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Wkh h{srqhqwldo jurzwk ri wkh Zruog Zlgh Zhe +Zhe,/ ghslfwhg lq Iljxuh
4/ kdv ehhq dffrpsdqlhg e| d joredo lqfuhdvh lq wkh qxpehu ri xvhuv ri wkh Lqwhu0
qhw1 Zkhuhdv lq 4<<9 wkhuh zhuh 94 ploolrq xvhuv/ dw wkh forvh ri 4<<; ryhu 47:
ploolrq shrsoh kdg Lqwhuqhw dffhvv zruogzlgh1 E| wkh |hdu 5333/ wkh qxpehu ri
lqwhuqhw xvhuv lv h{shfwhg wr grxeoh djdlq wr 653 ploolrq^4`1 Lq dgglwlrq wr wklv
uhpdundeoh jurzwk/ wkh Zhe kdv srsxodul}hg hohfwurqlf frpphufh/ dqg dv uhvxow
dq lqfuhdvlqj vhjphqw ri wkh zruog*v srsxodwlrq frqgxfwv frpphufldo wudqvdf0
wlrqv lq qryho zd|v1 Fklh�| dprqj wkhp duh wudqvdfwlrqv lqyroylqj lqwdqjleoh
jrrgv vxfk dv hqwhuwdlqphqw/ wudyho/ lqirupdwlrq dqg edqnlqj vhuylfhv/ dv rs0
srvhg wr wudqvdfwlrqv lq wkh wudglwlrqdo hfrqrp|/ zklfk duh pdgh xs ri pdvvlyh
surgxfwv vxfk dv frpsxwhuv/ errnv dqg fduv1 Pruhryhu/ wklv pdvvohvv hohfwurqlf
frpphufh lv frqgxfwhg rq d joredo vfdoh/ lq zklfk pdq| surylghuv glvwulexwhg
ryhu vhyhudo frxqwulhv fdq eh dffhvvhg dw wkh folfn ri d exwwrq1 Wkxv/ frqvxphuv
fdq sur�w iurp lqfuhdvhg lqirupdwlrq derxw wkh surgxfwv wkh| sxufkdvh/ orzhu
wudqvdfwlrq frvwv dqg sulfhv/ dqg d zlghu vhw ri fkrlfhv wkdq wkrvh dydlodeoh lq
wkh wudglwlrqdo hfrqrp|1
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Ilj1 4 Jurzwk ri wkh qxpehu ri Zhe vhuyhuv ryhu wlph

Rq wkh vxsso| vlgh/ wkh Zhe r�huv surylghuv dffhvv wr joredo pdunhwv zlwkrxw
kdylqj wr lqfxu odujh hqwu| frvwv ru kdylqj wr nhhs vl}deoh lqyhqwrulhv1 Wklv
juhdw rssruwxqlw| lv whpshuhg e| wkh lqfuhdvhg frpshwlwlrq wkdw fdq uhvxow
iurp qhzfrphuv frqwlqxlqj wr r�hu qryho frpelqdwlrqv ri surgxfwv dqg zd|v ri
gholyhulqj wkhp1 Wkh uhfhqw h{dpsoh ri wkh iuhh glvwulexwlrq ri uhfrughg pxvlf
ryhu wkh Lqwhuqhw e| qrq0wudglwlrqdo uhfruglqj �upv surylghv dq looxvwudwlrq ri
wkh vshhg zlwk zklfk dq lqgxvwu| qhhgv wr dgdsw wr qryho phfkdqlvpv dqg
whfkqrorjlhv lq rughu wr vxuylyh^5`1

Jlyhq wkhvh frqglwlrqv ri lpsuryhg joredo dffhvv dqg glyhuvh r�hulqjv/ lw
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lv ri lqwhuhvw wr �qg rxw derxw wkh qdwxuh ri wkh pdunhwv wkdw duh phgldwhg
e| wkh Zhe1 Zkloh lq wudglwlrqdo hfrqrplhv wudqvdfwlrq frvwv dqg jhrjudsk|
frqvsluh wr vhjphqw wkh pdunhwv vr wkdw wkh| fdwhu wr d orfdo frqvxphu edvh/
rqh h{shfwv wkdw wkh joredo uhdfk ri wkh Zhe frxog ohdg wr gl�huhqw pdunhw
vkduh fkdudfwhulvwlfv rq wkh surylghu vlgh1 Wkh glvwulexwlrq ri wkh pdunhw vkduh
rq wkh Zhe lv lqwhuhvwlqj erwk wr wkh hfrqrplf wkhrulvw frqwhpsodwlqj pdunhw
h�flhqflhv dqg wkh h0frpphufh surylghu frqwhpsodwlqj wkh qxpehu ri fxvwrphuv
wkh exvlqhvv zloo dwwudfw1

Lq rughu wr dgguhvv wkh lvvxh ri pdunhw vkduh rq wkh Zhe/ zh vwxglhg wkh
glvwulexwlrq ri xvhuv dprqj Zhe vlwhv e| h{dplqlqj xvdjh orjv iurp Dphulfd
Rqolqh +DRO,^6` fryhulqj 453/333 vlwhv1 Xvhuv lq wklv frqwh{w dfw dv sur{lhv iru
hfrqrplf dfwlylw|1 Zh irxqg rxw wkdw erwk lq wkh fdvh ri doo vlwhv dqg vlwhv lq
vshfl�f fdwhjrulhv/ wkh glvwulexwlrq ri ylvlwruv shu vlwh iroorzv d xqlyhuvdo srzhu
odz vlplodu wr wkdw irxqg e| Sduhwr lq lqfrph glvwulexwlrqv1 Wklv lpsolhv wkdw
d vpdoo qxpehu ri vlwhv frppdqg wkh wud�f ri d odujh vhjphqw ri wkh Zhe srs0
xodwlrq/ d vljqdwxuh ri zlqqhu0wdnh0doo pdunhwv^7`1 Lq rughu wr h{sodlq wklv gdwd/
zh suhvhqw d g|qdplfdo wkhru| ri vlwh srsxodulw| zklfk wdnhv lqwr dffrxqw wkh
vwrfkdvwlf qdwxuh ri xvhu ghflvlrqv wr ylvlw jlyhq vlwhv dv zhoo dv wkh idfw wkdw
qhzhu vlwhv duh dsshdulqj dw dq hyhu lqfuhdvlqj udwh1 Wkh prgho dffrxqwv iru
wkh revhuyhg srzhu odz ehkdylru dqg qdwxudoo| surylghv wkh dpsol�fdwlrq idfwru
uhvsrqvleoh iru wkh lqfuhdvhg shuirupdqfh ri wkh wrs shuiruphuv1 Wkhvh uhvxowv
vkrz wkdw d qhzo| hvwdeolvkhg vlwh zloo/ zlwk kljk suredelolw|/ mrlq wkh udqnv
ri vlwhv zklfk dwwudfw d kdqgixo ri ylvlwruv d gd|/ zkloh zlwk dq h{wuhpho| orz
suredelolw| lw zloo fdswxuh d vljql�fdqw qxpehu ri xvhuv1 Vxfk d glvsursruwlrq0
dwh glvwulexwlrq ri xvhu yroxph dprqj vlwhv lv fkdudfwhulvwlf ri zlqqhu0wdnh0doo
pdunhwv/ zkhuhlq wkh wrs ihz frqwhqghuv fdswxuh d vljql�fdqw sduw ri wkh pdunhw
vkduh1

Zh rewdlqhg wkh glvwulexwlrq ri xvhuv dprqj vlwhv iurp dffhvv orjv ri d vxevhw
ri DRO xvhuv dfwlyh Ghfhpehu 4/ 4<<:1 Wkh vxevhw frpsulvhv 93/333 xvhuv df0
fhvvlqj 453/333 vlwhv1 D uhtxhvw iru wkh grfxphqw %kwws=22zzz1d1e1frp2f2g1kwpo%
zdv lqwhusuhwhg dv d uhtxhvw iru wkh vlwh e1frp1 Wklv gh�qlwlrq ri d vlwh zdv
fkrvhq lq devhqfh ri lqirupdwlrq derxw lqglylgxdo vlwh frqwhqw1 %d41e1frp% dqg
%d51e1frp% kdyh d idlu fkdqfh ri frqwdlqlqj uhodwhg lqirupdwlrq dqg khqfh zhuh
frqvlghuhg d vlqjoh vlwh1 Vlwhv %e41frp% dqg %e51frp% pljkw frpsulvh d vlq0
joh frqfhswxdo vlwh/ exw zhuh frxqwhg vhsdudwho|1 Ixuwkhu/ ylvlwv wr pxowlsoh
grfxphqwv zlwklq wkh vdph vlwh ru pxowlsoh ylvlwv wr wkh vdph grfxphqw zhuh
frxqwhg rqo| rqfh1 Wkxv zh uhodwh wkh srsxodulw| ri d vlwh wr wkh qxpehu ri
xqltxh ylvlwruv lw uhfhlyhg lq rqh gd|1 Wdeoh 41 vkrzv wkh shufhqwdjh ri yroxph
+phdvxuhg lq xqltxh ylvlwruv, dffrxqwhg iru e| wkh wrs vlwhv1
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( yroxph e| xvhu

( vlwhv doo vlwhv dgxow vlwhv hgxfdwlrqdo vlwhv

314 65169 417 51;4
4 88196 481;6 561:9
8 :71;4 741:8 8<183
43 ;5159 8<15< :717;
83 <71<5 <31:9 <91;;
Wdeoh1 4 Glvwulexwlrq ri xvhu yroxph dprqj vlwhv

Wkh wrs 44< +wrs 314(, vlwhv/ h{foxglqj DRO lwvhoi/ fdswxuh d zkrsslqj
65169( ri xvhu yroxph1 Wkh wrs 4( ri vlwhv fdswxuh pruh wkdq kdoi ri wkh wrwdo
yroxph1 Wkh wrs vlwh zdv |dkrr1frp1 Iljxuh 5 vkrzv d klvwrjudp ri wkh qxpehu
ri vlwhv zlwk hdfk sduwlfxodu qxpehu ri xqltxh ylvlwruv1 Iljxuh 6 lv d glvwulexwlrq
ri wkh qxpehu ri xvhuv shu vlwh/ rewdlqhg e| elqqlqj wkh klvwrjudp lq Iljxuh 5
dqg �wwlqj lw zlwk d vwudljkw olqh1 D vwudljkw olqh �w rq d orj0orj vfdoh lpsolhv d
srzhu odz glvwulexwlrq lq wkh qxpehu ri xvhuv shu vlwh1
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Ilj1 6 Wkh sursruwlrq ri vlwhv e| srsxodulw| zdv rewdlqhg e| elqqlqj wkh gdwd
vkrzq lq �jxuh 51 Wkh �w vkrzq lv d srzhuodz glvwulexwlrq1

Lq rughu wr frqwuro iru gl�huhqfh lq nlqg dqg ixqfwlrq ri vlwhv/ zh orrnhg iru
xqhtxdo glvwulexwlrq ri yroxph zlwklq fdwhjrulhv ri vlwhv zklfk zh h{shfwhg wr
kdyh vlplodu frqwhqw1 Wkh wzr fdwhjrulhv zh fkrvh zhuh dgxow dqg 1hgx grpdlq
vlwhv1 Dgxow vlwhv zhuh dvvxphg wr r�hu d vhohfwlrq ri lpdjhv dqg rswlrqdoo| ylghr
dqg fkdw1 Hgxfdwlrqdo grpdlq vlwhv zhuh dvvxphg wr frqwdlq lqirupdwlrq derxw
dfdghplfv dqg uhvhdufk dv zhoo dv shuvrqdo krphsdjhv ri vwxghqwv/ vwd�/ dqg
idfxow|/ zklfk frxog fryhu dq| udqjh ri kxpdq lqwhuhvw1 Djdlq/ wkh glvwulexwlrq
ri ylvlwv dprqj vlwhv zdv xqhtxdo1 9/948 dgxow vlwhv zhuh vdpsohg e| nh|zrugv
lq wkhlu qdph1 Wkh wrs vlwh fdswxuhg 417( ri wkh yroxph wr dgxow vlwhv/ zkloh
wkh wrs 43( dffrxqwhg iru 93( ri wkh yroxph1 Vlploduo|/ ri wkh 1hgx vlwhv/ wkh
wrs vlwh/ xplfk1hgx/ khog 51;4( ri wkh yroxph/ zkloh wkh wrs 8( dffrxqwhg iru
ryhu 93 shufhqw ri wkh ylvlwru wud�f1 Iljxuh 7 vkrzv d wkh elqqhg dqg �wwhg
glvwulexwlrqv iru erwk dgxow dqg 1hgx vlwhv1
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Ilj1 7 Glvwulexwlrqv ri xvhuv dprqj 1hgx dqg dgxow vlwhv1

Lq wkh uhpdlqghu ri wkh sdshu zh ghyhors d wkhru| ri vwrfkdvwlf jurzwk
g|qdplfv iru Zhe xvdjh zklfk suhglfwv ri wkh srzhu odz ehkdylru revhuyhg lq
wkh deryh gdwd dqdo|vlv1 Lq ghyhorslqj dq hyroxwlrqdu| wkhru| ri wkh jurzwk
ri srsxodulw| ri Zhe vlwhv/ zh �uvw frqvlghu wkh qxpehu ri xvhuv iuhtxhqwlqj d
jlyhq vlwh dv d ixqfwlrq ri wlph1 Zh fodlp wkdw wkh gl�huhqfh lq wkh qxpehu
ri ylvlwruv dw d vlwh lq wzr vxffhvvlyh wlph shulrgv lv sursruwlrqdo wr wkh wrwdo
qxpehu ri ylvlwruv wr wkdw vlwh1 D odujh vlwh zlwk wkrxvdqgv ri xvhuv pljkw
�xfwxdwh e| kxqguhgv ri ylvlwv rq dq| jlyhq gd|/ zkloh d vpdoo vlwh zlwk gr}hqv
ri xvhuv pljkw h{shulhqfh d ihz ylvlwv pruh ru ohvv1 Wkxv/ li qv+w, lv wkh qxpehu
ri ylvlwruv wr d vlwh v dw wlph w/ wkh qxpehu dw wkh qh{w lqwhuydo ri wlph/ qv+w.4,/
lv ghwhuplqhg e|

qv+w. 4, @ qv+w, . j+w. 4,qv+w, +4,

zkhuh j+w,lv wkh jurzwk udwh1 Jlyhq wkh xqsuhglfwdeoh fkdudfwhu ri vlwh xvhu
srsxodwlrq jurzwk/ zh dvvxph wkdw j+w, �xfwxdwhv lq dq xqfruuhodwhg idvklrq
iurp rqh wlph lqwhuydo wr wkh rwkhu derxw d srvlwlyh phdq ydoxh j31 Lq rwkhu
zrugv

j+w, @ j3 . �+w, +5,

zlwk wkh �xfwxdwlrqv lq jurzwk/ �+w,>ehkdylqj lq vxfk d zd| wkdw ? �+w, A@ 3
dqg ? �+w,�+w . 4, A@ 5��w>w.4/ l1h1 wkh| duh ghowd fruuhodwhg dqg zlwk }hur
phdq1 Wklv dvvxpswlrq zdv frq�uphg e| d vwxg| ri wkh xvdjh ri wkh [hur{
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Frus1 Zhe vlwh/ zkrvh �xfwxdwlrqv lq jurzwk duh sorwwhg lq Iljxuh 81 Wkh
zhhno| �xfwxdwlrqv lq wkh jurzwk udwh zhuh irxqg wr eh xqfruuhodwhg dw wkh
<8( frq�ghqfh ohyho1
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Ilj1 8 Iudfwlrqdo �xfwxdwlrqv lq wkh qxpehu ri xvhuv dw wkh [hur{ zhe vlwh1

Zh rewdlq wkh glvwulexwlrq ri wkh qxpehu ri xvhuv shu vlwh e| frqvlghulqj
wkdw wkh glvwulexwlrq ri xvhuv dw d vlwh wr eh frpsohwho| ghwhuplqhg e| lwv djh/
�/ lwv phdq jurzwk udwh j3/ dqg wkh yduldqfh ri lwv xvdjh �xfwxdwlrqv �51 Lq
rxu dqdo|vlv zh pdnh xvh ri pl{wxuhv ri glvwulexwlrqv1 Li wkh glvwulexwlrq ri
{/ s+{> �,/ ghshqgv rq wkh sdudphwhu �/ zklfk lq wxuq lv glvwulexwhg dffruglqj
wr lwv rzq glvwulexwlrq u+�,/ wkhq wkh glvwulexwlrq ri {/ lv jlyhq e| s+{, @U
s+{> �,u+�,g�1 Iluvw ghulyh wkh glvwulexwlrq kroglqj �/ j3/ dqg �5 �{hg1 Zh

wkhq frpsxwh wkh pl{wxuh ryhu wkh glvwulexwlrq ri vlwh djhv �1 Ilqdoo|/ zh
frpsxwh wkh pl{wxuh ryhu j3 dqg �5=

Wr rewdlq wkh glvwulexwlrq ri xvhuv shu vlwh iru d �{hg �/ j3/ dqg �5/ zh vxp
Ht1 +4, wr jhw

W[
w@3

qv+w. 4,� qv+w,

qv+w,
@

W[
w@3

j+w, +6,

Fkdqjlqj wkh vxp wr dq lqwhjudo +zklfk dvvxphv wkdw wkh gl�huhqfhv lq xvhu
srsxodwlrqv ehwzhhq wzr wlph vwhsv lv vpdoo, zh rewdlq

]
W

3

gqv
qv

@ oq
q+W ,

qv+3,
@

W[
w@3

j+w, +7,
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Qrwlfh wkdw wkh uljkw kdqg vlgh ri Ht1 +7, lv d vxp ryhu glvfuhwh wlph vwhsv/ dw
hdfk ri zklfk zh dvvxph wkh ydoxhv ri j wr eh qrupdoo| glvwulexwhg zlwk phdq j3
dqg yduldqfh �51 Wklv fruuhvsrqgv wr d Eurzqldq prwlrq surfhvv zlwk vwdwlrqdu|
dqg lqghshqghqw lqfuhphqwv1 E| lqyrnlqj wkh Fhqwudo Olplw Wkhruhp zh fdq
dvvhuw wkdw iru hyhu| wlph vwhs w/ wkh orjdulwkp ri qv lv qrupdoo| glvwulexwhg
zlwk phdq j3w dqg yduldqfh �5w^9`^:`1 Wklv phdqv wkdw wkh glvwulexwlrq ri wkh
qxpehu ri ylvlwruv wr vlwhv fuhdwhg dw wkh vdph wlph dqg zlwk wkh vdph dyhudjh
jurzwk udwh lv orj0qrupdo^;`/ l1h/ lwv ghqvlw| lv jlyhq e|

S +qv, @
4

qv
s
w
s
5��5

h{s�^
+oqqv � j3w,5

5�5w
` +8,

zkhuh wkh wlph ghshqghqw guliw j3w lv wkh phdq ri oqqv / uh�hfwlqj wkh idfw wkdw/
ryhu wlph/ vlwh xvdjh lqfuhdvhv rq dyhudjh1 Wkh yduldqfh ri wklv glvwulexwlrq lv
uhodwhg wr wkh phgldq p @ h{s+j3w, e| Y du+qv, @ p5 h{s

�
w�5

�
+h{s

�
w�5

�� 4,=
Vrph lqvljkw lqwr wkh g|qdplfv ri xvdjh jurzwk fdq eh rewdlqhg e| qrwlflqj

wkdw wkh vwrfkdvwlf gl�huhqwldo htxdwlrq dvvrfldwhg zlwk Ht1 +4,/ zklfk lv jlyhq
e|

gqv
gw

@ ^j3 . �+w,`qv +9,

fdq eh vroyhg h{dfwo|^<`1 Wkh vroxwlrq lv wkh vwrfkdvwlf jurzwk surfhvv

qv+w, @ qv+3, h{s +j3w.zw, +:,

zkhuh zw lv d Zlhqhu surfhvv vxfk wkdw ? zw A@ 3 dqg ? z5
w A@ h{s�5w1

Htxdwlrq +:, vkrzv wkdw w|slfdo �xfwxdwlrqv lq wkh jurzwk ri wkh qxpehu ri
xvhuv dzd| iurp wkhlu phdq udwh j3 uhod{ h{srqhqwldoo| wr }hur1 Rq wkh rwkhu
kdqg/ wkh qwkprphqwv ri qv / zklfk duh uhodwhg wr wkh suredelolw| ri yhu| xqolnho|
hyhqwv/ jurz lq wlph dv ? qv+w,

q A@ ^qv+3,`
q h{s^q+q � �j3w` / lqglfdwlqj wkdw

wkh pdunhw g|qdplfv ri wkh zhe lv grplqdwhg e| rffdvlrqdo exuvwv lq zklfk odujh
qxpehu ri xvhuv duh vxgghqo| gudzq wr jlyhq vlwh1 Wkhvh exuvwv duh uhvsrqvleoh
iru wkh orqj wdlo ri wkh suredelolw| glvwulexwlrq dqg pdnh dyhudjh ehkdylru ghsduw
iurp w|slfdo uhdol}dwlrqv^43`1

Qh{w zh idfwru lq wkh idfw wkdw wkh glvwulexwlrq ri wkh qxpehu ri xvhuv ri d
vlwh ghshqgv rq wkh wlph wkdw kdv hodsvhg vlqfh wkdw vlwh zdv fuhdwhg1 Vlqfh wkh
qxpehu ri vlwhv lq wkh Zhe kdv grxeohg rq dyhudjh hyhu| vl{ prqwkv/ qhzhu vlwhv
duh pruh qxphurxv wkdq roghu rqhv1 Wkhuhiruh wkh glvwulexwlrq ri xvhuv shu vlwh/
iru doo vlwhv ri d jlyhq jurzwk udwh uhjdugohvv ri djh/ lv d pl{wxuh ri orjqrupdov
jlyhq e| Htxdwlrq +8,/ zkrvh djh sdudphwhu � lv zhljkwhg h{srqhqwldoo|1 Wkxv/
lq rughu wr rewdlq wkh wuxh glvwulexwlrq ri xvhuv shu vlwh wkdw jurz dw wkh vdph
jurzwk udwh/ zh qhhg wr frpsxwh wkh pl{wxuh jlyhq e|
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1 Zh �qg wkdw

wklv udqjh ri ydoxhv iru � lv frqvlvwhqw zlwk rxu gdwd dqdo|vlv lq zklfk zh irxqg
wkdw �hgx @ 4=78/ �dgxow @ 4=98/ �ryhudoo @ 5=3:1

Jlyhq wkhvh uhvxowv/ rqh zrxog h{shfw wkdw wkh roghvw vlwhv duh wkh prvw
grplqdqw rqhv1 Exw wkh phdvxuhphqwv vkrz wkdw vlwh srsxodulw| dqg djh duh
rqo| voljkwo| fruuhodwhg1 Iru h{dpsoh wkh vhyhqwk prvw srsxodu dgxow vlwh zdv
rqo| fuhdwhg irxu prqwkv sulru wr rxu phdvxuhphqwv 0 idluo| |rxqj/ hyhq e| Zhe
vwdqgdugv1 Fohduo| / dvvxplqj wkh vdph jurzwk udwh iru doo vlwhv lv lqvx�flhqw
dqg khqfh zh qhhg wr wdnh lqwr dffrxqw gl�huhqfhv lq wkh phdq dqg yduldqfh ri
wkh lqfuhdvh lq srsxodulw| ri Zhe vlwhv/ vlqfh vr idu wkh glvwulexwlrq lv ydolg iru
d vlqjoh jurzwk udwh j @ j+j3> �,1

Idfwruv d�hfwlqj d vlwh*v jurzwk udwh pljkw lqfoxgh qdph uhfrjqlwlrq/ dg0
yhuwl}lqj exgjhwv dqg vwudwhjlhv/ xvhixoqhvv dqg hqwhuwdlqphqw ydoxh ri wkh vlwh/
dqg hdvh zlwk zklfk qhz xvhuv fdq glvfryhu wkh vlwh/ wr qdph d ihz1 Vlqfh hdfk
jurzwk udwh rffxuv zlwk d sduwlfxodu suredelolw| S +j,/ dqg jlyhv ulvh wr d srzhu
odz glvwulexwlrq lq wkh qxpehu ri xvhuv shu vlwh zlwk d vshfl�f h{srqhqw/ wkh
suredelolw| wkdw d jlyhq vlwh zlwk dq xqnqrzq jurzwk udwh kdv qv xvhuv lv jlyhq
e| wkh vxp/ ryhu doo jurzwk udwhv j/ ri wkh suredelolw| wkdw wkh vlwh kdv vr pdq|
xvhuv jlyhq j/ pxowlsolhg e| wkh suredelolw| wkdw d vlwh*v jurzwk udwh lv j/ l1h1
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Vlqfh zh kdyh douhdg| vkrzq wkdw hdfk sduwlfxodu jurzwk udwh jlyhv ulvh wr d
srzhu odz glvwulexwlrq zlwk d vshfl�f ydoxh ri wkh h{srqhqw �+j,/ wklv vxp lv ri
wkh irup
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zklfk/ iru odujh ydoxhv ri qv ehkdyhv olnh d srzhu odz zlwk dq h{srqhqw jlyhq
e| wkh vpdoohvw srzhu suhvhqw lq wkh vhulhv1

Zh wkxv rewdlq wkh yhu| jhqhudo uhvxow wkdw wkh pdunhw g|qdplfv ri wkhZruog
Zlgh Zhe jlyhv ulvh wr dq dv|pswrwlf vhoi vlplodu vwuxfwxuh lq zklfk wkhuh lv
qr qdwxudo vfdoh/ zlwk wkh qxpehu ri xvhuv shu vlwh glvwulexwhg dffruglqj wr d
srzhu odz1 Wklv lpsolhv wkdw rq d orj0orj vfdoh/ wkh qxpehu ri xvhuv shu vlwh/ iru
odujh q/ vkrxog idoo rq d vwudljkw olqh1 Zh srlqw rxw wkdw vlqfh vpdoo ydoxhv ri
qv olh rxwvlgh wkh vfdolqj uhjlph/ rxu wkhru| grhv qrw h{sodlq wkh gdwd rq vlwhv
zlwk ihz xvhuv1 D frqvhtxhqfh ri wkh xqlyhuvdolw| ri rxu suhglfwlrq/ lv wkdw wkh
vdph srzhu odz ehkdylru zloo eh vhhq dv pruh vlwhv duh fuhdwhg1

Lq vxppdu|/ zh suhvhqwhg hpslulfdo gdwd rq wkh qdwxuh ri pdunhwv lq wkh Zhe
wkdw vkrzv wkdw wkh zlqqhu0wdnh doo0 skhqrphqrq lv shuydvlyh ryhu wkrxvdqgv ri
vlwhv dqg sduwlfxodu grpdlqv1 Wklv lpsolhv wkdw vlwhv duh uhzdughg e| uhodwlyh
shuirupdqfh udwkhu wkdq devroxwh shuirupdqfh1 Dv d uhvxow/ wkh uhzdugv whqg wr
eh frqfhqwudwhg lqwr d ihz ri wkh vlwhv surylglqj wkh vdph vhuylfh/ wkxv ohdglqj
wr yhu| odujh gl�huhqfh lq xvhu ylvlwv wr vlwhv zlwk vlplodu r�hulqjv1 Zh dovr
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ghyhorshg d vwrfkdvwlf wkhru| ri wkh xvdjh g|qdplfv ri wkh Zhe wkdw wdnhv lqwr
dffrxqw wkh zlgh udqjh ri jurzwk udwhv lq wkh qxpehu ri xvhuv shu vlwh/ dv zhoo dv
wkh idfw wkdw qhz vlwhv duh fuhdwhg dw gl�huhqw wlphv lq wkh xqiroglqj vwru| ri wkh
Zhe1 Wklv ohg wr wkh suhglfwlrq ri d xqlyhuvdo srzhu odz lq wkh glvwulexwlrq ri
wkh qxpehu ri xvhuv shu vlwh/ zklfk djuhhv zlwk gdwd iurp d sruwlrq ri DRO orjv/
erwk iru vlwhv ryhudoo/ dqg dgxow dqg hgxfdwlrqdo vlwhv vhsdudwho|1 Wkh h{lvwhqfh
ri wklv srzhu odz lpsolhv wkh odfn ri dq| ohqjwk vfdoh iru xvhu srsxodwlrqv rq
wkh Zhe1 Wklv lv |hw d dqrwkhu h{dpsoh ri wkh vwurqj uhjxodulwlhv^44` wkdw duh
uhyhdohg lq vwxglhv ri wkh Zhe/ dqg zklfk ehfrph dssduhqw ehfdxvh ri lwv vkhhu
vl}h dqg uhdfk1

Dfnqrzohgjhphqw 4 Zh wkdqn Mlp Slwnrz iru surylglqj gdwd iru rxu dqdo0
|vlv/ dqg Udmdq Oxnrvh iru pdq| xvhixo glvfxvvlrqv1 Wklv zrun zdv sduwldoo|
vxssruwhg e| QVI judqw LUL0<948441
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^4` zzz1f0l0d1frp24<<<35lx1kwp

^5` Jurvvpdq/ Z1 P/ F|ehu ylhz/ Vflhqwl�f Dphulfdq/ 5;3/ 6; +4<<<,1

^6` zzz1dro1frp

^7` Iudqn/ Urehuw K1 dqg Frrn/ Sklols M1 Wkh Zlqqhu0wdnh0doo Vrflhw|/ Iuhh
Suhvv/ Qhz \run/ Q\ 4<<81

^8` Odzuhqfh/ V1 dqg Jlohv/ O1/ Vflhqfh 5;3/ <40<7 +4<<;,1

^9` Urvv/ V1 P1 Vwrfkdvwlf Surfhvvhv/ Mrkq Zloh| +4<<9,1

^:` Dwkuh|d/ N1 E1 dqg Qh|/ S1 H1 Eudqfklqj Surfhvvhv/ +Vsulqjhu0Yhuodj/
4<:5,1

^;` Furz/ H1 O1 dqg Vklpl}x/ N1 Orjqrupdo Glvwulexwlrqv= Wkhru| dqg Dssol0
fdwlrqv/ Pdufho Ghnnhu/ +4<;;,1

^<` Vwudwrqrylfk/ U1 O1 Wrslfv lq wkh Wkhru| ri Udqgrp Qrlvh +Jrugrq dqg
Euhdfk/ Qhzdun/ QM/ 4<9:,1

^43` Ohzrqwlq/ U1 F1 dqg Frkhq/ G1 Surf1 Qdwo1 Dfdg1 Vfl1 X1V1D1 95/ 4389
+4<9<,1
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43


