
$�1RYHO�$UFKLWHFWXUH�IRU�'LJLWDO�3XOVH�+HLJKW�$QDO\VLV
ZLWK�$SSOLFDWLRQ�WR�5DGLDWLRQ�6SHFWURVFRS\

,WDPDU�(OKDQDQ\
Ä
��6KLPVKRQ�-DFREL
��0LFKDHO�.DKDQH�

(OL�0DUFXV��'DQ�7LURVK��'RY�%DUDN

1XFOHDU�5HVHDUFK�&HQWHU�1HJHY�

(OHFWURQLFV�DQG�&RQWURO�/DERUDWRULHV

DQG�


3K\VLFV�'HSDUWPHQW

3�2��%R[�����

%HHU�6KHYD��������,VUDHO

�
$EVWUDFW

$ QRYHO GLJLWDO DSSURDFK WR UHDO�WLPH� KLJK�WKURXJKSXW� ORZ�FRVW SXOVH KHLJKW DQDO\VLV

�3+$� IRU UDGLDWLRQ VSHFWURVFRS\ LV SUHVHQWHG� 7KH DQDORJ QXFOHDU VLJQDO LV VDPSOHG DW D

KLJK UDWH XVLQJ DQ DQDORJ�WR�GLJLWDO FRQYHUWHU �$'&�� DQG DQDO\]HG E\ D VWDWH�RI�WKH�DUW

ILHOG SURJUDPPDEOH JDWH DUUD\ �)3*$�� $ FXVWRPL]HG IL[HG�SRLQW SRO\QRPLDO ILWWLQJ

DOJRULWKP LV XWLOL]HG IRU SXOVH�KHLJKW HVWLPDWLRQ� 2WKHU SXOVH SDUDPHWHUV� VXFK DV ZLGWK

DQG DV\PPHWU\� DUH DWWDLQDEOH IRU SXOVH VKDSH DQDO\VLV �36$� SXUSRVHV� VXFK DV SDUWLFOH

LGHQWLILFDWLRQ� 7KH PDWKHPDWLFDO FRPSOH[LW\ RI WKH DOJRULWKP LV VWURQJO\ UHGXFHG E\

DSSO\LQJ SDUDOOHO DULWKPHWLF� UHVXOWLQJ LQ FRPSOHWH HOLPLQDWLRQ RI SURFHVVLQJ GHDG�WLPH�

7KH SURSRVHG VFKHPH LV HDVLO\ VFDODEOH E\ VXEVWLWXWLQJ WKH )3*$ DQG $'& ZLWK PRUH

DGYDQFHG LQWHJUDWHG FLUFXLWV DV WKH\ DSSHDU�

���,QWURGXFWLRQ

5HFHQW� UHVHDUFK� LQ� WKH� ILHOG� RI� GLJLWDO� VLJQDO� SURFHVVLQJ� IRU� QXFOHDU� VSHFWURVFRS\� KDV

\LHOGHG�YDULRXV�SXOVH�KHLJKW�DQDO\VLV��3+$��WHFKQLTXHV��-RUGDQRY� HW�DO���������6LPRHV

HW� DO��� ������� 'HVSLWH�PDQ\� DGYDQWDJHV� RI� XVLQJ� IXOO\� GLJLWDO� V\VWHPV�� IUHTXHQWO\� WKH

KLJK�SURFHVVLQJ�UHTXLUHPHQWV�ERXQG�RYHUDOO�SHUIRUPDQFH�LQ�WHUPV�RI�FRXQWLQJ�UDWH�DQG

HIIHFWLYH� UHVROXWLRQ�� 0RVW� VXJJHVWHG� VROXWLRQV� XWLOL]H� H[SHQVLYH� IORDWLQJ�SRLQW� GLJLWDO

VLJQDO�SURFHVVRUV��'63��WR�RYHUFRPH�WKHVH�OLPLWDWLRQV��6LPRHV� HW�DO���������6LPRHV�HW

DO���������

,PSURYHPHQWV�LQ�DQDORJ�WR�GLJLWDO�FRQYHUWHUV�DORQJ�ZLWK�DGYDQFHV�LQ�SURJUDPPDEOH

ORJLF� LQWHJUDWHG�FLUFXLWV�DOORZ�IRU�QHZ�UHDO�WLPH�GLJLWDO�SXOVH�SURFHVVLQJ� WHFKQLTXHV� WR

EH� LQWURGXFHG�� ,Q� WKLV� SDSHU�ZH� GHVFULEH� VXFK� D� WHFKQLTXH�� EDVHG� RQ� D� VWDWH�RI�WKH�DUW

ILHOG� SURJUDPPDEOH� JDWH� DUUD\� �)3*$�� DV� WKH� PDLQ� SURFHVVLQJ� XQLW� SHUIRUPLQJ

KLJK�VSHHG� DULWKPHWLF� FDOFXODWLRQV�� 7KH� SXOVH� KHLJKW� LV� HVWLPDWHG� XVLQJ� SRO\QRPLDO

ILWWLQJ�RSWLPL]HG�WR�H[SORLW�WKH�DGYDQWDJHV�RI�FXVWRPL]HG�ORJLF�GHVLJQ��8WLOL]DWLRQ�RI�WKH

FXVWRPL]HG� ORJLF� UHQGHUV� D� UHDO�WLPH�� QR� GHDG�WLPH�� KLJK� SHUIRUPDQFH� DQG� KLJKO\

VFDODEOH�VROXWLRQ�IRU�3+$��ZLWKRXW� WKH�UHTXLUHPHQW�RI�DQ�H[SHQVLYH�'63��7KH�PHWKRG

FDQ�HDVLO\�EH�H[HUFLVHG�LQ�RWKHU�QXFOHDU�VSHFWURVFRS\�DSSOLFDWLRQV�

�

Ä
(PDLO� LWDPDU#LHHH�RUJ
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���7KH�SURSRVHG�V\VWHP

7KH� SURSRVHG� ERDUG� KRXVHV� D� ���ELW� KLJK�VDPSOLQJ�UDWH� DQDORJ�WR�GLJLWDO� FRQYHUWHU

�$'&��� D� ILHOG� SURJUDPPDEOH� JDWH� DUUD\� �)3*$��� SHULSKHUDO� DQDORJ� FRPSRQHQWV�� DQ

HPEHGGHG� PLFUR�FRQWUROOHU� ZLWK� H[WHUQDO� PHPRU\� DQG� FRQQHFWLRQ� WR� D� GHVNWRS� 3&�

$FFRXQWLQJ� WKH� VSHFLILFDWLRQV� RI� FXUUHQWO\� DYDLODEOH� FRPSRQHQWV�� DQG� DVVXPLQJ

SXOVH�ZLGWK�RI���µVHF��D�JOREDO�V\VWHP�FORFN�RI����0+]�LV�VXJJHVWHG��9+'/��9+6,&

KDUGZDUH� GHVFULSWLRQ� ODQJXDJH�� FRGH�ZDV�ZULWWHQ� DQG� RSWLPL]HG� IRU� WKH� FKDUDFWHULVWLF

IHDWXUHV� RI� WKH� )3*$�DUFKLWHFWXUH��8VLQJ� WKH�9+'/� FRGH�� ORJLF�OHYHO� VLPXODWLRQ� DQG

JDWH�OHYHO� V\QWKHVLV� ZHUH� SHUIRUPHG� IRU� GHWHUPLQLQJ� WKH� HVWLPDWHG� SHUIRUPDQFH� DQG

KDUGZDUH�UHTXLUHG��)LJXUH���GHSLFWV�D�EORFN�GLDJUDP�RI�WKH�VXJJHVWHG�VHWXS�

7KH�DQDORJ�VLJQDO�LV�FRQWLQXRXVO\�VDPSOHG�E\�WKH�$'&�ZLWK�DQ�HIIHFWLYH�UHVROXWLRQ

RI����ELWV�SHU�VDPSOH��7KH�VDPH�FORFN�DOVR�GULYHV�WKH�)3*$��ZKLFK�GLUHFWO\�UHFHLYHV�WKH

VDPSOHV� DQG� SHUIRUPV� UHDO�WLPH� SHDN� GHWHFWLRQ� IROORZHG� E\� ILWWLQJ� RI� WKH� SXOVH� SHDN

ZLWK�D�VHFRQG�RUGHU�SRO\QRPLDO�H[SUHVVLRQ��&DOFXODWLRQV�DUH�FDUULHG�RXW�E\�FXVWRPL]HG

ORJLF�H[HFXWLQJ�SDUDOOHO� IL[HG�SRLQW�DULWKPHWLF�RSHUDWLRQV��7KH� HVWLPDWHG�SXOVH�KHLJKWV

DUH�WUDQVIHUUHG�WR�WKH�PLFUR�FRQWUROOHU��ZKLFK�LQ�WXUQ�DFFXPXODWHV�DQG�WUDQVIHUV�WKH�GDWD

WR�D�3&�VWDWLRQ�IRU�IXUWKHU�DQDO\VLV�DQG�JUDSKLFDO�GLVSOD\�

���)LWWLQJ�PRGHO�DULWKPHWLF�FDOFXODWLRQV

,Q� RUGHU� WR� HVWLPDWH� WKH� SXOVH� KHLJKW� ZH� QHHG� WR� FRUUHFWO\� PRGHO� WKH� SXOVH� SHDN�� $

VHFRQG� RUGHU� SRO\QRPLDO� H[SUHVVLRQ� SURYLGHV� D� JRRG� DSSUR[LPDWLRQ� WR� WKH� SHDN� RI� D

*DXVVLDQ�IXQFWLRQ��5HVXOWLQJ�IURP�HPSLULFDO�VWXG\��ZKLFK�WRRN�LQWR�DFFRXQW�WKH�V\VWHP

FKDUDFWHULVWLFV�PHQWLRQHG� DERYH�� D� VHW� RI� ��� VDPSOHV� VXUURXQGLQJ� WKH� SXOVH�SHDN�ZDV

IRXQG�RSWLPDO�

/HW�XV�H[SUHVV�WKH�SXOVH�SHDN�PRGHO�DV�

f x ax bx c( ) = + +2
� ���� ���������

ZKHUH� [ �LV�WKH�GLVFUHWH�WLPH�YDULDEOH��7KH�JRDO�LV�WR�GHWHUPLQH�WKH�PRGHO�SDUDPHWHUV� D�

E�DQG�F�IURP�ZKLFK�WKH�SXOVH�KHLJKW�PD\�EH�HVWLPDWHG�

$SSO\LQJ�D�OHDVW�VTXDUH�HUURU�WHFKQLTXH��ZH�DUH�LQWHUHVWHG�LQ�PLQLPL]LQJ�WKH�HUURU�

��

$'& � )3*$

0LFURFRQWUROOHU5$0

3& 6WDWLRQ

$QDORJ 6LJQDO

)LJ�����6LPSOLILHG�GLDJUDP�RI�WKH�SXOVH�KHLJKW�DQDO\VLV�V\VWHP�
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0RPHQWV�PL���GHSHQG�RQO\�RQ�WKH�VDPSOH�WLPH�ORFDWLRQV��KHQFH�WKH\�DUH�GHWHUPLQHG

EHIRUHKDQG�DQG�VWRUHG�LQ�WKH�)3*$�PHPRU\��7KH�UHVW�RI�WKH�PRPHQWV��ZKLFK�GHSHQG�RQ

WKH�VDPSOH�YDOXHV�DV�ZHOO�DV�WKHLU�ORFDWLRQV��DUH�FDOFXODWHG�HDFK�FORFN�F\FOH��7KH�OLEHUW\

RI� FKRRVLQJ� D� WLPH� VFDOH� [N� ZDV� WDNHQ� LQ� RUGHU� WR� VLPSOLI\� WKH� LPSOHPHQWDWLRQ�� %\

VHOHFWLQJ�VXPPDWLRQ�OLPLWV�WKDW�DUH�V\PPHWULFDO�ZLWK�UHVSHFW�WR� W ���ZH�GHULYH�WKDW�/ +

DQG� FRQVHTXHQWO\� PL�� ��� IRU� RGG� L � YDOXHV�� /HW� XV� GHILQH� P
�
L�M DV� WKH� PRPHQW

VHTXHQWLDOO\� IROORZLQJ� PL�M�� &DOFXODWLQJ� P
�
L�M� LV� DFKLHYHG� E\� XVLQJ� WKH� IROORZLQJ

UHFXUVLYH�UHODWLRQ�
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)RU� HDVH� RI� LPSOHPHQWDWLRQ�� DQG� DV� DQ� RXWFRPH� RI� H[SHULPHQWDO� VWXG\��ZH� FKRRVH

+ / ���� &RQVHTXHQWO\�� WZR� JRDOV� DUH� DFKLHYHG�� ���� FRHIILFLHQWV� RI� WKH� VXPPDWLRQ

RSHUDWLRQ�DUH�IDFWRUV�RI���WKDW�PD\�EH�HDVLO\�FDOFXODWHG�DQG�����PRPHQWV�ZLWK�DQ�RGG�L

LQGH[�QXOOLI\�GXH�WR� WKH�V\PPHWU\��%\�VXEVWLWXWLQJ�WKH�DERYH�GHILQLWLRQV� LQ�H[SUHVVLRQ

����ZH�DUH�OHIW�ZLWK�WKH�IROORZLQJ�HTXDWLRQ�IRU�WKH�PD[LPDO�YDOXH�RI I [( ) �
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ZKHUH�WKH�FRQVWDQWV�DUH�GHILQHG�DV�
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$V� FDQ� EH� VHHQ� LQ� HTXDWLRQ� ����� FDOFXODWLQJ� WKH� SXOVH� KHLJKW� UHTXLUHV� RQO\� �

PXOWLSOLFDWLRQ� RSHUDWLRQV� DQG� D� VLQJOH� GLYLVLRQ�� VLQFH� WKH� FRQVWDQWV� DUH� FDOFXODWHG

D�SULRUL��:H�XWLOL]HG�D�GLYLVLRQ�RSHUDWRU�DQG�WZR�FRQFXUUHQW�PXOWLSOLFDWLRQ�RSHUDWRUV�LQ

RUGHU�WR�REWDLQ�UHDO�WLPH�SURFHVVLQJ��7DEOH���GHVFULEHV�D�VFKHGXOLQJ�GLDJUDP�RI�WKH�SHDN

KHLJKW� FDOFXODWLRQV� �HTXDWLRQ� ��� XWLOL]LQJ� WKHVH� UHVRXUFHV�� &RPPRQ� WHFKQLTXHV� IRU

UHGXFLQJ� WKH�GLIIHUHQWLDO�QRQ�OLQHDULW\�HIIHFWV�RI� WKH�$'&�PD\�EH� DSSOLHG�SULRU� WR� WKH

ILWWLQJ�DOJRULWKP�GHVFULEHG�LQ�WKLV�SDSHU�

���7KH�SXOVH�DQDO\VLV�DUFKLWHFWXUH

$V� LOOXVWUDWHG� LQ� )LJXUH� ��� WUDFNLQJ� WKH� VLJQDO� EHKDYLRU� LV� FRPSULVHG� RI� WKH� IROORZLQJ

IRXU�SKDVHV�

���� 'HWHFWLQJ�LQLWLDO�FURVVLQJ�RI�D�SUHGHILQHG�WKUHVKROG�WKDW�LQGLFDWHV�WKH�H[LVWHQFH�RI�D
����SXOVH�

���� 'HWHUPLQLQJ�WKH�ORFDWLRQ�RI�WKH�SXOVH�SHDN�
���� 'HWHFWLQJ�SXOVH�HQG�SRLQW�E\�D�FURVVLQJ�RI�WKH�SUHGHILQHG�WKUHVKROG�
���� 0HDVXULQJ�WKH�WLPH�LQWHUYDO�EHWZHHQ�WKH�EHJLQQLQJ�DQG�HQG�SRLQWV�RI�WKH�SXOVH�DQG

����FRQILUPLQJ�LW�LV�ZLWKLQ�WKH�DQWLFLSDWHG�ERXQGDULHV�
�

���

7LPH 6WHS

W0 W1 W2

�
st
0XOWLSOLHU

�

���
P

�

����
P& ����

P&

�
nd
0XOWLSOLHU ����

P&
����

P&

1R

2SHUDWLRQ

'LYLGHU
1R

2SHUDWLRQ

1R

2SHUDWLRQ �������

�

����

P&P

P&

−

7$%/( ,7DEOH����3HDN�KHLJKW�DULWKPHWLF�FDOFXODWLRQV�VFKHGXOH�
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3URFHVVLQJ� WKH� VDPSOHG� SXOVH� FRQVLVWV� RI� VHYHUDO� FRQFXUUHQWO\� H[HFXWHG� VWDJHV� DV

VKRZQ�VFKHPDWLFDOO\�LQ�)LJXUH���

$�SULPDU\�PRGXOH�LV�UHVSRQVLEOH�IRU�FRUUHFW�GHWHFWLRQ��WUDFNLQJ�DQG�YDOLGDWLRQ�RI�WKH

SXOVH��$V�D�UHVXOW��SURFHVVLQJ�RI�QRLVH�DQG�FRUUXSWHG�SXOVHV�LV�DYRLGHG��&RQVHTXHQWO\��LW

LV� WKH� UHVSRQVLELOLW\� RI� WKLV� PRGXOH� WR� PDQDJH� RWKHU� PRGXOHV� YLD� GHVLJQDWHG� FRQWURO

OLQHV��$�IORZFKDUW�GHVFULELQJ�WKH�SULPDU\�PRGHO�LV�JLYHQ�LQ�)LJXUH���

7KH�$'&�DQG�)3*$�DUH�V\QFKURQL]HG�XVLQJ�D�ORFDO�RVFLOODWRU�RSHUDWLQJ�DW����0+]�

:LWK� HDFK� FORFN� F\FOH� WKH� $'&� SURGXFHV� D� QHZ� VDPSOH�� $� GLJLWDO� ORZ�SDVV� LQILQLWH

LPSXOVH�UHVSRQVH��,,5��ILOWHU�LV�DSSOLHG�WR�WKH�VLJQDO�EHIRUH�LW�LV�WUDQVIHUUHG�WR�WKH�SXOVH

WUDFNLQJ�DQG�GHWHFWLRQ�PRGXOH��7KH�ILOWHU�FRHIILFLHQWV�ZHUH�UHVWUDLQHG� WR�VLPSOH�ELQDU\

VKLIWLQJ�DULWKPHWLF�RSHUDWLRQV�UHTXLULQJ�RQO\���DGGHUV�DQG���UHJLVWHUV�
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�
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0LFURFRQWUROOHU

)3*$

M o m e n t s
Buf fe r

&RS\ 0RPHQWV

9DOLGDWH 3XOVH DQG

(QDEOH &DOFXODWLRQV

)LJ�����%ORFN�GLDJUDP�RI�WKH�SXOVH

�SURFHVVLQJ�DUFKLWHFWXUH
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67$57

)HWFK 1H[W 6DPSOH

,V FXUUHQW

VDPSOH ! 9
WK�

"

Â %HJLQ 0D[LPDO 9DOXH 6HDUFK�

Â 5HVHW SXOVH LQWHUYDO WLPHU�

1R

<HV

,V FXUUHQW

VDPSOH ! PD[LPDO

YDOXH DWWDLQHG VR IDU

"

1R

)HWFK 1H[W

6DPSOH

<HV

&RS\ 0RPHQWV WR %XIIHU

,V FXUUHQW

VDPSOH � 9
WK�

"

,V SXOVH

LQWHUYDO LQ

DOORZHG

UDQJH "
1R

<HV

(QDEOH 3XOVH +HLJKW &DOFXODWLRQ

'LVFDUG 3XOVH +HLJKW

1R

<HV

)LJ�����)ORZFKDUW�RI�WKH�SXOVH�WUDFNLQJ�DQG�YDOLGDWLRQ�ORJLF
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7KH�WUDQVIHU�IXQFWLRQ�RI�WKH�GLJLWDO�ORZ�SDVV�ILOWHU�DSSOLHG�LV�

7KH�IUHTXHQF\�GRPDLQ�FKDUDFWHULVWLFV�RI�WKLV�ILOWHU�DUH�DQ�DSSUR[LPDWLRQ�WR�WKRVH�RI�D

VHFRQG�RUGHU�%XWWHUZRUWK�ORZ�SDVV�ILOWHU�ZLWK�D�FXW�RII�IUHTXHQF\�DW�����0+]��,IHDFKRU

HW� DO��� ������� 8VLQJ� VLPSOH�2�Q�� VKLIW�DQG�DGG� W\SH� PXOWLSOLHUV� DQG�2�Q�� VXEWUDFWLYH

ELQDU\� GLYLVLRQ� RSHUDWRU� �:DVHU� HW� DO��� ������� $SSO\LQJ� WKLV� ILOWHU� UHPRYHV

KLJK�IUHTXHQF\� QRLVH� DQG� UHQGHUV� PRUH� UREXVW� GHFLVLRQ�PDNLQJ�� )LJXUH� �� GHSLFWV� WKH

IUHTXHQF\�GRPDLQ�UHVSRQVH�RI�WKH�ILOWHU�

)LJ�����)UHTXHQF\�UHVSRQVH�RI�WKH�GLJLWDO�ORZ�SDVV�ILOWHU�

)RU�HDFK�LQFRPLQJ�VDPSOH��D�PRGXOH�FDOFXODWHV�WKH�ILWWLQJ�PRGHO�PRPHQWV�XVLQJ�WKH

UHFXUVLYH� IRUPXOD� �HTXDWLRQ� ��� GHVFULEHG� HDUOLHU�� $W� WKH� SRLQW� ZKHUH� D� QHZ�PD[LPDO

YDOXH� LV� GHWHFWHG� D� GXSOLFDWH� RI� WKH� PRPHQWV� LV� PDGH� LQ� D� GHVLJQDWHG� EXIIHU�� 8SRQ

GHWHFWLQJ�D�VDPSOH�VPDOOHU�WKDQ�WKH�SUHGHILQHG�WKUHVKROG�SXOVH�WHUPLQDWLRQ�LV�DVVXPHG�

3URYLGLQJ�WKH�SXOVH�LV�ZLWKLQ�WKH�H[SHFWHG�WLPH�LQWHUYDO��D�VLJQDO�LV�HQDEOHG�DQG�KHLJKW

FDOFXODWLRQ� FRPPHQFHV� DIWHU� ZKLFK� WKH� HVWLPDWHG� KHLJKW� LV� WUDQVIHUUHG� WR� WKH� RXWSXW

EXIIHU�� ,I� WKH�SXOVH� LQWHUYDO� LV� VKRUWHU� RU� ORQJHU� WKDQ� H[SHFWHG�� WKH� HVWLPDWHG�KHLJKW� LV

GLVFDUGHG��7KLV�FULWHULRQ�IXQFWLRQV�DV�D�VLPSOH�SLOH�XS�UHMHFWLRQ�PHFKDQLVP�

6LQFH�WKH�SXOVH�KHLJKW�FDOFXODWLRQ�PRGXOH�RSHUDWHV�LQGHSHQGHQWO\��SURFHVVLQJ�RI�WKH

QH[W�SXOVH�PD\�EHJLQ�SULRU� WR� WKH�FRPSOHWLRQ�RI�FDOFXODWLRQ�� WKXV�HOLPLQDWLQJ�SRWHQWLDO

GHDG�WLPH��7KLV�ZD\��SXOVH�KHLJKW�FDOFXODWLRQV�PD\�ODVW�WKH�GXUDWLRQ�RI�DQ�HQWLUH�SXOVH

EHIRUH�GHDG� WLPH�FLUFXPVWDQFHV�RFFXU��7KH� HVWLPDWHG�SXOVH�KHLJKW� LV� SDVVHG�RQ� WR� WKH

RXWSXW�EXIIHU��ZKLFK�FROOHFWV�YDOXHV�DQG�GHOLYHUV�WKHP�WR�WKH�PLFUR�FRQWUROOHU��8WLOL]LQJ

D�EXIIHU�HDVHV�WKH�WLPLQJ�UHTXLUHPHQWV�IURP�WKH�PLFUR�FRQWUROOHU�
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���6LPXODWLRQ�UHVXOWV

7KH� QXFOHDU� SXOVHV� DVVXPHG� DUH� VKDSHG� ZLWK� D� ZLGWK� RI� DSSUR[LPDWHO\� ���� µVHF� DV
LOOXVWUDWHG� LQ� )LJXUH� ��� 8VLQJ� WKH� DULWKPHWLFV� GLVFXVVHG� HDUOLHU�� FRPSOHWH� SHDN� KHLJKW

FDOFXODWLRQ� ZDV� DFKLHYHG� LQ� ��� FORFN� F\FOHV�� ZKLFK� LV� DSSUR[LPDWHO\� ����µVHF�� ,W� LV
SRVVLEOH� WR� IXUWKHU� UHGXFH� FDOFXODWLRQ� WLPH� E\� DSSO\LQJ� PRUH� HIILFLHQW� DULWKPHWLF

WHFKQLTXHV� WKDW� W\SLFDOO\� UHTXLUH� DGGLWLRQDO� PHPRU\�� 6LQFH� SXOVH� ZLGWK� LV� URXJKO\� �

µVHF��ZH�IRXQG�QR�QHHG�WR�XWLOL]H�VXFK�WHFKQLTXHV�
8VLQJ� D�PDWKHPDWLFDO� PRGHO� IRU� QXFOHDU� SXOVHV�� D� EURDG� UDQJH� RI� SHDNV� KDV� EHHQ

V\QWKHVL]HG�� ,Q� RUGHU� WR� PDNH� WKH� VLPXODWLRQV� DV� DFFXUDWH� DV� SRVVLEOH�� W\SLFDO� ZKLWH

*DXVVLDQ� QRLVH� KDV� EHHQ� DGGHG� WR� HDFK� V\QWKHVL]HG� SXOVH�� IUHH� UXQQLQJ� FORFN� ZDV

H[HUFLVHG�DQG�TXDQWL]DWLRQ�HUURU�ZDV�DSSOLHG��7KUHH�DOWHUQDWLYH�SXOVH�KHLJKW�HVWLPDWLRQ

WHFKQLTXHV� ZHUH� H[DPLQHG� XVLQJ� 0RQWH� &DUOR� VLPXODWLRQ�� �D�� VLPSOH� PD[LPDO� YDOXH

VHDUFK�� �E�� GLJLWDO� ORZ�SDVV� ILOWHULQJ� IROORZHG� E\� PD[LPDO� YDOXH� VHDUFK� DQG� �F�� WKH

SURSRVHG� SRO\QRPLDO� ILWWLQJ� WHFKQLTXH�� 7DEOH� �� VXPPDUL]HV� WKH� SHDN� HVWLPDWLRQ

DFFXUDF\�DWWDLQHG�XVLQJ�HDFK�WKH�WKUHH�PHWKRGV��ZKHUH�WKH�HUURU�LV�H[SUHVVHG�LQ�WHUPV�RI

WKH�PHDQ�VTXDUH�HUURU��LQ�FKDQQHOV��

7KH�VLPSOH�PD[LPDO�YDOXH�VHDUFK�PHWKRG�LV�KLJKO\�VHQVLWLYH�WR�DGGLWLYH�QRLVH��ZKLFK

DFFRXQWV�IRU� WKH�UHODWLYHO\�SRRU�SHUIRUPDQFH�RI� WKLV�PHWKRG��6XSSUHVVLQJ� WKH�HIIHFW�RI

QRLVH�E\�DSSO\LQJ�WKH�ORZ�SDVV�ILOWHU�LPSURYHG�WKH�UHVXOWV�E\�RYHU����SHUFHQW��,W�VKRXOG

EH� QRWHG� WKDW� WKH� GLJLWDO� ILOWHU� LV� LQWHQGHG� WR� VXSSUHVV� LQWHUIHUHQFH� FRQWULEXWHG� E\� WKH

GLJLWDO� FLUFXLWU\�� 8VLQJ� DQDORJ� ORZ�SDVV� ILOWHU� SULRU� WR� HQWHULQJ� WKH� $'&� HOLPLQDWHV

DQDORJ� QRLVH�� VLQFH� WKH� DELOLW\� WR� GLJLWDOO\� ILOWHU� WKLV� QRLVH� LV� OLPLWHG� E\� WKH� $'&¶V

VDPSOLQJ�IUHTXHQF\��$V�H[SHFWHG��WKH�SRO\QRPLDO�ILWWLQJ�WHFKQLTXH�IXUWKHU�LPSURYHG�WKH

HVWLPDWLRQ�UHVXOWV�

���&RQFOXVLRQV

$� IXOO\� GLJLWDO�� KLJK�WKURXJKSXW�� QR� FDOFXODWLRQ� GHDG�WLPH� 3+$� WHFKQLTXH� KDV� EHHQ

SUHVHQWHG�� $Q� )3*$� KDV� EHHQ� FRQVLGHUHG� IRU� SHUIRUPLQJ� KDUGZDUH�HIILFLHQW� SXOVH

KHLJKW�HVWLPDWLRQ��7KH�ORZ�FRVW��KLJK�VFDODELOLW\�DQG�ORZ�FRPSOH[LW\�UHVXOWLQJ�IURP�WKH

FXVWRPL]HG� KDUGZDUH� GHVLJQ�� PDLQWDLQV� D� VXEVWDQWLDO� DGYDQWDJH� RYHU� PRUH� H[SHQVLYH

'63�EDVHG� VROXWLRQV�� $QDORJ� SUHSURFHVVLQJ� LQFOXGLQJ� DPSOLI\LQJ�� VKDSLQJ� DQG

GLVFULPLQDWLRQ�RI�WKH�VLJQDO�PD\�EH�FRPELQHG�ZLWK�WKH�VXJJHVWHG�WHFKQLTXH�WR�UHQGHU�D

FRPSOHWH�3+$�V\VWHP��)DVWHU�$'&�DQG�)3*$�GHYLFHV�ZLOO�DOORZ�IRU� LPSURYHPHQW�RI

UHVROXWLRQ�DQG�HQKDQFH�WKH�DELOLW\�WR�FDSWXUH�VKRUWHU�SXOVHV�ZLWKRXW�WKH�QHHG�WR�PRGLI\

3+$�0HWKRG 6LPSOH

0D[

6HDUFK

0D[�6HDUFK

ZLWK�/3)

3RO\QRPLDO

)LWWLQJ

(UURU

9DULDQFH

�&KDQQHOV�

���� ���� ����

7$%/(�,,7DEOH����3HDN�KHLJKW�HVWLPDWLRQ�HUURU�XVLQJ�VLPSOH�PD[�VHDUFK��PD[�VHDUFK�ZLWK

GLJLWDO�ILOWHULQJ�DQG�SRO\QRPLDO�ILWWLQJ
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WKH�3+$�DOJRULWKP��&XUUHQW� VWXG\� IRFXVHV� RQ� FRPELQLQJ� QRLVH� VXSSUHVVLRQ� DQG�PRUH

HIILFLHQW� SLOH�XS� UHMHFWLRQ� WHFKQLTXHV� ZLWK� WKH� SURSRVHG� 3+$� PHWKRG�� DV� ZHOO� DV

DSSO\LQJ�WKH�PHWKRG�WR�PXOWL�ZLGWK�QXFOHDU�SXOVHV��:H�DQWLFLSDWH�H[WHQVLYH�XWLOL]DWLRQ

RI�FXVWRP�VROXWLRQV�LQ�WKH�ILHOG�RI�GLJLWDO�QXFOHDU�VSHFWURVFRS\�

5HIHUHQFHV

,IHDFKRU�� (�� &��� DQG� %�� :�� -HUYLV� �������� 'LJLWDO� 6LJQDO� 3URFHVVLQJ�� $� 3UDFWLFDO

$SSURDFK��$GGLVRQ�:HVOH\��1HZ�<RUN�

-RUGDQRY�� 9��� DQG� *�� )�� .QROO� �������� ³'LJLWDO� 3XOVH� 3URFHVVRU� 8VLQJ� $� 0RYLQJ

$YHUDJH�7HFKQLTXH�´�,(((�7UDQV��1XFO��6FL�������QR�����SS����������

6LPRHV�� -�� %��� 3�� &�� 3�� 6�� 6LPRHV�� DQG� &�� 0�� %�� $�� &RUUHLD� �������� ³1XFOHDU

6SHFWURVFRS\� 3XOVH� +HLJKW� $QDO\VLV� %DVHG� RQ� 'LJLWDO� 6LJQDO� 3URFHVVLQJ

7HFKQLTXHV�´�,(((�7UDQV��1XFO��6FL�������QR�����SS����������

6LPRHV�� 3��&�� 3�� 6��� -�� &��0DUWLQV�� DQG�&��0��%��$��&RUUHLD� �������� ³$�1HZ�'LJLWDO

6LJQDO� 3URFHVVLQJ� 7HFKQLTXH� IRU� $SSOLFDWLRQV� LQ� 1XFOHDU� 6SHFWURVFRS\�´� ,(((

7UDQV��1XFO��6FL�������QR�����SS������������

:DVHU�� 6��� DQG� 0�� -�� )O\QQ� �������� ,QWURGXFWLRQ� WR� $ULWKPHWLF� IRU� 'LJLWDO� 6\VWHPV

'HVLJQHUV��+ROW��5LQHKDUW�DQG�:LQVWRQ��1HZ�<RUN�
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