
Fulwlfdo pdvv h�hfw dqg uhvwuxfwxulqj lq wkh

wudqvlwlrq wrzdugv d pdunhw hfrqrp|�

Slhu Oxljl Vdffr

Glsduwlphqwr gl Vflhq}h Hfrqrplfkh/ Xqlyhuvlwã gl Erorjqd

Fduor Vfdusd

Glsduwlphqwr gl Vflhq}h Hfrqrplfkh/ Xqlyhuvlwã gl Erorjqd

dqg Irqgd}lrqh Pdwwhl/ Plodqr

Ghfhpehu 6/ 4<<;

Devwudfw

Uhvwuxfwxulqj �upv lq d wudqvlwlrq hfrqrp| surgxfhv d vruw ri qhw0

zrun h{whuqdolw|/ lq wkdw wkh sur�wdelolw| ri uhvwuxfwxulqj ghshqgv rq

wkh qxpehu ri �upv wkdw douhdg| dgrswhg wklv vwudwhj|1 Zh lqyhvwl0

jdwh xqghu zkdw frqglwlrqv d �fulwlfdo pdvv� h{lvwv/ l1h1 d vlwxdwlrq lq

zklfk vxfk h{whpdolw| lv srvlwlyh/ dqg uhvwuxfwxulqj vsxuv lplwdwlrq/

srvvleo| ohdglqj wr wkh hyhqwxdo wudqvirupdwlrq ri wkh zkroh hfrqrp|1

Zh �qg d fulwlfdo pdvv h�hfw zkhq wkh pdlq h�hfw ri uhvwuxfwxulqj

lv dq lqfuhdvh lq ydoxh dgghg +l1h1/ djjuhjdwh ghpdqg, udwkhu wkdq dq

lqfuhdvh lq wkh �up*v delolw| wr frpshwh djdlqvw ulydo krph �upv1 Wkh

fulwlfdo pdvv fdvh ehfrphv wkh w|slfdo rqh zkhq frpshwlwlrq vsxuv

�upv* h!flhqf|1

�Zh wkdqn S1 Djklrq/ D1 Dqwrfl/ G1 Ulwhool/ wkh sduwlflsdqwv wr d vhplqdu dw LJLHU/

Plodq dqg wzr uhihuhhv iru xvhixo frpphqwv rq hduolhu gudiwv1 Wklv uhvhdufk kdv ehqh0

�whg iurp wkh DFH0SKDUH frqwulexwlrq wr wkh uhvhdufk surmhfw rq �Wkh pdfurhfrqrplf

lpsdfw ri sulydwl}dwlrq�1
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4 Lqwurgxfwlrq

Uhfhqw h{shulhqfhv ri iruphu frppxqlvw frxqwulhv fohduo| lqglfdwh wkdw wudqv0

irupdwlrq surfhvvhv duh idu iurp vprrwk dqg vrphwlphv gr qrw iroorz sdw0

whuqv Zhvwhuq hfrqrplhv duh idploldu zlwk1 Lq vrph vlwxdwlrqv zh revhuyh

wkdw lqlwldo �jrrg� h{dpsohv ri h�hfwlyh/ frpshwhqw pdqdjhphqw vhhp wr

gudj rwkhu �upv wr sxuvxh dq h!flhqf| frpsdwleoh zlwk d pdunhw hfrqrp|1

Rwkhu wlphv/ lqlwldo hqwuhsuhqhxuldo vxffhvvhv vhhp wr frh{lvw lq dssduhqwo|

vwdeoh vlwxdwlrqv zlwk �upv dwwdfkhg wr wkh vwdwxv txr1 Ilqdoo|/ lq vrph fdvhv

zh revhuyh g|qdplfv lq zklfk uhvwuxfwxulqj �upv uhpdlq lvrodwhg fdvhv/ zkloh

prvw �upv uhixvh vxevwdqwldo fkdqjhv dqg ehfrph wkh grplqdqw jurxs41

Lq sduwlfxodu/ rqh ri wkh pdlq ihdwxuhv 0 sulydwl}dwlrq 0 grhv qrw vhhp wr

surgxfh lpphgldwh h�hfwv/ dovr ehfdxvh iruphu sduw| exuhdxfudwv kdyh ehhq

wxuqhg lqwr �pdqdjhuv�/ pdlqwdlqlqj wkhlu suhylrxv uhvsrqvlelolwlhv zlwklq d

gl�huhqw klhudufk|51 Lq wklv vlwxdwlrq/ zh djuhh zlwk Djklrq hw do1 +4<<7,

wkdw wkh irfxv ri wkh dqdo|vlv vkrxog eh rq uhvwuxfwxulqj udwkhu wkdq rq

sulydwl}dwlrq61

Zkloh rwkhu sdshuv7 dqdo|}h dvshfwv ri pdqdjhuldo fkrlfhv lq lvrodwlrq/

4Dowkrxjk wkhvh surfhvvhv duh khdylo| lq xhqfhg e| srolwlfdo hyhqwv zh vkdoo qrw h{0

solflwo| vwxg|/ lw lv lqwhuhvwlqj wr uhihu wr Urguln +4<<8, zkr/ wdonlqj derxw �h{shulhqfhv

111 ixoo ri vxusulvhv� udlvhv d vlplodu srlqw dv iru srolwlfdo hyhqwv1
5Vhyhudo vwxglhv rq Uxvvld +Hduoh hw do1/ 4<<8> Frppdqghu hw do1/ 4<<8, lqglfdwh wkdw

rzqhuvkls vwuxfwxuh pdwwhuv yhu| olwwoh wr �up*v ehkdylru/ l1h1/ pruh suhflvho|/ wkdw wkh

vkduh ri gl�huhqw jurxsv lq wkh �up*v rzqhuvkls lv d yhu| srru h{sodqdwru| yduldeoh lq

suhglfwlqj �upv* ehkdylru1 Lq wkh fdvhv h{dplqhg e| wkhvh sdshuv/ zrunhuv* lq xhqfh lv

h{wuhpho| vwurqj luuhvshfwlyh ri wkh lghqwlw| ri wkh rzqhu/ dqg wklv lv zk| zh suhihu wr

hpskdvl}h uhvwuxfwxulqj udwkhu wkdq sulydwl}dwlrq1
6D suhflvh gh�qlwlrq ri �uhvwuxfwxulqj� ghshqgv rq vshfl�f vlwxdwlrqv1 Wkurxjkrxw wkh

sdshu/ zh zloo odeho lq wklv zd| wkh ghflvlrq wr fxw wkh wrwdo zdjh eloo lq rughu wr lqfuhdvh

uhvrxufhv dydlodeoh iru lqyhvwphqwv1 Wklv uhvhpeohv zkdw Djklrq +4<<9, odehov �uhdfwlyh�

uhvwuxfwxulqj/ zklfk vhhpv wr eh wkh w|slfdo uhvwuxfwxulqj fduulhg rxw lq �upv frqwuroohg

e| lqvlghuv1
7H1j1/ Eodqfkdug dqg Djklrq +4<<9,1 D uhvxow wkdw vrphkrz jrhv lq wkh vdph gluhfwlrq

lv frqwdlqhg lq Djklrq hw do1 +4<<7,/ zkr lqglfdwh wkdw wkh vshhg ri uhvwuxfwxulqj lqfuhdvhv

zlwk wkh vl}h ri wkh sulydwh vhfwru1
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khuh zh wdnh d gl�huhqw ylhzsrlqw/ frqvlghulqj wkh lqwhughshqghqfh dprqj

�upv* ghflvlrqv1 Rxu vwduwlqj srlqw lv wkdw uhvwuxfwxulqj hqwdlov d vruw ri

+srvlwlyh ru qhjdwlyh, qhwzrun h{whpdolw|8/ dv wkh qxpehu ri �upv wkdw kdyh

uhvwuxfwxuhg d�hfwv rwkhu �upv* lqfhqwlyhv wr uhvwuxfwxuh= lq sduwlfxodu/ wzr

h�hfwv vkrxog eh frqvlghuhg1 Iluvw/ li d �up orzhuv zdjhv +dqg sulfhv,/ wkh lq0

fuhdvh lq frpshwlwlrq uhgxfhv rwkhu �upv* sur�wdelolw|1 Vhfrqgo|/ orzhu zdjhv

doorz wkh �up wr surgxfh kljkhu rxwsxw dqg glvwulexwh pruh ydoxh dgghg lq

wkh irup ri +lqyhvwhg, sur�w1 Wklv ghpdqg fuhdwlrq h�hfw lv ehqh�fldo wr

djjuhjdwh ghpdqg dqg wkxv wr doo surgxfhuv91

Li wkh pdlq h�hfw ri uhvwuxfwxulqj lv wklv lqfuhdvh lq ydoxh dgghg/ �upv* lq0

whuhvwv frlqflgh/ vr wkdw wkh srvlwlyh edqgzdjrq h�hfw vhhpv wkh pruh qdwxudo

rxwfrph1 Rq wkh rwkhu kdqg/ li uhvwuxfwxulqj grhv qrw olehudwh vxevwdqwldo

uhvrxufhv/ exw pdlqo| d�hfwv d �up*v delolw| wr rxwgr ulydo surgxfhuv/ wkhq

dv wkh qxpehu ri uhvwuxfwxulqj �upv lqfuhdvhv/ pdunhw frpshwlwlrq ehfrphv

wrxjkhu1 Li wkh jdlqv iurp uhvwuxfwxulqj ghfuhdvh hqrxjk/ wkh whpswdwlrq iru

vrph �upv wr uhpdlq lq wkh vwdwxv txr lv vxevwdqwldo1 Wklv vlpsoh lqwxlwlrq

surylghv wkh edvlv iru rxu dqdo|vlv1

Wkh lghd ri qhwzrun h{whuqdolw| qdwxudoo| ohdgv wr wkh qrwlrq ri fulwlfdo

pdvv:/ l1h1/ d vlwxdwlrq lq zklfk wkh sur�wdelolw| ri uhvwuxfwxulqj lqfuhdvhv

zlwk wkh qxpehu ri uhvwuxfwxuhg �upv li dqg rqo| li wkh qxpehu ri �upv

8Iru d gh�qlwlrq/ vhh/ iru lqvwdqfh/ Ndw} dqg Vkdslur +4<;8,/ zkr dovr vwuhvv wkh sureohp

ri pxowlsoh htxloleuld wkdw w|slfdoo| hphujhv lq wkhvh fdvhv1 Dqrwkhu dssolfdwlrq ri wklv

qrwlrq lv jlyhq e| Grzg dqg Juhhqdzd| +4<<6,1 Qrwlfh wkdw wklv olwhudwxuh pdlqo| dqdo|}hv

srvlwlyh qhwzrun h{whuqdolwlhv/ zkloh lq wkh suhvhqw frqwh{w wkh vljq ri wkh qhwzrun h�hfw

fdq ydu|1
9Zh zloo vkrz odwhu wkdw wkhvh h�hfwv duh pruh idyrudeoh +ohvv kdupixo, iru orz0frvw

�upv/ zklfk duh ehwwhu deoh wr h{sorlw ghpdqg lqfuhdvhv dqg wr wdfnoh dq lqfuhdvh lq

frpshwlwlrq1 Wkxv/ li d �up ghfuhdvhv lwv zdjh eloo wklv pdnhv uhvwuxfwxulqj d uhodwlyho|

pruh dsshdolqj rswlrq iru rwkhu �upv/ dv wkh| zlwqhvv d khdylhu pdunhw suhvvxuh wr ehfrph

orz0frvw �upv wkhpvhoyhv1
:Lq wklv fdvh wkh h{whuqdolw| lv srvlwlyh dqg suhydlov ryhu rwkhu irufhv lq wkh hfrqrp|

olnh lq Kdqvhq +4<<:,1 Rwkhu sdshuv zklfk xvh wkh qrwlrq ri fulwlfdo pdvv lq wudqvlwlrq

hfrqrplhv duh Jurvihog +4<<7, dqg Nruqdl +4<<7,1 Urodqg dqg Yhuglhu +4<<7, lqwurgxfh

wkh qrwlrq ri fulwlfdo pdvv lq d srolwlfr0hfrqrplf shuvshfwlyh1
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zklfk kdyh douhdg| uhvwuxfwxuhg lv odujh hqrxjk1 Wkh �wkuhvkrog� qxpehu

ri �upv eh|rqg zklfk wkh edqgzdjrq h�hfw lv vsdunhg r� lv zkdw zh odeho

�fulwlfdo pdvv�1 Lq wklv sdshu/ zh gr qrw dvvxph lwv h{lvwhqfh/ vkrzlqj xqghu

zkdw frqglwlrqv d fulwlfdo pdvv h�hfw hphujhv dqg lv +ru lv qrw, uhohydqw wr

wkh dqdo|vlv ri wudqvlwlrq hfrqrplhv1

Wkh h{lvwhqfh ri d qhwzrun h{whuqdolw| surylghv d udwlrqdo edvlv iru lp0

lwdwlyh ehkdylru/ wkdw zh lqwurgxfh xvlqj hyroxwlrqdu| g|qdplfv +Zhlexoo/

4<<8,1 Wklv dovr khosv dv d vhohfwlrq ghylfh/ lq wkdw qhwzrun h{whuqdolwlhv/

jhqhudwlqj pxowlsoh Qdvk htxloleuld/ udlvh wkh lvvxh ri htxloleulxp vhohfwlrq1

Vshfli|lqj wkh +hyroxwlrqdu|, g|qdplfv ri fkrlfh khosv xv xqghuvwdqg wkh

frqglwlrqv wkdw ohdg wr hlwkhu htxloleulxp/ dqg wkh hyroxwlrqdu| iudphzrun

surylghv txlwh d qdwxudo vhw0xs lq wklv vhqvh;1

Wkh vwuxfwxuh ri rxu prgho lv dv iroorzv1 Dw wkh rxwvhw/ �upv kdyh gl�huhqw

h{shfwdwlrqv derxw wkh h�hfwlyhqhvv ri uhvwuxfwxulqj dqg ehkdyh dffruglqj wr

wkhlu lqwhuwhpsrudo suhihuhqfhv dqg h{shfwdwlrqv<1 Ryhu wlph wkhlu ehkdylru

;D vlplodu ylhzsrlqw lv dw wkh edvlv ri Ehunrzlw} dqg Frrshu +4<<:,/ zkr lqwurgxfh

dgdswlyh ohduqlqj lq d plfurhfrqrplf prgho ri wkh wudqvlwlrq surfhvv/ zklfk dovr glvsod|

pxowlsoh htxloleuld1

Wklv dssurdfk lv dovr vxjjhvwhg e| vrph hpslulfdo vwxglhv rq wudqvlwlrq hfrqrplhv1 Wkh

ehkdylru ri �upv ghshqgv rq wkhlu h{shfwdwlrqv rq wkh ixwxuh ri wkh hfrqrp| dqg wkhlu

xqghuvwdqglqj ri wkh dfwxdo ixqfwlrqlqj ri d pdunhw v|vwhp1 Lq vrph frxqwulhv +h1j1/ wkh

iruphu Vrylhw Xqlrq, d odujh qxpehu ri �pdqdjhuv� kdyh olwwoh h{shulhqfh ri d pdunhw

hfrqrp|/ dqg �upv kdyh d olplwhg hqgrzphqw ri kxpdq fdslwdo1 Qrw vxusulvlqjo|/ wkhlu

fkrlfhv 0 suredeo| edvhg rq d olplwhg nqrzohgjh ri krz d pdunhw hfrqrp| zrunv 0 whqg

wr vx�hu ri vxevwdqwldo lqhuwld dv srlqwhg rxw/ iru lqvwdqfh/ e| Frppdqghu hw do1 +4<<8,

lq d vwxg| rq �upv* ghflvlrq pdnlqj lq Uxvvld1 Revhuyhg ehkdylru vhhpv wr glvsod| d

whqghqf| wr �iroorz wkh vwuhdp�/ dqg wkh dvvxpswlrq ri hyroxwlrqdu| fkdqjh lq ehkdylru/

zlwk lwv hpskdvlv rq erxqghg udwlrqdolw| dqg rq wkh uhohydqfh ri �orfdo� +dfwxdo dqg sdvw,

h{shulhqfh dqg hylghqfh iru wkh ghflvlrq pdnlqj ri hfrqrplf djhqwv/ vhhpv wr �w txlwh zhoo

zlwk wkhvh revhuydwlrqv1
<Pruh suhflvho|/ iroorzlqj wkh olwhudwxuh rq hyroxwlrqdu| jdphv/ zh dvvxph wkdw dw wkh

vwduw ri wkh wudqvlwlrq zh kdyh d jlyhq lqlwldo glvwulexwlrq ri �upv ehwzhhq wzr w|shv1

Ilupv ri wkh iruphu w|sh dffhsw wr uhgxfh zdjhv dqg wr lqyhvw/ zkloh �upv ri wkh odwwhu

w|sh glvuhjdug wkh qhhg wr frpshwh lq d pdunhw/ vwlfn wr wkh vwdwxv txr dwwlwxgh dqg sd|

kljkhu zdjhv1
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fkdqjhv/ iroorzlqj dq lplwdwlyh surfhvv lq zklfk pruh vxffhvvixo vwudwhjlhv

duh dgrswhg e| dq lqfuhdvlqj qxpehu ri �upv1 Wklv lq wxuq d�hfwv wkh shu0

irupdqfh ri �upv dqg ri wkh zkroh hfrqrplf v|vwhp/ zklfk lv prghohg lq

d yhu| jhqhudo zd|1 Wkh surfhvv hqgv zkhq hlwkhu doo �upv dgrsw wkh vdph

ehkdylru +frpsohwh wudqvirupdwlrq/ ru uh0hvwdeolvkphqw ri wkh vwdwxv txr, ru

wkh glvwulexwlrq ri �upv lv vxfk wkdw erwk vwudwhjlhv |lhog wkh vdph sd|r�v

wr wkh ghflvlrq pdnhuv +l1h1/ wkh zrunhuv,/ vr wkdw qrerg| kdv dq lqfhqwlyh wr

uhylvh klv ehkdylru1

Wkh odwwhu fdvh rffxuv zkhq wkh pl{hg glvwulexwlrq lv vwdeoh/ l1h1 lv wkh

�htxloleulxp� wrzdugv zklfk wkh v|vwhp whqgv1 Xqghu wkhvh flufxpvwdqfhv/

lplwdwlyh ehkdylru �qdwxudoo|� sxvkhv vrph �upv edfn wr rog kdelwv1 Lq wkh

iruphu rqh/ li wkhuh lv d glvwulexwlrq ri �upv* vwudwhjlhv vxfk wkdw qrerg|

kdv dq lqfhqwlyh wr fkdqjh vwudwhj| +d pl{hg htxloleulxp,/ wklv lv xqvwdeoh/

dqg wkxv lw uhsuhvhqwv wkh �fulwlfdo pdvv�1 Wkh jrdo ri wkh dqdo|vlv lv wr

fkdudfwhul}h hlwkhu vlwxdwlrq/ lq wkh dwwhpsw wr vlqjoh rxw zklfk hfrqrplf

frqglwlrqv pd| khos ru klqghu wkh wudqvirupdwlrq surfhvv1

Zh kdyh d fulwlfdo pdvv fdvh zkhq uhvwuxfwxulqj olehudwhv vxevwdqwldo uh0

vrxufhv dqg wkxv kdv d odujh lpsdfw rq djjuhjdwh ghpdqg/ dqg zkhq lqglylg0

xdo �upv* sur�wdelolw| ghshqgv khdylo| rq wkh frxqwu|*v shuirupdqfh udwkhu

wkdq rq wkhlu delolw| wr frpshwh djdlqvw ulydo krph �upv1 Li wkhvh h�hfwv duh

odujh/ wkh shuirupdqfh ri �upv ghshqgv rq d pdmru frpprq idfwru/ l1h1/ wkh

pdfurhfrqrplf lpsdfw ri zdjh g|qdplfv/ dqg wkxv wkh| hyhqwxdoo| whqg wr

ehkdyh lq wkh vdph zd|> li iru vrph +h{rjhqrxv, uhdvrq wkh fulwlfdo wkuhvkrog

lv uhdfkhg/ doo �upv zloo hyhqwxdoo| uhvwuxfwxuh/ dqg ylfh0yhuvd1

Wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 od|v grzq wkh prgho1 Vrph

suholplqdu| uhvxowv duh rewdlqhg lq Vhfwlrq 61 Vhfwlrq 7 dqdo|}hv wkh g|qdp0

lfv ri wkh hfrqrp| dqg glvfxvvhv wkh frqglwlrqv iru wkh fulwlfdo pdvv fdvh1

Vhfwlrqv 8 frqwdlqv vrph frqfoxglqj uhpdunv dqg d vnhwfk ri vrph whqwdwlyh

srolf| lpsolfdwlrqv ri rxu dqdo|vlv1
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5 Uhvwuxfwxulqj dqg �upv* ehkdylru= wkh ed0

vlf prgho

Zh prgho wkh g|qdplfv ri dq lqgxvwu|/ lq zklfk d jlyhq qxpehu ri �upv +� ,

frpshwh1 Ilupv* surshuw| uljkwv kdyh ehhq jlyhq wr lqvlghuv/ vr wkdw zh kdyh

d vruw ri oderu0pdqdjhg �up/ lq zklfk qr glvwlqfwlrq ehwzhhq �zrunhuv� dqg

��up� lv pdgh1 Zdjhv dqg lqyhvwphqwv duh ghflghg e| wkh �up1

Wkh �upv* remhfwlyh ixqfwlrq

Lq hdfk lqvwdqw/ hdfk �up kdv d xwlolw| ixqfwlrq ghshqglqj rq lwv zrunhuv*

suhvhqw dqg ixwxuh frqvxpswlrq1 Qr eruurzlqj lv doorzhg/ vr wkdw suhvhqw

frqvxpswlrq frlqflghv zlwk wkh fxuuhqw zdjh �1 Ixwxuh frqvxpswlrq gh0

shqgv rq wkh delolw| ri wkh �up wr surgxfh dqg glvwulexwh lqfrphv lq wkh

ixwxuh/ dqg lwv glvfrxqwhg ydoxh lv wkxv sursruwlrqdo wr fxuuhqw lqyhvwphqw43/

+1 Lw vhhpv wkhuhiruh frqyhqlhqw wr vshfli| �up l*v uhdol}hg xwlolw| +sd|r�,

gluhfwo| dv d ixqfwlrq ri fxuuhqw zdjh dqg lqyhvwphqw ohyhov44=

�� � ��+� n b�� +4,

zlwk ��c b : f1 Wkxv/ zrunhuv fduh derxw wzr wklqjv= wkh �vrxqgqhvv� ri

wkhlu �up/ dqg wkh uhdo zdjh wkh| rewdlq1 Zlwk qr orvv ri jhqhudolw|/ b zloo

eh vhw htxdo wr rqh1

Wkh zhljkw �� lv �up0vshfl�f/ lq wkdw zrunhuv gl�hu lq wkhlu shufhswlrq

ri wkh uhodwlrqvkls ehwzhhq suhvhqw lqyhvwphqwv dqg ixwxuh lqfrphv451 Vrph

�upv eholhyh wkdw jlylqj xs fxuuhqw lqfrphv zloo kdyh d kljk uhwxuq/ rwkhuv

h{shfw uhvwuxfwxulqj wr surylgh d srruhu uhvxow1 Zh odeho wkh �uvw jurxs w|sh

43Wkh uhodwlrqvkls ehwzhhq zdjh uhgxfwlrq dqg lqyhvwphqwv lv w|slfdoo| qrw dxwrpdwlf/

exw wkh fuxfldo dvshfw iru rxu sxusrvhv lv wkdw d zdjh fxw lpsuryhv wkh ixwxuh survshfwv

ri wkh �up1 wkh uhodwlrqvkls ehwzhhq shuirupdqfh2lqyhvwphqw dqg wkh uhohydqw hfrqrplf

yduldeohv zloo eh dqdo|}hg lq wkh iroorzlqj vhfwlrq
44Wkh olqhdulw| ri wkh uhodwlrqvkls ehwzhhq xwlolw| dqg lqyhvwphqw hqwdlov qr sduwlfxodu

orvv ri jhqhudolw|1 Dq| prqrwrqh wudqvirupdwlrq zrxog |lhog vlplodu uhvxowv1
45Wklv fdq eh h{suhvvhg hlwkhu lq whupv ri gl�huhqw ghjuhhv ri �rswlplvp� lq wkh uhirup

surfhvv ru lq d gl�huhqfh lq wkh prgho ri wkh hfrqrp| hdfk �up kdv lq plqg1
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4 dqg wkh vhfrqg rqh w|sh 5/ vr wkdw46 �� : �21

Wklv dvvxpswlrq vhhpv hvshfldoo| sodxvleoh lq dq hqylurqphqw lq zklfk

hfrqrplf djhqwv kdyh qr h{shulhqfh ri wkh ixqfwlrqlqj ri d pdunhw hfrqrp|1

Ixuwkhupruh/ hfrqrplhv lq wudqvlwlrq kdyh vr idu zrunhg xqghu yhu| glvwruwhg

frqglwlrqv/ dqg 0 dovr jlyhq wkh odfn ri uholdeoh gdwd 0 lw lv h{wuhpho| kdug wr

jxhvv krz zhoo wkh| duh jrlqj wr shuirup lq d pdunhw frqwh{w1 Dw ohdvw lq

wkh phglxp uxq lghqwli|lqj �wkh� fruuhfw prgho iru vxfk hfrqrplhv dsshduv

dq h{wuhpho| gl!fxow wdvn1

Zdjhv dqg lqyhvwphqwv

Lq ghwhuplqlqj wkhlu zdjh dqg lqyhvwphqw ohyhov/ zrunhuv kdyh wzr rs0

wlrqv1 Wkh �uvw rqh lv wr uhvwuxfwxuh wkh �up/ dffhswlqj d orz zdjh qrz

+�-, lq h{fkdqjh iru d ehwwhu survshfw ri ixwxuh hduqlqjv1 Wkh vhfrqg rqh

lv wr kdyh d frqvhuydwlyh dwwdfkphqw wr wkh vwdwxv txr/ hqwdlolqj d kljkhu

fxuuhqw zdjh �7 : �- dw wkh h{shqvh ri lqyhvwphqw dqg ri d kljkhu sured0

elolw| ri ixwxuh oltxlgdwlrq ri wkh �up471 Lw lv txlwh fohdu wkdw wkh vdph lghd

pljkw eh uh0irupxodwhg lq vhyhudo zd|v1 Wkh nh| srlqw lv wkdw vrph �upv dlp

dw vwuhqjwkhqlqj wkhlu orqj whup frpshwlwlyh srvlwlrqv/ zkloh rwkhuv suhihu

wr uhds vkruw whup ehqh�wv e| srvwsrqlqj lqyhvwphqwv/ vwulsslqj wkh �up*v

dvvhwv/ dqg vr rq481

46Lq wkh vslulw ri wkh olwhudwxuh rq hyroxwlrqdu| jdphv/ zh gr qrw wu| wr hqgrjhql}h wkhvh

w|shv1
47Vdfkv +4<<6, dujxhv wkdw dq h{wuhph �oltxlgdwru|� ehkdylru suhydlohg lq Srodqg lq wkh

vhfrqg kdoi ri wkh Hljkwlhv1 Lq gl�huhqw shulrgv/ erwk lq Srodqg dqg lq Uxvvld zdjhv vkrw

xs zlwk qr uhodwlrq wr oderu surgxfwlylw|1 D suhgdwru| ehkdylru ri doprvw loohjdo qdwxuh lv

uhsruwhg e| vhyhudo dxwkruv/ h1j1 Iu|gpdq dqg Udsdf}lqvn| +4<<7,/ Nruqdl +4<<5,/ Slqwr

hw do1 +4<<6,1 Wkh ihdu wkdw uhqw0vhhnlqj ehkdylru pljkw suhydlo ryhu hqwuhsuhqhxuvkls lv

dovr h{suhvvhg e| Jurvihog +4<<7,1 Vlplodu sureohpv hphujh zkhq pdqdjhuv frqwuro wkh

�up1 Zkhq wrr pdq| h{rjhqrxv idfwruv duh dw zrun/ wkh phdvxuhphqw ri d pdqdjhu*v

ixwxuh shuirupdqfh lv xquholdeoh/ dqg uhzduglqj wkh pdqdjhu iru orqj whup ghflvlrqv lv

kljko| sureohpdwlf1 Ixuwkhupruh/ Iu|gpdq dqg Udsdf}|qvnl +4<<7/ s1 497, srlqw rxw

wkdw yhu| riwhq pdqdjhuv duh rog uhjlph �jxuhv wkdw duh olnho| wr eh vdfnhg dq|zd| rqfh

ixoo sulydwl}dwlrq lv dfklhyhg1
48Wkh fkrlfh ehwzhhq uhvwuxfwxulqj ru qrw lv wkh w|slfdo elqdu| fkrlfh/ wkdw fdq eh

xvhixoo| wdfnohg zlwklq wkh suhvhqw vhw0xs> krzhyhu/ vrph djhqwv pljkw orrn iru d �wklug
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Lqyhvwphqw lv gh�qhg dv wkh ydoxh dgghg +T�, wkdw �upv ghflgh qrw wr

glvwulexwh= +� � T� � ��1 Wklv hqwdlov d wudgh0r�= li zrunhuv ghflgh iru d

kljk zdjh/ wkhlu suhvhqw lqfrph lv kljkhu/ exw dw wkh frvw ri d orzhu h{shfwhg

ixwxuh lqfrph1 Ixuwkhupruh/ �up l*v �shuirupdqfh� T� ghshqgv rq wkh zdjh

ghflvlrq lq wkdw d kljkhu zdjh uhgxfhv wkh delolw| ri wkh �up wr jhqhudwh

ydoxh dgghg/ vr wkdw _T�*_�� 	 f ru pruh suhflvho| 0 jlyhq rxu iudphzrun

0 T- : T71 Wkh uhdvrq lv wkdw d zdjh lqfuhdvh grhv qrw vlpso| hqwdlo d

uhglvwulexwlrq ri vxusoxv wr zrunhuv/ exw dovr d ohvvhu delolw| wr frpshwh lq

wkh pdunhw> dv frvwv duh kljkhu/ rxwsxw lv uhgxfhg dqg vr lv ydoxh dgghg491

Dv iru wkh djjuhjdwh frqvhtxhqfhv ri uhvwuxfwxulqj/ zh kdyh wr frqvlghu

wzr h�hfwv1 Wkh gluhfw h�hfw lv wkh rqh mxvw srlqwhg rxw/ l1h1 d �up wkdw

uhvwuxfwxuhv fdq glvwulexwh d kljkhu ydoxh dgghg1 Rq wkh rwkhu kdqg/ ehfdxvh

ri frpshwlwlrq wkh uhvwuxfwxulqj ri rqh �up fdq kdyh d qhjdwlyh lpsdfw rq

rwkhu �upv* vlwxdwlrq +lq htxloleulxp/ rwkhu �upv* rxwsxw ohyhov ghfuhdvh,1

Khuh zh dvvxph wkdw wkh iruphu/ gluhfw h�hfw grplqdwhv/ zkloh lq Dsshqgl{

5 zh vkrz lq d Frxuqrw iudphzrun xqghu zklfk frqglwlrqv wklv dvvxpswlrq

krogv4:1

Dv wkh shuirupdqfh ri wkh zkroh hfrqrp| ghshqgv rq wkh zdjh vhwwlqj

frqyhqwlrq wkdw suhydlov lq wkh v|vwhp/ l1h1/ rq zkhwkhu uhvwuxfwxulqj �upv

suhydlo rq �frqvhuydwlyh� rqhv/ lw zloo eh fuxfldo wr lqyhvwljdwh wkh g|qdplfv

zd|�/ dq lqwhuphgldwh rswlrq zlwk orzhu vkruw uxq frvwv dqg orqj0uxq ehqh�wv1 Dowkrxjk

wklv frxog uhsuhvhqw dq lqwhuhvwlqj h{whqvlrq ri wkh suhvhqw dqdo|vlv/ d vdwlvidfwru| vwxg|

lq wklv gluhfwlrq zrxog uhtxluh d whfkqlfdoo| ghpdqglqj dqg ohqjwk| dqdo|vlv/ dqg lv wkxv

rxwvlgh wkh vfrsh ri wklv sdshu1
49Lqghhg/ rqh pljkw wklqn ri �U0�upv� dv forvh wr orqj0whup sur�w pd{lpl}huv/ dqg ri

�V0�upv� dv pruh vwdqgdug oderu pdqdjhg �upv1 D vwdqgdug frpsdulvrq ehwzhhq sur�w

pd{lpl}lqj �upv dqg oderu pdqdjhg �upv surgxfhv wklv uhvxow +Ghoerqr dqg Urvvlql/

4<<5,1 Dv vkrzq lq Dsshqgl{ 4/ wklv dvvxpswlrq krogv hyhq li uhvwuxfwxulqj grhv qrw

d�hfw wkh �up*v remhfwlyh ixqfwlrq1
4:Qrwlfh wkdw wklv phdqv wkdw zh duh dvvxplqj wkdw dq lqfuhdvh lq dyhudjh zdjh ghfuhdvhv

wrwdo ydoxh dgghg +l1h1/ djjuhjdwh ghpdqg,> wklv lv vlpso| d irupdol}dwlrq ri wkh wudglwlrqdo

dujxphqw lq idyru ri uhvwuxfwxulqj �upv lq wudqvlwlrq hfrqrplhv +xqohvv wklv frqglwlrq lv

phw/ zk| vkrxog uhvwuxfwxulqj eh ghvludeoh wr wudqvlwlrq hfrqrplhvB,1

;



ri wkhvh wzr ehkdylrudo w|shv/ wu|lqj wr xqghuvwdqg zklfk idfwruv pljkw khos

U0w|sh �upv wr suhydlo1 Lq hdfk lqvwdqw/ wkhuh duh ? U0w|sh �upv dqg � �?

V0w|sh �upv1 Wkhuhiruh/ li zh gh�qh > � ?*� / dyhudjh zdjh lv h� � >�- n

E�� >��7 dqg hT � ?T- n E� � ?�T7 lv wrwdo ydoxh dgghg1

514 Uhvwuxfwxulqj dqg lqwhudfwlrq dprqj �upv

Wkh ghflvlrq ri d �up wr uhvwuxfwxuh hqwdlov gl�huhqw h�hfwv rq rwkhu �upv/

wkdw rshudwh wkurxjk wzr orjlfdoo| glvwlqfw fkdqqhov1

o1 E| lqfuhdvlqj ydoxh dgghg/ uhvwuxfwxulqj ixhov djjuhjdwh ghpdqg/ dqg

wklv lqfuhdvhv wkh lqfhqwlyh iru rwkhu �upv wr h{sorlw vxfk pdunhw rssruwxqlw|

Dv uhvwuxfwxulqj uhqghuv d �up ehwwhu deoh wr frpshwh dqg jdlq/ wklv uhsuh0

vhqwv d srvlwlyh +qhwzrun, h{whuqdolw|/ vxfk wkdw wkh sd|r� ri uhvwuxfwxulqj

lqfuhdvhv zlwk wkh qxpehu ri �upv wkdw kdyh douhdg| dgrswhg vxfk vwudwhj|1

51 Uhvwuxfwxulqj uhgxfhv frvwv dqg doorzv d �up wr fkdqjh lwv frpshwlwlyh

ehkdylru1 Zlwkrxw prgholqj frpshwlwlrq lq ghwdlo/ zh rqo| dvvxph wkdw vrph

plqlpdo frqglwlrqv duh vdwlv�hg=

d, wkhuh lv d srvlwlyh uhodwlrqvkls ehwzhhq d �up*v frvw dqg wkh sulfh lw

fkdujhv +ru d qhjdwlyh uhodwlrqvkls ehwzhhq frvw dqg pdunhw vkduh, >

e, li d �up vhwv d orzhu sulfh/ lwv ulydov* sur�wv duh qhjdwlyho| d�hfwhg/ vr

wkdw d �up idflqj wrxjkhu frpshwlwlrq lv lqgxfhg wr uhvsrqg wr lw1

Wkhvh dvvxpswlrqv lpso| wkdw uhvwuxfwxulqj eulqjv derxw d ehwwhu delo0

lw| wr frpshwh lq wkh pdunhw/ dqg wkdw lw surgxfhv d sur�w0vwhdolqj h�hfw rq

rwkhu �upv1 Wkhuhiruh/ rq wkh rqh kdqg/ dq lqfuhdvh lq wkh qxpehu ri uhvwuxf0

wxulqj �upv pdnhv lw pruh gl!fxow iru lqh!flhqw �upv wr vxuylyh/ surylglqj

dq lqfhqwlyh iru rwkhu �upv wr uhvwuxfwxuh +srvlwlyh qhwzrun h{whuqdolw|,1 Rq

wkh rwkhu kdqg/ zkhq wkh qxpehu ri uhvwuxfwxulqj �upv lv kljk/ pdunhw frp0

shwlwlrq pljkw gulyh sur�w wr d yhu| orz ohyho> dw wklv srlqw/ jlylqj xs kljkhu

zdjhv pljkw ehfrph qr orqjhu zruwkzkloh/ ehfdxvh wkh orz sur�wdelolw| hq0

wdlov dq|zd| d olplwhg delolw| wr lqyhvw +qhjdwlyh qhwzrun h{whuqdolw|,1

Wkhuhiruh/ wkh �qdo h�hfw fdq eh hlwkhu srvlwlyh ru qhjdwlyh/ ghshqglqj rq

zklfk ri wkhvh h�hfwv suhydlov1 Wr lqyhvwljdwh wkhvh uhodwlrqvklsv/ zh vshfli|

<



�up l*v lqyhvwphqw dv iroorzv=

+� ' s d��c h�c RWc(ERWc h��o +5,

zkhuh RW ghqrwhv wkh sulfh ri lpsruwhg jrrgv/ dqg ( ghqrwhv djjuhjdwh

ghpdqg1 Ghpdqg lv gh�qhg dv wkh vxp ri lqfrphv surgxfhg lq wkh vhfwru

zh irfxv rq/ hT / dqg ri lqfrphv surgxfhg hovhzkhuh lq wkh hfrqrp| +_,=

( �
hT n _1 Zh irupdol}h suhylrxv dvvxpswlrqv dv iroorzv

Ys

Y��

	 fc
Ys

Y h� : fc
Ys

YRW
: f dqg

Ys

Y(
: f +6,

Wkxv/ �up*v sur�wdelolw| ghshqgv rq vhyhudo idfwruv1 Iluvw ri doo/ zh kdyh

wkh zdjh sdlg wr zrunhuv/ zklfk kdv d qhjdwlyh h�hfw rq wkh uhvrxufhv dydlo0

deoh iru lqyhvwphqw1 Dv iru wkh sulfhv fkrvhq e| rwkhu �upv/ wkdw ghshqg rq

h� dv uhjdugv krph �upv/ dq lqfuhdvh lq dq| ri wkhp uhgxfhv wkh frpshwl0

wlyh suhvvxuh rq �up � dqg lqfuhdvhv lwv sur�wdelolw|4;1 Lq wkh vdph zd|/ dq

lqfuhdvh lq djjuhjdwh ghpdqg lqfuhdvhv �up*v sur�wv1 Dv suhylrxvo| dujxhg/

zh dvvxph Y(*Y h� 	 f= wrwdo ydoxh dgghg lqfuhdvhv zkhq pruh �upv ghflgh

wr uhvwuxfwxuh1

Qrwlfh wkdw wklv hohphqwdu| vwuxfwxuh lv h{wuhpho| vwdqgdug/ dsduw iurp

wkh qrq0qhjoljleoh ihdwxuh wkdw 0 iroorzlqj dq h{whqvlyh hpslulfdo hylghqfh

rq Hdvwhuq Hxurshdq hfrqrplhv 0 zdjhv duh qrw h{solflwo| olqnhg wr oderu

surgxfwlylw|1

6 Wkh g|qdplfv ri �upv* ghflvlrq0pdnlqj

Zh kdyh wkxv vhhq wkdw wkh lqwhudfwlrq zh frqvlghu jhqhudwhv qhwzrun h{whu0

qdolwlhv/ dqg zh nqrz iurp wkh h{lvwlqj olwhudwxuh4< wkdw zh w|slfdoo| kdyh

4;Reylrxvo|/ wklv uhtxluhv wkh �up*v h!flhqf| qrw wr eh d�hfwhg e| frpshwlwlrq1 Zh

zloo vhh lq wkh frqfoxvlrqv wr zkdw h{whqw frqvlghulqj wklv srvvlelolw| fdq hqulfk rxu uhvxow1
4<Wkh olwhudwxuh lv idluo| ulfk/ exw pdlqo| frqfhqwudwhv rq wkh dgrswlrq ri qhz whfkqror0

jlhv1 Ndw} dqg Vkdslur +4<;8, v|qwkhvl}h vrph ri wkh pruh uhohydqw lvvxhv1
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pxowlsoh htxloleuld1 Lq jhqhudo/ dv zh zloo vhh/ li qr rwkhu �up kdv uhvwuxf0

wxuhg/ lw pljkw qrw eh rswlpdo iru d �up wr uhvwuxfwxuh/ ehfdxvh wkh qhfhvvdu|

�fulwlfdo pdvv� lv qrw |hw wkhuh1 Ghshqglqj rq wkh uhodwlyh vwuhqjwk ri suhyl0

rxv h�hfwv/ vhyhudo fdvhv duh khuh srvvleoh/ h1j1=

� li pdq| rwkhu �upv kdyh uhvwuxfwxuhg lw pljkw eh dgydqwdjhrxv wr gr

wkh vdph wklqj/ hlwkhu ehfdxvh djjuhjdwh ghpdqg lv vr kljk/ wkdw wkhuh

lv wkh srvvlelolw| wr rewdlq vxevwdqwldo dgydqwdjhv/ ru wr dyrlg wkh shqdo0

wlhv wkdw pdunhw frpshwlwlrq lpsrvhv rq lqh!flhqw �upv>

� lq rwkhu fdvhv/ li d odujh hqrxjk qxpehu ri �upv kdyh uhvwuxfwxuhg/

frpshwlwlrq pd| uhgxfh fxuuhqw sur�wv vr pxfk/ wkdw wkh lqfhqwlyh wr

gr wkh vdph wklqj pljkw ydqlvk/ dqg lq htxloleulxp �upv ehkdyh lq

gl�huhqw zd|v1

Dv dujxhg lq wkh lqwurgxfwlrq/ lw vhhpv xvhixo wr xvh wkh orjlf ri hyrox0

wlrqdu| jdphv wr vhohfw dprqj wkh deryh srvvlelolwlhv/ fkdudfwhul}lqj xqghu

zkdw frqglwlrqv hdfk htxloleulxp zloo eh uhdfkhg dqg zkhwkhu ru qrw �fulwlfdo

pdvv� h�hfwv uhdoo| h{lvw1 Wkhvh lghdv fdq eh ghyhorshg dorqj wkh iroorzlqj

olqhv1

Zh dvvxph wkdw dw wlph 3 w|sh 4 �upv +zklfk duh ?f, vhw d zdjh htxdo wr

�-/ zkloh wkh rwkhuv vhw d zdjh htxdo wr �71 Wklv phdqv wkdw wkh eholhiv ri

wkh zrunhuv ghwhuplqh wkh lqlwldo glvwulexwlrq ri fkrlfhv dv uhjdugv zdjhv53/

vr wkdw dw wkh ehjlqqlqj w|sh 4 �upv duh uhdg| wr ehw rq wkh ixwxuh dqg

lqyhvw pruh wkdq w|sh 5 �upv1 Wkxv sd|r�v iru wkh wzr jurxsv dw wlph 3 duh/

uhvshfwlyho|=

� f

�
� ��+ n �- +7,

dqg

� f

2
� �2+ n �7 +8,

53Whfkqlfdoo|/ wklv vlpso| surylghv wkh lqlwldo frqglwlrqv iru wkh g|qdplfv1
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Hdfk �up revhuyhv wkh ehkdylru ri rwkhu �upv dqg ehkdyhv dgdswlyho|1

Ilupv fkdqjh wkhlu ehkdylru li wkh| uhdol}h wkdw 0 jlyhq wkhlu rzq suhihu0

hqfhv/ l1h1 wkhlu rzq �� 0 wkh| frxog rewdlq d kljkhu sd|r� lplwdwlqj wkh

rwkhu vwudwhj|/ zkloh wkh| pdlqwdlq wkhlu suhylrxv ehkdylru rwkhuzlvh541 Lq

dq hqylurqphqw zkhuh ghflvlrq pdnhuv duh xqdeoh wr vlqjoh rxw wkh rswl0

pdo vwudwhj|/ wkh dvvxpswlrq wkdw rwkhu �upv* shuirupdqfh lv dq lpsruwdqw

jxlgholqh lv suredeo| d vhqvleoh vwduwlqj srlqw iru dq dqdo|vlv ri ehkdylrudo

fkdqjh551

W|sh 4 �upv fkdqjh wkhlu ehkdylru li dqg rqo| li ��+-n�- 	 ��+7 n�7/

l1h1 l�

{� : ��{+ +9,

zkhuh {� � �7 � �- : f dqg {+ � +- � +7 : f= uhvwuxfwxulqj zloo eh

dedqgrqhg li wkh vkruw whup jdlqv wkh �up fdq jhw duh kljkhu wkdq orqj whup

shufhlyhg ehqh�wv1 Dq dqdorjrxv frqglwlrq iru w|sh 5 �upv wr fkdqjh wkhlu

ehkdylru diwhu wkh lqlwldo fkrlfh lv

{� : �2{+ +:,

Wkh deryh frqglwlrqv fdq eh lqwhusuhwhg dv iroorzv1 {� uhsuhvhqwv wkh

rssruwxqlw| frvw ri uhvwuxfwxulqj lq whupv ri iruhjrqh fxuuhqw lqfrph/ dqg

lw lv wkh vdph iru doo �upv1 ��{+ lv lqvwhdg wkh ehqh�w iurp uhvwuxfwxulqj

dv shufhlyhg e| w|sh � �upv/ dqg ghshqgv rq wkh �up*v h{shfwdwlrq rq wkh

54Wklv fkdqjh lq ehkdylru rqo| uhtxluhv d gl�huhqw shufhswlrq ri zkdw wkh ehvw vwudwhj|

lv/ dqg qrw dq dfwxdo fkdqjh lq suhihuhqfhv1 Wkh lvvxh ri hqgrjhqrxv fkdqjhv lq suhihuhqfhv

lv suredeo| d uhohydqw rqh lq frqwh{wv ri udglfdo fxowxudo fkdqjhv/ exw lwv frqvlghudwlrq lv

eh|rqg wkh vfrsh ri wkh suhvhqw dqdo|vlv1 D uhfhqw vwhs lq wklv gluhfwlrq lv surylghg e|

Elvlq dqg Yhuglhu +4<<9,1
55Lq d pdunhw hfrqrp|/ zkhuh d odujh dprxqw ri lqirupdwlrq flufxodwhv txlwh iuhho|/

wklv dvvxpswlrq zrxog eh h{wuhpho| uhvwulfwlyh1 Lq dq hfrqrp| zkhuh +edg, vwdwlvwlfv duh

surgxfhg txlwh udqgrpo|/ wkh dvvxpswlrq wkdw �upv fdq revhuyh wkhlu ulydov* shuirupdqfh

pljkw 0 rq wkh frqwudu| 0 eh frqvlghuhg wrr �jhqhurxv�1 Wkh frpsodlqwv ri RHFG dqg wkh

Zruog Edqn derxw wkh surgxfwlrq ri gdwd/ iru lqvwdqfh/ lq Uxvvld duh txlwh zhoo nqrzq1
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ixwxuh yldelolw| ri wkh hfrqrp|1 Qrwlfh wkdw frqglwlrqv +9, dqg +:, fdqqrw eh

vlpxowdqhrxvo| phw/ vr wkdw zh fdq rqo| kdyh rqh0gluhfwlrq vkliwv1 Krzhyhu/

lw lv srvvleoh wkdw qr w|sh ri �up uhylvhv lwv lqlwldo fkrlfh/ zkhq

�2 	
{�

{+
	 �� +;,

Wkhuhiruh/ vwduwlqj iurp wkh lqlwldo frqglwlrqv +7, dqg +8,/ wkh qxpehu ri

U0�upv hyroyhv dffruglqj wr wkh iroorzlqj g|qdplfv1

?|n� ' ?| n }E?� +<,

zkhuh

}E?� �

;AAA?
AAA=

� l� {� 	 �2{+c ?| 	 �

�� l� {� : ��{+c ?| : f

f l� �2 �
{�

{+
� ��

+43,

Wkh whup }E?� h{suhvvhv wkh fkdqjh lq ?/ dqg lw lv gh�qhg vr wkdw lwv

ydoxh fdq eh hlwkhu � ru �� lq fdvh wkh sd|r� gl�huhqwldov duh odujh hqrxjk/

ru hovh f1 Pruhryhu }E?� ' f xqghu wkh iroorzlqj frpsohphqwdu| vodfnqhvv

frqglwlrqv=

;?
= {� 	 �2{+ zlwk ?| ' �

{� : ��{+ zlwk ?| ' f
+44,

Lq rwkhu zrugv/ wkh wlplqj ri wkh prgho lv fkrvhq lq vxfk d zd| wkdw dw

hdfk �wlfn� ri wkh forfn +dw prvw, rqh �up ghflghv wr vzlwfk wr wkh rwkhu

w|sh li wklv wxuqv rxw wr eh uhzduglqj1 Jlyhq wkh dvvxpswlrqv ri wkh prgho/

wkh gluhfwlrq ri dgmxvwphqw lv dozd|v xqdpeljxrxv1

Dv �� dqg {� duh h{rjhqrxv/ wkh hqgrjhqrxv idfwruv d�hfwlqj ehkdy0

lrudo g|qdplfv rshudwh yld {+/ dqg lq sduwlfxodu zh kdyh wr xqghuvwdqg krz

{+ ydulhv zlwk wkh qxpehu ri �upv wkdw suhihu wr uhvwuxfwxuh1 Ohw xv �uvw

hvwdeolvk wzr suholplqdu| uhvxowv1

Ghqrwh e| ?W wkh qxpehu ri U0w|sh �upv wr zklfk wkh g|qdplfv +<,

frqyhujhv hyhqwxdoo|1 Zh pruhryhu gh�qh wzr fuxfldo ydoxhv ri > � ?*� dv
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>
�
G ��{+E>�� ' {� +45,

dqg

>
2
G �2{+E>2� ' {� +46,

Jlyhq wkh lqwhjhu frqvwudlqw/ zh wkhq kdyh wr gh�qh wkh vhw. � d4�?E>
�
c >

2
�c

4@ E>
�
c >

2
�o _

q
?

�

r
�

?'�
/ l1h1 wkh vhw ri srvvleoh ydoxhv ri > o|lqj ehwzhhq wkh

wzr fulwlfdo ydoxhv >
�
dqg >

2
> wkh jhqhulf hohphqw ri . lv ghqrwhg e| e1 Ohw

xv frqvlghu iru wkh prphqw wkh fdvh lq zklfk . lv qrq0hpsw|/ vr wkdw wkh

lqwhuydo ehwzhhq >
�
dqg >

2
frqwdlqv dw ohdvw rqh ydoxh ri ?*� 1 Wkhq gh�qh

?� � � 4�?eM.d_Eec >��o dqg ?2 � � 4�?eM.d_Eec >2�o/ zkhuh _ vwdqgv iru

Hxfolghdq glvwdqfh1 Lq rwkhu zrugv/ ?�*� lv wkh srvvleoh iudfwlrq ri U0�upv

o|lqj ehwzhhq wkh wzr fulwlfdo ydoxhv >
�
dqg >

2
zklfk lv forvhvw wr >

�
/ dqg

dffruglqjo| iru ?�*� dqg >
2
> qrwlfh wkdw li . lv d vlqjohwrq/ wkhq ?� ' ?21

Lq rwkhu zrugv/ ?�dqg ?2 duh wkh forvhvw lqwhjhuv wr wkh fxw0r� ydoxhv >
�
dqg

>
2
/ dw zklfk wkh pdujlqdo ehqh�w ri uhvwuxfwxulqj htxdov lwv pdujlqdo frvw1

Wkhuhiruh/ zkhq wkh sursruwlrq ri �upv rswlqj iru uhvwuxfwxulqj lv htxdo

wr ?�*� / rswlplvwlf �upv duh lqgl�huhqw ehwzhhq pdlqwdlqlqj orz zdjhv dqg

jrlqj edfn wr wkh vwdwxv txr/ dv wkh wzr vwudwhjlhv |lhog wkh vdph sd|r�1

Dqdorjrxvo|/ zkhq wkh sursruwlrq lv ?�*� / w|sh 5 �upv duh lqgl�huhqw eh0

wzhhq wkh wzr vwudwhjlhv561 Qrz zh kdyh wr wu| dqg xqghuvwdqg wkh uhodwlrq0

vkls ehwzhhq wkhvh wzr ydoxhv/ zklfk lq wxuq zloo doorz xv wr ghwhuplqh wkh

surshuwlhv ri +<, dqg wr dqdo|}h wkh g|qdplf vwdelolw| ri wklv hfrqrp|1

Frpelqlqj +45, dqg +46,/ rqh fdq vhh wkdw{+E>
2
� : {+E>

�
�1 Wklv lpsolhv

wkdw >
�
	 >

2
li dqg rqo| li {+E>� lv dq lqfuhdvlqj ixqfwlrq ri >1 Frqvlghulqj

+<,/ wklv hvwdeolvkhv rxu suholplqdu| uhvxowv=

Ohppd 4 Li YE{+�

Y>
	 f/ wkhq= d, ?� : ?2> e, li ?f : ?�/ wkhq ?W@?�> li

?f 	 ?2 wkhq ?W ' ?2 li ?2 � ?f � ?�/ wkhq ?W ' ?f1

56Ri frxuvh/ wkhuh pljkw eh fdvhv lq zklfk dgrswlqj d fhuwdlq ehkdylru lv d grplqdqw

vwudwhj|/ exw wkhvh fdvhv duh idluo| vwudljkwiruzdug dqg zloo qrw eh dqdo|}hg h{solflwo|1
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Ohppd 5 Li YE{+�

Y>
: f/ wkhq= d, ?� 	 ?2> e, li ?f 	 ?�/ wkhq ?W@f> li

?f : ?2/ wkhq ?W ' � > li ?� � ?f � ?2/ wkhq ?W ' ?f1

Wkh lqwhusuhwdwlrq ri wkhvh dssduhqwo| fxpehuvrph uhvxowv lv lqghhg h{0

wuhpho| vlpsoh dqg lqwxlwlyh1 Lq wkh �uvw fdvh/ zkhq wkh gl�huhqfh lq wkh

lqyhvwphqw ohyhov wkdw uhvwuxfwxulqj �upv duh deoh wr xqghuwdnh ghfuhdvhv

zlwk wkh qxpehu ri �upv wkdw dgrsw vxfk vwudwhj|/ Ohppd 4 whoov xv wkdw

zh hyhqwxdoo| frqyhujh wrzdugv d �pl{hg� htxloleulxp/ zkhuh qrw doo �upv

duh jrlqj wr eh uhvwuxfwxuhg +vhh Iljxuh 4d,1 Xqohvv wkh lqlwldo qxpehu ri

�rswlplvwv� lv ehwzhhq wkh wzr fuxfldo ohyhov +lq zklfk fdvh/ qrerg| kdv dq

lqfhqwlyh wr pryh, zh zloo frqyhujh wrzdugv rqh ri wkh h{wuhphv1 Li wkh qxp0

ehu ri �rswlplvwv� lv odujh hqrxjk/ zh frqyhujh wrzdugv ?�/ rwkhuzlvh ?2 zloo

eh hyhqwxdoo| uhdfkhg1 Zkhq wkh hfrqrp| lv lq rqh ri wkh wzr h{wuhphv/ qr

jurxs kdv dq lqfhqwlyh wr fkdqjh lwv vwudwhj|/ dqg wkh g|qdplfv frphv wr dq

hqg1

Lq wkh vhfrqg fdvh/ xqohvv wkh vwduwlqj srlqw lv ehwzhhq wkh wzr fulwlfdo

ohyhov gh�qhg e| +45, dqg +46,/ zh kdyh dq �doo ru qrwklqj� vlwxdwlrq/ l1h1/

rqh lq zklfk li wkh lqlwldo qxpehu ri w|sh 4 �upv lv odujh hqrxjk/ doo zloo

iroorz wkh h{dpsoh> rwkhuzlvh/ wkh hfrqrp| whqgv wr uhfhgh wr wkh vwdwxv txr

+vhh Iljxuh 4e,1

^Iljxuhv 4d/ 4e derxw khuh`

Li wkh lqlwldo sursruwlrq ri U0�upv olhv zlwklq wkh �}rqh ri lqhuwld� ehwzhhq

wkh wzr fulwlfdo ydoxhv/ wkhq wkh fxuuhqw vwdwh zloo eh suhvhuyhg dqg doo �upv

zloo vwlfn wr wkhlu ruljlqdo fkrlfhv571

57D sxuho| whfkqlfdo uhpdun lv lq rughu1 Doo suhylrxv frqfoxvlrqv uho| xsrq wkh dvvxps0

wlrq wkdw wkh vhw H lv qrqhpsw|/ zklfk dprxqwv wr uhtxluh wkdw Q eh odujh hqrxjk wr

shuphdwh wkh lqwhuydo ^3>4` zlwk d ghqvh hqrxjk sdwwhuq ri ydoxhv ri q@Q dv q uxqv iurp

3 wr Q / wkxv klwwlqj wkh fulwlfdo lqwhuydo ^plq+�
4
> �

5
,>pd{+�

4
> �

5
,`1 Li H lv lqghhg hpsw|/

wkhq lw lv qhyhu wkh fdvh wkdw d srvvleoh sursruwlrq ri U0�upv olhv zlwklq wkh �}rqh ri

lqhuwld�/ dqg erwk q4 dqg q5 idlo wr h{lvw1 Lq wklv fdvh/ lw lv hdvlo| fkhfnhg wkdw wkh g|0

qdplfv zloo qhyhu vwrs xsrq d vwdwlrqdu| ydoxh exw zloo shupdqhqwo| rvfloodwh ehwzhhq wkh
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7 Fkdudfwhul}dwlrq ri htxloleulxp dqg hphu0

jhqfh ri fulwlfdo pdvv h�hfwv

Wkh qh{w vwhs lq wkh dqdo|vlv lv qrz wr wu| dqg xqghuvwdqg wkh hfrqrplf

frqglwlrqv wkdw ohdg wr wkh wzr vlwxdwlrqv lghqwl�hg lq Ohppdv 4 dqg 51

Iurp +5,0+6, deryh/ zh fdq vhh wkdw

_+�

_>
'

Ys

Y h�
_ h�
_>

n
Ys

Y(

Y(

Y h�
_ h�
_>

' +47,

'
_ h�
_>

%
Ys

Y h� n
Ys

Y(

Y(

Y h�
&

Wkhuhiruh/ jlyhq wkdw _ h�*_> ' �{� 	 f lv wkh vdph iru doo �upv +l1h1/ lw

grhv qrw ghshqg rq ��,/ zh kdyh

_E{+�

_>
2 �

%
Ys

Y h� E�-��
Ys

Y h� E�7� n
Ys

Y(

Y(

Y h� E�-��
Ys

Y(

Y(

Y h� E�7�

&
'+48,

�

%
Ys

Y h� E�-��
Ys

Y h� E�7�

&
�
Y(

Y h�
%
Ys

Y(
E�-��

Ys

Y(
E�7�

&

Wkh vljq ri h{suhvvlrq +48, ghshqgv rq wkh vljqv ri wkh h{suhvvlrqv lq

vtxduh eudfnhwv/ l1h1/ rq wkh dqvzhuv wr wzr fuxfldo txhvwlrqv=

� grhv d +pdujlqdo, lqfuhdvh lq rwkhu �upv* frvwv khos orz frvw �upv pruh

wkdq kljk frvw �upvB

� grhv d +pdujlqdo, lqfuhdvh lq ghpdqg khos orz frvw �upv pruh wkdq

kljk frvw �upvB

wzr frqvhfxwlyh ydoxhv ri q@Q er{lqj wkh fulwlfdo lqwhuydo ^plq+�
4
> �

5
,>pd{+�

4
> �

5
,`1 Wklv

lpsolhv wkdw wkhuh zloo dozd|v eh d �pdujlqdo� �up shushwxdoo| vzlwfklqj ehwzhhq wkh U0

dqg wkh V0vwudwhj|= jlyhq wkh fkrlfhv ri doo rwkhu �upv/ dq| fkrlfh zkdwvrhyhu zloo fdxvh

wkh dowhuqdwlyh vwudwhj| wr ehfrph pruh uhzduglqj/ wr eulqj derxw wkh rssrvlwh vlwxdwlrq

dv wkh odwwhu lv dgrswhg lq wkh vxevhtxhqw shulrg/ dqg vr rq1 Wklv lv/ krzhyhu/ d vshfldo

fdvh ri olplwhg lqwhuhvw= lw lv vx!flhqw wr dvvxph wkdw wkh vzlwfklqj hqwdlov d vxlwdeoh

dprxqw ri dgmxvwphqw frvwv wr uxoh lw rxw1 Lw zloo wkhuhiruh eh ljqruhg lq wkh iroorzlqj

dqdo|vlv1
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Lq jhqhudo/ wkhvh dqvzhuv ghshqg rq wkh prgho ri pdunhw ehkdylru rqh kdv

lq plqg> lw lv sodxvleoh wr wklqn wkdw gl�huhqw prghov pljkw |lhog gl�huhqw

dqvzhuv/ hvshfldoo| ehfdxvh lq vlwxdwlrqv olnh wkh rqh zh zdqw wr ghvfuleh

pdunhw �jdphv� fdq eh h{wuhpho| gl�huhqw iurp wkh rqhv zh duh xvhg wr

dqdo|}h1 Krzhyhu/ zh eholhyh wkdw lq prvw fdvhv erwk dqvzhuv duh srvlwlyh/ dv

orqj dv sulfhv pryh �vrphkrz� lq olqh zlwk frvwv +l1h1/ zdjhv,1 Rxu dujxphqw

0 vxssruwhg e| d Frxuqrw h{dpsoh lq wkh Dsshqgl{ 0 uxqv dv iroorzv1

Dq lqfuhdvh lq h� kdv wzr h�hfwv rq wkh sur�w ri d �up ri d jlyhq zdjh ohyho1

Rq wkh rqh kdqg/ wkh dyhudjh rxwsxw ohyho ri �upv lq wkh pdunhw ghfuhdvhv/

iruflqj d sulfh lqfuhdvh +{R,> dw wkh vdph wlph wkh glvwulexwlrq ri rxwsxw

ohyhov fkdqjhv/ vr wkdw wkh �up fdq h{sorlw lwv lpsuryhg frpshwlwlyhqhvv/

lqfuhdvlqj lwv rxwsxw ohyho e| {%�1 Wklv hqwdlov dq lqfuhdvh lq sur�w/ zklfk

ghshqgv rq wkdw �up*v frvw lq wkh iroorzlqj zd|=

� jlyhq {R/ wkh sur�w lqfuhdvh lv odujhu/ wkh kljkhu wkh ohyho ri rxwsxw/

l1h1 wkh orzhu wkh �up*v frvw>

� jlyhq{%�/ wkh sur�w lqfuhdvh lv odujhu/ wkh odujhu wkh sulfh0frvw pdujlq/

1l1h1 0 djdlq 0 wkh orzhu wkh frvw1

Wkhuhiruh/ erwk h�hfwv idyru orz zdjh �upv58 ^vhh Dsshqgl{ 4`/ dqg zh

fdq wkxv dvvxph wkdw

YE{+�

Y h� �
Ys

Y h� E�-��
Ys

Y h� E�7� : f +49,

Dq dqdorjrxv dujxphqw dssolhv wr lqfuhdvhv lq ghpdqg1 D pdunhw h{sdq0

vlrq doorzv erwk sulfh dqg rxwsxw lqfuhdvhv/ dqg wkh sur�w lqfuhdvh lv odujhu

iru wkh �up zklfk lv ehwwhu deoh wr h{sorlw pdunhw g|qdplfv/ l1h1 iru wkh orz

zdjh �up1 Wkhuhiruh=

YE{+�

Y(
�

Ys

Y(
E�-��

Ys

Y(
E�7� : f +4:,

58Qrwlfh wkd/ dowkrxjk zh frqfhqwudwh rq prqrwrqlf g|qdplfv/ zh frxog kdyh qrq0

prqrwrqlf fdvhv/ lq zklfk wkh vljqv ri wkh frqglwlrqv ehorz fkdqjh ryhu wlph dv q fkdqjhv1

4:



Wkxv/ erwk whupv lq vtxduh eudfnhwv lq h{suhvvlrq +48, duh srvlwlyh/ dqg

zh kdyh wzr frq lfwlqj h�hfwv1 Lw lv frqyhqlhqw wr uh0zulwh +48, dv iroorzv=

_E{+�

_>
2

YE{+�

Y h� �
YE{+�

Y(

Y(

Y h� +4;,

zkhuh wkh �uvw whup rq wkh UKV lv qhjdwlyh/ zkloh wkh vhfrqg/ jlyhq Y(*Y h� 	

f/ lv srvlwlyh1 H{suhvvlrq +4;, vxppdul}hv wkh �qglqjv ri wklv vhfwlrq/ wkdw

fdq eh rujdql}hg glvwlqjxlvklqj wzr fdvhv1

Sursrvlwlrq 6 Li YE{+�

Y(

Y(

Y h� lv vpdoo hqrxjk/ wkhq wkh hfrqrp| zloo hyhqwxdoo|

whqg wr d pl{hg htxloleulxp/ l1h1/ d pl{hg vwdwlrqdu| vwdwh lv vwdeoh1

Lq wklv fdvh/ wkh vljq ri +4;, lv qhjdwlyh/ vr wkdw zh duh lq wkh fdvh ri

Ohppd L1

Zkhq ? 	 ?�/ wkh sd|r� ri �upv wkdw duh uhvwuxfwxulqj lv kljkhu wkdq

wkh rqh ri wkh rwkhuv/ vr wkdw pruh �upv ghflgh wr uhvwuxfwxuh wkhlu exvlqhvv1

Krzhyhu/ zkhq ? : ?2 wkh uhyhuvh lv revhuyhg= wkh qxpehu ri uhvwuxfwxulqj

�upv lv �wrr odujh� dqg khqfh vrph ri wkhp vkliw wr d kljk zdjh srolf|1

Wkh hfrqrplf lqwxlwlrq iru wklv uhvxow fdq uxq dv iroorzv1 Khuh wkh grpl0

qdwlqj h�hfw lq +4;, lv wkh �uvw rqh/ zklfk ghshqgv rq wkh uhodwlyh frpshwl0

wlyhqhvv ri �upv lqvlgh wkh frxqwu|1 Wklv h�hfw lv lpsruwdqw zkhq > lv vpdoo/

l1h1 zkhq wkh dyhudjh zdjh ri wkh frxqwu| lv kljk= lq wklv fdvh/ U0w|sh �upv

duh �uduh� dqg li d V0w|sh �up ghflghv wr uhvwuxfwxuh lwv sur�w lqfuhdvh lv odujh

ehfdxvh pdunhw frpshwlwlrq lv qrw �hufh1 Rq wkh rwkhu kdqg/ li > wdnhv rq d

kljkhu ydoxh/ frpshwlwlrq lv douhdg| txlwh wljkw vr wkdw sur�w lqfuhdvhv dffux0

lqj wr �upv wkdw prghudwh wkhlu zdjh fodlpv fdqqrw eh vxevwdqwldo1 Wklv lv

zk| zkhq �wrr pdq|� �upv uhvwuxfwxuh/ wkh sd|r� ri wkh �upv zklfk uhixvh

wr gr vr fdq eh juhdwhu= dv wkh jdlqv iurp ehlqj pruh h!flhqw duh vpdoo/ lw

pljkw eh suhihudeoh wr uhds vkruw whup jdlqv1

Lq wkh rssrvlwh fdvh/ zh kdyh wkh iroorzlqj

Sursrvlwlrq 7 Li YE{+�

Y(

Y(

Y h� lv odujh hqrxjk dqg wkh lqlwldo glvwulexwlrq ri

�upv lv qrw lq wkh lqwhuydo d?2c ?�o/ zh kdyh d fulwlfdo pdvv h�hfw/ vr wkdw

4;



wkh hfrqrp| hlwkhu jrhv edfn wr wkh vwdwxv txr +zkhq >f 	 ?2, ru dfklhyhv d

frpsohwh uhvwuxfwxulqj1 Lq rwkhu whupv/ pl{hg vwdwlrqdu| vwdwhv duh xqvwdeoh1

Lq wklv fdvh/ +4;, lv srvlwlyh dqg/ li pl{hg vwdwlrqdu| glvwulexwlrqv ri

�upv h{lvwv/ wkh| whqg wr eh xqvwdeoh/ dw ohdvw iru odujh hqrxjk shuwxuedwlrqv

+vhh Ohppd 5,1 Wklv phdqv wkdw qrz wkh dgdswlyh g|qdplfv whqgv wr pryh

dzd| iurp wkdw vshfl�f glvwulexwlrq ri �upv= zkhq > 	 >
2
/ wkh sd|r� ri

uhvwuxfwxulqj �upv lv orzhu wkdq wkh rqh ri wkrvh zkr vwlfn wr wkh vwdwxv txr/

vr wkdw wkh qxpehu ri wkh �upv lq wkh odwwhu jurxs whqgv wr lqfuhdvh1 Zkhq

> : >
�
/ wkh qxpehu ri uhvwuxfwxulqj �upv whqgv wr lqfuhdvh ixuwkhu1 Lq wklv

fdvh wkh g|qdplfv whqgv wr pdnh rqh w|sh suhydlo rq wkh rwkhu= li wkh lqlwldo

qxpehu ri �upv rswlqj iru uhvwuxfwxulqj lv vx!flhqwo| odujh/ wkh rwkhuv zloo

iroorz1 Li wkdw qxpehu lv wrr orz/ wkhq d frqvhuydwlyh ehkdylru zloo dsshdu wr

eh pruh uhzduglqj/ dqg zloo dwwudfw doo �upv1 Wklv lv zkdw zh xvxdoo| phdq

e| �fulwlfdo pdvv� h�hfw1

Wkh hfrqrplf lqwxlwlrq uxqv dv iroorzv1 Lq wklv vhfrqg fdvh/ d juhdwhu

ghpdqg lv vhyhuho| kdpshuhg e| zdjh lqfuhdvhv/ zklfk ghfuhdvh frpshwl0

wlyhqhvv dqg lqyhvwphqwv/ dqg wkh pdlq idfwru frqwulexwlqj wr d �up*v shu0

irupdqfh lv djjuhjdwh ghpdqg/ zklfk ghshqgv rq h�1 Li wkh qxpehu ri uh0

vwuxfwxulqj �upv lv odujh hqrxjk/ wkh dyhudjh zdjh lv orz/ dqg wkhuhiruh

ghpdqg zloo eh odujh hqrxjk wr pdnh d �p|rslf� ehkdylru ohvv uhzduglqj1

Qrz lw sd|v r� wr iroorz wkh pdvv/ ehfdxvh wkh gulylqj irufh ri wkh surfhvv

lv olqnhg wr wkh shuirupdqfh ri wkh hfrqrp| dv d zkroh/ dqg qrw vr pxfk wr

wkh uhodwlyh frpshwlwlyhqhvv ri d �up ylv ã ylv wkh rwkhuv1 Qrwlfh wkdw wklv

fdvh lv olnho| wr eh uhohydqw zkhq YE{+�*Y( lv odujh/ l1h1/ zkhq wkh �upv*

ghshqghqfh rq wkh lqwhuqdo pdunhw lv vxevwdqwldo1

Lq frqfoxvlrq/ uhvwuxfwxulqj lqfuhdvhv wkh frpshwlwlyh suhvvxuh h{huwhg

rq rwkhu �upv1 Wklv kxuwv kljk0frvw +V0w|sh, ulydo �upv pruh wkdq orz0frvw

rqhv/ dqg wkxv pdnhv uhvwuxfwxulqj pruh dsshdolqj1

4<



8 Frqfoxglqj uhpdunv1

Rxu dqdo|vlv kdv vkrzq krz wkh wudqvlwlrq surfhvv pd| ghshqg rq wkh qxp0

ehu ri �upv douhdg| uhvwuxfwxuhg1 Zh kdyh d fulwlfdo pdvv h�hfw zkhq zdjh

ghwhuplqdwlrq d�hfwv wkh frxqwu|*v frpshwlwlyhqhvv vxevwdqwldoo|/ dqg kdv d

uhodwlyho| vpdoo h�hfw rq d �up*v frpshwlwlyh srvlwlrq ylv ã ylv rwkhu �upv1

Wkh prgho zh kdyh xvhg vr idu fdq eh h{whqghg lq vhyhudo zd|v1 Wzr srvvl0

elolwlhv duh wkh iroorzlqj1

Wkh uroh ri lqwhuqdwlrqdo wudgh1

Wkh shuirupdqfh ri �upv ghshqgv rq lqwhuqdwlrqdo wudgh dqg rq lqwhu0

qdwlrqdo frpshwlwlyhqhvv wkurxjk dw ohdvw wzr fkdqqhov= 0 dq lqfuhdvh lq RW

lpsuryhv wkh �upv* frpshwlwlyhqhvv> 0 dv d frqvhtxhqfh/ dq lqfuhdvh lq RW do0

orzv �upv wr lqfuhdvh lqyhvwphqw/ dv lw d�hfwv djjuhjdwh ghpdqg srvlwlyho|1

Jlyhq wkh suhylrxv dqdo|vlv/ lw lv hdv| wr vhh wkdw wkh fuxfldo wklqj lv

wr xqghuvwdqg zkdw nlqg ri �up zloo ehqh�w pruh iurp surwhfwlrqlvp/ l1h1

wkh vljq ri _E{+�*_RW1 Iroorzlqj wkh dujxphqw douhdg| looxvwudwhg/ lw vhhpv

uhdvrqdeoh wr wklqn wkdw pruh h!flhqw �upv duh ehwwhu htxlsshg wr h{sorlw

pdunhw rssruwxqlwlhv/ vr wkdw _E{+�*_RW : f1

Wklv phdqv wkh iroorzlqj1 Li wkh pl{hg htxloleulxp lv vwdeoh/ dq lqfuhdvh

lq RW lqfuhdvhv wkh qxpehu ri �upv wkdw uhvwuxfwxuh lq htxloleulxp1 Lq wkh

fdvh ri fulwlfdo pdvv/ lw fdq eh vkrzq wkdw vrph surwhfwlrqlvp ghfuhdvhv

wkh pdvv/ vr wkdw wkh olnholkrrg wkdw wkh hfrqrp| frqyhujhv wr wkh �jrrg�

htxloleulxp lqfuhdvhv1 Wkxv/ lq erwk fdvhv/ vrph surwhfwlrqlvp vhhpv wr eh

idyrudeoh wr uhvwuxfwxulqj1

Wkh uroh ri vodfn1

Dqrwkhu srvvleoh h{whqvlrq zrxog eh wr frqvlghu wkdw �upv gr qrw qhf0

hvvdulo| fkrrvh lqsxwv wr dwwdlq frvw plqlpl}dwlrq/ ru wkdw rxwsxw lv qrw

pd{lpl}hg iru dq| jlyhq frpelqdwlrq ri wkh lqsxwv/ dqg wkdw wklv lqh!flhqf|

ghshqgv rq wkh frpshwlwlyh suhvvxuh shufhlyhg e| wkh �up591 Li wkh h!flhqf|

59Lq rwkhu whupv/ zh dffhsw khuh wkh vr fdoohg Klfnv* frqmhfwxuh/ wkdw kdv uhfhqwo| ehhq

lqyhvwljdwhg e| d qxpehu ri sdshuv +h1j1/ Khupdolq/ 4<<5, srlqwlqj rxw vrph ri lwv zhdn0

qhvvhv1 Jlyhq wkh vwduwlqj srlqw ri Hdvwhuq Hxurshdq hfrqrplhv/ krzhyhu/ zh ihho wkdw
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ri hdfk �up ghshqgv qhjdwlyho| rq d vodfn sdudphwhu/ wkdw lqfuhdvhv zlwk wkh

sulfhv ri rwkhu �upv/ dqg li wklv h�hfw lv vwurqj hqrxjk/ lw pljkw uhyhuvh d

ihz ri rxu uhvxowv1

Iluvw ri doo/ Ys*Y h� pljkw eh qhjdwlyh/ l1h1/ dq lqfuhdvh lq wkh frvwv ri

ulydo �upv pljkw lqgxfh d surgxfhu wr uhod{ wkh vsxu wr h!flhqf|/ uhgxflqj

lwv delolw| wr lqyhvw dqg lwv ixwxuh survshfwv1 Li wklv h�hfw lv vwloo vwurqjhu

iru orz frvw �upv wkdq iru kljk frvw �upv 0 dv vhhpv olnho| lq wkh frqwh{w

douhdg| dqdo|}hg 0 wkhq zh pljkw kdyh wkdw _E{+�*_> lv dozd|v srvlwlyh1

Wklv lpsolhv wkdw lq wkh suhvhqfh ri pdqdjhuldo vodfn wkh fulwlfdo pdvv h�hfw

vkrxog eh frqvlghuhg d w|slfdo ihdwxuh ri wkhvh surfhvvhv/ dqg wkdw zh zrxog

qhyhu kdyh d vwdeoh pl{hg htxloleulxp5:1

Wkh fulwlfdo pdvv fdvh wkxv hphujhv zkhq uhvwuxfwxulqj lv yhu| ehqh�fldo

iru wrwdo lqfrph/ dqg zkhq frpshwlwlrq d�hfwv d �up*v lqwhuqdo h!flhqf|/

zklfk lv suredeo| wkh prvw jhqhudo fdvh1 Zlwk wkh fdxwlrq wkdw d vw|ol}hg

prgho olnh wkh rqh zh kdyh xvhg uhqghuv qhfhvvdu|/ zh vkrxog vwuhvv wkdw lq

wklv vlwxdwlrq dq lqlwldo errvw wr wkh hfrqrp| lq wkh �uljkw� gluhfwlrq +lq

wkh vhqvh ri wkh vr fdoohg �elj0edqj� dssurdfk5;, pdnhv vhqvh/ dv lw dsshduv

qhfhvvdu| wr frpsohwh wkh wudqvlwlrq surfhvv1

Wklv fdq eh dfklhyhg lq gl�huhqw zd|v/ vxfk dv vxevlgl}lqj �upv wkdw

uhvwuxfwxuh/ ru shqdol}lqj �upv zkrvh ehkdylru lv lqfrqvlvwhqw zlwk d jrrg

orqj0whup shuirupdqfh= dq| zd| wr dpsoli| wkh gl�huhqfh lq shuirupdqfh

ehwzhhq �jrrg� dqg �edg� �upv zloo gr1 Lq sduwlfxodu/ jlyhq wkh nqrzq

gl!fxow| ri oderu0pdqdjhg �upv lq udlvlqj rxwvlgh fdslwdo/ khoslqj wkhp wr

udlvh wkh fdslwdo qhfhvvdu| iru uhvwuxfwxulqj pljkw eh fuxfldo1 Wklv vwuhvvhv

wkh uhohydqfh ri kdug exgjhw frqvwudlqwv/ zklfk lq wklv vhwxs ehfrph zd|v wr

h!flhqf| jdlqv duh ri vxfk pdjqlwxgh wkdw wklv frqmhfwxuh vkrxog eh frqvlghuhg d jrrg

zrunlqj k|srwkhvlv1
5:Qrwlfh wkdw lq wklv fdvh surwhfwlrqlvp pd| qr orqjhu eh d vhqvleoh srolf| suhvfuls0

wlrq= rq wkh frqwudu|/ wudgh olehudol}dwlrq zrxog ehfrph suhihudeoh/ dv lw irvwhuv h!flhqf|1

Wklv frqfoxvlrq krogv xqohvv wkh suhvvxuh frplqj iurp iruhljq surgxfwv lv vxfk wkdw hyhq

uhvwuxfwxulqj �upv duh irufhg rxw ri wkh pdunhw1
5;Rq wklv srlqw/ vhh h1j1 Olswrq dqg Vdfkv +4<<4, dqg Pxusk|/ Vkohlihu dqg Ylvkq|

+4<<5,1
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sxqlvk �upv zklfk whqg wr glvuhjdug wkh �up*v �qdqfldo vrxqgqhvv> krzhyhu/

dv frvwv pd| frph erwk iurp kljkhu zdjhv dqg iurp kljkhu lqyhvwphqwv/ d

forvhu frqwuro wr lqyhvwphqwv shu vh dqg d gl�huhqw wuhdwphqw ri gl�huhqw

sduwv ri d �up*v exgjhw zrxog eh lq rughu1

Dv wkh pdlq dqg prvw qdwxudo uhzdug wr �upv frphv iurp wkhlu pdunhw

shuirupdqfh/ d surshu ixqfwlrqlqj ri frpshwlwlrq lv h{wuhpho| lpsruwdqw1 Lq

rxu vhw0xs/ frpshwlwlrq lv qhfhvvdu| wr lqwurgxfh d gl�huhqfh ehwzhhq orz0

frvw dqg kljk0frvw �upv1 Dq reylrxvo| hvvhqwldo ihdwxuh ri frpshwlwlrq lv

sulfh olehudol}dwlrq/ wkdw vkrxog wkhuhiruh suhfhgh sulydwl}dwlrq1 Lq vhfwruv

zkhuh vsrqwdqhrxv sulydwl}dwlrq lv h{shfwhg wr eh wkh gulylqj irufh/ wkh fru0

uhfw srolf| vhtxhqfh vkrxog vhh olehudol}dwlrq �uvw/ dv wklv lv d suhfrqglwlrq

iru wkh ixqfwlrqlqj ri wkh lqfhqwlyh phfkdqlvp uhsuhvhqwhg e| pdunhw ulydou|1

9 Dsshqgl{ 4

Zh frqvlghu khuh d olqhdu Frxuqrw prgho zlwk dv|pphwulf frvwv1 Lq d pdunhw

iru d krprjhqhrxv surgxfw/ � �upv frpshwh lq d txdqwlw|0vhwwlqj jdph1 Li

%� ghqrwhv �up l*v rxwsxw dqg R lv wkh sulfh/ wkh ghpdqg ixqfwlrq lv=

R ' @� Kf +D4,

zkhuh f '
S
%�/ zlwk @/ K : f 1 Oderu lv wkh rqo| lqsxw/ dqg lwv pdujlqdo

surgxfwlylw| lv frqvwdqw1 Wkhuhiruh/ �up l*v frvw ixqfwlrq lv

�� ' S�%� +D5,

Zh fdq wkxv glvwlqjxlvk �upv ghshqglqj rq wkhlu zdjh ohyhov1 Lq olqh zlwk

wkh prgho lq wkh wh{w/ zh kdyh wzr w|shv ri �upv1 Dv w|sh U �upv sd| d

orzhu zdjh wkdq w|sh V �upv/ zh kdyh S7 : S-1 Zh kdyh ? w|sh U �upv/ vr

wkdw f ' ?%- n E� � ?�%71

Ilupv pd{lpl}h sur�w/ wdnlqj wkh rxwsxw ohyhov ri rwkhu �upv dv jlyhq1
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Wkh uhdfwlrq ixqfwlrqv ri w|sh 4 �upv duh=

%- '
@� E� � ?�K%7 � S-

E?n ��K

dqg dqdorjrxvo| iru �up 5 zh kdyh

%7 '
@� ?K%- � S7

E� � ?n ��

Htxloleulxp rxwsxw ohyhov wkhq duh=

%- '
@� E� � ?n ��S- n E� � ?�S7

E� n ��K
+D6,

dqg

%7 '
@n ?S- � E?n ��S7

E� n ��K
+D6*,

Wrwdo rxwsxw lv

f '
�@� ?S- � E� � ?�S7

E� n ��K
+D7,

zkhuhdv htxloleulxp sulfh lv

R '
@n ?S- n E� � ?�S7

� n �
+D8,

Lq frqfoxvlrq/ sur�w ohyhov ri �upv iru wkh wzr w|shv duh

+- '
E@� hS-�2
KE� n ��2

+D9,

dqg

+7 '
E@� hS7�2
KE� n ��2

+D:,

zkhuh hS- � E� � ? n ��S- � E� � ?�S7 dqg hS7 � E? n ��S7 � ?S-1 Wkhvh

irupxodv duh vwudljkwiruzdug h{whqvlrqv ri wkh v|pphwulf fdvh/ dqg lw lv hdv|

wr vhh wkdw hS7 � hS- ' E� n��ES7 � S-� : f/ vr wkdw +- : +7 +orz zdjh �upv

kdyh d odujhu sur�w,1 Pruhryhu/ YhS7*Y? ' YhS-*Y? ' S7 � S- : f 1

Zh fdq qrz gh�qh {+ � +- � +7/ zkrvh h{suhvvlrq lv
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{+ �
E@� hS-�2 � E@� hS7�2

KE� n ��2
'

EhS7 � hS-�E2@� hS7 � hS-�
KE� n ��2

: f +D;,

Wdnlqj �uvw ghulydwlyhv ri +D;, zlwk uhvshfw wr wkh uhohydqw yduldeohv/ lw

lv hdv| wr vhh wkh iroorzlqj=

Y{+

Y?
' �

2EhS7 � hS-�ES7 � S-�

KE� n ��2
	 f +D<,

Dq lqfuhdvh lq wkh qxpehu ri orz0frvw �upv ghfuhdvhv doo sur�wv dv wklv

hqwdlov dq lqfuhdvh lq frpshwlwlrq1 Wkh h�hfw ri dq lqfuhdvh lq ? lv odujhu iru

pruh h!flhqw �upv +iru zklfk wkh whup @� hS� lv odujhu,1 Wkh lqwhusuhwdwlrq
lv hdv|/ lq wkdw lw vwdwhv wkdw dq lqfuhdvh lq dyhudjh zdjh +ghfuhdvh lq ?,

hvshfldoo| ehqh�wv pruh h!flhqw �upv1

Dqdorjrxvo|/ lqwhusuhwlqj @ dv dq lqgh{ ri wkh ohyho ri +djjuhjdwh, ghpdqg/

zh fdq vhh wkdw
Y{+

Y@
'

2EhS7 � hS-�
KE� n ��2

: f +D43,

Dq lqfuhdvh lq ghpdqg ehqh�wv doo �upv lq sursruwlrq wr wkh sulfh0frvw

pdujlq wkh| duh deoh wr dfklhyh1 Wkhuhiruh/ wkhlu ehqh�w lv lqyhuvho| sursru0

wlrqdo wr wkhlu frvw ohyhov= dq lqfuhdvh lq pdunhw vl}h +@, lqfuhdvhv sur�wv ri

pruh h!flhqw �upv pruh wkdq wkrvh ri ohvv h!flhqw rqhv1

: Dsshqgl{ 5

Khuh zh vkrz xqghu zkdw frqglwlrqv/ zlwklq wkh vwdqgdug vhw0xs douhdg|

hpsor|hg lq Dsshqgl{ 4/ wrwdo ydoxh dgghg lqfuhdvhv zkhq wkh qxpehu ri

�upv zklfk uhvwuxfwxuh lqfuhdvhv1 Qrwlfh �uvw wkdw doo frvwv duh oderu frvwv1

Wkhuhiruh/ ydoxh dgghg ri �up l/ wkh vxp ri sur�w dqg wkh zdjh eloo/ lv

T� � +� n �� ' R%� +D44,

Wklv douhdg| suryhv wkdw/ jlyhq %- : %7 / T- : T7 1 Wklv lv wkh gluhfw

h�hfw ri uhvwuxfwxulqj phqwlrqhg lq wkh sdshu1 Dv iru wrwdo ydoxh dgghg

surgxfhg lq wklv lqgxvwu|/ zh kdyh wr frqvlghu wkh vxp ri �upv* uhyhqxhv=
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hT ' ?T- n E� � ?�T7 ' RE?%- n E� � ?�%7� +D45,

Uhvwuxfwxulqj hqwdlov dq lqfuhdvh lq rxwsxw dqg d ghfuhdvh lq sulfhv1 Zlwk

dq lvr0hodvwlf ghpdqg ixqfwlrq/ lqgxvwu| uhyhqxhv lqfuhdvh zlwk uhvwuxfwxulqj

dv orqj dv wkh hodvwlflw| ri ghpdqg lv odujhu wkdq rqh1

Lq wkh suhvhqw irupxodwlrq/ xvlqj h{suhvvlrqv +D7, dqg +D8, zh fdq vhh

wkdw

hT '
E@ng�E�@�g�

E� n ��2K
+D46,

zkhuh g � ?S- n E� � ?�S7 dqg Yg*Y? ' S- � S7 	 f1 Li pruh �upv

uhvwuxfwxuh/ f lqfuhdvhv/ zkloh reylrxvo| R ghfuhdvhv1 ydoxh dgghg lqfuhdvhv

zlwk ? li dqg rqo| li Y hT *Yg 	 f/ l1h1

�2g n @E� � �� 	 f +D47,

H{suhvvlrq +D47, lv qhjdwlyh zkhq g lv odujh hqrxjk uhodwlyh wr @/ l1h1 li

wkh lqgxvwu|*v wrwdo frvw lv odujh hqrxjk uhodwlyh wr pdunhw vl}h +l1h1/ zkhq

htxloleulxp rxwsxw olhv lq wkh uhjlrq ri ghpdqg zkhuh hodvwlflw| lv juhdwhu

wkdq 4,1 Xqghu wklv dvvxpswlrq/ wrwdo ydoxh dgghg lqfuhdvhv zkhq �upv

uhvwuxfwxuh1

Uhpdun L1

Dv douhdg| lqglfdwhg/ rxu frqglwlrq lv dozd|v phw dv orqj dv ghpdqg

hodvwlflw| lv juhdwhu wkdq 41

Zlwk olqhdu ghpdqg/ dv lqglfdwhg e| frqglwlrq +D47, wkh vwdelolw| surs0

huwlhv pd| fkdqjh1 Lqghhg/ dq lqfuhdvh lq ? ghfuhdvhv g vr wkdw wkhuh lv

wkh srvvlelolw| +exw rqo| wkh srvvlelolw|, wkdw wklv frqglwlrq krogv iru fhuwdlq

ydoxhv ri ? exw pd| eh ylrodwhg �odwhu rq�/ li ? lqfuhdvhv1 Iru lqvwdqfh/

dvvxph wkdw dw wkh rxwvhw ri wkh surfhvv +D47, lv phw dqg wkdw zh duh lq

wkh fulwlfdo pdvv fdvh1 Li wkh g|qdplfv ri wkh v|vwhp ohdgv wr dq lqfuhdvh lq

zdjhv/ wklv frqglwlrq zloo d iruwlrul eh phw odwhu rq/ dqg wkh hfrqrp| zloo

frqyhujh wr d �edg� htxloleulxp1 Li/ rq wkh frqwudu|/ uhvwuxfwxulqj lv wkh

suhydlolqj vwudwhj| dw wkh ehjlqqlqj/ ? whqgv wr lqfuhdvh/ dqg lw lv srvvleoh
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wkdw dw vrph srlqw zh zrxog pryh iurp wkh fulwlfdo pdvv fdvh wr wkh fdvh lq

zklfk pl{hg htxloleuld duh vwdeoh1 Lq rwkhu zrugv/ frqyhujhqfh wrzdugv wkh

�jrrg� htxloleulxp frxog eh eudnhg e| wkh zdjh gurs/ wkhuhe| vwdelol}lqj

wkh hfrqrp| xsrq d vrfldoo| lqh!flhqw rxwfrph1

Uhpdun 5

Lq wklv h{dpsoh/ zh kdyh dvvxphg wkdw wkh zdjh fkdqjh lv qrw dvvrfldwhg

wr d fkdqjh lq wkh �up*v remhfwlyh ixqfwlrq/ l1h1/ sur�w pd{lpl}dwlrq1 Li

uhvwuxfwxulqj grhv qrw vlpso| hqwdlo d gl�huhqw zdjh ohyho exw dq dfwxdo

vkliw lq wkh remhfwlyh ixqfwlrq/ wkh uhvxow pd| eh hyhq pruh fohdu0fxw1 Iru

lqvwdqfh/ li kljk zdjh �upv ehkdyh olnh zrunhuv* frrshudwlyhv dqg orz zdjh

�upv pd{lpl}h sur�w/ wkhq ydoxh dgghg fhuwdlqo| lqfuhdvhv zlwk uhvwuxfwxulqj

^d vwudljkwiruzdug dssolfdwlrq ri wkh prgho ri Ghoerqr dqg Urvvlql +4<<5,

|lhogv suhflvho| wklv uhvxow`1

Uhihuhqfhv

^4` Djklrq/ S1/ +4<<9,/ Hqwhusulvh Uhvwuxfwxulqj lq wkh Wudqvlwlrq Surfhvv/

plphr/ Qx!hog Froohjh/ R{irug1

^5` Djklrq/ S1 / Eodqfkdug/ R1/ Fduolq/ Z1 +4<<7,/ Wkh Hfrqrplfv ri Hqwhu0

sulvh Uhvwuxfwxulqj lq Fhqwudo dqg Hdvwhuq Hxursh/ FHSU Glvfxvvlrq

Sdshu q1438;/ Orqgrq1

^6` Ehunrzlw}/ G1/ Frrshu/ G1 +4<<:,/ Vwduw0xsv dqg Wudqvlwlrq/ plphr/

Xqlyhuvlw| ri Slwwvexujk1

^7` Elvlq D1/ Yhuglhu/ W1 +4<<9,/ Wkh Hfrqrplfv ri Fxowxudo Wudqvplvvlrq

dqg wkh G|qdplfv ri Suhihuhqfhv/ plphr/ Ghowd/ Sdulv1

^8` Eodqfkdug/ R1/ Djklrq/ S1 +4<<9,/ Rq Lqvlghu Sulydwl}dwlrq/ Hxurshdq

Hfrqrplf Uhylhz/ 73/ :8<0991

^9` Frppdqghu/ V1/ Gkdu/ V1/ \hpwvry/ U1 +4<<8,/ Krz Uxvvldq IlupvPdnh

Wkhlu Zdjh dqg Hpsor|phqw Ghflvlrqv/ plphr/ Zruog Edqn1
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^:` Ghoerqr/ I1/ Urvvlql/ J1 +4<<5,/ Frpshwlwlrq Srolf| yv Krul}rqwdo

Phujhu zlwk Sxeolf/ Hqwuhsuhqhxuldo dqg Frrshudwlyh Ilupv/ Mrxuqdo

ri Frpsdudwlyh Hfrqrplfv/ 5/ 5590731

^;` Grzg/ N1/ Juhhqdzd|/ G1 +4<<6,/ Fxuuhqf| Frpshwlwlrq/ Qhwzrun H{0

whuqdolwlhv dqg Vzlwfklqj Frvwv = Wrzdugv dq Dowhuqdwlyh Ylhz ri Rswl0

pxp Fxuuhqf| Duhdv/ Hfrqrplf Mrxuqdo/ 436/ 44;30;<1

^<` Hduoh/ M1/ Hvwulq/ V1/ Ohvkfkhqnr/ O1 +4<<8,/ Rzqhuvkls Vwuxfwxuhv/ Sdw0

whuqv ri Frqwuro dqg Hqwhusulvh Ehkdylru lq Uxvvld/ plphr/ Zruog Edqn1

^43` Iu|gpdq/ U1/ Udsdf}|qvnl/ D1 +4<<7,/ Sulydwl}dwlrq lq Hdvwhuq Hxursh=

Lv wkh Vwdwh Zlwkhulqj Dzd|B/ Fhqwudo Hxurshdq Xqlyhuvlw| Suhvv/ Orq0

grq1

^44` Jurvihog/ L1 +4<<7,/ Wuljjhulqj Hyroxwlrq= Wkh Fdvh iru d Euhdnwkurxjk

lq Sulydwl}dwlrq/ lq N1 Sr}qdqvnl +hg1,/ Hyroxwlrqdu| Wudqvlwlrq wr Fds0

lwdolvp/ Zhvwylhz Suhvv/ Erxoghu/ Frorudgr1

^45` Kdqvhq/ Q1 +4<<:,/ Sulydwl}dwlrq/ Whfkqrorj| Fkrlfh dqg Djjuhjdwh

Rxwfrphv/ Mrxuqdo ri Sxeolf Hfrqrplfv/ 97/ 75807751

^46` Khupdolq/ E1 +4<<5,/ Wkh H�hfwv ri Frpshwlwlrq rq H{hfxwlyh Ehkdylru/

Udqg Mrxuqdo ri Hfrqrplfv/ 56/ 68306981

^47` Ndw}/ P1/ Vkdslur/ F1 +4<;8,/ Qhwzrun H{whuqdolwlhv/ Frpshwlwlrq dqg

Frpsdwlelolw|/ Dphulfdq Hfrqrplf Uhylhz/ :8/ 75707731

^48` Nruqdl/ M1 +4<<5,/ Wkh Srvw0Vrfldolvw Wudqvlwlrq dqg wkh Vwdwh= Uh hf0

wlrqv lq wkh Oljkw ri Kxqjduldq Ilvfdo Sureohpv/ Dphulfdq Hfrqrplf

Uhylhz/ ;5/ 40541

^49` Nruqdl/ M1 +4<<7,/ Kljkzd|v dqg E|zd|v/ PLW Suhvv/ Fdpeulgjh/ Pdvv1

^4:` Olswrq/ G1/ Vdfkv/ M1 +4<<4,/ Sulydwl}dwlrq lq Hdvwhuq Hxursh= wkh Fdvh

ri Srodqg/ Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw|/ 5<606661

5:



^4;` Pxusk|/ N1/ Vkohlihu/ D1/ Ylvkq|/ U1 +4<<5,/ Wkh Wudqvlwlrq wr d Pdunhw

Hfrqrp|= Slwidoov ri Sduwldo Uhirup/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/

43:/ ;;<0<391

^4<` Slqwr/ E1/ Ehond/ P1/ Nudmhzvnl/ V1 +4<<6,/ Wudqviruplqj Vwdwh Hqwhu0

sulvhv lq Srodqg= Hylghqfh rq Dgmxvwphqw e| Pdqxidfwxulqj Ilupv/

Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw|/ 54605:31

^53` Urodqg/ J1/ Yhuglhu/ W1 +4<<7,/ Sulydwl}dwlrq lq Hdvwhuq Hxursh1 Luuh0

yhuvlelolw| dqg Fulwlfdo Pdvv H�hfwv/ Mrxuqdo ri Sxeolf Hfrqrplfv/ 87/

49404;61

^54` Vdfkv/ M1 +4<<6,/ Srodqg*v Mxps wr wkh Pdunhw Hfrqrp|/ PLW Suhvv/

Fdpeulgjh Pdvv1

^55` Zhlexoo/ M1 +4<<8,/ Hyroxwlrqdu| Jdph Wkhru|/ PLW Suhvv/ Fdpeulgjh

Pdvv1

5;


