0 DFKLQH9 LVLRQÆ ( [ SORULQJ &RQWH[ WZLWK * HQHWLF 3 URJUDP P LQJ

’ DQLHO+ RZDUG DQG 6LP RQ &ȷ5 REHUWV 6RIWZDUH( YROXWLRQ&HQWUH %XLOGLQJ 8 ¸´ffl4 LQHWL4 0 DOYHUQffl: RUFVȷ: 5 ˇ˚ ¯36 8 QLWHG. LQJGRP GKRZDUG# TLQHWLTȷFRP 3KRQHÆffi ˚˚ıˇßœ˚ıœø˚˚œ´

&RQRU5 “ DQ 8 QLYHUVLW“ RI / LP HULFN / LP HULFN ,UHODQG

$ EVWUDFW

7KLVSDSHUSURSRVHVDQDGYDQFHGP HWKRGRI REMHFWGHWHFWLRQXVLQJ DGDWDFUDZOHUȷ6WDUWı LQJ IURP DSUHOLP LQDU“ CREMHFWLGHQWLnFDWLRQΩffl WKHGDWDFUDZOHUVFUXWLQL]HVWKHREMHFWΩVVXUı URXQGLQJVfflDQGSODFHVoDJVZKHUHLWVLQWHUHVW KDVEHHQDURXVHGȷ 1 H[WfflWKHELQDU“ P DS GHı nQHG E“ WKHVHoDJVLVDQDO“ ]HG VWDWLVWLFDOO“ WR TXDQWLI“ WKHFRQWH[WLQ ZKLFK WKHREMHFW DSSHDUVȷ 7KHFUDZOHUΩVRYHUDOORXWSXWLQGLı FDWHVZKHWKHUWKHREMHFWLVD UHTXLUHG WDUı JHWRUD IDOVH DODUP ȷ 7KH FUDZOHUΩVQDYLı JDWRUSURJUDP ffl LWVoDJıSODFHP HQWSURJUDP DQGLWVWDUJHWGHWHFWLRQSURJUDP fflDUHDOOFRQı WUROOHGE“ DWUHHıEDVHG* HQHWLF3URJUDP P LQJ ff* 3fi P HWKRG ZLWK n[HG DUFKLWHFWXUH$ XWRı P DWLFDOO“ ’ HnQHG) XQFWLRQVff$ ’ ) Vfiȷ

ˇ ,QWURGXFWLRQ

7KHSHUHQQLDOSUREOHP ZLWKP DFKLQHYLVLRQLVWRGLVı WLOIHDWXUHVZKLFKFKDUDFWHUL]HDQREMHFWIURP DKXJH DP RXQWRI DYDLODEOHLQIRUP DWLRQfflLȷHȷ WKHVSHFLnFDWLRQ RI DQLQWHOOLJHQWGDWDUHGXFWLRQP HFKDQLVP ȷ7KLVGDWD UHGXFWLRQP XVWEHGLVFRYHUHGEHFDXVHLWFDQQRWEHGHı WHUP LQHGDSULRULȷ

0 RUHRYHUfflLIDQREMHFWLVYLHZHGWRRFORVHO“fflWKHUHLVQRW HQRXJKFRQWH[WXDOLQIRUP DWLRQXSRQZKLFKWRP DNHDQ LGHQWLnFDWLRQȷ&RQYHUVHO“fflLI DQREMHFWLVWRRIDUDZD“ffl LQIRUP DWLRQRYHUORDGP DNHVLGHQWLnFDWLRQHTXDOO“ GLp ı FXOWȷ7RGHDOZLWKWKLVVXUIHLWRI LQIRUP DWLRQfflDZD“ RI VHOHFWLQJ DVXEıVHWRI GDWDfflZKLFKLVUHSUHVHQWDWLYHRI DQREMHFWfflQHHGVWREHGHULYHGZKLFKDOORZVWKHREMHFW WREHLGHQWLnHGȷ

,QWKHFRQWH[WRI * 3fflff7DFNHWWfflˇøø¯ffl3ROLfflˇøøßffl’ DLGD HWDOȷffl ˇøøßffl +RZDUG DQG 5 REHUWVffl ˇøøøfi VHWWOHG IRU YHU“ SUDFWLFDOVFKHP HVZKLFK P DQLSXODWHG VWDWLVWLFV

FRP SXWHGIURP SL[HOGDWDfflDQGff$ QGUHfflˇøø˚ffl-RKQVRQ HWDOȷfflˇøø˚ffl7HOOHUDQG9HORVRfflˇøøßffl+DUULVDQG%X[ı WRQffl ˇøøßfi SXUVXHG RWKHUHYROYDEOHREMHFWGHWHFWLRQ WKHP HVȷ ff5 REHUWVDQG +RZDUGffl ˘´´´fi DOVR H[SORLWHG WKHHYROXWLRQDU“ SDUDGLJP WRREWDLQWKHRULHQWDWLRQRI SRRUO“ GHnQHGREMHFWVVXFKDVYHKLFOHVLQ,5 LP DJHU“ȷ ff%HQVRQffl˘´´´fiH[SORLWHGWKHVRIWZDUHUHXVHSDUDGLJP ff. R]Dfflˇøø˚fi E“ HP EHGGLQJ WUHH* 3 LQVLGHDQHYROYı DEOH ) LQLWH 6WDWH 0 DFKLQHffl D VFKHP H WKDWSDUDOOHOV WKH $ XWRP DWLFDOO“ ’ HnQHG ) XQFWLRQV ff$ ’ ) Vfi LGHDȷ ff5 REHUWVHWDOȷffl˘´´ˇfi VXFFHVVIXOO“ H[SORLWHG SUREOHP P RGXODULWLHVDQGUHJXODULWLHVIRUDGLp FXOWREMHFWGHı WHFWLRQWDVNZLWKWKHVXEWUHHHQFDSVXODWLRQLGHDȷ

7KLVSDSHUGUDZVRQ WKH $ ’ ) LGHD WR DUULYH DWD P HFKDQLVP RI H[SORULQJ WKHVXUURXQGLQJ FRQWH[WDQGD P RUHLQIRUP HGREMHFWGHWHFWLRQff+RZDUGHWDOȷffl˘´´˘fiȷ $ VSRVWıSURFHVVRUWRWKHff5 REHUWVDQG+RZDUGfflˇøøøfi VFKHP Hffl LWDLP VWR LQWHOOLJHQWO“ ORZHUWKDWVFKHP HΩV IDOVHDODUP UDWHȷ 7KHff5 REHUWVDQG +RZDUGffl ˇøøøfi VFKHP HSURFHVVHVLQIUDUHGOLQHıVFDQff,5 / 6fiLP DJHU“ DFı TXLUHG E“ ORZıo“ LQJ DLUFUDIWWR GHWHFWODQG YHKLFOHVȷ 7KHVFKHP HSURGXFHVP DQ“ IDOVHDODUP VEHFDXVHLWV DLP LVWRGHWHFWDQ“ UHJLRQZKLFKUHSUHVHQWVVRP HSDUW RI DYHKLFOHȷ 8 VHUVRI WKLVVFKHP HNQRZ WKDWREMHFWV P D“ EHREVFXUHGE“ RWKHUREMHFWVDFFLGHQWDOO“ RUGHı OLEHUDWHO“fflDQGVRDKLJKIDOVHDODUP UDWHLVDFFHSWDEOHȷ +RZHYHUffl WKHVFKHP HFDQQRWFRP ELQHFOXHVWRJHWKHU WRHOLP LQDWHREYLRXVP LVLGHQWLnFDWLRQVfflHȷJȷ DYHKLFOH FDQQRWEHSDUNHG RQ DURRI WRSȷ 6R WKHSURSRVLWLRQ LVWKDWREYLRXVIDOVHDODUP VP D“ EHHOLP LQDWHGE“ H[ı SORULQJ WKHFRQWH[WRI P LVLGHQWLnFDWLRQVȷ

˘ 2 YHUYLHZ DQG LQVSLUDWLRQ

,WLVFOHDUO“ LP SRVVLEOHWR LGHQWLI“ WKHYHKLFOHREMHFW ZKHQWKHLP DJHLVYLHZHGIURP WRRFORVHfflIRUH[DP SOHffl DVVKRZQIRUWKHYHKLFOHGHWHFWLRQSUREOHP LQ) LJXUHˇȷ

$ QLP DOYLVLRQSUREDEO“ DWWHP SWVWRLGHQWLI“ DQXP EHU

) LJXUHˇÆ7ZRGLmHUHQWYLHZVÆFORVHıXS DQGIURP DIDUȷ

RI YHU“ VSHFLnF LP DJHFOXHVWKDWUHVHP EOHVRP HFORVHı

XS GHWDLORI DQREMHFWȷ 7KHEUDLQFDQWKHQ LQWHUSUHW

WKHVHFOXHVWRCLP DJLQHΩWKHREMHFWIURP DIDUȷ,QRWKHU

ZRUGVfflREMHFWUHFRJQLWLRQLQYROYHVFRQVWUXFWLQJ DP HQı

WDOP RGHORI DQREMHFWfflDQGVXSHULP SRVLQJ WKLVP RGHO

RQWRWKHHYLGHQFHSHUFHLYHGIURP WKHUHDOıZRUOGȷ 7KH

VFKHP HSURSRVHGLQWKLVSDSHULVEDVHGRQWKLVLGHDRI

XVLQJ ERWK YLHZVfflQHDUDQGIDUfflDQG RI XVLQJ DVP DOO

QXP EHURI LP DJHFOXHVWRFRQQHFWWKHVHYLHZVWRGHWHFW

WKHREMHFWȷ7KHFHQWUDOSUREOHP WKHQEHFRP HVKRZ WR

LGHQWLI“ WKHUHTXLUHGLP DJHFOXHV”

( YROXWLRQZLWK* 3 WDFNOHVWKLVGLp FXOWLVVXHȷ 6WDUWı

LQJ IURP WKHORFDWLRQRI DQREMHFWLGHQWLnFDWLRQE“ WKH ff5 REHUWVDQG+RZDUGfflˇøøøfiGHWHFWRUfflDCGDWDFUDZOHUΩ

LQVSHFWVWKHLP DJHVXUURXQGLQJVWRGLVFRYHUDIHZ XVHı

IXOFOXHVȷ,WP DUNVD˘’ ELQDU“ P DS WRoDJ WKHORFDWLRQ

RI GLVFRYHUHGCFOXHVΩfflDQGFRQVWUXFWVVWDWLVWLFVEDVHGRQ

WKHLUGLVWULEXWLRQȷ 7KHVHVWDWLVWLFVDUHDOVRFRP ELQHG

E“ * 3 WRDUULYHDWDGHFLVLRQFRQFHUQLQJ WKHRULJLQDWı

LQJ SL[HOÆ ZKHWKHUWRFRQnUP RUUHMHFWWKDWWKHSL[HO

EHORQJVWRDWDUJHWREMHFWȷ

7KHHYROXWLRQDU“ SURFHVVLVGULYHQE“ WKHJOREDOREMHFı

WLYHRI UHGXFLQJ P LVVHVDQGIDOVHDODUP Vȷ ,WLVLP SOHı

P HQWHGXVLQJ * 3 ZLWKn[HGDUFKLWHFWXUH$ ’ ) Vff. R]Dffl

ˇøø˚fiȷ 7KH* 3 V“ VWHP GHFLGHVWKHIROORZLQJȷ +RZ

VKRXOGWKLVLP DJHFUDZOHUEHJXLGHG LQLWVVHDUFK IRU

WKHFOXHV” +RZ IDUVKRXOGLWWUDYHODQGWXUQ” : KDW

VKRXOGH[FLWHLWVXp FLHQWO“ WRFDXVHLWWRoDJ WKHH[LVı

WHQFHRI DQLP DJHFOXH”

¯ 6WUXFWXUHDQG UHSUHVHQWDWLRQ

( DFK LQGLYLGXDOGDWD FUDZOHULQ WKHSRSXODWLRQ LVD

* 3 WUHHVWUXFWXUHfflHTXLSSHGZLWKWZRUHVXOWıSURGXFLQJ

EUDQFKHVDQGWZR$ ’ ) EUDQFKHVÆ

∐ ) LUVW5 HVXOW%UDQFKff) 5 %fi

∐ 7XUQ’ HFLVLRQ%UDQFKff7’ %fi

7DEOHˇÆ) XQFWLRQVHWVȷ⇀ ◁ UHSUHVHQWVJOXHIXQFWLRQVȷ

%UDQFK ) XQFWLRQV

) 5 % ⇀ ◁ ˘ffl⇀ ◁ ¯ffl0 ’ %

7’ % ffi fflıfflflffl` ff♭ ψ ´ ˇfiffl

P LQffϖ ϕϱfifflP D[ffϖ ϕϱfiffl

LI ffϖ χ ϱfiWKHQς HOVHφ

0 ’ % ffi fflıfflflffl` ff♭ ψ ´ ˇfiffl

P LQffϖ ϕϱfifflP D[ffϖ ϕϱfiffl

LI ffϖ χ ϱfiWKHQς HOVHφ ffl

: 5 ,7( 0 ( 0 ffl5 ( $ ’ 0 ( 0

65 % ffi fflıfflflffl` ff♭ ψ ´ ˇfiffl

P LQffϖ ϕϱfifflP D[ffϖ ϕϱfiffl

LI ffϖ χ ϱfiWKHQς HOVHφ

∐ 0 DUN’ HFLVLRQ%UDQFKff0 ’ %fi

∐ 6HFRQG5 HVXOW%UDQFKff65 %fi

) 5 %LVDOORZHGWRFDOO7’ %DQG0 ’ %P DQ“ WLP HVEXW

RWKHUZLVHWKHEUDQFKHVDUHXQUHODWHGȷ 65 % ZRUNVRQ

WKH˘’ P HP RU“ GHYLVHGE“ ) 5 %DVZLOOEHH[SODLQHG

VKRUWO“ȷ( DFKEUDQFKGHWHUP LQHVDVSHFLnFSURSHUW“ RI

WKHFUDZOHUfflDQGHDFKKDVLWVRZQVHWRI WHUP LQDOVDQG

IXQFWLRQVȷ0 RUHRYHUfflVRP HKDYHDFFHVVWRWDVNVSHFLnF

ZRUNLQJ P HP RULHVÆ

∐ ) / $* P HP RU“

∐ : 2 5 . ,1 * P HP RU“

∐ 0 2 9 ( P HP RU“

( DFKLQGLYLGXDOP DLQWDLQVWKHVHP HP RULHVWRVDYHLQı

IRUP DWLRQDERXWLWVSDVWH[SHULHQFHȷ’ DWDFUDZOHUGHı

FLVLRQVfflHȷJȷ ZKHWKHURUQRWWR P DUNWKHLP DJHZLWK

DoDJfflUHTXLUHDP HP RU“ RI SDVWHYHQWVZKLFKDOORZV

WKHGDWDFUDZOHUWRFRQVXOWDQGLQWHJUDWHSUHYLRXVLQı

IRUP DWLRQSULRUWRDGHFLVLRQȷ

) 5 %ffl ZRUNLQJ ZLWK WKH7’ % DQG 0 ’ %ffl JXLGHVWKH

GDWDFUDZOHUWRH[SORUHWKHLP DJHLQWKHQHDUnHOGfflDQG

WRGHSRVLWDQXP EHURI CoDJVΩRULP DJHFOXHVȷ2 QFHWKLV

SURFHVVLVFRP SOHWHGfflWKHGLVFULP LQDQW65 %ORRNVIURP

DIDUDWWKLVELQDU“ ˘’ P DS RI CoDJVΩDQGCQRoDJVΩȷ7KH

65 % WKHQGHFLGHVZKHWKHUWKHRULJLQDOVWDUWLQJ SRLQW

ZDVFRUUHFWO“ LQGLFDWHGDVDWUXHWDUJHWfflRUZKHWKHULW

ZDVDIDOVHDODUP ȷ 7DEOHVˇ DQG ˘ JLYHWKHIXQFWLRQ

DQGWHUP LQDOVHWVIRUHDFK* 3 EUDQFKȷ

¯ ȷ̌ ) LUVW5 HVXOW%UDQFK ff) 5 %fi

7KHGDWDFUDZOHUKDVVLP LODULW“ ZLWKWKH6DQWD) HWUDLO

DQWLQff. R]Dfflˇøø˘fifflHȷJȷ WKHJOXHIXQFWLRQV⇀ ◁ ˘ DQG

7DEOH˘Æ7HUP LQDOVHWVffVHHWH[Wfiȷ

%UDQFK 7HUP LQDOV ) 5 % 0 ffl7’ % 7’ % x^ς_{ˇ ˇ} ffl℘^ς_{ˇ ˇ} fflx^1_{ˇ ˇ} ffl℘^1_{ˇ ˇ} fflx^↼_{ˇ ˇ} ffl℘^↼_{ˇ ˇ} fflx^6_{ˇ ˇ} ffl℘^6_{ˇ ˇ} ffl x^._{ˇ ˇ} ffl℘^._{ˇ ˇ} ffl5 ( $ ’ ) / $* ffl5 ( $ ’ 0 2 9 ( ffl DOWLWXGHLQIHHWff˘¸´Æß¸´fi 0 ’ % x_{GLVN}ffl℘_{GLVN}ffl DOWLWXGHLQIHHWff˘¸´Æß¸´fiffl 5 ( $ ’ ) / $* ffl5 ( $ ’ 0 2 9 ( 65 % ˇ´ oDJ EDVHGWHUP LQDOVffl

DOWLWXGHLQIHHWff˘¸´Æß¸´fiffl ˇ´ WH[WXUDODUHDVWDWLVWLFV

⇀ ◁ ¯ DQGWKH0 RUCP RYHWHUP LQDOΩWRP RYHWKHFUDZOHU RQHSL[HOLQWKHGLUHFWLRQRI LWVWUDYHOȷ+RZHYHUfflWKH/ ffOHIWfi DQG5 ffULJKWfi WHUP LQDOVXVHGWRWXUQWKH6DQWD ) HWUDLODQWDUHUHSODFHGE“ 7’ %ZKLFKnUVWWXUQVDQG WKHQP RYHVWKHFUDZOHUȷ

7KH) 5 %LVH[HFXWHGXQWLOWKHGDWDFUDZOHUKDVP RYHG D SUHGHWHUP LQHG QXP EHURI WLP HVffl LȷHȷ ø ⌉ Z WLP HVffl ZKHUHZ LVWKHZLGWKRI DYHKLFOHȷ7KLVZLGWKLVDXWRı P DWLFDOO“ VFDOHGE“ DLUFUDIWDOWLWXGHVRWKDWZ DWß´´IW LVKDOI Z DW̄ ´´IWff5 REHUWVDQG+RZDUGfflˇøøøfiȷ ) 5 % LVLWHUDWLYHO“ HYDOXDWHGXQWLOWKHFUDZOHUH[HFXWHVWKH SUHGHWHUP LQHG QXP EHURI P RYHVȷ ,Q IXWXUHUHVHDUFK WKHQXP EHURI P RYHVZLOOQRWEHSUHGHWHUP LQHG EXW ZLOODOVREHDOORZHGWRHYROYHȷ

7KHQXP EHURI LP DJHFOXHVWKDWFRXOGEHoDJJHGZDV OLP LWHGWR¸´ȷ: KHQWKLVOLP LWZDVH[FHHGHGfflWKH) 5 % DERUWHGDQGUHWXUQHGWKHFOXHVIRXQGVRIDUȷ

¯ ȷ̆ 7XUQ ’ HFLVLRQ %UDQFK ff7 ’ %fi

7’ % nUVWGHFLGHVRQ D GLUHFWLRQ RI WUDYHODQG WKHQ P RYHVWKHFUDZOHULQWKLVGLUHFWLRQȷ7HUP LQDOVx^ς_{ˇ ˇ} ffl℘^ς_{ˇˇ} DUHDYHUDJHVDQG VWDQGDUG GHYLDWLRQVREWDLQHG IURP WKHSL[HOYDOXHVLQDQHOHYHQSL[HOVTXDUHZLQGRZ FHQı WUHG RQ WKHFUDZOHUȷ / DEHOVςϕ1 ϕ↼ ϕ6ϕ. VWDQG IRU FHQWUHfflQRUWKfflHDVWfflVRXWKDQGZHVWORFDWLRQVDVVKRZQ LQ) LJXUH˘ȷ 7KHZLQGRZ VL]HLVDXWRP DWLFDOO“ VFDOHG DFFRUGLQJ WRDOWLWXGHȷ

7’ %LVDOZD“ VHYDOXDWHGIRXUWLP HVfflRQFHIRUHDFKSHUı P XWDWLRQRI WKHRUGHURI WKHWHUP LQDOVDWGLUHFWLRQV1 ffl ( ffl6fflDQG: fflDQGWKLVSURGXFHVIRXURXWSXWVȷ ,QWKH FXUUHQWLP SOHP HQWDWLRQfflWKHFKRVHQGDWDFUDZOHUGLUHFı WLRQLVJLYHQE“ WKHSHUP XWDWLRQUHWXUQLQJ WKHODUJHVW RXWSXWDQGIROORZVFHUWDLQUXOHVȷ

7KH 0 2 9 ( P HP RU“ LV XSGDWHG DIWHU HYHU“ GDWD FUDZOHUP RYHfflLȷHȷ ZKHQWKH) 5 %LQYRNHV0 RU7’ %ȷ 7KLVP HP RU“ UHFRUGVWKHORFDOWXUQVRI WKHFUDZOHUÆ

) LJXUH˘Æ / HIWÆ 7’ % WHUP LQDOVÆ P HDQ DQG VWDQGDUG GHYLDWLRQFRP SXWHGRYHUVTXDUHDUHDVDERYHfflEHORZfflWR WKHULJKWfflWRWKHOHIWfflDQGFHQWUHGRQWKHSL[HOȷ 7KHVH DUHWKHCVHQVRUVΩRI WKHGDWDFUDZOHUȷ5 LJKWÆ) RXUFRQı FHQWULFSL[HOULQJVFHQWUHGRQDYHKLFOHZLWKGLDP HWHUVÆ ´ȷ̧ fflˇȷ́ fflˇȷ̧ DQG˘ȷ́ YHKLFOHZLGWKVȷ

IRUZDUGfflULJKWfflEDFNfflOHIWff) ffl5 ffl%ffl/ fiUDWKHUWKDQWKH DEVROXWHGLUHFWLRQV1 ffl( ffl6fflDQG: ȷ3L[HOVWDWLVWLFVDUH DOVRUHFRUGHGDQGVRWKH0 2 9 ( P HP RU“ FRQVLVWVRIÆ

ˇȷ ODVWˇ´ GLUHFWLRQVffl HȷJȷ ) ffl5 ffl%ffl%ffl) ffl) ffl%ffl/ ffl5 ffl/ LV VWRUHGDV¿ˇffl̆ ffl̄ ffl̄ ffľ ffľ ffl̄ ffl̊ ffl̆ ffl̊ @Œ

˘ȷ ODVW̌ ´ x^ς_{ˇ ˇ} Œ

¯ȷ ODVW̌ ´ ℘^ς_{ˇ ˇ} Œ

$WWKHVWDUWRI WUDYHOfflWKHGLUHFWLRQP HP RU“ ORFDWLRQV DUHLQLWLDOL]HGWR´ DQGDOOWHQYDOXHVLQHDFKVWDWLVWLF P HP RU“ ORFDWLRQDUHVHWWRWKHLQLWLDOx^ς_{ˇ ˇ} DQG℘^ς_{ˇ ˇ} ȷ

¯ ȷ̄ 0 DUN ’ HFLVLRQ %UDQFK ff0 ’ %fi

0 ’ %GHWHUP LQHVZKHWKHUDoDJ VKRXOGEHOHIWDWWKH FXUUHQWSL[HOSRVLWLRQLQWKHWUDLOWRLQGLFDWHWKHSUHVı HQFHRI DQCLP DJHFOXHΩȷ,I WKH0 ’ %UHWXUQVDSRVLWLYH QXP EHULWGHSRVLWVDoDJȷ 7KLVGHFLVLRQ LVEDVHG RQ SL[HOGDWDDQGWUDLOGDWDȷ 0 ’ %DFWVDVDQC,) ΩVWDWHı P HQWLQ WKH) 5 %ȷ 3ODFLQJ D oDJ H[HFXWHVD 7+( 1 VXEWUHHfflRWKHUZLVHDQ( / 6( VXEWUHHLVH[HFXWHGȷ 7KH H[HFXWHGSRUWLRQLVUHWXUQHGWR) 5 %ȷ

7HUP LQDOVx_{GLVN} DQG℘_{GLVN} LQ7DEOH˘ DUHDYHUDJHVDQG VWDQGDUG GHYLDWLRQVWKDWDUHFDOFXODWHG RYHUDVP DOO GLVNFHQWUHGRQWKHFXUUHQWSL[HOȷ7KHGLVNGLDP HWHULV KDOI WKHZLGWKRI DFDUDQGFRUUHVSRQGVWRWKHVP DOOHVW GLVNRQ WKHULJKWRI ) LJXUH˘ȷ 7KLVGLVNLVVFDOHG E“ DLUFUDIWDOWLWXGHfflDQGLWLVGLVWRUWHGLQWRDQHOOLSVHZKHQ WKHLP DJHLVDWSHUVSHFWLYHGXHWRDLUFUDIWUROOȷ

7KH) / $* P HP RU“ LVXSGDWHG IROORZLQJ WKHFDOOWR 0 ’ %ȷ7KLVP HP RU“ FRQVLVWVRIÆ

ˇȷ ODVW̌ ´ 0 ’ %UHVXOWVfflHȷJȷ¿ıˇfflıˇffľ ffľ ffľ ffľ fflıˇffľ fflıˇfflıˇ@Œ

˘ȷ ODVW̌ ´ x^{GLVN}Œ

¯ȷ ODVW̌ ´ ℘^{GLVN}Œ

+HUH⌊ ˇ VWDQGVIRUCQRoDJΩfflDQGˇ VWDQGVIRUCoDJ VHWΩȷ

,QLWLDOO“fflDOOYDOXHVLQ WKHYHFWRURI UHVXOWVDUHVHWWR

⌊ ˇ DQGLQWKHRWKHUWZRP HP RU“ YHFWRUVDUHVHWWRWKH

LQLWLDOx^{GLVN} DQG℘^{GLVN} UHVSHFWLYHO“ȷ

: 5 ,7( 0 ( 0 DQG5 ( $ ’ 0 ( 0 ZULWHWRDQGUHDGIURP

WKH LQGH[HG : 2 5 . ,1 * P HP RU“ffl ZKLFK FRQVLVWVRI

WKUHHORFDWLRQVRUVORWVȷ $ OOWKUHHORFDWLRQVDUHLQLı

WLDOL]HG WR ´ȷ́ EHIRUH WKH FUDZOȷ 1 RWHWKDWVXFFHVı

VLYHFDOOVWR 0 ’ % IURP ) 5 % ZLOOQRWP RYHWKHGDWD

FUDZOHUȷ7KHUHVXOWRI WKHUHSHDWHGFDOOVfflKRZHYHUfflFDQ

GLmHUIURP RQHDQRWKHUEHFDXVHWKHP HP RU“ VWDWHVFDQ

FKDQJHEHWZHHQFDOOVȷ1 RWHDOVRWKDWWKHGDWDFUDZOHU

P D“ UHYLVLWDSL[HODQGFKDQJHLWVGHFLVLRQDERXWoDJ

SODFHP HQWȷ

¯ ȷ̊ 6HFRQG 5 HVXOW%UDQFK ff65 %fi

65 %UHWXUQVDUHDOQXP EHUHGYDOXHWKDWFDQEHHLWKHU

SRVLWLYHffWDUJHWLVSUHVHQWfi RUQHJDWLYHffQR WDUJHWLV

SUHVHQWfiȷ 7KH65 % LVRQO“ H[HFXWHG DIWHUWKH) 5 %

KDVFRP SOHWHGȷ

7KH) 5 %XVHVD˘’ VTXDUHP DS WRVWRUHWKHGHSRVLWHG oDJVȷ7KHP DS LVLQLWLDOL]HGWR´ YDOXHVDQGoDJ ORFDı

WLRQVDUHLQGLFDWHGE“ ˇ YDOXHVȷ 7KHVXVSLFLRXVSL[HO

ZKLFKLVWKHVWDUWLQJ SRLQWRI WKHFUDZOfflLVDWWKHFHQWUH

RI WKLVP DSȷ ,I WKHP DS VWRUHVIHZHUWKDQDWKUHVKROG

QXP EHURI oDJVffl7^↽ ˚fflWKHQWKHVXVSLFLRXVSL[HOLV

ODEHOOHGCQHJDWLYHΩffQRWDUJHWSUHVHQWfifflDQGWKH65 %LV

QRWLQYRNHGȷ ,I WKHP DS VWRUHVDWOHDVW7^↽ oDJVfflWKHQ

WKH65 % SURFHVVHVVWDWLVWLFDOP HDVXUHVEDVHG RQ WKH

GLVWULEXWLRQRI WKHoDJVȷ

7KHWHQoDJ EDVHGWHUP LQDOVLQ7DEOH˘ UHTXLUHFRP ı

SXWDWLRQRI WKHFHQWUHRI P DVVRI WKHoDJVȷ 7KH“ DUH

DUELWUDULO“ EDVHGRQVWDWLVWLFDOP HDVXUHVRYHUWKHYHFı

WRURI GLVWDQFHVEHWZHHQWKHFHQWUHRI P DVVDQGHDFK oDJȷ$ OOWHQVWDWLVWLFVDUHSRVLWLYHLQYDOXHÆ

ˇȷ WKHQXP EHURI oDJVŒ

˘ȷ WKHGLVWDQFHIURP WKHFHQWUHRI P DVVWR WKHIXUı

WKHVWoDJŒ

¯ȷ WKHORQJHVWGLVWDQFHEHWZHHQDQ“ WZRoDJVŒ

˚ȷ WKHDYHUDJHGLVWDQFHEHWZHHQDQ“ WZRoDJVŒ

¸ȷ WKHVWDQGDUG GHYLDWLRQ LQ GLVWDQFHEHWZHHQ DQ“

WZRoDJVŒ ßȷ WKHDYHUDJHGLVWDQFHEHWZHHQ WKHFHQWUHRI P DVV

DQGHDFKoDJŒ

7DEOH¯Æ* 3 SDUDP HWHUVȷ

3 DUDP HWHU 6HWWLQJ

NLOOWRXUQDP HQW VL]H˘ IRUVWHDG“ ıVWDWH* 3

EUHHGWRXUQDP HQW VL]H˚ IRUVWHDG“ ıVWDWH* 3

UHJHQHUDWLRQ ø´Φ [ıRYHUffl´Φ FORQHffl

ˇ´Φ WUXQFDWLRQP XWDWLRQ

SRSXODWLRQ ¸´´

P D[ JHQHUDWLRQV ¸´

P D[ EUDQFKVL]H ˇ´´´ QRGHV æȷ WKHVWDQGDUG GHYLDWLRQ LQ GLVWDQFHEHWZHHQ WKH

FHQWUHRI P DVVDQGHDFKoDJŒ œȷ WKHGHJUHHRI DV“ P P HWU“ RI WKHGLVWDQFHGLVWULEXı

WLRQffVNHZQHVVfiŒ øȷ WKHUHODWLYHVKDSHRI WKHGLVWULEXWLRQ FRP SDUHG

ZLWKDQRUP DOGLVWULEXWLRQffNXUWRVLVfiŒ

ˇ´ȷ WKH FRıYDULDQFH DIWHU WKH YHFWRU LV VRUWHG LQWR

DVFHQGLQJ RUGHU DQG KDOYHG WR IRUP WZR VXEı

GLVWULEXWLRQVȷ

7H[WXUDOVWDWLVWLFVRYHUDZLGHDUHDDUHLQSXWWR65 %VR

WKDWWKHEUDQFKFDQIRUP LWVRZQLP DJHVHJP HQWDWLRQȷ

,QWKLVZD“fflWKH65 %FDQJLYHGLmHUHQWGHWHFWLRQVIRU

WKHVDP HoDJ GLVWULEXWLRQDSSHDULQJ LQGLmHUHQWWH[WXı

UDOFRQWH[WVȷ) RUH[DP SOHfflDKRUVHLQDUXUDODUHDP D“

UHFHLYHWKHVDP HoDJ GLVWULEXWLRQDVDYHKLFOHLQDQXUı

EDQDUHDfflEXWWKH65 %FRXOGGLVFULP LQDWHWKHKRUVHDV

DIDOVHDODUP fflZKLOVWGHWHFWLQJ WKHYHKLFOHfflGXHWRWKH

GLmHUHQFHVLQ UXUDODQG XUEDQ WH[WXUHVff5 REHUWVDQG

+RZDUGfflˇøøøfiȷ 7KHVHWH[WXUDOVWDWLVWLFVDUHEDVHGRQ

DFRıRFFXUUHQFHP DWUL[ DQGDUHWDNHQRYHUDQDUHDRI

¸ FDUıOHQJWKVVTXDUHȷ

˚ * 3 LP SOHP HQWDWLRQ

7KH * 3 UXQ SDUDP HWHUV DUH JLYHQ LQ 7DEOH ¯ȷ

&URVVRYHUZDVEUDQFK W“ SHGffl P HDQLQJ WKDWLWFRXOG

RQO“ H[FKDQJHJHQHWLFP DWHULDOEHWZHHQOLNHEUDQFKHVffl

HȷJȷ DQ ) 5 % RQO“ ZLWK DQRWKHU) 5 %ȷ ( DFK EUDQFK

ZDVDVVLJQHGDSUREDELOLW“ WRSDUWLFLSDWHLQFURVVRYHUȷ

7KH) 5 %KDGDSUREDELOLW“ RI ˚´Φ DQGWKHRWKHUWKUHH

EUDQFKHVKDGDSUREDELOLW“ RI ˘´Φ ȷ7UXQFDWLRQP XWDı

WLRQVHOHFWVDQ“ QRGHffDQGWKHDVVRFLDWHGVXEWUHHfiDQG

UHSODFHVLWZLWKDWHUP LQDOIURP WKHUHOHYDQWWHUP LQDO

VHWȷ

7KHVXVSLFLRXVSRLQWVGHWHFWHG E“ WKHff5 REHUWVDQG

+RZDUGffl ˇøøøfi VFKHP HFRQVWLWXWHG WKHnWQHVVFDVHVȷ

7KHVHSRLQWVZHUHNQRZQ WR EHCWUXHSRVLWLYHVΩff73fi

RUCIDOVHSRVLWLYHVΩff) 3fifflLȷHȷIDOVHDODUP Vȷ 7KHnWQHVV

) LJXUH¯Æ7UDLOWHUP LQDWLQJ DWWKHULJKWRI DYHKLFOHȷ

P HDVXUHZDVFRP SXWHGRQFHDOOnWQHVVFDVHVKDGEHHQ SURFHVVHGÆ

nWQHVV m73 n↽ 3 ffi Q9HKLFOHV

7KHSDUDP HWHUVm DQG n EDODQFHWKHLP SRUWDQFHRI 73 UHODWLYHWR) 3ȷ 7KHVHSDUDP HWHUVZHUHRSWLP L]HG WRP LQLP L]H) 3 ZKLOVWUHWDLQLQJ QHDUıP D[LP DO73ȷ

¸ ( [ SHULP HQWDO5 HVXOWV

7KHVFKHP HZDVLP SOHP HQWHG WR SURFHVVSUHYLRXVO“ GHWHFWHG YHKLFOHVDQG IDOVHDODUP VLQ DLUERUQHUHFRQı QDLVVDQFH,5 / 6 LP DJHU“ ff5 REHUWVDQG+RZDUGfflˇøøøfiȷ 7KHYHKLFOHVDSSHDULQP DQ“ VL]HVDQGRULHQWDWLRQVfflLQ P DQ“ SHUVSHFWLYHVDQGWKHUP DOVWDWHVfflQH[WWRYDULRXV REMHFWVffVXFK DVEXLOGLQJVfi ZKLFK FDVWWKHUP DOVKDGı RZVRQWRWKHYHKLFOHVfflDQGLQP DQ“ HQYLURQP HQWVDQG ZHDWKHUFRQGLWLRQVȷ +HQFHfflWKHYHKLFOHGHWHFWLRQWDVN LQWKHVHRSHUDWLRQDOLP DJHVLVH[WUHP HO“ FKDOOHQJLQJȷ

7KLVVHFWLRQSUHVHQWVH[DP SOHVRI WKHWUDLOVSURGXFHG E“ DGDWDFUDZOHUHYROYHGZLWKm ˘υß DQGn ˇύ ȷ 7KHWUDLOVDUHGUDZQRQVXEıLP DJHVFURSSHGIURP ,5 / 6 LP DJHU“ ZLWKDSSUR[LP DWHGLP HQVLRQVRI ¯´´´ ⌈ ˇ´ϕ´´´ SL[HOVȷ7KHHQGRI HDFKWUDLOLVLQGLFDWHGZLWKWZRGRWVffl H[FHSWZKHQWKHWUDLOLVLWHUDWLYHȷ

) LJXUHV¯ DQG˚ VKRZ WKDWWKHFUDZOHUFDQP DNHDVLP ı LODUWUDLORQGLmHUHQWYHKLFOHVȷ( DFKWUDLOVWDUWVRQWKH YHKLFOHΩVURRI EHFDXVHWKLVZDVWKHVWDUWLQJ SRLQWDV GHWHFWHGE“ WKHff5 REHUWVDQG+RZDUGfflˇøøøfi VFKHP Hȷ ,QWHUHVWLQJO“ KRZHYHUfflHDFKWUDLOWHUP LQDWHVDWWKHYHı KLFOHΩVVLGHfflHYHQWKRXJKWKHYHKLFOHVDUHRULHQWHGGLIı IHUHQWO“ȷ

* HQHUDOO“fflZKHQWKHFUDZOHULVDSSOLHGWRWKHVDP HYHı

) LJXUH˚Æ7UDLOWHUP LQDWLQJ DWWKHOHIWRI DYHKLFOHȷ

) LJXUH¸Æ6SLUDOWUDLORQDYHKLFOHȷ

KLFOHffl EXWZLWK GLmHUHQWVWDUWLQJ SRLQWVffl LWFDQ WDNH GLmHUHQWURXWHVEXWVWLOOGHWHFWWKHYHKLFOHȷ ) LJXUH¸ GLVSOD“ VDFDVHZKHUHWKHFUDZOHUKRP HGLQRQDYHKLı FOHΩVZLQGıVFUHHQȷ

7KHSRZHURI WKHGDWD FUDZOHULVLOOXVWUDWHG LQ ) LJı XUHVß DQG æfflZKHUHIDOVHDODUP VDUHUHMHFWHG GXHWR FRQWH[WXDOLQIRUP DWLRQȷ,QRWKHUZRUGVfflWKHCIDOVHSRVı LWLYHVΩDVGHWHFWHGE“ WKHff5 REHUWVDQG+RZDUGfflˇøøøfi VFKHP HDUHFRUUHFWO“ FRQYHUWHGWRCWUXHQHJDWLYHVΩȷ ,Q ) LJXUHßfflWKHVWDUWLQJ SRLQWFRXOGUHVHP EOHVRP HIHDı WXUHRI DYHKLFOHfflEXWFUDZOLQJ RQWRDQRSHQURRI GLVı P LVVHGWKLVK“ SRWKHVLVȷ6LP LODUO“fflDP RUHFRP SOLFDWHG WUDLOLQ) LJXUHæ UHMHFWVDJUDVVYHUJHE“ FUDZOLQJ RQWR DQ RSHQ FDUULDJHZD“ȷ 7KHJUDVVYHUJHZDVSUREDEO“ LQLWLDOO“ GHWHFWHG DVDIDOVHDODUP EHFDXVHLWKDVWKH ZLGWKRI DFDUȷ 7KLVVXEıLP DJHFOHDUO“ VKRZVWKHMLWı WHULQWKH,5 / 6 LP DJHU“ ZKLFK KLQGHUVWKHGHWHFWLRQ WDVNȷ ( [SHULP HQWVUHGXFHGWKHIDOVHDODUP UDWHW“ SLı

) LJXUHßÆ $ SRWHQWLDOYHKLFOHIHDWXUHRQDURRI LVFRUı

UHFWO“ UHMHFWHGȷ

) LJXUHæÆ 7UDLOFRP P HQFLQJ RQDJUDVVYHUJHEHWZHHQ

FDUULDJHZD“ Vȷ1 RWHWKHWZRFDUVRQWKHULJKWȷ

FDOO“ E“ ¯´Φ ȷ

2 WKHUIDOVHDODUP VDUHUHMHFWHGQRWE“ ZDQGHULQJ WUDLOVffl

EXWLQVWHDGE“ WLJKWWUDLOVZKLFKVWD“ FORVHWRWKHVWDUWı

LQJ SRLQWfflDVVKRZQLQ) LJXUHVœ WRˇ´ȷ,QWKHVHFDVHVffl

WKHVWDUWLQJ SRLQWLVZLWKLQWKHFRQnQHVRI DQREMHFW

ZKLFK LVWRR VP DOOWR EHDWDUJHWffl DQG WKXVWKHUHLV

QR QHHG WR H[SORUHWKHREMHFWΩVVXUURXQGLQJVȷ 1 RWH

WKDWWKHHQGVRI WKHVHWUDLOVDUHQRWVKRZQEHFDXVHWKH

WUDLOVDUHLWHUDWLYHfflZLWKWKHFUDZOHUUHWUDFLQJ LWVVWHSV

RUSHUIRUP LQJ DF“ FOLFP RWLRQȷ

6“ VWHP DWLF oDJ IRUP DWLRQVWR FKDUDFWHUL]HREMHFWGHı

WHFWLRQVDUHQRWYLVLEO“ HYLGHQWLQWKHFUDZOHUΩVWUDLOVȷ

) RUH[DP SOHfflWKHIDOVHDODUP VDUHQRWFKDUDFWHUL]HGE“

DW“ SLFDOoDJ GLVWULEXWLRQ SDWWHUQȷ 7KLVLVSUREDEO“

EHFDXVHWKHoDJ SODFHP HQWfflDQGLQGHHGWKHWUDLOLWVHOIffl

) LJXUHœÆ ,WHUDWLYHWUDLORQ DQ REVWUXFWHG VHFWLRQ RI

URRIȷ

) LJXUHøÆ,WHUDWLYHWUDLORQDJDUGHQSORWȷ

) LJXUHˇ´Æ &“ FOLFWUDLOLQDUXUDOGULYHZD“ QHDUDWUHH

DQGRXWıEXLOGLQJVȷ

GHSHQGVRQWKHSDUWLFXODUCLP DJHFOXHVΩLQDQREMHFWΩV YLFLQLW“ȷ

+RZHYHUffl VRP HW“ SLFDOoDJ GLVWULEXWLRQ SDWWHUQVDUH HYLGHQWȷ 7KHUHLVDWHQGHQF“ IRUWKHFUDZOHUWRSODFH oDJVZLWKDQHDUıHTXDOGLVWULEXWLRQDORQJ WKHWUDLOfflDQG WR SUHIHUSODFHP HQWVRQ WXUQLQJ SRLQWVȷ 0 RUHVWULNı LQJO“fflWKHODVWIHZ VWHSVLQHDFKWUDLODUHRIWHQoDJJHGȷ 7KHFUDZOHUJRYHUQVWKHOHQJWK RI LWVWUDLOE“ LWHUDı WLYHO“ UHWUDFLQJ LWVnQDOVWHSVWR HmHFWLYHO“ WLP HıRXW WKH) 5 %ȷ+HQFHfflWKHVHnQDOVWHSVDUHRIWHQUHSHDWHGO“ oDJJHGȷ

5 HFDOOWKDWDWOHDVW7_↽ ˚ oDJVKDGWREHVHWIRUWKH 65 %WREHH[HFXWHGfflDQGWKDWIHZHUoDJVJDYHDGHIDXOW QHJDWLYHGHWHFWLRQ ff6HFWLRQ ¯ȷ̊ fiȷ ( [SHULP HQWVIRXQG WKDWWKHQXP EHURI LQGLYLGXDOVWKDWSODFHDWOHDVW7_↽ oDJVLQFUHDVHG GXULQJ HDFK HYROXWLRQ UXQȷ 7KLVVXJı JHVWVWKDWLQGLYLGXDOVFRXOGQRWXVHWKHQXP EHURIoDJV DORQHWRGHWHFWWKHYHKLFOHVfflE“ VLP SO“ LQYRNLQJ 65 % WR RXWSXWD SRVLWLYHYDOXHȷ 7KLVDOVR VXJJHVWVWKDW 65 %ZDVHP SOR“ HGWRP DQLSXODWHWKHoDJ GLVWULEXWLRQ VWDWLVWLFVLQDP RUHVRSKLVWLFDWHGZD“ȷ

) RUH[DP SOHfflHDFK VWHS LQ WKHLWHUDWLYHWUDLOVLQ ) LJı XUHVœ DQGø DUHoDJJHGfflWKXV“ LHOGLQJ VKRUWGLVWDQFHV IRUWKHoDJ GLVWULEXWLRQVWDWLVWLFVȷ7KH65 %FRXOGWKHQ LQWHUSUHWWKHVHVWDWLVWLFVDVDQLQGLFDWRUWRUHMHFWWKHVH IDOVHDODUP Vȷ

ß &RQFOXVLRQV

7KLVSDSHUGHVFULEHVDGDWDFUDZOHUWR LP SURYHWDUı JHWGHWHFWLRQE“ H[SORULQJ WKHFRQWH[WLQZKLFKFDQGLı GDWHWDUJHWVDSSHDUȷ 7KHFUDZOHULQLWLDOO“ SURFHVVHV FORVHıXS YLHZV WR ?VHQVHΠ DQ REMHFWΩV VXUURXQGLQJV DQGWR oDJ ZKHUHLWEHFRP HVDURXVHGȷ 7KHGLVWULEXı WLRQ RI WKHVHoDJVWKHQ UHSUHVHQWVD GLVWDQWYLHZ RI WKHREMHFWffl ZKHUHFRQWH[WXDOLQIRUP DWLRQ KDVQHFHVı VDULO“ EHHQ JUHDWO“ UHGXFHGȷ 7KHFUDZOHUWKHQ LQGLı FDWHVZKHWKHUWKHREMHFWLVDUHTXLUHGWDUJHWRUDIDOVH DODUP ȷ $ OODVSHFWVRI WKHFUDZOHUΩVGHVLJQDUHHYROYHG XVLQJ * 3 ZLWKn[HGDUFKLWHFWXUH$ ’ ) Vȷ

7KHGDWDFUDZOHULP SURYHGWKHSHUIRUP DQFHRI DSUHı OLP LQDU“ WDUJHWGHWHFWLRQVFKHP HfflE“ W“ SLFDOO“ UHGXFı LQJ WKHIDOVHDODUP UDWHE“ ¯´Φ ZKLOVWUHWDLQLQJ P RVW RI WKHDFWXDOWDUJHWVȷ

7KH SUHVHQWVFKHP H LVFRP SXWDWLRQDOO“ GHP DQGLQJffl GXHWR WKHFDOFXODWLRQ RI SL[HOVWDWLVWLFVHYHU“ WLP H WKHFUDZOHUP RYHVȷ &RP SXWDWLRQ VSHHG P D“ EHLP ı SURYHG E“ DOORZLQJ WKHFUDZOHUWR MXP Sffl DQG LQGHHG WKLVP D“ EHP RUHLQıNHHSLQJ ZLWKWKHZD“ WKDWDVFHQH LVVFDQQHGLQDQLP DOYLVLRQȷ2 WKHUDGYDQFHP HQWVFRXOG H[SORUHLWHUDWLRQVEHWZHHQWKH65 %DQG) 5 %WRUHLQı

IRUFHGHWHFWLRQ GHFLVLRQVffl DQG ?FRORQLHVΠ RI FUDZOHUV FRXOGSDUWLFLSDWHYLDSKHURP RQHWUDLOVȷ

5 HIHUHQFHV

¿$ QGUHffl ˇøø˚@’ DYLG $ QGUH ffˇøø˚fiȷ $ XWRP DWLFDOO“ ’ HnQHG ) HDWXUHVÆ 7KH6LP XOWDQHRXV( YROXWLRQ RI ˘ı ’ LP HQVLRQDO) HDWXUH’ HWHFWRUVDQGDQ$ OJRULWKP IRU 8 VLQJ 7KHP ȷ ,Q . HQQHWK ( ȷ. LQQHDUffl-Uȷ ffHGfiffl£Gı YDQFHVLQ* HQHWLF3URJUDP P LQJffl˚ææ^˚ø˚ffl0 ,7 3UHVVȷ

¿%HQVRQffl˘´´´@. DUO$ %HQVRQff˘´´´fiȷ( YROYLQJ ) LQLWH 6WDWH0 DFKLQHVZLWK( P EHGGHG* HQHWLF3URJUDP P LQJ IRU$ XWRP DWLF7DUJHW’ HWHFWLRQZLWKLQ6$ 5 ,P DJHU“ȷ ,Q3URFHHGLQJVRI WKH˘´´´ &RQJUHVVRQ ( YROXWLRQDU“ &RP SXWDWLRQ&( &´´fflˇ¸˚¯^ˇ¸˚øffl,( ( ( 3UHVVȷ

¿’ DLGDHWDOȷfflˇøøß@-DVRQ0 ȷ’ DLGDffl5 ȷ* ȷ2 QVWRWWffl7ȷ ) ȷ%HUVDQRı%HJH“ffl6ȷ-ȷ5 RVVDQG-ȷ) ȷ9HVHFN“ ffˇøøßfiȷ ,FH5 RXJKQHVV&ODVVLnFDWLRQDQG( 5 6 6$ 5 ,P DJHU“ RI $ UFWLF 6HD,FHÆ ( YDOXDWLRQRI ) HDWXUHı( [WUDFWLRQ $ Oı JRULWKP VE“ * HQHWLF 3URJUDP P LQJȷ ,Q3URFHHGLQJVRI WKHˇøøß ,QWHUQDWLRQDO* HRVFLHQFHDQG5HP RWH6HQVı LQJ 6“ P SRVLXP fflˇ¸˘´^ˇ¸˘˘ffl,( ( ( 3UHVVffl: DVKLQJWRQȷ

¿+DUULV DQG %X[WRQffl ˇøøß@&KULVWRSKHU +DUULV DQG %HUQDUG%X[WRQffˇøøßfiȷ( YROYLQJ ( GJH’ HWHFWRUVZLWK * HQHWLF 3URJUDP P LQJȷ ,Q. R]Dffl* ROGEHUJffl) RJHODQG 5 LRORffl* HQHWLF 3URJUDP P LQJ ˇøøßÆ 3URFHHGLQJVRI WKH ) LUVW£QQXDO&RQIHUHQFHffl¯´ø^¯ˇ¸ffl0 ,7 3UHVVȷ

¿+RZDUG HWDOȷffl ˇøøø@’ DQLHO +RZDUGffl 6LP RQ &ȷ 5 REHUWVDQG 5 LFKDUG %UDQNLQ ffˇøøøfiȷ ( YROXWLRQ RI 6KLS ’ HWHFWRUVIRU6DWHOOLWH6$ 5 ,P DJHU“ȷ ,Q 3ROLffl 1 RUGLQffl/ DQJGRQDQG) RJDUW“ ffHGVfiffl* HQHWLF3URJUDP ı P LQJffl3URFHHGLQJVRI ( XUR* 3 ˇøøøfflˇ¯¸^ˇ˚œffl/ HFWXUH 1 RWHVLQ&RP SXWHU6FLHQFHˇ¸øœffl6SULQJHUı9HUODJȷ

¿+RZDUG DQG 5 REHUWVffl ˇøøø@’ DQLHO+RZDUG DQG 6Lı P RQ&ȷ5 REHUWVffˇøøøfiȷ $ 6WDJHG* HQHWLF 3URJUDP ı P LQJ 6WUDWHJ“ IRU,P DJH$ QDO“ VLVȷ,Q%DQ]KDIffl’ DLGDffl ( LEHQffl* DU]RQffl+RQDYDUffl-DNLHODDQG6P LWKffHGVfiffl3URı FHHGLQJVRI WKH* HQHWLFDQG( YROXWLRQDU“ &RP SXWDWLRQ &RQIHUHQFHfflˇ´˚æ^ˇ´¸˘ffl0 RUJDQ. DXIP DQQȷ

¿+RZDUGDQG5 REHUWVfflˇøøøE@’ DQLHO+RZDUGDQG6Lı P RQ &ȷ 5 REHUWVffˇøøøfiȷ ( YROYLQJ 2 EMHFW’ HWHFWRUV IRU,QIUDUHG,P DJHU“ ÆD&RP SDULVRQRI 7H[WXUDO$ QDOı “ VLV$ JDLQVW6LP SOH6WDWLVWLFVȷ ,Q 0 LHWWLQHQffl0 �DNHO�D DQG 7RLYDQHQ ffHGVfiffl 3URFHHGLQJVRI ( 8 52 * ( 1 øø ı 6KRUW&RXUVHRQ( YROXWLRQDU“ £OJRULWKP VLQ( QJLQHHUı LQJ DQG &RP SXWHU6FLHQFHffl æø^œßffl ’ HSWȷ RI 0 DWKHı P DWLFDO,ȷ7ȷ&ROOHFWLRQV1 Rȷ $ ˘`ˇøøøffl8 QLYHUVLW“ RI -“ Y�DVN“ O�Dffl) LQODQGffl,6%1 ø¸ˇı¯øı´˚æ¯ı¯ȷ

¿+RZDUG HWDOȷffl ˘´´˘@’ DQLHO +RZDUGffl 6LP RQ &ȷ 5 REHUWVDQG &RQRU5 “ DQ ff˘´´˘fiȷ 7KH%2 58 ’ DWD &UDZOHUIRU2 EMHFW’ HWHFWLRQ 7DVNVLQ 0 DFKLQH9 Lı

VLRQȷ £ SSOLFDWLRQVRI ( YROXWLRQDU“ &RP SXWLQJÆ ( XURı

SHDQ ( & : RUNVKRS ˘´´˘ffl . LQVDOHffl ,UHODQGffl ˘˘˘^˘¯˘ffl

/ HFWXUH1 RWHVLQ &RP SXWHU6FLHQFH˘˘æøffl 6SULQJHUı

9HUODJȷ

¿-RKQVRQ HWDOȷfflˇøø˚@0 LFKDHO3DWULFN-RKQVRQffl3DWı

WLH0 DHVDQG7UHYRU’ DUUHOOffˇøø˚fiȷ ( YROYLQJ 9 LVXDO

5 RXWLQHVȷ,Q5 RGQH“ $ ȷ%URRNVDQG3DWWLH0 DHVffHGVfiffl

£ 57,) ,&,£ / / ,) ( ,9 ffl3URFHHGLQJVRI WKHIRXUWK,Qı

WHUQDWLRQDO: RUNVKRS RQWKH6“QWKHVLVDQG6LP XODWLRQ

RI / LYLQJ 6“VWHP Vfflˇøœ^˘´øffl0 ,7 3UHVVȷ

¿. R]Dfflˇøø˘@-RKQ5 ȷ. R]Dffˇøø˘fi * HQHWLF 3URJUDP ı

P LQJffl0 ,7 3UHVVȷ

¿. R]Dfflˇøø˚@-RKQ5 ȷ. R]Dffˇøø˚fi * HQHWLF 3URJUDP ı

P LQJ ,,Æ$ XWRP DWLF ’ LVFRYHU“ RI 5 HXVDEOH3URJUDP Vffl

0 ,7 3UHVVȷ

¿3ROLfflˇøøß@5 LFFDUGR 3ROLffˇøøßfiȷ * HQHWLF 3URJUDP ı

P LQJ IRU,P DJH$ QDO“ VLVȷ ,Q . R]Dffl * ROGEHUJffl ) RJHO

DQG5 LRORffHGVfiffl* HQHWLF 3URJUDP P LQJ ˇøøßÆ 3URFHHGı

LQJVRI WKH) LUVW£QQXDO&RQIHUHQFHffl ¯ß¯^¯ßœffl 0 ,7

3UHVVȷ

¿5 REHUWVDQG +RZDUGffl ˇøøø@6LP RQ &ȷ 5 REHUWVDQG

’ DQLHO+RZDUGffˇøøøfiȷ( YROXWLRQRI 9HKLFOH’ HWHFWRUV

IRU,QIUDUHG/ LQHVFDQ,P DJHU“ȷ,Q3ROLffl9RLJWffl&DJQRQLffl

&RUQHffl6P LWKDQG) RJDUW“ffl( YROXWLRQDU“ ,P DJH£QDO“ı

VLVffl6LJQDO3URFHVVLQJ DQG7HOHFRP P XQLFDWLRQVÆ ) LUVW

( XURSHDQ : RUNVKRSffl ( YR,£ 63 ˇøøø DQG ( XUR( F7HO

ˇøøøffl ˇˇ´^ˇ˘¸ffl / HFWXUH1 RWHVLQ &RP SXWHU6FLHQFH

ˇ¸øßffl6SULQJHUı9HUODJȷ

¿5 REHUWVDQG +RZDUGffl ˘´´´@6LP RQ &ȷ 5 REHUWVDQG

’ DQLHO+RZDUGff˘´´´fiȷ * HQHWLF 3URJUDP P LQJ IRU,P ı

DJH $ QDO“ VLVÆ 2 ULHQWDWLRQ ’ HWHFWLRQȷ ,Q : KLWOH“ffl

* ROGEHUJffl &DQWXı3D]ffl 6SHFWRUffl 3DUP HH DQG %H“ HUffl

3URFHHGLQJVRI WKH* HQHWLF DQG( YROXWLRQDU“ &RP SXı

WDWLRQ &RQIHUHQFHff* ( &&2 ı˘´´´fiffl ß¸ˇ^ß¸æffl0 RUJDQ

. DXIP DQQȷ

¿5 REHUWV HWDOȷffl ˘´´ˇ@6LP RQ &ȷ 5 REHUWVffl ’ DQLHO

+RZDUGDQG-RKQ5 ȷ. R]Dff˘´´ˇfiȷ ( YROYLQJ 0 RGXOHV

LQ * HQHWLF 3URJUDP P LQJ E“ 6XEWUHH( QFDSVXODWLRQȷ

,Q 0 LOOHUffl 7RP DVVLQLffl / DQ]Lffl 5 “ DQffl 7HWWDP DQ]LDQG

/ DQJGRQffHGVfiffl* HQHWLF 3URJUDP P LQJffl3URFHHGLQJVRI

( XUR* 3 ˘´´ˇffl ˇß´^ˇæ¸ffl / HFWXUH1 RWHVLQ &RP SXWHU

6FLHQFH˘´¯œffl6SULQJHUı9HUODJȷ

¿7DFNHWWfflˇøø¯@: DOWHU$ OGHQ7DFNHWWffˇøø¯fiȷ * HQHWLF

3URJUDP P LQJ IRU) HDWXUH’ LVFRYHU“ DQG ,P DJH’ LVı

FULP LQDWLRQȷ ,Q 6WHSKDQLH) RUUHVWffHGfiffl 3URFHHGLQJV

RI WKH¸WK,QWHUQDWLRQDO&RQIHUHQFHRQ * HQHWLF £OJRı

ULWKP Vffl,&* £ ıø¯ffl¯´¯^¯´øffl0 RUJDQ. DXIP DQQȷ

¿7HOOHUDQG 9HORVRffl ˇøøß@$ VWUR 7HOOHUDQG 0 DQXHOD

9HORVR ffˇøøßfiȷ 3$ ’ 2 Æ $ 1 HZ / HDUQLQJ $ UFKLWHFı

WXUHIRU2 EMHFW5 HFRJQLWLRQȷ ,Q. DWVXVKL,NHXFKLDQG

0 DQXHOD 9HORVRffl 6“P EROLF 9 LVXDO/ HDUQLQJffl 2 [IRUG

8 QLYHUVLW“ 3UHVVȷ