
Vwdwh Pdqlsxodwlrq dqg Dv|pswrwlf Lqh!flhqf| lq d

G|qdplf Prgho ri Prqhwdu| Srolf|�

Khquln Mhqvhq

Xqlyhuvlw| ri Frshqkdjhq/ FHSU dqg HSUX|

Ehq Orfnzrrg

Xqlyhuvlw| ri Zduzlfn dqg FHSU}

Wklv yhuvlrq= Pdufk 5333

Devwudfw

Rqh vroxwlrq wr wkh wlph0lqfrqvlvwhqf| sureohp ri prqhwdu| srolf| uhvwv rq d vlpsoh

iron wkhruhp ri uhshdwhg jdphv zklfk vwdwhv wkdw Sduhwr0h!flhqw rxwfrphv fdq eh

dfklhyhg li ghyldwlrqv duh sxqlvkhg e| d uhyhuvlrq wr Qdvk htxloleulxp ehkdylru/

surylghg wkdw sod|huv duh vx!flhqwo| sdwlhqw1 Zh vkrz lq d g|qdplf yhuvlrq ri d

zhoo0nqrzq prqhwdu| srolf| jdph wkdw vxfk �dv|pswrwlf h!flhqf|� pd| qrw krog/

dv wkh suhvhqfh ri d vwdwh yduldeoh lqwurgxfhv dq lqfhqwlyh iru vwdwh pdqlsxodwlrq1

Wkh vroxwlrq pd| wkhuhiruh qrw zrun/ qr pdwwhu krz iruzdug orrnlqj lv wkh prqhwdu|

dxwkrulw|1

Nh|zrugv= Prqhwdu| srolf|> wlph0lqfrqvlvwhqf|> fuhglelolw|> xqhpsor|phqw shu0

vlvwhqfh> g|qdplf jdphv1

MHO= F:6/ H851

�Zh wkdqn wkh iroorzlqj iru khosixo glvfxvvlrqv dqg frpphqwv rq hduolhu yhuvlrqv ri wklv sdshu= Udedk

Dplu/ Nhq Elqpruh/ Mrkq Gul!oo/ Pdufxv Ploohu/ Wruvwhq Shuvvrq/ Fkulvwldq Vfkxow}/ Oduv H1 R1 Vyhqv0

vrq/ Wruehq Wudqév/ dqg vhplqdu sduwlflsdqwv dw Fhqwhu iru Ilqdqfldo Vwxglhv +Xqlyhuvlw| ri Iudqnixuw,/

Lqvwlwxwh iru Lqwhuqdwlrqdo Hfrqrplfv Vwxglhv +Vwrfnkrop Xqlyhuvlw|,/ Orqgrq Vfkrro ri Hfrqrplfv/ Xql0

yhuvlw| ri Frshqkdjhq/ wkh 4<<; Hxurshdq Hfrqrplf Dvvrfldwlrq Frqihuhqfh +Ehuolq,/ dqg wkh 4<<; Ur|do

Hfrqrplf Vrflhw| Frqihuhqfh +Zduzlfn,1 Doo uhvsrqvlelolw| iru wkh iroorzlqj/ krzhyhu/ lv rxuv1 Mhqvhq

dfnqrzohgjhv �qdqfldo vxssruw iurp HSUX +wkh dfwlylwlhv ri HSUX lv �qdqfhg e| d judqw iurp wkh Gdqlvk

Qdwlrqdo Uhvhdufk Irxqgdwlrq,1
|Fruuhvsrqglqj dxwkru1 Pdlolqj dgguhvv= Lqvwlwxwh ri Hfrqrplfv/ Xqlyhuvlw| ri Frshqkdjhq/

Vwxglhvwudhgh 9/ GN04788 Frshqkdjhq N/ Ghqpdun1 H0pdlo= Khquln1MhqvhqChfrq1nx1gn1 Zhe=

zzz1hfrq1nx1gn2shuvrqdo2khqulnm21
}Pdlolqj dgguhvv= Ghsduwphqw ri Hfrqrplfv ) FVJU/ Xqlyhuvlw| ri Zduzlfn/ Fryhqwu| FY7 :DO/

Hqjodqg1



41 Lqwurgxfwlrq

Iroorzlqj N|godqg dqg Suhvfrww +4<::, dqg Fdoyr +4<:;,/ fuhglelolw| ri prqhwdu| srolf|

kdv uhfhlyhg hqruprxv dwwhqwlrq1 Wkhvh dxwkruv ghprqvwudwhg wkh wlph0lqfrqvlvwhqf| ri dq

h{ dqwh rswlpdo srolf| sodq zkhq srolf|pdnhuv kdyh erwk wkh rssruwxqlw| dqg wkh lqfhqwlyh

wr ghyldwh iurp wkh sodq diwhu sulydwh0vhfwru h{shfwdwlrqv duh iruphg1 Lq frqvhtxhqfh/ lq

wkhvh flufxpvwdqfhv/ wkh sodq odfnv fuhglelolw|1 Wkh prvw fhoheudwhg h{dpsoh ri wklv vruw

lv wkh Eduur dqg Jrugrq +4<;6, +EJ, srolf| jdph zkhuhlq wkh prqhwdu| dxwkrulw| kdv

wkh lqfhqwlyh wr ghfuhdvh xqhpsor|phqw wkurxjk vxusulvh lq dwlrq e| h{sorlwlqj d vkruw0

uxq Skloolsv0fxuyh uhodwlrqvkls1 Xqghu udwlrqdo h{shfwdwlrqv/ krzhyhu/ wklv lqfhqwlyh lv

dqwlflsdwhg dqg wkh hfrqrp| hqgv xs zlwk dq lq dwlrq eldv1 Ghvslwh lwv vlpsolflw|/ wklv

prgho kljkoljkwv d edvlf sureohp/ qdpho| krz fdq wkh prqhwdu| dxwkrulw| ryhufrph wlph0

lqfrqvlvwhqf| dqg vhfxuh fuhglelolw| ri h!flhqw prqhwdu| srolf|B4

Vlqfh srolf| lqwhudfwlrqv duh uduho| ri d rqh0vkrw qdwxuh/ dq dsshdolqj uhvroxwlrq ri wklv

sureohp dfnqrzohgjhv wkdw li wkh lpphgldwh jdlq ri ghyldwlrq grhv qrw rxwzhljk wkh +glv0

frxqwhg, ixwxuh frvwv dvvrfldwhg zlwk orvw fuhglelolw|/ wkh rswlpdo sodq ehfrphv fuhgleoh1

Wklv frqirupv zlwk zhoo0nqrzq iron wkhruhp uhvxowv ri lq�qlwho| uhshdwhg jdph wkhru|

zklfk vwdwh wkdw zkhq sod|huv duh vx!flhqwo| sdwlhqw/ h!flhqw rxwfrphv duh dwwdlqdeoh lq

d qrq0frrshudwlyh htxloleulxp15 EJ dovr ghprqvwudwhg wklv dv|pswrwlf h!flhqf| xvlqj d

sduwlfxoduo| vlpsoh iron wkhruhp zkhuh wkh orvv ri fuhglelolw| iroorzlqj ghyldwlrq uh hfwv

d uhyhuvlrq wr wkh Qdvk htxloleulxp ri wkh vwdjh jdph � ihdwxulqj wkh lq dwlrq eldv �

iru d qxpehu ri shulrgv1 Wklv vr0fdoohg Qdvk sxqlvkphqw kdv dsshdo iru d qxpehu ri

uhdvrqv1 Lw lv vlpsoh dqg fuhgleoh +sod|huv duh zloolqj wr fduu| lw rxw zkhq uhtxluhg,/ dqg

prvw lpsruwdqwo|/ lq prghov zkhuh wkh �sxqlvkphqw� lqyroyhv wkh sulydwh vhfwru fkdqj0

lqj h{shfwdwlrqv/ lw lv d qdwxudo �irfdo srlqw� iru h{shfwdwlrqv irupdwlrq1 Lw lv wkhuhiruh

qrw vxusulvlqj wkdw wkh ydvw olwhudwxuh rq iron wkhruhp uhvroxwlrqv ri wlph0lqfrqvlvwhqf|

sureohpv kdv prvwo| irfxvhg rq wkh uhvxowlqj Qdvk0wkuhdwv htxloleuld +QWH,1 Iru h{dpsoh/

do0Qrzdlkl dqg Ohylqh +4<<7,/ Edoo +4<<8,/ Hoolv dqg Kroghq +4<<:,/ Khuuhqgrui +4<<:,/

Kruq dqg Shuvvrq +4<;;, doo frq�up/ lq yduldqwv ri wkh EJ prgho/ dv|pswrwlf h!flhqf|

ri QWH lq prqhwdu| srolf|16

Lw lv wkh sxusrvh ri wklv sdshu wr ghprqvwudwh wkdw wklv zlgho| dssolhg uhvroxwlrq pd|

qrw zrun li wkh edvlf EJprgho lv h{whqghg lq d qdwxudo dqg hpslulfdoo| uhohydqw zd|1 Pruh

4Vhh Shuvvrq dqg Wdehoolql +4<<<, iru d uhfhqw vxuyh| ri wkh olwhudwxuh wkdw iroorzhg EJ/ dqg Luhodqg

+4<<<, iru uhfhqw hfrqrphwulf hylghqfh iru d EJ edvhg h{sodqdwlrq ri lq dwlrq lq wkh XV iru wkh shulrg

4<930<:1
5Vhh/ h1j1/ Iulhgpdq +4<:4, dqg Ixghqehuj dqg Pdvnlq +4<;9,1
6Wkh irfxv rq QWH lv qrw frq�qhg wr wkh prqhwdu| fuhglelolw| olwhudwxuh1 Lw lv d ihdwxuh ri prvw pdfurh0

frqrplf prghov ri vwudwhjlf lqwhudfwlrq/ zkhuh iron wkhruhp dujxphqwv udwlrqdol}h h!flhqw htxloleuld1
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vshfl�fdoo|/ zh vkrz wkdw rswlpdo prqhwdu| srolf| pd| qhyhu eh dfklhydeoh wkurxjk Qdvk

sxqlvkphqw/ hyhq li wkh prqhwdu| dxwkrulw| ehfrphv duelwudulo| sdwlhqw1 L1h1/ dv|pswrwlf

lqh!flhqf| suhydlov1 Wkh h{whqvlrq zh frqvlghu lv wr doorz iru xqhpsor|phqw shuvlvwhqfh/

zklfk vhhpv kdugo| txhvwlrqdeoh jlyhq wkh xqhpsor|phqw h{shulhqfh ri Zhvwhuq hfrqrplhv

lq sdvw ghfdghv +vhh/ h1j1/ Od|dug hw do1/ 4<<8,1 Lqghhg/ rqh frxog dujxh wkdw jlyhq wkh

dxwruhjuhvvlyh ehkdylru ri rxwsxw dqg xqhpsor|phqw lq Zhvwhuq hfrqrplhv/ vwxg|lqj wkh

vwdwlf yhuvlrq ri wkh EJ prgho lv lqdssursuldwh1

Xqhpsor|phqw shuvlvwhqfh lqwurgxfhv d vwdwh yduldeoh +odjjhg xqhpsor|phqw, lqwr wkh

jdph zklfk wudqvirupv lw iurp d sxuho| uhshdwhg jdph wr d g|qdplf jdph1 Wklv fkdqjh

lv fuxfldo iru iron wkhruhp dujxphqwv1 Wkh uhdvrq lv wkdw zkhq d vwdwh yduldeoh lv suhvhqw/

sod|huv kdyh dq dgglwlrqdo lqfhqwlyh wr ghyldwh iurp dq djuhhg vhtxhqfh ri dfwlrqv/ dsduw

iurp wkdw shuwdlqlqj wr wkh lpphgldwh jdlq1 Lq sduwlfxodu/ wkurxjk ghyldwlrq/ d sod|hu fdq

d�hfw wkh vwdwh yduldeoh vr dv wr zhdnhq wkh h�hfw ri wkh vxevhtxhqw sxqlvkphqw1 Wklv lv

wkh lqfhqwlyh iru vwdwh pdqlsxodwlrq +fi1 Gxwwd/ 4<<8,1

Lq rxu vhwwlqj/ wkh prqhwdu| dxwkrulw| kdv wklv lqfhqwlyh1 Wr vhh wklv/ qrwh wkdw lq d

g|qdplf jdph/ wkh Qdvk sxqlvkphqw lv uhyhuvlrq wr wkh Pdunry0shuihfw htxloleulxp ri wkh

srolf| jdph iru d qxpehu ri shulrgv1 Dv vkrzq e| Orfnzrrg dqg Sklolssrsrxorv +4<<7,

wkh lq dwlrq eldv lq wklv Pdunry0shuihfw htxloleulxp lv vwdwh0ghshqghqw lq wkh vhqvh wkdw

orzhu odjjhg xqhpsor|phqw lpsolhv d orzhu fxuuhqw lq dwlrq eldv/ dqg wkhuhiruh d kljkhu

sd|r� lq wkh Pdunry0shuihfw htxloleulxp1

Qrz vxssrvh wkdw wkh prqhwdu| dxwkrulw| ghyldwhv iurp dq djuhhg ohyho ri lq dwlrq/

wkxv uhgxflqj fxuuhqw xqhpsor|phqw1 Gxh wr shuvlvwhqfh/ wklv dovr uhgxfhv xqhpsor|phqw

lq vxevhtxhqw shulrgv/ dqg wkhuhe| ixwxuh lq dwlrq eldvhv zklfk/ lq h�hfw/ gdpshqv wkh

sxqlvkphqw1 Vr/ wkh dxwkrulw| fohduo| kdv dq dgglwlrqdo lqfhqwlyh wr uhgxfh fxuuhqw xqhp0

sor|phqw e| lqfuhdvlqj lq dwlrq lq frpsdulvrq zlwk wkh frqyhqwlrqdo EJ prgho zlwkrxw

shuvlvwhqfh1 Dv zh vkrz/ wklv vwdwh pdqlsxodwlrq lqfhqwlyh pd| eh vwurqj hqrxjk wr fdxvh

dv|pswrwlf lqh!flhqf|17

Qrwh wkdw wkh deryh dujxphqwv lpso| wkdw wkh lqfhqwlyh iru vwdwh pdqlsxodwlrq zloo

eh vwurqjhu/ wkh ohvv lq dwlrq0dyhuvh wkh dxwkrulw| lv/ dv wkh frvw ri vwdwh pdqlsxodwlrq

� kljkhu fxuuhqw lq dwlrq � wkhq lv orzhu1 Wklv dovr wxuqv rxw wr eh wkh fdvh/ dv rxu

pdlq uhvxow/ Sursrvlwlrq 4/ vkrzv wkdw dv|pswrwlf lqh!flhqf| rffxuv zkhq wkh prqhwdu|

dxwkrulw| lv qrw wrr lq dwlrq dyhuvh1 Khqfh/ vxfk dq dxwkrulw|/ qr pdwwhu krz sdwlhqw lw

lv/ fdq qhyhu fuhgleo| uhgxfh lq dwlrq wr wkh vrfldoo| rswlpdo ohyho1

7Pruhryhu/ zh vkrz e| d qxphulfdo h{dpsoh wkdw wkh prqhwdu| dxwkrulw| pd| qrw hyhq jhw forvh wr

wkh rswlpdo srolf| lq d QWH dv glvfrxqwlqj ehfrphv duelwudulo| orz/ l1h1/ wkh pdjqlwxgh ri wkh dv|pswrwlf

lqh!flhqf| pd| eh txlwh vljql�fdqw1
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Iron wkhruhp uhvroxwlrqv kdyh ehhq uljkwixoo| fulwlfl}hg rq d qxpehu ri jurxqgv18 Shu0

kdsv iru wkhvh uhdvrqv/ pxfk uhfhqw uhvhdufk rq prqhwdu| fuhglelolw| kdv lqvwhdg wdnhq dq

�lqvwlwxwlrqdo dssurdfk� zkhuh ydulrxv lqfhqwlyh vfkhphv iru lqghshqghqw fhqwudo edqnhuv

duh h{dplqhg +wklv olqh ri uhvhdufk ruljlqdwhg zlwk Urjr�/ 4<;8,1 Dv dujxhg e| PfFdooxp

+4<<8,/ krzhyhu/ wkhvh ghohjdwlrq wkhrulhv gr qrw surylgh d vdwlvi|lqj uhvroxwlrq ri fuhgl0

elolw| sureohpv1 Wkh uhdvrq lv wkdw wkh jryhuqphqw dozd|v kdv wkh lqfhqwlyh wr fkdqjh wkh

ghohjdwlrq vfkhph diwhu h{shfwdwlrqv kdyh ehhq iruphg1 Khqfh/ wkh fuhglelolw| sureohp lv

phuho| �uhorfdwhg� iurp wkh prqhwdu| srolf|pdnlqj vwdjh wr wkh ghohjdwlrq vwdjh1 Wkh

qhhg iru h{dplqlqj h{solflw suhfrpplwphqw whfkqrorjlhv � olnh iron wkhruhp uhvroxwlrqv

� wkhuhiruh uhpdlqv1 Vrph zrun rq iron wkhruhp uhvroxwlrqv lq ghohjdwlrq prghov zlwk0

rxw xqhpsor|phqw shuvlvwhqfh kdv douhdg| hphujhg/ vhh do0Qrzdlkl dqg Ohylqh +4<<9,/

Khuuhqgrui +4<<;, dqg Mhqvhq +4<<:,/ exw doo zlwklq sxuho| uhshdwhg jdph iudphzrunv1

Lq ylhz ri wklv/ lw lv hylghqw wkdw rxu uhvxowv vkrxog eh ri eurdg lqwhuhvw iru wkh uhvroxwlrq

ri wlph0lqfrqvlvwhqf| sureohpv lq prqhwdu| srolf|1 Lq jhqhudo/ rxu uhvxowv surylgh dq

dowhuqdwlyh uhdvrq +dsduw iurp wkh �h{shfwdwlrqv frruglqdwlrq� dqg pxowlsolflw| sureohpv

uhihuuhg wr lq Irrwqrwh 8, zk| lw pd| qrw eh srvvleoh wr dfklhyh fuhgleoh prqhwdu| srolf|

yld iron wkhruhp phfkdqlvpv1 Lq sduwlfxodu/ rxu prgho wkxv suhglfwv wkdw sdwlhqfh +zklfk

frxog eh lqwhusuhwhg d kljk ghjuhh ri vwdelolw| lq srolf|pdnlqj/ vhh/ h1j1/ Fxnlhupdq/ hw

do1/ 4<<5, lv qr jxdudqwhh iru fuhglelolw| zkhq xqhpsor|phqw shuvlvwv1 Khqfh/ lw vhhpv

wkdw rqh fdqqrw hvfdsh wkh vlpsoh idfw wkdw vroylqj fuhglelolw| sureohpv pxvw lqyroyh

dwwdfnlqj wkhp dw wkhlu vrxufh/ zklfk lq wkh EJ prgho lv wkh vwuxfwxudo lqh!flhqflhv

fdxvlqj xqhpsor|phqw sureohpv19

Wkh uhvw ri wkh sdshu lv rujdql}hg dv iroorzv1 Wkh prgho dqg dvvrfldwhg g|qdplf

jdph duh suhvhqwhg lq Vhfwlrq 5 zklfk dovr fkdudfwhul}hv wkh g|qdplf htxlydohqw ri vwdjh

jdph htxloleulxp/ Pdunry0shuihfw htxloleulxp1 Wkh surshuwlhv ri QWH duh wkhq suhvhqwhg

lq vhfwlrq 6 zklfk frqwdlqv rxu pdlq uhvxow1 Vhfwlrqv 714 dqg 715 vwxg| wzr lpsruwdqw

h{whqvlrqv ri wkh edvlf prgho lq rughu wr dvvhvv wkh urexvwqhvv ri wkh pdlq uhvxow1 Vhfwlrq

8 frqfoxghv/ dqg wkh Dsshqgl{ frqwdlqv vrph surriv1

8Iluvw/ Qdvk sxqlvkphqw vxssruwv pxowlsoh srolflhv udqjlqj iurp wkh rswlpdo wr wkh lqh!flhqw vwdjh0

jdph Qdvk htxloleulxp srolf|1 Wklv pxowlsolflw|/ ri frxuvh/ olplwv wkh prgho*v suhglfwlyh surshuwlhv1 D

vhfrqg/ dqg uhodwhg srlqw/ lv krz wkh sulydwh vhfwru � suhvxpdeo| d srro ri dwrplvwlf lqglylgxdov �

pdqdjhv wr frruglqdwh h{shfwdwlrqv> qrw rqo| frqfhuqlqj zklfk QWH lq dwlrq udwh zloo suhydlo/ exw dovr

zlwk uhvshfw wr/ iru h{dpsoh/ wkh gxudwlrq ri wkh srwhqwldo sxqlvkphqw +wklv xqghuolqhv wkh dg krf surshuw|

ri wkh �irfdo srlqw� dujxphqw phqwlrqhg lq wkh pdlq wh{w,1 Vhh Urjr� +4<;<, iru d ghwdlohg glvfxvvlrq1
9Dowhuqdwlyho|/ rqh pxvw vhdufk iru htxloleuld exloglqj rq pruh �vhyhuh sxqlvkphqwv� wkdq Qdvk +fi1

Deuhx/ 4<;;,1 Zh glvfxvv wklv lvvxh ixuwkhu lq wkh frqfoxglqj vhfwlrq1
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51 Wkh Prgho

5141 Wkh g|qdplf jdph

Wkh prgho lv d g|qdplf yhuvlrq ri wkh EJ prgho dv ghyhorshg e| Orfnzrrg dqg Sklols0

srsrxorv +4<<7,1 Wkhuh duh wzr djhqwv/ dq dxwkrulw| uhvsrqvleoh iru prqhwdu| srolf| +wkh

PD,/ dqg wkh sulydwh vhfwru +SV,/ zklfk vhwv wkh qrplqdo zdjh1 Wkh lqwhudfwlrq ehwzhhq

wkhvh wzr hyroyhv ryhu dq lq�qlwh qxpehu ri shulrgv/ | ' �c 2c ���c41 Zlwklq d shulrg/ wkh

rughu ri hyhqwv lv dv iroorzv1 Iluvw/ wkh SV vhwv wkh +orj ri, wkh qrplqdo zdjh/ �|1 Wkhq/

kdylqj revhuyhg �|/ wkh PD vhwv wkh +orj ri, wkh sulfh ohyho R| khqfh ghwhuplqlqj wkh uhdo

zdjh1 Ilqdoo|/ wkh orj ri hpsor|phqw �| lv ghwhuplqhg iurp wkh oderu ghpdqg uhodwlrqvkls

�| ' �qE�| � R|�/ q : f1

Lw lv zhoo nqrzq wkdw lq wklv vhwwlqj/ dw | wkh dfwlrqv ri wkh PD dqg SV fdq eh wdnhq

wr eh dfwxdo dqg h{shfwhg udwhv ri lq dwlrq Z|/ Z
e
| / uhvshfwlyho|1 Wkh uhodwlrqvkls ehwzhhq

wkhvh dfwlrqv dqg +xq,hpsor|phqw dw wlph | ghshqgv rq wkh SV*v remhfwlyhv lq zdjh0vhwwlqj1

Zh dvvxph wkh iroorzlqj derxw wkhvh remhfwlyhv1 Dw |/ wkh SV kdv dq hpsor|phqw wdujhw

	�|/ l1h1/ lwv shu0shulrg orvv lv E�| � 	�|�
21 Iroorzlqj/ h1j1/ Eodqfkdug dqg Vxpphuv +4<;9,/

wkh wdujhw lv dvvxphg wr eh d frqyh{ frpelqdwlrq ri +orj ri, wkh oderu irufh/ ?/ dqg odvw

shulrg*v hpsor|hg/ �|3� +wkh �lqvlghuv�,= 	�| ' 4�|3�nE��4�?1 D srvlwlyh zhljkw f 	 4 	 �

rq �|3� lqglfdwhv �lqvlghu srzhu/� l1h1/ wkdw lqvlghuv kdyh d glvsursruwlrqdwh lq xhqfh rq

zdjh0vhwwlqj1 Wkh SV zloo wkhq vhw wkh qrplqdo zdjh wr plqlpl}h E�|� 	�|�
2/ jlyhq wkh oderu

ghpdqg vfkhgxoh dqg lwv h{shfwdwlrq ri wkh sulfh ohyho/ Re| / l1h1/ �| ' Re| �
	�|*q1 Lqvhuwlqj

wklv zdjh edfn lqwr wkh oderu ghpdqg vfkhgxoh/ wkhq hqdeohv xv wr zulwh xqhpsor|phqw/

�| � ?� �| dv

�| ' 4�|3� � qEZ| � Ze|�c | ' �c 2���c4c �f : f jlyhq/ +4,

zkhuh Z| � R| � R|3�/ Ze| � Re| � R|3�1 Qrwh wkdw 4 sdudphwhul}hv wkh shuvlvwhqfh ri

xqhpsor|phqw1

Lw uhpdlqv wr vshfli| wkh suhihuhqfhv ri wkh wzr djhqwv ryhu vhtxhqfhv ri xqhpsor|0

phqw/ lq dwlrq/ dqg h{shfwhg lq dwlrq/ E�|c Z|c Z
e
|�
"

|'�1 Dv xvxdo lq wklv olwhudwxuh wkhvh duh

h{suhvvhg lq whupv ri txdgudwlf orvv ixqfwlrqv1 Wkh orvv ri wkh PD lv=

u�� '
�

2
E�� B�

"[
|'�

B|3�
k
�2| n bZ2|

l
� +5,

Wklv ixqfwlrq lpsolhv wkdw wkh PD lq dq| shulrg glvolnhv hlwkhu xqhpsor|phqw ru lq dwlrq

gl�huhqw iurp }hur +lqfoxglqj vrph sduwlfxodu rswlpdo ydoxh iru wkh lq dwlrq udwh zrxog

7



qrw dgg dq|wklqj wr rxu dqdo|vlv,1 Sdudphwhu b : f txdqwl�hv wkh PD*v uhodwlyh frqfhuq

iru lq dwlrq dqg xqhpsor|phqw remhfwlyhv/ l1h1/ lw lv d phdvxuh ri lwv ghjuhh ri lq dwlrq

dyhuvlrq1 Wkh glvfrxqw idfwru lv f 	 B 	 �1 Ilqdoo|/ wkh orvv ri wkh SV lv dv iroorzv1 Xvlqj

+4,/ lwv shu0shulrg orvv fdq eh zulwwhq E�| � 	�|�
2 ' q2EZ| � Ze|�

2/ vr ljqrulqj wkh frqvwdqw

q2/ zh jhw

u�7 '
�

2
E�� B�

"[
|'�

B|3�EZ| � Ze|�
2� +6,

Htxdwlrqv +4,0+6, ixoo| ghvfuleh wkh glvfuhwh0wlph g|qdplf prqhwdu| srolf| jdph zlwk

vwdwh yduldeoh �|3�1
: Qrwh wkdw wkh vshfl�fdwlrq ri u�7 lpsolhv wkdw wkh ehvw uhvsrqvh ri

wkh SV wr Z| dw | lv Z
e
| ' Z|1 Wklv udwlrqdo h{shfwdwlrqv surshuw| lv dvvxphg wr krog lq dq|

htxloleulxp wr eh frqvlghuhg/ dqg lw lv wkhq fohdu e| +6, wkdw lq htxloleulxp u�7 ' f1 Wkh

lqwhuhvwlqj gl�huhqfhv dfurvv htxloleuld zloo wkhuhiruh eh lq whupv ri lq dwlrq shuirupdqfh

+lq wkdw uhvshfw rxu prgho grhv qrw gl�hu iurp wkh sxuho| uhshdwhg jdph,/ vr zh fdq irfxv

rq wkh ehkdylru ri wkh PD/ dqg iru vlpsolflw| zh gh�qh u�� � u1

5151 Lq dwlrq uxohv

Lq zkdw iroorzv/ zh zdqw wr h{dplqh zklfk vhtxhqfhv ri lq dwlrq udwhv fdq eh vxvwdlqhg

dv d QWH1 Zh uhvwulfw dwwhqwlrq wr sursruwlrqdo lq dwlrq uxohv zkhuh lq dwlrq lv d wlph0

lqyduldqw/ olqhdu ixqfwlrq ri wkh vwdwh yduldeoh/ l1h1/ Z| ' Z�|3� zkhuh Z fkdudfwhul}hv wkh

uxoh1; Lq d udwlrqdo h{shfwdwlrqv htxloleulxp lw iroorzv iurp +4, wkdw �| ' 4�|3�/ dqg wkh

htxloleulxp orvv wr wkh PD lq dq| shulrg | iurp dq lq dwlrq uxoh Z/ jlyhq vwdwh �|3�/ lv

wkhuhiruh/ e| +5,/ jlyhq dv=

uoEZ(�|3�� '
�

2
E�� B�

"[
|'�

B|3�
k
�2| n bZ2|

l
'

�

2
E�� B�

42 n bZ2

�� B42
�2|3�� +7,

Lw iroorzv lpphgldwho| iurp +7, wkdw wkh rswlpdo lq dwlrq uxoh iru wkh PD lv Z ' f/ zklfk

lv qrw vxusulvlqj lq d udwlrqdo h{shfwdwlrqv prgho zkhuh htxloleulxp xqhpsor|phqw hyroyhv

lqghshqghqwo| ri dfwxdo lq dwlrq1 Khqfh/ uoEf(�|3�� lv wkh h!flhqw orvv iru wkh PD1

Exw dv lv zhoo nqrzq/ ehkdylru ohdglqj wr wklv orvv pd| qrw eh fuhgleoh gxh wr wkh PD*v

lqfhqwlyhv wr uhgxfh xqhpsor|phqw e| udlvlqj lq dwlrq rqfh lq dwlrq h{shfwdwlrqv kdyh

ehhq vhw1 Jlyhq wkh lq�qlwh krul}rq ri wkh prgho/ frqyhqwlrqdo iron wkhruhp dujxphqwv ri

sxuho| uhshdwhg jdphv vxjjhvw wkdw Z ' f fdq eh fuhgleoh +vxssruwhg lq d QWH,/ dqg zh

:Dv lv e| qrz zhoo nqrzq/ gl�huhqw suhihuhqfhv ri wkh PD dqg SV duh qrw qhfhvvdu| wr jhqhudwh d

wlph0lqfrqvlvwhqf| sureohp lq prqhwdu| srolf|1 Vhh/ h1j1/ Luhodqg +4<<:, ru Qhlvv +4<<<, iru plfur0irxqghg

prghov zlwk d ehqhyrohqw prqhwdu| dxwkrulw| zkhuh dq lq dwlrq eldv dovr dulvhv1
;Dv wkh irfxv ri wklv sdshu lv rq wkh }hur lq dwlrq uxoh/ wklv lv zlwkrxw orvv ri jhqhudolw| dv wklv uxoh lv

fhuwdlqo| sursruwlrqdo1

8



duh wkhuhiruh pdlqo| lqwhuhvwhg lq hvwdeolvklqj wkh frqglwlrqv iru zklfk wklv pd| ru pd|

qrw eh wuxh lq wklv g|qdplf prgho1 Lq rughu wr gr wklv/ zh wxuq wr wkh vshfl�fdwlrq ri wkh

sxqlvkphqw skdvh ri wkh jdph1

5161 Pdunry0shuihfw htxloleulxp

Lq wkh sxuho| uhshdwhg jdph yhuvlrq ri wkh prgho/ wkh sxqlvkphqw lq wkh QWH lv d uhyhu0

vlrq wr wkh shuihfw Qdvk htxloleulxp ri wkh vwdjh jdph iru A shulrgv1 Lq d g|qdplf jdph/

krzhyhu/ wkhuh lv qr zhoo0gh�qhg vwdjh jdph/ exw wkh qdwxudo fruuhvsrqglqj Qdvk sxqlvk0

phqw lv uhyhuvlrq wr Pdunry0shuihfw Qdvk htxloleulxp +PSH, ehkdylru iru A shulrgv1<c43

Qrwh wkdw zh/ e| gh�qlwlrq/ uxoh rxw dq| frruglqdwlrq sureohpv lq h{shfwdwlrqv irupdwlrq

dqg zh duh wkhuhe| lq djuhhphqw zlwk Vwrnh| +4<;<, lq dvvxplqj wkdw wkh irup dqg ohqjwk

ri sxqlvkphqw e| wkh sulydwh vhfwru iroorzlqj ghyldqw ehkdylru ri wkh PD lv dq h{rjhqrxv

fkdudfwhulvwlf ri sulydwh vhfwru djhqwv1 Rxu hqvxlqj uhvxowv rq srwhqwldo dv|pswrwlf lqh!0

flhqf| zloo wkhuhiruh qrw uhvw rq wkh ydulrxv irupv ri frruglqdwlrq idloxuhv lq wkh sulydwh

vhfwru*v ehkdylru1

Zh qrz frqvlghu wkh PSH ri d A 0shulrg jdph/ vwduwlqj lq shulrg |/ zlwk lqlwldo ohyho ri

xqhpsor|phqw �|3�1 Htxloleulxp ehkdylru ri wkh PD lv ghvfulehg e| d uhdfwlrq ixqfwlrq

Z|EZ
e
|� gh�qhg dv

Z|EZ
e
| c �|3�� ' dujplq

Z|

�
�

2
E�� B� d�2| n bZ2| o n BuA3�E�|� v1w1 +4,/ Ze| jlyhq

�
c A : ��

+8,

Wkdw lv/ Z|EZ
e
| c �|3�� lv wkh ydoxh ri Z| wkdw plqlpl}hv wkh suhvhqw ydoxh ri orvvhv wr wkh

PD/ jlyhq wkdw orvvhv iurp |n� rqzdugv duh uA3�E�|�c zkhuh uA3�E�|� lv wkh suhvhqw ydoxh

ri ixwxuh orvvhv wr wkh PD lq d A � �0shulrg PSH/ jlyhq �|1 Gxh wr wkh olqhdu0txdgudwlf

vwuxfwxuh ri wkh prgho/ zh fdq wdnh uA E�|� wr eh txdgudwlf=

uA E�|� '
�A
2
�2| c +9,

zkhuh �A � f lv d sdudphwhu wr eh ghwhuplqhg1 Zh fdq qrz �qg wkh frqglwlrqv fkdudf0

whul}lqj wkh PSH1 Lw lv khosixo wr surfhhg lq wzr vwdjhv1 Iluvw/ �qg htxloleulxp ehkdylru

frqglwlrqdo rq �A 1 Vhfrqgo|/ vroyh iru �A 1

<Wklv lv dovr wkh srvlwlrq ri Fdyh +4<;:, lq d g|qdplf jdph ri uhvrxufh h{wudfwlrq1 Kh uhihuv wr wkh

PSH dv wkh vwdwxv txr dqwh/ dqg dujxhv wkdw lw kdv d qdwxudo fuhglelolw| dv d glvdjuhhphqw srlqw lq dq

xqghuo|lqj edujdlq +rqh zklfk/ ri frxuvh/ lv rqo| lpsolflw lq rxu prgho,1 Wklv dujxphqw lv vwuhqjwkhqhg

e| wkh idfw wkdw wkh PSH lq rxu prgho lv xqltxh +vhh ehorz, dqg wkhuhiruh lv d jrrg suhglfwlrq ri wkh

frqvhtxhqfhv ri glvdjuhhphqw1
43Lq d PSH/ fxuuhqw dfwlrqv +�w/ �

h

w
, duh frqvwudlqhg rqo| wr ghshqg rq wkh klvwru| ri sod| wkrxjk wkh

fxuuhqw ydoxh ri wkh vwdwh/ xw�4> vhh/ h1j1/ Ixghqehuj dqg Wluroh +4<<4, iru d pruh uljrurxv gh�qlwlrq1
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Shuiruplqj wkh plqlpl}dwlrq lq +8,/ zh rewdlq lq dwlrq dv d ixqfwlrq ri wkh vwdwh

yduldeoh dqg h{shfwhg lq dwlrq1 Xvlqj wkdw Ze| ' Z|/ fi1 Vhfwlrq 514/ zh wkhq ghulyh wkh

PD*v htxloleulxp ehkdylru/ frqglwlrqdo rq �A3�/ dv

Z| ' Z|E�|3�� '
q

b
+A3�4�|3�c A : �c +:,

zkhuh +A3� � � n �A3�B*E� � B� : f1 Qrwh wkdw zkhq �|3� : f/ Z| : f/ l1h1/ wkh PSH lv

fkdudfwhul}hg e| wkh idploldu lq dwlrq eldv gxh wr wkh PD*v h{ srvw lqfhqwlyh wr surgxfh

�vxusulvh� lq dwlrq dv lq wkh qrq0g|qdplf EJ prgho1 Qrwh wkdw lq wklv g|qdplf prgho/

wkh eldv lv vwdwh0ghshqghqw dv lw lqfuhdvhv zlwk �|3�1 Wklv lv ehfdxvh kljkhu xqhpsor|phqw

lqkhulwhg iurp wkh sdvw lqfuhdvhv wkh pdujlqdo ehqh�w ri dq lq dwlrq vxusulvh/ wkxv ohdglqj

wr d kljkhu htxloleulxp lq dwlrq udwh1 Wkh vhfrqg vwdjh lv wr vroyh iru +A +dqg wkxv �A ,1

Lq dsshqgl{ D lw lv ghprqvwudwhg wkdw zkhqhyhu

E�� 42�2 : e
q242

b
+D4,

krogv/ d xqltxh vroxwlrq wr +A h{lvwv iru doo B1 Zh wkhuhiruh dvvxph +D4, lq zkdw iroorzv1

Pruhryhu/ li d plog uhtxluhphqw rq Z lv vdwlv�hg +rqh wkdw grhv qrw elqg zkhq Z ' f> wkh

fdvh zh zloo eh prvw lqwhuhvwhg lq,/ wkh vroxwlrq wr +A lv xqltxh dqg erxqghg iru doo B/ A 1

61 Qdvk0wkuhdwv htxloleuld

Qrz zh h{dplqh lq ghwdlo zklfk lq dwlrq uxohv fdq eh vxssruwhg e| Qdvk sxqlvkphqwv/

l1h1/ eh sduw ri d QWH1 Fohduo|/ d uxoh Z lv d QWH uxoh li lw grhv qrw sd| iru wkh PD

wr ghyldwh iurp lw/ jlyhq wkdw d ghyldwlrq dw | lv sxqlvkhg e| uhyhuvlrq wr d PSH iru A

shulrgv/ iroorzhg e| uhyhuvlrq wr wkh uxoh dw |n A n � dqg rqzdugv1 Wr fkdudfwhul}h vxfk

uxohv/ wkh plqlpdo orvv iurp ghyldwlrq pxvw eh fdofxodwhg/ dqg lw vx!fhv wr frqvlghu wkh

plqlpdo orvv iurp d rqh0vkrw ghyldwlrq dw |1 Zh fdq h{suhvv wklv plqlpdo orvv dv d ixqfwlrq

ri wkh lq dwlrq uxoh dqg wkh vwdwh yduldeoh dv iroorzv=

u_EZ(�|3�� ' 4�?
)
|

�
�

2
E�� B�

k
�2| n b)2

|

l
n BuA E�|� n BAn�uoEZ( 4A�|�

v1w1 �| ' 4�|3� n qEZ�|3� � )|�
�
c +;,

zkhuh zh kdyh xvhg wkh idfw wkdw d ghyldwlrq dw | zloo lpso| xqhpsor|phqw ri 4A�| dw |nA 1

Fduu|lqj rxw wkh plqlpl}dwlrq lq +;,/ xvlqj +7, dqg +9,/ zh �qg diwhu vrph fdofxodwlrqv

+dydlodeoh xsrq uhtxhvw, wkdw

:



u_EZ(�|3�� '
�

2
E�� B�

bq2	+A
bn q2	+A

#
4

q
n Z

$2

�2|3�c +<,

	+A � +A n
EB42�

An�
n BAn�42AbZ2

�� B42
: f� +43,

Vr/ Z�A. 5 � lv d QWH uxoh li wkh orvv iurp wkh uxoh grhv qrw h{fhhg wkh orvv iurp ghyldwlrq

dw dq| shulrg ri wkh jdph +l1h1/ dw dq| ydoxh ri wkh vwdwh yduldeoh,/ l1h1/ l�

uoEZ�A.(�|3�� � u_EZ�A.(�|3��c �|3� ' 4|3��fc doo | ' �c 2c ��� +44,

Xvlqj +7, dqg +<,/ vlpsoli|lqj dqg fdqfhoolqj whupv lq +44,/ doorzv xv wr uhzulwh wkh frq0

glwlrq iru Z wr eh d QWH uxoh dv=

\oEZ�A.� �
42 n b

�
Z�A.

�2
�� B42

�
bq2	+A

bn q2	+A

#
4

q
n Z�A.

$2

� \_EZ�A.� +45,

Zlwk wklv vlpsol�fdwlrq/ zh fdq vwdwh rxu pdlq uhvxow=

Sursrvlwlrq 41 Vxssrvh wkdw wkh PD lv qrw wrr lq dwlrq dyhuvh/ b 	 q21 Wkhq/ qr pdwwhu

krz orqj wkh sxqlvkphqw shulrg/ dqg qr pdwwhu krz olwwoh glvfrxqwlqj/ dq| QWH lq dwlrq

uxoh lv xqlirupo| erxqghg deryh }hur/ l1h1/ iru vrph 0 : f/ Z�A. : 0/ doo B/ doo A 1

Surri1 Vhh Dsshqgl{ E1

Wkh sursrvlwlrq vkrzv wkdw qr pdwwhu krz orqj wkh sxqlvkphqw shulrg lv dqg qr pdwwhu

wkh ghjuhh ri sdwlhqfh ri wkh PD/ wkhq wkh }hur lq dwlrq uxoh fdqqrw eh dwwdlqhg wkurxjk

Qdvk sxqlvkphqwv1 Dv d fruroodu|/ wkh PD*v orvv fdq qhyhu dssurdfk wkh h!flhqw orvv1

Vr qrw hyhq lq wkh fdvh zkhuh B $ � zloo }hur lq dwlrq eh fuhgleoh1 Wkh suhvhqfh ri

vxfk dv|pswrwlf lqh!flhqf| lv vwulnlqjo| gl�huhqw wr wkh uhvxowv ri EJ dqg rwkhuv +fi1 wkh

uhihuhqfhv lq wkh Lqwurgxfwlrq,/ zkhuh wkh h!flhqw lq dwlrq uxoh lv dwwdlqdeoh +dw ohdvw,

dv|pswrwlfdoo| dv B $ � iru vrph shulrgv ri Qdvk sxqlvkphqw1

Dv vwuhvvhg lq wkh Lqwurgxfwlrq/ wkh idloxuh ri Qdvk sxqlvkphqwv lq rxu prgho lv fdxvhg

e| wkh g|qdplf qdwxuh ri wkh jdph dqg wkh dvvrfldwhg vwdwh pdqlsxodwlrq lqfhqwlyh1 Lq

sduwlfxodu/ lq wklv jdph/ li wkh PD ghyldwhv dw |/ wklv kdv frqvhtxhqfhv qrw rqo| iru

xqhpsor|phqw dw | dv lq wkh frqyhqwlrqdo qrq0g|qdplf fdvh/ exw lw zloo dovr d�hfw wkh

orvv gxulqj wkh sxqlvkphqw skdvh/ uA E�|�/ dv fxuuhqw xqhpsor|phqw lv qh{w shulrg*v vwdwh

yduldeoh1 Dqg vlqfh uA E�|� lv dq lqfuhdvlqj ixqfwlrq ri �|/ fi1 +9, ^ehfdxvh wkh lq dwlrq

eldv lq PSH lqfuhdvhv/ fi1 +:,`/ wkh PD kdv d vwdwh pdqlsxodwlrq lqfhqwlyh wr uhgxfh

xqhpsor|phqw dw |c lq dgglwlrq wr wkh lqfhqwlyh wr ghyldwh iru lpphgldwh jdlq1 Dv wklv

;



���������������������������������������

Sdudphwhu ghyldwlrq Qrqh q ' f�� q ' f�� 4 ' f�S 4 ' f�e b ' ��D b ' f�D
Z�A.2Z��. 317; 3178 317< 3158 3199 317< 3179

Wkh udwlr ri orzhvw QWH lq dwlrq uxoh wr wkh PSH lq dwlrq uxoh iru d edvholqh sdudphwhu
vhw/ q ' f�2c 4 ' f�D/ b ' �/ B $ �/ A $ 4/ dv zhoo dv ghyldwlrqv1

Wdeoh 4= Orzhvw QWH lq dwlrq uxoh yv1 PSH lq dwlrq uxoh
���������������������������������������

lqfhqwlyh ehfrphv vwurqjhu wr pruh wkh PD fduhv derxw wkh ixwxuh/ lw iroorzv wkdw d kljkhu

ydoxh ri B lqfuhdvhv wkh whpswdwlrq wr ghyldwh dv zhoo dv wkh sxqlvkphqw1 Wklv lv lq frqwudvw

wr wkh sxuho| uhshdwhg jdph zkhuh wkh whpswdwlrq wr ghyldwh lv lqghshqghqw ri B1 Wkh

sursrvlwlrq wkxv vkrzv wkdw li b 	 q2/ wkh vwdwh pdqlsxodwlrq lqfhqwlyh lv vx!flhqwo|

vwurqj vxfk wkdw wkh sxqlvkphqw qhyhu ghwhuv ghyldwlrq1

Wklv frqglwlrq kdv d qdwxudo lqwhusuhwdwlrq1 Wr uhgxfh �|/ lq dwlrq kdv wr eh lqfuhdvhg

dw d pdujlqdo frvw sursruwlrqdo wr b� Pruhryhu/ iurp +4,/ wkh ehqh�w lq whupv ri uhgxfhg

xqhpsor|phqw/ iurp d jlyhq lqfuhdvh lq lq dwlrq lv sursruwlrqdo wr q21 Rxu uhvxow wkxv

vd|v wkdw li wkh pdujlqdo frvw ri vwdwh pdqlsxodwlrq lv orz hqrxjk uhodwlyh wr wkh ehqh�w/

wkh lqfhqwlyh iru vwdwh pdqlsxodwlrq grplqdwhv wkh orvv iurp sxqlvkphqw hyhq dv B $ �1

Lw vkrxog eh qrwhg/ krzhyhu/ wkdw lq wkh surri zh kdyh qrw xvhg dq| nqrzohgjh derxw

wkh uhodwlrqvkls ehwzhhq wkh prgho*v sdudphwhuv dqg e+A > lqghhg wkh frqglwlrq b 	 q2 lv

rqo| d vx!flhqw frqglwlrq iru dv|pswrwlf lqh!flhqf|1 Wr hpskdvl}h wklv/ zh suhvhqw d

qxphulfdo h{dpsoh zklfk dovr vhuyhv wkh sxusrvh ri txdqwli|lqj wkh gl�huhqfh ehwzhhq wkh

vpdoohvw QWH lq dwlrq uxoh/ ghqrwhg Z�A./ dqg wkh PSH lq dwlrq uxoh/ ghqrwhg Z��.1

Wklv h{dpsoh wkhuhiruh uhyhdov zkhwkhu wkh PD lv �forvh� ru �idu� iurp dwwdlqlqj wkh

vrfldoo| rswlpdo udwh ri lq dwlrq ri }hur/ dv lw txdqwl�hv wkh pdjqlwxgh ri wkh pd{lpdo

lq dwlrq uhgxfwlrq wkurxjk Qdvk sxqlvkphqwv1 Wkh h{dpsoh lv frqvwuxfwhg vr dv wr jlyh

Qdvk sxqlvkphqwv dv pxfk ghwhuuhqw irufh dv srvvleoh= zh frqvlghu wkh fdvh ri A $ 4

dqg B $ �144 Wdeoh 4 vkrzv wkh udwlr Z�A.2Z��. iru d edvholqh sdudphwhu vhw dv zhoo dv

iru vrph ghyldwlrqv1

Dv lv fohdu iurp wkh wdeoh/ lq doo wkh uhsruwhg fdvhv/ dv|pswrwlf lqh!flhqf| lv qrw wulyldo1

Wkh odujhvw srvvleoh lq dwlrq uhgxfwlrq iurp wkh PSH lv :8 shufhqw/ exw iru prvw sdudphwhu

frq�jxudwlrqv wkh uhgxfwlrq lv rqo| durxqg 83 shufhqw1 Vr Sursrvlwlrq 4 grhv qrw ghvfuleh

lqh!flhqf| ri qhjoljleoh txdqwlwdwlyh lpsruwdqfh1 Pruhryhu/ dv wkh vlpxodwlrqv lqglfdwh/

zh fdq kdyh dv|pswrwlf lqh!flhqf| hyhq zkhq b : q2/ zklfk hpskdvl}hv wkdw wkh frqglwlrq

vwdwhg lq wkh sursrvlwlrq lv phuho| vx!flhqw/ qrw qhfhvvdu|1

44Wklv dovr vlpsol�hv frpsxwdwlrq ri PSH vlqfh olpW$4 e|W @ olpW$4 |W @ |� +fi1 +43, dqg Vhfwlrq

516, zklfk lv lqghshqghqw ri �1 Wkhq/ +45, uhgxfhv wr frpsdulqj wzr txdgudwlf h{suhvvlrqv lq �/ dqg zkhq

hydoxdwlqj +45, zlwk htxdolw|/ rqh rewdlqv wzr urrwv fruuhvsrqglqj/ uhvshfwlyho|/ wr wkh orzhvw � lq QWH

dqg wkh kljkhvw/ zklfk zloo eh wkh PSH uxoh1

<



71 H{whqvlrqv

Wkh sduwlfxodu hfrqrplf prgho xvhg lq wkh suhylrxv vhfwlrqv/ l1h1/ wkh xqhpsor|phqw htxd0

wlrq/ +4,/ fdq eh h{whqghg lq dw ohdvw wzr gluhfwlrqv/ erwk ri zklfk kdyh ehhq h{whqvlyho|

vwxglhg lq wkh olwhudwxuh ri wkh qrq0g|qdplf yhuvlrqv ri wklv srolf| jdph1 Wklv vhfwlrq

frqvlghuv wkhvh wzr h{whqvlrqv lq wxuq1 Lq grlqj vr/ zh fdq hydoxdwh wkh urexvwqhvv ri wkh

pdlq uhvxow ri wkh suhylrxv vhfwlrq1 Pruhryhu/ wkh �uvw h{whqvlrq doorzv d pruh lpphgldwh

frpsdulvrq zlwk wkh sxuho| uhshdwhg jdph wkdq lv srvvleoh zlwk wkh vlpsoh jdph dqdo|}hg

lq Vhfwlrqv 5 dqg 61

7141 Orqj0uxq glvdjuhhphqwv

D vshfldo ihdwxuh ri rxu prgho lv wkdw wkh zdjh0vhwwhuv duh dvvxphg wr fduh derxw d wdujhw

ohyho ri hpsor|phqw/ zklfk lv d frqyh{ frpelqdwlrq ri wkh oderu irufh dqg odvw shulrg*v

hpsor|phqw ohyho1 Dowkrxjk wklv lv d vwdqgdug dvvxpswlrq lq wkh olwhudwxuh rq �lqvlghuv

dqg rxwvlghuv/� lw lv dovr udwkhu vshfldo1 Wkh uhdvrq lv wkdw lq wklv vhwwlqj/ dv | $ 4/ wkh

hpsor|phqw wdujhw ri wkh zdjh0vhwwhuv dssur{lpdwhv wkh PD*v wdujhw ri qr xqhpsor|phqw1

Vr/ dv|pswrwlfdoo|/ wkhuh lv qr �glvdjuhhphqw� ehwzhhq zdjh0vhwwhuv dqg wkh PD ryhu

wkh dssursuldwh ohyho ri xqhpsor|phqw1 Lq rwkhu zrugv/ wkh orqj uxq qdwxudo udwh ri

xqhpsor|phqw lv frqvlghuhg rswlpdo e| wkh PD1 Dowkrxjk wklv frxog eh mxvwl�hg dv d

sodxvleoh orqj0uxq vfhqdulr/ lw lpsolhv wkdw zlwkrxw shuvlvwhqfh/ wkh prgho grhv qrw uhgxfh

wr wkh vwdqgdug EJ prgho zkhuh glvdjuhhphqwv odvw iruhyhu1 Lqvwhdg/ lw froodsvhv wr d

vshfldo +dqg xqlqwhuhvwlqj, fdvh zkhuh zdjh0vhwwhuv lq dq| shulrg dlp iru wkh vdph ohyho ri

xqhpsor|phqw dv wkh PD +}hur,1 Wkhq wkhuh zloo eh qr lqfhqwlyhv iru wkh PD wr lq dwh/

dqg wkh wlph0lqfrqvlvwhqf| sureohp glvdsshduv1 Khqfh/ gluhfw frpsdulvrq zlwk wkh zhoo0

xqghuvwrrg qrq0g|qdplf fdvh lv vrphzkdw sureohpdwlf1 Zh wkhuhiruh h{whqg wkh prgho

vr dv wr fdswxuh d orqj0uxq glvdjuhhphqw ryhu xqhpsor|phqw ehwzhhq wkh wzr sod|huv1

Wklv zloo ixuwkhu hpskdvl}h wkh uroh ri xqhpsor|phqw shuvlvwhqfh lq fdxvlqj dv|pswrwlf

lqh!flhqf| dv zhoo dv uhyhdo dq xqidyrudeoh wudgh0r� ehwzhhq fuhglelolw| ri prqhwdu| srolf|

dqg orqj0uxq xqhpsor|phqw sureohpv1

D orqj0uxq glvdjuhhphqw lv lqfrusrudwhg e| fkdqjlqj +4, wr=45

�| ' E�� 4��? n 4�|3� � qEZ| � Ze|�c | ' �c 2���c4c �? : fc �f : f jlyhq1 +46,

45Wkh surfhvv +46, fdq/ h1j1/ eh udwlrqdol}hg e| d prgho zkhuh zdjh vhwwhuv dovr kdyh d uhdo zdjh wdujhw

wkdw lv lqfrpsdwleoh zlwk ixoo hpsor|phqw/ l1h1/ wkh wdujhw zdjh lv wrr kljk/ vhh/ h1j1/ Orfnzrrg hw do1

+4<<;,1 Dowhuqdwlyho|/ wkh surfhvv dulvhv li zdjh0vhwwhuv kdyh dq hpsor|phqw wdujhw fryhulqj rqo| vrph

sduw ri wkh wrwdo oderu irufh +vd|/ xqlrq phpehuv,1
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Fohduo|/ lq d udwlrqdo h{shfwdwlrqv htxloleulxp/ dv | $ 4/ xqhpsor|phqw qrz frqyhujhv

wr �? zklfk wkhuhe| phdvxuhv wkh gl�huhqfh ehwzhhq wkh zdjh0vhwwhuv* orqj0uxq xqhpsor|0

phqw wdujhw dqg wkh PD*v wdujhw ri }hur1 Wkh txhvwlrq lv qrz krz wklv d�hfw rxu uhvxowv

rq dv|pswrwlf lqh!flhqf| lq wkh dvvrfldwhg g|qdplf jdph1

Wr vhw wkh vfhqh iru rxu dqvzhu/ qrwh �uvw wkdw li 4 ' f/ wkh g|qdplf jdph zlwk vwdwh

htxdwlrq +46, uhgxfhv wr d vwdqgdug sxuho| uhshdwhg jdph ri wkh w|sh vwxglhg e| EJ1

Lq wklv fdvh/ wkh PSH lv vlpso| wkh Qdvk htxloleulxp ri wkh vwdjh jdph zklfk lv hdvlo|

fdofxodwhg wr eh Z| ' Ze| ' Eq*b��?1 Wkh sxqlvkphqw wuljjhuhg e| ghyldwlrq iurp d uxoh

Z lv wkhuhiruh Eq*b� �? iru A shulrgv1 Lq wklv fdvh/ lw lv srvvleoh wr suryh wkdw rqh0shulrg

sxqlvkphqwv vx!fh wr hqirufh wkh }hur lq dwlrq uxoh zkhq B lv odujh hqrxjk=

Sursrvlwlrq 51 Lq wkh sxuho| uhshdwhg jdph/ 4 ' f/ zlwk xqhpsor|phqw jlyhq e| +46,/

wkhq zkdwhyhu wkh ohqjwk ri wkh sxqlvkphqw shulrg EA � �� wkhuh h{lvwv d B 	 � vxfk wkdw

iru doo B � B/ Z ' f lv d QWH uxoh1

Surri1 Vhh Dsshqgl{ F1

Zlwkrxw dq| g|qdplf olqn ehwzhhq shulrgv/ wkhuh lv/ ri frxuvh/ qr lqfhqwlyh iru vwdwh

pdqlsxodwlrq/ dv wkh ixwxuh sxqlvkphqw zloo eh lqghshqghqw ri fxuuhqw dfwlrqv1 Vr/ dv wkh

sursrvlwlrq vkrzv/ zlwkrxw vwdwh pdqlsxodwlrq/ Qdvk sxqlvkphqwv duh yhu| h�hfwlyh= hyhq

wkh wkuhdw ri uhyhuwlqj wr wkh PSH iru mxvw rqh shulrg lv vx!flhqw wr ghwhu ghyldwlrq iurp

rswlpdo prqhwdu| srolf| li wkh PD lv vx!flhqwo| sdwlhqw1

Zh qrz vkrz wkdw zlwk hyhq d vpdoo dprxqw ri shuvlvwhqfh/ wklv slfwxuh ehfrphv

gudpdwlfdoo| gl�huhqw1 Vshfl�fdoo|/ zh suryh wkdw li 4 : f/ iru d �{hg sxqlvkphqw shulrg/

qr pdwwhu krz orqj/ wkhuh h{lvwv d ydoxh ri �? vpdoo hqrxjk vr wkdw }hur lq dwlrq pd| qrw

eh d QWH rxwfrph/ iru dq| ydoxh ri B� Irupdoo|=

Sursrvlwlrq 61 Frqvlghu wkh g|qdplf jdph/ 4 : f/ zlwk xqhpsor|phqw jlyhq e| +46,/

dqg vxssrvh wkdw wkh PD lv qrw wrr lq dwlrq dyhuvh/ b 	 q21 Iru dq| jlyhq A / li �?*�f

lv vpdoo hqrxjk/ wkhq dq| QWH lq dwlrq uxoh lv erxqghg deryh }hur/ xqlirupo| lq wkh

glvfrxqw idfwru/ l1h1/ iru vrph 0 : f/ Z�A. : 0/ doo B1

Surri1 Vhh Dsshqgl{ G1

Vr/ lq wkh fdvh ri orqj0uxq glvdjuhhphqwv ryhu wkh dssursuldwh xqhpsor|phqw udwh zh fdq

dovr kdyh dv|pswrwlf lqh!flhqf|/ l1h1/ rswlpdo prqhwdu| srolf| pd| qrw eh sduw ri d QWH

iru dq| ohqjwk ri sxqlvkphqw/ hyhq li wkh PD grhv qrw glvfrxqw wkh ixwxuh dw doo1 Wkh

lqwxlwlrq lv txdolwdwlyho| wkh vdph dv lq wkh fdvh zlwkrxw dq| orqj0uxq glvdjuhhphqw1 Wkh

44



g|qdplf vwuxfwxuh ri wkh jdph lpsolhv dq lqfhqwlyh iru vwdwh pdqlsxodwlrq/ zklfk pd| qrw

eh ghwhuuhg e| Qdvk sxqlvkphqwv hyhq iru B $ �1 Wklv lv lq vwdun frqwudvw zlwk wkh sxuho|

uhshdwhg jdph zkhuh dv|pswrwlf h!flhqf| dozd|v dssolhv/ fi1 Sursrvlwlrq 51

Dv vhhq iurp Sursrvlwlrq 6/ zh qhhg rqh pruh frqglwlrq lq rughu wr kdyh dv|pswrwlf

lqh!flhqf| lq frpsdulvrq zlwk wkh fdvh pdgh e| Sursrvlwlrq 4> qdpho| wkdw �?*�f pxvw

eh vpdoo1 Wklv kdv dq lpphgldwh dqg lqwxlwlyh h{sodqdwlrq1 Iluvw qrwh wkdw zkhq xq0

hpsor|phqw iroorzv +46, lqvwhdg ri +4,/ wkh PSH lq dwlrq udwh zloo qrw mxvw ghshqg rq

�|3� +vwdwh0ghshqghqw lq dwlrq eldv,1 Lw qrz lqfoxghv d frqvwdqw sduw lq �? uh hfwlqj d

shupdqhqw lq dwlrq eldv gxh wr wkh orqj0uxq glvdjuhhphqw ryhu xqhpsor|phqw1 Wklv shu0

pdqhqw eldv lv/ ri frxuvh/ lqfuhdvlqj lq �?/ dqg fdq e| lwv qdwxuh qrw eh d�hfwhg wkurxjk

vwdwh pdqlsxodwlrq1 Khqfh/ wkh kljkhu shupdqhqw eldv uhodwlyh wr wkh vwdwh0ghshqghqw eldv/

txdqwl�hg e| �|3�/ wkh vpdoohu lv wkh PD*v vfrsh iru vwdwh pdqlsxodwlrq/ dqg wkh pruh

ghwhuuhqw duh Qdvk sxqlvkphqwv1 Vr/ dv|pswrwlf lqh!flhqf| gxh wr vwdwh pdqlsxodwlrq

rffxuv zkhq �? lv vpdoo uhodwlyh wr �|3�1 D qhfhvvdu| frqglwlrq iru wklv lv wkdw �? lv vpdoo

uhodwlyh wr �f1 +Dorqj wkh htxloleulxp sdwk/ li �f : �?/ wkhq �f : �|3� : �?/ | : �/ vr

�?*�|3� 	 0/ vrph |/ lpsolhv �?*�f 	 0� Vr/ �?*�f vpdoo lv qhfhvvdu|1,

Wklv frqglwlrq uhyhdov d udwkhu xqidyrudeoh wudgh0r� lq srolf|pdnlqj1 Lpdjlqh wkdw

�? lv d yduldeoh zklfk wkh dxwkrulwlhv fdq frqwuro/ vd|/ wkurxjk vrph oderu pdunhw srolf|1

Wkhq/ uhprylqj orqj0uxq glvwruwlrqv/ l1h1/ vhwwlqj �? ' f pd| eh jrrg iru xqhpsor|phqw/

exw ghwulphqwdo iru fuhglelolw| ri prqhwdu| srolf| dv uhyhdohg e| Sursrvlwlrq 41 Vhwwlqj

�? dw vrph uhodwlyh kljk ydoxh zloo reylrxvo| eh xqidyrudeoh lq whupv ri xqhpsor|phqw/

exw dv uhyhdohg e| Sursrvlwlrq 6/ lw pd| eh frqgxflyh iru fuhglelolw| ri rswlpdo prqhwdu|

srolf|1 Dowhuqdwlyho|/ li �? fdqqrw eh frqvlghuhg d fkrlfh yduldeoh/ wkh uhvxow lpsolhv wkdw

rqo| hfrqrplhv zkhuh fxuuhqw xqhpsor|phqw frqglwlrqv duh vx!flhqwo| idyrudeoh +d orz

ydoxh ri �f, zloo eh fdsdeoh ri sxuvxlqj d fuhgleoh orz lq dwlrq srolf| � d ihdwxuh zklfk

grhv qrw vhhp hqwluho| dw rggv zlwk zkdw lv revhuyhg lq uhdolw|1

7151 Vxsso| vkrfnv dqg vwdwh0frqwlqjhqw uxohv

Zh dovr frqvlghu dqrwkhu qdwxudo h{whqvlrq ri +4,/ qdpho| wkh lqwurgxfwlrq ri vxsso|

vkrfnv1 Zlwk d vxsso| vkrfn/ htxdwlrq +4, ehfrphv

�| ' 4�|3� � qEZ| � Ze|� n 0|c | ' �c 2���c4c �f : f jlyhq/ +47,

zkhuh 0| lv dq l1l1g1 vkrfn zlwk phdq }hur dqg yduldqfh j2 zklfk klwv wkh hfrqrp| diwhu

lq dwlrq h{shfwdwlrqv kdyh ehhq iruphg1 Zh ixuwkhupruh dvvxph wkdw 0| lv erxqghg1 Rwk0

huzlvh/ dv lv zhoo0nqrzq/ frrshudwlyh djuhhphqwv pd| euhdn grzq hyhq lq sxuho| uhshdwhg
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jdphv dv sduwlfxoduo| h{wuhph uhdol}dwlrqv ri wkh vkrfn fdxvh wkh jdlq iurp ghyldwlrq wr

eh lqvxuprxqwdeoh +vhh/ h1j1/ Fdq}rqhul dqg Khqghuvrq/ 4<;;,1

Zh qrz surfhhg e| vkrzlqj wkdw wkh PD fdqqrw dfklhyh lwv prvw suhihuuhg lq dwlrq

uxoh dv dq rxwfrph ri wkh QWH/ qr pdwwhu krz kljk B� Gxh wr wkh prgho*v olqhdu0txdgudwlf

vwuxfwxuh/ zh fdq uhvwulfw dwwhqwlrq wr uxohv ri wkh irup Z|E0|� ' Z�|3� n r0|c zkhuh r lv d

vwdelol}dwlrq frh!flhqw� Fohduo|/ zkdwhyhu r/ Z ' f lv rswlpdo iru wkh PD/ vr zh vwloo irfxv

rq Z ' f lq zkdw iroorzv1 Jlyhq Z ' fc zkdw lv wkh h!flhqw vwdelol}dwlrq frh!flhqw zlwk

xqhpsor|phqw g|qdplfvB Ohw H| eh wkh h{shfwdwlrq frqglwlrqdo rq i0�j
|

�'�1 Wkhq/ wkh

orvv ri wkh uxoh iurp wkh ehjlqqlqj ri shulrg | lv jlyhq e|

7uoEr(�|3�� '
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Lw iroorzv iurp +48, wkdw wkh r plqlpl}lqj 7uoEr(�|3�� lv r
o � q*

k
q2 n bE�� B42�

l
1 Qrwh

wkdw wklv lv lqfuhdvlqj lq shuvlvwhqfh dv d jlyhq vkrfn wr xqhpsor|phqw wkhq kdv pruh vhyhuh

frqvhtxhqfhv iru ixwxuh xqhpsor|phqw wkhuhe| qhfhvvlwdwlqj d vwurqjhu srolf| uhvsrqvh +iru

pruh glvfxvvlrq/ vhh Orfnzrrg hw do1/ 4<<;,1

Zh qrz dvn zkhwkhu wkh rswlpdo uxoh Z|E0|� ' ro0| dfklhydeoh dv wkh rxwfrph ri d

QWH iru vrph B1 Wkh iroorzlqj sursrvlwlrq vkrzv wkdw wklv pd| qrw eh wkh fdvh qr pdwwhu

zkdw wkh ydoxh ri B/ dqg lv wkhuhe| d jhqhudol}dwlrq ri Sursrvlwlrq 4 wr wkh fdvh ri vxsso|

vkrfnv1

Sursrvlwlrq 71 Ohw xqhpsor|phqw eh jlyhq e| +47,/ dqg vxssrvh wkdw wkh PD lv qrw wrr

lq dwlrq dyhuvh/ b 	 q21 Iru dq| jlyhq A / wkhuh lv d j*�f vpdoo hqrxjk/ vxfk wkdw wkh

lq dwlrq uxoh Z|E0|� ' ro0| lv qrw dq QWH uxoh/ qr pdwwhu zkdw wkh glvfrxqw idfwru1

Surri1 Vhh Dsshqgl{ H1

Vr/ lq wkh suhvhqfh ri vxsso| vkrfnv/ zh pd| dovr kdyh dv|pswrwlf lqh!flhqf| ri prqhwdu|

srolf|1 Exw mxvw dv wkh lqwurgxfwlrq ri d orqj0uxq glvdjuhhphqw ryhu xqhpsor|phqw udwhv

lqwurgxfhg dq dgglwlrqdo uhtxluhphqw iru dv|pswrwlf lqh!flhqf|/ vr grhv wkh lqwurgxfwlrq

ri vkrfnv1 Lq frpsdulvrq zlwk Sursrvlwlrq 4/ zh vhh iurp Sursrvlwlrq 7 wkdw j*�f pxvw

eh vpdoo1 Wklv dovr kdv dq lqwxlwlyh h{sodqdwlrq1 Wkh PSH lq dwlrq udwh zloo frqwdlq d

vwdelol}dwlrq frpsrqhqw zklfk lv gl�huhqw iurp ro0|1 Pruh vshfl�fdoo|/ vwdelol}dwlrq zloo

eh wrr kljk lq wkh PSH dv wkh PD kdv dq dgglwlrqdo lqfhqwlyh wr uhgxfh wkh lpsdfw ri d

vkrfn zkhq lw nqrzv wkdw wkh htxloleulxp ihdwxuhv d ixwxuh lq dwlrq eldv zklfk ghshqgv rq
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fxuuhqw vwdelol}dwlrq h�ruwv1 Lq frqvhtxhqfh/ lq dwlrq ehfrphv wrr yrodwloh lq frpsdulvrq

zlwk wkh rswlpdo uxoh +fi1 Orfnzrrg hw do1/ 4<<;,1

Lw lv lpsruwdqw wr qrwh wkdw wklv lqh!flhqw uhvsrqvh lv d ixqfwlrq ri wkh vkrfnv klwwlqj

wkh hfrqrp|/ qrw ri wkh sduwlfxodu ohyho ri xqhpsor|phqw/ l1h1/ wkh sduwlfxodu ydoxh ri

wkh vwdwh1 Wkhuhiruh/ wkh PD fdqqrw pdqlsxodwh wklv ixwxuh �h{fhvv lq dwlrq yrodwlolw|�

wkurxjk ghyldwlrq1 Khqfh/ wkh kljkhu wkh yduldelolw| ri vkrfnv/ j2/ wkh pruh ghwhuuhqw lv

wkh PSH dv d sxqlvkphqw lq h{shfwhg ydoxh1 Vr lw iroorzv wkdw dv|pswrwlf lqh!flhqf|

gxh wr vwdwh pdqlsxodwlrq rffxuv zkhq j lv vpdoo uhodwlyh wr �f dv wkh odwwhu txdqwl�hv wkh

vwdwh0ghshqghqw lq dwlrq eldv/ dqg wkxv wkh lqfhqwlyh iru vwdwh pdqlsxodwlrq1

81 Frqfoxglqj frpphqwv

Lq wklv sdshu zh kdyh ghprqvwudwhg wkdw d vlpsoh � dqg zlgho| dssolhg � iron wkhruhp ri

uhshdwhg jdphv pd| qrw dsso| lq wkh frqyhqwlrqdo prqhwdu| srolf| jdph sxw iruwk e| EJ/

zkhq zh dphqg lw zlwk xqhpsor|phqw shuvlvwhqfh1 Wkh suhvhqfh ri g|qdplfv lv vkrzq

wr jhqhudwh dq lqfhqwlyh iru vwdwh pdqlsxodwlrq1 Wklv dgglwlrqdo lqfhqwlyh/ qrw suhvhqw lq

sxuho| uhshdwhg jdphv/ pd| uhvxow lq idloxuh wr vxvwdlq wkh h!flhqw rxwfrph dv dq QWH

hyhq zkhq sod|huv gr qrw glvfrxqw wkh ixwxuh dw doo1

Zh kdyh irfxvhg rq QWH/ zkhuh wkh sxqlvkphqw lv uhyhuvlrq wr d PSH ri wkh jdph1

Wklv kdv ehhq prwlydwhg rq wkh jurxqgv wkdw QWH kdv ehhq suhgrplqdqw lq prvw ri wkh

olwhudwxuh rq iron wkhruhp uhvroxwlrqv ri wkh prqhwdu| fuhglelolw| sureohp1 Lw lv/ krzhyhu/ dv

eulh | phqwlrqhg lq wkh Lqwurgxfwlrq/ frqfhlydeoh wkdw wkhuh h{lvw pruh vhyhuh sxqlvkphqwv

wkdw doorz }hur lq dwlrq dv dq htxloleulxp rxwfrph dv B $ � +fi1 Deuhx/ 4<;;,146 Wkh iron

wkhruhp iru vwrfkdvwlf jdphv +ri zklfk rxu g|qdplf jdphv duh vshfldo fdvhv, surylghg e|

Gxwwd +4<<8, vxjjhvwv wkdw wklv pd| lqghhg eh wkh fdvh/ dqg rxu uhvxowv wkhuhiruh lqglfdwh

wkdw rqh pxvw vhhn iru vxfk vhyhuh sxqlvkphqwv li fuhglelolw| ri prqhwdu| srolf| vkrxog

dozd|v eh dwwdlqdeoh iru orz glvfrxqwlqj147

Lq sxuho| uhshdwhg jdphv ri wkh EJ w|sh/ Urjr� +4<;<, dqg Vwrnh| +4<<4, kdyh h{0

dplqhg fuhglelolw| wkurxjk pruh vhyhuh sxqlvkphqw ehkdylru1 Exw wkhvh dqdo|vhv pdlqo|

46Uhfhqw zrun e|/ h1j1/ Fkdqj +4<<;, dqg Luhodqg +4<<:, ghprqvwudwh phwkrgv +uhodwhg wr wkh �Vxvwdlq0

deoh Sodqv� frqfhsw ri Fkdul dqg Nhkrh/ 4<<3, wr fkdudfwhul}h wkh hqwluh vhw ri wlph0frqvlvwhqw prqhwdu|

srolf| htxloleuld lq plfur0irxqghg prghov1 Wkh| jhqhudoo| �qg wkh h!flhqw htxloleuld lq wkhvh vhwv1 Wkhvh

prghov/ krzhyhu/ gr qrw frqwdlq g|qdplf vwdwh yduldeohv olnh wkh xqhpsor|phqw udwh lq rxu prgho1 Wkh

lqfhqwlyhv iru vwdwh pdqlsxodwlrq e| wkh srolf|pdnhu+v, duh wkhuhiruh qrw dq lvvxh1
47Qrwh/ krzhyhu/ wkdw Gxwwd*v wkhruhp grhv qrw dsso| gluhfwo| wr rxu prgho1 Iluvw/ wkh wkhruhp lv

frq�qhg wr jdphv zlwk erxqghg dfwlrq vsdfhv1 Vhfrqgo|/ lw frqvlghuv vwulfwo| lqglylgxdoo| udwlrqdo sd|r�v/

l1h1/ sd|r�v vwulfwo| ehwwhu wkdq plq0pd{ sd|r�v1 Vxfk sd|r�v/ krzhyhu/ grhv qrw h{lvw iru SV lq rxu jdph

dv lw fdq qhyhu dfklhyh pruh wkdq lwv plq0pd{ sd|r� +ehfdxvh wklv lv }hur � wkh ehvw srvvleoh sd|r�/ ru/

orzhvw srvvleoh orvv,1
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vhuyhg wkh sxusrvh ri ghprqvwudwlqj wkdw fuhglelolw| frxog wkhq eh dwwdlqhg hyhq zlwk kljk

glvfrxqwlqj1 Wkh| zhuh qrw qhfhvvlwdwhg e| d idloxuh ri dv|pswrwlf h!flhqf| ri QWH1 Zh

duh qrw dzduh ri vlplodu dqdo|vhv iru prghov zlwk xqhpsor|phqw shuvlvwhqfh/ dqg zh dovr

djuhh zlwk Urjr� +4<;<, zkr �gr qrw uhjdug vhyhuh sxqlvkphqw htxloleuld dv ehlqj sdu0

wlfxodu sodxvleoh lq wkh suhvhqw frqwh{w� +s1 576,1 +Vwrnh|/ 4<;</ kdv vlplodu uhvhuydwlrqv

zlwklq rwkhu pdfurhfrqrplf prgho iudphzrunv1, Qhyhuwkhohvv/ dq lpsruwdqw wrslf iru ix0

wxuh uhvhdufk lv wr lghqwli| vlpsoh dqg vhqvleoh suhfrpplwphqw whfkqrorjlhv wkdw vxssruw

rswlpdo prqhwdu| srolf| lq g|qdplf prghov zkhuh vwdwh pdqlsxodwlrq fdxvhv idloxuh ri wkh

Qdvk sxqlvkphqw rq zklfk wkh pdfurhfrqrplf srolf| jdphv olwhudwxuh kdv ehhq irfxvhg

iru wkh sdvw ghfdghv1

Dsshqgl{

D1 Vroylqj +A

Iru wkh sxusrvh ri vroylqj iru +A / qrwh wkdw dorqj wkh htxloleulxp sdwk/ wkh iroorzlqj

uhfxuvlrq htxdwlrq pxvw krog=

uA E�|3�� '
�

2
E�� B� d�2| n bZ2| o n BuA3�E�|�c A : �c +D14,

zlwk �| ' 4�|3� dqg Z| ' Z|E�|3��1 Htxdwlqj frh!flhqwv lq �2|3� rq erwk vlghv ri +D14,/

|lhogv wkh Ulffdwl gl�huhqfh htxdwlrq lq +A =

+A ' � n
q2

b
B42+2A3� n B42+A3�c A : �� +D15,

Zkhq ghwhuplqlqj d erxqgdu| frqglwlrq rq +D15,/ qrwh wkdw zh duh lqwhuhvwhg lq wkh PSH

lqvridu dv lw surylghv d sxqlvkphqw1 Vr/ iru wkh �qdo shulrg ri sod|/ l1h1/ iru wkh 40shulrg

jdph zlwk vwdwh yduldeoh �|3�/ wkh glvfrxqwhg ixwxuh orvv lv BuoEZ(�|�/ dqg rswlpdo srolf|

wkhuhiruh plqlpl}hv �

2
E�� B� d�2| n bZ2| o n BuoEZ(�|� v1w1 +4,/ Z

e
| jlyhq1 Iurp wklv sureohp

zh rewdlq wkh PSH ri wkh 40shulrg jdph dv

Z|mA'� '
q

b

#
� n B

42 n bZ2

�� B42

$
4�|3�� +D16,

Xvlqj +D16, zlwk �| ' 4�|3� jlyhv u� E�|3�� ' �

2
E�� B�

�
� n q2

b

�
� n B 4

2nbZ2

�3B42

�2�
42�2|3�/

iurp zklfk zh �qg �� ' E�� B�
�
� n q2

b

�
� n B 4

2nbZ2

�3B42

�2�
42/ lpso|lqj wkh erxqgdu| frqgl0
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wlrq=

+� ' � n B

57� n q2

b

#
� n B

42 n bZ2

�� B42

$2
68 42 : f� +D17,

Vwudljkwiruzdug fdofxodwlrq vkrzv wkdw +D15, srvvhvvhv uhdo vwdwlrqdu| srlqwv li dqg rqo| li

E�� B42�2 : e
q2B42

b
c +D18,

lq zklfk fdvh lw kdv wzr vwdwlrqdu| srlqwv/ +n : +3 : f1 Dv rxu dqdo|vlv lqyroyhv fkdqjhv lq

wkh glvfrxqw idfwru/ +D18, pxvw krog iru doo ydoxhv ri B/ l1h1/ +D4, pxvw krog1 Qrz/ li +D18,

krogv/ dqdo|vlv ri wkh skdvh gldjudp ri +D15, lqglfdwhv wkdw +A frqyhujhv prqrwrqlfdoo| wr

+3 dv A $ 4/ dv orqj dv +� 	 +n +rwkhuzlvh/ +A $ 4 lq fdvh ri +� : +n ru +A ' +n/ doo

Ac li +� ' +n,1 Krzhyhu/ +� 	 +n lv htxlydohqw wr vd|lqj wkdw wkh orvv iurp Z|mA'� lv ohvv

wkdq wkh orvv iurp wkh PSH lq dwlrq uxoh +:, zkhuh +A ' +n1 Vr/ zh frq�qh dwwhqwlrq wr

lq dwlrq uxohv Z 5 � � iZ mZ|mA'� 	 Eq*b� +n4�|3�j lq rughu wr hqvxuh wkdw +A lv srvlwlyh/

xqltxh dqg erxqghg iru doo A 1 Iru Z ' f/ krzhyhu/ wklv uhvwulfwlrq grhv qrw wr elqg148

E1 Surri ri Sursrvlwlrq 4

Wr suryh wkh sursrvlwlrq/ zh rqo| qhhg wr hvwdeolvk

\oEf�� \_Ef� � Kc doo Ac Bc +E14,

iru vrph K : f149 Iru wkhq/ +45, lv ylrodwhg dw Z�A. ' f/ zklfk phdqv wkdw d QWH uxoh lv

erxqghg dzd| iurp }hur1 Wr hvwdeolvk +E14,/ zh surfhhg dv iroorzv1 Iluvw/ wkh dvvxpswlrq

b 	 q2 lv vx!flhqw wr hqvxuh

q2

�� B42
� b � q2 � b � 	Kc doo Bc

iru vrph 	K : f1 Vlpsoh pdqlsxodwlrq wkhq lpsolhv

48Qrwh �uvw wkdw |. @ ^
�
4� ��5

�
.
s
G`@

�
5�5��5@�

�
zlwk G � �

4� ��5
�5 � 7�5��5@�1 Iru � @ 3/ zh

kdyh/ xvlqj +D16,/ wkdw �wmW@4 ? +�@�, |.�xw�4 lv htxlydohqw ri
�
4� ��5

�
�4

? |.1 Xvlqj wkh h{suhvvlrq

iru |./ wklv ehfrphv 5�5��5@�� �4� ��5
�5

?
�
4� ��5

�s
G/ zklfk dozd|v krogv dv wkh ohiw kdqg vlgh lv

qhjdwlyh/ fi1 +D18,1
49Iru wklv frqglwlrq wr phdqlqjixo zh pxvw/ ri frxuvh/ uhtxluh wkdw �u +3, dqg �g +3, duh erxqghg iru doo

W / �1 Iurp +45,/ �u +3, reylrxvo| phhwv wklv uhtxluhphqw1 Xvlqj wkh gh�qlwlrq ri e|W lq +43,/ lw iroorzv wkdw

�g +3, lv erxqghg li |W m�@3 lv erxqghg1 Exw wklv lv fohduo| wkh fdvh dv � @ 3 5 �= Iru e| wkh frqvwuxfwlrq
ri �/ |W m�@�QWH lv erxqghg iru doo W / � li �QWH 5 �> fi1 Dsshqgl{ D1
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42

�� B42
�

q2	+A

bn q2	+A

b42

q2
�

42

�� B42
�

b42

q2
� 	K

42

q2
c doo Ac Bc

vlqfh 	+A : f/ doo A / B/ fi1 +43,� Vhwwlqj K ' 	K 4
2

q2
zh wkhq frqfoxgh wkdw

42

�� B42
�

bq2	+A

bn q2	+A

42

q2
� K : f/ doo Ac Bc

zklfk e| xvh ri wkh gh�qlwlrqv ri \o dqg \_/ fi1 +45,/ hvwdeolvkhv +E14,1

F1 Surri ri Sursrvlwlrq 5

Lw fohduo| vx!fhv wr suryh wkh sursrvlwlrq iru A ' �1 Qrz/ wkh orvv iurp wkh }hur0lq dwlrq

uxoh lv uo ' �

2
�2?� Wkh shu0shulrg orvv lq wkh PSH lv �

2
E�� B�

�
� n q2*b

�
�2?/ dqg �qdoo|/

wkh rqh0shulrg orvv iurp ghyldwlrq iurp wkh }hur0lq dwlrq uxoh lv hdvlo| fdofxodwhg wr eh
�

2
E�� B�b*

�
bn q2

�
�2?1 Vr/ wkh ryhudoo ghyldwlrq orvv zlwk d rqh0shulrg sxqlvkphqw lv

u_ '
�

2
E�� B�

b

bn q2
�2? n B

�

2
E�� B�

bn q2

b
�2? n B2

�

2
�2?�

Zh kdyh wkdw wkh }hur0lq dwlrq uxoh lv d QWH uxoh l� u_ � uo1 Xvlqj wkh deryh irupxodh

iru uo dqg u_ wklv frqglwlrq lv

�

2
E�� B�

b

bn q2
�2? n B

�

2
E�� B�

bn q2

b
�2? � E�� B�

�

2
E� n B��2?c

zklfk hdvlo| uhgxfhv wr B � b*
�
bn q2

�
1 Vr/ ohwwlqj B � b*

�
bn q2

�
	 �/ u_ � uo krogv

iru B � B/ dv uhtxluhg1

G1 Surri ri Sursrvlwlrq 6

Zkhq +46, dssolhv/ wkh htxloleulxp orvv iurp wkh uxoh Z ' f lv jlyhq e|

huoEf(�|3�� '
�

2
E�� B�

"[
|'�

B|3��2| ' Sf n S��|3� n S2
�2|3�
2

c +G14,

zkhuh Sf � �

2
E�� B�

�
�

�3B
n 42

�3B42
� 24

�3B4

�
�2? : f/ S� � E� � B� 4E�34�

E�3B4�E�3B42�
�? : f/ dqg

S2 � E�� B� 42

�3B42
: f1 Wkh PSH lv vrphzkdw gl�huhqw zkhq xqhpsor|phqw iroorzv +46,

lqvwhdg ri +4,/ lq wkh vhqvh wkdw wkh PD*v orvv iurp d A 0shulrg PSH lv qrz jlyhq e|

huA E�|� ' �fcA n ��cA�| n �2cA
�2|
2
� +G15,

4:



Zh vkrz/ lq wkh whfkqlfdo dsshqgl{ dydlodeoh xsrq uhtxhvw/ wkdw �fcA kdv d vroxwlrq ri wkh

iroorzlqj irup=

�fcA ' VfcA E�� B��2?c +G16,

zkhuh VfA lv erxqghg lq B iru dq| jlyhq A 1

Qrz/ wkh orvv iurp ghyldwlrq iurp Z ' f lv gh�qhg h{dfwo| dv lq +;, deryh/ l1h1=

hu_ Ef(�|3�� ' 4�?
)
|

�
�

2
E�� B�

k
�2| n b)2

|

l
n B huA E�|� n BAn� huoEf(�|nA �

v1w1 �| ' E�� 4��? n 4�|3� � q)|

�
c

zkhuh zh qrwh wkdw �|nA '
�
�� 4A

�
�? n 4A�|1 Xvlqj +G14,/ +G15,/ dqg wkh gh�qlwlrq ri

S2/ wklv lv uhzulwwhq dv

hu_ Ef(�|3�� '
�

2
E�� B�4�?

)
|

�h+A�2| n b)2
| n

2#A
�� B

�| +G17,

v1w1 �| ' E�� 4��? n 4�|3� � q)|

�
n�A c

zkhuh h+A � �nB�2cA* E�� B�nEB42�
An�

* E�� B42�/ #A � B��cAnBAn�4A
k
S� n

�
�� 4A

�
S2�?

l
/

dqg �A � B�fcA n BAn�
�
Sf n S�

�
�� 4A

�
�? n

�
�� 4A

�2 S2
2
�2?

�
1 Frqvlghu qrz d vxerswlpdo

ghyldwlrq/ qdpho| rqh vhwwlqj �| ' f1 Wklv uhtxluhv q)| ' E�� 4��?n 4�|3�1 Xvlqj +G17,/

wkh dvvrfldwhg orvv/ ghqrwhg hur_ Ef(�|3��/ lv uhfryhuhg dv

hur_ Ef(�|3�� '
�

2
E�� B�

b

q2
dE�� 4��? n 4�|3�o

2 n�A 1 +G18,

Fohduo|/ hur_ Ef(�|3�� � hu_ Ef(�|3��1 Wkxv/ d vx!flhqw frqglwlrq surylqj wkh sursrvlwlrq lvhuoEf(�f� : hur_ Ef(�f�1 Xvlqj +G14,/ +G18,/ dqg wkh gh�qlwlrq ri �A / wklv uhtxluhv

Sf n S��f n S2
�2f
2

:
�

2
E�� B�

b

q2
EE�� 4��? n 4�f�

2

nB�fcA n BAn�
�
Sf n S�

�
�� 4A

�
�? n

�
�� 4A

�2 S2
2
�2?

�
�

Glylglqj e| �

2
E�� B� rq erwk vlghv dqg uhduudqjlqj/ wklv ehfrphv ^e| xvh ri +G16, dqg wkh

gh�qlwlrqv ri S� dqg S2`=

�
�� BAn�

�# �

�� B
n

42

�� B42
�

24

�� B4

$
�2?

n2 E�� 4�

#
�

E�� B4� E�� B42�
�

b

q2

$
�?�f n

#
�

�� B42
�

b

q2

$
42�2f +G19,

4;



:

;?= b

q2
E�� 4�2 n 2VfcA n BAn�

�
�� 4A

�
4

57 2 E�� 4�

E�� B4� E�� B42�
n

�
�� 4A

�
4

�� B42

68<@>�2?�

Fohduo|/ dv �

�3B
n 42

�3B42
� 24

�3B4
: f/ d vx!flhqw frqglwlrq iru wkh ohiw kdqg vlgh wr eh srvlwlyh

lv wkdw b 	 q2 dv dvvxphg� Pruhryhu/ wkh ohiw kdqg vlgh lv lqfuhdvlqj lq �f zkloh wkh uljkw

kdqg vlgh lv lqfuhdvlqj lq �?1 Ilqdoo|/ vlqfh wkh h{suhvvlrq lq fxuo| eudfnhwv rq wkh uljkw

kdqg vlgh lv erxqghg lq B iru dq| jlyhq A / zh fdq dozd|v fkrrvh �?*�f vpdoo hqrxjk vxfk

wkdw +G19, lv vdwlv�hg iru dq| B dv fodlphg1

H1 Surri ri Sursrvlwlrq 7

Lw vx!fhv wr vkrz wkdw wkh uxoh fdqqrw eh d QWH iru dq| B xqghu wkh frqglwlrqv vwdwhg dw

| zkhq 0| ' f� Qrz/ li 0| ' fc wkh orvv ri vwlfnlqj wr uxoh Z|E0|� ' ro0| lv 7uo Ero(�|3��
���
0|'f

'

�

2
E�� B�42�2|3� n B 7uoEro( 4�|3�� zkhuh/ xvlqj +48, dqg wkh gh�qlwlrq ri ro/

7uoEro(�|3�� '
�

2
E�� B�

42

�� B42
�2|3� n

�

2

b

q2 n bE�� B42�
j2� +H14,

Khqfh/

7uo Ero(�|3��
���
0|'f

'
�

2
E�� B�

42

�� B42
�2|3� n

B

2

bj2

q2 n bE�� B42�
j2� +H15,

Zkdw lv wkh sd|r� wr ghihfwlrq iurp wkh rswlpdo uxoh Z|E0|� ' ro0|B Iluvw/ wkh PSH lv

rqo| fkdqjhg voljkwo| e| wkh lqwurgxfwlrq ri vwrfkdvwlf vkrfnv lq wkh vhqvh wkdw wkh PD*v

h{shfwhg orvv iurp d A 0shulrg PSH lv jlyhq e|=

7uA E�|3�� '
�A
2
�2|3� n

wA
2
j2c +H16,

zkhuh �A lv ghwhuplqhg e| +D15,/ dqg zkhuh wA kdv d vroxwlrq ri wkh iroorzlqj irup +wklv

lv ghprqvwudwhg lq wkh whfkqlfdo dsshqgl{ dydlodeoh xsrq uhtxhvw,=

wA ' >A E�� B� c +H17,

zkhuh >A lv erxqghg lq B iru dq| jlyhq A 1 Vr/ wkh orvv wr ghyldwlrq dw | zkhq 0| ' f lv

7u_ Ero(�|3��
���
0|'f

' 4�?
)
|

�
�

2
E�� B�

k
�2| n b)2

|

l
n B7uA E�|� n BAn�H|

7uoEro(�|nA �

v1w1 �| ' 4�|3� � q)|�
�
� +H18,

4<



Iurp +H14, zh �qg=

H|
7uoEro(�|nA � '

�

2
E�� B�

42

�� B42
H|�

2
|nA n

�

2

b

q2 n bE�� B42�
j2 +H19,

'
�

2
E�� B�

42

�� B42

%
4A�2| n 42

�� 4A

�� 4
j2
&
n

�

2

b

q2 n bE�� B42�
j2�

Vr/ xvlqj +H16,/ +H17, dqg +H19,/ zh fdq uh0zulwh +H18, dv=

7u_ Ero(�|3��
���
0|'f

'
�

2
E�� B�4�?

)
�

q
	+A�

2
| n b)2

| v1w1 �| ' 4�|3� � q)|

r
n
B

2

%
>A E�� B� n BA

E�� B�4e

�� B42
E�� 4A �

E�� 4�
n BA

b

q2 n bE�� B42�

&
j2�

Iroorzlqj wkh vwhsv ohdglqj wr +<, +dydlodeoh xsrq uhtxhvw,/ zh wkhq rewdlq

7u_ Ero(�|3��
���
0|'f

'
�

2
E�� B�

bq2	+A

bn q2	+A

42

q2
�2|3� +H1:,

n
B

2

%
>A E�� B� n BA

E�� B�4e

�� B42
E�� 4A �

E�� 4�
n BA

b

q2 n bE�� B42�

&
j2�

Doo zh qrz qhhg wr vkrz lv wkdw 7uo Ero(�f�
���
0|'f

: 7u_ Ero(�f�
���
0|'f

iru doo B1 Xvlqj +H14,

dqg +H1:,/ wklv lv irxqg wr uhtxluh

�

2
E�� B�

42

�� B42
�2f n

B

2

b

q2 n bE�� B42�
j2 :

�

2
E�� B�

bq2	+A

bn q2	+A

42

q2
�2f

n
B

2

%
>A E�� B� n BA

E�� B�4e

�� B42
E�� 4A �

E�� 4�
n BA

b

q2 n bE�� B42�

&
j2�

Glylglqj e| �

2
E�� B� rq erwk vlghv/ uhduudqjlqj/ dqg xvlqj wkh gh�qlwlrqv ri \o dqg \_/

+45,/ wklv ehfrphv=

k
\oEf�� \_Ef�

l
�2f : B

%
>A n BA

4e

�� B42
E�� 4A �

E�� 4�
n

E�� BA �

E�� B�

b

q2 n bE�� B42�

&
j2� +H1;,

Vr/ xvlqj wkdw zkhq b 	 q2/ \oEf�� \_Ef� : f +fi1 wkh surri ri Sursrvlwlrq 4,/ lw iroorzv

wkdw wkh ohiw kdqg vlgh lv srvlwlyh dqg lqfuhdvlqj lq �f1 Wkh uljkw kdqg vlgh lv srvlwlyh dqg

lqfuhdvlqj lq j/ dqg vlqfh wkh h{suhvvlrq lq vtxduh eudfnhwv lv erxqghg lq B iru dq| jlyhq

A / zh fdq dozd|v fkrrvh j*�f vpdoo hqrxjk vxfk wkdw +H1;, lv vdwlv�hg dv fodlphg1

53



Uhihuhqfhv

do0Qrzdlkl/ D1 dqg S1 O1 Ohylqh/ 4<<7/ Fdq Uhsxwdwlrq Uhvroyh wkh Prqhwdu| Srolf|

Fuhglelolw| SureohpB/ Mrxuqdo ri Prqhwdu| Hfrqrplfv 66/ 6880;31

do0Qrzdlkl/ D1 dqg S1 O1 Ohylqh/ 4<<9/ Lqghshqghqw exw Dffrxqwdeoh= Zdovk Frqwudfwv

dqg wkh Fuhglelolw| Sureohp/ Joredo Hfrqrplf Lqvwlwxwlrqv Z1S1Vhulhv/ Qr1441

Deuhx/ G1/ 4<;;/ Rq wkh Wkhru| ri Lq�qlwho| Uhshdwhg Jdphv zlwk Glvfrxqwlqj/ Hfrqr0

phwulfd 89/ 6;606<91

Edoo/ O1/ 4<<8/ Wlph0Frqvlvwhqw Srolf| dqg Shuvlvwhqw Fkdqjhv lq Lq dwlrq/ Mrxuqdo ri

Prqhwdu| Hfrqrplfv 69/ 65<06831

Eduur/ U1 M1 dqg G1 E1 Jrugrq/ 4<;6/ Uxohv/ Glvfuhwlrq/ dqg Uhsxwdwlrq lq d Prgho ri

Prqhwdu| Srolf|/ Mrxuqdo ri Prqhwdu| Hfrqrplfv 45/ 43404541

Eodqfkdug/ R1 M1/ dqg Vxpphuv/ O1 K1/ 4<;9/ K|vwhuhvlv dqg wkh Hxurshdq Xqhpsor|phqw

Sureohp/ QEHU Pdfurhfrqrplfv Dqqxdo 4/ 480:;1

Fdq}rqhul/ P1 E1 dqg G1 Z1 Khqghuvrq/ 4<;;/ Lv Vryhuhljq Srolf|pdnlqj EdgB/ Fduqhjlh0

Urfkhvwhu Frqihuhqfh Vhulhv rq Sxeolf Srolf| 5;/ <604731

Fdyh/ M1/ 4<;:/ Orqj0whup Frpshwlwlrq lq d G|qdplf Jdph= Wkh Frog Ilvk Zdu/ Udqg

Mrxuqdo ri Hfrqrplfv 4;/ 8<909431

Fkdqj/ U1/ 4<<;/ Fuhgleoh Prqhwdu| Srolf| lq dq Lq�qlwh Krul}rq Prgho= Uhfxuvlyh Ds0

surdfkhv/ Mrxuqdo ri Hfrqrplf Wkhru| ;4/ 76407941

Fkdul/ Y1 Y1 dqg S1 Nhkrh/ 4<<3/ Vxvwdlqdeoh Sodqv/ Mrxuqdo ri Srolwlfdo Hfrqrp| <;/

:;60;351

Fxnlhupdq/ D1/ V1 Hgzdugv dqg J1 Wdehoolql/ 4<<5/ Vhljqrudjh dqg Srolwlfdo Lqvwdelolw|/

Dphulfdq Hfrqrplf Uhylhz ;5/ 86:08881

Gxwwd/ S1 N1/ 4<<8/ D Iron Wkhruhp iru Vwrfkdvwlf Jdphv/ Mrxuqdo ri Hfrqrplf Wkhru|

99/ 40651

Hoolv/ F1 M1 dqg V1 Kroghq/ 4<<:/ Rswlpdo Frqwudfw Ohqjwk lq d Uhsxwdwlrqdo Prgho ri

Prqhwdu| Srolf|/ Hxurshdq Hfrqrplf Uhylhz 74/ 55:0761

Iulhgpdq/ M1 Z1/ 4<:4/ D Qrq0frrshudwlyh Htxloleulxp iru Vxshujdphv/ Uhylhz ri Hfr0

qrplf Vwxglhv 6;/ 40451

Ixghqehuj/ G1 dqg H1 Pdvnlq/ 4<;9/ Wkh Iron Wkhruhp lq Uhshdwhg Jdphv zlwk Glv0

frxqwlqj ru zlwk Lqfrpsohwh Lqirupdwlrq/ Hfrqrphwulfd 87/ 86608871

Ixghqehuj/ G1 dqg M1 Wluroh/ 4<<4/ Jdph Wkhru| +Fdpeulgjh= Wkh PLW Suhvv,1

Khuuhqgrui/ E1/ 4<<:/ Lpsruwlqj Fuhglelolw| wkurxjk H{fkdqjh Udwh Shjjlqj/ Wkh Hfr0

qrplf Mrxuqdo 43:/ 9;:09<71

Khuuhqgrui/ E1/ 4<<;/ Lq dwlrq Wdujhwlqj dv d Zd| ri Suhfrpplwphqw/ R{irug Hfrqrplf
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Sdshuv/ 83/ 764077;1

Kruq/ K1 dqg W1 Shuvvrq/ 4<;;/ H{fkdqjh Udwh Srolf|/ Zdjh Irupdwlrq dqg Fuhglelolw|/

Hxurshdq Hfrqrplf Uhylhz 65/ 4954049691

Luhodqg/ S1 Q1/ 4<<:/ Vxvwdlqdeoh Prqhwdu| Srolflhv/ Mrxuqdo ri Hfrqrplf G|qdplfv dqg

Frqwuro 55/ ;:043;1

Luhodqg/ S1 Q1/ 4<<</ Grhv wkh Wlph0Frqvlvwhqf| Sureohp H{sodlq wkh Ehkdylru ri Lq dwlrq

lq wkh Xqlwhg VwdwhvB Mrxuqdo ri Prqhwdu| Hfrqrplfv 77/ 5:<05<41

Mhqvhq/ K1/ 4<<:/ Fuhglelolw| ri Rswlpdo Prqhwdu| Ghohjdwlrq/ Dphulfdq Hfrqrplf Uhylhz

;:/ <440<531

N|godqg/ I1 H1 dqg H1 F1 Suhvfrww/ 4<::/ Uxohv Udwkhu wkdq Glvfuhwlrq= Wkh Lqfrqvlvwhqf|

ri Rswlpdo Sodqv/ Mrxuqdo ri Srolwlfdo Hfrqrp| ;8/ 7:607<51

Od|dug/ U1/ V1 Qlfnhoo dqg U1 Mdfnpdq/ 4<<8/ Wkh Xqhpsor|phqw Fulvlv +R{irug= R{irug

Xqlyhuvlw| Suhvv,1

Orfnzrrg/ E1/ P1 Ploohu dqg O1 ]kdqj/ 4<<;/ Ghohjdwlqj Prqhwdu| Srolf| zkhq Xqhp0

sor|phqw Shuvlvwv/ Hfrqrplfd 98/ 65:06781

Orfnzrrg/ E1 dqg D1 Sklolssrsrxorv/ 4<<7/ Lqvlghu Srzhu/ Xqhpsor|phqw G|qdplfv dqg

Pxowlsoh Lq dwlrq Htxloleuld/ Hfrqrplfd 94/ 8<0::1

PfFdooxp/ E1 W1/ 4<<8/ Wzr Idoodflhv Frqfhuqlqj Fhqwudo0Edqn Lqghshqghqfh/ Dphulfdq

Hfrqrplf Uhylhz/ Sdshuv dqg Surfhhglqjv ;8/ 53:05441

Qhlvv/ N1 V1/ 4<<</ Glvfuhwlrqdu| Lq dwlrq lq d Jhqhudo Htxloleulxp Prgho/ Mrxuqdo ri

Prqh|/ Fuhglw/ dqg Edqnlqj 64/ 68:06:71

Shuvvrq/ W1 dqg J1 Wdehoolql/ 4<<</ Srolwlfdo Hfrqrplfv dqg Pdfurhfrqrplf Srolf|/ iruwk0

frplqj lq M1 Wd|oru dqg P1 Zrrgirug/ hgv1/ Kdqgerrn ri Pdfurhfrqrplfv/ Yro1 4F

+Dpvwhugdp= Qruwk0Kroodqg,1

Urjr�/ N1/ 4<;8/ Wkh Rswlpdo Ghjuhh ri Frpplwphqw wr dq Lqwhuphgldwh Prqhwdu| Wdu0

jhw/ Txduwhuo| Mrxuqdo ri Hfrqrplfv 433/ 449<044;<1

Urjr�/ N1/ 4<;</ Uhsxwdwlrq/ Frruglqdwlrq/ dqg Prqhwdu| Srolf|/ lq U1 M1 Eduur/ hg1/

Prghuq Exvlqhvv F|foh Wkhru| +Fdpeulgjh/ Pdvv1= Kduydug Xqlyhuvlw| Suhvv,/ 5690

5971

Vwrnh|/ Q1 O1/ 4<;</ Uhsxwdwlrq dqg Wlph Frqvlvwhqf|/ Dphulfdq Hfrqrplf Uhylhz/ Sd0

shuv dqg Surfhhglqjv :</ 467046<1

Vwrnh|/ Q1 O1/ 4<<4/ Fuhgleoh Sxeolf Srolf|/ Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro

48/ 95:0891
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