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%HHU�6KHYD� ,VUDHO
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7KH FRQWLQXRXV PRQLWRULQJ RI IHWDO KHDUW FRQGLWLRQ GXULQJ

SUHJQDQF\ DQG ODERU LV RI JUHDW FOLQLFDO LPSRUWDQFH� 7KH FDUGLDF

HOHFWULFDO DFWLYLW\ RI WKH IHWXV �)(&*� PD\ EH UHFRUGHG E\

PHDQV RI VXUIDFH DEGRPLQDO HOHFWURGHV� 7KH VLJQDO LV VHYHUHO\

FRQWDPLQDWHG E\ WKH PDWHUQDO FDUGLDF VLJQDO �0(&*�� )(&*

HQKDQFHPHQW LV XVXDOO\ SHUIRUPHG E\ ),5 DGDSWLYH ILOWHULQJ� $

QHZ ,,5 )(&* HQKDQFHPHQW V\VWHP LV VXJJHVWHG DQG HYDOXDWHG�

,Q RUGHU WR DYRLG FRQYHUJHQFH LQWR ORFDO H[WUHPXP� WKH V\VWHP

HPSOR\V JHQHWLF DOJRULWKP �*$�� 7ZR DUFKLWHFWXUHV DUH

FRQVLGHUHG� 7KH ILUVW LV D FRPELQDWLRQ RI DGDSWLYH ILOWHU DQG *$

ZKHUH WKH *$ LV UHFUXLWHG ZKHQHYHU WKH DGDSWLYH ILOWHU LV

VXVSHFWHG RI UHDFKLQJ D ORFDO H[WUHPXP � 7KH VHFRQG LV DQ

LQGHSHQGHQW *$ VHDUFK� 7KH K\EULG ,,5�*$ ZDV VKRZQ WR EH

VXSHULRU WR WKH FRQYHQWLRQDO ),5 DGDSWLYH ILOWHULQJ�

�� ,1752'8&7,21

0RQLWRULQJ IHWDO KHDUW FRQGLWLRQ IURP HDUO\ SUHJQDQF\ WR

GHOLYHU\ LV FOLQLFDOO\ LPSRUWDQW� ,Q DQ H[SHULPHQW LQYROYLQJ RYHU

������ ZRPHQ� LW KDV EHHQ VKRZQ WKDW PRQLWRULQJ IHWDO KHDUW

UDWH >�@ FDQ KDOYH WKH LQFLGHQFH RI QHRQDWDO VHL]XUHV �ZKLFK KDV

FORVH FRUUHODWLRQ ZLWK ORQJ WHUP KDQGLFDS�� 7KH PRQLWRULQJ DOVR

SOD\V DQ LPSRUWDQW UROH LQ GHFLVLRQ IRU RSHUDWLYH LQWHUYHQWLRQ�

7KHUH DUH EDVLFDOO\ WZR ZD\V RI QRQ�LQYDVLYHO\ SHUIRUPLQJ WKH

PRQLWRULQJ ± HOHFWULFDOO\ DQG E\ PHDQV RI XOWUDVRXQG� ,Q UHFHQW

\HDUV XOWUDVRQLF WHFKQLTXHV KDYH EHFRPH SRSXODU IRU PRQLWRULQJ

IHWDO KHDUW UDWH �)+5�� 7KH PHWKRG KRZHYHU LV RI PHFKDQLFDO

RULJLQ DQG ZLOO WKXV FRQWDLQ QR HOHFWURSK\VLRORJLFDO LQIRUPDWLRQ�

0RQLWRULQJ WKH HOHFWULFDO DFWLYLW\ RI WKH IHWDO KHDUW PD\ EH GRQH

E\ PHDQV RI VFDOS HOHFWURGHV� 7KH HOHFWURGHV DUH DWWDFKHG WR WKH

IHWDO VFDOS E\ FOLSV DQG DUH FRQVLGHUHG QRQ�LQYDVLYH WR WKH IHWXV�

7KH VLJQDO WKXV DFTXLUHG LV D KLJK TXDOLW\ VLJQDO� LW FDQ KRZHYHU

EH XVHG DV FRQWLQXRXV PRQLWRULQJ RQO\ GXULQJ GHOLYHU\ DQG ZLWK

VRPH LQFRQYHQLHQFH�

7KH PRVW FRQYHQLHQW DFTXLVLWLRQ RI )(&* LV E\ PHDQV RI

VXUIDFH� DEGRPLQDO HOHFWURGHV� D WHFKQLTXH ILUVW UHSRUWHG LQ

����� 7KH VLJQDO WKXV DFTXLUHG LV KRZHYHU ZHDN DQG VWURQJO\

FRQWDPLQDWHG E\ PDWHUQDO (&*� )LJXUH � VKRZV D VKRUW

UHFRUGLQJ RI DEGRPLQDO DQG FKHVW HOHFWURGHV� ,Q WKH DEGRPLQDO

HOHFWURGH WKH PDWHUQDO (&* PD\ EH WHQ WLPHV VWURQJHU WKDQ WKH

IHWDO (&*� ,Q DGGLWLRQ� �� ���� +] SRZHU OLQH LQWHUIHUHQFH DQG

PXVFOH DFWLYLW\ �(0*� LQWHUIHUHQFH IXUWKHU FRQWDPLQDWH WKH

VLJQDO� 6HYHUDO VLQJOH OHDG PHWKRGV IRU )(&* HQKDQFHPHQW

ZHUH VXJJHVWHG� 7KH RULJLQDO /06 PHWKRG ZDV VXJJHVWHG E\

:LGURZ >�@ >�@ WR HOLPLQDWH SRZHU OLQH DQG PDWHUQDO

LQWHUIHUHQFH� ,Q /06 PHWKRGV� WKH PDWHUQDO FKHVW (&* LV XVHG

DV D UHIHUHQFH VLJQDO� ,W LV DVVXPHG WKDW WKH FRQWDPLQDWLQJ

PDWHUQDO (&* LV FRUUHODWHG ZLWK WKH FKHVW 0(&*� 7KH GHVLUHG

DEGRPRQDO 0(&* LV HVWLPDWHG E\ PHDQV RI DGDSWLYH ),5 ILOWHU�

6LQFH WKHQ D YDULHW\ RI PHWKRGV KDYH EHHQ VXJJHVWHG LQ WKH

OLWHUDWXUH WR VROYH WKH HQKDQFHPHQW SUREOHP� $XWR�FRUUHODWLRQ

DQG FURVV�FRUUHODWLRQ PHWKRGV ZHUH XVHG E\ 9DQ %HPPHO >�@�

VSDWLDO ILOWHULQJ XVLQJ PXOWLSOH HOHFWURGHV UHFRUGLQJV ZDV XVHG LQ

)LJXUH �� 8SSHU 7UDFH� DEGRPLQDO HOHFWURGH� IHWDO DQG PDWHUQDO

(&*� /RZHU 7UDFH� &KHVW HOHFWURGH� PDWHUQDO (&*�

>�@ DQG >�@� 0XOWLSOH HOHFWURGHV 6LQJXODU 9DOXH 'HFRPSRVLWLRQ

�69'� ZDV VXJJHVWHG E\ 9DQGHUVFKRRW HW DO� >�@� DQG

VLQJOH�FKDQQHO 69' E\ .DQMLODO HW DO� >�@� 2WKHU PHWKRGV VXFK

DV QRQOLQHDU VWDWH VSDFH SURMHFWLRQV >�@ � PDWFKHG ILOWHULQJ >��@

RU VRXUFH VHSDUDWLRQ >��@� KDYH UHFHQWO\ EHHQ UHSRUWHG� 7KLV

ZRUN H[DPLQHV WKH SRVVLELOLW\ RI HPSOR\LQJ ,,5 DGDSWLYH

ILOWHULQJ ZLWK *HQHWLF $OJRULWKPV �*$�� WR HOLPLQDWH 0(&* DQG

RWKHU LQWHUIHUHQFH IURP D VLQJOH OHDG DEGRPLQDO HOHFWURGH�
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*HQHWLF DOJRULWKPV �*$� DUH GLUHFWHG UDQGRP VHDUFK PHWKRGV

XVHG LQ RSWLPL]DWLRQ SUREOHPV� 6HDUFKLQJ D PXOWL�PRGDO VXUIDFH

IRU D JOREDO RSWLPXP� PD\ EH SHUIRUPHG E\ D UDQGRP VHDUFK� $

VHW RI 1 K\SRWKHVL]HG VROXWLRQV LV UDQGRPO\ FKRVHQ� (DFK RQH RI

WKH VROXWLRQV LV HYDOXDWHG DQG WKH EHVW LV NHSW� $QRWKHU VHW LV

FKRVHQ DQG WKH SURFHVV LV UHSHDWHG� 7KH FRQYHUJHQFH RI VXFK

UDQGRP VHDUFK LV VORZ� ,Q RUGHU WR LPSURYH WKH FRQYHUJHQFH UDWH�

PHWKRGV IRU GLUHFWLQJ WKH VHDUFK KDYH EHHQ GHYHORSHG� ,Q

JUDGLHQW VHDUFK PHWKRGV� WKH JUDGLHQW RI WKH VXUIDFH LV HVWLPDWHG

DQG WKH K\SRWKHVL]HG VROXWLRQ LV OHDG DJDLQVW WKH JUDGLHQW� *$

PHWKRGV SURYLGH GLUHFWHG VHDUFK WKDW LV EDVHG RQ JHQHWLFV DQG

HYROXWLRQDU\ UXOHV >��@ >��@� 7KH VLPSOH *$ LQFOXGHV WKH

IROORZLQJ VWHSV�

� 6XUYLYDO RI WKH ILWWHVW� (YDOXDWH FXUUHQW VROXWLRQ

SRSXODWLRQ �FXUUHQW JHQHUDWLRQ� DFFRUGLQJ WR D ILWQHVV

IXQFWLRQ� 5HWDLQ WKH EHVW 1 VROXWLRQV� 7KH UHVW RI WKH

VROXWLRQV DUH NLOOHG� 7KH VHDUFK LV WHUPLQDWHG ZKHQ D JRRG

VROXWLRQ LV IRXQG� RU ZKHQ VXFFHVVLYH JHQHUDWLRQV SURYLGH

WKH VDPH SRSXODWLRQ�

� 0DWLQJ � DFFRUGLQJ WR VRPH PDWLQJ UXOHV� VHOHFW SDLUV RI

VROXWLRQV IRU ³PDWLQJ´� 7KH PDWLQJ LV SHUIRUPHG E\ WKH

SDUHQW VROXWLRQV H[FKDQJH SDUWV� LQ RUGHU WR JHQHUDWH

RIIVSULQJ� 7KH W\SH RI H[FKDQJH LV FRQWUROOHG E\ D UDQGRP

YDULDEOH FDOOHG WKH FURVVRYHU UDWH�

� 0XWDWLRQ� SHUIRUP UDQGRP FKDQJHV LQ VROXWLRQV� 7KH

W\SH RI FKDQJH LV FRQWUROOHG E\ D UDQGRP YDULDEOH FDOOHG WKH

PXWDWLRQ UDWH�

� 5HWXUQ WR 6XUYLYDO RI WKH ILWWHVW�

9DULRXV VWUDWHJLHV IRU VXUYLYDO UXOHV� IRU PDWLQJ DQG IRU PXWDWLRQ

WKDW LPSURYH WKH SHUIRUPDQFH RI WKH VLPSOH *$ KDYH EHHQ

VXJJHVWHG� ,Q JHQHUDO *$V FRQYHUJH VORZO\ DQG UHTXLUH

UHODWLYHO\ KHDY\ FRPSXWDWLRQV� *$V KDYH WKH DGYDQWDJH RI

VHHNLQJ IRU WKH JOREDO RSWLPXP LQ PXOWL�PRGDO VXUIDFHV�

�� ,,5 $'$37,9( ),/7(5,1*

,,5 DGDSWLYH ILOWHULQJ GLIIHUV IURP WKH FRQYHQWLRQDO ),5 ILOWHULQJ

LQ WKDW WKH DGDSWLYH ILOWHU LV� LQ JHQHUDO� DQ $50$ ILOWHU� $Q

$50$ ILOWHU KDV WKH DGYDQWDJH WKDW LW PD\ EHWWHU GHVFULEH WKH

UHIHUHQFH WUDQVIRUPDWLRQ� $OJRULWKPV IRU WKH DGDSWDWLRQ RI ERWK

]HURHV DQG SROHV DUH DYDLODEOH >��@� 7KH PDLQ GLVDGYDQWDJH RI

WKH ,,5 ILOWHU LV WKDW WKH HUURU VXUIDFH LV QRW TXDGUDWLF �DV LV WKH

FDVH LQ ),5 DGDSWLYH ILOWHULQJ� EXW D PXOWL�PRGDO VXUIDFH�

*UDGLHQW EDVHG VHDUFK DOJRULWKPV� VXFK DV WKH /06� PD\

FRQYHUJH WR ORFDO PLQLPD � 7KH DGDSWLYH $50$ ILOWHU PD\ EH

LPSOHPHQWHG DV D WUDQVYHUVDO ILOWHU� LQ ZKLFK FDVH WKH

FRHIILFLHQWV RI WKH QRPLQDWRU DQG GHQRPLQDWRU RI WKH WUDQVIHU

IXQFWLRQ DUH WR EH DGDSWHG� ,W PD\ DOVR EH LPSOHPHQWHG DV DQ

$50$ ODWWLFH ILOWHU >��@� LQ ZKLFK FDVH WKH UHIOHFWLRQ

FRHIILFLHQWV DQG 0$ FRHIILFLHQWV DUH WR EH DGDSWHG� 7KH VWDELOLW\

RI WKH ODWWLFH UHSUHVHQWDWLRQ LV HDV\ WR FKHFN DQG DOVR LWV SROHV

DUH UHSUHVHQWHG E\ WKH UHIOHFWLRQ FRHIILFLHQWV ZKLFK DUH LQ VRPH

VHQVH� GHFRXSOHG �
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$ K\EULG V\VWHP IRU DGDSWLYH ILOWHULQJ FRQVLVWLQJ RI DQ /06

DGDSWDWLRQ UXOH FRPELQHG ZLWK *$ ZDV VXJJHVWHG >��@� ,Q WKLV

VFKHPH D FRQYHQWLRQDO ,,5 DGDSWLYH ILOWHU LV XVHG� :KHQHYHU WKH

HVWLPDWHG JUDGLHQW SRVVHVVHV D ORZ YDOXH� LW LV DVVXPHG WKDW D

ORFDO PLQLPXP KDV EHHQ UHDFKHG� 7KH *$ LV WKHQ DFWLYDWHG� /HW

XV GHQRWH WKH FXUUHQW VROXWLRQ �WKH SDUDPHWHUV RI WKH HVWLPDWHG

DGDSWHG ILOWHU� θÖ � ZH JHQHUDWH D SRSXODWLRQ RI 1 QHZ VROXWLRQV

L
θÖ E\ SHUWXUELQJ θÖ

1L'LL ��������ÖÖ =+= εθθ ���

ZKHUH Lε LV D UDQGRP QXPEHU XQLIRUPO\ GLVWULEXWHG LQ WKH

UDQJH >±���@ DQG ' LV D OLPLW RQ WKH VL]H RI WKH SHUWXUEDWLRQ� 7KH

SRSXODWLRQ RI 1�� VROXWLRQV �WKH RULJLQDO SOXV 1 RIIVSULQJ� DUH

HYDOXDWHG E\ PHDQV RI D ILWQHVV IXQFWLRQ� 7KH EHVW VROXWLRQ LV

XVHG DV WKH DGDSWHG ILOWHU IRU WKH QH[W /06 LWHUDWLRQ� 7KH

SHUWXUEDWLRQ LGHD XVHG LQ WKH K\EULG DOJRULWKP LV VLPLODU� LQ

SULQFLSOH WR VLPXODWHG DQQHDOLQJ PHWKRGV� )LJXUH � VKRZV WKH

EORFN GLDJUDP RI WKH K\EULG V\VWHP�

)LJXUH �� 7KH +\EULG ,,5�*$ DGDSWLYH )LOWHU

�� (;3(5,0(176

,Q RUGHU WR HYDOXDWH WKH YDULRXV DUFKLWHFWXUHV IRU )(&*

HQKDQFHPHQW� WZR W\SHV RI H[SHULPHQWV ZHUH SHUIRUPHG�

6LPXODWLRQ VWXGLHV ZHUH SHUIRUPHG DVVXPLQJ OLQHDU� ORZ SDVV

$50$ UHODWLRQV EHWZHHQ FKHVW 0(&* DQG DEGRPLQDO 0(&*�
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5HDO GDWD ZDV WKHQ XVHG WR GHPRQVWUDWH WKH HQKDQFHPHQW

RSHUDWLRQ LQ UHDO PHDVXUHPHQW�

��� 6LPXODWLRQ 6WXGLHV

7KH VLPXODWLRQ VWXGLHV XVHG WZR UHDO �FKHVW� (&* VLJQDO� RQH

ZLWK WKH KLJKHU UDWH ZDV XVHG WR VLPXODWH )(&* DQG WKH RWKHU ±

WKH UHIHUHQFH DEGRPLQDO 0(&*� 7KH )(&* ZDV DWWHQXDWHG WR

KDYH DQ 5 ZDYH RI DERXW ILYH WLPHV OHVV WKH UHIHUHQFH 0(&*�

7KH FKHVW 0(&* ZDV JHQHUDWHG IURP WKH UHIHUHQFH 0(&* E\

WKH $50$ WUDQVIRUPDWLRQ
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7KH VLPXODWLRQ VHWXS LV VKRZQ LQ ILJXUH ��

)LJXUH �� 6LPXODWLRQ 6HWXS�

)LJXUH � VKRZV D VDPSOH RI WKH VLJQDOV XVHG LQ WKH VLPXODWLRQ

H[SHULPHQWV� 1RWH WKH DEGRPLQDO 0(&* LV D WUDQVIRUPHG

YHUVLRQ RI WKH FKHVW �UHIHUHQFH� 0(&*� ,Q VRPH H[SHULPHQWV

ZKLWH QRLVH ZDV DGGHG WR WKH GHVLUHG VLJQDO �615 RI ��GE��

)RXU DGDSWLYH FRQILJXUDWLRQV ZHUH HYDOXDWHG�

•  7KH FRQYHQWLRQDO ),5 /06 DGDSWLYH ILOWHULQJ �RUGHU RI

ILOWHU ZDV �� DQG
�

���
−=µ �

•  ,,5 /06 �7UDQVYHUVDO RI RUGHU ��
�

���
−=µ �

•  +\EULG ,,5�*$ �7UDQVYHUVDO RI RUGHU ��
�

���
−=µ �

1 ��� ' ����

•  *$ �1 ���� 0XWDWLRQ UDWH ����� &URVVRYHU UDWH ����

7KH FRQYHUJHQFH RI WKH �WUDQVYHUVDO ,,5 DQG WKH K\EULG

FRQILJXUDWLRQ LV VKRZQ LQ ILJXUH �� 7KH WZR DOJRULWKPV DUH WKH

VDPH XQWLO WKH *$ LV DFWLYDWHG IRU WKH ILUVW WLPH� 7KH VROXWLRQ

)LJXUH �� 8SSHU 7UDFH� 5HIHUHQFH VLJQDO �&KHVW 0(&*��

0LGGOH 7UDFH� )(&* �QRW WR VFDOH�� /RZHU 7UDFH� $EGRPLQDO

6LJQDO �)(&*�0(&*�

IRXQG E\ WKH *$ VSHHGV XS WKH FRQYHUJHQFH LQWR D EHWWHU VWHDG\

VWDWH VROXWLRQ�

)LJXUH � VKRZV DQ H[DPSOH RI WKH HQKDQFHG )(&* LQ HDFK RQH

RI WKH DERYH FRQILJXUDWLRQV� 7KH H[DPSOHV VXJJHVW WKDW WKH

,,5�*$ FRQILJXUDWLRQ EHVW HVWLPDWHV WKH )(&*� 7UDFHV RI

0(&* LQWHUIHUHQFH PD\ EH REVHUYHG LQ WKH ,,5�*$ HVWLPDWLRQ�

WKHVH DUH KRZHYHU FRQVLGHUDEO\ VPDOOHU WKDQ WKH LQWHUIHUHQFH LQ

RWKHU FRQILJXUDWLRQV�

)LJXUH �� &RQYHUJHQFH RI WKH ,,5 /06 �XSSHU WUDFH� DQG WKH

K\EULG ,,5�*$ �ORZHU WUDFH� DOJRULWKPV�

��� 5HDO 'DWD H[SHULPHQWV

5HDO GDWD ZDV UHFRUGHG IURP WKH FKHVW DQG DEGRPHQ RI D

SUHJQDQW ZRPDQ� $Q H[DPSOHV RI WKH HQKDQFHG VLJQDOV DUH

VKRZQ LQ ILJXUH ��

1RLVH

'HVLUHG VLJQDO

5HIHUHQFH 6LJQDO

0(&* �DEGRPLQDO�

&KHVW 0(&*

)(&*

+�]�



)LJXUH �� 7KH HQKDQFHG )(&* LQ �WRS GRZQ�� ),5 /06� ,,5

WUDQVYHUVDO /06� +\EULG ,,5�*$� DQG *$� �WKH FRUUHFW )(&* LV

VKRZQ LQ ILJXUH ���

)LJXUH �� 5HDO 'DWD� 8SSHU 7UDFH� )(&* (QKDQFHG E\ ),5

/06� /RZHU 7UDFH� )(&* HQKDQFHG E\ ,,5�*$� 7KH

XQSURFHVVHG DEGRPLQDO (&* LV VKRZQ LQ ILJXUH �

�� 6800$5<

6HYHUDO DOJRULWKPV IRU )(&* HQKDQFHPHQW ZHUH SUHVHQWHG�

6LPXODWLRQ UHVXOWV VXJJHVW WKH ,,5�*$ DOJRULWKP LV WKH EHVW RQH�

([SHULPHQWV ZLWK UHDO GDWD KRZHYHU IDLO WR VKRZ VLJQLILFDQW

GLIIHUHQFHV EHWZHHQ WKH FRQYHQWLRQDO ),5 /06 DQG WKH ,,5�*$

DOJRULWKP� 7KLV PD\ EH H[SODLQHG E\ DVVXPLQJ WKH ERG\ WUDQVIHU

IXQFWLRQ� LQ WKH ORZ IUHTXHQF\ UDQJH RI WKH (&*� EHKDYHV OLNH D

VLPSOH ORZ RUGHU ORZ SDVV ILOWHU VR WKDW D ORZ RUGHU ),5 DGDSWLYH

ILOWHU LV VXIILFLHQW� )XUWKHU UHVHDUFK LV XQGHUZD\ WR HYDOXDWH WKLV

DVVXPSWLRQV�

�� 5()(5(1&(6

>�@ 5DQGDOO� 1�-�� 6WHHU� 3�-� DQG 6XWKHUODQG� ,�$�� ³'HWHFWLRQ

RI WKH )HWDO (&* 'XULQJ /DERXU E\ DQ ,QWUDXWHULQH 3UREH´�

-� RI %LRPHG� (QJ����� �������� ������

>�@ :LGURZ� %� HW DO� ³$GDSWLYH 1RLVH &DQFHOOLQJ� 3ULQFLSOHV

DQG $SSOLFDWLRQV´� 3URF� ,(((� ��� ���������� �����

>�@ )HUUDUD� (�5� DQG :LGURZ� %�� ³)HWDO (&* (QKDQFHPHQW

E\ 7LPH�6HTXHQFHG $GDSWLYH )LOWHULQJ´� ,((( 7UDQV� RQ

%LRPHG� (QJ�������� �������� �����

>�@ 9DQ %HPPHO� -�+�� ³'HWHFWLRQ RI :HDN (&*V E\

DXWRFRUUHODWLRQ DQG FURVVFRUUHODWLRQ HQYHORSHV´� ,(((

7UDQV� RQ %LRPHG� (QJ����� ������ �����

>�@ %HUJYHOG� 3� DQG 0HLMHU� :�-�+�� ³$ 1HZ 7HFKQLTXH IRU

WKH 6XSUHVVLRQ RI WKH 0(&*�´ ,((( 7UDQV� RQ %LRPHG�

(QJ����� �������� �����

>�@ 9DQ 2RVWHURP� $�� ³6SDWLDO )LOWHULQJ RI )(&*�´ -�

3HULQDWDO� 0HG�� ��� �������� �����

>�@ 9DQGHUVFKRRW� -� &DOODHUWV� '�� 6DQVHQ� :�� 9DQGHZDOOH� -��

9DQWUDSSHQ� *� DQG -DQVVHQV� -�� ³7ZR 0HWKRGV IRU

2SWLPDO 0(&* HOLPLQDWLRQ DQG )(&* 'HWHFWLRQ IURP

6NLQ (OHFWURGH 6LJQDOV�´ ,((( 7UDQV� RQ %LRPHG� (QJ�����

�������� �����

>�@ .DQMLODO� 3�3�� 3DOLW� 6� DQG 6DKD� *�� ³)HWDO (&*

([WUDFWLRQ IURP 6LQJOH�&KDQQHO 0DWHUQDO (&* XVLQJ

6LQJXODU 9DOXH 'HFRPSRVLWLRQ�´ ,((( 7UDQV� RQ %LRPHG�

(QJ�������� ������ �����

>�@ 5LFKWHU� 0�� 6FKUHLEHU� 7� DQG .DSODQ� '�7�� ³)HWDO (&*

([WUDFWLRQ ZLWK 1RQOLQHDU 6WDWH�6SDFH 3URMHFWLRQV�´ ,(((

7UDQV� RQ %LRPHG� (QJ�������� �������� �����

>��@*LEVRQ� 1�0�� :RROIVRQ� 0�6� DQG &URZH� -�$��

³'HWHFWLRQ RI )(&* 6LJQDOV XVLQJ 0DWFKHG )LOWHUV ZLWK

$GDSWLYH 1RUPDOL]DWLRQ�´ 0HG� 	 %LROR� (QJ� 	 &RPSXW��

����������� �����

>��@ .DP� $� DQG &RKHQ� $�� ³0DWHUQDO (&* (OLPLQDWLRQ DQG

)RHWDO (&* 'HWHFWLRQ ± &RPSDULVRQ RI 6HYHUDO

$OJRULWKPV´� 3URF� 2I WKH ��WK $QQ� ,QW� &RQI� ,(((

(0%6� +RQJ�.RQJ� �����

>��@ &RZDQ� &�)�1� DQG *UDQW� 3�0�� $GDSWLYH )LOWHUV� 3UHQWLFH

+DOO� �����

>��@ 6ULQLYDV� 0�� ³*HQHWLF $OJRULWKPV� $ 6XUYH\�´ &RPSXWHU�

������ -XQH� �����

>��@ 7DQJ� .�6�� 0DQ� .�)�� .ZRQJ� 6� DQG +H� 4�� ³*HQHWLF

$OJRULWKPV DQG 7KHLU $SSOLFDWLRQV�´ ,((( 6LJQDO

3URFHVVLQJ 0DJD]LQH� ������ 1RYHPEHU �����

>��@ 3DULNK� '�� $KPHG� 1� DQG 6WHDUQV� '�� ³$Q $GDSWLYH

/DWWLFH $OJRULWKP IRU 5HFXUVLYH )LOWHUV�´ ,((( 7UDQV� RQ
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