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Fruuhvsrqglqj dxwkru= Ghsduwphqw ri Ilqdqfh/ SR Er{ <3486/ 8333 OH Wloexuj/ wkh

Qhwkhuodqgv1 Hpdlo= vwhyhq1rqjhqdCwloexujxqlyhuvlw|1qo1 Wkh ylhzv lq wklv sdshu duh vroho|

wkh uhvsrqvlelolw| ri wkh dxwkruv dqg vkrxog qrw eh lqwhusuhwhg dv uh hfwlqj wkh Erdug ri Jry0

huqruv ri wkh Ihghudo Uhvhuyh V|vwhp/ ru dq| rwkhu shuvrq dvvrfldwhg zlwk wkh Ihghudo Uhvhuyh

V|vwhp1 Zh wkdqn dq dqrq|prxv fr0hglwru/ dq dqrq|prxv uhihuhh/ Kdqv Ghju|vh/ Pduldvvxqwd

Jldqqhwwl/ Udoi Hovdv/ Mdq Slhwhu Nudkqhq/ Vdowxn R}huwxun/ Udidho Uhsxoor/ Mrdr Vdqwrv/ Ehuw

Vfkrowhqv/ Edv Zhunhu/ dqg vhplqdu sduwlflsdqwv dw wkh 5335 Frqihuhqfh rq wkh Uhjxodwlrq ri

Edqnlqj dqg Ilqdqfldo Pdunhwv +Fudqv Prqwdqd,/ wkh 5334 Hxurshdq +Edufhorqd, dqg Jhu0

pdq +Ylhqqd, Ilqdqfh Dvvrfldwlrq Phhwlqjv/ 5334 VVVH Phhwlqjv +Jhqhyd,/ 5333 Wru Yhujdwd

Frqihuhqfh +Urph,/ wkh Vzlvv Qdwlrqdo Edqn/ FhqwHU 0 Wloexuj Xqlyhuvlw|/ dqg wkh Xqlyhu0

vlw| ri Jurqlqjhq iru surylglqj khosixo frpphqwv1 Zh wkdqn Dqqhplhn Gdqnhuv iru surylglqj

frpsxwlqj dvvlvwdqfh1 Hjol wkdqnv wkh Ghsduwphqw ri Hfrqrplfv dw XF Vdqwd Fux} iru wkhlu

krvslwdolw| dqg wkh Vzlvv Vflhqfh Irxqgdwlrq iru wkhlu �qdqfldo vxssruw1 Rqjhqd uhfhlyhg

sduwldo vxssruw iurp wkh Qhwkhuodqgv Rujdql}dwlrq iru Vflhqwl�f Uhvhdufk +QZR,1



Devwudfw

Zh vwxg| wkh ghflvlrq dq hqwuhsuhqhxu idfhv lq �qdqflqj pxowlsoh surmhfwv dqg vkrz

wkdw uhodwlrqvkls �qdqflqj zloo dulvh hqgrjhqrxvo| lq dq hqylurqphqw zkhuh vwudwhjlf

ghidxowv duh olnho|/ hyhq zkhq �upv kdyh dffhvv wr dup*v0ohqjwk �qdqflqj1 Uhodwlrqvkls

�qdqflqj doorzv dq hqwuhsuhqhxu wr exlog d sulydwh uhsxwdwlrq iru uhsd|phqw wkdw uhgxfhv

wkh frvw ri �qdqflqj1 Krzhyhu/ lq dq hqylurqphqw zkhuh wkh ulvn ri vwudwhjlf ghidxow lv

orz/ wkh ehqh�wv iurp uhsxwdwlrq exloglqj duh rxwzhljkhg e| krogxs uhqwv h{wudfwdeoh

e| wkh lqfxpehqw ohqghu1 Hqwuhsuhqhxuv wkhq fkrrvh wr �qdqfh surmhfwv iurp vlqjoh

ru pxowlsoh/ dup*v0ohqjwk ohqghuv1 Zh uhodwh wkhvh �qglqjv wr vwxglhv wkdw srvlwlyho|

dvvrfldwh dffrxqwlqj vwdqgdugv/ fuhglwru uljkwv/ dqg ohjdo hqirufhphqw zlwk hfrqrplf

jurzwk1

MHO frgh= J54

Nh|zrugv= uhodwlrqvkls �qdqflqj/ uhsxwdwlrq exloglqj/ vwdjhg �qdqflqj/ frqwudfw

hqirufhphqw/ mxglfldo h!flhqf|
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4 Lqwurgxfwlrq

Hfrqrplhv zlwk dgydqfhg dffrxqwlqj dqg mxglfldo v|vwhpv dsshdu wr dovr kdyh pruh

ghyhorshg �qdqfldo v|vwhpv1 Wkhvh hfrqrplhv/ lq wxuq/ dsshdu wr hqmr| wkh kljkhvw

hfrqrplf jurzwk1 Ohylqh +4<<<, dqg Ohylqh/ Ord|}d/ dqg Ehfn +5333,/ iru h{dpsoh/

vkrz wkdw furvv0frxqwu| gl�huhqfhv lq dffrxqwlqj vwdqgdugv/ fuhglwru uljkwv/ dqg wkh

txdolw| ri frqwudfw hqirufhphqw khos h{sodlq wkh gl�huhqfhv lq �qdqfldo lqwhuphgldu|

ghyhorsphqw grfxphqwhg lq Od Sruwd/ gh Vlodqhv/ Vkohlihu/ dqg Ylvkq| +4<<:/ 4<<;/

5333,1 Lq wxuq/ wkh frpsrqhqwv ri �qdqfldo ghyhorsphqw uhodwhg wr wkh uhjxodwru| dqg

ohjdo hqylurqphqw dffrxqw ehvw iru wkh furvv0frxqwu| gl�huhqfhv lq hfrqrplf jurzwk1

Uhfhqw wkhruhwlfdo sdshuv kdyh vwduwhg wr h{soruh wkh phfkdqlvpv krz dffrxqwlqj

dqg mxglfldo vwdqgdugv pd| d�hfw �qdqflqj rxwfrphv +Mdsshool/ Sdjdqr/ dqg Eldqfr/

5336> dprqj rwkhuv,1 Zh r�hu d eurdghu wkhruhwlfdo h{sodqdwlrq iru wkh frqqhfwlrq

ehwzhhq nh| hohphqwv lq wkh lqirupdwlrqdo dqg mxglfldo uhjlph dqg �qdqfldo0hfrqrplf

ghyhorsphqw1 Lq sduwlfxodu zh vkrz wkdw wkh h{0dqwh olnholkrrg ri vwudwhjlf ghidxow �

rxu sur{| iru wudqvsduhqf| dqg hqirufhphqw � pd| d�hfw erwk wkh rulhqwdwlrq ri wkh

�qdqfldo lqwhuphgldu| vhfwru/ lq whupv ri zkhwkhu wkh vhfwru lv grplqdwhg e| uhodwlrqvkls

ru wudqvdfwlrqdo edqnlqj/ dqg wkh ghyhorsphqw ri wkh �qdqfldo vhfwru dv d zkroh1 Zh

ixuwkhu kljkoljkw krz surmhfw vhtxhqflqj/ dorqj zlwk �lqwhuwhpsrudo fuhglw udwlrqlqj�/

pd| sod| dq lpsruwdqw dqg fxuuhqwo| ryhuorrnhg uroh lq ghwhuplqlqj hfrqrplf rxwfrphv1

Lq rxu prgho/ dq hqwuhsuhqhxu ghwhuplqhv wkh vhtxhqflqj iru lqyhvwphqw lq wzr

surmhfwv dffruglqj wr wkh dydlodelolw| dqg frvw ri ixqgv1 Wkh hqwuhsuhqhxu fdq hlwkhu

dwwhpsw wr �qdqfh erwk surmhfwv xs iurqw ru vhtxhqfh wkh �qdqflqj dqg lqyhvwphqw ryhu

wzr shulrgv/ dqg fdq fkrrvh wr �qdqfh wkh surmhfwv wkurxjk rqh ru pxowlsoh ohqghuv1 D

ohqghu edvhv lwv �qdqflqj ghflvlrq rq wkh shufhlyhg olnholkrrg wkdw dq hqwuhsuhqhxu zloo

vwudwhjlfdoo| ghidxow rq d ordq/ dqg rq lwv delolw| wr h{wudfw krogxs uhqwv1 Zh dvvxph

wkdw vrph hqwuhsuhqhxuv duh �jrrg�/ lq wkdw wkh| qhyhu ghidxow rq d ordq/ zkloh rwkhuv

duh �edg� lq wkh vhqvh wkdw wkh| zloo dozd|v ghidxow zkhq lw sd|v wr gr vr1 Ohqghuv

fdqqrw revhuyh dq hqwuhsuhqhxu*v ghidxow w|sh/ exw nqrz wkh xqfrqglwlrqdo olnholkrrg ri

idflqj d edg eruurzhu/ zklfk lv h{rjhqrxvo| ghwhuplqhg1

Zh vkrz wkdw �upv rshudwlqj lq dq hqylurqphqw zkhuh vwudwhjlf ghidxowv duh olnho|
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fkrrvh wr kdyh wkhlu surmhfwv vhtxhqwldoo| �qdqfhg e| wkh vdph ohqghu1 Zh whup wklv

ehkdylru �uhodwlrqvkls �qdqflqj�1
�
Wkh lqwxlwlrq iru wklv uhvxow lv vwudljkwiruzdug1 Il0

qdqflhuv zkr dwwhpsw wr �qdqfh erwk surmhfwv xs iurqw/ l1h1 �dup*v ohqjwk�/ kdyh wr

fkdujh wrr kljk udwhv wr frpshqvdwh iru vwudwhjlf ghidxow1 Dowhuqdwlyho| wkh �qdqflhuv

fdq r�hu wkhlu �qdqflqj vhuylfhv lq uhwxuq iru d uhodwlrqvkls �qdqflqj duudqjhphqw1 Wklv

duudqjhphqw pd| eh ixuwkhu erqghg e| d frpplwphqw qrw wr glvforvh uhsd|phqw klv0

wru|1 Dv wkh uhodwlrqvkls ohqghu sulydwho| revhuyhv lqglylgxdo ordq uhsd|phqwv lq wkh

�uvw shulrg/ wkh lqfhqwlyhv wr uhsd| lqfuhdvh lq erwk shulrgv1 Wkh uhvxowlqj ghfuhdvh lq

wkh lqwhuhvw udwh fkdujhg wr wkh hqwuhsuhqhxu vhhnlqj wr �qdqfh wkh vhtxhqfhg surmhfwv

pruh wkdq r�vhwv dq| krogxs uhqwv dffuxlqj wr wkh ohqghu1

Rxu prgho looxvwudwhv wkdw hyhq lq fdvhv zkhuh edqnv jdlq doo edujdlqlqj srzhu/

uhodwlrqvkls �qdqflqj pd| vwloo eh suhihudeoh wr dup*v0ohqjwk �qdqflqj li wkh dvvhvvhg

olnholkrrg ri uhsd|phqw lv vx!flhqwo| orz1 Krzhyhu/ uhodwlrqvkls �qdqflqj lv qrw dozd|v

rswlpdo1 Li wkh h{0dqwh ulvn ri vwudwhjlf ghidxow lq wkh hfrqrp| lv orz/ wkhq wkh ehqh�wv ri

exloglqj d uhsxwdwlrq duh rxwzhljkhg e| wkh uhqwv h{wudfwdeoh e| wkh uhodwlrqvkls ohqghu1
�

Frqvhtxhqwo|/ udwkhu wkdq dvvxplqj wkdw �upv uhtxluh uhshdwhg �qdqflqj wkurxjk wlph/
�

zh doorz �upv wkh fkrlfh ehwzhhq uhshdwhg ohqglqj dqg rqh0vkrw �qdqflqj/ dqg ghulyh

frqglwlrqv xqghu zklfk uhshdwhg �qdqflqj zlwk rqh edqn lv rswlpdo1

Wkh pdlq frqwulexwlrq ri rxu sdshu frphv iurp dvvljqlqj pruh phdqlqj wr rxu

vwudwhjlf ghidxow sdudphwhu1 Li wkh delolw| wr vwudwhjlfdoo| ghidxow lv jryhuqhg e| iru

h{dpsoh dffrxqwlqj vwdqgdugv/ fuhglwru uljkwv/ dqg wkh txdolw| ri frqwudfw hqirufhphqw/

wkhq rxu prgho surylghv lqvljkw lqwr krz furvv0frxqwu| ru uhjlrqdo gl�huhqfhv lq wkhvh
�
Edqnv/ dv lqvlgh ohqghuv/ fdq revhuyh dqg prqlwru eruurzhuv lq d zd| wkdw doorzv wkhp wr �qdqfh

�upv wkdw duh rwkhuzlvh xqdeoh wr rewdlq ydoxdeoh �qdqflqj +Gldprqg/ 4<;7> Idpd/ 4<;8,1 Iru uhylhzv

vhh Errw +5333, dqg Rqjhqd dqg Vplwk +5333,1�
Wkh krogxs sureohp lv h{soruhg e| Juhhqedxp/ Ndqdwdv/ dqg Yhqh}ld +4<;<,/ Ilvkhu +4<<3,/ Vkdush

+4<<3,/ Udmdq +4<<5,/ dqg yrq Wkdgghq +5337,1�
Lq Gldprqg +4<<4,/ �upv eruurz uhshdwhgo| iurp edqnv wr exlog d jrrg uhsxwdwlrq iru uhsd|phqw/

zklfk lv dvvxphg wr eh sxeolfo| revhuydeoh/ ehiruh wxuqlqj wr �qdqflqj wkurxjk sxeolf ghew pdunhwv1

Eruurzhuv lq Errw dqg Wkdnru +4<<7, frpplw wr d orqj0whup frqwudfw wkdw uhtxluhv sd|lqj dq deryh0

pdunhw eruurzlqj udwh dqg frpplwwlqj froodwhudo xqwlo d jrrg surmhfw rxwfrph lv uhdol}hg/ wkhq sd|lqj

dq lq�qlwh vwuhdp ri ehorz pdunhw udwhv zlwk qr froodwhudo uhtxluhphqwv diwhu wkh uhdol}dwlrq1
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nh| ihdwxuhv ri wkh lqirupdwlrqdo dqg mxglfldo uhjlph pd| ghwhuplqh �qdqflqj ehkdy0

lru dqg hfrqrplf rxwfrphv1 Rxu prgho lpsolhv wkdw jrrg surmhfwv frxog eh ghod|hg

lq frxqwulhv ru uhjlrqv zlwk orz wudqvsduhqf|/ ihz fuhglwru uljkwv/ dqg zhdn frqwudfw

hqirufhphqw1 Surmhfw ghod| frxog kdyh qhjdwlyh frqvhtxhqfhv iru djjuhjdwh zhoiduh1 Iru

h{dpsoh/ ghod|hg surmhfwv frxog ehfrph revrohwh ru hyhq glvdsshdu dowrjhwkhu gxh wr

wkh hphujhqfh ri rxwvlgh frpshwlwlrq1 Rxu prgho dovr wlhv wkh �qdqfldo dufklwhfwxuh

ri dq hfrqrp| � lq sduwlfxodu wkh suhgrplqdqfh ri uhodwlrqvklsv yhuvxv dup*v0ohqjwk �0

qdqflqj � wr wudqvsdudqf| dqg hqirufhphqw1 Uhodwlrqvkls �qdqflqj dulvhv hqgrjhqrxvo|

dv d phfkdqlvp iru exloglqj d sulydwho|0revhuyhg uhsxwdwlrq iru qrw ghidxowlqj1
�
Exw

ehfdxvh uhodwlrqvkls �qdqflqj dovr lpsolhv d frvwo| orvv ri frqwuro e| wkh hqwuhsuhqhxu/

dup*v0ohqjwk �qdqflqj grplqdwhv lq hfrqrplhv zlwk d orz olnholkrrg ri vwudwhjlf ghidxow

+l1h1/ kljk ohyhov ri wudqvsduhqf|/ uljkwv/ dqg hqirufhphqw,1

Ixuwkhu/ rxu prgho surylghv d udwlrqdoh iru zk| hqwuhsuhqhxuv pd| rswlpdoo| fkrrvh

wr ghod| d surmhfw ru �vwdjh� �qdqflqj1 E| dvvxplqj wkdw hqwuhsuhqhxuv kdyh pxowlsoh

surmhfwv wr �qdqfh/ zh duh deoh wr uhodwh wkh wlplqj dqg vhtxhqflqj ri surmhfwv wr �0

qdqflqj fkrlfh1 Lq wklv vhqvh/ rxu vhwxs frpsohphqwv zrunv wkdw irfxv rq wkh rswlrq

ydoxh ri zdlwlqj wr lqyhvw dqg rq surmhfw vwdjlqj1
�
Lq rxu sdshu/ hqwuhsuhqhxuv vhtxhqfh

surmhfwv zkhq uhsxwdwlrqdo jdlqv iurp sd|lqj r� surmhfwv hduo| uhgxfh ixwxuh ohqglqj

frvwv1 Kljkoljkwlqj wklv wudgh0r� surylghv d qryho dssurdfk wr wklqnlqj derxw vrph ri

wkh frpprq fdslwdo exgjhwlqj lvvxhv1

Wkh uhvw ri wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 lqwurgxfhv wkh prgho1 Vhfwlrqv
	
Nrfnhvhq dqg R}huwxun +5336, dovr hqgrjhql}h uhodwlrqvkls �qdqflqj dv d fkrlfh iru wkh eruurzhu1

Krzhyhu/ lq wkhlu prgho eruurzhuv wudgh0r� ehqh�wv iurp ohduqlqj derxw wkh surmhfw +lq ixuwkhu vwdjhv

ri surmhfw ghyhorsphqw, zlwk orvlqj ixwxuh uhqwv1 Wkhlu eruurzhuv dozd|v suhihu uhodwlrqvkls �qdqflqj/

dv wkhlu edujdlqlqj srzhu ghshqgv rq wkh rswlpdoo| fkrvhq ohyho ri lqlwldo lqyhvwphqw1 Khqfh wkhlu

prgho grhv qrw ihdwxuh wkh nh| fruuhvsrqghqfh h{soruhg lq rxu prgho ehwzhhq wkh h{0dqwh olnholkrrg

ri uhsd|phqw/ �qdqflqj fkrlfh/ dqg surmhfw vhtxhqflqj1

Hqwuhsuhqhxuv pd| rswlpdoo| fkrrvh wr ghod| �qdqflqj d surmhfw zkhq wkhuh lv xqfhuwdlqw| derxw

lqyhvwphqw uhwxuqv ru glvfrxqw udwhv +Gl{lw dqg Slqg|n/ 4<<7> Ehun/ 4<<<,1 Pruhryhu/ �vwdjlqj� wkh

�qdqflqj ri dq hqwuhsuhqhxuldo yhqwxuh pd| eh rswlpdo li wkhuh lv d qhhg wr prqlwru lwv surjuhvv

+Vdkopdq/ 4<<3> Dgpdwl dqg S hlghuhu/ 4<<7> Jrpshuv/ 4<<8> Qhkhu/ 4<<<> Fruqhool dqg \rvkd/ 5336>

dprqj rwkhuv,1
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5 wr 8 ghyhors wkh prgho lq qhfhvvdu| ghwdlo +wkhvh wkuhh vhfwlrqv fdq eh vdiho| vnlsshg

e| dq| uhdghu ohvv lqwhuhvwhg lq wkh wkhruhwlfdo phfkdqlfv,1 Vhfwlrq 6 h{soruhv wkh

fkdudfwhulvwlfv ri dup*v0ohqjwk �qdqflqj/ Vhfwlrq 7 irfxvhv rq uhodwlrqvkls �qdqflqj/

dqg Vhfwlrq 8 ghulyhv wkh vhw ri htxloleuld wkdw h{lvw zkhq hqwuhsuhqhxuv fdq fkrrvh

ehwzhhq uhodwlrqvkls dqg dup*v0ohqjwk �qdqflqj +wkhvh htxloleuld duh dovr ghslfwhg lq

Iljxuhv 4 dqg 5,1 Lq Vhfwlrq 9 zh lqwhusuhw wkh pdlq uhvxow +dovr glvsod|hg lq Iljxuh 6,

dqg h{dplqh wkh urexvwqhvv ri uhod{lqj wkh prgho*v dvvxpswlrqv1 Vhfwlrq : frqfoxghv1

5 Wkh Prgho

Dq hqwuhsuhqhxu kdv dffhvv wr wzr lqghshqghqw surmhfwv D dqg E1 Erwk surmhfwv uhtxluh

dq lqlwldo lqyhvwphqw n dqg |lhog fhuwdlq sd|r�v � � dqg � � / zklfk h{fhhg n1 Vxemhfw

wr �qdqfldo frqvwudlqwv/ wkh hqwuhsuhqhxu fdq fkrrvh wr hlwkhu lqyhvw lq erwk surmhfwv

vlpxowdqhrxvo| ru ghod| rqh surmhfw dqg sxuvxh wkh surmhfwv vhtxhqwldoo|1 Zlwkrxw orvv

ri jhqhudolw|/ dvvxph wkdw � � A � � / dqg gh�qh { � 2n@E� � n � � � dqg {
 � n@� 
 /

m ' D> E/ wr eh wkh lqyhuvh sur�wdelolw| phdvxuhv iru wkh vlpxowdqhrxv dqg vhtxhqwldo

surmhfwv/ uhvshfwlyho|1 Qrwh wkdw e| gh�qlwlrq { � ? { ? { � 1

Zh dvvxph wkdw wkh hqwuhsuhqhxu kdv qr lqlwldo zhdowk dqg wkdw surmhfwv duh qrqglylv0

leoh1 Wkhuhiruh/ wkh hqwuhsuhqhxu pxvw eruurz wkh hqwluh dprxqw iru hdfk surmhfw iurp

rqh ohqghu1 Wkh hqwuhsuhqhxu kdv qr phfkdqlvp iru vwrulqj h{fhvv fdvk iurp shulrg wr

shulrg/ vr li vkh fkrrvhv wr vhtxhqfh wkh surmhfwv/ vkh pxvw dovr vhtxhqfh khu �qdqflqj1

Pruhryhu/ wkh hqwuhsuhqhxu frqvxphv doo vxusoxv hduqlqjv iurp d surmhfw dw wkh hqg ri

shulrg 4/ vr wkdw dq| shulrg 5 surmhfw pxvw eh frpsohwho| �qdqfhg xvlqj rxwvlgh vrxufhv1

Dv zloo eh glvfxvvhg odwhu/ qhlwkhu wkh qrq0glylvlelolw| qru wkh frqvxpswlrq0ri0vxusoxv

dvvxpswlrq lv uhvwulfwlyh1

Dv sduw ri wkh �qdqflqj ghflvlrq/ wkh hqwuhsuhqhxu pxvw dovr fkrrvh zkhwkhu wr

eruurz iurp rqh ohqghu ru wzr1 Zh odeho wkh �qdqflqj ri vhtxhqwldo surmhfwv e| rqh

ohqghu dv �uhodwlrqvkls �qdqflqj� ehfdxvh wkh ohqghu fdq ohduq iurp wkh hqwuhsuhqhxu*v

�uvw0shulrg ehkdylru1 Zh odeho dv �dup*v0ohqjwk �qdqflqj� wkh ixqglqj ri vhtxhqwldo

surmhfwv e| wzr gl�huhqw ohqghuv/ ru wkh rqh0vkrw �qdqflqj ri vlpxowdqhrxv surmhfwv e|

hlwkhu rqh ru wzr ohqghuv1 Hqwuhsuhqhxuv kdyh ixoo edujdlqlqj srzhu lq wkh �uvw shulrg
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ri d uhodwlrqvkls/ exw edujdlqlqj srzhu wudqvihuv wr ohqghuv lq wkh vhfrqg shulrg zkhq

�qdqflqj lv uhshdwhg/ doorzlqj wkh uhodwlrqvkls ohqghu wr dffuxh doo lqirupdwlrq0uhodwhg

uhqwv1
�

Ghidxowv duh rqo| revhuyhg e| wkh lqfxpehqw ohqghu dqg wkh hqwuhsuhqhxu fdqqrw

fuhgleo| frppxqlfdwh khu uhsd|phqw klvwru| wr d qhz ohqghu1 Wuxh/ lq ghyhorshg frxq0

wulhv edqnuxswf| lv hdvlo| revhuyhg e| doo wkurxjk vr0fdoohg �eodfn� fuhglw uhjlvwhuv1

Krzhyhu vxfk uhjlvwhuv riwhq gr qrw h{lvw lq ghyhorslqj frxqwulhv/ gr qrw fryhu furvv0

erughu wudqvdfwlrqv/ dqg gr qrw jxdudqwhh dffxudwh dqg frpsohwh uhsruwlqj +Mdsshool

dqg Sdjdqr/ 4<<<,1 Lq dgglwlrq/ wkh dvvxpswlrq wkdw qhz ohqghuv gr qrw revhuyh gh0

idxow fdq eh ylhzhg �dv d vkruwkdqg sdudphwhul}dwlrq iru wkh pruh frpsolfdwhg vlwxdwlrq

lq zklfk wkhuh h{lvwv d zkroh udqjh ri vwdwhv iru zklfk ghewruv duh deoh wr vdwlvi| wkhlu

reoljdwrqv exw dprqj zklfk rxwvlghuv kdyh gl!fxow| glvwlqjxlvklqj� +Vkdush/ 4<<3/ s1

43:6,1 Edqnv pd| eh hyhujuhhqlqj ordqv iru h{dpsoh/ pdnlqj lw kdughu iru qhz ohqghuv

wr glvwlqjxlvk ehwzhhq jrrg dqg edg hqwuhsuhqhxuv1 Dowhuqdwlyho|/ wkh uhodwlrqvkls �0

qdqflqj duudqjhphqw pd| erqghg e| d frpplwphqw qrw wr glvforvh uhsd|phqw klvwru|

dqg wkh �uvw surmhfw fdq eh ylhzhg dv sduwldo frrshudwlrq lq wkh vhqvh ri Jkrvk dqg

Ud| +4<<9,1 Ri frxuvh rqfh wzr �qdqfhg surmhfwv duh revhuyhg/ rxwvlghuv zloo frqfoxgh

wkdw wkh �uvw surmhfw*v �qdqflqj zdv uhsdlg dqg wkh hqwuhsuhqhxu zrxog jdlq dffhvv wr

sxeolf pdunhwv1 Lqfuhdvlqj sulru lqirupdwlrq glvvhplqdwlrq lq wklv fdvh uhgxfhv krogxs

exw dovr ghvwur|v wkh uhodwlrqvkls ohqghu*v lqfhqwlyhv wr �qdqfh lq wkh �uvw sodfh1 Lq

wkdw vhqvh lpsurylqj uhfryhu| xqghu vwudwhjlf ghidxow +e| hqkdqflqj fuhglwru uljkwv iru

h{dpsoh, hqfrxudjhv dup*v0ohqjwk �qdqflqj dqg uhgxfhv surmhfw ghod|1

Zh dvvxph wkdw d fhuwdlq vhw ri hqwuhsuhqhxuv zloo ghidxow rq d ordq hyhq zkhq wkh|

kdyh wkh ixqgv wr uhsd|1 Zlwk suredelolw| � � s � / s � 5 Ef> �o/ wkh ohqghu idfhv d �edg�

hqwuhsuhqhxu zkr zloo vwudwhjlfdoo| ghidxow rq khu frqwudfwhg sd|phqw/ u � +w ' �> 2,/ li

lw sd|v khu wr gr vr1 Zlwk suredelolw| s � / wkh eruurzhu lv d �jrrg� hqwuhsuhqhxu zkr

dozd|v pdnhv khu frqwudfwhg lqwhuhvw sd|phqw1
�

Hdfk hqwuhsuhqhxu nqrzv khu w|sh/
�
Frpshwlwlrq iurp sduwldoo| lqiruphg rxwvlgh edqnv pd| olplw vxfk �krogxs� uhqwv +yrq Wkdgghq/

5337,1 Uhsxwdwlrqdo frqfhuqv derxw ixwxuh ohqglqj/ pdunhw gulyhq lqirupdwlrq ohdnv/ ru prudo kd}dug

sureohpv dvvrfldwhg zlwk dvvhw vxevwlwxwlrq pd| ixuwkhu frqvwudlq wkh ohqghu*v delolw| wr h{wudfw uhqwv1�
Wklv dvvxpswlrq lv e| qr phdqv h{wudruglqdu| lq wkh olwhudwxuh +vhh iru h{dpsoh/ Fkdq/ Juhhqedxp
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zkloh ohqghuv rqo| nqrz s � 1 Lq fdvh surmhfwv duh vhtxhqfhg/ wkh lqfxpehqw ohqghu wkdw

�qdqfhv wkh �uvw0shulrg surmhfw dovr nqrzv zkhwkhu wkh hqwuhsuhqhxu sd|v wkh frqwudfwhg

dprxqw/ u � 1 Ohw � 5 df> �o eh wkh +hqgrjhqrxvo| ghwhuplqhg, suredelolw| wkdw d edg

hqwuhsuhqhxu sd|v u � 1 Jlyhq �/ wkh ohqghu fdq ghgxfh wkh wrwdo suredelolw| ri uhfhlylqj

sd|phqw u � / t ' s � n �E�� s � �1 Jlyhq wkdw u � lv sdlg/ wkh lqfxpehqw ohqghu xsgdwhv lwv

sulru eholhi/ s � / wkdw wkh hqwuhsuhqhxu lv jrrg xvlqj Ed|hv* uxoh/ s � ' s � @t1

Lq �{lqj s � / zh suhvxph wkdw dq hqwuhsuhqhxu*v whpswdwlrq wr ghidxow rq d ordq zloo

ghshqg rq frxqwu|0vshfl�f idfwruv wkdw lq xhqfh ghewru frvwv ri ghidxow1 Vxfk idfwruv

frxog lqfoxgh d frxqwu|*v fkrlfh ri dffrxqwlqj vwdqgdugv/ wkh ghjuhh ri surwhfwlrq jlyhq

wr fuhglwruv/ edqnuxswf| surfhgxuhv/ wkh h!flhqf| ri wkh mxglfldo v|vwhp/ wkh ohjdo wudgl0

wlrq ri wkh frxqwu|/ dqg rwkhu fxowxudo wudglwlrqv1 Iru vlpsolflw|/ zh dvvxph wkdw ohqghuv

fdqqrw uhfxshudwh dq| srvlwlyh sd|phqw zkhq d edg hqwuhsuhqhxu ghflghv wr ghidxow dqg

d edg hqwuhsuhqhxu fdqqrw suhfrpplw wr d srvlwlyh ohyho ri uhsd|phqw1

Erwk wkh hqwuhsuhqhxu dqg wkh ohqghuv duh ulvn qhxwudo dqg pd{lpl}h wkh h{shfwhg

suhvhqw ydoxh ri wkhlu sd|r�v1 Wkh sdudphwhu � lv wkh hqwuhsuhqhxu*v vxemhfwlyh glvfrxqw

idfwru1 Lq rughu wr idflolwdwh wkh irupdo h{srvlwlrq/ zh dvvxph wkdw � A { � 1 Wklv

dvvxpswlrq uhtxluhv hlwkhu wkdw surmhfw E eh txlwh sur�wdeoh ru wkdw wkh hqwuhsuhqhxu

qrw glvfrxqw wkh ixwxuh e| yhu| pxfk1

Wklv frpsohwhv wkh ghvfulswlrq ri wkh jdph vhwxs1 Zh surfhhg dv iroorzv1 Iluvw/ zh

ghulyh htxloleulxp frqwudfwv dvvxplqj wkdw hqwuhsuhqhxuv kdyh dffhvv wr dup*v0ohqjwk ru

uhodwlrqvkls �qdqflqj/ exw qrw erwk1 Zh wkhq dqdo|}h wkh rswlpdo frqwudfwv dvvxplqj

wkdw hqwuhsuhqhxuv kdyh dffhvv wr erwk w|shv ri �qdqflqj1

6 Dup*v0Ohqjwk Ilqdqflqj

Wr ghulyh frqglwlrqv xqghu zklfk surmhfwv duh �qdqfhg zlwk dup*v0ohqjwk frqwudfwv/

zh vwduw zlwk wkh fdvh lq zklfk erwk surmhfwv duh �qdqfhg vlpxowdqhrxvo| lq wkh �uvw

shulrg1 Wkh hqwuhsuhqhxu sursrvhv d frqwudfw vshfli|lqj wkh lqyhvwphqw dprxqw 2n dqg

wkh uhsd|phqw ohyho u1 D edg hqwuhsuhqhxu qhyhu uhsd|v u dv vkh lv dozd|v ehwwhu

dqg Wkdnru/ 4<;9> Shwhuvhq dqg Udmdq/ 4<<8> yrq Wkdgghq/ 4<<8> dprqj rwkhuv,1 Lq dgglwlrq/ wkh

suredelolw| kdv dq lqwxlwlyh lqwhusuhwdwlrq zlwklq wkh frq�qhv ri wkh prgho1



:

r� uhsxgldwlqj1 Wkh jrrg hqwuhsuhqhxu sd|v 4�?iu> � � n � � j e| dvvxpswlrq1 Wkh

ulvn ri uhsxgldwlrq lq xhqfhv qhjrwldwlrqv dw wkh ehjlqqlqj ri wkh jdph1 D ohqghu

dqwlflsdwhv d euhdfk ri frqwudfw zlwk suredelolw| �� s � 1 Khqfh wkh ohqghu lv rqo| zloolqj

wr vljq d frqwudfw zkhq lwv h{shfwhg uhsd|phqw s � u dw ohdvw fryhuv lqyhvwphqw 2n> l1h1

u � 2n@s � 1 Rq wkh rwkhu kdqg/ dq| uhsd|phqw u wkdw h{fhhgv � � n � � lv lpsrvvleoh

ehfdxvh wkh hqwuhsuhqhxu kdv qr lqlwldo zhdowk/ l1h1 u � � � n � � 1 Wkhvh wzr frqvwudlqwv

duh frpsdwleoh li dqg rqo| li s � � 2n@E� � n � � � ' {1 Zkhq wklv frqglwlrq krogv/ wkh

jrrg hqwuhsuhqhxu fdq r�hu d uhsd|phqw u ' 2n@s � zklfk pdnhv wkh ohqghu lqgl�huhqw

ehwzhhq vljqlqj dqg uhmhfwlqj dqg pd{lpl}hv wkh hqwuhsuhqhxu*v sur�w � � n � � � u1 Wr

frqfhdo khu lqwhqwlrqv/ d edg hqwuhsuhqhxu lplwdwhv wkh ehkdylru ri d jrrg hqwuhsuhqhxu1

Zh doorz iru udqgrpqhvv lq wkh ohqghu*v ghflvlrq wr dffhsw ru uhmhfw wkh hqwuhsuhqhxu*v

sursrvdo1 Ohw � � 5 df> �o eh wkh suredelolw| wkdw d ohqghu dffhswv wkh sursrvhg uhsd|phqw

u1
�
Lq htxloleulxp=

� �

;

A

A

A

?

A

A

A

=

' f li u ? 2n@s � >

5 df> �o li u ' 2n@s � dqg s � ' {>

' � li u � 2n@s � dqg s � A {=

+4,

Wkh ohqghu uhmhfwv zlwk fhuwdlqw| dq r�hu ri u ? 2n@s � dqg dffhswv zlwk fhuwdlqw| dq r�hu

ri u � 2n@s � zkhq s � A {1
�
Iru u ' 2n@s � dqg s � ' {/ dq| � � 5 df> �o uhsuhvhqwv d ehvw

uhvsrqvh iru wkh ohqghu ehfdxvh wkh rqo| dffhswdeoh uhsd|phqw ohdglqj wr d qrqqhjdwlyh

ydoxh iru wkh hqwuhsuhqhxu lv u ' 2n@s � 1

Wkh dup*v0ohqjwk frqwudfw iru �qdqflqj wkh wzr surmhfwv vhtxhqwldoo| lv vlplodu wr wkh

vlqjoh0shulrg frqwudfw1 Lq sduwlfxodu/ lq wkh vhfrqg shulrg/ wkh rxwvlgh ohqghuv fdqqrw

ohduq iurp wkh idfw wkdw dq hqwuhsuhqhxu lv vhhnlqj �qdqflqj iurp wkhp1 Wkhuhiruh/ wkh

vhfrqg0shulrg ohqghuv duh qrw h{srvhg wr d Zlqqhu*v Fxuvh sureohp1 Wkh uhdvrq iru wklv
�
H{lvwhqfh ri d vhtxhqwldo htxloleulxp lq wkh wzr0shulrg fdvh pd| uhtxluh wkdw wkh vhfrqg0shulrg

frqwudfw eh udqgrpo| dvvljqhg1 Lq jhqhudo/ lw lv srvvleoh iru wkh hqwuhsuhqhxu wr udqgrpl}h lq htxloleulxp

ehwzhhq sursrvlqj d frqwudfw surplvlqj }hur h{shfwhg sur�wv dqg rqh wkdw ohdgv wr fhuwdlq uhmhfwlrq1

Dowhuqdwlyho|/ zkhq lqgl�huhqw ehwzhhq dffhswlqj dqg uhmhfwlqj/ d edqn pd| udqgrpl}h lq htxloleulxp1

Zh dvvxph lq wkhvh fdvhv wkdw wkh hqwuhsuhqhxu sursrvhv d frqwudfw zlwk fhuwdlqw|1�
Iru u � 5n@s � dqg s � A �/ wkhuh lv qr htxloleulxp sur�oh xqghu zklfk wkh ohqghu uhmhfwv zlwk

srvlwlyh suredelolw| ehfdxvh wkh hqwuhsuhqhxu zrxog wkhq sursrvh d uhsd|phqw u voljkwo| deryh 5n@s � /

vr wkdw qr ehvw uhvsrqvh iru wkh ohqghu h{lvwv1



;

lv wkdw ohqghuv duh deoh wr frpsxwh d jrrg hqwuhsuhqhxu*v rswlpdo �qdqflqj vfkhph1 D

edg hqwuhsuhqhxu sxuvxlqj d gl�huhqw vwudwhj| wkdq d jrrg hqwuhsuhqhxu lv lpphgldwho|

uhyhdohg1 Wkhuhiruh/ d edg hqwuhsuhqhxu rqo| fkrrvhv wr vzlwfk diwhu shulrg 4 zkhq lw lv

dovr lq wkh lqwhuhvw ri d jrrg hqwuhsuhqhxu wr gr vr1 Ehfdxvh wkh vhfrqg0shulrg ohqghuv

gr qrw nqrz wkh uhsd|phqw klvwru| ri wkh hqwuhsuhqhxu/ wkh| h{shfw d jrrg hqwuhsuhqhxu

zlwk suredelolw| s � / vr wkdw � ' f1 Wkhuhiruh/ wkh wzr shulrgv duh vwuxfwxudoo| lghqwlfdo/

dqg zh fdq gluhfwo| dsso| wkh dqdo|vlv ghulyhg deryh1 Wkh uhvxowv duh vxppdul}hg lq

Sursrvlwlrq 41

Sursrvlwlrq 4 Dup*v0Ohqjwk Ilqdqflqj +DOI,=

+l, Vlpxowdqhrxv surmhfw �qdqflqj= Li s � � {/ wkh hqwuhsuhqhxu/ hlwkhu jrrg ru edg/

sursrvhv d uhsd|phqw u � ' 2n@s � lq h{fkdqjh iru dq lqyhvwphqw 2n lq htxloleulxp/

dqg wkh ohqghu dffhswv1 Wkh edg hqwuhsuhqhxu ghidxowv rq u zlwk fhuwdlqw|1 Li

s � ? {> qr frqwudfw lv vljqhg1

+ll, Vhtxhqwldo surmhfw �qdqflqj= Li s � � {� / m ' D> E/ wkh hqwuhsuhqhxu/ hlwkhu jrrg ru

edg/ sursrvhv uhsd|phqw u � ' n@s � lq h{fkdqjh iru lqyhvwphqw n/ dqg wkh ohqghu

dffhswv1 D edg hqwuhsuhqhxu ghidxowv zlwk fhuwdlqw|1 Li s � ? {� / qr frqwudfw lv

vljqhg1

Wkh hqwuhsuhqhxu lv deoh wr �qdqfh erwk surmhfwv vhtxhqwldoo| li dqg rqo| li s � � { � 1

Iru { � � s � ? { � / vkh fdq rqo| �qdqfh wkh pruh sur�wdeoh surmhfw D1 Wkh sur�wv wr

d jrrg hqwuhsuhqhxu iurp dup*v0ohqjwk �qdqflqj duh=

+l, Dv vlpxowdqhrxv surmhfwv=

�
���! 

'

;

?

=

� � n � � � 2n@s � li s � � {

f li s � ? {

+ll, Dv vhtxhqwldo surmhfwv=

�
���! 

'

;

A

A

A

?

A

A

A

=

� � � n@s � n �E� � � n@s � � li s � � { �

� � � n@s � li { � A s � � { �

f li s � ? { �
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Frpsdulqj sur�wv lq +l, zlwk +ll,/ rxu vhwxs lpsolhv wkdw wkh hqwuhsuhqhxu zloo dozd|v

fkrrvh wr �qdqfh vlpxowdqhrxv surmhfwv zkhq srvvleoh1 Wklv uhvxow lv vxppdul}hg lq wkh

iroorzlqj fruroodu|1

Fruroodu| 4 Xqghu dup*v0ohqjwk �qdqflqj/ surmhfwv duh �qdqfhg vlpxowdqhrxvo| zkhq

s � � {1 Iru { A s � � { � / rqo| surmhfw D lv fkrvhq lq wkh �uvw shulrg/ dqg wkhuh lv

qr dgglwlrqdo �qdqflqj surylghg lq wkh vhfrqg shulrg1 Iru s � ? { � / qr �qdqflqj wdnhv

sodfh1

7 Uhodwlrqvkls Ilqdqflqj

Zh qrz frqvlghu wkh �qdqflqj ri vhtxhqwldo surmhfwv wkurxjk uhodwlrqvkls �qdqflqj e|

doorzlqj wkh uhsd|phqw ehkdylru ri wkh edg hqwuhsuhqhxu wr sod| dq lpsruwdqw uroh

lq wkh vhwwlqj ri htxloleulxp frqwudfwv1 Zh ghprqvwudwh wkdw wkhuh duh irxu srvvleoh

htxloleuld dvvrfldwhg zlwk uhodwlrqvkls �qdqflqj= d uhsxwdwlrqdo htxloleulxp/ gh�qhg

wr eh d vhtxhqwldo htxloleulxp lq zklfk wkh edg hqwuhsuhqhxu sd|v u � zlwk suredelolw|

� 5 Ef> ��/ d srrolqj htxloleulxp zkhuh wkh edg hqwuhsuhqhxu qhyhu ghidxowv E� ' ��/ d

vhsdudwlqj htxloleulxp zkhuh wkh edg hqwuhsuhqhxu dozd|v ghidxowv +� ' f,/ dqg d qr0

lqyhvwphqw htxloleulxp lq zklfk qr surmhfwv duh �qdqfhg1 Wkh h{lvwhqfh ri d sduwlfxodu

htxloleulxp zloo ghshqg rq wkh sursruwlrq ri edg hqwuhsuhqhxuv lq wkh ohqglqj srro/ wkh

devroxwh dqg uhodwlyh pdjqlwxgh ri wkh sd|r�v/ dqg krz wkh hqwuhsuhqhxu fkrrvhv wr

vhtxhqfh surmhfwv1

Zh vroyh wkh uhodwlrqvkls �qdqflqj sureohp e| edfnzdugv lqgxfwlrq/ vwduwlqj dw wkh

ehjlqqlqj ri wkh vhfrqg shulrg1 Wkh lqwxlwlrq iurp Sursrvlwlrq 4 fdq eh xvhg wr rewdlq

wkh vhfrqg0shulrg htxloleulxp frqglwlrqv1 Krzhyhu/ zh dvvxph wkdw wkh uhodwlrqvkls

ohqghu kdv doo ri wkh edujdlqlqj srzhu lq wkh vhfrqg shulrg1

Fruroodu| 5 Vxssrvh surmhfw l kdv ehhq fduulhg rxw lq wkh �uvw shulrg1 Li u � kdv ehhq

uhsdlg dqg s � � {� / wkh ohqghu sursrvhv zlwk suredelolw| � � d frqwudfw zlwk uhsd|phqw

u �" ' � � dqg lqyhvwphqw n> zkhuh � � lv=

� �

;

?

=

5 df> �o li u " ' n@s � dqg s � ' {� >

' � li u " � n@s � dqg s � A {� =
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Wkh edg hqwuhsuhqhxu ghidxowv rq u �" zlwk fhuwdlqw|1 Li uhsd|phqw u � kdv qrw ehhq sdlg

ru s � ? {� / qr vhfrqg0shulrg frqwudfw lv vljqhg1

Zh qrz vwhs edfn wr wkh hqg ri shulrg 41 Vxssrvh surmhfw l kdv ehhq �qdqfhg dqg

uhdol}hg/ dqg uhsd|phqw u � lv gxh1 Dqwlflsdwlqj wkh rxwfrph ri wkh vhfrqg shulrg/ d edg

hqwuhsuhqhxu nqrzv wkdw vkh froohfwv wkh sd|r� ri surmhfw m zlwk suhvhqw ydoxh �� � li

vkh sd|v u � zlwk suredelolw| � vxfk wkdw s � � {� 1 Reylrxvo|/ vkh lv ehwwhu r� ghidxowlqj

zkhq wkh frvw u � ri �uhsxwdwlrq exloglqj� h{fhhgv wkh srwhqwldo jdlq �� � ri kdylqj wkh

uhsxwdwlrq/ l1h1 lq htxloleulxp/ � � ' f li dqg rqo| li u � A �� � 1

Iru u � � �� � / d edg hqwuhsuhqhxu zloo fkrrvh � wr pd{lpl}h wkh suredelolw| ri

froohfwlqj wkh uhsxwdwlrqdo uhqw �� � � u � 1 Iru s � � {� / vkh fdq fkrrvh � ' � wr

jxdudqwhh d vhfrqg0shulrg frqwudfw1 Iru s � ? {� / vkh qhhgv wr fkrrvh d � � vxfk wkdw

s � ' {� /

� � ' � '
s �

� � s �

� � {�

{�
? �= +5,

� � ' � vxffhvvixoo| lqgxfhv d vhfrqg0shulrg frqwudfw zlwk suredelolw| � � 5 df> �o1 Iru

� � ' � wr eh dq htxloleulxp/ wkh edg hqwuhsuhqhxu pxvw eh lqgl�huhqw ehwzhhq � �

dqg dq| rwkhu � wkdw lqfuhdvhv khu uhsxwdwlrqdo uhqw edvhg rq lqlwldo eholhiv � � 1
#%$

Lq

rwkhu zrugv/ lq htxloleulxp/ wkh h{shfwhg uhsxwdwlrqdo uhqw � � �� � � u � pxvw htxdo }hur/

lpso|lqj � � ' u � @�� � 1

Jlyhq � � / wkh suredelolw| t � ' s � n E� � s � �� � ri uhsd|phqw lq wkh �uvw shulrg lv=

t � '

;

A

A

A

?

A

A

A

=

� li u � � �� � dqg s � � {� >

s � @{� li u � � �� � dqg s � ? {� >

s � li u � A �� � >

+6,

dqg wkh xsgdwhg htxloleulxp eholhi ri wkh lqfxpehqw ohqghu derxw wkh olnholkrrg wkdw

wkh eruurzlqj hqwuhsuhqhxu lv jrrg/ jlyhq sd|phqw ri u � lv=

s � � '
s �

t �
'

;

A

A

A

?

A

A

A

=

s � li u � � �� � dqg s � � {� >

{� li u � � �� � dqg s � ? {� >

� li u � A �� � =

+7,

&('
Jlyhq vpdoo qrq0wudqvihudeoh sulydwh ehqh�wv ri uxqqlqj surmhfwv vkh zloo fkrrvh � ) @ �1
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Qrwh wkdw s � � / wkh xsgdwhg olnholkrrg ri ohqglqj wr d jrrg hqwuhsuhqhxu/ lv qhyhu ohvv

wkdq {� 1 Ohw xv qrz wxuq wr wkh frqwudfwlqj sureohp dw wkh ehjlqqlqj ri shulrg 41

Dqwlflsdwlqj t � / wkh ohqghu h{shfwv d uhsd|phqw ri t � u � 1 Wr fryhu lwv lqyhvwphqw n/ lw

rqo| dffhswv d frqwudfwhg uhsd|phqw htxdo wr=

u � � n@t � � Es � � u �" � n�= +8,

Rq wkh rwkhu kdqg/ lw dovr nqrzv wkdw dq| uhsd|phqw surplvh u � h{fhhglqj � * lv

lpsrvvleoh dv hqwuhsuhqhxuv kdyh qr lqlwldo zhdowk/ khqfh=

u � � � * = +9,

Zh qrz ghulyh frqglwlrqv iru d uhsxwdwlrqdo htxloleulxp/ l1h1 dq htxloleulxp lq zklfk

� � 5 Ef> ��1 D srvlwlyh uhsd|phqw suredelolw| ohvv wkdq 4 lpsolhv � � ' � dqg lv rqo|

srvvleoh li wkh uhsxwdwlrqdo uhqw lv qrqqhjdwlyh/ khqfh=

u � � �� � > +:,

dqg li wkh fkrlfh ri � � pdwwhuv/ s � ? {� 1 Wdnlqj +6, dqg Fruroodu| 5 lqwr dffrxqw/

lqhtxdolwlhv +8,/ +9, dqg +:, duh frpsdwleoh li dqg rqo| li=

4�?i� * > �� � j � u � �
n

s �
{� > +;,

zklfk lpsolhv=

s � � 4@ 

�

{ � { � >
{

"
�

�

�

=

Vxssrvh doo frqglwlrqv vwdwhg wkxv idu duh ixo�oohg1 Wkhq/ li wkh jrrg hqwuhsuhqhxu

fkrrvhv d frqwudfw surplvlqj d uhsd|phqw u � vdwlvi|lqj +;,/ vkh zloo fkrrvh u � dv orz dv

srvvleoh1 Khqfh vkh sursrvhv=

u �� '
n

s �
{� =

Khqfh zh duulyh dw wkh iroorzlqj irxu ohppdwd1

Ohppd 4 Uhsxwdwlrqdo Htxloleulxp= Iru {� A s � � 4@ i{ � { � >{
"
� @�j/ wkhuh

h{lvwv d uhsxwdwlrqdo htxloleulxp lq zklfk wkh hqwuhsuhqhxu/ zkhwkhu jrrg ru edg/ sursrvhv

d frqwudfw surplvlqj uhsd|phqw u �� ' n{� @s � lq h{fkdqjh iru lqyhvwphqw n lq wkh �uvw

shulrg/ dqg wkh ohqghu dffhswv1 Dw wkh hqg ri shulrg 4/ wkh edg hqwuhsuhqhxu uhsd|v zlwk

suredelolw| � � ' � 5 Ef> ��1
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Zh qh{w wxuq wr wkh frqglwlrqv uhtxluhg iru d srrolqj htxloleulxp +� � ' �,1 D

uhsd|phqw suredelolw| � � ' � lv rqo| srvvleoh li wkh uhsxwdwlrqdo uhqw lv qrqqhjdwlyh/

l1h1 u � � �� � / dqg li wkh fkrlfh ri � � grhv qrw lq xhqfh wkh fkdudfwhulvwlfv ri wkh

htxloleulxp frqwudfw1 Sursrvlwlrq 4 lpsolhv wkdw wkh odwwhu rffxuv zkhq s � � {� 1 Uh0

fdoolqj lqhtxdolwlhv +8,/ +9,/ +:,/ Fruroodu| 5/ dqg wdnlqj +6, lqwr dffrxqw/ zh duulyh dw

4�?i� * > �� � j � u � � 2n � s � � � 1 Vlqfh n ? � * / � A { � dqg s � � {� e| dvvxpswlrq/

4�?i� * > �� � j � 2n � s � � � lv dozd|v jlyhq1

Jlyhq s � � {� / d jrrg hqwuhsuhqhxu fkrrvhv u � dv orz dv srvvleoh lq rughu wr pd{lpl}h

khu sur�wv1 Khqfh vkh sursrvhv u �� ' 2n � s � � � 1 Djdlq/ d edg hqwuhsuhqhxu lv irufhg wr

plplf wkh jrrg w|sh wr suhyhqw ghwhfwlrq1

Ohppd 5 Srrolqj Htxloleulxp= Vxssrvh s � � {� 1 Wkhq wkhuh h{lvwv d srrolqj htxl0

oleulxp lq zklfk wkh hqwuhsuhqhxu/ zkhwkhu jrrg ru edg/ sursrvhv d frqwudfw surplvlqj

uhsd|phqw u �� ' 2n�s � � � lq h{fkdqjh iru lqyhvwphqw n lq wkh �uvw shulrg/ dqg wkh ohqghu

dffhswv1 Dw wkh hqg ri shulrg 4/ wkh edg hqwuhsuhqhxu uhsd|v zlwk fhuwdlqw|1

D vhsdudwlqj htxloleulxp +� � ' f, lv rqo| srvvleoh li wkh uhsxwdwlrqdo uhqw lv qhjdwlyh

+u � A �� � ,1 Uhfdoolqj lqhtxdolwlhv +8,/ +9,/ dqg wdnlqj +6, lqwr dffrxqw/ u � pxvw dovr

vdwlvi| � * � u � � n@s � �E� � �n�/ lpso|lqj s � � n@E� � n� � �n�1 Wkh hqwuhsuhqhxu rqfh

djdlq sursrvhv u �� ' En � s � E� � � n��@s � dqg wkh edg hqwuhsuhqhxu plplfv1 u �� A �� � iru

s � ? n@E� � E� n �� � n�1

Ohppd 6 Vhsdudwlqj Htxloleulxp= Vxssrvh n@E� � E�n��� n� A s � � n@E� � n� � �

n�1 Wkhq wkhuh h{lvwv d vhsdudwlqj htxloleulxp lq zklfk wkh hqwuhsuhqhxu/ zkhwkhu jrrg

ru edg/ sursrvhv d frqwudfw surplvlqj uhsd|phqw u �� ' En � s � E� � � n��@s � lq h{fkdqjh

iru lqyhvwphqw n lq wkh �uvw shulrg/ dqg wkh ohqghu dffhswv1 Dw wkh hqg ri shulrg 4/ wkh

edg hqwuhsuhqhxu ghidxowv zlwk fhuwdlqw|1

Wr frpsohwh wkh dqdo|vlv/ zh qhhg wr vwdwh wkh frqglwlrqv xqghu zklfk d htxloleulxp

zlwk qr lqyhvwphqw h{lvwv1 Wklv lv grqh e| vxppdul}lqj wkh orjlfdo frxqwhu0dujxphqw

ri Ohppdwd 4/ 5/ dqg 61
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Ohppd 7 Qr Lqyhvwphqw Htxloleulxp= Vxssrvh

s � ? 4�?

�

4@ i{ � { � >{
"
� @�j>

n

� � n � � � n

�

=

Wkhq qr frqwudfw lv vljqhg lq wkh �uvw shulrg1

Iru vrph sdudphwhu frqvwhoodwlrqv/ wkhuh duh vhsdudwlqj dv zhoo dv uhsxwdwlrqdo htxl0

oleuld1 Zh glvfulplqdwh ehwzhhq wkh wzr e| dvvxplqj wkh jrrg hqwuhsuhqhxu fkrrvhv wkh

htxloleulxp zlwk d kljkhu sd|0r�1 Wkh sur�wv iurp uhodwlrqvkls �qdqflqj iru surmhfw

vhtxhqfh il> mj duh jlyhq e|=

�
+  

EUH> il> mj� ' � * �
n{�

s �
+<,

�
+  

ES H> il> mj� ' � * � E2n � s � � � �

�
+  

EVH> il> mj� ' � * �
n � s � E� � � n�

s �
=

Wkh sdqhov ri Iljxuh 4 vxppdul}h wkh lq xhqfh ri wkh prgho sdudphwhuv rq wkh

ydulrxv htxloleuld/ e| ydu|lqj s � dqg � � zkloh kroglqj � � frqvwdqw1 Wkh grwwhg olqhv

sorw fulwlfdo ydoxhv iru ghwhuplqlqj wkh htxloleuld/ zkloh wkh vrolg olqhv wudfh rxw wkh

htxloleulxp uhjlrqv1 Wkh �uvw sdqho dvvxphv wkdw wkh hqwuhsuhqhxu fkrrvhv wr vhtxhqfh

surmhfw D �uvw/ zkloh wkh vhfrqg dqg wklug sdqho dvvxph wkdw E lv fkrvhq �uvw1

Vhyhudo lqwhuhvwlqj ihdwxuhv ri wkh htxloleuld hphujh iurp wkh �jxuh1 Iluvw/ dq lqwxlwlyh

rughulqj h{lvwv dfurvv wkh htxloleuld1 Iru orz hqrxjk ydoxhv ri s � +l1h1/ d kljk sursruwlrq

ri edg hqwuhsuhqhxuv,/ qr frqwudfw lv vljqhg1 Dv s � lqfuhdvhv/ �uvw0shulrg htxloleulxp

lqwhuhvw udwhv ehjlq wr idoo hqrxjk wr lqgxfh edg hqwuhsuhqhxuv wr uhsd|> iru kljk ydoxhv

ri s � doo hqwuhsuhqhxuv � jrrg dqg edg � pdnh wkhlu �uvw0shulrg uhsd|phqw1

Vhfrqg/ frpsdulqj wkh �uvw sdqho zlwk wkh vhfrqg dqg wklug/ frqwudfwv fdq eh zulwwhq

iru orzhu ydoxhv ri s � zkhq surmhfwv duh vhtxhqfhg vxfk wkdw wkh kljkhu sd|r� surmhfw

frphv odwhu +vhtxhqfh iE> Dj,1 Iru d jlyhq ydoxh ri u � / edg hqwuhsuhqhxuv kdyh pruh

lqfhqwlyh wr pdnh wkh �uvw0shulrg uhsd|phqw dqg jhw uh�qdqfhg zkhq wkh| nqrz wkh

vhfrqg shulrg sd|r� zloo eh uhodwlyho| kljk1

Wklug/ zkhq wkh orz0ydoxh surmhfw lv fkrvhq �uvw +vhtxhqfh iE> Dj,/ d vhsdudwlqj

htxloleulxp h{lvwv rqo| iru orz ydoxhv ri wkh vhfrqg0shulrg surmhfw � � 1 Wkh kljkhu wkh

vhfrqg0shulrg surmhfw*v sur�w/ wkh kljkhu lv �uvw0shulrg uhsd|phqw/ pdnlqj lw ohvv dwwudf0

wlyh iru wkh edg hqwuhsuhqhxu wr vhhn �qdqflqj iru wkh vhfrqg0shulrg surmhfw1 Krzhyhu/
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wkh vhsdudwlqj htxloleulxp uhjlrq h{lvwv rqo| iru orz glvfrxqw idfwruv1 Iru kljkhu glv0

frxqw idfwruv/ wkh uhjlrq ryhuodsv zlwk wkh duhd zkhuh wkh uhsxwdwlrqdo htxloleulxp h{lvwv

� dq htxloleulxp wkdw sd|0r� grplqdwhv dq| vhsdudwlqj htxloleulxp1 Iru wkh uhpdlqghu

ri wkh sdshu zh dvvxph d kljk hqrxjk glvfrxqw idfwru wr uxoh rxw wklv udwkhu vshfldo

fdvh/ l1h1 zh dvvxph � � nE� � n � � � n�@�
"
� 1

,-,

Wkh wkuhh sdqhov lq Iljxuh 4 lpso| wkdw wkh jrrg hqwuhsuhqhxu zloo fkrrvh surmhfw

vhtxhqfh iE> Dj/ zkhqhyhu s � lv wrr orz wr doorz iru vhtxhqfh iD> Ej wr eh �qdqfhg1

Wklv uhvxow lv lqwhuhvwlqj lq lwvhoi ehfdxvh lw vxjjhvwv wkdw wkh �qdqflqj hqylurqphqw fdq

lq xhqfh suhihuhqfhv rq krz surmhfwv zlwk gl�hulqj sd|r�v pljkw eh vwdjhg1 Dv lw wxuqv

rxw/ vhtxhqflqj suhihuhqfhv fdq eh gh�qhg ryhu wkh hqwluh lqwhuydo ri s � e| frpsdulqj wkh

jrrg hqwuhsuhqhxu*v sur�wv iurp hdfk vhtxhqflqj shupxwdwlrq1 Frpsdulqj wkh sd|r�v

iru iD> Ej dqg iE> Dj/ dqg frpelqlqj Ohppdwd 4 wr 7 doorzv xv wr ixoo| ghvfuleh wkh

htxloleulxp iru uhodwlrqvkls �qdqflqj1

Sursrvlwlrq 5 Uhodwlrqvkls Ilqdqflqj

� � � � ��
"
� @n= Wkhuh lv d qr lqyhvwphqw htxloleulxp iru s � ? 4@ i{ � { � >{

"
� @�j>

wkhuh lv d uhsxwdwlrqdo htxloleulxp zlwk surmhfw vhtxhqfh iE> Dj iru 4@ i{ � { � >{
"
� @�j �

s � ? {
"
� @�> wkhuh lv d uhsxwdwlrqdo htxloleulxp zlwk surmhfw vhtxhqfh iD> Ej iru

{
"
� @� � s � ? { � > dqg wkhuh lv d srrolqj htxloleulxp zlwk surmhfw vhtxhqfh iD> Ej

iru s � � { � 1

� � � A ��
"
� @n= Wkhuh lv d qr lqyhvwphqw htxloleulxp iru s � ? 4@ i{ � { � >{

"
� @�j>

wkhuh lv d uhsxwdwlrqdo htxloleulxp zlwk surmhfw vhtxhqfh iE> Dj iru 4@ i{ � { � >{
"
� @�j �

s � ? { � > wkhuh lv d vhsdudwlqj htxloleulxp zlwk surmhfw vhtxhqfh iD> Ej iru { � �

s � ? {
"
� @�> wkhuh lv d uhsxwdwlrqdo htxloleulxp zlwk surmhfw vhtxhqfh iD> Ej iru

{
"
� @� � s � ? { � > dqg wkhuh lv d srrolqj htxloleulxp zlwk surmhfw vhtxhqfh iD> Ej

iru s � � { � 1

Khqfh Sursrvlwlrq 5 hvwdeolvkhv d jhqhudo rughulqj ri htxloleuld/ ghshqglqj rq wkh

sursruwlrq ri jrrg hqwuhsuhqhxuv1 Zkhq wkh sursruwlrq lv yhu| orz/ qr �qdqflqj wdnhv
./.
Iru � 0 AA � 1 > wklv frqglwlrq krogv zkhqhyhu � � � 1 = Khqfh/ wkh dvvxpswlrq lv rqo| elqglqj iru

� 0 forvh wr � 1 =
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sodfh1 Dv wkh sursruwlrq ri jrrg hqwuhsuhqhxuv lqfuhdvhv/ wkh ohqghu lv �uvw zloolqj wr

surylgh �qdqflqj lq shulrg 4 rqo| li wkh hqwuhsuhqhxu vwduwv zlwk wkh ohvv sur�wdeoh

surmhfw1 Iru kljkhu sursruwlrqv/ wkh hqwuhsuhqhxu fkrrvhv wr �qdqfh wkh pruh sur�wdeoh

surmhfw �uvw1 D edg hqwuhsuhqhxu grhv qrw sd| edfn dw wkh hqg ri wkh �uvw shulrg/

vlqfh wkh uhsd|phqw lv wrr kljk1 Zlwk lqfuhdvlqj sursruwlrqv ri jrrg hqwuhsuhqhxuv/

wkh �uvw0shulrg uhsd|phqw ghfuhdvhv/ vxfk wkdw uhsd|lqj zlwk srvlwlyh suredelolw| dw wkh

hqg ri wkh �uvw shulrg lv ri ydoxh1 Iru yhu| kljk sursruwlrqv ri jrrg hqwuhsuhqhxuv wkh

lqyhvwru lv zloolqj wr �qdqfh wkh surmhfw dowkrxjk d edg hqwuhsuhqhxu grhv sd| edfn zlwk

fhuwdlqw| dqg wkh lqyhvwru idfhv d orvv lq shulrg 5 zlwk kljkhu suredelolw|1 Wkh uhdvrq

wkh surmhfw jhwv �qdqfhg lv wkdw wkh lqyhvwru xqghuvwdqgv wkdw wkhuh duh uhodwlyho| ihz

edg hqwuhsuhqhxuv lq wkh pdunhwsodfh1

Iljxuh 5 vxppdul}hv wkhvh hvvhqwldo ihdwxuhv ri wkh sursrvlwlrq1 Iru uhodwlyho| orz

ydoxhv ri s � / hqwuhsuhqhxuv fkrrvh wr �qdqfh wkh orz0sd|r� surmhfw E �uvw ehfdxvh

ohqghuv zloo qrw vljq frqwudfwv wkdw vwduw zlwk surmhfw D1 Krzhyhu/ iru kljkhu ydoxhv ri

s � / ohqghuv ylhz wkh ulvn ri ghidxow wr eh orz hqrxjk wkdw kljk0ydoxhg surmhfwv fdq eh

�qdqfhg �uvw/ ehiruh d uhsxwdwlrq kdv ehhq hvwdeolvkhg1 Ehfdxvh ri wkh glvfrxqw udwh/

wkh hqwuhsuhqhxu zloo dozd|v vhohfw wr �qdqfh wkh kljk0ydoxhg surmhfw �uvw zkhq lw lv

ihdvleoh wr gr vr1

8 Fkrlfh ri Ilqdqflqj Phwkrg

Zh qrz frpelqh wkh uhvxowv iurp wkh suhylrxv wzr vhfwlrqv wr ghwhuplqh dq hqwuh0

suhqhxu*v rswlpdo fkrlfh ri �qdqflqj phwkrg1 Zlwk dup*v0ohqjwk �qdqflqj/ wkh hqwuh0

suhqhxu uhwdlqv ixoo edujdlqlqj srzhu lq wkh vhfrqg shulrg/ zkloh xqghu uhodwlrqvkls

�qdqflqj wkh ohqghu jdlqv doo edujdlqlqj srzhu lq wkh vhfrqg shulrg1 Wr dyrlg wkh orvv

ri edujdlqlqj srzhu dqg dvvrfldwhg uhqwv/ wkh hqwuhsuhqhxu zloo dozd|v vzlwfk ohqghuv

zkhqhyhu dq rxwvlgh ohqghu lv zloolqj wr �qdqfh d sur�wdeoh vhfrqg0shulrg surmhfw1

Iurp Sursrvlwlrq 4/ zh nqrz wkdw dq rxwvlgh ohqghu lv zloolqj wr surylgh dup*v0ohqjwk

�qdqflqj iru rqh surmhfw zkhq s � � { * dqg iru erwk surmhfwv zkhq s � � {1 Pruhryhu/

Fruroodu| 4 whoov xv wkdw hqwuhsuhqhxuv wkdw fdq �qdqfh erwk surmhfwv zlwk dup*v0ohqjwk

�qdqflqj dozd|v �qg lw pruh sur�wdeoh wr �qdqfh wkh surmhfwv vlpxowdqhrxvo|/ udwkhu
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wkdq vhtxhqwldoo|1 Wklv olplwv wkh dqdo|vlv wr fkrrvlqj ehwzhhq dup*v0ohqjwk �qdqflqj

ri vlpxowdqhrxv surmhfwv dqg uhodwlrqvkls �qdqflqj ri vhtxhqwldo surmhfwv1

Ehfdxvh ohqghuv duh xqzloolqj wr �qdqfh vlpxowdqhrxv surmhfwv dw dup*v ohqjwk zkhq

s � ? {/ rqo| Sursrvlwlrq 5 dssolhv ehorz wkdw fxwr�1 Rq wkh rwkhu kdqg/ qr uhodwlrqvkls0

�qdqflqj frqwudfw zloo eh zulwwhq zkhq s � � { � dqg dup*v0ohqjwk �qdqflqj lv dydlodeoh1

Wklv lv wuxh ehfdxvh dq| uhodwlrqvkls frqwudfw r�huhg ryhu wkh s � � { � lqwhuydo � lqfoxg0

lqj wkh prvw sur�wdeoh wkdw vhtxhqfhv iD> Ej dqg ohdgv wr d srrolqj ri eruurzhuv � fdq

eh grplqdwhg e| d vhfrqg0shulrg r�hu iurp d qhz dup*v ohqjwk ohqghu +vhh Sursrvlwlrq

4,1

Iru { � s � ? { � / zh kdyh wr frpsduh wkh hqwuhsuhqhxu*v sur�wv iurp uhodwlrqvkls

�qdqflqj wr sur�wv iurp dup*v0ohqjwk �qdqflqj zlwk vlpxowdqhrxv surmhfwv1 Lw wxuqv rxw

wkdw/ ryhu wklv lqwhuydo/ wkh hqwuhsuhqhxu dozd|v fkrrvhv uhodwlrqvkls �qdqflqj1

Ohppd 8 Iru { � s � ? { � / wkh hqwuhsuhqhxu vhtxhqfhv surmhfwv1

Sursrvlwlrq 6 vxppdul}hv wkh pdlq uhvxow1

Sursrvlwlrq 6 Iru s � � { � / dup*v0ohqjwk �qdqflqj hphujhv dqg wkh surmhfwv duh vl0

pxowdqhrxvo| �qdqfhg lq shulrg 41 Iru 4@ E{ � { � >{
"
� @�� � s � ? { � / uhodwlrqvkls

�qdqflqj hphujhv1 Iru s � ? 4@ E{ � { � >{
"
� @��/ qr �qdqflqj wdnhv sodfh1

9 Prgho Lqwhusuhwdwlrq/ Lpsolfdwlrqv/ dqg Urexvw0

qhvv

914 Lqwhusuhwdwlrq ri wkh Prgho

Rxu odvw sursrvlwlrq/ dovr looxvwudwhg lq Iljxuh 6/ surylghv dq lqwhuhvwlqj dqg vwudljkwiru0

zdug vxppdu| ri wkh dqdo|vlv1 Wkh suhvhqfh ri wrr pdq| edg hqwuhsuhqhxuv lq d pdunhw

+s � ? 4@ E{ � { � >{
"
� @��, lpsolhv wkdw qr �qdqfldo frqwudfwv duh zulwwhq/ uhodwlrqvkls

ru dup*v0ohqjwk1 Iru lqwhuphgldwh ydoxhv ri s � +4@ E{ � { � >{
"
� @�� � s � ? { � , wkh

hqwuhsuhqhxu fkrrvhv wr vhtxhqfh surmhfwv dqg wr dffhsw wkdw d ohqghu zloo froohfw wkh
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hqwluh vhfrqg0shulrg vxusoxv1 Wkdw lv uhodwlrqvkls �qdqflqj rffxuv hyhq wkrxjk eru0

urzhuv kdyh dffhvv wr dup*v ohqjwk �qdqflqj dqg edqnv kdyh srzhu wr h{wudfw krogxs

uhqwv iurp wkh eruurzhuv1 Dv wkh olnholkrrg ri uhsd|phqw idoov/ wkh hqwuhsuhqhxu pd|

hyhq uhyhuvh surmhfw rughu/ wkhuhe| h{dfhuedwlqj krogxs frvwv1 Exw zkhq wkh qxpehu ri

edg hqwuhsuhqhxuv gursv wr d vx!flhqwo| orz ohyho +s � � { � ,/ uhodwlrqvkls �qdqflqj qr

orqjhu sd|v/ pdnlqj vlpxowdqhrxv surmhfwv dqg dup*v0ohqjwk �qdqflqj wkh prvw dwwudf0

wlyh fkrlfh1 Wkh uhdvrq lv wkdw xqghu vlpxowdqhrxv surmhfw �qdqflqj/ wkh uhsd|phqw frvw

u ' 2n@s � ulvhv idvwhu dv s � ghfuhdvhv wkdq xqghu vhtxhqwldo surmhfw �qdqflqj +hlwkhu dv

d Uhsxwdwlrqdo Htxloleulxp zlwk u � n u " ' n{ � @s � n � � ru d Vhsdudwlqj Htxloleulxp

zlwk u � n u " ' nE� n s � �@s � ,1 Vlqfh uhodwlrqvkls �qdqflqj rqo| h{lvwv iru uhodwlyho| orz

ydoxhv ri s � / wklv h�hfw lv vwurqj dqg pruh wkdq frpshqvdwhv iru wkh orvv ri wkh hqwluh

vhfrqg shulrg sd|r�1 Wkhvh uhvxowv kljkoljkw wkh ydoxh ri uhodwlrqvkls ohqglqj1 Wkxv

rxu vw|ol}hg prgho vkrzv wkdw li wkh ohqghu dvvhvvhv uhsd|phqw wr eh xqolnho|/ dq hq0

wuhsuhqhxu zloo ghod| d surmhfw dqg eruurz uhshdwhgo| iurp wkh vdph ohqghu lq rughu wr

exlog d uhsxwdwlrq iru uhsd|phqw1

915 Urexvwqhvv ri wkh Prgho

Rxu pdlq uhvxowv duh urexvw wr ydulrxv dowhudwlrqv dqg h{whqvlrqv1 Iru h{dpsoh/ rqh fdq

hdvlo| lqwurgxfh glylvlelolw| e| doorzlqj hqwuhsuhqhxuv wr ghflgh krz wkh| zdqw wr vsolw xs

d surmhfw dfurvv shulrgv1 Doorzlqj iru glylvlelolw| zlghqv wkh uhdfk ri erwk dup*v0ohqjwk

dqg uhodwlrqvkls �qdqflqj yhuvxv wkh qr0lqyhvwphqw rxwfrph1 Rq wkh rwkhu kdqg/ dup*v0

ohqjwk �qdqflqj pd| ehfrph ohvv suhydohqw li eruurzhuv idfh fuhglw olplwv wkdw suhyhqw

wkhp iurp �qdqflqj vlpxowdqhrxv surmhfwv dqg li hqwuhsuhqhxuv lqfxu d �{hg frvw zkhq

dssurdfklqj d vhfrqg ohqghu1 Vlploduo|/ lqwurgxflqj d �{hg frvw wr vhtxhqflqj surmhfwv/

lqfuhdvlqj wkh glvfrxqw udwh +l1h1/ ghfuhdvlqj wkh glvfrxqw idfwru �,/ ru lqwurgxflqj edqn

iudjlolw| pd| pdnh uhodwlrqvkls �qdqflqj ohvv dwwudfwlyh1 Wkh pdlq lqwxlwlrq ri wkh

prgho dovr uhpdlqv lqwdfw lq jhqhudol}dwlrqv wr pxowlsoh surmhfwv dqg pxowlsoh shulrgv/

dqg wr doorzlqj wkh hqwuhsuhqhxu dqg wkh �qdqflhuv wr zulwh orqj0whup frqwudfwv1

Doorzlqj hqwuhsuhqhxuv wr �qdqfh vhfrqg0shulrg surmhfwv xvlqj uhwdlqhg hduqlqjv

iurp wkh �uvw shulrg uhgxfhv wkh uhjlrq ryhu zklfk d uhsxwdwlrqdo htxloleulxp h{lvwv
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ehfdxvh wkh ydoxh ri exloglqj d uhsxwdwlrq ghfuhdvhv1 Krzhyhu/ li wkh lqlwldo sursruwlrq

ri jrrg hqwuhsuhqhxuv lv wrr orz wr hvwdeolvk d uhsxwdwlrqdo htxloleulxp/ wkh jrrg hq0

wuhsuhqhxu frxog r�hu d frqwlqjhqw frqwudfw wr d vhfrqg0shulrg ohqghu dw wkh ehjlqqlqj

ri wkh �uvw shulrg1 Wkh frqwudfw zrxog frqwdlq d frqglwlrq wkdw wkh surmhfw zloo sur0

fhhg rqo| lq fdvh wkh �uvw0shulrg ohqghu lv uhsdlg1 Wkh lqwurgxfwlrq ri vxfk d frqwudfw

uhhvwdeolvkhv wkh uhsxwdwlrqdo htxloleulxp ehfdxvh wkh edg hqwuhsuhqhxu lv rqfh djdlq

irufhg wr lplwdwh wkh jrrg hqwuhsuhqhxu e| sursrvlqj d vlplodu frqwudfw1

: Lpsolfdwlrqv ri wkh Prgho dqg Frqfoxvlrq

Rxu prgho looxvwudwhv wkh srvlwlyh dvvrfldwlrq ehwzhhq ydulrxv dvshfwv ri wkh dffrxqwlqj

dqg mxglfldo uhjlph rq wkh rqh kdqg dqg wkh ghyhorsphqw ri �qdqfldo lqwhuphgldwlrq

grfxphqwhg lq wkh olwhudwxuh rq wkh rwkhu kdqg1 Mdsshool/ Sdjdqr/ dqg Eldqfr +5336,/

iru h{dpsoh/ �qg wkdw wkh gxudwlrq ri frxuw wuldov dqg wkh ohyho ri wuldo edfnorjv duh

qhjdwlyho| uhodwhg wr wkh dydlodelolw| ri fuhglw lq d furvv0surylqfh sdqho iurp Lwdo|/ dqg

wkdw pruwjdjh iruhforvxuh frvwv duh qhjdwlyho| uhodwhg wr wkh ghswk ri pruwjdjh pdunhwv

dfurvv frxqwulhv1

Lq rxu vhwxs/ edg hqwuhsuhqhxuv kdyh wkh rswlrq qrw wr uhsd|1 Zh srvlw wkdw wkh

sursruwlrq ri edg hqwuhsuhqhxuv lq dq hfrqrp| pd| eh qhjdwlyho| uhodwhg wr wkh txdolw|

ri dffrxqwlqj vwdqgdugv/ fuhglwru uljkwv/ dqg wkh dydlodeoh frqwudfw hqirufhphqw phfk0

dqlvp1 Vwulqjhqw frqwudfw hqirufhphqw iru h{dpsoh ohdyhv ihz hqwuhsuhqhxuv zlwk wkh

vwudwhjlf rswlrq wr ghidxow1 Od{ hqirufhphqw/ rq wkh rwkhu kdqg/ fuhdwhv rssruwxqlwlhv

iru pdq| hqwuhsuhqhxuv qhyhu wr uhsd|1 Iru h{dpsoh/ dq hqwuhsuhqhxu pd| nqrz wkh

orfdo mxgjh ru lq jhqhudo kdyh hqrxjk ohjdo vnloov dqg uhvrxufhv wr hoxgh/ ghod|/ dqg

xowlpdwho| ghudlo dq| zhdn dwwhpswv dw mxglfldo hqirufhphqw1 Ohqghuv pd| qrw nqrz h{0

dqwh zkhwkhu dq hqwuhsuhqhxu kdv dffhvv wr vxfk vnloov dqg uhvrxufhv1 Iru frxqwulhv zlwk

zhdn ohjdo hqirufhphqw/ hqwuhsuhqhxuv pd| eh ehwwhu r� ghod|lqj surmhfwv dqg vhhnlqj

uhodwlrqvkls0w|sh �qdqflqj1

Frqvhtxhqwo|/ rxu vw|ol}hg prgho qrw rqo| olqnv nh| hohphqwv ri wkh lqirupdwlrqdo

dqg mxglfldo uhjlph zlwk ghflvlrqv derxw surmhfw vhtxhqflqj/ exw xowlpdwho| zlwk wkh

ghyhorsphqw dqg rulhqwdwlrq +uhodwlrqvkls yhuvxv wudqvdfwlrqdo, ri wkh �qdqfldo lqwhu0
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phgldu| vhfwru/ dqg zlwk wkh ohyho ri lqyhvwphqw lq dq hfrqrp|1 Dffruglqj wr rxu prgho/

zkhq wkh dffrxqwlqj dqg mxglfldo v|vwhp lv h!flhqw/ hqwuhsuhqhxuv zloo lpphgldwho| xq0

ghuwdnh doo dffhvvleoh surmhfwv e| eruurzlqj iurp dup*v0ohqjwk ohqghuv1 Dq lqh!flhqw

v|vwhp rq wkh rwkhu kdqg frpshov hqwuhsuhqhxuv wr ghod| surmhfwv wr exlog d uhsxwdwlrq

iru uhsd|phqw dqg vhhn uhodwlrqvkls0w|sh �qdqflqj1 Li vxfk ghod|v duh frvwo|/ wkhq lq0

h!flhqw uhjlphv pd| kdpshu fxuuhqw lqyhvwphqw dqg uhgxfh frqwhpsrudqhrxv ghpdqg

iru ixqglqj1 Wr wkh h{whqw wkdw ghod|hg lqyhvwphqw lpsrvhv ghdgzhljkw frvwv rq dq

hfrqrp|/ rxu prgho lpsolhv wkdw qdwlrqv ru uhjlrqv zlwk srru dffrxqwlqj/ ihz fuhglwru

uljkwv/ dqg zhdn ohjdo hqirufhphqw frxog jurz pruh vorzo| wkdq qdwlrqv ru uhjlrqv zkhuh

surmhfwv fdq eh �qdqfhg lpphgldwho|1
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