
Fdsdflw| dv d Ghwhuplqdqw ri wkh Vxsso| iru

Sk|vlfldqv* Vhuylfhv

Iulgrolq H1 Pduw|

Xqlyhuvlw| ri Ehuqh�

Mxqh/ 4<<;

Devwudfw

Wkh vxsso| ri sk|vlfldqv* vhuylfhv lv ghwhuplqhg e| erwk/ folqlfdo idfwruv dqg wkh

hfrqrplf hqylurqphqw1 Zh suhvhqw d prgho ri sk|vlfldqv* ehkdylru dqg whvw lwv

suhglfwlrqv dv zhoo dv lwv dvvxpswlrqv xvlqj Vzlvv plfur gdwd1 Zh vkrz wkdw

fdsdflw| lv dq lpsruwdqw idfwru iru sk|vlfldqv* ghflvlrqv ri krz pxfk phglfdo

vhuylfhv wkh| vxsso|1 Ixuwkhupruh/ zh sursrvh d vlpsoh phwkrg wr frpsduh wkh

gl�huhqw glvwulexwlrqv ri fhuwdlq vhuylfhv dfurvv sk|vlfldqv1

Nh|zrugv= Fdsdflw|/ Sk|vlfldqv/ Pdunhw Shuirupdqfh1

Mrxuqdo ri Hfrqrplf Olwhudwxuh Fodvvl�fdwlrq Qxpehuv= G57/ L44/ O481

�Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Ehuqh/ Jhvhoovfkdiwvvwudvvh 7</ FK06345 Ehuqh/ Vzlw}hu0
odqg> hpdlo= iulgrolq1pduw|Cyzl1xqleh1fk
L zrxog olnh wr wkdqn Fkulvwrsk Hlvhqulqj/ Zlqdqg Hprqv/ Pduwlq Vfkhookruq/ Pdun gh Vqdlmhu/
Jdeulhooh Zdq}hqulhg/ Pduolv ]elqghq/ dqg Erulv ]ÿufkhu iru khosixo glvfxvvlrqv dqg vxjjhvwlrqv1
Vshfldo wkdqnv wr ÙNN Edvho iru surylglqj wkh gdwd1
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4 Lqwurgxfwlrq

Zh frqvlghu khdowk fduh vhuylfhv lq Vzlw}huodqg1 Wklv pdunhw glvsod|v vrph vshfldo

ihdwxuhv rq erwk wkh vxsso| dqg wkh ghpdqg vlgh1 Rq wkh vxsso| vlgh/ wkh surylvlrq

ri khdowk fduh lv vwurqjo| uhjxodwhg1 Sulfhv dulvh iurp d qhjrwldwlrq surfhvv ehwzhhq

lqvxudqfh frpsdqlhv dqg sk|vlfldqv1 Qrw rqo| gr wkh| glvfxvv wkh sulfh ohyho exw wkh|

dovr gh�qh wkh xqlwv ri vhuylfhv1 Wklv lqyroyhv d orw ri phglfdo nqrz0krz dqg vhwv

d vwdwh ri wkh duw1 Hdfk phglfdo sureohp uhtxluhv dw ohdvw rqh vhuylfh1 Wkh uhodwlrq

ehwzhhq wkh phglfdo sureohp dqg wkh fruuhvsrqglqj vhw ri vhuylfhv gh�qhv wkh vwdwh

ri wkh duw1 Sulfhv dqg vhuylfhv duh sxeolvkhg lq dq r!fldo ihh vfkhgxoh wr zklfk wkh

jryhuqphqw kdv wr djuhh1 Rq wkh ghpdqg vlgh/ doo sdwlhqwv duh lqvxuhg vr wkh| gr qrw

kdyh wr sd| gluhfwo| wkh ixoo sulfh iru wkh vhuylfhv sxufkdvhg1

Wkh uhodwlrqvkls ehwzhhq d sk|vlfldq dqg khu sdwlhqw lv fkdudfwhul}hg e| dq h{0

shuw2folhqw uhodwlrqvkls1 Wkh sk|vlfldq dv wkh h{shuw erwk dgylvhv d folhqw derxw uh0

txluhg vhuylfhv dqg r�huv wr vxsso| wkh uhfrpphqghg vhuylfhv iru d ihh1 Lq dgglwlrq/

khdowk lv d frpsoh{ jrrg zklfk fdqqrw eh vrog gluhfwo|1 Sdwlhqwv sxufkdvh wkh lqwhu0

phgldu| jrrg khdowk vhuylfhv wkdw vkrxog lpsuryh wkhlu khdowk vwdwxv1 Qhyhuwkhohvv/ lw

lv riwhq lpsrvvleoh wr lqihu iurp d khdowk vwdwxv wr d srwhqwldoo| zurqj wkhuds|1 Frq0

wuro phfkdqlvpv duh/ wkhuhiruh/ srru1 Wklv udlvhv wkh txhvwlrq zkhwkhu sk|vlfldqv wdnh

wrr pxfk dgydqwdjh ri wkhlu gxdo uroh dv vxssolhu dqg dgylvhu1 Lq wkh olwhudwxuh/ wklv

txhvwlrq lv glvfxvvhg xqghu wkh whup ri vxssolhu0lqgxfhg ghpdqg +VLG,1

Zh suhvhqw d wkhruhwlfdo prgho iru wkh pdunhw ri sk|vlfldqv* vhuylfhv zklfk doorz

iru wkhvh vshfldo ihdwxuhv1 Lq dgglwlrq/ zh whvw wkh wkhruhwlfdo dvvhuwlrqv hpslulfdoo|

zlwk wkh khos ri gdwd wkdw ruljlq iurp d odujh khdowk lqvxudqfh frpsdq| lq wkh flw| ri

Edvoh1

Jd|qru +4<<7, surylghv dq ryhuylhz ri wkh VLG olwhudwxuh1 Kh uhylhzv erwk wkhruhw0

lfdo dqg hpslulfdo sdshuv lqyhvwljdwlqj wkh lpsolfdwlrqv ri lqgxfhg ghpdqg lq whupv ri

lqirupdwlrq ru lqfhqwlyhv1 Wkhruhwlfdoo|/ Sdxo| +4<;3, dqdo|}hv wkh sk|vlfldq0sdwlhqw

uhodwlrqvkls dv dq djhqf| uhodwlrqvkls1 Kh vkrzv wkdw d xwlolw| pd{lpl}lqj sk|vlfldq

lqgxfhv ghpdqg e| fkrrvlqj d orzhu ohyho ri dffxudf| ri khu gldjqrvlv1 Gudqryh +4<;;,

suhvhqwv dq lqgxfhphqw prgho lq zklfk wkh sk|vlfldqv duh erxqg e| wkh eholhiv ri

wkh sdwlhqwv1 Kh vkrzv wkdw hyhq li wkh sdwlhqwv nqrz wkh sk|vlfldq*v uhfrpphqgdwlrq

vwudwhj|/ wkh odwwhu kdv dq lqfhqwlyh wr uhfrpphqg xqqhfhvvdu| wuhdwphqw1 Dffruglqjo|/
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wkh sdwlhqw fdqqrw dyrlg VLG1 Zrolqvn| +4<<6/ 4<<8, dqg Hprqv +4<<:, h{solflwo| prgho

htxloleulxp lq wkh pdunhw iru h{shuwv* gldjqrvwlf dqg wuhdwphqw vhuylfhv1 Wkh| erwk

�qg pxowlsoh htxloleuld zlwk dqg zlwkrxw iudxg1 Zrolqvn| +4<<8, lghqwl�hv htxloleuld

zlwk iudxg/ ghvslwh lqwhvh frpshwlwlrq ehwzhhq h{shuwv1 Hprqv +4<<:, vkrzv wkdw pdu0

nhw htxloleuld zlwk qrqiudxgxohqw ehkdylru h{lvw li frqvxphuv udwlrqdoo| surfhvv h{ dqwh

lqirupdwlrq vxfk dv sulfhv dqg fdsdflw|1

Wkh hpslulfdo hylghqfh rq VLG lv htxlyrfdo1 Vrph vwxglhv h{dplqh wkh lq xhqfh

ri lqirupdwlrq ohyhov ri sdwlhqwv rq pdunhw shuirupdqfh1 Lqwuljxlqjo|/ wkh uhvxowv ri

Dphulfdq vwxglhv gl�hu iurp wkh uhvxowv ri d Hxurshdq vwxg|1 Exqnhu dqg Eurzq

+4<:7,/ Kd| dqg Ohdk| +4<;5, dqg Nhqnho +4<<3, glvforvh d srvlwlyh uhodwlrqvkls eh0

wzhhq sdwlhqwv* lqirupdwlrq ohyho dqg ghpdqg iru khdowk vhuylfhv1 Grphqljkhwwl hw do1

+4<<6,/ krzhyhu/ �qg wkh frqwudu|= sk|vlfldqv dqg wkhlu uhodwlyhv vkrz d vljql�fdqwo|

orzhu udwh ri vxujlfdo surfhgxuhv wkdq wkh srsxodwlrq dyhudjh1 Wkh vdph �qglqj krogv

iru odz|huv dqg wkhlu idplolhv1

Rwkhu hpslulfdo vwxglhv frqfhqwudwh rq wkh sk|vlfldqv* lqfhqwlyhv1 Qxphurxv vwxg0

lhv h{dplqh wkh lqfhqwlyh h�hfwv ri fhvduhdq vhfwlrq udwhv dqg ydjlqdo gholyhu| udwhv/

uhvshfwlyho|1 Nhhohu dqg Irn +4<<9, �qg olwwoh h�hfw ri sk|vlfldqv* ihh vfkhgxohv rq

fhvduldq udwhv1 Eurzq +4<<9, lqyhvwljdwlqj wkh ohlvxuh ghpdqg ri wkh sk|vlfldqv dv dq

lqfhqwlyh lq idyru ri fhvduldq vhfwlrq gholyhulhv uhmhfwv wkh k|srwkhvlv wkdw qrq0folqlfdo

yduldeohv duh luuhohydqw1 Ju|wwhq hw do1 +4<<8, frpsduh frqwudfw sk|vlfldqv dqg frp0

pxqlw| sk|vlfldqv zkrvh lqfhqwlyhv gl�hu14 Wkh| rqo| �qg hylghqfh iru VLG frqfhuqlqj

oderudwru| whvwv1

Odehooh hw do1 +4<<7, suhvhqw d frqfhswxdo iudphzrun iru VLG1 Wkh| frqvlghu wzr

glphqvlrqv ri wkh h�hfwlyhqhvv ri wkh djhqf| uhodwlrqvkls dqg wkh h�hfwlyhqhvv ri vhu0

ylfhv xwlol}hg1 Wkh �uvw glphqvlrq lv d vwdqgdug txhvwlrq lq wkh VLG olwhudwxuh dvnlqj

zkhwkhu d sdwlhqw zrxog kdyh ghpdqghg wkh vhuylfh li vkh kdg wkh vdph lqirupdwlrq

dv wkh sk|vlfldq1 Wkh vhfrqg glphqvlrq lv qrw d frpprq frqvlghudwlrq lq wkh VLG

olwhudwxuh dv lw lv lqghshqghqw ri wkh djhqf| sureohp1 Khuh/ wkh txhvwlrq lv zkhwkhu d

vhuylfh frqwulexwhv srvlwlyho| wr wkh sdwlhqw*v khdowk vwdwxv1 Frqvhtxhqwo|/ wkh| glvfxvv

irxu gl�huhqw nlqgv ri VLG edvhg rq wkh uhvshfwlyh dqvzhuv1 Lqwhuhvwlqjo|/ Odehooh hw do1

4Frqwudfw sk|vlfldqv duh vhoi0hpsor|hg dqg uhfhlyh d ihh iru vhuylfh/ zkhuhdv frppxqlw| sk|vlfldqv
duh hpsor|hhv ri wkh pxqlflsdolw| dqg duh sdlg dq krxuo| zdjh1
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+4<<7, hyhq ghwhfw VLG zkhq erwk txhvwlrqv fdq eh dqvzhuhg d!updwlyho|1 Dv d uhvxow/

fhuwdlq vhuylfhv pd| eh ghpdqghg e| wkh ixoo| lqiruphg frqvxphu dqg frqwulexwh wr

khu khdowk vwdwxv1 Qhyhuwkhohvv/ wkhvh vhuylfhv vkrxog qrw eh surylghg ehfdxvh wkh| duh

wrr h{shqvlyh1 Dffruglqjo|/ vrph w|shv ri khdowk fduh pd| eh dedqgrqhg lq idyru ri

rwkhuv/ ehfdxvh ri wkhlu frvwv1

Lq wklv sdshu zh wkhruhwlfdoo| dqg hpslulfdoo| lqyhvwljdwh lqfhqwlyhv jhqhudwhg e|

fdsdflw| xwlol}dwlrq1 Lq jhqhudo/ VLG lv suhvhqw zkhq d sk|vlfldq lq xhqfhv wkh ghpdqg

iru khdowk vhuylfhv lq dq xqghvludeoh pdqqhu1 Zh h{dplqh zkhwkhu lgoh fdsdflw| ohdgv

wr ghpdqg lqgxfhphqw e| wkh sk|vlfldqv1 Wkh wkhruhwlfdo iudphzrun/ zklfk lv lqvsluhg

e| wkh vshfldo ihdwxuhv ri wkh Vzlvv pdunhw iru khdowk vhuylfhv/ uhyhdov d vwurqj lqfhqwlyh

iru ghpdqg lqgxfhphqw lq fdvh ri lgoh fdsdflw|1

Wkh edvlf dvvxpswlrqv lq rxu prgho duh wkdw sk|vlfldqv duh sulfh wdnhuv dqg pd{0

lpl}h sur�wv1 Gxh wr wkh �{hg vhw0xs frvwv ri wkh sudfwlfh/ d pdunxs lv qhfhvvdu| wr

euhdn0hyhq1 Doo sk|vlfldqv idfh wkh vdph h{shfwhg ghpdqg ixqfwlrq lq wkh prgho1 Wklv

dvvxpswlrq lv mxvwl�hg vlqfh doo sk|vlfldqv srwhqwldoo| surylgh wkh vdph vhuylfhv dqg

duh qrw shuplwwhg wr dgyhuwlvh1 Dffruglqjo|/ wkh| idfh d udqgrp vdpsoh ri sdwlhqwv

h{rjhqrxvo| jlyhq wr wkhp1 Sk|vlfldqv zkr idfh d orz uhdol}dwlrq ri wkhlu vwrfkdvwlf

ghpdqg vxfk wkdw wkh| kdyh lgoh fdsdflw| zloo vhoo xqqhfhvvdu| wuhdwphqw wr wkhlu sd0

wlhqwv lq rughu wr xwlol}h fdsdflw|1 Frqvhtxhqwo|/ wkh wkhruhwlfdo prgho suhglfwv/ wkdw

wkh sk|vlfldqv vhoo dgglwlrqdo/ xqhfhvvdu| vhuylfhv xs wr wkh srlqw ri ixoo fdsdflw|1

Wkh hpslulfdo sduw ri wkh sdshu whvwv wkh k|srwkhvlv ri VLG1 Wkh gh�qlwlrq ri VLG lv

dovr edvhg rq wkh ihdwxuhv ri wkh Vzlvv khdowk pdunhw/ zkhuh doo frqvxphuv kdyh edvlf

khdowk lqvxudqfh1 Zkhq d vhuylfh lv eh|rqg wkh vwdwh ri wkh duw lq wkh vhqvh ri wkh ihh

vfkhgxoh zh vshdn ri VLG1 Lq wklv fdvh/ zh duh ghdolqj zlwk d fdvh ri VLG/ dowkrxjk d

sdwlhqw pd| ghpdqg wkhvh vhuylfhv1 Iru lqvwdqfh/ d sdwlhqw pd| ghpdqg d frpsohwh

eorrg slfwxuh diwhu d qrupdo  x1 Zkhqhyhu wkh lqvxudqfh frpsdq| kdv wr sd| iru vxfk

vhuylfhv/ zh lghqwli| VLG1 Wkhuhiruh/ zh uhsodfh wkh hfrqrplf rswlpxp lq wkh vhqvh ri

Odehooh hw do1 +4<<7, e| wkh vwdwh ri wkh duw1

Wkh gdwd frqvlvw ri jhqhudo sudfwlwlrqhu +JS, vhuylfhv ri xqlwv gholyhuhg zklfk duh

fryhuhg e| khdowk lqvxudqfh1 Qdwxudoo|/ wkh vwdwh ri wkh duw lv qrw revhuydeoh1 Zh

dvvxph wkdw wkh dyhudjh sk|vlfldq uhsuhvhqwv wkh vwdwh ri wkh duw1 Dffruglqjo|/ VLG lv

d ghyldwlrq iurp wkh phdq1 Xvlqj fdsdflw| lqglfdwruv dv zhoo dv VLG lqglfdwruv zh duh
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deoh wr lghqwli| vxfk d ghyldwlrq iurp wkh phdq dv VLG1 Ixuwkhupruh/ zh frqiurqw wkh

fuxfldo dvvxpswlrqv ri wkh prgho zlwk wkh gdwd1 Iluvw/ d srvvleoh khwhurjhqhlw| ri wkh

sk|vlfldqv frqfhuqlqj wkhlu srwhqwldo vxsso| grhv qrw fkdqjh wkh uhvxowv1 Vhfrqg/ wkh

khwhurjhqhlw| ri wkh sk|vlfldqv* sdwlhqw srsxodwlrq fdswxuhg e| wkh djh grhv qrw d�hfw

wkh uhvxowv hlwkhu1

Wkh prgho suhglfwlrqv duh frq�uphg e| wkh gdwd1 Fdsdflw| lv dq lpsruwdqw idfwru

iru sk|vlfldqv* ghflvlrqv ri krz pxfk phglfdo vhuylfhv wkh| vxsso|1 Dffruglqjo|/ wkh

k|srwkhvlv ri VLG fdqqrw eh uhmhfwhg1

Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv1 Lq vhfwlrq 5 zh rxwolqh d prgho ri

wkh pdunhw iru sk|vlfldqv* vhuylfhv1 Zh vkrz wkdw sk|vlfldqv zlwk lgoh fdsdflw| lqgxfh

ghpdqg1 Vhfwlrq 6 lqwurgxfhv wkh gdwd dqg wkh pdlq yduldeohv xqghu frqvlghudwlrq1

Vhfwlrq 7 lghqwl�hv lqglfdwruv iru lgoh fdsdflw| dqg ghpdqg lqgxfhphqw1 Lq vhfwlrq 8/

wkh Fhqwudo Olplw Wkhruhp +FOW, lv dssolhg lq rughu wr frpsduh wkh sk|vlfldqv lq wkh

gdwd1 Lq vhfwlrq 9 zh suhvhqw rxu hpslulfdo uhvxowv1 Ilqdoo|/ vhfwlrq : glvfxvvhv rxu

�qglqjv dqg frqfoxghv1 Wkh vdpsoh vwdwlvwlfv dqg dgglwlrqdo uhvxowv duh uhohjdwhg wr

wkh dsshqgl{1

5 Wkh prgho

Frqvlghu d pdunhw iru khdowk vhuylfhv1 Wkh pdunhw frqvlvwv ri U sk|vlfldqv/ lqgh{hg

� 5 i�c 2c ���c Uj c zkr duh wkh vxssolhuv1 Hdfk sk|vlfldq rzqv d sudfwlfh1 Wkh �{hg

vhw0xs frvwv ri wkh sudfwlfh duh 8 : f1 Hdfk sk|vlfldq zrunv xs wr A krxuv/ l1h1/ khu

fdsdflw| frqvwudlqw lv jlyhq e| A krxuv ri zrun1 Wkh sk|vlfldq*v euhdn0hyhq zdjh lv

8*A� Hdfk sk|vlfldq lv d sulfh wdnhu1 Wkh dyhudjh sulfh iru dq krxuo| wuhdwphqw lv

ghqrwhg e| Rc zlwk R � 8*A� Sulfhv duh �{hg zlwklq d ihh vfkhgxoh dqg/ wkhuhiruh/

frpprq nqrzohgjh1

Wkh ghpdqg vlgh ri wkh pdunhw frqvlvwv ri � frqvxphuv/ lqgh{hg � 5 i�c 2c ���c�j1

Frqvxphuv gl�hu zlwk uhvshfw wr wkhlu +vxemhfwlyh, khdowk vwdwxv15 Wklv vwdwxv lv udq0

grpo| glvwulexwhg dfurvv frqvxphuv zlwk d �qlwh phdq dqg d �qlwh yduldqfh1

Iroorzlqj Nuçphu +4<;4, zh vsolw wkh jrrg csk|vlfldq*v khdowk vhuylfhv* lqwr wzr

dfwlylwlhv1 Wkh �uvw dfwlylw| lv cvhhlqj d grfwru*1 Wklv ghflvlrq lv d }hur�rqh0fkrlfh e|

5Lw lv srvvleoh wr lqfoxgh ydu|lqj suhihuhqfhv dprqj frqvxphuv zlwk qr dgglwlrqdo lqvljkwv1
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wkh frqvxphuv1 Hdfk frqvxphu � kdv d uhvhuydwlrq sulfh �� iru wklv dfwlylw|1 Wklv sulfh

�� ghshqgv rq wkh khdowk vwdwxv dqg rq khu rssruwxqlw| frvwv1 Li �� lv kljkhu ru htxdo

wr wkh sulfh iru dq h{shfwhg wuhdwphqw/ vkh ghflghv wr vhh d sk|vlfldq dqg ehfrphv

d sdwlhqw1 Wkhuh duh � sdwlhqwv/ zlwk � � �c lq wkh pdunhw1 Wkh ghpdqg fxuyh

lv ghfuhdvlqj lq R� Wkh glyhuvlw| lq khdowk vwdwxv dqg wkh odujh qxpehu ri frqvxphuv

dvvxuh wkh dvvxpswlrq ri d frqwlqxrxv ghpdqg ixqfwlrq1

Rqo| li d frqvxphu ghflghv wr vhh d sk|vlfldq/ vkh frqvxphv wkh vhfrqg dfwlylw|

cvhuylfhv ri wkh sk|vlfldq* dqg lv zloolqj wr sd| wkh sulfh iru lw1 Wkh wuhdwphqw frq0

vlvwv ri vhyhudo vhuylfhv wkdw duh fkrvhq e| wkh sk|vlfldq1 Rzlqj wr wkh lqirupdwlrq

dv|pphwu| ehwzhhq sk|vlfldq dqg sdwlhqw/ wkh h{whqw ri wklv wuhdwphqw lv ghwhuplqhg

e| wkh sk|vlfldq +vhh Hprqv 4<<:,1 D sdwlhqw zkr grhv qrw kdyh wkh surihvvlrqdo

nqrzohgjh fdqqrw glvwlqjxlvk ehwzhhq gl�huhqw vhuylfhv dqg ex|v wkh wuhdwphqw dv d

zkroh sdfndjh1 Dffruglqjo|/ rqfh vkh ghflghv wr vhh d grfwru/ vkh lv zloolqj wr dffhsw

zkdw wkh sk|vlfldq sursrvhv1 Lq Vzlw}huodqg/ wklv dvvxpswlrq lv dovr vxssruwhg e| wkh

nlqg ri frqwudfwv lqvxudqfh frpsdqlhv r�hu wr wkhlu fxvwrphuv1 Zkhq d sdwlhqw qhhgv

khdowk vhuylfhv/ hdfk |hdu vkh pxvw sd| wkh �uvw 483 vIu1 Rqo| 43( ri wkh dprxqw

h{fhhglqj wkhvh 483 vIu1 pxvw eh sdlg e| wkh sdwlhqw1 Wkdw lv/ wkh �uvw dfwlylw| ri

vhhlqj d grfwru lv wkh prvw h{shqvlyh rqh1 Dgglwlrqdo vhuylfhv duh/ wkhuhiruh/ vrog zlwk

d <3(0glvfrxqw1 Ixuwkhupruh/ sdwlhqwv gr qrw rssrvh wkhlu sk|vlfldq*v rslqlrq1 Gxh

wr wkh fuhghqfh surshuw| ri wkh jrrg ckhdowk vhuylfhv*/ sdwlhqwv duh irufhg wr iroorz wkh

dgylfh ri wkh sk|vlfldq ru uhmhfw lw dv d zkroh1 Zkhq wkh| gr qrw djuhh zlwk khu wkh|

mxvw fkdqjh wkhlu sk|vlfldq +vhh Zrolqvn| 4<<6,1

Vxssrvh wkdw doo sk|vlfldqv surylgh wkh vdph vhuylfhv1 Dffruglqjo|/ wkh| gr qrw

gl�hu frqfhuqlqj wkhlu phglfdo vshfldol}dwlrq1 Hdfk sk|vlfldq idfhv d udqgrp vdpsoh

ri wkh zkroh sdwlhqw srsxodwlrq1 Ghqrwh wkh sdwlhqwv shu sk|vlfldq e| ?�� Hdfk sdwlhqw

� vhhv rqo| rqh sk|vlfldq16 Frqvhtxhqwo|/
SU

�'� ?� ' � 1 Zh dvvxph krprjhqhrxv

sdwlhqw srsxodwlrqv dfurvv sk|vlfldqv1 Hdfk sk|vlfldq idfhv dq lghqwlfdoo| glvwulexwhg

ghpdqg iru hyhu| vlqjoh vhuylfh1 Wkh glvwulexwlrq pd| ydu| dfurvv vhuylfhv exw iru

d jlyhq vhuylfh wkh ghpdqg lv lghqwlfdoo| glvwulexwhg dfurvv sk|vlfldqv1 Wkh ghpdqg

zlwkrxw VLG iru khdowk vhuylfhv lv rqo| d ixqfwlrq ri wkh sdwlhqw*v khdowk vwdwxv1 D

6Wklv dvvxpswlrq lv frq�uphg e| wkh gdwd= Rqo| 6( ri wkh sdwlhqwv zhqw wr vhh pruh wkdq rqh
sk|vlfldq1

9



sk|vlfldq zkr grhv qrw lqgxfh ghpdqg mxvw uhdfwv wr d udqgrp surfhvv1 Vkh idfhv d

vdpsoh ri sdwlhqwv dqg wuhdwv wkhp dffruglqj wr wkh vwdwh ri wkh duw1

Rq wkh dyhudjh lw wdnhv | krxuv wlph wr wuhdw d sdwlhqw1 Frqvhtxhqwo|/ zh dvvxph

wkdw doo sk|vlfldqv idfh wkh iroorzlqj pdujlqdo frvw vwuxfwxuh ri wkhlu vhuylfhv=

��� '

+
f li ?�| � A
4 li ?�| : A

�

Wklv frvw vwuxfwxuh fdq eh h{sodlqhg dv iroorzv1 Dv orqj dv wkh fdsdflw| frqvwudlqw lv

qrw elqglqj wkh sk|vlfldq kdv pdujlqdo frvwv ri }hur1 Wkh lqyhvwphqw lq khu sudfwlfh

lv vxqn1 Li/ krzhyhu/ wkh sk|vlfldq idfhv wrr pdq| sdwlhqwv/ vkh uhdfkhv wkh fdsdflw|

frqvwudlqw A� Dffruglqjo|/ pdujlqdo frvwv ehfrph lq�qlwh1

Jlyhq wkh vxqn frvwv 8 / wkh pd{lpxp zrunlqj krxuv A / dqg wkh h{rjhqrxvo|

jlyhq sulfhv Rc hdfk sk|vlfldq pd{lpl}hv khu sur�wv1 Lq rughu wr pd{lpl}h sur�wv wkh

sk|vlfldq ghwhuplqhv wzr yduldeohv= khu qxpehu ri sdwlhqwv ?� dv zhoo dv wkh dprxqw

ri ghpdqg lqgxfhphqw shu sdwlhqw _�1 Lq wkh �uvw sodfh/ sk|vlfldq � idfhv h?� sdwlhqwv1h?� lv dq h{rjhqrxv yduldeoh wr khu1 Wkhq/ vkh fkrrvhv ?�/ wkh qxpehu ri sdwlhqwv

wkdw vkh dfwxdoo| wuhdwv1 Wklv phdqv/ vkh vhwv ?� ' h?�c li | � h?� � Ac dqg ?� 	 h?�/

rwkhuzlvh1 Dffruglqjo|/ d sk|vlfldq rqo| kdv wkh srvvlelolw| ri uhmhfwlqj ru dffhswlqj

sdwlhqwv1 D sk|vlfldq zlwk | � h?� : A udqgrpo| udwlrqv dprqj khu srwhqwldo sdwlhqwv

ehiruh nqrzlqj wkhlu khdowk vwdwxv1 Wkh uhmhfwhg sdwlhqwv ri sk|vlfldq � ehfrph sduw ri

h?� �'�� Lw lv lpsruwdqw wr qrwh wkdw lq Vzlw}huodqg sk|vlfldqv fdqqrw dftxluh dgglwlrqdo

sdwlhqwv dv dq| nlqg ri dgyhuwlvhphqw lv iruelgghq1 Wkh yduldeoh _� gh�qhv wkh dprxqw

ri ghpdqg lqgxfhphqw shu sdwlhqw/ phdvxuhg e| dgglwlrqdo vhuylfhv vrog1 Dffruglqj wr

khu sur�w pd{lpl}dwlrq ehkdylru/ vkh fkrrvhv _� : fc li ?�| 	 Ac dqg _� ' fc rwkhuzlvh1

0 lqvhuw �jxuh 4 derxw khuh 0

Iljxuh 4 vkrzv wkh lqwxlwlyh h{sodqdwlrq iru wkh fkrlfh ri wkh h{dfw ohyho ri ?� dqg

_�1 Wkh �jxuh ghslfwv wkh pdunhw iru khdowk vhuylfhv lq wkh sulfh2txdqwlw| vsdfh zkhuh

txdqwlw| lv phdvxuhg lq krxuv1 Wkh vxsso| fxuyh ri khdowk vhuylfhv lv frpsohwho| hodvwlf

xs wr A� Iru ^ : A lw ehfrphv lqhodvwlf1 Wkh qhjdwlyh vorsh ri wkh ghpdqg fxuyh lv

gxh wr wkh vhuylfh *vhhlqj d grfwru* zklfk ghshqgv qhjdwlyho| rq sulfhv1 Lq �jxuh 4/

:



sk|vlfldq 4 kdv mxvw hqrxjk sdwlhqwv wr ixoo| xwlol}h khu fdsdflw|1 Wkh pdunhw fohduv

dw wkh sulfh R� Frqvhtxhqwo|/ vkh kdv qr lqfhqwlyh wr lqgxfh ghpdqg1 Sk|vlfldq 5/

krzhyhu/ kdv wrr ihz sdwlhqwv1 Li vkh lqgxfhv ghpdqg rq khu sdwlhqwv/ vkh lv deoh wr

zrun dw ixoo fdsdflw|1 Wkh pdunhw zrxog qrw fohdu dw wkh sulfh R iru sk|vlfldq 61 Wklv

sk|vlfldq zrxog olnh wr udlvh sulfhv exw vkh lv qrw doorzhg wr gr vr1 Dffruglqjo|/ vkh

udqgrpo| uhmhfwv d qxpehu ri sdwlhqwv vxfk wkdw khu fdsdflw| frqvwudlqw lv elqglqj1

Lw lv dfwxdoo| srvvleoh iru khu wr wuhdw wrr pdq| sdwlhqwv exw wkhuh lv qr dgglwlrqdo

prqh| wr hduq1 Lq rughu wr wuhdw wrr pdq| sdwlhqwv vkh kdv wr uhgxfh khu vhuylfhv

shu fdslwd zklfk r�vhwv wkh jdlqv ri wuhdwlqj pruh sdwlhqwv1 Pruhryhu/ e| wuhdwlqj d

sdwlhqw zlwklq d vkruwhu dyhudjh wlph ri wuhdwphqw/ h1j1/ _ 	 fc d sk|vlfldq 6 uxqv lqwr

oldelolw| sureohpv1 Lw lv hdvlhu wr ghwhfw wrr olwwoh wuhdwphqw wkdq wrr pxfk wuhdwphqw

wkrxjk wkh frqwuro phfkdqlvpv duh zhdn1

Li d sk|vlfldq grhv qrw lqgxfh ghpdqg/ l1h1/ _� ' fc vkh fkrrvhv d gldjqrvlv dqg d

wkhuds| dffruglqj wr wkh vwdwh ri wkh duw1 Lq wklv fdvh/ vkh vlpso| uhdfwv wr d udqgrp

surfhvv= vkh kdv d vdpsoh ri sdwlhqwv h?� dqg surylghv wkh qhfhvvdu| wuhdwphqw1 Wkh

h{shfwhg sulfh iru d wuhdwphqw lv wkhq | R zklfk lv dovr khu h{shfwhg wxuqryhu shu

sdwlhqw1 Lq frqwudvw/ li vkh fkrrvhv wr lqgxfh ghpdqg lq rughu wr lqfuhdvh khu lqfrph/

vkh lqfuhdvhv wkh dyhudjh wuhdwlqj wlph iurp | wr | n _�1 Gxulqj wkh dgglwlrqdo wlph

_� vkh grhv qrw kdup khu sdwlhqw/ exw vhoov xqqhfhvvdu| wuhdwphqw1 Vkh hqgv xs zlwk

dq h{shfwhg wxuqryhu shu sdwlhqw ri E|n _�� R� D wuhdwphqw lv xqqhfhvvdu| li hlwkhu wkh

sdwlhqw/ surylghg wkdw vkh lv htxdoo| zhoo lqiruphg dv wkh sk|vlfldq/ zrxog qrw ghpdqg/

ru li lw lv qrw sduw ri wkh shuirupdqfh edvhg rq wkh ihh vfkhgxoh wkdw khdowk lqvxudqfh

dqg sk|vlfldqv zrunhg rxw17 Lq rwkhu zrugv/ dq xqqhfhvvdu| wuhdwphqw lv eh|rqg wkh

vwdwh ri wkh duw1 Qhyhuwkhohvv/ d sk|vlfldq*v kljk wxuqryhu fdqqrw eh h{sodlqhg dw wkh

rxwvhw1 Vkh hlwkhu lqgxfhv ghpdqg ru vkh kdv d kljk uhdol}dwlrq ri wkh udqgrp yduldeoh/

l1h1/ khu sdwlhqwv duh sduwlfxoduo| vlfn1 Vxppdul}lqj/ zh frqfoxgh zlwk

Revhuydwlrq 4 Sk|vlfldqv fkrrvh wkhlu qxpehu ri sdwlhqwv ?� dqg wkhlu ohyho ri

ghpdqg lqgxfhphqw shu sdwlhqw _� lq rughu wr xwlol}h wkhlu fdsdflwlhv/ l1h1/

?� '

+ h?� li h?�| 	 A
A* | rwkhuzlvh

dqg _� ' 4@ iA*h?� � |c fj �

7K|srfkrqguldf ghpdqg lv qrw vxemhfw wr wkh ihh vfkhgxoh/ h1j1/ dq lqvxudqfh frpsdq| grhv qrw
kdyh wr sd| iru prqwko| fkhfn xsv ri +sk|vlfdoo|, khdowk| shrsoh1

;



6 Wkh gdwd

Rxu gdwd duh surylghg e| d odujh khdowk lqvxudqfh frpsdq|1 Wkhvh gdwd ruljlq iurp

Edvoh wkh vhfrqg odujhvw flw| lq Vzlw}huodqg1 Wkh frpsdq|*v pdunhw vkduh lq Edvoh lv

pruh wkdq 73(1 Wkh gdwd fryhuv ;4 sk|vlfldqv lq wkh |hdu 4<<71 Wkh| duh doo JSv

zrunlqj lq wkh flw| ri Edvoh1 Wr eh fdwhjrul}hg dv JS wkh vkduh ri vshfldol}hg wuhdwphqwv

rq wkh ryhudoo wxuqryhu kdv wr eh ohvv wkdq d fhuwdlq wkuhvkrog1 Wklv hqvxuhv wkdw rxu

gdwd frqwdlq qr vshfldolvwv glvjxlvhg dv JSv1 Wkh ;4 sk|vlfldqv uhsuhvhqw derxw <3(

ri doo jhqxlqh JSv lq Edvoh1

Wkh sulpdu| gdwd vhw frqvlvwv ri ;877 sdwlhqwv1 Lw frqwdlqv doo wkh eloov shu sk|vlfldq

iru hdfk sdwlhqw1 Wkh pdlq gdwd vhw lqfoxghv doo ;4 sk|vlfldqv1 Lq frqwudvw wr wkh

sulpdu| gdwd vhw/ wkh revhuydwlrq lv gh�qhg dv d sk|vlfldq qrw d sdwlhqw1 Wkhvh plfur

gdwd frqvlvw ri wkh qxpehu ri sdwlhqwv hdfk sk|vlfldq wuhdwv/ wkh dyhudjh djh ri wkh

sdwlhqwv dqg wkh phdq dprxqw ri wkh eloo vkh lvvxhv1 Pruhryhu/ zh kdyh phdqv ri doo

gl�huhqw vhuylfhv surylghg e| wkh sk|vlfldqv1 Wkhvh phdqv duh fuhdwhg iurp sulpdu|

gdwd vhw1

Wkh sk|vlfldqv duh sdlg dffruglqj wr wkh txdqwlw| ri vhuylfhv wkh| surylgh1 Qhlwkhu

wkh txdolw| ri wkhlu zrun qru wkh frvw vwuxfwxuh ri wkhlu sudfwlfh lv uhohydqw iru wkh sulfh1

Wklv vhwwlqj kdv wkh dgydqwdjh wkdw wkh sk|vlfldq kdv dq lqfhqwlyh wr orzhu khu frvw/

exw lw kdv wkh glvdgydqwdjh wkdw txdolw| grhv qrw sd|1 D kljk vwdqgdug sk|vlfldq lv

olnho| wr hduq ohvv wkdq khu froohdjxh zkr lv frqwhqw zlwk d orzhu vwdqgdug1

Wkh sulfhv iru doo vhuylfhv duh �{hg lq d ihh vfkhgxoh zklfk lv glylghg lqwr 45 fdw0

hjrulhv1 Hdfk fdwhjru| fryhuv d vshfl�f phglfdo wrslf dqg frqvlvwv ri wkhlu uhvshfwlyh

vhuylfhv/ fdoohg 7.-Tr1 D sk|vlfldq vhoolqj d vhuylfh zlwklq d vshfl�f fdwhjru| lv d

+srwhqwldo, vxssolhu ri wkh uhvshfwlyh fdwhjru|1 Zh exlog wkh yduldeoh �7L��ut e|

dgglqj xs wkh qxpehu ri fdwhjrulhv xvhg e| hdfk sk|vlfldq1 �7L��ut phdvxuhv wkh

yduldelolw| ri d sk|vlfldq*v vhuylfhv1 Pruh wkdq 833 gl�huhqw 7.-Trv duh sduw ri wkh

ihh vfkhgxoh1 Wkh yduldeoh �L�� uhjlvwhuv wkh qxpehu ri gl�huhqw 7.-Tr wkdw d

sk|vlfldq kdv lqyrlfhg gxulqj wkh |hdu1 Qrw vxusulvlqjo|/ �7L��ut dqg �L�� duh

kljko| fruuhodwhg1

Hyhu| vlqjoh vhuylfh kdv lwv sulfh1 Jlyhq wkh frvw vwuxfwxuh/ wkh rqo| srvvlelolw| iru

d sk|vlfldq wr lqfuhdvh khu lqfrph lv wr h{sdqg wkh txdqwlw| ri vhuylfhv1 Wkh pruh

<



vkh vhoov/ wkh pruh vkh hduqv1 Wkhuh duh wzr zd|v wr lqfuhdvh wkh qxpehu ri vhuylfhv1

Iluvw/ d sk|vlfldq pd| vhoo dgglwlrqdo vhuylfhv wr khu uhjxodu sdwlhqwv1 Vhfrqg/ vkh pd|

dftxluh qhz sdwlhqwv1 Dv phqwlrqhg deryh/ zh qhjohfw wkh odwwhu srvvlelolw| lq rxu

prgho/ ehfdxvh sk|vlfldqv duh qrw doorzhg wr dgyhuwlvh lq Vzlw}huodqg1

Hdfk sk|vlfldq lqyrlfhv khu vhuylfhv1 Wkh yduldeoh �Uuu�� phdvxuhv wkh qxpehu

ri eloov shu sdwlhqw d sk|vlfldq lvvxhv lq 4<<71 Sk|vlfldqv fkrrvh wkh eloolqj gdwhv1

Wkh pruh riwhq wkh| lqyrlfh/ wkh kljkhu wkh yduldeoh �Uuu�� 1 Wkh yduldeoh 7.-T �

uhihuv wr wkh qxpehu ri vlpsoh frqvxowdwlrqv shu sdwlhqw1 7.-T � zloo eh eloohg pruh

iuhtxhqwo| e| sk|vlfldqv wuhdwlqj d orw ri fkurqlf sdwlhqwv1 Frqvhtxhqwo|/ 7.-T � lv d

zhdn lqglfdwru iru wkh h{whqw ri fkurqlf glvhdvhv dprqj wkh JS*v sdwlhqw srsxodwlrq1

Lw lv rqo| d zhdn lqglfdwru ehfdxvh d kljk 7.-T �0ydoxh fdq eh uhdfkhg lqghshqghqwo|

ri wkh sdwlhqw srsxodwlrq1 Sk|vlfldqv pd| uhfrpphqg dgglwlrqdo fkhfn xsv wr wkhlu

sdwlhqwv1 Wkh vxp ri doo eloov glylghg e| wkh qxpehu ri sdwlhqwv ohdgv wr wkh yduldeoh

AL-���� Dffruglqjo|/ AL-��� phdvxuhv wkh wxuqryhu shu sdwlhqw ri d sk|vlfldq1

7 Lqglfdwruv iru ghpdqg lqgxfhphqw

Krz fdq zh glvwlqjxlvk sk|vlfldqv zkr lqgxfh ghpdqg iurp sk|vlfldqv zkr idfh d

kljk uhdol}dwlrq ri wkhlu +vwrfkdvwlf, ghpdqgB Wkh �uvw surfhgxuh lv wr h{dplqh wkh

lqfhqwlyhv iru ghpdqg lqgxfhphqw1 Dffruglqj wr hfrqrplf wkhru|/ lqfhqwlyhv pdwwhu/

l1h1/ li d sk|vlfldq kdv vxfk dq lqfhqwlyh iru ghpdqg lqgxfhphqw/ lw zloo d�hfw wkh pdunhw

shuirupdqfh1 Dv wkh wkhruhwlfdo prgho vkrzv/ lgoh fdsdflwlhv duh d vwurqj lqfhqwlyh wr

lqgxfh ghpdqg lq rughu wr jhqhudwh dgglwlrqdo lqfrph1 Wkh pdujlqdo frvw ri d vhuylfh

lv }hur zkhuhdv wkh sulfh ri lw lv vwulfwo| srvlwlyh1 Wkh vhfrqg surfhgxuh lv wr vhdufk

gluhfwo| iru ghpdqg lqgxfhphqw1

Wkh lqfhqwlyhv iru ghpdqg lqgxfhphqw duh fdswxuhg e| wzr fdsdflw| lqglfdwruv iurp

rxu pdlq gdwd vhw= wkh qxpehu ri sdwlhqwv ?� dqg d vshfl�f vhuylfh qdphg 7.-T �H�

Wkh frqqhfwlrq ehwzhhq fdsdflwlhv dqg wkh qxpehu ri sdwlhqwv lv reylrxv/ surylghg wkh

sk|vlfldqv duh krprjhqhrxv lq wkh vhqvh ri rxu prgho1 Wkh pruh sdwlhqwv d sk|vlfldq

wuhdwv/ wkh kljkhu khu h{shfwhg xwlol}dwlrq1 7.-T �H lv lqyrlfhg li d vhvvlrq zlwk d

sdwlhqw wdnhv h{wud wlph zklfk pd| kdsshq lq fdvhv zkhuh d fohdu gldjqrvlv fdqqrw eh

rewdlqhg1 7.-T �H fdqqrw eh xvhg/ krzhyhu/ lq frpelqdwlrq zlwk d gldjqrvlv zklfk

lqyroyhv phglfdo ghylfhv1 Wkhuhiruh/ 7.-T �H lv lqyrlfhg iru orqj gldjqrvwlf frqyhu0
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vdwlrqv1 Hfrqrplf uhdvrqlqj vxjjhvwv wkdw d kljk 7.-T �H lqglfdwhv iuhh fdsdflwlhv1

D sk|vlfldq zkr idfhv iuhh fdsdflwlhv zloo udwkhu nhhs khu sdwlhqwv d elw orqjhu lq khu

sudfwlfh wkdq qrw grlqj dq|wklqj dqg/ dv d frqvhtxhqfh/ qrw hduqlqj dq|wklqj1

Zh frqvlghu wkh yduldeohv �L�� dqg �Uuu�� dv gluhfw lqglfdwruv ri ghpdqg

lqgxfhphqw� Wkh ihh vfkhgxoh ghvfulehg hduolhu lv vxvfhswleoh wr eh h{sorlwhg1 Sk|vlfldqv

kdyh d orw ri glvfuhwlrq lq xvlqj d vshfl�f vhuylfh E7.-Tr�/ ehfdxvh d wuhdwphqw

surfhgxuh lv uduho| zhoo gh�qhg dqg pd| eh vsolw lq gl�huhqw vhwv ri vhuylfhv1 Qhlwkhu

wkh sdwlhqw qru wkh lqvxudqfh frpsdq| duh deoh wr frqwuro wklv vsolwwlqj gxh wr wkh

odfn ri nqrz0krz lq wkh iruphu fdvh dqg qr srvvlelolw| ri prqlwrulqj lq wkh odwwhu

fdvh1 Dffruglqjo|/ wr fdswxuh wkh h{whqw wr zklfk wkh ihh vfkhgxoh lv h{sorlwhg/ zh xvh

�L��� Wkh yduldeoh �L�� vkrzv d sk|vlfldq*v ghjuhh ri idploldulw| zlwk wkh ihh

vfkhgxoh/ ru wr zkdw h{whqw vkh h{sorlwv wkh ihh vfkhgxoh1 Wr frqwuro wkh ydulhw| ri d

sk|vlfldq*v vxsso| zh xvh wkh yduldeoh �7L��ut� D kljk ydoxh ri �L�� frxog dovr

uh hfw d odujh ydulhw| ri vhuylfhv vxssolhg e| wkh sk|vlfldq1 �L�� rqo| lqglfdwhv

VLG iru vlplodu ydoxhv ri �7L��ut� Wkh yduldeoh �Uuu�� phdvxuhv krz lpsruwdqw

wkh prqh| lv iru d sk|vlfldq1 Wkh kljkhu �Uuu��c wkh vrrqhu d sk|vlfldq zdqwv

wkh prqh|1 Dowhuqdwlyho|/ �Uuu�� fdq eh lqwhusuhwhg dv dq lqglfdwru ri lqfrph

pd{lpl}lqj1 Lq erwk fdvhv/ wkh k|srwkhvlv lv wkdw �Uuu�� dqg VLG jr dorqj1 Wdeoh

4 olvwv wkh yduldeohv frqvlghuhg

0lqvhuw wdeoh 4 derxw khuh0

8 Frpsdulqj glvwulexwlrqv

Zkhq frpsdulqj wzr sk|vlfldqv zh qhhg d phwkrg wr mxgjh wkh gl�huhqw iuhtxhqflhv

ri wkhlu vhuylfhv1 Sk|vlfldq D/ iru h{dpsoh/ lqyrlfhv wkh vhuylfh 7.-T �H 417 wlphv rq

dyhudjh zkloh sk|vlfldq E kdv dq dyhudjh ydoxh ri 7.-T �H zklfk lv 5161 Rqh pdmru

sureohp lv wkdw wkh uhihuhqfh glvwulexwlrq/ zklfk whoov xv wkh h{dfw suredelolw| ri d

fhuwdlq ydoxh jlyhq wkh rswlpdo wuhdwphqw/ lv xqnqrzq1 Dffruglqjo|/ zh fdqqrw whoo

zkhwkhu wkh gl�huhqfh ri 31< ehwzhhq D dqg E lv odujh ru qhjoljleoh1 Wkh fhqwudo olplw

wkhruhp +FOW, khosv xv wr dqvzhu wklv txhvwlrq1 Iluvw/ zh irupxodwh wkh FOW dqg wkhq
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zh vkrz krz wr dsso| lw wr rxu txhvwlrq18

Li %�c ���c %? duh d udqgrp vdpsoh iurp dq| suredelolw| glvwulexwlrq zlwk �qlwh phdq

> dqg �qlwh yduldqfh j2 dqg %? ' E�*?�
S

� %� c wkhq

s
? E%? � >%�

_�$ �
k
fc j2

%

l
� +4,

Frqvlghu d vlqjoh vhuylfh fdoohg 7.-Tr1 Rxu gdwd surylgh wkh phdq qxpehuv ri wkh

wzr sk|vlfldqv= 7.-Tr� dqg 7.-Tr�� Zh gr qrw nqrz wkh uhihuhqfh glvwulexwlrq

ri 7.-Tr exw/ dv dq dssur{lpdwlrq/ zh fdq xvh rxu sulpdu| gdwd vhw dqg hvwlpdwh

wkh �uvw dqg vhfrqg prphqw ri 7.-Tr1 Lq wklv zd| zh rewdlq e> dqg ej� Dgglwlrqdoo|/
zh nqrz wkh qxpehu ri sdwlhqwv wkdw sk|vlfldq D dqg sk|vlfldq E kdyh wuhdwhg1 Wklv

lv doo wkdw lv uhtxluhg wr frpsduh D dqg E1 Zh frpsxwh iru hdfk sk|vlfldq � ' �c�

wkh FOW0ydoxh zklfk lv gh�qhg dv �uAreo�r� '
s
�� E7.-Tr� � e>� *ej� Dffruglqj

wr wkh fhqwudo olplw wkhruhp/ �uAreo�r� lv vwdqgdug qrupdoo| glvwulexwhg1 Zh duh

qrz deoh wr dsso| wkhvh uhvxowv wr wkh txhvwlrq deryh1 Wkh gl�huhqfh ri 31< ehwzhhq

sk|vlfldq D dqg sk|vlfldq E lv odujh/ li wkh yduldqfh ri 7.-Tr lv vpdoo dqg li wkh

sk|vlfldq zkr ghyldwhv iurp }hur pruh vwurqjo| dovr wuhdwv pruh sdwlhqwv1 Lq wklv fdvh

wkh odujhu ghyldwlrq fdqqrw eh h{sodlqhg e| klv vpdoo vdpsoh vl}h1 Frqvhtxhqwo|/ wkh

yduldeoh �uAreo�r� fdq eh lqwhusuhwhg dv wkh iuhtxhqf| ri 7.-Tr ri sk|vlfldq �

uhodwlyh wr wkh rwkhu sk|vlfldqv1

Wkh iroorzlqj klvwrjudp vkrzv wkh yduldeoh �uAreo��H iru wkh 9< sk|vlfldqv zkr

wuhdwhg dw ohdvw 53 sdwlhqwv1

0 �jxuh 5 derxw khuh 0

Vrph ydoxhv ri �uAreo��H duh frqvlghudeo| kljk1 Wklv lv qrw vxusulvlqj ehfdxvh wkh|

duh qrw jhqhudwhg e| d udqgrp vdpsoh exw e| sk|vlfldqv zkr uhdfw wr lqfhqwlyhv1 Qrwlfh

wkdw wkh suredelolw| iru d ydoxh odujhu wkdq 41<9 lv/ dffruglqj wr htxdwlrq +4,/ 518(/

li zh nqrz h{dfwo| wkh �uvw dqg vhfrqg prphqw ri wkh xqghuo|lqj glvwulexwlrq dqg li

?$4� Wkhvh wzr frqglwlrqv duh/ krzhyhu/ qrw ixo�oohg1 Wkhuhiruh/ zh qhhg d udqgrp

vlpxodwlrq lq rughu wr rewdlq dq lghd ri d vxlwdeoh frq�ghqfh lqwhuydo1

8Vhh Juhhqh +4<<6,1
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0 �jxuh 6 dqg 7 derxw khuh 0

Lq frpsdulqj �jxuh 5 zlwk wkh wzr udqgrp vdpsohv ri �jxuhv 6 dqg 7/ lw pdnhv

vhqvh wr gh�qh ydoxhv ri �uAreo��H odujhu wkdq 715 dv rxwolhuv1 Wklv wkuhvkrog lv

mxvwl�hg e| vhyhudo vlpxodwlrqv lq zklfk L hvwlpdwhg d nhuqho iru gl�huhqw udqgrp

vdpsohv1 D ydoxh ri 715 zdv dozd|v sduw ri wkh 518( odujhvw ydoxhv lq wkh vdpsoh1

Lq xvlqj �uAreo��Hc zh glylgh wkh sk|vlfldqv lqwr wzr jurxsv= wkrvh zkr kdyh ixoo

fdsdflwlhv E�uAreo��H 	 e�2� dqg wkrvh zkr kdyh lgoh fdsdflwlhv E�uAreo��H : e�2�1

Dffruglqjo|/ �uAreo��H lghqwl�hv wkh sk|vlfldqv zlwk lgoh fdsdflw|1 Lw wxuqv rxw wkdw

: sk|vlfldqv kdyh lgoh fdsdflwlhv1 Zh wkhq whvw wkh k|srwkhvlv wkdw lgoh fdsdflwlhv ohdg

wr d kljk wxuqryhu shu sdwlhqw1

Zh gh�qh d kljk wxuqryhu shu sdwlhqw e| wkh yduldeoh �uA|�o?RR/ zklfk lv frq0

vwuxfwhg dsso|lqj htxdwlrq +4, zlwk AL-��� dv ghshqghqw yduldeoh1 Lq �jxuh :

�uA|�o?RR lv vkrzq iru wkh 9< sk|vlfldqv1

0 �jxuh 8 derxw khuh 0

Zh vhh wkdw wkh glvwulexwlrq ri�uA|�o?RR lv pruh v|pphwulf wkdq wkh rqh ri �uAreo��H�

Ydoxhv ehwzhhq 0318 dqg 318 duh wkh prvw iuhtxhqw/ krzhyhu/ wkhuh lv d uhpdundeoh glv0

fuhsdqf| ri pruh wkdq 44 ehwzhhq wkh kljkhvw dqg wkh orzhvw ydoxh1 Dffruglqjo|/ zh

frqfoxgh wkdw dowkrxjk wkh sk|vlfldqv duh doo JSv wkh| glvsod| d odujh ydulhw| lq wkhlu

wxuqryhu shu sdwlhqw1 Wklv �qglqj vxjjhvwv wkdw udqgrp h�hfwv fdqqrw h{sodlq wkh

ydulhw| lq wkh yduldeoh AL-����9

9 Uhvxowv

Lq wklv vhfwlrq zh suhvhqw dqg whvw 7 k|srwkhvhv1 Dw �uvw/ wkh fruuhodwlrq ehwzhhq lgoh

fdsdflwlhv dqg wxuqryhu shu sdwlhqw lv lqyhvwljdwhg +k|srwkhvlv 4,1 D srvlwlyh fruuhod0

wlrq lv lqwhusuhwhg dv hylghqfh lq idyru ri VLG1 Ixuwkhupruh/ wkh ydolglw| ri wzr fuxfldo

dvvxpswlrqv ri rxu prgho suhvhqwhg lq vhfwlrq 5 lv whvwhg= wkh krprjhqhlw| ri wkh

sk|vlfldqv dqg wkh krprjhqhlw| ri wkhlu sdwlhqw srsxodwlrq1 Dv dq dvshfw ri sdwlhqwv*

9Vhh wkh vdpsoh vwdwlvwlfv ri wkh pdlq gdwd vhw lq wkh dsshqgl{1
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khwhurjhqhlw|/ zh h{dplqh li wkhlu djh pd| h{sodlq wklv srvlwlyh fruuhodwlrq1 Lq rughu

wr whvw wkh lq xhqfh ri sk|vlfldqv* khwhurjhqhlw| +k|srwkhvlv 6, zh uxq uhjuhvvlrqv iru

gl�huhqw ohyhov ri ydulhw| ri vxsso| phdvxuhg e| wkh yduldeoh �7L��ut 1 K|srwkh0

vhv 5 dqg 7 frqfhuqlqj wkh qxpehu ri vhuylfhv xvhg dqg wkh eloov lvvxhg shu sdwlhqw

uhvshfwlyho| lpso| fhuwdlq vljqv ri wkh hvwlpdwruv lq wkh uhjuhvvlrqv1 Wkhuhiruh/ wkh

uhjuhvvlrqv doorz wr whvw zkhwkhu wkh hvwlpdwruv ri wkhvh wzr gluhfw lqglfdwruv ri VLG

glvsod| wkh suhglfwhg vljqv1

K|srwkhvlv 4 Sk|vlfldqv zkr kdyh lgoh fdsdflwlhv vkrz d wxuqryhu shu sdwlhqw deryh

wkh dyhudjh1 Frqvlghulqj wkh qxpehu ri sdwlhqwv ? dqg wkh uhodwlyh iuhtxhqf| ri 7.-T �H

dv fdsdflw| lqglfdwruv/ zh qhhg wr revhuyh +d, d vljql�fdqw uhodwlrqvkls ehwzhhq ? dqg

wkh uhodwlyh wxuqryhu shu sdwlhqw E�uA|�o?RR� dqg +e, d vljql�fdqw gl�huhqfh lq phdq

ri �uA|�o?RR dqg wkh wzr jurxsv vsolw e| wkh ydoxh ri �uAreo��H1

Iljxuh 4 vkrzv wkh srvlwlyh uhodwlrq ehwzhhq wkh qxpehu ri sdwlhqwv dqg wkh dyhudjh

xwlol}dwlrq ri fdsdflw|1 Lqyhvwljdwlqj wkh h�hfw ri wkh qxpehu ri sdwlhqwv dv d frqwlqxrxv

fdsdflw| lqglfdwru rq wkh wxuqryhu shu sdwlhqw zh rewdlq wkh iroorzlqj wzr wdeohv=

U ' Sb ? AL-���

? � �f�2eER ' f�fe��
AL-��� �f�2eER ' f�fe�� �

Wdeoh 5= Shduvrq Fruuhodwlrq frh!flhqw ri wkh qxpehu ri sdwlhqwv dqg wkh wxuqryhu shu sdwlhqw

U ' Sb ? �uA|�o?RR

? � �f�2HER ' f�f2��
�uA|�o?RR �f�2HER ' f�f2�� �

Wdeoh 6= Shduvrq Fruuhodwlrq frh!flhqw ri wkh qxpehu ri sdwlhqwv dqg wkh uhodwlyh wxuqryhu shu sdwlhqw

Wkhuh lv d qhjdwlyh pxwxdo uhodwlrqvkls ehwzhhq +l, wxuqryhu shu sdwlhqw dqg qxpehu

ri sdwlhqwv +wdeoh 5, dqg +ll, wxuqryhu shu sdwlhqw uhodwlyh wr wkh rwkhu JSv yhuvxv

qxpehu ri sdwlhqwv +wdeoh 6,1 Wkh fruuhodwlrq ri +ll, kdv d orzhu R0ydoxh wkdq wkh rqh

lq +l,1 Wklv kljkhu vljql�fdqfh pdnhv vhqvh vlqfh wkh �uA 0wudqvirupdwlrq fruuhfwv

udqgrp h�hfwv1: Wkh djh ri wkh sdwlhqw srsxodwlrq grhv qrw h{sodlq wklv uhvxow/ dv wkh

:Wkh fruuhodwlrq ri wkh jurxsv vhsdudwhg e| [0ud| pdfklqh ohdgv wr vlplodu uhvxowv= 03168+31365,20
316:+31357, iru wkh JSv zlwk [0ud| dqg 03163+31438,203178+31344, iru JSv zlwkrxw [0ud|1 Wkh udqgrp
h�hfw lv vwurqjhu iru wkh JSv zlwkrxw [0ud| ehfdxvh wkhlu qxpehu ri sdwlhqwv lv orzhu rq wkh dyhudjh1
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phdq ri wkh djh lv qrw fruuhodwhg zlwk wkh qxpehu ri sdwlhqwv1; Dffruglqjo|/ K|srwkhvlv

4 fdqqrw eh uhmhfwhg1

Lq rughu wr whvw K|srwkhvlv 4 frqfhuqlqj wkh glvfuhwh fdsdflw| lqglfdwru/ wzr jurxsv

duh exlow dffruglqj wr wkhlu ydoxh ri �uAreo��H� Eh|rqg d wkuhvkrog ydoxh ri 715

sk|vlfldqv duh dvvxphg wr kdyh lgoh fdsdflwlhv1 Zh frpsduh wkh phdqv ri �uA|�o?RR

ri wkh wzr jurxsv dqg shuirup d |0whvw1<

fdsdflw| U phdq vwdqgdug ghyldwlrq |0whvw

lgoh : 41<; 51<4 Mf G phdqv duh wkh vdph
ixoo 95 3134 5166 |0ydoxh' 2�fSER ' f�fe��

Wdeoh 7= Phdq frpsdulvrq ri wkh yduldeoh �uA |�o?RR

fdsdflw| U phdq vwdqgdug ghyldwlrq |0whvw

lgoh : 4196 51<9 Mf G phdqv duh wkh vdph
ixoo 95 3137 5167 |0ydoxh' ��SSER ' f��f��

Wdeoh 8= Phdq frpsdulvrq ri wkh yduldeoh �uA |�o?e%�H

Iurp wdeoh 7 zh vhh d vljql�fdqw gl�huhqfh lq �uA|�o?RR iru wkh wzr jurxsv1 Wkh

jurxs zlwk ixoo fdsdflwlhv vkrzv qhduo| wkh h{shfwhg phdq ydoxh ri }hur/ zkhuhdv wkh

jurxs zlwk lgoh fdsdflwlhv glvsod|v d phdq ri 41<;1 Dowkrxjk 7.-T �H rqo| frq0

wulexwhv 31<( wr wkh wxuqryhu shu sdwlhqw rq wkh dyhudjh zh uhihu wr wkh yduldeoh

�uA|�o?e%�Hc zklfk grhv qrw lqfoxgh 7.-T �Hc lq rughu wr jxdudqwhh iru wkh lq0

ghshqghqfh ehwzhhq AL-��� dqg 7.-T �H143 Wdeoh 8 vkrzv wkh phdq frpsdulvrq

ri wkh yduldeoh �uA|�o?e%�H ehwzhhq wkh wzr jurxsv1 Dw d <8( vljql�fdqfh ohyho wkh

qxoo k|srwkhvlv ri htxdo phdqv fdqqrw eh uhmhfwhg1

Xs wr qrz zh uhjdug 7.-T �H dv d fdsdflw| lqglfdwru iru doo sk|vlfldqv1 Dv vwdwhg

hduolhu 7.-T �H lv lqyrlfhg zlwkrxw dq| whfkqlfdo ghylfhv/ l1h1/ lw lv iruelgghq wr lqyrlfh

7.-T �H lq frpelqdwlrq zlwk [0ud| slfwxuhv1 Dv d uhvxow/ sk|vlfldqv zlwk dq [0ud|

;Zh �qg d srvlwlyh fruuhodwlrq ehwzhhq wkh vwdqgdug ghyldwlrq ri wkh sdwlhqw srsxodwlrq*v djh
+VDJH, dqg wkh qxpehu ri sdwlhqwv1 Wkh uhodwlrqvklsv ehwzhhq WXUQSS dqg VDJH dqg wkh rqh
ehwzhhq FOWwxuqss dqg VDJH duh/ krzhyhu/ qrw vljql�fdqw1

<Wkh xqghuo|lqj dvvxpswlrqv ri wklv whvw lv wkdw wkh yduldeohv duh qrupdoo| dqg lqghshqghqwo|
glvwulexwhg zlwk htxdo yduldqfhv zlwklq hdfk jurxs1 Lq wkh dsshqgl{ zh vkrz wkdw wkh iruphu dqg
wkh odwwhu duh ixo�oohg +wdeoh 46 dqg wdeoh 47,1 Zlwk uhjdug wr wkh dvvxpswlrq ri lqghshqghqfh vhh
irrwqrwh 61

43Wkhuh duh/ krzhyhu/ pxfk pruh lpsruwdqw vhuylfhv1 VHUY 4> iru h{dpsoh/ frqwulexwhv 5917( wr
wkh wxuqryhu shu sdwlhqw rq wkh dyhudjh1
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pdfklqh lq wkhlu sudfwlfh gr qrw xvh 7.-T �H dv riwhq dv wkhlu froohdjxhv zlwkrxw wklv

ghylfh1 Wkh| kdyh/ krzhyhu/ rwkhu srvvlelolwlhv wr lqfuhdvh wkhlu xwlol}dwlrq lq fdvh ri

lgoh fdsdflwlhv1 Wkhuhiruh/ 7.-T �H lv d ehwwhu fdsdflw| lqglfdwru iru wkrvh sk|vlfldqv

zlwkrxw wkhvh phglfdo ghylfhv1 Zh shuirup wkh vdph |0whvw dv deryh iru wkh sk|vlfldqv

zlwkrxw dq [0ud| pdfklqh1 Lw lv qrw srvvleoh wr shuirup wklv whvw iru wkh rwkhu jurxs/

ehfdxvh wkhuh lv rqo| rqh sk|vlfldq zlwk dq [0ud| pdfklqh zkr kdv lgoh fdsdflwlhv

dffruglqj wr 7.-T �H�

fdsdflw| U phdq vwdqgdug ghyldwlrq |0whvw

lgoh 9 513< 6145 Mf G phdqv duh wkh vdph
ixoo 58 031<3 5134 |0ydoxh' 2�b2ER ' f�ff.�
Wdeoh 9= Phdq frpsdulvrq ri wkh yduldeoh �uA|�o?RR> sk|vlfldqv zlwkrxw [0ud| pdfklqh

fdsdflw| U phdq vwdqgdug ghyldwlrq |0whvw

lgoh 9 41:6 6157 Mf G phdqv duh wkh vdph
ixoo 58 031;; 5133 |0ydoxh' 2�DeER ' f�f�.�

Wdeoh := Phdq frpsdulvrq ri wkh yduldeoh �uA|�o?e%�H> sk|vlfldqv zlwkrxw [0ud| pdfklqh

Erwk yduldeohv/ �uA|�o?RR dqg �uA|�o?e%�Hc glvsod| d vljql�fdqw glvfuhsdqf| lq

phdq iru wkh wzr jurxsv1 Wkh gl�huhqfh lq wkh odwwhu yduldeoh lpsolhv qrw rqo| wkdw

sk|vlfldqv zlwk lgoh fdsdflwlhv gldjqrvh wrr pxfk exw dovr wkdw wkh| vhoo vhuylfhv lq

h{fhvv iru wkhuds| uhdvrqv1 Dv wdeoh 8 vkrzv/ wklv grhv qrw krog wuxh iru doo sk|vlfldqv1

Wkh uhvxowv iurp wdeohv 7 wr : pd| eh lqwhusuhwhg lq wzr gl�huhqw zd|v1 Rq wkh rqh

kdqg/ lw lv srvvleoh wr frqfoxgh wkdw wkh JSv zlwk [0ud| pdfklqhv zrun rq wkhlu fdsdflw|

frqvwudlqw +wkhuh lv rqo| rqh h{fhswlrq, zkhuhdv 53( ri wkhlu froohdjxhv zlwkrxw wklv

pdfklqh kdyh lgoh fdsdflwlhv1 Rq wkh rwkhu kdqg/ rqh pd| dujxh wkdw 7.-T �H lv d

edg fdsdflw| lqglfdwru iru JSv zlwk [0ud| dqg/ wkhuhiruh/ zh �qg rqo| rqh JS zlwk

lgoh fdsdflwlhv1 Wklv odwwhu lqwhusuhwdwlrq lv vxssruwhg e| wkh idfw wkdw wkh [0ud| jurxs

xvh 7.-T �H vljql�fdqwo| ohvv wkdq wkh JSv zlwkrxw [0ud|1 Ixuwkhupruh/ wkh [0ud|

jurxs lv olnho| wr eh htxlsshg zlwk rwkhu whfkqlfdo ghylfhv zklfk pd| eh h{sorlwhg lq

rughu wr �oo lgoh fdsdflwlhv1 Wkh frpsdulvrq ri wkh wzr fdsdflw| lqglfdwruv jlyhv ixuwkhu

hylghqfh ri wkh odwwhu lqwhusuhwdwlrq1 Wkh qxpehu ri sdwlhqwv shu sk|vlfldq dqg wkh

yduldeoh 7.-T �H gr qrw fruuhodwh iru doo sk|vlfldqv1 Qhyhuwkhohvv/ li zh rqo| frqvlghu
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sk|vlfldqv zlwkrxw dq [0ud| pdfklqh zh fdq uhyhdo d vljql�fdqw uhodwlrqvkls1 D |0whvw

uhmhfwv wkh qxoo k|srwkhvlv ri htxdo phdqv zlwk d R0ydoxh ri 31351

Dqrwkhu |0whvw lv shuiruphg wr hqvxuh wkdw wkh ydulhw| ri vxsso| grhv qrw gulyh wkh

uhvxow1 Wdeoh 49 lq wkh dsshqgl{ vkrzv wkdw wkh yduldeoh �7L��ut lv qrw vljql�fdqwo|

gl�huhqw iru wkh wzr jurxsv zlwk lgoh dqg ixoo fdsdflwlhv uhvshfwlyho|1 Ixuwkhupruh/ wkh

vdph whvw lv dssolhg wr wkh phdq dqg wkh vwdqgdug ghyldwlrq ri wkh sdwlhqw srsxodwlrq*v

djh1 Qr frqqhfwlrq lv irxqg ehwzhhq djh ri wkh sdwlhqwv dqg fdsdflw| phdvxuhg e|

7.-T �H1 Dffruglqjo|/ wkh uhvxow fdqqrw eh h{sodlqhg e| wkh gl�huhqfhv ri wkh sdwlhqw

srsxodwlrq lq whupv ri wkhlu djh1

Uhjuhvvlrqv

Lq rughu wr whvw wkh krprjhqhlw| ri wkh sk|vlfldqv xqghu frqvlghudwlrq/ L shuirup

vhyhudo uhjuhvvlrqv1 Lq dgglwlrq/ wkhvh uhjuhvvlrqv doorz wr whvw wkh gluhfw VLG lqglfd0

wruv/ qdpho| �L�� dqg �Uuu��� Ixuwkhupruh/ zh h{sodlq wkh wxuqryhu shu sdwlhqw

xvlqj qrq0phglfdo yduldeohv1 Lq zkdw iroorzv/ zh dvvxph d Free0Grxjodv uhodwlrqvkls

ehwzhhq wxuqryhu shu sdwlhqw dqg wkh h{sodlqlqj yduldeohv/ h1j1/ qxpehu ri sdwlhqwv dqg

qxpehu ri vhuylfhv xvhg1 Lq frqwudvw wr d olqhdu uhodwlrqvkls/ wkh Free0Grxjodv uhod0

wlrqvkls doorzv iru yduldeoh pdujlqdo h�hfwv1 Wkh h�hfw ri �L�� rq AL-��� lv/

iru h{dpsoh/ olnho| wr eh glplqlvklqj1 D fhuwdlq dprxqw ri �L�� vx!fhv wr lqgxfh

ghpdqg1 Wkh hoerzurrp iru fkrrvlqj d phqx ri vhuylfhv lv wkhq odujh hqrxjk1 Eh|rqg

wklv dprxqw �L�� ehfrphv d zhdnhu lqglfdwru iru VLG144 Wr frqwuro iru wkh ydulhw|

ri wkh vhuylfhv vxssolhg/ �7L��ut lv lqfoxghg1 Wklv ohdgv wr wkh iroorzlqj htxdwlrq

AL-���� ' � ��L��k
� � ?q� � �7L��ut 0

� +5,

K|srwkhvlv 5 Sk|vlfldqv zkr nqrz wkh ihh vfkhgxoh sduwlfxoduo| zhoo glvsod| d kljkhu

wxuqryhu shu sdwlhqw1 Frqvhtxhqwo|/ zh zloo revhuyh d srvlwlyh dqg vljql�fdqw vljq riek�
Wkh pruh vhuylfhv d sk|vlfldq xvhv/ wkh pruh idploldu vkh lv zlwk wkh ihh vfkhgxoh

dqg wkh ehwwhu vkh lv deoh wr h{sorlw wkh ihh vfkhgxoh1 Wklv vkrxog kdyh d srvlwlyh h�hfw

44D vhshudwh uhjuhvvlrq lv vkrzq lq wdeoh 4: +dsshqgl{,1 Qr vljql�fdqw uhodwlrqvkls ehwzhhq
WXUQSS dqg QXPE lv irxqg iru sk|vlfldqv zlwk d ydoxh ri QXPE kljkhu wkdq 7;1
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rq wkh wxuqryhu shu sdwlhqw1 Ixuwkhupruh/ wkh frh!flhqw e0 vkrxog dovr eh srvlwlyh/ dv

wkh vdph h�hfw lv h{shfwhg iru d odujhu ydulhw| ri vhuylfhv1 D sk|vlfldq zkr vxssolhv

srwhqwldoo| pruh vhuylfhv shuirupv d kljkhu wxuqryhu shu sdwlhqw uhjdugohvv zkhwkhu

vkh lqgxfhv ghpdqg ru qrw1 Wkh qhjdwlyh vljq ri eq iroorzv iurp wdeoh 51

Lq rughu wr hvwlpdwh htxdwlrq +5, zh wdnh wkh qdwxudo orjdulwkp1 Frqvhtxhqwo|/ wkh

frh!flhqw hvwlpdwhv fdq eh lqwhusuhwhg dv hodvwlflwlhv1

*?EAL-����� ' S n k *?E�L���� n q *?E?�� n 0 *?E�7L��ut�� n v�

U eS ek eq e0 Zklwh Whvw

9< 617; +451:;, 31:6 +8196, 03164 +081;:, 03179 +05193, 431:4 +�2Eb�,
9< 615; +441:9, 3183 +8174, 0315< +08164, 0 � f 61;9 +�2ED�,
9< 61<9 +46148, k � f 0314; +06183, 3165 +5155, 91<4 +�2ED�,

Wdeoh ;= JOV hvwlpdwhv iru �L��/ ? dqg �7L��ut ( |0ydoxhv lq sduhqwkhvhv1

Wdeoh ; glvsod|v wkh hvwlpdwhv ri wkuhh JOV uhjuhvvlrqv145 Vlqfh wkh hvwlpdwh ri k lv

vljql�fdqwo| srvlwlyh lq wkh �uvw dqg wkh vhfrqg hvwlpdwlrq/ k|srwkhvlv 5 fdqqrw eh

uhmhfwhg1 Wkh hvwlpdwhv lq wkh �uvw urz fdq eh uhdg dv iroorzv1 Dv wkh qxpehu ri eloohg

vhuylfhv lqfuhdvhv e| 43(/ iru lqvwdqfh/ wkh wxuqryhu shu sdwlhqw lqfuhdvhv e| :16( rq

wkh dyhudjh1 Lq frqwudvw/ li d sk|vlfldq kdv 43( pruh sdwlhqwv wkdq khu froohdjxh/

vkh zloo h{klelw d wxuqryhu shu sdwlhqw zklfk lv 614( orzhu rq wkh dyhudjh1 Wkhvh

wzr revhuydwlrqv frq�up k|srwkhvhv 4 dqg 5 uhvshfwlyho|1 Wkhuh lv rqh vxusulvlqj

uhvxow frqfhuqlqj wkh qhjdwlyh ydoxh ri e0 lq wkh �uvw hvwlpdwlrq1 Dowkrxjk e0 lv/ dv

h{shfwhg/ srvlwlyh lq wkh wklug hvwlpdwlrq/ wkh vljq fkdqjhv dv �L�� lv lqfoxghg

lq wkh uhjuhvvlrq1 Lq dgglwlrq/ dv �7L��ut dqg �L�� duh srvlwlyho| fruuhodwhg/

rqh zrxog h{shfw wkdw �7L��ut orzhuv wkh h�hfw ri �L�� rq AL-����46 Zh

revhuyh/ krzhyhu/ wkh frqwudu|1 Wklv hqirufhv wkh lqwhusuhwdwlrq ri �L�� dv dq

lqglfdwru ri ihh vfkhgxoh h{sorlwlqj udwkhu wkdq dv dq lqglfdwru ri wkh ydulhw| ri vhuylfhv1

D sk|vlfldq zkr wuhdwv khu sdwlhqwv lq pruh vshfldolwlhv grhv qrw vkrz d kljkhu wxuqryhu

shu sdwlhqw1 Wkh srvlwlyh vljq ri e0 lq wkh wklug hvwlpdwlrq lv gxh wr wkh kljk fruuhodwlrq
ri �7L��ut dqg �L���

45Zkhqhyhu khwhurvfhgdvwlflw| lv suhvhqw/ wkh JOV hvwlpdwru lv xvhg1
46Wkh Shduvrq fruuhodwlrq frh!flhqw lv 31:; dqg kljko| vljql�fdqw1

4;



Lq rxu prgho/ zh dvvxph iru krprjhqhrxv sk|vlfldqv1 Dffruglqjo|/ zh kdyh wr dqd0

o|}h zkhwkhu wklv dvvxpswlrq lv ohjlwlpdwh iru rxu VLG uhvxowv1 Wkhuhiruh/ zh irupxodwh

wkh iroorzlqj k|srwkhvlv1

K|srwkhvlv 6 Wkh sk|vlfldqv duh krprjhqhrxv/ l1h1/ wkhuh duh qr vwuxfwxudo gl�hu0

hqfhv frqfhuqlqj wkhlu vxsso|1 Frqvhtxhqwo|/ qr gl�huhqfhv ri wkh hvwlpdwru yhfwru iru

vhyhudo uhjuhvvlrqv xvlqj vlplodu ydoxhv ri �7L��ut qhhg wr eh revhuyhg1

Zh shuirup vhyhudo uhjuhvvlrqv zlwk 0 � f lq zklfk wkh srsxodwlrq ri wkh JSv xqghu

frqvlghudwlrq lv vsolw dffruglqj wr �7L��ut 1 Lq dgglwlrq/ zh gl�huhqwldwh ehwzhhq

wkh sk|vlfldqv zlwk dq [0ud| dqg wkrvh zlwkrxw1 Wkh frh!flhqw hvwlpdwhv duh vkrzq lq

wdeoh 4; lq wkh dsshqgl{1 Wkh vdph vljqv ri wkh frh!flhqwv dv lq wdeoh ; duh revhuyhg

iru doo hvwlpdwhv1 K|srwkhvlv 6 lv whvwhg e| dq 8 0whvw1 Wkh yhfwru ri hvwlpdwhv lv htxdo

iru doo jurxsv xqghu wkh qxoo k|srwkhvlv147

*?EAL-����� ' Sn k *?E�L���� n q *?E?�� n v�

�uvw jurxs vhfrqg jurxs I0vwdwlvwln

�7L��ut : b �7L��ut 	 �f I+6/96,@317;
�7L��ut : H �7L��ut 	 b I+6/96,@4138
�7L��ut : . �7L��ut 	 H I+6/96,@417;
�7L��ut : S �7L��ut 	 . I+6/96,@5143

zlwk [0ud| zlwkrxw [0ud| I+6/96,@3199
Wdeoh <= Fkrz whvw iru wzr jurxsv1

Dv wdeoh < vkrzv/ wkh qxoo k|srwkhvlv ri dq htxdo sdudphwhu yhfwru iru doo uhjuhvvlrqv

fdqqrw eh uhmhfwhg1 Wkh vdph frh!flhqw yhfwru iru doo vxejurxsv lpsolhv wkdw wkh

khwhurjhqhlw| ri wkh sk|vlfldqv grhv qrw gulyh rxu uhvxowv1 Wklv vxssruwv wkh dvvxpswlrq

ri krprjhqhlw| dprqj wkh sk|vlfldqv/ l1h1/ gl�huhqfhv lq wkhlu vxsso| duh qrw fuxfldo1

Dv dq h{whqvlrq frqvlghu wkh iroorzlqj htxdwlrq

AL-���� ' � ��L��k
� � ?q� ��Uuu�� � � 7.-T �B� +6,

Zh h{shfw d srvlwlyh vljq ri eB ehfdxvh 7.-T � lv d vxevwdqwldo sduw ri wkh wxuqryhu

shu sdwlhqw +vhh irrwqrwh 43,/ dqg/ dv phqwlrqhg hduolhu/ 7.-T � lv dq lqglfdwru iru

47D Fkrz whvw iru wkuhh jurxsv lv vkrzq lq wdeoh 53 lq wkh dsshqgl{1
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orqj0whup sdwlhqwv zkr fdxvh d kljkhu wxuqryhu shu sdwlhqw1 Wkh h{shfwhg vljq ri e�
lv h{ dqwh qrw fohdu1 Rq wkh rqh kdqg/ zh zrxog h{shfw d qhjdwlyh vljq1 D sk|vlfldq

zkr grhv qrw lqgxfh ghpdqg +l1h1 kdv d orz AL-��� , idfhv d qduurz wrwdo dffrxqw

dqg/ wkhuhiruh/ qhhgv wr lqyrlfh wkh eloov vrrqhu1 Rq wkh rwkhu kdqg/ d srvlwlyh vljq

ri e� lv frqfhlydeoh1 D kljk ydoxh ri �Uuu�� lv lqwhusuhwhg dv dq lqglfdwru ri lqfrph

pd{lpl}lqj wkdw pd| jr dorqj zlwk ghpdqg lqgxfhphqw1 Wkh iroorzlqj k|srwkhvlv

vxssruwv wkh odwwhu lqwhusuhwdwlrq1

K|srwkhvlv 7 D sk|vlfldq zkr lqyrlfhv wkh eloov vrrqhu/ glvsod|v d kljkhu wxuqryhu

shu sdwlhqw1 Dffruglqjo|/ d srvlwlyh dqg vljql�fdqw hvwlpdwh iru � vkrxog eh revhuyhg1

*?EAL-����� ' Sn k *?E�L���� n q *?E?�� n � *?E�Uuu���� n B *?E7.-T ��� n v�

U eS ek eq e� eB -2E@_��-2�

9< 6187 3155 0314< 4155 3144 317:
+47146, +5188, +0617<, +6199, +416:, +3177,

Wdeoh 43= ROV hvwlpdwhv iru �L��/ ?c �Uuu�� dqg 7.-T �> |0ydoxhv lq sduhqwkhvhv1

Wdeoh 43 frq�upv wkh �qglqjv ri wdeoh ;148 Ixuwkhupruh/ zh rewdlq d vljql�fdqw srvlwlyh

vljq ri �Uuu�� zklfk vxssruwv K|srwkhvlv 71 Doo wkh pruh ehfdxvh 7.-T � lv dovr

sduw ri wkh uhjuhvvlrq dqg frqwurov iru wkh srsxodwlrq ri wkh sdwlhqwv/ l1h1/ iru wkh orqj0

whup sdwlhqwv lq sduwlfxodu1 Gursslqj rxw 7.-T � dqg xvlqj wkh Jhqhudol}h Ohdvw

Vtxduh hvwlpdwru ohdgv wr wkh uhvxowv lq wdeoh 441

*?EAL-����� ' Sn k *?E�L���� n q *?E?�� n � *?E�Uuu���� n v�

U eS ek eq e� Zklwh Whvw

9< 6173 +4619<, 315; +51;9, 0314; +0616<, 415; +7173, ;145 +�2Eb�,
Wdeoh 44= JOV hvwlpdwhv iru �L��/ ? dqg �Uuu�� > |0ydoxhv lq sduhqwkhvhv1

Dv ehiruh/ wkh frh!flhqw hvwlpdwhv fdq eh uhdg dv hodvwlflwlhv1 Iru e� zh revhuyh d

frh!flhqw ydoxh juhdwhu wkdq 4 lq devroxwh ydoxh1 Wkhuhiruh/ wkh h�hfw ri �Uuu��

rq AL-��� lv pruh wkdq sursruwlrqdo1 D 43( lqfuhdvh lq wkh qxpehu ri eloov shu

48Zkhq zh xvh Zklwh
3

v frqvlvwhqw fryduldqfh hvwlpdwru xqghu wkh k|srwkhvlv ri khwhurvfhgdvwlflw|

zh rewdlq d w0ydoxh ri 61;9 iru e� dqg d w0ydoxh ri 319: iru e�=
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sdwlhqw/ iru h{dpsoh/ ohdgv wr d 451;( lqfuhdvh lq wkh wxuqryhu shu sdwlhqw1 Lq frqwudvw/

wkh hvwlpdwhv ek dqg eq duh orzhu wkdq 4 lq devroxwh ydoxh1 Dffruglqjo|/ wkh pdujlqdo

h�hfwv ri �L�� dqg ? rq AL-��� duh/ dv h{shfwhg/ glplqlvklqj1

: Frqfoxvlrqv

Zh suhvhqw d prgho wr ghvfuleh wkh sk|vlfldqv* ehkdylru kljkoljkwlqj wkh lpsruwdqfh

ri fdsdflw| xwlol}dwlrq1 Rxu hpslulfdo �qglqjv fdqqrw uhmhfw wkh k|srwkhvhv jhqhudwhg

e| wkh prgho/ l1h1/ sk|vlfldqv zkrvh fdsdflw| lqglfdwruv vxjjhvw lgoh fdsdflwlhv vkrz

d kljkhu wxuqryhu shu sdwlhqw1 Wklv uhvxow jlyhv hylghqfh ri VLG1 Lw udlvhv wkh qdwxudo

txhvwlrq zkhwkhu wkh dvvxpswlrqv ri wkh prgho �w zlwk wkh gdwd1 Ohw xv jr wkurxjk

wkh pdlq remhfwlrqv1

� Krprjhqhlw| ri wkh sk|vlfldqv

Doo sk|vlfldqv duh jhqhudo sudfwlwlrqhuv dqg zrun lq wkh flw| ri Edvoh1 Wkh| gl�hu/

krzhyhu/ dv wr zkhwkhu wkh| kdyh dq [0ud| pdfklqh lq wkhlu sudfwlfh ru qrw1 Wklv

glfkrwrp| lv lpsruwdqw iru vhuylfhv lqyroylqj wklv ghylfh1 Zh vdz wklv hduolhu zlwk

uhjdug wr wkh lqwhusuhwdwlrq ri 7.-T �H� Lw lv/ krzhyhu/ qrw lpsruwdqw zlwk uhvshfw

wr wkhlu srwhqwldo vxsso| +h{foxglqj [0ud| slfwxuhv,1 D sdwlhqw grhv qrw fkrrvh d JS

dffruglqj wr wkh fulwhulrq ri dq [0ud| pdfklqh1 Lq d flw| olnh Edvoh lw lv qrw frvwo| wr

wdnh dq [0ud| slfwxuh zlwk dqrwkhu JS dv wkh glvwdqfhv duh plqru1 Wkh Fkrz whvwv

frq�up wklv frqmhfwxuh1

Dv dq lqglfdwru ri khwhurjhqhlw| zh sursrvh wkh yduldeoh �7L��ut uh hfwlqj wkh

dfwxdo ydulhw| ri vhuylfhv1 [0ud| slfwxuhv duh rqh fdwhjru| ri vhuylfhv dprqj rwkhuv +vhh

vhfwlrq 6,1 Wkh uhjuhvvlrqv iru vxejurxsv exlow e| �7L��ut vxjjhvw qr khwhurjhqhlw|1

Pruhryhu/ wkhuh lv qr uhodwlrqvkls ehwzhhq fdsdflw| dqg �7L��ut 1 Frqfoxglqj/

khwhurjhqhlw| ri wkh sk|vlfldq grhv qrw gulyh wkh uhvxowv1

� Krprjhqhlw| ri wkh sdwlhqw srsxodwlrq

Doo sdwlhqwv olyh qhdu Edvoh vlqfh wkhlu JS vkrxog eh lq wkh ylflqlw|1 Iurp d phglfdo

srlqw ri ylhz wkh| gr qrw gl�hu vxevwdqwldoo|/ ehfdxvh sdwlhqwv zlwk fkurqlf glvhdvhv

ohg wr rewdlq wkhlu wuhdwphqw iurp vshfldolvwv1 Lq dgglwlrq/ hyhu|erg| kdv khu JS/ vr

wkh srwhqwldo folhqwv ri wkh JSv duh wkh zkroh srsxodwlrq1 Li vrpherg| kdv d khdowk

sureohp/ vkh ghflghv wr vhh d JS1 Wklv surfhvv lv h{rjhqrxvo| jlyhq iru hdfk JS1 Dv
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phqwlrqhg lq wkh iruphu vhfwlrq/ wkh khwhurjhqhlw| ri wkh sdwlhqwv zlwk uhjdug wr wkhlu

djh grhv qrw jhqhudwh rxu uhvxowv1

Zh fdqqrw/ krzhyhu/ h{foxgh wkh srvvlelolw| wkdw wkh sk|vlfldqv wkhpvhoyhv lqlwldwh

d vhohfwlrq dprqj wkh sdwlhqwv1 Wzr fdvhv duh frqfhlydeoh1 Iluvw/ vxssrvh d kljk

txdolw| sk|vlfldq zkr lv qrw doorzhg wr fkdujh kljkhu ihhv gxh wr wkh sulfh frqwurov1

Qhyhuwkhohvv/ khu kljk txdolw| vwdqgdug pd| dwwudfw sdwlhqwv zlwk pruh frpsolfdwhg

khdowk sureohpv/ ru vkh pd| qrw ghohjdwh khu sdwlhqwv wr vshfldolvwv vr riwhq1 Dv d

frqvhtxhqfh/ wklv sk|vlfldq dfklhyhv d kljkhu wxuqryhu shu sdwlhqw1 Vhfrqg/ d sk|vlfldq

pd| suhvfuleh wrr jhqhurxvo|1 Dv d uhvxow/ vkh pd| dwwudfw k|srfkrqguldfv zkr zlvk

d wuhdwphqw iru hyhu| voljkwhvw khdowk glvwxuedqfh1 Djdlq/ wkh sk|vlfldq rewdlqv d kljk

wxuqryhu shu sdwlhqw1 Lq wkh �uvw fdvh/ wkh vhohfwlrq dulvhv iurp phglfdo gl�huhqfhv

dprqj sk|vlfldqv dqg lv xquhodwhg wr VLG1 Wkh vhfrqg fdvh/ krzhyhu/ �wv rxu gh�qlwlrq

ri VLG1 Wkhuhiruh/ zh kdyh wr ghdo fduhixoo| zlwk wkh �uvw fdvh lq rughu wr mxvwli| rxu

uhvxowv1 Wkh vwuhqjwk ri wklv vhohfwlrq ghshqgv rq wkh qxpehu ri rwkhu JSv qhdue|

dqg wkh qxpehu ri vshfldolvwv durxqg1 Pruh JSv doorz d kljkhu vhohfwlrq/ ehfdxvh wkh

sdwlhqwv kdyh d juhdwhu fkrlfh1 Rq wkh frqwudu|/ pruh vshfldolvwv gdps wkh h�hfw vlqfh

wkh| devrue wkh gl!fxow fdvhv iurp wkh JSv1 Lq rxu gdwd wkhvh wzr h�hfwv pryh lq

rssrvlwh gluhfwlrqv/ ehfdxvh derxw 433 JSv dqg derxw :33 vshfldolvwv zrun lq Edvoh1

Lw lv/ krzhyhu/ qrw fohdu li : vshfldolvwv shu JS duh hqrxjk wr qhjohfw wklv vhohfwlrq

sureohp1 Xqiruwxqdwho|/ wklv lv qrw whvwdeoh zlwk wkh gdwd dw kdqg1

� Rplwwhg yduldeohv

Sdwlhqwv* fkdudfwhulvwlfv

Zlwk wkh khos ri sdwlhqwv* fkdudfwhulvwlfv vxfk dv djh/ erg| pdvv lqgh{/ vprnlqj

kdelwv/ hgxfdwlrq/ surihvvlrq/ lqfrph/ hwf1/ zh frxog whvw wkh vhohfwlrq sureohp phq0

wlrqhg lq wkh suhylrxv sdudjudsk1 Lq dgglwlrq/ wkhvh fkdudfwhulvwlfv frxog jlyh ixuwkhu

lqvljkwv lqwr wkh h{lvwhqfh dqg wkh ihdwxuhv ri VLG1 Qhyhuwkhohvv/ zh wklqn wkdw wkh

dydlodelolw| ri wkhvh gdwd zrxog qrw fkdqjh rxu �qglqjv1

Djh ri wkh sk|vlfldqv

Wkh gdwd gr qrw frqwdlq dq| lqirupdwlrq frqfhuqlqj wkh djh ri wkh sk|vlfldqv1 Exw

lw lv qrw fohdu lq dgydqfh krz djh pd| d�hfw wkh wxuqryhu1 Gl�huhqw k|srwkhvhv duh

srvvleoh= �uvw/ d |rxqjhu sk|vlfldq lvvxhv kljkhu eloov gxh wr khu kljkhu whfkqlfdo vwdq0

gdug +h1j1 qhz phwkrgv, ru ehfdxvh vkh lv pruh ulvn dyhuvh wkdq khu roghu froohdjxhv1
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Vhfrqg/ d |rxqjhu JS kdv d orzhu wxuqryhu ehfdxvh vkh grhv qrw nqrz wkh ihh vfkhgxoh

dv zhoo dv d pruh h{shulhqfhg froohdjxh149

Vshfl�fdwlrq ri wkh sk|vlfldq*v sudfwlfh

Li zh kdg gdwd rq wkh vshfl�fdwlrq ri wkh sudfwlfh/ h1j1/ vhw0xs dqg �qdqfldo hqfxp0

eudqfh/ zh zrxog eh deoh wr whvw k|srwkhvhv frqfhuqlqj wkh lpsruwdqfh ri hfrqrplf

idfwruv1 D vljql�fdqw uhodwlrqvkls ehwzhhq wxuqryhu shu sdwlhqw dqg wkhvh vshfl�fdwlrqv

zrxog surylgh ixuwkhu hylghqfh ri VLG1 Wklv lqirupdwlrq zrxog jlyh ixuwkhu lqvljkwv

lqwr wkh fdxvhv ri VLG dowkrxjk wkh uhvxowv dw kdqg vwloo uhpdlq ydolg1

� Ydolglw| ri wkh lqglfdwruv

Wkh odfn ri dgglwlrqdo gdwd irufhv xv wr xvh lqglfdwruv lq rughu wr whvw rxu k|srwkhvhv1

Wkh h{wud wlph vhuylfh E7.-T �H� dqg wkh qxpehu ri sdwlhqwv wuhdwhg E?� duh fdsdflw|

lqglfdwruv zklfk duh idu iurp ehlqj shuihfw1 Wkh vdph lv wuxh iru wkh qxpehu ri vhuylfhv

xvhg E�L��� dqg wkh qxpehu ri eloov lvvxhg shu sdwlhqw E�Uu�� � dv VLG lqglfdwruv1

Qhyhuwkhohvv/ k|srwkhvhv 4/ 5 dqg 6 fdqqrw eh uhmhfwhg1 Pruhryhu/ wkh �qglqjv duh

frqvlvwhqw zlwk wkh prgho1

� Fdxvdolw|

Wkhuh lv d fdxvdolw| sureohp lq hyhu| furvv vhfwlrq dqdo|vlv1 Rxu hpslulfdo uhvxowv

duh/ krzhyhu/ frqvlvwhqw zlwk rxu wkhruhwlfdo prgho1 Ixuwkhupruh/ zh vkrz wkdw wkh

xqghuo|lqj dvvxpswlrqv duh sodxvleoh dqg �w wkh gdwd1 Qdwxudoo|/ rqh fdq �qg fdxvdolw|0

uhyhuvhg lqwhusuhwdwlrqv ri wkh hpslulfdo uhvxowv1 D wlph vhulhv dqdo|vlv zrxog jlyh

ixuwkhu lqvljkwv1

Rxu pdlq srolf| lpsolfdwlrq lv wkdw wkh Vzlvv jryhuqphqw vkrxog uhgxfh wkh qxpehu

ri vwxg| sodfhv ohdglqj wr d ghjuhh lq phglflqh1 Dv zh kdyh vkrzq/ wkh sk|vlfldqv fdq

�oo wkhlu lgoh fdsdflwlhv wr wkhlu dgydqwdjh1 Vlqfh wkh| duh lq wkh iruwxqdwh srvlwlrq

wr rshq wkhlu rzq sudfwlfh dq|wlph/ sk|vlfldqv zloo qhyhu eh xqhpsor|hg dqg kdyh

d vwurqj lqfhqwlyh wr lqgxfh ghpdqg1 Dv wkh qxpehu ri sk|vlfldqv ulvhv pruh wkdq

wkh dfwxdo ghpdqg/ lgoh fdsdflwlhv ehfrph pruh olnho|1 Lq Vzlw}huodqg/ glvfxvvlrqv

vxjjhvwlqj olplwlqj vwxg| sodfhv iru phglflqh vwxghqwv kdyh vwduwhg1 Dw wkh Xqlyhuvlw|

ri ]xulfk/ wkh eljjhvw xqlyhuvlw| lq Vzlw}huodqg/ qxphuxv fodxvxv iru phglflqh vwxghqwv

lv douhdg| lqwurgxfhg1 Lw lv h{shfwhg wkdw wkh rwkhu xqlyhuvlwlhv zloo iroorz1

49Wkhvh dujxphqwv zhuh sulydwho| frppxqlfdwhg e| d uhsuhvhqwdwlyh ri wkh lqvxudqfh frpsdq|1
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Dq dowhuqdwlyh vxjjhvwlrq pljkw eh wr olplw gluhfwo| wkh qxpehu ri sudfwlfhv e|

dxfwlrqlqj d fhuwdlq qxpehu ri olfhqfhv iru uxqqlqj d sudfwlfh1 Dv wkh rswlpdo qxpehu

ri sudfwlfhv lv qrw nqrzq/ krzhyhu/ wklv dssurdfk h{klelwv dq lqirupdwlrq sureohp1

Qhyhuwkhohvv/ wkh gluhfwlrq ri srolf| vhhpv wr eh fohdu= rxu hpslulfdo �qglqjv vxjjhvw

wkdw wrr pdq| sk|vlfldqv duh zrunlqj lq wkh flw| ri Edvoh wrgd|1

D odvw srolf| lpsolfdwlrq frqfhuqv wkh frpshqvdwlrq vfkhgxoh1 D gl�huhqw frp0

shqvdwlrq vfkhgxoh iru wkh sk|vlfldqv frxog zhdnhq wkh lqfhqwlyh wr vhoo vhuylfhv iru

qrq0phglfdo uhdvrqv1 D xvhixo wrro wr ghvljq vxfk d ihh vfkhgxoh lv wkh chtxdo frpshq0

vdwlrq sulqflsoh* hqvxulqj wkdw wkhuh h{lvwv qr hfrqrplf lqfhqwlyh iru wkh sk|vlfldq wr

suhihu fhuwdlq vhuylfhv14: Dffruglqj wr wklv sulqflsoh/ doo vhuylfhv r�huhg vkrxog jlyh wkh

vdph pdujlqdo udwh ri uhwxuq wr wkh sk|vlfldq1 Dv d uhvxow/ wkh sk|vlfldqv doorfdwh wkhlu

wlph/ dwwhqwlrq/ dqg h�ruw fruuhfwo| dprqj wkh ydulrxv dfwlylwlhv wr eh grqh1 Khdowk

Pdlqwhqdqfh Rujdql}dwlrqv +KPR,/ dq dssolfdwlrq ri wklv sulqflsoh/ duh hyhq deoh wr

holplqdwh wkh lqfhqwlyh iru vhoolqj wrr pdq| vhuylfhv14; Wkhuhiruh/ lq Vzlw}huodqg wklv

lqvxudqfh vhw0xs ghvhuyhv d juhdwhu dwwhqwlrq wkdq wkh fxuuhqwo| pdunhw vkduh ri ohvv

wkdq 4( vxjjhvwv1

4:vhh Plojurp ) Urehuwv +4<<5,
4;Wkh frpprq fulwlflvp djdlqvw KPR*v frqfhuqlqj wkhlu orzhu txdolw| vwdqgdug frxog qrw eh frq0

�uphg e| d uhfhqw vwxg|1 Vhh EVY +Exqghvdpw iÿu Vr}ldoyhuvlfkhuxqj, +4<<;,1
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; Dsshqgl{

;14 Vdpsoh Vwdwlvwlfv

;1414 Sulpdu| gdwd vhw

Yduldeoh q phdq vwdqgdug ghyldwlrq plplqxp pd{lpxp

7.-T � ;877 51;: 519< 3 68
7.-T �H ;877 3139 3169 3 ;
AL-��� ;877 76176 88139 3 665:
AL-�.f�H ;877 76137 871:6 3 665:

Wdeoh 45= Vdpsoh vwdwlvlf ri wkh edvlf gdwd vhw

;1415 Pdlq gdwd vhw4<

Yduldeoh q phdq vwdqgdug ghyldwlrq plqlpxp pd{lpxp

7.-T � 9< 6135 4153 319; ;159
�uAreo��H 9< 3174 6184 061;9 4914:
AL-��� 9< 79147 49157 8 :8
AL-�.f�H 9< 76133 43166 < :8
�uA|�o?RR 9< 3154 5178 0716: 91:3
�uA|�o?e%�H 9< 3155 5179 07167 :1:;
�L�� 6: 84168 461:: < :8
�L�� 9< 7519; 49176 8 :8
�7L��ut 9< :1:8 41<6 5 44
�Uuu�� 9< 414< 3146 4 41:
? 9< 4551:5 ;<164 54 837

Wdeoh 46= Vdpsoh vwdwlvwlf ri wkh pdlq gdwd vhw

4<9< sk|vlfldqv kdyh dw ohdvw 53 sdwlhqwv dqg 6: sk|vlfldqv kdyh pruh wkdq 433 sdwlhqwv
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;15 Whvwv

Yduldeoh U Sk|vlfldqv frqvlghuhg fdsdflw| ` 0vwdwlvwlf

�uA|�o?RR 95 doo ixoo 31<:ER ' f��.�
�uA|�o?RR : doo lgoh 31;< ER ' f�2.�
�uA|�o?e%�H 95 doo ixoo 31<:ER ' f��e�
�uA|�o?e%�H : doo lgoh 31<4ER ' f�e��
�uA|�o?RR 58 zlwkrxw [0ud| pdfklqh ixoo 31<7ER ' f��D�
�uA|�o?RR 9 zlwkrxw [0ud| pdfklqh lgoh 31;9ER ' f��H�
�uA|�o?e%�H 58 zlwkrxw [0ud| pdfklqh ixoo 31<6ER ' f����
�uA|�o?e%�H 9 zlwkrxw [0ud| pdfklqh lgoh 31;;ER ' f�2.�

Wdeoh 47= Qrupdolw| whvwv e| Vkdslur ) Zlon +4<98,

Yduldeoh U Sk|vlfldqv frqvlghuhg fdsdflw| 8 0vwdwlvwlf +ghjuhhv ri iuhhgrp,

�uA|�o?RR 95 doo ixoo 4188 +9/94,
�uA|�o?RR : doo lgoh R ' f��DD
�uA|�o?e%�H 95 doo ixoo 4193 +9/94,
�uA|�o?e%�H : doo lgoh R ' f��2D
�uA|�o?RR 58 zlwkrxw [0ud| pdfklqh ixoo 517< +8/57,
�uA|�o?RR 9 zlwkrxw [0ud| pdfklqh lgoh R ' f��2f
�uA|�o?e%�H 58 zlwkrxw [0ud| pdfklqh ixoo 5195 +8/57,
�uA|�o?e%�H 9 zlwkrxw [0ud| pdfklqh lgoh R ' f��ff

Wdeoh 48= Whvwv iru htxdo yduldqfhv/ �uA|�o?RR dqg �uA|�o?e%�H

fdsdflw| U phdq vwdqgdug ghyldwlrq |0whvw

lgoh : :147 4168 Mf G phdqv duh wkh vdph
ixoo 95 :1;5 41<; |� �@,�e ' �f�HHER ' f��HfS�

Wdeoh 49= Phdq frpsdulvrq ri wkh yduldeoh �7L��ut

;16 Uhjuhvvlrqv

*?EAL-����� ' Sn k *?E�L���� n q *?E?�� n � *?E�Uuu���� n B *?E7.-T ��� n D�

W|sh U eS ek eq e� eB -2E@_��-2�

ROV 9< 616: +681<8, k � f q � f 4195 +814;, 3146 +4179, 316: +3168,
ROV 9< 6187 +47146, 3155 +5188, 0314< +0717<, 4155 +6199, 3144 +416:, 317: +3177,
ROV 9< 619; +49136, 3154 +5178, 03153 +06189, 416: +715<, B � f 3178 +3176,

Wdeoh 4:= ROV uhjuhvvlrqv
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*?EAL-����� ' Sn k *?E�L���� n q *?E?�� n � *?E�Uuu���� n v�

W|sh U eS ek eq e� Zklwh Whvw

ROV 58 615; +6196, 3163 +4156, 0314: +41<5, 4157 +614:, :1<3+�2Eb�,
Wdeoh 4;= ROV uhjuvvlrq iru sk|vlfldqv zlwk �L��:eH

*?EAL-����� ' Sn k *?E�L���� n q *?E?�� n � *?E�Uuu���� n v�

W|sh �7L��ut U eS ek eq -2E-2@_���

JOV zkroh udqjh 9< 615;+441:9, 3183 +8174, 0315<+08164,
ROV :< 44 5144 +51<6, 319< +51<3, 03155 +05148, 3184 +316<,
ROV :; 5< 41;9 +6138, 31;6 +7196, 0315: +0718:, 3185 +317;,
ROV :: 76 515< +8143, 31:7 +8169, 0315< +071;:, 3179 +317;,
JOV :9 87 5186 +9199, 319< +81<3, 0315< +08163,
ROV <243 5: 41:: +5179, 31;8 +7138, 0315; +0716:, 317< +3178,
ROV < 4; 418< +4188, 31<8 +6158, 03165 +0618;, 3184 +3178,
ROV ;2< 65 5154 +61<6, 31;6 +717<, 03167 +07163, 3178 +3174,
ROV ; 47 41:; +41;7, 4138 +51;;, 03174 +051:9, 3179 +3169,
JOV :2; 58 513; +614;, 31<8 +61:3, 03173 +06189,
ROV 92: 49 5168 +5189, 4133 +613;, 0317< +06177, 3184 +3176,
ROV 8292: 54 6168 +5189, 3187 +51<3, 03168 +06149, 3173 +3167,
ROV 728292: 57 6199 +9145, 317; +5169, 03169 +06143, 3166 +315:,
ROV 	< 73 61:: +<1;:, 316: +51<9, 03163 +06185, 315: +3156,
ROV 	; 59 7136 +:19:, 3165 +5144, 03165 +051;:, 315< +3156,
ROV 	: 48 71;8 +71;9, 314: +31;:, 03175 +05143, 3164 +314<,
ROV [0ud| 6; 7137 +:138, 315: +4179, 03159 +6153, 3156 +314<,
ROV qr [0ud| 64 61;5 +;1<6, 03163 +06158, 3168 +51<5, 3165 +315;,

Wdeoh 4<= Uhjuhvvlrqv iru vxejurxsv

*?EAL-����� ' Sn k *?E�L���� n q *?E?�� n v�
�uvw jurxs vhfrqg jurxs wklug jurxs I0vwdwlvwln

�7L��ut : b �7L��ut ' b �7L��ut 	 b I+6/93,@4155
�7L��ut : b �7L��ut ' Hc b �7L��ut 	 H I+6/93,@41:;
�7L��ut : b �7L��ut ' .c Hc b �7L��ut 	 . I+6/93,@5198
�7L��ut : H �7L��ut ' H �7L��ut 	 H I+6/93,@5137
�7L��ut : H �7L��ut ' .c H �7L��ut 	 . I+6/93,@6164
�7L��ut : . �7L��ut ' . �7L��ut 	 . I+6/93,@51:4

Wdeoh 53= Fkrz whvw iru wkuhh jurxsv
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Uhihuhqfhv

^4` EURZQ/ K1 V1/Sk|vlfldq Ghpdqg iru Ohlvxuh= Lpsolfdwlrqv iru Fhvduhdq Vhfwlrq

Udwhv/ Mrxuqdo ri Khdowk Hfrqrplfv 48 +4<<9,/ 56605751

^5` EVY +Exqghvdpw iÿu Vr}ldoyhuvlfkhuxqj,/ Hydoxdwlrq qhxhu Iruphq ghu Nudqnhq0

yhuvlfkhuxqj/ Ehlwuçjh }xu Vr}ldohq Vlfkhukhlw 4 +4<<;,1

^6` EXQNHU/ M1 dqg EURZQ/ E1/ Wkh Sk|vlfldq0Sdwlhqw dv dq Lqiruphg Frqvxphu

ri Vxujlfdo Vhuylfhv/ Qhz Hqjodqg Mrxuqdo ri Phglflqh 5<3 +4<:7,/ 4384043881

^7` GUDQRYH/ G1/ Ghpdqg Lqgxfhphqw dqg wkh Sk|vlfldq2Sdwlhqw Uhodwlrqvkls/

Hfrqrplf0Lqtxlu| 59 +4<;;,/ 5;405<;1

^8` GUDQRYH/ G1 dqg ZKLWH/ Z1 G1/ Vshfldol}dwlrq/ Rswlrq Ghpdqg/ dqg wkh

Sulflqj ri Phglfdo Vshfldolvwv/ Mrxuqdo ri Hfrqrplfv ) Pdqdjhphqw Vwudwhj| 8

+4<<9,/ 5::06391

^9` GRPHQLJKHWWL/ J1/ FDVDELDQFD/ D1/ JXW]ZLOOHU/ I1/ dqg PDUWL0

QROL/ V1/ Uhylvlwlqj wkh Prvw Lqiruphg Frqvxphu ri Vxujlfdo Vhuylfhv/ Lqwhuqd0

wlrqdo Mrxuqdo ri Whfkqrorj| Dvvhvvphqw lq Khdowk Fduh < +4<<6,/ 83808461

^:` HPRQV/ Z1/ Fuhghqfh Jrrgv dqg Iudxgxohqw H{shuwv/ Udqg Mrxuqdo ri Hfr0

qrplfv 5; +4<<:,/ 43:044<1

^;` JD\QRU/ P1/ Lvvxhv lq wkh Lqgxvwuldo Rujdql}dwlrq ri wkh Pdunhw iru Sk|vlfldq

Vhuylfhv/ Mrxuqdo ri Hfrqrplfv ) Pdqdjhphqw Vwudwhj| 6 +4<<7,/ 54405881

^<` JUHHQH/ Z1 K1/ Hfrqrphwulf Dqdo|vlv/ Qhz \run= Suhqwlfh Kdoo/ +4<<6,1

^43` JU\WWHQ/ M1/ FDUOVHQ/ I1 dqg VRUHQVHQ/ U1/ Vxssolhu lqgxfhphqw lq d

sxeolf khdowk fduh v|vwhp/ Mrxuqdo ri Khdowk Hfrqrplfv 47 +4<<8,/ 53:055<1

^44` KD\/ M1 dqg OHDK\/ P1/ Sk|vlfldq0Lqgxfhg Ghpdqg= Dq Hpslulfdo Dqdo|vlv ri

wkh Lqirupdwlrq Jds/ Mrxuqdo ri Khdowk Hfrqrplfv 6 +4<;5,/ 56405771
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^45` NHHOHU/ H1 dqg IRN/ W1/ Htxdol}lqj Sk|vlfldq Ihhv Kdg Olwwoh H�hfw rq Fh0

vduhdq Udwhv/ Phglfdo Fduh Uhvhdufk Uhylhz 86 +4<<9,/ 79807:41

^46` NHQNHO/ G1/ Frqvxphu Khdowk Lqirupdwlrq dqg wkh Ghpdqg iru Phglfdo Fduh/

Wkh Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv :5 +4<<3,/ 8;:08<81

^47` NUÇPHU/ Z1/ Hlqh ùnrqrphwulvfkh Xqwhuvxfkxqj ghv Pdunwhv iÿu dpexodqwh

ndvvhqçu}wolfkh Ohlvwxqjhq/ ]hlwvfkuliw iÿu glh jhvdpwh Vwddwvzlvvhqvfkdiw 46:

+4<;4,/ 780941

^48` ODEHOOH/ U1/ VWRGGDUW/ J1 dqg ULFH/ W1/ D Uh0h{dplqdwlrq ri wkh Phdqlqj

dqg Lpsruwdqfh ri Vxssolhu0Lqgxfhg Ghpdqg/ Mrxuqdo ri Khdowk Hfrqrplfv 46

+4<<7,/ 67:069;1

^49` PLOJURP/ S1 dqg UREHUWV/ M1 Hfrqrplfv/ Rujdql}dwlrq ) Pdqdjhphqw/ Qhz

Mhuvh|= Suhqwlfh Kdoo/ +4<<5,1

^4:` SDXO\/ P1Y1/ Grfwruv dqg Wkhlu Zrunvkrsv/ Fklfdjr= Xqlyhuvlw| ri Fklfdjr

Suhvv/ 4<;31

^4;` VKDSLUR/ V1 V1 dqg ZLON/ P1 E1/ Dq Dqdo|vlv ri Yduldqfh Whvw iru Qrupdolw|

+Frpsohwh Vdpsohv,/ Elrphwulnd 85 +4<98,/ 8<409441

^4<` ZKLWH/ K1/ D Khwhurvnhgdvwlflw|0Frqvlvwhqw Fryduldqfh Pdwul{ Hvwlpdwru dqg d

Gluhfw Whvw iru Khwhurvnhgdvwlflw|/ Hfrqrphwulfd 7; +4<;3,/ ;4:0;6;1

^53` ZROLQVN\/ D1/ Frpshwlwlrq lq d Pdunhw iru Lqiruphg H{shuwv* Vhuylfhv/ Udqg

Mrxuqdo ri Hfrqrplfv 57 +4<<6,/ 6;306<;1

^54` ZROLQVN\/ D1/ Frpshwlwlrq lq Pdunhwv iru Fuhghqfh Jrrgv/ Mrxuqdo ri Lqvwl0

wxwlrqdo dqg Wkhruhwlfdo Hfrqrplfv 484 +4<<8,/ 44:04641

5<
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Figure 1: Physician 1 faces just enough patients and chooses n n1 1= ~  and d1 0= .
Physician 2 faces too few patients and chooses n n2 2= ~  and d T n t2 2= −/ .
Physician 3 faces too many patients and chooses n T t3 = /  and d3 0= .

p

S1=S2=S3D2 D1 D3

~n t2 ⋅ T n t= ⋅~
1

~n t3 ⋅

  p

  q



name de�ned as indicator for (if high value)

SERV# service number # -

SERV 1 normal consultation per patient many chronic patients

SERV 18 extra time within idle capacity

a consultation per patient

TURNPP turnover per patient SID or

particularly sick patients

TURNEX18 turnover per patient SID or

excluding SERV 18 particularly sick patients

n number of patients treated full capacity

NUMB number of di¤erent services used exploiting the fee schedule

PSUPPLY number of di¤erent categories variety of services supplied

of services used

BILLPP number of bills issued importance of money

per patient

Table 1: List of variables
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Figure 2: 69 physicians with at least 20 patients, CLTserv18.

Figure 3: Random sample 81 times 122 patients, CLTserv18:
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Figure 4: Random sample 81 times 35 patients, CLTserv18:

Figure 5: Relative turnover per patient, CLTturnpp.
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