
$�)UHTXHQF\�'HSHQGHQW�%LOLQHDU

7LPH�)UHTXHQF\�'LVWULEXWLRQ�IRU�,PSURYHG�(YHQW�'HWHFWLRQ

$QGUHZ 6WHULDQ *UHJRU\ +� :DNHILHOG

DVWHULDQ#XPLFK�HGX JKZ#HHFV�XPLFK�HGX

KWWS���ZZZ�SHUVRQDO�XPLFK�HGX�aDVWHULDQ KWWS���ZZZ�HHFV�XPLFK�HGX�aJKZ

7KH 8QLYHUVLW\ RI 0LFKLJDQ

'HSDUWPHQW RI (OHFWULFDO (QJLQHHULQJ DQG &RPSXWHU 6FLHQFH

$QQ $UERU� 0, ���������� 86$

$EVWUDFW

7KH PRGDO WLPH�IUHTXHQF\ GLVWULEXWLRQ �7)'�� D PHPEHU RI &RKHQ©V ELOLQHDU FODVV RI GLVWULEXWLRQV� KDV

UHFHQWO\ EHHQ DSSOLHG WR KLJK UHVROXWLRQ PXVLFDO DQDO\VLV DQG DXWRPDWHG WUDQVFULSWLRQ� 7KH VPRRWKLQJ

E\ WKH PRGDO 7)' DWWHQXDWHV XQGHVLUDEOH FURVVWHUPV DORQJ WKH VXUIDFH EXW DOVR UHGXFHV UHVROXWLRQ� DQG

WKLV VPRRWKLQJ LV DQ HIIHFW DSSOLHG XQLIRUPO\ RYHU DOO WLPH DQG IUHTXHQF\� :H SURSRVH D IUHTXHQF\�

GHSHQGHQW FRPSXWDWLRQ RI WKH PRGDO 7)' ZKLFK DOORZV ORFDOL]HG� IUHTXHQF\�YDU\LQJ VPRRWKLQJ� ,Q

DGGLWLRQ� WKH PRGHO HQDEOHV DOJRULWKPV WKDW DGDSW IUHTXHQF\�GHSHQGHQW WUDGHRIIV EDVHG XSRQ WKH GDWD

�LQ RQVHW GHWHFWLRQ� IRU H[DPSOH� RU XSRQ SULRU NQRZOHGJH RI IUHTXHQF\ FRQWHQW �:HVWHUQ ���WRQH

WXQLQJ� IRU H[DPSOH�� 7KLV IUHTXHQF\�GHSHQGHQW PRGHO PLUURUV WKH PXOWL�UHVROXWLRQ SURSHUWLHV RI WKH

FRQVWDQW�4 VSHFWURJUDP DQG ZDYHOHW GHFRPSRVLWLRQ�

���,QWURGXFWLRQ
$XWRPDWHG PXVLF WUDQVFULSWLRQ V\VWHPV XVXDOO\

EHJLQ ZLWK D IURQW�HQG VWDJH WKDW FRPSXWHV D WLPH�

IUHTXHQF\ UHSUHVHQWDWLRQ RI WKH DXGLR VLJQDO� 6XEVHTXHQW

GHULYDWLRQV RI PXVLFDO SDUDPHWHUV� VXFK DV RQVHW WLPHV

DQG SLWFK� DUH HVWLPDWHG IURP WKLV WLPH�IUHTXHQF\ LPDJH�

$Q DFFXUDWH� KLJK�UHVROXWLRQ WLPH�IUHTXHQF\ LPDJH OHDGV

WR LPSURYHG SDUDPHWHU HVWLPDWLRQ� DQG XOWLPDWHO\�

LPSURYHG WUDQVFULSWLRQ� )RU WKLV UHDVRQ� &RKHQ©V FODVV RI

ELOLQHDU WLPH�IUHTXHQF\ GLVWULEXWLRQV >�@� DQG PRUH

VSHFLILFDOO\ WKH PRGDO 7)' >�@ KDYH EHHQ LQWURGXFHG DV

PHWKRGV IRU JHQHUDWLQJ KLJK�UHVROXWLRQ WLPH�IUHTXHQF\

LPDJHV IURP PXVLFDO DXGLR VLJQDOV�

:LWK UHVSHFW WR WKH PRUH FRQYHQWLRQDO VSHFWURJUDP

DQG ZDYHOHW DSSURDFKHV� WKH PRGDO 7)' LV VXSHULRU LQ

UHVROXWLRQ EXW SUHVHQWV VHYHUDO FKDOOHQJHV� ,Q WKLV SDSHU�

ZH FRQVLGHU H[WHQVLRQV RI WKH PRGDO 7)' WR VHYHUDO

IRUPV RI IUHTXHQF\�GHSHQGHQW SURFHVVLQJ�

���0RWLYDWLRQ�DQG�%DFNJURXQG
%HJLQQLQJ ZLWK D WLPH�IUHTXHQF\ LPDJH� ZH ZDQW WR

HVWLPDWH PXVLFDOO\ VDOLHQW SDUDPHWHUV� RQVHW WLPHV� RIIVHW

WLPHV� SDUWLDO IUHTXHQFLHV� DQG VR RQ� 8QIRUWXQDWHO\�

LQKHUHQW HVWLPDWLRQ WUDGHRIIV RIWHQ FRQIOLFW IRU GLIIHUHQW

SDUDPHWHUV� )RU H[DPSOH� JRRG WLPH UHVROXWLRQ LV

UHTXLUHG WR DFFXUDWHO\ HVWLPDWH RQVHW WLPHV� EXW JRRG

IUHTXHQF\ UHVROXWLRQ LPSURYHV SLWFK HVWLPDWHV� ,I ZH FDQ

LPSURYH WKH UHVROXWLRQ RI WKH IURQW�HQG VWDJH� ZH FDQ

�
7KLV ZRUN ZDV VXSSRUWHG E\ DQ 16(5& VFKRODUVKLS WR

WKH ILUVW DXWKRU DQG E\ WKH 2IILFH RI WKH 3UHVLGHQW RI WKH

8QLYHUVLW\ RI 0LFKLJDQ WKURXJK WKH 0XV(Q 3URMHFW

SHUKDSV VLPSOLI\ VXEVHTXHQW SURFHVVLQJ� )RU WKLV UHDVRQ�

FRPSXWLQJ D WLPH�IUHTXHQF\ UHSUHVHQWDWLRQ LQ D

IUHTXHQF\�GHSHQGHQW PDQQHU PD\ EH GHVLUDEOH� $V DQ

H[DPSOH� WKH FRQVWDQW�4 VSHFWURJUDP XVHV YDU\LQJ WLPH�

VXSSRUW ZLQGRZV WR HIIHFW D IUHTXHQF\�GHSHQGHQW

WUDGHRII LQ WLPH�IUHTXHQF\ UHVROXWLRQ� $ VLPLODU

IUHTXHQF\�GHSHQGHQW WUDGHRII LV RQH RI WKH DWWUDFWLYH

IHDWXUHV RI ZDYHOHW WUDQVIRUP DSSURDFKHV�

$Q DGDSWLYH DSSURDFK WR GHWHFWLQJ DQG WUDFNLQJ WKH

SDUWLDOV RI DQ LQVWUXPHQW VRXUFH DOVR EHQHILWV IURP

IUHTXHQF\�GHSHQGHQW SURFHVVLQJ VLQFH WKH SDUDPHWHUV RI

WKH FRPSXWDWLRQ FDQ EH DGDSWHG LQGHSHQGHQWO\ LQ HDFK

IUHTXHQF\ UHJLRQ� )LQDOO\� D IUHTXHQF\�GHSHQGHQW

DGDSWLYH NHUQHO FDQ EH XVHG WR FRPSXWH D ELOLQHDU WLPH�

IUHTXHQF\ GLVWULEXWLRQ ZLWK VPRRWKLQJ SDUDPHWHUV WKDW

DUH ORFDOO\ DGDSWHG LQ D IUHTXHQF\ EDQG UDWKHU WKDQ

DSSOLHG WR WKH JOREDO LPDJH�

7KH ODWWHU FDVH LV UHOHYDQW WR PXVLFDO WUDQVFULSWLRQ�

7KH :LJQHU WLPH�IUHTXHQF\ GLVWULEXWLRQ RIIHUV KLJK

UHVROXWLRQ LQ WLPH DQG IUHTXHQF\ EXW UHTXLUHV VRPH IRUP

RI VPRRWKLQJ LQ RUGHU WR VXSSUHVV IDOVH LQGLFDWLRQV RI

VLJQDO HQHUJ\ �FRPPRQO\ UHIHUUHG WR DV FURVVWHUPV��

([FHVVLYH VPRRWKLQJ FDQ QHJDWH WKH JDLQV LQ UHVROXWLRQ�

ZH ZDQW WR SHUIRUP WKH PLQLPXP DPRXQW RI VPRRWKLQJ

ZKLOH VWLOO DWWHQXDWLQJ FURVVWHUPV� ,GHDOO\� ZH ZRXOG OLNH

WR SHUIRUP YDU\LQJ DPRXQWV RI VPRRWKLQJ LQ ORFDOL]HG

UHJLRQV RI WKH WLPH�IUHTXHQF\ SODQH GHSHQGLQJ XSRQ KRZ

PXFK VPRRWKLQJ LV UHTXLUHG LQ HDFK UHJLRQ�

:H FRQVLGHU WKH PRGDO WLPH�IUHTXHQF\ GLVWULEXWLRQ

DV WKH IURQW�HQG SURFHVVRU IRU WUDQVFULSWLRQ� 7KLV 7)'

ZDV VSHFLILFDOO\ GHVLJQHG IRU WKH DQDO\VLV RI VLJQDOV WKDW

DUH ZHOO PRGHOHG E\ D VXP RI VLQXVRLGV >�@� +HUH� ZH



SUHVHQW D EULHI LQWURGXFWLRQ WR WKH PRGDO 7)' DV LW IRUPV

WKH EDVLV IRU RXU QHZ IUHTXHQF\�GHSHQGHQW FRPSXWDWLRQ�

&RKHQ©V FODVV RI ELOLQHDU 7)'©V FDQ EH ZULWWHQ DV
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7KH LQSXW VLJQDO LV V W� � DQG WKH IXQFWLRQ I T W� � � LV

FDOOHG WKH NHUQHO� GHVFULEHG KHUH LQ WKH � � �T W DPELJXLW\

GRPDLQ� �7KH � � �T W DPELJXLW\ GRPDLQ LV UHODWHG WR

WKH � � �W Z WLPH�IUHTXHQF\ GRPDLQ E\ D WZR�GLPHQVLRQDO

)RXULHU WUDQVIRUP �VHH )LJXUH ���� $V GHYHORSHG E\

&RKHQ� WKH NHUQHO FRPSOHWHO\ GHWHUPLQHV WKH SURSHUWLHV

RI WKH WLPH�IUHTXHQF\ UHSUHVHQWDWLRQ�

7HPSRUDO &RUUHODWLRQ

'RPDLQ

� � �W W

7LPH�)UHTXHQF\

'RPDLQ
� � �W Z $PELJXLW\

'RPDLQ
� � �T W

6SHFWUDO &RUUHODWLRQ

'RPDLQ

� � �T Z

)LJXUH �� 7)'©V KDYH HTXLYDOHQW UHSUHVHQWDWLRQV LQ

IRXU GRPDLQV� 7KH GRPDLQV DUH UHODWHG E\ )RXULHU

WUDQVIRUPV �VLQJOH DUURZV� RU GRXEOH )RXULHU

WUDQVIRUPV �GRXEOH DUURZV��

7KH PRGDO 7)' LV FKDUDFWHUL]HG E\ WKH PRGDO NHUQHO

>�@� ZKLFK LV JLYHQ E\�

I T W W T0. 7+� � � � � � � K) ���

ZKHUH+
7
� �T LV D ORZ�SDVV ILOWHU LQ WKH )RXULHU GRPDLQ

�ZLWK FRUUHVSRQGLQJ WLPH�GRPDLQ LPSXOVH UHVSRQVH

K W
7
� � �� 7KH IXQFWLRQ K) � �W LV D WLPH�GRPDLQ ZLQGRZ

IXQFWLRQ WKDW WUXQFDWHV WKH LQILQLWH VXPPDWLRQ LQ ��� WR

DOORZ IRU UHDOL]DEOH LPSOHPHQWDWLRQV� ,W LV WKH ORZ�SDVV

ILOWHU +
7
� �T WKDW LV RI LQWHUHVW� KRZHYHU� DV LW HIIHFWV WKH

WHPSRUDO VPRRWKLQJ QHFHVVDU\ WR VXSSUHVV FURVV�WHUPV�

6XEVWLWXWLQJ WKH PRGDO NHUQHO LQWR ��� ZH KDYH�
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�
8QOHVV RWKHUZLVH QRWHG� DOO LQWHJUDOV DUH GHILQLWH

LQWHJUDOV RYHU WKH HQWLUH UHDO OLQH�

LV WKH WLPH�VPRRWKHG ORFDO DXWRFRUUHODWLRQ IXQFWLRQ� 7KH

QRWDWLRQ )
W Zo

LQGLFDWHV WKH )RXULHU WUDQVIRUP IURP WKH

W �GLPHQVLRQ WR WKH Z �GLPHQVLRQ� :H KDYH GURSSHG WKH

VFDOLQJ E\ �S
�
DQG� IRU EUHYLW\� ZLOO VLPLODUO\ GURS DOO

VFDOLQJ IDFWRUV LQ WKH VHTXHO�

)RU VXSSUHVVLRQ RI FURVVWHUPV� WKH ORZ�SDVV FXWRII

IUHTXHQF\ RI+
7
� �T �RU LWV )RXULHU GXDO� K W

7
� � DV LQ ���

DERYH� PXVW EH FKRVHQ WR EH VPDOOHU WKDQ WKH VPDOOHVW

IUHTXHQF\ VHSDUDWLRQ RI FRPSRQHQWV LQ WKH VXP�RI�

VLQXVRLGV VLJQDO� 7KH FXWRII IUHTXHQF\ VKRXOG� KRZHYHU�

EH DV ODUJH DV SRVVLEOH LQ RUGHU WR SUHVHUYH WHPSRUDO

GHWDLO� )RU D VLQJOH PXVLFDO QRWH RI NQRZQ SLWFK� WKH

FXWRII IUHTXHQF\ LV XVXDOO\ FKRVHQ WR EH VOLJKWO\ OHVV WKDQ

WKH IXQGDPHQWDO IUHTXHQF\� 7KH PRGDO NHUQHO KDV EHHQ

XVHG LQ WKLV IDVKLRQ IRU KLJK�UHVROXWLRQ DQDO\VLV RI SLDQR

QRWHV >�@�

:KHQ WKH LQSXW VLJQDO LV SRO\SKRQLF� KRZHYHU� WKH

FXWRII IUHTXHQF\ PXVW EH FKRVHQ DUELWUDULO\ DV WKH

PLQLPXP VHSDUDWLRQ RI SDUWLDOV LQ IUHTXHQF\ LV DQ

XQNQRZQ TXDQWLW\� (YHQ LI ZH KDG NQRZOHGJH UHJDUGLQJ

WKH WXQLQJ XVHG LQ WKH PXVLF� ZH FRXOG RQO\ LQIHU D

PLQLPXP SDUWLDO IUHTXHQF\ VSDFLQJ DV D IXQFWLRQ RI

IUHTXHQF\� )RU H[DPSOH� LI ZH NQHZ WKDW WKH PXVLF ZDV

EDVHG RQ WKH :HVWHUQ ���WRQH VFDOH� WKHQ LQ WKH

IUHTXHQF\ UHJLRQ RI ��� +] ZH FRXOG H[SHFW SDUWLDOV DW

��� +] �$�� DQG ����� +] �$���� 7KH FXWRII IUHTXHQF\

LQ WKLV UHJLRQ FRXOG EH FKRVHQ WR EH � +]� ,Q WKH

QHLJKERUKRRG RI ��� +] ZH FRXOG H[SHFW SDUWLDOV DW ���

+] �$�� DQG ����� +] �$���� 7KH FXWRII IUHTXHQF\ LQ

WKLV UHJLRQ ZRXOG EH �� +] DQG ZH ZRXOG SUHVHUYH PRUH

WHPSRUDO GHWDLO GXH WR D VPDOOHU GHJUHH RI VPRRWKLQJ�

8QIRUWXQDWHO\� ZH FDQQRW HIIHFW D YDU\LQJ GHJUHH RI

VPRRWKLQJ VLQFH WKH FXWRII IUHTXHQF\ HQWHUV DV D

SDUDPHWHU LQ WKH FRPSXWDWLRQ RI ��� ZKLFK RFFXUV SULRU WR

WKH )RXULHU WUDQVIRUP LQ ���� :H FRXOG FRPSXWH VHYHUDO

7)'©V� HDFK ZLWK D GLIIHUHQW FXWRII IUHTXHQF\� DQG WKHQ

FRPELQH WKH UHVXOWV �DV SURSRVHG LQ >�@ IRU WKH FRQVWDQW�

4 PRGDO 7)'�� EXW WKLV DSSURDFK LV FRPSXWDWLRQDOO\

GHPDQGLQJ DQG XQQHFHVVDU\ DV ZH VKDOO VHH�

���'HULYDWLRQ
7KH PRGDO 7)' LQ ��� LV FRPSXWHG E\ IRUPLQJ WKH

VPRRWKHG DXWRFRUUHODWLRQ LQ WKH WHPSRUDO FRUUHODWLRQ

GRPDLQ DQG WKHQ WDNLQJ WKH )RXULHU WUDQVIRUP WR HQWHU WKH

WLPH�IUHTXHQF\ GRPDLQ �VHH )LJXUH ��� $Q DOWHUQDWLYH

DSSURDFK LV WR IRUP WKH VPRRWKHG DXWRFRUUHODWLRQ LQ WKH

VSHFWUDO FRUUHODWLRQ GRPDLQ DQG WKHQ FRPSXWH D )RXULHU

WUDQVIRUP WR RQFH DJDLQ HQG XS LQ WKH WLPH�IUHTXHQF\

GRPDLQ� :H VKRZ WKDW WKLV DSSURDFK JLYHV XV WKH GHVLUHG

IUHTXHQF\�GHSHQGHQW FRPSXWDWLRQ IRU WKH PRGDO 7)'�

:H FDQ UHZULWH HTXDWLRQ ��� LQ DQ HTXLYDOHQW IRUP

WKDW LQWURGXFHV FRPSXWDWLRQ LQ WKH VSHFWUDO FRUUHODWLRQ

GRPDLQ >�@�
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1RZ� 6� �Z LV WKH )RXULHU WUDQVIRUP RI WKH LQSXW

VLJQDO V W� � � DQG )� � �T Z LV WKH NHUQHO IXQFWLRQ H[SUHVVHG

LQ WKH VSHFWUDO FRUUHODWLRQ GRPDLQ� )RU WKH PRGDO NHUQHO�

ZH KDYH�

)0. 7 )+ +� � � � � � �T Z T Z ���

,Q WKH WHPSRUDO FRUUHODWLRQ GRPDLQ FRPSXWDWLRQ RI

WKH PRGDO 7)' ZH UHTXLUHG K) � �W WR EH D ZLQGRZ

IXQFWLRQ RI ILQLWH VXSSRUW LQ RUGHU WR OLPLW WKH VXSSRUW RI

WKH VPRRWKHG FRUUHODWLRQ IXQFWLRQ 5 W K W7� � � � ��W � ,Q WKH

VSHFWUDO FRUUHODWLRQ GRPDLQ� +7� �T LV EDQG�OLPLWHG E\

GHVLJQ DQG HIIHFWLYHO\ OLPLWV WKH VXSSRUW RI WKH

LQWHJUDWLRQ LQ ���� +)� �Z �WKH )RXULHU WUDQVIRUP RI

K) � �W � LV QRW QHHGHG IRU UHDOL]DELOLW\ DQG ZH FDQ UHPRYH

LW IURP FRQVLGHUDWLRQ� 6LQFH +)� �Z HIIHFWV VPRRWKLQJ

DORQJ WKH IUHTXHQF\ GLPHQVLRQ DQG ZH ZDQW WR SUHVHUYH

DV PXFK IUHTXHQF\ UHVROXWLRQ DV SRVVLEOH� ZH VHW

+)� � � �Z G Z � 7KDW LV� ZH FKRRVH +)� �Z VR WKDW WKHUH

LV QR VPRRWKLQJ LQ WKH IUHTXHQF\ GLPHQVLRQ� :LWK WKLV

VXEVWLWXWLRQ� WKH PRGDO 7)' FRPSXWHG LQ WKH VSHFWUDO

FRUUHODWLRQ GRPDLQ EHFRPHV�
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1RWLFH WKDW IUHTXHQF\� Z � LV QRZ D SDUDPHWHU LQ WKH

FRPSXWDWLRQ RI ���� QRW D )RXULHU YDULDEOH� 7KLV PHDQV

WKDW IRU HDFK YDOXH RI Z � ZH FDQ XVH D GLIIHUHQW ORZ�SDVV

ILOWHU +7� �T � 7KLV IUHHGRP IRUPV WKH EDVLV RI RXU

IUHTXHQF\�GHSHQGHQW FRPSXWDWLRQ�

:H FDQ VLPSOLI\ ��� VRPHZKDW LI ZH FDQ DVVXPH WKDW

V W� � LV UHDO YDOXHG DQG WKDW +7� �T LV UHDO DQG

V\PPHWULF� )LQDOO\� LI ZH DVVXPH WKDW +7� �T LV DQ

¦LGHDO§ ORZ�SDVV ILOWHU ZLWK FXWRII IUHTXHQF\ TF WKHQ ZH

FDQ ZULWH WKH PRGDO 7)' DV�
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$OORZLQJ TF WR YDU\ ZLWK IUHTXHQF\ Z LPSOHPHQWV

IUHTXHQF\�GHSHQGHQW VPRRWKLQJ�

,Q WKH GLVFUHWH LPSOHPHQWDWLRQ RI WKH DERYH� WKH

¦LGHDO§ ORZ�SDVV ILOWHU LV DFWXDOO\ GHVLJQHG XVLQJ WKH

IUHTXHQF\ VDPSOLQJ PHWKRG VR WKDW VDPSOHV RI +7� �T

DUH � DW FRPSXWDWLRQ SRLQWV EHORZ TF DQG � HOVHZKHUH�

7KLV OHDGV WR D ORZ�SDVV ILOWHU ZLWK VRPH ULSSOH LQ ERWK

WKH SDVVEDQG DQG VWRSEDQG ZKLFK KDYH D QHJOLJLEOH HIIHFW

RQ WKH ILQDO RXWFRPH� �,Q DGGLWLRQ� TF LV XVXDOO\ VPDOO

FRPSDUHG WR WKH VDPSOLQJ UDWH LQ D GLVFUHWH

LPSOHPHQWDWLRQ VR WKDW WKH UHGXFHG UDQJH RI WKH LQWHJUDO

PHDQV WKDW WKH FRVW RI FRPSXWLQJ WKH GLVFUHWH

DSSUR[LPDWLRQ RI WKH LQWHJUDO LV JUHDWO\ UHGXFHG��

$ GLIILFXOW\ ZLWK WKH DERYH IRUPXODWLRQ LQYROYHV WKH

)RXULHU WUDQVIRUP 6� �Z � )RU ORQJ VLJQDOV� WKLV

FRPSXWDWLRQ PD\ EHFRPH LPSUDFWLFDO DQG VRPH IRUP RI

RYHUODSSHG ZLQGRZLQJ LV QHFHVVDU\� 7KH FKRLFH RI

ZLQGRZ OHQJWK DQG GHJUHH RI RYHUODS LV VXEMHFW WR

WUDGHRIIV LQ IUHTXHQF\ UHVROXWLRQ� WHPSRUDO ORFDOL]DWLRQ�

DQG ELDV� :H GR QRW GLVFXVV WKHVH LVVXHV IXUWKHU LQ WKLV

SDSHU H[FHSW WR PHQWLRQ WKDW GLIIHUHQW DSSUR[LPDWLRQV WR

6� �Z FDQ EH XVHG DW D JLYHQ WLPH WR LPSOHPHQW WKHVH

WUDGHRIIV LQ D IUHTXHQF\�GHSHQGHQW PDQQHU�

���$SSOLFDWLRQV
,Q )LJXUH � ZH VKRZ D FRPSDULVRQ EHWZHHQ WKH

VSHFWURJUDP DQG WKH PRGDO NHUQHO FRPSXWHG LQ WKH

VSHFWUDO FRUUHODWLRQ GRPDLQ� 7KH VRXUFH PDWHULDO FRQVLVWV

RI D %��&� SLDQR FKRUG SOD\HG � WLPHV LQ UDSLG

VXFFHVVLRQ ZLWKLQ D ��� PV VSDQ� 7KH GLDJUDPV RQ WKH

OHIW VLGH RI WKH ILJXUH VKRZ IUHTXHQF\ YDULDWLRQ DV D

IXQFWLRQ RI WLPH LQ WKH QHLJKERUKRRG RI ��� +] DQG ���

+]� FRUUHVSRQGLQJ WR WKH IXQGDPHQWDOV RI %� DQG &��

UHVSHFWLYHO\� 7KHVH JUDSKV ZHUH REWDLQHG E\ SLFNLQJ

SHDNV DW WKH IUHTXHQFLHV RI LQWHUHVW� 7KH HQWLUH ��� PV

UHFRUG LV VKRZQ� 7KH GLDJUDPV RQ WKH ULJKW VLGH RI WKH

ILJXUH VKRZ DPSOLWXGH YDULDWLRQ DV D IXQFWLRQ RI WLPH IRU

WKH IXQGDPHQWDO RI &� DW ��� +]� 7KH DPSOLWXGH VFDOH LV

ORJDULWKPLF� DQG RQFH DJDLQ� WKH HQWLUH ��� PV UHFRUG LV

VKRZQ� 7KH � QRWH�RQVHWV DUH YLVLEOH LQ WKH DPSOLWXGH

YDULDWLRQ JUDSKV�

*UDSKV �D�� �E�� DQG �F� VKRZ UHVXOWV IRU WKH

VSHFWURJUDP FRPSXWHG ZLWK D +DPPLQJ ZLQGRZ RI

GXUDWLRQ ��� PV� ��� PV� DQG ��� PV� UHVSHFWLYHO\� 7KH

FODVVLF WLPH�IUHTXHQF\ WUDGHRII LV YLVLEOH LQ WKHVH JUDSKV�

$V WKH ZLQGRZ EHFRPHV ORQJHU� WKH UHVROXWLRQ LQ

IUHTXHQF\ LPSURYHV EXW WKH DPSOLWXGH SURILOH LV

VPRRWKHG RXW� PDNLQJ WKH RQVHWV PRUH GLIILFXOW WR

GLVFHUQ� 7KH FURVVRYHUV YLVLEOH LQ WKH IUHTXHQF\ YDULDWLRQ

JUDSKV �WKH OHIW VLGH� RI �D� DQG �E� DUH GXH WR LQVXIILFLHQW

IUHTXHQF\ UHVROXWLRQ� WKH SHDNV FRPH VR FORVH WRJHWKHU

WKDW DW FHUWDLQ WLPHV WKH\ PHUJH DQG FHDVH WR EH

UHVROYDEOH� 2QO\ DW D ZLQGRZ GXUDWLRQ RI ��� PV GRHV

WKH VSHFWURJUDP FOHDUO\ UHVROYH WKH SHDNV IRU WKH HQWLUH

GXUDWLRQ RI WKH � QRWHV� :LWK WKLV ZLQGRZ GXUDWLRQ�

KRZHYHU� WKH �
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DQG �

WK
QRWH RQVHWV DUH QHDUO\ FRPSOHWHO\

REVFXUHG�

7KH JUDSK LQ �G� VKRZV WKH IUHTXHQF\�GHSHQGHQW

PRGDO NHUQHO FRPSXWDWLRQ IRU WKH VDPH VRXUFH PDWHULDO�

%RWK KLJK IUHTXHQF\ DQG KLJK WLPH UHVROXWLRQ DUH

DFKLHYHG VLPXOWDQHRXVO\ �QRWH KRZ WKH �
UG
DQG �

WK
RQVHWV

DUH PRUH FOHDUO\ UHVROYHG��

)LJXUH � VKRZV RQH SRWHQWLDO EHQHILW RI WKH



IUHTXHQF\�GHSHQGHQW PRGDO 7)'� 7KLV ILJXUH VKRZV

DPSOLWXGH SURILOHV RI WKH VDPH ��FKRUG VHTXHQFH DW ����

+]� WKH �
WK
SDUWLDO RI WKH &� QRWH� 7KH SURILOHV KDYH EHHQ

LQWHQWLRQDOO\ VHSDUDWHG E\ � G% IRU FODULW\� 7KH KLJKHU

FXUYH UHSUHVHQWV WKH XVXDO PRGDO 7)'� ZKLOH WKH ORZHU

FXUYH VKRZV WKH IUHTXHQF\�GHSHQGHQW FRPSXWDWLRQ� 1RWH

KRZ LQ WKH ORZHU FXUYH WKH �
UG
DQG �

WK
QRWH RQVHWV KDYH D

ODUJHU VORSH� DQG WKH VHSDUDWLRQ EHWZHHQ QRWHV LV

JHQHUDOO\ EHWWHU� 7KLV LPSURYHPHQW LV GXH WR WKH ORZHU

VPRRWKLQJ DW KLJKHU IUHTXHQFLHV� ,Q WKLV FDVH� WKH

DVVXPSWLRQ WKDW WKH VRXUFH PDWHULDO FRQIRUPHG WR D

:HVWHUQ ���WRQH VFDOH ZDV XVHG WR VHW WKH VPRRWKLQJ

IUHTXHQF\ T
F
EDVHG XSRQ H[SHFWHG GLIIHUHQFHV LQ SDUWLDO

IUHTXHQFLHV�

���&RQFOXVLRQV
:H KDYH SUHVHQWHG D IUHTXHQF\�GHSHQGHQW

LPSOHPHQWDWLRQ RI WKH PRGDO 7)' DV D IURQW HQG

SURFHVVRU IRU DXWRPDWHG WUDQVFULSWLRQ� 7KLV QHZ

DSSURDFK HQDEOHV FRPSXWDWLRQDOO\ HIILFLHQW SURFHVVLQJ

VWUDWHJLHV WKDW YDU\ ZLWK IUHTXHQF\� $V DQ H[DPSOH�

IUHTXHQF\�GHSHQGHQW VPRRWKLQJ ZDV VKRZQ WR SUHVHUYH

PRUH WLPH UHVROXWLRQ DW KLJKHU IUHTXHQFLHV� WKHUHE\

UHGXFLQJ WKH XQFHUWDLQW\ LQ RQVHW GHWHFWLRQ�

5HIHUHQFHV
>�@ /RXJKOLQ� 3� -�� -�:� 3LWWRQ� DQG /�(� $WODV �����
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9ROXPH ��� 1XPEHU �� SS���������
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>�@ *XHYDUD� 5�&�/� ����� 0RGDO 'LVWULEXWLRQ $QDO\VLV

DQG 6XP RI 6LQXVRLG 6\QWKHVLV RI 3LDQR 7RQHV�

3K�'� 'LVVHUWDWLRQ� 8QLYHUVLW\ RI 0LFKLJDQ�

>�@ 3LHOHPHLHU� :�-�� *�+� :DNHILHOG� DQG 0�+� 6LPRQL

����� ¦7LPH�)UHTXHQF\ $QDO\VLV RI 0XVLFDO
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)LJXUH �� %��&� SLDQR FKRUG DPSOLWXGH SURILOH DW ���� +]�

7KH KLJKHU FXUYH LV GHULYHG IURP WKH VWDQGDUG PRGDO 7)'

FRPSXWDWLRQ ZKLOH WKH ORZHU FXUYH FRPHV IURP WKH IUHTXHQF\�

GHSHQGHQW PRGDO 7)'� 1RWH WKH VKDUSHU WUDQVLWLRQ DW WKH �UG

DQG �
WK
RQVHWV DQG WKH JHQHUDO LPSURYHPHQW LQ QRWH VHSDUDWLRQ�

( a )
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( d )

)LJXUH �� 6SHFWURJUDP DQG PRGDO 7)' RI IXQGDPHQWDOV IRU � VXFFHVVLYH %��&� SLDQR FKRUGV� 3DUWV �D�� �E�� DQG �F�

VKRZ WKH VSHFWURJUDP XVLQJ +DPPLQJ ZLQGRZV RI OHQJWK ��� PV� ��� PV� DQG ��� PV� UHVSHFWLYHO\� 3DUW �G� VKRZV WKH

PRGDO 7)' DQDO\VLV� 7KH OHIW VLGH VKRZV IUHTXHQF\�YV��WLPH JUDSKV QHDU ��� +] DQG ��� +] �L�H�� WKH IXQGDPHQWDOV RI

%� DQG &��� 7KH ULJKW VLGH VKRZV ORJ�DPSOLWXGH�YV��WLPH JUDSKV DW ��� +]� 7KH PRGDO 7)' DQDO\VLV UHVXOWV LQ JRRG

VLPXOWDQHRXV WLPH DQG IUHTXHQF\ UHVROXWLRQ� ZKLOH WKH VSHFWURJUDP DQDO\VLV VDFULILFHV RQH IRU WKH RWKHU� %RWK WLPH D[HV

H[WHQG RYHU ��� PV�


