
6FLQWLOODWLRQ�SULPDU\�TXHQFKLQJ�LQ�RUJDQLFFRQGHQVHG�PHGLD�UHYLVLWHG
1�=�*DOXQRY��(�9�0DUW\QHQNR��9�3�6HP\QR]KHQNR�2�$�7DUDVHQNR

,QVWLWXWH�IRU�6FLQWLOODWLRQ�0DWHULDOV��67&��,QVWLWXWH�IRU�6LQJOH�&U\VWDOV���1DWLRQDO
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5HFHLYHG�)HEUXDU\��������
7KH� UHYLVHG�PRGHO� RI� WKH� VFLQWLOODWLRQ� SURFHVV� LQ� RUJDQLF� FRQGHQVHG�PHGLD� WDNHV� LQWR

DFFRXQW�WKH�IXQGDPHQWDO�LQIOXHQFH�RI�WKH�SRODUL]DWLRQ�HIIHFWV�RQ�WKH�SURFHVVHV�SURFHHGLQJ
LQ� D� WUDFN�RI� LRQL]LQJ�SDUWLFOH��$�YHU\� IDVW� SURFHVV� RI� WKH�SULPDU\�TXHQFKLQJ�RI� WKH�KRW
SRODURQ�SDLUV�LV�WKH�ILUVW��VWHS��RI��VSHFLILF�TXHQFKLQJ���,W�GHILQHV�WKH�IXWXUH�SURFHVVHV�RI
IRUPDWLRQ�ERWK�IDVW�DQG�VORZ�FRPSRQHQWV�RI�D�VFLQWLOODWLRQ�SXOVH��7KH�VHFRQGDU\�TXHQFKLQJ
LV� WKH� VHFRQG� �VWHS�� RI� �VSHFLILF� TXHQFKLQJ��� ,W� WDNHV� SODFH� DIWHU� WUDFN� IRUPDWLRQ� DQG
WKHUPDOL]DWLRQ�� ,W� UHVXOWV� LQ� GHFUHDVH� RI� WKH� QXPEHU� RI� FKDUJH� VWDWHV� DQG� H[FLWHG�PROH�
FXOHV�� 7KH� LQIOXHQFH� RI� WKH� SULPDU\� TXHQFKLQJ� RQ� �VSHFLILF� TXHQFKLQJ�� SURFHVV� LV�PXFK
VWURQJHU�WKDQ�WKH�LQIOXHQFH�RI�WKH�VHFRQGDU\�TXHQFKLQJ��
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7KH� VR�FDOOHG� HIIHFW� RI� �VSHFLILF� TXHQFK�
LQJ�� IRU�RUJDQLF� VFLQWLOODWRUV� LV�ZHOO�NQRZQ
IURP� WKH� �����V� >�@�� +HDY\� SDUWLFOHV� �HYHQ
VXFK� DV� SURWRQV� RU� DOSKD� SDUWLFOHV�� RU� HOHF�
WURQV� RI� ORZ� HQHUJLHV� �L�H�� HQHUJLHV
(d���� NH9�� L�H�� LRQL]LQJ� UDGLDWLRQV� WKRVH
KDYH�VSHFLILF�HQHUJ\�ORVVHV�G(�G[�DERXW�DQG
KLJKHU� WKDQ� ����0H9�FP� SURGXFH� VFLQWLOOD�
WLRQ� SXOVHV�ZLWK� ORZHU� HQHUJ\� HIILFLHQF\� LQ
FRPSDULVRQ� ZLWK� SKRWRQV� RI� JDPPD� UDGLD�
WLRQ� RI� PLGGOH� HQHUJLHV� >����@�� 7KH� SURFHVV
WKDW� FDXVHV� VXFK� DGGLWLRQDO� ORVVHV�� ZKLFK
JURZWK� ZLWK� G(�G[� LQFUHDVH�� LV� FDOOHG� DV
�VSHFLILF� TXHQFKLQJ��� )RU� WKH� FDVH� ZKHQ
�VSHFLILF� TXHQFKLQJ�� WDNHV� SODFH�� WKH� OLJKW
\LHOG��/<��RI�DQ�RUJDQLF�PROHFXODU�VFLQWLOOD�
WRU� LQFUHDVHV� QRQ�OLQHDUO\� ZLWK� WKH� SDUWLFOH
HQHUJ\�(�JURZWK�DQG�GHFUHDVHV�ZLWK�G(�G[

LQFUHDVH� >�@�� 0DQ\� VFLHQWLVWV� KDYH� VWXGLHG
WKLV� IXQGDPHQWDO� SUREOHP� RI� VFLQWLOODWLRQ
WHFKQLTXH�� EXW� XQWLO� QRZ�� WKHUH� DUH� PRUH
TXHVWLRQV�WKDQ�DQVZHUV��7KLV�SDSHU�SUHVHQWV
WKH�EULHI�DQDO\VLV�RI�UHVXOWV�REWDLQHG�LQ�WKLV
ILHOG�XS�WR�TXLWH�D�UHFHQW�WLPH�ZDV�GRQH� LQ
WKLV� SDSHU� WR� UHILQH� WKH�PRGHO� RI� VFLQWLOOD�
WLRQ� SURFHVV� LQ� RUJDQLF� PROHFXODU� VFLQWLOOD�
WRUV�
2QH�DVSHFW�RI�WKLV�SUREOHP�LV�WKH�IROORZ�

LQJ�� ,I� D� KLJK� FRQFHQWUDWLRQ� RI� SULPDU\
VWDWHV�FDXVHV�WKH�HIIHFW�RI��VSHFLILF�TXHQFK�
LQJ��>�@�DQG�UHVXOWV�LQ�QRQ�OLQHDULW\�RI�VFLQ�
WLOODWLRQ� UHVSRQVH�� WKHQ� WKLV� FRQFHQWUDWLRQ
FDQ� GHFUHDVH� IRU� RQH� RI� WKH� IROORZLQJ� WZR
UHDVRQV�� 7KH\� DUH� L�� WKH� H[FKDQJH� LQWHUDF�
WLRQ� EHWZHHQ� FKDUJH� VWDWHV� �WKH� UHFRPELQD�
WLRQ�RI� FKDUJH� VWDWHV��� DQG� LL�� GLIIXVLRQ�H[�
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SDQVLRQ� RI� SDUWLFOH� WUDFN�� 7KH� LQIOXHQFH� RI
OXPLQHVFHQFH�� WKH� H[FLWDWLRQ� HQHUJ\� WUDQV�
IHU�� WUDSSLQJ� RI� WKH� FKDUJH� VWDWHV� DW� VRPH
GLVWDQFH� IURP� WKH� WUDFN�� HWF�� KDV� WR� EH� WKH
VDPH� IRU� H[FLWDWLRQV� ZKHQ� WUDFN� LV� IRUPHG
�H�J��UHFRLO�SURWRQV��DOSKD�SDUWLFOHV��DQG�IRU
H[FLWDWLRQV� ZKHQ� WUDFN� LV� QRW� IRUPHG� �H�J�
H[FLWDWLRQ�EH�SKRWRQV�RI�JDPPD�UDGLDWLRQ�RI
PLGGOH� HQHUJLHV�(J��� 7R� HVWLPDWH� WKH� GLUHFWLQIOXHQFH� RI� WKH� SURFHVVHV� LQ� WUDFN� RQ�QRQ�
OLQHDUO\� RI� VFLQWLOODWLRQ� UHVSRQVH� ZH� LQWUR�
GXFHG�WKH�IROORZLQJ�YDOXH�>�@��
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ZKHUH�0L�DQG�0J�DUH�WKH�QXPEHU�RI�VFLQWLO�ODWLRQ�SKRWRQV�WKRVH�DUH�JHQHUDWHG�E\�LRQL]�
LQJ� UDGLDWLRQ� RI� L�W\SH� �ZKHQ� WUDFN� LV
IRUPHG��DQG�E\�SKRWRQV�RI�JDPPD�UDGLDWLRQ
ZLWK� HQHUJLHV� RI� (L� DQG� (J�� UHVSHFWLYHO\�(�J��� IRU� WKH� FDVH� RI� DOSKD� H[FLWDWLRQ� WKH
]D�J�YDOXH� ���� JLYHV� WKH� UDWLRQ� EHWZHHQ� WKH
HQHUJ\�(J��ZKLFK�LV�QHFHVVDU\�WR�SURGXFH�0VFLQWLOODWLRQ�SKRWRQV�LQ�D�JLYHQ�VFLQWLOODWRU�
DQG� WKH� HQHUJ\� (D�� ZKLFK� LV� QHFHVVDU\� WRSURGXFH�WKH�VDPH�QXPEHU�0�RI�VFLQWLOODWLRQ
SKRWRQV� LQ� WKH� VDPH� VFLQWLOODWRU� DV� ZHOO� DV
WR�FRPSHQVDWH�WKH�HQHUJ\�ORVVHV�LQ�WUDFN�RI
DOSKD� SDUWLFOH� RI� HQHUJ\� (D�� 7KHUHIRUH�YDOXH�����KDV�WR�EH�DOZD\V�OHVV�WKDQ�RQH�DQG
GHFUHDVHV� ZLWK� TXHQFKLQJ� HIIHFW� LQFUHDVH�
6XFK� D� YDOXH� VKRZV� WKH� UDWLR� EHWZHHQ� WKH
H[FLWDWLRQ� HQHUJ\� WKDW� LV� QHFHVVDU\� WR� SUR�
GXFH�0� VFLQWLOODWLRQ� SKRWRQV� LQ� WKH� VFLQWLO�
ODWRU� DQG� WKH� WRWDO� HQHUJ\� ORVVHV� RI� H[FLWD�
WLRQ� LQ� WKH� VFLQWLOODWRU� WKRVH� DUH� QHFHVVDU\
ZKHQ� LRQL]LQJ� UDGLDWLRQ� IRUPV� WKH� WUDFN�
7KH�YDOXHV� RI� ]L�J� ���� DOORZ�XV� WR� VWXG\� WKH
LQIOXHQFH� RI� UHFRPELQDWLRQ� RI� SULPDU\
VWDWHV� DQG� WKH� GLIIXVLRQ� H[SDQVLRQ� RI� D
WUDFN� RQ� �VSHFLILF� TXHQFKLQJ��� /HW� XV� VXS�
SRVH� WKDW� ZH� XVHG� WKH� VFLQWLOODWRUV� FRQ�
VWUXFWHG� IURP� WKH� VDPH� VFLQWLOODWLRQ� PDWH�
ULDO�EXW�ZLWK�JUHDWO\�GLIIHUHQW�VWUXFWXUDO�RU�
GHULQJ�� ,Q� GLIIHUHQW� H[SHULPHQWV�� LRQL]LQJ
UDGLDWLRQV��ZKLFK�KDYH�WKH�GLIIHUHQW�VSHFLILF
HQHUJ\� ORVVHV� LQ� WKH� VFLQWLOODWLRQ� PDWHULDO�
LUUDGLDWH� VXFK� WKH� VFLQWLOODWRU�� $OO� RWKHU
PHDVXULQJ�FRQGLWLRQV�DUH�WKH�VDPH�LQ�VXFK�D
VHULHV� RI� OLJKW� \LHOG� PHDVXUHPHQWV�� ,I� WKH
SULPDU\� TXHQFKLQJ� LV� DQ� H[WUHPHO\� IDVW
SURFHVV�WKDW�WDNHV�SODFH�PDLQO\�RYHU�D�VKRUW
GLVWDQFH� WKHQ� WKH� UHVXOWV� REWDLQHG� IRU� WKH
VDPH�W\SH�RI�H[FLWDWLRQ�EXW�IRU�VFLQWLOODWRUV

ZLWK� GLIIHUHQW� VWUXFWXUH� RUGHULQJ� �L�H�� WKH
VWUXFWXUDOO\�SHUIHFW� VLQJOH�FU\VWDO�DQG�VFLQ�
WLOODWRU� ZLWK� UHGXFHG� WUDQVSRUW� RI� FKDUJH
VWDWHV� LQVLGH� WKH� WUDFN�� KDYH� WR� EH� YHU\
VLPLODU�� ,I� WKH� SULPDU\� TXHQFKLQJ� LV� ZHDN
DQG� VORZ� SURFHVV� WKHQ� LW� LQIOXHQFHV� RQ� WKH
GHFUHDVH�RI�SULPDU\�FKDUJH�VWDWHV�FRQFHQWUD�
WLRQ� �DQG� WKHUHIRUH� RQ� OLJKW� \LHOG�� DQG� WKH
LQIOXHQFH� RI� WKH� GLIIXVLRQ� H[SDQVLRQ� RI
WUDFN� DUH� FRPSDUDEOH� RU� HYHQ� WKH� LQIOXHQFH
RI� WKH� ODVW� SURFHVV� LV� PRUH� LPSRUWDQW�� ,Q
VXFK� D� FDVH�� WKH� GLIIHUHQFH� LQ� VFLQWLOODWLRQ
VLJQDOV� REWDLQHG� IRU� VFLQWLOODWRUV� ZLWK� GLI�
IHUHQW� VWUXFWXUDO� RUGHULQJ� KDV� WR� EH� FRP�
SDUHG� ZLWK� WKH� GLIIHUHQFH� LQ� VLJQDOV� RE�
WDLQHG�IRU�RQH�VFLQWLOODWRU�LUUDGLDWHG�E\�GLI�
IHUHQW�UDGLDWLRQ��RU�KDV�HYHQ�WR�EH�KLJKHU��

,Q� DGGLWLRQ� WR� RUJDQLF� VLQJOH� FU\VWDOV
ZLWK� FRQWUROOHG� VWUXFWXUDO� SHUIHFWLRQ� DV
KLJKO\� RUGHULQJ� VFLQWLOODWLRQ� PDWHULDOV�� ZH
SURSRVHG� WKH� WHFKQRORJ\� RI� SURGXFWLRQ� KRW�
SUHVVHG� SRO\FU\VWDOV�� FROG�SUHVVHG� SRO\FU\V�
WDOV�� DQG� FRPSRVLWH� PDWHULDOV� PDGH� XVLQJ
WKH� VDPH� VFLQWLOODWLRQ� PDWHULDOV� >�@�� 3RO\�
FU\VWDOV� DQG� FRPSRVLWH� VFLQWLOODWRUV� ZHUH
PDGH�XVLQJ�JUDLQV�RI�VLQJOH�FU\VWDOV��*UDLQV
RI�D�UHTXLUHG�VL]H�ZHUH�REWDLQHG�E\�JULQGLQJ
D�VLQJOH�FU\VWDO�ZLWK�KLJK�VWUXFWXUDO�SHUIHF�
WLRQ�DW�D�ORZ�WHPSHUDWXUH��IROORZHG�E\�VLHY�
LQJ�� $� VROLG� UHFU\VWDOOL]DWLRQ� SURFHVV� WRRN
SODFH� LQ� KRW�SUHVVHG� SRO\FU\VWDOV�� DQG� WKH
UHDO� VL]H� RI� WKH� JUDLQV� LQFUHDVHG� VOLJKWO\

)LJ����� 7KH� ]D�J�� DQG� ]Q�J�YDOXHV� �ORZHU� DQG
XSSHU� IDPLO\� RI� FXUYHV�� DV�D� IXQFWLRQ�RI� WKH
HQHUJ\� RI� H[FLWDWLRQ�� 6TXDUHV�� WULDQJOHV� DQG
FLUFOHV� UHSUHVHQW� WKH� ]D�J�� DQG� ]Q�J�YDOXHV� IRU
VLQJOH� FU\VWDO�� KRW�SUHVVHG� SRO\FU\VWDO� DQG
FRPSRVLWH������WR�����PP�JUDLQ�VL]H��VWLOEHQH
VFLQWLOODWRU�� UHVSHFWLYHO\�� +DOI�ILOOHG� V\PEROV
DUH� IURP�QHXWURQ�H[FLWDWLRQ�ZKLOH�RSHQ�V\P�
EROV�DUH�IURP�DOSKD�H[FLWDWLRQ��
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FRPSDUHG�WR�LQLWLDO�VL]HV��&RPSRVLWH�VFLQWLO�
ODWRUV� ZHUH� SUHSDUHG� E\� DGGLQJ� VSHFLILF
JUDLQ�VL]H�IUDFWLRQV�RI�D�VFLQWLOODWLRQ�FU\VWDO
WR�RSWLFDOO\�WUDQVSDUHQW�JOXH��,Q�RXU�H[SHUL�
PHQWV�� ZH� XVHG� VFLQWLOODWRUV� EDVHG� RQ� WKH
VDPH� PDWHULDO� �VWLOEHQH� RU� S�WHUSKHQ\O��
)LJ�� �� VKRZV� WKH� ]D�J�� DQG� ]Q�J�YDOXHV� RE�
WDLQHG� IRU� WKH� VFLQWLOODWRUV� RQ� WKH� EDVH� RI
VWLOEHQH��2QH�FDQ�VHH� WKDW� WKH�GLIIHUHQFH�RI
]L�J�YDOXHV� IRU� DQ� RUJDQLF� VLQJOH� FU\VWDO�� D
SRO\FU\VWDO� DQG� D� 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�� ,W
PHDQV�WKDW�WKH�SULPDU\�TXHQFKLQJ�LQ�D�SDU�
WLFOH� WUDFN� KDV� WR� EH� D�YHU\� IDVW� DQG� HIIHF�
WLYH�SURFHVV�WKDW�UXQV�IDVWHU�WKDQ�D�SDUWLFOH
WUDFN�VL]H�FKDQJHV��
7KH� SRODUL]DWLRQ� HIIHFWV� KDYH� WKH� SULPH

LQIOXHQFH�RQ�WKH�SURFHVV�RI�FKDUJH�VWDWH�IRU�
PDWLRQ�� WUDQVSRUW� DQG� UHFRPELQDWLRQ� LQ� RU�
JDQLF� PROHFXODU� FU\VWDOV� >�@�� 7KH� DYHUDJH
WLPH�WKDW�LV�QHFHVVDU\�IRU�FKDUJH�FDUULHUV�WR
MXPS�IURP�RQH�PROHFXOH�WR�RWKHU�LQ�RUJDQLF
FU\VWDOV� WM� LV� DERXW� ��Ü��� V�� 7KLV� WLPH� LVQHFHVVDU\�IRU�D�UDQGRP�MXPS�RI�FKDUJH�FDU�
ULHU� WR� WKH� QH[W�PROHFXOH�� 7KHUHIRUH�� YDOXH
RI�WM�JLYHV�WKH�ORZHU�OLPLW�RI�D�WLPH�IRU�WKHGLIIXVLRQ� H[SDQVLRQ� RI� D� SDUWLFOH� WUDFN� RQ
RQH� PROHFXODU� OD\HU�� 7KH� WLPH� WS� WKDW� LVQHFHVVDU\� IRU� HOHFWURQLF� SRODUL]DWLRQ� RI
QHLJKERXULQJ�PROHFXOHV�YDULHV�IURP���Ü���WR
��Ü���V��,I�LQ�VXFK�DQ�RUJDQLF�PROHFXODU�GL�
HOHFWULF�VRPH�PROHFXOH�ORVHV�DQ�HOHFWURQ��L�H�
WKH�0S��VWDWH�LV�IRUPLQJ��WKHQ�WKLV�HOHFWURQKDV� WR� ORFDOL]H� RQWR� VRPH� RWKHU� PROHFXOH�
7KLV� UHVXOWV� LQ� WKH� IRUPDWLRQ� RI� DQ� 0SÜVWDWH�� 6XFK� D� PROHFXODU� TXDVL�LRQ� SRODUL]HV
DERXW� ����� PROHFXOHV� DURXQG� LW� >�@�� $� SR�
ODURQ� SDLU� �0S���0SÜ�� DULVHV� EHFDXVH� PR�OHFXODU�S�RUELWDOV�RI�QHLJKERXULQJ�PROHFXOHV
KDYH�D�QHJDWLYH�FKDUJH�DQG�DUH�DWWUDFWHG�WR
WKH�PROHFXODU�TXDVL�LRQ�IRU�WKH�FDVH�RI�0S�VWDWH� RU� DUH� UHSHOOHG� IURP� WKH� PROHFXODU
TXDVL�LRQ�IRU�0SÜ�VWDWH��VHH�)LJ������8S�WR�DGLVWDQFH� U&�� ZKLFK� IRU� RUJDQLF� FU\VWDOV� LVDERXW� ��Ü��� QP�� WKHVH� WZR� VR�FDOOHG� &3�

VWDWHV� �>�@��EHKDYH� OLNH�D�ELSRODURQ�� L�H�� WKH
VWDWH�WKDW�SUHFHGHV�DQG�SURPRWHV�WKH�UHFRP�
ELQDWLRQ��ZKLFK�UHVXOWV� LQ�PROHFXODU�H[FLWD�
WLRQ� RU� TXHQFKLQJ�� 7KH� WLPH� RI� PROHFXODU
SRODURQ� IRUPDWLRQ� LV� ��Ü��� WR� ��Ü��� V��7KH
FKDUDFWHULVWLF� HQHUJ\�RI�VXFK�D�SRODUL]DWLRQ
LQWHUDFWLRQ� LV� DERXW� ��Ü�� H9�� ,W� LV� JUHDWHU
E\�WZR�RUGHUV�RI�PDJQLWXGH�WKDQ�WKH�HQHUJ\
RI� 9DQ� GHU� :DDOV�� LQWHUDFWLRQ� WKDW� KROGV
PROHFXOHV� LQ� WKH� ODWWLFH� RI� D�PROHFXODU� VLQ�
JOH�FU\VWDO�>�������@��
7KH�FKDUJH�VWDWH�WUDQVSRUW�EHWZHHQ�PROH�

FXOHV�RI�DQ�RUJDQLF�FU\VWDO�FDQ�EH�GHVFULEHG
DV� WKH� LQWHUPROHFXODU� EDUULHU� WXQQHOOLQJ
>��� �@�� $SSOLHG� HOHFWURVWDWLF� ILHOG� LQFUHDVHV
WKH� FKDUJH� WUDQVSRUW� ZLWK� WKH� ILHOG�� )RU
ILHOG� VWUHQJWKV� pd���� 9�FP�� DQ� HIIHFWLYH
PDVV� RI� D� FKDUJH� FDUULHU� GHFUHDVHV�ZLWK�(�
YDOXH� LQFUHDVH�� ,Q�D�YHU\�VWURQJ�ILHOG�ZKHQ
p�a�����9�FP��ZKLFK�LV�FRPSDUDEOH�ZLWK�WKH
ORFDO� ILHOG� VWUHQJWK� LQVLGH�WKH�SRODURQ�SDLU�
WKH� WLPH� RI� FKDUJH� FDUULHU� VFDWWHULQJ� W� EH�
FRPHV�DQ�H[WUHPHO\�VPDOO�YDOXH�DQG�FDQ�EH
HVWLPDWHG� DV� ��Ü��� V��(�J�� WKH�GLUHFW� FDOFX�
ODWLRQ�RI�GULIW�YHORFLW\�IRU�DQWKUDFHQH�PDGH
RQ� WKH� EDVH� RI� H[SHULPHQWDO� GDWD� JLYHV� W� 
����Ü��� V� WKDW� LV� FRPSDUDEOH� ZLWK� WKH� WLPH
RI� PROHFXODU� SRODURQ� IRUPDWLRQ� >�@�� 7KH
FKDUJH� FDUULHU�� WKDW� PRYHV� LQ� DQ� HOHFWULF
ILHOG� ZLWK� GULIW� YHORFLW\� KLJKHU� WKDQ� PHDQ
WKHUPDO�YHORFLW\�GRHV�QRW� WKHUPDOL]H� >����@�
$FFRUGLQJ� WR� >�@� IRU� WLPH� DERXW� ��Ü���V
DIWHU� JHQHUDWLRQ� D� FKDUJH� FDUULHU� GRHV� QRW
WKHUPDOL]H�DQG�LV�VWLOO�D�KRW�FDUULHU��
5HFHQWO\� >����@�� ZH� REWDLQHG� WKH� VHPL�HP�

SLULFDO�GHVFULSWLRQ�RI�TXHQFKLQJ�SURFHVVHV�LQ�D
WUDFN�RI�DQ� LRQL]LQJ�SDUWLFOH�IRU�RUJDQLF�FU\V�
WDOOLQH� VFLQWLOODWRUV�� :H� SURFHHG� RQ� WKH� DV�
VXPSWLRQ�WKDW�WKH�TXHQFKLQJ�LQ�WUDFN�LV�D�YHU\
IDVW� SURFHVV� DQG� UXQV� IDVWHU� WKDQ� D� SDUWLFOH
WUDFN�VL]H�FKDQJHV��,W�ZDV�WKH�ILUVW�WLPH�ZKHQ
WKH� LQIOXHQFH� RI� SRODUL]DWLRQ� LQWHUDFWLRQV� RQ
SRODURQ� VWDWHV� UHFRPELQDWLRQ� LQ� WKH� SDUWLFOH
WUDFN�ZDV�WDNHQ�LQWR�DFFRXQW��7KH�DSSUR[LPD�
WLRQ� RI� H[SHULPHQWDO� UHVXOWV� VKRZHG� D� JRRG
DJUHHPHQW�ZLWK�WKHRUHWLFDO�DVVXPSWLRQV�
/HW�XV� UDWH�DERYH� LQIRUPDWLRQ�XQGHU� WKH

DVSHFW� RI� GHVFULSWLRQ� RI� WKH� VFLQWLOODWLRQ

)LJ�����6FKHPDWLF�GLDJUDP�RI�SRODURQ�SDLU�IRUPDWLRQ�LQ�D�K\SRWKHWLF�PROHFXODU�FU\VWDO�WKDW�FRQVLVWV
RI�EHQ]HQH�PROHFXOHV�
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PHFKDQLVP� RI� RUJDQLF� VFLQWLOODWRUV�� )LJV���
DQG� �� VKRZV� WKH� WLPH� 7� WKDW� LV� QHFHVVDU\
IRU�DOSKD�SDUWLFOH�DQG�UHFRLO�SURWRQ�WR�SHQH�
WUDWH� LQVLGH� WKH� VFLQWLOODWRU� RQ� WKH�GLVWDQFH
WKDW�LV�HTXDO�WR�WKH�OHQJWK�RI�WUDFN��UHVSHF�

WLYHO\��7R�FDOFXODWH�WKHVH�YDOXHV�ZH�DVVXPHG
WKDW�LRQL]LQJ�SDUWLFOH�ORVW�LW�HQHUJ\�LQ�VFLQ�
WLOODWRU� E\� VORZLQJ�GRZQ� ZLWK� FRQVWDQW
YDOXH� RI� DFFHOHUDWLRQ�� 2QH� FDQ� VHH� WKDW� IRU
WKH� UDQJH� RI� H[FLWDWLRQ� HQHUJLHV� WKDW� ZH

)LJ�����&DOFXODWHG�YDOXHV�RI�WKH�SDUWLFOH�UDQJH
5� DQG� WKH� WLPH� RI� WUDFN� IRUPDWLRQ� 7� IRU
DOSKD�SDUWLFOHV�ZLWK�HQHUJLHV�(D�LQ�VWLOEHQH��

)LJ�����&DOFXODWHG�YDOXHV�RI�WKH�SDUWLFOH�UDQJH
5�DQG�WKH�WLPH�RI�WUDFN�IRUPDWLRQ�7�IRU�SUR�
WRQV�ZLWK�HQHUJLHV�(S�LQ�VWLOEHQH�
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XVHG�LQ�VXFK�H[SHULPHQWV��VHH�)LJ����DQG�WKH
UDQJHV�EHWZHHQ�GRW� OLQHV�RQ�)LJV����DQG����
WKH� WLPHV� RI� WUDFN� IRUPDWLRQ� 7� DUH� DERXW
��Ü���V�DQG�DUH�DERXW���Ü���V�IRU�DOSKD�SDU�
WLFOHV� DQG� IRU� SURWRQV�� UHVSHFWLYHO\�� ,W
PHDQV�WKDW�WKH�PDLQ�TXHQFKLQJ�LQ�WUDFN�DQG
WKHUPDOL]DWLRQ� RI� FKDUJH� VWDWHV� LQ� LW� LV� WKH
IDVWHU�SURFHVV�WKDQ�IRUPDWLRQ�WKH�UHJLRQV�RI
ORZ� DQG� KLJK� DFWLYDWLRQ� GHQVLW\�� 7KHUHIRUH
�VHH�)LJ������ WKH�SULPDU\�TXHQFKLQJ�SURFHVV
LQ�WUDFN��DV�LQ�WKH�UHJLRQ�RI�KLJK�DFWLYDWLRQ
GHQVLW\�� DFFRPSDQLHV� WKH� WUDFN� IRUPDWLRQ�
6LPXOWDQHRXVO\��LW�GHWHUPLQHV�WKH�IRUPDWLRQ
RI� SULPDU\� H[FLWDWLRQ� RI� WKH� UHJLRQ� RI� ORZ
DFWLYDWLRQ� GHQVLW\� �WKH� UHJLRQ� RXWVLGH� WKH
WUDFN� LQ� ZKLFK� IDVW� FRPSRQHQW� RI� VFLQWLOOD�
WLRQ� SXOVH� LV� IRUPHG��� EHFDXVH� LW� FRQWUROV
WKH� QXPEHU� RI� KLJK� HQHUJ\� VHFRQGDU\� HOHF�
WURQV� WKRVH� FDQ� OHIW� WKH� WUDFN� YROXPH� IRU
FRQFUHWH� W\SH� RI� H[FLWDWLRQ�� 6R�� LQ� FRQWUDVW
WR�XS�WR�GDWH�WKHRU\�RI�VFLQWLOODWLRQ�SURFHVV�
DFFRUGLQJ� WR�ZKLFK� >����@� WKH�PDLQ� TXHQFK�
LQJ� KDV� WR� WDNH� SODFH� LQ� WUDFN� DQG� GR� QRW
LQIOXHQFH�RQ�WKH�SURFHVVHV�RXWVLGH�WUDFN�YRO�
XPH�� WKH� FLWH� UHVXOWV� VKRZV� WKDW� WKH� �VSH�
FLILF� TXHQFKLQJ�� KDV� WZR� �VWHSV��� 7KH� SUL�
PDU\� TXHQFKLQJ� �WKH� ILUVW� �VWHS�� RI� �VSH�
FLILF� TXHQFKLQJ��� LV� D� YHU\� IDVW� SURFHVV� LQ
ZKLFK�WKH�KRW�SRODURQ�SDLUV�DUH�LQYROYHG��,W
GHILQHV� WKH� IXWXUH� SURFHVVHV� RI� IRUPDWLRQ
ERWK� IDVW� DQG� VORZ� FRPSRQHQW� RI� VFLQWLOOD�
WLRQ� SXOVH�� 7KH� VHFRQGDU\� TXHQFKLQJ� �WKH
VHFRQG��VWHS��RI��VSHFLILF�TXHQFKLQJ���WDNHV
SODFH�DIWHU�WUDFN�IRUPDWLRQ�DQG�WKHUPDOL]D�
WLRQ��DQG�UHVXOWV�LQ�GHFUHDVH�RI�WKH�QXPEHU

FKDUJH� VWDWHV� DQG� H[FLWHG�PROHFXOHV�� ZKLFK
LV� VXIILFLHQWO\�ZHDNHU� WKDQ�IRU�WKH�SULPDU\
TXHQFKLQJ�� ,W� FDQ� LQIOXHQFH� RQO\� RQ� IRUPD�
WLRQ� RI� WKH� VORZ� FRPSRQHQW� RI� VFLQWLOODWLRQ
SXOVH��7KH�LQIOXHQFH�RI�WKH�GLIIXVLRQ�H[SDQ�
VLRQ� RI� WUDFN� RQ� WKH� VHFRQGDU\� TXHQFKLQJ
SURFHVV�FDQ�EH�RI�SULPDU\�LPSRUWDQFH�>����@�
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