
Uhod{dwlrq H�hfwv lq wkh Wudqvlwlrq Whpshudwxuh
ri Vxshufrqgxfwlqj KjEd2FxRenB

V1 Vdghzdvvhu dqg M1 V1 Vfkloolqj

Ghsduwphqw ri Sk|vlfv/ Zdvklqjwrq Xqlyhuvlw|

F1 E1 4438/ Rqh Eurrnlqjv Gu1/ Vw1 Orxlv/ PR 96463

M1 O1 Zdjqhu

Ghsduwphqw ri Sk|vlfv/ Xqlyhuvlw| ri Qruwk Gdnrwd

S1R1 Er{ :45</ Judqg Irunv/ QG 8;5350:45<

R1 Fkpdlvvhp/ M1 G1 Mrujhqvhq/ G1 J1 Klqnv dqg E1 Gdeurzvnl

Pdwhuldov Vflhqfh Glylvlrq/ Dujrqqh Qdwlrqdo Oderudwru|

<:33 V1 Fdvv Dyhqxh/ Dujrqqh/ LO 9376<

Pd| 53/ 4<<<

Devwudfw

Lq suhylrxv vwxglhv rq d qxpehu ri xqghu0 dqg ryhugrshg kljk whpshudwxuh

vxshufrqgxfwruv/ lqfoxglqj \Ed2Fx�R.3+ dqg Wo2Ed2FxRSnB/ wkh wudqvlwlrq
whpshudwxuh WS kdv ehhq irxqg wr fkdqjh zlwk wlph lq d pdqqhu zklfk ghshqgv
rq wkh vdpsoh*v ghwdlohg whpshudwxuh dqg suhvvxuh klvwru|1 Wklv uhod{dwlrq
ehkdylru lq WS lv eholhyhg wr ruljlqdwh iurp uhduudqjhphqwv zlwklq wkh r{|jhq
vxeodwwlfh1 Lq wkh suhvhqw kljk0suhvvxuh vwxglhv rq KjEd2FxRenB wr 31; JSd zh
�qg fohdu hylghqfh iru zhdn uhod{dwlrq h�hfwv lq vwurqjo| xqghu0 dqg ryhugrshg
vdpsohv +WS * 73 0 83 N, zlwk dq dfwlydwlrq hqhuj| H�+4 edu, * 31; 0 31<
hY1 Iru ryhugrshg KjEd2FxRenB H� lqfuhdvhv xqghu suhvvxuh pruh udslgo|
wkdq suhylrxvo| revhuyhg iru \Ed2Fx�RS�e�/ |lhoglqj dq dfwlydwlrq yroxph ri
.44 	 8 fp�> wkh ghshqghqfh ri WS rq suhvvxuh lv pdunhgo| qrqolqhdu/ dq
dqrpdorxv uhvxow iru kljk0WS vxshufrqgxfwruv lq wkh suhvhqw suhvvxuh udqjh/
jlylqj hylghqfh iru d fkdqjh lq wkh hohfwurqlf dqg2ru vwuxfwxudo surshuwlhv qhdu
317 JSd1
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4 Lqwurgxfwlrq

Wkh vwxg| ri wkh phufxu|0r{lgh idplo| KjEd2Fd?3�Fx?R2?n2nB lv ri sduwlfxodu lqwhu0
hvw vlqfh wkhvh fxsudwhv srvvhvv wkh kljkhvw wudqvlwlrq whpshudwxuhv AS ri doo nqrzq
kljk0whpshudwxuh vxshufrqgxfwruv +KWVF,1 Iru wkh Kj0frpsrxqg frqwdlqlqj rqh
FxR20od|hu/ KjEd2FxRenB +Kj04534,/ AS uhdfkhv ydoxhv dv kljk dv <; N dw dpelhqw
suhvvxuh ^4/ 5` dqg fdq uhsruwhgo| eh ydulhg ryhu wkh hqwluh udqjh iurp h{wuhph xqghu0
wr ryhugrshg vroho| e| fkdqjlqj wkh r{|jhq frqwhqw ^6`1 Wkh Kj0frpsrxqg frqwdlq0
lqj wkuhh FxR20od|huv h{klelwv wkh kljkhvw dpelhqw0suhvvxuh wudqvlwlrq whpshudwxuh
+AS * 467 N, uhsruwhg wr gdwh/ lqfuhdvlqj wr AS � 497 N xqghu 63 JSd suhvvxuh ^7`1

Kljk0suhvvxuh h{shulphqwv duh srwhqwldoo| dq lpsruwdqw wrro wr ixuwkhu rxu xq0
ghuvwdqglqj ri wkh vxshufrqgxfwlqj vwdwh ^8/ 9/ :`1 Iru wkh Kj0frpsrxqgv wkh
ghshqghqfh ri AS rq suhvvxuh zdv �uvw vwxglhg e| Nohkh hw do1 ^5` rq rswlpdoo|
grshg Kj04534 zkhuh AS zdv irxqg wr lqfuhdvh olqhduo| zlwk k|gurvwdwlf suhvvxuh wr
4 JSd dw wkh udwh . 41:8 N2JSd1 Dq lghqwlfdo lqlwldo suhvvxuh ghshqghqfh zdv
vxevhtxhqwo| revhuyhg e| Nohkh hw do1 ^;` iru wkh wzr0 dqg wkuhh0od|hu frpsrxqgv
KjEd2FdFx2RSnB +Kj04545, dqg KjEd2Fd2Fx�RHnB +Kj04556,> wklv sdudooholvp lq
wkh AS+S,0ghshqghqfh iru doo wkuhh rswlpdoo| grshg Kj0frpsrxqgv zdv odwhu frq0
�uphg wr pxfk kljkhu suhvvxuhv +: 63 JSd, e| Jdr hw do1 ^7` zkr revhuyhg wkdw AS
lqlwldoo| lqfuhdvhv/ exw sdvvhv wkurxjk d pd{lpxp dqg ghfuhdvhv dw kljkhu suhvvxuh1
Lq idfw/ iru wkh pdmrulw| ri KWVF frpsrxqgv qhdu rswlpdo grslqj/ AS+S, lv irxqg wr
iroorz d vlplodu ehoo0vkdshg fxuyh ^8/ <`1

Fdr hw do1 ^43` vwxglhg wkh suhvvxuh ghshqghqfh ri AS iru Kj04534 wr 418 JSd dw
zlgho| gl�hulqj grslqj ohyhov e| ydu|lqj wkh r{|jhq frqfhqwudwlrq> Tlx hw do1 ^44`
h{whqghg wkhvh vwxglhv wr 4; JSd iru vhohfwhg vdpsohv zlwk AS ydoxhv dw ru deryh ;3
N1 Mdqvhq dqg Eorfn ^45` kdyh dwwhpswhg d txdqwlwdwlyh dqdo|vlv ri wkhvh h{shul0
phqwv xvlqj dq lqgluhfw0h{fkdqjh sdlulqj phfkdqlvp ehwzhhq frqgxfwlrq hohfwurqv
yld r{|jhq dqlrqv> wkh grshg r{|jhq wkxv ixo�oov d gxdo uroh dv erwk kroh grsdqw dqg
Frrshu sdlu phgldwru1 Lq wklv prgho fdofxodwlrq suhvvxuh h�hfwv rq AS duh dvvxphg wr
ruljlqdwh vroho| iurp d fkdqjh lq xqlw fhoo yroxph> srvvleoh uhduudqjhphqwv ri r{|jhq
ghihfwv zlwklq wkh xqlw fhoo zkhq suhvvxuh lv dssolhg duh qrw frqvlghuhg1

Ehiruh dwwhpswlqj wr jdlq lqirupdwlrq derxw wkh vxshufrqgxfwlqj vwdwh iurp d gh0
wdlohg dqdo|vlv ri AS+S,0gdwd rq wkh vxshufrqgxfwlqj r{lghv/ lw lv hvvhqwldo wr nqrz/ rq
d plfurvfrslf vfdoh/ zkdw vwuxfwxudo fkdqjhv dfwxdoo| rffxu xqghu suhvvxuh1 Lw zrxog
eh krshg wkdw ASE� � lv lqghhg d uhyhuvleoh/ vlqjoh0ydoxhg ixqfwlrq ri suhvvxuh/ dv lq
frqyhqwlrqdo vxshufrqgxfwruv1 Wklv kdv dsshduhg wr eh wkh fdvh lq wkh ydvw pdmrulw|
ri h{shulphqwv rq wkh vxshufrqgxfwlqj r{lghv zkhuh wkh suhvvxuh zdv fkdqjhg dw dp0
elhqw whpshudwxuh1 Vxusulvlqjo|/ h{shulphqwv fduulhg rxw e| Vlhexujhu hw do1 ^46` rq
Wo2Ed2FxRSnB +Wo05534, uhyhdohg wkdw wkh lqlwldo ghshqghqfh ri AS rq suhvvxuh fdq
fkdqjh e| dq rughu ri pdjqlwxgh/ ghshqglqj rq wkh whpshudwxuh dw zklfk wkh suhvvxuh
lv ydulhg> hyhq wkh vljq ri _AS*_� pd| fkdqjh1 AS+S, lv wkxv qrw d xqltxh ixqfwlrq
ri suhvvxuh exw ghshqgv vwurqjo| rq wkh ghwdlohg whpshudwxuh0suhvvxuh klvwru| ri wkh
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vdpsoh1 Ehfdxvh wklv dqrpdorxv ehkdylru lv d vhqvlwlyh ixqfwlrq ri wkh frqfhqwudwlrq
ri lqwhuvwlwldo r{|jhq B lq Wo05534/ lw kdv ehhq dwwulexwhg ^46` wr uhod{dwlrq h�hfwv
zlwklq wkh r{|jhq vxeodwwlfh> lqghhg/ hylghqfh iru vwurqj uhod{dwlrq h�hfwv lq AS iurp
r{|jhq rughulqj zhuh �uvw rewdlqhg e| Yhdo hw do1 ^47` lq whpshudwxuh0txhqfk h{0
shulphqwv rq vwurqjo| xqghugrshg \Ed2Fx�R.3+ +\0456,1 Hylghqfh iru uhod{dwlrq
h�hfwv lq \0456 iurp kljk0suhvvxuh gdwd zdv rewdlqhg vrphzkdw odwhu ^48/ 49`1

Lq wkh phdqwlph pdq| r{lgh vxshufrqgxfwruv kdyh ehhq irxqg zklfk h{klelw
suhvvxuh0lqgxfhg uhod{dwlrq h�hfwv ^9`/ lqfoxglqj WoVu2FdFx2R.3B +Wo04545, ^4:`/ Qg0
456 ^4;`/ Jg0456 ^4<`/ vxshur{|jhqdwhg Od2FxRen+ ^53`/ dqg srvvleo| Vu2FxR2I2n+

^54`1 Iru doo wkhvh v|vwhpv/ h{fhsw Wo05534/ uhod{dwlrq h�hfwv ehfrph dfwlydwhg iru
whpshudwxuhv deryh 533 N1 Lq Wo05534 wzr glvwlqfw uhod{dwlrq surfhvvhv duh dfwlydwhg
lq wkh whpshudwxuh udqjhv 48 0 433 N dqg 533 0 633 N/ uhvshfwlyho| ^55/ 56`1 Lq ylhz ri
wkh lpsruwdqfh ri uhod{dwlrq skhqrphqd lq pdq| kljk0WS vxshufrqgxfwruv/ lw zrxog
eh ri lqwhuhvw/ ehiruh fduu|lqj rxw ghwdlohg frpsdulvrqv ehwzhhq wkhru| dqg h{shu0
lphqw/ wr ghwhuplqh zkhwkhu ru qrw wkh| sod| d uroh lq wkh Kj0r{lgh v|vwhp zkhuh
wkh ydoxhv ri ASE� � duh uhodwlyho| kljk/ dqg/ dw ohdvw lq Kj04534/ wkh r{|jhq ghihfw
vwuxfwxuh lv nqrzq wr eh txlwh frpsoh{ ^57`1 Lq Kj04545 dqg Kj04556 hylghqfh iru
r{|jhq rughulqj dorqj wkh f0d{lv kdv ehhq rewdlqhg lq hqhuj| glvshuvlyh v|qfkurwurq
[0ud| gl�udfwlrq h{shulphqwv iru suhvvxuhv deryh � 48 JSd ^58`> wkh h�hfw ri wklv
rughulqj rq AS zdv qrw vwxglhg1

Lq wklv sdshu zh vkrz hylghqfh iru wkh h{lvwhqfh ri zhdn suhvvxuh0lqgxfhg uh0
od{dwlrq h�hfwv lq AS iru erwk xqghu0 dqg ryhugrshg Kj04534 zklfk duh dfwlydwhg dw
whpshudwxuhv deryh 533 N1 Suhylrxv ASE� � vwxglhv e| xv rq rswlpdoo| grshg Kj04534
^5` jdyh qr hylghqfh iru uhod{dwlrq ehkdylru1 Lq wkh ryhugrshg Kj04534 vdpsohv wkh
suhvvxuh ghshqghqfh ASE� � wr 31; JSd lv fohduo| qrqolqhdu/ surylglqj hylghqfh iru d
srvvleoh suhvvxuh0lqgxfhg hohfwurqlf dqg2ru vwuxfwxudo prgl�fdwlrq1

5 H{shulphqw

Lq wkh suhvhqw h{shulphqwv rqh xqghugrshg vdpsoh dqg wzr ryhugrshg vdpsohv +D
dqg E, ri sro|fu|vwdoolqh KjEd2FxRenB zlwk wudqvlwlrq whpshudwxuhv lq wkh udqjh 73 0
83 N zhuh vwxglhg1 W|slfdo vdpsoh vl}hv zhuh 5�4�4 pp� zlwk pdvvhv udqjlqj iurp
7 wr 45 pj1 Doo vdpsohv zhuh v|qwkhvl}hg lq dq hydfxdwhg txduw} wxeh dv ghvfulehg
suhylrxvo| ^59`1 Erwk wkh vlqjoh xqghugrshg vdpsoh dqg wkh ryhugrshg vdpsoh D
zhuh rewdlqhg iurp d vlqjoh v|qwkhvlv e| vxevhtxhqw dqqhdolqj wr surgxfh vdpsohv
zlwk vljql�fdqwo| gl�huhqw r{|jhq frqwhqwv exw vlplodu ydoxhv ri AS1 Wkh ryhugrshg
vdpsoh D +AS+4 edu, * 7:1;4 N, zdv dqqhdohg lq 483 dwp1 r{|jhq dw 553�� iru 433 k
iroorzhg e| d vorz frro wr urrp whpshudwxuh/ zkhuhdv wkh xqghugrshg vdpsoh +A

S
+4

edu, * 7:188 N, zdv dqqhdohg lq  rzlqj dujrq dw 733�� iru 57 k dqg wkhq udslgo|
frrohg wr urrp whpshudwxuh1 Wkh ryhugrshg vdpsoh E +AS+4 edu, * 7313 N, zdv
rewdlqhg iurp d vhfrqg v|qwkhvlv lq srzghu irup dqg dqqhdohg lq 63 dwp1 r{|jhq dw
533�� iru 433 k1 Qhxwurq gl�udfwlrq h{shulphqwv rq wkhvh vdpsohv ghwhuplqhg wkh
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r{|jhq frqwhqwv dw { � 3155 ^5:` dqg 3145 ^57` iru wkh ryhugrshg vdpsoh D dqg wkh
xqghugrshg vdpsoh/ uhvshfwlyho|1

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 W

6
ri wkh Kh suhvvxuh phglxp ^5;` +iru h{dpsoh/ A

6
* 461; N dw 314

JSd dqg A
6
* 8517 N dw 31; JSd,1 Wkh ghfuhdvh lq suhvvxuh xsrq frrolqj lv nhsw wr

ehorz 53( e| wkh lqwurgxfwlrq ri d vl}hdeoh urrp whpshudwxuh �ghdg yroxph�1 Xqohvv
rwkhuzlvh vwdwhg/ wkh ydoxh ri wkh suhvvxuh jlyhq zdv ghwhuplqhg dw d whpshudwxuh
qhdu AS1

Wkh vxshufrqgxfwlqj wudqvlwlrq ri wkh Kj04534 vdpsohv lv phdvxuhg e| wkh df vxv0
fhswlelolw| 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 orqj glphqvlrq ri wkh vdpsoh1 Ixuwkhu
ghwdlov ri wkh h{shulphqwdo vhwxs duh jlyhq hovhzkhuh ^5<`1

6 Uhvxowv ri H{shulphqw

614 Ryhugrshg Vdpsoh

Ilj1 4 vkrzv wkh wudqvlwlrq wr vxshufrqgxfwlylw| iru wkh ryhugrshg Kj04534 vdpsoh
D dw dpelhqw suhvvxuh1 Wkh wudqvlwlrq lv phdvxuhg e| vzhhslqj wkurxjk wkh whpshu0
dwxuh udqjh 43 N wr 88 N ryhu d 5 k shulrg/ |lhoglqj wkh ydoxh AS+4 edu, * 7:1;4 N
+lqvhw lq Ilj1 4, iru wkh vxshufrqgxfwlqj rqvhw1 Wkh vl}h ri wkh wudqvlwlrq fruuhvsrqgv
wr ixoo vklhoglqj/ li wkh ghpdjqhwl}dwlrq idfwru G lv qhjohfwhg ^63`1 Wkh wudqvlwlrq
whpshudwxuh lq wkh vxevhtxhqw phdvxuhphqwv xqghu kljk suhvvxuh lv ghwhuplqhg e|
vkliwlqj wkh xsshu 48( ri wkh ixoo wudqvlwlrq dorqj wkh whpshudwxuh d{lv xqwlo ryhuods
lv dfklhyhg zlwk wkh lqlwldo phdvxuhphqw1 Rqo| wkh xsshu sruwlrq ri wkh wudqvlwlrq lv
xvhg ehfdxvh wklv uhjlrq lv lqghshqghqw ri wkh dssolhg pdjqhwlf �hog1 Wkurxjk wklv
surfhgxuh dq dffxudf| ri 	 53 pN iru wkh uhodwlyh A

S
vkliwv xqghu suhvvxuh frxog eh

dfklhyhg1 Lq prvw h{shulphqwv wkh wudqvlwlrq zdv uhphdvxuhg iru yhul�fdwlrq1
Wkh �uvw vhw ri kljk0suhvvxuh gdwd iru wkh ryhugrshg Kj04534 vdpsoh D +rshq

flufohv lq Ilj1 5d, zdv wdnhq e| dsso|lqj 3149 JSd dw 5<; N dqg kroglqj wklv suhv0
vxuh iru rqh krxu/ iroorzhg e| d udslg frrogrzq +6 0 7 N2plq, wr phdvxuh A

S
1 Dw

whpshudwxuhv qhdu A
S
wkh phdvxuhg suhvvxuh kdg ghfuhdvhg wr 3145 JSd gxh wr wkh

wkhupdo frqwudfwlrq ri wkh kholxp suhvvxuh phglxp xsrq frrolqj1 Wkh vdpsoh zdv
wkhq khdwhg edfn wr 5<; N/ wkh suhvvxuh lqfuhdvhg dqg AS uhphdvxuhg1 Wklv surfh0
gxuh zdv uhshdwhg xs wr wkh kljkhvw suhvvxuh ri 3194 JSd +3187 JSd dw 83 N,1 Wkh
suhvvxuh ghshqghqfh A

S
E� � lv vhhq wr eh pdunhgo| qrqolqhdu/ dq dqrpdorxv uhvxow lq

wklv suhvvxuh udqjh iru kljk0WS r{lghv1
Wkh vhfrqg vhw ri gdwd rq wklv vdpsoh +vrolg vtxduhv lq Ilj1 5d, zdv wdnhq e|
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dsso|lqj 31:< JSd dw 5<; N +31:4 JSd dw 83 N, iroorzhg e| d rqh krxu dqqhdo dw wklv
whpshudwxuh1 Diwhu phdvxulqj AS dqg khdwlqj edfn xs wr 5<; N/ wkh suhvvxuh zdv
ghfuhdvhg e| � 53(/ khog iru rqh krxu dw 5<; N/ dqg AS uhphdvxuhg1 Wklv surfhgxuh
zdv wkhq uhshdwhg vhyhudo wlphv xqwlo wkh suhvvxuh zdv ixoo| uhohdvhg> AS lv vhhq wr
uhwxuq wr lwv lqlwldo ydoxh dw 7:1; N1 Iru suhvvxuh fkdqjhv dw urrp whpshudwxuh +UW,/
ASE� � wkxv dsshduv wr eh d uhyhuvleoh/ exw pdunhgo| qrqolqhdu/ ixqfwlrq ri suhvvxuh
zlwk lqlwldo vorsh E_AS*_� �-A * 04188 	 3159 N2JSd1

Zh qrz ghwhuplqh wkh k|gurvwdwlf suhvvxuh ghshqghqfh ri AS iru suhvvxuh fkdqjhv
dw orz whpshudwxuhv/ dq h{shulphqw wkdw fdq ehvw eh fduulhg rxw xvlqj d Kh0jdv
kljk0suhvvxuh v|vwhp1 Lq wkh wklug vhw ri gdwd rq wkh ryhugrshg vdpsoh D +vrolg
gldprqgv lq Ilj1 5d,/ zh �uvw dsso| dqg krog 31:9 JSd suhvvxuh dw 5<; N iru 43
plq ehiruh frrolqj grzq udslgo| wr phdvxuh AS +� ' 319< JSd dw 83 N,1 Vrph
suhvvxuh zdv wkhq dgghg dw 93 N wr rewdlq 31:8 JSd dqg AS zdv uhphdvxuhg1 Wkh
suhvvxuh zdv wkhq vxffhvvlyho| ghfuhdvhg dw orz whpshudwxuhv +W 	 88 N, dqg AS
uhghwhuplqhg1 Wkh ydoxh ri AS dw dpelhqw suhvvxuh lv qrz vhhq wr olh 3159 N ehorz lwv
lqlwldo ydoxh1 Rqo| diwhu dqqhdolqj wkh vdpsoh dw 5<; N iru 73 plq grhv AS vkliw edfn wr
lwv lqlwldo ydoxh +7:1;4 N, zlwklq wkh h{shulphqwdo dffxudf| ri 	 3135 N1 Wkhvh gdwd
ghprqvwudwh wkdw wkh suhvvxuh ghshqghqfh ri AS lv fohduo| qrqolqhdu1 Wkh idfw wkdw
ASE� � ghshqgv rq wkh whpshudwxuh dw zklfk wkh suhvvxuh lv fkdqjhg jlyhv hylghqfh
iru uhod{dwlrq ehkdylru lq ryhugrshg Kj04534/ dv glvfxvvhg lq wkh Lqwurgxfwlrq> wkh
wlph ghshqghqfh ri wklv uhod{dwlrq zloo eh h{dplqhg ehorz1 Iurp Ilj1 5d wkh lqlwldo
vorsh qhdu 4 edu iru suhvvxuh fkdqjhv dw orz whpshudwxuh lv E_AS*_� �uA * 04148 	
3185 N2JSd1

Wr hvwdeolvk zkhwkhu wkh deryh qrqolqhdulw| lq ASE� � lv dq dfflghqwdo rffxuuhqfh ru
lv fkdudfwhulvwlf iru ryhugrshg Kj04534 vdpsohv/ d vhfrqg ryhugrshg vdpsoh +E, zlwk
AS * 7313 N iurp d gl�huhqw v|qwkhvlv zdv vwxglhg1 Dv vhhq lq Ilj1 5e/ suhvvxuh zdv
dssolhg vxffhvvlyho| dw 5<; N +rshq flufohv, dqg uhohdvhg lq vwhsv +forvhg flufohv, dw orz
whpshudwxuh +	 98 N,1 Wklv surfhgxuh zdv wkhq uhshdwhg +rshq dqg forvhg wuldqjohv,
wr fkhfn wkh uhsurgxflelolw| ri wkh gdwd1 Hylghqfh iru qrqolqhdulw| lq ASE� � lv dovr
vhhq lq Ilj1 5e iru wklv vdpsoh> krzhyhu/ wkh suhvvxuh deryh zklfk wkh fkdqjh lq vorsh
rffxuv dsshduv wr eh vkliwhg wr kljkhu suhvvxuhv iru vdpsoh E +� 318 JSd, uhodwlyh wr
vdpsoh D +� 317 JSd,1 Iru vdpsoh E zh �qg wkh lqlwldo vorshv E_AS*_� �-A * 03199
	 314; N2JSd dqg E_AS*_� �uA * 0318: 	 3163 N2JSd zklfk kdyh dssur{lpdwho|
kdoi wkh pdjqlwxgh ri wkrvh iru wkh ohvv vwurqjo| ryhugrshg vdpsoh D1 Wkh pdjqlwxgh
dqg hyhq wkh vljq ri E_AS*_� �-A gl�hu iurp wkh uhvxowv ri Fdr hw do1 ^43` rq vlploduo|
ryhugrshg Kj04534> wkh uhdvrq iru wklv glvfuhsdqf| lv xqnqrzq/ exw pd| dulvh iurp
gl�huhqfhv lq wkh suhvvxuh phglxp +Kh yhuvxv Iorxulqhuw,/ suhvvxuh whfkqltxh/ ghwdlov
ri vdpsoh suhsdudwlrq ru phdvxuhphqw whfkqltxh +df vxvfhswlelolw| yhuvxv uhvlvwlylw|,1
Lqwhuhvwlqjo|/ wkh gdwd ri Fdr hw do1 ^43` iru vwurqjo| ryhugrshg Kj04534 uhyhdo d
qrqolqhdulw| lq ASE� � qhdu 318 JSd/ exw wkh vljq ri wkh fkdqjh lq vorsh _AS*_� lv
rssrvlwh wr rxuv1

Zh zrxog qrz olnh wr ghwhuplqh wkh whpshudwxuh dw zklfk wkh uhod{dwlrq ehkdylru

8



lq wkh ryhugrshg Kj04534 vdpsoh D lqlwldwhv1 Wkh vdpsoh vwxglhg +vhfrqg slhfh
iurp wkh vdph shoohw, h{klelwhg AS * 7:195 N dw dpelhqw suhvvxuh +sw1 4 lq Ilj1 6,1
Dsso|lqj dqg kroglqj 319: JSd suhvvxuh dw 5<; N iru 4 k/ AS ghfuhdvhg wr sw1 5 +7:14;
N,1 Lpphgldwho| iroorzlqj wkh AS phdvxuhphqw/ wkh suhvvxuh zdv ixoo| uhohdvhg dw 83
N/ |lhoglqj AS * 7:165 N +sw1 6 lq Ilj1 6,/ zklfk olhv 316 N orzhu wkdq wkh lqlwldo
ydoxh dw dpelhqw suhvvxuh1 Wkh ydoxh ri AS lv irxqg qrw wr fkdqjh iroorzlqj dqqhdov
iru 4 k dw 433 N +sw1 7, dqg wkhq iru dqrwkhu krxu dw 533 N +sw1 8,1 Krzhyhu/
AS lv vhhq wr uhod{ edfn wrzdug lwv lqlwldo ydoxh iroorzlqj 4 k +sw1 9, dqg wkhq 6 k
+sw1 :, dqqhdov dw 5<; N1 Wkh gdwd lq Ilj1 6 wkxv vkrz wkdw uhod{dwlrq h�hfwv duh
rqo| dfwlydwhg iru whpshudwxuhv deryh 533 N1 Zh fdqqrw h{foxgh wkh srvvlelolw| wkdw
uhod{dwlrq skhqrphqd rffxu dw whpshudwxuhv ehorz 83 N vlqfh lq wkh suhvhqw vwxglhv
wkh phdvxuhphqw ri AS lwvhoi frqvwlwxwhv dqqhdolqj wkh vdpsoh dw � 83 N1

Zh qrz h{dplqh wkh wlph0ghshqghqfh ri wkh uhod{dwlrq skhqrphqd iru ryhugrshg
Kj04534 dw wkuhh gl�huhqw suhvvxuhv1 Lq wkhvh phdvxuhphqwv d wklug slhfh ri vdpsoh
D zdv vwxglhg zlwk AS * 7:1;4 N dw dpelhqw suhvvxuh> ixoo vklhoglqj zdv h{klelwhg
^63`1 D suhvvxuh ri 3194 JSd zdv dssolhg dqg khog 4 k dw 5<; N ehiruh frrolqj wr
phdvxuh AS * 7:16; N1 Diwhu wkh ixoo uhohdvh ri suhvvxuh dw 7; N/ zh �qg AS * 7:18;
N +sw1 4 lq Ilj1 7d,1 Wkh vdpsoh zdv wkhq khdwhg wr 598 N dqg khog iru 4 k/ ehiruh
frrolqj udslgo| wr phdvxuh AS * 7:197 N +sw1 5 lq Ilj1 7d,1 Vxevhtxhqw dqqhdolqj
dw 598 N iru orqjhu wlphv jlyhv wkh AS ydoxhv uhsuhvhqwhg e| srlqwv 6 wr : lq Ilj1 7d1
Wkh �w wr wkh gdwd/ zklfk |lhogv d uhod{dwlrq wlph � * 617 k/ lv glvfxvvhg ehorz1 Wkh
gl�huhqfh ri :3 pN ehwzhhq wkh ydoxh ri AS dw wkh rxwvhw ri wkh h{shulphqw +7:1;4
N, dqg wkh �qdo ydoxh +7:1:7 N, lv olnho| gxh wr wkh gl�huhqw dqqhdolqj whpshudwxuh
+khuh A@ ' 598 N yhuvxv 5<; N iru wkh lqlwldo phdvxuhphqw,1 Zh suhylrxvo| revhuyhg
d vlplodu h�hfw lq \Ed2Fx�RS�e� ^47/ 64`1 Dv zh glvfxvv lq pruh ghwdlo ehorz/ d
orzhu dqqhdolqj whpshudwxuh ohdgv wr d kljkhu vwdwh ri r{|jhq rughu zklfk lqfuhdvhv
wkh kroh0fduulhu frqfhqwudwlrq lq wkh FxR2 sodqhv/ vkliwlqj AS xs iru dq xqghugrshg
vdpsoh ru grzq iru dq ryhugrshg vdpsoh/ dv revhuyhg1

Rxu suhylrxv vwxglhv rq \Ed2Fx�RS�e� ^64` uhyhdohg wkdw wkh uhod{dwlrq ehkdylru
lwvhoi lv vwurqjo| suhvvxuh ghshqghqw1 Wr dgguhvv wklv txhvwlrq iru wkh suhvhqw ryhu0
grshg Kj04534 vdpsoh D/ d suhvvxuh ri 3195 JSd zdv dssolhg dqg khog dw 5<; N iru 4
k1 Iroorzlqj wkh sduwldo uhohdvh ri suhvvxuh wr 3146 JSd dw 86 N/ AS zdv irxqg wr eh
7:174 N +sw1 4 lq Ilj1 7e,1 Vxevhtxhqw dqqhdolqj dw A@ * 598 N +S * 3148 JSd dw
wklv whpshudwxuh, iru ydulrxv wlph shulrgv xs wr d wrwdo ri 478 k jlyhv wkh uhod{dwlrq
ehkdylru uhsuhvhqwhg e| srlqwv 5 wr ; lq Ilj1 7e1 D fxuvru| frpsdulvrq ri wkh gdwd lq
Iljv1 7d dqg 7e uhyhdov wkdw wkh uhod{dwlrq wlph � E598 N, kdv ehfrph orqjhu xqghu
suhvvxuh1 Wr ghwhuplqh � dw kljkhu suhvvxuhv/ wkh vdpsoh zdv wkhq vxemhfwhg wr 31:
JSd suhvvxuh dw 5<; N iru 419 k zklfk zdv wkhq sduwldoo| uhohdvhg wr 3158 JSd dw 85
N +sw1 4 lq Ilj1 7f,1 Ehfdxvh ri wkh udslg lqfuhdvh lq � zlwk suhvvxuh/ wkh dqqhdolqj
whpshudwxuh zdv lqfuhdvhg wr 5;8 N wr vshhg xs wkh uhod{dwlrq1 Wkh vdpsoh zdv
dqqhdohg xs wr d wrwdo wlph ri 7518 k +swv1 5 wr 9 lq Ilj1 7f,1

Zh qrz dqdo|}h wkh wlph0ghshqghqw uhod{dwlrq ehkdylru ri AS lq Ilj1 7 lq whupv
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ri wkh vwuhwfkhg h{srqhqwldo ^65/ 66`

ASE|�moe,@% ' ASE4�� dASE4�� ASEf�o i T

+
�

�
|

�

�k

,
c +4,

zkhuh ASE4� lv wkh wudqvlwlrq whpshudwxuh dw d jlyhq suhvvxuh diwhu lq�qlwh wlph/
A
S
Ef� lv wkh lqlwldo ydoxh ri wkh wudqvlwlrq whpshudwxuh dw d jlyhq suhvvxuh ehiruh

uhod{dwlrq ehjlqv/ � lv wkh whpshudwxuh0 dqg suhvvxuh0ghshqghqw uhod{dwlrq wlph/ dqg
k � � lv wkh vwuhwfkhg h{srqhqw1 Lq d suhylrxv dqdo|vlv ri uhod{dwlrq ehkdylru rq
d vwurqjo| xqghugrshg \0456 vlqjoh fu|vwdo ^64`/ zkhuh wkh suhvvxuh0lqgxfhg vkliwv
lq AS zhuh odujh dqg wkh gdwd frxog eh dqdo|}hg wr kljk dffxudf|/ zh irxqg k @
319/ lqghshqghqw ri wkh suhvvxuh1 Iru wkh suhvhqw ryhugrshg Kj04534 frpsrxqg wkh
phdvxuhg vkliwv lq A

S
duh pxfk vpdoohu/ uhvxowlqj lq uhodwlyho| odujh huuru eduv1 Lq wkh

iroorzlqj zh xvh k @ 319 ^67` dqg vhw wkh wudqvlwlrq whpshudwxuh dw }hur wlph/ A
S
Ef�/

wr wkh ydoxh phdvxuhg lpphgldwho| diwhu wkh suhvvxuh uhohdvh dw orz whpshudwxuhv/
ehiruh dq| uhod{dwlrq frxog wdnh sodfh1

D �w zlwk Ht1 +4, wr wkh dpelhqw0suhvvxuh uhod{dwlrq gdwd dw 598 N lq Ilj1 7d
+vrolg olqh, lv vhhq wr ghvfuleh wkh gdwd zhoo zlwklq h{shulphqwdo huuru/ |lhoglqj wkh
sdudphwhuv A

S
E4� * Ee.�.e 	 f�f�� N dqg � E598 N� * E��e 	 f�S� k1 D vhfrqg

h{shulphqw +qrw vkrzq, xqghu vlplodu frqglwlrqv jlyhv � E598 N� * E��b 	 f�.� k/ lq
djuhhphqw zlwk wkh suhylrxv ydoxh1 D �w wr wkh uhod{dwlrq gdwd dw 3148 JSd dqg 598
N lq Ilj1 7e |lhogv ASE4� * Ee.�DD 	 f�f�� N dqg � E598 N� * E�.�D 	 D�e� k1 Wklv
uhod{dwlrq wlph lv glvwlqfwlyho| orqjhu wkdq wkh dpelhqw suhvvxuh ydoxhv/ lpso|lqj wkdw
wkh uhod{dwlrq vorzv grzq udslgo| xqghu suhvvxuh1 Vlqfh wkh uhod{dwlrq dw 3163 JSd
dqg 5;8 N lq Ilj1 7f surfhhghg vrphzkdw pruh udslgo| wkdq dqwlflsdwhg/ d vpdoo
fruuhfwlrq wr wkh dqqhdolqj wlph lv qhfhvvdu| wr dffrxqw iru wkh �qlwh wlph vshqw
zduplqj+frrolqj, wkh vdpsoh wr+iurp, wkh dqqhdolqj whpshudwxuh1 Edvhg rq wkh
uhod{dwlrq wlph rewdlqhg iurp d suholplqdu| �w wr wkh gdwd zlwk Ht1 +4,/ zh hvwlpdwh
wkdw wklv fruuhfwlrq dprxqwv wr rqo| � 7 plq1 Wkh fruuhfwhg gdwd lq Ilj1 7f duh
qrz �w zlwk Ht1 +4,/ |lhoglqj ASE4� * Ee.�eS	 f�f�� N dqg d uhod{dwlrq wlph � E5;8
N� * Ef�b2 	 f��f� k1

615 Xqghugrshg Vdpsoh

Zh qrz vwxg| wkh suhvvxuh ghshqghqfh ri A
S
rq dq xqghugrshg Kj04534 vdpsoh zlwk

AS+4 edu, * 7:188 N/ dq doprvw lghqwlfdo ydoxh wr wkdw iru wkh ryhugrshg vdpsoh D1
Vlqfh wkh vxshufrqgxfwlqj rqvhw lv ohvv vkdus wkdq wkdw iru wkh ryhugrshg vdpsoh/
fkdqjhv lq A

S
xqghu suhvvxuh fdqqrw eh ghwhuplqhg dv dffxudwho| +	 83 pN yhuvxv 	

53 pN,1 Iroorzlqj wkh lqlwldo phdvxuhphqw ri A
S
dw dpelhqw suhvvxuh +sw1 4 lq Ilj1 8,/

d suhvvxuh ri 31:< JSd zdv dssolhg dw 5<; N dqg khog iru 48 plqxwhv ehiruh frrolqj
grzq wr phdvxuh AS * 7;188 N +sw1 5 lq Ilj1 8,> wkh suhvvxuh dw wklv whpshudwxuh
zdv 31:4 JSd/ |lhoglqj wkh suhvvxuh ghulydwlyh E_AS*_� �-A * .4174 	 3147 N2JSd/
d ydoxh vrphzkdw ohvv wkdq wkdw +.5 N2JSd, uhsruwhg iru xqghugrshg Kj04534 e|

:



Fdr hw do1 ^43`1 Suhvvxuh zdv wkhq vxffhvvlyho| ghfuhdvhg dw whpshudwxuhv ehorz
<3 N dqg AS lpphgldwho| uhphdvxuhg hdfk wlph +swv1 6 wr < lq Ilj1 8,/ uhyhdolqj
d olqhdu ghshqghqfh ri AS rq suhvvxuh E_AS*_� �uA * .4148 	 3138 N2JSd1 Diwhu
wkh suhvvxuh zdv uhohdvhg +sw1 <,/ AS zdv irxqg wr olh 483 pN kljkhu wkdq wkh lqlwldo
ydoxh +sw1 4,1 Dqqhdolqj wkh vdpsoh dw 5<; N iru d wrwdo ri 7 k +swv1 43 0 45, ixoo|
uhvwruhg wkh lqlwldo AS ydoxh1

Dqqhdolqj wklv vdpsoh iru h{whqghg wlph shulrgv dw UW dssduhqwo| fdxvhv vrph
vdpsoh ghjudgdwlrq/ dv hylghqfhg e| luuhyhuvleoh fkdqjhv lq wkh vkdsh ri wkh vxshu0
frqgxfwlqj wudqvlwlrq1 D vwurqj ghjudgdwlrq ri xqghugrshg Kj04534 vdpsohv vwruhg
lq dlu zdv uhfhqwo| uhsruwhg e| Shdfrfn hw do1 ^68` lq zklfk AS lqfuhdvhg iurp 63 N wr
:8 N ryhu wkh wlph vsdq ri 918 zhhnv iroorzlqj wkhlu v|qwkhvlv1 Wklv judgxdo vkdsh
fkdqjh lq wkh wudqvlwlrq dqg wkh vpdooqhvv ri wkh uhod{dwlrq h�hfw lwvhoi suhfoxghg
d ghwdlohg phdvxuhphqw ri wkh wlph/ whpshudwxuh dqg suhvvxuh ghshqghqfh ri wkh
uhod{dwlrq skhqrphqd iru wklv xqghugrshg vdpsoh> iurp wkh gdwd/ krzhyhu/ zh fdq
jlyh d urxjk hvwlpdwh ri wkh uhod{dwlrq wlph dw dpelhqw suhvvxuh/ qdpho| � E5<; N, �
4 k1

7 Glvfxvvlrq

714 Lqwulqvlf Suhvvxuh Ghshqghqfh ri Af

Suhvvxuh0lqgxfhg uhod{dwlrq h�hfwv kdyh ehhq revhuyhg lq vhyhudo kljk0AS vxshufrq0
gxfwruv/ lqfoxglqj \0456/ Wo05534 dqg Wo04545 ^9`1 Yhu| uhfhqw vwxglhv rq xqghugrshg
\0456 kdyh vkrzq wkdw ASE� � wr 4: JSd ghshqgv pdunhgo| rq zkhwkhu wkh suhvvxuh lv
dssolhg dw dpelhqw ru orz whpshudwxuhv ^69/ 6:/ 6;`1 Lq r{lgh vxshufrqgxfwruv/ wkhuh0
iruh/ wkh phdvxuhg ghshqghqfh ri A

S
rq suhvvxuh pd| ghshqg lq d vhqvlwlyh pdqqhu rq

wkh ghwdlohg suhvvxuh2wkhupdo klvwru| ri wkh vdpsoh1 Wkh kljk suhvvxuh hqylurqphqw
grhv qrw fuhdwh wkh uhod{dwlrq surfhvvhv/ exw udwkhu pdnhv wkrvh douhdg| suhvhqw xq0
ghu dpelhqw frqglwlrqv pruh uhdglo| ylvleoh wkdq lq frqyhqwlrqdo whpshudwxuh0txhqfk
h{shulphqwv1

Wkhruhwlfdo fdofxodwlrqv ri wkh surshuwlhv ri pdwwhu/ lqfoxglqj wkhlu vxshufrqgxf0
wlylw|/ duh jhqhudoo| fduulhg rxw iru d jlyhq �{hg vhw ri odwwlfh sdudphwhuv dqg dwrplf
frruglqdwhv> suhvvxuh h�hfwv duh jhqhudoo| hvwlpdwhg xqghu wkh dvvxpswlrq wkdw wkh
fkdqjh lq surshuwlhv/ olnh ASc lv d ixqfwlrq ri wkh dqlvrwurslf ghfuhdvh lq wkh odw0
wlfh sdudphwhuv/ zlwk doo dwrplf vhsdudwlrqv vfdolqj dffruglqjo|1 Ehiruh d phdvxuhg
A
S
E� �0ghshqghqfh fdq eh frpsduhg lq d txdqwlwdwlyh zd| zlwk wkhru|/ wkhuhiruh/ lw

vkrxog eh sxujhg ri doo lq xhqfhv iurp uhod{dwlrq ehkdylru1 Vlqfh prvw kljk0suhvvxuh
fhoov rqo| doorz wkh suhvvxuh wr eh fkdqjhg dw urrp whpshudwxuh/ pdq| uhvxowv iurp
wkh odujh erg| ri kljk0suhvvxuh vwxglhv rq kljk0AS pdwhuldov gr frqwdlq uhod{dwlrq
h�hfwv dqg wkxv pxvw eh uhshdwhg xvlqj kljk0suhvvxuh whfkqrorj| vlplodu wr rxuv wr
vhsdudwh lqwulqvlf iurp uhod{dwlrq h�hfwv1

Lq wkh r{lgh vxshufrqgxfwruv wkh phdvxuhg ydoxh ri wkh wudqvlwlrq whpshudwxuh

;



A6e@r

S
EBc �c A@c |� lv d ixqfwlrq ri erwk wkh grslqj ohyho B dqg wkh vdpsoh*v ghwdlohg

suhvvxuh2whpshudwxuh klvwru| +l1h1 wkh ohqjwk ri wlph | wkh vdpsoh lv dqqhdohg dw d
jlyhq whpshudwxuh A@ iroorzlqj d fkdqjh lq suhvvxuh � ,> lw fdq eh uhsuhvhqwhg e| wkh
h{suhvvlrq

A6e@r

S
EBc �c A@c |� ' A �?|o�?

S
EBc � � n {A oe,@%

S
EBc �c A@c |�� +5,

Wkh �uvw whup rq wkh uljkw vlgh jlyhv wkh lghdo ru �lqwulqvlf� fkdqjh lq AS zklfk rffxuv
lpphgldwho| iroorzlqj d fkdqjh lq suhvvxuh dw dq| whpshudwxuh/ zkhuhdv wkh vhfrqg
�uhod{dwlrq� whup wdnhv lqwr dffrxqw wkh fkdqjh lq AS iurp suhvvxuh0/ whpshudwxuh0
dqg wlph0ghshqghqw uhod{dwlrq h�hfwv1 Wkh vlpsohvw zd| wr ghwhuplqh A �?|o�?

S
E� �c

wkh ghshqghqfh zklfk fdq eh frpsduhg prvw gluhfwo| zlwk wkhru|/ lv wr fduu| rxw wkh
hqwluh h{shulphqw dw d whpshudwxuh orz hqrxjk wr holplqdwh +iuhh}h rxw, doo uhod{dwlrq
surfhvvhv/ vr wkdw {A oe,@%

S
' 31 Dv vhhq lq Ilj1 6/ iru Kj04534 uhod{dwlrq surfhvvhv

dsshdu wr eh iur}hq rxw iru A � 533 N1 Wkh wzr glvwlqfw �lqwulqvlf� dqg �uhod{dwlrq�
frqwulexwlrqv wr A6e@r

S
E�c A@c |� iru xqghugrshg Kj04534 fdq eh hdvlo| uhfrjql}hg lq

Ilj1 8 zkhuh wkh dssolfdwlrq ri 31:< JSd suhvvxuh dw UW lv vhhq wr fdxvh d odujhu
fkdqjh lq AS wkdq wkh suhvvxuh uhohdvh ehorz <3 N/ fruuhvsrqglqj wr wkh suhvvxuh
ghulydwlyhv E_AS*_� �-A * En��e�	 f��e� N2JSd dqg E_AS*_� �uA ' E_A �?|o�?

S *_� � *
En���D	 f�fD� N2JSd/ uhvshfwlyho|1

Zkhuhdv lq wkh xqghugrshg vdpsoh wkh fkdqjh lq AS zlwk suhvvxuh lv olqhdu/ lq
Iljv1 5d dqg 5e lw lv vhhq wkdw iru ryhugrshg Kj04534 wkhuh lv d glvwlqfw fkdqjh lq
wkh vorsh ri ASE� � qhdu 317 JSd iru vdpsoh D dqg qhdu 318 JSd iru vdpsoh E1 Wklv
hylghqw qrqolqhdulw| lv uhwdlqhg lq wkh �lqwulqvlf� A �?|o�?

S E� � ghshqghqfh rewdlqhg e|
uhohdvlqj wkh suhvvxuh dw orz whpshudwxuhv1 Wklv jlyhv hylghqfh wkdw wklv qrqolqhdulw|
lv dq lqwulqvlf h�hfw dqg grhv qrw kdyh lwv ruljlq lq uhod{dwlrq h�hfwv zklfk rffxu
dw whpshudwxuhv deryh 88 N/ exw pd| eh gxh wr d vwuxfwxudo fkdqjh1 Dv srlqwhg
rxw suhylrxvo|/ Fdr hw do1 ^43` dovr revhuyh d qrqolqhdulw| lq ASE� � qhdu 318 JSd lq
vwurqjo| ryhugrshg Kj04534/ exw wkh fkdqjh lq vorsh lv rssrvlwh lq vljq wr wkh suhvhqw
uhvxowv1 Fkhq hw do1 ^6<` uhsruw d qhjdwlyh vorsh fkdqjh lq ASE� � qhdu 318 JSd lq
qhduo| rswlpdoo| grshg Kj045451 Uhfhqw qhxwurq srzghu gl�udfwlrq h{shulphqwv
xqghu kljk suhvvxuh rq Kj04534 dw yduldeoh r{|jhq frqwhqw �qg qr hylghqfh iru d
vwuxfwxudo skdvh wudqvlwlrq wr 4 JSd ^73`> wklv vwxg|/ krzhyhu/ glg qrw lqfoxgh khdylo|
ryhugrshg vdpsohv zlwk AS 	 ;3 N/ dv lq erwk wkh suhvhqw h{shulphqwv dqg wkrvh ri
Fdr hw do1 ^43`1 Ixuwkhu kljk0suhvvxuh vwuxfwxudo vwxglhv duh uhtxluhg wr foduli| wkh
ruljlq ri wkh qrqolqhdulw| lq ASE� �1

Wkh qrqolqhdu ASE� � ghshqghqfh dqg wkh qrwdeoh fkdqjh lq _AS*_� lq wkh suhvhqw
h{shulphqwv rq wkh wzr khdylo| ryhugrshg Kj04534 vdpsohv duh exw wzr ri d qxpehu
ri lqglfdwlrqv wkdw vx!flhqwo| ryhugrshg Kj04534 +zkhuh AS � ;3 N, srvvhvvhv edvlf
+vwuxfwxudo, gl�huhqfhv wr xqghugrshg Kj045341 Fdr hw do1 ^43` kdyh vkrzq wkdw
wkh lqlwldo suhvvxuh ghulydwlyh _AS*_� fkdqjhv udglfdoo| lq wkh ryhugrshg uhjlph iru
AS � ;3 N1 [lrqj hw do1 ^6` qrwh wkdw wkh S odwwlfh frqvwdqw lqfuhdvhv prqrwrqlfdoo|
zlwk r{|jhq frqwhqw ryhu wkh hqwluh xqghugrshg dqg sduwldoo| ryhugrshg uhjlph/
xqwlo AS � ;3 N lv uhdfkhg/ uhpdlqlqj frqvwdqw wkhuhdiwhu> wkh ydohqfh0erqg vxp

<



whfkqltxh iru hvwlpdwlqj fduulhu frqfhqwudwlrq dovr jlyhv dqrpdorxv uhvxowv iru dq
r{|jhq frqwhqw deryh wklv fulwlfdo ydoxh1 [lrqj hw do1 ^6` vxjjhvw wkdw wkhuh pd| eh
wzr gl�huhqw w|shv ri odwwlfh vlwhv dydlodeoh iru r{|jhq ghihfwv1 Lq idfw/ uhfhqw srzghu
qhxwurq gl�udfwlrq h{shulphqwv rq Kj04534 e| Mrujhqvhq hw do1 ^57` ryhu d zlgh
udqjh ri r{|jhq ghihfw frqfhqwudwlrqv vxjjhvw wkdw wkhuh duh wzr frpshwlqj r{|jhq
ghihfwv lq wkh Kj od|hu/ dq R6 ghihfw lq wkh fhqwhu ri wkh xqlw fhoo dqg dq R7 ghihfw
qhduhu wkh fhoo*v hgjh1 Wkh uhodwlyh frqfhqwudwlrqv ri wkhvh ghihfwv vzlwfkhv zlwk
lqfuhdvlqj B xsrq sdvvlqj iurp wkh xqghugrshg uhjlrq dqg wkurxjk wkh pd{lpxp AS/
zkhuh R7 lv wkh grplqdqw ghihfw/ wr wkh ryhugrshg uhjlrq zkhuh/ dw AS * ;3 N/ R6
vxgghqo| ehfrphv wkh grplqdqw ghihfw1 Wklv �fkdqjh ri wkh ghihfw� lv pluuruhg lq wkh
ghshqghqfh ri AS rq B zklfk ghyldwhv iurp wkh fdqrqlfdo lqyhuwhg sduderolf ehkdylru1
Ri sduwlfxodu uhohydqfh wr wkh suhvhqw h{shulphqwv lv wkh idfw wkdw d vxgghq lqfuhdvh

lq wkh xqlw fhoo yroxph e| � 4( dffrpsdqlhv wklv �fkdqjh ri wkh ghihfw� R7 $ R6
dw AS * ;3 N ^57`1 Vlqfh R6 vkrxog eh wkh vroh ghihfw lq rxu vwurqjo| ryhugrshg
vdpsohv/ wklv lpsolhv wkdw li vx!flhqwo| kljk suhvvxuh lv dssolhg/ wkh R7 ghihfw vkrxog
ehfrph hqhujhwlfdoo| idyruhg ryhu R61 Lq wklv slfwxuh wkh qrqolqhdulw| lq ASE� � zrxog
vljqdo d vxgghq fkdqjhryhu iurp d grplqdqw R6 ghihfw wr R71 Wkh idfw wkdw wkh
fulwlfdo rqvhw suhvvxuh iru vdpsoh E lv vrphzkdw odujhu +318 JSd, wkdq iru vdpsoh D
+317 JSd, vxssruwv wklv slfwxuh vlqfh vdpsoh E lv pruh vwurqjo| ryhugrshg dqg wkxv
wkh R6 ghihfw pruh vwdeoh1 Qhxwurq gl�udfwlrq h{shulphqwv xqghu kljk suhvvxuh
frqglwlrqv zrxog eh ghvludeoh wr foduli| wkh dqrpdorxv exw lqwhuhvwlqj ryhugrshg
vwdwh lq Kj045341

Lw lv lqwhuhvwlqj wr qrwh wkdw iru xqghu0 dqg ryhugrshg Kj04534 zlwk AS � 7< N
wkh lqlwldo �lqwulqvlf� vorshv _A �?|o�?

S
*_� ' E_AS*_� �uA * 04148 	 3138 N2JSd dqg

04148 	 3185 N2JSd/ uhvshfwlyho|/ duh htxdo lq pdjqlwxgh exw rssrvlwh lq vljq1 Dw
�uvw jodqfh wklv uhvxow zrxog dsshdu wr vxssruw d vlpsoh fkdujh0wudqvihu prgho ^8` lq
zklfk _A �?|o�?

S *_� ' E_AS*_?�E_?*_� � dqg _?*_� ' frqvwdqw : 31 Krzhyhu/ wklv
zrxog ohdg wr wkh h{shfwdwlrq wkdw _A �?|o�?

S *_� * 3 iru dq rswlpdoo| grshg vdpsoh
+zkhuh _AS*_? ' 3,/ frqwudu| wr wkh h{shulphqwdo uhvxow wkdw _A �?|o�?

S
*_� * .41:8 	

314 N2JSd ^5`1 Zh qrwh wkdw wkh lqwulqvlf suhvvxuh ghshqghqfh iru wkh pruh vwurqjo|
ryhugrshg vdpsoh E lv rqo| kdoi wkh pdjqlwxgh ri wkdw iru vdpsoh D> wkh fkdujh
wudqvihu prgho zrxog ohdg wr wkh h{shfwdwlrq wkdw _A �?|o�?

S *_� vkrxog eh juhdwhu lq
pdjqlwxgh/ frqwudu| wr h{shulphqw1 Lw lv fhuwdlqo| srvvleoh wkdw suhvvxuh0ghshqghqw
vkliwv lq wkh ghihfw vwuxfwxuh lq Kj04534 sod| d uroh khuh1 Ixuwkhu phdvxuhphqwv ri
ASE� � wrjhwkhu zlwk v|vwhpdwlf vwuxfwxudo vwxglhv xqghu kljk suhvvxuh duh qhhghg wr
uhvroyh wklv lvvxh1

715 Uhod{dwlrq Ehkdylru dw Dpelhqw Suhvvxuh

Lq rughu wr ehwwhu fkdudfwhul}h wkh uhod{dwlrq ehkdylru dw gl�huhqw suhvvxuhv dqg
whpshudwxuhv lq ryhugrshg Kj04534/ zh fdofxodwh wkh suhvvxuh0ghshqghqw dfwlydwlrq
hqhuj| .�E� � iurp wkh phdvxuhg ydoxhv ri wkh uhod{dwlrq wlph �EAc� � dw d jlyhq
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whpshudwxuh xvlqj wkh Duukhqlxv odz

�EAc� � ' �f � e%R

�
.�E� �

&�A

�
� +6,

Zh vhw wkh dwwhpsw shulrg � J htxdo wr wkh ydoxh +�f � 417�433�2 v, irxqg lq hduolhu
whpshudwxuh0txhqfk h{shulphqwv rq \0456 ^47`1 Xvlqj wkh ydoxhv ri wkh uhod{dwlrq
wlphv dw dpelhqw suhvvxuh iurp wkh suhylrxv vhfwlrq/ wkh fruuhvsrqglqj dfwlydwlrq
hqhuj| iru ryhugrshg +vdpsoh D, dqg xqghugrshg Kj04534 fdq eh fdofxodwhg xvlqj
Ht1 6/ |lhoglqj .�E4 edu, * 31;7 hY dqg 31<3 hY/ uhvshfwlyho|1 Wkhvh ydoxhv duh
txlwh frpsdudeoh wr hdfk rwkhu dqg wr dfwlydwlrq hqhujlhv ghwhuplqhg iurp uhod{dwlrq
vwxglhv rq \0456 +31<: hY, ^47/ 49`/ Wo05534 +31:5 hY, ^56` dqg Wo04545 +31;9 hY, ^4:`/
dv zhoo dv wr r{|jhq wudfhu gl�xvlrq vwxglhv rq \0456 dqg rwkhu r{lgh vxshufrqgxfwruv
^74`1 Wklv idfw/ dqg wkh nqrzq vhqvlwlylw| ri wkh uhod{dwlrq ehkdylru wr wkh r{|jhq
frqwhqw ^46/ 49`/ pdnh lw olnho| wkdw wkh deryh uhod{dwlrq h�hfwv ruljlqdwh lq wkh
r{|jhq vxeodwwlfh1 Wr rxu nqrzohgjh/ qr dwwhpsw kdv |hw ehhq pdgh wr frpsxwh wkh
hqhuj| eduulhu iru r{|jhq gl�xvlrq lq Kj04534> lq d uhfhqw prgho fdofxodwlrq Lvodp
dqg Zlqfk ^75` kdyh hvwlpdwhg .�E4 edu, � 319; hY iru wkh pljudwlrq ri lqwhuvwlwldo
R+7, r{|jhq lq wkh wkuhh0od|hu frpsrxqg Kj04556/ d ydoxh urxjko| frpsdudeoh wr
rxu suhvhqw uhvxow iru Kj045341

Lw lv lqwhuhvwlqj wr qrwh wkdw qr uhod{dwlrq zkdwvrhyhu kdv ehhq revhuyhg lq AS

iru rswlpdoo| grshg Kj04534 ^5` ru/ iru wkdw pdwwhu/ iru dq| rwkhu rswlpdoo| grshg
r{lgh vxshufrqgxfwru vwxglhg wr gdwh ^;/ 46/ 49/ 4:`1 Grhv wklv phdq wkdw lq rs0
wlpdoo| grshg vdpsohv uhod{dwlrq skhqrphqd gr qrw rffxuB Fhuwdlqo| qrw$ Wkh
devhqfh ri uhod{dwlrq skhqrphqd lq AS iru rswlpdoo| grshg vdpsohv fdq eh uhdglo|
xqghuvwrrg li wkh fkdqjh lq AS gxh wr uhod{dwlrq skhqrphqd ruljlqdwhv sulpdulo| iurp
d fkdqjh lq wkh fduulhu frqfhqwudwlrq ? lq wkh FxR2 sodqh+v,> Kdoo h�hfw vwxglhv rq
Wo05534 vxssruw wklv frqfoxvlrq ^76`1 Lq dq rswlpdoo| grshg vdpsoh wkh ydoxh ri
AS lv pd{lpl}hg dv d ixqfwlrq ri ?c l1h1 ASE?� lv dw dq h{wuhpxp zkhuh E_AS*_?� '
3/ vr wkdw E_AS*_� �

oe,@%
* E_AS*_?�E_?*_� �

oe,@%
� 31 Lq rswlpdoo| grshg vdpsohv/

wkhuhiruh/ uhod{dwlrq surfhvvhv lq wkh r{|jhq vxeodwwlfh lqlwldoo| fdxvh qr fkdqjh lq
ASc exw vkrxog kdyh d phdvxudeoh h�hfw rq rwkhu surshuwlhv vxfk dv wkh hohfwulfdo
uhvlvwlylw|/ Kdoo frh!flhqw/ odwwlfh sdudphwhuv/ hwf1 Lq wklv uhjdug ixuwkhu vwxglhv rq
wkh Kj0r{lghv zrxog eh ri sduwlfxodu lqwhuhvw vlqfh rswlpdo grslqj rffxuv dw d �qlwh

frqfhqwudwlrq ri r{|jhq ghihfwv/ lq frqwudvw wr \0456 dqg Wo04534 zklfk duh qhduo|
ghyrlg ri r{|jhq ghihfwv zkhq A

S
lv dw lwv pd{lpxp ydoxh1

Dq lpsruwdqw txhvwlrq uhpdlqlqj lv wr lghqwli| wkh phfkdqlvp e| zklfk wkh uh0
od{dwlrq surfhvvhv fkdqjh wkh fduulhu frqfhqwudwlrq lq Kj045341 Iru \0456 Yhdo dqg
Sdxolndv ^77` sursrvhg wkdw wkh orfdo uhduudqjhphqw ri r{|jhq dqlrqv lq wkh FxR fkdlq
od|hu fdxvhv wkh ydohqfh ri wkh dpelydohqw Fx�n*2n fdwlrqv lq wklv od|hu wr fkdqjh1
Wkh pdlqwdlqdqfh ri ryhudoo fkdujh qhxwudolw| wkhq glfwdwhv wkdw wkh fkdujh fduulhu
frqfhqwudwlrq lq wkh FxR2 od|huv pxvw dgmxvw dffruglqjo|1 Lq Wo05534 wkh r{|jhq gh0
ihfwv duh lqfrusrudwhg lqwhuvwlwldoo| lq wkh Wo2R2 grxeoh0od|hu ^78`> vrph irup ri orfdo
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rughulqj ri wkhvh r{|jhq zrxog wkhq surpsw vrph ri wkh dpelydohqw Wo�n0fdwlrqv lq
wklv od|hu wr ghfuhdvh wkhlu ydohqfh e| gudzlqj hohfwurq fkdujh dzd| iurp wkh FxR2

sodqh +iru wkdoolxp .4 dqg .6 duh wkh suhihuuhg ydohqfh vwdwhv,1 Wkh suhvhqfh ri
dpelydohqw fdwlrqv zrxog qrw dsshdu wr eh pdqgdwru| iru fkdujh wudqvihu wr rffxu/
exw suredeo| vhuyhv wr hqkdqfh lw> dv srlqwhg rxw lq wkh Lqwurgxfwlrq/ uhod{dwlrq
skhqrphqd kdyh ehhq uhsruwhg lq vxshur{|jhqdwhg Od2FxRen+ ^53`/ dowkrxjk wklv
frpsrxqg frqwdlqv qr dpelydohqw fdwlrqv rxwvlgh wkh FxR2 od|hu1 Kj04534 zrxog
dsshdu wr eh d ixuwkhu vxfk h{dpsoh/ vlqfh [SV vwxglhv ^79` rq dq rswlpdoo| grshg
vdpsoh lqglfdwh wkdw wkh ydohqfh ri Kj lv 5.1 Ixuwkhu hylghqfh djdlqvw Kj fdwlrq
dpelydohqfh lq Kj0r{lghv lv jlyhq e| fkhplfdo dqdo|vlv rq d vhulhv ri Kj04545 vdpsohv
qhdu rswlpdo grslqj zklfk vkrz wkdw wkh dyhudjh Fx ydohqfh lqfuhdvhv zlwk r{|jhq
frqwhqw/ exw wkdw wkh ydohqfh ri Kj lv �{hg dw 5. ^7:`1 Wzr srvvleoh phfkdqlvpv iru
wkh revhuyhg zhdn uhod{dwlrq skhqrphqd lq Kj04534 duh= +4, wkh ghjuhh ri r{|jhq
rughulqj pd| gluhfwo| lq xhqfh krz wkh dydlodeoh kroh fduulhuv duh glvwulexwhg ehwzhhq
wkh FxR2 sodqhv dqg rwkhu vwuxfwxudo hohphqwv ^53`> +5, dpelydohqw Fx�n*2n fdwlrqv
rq Kj vlwhv pd| vzlwfk wkhlu ydohqfh dv r{|jhq ghihfwv uhduudqjh1 Lqghhg/ vwxglhv e|
Zdjqhu hw do1 ^59` vkrz wkdw wkhuh lv d vxevwlwxwlrqdo ghihfw lq Kj04534 lq wkh irup ri
d sduwldo vxevwlwxwlrq ri Fx lrqv rq wkh Kj vlwh> wkh vdph ryhugrshg Kj04534 vdpsoh
D xvhg lq wkh suhvhqw h{shulphqwv zdv irxqg wr frqwdlq d vxevwlwxwlrq ri � ;( ri Fx
rq wkh Kj vlwh ^5:` zklfk frxog frqfhlydeo| ohdg wr prghvw uhod{dwlrq h�hfwv ri wkh
rughu � ;( ri wkdw h{shfwhg iru ixoo vxevwlwxwlrq1 Lw lv lqwhuhvwlqj wr qrwh wkdw lq wkh
suhvhqw h{shulphqw rq ryhugrshg Kj04534 +vdpsoh D, wkh pdjqlwxgh ri wkh revhuyhg
uhod{dwlrq ghulydwlyh +E_AS*_� �oe,@% � 0316 N2JSd, lv rqo| � 43( ri wkdw iru \0456
^49` zlwk d vlplodu ydoxh ri AS1 D fulwlfdo whvw zrxog eh wr vwxg| qrq rswlpdoo| grshg
Kj04534 vdpsohv ghyrlg ri Fx vxevwlwxwlrq> li wkh vhfrqg vfhqdulr lv fruuhfw/ wkhuh
zrxog wkhq eh qr uhod{dwlrq lq AS1

716 Uhod{dwlrq Ehkdylru xqghu Kljk Suhvvxuh

Xvlqj wkh ydoxhv ri � EAc� � iru ryhugrshg Kj04534 +vdpsoh D, iurp wkh suhylrxv
vhfwlrq/ .�E� � lv fdofxodwhg xvlqj Ht1 6 dqg glvsod|hg lq Ilj1 91 Zh ljqruh dq|
fkdqjh lq � J zlwk suhvvxuh vlqfh lwv dqwlflsdwhg ghfuhdvh xqghu suhvvxuh lv yhu| vpdoo
^7;`1 Lq wklv �jxuh wkh ydoxh ri wkh suhvvxuh qhdu wkh dqqhdolqj whpshudwxuh A@c
udwkhu wkdq wkh ydoxh qhdu ASc lv xvhg vlqfh ehorz 583 N rqo| lqvljql�fdqw uhod{dwlrq
rffxuv1 Dvvxplqj wkdw/ dv irxqg suhylrxvo| iru \0456 ^64`/ .� lv d olqhdu ixqfwlrq ri
suhvvxuh/ zh rewdlq _.�*_� * +.447 	 83, phY2JSd +gdvkhg olqh lq Ilj1 9,1 Wr
rxu nqrzohgjh/ wkh rqo| rwkhu vxfk vwxg| rq d vxshufrqgxfwlqj r{lgh zdv rq vwurqjo|
xqghugrshg \Ed2Fx�RS�e� ^64` zkhuh zh irxqg _.�*_� * +.77 	 5, phY2JSd/
dssur{lpdwho| kdoi wkh suhvhqw ydoxh iru Kj045341

Wkh suhvvxuh ghshqghqfh ri uhod{dwlrq ehkdylru lv qrupdoo| dqdo|}hg lq whupv ri
dq dfwlydwlrq yroxph {T� zklfk fdq eh fdofxodwhg iurp wkh suhvvxuh ghshqghqfh ri
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wkh dfwlydwlrq hqhuj| ^7<`

{T� ' {Ts n{T6 ' ��

�
Y.�

Y�

�
c +7,

zkhuh {Ts lv wkh fkdqjh lq yroxph gxh wr wkh irupdwlrq ri d ydfdqf| ru lqwhuvwlwldo/
{T6 lv wkh yroxph fkdqjh gxh wr wkh pljudwlrq ri wkh gl�xvlqj dwrp/ dqg �� lv
Dyrjdgur*v qxpehu1 Li zh dvvxph wkdw wkh r{|jhq ghihfwv lqyroyhg lq wkh uhod{dwlrq
skhqrphqd duh douhdg| suhvhqw dqg qhhg qrw eh fuhdwhg/ wkhq{Ts @ 31 Dv glvfxvvhg
deryh/ wzr glvwlqfw w|shv ri r{|jhq ghihfw kdyh ehhq irxqg lq wkh KjR od|hu lq Kj0
4534 ^5:/ 57`/ zlwk d wudqvlwlrq iurp rqh w|sh wr wkh rwkhu qhdu wkh rswlpdo grslqj
frqfhqwudwlrq1 Wkh qrqolqhdulw| lq ASE� � vhhq lq Ilj1 5 qhdu 317 JSd iru wkh
ryhugrshg vdpsohv pd| vljqdo d wudqvlwlrq iurp wkh R6 wr R7 ghihfw w|sh1 Vlqfh
lq wkh suhvhqw h{shulphqwv wkh wlph ghshqghqfh ri wkh uhod{dwlrq ehkdylru zdv rqo|
vwxglhg iru suhvvxuhv ehorz 316 JSd/ zh dvvxph wkdw rqo| d vlqjoh r{|jhq ghihfw w|sh
lv uhvsrqvleoh iru wkh uhod{dwlrq/ vr wkdw {Ts ' f1 Iurp Ht1 +7, zh qrz hvwlpdwh
iurp wkh deryh ydoxh ri _.�*_� wkh produ dfwlydwlrq yroxph wr eh {T� � {T6 * .
+4413 	 71;, fp�2pro zklfk lv dssur{lpdwho| wzlfh wkh produ yroxph ri wkh gl�xvlqj
R23 lrq +81:; fp�2pro ^83`,1 Lq rxu uhfhqw vwxg| rq xqghugrshg \Ed2Fx�RS�e� dq
dfwlydwlrq yroxph ri . 715 fp�2pro ^64` zdv rewdlqhg1

D srvlwlyh pljudwlrq yroxph {T6 lpsolhv wkdw wkh odwwlfh lqfuhdvhv lq yroxph dv
d gl�xvlqj lrq sdvvhv ryhu d vdggoh srlqw lq prylqj iurp rqh vlwh wr dqrwkhu1 Lw
lv sk|vlfdoo| uhdvrqdeoh wkdw gl�xvlrq vorzv xqghu suhvvxuh +_.�*_� : 3, ehfdxvh
vtxhh}lqj wkh odwwlfh wrjhwkhu ohdyhv ohvv vsdfh wkurxjk zklfk wkh lqwhuvwlwldo dwrpv
fdq gl�xvh1 Lqghhg/ lq lrqlf frpsrxqgv ^84`/ vxfk dv wkh r{lgh vxshufrqgxfwruv/
d srvlwlyh dfwlydwlrq yroxph lv qrupdoo| revhuyhg1 Krzhyhu/ dq hqkdqfhphqw ri
wkh gl�xvlrq udwh xqghu suhvvxuh +qhjdwlyh dfwlydwlrq yroxph, pd| eh revhuyhg lq
frydohqwo| erqghg vxevwdqfhv/ vxfk dv dpruskrxv Vl ^85`1 Uhfhqwo|/ wkh dfwlydwlrq
yroxph iru erwk Kj04534 dqg \0456 kdv ehhq fdofxodwhg ^6;` xvlqj d kdug vskhuh
prgho wr hvwlpdwh wkh orfdo h{sdqvlrq lq wkh odwwlfh dv wkh r{|jhq ghihfw wudyhov dorqj
lwv gl�xvlrq sdwk1 Iru erwk v|vwhpv wkh phdvxuhg ydoxhv ri {T� duh xqghuhvwlpdwhg
e| d idfwru ri wzr wr wkuhh lq wklv prgho1

Lq vxppdu|/ wkh suhvhqw h{shulphqwv rq Kj04534 jlyh hylghqfh iru zhdn uhod{dwlrq
skhqrphqd lq wkh wudqvlwlrq whpshudwxuh iru erwk xqghu0 dqg ryhugrshg vdpsohv>
wkhvh uhod{dwlrq h�hfwv duh rssrvlwh lq vljq exw urxjko| htxdo lq pdjqlwxgh dqg
lqyroyh vlplodu dfwlydwlrq hqhujlhv1 Wklv uhvxow/ soxv wkh devhqfh ri uhod{dwlrq h�hfwv
lq AS iru rswlpdoo| grshg Kj04534 ^5`/ vxssruw wkh ylhz wkdw uhod{dwlrq skhqrphqd
lq xhqfh AS yld wkh wudqvihu ri fkdujh lq ru rxw ri wkh FxR2 sodqhv1 Wkh uhod{dwlrq
wlph dw dpelhqw suhvvxuh lv irxqg wr eh dssur{lpdwho| 7 k dw 598 N dqg lqfuhdvhv
vwurqjo| zlwk suhvvxuh1 Wklv suhvvxuh ghshqghqfh fdq eh h{suhvvhg lq whupv ri dq
dfwlydwlrq yroxph htxdo wr . 4413 fp�2pro1 Dq dqrpdorxv qrqolqhdulw| lq ASE� �
lv revhuyhg iru wkh ryhugrshg vdpsohv qhdu 317 JSd zklfk pd| lqglfdwh d wudqvlwlrq
iurp rqh r{|jhq ghihfw w|sh wr dqrwkhu1
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Dfnqrzohgjphqwv

Wkh zrun dw Zdvklqjwrq Xqlyhuvlw| +VV dqg MVV, lv vxssruwhg e| wkh Qdwlrqdo
Vflhqfh Irxqgdwlrq xqghu judqw GPU <;036;531 Sduw ri wklv zrun vxssruwhg e|
wkh QVI R!fh ri Vflhqfh dqg Whfkqrorj| Fhqwhuv/ judqw Qr1 GPU <4053333 +RF
dqg EG, dqg XV Ghsduwphqw ri Hqhuj|/ Edvlf Hqhuj| Vflhqfhv 0 Pdwhuldo Vflhqfhv/
frqwudfw Qr1 Z064043<0HQJ06; +MGM dqg GJK,1 Xvhixo glvfxvvlrqv zlwk D10N1
Nohkh duh dfnqrzohgjhg1

Uhihuhqfhv
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^7` O1 Jdr/ \1 \1 [xh/ I1 Fkhq/ T1 [lrqj/ U1 O1 Phqj/ G1 Udpluh}/ F1 Z1 Fkx/ M1
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^;` D10N1 Nohkh/ M1V1 Vfkloolqj/ M1O1 Zdjqhu/ G1J1 Klqnv/ Sk|vlfd F 556/ 646 +4<<7,1

^<` K1 Wdndkdvkl dqg Q1 P÷ul lq= Vwxglhv ri Kljk Whpshudwxuh Vxshufrqgxfwruv/ Yro1
4924:/ hg1 D1 Y1 Qduolndu +Qryd Vflhqfh Sxeolvkhuv/ Lqf1/ Q1\1/ 4<<8,1

^43` \1 Fdr/ T1 [lrqj/ \1 \1 [xh/ dqg F1 Z1 Fkx/ Sk|v1 Uhy1 E 85/ 9;87 +4<<8,1

^44` [1G1 Tlx/ T1 [lrqj/ O1 Jdr/ \1 Fdr/ \1\1 [xh/ dqg F1Z1 Fkx/ Sk|vlfd F
5;505;:/ ;;8 +4<<:,1

^45` O1 Mdqvhq dqg U1 Eorfn/ Sk|vlfd D 563/ 79: +4<<9,1

^46` U1 Vlhexujhu dqg M1 V1 Vfkloolqj/ Sk|vlfd F 4:6/ 756 +4<<4,1
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^47` 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

^48` Z1 K1 Ilhw}/ M1 Phw}jhu/ W1 Zhehu/ N1 Juxeh/ dqg K1 D1 Oxgzlj/ DLS Frqi1
Surf1 63</ :36 +4<<6,1

^49` 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

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

^4;` Y1 G|dnrqry/ L1P1 Ilw}/ Q1D1 Grurvkhqnr/ P1 Edudq/ K1 V}|pf}dn/ MHWS Ohww1
96/ ;58 +4<<9,1

^4<` P1 Edudq/ Y1 G|dnrqry/ L1 Ilw}/ O1 Jodgf}xn/ D1 Zlvqlhzvnl/ K1 V}|pf}dn/
Sk|vlfd F 59:/ 646 +4<<9,1

^53` M1H1 Vfkluehu/ Z1U1 Ed|ohvv/ I1F1 Fkrx/ G1F1 Mrkqvwrq/ S1F1 Fdq�hog/ ]1 Ilvn/
Sk|v1 Uhy1 E 7;/ 9839 +4<<6,1

^54` M1H1 Vfkluehu/ E1 Prurvlq/ H1O1 Yhqwxulql/ Z1U1 Ed|ohvv/ Sk|vlfd F 578/ 5:3
+4<<8,1

^55` 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

^56` F1 Orrqh|/ M1 V1 Vfkloolqj/ V1 Gr|oh/ dqg D1 P1 Khupdqq/ Sk|vlfd F 5;</ 536
+4<<:,1

^57` 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

^58` U1 Jdww/ M1V1 Rovhq/ O1 Jhuzdug/ L1 Eu|qwvh/ D1 Nduhlyd/ L1 Sdqdv/ O1J1 Mrkdqv0
vrq/ Sk|v1 Uhy1 E 8:/ 46<55 +4<<;,1

^59` M1 O1 Zdjqhu/ S1 J1 Udgdhool/ G1 J1 Klqnv/ M1 G1 Mrujhqvhq/ M1 I1 Plwfkhoo/ E1
Gdeurzvnl/ J1 V1 Nqdss/ dqg P1 D1 Ehqr/ Sk|vlfd F 543/ 77: +4<<6,1

^5:` R1 Fkpdlvvhp/ M1G1 Mrujhqvhq/ G1J1 Klqnv/ M1O1 Zdjqhu/ E1 Gdeurzvnl/ dqg
M1I1 Plwfkhoo/ Sk|vlfd E 5740576/ ;38 +4<<;,1

^5;` L1 O1 Vsdlq dqg V1 Vhjdoo/ Fu|rjhqlfv 44/ 59 +4<:4,1

^5<` 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
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^63` Iru wklv hvwlpdwh wkh {0ud| ghqvlw| 4 @: j2fp� lv xvhg> wkh dfwxdo ghqvlw| ri wkh
sro|fu|vwdoolqh vdpsoh lv urxjko| 93( ri wkh [0ud| ghqvlw|1

^64` V1 Vdghzdvvhu/ \1 Zdqj/ M1 V1 Vfkloolqj/ K1 ]khqj/ D1 S1 Sdxolndv/ dqg E1 Z1
Yhdo/ Sk|v1 Uhy1 E 89/ 4749; +4<<:,1

^65` U1 J1 Sdophu/ G1 O1 Vwhlq/ H1 Deudkdpv/ dqg S1 Z1 Dqghuvrq/ Sk|v1 Uhy1 Ohww1
86/ <8; +4<;7,1

^66` G1 Uhg�hog/ Pdw1 Uhv1 Vrf1 V|ps1 Surf1 58;/ 674 +4<<5,1

^67` D ghwdlohg dqdo|vlv ri wkh rswlpdo ydoxh ri kc dv fduulhg rxw iru \0456 ^64` lv qrw
srvvleoh khuh ehfdxvh ri wkh vpdoo vkliwv lq A

S
1 Qhyhuwkhohvv/ k @ 319 frqvlvwhqwo|

jlyhv wkh ehvw �wv iru Kj045341

^68` J1E1 Shdfrfn/ D1 Iohwfkhu/ L1 Jdphvrq/ dqg S1S1 Hgzdugv/ Sk|vlfd F 634/ 4
+4<<;,1

^69` Y1J1 Wlvvhq/ \1 Zdqj/ D1 Sdxolndv/ E1Z1 Yhdo/ dqg M1V1 Vfkloolqj/ Sk|vlfd F
+4<<<,1

^6:` V1 Vdghzdvvhu/ M1V1 Vfkloolqj/ D1 Sdxolndv/ dqg E1Z1 Yhdo +xqsxeolvkhg,1

^6;` V1 Vdghzdvvhu/ Sk1G1 Wkhvlv/ Zdvklqjwrq Xqlyhuvlw| +4<<<,1

^6<` I1 Fkhq/ O1 Jdr/ U1O1 Phqj/ \1\1 [xh/ dqg F1Z1 Fkx/ M1 Dsso1 Sk|v1 :9/ 9<74
+4<<7,1

^73` D1P1 Edodjxury/ G1Y1 Vkhsw|dnry/ Y1O1 Dnvhqry/ H1Y1 Dqwlsry/ V1Q1 Sxwlolq/
S1J1 Udgdhool/ P1 Pduh}lr/ Sk|v1 Uhy1 E 8</ :53< +4<<<,1

^74` V1 M1 Urwkpdq/ M1 O1 Urxweduw/ dqg M1 H1 Ednhu/ Sk|v1 Uhy1 E 73 +4<;<, ;;85>
M1O1 Urxweruw dqg V1M1 Urwkpdq/ M1 Dsso1 Sk|v1 :9/ 8948 +4<<7,1

^75` P1 V1 Lvodp dqg O1 M1 Zlqfk/ Sk|v1 Uhy1 E 85/ 43843 +4<<8,1

^76` K1 Wdndkdvkl/ D10N1 Nohkh/ F1 Orrqh|/ M1V1 Vfkloolqj/ Q1 P÷ul/ \1 Vklpdndzd/
\1 Nxer dqg W1 Pdqdnr/ Sk|vlfd F 54:/ 496 +4<<6,1

^77` E1 Z1 Yhdo dqg D1 S1 Sdxolndv/ Sk|vlfd F 4;7/ 654 +4<<4,1

^78` \1 Vklpdndzd/ M1 G1 Mrujhqvhq/ E1 D1 Kxqwhu/ K1 Vkdnhg/ U1 O1 Klwwhupdq/ \1
Nxer/ W1 Nrqgr/ W1 Pdqdnr/ K1 Wdndkdvkl/ dqg Q1 P÷ul/ Sk|vlfd F 586/ :4
+4<<8,1

^79` K10G1 Nlp/ V10M1 Rk/ L10V1 \dqj/ Q1 K1 Kxu/ Sk|vlfd F 586/ 684 +4<<8,1

^7:` W1 Wvxfkl|d dqg N1 Ixhnl/ Sk|vlfd F 5;;/ 7: +4<<:,1
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^7;` Lq d vlpsoh Ju qhlvhq prgho/ _ *? �J*_� * VE_ *? �J*_ *?T � � �V� � 05(2JSd/
zkhuh V � 4(2JSd lv wkh frpsuhvvlelolw| dqg � � 5 lv wkh Ju qhlvhq frqvwdqw1
Wklv fkdqjh lq �

J
lv qhjoljleoh frpsduhg wr wkh phdvxuhg fkdqjh lq � E� � lwvhoi/

zkhuh _ *? �*_� * .833(2JSd1

^7<` J1 Z1 Wlfkhoddu dqg G1 Od}duxv/ Sk|v1 Uhy1 446/ 76; +4<8<,1

^83` Kdqgerrn ri Fkhplvwu| dqg Sk|vlfv/ :4vw Hglwlrq/ hglwhg e| G1U1 Olgh +FUF
Suhvv/ Ervwrq/ 4<<3, s1 45041

^84` 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

^85` V1 G1 Wkhlvv/ I1 Vsdhshq/ dqg P1 M1 D}l}/ Dsso1 Sk|v1 Ohww1 9;/ 4559 +4<<9,1
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Ilj1 41 Uhdo sduw ri wkh df0vxvfhswlelolw| yhuvxv whpshudwxuh iru ryhugrshg
Kj04534 +vdpsoh D, dw dpelhqw suhvvxuh1 Gdwd srlqwv ehfrph yhu| ghqvh deryh 73
N1 Vrolg olqh lv jxlgh wr wkh h|h1 Wkh lqvhw vkrzv d eorz0xs ri wkh gdwd qhdu wkh

vxshufrqgxfwlqj rqvhw whpshudwxuh AS1
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Ilj1 5d1 Ghshqghqfh ri AS rq k|gurvwdwlf suhvvxuh iru ryhugrshg Kj04534 +vdpsoh
D, zlwk A

S
E4 edu, * 7:1; N1 Rshq flufohv +r, lqglfdwh suhvvxuh zdv vxffhvvlyho|

lqfuhdvhg dw 5<; N1 Forvhg v|perov lqglfdwh suhvvxuh zdv vxffhvvlyho| ghfuhdvhg
hlwkhu dw 5<; N +�, ru dw whpshudwxuhv 	 88 N +
,1 Vhh wh{w iru ixoo ghwdlov1 Vrolg

olqhv duh jxlghv wr wkh h|h1
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Ilj1 5e1 Ghshqghqfh ri AS rq k|gurvwdwlf suhvvxuh iru ryhugrshg Kj04534 +vdpsoh
E, zlwk A

S
E4 edu, * 7313 N1 Rshq v|perov +r/ 7, lqglfdwh suhvvxuh zdv vxffhvvlyho|

lqfuhdvhg dw 5<; N1 Forvhg v|perov lqglfdwh suhvvxuh zdv vxffhvvlyho| ghfuhdvhg dw
whpshudwxuhv ehorz 98 N +�c Q,1 Qxpehuv rq +r/ �, jlyh rughu ri phdvxuhphqw lq

�uvw h{shulphqw1 Vhh wh{w iru ixoo ghwdlov1 Vrolg olqhv duh jxlghv wr wkh h|h1
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Ilj1 61 Ghshqghqfh ri AS rq dqqhdolqj whpshudwxuh W@ lq ryhugrshg Kj04534
+vdpsoh D, iroorzlqj wkh dssolfdwlrq ri suhvvxuh dw 5<; N dqg lwv uhprydo dw 83 N1
Uhod{dwlrq h�hfwv duh rqo| revhuyhg iru whpshudwxuhv deryh 533 N1 Qxpehuv jlyh

rughu ri phdvxuhphqw1 Gdvkhg dqg vrolg olqhv duh jxlghv wr wkh h|h1
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Ilj1 71 Uhod{dwlrq gdwd rq ryhugrshg Kj04534 +vdpsoh D, dw wkuhh gl�huhqw
suhvvxuhv1 Wkh vrolg olqhv jlyh �wv xvlqj Ht1 +4, zlwk jlyhq ydoxhv ri � 1 Qxpehuv

jlyh rughu ri phdvxuhphqw1 Vhh wh{w iru ghwdlov1
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Ilj1 81 Ghshqghqfh ri AS rq suhvvxuh lq xqghugrshg Kj04534 zkhuh 31: JSd
suhvvxuh lv dssolhg dw 5<; N exw uhohdvhg dw whpshudwxuhv ehorz <3 N1 Qxpehuv jlyh
rughu ri phdvxuhphqw1 Gdvkhg dqg vrolg olqhv duh jxlghv wr wkh h|h1 Vhh wh{w iru

ghwdlov1
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Ilj1 91 Dfwlydwlrq hqhuj| yhuvxv suhvvxuh iru ryhugrshg Kj04534 +vdpsoh D,1
Gdvkhg olqh jlyhv ehvw olqhdu �w wr gdwd1
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