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$ PL[WXUH WKHRU\ DSSURDFK KDV EHHQ HPSOR\HG WR VWXG\ WKH KHDW FRQYHFWLRQ LQ D rRZ

WKURXJK D VDWXUDWHG ULJLG SRURXV PHGLXP� JHQHUDWLQJ D V\VWHP RI FRXSOHG SDUWLDO HTXD�

WLRQV� 7KH HPSOR\HG PHWKRG LV EXLOW LQ RUGHU WR UHPDLQ VWDEOH DQG DFFXUDWH HYHQ IRU

YHU\ KLJK DGYHFWLYH UHJLPHQ� 7DNLQJ DGYDQWDJH RI DSSURSULDWHG XSZLQG VWUDWHJLHV� WKH

QXPHULFDO PHWKRG HPSOR\HG KDV JHQHUDWHG VWDEOH DQG DFFXUDWH DSSUR[LPDWLRQV IRU rXLG

FRQVWLWXHQW YHORFLW\ DQG SUHVVXUH qHOGV DV ZHOO DV IRU ERWK VROLG DQG rXLG FRQVWLWXHQWV


WHPSHUDWXUHV HYHQ IRU YHU\ KLJK 3xHFOHW rRZV� 6RPH WZR�GLPHQVLRQDO VLPXODWLRQV RI

D QRQLVRWKHUPDO rRZ RI D 1HZWRQLDQ LQFRPSUHVVLEOH rXLG WKURXJK D SRURXV FKDQQHO

ERXQGHG E\ WZR LPSHUPHDEOH rDW SODWHV KDYH EHHQ SHUIRUPHG�

. H \ Z R UG V � 3RURXV PHGLD� PL[WXUH WKHRU\� IRUFHG FRQYHFWLRQ� qQLWH HOHPHQW DSSUR[L�

PDWLRQV� PL[HG IRUPXODWLRQV� */6 PHWKRG�
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7UDQVSRUW SKHQRPHQD LQ SRURXV PHGLD SUHVHQW FRXQWOHVV UHOHYDQW DSSOLFDWLRQV

DPRQJ ZKLFK� JHRPHFKDQLFV� SHWUROHXP DQG PLQLQJ LQGXVWULHV� VLQWHULQJ WHFKQRORJLHV�

ELRPHFKDQLFV� QRW WR PHQWLRQ SUREOHPV WKDW LPSDFW WKH HQHUJ\ VHOI�VXsFLHQF\ DQG WKH

HQYLURQPHQWDO VWDWH� ,Q WKLV DUWLFOH� WKH PRPHQWXP DQG HQHUJ\ WUDQVSRUW LQ D VDW�

XUDWHG rRZ WKURXJK D ULJLG SRURXV PHGLXP KDV EHHQ VWXGLHG E\ HPSOR\LQJ D ORFDO

PRGHO EDVHG RQ D & R Q WLQ X X P 7 K HR U\ R I 0 L[WX UHV �$WNLQ DQG &UDLQH� ����� %HGIRUG DQG

'UXPKHOOHU������ � 7KH PL[WXUH LV D VXSHUSRVLWLRQ RI FRQWLQXRXV FRQVWLWXHQWV �HDFK RI

WKHP RFFXS\LQJ LWV ZKROH YROXPH� VWDQGLQJ IRU WKH rXLG DQG WKH SRURXV PHGLXP� WKH

rXLG FRQVWLWXHQW LV DVVXPHG 1HZWRQLDQ DQG LQFRPSUHVVLEOH� ZKLOH WKH VROLG FRQVWLWXHQW�

UHSUHVHQWLQJ WKH SRURXV PHGLXP� LV VXSSRVHG ULJLG� KRPRJHQHRXV� LVRWURSLF DQG DW UHVW



�0DUWLQV�&RVWD HW DO� � ����� &RVWD�0DWWRV HWDO� � ����� � 7KH PL[WXUH WKHRU\ OHDGV WR DQ

DSSDUHQW WKHUPRPHFKDQLFDO LQGHSHQGHQFH� UHTXLULQJ PRPHQWXP DQG HQHUJ\ JHQHUDWLRQ

WHUPV WR DFFRXQW IRU WKH WKHUPRPHFKDQLFDO FRXSOLQJ DPRQJ WKH FRQVWLWXHQWV LQ WKH EDO�

DQFH HTXDWLRQV� 6LQFH WKH VROLG FRQVWLWXHQW LV ULJLG DQG DW UHVW LW VXsFHV WR VROYH PDVV

DQG PRPHQWXP FRQVHUYDWLRQ HTXDWLRQV IRU WKH rXLG FRQVWLWXHQW RI WKH PL[WXUH� ZKLOH

WKH HQHUJ\ HTXDWLRQ PXVW EH VROYHG IRU ERWK FRQVWLWXHQWV� 7KHVH HTXDWLRQV� FRPELQHG

ZLWK FRQVWLWXWLYH DVVXPSWLRQV VDWLVI\LQJ WKH PDWHULDO RE M HFWLYLW\ DQG WKH 6HFRQG /DZ

RI 7KHUPRG\QDPLFV� GHVFULEH WKH KHDW FRQYHFWLRQ LQ D SRURXV PHGLXP�

1XPHULFDO VLPXODWLRQV RI LQFRPSUHVVLEOH rRZV VXpHU IURP WZR PDMRU GLsFXOWLHV�

qQLWH HOHPHQWV QHHG WR FRPSDWLELOL]H YHORFLW\ DQG SUHVVXUH VXEVSDFHV VDWLVI\LQJ WKH

%DEX�VND�%UH]]L PDWKHPDWLFDO FRQGLWLRQ DQG WKH LQVWDELOLW\ LQKHUHQW WR FHQWUDO GLV�

FUHWL]DWLRQ VFKHPHV � HLWKHU E\ *DOHUNLQ IRUPXODWLRQ RU E\ FHQWUDO GLpHUHQFH VWHQFLO

� WR DSSUR[LPDWH KLJK DGYHFWLYH GRPLQDWHG rRZV� 0RVW RI *DOHUNLQ PHWKRG OLPLWDWLRQV

PD\ EH RYHUFRPH E\ WKH VR FDOOHG VWDELOL]HG PHWKRGV �+XJKHV DQG )UDQFD� ���� DQG UHI�

HUHQFHV WKHUHLQ� � ZKLFK FRQVLVWV RI DGGLQJ PHVK�GHSHQGHQW WHUPV WR WKH XVXDO *DOHUNLQ

IRUPXODWLRQ� ZKLFK DUH IXQFWLRQV RI WKH UHVLGXDOV RI WKH (XOHU�/DJUDQJH HTXDWLRQV HYDOX�

DWHG HOHPHQWZLVH� 6LQFH WKHVH UHVLGXDOV DUH VDWLVqHG E\ WKH H[DFW VROXWLRQV� FRQVLVWHQF\

LV SUHVHUYHG LQ WKHVH PHWKRGV� 7KH SHUWXUEDWLRQ WHUPV DUH GHVLJQHG WR HQKDQFH VWDELOLW\

RI WKH RULJLQDO *DOHUNLQ IRUPXODWLRQ ZLWKRXW XSVHWWLQJ FRQVLVWHQF\�

,Q WKLV SDSHU D VWDELOL]HG qQLWH HOHPHQW PHWKRG � EXLOW LQ WR LQKHULW WKH JRRG VWDELOLW\

IHDWXUHV VKRZQ E\ WKH VWDELOL]HG PHWKRGV DOUHDG\ SURSRVHG IRU WKH 6WRNHV SUREOHP �VHH�

IRU LQVWDQFH� )UDQFD HW DO� � ����� 6DPSDLR� ����� � KDV EHHQ LQWURGXFHG WR VLPXODWH

IRUFHG FRQYHFWLRQ LQ SRURXV PHGLD� 7DNLQJ DGYDQWDJH RI DQ LPSURYHG GHVLJQ RI WKH

VWDELOLW\ SDUDPHWHUV �)UDQFD HW DO� � ����� � WKH PHWKRG UHPDLQV VWDEOH HYHQ IRU YHU\ KLJK

DGYHFWLYH rRZV �)UDQFD DQG )UH\� ����� � WKHUHE\ WKHUH LV QR QHHG WR VDWLVI\ WKH DERYH

PHQWLRQHG %DEX�VND�%UH]]L FRQGLWLRQ�
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6LQFH WKH VROLG FRQVWLWXHQW LV ULJLG DQG DW UHVW LW VXsFHV WR VROYH PDVV DQG PRPHQWXP

FRQVHUYDWLRQ HTXDWLRQV IRU WKH rXLG FRQVWLWXHQW RI WKH PL[WXUH� 7KHUHIRUH� WKH ORFDO IRUP

RI WKH PDVV DQG PRPHQWXP FRQVHUYDWLRQ PD\ EH VWDWHG DV �$WNLQ DQG &UDLQH� �����
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LQ ZKLFK X I UHSUHVHQWV WKH rXLG FRQVWLWXHQW YHORFLW\ DQG � I LWV PDVV GHQVLW\� VR WKDW
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 � ZKHUH 
 LV WKH rXLG IUDFWLRQ� FRLQFLGHQW ZLWK WKH SRURVLW\� IRU VDWXUDWHG rRZV

DQG � LV WKH DFWXDO rXLG PDVV GHQVLW\� PHDVXUHG LQ D FRQWLQXXP PHFKDQLFV YLHZSRLQW�

7KH PRPHQWXP VRXUFH� ZKLFK DFFRXQWV IRU WKH PHFKDQLFDO FRXSOLQJ EHWZHHQ ERWK FRQ�

VWLWXHQWV LV UHSUHVHQWHG E\ WKH LQWHUDFWLRQ IRUFH P I DSSOLHG RQ WKH rXLG FRQVWLWXHQW E\

WKH VROLG RQH� � I LV WKH SDUWLDO VWUHVV WHQVRU DFWLQJ RQ WKH rXLG FRQVWLWXHQW DQG II WKH

ERG\ IRUFH DFWLQJ RQ LW�

7KH PL[WXUH WKHRU\ YLHZSRLQW UHTXLUHV FRQVWLWXWLYH DVVXPSWLRQV IRU WKH SDUWLDO

VWUHVV WHQVRU DQG WKH LQWUDFWLRQ IRUFH DSSOLHG RQ WKH rXLG FRQVWLWXHQW �:LOOLDPV� �����
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ZKHUH { LV WKH DFWXDO rXLG YLVFRVLW\ DQG . LV DFWXDO WKH VSHFLqF SHUPHDELOLW\ RI WKH

SRURXV PHGLXP� ERWK UHJDUGHG IURP D FRQWLQXXP PHFKDQLFV YLHZSRLQW� z LV D VFDODU

SDUDPHWHU GHSHQGLQJ RQ WKH SRURXV PDWUL[ PLFURVWUXFWXUH� S LV WKH SUHVVXUH DFWLQJ RQ

WKH PL[WXUH DQG ��� �X I � LV WKH V\PPHWULFDO SDUW RI WKH rXLG FRQVWLWXHQW YHORFLW\ JUDGLHQW�

7KH ORFDO IRUP RI WKH HQHUJ\ HTXDWLRQ IRU HDFK FRQVWLWXHQW LV JLYHQ E\ �$WNLQ DQG
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LQ ZKLFK H p UHSUHVHQW HDFK FRQVWLWXHQW LQWHUQDO HQHUJ\� Up LWV HQHUJ\ JHQHUDWLRQ SHU

XQLW PDVV DQG T p WKH SDUWLDO KHDW rX[ SHU XQLW WLPH DQG XQLW DUHD DVVRFLDWHG WR WKH

p �WK FRQVWLWXHQW� 7KH HQHUJ\ JHQHUDWLRQ IXQFWLRQ� � p � ZKLFK LV DQ LQWHUQDO FRQWULEXWLRQ�

UHSUHVHQWV WKH HQHUJ\ VXSSO\ � SHU XQLW WLPH DQG XQLW YROXPH � WR D JLYHQ FRQVWLWXHQW�

DULVLQJ IURP LWV WKHUPDO LQWHUDFWLRQ ZLWK WKH UHPDLQLQJ FRQVWLWXHQWV RI WKH PL[WXUH

�0DUWLQV�&RVWD HW DO� � ����� �

&RQVWLWXWLYH DVVXPSWLRQV IRU WKH SDUWLDO KHDW rX[HV DQG HQHUJ\ JHQHUDWLRQ IXQFWLRQ

IRU WKH VROLG �T V DQG � V � DQG WKH rXLG �T I DQG � I � FRQVWLWXHQWV PD\ EH VWDWHG DV
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ZKHUH w V DQG w I UHSUHVHQW WKH VROLG DQG WKH rXLG FRQVWLWXHQWV
 WHPSHUDWXUHV� f DQ

DOZD\V SRVLWLYH SDUDPHWHU ZKLFK PD\ GHSHQG RQ ERWK WKH LQWHUQDO VWUXFWXUH DQG WKH

NLQHPDWLFV RI WKH PL[WXUH� N 6 DQG N ) DUH WKH DFWXDO WKHUPDO FRQGXFWLYLW\ RI WKH VROLG

DQG WKH rXLG DQG 5 LV D SRVLWLYH�YDOXHG SDUDPHWHU GHSHQGLQJ RQ ERWK FRQVWLWXHQWV


WKHUPDO SURSHUWLHV DQG RQ WKH PL[WXUH LQWHUQDO VWUXFWXUH�
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6XEVWLWXWLQJ WKH FRQVWLWXWLYH HTV� ��� � ��� � ��� ���� LQWR WKH FRQVHUYDWLRQ HTV� ���

DQG ��� � DVVXPLQJ ORZ YHORFLWLHV DQG VWHDG\�VWDWH 6WRNHV rRZ� ZH REWDLQ WKH IROORZ�

LQJ ERXQGDU\�YDOXH SUREOHP IRU LQFRPSUHVVLEOH rRZV WKURXJK VDWXUDWHG SRURXV PH�
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7KH qQLWH HOHPHQW DSSUR[LPDWLRQ RI HTV� ��� LV EDVHG RQ WKH IROORZLQJ qQLWH GLPHQVLRQ

VXEVSDFHV�
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N GHqQHG DV LQ

)UDQFD HW DO� ������ DQG WKH s �SDUDPHWHU GHqQHG DV LQ )UDQFD DQG )UH\ ������ �
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� � :KHQ WKH VWDELOLW\ SDUDPHWHUV �Y � �� DQG s DUH PDGH HTXDO WR ]HUR LQ HTV� ���� ����� �

FODVVLFDO *DOHUNLQ IRUPXODWLRQ IRU WKH SUREOHP GHqQHG LQ HTV� ��� LV REWDLQHG�

�� 7KH XVXDO 5H\QROGV DQG 3xHFOHW JULG QXPEHUV �*UHVKR DQG &KDQ� ����� ZHUH PRGL�

qHG E\ LQFOXGLQJ WKH SDUDPHWHU P N LQ HTV� ���� � WR DFFRXQW IRU WKH GHJUHH RI LQWHU�

SRODWLRQ HPSOR\HG� $V D FRQVHTXHQFH DGYHFWLYH�GRPLQDWHG rRZ UHJLRQV DUH FKDUDF�

WHUL]HG E\ 5H. �3H. ! � DQG GLpXVLYH�GRPLQDWHG RQHV E\ 5H. �3H. � �� UHJDUGOHVV

WKH HOHPHQW FRQVLGHUHG�
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,Q WKLV VHFWLRQ QXPHULFDO VLPXODWLRQV RI QRQ�LVRWKHUPDO PRGLqHG 6WRNHV rRZ � GH�

qQHG E\ HTV� ��� DQG HPSOR\LQJ WKH VWDELOL]HG IRUPXODWLRQ LQWURGXFHG LQ HTV� ���� �����

DUH SUHVHQWHG� %LTXDGUDWLF 6 HUHQ G LS LW\ �4�6� LQWHUSRODWLRQV KDYH EHHQ HPSOR\HG WR

DSSUR[LPDWH WKH rXLG FRQVWLWXHQW YHORFLW\� WKH SUHVVXUH DQG WKH rXLG DQG WKH VROLG

FRQVWLWXHQWV
 WHPSHUDWXUHV�

) LJ X UH � � )OXLG FRQVWLWXHQW YHORFLW\ SURqOHV�
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$ YHU\ VLPSOH JHRPHWU\ LV QRZ EHLQJ FRQVLGHUHG� WKH 1HZWRQLDQ rXLG rRZV WKURXJK

D KRUL]RQWDO SRURXV FKDQQHO OLPLWHG E\ LPSHUPHDEOH DQG LVRWKHUPDO rDW SODWHV� $ rDW

SRURXV FKDQQHO RI DVSHFW UDWLR /  +  � �ZLWK / GHQRWLQJ LWV OHQJWK DQG + LWV ZLGWK� �

WKHUPDO SRURXV GLpXVLYLWLHV � I  ��� � ��c � DQG ��c � IRU WKH rXLG FRQVWLWXHQW DQG

� V  ��� IRU WKH VROLG RQH DQG WKH q �FRHsFLHQW DVVXPLQJ WKH YDOXH q  ��c � KDV EHHQ

VLPXODWHG�

7KH IROORZLQJ ERXQGDU\ FRQGLWLRQ KDYH EHHQ HPSOR\HG LQ WKH VLPXODWLRQ
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) LJ X UH � � *DOHUNLQ PHWKRG ZLWK 'LULFKOHW FRQGLWLRQV DW WKH RXWOHW

$Q DOPRVW rDW YHORFLW\ SURqOH ZDV REWDLQHG IURP WKH QXPHULFDO DSSUR[LPDWLRQ RI WKH

K\GURG\QDPLFDO SUREOHP� FRQVLGHULQJ WKH FODVVLFDO QR�VOLS FRQGLWLRQ RQ WKH LPSHUPHDEOH



rDW SODWHV� WKH FODVVLFDO IXOO\ GHYHORSHG rRZ ERXQGDU\ FRQGLWLRQ DW WKH LQOHW DQG IUHH

WUDFWLRQ DW WKH RXWOHW� DV VKRZQ LQ )LJXUH � � 7KLV SURqOH SUHVHQWHG D YHU\ JRRG DJUHHPHQW

ZLWK WKH DQDO\WLFDO UHVXOW SUHVHQWHG LQ 0DUWLQV�&RVWD HW DO� ������ EHVLGHV DSSURDFKLQJ

WKH FODVVLFDO 'DUF\
V ODZ YHORFLW\ H[SUHVVLRQ �%HMDQ� ����� DV WKH FKDQQHO ZLGWK + � � �

7DNLQJ WKH FHQWHUOLQH YHORFLW\ DV WKH FKDUDFWHULVWLF rRZ YHORFLW\ DQG q[LQJ WKH FKDQ�

QHO ZLGWK DV +  ���� ZH KDYH WKH IRORZLQJ SRURXV 3xHFOHW QXPEHUV� IR U � )  ��

3H
,
 X ) ���+  � )  � d ��c � � IR U � )  ��c � � 3H
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 � d ��� � IR U � )  ��c � �

3H
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 � d ��� �

)LJXUHV � DQG � LOOXVWUDWH WKH qQLWH HOHPHQW DSSUR[LPDWLRQ HPSOR\LQJ WKH VWDELOL]HG

PHWKRG GHqQHG E\ HTV� ���� ����� FRQVLGHULQJ D q[HG FKDQQHO JHRPHWU\� QDPHO\ /  +  �

DQG HPSOR\LQJ D XQLIRUP TXDGULODWHUDO PHVK� (OHYDWLRQ SORWV IRU � )  ��
c � DUH VKRZQ

HPSOR\LQJ WKH *DOHUNLQ DQG WKH VWDELOL]HG PHWKRG GHVFULEHG LQ WKLV SDSHU ZLWK 'LULFKOHW

RXWrRZ ERXQGDU\ FRQGLWLRQ� 6LQFH WKH rRZ LV SDUDOOHO WR WKH PHVK RQH PLJKW FRQMHFWXUH

WKDW WKH *DOHUNLQ IRUPXODWLRQ PLJKW ZRUN� ZKLFK ZDV QRW FRQqUPHG KHUH� ZKLOH WKH

VWDELOL]HG RQH SRLQWV RXW DQ H[FHOOHQW SDWWHUQ ZLWK RQO\ VPDOO RVFLODWLRQV QHDU WKH FKDQQHO

H[LW � 7KH SRRU SHUIRUPDQFH RI *DOHUNLQ LV GXH WR WKH RXWrRZ FRQGLWLRQ HPSOR\HG WKDW

FUHDWHV DQ RXWrRZ ERXQGDU\ OD\HU ZKLFK FRQWDPLQDWHV WKH *DOHUNLQ VROXWLRQ�

) LJ X UH � � 6WDELOL]HG PHWKRG ZLWK 'LULFKOHW FRQGLWLRQV DW WKH RXWOHW

7KLV PHWKRGRORJ\ KDV DOVR EHHQ WHVWHG IRU 1HXPDQQ ERXQGDU\ FRQGLWLRQV IRU D

GLpXVLYH GRPLQDWHG rRZ �SRURXV WKHUPDO GLpXVLYLW\ � )  �� � D KLJK DGYHFWLYH GRPL�

QDWHG rRZ �� )  ��c � � DQG D YHU\ KLJK DGYHFWLYH GRPLQDWHG RQH� �� )  ��c � � � ,Q DOO

VLWXDWLRQV WKH qQLWH HOHPHQW PHWKRG KDV FRPSXWHG VWDEOH w I DQG w V �VXUIDFHV� LQGLFDW�

LQJ WKDW WKH QXPHULFDO PHWKRG HPSOR\HG ZDV FDSDEOH WR JHQHUDWH VWDEOH DQG DFFXUDWH

WHPSHUDWXUH DSSUR[LPDWLRQV HYHQ IRU KLJK 3xHFOHW rRZV� ��� � 3H. � ��� �

� �� $ FN Q R Z OH G J H P H Q WV

7KH DXWKRUV 0�/� 0DUWLQV�&RVWD� 6� )UH\ DQG 5�0� 6DOGDQKD GD *DPD JUDWHIXOO\

DFNQRZOHGJH WKH qQDQFLDO VXSSRUW SURYLGHG� UHVSHFWLYHO\� E\ WKH DJHQFLHV &13T WKURXJK

JUDQWV 1R� ������������ DQG 1R� ����������� DQG )$3(5- WKURXJK JUDQW 1R� (�

��������������

� � 5 ( ) ( 5 ( 1 & ( 6

q $WNLQ� 5�-� DQG &UDLQH� 5�(�� ����� � &RQWLQXXP WKHRULHV RI PL[WXUHV� %DVLF WKHRU\

DQG KLVWRULFDO GHYHORSPHQW� � 4XDUW� -� 0HFK� $SSO� 0DWK� 9RO� ��� SS� ��������



q %HGIRUG� $� DQG 'UXPKHOOHU� '�6� � ����� �7KHRULHV RI ,PPLVFLEOH DQG 6WUXFWXUHG

0L[WXUHV� � ,QW� -� (QJQJ� 6FLHQFHV� 9RO� ����� SS� ��������

q %HMDQ� $� � ����� � &RQYHFWLYH KHDW WUDQVIHU LQ SRURXV PHGLD� + D Q G E R R N R I VLQ J OH�

S K D VH FR Q Y HFWLY H K HD W WUD Q VIHU� HG� .DUD}F� 6KDK DQG $XQJ� :LOH\�

q &LDUOHW� 3�*� � ����� � 7KH )LQLWH (OHPHQW 0HWKRG IRU (OOLSWLF 3UREOHPV� � 1RUWK�

+ROODQG� $PVWHUGDP�

q &RVWD 0DWWRV� +� � 0DUWLQV�&RVWD� 0�/ DQG 6DOGDQKD GD *DPD� 5�0� � � 2Q WKH

0RGHOOLQJ RI 0RPHQWXP DQG (QHUJ\ 7UDQVIHU LQ ,QFRPSUHVVLEOH 0L[WXUHV� � ,QW� -�

1RQ�OLQHDU 0HFKDQLFV� 9RO� ����� SS� ������� �

q )UDQFD� /�3� DQG )UH\� 6� � ����� � 6WDELOL]HG qQLWH HOHPHQW PHWKRGV� ,,� 7KH LQFRP�

SUHVVLEOH 1DYLHU�6WRNHV HTXDWLRQV� � &RPSXW� 0HWKRGV $SSO� 0HFK� (QJUJ� 9RO�

��� SS� ��������

q )UDQFD� /�3� � )UH\� 6� DQG +XJKHV� 7�-�5� � ����� � 6WDELOL]HG qQLWH HOHPHQW PHWKRGV�

,� $SSOLFDWLRQ WR WKH DGYHFWLYH�GLpXVLYH PRGHO� � &RPSXW� 0HWKRGV $SSO� 0HFK�

(QJUJ� 9RO� �� SS� ��������

q )UDQFD� /�3� � )UH\� 6� DQG 0DGXUHLUD� $�� ����� � 7ZR� DQG WKUHH�GLPHQVLRQDO VLP�

XODWLRQV RI WKH LQFRPSUHVVLEOH 1DYLHU�6WRNHV HTXDWLRQV EDVHG RQ VWDELOL]HG PHWK�

RGV� � 3URF� )LUVW (XURSHDQ &RPSXWDWLRQDO )OXLG '\QDPLFV &RQIHUHQFH� SS���� �

���� %UXVVHOV� %HOJLXP�

q *UHVKR� 3�0� DQG &KDQ� 6�7� � ����� � 2Q WKH 7KHRU\ RI 6HPL�,PSOLFLW 3URMHFWLRQ IRU

9LVFRXV ,QFRPSUHVVLEOH )ORZ DQG LWV ,PSOHPHQWDWLRQ YLD D )LQLWH (OHPHQW 0HWKRG

WKDW DOVR ,QWURGXFHV D QHDUO\ &RQVLVWHQW 0DVV 0DWUL[� � ,QW� -� 1XPHU� 0HWKRGV

)OXLGV� 9RO� �� � SS� ��� �����

q +XJKHV� 7�-�5� DQG )UDQFD� /�3� � ����� � $ QHZ qQLWH HOHPHQW IRUPXODWLRQ IRU FRP�

SXWDWLRQDO rXLG G\QDPLFV� 9,,� 7KH 6WRNHV SUREOHP ZLWK YDULRXV ZHOO�SRVHG ERXQG�

DU\ FRQGLWLRQV� � &RPSXW� 0HWKRGV $SSO� 0HFK� (QJUJ� � 9RO� �� SS� ������

q +XJKHV� 7�-�5�� )UDQFD /�3� DQG %DOHVWUD� 0� � ����� � $ QHZ qQLWH HOHPHQW IRU�

PXODWLRQ IRU FRPSXWDWLRQDO rXLG G\QDPLFV� 9� &LUFXPYHQWLQJ WKH %DEX�VND�%UH]]L

FRQGLWLRQ� $ VWDEOH 3HWURY�*DOHUNLQ IRUPXODWLRQ RI WKH 6WRNHV SUREOHP DFFRPRGDW�

LQJ HTXDO�RUGHU LQWHUSRODWLRQV� � &RPSXW� 0HWKRGV $SSO� 0HFK� (QJUJ� � 9RO� ��

SS� ������

q 0DUWLQV�&RVWD� 0�/� � 6DPSDLR� 5� DQG 6DOGDQKD GD *DPD� 5�0� � ����� �0RGHOOLQJ

DQG VLPXODWLRQ RI HQHUJ\ WUDQVIHU LQ D VDWXUDWHG rRZ WKURXJK D SRURXV PHGLXP� �

$SSO� 0DWK� 0RGHOOLQJ� 9RO� ����� SS� ��������

q 0DUWLQV�&RVWD� 0�/� � 6DPSDLR� 5� DQG 6DOGDQKD GD *DPD� 5�0� � ����� � 2Q WKH

HQHUJ\ EDODQFH IRU FRQWLQXRXV PL[WXUHV� � 0HFK� 5HVHDUFK &RPP�� 9RO� ����� SS�

��������

q 6DPSDLR� 3�$�%� � ���� � � $ 3HWURY�*DOHUNLQ IRUPXODWLRQ IRU WKH LQFRPSUHVVLEOH

1DYLHU�6WRNHV HTXDWLRQV XVLQJ HTXDO�RUGHU LQWHUSRODWLRQ IRU YHORFLW\ DQG SUHVVXUH� �

,QW� -� 1XPHU� 0HWK� (QJUJ� � 9RO� �� SS� ����������

q :LOOLDPV� :�2� � ����� � &RQVWLWXWLYH HTXDWLRQV IRU D rRZ RI DQ LQFRPSUHVVLEOH YLV�

FRXV rXLG WKURXJK D SRURXV PHGLXP� � 4XDUW� $SSO� 0DWK� � 9RO� �� SS� ��������


