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6SHHFK DQG $XGLR 6\VWHPV /DERUDWRU\

7DPSHUH� )LQODQG
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7KLV SDSHU SUHVHQWV D QHZ PHWKRG WR DSSO\ YDULDEOH ELW�UDWH

SUHGLFWLYH TXDQWL]DWLRQ RI WKH YDULDEOH PRGHO RUGHU /3&

SDUDPHWHUV� ,Q DGGLWLRQ� WKH PHWKRG LV HPSOR\HG WR LQWHUSRODWH

WKH SDUDPHWHUV ZLWKLQ WKH DQDO\VLV IUDPH� 7KH /3& PRGHO RUGHU

VHOHFWLRQ DOJRULWKP RI WKLV ZRUN LV EDVHG RQ WKH FKDUDFWHULVWLFV

RI WKH LQSXW VLJQDO DQG RQ WKH SHUIRUPDQFH RI WKH /3& PRGHO�

+HQFH� WKH YDULDEOH ELW�UDWH /3& TXDQWL]DWLRQ LV VRXUFH

FRQWUROOHG� 7KH QXPEHU RI TXDQWL]HG SDUDPHWHUV QHHGV WR EH

LGHQWLFDO LQ VXFFHVVLYH IUDPHV WR EH DEOH WR DSSO\ WKH SUHGLFWLYH

TXDQWL]DWLRQ DQG WR LQWHUSRODWH SDUDPHWHUV LQVLGH WKH IUDPH�

7KHUHIRUH� WKH RUGHU RI WKH /3& PRGHO RI WKH SUHYLRXV IUDPH

QHHGV WR EH H[SDQGHG RU UHGXFHG WR EH WKH VDPH DV WKH FXUUHQW

IUDPH /3& PRGHO� 7KH DGYDQWDJH RI YDULDEOH PRGHO RUGHU /3&

TXDQWL]DWLRQ LV WKH ORZHUHG DYHUDJH ELW�UDWH FRPSDUHG WR IL[HG

UDWH ZKLOH WKH VSHHFK TXDOLW\ UHPDLQV WKH VDPH�

�� ,1752'8&7,21

6SHHFK HQFRGHUV SURGXFH IRU HDFK DQDO\VLV IUDPH D VHW RI FRGLQJ

SDUDPHWHUV ZKLFK WKH GHFRGHUV XVH WR FRQVWUXFW WKH V\QWKHVL]HG

VSHHFK� 0RVW FRPPRQO\� FRGHFV KDYH D IL[HG ELW�UDWH PHDQLQJ

WKDW WKH QXPEHU RI ELWV XVHG WR UHSUHVHQW HDFK VSHHFK IUDPH LV

IL[HG� 9DULDEOH ELW�UDWH RSHUDWLRQ� RQ WKH RWKHU KDQG� PHDQV WKDW

WKH QXPEHU RI ELWV PD\ YDU\ IURP IUDPH WR IUDPH� ([DPSOHV RI

YDULDEOH UDWH FRGHFV FDQ EH IRXQG H�J� LQ >�@>�@�

,Q WKH SUHVHQWHG HQFRGLQJ DOJRULWKP WKH YDULDELOLW\ LV GXH WR

YDU\LQJ WKH QXPEHU RI SDUDPHWHUV DV ZHOO DV WKH TXDQWL]DWLRQ ELW�

UDWH RI HDFK SDUDPHWHU� 7KLV SDSHU LQWURGXFHV D PHWKRG WR VHOHFW

WKH RUGHU RI WKH /3& PRGHO VR WKDW D VPDOOHVW SRVVLEOH QXPEHU RI

SDUDPHWHUV LV XVHG IRU HDFK VSHHFK IUDPH ZKLOH PDLQWDLQLQJ KLJK

TXDOLW\ RI UHFRQVWUXFWHG VSHHFK�

6LQFH WKH FKDUDFWHULVWLFV RI VSHHFK DUH SDUWO\ YRLFHG� SDUWO\

XQYRLFHG DQG SDUWO\ QRLV\� WKH VSHHFK HQFRGHU FDQ FKDQJH WKH

RUGHU RI WKH /3& PRGHO EDVHG RQ WKH NQRZOHGJH DERXW WKH

VSHFWUDO FRQWHQW RI WKH VSHHFK IUDPH DQG WKH SHUIRUPDQFH RI WKH

OLQHDU SUHGLFWLRQ� 7\SLFDOO\� YRLFHG VSHHFK ZLWK PXOWLSOH

IRUPDQWV LQ WKH VSHFWUDO HQYHORSH QHHGV D KLJK PRGHO RUGHU WR

UHFRQVWUXFW WKH VSHFWUXP DQG WR PDLQWDLQ JRRG VSHHFK TXDOLW\�

2Q WKH RWKHU KDQG� VSHHFK IUDPHV ZLWK IODW VSHFWUXP GR QRW

FRQWDLQ DQ\ IRUPDQWV� DQG KHQFH� D ORZHU RUGHU PRGHO LV JRRG

HQRXJK WR PDLQWDLQ WKH KLJK TXDOLW\ RI GHFRGHG VSHHFK� 7KH

EHQHILW RI WKH YDULDEOH PRGHO RUGHU /3& LV WKH ORZ ELW�UDWH RI WKH

ORZ PRGHO RUGHU /3& SDUDPHWHU TXDQWL]DWLRQ� :LWK D UHOLDEOH

PRGHO RUGHU VHOHFWLRQ WKH TXDOLW\ RI GHFRGHG VSHHFK ZLOO UHPDLQ

WKH VDPH GHVSLWH RI WKH ORZHUHG DYHUDJH ELW�UDWH RI WKH /3&

TXDQWL]DWLRQ�

6HYHUDO $5 PRGHO RUGHU VHOHFWLRQ FULWHULD FDQ EH IRXQG LQ

OLWHUDWXUH >�@� 0RVW IUHTXHQWO\ XVHG OLQHDU PRGHO RUGHU FULWHULD

DUH $NDLNH ,QIRUPDWLRQ &ULWHULRQ �$,&� DQG 5LVVDQHQ©V

0LQLPXP 'HVFULSWLRQ /HQJWK �0'/�� %RWK FULWHULD DUH EDVHG RQ

WKH FRVW IXQFWLRQ ZLWK WKH YDULDQFH RI SUHGLFWLRQ HUURU DQG

ZHLJKWHG PRGHO RUGHU� 7KH FRVW IXQFWLRQ ILQGV WKH PLQLPXP

PRGHO RUGHU WKDW VDWLVILHV WKH FRQGLWLRQV�

7\SLFDOO\� PRGHUQ FRGHFV DSSO\ SUHGLFWLYH OLQH VSHFWUXP SDLU

�/63� TXDQWL]DWLRQ WR PLQLPL]H WKH ELW�UDWH ZKLOH PDLQWDLQLQJ

KLJK SHUFHSWXDO VSHHFK TXDOLW\ >�@� 7KH SUHGLFWHG /63

FRHIILFLHQWV DUH VXEWUDFWHG IURP WKH /63 SDUDPHWHUV RI WKH

FXUUHQW IUDPH UHVXOWLQJ LQ UHVLGXDO ZKLFK LV W\SLFDOO\ TXDQWL]HG

DSSO\LQJ YHFWRU TXDQWL]DWLRQ >�@� 3UHGLFWLYH TXDQWL]DWLRQ KDV

EHHQ SURYHG WR EH HIILFLHQW LQ WHUPV RI ELW�UDWH DQG TXDOLW\� 7KH

YDULDEOH PRGHO RUGHU /3&� KRZHYHU� FDXVHV GLIILFXOWLHV LQ

TXDQWL]DWLRQ RI WKH SDUDPHWHUV� 6LQFH WKH QXPEHU RI /63

SDUDPHWHUV LQ VXFFHVVLYH IUDPHV FDQ YDU\� WKH GLUHFW SUHGLFWLRQ LV

LPSRVVLEOH� ,Q WKLV SDSHU� WKH SUHGLFWLYH TXDQWL]DWLRQ RI WKH

YDULDEOH PRGHO RUGHU /3& SDUDPHWHUV LV VROYHG E\ XVLQJ IRUFHG

PRGHO RUGHU H[SDQVLRQ RU UHGXFWLRQ WR LQFRUSRUDWH WKH GLIIHUHQW

QXPEHU RI SDUDPHWHUV� +HQFH� YDULDEOH PRGHO RUGHU /3&

TXDQWL]DWLRQ LQ /63 GRPDLQ FDQ EH DSSOLHG� 7KH SHUIRUPDQFH RI

WKH TXDQWL]DWLRQ LV PHDVXUHG XVLQJ WKH VSHFWUDO GLVWRUWLRQ DV

GLVFXVVHG LQ >�@� ,Q DGGLWLRQ� VXEMHFWLYH OLVWHQLQJ WHVWV DUH FDUULHG

RXW� 7KH SHUIRUPDQFH WHVWV VKRZ QR VLJQLILFDQW GLIIHUHQFH

EHWZHHQ IL[HG DQG YDULDEOH ELW�UDWH TXDQWL]DWLRQ�

7KLV SDSHU ILUVW SUHVHQWV WKH /3& PRGHO RUGHU FULWHULRQ XVHG LQ

WKH ZRUN� 7KHQ WKH PHWKRG WR DSSO\ SUHGLFWLYH /63 TXDQWL]DWLRQ

DQG LQWHUSRODWLRQ WR YDULDEOH RUGHU /3& PRGHO LV GLVFXVVHG LQ

6HFWLRQ �� 7KH SHUIRUPDQFH RI YDULDEOH PRGHO RUGHU TXDQWL]HUV

LV HYDOXDWHG LQ 6HFWLRQ � ZLWK REMHFWLYH DQG VXEMHFWLYH PHDVXUHV�

7KH FRQYHQWLRQDO IL[HG UDWH /3& TXDQWL]HU LV DSSOLHG DV D

FRPSDULVRQ� )LQDOO\� 6HFWLRQ � VXPPDUL]HV WKH SDSHU�

�� 9$5,$%/(�25'(5�/3&

��� /3& PRGHO RUGHU VHOHFWLRQ

7KH SUHGLFWLRQ HUURU RI $5 PRGHO GHFUHDVHV PRQRWRQLFDOO\ ZLWK

LQFUHDVLQJ PRGHO RUGHU� 7\SLFDOO\� DQ LQFUHDVH LQ /3& PRGHO

RUGHU ZLOO LPSURYH WKH SUHGLFWLRQ� +RZHYHU� LQ WKH FDVH RI

VSHHFK VLJQDO� WKH SUHGLFWLRQ HUURU GHFUHDVHV VORZHU� ZKHQ WKH

VSHFWUDO HQYHORSH RI WKH VLJQDO LV UHODWLYHO\ IODW� H�J� ZKHQ VLJQDO

FRQWDLQV XQYRLFHG VSHHFK RU VWDWLRQDU\ QRLVH� 7KH PRGHO RUGHU

FULWHULRQ LV DSSOLHG WR VHOHFW D ORZHU RUGHU ZKHQ WKH UHGXFWLRQ LQ

SUHGLFWLRQ HUURU ZLWK LQFUHDVLQJ RUGHU LV EHORZ D SUHGHWHUPLQHG

WKUHVKROG� 7KH SURSRVHG PRGHO RUGHU FULWHULRQ GHWHUPLQHV WKH



UHGXFWLRQ LQ SUHGLFWLRQ HUURU DQG FRPSDUHV WKH GLIIHUHQFH WR D

WKUHVKROG DV IROORZV�
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ZKHUH �δ�
N LV WKH YDULDQFH RI WKH SUHGLFWLRQ HUURU RI WKH N �WK

RUGHU /3& PRGHO� DQG WN LV WKH DSSOLHG WKUHVKROG� 7KH FRQGLWLRQ

LQ (TXDWLRQ � LV VWDUWHG ZLWK WKH KLJKHVW PRGHO RUGHU� ,I WKH

FRQGLWLRQ KROGV� DQG WKH GLIIHUHQFH LQ YDULDQFHV LV ORZHU WKDQ WKH

DSSOLHG WKUHVKROG� L�H�� WKH UHGXFWLRQ LQ SUHGLFWLRQ HUURU ZLWK

LQFUHDVLQJ PRGHO RUGHU LV QRW VLJQLILFDQW� WKH GHWHUPLQDWLRQ ZLOO

EH UHSHDWHG ZLWK ORZHU PRGHO RUGHUV XQWLO WKH ORZHVW RUGHU LV

UHDFKHG RU WKH FRQGLWLRQ IDLOV�

,Q WKLV ZRUN WKUHH PRGHO RUGHUV RI ��� � DQG � DUH DSSOLHG� 7KH

DSSOLHG WKUHVKROG LV D FRPSURPLVH EHWZHHQ UHGXFHG PRGHO RUGHU

DQG PRGHO ILW� :LWK D KLJK WKUHVKROG� WKH PRGHO RUGHU GHFUHDVHV

WRR PXFK� DQG WKH UHGXFHG $5�PRGHO GRHV QRW QHFHVVDULO\

H[SODLQ DOO WKH LQIRUPDWLRQ WKH VLJQDO FRQWDLQV� 2Q WKH RWKHU

KDQG� D WRR ORZ WKUHVKROG LQWURGXFHV XQQHFHVVDU\ SDUDPHWHUV LQWR

WKH PRGHO DQG WKH SUHGLFWLRQ LV RQO\ PDUJLQDOO\ LPSURYHG ZLWK

WKH FRVW RI H[WUD FRHIILFLHQWV DQG KLJK ELW�UDWH� 7KH WKUHVKROG LV

VHOHFWHG EDVHG RQ OLVWHQLQJ WHVWV� 2SWLPDO YDOXH PLQLPL]HV WKH

RUGHU UDWH ZLWKRXW LQWURGXFLQJ GLVWRUWLRQ WR WKH VRXQG� )LJXUH �

SUHVHQWV WKH PRGHO RUGHU VHOHFWLRQ IRU D VKRUW VSHHFK VDPSOH�
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)LJXUH �� 5HVXOWV RI /3& PRGHO RUGHU VHOHFWLRQ�

$V )LJXUH � VKRZV� /3& PRGHO RUGHU �� GRPLQDWHV WKH VDPSOH

FRQWDLQLQJ PDOH VSHHFK� 7KH KLJKHVW RUGHU LV VHOHFWHG IRU FOHDUO\

YRLFHG SHULRGV� ZKHUHDV WKH ORZHVW RUGHU LV VHOHFWHG IRU VLOHQFH

DQG XQYRLFHG VSHHFK�

��� 4XDQWL]DWLRQ RI /3& SDUDPHWHUV

6LQFH WKH SUHGLFWLYH /63 TXDQWL]DWLRQ KDV EHHQ SURYHG WR EH WKH

PRVW HIILFLHQW PHWKRG WR HQFRGH WKH /3& SDUDPHWHUV� LW LV DOVR

DSSOLHG LQ WKH YDULDEOH PRGHO RUGHU /3& TXDQWL]DWLRQ RI WKLV

ZRUN� :KHQ WKH RUGHU RI WKH SUHYLRXV /3& PRGHO LV GLIIHUHQW WR

WKH FXUUHQW RQH� WKH SUHGLFWHG /63 YHFWRU KDV D GLIIHUHQW OHQJWK

FRPSDUHG WR WKDW RI WKH FXUUHQW IUDPH /63 YHFWRU� 7KLV PDNHV WKH

SUHGLFWLYH TXDQWL]DWLRQ LPSRVVLEOH� ,Q DGGLWLRQ� WKH DYHUDJH

YDOXHV RI /63 SDUDPHWHUV DUH GLIIHUHQW LQ WKH FDVH WKH PRGHO

RUGHU FKDQJHV� 7KHUHIRUH� WKH GLVWULEXWLRQ RI WKH SUHGLFWLRQ

UHVLGXDO ZRXOG EH XQQHFHVVDU\ ODUJH IRU WKH TXDQWL]DWLRQ

SXUSRVHV� WKXV ORZHULQJ WKH TXDOLW\�

7KH VROXWLRQ WR WKH SUREOHP LV WR PRGLI\ WKH /3& PRGHO RI WKH

SUHYLRXV DQDO\VLV IUDPH� )LUVW� WKH RUGHU RI WKH FXUUHQW /3&

PRGHO LV VHOHFWHG LQ WKH /3& DQDO\VLV XVLQJ WKH FULWHULD GHVFULEHG

HDUOLHU� 7KH RUGHU RI WKH /3& PRGHO RI WKH SUHYLRXV IUDPH LV WKHQ

H[SDQGHG RU VKRUWHQHG WR EH LGHQWLFDO WR WKDW RI WKH FXUUHQW

IUDPH� 7KH PRGLILFDWLRQ LV GRQH E\ ILUVW FRQYHUWLQJ WKH

SDUDPHWHUV LQWR UHIOHFWLRQ FRHIILFLHQWV XVLQJ WKH HTXDWLRQV

GHVFULEHG IRU H[DPSOH LQ >�@� ,I WKH SUHYLRXV PRGHO RUGHU ZDV

ORZHU WKDQ WKH FXUUHQW RQH� ]HURV ZLOO EH DGGHG WR WKH SUHYLRXV

UHIOHFWLRQ FRHIILFLHQW YHFWRU VR WKDW WKH PRGHO RUGHUV DUH VDPH� ,Q

WKH FDVH WKH SUHYLRXV PRGHO RUGHU ZDV KLJKHU� WKH ODVW UHIOHFWLRQ

FRHIILFLHQWV DUH UHPRYHG� $IWHU WKHVH RSHUDWLRQV� WKH PRGLILHG

UHIOHFWLRQ FRHIILFLHQW YHFWRU LV WUDQVIRUPHG EDFN WR /3&

SDUDPHWHUV DQG IXUWKHU LQWR WKH /63 GRPDLQ� +HQFH� WKH QXPEHU

RI SDUDPHWHUV RI WKH SUHYLRXV DQG FXUUHQW /3& PRGHO DUH QRZ

LGHQWLFDO� DQG WKH FRQYHQWLRQDO SUHGLFWLYH /63 TXDQWL]DWLRQ FDQ

EH DSSOLHG�

$GGLQJ ]HURV WR WKH UHIOHFWLRQ FRHIILFLHQW YHFWRU GRHV QRW DIIHFW

WKH SHUIRUPDQFH RI WKH /3& PRGHO� 2Q WKH RWKHU KDQG� ZKHQ WKH

UHIOHFWLRQ FRHIILFLHQW YHFWRU LV VKRUWHQHG E\ IHZ FRHIILFLHQWV� WKH

/3& VSHFWUXP ZLOO ORVH VRPH RI LWV ILQH VWUXFWXUH� 1HYHUWKHOHVV�

WKH GLVDGYDQWDJH RI WKH ORVW ILQH VWUXFWXUH LV QHJOLJLEOH FRPSDUHG

WR WKH DGYDQWDJHV RI SUHGLFWLYH YHFWRU TXDQWL]DWLRQ�

1DWXUDOO\� WKH /63 SUHGLFWRU DQG TXDQWL]HU QHHG WR EH VHSDUDWH

IRU HDFK PRGHO RUGHU� 7KH SUHGLFWRU DQG WKH TXDQWL]DWLRQ

FRGHERRNV DUH VHOHFWHG EDVHG RQ WKH NQRZOHGJH DERXW WKH

VHOHFWHG PRGHO RUGHU DV SUHVHQWHG LQ )LJXUH ��
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)LJXUH �� 7KH SUHGLFWLYH TXDQWL]DWLRQ RI WKH YDULDEOH

PRGHO RUGHU /3& SDUDPHWHUV�

��� ,QWHUSRODWLRQ RI /3& SDUDPHWHUV

7KH /3& SDUDPHWHUV QHHG WR EH LQWHUSRODWHG ZLWKLQ WKH VSHHFK

IUDPH WR DVVXUH D VPRRWK WUDQVLWLRQ IURP IUDPH WR IUDPH�

7\SLFDOO\� D OLQHDU LQWHUSRODWLRQ LV DSSOLHG LQ HDFK VXEIUDPH� 7KH

SDUDPHWHUV LQ ILUVW VXEIUDPH�V� DUH LQWHUSRODWHG EHWZHHQ WKH



FXUUHQW DQG SUHYLRXV /3& SDUDPHWHUV� 1RZ� WKHUH H[LVWV WKH VDPH

SUREOHP DV LQ WKH FDVH RI SUHGLFWLYH TXDQWL]DWLRQ� :KHQ

LQWHUSRODWLQJ WKH SDUDPHWHUV� WKH RUGHUV RI WKH VXFFHVVLYH PRGHOV

QHHG WR EH WKH VDPH� 7KHUHIRUH� D VLPLODU PRGLILFDWLRQ RI WKH

/3& PRGHO RUGHU DV GHVFULEHG LQ 6HFWLRQ ��� QHHGV WR EH GRQH�

7KH RQO\ GLIIHUHQFH WR WKH SUHYLRXVO\ GHVFULEHG PHWKRG LV WKDW

WKH ORZHU RUGHU PRGHO �FXUUHQW RU SUHYLRXV� LV DOZD\V H[SDQGHG

WR EH LGHQWLFDO ZLWK WKH KLJKHU PRGHO RUGHU� 7KH PRGHO RUGHU

H[SDQVLRQ LV GRQH EHFDXVH LW GRHV QRW UHVXOW LQ DQ\ ORVV RI

LQIRUPDWLRQ RI WKH VSHFWUDO ILQH VWUXFWXUH DV GRHV WKH PRGHO RUGHU

VKRUWHQLQJ� )LJXUH � SUHVHQWV WKH LQWHUSRODWLRQ SURFHGXUH� 7KH

RUGHUV RI WKH FXUUHQW DQG SUHYLRXV /3& PRGHO DUH JLYHQ WR WKH

PRGLILFDWLRQ DOJRULWKP LQ ZKLFK WKH SUHYLRXV PRGHO ZLOO EH

H[SDQGHG LI WKH RUGHU RI WKH FXUUHQW /3& PRGHO LV KLJKHU�

6LPLODUO\� WKH DOJRULWKP ZLOO H[SDQG WKH FXUUHQW /3& PRGHO DV

GHVFULEHG HDUOLHU� LI WKH RUGHU LV ORZHU WKDQ WKDW RI WKH SUHYLRXV

/3& PRGHO� 7KHQ� WKH LGHQWLFDO RUGHU /3& PRGHOV DUH

LQWHUSRODWHG IRU HDFK VXEIUDPH�
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)LJXUH �� 7KH YDULDEOH RUGHU /3& PRGHO LQWHUSRODWLRQ

XVLQJ WKH PRGHO RUGHU PRGLILFDWLRQ�

��� 9DULDEOH PRGHO RUGHU /3& GHFRGHU

7KH LQGH[ RI VHOHFWHG /3& PRGHO RUGHU LV WUDQVPLWWHG WR WKH

GHFRGHU DPRQJ WKH TXDQWL]HG /3& SDUDPHWHUV DV D VLGH

LQIRUPDWLRQ� 7KH /3& SDUDPHWHUV ZLWK YDULDEOH PRGHO RUGHU DUH

GHFRGHG DQG IXUWKHU LQWHUSRODWHG IRU VXFFHVVLYH VXEIUDPHV XVLQJ

WKH PHWKRG GHVFULEHG DERYH LQ 6HFWLRQV ��� DQG ��� E\

PRGLI\LQJ WKH /3& PRGHO SDUDPHWHUV VR WKDW WKH SUHYLRXV IUDPH

PRGHO RUGHU PDWFKHV WR WKH PRGHO RUGHU RI WKH FXUUHQW IUDPH�

�� 9$5,$%/(�%,7�5$7(

��� 4XDQWL]HU WUDLQLQJ

7KH YDULDEOH PRGHO RUGHU /3& TXDQWL]HU WUDLQLQJ PDWHULDO

FRQVLVWHG RI QLQH GLIIHUHQW ODQJXDJHV� 7KH WRWDO DPRXQW RI

PDWHULDO ZDV DERXW ������� IUDPHV RI OHQJWK �� PV UHVXOWLQJ LQ D

GDWD EDVH RI DERXW RQH KRXU DQG �� PLQXWHV� 7KH VSHHFK PDWHULDO

ZDV SUHSURFHVVHG E\ XVLQJ PRGLILHG ,56 ILOWHU�

7KH WUDLQLQJ PDWHULDO ZDV ILUVW FODVVLILHG XVLQJ WKH VDPH PRGHO

RUGHU FULWHULRQ DV WKDW RI WKH YDULDEOH UDWH HQFRGHU� 7KH FODVVLILHG

PDWHULDO ZDV WKHQ XVHG IRU WKH FRUUHVSRQGLQJ PRGHO RUGHU

TXDQWL]HU WUDLQLQJ� 7R FRPSDUH WKH TXDQWL]HU TXDOLW\� D IL[HG UDWH

/3& TXDQWL]HU ZDV WUDLQHG XVLQJ WKH VDPH GDWD EDVH�

��� /3& FRGHERRN ELW DOORFDWLRQ

7DEOH � SUHVHQWV WKH ELW DOORFDWLRQ RI WKH YDULRXV YDULDEOH PRGHO

RUGHU FRGHERRNV� 7ZR VHSDUDWH ELW DOORFDWLRQV ZHUH GHVLJQHG IRU

WKH ��WK DQG �WK RUGHU PRGHOV WR HYDOXDWH WKH TXDOLW\ GHJUDGDWLRQ

ZLWK ORZHULQJ ELW�UDWH� +XIIPDQ FRGLQJ LV DSSOLHG WR HQFRGH WKH

/3& PRGHO RUGHU LQIRUPDWLRQ WR PLQLPL]H WKH DYHUDJH ELW�UDWH�

0RGHO RUGHU /HQJWK RI

94 VSOLW

%LW

DOORFDWLRQ

7RWDO

ELWV
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7DEOH �� 7KH ELW DOORFDWLRQV RI WKH GHVLJQHG /3&

FRGHERRNV IRU WKH YDULDEOH PRGHO RUGHU TXDQWL]HUV�

��� 4XDQWL]DWLRQ SHUIRUPDQFH

7KH /3& TXDQWL]HUV ZHUH HYDOXDWHG ZLWK REMHFWLYH VSHFWUDO

GLVWRUWLRQ �6'� PHDVXUH� 7KH HYDOXDWLRQ PDWHULDO ZDV GLIIHUHQW

IURP WKH WUDLQLQJ PDWHULDO FRQVLVWLQJ RI WZR ODQJXDJHV� 7KH WRWDO

OHQJWK RI WKH PDWHULDO ZDV DERXW ������ IUDPHV�

/3& ELW $YHUDJH 6' �G%� 2XWOLHUV ���

DOORFDWLRQ WRWDO �� � � ��� G% ! � G%

��� ��� �� ���� ���� ���� ���� ���� �

��� ��� �� ���� ���� ���� ���� ���� ����

��� ��� �� ���� ���� ���� ���� ���� �

��� ��� �� ���� ���� ���� ���� ���� ����

�� �)L[HG� ���� ���� ���� ���� ���� �

7DEOH �� 6SHFWUDO GLVWRUWLRQ YDOXHV IRU WKH YDULDEOH UDWH

DQG IL[HG UDWH /3& PRGHO TXDQWL]DWLRQ DW GLIIHUHQW ELW

FRQILJXUDWLRQV� $YHUDJH 6' YDOXHV DUH SUHVHQWHG IRU WKH

ZKROH PDWHULDO DQG IRU HDFK PRGHO RUGHU�

7KH VSHFWUDO GLVWRUWLRQ YDOXHV LQ 7DEOH � LQGLFDWH WKDW WKH

SHUIRUPDQFH RI WKH YDULDEOH UDWH ELW DOORFDWLRQ RI ��� �� DQG ��

ELWV IRU WKH ��WK� �WK DQG �WK RUGHU /3& PRGHO� UHVSHFWLYHO\� LV

FORVH WR WKDW RI WKH IL[HG UDWH /3& TXDQWL]HU ZLWK �� ELWV� 7KH

DYHUDJH VSHFWUDO GLVWRUWLRQ RI WKH IL[HG UDWH /3& LV DOVR SUHVHQWHG

IRU IUDPHV FRUUHVSRQGLQJ WR WKH PRGHO RUGHUV RI YDULDEOH PRGHO

RUGHU /3& TXDQWL]HUV� :LWK WKH JLYHQ UHVXOWV� ERWK YDULDEOH DQG

IL[HG UDWH TXDQWL]HUV FDQ EH FRQVLGHUHG DV WUDQVSDUHQW� +RZHYHU�

WKH YDULDEOH UDWH TXDQWL]HU RSHUDWHV DW VLJQLILFDQWO\ ORZHU ELW�UDWH�

7KH UHVXOWV LQ 7DEOH � DOVR LPSO\ WKDW FKDQJLQJ WKH ELW DOORFDWLRQ

RI WKH FRGHERRN RI WKH ��WK RU �WK RUGHU /3& PRGHO GRHV QRW

FKDQJH WKH DYHUDJH GLVWRUWLRQ RI WKH RWKHU PRGHO RUGHU

TXDQWL]HUV� 7KH DYHUDJH 6' YDOXHV GHFUHDVH JUDFHIXOO\ ZLWK

GHFUHDVLQJ TXDQWL]HU ELW�UDWH� +RZHYHU� LQ WUDQVLHQW IUDPHV� LQ

ZKLFK WKH PRGHO RUGHU LV FKDQJLQJ� WKH DYHUDJH VSHFWUDO

GLVWRUWLRQ LV VOLJKWO\ KLJKHU� 7DEOH � SUHVHQWV WKH DYHUDJH 6'

YDOXHV IRU WUDQVLHQW IUDPHV IRU WKH YDULDEOH PRGHO RUGHU

TXDQWL]DWLRQ DV ZHOO DV WKH DYHUDJH 6' RI WKH FRUUHVSRQGLQJ

IUDPHV RI WKH IL[HG UDWH /3& TXDQWL]DWLRQ�



0RGHO RUGHU

FKDQJH

9DULDEOH UDWH /3&

$YHUDJH 6' �G%�

)L[HG UDWH /3&

$YHUDJH 6' �G%�

XS ���� ����

GRZQ ���� ����

7DEOH �� 6SHFWUDO GLVWRUWLRQ YDOXHV IRU WKH YDULDEOH PRGHO

RUGHU TXDQWL]DWLRQ LQ WUDQVLHQW IUDPHV FRPSDUHG ZLWK WKH

YDOXHV RI WKH IL[HG UDWH TXDQWL]DWLRQ ZLWKLQ WKH

FRUUHVSRQGLQJ IUDPHV�

5HVXOWV LQ 7DEOH � VKRZ WKDW WKH WUDQVLHQW LQ PRGHO RUGHU DQG WKH

FKDQJH RI WKH TXDQWL]HU GRHV QRW FDXVH VLJQLILFDQW GLIIHUHQFH LQ

WKH DYHUDJH VSHFWUDO GLVWRUWLRQ FRPSDUHG WR WKDW RI WKH IL[HG UDWH

TXDQWL]DWLRQ� +RZHYHU� WKH DYHUDJH 6' ZLWK LQFUHDVLQJ PRGHO

RUGHU LV KLJKHU� 7\SLFDOO\� WKH /3& DQDO\VLV ZLWK LQFUHDVLQJ

PRGHO RUGHU IDFHV D WUDQVLHQW IUDPH FRQWDLQLQJ FRPSOH[ VSHFWUXP

ZKLFK LV GLIILFXOW WR PRGHO XVLQJ OLQHDU SUHGLFWLRQ�

7KH GLVWULEXWLRQ RI PRGHO RUGHUV ZLWK VHOHFWHG ELW FRQILJXUDWLRQV

IRU DFWLYH VSHHFK LV SUHVHQWHG LQ 7DEOH �� 7KH +XIIPDQ FRGLQJ RI

WKH PRGH LQIRUPDWLRQ ZDV GHVLJQHG EDVHG RQ WKLV GLVWULEXWLRQ�

0RGHO

RUGHU

3UREDELOLW\

���

/3&

ELWV

0RGH

ELWV

$YHUDJH

ELWV

�� ���� �� � ����

� ���� �� � �

� ���� �� � ���

�� �)L[HG� ��� �� � ��

7DEOH �� %LW�UDWH FRPSDULVRQ EHWZHHQ YDULDEOH UDWH DQG

IL[HG UDWH /3& TXDQWL]HUV KDYLQJ WKH VDPH SHUIRUPDQFH�

$ YDULDEOH UDWH +XIIPDQ FRGLQJ LV DSSOLHG LQ PRGH

LQIRUPDWLRQ�

7KH RYHUDOO UHGXFWLRQ LQ DYHUDJH ELW DOORFDWLRQ LV ��� ELWV SHU

IUDPH ZKHQ WKH SUHVHQWHG YDULDEOH UDWH /3& TXDQWL]HU LV XVHG�
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RUGHU /3& LV WKH ORZHUHG DYHUDJH ELW�UDWH RI WKH SDUDPHWHU
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