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2SWLFDO KHWHURG\QH LQWHUIHURPHWU\ LV DSSOLHG WR GHWHUPLQH WKH FKDQJH LQ HODVWLF PRGXOXV
�c(� ZLWK WKH DSSOLHG PDJQHWLF nHOG DQG WKH PDJQHWRHODVWLF FRXSOLQJ FRHpFLHQW N� 7KH
VDPSOHV XVHG DUH WKLQ QLFNHO URGV DQG ZLUHV XS WR � PP LQ GLDPHWHU SRVLWLRQHG ZLWKLQ WKH
PDJQHWLF nHOG RI D VROHQRLG� 7KH <RXQJ
V PRGXOXV LV GHWHUPLQHG IURP WKH nUVW QDWXUDO
YLEUDWLRQ IUHTXHQF\� $ GXDO PHWKRGRORJ\ LV HYDOXDWHG� UHVSHFWLYHO\ LQYROYLQJ IUHH DQG IRUFHG
VDPSOH YLEUDWLRQV� (VWLPDWLRQV DUH DOVR PDGH RI HGG\ FXUUHQW�LQGXFHG PDJQHWLF ORVVHV RI
WKH PDWHULDO� 7KLV WHFKQLTXH SHUPLWV SRLQW�OLNH GHWHFWLRQ� LQYROYLQJ DQ LOOXPLQDWHG ]RQH
DSSUR[LPDWHO\ �� xP LQ GLDPHWHU� ZLWKRXW FRQWDFW ZLWK WKH VDPSOH�
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� ,QWURGXFWLRQ

,Q UHFHQW \HDUV� FRQVLGHUDEOH LPSRUWDQFH KDV EHHQ JLYHQ WR WKH PHDVXUHPHQW RI PDJQHWRPHFKDQL�
FDO SURSHUWLHV IRU SRVWHULRU DSSOLFDWLRQ LQ GLmHUHQW nHOGV RI DSSOLHG VFLHQFH� 6XFK DSSOLFDWLRQV
UDQJH IURP WKH GHVLJQLQJ RI PDJQHWLF FLUFXLWV WR WKH FRQVWUXFWLRQ RI WHQVLRQ VHQVRUV ZLWK PHWD�
OOLF JODVV� 7KH FKDUDFWHUL]DWLRQ RI PDJQHWLF PDWHULDOV UHTXLUHV PHDVXUHPHQW RI WKHLU K\VWHUHVLV
FXUYHV �% YHUVXV +�� PDJQHWRVWULFWLYH FXUYHV �w YHUVXV +�� DQG FXUYHV UHoHFWLQJ WKH FKDQJH LQ
HODVWLF PRGXOXV ZLWK PDJQHWL]DWLRQ �( YHUVXV +��

,I WHQVLRQ LV DSSOLHG WR D VDPSOH� WZR W\SHV RI UHODWLYH GHIRUPDWLRQV UHVXOW� HODVWLF ��OO� DQG
PDJQHWRHODVWLF ��PO�� ZKHUH WKH UHODWLYH YDULDWLRQ RI ( HTXDOV�
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7KH SKHQRPHQRQ E\ ZKLFK WKH HODVWLF PRGXOXV �(� FKDQJHV ZLWK WKH DSSOLHG PDJQHWLF nHOG
+ �c(� LV D VSHFLDO FDVH RI WKH PRUH JHQHUDO �PRGXOXV GHIHFW�� :KHQ VRPH PHFKDQLVP LQGXFHV
H[WUD GHIRUPDWLRQ HLWKHU DERYH RU EHORZ WKH HODVWLF GHIRUPDWLRQ� WKH UHVXOWLQJ <RXQJuV PRGXOXV
LV GLmHUHQW WR QRUPDO� 0DJQHWRHODVWLF GHIRUPDWLRQ SURGXFHV DQ HmHFW RI WKLV NLQG� &RQVHTXHQFHV
RI PDJQHWRVWULFWLRQ LQ IHUURPDJQHWLF PDWHULDOV DUH WKH PDJQHWLF nHOG�GHSHQGHQFH RI WKH HODVWLF
PRGXOXV DQG FRXSOLQJ RI WKH PDJQHWLF DQG HODVWLF HQHUJLHV� $ IXQGDPHQWDO UHODWLRQ EHWZHHQ
WKHVH WZR HmHFWV LQ DSSOLFDWLRQ WR OLQHDU GHIRUPDWLRQV LV UHSUHVHQWHG E\ WKH PDJQHWRHODVWLF
FRXSOLQJ FRHpFLHQW N� ZKLFK UHSUHVHQWV WKH IUDFWLRQ RI PDJQHWLF HQHUJ\ WKDW PD\ EH FRQYHUWHG
WR HODVWLF HQHUJ\ DW ORZ IUHTXHQFLHV >�@�
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ZKHUH (6 LV WKH <RXQJuV PRGXOXV XQGHU FRQGLWLRQV RI PDJQHWLF VDWXUDWLRQ� DQG (+ LV WKH
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<RXQJuV PRGXOXV ZLWKRXW IRUFH DSSOLFDWLRQ LQ WKH SUHVHQFH RI D PDJQHWLF nHOG +� ,Q WKLV VHQVH�
N YDOXHV FORVH WR � DUH GHVLUDEOH IRU LPSURYHG IXQFWLRQLQJ RI PDJQHWRHODVWLF GHYLFHV�

7KH PHWKRGV PRVW FRPPRQO\ XVHG WR PHDVXUH WKH GHSHQGHQF\ RI WKH HODVWLF PRGXOXV XSRQ
WKH PDJQHWLF nHOG DSSOLHG �WKH VR�FDOOHG c( HmHFW� DQG WKH FRUUHVSRQGLQJ PDJQHWRPHFKDQLFDO
FRXSOLQJ IDFWRU N� LQYROYH UHVRQDQFH�DQWLUHVRQDQFH WHFKQLTXHV >�@� WKH PHDVXUHPHQW RI XOWUD�
VRXQG YHORFLW\ >�@� DQG RSWLFDO PHWKRGV >�@� $ UHFHQW UHYLHZ RI WKH GLmHUHQW PDJQHWRPHFKDQLFDO
PHDVXUHPHQW WHFKQLTXHV LV SURYLGHG E\ 6TXLUH >�@�

7KH SUHVHQW VWXG\ GHVFULEHV D QHZ DSSURDFK IRU WKH PHDVXUHPHQW RI c(� EDVHG RQ KHWH�
URG\QH VSHFNOH LQWHUIHURPHWU\� 7KLV WHFKQLTXH KDV DOUHDG\ EHHQ VXFFHVVIXOO\ XVHG WR PHDVXUH
HODVWLF FRQVWDQWV RI GLmHUHQW PDWHULDOV >�� �@ DQG FDQ EH DSSOLHG WR FKDUDFWHUL]H URGV DQG ZLUHV�
7KH PHWKRG SHUPLWV QRQ�FRQWDFWLQJ PHDVXUHPHQW RI YHU\ VPDOO GLVSODFHPHQWV� ,Q FRQYHQWLRQDO
PHWKRGV� <RXQJ
V PRGXOXV LV XVXDOO\ GHWHUPLQHG IURP WKH PHDVXUHPHQW RI LQGLUHFW PDJQHWLF
SURSHUWLHV� +RZHYHU� WKH SURSRVHG PHWKRG HQDEOHV WR GHWHUPLQH ( IURP D GLUHFW PHDVXUHPHQW
RI WKH GLVSODFHPHQWV� ZLWKRXW HOHFWURPDJQHWLF H[FLWDWLRQ� ,Q DGGLWLRQ� WKH PHDVXUHPHQWV FDQ EH
PDGH RYHU WKH ZKROH UDQJH RI WKH DSSOLHG nHOG� 7KH WHFKQLTXH LV UHPRWH� RQO\ UHTXLUHV RSWLFDO
FRQWDFW ZLWK WKH VDPSOH� DQG VR FRXOG EH XVHG RYHU D ZLGH UDQJH RI WHPSHUDWXUHV�

6LQFH WKHUH LV QR LQWHUDFWLRQ ZLWK WKH VDPSOH LWV YLEUDWLRQ LV IUHH� 7KH QDWXUDO IUHTXHQFLHV
DUH WKHUHIRUH DFFXUDWHO\ GHWHUPLQHG IURP WKH GLVSODFHPHQWV� 7KH GHWHFWLRQ V\VWHP KDV D EURDG
IUHTXHQF\ UHVSRQVH DQG LV LPPXQH WR HQYLURQPHQWDO YLEUDWLRQV� :KHQ KLJK�IUHTXHQF\ WUDQV�
GXFHUV DUH XVHG WR GHWHFW WKH XOWUDVRQLF ZDYH YHORFLW\� WKH VLJQDOV DUH IUHTXHQWO\ ZHDN GXH WR
DWWHQXDWLRQ� ZKLFK FRXOG PDNH GLpFXOW WR XQGHUVWDQG WKH QDWXUH RI WKH SURSDJDWLQJ ZDYHV�

c( HmHFW KDV EHHQ DOVR PHDVXUHG E\ PHDQV RI RSWLFDO PHWKRGV WKDW XVXDOO\ QHHG UHoHFWLQJ
VXUIDFHV� $GGLWLRQDO FRPSRQHQWV DV PLUURUV KDYH WR EH SODFHG RQ WKH VDPSOH� ZKLFK FRXOG GLVWRUW
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WKH PHDVXUHPHQW� 7KH PHWKRG XVHG KHUH LV EDVHG RQ VSHFNOH SKHQRPHQRQ� ZKLFK VLPSO\ UHTXLUHV
D VFDWWHULQJ VXUIDFH� DQG WKH YLEUDWLRQ FDQ EH GLUHFWO\ GHWHFWHG RQ WKH VDPSOH� 2Q WKH RWKHU
KDQG� WKH PHWKRG KDV EHHQ SUHVHQWO\ XVHG RQO\ IRU FKDUDFWHUL]LQJ VOHQGHU URGV DQG ZLUHV� ZKRVH
GLDPHWHUV DUH OLPLWHG E\ WKH VSRW RI WKH ODVHU EHDP RI WKH RUGHU RI �� xP�

� ([SHULPHQWDO SURFHGXUH

7KH H[SHULPHQWDO DUUDQJHPHQW LV VKRZQ LQ )LJXUH �� 7KH VDPSOH XVHG LV HLWKHU D WKLQ F\OLQGULFDO
URG RU D ZLUH FRPSRVHG RI WKH IHUURPDJQHWLF PDWHULDO XQGHU VWXG\� WKH VDPSOH LV SRVLWLRQHG
KRUL]RQWDOO\ RQ D FHQWUDO WKLQ UXEEHU VXSSRUW� 7KH VDPSOH LV WKH �QXFOHXV� RI D VWUDLJKW VROHQRLG
SRZHUHG E\ D GLUHFW FXUUHQW VRXUFH WKDW UHJXODWHV DQG VWDELOL]HV WKH FXUUHQW LQWHQVLW\ ZLWKLQ WKH
FLUFXLW� 7KLV V\VWHP PDNHV LW SRVVLEOH WR JHQHUDWH PDJQHWLF nHOGV ZLWKLQ WKH VROHQRLG RI XS WR
��� RHUVWHG � VXpFLHQW WR VDWXUDWH DOO WKH VDPSOHV XVHG LQ RXU H[SHULPHQWV� 7KH PDJQHWLF nHOG LV
UHJXODWHG E\ WKH FXUUHQW LQWHQVLW\ LQ WKH VROHQRLG� DQG LV NHSW FRQVWDQW LQ HDFK H[SHULPHQWDO VWDJH
ZKHUH YLEUDWLRQ IUHTXHQF\ PHDVXUHPHQWV DUH PDGH� ,Q DGGLWLRQ� WKH GLPHQVLRQV RI WKH VDPSOH
DQG WKH H[SHULPHQWDO DUUDQJHPHQW XVHG FDXVH WKH nHOG WR UHPDLQ DSSUR[LPDWHO\ KRPRJHQHRXV
LQ WKH UHJLRQ ZKHUH WKH VDPSOH LV SRVLWLRQHG�

6DPSOH ORQJLWXGLQDO YLEUDWLRQ LV LQGXFHG E\ PHDQV RI D EULHI LPSDFW SHUSHQGLFXODU WR WKH
EDVH RI WKH F\OLQGHU DQG DW LWV FHQWHU� 7R WKLV HmHFW ZH XVH D SHQGXOXP FRQVLVWLQJ RI D WKUHDG
DQG TXDUW] VSKHUH ZLWK D GLDPHWHU UDQJLQJ IURP ���� WR ���� PP� GHSHQGLQJ RQ WKH IUHTXHQFLHV
WR EH H[FLWHG� 7KH SHQGXOXP FDXVHV WKH URG RU ZLUH WR YLEUDWH IUHHO\ DW LWV QDWXUDO IUHTXHQFLHV�
IRU RQFH WKH LPSDFW KDV WHUPLQDWHG YLEUDWLRQ LV QRW GXH WR WKH FRQWLQXRXV DFWLRQ RI H[WHUQDO
IRUFHV� 0RUHRYHU� WKLV W\SH RI H[FLWDWLRQ H[KLELWV D EURDG�EDQG VSHFWUXP� ZLWK WKH VLPXOWDQH�
RXV H[FLWDWLRQ RI VHYHUDO YLEUDWLRQ PRGHV� 7KH W\SH RI VXSSRUW XVHG GRHV QRW UHVWULFW VDPSOH
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PRYHPHQW LQ DQ\ ZD\� ,Q DGGLWLRQ� WKH FHQWHU RI WKH VDPSOH FRQVWLWXWHV D QRGH IRU WKH nUVW
ORQJLWXGLQDO YLEUDWLRQ PRGH� 7KH ORQJLWXGLQDO RVFLOODWLRQV JHQHUDWHG E\ LPSDFW GHOLYHU\ DW WKH
FHQWHU RI WKH EDVH DUH GHWHFWHG DW WKH FHQWHU RI WKH RSSRVLWH EDVH� ZKHUH WKH QRUPDO FRPSRQHQWV
RI WKH GLVSODFHPHQWV DUH UHJLVWHUHG� 3RVWHULRUO\� WKH GLVSODFHPHQWV GHWHFWHG DUH VXEMHFWHG WR
VSHFWUDO DQDO\VLV WR HVWDEOLVK WKH QDWXUDO YLEUDWLRQ IUHTXHQFLHV�

,Q RUGHU WR GHWHFW VDPSOH YLEUDWLRQ DW D SRLQW ZH XVH D KHWHURG\QH RSWLF LQWHUIHURPHWHU �8OWUD�
2SWHF ,QF� 23����,�2�� 7KH ZRUNLQJ SULQFLSOH LV EDVHG RQ WKH VSHFNOH SKHQRPHQRQ >�� �@� 7KLV
HmHFW FRQVLVWV RI DQ LQWHQVLW\ GLVWULEXWLRQ IRUPHG E\ EULJKW DQG GDUN VSHFNOHV REVHUYHG ZKHQ
FRKHUHQW OLJKW LV VFDWWHUHG E\ D URXJK VXUIDFH DW WKH ODVHU ZDYHOHQJWK VFDOH� $ OLJKW SKDVH VKLIW
RFFXUV GXH WR WKH RSWLFDO WUDMHFWRU\ YDULDWLRQV LQGXFHG E\ YLEUDWLRQ DW D SRLQW RI WKH VDPSOH�
7KH LQWHUIHURPHWHU LV DEOH WR VHTXHQWLDOO\ PHDVXUH ERWK GLVSODFHPHQW FRPSRQHQWV DW WKH VDPH
GHWHFWLRQ SRLQW� L�H�� WKDW FRQWDLQHG LQ WKH SODQH RI WKH VDPSOH �WKH LQ�SODQH FRPSRQHQW�� DQG WKH
SHUSHQGLFXODU �RU RXW�RI�SODQH� FRPSRQHQW� 7KH EDQGZLGWK LV � N+] WR �� 0+]� DQG WKH VPDOOHVW
GHWHFWDEOH GLVSODFHPHQW LV DERXW � QP� 'XH WR WKH ZRUNLQJ SULQFLSOH RI WKH LQWHUIHURPHWHU� WKH
VDPSOH PXVW SRVVHVV D VFDWWHULQJ VXUIDFH�

7KH RSWLFDO XQLW LV HTXLSSHG ZLWK D ODVHU VRXUFH �+H�1H� �� P:�� 7KH FRKHUHQW EHDP LV
VSOLW LQ WZR E\ D %UDJJ DFRXVWR�RSWLF FHOO � RQH FRPSRQHQW ZLWK D IUHTXHQF\ HTXDO WR WKDW RI
WKH RULJLQDO EHDP� DQG WKH RWKHU ZLWK D IUHTXHQF\ LQFUHDVHG E\ �� 0+]� ,Q WKH RXW�RI�SODQH
FRQnJXUDWLRQ XVHG LQ RXU H[SHULPHQWV� WKH XQDOWHUHG IUHTXHQF\ EHDP LV IRFXVHG RQWR WKH VXUIDFH
RI WKH VDPSOH� WKH LOOXPLQDWHG ]RQH PHDVXULQJ DSSUR[LPDWHO\ �� xP LQ GLDPHWHU� 7KH GLVSHUVHG
OLJKW LV LQ WXUQ FROOHFWHG LQ WKH GLUHFWLRQ V\PPHWULFDO WR WKH LQFLGHQW EHDP ZLWK UHVSHFW WR WKH
QRUPDO WR WKH VDPSOH VXUIDFH� DQG LV GLUHFWHG WRZDUGV WKH EHDP PL[HU ZKHUH LW LQWHUIHUHV ZLWK
WKH FKDQJHG�IUHTXHQF\ UHIHUHQFH EHDP� /DVWO\� WKH UHVXOWLQJ LQWHUIHUHQFH LV GLUHFWHG WRZDUGV WKH
GHWHFWRU� 7KLV FRQnJXUDWLRQ LV VHQVLWLYH WR GLVSODFHPHQWV SHUSHQGLFXODU WR WKH VDPSOH SODQH� VR
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WKDW DQ RXW�RI�SODQH GLVSODFHPHQW RI WKH REVHUYDWLRQ SRLQW p�� RULJLQDWHV D FKDQJH LQ WKH RSWLFDO
WUDMHFWRU\� UHVXOWLQJ LQ D SKDVH VKLIW RI �{ FRV tp� w� ZKHUH w LV WKH ZDYHOHQJWK DQG t WKH DQJOH
EHWZHHQ WKH QRUPDO WR WKH VXUIDFH DQG WKH GLUHFWLRQ RI WKH LQFLGHQW RU REVHUYDWLRQ EHDP�

7KH VLJQDO DVVRFLDWHG WR WKH LQWHUIHUHQFH REWDLQHG DW WKH RXWSXW RI WKH SKRWRGLRGH LV D
�� 0+] FDUULHU IUHTXHQF\ SKDVH PRGXODWHG E\ WKH GLVSODFHPHQW RI WKH SRLQW RQ WKH VXUIDFH
RI WKH VWXG\ VDPSOH� 7KH VLJQDO LV SRVWHULRUO\ GHPRGXODWHG E\ WKH HOHFWURQLF XQLW� ZKHUH D
VLJQDO SURSRUWLRQDO WR WKH GLVSODFHPHQW LV REWDLQHG� 7KLV KHWHURG\QH V\VWHP LV QRW VHQVLWLYH WR
ORZ IUHTXHQF\ YLEUDWLRQV� ,Q DGGLWLRQ� LW GHWHFWV YLEUDWLRQV ZLWKRXW UHTXLULQJ FRQWDFW ZLWK WKH
VDPSOH� WKHUHE\ DYRLGLQJ WKH LQWURGXFWLRQ RI FRUUHFWLQJ IDFWRUV�

/DVWO\� WKH GLVSODFHPHQW DVVRFLDWHG VLJQDO LV GLJLWL]HG E\ DQ +3������$ RVFLOORVFRSH� $ VDP�
SOLQJ IUHTXHQF\ PRUH WKDQ GRXEOH WKH H[SHFWHG PD[LPXP IUHTXHQF\ PXVW EH VHOHFWHG� :KHQ
GHWHUPLQLQJ WKH QDWXUDO YLEUDWLRQ IUHTXHQFLHV RI WKH VDPSOH� WKH VLJQDO LV WUDQVIHUUHG WR D FRP�
SXWHU WR GHWHUPLQH LWV IUHTXHQF\ VSHFWUXP� IROORZLQJ FDOFXODWLRQ RI WKH IDVW )RXULHU WUDQVIRUP
�))7� RI WKH VLJQDO� 7KH QDWXUDO IUHTXHQFLHV FRUUHVSRQG WR WKH PD[LPXP DPSOLWXGHV RI WKH
VSHFWUXP� )RU WKH ZLUH D 7HNWURQLF 7'6����$ RVFLOORVFRSH ZLWK WKH ))7 RSWLRQ ZDV XVHG�

)RU LGHDO VDPSOHV ZH FDQ DSSO\ WKH VLPSOLnHG WKHRU\ RI ORQJLWXGLQDO ZDYH SURSDJDWLRQ LQ WKLQ
URGV� 7KLV SURYLGHV WKH IROORZLQJ HTXDWLRQ >��@� ZKLFK DOORZV XV WR H[SUHVV WKH QDWXUDO YLEUDWLRQ
IUHTXHQF\ I DV D IXQFWLRQ RI WKH <RXQJuV PRGXOXV (� WKH OHQJWK RI WKH URG O� WKH VDPSOH GHQVLW\
|� DQG WKH LQWHJHU Q DVVRFLDWHG WR HDFK YLEUDWLRQ PRGH�
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7KLV H[SUHVVLRQ DOORZV XV WR GHWHUPLQH WKH <RXQJuV PRGXOXV E\ GHWHUPLQLQJ WKH IUHTXHQF\

�



I � ZKLFK PRUHRYHU GHSHQGV RQ WKH PDJQHWL]DWLRQ RI WKH VDPSOH� ,Q WKH FRQFUHWH FDVH RI WKH nUVW
YLEUDWLRQ PRGH� (  �|O�I��

� ([SHULPHQWDO UHVXOWV

7KH VDPSOHV VWXGLHG ZHUH WKLQ QLFNHO URGV DQG D ZLUH� 7KH URGV DUH � DQG � PP LQ GLDPHWHU
DQG �� DQG � FP LQ OHQJWK� UHVSHFWLYHO\� 7KH PHWDOORJUDSKLF DQDO\VLV UHYHDOHG D QLFNHO SXULW\
RI ������ DQG ������ IRU WKH ORQJHU DQG VKRUWHU URGV� UHVSHFWLYHO\� %RWK URGV ZHUH KRW IRUPHG
DQG VRIW DQQHDOHG� 7KH ZLUH LV � PP LQ GLDPHWHU DQG �� FP LQ OHQJWK ZLWK D SHUFHQWDJH RI
QLFNHO RI ������ DQG D KDUG GUDZQ WUHDWPHQW� 7KH VDPSOHV ZHUH GHPDJQHWL]HG H[FHHGLQJ WKH
&XULH SRLQW E\ KHDWLQJ LQ DQ HOHFWULF RYHQ� 7KH UHVXOWV REWDLQHG XVLQJ WKH PHWKRG GHVFULEHG
DERYH� LQYROYLQJ LPSDFW GHOLYHU\ ZLWK D TXDUW] SHQGXOXP� DUH VXPPDUL]HG LQ 7DEOH �� 7KH
H[SHULPHQWDO UHVXOWV VKRZQ DUH IRU VDPSOHV LQ GHPDJQHWL]HG DQG WHFKQLFDO VDWXUDWLRQ VWDWHV� ,Q
ERWK VWDWHV� WKH GHPDJQHWL]LQJ HmHFW KDV KDUGO\ DQ\ LQoXHQFH RQ WKH UHVXOWV�

,Q WXUQ� )LJXUH � VKRZV WKH VSHFWUXP RI D VLJQDO UHFRUGHG ZLWK D GHPDJQHWL]HG URG � PP LQ
GLDPHWHU VXEMHFWHG WR LPSDFW ZLWK D TXDUW] SHQGXOXP � PP LQ GLDPHWHU� 7KH VSHFWUXP VKRZV
WKH nUVW WZR YLEUDWLRQ PRGHV� RQO\ WKH nUVW PRGH LV XVHG WR FDOFXODWH (�

7KH 7DEOH VKRZV WKH IUHTXHQFLHV I � PHDVXUHG ZLWK WKH IUHH H[FLWDWLRQ PHWKRG XQGHU ERWK
GHPDJQHWL]HG DQG VDWXUDWHG FRQGLWLRQV� ZLWK WKH FRUUHVSRQGLQJ XQFHUWDLQW\ YDOXHV X�I�� ,Q RU�
GHU WR FDOFXODWH WKHVH XQFHUWDLQW\ YDOXHV ZH HPSOR\HG WKH UHFRPPHQGDWLRQV RI WKH ,62 JXLGH IRU
H[SUHVVLQJ PHDVXUHPHQW XQFHUWDLQW\ >��@� $FFRUGLQJO\� WKH JUHDWHVW XQFHUWDLQW\ LQ WKH IUHTXHQF\
LV LQWURGXFHG E\ WKH GLJLWDO RVFLOORVFRSH XVHG WR UHFRUG WKH VLJQDO� 7KH IUHTXHQFLHV UHVROXWLRQ
REWDLQHG ZLWK WKH )RXULHU DQDO\VLV ZDV IV 1 � ZKHUH IV LV WKH VDPSOLQJ IUHTXHQF\ DQG 1 WKH
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QXPEHU RI SRLQWV� IV PXVW EH DW OHDVW GRXEOH WKH PD[LPXP IUHTXHQF\ DQDO\]HG� DQG 1 LV OLPLWHG
E\ WKH UHFRUGLQJ FDSDFLW\ RI WKH RVFLOORVFRSH� ,Q RXU FDVH IRU WKH URGV ZH XVHG D IV RI ��� NVDP�
SOHV�V DQG ���� SRLQWV � WKH UHVXOWLQJ XQFHUWDLQW\ EHLQJ �� +]� 7KLV LV WKH PLQLPXP XQFHUWDLQW\
WKDW FDQ EH DFKLHYHG ZLWK WKH GLJLWDO RVFLOORVFRSH +3������$ HPSOR\HG LQ RXU H[SHULPHQWV ZLWK
URGV� WKRXJK WKH YDOXH FRXOG EH IXUWKHU UHGXFHG E\ XVLQJ D GLJLWDO RVFLOORVFRSH ZLWK D ODUJHU 1
�\LHOGLQJ OHVV HUURU RQ SHUIRUPLQJ WKH )RXULHU WUDQVIRUP�� :LWK WKH ZLUH � PP LQ GLDPHWHU� ZH
HPSOR\HG WKH GLJLWDO RVFLOORVFRSH 7'6����$ WR LPSURYH WKH XQFHUWDLQW\ RI WKH PHWKRG� ,Q WKLV
FDVH� ZLWK IV  ��� NVDPSOHV�V DQG ����� SRLQWV� WKH UHVXOWLQJ XQFHUWDLQW\ LV �� +]� ZKLFK LV ���
WLPHV VPDOOHU�

7KH YDOXHV RI WKH HODVWLFLW\ PRGXOXV ( ZHUH FDOFXODWHG IURP HTXDWLRQ �� 7KH UHVXOWV REWDLQHG
VKRZ D GLmHUHQFH LQ WKH XQFHUWDLQW\ RI ( EHWZHHQ WKH � PP DQG � PP URGV DWWULEXWDEOH WR WKH
GLmHUHQW VDPSOH GHQVLW\ SUHFLVLRQ LQYROYHG � WKH XQFHUWDLQW\ RI WKH IUHTXHQF\ PHDVXUHPHQWV
EHLQJ WKH VDPH LQ ERWK FDVHV� ,Q DSSOLFDWLRQ WR WKH ORQJHU QLFNHO URG� ZH XVHG WKH PHWKRG
GHVFULEHG E\ 3UDWWHQ >��@� WR VHFXUH PLQLPXP PHDVXUHPHQW XQFHUWDLQW\� ,Q WKH FDVH RI WKH �
PP URG� ZH XVHG WKH GDWD SURYLGHG E\ WKH VDPSOH PDQXIDFWXUHU� 7KH XQFHUWDLQW\ X�(� IRU WKH
� PP URG LV ��� WLPHV VPDOOHU WKDQ WKH XQFHUWDLQW\ IRU WKH � PP URG� ZKLFK LV DQ LPSURYHPHQW
GXH WR WKH DFFXUDF\ RI WKH RVFLOORVFRSH �WKH XQFHUWDLQW\ RI WKH GHQVLW\ EHLQJ WKH VDPH LQ ERWK
FDVHV� $VVXPLQJ WKDW WKH XQFHUWDLQW\ RI X�(� FRPHV IURP X�I�� WKH RQO\ RQH RULJLQDWLQJ IURP
RXU PHWKRG� ZH ZRXOG KDYH IRU WKH ZLUH D X�(�  ���� *3D DQG X�(� (  ������ ,Q WKLV FDVH�
WKH XQFHUWDLQW\ RI WKH GHQVLW\ LV DERXW ��� RI WKH DFWXDO YDOXH RI X�(�� 7DEOH � DOVR VKRZV WKH
YDULDWLRQ LQ HODVWLF PRGXOXV �c(� WKDW LV H[SUHVVHG LQ DEVROXWH WHUPV DQG DV D SHUFHQWDJH ZLWK
UHVSHFW WR WKH GHPDJQHWL]HG VWDWH� )LQDOO\� ZH FDOFXODWHG WKH PDJQHWRHODVWLF FRXSOLQJ FRHpFLHQW
N� IRU D nHOG +  �� DFFRUGLQJ WR HTXDWLRQ ��

)LJXUH � VKRZV DQ H[SHULPHQW �( YHUVXV +� LQYROYLQJ D QLFNHO URG � PP LQ GLDPHWHU LQ

�



WUDQVLWLRQ IURP D GHPDJQHWL]HG VWDWH WR VDWXUDWLRQ ZLWK WKH IUHH H[FLWDWLRQ PHWKRG� $ TXDUW]
SHQGXOXP ��� PP LQ GLDPHWHU ZDV XVHG WR WKLV HmHFW� 7KH GHPDJQHWL]LQJ IDFWRU KDV EHHQ
FRQVLGHUHG >��@� 7KH HmHFWLYH nHOG + LQVLGH WKH VDPSOH KDV EHHQ FDOFXODWHG E\ VXEWUDFWLQJ WKH
GHPDJQHWL]LQJ nHOG IURP WKH H[WHUQDO nHOG� 7KH YDOXH RI WKH GHPDJQHWL]LQJ IDFWRU IRU WKLV URG�
ZLWK D GLPHQVLRQDO UDWLR RI ��� LV ���� d ��b�� $ GHPDJQHWL]LQJ nHOG RI ����� 2H LV REWDLQHG
LQ VDWXUDWLRQ �EHLQJ WKH LQWHQVLW\ RI PDJQHWL]DWLRQ LQ VDWXUDWLRQ ����� 7�� 7KLV HmHFW FDQ EH
QHJOHFWHG LQ WKH FDVH RI VDPSOHV ZKRVH UDWLR OHQJWK�WR�GLDPHWHU ZDV JUHDWHU WKDQ ���� L�H�� IRU
WKH ZLUH RI � PP� 7KH WHVW VKRZV KRZ ( LQFUHDVHV ZLWK + IURP WKH GHPDJQHWL]HG VWDWH WR
VDWXUDWLRQ RI WKH VDPSOH� WKH UHVXOWLQJ c( ZDV ��� *3D�

� 2WKHU H[SHULPHQWV

$Q DOWHUQDWLYH PHWKRG SURSRVHG IRU GHWHUPLQLQJ c( LV EDVHG RQ WKH PHDVXUHPHQW RI WKH UHVR�
QDQFH IUHTXHQF\ LQ WKH FDVH RI WKH IRUFHG YLEUDWLRQ RI WKH VDPSOH� 7KH SXUSRVH RI WKLV VWXG\
LV WR FRPSDUH WKH UHVXOWV REWDLQHG ZLWK ERWK PHWKRGV� DQG WR FRQWULEXWH WR HVWLPDWH ORVVHV
DWWULEXWDEOH WR WKH JHQHUDWLRQ RI HGG\ FXUUHQWV�

7KH H[SHULPHQWDO DUUDQJHPHQW LV VLPLODU WR WKDW VKRZQ LQ )LJXUH �� 7KH VDPSOH H[FLWDWLRQ
LV DFKLHYHG E\ PHDQV RI DQ HOHFWURPDJQHWLF YLEUDWRU� 7KH YLEUDWRU LV SRVLWLRQHG SDUDOOHO WR RQH
RI WKH URG EDVHV� DW D GLVWDQFH RI DSSUR[LPDWHO\ � PP � LWV UHYROXWLRQ D[LV FRLQFLGLQJ ZLWK WKDW
RI WKH URG� :KHQ D KDUPRQLF SRWHQWLDO GLmHUHQFH LV DSSOLHG WR WKH YLEUDWRU� WKH DVVRFLDWHG
PDJQHWLF nHOG LV RI WKH W\SH %� � %� VLQ��{y�� ZKHUH %� LV OHVV WKDQ %�� VR WKDW WKH UHVXOWLQJ
PDJQHWLF nHOG H[KLELWV WKH VDPH VHQVH� 7KXV� WKH EDVH RI WKH URG LV IXQGDPHQWDOO\ VXEMHFWHG
WR D FRQVWDQW ORQJLWXGLQDO IRUFH SOXV D VDPH IUHTXHQF\ KDUPRQLF FDXVLQJ IRUFHG YLEUDWLRQ RI WKH
VDPSOH� 7KH UHVXOWLQJ YLEUDWLRQ LV GHWHFWHG DW WKH RSSRVLWH EDVH RI WKH URG E\ PHDQV RI WKH DERYH
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PHQWLRQHG LQWHUIHURPHWHU� 1HLWKHU H[FLWDWLRQ QRU GHWHFWLRQ LQYROYH FRQWDFW ZLWK WKH VDPSOH�

)ROORZLQJ WKH SUHYLRXVO\ GHVFULEHG PHWKRGRORJ\� ZH GHWHUPLQHG WKH YLEUDWLRQ DPSOLWXGH
DQG SKDVH DFFRUGLQJ WR WKH H[FLWDWLRQ IUHTXHQF\� 7KH IXQFWLRQV JHQHUDWRU XVHG WR H[FLWH WKH
YLEUDWRU LV DQ +3�����+ ZLWK D SHDN�WR�SHDN PD[LPXP SRWHQWLDO GLmHUHQFH RI ��9� 7KH QRUPDO
FRPSRQHQW RI WKH GLVSODFHPHQWV LV UHFRUGHG DW WKH FHQWHU RI WKH URG EDVH E\ PHDQV RI WKH
LQWHUIHURPHWHU� DQG WKH UHVXOWLQJ KDUPRQLF VLJQDO LV YLVXDOL]HG ZLWK DQ RVFLOORVFRSH V\QFKURQL]HG
WR WKH JHQHUDWRU�

)LJXUH � VKRZV WKH YLEUDWLRQ DPSOLWXGH DQG SKDVH DW WKH GHWHFWLRQ SRLQW FRUUHVSRQGLQJ WR
GLmHUHQW IUHTXHQF\ YDOXHV FORVH WR UHVRQDQFH� IRU WKH WKLQ QLFNHO URG � PP LQ GLDPHWHU� ,Q WKLV
FDVH WKH nHOG + DSSOLHG WR WKH VDPSOH LV ]HUR� L�H�� WKH GHPDJQHWL]HG URG LV HYDOXDWHG� 0D[LPXP
DPSOLWXGH LV UHFRUGHG IRU D IUHTXHQF\ RI ����� +]� ZLWK D SKDVH FKDQJH RI { IRU D IUHTXHQF\ RI
����� +]� 7KH YDULDWLRQV LQ DPSOLWXGH DQG SKDVH FORVH WR UHVRQDQFH DUH YHU\ YLROHQW� WKRXJK WKH
IXQFWLRQV DUH QRW GLVFRQWLQXRXV DV ZRXOG EH H[SHFWHG LQ DQ LGHDO VLWXDWLRQ ZLWKRXW ORVVHV� WKLV
GHPRQVWUDWHV WKH H[LVWHQFH RI GDPSLQJ� 1HYHUWKHOHVV� WKH UHVRQDQFH SHDN LV VHHQ WR EH QDUURZ�
ZLWK D UDSLG SKDVH FKDQJH � L�H�� GDPSLQJ LV ZHDN� 7KH DSSDUHQW ZLGWK DQG SKDVH FKDQJH DUH
DPSOLnHG E\ WKH VFDOH HPSOR\HG�

7KH SUHYLRXVO\ PHQWLRQHG PHWKRG ZDV XVHG WR GHWHUPLQH WKH c( RI WKH QLFNHO URGV UHIHUUHG
WR DERYH� ,Q HDFK H[SHULPHQWDO VWDJH WKH nHOG + LQ ZKLFK WKH VDPSOH ZDV LQWURGXFHG ZDV NHSW
FRQVWDQW� DQG WKH YLEUDWRU H[FLWDWLRQ IUHTXHQF\ ZDV YDULHG WR VWXG\ WKH UHVSRQVH� )RU HDFK nHOG
+ ZH GHWHUPLQHG DPSOLWXGH DQG SKDVH DV D IXQFWLRQ RI IUHTXHQF\ WR HVWDEOLVK WKH FRUUHVSRQGLQJ
UHVRQDQFH IUHTXHQF\� 7KH H[SHULPHQWDO UHVXOWV REWDLQHG IRU WKH GHPDJQHWL]HG DQG VDWXUDWHG
VDPSOHV DUH UHoHFWHG LQ 7DEOH �� 7KH c( YDULDWLRQV ZHUH ���� DQG ����� ZLWK UHODWLYH (
XQFHUWDLQWLHV RI ����� DQG ����� FRUUHVSRQGLQJ WR WKH ������ DQG ������ QLFNHO SXULW\ URGV�
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UHVSHFWLYHO\� 7KH LPSURYHPHQW LQ WKH XQFHUWDLQW\ LV DmRUGHG E\ WKH SRVVLELOLW\ RI FRQGXFWLQJ D
SUDFWLFDOO\ FRQWLQXRXV VWXG\ RI V\VWHP UHVSRQVH IRU HDFK IUHTXHQF\�

2Q FRPSDULQJ WKHVH UHVXOWV ZLWK WKRVH REWDLQHG LQ WKH IUHH YLEUDWLRQ VWXG\� WKH GLmHUHQFH
LQ YDOXHV REVHUYHG FDQ EH DWWULEXWHG WR WKH GLmHUHQW IUHTXHQFLHV WDNHQ LQ FDOFXODWLQJ ( � DV
ZDUUDQWHG E\ WKH DVVRFLDWHG XQFHUWDLQW\ YDOXHV� 7KH nQDO IUHTXHQF\ XQFHUWDLQW\ ZLWK WKH IRUFHG
H[FLWDWLRQ PHWKRG LV OHVV WKDQ LQ WKH FDVH RI WKH IUHH YLEUDWLRQ VWXG\� VLQFH WKH +3�����+ VLJQDOV
JHQHUDWRU DOORZV LQGLYLGXDO +]�E\�+] VHOHFWLRQ RI WKH GHVLUHG H[FLWDWLRQ IUHTXHQF\ � LQ FRQWUDVW WR
WKH IUHH H[FLWDWLRQ PHWKRG� ZKHUH YDULDWLRQV LQ IUHTXHQF\ LQ WKH VLJQDO VSHFWUXP DUH SHUIRUPHG
RQ D VWHSZLVH EDVLV LQYROYLQJ �� RU �� +] LQWHUYDOV� :LWK WKLV PHWKRG WKH nQDO IUHTXHQF\
XQFHUWDLQW\ X�I�� SUHGRPLQDWHV WKH YDULDWLRQV REVHUYHG EHWZHHQ GLmHUHQW WHVW� 7KLV XQFHUWDLQW\
LV GLpFXOW WR UHGXFH� VLQFH WKH IXQFWLRQV JHQHUDWRU LQWURGXFHV RQO\ PLQRU XQFHUWDLQW\ YDOXHV ����
P+]��

2QH RI WKH FKDUDFWHULVWLFV RI WKH PHWKRG GHVFULEHG LV WKH GXDO UHFRUGLQJ RI DPSOLWXGH DQG
SKDVH� ZKLFK DOORZV XV WR HVWLPDWH SRVVLEOH ORVVHV LQ WKH PDWHULDO FDXVHG E\ HGG\ FXUUHQWV�
,Q WKH FDVH VWXGLHG� DQG IRU D FRQVWDQW PDJQHWLF nHOG� WKH HTXDWLRQ RI PRWLRQ IRU WKH YLEUDWLQJ
PHGLXP LQFOXGHV �IRU WKH VLPSOH PRGHO DQDO\]HG� DQ DGGLWLRQDO ERG\ IRUFH UHODWHG WR WKH DSSOLHG
PDJQHWLF nHOG >��@� DQG ZKLFK ZH VXSSRVH WR EH SURSRUWLRQDO WR WKH YHORFLW\ RI WKH SRUWLRQ RI WKH
URG VWXGLHG� 7KHVH ORVVHV SHU XQLW YROXPH DUH GXH WR HGG\ FXUUHQWV JHQHUDWHG DW WKH IUHTXHQFLHV
XVHG >��@� 7KH GLmHUHQWLDO HTXDWLRQ UHJXODWLQJ YLEUDWLRQ RI D SRUWLRQ RI WKH URG LV H[SUHVVHG DV
IROORZV�

#�X
#[�  

�
(
|
#�X
#W� � o #X#W � ���

ZKHUH X LV WKH ORQJLWXGLQDO GLVSODFHPHQW DVVRFLDWHG WR WKH YLEUDWLRQ SURSDJDWLQJ LQ WKH GLUHFWLRQ
RI WKH URG D[LV� o LV WKH SURSRUWLRQDOLW\ FRHpFLHQW UHODWLQJ YROXPH IRUFH DQG YHORFLW\�

T(|  Y�
UHSUHVHQWV WKH SKDVH YHORFLW\ LQ WKH FDVH WKDW QR DGGLWLRQDO WHUP H[LVWV DVVRFLDWHG WR ORVV� ,I
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ZH DVVXPH GLVSODFHPHQW RI WKH W\SH X  8� H[S M��Wb N[�� WKH IROORZLQJ HTXDWLRQ LV REWDLQHG�
DSSOLFDEOH WR HDFK VHFWLRQ RI WKH URG DQG GHnQLQJ LWV EHKDYLRU RYHU WLPH�

�
Y�

#�X
#W� � o #X#W � N�X  � � ���

7KLV HTXDWLRQ SUHGLFWV WKDW WKH YLEUDWLRQ RI HDFK VHFWLRQ LV GHWHUPLQHG E\ WKH SURGXFW RI
D GHFUHDVLQJ H[SRQHQWLDO IXQFWLRQ� ZLWK D GDPSLQJ FRHpFLHQW DVVRFLDWHG WR WKH UHVLVWLYH WHUP�
DQG D KDUPRQLF IXQFWLRQ ZKRVH YLEUDWLRQ IUHTXHQF\ LV OHVV WKDQ WKDW REWDLQHG LQ DQ LGHDO VHWWLQJ
VLPLODU WR WKDW DQDO\]HG� EXW ZLWKRXW ORVVHV�

,W LV WR EH H[SHFWHG WKDW ZKHQ WKH URG LV VXEMHFWHG WR IRUFHG KDUPRQLF YLEUDWLRQ DW RQH HQG�
WKH PD[LPXP YLEUDWLRQ IUHTXHQF\ FRUUHVSRQGV WR D IUHTXHQF\ VOLJKWO\ ORZHU WKDQ WKDW REVHUYHG
LQ WKH LGHDO VHWWLQJ ZLWKRXW ORVVHV � WKRXJK WKH SKDVH VKLIW ZRXOG EH GHWHFWHG IRU WKH UHVRQDQFH
IUHTXHQF\ I�� LQ WKH LGHDO VLWXDWLRQ ZLWKRXW UHVLVWLYH WHUP�

2Q DSSO\LQJ WKH DERYH FRQVLGHUDWLRQV WR RXU PRGHO� DQG FRQVLGHULQJ WKDW WKH PHWKRG DSSOLHG
SURYLGHV D GXDO UHFRUGLQJ RI DPSOLWXGH DQG SKDVH VKLIW YHUVXV IUHTXHQF\� DQ DQDO\VLV RI WKH UHVXOWV
EDVHG RQ WKH IUHTXHQF\ GLmHUHQFHV REWDLQHG FRUUHVSRQGLQJ WR PD[LPXP DPSOLWXGH DQG SKDVH
ZRXOG DOORZ XV WR HVWLPDWH WKH SRVVLEOH H[LVWHQFH RI ORVVHV FDXVHG E\ WKH JHQHUDWLRQ RI HGG\
FXUUHQWV� 7KH ORJDULWKPLF GHFUHPHQW p RI WKH VROXWLRQ WR HTXDWLRQ �� HTXDO WR o �I�� UHODWHV WKH
HQHUJ\ VWRUHG LQ WKH V\VWHP : � WR WKH HQHUJ\ GLVVLSDWHG SHU VHFRQG 3 � DV GHnQHG LQ >��@�

p  3
�I�: � ���

)RU WKLV URG� LQYROYLQJ ������ QLFNHO� LQ WKH SDUWLFXODU FDVH RI LWV GHPDJQHWL]HG VWDWH� D
GLmHUHQFH RI � +] EHWZHHQ WKH IUHTXHQF\ RI WKH SKDVH VKLIW DQG PD[LPXP DPSOLWXGH LV REWDLQHG�
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'DPSLQJ p� HVWLPDWHG ZLWK WKHVH GDWD HTXDOV ������� ZLWK DQ XQFHUWDLQW\ X�p� RI ���d��b�� WKXV
VKRZLQJ WKH ORVVHV LQ RXU FDVH WR EH VPDOO� 7KHVH UHVXOWV DJUHH ZLWK WKRVH UHSRUWHG HOVHZKHUH
>��@�

� &RQFOXVLRQV

7KH SUHVHQW VWXG\ GHWHUPLQHV WKH FKDQJH LQ HODVWLF PRGXOXV ZLWK WKH DSSOLHG PDJQHWLF nHOG�
DQG WKH PDJQHWRHODVWLF FRXSOLQJ FRHpFLHQW RI QLFNHO VDPSOHV EDVHG RQ WKH DQDO\VLV RI WKLQ URG
YLEUDWLRQV� 9LEUDWLRQ DW D SRLQW RI WKH VDPSOH LV UHJLVWHUHG ZLWK D KHWHURG\QH ODVHU LQWHUIHURPH�
WHU� )UHH YLEUDWLRQ RI WKH URG RU ZLUH LV SURGXFHG E\ D EURDG VSHFWUXP LPSDFW� DQG )RXULHU
DQDO\VLV RI WKH YLEUDWLRQ SURYLGHV VHYHUDO YLEUDWLRQ PRGHV � WKRXJK RQO\ WKH nUVW LV XVHG IRU
FDOFXODWLQJ (� 7KH GLmHUHQW ( YDOXHV DUH REWDLQHG ZLWK WKH VDPSOH SRVLWLRQHG ZLWKLQ GLmHUHQW
PDJQHWLF nHOGV + XQWLO VDPSOH VDWXUDWLRQ LV UHDFKHG� WKH UHODWLYH YDULDWLRQV RI ( LQ WKH VDWXUDWHG
VWDWH DUH DURXQG ���� IRU WKH URGV DQG ���� IRU WKH ZLUH� 7KH UHODWLYH PD[LPXP XQFHUWDLQW\ RI
WKH PHWKRG LV DERXW ����� WKRXJK WKLV nJXUH PD\ EH LPSURYHG E\ XVLQJ D GLJLWDO RVFLOORVFRSH
ZLWK D ODUJHU QXPEHU RI VDPSOH SRLQWV IRU WKH VDPH VDPSOLQJ IUHTXHQF\� 7KH UHVXOWV REWDLQHG
VKRZ WKH PHWKRG WR EH JRRG IRU WKH HYDOXDWLRQ RI c(� GXH WR WKH DEVHQFH RI FRQWDFW ZLWK WKH
VDPSOH � WKHUHE\ SUHYHQWLQJ H[WHUQDO IDFWRUV IURP DOWHULQJ WKH IUHTXHQF\� 0RUHRYHU� WKH PHWKRG
IDFLOLWDWHV WKH VLPSOH� SUHFLVH DQG UDSLG FKDUDFWHUL]DWLRQ RI URGV DQG ZLUHV�

$Q DOWHUQDWLYH PHWKRG LV DOVR XVHG WR HYDOXDWH c( EDVHG RQ WKH IRUFHG YLEUDWLRQ RI D VDPSOH�
7KH UHVXOWV FRUUHVSRQGLQJ WR c( REWDLQHG IRU QLFNHO VDPSOHV DUH DURXQG ����� ZLWK D UHODWLYH
PD[LPXP XQFHUWDLQW\ RI ����� 7KLV V\VWHP RmHUV JUHDW SUHFLVLRQ E\ DOORZLQJ D KLJK�UHVROXWLRQ
DQDO\VLV RI WKH IUHTXHQF\ UHVSRQVH� ,Q DGGLWLRQ� LW LV SRVVLEOH WR HVWLPDWH WKH PDJQHWLF ORVVHV
FDXVHG E\ WKH JHQHUDWLRQ RI HGG\ FXUUHQWV LQ WKH VDPSOH� 7KH PHWKRG LV VFDQWO\ RSHUDWLYH�
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KRZHYHU� VLQFH HDFK PHDVXUHPHQW UHTXLUHV FRQVLGHUDEOH WLPH� DV D UHVXOW� WKH LQWHUIHURPHWU\�
VDPSOH VHWXS WHQGV WR EHFRPH GHDOLJQHG� UHTXLULQJ UHSHDW FDOLEUDWLRQ RI WKH V\VWHP�
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�  �PP GHPDJQHWL]HG ����� �� ������ ���� ���������� ����
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