKH�FRQGLWLRQ�WKdWO� LV�RIWHQ�UHDO�
L]HG� RQO\� DORQJ� WKH� FU\VWDOORJUDSKLF� D[LV� Fc
>��@�� 2XU� SUHOLPLQDU\� DQDO\VLV� VKRZV� WKDW
WKH� SRODUL]DWLRQ� LQWHUDFWLRQ� KDV� D� VLJQLIL�
FDQW�RU�HYHQ�SUHSRQGHUDQW�HIIHFW�RQ�WKH�SUR�
JUHVV� RI� WKH� VFLQWLOODWLRQ� SURFHVV� LQ� D� PR�
OHFXODU�FRQGHQVHG�PHGLXP�>��@�

3UHYLRXVO\�SURSRVHG�WKHRULHV�RI�WKH�VFLQ�
WLOODWLRQ�SURFHVV�LQ�RUJDQLF�FRQGHQVHG�PHGLD
>��������@�� LQ�IDFW�� LJQRUHG�WKH�HIIHFW�RI�SR�
ODUL]DWLRQ� LQWHUDFWLRQ� RQ� WKH� UHFRPELQDWLRQ
RI�FKDUJH�VWDWHV��ZKLFK�SUHFHGHV�WKH�IRUPD�
WLRQ� RI� H[FLWHG� VWDWHV� DQG� WKHLU� VXEVHTXHQW
UDGLROXPLQHVFHQFH��7KHUHIRUH�LW�LV�QHFHVVDU\
WR�VWXG\�WKLV�SRLQW�PRUH�FDUHIXOO\�

7KHUH� DUH� QR� IUHH� HOHFWURQV� RI� ORZ� HQHU�
JLHV�LQ�PROHFXODU�FU\VWDOV��,I�D�PROHFXOH�ORVHV
DQ�HOHFWURQ�DQG�EHFRPHV�WKH�SRVLWLYHO\�LRQL]HG
TXDVL�LRQ�0��� WKHQ� WKLV� HOHFWURQ� ORFDOL]HV� RQVRPH� RWKHU�PROHFXOH�� 7KH� QHJDWLYHO\� LRQL]HG
TXDVL�LRQ�0±�DSSHDUV��)LJ����D��VFKHPDWLFDOO\VKRZV�WKLV�VLWXDWLRQ�IRU�D�K\SRWKHWLFDO�FU\V�
WDO� RI� EHQ]HQH�� 7KH�PROHFXODU� S�RUELWDOV� RI
WKH� QHLJKERULQJ� PROHFXOHV� KDYH� D� QHJDWLYH
FKDUJH��VR�WKH\�DWWUDFW�WR�WKH�SRVLWLYH�TXDVL�
LRQ� 0��� EXW� WKHLU� VNHOHWRQV� UHSHO� IURP� LW�7KH� SRODURQ�0S�� LV� IRUPHG�� ,Q� WKH� FDVH� RIWKH�QHJDWLYHO\�LRQL]HG�TXDVL�LRQ�0±�WKH�PR�OHFXODU�S�RUELWDOV�RI�WKH�QHLJKERULQJ�LRQL]HG
PROHFXOHV� UHSHO� IURP� LW�� DQG� WKH� VNHOHWRQV
RI�WKHVH�PROHFXOHV�DWWUDFW�WR�LW��7KH�SRODURQ
0S±�LV�IRUPHG��)LJ����E��VFKHPDWLFDOO\�UHSUH�VHQWV� WKH� VLWXDWLRQ� ZKHUH� WKH� SRODURQV�0S±DQG�0S��DUH�IRUPHG�RQ�D�FHUWDLQ�LQLWLDO�GLV�WDQFH�5���7KH�SRODUL]DWLRQ�VXUURXQGLQJ�UF�LQGLDPHWHU� LV� IRUPHG� DURXQG� WKH� PROHFXODU
TXDVL�LRQ�� )RU� H[DPSOH�� IRU� WKH� RUJDQLF
FU\VWDOV� RI� SRO\DFHQHV� WKH� GLVWDQFH� RI� WKH
VWDEOH� SRODUL]DWLRQ� VXUURXQGLQJ� UF� DURXQGWKH� VXUSOXV� FKDUJH� LV� HTXDO� WR� ��Ü��� QP�
DQG� VXFK� WKH� SRODUL]DWLRQ� VXUURXQGLQJ� FDQ
LQFOXGH� DERXW� ����� PROHFXOHV� >��@�� ,Q� WKH
FDVH� ZKHQ� WKH� GLVWDQFH�5�� EHWZHHQ� WKH� SR�ODURQV�0S�� DQG�0S±� LV� OHVV� WKDQ� WKLV� YDOXH�5���UF�� WKHVH�SRODURQV�IRUP�WKH�PROHFXODU�SRODURQ�SDLU�ZLWK�RQH�MRLQW�SRODUL]DWLRQ�VXU�
URXQGLQJ�

+RW� �WKDW� LV� VWLOO� XQUHOD[HG�� HOHFWURQV
>������@�FDQ�EH�HDVLO\�FUHDWHG�LQ�D�PROHFXODU
VFLQWLOODWRU� E\� DQ� LRQL]LQJ� UDGLDWLRQ�� $IWHU
WKDW�WKH�HOHFWURQ�UDSLGO\�ORVHV�LWV�H[FHVV�HQ�
HUJ\� LQ� LQHODVWLF� FROOLVLRQV� DQG� JHQHUDWHV
)UHQNHO� H[FLWRQV� RU� ODWWLFH�SKRQRQV�� ,QHODV�
WLF�FROOLVLRQV�RI�DQ�HOHFWURQ�OHDG�WR�LWV�ORFDO�
L]DWLRQ� DQG� IRU� WKH� FDVH� ZKHQ� WK�!�WH� WKHVXEVHTXHQW�EHKDYLRU�RI�DQ�HOHFWURQ�LV�GHWHU�
PLQHG� E\� WKH� HOHFWURQLF� SRODUL]DWLRQ�� 7KH
WKHUPDOL]DWLRQ� WLPH� RI� VXFK� HOHFWURQ� LV� QRW
OHVV� WKDQ� ��Ü��� V� >��@�� 7KXV�� WKH� SURFHVVHV
RFFXUULQJ� DIWHU� JHQHUDWLRQ� RI� FKDUJH� FDUUL�
HUV� LQ� D� WLPH� FRPSDUDEOH� RU� VKRUWHU� WKDQ
��Ü��� V� DUH� WKH� SURFHVVHV� LQYROYLQJ� KRW
FKDUJH� VWDWHV�� )RU� D� YHU\� VWURQJ� HOHFWUR�
VWDWLF� ILHOG� (�|����� 9�FP� WKDW� UHDFKHV� WKH
YDOXHV�RI�WKH�ORFDO�ILHOG�VWUHQJWK�LQVLGH�WKH
SRODURQ�SDLUV� >��@�� WKH� VFDWWHULQJ� WLPH� W� RI
FKDUJH� FDUULHUV� EHFRPHV� YHU\� VPDOO� YDOXH�
HVWLPDWHG� DV� ��Ü��� V�� )RU� H[DPSOH�� DFFRUG�
LQJ� WR�WKH�UHVXOWV�RI�WKH�GLUHFW�FDOFXODWLRQV
RI�WKH�GULIW�YHORFLW\�RI�FKDUJH�FDUULHUV�LQ�DQ
DQWKUDFHQH� FU\VWDO� EDVHG�RQ� WKH� H[SHULPHQ�
WDO� GDWD�� LW� KDV� EHHQ� REWDLQHG� W� �����Ü���V
>��@��)URP�WKLV�D�YHU\�LPSRUWDQW�FRQFOXVLRQ

)LJ���� >��@�� 6FKHPDWLF� UHSUHVHQWDWLRQ� RI� D
IRUPDWLRQ� RI� WKH� HOHFWURQ� SRODUL]DWLRQ
�VKHOOV��DURXQG�FKDUJH�VWDWHV�LQ�D�K\SRWKHWL�
FDO� PROHFXODU� FU\VWDO� FRQVLVWLQJ� RI� EHQ]HQH
PROHFXOHV��

2�$�7DUDVHQNR���*HQHUDWLRQ�DQG�HQHUJ\�H[FKDQJH����
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IROORZV��$� IDVW� SULPDU\� �d��Ü���V��UHFRPEL�
QDWLRQ� RI� SRODURQ� SDLUV� FDQ� EH� LQLWLDWHG� E\
WKH� SRODUL]DWLRQ� LQWHUDFWLRQV�� ,W� PD\� KDYH
LWV�RZQ�VSHFLILHV�>��@��

���([SHULPHQWDO
:H� XVHG� RUJDQLF� VFLQWLOODWLRQ� GHWHFWRUV

EDVHG� RQ� VWLOEHQH� DQG� S�WHUSKHQ\O� WR� VWXG\
WKH� JHQHUDWLRQ� DQG� HQHUJ\� H[FKDQJH� RI
FKDUJH� VWDWHV� LQ� WKH� WUDFN� UHJLRQV�� 7KHUH
ZHUH� VWUXFWXUDOO\� SHUIHFW� RUJDQLF� VLQJOH
FU\VWDOV� >������������������@�� SRO\FU\VWDOV
REWDLQHG� E\� WKH� KRW� SUHVVLQJ� >����������@�
FRPSRVLWH�VFLQWLOODWLRQ�PDWHULDOV�>���������@�
7KH� GHWHFWRUV� ZHUH� LUUDGLDWHG� E\� LRQL]LQJ
UDGLDWLRQV� RI� WKH� IROORZLQJ� UDGLRQXFOLGH
VRXUFHV�� ���3X±%H� �IDVW� QHXWURQV�� >������Ü
��@�����3X�DQG����$P��DOSKD�SDUWLFOHV�����1D�
��&R�� ���&V�� ���(X�� DQG� ���$P� �SKRWRQV� RI
JDPPD�UDGLDWLRQ���:H�XVHG�WKH�HIIHFW�RI�DQ
DWWHQXDWLRQ� RI� DOSKD� SDUWLFOHV� LQ� DLU� WR� RE�
WDLQ� WKH� HQHUJ\� UDQJH� (D� IURP� |�� WR
����0H9� >��@�� 7R� REWDLQ� WKH� VSHFWUD� RI� UH�
FRLO�SURWRQV�IRU�WKH�FRPELQHG�VRXUFH�RI�IDVW
QHXWURQV� DQG� SKRWRQV� RI� JDPPD� UDGLDWLRQ
���3X±%H� ZH� XVHG� WKH�PHWKRG� RI� WKH� VHOHF�
WLYH�GHWHFWLRQ�RI�GLIIHUHQW�W\SHV�RI�LRQL]LQJ
SDUWLFOHV�EDVHG�RQ�WKH�SXOVH�VKDSH�GLVFULPL�
QDWLRQ� >��@�� )RU� WKH� UHFRQVWUXFWLRQ� RI� WKH
QHXWURQ� VSHFWUXP� IURP� WKH�PHDVXUHG� VSHF�
WUXP� RI� UHFRLO� SURWRQV�� ZH� XVHG� WKH� SURFH�
GXUH�GHVFULEHG�LQ�>������@�

7KH� PRVW� SURPLVLQJ� ZD\� WR� VWXG\� WKH
SURFHVVHV� RI� WKH� SULPDU\� TXHQFKLQJ� LQ� WKH
WUDFN�LV�WKH�IROORZLQJ�>�������������@��,Q�WKH
FDVH�RI�LUUDGLDWLRQ�RI�DQ�RUJDQLF�VFLQWLOODWRU
E\� LRQL]LQJ� UDGLDWLRQ� ZLWK� D� ORZ� VSHFLILF
HQHUJ\�ORVV�G(�G[� �IRU�H[DPSOH��SKRWRQV�RI
JDPPD� UDGLDWLRQ�� WKH� WUDFN� LV� QRW� IRUPHG
DQG�KHQFH�WKH�DGGLWLRQDO�HQHUJ\�ORVV��DVVRFL�
DWHG�ZLWK� WKH� �VSHFLILF�� TXHQFKLQJ�� DUH� DE�
VHQW�� ,I� QRQOLQHDULW\� RI� D� VFLQWLOODWLRQ� UH�
VSRQVH� LV� FDXVHG� RQO\� E\� WKH� VSHFLILF
TXHQFKLQJ�LQ�WKH�SDUWLFOH�WUDFN�WKHQ�LQ�WKLV
FDVH�WKH�OLJKW�\LHOG�PXVW�GHSHQG�OLQHDUO\�RQ
WKH� HQHUJ\� RI� LRQL]LQJ� UDGLDWLRQ�� 6XFK� D
VFLQWLOODWLRQ�UHVSRQVH�ZLOO�FDUU\�LQIRUPDWLRQ
FRQFHUQLQJ�� L�� WKH� ORVV�� DVVRFLDWHG� ZLWK� WKH
HIILFLHQF\� RI� HQHUJ\� FRQYHUVLRQ� RI� LRQL]LQJ
UDGLDWLRQ� LQWR� OLJKW� SKRWRQV� FROOHFWLRQ�� LL�
WKH�HIILFLHQF\�RI�OLJKW�FROOHFWLRQ�LQ�D�VFLQWLO�
ODWRU��LLL��WKH�ORVV�LQ�D�VFLQWLOODWRU�FDXVHG�E\
UHDEVRUSWLRQ�DQG�VR�RQ��7R�SXW�LW�RWKHUZLVH
LW� LV� WKH� VSHFLILF� RZQ� ORVVHV� IRU� D� JLYHQ
VFLQWLOODWRU�� ,I� WKH� VDPH� VFLQWLOODWRU�� XQGHU
WKH�VDPH�FRQGLWLRQV�DV�EHIRUH�� LV� LUUDGLDWHG
E\� WKH� LRQL]LQJ� UDGLDWLRQ� ZLWK� D� KLJK� VSH�
FLILF�HQHUJ\�ORVVHV�G(�G[��IRU�H[DPSOH��SUR�
WRQV� RU� DOSKD� SDUWLFOHV��� WKHQ� LQ� VXFK� FDVH

WKH�WUDFN�LV�IRUPHG��$�VFLQWLOODWLRQ�UHVSRQVH
ZLOO�FDUU\�LQIRUPDWLRQ�FRQFHUQLQJ��L��WKH�FX�
PXODWLYH�HIIHFW�RI�ORVV�IRU�D�JLYHQ�VFLQWLOOD�
WRU� �DV� LQ� WKH� SUHYLRXV� FDVH�� DQG� LL�� WKH
DGGLWLRQDO� ORVV� FDXVHG� E\� WKH� TXHQFKLQJ
SURFHVV�LQ�WKH�WUDFN�

:H� FDQ� XVH� WKH� YDOXH� RI� �L�JDPPD��
UDWLR��]LJ��DV�D�TXDQWLWDWLYH�HVWLPDWLRQ�RI�WKHTXHQFKLQJ� SURFHVVHV� RFFXUULQJ� LQ� WKH� WUDFN
RI�WKH�SDUWLFOH�RI�L�W\SH�>�������������@�
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ZKHUH�3L� DQG�3J� DUH� WKH�QXPEHU�RI� VFLQWLOOD�WLRQ�SKRWRQV�JHQHUDWHG�E\�UDGLDWLRQ�RI�L�W\SH
DQG� E\� JDPPD� UDGLDWLRQ�� FRUUHVSRQGLQJO\�
,Q�����(L�LV�WKH�HQHUJ\�RI�UDGLDWLRQ�RI�L�W\SHRI� DQG�(&RPS� LV� WKH� HQHUJ\� RI� WKH� HGJH� RIWKH� &RPSWRQ� GLVWULEXWLRQ� RI� JDPPD� UDGLD�
WLRQ�ZLWK�HQHUJ\�(J�

���5HVXOWV�DQG�GLVFXVVLRQ�
9DOXHV�RI�]L�J�����IRU�RUJDQLF�VFLQWLOODWRUVZHUH� FDOFXODWHG� LQ� >����������������������

��@�� )LJ���� GHPRQVWUDWHV� WKH� ]L�J�YDOXHV� ���DV� WKH� IXQFWLRQ� RI� WKH� HQHUJ\� RI� QHXWURQ
�]Q�J�� DQG� DOSKD� �]D�J�� H[FLWDWLRQ� IRU� D����PPu�� PP� VWLOEHQH� VLQJOH� FU\VWDO�� D
����PPu�� PP� KRW�SUHVVHG� VWLOEHQH� SRO\�
FU\VWDO� DQG� D� ����PPu��� PP� FRPSRVLWH

)LJ����� 7KH� ]D�� J�� DQG� ]Q�J�YDOXHV� �ORZHU� DQGXSSHU� IDPLO\� RI� FXUYHV�� DV�D� IXQFWLRQ�RI� WKH
HQHUJ\� RI� H[FLWDWLRQ� IRU� VWLOEHQH� GHWHFWRUV�
6TXDUHV�� WULDQJOHV� DQG� FLUFOHV� UHSUHVHQW� WKH
]D�J�� DQG� ]Q�J�YDOXHV� IRU� D� VLQJOH� FU\VWDO�� DKRW�SUHVVHG�SRO\FU\VWDO�DQG�D�FRPSRVLWH�VFLQ�
WLOODWRU��JUDLQ�VL]H�IURP�����WR�����PP���FRU�
UHVSRQGLQJO\�� +DOI�ILOOHG� V\PEROV� DUH� IURP
DOSKD�H[FLWDWLRQ�ZKLOH�RSHQ�V\PEROV�DUH�IURP
QHXWURQ�H[FLWDWLRQ�

2�$�7DUDVHQNR���*HQHUDWLRQ�DQG�HQHUJ\�H[FKDQJH����
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VFLQWLOODWRU�RQ�WKH�EDVH�RI�FU\VWDOOLQH�JUDLQV
RI�VWLOEHQH��JUDLQ�VL]H�IURP�����WR�����PP��

)LJ���� VKRZV� WKDW� WKH� GLIIHUHQFH� RI� ]L�J�YDOXHV� IRU� WKH� RUJDQLF� VLQJOH� FU\VWDO�� WKH
SRO\FU\VWDO�DQG�WKH�FRPSRVLWH�VFLQWLOODWRU�LV
QHJOLJLEOH�LQ�FRPSDULVRQ�ZLWK�WKH�GLIIHUHQFH
EHWZHHQ� ]D�J�� DQG� ]Q�J�YDOXHV� WKRVH�ZHUH� RE�WDLQHG�IRU�WKH�VDPH�RQH�VFLQWLOODWRU��$�IXQ�
GDPHQWDO�FKDQJH�RI�WKH�VWUXFWXUH�RI�D�VFLQ�
WLOODWRU� FDQ� YDU\� WKH� YDOXH� RI� WKH� VFLQWLOOD�
WLRQ�VLJQDO�QRW�PRUH�WKDQ�RQ���Ü������EXW
WKH� W\SH� RI� H[FLWDWLRQ�FKDQJHV� WKH�YDOXH� RI
WKH�VFLQWLOODWLRQ�VLJQDO�E\�DQ�RUGHU�RI�PDJ�
QLWXGH�

7KXV��WKH�UHVXOWV�JLYH�WKH�HYLGHQFH�RI�WKH
IRUPDWLYH� LQIOXHQFH� RI� D� W\SH� RI� LRQL]LQJ
UDGLDWLRQ�DV�FRPSDUHG�ZLWK�WKH�LQIOXHQFH�RI
WKH� VWUXFWXUH� RI� D� PDWWHU�� 7KH� VWUXFWXUH
VKRXOG� GHWHUPLQH� D� FKDUDFWHU� RI� WKH� WUDQV�
SRUW� RI� UHOD[HG� FKDUJH� FDUULHUV� IURP�PROH�
FXOH�WR�PROHFXOH���

�����7KH��RQH�VWHS��PRGHO
7KH� DERYH� H[SHULPHQWDO� GDWD�� ZLWK� WKH

WKHRUHWLFDO� HVWLPDWHV� �VHH� 6HFWLRQ� ����� EH�
FDPH�WKH�EDVLV�RI�WKH��RQH�VWHS�PRGHO���SUR�
SRVHG� LQ� >��@�� 7KLV� PRGHO� GHILQHV� DV� WKH
�VWHS��WKH�H[SDQVLRQ�RI�WKH�SULPDU\�SDUWLFOH
WUDFN� RQ� RQH� DYHUDJH� LQWHUPROHFXODU� GLV�
WDQFH��7KH�FDVH�LV�FRQVLGHUHG�ZKHQ�WKH�WLPH
WV�� ZKLFK� LV� QHFHVVDU\� IRU� VXFK� D� VWHS�� KDVWR� EH� DW� OHDVW� E\� DQ� RUGHU� RI� PDJQLWXGH
JUHDWHU� WKDQ� WKH� GXUDWLRQ� RI� WKH� SULPDU\
TXHQFKLQJ� WT�� ,W� PHDQV� WKDW� WKH� UDWLR� EH�WZHHQ� WKH� QXPEHU� RI� DFWV� RI� WKH� SULPDU\
��KRW���DQG�WKH�VHFRQGDU\� �DIWHU�WUDFN�FRRO�
LQJ�� UHFRPELQDWLRQ� KDV� WR� JURZ� ZLWK� LQ�
FUHDVLQJ�WKH�FRQFHQWUDWLRQ�Q��RI�WKH�SULPDU\VWDWHV�� L�H��ZLWK�JURZLQJ�RI�WKH�VSHFLILF�HQ�
HUJ\�ORVV�G(�G[��

$FFRUGLQJ� WR� WKLV� PRGHO�� WKH� FRQFHQWUD�
WLRQ�RI�FKDUJH�VWDWHV�Q��GHQRWH�WKH�SULPDU\
YDOXH� RI� GLPHQVLRQOHVV� FRQFHQWUDWLRQ� Q�
ZKLFK� LV� HTXDO� WR� WKH� QXPEHU� RI� SRODURQ
SDLUV�SHU�RQH�PROHFXOH��7KH�WRWDO�FRQFHQWUD�
WLRQ�RI�DOO�PROHFXOHV�DQG�TXDVL�LRQV�LV�GHVLJ�
QDWHG�DV�RQH��$OO�PROHFXOHV�LQ�WKH�WUDFN�DUH
FRQVLGHUHG� DV� SRODUL]HG�� L�H�� WKH� FRQFHQWUD�
WLRQ�RI�SRODUL]HG�PROHFXOHV�LV���Ü�Q��'XULQJ
WKH�WLPH�WT�d�WV�WKH�SULPDU\�FRQFHQWUDWLRQ�RI
SRODURQ�SDLUV�Q��VXGGHQO\�GLPLQLVKHV�WR�WKH
YDOXHV�Q���Q���7KHUHIRUH�LW�LV�WKH�SURFHVV�LQ
D��IUR]HQ��WUDFN�DUHD��$OO�FKDQJHV�LQ�Q�WKDW
ODVW� D� WLPH� W���WV� DUH� QRW� VWXGLHG� YHUVXVWLPH�� 7KHLU� WRWDO� UHVXOW� LV� RQO\� WDNLQJ� LQWR
DFFRXQW�DV�D�VXGGHQ�FKDQJH�RI�Q� LQ�WKH�HQG
RI�D�VWHS��

7KH�SURFHVV�RI�WKH�IDVW�TXHQFKLQJ�LQ�WKH
�IUR]HQ���QRQ�H[SDQVLYH��WUDFN�RI�WKH�LRQL]�
LQJ� SDUWLFOH� ZLWK� YHU\� KLJK� G(�G[� LQ� WKH
JHQHUDO�FDVH�FDQ�EH�GHVFULEHG�LQ�D�IRUP�>��@�

GQ�U�W�
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ZKHUH�'�LV�WKH�GLIIXVLRQ�FRHIILFLHQW�RI�D�WUDFN
H[SDQVLRQ� DQG� T�Q�� GHVFULEHV� WKH� UHFRPELQD�
WLRQ�SUREDELOLW\�RI�M�SDLUV��M� �����������RI�SR�
ODURQV� DV� D� MRLQW� DFWLRQ�� ,Q� WKH� �IUR]HQ�
WUDFN��WKH�ILUVW�WHUP�LQ�����LV�HTXDO�WR�]HUR�

,Q� DFFRUGDQFH� WR� GHILQLWLRQ� RI� T�Q�� WKH
WHUP�T�Q�Q� LQ� ���� FDQ�EH�UHSUHVHQWHG�E\� WKH
IROORZLQJ�H[SUHVVLRQ��
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ZKHUH� ZH� WDNH� LQWR� DFFRXQW� WKH� SRVVLELOLW\
ERWK� WKH� GLUHFW� IDVW� UHFRPELQDWLRQ� EHWZHHQ
DGMDFHQW�SRODURQV��D�UDWH�FRQVWDQW�SM���DQG�DUDQGRP�SDWK�RI�SRODURQV��ZKLFK�FDQ�IRUHUXQ
WKHLU�UHFRPELQDWLRQ��D�UDWH�FRQVWDQW�FM���$� VXGGHQ� FKDQJH� RI� Q�� �WKH� WLPH� RITXHQFKLQJ� WT�d�WV�� PHDQV� WKDW� T�Q�� FKDQJHVGLVFRQWLQXRXVO\� IURP� D� VWHS� WR� D� VWHS�� EXW
T�Q��GRHV�QRW�YDU\�GXULQJ�D�VLQJOH�VWHS��L�H�
GXULQJ�WKH�ILUVW�VWHS�T�Q��|�T�Q����WKHQ��

�GQ�W�GW �|�T�Q��Q�W��|
|��$�����%Q����&Q�����)Q���������Q�W��

���

,W� ZDV� REWDLQHG� >��@� WKH� VHPL�HPSLULFDO
GHVFULSWLRQ� RI� WKH� OLJKW� \LHOG� �RU�� VWULFWO\
VSHDNLQJ�� WKH� QXPEHU� RI� SKRWRQV�3�� YHUVXV
WKH� YDOXH� RI� WKH� SULPDU\� FRQFHQWUDWLRQ� RI
SRODURQ� SDLUV� Q�� �VHH� ������ 'HVFULSWLRQ� ���WDNHV�LQWR�DFFRXQW�WKDW�WKH�ULJKW�VLGH�RI�(T�
����LV�GHVFULEHG�E\�����

3� � 6Q�
����%Q����&Q�����)Q��������

� ���

)RU�WKH�VDPH�VFLQWLOODWRU�H[FLWHG�E\� L�W\SH
RI�UDGLDWLRQ�6L� �FRQVW�$L��7KH��FRQVWDQW�� LQ6L�YDOXH� GHVFULEHV� WKH� OXPLQHVFHQW� SURSHU�WLHV� RI� D� FRQFUHWH� VFLQWLOODWRU�� QDPHO\� WKH
LQIOXHQFH�RI� WKH�H[FLWDWLRQ�HQHUJ\�WUDQVIHU�
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WKH�OXPLQHVFHQFH�RI�PROHFXOHV��WKH�SURFHVVHV
RI� OLJKW�FROOHFWLRQ�DQG�UHDEVRUSWLRQ��7KH�$�
YDOXH� ���� GHVFULEHV� WKH�PHDQ� TXHQFKLQJ� HI�
IHFW� LQ� UHFRPELQDWLRQ� RI� RQH� SRODURQ� SDLU�
ZKHUHDV� WKH� YDOXHV� %LQL��6L�� &LQL���6L�� HWF�GHVFULEH� WKH� HIIHFW� RI� WKH� MRLQW� UHFRPELQD�
WLRQ�RI�WZR��WKUHH��HWF��SRODURQ�SDLUV�RQ�WKH
SULPDU\� TXHQFKLQJ� IRU� D� FRQFUHWH� VFLQWLOOD�
WRU� DQG� D� W\SH� RI� H[FLWDWLRQ�� $FFRUGLQJ� WR
���� LI� WKH� SRODUL]DWLRQ� HIIHFW� LV� RI� SULPDU\
LPSRUWDQFH�WKHQ�WKH�YDOXHV�%��&��HWF��FDQ�EH
QHJDWLYH��7R�FDOFXODWH�WKH�Q��YDOXHV�ZH�XVHG
DQ� DYHUDJH� HQHUJ\� RI� D� SODVPRQ�:�|����H9
>�������������@�� 7R� FDOFXODWH� D� YROXPH�9L� RIWKH�WUDFN�RI�L�W\SH�RI�H[FLWDWLRQ�ZH�WRRN�WKH
HVWLPDWLRQV� RI� WKH� LQLWLDO� WUDFN� UDGLXV� U�EDVHG�RQ�WKH�DQDO\VLV�RI�WKH�GHOD\HG�UDGLROX�
PLQHVFHQFH�SXOVH�VKDSH�RI�RUJDQLF�VFLQWLOOD�
WRUV��VHH�6HFWLRQ�������7KH�WUDFN�OHQJWK�ZDV
WDNHQ�DV�WKH�SDUWLFOH�UDQJH�>��@��

)LJV����DQG���GHPRQVWUDWH�WKH�W\SLFDO�H[�
DPSOHV� RI� WKH� GHSHQGHQFH� RI� %Q��6� DQG&Q���6� YDOXHV� YHUVXV� WKH� YDOXH� RI� WKH� SUL�
PDU\�FRQFHQWUDWLRQ�RI�SRODURQ�SDLUV�Q�� >�����@�� )LJV���� DQG� �� VKRZ� WKDW� WKH� SULPDU\
TXHQFKLQJ� LQ� WKH� WUDFN� LV� D� FRQFHQWUDWLRQ�
FRQWUROOHG� SURFHVV�� 7KH� QHJDWLYH� %�YDOXHV
DJUHH�ZLWK� WKH�VWDWHPHQW� WKDW� WKH�SRODUL]D�
WLRQ� HIIHFWV� KDYH� D� VWURQJ� LQIOXHQFH� RI� RQ
WKH�UHFRPELQDWLRQ�RI�FKDUJH�VWDWHV�

7KH�VWXG\�RI�WKH�UHFRPELQDWLRQ�SURFHVVHV
LQ�SDUWLFOH�WUDFNV�UHTXLUHV�DPSOLILFDWLRQ��$Q
LQ� FUHDVH� RI� WKH� FRQFHQWUDWLRQ� RI� FKDUJH
SDLUV� LQ� WKH� WUDFN� UHJLRQV� ZLWK� LQFUHDVLQJ
WKH�VSHFLILF�HQHUJ\�ORVV�RI�D�SDUWLFOH�VKRXOG
OHDG�WR�D�ULVH�RI�IDVW�DQG�HIILFLHQW�UHFRPEL�
QDWLRQ�RI�FKDUJH�VWDWHV��+RZHYHU��WKH�LQWHQ�

VLW\� RI� WKH� UDGLROXPLQHVFHQFH� GRHV� QRW� LQ�
FUHDVH�� EXW� GHFUHDVHV�� $SSDUHQW� ORVV� LQ�
FUHDVH� ZLWK� JURZLQJ� WKH� GHQVLW\� RI� WKH
VWDWHV�JHQHUDWHG�LQ�WKH�WUDFN�RI�DQ�LRQL]LQJ
SDUWLFOH� >������@�� 7KH� TXHVWLRQ� DULVHV� ZK\
WKH� HIIHFW� RI� TXHQFKLQJ� LQFUHDVHV� ZLWK� LQ�
FUHDVLQJ�WKH�FRQFHQWUDWLRQ�RI�FKDUJH�VWDWHV�
RU�LQ�RWKHU�ZRUGV�ZLWK�LQFUHDVLQJ�WKH�SURE�
DELOLW\�RI�WKHLU�SULPDU\�UHFRPELQDWLRQ��

7R� WU\� WR� H[SODLQ� WKLV� HIIHFW� LW� LV� QHFHV�
VDU\�WR�FRQVLGHU�LQ�GHWDLO�WKH�DVSHFWV�RI�JHQ�
HUDWLRQ� DQG� HQHUJ\� H[FKDQJH� RI� FKDUJH
VWDWHV�DQG�H[FLWHG�VWDWHV� LQ�WKH�WUDFN�RI�DQ
LRQL]LQJ�SDUWLFOH��

�����$VSHFWV�RI�JHQHUDWLRQ�DQG
HQHUJ\�H[FKDQJH�RI�FKDUJH�VWDWHV

DQG�H[FLWHG�VWDWHV�
,W� LV�NQRZQ�>��@�WKDW�ERWK�WKH�PD[LPXP

HQHUJ\� DQG� WKH� QXPEHU� RI� VHFRQGDU\� HOHF�
WURQV�� HPLWWHG� DIWHU� D� FROOLVLRQ� RI� WKH� SUL�
PDU\�SDUWLFOH�ZLWK�D�PROHFXOH�RI�D�PDWWHU�DW
WKH� VDPH� DQJOH�� GHFUHDVHV� ZLWK� LQFUHDVLQJ
WKH�PDVV� RI� WKH� SULPDU\� SDUWLFOH� RI� D� FRQ�
VWDQW� YHORFLW\�� ,Q� WKH� FRQWH[W� RI� WKH� GLV�
FXVVHG�SUREOHP��LW�PHDQV�WKDW�DQ�LQFUHDVLQJ
SRUWLRQ� RI� WKH� HQHUJ\�ZLOO� EH� VWRUHG� LQ� WKH
WUDFN��'HFUHDVLQJ�RI�WKH�DYHUDJH�YHORFLW\�RI
ORZ�HQHUJ\�VHFRQGDU\�HOHFWURQV�FDQ�SURPRWH
D�ULVH�RI�WKH�SUREDELOLW\�RI�WKHLU�UHFRPELQD�
WLRQ�ZLWK�WKH�SDUHQW�LRQ��$Q�LQFUHDVH�RI�WKH
GHQVLW\�RI�WKH�FKDUJH�VWDWHV�0��DQG�0±��ZKLFKFUHDWH� GXULQJ� WKH� WLPH� WH|��Ü��Ü��Ü���V� WKHSRODUL]DWLRQ�VXUURXQGLQJ�LQ�WKH�UHJLRQ�ZLWK
WKH�FKDUDFWHULVWLF�VL]H�RI���Ü���QP��VKRXOG
OHDG�WR�D�VKDUS�LQFUHDVH�RI�WKH�SUREDELOLW\�RI
WKH� UHFRPELQDWLRQ� RI� WKH� FKDUJH� VWDWHV�
ZKLFK� DUH� ZLWKLQ� WKLV� UHJLRQ�� 7KLV� HIIHFW
ZLOO�EH�PRUH�VHQVLEOH�ZKHQ�WKH�PRVW�SDUW�RI

)LJ���� >��@�� 4XHQFKLQJ� SDUDPHWHU� �%�6�uQ�REWDLQHG�IURP�WKH�PHDVXUHPHQWV�RI�WKH�OLJKW
\LHOG�RI�RUJDQLF�VLQJOH�FU\VWDOV�DQG�FRPSRVLWH
VFLQWLOODWRUV� �ZLWK� JUDLQ� VL]H� /�� RI� VWLOEHQH
�RSHQ� V\PEROV�� DQG� GRSHG� S�WHUSKHQ\O� �KDOI�
FORVHG�V\PEROV��

)LJ���� >��@�� 4XHQFKLQJ� SDUDPHWHU� �&�6�uQ��
YHUVXV�Q��REWDLQHG�IURP�WKH�PHDVXUHPHQWV�RIWKH�OLJKW�\LHOG�RI�WKH�VDPH�VFLQWLOODWRUV�DV�RQ
)LJ����
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WKH�WUDFN�YROXPH�ZLOO�EH�RYHUODSSHG�E\�VXFK
SRODUL]DWLRQ� ]RQHV��ZKLFK� DFFHOHUDWH� WKH� UH�
FRPELQDWLRQ� RI� FKDUJH� VWDWHV� RI� RSSRVLWH
VLJQ�

$FFRUGLQJ�WR�>������@��ZH�KDYH�HVWLPDWHG
WKLV�HIIHFW�IRU�WKH�PRVW�DSSOLFDEOH�VFLQWLOOD�
WLRQ� FU\VWDOV� RI� VWLOEHQH� DQG� S�WHUSKHQ\O�
)LJV���� DQG� �� VKRZ� WKH� UHVXOWV� RI� VXFK� FDO�
FXODWLRQV�IRU�WKH�VWLOEHQH�VLQJOH�FU\VWDO��7KH
DYHUDJH� GLVWDQFH� G� EHWZHHQ� WKH� FHQWUHV� RI
FKDUJH�SDLUV�ZDV�HVWLPDWHG�DV�D�FXEH�URRW�RI
WKH�YROXPH�RFFXSLHG�E\�WKH�VLQJOH�SDLU��7KLV
YDOXH�KDYH�EHHQ�GLUHFWO\�FRPSDUHG�ZLWK�WKH
GLVWDQFH�RI�WKH�VWDEOH�SRODUL]DWLRQ�VXUURXQG�
LQJ� UF� ����QP� >��@�� )RU�G�!UF� SRODURQV� GRQRW�UHDFW�XSRQ�HDFK�RWKHU��DQG�WKH�VLPXOWD�
QHRXV�UHFRPELQDWLRQ�RI�WZR�RU�PRUH�SDLUV�LV
WKH�HYHQW�RI�UDUH�RFFXUUHQFH�

)LJ���� VKRZV� WKDW� WKH� DYHUDJH� GLVWDQFH
EHWZHHQ�SDLUV�LV�DOZD\V�OHVV�WKDQ����QP�IRU
DOO� FRQVLGHUHG� HQHUJLHV� RI� DOSKD� SDUWLFOHV
DQG� WKH� FURVV�VHFWLRQ� UDGLL� RI� WKH� WUDFN�� ,W
PHDQV�WKDW�WKH�SRODUL]DWLRQ�VXUURXQGLQJ�QRW
RQO\� WKH�SRODURQV� LQ�D�SDLU�� EXW�QHLJKERXU�
LQJ� SDLUV� ZLOO� RYHUODS� DQG� SRODUL]DWLRQ� HI�
IHFWV�ZLOO�LQLWLDWH�D�YHU\�IDVW�UHFRPELQDWLRQ
RI� WKH� FKDUJH� VWDWHV� WKURXJKRXW� WKH� ZKROH
RI�WKH�WUDFN�DUHD�

)LJ���� VKRZV� WKDW� LQ� PRVW� FDVHV� XQGHU
FRQVLGHUDWLRQ� WKH� DYHUDJH� GLVWDQFH� EHWZHHQ
SDLUV� LV� FRPSDUDEOH�RU�PRUH� WKDQ����QP�LQ
WKH� FDVH� RI� H[FLWDWLRQ�E\�SURWRQV�� ,W�PHDQV
WKDW� WKH� SRODUL]DWLRQ� VXUURXQGLQJ� RI� WKH
QHLJKERXULQJ� SDLUV� GR� QRW� RYHUODS�� DQG
FKDUJH� VWDWHV� LQ� WKH� SDLU� DUH� IDU� HQRXJK
IURP� HDFK� RWKHU� ERWK� QRW� WR� LQWHUDFW�� DQG
QRW� WR� EH� LQYROYHG� LQ� WKH� SRODUL]DWLRQ� VXU�

URXQGLQJ� RI� DQRWKHU� SDLU�� ,Q� WKLV� FDVH�� WKH
LQIOXHQFH�RI�SRODUL]DWLRQ�HIIHFWV�RQ�WKH�IDVW
UHFRPELQDWLRQ� RI� FKDUJH� VWDWHV� ZLOO� QRW� EH
DV�VWURQJ�DV�LQ�WKH�FDVH�RI�WKH�H[FLWDWLRQ�E\
DOSKD�SDUWLFOHV�

,Q� WKH� FRQWH[W� RI� D� TXHVWLRQ� XQGHU� GLV�
FXVVLRQ� LW� LV� FOHDU� WKDW� WKH� VSHFLILF� HQHUJ\
ORVV� ZLOO� LQFUHDVH� VHTXHQWLDOO\� ZLWK� WKH� HQ�
HUJ\� GHFUHDVH� RI� WKH� UHFRLO� SURWRQV�� QH[WO\
E\� WKH� WUDQVLWLRQ� IURP�WKH� WUDFNV�WKRVH�DUH
JHQHUDWHG�E\�SURWRQV�WR�WKH�WUDFNV�WKRVH�DUH
JHQHUDWHG� E\� DOSKD� SDUWLFOHV� DQG� WKHQ�ZLWK
GHFUHDVLQJ�WKH�HQHUJ\�RI�DOSKD�SDUWLFOHV��,Q
WKH� VDPH� VHTXHQFH� ZLOO� GHFUHDVH� WKH� FDOFX�
ODWHG� YDOXH� RI� WKH� DYHUDJH� GLVWDQFH� G� EH�
WZHHQ�FKDUJH�SDLUV��DQG�KHQFH�ZLOO� LQFUHDVH
WKH� SUREDELOLW\� WKDW� WKH� PDMRU� SRUWLRQ� RI
WKH�SDUWLFOH�HQHUJ\�ZLOO�EH�XVHG�IRU�JHQHUD�
WLRQ� RI� FKDUJH� VWDWHV�ZLWK� VLPXOWDQHRXV� LQ�
FUHDVLQJ� WKH� SUREDELOLW\� RI� WKHLU� UDSLG� SUL�
PDU\�UHFRPELQDWLRQ�

7KH� UHFRPELQDWLRQ� RI� GRXEOHW� VWDWHV� 0�DQG�0±�ZLOO�SURFHHG�E\� WKH�H[FKDQJH�PHFKD�QLVP�LQ�WKH�SDUWLFOH�WUDFN��7DEOH���VKRZV�WKH

)LJ���� >������@�� 7KH� FDOFXODWHG� YDOXHV� RI� WKH
DYHUDJH� GLVWDQFH� G� EHWZHHQ� WKH� FHQWUHV� RI
FKDUJH�SDLUV��0���0±�� LQ�WKH�WUDFN�RI�DQ�DOSKDSDUWLFOH�ZLWK�HQHUJ\�(D�IRU�D�VWLOEHQH�VLQJOH�FU\V�WDO����Û�U�� ����QP����Û�U�� ����QP�����Û�U�� ���QP����Û�U�� ����QP����Û�U�� ����QP��

)LJ���� >������@�� 7KH� FDOFXODWHG� YDOXHV� RI� WKH
DYHUDJH� GLVWDQFH� G� EHWZHHQ� WKH� FHQWUHV� RI
FKDUJH� SDLUV� �0��� 0±�� LQ� WKH� WUDFN� IRU� WKHFDVH�RI�H[FLWDWLRQ�RI�D�VWLOEHQH�VLQJOH�FU\VWDO
E\� SURWRQV� RI� WKH� IROORZLQJ� ERXQGDU\� HQHU�
JLHV�� ,� Û� ����� 0H9�� ,,� Û� �� 0H9�� ,,,� Û
���� 0H9�� ,9� Û� ���� 0H9�� 9� Û� ���� 0H9�
9,� Û� ���� 0H9�� 9,,� Û� ���� 0H9�� 9,,,� Û
����0H9�� ,;�Û�����0H9��;�Û�����0H9��;,
Û� ���� 0H9� ��� Û� U�� ���� QP�� �� Û� U�� ��� QP�� ��Û� U�� ���� QP�� �� Û� U�� ����QP���Û�U�� ����QP����Û�U�� ����QP���

7DEOH���� 7KH� WRWDO� VSLQ� RI� WZR� GRXEOHWV
DIWHU�WKHLU�H[FKDQJH�LQWHUDFWLRQ�>��@

6SLQ ���� Ü���
���� � �
Ü��� � Ü�
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SRVVLEOH� UHVXOWV� RI� VXFK� LQWHUDFWLRQ�� 7KUHH
7��VWDWHV�HYHQWXDOO\�DUH�JHQHUDWHG�SHU�RQH�6��VWDWH�UDWKHU�WKDQ���Ü��DV�LW�RFFXUV�LQ�WKH�ORZ
DFWLYDWLRQ�GHQVLW\�UHJLRQV�>������@�

�����3RVVLEOH�UHDVRQV�RI��WKH
VSHFLILF�TXHQFKLQJ�

7KH�GHQVLW\�RI�6��VWDWHV�RFFXUULQJ�LQ�WKHWUDFN�LPPHGLDWHO\�DIWHU�LW�IRUPDWLRQ�LV�YHU\
KLJK��,W�FDQ�EH�D�VRXUFH�RI�KXJH�ORVV�RI�WKH
HQHUJ\�LQ�WKH�WUDFN�UHJLRQV��7KXV��6��VWDWHVKDYH� D� KLJK� SUREDELOLW\� RI� GLVDSSHDULQJ� LQ
WKH� SURFHVV� RI�PXWXDO�6Ü6� DQQLKLODWLRQ�� LQ
WKH�SURFHVV�RI�6Ü7�DQQLKLODWLRQ��LQ�WKH�SURF�
HVV�RI�ILVVLRQ�RI�VLQJOHW�H[FLWRQV�>��@�

6���6��oJVV 6����6��o�6���6���SKRQRQV ���

6����7���oJVW �6����7�� ���

6����6����'(���oJI �7����7��� ���

7DEOH��� VKRZV� WKH� UDWH� FRQVWDQWV� RI� WKH
DERYH�SURFHVVHV��

1DWXUDOO\��VXFK�SURFHVVHV�ZLOO�UHGXFH�WKH
RXWSXW�RI� UDGLROXPLQHVFHQFH�SKRWRQV� LQ� WKH
UHDFWLRQ� 6��6����KQ�� ZKLFK� FDQ� FRQWULEXWHWR� IRUPDWLRQ�RI�WKH�UDGLROLPLQHVFHQFH�SXOVH
IDVW�FRPSRQHQW�

$Q� DQQLKLODWLRQ� RI� VLQJOHW� H[FLWRQV� DW
KLJK� H[FLWDWLRQ� GHQVLWLHV� FDQ� OHDG� WR
DXWRLRQL]DWLRQ� ������ ZKLFK� FDXVHV� WKH� JHQ�
HUDWLRQ� RI� FKDUJH� VWDWHV�� 7KLV� PHFKDQLVP
VHHPV�UHYHUWV�WKH�SURFHVV�RI�WKH�HQHUJ\�H[�
FKDQJH� LQ�WKH�SDUWLFOH�WUDFN�IURP�WKH�VWDJH
RI� HOHFWURQLF� H[FLWDWLRQ� HQHUJ\� H[FKDQJH
EDFN�WR�DQ�HDUOLHU�VWDJH�RI�WKH�FKDUJH�VWDWHV
HQHUJ\�H[FKDQJH�>��@�

6����6���oJVL �6����6��o�H���K� ����

$W� KLJK� H[FLWDWLRQ� GHQVLWLHV�� WKH� SURE�
DELOLW\� RI� WKH� 6Ü6� DQQLKLODWLRQ� ����� WKDW
JHQHUDWHV� FKDUJH� FDUULHUV� LV� ����WLPHV
KLJKHU�WKDQ�WKH�SUREDELOLW\�RI�WKH�7Ü7�DQQL�
KLODWLRQ�WKDW�JHQHUDWHV�FKDUJH�FDUULHUV��7KH
SUREDELOLW\�RI�WKH�7Ü7�DQQLKLODWLRQ�ZLWK�WKH
IRUPDWLRQ�RI�FKDUJH�FDUULHUV�LV�VWLOO� ORZ�EH�
FDXVH� WKH� HQHUJ\� RI� WZR� 7�VWDWHV�� LQ� PRVW
FDVHV��LV�LQVXIILFLHQW�WR�IRUP�D�FKDUJH�SDLU�
7KLV� VXJJHVWV� WKDW� LQ� WKH� UHJLRQV� RI� WKH
�XQIUR]HQ��WUDFN�WKHUH�ZLOO�EH�WKH�SUHGRPL�
QDQW�JHQHUDWLRQ�RI�7�VWDWHV�GXH�WR�ERWK�WKH
SHFXOLDULWLHV� RI� GRXEOHW� VWDWHV� UHFRPELQD�
WLRQ��DQG�D�KLJK�SUREDELOLW\�RI�WKH�6Ü6�DQ�
QLKLODWLRQ� OHDGLQJ� WR� D� IRUPDWLRQ� RI� FKDUJH
FDUULHUV�DQG�WR�D�ORVV�RI�6�VWDWHV��7KHUH�ZLOO
EH� SURFHVVHV� WKDW� OHDG� WR� GHFUHDVLQJ� RI� WKH
FRQFHQWUDWLRQ� RI� 6��VWDWHV�� $FFRUGLQJ� WR>��@�� D� KXJH� FRQFHQWUDWLRQ� RI� WULSOHW� H[FL�
WRQV��XQWLO�WKH�WLPH�RI���Ü��DIWHU�H[FLWDWLRQ�
LV� WKH� PRVW� OLNHO\� VRXUFH� RI� TXHQFKLQJ� RI
VLQJOHW� VWDWHV�� ,Q� DGGLWLRQ� WR� WKH� SURFHVVHV
���Ü������ WKH� SURFHVVHV� RI� TXHQFKLQJ� RI�6��VWDWHV� E\� FKDUJH� VWDWHV�ZLOO� DOVR� FRQWULEXWH
WR�GHFUHDVLQJ�RI�6��VWDWHV� >��@�� ,W� LV�VKRXOGEH�QRWHG�WKDW�WKH�7Ü7�DQQLKLODWLRQ������SUR�
FHHGV� HIILFLHQWO\� DIWHU� GHFUHDVLQJ� WKH� FRQ�
FHQWUDWLRQ�RI�H[FLWHG�VWDWHV�LQ�WKH�WUDFN��

7����7���oJWW �

®
¯

°
°

����oJUDG� �JWWuI ����������6����6����KQ����6�
���������������7����6�
���������������4���6�

�
�
�
�

����

$�\LHOG�RI�WKH�VLQJOHW�FKDQQHO�RI�WKH�GLI�
IXVLRQ�FRQWUROOHG� 7Ü7� DQQLKLODWLRQ� ����� LV
ORZ��I|�����>������@��7KHUHIRUH��IRU�WKH�7Ü7
DQQLKLODWLRQ� ����� LQ� WKH� WUDFN� UHJLRQ� WKH
UDWLR�RI�WKH�QXPEHU�RI�OLJKW�SKRWRQV�WR�WKH
QXPEHU� RI� H[FLWHG� PROHFXOHV� WKDW� JHQHUDWH
WKHVH� SKRWRQV� LV� VXEVWDQWLDOO\� OHVV� WKDQ� IRU
WKH� SURFHVV� RI� XVXDO� OXPLQHVFHQW� GHDFWLYD�
WLRQ�RI�6��VWDWHV�RXWVLGH�WKH�WUDFN��(DFK�RI6��VWDWHV� ORFDWHG� LQ� WKH� ORZ�DFWLYDWLRQ�GHQ�

7DEOH���� 5DWH� FRQVWDQWV� J� IRU� WKH� PXWXDO� TXHQFKLQJ� RI� H[FLWHV� VWDWHV� LQ� VRPH� RUJDQLF� VLQJOH
FU\VWDOV

6LQJOH�FU\VWDO 5DWH�FRQVWDQWV
JI��FP�VÜ� JUDG��FP�VÜ� JVW��FP�VÜ� JVV��FP�VÜ�

1DSKWKDOHQH Ü ������Ü���E���G� ����Ü���E���G� ����Ü���E���G�
$QWKUDFHQH �QHJOLJLEOH��D� ����Ü���D���E� ��r�����Ü���D���E���G��

��r�����Ü��F�
��r�������Ü���D���E���F���G��

7HWUDFHQH ������Ü��� �D� ����r�������Ü��D���G� ����Ü��D���G� ����Ü��D���G�
3\UHQH Ü ����r�������Ü���G� Ü Ü

D��5HI��>��@��E��UHI��>��@��F��UHI��>��@��G��UHI��>��@��
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VLW\� UHJLRQ� ZLWK� WKH� SUREDELOLW\� FORVH� WR� D
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