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Slhuuh Ylgdod/ Erulv Nkdvdlqrye

dOderudwrluh gh Frpexvwlrq hw gh G�hwrqltxh/ XSU <35; FQUV/
HQVPD/ ES 7343</ ;9<94 Ixwxurvfrsh/ IUDQFH1
Hpdlo = ylgdoCofg1hqvpd1iu

eLqvwlwxw Vhphqry gh Fklplh0Sk|vltxh/ Dfdg�hplh ghv Vflhqfhv gh Uxvvlh/
Rxolwvd Nrvvljxlqd 7/ 44:<:: Prvfrx/ UXVVLH1
Hpdlo = nkdvdlqCfhqwhu1fksk1udv1ux

Devwudfw

Zh vwxg| wkh lqgxfwlrq ri dq h{sorvlrq lq d krprjhqhrxv uhdfwlyh vxevwdqfh vrolflwhg e| wkh lpsdfw
ri d sodqdu/ vhoi0vxvwdlqhg ghwrqdwlrq1 Zh rewdlq wkh h{sorvlrq wlph dqg d frqglwlrq iru ljqlwlrq dv d
frqvwudlqw rq wkh ohqjwk ri wkh ghwrqdwlqj grqru fkdujh1

� ������������

4141 Wkh vkrfn0wr ghwrqdwlrq surfhvv +VGW, lq krprjhqhrxv h{sorvlyhv kdv ehhq lghqwl�hg lq vxfk lpsdfw
h{shulphqwv dv wkrvh e| Fdpsehoo hw do1 ^4` lq oltxlg qlwurphwkdqh/ ru e| Ph|hu dqg Rsshqkhlp ^5` lq
jdvhrxv K50R5 pl{wxuhv1 Lq wkhvh h{shulphqwv/ d vkrfn0lqgxfhg wkhupdo h{sorvlrq �uvw rffxuv lq wkh forvh
ylflqlw| ri wkh lpsdfwru/ d vr0fdoohg vxshughwrqdwlrq wkhq exlogv yhu| udslgo| lq wkh vkrfn0frpsuhvvhg
pdwhuldo/ dqg/ diwhu wkh vxshughwrqdwlrq fdwfkhv xs zlwk wkh vkrfn/ wkh uhod{dwlrq wrzdugv wkh qrupdo
vhoi0vxvwdlqhg ghwrqdwlrq uhjlph wdnhv sodfh1 Wkh xqghuvwdqglqj ri wkh VGW surfhvv lv dq lpsruwdqw
vdihw| lvvxh1 Lq suhylrxv sxeolfdwlrqv ^6`/^7`/ zh kdyh suhvhqwhg dq dssurdfk iru vwxg|lqj wkh h{sorvlrq
vwdjh ri wkh VGW surfhvv1 Wklv dssurdfk fdq eh dssolhg wr ydulrxv g|qdplfdo frqglwlrqv iru jhqhudwlqj
wkh vkrfn1 Wklv prgho lghqwl�hv d fulwhulrq iru h{sorvlrq wkdw suhvfulehv d erxqghg lqgxfwlrq wlph1 Zh
kdyh ghprqvwudwhg wkdw wklv fulwhulrq h{suhvvhv wkh suhgrplqdqfh ri wkh h�hfwlyh khdw0surgxfwlrq udwh
ryhu wkh yroxphwulf0h{sdqvlrq orvv udwh dw wkh ehjlqqlqj ri wkh fkhplfdo wudqvirupdwlrq1 Dv d pdwwhu
ri idfw/ wkh qhfhvvlw| ri wklv suhgrplqdqfh kdg douhdg| ehhq srvwxodwhg e| Guhplq iru d sduwlfxodu
fdvh ri fkhplfdo ghfrpsrvlwlrq odz h1j1/ ^8`1 Wkh lqgxfwlrq surshuwlhv dqg wkh h{sorvlrq fulwhulrq duh
ghwhuplqhg e| wkh lqlwldo ydoxhv +l1h1/ dw wkh vkrfn, ri wkh yduldeohv dqg ri wkhlu pdwhuldo ghulydwlyhv1
Wkh ghwhuplqdwlrqv ri wkh iruphu dqg wkh odwwhu uhsuhvhqw sduwlfxodu Ulhpdqq dqg Fdxfk| sureohpv/
uhvshfwlyho|1 Wkh lqwhuphgldwhv wr wkh rewhqwlrq ri wkhlu vroxwlrqv duh wkh ghwhuplqdwlrqv ri wkh vkrfn
yhorflw| dqg dffhohudwlrq/ zklfk ghshqg rq wkh frqvlghuhg sureohp1 Wkxv/ iru d vkrfn zlwk suhvfulehg
g|qdplfv +l1h1/ yhorflw|/ dffhohudwlrq dqg fxuydwxuh,/ zh kdyh h{suhvvhg wkh fulwhulrq dv d frqvwudlqw rq wkh
qrupdo vkrfn yhorflw| Gq/ wkh qrupdo vkrfn dffhohudwlrq �Gq@�w/ dqg wkh wrwdo vkrfn fxuydwxuh F/ dqg/
lq wkh fdvh zkhuh wkh vkrfn lv jhqhudwhg e| wkh lpsdfw ri d slvwrq zlwk suhvfulehg vshhg/ dffhohudwlrq dqg
fxuydwxuh/ zh kdyh ghwhuplqhg/ �uvw/ wkh yhorflw| dqg wkh dffhohudwlrq ri wkh vkrfn dw wkh wlph ri lpsdfw
dqg/ wkhq/ h{suhvvhg wkh fulwhulrq dv d frqvwudlqw rq wkh slvwrq vshhg/ dffhohudwlrq dqg wrwdo fxuydwxuh ^6`/
^7`1 Zh kdyh ydolgdwhg wkhvh uhvxowv/ lq sduwlfxodu wkh h{sorvlrq fulwhulrq/ e| phdqv ri gluhfw qxphulfdo
vlpxodwlrqv ri lpsdfwv ri xqlirupo| ghfhohudwlqj sodqdu slvwrqv1

4151 Zh vxppdul}h khuh rqh sduw ri d vwxg| ghyrwhg wr wkh rqh0glphqvlrqdo sodqdu prgholqj ri wkh
frq�jxudwlrqv dvvrfldwhg zlwk vkrfnv jhqhudwhg e| wkh h{sdqvlrq ri wkh surgxfwv ri frqvwdqw0yhorflw|
ghwrqdwlrqv1 Wkh suhvhqw sdshu dgguhvvhv wkh sduwlfxodu fdvh ri wkh vhoi0vxvwdlqhg +FM, ghwrqdwlrq ^9`1
Wkh ghwrqdwlrq lv lqlwldwhg dw wlph w @ 3/ dw wkh �{hg hqg { @ 3 ri d fkdujh zlwk ohqjwk { @ O/ khuhdiwhu
uhihuuhg wr dv wkh grqru1 Wkh pl{wxuh wr eh ljqlwhg/ khuhdiwhu uhihuuhg wr dv wkh wdujhw/ lv dgmdfhqw wr wkh
grqru1 Zh dvvxph wkdw wkh wudqvlhqw skhqrphqd lqgxfhg e| wkh exlog0xs ri wkh vhoi0vxvwdlqhg ghwrqdwlrq
ru e| wkh wklfnqhvv ri wkh ghwrqdwlrq fkhplfdo0uhdfwlrq }rqh kdyh qhjoljleoh fkdudfwhulvwlf wlphv frpsduhg
wr wkh uxq wlph ri wkh ghwrqdwlrq lq wkh grqru/ ru wr wkh lqgxfwlrq wlph lq wkh wdujhw1 Zh dovr dvvxph
sodqdu surfhvvhv/ dqg frpsuhvvleoh shuihfw �xlgv lq dgldedwlf hyroxwlrq/ lqlwldoo| krprjhqhrxv dqg dw
uhvw1 Lq vxfk frqglwlrqv/ wkh grqru ghwrqdwlrq fdq eh prghohg dv d wrwdoo| uhdfwlyh glvfrqwlqxlw| iroorzhg
e| d vhoi0vlplodu �rz ri lwv surgxfwv ^:`/^;`/^<`1 Lq wkh frq�jxudwlrq frqvlghuhg lq wkh suhvhqw dqdo|vlv/ wkh
lpsdfw ri wkh grqru ghwrqdwlrq dw wlph w @ wL lqgxfhv d vkrfn lq wkh wdujhw pl{wxuh/ dqg dq h{sdqvlrq
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wkdw jrhv xs wkh vhoi0vlplodu �rz ri wkh grqru ghwrqdwlrq surgxfwv +�jxuh 4,1 Wkh froxpq ri surgxfwv
wkxv dfwv rq wkh vkrfnhg phglxp dv d frpsuhvvleoh slvwrq/ lq d zd| vlplodu wr wkh fdvh vwxglhg lq ^43`1
Wkh g|qdplfv ri wkh grqru surgxfwv0vkrfnhg wdujhw lqwhuidfh/ lq sduwlfxodu lwv dffhohudwlrq/ ghshqgv rq
wkh ohqjwk ri wkh grqru fkdujh/ rq wkh lqlwldo frqglwlrqv lq wkh grqru dqg wdujhw fkdujhv/ dqg rq wkh
sk|vlfdo surshuwlhv ri wkh wzr h{sorvlyhv1 Rxu remhfwlyh lv wr ghwhuplqh wkh plqlpdo ohqjwk ri wkh grqru
fkdujh/ Ofu/ wkdw lqgxfhv vx�flhqwo| odujh dq lqwhuidfh dffhohudwlrq iru jhqhudwlqj wkh h{sorvlrq lq wkh
wdujhw +{6,1 Wkh qrwdwlrqv duh wkh vdph dv lq ^6`/^7` dqg ^9` > prvw duh lqwurgxfhg lq wkh wh{w ru ghwdlohg
lq wkh �jxuhv dqg dw wkh hqg ri wklv devwudfw1
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RL = FM ghwrqdwlrq +glvfrqwlqxlw|,
RLQ = Wd|oru0]ho*grylfk +W], vhoi0vlplodu �rz
RQE = frqvwdqw0vwdwh grpdlq
RQP = wdlo ri wkh dfwlrq ri wkh W] �rz
L = lpsdfw srlqw
LV = vkrfn jhqhudwhg lq wkh wdujhw
LPI = lqwhuidfh ehwzhhq wkh grqru dqg wkh wdujhw
LQE = khdg ri wkh h{sdqvlrq jhqhudwhg dw wkh lpsdfw
EI = khdg ri wkh h{sdqvlrq diwhu uh�hfwlrq
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Rxu dqdo|vlv uhtxluhv wr �uvw ghwhuplqlqj wkh lqlwldo vshhg/ x/ dqg dffhohudwlrq/ gx@gw/ ri wkh pdwhuldo
lqwhuidfh dw srlqw L/ lpphgldwho| diwhu lpsdfw +�jxuh 4,1 Wr vxppdul}h/ wkh ghwhuplqdwlrqv ri wkh
yhorflw| G ri wkh vkrfn jhqhudwhg lq wkh wdujhw/ ri wkh vshhg x/ dqg ri wkh wkhuprg|qdplfdo vwdwhv
dw wkh lpsdfw srlqw L duh edvhg rq wkh krpr0hqwurs| ri wkh �rz lq wkh grqru surgxfwv dqg rq wkh
uhtxluhphqw wkdw wkh suhvvxuh s dqg wkh pdwhuldo vshhg x duh frqwlqxrxv dfurvv wkh pdwhuldo lqwhuidfh
LP 1 Wklv fodvvlfdo fdofxodwlrq/ dv zhoo dv wkh surshuwlhv ri wkh FM vwdwh dqg ri wkh iroorzlqj vhoi0vlplodu
�rz ri wkh FM ghwrqdwlrq surgxfwv/ duh uhfdoohg lq ^9`0{514 dqg {515 +vroxwlrq wr wkh Ulhpdqq sureohp,1
Wkh ghwhuplqdwlrqv ri wkh dffhohudwlrq �G@�w ri wkh vkrfn dqg ri wkh lqwhuidfh gx@gw lpphgldwho| diwhu
lpsdfw duh edvhg xsrq d shuwxuedwlrq dqdo|vlv derxw wkh lpsdfw srlqw L1 Lwv pdlq lqjuhglhqwv duh +l, wkh
vhoi0vlplodulw| ri wkh grqru �rz ehiruh lpsdfw/ +ll, wkh ghulydwlrq ri d frpsdwlelolw| uhodwlrqvkls ehwzhhq
wkh pdwhuldo ghulydwlyhv ri wkh suhvvxuh dqg ri wkh pdwhuldo vshhg lq wkh grqru surgxfwv lq wkh h{sdqghg
vwdwh +4,/ dqg +lll, wkh uhtxluhphqw wkdw/ ehfdxvh ri wkh frqwlqxlw| lq x dqg s dfurvv wkh pdwhuldo lqwhuidfh
LP / wkhvh ghulydwlyhv duh htxdo wr wkh pdwhuldo ghulydwlyhv ri x dqg s lq wkh wdujhw/ uhvshfwlyho|1 Wklv
fdofxodwlrq lv ghwdlohg lq ^7` dqg ^9`0{516 dqg {517 +vroxwlrq wr wkh Fdxfk| sureohp,1 Wkh lqlwldo +l1h1/ dw
srlqw L, dffhohudwlrq ri wkh lqwhuidfh lv wkxv rewdlqhg dv d ixqfwlrq ri wkh grqru0fkdujh ohqjwk O @ GFM wL
= �

gx

gw

�
4

@

�
gx

gw

�
3L

@ �GL

5pP3
y3

y4
�3z3 .

�
4 . 5P5

3 .

�
GFM

GL
�FM4@wL

+4 . 5P5
3
.
, .pP3 +6 . 
,

> p @
+f@y,

3

+f@y,
4

> +4,

Wkh txdqwlw|p lv wkh udwlr ri wkh dfrxvwlf lpshgdqfhv +f@y, ri wkh vkrfnhg wdujhw +3, dqg ri wkh h{sdqghg
grqru surgxfwv +4,/ dqg wkh txdqwlw| �FM4 lv d ixqfwlrq ri wkh vwdwhv FM dqg 4 ri wkh grqru surgxfwv
wkdw lv ghwhuplqhg iurp wkh vroxwlrq wr wkh Ulhpdqq sureohp/ dv dq| rwkhu vwdwh ixqfwlrq lqyroyhg lq
wklv zrun1
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6141 Zh kdyh vkrzq lq ^6` dqg ^7` wkdw wkh lqgxfwlrq wlph � ri wkh dgldedwlf h{sorvlrq fdq eh gh�qhg
dv wkh uhflsurfdo ri wkh lqlwldo udwh ri fkdqjh ri wkh uhdfwlrq udwh z dorqj wkh pdwhuldo wudmhfwrulhv/ h1j1
+5d,/ li wkh odwwhu udwh lv d vx�flhqwo| frqyh{ vwdwh ixqfwlrq1 Vxfk lv wkh fdvh iru prvw ri krprjhqhrxv
h{sorvlyhv/ lqghhg zhoo uhsuhvhqwhg e| wkh Duukhqlxv odz +5e,/ zklfk/ dw wkh grplqdqw rughu/ ohdgv wr
wkh lqgxfwlrq wlph +5f,1 Dv d pdwwhu ri idfw/ wkh udwlr Wd@W3 ri wkh dfwlydwlrq whpshudwxuh wr wkh vkrfn
whpshudwxuh lv xvxdoo| d odujh qxpehu/ w|slfdoo| R +43,1 Li wkh vkrfn lv jhqhudwhg e| d sodqdu slvwrq zlwk
suhvfulehg vshhg x dqg dffhohudwlrq gx@gw/ wkh lqgxfwlrq wlph +5f, fdq eh uh0zulwwhq dv +5gi, ^6`/ ^7`1 Wkh
jurxslqjv ��r dqg �s +5jk, fdq eh lqwhusuhwhg/ uhvshfwlyho|/ dv wkh lqgxfwlrq wlphv ri wkh wudqvirupdwlrq
lqgxfhg e| d vkrfn jhqhudwhg e| d sodqdu frqvwdqw0vshhg slvwrq dqg ri wkh lvredulf wudqvirupdwlrq lvvxlqj
iurp wkh vdph wkhuprg|qdplfdo vwdwh +l1h1/ 3,=
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6151 Wkh lqgxfwlrq wlph iru wkh wudqvirupdwlrq lqgxfhg e| wkh vkrfn jhqhudwhg e| wkh lpsdfw ri d
FM ghwrqdwlrq lvvxlqj iurp d uljlg zdoo lv wkxv rewdlqhg e| vxevwlwxwlqj wkh pdwhuldo vshhg dqg wkh
dffhohudwlrq ri wkh lqwhuidfh +4, dw srlqw L +l1h1/ wkh dvvrfldwhg vkrfn vwdwh/ fi1 ^9`0{515, iru wkh duelwudu|
vshhg dqg dffhohudwlrq lq +5h,1 Vrph duudqjhphqwv wkxv ohdg wr wkh h{suhvvlrq +6d,1 Wkh ljqlwlrq fdq
rffxu li dqg rqo| li wkh lqgxfwlrq wlph �� lv erxqghg/ vr li �� ?4 ru �� A �� lqi / fi1 +5gi,/ ru O A Oplq/
fi1 +6d,1 Wkh plqlpdo fkdujh ohqjwk lv wkxv jlyhq e| wkh jurxslqj Oplq +6e,=
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D vpdoo uxq ri wkh grqru ghwrqdwlrq c +w, @ GFM w/ lq sduwlfxodu d vpdoo grqru ohqjwk O @ c +wL, @ GFM wL /
lqgxfhv odujh ghulydwlyhv ehklqg wkh ghwrqdwlrq iurqw/ wkxv/ iru h{dpsoh/ vwl�hu sur�ohv1 Ehfdxvh ri
wkh vhoi0vlplodulw| ri wkh �rz lq wkh RLQ grpdlq ri wkh grqru0ghwrqdwlrq surgxfwv +�jxuh 4,/ dq|
ghulydwlyh ri wklv �rz lv lqghhg lqyhuvho| sursruwlrqdo wr wkh wlph/ wkxv wr wkh ghwrqdwlrq uxq c +w, +h1j1/
Cx@Cw @ �x3 +�, �@w> Cx@C{ @ x3 +�, @c/ zlwk � @ {@GFM w wkh vlplodulw| yduldeoh/ fi1 ^9`0{514,/ dv zhoo
dv lpphgldwho| diwhu lpsdfw +h1j1/ +4,,1 Wkxv/ wkh vkruwhu wkh grqru ohqjwk/ wkh odujhu wkh lqwhuidfh
ghfhohudwlrq/ fi1 +4,/ dqg/ frqvhtxhqwo|/ wkh orqjhu wkh h{sorvlrq wlph1 Frqyhuvho|/ d orqj uxq ri wkh
grqru ghwrqdwlrq lqgxfhv vpdoo ghulydwlyhv/ vr wkdw lq wkh olplw ri dq lq�qlwh uxq/ wkh lq�xhqfh ri wkh
grqru0fkdujh ohqjwk rq wkh ghulydwlyhv ehklqg wkh vkrfn jhqhudwhg e| wkh lpsdfw/ lq sduwlfxodu rq wkh
h{sorvlrq wlph/ ehfrphv qhjoljleoh frpsduhg wr wkdw ri wkh fkhplfdo nlqhwlfv1 Wklv lpsolhv wkdw/ lq
wkh olplwv ri lq�qlwh wL +ru O,/ wkh deryh h{suhvvlrqv ehfrph lghqwlfdo wr wkh sodqdu uhvwulfwlrqv ri wkh
h{suhvvlrqv rewdlqhg lq rxu vwxg| ri f|olqgulfdo dqg vskhulfdo vkrfn wxehv suhvhqwhg lq ^43`1 Iru lqvwdqfh/
�lqi +6h, lv lghqwlfdo wr �FS3 ^43`0+7g,1

6161 Zh kdyh vshfldol}hg wkh deryh uhvxowv wr wkh fdvh ri grqru dqg wdujhw h{sorvlyhv hdfk prghohg dv
dq lghdo pl{wxuh ri wzr lghdo jdvhv zlwk glvwlqfw sk|vlfdo surshuwlhv/ wkh uhdfwdqwv dqg wkh frpexvwlrq
surgxfwv ^7`1 Wkh uhvxowv suhvhqwhg lq �jxuh 5 duh uhodwlyh wr wkh vlpsol�hg vlwxdwlrq zkhuh wkh grqru
dqg wkh wdujhw kdyh frqvwdqw dqg lghqwlfdo sk|vlfdo surshuwlhv/ h{fhsw iru wkhluv khdwv ri uhdfwlrq Ti

dqg T41 Lq wkh fkrvhq udqjh ri lqlwldo0suhvvxuh udwlr si@s4/ wkh wlph �lqi +6h, lv voljwko| vpdoohu wkdq
wkh lvredulf wlph �s +ehfdxvh khuh � @ � @ 4=58 lv forvhg wr 4/ fi1 +6h,,/ dqg wkh Pdfk qxpehu ri wkh
vkrfn wudqvplwwhg lq wkh wdujhw ydulhv e| 63( +fi1 ^9`0�jxuh 5d,1 Wkh qrupdol}hg plqlpdo ohqjwk �
+6i, ydulhv e| pruh wkdq 83( zlwk wkh lqlwldo0suhvvxuh udwlr si@s4 dqg e| derxw 63( zlwk wkdw ri wkh
khdw ri uhdfwlrq Ti@T4 +�jxuh 5d,1 Iurp d txdqwlwdwlyh vwdqgsrlqw/ e| vhwwlqj wf @ 43�43 v dqg
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ppro=i>4 @ 63 j1pro�4/ zh �qg/ zlwk Wd@W� @ 9:=8: dqg �i>4>e>} @ 4=58/ wkdw wkh plqlpdo ohqjwk Oplq

+6e, ghfuhdvhv iurp 48=; p wr <=9 pp li Ti�@T4� @ 8@7/ dqg iurp 4=< p wr 5=6 pp li Ti�@T4� @ 6@5/
zkhq wkh lqlwldo0suhvvxuh udwlr lqfuhdvhv iurp 4 wr 61 Lqvridu dv wkh rwkhu frqwuro sdudphwhuv kdyh ohvvhu
lq�xhqfh/ rxu dqdo|vlv wkxv jhqhudwhv uhdolvwlf rughuv ri pdjqlwxgh dqg dovr uhsurgxfhv wkh h{shulphqwdo
wuhqgv dffruglqj wr zklfk ljqlwlrq lv idyruhg e| d grqru h{sorvlyh wkdw kdv kljk lqlwldo suhvvxuh si dqg
odujh khdw ri uhdfwlrq Ti 1
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6171 Zh hpskdvl}h wkdw/ ghshqglqj rq zklfk frqvwudlqw lv suhvfulehg wr wkh pdjqlwxgh ri wkh lqgxfwlrq
wlph �� +6d,/ ydulrxv fulwlfdo ohqjwkv iru wkh grqru0fkdujh fdq eh rewdlqhg1 Lq rxu rslqlrq/ wkh prvw
vljql�fdqw frqvwudlqw lv wkdw �� vkrxog eh vpdoohu wkdq wkh wlph lqwhuydo wI � wL � wLI +�jxuh 4,1 Wklv
lqwhuydo vhsdudwhv wkh wlph ri ghsduwxuh ri wkh khdg LE ri wkh h{sdqvlrq idq iurp wkh lpsdfw srlqw L/ dqg
wkh wlph wI zkhq/ diwhu kdylqj ehhq uh�hfwhg dw srlqw E rq wkh { @ 3 uljlg zdoo/ lw uhdfkhv wkh lqwhuidfh dw
srlqw I 1 Eh|rqg wlph wI / wkh h{sdqvlrq lqgxfhv dq dgglwlrqdo ghfhohudwlrq ri wkh lqwhuidfh wkdw suhyhqwv
h{sorvlrq1 Wkh fdofxodwlrq ri wkh wlph lqwhuydo wLI grhv qrw r�hu dq| sduwlfxodu gl�fxow| exw lv wrr orqj
wr eh suhvhqwhg khuh1 Wr vxppdul}h/ lw lv edvhg rq fodvvlfdo surshuwlhv ri krpr0hqwurslf �rzv ^:` dqg rq
vrph frpsdwlelolw| uhtxluhphqwv dffrxqwlqj iru wkh fkdqjh lq wkh lqwhuidfh ghfhohudwlrq dw srlqw P / zlwk
uhvshfw wr lwv ydoxh +4, dw srlqw L1 Dv d pdwwhu ri idfw/ srlqwP lv wkh olplw eh|rqg zklfk wkh g|qdplfv ri
wkh lqwhuidfh lv qr orqjhu lq�xhqfhg rqo| e| wkh vhoi0vlplodu �rz ehklqg wkh FM ghwrqdwlrq iurqw/ dqg wkh
frqglwlrqv dkhdg ri wkh lqwhuidfh/ exw/ dovr/ e| wkh frqglwlrqv dw wkh uljlg zdoo1 Wklv fdofxodwlrq lv d orfdo
dqdo|vlv derxw srlqw P / dqg/ lq vrph dvshfwv/ suhvhqwv vrph vlplodulwlhv zlwk wkh ghwhuplqdwlrqv ri wkh
vroxwlrqv wr wkh Ulhpdqq dqg Fdxfk| sureohpv dw srlqw L1 Wkh frqvwudlqw �� 9 wLP wkxv |lhogv d plqlpdo
+fulwlfdo, grqru0fkdujh ohqjwk Ofulw wkdw wxuqv rxw wr eh rqo| voljkwo| odujhu wkdq wkh plqlpdo ohqjwk Oplq
+6e, rewdlqhg e| suhvfulelqj wr wkh lqgxfwlrq wlph �� wr uhpdlq �qlwh1 Wklv lv vkrzq lq �jxuh 5e/ zklfk
dovr frpsduhv wkh plqlpdo ohqjwk Oplq dqg wkh fulwlfdo ohqjwk Ofulw +gdvkhg dqg vrolg olqhv/ uhvshfwlyho|,
wr wkh fulwlfdo ohqjwk rewdlqhg iurp rxu gluhfw qxphulfdo vlpxodwlrqv +v|perov, e| phdqv ri d Odjudqjldq
frgh1 D jrrg djuhhphqw lv rewdlqhg/ zklfk krzhyhu uhtxluhv d jrrg uhsuhvhqwdwlrq ri wkh vhoi0vlplodu
�rz lq wkh grqru fkdujh ehiruh lpsdfw dqg d vx�flhqw dffxudf| lq wkh wdujhw diwhu lpsdfw/ wkdw lv dw
ohdvw 5333 frpsxwdwlrqdo fhoov lq ehwzhhq wkh vkrfn dqg wkh lqwhuidfh dw wkh wlph ri h{sorvlrq1

6181 Zh kdyh vxppdul}hg rqh sduw ri d vwxg| ghyrwhg wr wkh ljqlwlrq ri krprjhqhrxv h{sorvlyhv e|
phdqv ri vkrfnv jhqhudwhg e| wkh lpsdfw ri frqvwdqw0yhorflw| ghwrqdwlrqv1 Wkh suhvhqw zrun dgguhvvhv
wkh fdvh ri wkh vhoi0vxvwdlqhg +FM, ghwrqdwlrq ruljlqdwlqj iurp d uljlg zdoo1 Rwkhu frq�jxudwlrqv duh FM
ghwrqdwlrqv ruljlqdwlqj iurp d iuhh erxqgdu| ru iurp frqvwdqw0vshhg slvwrqv/ dqg ryhugulyhq ghwrqdwlrqv1
Wkh frqglwlrqv wkdw zh kdyh glvfxvvhg khuh duh qhfhvvdu| frqglwlrqv iru rewdlqlqj dq h{sorvlrq1 Wkh| pxvw
qrw eh plvwdnhq zlwk wkh frqglwlrqv wkdw ohdg wr wkh irupdwlrq ri d ghwrqdwlrq lq wkh wdujhw h{sorvlyh1
Wkh ghwhuplqdwlrq ri wkh odwwhu uhtxluhv d gl�huhqw w|sh ri dqdo|vlv wkdw zh duh fxuuhqwo| frqgxfwlqj1 Dv
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iru wkh h{sorvlrq frqglwlrq/ wkh wuhqgv dqg wkh rughuv ri pdjqlwxgh rewdlqhg iru wkh fdvh ri h{sorvlyhv
prghohg dv lghdo jdvhv djuhh txdolwdwlyho| zlwk wkh h{shulphqwdo revhuydwlrqv dqg txdqwlwdwlyho| zlwk
rxu qxphulfdo vlpxodwlrqv exw dgglwlrqdo zrun lv qhfhvvdu| wr frq�up wkh suhglfwlyh delolw| ri rxu prgho1

Uhihuhqfhv

^4` Fdpsehoo DZ hw do1/ Vkrfn ljqlwlrq ri ghwrqdwlrq lq oltxlg h{sorvlyhv/ Sk|v1 Ioxlgv/ 7 +4<94,/ 7<;1
^5` Ph|hu MZ/ Rsshqkhlp DN/ Rq wkh vkrfn0lqgxfhg ljqlwlrq ri h{sorvlyh jdvhv/ [LLLwk V|ps1 +Lqw1,
Frpe1/ Wkh Frpexvwlrq Lqvwlwxwh 4<:4/ 44861
^6` Ylgdo S1/ Nkdvdlqry E1/ Xqh frqglwlrq q�hfhvvdluh g*h{sorvlrq dgldedwltxh ghuul�huh xq fkrf gh g|0
qdpltxh duelwudluh/ F1 U1 Dfdg1 Vfl1 Sdulv/ V�hulh LLe/ 65: +4<<<,/ 4/ <804351
^7` Ylgdo S1/ Nkdvdlqry E1/ Dqdo|vlv ri fulwlfdo g|qdplfv iru vkrfn0lqgxfhg dgldedwlf h{sorvlrqv e| phdqv
ri wkh Fdxfk| sureohp iru wkh vkrfn wudqvirupdwlrq/ Vkrfn Zdyhv/ < +4<<<,/ 5:605<31
^8` Guhplq D1Q1/ h1j1/ lq = Wrzdugv ghwrqdwlrq wkhru|1 Vsulqjhu0Yhuodj/ 4<<<1
^9` Ylgdo S1/ Nkdvdlqry E1/ Frqglwlrq g*h{sorvlrq sdu lpsdfw gh g�hwrqdwlrq/ F1 U1 Dfdg1 Vfl1 Sdulv/ V�hulh
LLe/ 65; +5333,/ 4/ 864086<1
^:` Frxudqw U1/ Iulhgulfkv N1R1/ Vxshuvrqlf �rz dqg vkrfn zdyhv1 Lqwhuvflhqfhv/ M1 Zloh| ) V1/ 4<7;1
^;` Vwdq|xnrylfk N1S1/ Xqvwhdg| prwlrq ri frqwlqxrxv phgld1 Jrvwhkl}gdw/ Prvfrz/ 4<881
^<` Ilfnhww Z1/ Gdylv Z1F1/ Ghwrqdwlrq/ Xqlyhuvlw| ri Fdoliruqld Suhvv/ 4<:<1
^43` Ylgdo S1/ Mrxolq J1/ Nkdvdlqry E1/ Frqglwlrq g*h{sorvlrq lqgxlwh sdu xq fkrf u�hvxowdqw gh o*h{sdqvlrq
g*xq plolhx frpsuhvvleoh/ F1 U1 Dfdg1 Vfl1 Sdulv/ V�hulh LLe/ 65: +4<<<,/ 4/ 79:07:31

Qrphqfodwxuh

� �?_�Uit i @?_ e G hi@U|@?|t @?_ ThL_�U|t Lu |�i _L?Lh( i @*tL _i�?it |�i �?�|�@* t|@|i �? |�i _L?Lh�

� �?_�Uit 4 @?_ } G hi@U|@?|t @?_ ThL_�U|t Lu |�i |@h}i|( 4 @*tL _i�?it |�i �?�|�@* t|@|i �? |�i |@h}i|�

� �?_�Uit FM @?_ 4 G ThL_�U|t Lu |�i _L?Lh �44i_�@|i*) Mi��?_ |�i _i|L?@|�L? @?_ @u|ih i T@?t�L? @| L1
� �?_i 3 G t|@|i Mi��?_ |�i t�LU! }i?ih@|i_ �? |�i |@h}i|�

� �?_�Uit s Lh � +�3, G �tLM@h�U Lh �@h�@M*i EUL?t|@?|� T�t|L?�tTii_ |h@?tuLh4@|�L?t�

� �?_i � G |�ih4L_)?@4�U@* hiuihi?Ui c i�}�c s� @ 4 M@hc W� @ 5<; k�

� s> W> |> y @?_ h G Thitt�hic |i4Tih@|�hic i |i?| Lu U�i4�U@* _iUL4TLt�|�L?( tTiU��U �L*�4i @?_ �?|ih?@* i?ih})�

� j @ y@
�
Ch
Cs

�
y|
> f @

u
y5+s.

�
Ch
Cy

�
s|
,@
�
Ch
Cs

�
y|
> � @ �y

f5

�
Ch
C|

�
sy
@
�
Ch
Cs

�
y|
> Tsy @ �

�
Ch
C|

�
y|

G Bh�?i�ti?

ULi�U�i?|/ uhL3i? tL�?_ tTii_c |�ih4�U�|) ULi�U�i?|c tTiU��U �i@| hi*i@ti_ @| y @?_ s1

� Fy @
�
Ch
CW

�
y|
> Fs @

�
Ck
CW

�
s|
> TyW @ �

�
Ch
C|

�
yW

> TsW @ �

�
Ck
C|

�
sW

G �i@| U@T@U�|�it @| UL?t|@?| yc @|

UL?t|@?| sc tTiU��U �i@|t hi*i@ti_ @| y @?_ W c @| s @?_ W Ek @ h.sy EtTiU��U i?|�@*T)�� `�|� |�i _�4i?t�L?*itt

ULi�U�i?|t � @ Fs@Fyc $ @ TsW@TyW @?_ � @ �@$c L?i LM|@�?t |�i �_i?|�|�it TsW @FsW @ j�@+� � 4, @?_
TyW@FyW @ j��@+� � 4,�
� {> w> x> g=@gw @ C=@Cw . x C=@C{>	 g=@gw @ C=@Cw . +x	 f, C=@C{ G _�t|@?Uic |�4ic 4@|ih�@* tTii_ @?_

_ih��@|��itc @UL�t|�U _ih��@|��it E��i�c U�@h@U|ih�t|�Ut��

� gh@gw @ �s gy@gw> gh @ Wgv� sgy � Dg| G 6�ht| �h�?U�T*i Lu A�ih4L_)?@4�Ut uLh @_�@M@|�U i�L*�|�L?t Lu

TihuiU| ���_tc B�MMt< �_i?|�|) Ev tTiU��U i?|hLT) c D U�i4�U@* @�?�|)��

� G> �G@�w G _�tUL?|�?��|) �i*LU�|) @?_ @UUi*ih@|�L?�

� PFM @ GFM@fi >P4 @ G@f4>P3 @ +G � x3,@f3>
 G �@U� ?�4Miht Lu |�i _i|L?@|�L?c Lu |�i t�LU! �?

|�i |@h}i| @?_ Lu |�i �L� @| |��t t�LU!c h@|�L Lu |�i t*LTit Lu |�i +@)*i�}����U�i*tL? *�?i @?_ Lu |�i O�}L?�L|
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