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7KLV SDSHU SUHVHQWV D FRPSXWHU EDVHG PHWKRGRORJ\ WR VROYH SDFNLQJ W\SH SUREOHPV� DQG

DSSOLHV LW WR WKH SODFHPHQW RI JRRGV LQ D UHFWDQJXODU YROXPH VXFK DV D WUDFWRU WUDLOHU� LQ RUGHU WR REWDLQ

D GHVLUHG FHQWHU RI JUDYLW\� 7KHVH JRRGV DUH DVVXPHG WR EH LQ WKH IRUP RI UHFWDQJXODU ER[HV RI VL]HV

VXFK WKDW WKH\ LQGLYLGXDOO\ ILW LQ WKH HQFORVLQJ YROXPH� 1RWH WKDW ZH GR QRW PLQLPL]H WKH YROXPH

RFFXSLHG E\ WKH ER[HV� UDWKHU ZH WDUJHW WKH SODFHPHQW RI WKH ER[HV LQ WKH FRQWDLQHU�

7KH PHWKRGRORJ\ SURSRVHG XVHV *HQHWLF $OJRULWKPV �*$V� WR REWDLQ D QHDU RSWLPDO

SODFHPHQW RI SDUWV� *$V XVH WKH SULQFLSOHV RI QDWXUDO VHOHFWLRQ WR VROYH WKLV RSWLPL]DWLRQ SUREOHP�

7KHVH SULQFLSOHV� UHSURGXFWLRQ� FURVVRYHU� DQG PXWDWLRQ� DUH XVHG WR FRQVWUXFW IHDVLEOH VROXWLRQV

IURP D VHW RI FDQGLGDWH DUUDQJHPHQWV� 3HQDOW\ PHWKRGV FRPSOHPHQW WKH REMHFWLYH IXQFWLRQ WR

UHVROYH WKH IHDVLELOLW\ LVVXH� 7KH EHVW RI WKHVH FDQGLGDWH VHWV DUH VHOHFWHG DQG VXEVWLWXWHG LQ WKH VSDFH

RI SRVVLEOH DUUDQJHPHQWV XQWLO FRQYHUJHQFH WR D VROXWLRQ RFFXUV� 7KH PHWKRGRORJ\ ILQGV D VROXWLRQ

ZLWKRXW DQ\ RSHUDWRU LQSXW� DQG LV DSSOLHG VXFFHVVLYHO\ WR RQH GLPHQVLRQDO� WZR GLPHQVLRQDO� DQG

WZR DQG D KDOI GLPHQVLRQDO W\SH SDFNLQJ SUREOHPV�

,1752'8&7,21

7KLV UHVHDUFK LV WKH UHVXOW RI RXU LQWHUHVW LQ GHYHORSLQJ D PHWKRGRORJ\ WR GHDO ZLWK

PXOWLïREMHFWLYH SUREOHPV HQFRXQWHUHG LQ FRPSOH[ DVVHPEO\ W\SH GHVLJQV� 5HVHDUFK LQ WKH ILHOG RI

GHVLJQ PHWKRGRORJ\ DGGUHVVHV UHODWLYHO\ SRRUO\ WKH WDVN RI DVVHPEO\ RI FRPSRQHQWV� 'HVLJQ IRU

$VVHPEO\ >%RRWKUR\G� ��@ LV D PHWKRGRORJ\ WKDW DSSOLHV HDVH RI DVVHPEO\ WR WKH GHVLJQ RI DQ

LQGLYLGXDO FRPSRQHQW DQG WKH DVVHPEO\ LW EHORQJV WR� 7KH HPSKDVLV RI WKH PHWKRG LV KRZHYHU PRUH
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RQ WKH PDQXIDFWXULQJ LVVXHV� SURPRWLQJ GHVLJQ FKDQJHV WR HDVH WKH EXUGHQ RI DVVHPEO\ RSHUDWLRQV�

2XU ZRUN DVVXPHV WKH FRPSRQHQW JHRPHWULHV DUH IL[HG� DQG WKH FKDOOHQJH LV SDFNLQJ WKHP LQ D

YROXPH� PD[LPL]LQJ VHYHUDO REMHFWLYHV�

7KH DVVHPEO\ RI LQGLYLGXDO FRPSRQHQWV WR IRUP WKH ILQDO SURGXFW LV RQH RI WKH PRVW FULWLFDO

SKDVHV RI WKH GHVLJQ SURFHVV DV LWV UHVXOW LV ZKDW WKH HQG XVHU ZLOO VHH� 7KH GHVLJQ RI WKH DVVHPEO\

VKRXOG EH DV RSWLPDO DV SRVVLEOH UHJDUGLQJ IDFWRUV VXFK DV FRVW� WLPH WR DVVHPEOH� KHDW� IORZ�

HOHFWURPDJQHWLF LQWHUIHUHQFH DQG VSDFH XWLOL]DWLRQ� 2EWDLQLQJ WKH EHVW SODFHPHQW RI FRPSRQHQWV LV D

ORQJ DQG WHGLRXV WDVN WKDW FRXOG EH VLJQLILFDQWO\ DOOHYLDWHG E\ FRPSXWHUPHWKRGV� 7KLVPHWKRGRORJ\

FDQ EH GLUHFWO\ RU SDUWLDOO\ DSSOLHG WR VHYHUDO RWKHU DUHDV VXFK DV ELQ SDFNLQJ DQG FRPSXWHU FKLS

SODFHPHQW RQ SULQWHG FLUFXLW ERDUGV� 2XU ILUVW DWWHPSW DW WKH SUREOHPZDV WR FRQVLGHU WZR REMHFWLYHV�

WKH SDFNLQJ SURFHVV� DQG WKH ORFDWLRQ RI WKH FHQWHU RI JUDYLW\�

$Q H[DPSOH RI WKH ELQ SDFNLQJ SUREOHP LV WKH ORDGLQJ RI WUDFWRU WUDLOHU WUXFNV� FDUJR

DLUSODQHV� DQG WUDLQV� 7UDFWRU WUDLOHU WUXFNV DUH D PDLQ PHWKRG RI WUDQVSRUW FXUUHQWO\ XVHG LQ WKH

8QLWHG 6WDWHV IRU DOO W\SHV RI JRRGV� 7KHVH WUXFNV DUH VXEMHFW WR PDQ\ ODZV DQG UHJXODWLRQV WKDW

FRQWURO WKH HQWLUH LQGXVWU\� 2QH RI WKHVH ODZV UHJXODWHV WKH PD[LPXP ZHLJKW SHU D[OH WKDW FDQ EH

FDUULHG E\ RQH RI WKHVH WUXFNV� /RDGLQJ D WUDLOHU WR PD[LPL]H WKH ORDG ZKLOH EDODQFLQJ WKH SHU D[OH

ZHLJKW LV D FRPSOH[ SURFHVV GXH WR WKH ODUJH QXPEHU RI SRVVLELOLWLHV WKDW H[LVW� HYHQ ZLWK D VPDOO

QXPEHU RI ER[HV RU REMHFWV� ,W LV DOVR LPSRUWDQW WR FRQVLGHU WKH G\QDPLF UHVSRQVH RI WKH WUXFN DV D

ZKROH WR WKLV ORDGLQJ� $ EDODQFHG ORDG SURYLGHV EHWWHU IXHO HIILFLHQF\ DQG D PRUH FRPIRUWDEOH ULGH�

WKXV UHGXFLQJ WKH GULYHU·V IDWLJXH OHYHO� 7KH VDPH SUREOHP H[LVWV IRU REWDLQLQJ WKH RSWLPDO SDFNLQJ

RI WKH WUXFN WKDW XWLOL]HV WKHPD[LPXPSRVVLEOH YROXPH RI WKH WUDLOHU� +HXULVWLFPHWKRGV XVLQJ ´UXOHV

RI WKXPEµ KDYH EHHQ GHYHORSHG DQG DUH SUHVHQWO\ XVHG LQ WKH LQGXVWU\ 5();;;� $Q H[DPSOH RI WKH

VDYLQJV WKDW FDQ EH DFKLHYHG E\ XVLQJ WKHVH PHWKRGV LV LOOXVWUDWHG E\ WKH 86 $UP\·V LQYDVLRQ RI

*UHQDGD LQ WKH ����·V� /RJLVWLFV KDG RULJLQDOO\ HVWLPDWHG WKDW WHQ WUDQVSRUWV ZRXOG EH QHHGHG WR

PRYH WKH UHTXLUHG HTXLSPHQW IRU WKH LQYDVLRQ� 8WLOL]LQJ D FRPSXWHU EDVHG KHXULVWLF IRU WKH SDFNLQJ
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RI WKH SODQHV DOORZHG WKH $UP\ WR HOLPLQDWH RQH WUDQVSRUW� DQG UHVXOWHG LQ D FRVW VDYLQJV RI WHQ

SHUFHQW EDVHG VROHO\ RQ WKH YROXPH RI WKH PDWHULDOV WR EH WUDQVSRUWHG�

%$&.*5281'

,Q GHDOLQJ ZLWK WKH WUXFN SDFNLQJ SUREOHP� PRVW DSSURDFKHV SUHYLRXVO\ H[SORUHG E\

UHVHDUFKHUV LQYROYH SODFLQJ D ER[ LQ WKH FRQWDLQHU� HYDOXDWLQJ WKH QH[W ER[� DQG WKHQ LWHUDWLQJ WRZDUG

D VROXWLRQ� 6XFK SURFHGXUHV DUH FRPSXWDWLRQDOO\ H[SHQVLYH DQG DUH QRW JXDUDQWHHG WR SURGXFH D

JOREDO RSWLPXP DV WKH VROXWLRQ� $ EHWWHU VROXWLRQ PHWKRGRORJ\ LV QHHGHG WR HQVXUH WKH JOREDO

RSWLPXP LV DSSURDFKHG�

7KH WUXFN SDFNLQJ SUREOHP LV UHODWHG WR WZR FODVVLFDO RSHUDWLRQV UHVHDUFK RSWLPL]DWLRQ

SUREOHPV� WKH NQDSVDFN SUREOHP DQG WKH 7UDYHOLQJ 6DOHVPDQ SUREOHP �763�� ,Q WKH NQDSVDFN

SUREOHP� WKH JRDO LV WRPD[LPL]H WKH YDOXH RI REMHFWV WKDW FDQ EH SODFHG LQWR D VDFN FRQWLQJHQW XSRQ D

ZHLJKW FRQVWUDLQW� ,Q WKH WUXFN SDFNLQJ SUREOHP� WKH REMHFWV DUH WKH ER[HV WR EH SDFNHG� DQG WKH

´NQDSVDFNµ LV WKH WUDLOHU RI D WUXFN� 7KH JRDO RI WKH 763 LV WR PLQLPL]H WKH GLVWDQFH WUDYHOHG E\ D

VDOHVPDQ PDNLQJ D FRPSUHKHQVLYH WRXU RI D JLYHQ VHW RI FLWLHV� 7KH 7UDYHOLQJ 6DOHVPDQ 3UREOHP

�763� LV UHODWHG WR WKH RUGHU LQ ZKLFK ER[HV DUH SDFNHG LQ WKH WUXFN�

$PLRXQL HW DO� >$PLRXQL� ��@ GHDO ZLWK D RQH GLPHQVLRQDO ELQ SDFNLQJ SUREOHP� 7KH DXWKRUV

GHYHORS D KHXULVWLF WR EDODQFH WKH ORDG LQ DQ DLUSODQH� 7KH KHXULVWLF SDFNV WKH ER[HV LQ RUGHU RI

QRQïGHFUHDVLQJ GHQVLW\ WR PLQLPL]H WKH PRPHQW WKDW LV EHLQJ JHQHUDWHG DW WKH WDUJHW FHQWHU RI

JUDYLW\� ,W GRHV WKLV E\ SDFNLQJ WKH OHDVW GHQVH ER[� WKHQ FDOFXODWLQJ D QHZ WDUJHW SRLQW IRU WKH QH[W

ER[� 7KH SUREOHP LV WKHQ UHSHDWHG ZLWK RQH OHVV ER[ XQWLO DOO ER[HV DUH SODFHG� 7KH KHXULVWLF LV

DSSOLHG WR WKH RQH GLPHQVLRQDO SUREOHPDQGRXU SUHVHQWZRUN XVHV VRPHRI WKH LGHDV RI$PLRXQL HW DO�

DV D EDVLV IRU H[SDQVLRQ WR D KLJKHU GLPHQVLRQDO VSDFH�

$]L] >$]L]� ��@ SUHVHQWV D PHWKRGRORJ\ IRU JUDSKLFDOO\ UHSUHVHQWLQJ ER[HV WKDW DUH ORDGHG

LQWR D WUXFN XVLQJ VROLG PRGHOLQJ WHFKQLTXHV� $ VSDWLDO RFFXSDQF\ HQXPHUDWLRQ WHFKQLTXH LV XVHG WR

UHSUHVHQW DQG WHVW WKH ER[HV WR VHH LI WKH\ ILW LQ WKH FRQWDLQHU� 7KH WHFKQLTXH DOORZV IRU GLIIHUHQW VL]HV



ï � ï

DQG RULHQWDWLRQV RI ER[HV� 7KHVH WHFKQLTXHV DUH FRQVLGHUHG GXULQJ WKH LPSOHPHQWDWLRQ RI WKH

JUDSKLFDO GLVSOD\ RI WKH ER[HV RQFH WKH KHXULVWLF LV FRPSOHWHG�

*HKULQJ HW DO� >*HKULQJ� ��@ DGGUHVV WKH SUREOHP RI SDFNLQJ UHFWDQJXODU ER[HV RI GLIIHUHQW

VL]HV LQWR D VKLSSLQJ FRQWDLQHU LQ RUGHU WR PLQLPL]H YROXPH ZDVWDJH� 7KH\ SDFN WKH ER[HV E\ RUGHU

RI GHFUHDVLQJ YROXPH LQ YHUWLFDO VOLFHV� 7KH VSDFHV DUH ILOOHG E\ WKH EHVW ILWWLQJ JURXS RI ER[HV DIWHU

WKH ER[ZKLFK GHWHUPLQHV WKH VL]H RI WKH OD\HU LV SDFNHG� 2WKHU SDSHUV RQ SDFNLQJ WRPD[LPL]H VSDFH

XWLOL]DWLRQ LQFOXGH WKH ZRUNV RI >+DHVVOHU� ��@>'RZVODQG� ��@>&RUFRUDQ� ��@ DQG >6]\NPDQ� ����@�

&RUFRUDQ XVHV *HQHWLF $OJRULWKPV DQG VKRZV WKDW WKH VROXWLRQV REWDLQHG DUH PXFK EHWWHU WKDQ WKRVH

DFKLHYHG WKURXJK WUDGLWLRQDO PHWKRGV� $JDLQ� WKHPD[LPL]DWLRQ RI VSDFH XWLOL]DWLRQ LV WKH REMHFWLYH�

6]\NPDQ DQG &DJDQ� DQG 'RZVODQG XVH 6LPXODWHG $QQHDOLQJ WR FORVHO\ SDFN REMHFWV DQGPLQLPL]H

ZDVWHG VSDFH�

,QPDQ\RI WKHVH FDVHV� KHXULVWLFV DUH XVHG WR GULYH WKH RSWLPL]DWLRQ SURFHVV� 7KHVH KHXULVWLFV

KDYH WR FRQVLGHU VRPH SK\VLFDO FRQVWUDLQWV GLFWDWHG E\ WKH SUREOHP� DQG WKXV PXVW LQFOXGH

FRQVWUDLQWV LQ WKH SUREOHP VROXWLRQ PHWKRGRORJ\� 8QIRUWXQDWHO\� KHXULVWLF EDVHG PHWKRGV GR QRW

OHQG WKHPVHOYHV HDVLO\ WR VROYLQJ FRQVWUDLQHG RSWLPL]DWLRQ SUREOHPV� 5LFKDUGVRQ HW DO�

>5LFKDUGVRQ� ����@ LQFOXGHG SHQDOW\ IXQFWLRQV LQ JHQHWLF DOJRULWKPV WR VROYH FRQVWUDLQHG

RSWLPL]DWLRQ SUREOHPV� 7KH\ UHFRPPHQG WKDW SHQDOW\ IXQFWLRQV HPSOR\ LQIRUPDWLRQ DERXW WKH

GHJUHH RI FRQVWUDLQW YLRODWLRQ LQVWHDG RI MXVW WKH QXPEHU RI YLRODWHG FRQVWUDLQWV� VLQFH VRPH RI WKH

LQIRUPDWLRQ FRQFHUQLQJ WKH SDUWLFXODU VROXWLRQ QHHGV WR EH FDSWXUHG�

7KLV EDFNJURXQG SURYLGHV WKH LPSHWXV IRU WKLV UHVHDUFK� 7KH SDSHU SUHVHQWV DQ RYHUYLHZ RI

JHQHWLF DOJRULWKPV� DQG WKHQ GHVFULEHV WKH SDUWLFXODU VROXWLRQ PHWKRGRORJ\ XVHG WR VROYH WKH

SUREOHP LQ RQH� WZR� DQG WZRïDQGïDïKDOIGLPHQVLRQV� 7KH VROXWLRQ PHWKRGV DUH DSSOLHG WR WHVW

SUREOHPV� DQG FRQFOXVLRQV DUH GUDZQ�
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*HQHWLF $OJRULWKPV �*$V� >*ROGEHUJ� ��@ DUH VHDUFK DOJRULWKPV EDVHG XSRQ QDWXUDO

VHOHFWLRQ RU 'DUZLQLVP� $ *$ LV GLUHFWO\ GHULYHG IURP WKH EHKDYLRU RI JHQHV DQG FKURPRVRPHV LQ

QDWXUH� $OWKRXJK UREXVW� D *$ LV D VLPSOLILHG PRGHO RI WKH SURFHVV WKDW RFFXUV LQ QDWXUH�

(DFK ´*HQHUDWLRQµ� RU IDPLO\ RI SRVVLEOH VROXWLRQV� LV PDGH XS RI D VHW RI VWULQJV RU

´FKURPRVRPHVµ� (DFK FKURPRVRPH LV LQ WXUQ PDGH XS RI LQGLYLGXDO ´JHQHVµ� 7KHVH JHQHV DUH

FRGLQJV RI GHVLJQ YDULDEOHV WKDW DUH XVHG WR HYDOXDWH WKH IXQFWLRQ EHLQJ RSWLPL]HG�

7KH *$ FDOOV D VXEURXWLQH WR FRPSXWH WKH ILWQHVV YDOXH RU QRUPDOL]HG REMHFWLYH YDOXH IRU

HDFK FKURPRVRPH LQ D SRSXODWLRQ� 7KHVH YDOXHV DUH FRPSDUHG DQG HYDOXDWHG UHODWLYH WR HDFK RWKHU

DQG WKH FKURPRVRPHV ZLWK WKH EHVW YDOXHV ´VXUYLYHµ DQG SDVV RQ WR WKH QH[W JHQHUDWLRQ� ,Q HDFK

JHQHUDWLRQ� WKHUH LV D VPDOO SUREDELOLW\ RI HDFK FKURPRVRPH PXWDWLQJ �RU FKDQJLQJ� LQ RQH RU PRUH

SRVLWLRQV LQ WKH VWULQJ�JHQH�� 7KHUH LV D GLIIHUHQW� PXFK KLJKHU SUREDELOLW\ WKDW WZR VWULQJV ZLOO PDWH

RU FURVVRYHU WR SURGXFH D FKLOG� 7KH FKLOGUHQ DQG PXWDWLRQV DUH SODFHG LQWR WKH QH[W JHQHUDWLRQ DQG

WKH SURFHGXUH LWHUDWHV� 7KH SURFHVV RIPXWDWLRQ� FURVVRYHU� HYDOXDWLRQ DQG UHSURGXFWLRQ DUH UHSHDWHG

XQWLO WKHUH LV FRQYHUJHQFH WR D VXLWDEOH VROXWLRQ WR WKH SUREOHP�

7KH XVH RI *HQHWLF $OJRULWKPV LV EDVHG XSRQ VHYHUDO JHQHUDO DVVXPSWLRQV� 7KH ILUVW

DVVXPSWLRQ LV WKDW WKH SUREOHP HQYLURQPHQW FDQ EH UHSUHVHQWHG E\ D IL[HG OHQJWK VWULQJ RI V\PEROV�

´7KLV VWULQJ VHUYHV DV WKH ¶JHQHWLFPDWHULDO· ZLWK VSHFLILF SRVLWLRQV �ORFL� RQ WKH VWULQJ �FKURPRVRPH�

FRQWDLQLQJ XQLTXH V\PEROV RU WRNHQV �JHQHV� WDNLQJ RQ YDOXHV �DOOHOHV�� µ >$XVWLQ� ��@� ,W LV DVVXPHG

WKDW HDFK LQGLYLGXDO VWULQJ UHSUHVHQWV D XQLTXH SRLQW LQ WKH VHDUFK VSDFH� $W HDFK LWHUDWLRQ LQ WKH

VHDUFK SURFHVV� WKH V\VWHP KDV D IL[HG SRSXODWLRQ RI VWULQJV WKDW UHSUHVHQW WKH FXUUHQW VROXWLRQV WR WKH

SUREOHP� 7KH RQO\ IHHGEDFN WR WKH *$ LV WKH HYDOXDWLRQ �ILWQHVV� YDOXH RI WKH LQGLYLGXDO VWULQJV�

,WHUDWLRQV LQ WKH VROXWLRQ SURFHVV DUH PHDVXUHG LQ GLVFUHWH LQWHUYDOV RI WLPH FDOOHG JHQHUDWLRQV� 1R
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GHGXFWLYH RU DX[LOLDU\ LQIRUPDWLRQ LV UHTXLUHG E\ WKH *$� +RZHYHU� LQIRUPDWLRQ ZKLFK DLGHV LQ WKH

VROXWLRQ PD\ EH FRQVLGHUHG E\ WKH SURFHVV�

*$V GLIIHU IURP WUDGLWLRQDO PHWKRGV RI VHDUFK DQG RSWLPL]DWLRQ LQ IRXU ZD\V >+ROODQG� ��@�

- *$V ZRUN ZLWK D FRGLQJ RI WKH SDUDPHWHUV DQG QRW WKH SDUDPHWHUV WKHPVHOYHV�
- *$V GR QRW VHDUFK D VLQJOH SRLQW EXW ZRUN IURP D SRSXODWLRQ RI SRLQWV�
- *$V HYDOXDWH WKH IXQFWLRQ GLUHFWO\� DQG GR QRW XVH GHULYDWLYHV RU RWKHU DX[LOLDU\
NQRZOHGJH�

- *$V XWLOL]H SUREDELOLVWLF WUDQVLWLRQ UXOHV DV RSSRVHG WR WKH GHWHUPLQLVWLF UXOHV IRXQG LQ
WUDGLWLRQDO PHWKRGV RI RSWLPL]DWLRQ�

7KHVH IXQGDPHQWDO GLIIHUHQFHV DOORZ *$V WR EH PRUH UREXVW WKDQ ´QRUPDOµ VHDUFK DQG

RSWLPL]DWLRQ URXWLQHV VXFK DV JUDGLHQW EDVHG DOJRULWKPV� SRLQW WR SRLQW VHDUFK DQG KHXULVWLF

DSSURDFKHV�

7KH ILUVW VWHS LQ XVLQJ *$V LV WR FRGH WKH SUREOHP VSDFH� 7KLV LV GRQH E\PDSSLQJ WKH GHVLJQ

YDULDEOHV LQWR FKURPRVRPHV WKURXJK WKH XVH RI DQ DUELWUDU\ DOSKDEHW� 7KH DOSKDEHW RI FKRLFH IRU*$V

LV ELQDU\� RU �·V DQG �·V� 8VH RI ELQDU\ FRGLQJV DOORZV WKH *$ WR DVVRFLDWH KLJK ILWQHVV ZLWK

VLPLODULWLHV LQ WKH VWULQJ� 2WKHU FRGLQJV� ZKLOH YLDEOH� UHTXLUH D PRUH H[SHQVLYH GHFRGLQJ SURFHVV�

DQGPD\ QRW DOORZ WKH*$ WR UHFRJQL]H VLPLODULWLHV LQ ´JRRGµPHPEHUV RI WKH SRSXODWLRQ >*ROGEHUJ�

��@�

*(1(7,& 23(5$7256

6HOHFWLRQ

6HOHFWLRQ� RU UHSURGXFWLRQ� LV WKH SURFHVV RI FUHDWLQJ D QHZ JHQHUDWLRQ� 7KLV LV DFFRPSOLVKHG

E\ FRS\LQJ VWULQJV RU LQGLYLGXDOV IURP WKH ODVW JHQHUDWLRQ LQWR WKH SRSXODWLRQ RI WKH QHZ JHQHUDWLRQ�

EDVHG XSRQ WKH HYDOXDWLRQ RI WKH LQGLYLGXDO·V DVVLJQHG ILWQHVV YDOXH� 2QHPHWKRG RI VHOHFWLRQ IRU WKLV

PHWKRGRORJ\ LV FDOOHG 5DQN %DVHG 6HOHFWLRQ� 7KLV SURFHGXUH VRUWV WKH SRSXODWLRQ EDVHG RQ ILWQHVV

YDOXH� )URP WKLV VRUWHG SRSXODWLRQ� D QXPEHU RI RIIVSULQJV DUH DVVLJQHG WR WKH QHZ JHQHUDWLRQ EDVHG

RQ WKHLU SRVLWLRQ LQ WKH VRUW�
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&URVVRYHU

&URVVRYHU LV WKH RSHUDWRU UHVSRQVLEOH IRU LQWURGXFLQJ PRVW QHZ VROXWLRQV WR WKH SRSXODWLRQ�

7KLV LV GRQH E\ VHOHFWLQJ� DW UDQGRP� WZR SDUHQW VWULQJV� 7KHVH VWULQJV DUH WKHQ FURVVHG WR SURGXFH

WZR RIIVSULQJ� 7KLV SURFHVV RI VKDULQJ LQIRUPDWLRQ EHWZHHQ GLIIHUHQW VWULQJV JLYHV *$V PXFK RI

WKHLU SRZHU�

'LIIHUHQW PHWKRGV RI FURVVRYHU FDQ EH XVHG� 2QH VXFK VLPSOH SURFHGXUH LV WKH RQH SRLQW

FURVVRYHU� 7ZR VWULQJV DUH FKRVHQ DW UDQGRP IURP WKH SRSXODWLRQ� 7KH JHQHWLF LQIRUPDWLRQ

FRQWDLQHG LQ WKH VWULQJV LV WKHQ VZDSSHG RQ RQH VLGH RI WKH FURVVLQJ SRLQWV >*ROGEHUJ� ��@ �)LJXUH ���

,QLWLDO VWULQJV
��������
��������

&URVV SRLQW GHWHUPLQHG
����� _ ���
����� _ ���

&URVVRYHU FRPSOHWHG
��������

)LJXUH �� 2QH 3RLQW &URVVRYHU

0XWDWLRQ

0XWDWLRQ LV WKH SURFHVV RI UDQGRPO\ FKDQJLQJ RQH ELW RI LQIRUPDWLRQ LQ WKH VWULQJ� 7KH

FKDQJH LV DFFRPSOLVKHG E\ FKDQJLQJ D VLQJOH JHQH IURP � WR � RU � WR �� 0XWDWLRQ SUHYHQWV WKH *$

IURP ORRVLQJ SRWHQWLDOO\ LPSRUWDQW LQIRUPDWLRQ RU VWDJQDWLQJ GXULQJ WKH VROXWLRQ SURFHVV� 0XWDWLRQ

KDV WKH HIIHFW RI SURYLGLQJ D SXVK IURP D SDUWLFXODU VROXWLRQ ZKLFK PD\ EH D ORFDO RSWLPXP UDWKHU

WKDQ WKH JOREDO RQH VRXJKW� 0XWDWLRQ LV FRQVLGHUHG WR EH D VHFRQGDU\ RSHUDWRU WR FURVVRYHU DQG

UHSURGXFWLRQ WKDW SURYLGHV DQ LQVXUDQFH SROLF\ DJDLQVW SUHPDWXUH FRQYHUJHQFH DQG ORVV RI

LQIRUPDWLRQ >*ROGEHUJ� ��@�

'(9(/230(17 2) 7+( $/*25,7+0
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7KH ILUVW VWHS LQ WKH GHYHORSPHQW RI WKH DOJRULWKP LV WKH VHOHFWLRQ RI WKH DSSURSULDWH FRGLQJ

IRU WKH GHILQLWLRQ RI WKH YDULDEOHV� )RU WKH RQH GLPHQVLRQDO FDVH� ER[HV DUH LQLWLDOO\ DVVXPHG WR EH RI

IL[HG VL]H DQG ZHLJKW� 7KLV VLPSOLILFDWLRQ DOORZV D SURJUHVVLYH LQFUHDVH LQ FRPSOH[LW\ IURP WKH

RQHï'LPHQVLRQDO FDVH WR WKH WZRïDQGïDïKDOIï'LPHQVLRQDOFDVH ZLWK YDULDEOH ZHLJKWV� :LWK WKLV

DVVXPSWLRQ� WKH FHQWHU RI JUDYLW\ RI WKH HQWLUH ORDG RI ER[HV FDQ EH FRPSXWHG E\ WKH IROORZLQJ

IRUPXOD�
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ZKHUH:L LV WKHZHLJKW RI HDFK ER[� DQG;L LV WKH FHQWURLG ORFDWLRQ RI HDFK ER[� 7KH ORDG IURP

DQ LQGLYLGXDO ER[ LV DVVXPHG WR EH D SRLQW ORDG DW WKH FHQWURLG RI WKH ER[� 6LQFH WKH VL]H RI WKH ER[HV

KDV WR EH WDNHQ LQWR DFFRXQW ZKHQ ORDGLQJ WKH WUXFN� WKH LQLWLDO VHW RI GHVLJQ YDULDEOHV VHOHFWHG LV WKH

GLVWDQFH EHWZHHQ WKH ER[HV� 1RWH WKDW WKLV VHOHFWLRQ HOLPLQDWHV WKH QHHG WR FRPSXWH LQWHUIHUHQFHV

EHWZHHQ ER[HV� DQG UHVXOWV LQ VLJQLILFDQW VDYLQJV LQ H[HFXWLRQ WLPH� $OVR� VLQFH DOO ER[HV DUH RI WKH

VDPH VL]H DQG ZHLJKW� WKH RUGHU RI WKH ER[HV LV LUUHOHYDQW DW WKLV SRLQW� 7KXV WKH LQLWLDO ELWVWULQJ

FRGLQJ VHOHFWHG KDV WR UHSUHVHQW WKH VSDFH EHWZHHQ HDFK WZR ER[HV� DQG KDV WR YDU\ EHWZHHQ � DQG

VRPH PD[LPXP GLVWDQFH VHOHFWHG EDVHG XSRQ WKH QXPEHU RI ER[HV ORDGHG� WKHLU VL]H DQG WKH VL]H RI

WKH WUDLOHU� 7KLV VSDFH EHWZHHQ WZR ER[HV LV URXQGHG WR WKH QHDUHVW LQFK WR UHVXOW LQ DQ LQWHJHU

UHSUHVHQWDWLRQ ZKLFK FDQ EH HDVLO\ FRGHG LQWR WKH *HQHWLF $OJRULWKP� 1RWH WKDW WKLV UHVWULFWLRQ LV

OLIWHG ZLWK VRPH *$ FRGLQJV >5();;;;`� )RU D PD[LPXP VSDFLQJ RI �� LQFKHV� D ILYH ELW ELQDU\

JHQH FRGLQJ FDQ EH XVHG� 7KLV FRGLQJ DOORZV HDFK JHQH WR UHSUHVHQW D GHVLJQ YDULDEOH ZKLFK FDQ EH

EHWZHHQ � DQG �� LQFKHV LQ VL]H�

)LJXUH �� 6DPSOH %LWVWULQJ IRU 2QHïGLPHQVLRQDO 3UREOHP�

)LJXUH � LOOXVWUDWHV D VDPSOH ELWVWULQJ IRU D RQH GLPHQVLRQDO SUREOHP UHVWULFWHG WR ILYH ER[HV�
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%R[ � ; 2IIVHW  ��µ
%R[ � ; 2IIVHW  ��µ
%R[ � ; 2IIVHW  ��µ
%R[ � ; 2IIVHW  �µ
%R[ � ; 2IIVHW  �µ

(YHQ WKRXJK WKLV SUREOHPPLJKW QRW EH YHU\ UHDOLVWLF� WKH FRQVWUDLQW WKDW DOO WKH ER[HV KDYH WR

ILW ZLWKLQ WKH ERXQGV RI WKH WUDLOHU LV DGGHG WR WKH ILWQHVV RU RSWLPL]DWLRQ FULWHULRQ WR HQVXUH YDOLG

UHVXOWV� 7KH SHQDOW\ LPSRVHG LV D TXDGUDWLF SHQDOW\ RI WKH IRUP�

LI GLVWDQFHL ! 0$;/(1*7+ ï%R[6L]HL 7KHQ
3HQDOW\L  3HQDOW\Lï� � �GLVWDQFHL � %R[6L]HL ï0$;/(1*7+��

DQG WKH DOJRULWKP IRU WKH RQH GLPHQVLRQDO ORDGLQJ FDQ EH GHVFULEHG DV IROORZV�
)LJXUH � *UDSKLFDO 'HSLFWLRQ RI �' DOJRULWKP�

1RWH WKDW YDULRXV SHQDOWLHV IXQFWLRQV ZHUH HYDOXDWHG � ([DPSOH VXFK HYDOXDWLRQV DUH OLQHDU�

VTXDUH DQG VTXDUH URRW IXQFWLRQV RI WKH H[FHVV GLVWDQFH RXW RI WKH WUDLOHU� 7KH VTXDUH IXQFWLRQ

SHUIRUPHG EHVW� 7KH DOJRULWKP LOOXVWUDWHG LQ )LJXUH � FDQ EH GHVFULEHG DV IROORZV�

�� 7DNH WKH ILUVW ER[ DQG SODFH LW [� LQFKHV IURP WKH FORVHG HQG RI WKH WUDLOHU� [� LV WKH GLVWDQFH
FDOFXODWHG IURP WKH ELQDU\ VWULQJ�

�� $GG WKH FHQWURLG ORFDWLRQ RI WKH ODVW ER[ SODFHG WR WKH ORFDWLRQ VXPPDWLRQ�
�� 7DNH WKH QH[W ER[ DQG ORFDWH LW DW [Q LQFKHV SOXV WKH ER[ VL]H IURP WKH ODVW ER[�
�� $GG WKH ER[ ZHLJKW WR WKH WRWDO ER[ ZHLJKW�
�� 5HSHDW VWHSV � WKURXJK � XQWLO DOO RI WKH ER[HV DUH SODFHG�
�� &DOFXODWH WKH FHQWHU RI JUDYLW\ E\GLYLGLQJ WKH ORFDWLRQ VXPPDWLRQ E\ WKH WRWDOZHLJKW RI WKHER[HV�
�� )LQG WKH DEVROXWH YDOXH RI WKH GLIIHUHQFH LQ WKH GHVLUHG FHQWHU RI JUDYLW\ YHUVXV WKH RQH IRXQG LQ ��
�� (VWDEOLVK WKH SHQDOW\ IRU WKLV VROXWLRQ �LI DQ\�
�� 6HW WKH HYDOXDWLRQ RI WKLV VROXWLRQ WR EH WKH GLIIHUHQFH LQ FHQWHUV RI JUDYLW\ SOXV WKH SHQDOW\�

:KHQ GLIIHUHQW VL]HG ER[HV DUH FRQVLGHUHG� WKH IRUPXOD LV DGMXVWHG LQ VWHS ��

7:2 ',0(16,21$/ $/*25,7+0

7KH ILUVW WZRïGLPHQVLRQDO DOJRULWKP GHYHORSHG IRU WKLV PHWKRGRORJ\ LQYROYHV SDFNLQJ WKH

ER[HV RQ WKH IODWEHG RI WKH WUXFN� 7KH ER[HV DUH FRQVLGHUHG WR KDYH OHQJWK DQGZLGWK EXW WKHLU KHLJKW

LV LJQRUHG� 7KH ER[HV DUH SDFNHG RQ WKH;ï<SODQH� GHILQHG WR EH RQ WKH WUXFN SODWIRUPDW= ���� DQG

WKH GHVLUHG FHQWHU RI JUDYLW\ KDV ; DQG< FRPSRQHQWV� 7KH ; GLPHQVLRQ LV GHILQHG DORQJ WKH ODUJHVW

GLPHQVLRQ RI WKH WUDLOHU� IURP EDFN �FORVHG HQG� WR IURQW� DQG < LV GHILQHG DFURVV WKH IORRU RI WKH
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WUDLOHU� IURP OHIW WR ULJKW ORRNLQJ LQWR WKH RSHQ WUDLOHU� 7KH GHVLUHG FHQWHU RI JUDYLW\ UHPDLQV WKH VDPH

LQ WKH;GLUHFWLRQ� DQG LV ORFDWHG DW WKH FHQWHU RI WKH WUDLOHU LQ WKH< GLUHFWLRQ� 7KH WZR FRPSRQHQWV RI

WKH &2* KDYH WR EH FRPSXWHG LQGHSHQGHQWO\� DQG DQ RIIVHW IRU HDFK ER[ LQ HDFK RI WKH GLUHFWLRQV LV

QHHGHG� 7KXV D GLVWLQFW ILYH ELW VWULQJ LV DVVLJQHG WR HDFK ER[ LQ HDFK GLUHFWLRQ� 7KH DOJRULWKP IRU WKH

WZR GLPHQVLRQDO FDVH LV OLVWHG EHORZ� 7KH ILWQHVV IXQFWLRQ LV WKH VXP RI WKH GLIIHUHQFHV LQ WKH FHQWHUV

RI JUDYLW\ IRU ERWK GLUHFWLRQV SOXV DQ\ SHQDOW\ LQFXUUHG� 7KH DOJRULWKP XVHG LV DV IROORZV�

�� 7DNH WKH ILUVW ER[ DQG SODFH LW [� LQFKHV IURP WKH EDFN RI WKH WUDLOHU �FORVHG HQG� DQG \� LQFKHV IURP
WKH OHIW ZDOO� [� DQG \� DUH WKH GLVWDQFHV FDOFXODWHG IURP WKH ELQDU\ VWULQJ�

�� &KHFN WKDW �\Lï� � \L � WKH VL]H RI WKH ER[ LQ WKH < GLUHFWLRQ� ILWV ZLWKLQ WKH WUDLOHU� ,W \HV� JR WR ��
�� 6WDUW D QHZ URZ� 6HW \Lï� WR � IRU WKH FXUUHQW ER[ RQO\�
�� )LQG WKH PD[LPXP ; GLVWDQFH XVHG LQ WKH UDQJH \L � < � \L � %R[VL]H<Lï��
�� 3ODFH WKH ER[ DW PD[LPXP ; SOXV [L DQG \Lï� � %R[VL]H<Lï� � \L �
�� 6HW WKH PD[LPXP YDOXH IRU WKH ; UDQJH RI WKH SODFHG ER[ WR WKH DFWXDO SODFHPHQW SOXV %R[VL]H ;L�
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�� $GG WKH ER[ ZHLJKW WR WKH WRWDO�
�� $GG WKH ; FHQWURLG SRVLWLRQ WR WKH ; ORFDWLRQ VXPPDWLRQ�
�� $GG WKH < FHQWURLG SRVLWLRQ WR WKH < ORFDWLRQ VXPPDWLRQ�
��� 5HSHDW VWHSV � WKURXJK � XQWLO DOO RI WKH ER[HV DUH SODFHG�
��� &DOFXODWH WKH FHQWHU RI JUDYLW\ IRU WKH HQWLUH ORDG �; DQG < FRPSRQHQWV�
��� &RPSXWH WKH DEVROXWH YDOXH RI WKH GLIIHUHQFH EHWZHHQ WKH GHVLUHG FHQWHU RI JUDYLW\ DQG WKH RQH

IRXQG LQ ���
��� (VWDEOLVK WKH SHQDOWLHV IRU WKLV VROXWLRQ �LI DQ\�
��� 6HW WKH HYDOXDWLRQ RI WKLV VROXWLRQ WR EH WKH VXP RI WKH GLIIHUHQFHV LQ FHQWHUV RI JUDYLW\ IRU ERWK

GLUHFWLRQV SOXV DQ\ SHQDOW\ LQFXUUHG� )RU WKH �' FDVH� WKH SHQDOW\ IXQFWLRQ LV WKH VXP RI WKH
SHQDOWLHV IRU WKH ; DQG < GLPHQVLRQV� 7KH ; SHQDOW\ LV WKH VDPH DV WKH �' FDVH� WKH < SHQDOW\ LV
DOVR WKH VDPH� H[FHSW WKDW LW LV DSSOLHG WR WKH ZLGWK RI WKH WUDLOHU�

7KH QH[W VWHS LV WR UDQGRPL]H WKH RUGHU LQ ZKLFK WKH ER[HV DUH SODFHG ZLWKLQ WKH WUDLOHU DQG

GHWHUPLQH WKH RSWLPXP RUGHU� 7KLV SUREOHP LV VLPLODU WR WKH FODVVLFDO RSWLPL]DWLRQ SUREOHP RI WKH

7UDYHOLQJ 6DOHVPDQ �763�� ,W LV DOVR VLPLODU WR RWKHU VFKHGXOLQJ VLWXDWLRQV HQFRXQWHUHG LQ YDULRXV

DSSOLFDWLRQV VXFK DV MRE VKRS VFKHGXOLQJ� RU FRPSXWHU SURFHVVRU WLPH VFKHGXOLQJ�

0RVW H[LVWLQJ VROXWLRQV RI WKHVH SUREOHPV LQ WKH OLWHUDWXUH SXW DQ HPSKDVLV RQ WKH FURVVRYHU

RSHUDWRU WR REWDLQ D VROXWLRQ� 7KH WKHRU\ EHKLQG WKLV UHDVRQLQJ LV WKDW LQ QDWXUH� WKH LQIRUPDWLRQ

FDUULHG E\ DQ DOOHOH LV LQGHSHQGHQW RI WKH DOOHOH·V SRVLWLRQ LQ WKH FKURPRVRPH� 7KLV LV GLIIHUHQW LQ

WUDGLWLRQDO*$V� ,Q WUDGLWLRQDO*$V� WKH SRVLWLRQ RI DQ DOOHOH LQ WKH FKURPRVRPHGHWHUPLQHV SDUW RI LWV

PHDQLQJ� :KDW LV QHHGHG WR UHRUGHU WKH ER[HV LV DPHDQV RI QXPEHULQJ WKH ER[HV� DQG WKHQ FKDQJLQJ

WKH SRVLWLRQ RI WKDW UHSUHVHQWDWLRQ LQ WKH DUWLILFLDO FKURPRVRPH ZLWKRXW FKDQJLQJ LWV PHDQLQJ WR WKH

*$� ,Q QDWXUH� WKH SULPDU\ PHWKRG RI FKDQJLQJ WKH SRVLWLRQ RI DQ DOOHOH LV LQYHUVLRQ� 8QGHU WKLV

SURFHVV� WZR SRLQWV DUH FKRVHQ DORQJ WKH FKURPRVRPH� $ FXW LV PDGH DW WKHVH SRLQWV� DQG WKH HQGV RI

WKH FKURPRVRPH VZLWFK SODFHV� ,Q *$V� WKLV FDQ EH IRUPXODWHG WKURXJK WKH XVH RI WKH FURVVRYHU

RSHUDWRU >*ROGEHUJ� ��@�

8VH RI WKH FURVVRYHU RSHUDWRU LV XQIRUWXQDWHO\ QRW MXVW DQ DSSOLFDWLRQ RI DQ DOJRULWKP� ,Q IDFW�

WKH WUDGLWLRQDO QïSRLQW FURVVRYHU RSHUDWRUV KDYH D KLJK WHQGHQF\ WR SURGXFH QRQïYLDEOH VROXWLRQV

GXH WR RPLVVLRQ DQG GXSOLFDWLRQ RI VWULQJV >)R[� ��@� 0XFK UHVHDUFK LQ WKLV ILHOG IRFXVHV RQ

GHYHORSLQJ DQDORJV RI WUDGLWLRQDO RSHUDWRUV WR VDWLVI\ JHQHUDO SULQFLSOHV DQG UHVWULFWLRQV LQKHUHQW LQ

WKH SUREOHP RI RUGHU >)R[� ��@� 7KLV UHVHDUFK KDV OHG WR WKH GHYHORSPHQW RI 2UGHU FURVVRYHU� (GJH

UHFRPELQDWLRQ DQG RWKHU PHWKRGV�
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)LJXUH �� �' %R[ 3DFNLQJ ,OOXVWUDWLRQ
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7KH FURVVRYHU PHWKRG DSSOLHG LQ WKLV UHVHDUFK LV WKH 2UGHU &URVVRYHU �2;� >&RUFRUDQ�

��@>)R[� ��@ >2OLYHU� ��@� 2; LQYROYHV WZR SDUHQWV FUHDWLQJ WZR FKLOGUHQ DW WKH VDPH WLPH� 7KLV

RSHUDWRU DOORZV WKH RUGHU LQ ZKLFK WKH ER[HV DUH SODFHG LQWR WKH WUXFN WR EH FKDQJHG� $IWHU

GHWHUPLQLQJ WKH SDUHQWV IRU WKH SURFHVV� WKH EDVLF DOJRULWKP LV DV IROORZV�

�� 7ZR UDQGRP FXW SRLQWV DUH GHWHUPLQHG�
�� 7KHQ WKH VWULQJ SRVLWLRQV EHWZHHQ WKH FXWV DUH SODFHG GLUHFWO\ LQWR WKH FKLOG�
�� 6WDUWLQJ DIWHU WKH VHFRQG FXW SRLQW DQG SURFHHGLQJ WR WKH HQG RI WKH VWULQJ� WKH V\PEROV DUH FRSLHG

IURP WKH VHFRQG SDUHQW LQWR WKH ILUVW FKLOG� DQG IURP WKH ILUVW SDUHQW LQWR WKH VHFRQG FKLOG� ,Q WKLV
SURFHVV DQ\ V\PEROV DOUHDG\ SUHVHQW LQ WKH FKLOG DUH RPLWWHG IURP WKLV FRS\LQJ RSHUDWLRQ�

�� :KHQ WKH HQG RI WKH VWULQJ LV UHDFKHG� WKH FRS\LQJ SURFHVV LV FRQWLQXHG DW WKH EHJLQQLQJ RI WKH
VWULQJ DQG FRQWLQXHV XQWLO DOO SRVLWLRQV DUH ILOOHG�

>&RUFRUDQ ��@ VKRZHG WKDW 2UGHU &URVVRYHU �2;� LV WKH EHVW FURVVRYHU RSHUDWRU IRU WKLV W\SH

RI SUREOHP� 2; LV LPSOHPHQWHG WR FKDQJH WKH VHTXHQFH LQZKLFK WKH ER[HV DUH SODFHG LQWR WKH WUDLOHU�

7KLV LV DFFRPSOLVKHG E\ GLYLGLQJ WKH ELWVWULQJ LQWR WZRSRUWLRQV� 7KH ILUVW SRUWLRQ FRQWDLQV D VWULQJ RI

VXIILFLHQW OHQJWK WR UHSUHVHQW WKH QXPEHU RI ER[HV XQGHU FRQVLGHUDWLRQ� 7KH VHFRQG SRUWLRQ FRQWDLQV

WKH RIIVHW GLVWDQFHV EHWZHHQ WKH ER[HV� 7KH ILUVW SRUWLRQ RI WKLV VWULQJ LV PDSSHG IURP D ELQDU\

UHSUHVHQWDWLRQ LQWR D VHW RI LQWHJHUV� 7KHVH LQWHJHUV XQGHUJR RUGHU FURVVRYHU WR JHQHUDWH WZR QHZ

VHTXHQFHV DQG DUH UHïPDSSHG LQWR ELQDU\ IRUPDW IRU IXUWKHU RSHUDWLRQV�

%R[ 5RWDWLRQ

7KH QH[W VWDJH RI WKH DOJRULWKP GHYHORSPHQW LV WR DOORZ IRU WKH ER[HV WR EH URWDWHG EHIRUH

WKH\ DUH SODFHG LQWR WKH WUXFN ZKLFK VKRXOG UHVXOW LQ D EHWWHU SDFNLQJ� 7KH URWDWLRQ RI WKH ER[HV LV

DFFRPSOLVKHG E\ HYDOXDWLQJ D URWDWLRQ ELW DVVLJQHG WR HDFK ER[� ,I WKLV ELW LV ´�µ WKHQ WKH ; DQG <

VL]HV RI WKH ER[ DUH VZDSSHG� 7KLV DVVXPHV WKDW D ER[ FDQQRW EH ODLG RQ LWV VLGH� $IWHU WKLV SRLQW WKH

DOJRULWKP SURFHHGV LQ WKH VDPH IDVKLRQ DV WKH RQH GHVFULEHG HDUOLHU IRU WKH WZR GLPHQVLRQDO SDFNLQJ

ZLWKRXW URWDWLRQ� 7KLV DOJRULWKP LV JLYHQ LQ D IRUPDOL]HG PDQQHU EHORZ� LW LV GHVFULEHG LQ PRUH

GHWDLOV LQ >:RG]LDN� ��@�

�� 'HWHUPLQH WKH QH[W %R[ 1XPEHU� Q
�� &KHFN LI ER[ LV WR EH URWDWHG� ,I LW GRHV� VZDS WKH ; DQG < VL]H RI WKH ER[
�� &KHFN WR VHH WKDW �<L � %R[VL]H<� LV ZLWKLQ WKH LPSRVHG OLPLWV� ,I LW LV� JR WR VWHS �
�� 6WDUW D QHZ URZ� 6HW <L  �� �
�� )LQG WKH PD[LPXP ; GLVWDQFH XVHG IRU WKH UDQJH <L $ <$ <L �%R[VL]H<
�� ,I WKHPD[LPXP;�%R[VL]H; LV RXWVLGH WKH WUXFN� PDUN WKH ER[ DV XQXVHG� 6HW ;L DQG<L HTXDO WR

WKH ODVW SDFNHG ER[� *R WR 6WHS ��
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�� 3ODFH WKH ER[ DW PD[LPXP ; DQG <L� ,QFUHPHQW WKH QXPEHU RI ER[HV SDFNHG E\ �
�� 6HW WKH PD[LPXP ; YDOXH IRU WKH UDQJH RI WKH SODFHG ER[ WR EH HTXDO WR WKH SODFHPHQW SOXV WKH

%R[VL]H;
�� $GG WKH ER[ ZHLJKW WR WKH WRWDO�
��� $GG WKH ; FHQWURLG SRVLWLRQ WR WKH ; ORFDWLRQ VXPPDWLRQ�
��� $GG WKH < FHQWURLG SRVLWLRQ WR WKH < ORFDWLRQ VXPPDWLRQ�
��� 5HSHDW VWHSV � WKURXJK � XQWLO DOO RI WKH ER[HV DUH SODFHG�
��� &DOFXODWH WKH FHQWHU RI JUDYLW\ IRU WKH HQWLUH ORDG �; DQG < FRPSRQHQWV�
��� )LQG WKH DEVROXWH YDOXH RI WKH GLIIHUHQFH LQ WKH GHVLUHG FHQWHU RI JUDYLW\ YHUVXV WKH RQH IRXQG LQ

���
��� (VWDEOLVK WKH SHQDOWLHV IRU WKLV VROXWLRQ �LI DQ\��
��� 6HW WKH HYDOXDWLRQ RI WKLV VROXWLRQ WR EH WKH VXP RI WKH GLIIHUHQFHV LQ FHQWHUV RI JUDYLW\ IRU ERWK

GLUHFWLRQV SOXV DQ\ SHQDOW\ LQFXUUHG�

7:2 $1' $ +$/) ',0(16,21$/ $/*25,7+0

7KH QH[W SKDVH RI WKH SURMHFW LV WKH XOWLPDWH JRDO RI WKLV ZRUN� SDFNLQJ PXOWLSOH OD\HUV RI

ER[HV LQWR WKH WUXFN� 7KH ER[HV DW WKLV VWDJH DUH SDFNHG LQ WKUHH GLPHQVLRQV� EXW WKH FHQWHU RI JUDYLW\

LV FDOFXODWHG DQG FRPSDUHG WR WKH WDUJHW FHQWHU RI JUDYLW\ LQ WZR GLPHQVLRQV� 7KH KHLJKW GLIIHUHQFH LQ

WKH GHVLUHG DQG FDOFXODWHG FHQWHUV RI JUDYLW\ LV QRW FRQVLGHUHG� 7KH ER[HV DUH FRQVLGHUHG WR KDYH

KHLJKW� OHQJWK DQGZLGWK� DQG DUH RI YDULRXVZHLJKWV� 7KH VHTXHQFH LQZKLFK WKHVH ER[HV DUH SODFHG LV

GHWHUPLQHG IURP WKH ILUVW SRUWLRQ RI WKH ELWVWULQJ ZKLFK LV PDQLSXODWHG E\ 2UGHU &URVVRYHU�

7KH ER[HV DUH SDFNHG DORQJ WKH ; DQG < D[HV LQ WKH VDPH PDQQHU DV WKH WZR GLPHQVLRQDO

DOJRULWKP� :KHQ WKH ILUVW OHYHO �= �� RQ WKH WUXFN SODWIRUP LV ILOOHG� D QHZ OD\HU RI ER[HV LV VWDUWHG DW

��� �� KBPD[N�� KBPD[N LV GHWHUPLQHG DV WKH PD[LPXP KHLJKW RI DOO WKH SUHYLRXVO\ SDFNHG ER[HV

EHORZ WKH FXUUHQW ER[� 7KLV LV FRQWLQXHG XQWLO DOO ER[HV DUH SODFHG� 1RWH WKDW WKH OD\HUV RI ER[HV DUH

QRW RI XQLIRUP KHLJKW VLQFH RQO\ WKHPD[LPXP KHLJKW XQGHU D VSHFLILF ER[ LV FRQVLGHUHG DW RQH WLPH�

$OVR� WKLV DOJRULWKP ZLOO UHVXOW LQ VRPH ER[HV UHVWLQJ RQ SDUWV RI ER[HV� ZKLFK PLJKW QRW EH YHU\

VWDEOH�

3HQDOWLHV DUH DVVHVVHG IRU YLRODWLRQV RI WKH WUDLOHU GLPHQVLRQV LQ WKH ;� < DQG = GLUHFWLRQV�

+RZHYHU� RQO\ WKH = GLUHFWLRQ YLRODWLRQ UHVXOWV LQ D SHQDOW\ VLQFH WKH DOJRULWKP JXDUGV DJDLQVW

H[WHQVLRQ SDVW WKH ; DQG < OLPLWV�

7KH DOJRULWKP IRU WKLV SDFNLQJ LV IRUPDOL]HG EHORZ�

�� 'HWHUPLQH WKH QH[W %R[ 1XPEHU� QL
�� &KHFN LI ^ <Lï� �%R[VL]H<1Lï�` �<L �%R[VL]H<1L ` LV ZLWKLQ WKH OLPLWV RI WKH WUDLOHU� ,I WKH ER[

ILWV DQG L!�� JRWR VWHS ��
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�� 6WDUW D QHZ URZ� 6HW <Lï�  � DQG %R[VL]H<1Lï�  � IRU WKH FXUUHQW ER[ RQO\�
�� )LQG WKH PD[LPXP ; GLVWDQFH XVHG IRU WKH UDQJH <L $ <$ <L �%R[VL]H<1L�
�� ,I WKHPD[LPXP;�%R[VL]H;1L LV RXWVLGH WKH WUDLOHU� VWDUW D QHZ OD\HU� 6HW<LHTXDO WR �� JRW VWHS��
�� )LQG WKH PD[LPXP KHLJKW XVHG IRU WKH DUHD XQGHU WKH FXUUHQW ER[ LQ WKH UDQJH ;L $ ;$ ;L �

%R[VL]H;1L DQG <L $ <$ <L � %R[VL]H<1L

�� 3ODFH WKH ER[ DW WKH PD[LPXP ;� <L DQG PD[LPXP KHLJKW�
�� 6HW WKH PD[LPXP ; YDOXH IRU WKH UDQJH RI WKH SODFHG ER[ WR EH HTXDO WR WKH SODFHPHQW SOXV WKH

%R[VL]H;1L�
�� 8SGDWH WKH PD[LPXP +HLJKW IRU WKH DUHD RI WKH ER[�
��� $GG WKH ZHLJKW RI WKH ER[ WR WKH WRWDO ZHLJKW�
��� &RPSXWH WKH XSGDWHG ; DQG < &HQWHUV RI JUDYLW\�
��� 5HSHDW VWHSV �ï�� XQWLO DOO WKH %R[HV DUH FRQVLGHUHG�
��� &DOFXODWH WKH GLIIHUHQFH EHWZHHQ WKH GHVLUHG &HQWHU RI *UDYLW\ DQG FDOFXODWHG &HQWHU RI *UDYLW\

LQ WKH ; DQG < GLUHFWLRQV�
��� (VWDEOLVK WKH SHQDOWLHV IRU WKLV VROXWLRQ �LI DQ\��
��� 6HW WKH HYDOXDWLRQ RI WKLV VROXWLRQ WR EH WKH DEVROXWH YDOXH RI WKH GLIIHUHQFHV LQ ; DQG <

FRRUGLQDWHV RI WKH FHQWHUV RI JUDYLW\ SOXV WKH SHQDOWLHV LI DQ\�

5(68/76

$SSOLFDWLRQV RI WKHVH DOJRULWKPV WR WUXFN SDFNLQJ SUREOHPV DUH SUHVHQWHG EHORZ LQ

LQFUHDVLQJ RUGHU RI FRPSOH[LW\�

21( ',0(16,21$/ (;$03/( :,7+ %2;(6 2) 9$5,286 :(,*+76

,Q RUGHU WR YHULI\ WKH DOJRULWKPV GHYHORSHG� SUREOHPV RI NQRZQ VROXWLRQ ZHUH ILUVW WHVWHG�

7KHVH SUREOHPV FRQVLVWHG LQ SDFNLQJ ER[HV RI GHFUHDVLQJ VL]HV LQ WKH WUXFN� 7KH RULJLQDO RUGHULQJ

ZDV UDQGRP� DQG DIWHU H[HFXWLQJ WKH DOJRULWKP WKH VROXWLRQ REWDLQHG ZDV FRPSDUHG WR WKH DQDO\WLFDO

VROXWLRQ� )LJXUH

7KH ILUVW LPSOHPHQWDWLRQ RI WKH SUREOHP LQYROYHV SDFNLQJ �� ER[HV LQ D )UXHKDXI WUDLOHU

0RGHO � )%ï�����ï/3ï1)�ï��>)UXHKDXI� ����@� 7KH GLPHQVLRQV RI WKH WUDLOHU DUH DSSUR[LPDWHO\

��� LQFKHV ORQJ E\ ���� LQFKHV ZLGH DQG ��� LQFKHV KHLJKW� 7KH ER[HV XVHG DUH UDQGRPO\ JHQHUDWHG

ZLWK VL]HV EHWZHHQ �� LQFKHV DQG �� LQFKHV LQ DOO GLUHFWLRQV� WKH ZHLJKWV DUH DOVR UDQGRP� DQG UDQJH

EHWZHHQ �� DQG ���SRXQGV� 7KH GHVLUHG FHQWHU RI JUDYLW\ LV FRPSXWHG IRU D SDUWLFXODU SRVLWLRQ RI WKH

UHDU ZKHHO D[OHV LQ WKH ; GLUHFWLRQ� DQG DW WKH FHQWHU RI WKH WUDLOHU LQ WKH < GLUHFWLRQ �)LJXUH ���

7KH EHVW VROXWLRQ IRU WKLV FDVH ZDV SURGXFHG LQ ��� JHQHUDWLRQV DQG WRRN DSSUR[LPDWHO\ ��

PLQXWHV WR UXQ RQ D 6XQ 63$5& ,3&� 7KH VROXWLRQ IRXQG ZDV ����� LQFKHV DZD\ IURP WKH GHVLUHG
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.LQJ 3LQ ORFDWLRQ

$[OHV RI WUDLOHU

'HVLUHG &HQWHU RI *UDYLW\

[

\

)LJXUH �� 7RS YLHZ RI WKH 7UDLOHU

FHQWHU RI JUDYLW\� )LJXUH � LOOXVWUDWHV WKLV UHVXOW� $V FDQ EH VHHQ� EHFDXVH RI WKHZHLJKW GLVWULEXWLRQ RI
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WKH ER[HV� DQG EHFDXVH RI WKH IL[HG UHODWLYH ORFDWLRQ RI WKH ER[HV� WKLV LV WKH EHVW SDFNLQJ SRVVLEOH� ,Q

WKLV ILJXUH� WKH KHLJKW RI WKH ER[HV LV SURSRUWLRQDO WR WKH WKHLU SDUWLFXODU ZHLJKW��

7KH VHFRQG LPSOHPHQWDWLRQ DOORZV UHRUGHULQJ RI WKH ER[HV� DQG WKH 2UGHU &URVVRYHU

RSHUDWRU LV XVHG� 7KH VDPH SUREOHP DV WKH RQH GLVSOD\HG LQ )LJXUH �� LV VROYHG� DQG )LJXUH ��

LOOXVWUDWHV WKH QHZ UHVXOW� $V D UHVXOW RI WKH DELOLW\ WR PRYH WKH ER[HV ZLWK UHVSHFW WR HDFK RWKHU� WKH

GLIIHUHQFH LQ FHQWHUV RI JUDYLW\ �FDOFXODWHG DQG GHVLUHG�ZDV UHGXFHG WR ����� LQFKHV� ,Q WKLV VROXWLRQ�

WKH DOJRULWKP SDFNHG WKH KHDYLHU ER[HV �DV VKRZQ E\ WKHLU KHLJKW� WRZDUGV WKH RSHQ HQG RI WKH WUDLOHU

ZKLFK UHVXOWHG LQ D PXFK PRUH DFFXUDWH ORFDWLRQ RI WKH FHQWHU RI JUDYLW\� 7KHVH UHVXOWV SURYH WKH

HIIHFWLYHQHVV RI WKH UHïRUGHULQJ PHWKRGRORJ\ DQG RI WKH 2UGHU &URVVRYHU RSHUDWRU� 7KH QXPEHUV

EHORZ WKH ER[HV FRUUHVSRQG WR WKH RUGHU LQ ZKLFK WKH GDWD LV UHDG LQWR WKH SURJUDP�

)LJXUH �� 2QH 'LPHQVLRQDO 3DFNLQJ ZLWK 5HRUGHULQJ

7:2 ',0(16,21$/ &$6(6
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7KH ILUVW WZR GLPHQVLRQDO FDVH LQYHVWLJDWHG SDFNLQJ ER[HV RI WKH VDPH VL]H EXW GLIIHUHQW

ZHLJKW� 7KH DOJRULWKP ZDV XVHG WR SDFN �� GLIIHUHQW ER[HV LQ WKH RUGHU WKH\ ZHUH UHDG LQWR WKH

SURJUDP� 7KH EHVW UHVXOW REWDLQHG ZDV RII E\ ���� LQFKHV LQ WKH ; GLUHFWLRQ DQG ��� LQFKHV LQ WKH <

GLUHFWLRQ� DQG QR SHQDOW\ ZDV DVVHVVHG� 7KH VHFRQG FDVH WHVWHG UHOD[HG WKH OLPLWDWLRQ RQ VDPH VL]H

ER[HV DQGZDV DEOH WR EULQJ WKH FDOFXODWHG FHQWHU RI JUDYLW\ WRZLWKLQ �� LQFKHV IURP WKH GHVLUHG&2*

LQ WKH ; GLUHFWLRQ� DQG ��� LQFKHV LQ WKH < GLUHFWLRQ� %\ UHRUGHULQJ WKH ER[HV ZKHQ SODFLQJ WKHP LQ

WKH WUDLOHU� WKH DOJRULWKP DFKLHYHG DQ DFFXUDF\ RI ���� LQFKHV LQ WKH; GLUHFWLRQ DQG ���� LQFKHV LQ WKH

< GLUHFWLRQ� 7KLV SDFNLQJ ZDV DFKLHYHG LQ ���� JHQHUDWLRQV DQG LV GLVSOD\HG LQ )LJXUH ��

)LJXUH �� 7ZR 'LPHQVLRQDO $OJRULWKP ZLWK %R[ 5HRUGHULQJ

7:2 $1' $ +$/) ',0(16,21$/ &$6(

7KH ODVW WUDLOHU SDFNLQJ SUREOHP SUHVHQWHG LQYROYHG SDFNLQJ WKH ER[HV LQ WKUHH GLPHQVLRQV�

EXW HQVXULQJ WKH ORFDWLRQ RI WKH FDOFXODWHG FHQWHU RI JUDYLW\ PDWFKHG WKH GHVLUHG &2* ORFDWLRQ LQ WKH

; DQG < FRRUGLQDWHV� 7KH ER[HV KDYH GLIIHUHQW ZHLJKWV DQG VL]HV� DQG WKHLU SDFNLQJ RUGHU LV

GHWHUPLQHG E\ WKH DOJRULWKP WKURXJK WKH 2UGHU &URVVRYHU RSHUDWRU� 7KH UHVXOWV REWDLQHG DUH ZLWKLQ

���� LQFKHV LQ WKH ; GLUHFWLRQ DQG ���� LQFKHV LQ WKH < GLUHFWLRQ� ,Q WKLV H[DPSOH� WKH KHLJKW RI WKH
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ER[HV LV UHDG IURP WKH GDWD ILOH� DQG GLVSOD\HG DFFRUGLQJO\� 7KHUH LV QR UHODWLRQ EHWZHHQ WKH KHLJKW RI

D ER[ DQG LWV ZHLJKW� )LJXUH � LOOXVWUDWHV WKLV UHVXOW� 1RWH WKDW �� ER[HV DUH XVHG LQ WKLV H[DPSOH� DQG

���� JHQHUDWLRQV ZHUH QHHGHG WR DFKLHYH FRQYHUJHQFH�

)LJXUH �� 7ZR DQG D +DOI 'LPHQVLRQDO $OJRULWKP

&21&/86,216

7KH DOJRULWKPV SUHVHQWHG LQ WKLV SDSHU SURYLGH YLDEOH VROXWLRQV WR SUREOHPV WKDW DUH 13

FRPSOHWH� 7KHVH VROXWLRQV DUH REWDLQHG WKURXJK *HQHWLF $OJRULWKPV� 7KH VROXWLRQV DFKLHYHG DUH

IRXQG IURP D VROXWLRQ VSDFH WKDW FDQ EH LPSRVVLEOH WR VHDUFK WKURXJK WUDGLWLRQDO KHXULVWLF PHWKRGV�

HVSHFLDOO\ LI RQO\ D VPDOO SHUFHQWDJH RI WKH VROXWLRQV DUH YLDEOH� 7KH VHOHFWLRQ RI WKH VSDFH EHWZHHQ

WKH ER[HV DV WKH GHVLJQ YDULDEOH DOOHYLDWH WKH FRPSXWDWLRQDO QHHGV VLQFH QR LQWHUIHUHQFH FKHFNLQJ LV

UHTXLUHG� 7KH ELQDU\ JHQH FRGLQJ RI WKH SUREOHP FDQ EHFRPH YHU\ ORQJ� HVSHFLDOO\ LI WKH QXPEHU RI

ER[HV LV KLJK� 7KLV FRGLQJ UHTXLUHV � ELWV SHU ER[ SHU GLPHQVLRQ FRQVLGHUHG SOXV DQ DGGLWLRQDO

URWDWLRQ ELW DQG RUGHU QXPEHU SHU ER[� 7KLV ORQJ VWULQJ QHHGV WR EH EURNHQ GRZQ WR SHUIRUP 2UGHU

&URVVRYHU RQ RQH SRUWLRQ DQG UHJXODU FURVVRYHU RQ WKH UHPDLQLQJ SDUW� 7KH DGGLWLRQDO FRPSXWDWLRQDO
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EXUGHQ LV VLJQLILFDQW� EXW WKHPRVW FRPSOH[ SUREOHPV FRQVLGHUHG ��� ER[HV� �'� WRRN DURXQG � KRXUV

DQG �� ER[HV� ��� ' WRRN DURXQG � KRXUV WR FRQYHUJH WR DQ DFFHSWDEOH VROXWLRQ�

%,%/,2*5$3+<

>$PLRXQL� ��@ $PLRXQL� 6�� %DUWKROGL� -�-�� 9DQGH 9DWH� -�+�� =KDQJ� -� ´%DODQFHG /RDGLQJµ -RXUQDO
RI 2SHUDWLRQV 5HVHDUFK� 0DUFK� ����� SS ����

>$XVWLQ� ��@ $XVWLQ� 6FRWW� µ$Q ,QWURGXFWLRQ WR *HQHWLF $OJRULWKPV�µ $, ([SHUW� 0DUFK ����� SS
��ï���

>$]L]� ��@ $]L]� 1�0�� ´$ &RPSXWHUï$LGHG%R[ 6WDFNLQJ0RGHO IRU 7UXFN 7UDQVSRUW DQG 3DOOHWVµ�
&RPSXWHUV LQ ,QGXVWU\� �����

>%RRWKUR\G� ��@ %RRWKUR\G�*� DQG'HZKXUVW� 3� ´3URGXFW 'HVLJQ IRU0DQXIDFWXUH DQG$VVHPEO\µ �
0DQXIDFWXULQJ (QJLQHHULQJ� $SULO ����� SS��ï���

>&RUFRUDQ� ��@ &RUFRUDQ� $UWKXU /� DQG:DLQZULJKW� 5RJHU /� � µ$ *HQHWLF $OJRULWKP IRU 3DFNLQJ
LQ 7KUHH 'LPHQVLRQV�µ 3URFHHGLQJV RI WKH ���� $&0�6,*$33 6\PSRVLXP RQ $SSOLHG
&RPSXWLQJ� .DQVDV &LW\� 0LVVRXUL� 0DUFK �����

>&RUFRUDQ� ��@ &RUFRUDQ� $UWKXU /� DQG :DLQZULJKW� 5RJHU /� � µ/LE*$� $ 8VHU )ULHQGO\
:RUNEHQFK IRU*HQHWLF$OJRULWKPV�µ 3URFHHGLQJV RI WKH ����$&0�6,*$336\PSRVLXP
RQ $SSOLHG &RPSXWLQJ� ,QGLDQDSROLV� ,QGLDQD� )HEUXDU\� �����

>'RZVODQG� ��@ 'RZVODQG� .�� ´6RPH ([SHULPHQWV ZLWK 6LPXODWHG $QQHDOLQJ 7HFKQLTXHV IRU
3DFNLQJ SUREOHPVµ (XURSHDQ -RXUQDO RI 2SHUDWLRQV 5HVHDUFK� 9RO ��� ����� SS ���ï����

>)R[� ��@ )R[� %� 5� DQG 0F0DKRQ� 0� %� � µ*HQHWLF $OJRULWKPV IRU 6HTXHQFLQJ 3UREOHPV� µ
)RXQGDWLRQV RI *HQHWLF $OJRULWKPV� HG� *UHJRU\ -� (� 5DZOLQV� 0RUJDQ .DXIPDQ
3XEOLVKHUV� �����

>)UXHKDXI� ��@ )UXHKDXI &RUSRUDWLRQ� SHUVRQQDO FRPPXQLFDWLRQ�

>*HKULQJ� ��@*HKULQJ�+��0HQVFKQHU� .� DQG0H\HU�0�� ´$&RPSXWHU %DVHG+HXULVWLF IRU 3DFNLQJ
3RROHG6KLSPHQW&RQWDLQHUVµ� (XURSHDQ -RXUQDO RI2SHUDWLRQV5HVHDUFK� -DQXDU\ ����� SS
���ï����

>*ROGEHUJ� ��@ *ROGEHUJ� 'DYLG (� *HQHWLF $OJRULWKPV LQ 6HDUFK� 2SWLPL]DWLRQ� DQG 0DFKLQH
/HDUQLQJ� $GGLVRQï:HVOH\� �����

>+DHVVOHU� ��@ +DHVVOHU� 5�:�� DQG 7DOERW� )�%�� ´/RDG 3ODQQLQJ IRU 6KLSPHQW RI /RZ 'HQVLW\
3URGXFWVµ� (XURSHDQ -RXUQDO RI 2SHUDWLRQV 5HVHDUFK� -DQXDU\ ����� SS ���ï����

>+ROODQG� ��@ +ROODQG� -RKQ +� ´$GDSWDWLRQ LQ 1DWXUDO DQG $UWLILFLDO 6\VWHPVµ� 8QLYHUVLW\ RI
0LFKLJDQ 3UHVV� �����

>2OLYHU� ��@ 2OLYHU� ,� 0� � 6PLWK� '� -� DQG +ROODQG� -� +� µ$ 6WXG\ RI 3HUPXWDWLRQ &URVVRYHU
2SHUDWRUV RQ WKH 7UDYHOLQJ 6DOHVPDQ 3UREOHP� µ *HQHWLF $OJRULWKPV DQG WKHLU
$SSOLFDWLRQV� 3URFHHGLQJV RI WKH 6HFRQG ,QWHUQDWLRQDO &RQIHUHQFH� ����
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>5LFKDUGVRQ� ��@ 5LFKDUGVRQ� -�7�� 3DOPHU� 0�.�� /LHSLQV� +�� +LOOLDUG� 0� ´6RPH *XLGHOLQHV IRU
*HQHWLF $OJRULWKPV ZLWK 3HQDOW\ )XQFWLRQVµ 3URFHHGLQJV RI WKH 7KLUG ,QWHUQDWLRQDO
&RQIHUHQFH RQ *HQHWLF $OJRULWKPV� �����

>6]\NPDQ� ��@ 6]\NPDQ� 6� DQG &DJDQ� -�� ´&RQVWUDLQHG 7KUHH 'LPHQVLRQDO &RPSRQHQW /D\RXW
XVLQJ 6LPXODWHG $QQHDOLQJµ� 3DSHU SUHVHQWHG DW WKH $60( ,QWHUQDWLRQDO &RQJUHVV DQG
([SRVLWLRQ� &KLFDJR� 1RYHPEHU� �����

>:RG]LDN� ��@ :RG]LDN� -RKQ 5� � µ2SWLPDO 3DFNLQJ 8WLOL]LQJ *HQHWLF $OJRULWKPV� µ 0DVWHU RI
6FLHQFH 7KHVLV� &OHPVRQ� 6&� �����
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