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$EVWUDFW�

7KH�03(*�$XGLR� OD\HU� ,,,�KDV�EHHQ�ZLGHO\�XVHG� WR� VWRUH� WKH�
&'�TXDOLW\� PXVLF� VHTXHQFHV�� � 7KH� OD\HU� ,,,� LV� DQ� DV\PPHWULF�
FRGHF� LQ� WKH� VHQVH� WKDW� WKH� FRPSOH[LW\� RI� WKH� DXGLR� HQFRGHU� LV�
PXFK�KLJKHU�WKDQ�WKDW�RI�WKH�GHFRGHU�� � $�NH\�WDVN�OHDGLQJ�WR�WKH�
KLJKHU�FRPSOH[LW\� LV� WKH�ELW� DOORFDWLRQ�� � 7KH�03(*�$XGLR� OD\HU�
,,,� HQFRGHU� KDV� DGRSWHG� WKH� VFKHPHV� VXFK� DV� WKH� QRQXQLIRUP�
TXDQWL]DWLRQ� DQG� +XIIPDQ� FRGLQJ� WR� DFKLHYH� KLJK� FRGLQJ�
HIILFLHQF\�� � +RZHYHU��DOO�WKHVH�VFKHPHV�GR�QRW�KDYH�WKH�SUREOHP�
LQ� TXDOLW\� DQG� ELW�UDWH� FRQWUROV�� � 7KH� XVXDO� PHWKRG� IROORZV� DQ�
LWHUDWLYH�DSSURDFK�WR�SHUIRUP�ELW�DOORFDWLRQ�WR�DFKLHYH�ERWK�TXDOLW\�
DQG� ELW� UDWH� WXQLQJ�� � 7KLV�PHWKRG� KDV� LPPHQVH� FRPSOH[LW\� DQG�
ZLOO� VDFULILFH� WKH� TXDOLW\� WR� ILW� ELW� UDWH�� � 7KLV� SDSHU� SUHVHQWV� DQ�
HIILFLHQW�DOORFDWLRQ�PHWKRG��ZKLFK�KDYH�PHULWV�LQ�ERWK�FRPSOH[LW\�
DQG�TXDOLW\�FRQWURO��

���,QWURGXFWLRQ�
03(*�DXGLR�FRGLQJ�ZLWK�LWV�WKUHH�FRPSUHVVLRQ�OD\HUV�KDV�EHHQ�

ZLGHO\�XVHG�LQ�FRQVXPHU�HOHFWURQLFV��WHOHFRPPXQLFDWLRQV��DQG�WKH�
EURDGFDVWLQJ�� � $PRQJ� WKHVH� WKUHH� OD\HUV�� OD\HU� ,,,� >�@� KDV� WKH�
KLJKHVW�FRPSUHVVLRQ� UDWLR�DQG�KDV�EHHQ�ZLGHO\�XVHG� WR�FRPSUHVV�
WKH�&'�TXDOLW\�PXVLF� VHTXHQFHV�� � 7KH�03(*�$XGLR� OD\HU� ,,,� LV�
DQ�DV\PPHWULF�FRGLQJ�LQ�WKH�VHQVH�WKDW�WKH�FRPSOH[LW\�RI�WKH�DXGLR�
HQFRGHU� LV� PXFK� KLJKHU� WKDQ� WKDW� RI� WKH� GHFRGHU�� � 7KH� ELW�
DOORFDWLRQ�LV�RQH�RI�WKH�PDLQ�WDVNV�OHDGLQJ�WR�WKH�KLJK�FRPSOH[LW\�
LQ� WKH� HQFRGHU�� � 7KLV� SDSHU� SURSRVHV� DQ� HIILFLHQW� ELW� DOORFDWLRQ�
PHWKRG�IRU�WKH�HQFRGLQJ�SURFHVV�� �

)LJ����LOOXVWUDWHV�WKH�EORFN�GLDJUDP�RI�WKH�HQFRGLQJ�SURFHVV�LQ�
OD\HU�,,,�� � $�K\EULG�WUDQVIRUP�WUDQVIHUV�DQ�DXGLR�VHTXHQFH�LQWR�WKH�
VSHFWUDO� OLQHV� IUDPH�E\�IUDPH�� � 7KH� VSHFWUDO� OLQHV� DUH�
QRQXQLIRUPO\� TXDQWL]HG�� +XIIPDQ� FRGHG�� DQG� SDFNHG� LQWR� D�

03(*� ELW�VWUHDP�� � ,Q� WKH� SURFHVV�� WKH� QRQXQLIRUP� TXDQWL]HU�
TXDQWL]HV� WKH� VSHFWUDO� OLQHV� VXEMHFW� WR� WKH� ELW� DOORFDWRU�� ZKLFK�
GHFLGHV� WKH� TXDQWL]DWLRQ� PDQQHUV� ZLWK� FRQVLGHUDWLRQ� WR� WKH�
UHVXOWDQW� DXGLR� TXDOLW\� DQG� WKH� UHTXLUHG� ELWV�� � ,Q� DLG� RI� WKH�
DOORFDWRU�� WKH�SV\FKRDFRXVWLF�PRGHO� DQG� WKH�ELW�UHVHUYRLU�SURYLGH�
WKH�SHUFHSWXDO�UHVROXWLRQ�DQG�WKH�DYDLODEOH�QXPEHU�RI�ELWV�IRU�HDFK�
DXGLR�IUDPH�� � )RU�WKH�HQFRGLQJ�SURFHVV�LQ�)LJ�����WKH�ELW�DOORFDWRU�
LV�WKH�NH\�EORFN�GHFLGLQJ�WKH�ILQDO�FRGLQJ�TXDOLW\��

�
7KH� REMHFWLYH� RI� WKH� ELW� DOORFDWRU� LQ� OD\HU� ,,,� LV� WR� DVVLJQ�

VXLWDEOH�SDUDPHWHUV� WR�TXDQWL]HU�WR�DFKLHYH� WKH�EHVW�DXGLR�TXDOLW\�
XQGHU� WKH� UHVWULFWHG�ELW� QXPEHU�� � +HQFH� WKH� FRQWURO�RYHU�TXDOLW\�
DQG� WKH� ELW� QXPEHU� WKURXJK� WKH� TXDQWL]DWLRQ� SDUDPHWHUV� DUH� WZR�
IXQGDPHQWDO� UHTXLUHPHQWV�� � +RZHYHU�� ERWK� WKH� TXDOLW\� DQG� WKH�
ELW�UDWH� FRQWUROV� DUH� GLIILFXOW� LQ�03(*� OD\HU� ,,,�� � 7KH� GLIILFXOW\�
IURP� WKH� TXDOLW\� FRQWURO� FDQ� EH� H[DPLQHG� IURP� WKH� TXDQWL]HUV�� �
7KH�TXDQWL]HU�LQ�03(*�OD\HU�,,,�LV�D�QRQXQLIRUP�TXDQWL]HU��ZKLFK�
PHDQV�WKDW�WKH�QRLVH�LQWURGXFHG�IURP�WKH�TXDQWL]DWLRQ�GHSHQGV�RQ�
WKH�TXDQWL]HG�YDOXH�LQVWHDG�RI�MXVW�WKH�TXDQWL]DWLRQ�SDUDPHWHUV�OLNH�
WKH� JHQHUDO� XQLIRUP� TXDQWL]HUV�� � ,Q� RWKHU� ZRUGV�� WKH� JHQHUDO�
TXDOLW\�FRQWURO� PDQQHUV�� ZKLFK� DVVLJQ� TXDQWL]DWLRQ� SDUDPHWHUV�
DFFRUGLQJ� WR� WKH� SHUFHSWXDOO\� DOORZDEOH� QRLVH� GRHV� QRW�ZRUN� IRU�
QRQXQLIRUP�TXDQWL]HUV�� �

�
7KH�GLIILFXOW\�RQ�WKH�ELW�UDWH�FRQWURO�FDQ�EH�H[DPLQHG�IURP�WKH�

+XIIPDQ�FRGHU� LQ�03(*� OD\HU� ,,,�� � 7KH�+XIIPDQ�FRGHU�DVVLJQV�
GLIIHUHQW� ELW�OHQJWK� WR� GLIIHUHQW� YDOXHV�� ZKLFK�PHDQV� WKDW� WKH� ELW�
FRQVXPHG� VKRXOG� EH� REWDLQHG� IURP� WKH� TXDQWL]DWLRQ� UHVXOWV�� DQG�
FDQ�QRW�EH�IURP�WKH�TXDQWL]DWLRQ�SDUDPHWHUV�DORQH��

���5HODWHG�5HVHDUFKHV�
7KH� DERYH� WZR� GLIILFXOWLHV� OHDG� WR� WKH� SUREOHP� LQ� HYDOXDWLQJ�

WKH� TXDQWL]DWLRQ� SDUDPHWHUV�� � $Q� LWHUDWLYH� PHWKRG� KDV� EHHQ�
SURSRVHG� LQ�>�@�>�@�WR�VROYH� WKH�SUREOHP�� � 7KH�PHWKRG�HYDOXDWHV�
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)LJ����%ORFN�GLDJUDP�RI�WKH�03(*�$XGLR�OD\HU�,,,�



WKH�TXDQWL]DWLRQ�SDUDPHWHUV�WKURXJK�WZR�LWHUDWLRQ�ORRSV��WKH�LQQHU�
ORRS�DQG� WKH�RXWHU� ORRS�� � 7KH� LQQHU� ORRS�DGMXVWV� LQ� LWHUDWLRQ� WKH�
SDUDPHWHU�YDOXHV�WR�ILW�WR�WKH�OLPLWHG�ELWV�WKH�FRQVXPHG�ELWV��ZKLFK�
DUH�REWDLQHG�E\�SHUIRUPLQJ�TXDQWL]DWLRQ�DQG�+XIIPDQ�FRGLQJ�IRU�
VSHFWUDO� OLQHV�� � 7KH�RXWHU� ORRS�DGMXVWV� LQ� LWHUDWLRQ� WKH�SDUDPHWHU�
YDOXHV� WR� ILW� WR� D� SHUFHSWXDO� FULWHULRQ� WKH� TXDQWL]DWLRQ� QRLVH� WKDW�
QHHGV� WR� EH� HYDOXDWHG� E\� SHUIRUPLQJ� WKH� LQYHUVH� TXDQWL]DWLRQ�� �
7KH� PHWKRG� FDQ� EH� H[DPLQHG� IURP� WKH� FRPSOH[LW\� DQG� WKH�
LQGXFHG�DXGLR�TXDOLW\�� � 7KH�FRPSOH[LW\�RI�WKH�PHWKRG�IRU�D�IUDPH�
ZLWK�����VSHFWUDO�OLQHV�LV�2�����8�,�K�����8�N���ZKHUH�WKH�8�DQG�
,� DUH� UHVSHFWLYHO\� WKH� QXPEHUV� RI� RXWHU� LWHUDWLRQV� DQG� LQQHU�
LWHUDWLRQV� ZKLOH� WKH�K� DQG� N� DUH� WKH� FRPSXWDWLRQ� FRPSOH[LW\� WR�
KDQGOH� D� VSHFWUDO� OLQH� LQ� DQ� LQQHU� ORRS� DQG� DQ� RXWHU� ORRS��
UHVSHFWLYHO\�� � 7KH� LQQHU� ORRS� FRPSOH[LW\� K� ZLOO� EH� IURP� WKH�
TXDQWL]DWLRQ�DQG�WKH�+XIIPDQ�FRGLQJ�RI�D�VSHFWUDO� OLQH�ZKLOH� WKH�
RXWHU�ORRS�FRPSOH[LW\�N�IURP�WKH�LQYHUVH�TXDQWL]DWLRQ�� � %RWK�WKH�
FRPSOH[LW\�K� DQG�N� DUH�KLJK�� � $OVR�� WKH�QXPEHU�RI� LWHUDWLRQV�8�
DQG�,�GHSHQGV�RQ�WKH�LQLWLDO�YDOXHV�RI�TXDQWL]DWLRQ�SDUDPHWHUV�DQG�
WKH� DGMXVW� PDQQHUV�� � )RU� WKH� LQLWLDO� YDOXHV� DQG� WKH� DGMXVWLQJ�
PDQQHUV� LQ� WKH�GUDIW�>�@�� WKH�PDJQLWXGH�RI�8�,�PD\EH�DV� ODUJH�DV�
IRUW\�� � 7KH� FRPSOH[LW\� ZLOO� EH� HYHQ� ODUJHU� WKDQ� WKH� WRWDO�
FRPSOH[LW\�RI�K\EULG� WUDQVIRUP�DQG� WKH�SV\FKRDFRXVWLF�PRGHO� LQ�
)LJ����� � 7KH�VHFRQG�SUREOHP�LV�RQ�WKH�TXDOLW\�RI�WKH�FRGHG�DXGLR�� �
6LQFH�WKDW�WKHUH�DUH�WZR�VHSDUDWH�UXOHV�FRQWUROOLQJ�WKH�TXDOLW\�DQG�
ELWV� FRQVXPHG� LQ� WZR� ORRSV�� WKHUH� PD\� OHDG� WR� LQILQLWH� ORRSV��
JHQHUDOO\�UHIHUUHG�WR�DV�³GHDG�ORFN�SUREOHP´�� � $�JHQHUDO�PHWKRG�
WR�KDQGOH�WKH�GHDGORFN�SUREOHP�LV�WR�VHW�WKH�PD[LPXP�QXPEHU�RI�
LWHUDWLRQV��KRZHYHU��WKH�TXDOLW\�VKRXOG�EH�VDFULILFHG�WR�PHHW�WKH�ELW�
UDWH�FRQVWUDLQW�� � 7KLV�SDSHU�SUHVHQWV�D�QHZ�ELW�DOORFDWLRQ�PHWKRG��
ZKLFK�KDV�PHULWV�LQ�ERWK�FRPSOH[LW\�DQG�DXGLR�TXDOLW\��
���1HZ�%LW�$OORFDWLRQ�0HWKRG�

$V�LOOXVWUDWHG�LQ�)LJ�����WKH�K\EULG�WUDQVIRUP�WUDQVIHUV�DQ�DXGLR�
VHTXHQFH� LQWR� WKH� VSHFWUDO� OLQHV� IUDPH�E\�IUDPH�� � 7KHVH� VSHFWUDO�
OLQHV� DUH� GLYLGHG� LQWR� VHYHUDO� JURXSV� �UHIHUUHG� WR� DV� VFDOHIDFWRU�
EDQGV��� DQG� QRQXQLIRUPO\� TXDQWL]HG�� � 7KH� IRUPXOD� RI� WKH�
TXDQWL]DWLRQ�LV� �

`������@���^>�� ;<= � JDLQVFDOHN;QLQWN, >>> ����

ZKHUH� M� DQG� N� DUH� UHVSHFWLYHO\� WKH� LQGH[� RI� WKH� VFDOHIDFWRU� EDQG�
DQG� VSHFWUDO� OLQHV� LQ� EDQGV�ZKLOH�;? �N�� DQG� ,? �N�� DUH� UHVSHFWLYHO\�
WKH� VSHFWUDO� OLQHV� EHIRUH� DQG� DIWHU� TXDQWL]DWLRQ�� � ,Q� WKH� DERYH�
IRUPXOD��WKH�QLQW�GHQRWHV�WKH�IXQFWLRQ�RI�WKH�QHDUHVW�LQWHJHU�ZKLOH�
WKH� VFDOH? � DQG�JDLQ� DUH� WZR�TXDQWL]DWLRQ�SDUDPHWHUV�� � 7KH� VFDOH? �
FRQWUROV�WKH�TXDQWL]DWLRQ�QRLVH�RI�WKH�DVVRFLDWHG�EDQG�UHODWLYH�ZLWK�
WKH� RWKHU� EDQGV�� � 7KH� JDLQ� FRQWUROV� WKH� RYHUDOO� QXPEHU� RI�
FRQVXPHG� ELWV�� � 7KH� VFDOH? � LV� WKH� TXDOLW\�UHODWHG� SDUDPHWHU� DQG�
WKH�JDLQ�LV�WKH�ELW�UHODWHG�SDUDPHWHU�� � �

7KH� QHZ� ELW�DOORFDWLRQ� PHWKRG� LV� GHYHORSHG� ZLWK� WZR�
FRQVLGHUDWLRQV��)LUVW��ZH�FDOFXODWH�VFDOH? �ZLWKRXW�LWHUDWLRQ�WKURXJK�
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ZKHUH� 105? � LV� WKH� QRLVH�WR�PDVNLQJ� UDWLR� RI� EDQG� M�� � 7KH�
ELW�UHODWHG�SDUDPHWHUV�FDQ�EH�FDOFXODWHG�IURP�WKH�HIILFLHQW�LWHUDWLRQ�
PHWKRG�� � (>@� LV� WKH� H[SHFWDWLRQ� IXQFWLRQ� DQG�&� LV� DQ� DUELWUDU\�
FRQVWDQW��7KH�IRUPXOD�LQ�����HOLPLQDWHV�WKH�RXWHU�ORRS�FRPSOH[LW\�
N�VLQFH�WKLV�FRPSOH[LW\�N�LV�IURP�WKH�LQYHUVH�TXDQWL]DWLRQ��

�

6HFRQGO\��WKLV�SDSHU�SUHVHQWV�DQ�HIILFLHQW�LWHUDWLYH�PHWKRG�WR�ILW�
WKH�ELW�UHODWHG�SDUDPHWHUV�WR�WKH�ELW�UDWH�� � ,Q�WKLV�LWHUDWLRQ�PHWKRG��
WKH�SDSHU�VHW�WKH�LQLWLDO�YDOXH�RI�WKH�JDLQ�DV�WKDW�IURP�WKH�SUHYLRXV�
IUDPH�DQG�DGMXVWV�WKH�JDLQ�DFFRUGLQJ�WR�WKH�UHVXOWDQW�ELWV��
���5HVXOWV�

7KH�FRPSOH[LW\�RI� WKH�QHZ�PHWKRG� LV�2�����*�K��ZKHUH�*� LV�
WKH�QXPEHU�RI�LWHUDWLRQV�� � 7KH�FRPSOH[LW\�LQ�HDFK�LWHUDWLRQ�LV�WKH�
VDPH� DV� WKDW� LQ� WKH� LQQHU� ORRS� RI� WKH� PHWKRG� PHQWLRQHG� DERYH�� �
7R�FRPSDUH� WKH�FRPSOH[LW\�ZLWK� WKDW� LQ�>�@�>�@�PHQWLRQHG�DERYH��
ZH�FDQ�FKHFN�8�,�DQG�*�IRU�WKH�WZR�PHWKRGV�� �

�
7DEOH�� �� OLVWV� WKH� DYHUDJH� QXPEHU� RI� LWHUDWLRQV� IRU� ERWK�

DOORFDWLRQ�PHWKRGV�� � 7KH�UHVXOWV�LQGLFDWH�WKDW�WKH�QHZ�PHWKRG�KDV�
LPSURYHG� PRUH� WKDQ� WHQ� WLPHV� WKH� FRPSOH[LW\�� � 7KH� PXVLF�
VHTXHQFHV��ZKLFK�KDYH�EHHQ�XVHG�DUH�WKH�VDPH�DV�WKRVH�XVHG�LQ�RXU�
SUHYLRXV� SDSHUV� >�@�>�@�� � � $OVR�� IRU� TXDOLW\� FRQVLGHUDWLRQ�� WKLV�
SDSHU� KDV� DGRSWHG� WKH� TXDOLW\� FULWHULD� PHQWLRQHG� LQ� >�@� DV� WKH�
LWHUDWLRQ� REMHFWLYH�� � 7KH� FULWHULRQ� LOOXVWUDWHV� WKH� JUDFHIXO�
GHJUDGDWLRQ�FULWHULRQ�IRU�DXGLR�FRGLQJ��WKDW�LV��WKH�FRQGLWLRQ�ZKLFK�
EHVW� GHJUDGHV� WKH� DXGLR� TXDOLW\� ZKHQ� WKH� ELW�UDWH� LV� QRW� KLJK�
HQRXJK� WR�KDYH� WKH� FRGHG�TXDOLW\� WKH� VDPH�DV� WKH�RULJLQDO� DXGLR�
PXVLF�� � 2XU� LQIRUPDO� VXEMHFWLYH� TXDOLW\� PHDVXUH� LQGLFDWHV� WKH�
EHWWHU�TXDOLW\�DW�ELW�UDWH�����NELWV�VHF�ZKLFK�LV�PRVW�ZLGHO\�ELW�UDWH�
IRU�LQWHUQHW�PXVLF�WUDQVPLVVLRQ��

�
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�
>�@� ,62�,(&� ,6� ��������� &RGLQJ� RI� 0RYLQJ� 3LFWXUHV� DQG�

$VVRFLDWHG�$XGLR� IRU�'LJLWDO� 6WRUDJH�0HGLD� XS� WR�$ERXW�����
0ELW�V��±�3DUW����$XGLR��������

>�@�.��%UDQGHQEXUJ��³2&)�±�$�1HZ�&RGLQJ�$OJRULWKP�IRU�+LJK�
4XDOLW\�6RXQG�6LJQDOV�´�LQ�3URF��,&$663�������SS�����������

>�@� ;�� :HL�� 0�� -�� 6KDZ� DQG� 0�� 5�� 9DUOH\�� ³2SWLPXP� %LW�
$OORFDWLRQ� DQG� 'HFRPSRVLWRQ� IRU� +LJK� 4XDOLW\� $XGLR�
&RGLQJ�´�LQ�3URF��,&$663�����SS�����������

>�@�&�0��/LX�DQG�-�&��/LX���$�QHZ�LQWHQVLW\�VWHUHR�FRGLQJ�VFKHPH�
IRU�03(*�� $XGLR� HQFRGHU��� /D\HU� ,� 	� ,,��� ,(((� 7UDQV�� RQ�
&RQVXPHU�(OHFWURQLFV��$XJ���YRO������QR�����SS����������������

>�@�&�0��/LX��:�&��/HH�DQG�6�<�� -XDQJ��³'HVLJQ�RI� WKH�FRXSOLQJ�
VFKHPHV� IRU� WKH� 'ROE\� $&��� FRGHU� LQ� VWHUHR� FRGLQJ�´� ,(((�
7UDQV�� RQ� &RQVXPHU� (OHFWURQLFV�� $XJ��� YRO�� ���� QR�� ��� SS��
���������������
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7DEOH����7KH�DYHUDJH�QXPEHU�RI�LWHUDWLRQ�


