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(YROXWLRQDU\ $OJRULWKPV �($V� EDVHG RQ VWUXFWXUHG

FRGLQJ KDYH EHHQ SURSRVHG IRU DHURG\QDPLF

RSWLPL]DWLRQ RI ZLQJ GHVLJQ� )UDFWLRQDO IDFWRULDO GHVLJQ

LV XVHG WR LQYHVWLJDWH LQWHUDFWLRQV RI WKH GHVLJQ YDULDEOHV

WR GHWHUPLQH WKH DSSURSULDWH FRGLQJ VWUXFWXUH IRU ($V LQ

DGYDQFH� 7R LPSURYH HIILFLHQF\ DQG DFFXUDF\ RI WKLV

DSSURDFK� SDUDPHWHUL]DWLRQ WHFKQLTXHV RI DLUIRLO VKDSHV

DUH ILUVW WHVWHG WKURXJK UHSURGXFWLRQ RI D 1$6$

VXSHUFULWLFDO DLUIRLO� 7KHLU SHUIRUPDQFH LV DOVR H[DPLQHG

E\ SHUIRUPLQJ DHURG\QDPLF GHVLJQ RSWLPL]DWLRQ FRXSOHG

ZLWK D WZR�GLPHQVLRQDO 1DYLHU�6WRNHV FRGH� )LQDOO\�

WKUHH�GLPHQVLRQDO ZLQJ GHVLJQ LV RSWLPL]HG EDVHG RQ D

SRWHQWLDO IORZ FRGH DQG WKH GHVLJQ UHVXOW LV SUHVHQWHG�

���,1752'8&7,21

,Q DHURG\QDPLF GHVLJQV� (YROXWLRQDU\ $OJRULWKPV �($V�

IRU H[DPSOH� VHH >�@� KDYH LQFUHDVLQJO\ EHFRPH SRSXODU

GXH WR WKH UHPDUNDEOH UREXVWQHVV DQG VLPSOLFLW\ LQ

FRXSOLQJ &)' FRGHV WRJHWKHU� ($V KDYH EHHQ

VXFFHVVIXOO\ DSSOLHG WR DHURG\QDPLF GHVLJQV RI WZR�

 �*UDGXDWH 6WXGHQW� 'HSW� RI $HURQDXWLFV DQG 6SDFH
(QJLQHHULQJ� (�PDLO� R\DPD#DG�PHFK�WRKRNX�DF�MS
 �$VVRFLDWH 3URIHVVRU� 'HSW� RI $HURQDXWLFV DQG 6SDFH
(QJLQHHULQJ� 6HQLRU 0HPEHU $,$$�
° 3URIHVVRU� 'HSW� RI $HURQDXWLFV DQG 6SDFH (QJLQHHULQJ�
$VVRFLDWH )HOORZ $,$$�
 �6HQLRU 6FLHQWLVW� &RPSXWDWLRQDO 6FLHQFH 'LYLVLRQ� $VVRFLDWH
)HOORZ $,$$�

&RS\ULJKW  ���� E\ WKH $PHULFDQ ,QVWLWXWH RI $HURQDXWLFV
DQG $VWURQDXWLFV� ,QF� $OO ULJKWV UHVHUYHG�

GLPHQVLRQDO VKDSHV VXFK DV DLUIRLOV DQG WXUELQH EODGHV

>���@� (YHQ D WKUHH�GLPHQVLRQDO ZLQJ GHVLJQ KDV EHHQ

GHPRQVWUDWHG E\ VLPSOLI\LQJ WKH JHRPHWU\ GHILQLWLRQ

DFFRUGLQJ WR VXEVRQLF DHURG\QDPLFV >�@�

+RZHYHU� DSSOLFDWLRQ RI ($V WR UHDO�ZRUOG SUREOHPV

LQ DHURG\QDPLF RSWLPL]DWLRQ PD\ QRW EH VWUDLJKWIRUZDUG�

6LQFH VXFK RSWLPL]DWLRQ SUREOHPV XVXDOO\ UHTXLUH D ODUJH

QXPEHU RI GHVLJQ YDULDEOHV� WKH\ KDYH D KLJKO\ PXOWL�

GLPHQVLRQDO VHDUFK VSDFH DQG H[WUHPHO\ FRPSOLFDWHG

REMHFWLYH IXQFWLRQ GLVWULEXWLRQ� :LWKRXW QDUURZLQJ GRZQ

WKH VHDUFK UHJLRQ� HYHQ ($V ZRXOG IDLO WR ILQG D JOREDOO\

RSWLPXP GHVLJQ� $ WUDQVRQLF ZLQJ GHVLJQ PLJKW EH D

W\SLFDO FDVH�

:KHQ ($V DUH DSSOLHG WR HQJLQHHULQJ RSWLPL]DWLRQ

SUREOHPV� WKH FRPSOH[LW\ LQ WKH REMHFWLYH IXQFWLRQ

DSSHDUV DV LQWHUDFWLRQV DPRQJ GHVLJQ SDUDPHWHUV� 7KHVH

LQWHUDFWLRQV DUH RIWHQ UHIHUUHG DV ¦HSLVWDVLV§�

FRUUHVSRQGLQJ WR WKH WHUP XVHG LQ ELRORJ\� ,I HSLVWDVLV RI

GHVLJQ YDULDEOHV FDQ EH LGHQWLILHG LQ DGYDQFH� D VPRRWKHU

ODQGVFDSH RI WKH REMHFWLYH IXQFWLRQ FDQ EH UHSURGXFHG E\

UHDUUDQJLQJ WKH HQFRGLQJ RI GHVLJQ YDULDEOHV� 7KHUHIRUH�

D SURSHUO\ VWUXFWXUHG FRGLQJ FDQ EH FRQVWUXFWHG E\ WKH

HSLVWDVLV DQDO\VLV� +RZHYHU� DQ H[KDXVWLYH VHDUFK RI

HSLVWDVLV UHTXLUHV DV PDQ\ &)' DQDO\VLV
V� DV WKRVH

UHTXLUHG IRU ($V LWVHOI� 2EYLRXVO\� FRPSXWDWLRQDO HIIRUW

IRU VXFK SUHSURFHVVLQJ LV SURKLELWLYH�

,Q >�@� ($ ZLWK WKH VWUXFWXUHG FRGLQJ KDYH EHHQ

DSSOLHG WR D WUDQVRQLF ZLQJ VKDSH GHVLJQ� ZKHUH ZLQJ

SURILOHV ZHUH GHILQHG E\ WKH H[WHQGHG -RXNRZVNL

WUDQVIRUPDWLRQ >�@� ,Q WKLV VWXG\� )UDFWLRQDO )DFWRULDO

'HVLJQ �))'� >�@� ZDV DSSOLHG WR H[DPLQH WKH HSLVWDVLV

RI WKH GHVLJQ YDULDEOHV� ))' LV D VWDWLVWLFDO WRRO DQG LW KDV

EHHQ GHYHORSHG WR JDLQ VXIILFLHQW LQIRUPDWLRQ IURP D

�

$PHULFDQ ,QVWLWXWH RI $HURQDXWLFV DQG $VWURQDXWLFV



VWUXFWXUHG VHW RI FRKHUHQW WHVWV DW WKH OHDVW H[SHQGLWXUH RI

UHVRXUFHV�

$OWKRXJK WKH VWUXFWXUHG FRGLQJ LPSURYHG WKH GHVLJQ

SHUIRUPDQFH EHWWHU WKDQ WKH UHJXODU VHTXHQWLDO FRGLQJ LQ

5HI� �� FDSDELOLW\ RI WKH H[WHQGHG -RXNRZVNL

WUDQVIRUPDWLRQ PD\ EH LQ TXHVWLRQ� 7KH H[WHQGHG

-RXNRZVNL WUDQVIRUPDWLRQ FDQ UHSURGXFH YDULRXV NLQGV RI

DLUIRLOV ZLWK VPDOO QXPEHU RI GHVLJQ YDULDEOHV� VWLOO LW

PD\ QRW EH DGHTXDWH IRU UHDO�ZRUOG DSSOLFDWLRQV�

HVSHFLDOO\ IRU WUDQVRQLF DLUIRLO GHILQLWLRQV�

7KH REMHFWLYH RI WKH SUHVHQW VWXG\ LV WR FRQVWUXFW DQ

($�EDVHG WUDQVRQLF ZLQJ VKDSH RSWLPL]DWLRQ PHWKRG

XVLQJ D PRUH SUHFLVH DLUIRLO SDUDPHWHUL]DWLRQ WHFKQLTXH�

)LUVW� WKH DFFXUDF\ RI DLUIRLO SDUDPHWHUL]DWLRQ WHFKQLTXHV

ZLOO EH WHVWHG WKURXJK UHSURGXFWLRQ RI D 1$6$

VXSHUFULWLFDO DLUIRLO� 7KHQ� WKRVH WHFKQLTXHV ZLOO EH

FRPSDUHG E\ SHUIRUPLQJ DQ DLUIRLO VKDSH RSWLPL]DWLRQ

EDVHG RQ DQ ($ FRXSOHG ZLWK D WZR�GLPHQVLRQDO 1DYLHU�

6WRNHV VROYHU� )LQDOO\� WKH WKUHH�GLPHQVLRQDO ZLQJ VKDSH

RSWLPL]DWLRQ ZLOO EH SHUIRUPHG E\ XVLQJ DQ ($ EDVHG RQ

WKH VWUXFWXUHG FRGLQJ GHULYHG IURP ))'� 7KH SUHVHQW

UHVXOWV ZLOO EH FRPSDUHG ZLWK WKRVH REWDLQHG E\ WKH

H[WHQGHG -RXNRZVNL WUDQVIRUPDWLRQ�

���$3352$&+

��� (92/87,21$5< $/*25,7+06

(YROXWLRQDU\ $OJRULWKPV DUH HPHUJHQW QXPHULFDO

RSWLPL]DWLRQ DOJRULWKPV PRGHOHG RQ PHFKDQLVP RI WKH

QDWXUDO HYROXWLRQ� ZKLFK FRQVLVWV RI ILWQHVV HYDOXDWLRQ RI

LQGLYLGXDOV� VHOHFWLRQ DFFRUGLQJ WR WKH ILWQHVV� FURVVRYHU

DQG PXWDWLRQ RI PDWLQJ SDLU
V JHQHV� :KHQ ($V DUH

DSSOLHG WR QXPHULFDO RSWLPL]DWLRQV� ILWQHVV� LQGLYLGXDO

DQG JHQHV XVXDOO\ FRUUHVSRQG WR REMHFWLYH IXQFWLRQ YDOXH�

GHVLJQ FDQGLGDWH� DQG GHVLJQ YDULDEOHV� UHVSHFWLYHO\� 7KH

LQLWLDO FDQGLGDWHV DUH XVXDOO\ FUHDWHG UDQGRPO\� 7KH

IORZFKDUW RI D W\SLFDO ($ LV LOOXVWUDWHG LQ )LJ� ��

2QH RI WKH NH\ IHDWXUHV RI ($V LV WKDW WKH\ VHDUFK IURP

PXOWLSOH SRLQWV� LQVWHDG RI PRYLQJ IURP D VLQJOH SRLQW

OLNH JUDGLHQW�EDVHG PHWKRGV� ,Q DGGLWLRQ� WKH\ UHTXLUH QR

GHULYDWLYHV RU JUDGLHQWV RI WKH REMHFWLYH IXQFWLRQ� 7KHVH

IHDWXUHV OHDG WR UHPDUNDEOH UREXVWQHVV LQ RSWLPL]DWLRQ

DQG VLPSOLFLW\ LQ FRXSOLQJ &)' FRGHV WRJHWKHU� ,Q

DGGLWLRQ� SDUDOOHO HIILFLHQF\ PD\ EH H[WUHPHO\ KLJK E\

XVLQJ D VLPSOH PDVWHU�VODYH FRQFHSW IRU IXQFWLRQ

HYDOXDWLRQV� LI VXFK HYDOXDWLRQV FRQVXPH PRVW RI &38

WLPH� $HURG\QDPLF RSWLPL]DWLRQ XVLQJ &)' ZLOO EH D

W\SLFDO FDVH�

7R LPSURYH WKH UREXVWQHVV RI ($V IXUWKHU� $GDSWLYH

5DQJH *HQHWLF $OJRULWKP �$5*$� >����@ ZDV

LQWURGXFHG LQ WKH WZR�GLPHQVLRQDO RSWLPL]DWLRQ� $5*$

ZHUH RULJLQDOO\ GHYHORSHG E\ $UDNDZD IRU ELQDU\�FRGHG

*HQHWLF $OJRULWKPV >��@� 7KH $5*$ FDQ RYHUFRPH

GLIILFXOW\ LQ VROYLQJ ODUJH�VFDOH GHVLJQ RSWLPL]DWLRQ

SUREOHPV SURPRWLQJ WKH SRSXODWLRQ WRZDUG SURPLVLQJ

GHVLJQ UHJLRQV GXULQJ WKH RSWLPL]DWLRQ SURFHVV� ,W ZDV

DGDSWHG IRU WKH UHDO�QXPEHU FRGLQJ XVHG KHUH�

([WHQVLRQ RI ($V WR PXOWLSOH�REMHFWLYH GHVLJQ

SUREOHPV LV DOVR VWUDLJKWIRUZDUG� %\ XVLQJ WKH 3DUHWR�

UDQNLQJ PHWKRG DQG WKH ILWQHVV VKDULQJ >��@� ($V FDQ

VDPSOH SRVVLEOH WUDGHRII VROXWLRQV JOREDOO\ IURP WKH

GHVLJQ VSDFH� 7KLV JLYHV DQ DSSUR[LPDWLRQ RI WKH WUDGHRII

VXUIDFH LQ WKH GHVLJQ VSDFH� ,Q WKLV VWXG\� WKH EHVW�1

VHOHFWLRQ >��@ LV LQFRUSRUDWHG� ZKHUH WKH EHVW 1

LQGLYLGXDOV DUH VHOHFWHG IRU WKH QH[W JHQHUDWLRQ DPRQJ 1

SDUHQWV DQG 1 FKLOGUHQ VR WKDW 3DUHWR VROXWLRQV ZLOO EH

NHSW RQFH WKH\ DUH IRUPHG�

��� )5$&7,21$/ )5$&725,$/ '(6,*1

$ SDUDPHWULF VWXG\ LV RIWHQ FRQGXFWHG E\ YDU\LQJ RQH

SDUDPHWHU DW D WLPH RU E\ WULDO DQG HUURU IRU D OLPLWHG

QXPEHU RI SDUDPHWHUV� +RZHYHU� VXFK DSSURDFKHV RQO\

OHDG WR LQFRPSOHWH NQRZOHGJH IRU D ODUJH GHVLJQ VSDFH�

$Q H[KDXVWLYH VHDUFK� LQ FRQWUDVW� UHTXLUHV XQDFFHSWDEO\

ODUJH QXPEHU RI H[SHULPHQWV DQG WKXV WKH\ DUH QRW

VXLWDEOH WR UHDO�ZRUOG SUREOHPV� )RU LQVWDQFH� D FRPSOHWH

VWXG\ RI D GHVLJQ VSDFH RI �� SDUDPHWHUV ZLWK � OHYHOV

UHTXLUHV ���  ����� H[SHULPHQWV�

))' LV D VWDWLVWLFDO DSSURDFK WKDW KDV EHHQ GHYHORSHG

WR JDLQ VXIILFLHQW LQIRUPDWLRQ IURP D VWUXFWXUHG VHW RI

FRKHUHQW WHVWV DW WKH OHDVW H[SHQGLWXUH RI UHVRXUFHV� ,W

UHGXFHV WKH UHTXLUHG QXPEHU RI H[SHULPHQWV E\ DUUDQJLQJ

WKH H[SHULPHQWV DFFRUGLQJ WR WKH RUWKRJRQDO DUUD\� 7KH

HIIHFWLYHQHVV RI IDFWRUV DQG WKHLU LQWHUDFWLRQV DUH

HVWLPDWHG E\ )�WHVWV� ))' ZDV RULJLQDOO\ GHYHORSHG E\

5�$� )LVKHU� 7KHVH GD\V� ))' LV RIWHQ XVHG IRU VFUHHQLQJ

H[SHULPHQW RI WKH UHVSRQVH VXUIDFH PHWKRG�

���$,5)2,/�3$5$0(7(5,=$7,21

��� 7+( (;7(1'(' -28.2:6.,

75$16)250$7,21

(TXDWLRQ ��� LV ZHOO NQRZQ DV WKH -RXNRZVNL

�

$PHULFDQ ,QVWLWXWH RI $HURQDXWLFV DQG $VWURQDXWLFV



WUDQVIRUPDWLRQ WKDW WUDQVIRUPV D FLUFOH LQWR YDULRXV

DLUIRLOV�
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7KH H[WHQGHG -RXNRZVNL WUDQVIRUPDWLRQ >�@ JLYH IXUWKHU

YDULHW\ LQ WKH UHVXOWDQW DLUIRLO VKDSHV XVLQJ D SUHOLPLQDU\

WUDQVIRUPDWLRQ EHIRUH WKH -RXNRZVNL WUDQVIRUPDWLRQ DV
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ZKHUH ε DQG ∆ DUH D FRPSOH[ QXPEHU DQG D UHDO QXPEHU�

UHVSHFWLYHO\� 7KH DLUIRLO VKDSH LV GHILQHG E\ �

SDUDPHWHUV� FHQWHU RI WKH FLUFOH =F� UHDO SDUW DQG

LPDJLQDU\ SDUW RI ε� DQG ∆. $Q H[DPSOH RI WKH H[WHQGHG
-RXNRZVNL WUDQVIRUPDWLRQ LV LOOXVWUDWHG LQ )LJ� ��

,QVWHDG RI WKH UDZ GHVLJQ YDULDEOHV �=
F
� ε� ∆�� WKH

SUHVHQW GHVLJQ YDULDEOHV DUH JLYHQ E\ �[F� \F� [W� \W� ∆�
ZKHUH WKH FHQWHU RI WKH FLUFOH =F DQG WKH FRPSOH[ QXPEHU

ε FRUUHVSRQG WR WKH SRVLWLRQ �[
F� \F� DQG �[W� \W��

UHVSHFWLYHO\� ∆  LV WKH SUHOLPLQDU\ PRYHPHQW LQ WKH UHDO

D[LV� ,W LV NQRZQ WKDW [F DQG [W DUH UHODWHG WR WKH DLUIRLO

WKLFNQHVV ZKLOH \F DQG \W DUH UHODWHG WR WKH DLUIRLO FDPEHU�

��� 7+( ,19(56( 7+(2'256(1

75$16)250$7,21

$Q\ JLYHQ DLUIRLO VKDSH FDQ EH WUDQVIRUPHG LQWR D XQLW

FLUFOH� XVLQJ WKH -RXNRZVNL WUDQVIRUPDWLRQ DQG D SULPDU\

DSSUR[LPDWLRQ DV
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ZKHUH WKH FRPSOH[ QXPEHUV
Q

& DUH GHWHUPLQHG E\ WKH

)DVW )RXULHU 7UDQVIRUPDWLRQ >��@� 7KH LQYHUVH

7KHRGRUVHQ WUDQVIRUPDWLRQ FDQ EH XVHG WR SDUDPHWHUL]H

DQ DLUIRLO VKDSH� 7KH DFFXUDF\ RI WKLV WHFKQLTXH GHSHQGV

RQ WKH WUXQFDWLRQ RI VXPPDWLRQ LQ (T� ���� ,Q WKLV VWXG\�

DQ DLUIRLO VKDSH LV GHILQHG E\ �� SDUDPHWHUV� ZKLFK

FRUUHVSRQGV WR WKH WUXQFDWLRQ DW WKH VL[WK WHUP�

��� %�63/,1( &859(6

3DUDPHWHUL]DWLRQ XVLQJ WKH WKLUG�RUGHU %�6SOLQH FXUYHV LV

RQH RI WKH PRVW SRSXODU DSSURDFKHV IRU DLUIRLO GHVLJQV�

7KH GHVLJQ SDUDPHWHUV DUH SRVLWLRQV RI FRQWURO SRLQWV RI

WKH %�6SOLQH FXUYHV� ,Q WKLV VWXG\� DLUIRLO JHRPHWU\ LV

VSOLW LQWR D PHDQ FDPEHU OLQH DQG WKLFNQHVV GLVWULEXWLRQ�

)LYH FRQWURO SRLQWV DUH XVHG IRU HDFK RI WKH PHDQ FDPEHU

OLQH DQG WKH WKLFNQHVV GLVWULEXWLRQ �)LJ� ��� 6LQFH

ORFDWLRQV RI WKH OHDGLQJ HGJH DQG WUDLOLQJ HGJH DUH IUR]HQ�

�� GHVLJQ YDULDEOHV DUH UHTXLUHG WR JLYH DQ DLUIRLO VKDSH�

��� 257+2*21$/ 6+$3( )81&7,216

7KHUH LV D FODVV RI SDUDPHWHUL]DWLRQ WHFKQLTXHV EDVHG RQ

OLQHDU FRPELQDWLRQ RI VKDSH IXQFWLRQV� ,�&KXQJ &KDQJ HW

DO� KDYH SURSRVHG DQ SRO\QRPLDO IXQFWLRQ WR

SDUDPHWHUL]H XSSHU DQG ORZHU VXUIDFHV RI DQ DLUIRLO XVLQJ

RUWKRJRQDO VKDSH IXQFWLRQV WR UHGXFH WKH UHTXLUHG GHVLJQ

SDUDPHWHUV >��@�
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7KLV DSSURDFK IRU WKH DLUIRLO SDUDPHWHUL]DWLRQ LV D

GHULYDWLYH RI WKH RULJLQDO 1$&$ PHWKRG >��@� 7KH

QXPEHU RI SDUDPHWHUV LV ���

��� 62%,(&=.< 6+$3( )8&7,216

$QRWKHU DSSURDFK XVLQJ OLQHDU FRPELQDWLRQ RI VKDSH

IXQFWLRQV LV SURSRVHG E\ 6RELHF]N\ >��@� 7KH NH\

FRQFHSW LV WKDW WKH FKRLFH RI GHVLJQ SDUDPHWHUV VKRXOG EH

EDVHG RQ WKH IORZ VWUXFWXUH DURXQG DQ DLUIRLO DQG

WKHUHIRUH� DHURG\QDPLF SHUIRUPDQFH� $Q DLUIRLO VKDSH LV

GHILQHG E\ EDVLF JHRPHWULF SDUDPHWHUV LQVWHDG RI WKH

FRHIILFLHQWV RI VKDSH IXQFWLRQV WKHPVHOYHV� OHDGLQJ�HGJH

UDGLXV� XSSHU DQG ORZHU FUHVW ORFDWLRQ LQFOXGLQJ

FXUYDWXUHV� WUDLOLQJ�HGJH RUGLQDWH� WKLFNQHVV� GLUHFWLRQ

DQG ZHGJH DQJOH� 7KRVH SDUDPHWHUV DUH LOOXVWUDWHG LQ )LJ�

�� 7KH IROORZLQJ SRO\QRPLDOV DUH XVHG IRU WKH JHRPHWU\

GHILQLWLRQ�

∑
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,Q WKLV VWXG\� WUDLOLQJ�HGJH WKLFNQHVV LV IUR]HQ WR �� ,Q

WRWDO� �� GHVLJQ YDULDEOHV DUH XVHG WR JLYH DQ DLUIRLO

VKDSH�

���5(68/76

��� 5(352'8&7,21 2) 1$6$

683(5&5,7,&$/ $,5)2,/

7R H[DPLQH DFFXUDF\ RI DLUIRLO SDUDPHWHUL]DWLRQ

�

$PHULFDQ ,QVWLWXWH RI $HURQDXWLFV DQG $VWURQDXWLFV



WHFKQLTXHV� UHSURGXFWLRQ RI D 1$6$ VXSHUFULWLFDO DLUIRLO

6&�������� ZDV ILUVW SHUIRUPHG E\ PHDQV RI ($V

PLQLPL]LQJ GLIIHUHQFHV EHWZHHQ WKH 6&�������� DLUIRLO

JHRPHWU\ DQG DLUIRLO VKDSHV UHSURGXFHG E\ WKH

SDUDPHWHUL]DWLRQV� 7R LPSURYH WKH FDSDELOLW\ RI ILQGLQJ D

JOREDO RSWLPXP� D UHDO�FRGHG $5*$ ZDV XVHG� ,Q WKH

HYROXWLRQDU\ SURFHVV� ��� JHQHUDWLRQV ZHUH UXQ IRU ILYH

WLPHV ZLWK D SRSXODWLRQ VL]H RI ���� +HUH� WUDLOLQJ�HGJH

RUGLQDWH RI WKH 6RELHF]N\ DLUIRLO ZDV IUR]HQ WR � IRU

FRPSDULVRQ SXUSRVH�

7KH UHSURGXFHG DLUIRLOV DQG WKH FRUUHVSRQGLQJ

UHVLGXDOV DUH SUHVHQWHG LQ )LJ� � DQG 7DEOH� ��

UHVSHFWLYHO\� ,W VKRXOG EH QRWHG WKDW ILYH UXQV ZHUH

SHUIRUPHG IRU HDFK DLUIRLO EXW WKH GLIIHUHQFH ZDV

QHJOLJLEOH� 7KH UHVXOWV VKRZ WKDW WKH 6&�������� DLUIRLO

LV LQFOXGHG LQ WKH SDUDPHWHUL]HG VSDFH RI 6RELHF]N\�

7KHRGRUVHQ� DQG %�6SOLQH DLUIRLOV� 7KH UHVLGXDOV RI WKRVH

DLUIRLOV LQ 7DEOH � DUH QRW FRQYHUJHG WR PDFKLQH�]HUR GXH

WR WKH EUXQW WUDLOLQJ HGJH RI WKH 6&�������� DLUIRLO�

7KH H[WHQGHG -RXNRZVNL DLUIRLO DQG WKH DLUIRLO XVLQJ

RUWKRJRQDO VKDSH IXQFWLRQV KDYH IDLOHG WR UHDFK WKH

6&�������� DLUIRLO� 2EYLRXVO\� IDLOXUH RI WKH H[WHQGHG

-RXNRZVNL DLUIRLO LV GXH WR WKH LQVXIILFLHQW GHVLJQ VSDFH�

$OWKRXJK WKH VHW RI WKH RUWKRJRQDO VKDSH IXQFWLRQV

LQFOXGHV WKH JHQHUDWRU RI WKH 1$&$ ��GLJLW DLUIRLOV� ($

XVLQJ WKH RUWKRJRQDO VKDSH IXQFWLRQV KDV DOVR IDLOHG WR

UHDFK WKH 1$&$ ���� DLUIRLO �WKH UHVXOW LV QRW VKRZQ

KHUH�� 7KHVH UHVXOWV LQGLFDWH WKDW WKH DLUIRLO GHILQLWLRQ

XVLQJ RUWKRJRQDO VKDSH IXQFWLRQV LV QRW VXLWHG IRU ($�

EDVHG RSWLPL]DWLRQ EHFDXVH RI WKH GLIILFXOW\ LQ WKH

RSWLPL]DWLRQ SURFHVV�

��� 7:2�',0(16,21$/

$(52'<1$0,& '(6,*16

1H[W� DHURG\QDPLF RSWLPL]DWLRQV RI DQ DLUIRLO VKDSH ZHUH

GHPRQVWUDWHG WR H[DPLQH WKH DLUIRLO SDUDPHWHUL]DWLRQV

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

WR EH PD[LPL]HG� 7KH IUHH VWUHDP 0DFK QXPEHU DQG WKH

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

UHVSHFWLYHO\� 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

>��@� 7KH DLUIRLO WKLFNQHVV ZDV FRQVWUDLQHG VR WKDW WKH

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

OHQJWK� 7KH UHDO�FRGHG $5*$ ZDV XVHG WR PD[LPL]H WKH

REMHFWLYH IXQFWLRQ ZKHUH WKH SRSXODWLRQ VL]H DQG WKH

QXPEHU RI JHQHUDWLRQV ZHUH ERWK ���� 7ZR WULDOV ZHUH

SHUIRUPHG IRU HDFK DLUIRLO SDUDPHWHUL]DWLRQ� 7UDLOLQJ�

HGJH RUGLQDWH RI WKH 6RELHF]N\ DLUIRLO ZDV DJDLQ IUR]HQ

WR � IRU FRPSDULVRQ SXUSRVH�

)LJXUH � VKRZV WKH RSWLPL]DWLRQ KLVWRU\� 7KH

DHURG\QDPLF SHUIRUPDQFHV RI WKH GHVLJQ UHVXOWV DUH

VXPPDUL]HG LQ 7DEOH �� 7KHVH UHVXOWV LOOXVWUDWH WKDW WKH

SHUIRUPDQFH RI WKH GHVLJQHG DLUIRLO JUHDWO\ GHSHQGV RQ

WKH FKRLFH RI WKH SDUDPHWHUL]DWLRQ WHFKQLTXHV�

($ XVLQJ WKH 6RELHF]N\ VKDSH IXQFWLRQV KDV UHDFKHG

WR WKH DLUIRLO VKDSH RI WKH EHVW SHUIRUPDQFH� 7KH SUHVHQW

JRRG GHVLJQ SUREDEO\ RULJLQDWHV LQ WKH VHOHFWLRQ RI

GHVLJQ SDUDPHWHUV WKDW DUH GLUHFWO\ UHODWHG WR WKH

NQRZOHGJH RI WUDQVRQLF IORZV DURXQG WKH DLUIRLO� 7KLV

SDUDPHWHUL]DWLRQ JLYHV WKH GHVLJQ VSDFH ZLGH HQRXJK DV

VKRZQ LQ WKH SUHYLRXV VHFWLRQ� ZKLFK DOVR KHOSV ILQGLQJ D

JOREDO RSWLPXP�

7KH UHVXOWLQJ DLUIRLO VKDSH DQG WKH FRUUHVSRQGLQJ &S

GLVWULEXWLRQ DUH VKRZQ LQ )LJ� �� 7KH VXUIDFH SUHVVXUH

GLVWULEXWLRQ LV VLPLODU WR WKDW RI 1$6$ VXSHUFULWLFDO

DLUIRLOV� VXFK DV DQ DSSUR[LPDWHO\ XQLIRUP GLVWULEXWLRQ

�URRIWRS� RQ WKH XSSHU VXUIDFH� D ZHDN VKRFN ZDYH

VLJQLILFDQWO\ DIW RI WKH PLGFKRUG� D SUHVVXUH SODWHDX

GRZQVWUHDP RI WKH VKRFN ZDYH� D UHODWLYHO\ VWHHS

SUHVVXUH UHFRYHU\ RQ WKH H[WUHPH UHDUZDUG UHJLRQ� DQG D

WUDLOLQJ HGJH SUHVVXUH VOLJKWO\ PRUH SRVLWLYH WKDQ DPELHQW

SUHVVXUH >��@� 7KH GHVLJQ UHVXOW LQGLFDWHV WKH IHDVLELOLW\

RI WKH SUHVHQW DSSURDFK�

($ XVLQJ WKH %�6SOLQH FXUYHV KDV VXFFHHGHG LQ ILQGLQJ

D UHDVRQDEO\ JRRG DLUIRLO GHVLJQ EXW WKH SHUIRUPDQFH RI

WKH UHVXOWLQJ DLUIRLO LV VOLJKWO\ OHVV WKDQ WKDW RSWLPL]HG E\

WKH 6RELHF]N\ VKDSH IXQFWLRQV� 7KH UHDVRQ LV SUREDEO\

WKH VHOHFWLRQ RI WKH GHVLJQ SDUDPHWHUV� 7KH ORFDWLRQV RI

%�6SOLQH FRQWURO SRLQWV DUH QRW UHODWHG WR WKH IORZ

SK\VLFV LQ FRQWUDVW WR WKH SDUDPHWHU VHW RI WKH 6RELHF]N\

VKDSH IXQFWLRQV�

7KH UHVXOWLQJ DLUIRLO REWDLQHG IURP WKH LQYHUVH

7KHRGRUVHQ WUDQVIRUPDWLRQ SHUIRUPHG ZRUVW� 7R FKHFN

ZKHWKHU WKH GHVLJQ REWDLQHG E\ WKH 6RELHF]N\ VKDSH

IXQFWLRQV LV LQFOXGHG LQ WKH VHDUFK VSDFH RI WKH LQYHUVH

7KHRGRUVHQ WUDQVIRUPDWLRQ� DLUIRLO UHSURGXFWLRQ ZDV

WULHG DV VKRZQ LQ )LJ� �� :KLOH WKH H[WHQGHG -RXNRZVNL

DLUIRLO KDV IDLOHG WR H[SUHVV WKH EHVW GHVLJQ� WKH RWKHUV

LQFOXGLQJ WKH LQYHUVH 7KHRGRUVHQ WUDQVIRUPDWLRQ KDYH

VXFFHHGHG� 7KLV LQGLFDWHV WKDW WKH ZRUVW SHUIRUPDQFH RI

($ XVLQJ WKH LQYHUVH 7KHRGRUVHQ WUDQVIRUPDWLRQ LV QRW

GXH WR LQVXIILFLHQW VHDUFK VSDFH� 7KH UHDVRQ RI WKH IDLOXUH

LV DJDLQ WKDW WKH GHVLJQ SDUDPHWHUV RI WKH LQYHUVH

7KHRGRUVHQ WUDQVIRUPDWLRQ DUH QRW UHODWHG GLUHFWO\ WR WKH

IORZ SK\VLFV DERXW DQ DLUIRLO�

7KH H[WHQGHG -RXNRZVNL WUDQVIRUPDWLRQ KDV IRXQG DQ

�
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DLUIRLO WKDW SHUIRUPV EHWWHU WKDQ WKH LQYHUVH 7KHRGRUVHQ

WUDQVIRUPDWLRQ� 7KLV LV GXH WR D UHODWLYHO\ VPDOO QXPEHU

RI GHVLJQ SDUDPHWHUV DQG WKXV D VPDOOHU VHDUFK VSDFH�

7KH RWKHU UHDVRQ LV WKDW �[F [W� DQG �\F \W � DUH UHODWHG WR

WKH DLUIRLO WKLFNQHVV DQG WKH PHDQ FDPEHU OLQH�

UHVSHFWLYHO\� 7KH\ DUH LPSRUWDQW IDFWRUV IRU DLUIRLO

SHUIRUPDQFH� $V VKRZQ LQ )LJ� �� KRZHYHU� WKH GHVLJQ

VSDFH LV WRR VPDOO WR REWDLQ D JOREDO RSWLPXP IRU WKH

DLUIRLO GHVLJQ�

��� 7+5((�',0(16,21$/
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,Q WKLV VHFWLRQ� ($V EDVHG RQ WKH VWUXFWXUHG FRGLQJ ZHUH

DSSOLHG WR D WKUHH�GLPHQVLRQDO ZLQJ VKDSH GHVLJQ XVLQJ

WKH 6RELHF]N\ VKDSH IXQFWLRQV� 7KH HSLVWDVLV RI WKH

GHVLJQ YDULDEOHV ZDV H[DPLQHG SULRU WR WKH RSWLPL]DWLRQ

E\ ))'� )RU WKH FRPSDULVRQ� WKH UHVXOWV RI WKH ZLQJ

GHVLJQ XVLQJ WKH H[WHQGHG -RXNRZVNL WUDQVIRUPDWLRQ >�@

DUH SUHVHQWHG DW ILUVW� 1H[W� WKH VWUXFWXUHG FRGLQJ LV

GHYHORSHG IRU WKH SDUDPHWHU VHW RI WKH 6RELHF]N\ VKDSH

IXQFWLRQV EDVHG RQ ))'� 7KH UHVXOWLQJ ($ LV WKHQ

DSSOLHG WR WKH VDPH RSWLPL]DWLRQ SUREOHP�

2EMHFWLYH IXQFWLRQV XVHG KHUH DUH &/ WR EH PD[LPL]HG

DQG &' WR EH PLQLPL]HG� 7KHUHIRUH� 0XOWL�2EMHFWLYH ($

LV XVHG� 7KH FUXLVLQJ 0DFK QXPEHU LV DVVXPHG WR EH ����

$HURG\QDPLF SHUIRUPDQFHV DUH HYDOXDWHG E\ WKH )/2���

FRGH� ZKLFK LV D FRQVHUYDWLYH IXOO�SRWHQWLDO FRGH

GHYHORSHG E\ -DPHVRQ DQG &DXJKH\ >��@� 7KH ZLQJ

VKDSH LV GHILQHG E\ DLUIRLO VKDSHV DQG D WZLVW GLVWULEXWLRQ

α JLYHQ DW VHYHQ VSDQZLVH VHFWLRQV IRU WKH H[WHQGHG

-RXNRZVNL WUDQVIRUPDWLRQ DQG DW IRXU VSDQZLVH VHFWLRQV

IRU WKH 6RELHF]N\ DLUIRLO� 7KH ZLQJ SODQIRUP ZDV WDNHQ

IURP D W\SLFDO WUDQVRQLF DLUFUDIW DV 5HI� ��

����� :,1* '(6,*1 86,1* 7+( (;7(1'('
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,Q 5HI� �� ))' ZDV DSSOLHG WR WKH HSLVWDVLV DQDO\VLV� WKDW

LV� WKH LQWHUDFWLRQV RI WKH GHVLJQ YDULDEOHV IRU WKH

H[WHQGHG -RXNRZVNL WUDQVIRUPDWLRQ� $QDO\VLV RI

LQWHUDFWLRQV RI DOO GHVLJQ YDULDEOHV IRU WKH ZLQJ PRGHO�

KRZHYHU� UHTXLUHV XQDFFHSWDEO\ ODUJH QXPEHU RI &)'

UXQV HYHQ ZLWK WKH ))'� 7KHUHIRUH� WKH GHVLJQ YDULDEOHV

DUH JURXSHG LQWR WKH VSDQZLVH YDULDWLRQV RI DLUIRLO VKDSH

SDUDPHWHUV DQG WZLVW DQJOH [F� \F� [W� \W� ∆ DQG α DV VKRZQ
LQ )LJ� �� )DFWRUV H[DPLQHG DUH WKH SDUDPHWHUV

WKHPVHOYHV DQG WKHLU WZR�IDFWRU LQWHUDFWLRQV H[FHSW IRU

WKRVH UHODWHG WR α� 7KUHH W\SHV RI VSDQZLVH YDULDWLRQV DUH
FRQVLGHUHG DV OHYHOV� QR YDULDWLRQ� OLQHDU LQFUHDVH IURP

URRW WR WLS� DQG YLFH YHUVD�

([DPLQHG UHVSRQVHV DUH &/ DQG &' RI WKH ZLQJ� 2QO\

WR DFFRXQW IRU SRVLWLYH UHVSRQVHV LQ DHURG\QDPLF

SHUIRUPDQFH �LQFUHDVH LQ &/ DQG GHFUHDVH LQ &'��

IROORZLQJ WZR IXQFWLRQV DUH LQWURGXFHG�

)�  PD[ � &/ � &/� � � � ���

)�  � PLQ � &' � &'� � � � ���

ZKHUH &/� DQG &'� DUH WKRVH RI D ZLQJ KDYLQJ D FRQVWDQW

DLUIRLO VHFWLRQ DORQJ WKH VSDQZLVH GLUHFWLRQ�

)LJXUH �� VKRZV WKH UHVXOW RI WKH HSLVWDVLV DQDO\VLV�

7KH VROLG DQG EURNHQ OLQHV DUH FULWLFDO ) YDOXHV ZLWK ��

DQG �� VWDWLVWLFDO ULVNV� UHVSHFWLYHO\� ) YDOXHV PRUH WKDQ

WKHVH FULWLFDO YDOXHV DUH MXGJHG HIIHFWLYH� :KLOH HYHU\

IDFWRU LV HIIHFWLYH RQ ERWK )� DQG )�� LQWHUDFWLRQV RI [F[W

DQG \F\W DSSHDU HIIHFWLYH� 7KLV UHVXOW LV FRQVLVWHQW ZLWK

WKH IDFW WKDW [F� [W� DUH UHODWHG WR WKH DLUIRLO WKLFNQHVV

ZKLOH \F DQG \W DUH UHODWHG WR WKH DLUIRLO FDPEHU OLQH�

7R PDNH XVH RI LGHQWLILHG KLHUDUFK\ RI WKH GHVLJQ

YDULDEOHV� VSDQZLVH GLVWULEXWLRQV RI DLUIRLO SDUDPHWHUV

DQG WZLVW DQJOH DUH FRGHG DV JHQHV DQG RQH�SRLQW

FURVVRYHU LV XVHG ZKHUH WKH FURVVRYHU RI �[F� [W� DQG �\F�

\W� DUH DSW WR KDSSHQ DW WKH VDPH JHQH VLWHV� 7KH UHVXOWDQW

VWUXFWXUHG FRGLQJ LV VKRZQ LQ )LJ� ��� 7KLV LV VXSSRVHG

WR SUHVHUYH JRRG EXLOGLQJ EORFNV RI �[F� [W� DQG �\F� \W��

($ XVLQJ WKLV FRGLQJ WHFKQLTXH ZDV FRPSDUHG ZLWK

($ XVLQJ WKH UHJXODU VHTXHQWLDO FRGLQJ EDVHG RQ )LJ� ��

)LJXUH �� VKRZV WKH 3DUHWR RSWLPDO VROXWLRQV LQGLFDWLQJ

WKH WUDGHRII EHWZHHQ PD[LPL]DWLRQ RI &/ DQG

PLQLPL]DWLRQ RI &'� 6ROLG DQG KROORZ SRLQWV VKRZ WKH

UHVXOWLQJ 3DUHWR IURQWV REWDLQHG IURP WKH VWUXFWXUHG DQG

VHTXHQWLDO FRGLQJV� UHVSHFWLYHO\� 7KLV ILJXUH FRQILUPV

WKDW WKH SUHVHQW ($ ZLWK WKH VWUXFWXUHG FRGLQJ

RXWSHUIRUPV WKH FRQYHQWLRQDO ($ ZLWK WKH VHTXHQWLDO

FRGLQJ� $LUIRLO VHFWLRQV RI WKH GHVLJQHG ZLQJV DW &/  ���

DUH VKRZQ LQ )LJV� �� DQG ��� 7KH VWUXFWXUHG FRGLQJ

UHVXOWV LQ WKH VKDSH FORVHU WR VXSHUFULWLFDO DLUIRLOV WKDQ WKH

VHTXHQWLDO FRGLQJ�

����� :,1* '(6,*1 86,1* 7+(
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))' LV QRZ DSSOLHG WR WKH HSLVWDVLV DQDO\VLV RI WKH

SDUDPHWHU VHWV IRU WKH 6RELHF]N\ VKDSH IXQFWLRQV� 7KH

IDFWRUV WR EH H[DPLQHG DUH U/(� ;83� =83� =;;83� ;/2� =/2�

=;;/2� α7(� =7( DQG WKHLU WZR�IDFWRU LQWHUDFWLRQV RQ )�

DQG )�� β7( DQG LWV LQWHUDFWLRQV DUH QHJOHFWHG VLQFH WKH

�
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ZHGJH DQJOH DW WKH WUDLOLQJ HGJH LV SULPDU\ GHWHUPLQHG

E\ WKH VWUXFWXUDO VWUHQJWK� $OVR� LQWHUDFWLRQV RI U/(=7(�

U/(α7( DQG U/(=;;/2 DUH GLVUHJDUGHG� &RQVHTXHQWO\� ��

IDFWRUV DUH H[DPLQHG� 1XPEHU RI &)' UXQV UHTXLUHG IRU

WKLV HSLVWDVLV DQDO\VLV LV UHGXFHG IURP ��  ����� WR ��  

��� WKDQNV WR ))'�

)LJXUH �� VKRZV WKH UHVXOW RI WKH HSLVWDVLV DQDO\VLV�

,QWHUDFWLRQV HIIHFWLYH LQ ERWK &/ DQG &' DUH LOOXVWUDWHG

ZLWK EROG OLQHV LQ )LJ� ��� 6LQFH WKHVH ILJXUHV LQGLFDWH

FRPSOLFDWHG LQWHUDFWLRQV DPRQJ WKH GHVLJQ YDULDEOHV�

HVSHFLDOO\� =83� =/2� DQG =7(� LW LV GLIILFXOW WR FRQVWUXFW D

VWUXFWXUHG FRGLQJ IRU WKHVH GHVLJQ YDULDEOHV� 7KHUHIRUH�

QHZ SDUDPHWHUV =& DQG =+ DUH LQWURGXFHG LQVWHDG RI =83

DQG =/2 DV�

=&  � =83 � =/2 � � � ���

=+  � =83 � =/2 � ����

ZKHUH =& DQG =+ FRUUHVSRQG WR DLUIRLO FDPEHU DQG

WKLFNQHVV� UHVSHFWLYHO\� 8VLQJ WKHVH SDUDPHWHUV�

LQWHUDFWLRQV DUH JUHDWO\ VLPSOLILHG DV VKRZQ LQ )LJ����

$FFRUGLQJ WR WKLV UHVXOW� D VWUXFWXUHG FRGLQJ IRU WKH

VSDQZLVH GLVWULEXWLRQV RI DLUIRLO SDUDPHWHUV LV LQWURGXFHG

DV VKRZQ LQ )LJ���� +HUH� RQH�SRLQW FURVVRYHU LV DSW WR

KDSSHQ DW WKH VDPH JHQH VLWHV IRU WKH FRQQHFWHG VSDQZLVH

GLVWULEXWLRQV LQ WKH ILJXUH�

7KH GHVLJQ UHVXOW REWDLQHG E\ WKH ($ XVLQJ WKLV

VWUXFWXUHG FRGLQJ LV DJDLQ FRPSDUHG ZLWK WKDW REWDLQHG

E\ WKH ($ XVLQJ WKH VHTXHQWLDO FRGLQJ� )LJXUH �� VKRZV

3DUHWR IURQWV REWDLQHG IURP WKH VHTXHQWLDO FRGLQJ RI WKH

RULJLQDO 6RELHF]N\ VKDSH IXQFWLRQV DQG WKH VWUXFWXUHG

FRGLQJ XVLQJ =& DQG =+� 7KH DGYDQWDJH RI WKH VWUXFWXUHG

FRGLQJ LV FOHDUO\ REVHUYHG� 7KH FRUUHVSRQGLQJ GHVLJQV

DUH VKRZQ LQ )LJV� �� DQG ��� 7KH GUDJ FRHIILFLHQWV DW &/

 ��� DUH VXPPDUL]HG LQ 7DEOH �� 7KH EHVW GHVLJQ LV

REWDLQHG E\ ($ EDVHG RQ WKH SURSRVHG VWUXFWXUHG FRGLQJ

XVLQJ WKH 6RELHF]N\ VKDSH IXQFWLRQV�

���&21&/86,216

)LUVW� VHYHUDO SDUDPHWHUL]DWLRQ WHFKQLTXHV IRU WKH

DLUIRLO GHILQLWLRQ KDYH EHHQ LQYHVWLJDWHG WKURXJK WKH

UHSURGXFWLRQ RI D 1$6$ VXSHUFULWLFDO DLUIRLO DQG WKH

DHURG\QDPLF RSWLPL]DWLRQ E\ PHDQV RI ($V� 7KH UHVXOWV

VKRZ WKDW WKH SHUIRUPDQFH RI WKH GHVLJQHG DLUIRLO JUHDWO\

GHSHQGV RQ WKH FKRLFH RI WKH SDUDPHWHUL]DWLRQ WHFKQLTXHV�

($ XVLQJ WKH 6RELHF]N\ VKDSH IXQFWLRQV VXFFHHGHG LQ

ILQGLQJ WKH DLUIRLO VKDSH RI WKH EHVW SHUIRUPDQFH� 7KLV LV

WKDQNV WR WKH VHOHFWLRQ RI GHVLJQ SDUDPHWHUV WKDW DUH

GLUHFWO\ UHODWHG WR WKH NQRZOHGJH RI WUDQVRQLF IORZV

DURXQG WKH DLUIRLO� 7KLV SDUDPHWHUL]DWLRQ JLYHV WKH GHVLJQ

VSDFH ZLGH HQRXJK� ZKLFK DOVR KHOSV ILQGLQJ D JOREDO

RSWLPXP�

1H[W� ))' ZDV DSSOLHG WR WKH HSLVWDVLV DQDO\VLV RI WKH

SDUDPHWHU VHW IRU WKH 6RELHF]N\ VKDSH IXQFWLRQV� ))'

ZDV XVHG WR DQDO\]H LQWHUDFWLRQV RI WKH GHVLJQ YDULDEOHV�

7KH FRGLQJ VWUXFWXUH IRU ($ ZDV GHYHORSHG DFFRUGLQJ WR

WKH UHVXOWDQW LQIRUPDWLRQ� ($ XVLQJ WKH VWUXFWXUHG FRGLQJ

ZDV WKHQ DSSOLHG WR WKH DHURG\QDPLF RSWLPL]DWLRQ

SUREOHP RI D WUDQVRQLF ZLQJ GHVLJQ� 7KH GHVLJQ UHVXOWV

LQGLFDWH WKDW WKH VWUXFWXUHG FRGLQJ IRU ($V LV D SURPLVLQJ

DSSURDFK WR ILQG D JOREDO RSWLPXP LQ UHDO�ZRUOG

DSSOLFDWLRQV�

5()(5(1&(6

>�@ 4XDJOLDUHOOD� '�� 3HULDX]� -�� 3RORQL� &�� DQG :LQWHU�

*� �(GV��� *HQHWLF $OJRULWKPV LQ (QJLQHHULQJ DQG

&RPSXWHU 6FLHQFH� -RKQ :LOH\ DQG 6RQV�

&KLFKHVWHU� 'HF� �����

>�@ <DPDPRWR� .� DQG ,QRXH� 2�� ¦$SSOLFDWLRQV RI

*HQHWLF $OJRULWKP WR $HURG\QDPLF 6KDSH

2SWLPL]DWLRQ�§ $,$$ SDSHU �������� �����

>�@ 'RRUO\� '� -� DQG 3HLUR� -�� ¦6XSHUYLVHG 3DUDOOHO

*HQHWLF $OJRULWKPV LQ $HURG\QDPLF 2SWLPL]DWLRQ�§

$,$$ SDSHU �������� �����

>�@ *LDQQDNRJORX� .� &�� ¦$ 'HVLJQ 0HWKRG IRU

7XUELQH %ODGHV 8VLQJ *HQHWLF $OJRULWKPV RQ

3DUDOOHO &RPSXWHUV�§ 3URFHHGLQJV RI WKH )RXUWK

(XURSHDQ &RPSXWDWLRQDO )OXLG '\QDPLFV

&RQIHUHQFH� $WKHQV� *UHHFH� SS� �������� -RKQ

:LOH\ 	 6RQV� &KLFKHVWHU� �����

>�@ 2ED\DVKL� 6� DQG 2\DPD� $�� ¦7KUHH�'LPHQVLRQDO

$HURG\QDPLF 2SWLPL]DWLRQ ZLWK *HQHWLF

$OJRULWKP�§ 3URFHHGLQJV RI WKH 7KLUG (&&20$6

&RPSXWDWLRQDO )OXLG '\QDPLFV� 3DULV� )UDQFH� SS�

�������� -RKQ :LOH\ 	 6RQV� &KLFKHVWHU� �����

>�@ 2\DPD� $�� 2ED\DVKL� 6�� 1DNDKDVKL� .�� DQG

+LURVH� 1�� ¦&RGLQJ E\ 7DJXFKL 0HWKRG IRU

(YROXWLRQDU\ $OJRULWKPV $SSOLHG WR $HURG\QDPLF

2SWLPL]DWLRQ�§ ,QYLWHG /HFWXUHV� 0LQLV\PSRVLD DQG

6SHFLDO 7HFKQRORJLFDO 6HVVLRQV RI WKH )RXUWK

(XURSHDQ &RPSXWDWLRQDO )OXLG '\QDPLFV

&RQIHUHQFH� $WKHQV� *UHHFH� SS� �������� -RKQ

:LOH\ 	 6RQV� &KLFKHVWHU� 6HSW� �����

>�@ -RQHV� 5� 7�� :LQJ 7KHRU\� 3ULQFHWRQ 8QLYHUVLW\

3UHVV� �����

>�@ 0\HUV� 5� +� DQG 0RQWJRPHU\� '� &�� 5HVSRQVH

6XUIDFH 0HWKRGRORJ\� -RKQ :LOH\ 	 6RQV� 1HZ

�
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>�@ 2\DPD� $�� 2ED\DVKL� 6�� DQG 1DNDKDVKL� .��

¦:LQJ 'HVLJQ 8VLQJ 5HDO�&RGHG $GDSWLYH 5DQJH

*HQHWLF $OJRULWKP�§ ���� ,((( ,QWHUQDWLRQDO

&RQIHUHQFH RQ 6\VWHPV� 0DQ DQG &\EHUQHWLFV�

7RN\R� -DSDQ� 2FW� ���� �WR EH SUHVHQWHG��

>��@ $UDNDZD� 0� DQG +DJLZDUD� +�� ¦1RQOLQHDU ,QWHJHU�

'LVFUHWH DQG &RQWLQXRXV 2SWLPL]DWLRQ 8VLQJ

$GDSWLYH 5DQJH *HQHWLF $OJRULWKPV�§ LQ &'�520

3URFHHGLQJV RI WKH ��WK 'HVLJQ $XWRPDWLRQ

&RQIHUHQFH� $QDKHLP� &DOLIRUQLD� -XQ������

>��@ )RQVHFD� &� 0� DQG )OHPLQJ� 3� -�� ¦*HQHWLF

$OJRULWKPV IRU PXOWLREMHFWLYH RSWLPL]DWLRQ�

IRUPXODWLRQ� GLVFXVVLRQ DQG JHQHUDOL]DWLRQ�§

3URFHHGLQJV RI WKH �WK ,QWHUQDWLRQDO &RQIHUHQFH RQ

*HQHWLF $OJRULWKPV� SS� �������� 0RUJDQ

.DXIPDQQ 3XEOLVKHUV� 6DQ 0DWHR� �����
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