
���

�� ([SHULPHQWV

��»� 0RGHOLQJ (QYLURQPHQWV

$ ODUJH SDUW RI RXU UHVHDUFK RI WKH /W/ IDPLO\ FRQVLVWV RI ZDWFKLQJ �PRYLHV� RI WKH

UXOHV VWDUWHG IURP D YDULHW\ RI LQLWLDO VWDWHV� 7R GR WKHVH H[SHULPHQWV ZH XVH WZR SODWIRUPV ��

:LQ&$� D ZLQGRZV�EDVHG &$ PRGHOLQJ HQYLURQPHQW� DQG WKH ODWHVW &HOOXODU $XWRPDWRQ

0DFKLQH� NQRZQ DV &$0��� /HW XV GHVFULEH WKHVH WZR SODWIRUPV�

:LQ&$

:H GLG WKH PDMRULW\ RI RXU FRPSXWHU VLPXODWLRQV XVLQJ :LQ&$� ZKLFK LV FXUUHQWO\

EHLQJ GHYHORSHG E\ %RE )LVFK DQG 'DYLG *ULIIHDWK� :LQ&$ KDV SURYLGHG D KXJH

LPSURYHPHQW RYHU WKH '26 GD\V ZKHQ MXVW FUHDWLQJ DQ LQLWLDO VWDWH ZDV DQ DUGXRXV WDVN� ,WV

IHDWXUHV WKDW ZH ILQG VR DSSHDOLQJ DUH LWV XVHU�IULHQGO\ LQWHUIDFH� LWV DELOLW\ WR NHHS WUDFN RI WKH

PDQ\ YDULDEOHV LQYROYHG LQ /W/ UHVHDUFK� DQG LWV DELOLW\ WR HQDEOH WKH XVHU WR GHVLJQ D ZLGH�

UDQJH RI LQLWLDO VWDWHV� /HW XV GHVFULEH WKHVH IHDWXUHV�

:LQ&$ HQDEOHV RQH WR GHILQH DQG VDYH D &$ � $Q H[SHULPHQW FRQVLVWV RIH[SHULPHQW

WKH SDUDPHWHUV IRU WKH &$ UXOH� WKH ODWWLFH RU � WKH � WKH LQLWLDOV\VWHP VL]H ERXQGDU\ FRQGLWLRQV

VWDWH� WKH � WKH � DQG� LI GHVLUHG� D � $GGLWLRQDOO\� RQH KDV WKHVWHS VL]H ILQDO WLPH ILQDO VWDWH

RSWLRQ WR DWWDFK DERXW WKH H[SHULPHQW�QRWHV )RU VLPXODWLRQV ZH ZRUN RQ VXEVHWV RI � 7KDWj
�

LV RXU V\VWHP� RU XQLYHUVH� LV ZKHUH LV VRPH ILQLWH VXEVHW�N ! j ! jy l �
� � (DVLO\ YDU\LQJ

WKH V\VWHP VL]H LV FRQYHQLHQW EHFDXVH XQGHUVWDQGLQJ WKH G\QDPLFV JHQHUDWHG E\ UXOHV QHDU

SKDVH ERXQGDULHV RU IRU ODUJH UDQJHV RIWHQ UHTXLUHV D ODUJH V\VWHP VL]H� ZKLOH IRU RWKHU

HQGHDYRUV� VXFK DV ILQGLQJ WKH SHULRG RI D EXJ� D VPDOO V\VWHP VL]H VXIILFHV� ,W LV FRQYHQLHQW WR

XVH WKH DSSURSULDWH V\VWHP VL]H VLQFH ODUJH V\VWHP VL]HV UHTXLUH KXJH DPRXQWV RI FRPSXWHU

PHPRU\ DQG KHQFH FDXVH WKH UXOHV WR XSGDWH YHU\ VORZO\� 7KH ERXQGDU\ FRQGLWLRQV ZH XVH

PRVW RIWHQ DUH SHULRGLF� PHDQLQJ WKDW RSSRVLWH HGJHV RI WKH ILQLWH ODWWLFH DUH LGHQWLILHG� 7KLV

WXUQV WKH XQLYHUVH LQWR D WRUXV DQG VR� RQ WKH FRPSXWHU VFUHHQ� WKH WUDMHFWRULHV RI OLYH VLWHV

PD\ DSSHDU WR UHDFK WKH ERXQGDULHV RI WKH V\VWHP EXW WKH\ QHYHU H[LW� )RU VRPH UXOHV� VXFK DV

WKRVH LQ WKH WKLQ EXJ UHJLPH� XVLQJ SHULRGLF ERXQGDU\ FRQGLWLRQV LV D GHFHQW ZD\ WR VLPXODWH

WKH LQILQLWH V\VWHP �� VRPHZKHUH RXW WKHUH� DQRWKHU EXJ
V WUDMHFWRU\ ZLOO HQWHU WKH ILQLWH

ZLQGRZ DW ZKLFK ZH DUH ORRNLQJ� $QRWKHU NLQG RI ERXQGDU\ FRQGLWLRQ ZH XVH LV WR OHW DOO VLWHV

RQ WKH ERXQGDU\ EH LQ VWDWH � ,Q WKLV ZD\� LW LV WKRXJK WKH ODWWLFH LV VXUURXQGHG E\ DQ LQILQLWH�

VHD RI GHDG VLWHV� ,Q VRPH FDVHV� VXFK DV D EXJ PDNHU VHQGLQJ RII DQ LQILQLWH VWUHDP RI EXJV� LW
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LV D FRQYHQLHQW ZD\ WR VLPXODWH WKH LQILQLWH V\VWHP� ,Q RWKHU FDVHV WKLV LV QRW DSSURSULDWH VLQFH

OLYH VLWHV DW WKH HGJHV RI WKH V\VWHP ZLOO QRW QHFHVVDULO\ DOZD\V EHFRPH GHDG�

$QRWKHU FUXFLDO SDUW RI :LQ&$
V GHVLJQ LV WKDW LW PDNHV FRQVWUXFWLQJ LQLWLDO VWDWHV YHU\

HDV\� )RU H[DPSOH� LW HQDEOHV WKH XVHU WR FUHDWH VXFK LQLWLDO VWDWHV DV SURGXFW PHDVXUH ZLWK DQ\

GHQVLW\� FLUFOHV ZLWK YDU\LQJ UDGLL� UHFWDQJOHV ZLWK YDU\LQJ VLGH OHQJWKV� KDOI SODQHV� RU VRPH

FRPELQDWLRQ RI WKRVH� ,W HQDEOHV WKH XVHU WR VDYH WKHVH VWDWHV DV ELWPDSV DQG DOVR WR VDYH WKHLU

HYROXWLRQV DIWHU EHLQJ UXQ XQGHU WKH &$ UXOH� $GGLWLRQDOO\� LW FDQ LPSRUW LQLWLDO VWDWHV IURP

YDULRXV SDLQW SURJUDPV� 1RW RQO\ GRHV WKLV DOORZ WKH XVHU WR GHVLJQ SUDFWLFDOO\ DQ\ GHVLUHG

LQLWLDO VWDWH� LW DOORZV RQH WR LPSRUW LPDJHV IURP VXFK SODFHV DV WKH :RUOG :LGH :HE� )RU

H[DPSOH� ZKHQHYHU 3DXO &DOODKDQ SRVWV QHZ /LIH FRQILJXUDWLRQV RQ KLV :HE VLWH �VHH >&DO@��

ZH FDQ XVH WKH �FDSWXUH� PRGH RQ RXU IDYRULWH SDLQW SURJUDP� 3DLQW 6KRS 3UR� WR LPSRUW WKH

ILOH WR WKH SDLQW SURJUDP� 2QFH LQ WKH SDLQW SURJUDP� ZH IRUPDW LW DV GHVLUHG� HLWKHU VDYH LW WR

WKH FOLSERDUG RU DV ELWPDS� DQG WKHQ XVH LW DV DQ LQLWLDO VWDWH LQ :LQ&$�

)RU PRUH LQIRUPDWLRQ RQ :LQ&$� YLVLW WKH 3ULPRUGLDO 6RXS .LWFKHQ �VHH >*UL�@��

0RVW RI WKH JUDSKLFV H[KLELWHG WKHUH ZHUH JHQHUDWHG XVLQJ :LQ&$� $GGLWLRQDOO\� WKH VRIWZDUH

LV DYDLODEOH LQ WKH .LWFKHQ
V 6LQN�

&$0��

7KH &$0�� &HOOXODU $XWRPDWRQ 0DFKLQH FRPHV IURP WKH 0,7 /DERUDWRU\ IRU

&RPSXWHU 6FLHQFH� DQG LV PRVWO\ WKH FUHDWLRQ RI 1RUPDQ 0DUJROXV� &$0�� LV WKH QH[W

JHQHUDWLRQ RI LQWHUDFWLYH GHVNWRS SDUDOOHO SURFHVVRU� RIIHULQJ D XQLTXH FRPELQDWLRQ RI

FRPSXWLQJ SRZHU DQG YLVXDOL]DWLRQ FDSDELOLW\ IRU WKH VWXG\ RI FHOOXODU DXWRPDWRQ G\QDPLFV�

&$0� KDV JUHDWO\ EHQHILWHG RXU H[SORUDWLRQ RI /W/ VSDFH� ,W LV D ELW PRUH FRPSOLFDWHG WR XVH�

WKDQ :LQ&$� VLQFH FUHDWLQJ LQLWLDO VWDWHV DQG YDU\LQJ SDUDPHWHUV LV QRW DV HDV\ DV FOLFNLQJ D

EXWWRQ� +RZHYHU� %RE )LVFK ZURWH D SURJUDP WKDW FRQYHUWV ELWPDSV LQWR ��SDW� ILOHV� ZKLFK

DUH LQ &$0� 
V ODQJXDJH� 7KXV� ZH DUH DEOH WR GHVLJQ LQLWLDO VWDWHV XVLQJ :LQ&$ DQG WKHQ�

LPSRUW WKHP WR &$0� � 7KLV HQDEOHV XV WR WDNH DGYDQWDJH RI WKH &$0� 
V PDLQ DWWUDFWLRQ� �

^ �� /HW XV GHVFULEH VRPH RI WKH IHDWXUHV WKDW PDNH &$0� DQ H[FHOOHQW &$ VLPXODWRU�VSHHG

&$0�� LV D PRGXODU FRPSXWLQJ GHYLFH IRU H[WUHPHO\ IDVW FRPSXWDWLRQ RI DUELWUDULO\

ODUJH FHOOXODU DXWRPDWRQ �&$� V\VWHPV� (DFK &$0�� PRGXOH FDQ LQGHSHQGHQWO\ VWRUH DQG

XSGDWH DV PDQ\ DV FHOOV RI D &$� (DFK RI WKHVH FHOOV FRQWDLQV �� ELWV RI LQIRUPDWLRQ��
��

SHUPLWWLQJ ������ SRVVLEOH VWDWHV DW HDFK FHOO� )XUWKHUPRUH� HDFK PRGXOH FDQ XSGDWH WKHVH

FHOOV DW WKH UDWH RI �� PLOOLRQ FHOO XSGDWHV SHU VHFRQG� $ 681 63$5&VWDWLRQ LV UHVSRQVLEOH

IRU GULYLQJ &$0�� PRGXOHV E\ PHDQV RI D FXVWRPL]HG FRQWUROOHU FDUG RQ WKH 681
V LQWHUQDO

EXV� 7KH 681 LV XVHG WR LQLWLDOL]H PRGXOHV ZLWK WKH DSSURSULDWH VWDUWLQJ VWDWH DQG XSGDWH UXOH



���

IRU D SDUWLFXODU &$ RI LQWHUHVW� $IWHU LQLWLDOL]DWLRQ� WKH KRVW VLJQDOV &$0�� WR EHJLQ

FRPSXWDWLRQ� DW ZKLFK WLPH WKH PDFKLQH SHUIRUPV LQGHSHQGHQWO\ RI WKH KRVW�

0RGXODULW\ RI &$0�� LV UHDOL]HG DV IROORZV� $V PDQ\ DV HLJKW PRGXOHV FDQ UHVLGH LQ D

VLQJOH ER[� 7KH ER[ LV DQ HQFORVXUH FRQWDLQLQJ VRFNHWV IRU DFFHSWLQJ PRGXOHV� D IUDPH EXIIHU

IRU YLGHR RXWSXW� FLUFXLWU\ IRU FRPPXQLFDWLRQ DPRQJ WKH PRGXOHV DQG ZLWK WKH KRVW� DQG RWKHU

QHFHVVLWLHV �VXFK DV D SRZHU VXSSO\ DQG IDQ�� :LWKLQ D ER[� WKH HLJKW PRGXOHV RSHUDWH LQ

SDUDOOHO� 7KXV� D IXOO ER[ FRPSULVLQJ HLJKW PRGXOHV FDQ SHUIRUP ��� PLOOLRQ FHOO�XSGDWHV SHU

VHFRQG� &$0�� DUFKLWHFWXUH SHUPLWV DUELWUDULO\ PDQ\ ER[HV WR EH SK\VLFDOO\ DUUDQJHG DQG

LQWHUFRQQHFWHG LQWR D WKUHH�GLPHQVLRQDO DUUD\� DQG HDFK ER[ LQ WKLV DUUDQJHPHQW FRPSXWHV LQ

SDUDOOHO ZLWK WKH RWKHUV� ,Q WKLV PDQQHU� RQH FDQ FRPSXWH DV ODUJH D V\VWHP DV GHVLUHG� WKH

RQO\ OLPLWDWLRQ LV WKH QXPEHU RI PRGXOHV DYDLODEOH IRU FRPSXWDWLRQ� )XUWKHUPRUH� VXFK D

V\VWHP XSGDWHV DW WKH UDWH RI �� PLOOLRQ FHOO�XSGDWHV SHU VHFRQG� ZKHUH LV WKH QXPEHU RI5 5

PRGXOHV LQ WKH DUUDQJHPHQW RI ER[HV�

7KH PHFKDQLVP XVHG E\ &$0�� IRU XSGDWLQJ D &$ FRQVLVWV RI WZR VWDJHV� ,Q WKH ILUVW

VWDJH LQIRUPDWLRQ LV NLFNHG� RU VKLIWHG� WKURXJKRXW WKH XQLYHUVH� 7KH NLFNLQJ VWDJH SHUPLWV

DQ\ FHOO RI D PRGXOH WR UHFHLYH VWDWH LQIRUPDWLRQ IURP DQ\ RI WKH � FHOOV ZLWKLQ LWV PRGXOH� RU��

IURP DQ\ FHOO LQ D QHLJKERULQJ PRGXOH WKDW VDWLVILHV WKH SURSHUW\ WKDW LQ HDFK H[WHQVLEOH

GLPHQVLRQ WKH GLVWDQFH EHWZHHQ WKH WZR FHOOV LV QR JUHDWHU WKDQ WKH H[WHQW RI D VLQJOH PRGXOH

LQ WKDW GLPHQVLRQ� 2I FRXUVH� VLQFH &$ UXOHV DUH WUDQVODWLRQ LQYDULDQW� RQH FDQ WKLQN RI WKH

NLFNLQJ VWDJH DV WDNLQJ LQGLYLGXDO ¦ELW SODQHV§ �DOVR NQRZQ DV OD\HUV� RI VWDWH LQIRUPDWLRQ DQG

VKLIWLQJ HDFK DV PXFK DV RQH PRGXOH GLVWDQW LQ HDFK GLPHQVLRQ� (DFK OD\HU PD\ EH VKLIWHG

LQGHSHQGHQWO\� VR WKDW D FHOO PD\ UHFHLYH VWDWH LQIRUPDWLRQ IURP GLIIHUHQW ORFDWLRQV RI D YHU\

ODUJH QHLJKERUKRRG�

$IWHU NLFNLQJ WKH OD\HUV� WKH ELWV IURP HDFK FHOO� ZKLFK FRQWDLQ WKH JDWKHUHG VWDWH

LQIRUPDWLRQ IURP HDFK FHOO
V QHLJKERUKRRG� DUH IHG LQWR D ORRNXS WDEOH� 7KH ORRNXS WDEOH

DFFHSWV �� ELWV RI LQSXW DQG JHQHUDWHV �� ELWV RI RXWSXW WR EH XVHG DV WKH QHZ VWDWH DW WKDW FHOO�

7KXV� WKH ORRNXS WDEOH UHSUHVHQWV WKH DFWXDO XSGDWLQJ UXOH IRU WKH &$� ,WV FRQWHQWV DUH

SUHFRPSXWHG ZLWKLQ WKH KRVW DQG ORDGHG LQWR HDFK RI WKH PRGXOHV EHIRUH WKH &$0�� UHFHLYHV

WKH VLJQDO WR EHJLQ FRPSXWDWLRQ� :LWKLQ D PRGXOH� HDFK FHOO
V QHZ VWDWH LV FRPSXWHG VHULDOO\ DW

D UDWH RI �� PLOOLRQ FHOO�XSGDWHV SHU VHFRQG� 7KXV� QR SDUDOOHO SURFHVVLQJ RFFXUV ZLWKLQ D

PRGXOH� DOWKRXJK HDFK PRGXOH FRPSXWHV LQ SDUDOOHO ZLWK WKH RWKHU PRGXOHV�

2XU &$0�� IUDPH EXIIHU LV FRQQHFWHG WR D 9*$ PRQLWRU WKDW GLVSOD\V HLWKHU D

	�� _ 	�� �2 _ �2 �	
RU SRUWLRQ RI WKH &$� XVLQJ FRORUV� 7KLV IUDPH EXIIHU PD\ DOVR EH

FRQQHFWHG WR D 9&5 IRU SURGXFLQJ YLGHRWDSHV RI &$0�� GLVSOD\ RXWSXW� 7KXV� RQH FDQ

FRQYHQLHQWO\ JHQHUDWH DQG UHFRUG PRYLHV RI D &$ HYROXWLRQ IRU VKDULQJ ZLWK RWKHUV� &$0��

DOVR KDV WKH FDSDELOLW\ RI SURGXFLQJ HYHQW FRXQWV IRU JDWKHULQJ DJJUHJDWH LQIRUPDWLRQ DERXW D
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&$� 7KH HYHQWV WR EH FRXQWHG PD\ EH GHWHFWHG XVLQJ DUELWUDU\ %RROHDQ IXQFWLRQV RI WKH VWDWH

ELWV IRU D FHOO� )XUWKHUPRUH� RQH PD\ GLYLGH WKH &$ LQWR VXEUHJLRQV RI DQ\ GHVLUHG VL]H DQG

UHSRUW WKH HYHQW FRXQWV RYHU HDFK LQGLYLGXDO VXEUHJLRQ� ,Q WKLV ZD\� RQH PD\ JHQHUDWH

TXDQWLWDWLYH HYLGHQFH RI VSDWLDO YDULDWLRQV ZLWKLQ D &$� 7KH KRVW PD\ WDNH WKHVH HYHQW FRXQWV

DQG JHQHUDWH YLVXDOV RQ WKH IO\ WR FRQYH\ WKH SUHVHQFH RI DQ\ VXFK YDULDWLRQV�

)RU PRUH LQIRUPDWLRQ RQ &$0��� VHH >0DU@� )RU PRUH LQIRUPDWLRQ RQ FHOOXODU

DXWRPDWRQ PDFKLQHV� VHH >70@�

��»� 7ZR H[DPSOHV RI /W/ UHVHDUFK VWUDWHJLHV

7KH VHDUFK IRU EXJV

$V ZH H[SODLQHG LQ FKDSWHU � LW LV RIWHQ WKH FDVH WKDW QR EXJV DSSHDU ZKHQ D EXJJLQ
�

UXOH LV UXQ VWDUWLQJ IURP D UDQGRP LQLWLDO VWDWH� ,W LV WKXV HVVHQWLDO WR GHYLVH WHFKQLTXHV WKDW

HQDEOH RQH WR GLVFRYHU EXJV� 2QH VXFK WHFKQLTXH LV WR UXQ D EXJJLQ
 UXOH IURP D UDQGRP LQLWLDO

VWDWH DQG FDSWXUH RQH RI WKH EXJV LW JHQHUDWHV� 7KH EXJ LV WKHQ XVHG DV DQ LQLWLDO VWDWH DQG WKH

VDPH UXOH LV UXQ� $V WKH UXOH XSGDWHV� LWV SDUDPHWHUV DUH YDULHG DQG LI VXFFHVVIXO� WKH JHRPHWU\

RI WKH EXJ DOVR YDULHV� ,Q VRPH FDVHV� WKLV �VFXOSWV� DQ DSSURSULDWHO\ VKDSHG EXJ IRU D

GLIIHUHQW UXOH�

$QRWKHU VWUDWHJ\ WKDW LV RIWHQ IUXLWIXO LV WR FUHDWH ILQLWH GHWHUPLQLVWLF FRQILJXUDWLRQV�

WKRXJKW XS E\ VWXG\LQJ NQRZQ EXJV� )RU H[DPSOH� LQ WKH WKLQ EXJ UHJLPH� PDQ\ RI WKH EXJV

DUH JHQHUDWHG IURP DSSURSULDWHO\ VL]HG UHFWDQJOHV� ,Q RUGHU WR GHFLGH ZKDW �DSSURSULDWH�

PHDQV IRU D JLYHQ UXOH LW LV XVXDOO\ FRQYHQLHQW WR VNHWFK SRVVLEOH VL]HV E\ KDQG� 7KHQ D SDLQW

SURJUDP� RU WKH :LQ&$ �VSHFLDO LQLWLDOL]DWLRQ� IHDWXUH� LV XVHG WR LQVHUW UHFWDQJOHV� DQG WKH

UXOH LV UXQ ZLWK WKDW DV LWV LQLWLDO VWDWH� $QRWKHU VWUDWHJ\ LV WR ILQG EXJV LQ RQH UDQJH� DQG

UHVFDOH WKHP XS RU GRZQ WR RWKHU UDQJHV� ,I VXFFHVVIXO� RQH FDQ FRPSDUH WKH REMHFWV DGPLWWHG

LQ D YDULHW\ RI UDQJHV� DQG JHQHUDOL]H WKH ILQGLQJV�

/RFDO SHULRGLFLW\ DQG RWKHU H[WUHPH EHKDYLRUV

)RU H[WUHPH EHKDYLRUV� LW LV HVVHQWLDO WR EH YHU\ FDUHIXO QRW WR MXPS WR FRQFOXVLRQV�

)RU H[DPSOH� WKHUH DUH UXOHV ZKLFK VHHP� IURP UDQGRP LQLWLDO VWDWHV� WR EH ORFDOO\ SHULRGLF�

+RZHYHU� LI RQH LQVHUWV D ODUJH ODWWLFH EDOO FRQVLVWLQJ RI RQO\ RQH RI WKH WZR VWDWHV� WKDW VHW

JURZV WR ILOO WKH ODWWLFH� )RU VRPH UXOHV� WZR ODUJH ODWWLFH EDOOV� RQH RI HDFK VWDWH� PD\ ERWK

JURZ DQG HQG LQ D VWDQG�RII ZLWK ERXQGDULHV FRPSRVHG RI D SDWWHUQ FUHDWHG E\ WKH WZR VWDWHV�

)RU RWKHU UXOHV� VXFK D FRPSHWLWLRQ EHWZHHQ VWDWHV UHVXOWV LQ WKH GHPLVH RI RQH RI WKHP� 7KXV�

LW LV HVVHQWLDO WR WHVW WKHVH UXOHV XVLQJ D YDULHW\ RI LQLWLDO VWDWHV� LQFOXGLQJ WKRVH WKDW DUH SDUWO\
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UDQGRP DQG SDUWO\ FRQVLVWLQJ RI GHWHUPLQLVWLF VHWV FRPSRVHG RI RQH VWDWH RU WKH RWKHU� )RU

H[DPSOH� D ODUJH ODWWLFH EDOO ILOOHG ZLWK D FXW�RXW RI D WLPH VWHS JHQHUDWHG E\ D UXOH NQRZQ WR

EH HLWKHU DSHULRGLF RU SHULRGLF FDQ EH SODFHG RQ D EDFNJURXQG RI DOO ]HURV� 6XFK DQ LQLWLDO

VWDWH WHVWV WKH DELOLW\ RI WKH DSHULRGLF RU SHULRGLF UHJLRQ WR JURZ� $V ZH GLVFXVVHG LQ &KDSWHU

�� IRU UXOHV QHDU WKH SKDVH WUDQVLWLRQV LQ /W/ VSDFH LW LV RIWHQ WKH FDVH WKDW DSHULRGLF RU

SHULRGLF ODWWLFH EDOOV QHHG �KHOS� WR JURZ� :LWKRXW WKH KHOS� WKH\ HLWKHU GLH RXW� RU JHW VWXFN

LQVLGH UHJLRQV WKDW DUH FRQYH[�FRQILQHG� 6XFK G\QDPLFV DUH UHPLQLVFHQW RI WKH ERRWVWUDS

JURZWK RI WKH GLVFUHWH 7*0�


