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Devwudfw

Wklv sdshu vkrzv wkdw d wudghu zkr uhfhlyhv d vljqdo derxw d ixwxuh sxeolf dqqrxqfhphqw

fdq h{sorlw wklv sulydwh lqirupdwlrq wzlfh1 Iluvw/ zkhq kh uhfhlyhv klv vljqdo/ dqg vhfrqg/

dw wkh wlph ri wkh sxeolf dqqrxqfhphqw1 Wkh vhfrqg urxqg dgydqwdjh rffxuv ehfdxvh

wkh hduo|0lqiruphg wudghu fdq ehvw lqihu wkh h{whqw wr zklfk klv lqirupdwlrq lv douhdg|

uh hfwhg lq wkh fxuuhqw sulfh1 Zh dovr vkrz wkdw wkh hduo|0lqiruphg wudghu wudghv yhu|

djjuhvvlyho| zkhq kh uhfhlyhv klv vljqdo1 Kh wulhv wr pdqlsxodwh wkh sulfh lq rughu wr

hqkdqfh klv lqirupdwlrqdo dgydqwdjh dw wkh wlph ri wkh sxeolf dqqrxqfhphqw1 Lq dgglwlrq/

kh vshfxodwhv e| exloglqj xs d srvlwlrq lq shulrg rqh/ zklfk kh sduwldoo| xqzlqgv crq

dyhudjh* lq shulrg wzr1 Wkh dqdo|vlv dovr vkrzv wkdw lqirupdwlrq ohdndjh pdnhv sulfhv

sulru wr sxeolf dqqrxqfhphqwv pruh lqirupdwlyh exw uhgxfhv lqirupdwlrqdo h!flhqf| lq

wkh orqj uxq1

MHO Fodvvl�fdwlrq= G;5/ G;6/ G;7/ J45/ J46/ J47

Nh|zrugv= pdunhw plfurvwuxfwxuh/ vwrfn sulfh pdqlsxodwlrq/ dv|pphwulf lqirupdwlrq



4 Lqwurgxfwlrq

Shrsoh wudgh dvvhwv iru ydulrxv uhdvrqv1 Vrph wudgh wr glyhuvli| ru wr khgjh wkhlu ulvn|

hqgrzphqw1 Rwkhuv wudgh wr vshfxodwh rq wkh vwrfn pdunhw1 Wklv odwwhu fodvv ri wudghuv

lv zloolqj wr wdnh rq d ohvv glyhuvl�hg srvlwlrq lq rughu wr h{sorlw wkhlu vxshulru sulydwh

lqirupdwlrq1 Odujh khgjh ixqgv pljkw hyhq wu| wr wudgh wr pdqlsxodwh sulfhv dqg plvohdg

wkh pdunhw1 D jrrg xqghuvwdqglqj ri wkh ydulrxv lqfhqwlyhv iru wudgh dqg ri wkh wudglqj

sdwwhuqv wkdw uhvxow lv d suhuhtxlvlwh iru wkh ghvljq dqg hydoxdwlrq ri wudglqj uhjxodwlrqv1

Wklv nqrzohgjh fdq dovr idflolwdwh wkh prqlwrulqj ri wudglqj dfwlylwlhv dqg wkh hqirufh0

phqw ri h{lvwlqj uhjxodwlrqv e| wkh Vhfxulwlhv dqg H{fkdqjh Frpplvvlrq +VHF,1

Wklv sdshu dqdo|}hv wkh rswlpdo wudglqj vwudwhj| ri d odujh wudghu zkr uhfhlyhv vrph

hduo| sulydwh lqirupdwlrq 0 shukdsv lq wkh irup ri d uxpru 0 derxw d iruwkfrplqj sxeolf

dqqrxqfhphqw1 Wkh dqdo|vlv surylghv vhyhudo qryho lqvljkwv rq lqvlghu wudglqj e| hqulfk0

lqj wkh lqirupdwlrq vwuxfwxuh w|slfdoo| hpsor|hg lq wkh sulru olwhudwxuh1 Lq rxu prgho

sulfhv uh hfw erwk lqirupdwlrq uhodwhg wr wkh iruwkfrplqj sxeolf dqqrxqfhphqw dv zhoo dv

rwkhu sulydwh lqirupdwlrq glvshuvhg lq wkh hfrqrp|1 Jlyhq wklv jhqhudol}hg lqirupdwlrq

vwuxfwxuh/ wkh hduo| lqiruphg lqvlghu*v wudglqj vwudwhj| h{klelwv wkuhh ihdwxuhv= +l, Kh fdq

h{sorlw klv sulydwh lqirupdwlrq wzlfh> rqfh ehiruh wkh sxeolf dqqrxqfhphqw dqg d vhfrqg

wlph diwhu lw1 +ll, Kh wudghv iru vshfxodwlyh uhdvrqv> wkdw lv/ kh lqwhqgv wr xqzlqg wkh

dftxluhg srvlwlrq diwhu wkh sxeolf dqqrxqfhphqw1 +lll, Kh hqjdjhv lq d vshfldo irup ri

pdunhw pdqlsxodwlrq1

Wkh lqwxlwlrq ehklqg wkhvh uhvxowv lv dv iroorzv1 Sulru wr wkh sxeolf dqqrxqfhphqw/

wkh hduo| lqiruphg wudghu pdnhv xvh ri klv lqirupdwlrqdo dgydqwdjh e| wudglqj edvhg rq

klv lpsuhflvh vljqdo1 Dw wkh vdph wlph/ rwkhu lqiruphg wudglqj rffxuv gxh wr lqirupdwlrq

zklfk lv xquhodwhg wr wkh iruwkfrplqj sxeolf dqqrxqfhphqw1 Erwk wudglqj dfwlylwlhv pryh

wkh sulfh1 Doo wudghuv hpsor| whfkqlfdo dqdo|vlv diwhu wkh sxeolf dqqrxqfhphqw wr whdvh

rxw wkh uhpdlqlqj lqirupdwlrq iurp wkh sdvw sulfh1 Wkh hduo| lqiruphg wudghu*v whfkqlfdo

dqdo|vlv lv pruh lqirupdwlyh wkdq wkh rwkhu wudghuv* dqdo|vhv vlqfh kh nqrzv wkh h{dfw

h{whqw wr zklfk kh kdv pryhg wkh sdvw sulfh1 Wklv surylghv klp dq dgglwlrqdo lqirupd0

wlrqdo dgydqwdjh hyhq diwhu wkh sxeolf dqqrxqfhphqw1 Wklv lv lq vslwh ri wkh idfw wkdw

wkh sxeolf dqqrxqfhphqw lv pruh suhflvh wkdq klv ruljlqdo sulydwh vljqdo1 Sdudgr{lfdoo|/

lw lv wkh lpsuhflvlrq ri wkh hduo|0lqiruphg wudghu*v vljqdo wkdw lqgxfhv wkh xqlqiruphg

pdunhw sduwlflsdqwv wr pdnh dq huuru lq wkhlu whfkqlfdo dqdo|vhv/ wkhuhe| jlylqj klp dq

lqirupdwlrqdo dgydqwdjh hyhq diwhu wkh sxeolf dqqrxqfhphqw1

Lq dgglwlrq wr vkrzlqj wkdw dq hduo|0lqiruphg wudghu fdq h{sorlw klv lqirupdwlrq wzlfh/

zh ghprqvwudwh wkdw kh dovr wudghv iru vshfxodwlyh uhdvrqv1 Zh gh�qh cvshfxodwlyh wudglqj*

dv wudglqj wkdw lv xqghuwdnhq zlwk wkh lqwhqwlrq wr xqzlqg wkh dftxluhg srvlwlrq diwhu wkh

sxeolf dqqrxqfhphqw1 Lq wklv vhwwlqj/ wkh hduo|0lqiruphg wudghu fdq h{sorlw klv nqrzohgjh

derxw wkh huuru rwkhuv pdnh lq frqgxfwlqj whfkqlfdo dqdo|vlv1 Wkh irupdo dqdo|vlv vkrzv

wkdw wkh hduo| lqiruphg wudghu crq dyhudjh* sduwo| uhyhuvhv wkh srvlwlrq wkdw kh exlow xs
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lq wkh suhylrxv wudglqj urxqg1 Diwhu uhfhlylqj d srvlwlyh +qhjdwlyh, lpsuhflvh vljqdo wkh

wudghu ex|v +vhoov, vwrfnv wkdw kh h{shfwv wr vhoo +ex|, dw wkh wlph ri wkh sxeolf dqqrxqfh0

phqw1 Lq rwkhu zrugv/ kh iroorzv wkh zhoo nqrzq wudglqj vwudwhj|= �Ex| rq Uxpruv 0

Vhoo rq Qhzv1� Wklv wudgh uhyhuvdo kdv frqfhswxdoo| glvwlqfw urrwv wkdq wkrvh w|slfdoo|

glvfxvvhg lq wkh sulru olwhudwxuh1

Rxu dqdo|vlv dovr lqwurgxfhv d qryho irup ri wudgh0edvhg sulfh pdqlsxodwlrq1 Pdqlsx0

odwlyh wudglqj lv gh�qhg dv dfwlyh wudglqj zlwk wkh lqwhqwlrq ri prylqj wkh sulfh vxfk wkdw

wkh lqirupdwlrqdo dgydqwdjh lv hqkdqfhg dw d odwhu wlph1 Wkh prgho vkrzv wkdw wkh hduo|0

lqiruphg lqvlghu wudghv lq rughu wr pdqlsxodwh wkh sulfh lq klv idyru1 Klv ixwxuh fdslwdo

jdlqv uhvxow iurp fruuhfwlqj wkh rwkhu pdunhw sduwlflsdqwv* huuru lq whfkqlfdo dqdo|vlv1 Li

dq hduo|0lqiruphg djhqw wudghv yhu| djjuhvvlyho| sulru wr wkh sxeolf dqqrxqfhphqw/ klv

sulydwh vljqdo*v lpsuhflvlrq kdv d odujhu lpsdfw rq wkh fxuuhqw sulfh1 Wklv lpsuhflvlrq

pdnhv lw kdughu iru wkh rwkhu pdunhw sduwlflsdqwv wr lqihu rwkhu uhohydqw lqirupdwlrq iurp

sdvw sulfhv diwhu wkh sxeolf dqqrxqfhphqw1 Khqfh/ e| wudglqj pruh djjuhvvlyho| lq wkh

�uvw wudglqj urxqg/ kh lqfuhdvhv klv h{shfwhg ixwxuh fdslwdo jdlqv lq odwhu wudglqj urxqgv1

Sxw pruh eoxqwo|/ kh jhqhudwhv d odujhu lqirupdwlrqdo dgydqwdjh e| cwkurzlqj vdqg lq wkh

h|hv ri wkh rwkhu wudghuv*1 Wklv pdqlsxodwlyh wudglqj ehkdylru lv lq vkdus frqwudvw wr N|oh

+4<;8, zkhuh wkh lqvlghu wudghv ohvv djjuhvvlyho| wrgd| lq rughu wr vdyh klv lqirupdwlrqdo

dgydqwdjh iru ixwxuh wudglqj urxqgv1 Lq rxu vhwwlqj/ wkh lqvlghu wudghv pruh djjuhvvlyho|

qrz lq rughu wr hqkdqfh klv ixwxuh lqirupdwlrqdo dgydqwdjh1 Wkhuhiruh/ wkh rswlpdo wudg0

lqj vwudwhj| frxog pruh dssursuldwho| eh fdoohg �Wudgh cDjjuhvvlyho|* rq Uxpruv 0 Vhoo

rq Qhzv�1

Wklv sdshu dovr kljkoljkwv wkh lpsruwdqfh ri rwkhu wudghuv* lqirupdwlrq lq wkh lqwhusuh0

wdwlrq ri sulfhv dqg uxqv frxqwhu wr wkh qrwlrq ri lqirupdwlrqdo h!flhqf| ri pdunhwv1 Lw

looxvwudwhv wkdw lq vrph vlwxdwlrqv/ nqrzohgjh derxw zkdw rwkhu pdunhw sduwlflsdqwv nqrz

fdq eh pruh ydoxdeoh wkdq gluhfw nqrzohgjh derxw wkh ixqgdphqwdo ydoxh ri d vwrfn1 Wklv

lv lq wkh vslulw ri Nh|qhv* zhoo nqrzq ehdxw| frqwhvw dujxphqw +Nh|qhv 4<69,1 Li lw lv

lpsruwdqw wr nqrz rwkhu wudghuv* lqirupdwlrq lq rughu wr lqwhusuhw wkh sulfh/ wkhq sulfh

dorqh fdqqrw eh d vx!flhqw vwdwlvwlf iru doo lqglylgxdo vljqdov1 Wklv vkhgv qhz oljkw rq

wkh vwurqj0irup lqirupdwlrqdo h!flhqf| ri pdunhwv1 Iru wkh Jurvvpdq0Vwljolw} Sdudgr{

wr dulvh/ lw lv/ wkhuhiruh/ qrw rqo| qhfhvvdu| wkdw doo wudghuv duh sulfh wdnhuv/ dv looxvwudwhg

lq Mdfnvrq +4<<4,/ exw dovr wkdw hdfk pdunhw sduwlflsdqw nqrzv krz klv lqirupdwlrq lv uh0

odwhg wr wkh lqirupdwlrq ri rwkhu djhqwv1 Uxpruv duh hvshfldoo| ghwulphqwdo iru dfklhylqj

lqirupdwlrqdoo| h!flhqw pdunhwv1 Hyhq diwhu wkh wuxwk lv dqqrxqfhg/ uxpruv vwloo glvwruw

wkh sulfh dqg vkrxog wkhuhiruh eh dyrlghg1

Wkh prgho dovr kdv srolf| lpsolfdwlrqv1 Lw lv zhoo nqrzq wkdw lqvlghu wudglqj fdq

kdyh ghwulphqwdo h�hfwv rq ulvn0vkdulqj1 Xvlqj d pruh uhdolvwlf lqirupdwlrq vwuxfwxuh/ rxu

prgho looxvwudwhv wkdw lqvlghu wudglqj fdq dovr pdnh sulfhv ohvv lqirupdwlrqdoo| h!flhqw1

Lq dgglwlrq/ zh �qg wkdw wkh lqvlghu*v rswlpdo wudglqj vwudwhj| lqyroyhv ex|lqj dqg vhoolqj

vkduhv ehiruh dqg diwhu sxeolf dqqrxqfhphqwv1 Wkxv/ rxu dqdo|vlv surylghv qhz vxssruw
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iru wkh vkruw vzlqj uxoh +Uxoh 49e ri wkh Vhfxulwlhv H{fkdqjh Dfw +VHD,,/ zklfk surklelwv

frusrudwh lqvlghuv iurp ex|lqj dqg vhoolqj wkh vdph vkduhv zlwklq d shulrg ri vl{ prqwkv1

Wklv sdshu exlogv rq wkh sulru olwhudwxuh rq whfkqlfdo dqdo|vlv/ vshfxodwlrq dqg pd0

qlsxodwlrq lq vhyhudo lpsruwdqw zd|v1 Wkh sulru olwhudwxuh rq whfkqlfdo dqdo|vlv/ vxfk

dv Eurzq dqg Mhqqlqjv +4<;<, dqg Juxqg| dqg PfQlfkrov +4<;<,/ dqdo|}hv wkh lqihu0

hqfh ri lqirupdwlrq iurp sdvw sulfhv lq d frpshwlwlyh udwlrqdo h{shfwdwlrqv prgho vhwxs1

Vlqfh sxeolf dqqrxqfhphqwv d�hfw doo wudghuv v|pphwulfdoo| lq wkhvh prghov/ qr lqglylg0

xdo wudghu fdq jdlq dq lqirupdwlrqdo dgydqwdjh ryhu wkh rwkhu wudghuv1 Lq frqwudvw/ lq rxu

prgho wkh hduo| lqiruphg wudghu hqmr|v d odujhu lqirupdwlrqdo dgydqwdjh hyhq diwhu wkh

sxeolf dqqrxqfhphqw gxh wr klv vxshulru delolw| wr lqwhusuhw wkh sdvw sulfh1

Wuh|qru dqg Ihujxvrq +4<;8, ghprqvwudwh wkh xvhixoqhvv ri whfkqlfdo dqdo|vlv lq d

vhwwlqj zkhuh d wudghu grhv qrw nqrz zkhwkhu klv lqirupdwlrq lv douhdg| nqrzq wr doo

wkh rwkhu pdunhw sduwlflsdqwv ru qrw1 Lq rxu prgho/ wudghuv zkr duh qrw hduo|0lqiruphg

nqrz wkdw wkh hduo|0lqiruphg wudghu kdv uhfhlyhg dq lpsuhflvh vljqdo sulru wr wkh sxeolf

dqqrxqfhphqw/ exw wkh| gr qrw nqrz wkh h{whqw wr zklfk wklv lqirupdwlrq lv douhdg|

lqfrusrudwhg lq wkh sdvw vwrfn sulfh1 Wklv pdnhv lw kdug iru wkhp wr lqihu lqirupdwlrq

xquhodwhg wr wkh sxeolf dqqrxqfhphqw iurp wkh sdvw vwrfn sulfh1 Rxu prgho surylghv

d plfur irxqgdwlrq iru Wuh|qru dqg Ihujxvrq*v uhdvrqlqj dqg ghprqvwudwhv wkdw lw rqo|

zrunv li wkh sulfh ehiruh wkh sxeolf dqqrxqfhphqw dovr uh hfwv lqirupdwlrq rwkhu wkdq wkh

lqirupdwlrq uhodwhg wr wkh sxeolf dqqrxqfhphqw1

Kluvkohlihu/ Vxeudkpdq|dp/ dqg Wlwpdq +4<<7, dovr jhqhudwh vshfxodwlyh wudglqj zkhuhlq

ulvn dyhuvh lqvlghuv xqzlqg sduw ri wkhlu ulvn| srvlwlrq dv vrrq dv wkhlu sulydwh lqirupdwlrq

lv uhyhdohg wr d odujhu jurxs ri wudghuv1 Krzhyhu/ lq wkhlu prgho vshfxodwlrq zrxog qrw

rffxu zlwkrxw ulvn dyhuvlrq1 Lq frqwudvw/ lq rxu prgho/ wkh lqvlghu vshfxodwhv hyhq wkrxjk

kh lv ulvn qhxwudo1 Wkhuhiruh/ rxu prgho surylghv d frqfhswxdoo| glvwlqfw h{sodqdwlrq iru

vshfxodwlyh ehkdylru= wkh lqvlghu sduwldoo| xqordgv klv srvlwlrq gxh wr lqirupdwlrqdo uhd0

vrqv dqg qrw gxh wr ulvn dyhuvlrq1

Wkh sulru olwhudwxuh rq pdqlsxodwlrq glvwlqjxlvkhv ehwzhhq wudgh0edvhg/ lqirupdwlrq0

edvhg dqg dfwlrq0edvhg vwrfn sulfh pdqlsxodwlrq +Doohq dqg Jdoh 4<<5,1 Rxu prgho idoov

lq wkh fodvv ri wudgh0edvhg pdqlsxodwlrq prghov14 Rqh irup ri wudgh0edvhg pdqlsxodwlrq

lv gxh wr gl�huhqfhv lq pdunhw oltxlglw|1 Nxpdu dqg Vhssl +4<<5, looxvwudwh sulfh pd0

qlsxodwlrq li ixwxuhv duh vhwwohg e| fdvk udwkhu wkdq e| sk|vlfdo gholyhu|1 Wkh lqwxlwlrq

lv wkdw cfdvk vhwwohphqw* dfwv dv dq lq�qlwho| oltxlg pdunhw lq zklfk suh0h{lvwlqj ixwxuhv

srvlwlrqv duh forvhg rxw uhodwlyh wr wkh ohvv oltxlg vsrw pdunhw1 Lq Doohq dqg Jruwrq +4<<5,

4Lqirupdwlrq0edvhg dqg dfwlrq0edvhg pdqlsxodwlrq duh pruh glvwdqw iurp wkh fxuuhqw dqdo|vlv ehfdxvh

wkh| duh qrw gluhfwo| fdxvhg e| wudglqj dfwlylw|1 Lqirupdwlrq0edvhg pdqlsxodwlrq lqyroyhv wkh vsuhdglqj

ri idovh uxpruv wr pdqlsxodwh wkh sulfh +Ylod +4<;<,/ Ehqderx dqg Odurtxh +4<<5,,/ zkloh dfwlrq0edvhg

pdqlsxodwlrq rffxuv zkhq frusrudwh lqvlghuv hqwdqjoh frusrudwh ghflvlrqv zlwk wkhlu sulydwh vwrfn pdunhw

dfwlylwlhv1
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wudgh0edvhg pdqlsxodwlrq lv srvvleoh vlqfh ex| rughuv duh pruh olnho| wr eh iurp lqiruphg

wudghuv wkdq vhoo rughuv1 Wkhuhiruh/ wkh pdunhw lv ohvv oltxlg iru xsvzlqjv wkdq iru grzq0

wxuqv1 Xqolnh wkhvh sdshuv/ pdqlsxodwlrq lq rxu prgho lv qrw gulyhq e| gl�huhqfhv lq

oltxlglw| exw e| wkh ghvluh wr jhqhudwh d ixwxuh lqirupdwlrqdo dgydqwdjh1

Doohq dqg Jdoh +4<<5, looxvwudwh pdqlsxodwlrq gxh wr lqirupdwlrqdo frqvlghudwlrqv lq

d vhwwlqj zlwk kljkhu rughu xqfhuwdlqw|1 Lq wkhlu prgho/ doo wudghuv duh sulfh wdnhuv h{fhsw

iru rqh odujh wudghu/ zkr lv hlwkhu dq lqiruphg wudghu ru dq xqlqiruphg pdqlsxodwru1 Klv

lqirupdwlrq vhw lqfoxghv wzr glphqvlrqv= wkh dfwxdo lqirupdwlrq dqg nqrzohgjh wkdw kh

lv lqiruphg1 Wkh dxwkruv vkrz wkdw li wkh odujh wudghu lv xqlqiruphg/ kh vwloo dfwv dv li

kh kdv uhfhlyhg jrrg qhzv1 Wklv suhwhqvh khosv klp gulyh xs wkh sulfh1 Wklv lv rswlpdo

lq Doohq dqg Jdoh +4<<5, ehfdxvh wkhuh lv dv|pphwu| lq wkh wlplqj ri jrrg dqg edg

qhzv dqqrxqfhphqwv1 Fkdnuderuw| +4<<:, dovr looxvwudwh pdqlsxodwlrq e| d srwhqwldoo|

lqiruphg lqvlghu lq d jhqhudol}hg Hdvoh| dqg R*Kdud +4<;:/4<<5, vhwwlqj wkdw lqfoxghv ohvv

lqiruphg iroorzhuv zkr uhfhlyh dq lpsuhflvh vljqdo ri zkhwkhu wkh lqvlghu lv lqiruphg1

D uhodwhg eudqfk ri olwhudwxuh orrnv dw pdqlsxodwlyh wudglqj lqgxfhg e| wkh lqwurgxf0

wlrq ri d pdqgdwru| glvforvxuh uxoh iru lqvlghu wudglqj dfwlylwlhv1 Ilvkpdq dqg Kdjhuw|

+4<<8, lqlwldwhg wklv olqh ri uhvhdufk e| vkrzlqj wkdw wkh pdqgdwru| glvforvxuh ri lqgl0

ylgxdo wudglqj dfwlylwlhv xqghu Uxoh 49d ri wkh VHD fdq ohdg wr pdqlsxodwlyh wudglqj

e| xqlqiruphg lqvlghuv1 Mrkq dqg Qdud|dqdq +4<<:, h{whqg wkhlu dqdo|vlv e| vkrzlqj

wkdw hyhq dq lqiruphg wudghu fdq pdqlsxodwh wkh pdunhw li jrrg dqg edg qhzv gr qrw

rffxu zlwk htxdo suredelolw|1 Pruh uhfhqwo|/ Kxggduw/ Kxjkhv/ dqg Ohylqh +5333, dqdo|}h

wkh lqwurgxfwlrq ri wkh pdqgdwru| glvforvxuh uxoh zlwklq d N|oh +4<;8, iudphzrun1 Wkh|

looxvwudwh wkdw dq lqvlghu zloo dsso| d pl{hg vwudwhj| lq rughu wr suhvhuyh klv sulydwh lq0

irupdwlrq iru ixwxuh wudglqj urxqgv1

Lq doo wkhvh prghov/ wkh srwhqwldo pdqlsxodwru lv hqgrzhg zlwk vxshulru lqirupdwlrq/

hyhq li lw lv rqo| lqirupdwlrq derxw zkhwkhu kh lv lqiruphg ru qrw1 Kh pdqlsxodwhv wkh

sulfh lq rughu wr klgh klv rzq lqirupdwlrq ru odfn ri lqirupdwlrq1 Wkh pdqlsxodwlrq wkdw

dulvhv lq rxu prgho lv frqfhswxdoo| gl�huhqw1 Lq rxu vhwwlqj/ lw lv frpprq nqrzohgjh wkdw

dq hduo|0lqiruphg lqvlghu kdv uhfhlyhg d qrlv| vljqdo derxw wkh iruwkfrplqj dqqrxqfh0

phqw1 Wkh qryhow| ri rxu irup ri pdqlsxodwlrq lv wkdw wkh lqvlghu fdq vwloo pdqlsxodwh wkh

sulfh lq rughu wr pdnh lw kdughu iru rwkhuv wr frqgxfw whfkqlfdo dqdo|vlv/ zkloh pdlqwdlqlqj

klv rzq delolw| wr lqihu lqirupdwlrq iurp sdvw sulfh1 Wkxv/ kh mdpv wkh vljqdo ri rwkhuv dv

lq wkh vljqdoolqj mdpplqj lqgxvwuldo rujdql}dwlrq olwhudwxuh +Ixghqehuj dqg Wluroh 4<;9,1

Ixuwkhupruh/ lq frqwudvw wr prvw ri wkh sulru prghov lq wkh �qdqfh olwhudwxuh/ pdqlsx0

odwlyh wudglqj lq rxu prgho lv ghulyhg zlwkrxw wkh lpsrvlwlrq ri dq| uhvwulfwlrq rq wkh

wudghuv* rughu vl}h1 Wkdw lv/ wkh lqvlghu*v vwudwhj| vsdfh lv ulfkhu wkdq lq rwkhu prghov

urrwhg lq wkh iudphzrun ri Jorvwhq dqg Plojurp +4<;8,1

Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 rxwolqhv wkh prgho1 Lw

vkrzv wkdw dq hduo|0lqiruphg wudghu vwloo kdv dq lqirupdwlrqdo dgydqwdjh dw wkh wlph ri wkh
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sxeolf dqqrxqfhphqw dqg wkdw kh wudghv iru vshfxodwlyh dv zhoo dv pdqlsxodwlyh uhdvrqv1

Wkh lpsdfw ri lqirupdwlrq ohdndjh rq lqirupdwlrqdo h!flhqf| lv looxvwudwhg lq Vhfwlrq 61

Vhfwlrq 7 h{whqgv wkh dqdo|vlv wr dgguhvv pl{hg vwudwhjlhv/ rswlpdo vljqdo suhflvlrq/ dqg

pxowlsoh lqiruphg wudghuv1 Frqfoxvlrqv dqg wrslfv iru ixwxuh uhvhdufk duh suhvhqwhg lq

Vhfwlrq 81

5 Dqdo|vlv

514 Prgho Vhwxs

Wkhuh duh wzr dvvhwv lq wkh hfrqrp|= d ulvn| vwrfn dqg d ulvn0iuhh erqg1 Iru vlpsolflw| zh

qrupdol}h wkh lqwhuhvw udwh ri wkh erqg wr }hur1 Pdunhw sduwlflsdqwv lqfoxgh ulvn0qhxwudo

lqiruphg wudghuv/ oltxlglw| wudghuv dqg d pdunhw pdnhu1 Wkh lqiruphg wudghuv* vroh pr0

wlyh iru wudglqj lv wr h{sorlw wkhlu vxshulru lqirupdwlrq derxw wkh ixqgdphqwdo ydoxh ri

wkh vwrfn1 Oltxlglw| wudghuv ex| ru vhoo vkduhv iru uhdvrqv h{rjhqrxv wr wkh prgho1 Wkhlu

ghpdqg w|slfdoo| vwhpv iurp lqirupdwlrq zklfk lv qrw ri frpprq lqwhuhvw/ vxfk dv iurp

wkhlu qhhg wr khgjh djdlqvw hqgrzphqw vkrfnv ru sulydwh lqyhvwphqw rssruwxqlwlhv lq

dq lqfrpsohwh pdunhw vhwwlqj15 D vlqjoh frpshwlwlyh ulvn0qhxwudo pdunhw pdnhu revhuyhv

wkh djjuhjdwh rughu  rz dqg vhwv wkh sulfh1 Wudghuv vxeplw wkhlu pdunhw rughuv wr wkh

pdunhw pdnhu lq wzr frqvhfxwlyh wudglqj urxqgv wdnlqj lqwr dffrxqw wkh sulfh lpsdfw ri

wkhlu rughuv1 Wkh pdunhw pdnhu vhwv wkh sulfh lq hdfk urxqg diwhu revhuylqj wkh djjuh0

jdwh rughu  rz dqg wudghv wkh pdunhw fohdulqj txdqwlwlhv1 Dv lq N|oh +4<;8, wkh pdunhw

pdnhu lv dvvxphg wr vhw lqirupdwlrqdoo| h!flhqw sulfhv> wkxv klv h{shfwhg sur�w lv }hur1

Wkh xqghuo|lqj Ehuwudqg frpshwlwlrq zlwk srwhqwldo ulydo pdunhw pdnhuv lv qrw h{solflwo|

prghoohg lq wklv dqdo|vlv16 Lqiruphg wudghuv uhfhlyh wkhlu vljqdo ehiruh wudglqj ehjlqv lq

| ' �1 Wkh sxeolf dqqrxqfhphqw rffxuv sulru wr wudglqj lq | ' 21 Wkh wlpholqh lq Iljxuh

4 looxvwudwhv wkh vhtxhqfh ri pryhv1

5Vhh Euxqqhuphlhu +5333, ru R*Kdud +4<<8, iru d ghwdlohg glvfxvvlrq ri wkh gl�huhqw uhdvrqv zk|

oltxlglw| wudghuv wudgh/ dqg iru d glvfxvvlrq rq wkh glvwlqfwlrq ehwzhhq lqirupdwlrq ri frpprq yhuvxv

sulydwh lqwhuhvw1
6Dowhuqdwlyho|/ rqh frxog dovr hpsor| d vhwwlqj zkhuh pdq| frpshwlwlyh ulvn0qhxwudo wudghuv olnh

vfdoshuv/  rru eurnhuv hwf1 vxeplw olplw rughu vfkhgxohv1 Wkh dqdo|vlv zrxog eh irupdoo| lghqwlfdo dqg

wkh sulfh zrxog eh ghwhuplqhg e| pdunhw fohdulqj1 Wkhuhiruh/ zkhq zh vshdn ri wkh lqirupdwlrq vhw ri

cpdunhw sduwlflsdqwv* zh duh uhihuulqj wr wkh lqirupdwlrq vhw ri wkh vlqjoh pdunhw pdnhu lq rxu irupdo

dqdo|vlv1
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3.0

Iljxuh 4= Wlpholqh

Wudghuv idfh d sulfh ulvn vxeplwwlqj pdunhw rughuv vlqfh wkh| gr qrw nqrz wkh sulfh

dw zklfk wkhlu wudgh zloo eh h{hfxwhg1 Lq frqwudvw/ olplw rughuv doorz wkh wudghu wr vshfli|

d sulfh dw zklfk wkh rughu zloo eh h{hfxwhg1 Wudghuv fdq fuhdwh ghpdqg vfkhgxohv zklfk

doorz wkhp wr wudgh frqglwlrqdoo| rq wkh fxuuhqw sulfh e| frpelqlqj pdq| olplw dqg vwrs

rughuv1 Xqiruwxqdwho|/ olplw rughu prghov pdnh wkh dqdo|vlv ohvv wudfwdeoh zlwkrxw dgglqj

dq| vljql�fdqw lqvljkw1 Wkhuhiruh/ zh rsw iru d pdunhw rughu vhwwlqj vlplodu wr N|oh +4<;8,/

Dgpdwl dqg S hlghuhu +4<;;, dqg Irvwhu dqg Ylvzdqdwkdq +4<<9,1

Pdq| gl�huhqw hyhqwv fdq surylgh lqirupdwlrq derxw wkh htxlw| ydoxh ri d frpsdq|1

Hyhqwv olnh hduqlqjv dqqrxqfhphqwv/ d pdmru frqwudfw zlwk d qhz folhqw/ ohjdo doohjdwlrqv/

d qhz FHR/ pdfurhfrqrplf qhzv hwf1 fdq kdyh d vljql�fdqw lpsdfw rq wkh pdunhw ydoxh

ri d vwrfn1 Ohw xv uhvwulfw rxu dwwhqwlrq wr rqo| wzr hyhqwv/ � dqg �1 Wkhlu lpsdfw rq

wkh ydoxh ri wkh vwrfn lv prghoohg e| wkh wzr udqgrp yduldeohv B� dqg B
�/ zklfk duh

lqghshqghqwo| qrupdoo| glvwulexwhg zlwk phdq }hur1 Wkh oltxlgdwlrq ydoxh ri wkh vwrfn

� ' B�n B� lv sdlg rxw lq | ' �1 Hyhqw � lv sxeolfo| dqqrxqfhg ehiruh wkh vhfrqg wudglqj

urxqg dqg wkh sulfh lpsdfw B� ri hyhqw � ehfrphv frpprq nqrzohgjh wr doo pdunhw sdu0

wlflsdqwv1 Sulru wr wkh dqqrxqfhphqw vrph lpsuhflvh lqirupdwlrq derxw wkh hyhqw � ohdnv

douhdg| wr vrph wudghu+v,1 Wklv lqirupdwlrq/ B�n 0/ ohdnv srvvleo| lq wkh irup ri d uxpru

lq shulrg rqh1 Wkh huuru whup 0 uh hfwv wkh lpsuhflvlrq ri wkh uxpru1 Rwkhu wudghu+v,

uhfhlyh lqirupdwlrq derxw hyhqw � lq shulrg rqh1 Wkhlu lqirupdwlrq lv orqj0uxq/ vlqfh

B� lv rqo| pdgh sxeolf dw wkh hqg ri wkh wudglqj jdph1 Gxh wr wkh sulydwh lqirupdwlrq

derxw hyhqw � dqg �/ wkh sulfh ri wkh dvvhw lq | ' �/ R�/ uh hfwv erwk lqirupdwlrq hyhqwv

� dqg �1 Wkh sdvw sulfh R� vwloo fduulhv lqirupdwlrq derxw hyhqw � lq | ' 2 diwhu B�

lv pdgh sxeolf1 Lq shulrg wkuhh B� lv sxeolfo| dqqrxqfhg/ wkdw lv/ wkh wuxh ydoxh ri wkh

vwrfn � ' B
�
n B

� lv nqrzq wr hyhu|erg| lq | ' �1 Oltxlglw| wudghuv gr qrw uhfhlyh dq|

lqirupdwlrq dqg wkhlu djjuhjdwh wudglqj dfwlylw| lv vxppdul}hg e| wkh udqgrp yduldeohv

�� lq shulrg rqh dqg �2 lq shulrg wzr1

Lghdoo|/ rqh zrxog olnh wr dqdo|}h d vhwwlqj zkhuh pdq| hduo| lqiruphg �0wudghuv uh0

fhlyh wkh vljqdo B� n 0 sulru wr wkh iruwkfrplqj sxeolf dqqrxqfhphqw ri B� lq | ' 2 dqg

pdq| �0wudghuv uhfhlyh d slhfh ri qhzv derxw wkh hyhqw �1 Vlqfh hyhqw � vkrxog fdswxuh

doo wkh rwkhu uhohydqw lqirupdwlrq lq wkh pdunhw sodfh/ d prgho vhwxs zkhuh lqirupdwlrq
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derxw hyhqw � lv glvshuvhg dprqj pdq| �0wudghuv zrxog eh prvw uhdolvwlf1 Wkdw lv hdfk

lqglylgxdo ��0wudghu uhfhlyhv d qrlv| vljqdo B� n 0�� derxw B� 1 Krzhyhu/ vxfk dqdo|vlv

zrxog eh qrwdwlrqdoo| yhu| fxpehuvrph dqg zrxog ohdg wr wkh vdph txdolwdwlyh uhvxowv1

Wkhuhiruh/ dv d �uvw vwhs zh rsw wr dqdo|}h d vhwwlqj zlwk d vlqjoh �0wudghu dqg d vlqjoh

�0wudghu zkr revhuyhv B�1 Wklv vhwxs/ vlpsol�hv wkh qrwdwlrq zkloh vwloo uhwdlqlqj doo wkh

pdlq hfrqrplf lqvljkwv1 Wkh lpsolfdwlrqv ri d pxowl0lqvlghu vhwxs duh glvfxvvhg lq Vhfwlrq

7161

Wkh lqirupdwlrq vwuxfwxuh lv vxppdul}hg lq wkh iroorzlqj wdeoh1

Sod|hu �
Shulrg

| ' �

Shulrg

| ' 2

Shulrg

| ' �

Pdunhw pdnhu f� B�c R�cf2 B� c R2

Wudghu � B
�
n 0 B

�
c R� B

�
c R2

Wudghu � B� B�c R� B� c R2
Wdeoh 4= Lqirupdwlrq Vwuxfwxuh

zkhuh f� ' %�� n %�� n �� lv wkh djjuhjdwh rughu  rz lq | ' � dqg f2 ' %�2 n %�2 n �2

lv wkh rughu  rz lq | ' 21 Iru qrwdwlrqdo vlpsolflw|/ zh ghqrwh wkh vljqdo ri wudghu �

5 i�c�j dw wlph | e| 7�
|1 Wkh udqgrp yduldeohv B�/ B�/ 0/ �� dqg �2 duh lqghshqghqwo|

qrupdoo| glvwulexwhg zlwk phdq }hur1 Iru v|pphwu|/ ohw T @odB�o ' T @odB� o1

Wklv lqirupdwlrq vwuxfwxuh lv frpprq nqrzohgjh dprqj doo pdunhw sduwlflsdqwv/ l1h1

zh dvvxph wkdw hyhu|erg| nqrzv wkdw wudghu� kdv uhfhlyhg vrph qrlv| lqirupdwlrq derxw

d iruwkfrplqj sxeolf dqqrxqfhphqw1 Krzhyhu/ wkh| gr qrw nqrz wkh frqwhqw ri wudghu

�*v lqirupdwlrq17 Wkh lqirupdwlrq vwuxfwxuh lpsolhv wkdw wudghu �*v dqg wudghu �*v lqiru0

pdwlrq vhwv gr qrw vwrfkdvwlfdoo| grplqdwh hdfk rwkhu1 Lq rwkhu zrugv/ wkh lqirupdwlrq

vhwv duh qrq0klhudufklfdo ru qrq0qhvwhg hyhq lq wklv vlpsol�hg vhwwlqj1 Lw lv dovr hdv| wr vhh

wkdw shuwxuelqj wudghu �*v vljqdo lq | ' � zlwk dq lglrv|qfudwlf qrlvh/ 0� grhv qrw dowhu

wkh dqdo|vlv1 Vlqfh wudghu � lv ulvn qhxwudo/ B� fdq vlpso| eh uhsodfhg e| .
�
B
� mB� n 0�

�
1

Dq dqdo|vlv ri sulfh pdqlsxodwlrq lv uxohg rxw lq d Udwlrqdo H{shfwdwlrqv Htxloleulxp

vhwwlqj ehfdxvh doo wudghuv duh dvvxphg wr eh sulfh0wdnhuv1 Lq d Ed|hvldq Qdvk Htxlole0

ulxp vhwwlqj/ krzhyhu/ doo wudghuv wdnh wkh vwudwhjlhv ri doo rwkhu sod|huv dv jlyhq1 Wkdw

lv/ wkh| duh dzduh wkdw wkhlu wudgh d�hfwv wkh sulfh1 Doo lqiruphg wudghuv vxeplw wkhlu

pdunhw rughuv/ %�|/ wr wkh pdunhw pdnhu lq hdfk wudglqj urxqg1 Qrwh wkdw lq shulrg wzr/

hdfk wudghu � nqrzv qrw rqo| klv vljqdo/ wkh sulfh R� dqg wkh sxeolf lqirupdwlrq B
� exw dovr

klv ghpdqg lq | ' �/ %��1 Wkh ulvn0qhxwudo pdunhw pdnhu vhwv wkh h{hfxwlrq sulfh R| diwhu

7Wklv sureohp fdq dovr eh fdswxuhg lq d prgho zlwk kljkhu rughu xqfhuwdlqw|/ l1h1 lqirupdwlrq ohdndjh

rffxuv rqo| zlwk d fhuwdlq suredelolw|1 Lq wkdw fdvh/ wudghu D uhfhlyhv wzr slhfhv ri lqirupdwlrq1 Lq dggl0

wlrq wr wkh dfwxdo vljqdo/ kh nqrzv zkhwkhu vrph lqirupdwlrq kdv ohdnhg ru qrw1 Wudghu D*v lqirupdwlrqdo

dgydqwdjh dw wkh wlph ri wkh sxeolf dqqrxqfhphqw lq w @ 5 vwhpv iurp klv nqrzohgjh ri zkhwkhu kh

kdg uhfhlyhg dq hduo| vljqdo ru qrw1 Vxfk prghov duh qrw sxuvxhg lq wklv sdshu ehfdxvh wkh| duh yhu|

lqwudfwdeoh zlwkrxw uhvwulfwlqj wkh wudglqj vl}h1

:



revhuylqj wkh djjuhjdwh qhw rughu  rz1 Wkh sulfh lv vhpl0vwurqj lqirupdwlrqdoo| h!flhqw/

l1h1 wkh sulfh lv wkh ehvw hvwlpdwh jlyhq wkh pdunhw pdnhu*v lqirupdwlrq1 D gl�huhqw sulfh

zrxog ohdg wr dq h{shfwhg orvv ru dq h{shfwhg sur�w iru wkh pdunhw pdnhu1 Wkh odwwhu

lv uxohg rxw ehfdxvh wkh pdunhw pdnhu idfhv Ehuwudqg frpshwlwlrq iurp srwhqwldo ulydo

pdunhw pdnhuv1 Iru hdvh ri h{srvlwlrq/ wkh vwudwhj| iru wkh pdunhw pdnhu lv h{rjhqrxvo|

vshfl�hg1 Kh kdv wr vhw lqirupdwlrqdoo| h!flhqw sulfhv lq htxloleulxp/ l1h1 R� ' .d�mf�o

dqg R2 ' .d�mf�c B
�cf2o gxh wr srwhqwldo Ehuwudqg frpshwlwlrq1

D vhtxhqwldoo| udwlrqdo Ed|hvldq Qdvk Htxloleulxp ri wklv wudglqj jdph lv jlyhq e|

vwudwhj| sur�oh ii%�cW� E��c %�cW2 E��j�'t�c��c RW�E��c RW2E��j vxfk wkdw

+4, %�cW2 5 @h} 4@ %�2
.d%�2E� � R2�m7�

�c %
�
�c R�c B

�
o ;� 5 i�c�j/

+5, %�cW� 5 @h} 4@ %��
.d%��E� � R�� n %

�cW
2 E� � R2�m7�

�o ;� 5 i�c�j/ dqg
sulfhv RW� ' .d�mfW

� o dqg RW2 ' .d�mfW

� c B
�cfW

2 o/

zkhuh wkh frqglwlrqdo h{shfwdwlrqv duh ghulyhg xvlqj Ed|hv* Uxoh wr hqvxuh wkdw wkh

eholhiv duh frqvlvwhqw zlwk wkh htxloleulxp vwudwhj|1

515 Fkdudfwhul}dwlrq ri Olqhdu Htxloleulxp

Sursrvlwlrq 4 fkdudfwhul}hv d vhtxhqwldoo| udwlrqdo Ed|hvldq Htxloleulxp lq olqhdu sxuh

vwudwhjlhv1 Lw kdv wkh hohjdqw ihdwxuh wkdw hdfk wudghu*v ghpdqg lv wkh surgxfw ri klv

wudglqj lqwhqvlw| +ru djjuhvvlyhqhvv, dqg wkh gl�huhqfh lq wkh wudghu*v dqg pdunhw pdnhu*v

h{shfwdwlrqv derxw wkh ydoxh ri wkh vwrfn1 Olqhdu vwudwhjlhv kdyh wkh dgydqwdjh wkdw doo

udqgrp yduldeohv uhpdlq qrupdoo| glvwulexwhg1 Lq dgglwlrq/ wkh sulflqj uxohv duh olqhdu dv

d frqvhtxhqfh ri wkh Surmhfwlrq Wkhruhp18 Lq shulrg rqh wkh pdunhw pdnhu*v sulflqj uxoh

lv R� ' b�f� dqg lq shulrg wzr lw lv R2 ' B
�
n.dB

� mf�c B
�
o n b2f2 lq htxloleulxp1 Dv lq

N|oh +4<;8, b| uh hfwv wkh sulfh lpsdfw ri dq lqfuhdvh lq pdunhw rughu e| rqh xqlw1 Wklv

sulfh lpsdfw uhvwulfwv wkh wudghu*v rswlpdo rughu vl}h1 N|oh lqwhusuhwhg wkh uhflsurfdo ri

b| dv pdunhw ghswk1 Li wkh pdunhw lv yhu| oltxlg/ l1h1 b| lv yhu| orz/ wkhq dq lqfuhdvh lq

wkh wudghu*v ghpdqg rqo| kdv d vpdoo lpsdfw rq wkh vwrfn sulfh1 Iru h{srvlwlrqdo fodulw|/

zh ghqrwh wkh uhjuhvvlrq frh!flhqw ri + rq % e| �
+
% G'

�J�d%c+o

T @od%o
1

Sursrvlwlrq 4 D vhtxhqwldoo| udwlrqdo Ed|hvldq Qdvk Htxloleulxp lq zklfk doo sxuh wudg0

lqj vwudwhjlhv duh ri wkh olqhdu irup

%�� ' q�
�E7

�
��/

%�2 ' q
�
2E.d�m7�

�c R�c B
�
o� .d�mR�c B�o�/

dqg wkh pdunhw pdnhu*v sulflqj uxoh

8Vlqfh doo yduldeohv duh qrupdoo| glvwulexwhg/ wkh ruwkrjrqdo surmhfwlrq ri y rq wkh vsdfh ri olqhdu0

d!qh ixqfwlrqv ri V lv htxdo wr wkh surmhfwlrq ri y +lq wkh vhqvh ri O5, rq wkh vsdfh O5
+V, ri txdgudwlf

lqwhjudeoh ixqfwlrqv ri V1 Frqvhtxhqwo|/ H^ymV` @ H^y` . +V�H^V`,
�
Ydu

�4
^V`Fry^y>V`/ zklfk doorzv xv

wr fdofxodwh wkh frqglwlrqdo h{shfwdwlrqv1
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Wkh lqwhuhvwhg uhdghu lv uhihuuhg wr wkh Dsshqgl{ iru d frpsohwh surri ri wkh sursrvl0

wlrq1 Wkh surri pdnhv xvh ri edfnzdug lqgxfwlrq1 Lq rughu wr vroyh wkh frqwlqxdwlrq jdph

lq | ' 2/ wkh lqirupdwlrq vwuxfwxuh sulru wr wudglqj lq | ' 2 kdv wr eh ghulyhg1 Iru wklv sxu0

srvh/ ohw xv sursrvh dq duelwudu| dfwlrq uxoh sur�oh/ iiq�
�j�Mt�c��c R� Ef��j iru | ' �/ zklfk

lv pxwxdo nqrzohgjh dqg lv frqvlghuhg wr eh dq htxloleulxp sur�oh e| doo djhqwv1 Lq | ' 2

doo pdunhw sduwlflsdqwv fdq ghulyh wkh djjuhjdwh rughu  rz f� ' q
�
� EB

�
n 0� n q

�
� B

�
n ��

iurp sulfh R�1 Diwhu nqrzlqj B
�/ wkh sulfh vljqdo lv 7

R�
2 ' B

�
n

q��
q��
0 n �

q��
��1 Vlqfh doo

pdunhw sduwlflsdqwv nqrz 7
R�
2 / lw lv xvhixo wr vwdwh hdfk wudghuv* lqirupdwlrq uhodwlyh wr

wkh sxeolfo| nqrzq v|pphwulf lqirupdwlrq/ l1h1 wr ruwkrjrqdol}h wkh vljqdov zlwk uhvshfw

wr 7
R�
2 1 Wkh vwrfn lv vsolw lqwr dq h{shfwhg sduw .d�m7R�

2 c B
�
o ' B

�
n .dB

�m7R�
2 o dqg dq

xqh{shfwhg sduw � G' B
� � .dB

�m7R�
2 o1 Wklv cyluwxdo* vsolw ri wkh vwrfn � lqwr d ulvn0ohvv

erqg dqg d ulvn| dvvhw � lv srvvleoh/ zlwkrxw orvv ri jhqhudolw|1Hyhq li d wudghu ghyldwhv lq

| ' �/ rwkhu pdunhw sduwlflsdqwv vwloo dvvxph wkdw kh kdv sod|hg klv htxloleulxp vwudwhj|1

Wklv lv ehfdxvh wkh oltxlglw| wudghuv rughu vl}h �� lv qrupdoo| glvwulexwhg dqg wkxv dq|

djjuhjdwh rughu  rz iurp E�4cn4� fdq dulvh lq htxloleulxp1 Wklv pdnhv lw xqqhfhvvdu|

wr vshfli| r�0htxloleulxp eholhiv dv wkh pdunhw pdnhu dqg wkh rwkhu wudghuv gr qrw vhh dq

rughu  rz wkdw frxog qrw eh revhuyhg lq htxloleulxp1 Lq | ' 2 wudghuv idfh d jhqhudol}hg

vwdwlf N|oh0wudglqj0jdph zlwk wkh xvxdo wudgh0r�1 Rq wkh rqh kdqg/ d ulvn0qhxwudo wudghu
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zdqwv wr wudgh yhu| djjuhvvlyho| lq rughu wr h{sorlw wkh jds ehwzhhq klv hvwlpdwh ri wkh

ixqgdphqwdo ydoxh ri wkh vwrfn dqg wkh sulfh ri wkh vwrfn1 Rq wkh rwkhu kdqg/ yhu| djjuhv0

vlyh wudglqj pryhv wkh sulfh dw zklfk klv rughu zloo eh h{hfxwhg wrzdugv klv hvwlpdwh ri

wkh dvvhw*v ydoxh vlqfh lw doorzv wkh pdunhw pdnhu wr lqihu pruh ri wkh wudghu*v lqirupdwlrq

iurp wkh djjuhjdwh rughu  rz1 Wklv odwwhu sulfh lpsdfw uhgxfhv wkh ydoxh0sulfh jds iurp

zklfk wkh wudghu fdq sur�w dqg uhvwudlqv wkh wudghuv iurp wudglqj yhu| djjuhvvlyho|1

Xvlqj edfnzdug lqgxfwlrq rqh kdv wr fkhfn zkhwkhu d vlqjoh sod|hu zdqwv wr ghyldwh

lq | ' � iurp wkh sursrvhg dfwlrq uxoh sur�oh/ iiq�
�j�Mt�c��c R� Ef��j1 Wudglqj lq | ' �

d�hfwv qrw rqo| wkh fdslwdo jdlqv lq | ' � exw dovr wkh ixwxuh survshfwv iru wudglqj lq

| ' 21 Dq| ghyldwlrq lq | ' � dowhuv wkh sulfh R�1 Vlqfh rwkhu pdunhw sduwlflsdqwv lqihu

zurqj lqirupdwlrq iurp R�/ wkhlu wudglqj dqg sulfh vhwwlqj lq | ' 2 lv dovr d�hfwhg1Dq

htxloleulxp lv uhdfkhg li qr wudghu zdqwv wr ghyldwh iurp wkh sursrvhg dfwlrq uxoh sur�oh

lq | ' �1 Lq rwkhu zrugv/ wkh vhtxhqwldoo| udwlrqdo Ed|hvldq Qdvk Htxloleulxp lv jlyhq e|

wkh �{hg srlqw ghvfulehg lq Sursrvlwlrq 41

Sursrvlwlrq 4 dovr suhvhqwv wzr lqhtxdolw| frqglwlrqv1 Wkh| uhvxow iurp wkh vhfrqg ru0

ghu frqglwlrqv lq wkh wudghuv* pd{lpl}dwlrq sureohpv1 Wkh| jxdudqwhh wkdw wkh txdgudwlf

remhfwlyh ixqfwlrqv iru hdfk shulrg kdyh d pd{lpxp udwkhu wkdq d plqlpxp1 Lq hfr0

qrplf whupv/ wkh| uhtxluh wkdw wkh pdunhw lv vx!flhqwo| oltxlg2ghhs lq wudglqj urxqg rqh

uhodwlyh wr wudglqj urxqg wzr1 Wkhvh lqhtxdolw| uhvwulfwlrqv uxoh rxw wkh fdvh zkhuh lw lv

rswlpdo wr wudgh dq xqerxqghg dprxqw lq | ' �/ pryh wkh sulfh/ dqg pdnh dq lq�qlwho|

odujh fdslwdo jdlq lq | ' 21

516 H{sorlwlqj Lqirupdwlrq Wzlfh

Lqirupdwlrq derxw wkh ixqgdphqwdo ydoxh ri wkh vwrfn dv zhoo dv lqirupdwlrq derxw rwkhu

wudghuv* ghpdqg d�hfwv wkh wudghuv* rswlpdo rughu vl}h1 Lq shulrg wzr/ wudghuv fdq lqihu

vrph lqirupdwlrq iurp wkh sdvw sulfh/ R�1 Eurzq dqg Mhqqlqjv +4<;<, fdoo wklv lqihuhqfh

cwhfkqlfdo dqdo|vlv*1 Li d wudghu*v suhglfwlrq ri wkh vwrfn*v oltxlgdwlrq ydoxh lv pruh suhflvh

wkdq wkh pdunhw pdnhu*v suhglfwlrq/ wkhq wkh wudghu kdv dq lqirupdwlrqdo dgydqwdjh1

Sursrvlwlrq 5 vkrzv wkdw wudghu � vwloo kdv dq lqirupdwlrqdo dgydqwdjh lq shulrg wzr ryhu

wkh pdunhw pdnhu1 Wudghu � fdq/ wkhuhiruh/ h{sorlw klv sulydwh lqirupdwlrq wzlfh1 Iluvw/

zkhq kh uhfhlyhv klv vljqdo/ dqg vhfrqg/ dw wkh wlph ri wkh sxeolf dqqrxqfhphqw1 Wklv lv

vxusulvlqj vlqfh rqh pljkw wklqn wkdw wkh sxeolf dqqrxqfhphqw lv d vx!flhqw vwdwlvwlf iru

wudghu �*v sulydwh lqirupdwlrq1

Sursrvlwlrq 5 Wudghu � uhwdlqv dq lqirupdwlrqdo dgydqwdjh lq shulrg wzr lq vslwh ri wkh

sxeolf dqqrxqfhphqw lq shulrg wzr1 Whfkqlfdo dqdo|vlv lv pruh lqirupdwlyh derxw wkh ydoxh

ri wkh vwrfn iru wudghu � wkdq iru wkh pdunhw pdnhu1 Wudghu �*v lqirupdwlrqdo dgydqwdjh

lq shulrg wzr lv lqfuhdvlqj lq klv wudglqj lqwhqvlw| dqg ghfuhdvlqj lq wkh wudglqj lqwhqvlw|

ri wudghu � lq | ' �1
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Vlqfh doo wudghuv wudgh frqglwlrqdo rq wkhlu vljqdo lq shulrg rqh/ wkh sulfh R� uh hfwv

qrw rqo| wkh vljqdo derxw B� exw dovr wkh vljqdo derxw B� n 01 Lq shulrg wzr doo pdunhw

sduwlflsdqwv wu| wr lqihu lqirupdwlrq lq | ' 2 iurp wkh sdvw sulfh R�1 Krzhyhu/ rqo| wudghu

� nqrzv wkh h{dfw h{whqw wr zklfk wkh sdvw sulfh/ R�/ douhdg| uh hfwv wkh qhz sxeolf lq0

irupdwlrq/ B�1 Wkdw lv/ zkloh wkh rwkhu pdunhw sduwlflsdqwv fdq rqo| vhsdudwh wkh lpsdfw

ri B� rq R�/ wudghu � fdq dovr ghgxfh wkh lpsdfw ri wkh 0 huuru whup rq R�1

Lq jhqhudo/ whfkqlfdo dqdo|vlv vhuyhv wzr sxusrvhv1 Iluvw/ wudghuv wu| wr lqihu pruh

derxw wkh ixqgdphqwdo ydoxh ri wkh vwrfn iurp wkh sdvw sulfh1 Vhfrqg/ wkh| xvh wkh sdvw

sulfh wr iruhfdvw wkh iruhfdvwv ri rwkhuv1 Nqrzlqj rwkhuv* hvwlpdwhv lv xvhixo iru suhglfwlqj

wkhlu pdunhw rughuv lq | ' 21 Wklv lq wxuq doorzv wudghuv wr hvwlpdwh wkh h{hfxwlrq sulfh

R2 pruh suhflvho|1 Wudghu � wudghv frqglwlrqdo rq R� lq | ' 2 lq rughu wr lpsuryh klv

iruhfdvwv ri wudghu �*v pdunhw rughu lq | ' 21 Vlqfh wudghu � douhdg| nqrzv B�/ kh nqrzv

wkh ixqgdphqwdo ydoxh � ' B
�
n B

� zkhq B
� lv sxeolfo| dqqrxqfhg lq | ' 21 Wkxv/ kh

grhv qrw qhhg wr frqgxfw whfkqlfdo dqdo|vlv wr jhw d ehwwhu hvwlpdwh ri wkh ixqgdphqwdo

ydoxh19

Zkhq frqgxfwlqj whfkqlfdo dqdo|vlv/ wkh pdunhw pdnhu dqg wudghu � duh dzduh wkdw

sulfh R� lv d�hfwhg e| wkh huuru whup 01 Wkh sulfh/ R� ' b�f� ghshqgv rq wkh lqglylg0

xdo ghpdqg ri wudghu �/ %�� / dqg wkxv rq wkh vljqdo B� n 01 Wudghu �*v lqirupdwlrqdo

dgydqwdjh lq | ' 2 lv klv nqrzohgjh ri wkh huuru 01 Kh fdq lqihu 0 iurp wkh gl�huhqfh

ehwzhhq klv vljqdo lq | ' � dqg wkh sxeolf dqqrxqfhphqw lq | ' 21 Li wudghu � zrxog

kdyh devwdlqhg iurp wudglqj lq | ' �/ wkh sxeolf dqqrxqfhphqw B� zrxog eh d vx!flhqw

vwdwlvwlf iru wudghu �*v sulydwh lqirupdwlrq/ B� n 01 Krzhyhu/ vlqfh wudghu � wudghg lq

| ' �/ wudghu � dqg wkh pdunhw pdnhu zrxog olnh wr nqrz wkh h{whqw wr zklfk klv wudglqj

dfwlylwlhv fkdqjhg sulfh/ R�1 Nqrzohgjh qrw rqo| ri B
� exw dovr ri 0 zrxog doorz wkhp wr

lqihu hyhq pruh lqirupdwlrq iurp wkh sulfh/ R�1 Khqfh/ wkh sxeolf dqqrxqfhphqw lq | ' 2

lv qrw d vx!flhqw vwdwlvwlf ri B� n 0 iru lqwhusuhwlqj wkh sdvw sulfh/ R�1

Wudghu � dssolhv whfkqlfdo dqdo|vlv lq rughu wr lqihu pruh lqirupdwlrq derxw wkh ixq0

gdphqwdo ydoxh ri wkh vwrfn1 Wklv lqirupdwlrq lv dovr ydoxdeoh iru suhglfwlqj wudghu �*v

ghpdqg lq | ' 21 Wkh dgglwlrqdo lqirupdwlrq derxw wkh ydoxh ri wkh vwrfn surylghg e|

whfkqlfdo dqdo|vlv lv kljkhu iru wudghu � wkdq iru wkh pdunhw pdnhu1 Iru wudghu �/ whfk0

qlfdo dqdo|vlv rqo| surylghv lqirupdwlrq derxw wudghu �*v iruhfdvw vlqfh wudghu � douhdg|

nqrzv wkh oltxlgdwlrq ydoxh � lq | ' 21 Vlqfh wudghu � nqrzv klv rzq ghpdqg/ kh fdq lqihu
�

q��
E
R�
b�

�%�� � ' B�n �

q��
��/ zklfk lv wudghu �*v vljqdo shuwxuehg e| wkh ghpdqg ri wkh qrlvh

wudghuv1 Wkh pdunhw pdnhu fdq lqihu EB� n
�

q��
��� n

q��
q��
0/ zklfk lv wudghu �*v sulfh vljqdo

shuwxuehg e| wkh dgglwlrqdo huuru whup/ 01 Wkhuhiruh/ wudghu �*v lqirupdwlrqdo dgydqwdjh

9Krzhyhu/ dv glvfxvvhg lq pruh ghwdlo lq Vhfwlrq 815/ lq d pruh jhqhudo vhwwlqj zlwk pxowlsoh E0wudghuv

zkhuh hdfk El0wudghu uhfhlyhv rqo| d qrlv| lglrv|qfudwlf vljqdo �E . %El/ E0wudghuv frqgxfw whfkqlfdo

dqdo|vlv wr ohduq pruh derxw wkh ixqgdphqwdo ydoxh1 Lq wklv jhqhudol}hg vhwxs hdfk El0wudghu wulhv wr

lqihu wkh rwkhu E0wudghuv vljqdov iurp wkh sdvw sulfh s41
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lv jlyhq e|
q��
q��
0/ zklfk lqfuhdvhv zlwk klv wudglqj lqwhqvlw|/ q�

� / dqg ghfuhdvhv zlwk wkh

wudglqj lqwhqvlw| ri wudghu �/ q�
� 1 Lqwxlwlyho|/ li wudghu � wudghv pruh djjuhvvlyho| lq | ' �

klv vljqdo*v lpsuhflvlrq kdv d kljkhu lpsdfw rq wkh sulfh/ R�1

517 Vshfxodwlyh dqg Pdqlsxodwlyh Wudglqj

Lq jhqhudo/ wudglqj rffxuv iru ulvn vkdulqj sxusrvhv ru iru lqirupdwlrqdo uhdvrqv1 Vlqfh

doo wudghuv duh ulvn0qhxwudo lq wklv vhwwlqj/ wkhlu rqo| prwlyh wr wudgh lv wr h{sorlw wkhlu

lqirupdwlrqdo dgydqwdjh1 Dv looxvwudwhg lq Sursrvlwlrq 5/ fxuuhqw wudglqj d�hfwv ixwxuh

lqirupdwlrqdo dgydqwdjhv1 Lq N|oh +4<;8,/ wkh vlqjoh lqvlghu uhgxfhv klv wudglqj lqwhqvlw|

lq rughu wr vdyh lqirupdwlrq iru ixwxuh wudglqj urxqgv1 Wkh vlqjoh lqvlghu idfhv d wudgh0r�1

Wdnlqj rq d odujhu srvlwlrq lq shulrg rqh fdq uhvxow lq kljkhu sur�wv wrgd| exw dovr ohdgv

wr zruvh sulfhv iru fxuuhqw dqg ixwxuh wudglqj urxqgv1 Wkxv lq d N|oh +4<;8,/ vhwwlqj wkh

lqvlghu uhvwudlqv klv wudglqj dfwlylw| zlwk wkh remhfwlyh ri qrw wudglqj klv lqirupdwlrqdo

dgydqwdjh dzd|1

Lq frqwudvw wr wkh olwhudwxuh edvhg rq N|oh +4<;8,/ wudghu � lq rxu prgho wudghv pruh

djjuhvvlyho| lq shulrg rqh1 Kh lqfxuv p|rslfdoo| qrq0rswlpdo h{fhvvlyh wudghv lq shulrg

rqh dqg wkhq uhfxshudwhv wkh orvvhv dqg pdnhv dgglwlrqdo sur�w lq shulrg wzr1 Wudglqj

pruh djjuhvvlyho| lq shulrg rqh fkdqjhv wkh sulfh lq vxfk d zd| wkdw klv lqirupdwlrqdo

dgydqwdjh lq wkh qh{w wudglqj urxqg lv hqkdqfhg1 Wudglqj zlwk wkh vroh lqwhqwlrq ri

lqfuhdvlqj rqh*v lqirupdwlrqdo dgydqwdjh lq wkh qh{w shulrg lv gh�qhg dv pdqlsxodwlyh

wudglqj1 Vshfxodwlyh wudglqj lv gh�qhg dv wudglqj zlwk wkh h{shfwdwlrq wr xqzlqg rqh*v

srvlwlrq lq wkh qh{w shulrg1 Wkh iroorzlqj gh�qlwlrqv uhvwdwh wkh wzr wudglqj remhfwlyhv=

Gh�qlwlrq 4 Vshfxodwlyh wudglqj lv fduulhg rxw zlwk wkh h{shfwdwlrq ri xqzlqglqj wkh

dftxluhg vshfxodwlyh srvlwlrq lq wkh qh{w shulrg1

Vshfxodwlyh wudglqj fdq dovr eh pdqlsxodwlyh1

Gh�qlwlrq 5 Pdqlsxodwlyh wudglqj lv lqwhqghg wr pryh wkh sulfh lq rughu wr hqkdqfh wkh

lqirupdwlrqdo dgydqwdjh lq wkh qh{w shulrg1

Pdqlsxodwlyh wudglqj lv h{fhvvlyh lq wkh vhqvh wkdw lw lv wkh frpsrqhqw ri wudglqj

lqwhqvlw| wkdw h{fhhgv wkh rswlpdo p|rslf wudglqj lqwhqvlw|/ kroglqj wkh rwkhu pdunhw

sduwlflsdqwv* vwudwhjlhv �{hg1 Wkh p|rslf wudglqj lqwhqvlw| grhv qrw wdnh lqwr dffrxqw

wkh idfw wkdw wudghu � frxog hqkdqfh klv lqirupdwlrqdo dgydqwdjh lq shulrg wzr e| wudglqj

pruh djjuhvvlyho| lq shulrg rqh1

Sursrvlwlrq 6 vkrzv wkdw wudghu � wudghv iru vshfxodwlyh uhdvrqv vlqfh kh h{shfwv wr

xqzlqg sduw ri klv dffrpsolvkhg srvlwlrq lq shulrg wzr1 Ixuwkhupruh/ kh wudghv h{fhvvlyho|

zlwk wkh remhfwlyh ri pdqlsxodwlqj wkh sulfh1
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Sursrvlwlrq 6 Lq shulrg rqh/ wudghu � wudghv frqglwlrqdo rq klv fxuuhqw lqirupdwlrq lq

rughu wr exlog xs d orqj0whup srvlwlrq/ dqg dovr iru vshfxodwlyh dqg pdqlsxodwlyh uhdvrqv1

Vshfxodwlyh wudglqj lv jlyhq e| ��2 �
0
7��
q
�
� 7

�
� 1

Pdqlsxodwlyh wudglqj lv jlyhq e| b2
�
��2
�2
�
0
7��
q
�
� 7

�
� /

zkhuh wkh frh!flhqwv lq iurqw ri 7�
� duh vwulfwo| srvlwlyh1

Wkh surri lq wkh dsshqgl{ vkrzv wkdw li wudghu � uhfhlyhv d srvlwlyh vljqdo/ doo wudglqj

remhfwlyhv lqgxfh wkh wudghu wr wdnh d orqj srvlwlrq lq wkh vwrfn1 Vlploduo|/ li wudghu � uh0

fhlyhv d qhjdwlyh vljqdo kh vhoov wkh vwrfn1 Kh grhv qrw dsso| d frqwuduldq wudglqj vwudwhj|1

Sursrvlwlrq 6 lqwurgxfhv d qryho irup ri vwrfn sulfh pdqlsxodwlrq1 Wkh xqghuo|lqj sxu0

srvh ri wudghu �*v pdqlsxodwlyh wudglqj lv wr h{whqg wkh lqirupdwlrqdo jds lq wkh vhfrqg

wudglqj urxqg1: Lq frqwudvw/ wr wkh suhylrxv olwhudwxuh/ wudghu � grhv qrw wudgh lq rughu wr

klgh klv rzq lqirupdwlrq ru odfn ri lqirupdwlrq1 Wkh qryhow| ri wklv irup ri pdqlsxodwlrq

lv wkdw wudghu �*v djjuhvvlyh wudglqj zruvhqv wkh rwkhu pdunhw sduwlflsdqwv* delolw| wr lqihu

wudghu �*v lqirupdwlrq iurp wkh sdvw sulfh lq shulrg wzr/ zkloh kh uhwdlqv klv ixoo delolw|

wr frqgxfw whfkqlfdo dqdo|vlv1 Pruh vshfl�fdoo|/ e| wudglqj h{fhvvlyho| lq | ' �/ wudghu �

frqirxqgv wkh rwkhu pdunhw sduwlflsdqwv* sulfh vljqdo 7
R�
2 lq | ' 21 Wkh uhdvrq lv wkdw wkh

lpsuhflvlrq ri wudghu �*v vljqdo 0 kdv d odujhu lpsdfw rq R� li kh wudghv pruh djjuhvvlyho|1

Frqvhtxhqwo|/ wkh odujhu lv q�
� / wkh ohvv wkh sulfh vljqdo 7

R�
2 ' B

�
n

q��
q��
0 n �

q��
�� uhyhdov

derxw wkh ixqgdphqwdo ydoxh B
�1 Wklv lqfuhdvhv wudghu �*v lqirupdwlrqdo dgydqwdjh lq

| ' 2 zlwk uhvshfw wr wkh pdunhw pdnhu1 Lw dovr pdnhv wudghu �*v iruhfdvw derxw wudghu

�*v B� iruhfdvw zruvh1 Vlqfh wudghu � douhdg| nqrzv wkh ixqgdphqwdo ydoxh B� / klv rqo|

prwlyh iru frqgxfwlqj whfkqlfdo dqdo|vlv lv wr dfklhyh d ehwwhu suhglfwlrq ri wudghu �*v

pdunhw rughu dqg wkxv wkh h{hfxwlrq sulfh lq | ' 2/ R21 Wudghu �*v pdunhw rughu lq | ' 2

lv edvhg rq klv lqirupdwlrq/ B� n
�

q��
�� dqg 7

R�
2 1 Wkh rqo| whup wudghu � grhv qrw nqrz lv

��/ wudghu �*v huuru lq suhglfwlqj wkh ixqgdphqwdo ydoxh B� 1 Wkh sulfh vljqdo 7
R�
2 doorzv

klp wr ghulyh wkh vljqdo
�
7
R�
2 � B

�
�
q
�
� ' q

�
� 0n��/ zklfk khosv klp wr iruhfdvw wudghu �*v

rughu vl}h1 Krzhyhu/ kh fdq qrw iruhfdvw lw shuihfwo| vlqfh klv vljqdo lv shuwxuehg e| q
�
� 0/

wkh lpsuhflvlrq ri wkh uxpru wlphv wudghu �*v wudglqj lqwhqvlw| lq shulrg rqh1 Lq vkruw/

li wudghu � wudghv pruh djjuhvvlyho| lq shulrg rqh/ kh exlogv xs d odujhu lqirupdwlrqdo

dgydqwdjh zlwk uhvshfw wr wkh pdunhw pdnhu dqg dovr uhyhdov ohvv ri klv lqirupdwlrqdo

dgydqwdjh wr klv frpshwlwru/ wudghu �1 Ryhudoo/ pruh djjuhvvlyh wudglqj lq shulrg rqh

lqfuhdvhv wudghu �*v h{shfwhg ixwxuh fdslwdo jdlqv1 Wkh surri lq wkh dsshqgl{ vkrzv wkdw

lq htxloleulxp wkh wudglqj lqwhqvlw| ri wudghu � lv kljkhu li kh wdnhv wkh lpsdfw rq ixwxuh

h{shfwhg fdslwdo jdlqv lqwr dffrxqw/ jlyhq wkh vwudwhjlhv ri doo rwkhu sod|huv1 Lw lv wkh

h{shfwhg nqrzohgjh ri wkh 00whup lq | ' 2 zklfk lqgxfhv pdqlsxodwlyh wudglqj1

Vshfxodwlrq lq wklv prgho lv gulyhq sxuho| e| wudglqj iru lqirupdwlrqdo uhdvrqv1 D

srvlwlyh +qhjdwlyh, vljqdo iru wudghu � kdv wzr lpsolfdwlrqv1 Iluvw/ kh ex|v +vhoov, vkduhv

:Wklv uhodwhv wr wkh olwhudwxuh rq vljqdo0mdpplqj lq lqgxvwuldo rujdql}dwlrq1 Ixghqehuj dqg Wluroh

+4<;9, zhuh wkh �uvw wr dqdo|}h vljqdo0mdpplqj lq wkh frqwh{w ri suhgdwru| sulflqj1
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lq wkh �uvw wudglqj urxqg dqg vhfrqg/ kh h{shfwv wkdw 0 lv srvlwlyh +qhjdwlyh,/ wkdw lv

.d0m7�
� o ' T @od0oET @odB�o n T @od0o�3�7�

� : E	�f1 Rwkhu pdunhw sduwlflsdqwv* whfkqlfdo

dqdo|vlv lq | ' 2 lv edvhg rq 7
R�
2 ' B

�
n

q��
q��
0 n �

q��
��1 Wkdw lv/ li 0 lv srvlwlyh +qhjd0

wlyh,/ wkh pdunhw pdnhu ryhuhvwlpdwhv +xqghuhvwlpdwhv, B� lq shulrg wzr1 Vlqfh wudghu �

fdq lqihu 0 lq shulrg wzr/ kh h{shfwv wr pdnh prqh| e| fruuhfwlqj wkh pdunhw pdnhu*v

ryhurswlplvp +shvvlplvp,1 Lq vkruw/ wudghu � h{shfwv wr vhoo +ex|, vkduhv lq shulrg wzr1

Wkhuhiruh/ wudghu � h{shfwv wr wudgh lq wkh rssrvlwh gluhfwlrq lq shulrg wzr1 cRq dyhudjh*/

kh sduwldoo| xqzlqgv klv srvlwlrq lq shulrg wzr1 Wklv lv vroho| gxh wr lqirupdwlrqdo uhdvrqv

vlqfh wudghu � h{shfwv wkh sulfh wr ryhuvkrrw lq | ' 21 Jlyhq krzhyhu/ wkh lqirupdwlrq

ri wkh pdunhw pdnhu ru ri dq| rwkhu rxwvlghu zkr rqo| revhuyhv wkh sdvw sulfhv dqg wkh

sxeolf dqqrxqfhphqw/ wkh sulfh iroorzv d Pduwlqjdoh surfhvv/ l1h1 lw qhlwkhu ryhuvkrrwv

qru xqghuvkrrwv1

Vshfxodwlyh wudglqj lv dovr fdxvhg e| wkh lpsuhflvlrq ri wudghu �* vljqdo/ 01 Frqvh0

txhqwo|/ dq lqfuhdvh lq wudglqj lqwhqvlw| lq shulrg rqh gxh wr pdqlsxodwlyh ehkdylru dovr

ohdgv wr pruh vshfxodwlrq1 Wudghu � h{shfwv wr xqzlqg d odujhu srvlwlrq lq | ' 21 Wkh

lpsuhflvlrq 0 ri wudghu �*v hduo| vljqdo sod|v d fuxfldo uroh lq wklv dqdo|vlv1;

Kluvkohlihu/ Vxeudkpdq|dp/ dqg Wlwpdq +4<<7, dsshdo wr wudghuv* ulvn0dyhuvlrq dqg

wkxv surylgh d yhu| glvwlqfw h{sodqdwlrq iru vshfxodwlyh ehkdylru1 Lq wkhlu vhwwlqj hduo|0

lqiruphg ulvn dyhuvh wudghuv duh zloolqj wr wdnh rq d ulvnlhu srvlwlrq lq rughu wr sur�w

iurp wkhlu vxshulru sulydwh lqirupdwlrq1 Diwhu d odujhu jurxs ri wudghuv uhfhlyhv wkh vdph

lqirupdwlrq rqh shulrg odwhu/ wkh| sduwldoo| xqzlqg wkhlu srvlwlrq wr uhgxfh wkhlu ulvn

h{srvxuh1 Lq wkhlu prgho/ qr vshfxodwlrq zrxog rffxu zlwkrxw ulvn dyhuvlrq/ zkloh lq rxu

vhwwlqj wudghu � vshfxodwhv hyhq wkrxjk kh lv ulvn qhxwudo1 Klv vshfxodwlrq lv gulyhq e|

lqirupdwlrqdo uhdvrqv1 Lw lv hdv| wr ylvxdol}h d jhqhudol}hg vhwwlqj zlwk ulvn dyhuvh wudghuv

zkhuh wkhvh wudghuv vshfxodwh gxh wr ulvn dyhuvlrq dqg lqirupdwlrqdo uhdvrqv1

6 Lpsdfw ri Lqirupdwlrq Ohdndjh rq Lqirupdwlrqdo

H!flhqf|

Wkh lqirupdwlrq vwuxfwxuh dqdo|}hg deryh dovr surylghv qhz lqvljkwv rq krz lqirupd0

wlrq ohdndjh d�hfwv pdunhw h!flhqf|1 Lqirupdwlrq ohdndjh ohdgv wr lqvlghu wudglqj zklfk

lq jhqhudo uhgxfhv oltxlglw| wudglqj dqg wkh dprxqw ri ulvn vkdulqj1 Lw pljkw hyhq ohdg

wr pdunhw euhdngrzqv1 Wkhuhiruh/ lqirupdwlrq ohdndjh w|slfdoo| uhgxfhv doorfdwlyh h!0

flhqf|1 Wkh dujxphqw iroorzv d vlplodu olqh ri uhdvrqlqj dv lq Dnhuori*v +4<:3, �pdunhw

iru ohprqv1� Rq wkh rwkhu kdqg/ li wkhuh lv vrph lqirupdwlrq ohdndjh sulfhv pljkw dgmxvw

idvwhu wr eh lq olqh zlwk wkh wuxh dvvhw ydoxh1 Wklv vhfwlrq irfxvhv vroho| rq wkh lpsolfdwlrq

;Qrwh wkdw li �D dqg �E frxog eh wudghg vhsdudwho| qhlwkhu vshfxodwlyh qru pdqlsxodwlyh wudglqj zrxog

dulvh1 Txhvwlrqv vxfk dv zkhwkhu wudghu D kdv dq lqfhqwlyh wr jhqhudwh vrph dgglwlrqdo qrlvh ri klv rzq

ru krz klv h{shfwhg sur�w ydulhv dv Y du ^%` ydulhv duh uhohjdwhg wr Vhfwlrq 714 dqg 7151
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ri lqirupdwlrq ohdndjh rq lqirupdwlrqdo h!flhqf| dqg/ wkhuhiruh/ wkh dprxqw ri oltxlglw|

wudglqj lv dvvxphg wr eh h{rjhqrxvo| �{hg1 Pruh vshfl�fdoo|/ wklv vhfwlrq looxvwudwhv krz

wkh qrlv| lqirupdwlrq ohdndjh ri B� n 0 wr wudghu � sulru wr wkh r!fldo sxeolf dqqrxqfh0

phqw ri B� lq | ' 2 d�hfwv wkh lqirupdwlrqdo frqwhqw uhyhdohg e| sulfhv1 Wkh ehqfkpdun

lv wkh vhwwlqj zkhuh wudghu � uhfhlyhv qr vljqdo sulru wr wkh sxeolf dqqrxqfhphqw1 D g|0

qdplf wudgh0r� lv looxvwudwhg= zkloh lqirupdwlrq ohdndjh fdq pdnh sulfhv pruh lqirupdwlyh

lq wkh yhu| vkruw0uxq/ lw uhgxfhv lqirupdwlrqdo h!flhqf| lq wkh orqj0uxq1

Ehiruh glylqj lqwr wkh dqdo|vlv/ ohw xv �uvw gh�qh wzr gl�huhqw phdvxuhv ri wkh ghjuhh

ri lqirupdwlrq uhyhodwlrq e| sulfhv1 D pdunhw lv +vwurqj0irup, lqirupdwlrqdoo| h!flhqw li

wkh sulfh lv d vx!flhqw vwdwlvwlf iru doo wkh lqirupdwlrq glvshuvhg dprqj doo pdunhw sduwlfl0

sdqwv1 Lq wklv fdvh/ wkh pdunhw phfkdqlvp shuihfwo| djjuhjdwhv doo lqirupdwlrq dydlodeoh lq

wkh hfrqrp|/ dqg wkh sulfh uhyhdov lw wr hyhu|erg|1 Lq jhqhudo/ li wudghuv wudgh iru lqirupd0

wlrqdo dv zhoo dv qrq0lqirupdwlrqdo uhdvrqv/ wkh sulfh lv qrw lqirupdwlrqdoo| h!flhqw1 Wklv

lv dovr wkh fdvh lq rxu vhwwlqj zkhuh vrph wudghuv wu| wr h{sorlw wkhlu vxshulru lqirupdwlrq

dqg rwkhuv wudgh iru oltxlglw| uhdvrqv1 Qhyhuwkhohvv/ rqh fdq glvwlqjxlvk ehwzhhq pruh

dqg ohvv lqirupdwlrqdoo| h!flhqw pdunhwv1 D phdvxuh ri lqirupdwlrqdo h!flhqf| vkrxog

uh hfw wkh ghjuhh wr zklfk lqirupdwlrq glvshuvhg dprqj pdq| wudghuv fdq eh lqihuuhg

iurp wkh sulfh +surfhvv, wrjhwkhu zlwk rwkhu sxeolf lqirupdwlrq1 Frqvlghu wkh iruhfdvw ri

wkh ixqgdphqwdo ydoxh ri wkh vwrfn �/ jlyhq wkh srro ri doo dydlodeoh lqirupdwlrq lq wkh

hfrqrp| dw d fhuwdlq srlqw lq wlph1 Li wkh sulfh +surfhvv, lv lqirupdwlrqdoo| h!flhqw wkhq

wkh sulfh+v, dqg rwkhu sxeolf lqirupdwlrq xs wr wklv wlph |lhogv wkh vdph iruhfdvw1 Frq0

vhtxhqwo|/ wkh yduldqfh ri wklv iruhfdvw frqglwlrqdo rq sulfhv dqg rwkhu sxeolf lqirupdwlrq

lv }hur1 Wklv frqglwlrqdo yduldqfh lqfuhdvhv dv wkh pdunhw ehfrphv ohvv lqirupdwlrqdoo|

h!flhqw1 Wkhuhiruh/ zh fkrrvh wkh uhflsurfdo ri wklv frqglwlrqdo yduldqfh/ l1h1 wkh suh0

flvlrq/ dv d phdvxuh ri wkh ghjuhh ri lqirupdwlrqdo h!flhqf|1 Qrwh wkdw wkh ghjuhh ri

lqirupdwlrqdo h!flhqf| ghshqgv fuxfldoo| rq wkh srro ri lqirupdwlrq lq wkh hfrqrp|1 Wr

looxvwudwh wklv/ frqvlghu d zruog zlwkrxw dv|pphwulf lqirupdwlrq1 Lq wkdw vhwwlqj/ dq|

sulfh surfhvv lv lqirupdwlrqdoo| h!flhqw hyhq wkrxjk lw lv xqlqirupdwlyh1 Zkloh lqirupd0

wlrqdo h!flhqf| lv uhodwlyh wr wkh lqirupdwlrq glvshuvhg lq wkh pdunhw/ lqirupdwlyhqhvv ri

d sulfh surfhvv lv devroxwh1 Wkh frqglwlrqdo yduldqfh ri wkh vwrfn ydoxh lwvhoi fdswxuhv krz

lqirupdwlyh wkh sulfh +surfhvv, dqg wkh rwkhu sxeolf lqirupdwlrq duh1< Wklv yduldqfh whup/

wkhuhiruh/ dovr phdvxuhv wkh ulvn d oltxlglw| wudghu idfhv zkhq wudglqj wklv vwrfn1 Wklv

frqglwlrqdo yduldqfh lv }hur li doo sxeolf lqirupdwlrq/ lqfoxglqj wkh sulfh surfhvv/ doorzv

rqh wr shuihfwo| suhglfw wkh oltxlgdwlrq ydoxh ri wkh vwrfn1 Lq wklv fdvh hyhu|erg| nqrzv

wkh wuxh vwrfn ydoxh1 Wkh iroorzlqj gh�qlwlrqv gh�qh erwk phdvxuhv pruh irupdoo|1

Gh�qlwlrq 6 Wkh uhflsurfdo ri wkh yduldqfh T @od.d�miR|c 7sxeolf

| c i7�
|j�MUj|$� omiR|c 7sxeolf

| j|$� o
frqglwlrqdo rq wkh sxeolf lqirupdwlrq/ 7sxeolf

� / dqg wkh srro ri sulydwh lqirupdwlrq xs wr

wlph � phdvxuhv wkh ghjuhh ri lqirupdwlrqdo h!flhqf| dw wlph � 1

Wkh uhflsurfdo ri wkh frqglwlrqdo yduldqfh T @od�miR|c 7sxeolf

| j|$� o phdvxuhv krz lqirupdwlyh

<Qrwh wkdw doo sxeolf lqirupdwlrq dw wkh ehjlqqlqj ri wkh wudglqj jdph lv lqfrusrudwhg lq wkh frpprq

sulruv1
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wkh sulfh +surfhvv, dqg wkh sxeolf lqirupdwlrq duh1

Htxlsshg zlwk wkhvh phdvxuhv/ zh fdq qrz dqdo|}h krz wkh lqirupdwlrq ohdndjh ri

B� n 0 wr wudghu � d�hfwv lqirupdwlrqdo h!flhqf| dqg lqirupdwlyhqhvv ri wkh sulfh +sur0

fhvv,1 Lq dgglwlrq/ wkhvh phdvxuhv dovr doorz xv wr dgguhvv wkh uroh ri wkh lpsuhflvlrq ri

wkh uxpru1

Vlqfh wkhvh gh�qlwlrqv duh wlph ghshqghqw/ ohw xv dqdo|}h lqirupdwlrqdo h!flhqf| dqg

lqirupdwlyhqhvv dw wkh wlph diwhu wkh �uvw wudglqj urxqg/ diwhu wkh sxeolf dqqrxqfhphqw

ri B�/ dqg diwhu wkh vhfrqg wudglqj urxqg1 Ohw xv dvvxph iru wkh iroorzlqj sursrvlwlrq

wkdw wkhuh lv d vx!flhqw dprxqw ri oltxlglw| wudglqj lq | ' �1 Pruh suhflvho|/ T @od��o :

S
2D

t
2
D
T @od�2oT @odB

�
o1

Sursrvlwlrq 7 Lq | ' �c lqirupdwlrq ohdndjh pdnhv wkh sulfh R� pruh lqirupdwlyh exw ohvv

lqirupdwlrqdoo| h!flhqw li wkh lqirupdwlrq ohdndjh lv vx!flhqwo| suhflvh1 Krzhyhu/ diwhu

wkh sxeolf dqqrxqfhphqw lq | ' 2/ wkh sulfh lv ohvv lqirupdwlyh dqg ohvv lqirupdwlrqdoo|

h!flhqw1

Ohdndjh ri lqirupdwlrq pdnhv wkh sulfh R� lq | ' � pruh lqirupdwlyh/ li T @od0o lv qrw

wrr kljk1 Wudghu � wudghv rq klv lqirupdwlrq B
�
n 0 dqg wkxv sulfh R� uhyhdov lqirupd0

wlrq derxw qrw rqo| B� exw dovr derxw B�1 Wudghu �*v pdunhw dfwlylw| lqfuhdvhv lqiruphg

wudglqj uhodwlyh wr oltxlglw| wudglqj1 Wklv doorzv wkh pdunhw pdnhu dv zhoo dv wkh sxeolf

wr lqihu pruh lqirupdwlrq iurp wkh djjuhjdwh rughu  rz f�1 Qrwh wkdw wklv pljkw qrw eh

wkh fdvh iru yhu| kljk T @od0o vlqfh djjuhvvlyh pdqlsxodwlyh wudglqj dfwlylw| frxog lqfuhdvh

wkh qrq0lqirupdwlyh frpsrqhqw ri wkh djjuhjdwh rughu  rz1

Rq wkh rwkhu kdqg/ lqirupdwlrq ohdndjh pdnhv wkh pdunhw ohvv lqirupdwlrqdoo| h!0

flhqw lq | ' �1 Lq wklv fdvh/ wkh lqirupdwlrq glvshuvhg lq wkh hfrqrp| lv qrw rqo| B
�

exw dovr B
�
n 01 Li wkhuh lv qr ohdndjh/ R� uhyhdov pruh derxw B

� wkdq R� uhyhdov derxw

.d�mB� c B�n 0o ' B� n�B
�

7��
EB�n 0� lq wkh fdvh ri d ohdndjh1 Wkh uhdvrq lv wkdw vx!flhqwo|

suhflvh lqirupdwlrq ohdndjh ohdgv wr d kljkhu b� zklfk uhgxfhv wkh wudglqj lqwhqvlw| ri

wudghu �/ q�
� 1 Wkhuhiruh ohvv lqirupdwlrq fdq eh lqihuuhg derxw B�1 Lq dgglwlrq/ B� n 0

fdq rqo| eh sduwo| lqihuuhg iurp wkh sulfh R�1 Erwk h�hfwv wrjhwkhu uhvxow lq d orzhu

lqirupdwlrqdo h!flhqf| iru R� lq wkh fdvh ri d suhflvh ohdndjh1

Diwhu wkh sxeolf dqqrxqfhphqw lq | ' 2/ B� dv zhoo dv B� duh nqrzq wr vrph wudghuv

lq wkh hfrqrp|/ +l1h1 wkh ehvw iruhfdvw ri � jlyhq wkh srrohg lqirupdwlrq lv �,1 Frqvh0

txhqwo|/ wkh phdvxuhv ri lqirupdwlrqdo h!flhqf| dqg lqirupdwlyhqhvv frlqflgh iurp wkdw

prphqw rqzdugv1 Vlqfh B� lv frpprq nqrzohgjh/ wkh frqglwlrqdo yduldqfh vwhpv vroho|

iurp wkh xqfhuwdlqw| derxw B� 1 Wkh surri lq wkh dsshqgl{ vkrzv wkdw vx!flhqwo| suh0

flvh lqirupdwlrq ohdndjh ohdgv wr d ohvv oltxlg pdunhw/ l1h1 wr d kljkhu b�1 Wklv uhgxfhv

q�
� dqg wkxv pdnhv wkh sulfh vljqdo derxw B� ohvv suhflvh1 Lq dgglwlrq/ wkh sulfh vljqdo

7
R�
2 ' B

�
n

q��
q��
0n �

q��
�� lv shuwxuehg e| wkh 00huuru whup1 Wkhuhiruh/ lqirupdwlrq ohdndjh
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pdnhv wkh sulfh R� diwhu wkh sxeolf dqqrxqfhphqw ohvv lqirupdwlyh dqg ohvv lqirupdwlrq0

doo| h!flhqw1 Wkh vdph lv wuxh diwhu wkh vhfrqg wudglqj urxqg iru wkh sulfh surfhvv iR�c R2j1

Lq vxppdu|/ lqirupdwlrq ohdndjh uhgxfhv lqirupdwlrqdo h!flhqf| dw hdfk srlqw lq wlph1

Lw pdnhv wkh sulfh surfhvv pruh lqirupdwlyh sulru wr wkh sxeolf dqqrxqfhphqw dqg ohvv

lqirupdwlyh diwhuzdugv1

7 H{whqvlrqv

Wkh sursrvlwlrqv lq Vhfwlrq 6 ghprqvwudwhg wkdw wudghu �*v lqirupdwlrqdo dgydqwdjh dv

zhoo dv klv vshfxodwlyh dqg pdqlsxodwlyh wudglqj uhvxow iurp wkh lpsuhflvlrq ri wkh uxpru1

Wkh qrlvh whup 0 lv fuxfldo iru wkhvh uhvxowv1 Wkuhh lqwhuhvwlqj h{whqvlrqv frph wr plqg= +l,

lv lw srvvleoh iru wudghu � wr jhqhudwh vrph +dgglwlrqdo, lpsuhflvlrq klpvhoi lq htxloleulxp

e| wudglqj deryh ru ehorz klv rswlpdo ohyho lq shulrg rqh> +ll, zkdw lv wkh rswlpdo ohyho

ri lpsuhflvlrq iru wudghu �> dqg +lll, krz grhv wkh dqdo|vlv fkdqjh li zh kdyh pxowlsoh

lqiruphg wudghuvB Wkhvh txhvwlrqv duh dgguhvvhg lq wkh iroorzlqj vxevhfwlrqv1

714 Pl{hg Vwudwhj| Htxloleuld

Ehiruh dgguhvvlqj wkh frpsdudwlyh vwdwlf txhvwlrq +l,/ ohw xv dqdo|}h wkh fdvh zkhuh wudghu

� dggv vrph qrlv| frpsrqhqw ��� l wr klv rswlpdo rughu vl}h1 Wkdw lv/ klv ghpdqg lv ri wkh

irup %�� ' q�
� EB

�
n 0� n ��� l dqg kh iroorzv d pl{hg +ru ehkdylrudo, vwudwhj|143 Lq rughu

wr suhvhuyh qrupdolw| iru doo udqgrp yduldeohv/ dvvxph l � Q Efc��1 Wkh dgglwlrq ri d

udqgrp ghpdqg ��� l lq wudglqj urxqg rqh pdnhv wkh pdunhw pruh oltxlg lq | ' �/ exw ohvv

oltxlg lq | ' 21 Wklv rffxuv ehfdxvh wudghu � wudghv lq | ' 2 rq lqirupdwlrq jhqhudwhg e|

��� l1 Wkh fkdqjhv lq wkh oltxlglw| phdvxuh/ b|/ dovr dowhuv wkh wudglqj lqwhqvlwlhv/ q
�
|1 Doo

wklv d�hfwv wkh qhz sulfh vljqdo 7R�
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q��
0n
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q��
l n �

q��
��/ zklfk kdv wkh dgglwlrqdo

huuru whup
���
q��
l1 Wklv dgglwlrqdo whup lv nqrzq wr wudghu �/ exw qrw wr wkh rwkhu pdunhw

sduwlflsdqwv1 Wkhuhiruh/ wudghu �*v lqirupdwlrqdo dgydqwdjh lq | ' 2 frqvlvwv ri klv nqrzo0

hgjh ri
q��
q��
0 dv zhoo dv ri

���
q��
l1 Wkhvh huuru whupv gl�hu lq wzr uhvshfwv1 Iluvw/ zkhuhdv

wudghu � nqrzv l douhdg| lq | ' �/ kh ohduqv wkh suhflvh ydoxh ri 0 rqo| dw wkh wlph ri wkh

sxeolf dqqrxqfhphqw1 Vhfrqg/ li wudghu � zdqwv wr lqfuhdvh wkh lpsruwdqfh ri wkh huuru

whup
q��
q��
0 e| ydu|lqj q�
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Lq frqwudvw/ wudghu � fdq frqwuro wkh lpsdfw ri wkh huuru whup
���
q��
l rq wkh sulfh vljqdo
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2 vhsdudwho| e| dgmxvwlqj ��� 1 Wkh wudgh0r� lv wkdw zkloh kh dfwv olnh d qrlvh wudghu lq

43Sdjdqr dqg Uùhoo +4<<6, frqmhfwxuh d pl{hg vwudwhj| htxloleulxp lq d prgho zklfk dqdo|}hv iurqw0

uxqqlqj e| eurnhuv1 Lqyhvwruv vxeplw wkhlu rughuv wr wkh eurnhu zkr iruzdugv lw wr wkh pdunhw pdnhu1

Sulru wr wudglqj wkh eurnhu revhuyhv wkh djjuhjdwh rughu  rzv iru wkh qh{w wzr wudglqj urxqgv1 Khqfh

kh kdv pruh lqirupdwlrq wkdq wkh pdunhw pdnhu lq wkh �uvw wudglqj shulrg1 Lq wkh �uvw wudglqj urxqg

kh iurqw0uxqv e| dgglqj klv rzq +srvvleo| udqgrp, rughuv1 Lq Kxggduw/ Kxjkhv/ dqg Ohylqh +5333, wkh

vlqjoh lqvlghu hpsor|v d pl{hg vwudwhj| vlqfh wkh pdunhw pdnhu fdq revhuyh klv rughu h{0srvw1
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| ' � lqfxuulqj wudglqj frvwv rq wkh rqh kdqg/ rq wkh rwkhu kdqg kh dovr lqfuhdvhv klv

lqirupdwlrqdo dgydqwdjh lq | ' 21

Wkh dqdo|vlv ri wkh frqwlqxdwlrq jdph lq | ' 2 lv dqdorjrxv wr wkh rqh lq Sursrvlwlrq 41
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Sursrvlwlrq 8 h{sorlwv wkh idfw wkdw wkh vhfrqg rughu frqglwlrq ri wudghu � lv elqglqj

+b� ' ��, lq dq| pl{hg vwudwhj| htxloleulxp dqg wkdw wkh vhfrqg rughu frqglwlrq iru

wudghu � +b� : �
�, dovr kdv wr eh vdwlv�hg1 Wklv doorzv xv wr uxoh rxw pl{hg vwudwhj|

htxloleuld dv orqj dv wkh pdunhw lv qrw yhu| oltxlg lq | ' 21

Sursrvlwlrq 8 Wkhuh grhv qrw h{lvw d pl{hg vwudwhj| htxloleulxp iru vx!flhqwo| vpdoo

T @od�2o1

Vhh Dsshqgl{ D18 iru wkh surri ri wklv sursrvlwlrq1 Wzr dgglwlrqdo uhpdunv duh dssur0

suldwh dw wklv srlqw1 Qrwh wkdw wkh vhfrqg rughu frqglwlrqv dovr uhtxluh wkdw wkh wudglqj

urxqg rqh lv vx!flhqwo| oltxlg uhodwlyh wr wudglqj urxqg wzr/ dv vwdwhg lq Sursrvlwlrq 41

Qrwh dovr wkdw wkh lqgl�huhqfh frqglwlrq uhtxluhv wkdw wkh h{shfwhg ryhudoo sur�wv iurp

udqgrpl}dwlrq duh vwulfwo| srvlwlyh1 Vlqfh wudghu � kdv wr eh lqgl�huhqw ehwzhhq doo srvvl0

eoh uhdol}dwlrqv ri l/ rqh fdq uhvwudlq wkh dwwhqwlrq wr wkh uhdol}dwlrq ri l ' f1 Iru l ' f/

kh idfhv qr udqgrpl}dwlrq frvwv lq | ' �/ exw vwloo kdv dq lqirupdwlrqdo dgydqwdjh lq

| ' 21 Hyhq li wudghu � uhfhlyhv qr vljqdo 7� lq | ' � klv lqirupdwlrqdo dgydqwdjh lq | ' 2

lq wkh fdvh ri l ' f lv 7
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715 Rswlpdo T @o d0o 0 Vdoh ri Lqirupdwlrq

Wudghu � lv rqo| eholhyhg wr iroorz d pl{hg vwudwhj| %�� ' q
�
� EB

�
n 0� n ��� l li kh lv lqgli0

ihuhqw ehwzhhq dq| uhdol}dwlrq ri l1 Wklv gudpdwlfdoo| uhvwulfwv wkh ghjuhhv ri iuhhgrp wr

ydu| wkh yduldqfh ri ��� l1 Krzhyhu/ zh fdq ydu| T @o d0o vlqfh wudghu � grhv qrw revhuyh 0

lq | ' �1 Lw zrxog eh lqwhuhvwlqj wr vhh krz wkh h{shfwhg fdslwdo jdlqv iru wudghu � ydu|

dv T @o d0o fkdqjhv1 Dv srlqwhg rxw hduolhu li T @o d0o ' f/ wudghu � zloo nqrz B
� shuihfwo|

douhdg| lq | ' � dqg zloo kdyh qr lqirupdwlrqdo dgydqwdjh lq wkh vhfrqg wudglqj urxqg1

Frqvhtxhqwo|/ qr pdqlsxodwlyh wudglqj ru vshfxodwlyh wudglqj zloo rffxu lq wklv fdvh1 Lq

wkh rwkhu olplwlqj fdvh ri T @o d0o ' 4/ wudghu �*v vljqdo lv wrwdoo| xqlqirupdwlyh1 Wklv

fdvh vhuyhg dv ehqfkpdun fdvh lq Vhfwlrq 61 Li T @o d0o ' 4/ wudghu� zloo qrw hqjdjh

lq wudglqj jlyhq wkdw kh glg qrw exlog xs dq lqirupdwlrqdo dgydqwdjh e| wudglqj lq wkh

�uvw wudglqj urxqg1 Lq rughu wr frqgxfw wkh frpsdudwlyh vwdwlf h{huflvh iru dq| srvvleoh

T @o d0o 5 Efc4�/ lw lv qhfhvvdu| wr h{solflwo| ghulyh wkh h{shfwhg sur�w ixqfwlrq ri wudghu

�1 Xqiruwxqdwho|/ d forvhg irup h{suhvvlrq ri wkh h{shfwhg sur�w ixqfwlrq frxog qrw

eh rewdlqhg gxh wr wkh frpsoh{lw| ri wkh lqirupdwlrq vwuxfwxuh1 Dq| ixuwkhu dqdo|vlv lv

wkhuhiruh olplwhg wr qxphulfdo vlpxodwlrqv144

Vrphrqh zkr nqrzv B� lq | ' � dqg frqvlghuv vhoolqj klv qhzv wr d vlqjoh wudghu zrxog

dovr eh lqwhuhvwhg lq nqrzlqj wkh ohyho ri T @o d0o wkdw zrxog ohdg wr wkh kljkhvw ohyho ri

44Qxphulfdo dqdo|vlv vkrzv wkdw wkh lqvlghu*v h{0dqwh h{shfwhg fdslwdo jdlqv duh pd{lpl}hg iru Y du ^%` @

3 lq d vlpsol�hg vhwwlqj zlwk rqo| rqh wudghu zkr dovr wudghv iru pdqlsxodwlyh uhdvrqv1 Rxu lqwxlwlrq

vxjjhvwv wkdw wklv uhvxow zloo dovr jhqhudol}h wr rxu vhwwlqj1 Wkh qxphulfdo fdofxodwlrqv duh dydlodeoh iurp

wkh dxwkru xsrq uhtxhvw1
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h{shfwhg sur�wv iru wudghu�1 Jlyhq rxu frqmhfwxuh edvhg rq qxphulfdo dqdo|vlv/ wudghu�*v

sur�w lv kljkhvw iru T @o d0o ' f1 Khqfh/ wkh vhoohu ri lqirupdwlrq zrxog qrw suhihu wr vhoo d

qrlv| yhuvlrq ri klv vljqdo lqvwhdg ri klv suhflvh lqirupdwlrq B
�1 Lq Dgpdwl dqg S hlghuhu

+4<;9,/ wkh lqirupdwlrq prqrsrolvw suhihuv wr vhoo shuvrqdol}hg qrlv| vljqdov1 Xvlqj d

vwdwlf udwlrqdo h{shfwdwlrqv vhwwlqj/ wkh| vkrz wkdw pruh wudghuv dftxluh d shuvrqdol}hg

vljqdov li wkh lqirupdwlrq prqrsrolvw dggv dq lglrv|qfudwlf shuvrqdol}hg qrlvh whup wr klv

lqirupdwlrq1 Wklv lqfuhdvhv wkh vhoohu*v uhyhqxh1 Lq frqwudvw wr wkhlu prgho vhwxs/ zh

hpsor| d vwudwhjlf vhwwlqj zlwk d vlqjoh � wudghu/ exw wzr wudglqj urxqgv1 Wkh qrlvh 0 ri

wudghu�*v dftxluhg lqirupdwlrq surylghv klp dq dgglwlrqdo lqirupdwlrqdo dgydqwdjh lq wkh

vhfrqg wudglqj urxqg1 Lq d jhqhudol}hg vhwwlqj zlwk hqgrjhqrxv lqirupdwlrq dftxlvlwlrq

dqg srwhqwldoo| pdq| �0wudghuv/ lw pljkw dovr eh wkh fdvh wkdw wkh qxpehu ri wudghuv

lqwhuhvwhg lq dftxlulqj d vljqdo derxw B
� lqfuhdvhv li wkh lqirupdwlrq prqrsrolvw vhoov

shuvrqdol}hg vljqdov1 Wkh uroh ri pxowlsoh wudghuv lv glvfxvvhg lq wkh qh{w vxevhfwlrq1

716 Pxowlsoh Wudghuv

Lq uhdolw| wkhuh duh pdq| lqiruphg wudghuv dfwlyh lq wkh pdunhw1 Rqh txhvwlrq zklfk pljkw

dulvh lv zkhwkhu wkh uhvxowv ghulyhg lq Vhfwlrq 5 dovr krog lq d vhwwlqj zlwk pdq| lqiruphg

wudghuv1 Ehiruh lqfuhdvlqj wkh qxpehu ri wudghuv ohw xv lqyhvwljdwh zkdw glvwlqjxlvkhv

wudghu � zkr uhfhlyhg d vljqdo derxw B� iurp wudghu � zkr uhfhlyhg d vljqdo derxw B�1

Lq wkh vhwwlqj ghvfulehg hduolhu/ wudghu �*v sulru nqrzohgjh ri hyhqw � fdxvhv klp wr wudgh

iru vshfxodwlyh dv zhoo dv pdqlsxodwlyh uhdvrqv1 Krzhyhu/ wudghu � grhv qrw dfw vshfx0

odwlyho| ru pdqlsxodwlyho| lq | ' 2 ghvslwh klv sulru nqrzohgjh ri wkh iruwkfrplqj sxeolf

dqqrxqfhphqw derxw hyhqw � lq | ' �1 Qhlwkhu wkh wlplqj shu vh qru wkh idfw wkdw wudghu

� jrw d suhflvh vljqdo derxw B� 0 zklfk lv sxeolfo| dqqrxqfhg lq | ' � 0 fdq h{sodlq wkh

gl�huhqfh1 Wudghu � vwloo zrxog qrw vshfxodwh ru wu| wr pdqlsxodwh wkh sulfh hyhq li klv

vljqdo lv lpsuhflvh/ l1h1 B� n 0�1 Wklv lv lq vslwh ri wkh idfw wkdw wkh lpsuhflvlrq ri wudghu

�*v vljqdo lv qhfhvvdu| iru wudghu �*v ehkdylru1 Wkh glvwlqfwlyh ihdwxuh lv wkdw zkhq B�

lv sxeolfo| dqqrxqfhg lq | ' 2/ R� vwloo fduulhv vrph lqirupdwlrq iru pdunhw sduwlflsdqwv/

zklfk lqgxfhv wkhp wr frqgxfw whfkqlfdo dqdo|vlv1 Wklv/ lq wxuq/ pdnhv lw zruwkzkloh

iru wudghu � wr pdqlsxodwh R�1 Rq wkh rwkhu kdqg/ zkhq B
� lv dqqrxqfhg/ qhlwkhu R�

qru R2 fduu| dq| dgglwlrqdo lqirupdwlrq1 Vlqfh hyhu|erg| nqrzv wkh wuxh ydoxh ri wkh

vwrfn/ � ' B� n B�/ qrerg| wudghv frqglwlrqdo rq R21 Wkxv wudghu � kdv qr lqfhqwlyh wr

pdqlsxodwh wkh sulfh lq | ' 21

Kdylqj xqghuvwrrg wklv fuxfldo glvwlqfwlrq/ ohw xv �uvw dqdo|}h wkh lpsdfw ri lqfuhdvlqj

wkh qxpehu ri wudghuv zkr uhfhlyh vrph lqirupdwlrq derxw B� lq | ' �/ dqg wkhq lqfuhdvh

wkh qxpehu ri wudghuv zkr fdq srwhqwldoo| dfw pdqlsxodwlyho| lq htxloleulxp1 Li wkhuh duh

pdq| lqiruphg �0wudghuv zkr uhfhlyh gl�huhqw vljqdov B�n0��/ � 5 i�c ���c Uj wkh| kdyh dq
dgglwlrqdo lqfhqwlyh wr frqgxfw whfkqlfdo dqdo|vlv1 Lq | ' 2 wkh| qrw rqo| gudz lqihuhqfhv

iurp sulfh R� lq rughu wr lpsuryh wkhlu iruhfdvw ri wudghu �*v iruhfdvw/ wkh| dovr wu| wr

ohduq pruh derxw wkh ixqgdphqwdo ydoxh B� 1 Wkh| wu| wr lqihu hdfk rwkhuv* B�0vljqdo iurp

R� dowkrxjk wkh| nqrz wkdw wkh sdvw sulfh R� lv shuwxuehg e| wkh 00huuru whup1 Wklv pdnhv
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pdqlsxodwlrq ri R� hyhq pruh h�hfwlyh dqg/ frqvhtxhqwo|/ wudghu � vshfxodwhv dqg wudghv

wr pdqlsxodwh wkh sulfh1 Rq wkh rwkhu kdqg/ wudghu � frpshwhv zlwk d odujhu qxpehu ri

� wudghuv lq wkh vhfrqg wudglqj urxqg/ zklfk uhgxfhv wkh h{shfwhg fdslwdo jdlqv lq | ' 2

dqg wkxv wkh lqfhqwlyh wr pdqlsxodwh145

Lq wkh frqwh{w ri uxpruv/ lw pd| eh kdug wr hqylvlrq dq lqirupdwlrq vwuxfwxuh zkhuh

rqo| d vlqjoh wudghu uhfhlyhv vrph ydjxh lqirupdwlrq derxw d iruwkfrplqj sxeolf dq0

qrxqfhphqw1 Lqvwhdg/ wkhuh frxog eh pdq| wudghuv zkr uhfhlyh vrph vljqdo1 Lq d vhwwlqj

lq zklfk doo hduo|0lqiruphg wudghuv uhfhlyh wkh vdph vljqdo zlwk d frpprq qrlvh frpsr0

qhqw/ B�n 0/ pdqlsxodwlyh wudglqj dqg vshfxodwlrq vwloo rffxu/ exw wr d ohvvhu ghjuhh1 Lw lv

hdv| wr vhh wkdw dv wkh qxpehu ri �0wudghuv frqyhujhv wr lq�qlw|/ vshfxodwlyh wudglqj vwloo

rffxuv zkhuhdv pdqlsxodwlyh wudglqj ydqlvkhv1 Wkh uhdvrq lv wkdw doo �0wudghuv wu| wr iuhh

ulgh rq wkh pdqlsxodwlyh dfwlylw| ri wkh rwkhu pdqlsxodwruv1 Pdqlsxodwlrq lv frvwo| exw

ehqh�wv doo rwkhu �0wudghuv lq wkh vhfrqg wudglqj urxqg1 Ixuwkhupruh/ d odujhu qxpehu

ri �0wudghuv dovr hqkdqfhv wkh frpshwlwlrq lq wkh vhfrqg wudglqj urxqg1 Wklv orzhuv wkh

h{shfwhg fdslwdo jdlqv lq | ' 2 dqg khqfh wkh lqfhqwlyh wr pdqlsxodwh lq | ' �1

D uxpru lv suredeo| ehvw ghvfulehg e| dq lqirupdwlrq vwuxfwxuh zkhuh pdq| �0wudghuv

uhfhlyh lqglylgxdo vljqdov B� n 0n 1
�� zlwk d frpprq dqg d sulydwh qrlvh whup1 Iru h{0

dpsoh/ wklv lv wkh fdvh li hyhu| uhflslhqw ri d uxpru lqwhusuhwv lw voljkwo| gl�huhqwo|1 Hyhq

li doo uhflslhqwv djuhh rq wkh lqirupdwlrqdo frqwhqw ri wkh uxpru/ wkh| fdq vwloo glvdjuhh rq

krz lw lpsdfwv wkh ixqgdphqwdo ydoxh ri wkh vwrfn1 Wkh sulydwh qrlvh whup 1�� doohyldwhv

wkh iuhh ulghu sureohp1 Rq wkh rwkhu kdqg dv wkh qxpehu ri wudghuv zkr khdu derxw wkh

uxpru lqfuhdvhv/ wkh sulfh lpsdfw ri wkh 1��0whupv glplqlvkhv1 Lq dgglwlrq/ 1�� glvwruwv

wudghu ��*v hvwlpdwh ri 01

Lq vxppdu|/ wklv glvfxvvlrq vxjjhvwv wkdw d uxpru ohdgv wr pruh vshfxodwlrq dv zhoo

dv wr pruh pdqlsxodwlyh wudglqj1 Wkh odwwhu/ krzhyhu/ rqo| rffxuv dv orqj dv wkh uxpru

lv qrw zlgho| vsuhdg dprqj pdq| wudghuv1

8 Frqfoxvlrq

Dq xqghuvwdqglqj ri wudglqj sdwwhuqv lv hvvhqwldo iru ghwhfwlqj lqvlghu wudglqj dqg hi0

ihfwlyho| hqiruflqj uhjxodwru| phdvxuhv1 Wklv dqdo|vlv xqfryhuhg wkuhh qryho ihdwxuhv ri

lqvlghu wudglqj e| dsso|lqj d pruh uhdolvwlf lqirupdwlrq vwuxfwxuh1 Zh ghprqvwudwh wkdw

+l, lqvlghuv kdyh dq lqirupdwlrqdo dgydqwdjh hyhq diwhu wkh sxeolf dqqrxqfhphqw> +ll,

wkh| wudgh yhu| djjuhvvlyho| sulru wr wkh sxeolf dqqrxqfhphqw lq rughu wr pdqlsxodwh

wkh rwkhuv* sulfh vljqdo> dqg +lll, wkh| sduwldoo| xqzlqg wkhlu srvlwlrq diwhu wkh sxeolf

dqqrxqfhphqw1

45Dq hduolhu yhuvlrq ri wklv sdshu lqfoxghg pxowlsoh E0wudghuv lq wkh lqirupdwlrq vwuxfwxuh1 Zh irxqg

wkdw wkh dqdo|vlv lv prvw wudfwdeoh li rqh dvvxphv wkdw 4

L

S
L

l
%El @ 3/ l1h1 wkh dyhudjh ri E0vljqdov lv �E1

D vnhwfk ri wkh surri iru wkh pxowlsoh wudghu fdvh lv dydlodeoh iurp wkh dxwkru rq uhtxhvw1
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Lw lv zhoo xqghuvwrrg wkdw lqvlghu wudglqj w|slfdoo| uhgxfhv ulvn vkdulqj dqg doorfdwlyh

h!flhqf|1 Wklv dqdo|vlv vkrzv wkdw lqvlghu wudglqj dovr uhgxfhv lqirupdwlrqdo h!flhqf| ri

sulfhv lq wkh orqj uxq1 Li wkh hduo|0lqiruphg wudghu kdsshqv wr eh d frusrudwh lqvlghu/ rxu

dqdo|vlv r�huv dgglwlrqdo vxssruw iru wkh Vkruw Vzlqj Uxoh +Uxoh 49 e ri wkh VHD,1 Wklv

uxoh surklelwv frusrudwh lqvlghuv wr sur�w iurp ex|lqj dqg vhoolqj wkh vdph vhfxulw| zlwklq

d shulrg ri vl{ prqwkv dqg wkxv ghsulyhv frusrudwh lqvlghuv wkhlu wkhruhwlfdoo| rswlpdo

wudglqj vwudwhj|1

Vrph ixuwkhu h{whqvlrqv ri wklv dqdo|vlv frph wr plqg1 D kljkhu rughu xqfhuwdlqw|

prgho frxog eh xvhg wr dgguhvv wkh vdph txhvwlrqv1 Krzhyhu/ wkhvh prghov whqg wr eh

hlwkhu yhu| vlpsolvwlf ru yhu| lqwudfwdeoh1 Wkh vdph dqdo|vlv frxog dovr eh frqgxfwhg lq

d gl�huhqw iudphzrun zkhuh wkh pdunhw pdnhu vhwv elg dqg dvn sulfhv ehiruh wkh rughu

ri d wudghu duulyhv/ h1j1 d vhwwlqj ä od Jorvwhq +4<;<,1 Suholplqdu| dqdo|vlv vxjjhvwv

wkdw vxfk d vhwwlqj zrxog |lhog vlplodu rxwfrphv1 Dgglwlrqdo lqvljkwv frxog eh rewdlqhg

e| hqgrjhql}lqj wkh lqirupdwlrq dftxlvlwlrq surfhvv1 Iru h{dpsoh/ wudghuv pljkw olnh

wr frpplw wkhpvhoyhv wr sxufkdvh ohvv suhflvh vljqdov1 Lw zrxog dovr eh lqwhuhvwlqj wr

ghwhuplqh zkhq lw lv pruh sur�wdeoh wr ex| lpsuhflvh lqirupdwlrq derxw d iruwkfrplqj

dqqrxqfhphqw dqg zkhq lw lv pruh oxfudwlyh wr dftxluh orqj0olyhg lqirupdwlrq1 Wkh sdshu

looxvwudwhv wkdw lqirupdwlrq ohdndjh uhgxfhv lqirupdwlrqdo h!flhqf|/ exw lw grhv qrw pdnh

dq| qrupdwlyh zhoiduh vwdwhphqwv1 Lq rughu wr frqgxfw d zhoiduh dqdo|vlv/ rqh kdv wr

hqgrjhql}h wkh wudglqj dfwlylwlhv ri wkh oltxlglw| wudghuv1 Iru h{dpsoh/ rqh frxog frqvlghu

ulvn0dyhuvh xqlqiruphg lqyhvwruv zkr duh hqjdjhg lq d sulydwh lqyhvwphqw surmhfw1 Li wkh

uhwxuqv ri wkhvh sulydwh lqyhvwphqw surmhfwv duh fruuhodwhg zlwk wkh ydoxh ri vwrfn/ wkh|

wudgh iru khgjlqj uhdvrqv hyhq wkrxjk wkh| idfh wudglqj frvwv1 D wkrurxjk zhoiduh dqdo|vlv

zrxog doorz xv wr hydoxdwh lqvlghu wudglqj odzv pruh h{solflwo|1 Exw wkhvh duh doo wdvnv iru

wkh ixwxuh1
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Hfrqrplfv/ 47/ :4�4331

Jurvvpdq/ V1 M1/ dqg M1 H1 Vwljolw} +4<;3,= �Rq wkh Lpsrvvlelolw| ri Lqirupdwlrqdoo|

H!flhqw Pdunhwv/� Dphulfdq Hfrqrplf Uhylhz/ :3/ 6<6�73;1

Juxqg|/ E1 G1/ dqg P1 PfQlfkrov +4<;<,= �Wudgh dqg Uhyhodwlrq ri Lqirupdwlrq

wkurxjk Sulfhv dqg Gluhfw Glvforvxuh/� Uhylhz ri Ilqdqfldo Vwxglhv/ 5/ 7<8�8591
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Kluvkohlihu/ G1/ D1 Vxeudkpdq|dp/ dqg V1 Wlwpdq +4<<7,= �Vhfxulw| Dqdo|vlv dqg

Wudglqj Sdwwhuqv Zkhq Vrph Lqyhvwruv Uhfhlyh Lqirupdwlrq Ehiruh Rwkhuv/� Mrxuqdo

ri Ilqdqfh/ 7</ 4998�49<;1

Kxggduw/ V1/ M1 V1 Kxjkhv/ dqg F1 Ohylqh +5333,= �Sxeolf Glvforvxuh dqg Glvvlpx0

odwlrq ri Lqvlghu Wudghv/� Hfrqrphwulfd +iruwkfrplqj,1

Mdfnvrq/ P1 R1 +4<<4,= �Htxloleulxp/ Sulfh Irupdwlrq dqg wkh Ydoxh ri Sulydwh Lqiru0

pdwlrq/� Uhylhz ri Ilqdqfldo Vwxglhv/ 7/ 4�491

Mrkq/ N1/ dqg U1 Qdud|dqdq +4<<:,= �Pdunhw Pdqlsxodwlrq dqg wkh Uroh ri Lqvlghu

Wudglqj Uhjxodwlrqv/� Mrxuqdo ri Exvlqhvv/ :3/ 54:�57:1

Nh|qhv/ M1 P1 +4<69,= Wkh Jhqhudo Wkhru| ri Hpsor|phqw/ Lqwhuhvw dqg Prqh|1

Pdfploodq/ Orqgrq1

Nxpdu/ S1/ dqg G1 M1 Vhssl +4<<5,= �Ixwxuhv Pdqlsxodwlrq zlwk �Fdvk Vhwwohphqw%/�

Mrxuqdo ri Ilqdqfh/ 7:+7,/ 47;8�48351

N|oh/ D1 V1 +4<;8,= �Frqwlqxrxv Dxfwlrqv dqg Lqvlghu Wudglqj/� Hfrqrphwulfd/ 86/

4648�46681

R*Kdud/ P1 +4<<8,= Pdunhw Plfurvwuxfwxuh Wkhru|1 Eodfnzhoo Sxeolvkhuv/ Fdpeulgjh/

PD1

Sdjdqr/ P1/ dqg D1 Uùhoo +4<<6,= �Iurqw0uxqqlqj dqg Vwrfn Pdunhw Oltxlglw|/� lq Il0

qdqfldo Pdunhwv* Olehudolvdwlrq dqg wkh Uroh ri Edqnv/ hg1 e| Y1 Frqwl/ dqg U1 Kdpdxl/

ss1 4:;�4<<1 Fdpeulgjh Xqlyhuvlw| Suhvv1

Wuh|qru/ M1 O1/ dqg U1 Ihujxvrq +4<;8,= �Lq Ghihqvh ri Whfkqlfdo Dqdo|vlv/� Mrxuqdo

ri Ilqdqfh/ 73/ :8:�::81

Ylod/ M10O1 +4<;<,= �Vlpsoh Jdphv ri Pdunhw Pdqlsxodwlrq/� Hfrqrplfv Ohwwhuv/ 5</

54�591

Ylwdoh/ S1 +4<<:,= �Vshfxodwlyh Qrlvh Wudglqj dqg Pdqlsxodwlrq lq wkh Iruhljq H{0

fkdqjh Pdunhw/� Plphr/ Orqgrq Vfkrro ri Hfrqrplfv1
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