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$EVWUDFW� � ,Q WKLV SDSHU ZH VXFFHVVIXOO\ GHYHORS DQ LQWHOOLJHQW SDUDPHWHUV H[WUDFWLRQ DQG RSWLPDO 7&$' WRRO IRU

GHYLFH DQG FLUFXLW PRGHOLQJ DQG VLPXODWLRQ� 7KLV QRYHO DSSURDFK LV EDVHG RQ WKH PRQRWRQH LWHUDWLYH PHWKRG DV

ZHOO DV WKH JHQHWLF DOJRULWKP WR VROYH D VHW RI QRQOLQHDU HTXDWLRQV� 7KH DSSURDFK FDQ EH DSSOLHG WR DXWRPDWLFDOO\

H[WUDFW PRGHO SDUDPHWHUV ZLWK KLJK DFFXUDF\ DQG UDSLG FRQYHUJHQFH UDWH� 7KLV QRYHO VLPXODWLRQ PHWKRGRORJ\

SURYLGHV YDULRXV SUDFWLFDO DSSOLFDWLRQV LQ HOHFWULFDO HQJLQHHULQJ� VXFK DV QDQRGHYLFH ,�9 FKDUDFWHUL]DWLRQ� 5)

FLUFXLW RSWLPL]DWLRQ� DQG V\VWHP RQ FKLS IXQFWLRQDO GHVLJQ� 1XPHULFDO UHVXOWV IRU D KHWHURMXQFWLRQ ELSRODU

WUDQVLVWRU �+%7� FLUFXLW DUH SUHVHQWHG WR GHPRQVWUDWH WKH DFFXUDF\� HIILFLHQF\� DQG UREXVWQHVV RI WKH PHWKRG�

.H\ :RUGV� � *HQHWLF $OJRULWKP� 'HYLFH 0RGHO� &LUFXLW 6LPXODWLRQ� 0RQRWRQH ,WHUDWLYH 0HWKRG� 3K\VLFDO

3DUDPHWHUV ([WUDFWLRQ� DQG ,�9 &XUYHV &KDUDFWHUL]DWLRQ

� ,QWURGXFWLRQ

7KH WHFKQRORJ\ FRPSXWHU DLGHG GHVLJQ �7&$'�

SURYLGHV DQ DOWHUQDWLYH WRRO WR DQDO\]H WKH LQWULQVLF

DQG H[WULQVLF HOHFWULFDO EHKDYLRU RI 026)(7

VWUXFWXUHV� ,W KDV EHHQ RI JUHDW LQWHUHVWV WKDW WR PRGHO

WKH ,�9 FKDUDFWHULVWLFV RI VXEPLFURQ GHYLFHV ZLWK WKH

HTXLYDOHQW FLUFXLW DSSURDFK� +RZHYHU� SDUDPHWHUV RI

WKH FLUFXLW PRGHO WR EH H[WUDFWHG IRU DQ RSWLPDO

GHVLJQ RI WKH GHYLFH ,�9 FKDUDFWHUL]DWLRQ LV D

WLPH�FRQVXPLQJ WDVN� 7KH FRQYHQWLRQDO WULDO�DQG�

HUURU DSSURDFK IRU WKH SDUDPHWHUV H[WUDFWLRQ FDQ EH

IXUWKHU LPSURYHG ZLWK RXU FRPSXWDWLRQDO LQWHOOLJHQFH

DSSURDFK�

,Q UHFHQW \HDUV� WKH FRPSXWDWLRQDO LQWHOOLJHQFH KDV

EHHQ RI JUHDW LQWHUHVWV DQG KDV SURYLGHG DQ DOWHUQDWLYH

IRU VROYLQJ� VXFK DV WKH RSWLPL]DWLRQ SUREOHPV DULVLQJ

IURP VFLHQFH� HQJLQHHULQJ� DQG VRFLDO VFLHQFH� 7KH

HYROXWLRQDU\ FRPSXWDWLRQ LV RQH RI WKH SUHPLHU

DSSURDFKHV LQ WKH ILHOG RI LQWHOOLJHQW FRPSXWLQJ� LW

FRYHUV D TXLWH ZLGH UDQJH LQ UHDO ZRUOG DSSOLFDWLRQV�

VXFK DV FRPELQDWRULDO DQG QXPHULFDO RSWLPL]DWLRQV�

VXSHUYLVHG DQG XQVXSHUYLVHG OHDUQLQJ� FR�HYROXWLRQ

DQG FROOHFWLYH EHKDYLRUV� HYROXWLRQDU\ GHVLJQ DQG

HYROYDEOH KDUGZDUH� DQG PROHFXODU DQG TXDQWXP

FRPSXWLQJ� HWF� %DVHG RQ WKH PHWDSKRUV IURP

ELRORJLFDO HYROXWLRQ� JHQHWLF DOJRULWKP �*$� LV D

JOREDO RSWLPDO VWUDWHJ\� ZKLFK ZDV ILUVW SURSRVHG E\

+ROODQG >�@� ,Q JHQHWLF DOJRULWKPV� DOO XQNQRZQV RU

YDULDEOHV WR EH RSWLPL]HG DUH UHSUHVHQWHG DV JHQHV RQ

D FKURPRVRPH� VR�FDOOHG ³VWULQJ´� DQG D PHDVXUH IRU

WKH RSWLPL]DWLRQ LV JLYHQ DV D ILWQHVV IXQFWLRQ WR WKH

VXUURXQGLQJ HQYLURQPHQW� 7KH RSWLPL]DWLRQ LV

UHDOL]HG E\ WKH EUHHGLQJ SURFHGXUH WKDW PLPLFV

VH[XDO UHSURGXFWLRQ DQG QDWXUDO VHOHFWLRQ� 7KURXJK

JHQHUDWLRQV� VWULQJV WKDW VXUYLYH WKH QDWXUDO VHOHFWLRQ

SDVV WKHLU JHQHWLF FRGH WR WKHLU RIIVSULQJV� ZKLOH

VWULQJV SRRUO\ ILW WR WKH HQYLURQPHQW HYROYHV WR DGDSW

PRUH IDYRUDEO\ WR WKH HQYLURQPHQW� ZKLFK EULQJV WKH

RSWLPL]HG YDOXHV IRU PD[LPL]LQJ WKH ILWQHVV IXQFWLRQ�

7KH JHQHWLF DOJRULWKP KDV LWV UDQGRP� EXW DGGLWLRQDO

LQIRUPDWLRQ H[FKDQJLQJ IRU PHPRU\ FRPSRQHQWV

PDNH LW H[SORUHV WKH YDVW VROXWLRQ VSDFH LQWHOOLJHQWO\�

7KH *$ LV DQ RSWLPL]DWLRQ DSSURDFK� VR LW KDV EHHQ

RI JUHDW LQWHUHVWV DQG D ZLGH UDQJ RI DSSOLFDWLRQV

>���@� (VSHFLDOO\� LQ PLFURHOHFWURQLFV LW KDV EHHQ

DSSOLHG WR YDULRXV DVSHFWV LQ WKH 9/6, GHVLJQ DUHD

>���@� ([DPSOHV LQFOXGH FHOO SODFHPHQW� FKDQQHO

URXWLQJ� WHVW SDWWHUQ JHQHUDWLRQ DQG GHVLJQ IRU WHVW�

DQG VLJQDO SURFHVVLQJ� +RZHYHU� WR WKH EHVW RI RXU

NQRZOHGJH� VR IDU WKHUH LV QR DQ\ *$V DSSOLHG LQ WKH

,�9 FXUYHV RSWLPL]DWLRQ DQG PRGHO SDUDPHWHUV

H[WUDFWLRQ IRU VXEPLFURQ VHPLFRQGXFWRU GHYLFH DQG

9/6, FLUFXLW�

,Q WKLV SDSHU� ZH IRU WKH ILUVW WLPH SURSRVH D *$

RSWLPL]DWLRQ WHFKQLTXH IRU VHPLFRQGXFWRU GHYLFH ,�9

FXUYHV FKDUDFWHUL]DWLRQ DQG PRGHO SDUDPHWHUV



H[WUDFWLRQ LQ WKH DGYDQFHG GHVLJQ DQG DSSOLFDWLRQV RI

VXEPLFURQ VHPLFRQGXFWRU GHYLFH DQG 9/6, FLUFXLW�

$FFRUGLQJ WR D VSHFLILHG FLUFXLW HTXLYDOHQW PRGHO� WKH

.9/ RU�DQG .&/ FLUFXLW WKHRULHV� D VHW RI JRYHUQLQJ

RUGLQDU\ GLIIHUHQWLDO HTXDWLRQV �2'(V� LV IRUPXODWHG

DQG VROYHG IRU GHYLFH FKDUDFWHULVWLFV V\VWHPDWLFDOO\�

2XU DSSURDFK LV WR VROYH VXFK QRQOLQHDU HTXLYDOHQW

HTXDWLRQV WR REWDLQ WKH RSHUDWLRQ RI GHYLFH RU FLUFXLW

EHKDYLRU ZLWK WKH SURSRVHG PRQRWRQH LWHUDWLYH �0,�

PHWKRG LQ RXU HDUOLHU ZRUNV >����@� 7KH FRPSXWHG

UHVXOWV DUH IXUWKHU LPSURYHG DQG RSWLPL]HG

DXWRPDWLFDOO\ ZLWK D JHQHWLF DOJRULWKP GLUHFWO\� 7KH

SURSRVHG *$ KDV D JRRG RSWLPL]DWLRQ UHVXOW LQ WKH

PRGHO SDUDPHWHUV H[WUDFWLRQ ZKHQ WKH GHVLUHG

VSHFLILFDWLRQ RU IXQFWLRQ LV SUHVFULEHG� 6RPH

GRPLQDWH ZHLJKW SDUDPHWHUV DPRQJ ORWV QXPHULFDO

SDUDPHWHUV FDQ EH HVWLPDWHG ZLWK WKLV LQWHOOLJHQW DQG

UREXVW VROXWLRQ PHWKRGRORJ\�

7KLV SDSHU LV RUJDQL]HG DV IROORZV� ,Q 6HF� �� ZH

VWDWH WKH GHYLFH PRGHO DV ZHOO DV WKH 9/6, FLUFXLW

HTXLYDOHQW SUREOHP� DQG IRUPXODWH WKH FRUUHVSRQGLQJ

QRQOLQHDU HTXDWLRQV IRU D VSHFLILHG +%7 GHYLFH WKDW

RSHUDWHV DW '& RU $& FRQGLWLRQ� 6HF� � GLVFXVVHV WKH

0, DQG *$ PHWKRGV DSSOLHG LQ WKH VROXWLRQ DQG

RSWLPL]DWLRQ RI QRQOLQHDU HTXDWLRQV� 6HF� � SUHVHQWV

WKH FRPSXWHG UHVXOWV IRU WKH +%7 FLUFXLW RSWLPL]DWLRQ

SUREOHP� &RPSDULVRQ UHVXOW LV UHSRUWHG WR VKRZ WKH

JRRG DFFXUDF\ RI WKH PHWKRG� ,Q DGGLWLRQ� UHODWHG

FULWHULD LQFOXGLQJ ILWQHVV DUH DOVR GHPRQVWUDWHG WR

VKRZ WKH LQWHOOLJHQFH DQG UREXVWQHVV RI WKH PHWKRG�

,Q 6HF� �� ZH GUDZ WKH FRQFOXVLRQ DQG VXJJHVW WKH

IXWXUH ZRUNV�

� $ +%7 &LUFXLW 0RGHO

$V VKRZQ LQ )LJ� �� WKH VLPXODWLRQ PRGHO LV ILUVWO\

IRUPXODWHG ZLWK FLUFXLW QRGDO HTXDWLRQV� ZKHUH WKH

*XPPHO�3RRQ ODUJH VLJQDO 0RGHO LV XVHG LQ WKH

VLPXODWLRQ >�����@� )RU WKH +%7 GHYLFH� ZKHUH WKH

(DUO\ HIIHFW FDQ EH LJQRUHG EHFDXVH KLJK GRSLQJ

FRQFHQWUDWLRQ LQ WKH %DVH RI +%7�

)LJ� �� $ +%7 FLUFXLW IRU WKH '& DQDO\VLV�

7KH FLUFXLW IRU '& DQDO\VLV DQG WZR�WRQH $&

FKDUDFWHULVWLFV VLPXODWLRQ DUH VKRZQ LQ )LJV� � DQG ��

)LUVW RI DOO� WKH '& FLUFXLW LV VLPXODWHG WR ILQG WKH '&

VROXWLRQV� 7KH UHVXOW VKRZV WKH YHU\ JRRG DFFXUDF\ RI

WKH SURSRVHG PHWKRG� 7KH VLPLODU PHWKRG LV WKHQ FDQ

EH IXUWKHU DSSOLHG WR VLPXODWH WKH FLUFXLW ZLWK D

WZR�WRQH LQSXW VLJQDO �)LJ� ��� 7KH +%7 PRGHO

DSSOLHG LQ WKH '& VLPXODWLRQ� DV VKRZQ LQ )LJ� �� LV

VR�FDOOHG WKH *XPPHO�3RRQ ODUJH VLJQDO PRGHO� )RU

QRGH &� ZH ZULWH WKH FRUUHVSRQGLQJ FLUFXLW QRGH

HTXDWLRQ DV VKRZQ LQ HTXDWLRQ ���� 6LPLODUO\� ZH KDYH

WKH IROORZLQJ VHW RI HTXDWLRQV WR EH VROYHG ERWK LQ '&

DQG $& FRQGLWLRQV� )RU QRGHV (� %� %;� &;� DQG (;

WKH HTXDWLRQV DUH IRUPXODWHG�

7KH HTXDWLRQ ������� IRUPV WKH QRQOLQHDU 2'(V IRU

D +%7 FLUFXLW RSHUDWLQJ LQ '& DQG $& FRQGLWLRQV�

)RU WKH '& DQDO\VLV� WKLV PRGHO EHFRPHV D VHW RI

FRXSOHG QRQOLQHDU DOJHEUDLF HTXDWLRQV� 7KH FRQYHQ�

WLRQDO DSSURDFK WR VROYH WKLV VHW RI QRQOLQHDU

HTXDWLRQV LV DSSOLHG WKH 1HZWRQ¶V PHWKRG� +RZHYHU�

WKH 1HZWRQ¶V PHWKRG FRQYHUJHV RQO\ ZLWK WKH LQLWLDO

JXHVV LV LQ WKH QHLJKERUKRRG RI WKH H[DFW VROXWLRQ�

7KLV OHDGV WR VXIILFLHQWO\ GLIILFXOW LQ WKH SUDFWLFDO
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LPSOHPHQWDWLRQ RI 9/6, FLUFXLW VLPXODWLRQ� %HFDXVH

LW LV LPSRVVLEOH WKDW ZH FDQ ILJXUH RXW WKH H[DFW

VROXWLRQ RI WKH PRGHO� WR DSSO\ WKH 1HZWRQ¶V PHWKRG

IRU ODUJH VFDOH 9/6, FLUFXLW VLPXODWLRQ RIWHQ UHTXLUH

VSHFLDO WUHDWPHQW IRU ILQGLQJ D FORVHG VROXWLRQ WR

DSSURDFK WKH ILQDO VROXWLRQ LWHUDWLYHO\� ,Q WKLV ZRUN�

ZH IRFXV KHUH RQ WKH '& DQDO\VLV DQG RSWLPL]DWLRQ�

7KLV DSSURDFK LV DSSOLHG RXU SURSRVHG 0, DV ZHOO

DV D *$ PHWKRG� :H KDYH VXFFHVVIXOO\ DSSOLHG WKH

0, PHWKRG IRU WKH QXPHULFDO VROXWLRQ RI

VHPLFRQGXFWRU GHYLFH HTXDWLRQ DV ZHOO DV 9/6,

FLUFXLW HTXDWLRQV >����@� 7KLV DSSURDFK FRQYHUJHV

JOREDOO\ DQG KDV JRRG DFFXUDF\ IRU SUDFWLFDO

DSSOLFDWLRQV� :LWK WKH VLPLODU DSSURDFK� WKH $&

DQDO\VLV LV DOVR FDQ EH FRPSXWHG GLUHFWO\� :H FDQ

ILQG LQFOXGLQJ SK\VLFDO FRQVWDQWV WKHUH DUH PRUH WKDW

WKLUW\ GLIIHUHQW SDUDPHWHUV �SDUWLDOO\ OLVWHG LQ 7DE� ��

VKRXOG EH HYDOXDWHG ZKHQ VROYLQJ ERWK WKH FLUFXLW '&

DQG $& FKDUDFWHULVWLFV� $V VKRZQ LQ )LJ� �� WKH PRGHO

LV WKH *XPPHO�3RRQ ODUJH VLJQDO PRGHO� 7KH GHWDLOV

RI WKHVH SK\VLFDO PRGHOV DQG TXDQWLWLHV FDQ EH IRXQG�

IRU H[DPSOH LQ >�����@�

)LJ� �� $ +%7 FLUFXLW IRU WKH $& VLJQDO VLPXODWLRQ�

$V VKRZQ LQ )LJ� �� WKHUH DUH FXUUHQW DQG FDSDFLWRU

WHUPV LQFOXGHG LQ WKH *XPPHO�3RRQ PRGHO� 7KHVH

PRGHOV DUH UDWKHU FRPSOLFDWHG DQG KDYH VWURQJ

QRQOLQHDU UHVSRQVHV ZLWK UHVSHFW WR WKH LQSXW VLJQDO�

,Q RXU QXPHULFDO H[SHULHQFH� WKH 0, PHWKRG VROYHV

WKH QRQOLQHDU FLUFXLW PRGHO LQFOXGLQJ WKHVH QRQOLQHDU

HTXDWLRQV KDYH YHU\ JRRG HIILFLHQF\ DQG UREXVWQHVV�

7R REWDLQ WKH GHYLFH ,�9 FXUYH DV VKRZQ LQ )LJ� ��

WKH ZH KDYH WR VROYH WKH DERYH HTXDWLRQV ������� LQ

WKH '& RU $& FRQGLWLRQV DQG WKHQ DGMXVW DOO SRVVLEOH

SDUDPHWHUV VXFK WKDW WKH ,�9 FXUYH RI WKH +%7 FLUFXLW

PHHWV WKH VSHFLILHG HQJLQHHULQJ UHTXLUHPHQW� 7KLV

WDVN LV QRW RQO\ DQ HPSLULFDO�EDVHG EXW DOVR

WLPH�FRQVXPLQJ MRE� 'XH WR WKH ORFDO DQG VHQVLWLYH

SURSHUW\� WKRVH FLUFXLW VLPXODWRU EDVHG RQ WKH

1HZWRQ¶V PHWKRG �VXFK DV WKH IDPRXV 63,&( FLUFXLW

VLPXODWRU� KDYH WKHLU OLPLWDWLRQV LQ SUDFWLFDO

DSSOLFDWLRQV� 7KH 0, DQG *$ PHWKRGV DSSOLHG KHUH

IRU WKH GHYLFH ,�9 FXUYHV FKDUDFWHUL]DWLRQ DQG

RSWLPL]DWLRQ KDYH D VLJQLILFDQWO\ LPSURYHPHQW LQ WKH

GHYHORSPHQW RI 7&$' DQG (&$'�

)LJ� �� 7KH *XPPHO�3RRQ HTXLYDOHQW FLUFXLW PRGHO�
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)LJ� �� $Q LOOXVWUDWLRQ RI WKH ,�9 FXUYH IRU WKH +%7

GHYLFH�

� &RPSXWDWLRQDO 7HFKQLTXHV
,Q WKLV VHFWLRQ� ZH SUHVHQW WKH 0, DQG *$ PHWKRGV

IRU WKH RSWLPL]DWLRQ RI WKH PRGHO� 7KH 0, PHWKRG LV

DSSOLHG IRU WKH VROXWLRQ RI WKH QRQOLQHDU HTXDWLRQV

IURP WKH 9/6, FLUFXLW IRUPXODWLRQ� $IWHU WKH VROXWLRQ

SURFHGXUH� ZH IXUWKHU XVH D *$ PHWKRG WR RSWLPL]H

WKH SDUDPHWHUV VXFK WKDW WKH '& ,�9 FKDUDFWHULVWLFV

VDWLVI\ WKH GHVLUHG VSHFLILFDWLRQ� 7KH *$ DSSOLHG LQ

WKLV ZRUN LQFOXGHV VRPH VWHSV� JHQH HQFRGLQJ� ILWQHVV

IXQFWLRQ� VHOHFWLRQ� UHSURGXFWLRQ� DQG PXWDWLRQ�
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7DEOH� �� $ OLVW RI SDUDPHWHUV WR EH H[WUDFWHG IRU D +%7

HTXLYDOHQW FLUFXLW PRGHO�

7KH *$ VHDUFKHV IRU DQ RSWLPDO VROXWLRQ IURP D

SRSXODWLRQ ZKHUH HDFK LQGLYLGXDO FKURPRVRPH

UHSUHVHQWV VROXWLRQ FDQGLGDWH� (DFK FKURPRVRPH KDV

WR EH HYDOXDWHG E\ WKH HQYLURQPHQW ILWQHVV IXQFWLRQ�

RQO\ D SDUW RI ZKROH SRSXODWLRQ LQ WKLV JHQHUDWLRQ FDQ

EH VHOHFWHG LQWR QH[W JHQHUDWLRQ� 7KH VHOHFWHG

FKURPRVRPHV ZLWK KLJKHU ILWQHVV VFRUH KDYH JRRG

EXLOGLQJ EORFN� 7KH VHOHFWHG FKURPRVRPHV� VR�FDOOHG

SDUHQW JHQHUDWLRQV� JHQHUDWH WKHLU FKLOGUHQ E\ VRPH

EUHHGLQJ VFKHPH MXVW OLNH WKH FURVVRYHU DQG PXWDWLRQ�

,W¶V REYLRXV WKDW WKH DYHUDJHG ILWWLQJ VFRUH RI HDFK

SRSXODWLRQ ZLOO LQFUHDVH LI WKH JHQHUDWLRQ LQFUHDVHV�
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)LJ� �� 7KH IORZFKDUW RI WKH 0, PHWKRG IRU WKH

+%7 FLUFXLW '& DQDO\VLV�

$V VKRZQ LQ )LJ� �� ZH SUHVHQW WKH 0, DOJRULWKP

IRU WKH VROXWLRQ RI WKH QRQOLQHDU DOJHEUDLF HTXDWLRQV�

:H VROYH WKH HTXDWLRQV ZLWK WKH ZDYHIRUP UHOD[DWLRQ

PHWKRG WR GHFRXSOH WKH HTXDWLRQV� (DFK GHFRXSOHG

HTXDWLRQ LV VROYHG ZLWK WKH 0, PHWKRG >�����@� :H

VWDWH WKH SURFHGXUH RI WKH *$ XVHG LQ WKLV ZRUN VWHS

E\ VWHS�

6WHS� �� *HQH HQFRGLQJ� ,Q WKLV FLUFXLW PRGHO� WKHUH

DUH PRUH WKDQ �� SDUDPHWHUV WR EH H[WUDFWHG�
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, DUH SDUDPHWHUV WR EH IRXQG� %HFDXVH HDFK

SDUDPHWHU LV D IORDWLQJ SRLQW QXPEHU� ZH UHSUHVHQW D

IORDWLQJ SRLQW QXPEHU LQ D ELQDU\ VWULQJ� 7KHQ ZH

HQFRGH WKHVH SDUDPHWHUV LQWR FKURPRVRPHV E\ ELQDU\

VWULQJV UHSUHVHQWLQJ IORDWLQJ SRLQW QXPEHUV� 7KH

DGYDQWDJH LV WR VDYH PHPRU\ VSDFH� DQG ZH FDQ
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