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'XH WR WKH IXQGDPHQWDO HQG�WR�HQG GHVLJQ SULQFLSOH RI

WKH 7&3�,3 IRU ZKLFK WKH QHWZRUN FDQQRW VXSSO\ DQ\

H[SOLFLW IHHGEDFN� WRGD\ 7&3 FRQJHVWLRQ FRQWURO DOJRULWKP

LPSOHPHQWV DQ DGGLWLYH LQFUHDVH PXOWLSOLFDWLYH GHFUHDVH

�$,0'� DOJRULWKP� ,W LV ZLGHO\ UHFRJQL]HG WKDW WKH $,0'

PHFKDQLVP LV DW WKH FRUH RI WKH VWDELOLW\ RI HQG�WR�HQG

FRQJHVWLRQ FRQWURO� ,Q WKLV SDSHU ZH GHVFULEH D QHZ

PHFKDQLVP ZH FDOO $GGLWLYH ,QFUHDVH $GDSWLYH 'HFUHDVH

�$,$'�� 7KH NH\ FRQFHSW RI WKH DGDSWLYH GHFUHDVH

PHFKDQLVP LV WR DGDSW FRQJHVWLRQ ZLQGRZ UHGXFWLRQV WR

WKH EDQGZLGWK DYDLODEOH DW WKH WLPH WKH FRQJHVWLRQ LV

H[SHULHQFHG� :H SURSRVH :HVWZRRG�� 7&3 DV DQ

LPSOHPHQWDWLRQ RI WKH $,$' SDUDGLJP� DQG ZH FRQVLGHU

5HQR 7&3 DV DQ H[DPSOH RI WKH $,0' PHFKDQLVP IRU

FRPSDULVRQ� :H GHULYH D PDWKHPDWLFDO PRGHO RI WKH

WKURXJKSXW RI WKH $,$' PHFKDQLVP WKDW VKRZV WKDW

:HVWZRRG�� LV VWDEOH� LV IULHQGO\ WR 5HQR DQG LQFUHDVHV

WKH IDLUQHVV LQ EDQGZLGWK XWLOL]DWLRQ� 7R FRQILUP WKH

YDOLGLW\ RI WKH WKHRUHWLFDO PRGHO ,QWHUQHW PHDVXUHPHQWV

DUH UHSRUWHG�

����	�����
���	�

7KH VWDELOLW\ RI WKH ,QWHUQHW UHTXLUHV WKDW IORZV XVH

VRPH IRUP RI HQG�WR�HQG FRQJHVWLRQ FRQWURO WR DGDSW WKH

LQSXW UDWH WR WKH DYDLODEOH EDQGZLGWK� 7&3 &RQJHVWLRQ

FRQWURO ZDV LQWURGXFHG LQWR WKH ,QWHUQHW LQ WKH ODWH ����V

E\ 9DQ -DFREVRQ DIWHU WKDW WKH ,QWHUQHW KDG H[SHULHQFHG

FRQJHVWLRQ FROODSVH >�@� >�@� 'XH WR WKH IXQGDPHQWDO HQG�

WR�HQG GHVLJQ SULQFLSOH RI WKH 7&3�,3 IRU ZKLFK WKH

QHWZRUN LV D EODFN ER[ WKDW FDQQRW VXSSO\ DQ\ H[SOLFLW

IHHGEDFN >�@� >�@� >�@ WKH 7&3 FRQJHVWLRQ FRQWURO

DOJRULWKP ZDV GHVLJQHG E\ IROORZLQJ WKH DGGLWLYH LQFUHDVH

PXOWLSOLFDWLYH GHFUHDVH SDUDGLJP �$,0'� >��@� 7KH

DGGLWLYH LQFUHDVH SKDVH DLPV DW JUDGXDOO\ LQFUHDVLQJ WKH

IORZ LQSXW UDWH XQWLO WKH QHWZRUN DYDLODEOH EDQGZLGWK LV

KLW DQG D FRQJHVWLRQ HSLVRGH KDSSHQV� 7KH VHQGHU

EHFRPHV DZDUH RI FRQJHVWLRQ YLD WKH UHFHSWLRQ RI

GXSOLFDWH DFNQRZOHGJPHQWV �'83$&.V� RU WKH H[SLUDWLRQ

RI D WLPHRXW� 7KHQ LW UHDFWV WR OLJKW FRQJHVWLRQ �L�H� �

'83$&.V� E\ KDOYLQJ WKH FRQJHVWLRQ ZLQGRZ DQG WR

KHDY\ FRQJHVWLRQ �L�H� WLPHRXW� E\ UHGXFLQJ WKH FRQJHVWLRQ

ZLQGRZ WR RQH� 7KLV EHKDYLRU LV WKH PXOWLSOLFDWLYH

GHFUHDVH SKDVH� ZKLFK DLPV DW UHGXFLQJ WKH LQSXW UDWH DIWHU

FRQJHVWLRQ�

,Q WKLV SDSHU� ZH SURSRVH D QHZ PHFKDQLVP WKDW

DGDSWLYHO\ VHW WKH FRQJHVWLRQ ZLQGRZ DIWHU D FRQJHVWLRQ

HSLVRGH E\ WDNLQJ LQWR DFFRXQW WKH EDQGZLGWK XVHG ZKHQ

FRQJHVWLRQ LV H[SHULHQFHG� :H FDOO WKLV PHFKDQLVP

$GGLWLYH ,QFUHDVH $GDSWLYH 'HFUHDVH �$,$'��

9HJDV 7&3 FDQ EH FRQVLGHUHG WKH ILUVW VLJQLILFDQW

H[DPSOH RI FRQJHVWLRQ FRQWURO DOJRULWKP WKDW SDUWLDOO\

GHSDUWV IURP WKH $,0' SDUDGLJP >��@�>��@� ,Q IDFW�

GXULQJ FRQJHVWLRQ DYRLGDQFH� 9HJDV H[SORLWV DQ DGGLWLYH

LQFUHDVH DGGLWLYH GHFUHDVH PHFKDQLVP >��@� $QRWKHU

H[DPSOH RI FRQWURO DOJRULWKP WKDW SDUWLDOO\ GHSDUWV IURP RI

WKH $,0' SDUDGLJP LV :HVWZRRG 7&3 >�@� ZKLFK XVHV D

VRSKLVWLFDWHG HQG�WR�HQG EDQGZLGWK HVWLPDWLRQ WR VHW WKH

FRQWURO ZLQGRZV DIWHU OLJKW FRQJHVWLRQ� %RWK 9HJDV DQG

:HVWZRRG SUHVHUYH WKH VWDQGDUG PXOWLSOLFDWLYH GHFUHDVH

EHKDYLRU DIWHU D WLPHRXW�

,Q WKLV SDSHU� ZH SURSRVH :HVWZRRG�� 7&3� ZKLFK LV

EDVHG RQ D FRPSOHWH H[SORLWDWLRQ RI WKH $,$' SDUDGLJP�

7KH PDLQ FRQWULEXWLRQ RI WKH SDSHU LV D VLPSOH VWRFKDVWLF

PRGHO RI WKH WKURXJKSXW RI :HVWZRRG�� ZKLFK VKRZV

WKDW :HVWZRRG�� ��� LV VWDEOH� ��� LV IULHQGO\ WR 5HQR DQG

��� LQFUHDVHV WKH IDLUQHVV LQ QHWZRUN XVDJH�
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:H WHVW :HVWZRRG�� RQ WKH ,QWHUQHW LQ RUGHU WR

YDOLGDWH WKH SURSRVHG HTXDWLRQ PRGHO DQG FRPSDUH

:HVWZRRG�� ZLWK UHVSHFW WR 5HQR 7&3� ([SHULPHQWV

VKRZ WKDW WKH PRGHO SUHGLFWV WKH WKURXJKSXW RI

:HVWZRRG�� ZLWKLQ D PHDQ HUURU UDQJLQJ IURP ����� WR

����� DQG WKDW 5HQR REWDLQV D VOLJKW VPDOOHU WKURXJKSXW

WKDQ :HVWZRRG���

7KH SDSHU LV RUJDQL]HG DV IROORZV� LQ 6HFWLRQ � DQ

HTXDWLRQ PRGHO RI :HVWZRRG�� 7&3 LV GHYHORSHG� LQ

6HFWLRQ � ZH YDOLGDWH WKH PRGHO YLD ,QWHUQHW

PHDVXUHPHQWV DQG ZH SURYLGH D FRPSDULVRQ ZLWK 5HQR

7&3� ILQDOO\ WKH ODVW VHFWLRQ GUDZV WKH FRQFOXVLRQV�

�����
� ���!!�"�#�

,Q WKLV VHFWLRQ ZH GHVFULEH :HVWZRRG�� 7&3 DQG

GHYHORS D PDWKHPDWLFDO PRGHO IRU LWV VWHDG\ VWDWH

WKURXJKSXW�

���� :HVWZRRG�� 7&3

)LUVW� ZH EULHIO\ UHVXPH WKH :HVWZRRG 7&3 DOJRULWKP

>�@ DQG WKHQ ZH LQWURGXFH :HVWZRRG��� $ 7&3

FRQQHFWLRQ LV FKDUDFWHUL]HG E\ WKH IROORZLQJ YDULDEOHV�

�FZQG� &RQJHVWLRQ :LQGRZ� �VVWKUHVK� 6ORZ 6WDUW

7KUHVKROG� �577� 5RXQG 7ULS 7LPH RI WKH FRQQHFWLRQ�

�577PLQ� 0LQLPXP 5RXQG 7ULS 7LPH PHDVXUHG E\ WKH

VHQGHU� �6HJBVL]H� 6L]H RI WKH GHOLYHUHG VHJPHQWV�

7KH PDLQ LGHD RI :HVWZRRG 7&3 LV WR SHUIRUP DQ HQG�

WR�HQG HVWLPDWH RI WKH EDQGZLGWK % DYDLODEOH DORQJ D 7&3

FRQQHFWLRQ E\ PHDVXULQJ DQG ORZ�SDVV ILOWHULQJ WKH UDWH RI

UHWXUQLQJ $&.V� 7KH HVWLPDWH LV WKHQ XVHG WR SURSHUO\ VHW

WKH FRQJHVWLRQ ZLQGRZ DQG WKH VORZ�VWDUW WKUHVKROG DIWHU D

FRQJHVWLRQ HSLVRGH DV GHVFULEHG EHORZ�

D� :KHQ � '83$&.V DUH UHFHLYHG E\ WKH VHQGHU�

VVWKUHVK  �%
577PLQ��VHJBVL]H�

FZQG  VVWKUHVK�

E� :KHQ FRDUVH WLPHRXW H[SLUHV�

VVWKUHVK  �%
577PLQ��VHJBVL]H�

FZQG  ��

F� :KHQ $&.V DUH VXFFHVVIXOO\ UHFHLYHG� 7&3:

LQFUHDVHV FZQG DFFRUGLQJO\ WR 5HQR DOJRULWKP�

7KH LGHD RI :HVWZRRG�� 7&3 LV WR H[SORLW WKH

EDQGZLGWK HVWLPDWH DOVR DIWHU D WLPHRXW� ,Q IDFW� WKH

PHFKDQLVP RI EDQGZLGWK HVWLPDWLRQ� ZKLFK LV EDVHG RQ

WKH UHWXUQLQJ IORZ RI $&.V� HQVXUHV EDFN�RII ZKHQ

VHYHUDO $&.V DUH ORVW� ,Q RWKHU ZRUGV� WKH EDQGZLGWK

HVWLPDWH DV XVHG LQ VWHS �D� LV VXIILFLHQW WR UHDFW DOVR WR

KHDY\ FRQJHVWLRQ� 7KXV� E\ XQLI\LQJ VWHSV �D� DQG �E�� WKH

:HVWZRRG�� DOJRULWKP FRPSOHWHO\ H[SORLWV WKH $,$'

SDUDGLJP DV IROORZV�

D� :KHQ � '83$&.V DUH UHFHLYHG 25 D WLPHRXW

H[SLUHV�

VVWKUHVK  �%
577PLQ��VHJBVL]H�

FZQG  VVWKUHVK�

E� :KHQ $&.V DUH VXFFHVVIXOO\ UHFHLYHG� 7&3:

LQFUHDVHV FZQG DFFRUGLQJO\ WR 5HQR DOJRULWKP�

,W VKRXOG EH QRWLFHG WKDW WKH $,$' PHFKDQLVP FDQ

LPSURYH WKH VWDELOLW\ SURSHUW\ RI WKH $GGLWLYH ,QFUHDVH

0XOWLSOLFDWLYH 'HFUHDVH DOJRULWKP �$,0'�� ,Q IDFW WKH

DGDSWLYH GHFUHDVH SKDVH HQVXUHV WKDW WKH ZLQGRZ LV

UHGXFHG HQRXJK LQ WKH SUHVHQFH RI FRQJHVWLRQ ZKHUHDV WKH

E\ KDOI UHGXFWLRQ RI 5HQR FRXOG QRW EH VXIILFLHQW�

���� $ 6WRFKDVWLF 0RGHO RI :HVWZRRG��

WKURXJKSXW

,Q WKLV VHFWLRQ D PDWKHPDWLFDO PRGHO RI WKH

:HVWZRRG�� WKURXJKSXW LV GHYHORSHG� 7R GHULYH WKH

PRGHO� ZH IROORZ DUJXPHQWV VLPLODU WR WKH RQHV GHYHORSHG

LQ WKH H[FHOOHQW SDSHU >�@�

7KHRUHP �� /HW XV FRQVLGHU D :HVWZRRG�� 7&3 IORZ

DQG VXSSRVH WKDW WKH GURS SUREDELOLW\ RI D VHJPHQW LV S�

WKH EDQGZLGWK DYDLODEOH IRU WKH IORZ LV %� WKH PHDQ 5RXQG

7ULS 7LPH LV 577 DQG WKH PLQLPXP 5RXQG 7ULS 7LPH LV

577PLQ� %\ OHWWLQJ U
:HVW

EH WKH VWHDG\ VWDWH PHDQ

WKURXJKSXW RI WKH IORZ� LW KROGV�
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3URRI� 7KH FRQJHVWLRQ ZLQGRZ LV XSGDWHG XSRQ $&.

UHFHSWLRQ� (DFK WLPH DQ $&. LV UHFHLYHG EDFN E\ WKH

VHQGHU WKH FZQG LV LQFUHDVHG E\ ��FZQG� ZKHUHDV DIWHU D

VHJPHQW ORVV WKH FRQJHVWLRQ ZLQGRZ LV VHW HTXDO WR

%�577PLQ VR WKDW WKH FKDQJH LQ FZQG LV

FZQG577% �� PLQ � 7KXV� WKH YDULDWLRQ RI FRQJHVWLRQ

ZLQGRZ FZQG' LV D GLVFUHWH UDQGRP YDULDEOH ZLWK WKH

IROORZLQJ SUREDELOLW\ IXQFWLRQ�
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FZQG577%FZQGZKHQS
FZQG

FZQGZKHQS
FZQGS

PLQ
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7KH H[SHFWHG LQFUHPHQW RI WKH FRQJHVWLRQ ZLQGRZ

FZQG SHU XSGDWH VWHS LV WKHQ�

SFZQG577%
FZQG

S
FZQG( ����

�

 ' ��
�

@> PLQ ���

6LQFH WKH WLPH EHWZHHQ XSGDWH VWHSV LV DERXW

FZQG577 � � E\ UHFDOOLQJ (T� ���� WKH H[SHFWHG FKDQJH LQ

WKH UDWH U SHU XQLW WLPH LV DSSUR[LPDWHO\�

SWU
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(T� ��� LV D VHSDUDEOH YDULDEOH GLIIHUHQWLDO HTXDWLRQ WKDW

FDQ EH ZULWWHQ DV IROORZV�
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577%
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GHSHQGV RQ WKH LQLWLDO FRQGLWLRQV�

7KH VWHDG\ VWDWH WKURXJKSXW RI :HVWZRRG�� LV WKHQ

REWDLQHG DV IROORZV� ��OLP WUU

W
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7KH JRDO RI WKLV VHFWLRQ LV WR DQDO\]H VWDELOLW\� IDLUQHVV

DQG IULHQGOLQHVV RI :HVWZRRG�� DQG WR GHYHORS D

FRPSDULVRQ ZLWK 5HQR 7&3 E\ XVLQJ WKHLU UHVSHFWLYH

WKURXJKSXW HTXDWLRQ PRGHOV� )LQDOO\� ZH YDOLGDWH WKH

PRGHO RI :HVWZRRG�� XVLQJ ,QWHUQHW PHDVXUHPHQWV�

���� 6WDELOLW\ DQG IXOO EDQGZLGWK XWLOL]DWLRQ

:H VWDUW E\ VKRZLQJ WKDW :HVWZRRG�� LV VWDEOH� WKDW

LV� LWV VWHDG\ VWDWH LQSXW UDWH LV ERXQGHG E\ WKH DYDLODEOH

EDQGZLGWK %�

&RUROODU\ �� 7KH :HVWZRRG�� FRQWURO DOJRULWKP LV

VWDEOH� WKDW LV�

%U:HVW
d ���

3URRI� )URP (T� ��� ZH FDQ DUJXH WKDW :HVWU FDQ QHYHU

EH JUHDWHU WKDQ %� ,Q IDFW� E\ FRQWUDGLFWLRQ� OHW XV DVVXPH

WKDW %U:HVW
! � 7KLV DVVXPSWLRQ ZRXOG OHDG WR FRQJHVWLRQ

FROODSVH VR WKDW WKH GURS SUREDELOLW\ S ZRXOG LQFUHDVH XS

WR �� 7KXV� IURP (T� ��� LW ZRXOG UHVXOW

577577%U:HVW �PLQ� � 6LQFH XQGHU FRQJHVWLRQ

577577 �PLQ � LW ZRXOG UHVXOW %U:HVW
� � ZKLFK ZRXOG

FRQWUDGLFW WKH DVVXPSWLRQ� 7KHUHIRUH ZH FDQ FRQFOXGH WKDW

%U:HVW
d �

&RUROODU\ �� /HW %Ö EH DQ HVWLPDWH RI %� 7KH

ZHVWZRRG�� WKURXJKSXW VDWLVILHV WKH ERXQG�

%U:HVW Ö�!D ���

ZKHUH �� d�D �

3URRI� )URP (T� ��� LW LV VWUDLJKWIRUZDUG WR QRWLFH WKDW

%U
:HVW

Ö

�! D � ZKHUH ��PLQ d 577577D �

���� )DLUQHVV DQG IULHQGOLQHVV RI :HVWZRRG��

(TXDWLRQ ��� JLYHV WKH WKURXJKSXW DV D IXQFWLRQ RI WKH

JLYHQ FDSDFLW\ %� +RZHYHU� LQ UHDO QHWZRUNV WKH DYDLODEOH

EDQGZLGWK % LV XQNQRZQ� 7KXV� LW LV QHFHVVDU\ WR HPSOR\

D PHFKDQLVP RI HQG�WR�HQG EDQGZLGWK HVWLPDWLRQ� 7KH

EDVLF LGHD LV WR HVWLPDWH WKH DYDLODEOH EDQGZLGWK E\ PHDQV

RI WKH IORZ RI UHWXUQLQJ $&.V� 'XH WR GHOD\V DQG $&.V

FRPSUHVVLRQ� WKH IORZ RI UHWXUQLQJ $&.V PXVW EH ORZ�

SDVV ILOWHUHG LQ D SURSHU ZD\ >�@� >�@� >��@� >��@� >��@� >��@�

>��@� ,Q >�@� D VDPSOH RI DYDLODEOH EDQGZLGWK

NNNNNN GWWGE ' � 
�

���� � LV FRPSXWHG HYHU\ WLPH WN

WKH VHQGHU UHFHLYHV DQ $&.� WKH DPRXQW GN RI GDWD

DFNQRZOHGJHG E\ DQ $&. LV GHWHUPLQHG E\ D SURSHU

FRXQWLQJ SURFHGXUH DQG VDPSOHV EN DUH ORZ�SDVV ILOWHUHG

XVLQJ WKH WLPH�YDU\LQJ ILOWHU
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� � ZKHUH IW LV WKH

ILOWHU WLPH FRQVWDQW �D W\SLFDO YDOXH LV ��� IW VHF�� ,Q

WKLV SDSHU ZH XVH D VOLJKWO\ PRGLILHG YHUVLRQ RI WKH ILOWHU

XVHG LQ >�@ VLQFH WKDW ILOWHU RYHUHVWLPDWHV WKH DYDLODEOH

EDQGZLGWK EHFDXVH RI $&. FRPSUHVVLRQ >��@� 7R

RYHUFRPH WKLV SUREOHP� ZH FRPSXWH EDQGZLGWK VDPSOHV

HYHU\ 577� 0RUH SUHFLVHO\� ZH FRXQW DOO GDWD GN

DFNQRZOHGJHG GXULQJ WKH ODVW 577 DQG FRPSXWH WKH

EDQGZLGWK VDPSOH NNN GE ' � � ZKHUH N' LV WKH ODVW

577� 7R DYRLG DOLDVLQJ HIIHFWV >�@� ZKHQ ��IN W!' � ZH

LQWHUSRODWH DQG UH�VDPSOH XVLQJ ���� I577LQW1 W� 
�

YLUWXDO VDPSOHV EN DUULYLQJ ZLWK LQWHUDUULYDO WLPH

��IN W ' �

,W LV ZRUWK QRWLFLQJ WKDW� EHFDXVH RI WKH IORZ

FRQVHUYDWLRQ SULQFLSOH� WKH HVWLPDWRU SURYLGHV D YDOXH RI %

FORVH WR WKH LQSXW UDWH FZQG�577� %\ DVVXPLQJ WKH

DSSUR[LPDWLRQ % FZQG�577 IRU WKH HVWLPDWH� ZH DUH

UHDG\ WR VKRZ WKH IROORZLQJ UHVXOW�

7KHRUHP �� 7KH VWHDG\ VWDWH WKURXJKSXW RI

:HVWZRRG�� XVLQJ WKH EDQGZLGWK HVWLPDWH % FZQG�577

LV
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7577
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ZKHUH PLQT 5775777 � LV WKH PHDQ TXHXLQJ WLPH

H[SHULHQFHG E\ WKH VHJPHQWV RI WKH FRQQHFWLRQ�

3URRI� %\ DVVXPLQJ WKH IROORZLQJ HVWLPDWH RI WKH

DYDLODEOH EDQGZLGWK�

��� WU577FZQG%   ���

DQG E\ VXEVWLWXWLQJ (T� ��� LQWR (T� ���� WKH IROORZLQJ

GLIIHUHQWLDO HTXDWLRQ LV REWDLQHG�

�������������������������������������������������
�
LQW�Â� VWDQGV IRU WKH LQWHJHU SDUW RI �Â�
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:KHUH� & GHSHQGV RQ WKH LQLWLDO FRQGLWLRQV� 7KH VWHDG\

VWDWH WKURXJKSXW ��� LV WKHQ REWDLQHG IRU foW �
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WKH RQHV WKDW KDYH EHHQ UHSRUWHG LQ >��@ WR YDOLGDWH WKH

5HQR HTXDWLRQ PRGHO ����� %\ XVLQJ WKH DSSUR[LPDWHG

HTXDWLRQ PRGHO ���� WKH QRUPDOL]HG HUURUV DUH ����� IRU
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