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,W� LV�NQRZQ�WKDW�VSHDNHU�VSHFLILF�LQIRUPDWLRQ�LV�GLVWULEXWHG�QRQ�
XQLIRUPO\�LQ�WKH�IUHTXHQF\�GRPDLQ��&XUUHQW�VSHDNHU�UHFRJQLWLRQ�
V\VWHPV�XWLOL]H�DXGLWRU\�PRWLYDWHG�VFDOHV�IRU�H[WUDFWLQJ�DFRXVWLF�
IHDWXUHV���7KHVH�VFDOHV��KRZHYHU��DUH�QRW�RSWLPLVHG�WR�H[SORLW�WKH�
VSHFWUDO� GLVWULEXWLRQ� RI� VSHDNHU�VSHFLILF� LQIRUPDWLRQ� DQG� KHQFH�
PD\� QRW� EH� WKH� RSWLPDO� FKRLFH� IRU� VSHDNHU� UHFRJQLWLRQ�� ,Q� WKLV�
SDSHU�� WKH� DXWKRUV� VWXGLHG� WKH� GLVWULEXWLRQ� RI� VSHDNHU�VSHFLILF�
LQIRUPDWLRQ�IRU�6SHFWUDO�&HQWURLG�)UHTXHQF\�IHDWXUH��DQG�D�QRQ�
XQLIRUP� ILOWHU� EDQN� LV� SURSRVHG� WR� FDSWXUH� WKH� LQIRUPDWLRQ�
HIIHFWLYHO\� IRU� VSHFWUDO� FHQWURLG� IHDWXUH�� 7KH� )�UDWLR� DQG�
.XOOEDFN�/HLEOHU� �./�� GLVWDQFH� ZHUH� XVHG� WR� PHDVXUH�
GLVWULEXWLRQ� RI� VSHDNHU�VSHFLILF� LQIRUPDWLRQ� DQG� LW� ZDV�
HPSLULFDOO\�VKRZQ�WKDW� WKH�./�GLVWDQFH� LV�EHWWHU� WKDQ�)�UDWLR� LQ�
PHDVXULQJ� GLVFULPLQDWLYH� DELOLW\�� 7KH� SURSRVHG� ILOWHUEDQN�
HPSKDVLVHV� WKH� KLJK� ./� GLVWDQFH� UHJLRQV� E\� DOORFDWLQJ� PRUH�
ILOWHUV� LQ� WKRVH� UHJLRQV�� ([SHULPHQWDO� UHVXOWV� VKRZHG� D� UHODWLYH�
((5� UHGXFWLRQ� RI� ����� RYHU� WKH� 0HO�VFDOH� ILOWHUEDQN� RQ�
1,67�����65(�GDWDEDVH��
,QGH[� 7HUPV�� VSHDNHU� UHFRJQLWLRQ�� )�UDWLR�� .XOOEDFN�/HLEOHU�
GLVWDQFH��6SHFWUDO�FHQWURLG�IUHTXHQF\�

�� ,QWURGXFWLRQ�

)RU� VSHDNHU� UHFRJQLWLRQ�� ILOWHUEDQN� PRGHOOLQJ� LQVSLUHG� E\�
DXGLWRU\� ILQGLQJV� LV� D� ZLGHO\� XVHG� DSSURDFK� IRU� WKH�
SDUDPHWHUL]DWLRQ�RI�D�VSHHFK�VLJQDO��7KH�0HO�IUHTXHQF\�FHSVWUDO�
FRHIILFLHQWV� �0)&&�� DUH� WKH�PRVW� HYLGHQW� H[DPSOH�RI� D� IHDWXUH�
VHW� WKDW� LV� H[WHQVLYHO\� XVHG� LQ� VSHDNHU� UHFRJQLWLRQ�� :KHQ� WKH�
0)&&� IURQW�HQG� LV� XVHG� LQ� D� VSHDNHU� UHFRJQLWLRQ� V\VWHP�� RQH�
PDNHV�DQ�LPSOLFLW�DVVXPSWLRQ�WKDW�WKH�KXPDQ�KHDULQJ�PHFKDQLVP�
LV�WKH�RSWLPDO�VSHDNHU�UHFRJQL]HU��5HFHQWO\��/X�HW�DO��>�@�VKRZHG�
WKDW� DQ� DXGLWRU\� VFDOH� LV� QRW� DQ� RSWLPDO� VFDOH� IRU� GHVLJQLQJ� D�
VSHDNHU�LGHQWLILFDWLRQ�VFDOH�EDVHG�RQ�0)&&��DV�LW�GRHV�QRW�WDNH�
LQWR� DFFRXQW� WKH� GLVWULEXWLRQ� RI� VSHDNHU� GLVFULPLQDWLYH�
LQIRUPDWLRQ�DFURVV�WKH�VSHFWUXP����

7KH� SV\FKRORJLFDO� H[SODQDWLRQ� DQG� H[SHULPHQWDO� DQDO\VLV�
FRQFOXGHV� WKDW� VSHDNHU� LQIRUPDWLRQ� LV� GHHSO\� FRQFHUQHG� ZLWK�
SK\VLRORJLFDO� DQG� PRUSKRORJLFDO� GLIIHUHQFHV� RI� WKH� VSHHFK�
RUJDQV� >�@�� 6SHDNHU� SK\VLRORJ\�GHSHQGHQW� IHDWXUHV� H[WUDFWHG�
ZLWK� WKHLU� SURSRVHG� QRQ�XQLIRUP� VXEEDQG� ILOWHUV�ZLWK� HPSKDVLV�
RQ� WKH� IUHTXHQF\� UHJLRQ� RI� JORWWLV� DQG�SLULIRUP� IRVVD�� DFKLHYHG�
EHWWHU�VSHDNHU�LGHQWLILFDWLRQ�SHUIRUPDQFH�>�@��7KLV�LV�EHFDXVH�WKH�
YLEUDWLRQ�IUHTXHQF\�RI�WKH�YRFDO�IROGV�LQ�WKH�UDQJH�RI�����±�����
+]� FDXVHG� E\� WKH� OHQJWK� DQG� VWLIIQHVV� RI� WKH� YRFDO� IROGV� DUH�
VSHDNHU�GHSHQGHQW� FKDUDFWHULVWLFV� >�@�� 1H[W�� WKH� HIIHFW� RI� WKH�
ODU\QJHDO� WXEH� DQG� ELODWHUDO� FDYLWLHV� RI� WKH� SLULIRUP� IRVVD� ZHUH�
IRXQG�WR�EH�UHODWLYHO\�VWDEOH��UHJDUGOHVV�RI�YRZHO�W\SH��LQ�FRQWUDVW�
WR�UHODWLYHO\�ODUJH�LQWHU�VSHDNHU�YDULDWLRQ�LQ�WKH�IUHTXHQF\�UDQJH�

RI����N+]�>�@��,Q�DGGLWLRQ��WKH�KLJKHU�IRUPDQWV�VXFK�DV�)��DQG�)��
KDYH�EHHQ� IRXQG� WR�EH� UDWKHU� VWDEOH� IRU�FRQWLQXRXV�VSHHFK��7KH�
IRUPDQW�)��LV�GHWHUPLQHG�DOPRVW�HQWLUHO\�E\�WKH�JHRPHWU\�RI�WKH�
ODU\QJHDO� FDYLW\�� ZKLFK� KDV� EHHQ� VXJJHVWHG� DV� DQ� RUJDQ� WR�
WUDQVPLW�QRQ�OLQJXLVWLF�LQIRUPDWLRQ�>�@��

'LVWULEXWLRQ�RI� VSHDNHU�VSHFLILF� LQIRUPDWLRQ�DFURVV�GLIIHUHQW�
IUHTXHQF\� EDQGV� ZDV� LQYHVWLJDWHG� E\� /X� HW� DO�� >�@ IRU� ORJ�
HQHUJLHV� DQG�E\�7KLUXYDUDQ� HW� DO�� >�@� IRU� IUHTXHQF\�PRGXODWLRQ�
�)0��� DQG� RSWLPXP� ILOWHUV� ZHUH� GHVLJQHG� IRU� WKRVH� UHVSHFWLYH�
IHDWXUHV�� 5HFHQWO\�� WKH� HIIHFWLYHQHVV� RI� WKH� 6SHFWUDO� &HQWURLG�
)UHTXHQF\� �6&)�� IRU� VSHDNHU� UHFRJQLWLRQ� DQG� LWV� VLPLODULW\� WR�
IUDPH�DYHUDJHG� )0�ZDV� GHPRQVWUDWHG� >�@� DV� D� FRPSOHPHQWDU\�
IHDWXUH� WR� WUDGLWLRQDO�0)&&�IHDWXUH��7KLV�SDSHU� LQYHVWLJDWHV� WKH�
GLVWULEXWLRQ�RI�VSHDNHU�VSHFLILF�LQIRUPDWLRQ�RI�6&)�IHDWXUHV�DQG�
GHVLJQV� D� QRQ�XQLIRUP� ILOWHUEDQN� WR� HIIHFWLYHO\� FDSWXUH� WKLV�
LQIRUPDWLRQ��)XUWKHU��D�FRPSDULVRQ�EHWZHHQ�WKH�HIIHFWLYHQHVV�RI�
./� GLVWDQFH� DQG� )�UDWLR� LQ� PHDVXULQJ� VSHDNHU� VSHFLILF�
LQIRUPDWLRQ� LV� FRQGXFWHG�� ,Q� DGGLWLRQ�� LW� HPSLULFDOO\� VKRZV� WKDW�
WR� HIIHFWLYHO\� FDSWXUH� VSHDNHU� VSHFLILF� LQIRUPDWLRQ��PRUH� ILOWHUV�
QHHG� WR� EH� DVVLJQHG� E\� UHGXFLQJ� WKHLU� EDQGZLGWK� LQ� SURPLQHQW�
VSHDNHU�VSHFLILF�UHJLRQV�UDWKHU�WKDQ�DOORFDWLQJ�D�IHZHU�QXPEHU�RI�
ILOWHUV�ZLWK�ODUJHU�EDQGZLGWK��

�� 6SHFWUDO�FHQWURLG�IUHTXHQF\�

6SHFWUDO� FHQWURLG� IUHTXHQF\� �6&)�� >�@� LV� WKH� ZHLJKWHG� DYHUDJH�
IUHTXHQF\� IRU� D� JLYHQ� VXEEDQG�� ZKHUH� WKH� ZHLJKWV� DUH� WKH�
QRUPDOL]HG�HQHUJ\�RI�HDFK�IUHTXHQF\�FRPSRQHQW�LQ�WKDW�VXEEDQG��
6LQFH� WKLV� PHDVXUH� FDSWXUHV� WKH� FHQWHU� RI� JUDYLW\� RI� HDFK�
VXEEDQG�� LW� FDQ� GHWHFW� WKH� DSSUR[LPDWH� ORFDWLRQ� RI� IRUPDQWV��
ZKLFK� PDQLIHVW� DV� SHDNV� LQ� QHLJKERXULQJ� VXEEDQGV� >��� �@��
+RZHYHU�� WKH�FHQWHU�RI�JUDYLW\�RI�D�VXEEDQG�LV�DOVR�DIIHFWHG�E\�
WKH� KDUPRQLF� VWUXFWXUH� DQG� SLWFK� IUHTXHQFLHV� SURGXFHG� E\� WKH�
YRFDO� VRXUFH�� SDUWLFXODUO\� IRU� QDUURZ� EDQGZLGWKV�� +HQFH�� WKH�
6&)� IHDWXUH� LV� DIIHFWHG� E\� FKDQJHV� LQ� SLWFK� DQG� KDUPRQLF�
VWUXFWXUH�� 7KH� NWK� VXEEDQG� VSHFWUDO� FHQWURLG� IUHTXHQF\� )N� LV�
GHILQHG�DV�IROORZV�>�@��
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ZKHUH� _6>I@_� UHSUHVHQW� WKH� PDJQLWXGH� VSHFWUXP� RI� D� IUDPH� RI�
VSHHFK� DQG�߱ሾ݂ሿ� LV� WKH� IUHTXHQF\� UHVSRQVH� RI� WKH� N

WK� VXEEDQG�
ILOWHU�WKDW�LV�GHILQHG�E\�D�ORZHU�IUHTXHQF\�HGJH��݈��DQG�DQ�XSSHU�
IUHTXHQF\� HGJH� ���ݑ� )RU� DOO� WKH� H[SHULPHQWV� UHSRUWHG� LQ� WKLV�
SDSHU��6&)V�DUH�H[WUDFWHG�ZLWK����*DERU�ILOWHUEDQN��)XUWKHUPRUH��
WKH�QXPEHU�RI�))7�SRLQWV�DUH�LQFUHDVHG�E\�DQ�RUGHU�RI�PDJQLWXGH�
�IURP� ���� WR� ����� IRU� ௦݂ �� N+]� E\� ]HUR�SDGGLQJ�� WR� EHWWHU�
DSSUR[LPDWH�WKH�VSHHFK�SRZHU�VSHFWUXP�DQG�ILOWHUEDQN�IUHTXHQF\�


