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0LFURVWULS SDWFK DQWHQQDV KDYH EHHQ LQYHVWLJDWHG E\ VHYHUDO DXWKRUV LQ WKH
SDVW� XVLQJ GLIIHUHQW DQDO\VLV WHFKQLTXHV� H�J� >�@� :LWK VSHFWUDO PHWKRGV� JRRG
UHVXOWV IRU WKH PLFURVWULS UHVRQDWRU FDQ EH DFKLHYHG� EXW LW LV QRW SUDFWLFDO WR
LQFOXGH WKH IHHG FLUFXLWU\ LQ WKH DQDO\VLV� 7KLV PLJKW LQWURGXFH D FRQVLGHUDEOH HUURU
GHSHQGLQJ RQ WKH VWUHQJWK RI WKH FRXSOLQJ EHWZHHQ WKH IHHG DQG WKH SDWFK� ,Q RUGHU
WR DFFRXQW IRU LWV LQIOXHQFH� WKH PHWKRG RI PRPHQWV JHQHUDOO\ LV DSSOLHG� 7KLV�
KRZHYHU� UHTXLUHV D FRQVLGHUDEOH FRPSXWDWLRQDO HIIRUW� HVSHFLDOO\ IRU ODUJH PDWUL�
FHV� VLQFH WKH HOHPHQWV LQ WKH FRPSXWHG PDWUL[ DUH IUHTXHQF\�GHSHQGHQW� DQG PXVW
EH FRPSXWHG IRU HDFK IUHTXHQF\ SRLQW >�@�

$Q DOWHUQDWLYH DSSURDFK LV WR ORRN DW WKH SDWFK DV D YHU\ VKRUW OHQJWK RI UHFW�
DQJXODU FRD[ OLQH� 2Q RQH VLGH LW LV ERXQG E\ IUHH VSDFH� RQ WKH RWKHU� E\ D GLHOHF�
WULF OD\HU DQG DQ HOHFWULF ZDOO� WKH JURXQG SODQH� $ VORW LQ WKH ZDOO HQDEOHV DSHUWXUH�
FRXSOLQJ IURP D PLFURVWULS OLQH RQ WKH RWKHU VLGH RI WKH JURXQG SODQH� 7KLV SUREOHP
LV VROYHG E\ GHWHUPLQLQJ WKH FRXSOLQJ IURP WKH VORW WR WKH SDWFK� 7KH ILUVW� DQG
PRVW WLPH�FRQVXPLQJ VWHS RI WKH DQDO\VLV LV WR ILQG WKH PRGH VSHFWUXP RI WKH FRD[
OLQH DQG WKH FRUUHVSRQGLQJ ILHOG GLVWULEXWLRQV� 7KHUHIRUH� WKLV ZLOO EH WKH PDLQ
WRSLF RI WKLV SDSHU�

7\SLFDOO\� PRGDO ILHOG�PDWFKLQJ WHFKQLTXHV DUH DSSOLHG WR WKLV NLQG RI VWUXF�
WXUHV� DQG JRRG UHVXOWV FDQ EH DFKLHYHG >�@� +RZHYHU� WKHUH DUH VHYHUDO VKRUWFRP�
LQJV� 7KH ILHOGV DORQJ WKH LQWHUIDFH EHWZHHQ GLIIHUHQW VXEUHJLRQV RI WKH FURVV�
VHFWLRQ DUH H[SUHVVHG LQ WHUPV RI SXUH VLQH DQG FRVLQH IXQFWLRQV� 7KHUHIRUH� WKH\
XVXDOO\ GR QRW VDWLVI\ WKH ERXQGDU\ FRQGLWLRQ IRU WKH ODUJHU UHJLRQ� QRU WKH HGJH
FRQGLWLRQ DW D PHWDO FRUQHU� L�H�� WKH VLQJXODULW\ RI WKH ILHOGV� ,Q RUGHU WR DFKLHYH D
VDWLVIDFWRU\ DSSUR[LPDWLRQ RI WKH ILHOG DW WKH LQWHUIDFH� WKXV WR JHW UHOLDEOH UHVXOWV� D
ODUJH QXPEHU RI PRGHV LV XVXDOO\ UHTXLUHG� 7KLV LV SDUWLFXODUO\ WUXH LQ WKLV FDVH�
ZKHUH WKH HOHFWURPDJQHWLF ILHOG LWVHOI LV WR EH FRPSXWHG� ,Q DGGLWLRQ� ZH HQFRXQWHU
WKH SUREOHP RI UHODWLYH FRQYHUJHQFH ZKLFK LV HVSHFLDOO\ LPSRUWDQW IRU ODUJH GLPHQ�
VLRQDO GLIIHUHQFHV EHWZHHQ VXEUHJLRQV�

7KHUHIRUH� DQ ,QWHJUDO�(TXDWLRQ 7HFKQLTXH LV DSSOLHG LQ WKLV SDSHU ZKLFK
RYHUFRPHV WKHVH GHILFLHQFLHV� 7KH HOHFWULF ILHOG DORQJ WKH LQWHUIDFH LV H[SUHVVHG LQ
WHUPV RI VXLWDEOH EDVLV IXQFWLRQV ZKLFK DOUHDG\ LQFOXGH WKH SURSHU HGJH FRQGLWLRQV
>�@� $OVR� WKH WDQJHQWLDO HOHFWULF ILHOG DORQJ WKH PHWDO ZDOO LV� D SULRUL� LGHQWLFDOO\
]HUR IRU DQ\ QXPEHU RI EDVLV IXQFWLRQV ZKHUHDV� LQ VWDQGDUG PRGDO ILHOG�PDWFKLQJ
WHFKQLTXHV� WKH YDQLVKLQJ WDQJHQWLDO (�ILHOG LV DSSUR[LPDWHG E\ D VXSHUSRVLWLRQ RI
PDQ\ VLQH DQG�RU FRVLQH WHUPV� 7KH WKHRU\ LV YHULILHG E\ FRPSDULQJ RXU UHVXOWV
ZLWK WKH VWDQGDUG PRGH�PDWFKLQJ WHFKQLTXH� ,W LV VKRZQ WKDW D IHZ EDVLV IXQFWLRQV
DUH VXIILFLHQW� QRW RQO\ WR FDOFXODWH WKH FXW�RII IUHTXHQFLHV� EXW DOVR WR DFFXUDWHO\



UHSUHVHQW WKH ILHOGV LQ WKH FURVV�VHFWLRQ� ZKLFK� LQ VWDQGDUG PRGH�PDWFKLQJ�
UHTXLUHV D YHU\ ODUJH QXPEHU RI PRGHV�
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7KH JHRPHWU\ RI WKH DQDO\]HG VWUXFWXUH LV VKRZQ LQ )LJ� �� 0DJQHWLF ZDOOV
DUH LQWURGXFHG WR OLPLW WKH VSDFH WR D ILQLWH FRPSXWDWLRQDO GRPDLQ� 6LQFH WKH\ DUH
SODFHG IDU DZD\ IURP WKH FRQGXFWRU� WKHLU LQIOXHQFH RQ WKH ILHOG LV QHJOLJLEOH� )LHOG
V\PPHWULHV DUH DVVXPHG ZLWK UHVSHFW WR WKH SODQHV [ � DQG \ �� WR IXUWKHU UHGXFH
WKH FRPSXWDWLRQDO HIIRUW�

)RU 7( PRGHV� WKH WDQJHQWLDO HOHFWULF ILHOG DW WKH LQWHUIDFH SODQH� \ G� LV
H[SDQGHG DV

���

+HUH� F
Q
DUH WKH XQNQRZQ H[SDQVLRQ FRHIILFLHQWV� 6LPLODUO\� IRU 70 PRGHV� WKH

WDQJHQWLDO HOHFWULF ILHOG LV H[SDQGHG DV

���

1RWH WKDW WKHVH H[SUHVVLRQV VDWLVI\ ERWK� WKH ERXQGDU\ FRQGLWLRQV RI WKH HOHF�
WULF ILHOG DW WKH LQWHUIDFH DV ZHOO DV WKH HGJH FRQGLWLRQV� 7KH D[LDO ILHOGV LQVLGH WKH
ZDYHJXLGH DUH ZULWWHQ LQ WHUPV RI )RXULHU VHULHV IRU WKH WZR UHJLRQV� H�J� >�@� >�@�
)RU 7(� DQG 70 PRGHV� WKH ILHOGV (

[
DQG +
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DUH NQRZQ WR EH DQG

� UHVSHFWLYHO\�
7KH QH[W VWHS LV WR ZULWH WKH )RXULHU FRHIILFLHQWV LQ WHUPV RI WKH H[SDQVLRQ

FRHIILFLHQWV� F
Q
� 7KLV LV GRQH E\ PDWFKLQJ WKH )RXULHU VLQH RU FRVLQH LQWHJUDOV RI WKH

WDQJHQWLDO HOHFWULF ILHOGV LQ WKH WZR GLIIHUHQW UHJLRQV� (
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, DQG (
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,,� )RU WKH H[DPSOH
RI 7( PRGHV ZLWK PDJQHWLF�ZDOO V\PPHWU\ DW [ �� WKLV \LHOGV�
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ZKHUH (
[
LV DV JLYHQ LQ ���� 7KHVH LQWHJUDOV FDQ EH VROYHG DQDO\WLFDOO\ DQG OHDG WR D

VXP RI %HVVHO IXQFWLRQV >�@� 7KH UHVXOWV DUH IUHTXHQF\ LQGHSHQGHQW DQG� FRQVH�
TXHQWO\� QHHG WR EH FRPSXWHG RQO\ RQFH ZKLFK H[SODLQV WKH IDVW H[HFXWLRQ RI HDFK
LWHUDWLRQ� 1RZ� WKH )RXULHU FRHIILFLHQWV FDQ EH H[SUHVVHG LQ WHUPV RI WKH H[SDQVLRQ
WHUP FRHIILFLHQWV F

Q
� DQG DOO ILHOG FRPSRQHQWV GHSHQG RQO\ RQ WKH F

Q
©V� *DOHUNLQ
V

PHWKRG LV XVHG WR PDWFK WKH WUDQVYHUVH PDJQHWLF ILHOGV DQG WR GHWHUPLQH WKH FXW�RII
ZDYH QXPEHUV� 2QFH WKHVH DUH NQRZQ� WKH H[SDQVLRQ FRHIILFLHQWV� DQG WKXV DOO ILHOG
FRPSRQHQWV� DUH IRXQG IURP WKH VROXWLRQ RI D OLQHDU HTXDWLRQ�

7KH UHVXOWV IRU WKH 70 PRGHV DQG IRU WKH RWKHU V\PPHWULHV DUH REWDLQHG LQ D
VLPLODU PDQQHU�
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7KH WHFKQLTXH KDV EHHQ DSSOLHG WR WKH VWUXFWXUH LQ )LJ� �� 7KH UHVXOW IRU WKH
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FXW�RII ZDYH QXPEHUV DUH VKRZQ LQ )LJ� �� ,GHQWLFDO UHVXOWV ZHUH REWDLQHG XVLQJ
WKH ,QWHJUDO�(TXDWLRQ DQG PRGH PDWFKLQJ WHFKQLTXH� 7KH UHVXOWV IURP WKH ,QWHJUDO�
(TXDWLRQ 7HFKQLTXH� KRZHYHU� ZHUH JHQHUDWHG XVLQJ RQO\ WZR EDVLV IXQFWLRQV� ,Q
PRVW FDVHV� DOUHDG\ RQH EDVLV IXQFWLRQ JDYH DFFXUDWH UHVXOWV IRU WKH ZDYH QXPEHU�
OHDGLQJ WR RQO\ RQH VFDODU WR EH PLQLPL]HG� ZKLOH LQ PRGH�PDWFKLQJ� WKH VLQJXODU
YDOXH RI D ��[�� PDWUL[ ZDV PLQLPL]HG�

)LJ� � DQG )LJ� � FRPSDUH WKH FRQYHUJHQFH RI WKH FDOFXODWHG WDQJHQWLDO HOHF�
WULF ILHOG (

[
DORQJ WKH LQWHUIDFH EHWZHHQ WKH WZR UHJLRQV XVLQJ WKH GLIIHUHQW WHFK�

QLTXHV� ,Q )LJ� �� UHVXOWV IURP PRGH PDWFKLQJ DUH VKRZQ� XVLQJ �� �� �� DQG ���
PRGHV LQ UHJLRQ ,� 1RWH WKDW IRU WKH JLYHQ GLPHQVLRQV� E�D ��� WKH QXPEHU RI
PRGHV LQ UHJLRQ ,, LV FKRVHQ �� WLPHV KLJKHU� WR HQVXUH SURSHU PDWFKLQJ RQ WKH GLI�
IHUHQW VLGHV RI WKH LQWHUIDFH� DQG WR PLQLPL]H WKH HIIHFW RI UHODWLYH FRQYHUJHQFH� ,Q
)LJ� �� WKH VDPH VWUXFWXUH LV DQDO\]HG ZLWK WKH ,QWHJUDO�(TXDWLRQ 7HFKQLTXH XVLQJ
�� � DQG � EDVLV IXQFWLRQV� %RWK PHWKRGV FRQYHUJH WR WKH VDPH UHVXOW� KRZHYHU� WKH
PXFK IDVWHU FRQYHUJHQFH RI WKH ,QWHJUDO�(TXDWLRQ 7HFKQLTXH EHFRPHV DSSDUHQW�
$OVR� WKH QRQ�SK\VLFDO ULSSOH RI WKH ILHOG LQ WKH YLFLQLW\ RI D VLQJXODULW\ FDQ EH
REVHUYHG IRU WKH PRGH�PDWFKLQJ WHFKQLTXH� 7KLV LV HOLPLQDWHG LQ WKH ,QWHJUDO�
(TXDWLRQ 7HFKQLTXH�

,9� &21&/86,216

$Q ,QWHJUDO�(TXDWLRQ 7HFKQLTXH LV SUHVHQWHG WR VROYH IRU WKH PRGH VSHFWUXP
RI D UHFWDQJXODU FRD[ OLQH ZLWK PDJQHWLF VLGH ZDOOV� 7KH PHWKRG LV EDVHG RQ
GLUHFWO\ H[SDQGLQJ WKH WDQJHQWLDO HOHFWULF ILHOG DW WKH LQWHUIDFH SODQH LQ WHUPV RI
EDVLV IXQFWLRQV� 7KHVH EDVLV IXQFWLRQV DUH FKRVHQ VR WKDW WKH\ QRW RQO\ FRPSO\ ZLWK
WKH ERXQGDU\ FRQGLWLRQV RI WKH HOHFWULF ILHOGV� EXW DOVR VDWLVI\ WKH HGJH FRQGLWLRQV
DW WKH PHWDOOLF FRUQHUV� 7KHUHIRUH� WKH VROXWLRQ GHSHQGV RQO\ RQ RQH SDUDPHWHU�
QDPHO\ WKH QXPEHU RI EDVLV IXQFWLRQV� ZKLFK HOLPLQDWHV WKH SKHQRPHQRQ RI UHOD�
WLYH FRQYHUJHQFH� 7KH UHVXOWV VKRZ WKDW UDSLG FRQYHUJHQFH LV DFKLHYHG DQG WKDW�
XVLQJ RQO\ IHZ EDVLV IXQFWLRQV� VXIILFLHQW DFFXUDF\ LV REWDLQHG� QRW RQO\ IRU WKH FXW�
RII ZDYH QXPEHUV� EXW DOVR WR SURSHUO\ UHSUHVHQW WKH ILHOGV�

7KH PHWKRG FDQ EH DSSOLHG WR PDQ\ RWKHU VWUXFWXUHV ZLWK� LQ PRVW FDVHV�
LQFUHDVHG HIILFLHQF\ DQG UHOLDELOLW\ LQ FRPSDULVRQ WR VWDQGDUG PRGDO ILHOG�PDWFK�
LQJ WHFKQLTXHV�

5()(5(1&(6

>�@ 1�,� +HUVFRYLFL DQG '�0� 3R]DU� �&$' RI PXOWLOD\HU IHHGLQJ QHWZRUNV��
0LFURZDYH -�� YRO� ��� SS� ������ -XQH �����

>�@ 0� *LPHUVN\ DQG -� %RUQHPDQQ� ¦$ PRGLILHG PHWKRG�RI�PRPHQWV WHFKQLTXH
IRU WKH IXOO�ZDYH DQDO\VLV RI LPSHUIHFW FRQGXFWRUV RQ ORVV\ DQG ILQLWH�H[WHQW
VXEVWUDWH§� ���� ,((( 077�6 ,QW� 0LFURZDYH 6\PS� 'LJ�� SS���������

>�@ 5� 6RUUHQWLQR� 3� 0H]]DQRWWH� /� 5RVHOOL� 0� 0RQJLDUGR� )� $OHVVDQGUL� ¦3UR�
FHVV�2ULHQWHG &$' RI 5HFWDQJXODU &RD[LDO /LQH &RPSRQHQWV IRU %HDP
)RUPLQJ 1HWZRUNV§� ��UG (X0&� SS� �������� �����

>�@ 6� $PDUL� -� %RUQHPDQQ DQG 5XHGLJHU 9DKOGLHFN� ¦$SSOLFDWLRQ RI D &RXSOHG�
,QWHJUDO�(TXDWLRQV 7HFKQLTXH WR 5LGJHG :DYHJXLGHV�§ ,((( 7UDQV� RQ
0LFURZDYH 7KHRU\ DQG 7HFKQLTXHV� 9RO� ��� 'HF� ����

>�@ 7� ,WRK� (G�� 1XPHULFDO 7HFKQLTXHV IRU 0LFURZDYH DQG 0LOOLPHWHU�:DYH 3DV�
VLYH 6WUXFWXUHV� -RKQ :LOH\ 	 6RQV� 1HZ <RUN� �����

>�@ -� 8KHU� -� %RUQHPDQQ DQG 8� 5RVHQEHUJ� :DYHJXLGH &RPSRQHQWV IRU
$QWHQQD )HHG 6\VWHPV� 7KHRU\ DQG &$'� $UWHFK +RXVH� %RVWRQ� �����

>�@ ,� 6� *UDGVKWH\Q DQG ,� 0� *\]KLN� 7DEOHV RI ,QWHJUDOV� 6HULHV� DQG 3URGXFWV�
ILIWK HG�� $FDGHPLF 3UHVV� 6DQ 'LHJR� �����



)LJ� �� 7DQJHQWLDO HOHFWULF ILHOG (
[

DORQJ WKH LQWHUIDFH \ G IURP WKH ,QWHJUDO
(TXDWLRQ 7HFKQLTXH XVLQJ � �GRWWHG OLQH��
� �GDVK�GRWWHG OLQH�� � �GDVKHG OLQH� DQG �
EDVLV IXQFWLRQV �VROLG OLQH��
'LPHQVLRQV� E�D ���� F�D ���� G�D ����

)LJ� � *HRPHWU\ RI DQDO\]HG VWUXFWXUH�
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)LJ� �� 1RUPDOL]HG FXW�RII IUHTXHQFLHV
DV D IXQFWLRQ RI WKH VLGH UDWLR �D�E��G IRU D
FRD[ ZDYHJXLGH ZLWK PDJQHWLF VLGHZDOOV
DQG D�E �F�G��F ���
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)LJ� �� 7DQJHQWLDO HOHFWULF ILHOG (
[

DORQJ WKH LQWHUIDFH \ G IURP PRGH�
PDWFKLQJ XVLQJ � �GRWWHG OLQH�� � �GDVK�
GRWWHG OLQH�� �� �GDVKHG OLQH� DQG ���
PRGHV �VROLG OLQH��
'LPHQVLRQV� E�D ���� F�D ���� G�D ����
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