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:H GHVFULEH D PHWKRG IRU PRQLWRULQJ 9RLFH RYHU
,3 �9R,3� DSSOLFDWLRQV EDVHG XSRQ D UHGXFWLRQ RI WKH
,78�7·V (�0RGHO WR WUDQVSRUW OHYHO� PHDVXUDEOH
TXDQWLWLHV� ,Q WKH SURFHVV� �� ZH LGHQWLI\ WKH UHOHYDQW
WUDQVSRUW OHYHO TXDQWLWLHV� �� ZH GLVFXVV WKH WUDGHRIIV
EHWZHHQ SODFLQJ WKH PRQLWRUV ZLWKLQ WKH 9R,3
JDWHZD\V YHUVXV SODFHPHQW RI WKH PRQLWRUV ZLWKLQ WKH
WUDQVSRUW SDWK� DQG �� ZH LGHQWLI\ VHYHUDO DUHDV ZKHUH
IXUWKHU ZRUN DQG FRQVHQVXV ZLWKLQ WKH LQGXVWU\ DUH
UHTXLUHG� :H GLVFRYHU WKDW WKH UHOHYDQW WUDQVSRUW OHYHO
TXDQWLWLHV DUH WKH GHOD\� QHWZRUN SDFNHW ORVV DQG WKH
GHFRGHU·V GH�MLWWHU EXIIHU SDFNHW ORVV� :H ILQG WKDW DQ
LQ�SDWK PRQLWRU UHTXLUHV WKH GHILQLWLRQ RI D UHIHUHQFH
GH�MLWWHU EXIIHU LPSOHPHQWDWLRQ WR HVWLPDWH YRLFH
TXDOLW\ EDVHG XSRQ REVHUYHG WUDQVSRUW PHDVXUHPHQWV�
)LQDOO\� ZH VXJJHVW WKDW PRUH VWXGLHV DUH UHTXLUHG�
ZKLFK HYDOXDWH WKH TXDOLW\ RI YDULRXV 9R,3 FRGHFV LQ
WKH SUHVHQFH RI UHSUHVHQWDWLYH SDFNHW ORVV SDWWHUQV�
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7KHUH LV JUHDW LQWHUHVW LQ VXSSRUWLQJ YRLFH
DSSOLFDWLRQV RYHU ERWK WKH SXEOLF ,QWHUQHW DQG SULYDWH
LQWUD�QHWV� L�H�� 9RLFH RYHU ,3 �9R,3�� 6HYHUDO SRSXODU
,QWHUQHW LPSOHPHQWDWLRQV DUH WKH 9LGHR $XGLR 7RRO
�9$7� >�@ DQG WKH 5REXVW $XGLR 7RRO �5$7� >�@� DV
ZHOO DV D KRVW RI ,78�7 +���� LPSOHPHQWDWLRQV� $Q
LPSRUWDQW DVSHFW RI 9R,3 LV GHYHORSLQJ D SHUIRUPDQFH
PRQLWRULQJ FDSDELOLW\ WR WUDFN WKH TXDOLW\ RI WKH YRLFH
WUDQVSRUW� ,Q WKLV SDSHU� ZH GLVFXVV RQH DSSURDFK WR
PRQLWRULQJ WKH SHUIRUPDQFH RI FRQYHUVDWLRQDO YRLFH
DSSOLFDWLRQV RYHU ,QWHUQHW WUDQVSRUW� 6SHFLILFDOO\� ZH
LQYHVWLJDWH WKH XVH RI WKH ,78�7·V (�0RGHO>�@ DV D WRRO
WR UHODWH VHYHUDO WUDQVSRUW OHYHO PHWULFV WR DQ HVWLPDWH
RI FRQYHUVDWLRQDO YRLFH TXDOLW\� 7R DFFRPSOLVK WKLV�

ZH DQDO\]H WKH UHGXFWLRQ RI WKH H[LVWLQJ (�0RGHO LQ
WHUPV RI WUDQVSRUW�OHYHO PHWULFV IRU WKH SXUSRVH RI
PRQLWRULQJ FRQYHUVDWLRQDO YRLFH TXDOLW\� ,Q WKH
SURFHVV� ZH GLVFXVV WKH DGYDQWDJHV DQG VKRUWFRPLQJV
RI RXU DSSURDFK DQG LGHQWLI\ D VHW RI LVVXHV ZKLFK ZH
EHOLHYH QHHG WR EH DGGUHVVHG ZLWKLQ WKH RSHQ
OLWHUDWXUH�

7KH ,78�7·V (�0RGHO LV D QHWZRUN SODQQLQJ WRRO
XVHG LQ WKH GHVLJQ RI K\EULG FLUFXLW�VZLWFKHG DQG
SDFNHW�VZLWFKHG QHWZRUNV IRU FDUU\LQJ KLJK TXDOLW\
YRLFH DSSOLFDWLRQV� 7KH WRRO HVWLPDWHV WKH UHODWLYH
LPSDLUPHQWV WR YRLFH TXDOLW\ ZKHQ FRPSDULQJ
GLIIHUHQW QHWZRUN HTXLSPHQW DQG QHWZRUN GHVLJQV�
7KH WRRO SURYLGHV D PHDQV WR HVWLPDWH WKH VXEMHFWLYH
0HDQ 2SLQLRQ 6FRUH �026� UDWLQJ RI YRLFH TXDOLW\
RYHU WKHVH SODQQHG QHWZRUN HQYLURQPHQWV� :H
GHVFULEH WKH (�0RGHO LQ PRUH GHWDLO LQ 6HFWLRQ �
EHORZ�

7KH VSHFLILF PHWKRG ZH DGYRFDWH LV WR�

• 0HDVXUH WKH ORZ�OHYHO WUDQVSRUW PHWULFV
�FKDUDFWHUL]LQJ WKH FKDQQHO�� ZKLFK LPSDFW YRLFH
SHUIRUPDQFH� L�H�� GHOD\� GHOD\ YDULDWLRQ DQG SDFNHW
ORVV�

• &RPELQH WKH SDFNHW ORVV DQG GHOD\ YDULDWLRQ
PHDVXUHPHQWV� GH�MLWWHU EXIIHU RSHUDWLRQV� SDFNHW
VL]H DQG FRGHU IUDPH VL]H LQWR DQ HUURU PDVN �WKH
H[DFW VHTXHQFH RI JRRG DQG EDG FRGHU IUDPHV�
WKDW FDQ EH FKDUDFWHUL]HG LQ D VLPSOH PDQQHU �H�J��
DYHUDJH IUDPH ORVV UDWH DORQJ ZLWK VRPH PHDVXUH
RI EXUVWLQHVV��

• &RPELQH WKH FKDUDFWHUL]HG HUURU PDVN ZLWK WKH
FRGHU DQG LWV IUDPH�ORVV FRQFHDOPHQW DOJRULWKP
YLD D ORRN�XS WDEOH �RU FXUYH ILW� EDVHG RQ



VXEMHFWLYH WHVWLQJ WR SURGXFH DQ (�0RGHO
HTXLSPHQW LPSDLUPHQW IDFWRU �,HI�� DQG

• &RPELQH WKH ,HI ZLWK RWKHU (�0RGHO ORZ�OHYHO
PHDVXUDEOH HOHPHQWV� L�H�� GHOD\ DQG HFKR� WR
SURGXFH D SUHGLFWHG RSLQLRQ VFRUH RQ WKH TXDOLW\
RI WKH YRLFH FRQYHUVDWLRQ�

:H LOOXVWUDWH WKLV PHDVXUHPHQW DQG GDWD UHGXFWLRQ
PHWKRGRORJ\ LQ )LJXUH � EHORZ� ,Q WKLV ILJXUH ZH
FDSWXUH WKH FKDQQHO FKDUDFWHULVWLFV YLD D VHW RI
WUDQVSRUW OHYHO PHDVXUHPHQWV� H�J�� SDFNHW ORVV DQG
GHOD\ GLVWULEXWLRQV� :H FRPELQH WKLV ZLWK YDULRXV
DUFKLWHFWXUDO FKDUDFWHULVWLFV RI WKH 9R,3 JDWHZD\V�
VSHFLILFDOO\ WKH GH�MLWWHU EXIIHU LPSOHPHQWDWLRQV� WKH
WUDQVSRUW SDFNHW VL]H DQG WKH FRGHF IUDPH VL]H�

Packet Loss Distribution
Delay Jitter Distribution

Channel Characteristics Architecture Choices

De-jitter Buffer
Packet Size
Codec Frame Size

Frame Erasure Distribution
(Error Mask)

Codec
Loss Concealment Algorithm

Opinion  ----->  Equipment Impairment Factor

)LJXUH �� $ PHDVXUHPHQW DQG GDWD UHGXFWLRQ PHWKRGRORJ\ IRU
9R,3 TXDOLW\ PRQLWRULQJ� ZKLFK KLJKOLJKWV WKH HTXLSPHQW

LPSDLUPHQW IDFWRU HOHPHQWV�

7KH UHVXOW RI FRPELQLQJ WKH FKDQQHO FKDUDFWHUL]DWLRQ
DQG WKH DUFKLWHFWXUDO FKDUDFWHUL]DWLRQ RI WKH JDWHZD\V
LV D )UDPH (UDVXUH 'LVWULEXWLRQ �RU (UURU 0DVN�� 7KH
(UURU 0DVN FKDUDFWHUL]HV WKH VDOLHQW IHDWXUHV RI WKH
ORVV GLVWULEXWLRQ DV REVHUYHG E\ WKH GHFRGHU� �1RWH�
7KLV ORVV GLVWULEXWLRQ FDSWXUHV ERWK WKH WUDQVSRUW
SDFNHW ORVV DQG WKH ORVV LQ WKH GHFRGHU·V GH�MLWWHU
EXIIHU� GXH WR ODWH SDFNHW DUULYDOV�� :KHQ WKH (UURU
0DVN LV FRPELQHG ZLWK WKH VSHFLILF ORVV FRQFHDOPHQW
DOJRULWKP LPSOHPHQWHG ZLWKLQ FRGHF� ZH JHQHUDWH DQ
(TXLSPHQW ,PSDLUPHQW )DFWRU� ZKLFK FDSWXUHV WKH

� 7KH GHFRGHU PXVW LQWHQWLRQDOO\ GHOD\ WKH YDULDEOH GHOD\HG�
DUULYLQJ YRLFH SDFNHWV LQ LWV GH�MLWWHU EXIIHU LQ RUGHU WR
UHFRQVWUXFW D V\QFKURQRXV ELW VWUHDP� ,Q VRPH FDVHV WKLV
GH�MLWWHU EXIIHU GHOD\ LV QRW ODUJH HQRXJK WR DEVRUE WKH
WUDQVSRUW GHOD\ YDULDWLRQ� 7KLV UHVXOWV LQ GH�MLWWHU EXIIHU
ORVVHV DV REVHUYHG E\ WKH GHFRGHU�

H[SHFWHG LPSDLUPHQW RI WKH FRGHF XQGHU WKH DERYH
FRQGLWLRQV� )URP WKLV� WKH (�0RGHO SURYLGHV D PHDQV
WR HVWLPDWH D TXDOLW\ VFRUH IRU WKH FRQYHUVDWLRQDO YRLFH
DSSOLFDWLRQ� :H GLVFXVV WKH PHWKRGRORJ\ LQ GHWDLO LQ
6HFWLRQ � EHORZ�

)ROORZLQJ WKLV PHWKRGRORJ\� LW LV SRVVLEOH WR EXLOG
D UHODWLYHO\ VLPSOH 9R,3 SHUIRUPDQFH PRQLWRULQJ
FDSDELOLW\� ,W LV D IXUWKHU JRDO RI WKLV SDSHU WR KHOS
IRVWHU DQ LQGXVWU\ FRQVHQVXV DURXQG WKH VSHFLILF
PHWKRGRORJ\ WR IROORZ LQ GHYHORSLQJ VXFK D 9R,3
SHUIRUPDQFH PRQLWRULQJ FDSDELOLW\� 2QO\ WKHQ� ZRXOG
LW EH SRVVLEOH WR REWDLQ FRQVLVWHQW TXDOLW\ HVWLPDWHV
IURP WKLV W\SH RI 9R,3 TXDOLW\ PRQLWRU�

7KH UHPDLQGHU RI WKLV SDSHU LV RUJDQL]HG DV
IROORZV� :H QH[W GLVFXVV WKH UHODWLRQVKLS RI WKH (�
0RGHO DSSURDFK ZH DUH DGYRFDWLQJ WR RWKHU PHWKRGV
RI PRQLWRULQJ 9R,3 SHUIRUPDQFH� ,Q 6HFWLRQ �� ZH
SUHVHQW DQ RYHUYLHZ RI WKH ,78�7·V (�0RGHO� 6HFWLRQ
� FRYHUV RXU HIIRUWV WR UHGXFH WKH (�0RGHO·V IRUPXODH
WR WUDQVSRUW�OHYHO� GLUHFWO\ PHDVXUDEOH TXDQWLWLHV LQ DQ
XQDPELJXRXV IDVKLRQ� 6HFWLRQ � GLVFXVVHV VHYHUDO
LVVXHV ZLWK WKLV UHGXFWLRQ DQG� LQ SDUWLFXODU� GLVFXVVHV
WKH LVVXH RI LGHQWLI\LQJ D ¶UHIHUHQFH PRGHO· IRU
SHUIRUPDQFH PRQLWRULQJ� :H IROORZ WKLV ZLWK D
GLVFXVVLRQ RI PHDVXUHPHQW PHWKRGRORJLHV DQG UHSRUW
RQ VRPH ILHOG�ZRUN ZH KDYH SHUIRUPHG ZLWK WKLV
DSSURDFK� :H ILQLVK WKH SDSHU ZLWK D VHFWLRQ RQ RXU
FRQFOXVLRQV�
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:H NQRZ RI D IHZ FRPPHUFLDO SURGXFWV� ZKLFK
LPSOHPHQW PRQLWRULQJ DSSURDFKHV VLPLODU WR WKH RQH
ZH DGYRFDWH ZLWKLQ WKLV SDSHU� $OVR� WKH DSSURDFK ZH
DGYRFDWH LV QRW WKH RQO\ DSSURDFK WR PRQLWRULQJ WKH
TXDOLW\ RI 9R,3 DSSOLFDWLRQV� 2WKHU DSSURDFKHV UDQJH
IURP ´REMHFWLYH PRGHOV RI TXDOLW\µ� LQYROYLQJ WKH
LQMHFWLRQ RI VDPSOH VSHHFK VHJPHQWV DFURVV WKH
QHWZRUN� WR VLPSOH SDFNHW OHYHO PHDVXUHPHQWV� ,Q WKLV
VHFWLRQ ZH GLVFXVV WKHVH DOWHUQDWLYHV�

:H KDYH UXQ DFURVV VHYHUDO FRPPHUFLDO SURGXFWV�
ZKLFK PRQLWRU 9R,3 TXDOLW\ LQ D IDVKLRQ VLPLODU WR WKH
DSSURDFK ZH DGYRFDWH� 7KHVH LQFOXGH WKH &LVFR YRLFH
GLDO FRQWURO 0,% >�@ DQG 7HOFKHP\·V PRQLWRULQJ
VRIWZDUH >�@� 7KH LQIRUPDWLRQ RQ WKHVH SURGXFWV
UHIHUV WR WKH (�0RGHO LQ WKH GHVFULSWLRQ RI WKHLU
DSSURDFK� +RZHYHU� ERWK RI WKHVH SURGXFWV DSSHDU WR
UHO\ RQ LQIRUPDWLRQ H[WUDFWHG IURP ZLWKLQ WKH YRLFH
JDWHZD\V� $V VXFK� WKH\ UHTXLUH LPSOHPHQWDWLRQ
ZLWKLQ WKH 9R,3 JDWHZD\V WKHPVHOYHV� ,Q WKLV SDSHU�



ZH GLVFXVV D JHQHUDOL]HG DSSURDFK� ZKLFK LV
LQGHSHQGHQW RI WKH LPSOHPHQWDWLRQ ORFDWLRQ RI WKH
PRQLWRUV� $V VXFK� ZH DWWHPSW WR KLJKOLJKW WKH
UHODWLYH DGYDQWDJHV RI HDFK DSSURDFK�

$Q DOWHUQDWLYH PHWKRG� FRPPRQO\ LQ XVH� UHTXLUHV
WKH LQMHFWLRQ RI VDPSOH VSHHFK VHJPHQWV DFURVV D YRLFH
WUDQVSRUW SDWK� L�H�� WKH FRGHU�WR�QHWZRUN�WR�GHFRGHU
SDWK� 7KLV PHWKRG LV RIWHQ UHIHUUHG WR DV �REMHFWLYH
PRGHOV RI TXDOLW\�� 7KH PRGHOV FRPSDUH WKH RXWSXW
VSHHFK WR WKH LQSXW VSHHFK� XVLQJ SV\FKR�DFRXVWLF
IXQGDPHQWDOV� WR SURGXFH RSLQLRQ ZLWKRXW UHIHUHQFH
WR WKH XQGHUO\LQJ FKDQQHO FRQGLWLRQV� +RZHYHU� LW LV
VWLOO QHFHVVDU\ WR RYHUOD\ WKH ORZ�OHYHO WUDQVSRUW
PHDVXUHPHQWV RI GHOD\ DQG HFKR RQ WRS RI WKLV� XVLQJ
WKH (�0RGHO� LQ RUGHU WR FDSWXUH WKH FRQYHUVDWLRQDO
VSHHFK LPSDLUPHQWV GXH WR GHOD\� 7KH ,78�7 KDV
VWDQGDUGL]HG RQH VXFK PRGHO >�@ DQG FRQWLQXHV WR
LQYHVWLJDWH LPSURYHG PRGHOV >�@�

7KH DGYDQWDJHV RI REMHFWLYH PRGHOV RI TXDOLW\ DUH�
�� QR NQRZOHGJH RI� RU DVVXPSWLRQV DERXW� WKH
XQGHUO\LQJ QHWZRUN LV UHTXLUHG �FRGHU� GH�MLWWHU EXIIHU�
HUURU PDVN� SDFNHW VL]H�� DQG �� SUHGLFWHG RSLQLRQ LV
EDVHG RQ IXQGDPHQWDO SV\FKR�DFRXVWLFV UDWKHU WKDQ DQ
LQWHUSRODWLRQ RI VXEMHFWLYH WHVWLQJ UHVXOWV DV ZLWK WKH
(�0RGHO� DQG WKXV WKH UHVXOWV PD\ EH PRUH DFFXUDWH
DQG PRUH UREXVW� :LWK UHJDUG WR DFFXUDF\� WKH (�
0RGHO ZDV LQWHQGHG WR EH XVHG DV D QHWZRUN SODQQLQJ
WRRO� QRW D QHWZRUN PDLQWHQDQFH WRRO� $V VXFK� LW RQO\
QHHGV WR EH DFFXUDWH HQRXJK WR GLVWLQJXLVK EHWZHHQ
EURDG UDQJHV RI TXDOLW\ �VHH 7DEOH ��� 2Q WKH RWKHU
KDQG� REMHFWLYH PRGHOV RI TXDOLW\ FDQ RIWHQ GLVWLQJXLVK
EHWZHHQ TXDOLW\ OHYHOV ZLWKLQ D EURDG UDQJH� :LWK
UHJDUG WR UREXVWQHVV� WKH (�0RGHO FDQQRW SUHGLFW
RSLQLRQ IRU FRQGLWLRQV WKDW KDYH QRW EHHQ SUHYLRXVO\
VFRUHG E\ VXEMHFWLYH SDQHOV� 2Q WKH RWKHU KDQG�
REMHFWLYH PRGHOV RI TXDOLW\ FDQ SUHGLFW RSLQLRQ IRU
VXFK FRQGLWLRQV� DOWKRXJK WKHLU DFFXUDF\ LQ VXFK FDVHV
LV QRW DOZD\V JRRG�

7KH GLVDGYDQWDJHV RI REMHFWLYH PRGHOV DUH� �� WKH\
DUH FRPSOH[ DQG FRVWO\� �� WKHUH DUH VRPH FRQGLWLRQV
IRU ZKLFK WKH\ DUH NQRZQ QRW WR EH DFFXUDWH �H�J��
WHPSRUDO FOLSSLQJ�� �� WKH\ DUH LQWUXVLYH ZKHUHDV WKH (�
0RGHO FDQ EH LPSOHPHQWHG DV HLWKHU LQWUXVLYH RU QRQ�
LQWUXVLYH� DQG �� WKH\ UHYHDO QRWKLQJ DERXW WKH
XQGHUO\LQJ FDXVH RI TXDOLW\ SUREOHPV� %HFDXVH ZH
PDNH ORZ�OHYHO PHDVXUHPHQWV ZLWK WKH (�0RGHO� ZH
KDYH FDXVDOLW\ LQIRUPDWLRQ�

$QRWKHU PHWKRG LV WR UHO\ RQ GLUHFW SDFNHW OHYHO
PHDVXUHPHQWV RU VWUDLJKWIRUZDUG FRPELQDWLRQV RI

SDFNHW OHYHO PHDVXUHPHQWV� 7KUHVKROGV DUH WKHQ
GHILQHG DV WR ZKHQ WKH TXDOLW\ RI YRLFH FRQYHUVDWLRQV
ZRXOG GHJUDGH WR D FULWLFDO SRLQW� 7KH DGYDQWDJH RI
WKLV DSSURDFK LV WKDW LW LV UHODWLYHO\ VLPSOH WR
LPSOHPHQW� ,WV GLVDGYDQWDJH LV WKDW WKH WKUHVKROGV LW
UHOLHV XSRQ DUH VRPHZKDW DUELWUDULO\ FKRVHQ� )XUWKHU�
WKLV DSSURDFK GRHV QRW DWWHPSW WR FRPELQH WKH
WUDQVSRUW PHWULFV LQ D PHDQLQJIXO ZD\ ZLWK UHVSHFW WR
YRLFH TXDOLW\�
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7KH (�0RGHO� GHILQHG LQ WKH ,78�7 5HF� *����
>�@ DV ZHOO DV RWKHU DVVRFLDWHG ,78�7
UHFRPPHQGDWLRQV >�@� LV DQ DQDO\WLF PRGHO RI YRLFH
TXDOLW\ XVHG IRU QHWZRUN SODQQLQJ SXUSRVHV�
6SHFLILFDOO\� WKH (�0RGHO SUHVHQWV D PHWKRG IRU
HVWLPDWLQJ WKH UHODWLYH YRLFH TXDOLW\ ZKHQ FRPSDULQJ
WZR UHIHUHQFH FRQQHFWLRQV >�@� $FFRUGLQJ WR >�@� WKH
(�0RGHO KDV SURYHQ XVHIXO DV D WUDQVPLVVLRQ SODQQLQJ
WRRO� KRZHYHU IXUWKHU VWXGLHV DUH XQGHUZD\ WR DGGUHVV
WKH DVVXPSWLRQV RI WKH (�0RGHO XQGHU VSHFLILF
SDUDPHWHU FRPELQDWLRQV� )RU D IXOOHU GLVFXVVLRQ RI WKH
YDOLGLW\ RI WKH (�0RGHO� UHIHU WR >�@�

$ EDVLF UHVXOW RI WKH (�0RGHO LV WKH FDOFXODWLRQ RI
WKH 5�IDFWRU� ZKLFK LV D VLPSOH PHDVXUH RI YRLFH
TXDOLW\ UDQJLQJ IURP D EHVW FDVH RI ��� WR D ZRUVW FDVH
RI �� 7KH 5�IDFWRU XQLTXHO\ GHWHUPLQHV WKH IDPLOLDU
0HDQ 2SLQLRQ 6FRUH �026�� ZKLFK LV WKH DULWKPHWLF
DYHUDJH RI RSLQLRQ ZKHQ ´H[FHOOHQWµ TXDOLW\ LV JLYHQ D
VFRUH RI �� ´JRRGµ D �� ´IDLUµ D �� ´SRRUµ D �� DQG
´EDGµ D �� 7KH 5�IDFWRU LV GHILQHG LQ WHUPV RI VHYHUDO
SDUDPHWHUV DVVRFLDWHG ZLWK D YRLFH FKDQQHO DFURVV D
PL[HG 6ZLWFKHG &LUFXLW 1HWZRUN �6&1� DQG D 3DFNHW
6ZLWFKHG 1HWZRUN �361�� 7KH SDUDPHWHUV LQFOXGHG LQ
WKH FRPSXWDWLRQ RI WKH 5�IDFWRU DUH IDLUO\ H[WHQVLYH
FRYHULQJ VXFK IDFWRUV DV HFKR� EDFNJURXQG QRLVH�
VLJQDO ORVV� FRGHF LPSDLUPHQWV� DQG RWKHUV� $Q
H[FHOOHQW GLVFXVVLRQ RI WKH (�0RGHO LV IRXQG LQ >�@�

7KH 5�IDFWRU LV UHODWHG WR WKH 026 WKURXJK WKH
IROORZLQJ VHW RI H[SUHVVLRQV�

)RU 5 � � � 026  �

)RU 5 ! ��� � 026  ��� �(TXDWLRQ ��

)RU � � 5 � ��� � 026  � � ����� 5

� �[���� 5�5���������5�

)RU UHIHUHQFH� (T���� LV SORWWHG LQ )LJXUH ��



)LJXUH �� $ SORW VKRZLQJ WKH UHODWLRQVKLS EHWZHHQ WKH 5�IDFWRU
DQG WKH 026 �VHH (T������

7\SLFDOO\� WKH YDOXHV RI WKH 5�IDFWRU DUH FDWHJRUL]HG DV
VKRZQ LQ 7DEOH � EHORZ� +HUH ZH VHH WKDW
FRQQHFWLRQV ZLWK 5�IDFWRUV RI OHVV WKDQ �� DUH
H[SHFWHG WR SURYLGH D ¶SRRU· TXDOLW\ RI VHUYLFH WR XVHUV�

7DEOH �� 5�IDFWRUV� TXDOLW\ UDWLQJV DQG WKH DVVRFLDWHG 026�

5�IDFWRU 4XDOLW\ RI
YRLFH UDWLQJ

026

�� � 5 � ��� %HVW ���� ² ���

�� � 5 � �� +LJK ���� ² ����

�� � 5 � �� 0HGLXP ���� ² ����

�� � 5 � �� /RZ ���� ² ����

�� � 5 � �� 3RRU ���� ² ����

7KH 5�IDFWRU LV H[SUHVVHG DV WKH VXP RI IRXU
WHUPV�

5  ��� � ,V ² ,G � ,HI � $ �(TXDWLRQ ��

ZKHUH ,V LV WKH VLJQDO�WR�QRLVH LPSDLUPHQWV DVVRFLDWHG
ZLWK W\SLFDO 6&1 SDWKV� ,G LV WKH LPSDLUPHQW DVVRFLDWHG
ZLWK WKH PRXWK�WR�HDU GHOD\ RI WKH SDWK� ,HI LV DQ
HTXLSPHQW LPSDLUPHQW IDFWRU DVVRFLDWHG ZLWK WKH
ORVVHV ZLWKLQ WKH JDWHZD\ FRGHFV DQG $ LV WKH
([SHFWDWLRQ )DFWRU� $Q LQWHUHVWLQJ DVSHFW RI WKH (�

0RGHO LV WKDW WKHVH WHUPV� L�H�� ,V� ,G� DQG ,HI DUH DGGLWLYH
DQG IXUWKHU� WKDW WKH GHOD\ DQG SDFNHW ORVV
FRQWULEXWLRQV DUH LVRODWHG LQWR ,G DQG ,HI � UHVSHFWLYHO\�
7KLV GRHV QRW LPSO\ WKDW GHOD\ DQG SDFNHW ORVV DUH XQ�
FRUUHODWHG LQ WKH XQGHUO\LQJ WUDQVSRUW PHGLD� EXW RQO\
WKDW WKHLU FRQWULEXWLRQV WR WKH HVWLPDWHG LPSDLUPHQWV
DUH VHSDUDEOH�

7KH ([SHFWDWLRQ )DFWRU FRYHUV WKRVH LQWDQJLEOH
TXDQWLWLHV WKDW DUH GLIILFXOW �RU LPSRVVLEOH� WR TXDQWLI\�
7KLV WHUP DFFRXQWV IRU ORZHUHG FXVWRPHU H[SHFWDWLRQV
RI TXDOLW\ EHFDXVH RI� H�J�� D FHOO SKRQH XVHU·V WHQGHQF\
WR WROHUDWH ORZHU TXDOLW\ LQ H[FKDQJH IRU WKH
FRQYHQLHQFH DIIRUGHG E\ PRELOLW\� RU LQ H[FKDQJH IRU D
ORZHU SULFH� )RU WKH PRVW SDUW LW LV GLIILFXOW WR HVWLPDWH
WKH ([SHFWDWLRQ )DFWRU� DOWKRXJK WKHUH DSSHDUV WR EH
VRPH DJUHHPHQW WKDW DQ ([SHFWDWLRQ )DFWRU RI DURXQG
�� IRU D FHOOXODU QHWZRUN LV DSSURSULDWH >��@� +RZHYHU�
QR VXFK DJUHHPHQW KDV EHHQ UHDFKHG IRU WKH FDVH RI
ORZHU SULFHV DV H[SHFWHG ZLWK VRPH 9R,3 VHUYLFHV�
)RU WKLV UHDVRQ� ZH ZLOO GURS WKH ([SHFWDWLRQ )DFWRU
IURP RXU IXWXUH GLVFXVVLRQV RI WKH 5�IDFWRU�

7KH VLJQDO�WR�QRLVH LPSDLUPHQW IDFWRU� ,V� LV D
IXQFWLRQ RI VHYHUDO SDUDPHWHUV� QRQH RI ZKLFK DUH D
IXQFWLRQ RI WKH XQGHUO\LQJ SDFNHW WUDQVSRUW� +RZHYHU�
WKH ,78�7 5HF� *���� >�@ UHFRPPHQGV D VHW RI GHIDXOW
YDOXHV IRU WKHVH SDUDPHWHUV IRU SODQQLQJ SXUSRVHV�
%HFDXVH WKLV LV QRW WKH IRFXV RI RXU GLVFXVVLRQ� DQG LV
GHSHQGHQW XSRQ WKH PHWKRG WR DFFHVV WKH 9R,3
QHWZRUN� ZH ZLOO UHO\ XSRQ WKH GHIDXOW
UHFRPPHQGDWLRQV IRU DOO EXW D IHZ SDUDPHWHUV� H�J�� DOO
H[FHSW IRU WKH GHOD\ DQG SDFNHW ORVV SDUDPHWHUV� )RU
H[DPSOH� LW LV VXIILFLHQW IRU RXU SXUSRVHV WR DVVXPH
WKDW HFKR FDQFHOHUV DUH SUHVHQW DQG ZRUNLQJ SURSHUO\
�QR HFKR��  &KRRVLQJ WKHVH GHIDXOW YDOXHV� ZH FDQ
UHGXFH WKH H[SUHVVLRQ IRU WKH 5�IDFWRU >�@ WR�

5  ���� ² ,G � ,HI �(TXDWLRQ ��

1RW RQO\ KDYH ZH FKRVHQ WKH GHIDXOW YDOXHV IRU WKH
YDULRXV 6&1 VLJQDO LPSDLUPHQWV� EXW ZH KDYH DOVR
GURSSHG UHIHUHQFH WR WKH ([SHFWDWLRQ )DFWRU�

7KH GHOD\ FRPSRQHQWV ZLWKLQ WKH IXQFWLRQ ,G DUH�
�� 7D WKH DYHUDJH� DEVROXWH RQH�ZD\ PRXWK�WR�HDU
GHOD\� �� 7 WKH DYHUDJH� RQH�ZD\ GHOD\ IURP WKH UHFHLYH
VLGH WR WKH SRLQW LQ WKH HQG�WR�HQG SDWK ZKHUH D VLJQDO
FRXSOLQJ RFFXUV DV D VRXUFH RI HFKR� DQG �� 7U WKH
DYHUDJH� URXQG WULS GHOD\ LQ WKH IRXU�ZLUH ORRS� 1RWH
WKDW 7D� 7U DQG 7 UHSUHVHQW YDULRXV PHDVXUHV RI GHOD\
IURP GLIIHUHQW SRLQWV ZLWKLQ D JHQHUDO UHIHUHQFH



FRQQHFWLRQ� *���� JLYHV D IXOO\ DQDO\WLFDO H[SUHVVLRQ
IRU WKH IXQFWLRQ ,G� LQ WHUPV RI 7D� 7� 7U DQG
SDUDPHWHUV DVVRFLDWHG ZLWK D JHQHUDO UHIHUHQFH
FRQQHFWLRQ GHVFULELQJ YDULRXV FLUFXLW VZLWFKHG DQG
SDFNHW VZLWFK LQWHU�ZRUNLQJ VFHQDULRV�

7DEOH �� 9DOXHV RI WKH GHOD\ LPSDLUPHQW IRU VHOHFWHG� RQH�ZD\
GHOD\ YDOXHV� �1RWH� 7KH RQH�ZD\ GHOD\ LV GHILQHG DV PRXWK�WR�

HDU GHOD\��

2QH�ZD\ GHOD\
�PVHF�

,G
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�� ���
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6LQFH WKH IRFXV RI WKLV SDSHU LV RQ WKH
GHYHORSPHQW RI DQ ,3�EDVHG PRQLWRULQJ V\VWHP� ZH
FKRRVH WR VLPSOLI\ WKH H[SUHVVLRQ IRU ,G LQ WKUHH ZD\V
�DQG KHQFH IRFXV RXU GLVFXVVLRQ RQ ,3�EDVHG WUDQVSRUW
DQG 9R,3 JDWHZD\ LVVXHV�� )LUVW� IRU WKH FDVHV ZH DUH
LQWHUHVWHG LQ� L�H�� 9R,3 ZLWK QR FLUFXLW VZLWFKHG
QHWZRUN LQWHUZRUNLQJ� WKH YDULRXV PHDVXUHPHQW SRLQWV
IRU WKH GHOD\ PHDVXUHV FROODSVH LQWR D VLQJOH SDLU RI
SRLQWV� VXFK WKDW

2/ra TTTd === �(TXDWLRQ ��

DQG WKDW ,G�G� LV QRZ D IXQFWLRQ RQO\ RI WKH VLQJOH GHOD\
PHDVXUHPHQW G� 6HFRQG� ZH FKRRVH WR XVH WKH GHIDXOW
YDOXHV OLVWHG LQ >�@ IRU DOO WHUPV LQ WKH ,G H[SUHVVLRQ
RWKHU WKDQ 7D� 7 DQG 7U� 7KLUG� ZH SORW RXW WKH GHOD\
FRPSRQHQW DQG WKHQ ILW WKH UHVXOWLQJ FXUYH WR D VLPSOH
H[SUHVVLRQ IRU GLVFXVVLRQ SXUSRVHV� )RU UHIHUHQFH� WKH
IXOO H[SUHVVLRQ IRU ,G� DVVXPLQJ RQO\ WKH GHIDXOW YDOXHV

OLVWHG LQ *����� FRXOG EH XVHG IRU RXU SXUSRVHV LQVWHDG
RI RXU VLPSOLILHG H[SUHVVLRQ GHULYHG EHORZ� %XW� ZH
ILQG LW PXFK PRUH FRQYHQLHQW IRU GLVFXVVLRQ DQG
PRGHOLQJ SXUSRVHV WR XVH RXU VLPSOLILHG H[SUHVVLRQ
EHORZ� 7DEOH � DERYH JLYHV WKH YDOXHV IRU WKH GHOD\
FRPSRQHQW IRU VHOHFWHG YDOXHV RI WKH RQH ZD\ GHOD\
>��@�

,Q )LJXUH �� ZH SORW WKHVH YDOXHV DQG ILQG WKDW ,G
KDV WZR URXJKO\ OLQHDU UHJLRQV� $ NQHH LQ WKH FXUYH
RFFXUV DW D GHOD\ RI ��� PVHF� )RU RQH ZD\ GHOD\V OHVV
WKDQ ��� PVHF� FRQYHUVDWLRQV RFFXU QDWXUDOO\� ZKHUHDV
DW GHOD\V LQ H[FHVV RI ��� PVHF FRQYHUVDWLRQV EHJLQ WR
VWUDLQ DQG EUHDNGRZQ� RIWHQ GHJHQHUDWLQJ LQWR VLPSOH[
FRPPXQLFDWLRQV DW KLJK GHOD\ YDOXHV�
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)LJXUH �� $ SORW RI WKH ,G DV D IXQFWLRQ RI GHOD\ DORQJ ZLWK D
VLPSOH ILW�

$OVR RQ WKLV SORW� ZH ILW WKH YDOXHV RI ,G WR WKH
H[SUHVVLRQ�

,G  ����� G � �����G ² ������ +�G ² ������ �(TXDWLRQ ��

+HUH G LV WKH RQH�ZD\ GHOD\ �LQ PLOOLVHFRQGV� DQG +�[�
LV WKH +HDY\VLGH �RU VWHS� IXQFWLRQ�

+�[�  � LI [ � �� HOVH

+�[�  � IRU [ ! � �(TXDWLRQ ��

:H FDQ QRZ H[SUHVV WKH 5�IDFWRU LQ WKH IRUP�

5 a ���� � �����G������G ²������+�G ²������ ² ,HI

�(TXDWLRQ ��

$OO WKDW UHPDLQV LV WR ILQG VXLWDEOH HVWLPDWHV IRU
WKH HTXLSPHQW LPSDLUPHQW IDFWRUV� &XUUHQWO\� QR
DQDO\WLF H[SUHVVLRQV H[LVW IRU WKH HTXLSPHQW



LPSDLUPHQW IDFWRUV� (VWLPDWHV PXVW EH H[WUDFWHG IURP
VXEMHFWLYH PHDVXUHPHQWV� :H DGGUHVV WKLV LQ WKH QH[W
VHFWLRQ�

�  (48,30(17 ,03$,50(17 )$&7256 $1'
7+(,5 5('8&7,21 �7+28*+

0($685(0(176 � 72 %$6( 75$163257
0(75,&6

)LJXUH � GHSLFWV KRZ YDULRXV HOHPHQWV OHDG WR
HTXLSPHQW LPSDLUPHQW IDFWRUV� )LUVWO\� ZH KDYH WKH
FKDQQHO SDFNHW ORVV DQG GHOD\ MLWWHU FKDUDFWHULVWLFV�
6HFRQGO\� WKH GH�MLWWHU EXIIHU ZLOO VPRRWK RXW WKH GHOD\
YDULDWLRQ� DW WKH H[SHQVH RI LQFUHDVHG SDFNHW ORVV DQG
GHOD\� 7KLUGO\� WKH UHVXOWLQJ SDFNHW ORVV GLVWULEXWLRQ LV
FRPELQHG ZLWK WKH UHODWLYH VL]H RI WKH SDFNHWV DQG
FRGHU IUDPHV WR SURGXFH DQ HUURU PDVN �WKH H[DFW
VHTXHQFH RI JRRG DQG EDG FRGHU IUDPHV�� )RXUWKO\�
WKH HUURU PDVN LV FRPELQHG ZLWK WKH FRGHU DQG LW·V
IUDPH ORVV FRQFHDOPHQW DOJRULWKP WR SURGXFH RSLQLRQ�
/DVWO\� RSLQLRQ LV FRQYHUWHG WR DQ HTXLSPHQW
LPSDLUPHQW IDFWRU� 1R DQDO\WLF H[SUHVVLRQV DUH
GLUHFWO\ DYDLODEOH IRU WKH ,HI·V� ,QVWHDG� WKH ,HI PXVW EH
REWDLQHG IURP VXEMHFWLYH PHDVXUHPHQWV RI YRLFH
TXDOLW\ IRU HDFK SDUWLFXODU FRGHF DQG WKH YDULRXV
RSHUDWLQJ FRQGLWLRQV VKRZQ LQ )LJXUH �� H�J�� WKH
SDFNHW ORVV� SDFNHW VL]H� HWF�

:KDW ZH UHTXLUH DW WKLV SRLQW� DUH VWXGLHV RI WKH
TXDOLW\ RI WKH YDULRXV FRGHF LPSOHPHQWDWLRQV IRU WKH
H[SHFWHG RSHUDWLQJ FRQGLWLRQV� $V DQ H[DPSOH�
+DUGPDQ� HW� DO� >��@ DQG >��@ KDYH SHUIRUPHG 026
DQG LQWHOOLJLELOLW\ WHVWV IRU D QRYHO ORVV FRQFHDOPHQW
VFKHPH IRU FRQVLGHUDWLRQ ZLWKLQ WKHLU 5REXVW $XGLR
7RRO �5$7�� )RU VLPSOLFLW\ RI GLVFXVVLRQ� ZH LQVWHDG
ZRUN ZLWK WKH UHVXOWV IRXQG LQ $SSHQGL[ , LQ >�@� +HUH
YDULRXV ,HI YDOXHV DUH GLUHFWO\ JLYHQ IRU VHYHUDO FRGHF
W\SHV DV D IXQFWLRQ RI DYHUDJH SDFNHW ORVV UDWH� SDFNHW
ORVV EXUVWLQHVV DQG SDFNHW VL]H EDVHG XSRQ 026
WHVWLQJ� 2QH VXFK H[DPSOH LV WKH *����D FRGHU >��@�
ZLWK D SDFNHW VL]H RI �� PVHFV� DQG UDQGRP SDFNHW
ORVV RI XS WR ���� 7KH UHSRUWHG UHVXOWV IRU WKH ,HI
IDFWRU DUH SORWWHG LQ )LJXUH �� 7KH HIIHFW RI SDFNHW
ORVV LV WR LQFUHDVH WKH PHDVXUHG YDOXH RI ,HI� DQG KHQFH
GHFUHDVH WKH FDOO TXDOLW\� DV RQH ZRXOG H[SHFW� 7KH
PLQLPXP ,HI YDOXH LV �� IRU WKH FDVH RI ]HUR SDFNHW
ORVV� 7KLV LV WKH PHDVXUHG LPSDLUPHQW GXH WR WKH
FRPSUHVVLRQ DOJRULWKP ZLWKLQ WKH *����D VWDQGDUG�
7KH PHDVXUHG ,HI LV PRQRWRQLFDOO\ LQFUHDVLQJ DV WKH
DYHUDJH SDFNHW ORVV LV LQFUHDVHG� 7KH ODUJHVW PHDVXUHG
YDOXH UHSRUWHG LQ >�@ LV �� IRU WKH FDVH RI DQ DYHUDJH
SDFNHW ORVV RI ����
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)LJXUH �� 0HDVXUHPHQWV RI ,HI IRU D *����D FRGHF XQGHU
UDQGRP SDFNHW ORVV FRQGLWLRQV�

$OVR VKRZQ LQ )LJXUH � LV D FXUYH ILW RI WKH
PHDVXUHG YDOXHV RI ,HI� 7KH FXUYH LV GHULYHG IURP DQ
H[SUHVVLRQ RI WKH IRUP�

)1ln(~ 321 eI ef γγγ ++ �(TXDWLRQ ��

ZKHUH H LV WKH WRWDO ORVV SUREDELOLW\ �L�H�� H OLHV EHWZHHQ

� DQG �� DQG WKH γL·V DUH ILWWLQJ SDUDPHWHUV� ,Q JHQHUDO�
ZH KDYH IRXQG WKDW DQ H[SUHVVLRQ RI WKLV IRUP ILWV ZHOO
WKH PHDVXUHG GDWD RQ ,HI YDOXHV IRU YDULRXV FRGHFV
XQGHU FRQGLWLRQV RI UDQGRP SDFNHW ORVV� $V DQ
H[DPSOH� WKH VSHFLILF YDOXHV XVHG LQ )LJXUH � DUH

,HI �*����D� UDQGRP� a �� � �� OQ�� � �� H� �(TXDWLRQ ��

$SSHQGL[ , LQ >�@ DOVR JLYHV PHDVXUHG YDOXHV IRU
WKH ,HI IDFWRU IRU WKH *���� FRGHF >��@ LPSOHPHQWLQJ
WKH SDFNHW ORVV FRQFHDOPHQW DOJRULWKP IRXQG LQ >��@ LQ
WKH SUHVHQFH RI UDQGRP DQG DOVR EXUVW\ SDFNHW ORVV�
:H VKRZ WKHVH PHDVXUHG YDOXHV LQ )LJXUH �� )URP WKH
ILJXUH ZH VHH WKDW DW ]HUR ORVV� WKH ,HI YDOXH LV ]HUR�
7KLV LV D UHIOHFWLRQ RI WKH IDFW WKDW WKH *���� FRGHF
DGGV QR LPSDLUPHQW WR WKH REVHUYHG TXDOLW\ RI WKH
VSHHFK LQ ]HUR ORVV FRQGLWLRQV� :H DOVR VHH WKDW IRU
ORZ ORVV� L�H�� H � ����� WKH PHDVXUHG YDOXHV RI ,HI
�*���� ZLWK SDFNHW ORVV FRQFHDOPHQW� XQGHU
FRQGLWLRQV RI UDQGRP DQG EXUVW\ SDFNHW ORVV DUH
LGHQWLFDO �ZLWKLQ WKH DFFXUDF\ RI WKH PHDVXUHPHQW
PHWKRGRORJ\�� +RZHYHU� IRU ODUJHU ORVV YDOXHV� L�H�� H
! ����� WKH\ GLIIHU GUDPDWLFDOO\� 7KH EXUVW\ ORVV FDXVHV
D PDUNHG GHJUDGDWLRQ LQ WKH YRLFH TXDOLW\ RYHU WKH
UDQGRP ORVV PHDVXUHPHQWV DW FRPSDUDEOH DYHUDJH ORVV
UDWHV� :H DOVR VKRZ WKH WZR FXUYH ILWV ZH SHUIRUPHG
WR WKH GDWD� 7KH ORZHU FXUYH ZDV ILW WR WKH UDQGRP
SDFNHW ORVV GDWD DQG LV VSHFLILFDOO\ JLYHQ E\ WKH
H[SUHVVLRQ�



,HI �*����FRQFHDOPHQW� UDQGRP� a � � �� OQ����� H�

�(TXDWLRQ ���

7KH XSSHU FXUYH ZDV ILW WR WKH EXUVW\ SDFNHW ORVV GDWD
IRU ORVV YDOXHV JUHDWHU WKDQ ��� 7KH VSHFLILF YDOXHV
XVHG IRU WKH FXUYH ILW DUH JLYHQ E\�

,HI �*����FRQFHDOPHQW� EXUVW\!��� a ����OQ����� H�

�(TXDWLRQ ���

7KHUHIRUH� RXU EHVW HVWLPDWH IRU WKH ,HI IDFWRU RYHU WKH
UDQJH RI EXUVW\ ORVV YDOXHV �FRPELQLQJ WKH WZR
SUHYLRXV H[SUHVVLRQV� LV

,HI �*���� FRQFHDOPHQW� EXUVW\� a ��OQ����� H� +������H�

� ��OQ�����H� +�H������ �(TXDWLRQ ���

7KH *���� GDWD IURP >�@ IRU EXUVW\ ORVV FRQGLWLRQV
VKRZV DOPRVW D MXPS GLVFRQWLQXLW\ EHWZHHQ WKH
PHDVXUHPHQWV DW H  ���� DQG H  ����� 7KH UHDVRQ
IRU WKLV LV QRW DSSDUHQW WR XV DW WKLV WLPH� ZH FDQ RQO\
VSHFXODWH DV WR WKH XQGHUO\LQJ FDXVH� 0LVVLQJ IURP >�@
LV D GHVFULSWLRQ RI WKH DOJRULWKP XVHG IRU JHQHUDWLQJ
WKH EXUVW\ SDFNHW ORVVHV� :H DOVR QRWH WKDW WKH
GLVFRQWLQXLW\ PD\ EH UHDO RU LW PD\ EH DQ DUWLIDFW RI WKH
PHDVXUHPHQW PHWKRGRORJ\� ZKLFK LV DOVR QRW
GHVFULEHG LQ >�@� ,Q WKH HYHQW WKDW WKH GLVFRQWLQXLW\ LV
UHDO� LW PD\ EH FDXVHG E\ WKH SHUIRUPDQFH RI WKH ORVV
FRQFHDOPHQW DOJRULWKP >��@ LQ WKH SUHVHQFH RI EXUVW\
HUURUV� 7KLV SDUWLFXODU ORVV FRQFHDOPHQW DOJRULWKP
SHUIRUPV H[WUHPHO\ ZHOO LQ FRQFHDOLQJ VLQJOH �LVRODWHG�
SDFNHW ORVVHV� EXW KLWV D ´FOLIIµ IRU VRPH QXPEHU RI
FRQVHFXWLYH SDFNHW ORVVHV� %H\RQG WKLV SRLQW� LWV
SHUIRUPDQFH LV FRPSDUDEOH WR RWKHU FRGHFV DQG ORVV
FRQFHDOPHQW DOJRULWKPV� ,W PD\EH WKDW DW �� RU OHVV
SDFNHW ORVV �JLYHQ WKH QDWXUH RI WKH VLPXODWHG ORVV
SDWWHUQV JHQHUDWHG IRU WKH WHVWV�� WKH WRWDO ORVV UDWH LV
ORZ HQRXJK WKDW WKH WHVWV GR QRW RIWHQ JHQHUDWH WKH
´FULWLFDOµ QXPEHU RI FRQVHFXWLYH ORVVHV� %XW� DW ��
DQG KLJKHU� WKH WHVWV GR� 2WKHU FRGHUV DQG ORVV
FRQFHDOPHQW DOJRULWKPV PD\ QRW KDYH WKLV
GLVFRQWLQXLW\ EHFDXVH WKH\ GR QRW H[KLELW WKH VDPH
H[FHSWLRQDO SHUIRUPDQFH IRU VLQJOH SDFNHW ORVVHV DV WKH
FRQFHDOPHQW DOJRULWKP GHVFULEHG LQ >��@� :H VKRZ
WKHVH UHVXOWV RQO\ IRU LOOXVWUDWLYH SXUSRVHV� +RZHYHU�
ZH VWURQJO\ EHOLHYH WKDW PRUH PHDVXUHPHQW ZRUN LQ
WKLV DUHD LV ZDUUDQWHG�
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)LJXUH �� 0HDVXUHPHQWV RQ EXUVW\ SDFNHW ORVV HIIHFWV RQ ,HI IRU D
*���� FRGHF ZLWK SDFNHW ORVV FRQFHDOPHQW �IURP 5HI� >�@��

��� $ )8//< $1$/<7,& (;35(66,21 )25 7+(

5�)$&725

,GHDOO\� ZH ZRXOG OLNH WR EH DEOH WR H[SUHVV WKH ,HI
YDOXHV IRU WKH YDULRXV DQG LQWHUHVWLQJ FRGHFV LQ IXOO\
DQDO\WLF IRUP DV D IXQFWLRQ RI WKH DYHUDJH SDFNHW ORVV
DQG VRPH DSSURSULDWH PHDVXUH RI ORVV EXUVWLQHVV�
+RZHYHU� DW WKLV SRLQW LQ WLPH QRW HQRXJK VXEMHFWLYH
PHDVXUHPHQWV DQG WKHLU VSHFLILFV DUH DYDLODEOH LQ WKH
RSHQ OLWHUDWXUH WR DFFRPSOLVK WKLV� 7KH EHVW ZH FDQ
FXUUHQWO\ GR LV WR IRFXV RQ WKH UHVXOWV IURP WKH
PHDVXUHPHQWV GLVFXVVHG DERYH DQG GUDZ VRPH
FRQFOXVLRQV� )RU GLVFXVVLRQ SXUSRVHV� ZH ZLOO OLPLW
RXU H[DPSOHV WR WKH UHVXOWV IRU UDQGRP SDFNHW ORVV
PHDVXUHPHQWV�

:H DUH QRZ LQ D SRVLWLRQ WR VXPPDUL]H WKH UHVXOWV
RI WKH PHDVXUHPHQWV DQG WKH FXUYH ILWWLQJ E\ ZULWLQJ
GRZQ RXU UHODWLYHO\ VLPSOH H[SUHVVLRQ IRU WKH 5�IDFWRU
IRU YDULRXV FRGHF W\SHV� %DVHG XSRQ WKH GLVFXVVLRQ RI
WKLV VHFWLRQ DQG WKH SUHYLRXV RQH� ZH ILQG IRU WKH 5�
IDFWRU WKH IROORZLQJ H[SUHVVLRQ �IRU UDQGRP SDFNHW
ORVV��

5 a α²β� G²β� �G²β�� +�G²β�� ²γ� ²γ� OQ���γ�H�

�(TXDWLRQ ���

ZKHUH

α  ����

β�  ����� PV�� β�  ���� PV�� β�  ����� PV

γ�  �� �*����D� γ� �� �*����D� γ�  �� �*����D�



γ�  � �*����� γ� �� �*����� γ�  �� �*�����

G  GFRGHF � GGH�MLWWHUBEXIIHU� GQHWZRUN

H  HQHWZRUN � � � ² HQHWZRUN � HMLWWHUBEXIIHU

7KH UHVXOWV IRU WKH *����D FRGHF DVVXPHV D �� PVHF
SDFNHW VL]H� ZKLOH WKH *���� UHVXOWV DUH IRU D �� PVHF
SDFNHW VL]H� 7KH UHVXOWV IRU ERWK *����D DQG *����
OLVWHG DERYH DUH OLPLWHG WR UDQGRP SDFNHW ORVV� 2WKHU
YDOXHV QHHG WR EH GHULYHG IRU RWKHU FRPELQDWLRQV RI
FRGHUV� SDFNHW VL]H DQG HUURU PDVN GLVWULEXWLRQV�

,Q (TXDWLRQ ����� G UHSUHVHQWV WKH RQH ZD\ GHOD\
IURP PRXWK�WR�HDU� $V ZH ZLOO VHH ODWHU LQ WKH
GLVFXVVLRQ RI WKH FRGHF FRPSRQHQW PRGHOV� G LV
FRPSRVHG RI GFRGHF� WKH DOJRULWKPLF DQG SDFNHWL]DWLRQ
GHOD\ DVVRFLDWHG ZLWK WKH FRGHF DQG WKH ,3 SDFNHW
SURFHVVRU� GGH�MLWWHUBEXIIHU� WKH GHOD\ DVVRFLDWHG ZLWK WKH
GH�MLWWHU EXIIHU UHTXLUHG WR VPRRWK RXW WKH GHOD\
YDULDWLRQ LQ WKH DUULYLQJ SDFNHW VWUHDP� DQG GQHWZRUN� WKH
RQH ZD\ WUDQVLW GHOD\ DFURVV WKH ,3 WUDQVSRUW QHWZRUN
IURP JDWHZD\ WR JDWHZD\� 6LPLODUO\� WKH ORVV
SUREDELOLW\ LV GHFRPSRVHG LQWR D VXP RI WZR WHUPV�
WKH HQHWZRUN� ZKLFK LV WKH ORVV SUREDELOLW\ GXH WR WKH ORVV
LQ WKH ,3 WUDQVSRUW QHWZRUN� DQG HGH�MLWWHUBEXIIHU� ZKLFK LV
WKH ORVV GXH WR WKH DUULYLQJ SDFNHW VWUHDP
XQGHUIORZLQJ RU RYHUIORZLQJ WKH GHFRGHU·V GH�MLWWHU
EXIIHU�

7KHVH UHVXOWV DUH FHQWUDO WR WKH WKHPH RI WKLV
SDSHU� 7KH\ ZLOO IRUP WKH EDVLV IRU WKH UHPDLQGHU RI
WKH GLVFXVVLRQ EHORZ� %HIRUH ZH JR RQ� ZH KLJKOLJKW
WKH DVVXPSWLRQV DQG GHILFLHQFLHV LQ RXU DERYH
HVWLPDWLRQV�

• )LUVW� WKH YROXPH RI VXEMHFWLYH WHVW GDWD LV VPDOO�
,Q WKH H[DPSOH RI WKH *���� FRGHF� ZH ZHUH
ZRUNLQJ ZLWK VXEMHFWLYH PHDVXUHPHQWV IRU RQO\ �
GLIIHUHQW RSHUDWLQJ SDUDPHWHU VHWWLQJV� &OHDUO\�
PRUH GDWD LV QHFHVVDU\ WR UHILQH WKH FXUYH ILWWLQJ
IRU WKH LPSDLUPHQW IDFWRUV RI WKH YDULRXV FRGHF
W\SHV�

• 6HFRQG� WKH QDWXUH RI WKH DSSURSULDWH HUURU PDVNV
LV XQFHUWDLQ� 7KHUH DUH D IHZ H[DPSOHV LQ WKH
OLWHUDWXUH ZKHUH PHDVXUHPHQWV RI WKH SDFNHW ORVV
SUREDELOLW\ RYHU ,QWHUQHW SDWKV KDYH EHHQ PDGH
>��@ DQG >��@� 7KLV ERG\ RI ZRUN IRFXVHV RQ
QHWZRUN LQGXFHG SDFNHW ORVV� %XW ZH UHTXLUH
VRPH PHDQV WR DFFRXQW IRU GH�MLWWHU EXIIHU ORVV
GXH WR QHWZRUN WUDQVSRUW GHOD\ YDULDWLRQ LQ WKH

HUURU PDVNV DV ZHOO� )XUWKHU ZRUN LV UHTXLUHG WR
UHDFK FRQVHQVXV RQ WKH DSSURSULDWH HUURU PDVNV WR
XVH IRU WKH VXEMHFWLYH VSHHFK TXDOLW\
PHDVXUHPHQWV� 7KLV LPSOLHV D EHWWHU
XQGHUVWDQGLQJ RI SDFNHW GHOD\ YDULDWLRQ DFURVV
SDFNHW QHWZRUNV�

��� )857+(5 5('8&7,21 72 75$163257
/(9(/ 0(75,&6

(TXDWLRQ ���� JLYHV XV D IXOO\ DQDO\WLF H[SUHVVLRQ
IRU WKH 5�IDFWRU LQ WHUPV RI WRWDO GHOD\ DQG SDFNHW ORVV�
:H GLUHFWO\ PHDVXUH WKH WUDQVSRUW OHYHO PHWULFV WKDW
FRQWULEXWH WR WRWDO GHOD\ DQG ORVV� L�H�� WKH RQH�ZD\
WUDQVSRUW GHOD\ �GQHWZRUN� DQG WKH QHWZRUN SDFNHW ORVV
�HQHWZRUN�� 7KH RWKHU PHWULFV� UHTXLUHG WR FRPSOHWH WKH
IRUPXODWLRQ RI 5� DUH GFRGHF� GGH�MLWWHUBEXIIHU DQG HGH�
MLWWHUBEXIIHU� $V VHHQ LQ 7DEOH � EHORZ� WKH GHOD\
DWWULEXWHG WR HQFRGLQJ� FRPSUHVVLRQ DQG SDFNHWL]DWLRQ
GHOD\V DUH NQRZQ TXDQWLWLHV RI WKH VSHFLILF FRGHF DQG
,3 SDFNHWL]DWLRQ LPSOHPHQWDWLRQV� 8QIRUWXQDWHO\� WKH
UHPDLQLQJ WZR TXDQWLWLHV� GGH�MLWWHUBEXIIHU DQG HGH�MLWWHUBEXIIHU�
DUH UHODWHG WR WKH GHVLJQ� LPSOHPHQWDWLRQ DQG
SHUIRUPDQFH RI WKH GH�MLWWHU EXIIHU DW WKH UHFHLYHU�VLGH
FRGHF� 7KH\ DUH DOVR WLJKWO\ FRXSOHG WR WKH GHOD\
YDULDWLRQ ZLWKLQ WKH WUDQVSRUW QHWZRUN� :H QRZ
GLVFXVV LQ PRUH GHWDLO WKHVH LVVXHV�

����� 'HOD\ &RPSRQHQWV ZLWKLQ WKH &RGHF

)LUVW� ZH GLVFXVV WKH YDULRXV GHOD\ FRQWULEXWLRQV WR
WKH HDU�WR�PRXWK GHOD\� ,Q (TXDWLRQ ���� ZH EUHDN
WKLV TXDQWLW\ LQWR WKUHH VHSDUDWH WHUPV� G  GFRGHF � GGH�

MLWWHUBEXIIHU � GQHWZRUN � ,Q WKLV VHFWLRQ� ZH GHWDLO WKH
FDOFXODWLRQ RI GFRGHF� 7KH QH[W VHFWLRQ GHWDLOV WKH
HVWLPDWLRQ RI GGH�MLWWHUBEXIIHU DORQJ ZLWK WKH GH�MLWWHU EXIIHU·V
FRQWULEXWLRQ WR SDFNHW ORVV�

,Q )LJXUH �� ZH VKRZ D WLPLQJ GLDJUDP IRU WKH FDVH
RI D SDLU RI *����D FRGHFV DQG D W\SLFDO ,3 SDFNHW
SURFHVVRU� +HUH LW LV DVVXPHG WKDW YRLFH LV VWUHDPLQJ
IURP WKH OHIW�KDQG VLGH RI WKH GLDJUDP WR WKH ULJKW�
KDQG VLGH� 7LPH LV DVVXPHG WR SURJUHVV GRZQZDUG LQ
WKH GLDJUDP� 3DFNHW LQVHUWLRQ GHOD\V DUH LQGLFDWHG E\
WKH KHLJKW RI WKH SDFNHWV DQG QHWZRUN SURSDJDWLRQ
GHOD\ LV DFFRXQWHG IRU LQ WKH GRZQZDUG VORSH RI WKH
OLQHV WKDW FRQQHFW WKH OHIW�KDQG VLGH WR WKH ULJKW�KDQG
VLGH� )RU WKH *����D HQFRGHU� WKH 3&0 HQFRGHG
YRLFH VWUHDP LV KDQGHG RII LQ �� PVHF EORFNV WR WKH
HQFRGHU� *����D XVHV D � PVHF ORRN DKHDG LQ RUGHU WR
HQFRGH WKH FXUUHQW �� PVHF 3&0 HQFRGHG EORFN� VR
WKH WLPLQJ GLDJUDP VKRZV D IXUWKHU � PVHF GHOD\
EHIRUH HQFRGLQJ EHJLQV�



)URP )LJXUH �� ZH FDQ HDVLO\ H[WUDFW GFRGHF� :H VHH
WKDW IRU D *����D FRGHF� WKH EHVW FDVH HVWLPDWH LV
�PVHF � 1 [ �� PVHF� ZKHUH 1 LV WKH QXPEHU RI ��
PVHF YRLFH IUDPHV SDFNHG LQWR D VLQJOH ,3 SDFNHW�
6LQFH LW LV DVVXPHG WKDW 1  � LQ )LJXUH �� WKH WRWDO
FRGHF HQFRGLQJ GHOD\ LV �� PVHF� :H VWDWHG WKDW WKLV
LV EHVW FDVH EHFDXVH ZH KDYH QHJOHFWHG DOO SURFHVVLQJ
GHOD\V� )RU VRIWZDUH EDVHG LPSOHPHQWDWLRQV� WKH
SURFHVVLQJ GHOD\V PD\ EH VLJQLILFDQW� +RZHYHU�
ZLWKRXW DFFHVV WR VSHFLILF LPSOHPHQWDWLRQ LQIRUPDWLRQ
DQG SURFHVVLQJ GHOD\ PHDVXUHPHQWV� ZH KDYH QR ZD\
WR HVWLPDWH VRIWZDUH�EDVHG FRGHF SURFHVVLQJ GHOD\V�
,Q JHQHUDO� KRZHYHU� ZH H[SHFW WKHVH GHOD\V WR EH RQ
WKH RUGHU RI D IHZ PVHF JLYHQ WKDW PRVW PRGHUQ
FRGHFV DUH LPSOHPHQWHG LQ KDUGZDUH�

G.729a
encoder

IP processor

80 oct
10 ms PCM

sample

Voice buildout
delay (adaptive)

15 ms G.729a
encoding

delay

Overhead

Voice data

Key:

10 oct

10 oct

48* oct

20 oct

80 oct

80 oct

80 oct

20 oct

IP processor
G.729a
decoder

Propagation
and
network delays

Encoding
and
compression
delays

)LJXUH �� 7LPLQJ GLDJUDP IRU WKH *����D FRGHF ZLWK D W\SLFDO
,3 SDFNHW SURFHVVRU�

6LPLODU WLPLQJ GLDJUDPV FDQ EH GHYHORSHG IRU RWKHU
FRGHFV DQG WKHLU DVVRFLDWHG HQFRGHU GHOD\V FDQ EH
HVWLPDWHG� ,Q 7DEOH � ZH VXPPDUL]H WKH UHVXOWV IRU
WKH YDOXH RI GFRGHF IRU *���� DQG *����D FRGHFV XQGHU
WKH DVVXPSWLRQ WKDW WKH ,3 SURFHVVRU DFWV RQ �� PVHF
XQLWV RI VSHHFK�

7DEOH �� (VWLPDWHG GFRGHF YDOXHV IRU YDULRXV FRGHF W\SHV �1  WKH
QXPEHU RI �� PVHF IUDPHV SHU ,3 SDFNHW��

&RGHF W\SH (QFRGLQJ GHOD\ HVWLPDWH
�PVHF�

*���� �� [ 1

*����D � � �� [ 1

����� 5HGXFWLRQ RI WKH 'H�MLWWHU %XIIHU 'HOD\ DQG /RVV
&RQWULEXWLRQV

7KH SUHYLRXV VHFWLRQ HYDOXDWHG WKH GFRGHF

FRQWULEXWLRQ WR WKH GHOD\� 2WKHU WKDQ WKH GQHWZRUN GHOD\
DQG HQHWZRUN ORVV� ZKLFK DUH PHDVXUHG WUDQVSRUW OHYHO
TXDQWLWLHV� ZH DUH OHIW WR GHDO ZLWK WKH GGH�MLWWHU

FRQWULEXWLRQ WR WKH HDU�WR�PRXWK GHOD\ DQG WKH HGH�MLWWHU
FRQWULEXWLRQ WR WKH WRWDO ORVV�

,W WXUQV RXW WKDW JLYHQ D VSHFLILF GH�MLWWHU EXIIHU
LPSOHPHQWDWLRQ DQG QHWZRUN GHOD\ EHKDYLRU� WKHUH
H[LVWV D UHODWLRQVKLS EHWZHHQ GGH�MLWWHU� HGH�MLWWHU DQG YQHWZRUN�
WKH QHWZRUN GHOD\ YDULDWLRQ� 7KHUHIRUH� GGH�MLWWHU DQG HGH�
MLWWHU VKRXOG QRW EH GLVFXVVHG VHSDUDWHO\� +RZHYHU� GXH
WR WKH FRPSOH[LWLHV DVVRFLDWHG ZLWK GHOD\
FKDUDFWHULVWLFV RI SDFNHW QHWZRUNV DQG WKH UDQJH RI
LPSOHPHQWDWLRQ SRVVLELOLWLHV IRU WKH GH�MLWWHU EXIIHU
DOJRULWKPV� WKH H[DFW IRUP RI WKH DERYH UHODWLRQVKLS LV
XQNQRZQ� )RU D GLVFXVVLRQ RI WKH FRPSOH[LWLHV RI
PRGHOLQJ �RU FKDUDFWHUL]LQJ� GH�MLWWHU EXIIHU
LPSOHPHQWDWLRQV� VHH >��@ DQG >��@�

,Q WKH FDVH ZKHUH WKH PRQLWRULQJ SRLQWV DUH
SODFHG ZLWKLQ WKH YRLFH JDWHZD\V� LW LV FRQFHLYDEOH WKDW
WKH PRQLWRUV ZLOO KDYH GLUHFW DFFHVV WR WKHVH TXDQWLWLHV�
L�H�� GGH�MLWWHU DQG HGH�MLWWHU� $Q H[DPSOH RI WKLV DSSURDFK LV
GLVFXVVHG LQ >��@� )RU PRUH JHQHUDO SODFHPHQW RI
PRQLWRULQJ SRLQWV� WKHVH TXDQWLWLHV PXVW EH LQIHUUHG
IURP WKH XQGHUO\LQJ WUDQVSRUW PHDVXUHPHQWV� H�J��
YQHWZRUN� DQG PRGHOV RI WKH GH�MLWWHU EXIIHU EHKDYLRU�
:H QRZ GLVFXVV WKLV ODWWHU DSSURDFK DQG UHIHU WKH
UHDGHU WR >��@ IRU D GLVFXVVLRQ RI WKH IRUPHU DSSURDFK�

)RU LOOXVWUDWLYH SXUSRVHV� OHW XV DVVXPH D VLPSOH
�EXW FRPPRQ� PRGHO RI WKH GH�MLWWHU EXIIHU EHKDYLRU
DQG QHWZRUN GHOD\ FKDUDFWHULVWLFV� 7KHQ� IURP WKHVH
DVVXPSWLRQV ZH ZLOO GHULYH D UHODWLRQVKLS EHWZHHQ GGH�

MLWWHU� HGH�MLWWHU DQG YQHWZRUN� )URP WKLV H[SUHVVLRQ� ZH ZLOO
KLJKOLJKW VHYHUDO LVVXHV WR UHVROYH LQ RUGHU WR GHYHORS D
PRUH JHQHUDO 9R,3 SHUIRUPDQFH PRQLWRULQJ FDSDELOLW\
DV ZH DUH VXJJHVWLQJ�

/HW XV DVVXPH IRU WKH PRPHQW WKDW D VLPSOH� VWDWLF
GH�MLWWHU EXIIHU DOJRULWKP LV LPSOHPHQWHG LQ WKH
UHFHLYHU�VLGH GHFRGHU� ,Q WKLV H[DPSOH� ZH DVVXPH WKDW
WKH ILUVW SDFNHW �ZLWKLQ D JLYHQ WDON VSXUW� LV EXIIHUHG
XQWLO WKH EWK DQG EWK�� SDFNHWV DUH UHFHLYHG� 8SRQ WKH
UHFHLSW RI WKH EWK�� YRLFH SDFNHW� WKH GHFRGHU ZLOO
EHJLQ SOD\LQJ RXW WKH VSHHFK VDPSOHV IURP WKH ILUVW
YRLFH SDFNHW� 7\SLFDOO\� WKH WRWDO EXIIHU VL]H LV JLYHQ LQ
DYHUDJH GHOD\ WHUPV DV �EJ ZKHUH �E LV WKH WRWDO
QXPEHU RI YRLFH SDFNHWV WKDW FRXOG EH EXIIHUHG ZLWKLQ



WKH SOD\RXW� DQG J LV WKH PHDQ LQWHUSDFNHW DUULYDO
SHULRG WR WKH GH�MLWWHU EXIIHU� 6R� LQ WKLV H[DPSOH� WKH
ILUVW SDFNHW RI D WDON VSXUW LV SOD\HG RXW ZKHQ WKH GH�
MLWWHU EXIIHU UHDFKHV KDOI RFFXSDQF\�

/HW

� GL  RQH�ZD\ GHOD\ RI WKH LWK SDFNHW
LQ D WDON VSXUW� DQG

� OL  GL�� ² GL

/HW XV IXUWKHU DVVXPH WKH IROORZLQJ�

� $ WDON VSXUW FRQVLVWV RI 1 YRLFH
SDFNHWV� ZKHUH 1 LV ODUJH�

� 7KH GL·V DUH DVVXPHG LQGHSHQGHQW�
7KH LQGHSHQGHQFH DVVXPSWLRQ LV NH\
WR WKH UHVXOW WR IROORZ� ,W LV NQRZQ
WKDW� LQ JHQHUDO� WKLV DVVXPSWLRQ LV
QRW YDOLG� +RZHYHU� WKH GLVFXVVLRQ
KHUH LV PHDQW RQO\ WR LOOXVWUDWH
VHYHUDO LVVXHV� ,W LV QRW PHDQW DV D
SURSRVHG PHWKRG RI PRGHOLQJ WKH
GH�MLWWHU EXIIHU EHKDYLRU�

� (�OL�  J � WKLV LPSOLHV WKDW WKHUH LV QR
ORVV ZLWKLQ WKH WUDQVSRUW QHWZRUN
DQG KHQFH QR EDQGZLGWK OLPLWV�

� )RU WKH EXIIHU PRGHO �GLVFXVVHG
DERYH�� WKH ODWH SDFNHWV FRQWULEXWH WR
WKH GH�MLWWHU EXIIHU ORVV EXW HDUO\
SDFNHWV GR QRW� L�H�� WKH
LPSOHPHQWDWLRQ ZLOO EXIIHU HDUO\
SDFNHWV� 1RW DOO LPSOHPHQWDWLRQV FDQ
G\QDPLFDOO\ DOORFDWH DGGLWLRQDO
EXIIHUV IRU HDUO\ SDFNHWV� VR WKLV LV DQ
DVVXPSWLRQ� +RZHYHU� ZH ZRXOG LQ
JHQHUDO VXVSHFW WKDW WKH PDMRULW\ RI
ORVVHV LQ D GH�MLWWHU EXIIHU RFFXU GXH
WR ODWH �DQG QRW HDUO\� SDFNHWV�

7KH ORVV GXH WR WKH GH�MLWWHU EXIIHU FDQ EH
JHQHUDOO\ H[SUHVVHG DV
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)LJXUH � VKRZV DQ LGHDOL]DWLRQ RI WKH SUREDELOLW\
GHQVLW\ IXQFWLRQ IRU WKH LQWHU�SDFNHW DUULYDO WLPHV� L�H��
WKH OL ¶V�
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 li
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)LJXUH �� $Q LGHDOL]HG SUREDELOLW\ GHQVLW\ IRU WKH LQWHUSDFNHW
DUULYDO WLPHV�

*LYHQ RXU VHW RI DVVXPSWLRQV OLVWHG DERYH� ZH FDQ
UHGXFH WKH H[SUHVVLRQ IRU WKH ORVV LQ WKH GH�MLWWHU
EXIIHU DV IROORZV�

HGH�MLWWHUBEXIIHU a �1�E���1�3^GE�� ² GE�� ! EJ`

a �1�E���1�3^OE�� ! EJ`

a 3^O ! EJ` �(TXDWLRQ ���

,I WKH SURGXFW EJ LV NQRZQ D SULRUL� WKHQ D
PHDVXUHPHQW SUREH FRXOG GLUHFWO\ PHDVXUH WKH DERYH
TXDQWLW\� +RZHYHU� LW LV UHDVRQDEOH WR H[SHFW WKDW D
JLYHQ ,QWHUQHW SDWK ZRXOG VXSSRUW D UDQJH RI FRGHF
W\SHV� LPSOHPHQWDWLRQV DQG FRQILJXUDWLRQV� $ JLYHQ
SUREH LV QRW DEOH WR GHWHUPLQH� E\ PRQLWRULQJ WKH
SURWRFRO H[FKDQJHV EHWZHHQ WKH FRGHF HQG�SRLQWV� WKH
GH�MLWWHU EXIIHU VL]H ��EJ�� 7KLV LQIRUPDWLRQ LV QRW
FRQWDLQHG LQ WKH LQLWLDO SURWRFRO VHWXS DQG QHJRWLDWLRQ�
7KHUHIRUH� LW LV QRW UHDVRQDEOH IRU D SUREH WR H[WUDFW
WKLV LQIRUPDWLRQ LQ PRVW VLWXDWLRQV �XQOHVV LW LV FR�
ORFDWHG ZLWK WKH YRLFH JDWHZD\��

)XUWKHU� WKHUH H[LVW DGDSWLYH GH�MLWWHU EXIIHU
LPSOHPHQWDWLRQV IRU ZKLFK D IL[HG EXIIHU VL]H GRHV QRW
H[LVW� ,Q WKH FDVH RI DQ DGDSWLYH GH�MLWWHU EXIIHU� WKH
DOJRULWKP DWWHPSWV WR FRQWURO WKH ORVV SUREDELOLW\ DW
WKH GH�MLWWHU E\ G\QDPLFDOO\ DGMXVWLQJ WKH SOD\RXW GHOD\
RI WKH GH�MLWWHU EXIIHU� L�H�� EJ� +HQFH� WKH ORVV
SUREDELOLW\ LV URXJKO\ IL[HG� EXW WKH GHOD\ YDULDWLRQ LQ
WKH WUDQVSRUW QHWZRUN FDXVHV D YDULDEOH GH�MLWWHU EXIIHU
GHOD\� 7KLV LV LQ FRQWUDVW WR D VWDWLF GH�MLWWHU EXIIHU�
ZKLFK IL[HV WKH EXIIHU VL]H� DQG KHQFH WKH GH�MLWWHU
EXIIHU GHOD\� DW WKH H[SHQVH RI D YDULDEOH GH�MLWWHU



EXIIHU ORVV UDWH GXH WR WKH YDULDELOLW\ RI WKH QHWZRUN
WUDQVSRUW GHOD\V�

$ VLPSOH DQG IDLUO\ FRQVHUYDWLYH UHODWLRQVKLS
EHWZHHQ WKH ORVV UDWH� WKH EXIIHU VL]H DQG WKH QHWZRUN
WUDQVSRUW GHOD\ YDULDWLRQ IRU RXU VLPSOH PRGHO FDQ EH
GHULYHG IURP &KHE\VKHY·V LQHTXDOLW\ >��@�

3^ _; ² µ_ ! W ` � Y � W�� �(TXDWLRQ ���

:KHUH µ  (�;�� Y  9DU�;�� 7KH LQHTXDOLW\ KROGV
IRU JHQHUDO GLVWULEXWLRQV� JLYHQ WKH H[LVWHQFH RI WKH
YDULDQFH� 7KHQ� UHZULWLQJ (T����� IRU WKH GH�MLWWHU ORVV
SUREDELOLW\� ZH JHW

HGH�MLWWHUBEXIIHU a 3^ O ! EJ `

a 3^ O � J ! EJ � J `

a 3^_ O ² J _! EJ � J `

HGH�MLWWHUBEXIIHU � Y�O� � � EJ ² J � � �(TXDWLRQ ���

RU GLYLGLQJ WKURXJK E\ J RQ WKH 5+6� DQG UH�DUUDQJLQJ�
ZH JHW

� E ² � � H���GHBMLLWWHU � σO �J �(TXDWLRQ ���

ZKHUH σO LV WKH VWDQGDUG GHYLDWLRQ RI O� 7KLV LV DQ
H[WUHPHO\ VLPSOH H[SUHVVLRQ UHODWLQJ WKH NH\ TXDQWLWLHV
RI LQWHUHVW ZLWK UHVSHFW WR WKH GH�MLWWHU EXIIHU
SHUIRUPDQFH� 7KLV H[SUHVVLRQ VKHGV OLJKW RQ WKH
WUDGHRII RI LQFUHDVLQJ WKH PRXWK�WR�HDU GHOD\ E\
LQFUHDVLQJ WKH GH�MLWWHU EXIIHU GHSWK YHUVXV GHFUHDVLQJ
GHOD\ DQG LQFUHDVLQJ WKH ORVV SUREDELOLW\� $OWKRXJK�
ZH RULJLQDOO\ GHULYHG WKLV H[SUHVVLRQ WR REWDLQ WKH ORVV
SUREDELOLW\ DV D IXQFWLRQ RI GHOD\ YDULDWLRQ DQG EXIIHU
GHOD\� ZH FDQ MXVW DV HDVLO\ WXUQ LW DURXQG DQG LQWHUSUHW
LW DV DQ H[SUHVVLRQ IRU WKH EXIIHU GHOD\ �LQ DQ DGDSWLYH
VFKHPH� LQ WHUPV RI GHOD\ YDULDWLRQ DQG WDUJHW ORVV
SUREDELOLW\�

)RU WKH FDVH RI D VWDWLF GH�MLWWHU EXIIHU� ZH FRXOG
XVH (TXDWLRQ ���� WR HVWLPDWH WKH GH�MLWWHU EXIIHU ORVV
E\ PHDVXULQJ WKH YDULDWLRQ LQ WKH LQWHU�SDFNHW GHOD\�
JLYHQ WKH EXIIHU GHSWK� $OWHUQDWLYHO\� ZH FRXOG
GLUHFWO\ PHDVXUH WKH GH�MLWWHU EXIIHU ORVV WKURXJK
(TXDWLRQ ����� %HFDXVH GHOD\ YDULDWLRQ LV YHU\
XQSUHGLFWDEOH RQ D JLYHQ SDWK DQG UDQJHV JUHDWO\ IURP
SDWK WR SDWK� LW LV XQOLNHO\ WKDW D VWDWLF GH�MLWWHU EXIIHU
LPSOHPHQWDWLRQ LV UREXVW� ,W ZRXOG KDYH WR EH YHU\
ODUJH WR FRYHU WKH UDQJH RI FRQGLWLRQV LW LV H[SHFWHG WR
RSHUDWH LQ� EXW WKLV ZRXOG FDXVH ODUJH PRXWK�WR�HDU

GHOD\V� 6WDWLF GH�MLWWHU EXIIHUV PD\ SHUIRUP ZHOO RQO\
ZKHQ WKH WUDQVSRUW QHWZRUN LV RYHU�HQJLQHHUHG RU WKH
YRLFH SDFNHW WUDQVSRUW ZHUH 4R6 HQDEOHG�

)RU WKLV UHDVRQ� LW LV PRUH OLNHO\ WKDW DGDSWLYH GH�
MLWWHU EXIIHUV ZLOO EH UHOLHG XSRQ� 6HYHUDO VWXGLHV KDYH
UHFRPPHQGHG WKH XVH RI DGDSWLYH GH�MLWWHU EXIIHU
LPSOHPHQWDWLRQV DQG VWXGLHG WKHLU SHUIRUPDQFH� IRU
H[DPSOH >��@� >��@ DQG >��@� $Q DGDSWLYH VFKHPH
ZRXOG DWWHPSW WR FRQWURO WKH GH�MLWWHU ORVV ZLWKLQ D
QDUURZ RSHUDWLQJ UDQJH E\ DGDSWLQJ WKH PRXWK�WR�HDU
GHOD\ WKURXJK WKH GHSWK RI WKH GH�MLWWHU EXIIHU� ,Q WKLV
FDVH� JLYHQ WKH WDUJHW ORVV SUREDELOLW\ WKDW WKH GH�MLWWHU
EXIIHU LV GHVLJQHG IRU� LW LV SRVVLEOH WR PHDVXUH WKH
GHOD\ YDULDWLRQ LQ WKH WUDQVSRUW QHWZRUN DQG WR
HVWLPDWH WKH GH�MLWWHU EXIIHU GHOD\ FRQWULEXWLRQ XVLQJ
WKH UHODWLRQVKLS LQ (TXDWLRQ �����

�  ' ,6&866,21 2) $ 67$1'$5' 5()(5(1&(
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,Q HLWKHU FDVH� D VWDWLF RU DQ DGDSWLYH EXIIHU
LPSOHPHQWDWLRQ� LQIRUPDWLRQ UHJDUGLQJ WKH GHVLJQ RI
WKH GH�MLWWHU EXIIHU LV UHTXLUHG LQ RUGHU WR GHVLJQ D
9R,3 TXDOLW\ PRQLWRULQJ FDSDELOLW\� 7KLV DVSHFW RI WKH
GHFRGHU GHVLJQ LV LPSOHPHQWDWLRQ VSHFLILF DQG QRW
DGGUHVVHG ZLWKLQ DQ\ FRGHF VWDQGDUG� ,I WKH PRQLWRU LV
LPSOHPHQWHG LQ WKH HJUHVV JDWHZD\� WKHQ WKLV
LPSOHPHQWDWLRQ LQIRUPDWLRQ LV SRWHQWLDOO\ DYDLODEOH�
+RZHYHU� WKHUH DUH DSSOLFDWLRQV UHTXLULQJ D PRQLWRU WR
EH SK\VLFDOO\ GLVWLQFW IURP WKH JDWHZD\� LQ ZKLFK FDVH
WKLV PLVVLQJ LQIRUPDWLRQ EHFRPHV SUREOHPDWLF�

2QH VROXWLRQ WR WKLV LVVXH LV IRU WKH LQGXVWU\ WR
DJUHH WR D UHIHUHQFH LPSOHPHQWDWLRQ IRU SHUIRUPDQFH
PRQLWRULQJ SXUSRVHV� 7KLV ZRXOG DOORZ YDULRXV
LPSOHPHQWDWLRQV RI D PRQLWRU WR JHQHUDWH FRQVLVWHQW
UHVXOWV� $OWKRXJK WKH UHVXOWV IURP WKH PRQLWRU ZRXOG
QRW UHIOHFW WKH DFWXDO HQG�XVHU H[SHULHQFH LQ WKLV FDVH
�EHFDXVH WKHLU GH�MLWWHU EXIIHU LPSOHPHQWDWLRQV ZRXOG
GLIIHU IURP WKH UHIHUHQFH LPSOHPHQWDWLRQ�� DW OHDVW WKH
UHVXOWV ZRXOG EH FRQVLVWHQW DFURVV YDULRXV
LPSOHPHQWDWLRQV RI WKH PRQLWRU� )XUWKHU� WKH UHVXOWV
IURP WKH PRQLWRU ZRXOG KDYH D UHODWLYH VLJQLILFDQFH
ZKHQ HYDOXDWLQJ WKH SHUIRUPDQFH RI WKH SDFNHW
WUDQVSRUW QHWZRUN�

,Q ERWK FDVHV� VWDWLF DQG DGDSWLYH� LI D UHIHUHQFH
LPSOHPHQWDWLRQ ZHUH DJUHHG WR� WKHQ D FRQVLVWHQW DQG
UHSURGXFLEOH PRQLWRULQJ FDSDELOLW\ LV SRVVLEOH� ,Q D
UHODWLYHO\ VWUDLJKW�IRUZDUG DSSURDFK� WKH PRQLWRULQJ
GHYLFH FRXOG VLPSO\ UXQ WKH UHIHUHQFH DOJRULWKP RQ WKH



REVHUYHG SDFNHW VWUHDP DQG FRPSXWH HGH�MLWWHU DQG GGH�

MLWWHU GXH WR WKH DFFXPXODWHG GHOD\ YDULDWLRQ LQ WKH SDWK
XS WR WKH ORFDWLRQ RI WKH PRQLWRU� 7KH UHIHUHQFH
DOJRULWKP IRU D VWDWLF EXIIHU ZRXOG EH IDLUO\ VLPSOH WR
GHILQH DQG H[HFXWH� $Q DGDSWLYH UHIHUHQFH DOJRULWKP
ZRXOG EH VRPHZKDW PRUH FRPSOH[ WR GHILQH DQG
H[HFXWH�

�  0($685(0(17 0(7+2'2/2*<

2QFH D FRQVLVWHQW DQG JHQHUDOO\ DFFHSWHG VHW RI
SDUDPHWHUV FKDUDFWHUL]LQJ WKH ,HI·V LV GHYHORSHG� LW LV
SRVVLEOH WR EXLOG D SHUIRUPDQFH PRQLWRULQJ FDSDELOLW\
FKDUDFWHUL]LQJ 9R,3 TXDOLW\� 7KH PHWKRG RI
PRQLWRULQJ FDQ EH FDWHJRUL]HG DV SDVVLYH PRQLWRULQJ RU
DFWLYH PRQLWRULQJ� %\ SDVVLYH PRQLWRULQJ� ZH PHDQ D
FDSDELOLW\� ZKLFK OLVWHQV WR WUDIILF IORZLQJ DFURVV D ZLUH
DQG PHDVXUHV YDULRXV WUDQVSRUW PHWULFV RI LQWHUHVW� %\
DFWLYH PRQLWRULQJ� ZH PHDQ D FDSDELOLW\� ZKLFK DFWLYHO\
LQMHFWV WHVW �RU SUREH� SDFNHWV LQWR WKH QHWZRUN IRU WKH
SULPDU\ SXUSRVH RI PHDVXULQJ YDULRXV WUDQVSRUW
PHWULFV RI LQWHUHVW� 7KHUH DUH GLVWLQFW DGYDQWDJHV DQG
GLVDGYDQWDJHV RI ERWK SDVVLYH DQG DFWLYH SHUIRUPDQFH
PRQLWRULQJ� 7KHVH WZR DSSURDFKHV DUH YHU\
FRPSOLPHQWDU\ LQ QDWXUH� 3DVVLYH SUREHV DUH� E\ WKHLU
YHU\ QDWXUH� QRQ�LQWUXVLYH� WKH\ DGG QR DGGLWLRQDO ORDG
RQ WKH QHWZRUN RU VHUYLFH� 3DVVLYH PRQLWRUV FDQ
SURYLGH D PRUH H[WHQVLYH PHDVXUHPHQW FDSDELOLW\ �QRW
RQO\ WKH W\SH RI PHDVXUHPHQWV EXW DOVR WKH DPRXQW RI
VDPSOHV FROOHFWHG�� +RZHYHU� SDVVLYH PRQLWRUV GR QRW
FRQWURO WKH JHQHUDWLRQ RI GDWD IRU WKH PHDVXUHPHQW
VDPSOHV� ,Q FRQWUDVW� DFWLYH PRQLWRUV DUH LQWUXVLYH�
WKH\ DGG ORDG WR WKH QHWZRUN RU VHUYLFH� %HFDXVH WKH\
FRQWURO WKH JHQHUDWLRQ RI WKH SDFNHWV� WKH\ FDQ FRQWURO
WKH TXDOLW\ RI WKH VDPSOLQJ DQG KHQFH WKH TXDOLW\ RI
WKH VDPSOHG VWDWLVWLFV� 7KH\ DOVR FRQWURO WKH YROXPH
RI WUDIILF WKH\ LQWURGXFH� ,Q JHQHUDO� LW LV QRW H[SHFWHG
WKDW WKH REMHFWLYHV IRU JHQHUDWLQJ DFWLYH SUREHV ZRXOG
QHFHVVLWDWH KLJK YROXPHV RI WUDIILF�

:RUN LV FXUUHQWO\ XQGHUZD\ ZLWKLQ WKH 5HPRWH
0RQLWRULQJ 0DQDJHPHQW ,QIRUPDWLRQ %DVH
�50210,%� ZRUNLQJ JURXS DW WKH ,QWHUQHW
(QJLQHHULQJ 7DVN )RUFH �,(7)� WR GHILQH DSSOLFDWLRQ
OHYHO SHUIRUPDQFH PRQLWRULQJ FDSDELOLWLHV >��@�
,QLWLDOO\ WKLV PRQLWRULQJ FDSDELOLW\ ZLOO SURYLGH D
SDVVLYH PHDVXUHPHQW FDSDELOLW\� %XW WKH RYHUDOO
SHUIRUPDQFH PDQDJHPHQW DUFKLWHFWXUH LV EHLQJ
GHVLJQHG WR DOORZ IRU WKH FRQWURO RI V\QWKHWLF WUDIILF
VRXUFHV� KHQFH DFWLYH PRQLWRULQJ� 6RPH LQLWLDO ZRUN
RQ V\QWKHWLF VRXUFHV ZLWKLQ WKLV DUFKLWHFWXUH KDV
DOUHDG\ EHJXQ >��@� 3RWHQWLDOO\� 9R,3 TXDOLW\
PRQLWRULQJ DV GLVFXVVHG ZLWKLQ WKLV SDSHU FRXOG EH

LQFRUSRUDWHG ZLWKLQ WKLV DSSOLFDWLRQ OHYHO SHUIRUPDQFH
PRQLWRULQJ FDSDELOLW\ LQ WKH IXWXUH�

,I WKLV ZHUH WR KDSSHQ� WKHQ WKH SODFHPHQW RI WKH
PRQLWRUV� DV GLVFXVVHG DERYH� ZRXOG LQIOXHQFH WKH
DOJRULWKPV XVHG WR HYDOXDWH WKH FRQYHUVDWLRQDO YRLFH
TXDOLW\� ,I WKH PRQLWRUV DUH SODFHG ZLWKLQ WKH SDFNHW
WUDQVSRUW QHWZRUN� WKHQ VRPH IRUP RI UHIHUHQFH GH�
MLWWHU EXIIHU LPSOHPHQWDWLRQ KDV WR EH DVVXPHG� 7KHUH
LV QR PHDQV ZLWKLQ WKH FDOO HVWDEOLVKPHQW SURWRFROV IRU
VXFK D PLG�VWUHDP PRQLWRULQJ WR GHWHUPLQH WKH DFWXDO
LPSOHPHQWDWLRQ RI WKH GH�MLWWHU EXIIHUV RQ HLWKHU YRLFH
JDWHZD\� +RZHYHU� LI WKH PRQLWRUV ZHUH FRLQFLGHQW
ZLWK WKH GH�MLWWHU EXIIHUV� L�H�� WKH PRQLWRUV ZHUH
ORFDWHG LQ WKH JDWHZD\V� WKHQ WKH PRQLWRUV FRXOG KDYH
DFFHVV WR WKH DFWXDO ORVV VWDWLVWLFV IURP WKH GH�MLWWHU
EXIIHU� L�H�� WKH PRQLWRU FRXOG JHW GLUHFW PHDVXUHPHQWV
RI H� WKH WRWDO SDFNHW ORVV� 7KLV ZRXOG PRUH DFFXUDWHO\
FDSWXUH WKH FRQYHUVDWLRQDO TXDOLW\ DV SHUFHLYHG E\ WKH
HQG XVHU�

7KHUH LV YDOXH LQ ERWK W\SHV RI GHSOR\PHQW� 8VHUV
ZLOO ZDQW DFFHVV WR PHDVXUHPHQWV� ZKLFK FDSWXUH DV
FORVHO\ DV SRVVLEOH WKHLU H[SHULHQFH� ,Q WKLV FDVH� WKH
QDWXUDO GHSOR\PHQW ORFDWLRQ RI WKH PRQLWRU LV LQ WKH
JDWHZD\ GHYLFH� 2Q WKH RWKHU KDQG� VHUYLFH SURYLGHUV
DUH JRLQJ WR ZDQW D FDSDELOLW\ WR PRQLWRU WKH ¶TXDOLW\·
RI WKHLU WUDQVSRUW VHUYLFHV ZLWK UHVSHFW WR WKH WUDQVSRUW
RI 9R,3 DSSOLFDWLRQV� 7KHLU QHWZRUNV ZLOO QHFHVVDULO\
VXSSRUW D EURDG UDQJH RI FRGHF W\SHV DQG
LPSOHPHQWDWLRQV RXWVLGH RI WKHLU FRQWURO DQG YLHZ� ,Q
WKLV FDVH� WKH VHUYLFH SURYLGHUV ZLOO ZDQW WR GHSOR\
PRQLWRUV RQ WKH HGJH RI WKHLU QHWZRUNV� %HFDXVH D
VWDQGDUG UHIHUHQFH GH�MLWWHU EXIIHU PRGHO PXVW EH
VXSSRUWHG LQ WKLV FDVH� WKHLU PHDVXUHPHQWV ZLOO QRW
UHIOHFW DFWXDO HQG�XVHU H[SHULHQFHV� +RZHYHU� WKHUH LV
PXFK YDOXH LQ WKH UHODWLYH PHDVXUHPHQW UHVXOWV DV D
PHWKRG WR WUDFN FKDQJHV LQ WKH EHKDYLRU RI WKHLU
QHWZRUNV DQG LWV UHODWLYH LPSRUWDQFH RQ FRQYHUVDWLRQ
YRLFH SHUIRUPDQFH�

�  $1 ,03/(0(17$7,21 $1' ) ,(/'
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:H KDYH LPSOHPHQWHG D 9R,3 SHUIRUPDQFH
PRQLWRULQJ FDSDELOLW\ DV RXWOLQHG LQ WKLV SDSHU� :H
UHIHU WR WKLV PRQLWRULQJ WRRO DV WKH :DWFK'RJ ,QWHUQHW
0RQLWRU� 2XU SHUIRUPDQFH PDQDJHPHQW DSSOLFDWLRQ
LV ZULWWHQ LQ 3(5/ DQG 3(5/�7. IRU WKH JUDSKLFDO
XVHU LQWHUIDFH� 7KH 3(5/ VFULSWV ZULWH WR WKH
8QLYHUVLW\ RI &DOLIRUQLD ² 'DYLV· 6103 HQJLQH >��@�
7KH 3(5/ VFULSWV FRQILJXUH DFWLYH SUREHV RQ UHPRWH
&LVFR URXWHUV WKURXJK WKH &LVFR HQWHUSULVH UWW0RQ0,%



>��@� )RU VHFXULW\ UHDVRQV� ZH XWLOL]H WKH 6103Y�
FDSDELOLWLHV RI WKH 8&'�6103 HQJLQH DQG WKH &LVFR
,26 WR VWURQJO\ DXWKHQWLFDWH WKH 6103BVHW
FRPPDQGV XVHG WR FRQILJXUH WKH SUREHV RQ WKH
UHPRWH URXWHUV� 7KH SHULRGLF 6103BJHWV� LVVXHG E\
RXU WRRO WR FROOHFW WKH GDWD RII WKH UHPRWH URXWHUV� DUH
QRW DXWKHQWLFDWHG� :H KDYH LPSOHPHQWHG RXU
SHUIRUPDQFH PRQLWRULQJ WRRO� VFULSWV� DQG 6103
HQJLQH RQ D 3& UXQQLQJ /LQX[� 5HGKDW YHUVLRQ ���
>��@�

7KH ILUVW YHUVLRQ RI WKH WRRO UHOLHG XSRQ VLPSOH
HFKR SUREHV WR HVWLPDWH GHOD\� GHOD\ YDULDWLRQ DQG
SDFNHW ORVV� 7KH VLPSOH HFKR SUREHV DUH UHODWLYHO\
LQIUHTXHQWO\ LQMHFWHG LQWR WKH QHWZRUN� L�H�� URXJKO\
RQFH HYHU\ �� VHFRQGV� :LWK WKH HFKR SUREHV� ZH
DSSUR[LPDWH WKH RQH�ZD\ WUDQVSRUW GHOD\ PHDVXUHPHQW
DV RQH KDOI WKH URXQG WULS GHOD\ DQG WKH RQH�ZD\ ORVV
PHDVXUHPHQW DV WKH ORVV SUREDELOLW\ RI WKH HFKR SUREH�
2EYLRXVO\� WKH DELOLW\ WR SHUIRUP WUXH RQH�ZD\
PHDVXUHPHQWV LV GHVLUDEOH EXW QRW FXUUHQWO\ DYDLODEOH
ZLWKLQ WKH LPSOHPHQWDWLRQ FDSDELOLWLHV RI RXU WRRO�
$OVR� EHFDXVH ZH DUH VDPSOLQJ DW D YHU\ LQIUHTXHQW
UDWH� WKH DFFXUDF\ RI WKH GHOD\ YDULDWLRQ PHDVXUHPHQW
LV TXHVWLRQDEOH�

:H KDYH UHFHQWO\ LPSOHPHQWHG D QHZ FDSDELOLW\
UHO\LQJ RQ WKH ¶MLWWHU SUREH· GHILQHG ZLWKLQ WKH &LVFR
HQWHUSULVH UWW0RQ0,% >��@� 7KLV SUREH FDQ LQMHFW
PHDVXUHPHQW SDFNHWV LQWR WKH QHWZRUN DW D UHODWLYHO\
KLJK UDWH� H�J�� RQFH SHU �� PVHFV� :H DUH FXUUHQWO\
XVLQJ WKLV FDSDELOLW\ WR HPXODWH WKH LQMHFWLRQ RI
V\QWKHWLF WDON VSXUWV� L�H�� �� SDFNHWV RI SD\ORDG OHQJWK
�� RFWHWV DW �� PVHF LQWHUYDOV VLPLODU WR D *����D
FRGHF SDFNHW LQMHFWLRQ SURFHVV� :H DUH XVLQJ WKLV
¶KHDY\ZHLJKW· SUREH WR DVVHVV WKH GLIIHUHQFH LQ WKH
UHSRUWHG GHOD\ YDULDWLRQ PHDVXUHPHQWV YHUVXV RXU
HDUOLHU ¶OLJKWZHLJKW· SUREHV EDVHG XSRQ WKH HFKR SUREH
FDSDELOLW\ LQ WKH &LVFR HQWHUSULVH UWW0RQ0,% >��@�
7KHVH UHVXOWV ZLOO EH WKH VXEMHFW RI D IXWXUH UHSRUW�

$ W\SLFDO RXWSXW IURP WKH :DWFK'RJ ,QWHUQHW
0RQLWRU LV VKRZQ LQ )LJXUH �� 7KLV H[DPSOH LV RI D
W\SLFDO SDWK VSDQQLQJ PXOWLSOH� L�H�� WKUHH� ,63
QHWZRUNV DQG VKRZLQJ D PRGHUDWH SURSDJDWLRQ GHOD\�
7KH ILJXUH VKRZV PHDVXUHPHQWV RI WKH DYHUDJH GHOD\
DQG WKH VWDQGDUG GHYLDWLRQ RI WKH GHOD\� PHDVXUHG RYHU
� PLQXWH LQWHUYDOV ZLWK �� VDPSOHV SHU LQWHUYDO� 7KH
GHOD\ VWDWLVWLFV DUH SORWWHG DJDLQVW WKH /+6 RI WKH SORW
DQG DUH LQ XQLWV RI PVHFV� 7KH ORVV SUREDELOLW\ DQG WKH
5�IDFWRU HVWLPDWHV DUH SORWWHG DJDLQVW WKH 5+6 RI WKH
SORW� $V H[SHFWHG� WKH 5�IDFWRU LV H[WUHPHO\ VHQVLWLYH

WR SDFNHW ORVV� 7KHVH UHVXOWV DUH EDVHG XSRQ RXU FXUYH
ILWWLQJ IRU WKH *����D FRGHF LQ 6HFWLRQ � DERYH�

)LJXUH �� $ GDLO\ SORW IURP WKH :DWFK'RJ ,QWHUQHW 0RQLWRU
VKRZLQJ GHOD\� VWDQGDUG GHYLDWLRQ RI GHOD\� ORVV DQG WKH
HVWLPDWHG 5�IDFWRU IRU D *����D FRGHF �WLPH LV *07��

/HW XV LOOXVWUDWH DQ H[DPSOH RI WKH FDOFXODWLRQV
SHUIRUPHG WR HVWLPDWH DQ 5�IDFWRU LQ WKLV FDVH�
5HIHUULQJ EDFN WR (TXDWLRQ ����� ZH VHH WKH HVWLPDWHG
UHODWLRQVKLS EHWZHHQ WKH 5�IDFWRU� GHOD\ �G� DQG ORVV
�H�� 7KH UHVXOWV IROORZLQJ (TXDWLRQ ���� JLYH XV WKH
YDOXHV RI WKH SDUDPHWHUV FKDUDFWHUL]LQJ WKH *����D
FRGHF� )XUWKHUPRUH� WKHVH H[SUHVVLRQV UHODWH WKH HQG�
WR�HQG PHDVXUHV RI GHOD\ DQG ORVV WR WKH FRPSRQHQW
OHYHO PHDVXUHV RI GHOD\ DQG ORVV� :H JHW

5 a ���� ² ���� G ² �����G�������+�G�������

² �� ² ��OQ�����H� �(TXDWLRQ ���

,Q WKLV H[DPSOH� WKH PHDVXULQJ SRLQWV DUH FRLQFLGHQW
ZLWK WKH FRGHFV� L�H�� WKH SUREHV DUH JHQHUDWHG IURP WKH
VDPH URXWHUV WKDW FRQWDLQ WKH 9R,3 JDWHZD\V� 7KXV�
WKH GLIIHUHQFH EHWZHHQ WKH HQG�WR�HQG PHDVXUHPHQWV
DQG WKH WUDQVSRUW OHYHO PHDVXUHPHQWV DUH WKH GHOD\ DQG
ORVV RFFXUULQJ ZLWKLQ WKH JDWHZD\V� 6SHFLILFDOO\� WKLV LV
WKH HQFRGLQJ DQG SDFNHWL]DWLRQ GHOD\V� WKH GH�MLWWHU
EXIIHU GHOD\V DQG WKH GH�MLWWHU EXIIHU ORVVHV� )URP
6HFWLRQ ����� DERYH� ZH NQRZ WKDW WKH HQFRGLQJ DQG
SDFNHWL]DWLRQ GHOD\V IRU D *����D FRGHF� ZKLFK LV
JHQHUDWLQJ D ,3 SDFNHW HDFK �� PVHF� LV �� PVHF�
)XUWKHU� LQ WKLV H[DPSOH� ZH DUH DVVXPLQJ D VWDWLF GH�
MLWWHU EXIIHU RI ��� PVHF� L�H�� ZH DVVXPH WKDW WKH GH�
MLWWHU EXIIHU LQWURGXFHV DQRWKHU �� PVHF GHOD\ RQ WKH



HQG�WR�HQG SDWK� 7KXV ZH KDYH WKDW WKH HQG�WR�HQG
GHOD\� G� LV HTXDO WR WKH WUDQVSRUW�OHYHO GHOD\� GQHWZRUN�
SOXV �� PVHF �WKH VXP RI WKH HQFRGLQJ DQG WKH GH�
MLWWHU GHOD\V�� L�H�

G  GQHWZRUN � �� PVHF �(TXDWLRQ ���

,QVHUWLQJ WKLV H[SUHVVLRQ LQWR (TXDWLRQ ����� ZH JHW

5 a ���� ² ������GQHWZRUN � ���

� �����GQHWZRUN������+�GQHWZRUN������

� �����OQ>�����HQHWZRUN����HQHWZRUN�HGH�MLWWHU�@

�(TXDWLRQ ���

,Q WKLV LPSOHPHQWDWLRQ RI D PHDVXULQJ FDSDELOLW\� ZH
DUH LQMHFWLQJ HFKRBSUREHV WR PHDVXUH WKH URXQG WULS
WUDQVSRUW GHOD\V� /HW 57L� EH WKH LWK URXQG WULS GHOD\
PHDVXUHPHQW� 7KHQ� ZH XVH WKH IROORZLQJ H[SUHVVLRQV
WR FRPSXWH GQHWZRUN� HQHWZRUN DQG HGH�MLWWHU�
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1RWH� EHFDXVH ZH DUH PDNLQJ URXQG WULS
PHDVXUHPHQWV� ZH PXVW LQIHU RQH�ZD\ PHDVXUHPHQWV
�ZKLFK RI FRXUVH ZH FDQ QRW DFFXUDWHO\ GR�� 6R ZH
KDYH PDGH WKH IROORZLQJ FKRLFHV� )LUVW� ZH WDNH RQH
KDOI WKH URXQG WULS GHOD\ PHDVXUHPHQW WR EH WKH RQH
ZD\ YDOXH� )RU ORVV� ZH WDNH WKH RQH�ZD\ ORVV WR HTXDO
WKH URXQG WULS ORVV �WKLV RYHU HVWLPDWHV WKH ORVV LQ DQ\
JLYHQ GLUHFWLRQ� EXW LV D FRQVHUYDWLYH HVWLPDWH��
&OHDUO\� WKH DELOLW\ WR PDNH WUXH RQH�ZD\
PHDVXUHPHQWV LV GHVLUDEOH�

6R� DVVXPH WKDW ZLWKLQ RXU DYHUDJLQJ LQWHUYDO� ZH
REWDLQ WKH IROORZLQJ YDOXHV

GQHWZRUN  �� PVHF

HQHWZRUN  �� DQG

HGH�MLWWHU  �

:H JHW IRU WKH 5�IDFWRU IURP �(TXDWLRQ ������ D
YDOXH RI ��� ,I LQVWHDG ZH PHDVXUHG

GQHWZRUN  �� PVHF

HQHWZRUN  ����� DQG

HGH�MLWWHU  ����

:H JHW IRU WKH 5�IDFWRU� D YDOXH RI ��� &OHDUO\ WKH
YRLFH TXDOLW\ LV H[WUHPHO\ VHQVLWLYH WR ORVV�

:H KDYH EHHQ WHVWLQJ WKLV PRQLWRULQJ FDSDELOLW\ LQ
YDULRXV 9R,3 VHUYLFHV DQG WULDOV DW $7	7� :H KDYH
IRXQG WKLV FDSDELOLW\ WR EH H[WUHPHO\ XVHIXO LQ VHYHUDO
DUHDV� VSHFLILFDOO\�

• WURXEOHVKRRWLQJ SDWKV ² SLQJV FDQ EH XVHG WR
LGHQWLI\ WKDW FRQQHFWLYLW\ H[LVWV� EXW DGGLWLRQDO
FDSDELOLWLHV DUH UHTXLUHG WR GHWHUPLQH WKH TXDOLW\
RI WKH FRQQHFWLYLW\�

• FLUFXLW SUH�WHVW DQG WXUQ�XS � SULRU WR WXUQLQJ XS D
FDSDELOLW\ RU FXVWRPHU� WKHUH LV PXFK YDOXH LQ
PRQLWRULQJ WKH TXDOLW\ RI WKHLU SDWK RU VHUYLFH
SULRU WR SXWWLQJ WKH FXVWRPHU RQ�OLQH �ZLWKRXW WKH
FDSDELOLW\ RI JHQHUDWLQJ SUREH WUDIILF WKLV FDQ EH
SUREOHPDWLF��

• IDXOW PDQDJHPHQW � DOORZV GHWHUPLQDWLRQ RI
ZKHWKHU WKH DSSOLFDWLRQ LV RSHUDWLQJ DW D VXIILFLHQW
TXDOLW\ OHYHO RU QRW�

• EDVH�OLQLQJ HQKDQFHPHQWV � DFWLYH PHDVXUHPHQWV
DUH XVHG WR EDVH�OLQH EHIRUH DQG DIWHU D FHUWDLQ VHW
RI 4R6 SROLFLHV DUH DSSOLHG�

• SRWHQWLDO VHUYLFH OHYHO DJUHHPHQW �6/$�
PRQLWRULQJ ² PRQLWRUV VLPLODU WR WKHVH PD\ EH
XVHG WR WUDFN WKH DSSURSULDWH TXDOLW\ PHWULFV IRU
WKH WUDQVSRUW VHUYLFH�

�  &21&/86,216

:H KDYH GHVFULEHG D PHWKRG IRU PRQLWRULQJ WKH
TXDOLW\ RI ,QWHUQHW SDWKV WR VXSSRUW FRQYHUVDWLRQDO
YRLFH� 7KLV PHWKRG LQYROYHV WKH XVH RI WKH (�0RGHO
WR FRPELQH ORZ OHYHO WUDQVSRUW PHDVXUHV LQ D PDQQHU
UHOHYDQW WR YRLFH TXDOLW\� :H XVH WKH 5�IDFWRU� DQ
RXWSXW RI WKH (�0RGHO GLUHFWO\ UHODWHG WR 026� ZKLFK
LV FRPPRQO\ XVHG WR UDWH FDOO TXDOLW\� 7KH PHWKRG
LQYROYHV UHGXFLQJ WKH H[SUHVVLRQ IRU WKH 5�IDFWRU WR



WUDQVSRUW OHYHO� PHDVXUDEOH PHWULFV� +RZHYHU� ZH
VKRZ LQ WKH SDSHU WKDW WKHUH H[LVW VHYHUDO DPELJXLWLHV
LQ WKH PHWKRG� :H SURSRVH WKDW WKHVH UHTXLUH
LQGXVWU\�ZLGH GLVFXVVLRQV DQG SDUWLFLSDWLRQ LQ RUGHU WR
UHVROYH� 6SHFLILFDOO\�

• %HFDXVH WKH (�0RGHO LPSDLUPHQW IDFWRUV DUH
W\SLFDOO\ EDVHG RQ VXEMHFWLYH WHVWLQJ XVLQJ WKH &�
ODQJXDJH LPSOHPHQWDWLRQV IRXQG LQ WKH VWDQGDUGV
GHVFULELQJ WKH FRGHFV DQG QRW DFWXDO ILHOG
LPSOHPHQWDWLRQV� RXU DSSURDFK PD\ SURGXFH
HVWLPDWHV RI YRLFH TXDOLW\� ZKLFK GLIIHU IURP
VSHFLILF LPSOHPHQWDWLRQV�

• 7KHUH LV DQ LQGXVWU\�ZLGH QHHG IRU PRUH H[WHQVLYH
PHDVXUHPHQWV RI (�0RGHO LPSDLUPHQW IDFWRUV�
6SHFLILFDOO\�

¾ QRW HQRXJK VXEMHFWLYH GDWD H[LVWV FRYHULQJ
WKH ZLGH UDQJH RI FRGHUV� ORVV
FRQFHDOPHQW DOJRULWKPV DQG HUURU PDVNV�
DQG

¾ WKH PRVW LPSRUWDQW� RU W\SLFDO� VHWV RI
HUURU PDVNV DUH \HW WR EH GHWHUPLQHG DQG
FKDUDFWHUL]HG� 0RUH PHDVXUHPHQWV RI
,QWHUQHW ORVV DQG GHOD\ YDULDWLRQ EHKDYLRU
DUH UHTXLUHG WR EHWWHU FKDUDFWHUL]H WKH
WUDQVSRUW FKDQQHO LQ RUGHU WR GHWHUPLQH
WKH DSSURSULDWH VHW RI HUURU PDVNV WR WHVW
FRGHFV DJDLQVW�

• 7KHUH LV QR VWDQGDUG UHIHUHQFH PRGHO IRU GH�MLWWHU
EXIIHU LPSOHPHQWDWLRQV� 9DULRXV SURSULHWDU\
LPSOHPHQWDWLRQV RI GH�MLWWHU EXIIHU DOJRULWKPV
H[LVW DQG WKH\ ZLOO GLIIHU LQ WKHLU LPSDFW RQ WKH
HUURU PDVN DQG KHQFH WKH YRLFH TXDOLW\� $
VWDQGDUG LPSOHPHQWDWLRQ �RU PXOWLSOH VWDQGDUGV� LV
UHTXLUHG IRU RXU PHWKRG WR JHQHUDWH XQDPELJXRXV
UHVXOWV�

%H\RQG WKHVH DPELJXLWLHV� ZH GLVFXVV LVVXHV
UHJDUGLQJ WKH GHVLJQ DQG WKH SODFHPHQW RI YRLFH
TXDOLW\ PRQLWRUV� :H GLVFXVV WKH UHODWLRQVKLS WR RWKHU
PHWKRGV RI PRQLWRULQJ YRLFH TXDOLW\� :H UHODWH WKLV
ZRUN WR PRUH JHQHUDO ZRUN LQ WKH LQGXVWU\ WR GHYHORS
D PRUH JHQHUDO SHUIRUPDQFH PRQLWRULQJ FDSDELOLW\
>��@�

)LQDOO\� ZH EULHIO\ SUHVHQW RXU HIIRUWV DW EXLOGLQJ D
SURWRW\SH PRQLWRULQJ WRRO DORQJ WKH OLQHV WKDW ZH KDYH
SURSRVHG� 7KLV WRRO UHOLHV RQ D VHW RI DFWLYH SUREHV

EHWZHHQ URXWHUV WR JHQHUDWH WUDQVSRUW OHYHO VWDWLVWLFV�
)URP WKHVH� WKH WRRO XVHV WKH (�0RGHO WR DQDO\]H WKH
UHVXOWV DQG JHQHUDWH DQ 5�IDFWRU HVWLPDWH RI DQWLFLSDWHG
YRLFH TXDOLW\� :H JLYH DQ H[DPSOH RI WKH W\SH RI
DQDO\VLV LPSOHPHQWHG LQ WKH WRRO DQG RQ IXWXUH
HQKDQFHPHQWV WR WKH DQDO\VLV� :H ILQLVK ZLWK D OLVW RI
XVHV ZH KDYH PDGH ZLWK VXFK D PRQLWRULQJ FDSDELOLW\�
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7KLV ZRUN KDV EHQHILWHG IURP QXPHURXV
GLVFXVVLRQV ZLWK VHYHUDO LQGLYLGXDOV� ,Q SDUWLFXODU� ZH
ZRXOG OLNH WR JUDWHIXOO\ DFNQRZOHGJH WKH FRQWULEXWLRQV
RI 0DUN 3HUNLQV� /DZUHQFH %URG\� &DUO .DOEIOHLVFK�
'DQ 5RPDVFDQX DQG 5DR 5DSDUOD WR WKLV ZRUN� $OVR�
ZH ZRXOG OLNH WR WKDQN WKH UHIHUHHV IRU WKHLU LQVLJKWIXO
FRPPHQWV� ZKLFK FRQWULEXWHG VLJQLILFDQWO\ DQG
SRVLWLYHO\ WR WKH ILQDO YHUVLRQ RI WKLV SDSHU�
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�� -DFREVRQ� 9�� ´9$7 PDQXDO SDJHVµ� /DZUHQFH
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ZZZ�WHOFKHP\�FRP �
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�� 'U� -RKQ *� %HHUHQGV� 0U� $QWRQ\ 5L[� 'U� $QGUHLV
3� +HNVWUD DQG 'U� 0LNH +ROOLHU� �3URSRVHG 'UDIW
5HFRPPHQGDWLRQ 3���[� 3HUFHSWXDO (YDOXDWLRQ RI 6SHHFK
4XDOLW\ �3(64�� DQ 2EMHFWLYH 0HWKRG IRU (QG�WR�HQG 6SHHFK
4XDOLW\ $VVHVVPHQW RI 1DUURZEDQG 7HOHSKRQH 1HWZRUNV DQG
6SHHFK &RGHFV� � ,78�7 'HOD\HG &RQWULEXWLRQ ���
'�����(� 0D\ �����

�� ,78�7 5HFRPPHQGDWLRQ *����� ´*HQHUDO
&KDUDFWHULVWLFV RI *HQHUDO 7HOHSKRQH &RQQHFWLRQV DQG
7HOHSKRQH &LUFXLWV ² 7UDQVPLVVLRQ ,PSDLUPHQWVµ� )HEUXDU\
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�� 3HUNLQV� 0� 'YRUDN� &�� /HLVFK� %�� DQG -�$�
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