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Devwudfw

Lq d ydulhw| ri kljk whpshudwxuh vxshufrqgxfwruv wkh wudqvlwlrq whpshudwxuh
Wf kdv ehhq irxqg wr ghshqg rq wkh vdpsoh*v ghwdlohg whpshudwxuh dqg suhvvxuh
klvwru|1 Wo2Ed2FxRSnB +Wo05534, h{klelwv wzr glvwlqfw uhod{dwlrq fkdqqhov/ rqh
dfwlydwhg ehorz 433 N dqg wkh rwkhu deryh 483 N/ wkdw kdyh ehhq dwwulexwhg
wr r{|jhq rughulqj h�hfwv1 Lq wkh suhvhqw vwxglhv wr 31; JSd zh �qg wkdw
wkh dfwlydwlrq hqhuj| iru wkh orz whpshudwxuh surfhvv/ HOW

D +4 edu, � 3158 hY/
lv lqghshqghqw ri suhvvxuh/ zkhuhdv wkh dfwlydwlrq hqhuj| iru wkh kljk whp0
shudwxuh surfhvv/ HKW

D +4 edu, � 31:8 hY/ dsshduv wr lqfuhdvh zlwk suhvvxuh
|lhoglqj dq dfwlydwlrq yroxph � 418 fp�2pro1 Wkh dfwlydwlrq yroxphv iru wkh
gl�xvlrq ri r{|jhq ghihfwv lq wkh kljk0whpshudwxuh vxshufrqgxfwruv Wo05534/
\Ed2Fx�R.3B +\0456,/ dqg KjEd2FxRenB +Kj04534, duh hvwlpdwhg xvlqj d
vlpsoh kdug0vskhuh prgho dqg irxqg wr eh urxjko| kdoi wkh h{shulphqwdo ydo0
xhv1 Iru Wo05534 wklv frpsdulvrq vxssruwv dq lqgluhfw �lqwhuvwlwldof|� gl�xvlrq
sdwk iru r{|jhq ghihfwv/ zkhuhdv iru \0456 dqg Kj04534 gluhfw �lqwhuvwlwldo� gli0
ixvlrq sdwkv duh lqglfdwhg1
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4 LQWURGXFWLRQ
Lq kljk0whpshudwxuh vxshufrqgxfwruv +KWVF, lw lv zhoo nqrzq wkdw pdq| surshuwlhv
lq erwk qrupdo dqg vxshufrqgxfwlqj vwdwhv/ vxfk dv wkh vxshufrqgxfwlqj wudqvlwlrq
whpshudwxuh Afc wkh hohfwulfdo uhvlvwlylw| 4/ dqg wkh odwwlfh sdudphwhuv/ ghshqg vhq0
vlwlyho| rq wkh r{|jhq frqfhqwudwlrq1 Lq Wo2Ed2FxRSnB +Wo05534,/ iru h{dpsoh/ dq
lqfuhdvh lq wkh r{|jhq frqwhqw e| rqo| 5( +{B * 3145, fdxvhv Af wr ghfuhdvh e| <5
N/^4` 4+5<8 N, wr ghfuhdvh e| 83(/^5` dqg wkh odwwlfh sdudphwhuv wr fkdqjh e| {@ *
{S * 316(1^4` Wr rewdlq d vxshufrqgxfwru zlwk wkh ghvluhg surshuwlhv/ wkh r{|jhq
frqwhqw ri wkh vlqwhuhg pdwhuldo pxvw eh fduhixoo| rswlpl}hg e| d vxlwdeoh dqqhdolqj
wuhdwphqw xqghu d vshfl�hg r{|jhq sduwldo suhvvxuh1 Lw lv wkxv ri lqwhuhvw wr xqghu0
vwdqg lq ghwdlo wkh gl�xvlrq surfhvvhv lq KWVF vr wkdw rqh fdq dgmxvw wkh sdudphwhuv
ri wkh dqqhdolqj wuhdwphqw dffruglqjo|1

Pdq| surshuwlhv lq d jlyhq KWVF pdwhuldo/ lqfoxglqj wkh ydoxh ri Afc ghshqg
qrw rqo| rq wkh r{|jhq frqwhqw/ exw rq wkh ghwdlohg pdqqhu lq zklfk r{|jhq ghihfwv
duh duudqjhg zlwklq wkh r{|jhq vxeodwwlfh1^6/ 7` Wkh rughulqj ri r{|jhq ghihfwv lv
eholhyhg wr eh uhvsrqvleoh iru wkh vwurqj uhod{dwlrq h�hfwv zlwk uhod{dwlrq wlph � lq
xqghugrshg \Ed2Fx�R.3B +\0456, uhsruwhg e| Yhdo hw do1/^7` zkhuh wkh ydoxh ri Af
zdv revhuyhg wr lqfuhdvh e| � 43 N diwhu vdpsohv ruljlqdoo| txhqfkhg iurp 853�F
wr :: N zhuh dqqhdohg dw urrp whpshudwxuh +UW,1 Wklv hqkdqfhphqw lq Af zdv
dwwulexwhg wr d wudqvihu ri hohfwurq fkdujh iurp wkh vxshufrqgxfwlqj FxR2 sodqhv wr
dpelydohqw Fx fdwlrqv lq wkh FxR fkdlq od|hu eurxjkw rq e| wkh rughulqj ri r{|jhq
ghihfwv lq wkhvh fkdlqv1^8` Vlqfh wkh rughulqj surfhvv lqyroyhv wkh prwlrq ri r{|jhq
ghihfwv wkurxjk wkh vwuxfwxuh/ lw lv d gl�xvlrq olplwhg surfhvv1 Vlplodu uhod{dwlrq
h�hfwv lq Af kdyh ehhq revhuyhg iroorzlqj suhvvxuh fkdqjhv dw orz whpshudwxuh lq
Wo05534/^9` \0456/^:/ ;` WoVu2FdFx2R.3B/^<` dqg KjEd2FxRenB +Kj04534,1^43` Lq
Wo05534 hylghqfh iru wzr glvwlqfw uhod{dwlrq surfhvvhv zdv irxqg e| Nohkh hw do1^44`
dqg Orrqh| hw do1/^45` rqh dfwlydwhg dw whpshudwxuhv ehorz 433 N +OW surfhvv, dqg
wkh rwkhu dfwlydwhg dw whpshudwxuhv deryh 483 N +KW surfhvv,/ dv looxvwudwhg lq
Ilj1 4> lq idfw/ wkh odwwhu zrun vkrzv wkdw wkh OW uhod{dwlrq douhdg| ehjlqv iru
dqqhdolqj whpshudwxuhv dv orz dv 46 N1 Iru doo rwkhu v|vwhpv olvwhg deryh/ rqo|
d vlqjoh uhod{dwlrq surfhvv/ rqh dfwlydwhg iru whpshudwxuhv deryh 533 N/ kdv ehhq
lghqwl�hg1^</ 43/ 46`

Vdghzdvvhu hw do1 kdyh uhfhqwo| vkrzq iru \0456^46/ 47` dqg Kj04534^43` wkdw wkh
uhod{dwlrq wlph � iru wkh gl�xvlrq ri r{|jhq wkurxjk wkh pdwhuldo lqfuhdvhv vwurqjo|
zlwk suhvvxuh> wkh udwh ri lqfuhdvh _�*_� frqwdlqv lqirupdwlrq rq wkh vshfl�fv ri wkh
gl�xvlrq surfhvv lwvhoi1^48/ 49` Iru wkh sxusrvh ri jdlqlqj lqvljkw lqwr wkh r{|jhq
gl�xvlrq phfkdqlvp lq Wo05534/ zh suhvhqw phdvxuhphqwv ri wkh suhvvxuh0ghshqghqw
uhod{dwlrq wlph � E� � iru erwk OW dqg KW uhod{dwlrq surfhvvhv rq d vlqjoh fu|vwdoolqh
vdpsoh zlwk Af * 6<18 N1 D vlpsoh kdug0vskhuh prgho lv ghyhorshg iru r{|jhq
gl�xvlrq lq \0456/ Kj4534 dqg Wo05534 dqg lv xvhg wr hvwlpdwh _�*_� 1 Iurp d
frpsdulvrq zlwk wkh h{shulphqwdo gdwd/ d gluhfw gl�xvlrq sdwk vhhpv olnho| lq \0
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456 dqg Kj04534/ zkhuhdv iru Wo05534 d pruh frpsolfdwhg �lqwhuvwlwldof|� gl�xvlrq
surfhvv lv lqglfdwhg1 Iurp wkh frqvwdqf| ri � xqghu suhvvxuh iru wkh OW uhod{dwlrq
lq Wo05534/ zh frqfoxgh wkdw wkh OW surfhvv lv gl�xvlrqohvv1

5 H[SHULPHQW
Wkh Kh0jdv suhvvxuh v|vwhp +Kduzrrg, xvhg lq wklv vwxg| 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 fdq eh fkdqjhg dw dq| whpshudwxuh deryh
wkh phowlqj fxuyh Ap ^4:` ri wkh Kh suhvvxuh phglxp +iru h{dpsoh/ Ap * 461; N dw
314 JSd dqg Ap * 8517 N dw 31; JSd,1 Wkh suhvvxuh ghfuhdvh xsrq frrolqj lv nhsw
wr ehorz 53( e| wkh lqwurgxfwlrq ri d vl}hdeoh urrp whpshudwxuh �ghdg yroxph�1

Wkh vxshufrqgxfwlqj wudqvlwlrq lv phdvxuhg 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 315; Rh +upv, dw 83:
K} lv dssolhg dorqj wkh vkruw glphqvlrq ri wkh vdpsoh +M n S0d{lv,1 Ixuwkhu ghwdlov
ri wkh h{shulphqwdo vhwxs duh jlyhq hovhzkhuh1^4;`

Wkh suhvhqw h{shulphqwv zhuh fduulhg rxw rq d 318�31;�3135 pp� slhfh ri wkh
Wo05534 vlqjoh fu|vwdo xvhg wkuhh |hduv djr wr vwxg| wkh uhod{dwlrq ehkdylru lq Af
dw dpelhqw suhvvxuh ^44/ 45`> ryhu wklv wlph wkh vxshufrqgxfwlqj wudqvlwlrq lq wkh df
vxvfhswlelolw| kdv qrw fkdqjhg h{fhsw iru dq lqfuhdvh lq wkh 430<3 wudqvlwlrq zlgwk
iurp 4 N wr 5N1 Wkh vlqjoh0fu|vwdoolqh v|qwkhvlv surfhgxuh lv ghvfulehg lq hduolhu
sxeolfdwlrqv1^44/ 4<` Wkh lqlwldo ydoxh ri WS dw dpelhqw suhvvxuh lv irxqg wr eh Af *
6<184 N iurp wkh vxshufrqgxfwlqj rqvhw1 Fkdqjhv lq wkh ydoxh ri WS lq wkh kljk0
suhvvxuh h{shulphqwv duh ghwhuplqhg wr dq dffxudf| ri 	 83 pN e| judsklfdoo|
vkliwlqj wkh xsshu 43 ( ri wkh wudqvlwlrq djdlqvw wkh lqlwldo phdvxuhphqw1

6 UHOD[DWLRQ PHDVXUHPHQWV

614 Uhvxowv

Suhylrxvo| sxeolvkhg uhod{dwlrq gdwd lq Af iru Wo05534 duh glvsod|hg lq Ilj1 41^45`
Wkhvh gdwd zhuh rewdlqhg e| �uvw dsso|lqj 819 JSd suhvvxuh dw 5<; N/ uhohdvlqj
wklv suhvvxuh dw 9 N/ dqg wkhq phdvxulqj Af diwhu dqqhdolqj wkh vdpsoh iru 4 krxu
dw vxffhvvlyho| kljkhu whpshudwxuhv Adqqhdo1 Wkh OW dqg KW uhod{dwlrq uhjlrqv
duh fohduo| ylvleoh lq wklv �jxuh dqg duh vhsdudwhg e| d sodwhdx ehwzhhq 433 dqg
483 N1 Lq wkh suhvhqw h{shulphqwv zh zrxog olnh wr lqyhvwljdwh krz wkh uhod{dwlrq
udwh lq erwk uhjlrqv ghshqgv rq wkh dssolhg suhvvxuh1 Wr gr wklv zh ghwhuplqh dw
gl�huhqw suhvvxuhv wkh uhod{dwlrq wlphv � iru erwk OW dqg KW surfhvvhv dw wkh �{hg
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whpshudwxuhv Ad4 ' ;5 N iru wkh OW surfhvv dqg Ad5 ' 558 N iru wkh KW surfhvv/ dv
lqglfdwhg e| wkh duurzv lq Ilj1 41

Zh qrz ghvfuleh wkh surfhgxuh iroorzhg lq vrph ghwdlo1 Ilj1 5 frqwdlqv dq
ryhuylhz ri wkh hqwluh phdvxuhphqw/ zkhuhdv Ilj1 6 vkrzv wkh ghshqghqfh ri Af
rq wkh dqqhdolqj wlph dw ydulrxv whpshudwxuhv dqg suhvvxuhv1 Iroorzlqj wkh lqlwldo
phdvxuhphqw ri Af+4 edu, * 6<184 N dw dpelhqw suhvvxuh +srlqw 4 lq Ilj1 5,/ d
suhvvxuh ri 31; JSd zdv dssolhg dqg khog dw 5<; N iru 4 k/ iroorzhg e| d udslg
frrogrzq +6 0 7 N2plq, wr phdvxuh Af * 65188 N +srlqw 5,> gxh wr wkh frqwudfwlrq
ri wkh Kh suhvvxuh phglxp/ dw whpshudwxuhv qhdu Af wkh suhvvxuh ghfuhdvhg wr �
319: JSd1 Wkh suhvvxuh ghulydwlyh rewdlqhg/ _Af*_� * 0 ;1: N2JSd/ ^53` lv lq jrrg
djuhhphqw zlwk suhylrxv uhvxowv e| Nohkh hw do1^44`

Wkh suhvvxuh zdv wkhq sduwldoo| uhohdvhg dw 84 N wr 3184 JSd dqg Af * 65193 N
phdvxuhg1 Wkh wlph ghshqghqw uhod{dwlrq AfE|� dw wklv suhvvxuh zdv wkhq ghwhuplqhg
e| uhshdwhgo| khdwlqj wkh vdpsoh wr ;5 N/ zkhuh � * 3188 JSd/ iru vxffhvvlyho| orqjhu
wlphv +vhh srlqwv 6 wr 43 lq Ilj1 5 dqg Ilj1 6 fxuyh D,1 Wkh vdpsoh zdv wkhq dqqhdohg
dw � 473 N iru 4 k wr doorz wkh orz whpshudwxuh +OW, surfhvv wr ixoo| uhod{ +srlqw
44/ Ilj1 6 fxuyh E,> lw zdv vkrzq e| Nohkh hw do1^44` wkdw wkh OW uhod{dwlrq surfhvv
lv ixoo| vdwxudwhg e| dqqhdolqj 4 k dw 453 N/ exw wkh KW surfhvv lv qrw dfwlydwhg
xqwlo 483 N1 Wkh KW uhod{dwlrq surfhvv zdv wkhq vwxglhg e| kroglqj wkh vdpsoh dw
558 N iru 4 k/ zkhuh � * 318< JSd/ |lhoglqj Af * 67139 N +srlqw 45/ Ilj1 6 fxuyh
E,1 Vxevhtxhqw dqqhdolqj dw wkh vdph whpshudwxuh dqg suhvvxuh xs wr d wrwdo ri :5
k uhvxowhg lq srlqwv 45 0 4;1 Lq rughu wr ixoo| uhod{ wkh KW surfhvv/ wkh vdpsoh zdv
wkhq dqqhdohg iru 44 k dw 5<; N/ |lhoglqj Af * 67168 N +srlqw 4< lq Ilj1 5,1

Wr ghwhuplqh wkh uhod{dwlrq wlphv dw wkh vdph dqqhdolqj whpshudwxuhv/ exw dw d
orzhu suhvvxuh/ wkh suhvvxuh zdv wkhq uhgxfhg wr 315: JSd dw 75 N/ |lhoglqj Af *
67158 N +srlqw 53 lq Ilj1 5 dqg Ilj1 6 fxuyh F,1 E| dqqhdolqj wkh vdpsoh dw ;5 N
xqghu 315; JSd suhvvxuh iru gl�huhqw wlph lqwhuydov wrwdolqj 5< k/ wkh AfE|� gdwd lq
Ilj1 6 fxuyh F +srlqwv 53 wr 5:, zhuh rewdlqhg1 Wkh vdpsoh zdv wkhq dqqhdohg iru 4
k dw 473 N wr ixoo| uhod{ wkh OW surfhvv/ dqg wkh KW surfhvv vwxglhg e| dqqhdolqj dw
558 N/ zkhuh � ' 3164 JSd/ |lhoglqj srlqwv 5; wr 68 lq Ilj1 6 fxuyh G1 Wr ixoo| uhod{
wkh KW surfhvv/ wkh vdpsoh zdv rqfh djdlq dqqhdohg dw 5<; N iru 49 k +Af * 691:< N/
srlqw 69/ Ilj1 5,1

Iru wkh �qdo uhod{dwlrq phdvxuhphqwv wkh suhvvxuh zdv ixoo| uhohdvhg dw 6; N/
|lhoglqj Af * 69198 N +srlqw 6:,1 Wkh OW uhod{dwlrq dw dpelhqw suhvvxuh zdv
phdvxuhg e| frqvhfxwlyh dqqhdolqjv dw ;5 N/ uhvxowlqj lq srlqwv 6: wr 77 lq Ilj1 6
fxuyh H/ iroorzhg e| d 4 k �uhod{lqj� dqqhdo dw 473 N1 Wkh uhod{dwlrq lq Af iurp
wkh KW surfhvv zdv wkhq ghwhuplqhg e| djdlq dqqhdolqj dw 558 N +srlqwv 78 wr 86 lq
Ilj1 6 fxuyh I,1

Iurp Iljv1 5 dqg 6 lw lv lpphgldwho| dssduhqw wkdw wkh fkdqjh lq Af iru wkh OW
uhod{dwlrq surfhvv +fxuyhv D/ F dqg H, lv dssur{lpdwho| wzlfh dv odujh dv iru wkh KW
surfhvv +fxuyhv E/ G dqg I,/ lq jrrg djuhhphqw zlwk wkh uhvxowv ri Orrqh| hw do1^45`
lq Ilj1 41
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615 GLVFXVVLRQ

Zh qrz �w wkh uhod{dwlrq phdvxuhphqwv AfE|� lq Ilj1 6 xvlqj wkh vwuhwfkhg h{srqhq0
wldo h{suhvvlrq^44/ 54/ 55`

AfE|� ' AfE4�� dAfE4�� AfEf�o i T

�
�
�
|n |3
�

�k�
c +4,

zkhuh AfEf� dqg AfE4� duh �w sdudphwhuv iru wkh lqlwldo dqg �qdo +ixoo| uhod{hg,
ydoxhv ri wkh wudqvlwlrq whpshudwxuh/ uhvshfwlyho|/ � lv wkh uhod{dwlrq wlph/ dqg |3 lv
dq dgglwlrqdo wlph wr dffrxqw iru dq| uhod{dwlrq wkdw rffxuuhg ehiruh | ' 31 Iru doo
�wv wkh h{srqhqw lv �{hg dw k ' 3158/^56` d ydoxh dovr irxqg e| Orrqh| hw do1^57` lq
uhod{dwlrq vwxglhv dw dpelhqw suhvvxuh rq wkh vdph fu|vwdo1

Wkh ydoxhv iru doo �w sdudphwhuv/ AfE4�/ AfEf�/ � dqg |3/ duh jlyhq lq wkh Wdeoh
iru erwk OW dqg KW surfhvvhv1 Dovr vkrzq lq wkh Wdeoh lv wkh ydoxh ri wkh dfwlydwlrq
hqhuj| .D fdofxodwhg iurp � xvlqj wkh Duukhqlxv odz

� ' � 3 i T

�
.D

&EA

�
c +5,

zlwk wkh dwwhpsw shulrg � 3 ' 417�433�2 v ^7/ 44` zklfk zh dvvxph lv lqghshqghqw
ri suhvvxuh1^58` Lq wkh Wdeoh lw lv vhhq wkdw iru wkh OW surfhvv wkh lqlwldo wudqvlwlrq
whpshudwxuhv AfEf� iurp wkh �wv duh frqvlvwhqwo| ohvv wkdq wkh dfwxdo ydoxhv phdvxuhg
diwhu uhgxflqj wkh suhvvxuh1 Wklv lv qrw xqh{shfwhg vlqfh lq Wo05534 vrph uhod{dwlrq
lq Af rffxuv dv wkh suhvvxuh lv uhgxfhg dqg gxulqj wkh frrogrzq/ wkxv lqfuhdvlqj Af
ehiruh lw frxog eh phdvxuhg/ l1h1 |3 9' 31 Lq frqwudvw/ wkh �qdo wudqvlwlrq whpshudwxuhv
AfE4� iurp wkh gdwd �wv duh forvh wr wkh Af ydoxhv phdvxuhg diwhu wkh 473 N dqqhdo/
vkrzlqj wkdw wkh orz whpshudwxuh surfhvv lv lqghhg ixoo| uhod{hg dw 473 N1 Iru wkh
KW surfhvv wkh dgglwlrqdo wlph |3 ' 3 ehfdxvh wkh kljk whpshudwxuh surfhvv lv qrw
dfwlydwhg ehorz 483 N +vhh Ilj1 4,1^44/ 45` Wkh �qdo �w whpshudwxuhv AfE4� duh vhhq
wr eh forvh wr wkh Af ydoxhv phdvxuhg diwhu dqqhdolqj dw 5<; N1

Wkh dfwlydwlrq hqhujlhv dw dpelhqw suhvvxuh iru erwk OW dqg KW surfhvvhv duh
lq jrrg djuhhphqw zlwk suhylrxv uhvxowv e| Orrqh| hw do1^57`= .DE4 edu� * 3157
hY iru wkh OW surfhvv dqg .DE4 edu� * 31:5 hY iru wkh KW surfhvv1 Wkh dfwlyd0
wlrq hqhujlhv rewdlqhg iurp wkh uhod{dwlrq phdvxuhphqwv rq Wo05534 iru erwk sur0
fhvvhv duh sorwwhg dv d ixqfwlrq ri suhvvxuh lq Ilj1 71 Iru wkh OW surfhvv wkh
dfwlydwlrq hqhuj| lv vhhq wr eh hvvhqwldoo| suhvvxuh lqghshqghqw> d olqhdu ohdvw0vtxduhv
�w |lhogv _.D*_� *3 	 31337 hY2JSd1 Krzhyhu/ iru wkh KW uhod{dwlrq surfhvv
wkh dfwlydwlrq hqhuj| dsshduv wr lqfuhdvh zlwk suhvvxuh dw wkh dssur{lpdwh udwh
_.D*_� * . +31349 	 3134:, hY2JSd1^59`

Wkh dfwlydwlrq yroxph{TD iru d vshfl�f gl�xvlrq surfhvv lv uhodwhg wr wkh suhvvxuh
ghulydwlyh Y.D*Y� e| wkh htxdwlrq^48/ 49`

{TD ' {Ti n{Tp ' �D

Y.D

Y�
' -A

Y *? �

Y�
c +6,
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zkhuh - lv wkh jdv frqvwdqw/ �� Dyrjdgur*v qxpehu/ {Ti wkh yroxph fkdqjh iurp
ghihfw irupdwlrq/ dqg {Tp wkh yroxph fkdqjh iru ghihfw pljudwlrq1 Xvlqj Ht1 +6,/
wkh dfwlydwlrq yroxph iru wkh KW uhod{dwlrq surfhvv lq Wo05534 wdnhv rq wkh ydoxh
{T KW

D * . +418 	 419, fp�2pro/ fruuhvsrqglqj wr 427 ri wkh produ yroxph ri R23

+81:; fp�2pro,/^5:` dqg lv wkh vdph rughu ri pdjqlwxgh dv suhylrxvo| irxqg iru wkh
KW surfhvvhv lq \0456 +.7 fp�2pro,^46/ 47` dqg Kj04534 +.43 fp�2pro,1^43` Iru
wkh OW surfhvv lq Wo05534/ ri frxuvh/ {T OW

D � f vlqfh .D lv lqghshqghqw ri suhvvxuh1
Vlhexujhu hw do1^9` kdyh vxjjhvwhg wkdw wkh uhod{dwlrq skhqrphqd lq Wo05534/ lq

dqdorj| wr \0456/ pd| ruljlqdwh lq r{|jhq rughulqj surfhvvhv1 Grslqj lq wkh Wo0
5534 v|vwhp lv dfklhyhg e| dq R+7, r{|jhq ghihfw orfdwhg rq d wzr0irog ghjhqhudwh
lqwhuvwlwldo vlwh ehwzhhq wkh wzr Wo2R2 od|huv1^5;` Wr dffrxqw iru wkh h{lvwhqfh ri wzr
uhod{dwlrq surfhvvhv/ Nohkh hw do1^44` vxjjhvwhg wkdw wkh OW surfhvv pd| eh fdxvhg
e| wkh fruuhodwhg prwlrq ri R+7, lqwhuvwlwldo r{|jhq ghihfwv ehwzhhq htxlydohqw vlwhv
zlwklq wkhlu uhvshfwlyh xqlw fhoov/ l1h1 wkh ghihfwv gr qrw zdqghu iurp rqh xqlw fhoo wr
dqrwkhu1 Lw zrxog eh h{shfwhg wkdw wkh hqhuj| eduulhu iru vxfk gl�xvlrqohvv r{|jhq
prwlrq vkrxog eh uhodwlyho| orz> lqghhg/ zh �qg .DE4 edu� � 3158 hY1 Lq wkh KW
surfhvv wkh R+7, ghihfw suhvxpdeo| pryhv iurp rqh xqlw fhoo wr dqrwkhu/ uhtxlulqj d
kljkhu dfwlydwlrq hqhuj|1 Wkh ydoxh .DE4 edu� � 31:5 hY iurp wkh suhvhqw vwxglhv rq
Wo05534 frpsduhv zhoo zlwk dfwlydwlrq hqhujlhv iurp uhod{dwlrq phdvxuhphqwv lq Af
rq rwkhu KWVF frpsrxqgv olnh \0456/ ^7/ ;/ 47` Kj04534/^43` dqg Wo04545/^<` dv zhoo
dv iurp r{|jhq gl�xvlrq vwxglhv^5<` dqg lqwhuqdo iulfwlrq vwxglhv^63` rq \04561 Wkh
revhuyhg lqfuhdvh lq .D zlwk suhvvxuh lv d uhdvrqdeoh uhvxow vlqfh wkh frpsuhvvlrq
ri wkh odwwlfh xqghu suhvvxuh qduurzv wkh gl�xvlrq fkdqqhov zklfk vkrxog fdxvh wkh
gl�xvlrq eduulhuv wr lqfuhdvh1

7 KDUG0VSKHUH PRGHO
Wkh h{shulphqwdoo| ghwhuplqhg dfwlydwlrq yroxphv {TD iru \0456/ Kj04534 dqg Wo0
5534 fdq/ lq sulqflsoh/ eh xvhg wr ghwhuplqh zklfk gl�xvlrq sdwkv pdnh wkh prvw
lpsruwdqw frqwulexwlrq wr wkh revhuyhg uhod{dwlrq skhqrphqd lq Af1 Xqiruwxqdwho|/
wkhuh duh dw suhvhqw qr wkhruhwlfdo hvwlpdwhv iru {TD lq KWVF v|vwhpv1 Lq olhx ri
vxfk fdofxodwlrqv zklfk pdnh xvh ri wkh ixoo dwrplf srwhqwldov/ zh dwwhpsw d fuxgh
hvwlpdwh ri wkh dfwlydwlrq yroxph lq wkh vlpsohvw frqfhlydeoh prgho/ wkh kdug0vskhuh
prgho1

Lq wkh fdvh ri KWVFv/ wkh gl�xvlqj r{|jhq ghihfw lv qrupdoo| douhdg| suhvhqw lq
wkh vwuxfwxuh iurp wkh v|qwkhvlv surfhgxuh dqg qhhg qrw eh fuhdwhg/ lpso|lqj wkdw
wkh irupdwlrq yroxph lv }hur/ vr wkdw

{TD * {Tp * �D

Y.D

Y�
� +7,

Wklv h{suhvvlrq iru wkh pljudwlrq yroxph kdv d vlpsoh sk|vlfdo lqwhusuhwdwlrq1 Zkhq
dq lrq gl�xvhv iurp rqh xqlw fhoo wr dqrwkhu/ lw pxvw ryhufrph d pljudwlrq hqhuj|
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eduulhu .DE4 edu� dulvlqj iurp lwv lqwhudfwlrqv zlwk pdq| vxuurxqglqj lrqv1 Lq dq
lrqlf fu|vwdo/ wkh yroxph h{sdqgv orfdoo| e| wkh dprxqw {Tp dv wkh pljudwlqj lrq
sdvvhv wkurxjk wkh vdggoh srlqw dqg ryhufrphv wkh hqhuj| eduulhu1 Wklv phdqv wkdw
zkhq suhvvxuh � lv dssolhg wr dq lrqlf fu|vwdo lw ehfrphv hyhq pruh gl!fxow iru dq
lrq wr pryh iurp rqh vlwh wr dqrwkhu vlqfh lw pxvw qrz gr zrun djdlqvw wkh dssolhg
suhvvxuh e| dq dprxqw {.D � �{Tp zklfk lqfuhdvhv wkh dfwlydwlrq hqhuj| e| {.D1
Lq d kdug0vskhuh prgho rqh wuhdwv hdfk lrq dv d kdug vskhuh zlwk wkh lrqlf udglxv
fruuhvsrqglqj wr lwv ydohqfh vwdwh1 Wkh pljudwlrq yroxph {Tp lv wkhq hvwlpdwhg e|
fdofxodwlqj wkh orfdo yroxph h{sdqvlrq dv wkh pljudwlqj kdug0vskhuh lrq sxvkhv wkh
vxuurxqglqj lrqv rxw ri wkh zd| dv lw sdvvhv wkurxjk wkh vdggoh srlqw1 Vlqfh wkh
hvwlpdwhg ydoxh ri {Tp ghshqgv rq wkh dvvxphg gl�xvlrq sdwk/ wkh phdvxuhphqw ri
Y.D*Y� fdq eh xvhg wr khos wr lghqwli| wkh dfwxdo gl�xvlrq sdwk1

Lq wkh suhvhqw prgho fdofxodwlrqv wkh iroorzlqj lrqlf udgll duh xvhg^5:`= u+Fx�n,
@ 31<9 È/ u+Fx2n, @ 31:5 È/ u+R23, @ 4165 È/ u+Kj2n, @ 4143 È/ u+Wo�n, @ 31<8 È/
u+Ed2n, @ 4167 È1 Doo lrqv duh dvvxphg wr eh kdug vskhuhv zlwk wkh lrqlf udglxv1
Wkh yroxph fkdqjh eurxjkw derxw zkhq wkh gl�xvlqj lrq pryhv wkurxjk wkh vdggoh
srlqw lv frqvlghuhg wr rffxu orfdoo|> zh dvvxph wkdw rqo| wkh qhduhvw qhljkeruv wkdw
dfwxdoo| frqwdfw wkh gl�xvlqj lrq pryh dqg frqwulexwh wr wkh yroxph lqfuhdvh1 Lq
rxu fdofxodwlrq zh dvvxph wkdw wklv odwhudo prwlrq d�hfwv d yroxph wkdw h{whqgv wr
kdoi wkh glvwdqfh wr wkh qhduhvw qhljkeruv lq gluhfwlrqv shushqglfxodu wr wkh prwlrq
ri wklv lrq/ vlqfh lw lv dvvxphg wkdw wkhvh qhljkeruv uhpdlq rq wkhlu odwwlfh vlwhv/
xqd�hfwhg e| wkh gl�xvlrq surfhvv1 Wkh pljudwlrq yroxph lv wkh yroxph fkdqjh ri
wkh fu|vwdo ehwzhhq wkh vdggoh srlqw frq�jxudwlrq lq wkh dfwlydwhg vwdwh dqg wkh lqlwldo
frq�jxudwlrq1 Xvlqj wkhvh jhqhudo surfhgxuhv/ zh fdq qrz fdofxodwh wkh pljudwlrq
yroxph iru vhyhudo KWVF v|vwhpv1 Wkh surfhgxuh zloo ehfrph fohduhu e| frqvlghulqj
wkh vshfl�f fdvhv ehorz1

714 \Ed5Fx6R:��

Wkh �uvw v|vwhp wkdw zh frqvlghu lv \0456 zklfk srvvhvvhv wkh ruwkrukrpelf vwuxfwxuh
vkrzq lq Ilj1 8+d,1 Wkh r{|jhq R23 lrqv rffxs| wkh R+4, vlwhv ehwzhhq Fx2n*�n lrqv
dorqj wkh e0d{lv> wkh R+8, vlwhv ehwzhhq wkh Fx lrqv dorqj wkh d0d{lv duh hpsw|1^64`
Vlqfh wkh R+4, vlwhv duh rqo| sduwldoo| rffxslhg/ r{|jhq ydfdqflhv duh douhdg| suhvhqw
lq wkh vwuxfwxuh/ frq�uplqj wkh suhylrxv dvvxpswlrq {Ti ' 31 Iru wkh fdofxodwlrq
ri {Tp d vshfl�f gl�xvlrq sdwk pxvw eh dvvxphg1 Wkhuh lv vwloo qr djuhhphqw lq
wkh olwhudwxuh rq wkh grplqdqw gl�xvlrq sdwk iru r{|jhq lq \0456> gl�huhqw dxwkruv
sursrvh gl�huhqw sdwkv/^5</ 65/ 66/ 67` exw prvw dvvxph wkdw r{|jhq gl�xvhv yld wkh
fhqwhu ri wkh xqlw fhoo lq wkh FxR fkdlq od|hu1

Iru wkh suhvhqw glvfxvvlrq d vshfl�f sdwk iru gl�xvlrq dorqj wkh fkdlqv zloo eh
dvvxphg zklfk lv looxvwudwhg lq Ilj1 8+e,= wkh r{|jhq ghihfw pryhv iurp wkh R+4,
vlwh +L, wr wkh fhqwhu ri wkh xqlw fhoo +LL, wr wkh dgmdfhqw R+8, vlwh +LLL, dqg wkhq
wkurxjk wkh fhqwhu ri wkh qh{w xqlw fhoo +LL�, edfn rqwr wkh hpsw| R+4, vlwh +L�,1 Iru

:



wklv surfhvv wkhuh duh wzr glvwlqfw vdggoh srlqw frq�jxudwlrqv= +l, zkhq wkh R23 lv lq
wkh fhqwhu ri wkh xqlw fhoo ehwzhhq wzr Ed2n lrqv +LL, dqg +ll, zkhq wkh R23 rffxslhv
wkh R+8, odwwlfh vlwh +LLL,1

Lq wkh �uvw fdvh zh dvvxph wkdw qr fkdqjh lq wkh de0sodqh rffxuv/ vr wkdw wkh
wrwdo yroxph lqfuhdvh lv gxh wr wkh Ed2n lrqv prylqj dorqj wkh f0d{lv dzd| iurp wkh
gl�xvlqj r{|jhq lrq1 Wkh yroxph ri lqwhuhvw lv lqglfdwhg e| wkh gdvkhg sdudoohorslshg
lq Ilj1 8+e,1 Iru \Ed2Fx�RS�e� wkh duhd ri wkh edvh ri wklv sdudoohorslshg lq wkh de0
sodqh lv htxdo wr 61:6 È21^68` Wkh rshq vsdfh ehwzhhq wkh Ed lrqv lq wkh lqlwldo
frq�jxudwlrq lv 55+Ed2n, 0 5o+Ed2n, * 41;3 È/ zkhuh 5+Ed2n, ghqrwhv wkh dwrplf
srvlwlrq ri wkh Ed2n lrq1 Vlqfh wkh gldphwhu ri wkh R23 lrq lv 5197 È/ wkh Ed lrqv
kdyh wr pryh rxwzdug e| 31;7 È +3175 È iru hdfk Ed lrq, lq rughu wr dffrpprgdwh
wkh R lrq lq wkh vdggoh srlqw frq�jxudwlrq +LL,1 Wkxv/ wkh yroxph ri wkh gdvkhg
sdudoohorslshg lq Ilj1 8+e, pxvw fkdqjh e| {Tp * . 6146 È�/ |lhoglqj d wrwdo produ
yroxph fkdqjh ri {Tp * . 41;; fp�2pro1 Vlplodu fdofxodwlrqv iru \Ed2Fx�RS�eD

zlwk d voljkwo| kljkhu r{|jhq frqfhqwudwlrq |lhog {Tp * . 41<3 fp�2pro/ ehfdxvh
wkh Ed lrqv duh voljkwo| forvhu wrjhwkhu1 Iru \Ed2Fx�RS�Sf wkh pljudwlrq yroxph lv
fdofxodwhg wr eh {Tp * . 5138 fp�2pro1

Iru wkh fdofxodwlrq lq wkh vhfrqg fdvh +ll, zlwk wkh R23 ehwzhhq wkh wzr Fx lrqv lq
wkh @K0sodqh/ lw lv dvvxphg wkdw qr fkdqjh dorqj wkh f0d{lv rffxuv +Ilj1 8+e, srvlwlrq
LLL,1 Wkh rshq vsdfh ehwzhhq wkh wzr Fx lrqv lv 514: È dvvxplqj rqh ri wkhp wr
eh Fx2n dqg wkh rwkhu d Fx�n lrq1 ^69` Wkxv/ wkh wzr Fx lrqv kdyh wr pryh e|
317: È wr dffrpprgdwh wkh R23 lrq/ |lhoglqj d pljudwlrq yroxph ri {Tp * . 4157
fp�2pro/ d vrphzkdw vpdoohu ydoxh wkdq rewdlqhg iru fdvh +l,1 Wkh h{shulphqwdoo|
ghwhuplqhg dfwlydwlrq yroxph vkrxog ghvfuleh wkh lqfuhdvh zlwk suhvvxuh ri wkh kljkhvw
dfwlydwlrq hqhuj| eduulhu dorqj wkh gl�xvlrq sdwk1 Wkh idfw wkdw wkh R+8, vlwh lv
qhduo| htxlydohqw wr wkh R+4, vlwh vxjjhvwv wkdw wkh eduulhu iru wklv vdggoh srlqw lv
orzhu wkdq iru srvlwlrq LL zkhuh wkh r{|jhq lrq lv vdqgzlfkhg ehwzhhq wzr Ed2n

lrqv1 Zh wkxv dvvxph wkdw wkh vdggoh srlqw dw srvlwlrq LL ghwhuplqhv wkh pljudwlrq
yroxph iru wklv gl�xvlrq sdwk1^6:` Wkh fdofxodwhg pljudwlrq yroxph {Tp * . 41<
fp�2pro iru \Ed2Fx�RS�e� dqg \Ed2Fx�RS�eD lv dssur{lpdwho| kdoi ri wkh ydoxhv
rewdlqhg +{TD * . 715 fp�2pro iru \Ed2Fx�RS�e� dqg {TD * . 619 fp�2pro iru
\Ed2Fx�RS�eD, lq rxu suhylrxv vwxglhv1^46/ 47`

Lvodp^67` vxjjhvwv dq lqgluhfw �lqwhuvwlwldof|� gl�xvlrq sdwk yld wkh R+7, dslfdo
vlwh zkhuhe| dq R+4, lrq pryhv rqwr dq dgmdfhqw R+7, dslfdo vlwh dv vlpxowdqhrxvo|
wkh R+7, lrq surfhhgv wr dq hpsw| R+4, vlwh lq wkh qh{w xqlw fhoo1 Lq wklv fdvh wkh R23

lrq kdv wr jr wkurxjk d wuldqjxodu sodqh ehwzhhq wzr Ed lrqv dqg d Fx lrq1 Vlplodu
fdofxodwlrqv wr wkh deryh hvwlpdwh wkh dfwlydwlrq yroxph wr eh {TD * . 419 fp�2pro
zklfk lv dovr derxw d idfwru ri wzr wr wkuhh vpdoohu wkdq wkh h{shulphqwdo ydoxhv/
exw frpsdudeoh zlwk wkdw iru wkh gl�xvlrq sdwk deryh1 Wkh suhvhqw dqdo|vlv ri wkh
h{shulphqwdo gdwd wkxv fdqqrw uxoh rxw hlwkhu ri wkh wzr gl�xvlrq sdwkv frqvlghuhg1

;



715 KjEd5FxR7.{

Zh kdyh fduulhg rxw d vlplodu kdug0vskhuh fdofxodwlrq iru vwurqjo| ryhugrshg KjEd2FxRen%/
zkhuh wkh r{|jhq ghihfw rffxslhv dq lqwhuvwlwldo vlwh dw wkh fhqwhu ri wkh Kj od|hu^6;`
+vhh Ilj1 9+d,,1 Wkh vshfl�f gl�xvlrq sdwk dvvxphg iru Kj04534 lv looxvwudwhg lq Ilj1
9+e,= d gluhfw prwlrq ri R23 iurp wkh lqwhuvwlwldo srvlwlrq lq wkh fhqwhu ri wkh Kj
od|hu +L,/ lqehwzhhq wkh wzr Kj lrqv +LL, lqwr wkh qh{w xqlw fhoo zlwklq wkh Kj0sodqh
+L�,1 Lq wkh fdvh ri Kj04534 lw lv dvvxphg wkdw qr fkdqjh lq wkh f0d{lv gluhfwlrq rf0
fxuv wkurxjkrxw wkh gl�xvlrq surfhvv1 Wkh pljudwlrq yroxph iru wklv surfhvv lv wkh
yroxph fkdqjh ri wkh gdvkhg sdudoohorslshg lq Ilj1 9+e, ehwzhhq wkh lqlwldo +L, dqg
vdggoh srlqw +LL, frq�jxudwlrqv1 Wkh uhohydqw duhd lq wkh ef0sodqh wkdw lv dvvxphg
wr eh xqfkdqjhg wkurxjkrxw wkh gl�xvlrq surfhvv dprxqwv wr 2E�

2
_Kj0R�2E

�

2
@� * :198

È2/ zkhuh _Kj0R * 41<99 È ghqrwhv wkh glvwdqfh iurp wkh Kj lrq wr wkh dgmdfhqw
R+5, lrq deryh wkh Kj lrq1^6<` Wkh rshq vsdfh ehwzhhq wkh Kj lrqv lq wkh lqlwldo
frq�jxudwlrq lv @ 0 5 o+Kj2n, * 419< È> wkxv wkh Kj lrqv kdyh wr pryh dsduw e| 31<8
È wr dffrpprgdwh wkh R23 lrq1 Wkh uhvxowlqj pljudwlrq yroxph ri {Tp * . 716;
fp�2pro lv urxjko| kdoi wkh h{shulphqwdo ydoxh {TD * . 4413 fp�2pro rewdlqhg lq
d suhylrxv vwxg| e| Vdghzdvvhu hw do1^43` rq ryhugrshg Kj045341

Li dq lqgluhfw �lqwhuvwlwldof|� gl�xvlrq sdwk yld wkh R+5, vlwh lq Kj04534 lv dv0
vxphg/ d vlplodu fdofxodwlrq ri wkh dfwlydwlrq yroxph uhvxowv lq{TD *. 61; fp�2pro/
zklfk lv derxw rqh0wklug ri wkh h{shulphqwdo ydoxh1

716 Wo5Ed5FxR9.�

Lq wkh fdvh ri Wo2Ed2FxRSnB wkh r{|jhq ghihfw vlwh R+7, lv qrw lq d sodqh/ exw orfdwhg
dw wzr ghjhqhudwh vlwhv zlwklq wkh Wo2R2 grxeoh od|hu/ dv vhhq lq Ilj1 :+d,1^5;` Wklv
ghihfw vlwh lv vxuurxqghg e| irxu R23 +R+6, vlwh, dqg irxu Wo�n*�n lrqv1 Nohkh hw
do1^44` sursrvhg wkdw wkh OW dqg KW uhod{dwlrq surfhvvhv vhhq lq Ilj1 4 ruljlqdwh
iurp wzr glvwlqfw w|shv ri r{|jhq rughulqj h�hfwv= wkh OW surfhvv lv gxh wr wkh R+7,
ghihfw prylqj iurp rqh ri wkh wzr ghjhqhudwh vlwhv wr wkh rwkhu zlwklq d vlqjoh xqlw
fhoo/ dqg wkh KW surfhvv lqyroyhv gl�xvlrq iurp rqh xqlw fhoo wr dqrwkhu1

Lq d kdug0vskhuh prgho wkh pljudwlrq yroxph iru wkh OW surfhvv vkrxog eh }hur/
vlqfh wkh r{|jhq ghihfw uhpdlqv zlwklq wkh Wo2R2 grxeoh od|hu lq d jlyhq xqlw fhoo dqg
wkh prwlrq iurp rqh htxlydohqw vlwh wr wkh rwkhu fdq surfhhg zlwkrxw lwv wrxfklqj dq|
qhljkerulqj lrqv1 Krzhyhu/ wkh dfwlydwlrq yroxph iru wklv surfhvv fdq eh hvwlpdwhg
xvlqj dq dowhuqdwh dssurdfk= wkh R+7, ghihfw vlwh lv ghjhqhudwh ehfdxvh ri wkh uhgxfhg
v|pphwu| ri wkh Wo2R2 grxeoh0od|hu> wkh khljkw ri wkh WoeRe0sdudoohorslshg +5135 È,
lv ohvv wkdq lwv zlgwk +51:7 È,1 Iurp d nqrzohgjh ri wkh dqlvrwurslf frpsuhvvlelolw|
ri wklv vwuxfwxudo hohphqw/ ^73/ 74` zh hvwlpdwh wkdw dw d suhvvxuh ri �f � ::18 JSd
wkh khljkw dqg zlgwk vkrxog ehfrph htxdo1 Iru v|pphwu| uhdvrqv/ wkhuh frxog wkhq
eh rqo| rqh R+7, ghihfw vlwh dydlodeoh/ vr wkdw wkh hqhuj| eduulhu ehwzhhq wkh wzr
R+7, vlwhv pxvw kdyh ehfrph }hur1^75` Dw dpelhqw suhvvxuh/ wkh hqhuj| eduulhu zdv
phdvxuhg wr eh .DE4 edu� * 3157 hY> dvvxplqj d olqhdu suhvvxuh ghshqghqfh/ zh wkxv

<



hvwlpdwh _.D*_� * +0 3157 hY,2+::18 JSd, * 0 31336 hY2JSd/ d yhu| vpdoo ydoxh
zklfk djuhhv zlwk wkh deryh h{shulphqwdo uhvxow _.D*_� * 3 	 31337 hY2JSd1

Wr hvwlpdwh wkh pljudwlrq yroxph lq d kdug0vskhuh prgho iru wkh KW surfhvv/ zh
dvvxph wkdw wkh R23 ghihfw pljudwhv sdudooho wr wkh od|huv/ uhpdlqlqj ehwzhhq wkh
Wo2R2 grxeoh od|huv/ dv lqglfdwhg lq Ilj1 :+e,1 Wkh R23 lrq pljudwhv wkurxjk wkh
fhqwhu ri d Wo2R20idfh glvsodflqj erwk wkh R dqg Wo lrqv1 Li zh dvvxph wkdw qr
fkdqjh lq wkh gluhfwlrq shushqglfxodu wr wklv idfh rffxuv/ wkh fkdqjh lq duhd iurp wkh
gdvkhg olqhv lq Ilj1 :+e, lv 9155 È21 Wkh pljudwlrq yroxph iru wklv surfhvv lv wkhq
hvwlpdwh wr eh {Tp * . 4316 fp�2pro/ zklfk ryhuhvwlpdwhv wkh h{shulphqwdo ydoxh
+{TD * . +418 	 419, fp�2pro, vhyhqirog$

Lq vlpsoh eff dqg iff fu|vwdov wkh kdug0vskhuh prgho jhqhudoo| ryhuhvwlpdwhv wkh
h{shulphqwdo ydoxhv e| d idfwru ri 5 ru 61^49` Krzhyhu/ wkh pljudwlrq yroxphv fdo0
fxodwhg deryh iru \0456 dqg Kj04534 duh wrr vpdoo e| d idfwru ri 5 wr 61 KWVF
v|vwhpv duh qrw forvh0sdfnhg exw idluo| rshq vwuxfwxuhv1 Wklv zrxog kdyh wkh h�hfw ri
vkduso| uhgxflqj hvwlpdwhv ri wkh dfwlydwlrq yroxph edvhg rq wkh kdug0vskhuh prgho>
lqghhg/ li wkh sdfnlqj zhuh vx!flhqwo| zlgh rshq wkdw dq r{|jhq ghihfw frxog pl0
judwh iurp rqh vlwh wr dqrwkhu zlwkrxw frqwdfwlqj rwkhu lrqv/ wkh kdug0vskhuh prgho
zrxog suhglfw wkdw {Tp * f1 D ixuwkhu uhdvrq iru wkh orz hvwlpdwhv lv wkh qhjohfw
ri doo qrq qhduhvw0qhljkeru lqwhudfwlrqv1 Lq lrqlf frpsrxqgv olnh wkh KWVFv/ orqj0
udqjh Frxorpe lqwhudfwlrqv duh lpsruwdqw dqg zloo lq xhqfh wkh vl}h ri wkh pljudwlrq
yroxph1

Wkh idfw wkdw/ lq frqwudvw wr \0456 dqg Kj04534/ wkh pljudwlrq yroxph hvwlpdwhg
deryh iru Wo05534 h{fhhgv wkh h{shulphqwdo ydoxh e| d idfwru ri vhyhq vxjjhvwv wkdw wkh
zurqj gl�xvlrq sdwk pd| kdyh ehhq dvvxphg1 Zh/ wkhuhiruh/ sursrvh dq dowhuqdwh
gl�xvlrq sdwk iru wkh lqwhuvwlwldo R+7, ghihfw lq Wo05534 zklfk lv looxvwudwhg lq Ilj1
:+f,= wkh R+6, r{|jhq lrq dgmdfhqw wr wkh R+7, pljudwhv lqwr wkh ydfdqw R+7, vlwh lq
wkh qh{w xqlw fhoo dqg wkh R+7, lrq iroorzv vlpxowdqhrxvo| lqwr wkh ydfdwhg R+6, vlwh1
Wkh pljudwlrq yroxph iru wklv �lqwhuvwlwldof|� phfkdqlvp fdq eh hvwlpdwhg lq d kdug0
vskhuh prgho> wkh r{|jhq rq wkh R+6, vlwh kdv wr pljudwh wkurxjk wkh sodqh gh�qhg
e| wkuhh Wo lrqv/ dv vhhq lq Ilj1 :+f,1 Wkh duhd fkdqjh lq wklv Wo�0sodqh ghshqgv rq
wkh vshfl�f zd| wkh Wo lrqv pryh lq rughu wr dffrpprgdwh wkh R23 lrq1 Wkh xsshu
olplw ri wkh duhd fkdqjh ehwzhhq wkh gdvkhg wuldqjohv lq Ilj1 :+f, lv jlyhq e| {� *
+919< È2 0 8198 È2, ' 4137 È21 Wr rewdlq wkh yroxph fkdqjh/ lw lv dvvxphg wkdw qr
fkdqjh lq wkh gluhfwlrq shushqglfxodu wr wkh Wo�0sodqh rffxuv> wkh yroxph fkdqjh lv
dvvxphg wr d�hfw kdoi wkh gldjrqdo ohqjwk ri wkh WoeRe vwuxfwxudo hohphqw/ g @ 5166
È1 Wkh pljudwlrq yroxph lv wkxv hvwlpdwhg wr eh {Tp * .417: fp�2pro/ zklfk lv
lq ehwwhu djuhhphqw zlwk wkh h{shulphqwdo ydoxh {TD * .+418 	 419, fp�2pro1 Lw
zrxog wkxv dsshdu wkdw wkh �lqwhuvwlwldof|� phfkdqlvp lv idyruhg iru wkh gl�xvlrq ri
lqwhuvwlwldo r{|jhq ghihfwv lq Wo055341

Lq vxppdu|/ wkh uhod{dwlrq wlphv iru wkh OW dqg KW surfhvvhv lq Wo05534 zhuh
phdvxuhg dw gl�huhqw suhvvxuhv xs wr 319 JSd1 Zkhuhdv wkh dfwlydwlrq hqhuj| iru wkh
OW surfhvv lv lqghshqghqw ri suhvvxuh/ wkdw iru wkh KW surfhvv lqfuhdvhv olqhduo| zlwk
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suhvvxuh dw wkh udwh _.D*_� *.31349 hY2JSd fruuhvsrqglqj wr dq dfwlydwlrq yroxph
ri .418 fp�2pro zklfk lv derxw rqh0irxuwk wkh produ yroxph ri R231 Frpsdulvrq
zlwk d vlpsoh kdug0vskhuh prgho fdofxodwlrq idyruv dq lqwhuvwlwldof| phfkdqlvp ryhu
d vlpsoh lqwhuvwlwldo phfkdqlvp1 Dqdorjrxv hvwlpdwhv iru xqghugrshg \0456 dqg
ryhugrshg Kj04534 dsshdu frqvlvwhqw zlwk gluhfw r{|jhq gl�xvlrq surfhvvhv iru erwk
v|vwhpv1

DFNQRZOHGJPHQWV

Wkh zrun dw Zdvklqjwrq Xqlyhuvlw| lv vxssruwhg e| wkh Qdwlrqdo Vflhqfh Irxqgd0
wlrq xqghu judqw Qr1 GPU <;036;531 Wkh dxwkruv wkdqn D1 Fduovvrq dqg U1 Khqqlj
iru ydoxdeoh glvfxvvlrqv frqfhuqlqj wkh kdug0vskhuh prgho dqg iru fulwlfdoo| uhdglqj
wklv pdqxvfulsw1

Uhihuhqfhv
^4` M1 O1 Zdjqhu/ R1 Fkpdlvvhp/ M1 G1 Mrujhqvhq/ G1 J1 Klqnv/ S1 J1 Udgdhool/ E1

D1 Kxqwhu/ dqg Z1 U1 Mhqvhq/ Sk|vlfd F 5::/ 4:3 +4<<:,1

^5` \1 Nxer/ \1 Vklpdndzd/ W1 Pdqdnr/ dqg K1 Ljdudvkl/ Sk|v1 Uhy1 E 76/ :;:8
+4<<4,1

^6` U1 M1 Fdyd/ E1 Edworjj/ F1 K1 Fkhq/ H1 D1 Ulhwpdq/ V1 P1 ]dkxudn/ dqg G1
Zhughu/ Qdwxuh +Orqgrq, 65</ 756 +4<;:,> Sk|v1 Uhy1 E 69/ 8:4< +4<;:,1

^7` E1 Z1 Yhdo/ D1 S1 Sdxolndv/ K1 \rx/ K1 Vkl/ \1 Idqj/ dqg M1 Z1 Grzqh|/ Sk|v1
Uhy1 E 75/ 9638 +4<<3,1

^8` E1 Z1 Yhdo dqg D1 S1 Sdxolndv/ Sk|vlfd F 4;7/ 654 +4<<4,1

^9` U1 Vlhexujhu dqg M1 V1 Vfkloolqj/ Sk|vlfd F 4:6/ 756 +4<<4,1

^:` Z1 K1 Ilhw}/ M1 Phw}jhu/ W1 Zhehu/ N1 Juxeh/ dqg K1 D1 Oxgzlj/ DLS Frqi1
Surf1 63</ :36 +4<<6,1

^;` 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

^<` F1 Orrqh|/ M1 V1 Vfkloolqj/ dqg \1 Vklpdndzd/ Sk|vlfd F 5<:/ 56< +4<<;,1

^43` V1 Vdghzdvvhu/ M1 V1 Vfkloolqj/ M1 O1 Zdjqhu/ R1 Fkpdlvvhp/ M1 G1 Mrujhqvhq/ G1
J1 Klqnv/ dqg E1 Gdeurzvnl/ Sk|v1 Uhy1 E 93/ <;5: +4<<<,1
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^44` D10N1 Nohkh/ F1 Orrqh|/ M1 V1 Vfkloolqj/ K1 Wdndkdvkl/ Q1 P÷ul/ \1 Vklpdndzd/
\1 Nxer dqg W1 Pdqdnr/ V1 Gr|oh/ dqg D1 P1 Khupdqq/ Sk|vlfd F 58:/ 438
+4<<9,1

^45` F1 Orrqh|/ M1 V1 Vfkloolqj/ V1 Gr|oh/ dqg D1 P1 Khupdqq/ Sk|vlfd F 5;</ 536
+4<<:,1

^46` V1 Vdghzdvvhu/ \1 Zdqj/ M1 V1 Vfkloolqj/ K1 ]khqj/ D1 S1 Sdxolndv/ dqg E1 Z1
Yhdo/ Sk|v1 Uhy1 E 89/ 4749; +4<<:,1

^47` V1 Vdghzdvvhu/ M1 V1 Vfkloolqj/ D1 S1 Sdxolndv/ dqg E1 Z1 Yhdo/ Sk|v1 Uhy1 E 94/
:74 +5333,1

^48` J1 Z1 Wlfkhoddu dqg G1 Od}duxv/ Sk|v1 Uhy1 446/ 76; +4<8<,1

^49` G1 Od}duxv dqg Q1 K1 Qdfkwulhe/ lq Vrolgv xqghu Suhvvxuh/ hglwhg e| Z1 Sdxo
dqg G1 P1 Zduvfkdxhu +PfJudz0Kloo/ Qhz \run/ 4<96, dqg uhihuhqfhv wkhuhlq1

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

^4;` 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

^4<` K1 P1 Gxdq/ W1 V1 Ndsodq/ E1 Goxjrvfk/ D1 P1 Khupdqq/ M1 Vzrsh/ M1 Guh{ohu/
S1 Erql/ dqg M1 Vp|wk/ Sk|vlfd F 536/ 58: +4<<5,1

^53` Wr fdofxodwh wkh suhvvxuh ghulydwlyh _Af*_� / wkh fkdqjh lq suhvvxuh dw dpelhqw
whpshudwxuh +31; JSd, zdv xvhg1

^54` U1 J1 Sdophu/ G1 O1 Vwhlq/ H1 Deudkdpv/ dqg S1 Z1 Dqghuvrq/ Sk|v1 Uhy1 Ohww1
86/ <8; +4<;7,1

^55` G1 Uhg�hog/ Pdw1 Uhv1 Vrf1 V|ps1 Surf1 58;/ 674 +4<<5,1

^56` Li k lv lqfoxghg dv d �w sdudphwhu/ wkh ehvw �wv duh rewdlqhg iru wkh OW dqg KW
uhod{dwlrq phdvxuhphqwv lq fxuyhv F/ G/ H/ dqg I lq Ilj1 6 iru k * 3158 	 31381
Iru kljkhu suhvvxuhv +fxuyhv D dqg E, k * 317 jlyhv wkh ehvw �w> krzhyhu/ iruflqj
k * 3158 khuh uhvxowv lq uhod{dwlrq wlphv gl�hulqj e| ohvv wkdq 53 (1 Lq rughu wr
jxdudqwhh d frqvlvwhqw dqdo|vlv ri wkh gdwd/ k ' 3158 zdv xvhg wr �w doo gdwd lq
wkh Wdeoh1 Wkh suhvhqw gdwd duh qrw vx!flhqw lq txdqwlw| ru dffxudf| wr doorz
d phdqlqjixo hvwlpdwh ri srvvleoh fkdqjhv lq k zlwk suhvvxuh1 Uhfhqw vwxglhv
e| V1 Vdghzdvvhu hw do1 +Uhi1 47, rq \0456 xwlol}lqj wkh qrupdo0vwdwh hohfwulfdo
uhvlvwlylw| 4E|� shuplw dq hvwlpdwh ri kE� ��

^57` F1 Orrqh| +Sk1G1 Wkhvlv/ Zdvklqjwrq Xqlyhuvlw|/ 4<<:,1
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^58` Vlqfh wkh dwwhpsw iuhtxhqf| lv suhvxpdeo| ri wkh rughu ri d w|slfdo skrqrq iuh0
txhqf|/ wkh suhvvxuh ghshqghqfh ri � r fdq eh hvwlpdwhg iurp wkh Ju qhlvhq uh0
odwrlq � ' �Y *?/*Y *?T * Y *? � r*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|slfdo uhodwlyh yroxph fkdqjh ri {T*T � 4(2JSd iru kljk0WS vxshufrqgxf0
wruv/ wkh uhodwlyh fkdqjh ri wkh dwwhpsw shulrg � r xqghu 4 JSd suhvvxuh zrxog
eh {� r*� r * 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

^59` Zh xvh d olqhdu �w wr wkh .DE� � gdwd khuh dv irxqg lq suhylrxv vwxglhv rq \0456
ryhu d pxfk odujhu suhvvxuh udqjh +vhh Uhiv1 46 dqg 47,1 Wkh olqhdu ohdvw0vtxduhv
�w zdv shuiruphg xvlqj wkh yduldeoh vl}h ri wkh huuru eduv dv d zhljkwlqj idfwru1

^5:` G1 U1 Olgh/ Kdqgerrn ri Fkhplvwu| dqg Sk|vlfv/ :4r| hglwlrq/ +FUF Suhvv/
Ervwrq/ 4<<3, s1 45041

^5;` \1 Vklpdndzd/ \1 Nxer/ W1 Pdqdnr/ K1 Ljdudvkl/ I1 L}xpl/ dqg K1 Dvdqr/ Sk|v1
Uhy1 E 75/ 43498 +4<<3,1

^5<` M1O1 Urxweruw dqg V1M1 Urwkpdq/ M1 Dsso1 Sk|v1 :9/ 8948 +4<<7,1

^63` P1 Zhoohu/ Pdwhu1 Vfl1 Iruxp 44< 0 454/ 99: +4<<4,1

^64` M1G1 Mrujhqvhq/ Vkl|rx Shl/ S1 Oljkwirrw/ Kdr Vkl/ D1S1 Sdxolndv/ dqg E1Z1 Yhdo/
Sk|vlfd F 49:/ 8:4 +4<<3,1

^65` M1 U1 OdJud� dqg G1 D1 Sd|qh/ Sk|vlfd F 545/ 7;: +4<<6,1

^66` U1 F1 Edhw}rog/ Sk|v1 Uhy1 E 75/ 89 +4<<3,1

^67` P1 V1 Lvodp/ Vxshufrqg1 Vfl1 Whfkqrorj| 6/ 864 +4<<3,1

^68` Dffruglqj wr 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,/ wkh odwwlfh
frqvwdqwv iru \Ed2Fx�RS�e� duh @ ' 61;79; È/ K ' 61;:69 È dqg S ' 441:934 È1
Wkh dwrplf srvlwlrq ri wkh Ed lrqv lv 5+Ed2n, @ 51573 È zlwk wkh FxR fkdlq
od|hu dw 5 ' 31 Wkh uhohydqw duhd lq wkh @K0sodqh lv/ wkhuhiruh/ +@25,+K25, @ 61:6
È21

^69` Wkh Fx lrq dgmdfhqw wr wkh r{|jhq lq wkh lqlwldo frq�jxudwlrq lv Fx2n1 Wkh
vhfrqg Fx lrq frxog suhvxpdeo| dovr eh Fx2n/ exw wklv zrxog uhvxow lq dq hyhq
vpdoohu pljudwlrq yroxph/ vlqfh o+Fx2n, * 31:5 È 	o+Fx�n, * 31<9 È1
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^6:` Lw lv dvvxphg khuh/ dv vkrzq lq Uhi1 64/ wkdw dq r{|jhq dqlrq grhv qrw rffxs|
wkh R+8, vlwh dv d uhjxodu odwwlfh vlwh1 Krzhyhu/ hyhq li wkh R+8, vlwh zhuh
uhjxoduo| rffxslhg dqg wkh rughulqj zrxog lqyroyh gl�xvlrq iurp R+8, wr R+4,/
wkh hvwlpdwhg dfwlydwlrq yroxph zrxog qrw fkdqjh/ vlqfh wkh gl�xvlrq sdwk zrxog
wkhq mxvw lqyroyh wkh srvlwlrqv L/ LL/ dqg LLL lq Ilj1 8+e,1 Wkxv/ wkh r{|jhq dqlrq
zrxog vwloo kdyh wr jr sdvw srvlwlrq LL zklfk ghwhuplqhv wkh hvwlpdwhg dfwlydwlrq
yroxph1

^6;` Dffruglqj wr Uhi1 6< wkh odwwlfh frqvwdqwv iru Kj04534 duh @ ' 61;;;; È dqg S '
<186<; È1

^6<` M1 G1 Mrujhqvhq/ R1 Fkpdlvvhp/ M1 O1 Zdjqhu/ Z1 U1 Mhqvhq/ E1 Gdeurzvnl/ G1
J1 Klqnv/ dqg M1 I1 Plwfkhoo/ Sk|vlfd F 5;505;:/ <: +4<<:,1

^73` Dffruglqj wr Uhi1 74 wkh fkdqjh ri wkh dwrplf srvlwlrqv ri wkh Wo dqg wkh R+6,
lrqv xqghu suhvvxuh uhvxowv lq _EWo0RE���*_� * 0 313356 È2JSd/ zkhuh EWo0
RE��� ghqrwhv wkh glvwdqfh ehwzhhq wkh Wo dqg wkh R+6, lrq dorqj wkh S0d{lv1
Wkh frpsuhvvlelolw| dorqj wkh @0d{lv lv _@*_� * 0 313497 È2JSd1

^74` K1 Wdndkdvkl/ M1 G1 Mrujhqvhq/ E1 D1 Kxqwhu/ U1 O1 Klwwhupdq/ V1 Shl/ I1 L}xpl/
\1 Vklpdndzd/ \1 Nxer/ dqg W1 Pdqdnr/ Sk|vlfd F 4<4/ 57; +4<<5,1

^75` M1 G1 Mrujhqvhq +sulydwh frppxqlfdwlrq,1
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Wdeoh

WDEOH1 Ilw sdudphwhuv xvhg iru �wwlqj wkh uhod{dwlrq gdwd iru wkh OW dqg KW
surfhvv lq Wo05534 +Ilj1 6, zlwk Ht1 +4,1 Wkh dfwlydwlrq hqhuj| lv fdofxodwhg iurp �
xvlqj Ht1 +5,1 Vhh wh{w iru phdqlqj ri v|perov1

surfhvv � ^JSd` AfE4� ^N` AfEf� ^N` � ^k` k |3 ^k` .D ^hY`
OW 3 6;16;+5, 671<3+47, 3164	3137 3158 313: 31576	31334
OW 315; 681;;+5, 66164+43, 316;	3139 3158 3135 31577	31334
OW 3188 661:3+8, 641:6+3, 315:	313; 3158 3136 31575	31335
KW 3 6<185+5, 6;1:8+4, 71<	414 3158 3 31:53	31337
KW 3164 691;7+6, 69146+4, 818	513 3158 3 31:55	3133:
KW 318< 67168+3, 661;;+7, <16	71: 3158 3 31:65	31344

48



Iljxuh Fdswlrqv

Ilj1 41 Whpshudwxuh ghshqghqw uhod{dwlrq gdwd iru Wo05534 vkrzlqj wzr glvwlqfw
uhod{dwlrq surfhvvhv/ rqh dfwlydwhg ehorz 433 N dqg wkh rwkhu deryh 483 N +dgdswhg
iurp Uhi1 45,1 Vhh wh{w iru ghwdlov1

Ilj1 51 Ryhuylhz ri wkh suhvhqw uhod{dwlrq phdvxuhphqwv rq Wo05534 looxvwudwlqj wkh
ghshqghqfh ri Af rq wkh whpshudwxuh dqg suhvvxuh klvwru| ri wkh vdpsoh1 Qxpehuv
jlyh rughu ri phdvxuhphqwv1 Vhh wh{w iru ghwdlov1

Ilj1 61 Wlph ghshqghqw uhod{dwlrq lq Wo05534 iroorzlqj suhvvxuh fkdqjhv dw orz
whpshudwxuh1 Iru fxuyhv D/ F dqg H wkh vdpsoh zdv dqqhdohg dw ;5 N +OW surfhvv,
dqg iru fxuyhv E/ G dqg I dw 558 N +KW surfhvv,1 Wkh suhvvxuh lv lqglfdwhg iru hdfk
fxuyh/ dv zhoo dv wkh uhod{dwlrq wlph � dw wkh fruuhvsrqglqj dqqhdolqj whpshudwxuh
iurp d �w wr wkh gdwd xvlqj Ht1 +4,1 Qxpehuv jlyh rughu ri phdvxuhphqw1

Ilj1 71 Suhvvxuh ghshqghqfh ri wkh dfwlydwlrq hqhuj| iru erwk OW dqg KW uhod{dwlrq
surfhvvhv lq Wo055341

Ilj1 81 Ylvxdol}dwlrq ri wkh fdofxodwlrq ri wkh pljudwlrq yroxph lq \04561 +d, Wkh
ruwkrukrpelf vwuxfwxuh ri \04561 +e, Wkh uhohydqw sduw ri wkh \0456 vwuxfwxuh zlwk
EdR od|hu dqg FxR fkdlq od|hu1 Wkh gl�xvlrq sdwk lv lqglfdwhg e| wkh grwwhg olqh
dqg wkh gdvkhg sdudoohorslshg uhsuhvhqwv wkh yroxph xvhg lq wkh hvwlpdwh1 Vhh wh{w
iru ghwdlov1

Ilj1 91 +d, Wkh whwudjrqdo vwuxfwxuh ri Kj045341 +e, Wkh gl�xvlrq sdwk lq wkh KjR0
sodqh lqfoxglqj wkh r{|jhq ghihfw1 Wkh gl�xvlrq sdwk lv lqglfdwhg e| wkh grwwhg olqh
dqg wkh uhohydqw yroxph iru wkh hvwlpdwh ri wkh pljudwlrq yroxph lv lqglfdwhg e| wkh
gdvkhg sdudoohorslshg1 Vhh wh{w iru ghwdlov1

Ilj1 :1 +d, Wkh whwudjrqdo vwuxfwxuh ri Wo05534 zlwk wkh R+7, ghihfw zlwklq wkh
Wo2R2 grxeoh od|hu1 +e, Wkh gluhfw gl�xvlrq sdwk iru wkh R+7, ghihfw iurp rqh xqlw
fhoo wr dqrwkhu dqg wkh duhd fkdqjh ehwzhhq wkh lqlwldo +L, dqg wkh vdggoh srlqw
+LL, frq�jxudwlrqv1 +f, Wkh lqwhuvwlwldof| phfkdqlvp/ zkhuh wkh duhd fkdqjh ri wkh
gdvkhg wuldqjoh ehwzhhq wkh lqlwldo +L, dqg wkh vdggoh srlqw +LL, frq�jxudwlrqv |lhogv
wkh pljudwlrq yroxph1 Vhh wh{w iru ghwdlov1
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