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ZDV SUHSDUHG� $V SRURXV QDWXUH RI LQRUJDQLF QHWZRUNV LQ WKH JHO ZDV SUHVHUYHG DQG IL[DWHG LQ WKH FRPSRVLWH�

VSKHULFDO PRUSKRORJ\ RI 300$ZDV UHVXOWHG� 7KH 300$�IRUVWHULWH FRPSRVLWH ZDV RSWLFDOO\ WUDQVSDUHQW� PD�

FKLQDEOH� PHFKDQLFDOO\ VXVWDLQDEOH� DQG WKHUPDOO\ PRUH VWDEOH WKDQ SULVWLQH 300$� :KHQ GRSHG ZLWK (X���

LQRUJDQLF PRLHW\ LQ WKH FRPSRVLWH SURYLGHG VLWH HQYLURQPHQW WKDW LV YHU\ GLIIHUHQW IURP WKDW LQ SULVWLQH 300$�

3URPLQHQW �'R → �)R WUDQVLWLRQ DW ��� QP� EURNHQ GHJHQHUDF\ LQ �'R → �)� DQG
�'R → �)� WUDQVLWLRQV VXJJHVW�

HG WKDW (X�� ZDV H[FOXVLYHO\ GRSHG LQ WKH LQRUJDQLF PRLHW\ RI WKH FRPSRVLWH� ZKLFK KDG ORZHU V\PPHWU\ WKDQ

WKH RUJDQLF FRXQWHUSDUW�

,QWURGXFWLRQ

6RO�JHO UHDFWLRQ LV YHU\ YHUVDWLOH V\QWKHWLF PHWKRG WR SUH�

SDUH VROLG SURGXFWV LQ YDULRXV GLIIHUHQW H[RWLF IRUPV���� 6ROLG

SURGXFWV FDQ EH REWDLQHG DV WKLQ ILOPV� XQLIRUP VL]HG VXE�

PLFURQ SDUWLFOHV� PRQROLWKLF EXONV� RU HYHQ DV ILEHUV� 5HFHQW

DGGLWLRQ WR WKH SURGXFWV LV WKH K\EULG PDWHULDOV� ZKLFK DUH

EHLQJ FDOOHG WKH RUJDQLF�LQRUJDQLF FRPSRVLWHV� 7KLV QHZ

FRPSRVLWH PDWHULDO LV XVXDOO\ QDPHG DV D &(5$0(5

�&(5$PLF � SRO\0(5�� RU DV DQ 2502&(5 �2UJDQLFDOO\

0RGLILHG &(5DPLF���

0DQ\ GLIIHUHQW DSSURDFKHV KDYH EHHQ UHSRUWHG LQ JHWWLQJ

WKH &(5$0(5V� 2UJDQRIXQFWLRQDO PHWDO DONR[LGH ZDV LQWUR�

GXFHG DV D EULGJLQJ FRPSRQHQW EHWZHHQ LQRUJDQLF DQG RUJDQLF

PRLHWLHV LQ WKH FRPSRVLWH��a� 8VHIXO SURGXFWV� VXFK DV RSWL�

FDO ILOPV� SURWHFWLYH ILOPV� RU FRQWDFW OHQVHV� ZHUH REWDLQHG

E\ WKLV V\QWKHWLF DSSURDFK� 7KH FRPSRVLWH ZDV DOVR REWDLQHG

E\ FDUU\LQJ RXW VRO�JHO UHDFWLRQ GLUHFWO\ LQ SRO\PHULF PHGLD��

%XW� WKLV PHWKRG RIWHQ VXIIHUV IURP VHYHUH SKDVH VHSDUDWLRQ�

7KH FRPSRVLWH ZDV DOVR REWDLQHG E\ V\QFKURQRXVO\ FDUU\LQJ

RXW SRO\PHUL]DWLRQ RI ERWK LQRUJDQLF DQG RUJDQLF PRLHWLHV DW

WKH VDPH WLPH��a�� %XW� FDUHIXO GHVLJQ RI WKH UHDFWDQWV LV

UHTXLUHG DQG UHDFWLRQ FRQGLWLRQV DUH YHU\ UHVWULFWHG�

1RYDN DQG FRZRUNHUV V\QWKHVL]HG WKH FRPSRVLWH E\ LQILO�

WUDWLQJ YDULRXV RUJDQLF SRO\PHUV LQWR WKH DHURJHO RI VLOLFD

REWDLQHG E\ WKH K\SHUFULWLFDO GU\LQJ��� ,W ZDV REVHUYHG WKDW

FKHPLFDO ERQGLQJ EHWZHHQ LQRUJDQLF DQG RUJDQLF PRLHWLHV

ZDV HVVHQWLDO WR JHW WKH FRPSRVLWH� :LWKRXW KDYLQJ VXFK

ERQGLQJ VLWH� SRO\�PHWK\O PHWKDFU\ODWH� �300$� OHDFKHG

RXW IURP WKH DHURJHO� IDLOLQJ WKH V\QWKHVLV RI WKH FRPSRVLWH�

7KHUHIRUH� WKH FRPSRVLWH ZLWK 300$ FRXOG QRW EH PDGH E\

WKLV PHWKRG�

7KH FRPSRVLWH ZDV DOVR PDGH VLPSO\ E\ FDUU\LQJ RXW

SRO\PHUL]DWLRQ RI RUJDQLF FRQVWLWXHQWV LQ D PRQROLWKLF [HUR�

JHO������ $V DQ H[DPSOH� D PRQROLWKLF [HURJHO RI VLOLFD ZDV

GLSSHG LQWR PHWK\O PHWKDFU\ODWH �00$�� WKHQ 00$ ZDV

SRO\PHUL]HG LQWR SRO\�PHWK\O PHWKDFU\ODWH� �300$�� 7KLV

PHWKRG VHHPV WR EH YHU\ XVHIXO LQ JHWWLQJ RUJDQLF�LQRUJDQLF

FRPSRVLWH RI YDULRXV DSSOLFDEOH PDWHULDOV� %XW� VORZ FDUHIXO

GU\LQJ RI DOFRJHO GXULQJ H[WHQGHG WLPH LV UHTXLUHG WR JHW WKH

PRQROLWKLF [HURJHO LQ GHFHQW TXDOLW\��� 0RUH RYHU� REWDLQLQJ

ODUJH FUDFN�IUHH PRQROLWKLF [HURJHO LV YHU\ GLIILFXOW� :KHQ

WKH FKHPLFDO FRPSRVLWLRQ RI WKH [HURJHO H[FHHGV WZR� VXFK

DV LQ IRUVWHULWH �0J�6L2��PDJQHVLXP DQG VLOLFRQ�� JHWWLQJ LW

LQ GHFHQW TXDOLW\ LV SUDFWLFDOO\ LPSRVVLEOH� 7KHUHIRUH� ZLWK�

RXW VROYLQJ WKH SUREOHPV WKDW DUH RULJLQDWHG IURP WKH GU\LQJ

VWHS RI WKH VRO�JHO V\QWKHVLV� QR IXUWKHU DSSOLFDWLRQ RI WKLV

PHWKRGRJ\ LV H[SHFWHG�

,Q D SUHYLRXV FRPPXQLFDWLRQ��� ZH UHSRUWHG D QHZ V\Q�

WKHWLF VWUDWHJ\ WR SUHSDUH DQ RUJDQLF�LQRUJDQLF QDQR�FRP�

SRVLWH E\ VNLSSLQJ RYHU WKH SUREOHPDWLF GU\LQJ VWHS RI WKH

VRO�JHO SURFHVV� .H\ VWHS LQ WKH VWUDWHJ\ ZDV H[FKDQJLQJ

DOFRKROLF VROYHQW LQ WKH DOFRJHO� GLUHFWO\ ZLWK RUJDQLF PRQR�

PHU� 7KHUHE\� WKH GU\LQJ VWHS ZDV E\SDVVHG� %\SDVVLQJ WKH

GU\LQJ VWHS HOLPLQDWHG DOO WKRVH SUREOHPDWLF SKHQRPHQD�

VXFK DV VKULQNDJH� FUDFNV� RU ZDUSLQJ� %HFDXVH QR VKULQNDJH

ZDV LQYROYHG� WKH LQRUJDQLF PRLHW\ LQ WKH DOFRJHO ZDV SUH�

VHUYHG LQWR WKH FRPSRVLWH� WKHUHE\ PDNLQJ LW SRVVLEOH WR JHW

D QDQR�FRPSRVLWH� ,Q WKLV VWXG\� ZH UHSRUW IXUWKHU GHWDLOV RQ

WKH SUHSDUDWLRQ RI WKH RUJDQLF�LQRUJDQLF QDQR�FRPSRVLWH RI

WKH 300$�IRUVWHULWH� ZKLFK ZDV GRSHG ZLWK DQ RSWLFDOO\

DFWLYH FRPSRQHQW� (X���

([SHULPHQWDO 6HFWLRQ

6\QWKHVLV RI WKH RUJDQLF�LQRUJDQLF QDQR�FRPSRVLWH RI WKH

300$�IRUVWHULWH ZDV VFKHPDWLFDOO\ VXPPDUL]HG LQ )LJXUH

�� )RUVWHULWH �0J�6L2�� DOFRJHO ZDV V\QWKHVL]HG E\ WKH

+�2��DVVLVWHG VRO�JHO PHWKRG XQGHU DUJRQ E\ XVLQJ 6FKOHQN

OLQH��� 7KH DOFRJHO ZDV DJHG IRU � GD\V LQWR WKLFNHU RQH�

ZKLOH LW ZDV PHFKDQLFDOO\ VWLUUHG XQGHU DUJRQ� $W WKH HQG RI

WKH DJLQJ� WKH JHO ZDV PL[HG ZLWK VDPH YROXPH RI WROXHQH�

DQG WHWUDEXW\O DPPRQLXP K\GUR[LGH ������ J���� P/ WROX�

HQH�� ,Q DPELHQW DLU� WKH JHO ZDV VWLUUHG DQG KHDWHG DW �����
R& IRU � KRXUV� ,QRUJDQLF FRPSRQHQW LQ WKH JHO ZDV VHSDUDWHG

IURP VROYHQW E\ FHQWULIXJLQJ WKH JHO DW ���� USP IRU �� PLQ�

9ROXPH RI WKH JHO ZDV GHFUHDVHG WR ��� RI WKH RULJLQDO DIWHU

WKH FHQWULIXJDWLRQ� 5DLVLQJ FHQWULIXJLQJ WLPH GLG QRW VKULQN
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WKH YROXPH PXFK IXUWKHU� 6XSHUQDWDQW �VROYHQW� RYHU WKH FRO�

OHFWLRQ �GHQVLILHG JHO� ZDV GHFDQW DQG GLVFDUGHG� ,Q RUGHU WR

FKHFN WKH ORVV RI WKH LQRUJDQLF FRPSRQHQW� VRPH VXSHUQDWDQW

ZDV GULHG LQ D VHSDUDWH YHVVHO WR VHH LI WKHUH ZHUH DQ\ UHP�

QDQWV� 1R ORVV ZDV REVHUYHG� 0HWK\O PHWKDFU\ODWH �00$��

DERXW � WLPHV �YROXPH�ZLVH� WKDW RI WKH GHQVLILHG JHO� ZDV

WKHQ DGGHG WR WKH FROOHFWLRQ� DQG WKH PL[WXUH ZDV ZHOO VWLUUHG

EDFN LQWR D GLOXWHG JHO� %\ JRLQJ WKURXJK WKH FHQWULIXJDWLRQ�

UHGLOXWLRQ VHYHUDO WLPHV �XVXDOO\ � URXQGV� LQ WKH VDPH PDQ�

QHU� FRQWHQW RI 00$ LQ WKH JHO ZDV UDLVHG DERYH !���� 7KH

JHO ZKLFK ZDV SURGXFHG E\ H[FKDQJLQJ DOFRKRO ZLWK 00$

ZDV GHVLJQDWHG DV DQ ¨RUJDQRJHO©��� ,Q WKH ODVW URXQG RI WKH

FHQWULIXJDWLRQ� EHQ]\O SHUR[LGH ZDV DGGHG DV DQ LQLWLDWRU IRU

UDGLFDO SRO\PHUL]DWLRQ RI 00$� $IWHU WKH ODVW URXQG RI WKH

FHQWULIXJDWLRQ� VXSHUQDWDQW RYHU WKH FROOHFWLRQ ZDV UHPDLQHG

RYHU WKH GHQVLILHG ¨RUJDQRJHO©� %HFDXVH WKHUH ZDV GHFUHDVH

RI WKH YROXPH �DERXW ���� YROXPH�ZLVH� ZKLOH 00$ ZDV

SRO\PHUL]HG LQWR 300$� WKH VXSHUQDWDQW 00$ DFWHG DV D

FDSSLQJ RYHU WKH JHO� :LWKRXW WKH FDSSLQJ� WKH VKDSH RI WKH

FRPSRVLWH ZDV VHYHUHO\ GHIRUPHG GXULQJ SRO\PHUL]DWLRQ RI

00$�

5DGLFDO SRO\PHUL]DWLRQ RI 00$ LQ WKH ¨RUJDQRJHO© ZDV

FDUULHG RXW E\ LQFXEDWLQJ WKH JHO LQ DQ RYHQ DW �� R& IRU ���

GD\V� )LQDO SURGXFW RI WKH 300$�IRUVWHULWH QDQR�FRPSRVLWH

ZDV REWDLQHG DV D F\OLQGULFDO EDU �� FP GLD� Ó ��� FP ORQJ��

VLQFH F\OLQGULFDO PROG ZDV XVHG� 7KH EDU ZDV FRQVLVWHG RI

WZR SDUWV� WKH FRPSRVLWH RI WKH 300$�IRUVWHULWH RQ WKH ERW�

WRP� DQG WKH VROH 300$ �IURP WKH FDSSLQJ� RQ WRS RI WKH

FRPSRVLWH� 7KH EDU ZDV VDZHG LQWR VHYHUDO ZDIHUV ZKRVH

VXUIDFH ZDV SROLVKHG�

7UDQVPLWWDQFH WKURXJK WKH ZDIHUV ZDV PHDVXUHG E\ REWDLQ�

LQJ 89�YLV VSHFWUXP ZLWK 6KLPDG]X 89�����3& VSHFWUR�

SKRWRPHWHU� ,QRUJDQLF FRQWHQW RI WKH ZDIHU ZDV FDOFXODWHG

IURP WKH FRQWHQW RI RUJDQLF FRXQWHUSDUW PHDVXUHG E\ HOHPHQ�

WDO DQDO\VLV� 7KH FDOFXODWLRQ ZDV DOVR SURSSHG XS E\ PHDVXU�

LQJ PHWDO FRQWHQW E\ ,&3�06� 0RUSKRORJ\ RI WKH EURNHQ

VXUIDFH �FURVV�VHFWLRQ RI WKH ZDIHU� RI WKH FRPSRVLWH ZDV

PHDVXUHG E\ DWRPLF IRUFHG PLFURVFRS\ �$)0� ZLWK $3�

���� 3DUN 6FLHQWLILF ,QVWUXPHQW� 7KH EURNHQ VXUIDFH ZDV

WUHDWHG LQ VRQLFDWHG EDWK IRU D IHZ PLQXWHV EHIRUH $)0

PHDVXUHPHQW� 7KH EURNHQ VXUIDFH ZDV DOVR HWFKHG E\ GLS�

SLQJ D SLHFH RI WKH ZDIHU LQ GLOXWHG DTXHRXV VROXWLRQ RI QLWULF

DFLG� (WFKHG VXUIDFH ZDV ZDVKHG E\ VRQLFDWLRQ LQ GLVWLOOHG

ZDWHU EHIRUH $)0 PHDVXUHPHQW� &RQFHQWUDWLRQ RI WKH DFLG

VROXWLRQ ZDV VWHSZLVH LQFUHDVHG IURP ��� 1 WR ��� 1�

6LPXOWDQHRXV GLIIHUHQWLDO WKHUPDO DQG WKHUPRJUDYLPHWULF

DQDO\VLV �'7�7*$� ZDV FDUULHG RXW E\ XVLQJ 6HLNR 7*�

'7$����� +HDWLQJ UDWH ZDV � R&�PLQ� DQG WKH UDWH RI DLU IORZ

RYHU WKH VDPSOH ZDV �� P/�PLQ� )RU FDUU\LQJ RXW JHO SHUPH�

DEOH FKURPDWRJUDSK\ �*3&�� WKH FRPSRVLWH ZDV GLVVROYHG LQ

WHWUDK\GURIXUDQ �7+)�� DQG ILOWHUHG WKURXJK ���� µP V\ULQJH

ILOWHU� LQ RUGHU WR VHSDUDWH WKH LQRUJDQLF PRLHW\ IURP 300$�

)LOWUDWLRQ ZDV FDUULHG RXW VHYHUDO WLPHV WR JHW ULG RI WKH LQRU�

JDQLF SUHFLSLWDWHV IURP WKH VROXWLRQ� 6XUIDFH KDUGQHVV ZDV

PHDVXUHG E\ GLDPRQG LQGHQWDWLRQ� 0HFKDQLFDO VWUHQJWK DV D

EXON ZDV PHDVXUHG E\ WKUHH SRLQW EHQGLQJ WHVW� 7KH VL]H RI

WKH VDPSOH ZDV �� Ó � Ó � PP��

2SWLFDOO\ DFWLYH SUREH� (X��� ZDV GRSHG WR WKH IRUVWHULWH

DOFRJHO LQ WKH VDPH PDQQHU XVHG LQ SUHSDULQJ WKH FKURPLXP�

GRSHG IRUVWHULWH��� (X��ZDV GRSHG LQWR WKH DOFRJHO E\ DGGLQJ

���� J (X�12��� GLVVROYHG LQ ��� P/ PHWKDQRO �0H2+�

LQWR WKH UHDFWLRQ PL[WXUH RI ���� J 0J�20H�� DQG ����� J

WHWUDHWK\O RUWKRVLOLFDWH �7(26� LQ ��� P/ 0H2+� (X��

GRSDQW WR VLOLFRQ PROH UDWLR ZDV ����� )OXRUHVFHQFH VSHFWUD

ZHUH WDNHQ IURP VROLG VDPSOHV �LQ IRUP RI SROLVKHG ZDIHUV�

GRSHG ZLWK WKH SUREH� E\ XVLQJ 63(; IOXRUHORJ�7�� ([FLWD�

WLRQ ZDYHOHQJWK ZDV ��� QP�

)RUVWHULWH DHURJHO ZDV V\QWKHVL]HG E\ K\SHUFULWLFDOO\

UHPRYLQJ DOFRKROLF VROYHQW IURP WKH IRUVWHULWH DOFRJHO� DW

��� R& DQG ����� SVL E\ XVLQJ SUHVVXUL]HG UHDFWLRQ YHVVHO�

SXUFKDVHG IURP 3DUU� 7KH LVRWKHP RI QLWURJHQ DGVRUSWLRQ�

GHVRUSWLRQ ZDV REWDLQHG E\ XVLQJ 0LFURPHULWLFV $6$3

�����

5HVXOWV DQG 'LVFXVVLRQ

0DMRU GLIIHUHQFH EHWZHHQ FRQYHQWLRQDO ZD\ RI JHWWLQJ D

FRPSRVLWH IURP D [HURJHO DQG RXU ZD\ RI E\SDVVLQJ WKH GU\�

LQJ VWHS ZDV FRQFHSWXDOO\ FRPSDUHG LQ 6FKHPH �� 0DLQ WDU�

JHW RI RXU V\QWKHWLF VFKHPH ZDV WR E\SDVV WKH SUREOHPDWLF

GU\LQJ VWHS LQ JHWWLQJ WKH RUJDQLF�LQRUJDQLF FRPSRVLWH� $V

ZDV SRLQWHG RXW LQ SUHYLRXV FRPPXQLFDWLRQ��� GU\LQJ VWHS

ZDV VNLSSHG RYHU E\ H[FKDQJLQJ DOFRKRO GLUHFWO\ ZLWK PHWK\O�

PHWKDFU\ODWH �00$�� ZLWKRXW JRLQJ WKURXJK XQQHFHVVDU\

VWHS RI JHWWLQJ WKH [HURJHO� 6ROYHQW H[FKDQJH ZDV FDUULHG RXW

E\ ZDVKLQJ WKH IRUVWHULWH DOFRJHO ZLWK 00$� &HQWULIXJDO

IRUFH ZDV DSSOLHG WR FROOHFW RQO\ WKH LQRUJDQLF PRLHW\ RI WKH

JHO� &DUU\LQJ RXW VHYHUDO URXQGV RI FHQWULIXJDWLRQ�UHGLOXWLRQ

JUDGXDOO\ UDLVHG WKH FRQWHQW RI 00$� 7KHUHE\� DQ ¨RUJDQR�

JHO© RI IRUVWHULWH ZDV REWDLQHG� LQVWHDG RI WKH [HURJHO��� ,Q

RUGHU WR FROOHFW WKH LQRUJDQLF PRLHW\ ZLWKRXW ORVV� IRUVWHULWH

)LJXUH �� 6FKHPDWLF GHVFULSWLRQ RI WKH V\QWKHVLV RI QDQR�FRPSR�
VLWH RI WKH 300$�IRUVWHULWH� 7KH IRUVWHULWH DOFRJHO ZDV SUHSDUHG E\
WKH +�2��DVVLVWHG VRO�JHO PHWKRG�

��
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DOFRJHO KDG WR EH DJHG IRU VHYHUDO GD\V� 7KH JHO ZDV DOVR VWD�

ELOL]HG LQ WROXHQH ZLWK DGGLWLRQ RI EDVH� ,W ZDV SUHVXPHG WKDW

WKH LQRUJDQLF PRLHW\ ZDV GHQVLILHG E\ FRQGHQVDWLRQ UHDFWLRQ

GXULQJ WKH SURFHVV� $IWHU DOFRKRO LQ WKH JHO ZDV WKRURXJKO\

UHSODFHG ZLWK 00$� LW ZDV UDGLFDOO\ SRO\PHUL]HG E\ XVLQJ

SHUR[LGH LQLWLDWRU� %\ WKHUPDO LQLWLDWLRQ� 00$ LQ WKH ¨RUJDQ�

RJHO© ZDV LQ�VLWX SRO\PHUL]HG LQWR SRO\�PHWK\O PHWKDFU\�

ODWH� �300$�� 7KHUHE\� WKH RUJDQLF�LQRUJDQLF FRPSRVLWH RI

300$�IRUVWHULWH ZDV REWDLQHG�

9LVFRXV IRUVWHULWH DOFRJHO REWDLQHG E\ WKH +�2��DVVLVWHG

VRO�JHO PHWKRG ZDV WUDQVSDUHQW DQG FOHDU ZLWK D WLQW RI KD]L�

QHVV� VXJJHVWLQJ WKH VL]H RI JHO SDUWLFOH ZDV VXE�PLFURQ� 7KH

FRPSRVLWH RI 300$�IRUVWHULWH ZDV DOVR WUDQVSDUHQW DQG

FOHDU ZLWK D WLQW RI KD]LQHVV� :KHQ WKH IRUVWHULWH DOFRJHO ZDV

WXUELG� PRVWO\ EHFDXVH WRR PXFK DJLQJ ZDV FDUULHG RXW� WKH

FRPSRVLWH DOVR JRW WXUELG E\ VFDWWHULQJ� 89�YLV VSHFWUD LQ

)LJXUH � VKRZHG WKDW RSWLFDO WUDQVSDUHQF\ RI WKH FRPSRVLWH

ZDV ODUJHO\ GHSHQGHQW RQ TXDOLW\ RI WKH IRUVWHULWH DOFRJHO�

6SHFWUXP $ ZDV IRU WKH FRPSRVLWH PDGH RXW RI D FOHDU DOFR�

JHO� 7UDQVSDUHQF\ LQ YLVLEOH UHJLRQ UHDFKHG QHDU WR WKDW RI

SULVWLQH 300$� &RPSDUHG WR WKH SULVWLQH 300$ �VSHFWUXP

$�� WUDQVPLWWDQFH ZDV PDLQWDLQHG DW ���� :KHUHDV WUDQVPLW�

WDQFH LQ YLVLEOH UDQJH ZDV GHFUHDVHG� WKDW LQ XOWUDYLROHW ZDV

VOLJKWO\ LQFUHDVHG� 7KLV REVHUYDWLRQ ZDV VLPLODU WR WKH RQH

PDGH E\ RWKHUV RQ WKH RUJDQLF�LQRUJDQLF FRPSRVLWH RI VLOLFD�

300$��� ,W ZDV REVHUYHG WKDW WUDQVPLWWDQFH E\ VLOLFD LQ

XOWUDYLROHW UHJLRQ ZDV KLJKHU WKDQ WKDW RI 300$� 7KH VSHF�

WUXP % DQG & VKRZHG WKDW RSWLFDO SURSHUW\ RI WKH FRPSRVLWH

ZDV GHWHULRUDWHG ZKHQ WKH DOFRJHO ZDV LPSURSHUO\ REWDLQHG�

:KHQ WXUELGLW\ ZDV GHYHORSHG LQ WKH DOFRJHO� WKH FRPSRVLWH

PDGH RXW RI WKH JHO H[KLELWHG VHYHUH VFDWWHULQJ LQ YLVLEOH

UDQJH� 6FDWWHULQJ RFFXUUHG PRVW VHYHUHO\ EHORZ ��� QP� 7R

DYRLG VXFK GHWHULRUDWLRQ RI RSWLFDO WUDQVSDUHQF\� K\GURO\VLV

UHDFWLRQ KDG WR EH FDUULHG RXW YHU\ VORZO\� DQG WKH JHO KDG WR

EH VWDELOL]HG LQ WROXHQH EHIRUH WRR PXFK DJLQJ ZDV SUR�

JUHVVHG�

,Q SUHSDULQJ WKH LQRUJDQLF PRLHW\ RI WKH FRPSRVLWH YLD WKH

+�2��DVVLVWHG VRO�JHO PHWKRG� JHODWLRQ ZDV FDUULHG RXW LQ

PHWKDQRO� DQG ZDWHU WR PHWKR[\ UDWLR �U  +�2��20H� ZDV

�� ZKLFK ZDV FRQVLGHUHG WR EH LQ ORZHU HQG��� ,Q�VLWX JHQHU�

DWHG SHUR[LGH RI PDJQHVLXP� �0J�22+� DFWHG DV FDWDO\VW

IRU K\GURO\VLV��� 7KHUHIRUH� QR DFLG RU EDVH ZDV DGGHG GXU�

LQJ K\GURO\VLV DQG FRQGHQVDWLRQ� 7KHVH V\QWKHWLF YDULDEOHV

HVWDEOLVKHG FRQGLWLRQ RI SDUWLFOH JURZWK LQ GLIIXVLRQ�OLPLWHG

UHJLPH��� ,Q VXFK FRQGLWLRQ� SDUWLFOHV LQ PDVV IUDFWDO ZHUH

JHQHUDWHG� ZKLFK LQ WXUQ VKRXOG JHQHUDWH LQRUJDQLF QHWZRUNV

ZLWK PXFK YRLG LQ LW� 6XFK VWUXFWXUH ZLWK VHYHUH QHWZRUNLQJ

DQG ODUJH YRLG GRHVQ©W KDYH HQRXJK PHFKDQLFDO VWUHQJWK WR

VXVWDLQ LWVHOI GXULQJ UHPRYDO RI VROYHQW LQ WKH YRLG� 7KHUH�

IRUH� LW ZDV YHU\ KDUG WR REWDLQ PRQROLWKLF [HURJHO RI IRUVWHU�

LWH LQ GHFHQW TXDOLW\� $V GU\LQJ VWHS ZDV E\SDVVHG LQ SUH�

SDULQJ WKH FRPSRVLWH� VXFK IUDFWDO VWUXFWXUH ZDV SUHVHUYHG

LQWDFW� DQG ZDV IL[DWHG LQWR D PDWUL[ RI 300$ LQ WKH FRP�

SRVLWH�

,Q RUGHU WR JHW DQ LQIRUPDWLRQ RQ PRUSKRORJ\ RI WKH FRP�

SRVLWH� WKH IRUVWHULWH DHURJHO ZDV REWDLQHG E\ K\SHUFULWLFDOO\

UHPRYLQJ DOFRKRO VROYHQW� ZLWKRXW GLVWXUELQJ WKH QHWZRUN

VWUXFWXUH��� %HFDXVH FDSLOODU\ VWUHVV E\ DOFRKRO ZDV HOLPL�

QDWHG LQ LWV FULWLFDO VWDWH� GHVWUXFWLRQ RI WKH QHWZRUN VWUXFWXUH

ZDV SUHVXPHG WR EH QRW VLJQLILFDQW��� 300$ VKRXOG ILOO WKH

YRLG RI WKH QHWZRUNV JHQHUDWHG E\ LQRUJDQLF PRLHW\ RI WKH

JHO� 7KHUHIRUH� LW ZDV VXJJHVWHG WKDW WKH FKDUDFWHULVWLFV RI WKH

YRLG LQ WKH IRUVWHULWH DHURJHO DSSURSULDWHO\ GHVFULEHG WKH

300$PRLHW\ LQ WKH FRPSRVLWH�

7KH IRUVWHULWH DHURJHO REWDLQHG E\ WKH K\SHUFULWLFDO GU\LQJ

DW ��� R& DQG ���� SVL KDG YHU\ KLJK %(7 VXUIDFH DUHD RI

��� P��J� 7UDQVOXFHQW PRQROLWKLF FKXQN FRXOG EH REWDLQHG�

6FKHPH �

)LJXUH �� 89�YLV VSHFWUD WDNHQ IURP SULVWLQH 300$ �$�� DQG
IURP WZR GLIIHUHQW NLQGV RI WKH 300$�IRUVWHULWH FRPSRVLWH �% DQG
&�� 7KH FRPSRVLWH �%� ZDV SUHSDUHG IURP WUDQVSDUHQW DOFRJHO�
ZKHUHDV �&� ZDV IURP WXUELG RQH� :HLJKW SHUFHQW RI WKH LQRUJDQLF
PRLHW\ ZDV VDPH IRU ERWK VDPSOHV�
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EXW LW UHDGLO\ GLVLQWHJUDWHG LQWR IOXII\ SRZGHU MXVW E\ SUHVV�

LQJ OLJKWO\ EHWZHHQ ILQJHUV� )LJXUH � DQG � VKRZHG FKDUDF�

WHULVWLFV RI WKH YRLG LQ WKH IRUVWHULWH DHURJHO� ZKLFK ZHUH

PHDVXUHG E\ DGVRUSWLRQ�GHVRUSWLRQ RI QLWURJHQ RQ WKH VXU�

IDFH RI WKH DHURJHO� ,VRWKHUP RI WKH QLWURJHQ DGVRUSWLRQ�GHV�

RUSWLRQ ZDV W\SH ,9 RI PHVRSRURXV VROLG��� 7KH K\VWHUHVLV RI

WKH LVRWKHUP ZDV QHDU WR W\SH +���� 7KLV REVHUYDWLRQ LQGL�

FDWHG WKDW WKH YRLG LQ WKH DHURJHO ZDV FRQVLVWHG PRVWO\ RI

PHVRSRUHV LQ QHDUO\ LQN�ERWWOHG VKDSH� 7KH SRUH GLVWULEXWLRQ

LQ )LJXUH � YHULILHG WKDW GLPHQVLRQ RI QHFN RI WKH ERWWOH ZDV

DURXQG ��� QP� DQG WKDW LQ WKH PLGGOH ZDV DURXQG ��� QP�

6L]H GLVWULEXWLRQ RI WKH SRUHV ZDV EURDG� ZKLFK ZDV W\SLFDO

IRU WKH IUDFWDO VWUXFWXUH� 2Q WKH FRQWUDU\� WKH LVRWKHUP REWDLQHG

IURP WKH FRPSRVLWH ZDV W\SH ,, ZLWK QR K\VWHUHVLV� WKDW ZDV

IRU D QRQSRURXV VROLG� 6XUIDFH DUHD PHDVXUHG RQ SXOYHUL]HG

SRZGHU RI WKH FRPSRVLWH ZDV RQO\ ��� P��J� 7KHUHIRUH�

SRO\PHUL]DWLRQ RI 00$ LQVLGH WKH YRLG ZDV FRQVLGHUHG WR

OHDYH QR HPSW\ VSDFH�

$VVXPLQJ WKH YRLG ZDV DOO ILOOHG ZLWK 300$� WKHRUHWLFDO

ZHLJKW RI WKH LQRUJDQLF PRLHW\ LQ WKH FRPSRVLWH ZDV FDOFX�

ODWHG WR EH ���� &RQVLGHULQJ VRPH VKULQNDJH LV XQDYRLGDEOH

HYHQ GXULQJ K\SHUFULWLFDO GU\LQJ��� DFWXDO ZHLJKW RI WKH LQRU�

JDQLF PRLHW\ LQ WKH FRPSRVLWH ZRXOG EH OHVV WKDQ ���� 7KH

HOHPHQWDO DQDO\VHV GRQH E\ WKHUPDO GHFRPSRVLWLRQ DQG E\

,&3�06 VKRZHG WKDW WKH DFWXDO ZHLJKW RI WKH LQRUJDQLF PRL�

HW\ LQ WKH 300$�IRUVWHULWH FRPSRVLWH ZDV ��� ZKLFK FRQ�

ILUPHG RXU DQWLFLSDWLRQ� 7KHUHIRUH� WKH LQIRUPDWLRQ RQ WKH

YRLG RI WKH IRUVWHULWH DHURJHO ZDV FRQVLGHUHG WR GHVFULEH WKH

300$PRLHW\ RI WKH FRPSRVLWH ZLWK KLJK VLPLODULW\�

3RUH FKDUDFWHULVWLFV RI WKH IRUVWHULWH DHURJHO PDGH LW SRVVL�

EOH WR FRQFHLYH WKH PRUSKRORJ\ RI WKH FRPSRVLWH� 300$

ZRXOG ILOO WKH ERWWOH VKDSHG �VSKHULFDO� YRLG LQ WKH LQRUJDQLF

QHWZRUNV WKURXJK RXW WKH VDPSOH� ,Q RUGHU WR JHW SK\VLFDO

HYLGHQFH RQ VXFK PRUSKRORJ\ RI WKH FRPSRVLWH� WKH EURNHQ

VXUIDFH �FURVV�VHFWLRQ� RI WKH FRPSRVLWH ZDV REVHUYHG E\

$)0� DQG LWV LPDJH ZDV SURYLGHG LQ )LJXUH �� &RPSDUHG WR

SULVWLQH 300$� ZKLFK VKRZHG DQ LUUHJXODU SDWWHUQ ��$�� WKH

EURNHQ VXUIDFH RI WKH FRPSRVLWH H[KLELWHG VSKHULFDO WH[WXUH

��%�� 7KH VL]H RI WKH VSKHULFDO VWUXFWXUH ZDV ������� QP�

,OOXPLQDWLQJ DQ HOHFWURQ EHDP RQ VXUIDFH RI WKH FRPSRVLWH

LPPHGLDWHO\ GHVWUR\HG WKH VWUXFWXUH HYHQ DW ORZ DFFHOHUDWLRQ

YROWDJH� 7KHUHE\� PLFURSUREH DQDO\VLV FRXOG QRW EH FDUULHG

RXW GLUHFWO\ RQ WKH VXUIDFH� ,QVWHDG RI GLUHFWO\ DQDO\]LQJ WKH

)LJXUH �� ,VRWKHUP FXUYHV RI QLWURJHQ DGVRUSWLRQ DQG GHVRUSWLRQ
PHDVXUHG RQ IRUVWHULWH DHURJHO� ZKLFK ZDV SUHSDUHG E\ K\SHUFULWL�
FDO GU\LQJ RI WKH IRUVWHULWH DOFRJHO�

)LJXUH �� 6L]H GLVWULEXWLRQ RI SRUHV LQ WKH IRUVWHULWH DHURJHO WKDW
ZDV FDOFXODWHG IURP WKH LVRWKHUP LQ ILJXUH �� )LJXUH �� 7KH WH[WXUH RI EURNHQ FURVV�VHFWLRQ RI SULVWLQH 300$

�$�� DQG RI WKH FRPSRVLWH RI WKH 300$�IRUVWHULWH �%�� WKDW ZDV
PHDVXUHG E\ DWRPLF IRUFHG PLFURVFRSH�
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FRQVWLWXHQW RI WKH VWUXFWXUH� WKH EURNHQ VXUIDFH ZDV HWFKHG LQ

��� 1 +12� DTXHRXV VROXWLRQ� DQG REVHUYHG XQGHU $)0�

ZKLFK VKRZHG WKH VSKHULFDO VWUXFWXUH ZDV VWLOO LQWDFW� 7KH

VSKHULFDO VWUXFWXUH ZDV GHVWUR\HG XSRQ UDLVLQJ WKH FRQFHQ�

WUDWLRQ RI WKH DFLG WR ��� 1 ZKHUH VXUIDFH RI SULVWLQH 300$

ZDV DOVR GHVWUR\HG� &RQVLGHULQJ IRUVWHULWH DHURJHO ZDV GLV�

VROYHG DOUHDG\ LQ ��� 1 +12� DTXHRXV VROXWLRQ� LW ZDV VXJ�

JHVWHG WKDW WKH VSKHULFDO WH[WXUH EH FRQVLVWHG PRVWO\ RI

300$� ,I WKH WH[WXUH ZHUH WKH LQRUJDQLF PRLHW\� LW VKRXOG

KDYH EHHQ GHVWUR\HG HYHQ LQ ��� 1 DFLG VROXWLRQ� 5HPDLQLQJ

VSDFH DPRQJ WKRVH VSKHULFDO VWUXFWXUHV FRQVWLWXWHV WKUHH�

GLPHQVLRQDO VWULQJV RI QHWZRUNV� ZKLFK SUHVXPDEO\ FRUUH�

VSRQG WR WKH LQRUJDQLF PRLHW\ LQ WKH FRPSRVLWH�

7KHUPDO SURSHUW\ RI WKH 300$�IRUVWHULWH FRPSRVLWH ZDV

PHDVXUHG E\ WKHUPDO DQDO\VHV� )LJXUH �� DQG FRPSDUHG WR

WKDW RI SULVWLQH 300$ LQ )LJXUH �� 0DLQ WKHUPDO HYHQW ZDV

HQGRWKHUPLF GHSRO\PHUL]DWLRQ DURXQG ��� R&� ZKLFK

DFFRPSDQLHG PDMRU ORVV RI ZHLJKW� ,Q SULVWLQH 300$� WKH

ZHLJKW GHFUHDVH VWDUWHG DURXQG ��� R&� DQG DFFRPSDQLHG D

VPDOO HQGRWKHUP� 7KLV REVHUYDWLRQ LQGLFDWHG WKDW GHSRO\�

PHUL]DWLRQ VWDUWHG DOUHDG\ DW ��� R& IRU WKH SULVWLQH 300$�

2Q WKH FRQWUDU\� WKH VWDUW RI GHSRO\PHUL]DWLRQ ZDV UHWDUGHG

LQ WKH FRPSRVLWH� :HLJKW GHFUHDVH VWDUWHG DURXQG ��� R&�

ZKLFK ZDV DERXW �� R& KLJKHU WKDQ LQ WKH SULVWLQH 300$�

7KHUHIRUH� WKH LQRUJDQLF QHWZRUN LQ WKH FRPSRVLWH UDLVHG

WKHUPDO VWDELOLW\ RI 300$ PRLHW\�

3HFXOLDUO\� LQLWLDO GHSRO\PHUL]DWLRQ RI 300$ LQ WKH FRP�

SRVLWH� EHWZHHQ ������� R&� UHSURGXFLEO\ DFFRPSDQLHG D

SURPLQHQW H[RWKHUP LQ MDJJHG VKDSH� 7* WUDFH DOVR KDG D

EURDG VWHS DURXQG ��� R& LQ WKH FRPSRVLWH� 2WKHUV DOVR

REVHUYHG VXFK VWHS LQ 7* WUDFH LQ WKH RUJDQLF�LQRUJDQLF

FRPSRVLWH RI VLOLFD�SRO\�YLQ\O DFHWDWH���� 7KLV VWHS UHSURGXF�

LEO\ DFFRPSDQLHG VHYHUDO VPDOO H[RWKHUPV� ZKLFK RYHUODLG

WKH MDJJHG SDWWHUQ RQ WKH PDMRU HQGRWKHUP LQ WKH EDFN�

JURXQG� ,W ZDV VXJJHVWHG WKDW WKH H[RWKHUPV LQ MDJJHG VKDSH

ZHUH FDXVHG E\ VKULQNDJH RI WKH LQRUJDQLF QHWZRUNV� $V

300$ PDWUL[ ZDV GLVLQWHJUDWHG E\ WKHUPDO GHSRO\PHUL]D�

WLRQ� WKH IRUVWHULWH QHWZRUN VWDUWHG VKULQNLQJ� 7KLV SKHQRPH�

QRQ LV VLPLODU WR WKH VKULQNDJH RI WKH [HURJHO FDXVHG E\

FDSLOODU\ VWUHVV GXULQJ GU\LQJ VWHS��� ,Q WKH FRPSRVLWH� FRQ�

GHQVDWLRQ UHDFWLRQ DPRQJ 26L�2+ DQG −0J�2+ PRLHWLHV

DORQJ WKH DGMDFHQW QHWZRUNV ZRXOG SURYLGH IXUWKHU GULYLQJ

IRUFH WR WKH VKULQNDJH� ZKLFK VKRXOG DFFRPSDQ\ DQ H[R�

WKHUP� $SSDUHQWO\� WKH VKULQNDJH �FROODSVH RI QHWZRUN VWUXF�

WXUH� GLG QRW SURJUHVV OLQHDUO\� EXW VWHSZLVH� 7KHUHE\� WKH

H[RWKHUP WRRN WKH MDJJHG SDWWHUQ� &RQIRUPLQJ WR WKH PHFKD�

QLVP� VKUXQNHQ FHUDPLF ERG\ ZDV REWDLQHG LQ WKH VDPH

VKDSH ZLWK WKH RULJLQDO RQH ZKHQ D EORFN RI WKH 300$�IRU�

VWHULWH FRPSRVLWH ZDV KHDWHG DERYH ��� R&�

%HFDXVH PDLQ FRQVWLWXHQW RI WKH 300$�IRUVWHULWH FRPSR�

VLWH ZDV 300$ E\ PDVV� LWV PHFKDQLFDO SURSHUW\ ZDV RYHU�

DOO FORVH WR WKDW RI 300$� 7KHUHIRUH� WKH FRPSRVLWH ZDV

PDFKLQDEOH� ZKHUHDV PRQROLWKLF IRUVWHULWH [HURJHO QHYHU ZDV�

7KH FRPSRVLWH FRXOG EH REWDLQHG DV D PROGHG VKDSH� ,W FRXOG

EH FXW DQG SROLVKHG LQWR DQ\ VKDSH ZLWK HDVH� ,Q 7DEOH �� VXU�

IDFH KDUGQHVV RI GLIIHUHQW VROLG VDPSOHV� ZKLFK ZDV PHD�

VXUHG E\ GLDPRQG LQGHQWDWLRQ� ZDV FRPSDUHG� 9DOXHV RI

PRGXOXV RI UXSWXUH �025�� ZKLFK ZHUH PHDVXUHG E\ WKUHH�

SRLQW EHQGLQJ�WHVW� ZHUH DOVR JLYHQ� 0RQROLWKLF [HURJHO

H[KLELWHG YHU\ KLJK VXUIDFH KDUGQHVV� ZKHUHDV� LW ZDV YHU\

ORZ IRU SULVWLQH 300$� 7KH YDOXH RI VXUIDFH KDUGQHVV IRU

WKH 300$�IRUVWHULWH FRPSRVLWH ZDV PXFK FORVHU WR WKDW RI

SULVWLQH 300$� &RQVLGHULQJ ZHLJKW IUDFWLRQ RI WKH LQRU�

JDQLF PRLHW\ ZDV RQO\ ��� WKLV REVHUYDWLRQ VXJJHVWHG WKDW

H[SRVHG VXUIDFH RI WKH FRPSRVLWH ZDV FRQVLVWHG PRVWO\ RI

300$� ,Q WKUHH�SRLQW EHQGLQJ�WHVW� WKRXJK� D EORFN RI WKH

FRPSRVLWH ZDV EURNHQ DURXQG 025 RI ��� 03D� $ EORFN RI

SULVWLQH 300$ GLG QRW EUHDN HYHQ DW WKH XSSHU OLPLW RI WKH

LQVWUXPHQW �!��� 0SD�� :KHQ LW ZDV FRPSDUHG WR WKH YDULD�

WLRQ RI WKH VXUIDFH KDUGQHVV �DERYH�� PHFKDQLFDO VWUHQJWK DV

D EXON ZDV ZHDNHQHG LQ XQH[SHFWHGO\ ODUJH H[WHQW E\ LQWUR�

GXFWLRQ RI YHU\ VPDOO ZHLJKW IUDFWLRQ RI WKH LQRUJDQLF PRL�

HW\� *3& PHDVXUHPHQW VKRZHG WKDW 300$ KDG VDPH PROH�

FXODU ZHLJKW DQG SRO\GLVSHUVLW\� ZKHWKHU SRO\PHUL]DWLRQ ZDV

FDUULHG RXW LQ WKH LQRUJDQLF QHWZRUNV RU LQ SULVWLQH 00$�

7KHUHIRUH� LI DQ\ SURPLQHQW FKDQJH LQ WKH PHFKDQLFDO SURS�

HUW\ VKRXOG RFFXU� LW ZRXOG EH FDXVHG E\ WKH LQRUJDQLF PRL�

HW\� 7KUHH�SRLQW EHQGLQJ�WHVW FRXOG QRW HYHQ EH FDUULHG RXW

RQ D EORFN RI PRQROLWKLF [HURJHO� EHFDXVH LW ZDV YHU\ EULWWOH�

)LJXUH �� '7 DQG 7* FXUYHV ZKLFK ZHUH VLPXOWDQHRXVO\ REWDLQHG
RQ SULVWLQH 300$� (QGRWKHUPLF GHSRO\PHUL]DWLRQ RI 300$ VWDUWHG
DOUHDG\ DW ����

)LJXUH �� '7 DQG 7* FXUYHV ZKLFK ZHUH VLPXOWDQHVRXO\ REWDLQHG
RQ WKH FRPSRVLWH RI WKH 300$�IRUVWHULWH� 3URPLQHQW H[RWKHUPV LQ
MDJJHG VKDSH ZHUH UHSURGXFLEO\ RYHUODSHG DURXQG ��� R& DQG ���
R& RQ WKH HQGRWKHUP LQ WKH EDFNJURXQG�
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7KHVH REVHUYDWLRQV FRQIRUPHG WR WKH PRUSKRORJ\ RI WKH

FRPSRVLWH YHULILHG LQ SUHYLRXV VHFWLRQV� 'LVWULEXWLRQ RI WKH

EULWWOH LQRUJDQLF QHWZRUNV WKURXJKRXW 300$ PDWUL[ VKRXOG

ZHDNHQ EXON VWUHQJWK RI WKH FRPSRVLWH LQ VXFK ODUJH H[WHQW�

([SHULPHQWDO REVHUYDWLRQV� VXFK DV KLJK WUDQVPLWWDQFH LQ

YLVLEOH UHJLRQ� QDQR�UDQJH SRUH VWUXFWXUH� DQG QDQR�UDQJH

WH[WXUH RI WKH FURVV�VHFWLRQ� LQGLFDWHG WKDW WKH 300$�IRU�

VWHULWH FRPSRVLWH KDG FKDUDFWHULVWLFV DV QDQR�FRPSRVLWH� (YHQ

WKRXJK WKH DPRXQW RI WKH LQRUJDQLF PRLHW\ LQ WKH FRPSRVLWH

ZDV YHU\ VPDOO LQ WHUPV RI LWV ZHLJKW� QHWZRUN VWUXFWXUH

HVWDEOLVKHG XQLIRUP GLVWULEXWLRQ RI WKH LQRUJDQLF PRLHW\ LQ

WKH FRPSRVLWH� 7KHUHIRUH� LW ZDV DQWLFLSDWHG WKDW WKHUH FRXOG

EH D VLJQLILFDQW DOWHUDWLRQ LQ ORFDO HQYLURQPHQW LQVLGH RI WKH

FRPSRVLWH� LQ PLFURVFRSLF UDQJH�

7R DWWHVW VXFK DOWHUDWLRQ RI ORFDO HQYLURQPHQW� (X�� LRQ

ZDV GRSHG LQWR WKH FRPSRVLWH� %HFDXVH IOXRUHVFHQFH IURP

(X�� ZDV NQRZQ WR EH YHU\ GHSHQGHQW RQ ORFDO HQYLURQPHQW�

PLFURVFRSLF DOWHUDWLRQ LQ ORFDO HQYLURQPHQW RI WKH FRPSRVLWH

ZRXOG EH GHWHFWDEOH� )LJXUH � FRPSDUHG WKH IOXRUHVFHQFH

VSHFWUD IURP YDULRXV GLIIHUHQW VDPSOHV� ,Q RUGHU WR VHH LI

(X�� GRSDQW ZRXOG OHDFK RXW IURP WKH FRPSRVLWH� H[FHVV

00$ ZDV FDSSHG RQ WKH ¨RUJDQRJHO©� EHIRUH LQLWLDWLRQ RI

UDGLFDO SRO\PHUL]DWLRQ� 6SHFWUXP $ ZDV WDNHQ E\ XVLQJ D

ZDIHU FXW RXW IURP WKH XSSHU SDUW �VROH 300$� RI WKH F\OLQ�

GULFDO EDU� 1R LQWHQVLW\ IURP (X�� ZDV REVHUYDEOH� 7KLV

REVHUYDWLRQ LQGLFDWHG WKDW (X�� GRSDQW� ZKLFK ZDV GRSHG

LQWR WKH ¨RUJDQRJHO©� GLG QRW OHDFK RXW LQWR WKH RYHU�FDSSHG

00$� 6SHFWUXP % ZDV WDNHQ IURP D ZDIHU FXW RXW IURP

SULVWLQH 300$� ZKLFK ZDV LQWHQWLRQDOO\ GRSHG ZLWK (X��

LRQV� ,W ZDV VKRZQ WKDW WKH VSHFWUXP ZDV YHU\ GLIIHUHQW IURP

WKDW �VSHFWUXP '� WDNHQ IURP D ZDIHU FXW RXW RI WKH 300$�

IRUVWHULWH FRPSRVLWH GRSHG ZLWK (X�� �ORZHU SDUW RI WKH

F\OLQGULFDO EDU�� 0RVW SURPLQHQW GLIIHUHQFH ZDV WKDW �'R →
�)R WUDQVLWLRQ DW ��� QPZDV DEVHQW LQ WKH VSHFWUXP %� ZKLFK

ZDV WDNHQ IURP SULVWLQH 300$ GRSHG ZLWK (X�� LRQV� $OVR
�'R → �)� WUDQVLWLRQ DURXQG ��� QPZDV REVHUYHG DV D VLQJOH

SHDN LQ WKH SULVWLQH 300$� ZKHUHDV LW ZDV REVHUYHG DV

WKUHH SHDNV LQ WKH FRPSRVLWH� 7UDQVLWLRQ DURXQG ��� QP� �'R

→ �)�� DOVR H[KLELWHG VLPLODU GLIIHUHQFH� 7KH WUDQVLWLRQ DW

���QP LV REVHUYDEOH ZKHQ VLWH V\PPHWU\ DURXQG (X�� LV

ORZ� DV LQ &V� &Y� RU &QY�
�� 7KH SHDN DURXQG ��� QP VSOLWV LQWR

WKUHH ZKHQ WKH VLWH V\PPHWU\ DURXQG (X�� EHFRPHV ORZ���

7KHUHIRUH� LW ZDV VXJJHVWHG WKDW ORFDO HQYLURQPHQW DURXQG

(X�� LQ WKH FRPSRVLWH KDG ORZHU V\PPHWU\ WKDQ WKDW LQ SULV�

WLQH 300$� 6SHFWUXP & ZDV WDNHQ IURP IRUVWHULWH [HURJHO

GRSHG ZLWK (X�� LRQV� 5HVHPEODQFH EHWZHHQ VSHFWUXP& DQG

' LV SURPLQHQW� 6LWH V\PPHWU\ LQ IRUVWHULWH [HURJHO LV FRQ�

VLGHUHG WR EH ORZ� EHFDXVH 0J DQG 6L KDYH GLIIHUHQW FRRUGL�

QDWLRQ QXPEHUV �� DQG �� DQG WKH QHWZRUN KDV IUDFWDO VWUXFWXUH�

7KHUHIRUH� LW ZDV VXJJHVWHG WKDW (X�� LRQV ZHUH H[FOXVLYHO\

GRSHG LQWR WKH LQRUJDQLF PRLHW\ RI WKH FRPSRVLWH� ZKLFK

SURYLGHG GRSLQJ VLWHV LQ ORZ VLWH V\PPHWU\�

&RQFOXVLRQ

%\ LQ�VLWX SRO\PHUL]LQJ 00$ LQVLGH WKH LQRUJDQLF QHW�

ZRUNV RI WKH IRUVWHULWH ¨RUJDQRJHO©� RUJDQLF�LQRUJDQLF QDQR�

FRPSRVLWH RI WKH 300$�IRUVWHULWH ZDV V\QWKHVL]HG� 7KH

IRUVWHULWH ¨RUJDQRJHO© ZDV REWDLQHG E\ H[FKDQJLQJ DOFRKRO

VROYHQW LQ WKH IRUVWHULWH DOFRJHO GLUHFWO\ ZLWK 00$� 7KLV

VWUDWHJ\ SURYLGHG V\QWKHWLF URXWH WR VNLS RYHU WKH GU\LQJ VWHS

LQ WKH VRO�JHO SURFHVVLQJ� 7KHUHE\� DOO WKRVH SUREOHPV UHODWHG

WR WKH GU\LQJ VWHS� VXFK DV VKULQNDJH� FUDFNV� ZDUSLQJ� DQG

SRRU PHFKDQLFDO SURSHUWLHV� ZHUH E\SDVVHG�

7KH LQRUJDQLF PRLHW\ LQ WKH IRUVWHULWH JHO FRQVWLWXWHG QHW�

ZRUN VWUXFWXUH� JHQHUDWLQJ PHVRSRUHV LQ VL]H UDQJH RI ����

��� QP� $V00$ZDV UDGLFDOO\ SRO\PHUL]HG LQVLGH WKH SRUHV�

VSKHULFDO WH[WXUH RI 300$ ZDV UHVXOWHG� %HFDXVH QDQR�

SURSHUW\ RI WKH LQRUJDQLF PRLHW\ LQ WKH IRUVWHULWH DOFRJHO ZDV

SUHVHUYHG� DQG IL[DWHG LQ WKH PDWUL[ RI 300$� WKH FRPSRV�

LWH DOVR H[KLELWHG SURSHUWLHV DV D QDQR�FRPSRVLWH� %HFDXVH

KHWHURJHQHRXV GRPDLQ ZDV VL]HG VXE�PLFURQ� VFDWWHULQJ LQ

89�YLV UDQJH ZDV LQVLJQLILFDQW� %HFDXVH WKH LQRUJDQLF QHW�
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PDO SURSHUW\ RI WKH FRPSRVLWH ZDV EHWWHU WKDQ SULVWLQH
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