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$' $* 5D/(6LQ 5%$16 /(6 FRXSOBRWXS RI D IUDPHZRUN RI WKH ILQDO
LQ K\EULG 5%$16 /(6 DQGWHFKQLFDO FRQWHQWY DQG WLPHOL
HPEHGGHG /(6 DSSURDFKBVN KDV EHHQ SURJUHVVHG LQ DC

ORQLWRU OU 0 7RUPDOP )2, DUHD" SUREOHP IRU QRQ ]JRQDO RU
5HVSRQV PRGHOOLQJ E\ PHDQV RI LPSURY

IRUPXODWLRQ DPRQJ RWKHUV ; /(6
&KDLUPD 3URI 6 + 3HQJ )2, VWRFKDVWLF EDFNVFDWWHU KLJK

WHPSRUDO VSDFLDO FRUUHODWLRQ

HQHUJ\ EDFNVFDWWHU XVLQJ YHOR
X 2EMHFWLYHV RUWLFLW\ EDVHG, /(6 OHQIWK VFDC
7KH RYHUDOO REMHFWLYH RI $* KE’N\/\RH‘?'@U\E/LFPW\QﬁD lHG OHQJIWK VFE
LQWHUQDWLRQDO FROODERUDWLYHR | \kRMWHOWR: HILSOHRI K\EDALE OoHQJV
IXUWKHU WR GHYHORS DQG LPSURY\NHYPMN D6 F RPHOWQAIH IRU HKQDQFLC
IRU HPEHGGHG /(6 (/(6 DQG K\EUGGEIB$WLBR/Q6 )LIXUH VKRZV DQ H[DPS(
PHWKRGV SDUWLFXODUO\ WR DGOGUYVVQREHROIUMH\PBIWHKIRGYV IRU WKH
SUREOHP SUHVHQW LQ JRQDO DQG @R QD®® DD KURVVGSPRGMOLNQJ H[DPSOF
IRU DHURG\QDPLF DSSOLFDWLRQV FRRQRMW WXV REQM FAKILFKVWKRZ WKH LT

KDYH EHHQ 7R HYDOXDWH 5$1& HROYWRY Wi FPJ[LQJ OD\HU DQG P
PHWKRGYV DGRSWHG LQ FXUUHQW-XVERNTd Qsy4leDRgVWDIH RI WKH PL[L!
PRGHOOLQJ DSSURDFKHYV 7R GHYHORS 3*UH\ $UHD~

OLWLJDWLRQ *$0 PHWKRGV IRU LPSURYLQJ 5%$16 /(6
LQWHUDFWLRQ DV ZHOO DV LPSURYLQJ IXUWKHU WKH 5$16 DQG
/(6 PRGHV LQ K\EULG PRGHOOLQJ 7R GHYHORS
LPSURYHG 5%$16 /(6 FRXSOLQJ PHWKRGV IRU ]JRQDO DQG

QRQ JRQDO K\EULG 5$16 /(6 PRGHOOLQJ DQG IRU

HPEHGGHG /(6 PHWKRGYV 7R YHULI\ DQG DVVHVV WKH

GHYHORSHG PHWKRGV LQ VFDOH UHVROYLQJ VLPXODWLRQV RI

WHVW FDVHYV JLJXUH $Q H[DPSOH RI VRPH FRPSXWDW
PL[LQJ OD\HU 5HVROYHG WXUEXOHQW V

x0DLQ $FKLHYHPHQWYV SUHGLFWLRQV RI PL[LQJ OD\HU YRUWLFL\

$* FRQVLVWV RI PHPEHUV LQFOXGLQJ WKUHH

XQLYHUVLWLHV VL[ UHVHDUFK Rq%@:j;%@%g’é%?é’uD@§$¥\6KH!§“T5RGHOOLC
LQGXVWULHV 7KH ZRUN LQ $* KDV @ HH G LEDWHG
R &R h%Qg%QJ%\)\/ELp%LJ CVI\QWKHWLF

WHFKQLFDO WDVNV 7DVN GHDOV
5$16 /(6 PHWKRGV DQG 7DVN IRFXYEYRRQ ?$1&s$16 /(6 LQWHUIDFH D

/(6 FRXSOLQJ IRU JRQDO LQFOXGLQY PR PRCHYBANB UMD PLWLIDWLRQ
:0/(6 DQG HPEHGGHG /(6 7ZR WHMW, RP¥AW L LV EDVHG RQ 7& 0 6
PDQGDWRU\ 7& DQG DQ RSWLRQD\QXU%XCPI—‘H w CelR ik cE)U\ OD\HU RI Z
UHVSHFWLYHO\ IRU 7DVNV 7TKHyRHW GHOMOREHG 60 xVWUDWH -
DUH WKHQ IXUWKHU YHULILHG DQCPFPWP( g bLQREXVAY SBLOQPHWKRG
FRPSXWDWLRQV RI D PDQGDWRU\ DQG DHGDWLYHO\ ERPSOH [

IORZ WHVW FDVH

,Q WKH JURXS KDV SURJUHVVHG LQ OLQH ZLWK WKH
WHFKQLFDO ZRUN SODQ DQG KDV VXFFHVVIXOO\ FRPSOHWHG
WKH RYHUDOO WHFKQLFDO ZRUN 7KH PDLQ DFWLYLWLHV DQG
DFKLHYHPHQWY KDYH LQ JHQHUDO EHHQ PDUNHG E\ D

&RPSOHWLRQ RI FRPSXWDWLRQV R L%qgm&vwm*wwggbwkgﬂ}& o VsDWw
JRQDO DQG QRQ JRQDO K\EULG 581 RO WHR & MX%F%DU\ XYLQI VIQWKH WL

3URJUHVV PDGH LQ FRRUGLQDWH@Wg;g,R,yM,ﬁq W) GVR GRH/HIW
FRPSDULVRQV RI UHVXOWV IRU DooE DV

ZHOO DV WKH WZR RSWLRQDO 7&V HG RQ FRQWULEXWLRQV
E\ LQYROYHG $* PHPEHUV F B5HIL q)_l%g &/ ,
DEOL
HOKDOFH WXUEXOHQFH UHVROYL J .gw HF\*FW
QKDQ Q Q CIDEY VHEWLRQ L\

IRFXV RQ WKH 3JUH\ DUHD G
YHULILFDWLRQ RI PRGHOOLQJ P)—F\R/&W{‘av 'FE \)"\Ll't WRPDVH 7& 2 1$6%

FRPSUDWLYH VWXGLHV RI FRPSXW@\W ROW\IRQIWKIKGH7RYHG FWHG ZDOO
KH ERWWRP ZDOO DQG WKH UHVR
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SURILOH DW [ & LQ FRPSDULVRQxZ& WKRPHPVXWHG GDWD

-_-
meEET L 13

VKRZLQJ UHDVRQDEOH DJUHHPHQW

X &ERPSOHWLRQ RI PLOHVWRQHYV

JLIXUH ([DPSOH IRU 7& 2 XVLQJ ]
VXSSRUWHG E\ 67 PHWKRGV 7KH ORZHL
VNLQ IULFWLRQ FRHIILFLHQW OQWW LC

5LIKW --
oo srmates | we |

7& 0 FR IORZ RI ERXQGDU\ OD\HU RQGEARENHE QWHRMNO WY EHQHILWYV
KDV EHHQ DGRSWHG IRU RYHUD$O KDV WHKEEFRNQWK O DFKLHYHG LW
YHULILFDWLRQ RI PHWKRGYV GHYHORBHIK LR VIHPWNRY JRQDOITN G QRQ ]RQD
SDUWQHUV KDYH PDGH FRPSXWDWIERM®O XPISQRWKE ZzL'WK SDUWLFXODU |
:0/(6 '""(6 ='(6 DQG +<% PRGHOV DQGRERRH H[LVWLQJ LQ K\EULG PRGH
DUH IXUWKHU VXSSRUWHG E\ pPHWKR@® KORHE EHHQ RU ZLOO EH |
GLVVLSDWLYH GLVSHUVLYH VFKHGPYWR &®RPH & VHVRKR®A REG$* PHPEHUV |
SDUWQHUV DUH FRPSUHG IRU WKLVEMHEW HBWORLRHEIXY HRWKHU UHODW|
LQGXVWULDO DSSOLFDWLRQV

x$* PHPEHUVKLS

oMpenu  zuspov meolo

3 4DWDOD &55 S FOWDODQRAFLUD LW

) #DSLIDQASS  LEDSLIDORAFLUD LW

7 QRSS s IRELDV 0RSSHGOU GH

S SUREVW U5 SIHO SUREVWFGOU GH

6+ SMQI )2 BKLD +XLIHQIMIRLVH

& JRIDOR 175 ORIDORUFALOWD MV

RN a5 mamwsgovQo
LIXUH DPSOH IRU 7& 0 S5HVROYHC
BRZOVWUHDE v PHDOV RI JRODO iy ® MFN 2L VHEDVWLHQ GHEN#RQHUO I
DIWHU WKH 5516 /(6 LQWHUIDFH 6 SUYLGVR 6DDE  VHEDVWLDO DUYLGVRQKVDDEIY
,Q DGGLWLRQ WR WKH PDQGDWRU‘_-_=KHVWHU
0 DQG WKH RSWLRQDO FDVH 7¢ WV ERP
FRPSXWDWLRQV RQ WKH RSWLRQE | "RXUUHWSLUEXV) [REEMEXUURIIE BE0E
FDVHV FURVV SORWWLQJ KDV EHHyY SuRrnvvhu

—_
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&2817(50($685(

$(52'<1$0,&6
$'

ORQLWRULQJ 5HVY 0 7RUPDOP
)2,

&KDLUPDQ 7
)2,

%HUJOLQG

X %DFNJURXQG

7KLY DFWLRQ JURXS
FRXQWHUPHDVXUH REMHFWYVY FKDII
JHQHULF DHULDO SODWIRUPYVY 7KH F
WR HYDOXDWH FRPSXWDWLRQDO

KDV VWXGL

PRYHPHQW RI FRXQWHU PHDVXUH RERH¥YR¥UFHYV

X ODLQ DFKLHYHPHQWYV

X $' $* PHPEHUVKLS
OHPEHU 2UJDQLVD) H PDLO
/ 5XL] $LUEXV ' 6 /XLV 5XL]#PLOLWDU\ DLUEXV
6 &LG $UU $LUEXV ' 6 VHUJLR FLG#DLUEXV FRP
| 20LYLHU (VWLEDOV#HWLHQQ
2 (VWLEDO (WLHQQH / G2cia 1 Frp
FKULVWLDQ VDH]#HWLHQQH
& Bk (WLHQQH / 55 FURL FRP
7 %YHUJOLQ )2, WRUVWHQ EHUJOLQG#IRL VH
2 *UXQGHV )2, RORI JUXQGHVWDP#IRL VH
6 + 3HQJ )2, VKLD KXL SHQJ#IRL VH
. &KULVWRSKH MHXQH#PEGD
& -HXQH ~ 0%'$)UDQIV\vwHPV FRP
o VLPR WXVVHDX#PEGD
TXVVHDX 0% $)UDQ‘VWVGﬁﬁRTEEE
+ 9DQ GHU 1/5 +DUPHQ YDQ GHU YHQ#QOU ¢
PHWKRGV SUHGLFWLQJ
<HDU
5HVRXI 7TRWD O
LRQ

$ UHPDLQLQJ FRPSXWDWLRQDO LQY snuv srwx

Rl FKDII

FORXGY PRGHOOHG DV WKL PRQW30ODQ!

Xx3URJUHVV &RPPOAOWVYRAQHYV

&KDIl FORXG HYROXWLRQ ZLWKRXW WXI
JHQHULF KHOQEQSWHRDO FKDIl SDUWLF
DOLJQHG ZLWK WKH ] GLUHFWLRQ )2,
1/59V LQ EOXH 7KH WHPSRUDO LQFUHP
LV VHF

X ODQDJHPHQW LVVXHV

7KLV \HDU KDV PDLQO\ EHHQ GHYI
UHSRUW 7HOH FRQIHUHQFH PHHW
JHEUXDWWDQG $¥ULO

2QH SK\WLFDO PHHWLQJ ZKHUH DOC
H[FHSW /D&URL[ SDUWLFLSDWHG Z
ODGULG K W'RI -XQH 7KH IODUH SI

DFWLRQ JURXS LV VLQFH 6HSWHI
ILQLVKHG
X ([SHFWHG UHVXOWYV EHQHILW

7KH SURMHFW LV H[SHFWHG WF
XQGHUVWDQGLQJ RI VLPXODWLRQ
WUDMHFWRU\ PRYHPHQWYV

o

30DQQHG $FWXDO
QLWL &XUUH
oLoH vwRQH QEML &XUIR
«
06 3URYLGH KHOL
JULG I1ORZ ILHOG -XO 2FW "HOLYHUHG
06 8VH 98/&%' WR
IODUH VHFWLRQ DQ( -XO 6HS "HOLYHUHG
/IDFURLI
06 *ULG DURXQG L .
T TR Ty $XJ -X0 HOLYHUHG
06 $HUR GDWD ED’
ZLWKRXW H[KDXVW . 1RY -XQH  'HOLYHUHG
0%'$ DQG )2
06 &RPSDULVRQV
FRPSXWDWLRQV ZLW )HE -XQH  'HOLYHUHG
$SSU )2,
06 'HWHUPLQH WK
SURSHUWLHV IRU W1 6HS 2FW "HOLYHUHG
06 'HWHUPLQH WK
GDPSLQJ FRHII IRU 'HF $SU "HOLYHUHG
o%'s
06 'HOLYHU IODUH
SURSHUWLHV JDV F , , ,
1 SRVVLEOH FKHpL HF il O UH G
IDFURLI
06 6NHOHWRQ UHS
UHVSRQVLEOH RUJD )HE -DQ "HOLYHUHG
FKDSWHU )2,
06 &RPSXWDWLRC
WUDMHFWRU\ WHVW 0DU  'HF "HOLYHUHG
0%'s )2,
06 )ODUH WUDMH] ,
W sEu e @y pEud 99U $SU HOLYHUHG
. _ Q

06 )LQDO UHSRUW 'HF XQH SN unvy



&283/(')I8," AN &) PHWKRGVY ZLWK UREXVW Ju
' ' * WHFKQLTXH FDSDEOH RI PRGHOOL!
SLH0,8E GL° 1, ODUJH ULJLG ERG\ PRWLRQ DQG

> 8 0(&+$1,&6 PRWLRQ
6,08/$7,21 2) 9(5< A YOXLG VWUXFWXUH LQWHUDFWLRQ
YI(;,%/( $,5&5%$)7 FDSDEOH RI PRGHOOLQJ ODUJH WL
&21),*85%$7,216 URWDWLRQV

ORQLWRULQJ 5H) + 9DQ GHU 9HQ x $SSURDFK
1/5
$QDO\WVHV ZLOO EH SHUIRUPHG XVLQ
&KDLUPDQ 0 9HUKDJHQ EHQFKPDUN PRGHO ZKLFK KDV EHF
175 DFFRPRGDWH IRU PRUH ZLQJ IOH[LE]
;5) PRGHO KDV EHHQ PDGH DYDLODE

X %DFNJURXQG
R X VFHQDULRY ZLOO EH FRQVL(

:LWK WKH LQFUHDVLQJ LPSRUWD&C;:LWVW( LUR QRIQGWROR oy DQG W
LVVXHV YDULRXV WHFKQRORJLHV DUHoF Gy ’%\ﬁ %
FUHDWH PRUH HIILFLHQW DLUFUDlWngngQLy Y g%ﬂv@?z X%QURHODV\
EXUQ ,Q WHUPV RI DLUIUDPH HQKDERHEHWW Ve \WILMI ReF 9XGH EH S hU
XWLOLILQJ OLJKWHU VWUXFWXUHV, BREY, b pl l\JNDy@kaFv& UDWLRK LV w
b %\W'—z EH
o)

ZLQJV OHDGLQJ WR YHU\ IOH[LEO\H_FFM[B ) LOFUHDVHG
PRUH DFWLYHO\ DFFRXQWLQJ IRU,WKH O0BYY S)LF DVVXP

GHIRUPDWLRQV LQ YHU\ IOH[LEOH FRMbWLD%LR\(Q\g/ AJ-[I-RE?_' IROOR
ZHLJKW VDYLQJV DQG ODUJHU DVSFU:LV'A)PCP[Y\(/\B‘IBIQ/QFI%QV\IIEIH l*WDQhWE&RQ DQ

7R DOORZ IRU EHWWHU RSWLPL]DRIRBHRPUMIER YBRAOCPIHRQ SHVXOV
FRQILIXUDWLRQV VWXGLHV DUH FPRAHWHALERK@LWO BOU8HOPIVWLFE VLF
FORVHU WKH YDULRXV GLVFLSOLGRRXRVULSSIROWEIHOYUBROPKHQW 7KL
GHVLJQ HVSHFLDOO\ WDNLQJ LQWHRE7BBEERXQW =B(5R HPWIHRQPHQWYV E
VWUXFWXUDO GHIOHFWLRQV LQ IORBKWSPBHONQ LW VINIDVONGHMDUOLH U
%XLOGLQJ XSRQ *$57(85 )0 $* Z KHRUUHHX M HFKOWH DHURHODVWLF DQD
EHHQ PDGH RI VLPSOLILHG DHURG\@PBEOPIRGCHPMWR*LPSRVH OHVV VWU
PDNHV XVH RI KLJK ILGHOLW\ DHWCR@FQQE)@@F,F?@GMQ,\O EXU UHG XEW

i<2<@

FRXSOHG ZLWK VWUXFWXUDO PRG HQY FHK,Y A MAHEPTHVSHEW L
DLUFUDIW :LWKLQ $* FDSDELOL q Q02 RSV
WR SHUIRUP DHURHODVWLFE VLPXOVE) H f% Eé,g L0 WKH <
DLUFUDIW 7KHVH FDSDELOLWLHYV )& G S
EHQFKPDUNHG E\ SHUIRUPLQJ VLPX% ZKHQ RSV
GHJUHHV RI ILGHOLW\ WZ'-QJV

X 2EMHFWLYHV X ODLQ DFKLHYHPHQWV

7KH JRDOV RI $* DUH WZRIROG IL| Y

DLPV WR HQKDQFH HDFK SDUWQ E/g B(E EW%LL%LL(\%/JH
DHURHODVWLF VLPXODWLRQV SHU OH REW
DLUFUDIW 7KLV HQWDLOV PRUH $Q|@ [ybl@ Ib ¢LDWHG 0

DHURG\QDPLF ORDGV DQG VWUXF%&%QWL@@W@@\DWW@N 'cRLU\/WXUEDQF
PDQRHXYUH DQG GLVWXUEDQFH FREROWLRQRKRQW WIMFIREEHFIREHILQHG |«
RI $* LV WR GHILQH DQG GHYHORSHDARPPRQ WIHGW FDNRGHOV KDYH Et
LQ WHUPV RI DLUFUDIW DQG PDQRH&*Y UH SXKUSRYHWVO DDOWRIZ WEKLFK WK
YDULRXV SDUWQHUV WR EHQFKPDUNLRKADW VRQY HU\Q OFRE® RMHROFDIVL Q WKI
&$' JHRPHWU\ PRGLILFDWLRQV LOQF
7KLV WRSLF SRVHV D FKDOOHQJHOHDXH XS RRUYRYLEXVVWUXFWXUHG F
UHTXLUHPHQWY LQKHUHQW WR VXFWIDI-QIDQF\OH(\X/LRQ RI DQ HOHYDWRU VX
f PRGHO ZLQJ HODVWLFLW\ KDV E
" $ IOLJKW PHFKDQLFV PRGHO IRUIQHIHBYH Y WU SFWNHGWFWLRQYV DLP
GHIOHFWLRQ LQ J IOLJKW VHH ILJ

P
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IRU D ZRUVW FDVH PDVV FRQGLWLRBHRKNH QURW RRINQ S WHTHJ REDWKH WK
KDYH EHHQ WXQHG WR DWWDLQ WEHVGHWLADNG WRYVWHGOHFWIRQ7ZR W
LWHUDWLQJ IRU WKH JXVW FRQGLWWRQUHVMOWHNWYBHIVOKBYHD EHOQ Kt
FRGH HQYLURQPHQW VHH ILJ 2pwWREHWQRHUWQELWRH WK RI ODUFK
VXEVHTXHQWO\ UXQ WKH YDULRXYV yl_@g(\@@w[;@qgmﬁ@,@ngLévUDQFKLQJ

RI WKHVH FRPPRQ &$' DQG )(0 PRGH

FRPSOHWHG XQGHUO\LQJ PRGHOV QM H % D%é%%um;:
LQLWLDWH ULJLG DHURG\QDPLF Y S LRXV W
KRULIRQWDO WDLOSODQH GHIOHF D

IOLJKW IRU WKH WZR IOLJKW FRQG F@lGL V\R? §P\9’>\’W\PV S

ZLOO EH FRPSDUHG DIWHU ZKLFKJWQHU@WQUESSD KWYLF®® PHHWLQJ -
FRQWURO GHIOHFWLRQ FRQGLWLRW&U@W\E@H@HUW%@ IRU
ULJLG DQG DHURHODVWLF PRGHOV 6LPXODWD%HRXVO\ SD

HO
FRGH VLPXODWLRQV ZLOO EH SHUIRG(P HFWH UHVXOW\? EHQHILWYV
K H YDULRXV VLPXODWLRQV LQ WKLV

HQKDQFH WKH XQGHUVWDQGLQJ WR
SDUWQHUV LQ WKH QRQOLQHDU DHUR
WKLY SURMHFW ZLOO DOORZ IRU EH
WRROV DPRQJVW WKH SDUWQHUV W
FRPPRQ UHVHDUFK PRGHO

x $' $* PHPEHUVKLS

OHPEHU 2UJDQLVI ( PDLO

)LJ 7KH &$' JHRPHWU\ Rl WKH ;5) (OVVHO $LUEXV ' NROMD HOVVHO#DLUEXV FRP

+ %OHHFNH $LUEXV 2 KDQV EOHHFNH#DLUEXV FRP

3 9LWDJOLD &,5% S YLWDJOLDQR#FLUD LW

0 5LWWHU "5 PDUNXV ULWWHU#GOUJ GH

0 9HUKDJHGQ 1/5 PDULR YHUKDJHQ#QOU QO

) +XYHOLQ 21(5$% IDELHQ KXYHOLQ#RQHUD IU
& 3RXVVRW 21(5$% FKDUOHV SRXVVRW YDVVDO#

)LJ  'HSLFWLRQ RI WKH ZLQJ VWUXFWXUH LQ WKH )(0 PRGHO
7KH HODVWLFLW\ RI WKH I[URQW DQG UHDU VSDU DUH WXQHG IRU
SHUFHQW WLS GHIOHFWLRQ LQ J IOLJKW

X SHVRXUFHYV

S5HVRXUF <HDU 7RWDO

3HUV $FWX
PRQW 30DQ!

X 3URJUHVV &RPSOHWLRQ RI PLO

OLOHVWRQH 6WDWXV
yLJ 3DQHO PRGHO XVHG WR WXQH WK 06 $FFHVV WR FRF DUFK
WLS GHIOHFWLRQ IRU ZRUVW FDVH JXV' PRGHO R H G

06 &RPSOHWLRQ R

IRU &)' PHVK JHQHUI &RPSOH\QHG

x 3URMHFW PDQDJHPHQW 06 &RPSOHWLRQ R copson@uc

,W KDV EHHQ GHFLGHG WR KDYH D 'RUVLPXODWLRQV. """ "7 5 DQG

WHOHFRQIHUHQFH PHHWLQJV HYHU' 06 3DQHO FRGH Ol R W
IUHH ITUHH VLPXODW WXUEDQFH

io



06 ,QLWLDO &)' J
DHURG\QDPLF DQDO
IOLJKW VKDSH

06 5LJLG VWUXFW.
VLPXODWLRQV PDQ
GLVWXUEDQFH

06 $HURHODVWLF
VLPXODWLRQV ZLWK
PDQRHXYUH GLVW

06 $HURHODVWLF
VLPXODWLRQV ZLWK
VWUXFWXUH PDQRH
GLVWXUEDQFH

06 *HQHUDWLRQ R
RSWLPL]J]HG OLQHDU
PRGHO

06 $HURHODVWLF

VLPXODWLRQV ZLWK
OLQHDU VWUXFWXULl

06 &URVV SORWW
RI DOO UHVXOWYV

06 )LODO UHSRUW

QG

"WUXFWXUH

iDU

UDIW

'LIHG
EDQFH

QDO\VLV

-

[—;



6(&21'$5< ,1/(76 X $SSURDFK

$1' 287/(76 )25

$' $* 7KH SURSRVHG DFWLYLWLHYVY FRQFHI

9(17,/%7,21 VHFRQGDU\ DLU LQOHWY RQ MXOWLSC
WUDQVSRUW DLUFUDIW FLYLO DQG

ORQLWRULQJ 5H\ * OLQJLRQH DLUFUDIW 7KH VXEPHUJHG DLU LQW
&.5% SUHGRPLQDQWO\ VHOHFWHG IRU DSS

RI WUDQVSRUW DLUFUDIW FLYLO DQ

&KDLUPDQ -$ +HUQDQ] KLGGHQ LQOHW LV XWLOL]HGQRU DSS
$LUEXV 23 DLU LQWDNH RI FRPEDW DLUFUDIW LQ

VLIQDWXUH
X %DFNJURXQG

$LUFUDIW FDSWXUH RXWVLGH DLU yIRODWd HD SKUE R WU HRO WW U
FRQGLWLRQLQJ YHQWLODWLRQ DQG FRROLQJ 7KLV LV DFKLHYHG

E\ PHDQV RI VHFRQGDU\ DLU LQOHWY BKHIPH Y KHDG BHY. IGLOGWDBONH VWXGLF
ZLGHO\ GHSHQGLQJ RQ LQWHJUDWLRQ SRVVLELOLWLHYV

SHUIRUPDQFH UHTXLUHPHQWYV DQ7GDVrNL8LP1L%é$vMﬁéV@Q|§|DUG LQWDNH LQ
LQWHUIHUHQFH HIIHFWV LQFOXGLXVIE Q FDVH RI

WUDQVSRUW DLUFUDIW FLH{G'(W&QWiPHQE'W@lBJIAIOLLFW_%MU'\[gtIEWHWU\ DQG |
WKH FDSDELOLWLHV RI VHFRQGDU\ DLYIRRQE FQW B v Q FGWR VD O F X
FRQVLGHULQJ WKH WHQGHQF\ WR UHSFQ_Q/EKIRE;QQP@FRC;}\DLU IURP WKH

PDLQ HQJLQHV E\ WKH DFTXLVLWLR{Q B|58XBHABHGDWY IR§k PLLQWDNH S
FRQGLWLRQLQJ SXUSRVHV 7KLV WHQ G HQF8\6LKDVORHRHQ@ULLYIH@® BWHG E\ P+
WKH UHTXLUHPHQW WR SUHYHQW |XPRHRG HJRPS HaQ YDHULQN SV K H

FDELQ DV ZHOO DV WR FUHDWH D SRV¥IVEH O LW \SWHR OLWPLQDWH AEBENH WK

EOHHG DLU IRU DFWLYH IORZ FRQWUR} HBXE PRGHWKH H[LW GXFW KDV Et
Rl WKH $16<6 ,&(0 &)' JULG JHQHUD

JXUWKHUPRUH IXWXUH SURSXOVLRQ@ VWOFXKQRWR XIF’WWX DM GKUHAMLIGG RI KDV E
RU HOHFWULFDO HQJLQHY DUH EDVH® ERXWKH XIWH®& WRRQWRUD ERG\ DQC
EDWWHULHV ZKLFK UHTXLUHG WKH HYDFXDWLRQ RI KLIJK OHYHO

RI KHDW 7KH FRUUHFW GHVLJQ RI DX[LOLDU\ LQWDNHYV DQG

RXWOHW SHUPLWV DQ HDVLO\ PHWKRG WR UHMHFW WKH KHDW
ZLWKRXW SHQDOL]LQJ WKH QHZ HQJLQHYV SHUIRUPDQFHYV

X 2EMHFWLYHYV

$QDO\WH WKH HIILFLHQF\ RI D VXEPHUJHG 1%$&% W\SH DLU

LQWDNH IRU PXOWLSOH IOLJKW HQYHORSHV XVLQJ VWDWH RI WKH
DUW &)' DQG SHUIRUPDQFH HYDOXDWLRQ PHWKRGYV
,QYHVWLIDWH ZKHWKHU VXFK DQ DLU LQWDNH FDQ FRPSO\ ZLWK
QRYHO UHTXLUHPHQWYV IRU DLU FRQGLWLRQLQJ IRU ODUJH
WUDQVSRUW DLUFUDIW FLYLO DQG PLOLWDU\

$QDO\WVH WKH IHDVLELOLW\ RI D ORZ REVHUYDEOH VHFRQGDU\
LQOHW LQWHJUDWHG LQ WKH PDLQ DLU LQWDNH GXFW RI D FRPEDW
DLUFUDIW DQG DVVHVV WKH LPSDFW RQ WKH LQWDNH GXFW IORZ
ILHOG DQG RQ HQJLQH LQWDNH FRPSDWLELOLW\ ,QYHVWLJDWH
GLIIHUHQW W\SHV RI VHFRQGDU\ LQOHWV VKDSHV ORFDWLRQV
DQG VL]HV ZLWK UHVSHFW WR DGYDQWDJHV UHJDUGLQJ UDGDU
FURVV VHFWLRQ DQG DHURG\QDPLF SHUIRUPDQFH

yLJ 1/5 SUHOLPQDU\ VWXGLHV JHRPHWI
LQWDNH PHVK IRU &)
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)LJ

7DVN ,QOHWYV RXWOHWY FRQQHFW

f &,5%$ ZRUNV LQ D FRGH WR FRGH FF
RQ DQ H[LVWLQJ DFWXDO DLU LQW
PHWKRGRORJLHY DEOH WR FDUU\
LQOHWY GHVLJIQ
tf 6HFRQGDU\ 1$&% LQWDNH WHK
&) UHVXOWV RI 1$&%$ LQWDNH SUHSDUHG ER&KR.OH U 1$&(//( SURYLGHC

'"HWDLO RI YHORFLWLHV LQ LQOHW OLS 3,8%* 2 $(5263$8&( ,QGV

7D

X

)LJ
RS

yLJ

VN $LU RXWOHW VWXG\ IRU SDVVL%HH%%&S\F%MLEQSFH Fzé'gHo $E1H6<LE'

'/'5 SUHVHQWHG WKH UHVXOWYV RI D 77 F5DPSDLJQ

HYDOXDWH WKH DFKLHYDEOH PDVV bRLQDU\ FKHFN
RXWOHW LQ WKH 973 IRU GLIIHUHQW RS PlHVKHG E\ PHDQ
$, 2SHUDWLRQ %UHPHQ VKRZ WKH +\EUL 6/ 3 JULG JHQHUDWF
JORZ &RQWURO RXWOHW 10DS SHUIRJPIﬂS F \?" %%%W JULG RI ¢
ZLWK ZLQG WXQQHO WHVW ' PRGH H ZLWK DERX

PHDVXUHPHQWY DQG ' QHDUO\ IX0O0 G\ DQG D\ FORVH WR
11407K \|,Hoe LV ORFDWHG [

973 SODFHG LQ /RZ 6SHHG :LQG 7XQQ /

PRGHO WKH IODS RXWOHW LV ORFD%VLI—{J D[P YDV QR HRI WK

WKH 973 OHDGLQJ HGJH *HRPHWU\ FKHFNHG DQG WU
& (0 &)
f *HRPHWU\ PRGLILFDWLRQV G>
'LQJ %YRG\ DQG QDFHOOH UHD!
f ,QLWLDO PHVKLQJ FKHENV

yLJ &,5$ JHQHUDWHG JULG IRU 3,%$**,2 Q
LOWHUQDO LQWDNH DQG RXWOHW GXFWV

ODVV IORZ DW 10DS RXWOHW IRU D 973 IXQFWLRQ RI WKH
HQ DQJOH '/5 ZLQG WXQQHO WHVW

SBURMHFW 2SWL+\/ LQ '"1: //) ZLQG WAQQHIOIENREUEGHQHUDWHG JULG IRU 3,$%

/IDPLQDU )ORZ &RQWURO +/)& /IRZ 6SHIQGV HLQD OXIQMDNH DQG RXWOBAM GXFWYV
FDPSDLJQ RI $ 973 LQ '1: //) IDFLOLWDQBKHLQJ
IHWKHUODQGYV

e
el
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+LGGHQ VHFRQGDU\ LQOHW ZLWKLQ PDLQ LQWDNH

VWXGLHV X SGHVRXUFHYV
$, '6 SUHVHQWHG VRPH UHYLHZ RI[3DUW <HDU <HDU <ADU
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683(5621,& $,5 r  $VVHVYV 5$16 PHWKRGRORJ\

$ g 17%.(6 WXUEXOHQFH PRGHOOLQJ JULG P
’ : WDFNOH WKH SURSRVHG UHVHDUF
$(52'<1%0,&6 r (VWLPDWH WKH &38 FRVW RI Wk

PHWKRGRORJLHV
ORQLWRULQJ 5HY ' 3DJDQ

0%'$ x 0ODLQ DFKLHYHPHQWYV
&KDLUPDQOQ & 1RWWLQ -3 ODODJHPHQW
0%'$

2QH SK\WLFDO PHHWLQJ ZKHUH DOO ¥
x %DFNJURXQG SDUWLFLSDWHG ZDV KHOG DW 0%'$ )

5RELQVRQ LQ )HEUXDU\ WK

6XSHUVRQLF DLU LOQWDNHV DUH RI IRUHPRVW LPSRUWDQFH LQ
WKH GHVLJQ RI D VXSHUVRQLF D$ WHBBERWKXURQILOM KLFRBIQJIJH VHUYHU
ZKHWKHU WKH SURSXOVLRQ V\VWHFELV %' VX WRRWKDA HD UHSRWAWY RSU H V H
D VFUDPMHW 7KH\ DUH FULWLFDO LRQW K H [SHWIRRIHFOWEA WKUXOWV  +R:
GUDJ FRQVXPSWLRQ EXW DOVR LOLFkWDPWRQNXIEQHW UWRKHRI GDWD VI
JHQHUDO DUFKLWHFWXUH DQG WKHUBERYPPQ DWMWQWKRPV?WWLRQ
WR EH DFFXUDWHO\ GHVLJQHG YHUYUKNOHPFRIHWHQERPHHWLQJ ZDV K
GHYHORSPHQW SKDVH &xuuHQWO\V"B\/&%[L@O(?H_‘%HLBBQL@LWF%L%H\FLVLRQV U
UHOLHV RQ QXPHULFDO VLPXODWLRQV, &} QG =3 "D PRQLWRU SUI
RQIHUHQFHV ZLOO EH SODQQY

$Q $FWLRQ *URXS RQ VXSHUVRQLF DLU LQWDNHV ZDV

FRPSOHWHG LQ $* W ZDV IRFXVHG RQ VKRFN

ERXQGDU\ OD\HU LQWHUDFWLROQV BQocb6XMSHU\LRGLFaGLIG¥VRYY IORZV
SRURXV ZDOOV DQG EXPSV ,W LV SURERPYVE wt/RXREECRG vkl LQYROY
UHVXOWYV RI WKLV $* DQG WR ODXQPK DBDCHENURYHDUFK DFWLYLW\

LQ WKLV GRPDLQ ZKLFK LV RI SULPDB B (RPAHQUEKER PHR it ¥ BT\

DLUFUDIWV DQG PLVVLOHYV r SUHGLFWLRQ RI VKRFN ER>
LQWHUDFWLRQV
x 2EMHEWLYHYV r SUHGLFWLRQ RI FRUQHU IORZ V

GLVWRUW WKH IORZ DQG DIIHFV
7KH PDLQ REMHFWLYH IRU WKH $* LORNR HIWDW WX BUGDIIXVRU
GDWDEDVH RI UHOHYDQW IORZ |HDMKU D CRAY LFHDSOU HWHUWBAXOW DYVFH PR G H
WHVW FDVHV DQG YDOLGDWH &)' FRGRWXRQBVWIMKHHUNEREFLIRIFO WR UHSL

WRSLFV 7KH IROORZLQJ LQYHVWIOIRAYLRO®RUW KHPHRQ FEH PRGHOV PD\
SURSRVHG RQ 5%$16 ZLWK QRQ OLQHDU FORVXI

WHFKQLTXHV

r &RZO REOLTXH VKRFN ERXQGDW\' O\CHWW FPVH.QUANE WKDEE %BYWURQJ
OD\HU LQWHUDFWLRQV HIIHFW RI FRUQHU IORZV IURP )LpYHW

f QWHUQDO EOHHG IORZV ZDV LGHQWLILHG E\ 21(5% EXW WKH

r 6XSHUVRQLF DLU LQWDNH GLIXVRUWVXPBELYRUWDWR Y XVHG DV D W

LVRODWRUV LQFOXGLQJ FRUQHUZMERY 2 URFVHEWYRFHVLIQ RI D WH
$* EXW ZLWK  ZHOO NQRZQ IORZ

W LV H[SHFWHG WR VXSSRUW HDFERXRSHDH IZHWKVUHHPHOIW B QG
GHWDLOHG H[SHULPHQWDO GDWD DAHYHBYBOD v %16 FREFSWDYYLRQV ZHU

DOG RU YDOLGDWLRO 21(5% ,QOHW IORZ SURILOHV DUH QF
SDUWQHUV VHH )LIXUH 2XWOHW FF

7KH PDLQ FRQFOXVLRQV RI WKH DEFDFINY SWHNV XU LRIHES RXWO SHUIRU

GXULQJ WKH SURSRVHG $FWLRQ *UDGSFXYRRWOEB OFWKIPW WRR EH XVHG D
IROORZLQJ VSHFLILF LVVXHV ZLWK 5%$16 PRGHOV OHPEHUV ZLOO

DQG RU 5$16 FDOFXODWLRQV LQFOXG

r &ODULI\ WKH EHQHILW RI QHZWXRYEXHWIKRGRRGHOV 6%$4&5 506 «
XQVWHDG\ ='(6 DSSURDFK DQG +3& FDSDFLWLHV
LQ FRPSDULVRQ ZLWK WKH ODVW $* IRU H[DPSOH

70



yLJ 6KRFN WUDLQ LQ D UHFWDQJXODU FURVV VHFWLRQ FKDQQHO
21(5%$ WHVW FDVH

)L (IIHFWV RI 4&5 FORVXUH ZLWK WKH
PRGHO DQG FRPSDULVRQ ZLWK ZDOO SUH
21(5$%

yLJ &RPPRQ LQOHW IORZ ILHOG SURSRVHG E\ 21(5% IRU
VKRFN WUDLQ FDVH FRPSXWDWLRQYV

5$16 FRPSXWDWLRQV ZHUH SHUIRUPHG E\ 21(5%

XVLQJ 6SDODUW $0O0ODPDUDYV 6% DQG D QRQ OLQHDU FORVXUH
YDULDQW 6% 4&5 5HVXOWY REWDLQHG ZLWK 6% 4&5

PRGHO DUH TXLWH GLIITHUHQW FRPSDUHG WR WKRVH REWDLQHG
ZLWK WKH VWDQGDUG 6% PRGHO 7KH SUHGLFWLRQ RI WKH

FRUQHU IORZV LV VWURQJO\ PRGLILHG HHMXRWRL QL RoRVRFR zLwk WKH
VIPPHWULF GHYHORSPHQW RI WKH pRKRfNpYWE FRRsbQRYVRH WHWH piLDO sut
GXFW IRU WKH 6% DQG D V\PPHWULKyURR H1 6RIK KN GG 45 LpYHW HW DO -
FI )LJ

YXUWKHU LQYHVWLJIJDWLRQ E\ 21(5% L
ZLOO IRFXVHG RQ 667 667 4&5 5H\
ORGHO 560 DV ZHOO DV ='(6 WXUEXO

yLJ (I THFWV RI1 4&5 FORVXUH ZLWK WK:I-?’ 6SI98|§&W éJdDdDFJ\e)laWVLQWDNH

PRGHO RQ FRUQHU IORZV DQG VKRFEN W.y§L|QDq/HYd4W|§6t|@MVGIRHQ GHWDLO H[S
:3 WHVW FDVH 21(5%

REWDLQHG LQ VHYHUDO H[LVWLQJ
&RPSDULVRQV Rl &)' SUHGLFWLRGWVPADARQOYYBUOD O MHW LQWDNH G
SUHVVXUH PHDVXUHPHQWY DQG SXEXIUMKHG '16 UHVXOWYV
VKRZ ORFDO LPSURYHPHQWY ZLWK WKH QRQ OLQHDU FORVXUH
RI WKH WXUEXOHQFH PRGHO FI )LJ DQG )LJ

-
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rr 3UHVVXUH PHDVXUHPHQWY LQ W
GHWHUPLQDWLRQ RI SUHVVXUH UH

yLJ '/5 HI[SHULPHQWYV ZLWK PHDVXUHPH (
ORFDWLRQ

)LJ '/5 HI[SHULPHQWDO PRGHO IRU WKH ODFK UDPMHW
LOWDNH $FFXUDF\ RQ WKH DLU LQWDNH SHUIR

‘/5 bUH SUHVHQWHG EHORZ
7KLY ODUJH H[LVWLQJ GDWDEDVH LQFOXGHY VHYHUDO HIIHFWYV

r LQWHUQDO EOHHG JHRPHWU\ RSHQ RU FORVHG

r IORZ FRQGLWLRQV VXFK DV ODFK QXPEHU RQ DQG RII
GHVLJQ FRQGLWLRQV DQG DQJOH RI DWWDFN

r JHRPHWU\ Rl WKH UDPSV DQG FRZO

W ZDV GHFLGHG WR IRFXV *$57(85 DFWLYLWLHV RQ EOHHG
SUHGLFWLRQ HIIHFWV LQ GHVLJQ DQG RIlI GHVLJQ ODFK
QXPEHU FRQGLWLRQV

D GHWDLOHG LQYHVWLJIJDWLRGC

7KH PHPEHUV DJUHHG WR VHOHEWX%%\'@I‘?@GRLZWQF%QV QHHGHG IRU
H[SHULPHQWDO FRQGLWLRQYV SUHSDUHG DQG VKDUHG WKH &$' IL(

r 1R EOHHG YHUVXV EOHHG Pﬁ@ﬂh@%W&WQE%PPRQO\ DJUHHG D
OHQJWK EOHHG H[LW OHQJWK LQPHBWLQ

r (IITHFW RI ODFK QXPEHU ODFK
FRQGLWLRQ VKRFNV RQ FRzO or¢ Eg ﬁ@ QXQ&QU\ FRQGLWLRQV
GHVLJQ FRQGLWLRQV VKRFNV |UF’<; RWLEBRY Ul SRWHQWLDO

LQVLGH WKH GXFW RQ WKH LQWH KRzWKH EOHHG PDVV IORZ UDV
fTwW U sw f EDU 5P KDV QR VRQLF RXWOHW DV LOOXVWUI

r 1R $QJOH RI DWWDFN DQG QR VLGHVOLS

r 7TKURWWOLQJ HIIHFWV DW GRZQVWUHDP VRQLF WKURDW
FRQGLWLRQ WKURDW VHFWLRQ FDQ EH FKDQJHG XVLQJ D
WUDQVODWLQJ SOXJ

7KH DYDLODEOH H[SHULPHQWDO GDWD FRQWDLQ FI )LJ

f 6FKOLHUHQ LPDJHYV
f :DOO SUHVVXUH PHDVXUHPHQWYV
R SUHVVXUH SRUWV DORQJ FHQWUHOLQH RI UDPS
FRZO DQG GLIIXVHU
R 6WDWLF SUHVVXUH PHDVXUHRBHQWYOXYWKDWLRQ RI 0DFK QXPEHU RI
36, 6\WWHP E\ 3UHVVXUH 6\VWHMLGH WKH EOHHG '/5
R ,QUWDWLRQDU\ SUHVVXUH PHDVXUHPHQWV ZLWK
&) XOLWH VHQVRUV IRU IUHTXHQF\
DQDO\WLV RI LQOHW EX]]LQJ
r 6L[ 3LWRW UDNHV ZLWK GLHHUHWO §L¥J$§ \gkfl;t@g%ﬂR PHVK KDV
R &DQ EH LQWHJUDWHG LQ IR %Lll W
ORFDWLRQV LQ WKH GLIIXVHU VHFWLRQ
R DGGLWLRQDO 3LWRW UDNHV IRU H[WHULRU IORZ
DERYH DQG EHORZ WKH PRGHO
f ODVV IORZ PHDVXUHPHQWYV E\ FRQLFDO WKURWWOH

~
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W ZDV GHFLGHG WR FRPSXWH W
FRQILJXUDWLRQ LQ VXSHUFULWLFDC
GRZQVWUHDP H[WHQVLRQ VXIILFLHQ\
UDNH DYDLODEOH LQ WKH H[SHULPHQ

7KH H[SHULPHQWDO FRQGLWLRQV IR
KHDW IOX[HV VWLOO QHHG WR EH IL[F
DV H[SHULPHQWDO WHVWV ZHUH SHL
FRQGLWLRQV GHSHQGLQJ RQ DUHD

PHDVXUHPHQW LQVLGH WKH LVRO
PHDVXUHPHQWY RQ WKH UDPSV IRU W

yLJ &$' SURYLGHG E\ '/5 IRU WKH :3 FRPSXWDWLRQ
RSHQ EOHHG FDVH

7KH &$' H[WHQVLRQ GRZQ WR WKH WKURWWOLQJ GHYLFH
SOXJ KDV EHHQ SURYLGHG DV DQ RSWLRQ VR WKDW
WKURDWWOLQJ HIIHFW FDQ EH FRPSXWHEG HLWRIYBHRWVORQEWEh VFUDPMH
SUHVVXUH RQ VKRUW GRPDLQ RU RNKPRERIURPKWKHI KM B| ¥LEGHZDOOV FR

WKURDW RQ WKH 1X00 GRPDLQ LQ WRHEFRBERWBWIROEPESURFHVYV

7KLV FRXOG KDYH DQ HIIHFW Lk R¥H Y¥RAKYHNWR PHVK SURYLGH
FRPSXWDWLRQV RI VXUJLQJ UHJILPH UM \SOPRRE R OWI KW LY IRRW 7KH
D SULRULW\ RI WKH :3 GRZQVWUHDP WKH LVRODWRU 3LWRW

7KH H[SHULPHQWDO PHDVXUHPHQWYRpPSELWD WHREVRM HRO®W YV ZLOO EH
VKRUWO\ E\ '/5 WR DOO PHPEHUV DSSURDFK ZLWK VDPH WXUEXOHQFH F

&RPSXWDWLRQV HIIRUWY zLoo ER YRERVHE Yo' 35316
DSSURDFK ZLWK VDPH WXUEXOHQFH PRGHOV HIIHFWV DV WKRVH
SURSRVHG LQ :3

3 ODFK VFUDPMHW LQWDNH
7KH SURSRVHG WHVW FDVH LV LOOXVWUDWHG RQ WKH )LJXUH

)LJ &$' SURYLGHG E\ '/5 IRU WKH :3 FR
FORVHG EOHHG FDVH

X ([SHFWHG UHVXOWYV EHQHILWYV
)LJ '/5 H[SHULPHQWDO PRGHO IRU WKIKNFUDPNMWFORFKLY H[SHFWHG WR

LQWDNH XQGHUVWDQGLQJ RI WXUEXOHQFH F

2QH WRSLF IRU :3 zLOO EH WKH DRORWUHLPHBYRBPHWRZIV LQ VXSHU
SUHGLFWLRQ DQG HIIHFWV RI VLGHRMPNI¥RPSYRYFLIRE RKWFRPH LV

VRPH H[DPSOHV Rl H[SHULPHQWDO Bﬁ‘O’Pé@/v'—ﬂ?igﬁfﬁlﬁH HVW SUDFWLF
FRPSXWDWLRQV

~
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X $' $* PHPEHUVKLS JHEUX )JHEUXI 1RW

'3 )LQDO UHSRUW I

VWDUWHG
OHPEHU 2UJDQLVD)\ H PDLO
i3 'HILQLWLRQ RIC , 4 -
3DWULFN *U '/5 SDWULFN JUXKQ#GOU GH FEDVH IRU VKREN WU Q
20LYHU +REK '/5 20LYHU KRKQ#GOU GH 3 (DFK PHPEHU WF 0
0DJQXV 7RL )2, PDJQXV WRUPDOP#IRL VH ,J:LF;';,%XDV\?DGWRLEQV(;BLQ 1 4 SURJUHVV
+HQULN (GF )2, KHQULN HGHIXU#IRL VH
:3 '(6 FRPSXWDWLF 4 4 0
'"LGLHU 3DJI 0%'$ )UDQI GLGLHU SDJDQ#PEGD V\VV ( SURJUHVYV
&KULVWRSK 0%'$ )JUDQI FKULVWRSKH QRWWLQ#PE
i3 JL[ H[SHULPHQW , -DQXD ooy
6FRWW 6FKI 0%'S$ 8. VERWW VKDZ#PEGD V\VWH DQG SURYLGH &$' IL
6pPEDVWLHQ 21(5$% VHEDVWLHQ GHFN#RQHUD
:3 (DFK PHPEHU WF
 8QLYHUVL) JULG DQG REWDLQ < 4 4 :
1HLO 6DQGF Q VDQGKDP#VRWRQ DF XN
QG' 6rxwkDPS Q FRPSXWDWLRQV SURJUHVV
. 1RW
:3 )LQDO FRPSXWD 4 4 A o o
X 3URJUHVV &RPSOHWLRQ RI PLC 3 ) { yishuLPHOw . DOXD oy
30DQOHG SEWXD O DQG SURYLGH &$' IL
,QLWIL &XUUH 3 (DFK PHPEHU WF 1RW
OLOHVWRQHV "S5G  XscDu JULG DQG REWDLQ S 4 4 .
« FRPSXWDWLRQV
. JHEUXI . 1RW
:3 .LFN RIl PHHWLG 4 RQH ‘3 )LQDO FRPSXWD 4 4 VWDUWHG
23 OHHWLQJ 4 SO ey
: 1RW
23 OHHWLQJ 4 4 N G



,PSURYLQJ WKH VUgXRPFWERHR! WKH EXEEOH ZLWK WKI

OHQF OHYHO

$' 8 RI ODPLQDU VHSD@@FW%;P@H EXUVW RI WKH EXEEOH DW
EXEEOHV FRQVHTXHQFHYVY RQ WKH VWDOO FKDUL
$t&ULWLFDO HYDOXDWLRQ RI WKH ODF
ORQLWF * OLQJLRQH LQVWDELOLW\ DQDO\WLY PHWKRGV W

5HVSRQVDEOH &,5% VHSDUDWLRQ EXEEOHV

X $SSURDFK
&KDLUI 3 &DWDODQR

&,5% 7KH IRFXV LV SODFHG RQ WKH PHWKEF

5H\QROGVY $YHUDJHG 1DYLHU 6WRN
HTXDWLRQV DQG RQ WKH K\EULG 5$1¢
x NDFNJURXQG %RXQGDU\ OD\HU LQVWDELOLW)\ DQDO'
7KH ODPLQDU VHSDUDWLRQ EXEEXOWHHIGY RQG FERWSBUME. ZLWK WKH 5$1
FULWLFDO DVSHFWV RI IORZV DW BDWURERWYOVL @ GHEHRLRQFLHY RI WKH W:
RUGHU RI PDJQLWRGHYHU WKH PRUHRYHU WKH 5%$16 HPEH
UHSURGXFWLRQ RI WKLV SKHQRPMNX¥E XY RXOW W WRRF¥HWLRQ PRGHOV
FUXFLDO DOVR IRU IORZV DW KLIJNLQIUEEREW VL Q¥ PEKW LQWR WKH HIIL
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OLHV HQWLUHO\ LQ WKH VSHFLILF HQYLURQPHQWDO
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WRJHWKHU ZLWK WKH ORZ WHPSHRIDREHUAWY SURBXEHZIORIKWHVW FDVF

FRQGLWLRQV FKDUDFWHULVHG E\SYHUROREG HI®ROEHVW FDVHV IRU :3

QXPEHUV DERXW Rl WKRVH RQ RHHRQ (DLW ZWLOH D WHVW FDVH IRL

FRPELQDWLRQ ZLWK KLJK ODFK Qf# HG WU UHVXOWYV IRU DOO

KLIJKHU WKDQ WKH WHUUHVWULDSRYRVQHRH HYDOXDWLRQ RI
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LQYHVWLJDWHG VR IDU LV EHFRPLXQJd_§{§|ﬁ{dH§UDéJ§J%%\\QI§WJ¥|

LPSRUWDQW IRU WKH XQGHUVWD QR LQJ R\ VK H IR EBLOANN Riioc pw &
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UHFLUFXODWLRQ UHJLRQ REWDLQ LPSURYHG VLPXODWLRQ WRR(
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t& $ *:,1' 785%,1( :$.( $1' t 7KH JURXS VKRXOG SURYLGH UHFR
+(/,&237(5 23(5%7,216 OHJLVODWLRQ DQG GLVVHPLQDWH \
DSSURSULDWH DXWKRULWLHV DQG S
ORQLWRULQJ 5HY - +DNNDDUW
1/5
&KDLUPDQ OU 5 %DNNHU
1/5

x 2EMHFWLYHYV

7KH DPRXQW RI HQHUJ\ SURGXFHG E\ ZLQG WXUELQHV LV

VWLOO RQ WKH ULVH DQG VHHPV WR FRQWLQXH WR GR VR LQ WKH
QHDU IXWXUH ,Q DGGLWLRQ WKH URWRU VL]H RI ZLQG
WXUELQHVY LQFUHDVHYV ZLWK FXUUHQW URWRU GLDPHWHUV WKDW
PD\ UDQJH XS WR P

8OWLPDWHO\ WKH OLNHOLKRRG RI DLU WUDIILF HQFRXQWHUV
ZLWK ZLQG WXUELQH ZDNHV LV LQFUHDVLQJ VKRZLQJ WKH
QHHG IRU D PRUH GHWDLOHG VWXG RWLWKM LEWHUDFWLRQV RI

URWRUFUDIW DQG WKH Z2LQG WXUFkQKYRMDDPPH FRQVLVWY RI ZRUN ¢

‘"HVSLWH WKH DPRXQW RI OLWHUDMWRWHFRR 0BRWKHEHQW DQG 'LVVHPL

WXUELQH ZDNHV DQG KHOLFRSWHU 3 hldHExGEQHWEDNRYWHbOwLILFDWL
HQFRXQWHUV QRW PXFK UHVHDUFK

KDV EHH H WK H
LQWHUDFWLRQV RI ZLQG WXUELQH -] @@<WW§<§E§Z%%‘OLPZ%§\HHUH[SHULPH‘

IOLIJKW
+HOLFRSWHU 'LQG WXUELQH RII OL

7KH DLP RI WKH $FWLRQ *URXS LV WROVHWSWWSHD WHDPQR!I WXUELQH ZI
UHVHDUFKHUV IURP XQLYHUVLWLHVVDRGODMMHRMUWFK LQVWLWXWHYV
WR FRRSHUDWH DQG SHUIRUP WKH IROORZLQJ DFWLYLWLHYV

¥ 3HUIRUP D VXUYH\ RI DYDLODEOH H[SHULPHQWDO DQG
DQDO\WLFDO ZDNH GDWD IRU W\SLFDO ZLQG WXUELQHV
&ROOHFW DQG DVVHPEOH WKH GDWD WR SURGXFH D
GDWDEDVH RI ZLQG WXUELQH ZDNH SURSHUWLHYV
,GHQWLI\ DSSURSULDWH ZDNH FKDUDFWHULVWLFV ZLWK
UHJDUG WR WKH HIIHFW LW KDV RQ WKH KHOLFRSWHU IOLJKW
FKDUDFWHULVWLFV

¥ 'HILQH UHSUHVHQWDWLYH WHVW FDVHV IRU D ZLQG
WXUELQH DQG KHOLFRSWHU FRPELQDWLRQ 6HYHUDO
FRPELQDWLRQV RI VPDOO ODUJH KHOLFRSWHU DQG ZLQG
WXUELQHV GHSHQGLQJ RQ DYDLODEOH H[SHULPHQWDO
Gbwb DYDLODEOH KHOLFRSWHU PRGHOV SLORW LQ WKH
ORRS IDFLOLWLHVY HWF VKRXOG EH FRQVLGHUHG

$ 3HUIRUP FRPSXWDWLRQV DQ& &PQRwWH B H®W xobiwai)/

WXUELQH ZDNH RQ WKH vwbEL QI KL ET (HHNEES 2oy gHoC RQ 1
DQG VDIHWA DVSHFWV RI D KHO /RSN |—(|?v DQGHZRUN SD%NDXVHKVH ZhL
+ 9DOLGDWH WKH UHVXOWV RI WK EFGBREWBWRRRBR WBAHUDONRY KD
DQG VLPXODWRU WULDOV ZLWKgRYRHIRERK RISBBYVAREVWRRS zL00 FF

GDWD FROWULEXWLRQ WKHUH 'U :KLWH DW
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JLYHUSRRO ZLOO FRQWULEXWH WR POKIEHOWEKWY VOPEODWRRQR! ZLQG
DFWLYLWLHY 7ZR WHOHFRQIHUHBFHHWU ZPWAWKOHOOGDRW® NMVE$ 8R* DQG
0D\ DQG WK 'HFHPEHU 2Q XDWRRKULVLQJ WKH %2 IOLJKW G\Q
WKH SODQQHG OLG 7HUP OHHWLQJSRDV FRPELQHGXQAWKHISRUWY DQG GF
WKH UG 7HFKQLFDO OHHWLQJ 'XH MURH D/IDAVODIEE OW WE RIQW B I
SDUWQHUV LW ZDV QRW SRVVLEOH WR RUJDQLVH D OLYH
PHHWLQJ LQ *ODVJRZ ,QVWHDG D WHOHFRQIHUHQFH ZDV
RUJDQLVHG 7KH ILQDO PHHWLQJ WRRN SODFH DW WKH (5)

LQ 6HSWHPEHU LQ 'HOIW 7KH ILQDO UHSRUW ZDV
GHOLYHUHG LQ -DQ

x SHVXOWV EHQHILWYV

7KH RXWSXWV IURP WKLV $* ZRXOG EH XVHG WR SURYLGH
UHFRPPHQGDWLRQV IRU OHJLVODWLFgQ DQG@_\:H%‘*%L\@J{ H WKH
ILQGLQJV WR WKH DSSURSULDWI—F D V\?KRUL H DQ SDUWLHYV
FRQFHUQHG QHPEHU 2UJDQL' H PDLO

7KH ILUVW GHOLYHUDEOH D WH|>LFKPUG %D 175 UEDNNHU#QOU QO

WXUELQH ZDNH FKDUDFWHULVWLE 3DXO /HKPDC '/5 3DXO /HKPDQQ#GOU GH
15(/ PRGHO LV VHOHFWHG DV UHI $QWRQLR 9L &,5% D YLVLQIJDUGL#FLUD LW
IRU WKH $* DFWLYLWLHV ,QLWL 3 HUUH 0DUIl 21(5% SLHUUH PDULH EDVVHW#|
WXQQHO WHVW SUHSDUDWLRQ KD
KHOLFRSWHU KDV EHHQ FKRVHC¢C . =
KHOLFRSWHU DQG D PRGHO YDOL(9PULOHQD 3178 "HOIVO ' SDYHO#WXGHOIW QO
SODQQHG 7KH SDUWQHUTV FRQW *HRUJH %DUI *ODV IR ot H#DUBNRYEIODVI
'LQG 7XUELQH :DNH VXUYH\ 3 ' o gpywyiLor 1788 VS\URV#IOXLG PHFK QWX
7THUP UHSRUW :3 ' KDYH EHHQ - — - JLYHUSE
E\ DOO SDUWQHUV 7KH UHSRUW ODUN KLWH oo, PGZ#OLYHUSRRO DF XN
UHSRUWY ZHUH SODQQHG DW WKH HQG RI WKH SURMHFW SHULRG
PRQWK DQG 7KH DFWLYLWLHYV IRU WKHVH :3
GHOLYHUDEOHY DUH VXFFHVVIXOQ@\5HORHEGFBIYG UHVXOWY KDYH
EHHQ SUHVHQWHG DQG FRPPXQL Wlks i
SHHO ZRUNLQI RO wiH Irgrubw] HRVERS AR VYRR znun Fro
ZLQG WXUELQH ZDNH 21(5% &,5% 7 * :
1/5 DQG KDYH SURGXFHG UHVXO ¥ p \TL(/V i—IDI\IﬁODOQF%ZLQJ WDEOH SUH
KHOLFRSWHU HQFRXQWHUV '/5 H 8R/ 1/5
&,5% 178% $ YDULHW\ RI SDUDP
SURGXFHG DWWLWXGH UHVSRQV . inxuen, <HDUY 7RWE O
WULPPHG KRYHU DQG IRUZDUG 10
IRUPDOLVH DQG FRRUGLQDWH WK

3HUVF Q $FWXDO
VHOHFWHG VHW RI WHVW FRQGL) prowksongons
ZLWK WKH SXUSRVH RI EHWWHU swknu FrRvWY  $Fwxno
SDUWQHUYVY UHVXOWV 2WKHU DFW Lo . 30DQQHG G

JLOLSSR &DP 780 ILOLSSR FDPSDJQROR#SF
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+& $ 3+(/,&237(5 )86 (/$*(
6&$77(5,1* ())(&76 )25
(;7(5,25 ,17(5,25 12,6(

5('8&7,21°
ORQLWRULQJ 5H) . 3DKONH
/5
&KDLUPDQ - <LQ
/5
x 2EMHFWLYHV x ODQDJHPHQW ,VVXHYV

7KH SUHVHQW UHVHDUFK ZRUN DGEWBH\ZDIVSORWAHGQRRWHXQ IRU WZR
SURSDJDWLRQ LQ WKH SUHVHQFHWH WP I XWNOBZHN R KHQ DREFXW DQ H[WHQV
LV RQ WKH GHYHORSPHQW DQG MODLEDMN. RQI SPHIBWEWILRQ@DV KHOG
PHWKRGY 7KH SUHVHQW UHVHDWERXQREKZHELODO*WORRQ\ LQ -DQ

JHQHUDWH D XQLTXH H[SHULPH Q\WDHF & Q WFDED VUHH MR D FRIHMWILEIY ZH U H

VEFDWWHULQJ XVLQJ D JHQHULF FRQIDM ED5$LRO®SRQEOXG)BHEU DW
VRXQG SUHVVXUH GDWD LQ WKH 3RREGDQE DRO Q1D FOHPSW\ LQ /L
SUHVFULEHG QRLVH VRXUFHV V)GHKE LD/ LRIW\Y B DHV/[MV LY GQRWLY $* E\ RQ!
FXUUHQWO\ DYDLODEOH 7KH GDWNXERQH WKMO &RX QNIHG TDOU BK "X H

EHQFKPDUN IRU FRGH YDOLGDWLRQ@REOHPYV ZLWK WKH DFRXVWLF ZLQ

% U D X VFKZHLJ WKH ILQDO WHVWYV FR
7KH HITHFW RI DFRXVWLF VFDWWHULQ +9¢L$\LHO\K\H8 W—h ER—PH[WHQGHC

VLIQLILFDQW IRU WDLO URWRUyrRREWH cEHFRNUH & @FLO LQ $SUL
ZDYHOHQJWK RI WKH WDLO URWR%%QQPW%\)’ éMcFBﬁ?LPMPE% 2FWREHU

ZLWK RU VPDOOHU WKDQ WKH FKDUDFWHULVWLF GLPHQVLRQ
WKH IXVHODJH 7KH QRLVH VKLHOGLQJ DQG UHIUDFWLRQ
HIITHFW FDQ VLJQLILFDQWO\ DOWHU WKH WDLO URWRU QRLVH
GLUHFWLYLW\ LQ WKH IDU ILHOG 7KHUHIRUH WKH $* ZLOO
JLYH PRUH IRFXV RQ WKH VFDWWHULQJ SUREOHP RI WKH WDLO
URWRU

JRU LQWHUQDO QRLVH VWXGLHV WKH SUHVHQW UHVHDUFK ZLOO
DOVR SURYLGH D UHOLDEOH HVWLPDWLRQ RI WKH DFRXVWLF
SUHVVXUH RQ WKH KHOLFRSWHU IXVHODJH )XUWKHUPRUH
SDVVLYH WHFKQRORJ\ LQVWDOOHG RQ WKH IXVHODJH IRU

QRLVH UHGXFWLRQ ZLOO EH LQYHVWLJDWHG
x SHVXOWYV EHQHILWYV

x SEWLYLWLHVY JURP D VFLHQWLILF SRLQW RI YLHZ Wi
7KH $* FRQVLVWYV Rl ZRUN SDFNRJHWKH $* FRPSULVHV RI

6LPXODWLRQ RI WKH DFRXVWLFxVEOMWWHULRIOHWHF®OWDEDVH IRU XQ

_ RXVWLF SUHVVXUH PHDVXUHPHQW
'LQG WXQQRHO WHVWYV DQG V\QWKBBEQ}LQ WKH IDU ILHOG DV LQFOXGL

ODQDJHPHQW DQG GLVVHPLQDWLR®C FRQYHFWLRQ HITHFWYV
X 9DOLGDWHG SUHGLFWLRQ WRROV IR
$ FRGH WR FRGH FRPSDULVRQ UHJBYGLQUPMHEBRQRERWKH SUHVHQFH
VFDWWHULQJ E\ VSKHUH KDV EHHQFBXBIQHWHEQDERWRU WDLO URWI

GLVWULEXWHG DQG WKH VSHFLILFBOWARQR Ry Ky FIFRARARUHGXFWLRQ

VLPXODWLRQ IRU 1$&$ WHVW DI RBQAAPHE®R 6BV QI OLQHU RQ SDU
EHHQ LVVXHG QXPHULFDO VLPXODWLRQV E\ DOO SDUWQHUYV
ZHUH FDUULHG RXW 7KLV $* ZLOO H[SDQG WKH OLPLWV R

SUHGLFWLRQ WRROV 7KH WRROV
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GHYHORSPHQW RI QHZ KHOLFRSWHVU&GCHHVLIQWYWRKHBEK/ KLSO
H[SORLW VKLHOGLQJ HIIHFWV DO~ EDNWIIDNANUAR \UYIILINECL

LPSHGDQFH WR IXUWKHU UHGXFH QHEEHU ~~ 2UJDQL"H PDLO

JURXQG UHGXFLQJ WKH HQYLUF ™ <StQ &KDLI. g .LDQSLQJ \LQ#GOU GH

KHOLFRSWHUYV 7 6FKZzZDU] '/5 WKRUVWHQ VFKZDUJ#GOL

7KH IROORZLQJ UHVXOWV ZHUH DnggffEDULC&5$ P EDUEDULQR#FLUD LW
'"HVFULSWLRQ R DYDLODE * %URXZHU 1/5 ' +DUU\ %URXZHU#QOU QO
H[SHULPHQW WHVW FDVHV L- .RN 1/5 _RKDQ .RN#QOU QO

FRPSOHWHG DQG GLVWULEXV o ‘HoULHX[ 21(5% \YHV GHOULHX[#RQHUD I

6SHFLILFDWLRQV RQ WKH FR) 6LPRQ 1 21(5% JUDQN 6LPRQ#RQHUD IU
IRU WKH VSKHUH VFDWWHUL * 5HERXO 21(5% JDEULHO UHERXO#RQHUD
UHVXOWV RI VSKHUH VLPXOD _ ¢xowH  21(5% MHDQ EXOWH#RQHUD IU

FRPSDUHG ,Q DGGLWLRQ ', - —
UHVXOWY ZHUH SXEOLVKHG [ | 9tIHYDQR 222;07L50XLJL YLIJHYDQR#SROLPL

* %HUQDUG[BQL J EHUQDUGLQL#XQLURPD
7KH 6SKHUH VFDWWHULQJ Wi 59L ~
VSKHUHV WZR VXSSRUW V\ & THVWD :,16($1 "FODXGLR WHVWD#FQU LW
QRLVH VRXUFHV ZHUH FRQGXFWHG DQG WKH

UHVXOWYV SXEOLVKHG LQ (5)
x SHVRXUFHYV

7KH JHQOHULF KHOLFRSWHU Dﬁj P
ZHUH SDQXIDFWXUHG WHV VI% Fﬁ%l—é\l %F—H\B%\/MFHV ZHUH FRQ
IW \I7| Fgé{v%(?_'cg KDYH EHHQ V&
H H
{XILD (@]
z &

F,N
KHOLFRSWHU ZLWK WKUHH GE%L'I@OJJDU Z SURYLGHV \

SODQQHG IRU 6HS EXW R
EH SRVWSRQHG IRU WHFKQL )
DQG HYHQ ZHE  Sih nide 16 1ife niis 915 °

W Ee}vr $p ol iiUT FAUI 11U f0UT HUT (11Ul

6SHFLILFDWLRQV RQ WKH yjvs  wo v iiUi ffiui ffUl iUI Ui 66U

*$57(85 KHOLFRSWHU VFDWWKEZ & }8pu olddUi 66U idUI 86U T8U1 11U
~1v Wo v 006UI 86U| i8UiI 1UI iUl (86U

7KH DEVWUDFW UHODWHG WR WKH JURXS DFWLYLWLHYV

LQ WHUPV RI WKH VLPXODWLRQV DQG H[SHULPHQWV

LV DFFHSWHG IRU $+6

SXEOLFDWLRQV DQG UHSRUWY ZHUH SURGXFHG
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+& $ 352725 52725 :$.(
,17(5$&7,216°
x $SFWLYLWLHV

7KH $* FRQVLVWY Rl ZRUN SDFNDJHYV

ORQLWRULQJ 5H' $ /H 3DSH
21(5% '3 + ODQDJHPHQW 'LVVHPLQDWLRQ

&KDLUPDOQ 5 %RLVDUG 7KLV ZRUN SDFNDJH DLPV DW WKH IXC
21(5% REOLJDWLRQV FRQFHUQLQJ WKH SURN

WKH GLVVHPLQDWLRQ RI WKH UHVXO

SURMHFW LQWHUDEWYV ZLWK WKH *UF

*R5 E\ UHFHLYLQJ LQSXWV DQG S

x 2ZEMHFWLYHV LQIRUPDWLRQ UHTXLUHG DQG WKH VF

., URWRU URWRU RU URWRU SURBHORIHHL\WWAIUW KW LI-EMX GE\W ¥ R1 WKH
QRZDGD\V EH QXPHULFDOO\ DGGWWHWMWHHE ZR\URNLIR FNPAHY DQG GLVVHPL(
DHURG\QDPLF WRROV &)' VXFK DSSURDFKHV DUH

H[WUHPHO\ H[SHQVLYH LQ WHUPV RI &38 WLPH GXH WR WKH

GLIIHUHQFH LQ WHUPV RI URWDWS8QJ+V SHH® LEFH\WDHIN Q & REXWDWLRQYV
PDLQ URWRU DQG WKH SURSHO OH(Y) KDQG HIWERWVR WKH IDFW WKDW
WKH URWRU DQG SURSHOOHU ZDNH KDYH WR EH SURSDJDWHG

ZLWK KLJK DFFXUDF\ RQ ORQJ GLY/'W‘bQDFQN? PR YH M HHbwY OLWHUDW
ORZ VSHHG SKHQRPHQD DUH KLORKRI XNPWNHREEO PRFPLRQV DLPHG DW

WKHUHIRUH QHHG WR EH DYHUDJK® RYHUHDXEBRBISSHUL RERRIWKH WZR
WLPH 7KHUHIRUH WKHUH LV D FORDNP S HBRZ RIPEYYEPHQWDO  (
PRGHOV WR EH XVHG LQ SUH GHVEBYRGXDN@AV R tR¥Yp 4t PRGHOOLQJ
URWRUFUDIW YHKLFOHV RU LQ WKPsSREKUNG VIXPHRGHFRPO WRROV DU
'HYHORSLQJ VXFK ORZ RUGHU PRERSYRYHGHRYURVZLWK DOO WKH LQ
DGHTXDWH H[SHULPHQWDO GDWBERARPIHAHRW DRF4GLVVHPLQDWLR
PRUHRYHU PDQGDWRU\ WR YDOLGRWH. ELQGR-}J sz PNHY &DPSDLIQV
PRGHOV +RZHYHU WKH DQDO\VLV RI'"WKH SUHYLCRXV ZRUN

FOHDUO\ KLJKOLJKWY WKH ODFN, QRIWKXNK ZIR[BM USPHODVMBIODOO WKH Z
GDWDEDVHYV FDPSDLJQV WKDW KDYH EHHQ LGHQWL

DUWLFXODUO\ PHDQLQJIXO IRU WKH

$Q H[SORUDWRU\ JURXS (* ZD\é(ﬁHHBW\HBQZGL 9 WKAWKH zZDNHV Low
DLP WR SURPRWH DFWLYLWLHV ZKLRK FRRXAES F7F'3< W&H@%W\NL\%B HISHUL.
ILOO WKHVH JDSV )RU WKH SXUSR) 5| (1 %lg'lgﬁ@mﬁﬁé/vwﬁl 3 1RU WKH
FUHDWLRQ RI WKH DFWLRQ JURXSy sb*po’ M{EWWJRBV SURSRVHG E\
WHDP RI UHVHDUFKHU ZLOOLQJ D\/g)@ COYHY \L/v JOWH, "ERWKG 0 wKH Lol
QXPHULFDOO\ DQG H[SHULPHQWD Qg HV SHUS F#\/ &R 'EVVHPLQDWLR
SURSHOOHU ZDNHV LQWHUDFWLRQV RQ KLJK VS WRUFUDI
RSHUDWLQJ LQ ORZ VSHHG FRQGLWLRQNVNQDO 9DOLGDWLRQ RI &RGHV

7KH WLPH VFDOH IRU WKH SURMH,RWWRLWKARUN \BEDBNDG@NKULMDKIH ILQDO
ZKLFK WKH IROORZLQJ DFWLYLWLQXPHULFDO WRROV SURSRVHG E\ SI

IRUPHG E\ FRPSDULQJ WKH QXPHUI
t S$SSOLFDWLRQ DQG SRVVLEO"F‘ r5§’>?\W/BW|'_R DY SEwLYLW\ ZLwWK WK

FRPSXWDWLRQDO WRROV IRU WKH; WX Er iR R BHJ \ﬁHﬁSj_l_(b%H\WIXQQHC

ZDNHV LQWHUDFWLRQV WKH SURMHFW LQ WKH IUDPHZRUN R

f BHWWLQJ XS VRPH FRVW HIIHFWRFMDIHQROWKSEROLWHY WS ZLWK DO
FDPSDLJQV DLPLQJ DW SURGXALRIXLYHEURMHDWDORDIHPHQW DQG GLV

GDWDEDVH IRU WKH YDOLGDWV!R&R‘TR']* FBRPRUL¥BE UHIDUGLQJ D P
PHWKRGRORJLHYV E\ VSKHUH KDV EHHQ FRPSOHWHG DQ

WKH VSHFLILFDWLRQ RI WKH FRPPRC
¥ )LQDO YDOLGDWLRQ RI WKH QXPIKEYKBFDO RMANWKIR GRORIQHYPHQW KDV E
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QXPHULFDO VLPXODWLRQV E\ DOO SDUWQHUV ZHUH FDUULHG

RXW

x ODQDJHPHQW ,VVXHV

7KLV $* LV SODQQHG WR UXQ IRU
RIl PHHWLQJ zZzDV KHOG DW 21(5%
2FWREHU

x SHVXOWY EHQHILWYV

7KH DFWLRQ JURXS VWDUWHG L
2FWREHU $00 WKH IRUHVHH
FDPSDLJQV DUH LQ D SUHSDUDWL
RI WKH 21(5% ZLQG WXQQHO WHYV
WKH SDUWQHUV LQYROYHG LQ WK
VWDUWHG VRPH SUH WHVW FRPS)

x +& $* PHPEHUVKLS

OHPEHU 2UJDQL'H PDLO

5 %RLVDUG 21(5$%
4 *DOODV 21(5%

/H 3DSH  21(5%

9LVLQJDUGL &,5%

*DUGQHU '15
6FKZDU] '15
5DIIHO '/5
S5L]LRWLYV 178%

IRXWVLQDV 178$%
=DQRWWL 32/,0,
*LEHUWLQL 32/,0,

%DUDNRV 8R*
*UHHQ 8R*
"HVVOHU ,$*

x SHVRXUFHYV

URQDQ ERLVDUG#RQHUD
TXHQWLQ JDOODV#RQHUL
$UQDXG /HSDSH#RQHUD |
V$QLVL6JDUGL#FLUD LW

7RQ\ *DUGQHU#GOU GH

7KRUVWHQ 6FKZDU]#GOU
PDUNXV UDIIHO#GOU GH
YDVLOLV#IOXLG PHFK QW
VS\URV#IOXLG PHFK QWX
DOH[ ]DQRWWL#SROLPL L

JLXVHSSH JLEHUWLQL#SF

*HRUJH %DUDNRV#JODVJI
N

5LFKDUG *UHHQ#JODVJRZ
NHVVOHU#LDJ XQLlL VWXW

3HUVRQ PROQWK UHVRXUFHYV ZHUH FRQ
NLFN RIl PHHWLQJ DQG KDYH EHHQ VS
\HDUV 7KH WDEOH EHORZ SURYLGHYV !
WKH ILQDO QXPEHUV IRU
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60 $* 'DPDJH 5HSDLU zLwWoPLQ DFKLHYHPHQWYV
&RPSRVLWHY 7DVNV DFFRPSOLVKHG LQ

Xx 7TKH UHVXOWYV RI WKH SDUWQHUYV ZH

ORQLWEFSHVSRQV &,;gVFLRQH SUHVHQWHG LQ WKH ODVW UHSRUWL

X ,Q WKH FXUUHQW UHSRUWLQJ SHULR

&KDLUI 'U $ 5LFFLR FRPSLOH WKH ILQDO UHSRUW EDVHG
8&/ DFKLHYHG

X 'XH WR WKH KLJK QXPEHU RI SDUWQH

x 2EMHEWLYHV UHFHQW DFWLYH ZRUN SKDVH WKH L

FRPSOHWHG LQ WKH FXUUHQW UH

%DVHG RQ RI WKH HPHUJLQJ QH K G WR EH ILC
SUHYLRXV VHFWLRQ UHODWHG W %&M@%%%H G
LQ DHURVSDFH DSSOLFDWLRQW WKH I'Y kB

$FWLRQ *URXS LV ([SHFWHG UHVXOWYV EHQHILWYV
S'HILQLWLRQ RI HIITHFWLYH UHSDLU WHFKQLTXHVY ERWK IRU
FLYLO DQG PLOLWDU\ DLUFUDIW/ W UNE LAH \RREYWERRIFKHY il Q EH VXP
S

GHYHORSPHQW RI QXPHULFDO HJ IELB‘QF‘HH%WD@RZQ WLPH Rl WKH DLUF
PHWKRGRORJLHV RSHUDWLRQV
PLQLPL]H FRVWV IRU UHSDLU

7KLV REMHFWLYH DGGUHVVHV WKH IBORRRW®J WKUXHWUSDLU RI FRPSRQF
5HSDLU FULWHULD GHVLJQ RI SDW/EKHY \PXEG/ WH® XMW RQ
VWUDWHJLHV DQDO\VLV RI WKH UHS®XFWLRQ RI WKH FRVWV RQG WLP

PDQXIDFWXULQJ DQG WHVW UHSRQLIHS ¥ WIHANAWUIKEWRGH V
WHFKQRORJ\ HIIHFWLYH UHSDLU PHWKRGYV

X 6WDWHPHQW RI ZRUN X 60 $* PHPEHUVKLS

7KH GHWDLOHG GHVFULSWLRQ R gupenu
SHUIRUPHG XQGHU HDFK :3 goLnooR si

2UJDQLVDYH PDLO

JLYHQ KHUHDIWHU FKDLUPDQ 681 DOQLHOOR ULFFLR#XQLQD LW
,XDNL $SUPH
:3 S5HSDLU FULWHULD ZKHQ XQGt g St 9 478 DUPHQGDULIEL#LQWD HV
x 7DVN OHWKRGRORJLHV IRU V\$QGUHD 6H(681 $QGUHD VHOOLWWR#XQLQD L\

UHVLGXDO VWUHQJIJWK LQ GDPDJ~ p wiup o

FRPSRQHQWV WR GHFLGH ZKHQ 5DPDQWDQL6&203 GLPLWUD UDPDOWDQL#VZHUHLEL

XQGHUWDNHQ 'DYLG ODWW 6,&203 'DYLG PDWWVVRQ#VZHUHD VH
x 7DVN &UDFN JURZWK DQDO\V 550 gunnp 1/5 UDOI FUHHPHUV#QOU QO
IDWLJXH
-RDNLP 6FK )2, VOM#IRL VH
:3 'HVLJQ RI SDWFKHY DQG UHSD '‘RPHQLER D
7HVFLRQH
'3 $QODO\VLV RI WKH UHSDLU $* oORQLWR %°% il
5HVSRQVLE
-3 ODOXIDFWXULQJ DQG WHVWYV JOXYLR 5RP &,5% | URPDQR#FLUD LW
x 7TDVN ODQXIDFWXULQJ DQG 3pxo srerg 03(5,8/ S URELQVROQ#LPSHULDO DF XN
LVVXHV &2l (
RHQHGHWW o)1 ¢ EHOHGHWWR JDPELQR#DOHQLI
x 7DVN ([SHULPHQWDO WHVWYV *DPELQR (1. - Q Q
&KDUORWW 4,1(7,4 FEPHHNV#TLQHWLT FRP

:3 (IIHFWLYH UHSDLU PHWKRGYV

P IDUUHOOL#LPFE FQU LW

x 7DVN 2SWLPL]DWLRQ RI WKH 0DXUR =DUL &15 PDXUR |DUUHOOL#LPFE FQU LV
HIILFLHQF\ DQLV 9DU g81/(9$56 7< MDOLV YDUQD#OWX VH

x 7DVN &HUWLILFDWLRQ LVVXF °° s °

x 7DVN 7HFKQRORJLHV IRU UH 0DUFXV PDUEXV KHOULNVVRQ#VDDEJUI

+HQULNVVR B8PDE RP

x 7DVN '"HILQLWLRQ Rl JXLGHO gh2piNVVR &
HITHEWLYH UHSDLU Rl ERWK ELY (FKWHUPH\; 1718 DOGUHDV HEKWHUPH\HU#QWQ)>
VWUXFWXUHV *LRYDQQL 3 1718 JLRYDQQL SHULOOR#QWQX QR

o
o
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60 $* J)DWLJXH DQG 'DPD. ®tuilt

7TROHUDQFH $VVHVV &x v &- &K/ _v_E-X o}u>(}]Xe
+\EULG 6WUXFWXUH &X :}I]Jur &K/ i} [JuXe ZIvs(}]Xe
ORQLWF5HVSRQV % T7KXLV dju : vee v &}CIIEI}SECEp SluXi vee v>(}Il EX }u
&KDLU] é/g * 9HXO &CE vl '"E€}}S E>Z (E vIXPE}}S u v>vo(EXvo
WLOO EX : % > L E>Z i %Xo0 u EJe>voEXVo
}/S/DPpULV , Ve A v d}vF E>Z Z Ve XA vX8}vP E v>VvoEXVo0
IURP Zu C s po E>Z Eyu CXA po>voEXvo
1/5 , Ve Ve 00 N Z VveX Ve 00> PE}Y%X }u
X 2EMHFWLYHYV c0 5V < %] A 10 8 vXI %] 1] > PE}p%X }

7KH PDLQ REMHFWLYHV DUH OLVWgNG, EHORZ . Leu vy I+ v}A AJEIVP & &7

/st 'u ,U

r 9DOLGDWLRQ RI WKH EDVLF DVVKPEWERJYVZ IR "DV Vo % ES (5

DSSOLHG VSHFWUXP PDQLSXODWLRQIWBOERRGTXHWRXUFHV
r ([DPLQDWLRQ RI WKH FDSDELO! WI HVY NAG FHAHILWY RI N

SUREDELOLVWLF DSSURDFK <HDU 7RWDO

5HVRXUF!.
rr ' HWHUPLQDWLRQ RI WKH RSWLI

WKHUPDO ORDGV LQ D QRQ WKF_
r OHDGLQJ WR D MRLQW HEHVWEROW s60c

WHVWLQJ RI K\EULG DLUIUDPH "
2WKF

$FW
X 0DLQ DFKLHYHPHQWYV AR ELLL:
/DVNV DFFRPSOLVKHG LQ X 3URJUHVV  &RPSOHWLRQ RI
7KH UHVXOWV RI WKH SDUWQHUQ‘&MWl* " "30DQQHG L
WKH ODVW UHSRUWLQJ SHULRG [ ,QLWLDOO\ &XUUHQWO\ XSG%E\W%B
RXWFRPHV ZLWK UHVSHFW WR WEk7OVN SSULY HE HF
VSHFWUXP WKH LPSOHPHQWDW 7DVN -XQH "HF "HF
DSSURDFK DQG WKH HIIHFW RI HC 7bvN | -XQH "HF "HF
$00 VFLHQWLILF ZRUN ZDV FRFSHSRUm S EWREHU r r
UHSRUWLQJ SHULRG ZDV GHGLF®D . L

UHSRUW '"HWDLOHG UHVXOWYV Z_LQDO WKHUHIRUH EH SUHVHQWHG
WKH I1LQDO UHSRUW WKDW LV FXUUHQWO\ SUHSDUHG
8QIRUWXQDWHO\ WKH UHSRUW FRXOG QRW EH FRPSOHWHG LQ
WKH ODVW UHSRUWLQJ SHULRG /RZ DYDLODEOH UHVRXUFHYV
DQG WKH OHDYLQJ RI FHQWUDO SURMHFW VWDII KDYH GHOD\HG
FRPSOHWLRQ 7KH DLP LV WR ILQDOL]JH WKH UHSRUW LQ WKH
QH[W UHSRUWLQJ SHULRG

X ([SHFWHG UHVXOWY EHQHILWYV

SHFHQW GHYHORSPHQWY DQG SDSHUV LQ WKH ILHOG RI
IDWLIJXH WHVWLQJ RI K\EULG VWUXFWXUHV LQGLFDWH D IHZ
SUREOHP DUHDV ZKHUH FRQIOLFWYV EHWZHHQ WKH pPHWDOT
DQG WKH pFRPSRVLWHY VLGH RRWKH WHVW HYLGHQFH QHHG W
EH UHVROYHG EHIRUH FRPSOLDQFH ZLWK WKH IDWLJXH DQG
GDPDJH WROHUDQFH UHTXLUHPHQWY IRU K\EULG VWUXFWXUHYV
FDQ EH VKRZQ ZLWK RQH IDWLJXH WHVW DUWLFOH
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60 (* '‘"HYHORSPHQW RI $/0
WHFKQRORJLHV IRU DHURVSDFH
DSSOLFDWLRQV

ORQLWRULQJ 5H' + 3 - GH 9ULHV
1/5

&KDLUI / uW +RHQ
1/5

X 2EMHFWLYHV

7KH JRDO Rl WKH SURSRVHG UHVHDUEK NSQRZOBBRH LN MROEXDQG FRU
GHPRQVWUDWRU SURGXFWV LQ WWKMHN HIOXE RADMHHAUDL O O$0 LSU RAMGHU W
PDQXIDFWXULQJ LQGXVWU\ DQG LQFWKH I VSURBRWWYDIPRRISH WY WLKHI RI$SR UW
LQGXVWULDO SDUWLFLSDQWYV WRHRRX®D $/MH N D REOMIGH H/ PRGWINJIHORV D QG
PDUNHW RSSRUWXQLWLHYV

X %HQHILWYV

'LWK $GGLWLYH ODQXIDFWXULQJ $0G SILUR ®PRKWWV DIWH PF DQ V WEEX FIW @ H

FRPPRQO\ XVHG WHUPV IRU WKLV WLHRK GRPGR & OLX | DFAWMOLQJ 6ROLC
IDEULFDWLRQ GLJLWDO RU G L QKA D/FRDXQXI@F WXUVYQIHIVOIG HHFRISURJUDP
RQ $0 WHFKQLTXHV RI PHWDO REMHFWYV

7KUHH GLPHQVLRQDO VROLG REMHRWW DA R RSWHR®G XK WX ABRPVRLYH DSSOL
RI PDWHULDO 7ZR IXQGDPHQWDRDI BHIGHYAMQ\WYIWHFKBGTXHV

3RZGHU EHG PHWKRG $ SURGXHWVW Y (PRR \DVIKXFGHE HHGODKH SRZG|
PHOWHG ZLWK D ODVHU RU HOHFWURQ EHDP

'"HSRVLWLRQ PHWKRG ODWHUWODW KK IRRIPWRIQKRAXFIOV |HEGUHKRU VWUL S
D ODVHU RU HOHFWURQ EHDP TBEWWHHSRRPYDRQ P WRKWRIGHLERZGHU EF
LW LV DOVR VXLWDEOH IRU PDINRULQP NHISPILODU WU ENEXWWDEROH DFF XL
WKDW SRVW PDFKLQLQJ LV UHTXLUHG

$GGLWLYH ODQXIDFWXULQJ $0 ZLWHRVHHMIRGOWR L\VWKOWPIHQEMYPRUH
DSSOLFDWLRQV LQ GLITHUHQW P PSIOBDWWYVY XEK @W LFVWUK BDSDH & LFKLHQ G
LV DOVR D ORW RI LQWHUHVW FRRPAVWUURP WKH $HURVSDFH L

OHWDO $0 WHFKQRORJ\ FDQ SURYLG K HWSHDAW DAGR' FR\Q ¥ HHQW ZR VIXO P H
WHFKQLTXHV VXFK DV VLJQLILFHMQWOV OR DHDW ZBYV WHHRIGRPWR UGHVLJIQ
ZHLJKW UHGXFWLRQ DQG WKH SRYFMWERQDWLWR LQWHJUDWH RI

7KHUH DUH VWLOO VLJQLILFDQW KRUDEANYD WR B Q/ RAF FRHI/W DXO0 $PR BBH B L | L F
OLQHV PXVW EH WDNHQ LQWR DEPRXQ% OEEGLIRUNMRROAO DD MDALR®VLGHU
IRU GHVLJQLQJ IRU $0 &XUUHQRWD\$QL VW NMKORORYLBYIWRXPDRPSHWH Z
WHFKQLTXHVY RQ UHOLDELOLWYV I QVX i HXDRGE WA LFEIL CLIQD\OESIBR®XFWV G H ¢
RQ PDWHULDO DQG SURFHVV SDUD KIBW HIWLWV DOHVR ROD £0G PDURHFIHIVD/OF H U W L |
DUH QRW DYDLODEOH \HW 4XD® LIV AFDWYLIHROW DRG I&RHU WILIKFOMWRRQGL QJ
H[DPSOH LQ DHURVSDFH

Xx 3URJUHVV

$V VWDWHG LQ WKH ODVW DQQXDX® W MSRR 8 WL RIKIHWAR 5l OKFRWRSIOF 7KH (
6LQFH WKHUH KDV EHHQJQIQMMO H \DW WGE YSLDM\WDPHRWY 7KH WRSLF 2

LQ DQG LV QRZ WR EH WUQQWIRNXSI HTK W FE DEW$HRML ZDV IXUWKHU

GHWDLOHG LQ ZLWK WKH HQSHFRWOSWAIRQ B\HK D@L VQ CDFMG R Q
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1/5 IHWKHUODQ|GV [ pWwW
21(5% JUDQFH 0 7KRPDV
$LUEXYV 8QLWHG |LQJGRP 0 OXLU

1RHQ
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