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Vhswhpehu 43/ 4<<:

Devwudfw

Revhuyhg �vfdo srolf| uh hfwv wkh lqfhqwlyhv hpehgghg lq srolwlfdo lqvwlwxwlrqv1

Lq wklv sdshu/ zh looxvwudwh wkh h�hfwv ri wzr jhqhudo lqvwlwxwlrqdo ihdwxuhv= vhsdud0

wlrq ri srzhuv/ zklfk lv frpprq lq Suhvlghqwldo0Frqjuhvvlrqdo srolwlfdo v|vwhpv/

dqg ohjlvodwlyh frkhvlrq/ zklfk lv w|slfdo ri sduoldphqwdu| v|vwhpv1 Frpsduhg wr

d vlpsoh ohjlvodwlyh jdph/ vhsdudwlrq ri srzhuv eulqjv derxw d vpdoohu vl}h ri jry0

huqphqw dqg orzhu zdvwh1 Ohjlvodwlyh frkhvlrq lqgxfhv d pruh htxdo glvwulexwlrq/

exw pruh zdvwh dqg kljkhu wd{hv1

Nh|zrugv= srolwlfdo hfrqrplfv/ frpsdudwlyh srolwlfv/ uhqwv/ lqfhqwlyhv1

MHO fodvvl�fdwlrq= K4/ D4

Krz fdq rssruwxqlvwlf srolf|pdnhuv eh lqgxfhg wr ehkdyh lq wkh yrwhuv lqwhuhvwB

Zklfk ihdwxuhv ri srolwlfdo lqvwlwxwlrqv duh prvw khosixo lq wklv uhjdugB Krz gr

srolwlfdo lqvwlwxwlrqv uhvroyh ru plwljdwh wkh frq lfw ri lqwhuhvw dprqj gl�huhqw

jurxsv ri flwl}hqvB Wkhvh ixqgdphqwdo txhvwlrqv duh w|slfdoo| ljqruhg e| wkh wzr

suhydohqw dqg rssrvlwh wudglwlrqv lq sxeolf �qdqfh1 Wudglwlrqdo qhrfodvvlfdo wkhru|

lv hqwluho| qrupdwlyh dqg dvvxphv d ehqhyrohqw sodqqhu zlwk d zhoo0gh�qhg vrfldo

zhoiduh ixqfwlrq1 Wklv kdv ehhq fulwlfl}hg dv d fdulfdwxuh e| wkh sxeolf fkrlfh

vfkrro/ zklfk dujxhv wkdw srolwlfldqv udwlrqdoo| iroorz wkhlu vhoi0lqwhuhvw1 Srvlwlyh

sxeolf fkrlfh wkhru|/ krzhyhu/ w|slfdoo| uholhv rq dq dowhuqdwlyh fdulfdwxuh= wkh

�Wkh dxwkruv duh iurp= LLHV/ Vwrfnkrop Xqlyhuvlw|> HFDUH/ Xqlyhuvlwì Oleuh gh Eux{hoohv>

dqg LJLHU/ Erffrql Xqlyhuvlw|/ uhvshfwlyho|1 Wkh| wkdqn wkh Hxurshdq Frpplvvlrq iru �qdqfldo

vxssruw +d WPU judqw, dqg Fkulvwlqd Oùqqeodg iru hglwruldo dvvlvwdqfh1



pdohyrohqw Ohyldwkdq srolf|pdnhu wkdw uhsodfhv wkh ehqhyrohqw Sljryldq sodqqhu
lv vroho| pd{lpl}lqj khu rzq uhqwv1 Wkh yrwhuv* lqwhuhvw dqg wkh srvvleoh frq lfwv
dprqj wkhp duh jhqhudoo| glvuhjdughg/ dqg srolwlfdo lqvwlwxwlrqv gr qrw sod| dq|
sduw lq wkh dqdo|vlv1 Wr sxw lw pruh eoxqwo|= erwk wudglwlrqv odfn plfur0srolwlfdo
irxqgdwlrqv1 Exloglqj d eulgjh ehwzhhq wkhvh wzr wudglwlrqv�frpelqlqj wkhlu
pdlq lqvljkwv�lv dq lpsruwdqw wdvn iru sxeolf �qdqfh1 Wklv uhtxluhv dgguhvvlqj
wkh deryh txhvwlrqv uhjduglqj krz zhoo ghprfudwlf lqvwlwxwlrqv doljq wkh lqwhuhvwv
ri yrwhuv dqg wkh lqfhqwlyhv ri vhoi0lqwhuhvwhg srolwlfldqv1 Wklv sdshu vxppdul}hv
d uhfhqw olqh ri uhvhdufk dwwhpswlqj wr surylgh vxfk plfur0srolwlfdo irxqgdwlrqv1

Vhfwlrq 5 od|v rxw wkh edvlf prgho/ vlpsoli|lqj wkh ulfkhu iudphzrun ri Shuvvrq/
Urodqg dqg Wdehoolql +4<<:e,1 Wd{ dqg uhglvwulexwlyh srolflhv duh fkrvhq lq d
vlpsoh ohjlvodwlyh edujdlqlqj jdph lq wkh vw|oh ri Edurq dqg Ihuhmrkq +4<;<,1 Hdfk
ohjlvodwru uhsuhvhqwv wkh yrwhuv lq dq hohfwrudo glvwulfw1 Wkhuh lv d uhglvwulexwlyh
frq lfw ehwzhhq yrwhuv lq gl�huhqw glvwulfwv/ exw wkhuh lv dovr dq djhqf| sureohp
dv wkh srolwlfldqv kdyh wkh srzhu wr glyhuw uhvrxufhv iru wkhlu rzq ehqh�w1 Zh
hpehg wkh ohjlvodwlyh edujdlqlqj lq dq hohfwrudo iudphzrun vlplodu wr wkrvh ri
Ihuhmrkq +4<;9, dqg Shuvvrq/ Urodqg dqg Wdehoolql +4<<:d,1 Hyhq wkrxjk yrwhuv
fdq glvflsolqh wkhlu uhsuhvhqwdwlyhv e| qrw uh0hohfwlqj wkhp li wkh| glyhuw wrr pxfk/
wkh uhsuhvhqwdwlyhv vxffhhg lq pd{lpl}lqj wd{ uhyhqxhv dqg nhhs vrph uhpdlqlqj
uhqwv lq htxloleulxp1 Wklv lv d �uvw srolwlfdo glvwruwlrq1 D vhfrqg glvwruwlrq lv
wkdw htxloleulxp uhglvwulexwlrq lv gluhfwhg wrzdugv d plqrulw|1

Wkh uhpdlqghu ri wkh sdshu wkhq lqyhvwljdwhv krz wkhvh glvwruwlrqv duh dowhuhg
e| gl�huhqw ihdwxuhv ri ulfkhu srolwlfdo lqvwlwxwlrqv1 Lq Vhfwlrq 6/ zh frqvlghu dq
hvvhqwldo ihdwxuh ri uhdo0zruog suhvlghqwldo0frqjuhvvlrqdo v|vwhpv/ qdpho| vhsdud0

wlrq ri srzhuv1 Xqolnh lq wkh vlpsoh ohjlvodwxuh/ sursrvdov uhjduglqj wkh ohyho ri
wd{hv dqg wkh doorfdwlrq ri wd{ uhyhqxh duh pdgh e| gl�huhqw ohjlvodwruv +frqjuhv0
vlrqdo frpplwwhhv,/ zklfk duh khog dffrxqwdeoh e| yrwhuv lq gl�huhqw glvwulfwv1
Dv lq Shuvvrq/ Urodqg dqg Wdehoolql +4<<:d,/ wklv vhsdudwlrq ri srzhuv glplq0
lvkhv wkh �uvw srolwlfdo glvwruwlrq= htxloleulxp wd{hv dqg uhqwv wr srolwlfldqv duh
xqdpeljxrxvo| orzhu1 Exw wkh vhfrqg glvwruwlrq uhpdlqv1

Vhfwlrq 7 vwxglhv d ihdwxuh pruh forvho| dvvrfldwhg zlwk sduoldphqwdu| v|v0
whpv/ qdpho| ohjlvodwlyh frkhvlrq1 Dv vkrzq lq Glhuphlhu dqg Ihgghuvhq +4<<9,/
d euhdn xs ri wkh jryhuqphqw hqwdlov d frvwo| orvv ri djhqgd vhwwlqj srzhuv1 Wklv
vwuhqjwkhqv wkh jryhuqlqj frdolwlrq*v lqfhqwlyh wr yrwh wrjhwkhu rq sursrvhg ohjlv0
odwlrq dqg gdpshqv wkh vhfrqg srolwlfdo glvwruwlrq= wkh ehqh�wv ri uhglvwulexwlrq
duh qrz hqmr|hg e| d pdmrulw| ri wkh yrwhuv1 Exw wd{hv dqg uhqwv wr srolwlfldqv
duh qrz edfn dw dv kljk d ohyho dv lq wkh vlpsoh ohjlvodwxuh1
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41 D vlpsoh ohjlvodwlyh jdph

Frqvlghu d vlpsoh ohjlvodwxuh zlwk wkuhh uhsuhvhqwdwlyhv1 Hdfk ri wkhp uhsuhvhqwv
d frqvwlwxhqf| zlwk krprjhqhrxv yrwhuv/ wkh vl}h ri zklfk lv qrupdol}hg wr xqlw|1
Hdfk yrwhu lq glvwulfw � zdqwv wr pd{lpl}h

�� ' L dE�� � � n o�o� +4,

Yrwhu lqfrph lv qrupdol}hg wr �/ � lv d wd{ udwh frpprq wr doo glvwulfwv/ dqg o� lv

d uhglvwulexwlyh wudqvihu sd|phqw wr glvwulfw �� Wkh jryhuqphqw exgjhw ixo�oov

�� ' o n rc +5,

zkhuh o '
S

� o
� dqg r '

S
� r

� uhvshfwlyho| uhsuhvhqw djjuhjdwh wudqvihuv dqg

djjuhjdwh uhvrxufhv glyhuwhg lq wkh srolwlfdo surfhvv wr wkh ehqh�w ri srolwlfldqv1

Wkxv/ lwhp r� ehqh�wv wkh uhsuhvhqwdwlyh iurp uhjlrq � exw qrerg| hovh1 Iurp

wkh ylhzsrlqw ri yrwhuv/ r : f wkxv uhsuhvhqwv d zdvwh ri uhvrxufhv1 Doo lwhpv

dsshdulqj lq wkh jryhuqphqw exgjhw frqvwudlqw duh frqvwudlqhg wr eh qrq0qhjdwlyh1

Srolwlfldqv vhhn wr pd{lpl}h=

�� ' r� n �(�c +6,

zkhuh (� 5 ifc �j lv d gxpp| yduldeoh wdnlqj wkh ydoxh (� ' � li wkh srolwlfldq

lv uhhohfwhg dw wkh hqg ri wkh shulrg dqg 3 rwkhuzlvh/ dqg � : f frqvwlwxwhv wkh

h{rjhqrxv sulydwh ehqh�w ri kroglqj r!fh lq wkh ixwxuh1 Zh dvvxph wkdw yrwhuv

lq uhjlrq � frruglqdwh rq d xwlolw|0pd{lpl}lqj uh0hohfwlrq uxoh zkhuh (� ' � li dqg

rqo| li �� � K� zkhuh K� lv d ohyho ri �uhvhuydwlrq xwlolw|�1 Li (� ' f/ yrwhuv lqvwhdg

dssrlqw dq rssrqhqw udqgrpo| vhohfwhg iurp d vhw ri fdqglgdwhv lghqwlfdo wr wkh

lqfxpehqw lq doo uhvshfwv14

Wkh prgho lqfrusrudwhv frq lfwv ri lqwhuhvw lq wkuhh glphqvlrqv1 Yrwhuv glv0

djuhh dfurvv glvwulfwv ryhu wkh glvwulexwlrq ri oc iru jlyhq � dqg r( srolwlfldqv

glvdjuhh ryhu wkh glvwulexwlrq ri rc iru jlyhq � dqg o( �qdoo|/ yrwhuv dqg srolwlfldqv

glvdjuhh ryhu krz � duh wr eh glvwulexwhg ehwzhhq r dqg o� Krz wkhvh frq lfwv

ri lqwhuhvw duh uhvroyhg ghshqgv rq wkh srolwlfdo lqvwlwxwlrqv lq sodfh/ vshfl�fdoo|

rq wkh dvvxphg irup ri ohjlvodwlyh edujdlqlqj1 Qrwh dovr wkdw srolwlfldqv kdyh

4Wklv iudphzrun lv d vwdwlf vlpsol�fdwlrq ri d ixoo0 hgjhg lqwhuwhpsrudo prgho1 Shuvvrq/
Urodqg dqg Wdehoolql +4<<:d/ 4<<:e, vroyh hqgrjhqrxvo| iru wkh ehqh�wv ri r!fh +wkh whup z,/
dv wkh h{shfwhg suhvhqw ydoxh ri ixwxuh uhqwv v=Wkh glvfxvvlrq lq Shuvvrq +4<<:, dovr vxjjhvwv
wkdw wkh uhvxowv pd| eh urexvw wr wkh dvvxpswlrqv derxw yrwhu ehkdylru dqg ohjlvodwru prwlyhv1

6



wkh srzhu wr dssursuldwh uhvrxufhv> exw dv wkh| ydoxh kroglqj r!fh lq wkh ixwxuh/

wkh| fdq eh glvflsolqhg wkurxjk hohfwlrqv1 Krz zhoo wklv phfkdqlvp zrunv dovr

ghshqgv rq wkh srolwlfdo lqvwlwxwlrqv1

Zh �uvw dqdo|}h d vlpsoh ohjlvodwxuh zlwkrxw vhsdudwlrq ri srzhuv ru ohjlvodwlyh

frkhvlrq1 Wkh wlplqj lv dv iroorzv= +4, Qdwxuh udqgrpo| fkrrvhv dq djhqgd0vhwwhu

@ dprqj wkh wkuhh ohjlvodwruv1 +5, Yrwhuv vhw wkhlu uhvhuydwlrq xwlolwlhv/ frqglwlrqdo

rq zkhwkhu wkhlu uhsuhvhqwdwlyh lv wkh djhqgd vhwwhu ru qrw/ dqg wkhvh vwudwhjlhv

duh revhuyhg e| hyhu|erg|1 +6, Wkh djhqgd vhwwhu sursrvhv d srolf| +�c io�jcir�j�1
+7, Wkh ohjlvodwxuh yrwhv1 Li dw ohdvw dqrwkhu ohjlvodwru vxssruwv wkh sursrvdo/ lw
lv lpsohphqwhg1 Li qrw/ d ghidxow rxwfrph lv lpsohphqwhg zlwk � ' j n 4 	 �/
r� ' j : fc dqg o� ' 4 : f� +8, Yrwhuv revhuyh � dqg io�jcdqg hohfwlrqv duh khog1

Wkhuh lv d xqltxh vhtxhqwldoo| udwlrqdo htxloleulxp1 Lw kdv irxu ixqgdphqwdo
ihdwxuhv +vhh Shuvvrq/ Urodqg dqg Wdehoolql +4<<:e, iru d pruh frpsohwh ghulyd0
wlrq,1 Iluvw/ wkhuh lv d plqlpxp zlqqlqj frdolwlrq ri wzr ohjlvodwruv1 Vdwlvi|lqj d
frdolwlrq sduwqhu lv frvwo| iru wkh djhqgd vhwwhu= wkh uhvrxufhv r�huhg wr d frdolwlrq
sduwqhu fdq qhlwkhu eh vshqw rq uhqwv iru @ qru rq wudqvihuv wr @*v frqvwlwxhqf|1
Khqfh/ lq htxloleulxp rqh ohjlvodwru/ ? vd|/ lv ohiw rxw ri wkh zlqqlqj frdolwlrq dqg
jhwv r? ' o? ' f�

Vhfrqg/ yrwhuv lq uhjlrqv � 9' @ duh lqyroyhg lq d Ehuwudqg frpshwlwlrq/ zkhuh
wkh| elg grzq wkhlu uhvhuydwlrq xwlolwlhv1 Vlqfh wkh plqrulw| grhv qrw uhfhlyh dq|
wudqvihuv/ yrwhuv lq erwk glvwulfwv � 9' @ frpshwh iru ehlqj lqfoxghg lq wkh zlqqlqj
frdolwlrq1 Wkh djhqgd0vhwwlqj ohjlvodwru dozd|v fkrrvhv wkh uhsuhvhqwdwlyh zkrvh
yrwhv duh �fkhdshu� wr ex| dv d frdolwlrq sduwqhu1 Wkxv/ wkh yrwhuv ri wkh glvwulfw
lqfoxghg lq wkh pdmrulw|/ 6 vd|/ fdqqrw d�rug wr eh pruh ghpdqglqj wkdq yrwhuv
lq glvwulfw ?1 Ehfdxvh ri wklv glvfrqwlqxlw| lq yrwhuv* sd|r�v lqvlgh dqg rxwvlgh
wkh pdmrulw|/ wkh rqo| htxloleulxp kdv erwk uhjlrqv dvnlqj iru o� ' fc dqg vhwwlqj
wkhlu uhvhuydwlrq xwlolw| wr K� ' LE� � �u�c zkhuh �u lv wkh htxloleulxp wd{ udwh1

Wklug/ ohjlvodwruv lq wkh zlqqlqj frdolwlrq dssursuldwh vrph uhqwv1 Frqvlghu
wkh mrlqw zhoiduh ri ohjlvodwruv @ dqg 61 Wkh| dozd|v kdyh wkh rswlrq ri qrw
vhhnlqj uhdssrlqwphqw1 Lq wklv fdvh/ lw lv mrlqwo| rswlpdo wr sxuvxh d �Ohyldwkdq�
srolf| pd{lpl}lqj wd{ uhyhqxh dqg dssursuldwlqj doo uhvrxufhv/ wkhuhe| dfklhylqj
d mrlqw sd|r� ri 6 lq wkh fxuuhqw shulrg1 Wkh dowhuqdwlyh lv wr sohdvh wkh yrwhuv dqg
dssursuldwh d vpdoohu ryhudoo dprxqw ri uhqwv/ r/ wkhuhe| dfklhylqj mrlqw zhoiduh ri
+rn 2��� Lq htxloleulxp/ wkh yrwhuv pxvw ohdyh wkh ohjlvodwruv lqgl�huhqw ehwzhhq
wkhvh wzr rswlrqv1 Khqfh/ wkh ryhudoo uhqwv dssursuldwhg lq htxloleulxp dprxqw
wr ru ' � � 2�1 Krz duh wkhvh uhqwv vsolw dprqj ohjlvodwruvB Wkh djhqgd vhwwhu
lv wkh uhvlgxdo fodlpdqw1 Vkh qdlov ohjlvodwru 6 wr khu vwdwxv txr sd|r�/ ohdylqj
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khu r6 ' j � �c dqg jhwv wkh uhpdlqghu iru klpvhoi= r@ ' � � j � �� Qrwh wkdw
ohjlvodwruv duh glvflsolqhg e| yrwhuv lq glvwulfw @( wkh rwkhu yrwhuv duh hqjdjhg lq
Ehuwudqg frpshwlwlrq/ dqg fdqqrw h{huw dq| glvflsolqh dq|zd|1

Irxuwk/ wd{ uhyhqxhv duh pd{lpl}hg1 Wklv lv lq wkh lqwhuhvw ri wkh yrwhuv lq wkh
djhqgd vhwwhu glvwulfw/ zkr duh wkh rqo| rqhv zkr pljkw lq xhqfh srolf| fkrlfhv
wkurxjk wkhlu uhvhuydwlrq xwlolwlhv1 Vshfl�fdoo|/ yrwhuv lq wkh djhqgd0vhwwlqj uhjlrq
ghwhuplqh wkhlu uhvhuydwlrq xwlolw| K@ vr dv wr pd{lpl}h LE���no@�/ vxemhfw wr wkh
exgjhw frqvwudlqw �� ' o@nr dqg wkh lqfhqwlyh frqvwudlqw r � ��2�� Frpelqlqj
wkh wzr frqvwudlqwv/ zh kdyh o@ � 2�� �E�� ��� Fohduo|/ wkh rswlpxp lv wr kdyh
� ' � dqg o@ ' 2�c zklfk lv lpsohphqwhg e| yrwhuv lq glvwulfw @ vhwwlqj wkhlu
uhvhuydwlrq xwlolw| dw K@ ' L E2���

Zh fdq vxppdul}h wkh suhfhglqj glvfxvvlrq dv iroorzv=

Sursrvlwlrq 41 Lq wkh vlpsoh ohjlvodwxuh zh kdyh �u ' �c ru ' � �
2�c ou ' o@u ' 2� zlwk o�u ' fc iru � 9' @� Wklv htxloleulxp lv

vxssruwhg e| uhvhuydwlrq xwlolwlhv K@ ' L E2�� dqg K� ' LEf� iru � 9' @�

D vrfldo rswlpxp � jlyhq dq| vrfldo zhoiduh ixqfwlrq wkdw lv v|pphwulf dfurvv
glvwulfwv/ exw grhv qrw lqfoxgh wkh xwlolw| ri srolwlfldqv � zrxog vhw r ' f dqg o� ' �

iru doo ��5Frpsduhg wr wklv ehqfkpdun/ wkhuh duh wkxv wzr �srolwlfdo glvwruwlrqv�

lq wkh htxloleulxp ri wklv vhfwlrq1 Iluvw/ uhglvwulexwlrq/ dqg dffruglqjo| sulydwh

frqvxpswlrq/ lv vhyhuho| eldvhg wrzdugv wkh glvwulfw ri wkh djhqgd0vhwwhu1 Vhfrqg/

wkh htxloleulxp fdqqrw flufxpyhqw wkh djhqf| sureohp ri ohjlvodwruv glyhuwlqj wd{

uhyhqxhv iru wkhlu rzq ehqh�w1 Dv zh vkdoo vhh/ pruh uhdolvwlf srolwlfdo lqvwlwxwlrqv

gdpshq dw ohdvw rqh ri wkhvh glvwruwlrqv1

51 Vhsdudwlrq ri srzhuv

Dv wkh Irxqglqj Idwkhuv ri wkh Dphulfdq frqvwlwxwlrq kdg fohduo| xqghuvwrrg/

�fkhfnv dqg edodqfhv� rq jryhuqphqw dfwlylwlhv pd| khos wkh yrwhuv wr glvflsolqh

hohfwhg r!fldov1 Wkh xqghuo|lqj sureohp lv wkdw d srolwlfdo frqvwlwxwlrq lv olnh

dq lqfrpsohwh frqwudfw= wklv lv zkdw doorzv srolwlfldqv wr uhds uhqwv iurp r!fh1

Wklv sureohp fdq eh doohyldwhg e| vhsdudwlrq ri srzhuv16 Lq idfw/ ihz uhdo zruog

5Lq wklv vhw0xs/ � lv lqghwhuplqdwh exw zrxog eh vhw wr 3 li wd{hv zhuh glvwruwlrqdu|1
6Dv lq wkh frqwudfw olwhudwxuh/ dv|pphwulf lqirupdwlrq lv dqrwkhu vrxufh ri uhqwv1 Shuvvrq/

Urodqg dqg Wdehoolql +4<<:d, ghprqvwudwh wkdw vhsdudwlrq ri srzhuv lv khosixo lq fxuwdlolqj wklv
vrxufh ri uhqwv/ dv zhoo1
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srolwlfdo lqvwlwxwlrqv doorz vxfk pdvvlyh frqfhqwudwlrqv ri sursrvdo srzhu dv wkh

vlpsoh ohjlvodwxuh zh kdyh mxvw vwxglhg1

Vhsdudwlrq ri srzhuv rewdlqv prvw fohduo| lq suhvlghqwldo v|vwhpv/ zkhuh wkh

h{hfxwlyh lv gluhfwo| hohfwhg1 Lq suhvlghqwldo0frqjuhvvlrqdo v|vwhpv olnh wkh XV/

frqjuhvvlrqdo frpplwwhhv kdyh frqvlghudeoh djhqgd0vhwwlqj srzhuv/ exw rqo| ryhu

vshfl�f srolf| glphqvlrqv1 Wkxv/ wkh djhqgd vhwwlqj srzhu lv vsolw dprqj gl�huhqw

ohjlvodwruv1 Wkdw lv dovr rxu dvvxpswlrq lq wklv vhfwlrq= zh frqvlghu d wzr0vwdjh

exgjhw surfhgxuh/ zkhuh wd{hv dqg wkh doorfdwlrq ri h{shqglwxuhv duh sursrvhg

e| wzr gl�huhqw ohjlvodwruv1

Frqvlghu wkh iroorzlqj prgl�hg wlplqj1 +4, Qdwxuh udqgrpo| fkrrvhv wzr

gl�huhqw djhqgd0vhwwhuv @� dqg @}c wkh ��qdqfh frpplwwhh� dqg wkh �h{shqglwxuh
frpplwwhh�/ dprqj wkh wkuhh ohjlvodwruv1 +5, Yrwhuv vhw wkhlu uhvhuydwlrq xwlolwlhv/
frqglwlrqdo rq wkh vwdwxv ri wkhlu ohjlvodwru1 +6, @� sursrvhv d wd{ udwh � 1 +7,
Frqjuhvv yrwhv1 Li dssuryhg e| d pdmrulw|/ wkh sursrvdo ehfrphv odz li qrw/ d
ghidxow wd{ udwh � ' j n 4 lv vhw zkhuh j n 4 : � � �� +8, @} sursrvhv io�j dqg
ir�j vxemhfw wr �� � o n r1 +9, Frqjuhvv yrwhv1 Li uhmhfwhg e| d pdmrulw|/ wkh
ghidxow doorfdwlrq lv o� ' 4 dqg r� ' � � 41 +:, Hohfwlrqv duh khog1

Wkhuh duh wzr uhohydqw gl�huhqfhv ehwzhhq wklv prgho dqg wkh rqh lq wkh
suhylrxv vhfwlrq1 Iluvw/ dv douhdg| glvfxvvhg/ wkhuh qrz duh wzr djhqgd vhwwhuv
udwkhu wkdq rqh1 Vhfrqg/ srolf| ghflvlrqv duh pdgh vhtxhqwldoo|/ �uvw rq wkh ryhudoo
vl}h ri jryhuqphqw dqg wkhq rq wkh doorfdwlrq ri vshqglqj1 Qrwh wkdw qrw rqo|
sursrvdov duh vhtxhqwldo/ exw vr duh Frqjuhvvlrqdo yrwhv1 Vshfl�fdoo|/ vshqglqj
sursrvdov lq wkh vhfrqg vwdjh duh frqvwudlqhg e| wkh rxwfrph ri Frqjuhvvlrqdo
yrwhv ryhu wkh vl}h ri wd{ uhyhqxhv1 Dv h{sodlqhg lq Shuvvrq/ Urodqg dqg Wdehoolql
+4<<:d,/ d wzr0vwdjh surfhgxuh lv hvvhqwldo wr h{sorlw wkh ehqh�wv ri vhsdudwlrq ri
srzhu lq wklv frqwh{w1

Krz grhv wkh htxloleulxp gl�hu iurp wkdw lq wkh suhylrxv vhfwlrqB Rqfh pruh/
wkhuh lv d plqlpxp zlqqlqj frdolwlrq dqg Ehuwudqg frpshwlwlrq/ vr wkdw yrwhuv
lq uhjlrq � 9' @} ghpdqg o� ' f dqg vhw K� ' LE� � �7�1 Exw wkhuh duh wzr rwkhu
glyhujlqj ihdwxuhv lq wkh htxloleulxp1

Iluvw/ frqvlghu zdvwh1 Lq wkh suhylrxv vhfwlrq/ ohjlvodwruv jrlqj iru wkh vkruw
uxq rswlrq ri dssursuldwlqj doo uhvrxufhv frxog vhw � ' �� Khuh wkh| duh lqvwhdg
frqvwudlqhg e| wkh wd{ udwh dssuryhg dw vwdjh +7,1 Wkhuhiruh/ wkh lqfhqwlyh frq0
vwudlqw rq wkh plqlpxp doorzdeoh uhqwv dw vwdjh +8, ri wkh jdph lv= r � �� � 2��

Li � 	 �c wklv lpsolhv vpdoohu htxloleulxp uhqwv wkdq lq wkh vlpsoh ohjlvodwxuh1 Wkh
doorfdwlrq ri uhqwv dprqj ohjlvodwruv iroorzv wkh vdph orjlf> lw fdq eh vkrzq wkdw=
r6 ' � � � � 4( r? ' f�

9



Qh{w/ frqvlghu wkh ghflvlrq ryhu wd{hv dqg/ lq sduwlfxodu/ sursrvdo e| wkh
wd{dwlrq frpplwwhh @� � Dv yrwhuv lq glvwulfw @� gr qrw uhfhlyh dq| wudqvihuv/ wkh|
zrxog olnh � wr eh dv orz dv srvvleoh1 Wklv lv frqwudu| wr wkh lqwhuhvwv ri ohjlvodwru
@� / krzhyhu/ iru zkrp kljkhu wd{hv lpso| odujhu uhqwv lq h{shfwhg ydoxh1 Wkh
uhdvrq lv wkdw wkh wzr ohjlvodwruv � 9' @} qrw rq wkh h{shqglwxuh frpplwwhh duh
lq wkh pdmrulw| dw vwdjh +9, zlwk 83( suredelolw| hdfk1 Doo ohjlvodwruv duh wkxv
uhvlgxdo fodlpdqwv rq kljkhu wd{hv lq h{shfwhg whupv1 Khqfh/ wkhuh lv d orzhu
erxqg rq wkh wd{ udwh wkdw @� lv zloolqj wr sursrvh dqg � 9' @} lv zloolqj wr dssuryh1
Lw fdq eh vkrzq wkdw wklv lqfhqwlyh frqvwudlqw fdq eh zulwwhq dv= � � � � ��7 D
wd{ udwh orzhu wkdq ��� zrxog qrw eh srolwlfdoo| ihdvleoh/ ehfdxvh qr ohjlvodwru dw
vwdjhv +6, dqg +7, zrxog eh zloolqj wr sursrvh lw ru wr dssuryh lw/ hyhq dw wkh frvw
ri orvlqj wkh hohfwlrq1 Yrwhuv lq glvwulfw @� wkxv lqvlvw rq wkh plqlpdo wd{ udwh/
� ' � � �c dqg uhvhuydwlrq xwlolwlhv iru � 9' @} duh= K

� ' LE��1 Yrwhuv lq glvwulfw
@} lq wxuq lqvlvw rq pd{lpdo lqfhqwlyh0frpsdwleoh wudqvihuv/ jlyhq wkh htxloleulxp
wd{ udwh1 Wkh| wkxv vhw K@} ' L E�� �7 n o@}� ' LE���� Zh wkxv kdyh=

Sursrvlwlrq 51 Xqghu vhsdudwlrq ri srzhuv/ zh jhw �7 ' ���c r7 '

� � D�c o7 ' 2� dqg o� ' f iru � 9' @}� Wkh htxloleulxp lv vxssruwhg

e| uhvhuydwlrq xwlolwlhv K@} ' LE��� dqg K� ' L E�� iru � 9' @}�

Frpsduhg wr wkh vlpsoh ohjlvodwxuh/ d suhvlghqwldo0frqjuhvvlrqdo v|vwhp zlwk

vhsdudwlrq ri srzhuv wkxv dfklhyhv orzhu zdvwh yld d orzhu htxloleulxp wd{ udwh1

Wkh wzr0vwdjh exgjhw surfhvv zlwk gl�huhqw djhqgd vhwwhuv fuhdwhv fkhfnv dqg

edodqfhv wkdw fdq eh h{sorlwhg e| wkh yrwhuv1 Exw wkh rwkhu srolwlfdo idloxuh�dq

dv|pphwulf glvwulexwlrq/ idyrulqj d plqrulw| ri yrwhuv�uhpdlqv1

61 Ohjlvodwlyh Frkhvlrq

D fhqwudo ihdwxuh ri wkh Suhvlghqwldo0frqjuhvvlrqdo srolwlfdo v|vwhp ghvfulehg deryh

lv wkh  xlglw| ri ohjlvodwlyh frdolwlrqv= gl�huhqw frdolwlrqv duh iruphg ryhu gl�huhqw

lvvxhv ru dw gl�huhqw srlqwv lq wlph1 Wklv lv dw wkh fruh ri wkh Ehuwudqg frpshwlwlrq

uhvxow/ zkhuh wkh djhqgd vhwwhu slwv rqh jurxs ri yrwhuv djdlqvw dqrwkhu> lw lv dovr

7Vshfl�fdoo|/ wkh lqfhqwlyh frqvwudlqw rq d� lv 4
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vlpsoli|lqj/ � � 4�z1 Yrwhuv lq glvwulfwv l 9@ dj suhihu wd{ udwh 4�z wr wkh ghidxow udwh/ jlyhq

wkdw 4 � z ? � . �1 Ilqdoo|/ ohjlvodwruv iurp glvwulfwv l 9@ dj kdyh qr lqfhqwlyh wr uhmhfw wkh

sursrvhg wd{ udwh 4 � z= Wklv zrxog ohdg wr wkhlu ehlqj rxvwhg/ lq zklfk fdvh wkhlu h{shfwhg
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+4 � �,> dv � . � ? 41 Vhh Shuvvrq/ Urodqg

dqg Wdehoolql +4<<:e, iru d pruh h{whqvlyh glvfxvvlrq1
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fhqwudo wr wkh vhsdudwlrq ri srzhuv/ lq wkdw ohjlvodwruv duh qrw vxuh wr ehqh�w
iurp kljk wd{hv ehfdxvh wkh| duh qrw fhuwdlq zkhwkhu wkh| zloo eh lqfoxghg lq wkh
zlqqlqj pdmrulw| dw odwhu vwdjhv1 Lq sduoldphqwdu| v|vwhpv/ rq wkh rwkhu kdqg/
wkh vdph ohjlvodwlyh frdolwlrq whqgv wr vwlfn wrjhwkhu ryhu wlph dqg dfurvv srolf|
lvvxhv1 Zh qrz irupxodwh d prgho h{klelwlqj wklv surshuw|1 Dovr lq wklv vhwwlqj/
wzr gl�huhqw ohjlvodwruv pdnh sursrvdov rq wd{hv dqg h{shqglwxuhv/ uhvshfwlyho|1
Qr yrwh lv wdnhq/ krzhyhu/ xqwlo erwk sursrvdov kdyh ehhq pdgh1 Lw lv wkhuhiruh
dssursuldwh wr lghqwli| wkhvh ohjlvodwruv zlwk fdelqhw plqlvwhuv dqg wkh sursrvdo
skdvh zlwk wkh exgjhw suhsdudwlrq lqvlgh wkh jryhuqphqw1 Wzr nh| dvvxpswlrqv
lqgxfh ohjlvodwlyh frkhvlrq= erwk frdolwlrq sduwqhuv fdq yhwr dq| sursrvdo/ dqg
wkhlu h{shfwhg sd|r� diwhu d �jryhuqphqw fulvlv� lv uhodwlyho| orz1

Wkh qhz wlplqj lv= +4, Qdwxuh fkrrvhv d sulph plqlvwhu/ zkr dovr dfwv dv
h{shqglwxuh plqlvwhu= @ ' @}� +5, Wkh sulph plqlvwhu irupv d jryhuqphqw e| ds0
srlqwlqj d sduwqhu wr eh �qdqfh plqlvwhu= 6 ' @� �

8 +6, Yrwhuv vhw wkhlu uhvhuydwlrq
xwlolwlhv1 +7, Wkh �qdqfh plqlvwhu sursrvhv d wd{ udwh1 +8, Wkh sulph plqlvwhu
sursrvhv h{shqglwxuhv io�jc ir�j vxemhfw wr wkh exgjhw frqvwudlqw wkdw wkh| duh
frpsdwleoh zlwk wkh sursrvhg wd{ udwh1 +9, Erwk phpehuv ri jryhuqphqw fdq yhwr
wkh sursrvdo1 Li qhlwkhu ri wkhp grhv/ wkh sursrvdo sdvvhv1 Li dw ohdvw rqh ri wkhp
yhwrhv/ wkh jryhuqphqw euhdnv grzq dqg d ghidxow srolf| lv lpsohphqwhg zlwk
� �

' �uc o ' ouc o�� ' o�*�c r�
' ruc r�� ' r�*�czkhuh wkh u vxshuvfulsw ghqrwhv

wkh htxloleulxp ri wkh vlpsoh ohjlvodwxuh1 +:, Hohfwlrqv duh khog1
Wkh ghidxow srolf| pd| dsshdu vwudqjh dw �uvw vljkw1 Lwv sd|r� pdwfkhv wkh

h{shfwhg sd|r�v ri wkh vlpsoh ohjlvodwxuh1 Lw lv d vkruwfxw iru d pruh frpsoh{
jdph/ zkhuh d jryhuqphqw fulvlv ohdgv wr d vxejdph zkhuh ghflvlrqv duh pdgh
dv lq wkh vlpsoh ohjlvodwxuh +vhh Shuvvrq/ Urodqg dqg Wdehoolql +4<<:e,,19 Wklv
fdswxuhv wkh ihdwxuh phqwlrqhg deryh= wkh wzr jryhuqphqw sduwqhuv uhfrjql}h
wkdw wkh| kdyh ydoxdeoh djhqgd0vhwwlqj srzhuv lqvlgh wkh jryhuqphqw dqg wkdw
d euhdnxs lv frvwo|1 Dv d uhvxow/ wkh djhqgd vhwwlqj srzhu lv gloxwhg dqg erwk
jryhuqphqw sduwqhuv kdyh vrph edujdlqlqj srzhu djdlqvw hdfk rwkhu1

Lq wklv uhjlph/ htxloleulxp zdvwh lv edfn wr wkh vdph ohyho dv lq wkh vlpsoh
ohjlvodwxuh1 Wkh pd{lpxp wkuhdw wkdw wkh jryhuqphqw fdq lpsrvh rq wkh yrwhuv/
li wkh wzr frdolwlrq sduwqhuv h{shfw qrw wr eh uh0hohfwhg/ lv wr vhw � ' � dqg o ' fc

dv lq vhfwlrq 51 Wkxv wkh| mrlqwo| kdyh wr uhfhlyh r � ��2�� Wkhvh uhqwv duh wkhq

8Li wkh sulph plqlvwhu glvwulexwhg wkh sruwirolrv hqgrjhqrxvo|/ vkh zrxog lqghhg pdnh wklv
fkrlfh= wkh h{shqglwxuh plqlvwu| lv prvw ydoxdeoh/ dv lw frqwurov wkh glvwulexwlrq ri uhqwv ivlj=

9D ulfkhu prgho dorqj wkh olqhv ri Glhuphlhu dqg Ihgghuvhq +4<<9, ru Edurq +4<;:, zrxog
kdyh d qhz surfhvv ri jryhuqphqw irupdwlrq iroorzlqj d fulvlv1

;



vsolw dprqj ohjlvodwruv dffruglqj wr wkhlu edujdlqlqj srzhu/ zklfk khuh uh hfwv

wkhlu yhwr uljkwv1 Lq sduwlfxodu/ wkh �qdqfh plqlvwhu zloo yhwr dq| sursrvdo r6

wkdw grhv qrw jlyh khu dw ohdvw dv pxfk dv diwhu d jryhuqphqw fulvlv/ zklfk diwhu

vrph dojheud |lhogv= r6 ' �� D

�
�� Wrjhwkhu zlwk wkh exgjhw frqvwudlqw wklv lpsolhv

o � 2� � �E�� � �c wkh vdph lqfhqwlyh frqvwudlqw dv lq wkh vlpsoh ohjlvodwxuh1

Elodwhudo prqrsro| uhsodfhv frpshwlwlrq lq wkh uhglvwulexwlrq jdph ehwzhhq

yrwhuv/ krzhyhu1 Htxloleulxp fodlpv rq djjuhjdwh o e| yrwhuv lq glvwulfwv @ dqg

6 kdyh wr eh pxwxdoo| frqvlvwhqw1 Exw wkdw o fdq eh vsolw lq pdq| zd|v1: Zh

fdq sdudphwul}h wkh srvvleoh doorfdwlrqv e| k dqg vhw o6 ' ko dqg o@ ' E��k�o�

Lw lv hdv| wr vhh wkdw wkh xwlolw| ri yrwhuv lq erwk glvwulfwv lv lqfuhdvlqj lq � +dqg

wkhuhe| lq o, dv orqj dv �

�
� k � 2

�
� Khqfh/ xqghu wklv frqglwlrq/ yrwhuv lq erwk

glvwulfwv ehqh�w iurp kljk wd{hv/ jlyhq wkh lqfhqwlyh frqvwudlqw/ dqg zloo wkhuhiruh

lqvlvw rq pd{lpdo wd{dwlrq1 Wklv lv grqh e| vhwwlqj wkhlu uhvhuydwlrq xwlolwlhv dw

K6 ' LEk2�� dqg K@ ' LEE� � k�2���

Wkh deryh dujxphqw fdq eh vxppdul}hg dv=

Sursrvlwlrq 61 Xqghu ohjlvodwlyh frkhvlrq/ wkhuh duh pxowlsoh htxlole0

uld zlwk �� ' �c r� ' ��2�c o� ' 2� dqg o@ ' E��k�oc o6 ' ko� Wkh

htxloleuld duh vxssruwhg e| uhvhuydwlrq xwlolwlhv= K@ ' LEE� � k�2��c

K6 ' LEk2�� dqg K? ' LEf��

Wd{dwlrq dqg zdvwh duh edfn dw wkh vdph ohyhov dv lq wkh vlpsoh ohjlvodwxuh1 Rq
wkh rwkhu kdqg/ uhglvwulexwlrq qrz ehqh�wv d pdmrulw| ri wkh yrwhuv1 Ohjlvodwlyh
frkhvlrq wkxv eulqjv derxw d pruh htxdo glvwulexwlrq ri lqfrph1 Lq wklv vhwwlqj/
rqh fdq vkrz wkdw wklv lv qrw hqrxjk wr frpshqvdwh yrwhuv iru wkh kljkhu zdvwh>
wkhlu h{ dqwh h{shfwhg xwlolw| lv dozd|v kljkhu xqghu vhsdudwlrq ri srzhuv wkdq
xqghu ohjlvodwlyh frkhvlrq1 Wklv lv qrw jhqhudo/ krzhyhu1 Dv ghprqvwudwhg e|
Shuvvrq/ Urodqg dqg Wdehoolql +4<<:e,/ wkh pruh htxdo vkdulqj lq d sduoldphqwdu|
v|vwhp lv dovr dvvrfldwhg zlwk d kljkhu surylvlrq ri +Vdpxhovrqldq, sxeolf jrrgv/
zklfk pd| frpshqvdwh iru wkh kljkhu uhqwv +lq dq h{shfwhg xwlolw| vhqvh,1

71 D Uhvhdufk Djhqgd

Wkh ydulhw| ri revhuyhg dqg k|srwkhwlfdo srolwlfdo frqvwlwxwlrqv vxjjhvwv vhyhudo
wrslfv iru ixwxuh wkhruhwlfdo dqg hpslulfdo uhvhdufk1 Krz gr gl�huhqw surfhgxudo

:Wkh vhwwlqj lv htxlydohqw wr d ghohjdwlrq jdph zlwk revhuydeoh frqwudfwv/ dv lq Ihuvkwpdq/

Mxgg dqg Ndodl +4<<4,1
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uxohv iru euhdnlqj ri jryhuqphqwv dqg glvvroylqj ri ohjlvodwxuhv/ vxfk dv wkrvh

vwxglhg e| Edurq +4<<:,/ d�hfw wkh edujdlqlqj srzhuv zlwklq jryhuqphqwv dqg

wkh srolf| rxwfrphB Krz grhv wkh uhfhqw/ dqg pxfk ghedwhg/ XV uhirup ri suhvl0

ghqwldo olqh lwhp yhwr d�hfw wkh yrwhuv* delolw| wr h{sorlw wkh vhsdudwlrq ri srzhuv

ehwzhhq wkh suhvlghqw dqg wkh frqjuhvv lq wkhlu rzq idyruB Gr vwdun suhglfwlrqv

derxw wkh ohyho dqg frpsrvlwlrq ri jryhuqphqw vshqglqj xqghu suhvlghqwldo dqg

sduoldphqwdu| v|vwhpv/ vxfk dv wkrvh lq Shuvvrq/ Urodqg/ dqg Wdehoolql +4<<:e,/

krog zkhq frqiurqwhg zlwk gdwd rq srolwlfdo lqvwlwxwlrqv dqg �vfdo rxwfrphv dfurvv

frxqwulhv dqg wlphB Wkh h{dpsohv lq wklv sdshu dqg wkh zrun rq zklfk wkh| gudz

vxjjhvw wkdw wklv uhvhdufk djhqgd lv hqwluho| rshudwlrqdo1
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