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5HFHLYHG $SULO ��� ����

$ PHWKRG RI FDOFXODWLQJ WKH H[FHVV +HOPKROW] IUHH HQHUJ\ IURP WKH DYHUDJH RI WKH EHQW HIIHFWLYH DFFHSWDQFH

UDWLR IRU WZR�FHQWHU�/HQQDUG�-RQHV OLTXLGV KDV EHHQ SUHVHQWHG� 7KH EHQW HIIHFWLYH DFFHSWDQFH UDWLR KDV EHHQ

QHZO\ FRPSRVHG IURP WKH DFFHSWDQFH UDWLR IRU WKH SRWHQWLDO HQHUJ\ GLIIHUHQFH EHWZHHQ D FRQILJXUDWLRQ LQ WKH

0HWURSROLV 0RQWH &DUOR SURFHGXUH DQG UDQGRP YLUWXDO FRQILJXUDWLRQ JHQHUDWHG E\ WKH VHSDUDWH SDUDOOHO 0RQWH

&DUOR SURFHGXUH DQG WKH %ROW]PDQQ IDFWRU IRU KDOI WKH SRWHQWLDO HQHUJ\ GLIIHUHQFH� 7KH H[FHVV +HOPKROW] IUHH

HQHUJ\ ZDV FDOFXODWHG GLUHFWO\ IURP WKH DYHUDJH RI WKH EHQW HIIHFWLYH DFFHSWDQFH UDWLR WKURXJK D VLQJOH 0HWURS�

ROLV 0RQWH &DUOR UXQ� %HFDXVH WKH VHSDUDWH SDUDOOHO 0RQWH &DUOR SURFHGXUH ZDV XVHG� WKLV PHWKRG FDQ EH DS�

SOLHG WR PROHFXODU G\QDPLFV VLPXODWLRQV� )RU WZR�FHQWHU�/HQQDUG�-RQHV OLTXLGV� WKH DYHUDJH RI WKH EHQW

HIIHFWLYH DFFHSWDQFH UDWLR JDYH EHWWHU UHVXOWV WKDQ XVH RI WKH PRGLILHG HIIHFWLYH DFFHSWDQFH UDWLR LQ WKH SUHYLRXV

ZRUN�

,QWURGXFWLRQ

7KH FDOFXODWLRQ RI WKH IUHH HQHUJ\ RU HQWURS\ LQ FRPSXWHU

VLPXODWLRQV KDV EHHQ DQ LPSRUWDQW VXEMHFW LQ SK\VLFDO FKHP�

LVWU\� )RU WKH HYDOXDWLRQ RI WKH IUHH HQHUJ\ RU HQWURS\ LQ FRP�

SXWHU VLPXODWLRQV� D QXPEHU RI PHWKRGV�a�KDYH EHHQ SURSRV�

HG LQFOXGLQJ WKH WKHUPRG\QDPLF LQWHJUDWLRQ PHWKRG�� WKH

SDUWLFOH LQVHUWLRQ PHWKRG�� WKH RYHUODS UDWLR PHWKRG���� DQG

WKH WHPSHUDWXUH�GHQVLW\ VFDOLQJ 0RQWH &DUOR PHWKRG�� 1HY�

HUWKHOHVV� D GLUHFW DQG JHQHUDO PHWKRG IRU HYDOXDWLQJ WKH IUHH

HQHUJ\ RU HQWURS\ LQ FRPSXWHU VLPXODWLRQV KDV QRW EHHQ

HVWDEOLVKHG \HW� 7KH RYHUODS UDWLR PHWKRG HYDOXDWHV WKH IUHH

HQHUJ\ WKURXJK D FRPSDULVRQ RI HQHUJ\ GLVWULEXWLRQV� 7KH

WHPSHUDWXUH�GHQVLW\ VFDOLQJ 0RQWH &DUOR PHWKRG� ZKLFK

RULJLQDWHG IURP WKH XPEUHOOD VDPSOLQJ PHWKRG�� HYDOXDWHV

WKH IUHH HQHUJ\ IURP D VLQJOH 0RQWH &DUOR UXQ� 7KLV PHWKRG

HYDOXDWHV WKH IUHH HQHUJ\ GLIIHUHQFH LQ WKH UDQJH FRYHUHG

RYHU WKH QRQ�%ROW]PDQQ VDPSOLQJ GLVWULEXWLRQ� HPSOR\LQJ D

WULDO DQG HUURU VHOHFWLRQ RI WKH ZHLJKWLQJ IXQFWLRQ� 7KRXJK D

JHQHUDO UHFLSH����� IRU WKH VXFFHVVIXO QRQ�%ROW]PDQQ VDP�

SOLQJ VLPXODWLRQ KDV EHHQ SUHVHQWHG� WKH WHPSHUDWXUH�GHQVLW\

VFDOLQJ 0RQWH &DUOR PHWKRG QHHGV D UHOHYDQW UHIHUHQFH

V\VWHP� *HQHUDOO\ VSHDNLQJ� LW LV GLIILFXOW WR HYDOXDWH WKH

IUHH HQHUJ\ RU WKH HQWURS\ IURP WKH FDQRQLFDO HQVHPEOH DYHU�

DJH��

:H KDYH SUHVHQWHG UHFHQWO\ D SUDFWLFDO PHWKRG IRU FDOFX�

ODWLQJ WKH H[FHVV +HOPKROW] IUHH HQHUJ\ IURP WKH FDQRQLFDO

HQVHPEOH DYHUDJH RI WKH PRGLILHG HIIHFWLYH DFFHSWDQFH UDWLR

IRU WZR�FHQWHU�/HQQDUG�-RQHV ��&/-� OLTXLGV��� 7KH H[FHVV

IUHH HQHUJ\ UHSUHVHQWV WKH FRQILJXUDWLRQDO IUHH HQHUJ\ RI WKH

PRGHO SRWHQWLDO V\VWHP RYHU WKDW RI WKH LGHDO JDV� ,Q WKH SUH�

YLRXV ZRUN��� WKH PRGLILHG HIIHFWLYH DFFHSWDQFH UDWLR ZDV

FRPSRVHG XVLQJ WKH DFFHSWDQFH UDWLR IRU WKH SRWHQWLDO HQHUJ\

GLIIHUHQFH ZKLFK LV WKH GLIIHUHQFH EHWZHHQ WKH SRWHQWLDO

HQHUJ\ RI D FRQILJXUDWLRQ LQ WKH 0HWURSROLV 0RQWH &DUOR

SURFHGXUH DQG WKDW RI UDQGRP YLUWXDO FRQILJXUDWLRQ JHQHU�

DWHG E\ WKH VHSDUDWH SDUDOOHO 0RQWH &DUOR SURFHGXUH DQG WKH

%ROW]PDQQ IDFWRU IRU KDOI WKH SRWHQWLDO HQHUJ\ GLIIHUHQFH�

7KLV PHWKRG QHHGHG QR UHIHUHQFH V\VWHP� 7KLV PHWKRG FDQ

EH DSSOLHG WR KLJK�GHQVLW\ IOXLGV DQG DOVR RYHUFRPH WKH GLIIL�

FXOWLHV DULVLQJ IURP SKDVH WUDQVLWLRQV���a�� 7KH PRGLILHG

HIIHFWLYH DFFHSWDQFH UDWLR LQ WKH SUHYLRXV ZRUN�� LV D PRQR�

WRQRXVO\ LQFUHDVLQJ IXQFWLRQ DQG WKH YDOXH RI WKH HIIHFWLYH

DFFHSWDQFH UDWLR HTXDOV WKDW RI WKH DFFHSWDQFH UDWLR IRU

� ZKHUH φ LV WKH SRWHQWLDO HQHUJ\ RI D PROHFXOH VDP�

SOHG GXULQJ WKH 0HWURSROLV 0RQWH &DUOR VLPXODWLRQ DQG φ5 LV

WKH SRWHQWLDO HQHUJ\ RI YLUWXDO UDQGRP FRQILJXUDWLRQ JHQHU�

DWHG WKURXJK WKH VHSDUDWH SDUDOOHO 0RQWH &DUOR SURFHGXUH�

+RZHYHU� WKH PRGLILHG HIIHFWLYH DFFHSWDQFH UDWLR LV QRW DQ

RSWLPL]HG IXQFWLRQ� 7KHUHIRUH� D QHZ W\SH RI HIIHFWLYH

DFFHSWDQFH UDWLR PD\ EH FRPSRVHG�

$ EHQW�W\SH RI WKH HIIHFWLYH DFFHSWDQFH UDWLR IXQFWLRQ FDQ

EH FRPSRVHG IRU KLJK�GHQVLW\ IOXLGV EHFDXVH RI VXIILFLHQW

VDPSOLQJ IRU WKH ORZ SRWHQWLDO HQHUJ\ UHJLRQ GXULQJ YLUWXDO

UDQGRP VDPSOLQJ� ,Q WKH SUHVHQW ZRUN� WKH EHQW HIIHFWLYH

DFFHSWDQFH UDWLR LV FRPSRVHG IRU �&/- OLTXLGV XVLQJ WKH

DFFHSWDQFH UDWLR IRU WKH SRWHQWLDO HQHUJ\ GLIIHUHQFH EHWZHHQ

D FRQILJXUDWLRQ LQ WKH 0HWURSROLV 0RQWH &DUOR SURFHGXUH

DQG YLUWXDO UDQGRP FRQILJXUDWLRQ JHQHUDWHG E\ WKH VHSDUDWH

SDUDOOHO 0RQWH &DUOR SURFHGXUH DQG WKH %ROW]PDQQ IDFWRU IRU

KDOI WKH SRWHQWLDO HQHUJ\ GLIIHUHQFH� 7KH H[FHVV +HOPKROW]

IUHH HQHUJ\ LV FDOFXODWHG GLUHFWO\ IURP WKH DYHUDJH RI WKH

EHQW HIIHFWLYH DFFHSWDQFH UDWLR WKURXJK D VLQJOH 0HWURSROLV

0RQWH &DUOR UXQ� )RU �&/- OLTXLGV� WKH DYHUDJH RI WKH EHQW

HIIHFWLYH DFFHSWDQFH UDWLR LQ WKH SUHVHQW ZRUN JDYH EHWWHU

UHVXOWV WKDQ XVH RI WKH PRGLILHG HIIHFWLYH DFFHSWDQFH UDWLR LQ

WKH SUHYLRXV ZRUN���$OVR� WKH SUHVHQW PHWKRG FDQ EH DSSOLHG

GLUHFWO\ WR PROHFXODU G\QDPLFV VLPXODWLRQV EHFDXVH WKH VH�

SDUDWH SDUDOOHO 0RQWH &DUOR SURFHGXUH LV XVHG� 7KH SUHVHQW

PHWKRG LV YHU\ HIILFLHQW EHFDXVH WKH H[FHVV IUHH HQHUJ\ LV

HYDOXDWHG WKURXJK D VLQJOH 0RQWH &DUOR UXQ DW IL[HG GHQVLW\

DQG WHPSHUDWXUH�

φ5 φ≥
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7KH %HQW (IIHFWLYH $FFHSWDQFH 5DWLR

:H SURSRVHG UHFHQWO\ D SUDFWLFDO DQG HIILFLHQW HTXDWLRQ��a��

IRU WKH HYDOXDWLRQ RI WKH H[FHVV HQWURS\ JLYHQ E\

���

ZKHUH � ! GHQRWHV WKH FDQRQLFDO HQVHPEOH DYHUDJH� U LV D

FRQILJXUDWLRQ RI D PROHFXOH VDPSOHG GXULQJ WKH 0HWURSROLV

0RQWH &DUOR VLPXODWLRQ�� DQG U5 LV YLUWXDO UDQGRP FRQILJX�

UDWLRQ ZLWKLQ WKH FHOO JHQHUDWHG E\ WKH VHSDUDWH SDUDOOHO

0RQWH &DUOR SURFHGXUH� 7KLV HTXDWLRQ ZDV GHULYHG

DSSUR[LPDWHO\�� IURP WKH FRQFHSW RI WKH IUHH YROXPH LQ WKH

FHOO PHWKRGV��� 7KH FHOO IRU WKH HYDOXDWLRQ RI WKH HIIHFWLYH

DFFHSWDQFH UDWLR I�U5� U� ZDV VHOHFWHG DV D FXEH ZLWK IL[HG

YROXPH 9�1 FHQWHUHG RQ WKH FHQWHU RI PDVV RI D PROHFXOH

VDPSOHG GXULQJ WKH 0HWURSROLV 0RQWH &DUOR SURFHGXUH� 7KH

PRGLILHG HIIHFWLYH DFFHSWDQFH UDWLR LQWURGXFHG IRU �&/- OLT�

XLGV LQ WKH SUHYLRXV ZRUN�� ZDV H[SUHVVHG DV

���

ZKHUH φ LV WKH SRWHQWLDO HQHUJ\ RI D PROHFXOH VDPSOHG GXULQJ
WKH 0HWURSROLV 0RQWH &DUOR VLPXODWLRQ DQG φ5 LV WKH SRWHQ�

WLDO HQHUJ\ RI YLUWXDO UDQGRP FRQILJXUDWLRQ RI D PROHFXOH

ZLWKLQ WKH FHOO JHQHUDWHG E\ WKH VHSDUDWH SDUDOOHO 0RQWH

&DUOR SURFHGXUH� +HUH WKH DFFHSWDQFH UDWLR LQ WKH FHOO FDQ EH

ZULWWHQ E\

���

7KH DFFHSWDQFH UDWLR ZLOO EH REWDLQHG LI WKH FRQ�

VWDQW ��� LV UHSODFHG ZLWK � LQ (T� ��� IRU WKH PRGLILHG HIIHF�

WLYH DFFHSWDQFH UDWLR� 7R UHGXFH WKH IOXFWXDWLRQV DFFRUGLQJ WR

WKH DYHUDJH RI WKH %ROW]PDQQ IDFWRU� HVSHFLDOO\ IRU �

DQ HIIHFWLYH IXQFWLRQ LV LQWURGXFHG DV

���

7KH IDFWRU RI × LQWURGXFHG LQ WKLV HIIHFWLYH IXQFWLRQ LV

FORVHO\ UHODWHG WR WKH IDFWRU RI × XVHG IRU WKH ODWWLFH HQHUJ\

LQ WKH FHOO PHWKRGV��� 7KHQ WKH PRGLILHG HIIHFWLYH DFFHS�

WDQFH UDWLR LQ WKH SUHYLRXV ZRUN�� I �U5� U� FDQ EH H[SUHVVHG

DV ���K�U5� U�−���D�U5� U�� 7KH VKDSH RI WKH PRGLILHG DFFHS�
WDQFH UDWLR LV VLPLODU WR WKDW RI WKH %ROW]PDQQ IDFWRU DV

VKRZQ LQ )LJXUH ��

2Q WKH RWKHU KDQG� D QHZ W\SH RI HIIHFWLYH DFFHSWDQFH UDWLR

LQVWHDG RI WKH PRGLILHG HIIHFWLYH DFFHSWDQFH UDWLR FDQ EH

XVHG DV DQ HIIHFWLYH DFFHSWDQFH UDWLR IRU KLJK�GHQVLW\ IOXLGV

VXFK DV �&/- OLTXLGV� 7KHUHIRUH� D EHQW HIIHFWLYH DFFHSWDQFH

UDWLR LV LQWURGXFHG LQ WKH SUHVHQW VWXG\ DV

���

7KH EHQW HIIHFWLYH DFFHSWDQFH UDWLR LQ WKH SUHVHQW VWXG\

I �U5� U� FDQ EH H[SUHVVHG DV ����D �U5� U�−K �U5� U� DQG LV

VKRZQ LQ )LJXUH �� 7KH VKDSH RI WKH EHQW HIIHFWLYH DFFHS�

WDQFH UDWLR LV GLIIHUHQW IURP WKDW RI WKH PRGLILHG HIIHFWLYH

DFFHSWDQFH UDWLR� 7KH YDOXH RI WKH EHQW HIIHFWLYH DFFHSWDQFH

UDWLR LQFUHDVHV IRU DQG GHFUHDVHV IRU �

0HWKRG RI &DOFXODWLRQ

7KH �&/- IOXLG����� FRQVLVWV RI KRPRQXFOHDU GLDWRPLF PRO�

HFXOHV ZLWK WZR /HQQDUG�-RQHV LQWHUDFWLRQ VLWHV� 7KLV SRWHQ�

WLDO IXQFWLRQ ZDV XVHG DV D PRGHO SRWHQWLDO IRU VXFK

PROHFXOHV DV QLWURJHQ� EURPLQH� DQG FDUERQ GLR[LGH� 7KH

�&/- SRWHQWLDO 8�&/- LV FRPSRVHG RI IRXU /HQQDUG�-RQHV

SRWHQWLDOV 8/-�ULM� EHWZHHQ WZR /HQQDUG�-RQHV LQWHUDFWLRQ

VLWHV JLYHQ E\

���

ZKHUH ε LV WKH SRWHQWLDO HQHUJ\ ZHOO GHSWK� σ LV WKH OHQJWK

SDUDPHWHU ZLWK X/-�σ�  �� DQG L DQG M GHQRWH WZR LQWHUDFWLRQ

VLWHV RQ GLIIHUHQW PROHFXOHV� 7KH GLVWDQFH EHWZHHQ WZR LQWHU�

DFWLRQ VLWHV RQ RQH PROHFXOH LV GHQRWHG E\ WKH HORQJDWLRQ O�

7KH UHGXFHG TXDQWLWLHV 7
� ρ
 DQG O
 GHQRWH N7�ε� ρσ� DQG O�

σ� UHVSHFWLYHO\�
,Q HDFK FRQILJXUDWLRQ VDPSOHG GXULQJ WKH 0HWURSROLV

0RQWH &DUOR VLPXODWLRQ� WKH FHQWHU RI PDVV RI D VDPSOHG

PROHFXOH LV PRYHG WHPSRUDULO\ WR YLUWXDO UDQGRP SRVLWLRQ

ZLWKLQ WKH FHOO DQG URWDWHG IUHHO\ DERXW WKH YLUWXDO FHQWHU RI

PDVV� 7KHQ WKH EHQW HIIHFWLYH DFFHSWDQFH UDWLR DW WKH YLUWXDO

UDQGRP FRQILJXUDWLRQ LV HYDOXDWHG DQG DYHUDJHG RYHU WKH

FDQRQLFDO HQVHPEOH� 7KHUHDIWHU� WKH YLUWXDO FRQILJXUDWLRQ LQ

WKH FHOO LV UHPRYHG DQG WKH XVXDO 0HWURSROLV 0RQWH &DUOR

SURFHGXUH LV SHUIRUPHG� :KHQ PROHFXODU G\QDPLFV VLPXOD�
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)LJXUH �� 7KH VROLG OLQH GHQRWHV WKH %ROW]PDQQ IDFWRU� WKH GRWWHG
OLQH WKH DFFHSWDQFH UDWLR� WKH GDVKHG OLQH WKH EHQW HIIHFWLYH DFFHS�
WDQFH UDWLR� DQG WKH GDVK�GRWWHG OLQH WKH PRGLILHG HIIHFWLYH DFFHS�
WDQFH UDWLR�
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WLRQV DUH SHUIRUPHG� WKH EHQW HIIHFWLYH DFFHSWDQFH UDWLR FDQ

EH DYHUDJHG WKURXJK WKH VDPH VHSDUDWH SDUDOOHO 0RQWH &DUOR

SURFHGXUH� 7KH H[FHVV +HOPKROW] IUHH HQHUJ\ $H[ LV REWDLQHG

E\

$H[  8 − 76H[� ���

ZKHUH 8 LV WKH SRWHQWLDO HQHUJ\ RI WKH �&/- V\VWHP DYHUDJHG

RYHU WKH FDQRQLFDO HQVHPEOH�

)RU �&/- OLTXLGV� ��� PROHFXOHV ZHUH XVHG LQ WKH VLPXOD�

WLRQV DQG DERXW � × ��� FRQILJXUDWLRQV ZHUH DYHUDJHG DIWHU

HTXLOLEUDWLRQ� 2QO\ RQH DWRP ZDV PRYHG DW D WLPH� 7KH

PHDQ DFFHSWDQFH UDWLR RI WKH 0HWURSROLV 0RQWH &DUOR SURFH�

GXUH ZDV DGMXVWHG WR DERXW ���� 7KH ORQJ�UDQJH HQHUJ\ FRU�

UHFWLRQ DQG WKH SHULRGLF ERXQGDU\ FRQGLWLRQ ZHUH XVHG DQG

WKH FXWRII GLVWDQFH IRU WKH �&/- SRWHQWLDO ZDV KDOI WKH ER[

OHQJWK� &DOFXODWLRQV ZHUH SHUIRUPHG IRU �&/- OLTXLGV ZLWK

WKH HORQJDWLRQ O
  ������� ZKLFK LV WKH PRGHO RI OLTXLG

QLWURJHQ�

5HVXOWV DQG 'LVFXVVLRQ

7KH YDOXHV RI WKH H[FHVV +HOPKROW] IUHH HQHUJ\ IRU �&/-

OLTXLGV ZLWK O
  ������ DUH OLVWHG LQ 7DEOH �� 7KH UHVXOWV RI

WKH SUHVHQW PHWKRG IURP WKH DYHUDJH RI WKH EHQW HIIHFWLYH

DFFHSWDQFH UDWLR ZHUH FRPSDUHG ZLWK WKRVH RI WKH SHUWXUED�

WLRQ WKHRULHV����� DQG WKH RYHUODS UDWLR PHWKRG���� $OVR� WKH

UHVXOWV RI WKH SUHVHQW ZRUN ZHUH FRPSDUHG ZLWK WKH SUHYLRXV

UHVXOWV�� IURP WKH DYHUDJH RI WKH PRGLILHG HIIHFWLYH DFFHS�

WDQFH UDWLR� 7KH H[FHVV +HOPKROW] IUHH HQHUJ\ LQ WKH SUHVHQW

ZRUN LV WKH VDPH SURSHUW\ DV WKH FRQILJXUDWLRQDO IUHH HQHUJ\

LQ WKH SHUWXUEDWLRQ WKHRULHV������ 7KH UHVXOWV LQ WKH SUHVHQW

ZRUN DUH HVWLPDWHG WR EH DFFXUDWH ZLWKLQ ���� IRU 7
  ���

DQG 7
  ��� DQG ZLWKLQ ���� IRU 7
  ����� )RU �&/- OLTXLGV

ZLWK O
  ������ DW YDULRXV WHPSHUDWXUHV DQG GHQVLWLHV� WKH

SUHVHQW PHWKRG VKRZV YHU\ JRRG UHVXOWV DQG FRQVLVWHQW WHQ�

GHQF\� 6XUSULVLQJO\� WKH UHVXOWV RI WKH SUHVHQW PHWKRG XVLQJ

WKH EHQW HIIHFWLYH DFFHSWDQFH UDWLR DUH EHWWHU WKDQ WKRVH IURP

WKH PRGLILHG HIIHFWLYH DFFHSWDQFH UDWLR�

,Q WKH SUHVHQW ZRUN� ��� PROHFXOHV ZHUH XVHG LQ WKH VLPX�

ODWLRQV DQG FRQVHTXHQWO\ WKH IDFH�FHQWHUHG FXELF VWUXFWXUH

ZDV DGRSWHG DV WKH LQLWLDO FRQILJXUDWLRQV� :KHQ ��� PROH�

FXOHV ZLWK WKH VLPSOH FXELF VWUXFWXUH DQG ��� PROHFXOHV ZLWK

WKH IDFH�FHQWHUHG FXELF VWUXFWXUH ZHUH XVHG LQ WKH VLPXOD�

WLRQV� DOPRVW WKH VDPH UHVXOWV ZHUH REWDLQHG� %HFDXVH �&/-

OLTXLGV LQ WKH SUHVHQW ZRUN DUH UHODWLYHO\ VLPSOH V\VWHPV� WKH

VLPXODWLRQV XVLQJ ��� PROHFXOHV DUH WKRXJKW WR EH VDWLVIDF�

WRU\ VXIILFLHQWO\�

,Q IDFW� WKH EHQW HIIHFWLYH DFFHSWDQFH UDWLR LV D VSHFLDO

IXQFWLRQ� $W D JODQFH� WKH PRGLILHG HIIHFWLYH DFFHSWDQFH UDWLR

DSSHDUV WR EH PRUH PHDQLQJIXO WKDQ WKH EHQW HIIHFWLYH DFFHS�

WDQFH UDWLR EHFDXVH WKH IRUPHU LV PRUH VLPLODU WR WKH %ROW]�

PDQQ IDFWRU FRPSDUHG ZLWK WKH ODWWHU DV VKRZQ LQ )LJXUH ��

1HYHUWKHOHVV� WKH EHQW HIIHFWLYH DFFHSWDQFH UDWLR JDYH EHWWHU

UHVXOWV WKDQ WKH PRGLILHG HIIHFWLYH DFFHSWDQFH UDWLR� 2I

FRXUVH� VXFK UHVXOWV ZLOO EH SRVVLEOH IRU KLJK�GHQVLW\ IOXLGV

VXFK DV �&/- OLTXLGV� )LJXUH � VKRZV WKDW WKH FURVVLQJ RI WKH

EHQW HIIHFWLYH DFFHSWDQFH UDWLR DQG WKH PRGLILHG HIIHFWLYH

UDWLR RFFXUV QHDU −�φ5−φ��N7  ����� )RU XVH RI WKH EHQW

HIIHFWLYH DFFHSWDQFH UDWLR� VXIILFLHQW VDPSOLQJ KDYLQJ OHVV

YLUWXDO VDPSOLQJ HQHUJ\ φ5 WKDQ WKH FURVVLQJ SRLQW LV QHHGHG�

6DPSOLQJ SUREDELOLWLHV DYHUDJHG ZLWK WKH LQWHUYDO RI ��� IRU

−�φ5−φ��N7 GXULQJ WKH VHSDUDWH SDUDOOHO 0RQWH &DUOR SURFH�

GXUH IRU WKH HYDOXDWLRQ RI WKH H[FHVV HQWURS\ DUH UHSUHVHQWHG

LQ )LJXUH �� )LJXUH � VKRZV WKDW VDPSOLQJ KDYLQJ OHVV YLUWXDO

VDPSOLQJ HQHUJ\ φ5 WKDQ WKH FURVVLQJ SRLQW H[LVWV VXIILFLHQWO\

IRU �&/- OLTXLGV� 0RUHRYHU� VDPSOLQJ KDYLQJ PXFK OHVV YLU�

WXDO VDPSOLQJ HQHUJ\ WKDQ WKH FURVVLQJ SRLQW H[KLELWHG D

7DEOH �� ([FHVV +HOPKROW] IUHH HQHUJ\ $H[�1N7 RI WKH �&/- OLTXLG
ZLWK WKH HORQJDWLRQ O
  ������

7
 ρ
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D5HVXOWV RI WKH SUHVHQW ZRUN XVLQJ WKH EHQW HIIHFWLYH DFFHSWDQFH UDWLR�
E5HVXOWV RI WKH SUHYLRXV ZRUN XVLQJ WKH PRGLILHG HIIHFWLYH DFFHSWDQFH
UDWLR� F5HVXOWV RI WKH SHUWXUEDWLRQ WKHRU\ IURP 5HIHUHQFH ��� G5HVXOWV RI
WKH RYHUODS UDWLR PHWKRG IURP 5HIHUHQFHV �� �� H5HVXOWV RI WKH
SHUWXUEDWLRQ WKHRU\ IURP 5HIHUHQFH �� IRU �&/- OLTXLGV ZLWK WKH
HORQJDWLRQ O
  �����

)LJXUH �� 6DPSOLQJ SUREDELOLW\ DYHUDJHG ZLWK WKH LQWHUYDO RI ���
IRU �φ5−φ��N7 GXULQJ WKH VHSDUDWH SDUDOOHO 0RQWH &DUOR SURFHGXUH�
7KH VROLG OLQH DQG GRWWHG OLQH UHSUHVHQW WKH UHVXOWV IRU ρ
  ��� DQG
ρ
  ��� DW 7
  ���� UHVSHFWLYHO\�



��� %XOO� .RUHDQ &KHP� 6RF� ����� 9RO� ��� 1R� � 6HXQJ 'R +RQJ

VWHHS GHFUHDVH� $V D UHVXOW� WKH GLIILFXOW\ UHODWHG WR WKH IOXF�

WXDWLRQV DFFRUGLQJ WR WKH DYHUDJH RI WKH EHQW HIIHFWLYH DFFHS�

WDQFH UDWLR LV DYRLGHG LQ WKH FDVH RI WKH �&/- OLTXLG�

7KH PHWKRGV RI FDOFXODWLQJ WKH H[FHVV IUHH HQHUJ\ IURP

WKH DYHUDJH RI WKH HIIHFWLYH DFFHSWDQFH UDWLR JDYH YHU\ JRRG

UHVXOWV DW KLJK GHQVLWLHV IRU WKH /HQQDUG�-RQHV IOXLG DQG WKH

LQYHUVH WZHOYH IOXLG������ )RU �&/- OLTXLGV� D QHZ W\SH RI

HIIHFWLYH DFFHSWDQFH UDWLR LV GHVLJQHG LQ WKH SUHVHQW VWXG\�

7KH PRGLILHG HIIHFWLYH DFFHSWDQFH UDWLR LQ WKH SUHYLRXV ZRUN

HPSKDVL]HV WKH HIIHFWLYH IXQFWLRQ K�U5� U� PRUH WKDQ WKH

DFFHSWDQFH UDWLR D�U5� U�� ZKHUHDV WKH EHQW HIIHFWLYH DFFHS�

WDQFH UDWLR LQ WKH SUHVHQW ZRUN HPSKDVL]HV WKH DFFHSWDQFH

UDWLR PRUH WKDQ WKH HIIHFWLYH IXQFWLRQ� ,W LV WKRXJKW WKDW VXFK

HPSKDVLV RQ WKH UROH RI WKH DFFHSWDQFH UDWLR UHGXFHV SURPL�

QHQWO\ WKH IOXFWXDWLRQV DFFRUGLQJ WR WKH DYHUDJH RI WKH EHQW

HIIHFWLYH DFFHSWDQFH UDWLR� $V D UHVXOW� D EHQW�W\SH RI WKH

HIIHFWLYH DFFHSWDQFH UDWLR PLJKW EH D JRRG FKRLFH IRU KLJK�

GHQVLW\ IOXLGV VXFK DV �&/- OLTXLGV�

7KH SUHVHQW PHWKRG XVHV QR DGMXVWDEOH SDUDPHWHU H[FHSW

IRU WKH FRPSRVLWLRQ RI WKH EHQW HIIHFWLYH DFFHSWDQFH UDWLR�

$OVR� WKH SUHVHQW PHWKRG XVHV WKH FHOO DV D FXEH ZLWK IL[HG

YROXPH 9�1� ZKLFK LV WKH YROXPH SHU XQLW PROHFXOH� 7KH

EHQW HIIHFWLYH DFFHSWDQFH UDWLR ZDV LQWURGXFHG WR UHGXFH WKH

IOXFWXDWLRQV RULJLQDWLQJ IURP WKH DYHUDJH RI WKH %ROW]PDQQ

IDFWRU DV WKH PRGLILHG HIIHFWLYH DFFHSWDQFH UDWLR LQ WKH SUHYL�

RXV ZRUN� %HFDXVH WKH VHSDUDWH SDUDOOHO 0RQWH &DUOR SURFH�

GXUH LV XVHG WR WKH HYDOXDWH WKH H[FHVV HQWURS\� WKH SUHVHQW

PHWKRG LV YHU\ HDV\ WR LPSOHPHQW DQG FDQ EH DSSOLHG GLUHFW�

O\ WR PROHFXODU G\QDPLFV VLPXODWLRQV� $OVR� WKH SUHVHQW

PHWKRG GRHV QRW QHHG D UHIHUHQFH V\VWHP� $V D UHVXOW� WKH

SUHVHQW PHWKRG FDQ JLYH WKH H[FHVV HQWURS\ DQG RWKHU WKHU�

PRG\QDPLF SURSHUWLHV LQ D VLQJOH 0HWURSROLV 0RQWH &DUOR RU

PROHFXODU G\QDPLFV UXQ� 7KH SUHVHQW PHWKRG XVHV WKH

FDQRQLFDO HQVHPEOH DYHUDJH� JLYLQJ WKH H[FHVV IUHH HQHUJ\

RYHU WKH %ROW]PDQQ VDPSOLQJ GLVWULEXWLRQ�

7KH QRQ�HUJRGLFLW\ RU TXDVL�HUJRGLFLW\� UHODWHG WR WKH VORZ

SRWHQWLDO HQHUJ\ EDUULHU FURVVLQJ HQFRXQWHUHG GXULQJ FRP�

SXWHU VLPXODWLRQV RI PRUH FRPSOH[ V\VWHPV� FDQ EH RYHU�

FRPH XVLQJ WKH MXPS�ZDONLQJ PHWKRG�� RU WKH WDERR VHDUFK

PHWKRG������ ,I WKH DFFHSWDQFH UDWLR DW ORQJ GLVWDQFHV DUH

DYHUDJHG� WKH H[FHVV FKHPLFDO SRWHQWLDO ZLOO EH REWDLQHG������

7KLV PHWKRG RI XVLQJ WKH DFFHSWDQFH UDWLR DW ORQJ GLVWDQFHV

DQG WKH SUHVHQW PHWKRG DUH WKRXJKW WR EH FRPSOHPHQWDU\�

7KH DFFHSWDQFH UDWLR DW ORQJ GLVWDQFHV DQG WKH EHQW HIIHFWLYH

DFFHSWDQFH UDWLR FDQ EH DYHUDJHG DW WKH VDPH WLPH LQ WKH

VDPH IUDPH� 7KH HIILFLHQF\ RI WKH PHWKRG XVLQJ WKH HIIHFWLYH

DFFHSWDQFH UDWLR LV UHSRUWHG LQ RXU SUHYLRXV ZRUN���a�� &DOFX�

ODWLRQV RI H[FHVV IUHH HQHUJ\ XVLQJ WKH SUHVHQW PHWKRG ZLOO

VDYH FRQVLGHUDEOH FRPSXWLQJ WLPH� 7KH SUHVHQW PHWKRG

XVLQJ WKH EHQW HIIHFWLYH DFFHSWDQFH UDWLR PXVW EH D SUDFWLFDO

DQG YHU\ HIILFLHQW PHWKRG RI HYDOXDWLQJ WKH H[FHVV HQWURS\

RU IUHH HQHUJ\ EHFDXVH WKH JHQHUDO PHWKRG RI HYDOXDWLQJ

GLUHFWO\ WKH IUHH HQHUJ\ LQ FRPSXWHU VLPXODWLRQV KDV QRW EHHQ

HVWDEOLVKHG \HW� ,W LV H[SHFWHG WKDW WKH SUHVHQW PHWKRG FDQ EH

H[WHQGHG WR PRUH FRPSOH[ PROHFXODU IOXLGV DQG VROXWLRQV�

6WXGLHV RQ PRUH FRPSOH[ PROHFXODU IOXLGV DQG VROXWLRQV

XVLQJ WKH SUHVHQW PHWKRG ZLOO EH SHUIRUPHG LQ QHDU IXWXUH�

&RQFOXVLRQ

$ PHWKRG IRU FDOFXODWLQJ WKH H[FHVV +HOPKROW] IUHH

HQHUJ\ IURP WKH DYHUDJH RI WKH EHQW HIIHFWLYH DFFHSWDQFH

UDWLR IRU �&/- OLTXLGV KDV EHHQ SUHVHQWHG� 7KH EHQW HIIHFWLYH

DFFHSWDQFH UDWLR KDV EHHQ QHZO\ FRPSRVHG IRU WKH DSSOLFD�

WLRQ WR �&/- OLTXLGV� 7KH H[FHVV +HOPKROW] IUHH HQHUJ\ LV

FDOFXODWHG GLUHFWO\ IURP WKH DYHUDJH RI WKH EHQW HIIHFWLYH

DFFHSWDQFH UDWLR WKURXJK D VLQJOH 0HWURSROLV 0RQWH &DUOR

UXQ� %HFDXVH WKH VHSDUDWH SDUDOOHO 0RQWH &DUOR SURFHGXUH LV

XVHG� WKLV PHWKRG LV YHU\ HDV\ WR LPSOHPHQW DQG FDQ EH

DSSOLHG WR PROHFXODU G\QDPLFV VLPXODWLRQV� )RU �&/- OLT�

XLGV� WKH DYHUDJH RI WKH EHQW HIIHFWLYH DFFHSWDQFH UDWLR JDYH

EHWWHU UHVXOWV WKDQ XVH RI WKH PRGLILHG HIIHFWLYH DFFHSWDQFH

UDWLR LQ WKH SUHYLRXV ZRUN�

$FNQRZOHGJPHQW� 7KLV ZRUN ZDV VXSSRUWHG E\ &UHDWLYH

5HVHDUFK ,QLWLDWLYHV� WKH 0LQLVWU\ RI 6FLHQFH DQG 7HFKQR�

ORJ\� .RUHD�
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