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7KLV VWXG\ FRQVLVWV RI VLPXODWLRQ RI *DXVVLDQ 3RWHQWLDO )XQFWLRQ

1HWZRUN �*3)1� >�@ DQG DSSOLFDWLRQ WR ILOWHULQJ SUREOHP FDOOHG

LQWHUV\PERO LQWHUIHUHQFH �,6,� HTXDOL]DWLRQ ZKLFK LV

FRQYHQWLRQDOO\ KDQGOHG ZLWK GLJLWDO HTXDOL]HUV� $ *3)1 LV D

5DGLDO %DVLV )XQFWLRQ �5%)� OLNH QHW� ,W KDV WKUHH OD\HUV� RQH

LQSXW OD\HU� RQH KLGGHQ OD\HU� ZKLFK LQFOXGHV WKH QRGHV ZLWK

JDXVVLDQ DFWLYDWLRQ IXQFWLRQ� DQG WKH ODVW LV WKH RXWSXW OD\HU� ,WV

GLVWLQFW IHDWXUH FRPHV IURP LWV DELOLW\ RI DXWRPDWLF UHFUXLWPHQW RI

KLGGHQ OD\HU QRGHV� 7KH ILOWHULQJ RI VLJQDOV� ZKLFK DUH FRUUXSWHG

ZLWK DGGLWLYH ZKLWH JDXVVLDQ QRLVH �$:*1� WR UHSUHVHQW ,6,�

SHUIRUPHG ZLWK WKLV VLPXODWLRQ VKRZHG WKDW WKLV QHWZRUN LV D

VXLWDEOH WRRO IRU DGDSWLYH HTXDOL]DWLRQ�

��,1752'8&7,21

0DQ\ GLJLWDO FRPPXQLFDWLRQ FKDQQHOV DUH VXEMHFW WR LQWHUV\PERO

LQWHUIHUHQFH �,6,�� 7KLV LQWHUIHUHQFH LV XVXDOO\ D UHVXOW RI WKH

UHVWULFWHG EDQGZLGWK DOORFDWHG WR WKH FKDQQHO DQG�RU WKH SUHVHQFH

RI PXOWLSDWK GLVWRUWLRQ LQ WKH PHGLXP WKURXJK ZKLFK WKH

LQIRUPDWLRQ LV WUDQVPLWWHG� ,Q V\PERO�E\�V\PERO HTXDOL]DWLRQ�

WKH SUREOHP LV WKDW RI XVLQJ WKH LQIRUPDWLRQ LQ WKH REVHUYHG

FKDQQHO RXWSXWV WR SURGXFH DQ HVWLPDWH RI WKH FXUUHQW RXWSXW� 7KH

GHYLFH RU DOJRULWKP WKDW SHUIRUPV WKLV IXQFWLRQ LV WKH HTXDOL]HU�

(TXDOL]HUV KDYH GLIIHUHQW DUFKLWHFWXUHV DQG DOJRULWKPV OLNH

WUDQVYHUVDO HTXDOL]HU RU PD[LPXP OLNHOLKRRG HVWLPDWRU ZKLFK KDV

WKHRUHWLFDOO\ WKH EHVW SHUIRUPDQFH EXW QHHGV H[WUHPHO\ H[SHQVLYH

FRPSXWDWLRQ�

1HXUDO QHW PRGHOV DUH FODVVLILHG E\ QHW WRSRORJ\� QRGH

FKDUDFWHULVWLF DQG WUDLQLQJ RU OHDUQLQJ UXOHV� 7KHVH UXOHV DUUDQJHV

WKH ZD\ WKH QHW OHDUQV WKH UHTXLUHG DVVLJQPHQW� ,W LQFOXGHV WKH

LQLWLDOL]DWLRQ DQG DGDSWDWLRQ RI SDUDPHWHUV DQG ZHLJKWV IRU

PLQLPXP HUURU� 7KH VLPSOH QRGH LQ D QHXUDO QHWZRUN PRGHO

FDOOHG SHUFHSWURQ� 7KH FDSDELOLWLHV RI VLQJOH SHUFHSWURQ DUH

OLPLWHG WR OLQHDU GHFLVLRQ ERXQGDULHV DQG VLPSOH ORJLF IXQFWLRQV�

+RZHYHU� E\ FDVFDGLQJ SHFHSWURQ LQ OD\HUV� FDOOHG PXOWLOD\HU

SHUFHSWURQ �0/3�� ZH FDQ LPSOHPHQW FRPSOH[ GHFLVLRQ

ERXQGDULHV DQG DUELWUDU\ ERROHDQ H[SUHVVLRQV�

,QLWLDO ZRUN >�@GHPRQVWUDWHG WKDW 0/3 HTXDOL]HUV ZHUH VXSHULRU

WR FRQYHQWLRQDO WUDQVYHUVDO DQG GHFLVLRQ IHHGEDFN HTXDOL]HUV LQ

WHUPV RI WKH XVXDO PHDVXUH RI HTXDOL]HU SHUIRUPDQFH� ZKLFK LV ELW

HUUURU UDWH �%(5�� 2Q WKH RWKHU KDQG� WKH ZRUN DOVR KLJKOLJKWHG

VHYHUDO RI WKH GLIILFXOWLHV WKDW DUH ZHOO NQRZQ LQ WKH ZLGHU

DSSOLFDWLRQ RI 0/3¶V� 7KHVH DUH H[WUHPH OHQJWK RI WUDLQLQJ WLPHV�

WKH LQGHWHUPLQDWH QDWXUH RI WKH WUDLQLQJ WLPHV� WKH ODFN RI

PHWHGRORJ\ IRU DUFKLWHFWXUH VHOHFWLRQ� 7KHVH SUREOHPV DUH ODUJHO\

XQVROYHG DQG VHYHUHO\ UHVWULFWHG WKH SUDFWLFDO DSSOLFDWLRQ RI

0/3¶V LQ WKLV DUHD�

$Q LPSRUWDQW 0/3 PRGHO LV WKH 5DGLDO %DVLV )XQFWLRQ QHWZRUN

�5%)�� 5%) QHWZRUN KDV FORVH UHODWLRQVKLS WR %D\HVLDQ PHWKRGV

IRU FKDQQHO HTXDOL]DWLRQ DQG LQWHUIHUHQFH UHMHFWLRQ� 5%) LV D WZR

OD\HU QHWZRUN ZKRVH RXWSXW QRGHV IRUP OLQHDU FRPELQDWLRQ RI WKH

EDVLV IXQFWLRQV FRPSXWHG E\ WKH KLGGHQ OD\HU QRGHV� 7KH EDVLV

IXQFWLRQV LQ WKH KLGGHQ OD\HU SURGXFH D VLJQLILFDQW QRQ]HUR

UHVSRQVH RQO\ ZKHQ WKH LQSXW IDOOV ZLWKLQ D VPDOO ORFDOL]HG UHJLRQ

RI WKH LQSXW VSDFH� $OWKRXJK LPSOHPHQWDWLRQ YDU\� WKH PRVW

FRPPRQ EDVLV LV D µ*DXVVLDQ .HUQHO¶ IXQFWLRQ� 7KH QRGH RXWSXWV

DUH LQ WKH UDQJH IURP ]HUR WR RQH VR WKDW WKH FORVHU WKH LQSXW WR

WKH FHQWHU RI WKH JDXVVLDQ WKH ODUJHU WKH UHVSRQVH RI WKH QRGH�

*3)1 LV DQ 5%) OLNH QHWZRUN� ZKLFK GLIIHUV LQ OHDUQLQJ VFKHPH

FDOOHG KLHUDUFKLFDOO\ VHOI RUJDQL]LQJ OHDUQLQJ VFKHPH� 7KH QRGHV

LQ KLGGHQ OD\HU RI *3)1 LV FUHDWHG DXWRPDWLFDOO\ EDVHG RQ VRPH

FKHFNLQJV� 7KLV SURSHUW\ RI WKH QHWZRUN DOVR SURYLGHV WKH

QHWZRUN ZLWK QRW VWLFNLQJ WR ORFDO PLQLPXPV�

7KLV VWXG\ FRQVLVWV RI UHSODFLQJ /LQHDU 7UDQVYHUVDO 'LJLWDO

(TXDOL]HU �/7(� ZLWK *3)1 IRU HVWLPDWLQJ WKH GLJLWDO VLJQDOV

FRUUXSWHG E\ DGGLWLYH ZKLWH JDXVVLDQ QRLVH �$:*1� DQG

PHDVXULQJ DQG FRPSDULQJ WKH SHUIRUPDQFH EDVHG RQ %(5�
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��� *DXVVLDQ 3RWHQWLDO )XQFWLRQ 1HWZRUN

$ SRWHQWLDO�IXQFWLRQ QHWZRUN DSSUR[LPDWHO\ UHDOL]HV D ³PDQ\�WR�

RQH´ FRQWLQXRXV PDSSLQJ E\ V\QWKHVL]LQJ D SRWHQWLDO ILHOG RYHU

WKH LQSXW GRPDLQ E\ D QXPEHU RI SRWHQWLDO IXQFWLRQV� 7KH

SRWHQWLDO ILHOG φ FDQ EH GHVFULEHG DV WKH ZHLJKWHG VXPPDWLRQ RI D
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ZKHUH 0� FL� DQG SL UHVSHFWLYHO\� UHSUHVHQWV WKH QXPEHU RI

SRWHQWLDO XQLW IXQFWLRQV �3)8�� WKH VXPPDWLRQ ZHLJKW� DQG

SDUDPHWHU YHFWRU RI WKH LWK SRWHQWLDO IXQFWLRQ�

7KH XQQRUPDOL]HG JDXVVLDQ IXQFWLRQ LV VHOHFWHG IRU WKH

FRQVWUXFWLRQ RI SRWHQWLDO�IXQFWLRQ QHWZRUN �3)1� VLQFH WKH

IXQFWLRQ LV KLJKO\ QRQOLQHDU EXW KDV PDQ\ ZHOO GHILQHG IHDWXUHV�

RZLQJ WR LWV XVH LQ SUREDELOLW\ WKHRU\� $ JDXVVLDQ SRWHQWLDO

IXQFWLRQ LV GHILQHG E\�
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ZKHUH [ UHSUHVHQWV DQ LQSXW SDWWHUQ DQG PL� DQG .L UHSUHVHQWV

UHVSHFWLYHO\ WKH PHDQ YHFWRU DQG WKH VKDSH PDWUL[ �GHILQHG E\ WKH

LQYHUVH RI WKH FRYDULDQFH PDWUL[� RI WKH LWK SRWHQWLDO IXQFWLRQ�

:H FDQ ZULWH G�[�PL�.L� LQ DQ H[SDQGHG IRUP�
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ZKHUH
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,QVWHDG RI XVLQJ WKH JHQHUDO IRUP RI NL
MN� DQ DSSUR[LPDWLRQ LV

SRVVLEOH LQ WKH IROORZLQJ IRUP
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,Q JHQHUDO� WKH LQSXW YHFWRU LV PXOWLGLPHQVLRQDO� 7KH H[LVWHQFH RI

WKH VKDSH PDWUL[ SURYLGHV WKH SRVVLELOLW\ RI KDYLQJ GLIIHUHQW

YDULDQFHV LQ GLIIHUHQW GLPHQVLRQV L�H� GLIIHUHQW FURVVHFWLRQV RI

*3)V DUH SRVVLEOH� %\ WKLV DSSUR[LPDWLRQ VRPH IOH[LELOLW\ LV ORVW

WKDW ZLOO EH FRPSHQVDWHG XVLQJ PRUH *DXVVLDQ 3RWHQWLDO )XQFWLRQ

8QLWV �*3)8��

7KH QHWZRUN PRGHO SURSRVHG KHUH LV FRPSRVHG RI WKUHH OD\HUV�

WKH LQSXW OD\HU� WKH KLGGHQ OD\HU� DQG WKH RXWSXW OD\HU� 7KH LQSXW

DQG RXWSXW OD\HUV DUH FRPSRVHG RI OLQHDU XQLWV� ZKHUHDV WKH

KLGGHQ OD\HU FRQVLVWV RI QRQOLQHDU *3)8V� ZKLFK SURGXFH

JDXVVLDQ SRWHQWLDO IXQFWLRQV� 7KH ZHLJKWHG RXWSXW YDOXHV RI WKH

*3)8¶V DUH VXPPHG E\ WKH FRQQHFWLRQV EHWZHHQ WKH KLGGHQ

OD\HU DQG WKH RXWSXW OD\HU LQ RUGHU WR V\QWKHVL]H WKH UHTXLUHG

SRWHQWLDO ILHOGV� 7KH WKUHH OD\HUHG 3)1 ZLWK WKH *3)8¶V

FRQILJXUHG DW WKH KLGGHQ OD\HU LV FDOOHG WKH *3)1� )LJXUH ���D�

LOOXVWUDWHV WKH VFKHPDWLF GLDJUDP RI D *3)1� )LJXUH ��E� VKRZV D

GHWDLOHG VWUXFWXUH RI WKH LWK *3)8� 7KH FDOFXODWLRQ RI ��� VWDUWV

ZLWK WKH VXEWUDFWLRQ RI WKH PHDQ YHFWRU RI WKH LWK *3)8 IURP WKH

LQSXW YHFWRU DW WKH VXEWUDFWLRQ QRGHV�

)LJXUH �� 6FKHPDWLF GLDJUDP RI *3)1

7KHQ WKH FRPSRQHQWV RI WKH YHFWRU REWDLQHG DW WKH VXEWUDFWLRQ

QRGHV DUH FURVV FRUUHODWHG DPRQJ WKHPVHOYHV E\ WKH FURVV�

FRUUHODWRU WR REWDLQ 1� FURVV�FRUUHODWHG WHUP� LV PXOWLSOLHG E\ WKH

FRUUHVSRQGLQJ NL
MN RI WKH VKDSH PDWUL[ .L DW WKH PXOWLSOLFDWLRQ

QRGHV DQG VXPPHG IRU GL� 7KH RXWSXW RI WKH *3)8 LV WKHQ

JHQHUDWHG E\ H[SRQHQWLDWLQJ GL�

��� /HDUQLQJ LQ *3)1

/HDUQLQJ LQ *3)1 FRQVLVWV RI GHWHUPLQLQJ PLQLPXP QHFHVVDU\

QXPEHU RI *3)8¶V DQG WKH DGMXVWPHQW RI WKH PHDQ YHFWRU DQG

WKH VKDSH PDWUL[ DV ZHOO DV WKH VXPPDWLRQ ZHLJKWV� 7KH GLVWLQFW

IHDWXUH RI OHDUQLQJ IRU *3)1 LV LWV FDSDELOLW\ RI DXWRPDWLFDOO\



�EDVHG RQ VRPH GHFLVLRQV� UHFUXLWLQJ RI QHFHVVDU\ FRPSXWDWLRQDO

XQLWV �QRGHV��

7KH DXWRPDWLF UHFUXLWPHQW RI FRPSXWDWLRQDO XQLWV LV EDVHG RQ WKH

IROORZLQJ GHFLVLRQV�

• :KHWKHU D QHZ WHDFKLQJ SDWWHUQ VKRXOG EH DFFRPPRGDWHG E\

WKH *3)8¶V DOUHDG\ JHQHUDWHG IURP WKH SDVW WUDLQLQJ RU E\ D

QHZ *3)8�

• :KHWKHU WKH DFFRPPRGDWLRQ ERXQGDULHV RI LQGLYLGXDO

*3)8¶V� GHILQHG E\ WKH FRQWRXU RI WKH HTXLGLVWDQFHV IURP WKH

FHQWHU RI *DXVVLDQ SRWHQWLDO IXQFWLRQV� VKRXOG EH UHDGMXVWHG

WR HQVXUH HUURU FRQYHUJHQFH DV ZHOO DV IDVW OHDUQLQJ�

7KLV OHDUQLQJ VFKHPH LV FDOOHG +LHUDUFKLFDOO\ 6HOI�2UJDQL]LQJ

/HDUQLQJ 6FKHPH �+6/6�� 7KLV VFKHPH KDV WKH IROORZLQJ

LPSOLFDWLRQV�

• ,W VWDUWV ZLWK OHDUQLQJ JOREDO PDSSLQJ IHDWXUHV EDVHG RQ D

VPDOO QXPEHU RI FRPSXWDWLRQDO XQLWV ZLWK ODUJHU VL]H RI

DFFRPPRGDWLRQ ERXQGDULHV� WKHQ SURFHHGV WR OHDUQLQJ ILQHU

PDSSLQJ GHWDLOV E\ LQFUHDVLQJ WKH QXPEHU RI FRPSXWDWLRQDO

XQLWV DQG UHGXFLQJ WKH VL]H RI DFFRPPRGDWLRQ ERXQGDULHV�

• ,W FKDQJHV WKH GLPHQVLRQV DQG VKDSH RI WKH HUURU VXUIDFH RI

WKH HUURU IXQFWLRQ GHILQHG LQ WHUPV RI WKH QHWZRUN SDUDPHWHUV�

ZKHQ WKH SHUIRUPDQFH RI HUURU FRQYHUJHQFH LV FRQVLGHUDEO\

GHJUDGHG� 7KLV KHOSV WR DYRLG WR VWLFNLQJ RQ D IODW RU YHU\

PLOGO\ VORSLQJ VXUIDFH ZKLFK PLJKW FDXVH WURXEOH�

7KH OHDUQLQJ DOJRULWKP LV FRPSRVHG RI WZR SDUWV� WKH ILUVW LV

FRQFHUQHG ZLWK WKH DGMXVWPHQW RI WKH QHWZRUN SDUDPHWHUV DQG WKH

VHFRQG ZLWK WKH GHFLVLRQ RQ WKH PLQLPXP QHFHVVDU\ QXPEHU RI

*3)8¶V

7KH SDUDPHWHU OHDUQLQJ LV FRQGXFWHG ZLWK JUDGLHQW�GHVFHQW

PHWKRG LQ ZKLFK WKH SDUDPHWHUV DUH XSGDWHG DFFRUGLQJ WR WKH

HUURU IXQFWLRQ ZKLFK LV WKH IXQFWLRQ RI QHWZRUN SDUDPHWHUV�

6LQFH WKH JUDGLHQW�GHVFHQW PHWKRG LV ZHOO NQRZQ LQ JHQHUDO� WKH

GHFLVLRQ SDUW RI +6/6 ZLOO EH H[SODLQHG KHUH�

����� +LHUDUFKLFDOO\ 6HOI�2UJDQL]LQJ /HDUQLQJ

7KLV VFKHPH SHUIRUPV DXWRPDWLF UHFUXLWPHQW RI QHZ *3)8V DQG

UHDGMXVWPHQW RI WKH DFFRPPRGDWLRQ ERXQGDULHV RI HYHU\ *3)8�

7KH QHWZRUN ZLOO VWDUW ZLWK VPDOO QXPEHU RI *3)8V ZKLFK KDYH

ODUJH DFFRPPRGDWLRQ ERXQGDULHV IRU URXJK EXW JOREDO PDSSLQJ�

7KLV ZLOO JLYH EDG SHUIRUPDQFH� %XW DV WKH QHZ *3)8V DUH

JHQHUDWHG DQG DFFRPPRGDWLRQ ERXQGDULHV DUH UHGXFHG� WKH LQSXW

VSDFH ZLOO EH VKDUHG RXW E\ PRUH *3)8V JLYLQJ PRUH SUHFLVH

DSSUR[LPDWLRQ�

)RU WKH DFFRPPRGDWLRQ ERXQGDU\ DQ HIIHFWLYH UDGLXV UL LV

GHILQHG LQ WKH IRUP RI D K\SHUVSKHUH � +L� GHILQHG LQ WKH LQSXW

VSDFH
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,Q DGGLWLRQ D *3)8 LV DVVLJQHG D SURSHUW\ WR UHSUHVHQW WKH

SDUWLFXODU FODVV RI SDWWHUQV� 7KLV DVVLJQPHQW LV GRQH DW WKH WLPH D

*3)8 LV JHQHUDWHG E\ WDNLQJ WKH VDPH FODVV UHSUHVHQWHG E\ WKH

WHDFKLQJ SDWWHUQ WKDW LQYRNHG LWV JHQHUDWLRQ�

$FFRPRGDWLRQ JHQHUDWLRQ UXOHV DUH DV IROORZV �

,I WKH FXUUHQWO\ LQWURGXFHG WHDFKLQJ SDWWHUQ IDOOV LQVLGH WKH

ERXQGDU\ DQG EHORQJV WR WKH VDPH FODVV RI DQ\ *3)8 WKHQ

JHQHUDWLRQ RI D QHZ *3)8 LV QRW UHTXLUHG� 3UHVHQW SDUDPHWHUV

ZLOO EH XSGDWHG� $ WHDFKLQJ SDWWHUQ ZLOO EH DFFHSWHG LQ WKH

ERXQGDU\ RI D *3)8 E\ WKH FRQGLWLRQ
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7KH HIIHFWLYH UDGLL RI *3)8V ZLOO EH UHGXFHG IRU SUHFLVH

OHDUQLQJ� 7KH UDWH RI UHGXFWLRQ LV LPSRUWDQW� )DVW UHGXFWLRQ ZLOO

FDXVH JHQHUDWLRQ RI PRUH WKDQ QHFHVVDU\ QXPEHU RI *3)8V�

EHFDXVH LQGLYLGXDO *3)8V FDQ QRW ILQG HQRXJK WLPH WR FRQYHUJH

WKHLU RSWLPXP VKDSHV� 2Q WKH RWKHU KDQG� VORZ UDWH ZLOO FHUWDLQO\

UHVXOW LQ PLQLPXP QXPEHU RI *3)8V� EXW ZLOO QHHG PRUH

OHDUQLQJ F\FOH �UDQGRP SUHVHQWDWLRQ RI WHDFKLQJ SDWWHUQV��

7KH EHVW ZD\ WR UHGXFH UL LV WR PHDVXUH WKH SURJUHVV RI WKH

OHDUQLQJ� 6LQFH LW VXSSOLHV PRUH *3)8 DQG EHWWHU OHDUQLQJ LW

VKRXOG EH UHGXFHG ZKHQ OHDUQLQJ SURJUHVV LV VDWXUDWHG ZLWK

FXUUHQWO\ DYDLODEOH *3)8V� 7KH SURJUHVV RI OHDUQLQJ FDQ EH

PHDVXUHG LQ WZR ZD\V�

• :LWK SHUIRUPDQFH LQGH[ 3 GHILQHG DV�
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• :LWK SDUDPHWHU VDWXUDWLRQ YHFWRU VM� GHILQHG IRU WKH MWK RXWSXW

XQLW DV�
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ZKHUH σ LV D SRVLWLYH FRQVWDQW EHWZHHQ � DQG ��

7KH SXUSRVH RI GHILQLQJ WKH SDUDPHWHU VDWXUDWLRQ YHFWRU LV WR

PRQLWRU
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� VLQFH WKH VDWXUDWLRQ RI WKH SHUIRUPDQFH RQ

OHDUQLQJ LPSOLHV WKH FRQYHUJHQFH RI WKH SDUDPHWHUV WR DQ

H[WUHPXP DFKLHYDEOH ZLWK WKH QXPEHU RI FXUUHQWO\ DYDLODEOH



*3)8V� ,Q (TXDWLRQ ���� VM PRYHV WRZDUG ∂
∂
(

Q

S

M

� 7ZR FDVHV FDQ

EH LGHQWLILHG DV

• ,I WKH QHWZRUN SDUDPHWHUV UHPDLQ VWDWLRQDU\ DW D SRLQW RU

ZRQGHU DURXQG D SRLQW LQ WKH SDUDPHWHU VSDFH� WKH QRUP VM

GHILQHG EHORZ JUDGXDOO\ GHFUHDVHV WRZDUG ]HUR�

• ,I WKH QHWZRUN SDUDPHWHUV DUH RQ WKH ZD\ WR FRQYHUJH WR D

SRLQW LQ WKH SDUDPHWHU VSDFH DORQJ D FHUWDLQ GLUHFWLRQ� WKH

PDJQLWXGH RI VM JUDGXDOO\ LQFUHDVHV RU GHFUHDVHV WRZDUG

∂
∂
(

Q

S

M

7KHUHIRUH� E\ PRQLWRULQJ WKH YDOXH RI __VM__ � WKH PD[LPXP RI WKH

VXP RI WKH FROXPQV�� WKH VDWXUDWLRQ RI WKH QHWZRUN SHUIRUPDQFH

RQ OHDUQLQJ FDQ EH GHWHFWHG�

��(48$/,=$7,21�:,7+�*3)1

7KH VLPXODWLRQ ZDV SHUIRUPHG EDVHG RQ WKH PRGHO VKRZQ LQ

)LJXUH �� 7KH ELQDU\ V\PEROV WKDW KDYH EHHQ SDVVHG WKURXJK D

OLQHDU GLVSHUVLYH FKDQQHO DQG WKHQ FRUUXSWHG E\ DGGLWLYH ZKLWH

JDXVVLDQ ZHUH GHWHFWHG SURYLGHG WKDW /7( UHSODFHG ZLWK *3)1

�)LJXUH ��� $ OLQHDU GLVSHUVLYH FKDQQHO LQWURGXFHV LQWHUV\PERO

LQWHUIHUHQFH �,6,� DQG FDQ EH PRGHOHG DV D ILQLWH LPSXOVH

UHVSRQVH ILOWHU �),5��
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ZKHUH OF WKH OHQJWK RI WKH FKDQQHO LPSXOVH UHVSRQVH DQG DL µV DUH

WKH FKDQQHO FRHIILFLHQWV� 7KH UHFHLYHG VLJQDO U�N� KDV ZKLWH

JDXVVLDQ QRLVH LQ DGGLWLRQ WR FKDQQHO RXWSXW LV�
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7KH LQSXW [�N� LV FKRVHQ IURP ^����` ZLWK HTXDO SUREDELOLW\ DQG

DVVXPHG WR EH LQGHSHQGHQW� 7KH FKDQQHO RXWSXW LV FRUUXSWHG ZLWK

DGGLWLYH QRLVH RI ]HUR PHDQ DQG YDULDQFH σ�

Q� $W WLPH N� WKH

GHWHFWRU �RU HTXDOL]HU� SURYLGHV DQ HVWLPDWH RI [�N�G� DV
A

[ �N�G�

EDVHG RQ ILQLWH QXPEHU RI QRLV\ REVHUYHG VDPSOHV� U�N�� U�N���� � �

�� U�N�1���� ZKHUH G LV WKH GHFLVLRQ GHOD\ DQG 1 LV WKH QXPEHU RI

WDSV� 7KH JRDO LV WR PLQLPL]H WKH SUREDELOLW\ RI ELW HUURU�

7KH FKDQQHO FRHIILFLHQWV ZHUH FKRVHQ DV D� � DQG D� ���� 7KH

UHFHLYHG VLJQDOV UN� UN��� UN��� ZKHUH 1 �� DUH WKH LQSXWV RI WKH

*3)1� *3)1 LV DVVLJQHG WR GHFLGH ZKLFK VLJQDO �� RU ±�� LV

WUDQVPLWWHG� ,I WKH RXWSXW RI WKH *3)1 KDV GLIIHUHQW VLJQ ZLWK WKH

DFWXDO WUDQVPLWWHG VLJQDO� LW LV HYDOXDWHG DV DQ HUURU�

7KH QHWZRUN JHQHUDWHG � RU � *3)8¶V DW GLIIHUHQW 615 OHYHOV

�H�J� � *3)8¶V DW �G%�� $W KLJK QRLVH OHYHOV WKH HUURU VXUIDFH LV

YHU\ VHUUDWHG� 2Q WKH RWKHU KDQG� WKH QHWZRUN LV YHU\ VHQVLWLYH WR

SDUDPHWHUV VLQFH WKH KLGGHQ OD\HU QRGHV DUH DXWRPDWLFDOO\

JHQHUDWHG� 6R VHOHFWLRQ RI SDUDPHWHUV SOD\ YHU\ LPSRUWDQW UROH LQ

VXFFHVVLRQ RI WKH QHWZRUN�

)LJXUH �� 6\VWHP PRGHO XVHG

7KH QHWZRUN ZDV WHVWHG DW VHYHUDO 615 OHYHOV VWDUWLQJ IURP � G%

WR �� G% ZLWK � G% LQFUHPHQW� ,W ZDV WUDLQHG XVLQJ ���� V\PEROV

DQG WKH ELW HUURU SHUIRUPDQFH ZDV HYDOXDWHG RYHU ����� V\PEROV�

5HVXOWV ZKLFK FRPSDUHV WKH /7( DQG *3)1 ERWK WUDLQHG DQG

WHVWHG RQ WKH VDPH FRQGLWLRQV LV LQ )LJXUH �� ZKLFK VKRZV WKH

ORJ�WRW� QXPEHU RI ELW HUURUV������� YV� FRUUHVSRQGLQJ 615�

%RWK ILOWHUV UHDFKHG WKH � HUURU SHUIRUPDQFH DW �� G%�

)LJXUH �� 7KH *3)1 XVHG LQVWHDG RI (TXDOL]HU �/7(�

)LJXUH �� /RJ�ELW HUURU �%(5�������� YV FRUUHVSRQGLQJ 615

�G%�� µ��¶ OLQH UHSUHVHQWV *3)1 FXUYH ZKHUHDV µ�µ UHSUHVHQWV /7(
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,Q PDQ\ DSSOLFDWLRQV RI QHXUDO QHWZRUNV WKHUH PD\ QRW EH

XQLYHUVDOO\ UHFRJQL]HG ³EHVW´ RU ³RSWLPDO´ VROXWLRQ� 7KH QHWZRUN

LV SUHVHQWHG ZLWK WUDLQLQJ VHW RI LQSXW�RXWSXW SDLUV WR OHDUQ D

QRQOLQHDU PDSSLQJ IURP LQSXW WR RXWSXW� 7KHQ WKH QHWZRUN WHVWHG

RQ XQVHHQ GDWD� DQG LI SHUIRUPDQFH JRDOV DUH PHW� WKH RSHUDWLRQ

LV GHHPHG D VXFFHVV�

*3)1 DQG +LHUDUFKLFDOO\ 6HOI 2UJDQL]LQJ /HDUQLQJ 6FKHPH

�+6/6�SURYLGHV D EDVH IRU DGDSWLYH VWUXFWXUHV� 6R WKLV VFKHPH

ZDV XVHG IRU ILOWHULQJ ,6, LQ OLQHDU GLVSHUVLYH FKDQQHOV LQVWHDG RI

FRQYHQWLRQDO PHFKDQLVP FDOOHG OLQHDU WUDQVYHUVDO GLJLWDO

HTXDOL]HU �/7(�� :KHQ WKH UHVXOWV RI WKLV VWXG\ FRQFHUQHG� *3)1

DQG +6/6 SHUIRUPHG JRRG LQ JHQHUDO EXW QRW EHWWHU WKDQ /7(�

%XW ERWK FXUYHV DUH YHU\ FORVH WR HDFK RWKHU� $OWKRXJK WKLV PLJKW

EH UHODWHG WR WKH LPSURSHU VHOHFWLRQ RI VHYHUDO SDUDPHWHUV DW WKH

EHJLQQLQJ RI OHDUQLQJ� WKHUH LV QR GHILQLWH ZD\ RI VHOHFWLQJ WKHVH

SDUDPHWHUV IRU GLIIHUHQW DSSOLFDWLRQ� %HFDXVH� LW LV VWURQJO\

GHSHQGHQW RQ WKH QDWXUH RI WKH DSSOLFDWLRQ� 6R LW QHHGV VRPH

H[SHULPHQWDO LQIRUPDWLRQ� $OVR VHOHFWLRQ RI WKH QHXUDO QHWZRUN

DUFKLWHFWXUH LV D YHU\ HIIHFWLYH IDFWRU DQG LW LV REYLRXV WKDW *3)1

DQG +6/6 GRHV QRW OHDYH WKH VHOHFWLRQ RI KLGGHQ OD\HU QRGHV WR

WKH XVHU� 6R DQ HIIHFWLYH RSWLPL]DWLRQ RI DUFKLWHFWXUH VKRXOG EH

LPSOLHG WR WKH QHWZRUN DW WKH WLPH RI FRQVWDQW SDUDPHWHUV

VHOHFWLRQ OLNH OHDUQLQJ UDWH RU VDWXUDWLRQ YHFWRU SDUDPHWHUV� HWF��

,Q WKH OLJKW RI WKHVH IDFWV� LW PLJKW EH VDLG WKDW *3)1 LV DSW WR

VXFFHHG D JRRG SHUIRUPDQFH IRU DGDSWLYH HTXDOL]DWLRQ EXW QHHGV

PRUH H[SHULPHQWDO VWXG\
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>�@ .RVNR� %�� ³6XSHUYLVHG /HDUQLQJ :LWK *DXVVLDQ 3RWHQWLDOV´�

3UHQWLFH +DOO� SS�������������

>�@ 6LX� 6�� *LEVRQ� *-�� &RZDQ� &�)�1�� ³ 'HFLVLRQ IHHGEDFN

HTXDOL]DWLRQ XVLQJ QHXUDO QHWZRUN VWUXFWXUHV DQG SHUIRUPDQFH

FRPSDULVRQ ZLWK WKH VWDQGDUG DUFKLWHFWXUH´ ,(( 3URFHHGLQJV

3DUW ,�YROXPH ���� QR� �� SS� �������� $XJXVW ����

>�@ 0XOJUHZ� %�� ³$SSO\LQJ UDGLDO EDVLV IXQFWLRQV´� ,((( 6LJQDO

3URFHVVLQJ 0DJD]LQH� SS������� 0DUFK ����

>�@ /LSSPDQQ� 5� 3�� ³$Q ,QWURGXFWLRQ WR &RPSXWLQJ :LWK

1HXUDO 1HWZRUNV´� ,((( $663 0DJD]LQH� $SULO ����

>�@ +XVK� '� 5�� +RUQ� %� *�� ³3URJUHVV LQ 6XSHUYLVHG 1HXUDO

1HWZRUNV� :KDW LV 1HZ 6LQFH /LSPDQQ "´� ,((( 6LJQDO

3URFHVVLQJ 0DJD]LQH� -DQXDU\ ����

>�@ $OH[DQGHU� ,�� 0RUWRQ� +�� ³$Q ,QWURGXFWLRQ WR 1HXUDO

&RPSXWLQJ´ &KDSPDQ 	 +DOO� SS� ������ ����


