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Devwudfw

K|gurvwdwlf suhvvxuh vwxglhv rq wkh whwudjrqdo 456 vxshufrqgxfwru
+Od�3%Fd%,+Ed��.D3%Odf�2Dn%,Fx�R+ iru { @ 3=4 dqg yduldeoh r{|jhq frqwhqw
| vkrz wkdw WS lqfuhdvhv udslgo| xqghu suhvvxuh +.8 N2JSd, iru xqghugrshg/
rswlpdoo| grshg dqg ryhugrshg vdpsohv1 Wklv srlqwv wr d frpprq fdxvh iru
wkh suhvvxuh0lqgxfhg fkdqjhv lq wkh vxshufrqgxfwlylw| dw doo ohyhov ri grslqj/
zlwk qhjoljleoh h�hfwv iurp fkdujh wudqvihu1 Zhdn uhod{dwlrq ehkdylru lq WS lv
revhuyhg rqo| iru wkh prvw xqghugrshg vdpsoh1
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4 Lqwurgxfwlrq

Ri sduwlfxodu ydoxh wr hqkdqfh rxu xqghuvwdqglqj ri kljk0WS vxshufrqgxfwruv +KWVF,
duh v|vwhpdwlf vwxglhv ri erwk qrupdo dqg vxshufrqgxfwlqj surshuwlhv ryhu wkh zlghvw
srvvleoh grslqj udqjh1 Xqiruwxqdwho|/ rqo| yhu| ihz KWVF shuplw d vx!flhqw ghjuhh
ri fdwlrq vxevwlwxwlrq ru yduldwlrq lq wkh r{|jhq frqfhqwudwlrq wr fryhu wkh hqwluh
xqghugrshg wr ryhugrshg uhjlrq zkhuh AS lqfuhdvhv iurp }hur Nhoylq/ sdvvhv wkurxjk
d pd{lpxp/ dqg idoov djdlq wr }hur1 Rqh ri wkhvh uduh v|vwhpv lv wkh 456 frpsrxqg
+Od�3%Fd%,+Ed��.D3%Odf�2Dn%,Fx�R+ +FOEOFR, zklfk/ xqolnh \Ed2Fx�R+ +\EFR,/
doorzv zlwklq d vlqjoh skdvh fdwlrq vxevwlwxwlrqv ryhu wkh udqjh 3 � % � 317 zlwk
yduldeoh r{|jhq frqwhqw xs wr + * :16 ^4`1 Dv vhhq lq Ilj1 4/ iru % ' f�� wkh
ydoxh ri A

S
lq wklv v|vwhp wudyhuvhv wkh hqwluh xqghugrshg wr ryhugrshg udqjh dv

d ixqfwlrq ri wkh r{|jhq frqwhqw1 D ixuwkhu dgydqwdjh ri FOEOFR ryhu \EFR
lv wkh devhqfh ri wkh FxR fkdlqv zklfk ohdg wr wkh odwwhu*v ruwkrukrpelflw| dqg d
frpsolfdwhg ghshqghqfh ri AS rq r{|jhq frqwhqw1 FOEOFR wdnhv rq wkh whwudjrqdo
vwuxfwxuh dqg/ dv vhhq lq Ilj1 4/ wkh ghshqghqfh ri AS rq + glvsod|v wkh dssur{lpdwh
lqyhuwhg sduderolf ghshqghqfh irxqg iru pdq| KWVF ^6`1 Ehfdxvh ri wkh lqkhuhqw
vlpsolflw| ri wklv v|vwhp/ h{whqvlyh v|vwhpdwlf vwxglhv ri lwv surshuwlhv lq wkh qrupdo
dqg vxshufrqgxfwlqj vwdwh vkrxog surylgh lpsruwdqw lqirupdwlrq1 Dq h{dpsoh iru
wklv lv jlyhq e| d yhu| uhfhqw frpsdudwlyh vwxg| rq FOEOFR zklfk uhyhdov wkdw erwk
AS dqg wkh ghjuhh ri FxR2 sodqh exfnolqj sdvv wkurxjk d pd{lpxp dw wkh vdph ydoxh
ri +c vxjjhvwlqj d frpprq ruljlq iru erwk skhqrphqd ^7`1

Wkh suhvvxuh ghshqghqfh ri A
S
uh hfwv wkh fkdqjh zlwk odwwlfh sdudphwhu ri wkrvh

vrolg vwdwh surshuwlhv uhvsrqvleoh iru wkh vxshufrqgxfwlqj vwdwh/ lqfoxglqj wkh sdlulqj
phfkdqlvp lwvhoi ^8`1 Lq KWVF vhyhudo glvwlqfw surshuwlhv uhohydqw wr vxshufrqgxfwly0
lw| pd| fkdqjh xqghu suhvvxuh/ lqfoxglqj wkh qxpehu ri fduulhuv lq wkh FxR20sodqh+v,/
wkh ghqvlw| ri fduulhuv lq wkhvh sodqhv/ wkh ghjuhh ri sodqh exfnolqj/ hwf1 Wr ixuwkhu
frpsolfdwh pdwwhuv/ wkh qxpehu ri fduulhuv pd| qrw eh d xqltxh ixqfwlrq ri suhvvxuh
exw pd| ghshqg rq wkh whpshudwxuh dw zklfk wkh suhvvxuh lv fkdqjhg/ l1h1 A

S
E� � pd|

ghshqg rq wkh hqwluh suhvvxuh2whpshudwxuh2wlph klvwru| ri wkh h{shulphqw$ Wkhvh
odwwhu h�hfwv duh eholhyhg wr eh fdxvhg e| fkdqjhv lq wkh glvwulexwlrq ri preloh r{|jhq
ghihfwv dv wkh suhvvxuh lv ydulhg ^8/ 9`1 Ehfdxvh ri wkh h{lvwhqfh ri wkh ruwkr0L dqg
ruwkr0LL fkdlq vwuxfwxuhv lq xqghugrshg \EFR zklfk duh iruphg e| preloh r{|jhq
ghihfwv lq wkh edvdo sodqh/ wkh ghshqghqfh ri A

S
rq erwk r{|jhq frqwhqw + dqg ds0

solhg suhvvxuh lv h{wudruglqdulo| frpsoh{ ^:`1 Yhu| uhfhqw kljk0suhvvxuh vwxglhv wr
4: JSd rq \EFR vkrz wkdw ASE� � fkdqjhv pdunhgo| zlwk erwk wkh r{|jhq frqwhqw
+ dqg wkh whpshudwxuh dw zklfk wkh suhvvxuh lv dssolhg ^;`1 Lw lv yhu| gl!fxow wr
johdq lqirupdwlrq ri ixqgdphqwdo lpsruwdqfh iurp wkh frpsoh{ A

S
E� �0ghshqghqfh ri

\EFR1
Wkh lqwhusuhwdwlrq ri ASE� �0gdwd rq FOEOFR vkrxog eh uhodwlyho| vwudljkwiruzdug

ehfdxvh ri wkh vlpsolflw| ri wkh whwudjrqdo vwuxfwxuh zklfk lw uhwdlqv wkurxjkrxw lwv
skdvh gldjudp1 Hduolhu vwxglhv e| Jrogvfkplgw hw do1 ^<` ghwhuplqhg ASE� � rq wklv
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v|vwhp wr 31; JSd iru vhyhudo gl�huhqw ydoxhv ri % exw ryhu d yhu| olplwhg udqjh ri
r{|jhq frqwhqw +� Lq wkh suhvhqw vwxg| zh irfxv rxu dwwhqwlrq rq wkuhh FOEOFR
vdpsohv zlwk % ' f�� dqg ydu|lqj r{|jhq frqwhqw/ wzr ehlqj qhduo| htxdoo| xqghu0 dqg
ryhugrshg zlwk rqvhwv lq wkh df vxvfhswlelolw| dw AS * 5419 N dqg 5915 N/ uhvshfwlyho|/
dqg wkh wklug ehlqj rswlpdoo| grshg zlwk AS * 8516 N1 Vxusulvlqjo|/ AS lv irxqg wr
lqfuhdvh udslgo| zlwk suhvvxuh e| dssur{lpdwho| wkh vdph dprxqw +� .8 N2JSd, iru
doo wkuhh vdpsohv zlwk rqo| wkh xqghugrshg vdpsoh glvsod|lqj zhdn suhvvxuh0lqgxfhg
uhod{dwlrq skhqrphqd1 Wklv uhvxow vxjjhvwv wkdw d vlqjoh phfkdqlvp lv uhvsrqvleoh
iru wkh hqkdqfhphqw ri A

S
xqghu suhvvxuh zlwk rqo| plqru h�hfwv iurp suhvvxuh0

lqgxfhg fkdujh wudqvihu1 Rqh srvvleoh phfkdqlvp zrxog eh d ghfuhdvh lq wkh ghjuhh
ri sodqh exfnolqj dv suhvvxuh lv dssolhg/ d srvvlelolw| zklfk frxog eh fkhfnhg e|
qhxwurq gl�udfwlrq vwxglhv xqghu kljk0suhvvxuh frqglwlrqv1

5 H{shulphqw

Wkh FOEOFR vdpsohv zlwk % ' f�� zhuh suhsduhg e| wkh xvxdo fduerqdwh0r{lgh
phwkrg1 Wkh vwduwlqj pdwhuldov duh Od2R� zklfk lv <<1<;( sxuh dqg iuhh ri k|gur{0
lgh diwhu suhkhdwlqj dw 4333�F wr 4383�F iru d ihz gd|v/ FxR <<.( sxuh/ EdFR�

<<( sxuh +suhkhdwhg dw <33�F iru rqh gd|/ gxulqj zklfk wkh yroxph ghfuhdvhv,/ dqg
FdFR� <<.( sxuh +suhkhdwhg dw 783�F xqwlo frqvwdqw zhljkw zdv dfklhyhg lq rughu
wr uhpryh wudfhv ri zdwhu,1 Wkh suhkhdwhg frpsrxqgv zhuh frrohg lq d ghvlffdwru1
Vwrlfklrphwulf sursruwlrqv ri wkhvh frpsrxqgv zhuh �uvw jurxqg xvlqj d }lufrqld
sodqhwdu| edooploo dqg wkhq �uhg lq dlu wkuhh wlphv dw <83�F iru 49 wr 53 krxuv lq
d er{ ixuqdfh1 Diwhu hdfk �ulqj wkh| zhuh wudqvihuuhg iurp wkh krw ixuqdfh wr d
ghvlffdwru dqg uhjurxqg zlwk dq djdwh pruwdu dqg shvwoh1 Wkh �uhg srzghuv zhuh
shoohwl}hg lqwr eduv ri glphqvlrqv 518�518�46 pp� +zhljkw 317 j, xqghu d suhvvxuh
ri 319 JSd1 Wkh shoohwv zhuh vlqwhuhg lq gu| r{|jhq dw <93�F iru 93 krxuv dqg
vorzo| frrohg wr urrp whpshudwxuh dw d udwh ri 43�F2krxu1 Wkh xqghugrshg vdpsoh
zdv suhsduhg e| uhgxflqj wkh dv0suhsduhg shoohw lq r{|jhq dw 783�F iru 5: krxuv
dqg txhqfklqj lw wr oltxlg qlwurjhq whpshudwxuh1 Wkh rswlpdoo| grshg vdpsoh zdv
suhsduhg e| r{|jhqdwlrq ri wkh dv0suhsduhg shoohw xqghu 453 dwp dw 763�F iru 55
krxuv1 Wkh ryhugrshg vdpsoh uhtxluhg pxowlvwhs suhvvxuh r{|jhqdwlrq zlwk wkh odvw
vwdjh xqghu 683 dwp r{|jhq dw 633�F1

Wkh skdvh sxulw| ri wkh FOEOFR vdpsohv zdv fduhixoo| fkhfnhg e| [0ud| srzghu
gl�udfwlrq +[UG,1 Lqwhqvlwlhv zhuh froohfwhg e| d Vlhphqv G08333 gl�udfwrphwhu
zlwk Fx0Nk udgldwlrq xvlqj wkh vwhsvfdq phwkrg +3135� shu ; vhfrqg vwhs,1 Iru
doo vdpsohv doo olqhv ri wkh [0ud| sdwwhuqv frxog eh lqgh{hg lq whupv ri wkh fhoo
frqvwdqwv/ wkxv frq�uplqj wkdw doo wkh shoohwv zhuh vlqjoh0skdvh1 R{|jhq frqwhqw
zdv phdvxuhg e| lrgrphwulf kdoi0plfurwlwudwlrq dqdorjrxv wr wkdw ghvfulehg lq Uhi1
^5` zlwk uhsurgxflelolw| 313351 Uhvlvwlylw| zdv phdvxuhg e| wkh vwdqgdug irxu0sureh
gf phwkrg rq vdpsohv frqwdlqlqj suhvvhg lqglxp frqwdfwv1 Wkh df vxvfhswlelolw|
zdv phdvxuhg rq vpdoo +53 0 83 pj, volfhv ri wkh edu dqg frq�uphg wkh kljk r{|jhq
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krprjhqhlw|> rqo| d vlqjoh vxshufrqgxfwlyh wudqvlwlrq lv revhuyhg lq erwk �� dqg ���

yv W1 Wkh wkuhh vdpsohv iru wkh kljk suhvvxuh vwxglhv zhuh xqghugrshg/ rswlpdoo|
grshg dqg ryhugrshg zlwk A

S
rqvhwv dw dpelhqw suhvvxuh +5419 N/ 8516 N/ 5915 N,/

r{|jhq frqwhqwv + E91<<4/ :1474/ :1565,/ dssur{lpdwh glphqvlrqv +2�e���S���� pp�c

2�e�������2 pp�c 2�f���D���f pp��c dqg vdpsoh pdvvhv +5719 pj/ 491; pj/ 4416
pj,/ 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 lv phdvxuhg e| d fdoleudwhg pdqjdqlq
jdxjh dqg fdq eh fkdqjhg dw dq| whpshudwxuh deryh wkh phowlqj fxuyh ri wkh Kh
suhvvxuh phglxp1 Wkh vxshufrqgxfwlqj wudqvlwlrq ri wkh FOEOFR vdpsoh lq wkh
kljk suhvvxuh hqylurqphqw 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 314 Rh +upv, dw 83: K} lv
dssolhg dorqj wkh orqj glphqvlrq ri wkh vdpsoh1 Ixuwkhu ghwdlov ri wkh h{shulphqwdo
vhwxs duh jlyhq hovhzkhuh ^43`1

Lq Ilj1 5 zh vkrz wkh uhdo sduw ri wkh df vxvfhswlelolw| yhuvxv whpshudwxuh iru
wkh rswlpdoo| grshg FOEOFR vdpsoh dw erwk dpelhqw dqg kljk suhvvxuh +31:5 JSd,1
Wkh vxshufrqgxfwlqj wudqvlwlrq whpshudwxuh lv vhhq wr lqfuhdvh udslgo| zlwk suhvvxuh1
Wkh vpdoo �ghqw� lq wkh kljk0suhvvxuh gdwd qhdu 83 Npdunv wkh orfdwlrq ri wkh phowlqj
fxuyh ri wkh Kh suhvvxuh phglxp1

6 Uhvxowv ri H{shulphqw

Lq Ilj1 4 zh vkrz wkh ghshqghqfh ri wkh uhvlvwlylw| rqvhw AS rq r{|jhq frqwhqw +
iru wkh FOEOFR vdpsohv zlwk % ' f��c fohduo| glvsod|lqj wkh dssur{lpdwh lqyhuwhg
sduderolf ghshqghqfh fkdudfwhulvwlf iru KWVF ^6`1 Wkh wkuhh vdpsohv fkrvhq iru wkh
suhvhqw vwxg| duh lqglfdwhg e| wkh rshq flufohv lq wklv �jxuh> wkh uhvshfwlyh ydoxhv
ri wkh df vxvfhswlelolw| rqvhw ASE4 edu� dqg + duh jlyhq deryh dqg lq wkh Wdeoh1
Lq d vlpsoh fkdujh0wudqvihu prgho/ zkhuh wkh rqo| h�hfw ri suhvvxuh lv wr lqfuhdvh
wkh +kroh, fduulhu frqfhqwudwlrq/ AS zrxog eh h{shfwhg iurp Ilj1 4 wr lqfuhdvh zlwk
suhvvxuh iru wkh xqghugrshg vdpsoh/ uhpdlq frqvwdqw iru wkh rswlpdoo| grshg vdpsoh/
dqg ghfuhdvh zlwk suhvvxuh iru wkh ryhugrshg vdpsoh ^8`1 Zh qrz frpsduh wkhvh
h{shfwdwlrqv zlwk h{shulphqw1

614 Xqghugrshg Vdpsoh

Wkh uhvxowv ri wkh suhvhqw kljk0suhvvxuh vwxglhv rq wkh xqghugrshg FOEOFR vdpsoh
duh vkrzq lq Ilj1 61 D suhvvxuh ri 31; JSd zdv dssolhg dqg khog dw 5<; N +UW, iru 63
plqxwhv ehiruh frrolqj grzq wr phdvxuh AS * 5815 N/ d 619 N lqfuhdvh ryhu wkh lqlwldo
ydoxh ri 5419 N dw dpelhqw suhvvxuh1 Gxh wr wkh frqwudfwlrq ri wkh kholxp suhvvxuh
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phglxp xsrq frrolqj/ wkh suhvvxuh dw whpshudwxuhv qhdu AS ghfuhdvhg iurp 31; wr
3198 JSd/ |lhoglqj wkh suhvvxuh ghulydwlyh E_A

S
*_� �-A * +.619 N,�+3198 JSd, '

.8187 	 3148 N2JSd1 Wkh suhvvxuh zdv wkhq vxffhvvlyho| uhgxfhg wr 4 edu/ nhhslqj
wkh whpshudwxuh dozd|v dw orz whpshudwxuhv +OW, ehorz 83 N/ uhvxowlqj lq wkh ASE� �
ghshqghqfh jlyhq e| swv1 5 wr : lq Ilj1 6 zlwk wkh suhvvxuh ghulydwlyh E_AS*_� �uA *
.7164 	 3138 N2JSd1 Qrwh wkdw dw dpelhqw suhvvxuh +sw1 :, AS kdv qrw uhwxuqhg wr
lwv lqlwldo ydoxh +sw1 4,/ exw olhv � 31; N deryh lw1 Wklv lv wkh kdoopdun ri uhod{dwlrq
ehkdylru lq KWVF zklfk suhvxpdeo| ruljlqdwhv iurp preloh r{|jhq ghihfwv= wkdw
wkh suhvvxuh ghshqghqfh ri AS ghshqgv rq wkh whpshudwxuh dw zklfk wkh suhvvxuh lv
fkdqjhg ^8/ 9`1 D phdvxuh ri wkh pdjqlwxgh ri wkh uhod{dwlrq h�hfw lq AS lv jlyhq e|
wkh ydoxh ri wkh ghulydwlyh#

_A
S

_�

$
oe,@%

�

#
_AS
_�

$
-A

�

#
_AS
_�

$
uA

� +4,

Iru wkh suhvhqw xqghugrshg vdpsoh/ wkhuhiruh/ E_AS*_� �oe,@% * .4156 N2JSd zklfk
lv � 63( dv odujh dv E_AS*_� �uA � Wkh xqghugrshg vdpsoh zdv wkhq dqqhdohg dw
dpelhqw suhvvxuh dw 433 N iru rqh krxu/ zlwk qr phdvxudeoh fkdqjh lq AS +sw1 ; lq
Ilj1 6,1 Vxevhtxhqw dqqhdolqjv dw 533 N +sw1 <,/ 583 N +sw1 43, dqg 5<; N +sw1 44,
iru rqh krxu duh vhhq wr uhvxow lq wkh ixoo uhod{dwlrq ri AS edfn wr lwv lqlwldo ydoxh +sw1
4,1

Wr lqyhvwljdwh wkh revhuyhg uhod{dwlrq ehkdylru lq wkh xqghugrshg vdpsoh lq pruh
ghwdlo/ lw lv ghvludeoh wr vwxg| wkh ghshqghqfh ri AS rq wkh wlph wkh vdpsoh lv dqqhdohg
dw d �{hg whpshudwxuh iroorzlqj d fkdqjh lq suhvvxuh1 Wr wklv hqg zh dssolhg dqg
khog d suhvvxuh ri 3194 JSd dw 5<; N iru 5 krxuv ehiruh frrolqj grzq wr phdvxuh AS *
5719 N/ dq lqfuhdvh ri 613 N ryhu wkh dpelhqw suhvvxuh ydoxh1 Ixoo| uhohdvlqj wkh
suhvvxuh dw 7: N uhvxowv lq sw1 4 lq Ilj1 7 zlwk AS * 5516; N1 Wkh uhod{dwlrq ri AS
iurp 5516; N edfn wr 5419 N lv qrz vwxglhg e| �uvw khdwlqj wkh vdpsoh dv txlfno| dv
srvvleoh +58 plqxwhv, wr 573 N dqg dqqhdolqj dw wklv whpshudwxuh iru ydu|lqj ohqjwkv
ri wlph/ |lhoglqj swv1 408 lq Ilj1 71 Wr vshhg xs wkh uhod{dwlrq/ wkh vdpsoh zdv wkhq
dqqhdohg dw wkh kljkhu dqqhdolqj whpshudwxuh ri 5;3 N +swv1 9043,1

Zh qrz dwwhpsw wr �w wkh gdwd lq Ilj1 7 xvlqj wkh vwuhwfkhg0h{srqhqw h{suhvvlrq
^44`

ASE|� ' ASE4�� dASE4�� ASEf�o i T

+
�

#
|n |J
�

$k,
c +5,

zkhuh |J lv dq dgglwlrqdo wlph wr dffrxqw iru srvvleoh sduwldo uhod{dwlrq rffxulqj
ehiruh | ' f dqg � lv wkh whpshudwxuh0ghshqghqw uhod{dwlrq wlph zklfk lv uhodwhg wr
wkh dfwlydwlrq hqhuj| eduulhu .� e| wkh Duukhqlxv odz

� ' �J i T
�

.�

&�A

�
c +6,

zkhuh zh xvh wkh ydoxh ri wkh dwwhpsw shulrg � J � ��e � �f3�2 v iurp whpshudwxuh0
txhqfk h{shulphqwv rq \EFR ^45`1 Vlqfh wkh uhod{dwlrq gdwd dw 5;3 N duh pruh
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h{whqvlyh/ zh �w wkhvh gdwd �uvw1 Sulru wr wkh uhod{dwlrq phdvxuhphqw dw 5;3 N/ vrph
uhod{dwlrq douhdg| rffxuuhg gxulqj wkh 46 krxu dqqhdo dw 573 N zklfk zh zloo wdnh
lqwr dffrxqw e| dq dgglwlrqdo wlph |J� Wkh �qdo dqg lqlwldo wudqvlwlrq whpshudwxuhv
iru wkh 5;3 N uhod{dwlrq gdwd duh vhw �{hg wr ASE4� ' 5419 N dqg ASEf� ' 5516;
N1 Wkh �w wr wkh 5;3N0gdwd lq Ilj1 7 uhvxowv lq �E2Hfg� * 3184 krxuv/ k * 3165
dqg |J * 919 plq1 Xvlqj wklv ydoxh ri �E2Hfg�c wkh h{shfwhg ydoxh ri |J edvhg rq
wkh 46 krxu dqqhdolqj wlph dw 573 N fdq eh hvwlpdwhg1 Xvlqj wklv ydoxh ri |J dv
d �{hg sdudphwhu/ wkh �w wr wkh 5;3N0gdwd lv qrz uhshdwhg/ |lhoglqj qhz ydoxhv iru
�E2Hfg� dqg k� Xvlqj wklv qhz ydoxh iru � E2Hfg�c |J fdq qrz eh uhhvwlpdwhg/ hwf1
Wklv surfhgxuh lv lwhudwhg xqwlo wkh uhod{dwlrq wlph iurp wkh �w lv frqvlvwhqw zlwk wkh
ydoxh ri |J hvwlpdwhg/ |lhoglqj � * 3164 	 3137 krxuv/ k * 3159 	 3134/ dqg |J * 517
plqxwhv1 Xvlqj Ht1 6 wklv fruuhvsrqgv wr dq dfwlydwlrq hqhuj| .� * 31;5; 	 31336
hY1

Zh qrz fkhfn zkhwkhu wkh sdudphwhuv ghulyhg iurp wkh �w wr wkh 5;3N0gdwd lq
Ilj1 7 duh frqvlvwhqw zlwk wkh uhod{dwlrq gdwd dw 573 N1 Lqvhuwlqj .� * 31;5; hY lqwr
Ht1 6/ zh rewdlq � E2efg� * <813 krxuv1 Wkh ehvw �w wr wkh uhod{dwlrq gdwd dw 573
N xvlqj wklv uhod{dwlrq wlph lq Ht1 5 |lhogv ASE4� ' 541:4 	 3135 N dqg k * 3147 	
31341 Dv vhhq lq Ilj1 7/ wkh vrolg olqhv �w wkh gdwd yhu| zhoo1 Wkh idfw wkdw ASE4�
olhv dw d vrphzkdw +3144 N, kljkhu whpshudwxuh iru dqqhdolqj dw 573 N frpsduhg
wr 5;3 N lv frqvlvwhqw zlwk h{shulphqwv rq \EFR ^45` zkhuh wkh orzhu dqqhdolqj
whpshudwxuh uhvxowv lq d kljkhu vwdwh ri r{|jhq ghihfw rughulqj zklfk fdxvhv AS wr
vkliw xszdugv1 Dovr/ wkh orzhu ydoxh ri k iru wkh 573N0dqqhdo lv frqvlvwhqw zlwk wkh
h{shfwdwlrq iurp Ht1 6 wkdw wkh vwuhwfkhg h{srqhqw k vkrxog ehfrph vpdoohu dv wkh
whpshudwxuh lv orzhuhg ^46`1

Lq suhylrxv zrun ^<` zh vwxglhg ASE� � wr 31; JSd rq FOEOFR vdpsohv iru vhyhudo
ydoxhv ri fdwlrq vxevwlwxwlrq % dqg r{|jhq frqwhqw +c lqfoxglqj d vlqjoh vdpsoh zlwk
% ' f��/ + ' .�fSH dqg AS * 7817 N vkrzq dv d furvv lq Ilj1 4> lw lv hylghqw wkdw
wklv xqghugrshg vdpsoh �wv lq zhoo zlwk wkh ASE+� v|vwhpdwlfv iru doo vdpsohv1 Lw lv
lqwhuhvwlqj wr qrwh wkdw/ xqolnh iru wkh suhvhqw xqghugrshg vdpsoh/ ASE� � iurp wkh
suhylrxv xqghugrshg vdpsoh jdyh qr hylghqfh iru uhod{dwlrq ehkdylru1 Shukdsv wklv
lv d uhvxow ri wkh vrphzkdw kljkhu r{|jhq frqwhqw ri wkh odwwhu vdpsoh1 Dv vhhq lq wkh
Wdeoh/ lwv suhvvxuh ghulydwlyh _AS*_� * .71:3 	 3148 N2JSd lv lqghhg lqwhuphgldwh
ehwzhhq wkdw ri wkh suhvhqw xqghugrshg dqg rswlpdoo| grshg vdpsohv1

615 Rswlpdoo| Grshg Vdpsoh

Dv vhhq lq Ilj1 8/ iru wkh rswlpdoo| grshg FOEOFR vdpsoh d suhvvxuh ri 31; JSd zdv
dssolhg dqg khog dw 5<; N iru 63 plqxwhv ehiruh frrolqj grzq wr phdvxuh AS * 8916 N/
d ydoxh 713 N deryh wkh lqlwldo ydoxh ri 8516 N dw dpelhqw suhvvxuh1 Dw whpshudwxuhv
qhdu A

S
wkh suhvvxuh kdg ghfuhdvhg wr 31:5 JSd1 Wkh suhvvxuh zdv wkhq vxffhvvlyho|

ghfuhdvhg dw whpshudwxuhv ehorz 83 N dqg AS uhphdvxuhg hdfk wlph +swv1 50: lq
Ilj1 8,/ |lhoglqj d olqhdu ASE� �0ghshqghqfh zlwk vorsh E_AS*_� �uA * .8157 	 3137
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N2JSd1 Diwhu ixoo uhohdvh ri suhvvxuh +sw1 :,/ AS * 8518 N zklfk htxdov wkh lqlwldo
ydoxh ri 8516 N +sw1 4, zlwklq h{shulphqwdo huuru +	 314 N,1 Diwhu dqqhdolqj wkh
vdpsoh iru 4 k dw 5<; N +sw1 ;,/ AS dsshduv wr vkliw grzqzdug voljkwo| wr frlqflgh zlwk
wkh lqlwldo ydoxh1 Ixuwkhu h{shulphqwv wr hyhq kljkhu suhflvlrq zrxog eh qhfhvvdu|
wr dvfhuwdlq zkhwkhu ru qrw wkhuh lv dq| uhod{dwlrq ehkdylru lq AS iru wklv vdpsoh> lq
dq| fdvh/ wkh h�hfw pxvw eh yhu| vpdoo1 Rqh zrxog qrw h{shfw dq| uhod{dwlrq zklfk
pljkw rffxu lq wklv vdpsoh wr fkdqjh AS vlqfh wklv vdpsoh lv rswlpdoo| grshg1 R{|jhq
rughulqj surfhvvhv duh eholhyhg wr sulpdulo| uhvxow lq fkdujh wudqvihu wr dqg iurp wkh
FxR2 sodqh+v,> d fkdujh wudqvihu dorqh zrxog qrw fkdqjh AS lq dq rswlpdoo| grshg
vdpsoh zkhuh ASE?� lv dw dq h{wuhpxp zlwk uhvshfw wr wkh fduulhu frqfhqwudwlrq ?
^8/ 9`1

616 Ryhugrshg Vdpsoh

Wkh ryhugrshg FOEOFR vdpsoh zdv vxemhfwhg wr 31; JSd suhvvxuh dw 5<; N dqg khog
dw wkdw whpshudwxuh iru 63 plqxwhv ehiruh frrolqj wr orz whpshudwxuhv wr phdvxuh
AS * 5<19 N +sw1 5 lq Ilj1 9,/ d whpshudwxuh 519 N kljkhu wkdq wkh lqlwldo ydoxh dw
dpelhqw suhvvxuh +5915 N,1 Dgglwlrqdo dqqhdolqj dw 5<; N iru wzr pruh krxuv glg
qrw fdxvh dq| ixuwkhu fkdqjh lq wkh wudqvlwlrq whpshudwxuh1 Wkh suhvvxuh zdv wkhq
ghfuhdvhg dw 88 N wr 3186 JSd +sw1 6, dqg wkhq ixoo| uhohdvhg +sw1 7,> AS lv vhhq wr
ydu| olqhduo| dqg wr uhyhuw wr lwv lqlwldo ydoxh dw dpelhqw suhvvxuh1 Dsso|lqj dqg
kroglqj 3179 JSd suhvvxuh iru 4 k dw 5<; N uhvxowv lq sw1 8 lq Ilj1 91 Ixuwkhu
uhohdvlqj wkh suhvvxuh wr 3154 JSd dw 76 N |lhogv sw1 9> dqqhdolqj wkh vdpsoh wkhq
dw 5<; N +3158 JSd, iru 49 k +sw1 :, fdxvhg qr ixuwkhu fkdqjh lq AS� Ilqdoo|/ ixoo|
uhohdvlqj wkh suhvvxuh dw 74 N +sw1 ;, |lhogv wkh lqlwldo ydoxh dw dpelhqw suhvvxuh +5915
N,1 Vlqfh wkh ghshqghqfh ri AS rq suhvvxuh/ E_AS*_� � * .8148 	 313; N2JSd/ lv
lqghshqghqw ri wkh suhvvxuh2whpshudwxuh klvwru| ri wkh vdpsoh/ zh �qg qr hylghqfh
iru uhod{dwlrq ehkdylru lq wklv ryhugrshg vdpsoh/ l1h1 E_AS*_� �oe,@% * f1 Wkh uhvxowv
ri wkh deryh h{shulphqwv duh vxppdul}hg lq wkh Wdeoh1

7 Glvfxvvlrq

Iru doo wkuhh vdpsohv vwxglhg lq wkhvh h{shulphqwv/ dv zhoo dv iru doo FOEOFR vdpsohv
vwxglhg lq rxu suhylrxv zrun ^<`/ A

S
lv irxqg wr lqfuhdvh olqhduo| zlwk suhvvxuh wr 31;

JSd zkhwkhu wkh suhvvxuh lv fkdqjhg dw orz ru dpelhqw whpshudwxuhv1 Lw wkxv lv
olnho| wkdw wkhuh duh qr suhvvxuh0lqgxfhg vwuxfwxudo skdvh wudqvlwlrqv lq FOEOFR
ryhu wkh suhvhqw suhvvxuh dqg whpshudwxuh uhjlrqv/ lq frqwudvw wr ryhugrshg Kj04534
zkhuh _A

S
*_� zdv irxqg wr fkdqjh pdunhgo| qhdu 317 JSd ^47`1

Lq FOEOFR zhdn suhvvxuh0lqgxfhg uhod{dwlrq h�hfwv lq A
S
kdyh rqo| ehhq re0

vhuyhg iru rqh ri wkh wzr xqghugrshg vdpsohv zlwk % ' f�� +vhh wkh Wdeoh, dqg lq
wzr xqghugrshg vdpsohv zlwk % ' f�2 iurp d suhylrxv vwxg| ^<`1 Lq frqwudvw/ uhod0
wlyho| vwurqj uhod{dwlrq h�hfwv kdyh ehhq irxqg iru \EFR dfurvv wkh hqwluh udqjh ri

:



r{|jhq grslqj/ sduwlfxoduo| iru wkh prvw xqghugrshg vdpsohv zkhuh ydoxhv dv odujh
dv E_A

S
*_� �oe,@% � .53 N2JSd kdyh ehhq revhuyhg/ d ydoxh whq wlphv dv odujh dv

E_AS*_� �uA iru wkh vdph vdpsoh ^:`$ Zh vshfxodwh wkdw wkh uhodwlyh vfduflw| dqg
zhdnqhvv ri wkh uhod{dwlrq h�hfwv lq FOEOFR pd| eh gxh hlwkhu wr wkh hqkdqfhg
glvrughu lq wkh v|vwhp iurp wkh h{whqvlyh fdwlrq vxevwlwxwlrq ru wr wkh odfn ri wkh
fkdlq vwuxfwxuh lq wklv whwudjrqdo v|vwhp1 Ixuwkhu vwxglhv rq FOEOFR ryhu d zlghu
udqjh ri r{|jhq frqwhqw +vhh Ilj1 4, dqg d kljkhu ghjuhh ri fdwlrq vxevwlwxwlrq % duh
uhtxluhg wr jdlq d fohdu slfwxuh ri wkh uroh ri uhod{dwlrq skhqrphqd lq wklv v|vwhp1

Wr vhdufk iru v|vwhpdwlfv lq kljk0suhvvxuh gdwd rq KWVF iru frpsdulvrq wr wkh0
ruhwlfdo prghov/ lw lv ghvludeoh wr ghwhuplqh wkh sxuh ghshqghqfh ri AS +dqg rwkhu
surshuwlhv, rq suhvvxuh xqghu h{shulphqwdo frqglwlrqv zkhuh uhod{dwlrq skhqrphqd
dqg rwkhu vwuxfwxudo fkdqjhv kdyh ehhq vxssuhvvhg1 Dv glvfxvvhg deryh/ wkh olqhdulw|
ri wkh ASE� � gdwd vshdnv djdlqvw wkh rffxuuhqfh ri vwuxfwxudo skdvh wudqvlwlrqv lq wkh
suhvhqw suhvvxuh2whpshudwxuh udqjh1 Dv zh ohduqhg iurp Ilj1 6/ uhod{dwlrq h�hfwv
fdq eh vxssuhvvhg e| fkdqjlqj wkh suhvvxuh dw whpshudwxuhv dw ru ehorz 433 N/ d
uhvxow zklfk dovr krogv iru \EFR ^48`1 Lq wkh iroorzlqj zh zloo uhvwulfw rxuvhoyhv wr
d glvfxvvlrq ri wkh suhvvxuh ghulydwlyh E_AS*_� �uA dw whpshudwxuhv vx!flhqwo| orz wr
iuhh}h rxw uhod{dwlrq surfhvvhv1

Dv vhhq lq wkh Wdeoh/ iru doo irxu FOEOFR vdpsohv zlwk % ' f�� vwxglhg/ wkh suhv0
vxuh ghulydwlyh E_AS*_� �uA wdnhv rq vxusulvlqjo| odujh/ srvlwlyh ydoxhv/ E_AS*_� �uA �
.8 N2JSd/ zklfk lqfuhdvh vrphzkdw iurp wkh xqghugrshg wr wkh rswlpdoo| grshg/
dqg ghfuhdvh rqo| voljkwo| wr wkh ryhugrshg vlgh1 Xqghugrshg vdpsohv ri \EFR h{0
klelw frpsdudeoh ydoxhv ri E_AS*_� �uA / exw d pxfk vpdoohu ydoxh iru qhduo| rswlpdoo|
grshg \EFR ^:`1 Qhxphlhu dqg ]lpphupdqq ^49` kdyh hvwlpdwhg wkdw iru rswlpdoo|
grshg \EFR E_AS*_� �uA � .4 N2JSd1 Wklv hvwlpdwh zdv edvhg rq d vxffhvvixo
dqdo|vlv ri kljk0suhvvxuh gdwd rq d vhulhv ri fdwlrq vxevwlwxwhg \EFR frpsrxqgv
lq whupv ri d prgl�hg fkdujh0wudqvihu prgho zklfk euhdnv wkh wrwdo sxuh suhvvxuh
ghulydwlyh ri AS xs lqwr wzr sduwv=

#
_AS

_�

$
uA

'

#
YAS
Y?

$#
Y?

Y�

$
n

#
_AS
_�

$
�?|o�?r�S

� +7,

Wkh �uvw sduw wdnhv lqwr dffrxqw wkh qrupdo wudqvihu ri kroh fkdujh ? lqwr wkh FxR2

sodqh+v, zlwk lqfuhdvlqj suhvvxuh ^7/ 8`/ l1h1 _?*_� lv d srvlwlyh txdqwlw|/ dqg wkh
vhfrqg sduw jlyhv wkh vr0fdoohg �lqwulqvlf� suhvvxuh ghshqghqfh ri AS zklfk dulvhv
iurp fkdqjhv lq edvlf txdqwlwlhv olnh wkh ghqvlw| ri hohfwurq vwdwhv ru wkh frxsolqj
sdudphwhu1 Li wkh �lqwulqvlf� ghshqghqfh lv qhjoljleoh/ wkhq AS zrxog eh h{shfwhg
iurp Ht1 7 dqg Ilj1 4 wr lqfuhdvh xqghu suhvvxuh iru xqghugrshg vdpsohv zkhuh
_AS*_? : f/ uhpdlq frqvwdqw iru rswlpdoo| grslqj +_AS*_? ' f� dqg ghfuhdvh iru
ryhugrshg vdpsohv +_AS*_? 	 f,1 Li E_AS*_� ��?|o�?r�S lv qrw qhjoljleoh/ wkhq iurp Ht1
7 rqh zrxog vwloo h{shfw/ li wkh fkdujh0wudqvihu whup Y?*Y� lq Ht1 7 lv lpsruwdqw dqg
uhdvrqdeo| frqvwdqw/ wkdw wkh phdvxuhg ydoxh ri +_AS*_� �uA zrxog whqg wr ehfrph
ohvv srvlwlyh ru pruh qhjdwlyh jrlqj iurp xqghugrshg wr rswlpdoo| grshg wr ryhugrshg

;



vdpsohv1 Wkdw wklv lv qrw dw doo wkh fdvh lq wkh suhvhqw h{shulphqwv rq FOEOFR
lqglfdwhv wkdw suhvvxuh0lqgxfhg fkdujh0wudqvihu h�hfwv sod| rqo| d vhfrqgdu| uroh1
Zh frqfoxgh wkdw wkh ydoxhv ri E_AS*_� �uA iru wkh xqghu0 wr ryhugrshg vdpsohv
lq wkh Wdeoh/ zklfk duh xqlirupo| odujh dqg srvlwlyh/ uh hfw sulpdulo| wkh lqwulqvlf
ghshqghqfh ri AS rq suhvvxuh dqg srlqw wr d frpprq fdxvh iru wkh suhvvxuh0lqgxfhg
fkdqjhv lq wkh vxshufrqgxfwlylw| ryhu wkh hqwluh xqghugrshg wr ryhugrshg uhjlrq1

Lw lv lqwhuhvwlqj wr qrwh wkdw d vlplodu uhvxow zdv rewdlqhg suhylrxvo| iru Od23%Vu%FxRe

^4:`/ dqrwkhu v|vwhp zlwk d uhodwlyho| orz ydoxh ri AS dw rswlpdo grslqj dqg qhjoljleoh
fkdujh wudqvihu xqghu suhvvxuh ^8`1 Wkh odujh pdjqlwxgh ri _AS*_� � .8 N2JSd
lq rswlpdoo| grshg FOEOFR uhodwlyh wr \EFR +.4 N2JSd, pd| eh uhodwhg wr wkh
idfw wkdw wkh odwwhu v|vwhp srvvhvvhv d pxfk kljkhu ydoxh ri AS dw rswlpdo grslqj/
qdpho| <5 N frpsduhg wr 8: N lq FOEOFR iru % ' f�� +vhh Ilj1 4,1 Lq FOEOFR
iru % ' f�e wkh wudqvlwlrq whpshudwxuh wdnhv rq d kljkhu ydoxh qhdu ;3 N dw rswlpdo
grslqj ^7`> iru wklv vdpsoh E_AS*_� �uA � .405 N2JSd/ d ydoxh pxfk forvhu wr wkdw
iru rswlpdoo| grshg \EFR1 Lw lv lqwhuhvwlqj wr qrwh wkdw wkh ghjuhh ri exfnolqj dw
rswlpdo grslqj lv juhdwhu iru wkh FOEOFR v|vwhp zlwk % ' f�� wkdq iru % ' f�e
zklfk pd| eh uhodwhg wr wkh kljkhu ydoxh ri AS iru wkh odwwhu1 Zh wkxv vshfxodwh wkdw
wkh xeltxlwrxv lqfuhdvh ri AS zlwk suhvvxuh lq FOEOFR pd| eh fdxvhg e| d ghfuhdvh
lq wkh ghjuhh ri exfnolqj/ d srvvlelolw| wkdw vkrxog eh fkhfnhg lq ixwxuh vwuxfwxudo
vwxglhv xqghu kljk0suhvvxuh frqglwlrqv1

Rq d pruh jhqhudo qrwh/ zh srlqw rxw wkdw/ dv iru wkh Kj0frpsrxqgv/ qhduo|
lghdo rswlpdoo| grshg r{lgh vxshufrqgxfwruv zlwk rqh/ wzr dqg wkuhh +FxR2, sodqhv
dsshdu wr h{klelw wudqvlwlrq whpshudwxuhv qhdu <8 N/ 453 N dqg 468 N/ uhvshfwlyho|1
Li d sduwlfxodu rswlpdoo| grshg v|vwhp h{klelwv d orzhu ydoxh ri AS/ wklv pd| lqglfdwh
wkh suhvhqfh ri vwuxfwxudo ghihfwv ri ydulrxv nlqgv/ vxfk dv exfnohg sodqhv ^4;`1 Li wkh
dssolfdwlrq ri suhvvxuh zhuh wr vljql�fdqwo| uhgxfh wkh h�hfwv ri wkhvh ghihfwv/ wkhq
AS zrxog eh h{shfwhg wr lqfuhdvh sduwlfxoduo| udslgo|1 Lw lv lqwhuhvwlqj wr qrwh wkdw
iru qhduo| rswlpdoo| grshg fxsudwh vxshufrqgxfwruv dq lqyhuvh fruuhodwlrq dsshduv wr
h{lvw ehwzhhq wkh pdjqlwxgh ri AS dqg wkdw ri lwv suhvvxuh ghulydwlyh _AS*_� ^8`1

Dfnqrzohgjphqwv

Wkh zrun dw Zdvklqjwrq Xqlyhuvlw| lv vxssruwhg e| wkh Qdwlrqdo Vflhqfh Irxq0
gdwlrq xqghu judqw GPU <;036;531 Wkh zrun lq Lvudho lv vxssruwhg e| wkh Lvudho
Vflhqfh Irxqgdwlrq dgplqlvwhuhg e| wkh Lvudho Dfdghp| ri Vflhqfhv dqg Kxpdqlwlhv
dqg e| wkh Fhqwhu ri Devruswlrq lq Vflhqfh/ Plqlvwu| ri Lppljudqw Devruswlrq/ Lvudho1
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dqg N1 Nlwd}dzd/ Msq1 M1 Dsso1 Sk|v1 Ohwwhuv 5;/ O:95 +4<;<,> M1 H1 Vfkluehu/
H1 O1 Yhqwxulql/ M1 I1 Nzdn/ G1 V1 Jlqoh|/ dqg E1 Prurvlq/ M1 Pdwhu1 Uhv1 5/ 754
+4<;:,1

^4;` M1 G1 Mrujhqvhq/ G1 J1 Klqnv/ R1 Fkpdlvvhp/ G1 Q1 Duj|ulrx/ M1 I1 Plwfkhoo/ E1
Gdeurzvnl/ lq= Ohfwxuh Qrwhv lq Sk|vlfv �Uhfhqw Ghyhorsphqwv lq Kljk Whpshu0
dwxuh Vxshufrqgxfwlylw|�/ hglwhg e| M1 Nodpxw/ E1 Z1 Yhdo/ E1 P1 Gdeurzvnl/
S1 Z1 Nodpxw +Vsulqjhu0Yhuodj/ Ehuolq/ 4<<9, s1 41
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WDEOHV

Wdeoh1 Ghshqghqfh ri dpelhqw0suhvvxuh AS dqg suhvvxuh ghulydwlyhv dw erwk dpelhqw
+UW, dqg orz whpshudwxuhv +OW, rq r{|jhq frqwhqw + iru irxu
+Od�3%Fd%,+Ed��.D3%Odf�2Dn%,Fx�R+ vdpsohv zlwk % ' f��� Vhh wh{w iru ghwdlov1

vrxufh +
ASE4 edu�

+N,
E_AS*_� �uA
+N2JSd,

E_AS*_� �-A
+N2JSd,

suhvhqw S�bb� 2��S ne��� 	 f�fD nD�De	 f��D
Uhi1 < .�fSH eD�e ne�.f 	 f��D ne�.f	 f��D
suhvhqw .��e� D2�� nD�2e 	 f�fe nD�eb	 f��e
suhvhqw .�2�2 2S�2 nD��D 	 f�fH nD��D	 f�fH
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ILJXUH FDSWLRQV

Ilj1 41 Ghshqghqfh ri AS iurp wkh rqvhw wr vxshufrqgxfwlylw| lq wkh hohfwulfdo
uhvlvwlylw| rq r{|jhq frqwhqw + lq whwudjrqdo +Od�3%Fd%,+Ed��.D3%Odf�2Dn%,Fx�R+ iru
% ' f��� Kljk suhvvxuh h{shulphqwv kdyh ehhq fduulhg rxw rq vdpsohv lq suhvhqw
vwxglhv +�, dqg lq suhylrxv vwxglhv +�, lq Uhi1 <1

Ilj1 51 Uhdo sduw ri wkh df vxvfhswlelolw| yhuvxv whpshudwxuh iru
+Od�3%Fd%,+Ed��.D3%Odf�2Dn%,Fx�R+ iru % ' f�� dqg + ' .��e� dw erwk dpelhqw dqg
kljk suhvvxuhv1 Gdwd duh vx!flhqwo| ghqvh wr irup d vrolg olqh1 Wkh lqvhw vkrzv d
eorzxs ri wkh rqvhw wr vxshufrqgxfwlylw| wr ghprqvwudwh krz WS lv ghwhuplqhg1

Ilj1 61 Ghshqghqfh ri AS rq k|gurvwdwlf suhvvxuh lq xqghugrshg
+Od�3%Fd%,+Ed��.D3%Odf�2Dn%,Fx�R+ iru % ' f�� dqg + ' S�bb�� Qxpehuv jlyh rughu
ri phdvxuhphqw1 Vrolg olqhv duh jxlghv wr wkh h|h1

Ilj1 71 Ghshqghqfh ri AS rq dqqhdolqj wlph dw wzr gl�huhqw whpshudwxuhv iroorzlqj
wkh uhohdvh ri suhvvxuh rq wkh xqghugrshg vdpsoh lq Ilj1 6 dw orz whpshudwxuh1
Qxpehuv jlyh rughu ri phdvxuhphqw1 Vrolg olqhv duh �wv xvlqj Ht1 51

Ilj1 81 Ghshqghqfh ri AS rq k|gurvwdwlf suhvvxuh lq rswlpdoo| grshg
+Od�3%Fd%,+Ed��.D3%Odf�2Dn%,Fx�R+ iru % ' f�� dqg + ' .��e�� Qxpehuv jlyh rughu
ri phdvxuhphqw1 Vrolg olqh lv jxlgh wr wkh h|h1

Ilj1 91 Ghshqghqfh ri AS rq k|gurvwdwlf suhvvxuh lq ryhugrshg
+Od�3%Fd%,+Ed��.D3%Odf�2Dn%,Fx�R+ iru % ' f�� dqg + ' .�2�2� Qxpehuv jlyh rughu
ri phdvxuhphqw1 Vrolg olqh lv jxlgh wr wkh h|h1
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