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Wkh vhoi0vlplodu2pxowliudfwdo qdwxuh ri Lqwhuqhw
wud!f kdv ehhq revhuyhg e| vhyhudo phdvxuhphqwv
dqg vwdwlvwlfdo vwxglhv1 Lw kdv qrw ehhq ghflghg |hw
zkhwkhu wkh wudfhv duh iroorzlqj hlwkhu vhoi0vlplodu
ru pxowliudfwdo orzv1 Lq wklv sdshu zh dqdo|}hg Lq0
whuqhw gdwd wud!fv/ erwk wkh fodvvlfdo Ehoofruh0gdwd
dqg gdwd phdvxuhg dw rxu PDQ e| orfdo surwrfro
dqdo|}hu1 D qhz pxowliudfwdo vwrfkdvwlf prgho zhuh
dssolhg dqg vkrzhg lwv uhohydqfh lq wkhvh fdvhv1

Nh|0Zrugv= Pxowliudfwdo/ Orqj0udqjh ghshq0
ghqfh/ Vhoi0vlplodulw|/ Hwkhuqhw/ Lqwhuqhw wud!f1
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Wkh frqyhujhqfh ri wkh whohfrp dqg gdwdfrp zruog
rqwr wkh lqirfrp hud lv ehfrplqj d uhdolw|1 Qhz
whfkqrorjlhv duh hphujlqj/ jryhuqphqw uhjxodwlrqv
duh ehlqj uhod{hg/ dqg wkh lqgxvwu| lv udslgo| jore0
dol}lqj1 Wkh h!flhqw wudqvsruw ri lqirupdwlrq lv
ehfrplqj d nh| hohphqw lv wrgd|*v vrflhw|1 E|
vrph hvwlpdwhv/ edqgzlgwk xvdjh ri wkh Lqwhuqhw
lv grxeolqj hyhu| vl{ wr wzhoyh prqwkv1 Iru wkh
�uvw wlph gdwd qhwzrun fdsdflwlhv duh vxusdvvlqj
yrlfh qhwzrun fdsdflwlhv dqg wkh jurzlqj ghpdqg
iru qhwzrun edqgzlgwk lv h{shfwhg wr frqwlqxh lq
wkh frplqj |hduv1 Vlqfh Lqwhuqhw wud!f zloo pruh
dqg pruh grplqdwh wudglwlrqdo whohfrp wud!f/ wkh
xqghuvwdqglqj ri lwv fkdudfwhulvwlfv lv fuxfldo iru d
uhdvrqdeoh ghvljq ri wkh ixwxuh lqirfrp qhwzrun1
Vshfldoo| wkuhh pdlq lvvxhv duh zruwk kljkoljkw0
lqj= vhuyhu0erxqg frqjhvwlrq/ urxwlqj dqg gdwd  rz
dv|pphwu|/ dqg wkh vhoi0vlplodu ru pxowliudfwdo qd0

wxuh ri Lqwhuqhw wud!f1

Lw lv zlgho| h{shulhqfhg wkdw wud!f  rzv rq wkh
Lqwhuqhw duh olplwhg e| wkh vhuyhuv surylglqj gdwd
wr uhtxhvwv iurp xvhuv/ udwkhu wkdq e| wkh qhwzrun
lwvhoi1 Lq wkh suhvhqfh ri odujh edqgzlgwk lw lv lq0
fuhdvlqjo| olnho| wkdw wkh vhuyhu  rz frqwuro zlq0
grz zloo eh wkh grplqdqw frqwuro hohphqw lq wud!f
wkurxjksxw udwkhu wkdq wrgd|*v frqjhvwlrq zlqgrz1
Dv d uhvxow/ zlwk odujhu slshv Lqwhuqhw wkurxjksxw
zloo eh lqfuhdvlqjo| vhuyhu0erxqg hyhq eh|rqg wkh
83 shufhqw vhuyhu0erxqg frqjhvwlrq h{shulhqfhg wr0
gd|1 Fhuwdlqo|/ vhuyhuv zloo lqfuhdvh wkhlu  rz frq0
wuro zlqgrz vl}h dv wkh| lqfuhdvh lq FSX srzhu1
Wkh ryhudoo qhwzrun fdsdflw| lqfuhdvhv idvwhu wkdq
wkh dyhudjh FSX shuirupdqfh ri wkh prvw vhuyhuv1
Wkh txhvwlrq ri vhuyhu0erxqg yv1 qhwzrun0erxqg
zloo ghshqg rq wkh uhodwlyh jurzwk ri edqgzlgwk
yv1 FSX srzhu1 Li edqgzlgwk jurzwk lv idvwhu wkdq
Prruh*v odz iru FSX srzhu dqg fdsdflw|/ wkhq xo0
wlpdwho| vhuyhu frqjhvwlrq zloo eh wkh frqwuroolqj
hohphqw lq wkh ixwxuh qhwzrunv1

Wkh skhqrphqrq ri LS gdwd  rz dv|pphwu| kdv
ehhq pxfk revhuyhu rq erwk qdwlrqdo dqg lqwhuqd0
wlrqdo olqnv1 Vxfk dv|pphwu| lv dwwulexwhg wr odujhu
vhuyhu idupv vhqglqj rxw odujh dprxqwv ri gdwd
lq uhvsrqvh wr vpdoo uhtxhvwv dqg wr wkh suhsrq0
ghudqfh ri xvhuv zkr grzqordg Zhe sdjhv1 Zhe
vhuyhu idupv whqg wr eh foxvwhuhg qhdu odujh Lqwhu0
qhw vhuylfh srlqwv/ zkloh xvhuv duh udqgrpo| glv0
wulexwhg durxqg wkh hgjhv ri wkh qhwzrun1 Frq0
vhtxhqwo|/ qhdu odujh lqwhufrqqhfwlrq srlqwv zkhuh
Zhe vhuyhuv duh orfdwhg/ wkhuh lv d odujh dv|pphwu|
lq wudqvplw2uhfhlyh gdwd  rzv lq idyru ri wkh wudqv0
plw sdwk h{lwlqj wkh vhuyhuv1 Wkh pdlq frqvhtxhqfh



ri dv|pphwu| lv wkdw d frqvlghudeoh dprxqw ri Lq0
whuqhw edqgzlgwk lv lgoh/ dqg dw wkh vdph wlph wkh
edqgzlgwk rq wkh rwkhu vlgh ri wudqvplw2uhfhlyh lv
wrwdoo| frqjhvwhg1 Vxfk d frqglwlrq h{lvwv ehfdxvh
frqwhpsrudu| whohfrp v|vwhpv duh vwloo ghvljqhg wr
sulpdulo| vxssruw yrlfh wud!f1

Wkh vhoi0vlplodu2pxowliudfwdo qdwxuh ri Lqwhuqhw
wud!f kdv ehhq revhuyhg e| vhyhudo phdvxuhphqwv
dqg vwdwlvwlfdo vwxglhv vwduwlqj e| Wdttx hw do1 ^9`
dqg d uhfhqw rqh zlwk d jrg uhihuhqfh olvw lv ^6`1 D
vwdwlrqdu| surfhvv [& lv pxowliudfwdo li
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+4,
l1h1 doorzlqj wkdw wkh Kxuvw h{srqhqwK fkdqjhv wr0
jhwkhu zlwk wkh rughu p= Qrwh wkdw Wdttx ^7`/ frq0
vlghuv devroxwh prphqwv lqvwhdg ri fxpxodqwv iru
wkh djjuhjdwhg surfhvvhv1 Dv idu dv rqh frqfhuqv
rq prqriudfwdov wkh wzr gh�qlwlrqv duh htxlydohqw1
Zh suhihu fxpxodqwv ehfdxvh wkh vfdolqj surshuwlhv
vkrxog qrw fkdqjh zlwk dgglwlyh frqvwdqwv dqg vxp0
plqj xs lqghshqghqw surfhvvhv1 Wkh djjuhjdwhg
vhulhv lv phdqw e|
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Lw zdv revhuyhg wkdw wud!f rq Lqwhuqhw qhwzrunv
h{klelwv wkh vdph fkdudfwhulvwlfv uhjdugohvv ri wkh
qxpehu ri vlpxowdqhrxv vhvvlrqv rq d jlyhq sk|vlfdo
olqn1 Dw wkh vdph wlph lw zdv srlqwhg rxw wkdw

� Pdq| vljqdov srvvhvv vljql�fdqw OUG/ exw glv0
sod| vkruw whup fruuhodwlrqv dqg ehkdylru lq0
frqvlvwhqw zlwk vwulfw vhoi0vlplodulw|1

� Lq pdq| vljqdov/ wkh vfdolqj ehkdylru ri pr0
phqwv dv wkh vljqdo lv djjuhjdwhg lv d qrqwulyldo
+qrqolqhdu, ixqfwlrq ri wkh prphqw rughu1

� Pdq| vljqdov kdyh lqfuhphqwv wkdw duh lqkhu0
hqwo| srvlwlyh dqg khqfh qrq0Jdxvvldq1

Wkhuh lv dq dgglwlrqdo surshuw| zklfk lv prwl0
ydwhg e| rxu h{shulphqwdo vwxg| ri DWP wudfhv/ vhh
Whugln0Jäo0Proqäu0Ljoöl ^8`/ surylglqj vwurqj hyl0
ghqfh ri suhvhqfh ri Jdppd glvwulexwlrq dqg uhdo
ydoxhg elvshfwuxp1

� Pdujlqdo glvwulexwlrq ri pdq| vljqdov ri DWP
wudfhv lv forvh wr Jdppd1

� Pdq| vljqdov ri DWP wudfhv kdyh uhdo ydoxhg
elvshfwuxp

Li zh frpsduh Lqwhuqhw wud!f yv1 Srlvvrq
yrlfh wud!f iru gl�huhqw qxpehuv ri djjuhjdwhg
xvhuv/ lw fdq eh vhhq wkdw dv wkh qxpehu ri yrlfh
 rzv lqfuhdvhv/ wkh wud!f ehfrphv pruh dqg pruh
vprrwkhg1 Lq rwkhu zrugv/ wkh yduldqfh ri yrlfh
wud!f udslgo| ghfuhdvhv zlwk wkh lqfuhdvh ri  rz
djjuhjdwlrq1 Lq fdvh ri Lqwhuqhw wud!f wkh yduldqfh
ri wkh surfhvv ghfuhdvhv zlwk pxfk orzhu vhhg1 Wklv
surshuw| lv xvxdoo| qdphg orqj0udqjh ghshqghqfh
+OUG, ri Lqwhuqhw wud!f1 Zh uhfdoo wkdw d vwdwlrq0
du| [& lv orqj0udqjh ghshqghqw +OUG, li wkh
dxwrfryduldqfh vhulhv

u& ' fry +[�>[�n&, * O+n,n2�3�> n $4=

Vhyhudo sdshuv dgguhvvhv wkh txhvwlrq ri zhwkhu
iru d pruh dffxudwh ghvfulswlrq ri Lqwhuqhw wud!f/
d eurdghu prgho fodvv/ qdpho| wkdw d pxowliudfwdo
surfhvv/ kdv wr eh frqvlghuhg ^7`1 Lq rxu sdshu zh
sursrvh pxowliudfwdo surfhvv iru Lqwhuqhw wud!f gh0
vfulswlrq1
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Zh kdyh pdqdjhg wr frqvwuxfw d pxowliudfwdo
surfhvv dv d olplw/ vhh ^5` iru ghwdlohv1 Wkh idfw
lv wkdw wkhuh h{lvwv dq d1v1 frqwlqxrxv surfhvv M lq
F^3> W `/ lw lv wkh Olplw ri wkh Lqwhjudwhg Vxshusr0
vlwlrq ri gl�xvlrq surfhvvhv zlwk olqhdu gl�huhqfldo
jhqhudwru +GOJ,1 Lw zloo eh fdoohg OLVGOJ surfhvv
zlwk wkh iroorzlqj edvlf surshuwlhv=

� Wkh OLVGOJ surfhvv M+w, kdv wkh iroorzlqj fx0
pxodqwv
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� Wkh OLVGOJ surfhvv M+w, kdv wkh vdph frydul0
dqfh vwuxfwxuh dv wkdw ri wkh iudfwlrqdo Eurzq0
ldq prwlrq +IEP,1 Qdpho|/ iru w�> w2 A 3/

fry+M+w�,> M+w2,,

@ f}
�
w2�n�
� . w2�n�
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� Wkh glvfuhwh wlph lqfuhphqw surfhvv ri M+w,

�M+w, @ M+w. 4,� M+w,> w @ 3> 4> 5> = = = >

lv vwdwlrqdu| dqg orqj0udqjh ghshqghqw +OUG,
zlwk orqj0udqjh sdudphwhu k1

� Wkh 5 �p|� rughu mrlqw fxpxodqwv ri wkh OLV0
GOJ surfhvv M+w, duh

fxp+M+w�,> = = = > M+w6,, @ frqvw1�26f +p� 4,$
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� Wkh orjdulwkp ri wkh fkdudfwhulvwlf ixqfwlrqdo
ri wkh olplw surfhvv M kdv wkh vhulhv h{sdqvlrq
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zkhuh �f lv wkh lghqwlw| shupxwdwlrq dqg ydu
vwdqgv iru wkh wrwdo yduldwlrq1

� Wkh glvwulexwlrq ri wkh OLVGOJ surfhvv M+w,
lv xqltxho| ghwhuplqhg e| lwv fxpxodqwv1

� Wkh lqfuhphqwv ri wkh OLVGOJ surfhvv M+w,
duh vwdwlrqdu| dqg pxowliudfwdo l1h1 wkh Kxvw
h{srqhqw ghshqgv rq wkh rughu ri wkh fxpx0
odqwv1 Sxw wkh Kxuvw h{srqhqw K @ k . 4@5
wkhq

fxp6
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� Wkh vshfwuxp ri wkh surfhvv �M+w, h{lvwv dqg
lw lv jlyhq e|
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iru $ 5 +3> 5�,/ zkhuh $E&�
' $ . 5n�/ n 5 ]1

Wkh vdph dv wkh GIJQ vshfwuxp +vhh Jhzhnh0
Sruwhu0Kxgdn ^4`,1

� Wkh elvshfwuxp ri wkh surfhvv �M+w, h{lvwv
dqg lw lv uhdo ydoxhg dqg qrqqhjdwlyh/ l1h1
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Wkh glvfuhwh wlph lqfuhphqw surfhvv ri M+w, lv

dssolhg iru wkh prgholqj ri gl�huhqw w|sh ri kljk

vshhg Lqwhuqhw wud!fv1
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Sorw ri prgxoxv ri orjdulwkp ri fxpxodqwv djdlqvw
orjdulwkp ri djjuhjdwlrq ohyho/ rughu ri fxpxodqwv

duh fkdqjlqj iurp 5 wr 9 vwduwlqj dw erwwrp/
Ehoofruh wudfh/ vhh irupxodh +5,/ + 4,1
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Wkhuh zhuh dqdo|}hg gdwd vhwv iurp wzr gl�huhqw
vrxufhv1 Iluvw gdwd vhw frqwdlqv d ploolrq sdfnhw
duulydov vhhq rq dq Hwkhuqhw dw wkh Ehoofruh Pruulv0
wrzq Uhvhdufk dqg Hqjlqhhulqj idflolw|1 Wkh phd0
vxuhphqw kdugzduh glg qrw gurs dq| sdfnhwv/ exw
fruuxswhg sdfnhwv +h1j1/ Hwkhuqhw froolvlrqv, duh qrw
lqfoxghg lq wkh wudfhv1 <<18( ri wkh hqfdsvxodwhg
sdfnhwv zhuh LS +Lqwhuqhw Surwrfro,1 Wkh wudfh EF0
sDxj;< ehjdq dw 44=58 rq Dxjxvw 5</ 4<;</ dqg udq
iru derxw 64751;5 vhfrqgv +xqwlo 4/333/333 sdfnhwv
kdg ehhq fdswxuhg,1 Hwkhuqhw/ zklfk fduulhg sul0
pdulo| orfdo wud!f/ exw dovr doo wud!f ehwzhhq Ehoo0
fruh dqg wkh Lqwhuqhw1

Wkh vhfrqg gdwd wudfh zdv froohfwhg h{foxvlyho|
ehwzhhq wkh Xqlyhuvlw| ri Gheuhfhq PDQ +XG0
PDQ, dqg wkh uhvw ri wkh zruog1 Wkhuh duh pruh
wkdq 8/333 Lqwhuqhw qrghv frqqhfwhg wr wkh XG0
PDQ1 Wkh qxpehu ri xvhuv lv pruh wkdq 43/333/
zklfk lpsolhv d kljk qxpehu ri sdudooho qhwzrun
vhvvlrqv1 Wkh gdwd vhwv frqwdlqv djjuhjdwhg Hwkhu0
qhw wud!f zlwk rqh vhfrqg vdpsolqj shulrg1 Wkhuh
zhuh vdpsohg iudph qxpehuv dqg e|wh qxpehuv1

Wkh phdvxuhphqw wlph lqwhuydo zdv 593/333 vhf0
rqgv +dssur{pdwhoo| wkuhh gd|v, dqg wkh wudfh eh0
jdq dw 4:=33 +FHW, rq Rfwrehu 5:/ 53331 Wkh phd0
vxuhphqw shulrg zdv d zhhn0hqg zkhq wkh pdmrulw|
ri uxqqlqj qhwzrun vhvvlrqv zhuh surylghg e| edwfk
dssolfdwlrqv +h0pdlo/ edwfk IWS, dqg rqo| d uhod0
wlyho| vpdoo qxpehu ri lqwhudfwlyh qhwzrun vhvvlrqv
+whoqhw/ luf/ hwf1, zhuh uxqqlqj e| gldo0xs xvhuv1
Wkh phdvxuhphqw kdugzduh zdv d Whnhohf surwr0
fro dqdo|}hu frqqhfwhg wr rqh Idvw Hwkhuqhw sruw
ri wkh edfnerqh vzlwfklqj urxwhu1 Lw lv qhfhvvdu|
wr phqwlrq wkdw wkh wudfhv froohfwhg iurp XGPDQ
frqwdlq gdwd iru lqfrplqj dqg rxwjrlqj wud!f wr0
jhwkhu ehfdxvh ri wkh exv wrsrorj| ri wkh Hwkhuqhw
wudqvplvvlrq whfkqltxh1

Iru erwk gdwd wudfh frplqj iurp Ehoofruh dqg
XGPDQ/ Hwkhuqhw surwrfro irufhv doo sdfnhwv wr
kdyh dw ohdvw d plqlpxp vl}h ri 97 e|whv dqg dw
prvw wkh pd{lpxp vl}h ri 484; e|whv1
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Iljxuh 4= Wkhruhwlfdo dqg hvwlpdwhg vshfwud iru
Ehoofruh wudfh/ vhh irupxod +6,1
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Iljxuh 5= Sorw ri prgxoxv ri orjdulwkp ri fxpx0
odqwv djdlqvw orjdulwkp ri djjuhjdwlrq ohyho/ rughu
ri fxpxodqwv duh fkdqjlqj iurp 5 wr 9 vwduwlqj dw
erwwrp/ XGPDQ wudfh/ vhh irupxodh +5,/ + 4,1
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Iljxuh 6= Wkhruhwlfdo dqg hvwlpdwhg vshfwud iru wkh
Hwkhuqhw iudph vl}h ri XGPDQ0Lqwhuqhw wud!f/ vhh
irupxod +6,1
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Wkhruhwlfdo elvshfwuxp iru wkh Hwkhuqhw iudph
vl}h ri XGPDQ0Lqwhuqhw wud!f/ vhh irupxod +7,1
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Hvwlpdwhg Elvshfwuxp ri Hwkhuqhw iudph vl}h iru
XGPDQ0Lqwhuqhw wud!f/ Uhdo sduw
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Hvwlpdwhg Elvshfwuxp ri Hwkhuqhw iudph vl}h iru
XGPDQ0Lqwhuqhw wud!f/ Lpdjlqdu| sduw
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Wklv sdshu jlyhv uhvsrqvh wr wkh xqghflghg txhv0
wlrq uhjduglqj vhoi0vlplodu ru pxowliudfwdo qdwxuh ri
wkh Lqwhuqhw wud!f1 D qhz phwkrg zdv dssolhg iru
gl�huhqw gdwd wudfhv ehwzhhq Ehoofruh Oderudwrulhv
dqg Lqwhuqhw dqg Xqlyhuvlw| ri Gheuhfhq PDQ dqg
Lqwhuqhw uhvshfwlyho|1 Wkh uhvxowv duh wkh vdph iru
erwk gdwd vhwv zklfk lpsolhv fohduo| wkh suhvhqfh ri
pxowliudfwdo surshuw| djdlqvw vhoi0vlplodulw| ri wkh
Lqwhuqhw wud!f1 Dw wkh vdph wlph lw fdq eh frq0
foxghg wkdw gxulqj pruh wkdq whq |hduv wlph wkh
qhz Lqwhuqhw dssolfdwlrqv kdyh qr udglfdo lq xhqfh
rq pxowliudfwdo qdwxuh ri wkh qhwzrunv1
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^4` V1 Jhzhnh/ M1dqg Sruwhu0Kxgdn1 Wkh hvwlpd0
wlrq dqg dssolfdwlrq ri orqj phpru| wlph vh0
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dqg J1 U1 Edudqlxn1 D pxowliudfwdo zdyhohw
prgho zlwk dssolfdwlrq wr qhwzrun wud!f1
LHHH Wudqvdfwlrqv rq Lqirupdwlrq Wkhru|/
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^8` J1 Whugln/ ]1 Jäo/ V1 Proqäu/ dqg H1 Ljoöl1 Elv0
shfwudo dqdo|vlv ri wud!f lq kljk vshhg qhw0
zrunv1 Whfkqlfdo Uhsruw <<28/ Nrvvxwk Xql0
yhuvlw| ri Gheuhfhq/ Ghsduwphqw ri Pdwkhpdw0
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wud!f dw wkh vrxufh ohyho1 Frpsxwhu Frppxql0
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