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+� $PRU �%RVFK�

�� ,QWURGXFWLRQ

$ QXPEHU RI YHU\ HIIHFWLYH DOJRULWKPV EDVHG RQ
WKH GLVFUHWH FRVLQH WUDQVIRUP �'&7� ZHUH VSHFL�
ILHG GXULQJ WKH ����V� IRU DSSOLFDWLRQV LQFOXGLQJ
WKH FRGLQJ RI VWDWLRQDU\ DQGPRYLQJ SLFWXUHV� 7KH
UHVXOWV DUH FOHDUO\ VXSHULRU WR WKRVH DFKLHYHG XVLQJ
WKH GLIIHUHQWLDO SXOVH��FRGH PRGXODWLRQ �'3&0�
WHFKQLTXHV PRUH��FRPPRQO\ XQGHU VWXG\ DW WKDW
WLPH�

1RZ� LQ WKH ����V� VHYHUDO DSSURDFKHV DUH EHLQJ
H[SORUHG LQ WKH SLFWXUH��FRGLQJ ODERUDWRULHV DV WKH
VHDUFK IRU WKH HOXVLYH ´RSWLPXP DOJRULWKPµ FRQ�
WLQXHV� 6XE��EDQG RU KLHUDUFKLFDO WHFKQLTXHV� QHX�
URQDO DSSURDFKHV DQG �' REMHFW FRGLQJ DUH MXVW D
IHZ RI WKHP� ,W LV QRW LQWHQGHG WR GHVFULEH WKHP DOO
KHUH EHFDXVH WKHLU UHVSHFWLYH DSSOLFDELOLW\ DQG DG�
YDQWDJH IRU WHOHYLVLRQ FRGLQJ KDYH RQO\ UDUHO\
EHHQ VKRZQ� 7KH H[FHSWLRQ LV VXE��EDQG VSOLWWLQJ
ZKLFK KDV EHHQ GHPRQVWUDWHG DV FOHDUO\ DSSOLFDEOH
IRU WHOHYLVLRQ DSSOLFDWLRQV DQG DIWHU D EULHI H[SOD�
QDWLRQ RI WKH SULQFLSOHV� WZR V\VWHPV ZLOO EH GH�
VFULEHG�

$IWHU D SUHVHQWDWLRQ RI WKH PDLQ
SULQFLSOHV LQYROYHG LQ VXE��EDQG
FRGLQJ IRU +'79� WKH DXWKRUV
GHVFULEH WZR SUDFWLFDO
LPSOHPHQWDWLRQV�

7KH ILUVW FRGHF LV GHVLJQHG IRU WKH
GLJLWDO WUDQVPLVVLRQ RI +'79 VLJQDOV
LQ D �����0ELW�V FKDQQHO� VXFK DV WKH
VZLWFKHG EURDGEDQG QHWZRUN �9%1�
RI WKH 'HXWVFKH %XQGHVSRVW� 7KH
SLFWXUHV KDYH DQ DVSHFW UDWLR RI
����� ���� OLQHV SHU IUDPH� ����+]
ILHOG UDWH DQG ��� LQWHUODFLQJ� DQG
DIWHU HOLPLQDWLRQ RI WKH EODQNLQJ
LQWHUYDOV D ELW��UDWH UHGXFWLRQ IDFWRU
RI � KDV WR EH DFKLHYHG�

7KH VHFRQG H[DPSOH LV EHLQJ
GHYHORSHG IRU WKH GLJLWDO GLVWULEXWLRQ
RI KLJK��GHILQLWLRQ SURJUHVVLYH �+'3�
YLGHR VLJQDOV RI ���� DVSHFW UDWLR LQ
D �����0ELW�V FKDQQHO VXFK DV WKH
IXWXUH EURDGEDQG��,6'1 FRQYH\LQJ
QHWZRUN VLJQDOV LQ DV\QFKURQRXV
WUDQVIHU PRGH �$70�� 7KH +'3
SLFWXUHV KDYH ����[����[�� DFWLYH
SL[HOV SHU VHFRQG �LQ ����+]
FRXQWULHV�� DQG D ELW��UDWH UHGXFWLRQ
IDFWRU RI �� LV QHFHVVDU\�

2QH LPSRUWDQW FRQVLGHUDWLRQ
UHJDUGLQJ WKH VXLWDELOLW\ RI VXE��EDQG
WHFKQLTXHV IRU +'79 VRXUFH FRGLQJ
LV FRPSDWLELOLW\ EHWZHHQ D QXPEHU RI
GHFRGLQJ VFKHPHV RIIHULQJ D UDQJH
RI SLFWXUH GHILQLWLRQV EXW DOO XVLQJ D
FRPPRQ FRGLQJ VWUDWHJ\�
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�� 6XE�EDQG FRGLQJ VFKHPHV

7KH'&7DSSURDFK LQ LPDJH FRGLQJ FDQ EH FRQVLG�
HUHG DV D VSHFLDO FDVH RI WKH VXE��EDQG DSSURDFK�
,Q HIIHFW� LQ ERWK FDVHV� WKH VRXUFH SLFWXUH LV GH�
VFULEHG LQ WHUPV RI IUHTXHQF\ FRHIILFLHQWV� 2QH
PDLQ GLIIHUHQFH LV WKDW LQ VXE��EDQG FRGLQJ WKH
VRXUFH VLJQDO LV VWLOO GHVFULEHG LQ WKH ´RULJLQDOµ GR�
PDLQ� ZKHUHDV ZLWK WKH '&7 WKH VLJQDO LV WUDQV�
IRUPHG WR D IUHTXHQF\ GRPDLQ� )XUWKHUPRUH� WKH
ILOWHULQJ IRU EDQG��VSOLWWLQJ LQ VXE��EDQG FRGLQJ LV
SHUIRUPHG RQ WKH ZKROH SLFWXUH UDQJH ZKLOVW
EORFN��RULHQWHG SURFHVVLQJ LV SHUIRUPHG IRU '&7�
%ORFNLQJ HIIHFWV� ZKLFK DUH LQKHUHQW WR '&7 �� DW
OHDVW LI KLJK GDWD FRPSUHVVLRQ UDWLRV DUH UHTXLUHG ��
FDQ EH DYRLGHG E\ VXE��EDQG FRGLQJ�

���� )LOWHULQJ DQG VXE�EDQG
VSOLWWLQJ

([SUHVVHG VLPSO\� VXE��EDQG VSOLWWLQJ LV D SURFHVV
ZKLFK GHFRPSRVHV WKH VRXUFH SLFWXUH LQWR VHYHUDO
IUHTXHQF\ EDQGV E\ PHDQV RI DSSURSULDWH ILOWHUV�
7ZRPDLQ SULQFLSOHVPD\ EH GHILQHG� UHIHUUHG WR DV
KLHUDUFKLFDO DQG SDUDOOHO�

8VLQJ D KLHUDUFKLFDO DSSURDFK� D FDVFDGH RI KDOI��
EDQG ILOWHUV DUH DSSOLHG WR WKH VRXUFH SLFWXUH LQ VXF�
FHVVLRQ� WKLV GRXEOHV WKH QXPEHU RI VXE��EDQGV DW
HDFK VWHS� $IWHU HDFK VWHS� WKH VLJQDO LV GRZQ��
VDPSOHGE\ D IDFWRU RI WZR� 7KHPDWKHPDWLFDO FRQ�
GLWLRQV ZKLFK PXVW EH UHVSHFWHG LI SHUIHFW �RU
FORVH��WR��SHUIHFW� UHFRQVWUXFWLRQ LV WR EH DFKLHYHG
\LHOG WZR PDLQ VROXWLRQV FDOOHG TXDGUDWXUH PLUURU
ILOWHUV �40)� DQG FRQMXJDWH TXDGUDWXUH ILOWHUV
�&4)�� (DFK VROXWLRQ KDV GLVDGYDQWDJHV� WKHPDLQ
RQHV EHLQJ WKH QRQ��OLQHDULW\ SKDVH IRU &4) �ORQJ�
HU WKDQ �� DQG DPSOLWXGH GLVWRUWLRQ LQ 40)�
:KLFKHYHU ILOWHU IDPLO\ LV DFWXDOO\XVHG� WKHKLHUDU�
FKLFDO DSSURDFK LV JHQHUDOO\ ´FOHDQHUµ WKDQ FRQ�
YHQWLRQDO '&7 DV UHJDUGV WKH )RXULHU VSHFWUXP�
EXW WKH IUHHGRP LQ VXE��EDQG VSOLWWLQJ LV OLPLWHG E\
WKH FRPSOH[LW\ UHVXOWLQJ IURP WKH QXPEHU RI SUR�
FHVVLQJ VWHSV LQYROYHG�

7KH SDUDOOHO DSSURDFK LQYROYHV WKH GLUHFW� JOREDO
FRQVWUXFWLRQ RI DOO WKH VXE��EDQGV� 7KH '&7 PD\
EH UHJDUGHG DV FRPLQJ LQ WKLV IDPLO\ VLQFH WKH
WUDQVIRUPDWLRQ SURYLGHV WKH FRHIILFLHQWV EHORQJ�
LQJ WR WKH GLIIHUHQW VXE��EDQGV� 2QFH WKH EORFN��
EDVHG WUDQVIRUPKDV EHHQ FDUULHG RXW �RQ D EORFNRI
�[� SL[HOV� IRU H[DPSOH�� �� VXE��EDQGV PD\ EH
FRQVWLWXWHG E\ SXWWLQJ WRJHWKHU WKH KRPRORJRXV
FRHIILFLHQWV RI DOO WKH EORFNV� 7KLV JLYHV �� VXE��
EDQGV ZLWK D GHFLPDWLRQ IDFWRU RI � LQ ERWK GLUHF�
WLRQV� YHUWLFDO DQG KRUL]RQWDO� $OWKRXJK WKLV '&7
WHFKQLTXH GRHV QRW DOORZ DQ\ LPSURYHPHQW LQ WKH
FRQYHQWLRQDO '&7 DSSURDFK� LW FDQ QRQHWKHOHVV EH

FRQVLGHUHGDV D UHIHUHQFH IRU FRPSDULVRQVEHWZHHQ
V\VWHPV� ,W PD\ EH QRWHG WKDW VR��FDOOHG ´ODSSHG
WUDQVIRUPVµDUHFXUUHQWO\EHLQJSURSRVHG WR UHGXFH
WKH HGJH HIIHFWV LQ EORFN��EDVHG ILOWHULQJ�

$QRWKHU SDUDOOHO VROXWLRQ XVHV VR��FDOOHG ´SVHXGR
TXDGUDWXUH PLUURU ILOWHUVµ �340)�� 6XE��EDQG
VSOLWWLQJ XVLQJ WKH340) WHFKQLTXH LV DFKLHYHGXV�
LQJ D ILOWHU EDQN ZKLFK LV GHILQHG RQ WKH EDVLV RI D
SURWRW\SH ORZ��SDVV ILOWHU� 7KH YDULRXV FRPSR�
QHQWV RI WKH ILOWHU EDQN DUH GHULYHG E\ PRGXODWLRQ
RI WKH SURWRW\SH ILOWHU� 7KH WHUP ´SVHXGRµ GHQRWHV
WKH IDFW WKDW WKHPDWKHPDWLFDO FRQGLWLRQV QHHGHG LQ
RUGHU WR REWDLQ SHUIHFW UHFRQVWLWXWLRQ DUH IXOILOOHG
RQO\ DSSUR[LPDWHO\� 7KH 340) WHFKQLTXH LV RXW�
OLQHG LQ 6HFWLRQ ������ DQG D IXOO SUHVHQWDWLRQ RI WKH
WKHRU\ ZLOO EH IRXQG LQ >�@�

���� %LW� UDWH UHGXFWLRQ

$IWHU WKH VXE��EDQG VSOLWWLQJ KDV EHHQ SHUIRUPHG�
ELW��UDWH UHGXFWLRQ PXVW EH DSSOLHG�

7KH FRGLQJ VFKHPHPD\ EH GHILQHG RQ WKH EDVLV RI
D EORFN VWUXFWXUH� LQZKLFK WKH FRUUHVSRQGLQJ FRHI�
ILFLHQWV LQ HDFK VXE��EDQG DUH VHOHFWHG� RU RQ DQ
RYHUDOO VXE��EDQG EDVLV� 7KH EORFN��VWUXFWXUH DS�
SURDFK LV GHVFULEHG HOVHZKHUH >�@� DQG WKH IROORZ�
LQJ REVHUYDWLRQV FRQFHUQ WKH VXE��EDQG DSSURDFK�

7KH VLPSOHVW ZD\ WR UHGXFH WKH ELW��UDWH LV WR OLPLW
WKH DFFXUDF\ DQG WKH G\QDPLF UDQJH RI WKH WUDQV�
PLWWHG FRHIILFLHQWV E\ TXDQWL]DWLRQ �SXOVH FRGH
PRGXODWLRQ�� 'LIIHUHQW TXDQWL]LQJ ODZV FDQ EH GH�
ILQHG� ERWK QRQ��OLQHDU DQG OLQHDU� IRU HDFK VXE��
EDQG� 7KH DLP LV WR RSWLPL]H WKH TXDQWL]DWLRQ RI
WKH FRHIILFLHQWV DV UHJDUGV WKH YLVXDO FKDUDFWHULV�
WLFV RI WKH FRPSOHWH V\VWHP�

1H[W LQ FRPSOH[LW\ LV WKH XVH RI GLIIHUHQWLDO SXOVH
FRGHPRGXODWLRQ �'3&0�� ,Q IDFW� WKH VSDWLDO FRU�
UHODWLRQV DUH RQO\ XVHIXO LQ WKH ORZHU��IUHTXHQF\
VXE��EDQGV� EXW WKH WHPSRUDO SUHGLFWLRQ LV DV HIIL�
FLHQW DV IRU WKH FRQYHQWLRQDO '&7 VFKHPH� '&7
FRGLQJ DV GHVLJQHG IRU FRQYHQWLRQDO��GHILQLWLRQ
WHOHYLVLRQ �&'79� LV VRPHWLPHV XVHG WR SURFHVV
WKH ORZHVW��IUHTXHQF\ EDQG RI DQ +'79 VLJQDO� DV
WKLV KDV DGYDQWDJHV ZLWK UHJDUG WR FRPSDWLELOLW\�
,Q HIIHFW� WKH VXE��EDQG WHFKQLTXH LV HVSHFLDOO\
ZHOO��DGDSWHG WR WKH FRPSDWLEOH WUDQVPLVVLRQ RI
VHYHUDO OHYHOV RI TXDOLW\� RU VWDQGDUGV� 7KH XVH RI
FRQYHQWLRQDO VFKHPHV LQ WKH ORZHU EDQGV DOORZV
FRPSDWLEOH UHFHSWLRQ RI KLJK DQG ORZ��GHILQLWLRQ
SLFWXUHV�

7KH GHJUHH RI ELW��UDWH UHGXFWLRQ WR EH DSSOLHG LQ
HDFK VXE��EDQG UHPDLQV WR EH VWXGLHG LQ GHWDLO� DQG
LW PD\ EH H[SHFWHG WKDW D MXGLFLRXV FKRLFH LQ WKLV
GRPDLQ ZLOO OHDG WR IXUWKHU LPSURYHPHQWV LQ VXE��
EDQG FRGLQJ HIILFLHQF\�
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���� 0RWLRQ HVWLPDWLRQ DQG
FRPSHQVDWLRQ

7R UHGXFH WKH ELW��UDWH QHHGHG WR FRQYH\ D JLYHQ
TXDOLW\ �RU� FRQYHUVHO\� WR LQFUHDVH WKH TXDOLW\
DFKLHYHG ZLWK D JLYHQ ELW��UDWH�� WHPSRUDO FRUUHOD�
WLRQ LQ WKH SLFWXUH PXVW EH H[SORLWHG� 7KLV JHQHUDO�
O\ LPSOLHV WKH XVH RI PRWLRQ FRPSHQVDWLRQ ZKLFK
LV H[DFWO\ VLPLODU� LQ SULQFLSOH� WR WKDW DSSOLHG LQ
'&7 FRGLQJ RI FRQYHQWLRQDO WHOHYLVLRQ�

7KHPRWLRQ HVWLPDWLRQPD\EH FDOFXODWHG EHIRUHRU
DIWHU WKH VXE��EDQG VSOLWWLQJ� DOWKRXJK LW LV FHUWDLQO\
VLPSOHU LI DSSOLHG WR WKH VRXUFH SLFWXUH EHFDXVH WKH
UHVXOW LV WKHQ DSSOLFDEOH WR DOO WKH VXE��EDQGV� ,I
PRWLRQ YHFWRU HVWLPDWLRQ LV SHUIRUPHG DIWHU VSOLW�
WLQJ� WKH FDOFXODWLRQ VKRXOG EH GRQH PDLQO\ RQ WKH
EDVLV RI WKH FRQWHQW RI WKH ORZHU��IUHTXHQF\ VXE��
EDQGV� DOWKRXJK WKH KLJKHU��IUHTXHQF\ VXE��EDQGV
PXVW DOVR EH WDNHQ LQWR DFFRXQW� HVSHFLDOO\ LI KLJK
DFFXUDF\ LV EHLQJ VRXJKW �KDOI RU TXDUWHU SL[HO��

6SHFLDO FDUH LV QHHGHG LQ WKH FDVH RI D FRPSDWLEOH
V\VWHP EHFDXVH WKH FRPSDWLEOH GHFRGHU ZKLFK
XVHVRQO\ WKH ORZ��IUHTXHQF\ VXE��EDQGVZLOO QRW EH
DEOH WR FDOFXODWH WKH VDPH SUHGLFWLRQ YDOXHV DV D
FRGHU LQ ZKLFK DOO WKH VXE��EDQGV DUH DYDLODEOH�
'LIIHUHQFHV EHWZHHQ WKH SUHGLFWLRQV LQ WKH FRGHU
DQG GHFRGHU FDXVH LQFUHDVLQJ GLYHUJHQFH EHWZHHQ
WKH UHFRQVWUXFWHG SLFWXUH IURP WKH GHFRGHU DQG WKH
VRXUFH SLFWXUH DW WKH FRGHU� 6XFK GLYHUJHQFH ZLOO
LQFUHDVH XQWLO WKH HTXLSPHQW LV UHVHW� IRU H[DPSOH
ZLWK D IXOO��IUDPH LQWUD UHIUHVK� 6HYHUDO VROXWLRQV
WR WKLV SUREOHPKDYHEHHQSURSRVHG� DQGRQHSRVVL�
ELOLW\ LQYROYHV SHUIRUPLQJ WZR PRWLRQ FRPSHQVD�

WLRQV DQG WZR SUHGLFWLRQV LQ WKH FRGHU� WR VDWLVI\
FRPSDWLEOH DQG KLJK��GHILQLWLRQ GHFRGHUV�

�� 'HVFULSWLRQ RI SUDFWLFDO
VXE�EDQG V\VWHPV

���� +LJK 'HILQLWLRQ 9LGHR �+'9�
VXE�EDQG FRGHF

������ ,QWURGXFWLRQ

7KH+'9FRGHF
 LV EHLQJGHYHORSHG IRU WKH GLJLWDO
WUDQVPLVVLRQ RI KLJK��GHILQLWLRQ YLGHR VLJQDOV� WR�
JHWKHU ZLWK GLJLWDO DXGLR DQG DGGLWLRQDO GDWD� DW D
DWRWDO ELW��UDWH RI ��� 0ELW�V� 7KH EDVLF FRPSR�
QHQWV RI WKH FRGHF DUH�

�� 3&0 YLGHR FRGHF�

�� LPDJH SURFHVVRU�

�� YLGHR EXIIHU LQFOXGLQJ PXOWLSOH[LQJ�GHPXOWL�
SOH[LQJ IXQFWLRQV DQG EXIIHU FRQWURO�

�� DXGLR FRGHF�

�� FKDQQHO PXOWLSOH[HU�GHPXOWLSOH[HU�

7KHSUHVHQW GHVFULSWLRQZLOO EH FRQILQHG WR WKH YLG�
HR SDUWV RI WKH WUDQVPLVVLRQ HTXLSPHQW� VKRZQ
VFKHPDWLFDOO\ LQ )LJ� ��


 7KH+'9 FRGHF LV EHLQJ GHYHORSHG LQ *HUPDQ\ E\ D FRQ�
VRUWLXP RI�

�� 'HXWVFKH %XQGHVSRVW 5HVHDUFK ,QVWLWXWH� 'DUPVWDGW
�� 5REHUW %RVFK 5HVHDUFK ,QVWLWXWH� +LOGHVKHLP
�� 8QLYHUVLW\RI+DQRYHU�7HOHFRPPXQLFDWLRQVDQG,QIRUPD�

WLRQ 3URFHVVLQJ ,QVWLWXWH
�� 6WDQGDUG (OHFWULF /RUHQ] �6(/� 5HVHDUFK &HQWUH�
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7KH LQSXW WR WKH +'9 FRGHF LV DQ +'79 VLJQDO LQ
DFFRUGDQFH ZLWK WKH SURSRVHG (XURSHDQ VWDQGDUG
HVWDEOLVKHG E\ WKH (XUHND (8�� SURMHFW� 7KH SLF�
WXUH KDV DQ DVSHFW UDWLR RI ����� ���� OLQHV SHU
IUDPH ����� DFWLYH OLQHV�� D ILHOG UDWH RI �� +] DQG
��� LQWHUODFLQJ� 7KH 3&0 YLGHR FRGHU WDNHV UHG�
JUHHQ DQG EOXH �5*%� SULPDU\ LQSXW VLJQDOV�
PDWUL[HV WKHVH WR JLYH D OXPLQDQFH �<� DQG WZR FR�
ORXU��GLIIHUHQFH �5��<� %��<� VLJQDOV� DQG GLJLWL]HV
WKHVH LQ DFFRUGDQFH ZLWK WKH (8�� SURSRVDO� 7KH
<VLJQDO LV VDPSOHG DW ��0+]DQG WKH5��< DQG%��
< VLJQDOV DUH VDPSOHG DW ��0+] HDFK� (DFK VDP�
SOH LV OLQHDUO\ TXDQWL]HG DQG ELQDU\ FRGHG WR ���ELW
UHVROXWLRQ� 7KH JURVV ELW��UDWH DW WKH RXWSXW RI WKH
3&0 FRGHU LV ����� *ELW�V�

7KH ILQDO ELW��UDWH DIWHU ELW��UDWH UHGXFWLRQ VKRXOG
LGHDOO\ EH ��� 0ELW�V� (YHQ DIWHU WKH EODQNLQJ LQ�
WHUYDOV RI WKH VRXUFH SLFWXUH KDYH EHHQ HOLPLQDWHG�
D UHGXFWLRQ IDFWRU RI � UHPDLQV WR EH DFKLHYHG E\
VRXUFH FRGLQJ� ZLWKRXW LPSDLULQJ WKH KLJK SLFWXUH
TXDOLW\� 7KH +'9 FRGHF XVHV D YHU\ SURPLVLQJ
VXE��EDQG FRGLQJ VFKHPH IRU WKLV SXUSRVH�

������ )LOWHULQJ DQG VXE��EDQG VSOLWWLQJ

7KH 3&0 YLGHR VLJQDOV �<� 5��<� %��<� DUH VSOLW E\
YHUWLFDO DQG KRUL]RQWDO� ORZ DQG KLJK��SDVV ILOWHUV
WR JLYH IRXU EDQGV GHQRWHG //� /+� +/� ++ �VHH
)LJ� ��� ,Q RUGHU WR DYRLG DQ LQFUHDVH LQ WKH ELW��UDWH
DERYH WKDW RI WKH VRXUFH VLJQDO� PD[LPDO GHFLPD�
WLRQ ILOWHUV DUH XVHG� ,QWHQVLYH LQYHVWLJDWLRQV KDYH
VKRZQ WKDW IRU WKLV SXUSRVH� DQGZLWK GXHFRQVLGHU�
DWLRQ IRU WKH FRUUHVSRQGLQJ LQYHVWPHQW LQ KDUG�
ZDUH� VHSDUDEOH TXDGUDWXUH PLUURU ILOWHUV �40)�
ZLWK �� WDSV LQ WKH YHUWLFDO GLUHFWLRQ DQG �� WDSV LQ
WKH KRUL]RQWDO GLUHFWLRQ� DUH RSWLPDO�

7KH GHFRPSRVLWLRQ RI WKH +'9 VLJQDO LQWR WKHVH
IRXU VXE��EDQGV KDV VHYHUDO DGYDQWDJHV� LQFOXGLQJ�

�� 7KH // EDQG FDQ EH GHVLJQHG WR ILW D FKDQQHO
ZLWK ´FRQYHQWLRQDOµ UHVROXWLRQ� VXFK DV WKDW GH�
ILQHG LQ &&,5 5HFRPPHQGDWLRQ ����

�� 7KH IRXU FRPSRQHQWV GLIIHU LQ WKHLU VWDWLVWLFDO
SURSHUWLHV DQG WKHLU ´LQIRUPDWLRQµ FRQWHQW� $S�
SURSULDWH UHGXQGDQF\DQG LUUHOHYDQF\UHGXFWLRQ
PHWKRGV FDQ EH DSSOLHG LQGHSHQGHQWO\ WR HDFK
FRPSRQHQW� WR DFKLHYH WKH EHVW TXDOLW\ RI LPDJH
UHFRQVWUXFWLRQ IRU D JLYHQ GHJUHH RI ELW��UDWH
UHGXFWLRQ�

�� 7KH IRXU FRPSRQHQWV FDQ EH SURFHVVHG LQ D
IXOO\��SDUDOOHO KDUGZDUH V\VWHP XVLQJ DYDLODEOH
DQG ZHOO��VXLWHG WHFKQRORJLHV�

������ %LW��UDWH UHGXFWLRQ

7KH VRXUFH FRGHU ZKLFK SHUIRUPV WKH ELW��UDWH UH�
GXFWLRQ LV VKRZQ VFKHPDWLFDOO\ LQ )LJ� ��

7KH // EDQG �� WKH PRVW LPSRUWDQW RQH �� LV FRGHG
HIILFLHQWO\ XVLQJ D PRWLRQ��FRPSHQVDWHG K\EULG
FRGLQJ VFKHPH� $ PRWLRQ��FRPSHQVDWLRQ SUHGLF�
WLRQ LV FDOFXODWHG IRU HDFK �[� EORFN� RQ WKH EDVLV
RI LQIRUPDWLRQ IURP WKH SUHYLRXV FRGHG DQG GH�
FRGHG IUDPHV� 7KLV DSSOLHV D IXOO��VHDUFK EORFN
PDWFKLQJ SURFHVV ZKLFK LV DFFXUDWH WR RQH SL[HO�
$IWHU D FRPSDULVRQ EHWZHHQ WKH RULJLQDO EORFN DQG
LWV SUHGLFWLRQ� RQH RI WKHP LV VHOHFWHG IRU IXUWKHU
SURFHVVLQJ� 7KLV SURFHVVLQJ LQYROYHV D GLVFUHWH
FRVLQH WUDQVIRUP� SUHGLFWLYH FRGLQJ RI WKH ]HUR��
IUHTXHQF\ WHUP� DGDSWLYH TXDQWL]LQJ DQG UXQ��
OHQJWK FRGLQJ RI WKH QRQ��]HUR��IUHTXHQF\ WHUPV�
IROORZHG� ILQDOO\� E\ YDULDEOH��OHQJWK FRGLQJ
�9/&��

7KHKDUGZDUH QHHGHG IRU WKH//EDQG LV TXLWH FRP�
SOH[� EXW WKH RWKHU WKUHH �KLJKHU��IUHTXHQF\� VXE��
EDQGV DUH SURFHVVHGYHU\ VLPSO\E\ DGDSWLYHTXDQ�
WL]DWLRQ� UXQ��OHQJWK FRGLQJ DQG YDULDEOH��OHQJWK
FRGLQJ� 'HSHQGLQJ RQ WKH QDWXUH RI WKH H[SHFWHG
RULHQWDWLRQ RI GHWDLOV LQ WKHVH VXE��EDQGV� DQ DSSUR�
SULDWH VFDQQLQJ VFKHPH LV DSSOLHG LQGHSHQGHQWO\ WR
HDFK VXE��EDQG� LQ RUGHU WR PD[LPL]H WKH OHQJWK RI
]HUR UXQV DQG� KHQFH� WR LPSURYH WKH HIILFLHQF\ RI
WKH UXQ��OHQJWK FRGLQJ� $GDSWLYH TXDQWL]DWLRQ QRW
RQO\ VHUYHV WR UHGXFH WKH FRGLQJ HIIRUW QHHGHG EXW
LV DOVR D SRZHUIXO WRRO IRU FRQWUROOLQJ WKH GDWD UDWH�

7KH GDWD UDWH DIWHU WKH YDULDEOH��OHQJWK FRGHU LV RI
FRXUVH YDULDEOH� VR LQ RUGHU WR GHOLYHU WKH GDWD WR D
FKDQQHO ZLWK FRQVWDQW ELW��UDWH WKH GDWD VWUHDP DW
WKH FRGHU RXWSXW LV ´JDWKHUHGµ LQ D EXIIHU� 7KH GDWD
LV UHDG RXW RI WKLV EXIIHU DW D FRQVWDQW UDWH� 7KH
EXIIHU DQG LWV FRQWUROOHU �ZKLFK DYRLGV EXIIHU RYHU
DQG XQGHU��IORZ� KDYH DPDMRU LQIOXHQFH RQRYHUDOO

%DQG ,9

++

%DQG ,

//
%DQG ,,,

+/

%DQG ,,

/+

%DQG ,,

/+

%DQG ,,,

+/

%DQG ,9

++
%DQG ,9

++

%DQG ,9

++

+RUL]RQWDO
IUHTXHQF\

IVDPSOLQJ

9HUWLFDO
IUHTXHQF\

IVDPSOLQJ )LJXUH �
+LJK�� DQG ORZ��SDVV
ILOWHULQJ LQ WKH YHUWLFDO

DQG KRUL]RQWDO
GLUHFWLRQV� WR GHULYH

IRXU VXE��EDQGV�
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&ODVVLILFDWLRQ

'LVFUHWH FRVLQH
WUDQVIRUP
'&7

$GDSWLYH
TXDQWL]DWLRQ

$4

5XQ��OHQJWK
FRGLQJ
5/&

9DULDEOH��OHQJWK
FRGLQJ
9/&

3UHGLFWRU

$4���'&7���

9/&

0RWLRQ
HVWLPDWLRQ

6XE��EDQG ,

2XWSXW WR
FKDQQHO
PXOWLSOH[HU

6XE��EDQG ,,

6XE��EDQG ,,,

6XE��EDQG ,9

$4 5/& 9/&

&RQWURO

%XIIHU 	
YLGHR

PXOWLSOH[HU

V\VWHP SHUIRUPDQFH VR YHU\ FDUHIXO GHVLJQ LV QHF�
HVVDU\ LQ WKLV DUHD�

������ 5HVXOWV

$ KDUGZDUH��RULHQWHG VLPXODWLRQ RI WKH +'9 FR�
GHF KDV UHFHQWO\ EHHQ FRPSOHWHG� $VVHVVPHQWV RI
WKH SLFWXUH TXDOLW\ DIWHU FRGLQJ DQG GHFRGLQJ� E\
ERWK VSHFLDOLVWV DQG QRQ��VSHFLDOLVWV� LQGLFDWH WKDW
WKH TXDOLW\ LV YHU\ KLJK �� HYHQ IRU YHU\ ´FULWLFDOµ
VFHQHV �� VXJJHVWLQJ WKDW WKH WKHRUHWLFDOO\ H[SHFWHG
KLJK SHUIRUPDQFH RI WKH FRGLQJ VFKHPH LV DFKLHY�
DEOH LQ SUDFWLFH�

7KH KDUGZDUH LPSOHPHQWDWLRQ RI WKH FRGHF ZLOO EH
FRPSOHWHG E\ 'HFHPEHU ����� 7R UHGXFH WKH FRQ�
VWUXFWLRQDO FRPSOH[LW\� VSHFLDO LQWHJUDWHG FLUFXLWV
DUH EHLQJ GHYHORSHG DV D SDUW RI WKH SURMHFW� WKHVH
LQFOXGH ILOWHU FLUFXLWV IRU EDQG��VSOLWWLQJ DQG LQWHU�
SRODWLRQ DQG D FLUFXLW IRU DQDORJXH ILOWHULQJ DQG
PDWUL[LQJ DSSOLFDWLRQV �EHIRUH DQG DIWHU WKH $�'
DQG'�$ FRQYHUWHUV�� &RPPHUFLDOO\��DYDLODEOH LQ�
WHJUDWHG FLUFXLWV DUH LQ XVH IRU WKH GLVFUHWH FRVLQH
WUDQVIRUPV DQG IRU IXOO��VHDUFK EORFN PDWFKLQJ�
6SHFLDO PXOWLSOH[LQJ�GHPXOWLSOH[LQJ FKLSV �79
FRQWDLQHU� DQG IRUZDUG HUURU��FRUUHFWLRQ FKLSV�
ZKLFK DUH EHLQJ GHYHORSHG RXWVLGH WKH +'9 FRQ�
VRUWLXP� ZLOO EH XVHG WR PLQLPL]H WKH SK\VLFDO GL�
PHQVLRQV RI WKH FRGHF�

7KH +'9 FRGHF KDV D FOHDUO\��GHILQHG LQWHUIDFH WR
WKH FKDQQHO PXOWLSOH[HU DQG FRQWDLQV D UREXVW IRU�
ZDUG HUURU��FRUUHFWLRQ VFKHPH� ,W LV LQKHUHQWO\
YHU\ IOH[LEOH DQG FDQ EH XVHG IRU� RU DGDSWHG WR� D
YDULHW\ RI �����0ELW�V FKDQQHOV VXFK DV WKH
VZLWFKHG EURDGEDQG QHWZRUN �9%1� RI WKH
'HXWVFKH %XQGHVSRVW� WKH %HUNRP QHWZRUN LQ
%HUOLQ� WKH IXWXUH %��,6'1� WKH 6'0 QHWZRUN RU
VDWHOOLWH WUDQVPLVVLRQ FKDQQHOV�

���� $ FRPSDWLEOH +'79 ��� 0ELW�V
VXE�EDQG FRGHF

������ ,QWURGXFWLRQ

7KH FRGHF GHVFULEHG LQ WKLV 6HFWLRQ LV EHLQJ GHYHO�
RSHG IRU WKH GLJLWDO GLVWULEXWLRQ RI SURJUDPPHPD�
WHULDO LQ WKH KLJK��GHILQLWLRQ SURJUHVVLYH �+'3�
IRUPDW LQ D �����0ELW�V FKDQQHO RI WKH NLQG DYDLO�
DEOH LQ $70 QHWZRUNV LQ WKH IXWXUH EURDGEDQG
,6'1
� 7KH XVHDEOH ELW��UDWH RI WKHVH FKDQQHOV LV
��� 0ELW�V DQG WKH +'3 VLJQDO FRUUHVSRQGV WR D
SLFWXUH LQ ���� DVSHFW UDWLR ZLWK ���� SL[HOV SHU
DFWLYH OLQH� ���� OLQHV SHU DFWLYH ILHOG DQG �� ILHOGV


 7KH FRPSDWLEOH +'79 FRGHF LV EHLQJ GHYHORSHG LQ WKH

'HSDUWPHQW RI SLFWXUH FRGLQJ DQG SV\FKRYLVXDO VWXGLHV DW
WKH &HQWUH &RPPXQ G·(WXGHV GH 7pOpGLIIXVLRQ HW
7pOpFRPPXQLFDWLRQV �&&(77�� )UDQFH�

)LJXUH �
%ORFN GLDJUDP RI WKH
+'9 VRXUFH FRGHU�
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SHU VHFRQG ZLWKRXW LQWHUODFLQJ� 7KLV UHTXLUHV D
ELW��UDWH UHGXFWLRQ IDFWRU RI ��� DOWKRXJK DIWHU SUH�
OLPLQDU\ VXE��VDPSOLQJ RI WKH FKURPLQDQFH LQIRU�
PDWLRQ� WKLV LV UHGXFHG WR �� IRU WKH SLFWXUH FRGLQJ
SURFHVV LWVHOI�

������ )LOWHULQJ DQG VXE��EDQG VSOLWWLQJ

7R IDFLOLWDWH WKH LQWURGXFWLRQ RI +'3 YLVLRQ V\V�
WHPV DORQJVLGH WKH LQWHUODFHG V\VWHPV RI WRGD\� D
FRPSDWLEOH DSSURDFKKDVEHHQ FKRVHQ� 7KLVPHDQV
WKDW GLIIHUHQW GHFRGHUV KDYLQJ GLIIHUHQW FRPSOH[L�
WLHV �DQG FRVWV� VKRXOG EH DEOH WR H[WUDFW IURP WKH
ELW��VWUHDP JHQHUDWHG E\ WKH+'3 FRGHU MXVW WKH LQ�
IRUPDWLRQ WKH\ QHHG WR UHFRQVWUXFW LPDJHV FRUUH�
VSRQGLQJ WR WKH IRUPDW IRU ZKLFK WKH GHFRGHU KDV
EHHQ LPSOHPHQWHG�

7KH SRVVLELOLWLHV RI VXE��EDQG WHFKQLTXHV XVLQJ
TXDGUDWXUH PLUURU ILOWHUV �40)� DQG SVHXGR TXDG�
UDWXUH PLUURU ILOWHUV �340)�� DV ZHOO DV WKH ZHOO��
NQRZQ GLVFUHWH FRVLQH WUDQVIRUP �'&7�� KDYH
EHHQ H[SORUHG DQG WULHG� ,W KDV EHHQ IRXQG WKDW
340) WHFKQLTXHV SHUIRUP EHWWHU WKDQ '&7 DQG
DUH DEOHWR RIIHU YHU\ JRRG IUHTXHQF\ VSOLWWLQJZLWK
DFRPSXWDWLRQDO FRVWZKLFK LVPXFK ORZHU WKDQ WKDW
QHFHVVDU\ ZLWK FRQYHQWLRQDO 40) WHFKQRORJ\�

7KH '&7� 40) DQG &4) WUDQVIRUPV DUH QRZ
ZHOO��NQRZQ DQG DUH ZLGHO\ XVHG� 340) VXE��
EDQG VSOLWWLQJ LV OHVV FRPPRQ DQG D EULHI H[SODQD�
WLRQ RI WKH SULQFLSOHV ZLOO EH DSSURSULDWH KHUH� ,W
ZDV QRWHG LQ 6HFWLRQ ���� WKDW 340) VSOLWWLQJ XVHV
D ILOWHU EDQN EDVHG RQ D SURWRW\SH ORZ��SDVV ILOWHU
DQG WKDW WKH FRPSRQHQWV RI WKH ILOWHU EDQN DUH
GHULYHG E\ PRGXODWLRQ RI WKLV SURWRW\SH ILOWHU�
)LJ� � VKRZV WKH VFKHPDWLF GLDJUDP RI D RQH��
GLPHQVLRQDO 340) ILOWHU EDQN� 7KH FKDUDFWHULV�
WLFV RI WKH ILOWHU EDQN DUH GHILQHG E\ WKH SURWRW\SH
ILOWHU DQG WKH QXPEHU RI VXE��EDQGV 6%� 7KH DQDO\�
VLV ILOWHUV DUH FDOFXODWHG E\ PRGXODWLQJ WKH FRHIIL�
FLHQWV RI WKH SURWRW\SH ILOWHU E\ D FRVLQH IXQFWLRQ�
DQG D VHFRQGPRGXODWLRQ LV DSSOLHG WR JHQHUDWH WKH
V\QWKHVLV ILOWHUV� 7KH GHFRPSRVLWLRQ SURFHVV LQ�
YROYHV GRZQ��VDPSOLQJ E\ D IDFWRU 6% DIWHU DQDO\�

VLV ILOWHULQJ� PDWFKHG E\ XS��VDPSOLQJ EHIRUH V\Q�
WKHVLV�

7KLV SURFHVV RI PRGXODWLRQ WR REWDLQ WKH 6% ILOWHUV
OHDGV WR DQ HIILFLHQW KDUGZDUH LPSOHPHQWDWLRQ
ZLWK� ILUVW� WKH DFWLRQ LQ SDUDOOHO RI SRO\SKDVH ILOWHUV
�LQ ZKLFK VRPH FRHIILFLHQWV KDYH LQYHUWHG VLJQV��
IROORZHG E\ D FODVVLF LQYHUVH '&7� RI VL]H 6%� RQ
WKH 6% SUH��ILOWHUHG SL[HOV �)LJ� �� REWDLQHG DIWHU
WKH ILUVW VWDJH $Q LPSRUWDQW SDUDPHWHU WR EH NHSW
LQPLQG LQ WKH GHVLJQRI VXFK V\VWHPV LV WKH FRPSX�
WDWLRQ ORDG� 7R REWDLQ 6% SL[HOV� ��6%���� SRO\�
SKDVH ILOWHUV DUH QHHGHG� SOXV �6%���� H[WUD DGGL�
WLRQV DQG DQ LQYHUVH '&7 RI VL]H 6%� 7DNLQJ DV DQ
H[DPSOH D V\VWHP ZLWK � VXE��EDQGV DQG D ����WDS
SURWRW\SH ILOWHU� LW LV IRXQG WKDW WKH GHFRPSRVLWLRQ
RI HDFK SL[HO UHTXLUHV ���� DGGLWLRQV DQG ����PXO�
WLSOLFDWLRQV�

3URFHVVLQJ LQ WKH V\QWKHVLV ILOWHU EDQN LV VKRZQ LQ
)LJ� �� 7KH UHFRQVWUXFWLRQ RI HDFK RXWSXW SL[HO UH�
TXLUHV WKH LPSOHPHQWDWLRQ RI D GLUHFW '&7 IRO�
ORZHG E\ D SRO\SKDVH ILOWHU� 7KH FDOFXODWLRQ ORDG
LV H[DFWO\ WKH VDPH DV LQ WKH DQDO\VLV ILOWHU

������ %LW��UDWH UHGXFWLRQ

,Q WKH SUHVHQW VWDWH RI WKH VWXG\� WKH DQDO\VLV ILOWHU
XVHV VHSDUDEOH WZR��GLPHQVLRQDO VSOLWWLQJ LQWR �[�
VXE��EDQGV� ZLWK D SURWRW\SH ILOWHU KDYLQJ �� WDSV
�GHQRWHG �'��340)�[��� 7KLV UHSODFHV WKH '&7
DV WKH WUDQVIRUPDWLRQ ZKLFK H[HFXWHV WKH GHFRUUH�
ODWLYH SURFHVV LQ WKH FRGHU� $IWHU WKLV VXE��EDQGGH�
FRPSRVLWLRQ WKH V\VWHP ZRUNV ZLWK ����ELW SUHFL�
VLRQ� (DFK VXE��EDQG LV PXOWLSOLHG E\ D ZHLJKWLQJ
IDFWRU GHSHQGLQJRQ WKH EXIIHU ILOOLQJ UHJXODWRU DQG
LWV SRVLWLRQ LQ WKH IUHTXHQF\ UDQJH� DQG WKHQTXDVL��
OLQHDUO\ TXDQWL]HG� :LWKLQ HDFK VXE��EDQG� YDULD�
EOH��OHQJWK FRGHV DQG UXQ��OHQJWK FRGHV DUH XVHG WR
UHSUHVHQW WKHVH TXDQWL]HG YDOXHV�

������ 0RWLRQ HVWLPDWLRQ

0RWLRQ HVWLPDWLRQ LV SHUIRUPHG DW WKH +'3 LPDJH
OHYHO E\ PHDQV RI D IXOO��VHDUFK EORFN��PDWFKLQJ
WHFKQLTXH ZLWK SHO DFFXUDF\� IROORZHG E\ D ORFDO
KDOI��SHO DFFXUDF\ VHDUFK� 7KH EORFN VL]H LV ��[���

$QDO\VLV
ILOWHU 6%

'RZQ��VDPSOLQJ
E\ 6%

8S��VDPSOLQJ
E\ 6%

6\QWKHVLV
ILOWHU 6%

6XE��EDQG 6%
;��P�

UHSHDWHG

6% WLPHV

,QSXW
VLJQDO
[�Q�

2XWSXW
VLJQDO
UHF�Q�$QDO\VLV

ILOWHU �
'RZQ��VDPSOLQJ

E\ 6%
8S��VDPSOLQJ

E\ 6%
6\QWKHVLV
ILOWHU �

6XE��EDQG �
;��P�

)LJXUH �
%DVLF HOHPHQWV RI D

�'��340) ILOWHU
EDQN�

7KH QXPEHU RI
SDUDOOHO FKDLQV LV

HTXDO WR WKH QXPEHU
RI VXE��EDQGV� 6%�
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31���

31����

31�

31���

31����

31����

31���

31���

31����

31����

31���

31���

31����

31����

31���

0HPRU\

0HPRU\

0HPRU\

0HPRU\

0HPRU\

0HPRU\

0HPRU\

0HPRU\

'&7�
���

[�Q� ;N�P�

,QSXW VLJQDO DW VDPSOLQJ
IUHTXHQF\ IV WDNHV RQH SDWK
DFFRUGLQJ WR Q�

7KHVH IRXU ER[HV ZRUN DW IV ���
,QVLGH HDFK ER[� HDFK SDWK ZRUNV DW IV ���

,QYHUVH '&7
RI VL]H ��

2XWSXW VLJQDO DW IV� 7KH
SDWK GHWHUPLQHV WKH
YDOXH RI N�

������ &RPSDWLELOLW\

&RPSDWLEOH GHFRGHUV RSHUDWLQJ LQ WKH LQWUD PRGH
UHTXLUH RQO\ WR WDNH VRPH RI WKH VXE��EDQGV� $IWHU
LQYHUVH TXDQWL]DWLRQ D VLPSOHU LQYHUVH 340)
WUDQVIRUP ZLOO GHOLYHU JRRG FRPSDWLEOH SLFWXUHV�
340) EDQNV XVLQJ SURWRW\SH ILOWHUV ZLWK DQ RGG

QXPEHU RI WDSV DUH PRUH VXLWDEOH LQ WKLV UHVSHFW�
:LWK+'3 LQSXW� +'3 LPDJHV FDQ RI FRXUVH EH H[�
WUDFWHG� EXW DOVR H[WHQGHG��GHILQLWLRQ SURJUHVVLYH
�('3 �� ���[���[���� DFWLYH SL[HOV� ���� DVSHFW
UDWLR�� RU HYHQ HQKDQFHG��GHILQLWLRQ LQWHUODFHG DQG
KLJK��GHILQLWLRQ SLFWXUHV �(',� +',��

3)�

3)�

3)�

3)�

3)�

3)�

3)�

3)�

0HPRU\

0HPRU\

0HPRU\

0HPRU\

'&7�

UHF�Q�;N�P�

,QSXW VLJQDO DW VDPSOLQJ
IUHTXHQF\ IV WDNHV RQH SDWK
DFFRUGLQJ WR N�

&ODVVLF '&7
RI VL]H ��

7KHVH IRXU ER[HV ZRUN DW IV ���
,QVLGH HDFK ER[� HDFK SDWK ZRUNV DW IV ���

2XWSXW VLJQDO DW IV� 7KH
SDWK GHWHUPLQHV WKH
YDOXH RI Q�

)LJXUH �
)ORZ��JUDSK IRU D
�'��340)�

���

V\QWKHVLV ILOWHU EDQN�

)LJXUH �
)ORZ��JUDSK IRU D
�'��340)� DQDO\VLV
ILOWHU EDQN�
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7R UHGXFH WKH ELW��UDWH �� RU WR LQFUHDVH WKH SLFWXUH
TXDOLW\ ZLWK WKH VDPH ELW��UDWH �� WHPSRUDO FRUUHOD�
WLRQV KDYH WR EH H[SORLWHG� $W WKH SUHVHQW WLPH� IXOO
FRPSDWLELOLW\ LV DFKLHYHG EHWZHHQ +'3 DQG +',�
('3� (', IRUPDWV ZKHQZRUNLQJ LQ LQWUD PRGHV RU
LQWHU PRGHV ZLWKRXW PRWLRQ FRPSHQVDWLRQ� 1HY�
HUWKHOHVV� LQ LQWHU PRGHV ZLWK PRWLRQ FRPSHQVD�
WLRQ� SUREOHPV DULVH XQOHVV VSHFLDO SUHFDXWLRQV DUH
WDNHQ� ,Q HIIHFW� LI WKH +'3 FRGHU GLVUHJDUGV FRP�
SDWLELOLW\ DQG SHUIRUPV D FRQYHQWLRQDO EORFN PR�
WLRQ FRPSHQVDWLRQ RQ WKH ZKROH GHFRGHG +'3
LPDJHV �UHIHUUHG WR DV DQ ´+'3 VWDQGDORQH FRGHUµ�
VKRZQ LQ )LJ� ��� WKHQ DQ ('3 GHFRGHU ZKLFK UH�
FHLYHV DOO RI WKH IUHTXHQF\ LQIRUPDWLRQ EXW ZKLFK
SURFHVVHV RQO\ WKH ORZ��IUHTXHQF\ �/)� VXE��
EDQGV� LV QRW DEOH WR JHQHUDWH WKH +'3 SUHGLFWLRQ
LPDJH� 7KLV ZLOO FDXVH GULIW EHWZHHQ WKH ('3 GH�
FRGHU DQG WKH +'3 VWDQGDORQH FRGHU� ZKLFK ZLOO
LQFUHDVH XQWLO WKH QH[W LQWUD UHIUHVK� 7R UHVROYH WKLV
SUREOHPDFRPSDWLELOLW\��DGDSWHGPRWLRQ FRPSHQ�
VDWLRQ WHFKQLTXH KDV EHHQ GHYHORSHG IRU DQ +'3��
('3 FRPSDWLEOH FRGLQJ WHFKQLTXH�

������ &RPSDWLELOLW\��DGDSWHG PRWLRQ
FRPSHQVDWLRQ

7KH VLPSOHVW VROXWLRQ WR WKH SUREOHP RI FRPSDWL�
ELOLW\ EHWZHHQ +'3 DQG ('3 GHFRGHUV� VKRZQ LQ
)LJ� �� LV WR JHQHUDWH DQ('3PRWLRQ��FRPSHQVDWHG
LPDJH E\ SURFHVVLQJ RI WKH /) �ORZ��IUHTXHQF\�
EDQGV RQO\� 7KLV ('3 SUHGLFWLRQ LPDJH LV WKHQ
VSOLW LQWR �[� EDQGV XVLQJ D �'��340)�[� ILOWHU
EDQN DQG VXEWUDFWHG IURP WKH �[� /) EDQGV RI WKH
VSOLW RULJLQDO +'3 LPDJH� :LWK WKLV VROXWLRQ WKH
('3GHFRGHU LV DEOH WR JHQHUDWH WKH VDPH('3SUH�
GLFWLRQ LPDJH� VR FRPSDWLELOLW\ LV JXDUDQWHHG� EXW
WKH ORVV RI HIILFLHQF\ IRU WKH+'3 FRGHU� FRPSDUHG
WR WKH VWDQGDORQH FDVH� LV TXLWH KLJK� $PRUH FRP�
SOH[ VROXWLRQ ZKLFK DOVR SURYLGHV SUHGLFWLRQ IRU

KLJK IUHTXHQFLHV �+)� WDNHV WKH IRUP RI D WZR��
ORRSV V\VWHP� 7KH WHFKQLTXH LV LOOXVWUDWHG LQ )LJV�
�� �� DQG ���

7KH ILUVW ORRS �('3 ORRS� RSHUDWHV DW WKH('3VDP�
SOLQJ IUHTXHQF\� ,W WDNHV WKH �[� /) EDQGV DQG DI�
WHU LQYHUVH �'��340)�[� ILOWHULQJ LW JHQHUDWHV WKH
GHFRGHG ('3 LPDJH� $Q ('3 SUHGLFWLRQ LPDJH LV
FUHDWHG E\ PHDQV RI D TXDUWHU��SHO PRWLRQ��FRP�
SHQVDWLRQ SURFHVV RSHUDWLQJ RQ EORFNV RI VL]H �[��
XVLQJ WKH +'3 PRWLRQ YHFWRUV� $IWHU GLUHFW �'��
340)�[� VSOLWWLQJ RI WKLV ('3 SUHGLFWLRQ LPDJH�
WKH �[� /) SUHGLFWHG VXE��EDQGV DUH DYDLODEOH�

7KH VHFRQG ORRS �+'3 ORRS� SURYLGHV WKH �� SUH�
GLFWHG +) VXE��EDQGV E\ SHUIRUPLQJ D KDOI��SHO
PRWLRQ FRPSHQVDWLRQ RSHUDWLQJ RQ WKH +'3 GH�
FRGHG LPDJHV� IROORZHG E\ GLUHFW �'��340)�[�
VSOLWWLQJ� 2QO\ WKH �� SUHGLFWHG +) VXE��EDQGV DUH
XVHG� WKH �� /) VXE��EDQGV EHLQJ SURYLGHG E\ WKH
('3 ORRS�

8VLQJ WKLV WHFKQLTXH� WKH ('3 GHFRGHU KDV QRUPDO
FRPSOH[LW\ �VHH)LJ� ���� +'3�('3FRPSDWLELOLW\
LV DFKLHYHG ZLWK +'3 FRGHUV DQG GHFRGHUV ZKLFK
DUH VOLJKWO\ PRUH FRPSOH[ WKDQ LQ WKH VWDQGDORQH
FDVH� 1HYHUWKHOHVV VRPH VLPSOLILFDWLRQV PD\ EH
PDGH� ZKLFK H[SORLW WKH SURSHUWLHV RI RGG��OHQJWK
340) ILOWHU EDQNV� DV D UHVXOW� WKH GLIIHUHQFH EH�
WZHHQ WKH VWDQGDORQH VFKHPH DQG WKH WZR��ORRSV
VFKHPH UHVLGHV RQO\ LQ WKH ('3 ORRS� RSHUDWLQJ DW
WKH ('3 VDPSOLQJ UDWH� $OWKRXJK V\VWHP FRP�
SOH[LW\ LV LPSRUWDQW� WKH HVVHQWLDO FRQVLGHUDWLRQ LV
WKDW ZLWK WKH WZR��ORRSV FRPSDWLELOLW\��DGDSWHG
PRWLRQ��FRPSHQVDWLRQ WHFKQLTXH WKH ORVV LQ HIIL�
FLHQF\ IRU +'3 FRGHG LPDJHV� FRPSDUHG WR WKH
VWDQGDORQH FDVH� LV OHVV WKDQ ��� G% �IRU DOO VH�
TXHQFHV WHVWHG� DQG WKHUH LV QR SHUFHSWLEOH YLVXDO
GLIIHUHQFH�

4XDQWL]DWLRQ
4

9DULDEOH��OHQJWK
FRGLQJ
9/&

0RWLRQ
HVWLPDWLRQ

4���

�[�
EDQG VSOLWWHU

%XIIHU

,QYHUVH
�[�

EDQG VSOLWWHU

)UDPH
PHPRU\

0RWLRQ
FRPSHQVDWLRQ

+'3 LQSXW
LPDJH

+'3 SUHGLFWLRQ LPDJH

3UHYLRXV +'3 GHFRGHG LPDJH

5HJXODWLRQ FRHIILFLHQW

5HJXODWLRQ FRHIILFLHQW

0RWLRQ
YHFWRUV

2XWSXW

)LJXUH �
+'3 VWDQGDORQH

FRGHU�
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VXE��EDQGV
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EDQG VSOLWWHU
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PHPRU\

&RPSDWLEOH
�[�

EDQG VSOLWWHU
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YHFWRUV
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SUHGLFWHG
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3UHYLRXV +'3 GHFRGHG LPDJH
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EDQG VSOLWWHU
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VHW WR ]HUR

,QYHUVH
�[�

EDQG VSOLWWHU
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FRPSHQVDWLRQ

RQ /)
VXE��EDQGV

)UDPH
PHPRU\

&RPSDWLEOH
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EDQG VSOLWWHU

)UDPH
PHPRU\
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,QYHUVH
YDULDEOH��OHQJWK

FRGLQJ
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EDQG VSOLWWHU

,QSXW

5HJXODWLRQ FRHIILFLHQW

0RWLRQ YHFWRUV

+'3
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��
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�� /)
VXE��EDQGV

��
VXE��EDQGV

�� /)
SUHGLFWHG
VXE��EDQGV

0RWLRQ
FRPSHQVDWLRQ

������ 5HVXOWV

,Q FRPSDULVRQ ZLWK D QRQ��FRPSDWLEOH +'3 FRGHU
�L�H� RQH XVLQJ PRWLRQ FRPSHQVDWLRQ DW LPDJH OHY�
HO�� WKH SURSRVHG WZR��ORRSV VFKHPH DOORZV FRP�
SDWLELOLW\ DW WKH SULFH RI D YHU\ VPDOO ORVV LQ FRGLQJ
HIILFLHQF\� 7KH YLVXDO TXDOLW\ LV YHU\ JRRG DW ���
0ELW�V �HTXLYDOHQW WR ���� ELWV�SHO IRU +'3 VH�
TXHQFHV �OXPLQDQFH DQG FKURPLQDQFH�� DQG WKH
FRPSDWLEOH LPDJHV DUH DOVR RI IDLU TXDOLW\ IRU GLV�
WULEXWLRQ SXUSRVHV� 6XEMHFWLYH WHVWV KDYH \HW WR EH
FDUULHG RXW WR FRQILUP WKHVH UHVXOWV�

�� &RQFOXVLRQV
,Q WKH RYHUDOO FRQWH[W RI GLJLWDO ELW��UDWH UHGXFWLRQ
UHVHDUFK WKH FRQFOXVLRQV WR EH GUDZQ DW WKH SUHVHQW
WLPH IURP WKH VWXGLHV GHVFULEHG KHUH PXVW QHFHV�
VDULO\ EH UHJDUGHG DV YHU\ SURYLVLRQDO� 6XE��EDQG
WHFKQLTXHV KDYH EHHQ XQGHU VWXG\ IRU D YDULHW\ RI
VRXQG DQG SLFWXUH DSSOLFDWLRQV IRU DERXW WHQ \HDUV�
EXW WKHLU VXSHULRULW\ RYHU WKH GLVFUHWH FRVLQH WUDQV�
IRUPKDVQRW \HW EHHQGHPRQVWUDWHG IRU WKH VSHFLILF
DSSOLFDWLRQ RI WHOHYLVLRQ WUDQVPLVVLRQ�

7KLV SURYLVLRQDO FRQFOXVLRQ LV LQ IDFW YDOLG RQO\ DV
UHJDUGV SLFWXUH TXDOLW\� DQG LQ WKH ´VWDQGDORQHµ

,QYHUVH
YDULDEOH��OHQJWK

FRGLQJ
9/&���

%XIIHU
,QYHUVH

TXDQWL]DWLRQ
4���

,QSXW

5HJXODWLRQ FRHIILFLHQW
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VXE��EDQGV

,QYHUVH
�[�

EDQG VSOLWWHU

)UDPH
PHPRU\

0RWLRQ
FRPSHQVDWLRQ

RQ /)
VXE��EDQGV

('3
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0RWLRQ YHFWRUV

)LJXUH ��
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)LJXUH ��
('3��FRPSDWLEOH
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FDVH� %RWK V\VWHPV GHVFULEHG LQ WKLV DUWLFOH KDYH
VKRZQ WKDW WKH VXE��EDQG DSSURDFK LV XVHIXO DV D
PHDQV RI DFKLHYLQJ FRPSDWLELOLW\� 7KH PDLQ DG�
YDQWDJH LV WKH FOHDQ VHSDUDWLRQ RI GLIIHUHQW SLFWXUH
GHILQLWLRQV DYDLODEOH WR YLHZHUV� $OVR� DOWKRXJK
WKH\ FDQQRW EH HQWLUHO\ LQGHSHQGHQW� WKHUH LV VRPH
VFRSH IRU WKH DGRSWLRQ RI GLIIHUHQW FRGLQJ WHFK�
QLTXHV IRU HDFK VWDQGDUG�

6XE��EDQG V\VWHPV JHQHUDOO\ KDYH D SRRU UHSXWD�
WLRQ ZKHQ WKH KDUGZDUH LPSOHPHQWDWLRQ LV FRQVLG�
HUHG� 7KH +'9 FRGHF GHVFULEHG LQ 6HFWLRQ ����
ZLOO EH DYDLODEOH LQ KDUGZDUH DW WKH HQG RI �����
:KLOH '&7��EDVHG +'79 V\VWHPV QHHG WR EH LP�
SOHPHQWHGZLWK VHYHUDO FRGLQJ ERDUGV RSHUDWLQJ LQ
SDUDOOHO LQRUGHU WR UHDFK WKH YHU\KLJK VSHHGQHFHV�
VDU\� WKLV LV QRW QHFHVVDU\ LQ VXE��EDQG V\VWHPV� ,Q
HIIHFW� WKH SURFHVVLQJ VSHHG LQ VXE��EDQG KDUGZDUH
LV GLYLGHG E\ WKH QXPEHU RI VXE��EDQGV� LPPHGL�
DWHO\ DIWHU WKH VXE��EDQG VSOLWWHU� 7KLV REVHUYDWLRQ
LV QRW LQWHQGHG WR LPSO\ WKDW VXE��EDQG FRGLQJ LV

OHVV FRPSOH[� RYHUDOO� WKDQ '&7 FRGLQJ� EXW
VKRXOG LQVWHDG VHUYH WR HQFRXUDJH IXUWKHU DQDO\VLV
RI WKH UHDO� SUDFWLFDO FRPSOH[LW\ RI DOO QHZ
VFKHPHV�

%LEOLRJUDSK\

>�@ 0DX�-��&RPSXWDWLRQDOO\HIILFLHQWSVHXGR��
40) ILOWHU EDQN IRU D PXOWL��FRPSDWLEOH
+'79 FRGHF�
,&$663���

>�@ %DUEHUR� 0�� +RIPDQQ� +�� :HOOV� 1�'�� '&7
FRGLQJ DQG FXUUHQW LPSOHPHQWDWLRQV IRU
+'79
$GYDQFHG WHFKQLTXHV IRU VDWHOOLWH EURDGFDVW�
LQJ RI GLJLWDO +'79 DW IUHTXHQFLHV DURXQG ��
*+]� �� &ROOHFWHG SDSHUV RQ FRQFHSWV IRU
ZLGH��EDQG GLJLWDO +'79 VDWHOOLWH EURDGFDVW�
LQJ LQWR WKH ��VW FHQWXU\�
(%8� *HQHYD� )HEUXDU\ �����

'U� +DPHG $PRU VWXGLHG DW WKH 7HFKQLFDO 8QLYHUVLW\ RI $DFKHQ DQG IURP ���� WR ���� ZDV D
WHDFKLQJ DVVLVWDQW LQ WKH (OHFWULFDO (QJLQHHULQJ 'HSDUWPHQW� DQG D UHVHDUFK PHPEHU RI WKH 6LJQDO
3URFHVVLQJ /DERUDWRU\� ERWK DW WKH (FROH 1DWLRQDOH G·,QJpQLHXUV LQ 7XQLV� 6LQFH ���� KH KDV EHHQ
ZLWK %RVFK 7HOHFRP LQ ZKDW LV QRZ NQRZQ DV WKH 5HVHDUFK ,QVWLWXWH +LOGHVKHLP�

'U� $PRU LV LQWHUHVWHG LQ WKH GHYHORSPHQW RI QHZ GLJLWDO VLJQDO SURFHVVLQJ V\VWHPV� DQG YLGHR DQG DX�
GLR VLJQDO FRGLQJ LQ SDUWLFXODU� WKLV LV UHIOHFWHG LQ KLV SRVLWLRQ DV JURXS OHDGHU DQG FRRUGLQDWRU RI
VWXGLHV RQ WKHVH WRSLFV DW +LOGHVKHLP +H LV DOVR FRQGXFWLQJ UHVHDUFK LQWR FRPSXWHU YLVLRQ�

0U� -RsO 0DX JUDGXDWHG LQ HQJLQHHULQJ VFLHQFH IURP WKH (FROH 3RO\WHFKQLTXH� 3DULV� LQ �����
DQG LQ VLJQDO SURFHVVLQJ DW WKH (FROH 6XSpULHXUH GHV 7pOpFRPPXQLFDWLRQV� 3DULV� LQ ����� 6LQFH WKDW
WLPH KH KDV EHHQ ZRUNLQJ DW WKH &HQWUH &RPPXQ G·(WXGHV GH 7pOpGLIIXVLRQ HW 7pOpFRPPXQLFDWLRQV
�&&(77�� RQ PDWWHUV FRQFHUQLQJ LPDJH SURFHVVLQJ DQG� PRUH SDUWLFXODUO\� WKH GHVLJQ RI QHZ VXE��
EDQG WHFKQLTXHV DSSOLHG WR LPDJH FRGLQJ�

0U� 0DX LV DFWLYHO\ LQYROYHG LQ VHYHUDO (XURSHDQ SURMHFWV LQFOXGLQJ (XUHND ��� 9$',6 DQG 5$&(
+,9,76�

0U� (ULF %RXUJXLJQDW JUDGXDWHG LQ VLJQDO SURFHVVLQJ DW WKH 8QLYHUVLW\ RI 5HQQHV DQG DIWHU
FRPSOHWLQJ D WKHVLV RQ D KXPDQ VSDWLDO YLVLRQ PRGHO KH MRLQHG WKH &HQWUH &RPPXQ G·(WXGHV GH
7pOpGLIIXVLRQ HW 7pOpFRPPXQLFDWLRQV �&&(77� LQ ����� +H KDV ZRUNHG RQ SV\FKRYLVXDO VWXGLHV
DSSOLHG WR WHOHYLVLRQ SLFWXUH FRGLQJ DQG LQ SDUWLFXODU RQ IOLFNHU YLVLELOLW\� PDVNLQJ IXQFWLRQV DQG YLVX�
DO TXDOLW\ FULWHULD� +H LV FXUUHQWO\ KHDG RI WKH SLFWXUH FRGLQJ DQG SV\FKRYLVXDO VWXGLHV GHSDUWPHQW
DW WKH &&(77�

0U� %RXUJXLJQDW SDUWLFLSDWHV LQ VHYHUDO (XURSHDQ SURMHFWV LQFOXGLQJ (XUHND �� DQG 5$&( +,9,76
DQG LQ YDULRXV VWDQGDUGL]DWLRQ FRPPLWWHHV� +H LV 9LFH��&KDLUPDQ RI &&,5 ,:3 ��(�




