Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 May 2018 doi:10.20944/preprints201805.0191.v1

—_—

QVLIJKWV LQWR 0HWUED QPERMDDQ G
1DQRFU\WWDOR® WKXMDWILRQPOOHG &DUERC
6XUIDPHMORDHO +\EULGL]DWLRQ

-

Ot ONOr Tt Ox

_\_\_\_\_\_\_\
o Stax = o = —

'"LSHVK 'OWBX6DEDUDDD D GODWRZBRQGDY MG BBO HK

—_
N

(@)

'HSDUWPHQW RI &LYLO $UFKLWHFWXUDO DQG (QYLURQPHQMW
$XVWLQ $XVWLQ 7;

'"HSDUW PIQYWURIQPHQW D Q G8'QLREDDRMDBWK*DLQHVYLOOH )

i R T e T T T T
OO0 St o T Y T On

S )
N O O

it
ii
05
iR
o
6
06
05
oi
of
ot &RUUHVSRQGLQJ DXWKRUQDBPYGGV RO I8 R EKKMHY B D LHG X

© 2018 by the author(s). Distributed under a Creative Commons CC BY license.



Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 May 2018 doi:10.20944/preprints201805.0191.v1

$SEVWUDFW

&DUERQDQRWXEHV DUH K\EULGLWRG LPISWK WP HPW D @ LKW R
QDQRK\EIWWNVNGYPSOH EXW HIIHFWLYH DW B WHE/RLUME @MY K KIGILUTRC H \
YDOHQW DQG R[LGHV RI GLIIHUHQW PHW D ® RS DF WH\F K@QL 0!
EULQJV LQ VLJQLILFDQW DGYDQWDJHV DQG7KVVDVSWBEEM WH
W KH I L F D F\ JRIOV K GRGIBL\PWL @/HRQ W L 1\ XFHFHKWD@\ILRIBW WD O IRUPDW L
6WDQGDU G RWHB BURY XBDIHGE ®IMVQJ SDBERRRWHI WKHR PHWDO VSt
KLJKO\ QBUDMWUYHEZIQRKLGH FU\WWIKQJWBQSRYEWLYH 6(3 H J

JHURD OHQWWHDRBWQBQWHUPHGLDWH UD @M 8 (BRRH.GMKMLRQ

WHQGHQFFU\VWDO DIRH PERRVB@®VPLVVLRQ HOHFWURD\PLFUR
GLIIUDFWLRQ DUH XVHG WR HYBDOXOWW WVOKCH MD@W KW K DWW G (B+
JXLGH IRU WKH UHVXOWLQJ FU\WWDOOLQH SKDAKH®IWXH H L
PDJQLWXGH RI WKLV SDUDHRZWMH U VI RB @ QW EHUHPO\GHEIMH UDQ
SKDVH FU\WWDOV FDQ EH H[BHFOUHGZ XPRG MBS QW &XX FU\V W

XQOWNKM VIQWKHVLV IUH G XIBORULPRG RQDV

.H\ZRUGYV

1DQRK\BEVIQW KNMADIQGDUG HOHFWURQ SHRGMWFQL\WI DY HOWVWDO S
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066 ,QWURGXFWLRQ

06 &DUEBQRWKEHDO QDQRKIBHBHGYJ IFRQVLGHUHGIORWHOBEWH R/ FD
06 DQG SKRWIRD QG XCRHIGH FWURQ MHABLRVH @OQ® ODVHU

06 DSSOLFDMWMEWUHDVHG FRPEKOMN. MOQWKHVLY\WWWRAWH Q¥ V
61 LQWHUHVW 3HWOLWSHEHQIREN HD Y L DE OH SSURFHAMY WY IRW FD Q|

6 PXOWLZDOEBG@GRWXERA PHWDO RWKYBORQW DQG R[LGHV RI P}t
61 EH IRUPHG RQ 0:17#RXMYBPIRHWKH FKRLFH Rl WKH PHWDO DQG
6f SURSHUWLHY ZLOO GLFWDWH B\WQF K EWHOAM UQ L U W KD Q [LIGIH,
66 PHWDO EWWXWDROY WR UHQGHU W KHQ G HUH/DFIAGLE KQDURKSHHRJIW L H
6fi QDQRFU\WWDO IRUPDWLRQ Z LMVKKXMAEHMVILMXIDMDHWGF U\VWDO SK|
60 'KHQ SUHSDULQJ PHWDOOLF QDQRPDWHULDOV DFKLHYLQ
66 PDWHULDHOQWLMOHWWR H[WUDFW WKH GHVLUHG RSWLFDO HOHF
66 6\QWKHVLV PHWKRGV DQG RSHUDWL QHERBIGQIDDMDYB/M XV WM E
66 WR SUHSDUH PHWDO QDQRFU\V\WRGVGHMWK HRG GHGREG \FW DAWD |
61 VSHFLEDOFLQDWLRQ FDQ IDFLOLWDB)WRHHED VL 8 I GRUWG HRUI HEGS
6f VXFK KLJK WHPSHUDWXUH FDQ EH OLPLWHG BRKHRWFRUERQ QD
67 KLJKHU WK Q+\EULGL]DWLRQ ZLWK PHWDO OLHA QR RQREMINY V@ O
6i DQG ORZHU WKH 0:17 R[LGDWLRQ WHPSHUDWXUH YLD FKHPLF
68 +RZHYHU VXFK SURFHVVHV DUH FRQGXFLYH WRDRIHGMW IRUPD
6fi QDQRFU\WWDOV FDQ EH FKDOOHQJLQJ

60 ,QVRIH OQWKMWILWMRQJ UHGXFLQJ DJHQWYV HJ ERURK\GULG
66 IRUMUWRDOHQW QDQRMRINVHEGVYWLRQ RI UHGXFLRE@WLRIQWYV G U

66 WDAUG MDURHQW PHWDO WKURDWKBQ KKEBKGOAHDW VRWR LVRODW
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XQDVVRFURWHGL DWQRFIRVWDWKIR G [KBDVVRFLDWHG PHWDO S|
WKHIQTXLUH U LWRUHDIWVP SIRWVRI WKH PDWHULDOV WR VHSDUDW
QDQRFUWWDIOWUPRUH VRPH RI WKH PHWDOV EHFDXVH RI WK
SUHVXQWKHU AKD PrOBRMEHEW PHWDO FU\WWDO IRUPDWLRQ

6WDQO&G B OHFWURQ SRWHQWLDO 6(3 RI D PHWDO VSHFLH)
KHQFH FD® KR @QRYLGRIDW IHR Q PHMWIDVOHYV PHWDO R[LGH RI WKH F
VXUIDFHV 6(3 YDOXHY UHSUHVHQW HOHFWJR® DVQU® QAKIH J HALF
YDOHQW PHWD® IQKHFV ZIKHUHIO LV WKH PHWDO VSHFLHV DQG
HOHFWURQV LBNFKD®QHEWLHU DA XA X JHWKBMQ PHWDOV ZLWK QHJ
SUHIHUHQ VRI] DGINY. ORHU W K R VIHY B LY\ADKO S R V LW/H 9 5 OW RWRR IRRKRH U R
VDPMHH WS FLHYV FERBRQMRWE RPRGRHY FDUERQ QDQS8RANXNEHVV X U IL
VWURQJO\ QH JD WAD/EHO 6 B OrMROZHD RHLGHYRUWHG WR KDYH IRL
PHWDS®V &H2 &R2 (X2 YJH2,  +12 0J2 OR?2
1L2 6L2 6Q2 7L2 920 =Q2DQG =2 WKH RWKHBXKDQG $J
3WDQG ZGWK SRVLWLYH 6(3 DUHYWDHIRUW A B WD VR IRR) |& UR V X |
DQG : ZLWK SRVLWLYH 6(3 DQG RH) VALWKWGIHH DPPMISYWHL B (BV GLHF
SRVLWLYH YDOXBIQWGRDEB VERZQ WR IRUP R[LGHV ZKHUHDV )t
FDQ IRUFOBHRW PHWDO7RID FRPO\WMPIH KRZHYHU LV WR FRF
6(3 RQ IRUPODRDDHBRW.GH FU\VWRIGND PHENKHRRES O/R\WGQ WK HV L] H
0:17 EDVHG 1+V

7 K LDW WILIEROWH WIRO X DW H WX RIGHOI LSADRFRHRMV LQ K\EULGL]LQJ F
PHWDOV R[LGHVY RQWR 0:17 VXUIDFHV ZLWK QR H[WWB DGGLW

VWXG\ MXGLFLRXVO\ FKRVHVY WKUHH PHWDO VSHFLHVY QDPHO
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QHJDWLYH DEYG BROKMWIIWMK 9DQF ZLWK 96(3 YDOXHV
UHVSHFWKYE B \RQ IOH F\R VL WEXWWKDRQ X FK ORZ6{3 RDJQLWXGH
9FRPSDWHG WRVPLVVLRQ HOHFWURQ PLFURVFERS\ LV XV
PRUSKRORJ\URKIGQAHIUDFWLRQ :5' LV XWLOL]JHG WR FKDUDFW
DIWHU FDOKHQIHVILRQ RI WKH VWXG\ LV FDUHIXOO\ FDUULHG |
FKDUDRWHUWQ DEVHQFH RI D DQVBMNY®MRHLIGL R PLFATRA VAROR G

IRUPD QRAZ\MWKD ERWK W\A\SHV RI FU\VWDO SKDVHV

ODWHULDOV DQG OHWKRGYV

&KHPLFDOV DQGUIHNDVH@MWAY'!'17VQPZHBH RFEFXUHG IURP &KHDS 7
, QF% UDWWOHEBRQRHOWUDWHG QLWQER SFHG ,V XQ LXWLFWIH P®
ZHUH SXUFKDVHG IURP 6LJPD $OGULFK 6W /RXLV 02 7UDFFL
SXUFKDVHG IURP $0ID $HVDU +DYHUKLOO DGH ,\0OBSEBRBDQRC
REWDLQHG IURP )LVKHU 6FLHQWLILF 3LWWVEXUJK 3% ZKLOF
SXUFKDVHG IURP - 7 %DNHU &HQWHU 9DOOH\ 3% )RU SUHSE
VROXWLRQV 4 PDWHO@DV XVHG X®@GHVV RWKHUZLVH VWDW
IDQREUA\®WKBE®OVPDWHULDOV ZHUH PR Q WIRIBHEH WM IGRGY L Q J
EULHI 0:17V J HWBKMGWEDVRMEQMEIDRG ZWRZQQ &7

P/ RFRQFHQWUDWHK® IQUWE IDF D@ ® L[W X UH YROXPH EDVLV
PL[WXUH ZDV UHIOX[HG DW f& IRIKHK K[QG HHERQ WM XRYM
VXEVHTXHQWOQWLMWHKHHG RI WK H QUEKMQIEHH B HBLEK B & !
GHVLFSDWHRUGWHIQ R[LGL]IHG OMXVSAHUGHG LEZILWRSURSDQRO
XOWUDVRQLF GLVPHPEUDWRU 4VRQLFD 1HZWRZQ &7 DQG W

$SSURSULDWH DPRXQWY RI SUHFXUVRENQAH B (OG5 GG W UNRRG X FH
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ZLVH WR WKMRISURSDQRO VXVSHQVLRQ DW P/ PLQ ZLWK C
'HUWKHLP *HUPHDQORZ UDWH Rl SUHFXUVRU DGGLWLRQ ZDV |
PL[LQJ WLPH 7KH HQWLUH G/ OWS HQMNL RRUZ DK/ UG I RILWURJIHQ
: DWHU ZDV X&GBHG GWRSVKH UHDF\WLROROEWMHE QHRFSVRPRW |
$IWHUZDWKGVUHIOX[H@PMKWGE UHWVZPW YV Z LDWK IL R SU RFIDPRAR Q \
ZKLEKPRYE\ XDWHDB UHDMIHDON LVRSURSDQRIOHZG®W\ HPYDIMSHRWIDDAT
ZHUH SRZGHUHG XVLQJ D @®RHWBHWY OOQWDSHW WDWHULDOV ZHUH
KXQGHU QWR URBHOQMWDWHI RUPDWLRQ

3K\WLFDO OR WSK®R QAHP HQIRNQ VRERFQSK\WVLFDO PRUSKRORJ
10V ZDV GHWHUPLQHG XVLQJ D -(2/ ) KLJK UHVROXWLRQ
+57(0 -(2/ -DSDQ HTXLSSHG ZLWK HQHUJ\ GLVSHUVLYH
PLFURJUDSKY ZHUH REWDLQHG DW ND9J KHHF BHHOWDULEDW L R Q WKRHD V
PHWKRGRUORGHVFULEHG HQOY BERKRHBM® | DTXHRXV GLVSHUVLRQ
SODFH® RPUERQ FRDWHG FRSS 16 M STYDLMNEEK\H V VGI® AEH G
RYHU PUBXWHYYHUDO PZHURMWDSKY WR REWDLQ UHSUHVHQW

7KH HOHPHQWDO FRPSRVLWLRQ RI WKH GU\ 0:17 DQG 14
.UDWRMADY\ 3KRWRHOHFW BRY BODHWVFWIURPHWHKWSSHG ZLWK D PR
..; UD\ VRXUFHH®DQG D FRRAAQWBKIHULF B VB QO M\PHKU Rl SRZ(
VDPSOH ZDV SODPHGR® MRSBMEOMDSHG VWDLQOHVV VWHHO
WKH DQDO\VLV FKDPEHUDD @G GHUWDBWSKBWRH ®HEWHRQ VSHEW
DQDO\VLV ZDV WKHQ SHUIRUPHG WR REWDLQ WHKHVWROXYHRWX
VSHEFWUD DQG WKH GDWD ZDV WDHWRQXVGLEQ | O/MALKP WW K SIH K

&DVD;36 &KDWRDUH /WG -DSDQ 7R HQVXUH UHSURGXFLELOL



Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 May 2018 doi:10.20944/preprints201805.0191.v1

RI  VDPSOHV IRU HDFK PDWHULDO 0:17 DQG WKUHH 1+V 2
WULSOLFDWH EDWFKHV IRU DOO 1+V

$QDO\VLV RR GIRRYHWVBO\VWDOOLQUWKHRI+FHMA DR VRBYDOXDWHG
5 $ © 5LJDNX OLQL)OH] 5LIJDNX.. 1DBIDG LDMWARKD D & X

ZDYHOHQWAR JUDSKLWH PRQRFKURPDWRU ZDV XVHG DW D VV
RI f WR f DQG D VFPIQ®LRUURXVEBXRIDFSOHY WKH VDPSO
LQVHUWHG LQWR DQ DLUWLJKW ;5" VDPSOH KROGHU XQGHU Y
WKH ;5" Rl 0&X7&X VDPSOHV ZDV FDUULHG RXW LQ RUGHU WR
PDWHULDOV ZRUOB' SHYIWKPP 7KH VFDWWHULQJ ZDV GHWH
FRXQWHU

OHDVXWLQRGDVBHRBXFWRWEQWLDOR52%3X¥HUH PHDVXUHG ZLWK
XOWUDPHWHU 0\URQ / &RPSDQ\ &DUOVEDG &$ 7ZR
0:17 LVRSURSDQRO+@XD®G17 '0) &X 12 +2 ZHUH KHDWHG WR

IRU K $IWHU FDOLEUDWLQJ WKHD PYS@B\BDMHFWBULQ RIKIRI 2
PHDVXUHPHQW FKDPRI58 YB'® WHFRHQHBQG

5HV XDOG ' MVADR Q

3K\WLFDO ORDRICRORPS B WHRQWDWLYH 7(0 PLFURJUDSKV R
WXEXODU VWUXFWXUHV ZLWK VSKHULFDO IHDWXUHV GDUNH L
PDJQLILFDWLRQ LPDJHV LVHKRZLORWRVLEH GU LIYEN RH@® WX B HWS
LQGLFDWLQY WUWRMOKIDMHMVYKH HWHULRU ZDOOV RI WKH 0:17V
WKHVH ZRBIJWV]H RI WKH QDQRFU\WWDOV LV IRXQG WWR EH ODL
IRU =Q2 DQB IRU &X 2 YWIOM QMURU\VWDOV RBBQGP DO DR W UH H

KLIJIKHU LR @G MKV W31+ VXUIDKHVYVH IHDWXUHY DUH IRXQG WR E
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DORQJ WRKRRPBRY LW VD@ SIDBMWKTFX DQWLILHG ZLWKD;36 ZKLFK
VWURQJHU SUH VHIEH QRN RAPISW ) BIGRW R7 WEE HR 6L G H V

=Q +\EULGL]DWLRQ*RIURBILBH WR 2[LGH )R UPPWQ R Q RBMUNKXMD\O
JURZWK RQ WKH 0:17 VXUIDFHV ZDV SURPRWHG E\ WKH QHJDV
0:17 VXUIPH¥WURVWDWLF DAWRW ERQR @ @ 8 WHERLREWDH V X U | D
0:17V DVVRFLDVEHWKKW KD 0:17 VXUIDFHV 7KHVH LRQV WKHQ |
PROHFXOHV JHQHUDWHG IURP WKH K\GURWHVMKH. QFLDLWUDWH
VXUMEKLFK VHUYH DV QXFOHDWLRQ VLWHV IRBKPUYWEHU JUR
=Q 2+DQG =IIPFRI\VWDO IRUPDWLRQ SOWKYZ MYIRUXDWHG LQ WK
ZLWK ;5' FKDUDFWHUL]DWLRQ RQ WKH PDWHULD® W SHARUD D
EHIRUH FDOFLQDWLR® W KRZKHHNWG/MQFG! K OEVG!Y F PIVK IUGID WL R
HOHYDWHG WHPHSHUDWXUNM FIDW I© L NHKOR O©® \2HV WKH H[FHVV :
IRUPV =Q2 FU\WWDO SKDVHV ;5" VSHFWUXP RQ WKH 1+ DIWHU
=Q 2+SKDVH )EJBQB FRQILUPV WKLV OLNE®\ FALW WDDW R WR DM
RQ :5' SDWWHUQV IRU [DRRA SHRXDUHQXYHG WR UHODWH SHDN
FU\WWDOOLTKHSODINMBIFWLRQ SDWKZI 1IRURUPDWLRQ LV VKRZ
ZKLFK LV VLPLODU WR FU\WWDO IRUPDRVZAWRK BQWKIZDA GHVFUL

4aCE; .

] AE
1F/9067 UL, 1F/9067<P 1. /906 F<J1<lX1l*;s:=IKNIKQO

1°f906 F<J1?2NUOP=HHEJA
= H UYRD O BIKQWVIRQJ P D W L(R Q7 RQ Z LOWKH G X F L Q J G5 1H WKWDY H
VXFFHVVIXOO\ EHHQ KYBOH®RWHE ZZ WKKHBRIRGRRMKH PRGLILHG
VRI® O PHWKRWG QR W HZR IDVGIO\OW 6 R@L QZDD JHOTKLUHG IRU WKLYV

7KH ;5" VSHFWUXP RIJWKH)LCIXNVKRZNILQHG SHDNV DW
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i1i6 DQG FU\VWDOFROD® N BHRBFGLOMRQ WD BDLHU VW X\GALBHWHR Q OD LU
A 0:17 $J VIQWKHVLV WKRK JKK DOIEKR BRI LDWLRQ WKW K50:17V
116 VSHFEFWUXP BKRZQEBVSHDNV FRPSDUHG WR WKHKRXIKOWR/LS U}
116 VWABUPHG BWWBRQ\RIFUGRBDIEHG 0:17 WXK XNEWSWH O\LQJ

116 PHFKDQMMHRGREU\WVWDO JURZWK LV OLNHO\ TXLWH GLIIHUHQ
116 R[LGLIHGVROUWBRRAYV

i1l ,QWHUPHG LFCHWD 6B $QRPDO\ WKDW )RUF HM WK ®HS RRULADLW HR
1fi 6(3 YDOPXFK OLNH $J &X VKREBDGWRREMWNHIR &X H[KLELWV DQF
11T FKDUDFWHU DQG GURIGXFKWE BLIGAHVWLRQ ZLWK 0:17V 7KLV Vt
ifi RYHUFRPH VDIRAKPRQLGHURSHIQVLWYE[LF VIQWKHVLY DQG FKDU!
i1i168 FRQGLWLRQV DQG UHVXOWRGGRILIQIXWHLWIRODK VXQWKHWILYJF
i1fAi FRPSDUHG WRWIQHD&G KMEULGL]DWLRQ UHVXOWHG LQ D PL[HG
1160 VKRZQ LB WSHFWUXP )HXQHG BWDNV DQG SODQHV UHS
116 JHURDOHQW &X DQ® QQ® GUD\E UHBHDIKINMH DUH FRQVLVWHQW
116 UHSRUWHG /QMMHIUDIWXUWHH UVHSIRQKY PHIRHID QY DIORRS/S KW X XFHKY W
116 EHKDYLRU FDQ VWHP |UR PGX®Q D39 RAKGIDUEIDAHV R [ LAGRIPW LRIQW H U D W X

1T HYLGVYDIXAVR VXJIJHVW WKDW WABKFBOSRBWRBHMHONK IBDOB QDQRFU)

-
-

7TRDFLOLWYDMOHQQHW R X IRUPDWLRQ RQ 0:17V VI\QWKHVLV F

-
-
-

DYRLG SUHVHQRHJRGQDWPIEQ H @\ H KHOHEWLRRSURSDQRO VXV SHC

-
-

ZDV SXUJHG ZLWKKQR@® RDHPG ORQJ KDQGOLQJIDII GRQH LQ D

-
-
ox

FDOFLQDW L R DK S URBHWR/HHWL DHIB/ B +W UDQWHRH DQHDXAL UW LJKW :5' V

—>
il
=t

KROWRURQWLQXH WR DYRW®R M[KRNOHWH ]WEL R{MPNHUHVWLQJ

-
-
o

WKDW WKH QDE&RBFLQDWXERVY IRUPFWLRQ HQYLUR@RHQW FRQW
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FU\VWD O BID®D @HWK VR P H2 DSIODLQH\R Q Q K I&MK HUE HQ W H QAHLIMWX\O W V

-
-
(@}

-
-
(@}

LQGLFDWABLWKDWRNYKGDWLRQ RI &X KDV WDNHQ SODFH QRW G

-
-
(@]}

OLNHO\ GXULQJ WKH WHQWRKRIAIHARE LWCRHABHWW 12ZKLFK FRXOG QR
it EH UHPRIYWWHEHR PS OH W LURHD RWIWRRGHKH/Y H - UL KD\GHL G WK\ KRDIVAD

fii UHGXFLQJ DIJHQW PD\ EH XQDYRLGD PGIM DROUMXKH ORZHU PDJC

Tit $VROYHQW ZLWK D UHODWLY HPOR KID KNG VRCHFQRRQ SRV
it GLPHWK\O IRUPDPLGH '0) FDQ SRWHQWDDOQWMRXNHDQ VDD W H
i VIQWKHVLV HDYGLHPS\WORXBEHWAXGWKHVL]LQJ $JRMIORZIEQUWLF(
iifi VLPLODU SQRWREGRQHWY LQ W\SLFDWKR[IFDARFUVRWYEEQWRUPH
fi6 DLG RI '0) H[KLELRVI DVRR Z RUSEOAKLOH D ARRSOBDMLRQ RI WK
116 SHREVHHDPWQLHUUH RFDVVHVV WKH URIGY R HQURSRVAIDOWRA 253 FL
116 PHDVXAKHGLVRSURSBRQRZBY\YWOPH RIFRP PDUBGIWR

1i6 P9 ZKLFK LQGLFDWH D PRUH FRQGXFLYH UHGXAVUHHQYLURQF
181 ILQGLQJV VWUR QRWPDXBRIFKWOMRDWDOV ZLWK D VRO JHO PHYV
16f FKDOOHQJRKWWDRY ZLWK ORZ PDQMHFMXEWWREYH QA ABXFLQJ

0T HQYLURWRHRMLOLWDWH WKLV SURFHVYV

16i &RQFOXVLROQ

136 6RDHO VIQWKHVLV FDQ EH XWDROHI®\E WRGI RYPGERWK PHIRD O V
158 VXUIDDKHHVUHVXOWLQJ FU\WWDO SKDVH URYMWURQR SN G\WM SHD R |
150 PHWDO WSMHFZKINVFK LV D PHDVXUH RI H QUM WEHGMLAR[G SHU X
156 UHDFROD.® @HDXVHGA G HWIKHHFIRRLFH RI PHWDO WR REWDLQ QDQ
136 GHVLUHG FU\VSHYXOIANNHH \B\W DW K D KL PHEHED DO MHMMKK HU ]HUR

166 YDOHQW RU RIZKG& F RREMAHAL WBJ QLW X GUR L5[(HBHXDKNIHO EVWAYWIB O
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6ROHO WHFKQLTXHW RDEGHERDXOHDDAWW DOV ALY DRIHQ W
KRZHYXBK UHGXFLQJPBE MEBRRG@ PG M\CCDSWIR@H PHWDOV VXF

& X

$FNQRZOHGJHPHQWYV
7KLV ZRUN LV VXSSRUWHG E\ D 1DWLRQDO 6FLHQFH )RXQGDW
DXWKRUV DOVR WKDQN 'U .DUDOHH -DUYLV DQG 'U +XJR &HC

WKHLU DV YIOHFIVYRH) L)L BBRYVE RS \\VILYG
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SHIHUMQFH

(GHU ' :LQGOH $ QRU&GDQER®\EULG PDWHULR\WREH 77HR FI
LOQWHSEYMHQFHG ODWHULDOV

$OOH\ 1 - J/LDR . 6 $QGUHROL ( 'LDV 6 'LOORQ (
5 %\UQH + - &XUUDQ 6 $ (IXHOFOMH BH® B UE R Q LGDD&RGLIEIHY

3 +7 38%0 KXOWNHURMXQFWLRQ RENDDK FOSINRWRYROWDLFV
JOREHW ( (VSLQRVD ( B6RWWHU ( ,RQHVFX 5 9LODC
3LUHDX[ .H ; 9DQ 7HQGHORR *7L&DKERUL @ DIQARAWXERHJ G HW H
WUDFHURQRWHFKQRORJ\
JLX= : DY - ;IH' &KHD* 3RODIAGHE &RDMG)H 2 1 DIRSOMFGL
&DIFRE 1 DIRWEHERP SRWIDQG WS SSTFDIRQLO( GRNRKHP LFDDARHIQ) 6 PD O O

=KX < (OLP + , )RR < /| <X 7 /LXQ < -lHH $HH -
6 7TKRQJ -0XOWLZDOOHG FDUERQ QDQRWXEHYVY EHDGHG ZLW
QRQOLQHDU RSWGKFDQPZE WBKMHIILD OV

'DV SODXWWOH - 6DEDUD\D 3SWWGE-PRQ6BOHK6E6DER R
HOHJDQW PHWKRG IRU ODUJH VFPDER ¥ \QDIVXRHW X EZ HR QPR RYE Rl
HQYLURQPHQWDO DSSOLFDWRRQ WRYEP HRS\VDLF BWILIRQFUW XGQR

/Y : X - -LDQJ MPRXDO Rl FKURPLXP 9, IURP ZDVWH?Z
QDQRVFD/MOHOWR LURQ SDUWLFOHV VXSSRUWHKG RRR)VBKBWH. Z D

OD 3 & 7DQJ %. = (ILHPW-RI &17 GHFRUDWLRQ ZLWK VLC
HEWULFDO FRQGSROLFHW\FRIZSBERW HV

5DR & 1 5 0+0O0HU $ 7&KHHRAHPLR WU\.RI QDQRPDWHUL]
SURSHUWLHY DOQRRSSQOFDWBRQV

9RUNDSLF ' ODWVIR¥MDRI WHPSHUDWXUH DQG DOFRKRO'
WLWDQLD QDQRSDUWRRKORBY OURIPWIKMHNRPHWHYDQ &HUDPLF 6RF

5DYHHQGUDQ 3 )X - :DOOHQ 6 / &RPSOHWHO\ 3JUHF
PHWDO QDQRXNOWWOFRHWKH $PHULFDQ &KHPLFDO 6RFLHW\
+H ) =KDR ' ODQLSXODWLQJ WKH VL]H DQG GLVSHUVLIE

E\ XVH Rl FDUER[\PHWK\O(PNQORX QRN &M/ D\W K ER BBHWR/J\

%RP ' $QGUHZV 5 -DFTXHV ' $QWKRQ\ - &KHQ %
7KHUPRJUDYLPHWULF DQDO\VLV RI WKH R[LGDWLRQ RI PXOWL
UROH RI GHIHFW VLWHV LQ FDQERBWWDIQRWXEH FKHPLVWU\

'DV ' 30XMWOH - 6DEDUD\D $WWZPRG B 6GDOHER1
HOHJDQW PHWKRG IRU ODUJH FPLER ¥ \QIVWKRIW X E HR Q POW R YE RI
HQYLURQPHQWDO DSSOLFDWRQRIQURQ8H.@\8D 0FOR HRG N/ WHDELRH \

O0XOILQJHU / B6RORPRQ 6 ' %DKDGRU\ 0 -H\DUDMDVL
%RULW] & 6\QWKHVLYV DQG VWX&EHRI YERNHU QDQRSDUWLFC
OR & % &KD 6 , .LP+. #RQHH6 + )DEULFDWLRQ RI F

QDQRWXEH UHLQIRUFHG DO XP L QHHRD B/WHRIF\WMMLDRRP 6 R IVHL @/FHH E
(QJLQHHULQJ $
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6XQ - *DR [/ /L : &ROORLGDO SURFHVV IIRMLR®RIHFNWDUE R(
&KHPLVWU\ RI ODWHULDOV
.XPDUL / =KDQJ 7 Xoo* /L :DQJ 4 '‘DW\H $ X

PLFURVWUXFWXUH DQG HOHFWULFD O XFRO®XE I/Q R EW P KR FIDAWHE
&HUDPLFV ,QWHUQDWLRQDO

=KDQJ ' 6KL / )X + )DIMVLVWHOGNSDN8RQUBWLRQ RI FL
QDQRWXEH FHULXP RPUUERORPSRVLWHYV

.DOXEDUPH 5 6 3I0PUN 2QH VWHS K\GURWKFHLPDROQV\Q W |
QDQRWXEH FHULXP R[LGH QDQRFRPSRYVLWHQRWG EMYRIDERHEF W L

/IDQJ - <DQ ; ;;XH 4 )DFLOH SUHSDUDWLRQ DQG HOHI
FREDOW R [AZBGORGOMOLUERQ QDWRW KEWH \FRSBSGFQDS O FRLIWGRIWH U
BRXUFHV

'DQJ * 6KHQ ; <DR - :HK[OHUGURWKBUPDO V\QWKHVL)
QDQRWXEH FREDIOMO BLEFRH)FRRADO QDQRFRPSRVDWBHQG DS!
PDWHULDO LRQ & DWEHEW HWRFKHPLVWU\ & RPPXQLFDWLRQV

<DQJ + =KDQJ ' 6KL / )DQJ - B6\QWKHVLV DQG VWU
HXURSLXP R[LGH QDQRWXEHV DQG QDQR DDWWFAMOVERW FDUEGK

&KXDQVKHQJ & 7LDQJXL / :LDRKXD & %LQ < =KHQ:
&KHQFKRQJ + 3UHSDODWMGRODRIERQOMWIQRWXEHV (XURSLXP 2
5$5( 0(7$%/ 0$7(5,$/6 $1' (1*,1((5,1

&KHQ & +X - 6KDR ' /L - :DQJ ; $GVRUSWLRQ EHlI
QDQRWXEH LURQ R[LGH PDJQHWLF FRRERDIOWRIVKIRID UG R X V IPQ

+X - B6KDRHQ &KGB6KHQJ * /L - :DQJ : LOBXPMGX 0
JUDIWLQJ RI F\FORGH[WULQ RQWR PXOWLZDOO FDUERQ QDQR
7KH -RXUQDO RI 3K\WLFDO &KHPLVWU\ %

&KHQ & :DQJ ;0 1DNDRSIXXP DGVRUSWLRQ RQ PXOWLZD
QDQRWXEH LURQ R[LGH PDJQHWLF FRPSRVIONHURQWHKE VSO V |
VFLHQFH WHFKQRORJ\

'DQJ 4 /L - &KHQ & B5HQ :; +X - ODQIURP DPHARRRDN®
VROXWLRQ E\ PDJQHWLF PXOWLZDOOHG RIKUHPR.® DD € R WOEHHL
MRXUQDO

 NXQR 7 <DVXGDL7 2%BRGD 6 WD\DPD ORUULHM -
&RDWLQJ FDUERWKQDQRWI)DEH\¥F PDWHULDOV-EXSXDOHE OBSAl
SK\VLFV

,NXQR 7 .DWD\DPD O .DPDGMHH -GRWIGD 62XUD .
QVXFIRWRWMHG FDUERQ QDQRWXEHV V\QW KBIYD [HB/ E \ MSROOMMHIZO |
DSSOLHG SK\VLFW /[

3DQ / .RQLVKL < 7DQDND + &KDNUDEDUWL 6 +RNX
(IIHFW RI 0J2 FRDWLQJ RQ |LHORQHPE DV E R R XQUDXPROWRDEIHG F X X P
6FHQFH 7HFKQRORJ\ %

'DQJ 4 :HQ = + /L - + $ K\EULG VXSHUFDSDFLWRU |
QDQRWXEH FDWK®R ®HD QRLL i DRRBHG )XQFWLRQDO 0DWHULD
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5RUR . 7 17L@DNLNXQJD % <DOLVL % )RUEHV $ 6F
WKHUPDO HPLVVLRQ SURSHUWLHV RI PXOWLZDOO FDUERQ QD
VIQWKHVL}IGOES VRIWMULDOV 6FLHQFH DQG (QJLQHHULQJ %

'HQ % &DBR ©RX =6RQJ/ : =KDQJ / 0/X-10Q%+ )DQJ
. < :DQJ= <XDQ - 7HPSHUDWXUH GHSHQGHQW PLFURZDY}
FDURDP@RWXEH VLORPNER®SRVLWHYV

6LYDNXPDU 5 *XR 6 1LVKLPXUD 7 .DJDZDZBXOO7KHUP
FDUERQ QDQEWWXEE YDQIRERBEERWDWIHMVHULDOLD

%RWWLQL 0 7DXW] / +X\QK + ORQRVRYOQXPERWENLQ!I
OXVWHOLQ 7 &RYDOHQ@WD GHFR FDWERQ RDPRAWKIEHYV ZLWK VI
&KHPLFDO &RPPXQLFDWLRQV

'RQJFKRRVXN & :LVLWVRUDDW $ 7XDQWUDQRQW $ .
QRVH EDPVMHUE RQ QOYYRWMEHVHQVRUV DQG LWV DSSOLFDWLRQ
FRQWDPLQDWLRMQQRAKL DO\ FWXDWRUV % &KHPLEDO

(GHU ' :LQGOH $I(RJIDYRKDAEFDGIDY WHFDERE DRMEH7 12
IQWHWGFBEQFHG ODWHULDOV

'LQJ 0 B6RUHVFX ' & 6WDU $ 3KRWRLQGXFHG &KDUJt
6HQVLWLY LW QRO HGE RIIDUE RDL WMD@RW R EHR [ -GN WHQDWL 8 V WK H
$PHULFDQ &KHPLFDO 6RFLHW\

X *0 :DQJ5%$ =KDQJ &DQJ<+ =KRX % 6KHQ - ,QYHV\
RQ SURSHUWDH1IRY FRPSRVLWHYV DV FRWK®IE® HRID GR-DHLIDROHV
DQG 7THFKQRORJ\

*UHHQ - 0 /'ROXWX 7 -LDR - &RQOHQDPWR-SDHUVEDRO H
FRDWHG FDUERQ QDQRWXEHV GHPRMWYDRQ GRRYQDUERIE H
DSSOLHG SK\VLFV

6XQ = =KDQJ : 1D 1 /LX = +DQ % $Q * B6\QWKHV
1IDQRWXEH &RPSRVLWHYV DQG 7KHLU $SSOLFDWLRQ DV &KHPL
7KH -RXUQDO RI 3K\WLFDO &KHPLVWU\ %

*DR & /L-LLQ < = .RQJ + )DFDOH DQUBGNEBEVIM DQG
FKDUDFWHUL]DWLRQ RI FDUERQ QD QRMXERHVHIEFGQHRWD RDQRF U\

5DKPDQ * *XOGL ' 0 =DPERQ ( 3DVTXDWR / 7DJPD
'LVEWDEOH FDUERQ QDQRWXEH JROG QDQRK\EULGHPBOYQGHQT

X % .XDQJ < =KDQJ ; &KHQ - 1REOH PHWDO QDQR
QDQRK\EULGV V\QWKHML@YRDDRGDSSOLFDWLRQV

-DZDOH ' 9 *UDYHO ( %RXGHW & 6KDK 1 *HHUWVH
'RULV ( 5RRP WHPSHUDWXUH 6X]XNL FRXSOLQJ RI DU\O LRG
KHWHURJHQHRXV EDOPRG LOPCOEIXNEDANDW \VLY 6FLHQFH 7HF

HEFVHQRYLW\ ( (QGU GL % 3iSD = +HUQIiGL . 5DMH
'HFRUDWLRQRRIJXFDUERQ QDQRWXEHV ZLWK &X 2 QDQRFU\VW
HQKDQFHHOBKRWRFKHPLFDCRER QG KX PWIWRHQULDOV &KHPLVWL

&KHQ / 7VDQJ 6 & BDWRBSBBZGHU VHQVRU IRU WKH G
LQ BHOVRUV DQG $FWXDWRUV % &KHPLFDO
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6RKUDESR ODQVRXULLHK 1 .KRVUDYL 0 =ROJKDGU O

'LUHFW 5HG I[URP DTXHRXNDURQXWWLIRROOXYDQRIBUR/LFOHV LF
ZDOOHG FDUERRWIHDRQ KRMUHEH\H DQG 7THFKQRORJ\
$IUR] $ 1 'DV ' OXUSK\ & - O9LNHVOUDO® VIR 1BWORMHKIRI

QDQRVSKHUHVZZOWKG/EQUERQ QDQRWXE H \ DLV HWUD SHXVUHDWH G S

$LFK 1 %RDWHQJ / . 6DEDUD\D , 9 'DV ' )ORUD -
NLQHWLFV Rl KLJKHU RUGHU X0 OHWHOQR FRXYWDBIO W ERQHRQFXD'
WHFKQRORJ\

$IURR] $ 1 .KDQ ,630+%6DOMHIQ 1 % OHFKDQLVWLF KH
RI JROG QDQRSDUWLFOHV LQ D Z[{@HLURQ PH RW P R OW HR® H K

.KDQ , $ S$IURR] $ 5 0 1 )ORUD - 539/ 6BERERU] 3
$WWZRRG 7 6DOHK 1 % &KLUDOLW)\ C¥DHOFOM\G FDWERQWLR
QDQRWRFHVRQPHQWDO 6FLHQFH 7HFKQRORJ\

KDQ , $ S$LFK 1 $IURR] $ 5 0 1 )ORSWWZBRG IHL
7 6DOHK 1 % )UDFWDZDOQWHRZFRMDXIERQ RIDQRWRHEHY LQ ELR
FRQGLWLRQV UROH RI FKLGKBPRVSKHPHGLD FRQGLWLRQV

KDQ , $ )ORUD - 5 9 $IURR]6$KEHOD] 13 $LFKHUIXVR
/ 6DEWWZRRG 7 6DOHK 1 % &KDQJH LQ EIDIOUDA WD RE V®
QDQRWXEHV FDQ RYHUFRPH DQLRQLF VXUIDFWDQW VWDELOL'
NLQHMIYAWRQPHQWDO &KHPLVWU\

6DOHK 1 % 3IHIIHUOH / ' (OLPHOHFK 0 $JJUHJDWLF
QDQRWXEHV LQ DTXDWLF VIVWHPV PHDVXUBFHQRQYPBQ® BIQ Y
6FLHQFH 7HFKQRORJ)\

'DL . &KHQ + % /LX & : &KHQ + +XDQJ 4 < 3KRV
6XOIRQDPLGHV RY HDDWIOH G KEROUWE B BB DRWISRIPW LHU R |
1IDQRVFLHQFH DQG.DPRFKQ&ORJ\+RX 0 &KHQ 5 8GV IR (

6XQ < LD <FRONMURDOHG VIQWKHVLV RI 8RDQFAG VLO

*KRGVHODKL 7 O9HVDJKL O 6KDILHNKDQL $ %DJKL]DG
WKH &X# &X VRHG® ®DUPWIFOHYG 6 XUIDFH 6FLHQFH

3DVWBDOQWRVODUJIJ / 0 )RUPDWLRQ DQG VWDELOL]DWL
QDQRSDUWLFOHV WK URXPHWKEXIRWDED® KB UL 1

IRZU\ 5 'LFNPDQ ' 7KH $%&IWHPIU2ZEBR] XS VRPH RI WKH P
2[LGDWHBRFWLRQ6HRIW HRW L[@®XVWU\ 1HZV
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