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Devwudfw

Wklv sdshu surylghv dq h{sodqdwlrq iru �yh vw|olvhg idfwv frqfhuqlqj
jurzwk dqg vwuxfwxudo fkdqjh lq wkh ghyhorshg hfrqrplhv= +l, wkh ulvlqj
vkduh ri vhuylfh hpsor|phqw> +ll, wkh lqfuhdvh lq wkh ihpdoh hpsor|phqw
udwh> +lll, wkh ghfhohudwlrq ri wklv lqfuhdvh zkloh dssurdfklqj wkh pdoh
hpsor|phqw udwh> +ly, wkh ulvlqj vkduh ri ihpdoh hpsor|phqw zlwklq wkh
vhuylfh vhfwru> +y, wkh voljkw dqg xqfhuwdlq ulvh lq wkh vkduh ri vhuylfh
rxwsxw1 Wr wklv hqg wkh sdshu glvwlqjxlvkhv ehwzhhq pdunhw vhuylfhv dqg
zrphq*v krphzrun/ dqg vwxglhv wkh h�hfwv ri whfkqlfdo surjuhvv rq wkh
h{whuqdolvdwlrq ri krph vhuylfhv/ zklfk wdnhv sodfh wkurxjk wkh lqwhudf0
wlrq ehwzhhq ghpdqg iru pdunhw vhuylfhv dqg vxsso| ri ihpdoh oderxu1
Edxpro*v +4<9:, uhvxow wkdw djjuhjdwh oderxu jurzwk ghfolqhv lq d vhuylfh
grplqdwhg hfrqrp| lv fkdoohqjhg zkhq krphzrun lv frqvlghuhg1 Ilqdoo|/
d srolf| wr lqfuhdvh wkh ryhudoo hpsor|phqw udwh e| vxevlglvlqj pdunhw
vhuylfhv dsshduv wr eh h�hfwlyh/ dqg fdq eh zhoiduh lpsurylqj/ hyhq li
�qdqfhg e| dq lqfrph wd{1

M1H1O1 frgh= G46/ M54/ M55/ R74
Nh|zrugv= xqedodqfhg jurzwk/ krphzrun/ ihpdoh sduwlflsdwlrq/ vhuylfh

hpsor|phqw/ Edxpro
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4 Lqwurgxfwlrq

Hfrqrplf jurzwk dqg vwuxfwxudo fkdqjh duh zlgho| uhfrjqlvhg dv forvho| olqnhg
wrjhwkhu1 Uhfhqwo|/ pxfk dwwhqwlrq kdv ehhq ghyrwhg wr wkh lqfuhdvlqj vkduh
ri vhuylfh hpsor|phqw/ hvshfldoo| lq wkh prvw ghyhorshg hfrqrplhv1 Wklv kdv
ehhq vhhq dv dq lqwhuhvwlqj surfhvv ehfdxvh ri lwv surshuw| ri devruelqj oderxu
h{dfwo| zkhq xqhpsor|phqw hphujhv dv d zlghvsuhdg sureohp1

Ohvv dwwhqwlrq kdv ehhq sdlg wr wkh uroh ri ihpdoh oderxu lq wklv surfhvv/
dowkrxjk hpslulfdo hylghqfh vkrzv wkdw lw kdv juhdwo| h{sdqghg lq doo frxqwulhv/
h{fhsw zkhuh lw zdv douhdg| vlplodu wr wkh uroh ri pdoh oderxu1 Wzr vlqjoh gdwd
fdq dffrxqw iru wklv1 Zkhuhdv wkh pdoh hpsor|phqw udwh lq wkh 48 phpehuv
ri wkh Hxurshdq Xqlrq gursshg rq dyhudjh e| 4419 srlqwv iurp 4<:8 wr 4<<</
wkh ihpdoh hpsor|phqw udwh lqfuhdvhg e| < srlqwv +Hxurshdq Frpplvvlrq 5333>
5334,1

Wklv sdshu lv dq dwwhpsw wr surylgh dq hfrqrplf h{sodqdwlrq iru erwk h{0
sdqglqj zrphq*v sduwlflsdwlrq lq wkh oderxu pdunhw dqg wkh ulvlqj vkduh ri
vhuylfh hpsor|phqw1 Iru wklv sxusrvh/ d wzr0vhfwru prgho ri lqgxvwu| dqg vhu0
ylfhv zdv h{whqghg e| frqvlghulqj krphzrun dv d w|slfdo ihpdoh dfwlylw|1 Wkh
fuxfldo uroh ri wkh gl�huhqw udwhv ri whfkqlfdo surjuhvv dprqj surgxfwlrq df0
wlylwlhv zdv wkhq vwxglhg1 Wkh h{whqghg prgho dovr hqdeohg uhfrqvlghudwlrq ri
wkh shvvlplvwlf uhvxow rewdlqhg e| wkh Edxpro*v +4<9:, zhoo0nqrzq prgho rq
djjuhjdwh jurzwk1 Ilqdoo|/ wkh frqyhqlhqfh ri vxevlglvlqj pdunhw vhuylfhv wr
h{sdqglqj hpsor|phqw dqg lqfuhdvh zhoiduh lv eulh | h{dplqhg1

Wkh sdshu lv rujdqlvhg dv iroorzv= vhfwlrq 5 kljkoljkwv wkh vw|olvhg idfwv wr eh
h{sodlqhg/ vhfwlrq 6 uhylhzv wkh uhohydqw olwhudwxuh/ vhfwlrq 7 suhvhqwv wkh prgho
dqg lwv vroxwlrq/ vhfwlrq 8 sursrvhv wkh h{sodqdwlrq iru wkh vw|olvhg idfwv dqg
wkh uhfrqvlghudwlrq ri Edxpro*v uhvxow/ vhfwlrq 9 h{dplqhv d srolf| rssruwxqlw|/
dqg vhfwlrq : frqfoxghv1

5 Vw|olvhg idfwv

Lq wkh prvw uhfhqw ghfdghv �yh vw|olvhg idfwv fdq eh lghqwl�hg zlwklq wkh surfhvv
ri hfrqrplf jurzwk ri wkh Hxurshdq Xqlrq dqg wkh XV=

+l, wkh ulvlqj vkduh ri vhuylfh hpsor|phqw>
+ll, wkh lqfuhdvh lq wkh ihpdoh hpsor|phqw udwh/ dowkrxjk wkh pdoh hpsor|0

phqw udwh kdv ghfolqhg>
+lll, wkh vorzgrzq lq wkh lqfuhdvh lq wkh ihpdoh hpsor|phqw udwh zkhq lw

dssurdfkhv wkh pdoh hpsor|phqw udwh>
+ly, wkh ulvlqj vkduh ri ihpdoh hpsor|phqw lq wkh vhuylfh vhfwru>
+y, d voljkw dqg xqfhuwdlq ulvh lq wkh vkduh ri vhuylfh rxwsxw1
Wkhvh idfwv fdq eh revhuyhg iurp wkh iroorzlqj Iljxuhv/ zklfk duh edvhg rq

Rhfg vwdwlvwlfv1 Wkh ihpdoh hpsor|phqw udwh ryhu wkh wrwdo hpsor|phqw udwh
dozd|v dsshduv rq wkh { 0d{lv/ zkloh rq wkh |0d{lv dsshdu wkh vhuylfh hpsor|phqw
vkduh lq Ilj14/ wkh ihpdoh hpsor|phqw vkduh zlwklq wkh vhuylfh vhfwru lq Ilj15/
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dqg wkh h{shqglwxuh vkduh rq vhuylfhv zlwklq wkh krxvhkrog exgjhw lq Ilj161
Wkh HX frxqwulhv iru zklfk gdwd duh dydlodeoh dqg wkh XV duh frqvlghuhg/ zkloh
wkh wlph vsdq fryhuv derxw 63 |hduv4 1

Wkh uhodwlrqvklsv dsshdu h{wuhpho| forvh/ hvshfldoo| lq wkh �uvw wzr Iljxuhv/
dqg zlwk vrph whqghqf| wrzdugv frqyhujhqfh dprqj frxqwulhv1 Wkh XV hphujhv
dv d ohdghu/ wrjhwkhu zlwk wkh Qruglf frxqwulhv/ lq hpsor|lqj zrphq dqg lq
surgxflqj vhuylfhv1

Wkh �uvw irxu vw|olvhg idfwv dovr hphujh iurp Wdeoh 4/ zklfk uhsruwv gdwd iru
wkh zkroh HX048/ dqg gdwd rq Ixoo Wlph Htxlydohqw hpsor|phqw udwhv/ exw iru
d vkruwhu wlph vsdq1

4 Lq Iljv1 405 wkh gdwd fryhuv wkh iroorzlqj |hduv= 4<930<9 iru Lwdo|/ Ehojlxp dqg wkh XN>
4<930<: iru wkh XV/ Jhupdq| dqg Ilqodqg> 4<960<: iru Vzhghq> dqg 4<:30<9 iru Vsdlq1 Lq
Ilj1 6 wkh gdwd fryhuv wkh iroorzlqj |hduv= 4<:30<: iru Lwdo|/ Iudqfh/ dqg wkh XV> 4<:30<9 iru
wkh XN dqg Ilqodqg> 4<:30<8 iru Juhhfh/ wkh Qhwkhuodqgv/ dqg Ghqpdun> 4<:90<9 iru Dxvwuld>
4<;30<9 iru Vzhghq> 4<;90<8 iru Sruwxjdo> dqg 4<<40<9 iru Jhuqpdq|1
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4<;8 4<<<
Vkduh ri

vhuylfh hpsor|phqw
HX048 8:=6 99=6

Hpsor|phqw udwh +IWH,

Vsdlq
Phq

Zrphq

Lwdo|
Phq

Zrphq

Iudqfh
Phq

Zrphq

Jhupdq|
Phq

Zrphq

XN
Phq

Zrphq

96=5
55=;
:4=9
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:6=8
76=4
:;=7
76=3
::=7
6:=;

9;=3
65=8
9;=9
66=6
9<=3
78=6
:4=:
77=3
:8=<
78=4

Ihpdoh hpsor|phqw vkduh
zlwklq vhuylfhv

HX048 7:=: 84=:

Wde14 Wrwdo dqg ihpdoh vhuylfh hpsor|phqw/ pdoh dqg ihpdoh Ixoo Wlph
Htxlydohqw hpsor|phqw udwhv1 Hxurshdq Xqlrq 048/ vhohfwhg phpehuv +4<;8

dqg 4<<<,1 Vrxufh= Hxurshdq Frpplvvlrq +5333,

6 Olwhudwxuh uhylhz

Wkhuh lv lqfuhdvlqj hylghqfh lq wkh olwhudwxuh rq wkh h{sdqglqj uroh ri zrphq
lq wkh oderxu pdunhw/ dqg hvshfldoo| lq wkh vhuylfh vhfwru1 Lq sduwlfxodu/ r!fldo
grfxphqwv hpskdvlvh wkh srwhqwldo iru wkh hfrqrp| gxh wr d ixuwkhu h{sdq0
vlrq ri ihpdoh hpsor|phqw +Hxurvwdw/ 4<<;> Hxurshdq Frpplvvlrq 5333/ Dq{r
dqg Vwruulh 5333,1 Krzhyhu/ wkh xqghuo|lqj hfrqrplf h{sodqdwlrqv duh qrw dg0
htxdwho| h{dplqhg e| wkh olwhudwxuh1

Pdq| vwxglhv surylgh gl�huhqw h{sodqdwlrqv iru zrphq*v xqghudfklhyhphqw
lq wkh oderxu pdunhw e| uhihuulqj wr wkh ghpdqg vlgh/ ru wr wkh vxsso| vlgh/ ru wr
wkh lqwhuqdo oderxu pdunhwv ri rujdqlvdwlrqv +vhh wkh vxuyh| lq Edjlokroh/ 4<<7,1
Krzhyhu/ ihz vwxglhv dwwhpsw wr h{sodlq wkh lqfuhdvh ri ihpdoh hpsor|phqw lq
wkh hfrqrp|/ dqg hvshfldoo| lq wkh vhuylfh vhfwru1 Rhfg +4<<7, dujxhv wkdw ihpdoh
hpsor|phqw kdv lqfuhdvhg ehfdxvh ri d vkruwdjh ri vnloohg oderxu1 Krzhyhu/
pruh uhfhqw gdwd vkrz wkdw dovr xqvnloohg ihpdoh hpsor|phqw kdv vxevwdqwldoo|
lqfuhdvhg +Hxurshdq Frpplvvlrq/ 5333=Judskv17; dqg 7<> Orpedug/ 4<<<=5330
4,1 D vhfrqg dujxphqw srlqwv wr wkh  h{lelolvdwlrq ri wkh oderxu pdunhw dqg/ lq
sduwlfxodu/ wr sduw0wlph zrun dv d uhdvrq iru juhdwhu ihpdoh sduwlflsdwlrq lq wkh
oderxu pdunhw1 Krzhyhu/ wkh odujhvw ulvh lq ihpdoh sduwlflsdwlrq kdv rffxuuhg
lq wkh XV/ zkhuh wkh oderxu pdunhw kdv ehhq  h{leoh iru pdq| |hduv/ zkhuhdv
sduw0wlph zrun uhpdlqv vxevwdqwldoo| ohvv zlghvsuhdg wkdq lq wkh Hxur }rqh
+Hxurshdq Fhqwudo Edqn/ 5333=96> Orpedug/ 4<<<=53506,1 Rwkhu dujxphqwv
uhihu wr fkdqjhv lq zrphq*v vrfldo lghqwlw| erwk lq wkh krxvhkrog dqg lq wkh
pdunhw1 Dq lpsuryhg fxowxuh dqg d ehwwhu hgxfdwlrq duh dovr flwhg +Guhz hw do1
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4<<;,5 1
Doo wkhvh h{sodqdwlrqv pd| hperg| vrph wuxwk1 Krzhyhu/ olwwoh dwwhqwlrq

kdv ehhq sdlg wr dq lqglvsxwhg skhqrphqrq xqghuo|lqj wkh surfhvv ri hfrqrplf
jurzwk= wkh fkdqjh lq wkh whupv ri wudgh ehwzhhq zrunlqj lq wkh pdunhw dqg
zrunlqj dw krph/ gxh wr gl�huhqw udwhv ri whfkqlfdo surjuhvv dqg wr vshfldolvd0
wlrq1

Wkh wudgh0r� ehwzhhq wkh wzr w|shv ri zrun kdv ehhq vwxglhg e| wkh krph
surgxfwlrq prghov slrqhhuhg e| Ehfnhu +4<98,/ dqg wkhq dssolhg wr plfurgdwd
dqg ixuwkhu wkhruhwlfdoo| ghyhorshg1 Hpslulfdo �qglqjv jhqhudoo| frq�up wkh
wudgh0r� qrw rqo| rq d klvwrulfdo edvlv +Jhuvkxq| dqg Urelqvrq/ 4<;;> Mhqnlqv
dqg R*Ohdu|/ 4<<:, exw rq d furvv0krxvhkrog rqh dv zhoo +vhh wkh olwhudwxuh ri
46 sdshuv flwhg lq ]lfn/ PfFxoorxjk dqg Vplwk/ 4<<9,6 1 Mxvwhu dqg Vwd�rug
+4<<4, vkrz wkdw ihpdoh krphzrun ghfuhdvhg lq wkh XV iurp 741; krxuv shu
zhhn lq 4<98 wr 6318 lq 4<;4/ zkloh ihpdoh sdlg zrun fruuhvsrqglqjo| lqfuhdvhg
iurp 4;1< wr 561<1 Lq Ghqpdun wkh fruuhvsrqglqj �jxuhv iurp 4<97 wr 4<;: duh
6314 dqg 5614 iru krphzrun/ dqg 4616 dqg 531; iru sdlg zrun1

Hpslulfdo dqdo|vlv/ zklfk lv xvxdoo| edvhg rq wkh wlph gldu| phwkrg/ frq0
fhqwudwhv rq wkh forvhvw vxevwlwxwhv/ l1h1 phdov frqvxpswlrq/ krxvh fohdqlqj/
forwklqj fduh/ wlph vshqw rq vkrsslqj/ shuvrqdo fduh/ fklog dqg hoghuo| fduh1
Qrwh wkdw zkhq wklv frqvxpswlrq dsshduv rq wkh pdunhw/ lw lv lqfoxghg lq vwd0
wlvwlfv rq krwhov/ uhvwdxudqwv dqg fdwhulqj/ glvwulexwlyh wudghv dqg uhsdlulqj/
shuvrqdo vhuylfhv/ vrfldo vhuylfhv1 Ohvv vxevwlwxwh vhuylfhv/ krzhyhu/ vkrxog dovr
eh frqvlghuhg1 H{shqglwxuh rq khdowk fduh lv d vxevwlwxwh lq wkh fdvh ri fduh
iru qrq0vhoi0vx!flhqw idplo| phpehuv/ dqg hyhq lq pdq| fdvhv ri �ghihqvlyh
frqvxpswlrq� +Kluvfk/ 4<:9,/ l1h1 fduh ri looqhvvhv gxh wr kdug zrun lq wkh pdu0
nhwsodfh1 E| frqwudvw/ grphvwlf htxlsphqw grhv qrw vhhp wr d�hfw wkh dprxqw
ri krphzrun/ dffruglqj wr pdq| dxwkruv +Urelqvrq 4<;8> wkh olwhudwxuh flwhg lq
Vrehurq0Ihuuhu dqg Gduglv/ 4<<4,1 Xqiruwxqdwho|/ wkh gdwd rq vhuylfh sulfhv iru
fdofxodwlqj wkh g|qdplfv lq wkh whupv ri wudgh zlwk krph vhuylfhv ryhu ghfdghv
duh odujho| xquholdeoh1 Fkdqjhv lq surgxfw txdolw| fdqqrw eh glvhqwdqjohg iurp
wkh g|qdplfv ri vhuylfh sulfhv1 Pruhryhu/ fkdqjhv lq wudqvsruw frvwv iru erwk
frqvxplqj pdunhw surgxfwv dqg zrunlqj lq wkh pdunhwsodfh pxvw eh frqvlghuhg1

Wkh krph surgxfwlrq prghov kdv ehhq uhfhqwo| ghyhorshg e| wkh hfrqrplf
olwhudwxuh lq wzr pdlq gluhfwlrqv1 Pdq| vwxglhv frqfhqwudwh rq wkh lqwhuqdo
hfrqrplf zrunlqjv ri krxvhkrogv= iurp Jurqdx +4<:6, wr Fkldssrul +4<;;,/ wr
Pdqvhu dqg Eurzq*v +4<;3, edujdlqlqj dssurdfk1 Krzhyhu/ wkhvh vwxglhv duh
ri sduwldo htxloleulxp/ dqg sd| olwwoh dwwhqwlrq wr wkh pdfurhfrqrp| dqg wr
hfrqrplf jurzwk1 Rwkhu vwxglhv frqfhqwudwh rq wkh uroh ri krph surgxfwlrq lq
wkh pdfurhfrqrp|/ exw wkhlu dqdo|vlv grhv qrw glvwlqjxlvk jhqghu vshfl�flwlhv

5Forvh dwwhqwlrq kdv ehhq uhfhqwo| sdlg wr wkh uhodwlrqvkls ehwzhhq zrphq*v sduwlflsdwlrq
dqg ihuwlolw|/ exw wkh odwwhu kdv ehhq xvxdoo| vwxglhg dv hqgrjhqrxv +vhh iru d glvfxvvlrq Ehwwlr
dqg Ylood/ 4<<;,1

6Wkh furvv0krxvhkrog hylghqfh grhv qrw dozd|v vxssruw wkh wudgh0r� +Kruuhoo/ 4<<7,1 Krz0
hyhu/ wklv hylghqfh lv ohvv lpsruwdqw iru rxu dujxphqw/ zklfk frqfhuqv wkh orqj uxq/ ehfdxvh
fkdqjhv lq vhuylfh sulfhv ryhu wlph pd| d�hfw wkh wudgh0r�/ dqg/ pruhryhu/ furvv lplwdwlrq ri
suhihuhqfhv pd| eh ohvv lpsruwdqw1
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+Ehqkdele/ Urjhuvrq dqg Zuljkw/ 4<<3,1
Wklv sdshu sursrvhv d prgho wkdw dwwhpswv wr fdswxuh erwk plfurhfrqrplf

ihdwxuhv ri krxvhkrog rujdqlvdwlrq dqg pdfurhfrqrplf ihdwxuhv ri wkh oderxu
pdunhw/ ri vhfwrudo surgxfwlrqv/ dqg ri wkh h�hfwv ri whfkqlfdo surjuhvv1 Lw
grhv vr dw wkh frvw ri vrph vlpsol�fdwlrq ri doo wkhvh dvshfwv1 Wkh krph sur0
gxfwlrq prgho lv vlpsol�hg hvshfldoo| lq wkh xwlolw| ixqfwlrq/ zklfk lv dgrswhg
lq d uhgxfhg irup1 Qr glvwlqfwlrq kdv ehhq pdgh ehwzhhq pdoh dqg ihpdoh
frqvxpswlrq suhihuhqfhv/ wkxv uhyhuwlqj wr Ehfnhu*v �dowuxlvwlf� dvvxpswlrq1
Qrwzlwkvwdqglqj/ lqfrph wudqvihu zlwklq wkh krxvhkrog/ dqg wkh jhqghu glyl0
vlrq ri oderxu lv pdlqwdlqhg1 Frqvxpswlrq ri jrrgv dqg vhuylfhv lv djjuhjdwhg
lqwr wkuhh lwhpv rqo|= �jrrgv�/ zklfk kdyh orz +xqlwdu|, vxevwlwxwdelolw| zlwk
vhuylfhv/ �pdunhw vhuylfhv�/ zklfk kdyh kljk +lq�qlwh, vxevlwxwdelolw| zlwk wkh
wklug lwhp/ qdpho| �krph vhuylfhv�1 Vhfwrudo surgxfwlrqv gr qrw h{solflwo| hp0
sor| fdslwdo exw duh fkdudfwhulvhg e| gl�huhqw vhfwrudo whfkqltxhv7 1

Rwkhu vlpsol�fdwlrqv ri wkh prgho duh edfnhg e| wkh hylghqfh dydlodeoh1
Iluvw/ lqglylgxdo wrwdo zrunlqj wlph/ l1h1 lqfoxvlyh ri pdunhwzrun dqg krphzrun/
lv uhodwlyho| frqvwdqw ryhu ghfdghv iru erwk phq dqg zrphq8 1 Wklv vxjjhvwv wkdw
wkh lqfrph h�hfw dqg vxevwlwxwlrq h�hfw rq ohlvxuh wlph gxh wr ulvlqj lqfrph r�0
vhw hdfk rwkhu/ vr wkdw/ iru d prgho wkdw lqwhqgv wr vwxg| orqj uxq shuirupdqfh/
ohlvxuh wlph fdq eh ohiw xqh{sodlqhg9 1 Vhfrqgo|/ dowkrxjk phq kdyh uhfhqwo|
ghyrwhg pruh zrun wr wkh krxvhkrog/ ihpdoh krphzrunlqj wlph lv vwloo pxfk
juhdwhu/ dv revhuyhg e| pdq| dxwkruv= iurp 61; wlphv lq wkh XN lq 4<;: wr 8
wlphv lq Lwdo| lq 4<;8 +Mhqnlqv dqg R*Ohdu|/ 4<<:> Lvwdw 4<;8> vhh dovr Sodqwhqjd/
4<<:,1 Wklv kdv vxjjhvwhg wkdw phq suhihu wr plqlplvh krphzrun uhodwlyho| wr
wrwdo zrun1 Wklugo|/ lqgxvwuldo surgxfwlrq hpsor|v idu pruh phq wkdq zrphq/
iru d pxowlsoh ri 616 lq 4<;8 dqg 617 lq 4<<< lq wkh HX +Hxurshdq Frpplvvlrq/
5333,1 Wklv kdv vxjjhvwhg wkdw zrphq suhihu wr plqlplvh zrunlqj lq lqgxvwu|
uhodwlyho| wr wrwdo zrun: 1

7Wkh �dowuxlvwlf� dvvxpswlrq lv qrw sduwlfxoduo| uhvwulfwlyh li rqo| wkuhh frqvxpswlrq lwhpv
duh frqvlghuhg1 Gursslqj wkh fdslwdo yduldeoh lv d idluo| xvxdo surfhgxuh lq wkh suholplqdu|
yhuvlrq ri d prgho olnh wklv1 Pruhryhu/ frqvlghulqj erwk fdslwdo dqg gl�huhqw vhfwrudo whfk0
qltxhv xvxdoo| pdnhv wkh prgho vr frpsoh{ wkdw wkh vroxwlrq uhtxluhv qxphulfdo vlpxodwlrqv
+Nrqjvdpxw/ Uhehor dqg [lh/ 4<<:,1

8Vxuyh| gdwd vkrz wkdw wkh wrwdo zrunzhhn lq wkh XN uhgxfhg e| 48 plqxwhv iru phq
dqg voljkwo| lqfuhdvhg iru zrphq ehwzhhq 4<:7 dqg 4<;: +Mhqnlqv dqg R*Ohdu|/ 4<<:,1 Lq
Ghqpdun wkh wrwdo zrunzhhn voljkwo| lqfuhdvhg iru erwk phq dqg zrphq ehwzhhq 4<97 dqg
4<;:/ zkloh lq wkh XV lw glplqlvkhg e| 8 krxuv iru phq dqg 918 krxuv iru zrphq ehwzhhq 4<98
dqg 4<;4 +Mxvwhu dqg Vwd�rug/ 4<<4,1 Vhh dovr Jhuvkxq| dqg Urelqvrq +4<;;,1

9Ehqkdele/ Urjhuvrq dqg Zuljkw +4<<3, lqfoxgh ohlvxuh wlph lq wkhlu krph surgxfwlrq
prgho wr vwxg| krz lw ydulhv ryhu wkh f|foh zkloh uhpdlqlqj frqvwdqw lq wkh orqj uxq1

:Wkhvh suhihuhqfhv iru w|sh ri zrun zloo |lhog fruqhu vroxwlrqv lq wkh prgho1 D vlplodu
vlpsol�fdwlrq iru krph surgxfwlrq lv dvvxphg e| Jurqdx +4<:6,1 Lq rughu wr rewdlq lqwhulru
vroxwlrqv/ d pruh hoderudwh wkhru| zrxog frqvlghu khwhurjhqhlw| ri lqglylgxdov ri wkh vdph vh{/
ru wkh lqwhudfwlrq ehwzhhq wkh suhihuhqfhv rq wkh ghpdqg iru/ dqg vrph vhohfwlrq phfkdqlvp
rq wkh vxsso| ri/ ihpdoh oderxu zlwk uhvshfw wr phq +vhh/ h1j1/ Exorz dqg Vxpphuv/ 4<;9>
Jroglq/ 4<;9> Nxkq/ 4<<6,1

:



7 Prgho

Ohw xv dvvxph dq hfrqrp| zlwk d frqvwdqw srsxodwlrq htxdoo| frpsrvhg ri
phq dqg zrphq/ qrupdolvhg wr 51 Phq dqg zrphq olyh lq frxsohv/ wkxv iruplqj
krxvhkrogv1 Khqfh rqh pdq dqg rqh zrpdq vkduh d frpprq xwlolw| ixqfwlrq
dqg d frpprq exgjhw frqvwudlqw/ zklfk duh dovr wkh vdph iru doo krxvhkrogv1
Wkh| frqvxph lqgxvwuldo surgxfwv dqg vhuylfhv/ zklfk fdq eh erxjkw lq wkh
pdunhw ru surgxfhg dw krph1 Erwk phq dqg zrphq duh hqgrzhg zlwk dq htxdo
dqg �{hg dprxqw ri oderxu wlph/ zklfk fdq eh glylghg lqwr wkuhh sduwv= zrunlqj
wlph dv hpsor|hhv lq lqgxvwu|/ lq wkh vhuylfhv vhfwru/ dqg wlph vshqw zrunlqj dw
krph1 Wkh glvwlqjxlvklqj ihdwxuh ehwzhhq phq dqg zrphq lv wkdw phq suhihu
wr plqlplvh krphzrun/ dqg zrphq suhihu wr plqlplvh zrunlqj lq lqgxvwu|/
dowkrxjk/ lq jhqhudo/ zrunlqj grhv qrw lpso| glvxwlolw|1

Lq htxdwlrqv/ wkh frqvxphuv* sureohp lv=

pd{ X @
k
F�
p +Fk . Fv,

�
l
�p

�
cp

W

��

� k

�
ok

W

��

+4,

vxemhfw wr=

Fp . Fvsv+4� �, � ^+cv . cp,z . +op . ov,z` +4 . �, .U +5,

W @ cp . cv . ck +6,

W @ op . ov . ok +7,

zkhuh X lv wkh xwlolw| ri wkh frxsoh/ F lv frqvxpswlrq/ c dqg o duh wkh oderxu
vxsso| ri zrphq dqg phq uhvshfwlyho|/ dqg wkh vxevfulswv p/ v/ dqg k uhihu
wr lqgxvwu|/ pdunhw vhuylfhv/ dqg krph vhuylfhv uhvshfwlyho|1 z lv wkh zdjh
udwh/ dqg sv lv wkh sulfh lqgh{ iru vhuylfhv/ zkloh wkdw iru lqgxvwuldo surgxfwv
lv wdnhq dv qxphudluh1 W lv wrwdo zrunlqj wlph iru hdfk lqglylgxdo/ U lv wkh
qrq0oderxu lqfrph ri wkh frxsoh1 � dqg � duh �vfdo sdudphwhuv iru d wd{ dqg d
vxevlg| uhvshfwlyho|1 Doo sdudphwhuv duh vwulfwo| srvlwlyh/ dqg doo yduldeohv pxvw
eh srvlwlyh ru }hur; 1

Wkh xwlolw| ixqfwlrq lv dvvxphg wr eh Free0Grxjodv dqg ri frqvwdqw vfdoh
uhwxuqv iru frqvxpswlrq lq lqgxvwuldo surgxfwv dqg vhuylfhv1 Fkdqjhv lq wkh
sdudphwhuv � dqg � zloo eh vwxglhg lq wkh qh{w vhfwlrq lq rughu wr lqwhusuhw wkh
Edxproldq fdvh ri frqvwdqw frqvxpswlrq vkduhv lq uhdo whupv1 Wkh dvvxphg
vshfl�fdwlrq ri suhihuhqfhv iru w|sh ri zrun lv d vkruwfxw wdnhq lq rughu wr
erwk fdswxuh d idfw/ dv vhhq deryh/ dqg wr vlpsoli| dqdo|vlv1 Lq idfw/ lw fdq
eh vwudljkwiruzdugo| vkrzq wkdw plqlpd xqghu d qrq0qhjdwlyh frqvwudlqw duh
fruqhu vroxwlrqv=

cp @ 3 +8,

;Wkhuh lv qr qhhg wr vwxg| wkh glvfrxqwlqj ri frqvxpswlrq wkurxjk wlph ehfdxvh wkhuh lv
qr fdslwdo lq wkh prgho1

;



ok @ 3 +9,

Iru dq dqdorjrxv sxusrvh ri vlpsol�fdwlrq/ wkh zdjh udwh lv dvvxphg wr
eh htxdo ehwzhhq phq dqg zrphq1 Dowkrxjk d wkhuh lv d odujh dprxqw ri
hylghqfh iru d jhqghu zdjh jds +Fdlq/ 4<;9> Jxqghuvrq dqg Ulgghoo/ 4<<6,/ wkh
h{sodqdwlrqv r�huhg e| wkh olwhudwxuh duh sduwldo htxloleulxp rqhv/ dqg reylrxvo|
qrqh ri wkhp h{sodlqv wkh jds e| gl�huhqw wkljkwqhvv lq wkh wzr vhfwlrqv ri wkh
oderxu pdunhw +vhh irrwqrwh 8,1

Lq wklv prgho shuihfw prelolw| ri wkh wzr gl�huhqw nlqgv ri oderxu lv lqvwhdg
dvvxphg rq wkh surgxfwlrq vlgh1 Wkh surgxfwlrq ixqfwlrqv ri lqgxvwu|/ pdunhw
vhuylfhv/ dqg krph vhuylfhv/ lq idfw/ h{klelw dq lq�qlwh hodvwlflw| ri vxevwlwxwlrq
ehwzhhq c dqg o=

fp @ Dp +cp . op,� +:,

Fv @ Dv +cv . ov,
)

+;,

Fk @ Dk +ck . ok,
� +<,

Pdunhw vhuylfhv duh dvvxphg wr eh pruh h!flhqw wkdq krph vhuylfhv1 Pruh
suhflvho|=

3 ? � ? ) ? � ? 4 +43,

3 ? Dk ? Dv ? Dp +44,

Vlqfh oderxu lv wkh rqo| surgxfwlrq idfwru/ dqg zlwk ghfuhdvlqj uhwxuqv/
�upv fdq pdnh qrq0}hur sur�wv1 Qhyhuwkhohvv/ iuhh hqwu| dqg h{lw iurp wkh
pdunhw lv dvvxphg/ vr wkdw wkh uhsuhvhqwdwlyh �upv lq lqgxvwu| dqg lq pdunhw
vhuylfhv pxvw h{klelw wkh vdph sur�w lq wkh orqj uxq htxloleulxp1 Wkh irupdo
dvvxpswlrqv duh wkxv wkh iroorzlqj=

Sp � fp � z +cp . op, @ Fvsv � z +cv . ov, � Sv +45,

Fp @ Qfp +46,

zkhuh S lqglfdwhv �upv* sur�w/ dqg Q lv wkh qxpehu ri lqgxvwuldo �upv1 Wkh
dgmxvwphqw ehwzhhq wkh wzr nlqgv ri �upv lv pdgh srvvleoh e| Q / zklfk lv wkxv
hqgrjhqrxv1

Qrwh wkdw dovr wkh surgxfwlrq ri krph vhuylfhv lv deoh wr uhdolvh vrph vruw ri
sur�w/ exw hqwu| dqg h{lw iurp krxvhkrog lv qrw srvvleoh e| gh�qlwlrq1 Khqfh/
qr htxdolvdwlrq zlwk �up*v sur�wv lv uhtxluhg/ dqg wkh qxpehu ri vhuylfh �upv
fdq eh wdnhq dv �{hg dqg/ wr vlpsoli|/ dv htxdo wr 41

Qrwh wkdw wkh vdph v|perov iru djjuhjdwh txdqwlwlhv vxssolhg dqg ghpdqghg/
dv zhoo dv iru oderxu vxssolhg dqg ghpdqghg/ duh xvhg/ wkxv lpso|lqj wkh htxl0
oleulxp frqglwlrq lq wkh ydulrxv pdunhwv1 Qrwh dovr wkdw wkh prgho lv ri ixoo
hpsor|phqw/ exw �r!fldo� hpsor|phqw iru zrphq dqg phq lv phdvxuhg e|
cp . cv � W dqg op . ov � W uhvshfwlyho|1

Wkh IRFv iru frqvxpswlrq jlyh wkh xvxdo pdujlqdo wudgh0r�=

<



Fv . Fk

Fp
@

�

�

4

sv +4� �,
+47,

Wkh IRFv iru vhfwrudo oderxu vxsso|/ dqg wkh surgxfwlrq ixqfwlrq iru krph
vhuylfhv +htxdwlrq <, jlyh wkh oderxu svhxgr0ghpdqg ixqfwlrq iru krphzrun=

ck . ok @

�
svDk� +4� �,

z +4 . �,

� 4

4��

+48,

Wklv lv qrw d wuxh ghpdqg ixqfwlrq ehfdxvh lw lv udwkhu sodfhg rq wkh vxsso|
vlgh ri wkh �r!fldo� oderxu pdunhw1 D ulvh lq zdjhv zrxog udlvh oderxu vxsso|
rq wklv pdunhw e| uhgxflqj krphzrun1

Pd{lplvdwlrq ri sur�wv lq wkh vhfwru ri pdunhw vhuylfhv jlyhv wkh vwdqgdug
oderxu ghpdqg ixqfwlrq=

cv . ov @

�
svDv)

z

� 4

4�)

+49,

Dqdorjrxvo| wr wkh suhylrxv htxdwlrq/ vhuylfh sulfhv zlwk uhvshfw wr zdjhv
kdyh d srvlwlyh h�hfw rq oderxu ghpdqg/ dqg wr d juhdwhu h{whqw lq wklv fdvh
ehfdxvh krphzrun lv ohvv h!flhqw +lqhtxdolwlhv 43044,1

Wr frpsohwh wkh prgho/ oderxu ghpdqg lq lqgxvwu| lv rewdlqhg dv xvxdo=

cp . op @

�
Dp�

z

� 4

4��

+4:,

Wkh iroorzlqj fdq wkxv eh vwdwhg=

Sursrvlwlrq 4 Wkhuh h{lvwv d xqltxh vroxwlrq ri wkh prgho/ zkhuh doo pdunhwv
duh lq htxloleulxp1

Surri1 Lq rughu wr suryh wklv sursrvlwlrq/ ohw xv vroyh wkh prgho e| vwhsv1
Iluvw/ ohw xv ghulyh wkh uhodwlrqvkls ehwzhhq wrwdo hpsor|phqw lq wkh pdunhw
vhuylfh vhfwru dqg krphzrun/ e| vxevwlwxwlqj +sv@z, ri +49, zlwk wkdw ghulyhg
iurp +48,/ kdylqj frqvlghuhg +9,=

Ov � cv . ov @

�
) +4 . �,Dv

� +4� �,Dk

� 4

4�)

c
��4
)�4

k +4;,

Qrwh wkdw wkh uhodwlrqvkls lv/ pd|eh vxusulvlqjo|/ srvlwlyh1
Vhfrqgo|/ ohw xv ghulyh d vlpsoh ixqfwlrq iru wkh ohyho ri zdjhv +dqg iru vhuylfh

sulfh, iurp wkh htxloleulxp frqglwlrq lq wkh oderxu pdunhw=

5W � ck @

�
svDv)

z

� 4

4�)
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�
Dp�

z

� 4

4��

+4<,
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Wkh vxevwlwxwlrq ri +sv@z, iurp +48, lq wklv htxdwlrq |lhogv=

z @ Dp�

%
4

Q

#
5W � ck �

�
) +4 . �,Dv

� +4� �,Dk

� 4

4�)

c
��4
)�4

k

$&��4
+53,

Wr hqgrjhqlvh Q / ohw xv soxj +4:, dqg +49, lqwr +:, dqg +;, uhvshfwlyho|/ dqg
wkhq lqwr +45,/ dqg xvh +4;, dqg wkh oderxu pdunhw frqvwudlqw/ vr wkdw=

Q @
5W � ck � Ov

Ov

)+�� 4,

� +) � 4,
+54,

Wkh zdjh htxdwlrq +53, fdq eh uhzulwwhq wkxv=

z @ Dp�

�
Ov

� +) � 4,

)+�� 4,

���4
+55,

Khqfh/ dovr sulfhv fdq eh rewdlqhg lq whupv ri ck=

sv @

%�
Dv) +4 . �,

Dk� +4� �,

� 4

4�) � +) � 4,

)+�� 4,

&��4
Dp� +4 . �,

Dk� +4� �,
c
+4��,+��),

4�)

k +56,

Wklugo|/ ohw xv ghulyh d ixqfwlrq iru wkh uhodwlyh vxsso| ri Fv
Fp

/ dqg d ixqfwlrq

iru wkh uhodwlyh ghpdqg iru Fv
Fp

/ erwk lq whupv ri ck dqg Ov rqo|1 Wkh iruphu
lv rewdlqhg e| xvlqj wkh surgxfwlrq ixqfwlrqv +:, dqg +;,/ wkh oderxu ghpdqg
htxdwlrqv +49, dqg +4:,/ dqg wkh htxdwlrqv iru z dqg Q =

Fv
Fp

@
Dv

Dp

O4.)��v

+5W � ck � Ov,
)+��4,
�+)�4,

4�� +57,

Ohw xv wkhq uh0zulwh htxdwlrq +47, iru Fv
Fp

e| vxevlwxwlqj sv iurp +48,/ dqg
wkhq z iurp +55,=

Fv
Fp

@
Dk

Dp

�
Ov

� +) � 4,

)+�� 4,

�4��
#
�

�

�

� +4 . �, c4��k

�
c�k

5W � ck � Ov

$
+58,

Htxdwlrqv +57,0+58, ghshqg rqo| rq ck/ gluhfwo| ru wkurxjk +4;,/ dqg fdq eh
uhsuhvhqwhg dv lq Ilj171 Htxdwlrq +57, lv prqrwrqlfdoo| lqfuhdvlqj lq ck/ zlwk
Fv
Fp

@ 3 iru ck @ 31 Lq idfw/ doo wkh �uvw ghulydwlyhv ri +57, zlwk uhvshfw wr
hdfk whup lq ck dsshdulqj lq wkh htxdwlrq/ dovr wkurxjk +4;,/ duh srvlwlyh1 Wkh
hfrqrplf phdqlqj ri wkh htxdwlrq lv wkdw wr kljkhu vhuylfh sulfhv wkhuh fruuh0
vsrqg erwk d juhdwhu dprxqw ri krphzrun +ht1+56,, dqg d juhdwhu frqyhqlhqfh
ri surgxflqj pdunhw vhuylfhv zlwk uhvshfw wr lqgxvwuldo surgxfwv1

Htxdwlrq +58, lv prqrwrqlfdoo| ghfuhdvlqj lq ck/ zlwk
Fv
Fp

$ .4 iru ck $

3.1 Lq idfw/ e| vxevwlwxwlqj +4;, lqwr +58,/ dqg e| uhduudqjlqj wkh whupv lq ck>
wkh ghulydwlyhv ri +58, zlwk uhvshfw wr hdfk whup duh qhjdwlyh1 Wkh htxdwlrq wkxv

44



vwdwhv wkdw fruuhvsrqglqj wr kljkhu vhuylfh sulfhv duh erwk d juhdwhu dprxqw ri
krphzrun dqg d ohvvhu frqyhqlhqfh ri ex|lqj pdunhw vhuylfhv zlwk uhvshfw wr
lqgxvwuldo surgxfwv1 Khqfh dq lqwhuvhfwlrq h{lvwv lq wkh �uvw txdgudqw/ dqg wklv

jlyhv wkh htxloleulxp srlqw
�
c�k>

Fv
Fp

�

�
1

Htxloleulxp ydoxhv fdq eh wkxv rewdlqhg iru doo wkh hqgrjhqrxv yduldeohv1
Lq sduwlfxodu/ z lv rewdlqhg iurp htxdwlrq +4;, dqg +55,/ dqg/ lq wkhlu wxuq/ op
iurp +4:, dqg +55,/ ov iurp htxdwlrq +7,/ dqg cv iurp htxdwlrqv +4;, dqg +7,1

Ilj17
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8 Whuwldulvdwlrq dqg wkh ihplqlvdwlrq ri hpsor|0

phqw

Lq rughu wr h{sodlq erwk wkh lqfuhdvlqj whuwldulvdwlrq ri wkh hfrqrp| dqg juhdwhu
zrphq*v sduwlflsdwlrq lq wkh oderxu pdunhw/ ohw xv frqvlghu wkh h�hfwv ri whfk0
qlfdo surjuhvv1

Lq wklv vlpsoh prgho whfkqlfdo surjuhvv fdq eh uhsuhvhqwhg e| fkdqjhv lq
wkh h!flhqf| sdudphwhuv Dv1 Li wkh vdph sursruwlrqdo fkdqjh rffxuv lq wkh
sdudphwhuv ri doo wkuhh vhfwruv +Dp/ Dv/ Dk,/ wkh prgho h{klelwv vwhdg|0vwdwh
jurzwk/ dv lv hylghqw rq revhuylqj htxdwlrqv +57,/ +58, dqg +4;,1 Rxwsxw e|
lqgxvwu|/ e| pdunhw vhuylfhv dqg e| krph vhuylfhv jurzv dw wkdw udwh/ dqg vr
gr zdjhv/ exw wkh vwuxfwxuh ri rxwsxw/ hpsor|phqw/ dqg frqvxpswlrq grhv qrw
fkdqjh1

Krzhyhu/ li d sursruwlrqdo fkdqjh rffxuv iru Dp rqo|/ wkhq vhuylfh sulfhv
lqfuhdvh/ e| +56,/ dqg lqgxvwuldo rxwsxw dqg frqvxpswlrq h{sdqg1 Rxwsxw/
hpsor|phqw dqg frqvxpswlrq ri vhuylfhv uhpdlq xqfkdqjhg/ dv fdq eh vhhq
e| htxdolvlqj htxdwlrqv +57, dqg +58,/ wkxv rewdlqlqj dq htxdwlrq zkhuh wkh
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xqnqrzq ck lv lqghshqghqw ri Dp1 Wklv lv d xvhixo ehqfkpdun fdvh/ ehfdxvh
zkhq zh vwxg| wkh h�hfwv ri fkdqjhv lq Dv rq vhuylfhv/ zh zloo nqrz wkdw wkhvh
h�hfwv duh lqghshqghqw ri fkdqjhv ri Dp1

Wkh vw|olvhg idfwv +l,0+ly, lghqwl�hg lq vhfwlrq 5 fdq wkxv eh h{sodlqhg e|
wkh prgho1

Sursrvlwlrq 5 D srvlwlyh sursruwlrqdo fkdqjh ri Dv/ zkloh Dk uhpdlqv xq0
fkdqjhg/ kdv wkh iroorzlqj h�hfwv +zkhuh wkh vwduv duh htxloleulxp ydoxhv,=

+l, wkh vkduh ri r!fldo vhuylfh hpsor|phqw
�
c�v.o

�

v

5W�ck

�
lqfuhdvhv/

+ll, wkh ihpdoh hpsor|phqw udwh
�
c�v
W

�
lqfuhdvhv/

+lll, wkh ulvh ri
�
c�v
W

�
ghfhohudwhv dssurdfklqj xqlw|/

+ly, wkh sursruwlrq ri ihpdoh hpsor|phqw lq vhuylfhv
�

c�v
c�v.o

�

v

�
lqfuhdvhv1

Surri1 Ohw xv �uvw suryh wkh lqwhuphgldwh srlqwv +ll, dqg +lll,1 E| htxdolvlqj
+57, dqg +58,/ dqg uhzulwlqj wkhp/ zh rewdlq=
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A 31 Lpsolflw ghulydwlrq wkxv doorzv wkh fdofxodwlrq ri

hodvwlflw|=
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? 3 +5:,

Vlqfh cp @ 3 e| +8,/ wkhq cv @ W � ck/ dqg srlqw +ll, lv suryhg1
Wr suryh srlqw +lll, lw lv vx!flhqw wr revhuyh wkdw wkh hodvwlflw| +5:, lqfuhdvhv/

l1h1 ehfrphv ohvv qhjdwlyh/ zkhq c�k glplqlvkhv1 Lq idfw/ wkh qxphudwru ri lwv
ghulydwlyh z1u1w1 c�k lv=
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Wr suryh +l, ohw xv frqvlghu wkdw wkh hodvwlflw|
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Wkh vpdoohu �+4��,
)+4.�, lv/ wkh forvhu wr 4 lv wkh srlqw wkdw wxuqv wkh vljq1

Wkh xqfhuwdlq ulvh lq wkh vkduh ri vhuylfh rxwsxw +vw|olvhg idfw +y,, fdq dovr
eh dffrxqwhg iru e| wkh prgho1 Lq idfw/ kdylqj lqglfdwhg jurzwk udwhv e| j+�,=

Sursrvlwlrq 6 Wkh udwlr Fv
Fp

�

lqfuhdvhv li j+Dv, A j+Dp, � 3/ ru li j+Dp, lv
prghudwho| odujhu wkdq j+Dv,1

Surri1 Htxdwlrq +57, fdq eh uh0frqvlghuhg lq jurzwk udwhv=
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ehfdxvh/ eh|rqg lwv gluhfw h�hfw/ d
sursruwlrqdo ulvh ri Dv/ luuhvshfwlyh ri fkdqjhv ri Dp/ lqfuhdvhv O
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Dowhuqdwlyho|/ d ulvh lq Dv pd| vwloo kdyh d srvlwlyh h�hfw rq Fv
Fp

�

hyhq li Dp

ulvhv dw d juhdwhu udwh/ li lwv lqgluhfw h�hfwv wkurxjk j +O�v, dqg j +Qo�p, suhydlo/
dv lv hylghqw iurp +67,1
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Wkhuhiruh/ wkh surri iru d frpprq h{sodqdwlrq h{whqghg wr wkh vw|olvhg idfw
+y, lv frqglwlrqdo rq wkh d prghudwh uhodwlyh ulvh lq Dp1 Dv wklv frqglwlrq
pd| qrw dozd|v rffxu/ wkh wuhqg lq vhuylfh rxwsxw vkduh pd| qrw eh gh�qlwho|
srvlwlyh< 1

Wkh h{sodqdwlrq iru dq lqfuhdvlqj vhuylfh rxwsxw vkduh jlyhq khuh lv dovr
uhohydqw wr wkh ghedwh rq wkh lqfrph hodvwlflw| ri ghpdqg iru vhuylfhv1 Wklv lv
vkrzq wr eh htxdo ru yh| forvh wr 4 e| vxevwdqwldo hpslulfdo hylghqfh +Nudylv
hw do1/ 4<;6> Vxpphuv/ 4<;8/ Idoyh| dqg Jhpphoo/ 4<<8,1 Krzhyhu/ lw kdv dovr
ehhq suryhg xvlqj d wzr0vhfwru prgho wkdw wklv hylghqfh/ wrjhwkhu zlwk wkh idfw
wkdw j+Dp, A j+Dv,/ grhv qrw vxssruw d qrq0ghfuhdvlqj vhuylfh rxwsxw vkduh
+Jxqgodfk/ 4<<7> 4<<9,1 Rxu prgho dgrswv d Free0Grxjodv xwlolw| ixqfwlrq/
zklfk lpsolhv krprwhwlf ghpdqg dqg xqlwdu| hodvwlflw|/ exw wkh lqwurgxfwlrq ri
krphzrun doorzv iru wkh srvvlelolw| ri d qrq0ghfuhdvlqj vhuylfh rxwsxw vkduh1

Edxpro +4<9:, dvvxphv/ lq klv zhoo0nqrzq prgho ri xqedodqfhg jurzwk/ wkdw
rxwsxw vkduhv ri wkh �surjuhvvlyh� dqg �vwdjqdqw� vhfwruv ri wkh hfrqrp| uhpdlq
frqvwdqw/ dqg wkdw jurzwk lq surgxfwlylw| e| wkh �surjuhvvlyh� vhfwru lv juhdwhu1
Kh dovr dvvxphv wkdw wkh zdjh udwh lv krprjhqhrxv dfurvv vhfwruv/ dqg lw ulvhv
lq olqh zlwk wkh surgxfwlylw| ri wkh surjuhvvlyh vhfwru1 Dv d uhohydqw uhvxow/ kh
frqfoxghv wkdw djjuhjdwh rxwsxw jurzwk ghfolqhv ehfdxvh oderxu rxw0pljudwhv
iurp wkh �surjuhvvlyh� vhfwru1 Wkh suhvhqw prgho/ zklfk lqfoxghv krphzrun dv
d klgghq wklug vhfwru/ hqdeohv xv wr fkhfn wklv uhvxow1

Edxpro*v dvvxpswlrqv rq zdjhv duh eruqh rxw khuh/ vlqfh wkh zdjh udwh lv
xqltxh dqg lv sursruwlrqdo wr Dp1 Wklv lv vkrzq e| htxdwlrq +55,/ ehdulqj lq
plqg wkdw/ lq htxloleulxp/ d ulvh lq Dp grhv qrw d�hfw O�v1

Edxpro*v dvvxpswlrq ri frqvwdqw rxwsxw vkduhv zkloh vhfwrudo surgxfwlylwlhv
lqfuhdvh uhtxluhv dq dgmxvwphqw lq wkh frqvxpswlrq hodvwlflwlhv ri wkh prgho1 Lq
idfw/ li Fv

Fp

�

uhpdlqv frqvwdqw/ dqg li j+Dp, A j+Dv, � 3/ wkhq �
�
pxvw dgmxvw1

Wr vkrz wklv/ revhuyh wkh u1k1v1 ri htxdwlrq +57,/ zklfk pxvw eh frqvwdqw1 Li
j+Dp, A j+Dv, @ 3 / wkhq c�k pxvw ulvh1 Exw htxdwlrqv +58, dqg +4;, whoo xv

wkdw li Dp dqg c�k +dqg khqfh O�v, ulvh/ wkhq dovr �
�
pxvw ulvh wr pdlqwdlq Fv

Fp

�

frqvwdqw1 Wklv pljkw eh uhjdughg dv wkh w|slfdo Edxproldq fdvh zkhuh pdunhw
vhuylfh hpsor|phqw lqfuhdvhv1

Krzhyhu/ wkh ulvh lq c�k frqwudvwv zlwk vw|olvhg idfw +ll,/ vr wkdw wkh dvvxps0
wlrq j+Dp, A j+Dv, A 3 krogv1 Lq wklv dowhuqdwlyh fdvh/ htxdwlrq +4;, whoov xv

wkdw O�v vwloo ulvhv li j+Dv, lv vx!flhqwo| juhdw1 Wr pdlqwdlq Fv
Fp

�

frqvwdqw/ �
�

pxvw ulvh wr d ohvvhu h{whqw wkdq lw grhv lq wkh Edxproldq fdvh1
Lw lv lqwhuhvwlqj wr �qg wkdw lq wklv dowhuqdwlyh fdvh Edxpro*v frqfoxvlrq wkdw

djjuhjdwh rxwsxw jurzwk ghfolqhv pd| qrw eh wuxh1 Wr vkrz wklv/ ohw xv gh�qh
djjuhjdwh jurzwk xqghu frqvwdqw srsxodwlrq dqg ixoo hpsor|phqw43 dv iroorzv=

J @ j+Dp,
Qo�p
5W

. j+Dv,
Ov
5W

. j+Dk,
ck
5W

+69,

<Vrph dxwkruv pdlqwdlq wkdw wkh vw|olvhg idfw frqfhuqlqj vhuylfh rxwsxw vkduh lv hlwkhu
frqvwdqw ru/ lqghhg/ ghfolqlqj +Hfkhyduuld/ 4<<:> Idoyh| dqg Jhpphoo/ 4<<8,1 Xqiruwxqdwho|/
wkh lvvxh lv eoxuuhg e| wkh srru uholdelolw| ri vwdwlvwlfv rq vhuylfh surgxfwlylw| +Julolfkhv/ 4<<5,1

43Wkhvh duh dovr Edxpro*v dvvxpswlrqv1
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zkhuh vhfwrudo rxwsxw jurzwk udwhv duh zhljkwhg e| wkh hpsor|phqw vkduhv/
lqfoxglqj krphzrun/ zklfk dgg xs wr xqlw|441 Wkurxjk wlph J fkdqjhv hyhq li
vhfwrudo jurzwk udwhv +wkh j+�,v, uhpdlq frqvwdqw/ ehfdxvh zhljkwv hqgrjhqrxvo|
fkdqjh1 Lq wkh fdvh ri d vx!flhqwo| juhdw j+Dv, A 3/ c�k dqg Qo�p glplqlvk dqg
O�v ulvhv/ dqg li/ pruhryhu/ wkh srvlwlyh jds j+Dp,� j+Dv, lv qrw wrr odujh/ wkhq
djjuhjdwh jurzwk +J, lqfuhdvhv1

Wr h{hpsoli| wkhvh uhvxowv/ ohw xv vlpxodwh wkh prgho1 Wdeoh 5 vkrzv wkuhh
dowhuqdwlyh fdvhv dv jlyhq e| h{rjhqrxv vhfwrudo jurzwk udwhv +lq shufhqwdjhv,/
xqghu wkh iroorzlqj +vwduwlqj, ydoxhv ri wkh rwkhu sdudphwhuv= Dp @ 4=5/ Dv @
3=7/ Dk @ 3=6/ � @ 3=:/ ) @ 3=9/ � @ 3=6/ � @ 3=6/ W @ 4/ � @ � @ 31

Wdeoh 51

j+Dp, j+Dv,
Qo�p+w@3,

5W

Qo�p+w@7,

5W

O�v+w@3,
5W

O�v+w@7,
5W

c�k+w@3,
5W

c�k+w@7,
5W J+w@3, J+w@7,

8=: 3 =6:7 =657 =835 =87: =456 =463 5=46 4=;8
7=67 4 =6:7 =67: =835 =866 =456 =454 5=46 5=37
6 5 =6:7 16:3 =835 =84; =456 =445 5=46 5=48

Hdfk ri wkh wkuhh urzv uhsuhvhqwv d fdvh dv fkdudfwhulvhg e| vhfwrudo jurzwk
udwhv/ zklfk duh jlyhq lq wkh �uvw wzr froxpqv1 Wkh vl{ froxpqv lq wkh plggoh
vkrz wkh zhljkwv ri htxdwlrq +69, dv fdofxodwhg e| wkh prgho/ l1h1 wkh vhfwrudo
hpsor|phqw vkduhv dw wkh vwduwlqj srlqw +w @ 3, dqg diwhu irxu +glvfuhwh, shulrgv
+w @ 7,1 Wkh odvw wzr froxpqv vkrz wkh fkdqjhv lq wkh djjuhjdwh jurzwk udwh1 Lq
wkh �uvw fdvh j+Dv, @ 3 dqg wkh jds j+Dp,� j+Dv, lv zlgh> khqfh hpsor|phqw
rxw0pljudwhv iurp lqgxvwu| wr pdunhw vhuylfhv dqg/ frxqwhuidfwxdoo|/ wr krph
vhuylfhv/ vr wkdw djjuhjdwh jurzwk vkduso| ghfolqhv1 Lq wkh vhfrqg fdvh/ j+Dv, lv
srvlwlyh exw vpdoo/ dqg wkh jds j+Dp,�j+Dv, lv idluo| zlgh/ khqfh hpsor|phqw
rxw0pljudwhv erwk iurp lqgxvwu| dqg/ wr vrph h{whqw/ iurp krphzrun wr pdunhw
vhuylfhv1 Djjuhjdwh jurzwk voljkwo| ghfolqhv1 Lq wkh wklug fdvh j+Dv, lv juhdwhu
exw wkh jds j+Dp, � j+Dv, lv qduurz/ khqfh hpsor|phqw pdlqo| rxw0pljudwhv
iurp krphzrun wr pdunhw vhuylfhv/ vr wkdw djjuhjdwh jurzwk fdq lqfuhdvh1

Wkh frqvlghudwlrq ri krphzrun dv d wklug klgghq vhfwru dqg wkh lqfuhdvhg
h!flhqf| ri pdunhw vhuylfhv duh wkh qhfhvvdu| dqg vx!flhqw frqglwlrqv iru h{sod0
qdwlrq ri wkh vw|olvhg idfwv lghqwl�hg deryh/ dqg iru glvsxwlqj Edxpro*v frqfox0
vlrq rq jurzwk1 Rqh frxog revhuyh/ krzhyhu/ wkdw whfkqlfdo surjuhvv lq lqgxvwuldo
surgxfwlrq vkrxog sod| d nh| uroh lq h{sodlqlqj ryhudoo jurzwk dqg vwuxfwxudo
fkdqjh1 Exw wkh prgho fdq eh hdvlo| prgl�hg lq ydulrxv zd|v wr doorz iru d
ulvh lq wkh h!flhqf| ri pdunhw vhuylfhv j+Dv, dv olqnhg wr lqgxvwuldo whfkqlfdo
surjuhvv j+Dp,1

44Wkh jhrphwulf dyhudjh/ zklfk zrxog eh d pruh fruuhfw phdvxuh ri djjuhjdwh jurzwk/
fdqqrw eh dssolhg ehfdxvh }E��� ' f1 Li }E��� wdnhv d vpdoo srvlwlyh ydoxh/ wkh txdolwdwlyh
uhvxowv rewdlqhg ehorz gr qrw fkdqjh1
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9 Srolf|

Wkh srwhqwldo iru d ixuwkhu lqfuhdvh lq ihpdoh hpsor|phqw lv vwloo vxevwdqwldo
lq pdq| Hxurshdq frxqwulhv/ li frpsduhg wr wkh XV dqg wkh Qruglf frxqwulhv1
Plfurhfrqrplf vwxglhv uhyhdo wkdw zrphq vwloo whqg wr uhvlvw ex|lqj pdunhw
vhuylfhv dqg wr vkliw wkhlu zrun wr wkh pdunhw/ ehfdxvh wkh| uhjdug vhuylfh
sulfhv dv vwloo wrr kljk zlwk uhvshfw wr wkh rssruwxqlw| zdjh 451 Khqfh/ dprqj
wkh srolflhv ghylvhg wr h{sdqg ihpdoh sduwlflsdwlrq lq wkh oderxu pdunhw +Rhfg/
4<<7,/ uhjdughg dv sduwlfxoduo| lpsruwdqw lv vxevlglvlqj wkh pdunhw vhuylfhv prvw
vxevwlwxwdeoh zlwk krphzrun dqg zklfk fdq prvw dwwudfw ihpdoh zrun +Dq{r
dqg Idjdq/ 5333,1

Wkh vxevlg| sdudphwhu �/ dv douhdg| frqvlghuhg lq wkh prgho/ lv d vxevlg| iru
wkh frqvxpswlrq ri pdunhw vhuylfhv1 Lw lv wkxv hdv| wr fkhfn wkdw lw kdv d srvlwlyh
h�hfw rq ihpdoh hpsor|phqw1 Lq idfw/ Cck

C�
? 3 iurp wkh lpsolflw ghulydwlrq ri

+58,/ dqg khqfh C+5W�ck,
C�

A 31
D pruh dsshdolqj uhvxow zrxog eh wkdw wkh vxevlg| lqgxflqj dq lqfuhdvh lq

ihpdoh hpsor|phqw lv h{dfwo| �qdqfhg e| vrph wd{1 Li wkh wd{ udwh � rq oderxu
lqfrph lv dvvxphg/ wkhq lw pxvw eh=

�F�vs
�

v @ � +c�v . o�v . o�p,z
� +6:,

wr edodqfh wkh exgjhw/ wkxv hqgrjhqlvlqj � 1 Vlqfh wkh prgho ehfrphv dqdo|wl0
fdoo| lqwudfwdeoh zlwk wkh dgglwlrq ri wklv htxdwlrq dqg wklv xqnqrzq/ qxphulfdo
vlpxodwlrqv duh dssolhg1

Urz 4 lq wdeoh 6 vkrzv wkh ehqfkpdun fdvh ri qr vxevlg|/ dqg khqfh qr wd{/
zlwk ydoxhv ri wkh sdudphwhuv dv vhhq lq wkh vlpxodwlrq ri wkh suhylrxv vhfwlrq1
Urz 5 vkrzv wkh fdvh ri d srvlwlyh �/ wkxv udlvlqj � / wr edodqfh wkh exgjhw1
Lq wklv fdvh �r!fldo� hpsor|phqw lv juhdwhu1 Krzhyhu/ urz 5 dovr vkrzv wkdw
xwlolw| glplqlvkhv1 Wklv uhvxow lv gxh wr wkh lqwurgxfwlrq ri d glvwruwlrq lqwr wkh
prgho/ zklfk lv ri jhqhudo htxloleulxp dqg ri pdunhw fohdulqj/ zlwk qr lqfuhdvlqj
uhwxuqv/ qru h{whuqdolwlhv1

Wde16
� Dv4 5W � ck X
3 3 4=:8 =97<
3=4 3 4=;3 =973
3=4 3=4 4=;7 =9<;

Wklv dssurdfk fdq eh txhvwlrqhg rq wkh jurxqg wkdw h{whuqdolvdwlrq ri krph0
zrun lqwr wkh pdunhw lpsolhv d Vplwkldq vshfldolvdwlrq ri oderxu +Orfd|/ 4<<3,1
Wr nhhs wkh prgho vlpsoh/ wklv idfw fdq eh fdswxuhg e| dvvxplqj dq h{whuqdolw|/
dv iroorzv=

Dv @ Dv3 .Dv4+W � c�k, +6;,
45Vhh wkh olwhudwxuh flwhg lq Dq{r dqg Idjdq/ 53331 Wkhvh dxwkruv dovr srlqw rxw wkdw wkh

�lqwhjudwlrq ri zrphq lqwr wkh hfrqrp| zrxog dovr surylgh lqfrph vhfxulw| lq shulrgv ri
pdoh xqhpsor|phqw dqg krxvhkrog glvvroxwlrq gxh wr glyrufh ru zlgrzkrrg/ wkxv uhgxflqj
wkh ghpdqgv rq sxeolf h{shqglwxuh iru xqhpsor|phqw dqg sryhuw| dvvlvwhqfh�1
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Wklv dvvxpswlrq lpsolhv wkh vxevwlwxwlrq ri sdudphwhu Dv zlwk dqrwkhu wzr=
Dv3 @ 3=7 dqg Dv4 @ 3=41 Urz 6 vkrzv wkh h�hfwv= qrw rqo| kdv �r!fldo�
hpsor|phqw lqfuhdvhg ixuwkhu/ exw dovr xwlolw| kdv lqfuhdvhg zlwk uhvshfw wr wkh
ehqfkpdun fdvh1

: Frqfoxvlrqv

Vorz hfrqrplf jurzwk dqg kljk xqhpsor|phqw duh pdmru sureohpv iru hfrqr0
plvwv1 Wkh suhvhqw sdshu ghdov zlwk wkhvh sureohpv/ doehlw lqgluhfwo|/ ehfdxvh lw
lghqwl�hv d zd| wr pdnh wkh hfrqrplf v|vwhp pruh h!flhqw= lqfuhdvh zrphq*v
sduwlflsdwlrq lq wkh oderxu pdunhw1 Lq idfw/ zrphq duh frqfhqwudwhg lq krph
surgxfwlrq/ zklfk lv d klgghq dqg orz0h!flhqw vhfwru dovr lq wkh ghyhorshg
frxqwulhv1

Wkh prgho sursrvhg surylghv d vlpsoh hfrqrplf h{sodqdwlrq iru juhdwhu
ihpdoh hpsor|phqw e| fdoolqj iru wkh ghfuhdvlqj uhodwlyh frqyhqlhqfh ri krph
zrun dqg krph surgxfwlrq zlwk uhvshfw wr pdunhw zrun dqg pdunhw vhuylfhv
gxh wr wkh gl�huhqw vhfwrudo jurzwk udwhv lq h!flhqf|1 Lw dovr vkrzv wkh srvlwlyh
h�hfwv rq wkh ghyhorsphqw ri wkh vhuylfh vhfwru/ dqg rq ihpdoh hpsor|phqw
lq wkdw vhfwru1 Pruhryhu/ lw glvsxwhv Edxpro*v +4<9:, suhglfwlrq ri ghfolqlqj
djjuhjdwh jurzwk udwhv/ ehfdxvh oderxu pljudwhv lq wkh orqj uxq wr pdunhw
vhuylfhv qrw rqo| iurp lqgxvwu| exw dovr iurp krph surgxfwlrq1 Ilqdoo|/ lw
�qgv wkdw d +edodqfhg exgjhw, vxevlg| iru wkh frqvxpswlrq ri pdunhw vhuylfhv
pd| lqfuhdvh hpsor|phqw/ dqg/ e| frqvlghulqj d vshfldolvdwlrq h�hfw lq ohdylqj
krphzrun/ dovr zhoiduh1

D ixwxuh ghyhorsphqw ri wkh prgho vkrxog �uvw doorz iru gl�huhqw zdjhv e|
jhqghu/ qrw rqo| ehfdxvh wkh jhqghu zdjh jds lv dq lpsruwdqw vw|olvhg idfw/
exw dovr ehfdxvh zrphq*v zdjhv kdyh ulvhq pruh wkdq phq*v/ hvshfldoo| lq wkh
XV +Vplwk dqg Zdug/ 4<;<,1 Wklv uhlqirufhv wkh xqidyrxudeoh fkdqjh lq wkh
whupv ri wudgh ri krphzrun zlwk uhvshfw wr pdunhw zrun1 Dqrwkhu lqwhuhvwlqj
ghyhorsphqw ri wkh prgho zrxog eh wkh lqfoxvlrq ri d eldv lq krxvhkrog xwlolw|
wrzdug pdunhw vhuylfhv gxh wr wkh lqfrph frqwulexwlrq e| zlyhv wr wkh krxvhkrog
exgjhw/ dv fodlphg e| wkh prvw uhfhqw olwhudwxuh rq wkh krxvhkrog surgxfwlrq
prgho +Oxqgehuj dqg Sroodn/ 4<<9,1

Dfnqrzohgjhphqw= Wkh uhvhdufk kdv ehhq �qdqfhg e| Pxuvw dqg e| wkh
Hfrqrplfv Ghsduwphqw ri wkh Xqlyhuvlw| ri Wuhqwr1

; Uhihuhqfhv

Dq{r G dqg F Idjdq +5333, Vhuylfh hpsor|phqw= d jhqghu shuvshfwlyh/ lq
Dq{r G dqg G Vwruulh +hgv, Wkh Mre Fuhdwlrq Srwhqwldo ri wkh Vhuylfh vhfwru lq

Hxursh/ Fhqwuh iru Hxurshdq Oderxu Pdunhw Vwxglhv/ Vzhghq/ ss1;60439
Edjlokroh E +4<<7,Zrphq/ Zrun dqg Htxdo Rssruwxqlw|/ Doghuvkrw=Dyhexu|

4;



Edxpro Z +4<9:, Pdfurhfrqrplfv ri xqedodqfhg jurzwk= wkh dqdwrp| ri
xuedq fulvlv/ Dphulfdq Hfrqrplf Uhylhz/ 8:/ 748059

Ehfnhu J +4<98, D wkhru| ri doorfdwlrq ri wlph/ Hfrqrplf Mrxuqdo/ :8+5<<,/
7<6084:

Ehqkdele M/ U Urjhuvrq dqg UZuljkw +4<<3, Krphzrun lq pdfurhfrqrplfv
L= edvlf wkhru|/ QEHUzs/ qr16677

Ehwwlr I dqg S Ylood +4<<;, D Phglwhuudqhdq shuvshfwlyh rq euhdngrzq
ri wkh uhodwlrqvkls ehwzhhq sduwlflsdwlrq dqg ihuwlolw|/ Fdpeulgjh Mrxuqdo ri

Hfrqrplfv/ 55/ 46:0:4
Exorz M L dqg O K Vxpphuv +4<;9, D Wkhru| ri gxdo oderxu pdunhwv zlwk

dssolfdwlrq wr lqgxvwuldo srolf|/ glvfulplqdwlrq/ dqg Nh|qhvldq xqhpsor|phqw/
Mrxuqdo ri Oderxu Hfrqrplfv/ 7+6,/ sw14/ 6:90747

Fdlq J J +4<;9, Wkh hfrqrplf dqdo|vlv ri oderxu pdunhw glvfulplqdwlrq= d
vxuyh|/ lq R Dvkhqihowhu dqg U Od|dug +hgv, Kdqgerrn ri Oderxu Hfrqrplfv/
Dpvwhugdp=Qruwk0Kroodqg

Fkldssrul S +4<;;, Udwlrqdo krxvhkrog oderxu vxsso|/ Hfrqrphwulfd/ 89+4,/
960;<

Guhz H/ U Hphuhn dqg HPdkrq +4<<;, +hgv,Zrphq/ Zrun dqg wkh Idplol|

lq Hxursh/ Orqgrq=Urxwohgjh
Hfkhyduuld F +4<<:, Fkdqjhv lq vhfwrudo frpsrvlwlrq dvvrfldwhg zlwk hfr0

qrplf jurzwk/ Lqwhuqdwlrqdo Hfrqrplf Uhylhz/ 6;/ 764085
Hxurshdq Fhqwudo Edqn +5333, Ghyhorsphqwv lq dqg vwuxfwxudo ihdwxuhv ri

wkh hxur duhd oderxu pdunhwv/ Prqwko| Exoohwlq/ Pd|/ 8:0:7
Hxurshdq Frpplvvlrq +5333, dqg +5334, Hpsor|phqw lq Hxursh/ Eux{hoohv
Hxurvwdw +4<<;, Vhuylfhv lq Hxursh1 Gdwd 4<<8/ Ox{hperxuj
Idoyh| U H dqg Q Jhpphoo +4<<8, H{sodlqlqj lqwhuqdwlrqdo gl�huhqfhv lq

wkh vkduh ri vhuylfhv lq uhdo h{shqglwxuh/ Hfrqrplfv Ohwwhuv/ 7:+4,/ 860;
Jhuvkxq| M dqg M S Urelqvrq +4<;;, Klvwrulfdo fkdqjhv lq wkh krxvhkrog

glylvlrq ri oderu/ Ghprjudsk|/ 58+7,/ 869085
Jroglq F +4<;9, Prqlwrulqj frvwv dqg rffxsdwlrqdo vhjuhjdwlrq e| vh{= d

klvwrulfdo dqdo|vlv/ Mrxuqdo ri Oderu Hfrqrplfv/ 7+4,/ 405:
Julolfkhv ] +4<<5, +hg1, Rxwsxw phdvxuhphqw lq wkh vhuylfh vhfwruv/ QEHU

Vwxglhv lq Lqfrph dqg Zhdowk/ yro189/ Fklfdjr=Xqlyhuvlw| ri Fklfdjr Suhvv
Jurqdx +4<:6, Wkh lqwudidplo| doorfdwlrq ri wlph= wkh ydoxh ri krxvhzlih*v

wlph/ Dphulfdq Hfrqrplf Uhylhz/ 96+7,/ 967084
Jurqdx +4<::, Ohlvxuh/ krph surgxfwlrq/ dqg zrun= wkh wkhru| ri doorfdwlrq

ri wlph uhylvlwhg/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ ;8/ 43<<0456
Jxqghuvrq P dqg Z F Ulgghoo +4<<6, Oderxu Pdunhw Hfrqrplfv= Wkhru|

Hylghqfh dqg Srolf| lq Fdqdgd/ Wrurqwr=PfJudz0Kloo
Jxqgodfk H +4<<7, Ghpdqg eldv dv dq h{sodqdwlrq iru vwuxfwxudo fkdqjh/

N|norv/ 7:+5,/ 57<09:
Jxqgodfk H +4<<9, Ghpdqg eldv dqg vwuxfwxudo fkdqjh= uhso|/ N|norv/ 7<+5,/

5480:
Kruuhoo V +4<<7, Krxvhkrog wlph doorfdwlrq dqg zrphq*v oderxu irufh sdu0

wlflsdwlrq/ lq P Dqghuvrq/ I Ehfkkrihu/ dqg M Jhuvkxq| +hgv, Wkh Vrfldo dqg
Srolwlfdo Hfrqrp| ri wkh Krxvhkrog/ ss14<;0557

4<



Lvwdw +4<;8, Lqgdjlqh vxooh vwuxwwxuh hg l frpsruwdphqwl idploldul/ Urpd
Mhqnlqv V S dqg Q F R*Ohdu| +4<<:, Jhqghu gl�huhqwldov lq grphvwlf zrun/

dqg wrwdo zrun wlph= XN wlph exgjhw vxuyh| hylghqfh iru 4<:72:8 dqg 4<;:/
Vfrwwlvk Mrxuqdo ri Srolwlfdo Hfrqrp|/ 77+5,/ 486097

Mxvwhu I W dqg I S Vwd�rug +4<<4, Wkh Doorfdwlrq ri wlph= hpslulfdo �qg0
lqjv/ ehkdylrxudo prghov/ dqg sureohpv ri phdvxuhphqwv/ Mrxuqdo ri Hfrqrplf
Olwhudwxuh/ 5</ Mxqh/ 7:40855

Nrqjvdpxw S/ V Uhehor dqg G [lh +4<<:, Eh|rqg edodqfhg jurzwk/ Fhsu
glvfxvvlrq sdshu/ qr149<6/ Orqgrq

Nudylv L E/ D Z Khvwrq/ dqg U Vxpphu +4<;6, Wkh vkduh ri vhuylfhv lq
hfrqrplf jurzwk/ lq I J Dgdpv dqg E J Klfnpdq +hgv, Joredo Hfrqrphwulfv/
Fdpeulgjh +Pdvv1,=Fdpeulgjh Xqlyhuvlw| Suhvv/ ss14;;054;

Nxkq S +4<<6, Ghprjudsklf jurxsv dqg shuvrqqho srolf|/ Oderxu Hfrqrplfv/4/
7<0:3

Orfd| O +4<<3, Hfrqrplf ghyhorsphqw dqg wkh glylvlrq ri surgxfwlrq eh0
wzhhq krxvhkrogv dqg pdunhwv/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ <;+8,/ sw14/ <970;5

Orpedug N Y +4<<<, Zrphq*v ulvlqj pdunhw rssruwxqlwlhv dqg lqfuhdvhg
oderu irufh sduwlflsdwlrq/ Hfrqrplf Lqtxlu|/ 6:/ 4<80545

Oxqgehuj V dqg U D Sroodn +4<<9, Edujdlqlqj dqg Glvwulexwlrq lq Pduuldjh/
Mrxuqdo ri Hfrqrplf Shuvshfwlyh/ 43+7,/ 46<08;

Pdqvhu P dqg P Eurzq +4<;3, Pduuldjh dqg krxvhkrog ghflvlrq pdnlqj= d
edujdlqlqj dqdo|vlv/ Lqwhuqdwlrqdo Hfrqrplf Uhylhz/ 54+4,/ 64077

Rhfg +4<<7, Zrphq dqg vwuxfwxudo fkdqjh= d qhz shuvshfwlyh/ Sdulv
Sodqwhqjd M +4<<:, Hxurshdq frqvwdqwv dqg qdwlrqdo sduwlfxodulwlhv= wkh

srvlwlrq ri zrphq lq wkh HX oderxu pdunhw/ lq D J Glmnvrq dqg M Sodqwhqjd
+hgv, Jhqghu dqg Hfrqrplfv/ Orqgrq=Urxwohgjh/ ss1;90436

Urelqvrq M S +4<;8, Wkh ydolglw| dqg uholdelolw| ri gldulhv yhuvxv dowhuqdwlyh
wlph xvh phdvxuhv/ lq I W Mxvwhu dqg I S Vwd�rug +hgv, Wlph/ Jrrgv/ dqg
Zhoo0Ehlqj/ Dqq0Dueru +Plfk1,= Lqvwlwxwh iru Vrfldo Uhvhdufk/ ss16608<

Vplwk M S dqg P Zdug +4<;<, Zrphq lq wkh oderxu pdunhw dqg lq wkh
idplo|/ Mrxuqdo ri Hfrqrplf Shuvshfwlyhv/ 6+4,/ <056

Vrehur0Ihuuhu K dqg U Gduglv +4<<4, Ghwhuplqdqwv ri krxvhkrog h{shqglwxuh
iru vhuylfhv/ Mrxuqdo ri Frqvxphu Uhvhdufk/ 4:/ Pdufk/ 6;80<:

Vxpphuv U +4<;8, Vhuylfhv lq wkh lqwhuqdwlrqdo hfrqrp|/ lq S Lqpdq +hg1,
Pdqdjlqj wkh Vhuylfh Hfrqrp|/ Fdpeulgjh +Pdvv1,=Fdpeulgjh Xqlyhuvlw| Suhvv/
ss15:07;

]lfn G F/ M PfFxoorxjk dqg N U Vplwk +4<<9, Wudgh0r�v ehwzhhq sxufkdvhg
vhuylfhv dqg wlph lq vlqjoh0sduhqw dqg wzr0sduhqw idplolhv/ Mrxuqdo ri Frqvxphu
D�dluv/ 63+4,/ 4056
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