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5HDO�FRGHG $GDSWLYH 5DQJH *HQHWLF $OJRULWKPV

�$5*$V� KDYH EHHQ GHYHORSHG� 7KH UHDO�FRGHG $5*$V

SRVVHV ERWK DGYDQWDJHV RI WKH ELQDU\�FRGHG $5*$V DQG

WKH XVH RI WKH IORDWLQJ SRLQW UHSUHVHQWDWLRQ WR RYHUFRPH

WKH SUREOHPV RI KDYLQJ D ODUJH VHDUFK VSDFH WKDW UHTXLUHV

FRQWLQXRXV VDPSOLQJ� )LUVW� WKH HIILFLHQF\ DQG WKH

UREXVWQHVV RI WKH SURSRVHG DSSURDFK KDYH EHHQ

GHPRQVWUDWHG E\ XVLQJ D W\SLFDO WHVW IXQFWLRQ� 7KHQ WKH

SURSRVHG DSSURDFK KDV EHHQ DSSOLHG WR DQ DHURG\QDPLF

DLUIRLO VKDSH RSWLPL]DWLRQ SUREOHP� 7KH UHVXOWV FRQILUP

WKDW WKH UHDO�FRGHG $5*$V FRQVLVWHQWO\ ILQG EHWWHU

VROXWLRQV WKDQ WKH FRQYHQWLRQDO UHDO�FRGHG *$V GR� 7KH

GHVLJQ UHVXOW LV FRQVLGHUHG WR EH WKH JOREDO RSWLPDO DQG

WKXV HQVXUHV WKH IHDVLELOLW\ RI WKH UHDO�FRGHG $5*$V LQ

DHURG\QDPLF GHVLJQV�

�� ,1752'8&7,21

$HURG\QDPLF RSWLPL]DWLRQ RI D ZLQJ XVLQJ &RPSXWDWLRQDO

)OXLG '\QDPLFV �&)'� LV D FKDOOHQJLQJ SUREOHP GXH WR

WKH IROORZLQJ WKUHH UHDVRQV� )LUVW� WKH REMHFWLYH IXQFWLRQ

GLVWULEXWLRQV DUH H[WUHPHO\ URXJK DV SRLQWHG RXW LQ >�@�

RULJLQDWLQJ LQ QRQOLQHDULW\ RI WKH JRYHUQLQJ IORZ

HTXDWLRQV� 6HFRQG� WKH GHVLJQ VSDFH LV KLJKO\

PXOWLGLPHQVLRQDO� )RU H[DPSOH� D ZLQJ VKDSH LV XVXDOO\

SDUDPHWHUL]HG E\ RYHU ��� GHVLJQ YDULDEOHV VLQFH D ZLQJ

FRQVLVWV RI DQ HODERUDWHO\ FXUYHG VXUIDFH� 7KLUG� IXQFWLRQ

HYDOXDWLRQV DUH YHU\ H[SHQVLYH� $Q DHURG\QDPLF

HYDOXDWLRQ XVLQJ D 1DYLHU�6WRNHV FDOFXODWLRQ� IRU LQVWDQFH�

XVXDOO\ UHTXLUHV ����� PLQXWHV RI &38 WLPH RQ D YHFWRU

FRPSXWHU�

$PRQJ 2SWLPL]DWLRQ $OJRULWKPV� *UDGLHQW�EDVHG

0HWKRGV �*0V� DUH ZHOO�NQRZQ RSWLPL]DWLRQ DOJRULWKPV�

ZKLFK SUREH WKH RSWLPXP E\ FDOFXODWLQJ WKH ORFDO JUDGLHQW

LQIRUPDWLRQ� $OWKRXJK *0V DUH VXSHULRU WR RWKHU

RSWLPL]DWLRQ DOJRULWKPV LQ WKH ORFDO VHDUFK� WKH RSWLPXP

REWDLQHG IURP WKHVH PHWKRGV PD\ QRW EH D JOREDO RQH�

HVSHFLDOO\ LQ WKH DHURG\QDPLF RSWLPL]DWLRQ SUREOHPV�

2Q WKH RWKHU KDQG� *HQHWLF $OJRULWKPV �*$V� DUH NQRZQ

WR EH UREXVW RSWLPL]DWLRQ DOJRULWKPV PRGHOHG RQ WKH

PHFKDQLVP RI WKH QDWXUDO HYROXWLRQ� *$V KDYH FDSDELOLW\

RI ILQGLQJ D JOREDO RSWLPXP EHFDXVH WKH\ GRQ©W XVH DQ\

GHULYDWLYH LQIRUPDWLRQ DQG WKH\ VHDUFK IURP

PXOWLSOHSRLQWV� 7KHUHIRUH� *$V DUH D SURPLVLQJ DSSURDFK

WR DHURG\QDPLF RSWLPL]DWLRQV� +RZHYHU� WKHUH DUH

OLPLWDWLRQV LQ D SRSXODWLRQ VL]H DV ZHOO DV D QXPEHU RI

JHQHUDWLRQV DOORZHG�

)LQGLQJ D JOREDO RSWLPXP LQ WKH FRQWLQXRXV GRPDLQ LV

FKDOOHQJLQJ IRU *$V� ,Q WUDGLWLRQDO *$V� ELQDU\

UHSUHVHQWDWLRQ KDV EHHQ XVHG IRU FKURPRVRPHV� ZKLFK

HYHQO\ GLVFUHWL]HV D UHDO GHVLJQ VSDFH� $OWKRXJK VXFK

ELQDU\�FRGHG *$V KDYH EHHQ VXFFHVVIXOO\ DSSOLHG WR D

ZLGH UDQJH RI GHVLJQ RSWLPL]DWLRQ SUREOHPV �IRU H[DPSOH�

VHH >�@�>�@�� WKH\ VXIIHU IURP GLVDGYDQWDJHV� ZKHQ DSSOLHG

WR WKH UHDO�ZRUOG SUREOHPV LQYROYLQJ D ODUJH QXPEHU RI

UHDO GHVLJQ YDULDEOHV� 6LQFH ELQDU\ VXEVWULQJV UHSUHVHQWLQJ

HDFK SDUDPHWHU ZLWK WKH GHVLUHG SUHFLVLRQ DUH

FRQFDWHQDWHG WR IRUP D FKURPRVRPH IRU WKH *$V� WKH

UHVXOWLQJ FKURPRVRPH HQFRGLQJ D ODUJH QXPEHU RI GHVLJQ

YDULDEOHV ZRXOG UHVXOW LQ D KXJH VWULQJ OHQJWK� )RU

H[DPSOH� IRU ��� YDULDEOHV ZLWK D SUHFLVLRQ RI VL[ GLJLWV�

WKH VWULQJ OHQJWK LV DERXW ����� *$V ZRXOG SHUIRUP

SRRUO\ IRU VXFK GHVLJQ SUREOHPV� 3UHYLRXV DSSOLFDWLRQV

KDYH EHHQ NHSW DZD\ IURP WKLV SUREOHP E\ VDFULILFLQJ

SUHFLVLRQ RU QDUURZLQJ GRZQ WKH VHDUFK UHJLRQV SULRU WR

WKH RSWLPL]DWLRQ� +RZHYHU� VXFK DSSURDFKHV PLJKW

H[FOXGH WKH UHJLRQ WKDW DFWXDOO\ KDV WKH JOREDO RSWLPXP�

$QRWKHU GUDZEDFN RI WKH ELQDU\�FRGHG *$V DSSOLHG WR

SDUDPHWHU RSWLPL]DWLRQ SUREOHPV LQ FRQWLQXRXV GRPDLQV

FRPHV IURP GLVFUHSDQF\ EHWZHHQ WKH UHSUHVHQWDWLRQ VSDFH

DQG WKH SUREOHP VSDFH� )RU H[DPSOH� WZR SRLQWV FORVH WR

HDFK RWKHU LQ WKH UHSUHVHQWDWLRQ VSDFH PLJKW EH IDU LQ WKH

ELQDU\ UHSUHVHQWHG SUREOHP VSDFH� ,W LV VWLOO DQ RSHQ



TXHVWLRQ WR FRQVWUXFW DQ HIILFLHQW FURVVRYHU RSHUDWRU WKDW

VXLWV WR VXFK D PRGLILHG SUREOHP VSDFH�

$ VLPSOH VROXWLRQ WR WKHVH SUREOHPV LV WKH XVH RI IORDWLQJ

SRLQW UHSUHVHQWDWLRQ RI SDUDPHWHUV DV D FKURPRVRPH >�@�

,Q WKHVH UHDO�FRGHG *$V� D FKURPRVRPH LV FRGHG DV D

ILQLWH�OHQJWK VWULQJ RI WKH UHDO QXPEHUV FRUUHVSRQGLQJ WR

WKH GHVLJQ YDULDEOHV� 7KH UHDO�FRGHG *$V DUH UREXVW�

DFFXUDWH� DQG HIILFLHQW EHFDXVH WKH IORDWLQJ SRLQW

UHSUHVHQWDWLRQ LV FRQFHSWXDOO\ FORVHVW WR WKH UHDO GHVLJQ

VSDFH DQG PRUHRYHU� WKH VWULQJ OHQJWK LV UHGXFHG WR WKH

QXPEHU RI GHVLJQ YDULDEOHV� ,W KDV EHHQ UHSRUWHG WKDW WKH

UHDO�FRGHG *$V RXWSHUIRUPHG ELQDU\�FRGHG *$V LQ PDQ\

GHVLJQ SUREOHPV >�@� >�@� +RZHYHU� HYHQ WKH UHDO�FRGHG

*$V ZRXOG OHDG WR SUHPDWXUH FRQYHUJHQFH ZKHQ DSSOLHG

WR DHURG\QDPLF VKDSH GHVLJQV ZLWK D ODUJH QXPEHU RI

GHVLJQ YDULDEOHV�

$ PRUH VRSKLVWLFDWHG DSSURDFK LV WR G\QDPLFDOO\ DOWHU WKH

FRDUVHQHVV RI WKH VHDUFK VSDFH UHIHUUHG WR DV G\QDPLF

FRGLQJ� ,Q >�@� .ULVKQDNXPDU HW DO� SUHVHQWHG 6WRFKDVWLF

*HQHWLF $OJRULWKPV �6WRFKDVWLF *$V� WR HIILFLHQWO\ VROYH

SUREOHPV ZLWK ODUJH QXPEHU RI UHDO GHVLJQ SDUDPHWHUV�

7KH NH\ IHDWXUHV RI 6WRFKDVWLF *$V DUH�

�� (DFK ELQDU\ QXPEHU UHSUHVHQWV D UHJLRQ RI WKH UHDO

VSDFH LQVWHDG RI D VLQJOH SRLQW WR PDLQWDLQLQJ JRRG

SUHFLVLRQ ZLWK WKH VPDOO VWULQJ OHQJWK�

�� 7KRVH UHJLRQV DGDSW GXULQJ WKH RSWLPL]DWLRQ SURFHVV

DFFRUGLQJ WR WKH ���WK VXFFHVV UXOH DV (YROXWLRQDU\

6WUDWHJLHV �(6� WR LPSURYH HIILFLHQF\ DQG UREXVWQHVV�

$FWXDOO\� WKH 6WRFKDVWLF *$V KDYH EHHQ VXFFHVVIXOO\

DSSOLHG WR ,QWHJUDWHG )OLJKW 3URSXOVLRQ &RQWUROOHU GHVLJQV

>�@ DQG DLU FRPEDW WDFWLFV RSWLPL]DWLRQ >�@� $V WKH\

PHQWLRQHG� WKH 6WRFKDVWLF *$V EULGJH WKH JDS EHWZHHQ (6

DQG *$V WR KDQGOH ODUJH GHVLJQ SUREOHPV�

$GDSWLYH 5DQJH *HQHWLF $OJRULWKPV �$5*$V� DUH D TXLWH

QHZ DSSURDFK XVLQJ G\QDPLF FRGLQJ SURSRVHG E\

$UDNDZD DQG +DJLZDUD >�@ IRU ELQDU\�FRGHG *$V WR WUHDW

FRQWLQXRXV GHVLJQ VSDFH� 7KH HVVHQFH RI WKHLU LGHD LV WR

DGDSW WKH SRSXODWLRQ WRZDUG SURPLVLQJ GHVLJQ UHJLRQV

GXULQJ WKH RSWLPL]DWLRQ SURFHVV� ZKLFK HQDEOHV HIILFLHQW

DQG UREXVW VHDUFK LQ JRRG SUHFLVLRQ ZKLOH NHHSLQJ WKH

VWULQJ OHQJWK VPDOO� 0RUHRYHU� $5*$V HOLPLQDWH SULRU

GHILQLWLRQ RI ERXQGDULHV RI WKH VHDUFK UHJLRQV VLQFH

$5*$V GLVWULEXWH GHVLJQ FDQGLGDWHV DFFRUGLQJ WR WKH

QRUPDO GLVWULEXWLRQV RI WKH GHVLJQ YDULDEOHV LQ WKH SUHVHQW

SRSXODWLRQ� ,Q >��@� $5*$V KDYH EHHQ DSSOLHG WR SUHVVXUH

YHVVHO GHVLJQV DQG RXWSHUIRUPHG RWKHU RSWLPL]DWLRQ

DOJRULWKPV�

7KH REMHFWLYH RI WKH SUHVHQW ZRUN LV WR GHYHORS UREXVW DQG

HIILFLHQW *$V DSSOLFDEOH WR DHURG\QDPLF VKDSH GHVLJQV�

7R DFKLHYH WKLV JRDO� WKH LGHD RI WKH G\QDPLF FRGLQJ LV

LQFRUSRUDWHG ZLWK WKH XVHG RI WKH IORDWLQJ SRLQW

UHSUHVHQWDWLRQ� 6LQFH WKH LGHDV RI WKH 6WRFKDVWLF *$V DQG

WKH XVH RI WKH IORDWLQJ SRLQW UHSUHVHQWDWLRQ DUH

LQFRPSDWLEOH� $5*$V IRU IORDWLQJ SRLQW UHSUHVHQWDWLRQ DUH

GHYHORSHG� 7KH UHDO�FRGHG $5*$V DUH H[SHFWHG WR SRVVHV

ERWK DGYDQWDJHV RI WKH ELQDU\�FRGHG $5*$V DQG WKH

IORDWLQJ SRLQW UHSUHVHQWDWLRQ WR RYHUFRPH WKH SUREOHPV RI

KDYLQJ D ODUJH VHDUFK VSDFH WKDW UHTXLUHV FRQWLQXRXV

VDPSOLQJ� )LUVW� WR GLVSOD\ DGYDQWDJHV RI WKH SUHVHQW

DSSURDFK� WKH SURSRVHG DSSURDFK LV DSSOLHG WR D WHVW

IXQFWLRQ RSWLPL]DWLRQ SUREOHP� 7KHQ� DQ DHURG\QDPLF

DLUIRLO VKDSH RSWLPL]DWLRQ LV GHPRQVWUDWHG WR HQVXUH WKH

IHDVLELOLW\ RI WKH SURSRVHG DSSURDFK LQ DHURG\QDPLF

GHVLJQ SUREOHPV�

�� $'$37,9( 5$1*( *(1(7,& $/*25,7+06

$5*$V IRU ELQDU\ UHSUHVHQWDWLRQ

:KHQ FRQYHQWLRQDO ELQDU\�FRGHG *$V DUH DSSOLHG WR UHDO�

QXPEHU RSWLPL]DWLRQ SUREOHPV� GLVFUHWH YDOXHV RI UHDO

GHVLJQ YDULDEOHV
L
S DUH JLYHQ E\ HYHQO\ GLVFUHWL]LQJ

SULRU�GHILQHG VHDUFK UHJLRQV IRU HDFK GHVLJQ YDULDEOH

> PLQ�LS � PD[�LS @ DFFRUGLQJ WR WKH OHQJWK RI WKH ELQDU\
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ZKHUH WKH DYHUDJH
L

µ DQG WKH VWDQGDUG GHYLDWLRQ
L
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HDFK GHVLJQ YDULDEOH DUH GHWHUPLQHG E\ WKH SRSXODWLRQ

VWDWLVWLFV� 7KRVH YDOXHV DUH UHFRPSXWHG LQ HYHU\

JHQHUDWLRQ� 7KHQ� PDSSLQJ IURP D ELQDU\ VWULQJ LQWR D UHDO

QXPEHU LV JLYHQ VR WKDW WKH UHJLRQ EHWZHHQ
8%

1 ′ DQG
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ZKHUH 8%1 ′ DQG /%1 ′ DUH DGGLWLRQDO V\VWHP SDUDPHWHUV

GHILQHG LQ >���@� ,Q WKH $5*$V� JHQHV RI GHVLJQ

FDQGLGDWHV UHSUHVHQW UHODWLYH ORFDWLRQV LQ WKH XSGDWHG

UDQJH RI WKH GHVLJQ VSDFH� 7KHUHIRUH� WKH RIIVSULQJ DUH

VXSSRVHG WR UHSUHVHQW OLNHO\ D UDQJH RI DQ RSWLPDO YDOXH RI

GHVLJQ YDULDEOHV�

$OWKRXJK WKH RULJLQDO $5*$V KDYH EHHQ VXFFHVVIXOO\

DSSOLHG WR UHDO SDUDPHWHU RSWLPL]DWLRQV� WKHUH LV VWLOO URRP

IRU LPSURYHPHQW� 7KH ILUVW RQH LV KRZ WR VHOHFW WKH V\VWHP

SDUDPHWHUV 8%1 ′ DQG /%1 ′ RQ ZKLFK UREXVWQHVV DQG

HIILFLHQF\ RI $5*$V ODUJHO\ GHSHQG� 7KH VHFRQG RQH LV

WKH XVH RI FRQVWDQW LQWHUYDOV HYHQ QHDU WKH FHQWHU RI WKH

QRUPDO GLVWULEXWLRQV� 7KLUG RQH LV WKDW VLQFH JHQHV

UHSUHVHQWV UHODWLYH ORFDWLRQV� WKH RII VSULQJ EHFRPH

FRQVWDQWO\ DZD\ IURP WKH FHQWHUV RI WKH QRUPDO

GLVWULEXWLRQV ZKHQ WKH GLVWULEXWLRQV DUH XSGDWHG LQ WKH

RULJLQDO $5*$V� 7KHUHIRUH� WKH DFWXDO SRSXODWLRQ

VWDWLVWLFV GRHV QRW FRLQFLGH ZLWK WKH XSGDWHG SRSXODWLRQ

VWDWLVWLFV�

$5*$V IRU IORDWLQJ SRLQW UHSUHVHQWDWLRQ

,Q UHDO�FRGHG *$V� UHDO YDOXHV RI GHVLJQ YDULDEOH DUH

GLUHFWO\ FRGHG DV D UHDO VWULQJ LU �

LL
US = ���

ZKHUH PD[�PLQ� LLL SUS ≤≤
2U� VRPHWLPHV QRUPDOL]HG YDOXHV RI WKH GHVLJQ YDULDEOHV

DUH XVHG DV

PLQ�PLQ�PD[� �� LLLLL SUSSS +⋅−= ���

ZKHUH �� ≤≤ LU

7R HPSOR\ IORDWLQJ SRLQW UHSUHVHQWDWLRQ IRU $5*$V� WKH

UHDO YDOXHV RI GHVLJQ YDULDEOHV LS DUH UHZULWWHQ KHUH E\

WKH UHDO QXPEHUV LU GHILQHG LQ >���@ VR WKDW LQWHJUDO RI WKH

SUREDELOLW\ GLVWULEXWLRQ RI WKH QRUPDO GLVWULEXWLRQ IURP

∞− WR LSQ LV HTXDO WR LU DV
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ZKHUH WKH DYHUDJH Lµ DQG WKH VWDQGDUG GHYLDWLRQ Lσ RI HDFK

GHVLJQ YDULDEOH DUH FDOFXODWHG E\ WKH WRS KDOI RI WKH

SUHVHQW SRSXODWLRQ� 6FKHPDWLF YLHZ RI WKLV FRGLQJ LV

LOOXVWUDWHG LQ )LJ� �� ,W VKRXOG EH QRWHG WKDW WKH UHDO�FRGHG

$5*$V UHVROYH GUDZEDFNV RI WKH RULJLQDO $5*$V� QR

QHHG IRU VHOHFWLQJ 8%1 ′ DQG /%1 ′ DV ZHOO DV DUELWUDU\

UHVROXWLRQ QHDU WKH DYHUDJH� 7R SUHYHQW LQFRQVLVWHQF\

EHWZHHQ WKH DFWXDO DQG XSGDWHG SRSXODWLRQ VWDWLVWLFV� WKH

SUHVHQW $5*$V XSGDWH µ DQG σ HYHU\ 1 JHQHUDWLRQV DQG

WKHQ WKH SRSXODWLRQ LV UHLQLWLDOL]HG� )ORZFKDUW RI WKH

UHVXOWLQJ $5*$ LV VKRZQ LQ )LJ� ��

7R LPSURYH UREXVWQHVV RI WKH SUHVHQW $5*$V IXUWKHU�

UHOD[DWLRQ IDFWRUV µω DQG σω DUH LQWURGXFHG WR

XSGDWH WKH DYHUDJH DQG VWDQGDUG GHYLDWLRQ DV

�� SUHVHQWVDPSOLQJSUHVHQWQHZ µµωµµ µ −+= ���

�� SUHVHQWVDPSOLQJSUHVHQWQHZ σσωσσ σ −+= ����

ZKHUH ω ORZHU WKDQ � FRQWULEXWHV WR LPSURYH UREXVWQHVV

RI WKH $5*$V� VDPSOLQJµ DQG VDPSOLQJσ DUH GHWHUPLQHG

E\ VDPSOLQJ WKH WRS KDOI RI WKH SUHVHQW SRSXODWLRQ�

,Q WKLV VWXG\� µω � σω DQG 1 DUH VHW WR �� ��� DQG ��

UHVSHFWLYHO\� 7KH\ DUH GHWHUPLQHG E\ D SDUDPHWULF VWXG\

XVLQJ D VLPSOH WHVW IXQFWLRQ� 6HOHFWLRQ LV SHUIRUPHG

DFFRUGLQJ WR WKH UDQNLQJ XVLQJ WKH VWRFKDVWLF XQLYHUVDO

VDPSOLQJ >��@ FRXSOHG ZLWK WKH HOLWH VWUDWHJ\� 2QH�SRLQW

FURVVRYHU LV DOZD\V DSSOLHG WR UHDO�QXPEHU VWULQJV RI WKH

VHOHFWHG GHVLJQ FDQGLGDWHV� 0XWDWLRQ WDNHV SODFH DW D

SUREDELOLW\ RI ��� DQG WKHQ DGGV D UDQGRP GLVWXUEDQFH WR

WKH FRUUHVSRQGLQJ JHQH LQ WKH DPRXQW XS WR ����

�� 5(68/76

7HVW FDVH

3ULRU WR DWWDFN WKH DHURG\QDPLF VKDSH RSWLPL]DWLRQ� WKH

UHDO�FRGHG $5*$V ZHUH DSSOLHG WR D WHVW IXQFWLRQ

RSWLPL]DWLRQ SUREOHP� 7KH WHVW IXQFWLRQ LQ >�@ LV D

G\QDPLF FRQWURO DV
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ZKHUH� N[ LV D VWDWH� DQG X

&

LV WKH FRQWURO YHFWRU� 7KH

VHDUFK GRPDLQ LV >��������@ IRU HDFK NX � 7KH LQLWLDO VWDWH

�[ DQG WKH VL]H RI WKH FRQWURO YHFWRU DUH JLYHQ E\ ��� DQG

��� UHVSHFWLYHO\� +HUH� ��� JHQHUDWLRQV ZHUH DOORZHG ZLWK

D SRSXODWLRQ VL]H RI ���� )LYH WULDOV ZHUH UXQ IRU HDFK *$

FKDQJLQJ VHHGV IRU UDQGRP QXPEHUV WR JLYH GLIIHUHQW

LQLWLDO SRSXODWLRQV� )LJXUH � FRPSDUHV WKH RSWLPL]DWLRQ

KLVWRULHV IRU ERWK *$V� 7KH EROG OLQH LQGLFDWHV WKH

DQDO\WLFDOO\ REWDLQHG RSWLPXP YDOXH� :KLOH DOO WKH WULDOV

XVLQJ WKH FRQYHQWLRQDO *$ OHDG WR SUHPDWXUH FRQYHUJHQFH�

WKH $5*$ ILQG WKH JOREDO RSWLPXP DW HYHU\ WULDO�

$HURG\QDPLF DLUIRLO VKDSH RSWLPL]DWLRQ

7R GHPRQVWUDWH SHUIRUPDQFH RI WKH UHDO�FRGHG $5*$V LQ

FRPSDULVRQ ZLWK WKH FRQYHQWLRQDO UHDO�FRGHG *$V�

DHURG\QDPLF DLUIRLO VKDSH RSWLPL]DWLRQV ZHUH FDUULHG RXW�

7KH REMHFWLYH IXQFWLRQ ZDV WKH OLIW�WR�GUDJ UDWLR WR EH

PD[LPL]HG ZKHUH WKH IUHH VWUHDP 0DFK QXPEHU DQG WKH

DQJOH RI DWWDFN ZHUH VHW WR ��� DQG � GHJUHHV� UHVSHFWLYHO\�

7KH DLUIRLO WKLFNQHVV ZDV FRQVWUDLQHG VR WKDW WKH

PD[LPXP WKLFNQHVV ZDV JUHDWHU WKDQ ��� RI WKH FKRUG

OHQJWK� 7KH DHURG\QDPLF SHUIRUPDQFH RI HDFK GHVLJQ ZDV

HYDOXDWHG E\ WKH WZR�GLPHQVLRQDO 1DYLHU�6WRNHV VROYHU

EDVHG RQ D 79'�W\SH XSZLQG GLIIHUHQFLQJ >��@� WKH /8�

6*6 VFKHPH >��@ DQG WKH PXOWLJULG PHWKRG >��@�

$V GHVFULEHG LQ >��@� DHURG\QDPLF SHUIRUPDQFHV RI WKH
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