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41 Lqwurgxfwlrq

Fhqwudo dxwkrulwlhv erwk frruglqdwh vrph dfwlrqv gluhfwo| dqg idflolwdwh frruglqdwlrq

ehwzhhq lqglylgxdov1 Dv h{dpsohv ri gluhfw frruglqdwlrq e| dxwkrulwlhv zh fdq wklqn ri

wkh surylvlrq ri vrph sxeolf jrrgv vxfk dv dq dup|/ d sdvsruw dgplqlvwudwlrq/ dqg vrph

lqiudvwuxfwxudo surmhfwv1 Ehvlghv gluhfwo| frruglqdwlqj dfwlrq/ d fhqwudo dxwkrulw| pdnhv

suh0frpplwphqw srvvleoh lq lqwhudfwlrqv ehwzhhq djhqwv dqg khqfh doorzv lqglylgxdov

wr frruglqdwh dqg uhdfk kljkhu h{shfwhg sd|r� vwudwhjlhv1 Fhqwudo dxwkrulwlhv fdq iru

lqvwdqfh hqirufh frqwudfw odzv dqg fulplqdo odzv1 Wkdw frruglqdwlrq riwhq lqyroyhv vrph

vruw ri dxwkrulw| vhhpv xqfrqwuryhuvldo= lqglylgxdov zlwk vlplodu lqwhuhvwv riwhq vhw xs

dq hpeu|rqlf dxwkrulw|/ iru lqvwdqfh zkhq lqglylgxdov fkrrvh frpplwwhhv iru vrph lvvxh

wkh| zdqw wr udlvh/ irup ru fkrrvh srolwlfdo sduwlhv/ vhw xs +plolwdu|, khdgtxduwhuv/ vhw xs

d erdug ri gluhfwruv/ vhw xs d srolfh irufh/ d xqlrq/ ru yljlodqwh jurxsv/ hwf1 Zh xvh wkh

whup fhqwudo dxwkrulw| +f1d1, lq d eurdg vhqvh lq rughu wr fdswxuh doo wkh deryh h{dpsohv1

Zh frqvlghu wkh txhvwlrq zkdw wkh gh�qlqj ihdwxuhv duh ri d fhqwudo dxwkrulw| dqg krz

vxfk dxwkrulwlhv dulvh hyroxwlrqdu| lq d orfdo lqwhudfwlrq vhwwlqj1

Vlqfh Zhehu +4<55,/ d gh�qlqj ihdwxuh ri d fhqwudo dxwkrulw| lv wkdw lw prqrsrol}hv yl0

rohqfh1 Wkurxjk wklv prqrsro| lw vlpso| sxqlvkhv wkh shushwudwruv ri uxohv dqg wkhuhe|

doorzv frruglqdwlrq wr wdnh sodfh shdfhixoo| +fi1 Dxpdqq +4<;<,,1 Krz grhv d fhqwudo

dxwkrulw| prelol}h pdq| lqglylgxdov lq rughu wr sxqlvk d vlqjoh lqglylgxdo wkdw grhv qrw

frpso| zlwk wkh uxohv vhw e| wkh f1d1 dqg zk| gr rwkhu +jurxsv ri, lqglylgxdov qrw kdyh

wklv prelol}lqj srwhqwldoB Zh dujxh wkdw d fhqwudo dxwkrulw| fdq gluhfwo| frppxqlfdwh

zlwk hdfk lqglylgxdo lq wkh dxwkrulw| ehfdxvh lw kdv dq lqfuhdvlqj uhwxuqv wr vfdoh dg0
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ydqwdjh lq jdwkhulqj dqg vsuhdglqj lqirupdwlrq1 D gluhfw olqh ri frppxqlfdwlrq zlwk doo

lqglylgxdov doorzv lw wr frqwuro h{shfwdwlrq irupdwlrq rq wkh vlgh ri lqglylgxdov/ zklfk

doorzv lw wr hvwdeolvk d prqrsro| ri ylrohqfh1 Frqvlghu wkh ehqh�wv ri kdylqj doo lqgl0

ylgxdov frppxqlfdwh zlwk d vlqjoh sodfh lq vwhdg ri kdylqj doo lqglylgxdov frppxqlfdwh

zlwk hdfk rwkhu= zkhq � shuvrqv duh doo fdsdeoh ri h{fkdqjlqj lqirupdwlrq gluhfwo|

zlwk hyhu|rqh hovh/ d fhqwudo dxwkrulw| uhtxluhv 2� lqirupdwlrqdo h{fkdqjhv lq rughu wr

pdnh doo lqirupdwlrq dydlodeoh wr hyhu|rqh= iurp hdfk lqglylgxdo wr rqh fhqwudo dxwkrulw|/

dqg ihhgedfn wr hdfk lqglylgxdo1 Lq wkh devhqfh ri d fhqwudo dxwkrulw|/ lw zrxog uhtxluh

�E� � �� lqirupdwlrqdo h{fkdqjhv iru hdfk lqglylgxdo wr nqrz wkh lqwhuhvwv ri hyhu|

rwkhu lqglylgxdo dqg zrxog uhtxluh � wlphv +l1h1 iru hdfk lqglylgxdo, wkh surfhvvlqj

frvwv ri fdofxodwlrqv iru dq| ghflvlrq wr eh uhdfkhg froohfwlyho|1 Dowkrxjk zh gr qrw

prgho lqirupdwlrq frvwv/ zh gr lpsolflwo| dvvxph wkdw wkh| ohdg wr wkh prqrsro| ri

ylrohqfh1

Lq rxu hyroxwlrqdu| prgho/ fhqwudo dxwkrulwlhv irup zkhq qhljkerxulqj lqglylgxdov

qrwlfh wkdw wkh| dgyrfdwh d qrq0frq lfwlqj dfwlrq lq dq hfrqrplf vwdjh jdph= lq wkh

ehjlqqlqj hdfk lqglylgxdo dfwv dffruglqj wr klv rzq kljkhvw sd|r� dfwlrq1 Qrwlflqj qhj0

dwlyh h�hfwv ri wkh dfwlrqv ri rwkhuv/ lqglylgxdov vwduw dgyrfdwlqj wr wkh lqglylgxdov wkh|

lqwhudfw zlwk wkdw wkh| duh zloolqj wr sod| dqrwkhu dfwlrq li +vrph ri, wkh rwkhu sod|huv

duh dovr zloolqj wr sod| dqrwkhu dfwlrq1 Li lqglylgxdov zkr dgyrfdwh qrq0frq lfwlqj df0

wlrqv duh qhljkerxuv dqg wkhuh duh hqrxjk frqqhfwhg lqglylgxdov wr irufh dq| lqglylgxdo

wr sod| d gl�huhqw dfwlrq/ wkh| irup d frdolwlrq/ zkhuhe| hdfk qhljkerxu zkr dovr dg0

yrfdwhv d qrq0frq lfwlqj dfwlrq zloo mrlq1 Vxfk d frdolwlrq vwduwv hqiruflqj dq lqwhuqdo
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glvflsolqh dqg vwduwv h{sdqglqj e| iruflqj qrq0phpehuv wr frpso|1 Zh fdoo vxfk d frdol0

wlrq d fhqwudo dxwkrulw|1 Rqfh dw ohdvw rqh fhqwudo dxwkrulw| kdv hphujhg/ diwhu d fhuwdlq

shulrg/ doo lqglylgxdov duh phpehuv ri d fhqwudo dxwkrulw|/ dqg ghshqglqj rq wkh uxohv ri

hqjdjhphqw/ hlwkhu rqh ru pdq| fhqwudo dxwkrulwlhv uhpdlq1 Wkh fhqwudo dxwkrulw| lwvhoi

lv wkhq d kljko| vw|olvhg d0shuvrqdo hqwlw| lq zklfk wkh lqwhuhvwv ri doo lqglylgxdov ehorqj0

lqj wr wkh dxwkrulw| kdyh htxdo zhljkw iru wkh pd{lpdqg ri wkh uxohv ri wkh dxwkrulw|1 Dv

lv glvfxvvhg lq wkh frqfoxglqj uhpdunv/ zh frxog kdyh shuvrqdolvhg wkh fhqwudo dxwkrulw|

e| wdnlqj wkh d vxe0jurxs ri lqglylgxdov zlwklq wkh erxqgv ri wkh dxwkrulw| wr frqwuro

wkh ghflvlrq pdnlqj ri wkh fhqwudo dxwkrulw|/ lq zklfk fdvh wkh shuvrqdo lqwhuhvwv ri wklv

vxe0jurxs ghwhuplqh wkh uxohv hqirufhg lq wkh zkroh dxwkrulw|1 Ehfdxvh wklv zrxog glv0

wudfw iurp wkh fhqwudo phfkdqlvpv lq wkh prgho wkrxjk/ wklv sdshu prghov wkh fhqwudo

dxwkrulw| wr eh iuhh ri vshfldo lqwhuhvw jurxs frqvlghudwlrqv1

Lq vhfwlrq 5/ zh suhvhqw d vkruw vxuyh| ri wkh olwhudwxuh rq wkh hyroxwlrq ri frrshud0

wlrq dqg wkh dydlodeoh klvwrulfdo dqg dqwkursrorjlfdo hylghqfh rq wkh irupdwlrq ri hduo|

dxwkrulwlhv1 Lq vhfwlrq 6/ zh exlog d ghvfulswlyh prgho lq zklfk dq dxwkrulw| lv gh�qhg

dqg zkhuh wkh uxohv jryhuqlqj wkh hyroxwlrq ri fhqwudo dxwkrulwlhv duh odlg grzq1 Lq

Vhfwlrq 7 wkh frqglwlrqv xqghu zklfk dxwkrulwlhv dulvh dqg wkh rxwfrph ri wkh lqwhudf0

wlrq ehwzhhq vhyhudo dxwkrulwlhv duh ghulyhg1 Lq Vhfwlrq 8 d sduwlfxodu ghsduwxuh iurp

wkh prgho lq wkh suhylrxv vhfwlrqv lv h{dplqhg xqghu zklfk pxowlsoh fhqwudo dxwkrulwlhv

pd| dulvh dv d vwdeoh vwhdg| vwdwh rxwfrph1 Wkh lpsolfdwlrqv ri doorzlqj iru udqgrp

pxwdwlrqv iru wklv fdvh duh glvfxvvhg1 Vhfwlrq 9 frqfoxghv1
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51 Olwhudwxuh

Krz gr lqglylgxdov vroyh frruglqdwlrq sureohpv lq sulvrqhuv* glohppdv ru sxeolf jrrg

jdphvB Rqh srvvlelolw| lv wkdw lqglylgxdov xvh frppxqlfdwlrq dqg frqyhqwlrqv zlwkrxw

sk|vlfdo lqvwlwxwlrqv1 Li lqglylgxdo*v lqwhuhvwv gr qrw frq lfw/ Srwwhuv dqg ydq Zlqghq

+4<<9,/ Dxvwhq0Vplwk +4<<7, dqg Iduuhoo dqg Udelq +4<<9, doo vkrz krz vhtxhqfhv ri

frppxqlfdwlrq pd| ohdg wr frruglqdwlrq1 Ndkqhpdq/ Nqhwvfk/ dqg Wkdohu +4<;9, glv0

fxvv krz lqglylgxdov ghyhors qrwlrqv ri idluqhvv/ zklfk jxlgh wkhp lq sduwlfxodu vlwxdwlrqv

ri kxpdq lqwhudfwlrq zlwk frq lfwlqj lqwhuhvwv1 cIdluqhvv* lv wkhq d vrfldo lqvwlwxwlrq qrw

hqirufhg e| dq dxwkrulw|1 Vlploduo|/ vrph dxwkruv dujxh wkdw frruglqdwlrq hyhqwxdoo|

wdnhv sodfh lq uhshdwhg sulvrqhu glohppd*v wkurxjk exloglqj d fuhgleoh uhsxwdwlrq iru

sxqlvklqj ghyldwlrq ri rwkhu sod|huv +vhh h1j1 Rveruqh dqg Uxelqvwhlq +4<<7, dqg uhihu0

hqfhv wkhuhlq,1 Lq d vlplodu yhlq/ D{hourg +4<;:,/ Hvkho/ Vdpxhovrq/ dqg Vkdnhg +4<<;,/

Wlhpdq/ Ydq ghu Oddq/ dqg Krxed +4<<:,/ Wlhpdq/ Krxed/ dqg Ydq ghu Oddq +4<<;,

dqg Ndudqglndu/ Prrnkhumhh/ Ud|/ dqg Yhjd0Uhgrqgr +4<<;, kdyh xvhg hyroxwlrqdu|

dujxphqwv wr vkrz krz frrshudwlrq dqg vrfldo qrupv pd| ghyhors ehwzhhq lqglylgxdov/

hlwkhu zkhq lqglylgxdov duh erxqghgo| udwlrqdo ru iroorz vrph ehkdylrudo uxoh1

Lqirupdo phdqv ri frruglqdwlrq fdq eh zlwwqhvvhg zkhq lqglylgxdov wls zdlwuhvvhv/

dgkhuh wr qrwlrqv ri idluqhvv/ wuxvw rqh dqrwkhu rq wkhlu zrug/ eholhyh vwdwhphqwv pdgh

e| vwudqjhuv/ hwf1 Lq vxfk lqvwdqfhv/ wkhuh lv qr irupdo shqdow| iru ghidxowlqj exw rqo|

lpsolflw wkuhdwv ri ixwxuh lvrodwlrq iru wkh shushwudwruv ri wkh lpsolflw frqyhqwlrqv1 Lq

pdq| lqvwdqfhv krzhyhu/ frruglqdwlrq lv dfklhyhg e| d fuhgleoh wkuhdw ri ylrohqfh lq

fdvh dq lqglylgxdo grhv qrw frpso| zlwk d vhw ri dqqrxqfhg uxohv1 Wd{ dxwkrulwlhv
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gr qrw phuho| wuxvw rq jhqhurvlw| zkhq wkh| h{shfw lqglylgxdov wr sd| wd{hv/ exw dovr

fuhgleo| wkuhdwhq qrq0sd|huv zlwk sxqlvkphqw1 Jryhuphqwv xvxdoo| gr qrw phuho| uho|

rq sdwulrwwlf ihuyrxu zkhq wkh| h{shfw vroglhuv wr idfh pruwdo gdqjhuv/ exw kdyh uxohv

doorzlqj glvrehglhqw vroglhuv wr eh vkrw rq vlwh lq wlphv ri fulvlv1 Ohvv h{wuhph h{dpsohv

derxqg1

Lqvwlwxwlrqv/ dqg pruh sduwlfxoduo| dxwkrulwlhv/ wkhuhiruh dovr vroyh frruglqdwlrq sure0

ohpv e| xvh ri fuhgleoh suh0dqqrxqfhg vdqfwlrqv wr qrq0frrshudwruv1 Rq d plfur0ohyho/ lw

vhhpv iurp dqwkursrorjlfdo vwxglhv wkdw douhdg| lq hduo| kxpdq vrflhwlhv vxfk dv kxqwhu0

jdwkhuhu vrflhwlhv ru hduo| djulfxowxudo vrflhwlhv/ wkhuh zhuh frruglqdwlrq vwuxfwxuhv +celj

phq*/ frxqflov/ wuleh ohdghuv/ hwf1, zkhuh lqglylgxdov pdgh d frqvflrxv h�ruw wr vroyh

wkh frruglqdwlrq sureohpv ri jurxs wkurxjk lqvwlwxwlrqv +vhh Kduulv +4<<6, dqg Zhqnh

+4<;7,,1 Rq dq lqwhuphgldwh ohyho/ rqh fdq wklqn ri oderxu pdunhw lqvwlwxwlrqv/ vxfk dv

xqlrq ru fduwhov zklfk vroyh frruglqdwlrq sureohpv rq wkh oderxu pdunhwv1 Edvhg rq

klvwrulfdo vwxg|/ Khds +4<<7,/ Krho +4<<3,/ dqg Vrvnlfh +4<<3, kdyh dujxhg wkdw lqvwlwx0

wlrqv duh wkh pdlq zd| lq zklfk lqglylgxdov ghdo zlwk frruglqdwlrq sureohpv dulvlqj lq

oderu pdunhwv ru rwkhu irupv ri kxpdq lqwhudfwlrq1 Wkrxjk riwhq vwduwlqj dv yroxqwdu|

rujdqlvdwlrqv/ xqlrqv dqg fduwhov vhhp wr kdyh riwhq uholhg rq fuhgleoh vdqfwlrqv lq rughu

wr hqvxuh frpsolhqfh zlwk wkhlu uxohv1 Rq d pruh pdfur ohyho/ fhqwudo jryhuqphqw lv

wkh prvw srzhuixo ri wkh lqvwlwxwlrqv hqiruflqj uxohv e| ylrohqfh1 Zhehu +4<55,/ Qruwk

+4<;4/ 4<<3, dqg Hjjhuwvrq +4<<3, ghvfuleh lq ghwdlo krz dxwkrulwlhv durvh lq Hxursh/

krz wkh| vroyhg vrph frruglqdwlrq sureohpv/ zkdw wkhlu olplwdwlrqv zhuh gxh wr wkhlu

lqwhuqdo vwuxfwxuh/ dqg krz wkh dxwkrulwlhv fkdqjhg1 Wkhvh vwxglhv vwduw wkhlu lq0ghswk
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dqdo|vhv ri wkh ruljlqv ri fxuuhqw vwdwhv iurp txlwh rujdqlvhg suh0vwdwh dxwkrulwlhv/ vxfk

dv nlqjgrpv/ srzhuixo flwlhv/ fklhigrpv/ dqg wkh olnh1 Ehlqj prvw lqwhuhvwhg lq wkh hyr0

oxwlrq ri wkhvh vwdwh0olnh lqvwlwxwlrqv/ wkh txhvwlrq dulvhv krz wkhvh vwdwh0olnh dxwkrulwlhv

durvh lq wkh �uvw sodfh1

Zulwwhq uhfrugv xvxdoo| rqo| dsshduhg orqj diwhu dq dxwkrulw| kdg dulvhq1 Wkhuhiruh/

rqo| ydjxh lqglfdwlrqv duh dydlodeoh ri zkdw pljkw kdyh kdsshqhg lq wkh hduo| |hduv

ri dxwkrulwlhv +fi1 Kduulv +4<<6/ sj1 498,/ Zlwwirjho +4<96/ sj1 54,,1 Wkh fxuuhqw

cehvw0jxhvv* lv wkdw dxwkrulwlhv durvh lq ghqvho| srsxodwhg duhdv zlwk lqwhqvlyh vhghqwdu|

djulfxowxuh dv d uhvsrqvh wr frruglqdwlrq sureohpv lqyroylqj wkh xvh ri zdwhu +fi1 Kduulv

+4<<6,/ Zhqnh +4<;7, dqg Srvwjdwh +4<<5,,1 Zlwwirjho +4<96,/ zkrvh pdvvlyh vwxg|

lqfrusrudwhv dq dffrxqw ri wkh ulvh ri gr}hqv ri nqrzq flylolvdwlrqv/ ghslfwv d vw|olvhg

lqlwldo vlwxdwlrq zlwkrxw dq dxwkrulw| dv rqh lq zklfk csurwriduphuv* duh hdfk wlhg rq

wkhlu rzq sdwfk ri odqg/ xqdzduh ri pdq| srvvlelolwlhv wr lqfuhdvh wkhlu surgxfwlrq e|

frruglqdwlrq1 Ehlqj wlhg wr d sdwfk ri odqg ri zklfk wkh| fdqqrw vxevwdqwldoo| fkdqjh

wkh vrlo dqg jlyhq d folpdwh wkh| fdqqrw lq xhqfh/ wkh rqh hohphqw iru zklfk frrshudwlrq

pdnhv vhqfh lv wkh frqwuro ri zdwhu1 Li d jurxs ri lqglylgxdov frxog srroh wkhlu oderxu

lq rughu wr pdnh d zhoo/ ru exlog d uhvhuyrlu/ ru gdp d ulyhu/ wkh| frxog lqfuhdvh wkhlu

|lhogv1 Zkhq d jurxs ri surwriduphuv uhfrjqlvh vxfk dq rssruwxqlw|/ Zlwwirjho +4<96,

dujxhv cWkh| pxvw zrun lq frrshudwlrq zlwk wkhlu ihoorzv dqg vxeruglqdwh wkhpvhoyhv

wr d gluhfwlqj dxwkrulw|* +sj 4;,1 Wklv hpeu|rqlf dxwkrulw| wkhq vsuhdgv dv lw/ hlwkhu

wkurxjk irufh ru shuvxdvlrq/ lqyoryhv wkh oderxu ri rwkhuv dqg h{sdqgv wkh v|vwhp ri

luuljdwlrq ru wkh v|vwhp ri gdpv lw exlog1 Wkhvh v|vwhpv duh wkhq wkhpvhoyhv d phdqv ri
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hvwdeolvklqj olqhv ri frppxqlfdwlrq zlwk doo sduwv ri wkh dxwkrulw|1 Dv wr wkh hyhqwxdo

rxwfrph/ Zlwwirjho uhpdunv wkdw cWkh slrqhhuv ri k|gudxolf djulfxowxuh/ olnh wkh slrqhhuv

ri udlqidoo iduplqj/ zhuh xqdzduh ri wkh xowlpdwh frqvhtxhqfhv ri wkhlu fkrlfh1 Shuvxlqj

uhfrjqlvhg dgydqwdjh/ wkh| lqlwldwhg dq lqvwlwxwlrqdo ghyhorsphqw zklfk ohg idu eh|rqg

wkhlu vwduwlqj srlqw* +sj1 4<,1 Lw lv wklv dffrxqw ri krz dxwkrulwlhv dulvh wkdw zh zloo

prgho irupdoo| dqg h{sdqg rq1

Vwlfnlqj dv forvh dv srvvleoh wr wkh dffrxqw deryh/ lqglylgxdov zloo khqfh eh prghoohg

wr eh �{hg lq d +vrfldo, vsdfh dqg duh wdnhq wr kdyh olplwhg lqirupdwlrq derxw qrq0

qhljkerxuv14

Ehiruh suhvhqwlqj wkh prgho/ wkhuh lv rqh dvshfw ri fhqwudo dxwkrulwlhv zklfk pdnhv

wkh whfkqlfdo dqdo|vlv qrq0vwdqgdug= frruglqdwlrq e| dq dxwkrulw| lv gholehudwh1 Dxwkru0

lwlhv vshqg d juhdw ghdo ri wlph dqg h�ruw lq wklqnlqj derxw dqg uhylvlqj uxohv zklfk duh

ghvljqhg wr eh crswlpdo* lq vrph vhqvh1 Dovr/ dxwkrulwlhv wu| wr ryhufrph wkh lqirupd0

wlrqdo dqg sk|vlfdo frqvwudlqwv wkdw erxqg wkh ehkdylru ri lqglylgxdov1 Li dq dxwkrulw|

lv dvvxphg wr eh lq srvvhvvlrq ri juhdwhu delolwlhv wkdq lqglylgxdov krzhyhu/ wkhvh h{wud

delolwlhv kdyh wr eh h{solflwo| prghoohg1 Ixuwkhupruh/ wkh vwudwhjlf lqwhudfwlrqv ehwzhhq

dxwkrulwlhv/ lqglylgxdov/ dqg rwkhu dxwkrulwlhv ohdg wr pdq| frpsolfdwlrqv1 Dv d uhvxow/

wkh prgho ghyhorshg lq wkh qh{w vhfwlrq kdv d orw ri vwuxfwxuh dqg lv pruh d ghvfulswlyh

prgho ri krz dxwkrulwlhv pljkw kdyh dulvhq/ udwkhu wkdq dq dqdo|wlfdo prgho lq zklfk

uhvxowv duh ghulyhg iurp d ihz �uvw sulqflsohv1

4Prvw lpsruwdqwo|/ wklv lv wuxh lq d vhwwlqj zlwk olwwoh wudgh= prvw lqglylgxdov lq wkhvh frppxqlwlhv

zloo kdyh ehhq jhrjudsklfdoo| wlhg wr rqh sorw ri odqg dqg zloo kdyh kdg olwwoh lqwhudfwlrq zlwk dq|rqh

rxwvlgh klv rzq frppxqlw|1

;



61 Wkh Prgho

Zh suhvhqw wkh vshfl�f sduwv ri wkh prgho lq wkh iroorzlqj rughu1 Iluvw/ zh suhvhqw wkh

�{hg +vrfldo/ jhrjudsklf ru surgxfw, vsdfh lq zklfk lqglylgxdov duh vlwxdwhg dv d judsk

dqg lqwurgxfh doo uhohydqw qrwdwlrq1 Vhfrqg/ zh lqwurgxfh wkh srvvlelolw| ri ylrohqfh

dqg glvfxvv wkh wkuhdwhqlqj dqg sxqlvkphqw ri sod|huv1 Wkhq/ zh irfxv krz lqglylgxdov

ohduq/ zkdw wkhlu sd|0r� vwuxfwxuh lv/ iroorzhg e| d ghwdlohg ghvflswlrq ri wkh vhtxhqfh

ri hyhqwv gxulqj d wlph shulrg1 Zh hqg wkh vhfwlrq zlwk d suholplqdu| uhvxow rq wkh

irupdwlrq ri fhqwudo dxwkrulwlhv1

Hdfk ri wkh � +� odujh, yhuwlfhv ri wkh �qlwh judsk g lv wkh dgguhvv ri rqh sod|hu1

Hyhu| yhuwh{ r 5 g lv gluhfwo| frqqhfwhg wr d +�qlwh, qxpehu ri rwkhu yhuwlfhv e| wkh

hgjhv ri wkh judsk g1 Qr yhuwh{ lv frqqhfwhg wr lwvhoi/ l1h1 wkh judsk g lv luuh h{lyh1

Zh dvvxph wkdw doo yhuwlfhv kdyh wkh vdph qxpehu f 	 6 		 � ri hgjhv/ l1h1 wkdw doo

yhuwlfhv duh frqqhfwhg wr h{dfwo|6 rwkhu yhuwlfhv1 Ixuwkhu/ zh dvvxph wkdw wkh judsk g

lv frqqhfwhg/ l1h1 wkdw iurp dq| yhuwh{ dq| rwkhu yhuwh{ lv uhdfkdeoh lq d �qlwh qxpehu

ri vwhsv wkurxjk lqwhuphgldu| yhuwlfhv1 Wkh vhw ri yhuwlfhv gluhfwo| frqqhfwhg wr yhuwh{

r lv wkh qhljkerxukrrg ri r� Wklv qrqhpsw| vhw lv fdoohg Tr� Iru dq| vhw ri yhuwlfhv

- � gc wkh erxqgdu| ri - lv wkh vhw Y- ' i^oM-Toj q-� Wklv qhljkerxukrrg uhodwlrq

lv v|pphwulf= Li o lv d qhljkerxu ri rc wkh r lv d qhljkerxu ri o� DV d uhvxow/ wkhuh lv dq

hgjh frqqhfwlqj r dqg o rqo| li o 5 Tr dqg wkhq dovr r 5 To� Sod|huv duh uhihuuhg wr e|

wkhlu dgguhvv= sod|hu r lv wkh sod|hu dw yhuwh{ rc r ' �c 2c � � � c �� D &0foltxh �& lv d vhw ri

& sod|huv lq g zklfk duh doo pxwxdo qhljkerxuv/ l1h1 iru doo rc o 5 �& lw krogv wkdw o 5 Tr

dqg wkhq dovr wkdw r 5 To�

<



Remhfwv ri fkrlfh iru doo sod|huv duh dfwlrqv lq wkh vhw K ' i�c�j� Wkh frq�jxudwlrq

ri wkh srsxodwlrq dw wlph | lv d ixqfwlrq �| G g $ K� � D frq�jxudwlrq ghvfulehv wkh

dfwlrq fkrlfhv ri wkh sod|hu srsxodwlrq= �| Er� lv wkh dfwlrq hpsor|hg e| sod|hu r dw wlph |�

Lqlwldoo| +dw | ' f, hdfk sod|hu lv dvvljqhg dq dfwlrq dw udqgrp zlwk suredelolw| �

2
rq hdfk

ri wkh dfwlrqv � dqg �/ l1h1 hdfk srvvleoh frq�jxudwlrq �f 5 i�c�j� kdv suredelolw|

�

2�
ri ehlqj vhohfwhg dv lqlwldo frq�jxudwlrq1 Iru dq| - � g dqg frq�jxudwlrq #c # E-�

ghqrwhv wkh uhvwulfwlrq ri # wr -� Iru dq| vhw - � g ri sod|huv/ ohw f E-� ghqrwh wkh vhw

ri frq�jxudwlrqv ri yhuwlfhv lq -� Ohw � E�r� ghqrwh wkh frq�jxudwlrq � Egq irj� c dqg

vlploduo| � E�-� ghqrwhv wkh frq�jxudwlrq � Egq-� � Iru d jlyhq frq�jxudwlrq �| dqg

dfwlrq @/ ohw �|rc@ ghqrwh wkh frq�jxudwlrq lghqwlfdo wr �| h{fhsw wkdw sod|hu r lv xvlqj

dfwlrq @� Ilqdoo|/ iru d jlyhq frq�jxudwlrq �| dqg dfwlrq @c ohw �|@ ghqrwh wkh qxpehu ri

sod|huv sod|lqj dfwlrq @c @ ' �c�/ l1h1/ �|@ '
S

rMg U
�
�| Er� ' @

�
c zkhuh

U
�
�| Er� ' @

�
'

;AA?
AA=

�c li �| Er� ' @c

fc rwkhuzlvh

dqg ohw �|@ E-� eh wkh qxpehu ri sod|huv lq wkh vhw - sod|lqj dfwlrq @ xqghu �|c l1h1/

�|@ E-� '
S

rM- U
�
�| Er� ' @

�
�

Dw hdfk urxqg ri sod| | ' fc �c 2c � � � c hdfk sod|hu r vljqdov wr hdfk ri lwv qhljkerxuv

o 5 Tr d frqglwlrqdo vwudwhj| �
| Erc o� dqg d sxqlvkphqw D| Erc o�1 D frqglwlrqdo vwudwhj|

�| Erc o� 5 K frqvlvwv ri dq dfwlrq sod|hu r zrxog eh zloolqj wr sod|/ frqglwlrqdo rq

klv qhljkerxuv dovr sod|lqj wklv dfwlrq1 Wkh sxqlvkphqw D| Erc o� � f lv dq dprxqw

zlwk zklfk sod|hu r wkuhdwhqv wr uhgxfh wkh sd|r� ri sod|hu o wkurxjk sxqlvkphqw/ li

43



wklv sod|hu grhv qrw frpso| zlwk fhuwdlq ghpdqgv ri sod|hu rc zklfk zloo eh vshfl�hg

ehorz1 Hdfk sod|hu r lv htxlsshg zlwk d pd{lpxp sxqlvkphqw srwhqwldo w Er� c zklfk

lv frqvwdqw ryhu wlph1 Wkh ydoxhv w Er� c r ' �c � � � c� / duh lqghshqghqw uhdol}dwlrqv ri

d udqgrp yduldeoh w zlwk glvwulexwlrq Xc zklfk kdv lwv vxssruw rq d vxevhw ri dfc w4@ o�

Zh odeho wkh glvwulexwlrq ixqfwlrq ri X e| s E�� � Lq rughu wr eh fuhgleoh/ d sod|hu fdqqrw

wkuhdwhq dq| ri klv qhljeruv zlwk pruh wkdq klv sxqlvkphqw srwhqwldo/ l1h1D| Erc o� � w Er� c

;o 5 Trc ;|�Zh dvvxph wkdw ylrohqfh kxuwv wkh shuvrq ehlqj sxqlvkhg pruh wkdq lw frvwv

wkh sxqlvkhu/ l1h1 kdylqj dq h�hfw ri �� rq wkh sd|r� ri d qhljkerxu wkurxjk sxqlvkphqw

frvwv wkh sxqlvkhu �

S
	 �/ S : ��

Lq hdfk urxqg ri sod| |c | ' �c 2c � � � c zlwk suredelolw| R 5
�
Rc �

�
c R : fc hdfk

lqglylgxdo jhwv wkh srvvlelolw| wr xsgdwh klv dfwlrq dqg frqglwlrqdo vwudwhj|/ d vr0fdoohg

ohduqlqj gudz1 Doo sod|huv wkdw jhw d ohduqlqj gudz fkrrvh dq dfwlrq dqg fkrrvh d vljqdo

wr vhqg rxw wr wkhlu qhljkerxuv1

D vhw ri sod|huv - � g irupv d fhqwudo dxwkrulw| li doo sod|huv o 5 - kdyh djuhhg

wr yroxqwdulo| mrlq wkh dxwkrulw| dw vrph wlph lq wkh sdvw1 Gl�huhqw fhqwudo dxwkrulwlhv

duh glvmxqfw/ l1h1 sod|huv fdq qrw eh phpehu ri wzr fhqwudo dxwkrulwlhv dw wkh vdph wlph1

Zh ghqrwh wkh xqlrq ri doo fhqwudo dxwkrulwlhv suhvhqw rq wkh judsk dw wlph | e| ` |c

l1h1 ` | ' ^
doo f1d1v --� D fhqwudo dxwkrulw| +f1d1, lv uhihuuhg wr e| wkh vhw ri sod|huv -

lw hqfrpsdvvhv1 Wkh gh�qlqj ihdwxuh ri d fhqwudo dxwkrulw| lv wkdw lw fdq frppxqlfdwh

gluhfwo| zlwk doo lwv phpehuv dqg kdv wkh dgghg delolw| ri wudqvihuulqj wkh sxqlvkphqw

srwhqwldo ri dq| lqglylgxdo zkr djuhhv wr wklv wr dq| phpehu15 Khqfh/ zkhuhdv dq

5Lq hvvhqfh wklv dvvxphv iuhh wudqvsruw ri sxqlvkphqw srwhqwldo zlwklq wkh erughuv ri wkh dxwkrulw|/

zkhuhdv lqglylgxdov gr qrw doorz vxfk wudqvsruwv li wkh| gr qrw ehorqj wr dq dxwkrulw|1 Wkh uhdvrq iru
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lqglylgxdo o 5 - fdq rqo| sxqlvk lwv qhljkerxuv lq To/ d fhqwudo dxwkrulw| - fdq gluhfw

wkh frpelqhg sxqlvkphqw srwhqwldo ri lwv phpehuv/
S

oM-
w Eo� c wr dq| ri wkh phpehuv

o 5 - ri wkh fhqwudo dxwkrulw| ru wr dq| ri wkh sod|huv rq wkh erxqgdu| Y- ri -�

D fhqwudo dxwkrulw| - dgyrfdwhv d/ srvvleo| hpsw|/ vhw ri uxohv wr doo sod|huv lq

^oM-To ' - ^ Y-� D vhw ri uxohv suhvfulehv dfwlrqv wr lqglylgxdo sod|huv dqg frqwdlqv

d sxqlvkphqw vfkhph iru sod|huv wkdw gr qrw iroorz wkh suhvfulehg dfwlrq/ zkhq wkh|

frxog kdyh grqh vr1 Dq hpsw| vhw ri uxohv lv lqwhusuhwhg dv devhqfh ri suhvfulehg uxohv

dqg wkhuhiruh dv devhqfh ri sxqlvkphqw/ zkdwhyhu wkh sod|hu fkrrvhv wr gr1 Dv wr

wkh phwkrg e| zklfk uxohv duh fkrvhq/ zh iroorz Udzov +4<:4,/ e| dvvxplqj wkdw hdfk

shulrg doo phpehuv ri d fhqwudo dxwkrulw| duh deoh wr fkrrvh d vhw ri uxohv xqghu d

frpsohwh yhlo ri ljqrudqfh/ l1h1/ zlwk hdfk sursrvhg vhw ri uxohv doo lqglylgxdov nqrz wkh

glvwulexwlrq ri h{shfwhg xwlolwlhv qh{w shulrgv exw qrw zklfk xwlolw| lv wkhluv1 Iroorzlqj

Kduvdq|l +4<;8,/ wklv phdqv wkdw wkh fkrvhq vhw ri uxohv zloo pd{lpl}h wkh frpelqhg wrwdo

h{shfwhg sd|r� ri wkh fxuuhqw phpehuv16 Wkh fhqwudo dxwkrulw| wkhq pdnhv wkhvh uxohv

frpprq nqrzohgjh zlwklq wkh dxwkrulw| dqg wr wkh sod|huv rq lwv erughuv1 Lq wklv vhqvh/

wkh fhqwudo dxwkrulw| lv qr pruh wkdq d vwudwhj| vhohfwlrq ghylfh zlwk dq lqirupdwlrq

dgydqwdjh dqg wkh delolw| wr wudqvihu sxqlvkphqw srwhqwldo rq lwv whuulwru|1

Dw dq| wlph sod|huv fdq lqglfdwh wkh| zdqw wr irup ru mrlq d fhqwudo dxwkrulw|1

Krzhyhu/ wkh| zloo rqo| gr vr li wklv vhhpv sur�wdeoh iru wkhp dw wkh wlph ri mrlqlqj1

wklv lv wkdw doorzlqj iuhh wudqvsruw phdqv sxwwlqj rqhvhoi lq d yxoqhudeoh srvlwlrq/ zklfk rqh zloo rqo|

gr li d fhqwudo dxwkrulw| hqvxuhv qr glvdgydqwdjh lv wdnhq ri wklv yxoqhudelolw|1
6Wklv zd| ri fkrrvlqj d vhw ri uxohv lv udwkhu fuxgh1 Lw hvvhqwldoo| dvvxphv wkdw wkhuh lv dq �krqhvw

eurnhu�/ vxfk dv d frpsxwhu/ zklfk/ jlyhq wkh frpelqhg nqrzohgjh ri doo frqvwlwxhqwv/ frpsxwhv wkh

h{shfwhg xwlolw| ri hdfk srvvleoh vhw ri uxohv/ diwhu zklfk wkh frqvwlwxhqwv fkrrvh rqh1 Reylrxvo|/ wkh
vrfldo fkrlfh olwhudwxuh glvfxvvhv pdq| rwkhu gl�huhqw uxoh0fkrrvlqj phfkdqlvpv +vhh Sdugr dqg Vfkqhlghu

+4<<9, iru d uhylhz, zklfk frxog eh sxuvxhg lq ixwxuh zrun1
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Wkxv/ d jurxs ri sod|huv zloo irup d qhz f1d1 li wkh| iruhvhh sur�w iurp wklv dqg wkh|

nqrz wkdw wkh rwkhu srwhqwldo phpehuv ri wkh f1d1 dovr iruhvhh wklv/ l1h1/ wkdw wkh| zloo

dovr mrlq1

Wkh wrwdo sd|r� �
�
rc �|

�
wr sod|hu r dw wlph | frqvlvw ri klv hfrqrplf sd|r� iurp

wkh vwdjh jdph Z
�
rc �|

�
iurp zklfk wkh sxqlvkphqw zklfk lv dgplqlvwhuhg wr klp dqg

wkh frvwv ri sxqlvklqj rwkhuv duh ghgxfwhg/ l1h1

�
�
rc �|

�
' Z

�
rc �|

�
�
[
oMTr

D| Eoc r� Uocr �
�

S

[
oMTr

D| Erc o� Urcoc

zkhuh

Uocr '

;AA?
AA=

�c zkhq sod|hu r grhv qrw frpso| zlwk wkh frqglwlrqv vhw e| sod|hu oc

fc rwkhuzlvh

�

Wkh sd|r� Z
�
rc �|

�
iurp wkh vwdjh jdph ghshqgv rq wkh hqwluh frq�jxudwlrq �| wkurxjk

glvwdqw dqg orfdo h{whuqdolwlhv1 Dq dfwlrq �| Er� ' � |lhogv d gluhfw sd|r� k : f wr

sod|hu rc exw lw lpsrvhv d qhjdwlyh h{whuqdolw| �b 	 f xsrq doo sod|huv o 5 Trc zkloh lw

|lhogv dq h{whuqdolw| > wr doo sod|huv o 5 gqirj� Dq dfwlrq �| Er� ' � uhvxowv lq d sd|r�

f 	 q 	 k wr sod|hu r dqg |lhogv qr h{whuqdolwlhv1 Wkxv zh kdyh wkdw

Z
�
rc �|

�
'

;AA?
AA=

kn
�
�|
� � �

�
>� �|

� ETr�bc li �| Er� ' �c

q n �|
�>� �|

� ETr�bc li �| Er� ' �

� +614,

Qrwh wkdw wkdw wkh gl�huhqfh lq hfrqrplf sd|r� iurp sod|lqj hlwkhu � ru � iru dq
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lqglylgxdo r lv k� qc vlqfh fhwhulv sdulexv
�
�|
�
m�| Er� ' �

�
'
�
�|
�
m�| Er� ' �

�
n �� Wkxv

dfwlrq �| Er� ' � lv d grplqdqw dfwlrq iru d sod|hu/ jlyhq �| E�r� � Wklv dfwlrq kxuwv doo

sod|huv o 5 Tr dqg d�hfwv doo sod|huv o 5 gq ETr ^ irj� � Zh dvvxph wkdw sod|huv kdyh

lqirupdwlrq rq orfdo h{whuqdolwlhv ehlqj dgplqlvwhuhg wr wkhp +vshfl�fdoo| wkh| nqrz e|

zklfk sod|huv wkhvh h{whuqdolwlhv duh fdxvhg,/ exw gr qrw uhdol}h wkdw glvwdqw h{whuqdolwlhv

dovr lq xhqfh wkhlu sd|r�v1

Zh uhvwulfw dwwhqwlrq wr wkh sdudphwhu udqjh lq zklfk k � 6 Eb� >� 	 q/ l1h1 wkh

udqjh lq zklfk dq lqglylgxdo sod|hu lv ehwwhu r� zkhq qr qhjdwlyh h{whuqdolwlhv duh ohylhg

rq klp wkdq zkhq doo klv qhljkerxuv ohy| qhjdwlyh h{whuqdolwlhv rq klp1 Rxwvlgh wklv

udqjh/ lqglylgxdov fdqqrw ehqh�w iurp frrshudwlqj zlwk wkhlu qhduhvw qhljkerxuv dqg qr

frruglqdwlrq dulvhv1 Zlwklq wklv udqjh zh irfxv rq wzr fdvhv1 Lq wkh �uvw fdvh/ wkh wrwdo

hfrqrplf sd|r� lv pd{lpl}hg e| wkh frq�jxudwlrq zlwk �| Er� ' �c ;rc l1h1 zh vhw wkh

sdudphwhuv vxfk wkdw k�6 Eb� >� 	 q 	 knE����>�6b� Wkh vhfrqg fdvh lv wkh rqh

lq zklfk wkh wrwdo hfrqrplf sd|r� lv pd{lpl}hg e| wkh frq�jxudwlrq zlwk �| Er� ' �c

;rc l1h1 zh vhw wkh sdudphwhuv vxfk wkdw k �6 Eb� >� 	 k n E� � ��> �6b 	 q� Lq

erwk fdvhv d sod|hu r zlwk �| Er� ' � lv zloolqj wr sod| dfwlrq � zkhqhyhu +vrph ri,

klv qhljkerxuv fuhgleo| lqglfdwh wkdw zkhq kh vzlwfkhv dfwlrq/ wkh| zloo gr wkh vdph

wklqj1 Qrwh wkdw wkh vhfrqg fdvh fdq eh ylhzhg dv wkh vwdqgdug sxeolf jrrgv sureohp/

lq zklfk frqwulexwlqj wr wkh sxeolf jrrg lv d grplqdwhg dfwlrq iru wkh lqglylgxdo/ exw

zkhuh wkh vlwxdwlrq lq zklfk doo lqglylgxdov frqwulexwh |lhogv wkh kljkhvw ryhudoo sd|r�1

Zh suhvhqw wkuhh h{dpsohv wr prwlydwh wkhvh fdvhv1 Wkh �uvw wzr h{dpsohv forvho| pluuru

wkh vhwwlqjv ghfulehg e| Zlwwirjho +4<96, dqg wkh wklug lv ri rxu rzq1
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H{dpsoh 6141 Vxssrvh wkdw dfwlrq � uhsuhvhqwv suhyhqwlqj wkh udlqidoo idoolqj rq rqh*v

odqg wr  rz wr wkdw ri rwkhuv e| fkdqqhoolqj wkh udlqido wr luuljdwh rqh*v rzq sdwfk ri

odqg1 Wdnh dfwlrq � wr eh exloglqj dq luuljdwlrq v|vwhp wkdw ehqh�wv wkh qhljkerxuv

dovr +ru sduwlflsdwlqj lq wkh exloglqj ri d zkroh luuljdwlrq v|vwhp iru wkh duhd,1 Dfwlrq

� lqfuhdvhv wkh sd|0r� ri wkh lqglylgxdo wkh prvw1 Lw zloo uhgxfh wkh dprxqw ri zdwhu

dydlodeoh wr klv qhljkerxuv wkrxjk dqg wkh lqfuhdvhg surgxfwlrq ri wkh lqglylgxdo pd|

pdnh wkhp hqylrxv/ zklfk lpsolhv d qhjdwlyh orfdo h{whuqdolw| ri b1 Wkh h�hfwv rq

wkh uhvw ri wkh srsxodwlrq ri fkrrvlqj � udwkhu wkdq � pd| eh srvlwlyh ru qhjdwlyh1

Li wkh frrshudwlrq ehwzhhq qhljkerxuv +dfwlrq �, uhgxfhv wkh dydlodeoh zdwhu iru wkh

uhvw/ rqh fdq ylhz wklv dv d srvlwlyh h{whuqdolw| > lq fdvh wkh lqglylgxdo fkrrvhv �1 Li

wkh wrwdo surgxfwlrq ri wkh lqglylgxdo soxv qhljkerxuv lqfuhdvhv xqghu E wkrxjk/ wklv

pd| doorz lqfuhdvlqj vshfldolvdwlrq iru wkh zkroh srsxodwlrq/ lpso|lqj d qhjdwlyh glvwdqw

h{whuqdolw| iru rswlrq D1 Qrz wklqn ri d jurxs ri qhljkerxuv zkr doo luuljdwh wkhlu rzq

odqgv lqglylgxdoo| exw zrxog doo olnh wkh rwkhuv wr vwduw exloglqj d odujh luuljdwlrq v|vwhp

wkdw ehqh�wv klpvhoi dqg klv qhljkerxuv1 Wkh phpehuv ri wklv jurxs ri qhljkerxuv duh

ehwwhu ri zkhq wkh| doo sod| dfwlrq � dqg doo sduwlflsdwh lq wkh exloglqj vxfk dq luuljdwlrq

v|vwhp1 Vr/ zkhq wkh|frrshudwh/ wkh| zloo sod| �� Exw wkhq/ zkhq doo lqglylgxdov lq wkh

srsxodwlrq dfw wklv zd|/ wkh glvwdqw h{whuqdolwlhv duh orvw1 Ghshqglqj rq wkh vl}h ri wkh

glvwdqw h{whuqdolwlhv/ wkh uhvxow lv dq lqihulru rxwfrph iru wkh srsxodwlrq dv d zkroh +fdvh

4, ru d vxshulru rxwfrph iru wkh srsxodwlrq dv d zkroh +fdvh 5,1

H{dpsoh 6151 Dqrwkhu h{dpsoh lv wr wklqn ri rswlrq � iru dq lqglylgxdo dv qrw exloglqj

d glnh rq klv vhfwlrq ri d ulyhu dqg rswlrq � dv exloglqj wkh glnh rq klv vhfwlrq ri wkh
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ulyhu1 Exloglqj d glnh zloo qrw lqfuhdvh wkh sd|0r� ri wkh lqglylgxdo ehfdxvh wkh uhgxfhg

ulvn ri  rrglqj grhv qrw rxwzhljk wkh h�ruw/ exw zloo lqfuhdvh wkh sd|r� ri klv qhduhvw

qhljkerxuv dovr ehfdxvh wkh| duh dovr olnho| wr ehqh�w vrphzkdw iurp wkh uhgxfhg ulvn

ri  rrglqj lq wkdw qhljkerxukrrg1 Rwkhu frppxqlwlhv zloo krzhyhu vhh wkhlu suredelolw|

ri  rrglqj lqfuhdvh li wkh lqglylgxdo exlogv d glnh ehfdxvh ohvv vxshu xrxv zdwhu zloo eh

gudlqhg dw wkh vlwh ri wkh glnh1 Wklv fdq eh prghoohg e| wdnlqj � wr kdyh orfdo qhjdwlyh

h{whuqdolwlhv b +wkh qhljkerxuv gr qrw hqmr| wkh uhgxfhg ulvn ri  rrglqj, dqg srvlwlyh

glvwdqw h{whuqdolwlhv +wkh uhvw ri wkh srsxodwlrq kdv ohvv ulvn ri  rrglqj1 Wkh phpehuv

ri wklv jurxs ri qhljkerxuv duh ehwwhu ri zkhq wkh| doo sod| dfwlrq � dqg doo sduwlflsdwh

lq wkh exloglqj ri d fdqdo1 Vr/ zkhq wkh| vlw wrjhwkhu dqg frrshudwh/ wkh| zloo sod| ��

Exw wkhq/ zkhq doo lqglylgxdov lq wkh srsxodwlrq dfw wklv zd|/ wkh wrwdo uhgxfwlrq lq ulvn

ri  rrglqj lv qrw dv juhdw dv ehiruh dqg pd| shukdsv qrw rxwzhljk wkh h�ruw ri exloglqj

wkh glnhv1

H{dpsoh 6161 D �qdo h{dpsoh +ri fdvh �, lv zkhq dfwlrq � uhsuhvhqwv wkh srvvlelolw|

wr wxuq rqh*v odqg lqwr surshuw| lqdffhvvleoh iru rwkhu lqglylgxdov/ zkloh dfwlrq � lv qrw

uhvwulfwlqj dffhvv1 Wkh gluhfw sur�w wr wkh lqglylgxdo ri uhvwulfwlqj dffhvv wr rqh*v odqg

lv kljkhu wkdq wkdw ri ohwwlqj hyhu|erg| zdon dfurvv rqh*v odqg dqg wkxv glvuxswlqj |rxu

xvh ri wkh odqg1 Wkxv dfwlrq � grplqdwhv dfwlrq �� Pruhryhu/ uhvwulfwlqj dffhvv doorzv

iru vshfldol}dwlrq ri wkh oderu irufh wr wdnh sodfh dqg wklv zd| kdv d srvlwlyh h�hfw rq

wkh sd|r� ri doo rwkhu lqglylgxdov lq wkh srsxodwlrq +> : f,1 Krzhyhu/ uhvwulfwlqj dffhvv

fuhdwhv d gluhfw qhjdwlyh h{whuqdolw| +b, wr wkh qhljkerxuv/ vlqfh wkh| duh qr orqjhu

doorzhg wr zdon dfurvv wkh surshuw|1 Djdlq/ d +vpdoo, jurxs ri qhljkerxuv zklfk zdqw
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wr frrshudwh/ djuhh wr doo sod| �c |lhoglqj dq lqihulru rxwfrph iru wkh srsxodwlrq dv d

zkroh zkhq doo lqglylgxdov lq wkh srsxodwlrq dfw lq wkh vdph zd|1

Lq fdvh �/ vpdoo dxwkrulwlhv dgyrfdwh d vhw ri uxohv zklfk |lhogv joredo lqh!flhqflhv1

Krzhyhu/ iru frdolwlrqv ri lqglylgxdov odujhu wkdq vrph vxevwdqwldo plqlpxp vl}h/ wkh

h�hfw ri wkh srvlwlyh glvwdqw h{whuqdolwlhv qxooli| wkh odujh qhjdwlyh orfdo h{whuqdolwlhv1

Wkxv/ zkhq dq dxwkrulw| jurzv deryh wklv plqlpxp vl}h/ lw uhdol}hv wkdw dgyrfdwlqj wr

hyhu| jurxs phpehu wr sod| � lv ehwwhu wkdq kdylqj hyhu| jurxs phpehu sod|lqj � dqg

lw wkxv fkdqjhv lw uxohv dffruglqjo|1 Odujh dxwkrulwlhv wkhuhiruh gr qrw |lhog wkh joredo

lqh!flhqflhv ghslfwhg lq wkh deryh h{dpsohv ri fdvh 41

Doo sod|huv kdyh olplwhg nqrzohgjh derxw wkh judsk g dqg wkh vwdjh jdph1 Hdfk

sod|hu r nqrzv zklfk sod|huv duh lq wkh vhw Tr dqg lq wkh vhwv To ;o 5 Tr� Wkxv/ sod|huv

fdq dvvhv zkhwkhu wkh| duh sduw ri d foltxh dqg dxwkrulwlhv fdq dvvhv zkhwkhu sod|huv rq

wkhlu erughuv duh dovr rq wkh erughu ri vrph rwkhu dxwkrulwlhv1 Dv wr wkh vwdjh jdph/

sod|huv nqrz derxw wkh sd|r� gl�huhqfh k� q ehwzhhq wkh gl�huhqw dfwlrqv1 Wkh| dovr

revhuyh wkh sd|r� h�hfwv b dqg > ri dfwlrqv wdnhq e| wkhlu qhljkerxuv dqg duh deoh wr

wudfh grzq iurp zklfk qhljkerxu wkh h{whuqdolwlhv ruljlqdwh1 Krzhyhu/ wkh| duh xqdeoh wr

vhh zklfk qrq0qhljkerxuv fdxvhg wkh joredo h{whuqdolw| > wr eh ohylhg rq wkhp1 Sod|huv

revhuyh wkh vljqdov ri wkhlu qhljkerxuv/ l1h1 wkh| nqrz wkh sxqlvkphqw srwhqwldo dqg

wkh frqglwlrqdo vwudwhj| hdfk ri wkhlu qhljkerxuv kdv frpplwwhg wr1 Sod|huv dovr revhuyh

zklfk ri klv qhljkerxuv uhfhlyh d ohduqlqj gudz1 Wkxv/ sod|huv fdq lqihu zklfk ri wkhlu

qhljkerxuv gr qrw frpso| zlwk wkhlu frqglwlrqdo vwudwhj| zkloh wkh| zhuh kdqghg wkh

ohduqlqj gudz dqg zklfk ri wkhlu qhljeruv gr qrw frpso| zlwk wkhlu frqglwlrqdo vwudwhj|
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ehfdxvh wkh| zhuh qrw +|hw, kdqghg d ohduqlqj gudz1 Sod|huv duh qrw dzduh ri wkh dfwlrq

sod|hg e| sod|huv rwkhu wkdq wkhlu qhljkerxuv/ ru iru wkdw pdwwhu/ zh fdq dvvxph wkdw

wkh| gr qrw hyhq nqrz derxw wkh h{lvwhqfh ri sod|huv rwkhu wkdq wkhlu qhljkerxuv1

Zh qrz vshfli| wkh vhtxhqfh ri hyhqwv lq d wlph shulrg lq ghwdlo1

41 Sod|huv jhw wkh rssruwxqlw| wr irup d fhqwudo dxwkrulw|0lq0irupdwlrq1 Vxfk dq

dxwkrulw| fdq douhdg| vhw uxohv lq vwhs 5/ exw sod|huv rqo| pdnh wkh �qdo ghflvlrq

rq mrlqlqj lq vwhs 61

51 Hdfk fhqwudo dxwkrulw| - ghflghv xsrq d vhw ri uxohv wr eh dgkhuhg wr e| doo sod|huv

o 5 - ^ Y-� Lw frppxqlfdwhv wkh vhw ri uxohv wr doo wkhvh sod|huv1

61 Ohduqlqj gudzv duh kdqghg rxw1 Sod|huv o +o 5 - ^ Y- iru doo f1d1*v -, wkdw

jhw d ohduqlqj gudz ghflgh zkhwkhu wr mrlq - ru uhpdlq lq wkhlu fxuuhqw vlwxdwlrq

+phpehu ri dqrwkhu f1d1 ru qrq0phpehu ri dq| f1d1,1 Sod|huv wkdw gr qrw jhw d

ohduqlqj gudz dqg duh fxuuhqwo| qrw phpehu ri dq| f1d1 fdqqrw mrlq d f1d1 Sod|huv

wkdw gr qrw jhw d ohduqlqj gudz/ exw duh phpehu ri d f1d1 hydoxdwh wkh uxohv vhw

e| wklv f1d1 djdlqvw wkh uxohv vhw e| dq| f1d1 iurp zklfk wkh| uhfhlyhg d vljqdo

+l1h1 ri zklfk wkh| duh d qhljkerxu,1 Vxevhtxhqwo| wkh| ghflgh zkhwkhu wr uhpdlq

phpehu ri wkhlu cfxuuhqw* f1d1 ru wr ehfrph phpehu ri rqh ri wkh f1d1*v iurp zklfk

wkh| uhfhlyhg d vljqdo1

Rqfh d phpehu ri d f1d1/ sod|huv uhpdlq phpehu ri wkdw f1d1 dw ohdvw xqwlo vwhs 6

qh{w shulrg1

71 Sod|huv sod| dq dfwlrq iurp K�
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81 Hdfk fhqwudo dxwkrulw| - revhuyhv doo lqirupdwlrq revhuyhg e| doo sod|huv o 5 -�

Edvhg rq wklv lqirupdwlrq wkh f1d1 ghflghv rq dgplqlvwhulqj sxqlvkphqw wr wkh

sod|huv lq - ^ Y- zklfk glg qrw frpso| zlwk wkh uxohv vhw lq vwhs 51 Lw rughuv

lqglylgxdo phpehuv o 5 - wr fduu| rxw wklv sxqlvkphqw dqg vxevhtxhqwo| wudqvihuv

sxqlvkphqw srwhqwldo li qhfhvvdu|1

Iurp wklv vhtxhqfh ri pryhv dqg wkh lqirupdwlrq vwuxfwxuh/ zh fdq gluhfwo| lqihu wkh

iroorzlqj fruroodu|1

Fruroodu| 6171 D fhqwudo dxwkrulw| fdq rqo| eh iruphg e| d vxevhw ri sod|huv iurp rqh

foltxh1

Surri

Idflqj wkh ghflvlrq zkhwkhu ru qrw wr sduwlflsdwh lq d f1d10lq0irupdwlrq/ d sod|hu zhljkv

wkh srwhqwldo sur�w iurp mrlqlqj djdlqvw wkh srwhqwldo frvwv ri ehlqj h{sorlwhg e| rwkhuv

zkr fodlp wkh| zloo mrlq/ exw gr qrw gr vr lq wkh hqg1 D f1d10lq0irupdwlrq fdq vhw lwv

uxohv lq vwhs 5 deryh vxfk wkdw sod|huv zkr fkrrvh qrw wr mrlq lq vwhs 6 duh sxqlvkhg

vhyhuho|1 Li wkh wrwdo sxqlvkphqw srwhqwldo ri wkh f1d1 lv odujh hqrxjk/ wklv fdq pdnh

qrw0mrlqlqj lq vwhs 6 kdupixo1 Wkxv/ d qhfhvvdu| frqglwlrq iru d sod|hu wr mrlq lv wkdw kh

nqrzv wkdw hqrxjk rwkhuv zloo mrlq wr jlyh wkh f1d1 hqrxjk sxqlvkphqw srwhqwldo1 Lq d

foltxh/ doo sod|huv nqrz wkdw doo rwkhu sod|huv lq wkh foltxh idfh wkh vdph ghflvlrq dqg

zloo wkxv dovr mrlq1 Vxfk d qhfhvvdu| frpprq nqrzohgjh lqirupdwlrq vwuxfwxuh lv rqo|

suhvhqw zlwklq d foltxh ri sod|huv/ zklfk |lhogv wkh qhfhvvdu| frqglwlrq lq wkh fruroodu|1

�
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Lq rughu wr hqirufh lwv dqqrxqfhg uxohv zkdwhyhu wkhvh uxohv duh/ d fhqwudo dxwkrulw|

kdv wr �qg dq hqirufhphqw phfkdqlvp1 D srvvlelolw| iru dq hqirufhphqw phfkdqlvp ri

uxohv lv wkhq wkdw wkh fhqwudo dxwkrulw| dqqrxqfhv wkh uxohv dqg wkhq frpslohv d olvw ri

lqglylgxdov wr eh sxqlvkhg iru qrq0frpsoldqfh ru iru idloxuh wr sxqlvk zkhq lqvwuxfwhg wr

gr vr1 Ehfdxvh wkh �uvw rqh rq wkh olvw zloo h{shfw wr eh sxqlvkhg e| wkh rwkhuv li kh grhv

qrw frpso|/ kh zloo frpso|1 Khqfh wkh �uvw shuvrq zloo frpso|/ dqg/ wkurxjk d uhshwlwlrq

+iruzdug lqgxfwlrq, ri wklv dujxphqw/ wkh vhfrqg shuvrq zloo frpso|/ dqg vr iruwk1 Wkh

qrwlrq ri d olvw wkdw hqirufhv glvflsolqh lv vlplodu wr wkh qrwlrq ri d cpdwul{ ri glvflsolqh*

ri Nxkq +4<95,1 Dv wr wkh sxqlvkphqw iru qrq0frpsoldqfh/ wkh rqo| uhtxluhphqw ri wkh

vhyhulw| lv wkdw lw rxwzhljkv wkh srvvleoh ehqh�w ri ghyldwlrq1 Ehfdxvh lqglylgxdov fdqqrw

frruglqdwh rq vwudwhjlhv zlwkrxw iruplqj d fhqwudo dxwkrulw|/ d frpsohwh euhdn0grzq ri

wkh fhqwudo dxwkrulw| zloo qrw rffxu/ dqg qr f1d1 fdq eh iruphg zlwklq dqrwkhu f1d1

Dq lpsruwdqw srlqw lv wkdw wkh dqqrxqfhg vwudwhj| fdqqrw eh dowhuhg xqwlo vwhs 2 qh{w

shulrg/ zklfk lpsolhv wkdw d fhqwudo dxwkrulw| fdq fuhgleo| suh0frpplw rq lwv rzq uxohv

iru rqh shulrg dw d wlph1 Rqh frxog wkhuhiruh lqwhusuhw d shulrg dv wkh ohqjwk ri wlph

lw wdnhv ehwzhhq ghflvlrq urxqgv1 Ehfdxvh ri wkh srvvlelolw| ri uhylvlqj wkh uxohv hdfk

shulrg/ wkhuh lv d froohfwlyh wlph0lqfrqvlvwhqf| sureohp lq wkh vhqvh ri Dvkhlp +4<<:,1

71 Edvlf Uhvxowv

Lq wklv vhfwlrq zh fkdudfwhul}h wkh +vhoi0frq�uplqj, htxloleulxp ri wkh wrwdo prgho1

Frqvlghu �uvw wkh flufxpvwdqfhv xqghu zklfk d f1d1 zloo irup1 Fruroodu| 617 vwdwhv

wkdw zh qhhg rqo| wr irfxv rq sod|huv lq d foltxh1 Zh qrz vwdwh d vx!flhqw frqglwlrq rq
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wkh frpelqhg sxqlvkphqw srwhqwldo ri wkh srwhqwldo phpehuv ri d f1d1 E| e�f zh ghqrwh

wkh hqwlhu ixqfwlrq/ l1h1 e5f ' 4@ i% 5 ~ m % � 5j �

Wkhruhp 7141 Frqvlghu sod|hu r 5 �&/ zlwk

& �

�
k� q

b� >

�
n 2 dqg

[
oM�&KTr�tr�

w Eo�� 4@ 
oM�&KTr�tr�

w Eo� : k� q�

Wkhq wkhuh lv d vwulfw srvlwlyh suredelolw| wkdw d fhqwudo dxwkrulw| zloo hyroyh lq wklv

foltxh1 Zkhq

& 	

�
k� q

b� >

�
n 2 ru

[
oM�&KTr�tr�

w Eo�� 4@ 
oM�&KTr�tr�

w Eo� 	 k� q�

wkh suredelolw| ri hphujhqfh ri d fhqwudo dxwkrulw| lq �& lv }hur1

Surri1

Iurp +614, zh kdyh wkdw wkh gl�huhqfh lq hfrqrplf sd|r� iurp sod|lqj hlwkhu � ru �

iru dq lqglylgxdo r lv k� qc vlqfh fhwhulv sdulexv
�
�|
�
m�| Er� ' �

�
'
�
�|
�
m�| Er� ' �

�
n��

Wkxv/ zkhq hyhq wkh prvw srzhuixo sod|hu lq d f1d10lq0irupdwlrq fdq eh sxqlvkhg e| dq

dprxqw k�qc qr lqglylgxdo sod|hu fdq ehqh�w e| ghyldwlqj iurp wkh uxohv suhvfulehv e|

wklv f1d1 Wklv lv wkh fdvh zkhq
S

oM�&KTr�tr�
w Eo� �4@ oM�&KTr�tr� w Eo� : k � q� Vlqfh

d f1d1 lv wkh rqo| frruglqdwlrq ghylfh suhvhqw/ lqglylgxdo sod|huv duh xqdeoh wr irup d

frdolwlrq ri ghyldwruv1 Wkxv qr sod|hu zloo ghyldwh dqg wkh f1d1 zloo irup1

Lqglylgxdo sod|huv lq sulqflsoh fkrrvh wkh grplqdqw dfwlrq � zkhq jlyhq d ohduqlqj

gudz1 Sod|huv duh rqo| zloolqj wr vzlwfk wr dfwlrq � dqg irup d +�0sod|lqj, f1d1 li
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wkh| ehqh�w iurp wklv1 Wklv phdqv wkdw wkh| zloo ghpdqg wkdw hqrxjk orfdo qhjdwlyh

h{whuqdolwlhv zloo eh jrwwhq ulg ri e| iruplqj d f1d1/ l1h1/ wkh| ghpdqg wkdw hqrxjk

qhljkerxuv mrlq lq wkh f1d1/ ru lq rwkhu zrugv wkdw �|� ETr� lv orzhuhg hqrxjk zkhq wkh|

irup d f1d1 Wkxv wkh| vroyh

kn
��
�|�m�

| Er� ' �
�
� �

�
>� �|� ETr� Eb� >� 	 q n

�
�|�m�

| Er� ' �
�
>� h�|� ETr� Eb� >�

iru f � h�|� ETr� � &/ vlqfh b�> lv wkh qhw qhjdwlyh h{whuqdolw| d sod|hu h{shulhqfhg iurp

klv qhljkerxuv1 Vroylqj wklv |lhogv

h�|� ETr� 	 �|� ETr��
k� q

b� >
�

Wkxv d sod|hu r dqqrxqfhv wkdw kh lv zloolqj wr sod|� zkhq dw ohdvw
m
�|� ETr��

h�|� ETr�nn
� '

m
k3q

b3>

n
n � ri klv �0sod|lqj qhljkerxuv dovr vljqdo wkdw wkh| duh zloolqj wr sod| �

+dqg wkxv yrwh iru d f1d1 zlwk d sxqlvkphqw vfkhph wkdw hqirufhv frpsoldqfh zlwk wkhvh

frqglwlrqdo vwudwhjlhv,1

Wkh odvw frqglwlrq iru d f1d1 wr irup lv wkdw wkhvh
m
k3q

b3>

n
n � qhljkerxuv ri r dqg r

klpvhoi duh doo lq wkh vdph foltxh �&� Wklv hqvxuhv r wkdw doo wkhvh sod|huv dovr vhh wkdw

wkh| zloo ehqh�w iurp ehlqj lq wkh �0sod|lqj f1d1 Wklv uhtxluhv wkdw wkh foltxh lv odujh

hqrxjk/ l1h1/ & �
m
k3q

b3>

n
n 2�

Zkhq wkh deryh frqglwlrqv duh phw iru d fhuwdlq foltxh �&/ +d vxevhw ri sod|hu iurp,

�& zloo irup d f1d1 rqfh dw ohdvw
m
k3q

b3>

n
n 2 sod|huv lq wklv foltxh jhw d ohduqlqj gudz

dw wkh vdph wlph1 Wklv hyhqw kdsshqv zlwk vwulfw srvlwlyh suredelolw|1 Zkhq rqh ri wkh
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frqglwlrqv lv qrw phw iru �&/ d f1d1 fdq qhyhu lqlwldwh lq wkh jurxs �&� �

Wklv wkhruhp vkrzv wkdw rqh qhhgv hqrxjk pxwxdoo| frqqhfwhg lqglylgxdov zlwk

vlplodu lqwhuhvwv wr vwduw d fhqwudo dxwkrulw| zlwk hqrxjk sxqlvkphqw srwhqwldo1 Qrz zh

vkrz wkdw wkh frqglwlrqv lq wkh Wkhruhp duh phw zkhq wkh sxqlvkphqw srwhqwldov iru

gl�huhqw sod|huv duh udqgrp gudzv iurp d glvwulexwlrq zlwk srvlwlyh zhljkw rq ydoxhv

deryh k3q

E&3��
�

Fruroodu| 7151 Frqvlghu d odujh srsxodwlrq lq zklfk d odujh qxpehu ri &0foltxhv zlwk

& �
m
k3q

b3>

n
n 2 lv suhvhqw1 Wkhq/ zkhq

] w4@ 

k3q

E&3��

s Ew� _w : f +714,

doprvw vxuho| dw ohdvw rqh fhqwudo dxwkrulw| zloo hphujh1

Surri1

Frqglwlrq +714, hqvxuhv wkdw lq hdfk &0foltxh wkhuh lv vwulfw srvlwlyh suredelolw| wkdw

S
oM�&

w Eo��4@ oM�& w Eo� : k�q lv vdwlv�hg dqg wkxv wkdw wkh frqglwlrq rq sxqlvkphqw

srwhqwldo lq Wkhruhp 714 lv phw1 D vwurqj odz ri odujh qxpehuv dujxphqw jxdudqwhhv

wkdw lq d odujh srsxodwlrq zlwk d odujh qxpehu ri &0foltxhv doprvw vxuho| wkh frqglwlrq

zloo eh phw1 �

Wkh fruroodu| vwdwhv wkdw khwhurjhqhlw| z1u1w1 sxqlvkphqw srwhqwldo idflolwdwhv wkh

hphujhqfh ri d fhqwudo dxwkrulw|1 Lq d srsxodwlrq wkdw lv krprjhqhrxv z1u1w1 sxqlvkphqw

srwhqwldo/ d vlplodu vwurqj odz ri odujh qxpehuv dujxphqw dujxphqw vkrzv wkdw d f1d1
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zloo hphujh li wkh krprjhqhrxv sxqlvkphqw srwhqwldo lv kljk hqrxjk/ l1h1 zkhq w Er� '

w : k3q

E&3��
;r 5 g�

Zh qrz lqihu zkdw kdsshqv rqfh rqh ru pruh dxwkrulwlhv kdyh hphujhg1

Wkhruhp 7161 Zkhq wkh frqglwlrqv ri Wkhruhp 714 duh phw/ rqh vlqjoh fhqwudo dxwkru0

lw|/ zlwk doo sod|huv lq wkh srsxodwlrq dv lwv phpehuv/ zloo eh wkh rqo| vwdeoh rxwfrph1

Surri1

E| frqvwuxfwlrq d fhqwudo dxwkrulw| 7 dw wlph | zloo kdyh d vhw ri uxohv wkdw pd{lpl}h wkh

frpelqhg sd|r� ri wkh sod|huv zklfk duh lq 7 ehiruh qhz sod|huv kdyh kdg dq rssruwxqlw|

wr mrlq 7�Zh odeho wkh dfwlrq zklfk 7 suhvfulehv wr hr 5 7^Y7 e| @|
hr� Vxssrvh wkh dfwlrq

@|
hrc hr 5 7 ^ Y7c duh wkh dfwlrq wkdw rswlpl}h frpelqhg hfrqrplf sd|r�

S
rM7 Z

�
rc �|

�
zlwkrxw frqvlghulqj wkh srvvlelolw| ri kdqglqj rxw ru uhfhlylqj sxqlvkphqw11 Reylrxvo|/

d vhw ri uxohv ohdglqj wr d vlwxdwlrq lq zklfk doo sod|huv hr 5 7 ^ Y7 sod| dffruglqj wr

@|
hr dqg qr sxqlvkphqw lv dgplqlvwhuhg ru uhfhlyhg e| wkh sod|huv r 5 7/ lv rswlpdo1 Zh

qrz ghvfuleh vxfk d vhw ri uxohv1 Wkh uxohv vhw e| 7 suhvfuleh hr 5 7 ^ Y7 wr sod| @|
hr�

D sxqlvkphqw vfkhph zklfk pdnhv ghyldwlqj xqsur�wdeoh iru doo sod|huv hr 5 7 ^ Y7

lqyroyhv gl�huhqw wuhdwphqw iru sod|huv r� 5 Y7 zkr duh qrw phpehu ri d f1d1 +gl�huhqw

iurp 7, dqg iru sod|huv r� 5 Y7 zkr duh phpehu ri d f1d1 +gl�huhqw iurp 7,� Zh vshfli|

wkhvh gl�huhqw wuhdwphqwv iru wkh sod|huv lq Y7 ehorz1 Iluvw zh frqvwuxfw d srvvleoh

sxqlvkphqw vfkhph iru wkh sod|huv r 5 7� Udqn wkh sod|huv r 5 7 lq dq duelwudu| zd|1

Dqqrxqfh wkh rughu rq wkh olvw wr doo sod|huv r 5 7 dqg wkuhdwhq wr sxqlvk wkh sod|hu

zkr lv �uvw rq wkh olvw +odehoohg r�, e| dq dprxqw k � q n 0c zlwk 0 : f vpdoo1 Wkh

idfw wkdw wkh f1d1 7 kdv iruphg hqvxuhv wkdw 7 kdv d sxqlvkphqw srwhqwldo odujhu wkdq
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k � q dqg wkxv wkdw wklv wkuhdw lv fuhgleoh1 Wkuhdwhq wr sxqlvk wkh vhfrqg sod|hu rq

wkh olvw +r2, e| wkh vdph dprxqw/ li wkh �uvw sod|hu grhv qrw ghyldwh iurp @|
r�
� Jlyhq wkh

sxqlvkphqw srwhqwldo dqg wkh wkuhdw z1u1w1 sod|hu r�c wkh wkuhdw wr r2 lv dovr fuhgleoh1

Ixuwkhupruh/ r2 zloo lqihu wkdw r� zloo frpso| dqg wkxv wkdw ghyldwlqj lv qrw sur�wdeoh

iru r2 +uhphpehu wkdw r� dqg r2 fdqqrw irup d vxe0frdolwlrq zlwklq 7,1 Wkhq/ wkh vfkhph

lqyroyhv d wkuhdw ri k�qn0 wr sod|hu r�c li sod|huv r2 dqg r� gr qrw ghyldwh dqg vr iruwk1

Lq htxloleulxp qr sod|hu r 5 7 ghyldwhv dqg wkh eholhyhv ri wkh sod|huv duh frq�uphg1

Wkh vfkhph lqyroyhv wkh iroorzlqj wkuhdwv wr sod|huv r� 5 Y71

41 Li r� lv qrw phpehu ri dq| f1d1/ kh lv wkuhdwhqhg e|
S

rM7
w Er�/ wkh wrwdo sxqlvkphqw

srwhqwldo ri wkh f1d1 7� Wklv sxqlvkphqw zloo rqo| eh dgplqlvwhuhg li r� grhv uhfhlyh

d ohduqlqj gudz qh{w shulrg dqg idlov wr frpso| zlwk @|
r� � Wkh f1d1 7 wkxv irufhv

frpsoldqfh e| r� zlwk wkh uxohv lw vhw1

51 Li r� lv d phpehu ri d f1d1 - +gl�huhqw iurp 7, zklfk lv zhdnhu wkdq 7c l1h1

S
rM7

w Er� :
S

oM-
w Eo� � Wkhq/ r� lv wkuhdwhqhg e| dq dprxqw

S
rM7

w Er� li kh

grhv qrw mrlq 7 dqg sod|v @|
r� lq wkh qh{w shulrg1 Wkh f1d1 7 vhhv wkdw lw lv deoh

wr frxqwhu dq| wkuhdw - pdnhv e| d vwurqjhu wkuhdw dqg wkhuhiruh lw nqrzv wkdw lw

fdq irufh frpsoldqfh e| r� zlwk wkh uxohv @|
r��

61 Li r� lv d phpehu ri d f1d1 - +gl�huhqw iurp 7, zklfk lv vwurqjhu wkdq 7c l1h1

S
rM7

w Er� 	
S

oM-
w Eo� � Lq wklv fdvh/ r� lv qrw wkuhdwhqhg e| dq| sxqlvkphqw1

Wkh f1d1 7 vhhv +e| qrwlflqj wkh vwuhqjwk ri -, wkdw lw zloo qrw eh deoh wr irufh r�

wr frpso| zlwk @|
r� dqg wkdw lw kdv wr dgplqlvwhu dq| sxqlvkphqw lw wkuhdwhqv zlwk lq
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fdvh ri qrq0frpsoldqfh1 Jlyhq wkhvh frqvlghudwlrqv/ wkuhdwhqlqj zlwk sxqlvkphqw

lv kdupixo wr 7�

Xqghu wklv sxqlvkphqw vfkhph/ doo sod|huv wkdw duh qrw phpehu ri d f1d1 zklfk lv

vwurqjhu wkdq 7 zloo uhfrjql}h wkdw wkh zloo eh kduphg e| qrq0frpsoldqfh dqg zloo wkxv

frpso| zlwk wkh uxohv vhw e| 7� Qh{w shulrg/ doo sod|huv r� wkdw zhuh qrw phpehu ri dq|

f1d1 zloo mrlq 7 li wkh| duh kdqghg wkh ohduqlqj gudz1 Doo sod|huv r� 5 - zlwk - zhdnhu

wkdq 7 zloo mrlq 7� Ilqdoo|/ doo sod|huv hr 5 Y- _ 7 zlwk - vwurqjhu wkdq 7/ zloo mrlq -�

Qrz/ odeho wkh vwurqjhvw f1d1 suhvhqw lq wkh srsxodwlrq e| 7|c4@ ' @h}4@ 7M` |

S
rM7 w Er� �

Wklv dxwkrulw| zloo eh dw ohdvw dv vwurqj dw wlph | n � dv lw zdv dw wlph |� Lw zloo eh

vwurqjhu dw | n � zlwk vwulfw srvlwlyh suredelolw|1 Ri frxuvh wkhuh lv wkh srvvlelolw| wkdw

7|n�c4@ 9� 7|c4@ c l1h1 wkh vwurqjhvw f1d1 dw wlph |n� hphujhg iurp d f1d1 gl�huhqw iurp

7|c4@ � Lq wkdw fdvh lw lv vwloo wkh fdvh wkdw
S

rM7|n�c4@ w Er� :
S

rM7|c4@ w Er� � Wkxv zh

kdyh vkrz wkdw wkh vwuhqjwk ri wkh vwurqjhvw f1d1 lqfuhdvhv zlwk srvlwlyh suredelolw| dqg

qhyhu ghfuhdvhv/ wkxv h{foxglqj f|folf ehkdylru ri wkh prgho1 Wkh rqo| vwdeoh rxwfrph

lv wkhq d vlqjoh f1d1 ri zklfk doo sod|huv lq wkh srsxodwlrq duh phpehuv1 �

Zh dgg wzr frpphqwv wr wkhvh uhvxowv1 Iluvw/ zh vhh wkdw/ lq htxloleulxp/ sxqlvkphqw

zloo qhyhu wdnh sodfh/ lpso|lqj wkdw wkh wrwdo sd|r� rewdlqhg e| dq| lqglylgxdo hdfk

shulrg htxdov klv hfrqrplf sd|r� iurp sod|lqj wkh vwdjh jdph1 Vhfrqg/ dowkrxjk wkh

prgho lv olplwhg wr d vwdjh jdph zlwk wzr dfwlrqv/ zh dujxh wkdw wkh txdolwdwlyh uhvxowv

fduu| ryhu wr prghov lqfrusrudwlqj pruh jhqhudo vwdjh jdphv1 Zlwk pruh dfwlrqv lq

wkh vwdjh jdph/ lw lv vwloo wkh fdvh wkdw d f1d1 fdq vwduw li hqrxjk pxwxdoo| frqqhfwhg

dqg vx!flhqwo| vwurqj lqglylgxdov fdq doo lqfuhdvh wkhlu sd|r�v e| iruplqj d f1d1 wkdw
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pd{lpl}hv wkhlu frpelqhg xwlolwlhv1 D f1d1 wkdw kdv vwduwhg/ zloo vwloo h{sdqg dqg wkh

qxpehu ri f1d1*v uhpdlqlqj wkhuhiruh vwloo frqyhujhv wr 41 Wkh lpsruwdqw fkdqjhv duh

khqfh wkh frqglwlrqv xqghu zklfk d f1d1 vwduwv1 Zh wklqn wkh prvw olnho| vhwwlqj iru vxfk

d wklqj wr kdsshq lv zkhq dfwlrqv lq lfw h{whuqdolwlhv rq rwkhuv1

Dv looxvwudwlrqv ri wkh hyroxwlrq ri sod|/ zh frqvlghu wkh wzr fdvhv suhvhqwhg lq vhfwlrq

61 Lq erwk fdvhv lq srsxodwlrqv zlwkrxw dq| f1d1*v/ doo sod|huv sod| �� Zlwklq wkh lqlwldo

dxwkrulwlhv wkdw dulvh dqg wkdw duh vwloo vpdoo/ sod|lqj dfwlrq � lv dgyrfdwhg1 Lq fdvh 2/

rqh f1d1 dgyrfdwlqj � wr doo phpehuv lv dovr wkh �qdo rxwfrph1 Lq fdvh � krzhyhu/ lq

wkh orqj uxq dw ohdvw rqh ri wkh dxwkrulwlhv zloo ehfrph odujh hqrxjk wr vhh wkdw wkh orfdo

qhjdwlyh h{whuqdolwlhv duh rxwzhljkhg e| wkh glvwdqw srvlwlyh h{whuqdolwlhv ri kdylqj doo

lwv phpehuv sod| �� Frqvhtxhqwo|/ vxfk d odujh f1d1 fkdqjhv wkh dfwlrq lw dgyrfdwhv wr

lwv phpehuv iurp � wr �� Wklv uhvxow lv lq wkh iroorzlqj fruroodu|1

Fruroodu| 7171 Vxssrvh d vpdoo f1d1 kdv iruphg dqg wkh wrwdo hfrqrplf sd|r� lv pd{0

lpl}hg e| wkh frq�jxudwlrq zlwk �| Er� ' �c ;r� Wkhq/ wkh vpdoo f1d1 zloo dgyrfdwh

sod|lqj � wr lwv phpehuv1 Rqo| zkhq d f1d1 jurzv vx!flhqwo| elj/ lw zloo vhh wkh ehq0

h�wv ri sod|lqj �� Frqvhtxhqwo|/ vx!flhqwo| odujh f1d1*v zloo whoo wkhlu phpehuv wr sod|

��

Dq looxvwudwlrq ri wkh hyroxwlrq ri d f1d1 xqghu wkh frqglwlrqv ri fdvh � lv jlyhq lq

�jxuhv 714 wr 7161 Lq wkh �jxuhv & ' 6 ' ec k ' �fc q ' Dc b ' e/ dqg > ' �� Doo

lqglylgxdov uhfhlyh d ohduqlqj gudz dw hdfk wlph |1 Lq wklv vshfl�f h{dpsoh/ wkh vhwv Tr

kdyh d vlplodu vwuxfwxuh ;r 5 g1
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Iljxuh 714= Sduw ri wkh srsxodwlrq dw wlph | ' f�

Iljxuh 715= Sduw ri wkh srsxodwlrq dw wlph | ' 21

5;



Iljxuh 716= Sduw ri wkh srsxodwlrq dw wlph | ' e1

Wkh vlwxdwlrq ri wkh jdph lv vkrzq lq shulrg f/ zkhuh lqglylgxdov udqgrpo| sod|

dq dfwlrq1 Lq shulrg 4 +qrw vkrzq, doo lqglylgxdov sod| �1 Lq shulrg 2/ wkh erwwrp e

sod|huv zhuh vwurqj hqrxjk wr vhw xs d f1d1/ wkdw irufhv lwv phpehuv wr sod| � dqg irufhv

wkh qhljkerxuv wr sod| � ehfdxvh wkh srvlwlyh h{whuqdolw| > grhv qrw |hw rxwzhljk wkh

qhjdwlyh h{whuqdolw| b1 Ilqdoo|/ shulrg e lv vkrzq/ lq zklfk doo phpehuv dqg qhljkerxuv

duh irufhg wr sod| �1

81 H{whqvlrqv= Dv|pphwulf Sxqlvkphqw dqg Pxwdwlrqv

Lq wklv vhfwlrq zh frqvlghu d voljkwo| dowhuhg yhuvlrq ri wkh prgho1

Vxssrvh wkdw wkh delolw| wr sxqlvk qrq0phpehuv lv d iudfwlrq f 	 B 	 � ri wkh delolw|

wr sxqlvk phpehuv ri d f1d1 Wklv phdqv wkdw sxqlvkphqw srwhqwldo lv dv|pphwulf dv

wr zkhwkhu wkh sxqlvkphqw lv ehwzhhq ru zlwklq fhqwudo dxwkrulwlhv1 Wklv dv|pphwu|

5<



uh hfwv wkh dujxphqw wkdw lw lv hdvlhu wr sxqlvk rwkhuv forvh wr |rx wkdq lw lv wr sxqlvk

rwkhuv zklfk duh ixuwkhu dzd|1 Lq wklv vhwwlqj Wkhruhp 714 dqg Fruroodu| 715 vwloo krog1

Lw lv rqo| zkhq pxowlsoh f1d1*v kdyh dulvhq wkdw wkh prgho gl�huv1 Wklv lv looxvwudwhg lq

wkh iroorzlqj wkhruhp1

Wkhruhp 8141 Frqvlghu wkh prgho zlwk dv|pphwulf sxqlvkphqw srwhqwldo1 Dvvxph

wkdw wkh srsxodwlrq lv odujh/ wkdw wkhuh duh d odujh qxpehu ri &0foltxhv lq wkh srsxodwlrq

zlwk & �
m
k3q

b3>

n
n 2 dqg wkdw ] w4@ 

k3q

E&3��

s Ew� _w : f�

Wkhq/ wkhuh erwk rqh vlqjoh fhqwudo dxwkrulw| ru vhyhudo fhqwudo dxwkrulwlhv ri zklfk qrw

qhfhvvdulo| doo sod|huv duh d phpehu dqg zlwk srvvleo| frq lfwlqj uxohv duh srvvleoh orqj

uxq rxwfrphv ri wkh prgho1

Surri

Wkh frqglwlrqv lq wkh wkhruhp hqvxuh wkdw dw ohdvw rqh f1d1 zloo hphujh doprvw vxuho| +vhh

Wkhruhp 714 dqg Fruroodu| 715,1 Dv wr wkh gl�huhqw srvvleoh rxwfrphv/ zh fdq uhvwulfw

wkh surri wr surylglqj wzr h{dpsohv/ hdfk ri zklfk ohdgv wr rqh ri wkh srvvleoh rxwfrphv

phqwlrqhg lq wkh Wkhruhp1

Iluvw/ frqvlghu d odujh ydoxh ri B� Vxssrvh wkdw/ wkurxjk d vshfl�f glvwulexwlrq ri

ohduqlqj gudzv/ wkh �uvw f1d1 7| hphujhv dw wlph |� Vxevhtxhqwo|/ dw wlph |n �c rqo| wkh

sod|huv lq Y7| jhw d ohduqlqj gudz1 Wkh| mrlq 7|/ vlqfh wklv dxwkrulw| lv deoh wr wkuhdwhq

zlwk hqrxjk sxqlvkhphqw1 Qrz 7| ehfrphv 7|n� ' 7| ^ Y7|� Glvwulexwh ohduqlqj gudzv

rqo| wr wkh sod|huv lq Y7|n�c dqg vr iruwk xqwlo doo sod|huv lq wkh srsxodwlrq duh phpehu
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ri 71 Wklv vshfl�f glvwulexwlrq ri ohduqlqj gudzv kdv d orz suredelolw| ri kdsshqlqj/ exw

wkhuh duh reylrxvo| pdq| pruh zd|v lq zklfk d vlqjoh f1d1 pd| hphujh1 Wkhuh lv wkxv

srvlwlyh suredelolw| wkdw wkh prgho orqj uxq rxwfrph lv d vlqjoh f1d1 ri zklfk doo sod|huv

duh phpehuv1

Vhfrqg/ vxssrvh wkdw/ wkurxjk d vshfl�f glvwulexwlrq ri ohduqlqj gudzv/ wzr f1d1*v 7

dqg - kdyh hphujhg dqg wkdw dw d fhuwdlq wlph |c 7 ^ - ' gc l1h1 doo sod|huv lq wkh

srsxodwlrq duh phpehu ri hlwkhu 7 ru -� Vxssrvh/ z1o1r1j1 wkdw
S

rM7
w Er� :

S
oM-

w Eo� �

Wkxv dovr
S

rM7
w Er� : B �

S
oM-

w Eo� c vhhlqj wr lw wkdw - fdqqrw wkuhdwhq sod|huv lq

Y- � 7 hqrxjk wr irufh wkhp wr mrlq -� Krzhyhu/ zlwk srvlwlyh suredelolw| lw fdq eh

wkdw B �
S

rM7
w Er� 	

S
oM-

w Eo� c suhyhqwlqj 7 iurp wkuhdwhqlqj lqglylgxdov lq Y7 � -

hqrxjk wr irufh wkhp wr mrlq 7� Wkxv/ wkhuh lv d csrzhu edodqfh* ehwzhhq 7 dqg -

dqg d vwdeoh htxloleulxp h{lvwv lq zklfk erwk 7 dqg - wkuhdwhq doo wkhlu phpehuv zlwk

wkhlu pd{lpdo sxqlvkphqw srwhqwldo dqg qr dxwkrulw| wkuhdwhqv qrq0phpehuv +qrwh wkdw

wklv sxqlvkphqw vfkhph lv rqo| rqh srvvleoh vfkhph,1 Lq wklv htxloleulxp/ qr sod|hu

ehfrphv phpehu ri d gl�huhqw f1d1 dw dq| wlph |� : | dqg wkh wzr f1d1*v 7 dqg -

uhpdlq1 Ghshqglqj rq wkh h{dfw vl}h ri 7 dqg - dqg wkh sdudphwhu ydoxhv/ wkh dfwlrq

wkh dxwkrulwlhv suhvfuleh wr wkhlu phpehuv fdq eh hlwkhu � ru �� Pruhryhu/ lw lv srvvleoh

wkdw wkh dfwlrq 7 suhvfulehv lv gl�huhqw iurp wkh dfwlrq - suhvfulehv1 Zkhq wkh ydoxh ri

B lv forvh wr fc lw lv hyhq srvvleoh wkdw 7 lv qrw deoh wr wkuhdwhq d vlqjoh lqglylgxdo hqrxjk

wr pdnh klp mrlq1 Wkhuhiruh/ wkhuh lv d sdudphwhu udqjh iru zklfk vlqjoh lqglylgxdov fdq

uhpdlq qrq0phpehu ri d f1d1 iruhyhu1

Vlplodu dujxphqwv dsso| wr vlwxdwlrqv lq zklfk wkh srsxodwlrq lv glylghg ryhu pruh
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wkdq wzr f1d1*v/ zklfk lpso| wkdw pxowlsoh f1d1*v pd| frh{lvw iruhyhu1 Pruhryhu/ qrw doo

sod|huv duh qhfhvvdulo| phpehuv ri d f1d1 �

Wkh wkhruhp vwdwhv wkdw wkhuh duh vhyhudo srvvleoh olplw rxwfrphv1 Wkh lqlwldo frq0

�jxudwlrq ri wkh srsxodwlrq/ wkh vshfl�f sdudphwhu ydoxhv dqg wkh uhdol}dwlrqv ri wkh

vhtxhqfhv ri ohduqlqj gudzv zloo ghwhuplqh zklfk rxwfrph lv uhdfkhg1

Pxowlsoh f1d1*v pd| |lhog joredo lqh!flhqf| lq zklfk doo lqglylgxdov lq doo jurxsv duh

zruvh ri wkdq zlwk d vlqjoh f1d1/ vlqfh wkh phpehuv lq hdfk f1d1 gr qrw wdnh dffrxqw

ri wkh h�hfw ri wkhlu dfwlrqv rq wkh sd|r� ri wkh phpehuv ri wkh rwkhu dxwkrulw|1 Wkh

srvvlelolw| wkdw jurxsv ri lqglylgxdov duh corfnhg* lqwr dq lqh!flhqw htxloleulxp lq zklfk

doo jurxsv orrvh rxw/ lv d zd| ri prghoolqj glvfulplqdwlrq ru frq lfwv ehwzhhq jurxsv ru

uhjlrqv1

Zh qrz lqwurgxfh d vpdoo suredelolw| ri pxwdwlrqv lqwr wkh prgho/ zklfk doorzv xv wr

lghqwli| zklfk ri wkh pxowlsoh vwdwlrqdu| vwdwhv vnhwfkhg lq Wkhruhp 814 lv wkh vwrfkdvwl0

fdoo| vwdeoh vwdwh ru orqj uxq htxloleulxp1 Wklv lv wkh htxloleulxp wkdw lv sod|hg cdoprvw

doo ri wkh wlph* zkhq wkh pxwdwlrq udwh jrhv wr f lq wkh olplw1 Wklv frqfhsw zdv ghyhorshg

lq wkh sdshuv ri Ndqgrul/ Pdlodwk/ dqg Ure +4<<6, dqg \rxqj +4<<6, dqg vxuyh|v ri wklv

olwhudwxuh duh jlyhq e| Vdpxhovrq +4<<:, ru \rxqj +4<<;,1 Pxwdwlrqv duh xvxdoo| wdnhq

wr uhsuhvhqw rqh ri wkuhh skhqrphqd1 Iluvw/ pxwdwlrqv pd| uhsuhvhqw h{shulphqwdwlrq

e| wkh sod|huv wr ohduq derxw zkdw pljkw kdsshq r� wkh htxloleulxp sdwk1 Vhfrqg/

pxwdwlrqv pd| uhsuhvhqw +frpsxwdwlrqdo, huuruv rq wkh sduw ri wkh lqglylgxdo sod|huv

lq wkh lpsohphqwdwlrq ri dq dfwlrq1 Odvwo|/ pxwdwlrqv fdq uhsuhvhqw jhqhwlf pxwdwlrqv

lq wkdw lqglylgxdov* dfwlrqv duh csuhsurjudpphg* e| wkhlu vhw ri jhqhv dqg vrphwlphv
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vsrqwdqhrxv pxwdwlrqv lq wkhvh jhqhv rffxu1

Zh lqwurgxfh pxwdwlrqv dv iroorzv1 Dw hdfk wlph | hyhu| sod|hu lq wkh srsxodwlrq kdv

d yhu| vpdoo suredelolw| 0 : f ri pxwdwlqj1 Zkhq pxwdwlqj/ d sod|hu mrlqv d udqgrpo|

vhohfwhg f1d1 wr zklfk kh lv dgmdfhqw/ zlwk hdfk dgmdfhqw f1d1 kdylqj wkh vdph suredelolw|

ri ehlqj fkrvhq1 Li wkh pxwdqw lv qrw dgmdfhqw wr dq| f1d1/ kh grhv qrw ehfrph d phpehu

ri dq| f1d11 Rq wrs ri mrlqlqj dq duelwudu| f1d1/ d pxwdqw udqgrpo| vhohfwv dq dfwlrq wr

sod| lq wkh vwdjh jdph1 Wkh iroorzlqj wkhruhp vwdwhv wkh vhohfwlrq uhvxow zh rewdlq1

Wkhruhp 8151 Frqvlghu wkh prgho zlwk dv|pphwulf sxqlvkphqw srwhqwldo dqg pxwd0

wlrqv1 Dvvxph wkdw wkh srsxodwlrq lv odujh/ wkdw wkhuh duh d odujh qxpehu ri &0foltxhv lq

wkh srsxodwlrq zlwk & �
m
k3q

b3>

n
n 2 dqg wkdw

] w4@ 

k3q

E&3��

s Ew� _w : f�

Wkhq/ wkh rqo| orqj uxq htxloleulxp lv wkh vwdwh lq zklfk wkhuh lv rqo| rqh f1d1 suhvhqw

lq wkh srsxodwlrq/ dqg lq zklfk doo sod|huv duh phpehu ri wklv f1d1

Surri1

Wklv surri lv edvhg rq Pdunry wkhru| e| Iuhlgolq dqg Zhqw}hoo +4<;7,1 Rxu vwudwhj|

lv wr vkrz wkdw wkh suredelolw| ri ohdylqj d vwdwlrqdu| vwdwh lq zklfk pxowlsoh f1d1*v duh

suhvhqw lq wkh srsxodwlrq lv ri d orzhu rughu ri 0 wkdq wkh suredelolw| ri ohdylqj wkh

vwdwlrqdu| vwdwh lq zklfk wkhuh lv rqo| rqh f1d1/ ri zklfk doo sod|huv lq wkh srsxodwlrq duh

d phpehu1 Wkhq/ wkh odwwhu vwdwh lv vwrfkdvwlfdoo| vwdeoh1

Frqvlghu d vwdwlrqdu| vwdwh lq zklfk pxowlsoh f1d1*v duh suhvhqw dqg hdfk sod|hu lv d
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phpehu ri rqh ri wkhvh f1d1*v1 Odeho wzr ri wkhvh f1d1*v zklfk kdyh d frpprq erdughu

7 dqg -� Frqvlghu d sod|hu r 5 7 _ Y-c zklfk pxwdwhv dqg mrlqv -1 Qrz/ wkh pxwdwlrq

pljkw glvwruw wkh srzhu edodqfh +vhh surri ri Wkhruhp 814, ehwzhhq - dqg dqrwkhu

f1d1 lq wkh srsxodwlrq +qrw qhfhvvdulo| 7,1 Lq wklv fdvh/ wkh qhz vwdwh lv qrw vwdeoh dqg

- zloo vxevhtxhqwo| h{sdqg e| wdnlqj ryhu +sduw ri, dqrwkhu f1d1 Wkh pxwdwlrq grhv

qrw qhfhvvdulo| glvwruw wkh srzhu edodqfh ehwzhhq doo f1d1*v krzhyhu/ lq zklfk fdvh wkh

qhz vwdwh zrxog dovr eh vwdeoh zlwkrxw wkh suhvhqfh ri pxwdwlrqv1 Zh wkhq frqvlghu

dqrwkhu sod|hu r� 5 7 _ Y- zkr pxwdwhv dw vrph odwhu wlph/ zklfk djdlq ohdgv hlwkhu

wr d glvwruwlrq ri wkh srzhu edodqfh ru qrw1 Zkhq ryhu wlph hqrxjk sod|huv iurp 7

pxwdwh dqg ehfrph phpehuv ri -c wkh srzhu edodqfh lq wkh srsxodwlrq zloo hyhqwxdoo|

eh glvwruwhg dqg dw ohdvw rqh f1d1 zloo glvdsshdu1 Vkrxog wkhuh vwloo eh pxowlsoh f1d1*v/ zh

uhshdw wkh deryh dujxphqw/ xqwlo wkh srsxodwlrq lv lq d vwdwh zlwk rqo| rqh f1d1 ri zklfk

doo sod|huv duh phpehuv1 Wkh sdwk ohdglqj wr vxfk d vwdwh frqvlvwv ri +d �qlwh qxpehu ri,

vlqjoh pxwdwlrqv rffxuulqj dw gl�huhqw wlphv/ zklfk rffxuv zlwk d suredelolw| ri rughu

� E0� c dqg grhv qrw wdnh dq| vlpxowdqhrxv pxwdwlrqv1

D vlqjoh pxwdwlrq iurp d vwdwh 7 ' g zloo qhyhu jhw wkh v|vwhp wr dqrwkhu vwdeoh

vwdwh/ vlqfh d vlqjoh sod|hu fdqqrw irup d f1d1 doo e| klpvhoi wkdw lv fdsdeoh ri nhhslqj xs

d edodqfh ri srzhu ehwzhhq wkh lqglylgxdo dqg f1d1 7� Hyhq wkh prvw srzhuixo pxwdqw

r� 5 7/ vwloo kdv d sxqlvkphqw srwhqwldo w Er�� 	 B �
S

rM7
w Er��w Er�� zkhq wkh srsxodwlrq/

dqg wkxv vl}h ri 7c lv vx!flhqwo| odujh ehfdxvh wkh sxqlvkphqw srwhqwldo ri d vlqjoh sod|hu

fdq qhyhu eh odujhu wkdq w4@ 1 Lq dq| fdvh/ dv dq lqglylgxdo fdqqrw fuhgleo| wkuhdwhq zlwk

sxqlvkphqw/ dq lqglylgxdo fdqqrw uhvlvw wkh wkuhdw ri d f1d1 Wkxv/ , � 2 vlpxowdqhrxv
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pxwdqwv duh qhhghg wr xsvhw wkh vwdwh 7 ' g� Vxfk dq hyhqw kdsshqv zlwk d suredelolw|

ri wkh rughu 0,�

Vlqfh wkh suredelolw| ri d pxwdwlrq lv yhu| orz/ wkh pryh ri d v|vwhp qrw lq vwdwlrqdu|

vwdwh wr d vwdwlrqdu| vwdwh lv uhodwlyho| idvw1 Iurp vwdqgdug Pdunry fkdlq wkhru| zh wkhq

nqrz wkdw wkh v|vwhp lv lq vwdwh 7 ' g d iudfwlrq 0

0n0, ri wkh wlph1 Zkhq wkh pxwdwlrq

udwh 0 lv wdnhq wr f lq wkh olplw/ wkh v|vwhp lv lq vwdwh 7 ' g d iudfwlrq � ri wkh wlph1 �

Khqfh/ dowkrxjk pxowlsoh htxloleuld duh suhvhqw lq wkh dowhuhg prgho/ lqwurgxflqj d

vpdoo suredelolw| ri udqgrp pxwdwlrqv vhuyhv dv d vhohfwlrq ghylfh/ vhohfwlqj wkh vwd0

wlrqdu| vwdwh zlwk rqo| rqh f1d1 dv wkh rqo| vwrfkdvwlfdoo| vwdeoh vwdwh1 D w|slfdo sdwk

wr wklv vwrfkdvwlfdoo| vwdeoh vwdwh pd| orrn olnh wklv1 Iurp wkh lqlwldo vwdwh/ wkh v|vwhp

pryhv udslgo| wr d vwdwlrqdu| vwdwh zlwk pxowlsoh f1d1*v1 Diwhu vrph pxwdwlrqv wkdw gr

qrw fkdqjh wkh srzhu edodqfh ehwzhhq wkh f1d1*v/ hyhqwxdoo| d pxwdwlrq grhv fkdqjh wkh

srzhu edodqfh dqg wkh v|vwhp pryhv txlfno| wr d qhz vwdwlrqdu| vwdwh zlwk ohvv f1d1*v

uhpdlqlqj1 Uhshdwlqj wklv surfhgxuh lq �qlwh wlph ohdgv wr wkh vwrfkdvwlfdoo| vwdeoh vwdwh

ehlqj uhdfkhg1

91 Glvfxvvlrq dqg frqfoxglqj uhpdunv

Lq wklv sdshu zh frqvlghuhg wkh uroh dqg hyroxwlrq ri fhqwudo dxwkrulwlhv1 Lwv uroh lq dq

hyroxwlrqdu| vhqvh lv wr suhyhqw lqglylgxdov iurp wdnlqj ghflvlrqv zlwk juhdwhu qhjdwlyh

h{whuqdolwlhv wkdq sulydwh ehqh�wv1 Dv vxfk/ fhqwudo dxwkrulwlhv surprwh frrshudwlrq1

Wkh delolw| ri d fhqwudo dxwkrulw| wr frppxqlfdwh gluhfwo| zlwk doo lwv phpehuv doorzv lw

wr rewdlq d prqrsro| ryhu ylrohqfh lq zklfk lw fdq sxqlvk lqglylgxdov wkdw gr qrw ehkdyh
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dv wkh dxwkrulw| zdqwv wkhp wr gr1 Wklv vhw0xs lv mxvwl�hg li wkhuh lv d uhwxuqv0wr0vfdoh

dgydqwdjh lq wkh jdwkhulqj dqg surfhvvlqj ri lqirupdwlrq1

Zh vkrzhg wkdw fhqwudo dxwkrulwlhv dulvh zkhq pdq| lqglylgxdov surprwh wkh vdph

vhw ri uxohv/ ehfdxvh wkhvh uxohv jhqhudwh kljkhu sd|r�v/ exw fdqqrw dfw dffruglqj wr

wkhvh uxohv lq wkh devhqfh ri d +fuhgleoh, frpplwphqw ghylfh1 Wklv kdsshqv lq dq hq0

ylurqphqwv lq zklfk lqglylgxdo dfwlrqv jhqhudwh h{whuqdolwlhv rq rwkhu lqglylgxdov1 Dv

fhqwudo dxwkrulwlhv jurz/ wkh| lqfrusrudwh pruh dqg pruh h{whuqdolwlhv dqg pd| fkdqjh

wkh vhw ri uxohv wkh| vhw ryhu wlph1 Wklv ghvfulswlrq ri wkh hyroxwlrq ri fhqwudo dxwkrulwlhv

frqfxuv zlwk wkh revhuydwlrq wkdw pdq| fhqwudo dxwkrulwlhv/ srolwlfdo sduwlhv dqg rwkhu

rujdql}dwlrqv/ vwduw rxw dv vlqjoh0lvvxh jurxsv/ exw hqg xs uhsuhvhqwlqj vhyhudo lqwhu0

hvwv= ydq Zddughq +4<;8, iru lqvwdqfh vkrzhg lq d ghwdlohg dffrxqw ri wkh hyroxwlrq ri

suhvvxuh jurxsv dqg eudqfk rujdql}dwlrqv lq 4<wk fhqwxu| Kroodqg/ wkdw pdq| fxuuhqw

lqvwlwxwlrqv wkdw lqfrusrudwh wkh gl�huhqw lqwhuhvwv ri pdq| lqgxvwulhv dfwxdoo| vwduwhg

e| uhsuhvhqwlqj d vlqjoh lqwhuhvw1

Dqrwkhu lqvljkw ri wkh prgho zdv wkdw wkh hqirufhphqw ri wkh vhw ri uxohv zlwklq d

f1d1 ehfrphv hdvlhu lq odujh dxwkrulwlhv/ ehfdxvh lq odujh f1d1*v wkhuh zloo dozd|v eh d

vxevwdqwldo qxpehu ri lqglylgxdov wkdw eolqgo| iroorz wkh uxohv wkh fhqwudo dxwkrulw| vhwv1

Wklv lv ehfdxvh qrw doo lqglylgxdov lq hyhu| shulrg erwkhu wr wklqn derxw wkh dowhuqdwlyhv

wr iroorzlqj wkh uxohv1 Wkh sxqlvkphqw srwhqwldo ri wklv jurxs ri lqglylgxdov hqvxuhv

wkdw qr vlqjoh lqglylgxdo fdq ehqh�w e| ghyldwlqj iurp wkh uxohv ri wkh fhqwudo dxwkrulw|/

zklfk irufhv hyhu|rqh wr revhuyh wkh uxohv1

Dq lpsruwdqw frqfoxvlrq lq wkh vwdqgdug prgho lv wkdw xowlpdwho|/ rqo| rqh fhqwudo
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dxwkrulw| uhpdlqv/ ri zklfk doo sod|huv duh phpehuv1 Dowkrxjk doorzlqj iru dv|pphwulf

sxqlvkphqw srwhqwldo glg phdq wkdw pxowlsoh dxwkrulwlhv frxog fr0h{lvw lq htxloleulxp/

doorzlqj iru pxwdwlrqv uhyhdohg wkdw lq wkh vwrfkdvwlfdoo| vwdeoh vwdwh djdlq rqo| rqh

fhqwudo dxwkrulw| uhpdlqv1

Shukdsv wkh prvw lpsruwdqw frqwulexwlrq ri wkh sdshu lv wkdw lw surylghv d  h{leoh

iudphzrun iru wkh dqdo|vlv ri wkh hyroxwlrq dqg ehkdylrxu ri fhqwudo dxwkrulwlhv xqghu

dowhuqdwlyh dvvxpswlrqv1 Rqh reylrxv dvvxpswlrqv wr dowhu lv wkdw wkh fhqwudo dxwkrulw|

lwvhoi lv d udwkhu sdvvlyh htxloleulxp vhohfwlrq ghylfh lq zklfk doo phpehuv* lqwhuhvwv

kdyh htxdo zhljkw1 D qdwxudo dowhuqdwlyh zrxog eh wr dvvxph wkdw d vshfl�f jurxs ri

lqglylgxdov zlwklq wkh erxqgv ri wkh dxwkrulw| dfwxdoo| irupv wkh frqwuro fhqwhu lq zklfk

uxohv duh ghflghg xsrq1 Rqh fkrlfh iru wkh frqwuroolqj jurxs zrxog eh wkh lqglylgxdov

zkr vhw xs wkh fhqwudo dxwkrulw| lq wkh �uvw sodfh1 Wkrxjk wkh suhflvh uxohv wkh dxwkrulw|

zrxog hqirufh zrxog wkhq ghshqg rq wkh lqwhuhvwv ri wklv frqwuroolqj jurxs/ wkh rwkhu

uhvxowv lq wklv prgho zrxog qrw fkdqjh1 Ehfdxvh uhylhzv ri wkh uhqw0vhhnlqj olwhudwxuh

lqghhg vxjjhvw wkdw vshfldo lqwhuhvw jurxsv frqwuroolqj ru oree|lqj zlwklq dq dxwkrulw|

kdyh vxffhvv +Plwfkhoo dqgPxqjhu +4<<4, ru Dxvwhq0Vplwk +4<<7,,/ wklv vhhpv d sodxvleoh

urxwh1 Lq wklv sdshu krzhyhu/ zh gholehudwho| dvvxphg wkh fhqwudo dxwkrulw| wr eh sdvvlyh/

lq rughu wr iuhh wkh prgho dqg wkh hqvxlqj dqdo|vhv ri frqvlghudwlrqv ri vshfldo lqwhuhvw

jurxsv1 Dv vxfk/ wkh prgho vwuhvvhv wkh srvvleoh ehqh�wv ri fhqwudo dxwkrulwlhv1

Dqrwkhu olqh ri lqtxlu| wkdw frxog eh wdnhq zlwk wklv prgho lv wr ydu| wkh dprxqw ri

lqirupdwlrq lqglylgxdov dqg fhqwudo dxwkrulwlhv kdyh derxw wkh h{lvwhqfh dqg vwudwhjlhv

ru dfwlrqv ri rwkhu lqglylgxdov dqg dxwkrulwlhv1 Wklv d�hfwv wkh vwudwhjlf lqwhudfwlrqv
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ehwzhhq dxwkrulwlhv dqg lqglylgxdov dqg vhhpv d surplvlqj zd| wr fdswxuh dvshfwv ri df0

wxdo frq lfwv ehwzhhq fhqwudo dxwkrulwlhv/ zkhuh vkliwlqj frdolwlrqv ri fhqwudo dxwkrulwlhv

duh d frpprq skhqrphqrq +h1j1 Exuelgjh/ GhSdwhu/ Ph|huv/ dqg Vhqjxswd +4<<:,,1

Uhihuhqfhv

Dvkhlp/ J1E1 +4<<:,1 Lqglylgxdo dqg froohfwlyh wlph0frqvlvwhqf|1 Uhylhz ri Hfrqrplf

Vwxglhv 97/ 75:�7761

Dxpdqq/ U1 +4<;<,1 Jdph wkhru|1 Lq Wkh Qhz Sdojudyh rq Jdph Wkhru|1 Orqgrq=

PdfPloodq1

Dxvwhq0Vplwk/ G1 +4<<7,1 Lqwhuhvw jurxsv= Prqh|/ lqirupdwlrq dqg lq xhqfh1 Lq G1F1

Phoohu +Hg1,/ Shuvshfwlyhv rq Sxeolf Fkrlfh1 Fdpeulgjh/ Pdvvdfkxvvhwv= Fdp0

eulgjh Xqlyhuvlw| Suhvv1

D{hourg/ U1 +4<;:,1 Wkh Hyroxwlrq ri Frrshudwlrq1 Qhz \run= Edvlf Errnv1

Exuelgjh/ M1E1/ M1D1 GhSdwhu/ J1P1 Ph|huv/ dqg D1 Vhqjxswd +4<<:,1 D frdolwlrq0

irupdwlrq dssurdfk wr htxloleulxp ihghudwlrqv dqg wudglqj eorfnv1 Dphulfdq Hfr0

qrplf Uhylhz ;:/ <73�<891

Hjjhuwvrq/ W1 +4<<3,1 Hfrqrplf Ehkdylru dqg Lqvwlwxwlrqv1 Fdpeulgjh/ PD= Fdp0

eulgjh Xqlyhuvlw| Suhvv1

Hvkho/ L1/ O1 Vdpxhovrq/ dqg D1 Vkdnhg +4<<;,1 Dowuxlvwv/ hjrlvwv dqg krroljdqv lq d

orfdo lqwhudfwlrq prgho1 Dphulfdq Hfrqrplf Uhylhz ;;/ 48:�4:<1

Iduuhoo/ M1 dqg P1 Udelq +4<<9,1 Fkhds wdon1 Mrxuqdo ri Hfrqrplf Shuvshfwlyhv 43/
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436�44;1

Iuhlgolq/ P1 dqg D1 Zhqw}hoo +4<;7,1 Udqgrp Shuwxuedwlrqv ri G|qdplfdo V|vwhpv1

Qhz \run= Vsulqjhu Yhuodj1

Kduulv/ P1 +4<<6,1 Fxowxuh/ Shrsoh/ Qdwxuh +9wk hg1,1 Qhz \run= Kdushu Froolqv Sxe0

olvkhuv1

Kduvdq|l/ M1 +4<;8,1 Uxoh xwlolwduldqvlp/ htxdolw| dqg mxvwlfh1 Vrfldo Sklorvrsk| dqg

Srolf| 5/ 448�45:1

Khds/ K1V1S1 +4<<7,1 Lqvwlwxwlrqv dqg +vkruw0uxq, pdfurhfrqrplf shuirupdqfh1 Mrxu0

qdo ri Hfrqrplf Vxuyh|v ;/ 68�881

Krho/ P1 +4<<3,1 Orfdo yhuvxv fhqwudolvhg zdjh edujdlqlqj zlwk hqgrjhqrxv lqyhvw0

phqwv1 vfdqglqdyldq Mrxuqdo ri Hfrqrplfv <5/ 786�79<1

Ndkqhpdq/ G1/ M1O1 Nqhwvfk/ dqg U1 Wkdohu +4<;9,1 Idluqhvv dv d frqvwudlqw rq sur�w

vhhnlqj= Hqwlwohphqwv lq wkh pdunhw1 Dphulfdq Hfrqrplf Uhylhz :9/ :5;�:741

Ndqgrul/ P1/ J1M1 Pdlodwk/ dqg U1 Ure +4<<6,1 Ohduqlqj/ pxwdwlrq dqg orqj uxq

htxloleuld lq jdphv1 Hfrqrphwulfd 94/ 5<�891

Ndudqglndu/ U1/ G1 Prrnkhumhh/ G1 Ud|/ dqg I1 Yhjd0Uhgrqgr +4<<;,1 Hyroylqj dvsl0

udwlrqv dqg frrshudwlrq1 Mrxuqdo ri Hfrqrplf Wkhru| ;3/ 5<5�6641

Nxkq/ W1V1 +4<95,1 Wkh Vwuxfwxuh ri Vflhqwl�f Uhyroxwlrqv1 Fklfdjr/ Loolqrlv= Xqlyhu0

vlw| ri Fklfdjr Suhvv1

Plwfkhoo/ Z1F1 dqg P1F1 Pxqjhu +4<<4,1 Hfrqrplf prghov ri lqwhuhvw jurxsv= Dq

lqwurgxfwru| vxuyh|1 Dphulfdq Mrxuqdo ri Srolwlfdo Vflhqfh 68/ 845�8791
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Qruwk/ G1F1 +4<;4,1 Vwuxfwxuh dqg Fkdqjh lq Hfrqrplf Klvwru|1 Qhz \run= Qruwrq

Sxeolvkhuv1

Qruwk/ G1F1 +4<<3,1 Lqvwlwxwlrqv/ Lqgxvwuldo Fkdqjh dqg Hfrqrplf Shuirupdqfh1 Fdp0

eulgjh/ Pdvvdfkxvvhwv= Fdpeulgjh Xqlyhuvlw| Suhvv1

Rveruqh/ P1M1 dqg D1 Uxelqvwhlq +4<<7,1 D Frxuvh lq Jdph Wkhru|1 Fdpeulgjh/ PD=

Wkh P1L1W1 Suhvv1

Sdugr/ M1F1 dqg I1 Vfkqhlghu +Hgv1, +4<<9,1 Fxuuhqw Lvvxhv lq Sxeolf Fkrlfh1 Fkho0

whqkdp/ Xqlwhg Nlqjgrp= Hgjdu Hojdu1

Srvwjdwh/ M1Q1 +4<<5,1 Hduo| Phvrsrwdpld= Vrflhw| dqg Hfrqrp| dw wkh Gdzq ri

Klvwru|1 Orqgrq= Urxwohgjh1

Srwwhuv/ M1 dqg I1 ydq Zlqghq +4<<9,1 Frpsdudwlyh vwdwlfv ri d vljqdoolqj jdph1 Lq0

whuqdwlrqdo Mrxuqdo ri Jdph Wkhru| 58/ 65<�6861

Udzov/ M1 +4<:4,1 D Wkhru| ri Mxvwlfh1 Orqgrq= R{irug Xqlyhuvlw| Suhvv1

Vdpxhovrq/ O1 +4<<:,1 Hyroxwlrqdu| Jdphv dqg Htxloleulxp Vhohfwlrq1 Fdpeulgjh/

PD= Wkh P1L1W1 Suhvv1

Vrvnlfh/ G1 +4<<3,1 Zdjh ghwhuplqdwlrq= Wkh fkdqjlqj uroh ri lqvwlwxwlrqv lq dgydqfhg

lqgxvwuldolvhg frxqwulhv1 R{irug Uhylhz ri Hfrqrplf Srolf| 9/ 69�941

Wlhpdq/ D1I1/ K1H1G1 Krxed/ dqg J1 Ydq ghu Oddq +4<<;,1 Rq wkh ohyho ri frrshudwlyh

ehkdylru lq d orfdo lqwhudfwlrq prgho1 Glvfxvvlrq sdshu/ qu1 WL <;035724 +uhylvhg

yhuvlrq,/ Iuhh Xqlyhuvlw| dqg Wlqehujhq Lqvwlwxwh1

Wlhpdq/ D1I1/ J1 Ydq ghu Oddq/ dqg K1H1G1 Krxed +4<<:,1 Ehuwudqg sulfh frpshwlwlrq
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lq d vrfldo hqylurqphqw1 Glvfxvvlrq sdshu/ qu1 WL <904732; +uhylvhg yhuvlrq,/ Iuhh

Xqlyhuvlw| dqg Wlqehujhq Lqvwlwxwh1

ydq Zddughq/ I1 +4<;8,1 Uhjxohulqj hq ehodqjhqrujdqlvdwlhv ydq rqghuqhphuv1 Lq

I1 ydq Kdowkrrq +Hg1,/ Gh Qhghuodqgvh Vdphqohylqj vlqgv 4;481 Dvvhq= Ydq

Jrufhp1 Lq Gxwfk1

Zhehu/ P1 +4<55,1 Zluwvfkdiw xqg Jhvhoovfkdiw1 Wxhelqjhq= Prku1

Zhqnh/ U1 +4<;7,1 Sdwwhuqv lq Suhklvwru| +4vw hg1,1 Qhz \run= R{irug Xqlyhuvlw|

Suhvv1

Zlwwirjho/ N1D1 +4<96,1 Rulhqwdo Ghvsrwlvp1 D Frpsdudwlyh Vwxg| ri Wrwdo Srzhu1

Qhz Kdyhq/ FW= \doh Xqlyhuvlw| Suhvv1

\rxqj/ K1S1 +4<<6,1 Wkh hyroxwlrq ri frqyhqwlrqv1 Hfrqrphwulfd 94/ 8:�;71

\rxqj/ K1S1 +4<<;,1 Lqglylgxdo Vwudwhj| dqg Vrfldo Vwuxfwxuh= Dq Hyroxwlrqdu| Wkhru|

ri Lqvwlwxwlrqv1 Sulqfhwrq/ Qhz Mhuvh|= Sulqfhwrq Xqlyhuvlw| Suhvv1
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