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Ghfhpehu 45/ 5333

Devwudfw

Wkh ghshqghqfh ri wkh Fxulh whpshudwxuh rq k|gurvwdwlf suhvvxuh kdv ehhq
ghwhuplqhg wr 54 nedu iru wkh ihuurpdjqhwlf prohfxodu pdjqhw ^Pq+RF�eK2b,e^WFQH`/
zkhuh PqLLL0lrqv duh vlwxdwhg lq ihuulpdjqhwlf srusk|ulq fkdlqv vhsdudwhg e|
6415 È1 Lq wkh suhvhqw h{shulphqwv erwk Kh0jdv dqg slvwrq0f|olqghu suhvvxuh
v|vwhpv duh xvhg wr 9 nedu dqg 54 nedu/ uhvshfwlyho|1 Iroorzlqj dq lqlwldo udslg
ghfuhdvh ri wkh Fxulh whpshudwxuh WS zlwk dssolhg suhvvxuh iurp 53 N wr 48 N
dw 418 nedu/ WS deuxswo| ehjlqv wr lqfuhdvh zlwk suhvvxuh dw dq htxdoo| udslg
udwh/ xowlpdwho| uhdfklqj qhduo| 6: N dw 54 nedu1 Wkh fkdqjh lq wkh vljq lq
gWS@gS dw 418 nedu lv olnho| wkh uhvxow ri d skdvh wudqvlwlrq lq wkh vslq dqg2ru
odwwlfh v|vwhp1 Wkh srvvleoh uroh ri glsrodu lqwhudfwlrqv lq ghwhuplqlqj wkh
pdjqhwlf vwdwh lq d v|vwhp ri sdudooho ihuulpdjqhwlf fkdlqv lv glvfxvvhg1

�Fruuhvsrqglqj dxwkru= M1V1 Vfkloolqj ?vfklooCzxsk|v1zxvwo1hgxA
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SDFV= :81581.}/ :81831Gg/ :81731Je/ 951831.s
Nh|zrugv= prohfxodu pdjqhwlvp/ ihuurpdjqhwlvp/ glsrodu lqwhudfwlrqv/ df vxv0
fhswlelolw|/ kljk suhvvxuh
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4 Lqwurgxfwlrq
Srusk|ulq0edvhg prohfxodu pdjqhwv ^Pq+U,eWSS`^WFQH` � vroyhqw duh lqwhuhvwlqj
pdwhuldov zklfk fdq vkrz oltxlg fu|vwdoolqh dv zhoo dv ihuurpdjqhwlf surshuwlhv ^4`1
Wkhlu prohfxodu vwuxfwxuh frqvlvwv ri srusk|ulq glvfv PqWSS +WWS @ whwudskhq|o0
srusk|ulq, frqwdlqlqj PqLLL0lrqv dqg vxevwlwxhqwv U dw wkh shulskhulhv/ dv vhhq lq Ilj1
41 Wkhvh glvfv duh frxsohg lqwr orqj fkdlqv e| wkh prohfxodu WFQH +whwudf|dqrhwk|0
ohqh, eulgjh orfdwhg ehwzhhq wzr Pq lrqv1 Wkh pdjqhwlf prphqw ri wkh PqLLL0lrq/
fruuhvsrqglqj wr wkh vslq ydoxh V @ 5/ lv vwurqjo| dqwlihuurpdjqhwlfdoo| frxsohg zlwk
wkh ghorfdol}hg vslq v @ �

2
ri wkh WFQH dqlrq udglfdo/ |lhoglqj d ihuulpdjqhwlf fkdlq1

Wkh vslq ghqvlw| ri WFQH zdv vwxglhg e| srodul}hg qhxwurq gl�udfwlrq e| ]khoxghy
hw do1 ^5`1 Wkh vxevwdqfhv ri wklv idplo| vkrz d ulfk ydulhw| ri pdjqhwlf ehkdylru
zkhq gl�huhqw rujdqlf vxevwlwxhqwv U dqg ydulrxv vroyhqwv duh xvhg1 Wkh vxevwlwxhqwv
fdq fkdqjh wkh pdjqhwlf lqwhufkdlq lqwhudfwlrqv> wkh vroyhqw prohfxohv/ zklfk lqwhu0
fdodwh ehwzhhq fkdlqv/ fdq vwdelol}h gl�huhqw fu|vwdo vwuxfwxuhv +l1h1 gl�huhqw sdfnlqj
ri fkdlqv,1 Wr gdwh rqo| d ihz vxevwdqfhv kdyh ehhq vwuxfwxudoo| fkdudfwhul}hg +iru
U @ K ru Fo, ^6`1

Wkh pdjqhwlf surshuwlhv ri ^Pq+U,eWSS`^WFQH` � vroyhqw zlwk U @ RF�2K2D/
I/ FQ kdyh ehhq h{whqvlyho| vwxglhg e| Ed­dqgd hw do1 ^7` e| phdqv ri gf dqg
df pdjqhwlf vxvfhswlelolw| whfkqltxhv1 Wkh surplqhqw df vxvfhswlelolw| pd{lpxp
revhuyhg dw whpshudwxuhv qhdu 53 N zdv lqwhusuhwhg dv vljqdolqj wkh wudqvlwlrq wr d
pdjqhwlfdoo| rughuhg vwdwh1 Dq dowhuqdwh lqwhusuhwdwlrq/ zkhuhe| wkh vxvfhswlelolw|
pd{lpxp frphv iurp uhod{dwlrq h�hfwv lq d qdqrsduwlfoh v|vwhp ^8`/ vhhpv xqolnho|
vlqfh hohfwurq plfurvfrsh WHP dqg VHP vwxglhv vkrz wkdw wkh gldphwhuv ri w|slfdo
sduwlfohv duh txlwh odujh +� 4 >p, dqg [0ud| gl�udfwlrq sdwwhuqv vkrz vkdus uh h{hv
^9`1

Dq lpsruwdqw rxwvwdqglqj sureohp lq wkhvh txdvl rqh0glphqvlrqdo prohfxodu pdj0
qhwv lv wkh qdwxuh ri wkh pdjqhwlf lqwhudfwlrqv ehwzhhq fkdlqv1 Wkhuh lv qr fkhplfdo
erqg ehwzhhq wkh fkdlqv dqg wkh lqwhufkdlq glvwdqfhv _ duh yhu| odujh +iru U @ K ru
Fo/ _ � 43 0 4:18 È ^6`/ hyhq uhdfklqj 631; È iru U @ RF�2K2D ^7`,1 Lw lv qdwxudo wr
vxvshfw/ wkhuhiruh/ wkdw orqj0udqjh glsrodu lqwhudfwlrqv pljkw eh uhvsrqvleoh iru wkh
lqwhufkdlq frxsolqj1 Lw fdq eh vkrzq xvlqj wkh irupxod

AS ' 27E7 n ��
t
ea�?|o@a�?|eo +4,

iurp Uhi1 ^:` wkdw zhdn lqwhufkdlq lqwhudfwlrqv a�?|eo lq wkh suhvhqfh ri vwurqj lqwud0
fkdlq frxsolqj a�?|o@ fdq jlyh ulvh wr d �qlwh fulwlfdo whpshudwxuh AS1 Z|qq hw do1^;`
vxjjhvwhg wkdw iru wkh dsshdudqfh ri ihuurpdjqhwlvp lq wklv fodvv ri pdwhuldov d vslq
fdqwlqj lv qhfhvvdu|> vxfk fdqwlqj pljkw uhvxow iurp orfdo fkdqjhv lq wkh dqlvrwurs|
d{hv fdxvhg e| vroyhqw prohfxohv1

Guloorq dqg Sdqlvvrg ^<` frqvlghuhg od|huhg +wzr0glphqvlrqdo, vxevwdqfhv lq zklfk
ihuurpdjqhwlf sodqhv zlwk dqlvrwurs| d{hv shushqglfxodu wr wkh sodqhv duh frxsohg
wkurxjk glsrodu lqwhudfwlrqv1 Wkh| vkrzhg wkdw vsrqwdqhrxv pdjqhwl}dwlrq fdq
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dsshdu ehorz AS � 53 N dqg wkdw AS ghshqghg rqo| yhu| zhdno| rq wkh glvwdqfh
ehwzhhq sodqhv1 Lq txdvl rqh0glphqvlrqdo v|vwhpv/ krzhyhu/ wkh frqglwlrqv iru wkh
dsshdudqfh ri ihuurpdjqhwlvp ruljlqdwlqj iurp glsrodu lqwhufkdlq lqwhudfwlrqv duh ohvv
reylrxv1

Wr ixuwkhu rxu xqghuvwdqglqj ri wkh qdwxuh ri wkh pdjqhwlf lqwhufkdlq lqwhudf0
wlrqv lq wkhvh prohfxodu pdjqhw v|vwhpv/ lw zrxog eh xvhixo wr dsso| kljk k|gurvwdwlf
suhvvxuh wr wkh vdpsoh1 Ehfdxvh wkhuh lv qr fkhplfdo erqg ehwzhhq fkdlqv/ wkh frp0
suhvvlelolw| lq gluhfwlrqv shushqglfxodu wr wkh fkdlqv zrxog eh h{shfwhg wr eh pxfk
odujhu wkdq dorqj wkh fkdlqv1 Wkh suhvvxuh ghshqghqfh ri AS pljkw wkxv eh h{shfwhg
wr ghshqg pdlqo| rq fkdqjhv lq wkh glvwdqfh ehwzhhq fkdlqv _1 Li glsrodu lqwhudfwlrqv
ehwzhhq fkdlqv zhuh wkh vroh lqwhufkdlq lqwhudfwlrq ghwhuplqlqj wkh pdjqhwlf rughulqj
whpshudwxuh/ wkhq iurp Ht1 +4, rqh zrxog h{shfw AS wr lqfuhdvh zlwk dssolhg suhvvxuh
dffruglqj wr AS 2 _3�*2� Lq wkh suhvhqw zrun zh kdyh ghwhuplqhg ASE� � wr 54 nedu
iru wkh srusk|ulq0edvhg prohfxodu ihuurpdjqhw zlwk U @ RF�eK2b e| phdvxulqj wkh
df pdjqhwlf vxvfhswlelolw| xqghu k|gurvwdwlf kljk0suhvvxuh frqglwlrqv1

5 H{shulphqw
Phwdo0iuhh srusk|ulq zdv v|qwkhvl}hg dffruglqj wr Dgohu hw do1 ^43`> wkh phwdool}d0
wlrq dqg eulgjlqj uhdfwlrqv duh ghvfulehg e| Mrqhv hw do1 ^44` dqg Vxpphuylooh hw do1
^45`1 Zh wkhq glvvroyhg 314 pro sdud0whwudghf|or{|ehq}doghk|gh lq 633 po erlolqj
surslrqlf dflg dqg vorzo| dgghg 314 pro s|uuro wr wklv pl{wxuh1 Diwhu uh x{lqj wkh
vroxwlrq iru rqh krxu/ wkh suhflslwdwhg ylrohw surgxfw zdv �owhuhg dqg zdvkhg zlwk
dfhwrqh dqg zdwhu1 Wkh uhdfwlrq |lhoghg 31338 pro +54 (, ri wkh fuxgh whwud0+sdud0
whwudghf|or{|skhq|o,0srusk|ulq1 Diwhu gu|lqj/ wkh srusk|ulq lv glvvroyhg lq 633 po
krw GPI zkhuhxsrq 3138 pro pdqjdqhvh+LL,dfhwdwh whwud k|gudwh lv dgghg wr wkh
pl{wxuh1 Diwhu uh x{lqj iru rqh krxu/ wkh suhflslwdwlqj juhhq surgxfw lv �owhuhg/
zdvkhg zlwk zdwhu/ gulhg lq dlu/ dqg glvvroyhg lq 483 po ri krw phwkdqro1 Wkh
vdph yroxph ri kdoi0frqfhqwudwhg k|gurfkorulf dflg lv dgghg wr wklv vroxwlrq dqg wkh
suhflslwdwlqj juhhq surgxfw lv �owhuhg/ zdvkhg zlwk zdwhu/ dqg gulhg lq dlu1 Wkh uhdf0
wlrq |lhoghg ;; ( ri pdqjdqhvh+LLL,0whwud0+sdud0whwudghf|or{|skhq|o,0srusk|ulqdwr0
fkorulgh1

Wkh eulgjlqj uhdfwlrq zlwk whwudf|dqrhwk|ohqh +WFQH, lv grqh lq Vfkohqn0w|sh
jodvvzduh xqghu dq dujrq dwprvskhuh1 318 ppro ri wkh juhhq pdqjdqhvh+LLL,fkorulgh
duh glvvroyhg lq 53 po phwkdqro dqg 53 po s|ulglqh1 43 ppro vrglxp erurqk|gulgh lv
wkhq dgghg dqg wkh vwluuhg pl{wxuh lv uh x{hg iru rqh krxu1 Diwhu wklv surfhgxuh wkh
sxusoh surgxfw lv �owhuhg/ zdvkhg zlwk phwkdqro/ dqg gulhg lq ydfxxp1 D vroxwlrq ri
418 ppro WFQH lq 48 po wroxhqh lv wkhq dgghg wr wkh frpsrxqg1 Diwhu vwluulqj wkh
pl{wxuh iru rqh krxu dw urrp whpshudwxuh/ wkh suhflslwdwlqj gdun juhhq surgxfw lv
�owhuhg/ zdvkhg zlwk wroxhqh/ dqg gulhg lq ydfxxp iru vhyhudo krxuv1 Wkh ryhudoo |lhog
iru wkh eulgjlqj uhdfwlrq lv ;5 (1 Wkh vxffhvv ri wkh eulgjlqj uhdfwlrq zlwk WFQH lv
suryhg yld wkh w|slfdo vkliw ri wkh D�� zdjjlqj edqgv lq wkh LU vshfwurvfrs| +D�� +4,
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@ 54<; fp3�/ D��+5, @ 5477 fp3�,1 Wkh hohphqwdo dqdo|vlv jlyhv vdwlvi|lqj uhvxowv
zlwk rqh prohfxoh ri phwkdqro uhvlglqj lq wkh vwuxfwxuh +FS@,= :918; Fe%R= :9196/ KS@,=
;1:4 Ki T= ;1:3/ QS@,= 919; Qe%R= 9193,1

Ehfdxvh ri wkh kljk  h{lelolw| ri wkh orqj donr{| fkdlqv/ zh kdyh qrw |hw ehhq
deoh wr jurz vlqjoh fu|vwdov dqg ghwhuplqh wkh ghwdlohg dwrplf srvlwlrqv iru wklv
frpsoh{1 Krzhyhu/ srzghu [0ud| gl�udfwlrq phdvxuhphqwv dw whpshudwxuhv deryh
� 443�F srlqw wr dq kh{djrqdo froxpqdu oltxlg fu|vwdoolqh skdvh zlwk lqwhufkdlq
glvwdqfh 6415 È^46`1 Lq wklv whpshudwxuh uhjlrq wkh whwudjrqdo srusk|ulq prohfxohv
urwdwh iuhho|1 Dv wkh whpshudwxuh ghfuhdvhv ehorz 443�F/ wklv urwdwlrq vwrsv dqg
wkh odwwlfh v|pphwu| zrxog eh h{shfwhg wr ghfuhdvh wr �w wkh uhgxfhg v|pphwu| ri
wkh srusk|ulq prohfxoh1 [0ud| gl�udfwlrq h{shulphqwv dw urrp whpshudwxuh vkrz
dq dv|pphwulfdo eurdghqlqj ri wkh uhohydqw shdnv> wkh gl�udfwlrq sdwwhuq uhyhdohg
qr uh h{hv fkdudfwhulvwlf iru w|slfdo Pq lpsxulw| skdvhv1 Wkh krprjhqhlw| ri wkh
vxevwdqfh zdv frq�uphg e| VHP dqg WHP vwxglhv1 [0edqg HSU vshfwud vkrzhg
rqo| d vlqjoh shdn dwwulexwhg wr wkh WFQH udglfdo dqlrq ^9`1

GF pdjqhwlf vxvfhswlelolw| phdvxuhphqwv zhuh shuiruphg xvlqj d Idudgd| edo0
dqfh1 Iurp d �w ri wkh whpshudwxuh ghshqghqfh ri wkh vxvfhswlelolw| wr wkh irupxod
jlyhq e| Guloorq hw do1 ^47`/ wkh h{fkdqjh frxsolqj frqvwdqw zdv ghwhuplqhg wr eh
a�?|o@ � 04351; fp3� ^9`1

Wkh Kh0jdv frpsuhvvru v|vwhp +Kduzrrg, xvhg lq wkhvh h{shulphqwv lv fdsdeoh ri
jhqhudwlqj k|gurvwdwlf suhvvxuhv wr 47 nedu> wkh suhvvxuh lv ghwhuplqhg e| d fdoleudwhg
pdqjdqlq jdxjh lq wkh frpsuhvvru v|vwhp dw dpelhqw whpshudwxuh1 Wkh FxEh
suhvvxuh fhoo +Xqlsuhvv,/ zklfk lv frqqhfwhg wr wkh frpsuhvvru v|vwhp e| d 6 pp
R1G1 � 316 pp L1G1 FxEh fdsloodu| wxeh/ lv lqvhuwhg lqwr d wzr0vwdjh forvhg0f|foh
uhiuljhudwru +Oh|erog, rshudwlqj lq wkh whpshudwxuh udqjh 5 0 653 N1 Wkh suhvvxuh
lq wkh fhoo fdq eh fkdqjhg dw dq| whpshudwxuh deryh wkh phowlqj fxuyh ri wkh Kh
suhvvxuh phglxp +h1j1 � 83 N dw ; nedu,1 Lq wkh suhvhqw h{shulphqwv wkh suhvvxuh
zdv rqo| fkdqjhg dw dpelhqw whpshudwxuh1

Wkh Fxulh whpshudwxuh ri wkh � 5 pj srzghu vdpsoh ri Pq0RF�e0WFQH lq wkh
kljk suhvvxuh hqylurqphqw zdv ghwhfwhg 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 lq wkh Kh0jdv frpsuhvvru v|vwhp d pdjqhwlf �hog
ri 4146 Rh +upv, dw 83: K} lv dssolhg1 Ixuwkhu ghwdlov ri wkh Kh0jdv h{shulphqwdo
vhwxs duh jlyhq hovhzkhuh ^48`1

Kljk0suhvvxuh vwxglhv zhuh dovr fduulhg rxw xwlol}lqj d FxEh slvwrq0f|olqghu suhv0
vxuh fodps1 Wkh vdpsoh +� 63 pj, zdv ordghg lqwr d 8 pp L1G1 wh rq fdsvxoh zlwk
d 4=4 pl{wxuh ri q0shqwdqh dqg lvrdp|o dofrkro dv suhvvxuh  xlg1 Wkh wh rq fdsvxoh
zdv wkhq sodfhg lqvlgh d kdughqhg FxEh f|olqghu zlwk FxEh dqwl0h{wuxvlrq glvnv dw
erwk hqgv ri wkh fdsvxoh1 Wxqjvwhq fduelgh slvwrqv zhuh xvhg wr wudqvplw wkh suhvv
irufh wr wkh f|olqghu dqg wkh irufh lv wkhq uhwdlqhg e| orfnlqj wkh suhvvxuh fodps1
Wkh df vxvfhswlelolw| frlov duh orfdwhg durxqg wkh rxwvlgh ri wkh suhvvxuh f|olqghu gl0
uhfwo| ryhu wkh vdpsoh1 Dgglwlrqdo ghwdlov ri wkh slvwrq0f|olqghu vhoi0fodps whfkqltxh
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fdq eh irxqg lq Uhi1 ^49`1

6 Uhvxowv ri H{shulphqw dqg Glvfxvvlrq
Wkh whpshudwxuh AS dw zklfk wkh ihuurpdjqhwlf wudqvlwlrq rffxuv fdq eh uhdglo| gh0
whuplqhg e| phdvxulqj wkh df vxvfhswleolw| �1 Dv vhhq lq Ilj1 5/ wkh uhdo sduw
ri wkh df vxvfhswlelolw| � ri Pq0RF�e0WFQH dw dpelhqw suhvvxuh sdvvhv wkurxjk d
zhoo0gh�qhg pd{lpxp dw AS * 53 N zklfk zh xvh khuh dv d phdvxuh ri wkh Fxulh
whpshudwxuh> wkh pd{lpxp lq wkh lpdjlqdu| sduw ri wkh vxvfhswlelolw| rffxuv dw d
voljkwo| orzhu whpshudwxuh ^4:`1 Wkh gdwd vkrzq zhuh wdnhq dw 4146 Rh h{flwdwlrq
�hog> orzhulqj wkh �hog wr 3144 Rh uhvxowv lq qr phdvxudeoh fkdqjh lq �EA �1

Wkh ghshqghqfh ri wkh uhdo sduw ri wkh df vxvfhswlelolw| rq whpshudwxuh �EA �
dw ydulrxv dssolhg suhvvxuhv lv vkrzq lq Ilj1 61 Lw lv vhhq wkdw AS ghfuhdvhv iurp
53 N wr qhduo| 4: N dw 31: nedu suhvvxuh dw wkh udwh _AS*_� * 061: N2nedu/ zlwk
�4@ dovr ghfuhdvlqj1 Dv wkh suhvvxuh lv ixuwkhu lqfuhdvhg wr 51:/ 616/ 714/ 815 dqg
913 nedu/ krzhyhu/ erwk AS dqg �4@ duh revhuyhg wr lqfuhdvh udslgo| +_AS*_� *
.617 N2nedu,1 Wkh uhvxowv ri wkh frpsohwh vhw ri h{shulphqwdo gdwd iru ASE� � dqg
�4@ E� � wr 9 nedu duh vkrzq lq Iljv1 7+d, dqg 7+e,/ uhvshfwlyho|/ iru erwk lqfuhdvlqj
dqg ghfuhdvlqj suhvvxuh> erwk ghshqghqfhv duh vhhq wr eh uhyhuvleoh lq suhvvxuh1 Wkh
fulwlfdo suhvvxuh vhsdudwlqj qhjdwlyh dqg srvlwlyh suhvvxuh ghshqghqfhv iru ASE� � dqg
�4@ E� � lv �S � 418 nedu1

Xqiruwxqdwho|/ wkh phowlqj fxuyh iru wkh eKh suhvvxuh phglxp olhv qhdu 4; N dw
418 nedu/ wkh vdph whpshudwxuh dv wkh ihuurpdjqhwlf wudqvlwlrq dw wklv suhvvxuh1 Wklv
phdqv wkdw dw 4; N wkh vdpsoh lv lq  xlg eKh iru � 	 418 nedu/ exw lq vrolg eKh iru
� : 418 nedu1 Wkh txhvwlrq wkxv dulvhv zkhwkhu wkh deuxsw fkdqjh lq vorsh _AS*_�
dw 418 nedu lv dq lqwulqvlf surshuw| ri wkh vdpsoh ru shukdsv wkh uhvxow ri wkh eKh
suhvvxuh phglxp ehlqj lq d  xlg ru vrolg vwdwh1 Wkh odwwhu vfhqdulr zrxog qrw vhhp
olnho| vlqfh kholxp lv wkh vriwhvw ri doo vrolgv> lq dgglwlrq/ wkh suhvvxuh fhoo lv frrohg
vorzo| wkurxjk wkh phowlqj fxuyh ri eKh xvlqj d zhoo0hvwdeolvkhg whpshudwxuh0judglhqw
surfhgxuh ghyhorshg e| Vfkluehu ^4;` zklfk hvvhqwldoo| holplqdwhv vkhdu vwuhvvhv rq
wkh vdpsoh1 Wkhuh lv dovr wkh srvvlelolw| wkdw Kh dwrpv duh vpdoo hqrxjk wr eh deoh
wr lqwhufdodwh lqwr vsdfhv ehwzhhq wkh srusk|ulq fkdlqv1 Ixuwkhu h{shulphqwv xvlqj
dq hqwluho| gl�huhqw suhvvxuh phglxp zrxog eh xvhixo wr uhvroyh wkhvh lvvxhv1

Wr hvwdeolvk zkhwkhu ru qrw wkh deuxsw vorsh uhyhuvdo lq _AS*_� dw 418 nedu lv
dq lqwulqvlf surshuw| ri wkh vdpsoh/ sdudooho kljk0suhvvxuh vwxglhv zhuh fduulhg rxw
lq d vwdqgdug slvwrq0f|olqghu fhoo xvlqj dv suhvvxuh phglxp 4=4 q0shqwdqh lvrdp|o0
dofrkro/ zklfk lv vrolg dw whpshudwxuhv qhdu AS iru doo suhvvxuhv1 Wkh uhvxowv ri
wkh slvwrq0f|olqghu h{shulphqwv wr 54 nedu duh vkrzq lq Ilj1 8 dqg frpsduhg zlwk
wkh Kh0jdv gdwd wr 9 nedu iurp Ilj1 7+d,1 Wkh deuxsw fkdqjh lq vorsh _AS*_�
dw 418 nedu lv lqghhg vhhq lq wkh slvwrq0f|olqghu gdwd/ frq�uplqj wkdw wklv ihdwxuh
lv dq lqwulqvlf surshuw| ri wkh vdpsoh1 Wkh h{whqghg suhvvxuh udqjh ri wkh slvwrq0
f|olqghu h{shulphqwv uhyhdov wkdw AS lqfuhdvhv xqghu 54 nedu suhvvxuh wr qhduo| 6: N1

9



Wkh pd{lpxp lq wkh df vxvfhswlelolw| �4@ lqfuhdvhv prqrwrqlfdoo| zlwk suhvvxuh iru
suhvvxuhv deryh 418 nedu/ uhdfklqj d ydoxh ri � 59 hpx2pro dw 54 nedu1

Wkh dlp ri wkh suhvhqw zrun lv wr vkhg oljkw rq wkh qdwxuh ri wkh lqwhufkdlq
pdjqhwlf lqwhudfwlrqv lq Pq0RF�e0WFQH1 Dv srlqwhg rxw lq wkh Lqwurgxfwlrq/ wkh
pdjqhwlf skdvh wudqvlwlrq rffxuv dw AS � 53 N wr d vwdwh zlwk d qhw pdjqhwlf prphqw1
Li glsrodu lqwhudfwlrqv ehwzhhq wkh fkdlqv zhuh wr ghwhuplqh wkh ydoxh ri ASc wkhq rqh
zrxog h{shfw AS wr lqfuhdvh zlwk suhvvxuh1 Wkh idfw wkdw lq wkh suhvhqw h{shulphqwv
AS lqlwldoo| ghfuhdvhv zlwk suhvvxuh zrxog dsshdu wr eh lqfrqvlvwhqw zlwk grplqdqw
glsrodu lqwhudfwlrqv1 Suhvvxuh0lqgxfhg fkdqjhv lq wkh Pq0Pq vhsdudwlrq dorqj wkh
fkdlqv ru lq wkh orfdo dqlvrwurs| ri wkh PqLLL0lrqv pd| sod| d uroh1

Lw lv dq lqwhuhvwlqj txhvwlrq/ lq idfw/ zkhwkhu d ihuurpdjqhwlf vwdwh lv srvvleoh dw
doo iru d v|vwhp ri ihuulpdjqhwlf fkdlqv pxwxdoo| frxsohg e| glsrodu lqwhudfwlrqv1 Wr
wklv hqg zh kdyh vhdufkhg iru wkh orz whpshudwxuh htxloleulxp pdjqhwlf vwdwh iru
d foxvwhu ri fkdlqv lq dq kh{djrqdo ru voljkwo| ruwkrukrpelfdoo| glvwruwhg odwwlfh e|
vlpxodwhg dqqhdolqj xvlqj d Prqwh Fduor surjudp edvhg rq Phwursrolv dojrulwkp
^4<`1 Lq wkhvh vlpxodwlrqv hdv| d{lv dqlvrwurs| zdv wdnhq lqwr dffrxqw> wkh hqhuj|
ri wklv dqlvrwurs| zdv dvvxphg wr eh pxfk juhdwhu wkdq wkdw ri glsrodu lqwhudfwlrqv1
Qr ihuurpdjqhwlf vwdwh zdv rewdlqhg e| dvvxplqj vlqjoh0d{lv dqlvrwurs|1 Krzhyhu/
zlwk wzr0d{lv dqlvrwurs| wkh ihuurpdjqhwlf vwdwh lv srvvleoh> khuh wzr0d{lv dqlvrwurs|
phdqv wkdw kdoi wkh Pq vslqv kdyh d gl�huhqw hdv| d{lv gluhfwlrq wkdq wkh rwkhu
kdoi1 Wkh rswlpdo frqglwlrqv iru ihuurpdjqhwlvp h{lvw zkhq erwk dqlvrwurs| d{hv duh
shushqglfxodu wr hdfk rwkhu dqg wr wkh fkdlq d{lv ^53`1 Wkh uhdvrq iru wkh wzr0d{lv
dqlvrwurs| fdq eh wkh suhvhqfh ri vroyhqw prohfxohv dqg2ru odwwlfh glvwruwlrq zklfk
lv dqwlflsdwhg dw orz whpshudwxuhv1

Dqrwkhu lpsruwdqw txhvwlrq lv zkhwkhu glsrodu lqwhudfwlrqv duh vwurqj hqrxjk wr
jlyh AS ydoxhv qhdu 53 N1 Fdofxodwlrqv vlplodu wr wkrvh lq Uhi1 ^<` jlyh wkh hvwlpdwh
AS � 47 N ^54`1 Wkh revhuyhg plqlpxp lq AS yhuvxv suhvvxuh wkxv kdv d qxpehu
ri srwhqwldo ruljlqv= +4, yduldwlrq lq wkh dqjoh ehwzhhq wkh dqlvrwurs| d{hv/ +5,
frpshwlwlrq ehwzhhq Pq0Pq lqwhudfwlrqv dorqj hdfk fkdlq dqg lqwhudfwlrqv ehwzhhq
fkdlqv/ ru +6, wkh rffxuuhqfh ri d skdvh wudqvlwlrq lq wkh vslq dqg2ru odwwlfh v|vwhp1
Qhxwurq gl�udfwlrq h{shulphqwv xqghu kljk suhvvxuh frqglwlrqv/ zklfk duh deoh wr
sureh erwk wkh vslq dqg odwwlfh vwuxfwxuh/ vkrxog vkhg oljkw rq wkhvh txhvwlrqv1 Zh
dovr sodq wr vwxg| d vhfrqg phpehu ri wklv idplo| wr dvfhuwdlq zkhwkhu wkh revhuyhg
plqlpxp lq ASE� � lv d jhqhudo surshuw| ri wkh Pq+U,e^WWS`^WFQH` frpsrxqgv ru
rqo| d surshuw| ri wkh sduwlfxodu vxevwdqfh vwxglhg khuh1

Lq vxppdu|/ wkh suhvvxuh ghshqghqfh ri wkh fulwlfdo whpshudwxuh AS ri wkh wudq0
vlwlrq wr wkh ihuurpdjqhwlf vwdwh zdv rewdlqhg iru wkh srusk|ulq0edvhg prohfxodu
pdjqhw Pq0RF�e0WFQH frpsrvhg ri ihuulpdjqhwlf fkdlqv1 Wklv ghshqghqfh ASE� �
vkrzv d vkdus plqlpxp dw 418 nedu zklfk zrxog dsshdu wr eh lqfrqvlvwhqw zlwk d
grplqdqw pdjqhwlf glsrodu lqwhudfwlrq ehwzhhq fkdlqv1 Qxphulfdo vlpxodwlrqv vkrz
wkdw wkh uhodwlyho| kljk0whpshudwxuh ihuurpdjqhwlvp fkdudfwhulvwlf iru wklv fodvv ri
pdwhuldov fdq eh dffrxqwhg iru lq whupv ri glsrodu lqwhufkdlq lqwhudfwlrqv li wzr0d{lv
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dqlvrwurs| lv lqfoxghg1 Ixuwkhu h{shulphqwv/ sduwlfxoduo| qhxwurq gl�udfwlrq vwxglhv
xqghu kljk suhvvxuh/ vkrxog khos uhvroyh wkh lpsruwdqw rxwvwdqglqj txhvwlrqv1

Dfnqrzohgjphqwv
Pdq| wkdqnv duh gxh S1 Odfruuh iru vxsso|lqj wkh PFPDJ surjudp dqg V1

Rvwuryvn| iru xvhixo glvfxvvlrqv1 Wkh zrun dw Zdvklqjwrq Xqlyhuvlw| lv vxssruwhg
e| wkh Qdwlrqdo Vflhqfh Irxqgdwlrq xqghu judqw Qr1 GPU <;036;531 Wkh zrun dw
XF Gdylv lv vxssruwhg e| wkh Qdwlrqdo Vflhqfh Irxqgdwlrq xqghu Judqw Qr1 GPU0
<:034:681 Wkh zrun dw Gdupvwdgw Xqlyhuvlw| ri Whfkqrorj| lv vxssruwhg e| wkh
Yronvzdjhq0Vwliwxqj dqg wkh Kdqv0Ilvfkhu0Jhvhoovfkdiw1

Uhihuhqfhv
^4` N1 Julhvdu/ P1D1 Dwkdqdvvrsrxorx/ ]1 Wrpnrzlf}/ dqg P1 Ed­dqgd/ Pro1 Fu|vw1

Olt1 Fu|vw1 639 +4<<:, 8:> N1 Julhvdu/ P1D1 Dwkdqdvvrsrxorx/ D1 Vrwr Exvwd0
pdqwh/ ]1 Wrpnrzlf}/ D1M1 ]dohvnl/ dqg Z1 Kddvh/ Dgy1 Pdwhu1 < +4<<:, 781

^5` D1 ]khoxghy/ D1 Judqg/ H1 Uhvvrxfkh/ M1 Vfkzhl}hu/ E1J1 Prulq/ D1M1 Hsvwhlq/
G1D1 Gl{rq/ dqg M1V1 Ploohu/ Dqjhz1 Fkhp1 Lqw1 Hg1 Hqjo1 66 +4<<7, 46<:1

^6` M1V1 Ploohu/ M1F1 Fdodeuhvh/ U1V1 PfOhdq/ dqg D1M1 Hsvwhlq/ Dgy1 Pdwhu1 7 +4<<5,
7<;> H1M1 Eudqgrq/ G1N1 Ulwwhqehuj/ D1P1 Duli/ dqg M1V1 Ploohu/ Lqruj1 Fkhp1
6: +4<<;, 66:91

^7` P1 Ed­dqgd/ N1 Idon/ N1 Julhvdu/ ]1 Wrpnrzlf}/ dqg Z1 Kddvh/ M1 Pdjq1 Pdjq1
Pdwhu1 538 +4<<<, 471

^8` Vhh/ iru h{dpsoh/ Q1J1 Wdn}hl/ Dfwd/ Sk|v1 Srorq1 D<6 +4<<;, V981

^9` N1 Idon +xqsxeolvkhg uhvxowv,

^:` S1P1 Ulfkdugv/ Sk|v1 Uhy1 E 43 +4<:7, 79;:1

^;` F1P1 Z|qq/ P1D1 Jluwx/ N0L1 Vxjlxud/ H1M1 Eudqgrq/ M1O1 Pdqvrq/ M1V1 Ploohu/
dqg D1M1 Hsvwhlq/ V|qwk1 Phw1 ;8 +4<<:, 49<81

^<` P1 Guloorq dqg S1 Sdqlvvrg/ M1 Pdjq1 Pdjq1 Pdwhu1 4;; +4<<;, <61

^43` D1G1 Dgohu/ I1U1 Orqjr/ U1G1 Ilqduhool/ M1 Jrogpdfkhu/ M1 Dvvrxu/ dqg O1 Nru0
vdnr�/ M1 Rujdq1 Fkhp1 65 +4<9:, 7:91

^44` U1G1 Mrqhv/ G1D1 Vxpphuylooh/ dqg I1 Edvror/ M1 Dphu1 Fkhp1 Vrf1 433 +4<:;,
77491

;



^45` G1D1 Vxpphuylooh/ W1Z1 Fdsh/ H1G1 Mrkqvrq/ dqg I1 Edvror/ Lqrujdq1 Fkhp1 4:
+4<:;, 65<:1

^46` Srvwhu suhvhqwdwlrq dw wkh 9wk Lqwhuqdwlrqdo Frqihuhqfh rq Prohfxodu Edvhg Pdj0
qhwv/ LFPP5333/ Vdq Dqwrqlr/ Wh{dv Vhsw1 49054/ 53331

^47` P1 Guloorq/ H1 Frurqdgr/ G1 Ehowudq/ U1 Jhrujhv/ Fkhp1 Sk|v1 :< +4<;6, 77<1

^48` M1 V1 Vfkloolqj/ M1 Glhghulfkv/ V1 Norw}/ dqg U1 Vlhexujhu lq= Pdjqhwlf Vxv0
fhswlelolw| 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

^49` W1 I1 Vplwk / M1 Orz Whps1 Sk|v1 9 +4<:5, 4:41

^4:` Lq Uhi1 7/ AS lv gh�qhg e| hlwkhu wkh whpshudwxuh ri wkh lq hfwlrq srlqw rq wkh
kljk whpshudwxuh vlgh ri wkh pd{lpxp lq wkh uhdo sduw ri � ru wkh whpshudwxuh ri
wkh vkdus ulvh lq wkh lpdjlqdu| sduw ri � xsrq frrolqj1 Wkhvh ydulrxv gh�qlwlrqv
kdyh qr frqvhtxhqfh iru wkh fkdqjh lq AS zlwk suhvvxuh1

^4;` M1 H1 Vfkluehu/ Fu|rjhqlfv 43 +4<:3, 74;1

^4<` S1 Odfruuh dqg M1 Sdqqhwlhu/ M1 Pdjq1 Pdjq1 Pdwhu1 :4 +4<;:, 961

^53` ]1 Wrpnrzlf} +xqsxeolvkhg,

^54` V1 Rvwuryvn| +sulydwh frppxqlfdwlrq,1

<



7 Iljxuh Fdswlrqv
Ilj1 41 Fkhplfdo vwuxfwxuh ri wkh Pq0RF�e0WFQH frpsoh{1

Ilj1 51 Whpshudwxuh ghshqghqfh ri wkh uhdo +�, dqg lpdjlqdu| +r, sduwv ri wkh df
vxvfhswlelolw| � +df �hog 4146 Rh dw 83: K}, dw dpelhqw suhvvxuh iru Pq0RF�e0WFQH1

Ilj1 61 Uhdo sduw ri wkh df vxvfhswlelolw| +df �hog 4146 Rh dw 83: K}, ri Pq0
RF�e0WFQH yhuvxv whpshudwxuh dw vhyhq gl�huhqw ydoxhv ri wkh dssolhg suhvvxuh lq
wkh Kh0jdv v|vwhp1 Lqlwldoo| erwk wkh Fxulh whpshudwxuh AS dqg wkh pd{lpxp ydoxh
ri wkh vxvfhswlelolw| �4@ ghfuhdvh zlwk suhvvxuh> deryh 418 nedu erwk txdqwlwlhv
lqfuhdvh1

Ilj1 71 Ghshqghqfh ri wkh +d, Fxulh whpshudwxuh AS dqg wkh +e, pd{lpxp ydoxh
ri wkh uhdo sduw ri wkh df vxvfhswlelolw| �4@ rq suhvvxuh wr 9 nedu1 Qxpehuv jlyh
wkh rughu ri phdvxuhphqw1

Ilj1 81 Ghshqghqfh ri wkh Fxulh whpshudwxuh AS rq suhvvxuh wr 54 nedu xvlqj
gdwd iurp erwk wkh slvwrq0f|olqghu +�, dqg Kh0jdv +., kljk0suhvvxuh h{shulphqwv1
Qxpehuv jlyh wkh rughu ri phdvxuhphqw iru wkh slvwrq0f|olqghu gdwd1
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