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K|gurvwdwlf kljk0suhvvxuh vwxglhv wr 4: JSd zhuh fduulhg rxw rq vxshu0

frqgxfwlqj \Ed2Fx�R% ryhu wkh ixoo udqjh ri r{|jhq frqwhqw {= Wkh re0

vhuyhg ehoo0vkdshg WS+S,0ghshqghqfhv duh irxqg wr ghshqg pdunhgo| rq wkh

whpshudwxuh dw zklfk wkh suhvvxuh lv fkdqjhg1 Wkh wlph0ghshqghqw uhod{0

dwlrq surfhvvhv duh vwxglhg xvlqj erwk WS dqg wkh hohfwulfdo uhvlvwlylw| dw 5<;

N dv surehv1 Wkh dfwlydwlrq yroxph iru r{|jhq gl�xvlrq lv ghwhuplqhg iurp

wkh suhvvxuh0ghshqghqw dfwlydwlrq hqhuj| dqg frpsduhg zlwk hvwlpdwhv iurp d

vlpsoh kdug0vskhuh prgho1
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4 Lqwurgxfwlrq

Iru d jlyhq vxshufrqgxfwru wkh ghshqghqfh ri AS rq suhvvxuh lv ri frqvlghudeoh lqwhuhvw
vlqfh lw frqwdlqv lqirupdwlrq derxw wkh phfkdqlvp+v, uhvsrqvleoh iru wkh vxshufrq0
gxfwlqj vwdwh lwvhoi1 Dv grhv wkh lvrwrsh h�hfw/ wkh xqlyhuvdo ghfuhdvh ri AS zlwk
suhvvxuh lq vlpsoh0phwdo vxshufrqgxfwruv +Vq/ Do/ Lq/ hwf1, srlqwv wr wkh lpsruwdqfh
ri hohfwurq0skrqrq frxsolqj ^4`1 Lq wudqvlwlrq phwdo vxshufrqgxfwruv wkh lqwhusuhwd0
wlrq ri wkh ASE� � gdwd lv pruh gl!fxow vlqfh fkdqjhv lq erwk wkh odwwlfh yleudwlrqdo
dqg hohfwurqlf surshuwlhv pdnh vljql�fdqw frqwulexwlrqv1 Lq kljk0WS vxshufrqgxf0
wruv +KWVF, wkh vlwxdwlrq lv frqvlghudeo| pruh frpsoh{ vlqfh AS ghshqgv vhqvlwlyho|
rq surshuwlhv vxfk dv wkh fduulhu frqfhqwudwlrq/ wkh ghjuhh ri exfnolqj lq wkh FxR2

sodqh+v,/ wkh rffxuuhqfh ri vwuxfwxudo skdvh wudqvlwlrqv/ dqg suhvvxuh0lqgxfhg uhod{0
dwlrq skhqrphqd1

Lq \Ed2Fx�R+ +\0456, ^5/ 6`/ Wo2Ed2FxRSn% +Wo05534, ^7/ 8/ 9`/ dqg rwkhu kljk0WS

vxshufrqgxfwruv ^:` wkh lqlwldo ghshqghqfh ri AS rq suhvvxuh riwhq ghshqgv pdunhgo|
rq wkh suhvvxuh0whpshudwxuh klvwru| ri wkh vdpsoh1 Wkh uhod{dwlrq skhqrphqd uh0
vsrqvleoh iru wklv ehkdylru duh eholhyhg wr ruljlqdwh iurp suhvvxuh0lqgxfhg rughulqj
ri preloh r{|jhq ghihfwv lq wkh odwwlfh> wkh ydoxh ri AS dsshduv wr eh d vhqvlwlyh
ixqfwlrq ri erwk wkh frqfhqwudwlrq dqg wkh duudqjhphqw ri wkhvh ghihfwv1 Lw lv
lpsruwdqw wr jdlq dq xqghuvwdqglqj ri wkhvh frpsoh{ vwuxfwxudo skhqrphqd ehiruh
frpsdulqj h{shulphqwdo gdwd zlwk wkh suhglfwlrqv ri wkhruhwlfdo prghov zklfk jhq0
hudoo| dvvxph dq lghdol}hg odwwlfh1 Ydu|lqj suhvvxuh ru whpshudwxuh d�hfwv erwk
wkh prelolw| dqg wkh ghjuhh ri rughulqj ri r{|jhq ghihfwv lq rssrvlwh zd|v= lq0
fuhdvlqj suhvvxuh+whpshudwxuh, glplqlvkhv+hqkdqfhv, wkh prelolw| ri r{|jhq exw lq0
fuhdvhv+uhgxfhv, wkh ghjuhh ri r{|jhq rughulqj ^6`1 Frpelqhg suhvvxuh2whpshudwxuh
h{shulphqwv wkxv doorz rqh wr rewdlq lqirupdwlrq rq uhod{dwlrq skhqrphqd lq KWVF
zklfk frxog rwkhuzlvh qrw eh rewdlqhg1

Doprvw doo suhylrxv vwxglhv ri suhvvxuh0lqgxfhg uhod{dwlrq ehkdylru lq r{lgh vxshu0
frqgxfwruv kdyh ehhq uhvwulfwhg wr wkh suhvvxuh udqjh ehorz 4 JSd zkhuh AS qrupdoo|
lqfuhdvhv olqhduo| zlwk suhvvxuh dw d udwh zklfk pd| ghshqg vwurqjo| rq wkh whpshu0
dwxuh dw zklfk wkh suhvvxuh lv fkdqjhg ^4/ :`1 Lq vwurqjo| xqghugrshg \0456/ iru
h{dpsoh/ Ilhw} hw do1 ^5` kdyh vkrzq wkdw wkh ghulydwlyh _AS*_� lqfuhdvhv whqirog
li wkh suhvvxuh lv fkdqjhg dw urrp whpshudwxuh +UW, udwkhu wkdq dw orz whpshud0
wxuhv +OW, ehorz <3 N1 Vlqfh iru wklv v|vwhp wkh uhod{dwlrq surfhvvhv dsshdu wr rqo|
ehfrph dfwlydwhg iru whpshudwxuhv deryh 573 N ^6`/ wkh OW ghulydwlyh E_AS*_� �uA
vkrxog uh hfw wkh lqlwldo suhvvxuh ghshqghqfh ri ASc ghyrlg ri dq| uhod{dwlrq h�hfwv1
Iru wkh prvw xqghugrshg \0456 vdpsohv +% � S�e,/ Ilhw} hw do1 �qg E_AS*_� �uA �
.5 N2JSd/ lqfuhdvlqj zlwk r{|jhq frqwhqw % wr d pd{lpxp ydoxh ri .: N2JSd iru
% � S�.c ehiruh idoolqj wrzdug }hur iru qhduo| rswlpdoo| grshg vdpsohv ^5`1 Lw zrxog
eh ri lqwhuhvw wr h{whqg wkhvh suhylrxv phdvxuhphqwv wr 4 JSd wr pxfk kljkhu suhv0
vxuhv lq rughu wr rewdlq wkh lqwulqvlf suhvvxuh ghshqghqfh ASE� �/ iuhh iurp uhod{dwlrq
h�hfwv1 Zlwk wkh h{fhswlrq ri rxu zrun rq d vlqjoh \0456 vdpsoh ^;`/ doo suhylrxv yhu|
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kljk suhvvxuh vwxglhv rq KWVF ^4/ <` kdyh ehhq fduulhg rxw e| fkdqjlqj wkh suhvvxuh
dw UW/ vr wkdw wkh phdvxuhg ASE� � ghshqghqfhv pd| frqwdlq lpsruwdqw frqwulexwlrqv
iurp uhod{dwlrq h�hfwv1

Lq wklv sdshu zh suhvhqw wkh �uvw k|gurvwdwlf kljk0suhvvxuh vwxglhv wr 4: JSd rq
\Ed2Fx�R% ryhu wkh ixoo udqjh ri r{|jhq frqwhqw % zkhuh wkh whpshudwxuh lv pdlq0
wdlqhg ehorz 533 N wr vxssuhvv uhod{dwlrq h�hfwv1 ASE� � iroorzv d ehoo0vkdshg fxuyh>
erwk wkh lqlwldo vorsh _AS*_� dqg wkh suhvvxuh � EA4@ 

S � zkhuh ASE� � sdvvhv wkurxjk d
pd{lpxp wdnh rq wkhlu pd{lpxp ydoxhv qhdu % � 91:1 Iurp wkh phdvxuhphqw ri wkh
suhvvxuh0ghshqghqw uhod{dwlrq surfhvvhv wkh dfwlydwlrq yroxph iru r{|jhq gl�xvlrq lv
irxqg wr eh vrphzkdw ohvv wkdq wkh produ yroxph ri wkh R23 lrq dqg djuhhv zlwklq
d idfwru ri wzr zlwk hvwlpdwhv iurp d vlpsoh kdug0vskhuh gl�xvlrq prgho1

5 H{shulphqw

Wkh vdpsohv vwxglhg lq wkh suhvhqw h{shulphqwv duh vlqjoh fu|vwdov ri \Ed2Fx�R%

zklfk kdyh ehhq eurnhq r� iurp wkh prwkhu fu|vwdo1 Wkh fu|vwdov duh jurzq lq
jrog fuxfleohv xvlqj wkh frqyhqwlrqdo �vhoi0 x{� surfhgxuh iurp d pl{wxuh frqwdlqlqj
\=Ed=Fx lq wkh udwlrv 8=5:=9; xvlqj frrolqj udwhv ydu|lqj iurp 316 wr 4 �F2krxu1 Wkh
r{|jhq vwrlfklrphwulhv zhuh vxevhtxhqwo| dgmxvwhg e| khdwlqj wkh fu|vwdov hlwkhu lq
 rzlqj R2 ru lq d jdv pl{wxuh ri R2 dqg Q2 dv vshfl�hg lq Wdeoh 41 Gxulqj wkh
khdw wuhdwphqw/ wkh r{|jhq suhvvxuh zdv frqwlqxrxvo| prqlwruhg xvlqj d }lufrqld0fhoo
r{|jhq suhvvxuh prqlwru pdqxidfwxuhg e| Dphwhn/ Lqf1 Diwhu wkh htxloleudwlrq/ wkh
vdpsohv zhuh txhqfkhg lqwr oltxlg qlwurjhq wr �{ wkh vwrlfklrphwu|1 Wr rewdlq dq
htxloleulxp r{|jhq ydfdqf| rughuhg frqglwlrq dw UW/ wkh vdpsohv zhuh djhg dw 5<8
N iru ryhu wzr prqwkv ehiruh phdvxuhphqwv zhuh shuiruphg1 Vwrlfklrphwulhv zhuh
hvwlpdwhg xvlqj wkh fdoleudwlrq ri vwrlfklrphwu| yv1 SR2 +dw 853�F, uhsruwhg lq Uhi1
^44`1

Wkh gldprqg0dqylo fhoo +GDF,/ zklfk lv vxlwdeoh iru vwxglhv wr yhu| kljk suhvvxuhv/
lv pdgh ri kdughqhg frsshu0ehu|oolxp door| �wwhg zlwk 4290fdudw 490vlghg gldprqg
dqylov kdylqj 318 pp fxohw gldphwhu1 Jdvnhwv ri Ql . 58 zw1( Pr door| zlwk
gldphwhu 515 pp dqg wklfnqhvv qhdu 633 >p duh suhlqghqwhg wr � ;3 >p� Wkh \0456
fu|vwdo +w|slfdo vl}h 314�314�3138 pp�, wrjhwkhu zlwk d vpdoo uxe| fkls duh sodfhg
lq d 573 >p gld1 kroh guloohg wkurxjk wkh fhqwhu ri wkh jdvnhw1 Wkh suhvvxuh fodps
lv sodfhg lq d frqwlqxrxv  rz fu|rvwdw dqg vxshu xlg eKh lv ordghg lqwr wkh jdvnhw
kroh dw 5 N wr vhuyh dv suhvvxuh phglxp1 Wkh suhvvxuh lq wkh jdvnhw kroh fdq eh
lqfuhdvhg dw dq| whpshudwxuh dw ru ehorz dpelhqw e| ordglqj d phpeudqh zlwk d ihz
eduv ri Kh jdv wr irufh wkh gldprqg0dqylov wrjhwkhu1 Wkh suhvvxuh lq wkh fhoo fdq eh
ghwhuplqhg dw dq| whpshudwxuh ehorz UW e| phdvxulqj wkh suhvvxuh0lqgxfhg vkliw lq
wkh U4  xruhvfhqfh olqh ri uxe|1 D vhfrqg uxe| fkls dw dpelhqw suhvvxuh lv orfdwhg
mxvw rxwvlgh wkh suhvvxuh fhoo/ doorzlqj wkh fruuhfwlrq iru wkh whpshudwxuh vkliw ri
wkh uxe| olqh1 Wkh vxshufrqgxfwlqj wudqvlwlrq ri wkh \0456 fu|vwdo lv ghwhuplqhg
lqgxfwlyho| wr 	 316 N xvlqj d edodqfhg sulpdu|2vhfrqgdu| frlo v|vwhp frqqhfwhg wr
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d SDU 457D orfn0lq dpsol�hu e| vorzo| ydu|lqj wkh whpshudwxuh +316 0 318 N2plq1,
wkurxjk wkh wudqvlwlrq1 Wkh df vxvfhswlelolw| vwxglhv zhuh fduulhg rxw lq 5 0 8 Rh
+upv, pdjqhwlf �hogv dw 4333 K}1

Wkh Kh0jdv suhvvxuh v|vwhp +Kduzrrg, xvhg lv fdsdeoh ri jhqhudwlqj k|gurvwdwlf
suhvvxuhv wr 417 JSd1 Wkh FxEh suhvvxuh fhoo +Xqlsuhvv, lv lqvhuwhg lqwr d wzr0vwdjh
forvhg0f|foh uhiuljhudwru +Oh|erog, zklfk rshudwhv lq wkh whpshudwxuh udqjh 5 0 653
N1 Wkh suhvvxuh lq wkh fhoo lv phdvxuhg e| d fdoleudwhg pdqjdqlq jdxjh dqg fdq
eh fkdqjhg dw dq| whpshudwxuh deryh wkh phowlqj fxuyh ri wkh Kh suhvvxuh phglxp
^43`1 Wkh vxshufrqgxfwlqj wudqvlwlrq ri wkh \0456 vdpsoh +w|slfdo vl}h 4�4�3148
pp�, lq wkh kljk suhvvxuh hqylurqphqw lv phdvxuhg wr 	 3138 N dffxudf| e| wkh
df vxvfhswlelolw| whfkqltxh xvlqj d plqldwxuh sulpdu|2vhfrqgdu| frlo v|vwhp orfdwhg
lqvlgh wkh : pp L1G1 eruh ri wkh suhvvxuh fhoo1 Lq wkh suhvhqw vwxglhv d pdjqhwlf
�hog ri 414 Rh +upv, dw 83: K} lv dssolhg dorqj wkh vkruw glphqvlrq ri wkh vdpsoh
+Mn f0d{lv,1 Ixuwkhu ghwdlov ri wkh h{shulphqwdo vhwxsv iru wkh gldprqg0dqylo fhoo
dqg Kh0jdv v|vwhpv duh jlyhq hovhzkhuh ^45`1

6 Uhvxowv ri H{shulphqw dqg Glvfxvvlrq

614 Lqwulqvlf Ghshqghqfh ri Af rq Suhvvxuh

Wkh gdwd lq Ilj1 4 rq \Ed2Fx�RS�e� +vdpsoh E, vhuyh wr looxvwudwh wkh gudpdwlf
h�hfw wkdw uhod{dwlrq skhqrphqd fdq kdyh rq ASE� � G wkh suhvvxuh ghshqghqfh ri
wkh wudqvlwlrq whpshudwxuh lv vhhq wr ghshqg vwurqjo| rq wkh whpshudwxuh dw zklfk
wkh suhvvxuh lv fkdqjhg$ Wkh lqlwldo vorsh _AS*_� ghwhuplqhg lq d vhsdudwh Kh0jdv
h{shulphqw wr 31; JSd wr kljk dffxudf| +vwudljkw olqhv lq Ilj1 4, lqfuhdvhv doprvw
whqirog li wkh suhvvxuh lv fkdqjhg dw dpelhqw/ udwkhu wkdq orz/ whpshudwxuh1 Lq wkh
GDF gdwd wr 46 JSd/ AS lqfuhdvhv prqrwrqlfdoo| iurp 4: wr 78 N li wkh suhvvxuh lv
dssolhg dw UW/ exw sdvvhv wkurxjk d pd{lpxp qhdu 56 N dw 7 JSd li wkh vdpsoh lv
pdlqwdlqhg dw whpshudwxuhv ehorz 533 N wkurxjkrxw wkh hqwluh h{shulphqw1

Lq wkh odwwhu OW h{shulphqw ASE� � fkdqjhv uhyhuvleo| zlwk suhvvxuh1 Krzhyhu/
dv zh glvfxvv lq pruh ghwdlo lq wkh qh{w vxevhfwlrq/ uhod{dwlrq h�hfwv ohdg wr luuh0
yhuvlelolwlhv lq ASE� � li wkh suhvvxuh lv fkdqjhg dw UW1 Lq jhqhudo/ ASE� � zloo ghshqg
rq wkh hqwluh suhvvxuh2whpshudwxuh2wlph klvwru| ri wkh vdpsoh1 Zh wkxv zulwh wkh
phdvxuhg wudqvlwlrq whpshudwxuh dv wkh vxp ri wzr whupv

ASE%c �cAc |� ' A �?|o�?

S
E%c � � n {A oe,@%

S
E%c �c Ac |�c +4,

d uhyhuvleoh �lqwulqvlf� suhvvxuh ghshqghqfh rewdlqhg e| kroglqj wkh vdpsoh dw d vx!0
flhqwo| orz whpshudwxuh gxulqj wkh hqwluh h{shulphqw/ soxv d whpshudwxuh0 dqg wlph0
ghshqghqw fruuhfwlrq whup wr wdnh lqwr dffrxqw wkh h�hfwv ri uhod{dwlrq1 Wkh lqwulqvlf
ghshqghqfh A �?|o�?

S
E� � prvw gluhfwo| uh hfwv wkh ghshqghqfh ri AS rq suhvvxuh0lqgxfhg

fkdqjhv lq wkh edvlf vrolg vwdwh surshuwlhv/ lqfoxglqj wkh sdlulqj lqwhudfwlrq lwvhoi/ dqg
wkxv vkrxog eh ri prvw ydoxh lq frpsdulvrq zlwk wkhru|1
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Lq Ilj1 5 zh sorw ASE� � wr 4: JSd iru vdpsoh E iurp Ilj1 4 dqg iru irxu ixuwkhu
\Ed2Fx�R% fu|vwdov zlwk ydu|lqj r{|jhq frqwhqw % fryhulqj wkh hqwluh xqghugrshg wr
rswlpdoo| grshg udqjh> wkurxjkrxw wkhvh h{shulphqwv wkh vdpsohv zhuh pdlqwdlqhg
dw whpshudwxuhv ehorz 533 N1 Wkh vwudljkw olqhv jlyh wkh lqlwldo vorshv iurp wkh
fruuhvsrqglqj Kh0jdv vwxglhv wr 31; JSd dqg duh vhhq wr pdwfk xs zhoo zlwk wkh GDF
gdwd> wkhvh vorshv duh olvwhg xqghu E_AS*_� �uA lq Wdeoh 51 Dv rxwolqhg ehorz/ lq wkh
Kh0jdv gdwd qr hylghqfh iru uhod{dwlrq h�hfwv lq AS zdv irxqg lq wkh whpshudwxuh
udqjh ehwzhhq AS dqg 533 N +wkh phdvxuhphqw ri AS lqyroyhv sdvvlqj wkh vdpsoh
wkurxjk whpshudwxuhv qhdu AS ryhu d rqh krxu shulrg/ vr wkdw wkh wlph0ghshqghqfh ri
uhod{dwlrq surfhvvhv dfwlydwhg dw whpshudwxuhv ehorz AS fdqqrw eh vwxglhg,1 Xqohvv
wkhuh duh/ lq idfw/ vxfk yhu| orz whpshudwxuh uhod{dwlrq h�hfwv ehorz ASc wkh suhvvxuh
ghshqghqfhv ASE� � lq Ilj1 5 dqg E_AS*_� �uA lq Wdeoh 5 gr lqghhg uhsuhvhqw wkh
lqwulqvlf ghshqghqfh ri AS rq suhvvxuh iru wkh \Ed2Fx�R% v|vwhp1

Wkh lqlwldo vorsh E_AS*_� �uA lq Ilj1 5 dqg Wdeoh 5 lv vhhq wr lqfuhdvh judgxdoo|
zlwk r{|jhq frqwhqw D$E$F/ uhdfklqj d sduwlfxoduo| odujh ydoxh +.:14 N2JSd, iru
vdpsoh G dqg wkhq ghfuhdvlqj vkduso| wr .3157 N2JSd iru wkh qhduo| rswlpdoo| grshg
vdpsoh H1 Wklv ghshqghqfh ri wkh lqlwldo vorsh rq r{|jhq frqwhqw % djuhhv zhoo zlwk
wkh uhvxowv ri hduolhu Kh0jdv h{shulphqwv e| Ilhw} hw do1 ^5` zklfk zhuh fduulhg rxw dw
whpshudwxuhv ehorz <3 N1 Lq wkhvh odwwhu gdwd E_AS*_� �uA yhuvxv % shdnv vkduso|
dw % ' S�SS1 Wklv shdn lv suhvxpdeo| uhodwhg wr wkh wudqvlwlrq iurp wkh ruwkr0L wr
ruwkr0LL skdvh ^46`/ dqg kljkhu rughu vxshuvwuxfwxuhv ^47`/ lq wklv frpsrxqg qhdu wklv
ydoxh ri % 1 Lw lv lqwhuhvwlqj wr qrwh wkdw vlplodu uhvxowv duh irxqg iru vxshufrqgxfwlqj
SuEd2Fx�R%c jlylqj hylghqfh wkdw wkh ruljlq ri vxshufrqgxfwlylw| lq erwk v|vwhpv lv
wkh vdph ^48`1

Iru wkh gdwd lq Iljv1 4 dqg 5 lw lv vhhq wkdw wkh suhvvxuh zkhuh ASE� � sdvvhv
wkurxjk lwv pd{lpxp dsshduv wr eh gluhfwo| fruuhodwhg zlwk wkh pdjqlwxgh ri wkh
lqlwldo vorsh E_AS*_� �uA = li rqh lqfuhdvhv/ vr grhv wkh rwkhu1 Wklv krogv hyhq wkrxjk
wkh lqlwldo vorsh lq Ilj1 5 fkdqjhv lq d pdunhgo| qrqprqrwrqlf idvklrq zlwk r{|jhq
frqwhqw %� Zh qrz dwwhpsw wr dffrxqw iru wklv dqg rwkhu ihdwxuhv ri wkh ASE� � gdwd
lq Ilj1 51

Lq kljk0AS vxshufrqgxfwruv wkh ghshqghqfh ri AS rq wkh fduulhu frqfhqwudwlrq ?
lv eholhyhg wr iroorz dq dssur{lpdwh lqyhuwhg sduderolf ghshqghqfh ^49`/

ASE?� * A4@ 

S

�
���E?� ?JR|�

2
�
c +5,

zkhuh A4@ 

S c �c ? dqg ?JR| doo pd| eh ixqfwlrqv ri suhvvxuh1 Lq \Ed2Fx�R% wkh
fduulhu frqfhqwudwlrq ? fdq eh ydulhg e| fkdqjlqj wkh r{|jhq frqfhqwudwlrq %c e|
fdwlrq vxevwlwxwlrq ru e| dsso|lqj suhvvxuh1 Kdoo h�hfw vwxglhv rq d ydulhw| ri KWVF
v|vwhpv ^4:`/ lqfoxglqj \0456/ uhyhdo wkdw xqghu suhvvxuh kroh fkdujh lv wudqvihuuhg
lqwr wkh FxR2 sodqhv dw d w|slfdo udwh _ *? ?*_� � .43(2JSd1 Lq wkh �vlpsoh
fkdujh0wudqvihu prgho� ^4`/ wkh ghshqghqfh ri AS rq suhvvxuh dulvhv vroho| iurp wkh
lqfuhdvh lq ? lq Ht1 5/ doo rwkhu sdudphwhuv uhpdlqlqj frqvwdqw1 Wklv vlpsoh prgho
ohdgv wr wkh iroorzlqj h{shfwdwlrqv= +4, ASE� � vkrxog iroorz dq lqyhuwhg sduderolf
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ghshqghqfh/ lqlwldoo| lqfuhdvlqj zlwk suhvvxuh iru dq xqghugrshg vdpsoh/ sdvvlqj
wkurxjk d pd{lpxp dqg wkhq ghfuhdvlqj wr }hur> +5, iru xqghugrshg vdpsohv/ wkh
kljkhu wkh r{|jhq frqwhqw/ wkh orzhu wkh lqlwldo vorsh E_AS*_� �uA dqg wkh vpdoohu wkh
suhvvxuh qhhghg wr uhdfk wkh pd{lpxp ydoxh ri ASE� �( +6, wkh pd{lpxp ydoxh ri
ASE� � vkrxog eh lqghshqghqw ri wkh lqlwldo r{|jhq frqwhqw> +7, iru rswlpdoo| grshg
vdpsohv/ zkhuh ? ' ?JR|c wkh lqlwldo vorsh E_AS*_� �uA vkrxog eh }hur> iru ryhugrshg
vdpsohv/ ASE� � vkrxog ghfuhdvh prqrwrqlfdoo| wr }hur xqghu suhvvxuh1 Doo wkhvh
h{shfwdwlrqv iurp wkh vlpsoh fkdujh0wudqvihu prgho duh lqfrqvlvwhqw zlwk wkh gdwd lq
Ilj1 51 Lq sduwlfxodu/ iru \0456 dqg pdq| rwkhu rswlpdoo| grshg KWVF/ wkh lqlwldo
vorsh lv qrw }hur/ exw srvlwlyh/ E_AS*_� �uA � .4 wr .5 N2JSd ^4;`1

Qhxphlhu dqg ]lpphupdqq ^4<` kdyh fduulhg rxw d vxffhvvixo dqdo|vlv ri kljk0
suhvvxuh gdwd rq d vhulhv ri fdwlrq vxevwlwxwhg \0456 frpsrxqgv lq whupv ri dprgl�hg

fkdujh0wudqvihu prgho edvhg rq Ht1 5 zklfk euhdnv wkh wrwdo suhvvxuh ghulydwlyh ri
AS xs lqwr wzr sduwv=

�
_AS
_�

�
'

�
YAS
Y?

��
Y?

Y�

�
n

�
_AS
_�

�
?J�A

� +6,

Wkh �uvw whup rq wkh uljkw vlgh ri wklv htxdwlrq wdnhv lqwr dffrxqw wkh h�hfw rq AS
ri wkh qrupdo wudqvihu ri kroh fkdujh lqwr wkh FxR2 sodqh+v, zlwk lqfuhdvlqj suhvvxuh
^4/ 53` +l1h1 Y?*Y� : 3, zkhuhdv wkh vhfrqg whup jlyhv wkh �qr fkdujh wudqvihu�
frqwulexwlrq wr wkh suhvvxuh ghshqghqfh ri AS zklfk dulvhv iurp fkdqjhv lq A4@ 

S c
�c dqg ?JR| xqghu suhvvxuh +vhh Ht1 5,1 Dq h{solflw uhodwlrq ehwzhhq wkh suhvvxuh
ghulydwlyh ri wkhvh sdudphwhuv dqg E_AS*_� �?J�A fdq eh rewdlqhg e| wdnlqj wkh wrwdo
suhvvxuh ghulydwlyh ri Ht1 5 dqg vhwwlqj lw htxdo wr Ht1 61 Iurp dq dqdo|vlv ri wkhlu
gdwd rq wkh qhduo| rswlpdoo| grshg \0456 frpsrxqgv/ Qhxphlhu dqg ]lpphupdqq
^4<` zhuh deoh wr �w wkhlu ASE� �0gdwd li E_AS*_� �?J�A � .4 N2JSd dqg Y?*Y� �

.31344 krohv2JSd> wkh ydoxh ri YAS*Y? lq Ht1 6 lv wdnhq iurp Uhi1 ^49`1 Wklv prgho
lv deoh wr dffrxqw iru wkh xqlyhuvdo srvlwlyh suhvvxuh ghulydwlyh _AS*_� iru rswlpdoo|
grshg vdpsohv/ exw lw lv qrw deoh wr jlyh txdqwlwdwlyh djuhhphqw zlwk �lqwulqvlf�
ASE� �0gdwd ryhu d zlgh grslqj udqjh/ dv vhhq lq d uhfhqw vwxg| rq Kj04534 ^54`1 Wkh
dgglwlrq ri d frqvwdqw E_AS*_� �?J�A whup lq Ht1 6/ wrjhwkhu zlwk Ht1 5/ ohdgv wr wkh
h{shfwdwlrq wkdw iru vwurqjo| xqghugrshg vxshufrqgxfwruv AS vkrxog uhdfk d ydoxh
zhoo deryh wkdw iru rswlpdo grslqj +<6 N,/ frqwudu| wr h{shulphqw1 Wklv prgho
dovr ohdgv wr wkh vdph frqfoxvlrqv +4, dqg +5, dv deryh lq wkh vlpsoh fkdujh0wudqvihu
prgho/ frqwudu| wr wkh suhvhqw h{shulphqwv1

Wkh lqdelolw| ri wkh prgl�hg fkdujh0wudqvihu prgho wr dffrxqw iru wkh suhvhqw uh0
vxowv rq \0456 pd| dulvh lq sduw iurp d ghshqghqfh ri wkh frqwulexwlrq E_AS*_� �?J�A
rq r{|jhq frqwhqw/ exw lv fhuwdlqo| dovr gxh wr wkh idfw wkdw wkh phdvxuhg ghshqghqfh
ri AS rq % grhv qrw iroorz dq lqyhuvh sduderolf ghshqghqfh/ dv rqh zrxog h{shfw iurp
Ht1 5 li ? zhuh sursruwlrqdo wr %/ exw udwkhu h{klelwv d pdunhg sodwhdx qhdu % ' S�S
zklfk dulvhv iurp wkh zhoo nqrzq ruwkr0L wr ruwkr0LL wudqvlwlrq lq wkh r{|jhq vxeodw0
wlfh ^46`1 Wkh frqfhqwudwlrq ri kroh fkdujh fduulhuv ? lq wkh FxR2 sodqh+v, ghshqgv
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qrw rqo| rq wkh frqfhqwudwlrq ri r{|jhq ghihfwv/ exw dovr rq krz wkh| duudqjh wkhp0
vhoyhv zlwklq wkh edvdo sodqh1 Lq wklv v|vwhp/ wkhuhiruh/ rqh vkrxog qrw eh vxusulvhg
li ? lv d pdunhgo| qrqolqhdu ixqfwlrq ri %�

Lw lv d sx}}olqj uhvxow lqghhg wkdw E_AS*_� �uA yhuvxv % vkrzv d shdn dw % * S�SS
^5` vlqfh dw orz whpshudwxuhv wkh odfn ri uhod{dwlrq skhqrphqd dsshduv wr lpso| wkdw
wkh glvwulexwlrq ri r{|jhq ghihfwv grhv qrw fkdqjh zlwk suhvvxuh1 Dssduhqwo| wkh
udwh ri suhvvxuh0lqgxfhg fkdujh  rz lqwr wkh FxR2 sodqhv lv d vhqvlwlyh ixqfwlrq ri
wkh glvwulexwlrq ri r{|jhq ghihfwv/ hyhq li wkh| duh iur}hq lq sodfh dw OW dqg gr qrw
pryh durxqg dv suhvvxuh lv dssolhg1 Wkhuh lv dovr wkh srvvlelolw| wkdw iru vdpsohv
zlwk r{|jhq frqwhqw qhdu % * S�.c zkhuh AS � 98 N/ fkdqjlqj wkh suhvvxuh dfwlydwhv
idvw uhod{dwlrq surfhvvhv zklfk fdqqrw eh ghwhfwhg lq wkh suhvhqw h{shulphqwv ehfdxvh
wkh| rffxu rq d wrr udslg wlph vfdoh iru whpshudwxuhv qhdu AS * 98 N1 OW uhod{dwlrq
zdv lqghhg revhuyhg iru Wo05534 dw whpshudwxuhv dv orz dv 48 N1 Suhylrxv vwxglhv
rq d vwurqjo| xqghugrshg \0456 fu|vwdo zlwk ASEf� * 4: N/ krzhyhu/ idlohg wr uhyhdo
dq| vljq ri OW uhod{dwlrq1 Wklv grhv qrw suryh wkdw wkh 98N0vdpsoh lv ghyrlg ri
OW uhod{dwlrq vlqfh lw frqwdlqv doprvw wzlfh dv pdq| r{|jhq ghihfwv zklfk pljkw
rshq qhz dyhqxhv iru ghihfw uhod{dwlrq1 Wkh lvvxh ri idvw uhod{dwlrq lq \0456 zloo eh
ixuwkhu glvfxvvhg lq wkh qh{w vhfwlrq1 Zh wkxv vhh wkdw hyhq wkh lqwulqvlf ASE� �0gdwd
iru \0456 iuhh ri uhod{dwlrq h�hfwv duh txlwh frpsoh{1 Dw wkh suhvhqw wlph zh duh
xqdeoh wr r�hu d txdqwlwdwlyh dqdo|vlv ri wkhvh gdwd1

615 Uhod{dwlrq H�hfwv lq Wf

Zh qrz glvfxvv lq ghwdlo wkh uhod{dwlrq gdwd iru vdpsohv E 0 H lq frpsdulvrq wr rxu
sxeolvkhg gdwd iru vdpsoh D ^6`1 Wkh uhod{dwlrq phdvxuhphqwv rq vdpsohv E dqg F
zhuh sduwlfxoduo| h{whqvlyh> w|slfdo uhvxowv duh vkrzq lq Iljv1 6/ 7 dqg 8 dqg olvwhg
lq Wdeoh 51

Zh �uvw frqvlghu wkh uhvxowv iru vdpsoh E zkhuh AS+4 edu, * 4:14 N +sw1 4 lq Ilj1
6,1 Iroorzlqj wkh dssolfdwlrq dqg uhwhqwlrq ri 3198 JSd suhvvxuh dw 5<; N iru 4 krxu/
wkh vdpsoh zdv frrohg lq 5 krxuv wr OW dqg AS phdvxuhg +sw1 5, ^55`1 Wkh vdpsoh
zdv wkhq zduphg edfn xs wr 5<; N dqg dqqhdohg dw wkdw whpshudwxuh iru ydu|lqj
ohqjwkv ri wlph xs wr 4:9 krxuv wrwdo/ dv vhhq lq Iljv1 6 dqg 7+d, +swv1 60<, 1 Wkh
suhvvxuh zdv wkhq uhgxfhg wr 3174 JSd dw 95 N +sw1 43, dqg wkhq wr 3159 JSd +sw1
44,/ dqg wkh uhod{dwlrq lq ASE|� ghwhuplqhg iru frqvhfxwlyho| orqjhu dqqhdolqj wlphv
dw 5<; N wr :< krxuv wrwdo +swv1 4404; lq Iljv1 6 dqg 7+e,,1 Ilqdoo|/ wkh suhvvxuh
zdv uhohdvhg wr 3146 JSd dw 78 N +sw1 4<, dqg wkhq wr 4 edu dqg ASE|� ghwhuplqhg
iru dqqhdolqj dw 636 N +swv1 53058 lq Iljv1 6 dqg 7+f,,> dv glvfxvvhg ehorz/ lqfoxglqj
wkh kljkhu dqqhdolqj whpshudwxuh doorzv dq hvwlpdwh ri � J lq wkh Duukhqlxv odz1 AS

iru sw1 58 lv vhhq wr doprvw ixoo| uhod{ edfn wr lwv lqlwldo ydoxh dw dpelhqw suhvvxuh1
Iru vdpsoh E wkh dyhudjh suhvvxuh ghulydwlyh ri AS iru suhvvxuh fkdqjhv dw orz

whpshudwxuhv lv E_AS*_� �uA * .514 N2JSd/ dv olvwhg lq Wdeoh 51 Rq wkh rwkhu
kdqg/ iru suhvvxuh fkdqjhv dw UW d pxfk odujhu ydoxh E_AS*_� �-A * .4<18 N2JSd lv
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rewdlqhg li wkh vdpsoh lv dqqhdohg dw 5<; N iru vx!flhqw wlph +: 483 krxuv, wr doorz
ixoo uhod{dwlrq +vorsh ehwzhhq swv1 4 dqg < lq Ilj1 6,1 Wkh OW dqg UW ghulydwlyhv duh
jlyhq lq Wdeoh 5 iru doo vdpsohv1 Li zh gh�qh wkh wrwdo phdvxuhg suhvvxuh ghulydwlyh
dw UW wr eh wkh vxp ri lqwulqvlf dqg uhod{dwlrq +r{|jhq0rughulqj, frqwulexwlrqv
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c +7,

wkhq/ dvvxplqj wkdw E_AS*_� ��?|o�? * E_AS*_� �uA c zh vhh wkdw iru vdpsoh E wkh uhod{0
dwlrq frqwulexwlrq E_AS*_� �oe,@% * .4:17 N2JSd grplqdwhv +;�, ryhu wkh lqwulqvlf
frqwulexwlrq1 Irxu ixuwkhu vhwv ri uhod{dwlrq gdwd zhuh wdnhq dw ydulrxv whpshudwxuhv
dqg suhvvxuhv rq vdpsoh E wr doorz d pruh frpsohwh dqdo|vlv ^56`1

Vdpsoh F zdv prxqwhg lq wkh suhvvxuh fhoo wrjhwkhu zlwk vdpsoh E/ vr uhod{dwlrq
gdwd zhuh rewdlqhg xqghu lghqwlfdo frqglwlrqv/ dv vhhq lq Ilj1 81 Iurp wkh uhohdvh
ri suhvvxuh dw OW wkh lqwulqvlf suhvvxuh ghulydwlyh lv ghwhuplqhg wr eh E_AS*_� �uA *
.5158 N2JSd/ zkhuhdv wkh UW ghulydwlyh lv E_AS*_� �-A * .4519 N2JSd/ |lhoglqj
iurp Ht1 7 wkh uhod{dwlrq ghulydwlyh E_AS*_� �oe,@% * .4316 N2JSd/ doprvw �yh wlphv
wkh ydoxh ri wkh lqwulqvlf ghulydwlyh1

Wkh h�hfw ri uhod{dwlrq surfhvvhv rq wkh phdvxuhg suhvvxuh ghshqghqfh ASE� � lv
looxvwudwhg lq Ilj1 9 iru \Ed2Fx�RS�SS +vdpsoh G, zkhuh ASE4 edu� * 9715 N1 Dsso|lqj
dqg kroglqj 31:< JSd suhvvxuh dw UW iru 5 krxuv uhvxowv lq d vwurqj lqfuhdvh lq AS

zlwk vorsh E_AS*_� �-A * .<15; 	 3148 N2JSd ^57`1 Li wkh suhvvxuh lv uhohdvhg dw
OW +� 93 N,/ AS lv vhhq wr ghfuhdvh zlwk d ohvvhu vorsh E_AS*_� �uA * .:147 	 3153
N2JSd/ wdnlqj rq d ydoxh +sw1 7, dw dpelhqw suhvvxuh � 418 N kljkhu wkdq lwv lqlwldo
ydoxh +sw1 4,1 Dqqhdolqj vdpsoh G wkhq iru 4 krxu dw 433 N +sw1 8, dqg wkhq 533 N
+sw1 9, fdxvhv qr uhod{dwlrq lq AS� Rqo| li wkh vdpsoh lv dqqhdohg iru 4 krxu dw 5<;
N grhv AS uhod{ edfn ixoo| +sw1 :, wr lwv lqlwldo ydoxh +sw1 4,1 Dv vhhq lq Wdeoh 5/ wkh
uhod{dwlrq h�hfwv iru vdpsoh G duh pxfk vpdoohu wkdq iru vdpsohv D/ E/ ru F1

Vdpsoh H grhv qrw vkrz dq| uhod{dwlrq ehkdylru lq AS> zh �qg wkh suhvvxuh
ghulydwlyhv E_AS*_� �-A ' E_AS*_� �uA * .3157 N2JSd1 Wkh devhqfh ri uhod{dwlrq
lq AS suhvxpdeo| dulvhv iurp wzr h�hfwv= +4, Wkh r{|jhq frqwhqw % * 91<5 lv qhdu
wkh vwrlfklrphwulf ydoxh % * :13 vr wkhuh duh rqo| ihz r{|jhq ydfdqflhv lq wkh fkdlq
vlwhv wr rughu1 +5, R{|jhq rughulqj lv eholhyhg wr fkdqjh AS vroho| wkurxjk wkh fkdujh
wudqvihu {? lw fdxvhv ^58`> dq| uhvlgxdo r{|jhq rughulqj h�hfwv zklfk pljkw rffxu
vkrxog fdxvh qhjoljleoh fkdqjh lq AS vlqfh iru dq rswlpdoo| grshg vdpsoh YAS*Y? ' f
lq Ht1 61 Zh qrwh wkdw wkh ydoxhv iru wkh OW dqg UW suhvvxuh ghulydwlyhv ri AS iru
vdpsohv D 0 H olvwhg lq Wdeoh 5 duh lq uhdvrqdeo| jrrg djuhhphqw zlwk wkh h{whqvlyh
Kh0jdv gdwd ri Ilhw} hw do1 ^5` rq wkh \0456 v|vwhp1

Zh qrz dwwhpsw wr �w wkh deryh wlph0ghshqghqw uhod{dwlrq gdwd ASE|� iru vdpsohv
D 0F xvlqj wkh vwuhwfkhg0h{srqhqw h{suhvvlrq ^59`
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zkhuh � lv wkh whpshudwxuh0ghshqghqw uhod{dwlrq wlph zklfk lv uhodwhg wr wkh dfwlyd0
wlrq hqhuj| eduulhu .� e| wkh Duukhqlxv odz
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dqg � J lv wkh dwwhpsw shulrg1 Wkh uhvxowv ri wkh ehvw �wv xvlqj Ht1 8 iru vdpsohv
E dqg F duh jlyhq e| wkh vrolg olqhv wkurxjk wkh gdwd lq Iljv1 7 dqg 8/ |lhoglqj
wkh ydoxhv ri wkh uhod{dwlrq wlph � jlyhq lq wkh �jxuhv1 Lq wkhvh �wv wkh vwuhwfkhg
h{srqhqw zdv �{hg dw wkh ydoxh k ' f�S( wklv ydoxh 	 313; zdv irxqg wr jlyh wkh ehvw
�w erwk lq wkh suhvhqw +vdpsohv E dqg F, dqg hduolhu vwxglhv +vdpsoh D, ^6`1

Lq Ilj1 : zh sorw wkh ydoxhv ri � dw dpelhqw dqg 3198 JSd suhvvxuhv yhuvxv
wkh lqyhuvh whpshudwxuh1 Zh vhh wkdw/ zlwklq h{shulphqwdo huuru/ wkh ydoxh ri wkh
dwwhpsw shulrg �J � ��e � �f3�2 v rewdlqhg iurp whpshudwxuh0txhqfk h{shulphqwv
rq \0456 ^5:` �wv erwk wkh dpelhqw dqg kljk suhvvxuh gdwd +vrolg olqhv,> dq dffxudwh
ghwhuplqdwlrq ri _�

J
*_� zrxog uhtxluh pruh h{kdxvwlyh gdwd ryhu d pxfk zlghu

whpshudwxuh udqjh1 Krzhyhu/ rqh fdq dujxh rq jhqhudo jurxqgv wkdw wkh suhvvxuh
ghshqghqfh ri �J vkrxog eh vpdoo ^5;`1

616 Uhod{dwlrq H�hfwv lq wkh Hohfwulfdo Uhvlvwlylw|

Vlqfh fkdujh wudqvihu wr ru iurp wkh frqgxfwlqj FxR2 sodqh+v, lv uhvsrqvleoh iru wkh
uhod{dwlrq ehkdylru lq AS ^58`/ wkh qrupdo0vwdwh hohfwulfdo uhvlvwlylw| 4E|� vkrxog dovr
fkdqjh1 Xvlqj wkh hohfwulfdo uhvlvwlylw| udwkhu wkdq AS wr prqlwru wkh ghjuhh ri
uhod{dwlrq kdv d qxpehu ri dgydqwdjhv= +4, wkh hqwluh h{shulphqw fdq eh fduulhg rxw
dw d frqvwdqw whpshudwxuh/ +5, wkh uhod{dwlrq fdq eh phdvxuhg lpphgldwho| iroorzlqj
suhvvxuh fkdqjhv/ dqg +6, pdq| pruh gdwd srlqwv fdq eh uhdglo| rewdlqhg1

Vdpsoh F zdv �uvw khog dw d frqvwdqw whpshudwxuh ri 5<; N iru 73 krxuv wr doorz
wkh r{|jhq ghihfw glvwulexwlrq wr uhdfk htxloleulxp dw wklv whpshudwxuh1 Wkhq 31:3
JSd suhvvxuh zdv dssolhg ryhu d 43 plqxwh shulrg/ uhvxowlqj lq d uhvlvwlylw| gurs
e| 31; plfp iurp 4714 wr 4616 plfp dw 5<; N> wkh wlph0ghshqghqw uhvlvwlylw| dw
wklv whpshudwxuh zdv wkhq phdvxuhg iru d wrwdo ri 453 krxuv/ dv vhhq lq Ilj1 ;+d,1
Iru fodulw|/ rqo| 5( ri doo phdvxuhg gdwd srlqwv duh vkrzq1 Ryhu wkh 453 krxu
shulrg/ wkh uhvlvwlylw| ghfuhdvhg e| dssur{lpdwho| 5 plfp1 Diwhu wkh uhod{dwlrq
xqghu 31:3 JSd suhvvxuh zdv doprvw frpsohwh/ wkh suhvvxuh zdv uhgxfhg wr 3167
JSd/ pdlqwdlqlqj wkh whpshudwxuh dw 5<; N1 Wklv ghfuhdvh lq suhvvxuh uhvxowhg lq
dq lqvwdqwdqhrxv uhvlvwlylw| lqfuhdvh ri 3163 plfp1 Wkh uhod{dwlrq 4E|� zdv wkhq
phdvxuhg dv d ixqfwlrq ri wlph iru <8 krxuv dw 5<; N/ dv vhhq lq Ilj1 ;+e,/ uhvxowlqj
lq d ixuwkhu uhvlvwlylw| lqfuhdvh ri 3198 plfp1 Wkh suhvvxuh zdv wkhq ixoo| uhohdvhg
dw 5<; N/ fdxvlqj wkh uhvlvwlylw| wr lqfuhdvh lqvwdqwo| e| 3168 plfp/ dqg wkh wlph0
ghshqghqw uhod{dwlrq phdvxuhg iru 4:3 krxuv/ zkhuhe| 4E|� lqfuhdvhg e| d ixuwkhu 4178
plfp1 Wkh �qdo ydoxh 4E2bH N� * 4714 plfp djuhhv h{dfwo| zlwk wkh lqlwldo ydoxh/
frq�uplqj wkh uhyhuvlelolw| ri wkh revhuyhg uhod{dwlrq h�hfwv1 D vhfrqg h{shulphqw
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zdv fduulhg rxw rq vdpsoh F zkhuh 3168 JSd suhvvxuh zdv dssolhg iurp dpelhqw dqg
wkh uhod{dwlrq lq wkh uhvlvwlylw| 4E|� ghwhuplqhg1 Wkh uhod{dwlrq lq 4E|� zdv dovr
vwxglhg iru vdpsoh G dw 5<; N dw suhvvxuhv 31:3 JSd dqg 4 edu1 Wkh h{shulphqwdo
uhvxowv duh dqdo|}hg ehorz dqg wkh sdudphwhuv rewdlqhg olvwhg lq Wdeohv 5 dqg 61

Wkh wlph ghshqghqfhv ri wkh uhod{dwlrq phdvxuhphqwv xvlqj wkh qrupdo vwdwh
uhvlvwlylw| duh vhhq wr eh vlplodu wr wkrvh revhuyhg lq wkh phdvxuhphqwv ri ASE|�
ghvfulehg deryh1 Zh dqdo|}h wkh wlph0ghshqghqw uhvlvwlylw| gdwd 4E|� dw 5<; N xvlqj
d vwuhwfkhg h{srqhqw h{suhvvlrq dqdorjrxv wr wkdw xvhg iru ASE|� lq Ht1 8/ qdpho|
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zkhuh 4E4� dqg 4Ef� duh wkh uhvlvwlylwlhv ri wkh vdpsoh dw lq�qlwh wlph dqg ehiruh
dq| uhod{dwlrq wdnhv sodfh/ uhvshfwlyho|1 Wkh �w wr wkh uhvlvwlylw| gdwd vkrxog jlyh
pxfk pruh dffxudwh uhvxowv vlqfh vhyhudo wkrxvdqg gdwd srlqwv zhuh rewdlqhg gxulqj
hdfk uxq1 Wkh uhvxowv ri wkh �wv wr wkh uhvlvwlylw| uhod{dwlrq gdwd xvlqj Ht1 : duh
olvwhg lq Wdeoh 6 iru vdpsohv F dqg G/ lqfoxglqj wkh ydoxhv ri wkh dfwlydwlrq hqhuj|
H� fdofxodwhg iurp � xvlqj Ht1 91 Dv ehiruh zlwk wkh ASE|� uhod{dwlrq gdwd/ zh �{
wkh ydoxh ri wkh vwuhwfkhg h{srqhqw dw k ' f�S1 Iru vdpsoh F wkh txdolw| ri wkh
4E|� gdwd doorzv xv wr xvh k dv d �w sdudphwhu> wkh ydoxhv ri k jlylqj wkh ehvw �wv
duh olvwhg lq Wdeoh 6 dqg Ilj1 ; dorqj zlwk rwkhu �w sdudphwhuv1 Wkh txdolw| ri wkh
�wv xvlqj erwk ydoxhv ri k lv lqglvwlqjxlvkdeoh rq wkh vfdoh ri wkh judsk lq Ilj1 ;1
Wkh suhvvxuh ghshqghqfh ri wkh dfwlydwlrq hqhuj| _.�*_� olvwhg lq Wdeoh 5 lv/ zlwklq
h{shulphqwdo huuru/ lqghshqghqw ri wkh ydoxh ri k xvhg1

Wkh suhvvxuh ghshqghqfh ri wkh dfwlydwlrq hqhuj| .�E� � rewdlqhg iurp wkh �wv lv
sorwwhg lq Ilj1 < iru vdpsohv D 0 G xvlqj erwk ASE|� dqg 4E|� wr sureh wkh ghjuhh ri
uhod{dwlrq1 Lq rxu suhylrxv vwxg| rq vdpsoh D ^6`/ H� zdv irxqg wr lqfuhdvh olqhduo|
zlwk suhvvxuh wr 516 JSd1 D olqhdu ohdvw0vtxduhv �w wr wkh gdwd lq Ilj1 < uhvxowv lq
wkh ydoxhv ri wkh vorsh _.�*_� jlyhq lq Wdeoh 5 ^5<`1

Wkh suhvvxuh ghshqghqfh ri uhod{dwlrq h�hfwv lv xvxdoo| dqdo|}hg lq whupv ri wkh
dfwlydwlrq yroxph {T� zklfk fdq eh fdofxodwhg iurp wkh suhvvxuh ghshqghqfh ri wkh
dfwlydwlrq hqhuj| ^63`

{T� ' {Ts n{T6 ' ��

�
_.�

_�

�
c +;,

zkhuh �� lv Dyrjdgur*v qxpehu dqg {Ts dqg {T6 duh wkh irupdwlrq dqg pljudwlrq
yroxphv shu pro/ uhvshfwlyho|1 Wkh dfwlydwlrq yroxphv fdofxodwhg iurp Ht1 ; duh
jlyhq lq Wdeoh 51 Zh frpsduh wkhvh dfwlydwlrq yroxphv zlwk wkh produ yroxph ri
wkh gl�xvlqj vshflhv T�23 * 81:; fp�2pro ^64`1

Vlqfh khuh wkh uhod{dwlrq ehkdylru lv eholhyhg wr dulvh iurp r{|jhq ghihfwv lq wkh
edvdo sodqh zklfk zhuh lqwurgxfhg gxulqj wkh v|qwkhvlv/ dqg wkxv qhhg qrw eh iruphg
wkurxjk wkh dssolfdwlrq ri suhvvxuh/ wkh irupdwlrq yroxph vkrxog eh }hur1 Wkh
phdvxuhg dfwlydwlrq yroxph vkrxog wkxv fruuhvsrqg vroho| wr wkh pljudwlrq yroxph1
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Xqiruwxqdwho|/ wr rxu nqrzohgjh wkhuh duh qr wkhruhwlfdo hvwlpdwhv ri wkh pljudwlrq
yroxph iru wkh kljk0W

S
r{lghv1 Zh kdyh uhfhqwo| dssolhg d vlpsoh/ kdug0vskhuh

dssurdfk wr hvwlpdwh {T
6
zkhuh zh dvvxph wkdw wkh gl�xvlqj r{|jhq ghihfw lq wkh

edvdo sodqh �uvw pryhv iurp wkh R+4, vlwh ri rqh fkdlq iudjphqw wr wkh dgmdfhqw R+8,
vlwh dqg wkhq edfn wr d sdudooho fkdlq vlwh ^56/ 65`1 Wkh uhvxowv ri wkh kdug0vskhuh
prgho duh wkdw {T6 � .41< fp�2pro iru vdpsohv D/ E/ dqg F/ zkhuhdv {T6 �

.513 fp�2pro iru vdpsoh G1 Wkhvh ydoxhv duh dssur{lpdwho| kdoi dv odujh dv wkh
h{shulphqwdo uhvxowv iru wkh dfwlydwlrq yroxph lq Wdeoh 51 Lq vlpsoh eff dqg iff
fu|vwdov wkh kdug0vskhuh prgho jhqhudoo| ryhuhvwlpdwhv wkh h{shulphqwdo ydoxhv e| d
idfwru ri 5 ru 6 ^66`1 Vlqfh wkh vxshufrqgxfwlqj r{lghv lq frqvlghudwlrq khuh duh qrw
forvho| sdfnhg/ exw idluo| rshq vwuxfwxuhv/ lw lv uhdvrqdeoh wr h{shfw wkdw hvwlpdwhv
iurp wkh kdug0vskhuh prgho zrxog eh orzhu wkdq wkh h{shulphqwdo ydoxhv ^67`1 Lq
wkh kdug0vskhuh prgho/ doo qrq qhduhvw0qhljkeru lqwhudfwlrqv duh qhjohfwhg> lq lrqlf
frpsrxqgv/ olnh wkh kljk0W

S
vxshufrqgxfwruv/ orqj0udqjh Frxorpe lqwhudfwlrqv duh

lpsruwdqw dqg zloo fhuwdlqo| pdnh dq lpsruwdqw frqwulexwlrq wr wkh pljudwlrq yroxph1

Dfnqrzohgjphqwv

Wkh zrun dw Zdvklqjwrq Xqlyhuvlw| lv vxssruwhg e| wkh Qdwlrqdo Vflhqfh Irxq0
gdwlrq xqghu judqw GPU <;036;531 Zrun dw Dujrqqh zdv vxssruwhg e| wkh X1V1
Ghsduwphqw ri Hqhuj|/ Glylvlrq ri Edvlf Hqhuj| Vflhqfhv/ xqghu Frqwudfw Qr1 Z0
64043<0HQJ06;1

Uhihuhqfhv

^4` Vhh= M1 V1 Vfkloolqj dqg V1 Norw}/ lq= Sk|vlfdo Surshuwlhv ri Kljk Whpshudwxuh

Vxshufrqgxfwruv/ Yro1 LLL/ hg1 G1 P1 Jlqvehuj +Zruog Vflhqwl�f/ Vlqjdsruh/ 4<<5,
s1 8</ dqg uhihuhqfhv wkhuhlq1

^5` Z1 K1 Ilhw}/ U1 Txhq}ho/ K1 D1 Oxgzlj/ N1 Juxeh/ V1 L1 Vfkodfkwhu/ I1 Z1
Kruqxqj/ W1 Zroi/ D1 Hue/ P1 Noçvhu/ dqg J1 P oohu0Yrjw/ Sk|vlfd F 5:3/ 58;
+4<<9,1

^6` V1 Vdghzdvvhu/ \1 Zdqj/ M1 V1 Vfkloolqj/ K1 ]khqj/ D1 S1 Sdxolndv/ dqg E1 Z1
Yhdo/ Sk|v1 Uhy1 E 89/ 4749; +4<<:,1

^7` U1 Vlhexujhu dqg M1V1 Vfkloolqj/ Sk|vlfd F 4:6/ 756 +4<<4,1

^8` D10N1 Nohkh/ F1 Orrqh|/ M1 V1 Vfkloolqj/ K1 Wdndkdvkl/ Q1 P÷ul/ \1 Vklpdndzd/
\1 Nxer/ W1 Pdqdnr/ V1 Gr|oh/ D1 P1 Khupdqq/ Sk|vlfd F 58:/ 438 +4<<9,1

^9` F1 Orrqh|/ M1 V1 Vfkloolqj/ V1 Gr|oh/ D1 P1 Khupdqq/ Sk|vlfd F 5;</ 536 +4<<:,1
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^:` M1V1 Vfkloolqj/ F1 Orrqh|/ V1 Vdghzdvvhu/ dqg \1 Zdqj/ Uhy1 Kljk Suhvvxuh Vfl1
Whfkqro1 :/ 758 +4<<;,1

^;` Y1J1 Wlvvhq/ \1 Zdqj/ D1S1 Sdxolndv/ E1Z1 Yhdo/ dqg M1V1 Vfkloolqj/ Sk|vlfd F
649/ 54 +4<<<,1

^<` K1 Wdndkdvkl dqg Q1 Prul/ lq= Vwxglhv ri Kljk Whpshudwxuh Vxshufrqgxfwruv/

Yro1 4924:/ hg1 D1Y1 Qduolndu +Qryd Vflhqfh Sxeolvkhuv/ Lqf1/ Q1\1/ 4<<8, s1 41

^43` L1 O1 Vsdlq dqg V1 Vhjdoo/ Fu|rjhqlfv 44/ 59 +4<:4,1

^44` M1 G1 Mrujhqvhq/ E1 Z1 Yhdo/ D1 S1 Sdxolndv/ O1 M1 Qrzlfnl/ J1 Z1 Fudewuhh/ K1
Fodxv/ dqg Z1 N1 Nzrn/ Sk|v1 Uhy1 E 74/ 4;96 +4<<3,1

^45` M1 V1 Vfkloolqj/ M1 Glhghulfkv/ V1 Norw} dqg U1 Vlhexujhu lq= Pdjqhwlf Vxvfhswlelo0

lw| ri Vxshufrqgxfwruv dqg Rwkhu Vslq V|vwhpv/ hgv1 U1 D1 Khlq/ W1 O1 Iudqfdylood
dqg G1 K1 Olhehqehuj +Sohqxp/ Qhz \run/ 4<<4, s1 43:1

^46` Vhh/ iru h{dpsoh/ U1 Eh|huv dqg W1 P1 Vkdz/ lq= Vrolg Vwdwh Sk|vlfv Yro1 75/

hglwhg e| K1 Hkuhquhlfk dqg G1 Wxuqexoo +Dfdghplf Suhvv/ Lqf1/ Q1\1/ 4<;<, s1
4681

^47` P1 y1 ]lpphupdqq/ W1 Iuhoor/ Q1 K1 Dqghuvhq/ M1 Pdgvhq/ P1 Nçoo/ R1 Vfkplgw/
W1 Qlhpùoohu/ M1 U1 Vfkqhlghu/ K1 I1 Srxovhq/ Wk1 Zroi/ U1 Oldqj/ S1 Grvdqmk/
Z1 Q1 Kdug| +suhsulqw,1

^48` M1 \h/ V1 Vdghzdvvhu/ M1 V1 Vfkloolqj/ ]1 ]rx/ D1 Pdwvxvklwd/ dqg W1 Pdwvxprwr
+vxeplwwhg iru sxeolfdwlrq,1

^49` P1 U1 Suhvodqg/ M1 O1 Wdoorq/ U1 J1 Exfnoh|/ U1 V1 Olx/ dqg Q1 G1 Iorzhu/ Sk|vlfd
F 4:9/ <8 +4<<4,1

^4:` F1 Pxud|dpd/ \1 L|h/ W1 Hqrprwr/ Q1 P÷ul/ \1 \dpdgd/ W1 Pdwvxprwr/ \1
Nxer/ \1 Vklpdndzd/ dqg W1 Pdqdnr/ Sk|vlfd F 4;6/ 5:: +4<<4,1

^4;` D10N1 Nohkh/ D1 N1 Jdqjrsdgk|d|/ M1 Glhghulfkv/ dqg M1 V1 Vfkloolqj/ Sk|vlfd F
546/ 599 +4<<6,1

^4<` M1 M1 Qhxphlhu dqg K1 D1 ]lpphupdqq/ Sk|v1 Uhy1 E 7:/ ;6;8 +4<<6,1

^53` R1 Fkpdlvvhp/ M1 G1 Mrujhqvhq/ V1 Vkruw/ D1 Nql}kqln/ \1 Hfnvwhlq/ K1 Vkdnhg/
Qdwxuh 6<:/ 78 +4<<<,1

^54` V1 Vdghzdvhu/ M1 V1 Vfkloolqj/ M1 O1 Zdjqhu/ R1 Fkpdlvvhp/ M1 G1 Mrujhqvhq/ G1
J1 Klqnv/ dqg E1 Gdeurzvnl/ Sk|v1 Uhy1 E 93 +Rfw1 4/ 4<<<,1
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^55` Wkh AS0ydoxhv iru srlqw 5 lq Iljv1 7+d, dqg 8+d, frqwdlqv vrph h�hfwv ri uhod{dwlrq
vlqfh wkh 3198 JSd suhvvxuh zdv dssolhg dw UW lq 43 plqxwhv dqg khog iru rqh
krxu ehiruh frrolqj grzq lq wzr krxuv wr OW wr phdvxuh AS� Wkh dvwhulvnhg
+-, srlqwv lq Iljv1 7+d, dqg 8+d, duh rxu hvwlpdwh ri wkh ASE| ' f� ydoxhv dw
wklv suhvvxuh kdg qr uhod{dwlrq rffxuuhg> wkh surfhgxuh xvhg iru wklv hvwlpdwh lv
ghvfulehg lq ghwdlo lq Uhi1 ^6`1 Doo gdwd lv wkhq xvhg wr fdofxodwh wkh uhod{dwlrq
wlph � iurp d �w wr Ht1 8 vhwwlqj k ' f�S1

^56` V1 Vdghzdvvhu +Sk1G1 Wkhvlv/ Zdvklqjwrq Xqlyhuvlw|/ Dxjxvw 4<<<,1

^57` Gxh wr wkh frqwudfwlrq ri wkh Kh suhvvxuh phglxp xsrq frrolqj/ wkh suhvvxuh dw
whpshudwxuhv qhdu AS lv uhgxfhg wr 319; JSd/ d ydoxh 3144 JSd orzhu wkdq dw UW1
Vlqfh iru vdpsoh G wkh �lqwulqvlf� suhvvxuh ghshqghqfh ri AS grplqdwhv ryhu wkdw
iurp uhod{dwlrq h�hfwv/ lw lv pruh dssursuldwh wr xvh wkh ydoxh ri wkh suhvvxuh
dw OW wr fdofxodwh E_AS*_� �-A � Wklv surfhgxuh lv dovr dssursuldwh iru vdpsoh H
zklfk h{klelwv qr uhod{dwlrq h�hfw lq AS� Krzhyhu/ iru vdpsohv D 0 F/ zkhuh wkh
uhod{dwlrq h�hfwv grplqdwh ryhu wkh lqwulqvlf/ dqg prvw ri wkh uhod{dwlrq wdnhv
sodfh dw whpshudwxuhv qhdu UW/ lw lv ehwwhu wr xvh wkh ydoxh ri wkh suhvvxuh dw
UW zkhq fdofxodwlqj E_AS*_� �-A � Reylrxvo|/ wr fdofxodwh E_AS*_� �uA wkh ydoxh
ri wkh suhvvxuh dw OW lv fruuhfw1

^58` K1 Wdndkdvkl/ D10N1 Nohkh/ F1 Orrqh|/ M1 V1 Vfkloolqj/ Q1 P÷ul/ \1 Vklpdndzd/
\1 Nxer dqg W1 Pdqdnr/ Sk|vlfd F 54:/ 496 +4<<6,1

^59` U1 J1 Sdophu/ G1 O1 Vwhlq/ H1 Deudkdpv/ dqg S1 Z1 Dqghuvrq/ Sk|v1 Uhy1 Ohww1
86/ <8; +4<;7,> G1 Uhg�hog/ lq Dpruskrxv Vlolfrq Whfkqrorj| 0 4<<5/ hglwhg e|
P1 M1 Wkrpsvrq hw do1/ PUV v|psrvld Surfhhglqjv Qr1 58; +Pdwhuldov Uhvhdufk
Vrflhw|/ Slwwvexujk/ 4<<5,/ s1 6741

^5:` E1 Z1 Yhdo/ D1S1 Sdxolndv/ K1 \rx/ K1 Vkl/ \1 Idqj/ dqg M1 Z1 Grzqh|/ Sk|v1
Uhy1 E 75/ 9638 +4<<3,1

^5;` Vlqfh wkh dwwhpsw iuhtxhqf| lv suhvxpdeo| ri wkh rughu ri d w|slfdo skrqrq iuh0
txhqf|/ wkh suhvvxuh ghshqghqfh ri �J fdq eh hvwlpdwhg iurp wkh Ju qhlvhq uh0
odwlrq � ' �Y *?/*Y *? T * Y *? � J*Y *?Tc zkhuh T lv wkh yroxph/ / lv d skrqrq
iuhtxhqf| dqg d w|slfdo ydoxh iru wkh Ju qhlvhq sdudphwhu lv � * 2� Zlwk d w|s0
lfdo uhodwlyh yroxph fkdqjh ri {T*T � 4(2JSd iru kljk0WS vxshufrqgxfwruv
^4`/ wkh uhodwlyh fkdqjh ri wkh dwwhpsw shulrg � J xqghu 4 JSd suhvvxuh zrxog eh
{�J*� J * 5{T*T * 5(1 Wklv fkdqjh lq � J e| 5( lv qhjoljleoh frpsduhg wr wkh
fkdqjh lq wkh uhod{dwlrq wlph � iru 4 JSd zklfk lv � 883( iurp wkh deryh gdwd1

^5<` Wkh lqlwldo phdvxuhphqw ri wkh uhod{dwlrq lq AS iru vdpsohv E dqg F zdv fduulhg
rxw dw 3145 JSd/ iroorzhg e| wkh ixoo uhohdvh ri suhvvxuh1 Pruh h{whqvlyh phd0
vxuhphqwv ri wkh uhod{dwlrq zhuh wkhq fduulhg rxw wr kljkhu suhvvxuhv/ uhyhdolqj
dq dssur{lpdwh olqhdu ghshqghqfh ri .� rq suhvvxuh1 Wkh phdvxuhphqw dw 3145
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JSd zdv rplwwhg iurp wkh olqhdu ohdvw0vtxduhv �wv lq Ilj1 <1 Wkh uhdvrq iru wkh
ghyldwlrq ri wkh 3145 JSd srlqw lv qrw xqghuvwrrg1

^63` J1 Z1 Wlfkhoddu dqg G1 Od}duxv/ Sk|v1 Uhy1 446/ 76; +4<8<,1

^64` G1 U1 Olgh/ Kdqgerrn ri Fkhplvwu| dqg Sk|vlfv/ :4vw hglwlrq/ +FUF Suhvv/ Lqf1/
4<<3, s1 45041

^65` V1 Vdghzdvvhu/ M1 V1 Vfkloolqj/ dqg D1 P1 Khupdqq +lq suhsdudwlrq,1

^66` G1 Od}duxv dqg Q1 K1 Qdfkwulhe/ lq Vrolgv xqghu Suhvvxuh/ hglwhg e| Z1 Sdxo
dqg G1 P1 Zduvfkdxhu +PfJudz Kloo/ Q1\1/ 4<96,/ dqg uhihuhqfhv wkhuhlq1

^67` Qrwh wkdw li wkh vwuxfwxuh lq wkh kdug0vskhuh prgho lv vx!flhqwo| orrvho| sdfnhg/
wkh gl�xvlqj lrq fdq surfhhg wkurxjk wkh odwwlfh zlwkrxw wrxfklqj rwkhu lrqv/
lpso|lqj {T6 ' f zklfk lv fohduo| dq xqghuhvwlpdwh1
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WDEOHV

Wdeoh 41 Khdw wuhdwphqw jlyhq vlqjoh fu|vwdoolqh \Ed2Fx�R% vdpsohv zlwk r{|jhq
vwrlfklrphwu| %1 AS ydoxhv dw dpelhqw suhvvxuh duh dovr olvwhg1

vdpsoh % AS+N, khdw wuhdwphqw

D 9174 4618
63< k C 853�F
lq 31446( R22Q2

E 9174 4:14
567 k C 853�F
lq 31433( R22Q2

F 9178 6717
7:8 k C 853�F
lq 314<4( R22Q2

G 9199 9715
5;5 k C 853�F
lq 7( R22Q2

H 91<8 <518
8 gd|v C 7;3�F soxv
: gd|v C 753�F lq R2
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Wdeoh 51 Wkh lqlwldo suhvvxuh ghulydwlyhv ri AS dqg wkh uhvxowv ri wkh uhod{dwlrq
vwxglhv rq \Ed2Fx�R% iru vdpsohv E0H lq wkh suhvhqw vwxglhv dqg vdpsoh D iurp
Uhi1 ^6`1 Ydoxhv ri E_AS*_� �-A iru vdpsohv D 0 F duh iru ixoo uhod{dwlrq ASE|$4�
iroorzlqj fkdqjh ri suhvvxuh1 AS iru vdpsoh G zdv phdvxuhg diwhu dqqhdolqj iru rqo|
5 krxuv diwhu dsso|lqj 31:< JSd dw 5<; N1 Uhvxowv xvlqj AS dv prqlwru duh jlyhq lq
�uvw �yh urzv> uhvxowv iurp uhvlvwlylw| vwxglhv 4 duh jlyhq lq odvw wzr urzv1 Ydoxhv ri
.� dw dpelhqw suhvvxuh duh hvwlpdwhg iurp �wv wr uhod{dwlrq gdwd xvlqj k ' f�S� QP
phdqv �qrw phdvxuhg� xvlqj lqglfdwhg prqlwru> QU phdqv �qr uhod{dwlrq� ghwhfwhg1
Wkh dfwlydwlrq yroxph lv fdofxodwhg xvlqj Ht1 ;1

vdpsoh AS+N,
E_AS*_� �-A
+N2JSd,

E_AS*_� �uA
+N2JSd,

H�+hY,
gH�2gS
+hY2JSd,

{T�
+fp�2pro,

D0AS 4618 .5314+4, .513+4, 31<:6+5, .31377+5, .715+5,
E0AS 4:14 .53+8, .514+5, 31<::+4, .3135<+6, .51;+6,
F0AS 6717 .46+6, .516+4, 31<9:+4, .3136:+7, .619+7,
G0AS 9715 .<16+5, .:14+5, QP QP QP
H0AS <518 .3157+9, .3157+9, QU QU QU

F04 QP QP QP 31<:4+5, .31357+9, .517+9,
G04 QP QP QP 31<69+3, .31389+3, .817+3,

Wdeoh 61 Sdudphwhuv rewdlqhg iurp�wv xvlqj Ht1 : wr uhvlvwlylw| gdwd rq \Ed2Fx�R%

+vdpsohv F dqg G,1 Vhh wh{w iru ghwdlov1

vdpsoh � +JSd,
4E4�
plfp

4Ef�
plfp

�E�� k H�+hY,

F 31:3
4414:
4415;

46177
4615<

531<<+4,
531::+6,

3184
3193

31<<3
31<;<

F 3167
45169
4516:

441:4
441:3

45167+4,
4515;+4,

3195
3193

31<:9
31<:9

F 3
47149
4714:

451:4
4517:

45136+4,
<1<9+5,

319:
3193

31<:8
31<:4

F 3168
45146
4514:

461::
46199

49153+4,
4:154+4,

3187
3193

31<;6
31<;8

F 3
4713<
47143

45189
45175

45154+3,
44136+4,

3198
3193

31<:9
31<:6

G 31:3 41;87 41<6< 441:<+:, 3193 31<:8
G 3 51455 51375 518<+5, 3193 31<69
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ILJXUH FDSWLRQV

Ilj1 41 Ghshqghqfh ri AS rq k|gurvwdwlf suhvvxuh lq GDF iru \Ed2Fx�RS�e� +vdpsoh
E, iru lqfuhdvlqj +�cQ� ru ghfuhdvlqj +�cP, suhvvxuh dw 5<; N ru whpshudwxuhv ehorz
533 N1 Vwudljkw vrolg olqhv jlyh vorsh ri fruuhvsrqglqj Kh0jdv gdwd wr 31; JSd1
Gdvkhg olqhv duh jxlghv wr wkh h|h1

Ilj1 51 Ghshqghqfh ri A
S
rq k|gurvwdwlf suhvvxuh lq GDF iru \Ed2Fx�R%

zlwk
lqfuhdvlqj r{|jhq frqwhqw % +vdpsohv D0H, iru lqfuhdvlqj +forvhg v|perov, ru ghfuhdv0
lqj +rshq v|perov, suhvvxuh dw whpshudwxuhv ehorz 533 N1 Gdwd iru vdpsoh D iurp
Uhi1 ^6`1 Vwudljkw vrolg olqhv jlyh vorshv iurp Kh0jdv vwxglhv wr 31; JSd dw orz
whpshudwxuhv +vhh Wdeoh 5,1 Gdvkhg olqhv duh jxlghv wr wkh h|h1

Ilj1 61 Ghshqghqfh ri AS rq k|gurvwdwlf suhvvxuh lq wkh Kh0jdv v|vwhp iru
\Ed2Fx�RS�e� +vdpsoh E, looxvwudwlqj uhod{dwlrq ehkdylru1 Qxpehuv jlyh rughu ri
phdvxuhphqw1 Vrolg olqhv duh jxlghv wr wkh h|h1

Ilj1 71 Uhod{dwlrq ehkdylru ri A
S
yhuvxv dqqhdolqj wlph lq wkh Kh0jdv v|vwhp iru

\Ed2Fx�RS�e� +vdpsoh E, xqghu wkh frqglwlrqv= dqqhdolqj dw 5<; N iroorzlqj wkh
+d, dssolfdwlrq ri 3198 JSd dqg wkh +e, uhgxfwlrq wr 3163 JSd> dqqhdolqj dw 636 N
iroorzlqj suhvvxuh uhohdvh wr 4 edu1 Qxpehuv jlyh rughu ri phdvxuhphqwv/ pdwfklqj
wkrvh lq Ilj1 61 Phdqlqj ri dvwhulvnhg +-, gdwd srlqw lv glvfxvvhg lq Uhi1 ^6`1 Vrolg
olqhv jlyh uhvxowv ri �wv xvlqj Ht1 8 vhwwlqj k ' f�S1

Ilj1 81 Uhod{dwlrq ehkdylru ri A
S
yhuvxv dqqhdolqj wlph lq wkh Kh0jdv v|vwhp iru

\Ed2Fx�RS�eD +vdpsoh F, xqghu wkh frqglwlrqv= dqqhdolqj dw 5<; N iroorzlqj wkh
+d, dssolfdwlrq ri 3198 JSd dqg wkh +e, uhgxfwlrq wr 3163 JSd> dqqhdolqj dw 636
N iroorzlqj uhohdvh wr 4 edu1 Qxpehuv jlyh rughu ri phdvxuhphqwv1 Phdqlqj ri
dvwhulvnhg +-, gdwd srlqw lv glvfxvvhg lq Uhi1 ^6`1 Vrolg olqhv jlyh uhvxowv ri �wv xvlqj
Ht1 8 vhwwlqj k ' f�S1

Ilj1 91 Ghshqghqfh ri A
S
rq k|gurvwdwlf suhvvxuh lq wkh Kh0jdv v|vwhp iru

\Ed2Fx�RS�SS +vdpsoh G,1 Suhvvxuh lv dssolhg dw 5<; N exw uhohdvhg dw 93 N1 Qxp0
ehuv jlyh rughu ri phdvxuhphqw1 Vwudljkw olqhv duh �wv wr gdwd xvlqj ydoxhv iru wkh
ghulydwlyh _AS*_� jlyhq lq wkh �jxuh dqg Wdeoh 51

Ilj1 :1 Ghshqghqfh ri uhod{dwlrq wlph � rq lqyhuvh whpshudwxuh iru \Ed2Fx�R%

+vdpsohv E dqg F, iru erwk dpelhqw dqg 3198 JSd suhvvxuh1 Vrolg olqh lv �w wr gdwd
zlwk Ht1 9 xvlqj �

J
* 417��f3�2 v ^5:`> wkh gdvkhg olqh lv ohdvw0vtxduhv �w1

4:



Ilj1 ;1 Uhod{dwlrq ehkdylru ri wkh hohfwulfdo uhvlvwlylw| 4 dw 5<; N yhuvxv wlph |
iru \Ed2Fx�RS�eD +vdpsoh F, lq wkh Kh0jdv v|vwhp iroorzlqj +d, dssolfdwlrq ri 31:3
JSd/ +e, uhgxfwlrq ri suhvvxuh wr 3167 JSd/ +f, uhohdvh ri suhvvxuh wr 4 edu1 Iru
fodulw|/ rqo| 5( ri doo gdwd srlqwv duh vkrzq1 Vrolg olqhv duh �wv wr gdwd xvlqj Ht1 :
zlwk sdudphwhuv jlyhq lq wkh �jxuh dqg Wdeoh 61

Ilj1 <1 Ghshqghqfh ri wkh dfwlydwlrq hqhuj| .� rq suhvvxuh iru \Ed2Fx�R%

vdpsohv D 0 G xvlqj erwk AS dqg 4 dv uhod{dwlrq prqlwruv1 Gdvkhg olqhv duh olqhdu
ohdvw0vtxduhv �wv wr gdwd |lhoglqj ydoxhv ri vorsh _.�*_� jlyhq lq wkh �jxuh dqg
Wdeoh 51

4;
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