
'LJLWDO�$XGLR�&RPSUHVVLRQ�$OJRULWKPV

0DUNXV�(UQH

6LJQDO��DQG�,QIRUPDWLRQ�3URFHVVLQJ�/DERUDWRU\
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HUQH#LVL�HH�HWK]�FK���KWWS���ZZZ�LVL�HH�HWK]�FK

$EVWUDFW
'LJLWDO�DXGLR�GHYLFHV�VXFK�DV�&'�SOD\HUV�RU�'$7�UHFRUGHUV�KDYH�EHFRPH�D�VWDQGDUG�GXULQJ�WKH�SDVW�IHZ�\HDUV��$
JURZLQJ�GHPDQG�IRU�KLJK�TXDOLW\�DXGLR�GHOLYHU\�DQG�WKH�LQFUHDVHG�UHTXLUHPHQWV�IRU�WKH�VWRUDJH�RI�GLJLWDO�DXGLR
GDWD� KDYH� PRWLYDWHG� FRQVLGHUDEOH� UHVHDUFK� WRZDUGV� IRUPXODWLRQ� RI� FRPSUHVVLRQ� VFKHPHV� ZKLFK� FDQ� VDWLVI\
VLPXOWDQHRXVO\� WKH� FRQIOLFWLQJ�GHPDQGV�RI�KLJK� FRPSUHVVLRQ� UDWLRV� DQG� WUDQVSDUHQW� UHSURGXFWLRQ� TXDOLW\��7KLV
WXWRULDO�ZLOO� SUHVHQW� WKH�SULQFLSOHV�RI� ORVVOHVV� DQG� ORVV\� DXGLR� FRPSUHVVLRQ� VFKHPHV�ZKHUHDV�ZH�ZLOO� VWURQJO\
IRFXV�RQ�SHUFHSWXDO�FRPSUHVVLRQ�DOJRULWKPV��6WDUWLQJ�IURP�WKH�GHILQLWLRQ�RI�HQWURS\��ORVVOHVV�DXGLR�FRGLQJ�ZLOO
EH�HYDOXDWHG�EHIRUH�SHUFHSWXDO�FRGLQJ�ZLOO�EH�DGGUHVVHG��3V\FKRDFRXVWLF�SULQFLSOHV��GLIIHUHQW�TXDQWL]LQJ�DQG�ELW�
DOORFDWLRQ� VFKHPHV�� VXEEDQG� FRGLQJ� DQG� WUDQVIRUP� FRGLQJ� ZLOO� EH� SUHVHQWHG� LQ� GHWDLO� LQ� RUGHU� WR� LQWURGXFH
GLIIHUHQW� SHUFHSWXDO� FRGLQJ� DOJRULWKPV��$Q� DXGLR� GHPRQVWUDWLRQ� RI� SV\FKRDFRXVWLF� HIIHFWV� VXFK� DV� IUHTXHQF\�
GRPDLQ�PDVNLQJ�DQG�WHPSRUDO�PDVNLQJ�ZLOO�KHOS�WKH�DXGLHQFH�WR�XQGHUVWDQG�WKH�EDVLF�SV\FKRDFRXVWLF�SULQFLSOHV�
$�VKRUW�RYHUYLHZ�RI�WKH�GHYHORSPHQW�RI�SHUFHSWXDO�FRGLQJ�DOJRULWKPV��LQFOXGLQJ�WKH�GLIIHUHQW�03(*�VWDQGDUGV
DQG�WKH�UHODWHG�FRQFHSW�RI�GLIIHUHQW�OD\HUV�ZLOO�EH�DGGUHVVHG�EHIRUH�WKH�IROORZLQJ�DOJRULWKPV��03(*����03(*�
$$&�� 'ROE\� $&��� $75$&� �0LQLGLVF�� DQG� HPHUJLQJ� VWDQGDUGV� VXFK� DV�03(*��� DQG�:DYHOHW�EDVHG� FRGLQJ
VFKHPHV� DUH� SUHVHQWHG� LQ� PRUH� GHWDLO�� ,Q� 03(*��� DXGLR�� WKUHH� GLIIHUHQW� FRGHU� W\SHV� DUH� LQWHJUDWHG� LQWR� WKH
VWDQGDUG�� FRGHUV� EDVHG� RQ� WLPH�IUHTXHQF\�PDSSLQJ� �7�)�FRGHUV���&(/3�FRGHUV� DQG� SDUDPHWULF� FRGHUV� HDFK� RI
ZKLFK�ZLOO�EH�EULHIO\�SUHVHQWHG�EHIRUH�DQ�DXGLR�GHPRQVWUDWLRQ�RI�WKH�GLIIHUHQW�FRGLQJ�VFKHPHV�DW�YDULRXV�ELWUDWHV
ZLOO�FRQFOXGH�WKH�SUHVHQWDWLRQ�

���,QWURGXFWLRQ
7KH� FHQWUDO� REMHFWLYH� LQ� DXGLR� FRGLQJ� RU� DXGLR
FRPSUHVVLRQ�LV�WR�UHSUHVHQW�D�GLJLWDO�DXGLR�VLJQDO�ZLWK
D� PLQLPXP� RI� ELWV� SHU� VDPSOH� ZKLOH� NHHSLQJ
WUDQVSDUHQW� VLJQDO� UHSURGXFWLRQ�� &RQYHQWLRQDO� GLJLWDO
DXGLR� GHYLFHV� �&'�� '$7�� DUH� W\SLFDOO\� VDPSOHG� DW
�����RU����.+]��XVLQJ�OLQHDU�3&0�DQG�D�TXDQWL]DWLRQ
RI� ��� %LWV� SHU� VDPSOH�� 7KHUHIRUH� GDWD�UDWHV� LQ� WKH
UDQJH�RI�����0ELW�V� �ZLOO�UHVXOW�IRU�WKH�VWRUDJH�RU� WKH
WUDQVPLVVLRQ�RI�D�VWHUHR�VLJQDO��,Q�FRQWUDVW�WR�ORVVOHVV
DXGLR� FRGLQJ� ZKLFK� LV� EDVHG� RQ� UHPRYLQJ
UHGXQGDQF\�� ORVV\� FRGLQJ� WHFKQLTXHV� PDNH� XVH� RI
UHPRYLQJ� UHGXQGDQF\� DQG� LUUHOHYDQF\� EDVHG� RQ
SHUFHSWXDO� FULWHULD� >�@�� ,Q� DUFKLYLQJ� DSSOLFDWLRQV� DQG
IRU� WKH�KLJK�TXDOLW\� WUDQVPLVVLRQ� RU� VWRUDJH� RI� DXGLR
VLJQDOV�� ORVVOHVV� FRGLQJ� LV� SUHIHUHG� LQ� RUGHU� WR� DOORZ
UHFRQVWUXFWLRQ�DW�WKH�GHFRGHU�ELW�E\�ELW��)RU�FRQVXPHU
DQG�PXOWLPHGLD�DSSOLFDWLRQV�DQG�IRU� WKH� WUDQVPLVVLRQ
RI� DXGLR� VLJQDOV� XVLQJ� ORZ� EDQGZLGWK� FKDQQHOV�� D
ORVV\�FRPSUHVVLRQ�VFKHPH�KDV� WR�EH�XVHG� LQ�RUGHU� WR
JXDUDQWHH�D�FRQVWDQW� WDUJHW�ELWUDWH��3HUFHSWXDO�FRGHUV
DUH� EDVHG� RQ� D� SV\FKRDFRXVWLF� PRGHO� DQG� WDNLQJ
DGYDQWDJH� RI� WKH� PDVNLQJ� SURSHUWLHV� RI� WKH� KXPDQ
DXGLWRU\�V\VWHP��0RVW� DXGLR� FRPSUHVVLRQ� DOJRULWKPV
W\SLFDOO\�VHJPHQW�WKH�LQSXW�VLJQDO�LQWR�EORFNV�RI��P6
XS�WR���P6�GXUDWLRQ��$�WLPH�IUHTXHQF\�DQDO\VLV� WKHQ

GHFRPSRVHV�HDFK�DQDO\VLV�EORFN� LQ� WKH�HQFRGHU��7KLV
WUDQVIRUPDWLRQ�RU�VXEEDQG�ILOWHULQJ�VFKHPH�FRPSDFWV
WKH� HQHUJ\� LQWR� D� IHZ� WUDQVIRUP� FRHIILFLHQWV� DQG
WKHUHIRUH� GH�FRUUHODWHV� VXFFHVVLYH� VDPSOHV�� 7KHVH
FRHIILFLHQWV�� VXEEDQG� VDPSOHV� RU� SDUDPHWHUV� DUH
TXDQWL]HG� DQG� HQFRGHG� DFFRUGLQJ� WR� SHUFHSWXDO
FULWHULD�� 'HSHQGLQJ� RQ� WKH� V\VWHP� REMHFWLYHV�� WKH
WLPH�IUHTXHQF\�DQDO\VLV�VHFWLRQ�PLJKW�FRQWDLQ�
x� 8QLWDU\�WUDQVIRUP
x� 3RO\SKDVH� ILOWHUEDQN� ZLWK� XQLIRUP� EDQGSDVV

ILOWHUV
x� 7LPH�YDU\LQJ�� FULWLFDOO\� VDPSOHG� EDQN� RI� QRQ�

XQLIRUP�EDQGSDVV�ILOWHUV
x� +\EULG�WUDQVIRUP�ILOWHUEDQN�VFKHPH
x� +DUPRQLF�VLQXVRLGDO�VLJQDO�DQDOL]HU
x� 6RXUFH�V\VWHP�DQDO\VLV��/3&�
7KH� WLPH�IUHTXHQF\� DQDO\VLV� DSSURDFK� DOZD\V
LQYROYHV� D� IXQGDPHQWDO� WUDGHRII� EHWZHHQ� WLPH� DQG
IUHTXHQF\�UHVROXWLRQ�UHTXLUHPHQWV��7KH�FKRLFH�RI� WKH
WLPH�IUHTXHQF\� DQDO\VLV� PHWKRG� DGGLWLRQDOO\
GHWHUPLQHV� WKH�DPRXQW�RI�FRGLQJ�GHOD\� LQWURGXFHG��D
SDUDPHWHU� ZKLFK� PD\� EHFRPH� LPSRUWDQW� LQ� GXSOH[
EURDGFDVW�DQG�OLYH�HYHQWV�DSSOLFDWLRQV��7KH�YDULHW\�RI
H[LVWLQJ� PXVLFDO� LQVWUXPHQWV� VXFK� DV� FDVWDQHWV�
KDUSVLFKRUG� RU� SLWFK�SLSH� H[KLELWLQJ� YDULRXV� FRGLQJ
UHTXLUHPHQWV� GXH� WR� WKHLU� FRPSOHWHO\� GLIIHUHQW



WHPSRUDO�DQG�VSHFWUDO�ILQH�VWUXFWXUH��VXJJHVWV�WR�XVH�D
ILOWHUEDQN�ZLWK�D�IOH[LEOH�WLPH�IUHTXHQF\�WLOLQJ�

���3ULQFLSOHV�RI�ORVVOHVV�FRGLQJ
7KH�VRXUFH�HQWURS\�>�@�RI�D�GLVFUHWH�VRXUFH�LV�GHILQHG
DV�WKH�DYHUDJH�LQIRUPDWLRQ��ELW�V\PERO��JHQHUDWHG�SHU
6\PERO�LI�DOO�0�V\PEROV�DUH�VWDWLVWLFDOO\�LQGHSHQGHQW�

$Q\�LQIRUPDWLRQ�FDQ�EH�VXEGLYLGHG�LQWR���FDWHJRULHV�

)LJ����3DUWLWLRQ�LQWR�UHOHYDQW�DQG� LUUHOHYDQW�SDUWV�DQG
LQWR�UHGXQGDQW�DQG�QRQ�UHGXQGDQW�SDUWV�
$FFRUGLQJ�WR�WKHVH�FDWHJRULHV��D�GLJLWDO�FRPSUHVVLRQ
VFKHPH�ZLOO�UHPRYH�HLWKHU�WKH�DPRXQW�RI�LUUHOHYDQW�RU
UHGXQGDQW� LQIRUPDWLRQ� LQ�D�VLJQDO�RU�ERWK��$� ORVVOHVV
FRGLQJ� VFKHPH� ZLOO� UHPRYH� UHGXQGDQW� SDUWV� LQ� D
VLJQDO�DQG�WKHUHIRUH�ZLOO�FRPH�DV�FORVH�DV�SRVVLEOH�WR
WKH� 6KDQQRQ�ERXQG� RI� HQWURS\�� ,Q� SUDFWLFH� KRZHYHU�
FRPSUHVVLRQ�UDWLRV�EHWZHHQ���DQG�����FDQ�EH�DFKLHYHG
DQG�LW�VKRXOG�EH�FOHDU�WKDW�WKH�FRPSUHVVLRQ�UDWLR�ZLOO
YDU\�ZLWK�WKH�FRQWHQW�RI�WKH�DXGLR�VLJQDO��UHVXOWLQJ�LQ
VLJQDO�GHSHQGHQW� UHTXLUHPHQWV� LQ� WHUPV� RI
WUDQVPLVVLRQ�EDQGZLGWK� DQG� VWRUDJH�VL]H� RI� WKH
PHGLD�
/RVVOHVV� DXGLR� FRPSUHVVLRQ� PRVWO\� LV� UHDOL]HG� E\
XVLQJ� D� FRPELQDWLRQ� RI� OLQHDU� SUHGLFWLRQ� RU� D
WUDQVIRUPDWLRQ� IROORZHG� E\� HQWURS\� FRGLQJ�� 7KH
OLQHDU� SUHGLFWRU� ZLOO� PLQLPL]H� WKH� YDULDQFH� RI� WKH
GLIIHUHQFH�VLJQDO�EHWZHHQ�VXFFHVVLYH�VDPSOHV�DQG�WKH
HQWURS\� FRGHU� �+XIIPDQQ�� /=:�� ZLOO� DOORFDWH� VKRUW
FRGHZRUGV� WR� VDPSOHV� ZLWK� KLJKHVW� SUREDELOLW\� DQG
ORQJHU�FRGHZRUGV�WR�VDPSOHV�ZLWK�ORZHU�SUREDELOLW\�
/RVVOHVV� FRGLQJ� VFKHPHV� DOORZ� WR� UHFRQVWUXFW� WKH
FRGHG� VLJQDO� RQ� D� ELW� E\� ELW� EDVLV� DQG� WKHUHIRUH� E\
GHILQLWLRQ�FDQQRW�GHJUDGH�WKH�VLJQDO�TXDOLW\��/RVVOHVV
DXGLR�FRGLQJ�LV�XVHG�LQ�DSSOLFDWLRQV�VXFK�DV�DUFKLYLQJ�
LQ� PXOWLFKDQQHO� VWRUDJH� RU� WUDQVPLVVLRQ� RI� DXGLR
VLJQDOV� DQG� LQ� IRUHQVLF� DSSOLFDWLRQV�� 0RVW� ORVVOHVV

DXGLR�FRGHUV�WHQG�WR�KDYH�VLPLODU�FRPSOH[LW\�IRU�WKH
HQFRGHU�DV�ZHOO�DV� IRU� WKH�GHFRGHU� LQ� WHUPV�RI�'63�
LQVWUXFWLRQV� QHHGHG� IRU� UHDOWLPH� FRPSXWDWLRQ�
$GGLWLRQDOO\� IRU� WKH� WUDQVPLVVLRQ� DQG� VWRUDJH� RI
ORVVOHVV�FRPSUHVVHG�DXGLR�ELWVWUHDPV�VRPH�DGGLWLRQDO
HUURU�SURWHFWLRQ�LV�UHTXLUHG�EHFDXVH�HUURU�FRQFHDOPHQW
RQ�GHFRUUHODWHG�VDPSOHV�ZLOO�EHFRPH�D�GLIILFXOW�LVVXH�

���3ULQFLSOHV�RI�ORVV\�FRGLQJ
,Q�FRQWUDVW�WR�D�ORVVOHVV�FRGLQJ�V\VWHP��D�ORVV\
FRPSUHVVLRQ�VFKHPHV�QRW�RQO\�H[SORLWV�WKH�VWDWLVWLFDO
UHGXQGDQFLHV�EXW�DGGLWLRQDOO\�WKH�SHUFHSWXDO
LUUHOHYDQFLHV�RI�WKH�VLJQDO�

�����7KH�KXPDQ�DXGLWRU\�V\VWHP

)OHWFKHU�>�@�UHSRUWHG�RQ�WHVW�UHVXOWV��IRU�D�ODUJH�UDQJH
RI� OLVWHQHUV�� VKRZLQJ� WKHLU� DEVROXWH� WKUHVKROG� RI
KHDULQJ�� GHSHQGLQJ� RQ� WKH� VWLPXOXV� IUHTXHQF\�� 7KH
TXLHW�WKUHVKROG�LV�ZHOO�DSSUR[LPDWHG�E\�WKH�QRQ�OLQHDU
IXQFWLRQ�

7T�I�� ������I�����������¤���H�����I����������
�

����������I�������

7KH� DEVROXWH� WKUHVKROG� RI� KHDULQJ� LV� DQ� LPSRUWDQW
SDUDPHWHU�LQ�DXGLR�FRGLQJ�DOJRULWKPV�LQ�RUGHU�WR�VFDOH
WKH�WROHUDEOH�LQMHFWHG�TXDQWL]DWLRQ�QRLVH�DFFRUGLQJO\�

)LJXUH����$EVROXWH�7KUHVKROG�RI�KHDULQJ
,Q� WKH� FRFKOHD�� D� IUHTXHQF\�WR� SODFH� WUDQVIRUPDWLRQ
WDNHV�SODFH�ZKLFK� OHDGV�XV� WR� WKH�QRWDWLRQ�RI� FULWLFDO
EDQGV�>�@��'LVWLQFW�UHJLRQV�LQ�WKH�FRFKOHD�DUH�WXQHG�WR
GLIIHUHQW� IUHTXHQF\�EDQGV��&ULWLFDO�EDQGZLGWK� FDQ�EH
FRQVLGHUHG� DV� WKH� EDQGZLGWK� DW� ZKLFK� VXEMHFWLYH
UHVSRQVHV� FKDQJH� DEUXSWO\�� )RU� H[DPSOH�� WKH
SHUFHLYHG�ORXGQHVV�RI�D�QDUURZEDQG�QRLVH�DW�FRQVWDQW
VRXQG� SUHVVXUH� OHYHO� UHPDLQV� FRQVWDQW� ZLWKLQ� WKH
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FULWLFDO�EDQG�DQG�WKHQ��RXWVLGH�WKH�FULWLFDO�EDQG�EHJLQV
WR� LQFUHDVH� >�@�� 7KHUH� DUH� DSSUR[LPDWHO\� ��� FULWLFDO
EDQGV� DQG�HDFK�FULWLFDO�EDQG� LV� DWWULEXWHG� WR� D�%DUN�
QXPEHU�
,W� WXUQV� RXW� WKDW� WKH� FULWLFDO� EDQG� DW� ORZ� IUHTXHQFLHV
VKRZ� D� FRQVWDQW� EDQGZLGWK� RI� DURXQG� ����+]� XS� WR
���� +]� DQG� DW� KLJKHU� IUHTXHQFLHV� WKH\� WHQG� WR� WXUQ
LQWR�D�PRUH�¦FRQVWDQW�4�W\SH�ILOWHU§�
%DUN
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8SSHU
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)LJXUH�����&ULWLFDO�%DQGV
0RVW� SHUFHSWXDO� FRGLQJ� DOJRULWKPV� SURILW� IURP� WKH
PDVNLQJ� SURSHUWLHV� RI� WKH� KXPDQ� DXGLWRU\� V\VWHP�
0DVNLQJ� LV� D� SURFHVV� ZKHUH� RQH� VRXQG� �PDVNHH�
EHFRPHV� LQDXGLEOH� LQ� WKH� SUHVHQFH� RI� DQRWKHU� VRXQG
�PDVNHU��� 0DVNLQJ� FDQ� RFFXU� LQ� WKH� WLPH�GRPDLQ
�WHPSRUDO� PDVNLQJ�� RU� LQ� WKH� IUHTXHQF\� GRPDLQ
�IUHTXHQF\�GRPDLQ�PDVNLQJ���)RU�WKH�LPSOHPHQWDWLRQ
LQ� D� SHUFHSWXDO� FRGHU� ZH� KDYH� WR� DGGUHVV� WKH� WRQH�
PDVNLQJ�QRLVH� DQG� WKH� QRLVH�PDVNLQJ�WRQH� VLWXDWLRQ
VHSDUDWHO\� EHFDXVH� WKHLU� LQIOXHQFH� RQ� WKH� KXPDQ
DXGLWRU\�V\VWHP�LV�GLIIHUHQW�

�������)UHTXHQF\�GRPDLQ�PDVNLQJ

)UHTXHQF\� GRPDLQ� PDVNLQJ� FDQ� EH� REVHUYHG� ZLWKLQ
FULWLFDO� EDQGV� �VLPXOWDQHRXV� PDVNLQJ�� RU� DFURVV
FULWLFDO�EDQGV��LQWHU�EDQG�PDVNLQJ��
,Q�WKH�SUHVHQFH�RI�D�PDVNHU��WKH�DEVROXWH�WKUHVKROG�RI
KHDULQJ�ZLOO�EH�PRGLILHG�WR�WKH�PDVNLQJ�WKUHVKROG��$OO

VLJQDOV� ZKLFK� DUH� EHORZ� WKH� PDVNLQJ� WKUHVKROG� ZLOO
QRW�EH�SHUFHLYHG�E\�WKH�KXPDQ�DXGLWRU\�V\VWHP
DQG�WKHUHIRUH�TXDQWL]DWLRQ�QRLVH�LQ�HYHU\�VXEEDQG�FDQ
EH�DV�KLJK�DV�WKH�PDVNLQJ�WKUHVKROG�SHUPLWV�GXH�WR�WKH
LQGLYLGXDO�TXDQWL]HU�LQ�HDFK�VXEEDQG�
6RPH�DOJRULWKPV�XVH�D�VXEEDQG�GHFRPSRVLWLRQ�HTXDO
WR� WKH� FULWLFDO� EDQGV� LQ� RUGHU� WDNH� DGYDQWDJH� RI
IUHTXHQF\�GRPDLQ�PDVNLQJ�

)LJXUH����0DVNLQJ�HIIHFW��KLJKOLJKWHG�E\�WKH�PRGLILHG
PDVNLQJ� WKUHVKROG� LQ� WKH�SUHVHQFH�RI�D�PDVNHU�DQG�D
PDVNHH
7KH�SUHVHQFH�RI�D�PDVNHU�DQG�D�PDVNHH�JHQHUDWHV�DQ
H[FLWDWLRQ�LQ�WKH�LQQHU�HDU�ZKLFK�FDQ�EH�FKDUDFWHUL]HG
E\� WKH�PDVNLQJ� WKUHVKROG� DQG� WKH� VSUHDGLQJ� IXQFWLRQ
RI�WKH�PDVNLQJ�FXUYH�
$VVXPLQJ� WKDW� WKH� PDVNHU� LV� XQLIRUPO\� TXDQWL]HG� DW
P�ELWV�� WKHQ� WKH� VLJQDO� WR�PDVN� UDWLR� �605�� GHQRWHV
WKH� ORJ�GLVWDQFH� IURP� WKH� PDVNHU� WR� WKH� PLQLPXP
PDVNLQJ� WKUHVKROG� LQ� WKLV�SDUWLFXODU�FULWLFDO�EDQG�DQG
WKH� QRLVH� WR� PDVN� UDWLR� �105�� GHQRWHV� WKH� ORJ
GLVWDQFH�IURP�WKH�PLQLPXP�PDVNLQJ� WKUHVKROG� WR� WKH
TXDQWL]DWLRQ�QRLVH�OHYHO�

)LJXUH� ��� � )UHTXHQF\� GRPDLQ� PDVNLQJ� VKRZLQJ� WKH
VLJQDO�WR�PDVN�UDWLR�DQG�WKH�QRLVH�WR�PDVN�UDWLR

&ULWLFDO�EDQG )UHTXHQF\��+]�

0DVNHU

0DVNLQJ
7KUHVKROG

0LQLPXP
0DVNLQJ�7KUHVKROG
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�������7HPSRUDO�PDVNLQJ

0DVNLQJ� DOVR� RFFXUV� LQ� WKH� WLPH� GRPDLQ�� ,Q� WKH
SUHVHQFH�RI�DEUXSW�VLJQDO�WUDQVLHQWV��D�OLVWHQHU�ZLOO�QRW
SHUFHLYH� VLJQDOV� EHQHDWK� WKH� DXGLELOLW\� WKUHVKROG� LQ
WKH� SUH�� DQG� SRVW�PDVNLQJ� UHJLRQV�� 'HVSLWH� WKH� IDFW
WKDW�SUHPDVNLQJ�RQO\�ODVWV�DERXW���P6��LW�FDQ�EH�XVHG
WR� FRPSHQVDWH� IRU� SUH�HFKR� GLVWRUWLRQ� LQ� WUDQVIRUP
EDVHG� FRGHUV�� 3RVWPDVNLQJ� FRXOG� EH� LQWHJUDWHG� LQWR
WKH� GHVLJQ� RI� WKH� ILOWHUEDQN� EXW� LW� LV� UDUHO\
LPSOHPHQWHG� LQ� FXUUHQW� DXGLR� FRPSUHVVLRQ
DOJRULWKPV�

)LJXUH�����7HPSRUDO�PDVNLQJ

$OWKRXJK� SUH�HFKRHV� PLJKW� EH� PDVNHG� E\� WKH� SUH�
PDVNLQJ�HIIHFW��WKLV�LV�RQO\�WUXH�IRU�VPDOO�EORFN�VL]HV�
3UH�HFKRHV�DUH�D�NQRZQ�SUREOHP�RI�WUDQVIRUP�FRGHUV
ZKHUH� DQ� DWWDFN� RI� D� SHUFXVVLYH� VRXQG� �FDVWDQHWV�
VWDUWV� QHDU� WKH� HQG�RI� DQ� DQDO\VLV�EORFN��7KH� LQYHUVH
WUDQVIRUP� VSUHDGV� WKH� TXDQWL]DWLRQ� QRLVH� WKURXJKRXW
WKH� UHFRQVWUXFWHG� EORFN� UHVXOWLQJ� LQ� DQ� XQPDVNHG
GLVWRUWLRQ�SUHFHGLQJ�WKH�VLJQDO�DWWDFN�

���6XEEDQG�'HFRPSRVLWLRQ
7KH�ILOWHUEDQN�LV�FHUWDLQO\�RQH�RI� WKH�PRVW� LPSRUWDQW
SDUW� RI� D�SHUFHSWXDO� FRGLQJ� VFKHPH��'HVSLWH� WKH� IDFW
WKDW� WKHUH� H[LVW� DXGLR� FRGLQJ� VFKHPHV� XVLQJ� VLJQDO
WUDQVIRUPV� �0'&7�� /DSSHG� 7UDQVIRUP�� :DYHOHW
7UDQVIRUP�� DQG� DXGLR� FRGLQJ� GHYLFHV� XVLQJ
ILOWHUEDQNV��3RO\SKDVH��7LPH�YDU\LQJ��40)���WKH\�DUH
PDWKHPDWLFDOO\� DOPRVW� HTXDO�� 7UDQVIRUP� FRGHUV
SURFHVV� WKH� VLJQDOV� LQ� EORFNV� RI� VDPSOHV� ZKHUHDV
ILOWHUEDQNV� EDVHG� RQ� FRQYROXWLRQV� PD\� RSHUDWH� RQ� D
VDPSOH�E\�VDPSOH�EDVLV��7KHUH�DUH�VHYHUDO�RSWLRQV�IRU
WKH�LPSOHPHQWDWLRQ�RI�D�ILOWHUEDQN�ZKLFK�GLUHFWO\�ZLOO
DIIHFW�WKH�FRPSXWDWLRQDO�FRPSOH[LW\�
8QLIRUP� RU� 1RQ�XQLIRUP� ILOWHUEDQNV�� XQLIRUP
ILOWHUEDQNV�DUH�UDWKHU�HDV\� WR� LPSOHPHQW�DQG� WKH\�DUH
ZLGHO\� XVHG� LQ� WKH� ,62�03(*�VWDQGDUG� IRU� /D\HU�
DQG�/D\HU���1RQ�XQLIRUP�ILOWHUEDQN�RIWHQO\�PLPLF�WKH
UHVSRQVH� RI� WKH� KXPDQ� DXGLWRU\� V\VWHP� DQG� WKH\
WKHUHIRUH� EHWWHU� DSSUR[LPDWH� WKH� FULWLFDO� EDQGV�
1HYHUWKHOHVV�� WKH\� PD\� QRW� EH� VXSHULRU� LQ� WHUPV� RI
FRGLQJ�JDLQ�FRPSDUHG�WR�D�XQLIRUP�ILOWHUEDQN�

6WDWLF� RU� 7LPH�YDU\LQJ� ILOWHUEDQN�� ,GHDOO\� WKH
ILOWHUEDQN�VKRXOG�DGDSW�WR�WKH�VLJQDO�VWDWLVWLFV�LQ�RUGHU
WR� RSWLPL]H� WKH� WLPH�IUHTXHQF\� WLOLQJ�� 2QO\� D� IHZ
DOJRULWKPV�XVH� WLPH�YDU\LQJ� ILOWHUEDQNV� DQG�ZLQGRZ�
VZLWFKLQJ�DQG�EORFN�VZLWFKLQJ�FDQ�EH�FRQVLGHUHG�DV�D
ILUVW� EXW� DOVR� OLPLWHG� DSSURDFK� WR� D� WLPH�YDU\LQJ
ILOWHUEDQN�

)LJXUH����$XGLR�&RGHU�XVLQJ�D�XQLIRUP�SRO\SKDVH
ILOWHUEDQN

���%ORFN�GLDJUDP
&RPELQLQJ� WKH� LQGLYLGXDO� EXLOGLQJ� EORFNV�� ZH� FDQ
QRZ�GHULYH�D�EORFN�GLDJUDP�RI�D�EDVLF�DXGLR�FRGHU�

)LJXUH�����%ORFN�GLDJUDP�RI�D�EDVLF�SHUFHSWXDO�DXGLR
FRGHU
7KH� WLPH�IUHTXHQF\� PDSSLQJ� RU� ILOWHUEDQN
GHFRPSRVHV� WKH� DXGLR� VLJQDO� LQWR� VXEEDQGV� DQG
WKHUHIRUH� GHFRUUHODWHV� VXFFHVVLYH� VDPSOHV�� ,Q� WKH
SHUFHSWXDO�PRGHO��WKH�PDVNLQJ�WKUHVKROG�LV�FRPSXWHG
EDVHG� RQ� WKH� SUHVHQFH� RI� IUHTXHQF\� GRPDLQ�� DQG
WHPSRUDO� PDVNLQJ� SUHVHQW� LQ� WKH� FXUUHQW� EORFN� RI
DXGLR�GDWD��7KH�UHGXFWLRQ�LQ�LUUHOHYDQFH�LV�SHUIRUHPG
LQ� WKH� TXDQWL]HU�� 7KH� TXDQWL]HU� FDQ� EH� D� XQLIRUP
TXDQWL]HU�� D� QRQ�XQLIRUP� TXDQWL]HU� RU� DQ� DGDSWLYH
TXDQWL]HU�� 7KH� TXDQWL]HU� LV� FRQWUROOHG� E\� WKH
SHUFHSWXDO� PRGHO� LQ� RUGHU� WR� JXDUDQWHH� WKDW� WKH
TXDQWL]DWLRQ� QRLVH� LQ� HDFK� VXEEDQG� LV� EHORZ� WKH
PDVNLQJ�WKUHVKROG��$IWHU�WKH�TXDQWL]HU�� WKH�TXDQWL]HG
VXEEDQG� VDPSOHV� FDQ� EH� JURXSHG� LQ� D�PRVW� HIILFLHQW



PDQQHU� LQ� WKH� UHGXQGDQF\� UHGXFWLRQ� EORFN� XVLQJ
HQWURS\� FRGLQJ� WHFKQLTXHV�� )LJXUH� �� VKRZV� WKH
UHGXFWLRQ� LQ� ELWUDWH� UHVXOWLQJ� IURP� WKH� TXDQWL]DWLRQ�
DQG�WKH�UHGXQGDQF\�UHGXFWLRQ�

�� ,PSOHPHQWDWLRQV
7KHUH� H[LVW� QXPHURXV� SHUFHSWXDO� DXGLR� FRGLQJ
DOJRULWKPV�DQG�PRVW�RI�WKHP�LPSOHPHQW�WKH�SULQFLSOHV
H[SODLQHG�HDUOLHU�>�@�

�����$SSOLFDWLRQ�VSHFLILF�DOJRULWKPV

6RPH� DXGLR� FRPSUHVVLRQ� DOJRULWKPV� KDYH� EHHQ
GHYHORSHG� IRU� D� VSHFLILF� DSSOLFDWLRQ�� $75$&
�$GDSWLYH� 7UDQVIRUP� $FRXVWLF� &RGLQJ�� EDVHG� RQ� D
FRPELQDWLRQ� RI� 40)�ILOWHUV� DQG� 0'&7� LV� XVHG� LQ
0LQLGLVF�UHFRUGHUV�� $&��� DQG� $&���� GHYHORSHG� E\
'ROE\� DUH� SHUFHSWXDO� FRGLQJ� DOJRULWKPV� ZKLFK� DUH
ZLGHO\� XVHG� LQ� � VDWHOOLWH� OLQNV� DQG� VXUURXQG� VRXQG
DSSOLFDWLRQV�IRU�FLQHPDV�DQG�WKH�KRPH�WKHDWUH�

�����03(*���DQG�03(*��

03(*��� >�@�ZDV�VWDQGDUGL]HG� LQ������DQG�KDV�EHHQ
GHYHORSHG� IRU� DQ� RYHUDOO� WDUJHW� ELWUDWH� RI� ����0ELW�V
�DXGLR�	�YLGHR��
7KH�DXGLR�SDUW�RI�03(*���FDQ�EH�LPSOHPHQWHG�XVLQJ
��GLIIHUHQW�OD\HUV�HDFK�KDYLQJ�GLIIHUHQW�WDUJHW�ELWUDWHV�
GLIIHUHQW�FRGLQJ�GHOD\V�DQG�GLIIHUHQW�FRPSOH[LW\�
/D\HU��� WKH� LPSOHPHQWDWLRQ� ZLWK� WKH� ORZHVW
FRPSOH[LW\� LQLWLDOO\� KDV� EHHQ� GHYHORSHG� IRU� '&&�
DSSOLFDWLRQV� DQG� ZDV� RSWLPL]HG� IRU� D� ELWUDWH� RI� ���
.ELW�V�SHU�FKDQQHO�
/D\HU���D�GHULYDWLYH�RI�WKH�086,&$0�DOJRULWKP�KDV
D� WDUJHW� ELWUDWH� RI� ���� .ELW�V� SHU� FKDQQHO� DQG� LV
ZLGHO\� XVHG� LQ� EURDGFDVW� DSSOLFDWLRQV� DQG� '$%
�'LJLWDO�$XGLR�%URDGFDVWLQJ��
/D\HU��� WKH� PRVW� FRPSOH[� DOJRULWKP� ZLOO� DOORZ� D
WUDQVSDUHQW� TXDOLW\� DW� ELWUDWHV� GRZQ� WR� ��� .ELW�V� RU
HYHQ� OHVV� SHU� FKDQQHO�� /D\HU�� WKHUHIRUH� FDQ� EH� XVHG
IRU� ORZ� ELWUDWH� DSSOLFDWLRQV� �VDWHOOLWH� WUDQVPLVVLRQ�
,6'1�DSSOLFDWLRQV�� VROLG� VWDWH� PHPRU\� UHFRUGHUV
HWF���
03(*��� $XGLR� LV� DQ� H[WHQVLRQ� RI�03(*��� IRU� WKH
03(*���%&��%DFNZDUGV�&RPSDWLEOH�� VWDQGDUG��7KH
ILUVW� H[WHQVLRQ� DOORZV� WR� XVH� ORZHU� VDPSOLQJ
IUHTXHQFLHV� ����.+]�����.+]� DQG� ���.+]�� IRU� ORZ
ELWUDWH� DSSOLFDWLRQV�� $GGLWLRQDOO\�� PXOWLFKDQQHO
FRGLQJ� IRU� VXUURXQG�VRXQG� DSSOLFDWLRQV� �����
FRQILJXUDWLRQ�� KDV� EHHQ� DGGHG� LQ� WKH� 03(*��� %&
VWDQGDUG�
03(*��� 1%&� �1RQ� %DFNZDUG� &RPSDWLEOH�� PDNHV
XVH�RI�$$&��$GYDQFHG�$XGLR�&RGLQJ���D�QHZ�FRGLQJ
VFKHPH�� RIIHULQJ� VRPH� DGYDQFHG� IHDWXUHV� ZKLFK� FDQ
QRW�EH� LQWHJUDWHG� LQWR� WKH�03(*���VWDQGDUG��$PRQJ
WKHVH� IHDWXUHV�� $$&� LQFOXGHV� WRROV� VXFK� DV� 716

�7HPSRUDO�1RLVH�6KDSLQJ��� ,QWHQVLW\�&RXSOLQJ��0�6�
6WHUHR�&RGLQJ�DQG�*DLQ�&RQWURO��03(*���1%&�FDQ
WUDQVSRUW�XS�WR����FKDQQHOV�RI�FRPSUHVVHG�DXGLR�

������03(*��

7KH� XSFRPLQJ� 03(*��� VWDQGDUG� LV� VWLOO� XQGHU
GHYHORSPHQW� DQG� ZLOO� EHFRPH� DQ� ,QWHUQDWLRQDO
6WDQGDUG�LQ�������,Q�FRQWUDVW�WR�03(*���DQG�03(*�
��� 03(*��� LV� D� XQLYHUVDO� IUDPHZRUN� IRU� WKH
LQWHJUDWLRQ� RI� WRROV�� SURILOHV� DQG� OHYHOV�� 03(*��
WKHUHIRUH� QRW� RQO\� LQFOXGHV� D� ELWVWUHDP� V\QWD[� DQG� D
VHW�RI�FRPSUHVVLRQ�DOJRULWKPV�EXW�LW�RIIHUV�D�FRPSOHWH
IUDPHZRUN� IRU� V\QWKHVLV�� UHQGHULQJ�� WUDQVSRUW�
FRPSUHVVLRQ� DQG� WKH� LQWHJUDWLRQ� RI� DXGLR� �VSHHFK�
PXVLF� HWF��� DQG� YLVXDO� GDWD�� 7KH� WDUJHW� ELWUDWHV� RI
03(*��� UDQJH� IURP� �� .ELW�V� XS� WR� ��� .ELW�V� SHU
FKDQQHO� DQG� GHSHQGLQJ� RQ� WKH� DSSOLFDWLRQ�� JHQHULF
DXGLR�DQG�VSHHFK�FRGLQJ�RU�D�FRPELQDWLRQ�RI�FRGLQJ
DQG� V\QWKHVLV� LV� XVHG�� 7KHUH� H[LVW� �� GLIIHUHQW
FDWHJRULHV�RI�DXGLR�FRGHUV�LQ�03(*����$�SDUDPHWULF
FRUH� IRU� YHU\� ORZ� ELWUDWH� DSSOLFDWLRQV�� D� &(/3�FRUH
IRU� VSHHFK� DSSOLFDWLRQV� DQG� D� 7�)� �7LPH�)UHTXHQF\�
FRUH�IRU�KLJK�TXDOLW\�DXGLR�DSSOLFDWLRQV��)RU�WKH�7�)�
SDUW��$$&�ZLWK�VRPH�PRGLILFDWLRQV�LV�SURSRVHG�LQ�WKH
GUDIW�VWDQGDUG��03(*���$$&�>�@� LQFOXGHV�QHZ�WRROV
VXFK� DV� 316� �3HUFHSWXDO� 1RLVH� 6XEVWLWXWLRQ�� ZKLFK
DOORZV� WR� VDYH� WUDQVPLVVLRQ� EDQGZLGWK� IRU� QRLVH�OLNH
VLJQDOV�� ,QVWHDG� RI� FRGLQJ� WKH� QRLVH�OLNH� VLJQDOV�� D
¦QRLVH�IODJ§�DQG�WKH�WRWDO�QRLVH�SRZHU�DUH�WUDQVPLWWHG
DQG�QRLVH� LV� UH�V\QWKHVL]HG�DW� WKH�GHFRGHU�GXULQJ� WKH
SHULRG�RI�LQWHUHVW�
$Q� DGGLWLRQDO� IHDWXUH� RI� 03(*��� LV� WKH� VFDODELOLW\�
3DUW� RI� WKH� ELWVWUHDP� FDQ� EH� VXIILFLHQW� IRU� WKH
GHFRGLQJ�RI� WKH�DXGLR�VLJQDO�DW�D� ORZHU�TXDOLW\��7KLV
IHDWXUH� DOORZV� WR� WUDGH� ELWUDWH� YHUVXV� TXDOLW\� DQG� LV
H[WUHPHO\� XVHIXO� IRU� DSSOLFDWLRQV� ZKHUH� D� FHUWDLQ
EDQGZLGWK� FDQQRW� EH� JXDUDQWHHG� �H�J�� $XGLR� RQ
,QWHUQHW��� ,Q�03(*���� VFDODELOLW\� FDQ�EH� DFKLHYHG� LQ
ODUJH� VWHSV� RI� VHYHUDO�.ELW�V� RU� E\� WKH� XVH� RI� D� ILQH
JUDQXODULW\� PRGH�� ,Q� WKH� FRQWH[W� RI� VFDODELOLW\�
03(*��� FDQ� PDNH� XVH� RI� D� VSHHFK�FRUH� FRGHU� DQG
DGGLWLRQDO�DGYDQFHPHQW�OD\HUV�

���&RQFOXVLRQV

$� ORW� RI� HIIRUW� KDV� EHHQ� SXW� LQ� WKH� GHYHORSPHQW� RI
KLJK� TXDOLW\� DQG�RU� ORZ�ELWUDWH� DXGLR� FRPSUHVVLRQ
DOJRULWKPV� GXULQJ� WKH� SDVW� IHZ� \HDUV�� $XGLR� FRGLQJ
VWLOO� LV� D� \RXQJ� ILHOG� RI� UHVHDUFK� EXW� WKH� SURJUHVV
ZKLFK� FRXOG� EH� DFKLHYHG�� HVSHFLDOO\� WKDQNV� WR� WKH
03(*�VWDQGDUGL]DWLRQ�� LV� UHPDUNDEOH�� &XUUHQW
UHVHDUFK� WRSLFV� LQFOXGH� WKH� GHYHORSPHQW� RI� VLJQDO
DGDSWLYH�ILOWHUEDQNV��D�PRUH�GHWDLOHG�XQGHUVWDQGLQJ�RQ
WKH� SV\FKRDFRXVWLF� SULQFLSOHV� IRU� DGYDQFHG
SV\FKRDFRXVWLF� PRGHOV� DQG� RQ� WKH� FRPELQDWLRQ� RI
FRGLQJ�DQG�V\QWKHVLV�PHWKRGV�



5()(5(1&(6

>�@ %UDQGHQEXUJ� .��� 6WROO� *��� ¦7KH� ,62�03(*�
$XGLR� &RGHF�� $� 6WDQGDUG� IRU� &RGLQJ� RI� +LJK
4XDOLW\� 'LJLWDO� $XGLR§�� $(6� &RQYHQWLRQ
3UHSULQW�������0DUFK�����

>�@ -D\DQW� 1��� 1ROO� 3��� ¦'LJLWDO� &RGLQJ� RI
:DYHIRUPV§��(QJOHZRRG� &OLIIV�� 3UHQWLFH� +DOO�
����

>�@ )OHWFKHU� +��� ¦$XGLWRU\� 3DWWHUQV§�� 5HY�� 0RG�
3K\V���-DQXDU\�������SS��������

>�@ 6FKDUI� %��� ¦&ULWLFDO� %DQGV§��� )RXQGDWLRQV� RI
0RGHUQ� $XGLWRU\� 7KHRU\�� $FDGHPLF� 3UHVV�
����

>�@ =ZLFNHU� (��� )DVWO� +�� � §�3V\FKRDFRXVWLFV� )DFWV
DQG�0RGHOV§�6SULQJHU�9HUODJ������

>�@ *LOFKULVW� 1��� *UHZLQ� &��� ¦&ROOHFWHG� 3DSHUV� RQ
'LJLWDO� $XGLR� %LW�UDWH� 5HGXFWLRQ§��� $XGLR
(QJLQHHULQJ�6RFLHW\��6HSWHPEHU�����

>�@ 1ROO� 3��� ¦03(*�'LJLWDO�$XGLR�&RGLQJ§�� ,(((
63�0DJD]LQH��6HSWHPEHU�������SS�������

�>�@ .DKUV�0��� %UDQGHQEXUJ� .�+�� ¦$SSOLFDWLRQV� RI
'LJLWDO� 6LJQDO� 3URFHVVLQJ� WR� $XGLR� DQG
$FRXVWLFV§���.OXZHU�$FDGHPLF�3UHVV������
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03(*����/D\HU��&RGHU

03(*����/D\HU��(QFRGHU



03(*���1%&��$$&�(QFRGHU

03(*���VFDODEOH�(QFRGHU

VPDOO�VWHS
HQK��PRGXOH

PXOWL�
SOH[

3$5$
FRUH

VLJQDO�DQDO\VLV
DQG�FRQWURO

VHSD�
UDWLRQ

SUH�
SURFHVVLQJDXGLR

VLJQDO
ELW

VWUHDP

VPDOO�VWHS
HQK��PRGXOH

&(/3
FRUH

VPDOO�VWHS
HQK��PRGXOH

7�)
FRUH

ODUJH�VWHS
HQK��PRGXOH


