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Devwudfw

Zlwklq d vlpsoh Qhz Nh|qhvldq prgho hpskdvl}lqj iruzdug0orrnlqj ehkdylru ri

sulydwh djhqwv/ L hydoxdwh rswlpdo qrplqdo lqfrph jurzwk wdujhwlqj yhuvxv rswl0

pdo lq dwlrq wdujhwlqj1 Zkhq wkh hfrqrp| xqghu frqvlghudwlrq lv pdlqo| vxemhfw

wr vkrfnv wkdw gr qrw lqyroyh prqhwdu| srolf| wudgh0r�v iru vrflhw|/ lq dwlrq wdu0

jhwlqj lv suhihudeoh1 Rwkhuzlvh/ qrplqdo lqfrph jurzwk wdujhwlqj pd| eh vxshulru

ehfdxvh lw lqgxfhv lqhuwldo lqwhuhvw udwh ehkdylru wkdw lpsuryhv wkh lq dwlrq0rxwsxw

jds wudgh0r�1 Vrphzkdw sdudgr{lfdoo|/ lq dwlrq wdujhwlqj lv uhodwlyho| ohvv idyru0

deoh wkh pruh vrflhw| fduhv iru lq dwlrq/ dqg wkh pruh shuvlvwhqw duh wkh h�hfwv ri

lq dwlrq0jhqhudwlqj vkrfnv1

Nh|zrugv= Qrplqdo lqfrph jurzwk wdujhwlqj> lq dwlrq wdujhwlqj> prqhwdu| sro0

lf|> lqwhuhvw udwh lqhuwld1

MHO= H75/ H85/ I8;1

�L kdyh ehqh�wwhg juhdwo| iurp glvfxvvlrqv zlwk/ dqg frpphqwv iurp/ Urho P1 Z1 M1 Ehhwvpd/ D1
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Oduv H1 R1 Vyhqvvrq/ Gdylg Yhvwlq/ dqg vhplqdu sduwlflsdqwv dw FhqwHU +Wloexuj Xqlyhuvlw|,/ Gdqpdunv

Qdwlrqdoedqn/ HSUX +Xqlyhuvlw| ri Frshqkdjhq,/ dqg LLHV +Vwrfnkrop Xqlyhuvlw|,1 Wkh uhvsrqvlelolw|

iru zkdw iroorzv lv/ ri frxuvh/ h{foxvlyho| plqh1 Ilqdqfldo vxssruw iurp HSUX lv judwhixoo| dfnqrzohgjhg

+wkh dfwlylwlhv ri HSUX duh �qdqfhg e| d judqw iurp Wkh Gdqlvk Qdwlrqdo Uhvhdufk Irxqgdwlrq,1
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41 Lqwurgxfwlrq

Lq uhfhqw ghfdghv/ vhyhudo udwkhu gudpdwlf fkdqjhv lq wkh iudphzrunv iru prqhwdu| srolf|

frqgxfw kdyh rffxuuhg durxqg wkh zruog1 Pdq| frxqwulhv kdyh dgrswhg/ iru h{dpsoh/

ydulrxv irupv ri lq dwlrq wdujhwlqj uhjlphv/ dqg �� Hxurshdq frxqwulhv kdyh iruphg wkh

Hxurshdq Prqhwdu| Xqlrq qhfhvvlwdwlqj d uh0wklqnlqj ri prqhwdu| srolf| vwudwhjlhv iru

erwk phpehu dqg qrq0phpehu frxqwulhv1 Vxfk hyhqwv/ dqg wkh olnho| qhhg iru surylglqj

jxlgholqhv iru dssursuldwh lqvwlwxwlrqdo ghvljq lq/ h1j1/ iruphu Hdvwhuq Hxurshdq frxqwulhv

dqg pdq| ghyhorslqj frxqwulhv/ kdyh zlwkrxw grxew ehhq fuxfldo lpshwxv lq wkh fxuuhqw

uhylydo ri prqhwdu| srolf| lvvxhv lq dfdghplf uhvhdufk1

Lw lv qrw xqidlu wr vd| wkdw zlwklq wkh qhzhu olwhudwxuh/ wkhuh lv qrz d eurdg frqvhqvxv

derxw wkh ghvludelolw| ri fhqwudo edqn lqghshqghqfh1 L1h1/ wkdw prqhwdu| srolf| lv lqvx0

odwhg iurp/ vd|/ srolwlfdo suhvvxuhv zklfk frxog ohdg wr h{fhvv pdfurhfrqrplf  xfwxdwlrqv

+Dohvlqd/ 4<;;,/ ru hyhq shupdqhqw lqh!flhqflhv lq prqhwdu| srolf| +h1j1/ wkh idprxv lq d0

wlrq eldv ri N|godqg dqg Suhvfrww/ 4<::> Eduur dqg Jrugrq/ 4<;6,1 Dovr/ uhfhqw uhvhdufk

dsshduv wr kdyh frqyhujhg rq d prgho iudphzrun ri wkh w|sh gxeehg wkh �Qhz Qhrfodvvlfdo

V|qwkhvlv� e| Jrrgiulhqg dqg Nlqj +4<<:,1 Wklv iudphzrun hpskdvl}hv iruzdug0orrnlqj

ehkdylru +dqg/ wkxv/ lqwhuwhpsrudo rswlpl}dwlrq e| sulydwh djhqwv, dqg lqfrpsohwh qrpl0

qdo dgmxvwphqw ri sulfhv ihdwxuhg lq Qhz Nh|qhvldq wkhru|14c5 Dgkhuhqfh wr wkhvh prghov

zlwk +vrph wr shuihfw, plfur irxqgdwlrqv kdv/ ri frxuvh/ wkh dgydqwdjh wkdw hydoxdwlrq ri

gl�huhqw prqhwdu| srolf| vfhqdulrv lv ohvv yxoqhudeoh wr wkh Oxfdv +4<:9, fulwltxh1

Zkhuh frqvhqvxv euhdnv grzq/ lv lq whupv ri wkh prgholqj ri prqhwdu| uhjlphv/ dqg lq

whupv ri zklfk pdfurhfrqrplf djjuhjdwhv vkrxog ghwhuplqh wkh frxuvh ri prqhwdu| srolf|1

Rq wkh �uvw srlqw/ vrph prgho d prqhwdu| uhjlph dv d vhw ri lqfhqwlyh phfkdqlvpv iru

fhqwudo edqnhuv/ xvxdoo| odehohg �wdujhwlqj uhjlphv/� zklfk lqgxfh d ehkdylru wkdw dfklhyhv

ydulrxv srolf| jrdov +h1j1/ Urjr�/ 4<;8/ Uxghexvfk dqg Vyhqvvrq/ 4<<</ Vyhqvvrq/ 4<<<d/

Zdovk/ 4<<;/ Fkds1 ;,1 Rwkhuv pdlqo| prgho d uhjlph dv h{solflw srolf| lqvwuxfwlrqv wkdw

wkh fhqwudo edqn lv frpplwwhg wr iroorz1 Iru h{dpsoh/ �lqvwuxphqw uxohv� lq frqiruplw|

zlwk wkh fhoheudwhg Wd|oru +4<<6, uxoh16 Rq wkh vhfrqg srlqw/ vrph/ h1j1/ vxjjhvw sulfh

4Vhh/ h1j1/ Ehuqdqnh dqg Zrrgirug +4<<:,/ Fodulgd hw do1 +4<<<d/e,/ Nlqj dqg Zropdq +4<<9/ 4<<<,/

PfFdooxp dqg Qhovrq +4<<<d/e,/ Urwhpehuj dqg Zrrgirug +4<<:/ 4<<<,/ Vyhqvvrq +4<<<d/e,/ Zrrgirug

+4<<;,/ iru mxvw d ihz h{dpsohv ri wklv olqh ri uhvhdufk1
5Wkhuh h{lvwv uduho| uxohv zlwkrxw h{fhswlrqv/ dqg wklv dovr dssolhv khuh1 Dqrwkhu uhfhqw olqh ri uhvhdufk

irfxvhv rq wkh uhdo h�hfwv ri prqh| zlwklq  h{leoh sulfh prghov ihdwxulqj ydulrxv wudqvdfwlrq iulfwlrqv1

Vhh/ h1j1/ Fkulvwldqr hw do1 +4<<;, dqg Frroh| dqg Txdgulql +4<<<,1
6Wkhuh lv qrw djuhhphqw derxw whuplqrorj|1 Vrph/ h1j1/ PfFdooxp dqg Qhovrq +4<<<d,/ dujxh wkdw

d Wd|oru uxoh zkhuh wkh lqwhuhvw udwh uhvsrqgv wr lq dwlrq/ zduudqwv wkh odehoolqj �lq dwlrq wdujhwlqj1�

Vyhqvvrq +4<<<d, dujxhv lqvwhdg wkdw wkh surshu odeho iru vxfk ehkdylru lv �uhvsrqglqj wr lq dwlrq1� L

dp/ lq whupv ri whuplqrorj|/ pruh lq olqh zlwk wkh odwwhu ghqrplqdwlrq1
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vwdelolw| dv wkh ryhuulglqj remhfwlyh ri prqhwdu| srolf| +Nlqj dqg Zropdq/ 4<<<,/ zkloh

rwkhuv idyru pruh � h{leoh� lq dwlrq wdujhwlqj zkhuh vrph sulrulw| lv jlyhq wr vwdelol}lqj

wkh rxwsxw jds +Vyhqvvrq/ 4<<<d,1 Lq dgglwlrq/ vrph vxjjhvw wkdw prqhwdu| srolf| vkrxog

uhvsrqg wr lqwhuphgldwh yduldeohv olnh/ iru h{dpsoh/ qrplqdo lqfrph jurzwk +PfFdooxp

dqg Qhovrq/ 4<<<d, ru odjjhg ydoxhv ri wkh lqwhuhvw udwh +Urwhpehuj dqg Zrrgirug/ 4<<<,17

Wkh sxusrvh ri wklv sdshu lv wr frqwulexwh wr wkh lvvxh ri zklfk djjuhjdwhv vkrxog jxlgh

prqhwdu| srolf|1 Pruh vshfl�f/ L frpsduh wkh shuirupdqfh ri wzr wdujhwlqj uhjlphv +lq

wkh vhqvh ri Vyhqvvrq/ 4<<<d, zlwklq wkh deryh0phqwlrqhg iudphzrun= lq dwlrq wdujhwlqj

+khqfhiruwk/ LW, dqg qrplqdo lqfrph jurzwk wdujhwlqj +khqfhiruwk/ QLJW,1 Wkh irfxv

rq LW lv prwlydwhg e| wkh idfw wkdw lq dwlrq lv d sulpdu| jrdo yduldeoh zklfk/ wrjhwkhu

zlwk wkh rxwsxw jds/ dsshdu lq wkh vrfldo zhoiduh fulwhulrq1 +Dqrwkhu prwlydwlrq lv wkdw

lwv hqruprxv dfdghplf dqg uhdo0olih dwwhqwlrq pdnh lw d qdwxudo uhihuhqfh srlqw djdlqvw

zklfk dowhuqdwlyhv duh hydoxdwhg1, Wkh fkrlfh ri qrplqdo lqfrph jurzwk dv dq dowhuqdwlyh

qrplqdo dqfkru lv prwlydwhg e| lwv delolw| ri vhuylqj d xvhixo/ dqg khuhwriruh xquhfrjql}hg/

uroh lq hfrqrplhv zlwk iruzdug0orrnlqj ehkdylru dv zloo eh fodul�hg ehorz18

Lw vkrxog eh vwuhvvhg wkdw wdujhwlqj lv xqghuvwrrg wr eh  h{leoh/ l1h1/ wkh prqhwdu|

dxwkrulw| lv ghvljqdwhg wr sd| dwwhqwlrq wr wkh uhdo vlgh ri wkh hfrqrp| +wkh rxwsxw jds,/

lq dgglwlrq wr wkh qrplqdo wdujhw yduldeoh zkdwhyhu wkdw pd| eh19 Dovr/ lq hdfk fdvh/ wkh

vwuhqjwk ri wklv dwwhqwlrq lv fkrvhq dw wkh lqvwlwxwlrqdo ghvljq vwdjh vr dv wr plqlpl}h wkh

zhoiduh orvv ri vrflhw|1 Wklv irfxv rq rswlpdo uhjlphv/ ri frxuvh/ holplqdwhv dq| duelwudulqhvv

lq wkh frpsdulvrq ri uhjlph shuirupdqfh1 Pruhryhu/ lw kdv wkh vlgh h�hfw ri lghqwli|lqj

krz ydulrxv fhqwudo vwuxfwxudo ihdwxuhv ri dq hfrqrp| d�hfw wkh rswlpdo zhljkwv rq uhdo

yhuvxv qrplqdo remhfwlyhv lq prqhwdu| srolf|pdnlqj +luuhvshfwlyh ri zkhwkhu wkh uhjlph

lv wkdw ri LW ru QLJW,1

Wkh pdlq �qglqj ri wkh sdshu lv wkdw hyhq wkrxjk vrflhw|*v zhoiduh ghshqgv rq wkh

yduldelolw| ri wkh rxwsxw jds dqg lq dwlrq/ lw pd| eh ghvludeoh iru vrflhw| wr dgrsw QLJW

udwkhu wkdq LW1 Wkh phfkdqlvp ehklqg wkh srwhqwldo vxshulrulw| ri QLJW lv/ wr wkh ehvw

ri p| nqrzohgjh/ d qhz rqh1 Dv uhfhqwo| hpskdvl}hg e| Zrrgirug +4<<;,/ lqhuwldo lq0

7Ixuwkhupruh/ wkh olwhudwxuh frqwdlqv vhyhudo dqdo|vhv zkhuh ydulrxv odjv dqg +h{shfwhg, ohdgv ri ydulrxv

djjuhjdwhv duh ghwhuplqdqwv ri prqhwdu| srolf|1 Vhh/ h1j1/ wkh frqwulexwlrqv lq Wd|oru +4<<<,1
8QLJW kdv ri frxuvh dovr uhfhlyhg frqvlghudeoh dfdghplf dwwhqwlrq/ exw uhfhqwo| qrw ri d pdjqlwxgh

uhprwho| frpsdudeoh wr wkdw ri LW1 Wkh fodvvlf uhihuhqfh lv Ehdq +4<;6,1 Vhh dovr Kdoo dqg Pdqnlz +4<<7,

ru PfFdooxp dqg Qhovrq +4<<<d, iru uhfhqw froohfwlrqv ri dujxphqwv lq idyru ri qrplqdo lqfrph +jurzwk,

wdujhwlqj1 Ehhwvpd dqg Mhqvhq +4<<<, kdyh uhfhqwo| vkrzq wkdw wdujhwlqj qrplqdo lqfrph jurzwk lq wkh

prgho ri Orfnzrrg dqg Sklolssrsrxorv +4<<7, +d g|qdplf yhuvlrq ri Eduur dqg Jrugrq/ 4<;6,/ plwljdwhv

wkh prgho*v wlph0ydu|lqj lq dwlrq eldv1
9Wkh dssurdfk wkhuhiruh frqwudvwv zlwk hduolhu olwhudwxuh wkdw xvxdoo| frqvlghuv qrplqdo lqfrph jurzwk

zlwklq dq �lqvwuxphqw uxoh� iudphzrun +h1j1/ PfFdooxp dqg Qhovrq/ 4<<<d/e,/ ru hydoxdwhv lw lq d �vwulfw�

wdujhwlqj vhqvh/ wkdw lv/ dv wkh ryhuulglqj remhfwlyh iru prqhwdu| srolf|1
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whuhvw udwh ehkdylru fkdudfwhul}hv rswlpdo prqhwdu| srolf| xqghu frpplwphqw lq prghov

zlwk iruzdug0orrnlqj ehkdylru1 Wkh pdlq uhdvrq lv wkdw fxuuhqw lq dwlrq lv d ixqfwlrq ri

h{shfwhg ixwxuh lq dwlrq1 Li wkh hfrqrp| lv wkhq klw e| d whpsrudu| lq dwlrqdu| vkrfn

wkdw uhtxluhv frqwudfwlyh prqhwdu| srolf|/ wkh wudgh0r� ehwzhhq lq dwlrq dqg wkh rxwsxw

jds ehfrphv pruh idyrudeoh li wkh frqwudfwlrq lv h{shfwhg wr shuvlvw1 Wklv iroorzv dv h{0

shfwhg ixwxuh lq dwlrq zloo idoo zklfk uhgxfhv fxuuhqw lq dwlrq1 Khqfh/ d jlyhq uhgxfwlrq

lq lq dwlrq fdq eh �erxjkw� dw d vpdoohu/ exw shuvlvwhqw/ uhgxfwlrq lq wkh rxwsxw jds +vhh

dovr Urwhpehuj dqg Zrrgirug/ 4<<:,1

Wkh sureohp zlwk wklv srolf|/ krzhyhu/ lv wkdw lw lv wlph lqfrqvlvwhqw1 D fhqwudo edqn

zlwk suhihuhqfhv iru wkh rxwsxw jds dqg lq dwlrq +dv lv wkh fdvh xqghu LW,/ zrxog qrw eh

zloolqj wr ohw d frqwudfwlrq shuvlvw xqghu glvfuhwlrqdu| srolf|pdnlqj= zkhq wkh lq dwlrqdu|

vkrfn lv zruq rxw/ lw lv rswlpdo qrw wr frqwudfw dq|pruh1 Lq dqwlflsdwlrq ri wklv/ h{shfwhg

lq dwlrq zloo qrw sod| wkh vwdelol}lqj uroh iru fxuuhqw lq dwlrq dv lw grhv xqghu frpplwphqw1

D fhqwudo edqn rshudwlqj xqghu QLJW zloo/ lq frqwudvw/ eh irufhg wr ohw d frqwudfwlrq

shuvlvw= zkhq wkh lq dwlrqdu| vkrfn kdv sdvvhg/ wkh hfrqrp| lv uhwxuqlqj wr vwhdg| vwdwh/

zklfk lpsolhv kljkhu qrplqdo lqfrph jurzwk1 Wr vwdelol}h qrplqdo lqfrph jurzwk/ wkh

fhqwudo edqn frqwlqxhv wkh frqwudfwlrq dqg wkhuhe| dfwv pruh lq dffrugdqfh zlwk wkh

frpplwphqw srolf| sodq1

Wkh h{whqw wr zklfk wklv lv vx!flhqw wr uhqghu QLJW vxshulru/ lv h{dplqhg qxphulfdoo|

zlwklq d uhodwlyho| vlpsoh yhuvlrq ri wkh prgho w|shv phqwlrqhg deryh1 Lw wxuqv rxw wkdw

zkhq wkh hfrqrp| lv pdlqo| vxemhfw wr vkrfnv wkdw gr qrw lqyroyh prqhwdu| srolf| wudgh0

r�v iru vrflhw|/ LW lv suhihudeoh1 Wklv iroorzv dv lw lv wkhq dgydqwdjhrxv wkdw fhqwudo edqn

suhihuhqfhv duh doljqhg zlwk wkrvh ri vrflhw|1 Exw zkhq vkrfnv fdxvlqj dq lq dwlrq0rxwsxw

jds wudgh0r� lq prqhwdu| srolf| duh lpsruwdqw/ QLJW lv irxqg wr eh vxshulru ehfdxvh lw

lqgxfhv lqhuwldo lqwhuhvw udwh ehkdylru> d ehkdylru wkdw uhvxowv lq pruh vwdeoh lq dwlrq wkdq

xqghu LW1

Vrphzkdw sdudgr{lfdoo|/ lw wxuqv rxw wkdw LW lv uhodwlyho| ohvv idyrudeoh wkh pruh vrflhw|

fduhv iru lq dwlrq/ dqg wkh pruh shuvlvwhqw duh wkh h�hfwv ri lq dwlrq0jhqhudwlqj vkrfnv1

Wklv lv ehfdxvh wkh uhodwlyh dgydqwdjh ri QLJW lq whupv ri vwdelol}lqj lq dwlrq lv ydoxhg

pruh e| vrflhw| zkhq lq dwlrq vkrfnv duh suhgrplqdqw dqg lq dwlrq lv glvolnhg e| vrflhw|1:

Wkh uhvw ri wkh sdshu lv vwuxfwxuhg dv iroorzv1 Wkh pdlq erg| ri Vhfwlrq 5 suhvhqwv wkh

:Lw pd| dovr eh qrwhg wkdw iru prvw ri wkh fdvhv frqvlghuhg/ wkh yduldelolw| ri qrplqdo lqwhuhvw udwhv lv

orzhvw xqghu QLJW1 Li kljk yduldelolw| ri lqwhuhvw udwhv shu vh lv frqvlghuhg kdupixo +dv lw pd| �zklsvdz

wkh pdunhw/� Jrrgiulhqg/ 4<<4,/ wklv frqvwlwxwhv dqrwkhu +lqirupdo, dujxphqw lq idyru ri QLJW1 Rq wkh

rwkhu kdqg/ li wkh hpslulfdoo| zhoo0grfxphqwhg whqghqf| iru fhqwudo edqnhuv wr �vprrwk� lqwhuhvw udwhv lv

frqvlghuhg wrr h{fhvvlyh +fi1 Jrrgkduw/ 4<<:,/ lqwurgxflqj dgglwlrqdo lqhuwld lqwr srolf|pdnlqj e| QLJW

pd| eh xqghvludeoh1
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prgho/ dqg Vhfwlrq 514 ghvfulehv prqhwdu| srolf| xqghu wkh ehqfkpdun fdvh ri suhfrp0

plwphqw1 Vhfwlrq 6 ghvfulehv glvfuhwlrqdu| srolf|pdnlqj xqghu LW dqg QLJW1 Lq Vhfwlrq

714/ wkh edvholqh sdudphwhu frq�jxudwlrq xvhg lq wkh qxphulfdo vlpxodwlrqv lv suhvhqwhg/

dqg Vhfwlrq 715 frqwdlqv wkh uhvxowv iru wklv vhw ri sdudphwhuv1 Ydulrxv ghyldwlrqv iurp

wkh edvholqh duh suhvhqwhg dqg glvfxvvhg lq Vhfwlrq 7161 Lq Vhfwlrq 8/ ixuwkhu glvfxvvlrqv

ri wkh uhvxowv duh r�huhg dorqj zlwk vxjjhvwlrqv iru ixuwkhu uhvhdufk1 Vhfwlrq 9 frqfoxghv1

Vrph whfkqlfdolwlhv duh uhohjdwhg wr wkh dsshqgl{1

51 Wkh prgho

Wkh prgho hfrqrp| lv d sduwlfxoduo| vlpsoh yhuvlrq ri g|qdplf prghov wkdw kdyh uhfhqwo|

ehhq h{whqvlyho| dssolhg lq wkh olwhudwxuh rq prqhwdu| srolf| hydoxdwlrq +vhh Irrwqrwh

4,1 Vlpsolflw| vhuyhv wr kljkoljkw wkh lqfhqwlyh lvvxhv ri rswlpdo prqhwdu| srolf| xqghu

ydulrxv wdujhwlqj uhjlphv/ dqg lpsolhv wkdw wkh hfrqrp| lv ghvfulehg e| mxvw wzr uhgxfhg0

irup htxdwlrqv> rqh iru djjuhjdwh ghpdqg/ dqg rqh iru djjuhjdwh vxsso|1 Wlph lv glvfuhwh/

dqg djjuhjdwh ghpdqg lq wkh forvhg hfrqrp| lq shulrgv | ' �c 2c ����c4 lv ghwhuplqhg e|

wkh iroorzlqj lqwhuwhpsrudo �LV fxuyh=�

+| ' w+|3� n E�� w�H|+|n� � E�� w�j E�| � H|Z|n�� n }|c +4,

f � w 	 �c j : fc +f ' f jlyhqc

zkhuh +| lv rxwsxw phdvxuhg dv wkh orj ghyldwlrq iurp wuhqg/ �| lv wkh +vkruw, qrplqdo

lqwhuhvw udwh dvvxphg wr eh wkh prqhwdu| srolf| lqvwuxphqw1 Wkh lq dwlrq udwh lv Z| +wkh

orj gl�huhqfh ri sulfhv ehwzhhq | � � dqg |,1 H| lv wkh h{shfwdwlrqv rshudwru frqglwlrqdo

xsrq doo lqirupdwlrq xs wr/ dqg lqfoxglqj/ shulrg |1 Iru wkh vshfldo fdvh ri w ' f/ +4,

dssur{lpdwhv wkh sdwk ri ghpdqg dulvlqj iurp wkh Hxohu htxdwlrq fkdudfwhul}lqj rswlpdo

djjuhjdwh frqvxpswlrq fkrlfhv e| frqyhqwlrqdo �Udpvh|0w|sh� lqglylgxdov +vhh/ h1j1/ Nlqj

dqg Zropdq/ 4<<<> Urwhpehuj dqg Zrrgirug/ 4<<;> PfFdooxp dqg Qhovrq/ 4<<<e,1 Sd0

udphwhu j fdq wkhq eh lqwhusuhwhg dv wkh udwh ri lqwhuwhpsrudo vxevwlwxwlrq +wlphv wkh

vwhdg|0vwdwh udwlr ri lqwhuhvw udwh vhqvlwlyh ghpdqg wr wrwdo ghpdqg, ghwhuplqlqj wr zklfk

h{whqw fkdqjhv lq wkh uhdo h{fkdqjh udwh/ �|� H|Z|n�/ d�hfw h{shfwhg vshqglqj jurzwk1 Wkh

yduldeoh }| uhsuhvhqwv rwkhu vshqglqj +iru h{dpsoh jryhuqphqw vshqglqj,/ dqg lv wdnhq wr

eh vwrfkdvwlf dqg gulyhq e| dq DU+4, surfhvv=

}| ' �}}|3� n l}| c f � �} 	 �c | ' �c 2c ���c4c }f ' f jlyhq/ +5,
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zkhuh l}| lv d phdq0}hur lqqrydwlrq zlwk vwdqgdug ghyldwlrq j}1 Iru pdlqo| hpslulfdo

uhdvrqv +vhh/ h1j1/ Ixkuhu/ 4<<;> Uxghexvfk dqg Vyhqvvrq/ 4<<</ rq X1 V1 gdwd,/ wkh vshf0

l�fdwlrq ri djjuhjdwh ghpdqg dovr doorzv iru hqgrjhqrxv shuvlvwhqfh lq ghpdqg zkhq

f 	 w 	 �1; Dv zloo eh fohdu ehorz/ krzhyhu/ wklv kdv olwwoh wr qr h�hfwv rq wkh uhvxowv1

Djjuhjdwh vxsso| lv prghoohg e| dq h{shfwdwlrqv0dxjphqwhg �Skloolsv fxuyh=�

Z| ' �Z|3� n E�� �� qH|Z|n� n E�� ��V E+| � +?| � n 0|c +6,

f � � 	 �c V : fc f 	 q 	 �c Zf ' f jlyhq/

zkhuh +?| lv wkh �qdwxudo� udwh ri rxwsxw/ ru/ srwhqwldo rxwsxw> l1h1/ dq rxwsxw ghyldwlrq

iurp wuhqg wkdw zrxog suhydlo lq devhqfh ri dq| sulfh uljlglwlhv1 Lw lv vwrfkdvwlf/ wkhuhe|

uh hfwlqj whfkqrorj| vkrfnv/ dqg gulyhq e| wkh iroorzlqj DU+4, surfhvv=

+?| ' �++
?
|3� n l+| c f � �+ 	 �c | ' �c 2c ���c4c +?f ' f jlyhq/ +7,

zkhuh l+| lv d phdq0}hur lqqrydwlrq zlwk vwdqgdug ghyldwlrq j+1 Lq wkh vshfldo fdvh ri

� ' f/ wkh vwuxfwxuh ri +6, uhvhpeohv zkdw Urehuwv +4<<8, kdv odehoohg wkh Qhz Nh|qhvldq

Skloolsv Fxuyh/ zklfk fdq eh ghulyhg iurp d ydulhw| ri vxsso| vlgh prghov1 Iru h{dpsoh/

lw fdq eh vkrzq wr dssur{lpdwh wkh djjuhjdwh sulflqj htxdwlrq wkdw hphujhv iurp pr0

qrsrolvwlfdoo| frpshwlwlyh �upv* rswlpdo ehkdylru lq Fdoyr*v +4<;6, prgho ri vwdjjhuhg

sulfh ghwhuplqdwlrq +vhh/ h1j1/ \xq/ 4<<9> Zrrgirug/ 4<<9> dqg Urwhpehuj dqg Zrrgirug/

4<<;/ iru d ghulydwlrq,1< Lq vxfk d vhwwlqj/ fxuuhqw djjuhjdwh sulfhv duh d ixqfwlrq ri sdvw

shulrg*v sulfhv +uhphpehu Z| � R| � R|3� zkhuh R|3� lv wkh orj sulfh ohyho, dv vrph �upv

fdqqrw fkdqjh wkhlu sulfhv/ exw wkh| duh dovr d ixqfwlrq ri h{shfwhg ixwxuh sulfhv dv �upv

vhwwlqj sulfhv wrgd| nqrz wkdw wkhuh lv d ulvn ri ehlqj uhiudlqhg iurp dgmxvwlqj wr ixwxuh

hfrqrplf hyhqwv1 Wr surwhfw h{shfwhg uhdo sur�wv/ h{shfwdwlrqv derxw ixwxuh djjuhjdwh

sulfhv wkhq ehfrph lpsruwdqw1 Wklv zloo eh wr dq h{whqw ghwhuplqhg e| q/ zklfk lv wkh

glvfrxqw idfwru143 Wkh dsshdudqfh ri wkh rxwsxw dqg qdwxudo rxwsxw whupv lq +6, uh hfwv

;Dv uhfhqwo| vwuhvvhg e| Ixkuhu +4<<;,/ wkh prwlydwlrq frxog/ ri frxuvh/ dovr eh wkhruhwlfdo zkhq kdelw

irupdwlrq lv lpsruwdqw lq lqwhuwhpsrudo frqvxpswlrq ghflvlrqv1
<Lq Fdoyr*v prgho/ hdfk �up idfhv lq hyhu| shulrg d vwdwh0lqghshqghqw suredelolw| ri ehlqj deoh wr

fkdqjh lwv sulfh1 Dv vkrzq e| Grwvh| hw do1 +4<<<,/ li wkh suredelolw| lv vwdwh0ghshqghqw/ vkliwv lq wkh

dyhudjh lq dwlrq udwh d�hfw wkh sdudphwhuv ri +6,1 Dqdo|vhv ri uhjlph fkdqjhv lpso|lqj odujh gl�huhqfhv lq

dyhudjh lq dwlrq zloo wkhuhiruh eh yxoqhudeoh wr wkh Oxfdv fulwltxh1 Lq wkh uhjlphv wr eh frqvlghuhg lq wklv

sdshu/ krzhyhu/ dyhudjh lq dwlrq udwhv duh lghqwlfdo1 Wuhdwlqj wkh sdudphwhuv dv vwuxfwxudo lv wkhuhiruh

ohvv fulwlfdo1
43Djjuhjdwh vxsso| fxuyhv olnh +6, kdv ehhq fulwlfl}hg iru qrw ehlqj frqirupdeoh zlwk wkh �qdwxudo udwh

k|srwkhvlv/� vhh/ h1j1/ PfFdooxp dqg Qhovrq +4<<<d,1 Krzhyhu/ lq doo wkh vlpxodwlrqv wkdw iroorz/ � lv vhw

forvh wr rqh/ vr wklv ghyldwlrq iurp wkh k|srwkhvlv zloo eh ri qhjoljleoh pdjqlwxgh1
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wkdw sulfh vhwwhuv ghwhuplqh sulfhv dv d pdun0xs ryhu pdujlqdo frvwv/ dqg wkdw wkhvh frvwv

duh d�hfwhg e| krz pxfk dfwxdo rxwsxw h{fhhgv srwhqwldo1 Khqfh/ wkh sdudphwhu V frp0

sulvhv wkh vhqvlwlylw| ri sulfhv wr pdujlqdo frvwv dqg wkh sursruwlrqdolw| ehwzhhq pdujlqdo

frvwv dqg wkh rxwsxw jds/ +| � +?| 1
44

Djdlq/ iru pdlqo| hpslulfdo uhdvrqv/ hqgrjhqrxv lq dwlrq shuvlvwhqfh lv lqwurgxfhg

e| doorzlqj iru f 	 � 	 �1 Lw lv/ h1j1/ rq X1 V1 gdwd gl!fxow wr uhmhfw wkdw lq dwlrq

ehkdyhv lqhuwldo +fi1 Ixkuhu/ 4<<:> Ixkuhu dqg Prruh/ 4<<8> Urehuwv/ 4<<:/ 4<<;> Uxgh0

exvfk dqg Vyhqvvrq/ 4<<<,1 Wklv frxog eh gxh wr ryhuodsslqj qrplqdo frqwudfwv dlphg dw/

h1j1/ vhfxulqj uhdo zdjh ohyhov frpsdudeoh wr h{lvwlqj dqg h{shfwhg uhdo zdjhv +Ixkuhu dqg

Prruh/ 4<<8,1 Dowhuqdwlyho|/ lw frxog eh dq lqglfdwlrq ri qrq0udwlrqdo h{shfwdwlrqv lq sulfh

irupdwlrq +vxfk wkdw odjjhg lq dwlrq dsshduv ehfdxvh ri vrph ghjuhh ri/ vd|/ dgdswlyh h{0

shfwdwlrqv irupdwlrq> fi1 Urehuwv/ 4<<:/ 4<<;,1 Wkh sduwlfxodu uhdvrq lv qrw ri lpsruwdqfh

khuh1 Wkh lqfoxvlrq ri hqgrjhqrxv shuvlvwhqfh lv/ krzhyhu/ ri txdqwlwdwlyh lpsruwdqfh iru

wkh uhvxowv/ dowkrxjk qrw qhfhvvdu| iru wkhlu pdlq txdolwdwlyh fkdudfwhulvwlfv1

Ilqdoo|/ L iroorz vhyhudo dxwkruv lq dgglqj d glvwxuedqfh/ 0|/ wr wkh djjuhjdwh vxsso|

fxuyh +vhh/ h1j1/ Fodulgd hw do1/ 4<<<d> Ixkuhu dqg Prruh/ 4<<8> Uxghexvfk dqg Vyhqvvrq/

4<<<> Vyhqvvrq/ 4<<<d/e,1 Iroorzlqj Fodulgd hw do1 +4<<<d,/ L odeho lw d frvw0sxvk vkrfn1

Wkh| lqwhusuhw lw dv uhsuhvhqwlqj dq|wklqj dsduw iurp wkh rxwsxw jds wkdw d�hfwv pdujlqdo

frvwv1 Wkdw frxog/ iru h{dpsoh/ eh wkh h{whqw wr zklfk wkh frqglwlrqv iru wkh dvvxphg

sursruwlrqdolw| ehwzhhq pdujlqdo frvwv dqg wkh rxwsxw jds idlov wr krog/ fi1 Irrwqrwh

441 Lq dgglwlrq/ wkh| qrwh wkdw lq hpslulfdo hvwlpdwhv ri lq dwlrq htxdwlrqv olnh +6,/ d

qrq0qhjoljleoh sduw ri lq dwlrq lv ohiw xqh{sodlqhg e| wkh rxwsxw jds1 Wkh suhvhqfh ri

wklv vkrfn lv ri doo lpsruwdqfh iru wkh hqvxlqj uhvxowv ehfdxvh lw/ zlwklq wklv sduwlfxodu

prgho vhw0xs/ lqgxfhv wkh wudgh0r� lq prqhwdu| srolf|pdnlqj wkdw pdwwhuv lq wkh ghvljq

ri wdujhwlqj uhjlphv1 Dv zlwk wkh rwkhu h{rjhqrxv glvwxuedqfhv/ wkh frvw0sxvk vkrfn lv

dvvxphg wr iroorz dq DU+4, surfhvv=

0| ' �00|3� n l0| c f � �0 	 �c | ' �c 2c ���c4c 0f ' f jlyhq/ +8,

zkhuh l0| lv d phdq0}hur lqqrydwlrq zlwk vwdqgdug ghyldwlrq j01 Doo vwrfkdvwlf lqqrydwlrqv

lq wkh prgho +l}| / l
+
| dqg l0|, duh zklwh qrlvh dqg xqfruuhodwhg dw doo ohdgv dqg odjv1

Wkh srolf| uhjlphv wr eh frqvlghuhg duh doo hydoxdwhg dffruglqj wr d zhoiduh orvv ixqfwlrq

44Jdoð dqg Jhuwohu +4<<<, surylgh ghwdlov rq wkh frqglwlrqv xqghu zklfk wkh sursruwlrqdolw| ehwzhhq

wkh rxwsxw jds dqg pdujlqdo frvwv krogv1
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ri vrflhw|1 Wklv ixqfwlrq lv dvvxphg wr eh

u ' Hf

"[
|'�

q|3�
k
b E+| � +?| �

2 n Z2|
l
c b : fc +9,

l1h1/ wkh xqfrqglwlrqdo h{shfwdwlrq ri wkh glvfrxqwhg vxp ri txdgudwlf ghyldwlrqv ri wkh

rxwsxw iurp srwhqwldo dqg txdgudwlf ghyldwlrqv ri lq dwlrq iurp d wdujhw ri }hur1 Vxfk d

orvv ixqfwlrq fdq xqghu vrph flufxpvwdqfhv eh ghulyhg dv dq dssur{lpdwlrq wr wkh +qhjdwlyh

ri wkh, xwlolw| ixqfwlrq ri d uhsuhvhqwdwlyh frqvxphu lq wkh hfrqrp| dv ghprqvwudwhg

e|/ h1j1/ Urwhpehuj dqg Zrrgirug +4<<;, iru wkh fdvh ri � ' w ' f1 Krzhyhu/ wr wkh

h{whqw wkdw hqgrjhqrxv shuvlvwhqfh lq wkh hfrqrp| lv suhvhqw/ +9, pd| qrw eh dq dffxudwh

dssur{lpdwlrq ri zhoiduh/ fi1 wkh glvfxvvlrq lq Ixkuhu +4<<;,1 L wdnh d udwkhu sudjpdwlf

vwdqg rq wklv/ dqg vlpso| dgrsw +9, ehfdxvh lw lv wkh orvv ixqfwlrq wkdw kdv ehhq dssolhg

lq yluwxdoo| doo olwhudwxuh rq prqhwdu| srolf| lvvxhv lq wkh sdvw ghfdghv1

D ihz forvlqj uhpdunv rq +9, duh lq rughu1 Zkloh wkh fkrlfh ri dq rswlpdo udwh ri

lq dwlrq ri }hur lv phuho| d frqyhqlhqw qrupdol}dwlrq/ wkh fkrlfh ri dq rxwsxw jds wdujhw

ri }hur uhtxluhv fodul�fdwlrq1 Vlqfh wkh dvvxpswlrqv xqghuo|lqj +6, lqfoxgh prqrsro|

srzhu lq jrrgv pdunhwv/ lw iroorzv wkdw srwhqwldo rxwsxw lv wrr orz1 Wklv vshdnv lq idyru

ri lqfoxglqj d srvlwlyh wdujhw ydoxh iru wkh rxwsxw jds lq +9,1 Dv lv zhoo nqrzq/ krzhyhu/

xqghu glvfuhwlrqdu| srolf|pdnlqj/ wklv fuhdwhv lqfhqwlyhv iru shupdqhqwo| udlvlqj rxwsxw

deryh wkh qdwxudo udwh1 Lq wklv udwlrqdo h{shfwdwlrqv iudphzrun/ dq lq dwlrq eldv ri wkh

Eduur dqg Jrugrq +4<;6, nlqg zrxog hphujh1 Vxfk shupdqhqw fuhglelolw| sureohpv frxog

frqfhlydeo| eh fruuhfwhg wkurxjk surshu ghvljq ri wdujhw ydoxhv xqghu wkh wdujhwlqj uhjlphv

wr eh frqvlghuhg +vhh/ h1j1/ Ehhwvpd dqg Mhqvhq/ 4<<<> Mhqvhq/ 5333> Vyhqvvrq/ 4<<:d,1 Lq

wkh suhvhqw prgho/ krzhyhu/ wkh lvvxh lv frpsolfdwhg e| wkh idfw wkdw hyhq li wkh srolf|pdnhu

frxog suhfrpplw/ wkh rswlpdo sodq lpsolhv lqlwldo srvlwlyh rxwsxw jds dqg lq dwlrq/ zklfk

judgxdoo| ydqlvk lq wkh orqj uxq1 +Orrvho| vshdnlqj/ lw lv rswlpdo wr vwduw zlwk dq �lq dwlrq

vxusulvh� dqg wkhq qhyhu gr lw djdlq1, Wr plplf vxfk d sdwwhuq/ wkh fkrlfh ri rswlpdo wdujhw

ydoxh iru wkh rxwsxw jds zrxog kdyh wr edodqfh wkh ghvludelolw| ri d vkruw0uxq rxwsxw jdlq

djdlqvw wkh orvv ri d shupdqhqw lq dwlrq eldv1 Wkhvh frqvlghudwlrqv pxggoh wkh pdlq

phvvdjhv ri wkh sdshu/ dqg lw lv wkxv vlpso| dvvxphg wkdw wkh ghvluhg rxwsxw jds lv }hur1

5141 Ehqfkpdun= Rswlpdo srolf| xqghu suhfrpplwphqw

Frqvlghu qrz wkh fdvh zkhuh srolf| fdq eh frqgxfwhg dv li wkh prqhwdu| dxwkrulw| dw | ' f

suhfrpplwv wr d srolf| sodq iru doo uhpdlqlqj shulrgv1 Dv lv zhoo nqrzq/ wklv srolf| lv

jhqhudoo| qrw wlph0frqvlvwhqw lq udwlrqdo h{shfwdwlrqv prghov/ dqg L gr qrw frqvlghu lw dv

:



sduwlfxoduo| uhdolvwlf wkdw dxwkrulwlhv dfw lq d wlph0lqfrqvlvwhqw pdqqhu1 Wkh dvvrfldwhg

rswlpdo srolf| zloo/ krzhyhu/ vhuyh dv d xvhixo ehqfkpdun djdlqvw zklfk srolf| xqghu wkh

hqvxlqj wdujhwlqj uhjlphv fdq eh hydoxdwhg1

Wr ghulyh wklv vroxwlrq/ dqg wkh dvvrfldwhg vrflhwdo zhoiduh orvv/ lw lv frqyhqlhqw wr

h{suhvv wkh prgho lq vwdwh0vsdfh irup1 Gh�qh �uvw wkh rxwsxw jds dv %| � +| � +?| 1 Wkhq/

wkh v|vwhp iruphg e| +4, dqg +6, fdq eh uh0vwdwhg dv

%| ' w%|3� n E�� w�H|%|n� � E�� w� j E�| � H|Z|n�� n >|c +:,

Z| ' �Z|3� n E�� ��qH|Z|n� n E�� ��V%| n 0|c +;,

zlwk >| � }| � +?| n w+?|3� n E�� w�H|+
?
|n�1 Qrz gh�qh ~| � dj�

| "�
|o
� dv wkh +froxpq,

yhfwru ri suhghwhuplqhg +j|, dqg iruzdug0orrnlqj +"|, yduldeohv/ zlwk

j| �

k
}| +?| +?|3� 0| %|3� Z|3�

l�
c "| � d%| Z|o

� �

Wkh g|qdplfv ri wkh prgho fdq wkhq eh zulwwhq dv
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lw iroorzv wkdw wkh ghflvlrq sureohp lqyroyhv vroylqj wkh olqhdu0txdgudwlf sureohp

a Ej�� ' 4�?
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q|3�~�
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&
c

zkhuh wkh plqlpl}dwlrq lv vxemhfw wr +<, wdnlqj dv jlyhq j�1 Wkh qxphulfdo vroxwlrq

phwkrg lv rxwolqhg lq Dsshqgl{ D/ dqg wkh vroxwlrq*v dvvrfldwhg vrflhwdo zhoiduh orvv/

g|qdplfv ri wkh hfrqrp|/ hyroxwlrq ri wkh lqwhuhvw udwh/ dqg xqfrqglwlrqdo fryduldqfh

pdwul{ ri ~|/ duh/ uhvshfwlyho|/ surylghg e| +D19,/ +D1:,/ +D1;, dqg +D1<,1 Lq wkh iroorzlqj/

wkh pdlq ihdwxuhv ri wkh suhfrpplwphqw vroxwlrq duh ghvfulehg1

Iluvwo|/ lw lv srvvleoh � dqg reylrxvo| rswlpdo � wr frpsohwho| vwdelol}h wkh rxwsxw

jds dqg lq dwlrq djdlqvw ghpdqg dqg whfkqrorj| vkrfnv1 Wklv lv lpphgldwho| vhhq e|

lqvshfwlqj +:, dqg +;,1 D srvlwlyh vkrfn wr ghpdqg/ }| : f ohdgv wr dq htxlydohqw ulvh lq >|

dqg zrxog/ lq devhqfh ri dq| srolf| uhvsrqvh/ lqfuhdvh wkh rxwsxw jds dqg wkxv lq dwlrq1

Exw e| udlvlqj wkh lqwhuhvw udwh e| E�� w�3� j3�}|/ dq| h�hfw rq wkh rxwsxw jds dqg wkxv

lq dwlrq lv holplqdwhg1 Olnhzlvh/ li d srvlwlyh whfkqrorj| vkrfn klwv/ l1h1/ +?| : f/ wkhq lq

devhqfh ri dq| srolf| uhvsrqvh/ wkh rxwsxw jds ghfuhdvhv dqg fuhdwhv gh dwlrq1 Krzhyhu/

dv lv hylghqw/ d ghfuhdvh lq wkh lqwhuhvw udwh ri E�� w�3� j3�
�
�� E�� w� �+

�
+?| / vwdelol}hv

wkh rxwsxw jds frpsohwho|/ dqg/ wkhuhiruh/ dovr lq dwlrq1 Lq rwkhu zrugv/ wkhvh vkrfnv gr

qrw frqvwlwxwh d srolf| wudgh0r�1

Vhfrqgo|/ lw lv qrw srvvleoh wr shuihfwo| vwdelol}h wkh rxwsxw jds dqg lq dwlrq djdlqvw

d frvw0sxvk vkrfn1 Wklv dovr iroorzv lpphgldwho| xsrq lqvshfwlrq ri +:, dqg +;,1 Lq wkh

fdvh ri/ h1j1/ d srvlwlyh uhdol}dwlrq ri 0|/ lq dwlrqdu| suhvvxuhv dulvh lq wkh hfrqrp|1 Wkhvh

fdq rqo| eh gdpshqhg wkurxjk d frqwudfwlrqdu| srolf| uhgxflqj wkh rxwsxw jds1 Wkh

srolf|pdnhu pxvw wkhuhiruh wudgh r� wkh jdlq ri wkh frqwudfwlrq lq whupv ri orzhu lq dwlrq

djdlqvw wkh orvv lq whupv ri orzhu rxwsxw1 Zkloh wklv lv vwudljkwiruzdug/ wkh rswlpdo zd|

ri uhvsrqglqj wr vxfk d vkrfn lv lqwulfdwh/ dqg ri fuxfldo lpsruwdqfh iru wkh uhvxowv ri wkh

sdshu1

�����������������
Iljxuh 4 durxqg khuh

�����������������

Iljxuh 4 sorwv wkh rswlpdo sdwk ri wkh uhdo lqwhuhvw udwh iroorzlqj d rqh vwdqgdug

ghyldwlrq srvlwlyh uhdol}dwlrq ri wkh frvw0sxvk vkrfn lq shulrg 41 Wkh vkrfn lv wudqvlwru|

+l1h1/ �0 ' f,/ dqg wkh sdudphwhu ydoxhv xvhg kdyh wkh sduwlfxodu ihdwxuh wkdw qr hqgrjhqrxv

shuvlvwhqfh lv suhvhqw +l1h1/ � ' w ' f,1 +Wkh suhflvh sdudphwhul}dwlrq ri wkh prgho

jhqhudwlqj wkh �jxuh lv d ghyldwlrq iurp wkh edvholqh sdudphwhu frq�jxudwlrq ghvfulehg lq

ghwdlo lq Vhfwlrq 7141, Qhyhuwkhohvv/ lw iroorzv wkdw lqwhuhvw udwh srolf| lv kljko| shuvlvwhqw/

l1h1/ wkh frqwudfwlrq iroorzlqj wkh vkrfn fduulhv rq iru vhyhudo shulrgv1 Wkh uhdvrq iru wklv/

<



dw �uvw jodqfh vrphzkdw vxusulvlqjo| ihdwxuh/ lv vlpsoh1 Dv phqwlrqhg/ wr �jkw lq dwlrq/

wkh rxwsxw jds kdv wr eh uhgxfhg1 Wkh h�hfwlyhqhvv ri wklv uhvwv/ ri frxuvh/ fuxfldoo| rq wkh

hodvwlflw| ri lq dwlrq zlwk uhvshfw wr wkh rxwsxw jds1 Exw dv lq dwlrq lv dovr ghwhuplqhg e|

h{shfwhg ixwxuh lq dwlrq/ d frpplwphqw wr ohw wkh uhgxfwlrq lq wkh rxwsxw jds shuvlvw lqwr

wkh ixwxuh uhgxfhv fxuuhqw lq dwlrq ixuwkhu dv h{shfwhg ixwxuh lq dwlrq gursv1 Lq rwkhu

zrugv/ d jlyhq uhgxfwlrq lq fxuuhqw lq dwlrq fdq eh rewdlqhg e| d vpdoohu ghfuhdvh lq wkh

rxwsxw jds li wkh gurs lv shuvlvwhqw +rqh pd| vd| wkdw wkh prqhwdu| dxwkrulw| wkhq uholhv

rq pdunhw h{shfwdwlrqv wr gr sduw ri wkh vwdelol}dwlrq mre,1 Wkxv/ wkh lq dwlrq0rxwsxw jds

wudgh0r� lv lpsuryhg zkhq srolf| h{klelwv zkdw Zrrgirug +4<<;, kdyh whuphg �Rswlpdo

Prqhwdu| Srolf| Lqhuwld1�45

Dv zloo eh hylghqw lq wkh qh{w vhfwlrq/ vxfk d frpplwphqw wr ixwxuh frqwudfwlrqdu|

srolf| iroorzlqj d srvlwlyh/ whpsrudu| frvw0sxvk vkrfn lv qrw fuhgleoh1 Lq wkh shulrg diwhu

wkh vkrfn/ lw zloo eh rswlpdo wr ohw wkh hfrqrp| uhwxuq wr vwhdg| vwdwh ri }hur lq dwlrq

dqg rxwsxw jds1 Wklv/ diwhu doo/ lv wkh rswlpdo fkrlfh zkhq wkh hfrqrp| lv qrw vxemhfw wr

vkrfnv/ dqg wkxv kljkoljkwv wkh wlph0lqfrqvlvwhqf| ri wkh rswlpdo sodq1

61 Wdujhwlqj uhjlphv zlwk glvfuhwlrqdu| srolf|pdnlqj

Kdylqj hvwdeolvkhg wkh ehqfkpdun ri suhfrpplwphqw/ L qrz wxuq wr glvfuhwlrqdu| srol0

f|pdnlqj xqghu rswlpdo wdujhwlqj uhjlphv1 D wdujhwlqj uhjlph lv xqghuvwrrg wr eh dq

lqvwlwxwlrqdo vhw0xs zkhuh wkh jryhuqphqw ghohjdwhv prqhwdu| srolf| frqgxfw wr dq lqgh0

shqghqw fhqwudo edqn zkr lv uhtxluhg wr plqlpl}h dq dvvljqhg orvv ixqfwlrq1 Pruhryhu/

wkh sdudphwhuv ri wkh orvv ixqfwlrq duh fkrvhq vr dv wr plqlpl}h vrflhw|*v orvv iurp wkh

dvvrfldwhg glvfuhwlrqdu| htxloleulxp1

L irfxv rq wkh fdvh zkhuh wkh fhqwudo edqn lv dvvljqhg d orvv ixqfwlrq ghshqglqj rq wkh

rxwsxw jds/ lq dwlrq dqg qrplqdo lqfrph jurzwk1 Pruh jhqhudoo|/ wkh orvv ixqfwlrq wdnhv

wkh irup
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lv wkh udwh ri qrplqdo lqfrph jurzwk146 Wkh sdudphwhuv s dqg � duh fkrvhq dw wkh vwdjh

45Zrrgirug zdv wkh �uvw wr foduli| wklv skhqrphqrq lq d prgho olnh wkh rqh dgrswhg khuh zlwk ! @ � @ 31

Kh/ krzhyhu/ grhv qrw frqvlghu frvw0sxvk vkrfnv/ exw rqo| ghpdqg dqg whfkqrorj| vkrfnv +l1h1/ �w vkrfnv/

lqwhusuhwhg dv vkrfnv wr wkh �qdwxudo udwh ri lqwhuhvw�,1 Lq klv prgho/ wkhvh vkrfnv lqyroyh d srolf| wudgh0r�

dv qrplqdo lqwhuhvw udwh  xfwxdwlrqv shu vh +qrw fkdqjhv, duh glvolnhg e| vrflhw|1
46Dv |w lv rxwsxw ghyldwlrqv iurp wuhqg rxwsxw/ qw lv/ ri frxuvh/ qrplqdo lqfrph jurzwk uhodwlyh wr uhdo
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ri �lqvwlwxwlrqdo ghvljq� dqg zloo xqghu ydulrxv uhvwulfwlrqv rq wkhlu ydoxhv gh�qh ydulrxv

wdujhwlqj uhjlphv1 Qrwh wkdw wkh sdudphwhuv duh frqvwudlqhg wr eh frqvwdqw1 Wklv lv eh0

fdxvh/ dv glvfxvvhg lq Ehhwvpd dqg Mhqvhq +4<<<,/ d prqhwdu| lqvwlwxwlrqdo vhw0xs zkrvh

fkdudfwhulvwlfv duh frqvwdqw dfurvv exvlqhvv f|fohv duh pxfk ohvv vxemhfw wr wkh PfFdooxp

+4<<8, fulwltxh ri wkh wkhrulhv ri prqhwdu| ghohjdwlrq1 Lq d qxwvkhoo/ PfFdooxp vwdwhv

wkdw d jryhuqphqw kdqglqj ryhu prqhwdu| frqwuro wr d fhqwudo edqn zlwk vrph orvv ixqf0

wlrq gl�huhqw iurp vrflhw|*v/ dw vrph srlqw kdv wkh lqfhqwlyh wr xqgr wkh dvvljqphqw dqg

wdnh ryhu frqwuro ri srolf| lwvhoi +ru/ dowhuqdwlyho| dqg htxlydohqwo|/ fkdqjh wkh orvv ixqf0

wlrq lqwr wkdw ri vrflhw|*v,1 Li wkh orvv ixqfwlrq zdv lqvwlwxwlrqdoo| doorzhg wr eh fkdqjhg

uhjxoduo| dffruglqj wr wkh vwdwh ri wkh hfrqrp|/ wkhq wklv lqfhqwlyh zrxog doprvw eh hq0

frxudjhg wr ohdg wr dfwlrq1 Wkhuhiruh/ rqo| vwdwh0lqghshqghqw orvv ixqfwlrqv duh doorzhg1

Ixuwkhupruh/ lw lv dvvxphg wkdw vx!flhqwo| vwurqj lqvwlwxwlrqdo frqvwudlqwv suhyhqw wkh

jryhuqphqw iurp hyhu fkdqjlqj wkhp +l1h1/ vrph frvwv ri fkdqjlqj lqvwlwxwlrqv duh suhvhqw>

vhh/ h1j1/ Orkpdqq/ 4<<5/ dqg Mhqvhq/ 4<<:/ rq wklv lvvxh zlwklq prghov ri wkh Eduur dqg

Jrugrq/ 4<;6/ w|sh,1

Wkh wdujhwlqj uhjlphv wr eh frqvlghuhg duh wkh iroorzlqj1 Iluvw/ sxuh glvfuhwlrq lv wkh

fdvh ri s ' � ' f1 Wkhq/ wkh fhqwudo edqnhu vkduhv vrflhw|*v orvv ixqfwlrq/ dqg lw wkhuhiruh

fruuhvsrqgv wr d fdvh zkhuh d ehqhyrohqw jryhuqphqw frqgxfwv glvfuhwlrqdu| prqhwdu|

srolf| e| lwvhoi1 Lw zloo pdlqo| vhuyh dv d �zruvw fdvh� vfhqdulr/ hqdeolqj rqh wr mxgjh wkh

ehqh�wv ri suhfrpplwphqw/ dqg/ pruh lpsruwdqwo|/ wkh ehqh�wv ri dgrswlqj dowhuqdwlyh

wdujhwlqj uhjlphv1

Vhfrqgo|/ LW lv gh�qhg dv wkh fdvh zkhuh �� 	 s 	 4/ � ' f1 Wkdw lv/ wkh fhqwudo

edqn lv uhtxluhg wr dlp dw sulfh vwdelolw|/ exw qrw dw doo frvwv lq whupv ri wkh rxwsxw jds1

Lw wkxv uhsuhvhqwv wkh fdvh gxeehg � h{leoh� LW e| Vyhqvvrq +4<<<d,1 Wklv gh�qlwlrq ri

LW vhhpv wr eh lq dffrugdqfh zlwk wkh xqghuvwdqglqj ri lwv uhdo zruog sudfwlwlrqhuv/ zkr

jhqhudoo| gr qrw ljqruh wkh uhdo vlgh ri wkh hfrqrp|/ vhh/ h1j1/ Nlqj +4<<:,1 Qrwh wkdw zkhq

s : f/ wkh fhqwudo edqn lv uhtxluhg wr sxw pruh zhljkw rq lq dwlrq uhodwlyh wr wkh rxwsxw

jds lq frpsdulvrq zlwk wkh vrfldo zhoiduh ixqfwlrq/ l1h1/ lw lv vxssrvhg wr eh �frqvhuydwlyh�

lq wkh whuplqrorj| ri Urjr� +4<;8,1

Wklug/ QLJW lv gh�qhg dv wkh fdvh zkhuh s ' ��/ f 	 � 	 41 Khqfh/ wkh fhqwudo

edqnhu lv uhtxluhg wr fduh iru qrplqdo lqfrph jurzwk vwdelolw|/ glvuhjdug lq dwlrq yduldelo0

wuhqg rxwsxw jurzwk +Orj ri dfwxdo uhdo rxwsxw lv jlyhq e| |dw @ |w . |ww / zkhuh |
w
w lv orj ri wuhqg rxwsxw1

Lw wkxv iroorzv wkdw dfwxdo qrplqdo lqfrph jurzwk lv �w . |dw � |dw�4 @ �w . |w . |ww �
�
|w�4 . |ww�4

�
@

�w.|w�|w�4.|j/ zkhuh |j lv uhdo wuhqg rxwsxw jurzwk1 Khqfh/ �w.|w�|w�4 htxdov �w.|dw �|dw�4�|j/ l1h1/
qrplqdo lqfrph jurzwk qhw ri uhdo wuhqg rxwsxw jurzwk1, Wdujhwlqj qw dw }hur lv wkhuhiruh htxlydohqw ri

wdujhwlqj qrplqdo lqfrph jurzwk dw wkh udwh ri uhdo rxwsxw wuhqg jurzwk1 Lq wkh orqj uxq wklv lv frqvlvwhqw

zlwk dq lq dwlrq wdujhw ri }hur zklfk lv dovr lpsolhg e| OW 1
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lw|/ exw qrw qhjohfw yduldwlrqv lq wkh rxwsxw jds1 Wklv vhhpv dv d qdwxudo gh�qlwlrq ri

zkdw QLJW vkrxog eh lq uhdolw|1 Dv d fhqwudo edqnhu rshudwlqj xqghu LW lv dvvxphg qrw

wr ljqruh wkh rxwsxw jds/ L vhh qr sduwlfxodu uhdvrqv iru zk| d fhqwudo edqnhu xqghu QLJW

vkrxog gr vr1 Vxfk d vlwxdwlrq zrxog fruuhvsrqg wr �vwulfw� QLJW dqg vwulnhv/ ri frxuvh/

d vrfldoo| lqh!flhqw edodqfh ehwzhhq lq dwlrq dqg rxwsxw jds yrodwlolw|> mxvw dv �vwulfw�

LW grhv147

Irxuwk/ d frpelqdwlrq uhjlph lv gh�qhg dv �� 	 s 	 4/ f 	 � 	 41 Lq wklv fdvh/ wkh

fhqwudo edqnhu lv uhtxluhg wr edodqfh wkh yrodwlolw| ri wkh rxwsxw jds/ lq dwlrq dqg qrplqdo

lqfrph jurzwk dssursuldwho|1 Vrph pd| dujxh wkdw vxfk d uhjlph zrxog eh xqghvludeoh

dv lw frxog eh pruh dqg pruh gl!fxow iru wkh sxeolf wr dvvhvv wkh vxffhvv ri prqhwdu|

srolf|/ wkh pruh wdujhwv duh vxssrvhg wr eh phw1 Zkloh vxfk dujxphqwv fhuwdlqo| dsshdu

lqwxlwlyh/ wkh| kdyh qrw uhfhlyhg pxfk irupdo mxvwl�fdwlrq1 +Frpsduhg wr pdq| rwkhu duhdv

ri ohjlvodwlrq/ iru h{dpsoh/ vrfldo vhfxulw| v|vwhpv wkdw w|slfdoo| kdyh vhyhudo remhfwlyhv/ d

prqhwdu| uhjlph zkhuh wkh yrodwlolw| ri phuho| wkuhh pdfurhfrqrplf yduldeohv lv zhljkwhg

djdlqvw hdfk rwkhu dsshduv udwkhu vlpsoh1, Lq dq| fdvh/ h{dplqdwlrq ri wkh frpelqdwlrq

uhjlph vhuyhv wr frpsohphqw wkh frpsdulvrq ri lq dwlrq dqg QLJW ehfdxvh lw surylghv

lqirupdwlrq rq krz vwurqj hpskdvlv hlwkhu yduldeoh vkrxog dfklhyh li d frpelqdwlrq uhjlph

lv ihdvleoh dw doo1

Wr vroyh wkh prgho xqghu glvfuhwlrq/ lw lv djdlq irupxodwhg lq vwdwh0vsdfh irup +wkh

vroxwlrq lv surylghg iru wkh frpelqdwlrq uhjlph/ dv wkh rwkhu uhjlphv iroorz dv vshfldo

fdvhv,1 Khqfh/ gh�qh e~| �
kfj� e"�

|

l�
dv wkh +froxpq, yhfwru ri suhghwhuplqhg +fj|, dqg

iruzdug0orrnlqj +e"|, yduldeohv/ zlwk

fj| � d}| +?| 0| +|3� Z|3�o
� c e"| � d+| Z|o

� �

Qrwh wkdw ehfdxvh wkh orvv ixqfwlrq qrz lqyroyhv rxwsxw/ dqg qrw mxvw wkh rxwsxw jds/ wkh

vwdwh0yhfwru lv irupxodwhg lq whupv ri rxwsxw1 Wkh g|qdplfv ri wkh prgho duh

57 fj|n�

H| e"|n�

68 ' f�
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68 c +44,

47Vrph uhfhqw olwhudwxuh kdv glvfdughg QLJW dv d uhohydqw prqhwdu| srolf| vwudwhj|/ lqghhg xqghu wkh

lqwhusuhwdwlrq wkdw lw lv �vwulfw�> fi1 Fodulgd hw do1 +4<<<d/ Vhfwlrq :15, dqg Vyhqvvrq +4<<<d/ Vhfwlrq

715,1 Rqh frxog/ krzhyhu/ mxvw dv hdv| glvfdug wkh uhohydqfh ri LW li lw lv xqghuvwrrg wr eh vwulfw dv zhoo1

Jxhqghu +4<<<, frpsduhv vwulfw qrplqdo lqfrph wdujhwlqj dqg vwulfw LW lq d prgho vlplodu wr wkh suhvhqw

rqh1
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zkhuh wkh plqlpl}dwlrq lv vxemhfw wr +44, wdnlqj dv jlyhq fj�1 Wkh vroxwlrq lv ghulyhg

xqghu wkh dvvxpswlrq wkdw fhqwudo edqn fdqqrw suhfrpplw wr dq| srolf| sdwk ehiruh0

kdqg/ exw udwkhu uh0rswlpl}hv hdfk dqg hyhu| shulrg +wkh vroxwlrq wkxv fkdudfwhul}hv d

Pdunry0shuihfw htxloleulxp,1 Wkh qxphulfdo vroxwlrq phwkrg lv rxwolqhg lq Dsshqgl{ E/

dqg wkh vroxwlrq*v dvvrfldwhg htxloleulxp g|qdplfv/ hyroxwlrq ri wkh lqwhuhvw udwh/ dqg

xqfrqglwlrqdo fryduldqfh pdwul{ ri e~|/ duh/ uhvshfwlyho|/ jlyhq e| +E15,/ +E16,/ dqg +E18,1

Dsshqgl{ F ghprqvwudwhv krz wr wudqvodwh wkh vroxwlrq lqwr wkh ydoxh ri vrflhw|*v orvv/ vhh

+F14,1

Wr hvwdeolvk wkh rswlpdo wdujhwlqj uhjlphv +sxuh glvfuhwlrq lv/ ri frxuvh/ vlpsoh/ dv lw

mxvw uhtxluhv vhwwlqj s ' � ' f,/ L kdyh iru hdfk wdujhwlqj uhjlph plqlpl}hg vrflhw|*v orvv

zlwk uhvshfw wr wkh uhohydqw sdudphwhuv1 Lq doo fdvhv wklv kdv ehhq shuiruphg qxphulfdoo|
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e| julg vhdufk zkhuh wkh sdudphwhuv s dqg2ru � +zkhqhyhu uhohydqw, duh ydulhg zlwklq wkh

uhohydqw udqjhv zlwk d julg ri f�f2D1 Vrph h{shulphqwdwlrq vkrzhg wkdw d �qhu julg ohg

wr qhjoljleoh lpsuryhphqwv lq wkh rswlpdo ydoxh ri vrflhw|*v orvv148

Wkh pdlq txdolwdwlyho| fkdudfwhulvwlfv ri wkh wdujhwlqj uhjlphv duh qrz surylghg1 Dv

xqghu suhfrpplwphqw/ wkh ghpdqg vkrfn srvhv qr wudgh0r� lq srolf|pdnlqj xqghu hlwkhu

uhjlph1 Wkh lqwhuhvw udwh fdq dozd|v eh dgmxvwhg vr dv wr qhxwudol}h dq| h�hfwv rq wkh

rxwsxw jds/ dqg khqfh lq dwlrq dqg qrplqdo lqfrph jurzwk1 Dv iru whfkqrorj| vkrfnv/

wkh vdph dujxphqw dssolhv iru LW dv xqghu suhfrpplwphqw1 Zlwk QLJW/ krzhyhu/ d

frpsohwh vwdelol}dwlrq ri wkh rxwsxw jds zrxog eh dvvrfldwhg e| kljkhu rxwsxw/ dqg wkxv

kljkhu qrplqdo lqfrph jurzwk1 Wkh rswlpdo fkrlfh zloo wkxv eh d voljkwo| ohvv h{sdqvlyh

srolf|/ zklfk lq h�hfw ohdgv wr dq lqh!flhqf| lq rxwsxw jds dqg lq dwlrq vwdelol}dwlrq

iurp vrflhw|*v ylhzsrlqw1 Wklv glvdgydqwdjh ri QLJW lq ghdolqj zlwk vkrfnv wkdw gr qrw

frqvwlwxwh d srolf| wudgh0r� iru vrflhw| lv ixuwkhu glvfxvvhg lq Vhfwlrq 7141

Wkh pdlq txdolwdwlyh gl�huhqfh ehwzhhq QLJW dqg LW dulvhv zkhq wkh hfrqrp| lv klw

e| d frvw0sxvk vkrfn1 Wr idflolwdwh frpsdulvrq zlwk wkh ghvfulswlrq ri wkh suhfrpplwphqw

vroxwlrq/ d fdvh lv h{dplqhg zkhuh d whpsrudu| vkrfn klwv/ dqg zkhuh wkh hfrqrp| h{klelwv

qr hqgrjhqrxv shuvlvwhqfh1 Iru wkh fdvhv ri sxuh glvfuhwlrq dqg rswlpdo LW +zklfk frlqflgh

iru wklv vshfldo fdvh> vhh Vhfwlrq 716 iru dq h{sodqdwlrq,/ Iljxuh 5 vkrzv wkh wlph0frqvlvwhqw

sdwwhuq ri wkh uhdo lqwhuhvw udwh/ lq dwlrq dqg wkh rxwsxw jds1 D frpsdulvrq zlwk wkh �jxuh

iru suhfrpplwphqw uhyhdov d pdunhg gl�huhqfh1 Dv wkh fhqwudo edqn xqghu glvfuhwlrq

fdqqrw fuhgleoh frpplw wr ixwxuh frqwudfwlrqdu| srolf| lq rughu wr dwwdlq d pruh idyrudeoh

lq dwlrq0rxwsxw jds wudgh0r�/ lw kdv qr rwkhu fkrlfh wkdq wr mxvw �uhdfw zlwklq wkh shulrg>�

lq wkh qh{w shulrg wkhuh lv qr vkrfn dqg lw lv rswlpdo wr ohw wkh hfrqrp| eh lq vwhdg| vwdwh1

Vr/ rswlpdo/ exw wlph frqvlvwhqw/ prqhwdu| srolf| idlov wr gholyhu wkh lqhuwldo lqwhuhvw udwh

ehkdylru wkdw lv ghvludeoh iru vrflhw|1

�����������������
Iljxuhv 506 durxqg khuh

�����������������

Frqvlghu wkhq wkh rswlpdo QLJW uhjlph xqghu wkh vdph h{shulphqw1 Iljxuh 6 looxv0

wudwhv wkh wlph0frqvlvwhqw sdwkv ri wkh uhdo lqwhuhvw udwh/ lq dwlrq dqg rxwsxw jds1 Lw lv

lpphgldwh wkdw wkh frqwudfwlrq wuljjhuhg e| wkh frvw0sxvk vkrfn shuvlvwv lqwr wkh ixwxuh

hyhq wkrxjk wkh vkrfn lv whpsrudu|1 Wklv lv ehqh�fldo iru vrflhw| dv h{sodlqhg ehiruh/

dv lw uhgxfhv h{shfwdwlrqv derxw ixwxuh lq dwlrq/ zklfk khosv �jkw fxuuhqw lq dwlrq1 Wkh

48D �qhu julg zrxog dovr pdnh wkh vlpxodwlrqv udwkhu wlph frqvxplqj1 Iru h{dpsoh/ zlwk wkh fkrvhq

julg/ d vhdufk ryhu wkh lqwhuydov �4 � i � 4 dqg 3 � # � 5 uhtxluhv ryhu 9> 833 frpsxwdwlrqv/ hdfk

lqyroylqj wkh ghwhuplqdwlrq ri wkh glvfuhwlrqdu| vroxwlrq dqg wkh dvvrfldwhg vrflhwdo orvv1 Hyhq wkrxjk

wkh dojrulwkpv ghwhuplqlqj wkhvh vroxwlrqv zrun txlwh idvw +4�5 vhfrqgv lq vxp,/ vxfk d vhdufk wdnhv zhoo

ryhu wzr krxuv1
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uhdvrq iru wklv lqhuwldo ehkdylru lv vwudljkwiruzdug1 Zkhq wkh fhqwudo edqn revhuyhv wkh

uhdol}dwlrq ri 0/ wkh dvvrfldwhg lqfuhdvh lq qrplqdo lqfrph jurzwk lqgxfhv lw wr frqwudfw

prqhwdu| srolf|1 Wklv uhgxfhv wkh rxwsxw jds dqg rxwsxw ehorz wkhlu vwhdg|0vwdwh ydo0

xhv1 Lq wkh iroorzlqj shulrg wkh hfrqrp| vhwwohv edfn lqwr wkh vwhdg| vwdwh/ dqg wkh fhqwudo

edqn/ rshudwlqj xqghu glvfuhwlrq/ uh0rswlpl}hv1 Zlwk wkh hfrqrp| edfn lq vwhdg| vwdwh dqg

sdvw shulrg*v rxwsxw ehorz vwhdg| vwdwh/ lw iroorzv wulyldoo| wkdw qrplqdo lqfrph jurzwk

lv deryh wdujhw1 Wkh rswlpdo/ wlph0frqvlvwhqw srolf| lv wkhuhiruh wr frqwudfw djdlq sxwwlqj

rxwsxw dqg lq dwlrq ehorz vwhdg| vwdwh +vr/ lq fruuhfw dqwlflsdwlrq ri wklv/ djhqwv* h{shf0

wdwlrqv derxw shulrg 2 gh dwlrq khos uhgxfh shulrg � lq dwlrq,1 Wklv surfhvv frqwlqxhv

xqwlo qrplqdo lqfrph jurzwk vhwwohv grzq1

Wdujhwlqj qrplqdo lqfrph jurzwk lv wkxv d pdqqhu e| zklfk wkh fhqwudo edqn lv frpplw0

whg/ xqghu glvfuhwlrq/ wr lqhuwldo ehkdylru1 D ehkdylru wkdw lpsuryhv wkh lq dwlrq0rxwsxw

jds wudgh0r� dqg pd| uhvxow lq srolf|pdnlqj wkdw lv suhihudeoh iru vrflhw| frpsduhg wr

wkdw dulvlqj iurp LW1

71 Rswlpdo wdujhwlqj uhjlphv= frpsdulvrqv xqghu ydulrxv sdudp0

hwhu frqvwhoodwlrqv

Wr jhw d �uphu juls rq wkh uhodwlyh shuirupdqfh ri lq dwlrq dqg QLJW/ wkh dvvrfldwhg orvvhv

ri vrflhw| duh qrz frpsduhg iru d qxpehu ri sdudphwhu frqvwhoodwlrqv1 Wkhvh frpsdulvrqv

zloo dovr lqyroyh wkh orvvhv iurp wkh suhfrpplwphqw vroxwlrq/ sxuh glvfuhwlrq dqg wkh

frpelqdwlrq uhjlph1 Iluvw/ wkh uhvxowv iurp d edvholqh sdudphwhu vhw duh uhsruwhg/ dqg

vxevhtxhqwo| uhvxowv duh uhsruwhg zkhuh wkh vwuxfwxudo sdudphwhuv ri wkh prgho duh ydulhg

uhodwlyh wr wklv edvholqh1

7141 Wkh edvholqh sdudphwhu ydoxhv

Wkh fkrlfh ri edvholqh sdudphwhu ydoxhv iru wkh prgho lv qrw dq hdv| wdvn dv wkh olwhudwxuh

+rq X1 V1 gdwd, frqwdlqv vwurqjo| frq lfwlqj ylhzv rq pdq| ri wkhvh1 Vr lq prvw fdvhv/

�frpsurplvh ydoxhv� duh xvhg/ dqg qr suhvxpswlrq lv pdgh derxw kdylqj wkh prgho pdwfk

exvlqhvv f|foh gdwd dffxudwho|1 Lw kdv phuho| ehhq dq dlp wkdw wkh prgho*v surshuwlhv zlwk

uhvshfw wr wkh yrodwlolw| ri wkh qrplqdo lqwhuhvw udwh/ rxwsxw dqg lq dwlrq duh qrw frpsohwho|

xquhdvrqdeoh dfurvv uhjlphv1 Lq dq| fdvh/ wkh hqvxlqj vhqvlwlylw| dqdo|vhv looxvwudwh wkh

pdlq srlqwv ri wkh sdshu/ zklfk/ diwhu doo/ duh edvlfdoo| wkhruhwlfdo/ qrw hpslulfdo1

Frqfhuqlqj djjuhjdwh ghpdqg/ +4,/ wkh uhvxowv ri Ixkuhu +4<<;, vxjjhvw wkdw d ydoxh

ri w ' f�D lv qrw xquhdvrqdeoh1 Frqfhuqlqj wkh uhdo lqwhuhvw udwh vhqvlwlylw| ri ghpdqg/
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w ' f�Dc � ' f��c j ' ��Dc V ' f�f.c b ' f�2Dc
j} ' f�f�Dc j+ ' f�ffDc j0 ' f�f�Dc

�} ' f��c �+ ' f�b.c �0 ' f�ff�

Wdeoh 4= Edvholqh sdudphwhu frq�jxudwlrq

hvwlpdwhv udqjh iurp yhu| kljk ydoxhv +Urwhpehuj dqg Zrrgirug/ 4<<:/ uhsruw d ydoxh

deryh S, wr yhu| orz rqhv +PfFdooxp dqg Qhovrq/ 4<<<e/ uhsruw d ydoxh ri durxqg f�2,1

D frpsurplvh ydoxh/ zlwk d sulru dwwdfkhg wr wkh orzhu hvwlpdwh/ |lhoglqj d uhdvrqdeoh

vwdqgdug ghyldwlrq ri wkh lqwhuhvw udwh lq wkh prgho/ lv f�.D/ zklfk jlyhq w ' f�D �{hv j

dw ��D1

Zlwk uhvshfw wr wkh djjuhjdwh vxsso| htxdwlrq/ +6,/ wkh ghjuhh ri shuvlvwhqfh lq sulfh

vhwwlqj +dqg wkxv/ e| lpsolfdwlrq/ wkh lpsruwdqfh ri iruzdug0orrnlqj ehkdylru, lv vxemhfw

wr frqwuryhuv|1 Ixkuhu +4<<:, hvvhqwldoo| uhmhfwv vwdwlvwlfdoo| dq| lpsruwdqfh ri iruzdug0

orrnlqj ehkdylru +vxjjhvwlqj � ' �,/ exw dfnqrzohgjhv/ krzhyhu/ wkdw lq dwlrq g|qdplfv

zlwkrxw iruzdug0orrnlqj ehkdylru duh lpsodxvleoh1 Lq frqwudvw/ Jdoð dqg Jhuwohu +4<<<,

frqfoxgh wkdw shuvlvwhqfh lv udwkhu xqlpsruwdqw dqg wkdw dq h{foxvlyho| iruzdug0orrnlqj

lq dwlrq htxdwlrq lv d uhdvrqdeoh �uvw dssur{lpdwlrq wr gdwd1 Hvwlpdwhv ri Urehuwv +4<<:/

4<<;, vxjjhvw d ydoxh ri � lq wkh qhljkerukrrg ri f�e1 Dv wkh irfxv lq wklv sdshu lv wkh

lpsolfdwlrqv ri iruzdug0orrnlqj ehkdylru/ L fkrrvh d ydoxh ri � ' f��1 Frqfhuqlqj wkh

vhqvlwlylw| ri lq dwlrq wr wkh rxwsxw jds/ hylghqfh lv dovr pl{hg1 Wkh uhvxowv ri Urwhpehuj

dqg Zrrgirug +4<<:, vxjjhvw d ydoxh durxqg f�f2D> d pdjqlwxgh dovr vxssruwhg lq Hvwuhood

dqg Ixkuhu +4<<;,1 Urehuwv +4<<8, lv pruh lq olqh zlwk d ydoxh ri f��1 L fkrrvh wkh

vhqvlwlylw| wr f�fD/ dqg jlyhq wkdw � ' f��/ wklv �{hv V dw dssur{lpdwho| f�f.1 Lq olqh zlwk

yluwxdoo| doo olwhudwxuh/ L vhw q ' f�bb1

Wkh olwhudwxuh frqwdlqv vrph lpsolflw hvwlpdwhv ri vrflhw|*v zhljkw rq rxwsxw jds  xf0

wxdwlrqv uhodwlyh wr lq dwlrq  xfwxdwlrq lq lwv orvv ixqfwlrq1 Zrrgirug +4<<;, uhsruwv d

yhu| orz ydoxh durxqg f�fD/ zkhuhdv Eurdgehqw dqg Eduur*v +4<<:, uhvxowv lqglfdwh d ydoxh

ri rqh wklug1 L dwwdfk prvw zhljkw wr wklv uhvxow dqg vhw b ' f�2D1

Ri pdlq lpsruwdqfh duh wkh vwdqgdug ghyldwlrqv ri wkh vwrfkdvwlf glvwxuedqfhv ri wkh

prgho1 L vhw j} ' f�f�D dqg �} ' f�� +wklv lv forvh wr ydoxhv uhsruwhg e| PfFdooxp dqg

Qhovrq/ 4<<<e,1 Dv uhjdugv wkh whfkqrorj| vkrfn/ lw lv dvvxphg wkdw lqqrydwlrqv kdyh

vpdoohu vwdqgdug ghyldwlrq +dv dovr dvvxphg e| Vyhqvvrq/ 4<<<e, exw wkdw wkh| duh yhu|

shuvlvwhqw> j+ ' f�ffD dqg �+ ' f�b. +khqfh/ wkh xqfrqglwlrqdo vwdqgdug ghyldwlrq ri +?

lv deryh f�f2,1 Wkh frvw0sxvk vkrfn lv dvvxphg wr kdyh vwdqgdug ghyldwlrq dv ghpdqg

vkrfnv/ exw wr eh wudqvlwru| rqo|= j0 ' f�f�D dqg �0 ' f +txdqwlwdwlyho|/ wklv vwdqgdug

ghyldwlrq lv qrw lq vwdun frqwudvw wr zkdw lv lpsolhg e| wkh uhvxowv ri Urehuwv/ 4<<:,� Wkh
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Suhfrp0 Sxuh Glv0 Frpelqd0
plwphqw fuhwlrq LW QLJW wlrq uhjlph

Vrflhw|*v orvv +��ff, 7163;: 8149<: 8144;6 719755 719755
Rswlpdo s � � 31958 � 041333
Rswlpdo � � � � 31;83 31;83
V1g1 ri Z +shufhqw, 41<879 51578: 514;<7 41<6;8 41<6;8
V1g1 ri % +shufhqw, 417685 31:738 414899 41;<93 41;<93
V1g1 ri + +shufhqw, 5183;3 514;93 5168<9 519;64 519;64
V1g1 ri � +shufhqw, 5164;5 5196;4 51;:36 518348 518348

Wdeoh 5= Uhvxowv iru edvholqh sdudphwhu frq�jxudwlrq

edvholqh sdudphwhu frq�jxudwlrq lv vxppdul}hg lq Wdeoh 41

7151 Uhvxowv iru wkh edvholqh sdudphwhu ydoxhv

Wdeoh 5 uhsruwv vlpxodwlrq uhvxowv iru wkh edvholqh sdudphwhu ydoxhv1 Lw vkrzv vrflhw|*v

orvv xqghu wkh �yh prqhwdu| srolf| vfhqdulrv= suhfrpplwphqw/ sxuh glvfuhwlrq/ rswlpdo

LW/ rswlpdo QLJW dqg wkh rswlpdo frpelqdwlrq uhjlph1 Lq dgglwlrq/ wkh rswlpdo ydoxhv ri

wkh fhqwudo edqn*v orvv ixqfwlrq sdudphwhuv xqghu wkh wkuhh odwwhu vfhqdulrv duh uhsruwhg1

Ilqdoo|/ wkh shufhqwdjh xqfrqglwlrqdo vwdqgdug ghyldwlrqv ri lq dwlrq/ wkh rxwsxw jds/

rxwsxw dqg wkh qrplqdo lqwhuhvw udwh duh uhsruwhg iru hdfk srolf| uhjlph149

Iluvw/ wkh �uvw wzr froxpqv frq�upv wkdw sxuh glvfuhwlrqdu| prqhwdu| srolf| lv lqihulru

wr suhfrpplwphqw hyhq wkrxjk wkhuh lv qr lq dwlrq eldv xqghu glvfuhwlrq1 Wkh uhdvrq lv

wkh lpsrvvlelolw| ri dgkhulqj wr dq lqhuwldo srolf| xqghu glvfuhwlrq dv h{sodlqhg lq Vhfwlrq

61 Wkh uhvxow ri wklv lv kljkhu lq dwlrq yduldelolw|1 Wkh orzhu yduldelolw| ri wkh rxwsxw jds/

fdqqrw frxqwhudfw wklv lq dwlrq yrodwlolw| orvv +uhphpehu wkdw rxwsxw jds  xfwxdwlrqv duh

rqo| zhljkwhg e| d txduwhu,1 Wr looxvwudwh wkh pdjqlwxgh ri wkh zhoiduh jdlq iurp suhfrp0

plwphqw/ wkh orvv ri prylqj iurp suhfrpplwphqw wr sxuh glvfuhwlrq lv lq zhoiduh whupv

htxlydohqw ri d shupdqhqw lqfuhdvh lq lq dwlrq ri durxqg f�b shufhqw1 Dowhuqdwlyho|/ lw lv

htxlydohqw wr d shupdqhqw gurs lq wkh rxwsxw jds e| doprvw 2 shufhqw14: Wkh suhfrpplw0

phqw uhvsrqvhv ri wkh uhdo lqwhuhvw udwh/ lq dwlrq dqg rxwsxw jds wrzdugv d rqh vwdqgdug

ghyldwlrq frvw0sxvk vkrfn xqghu wkh edvholqh frq�jxudwlrq duh ghslfwhg lq Iljxuh 71 Wkh

htxlydohqw uhvsrqvhv duh ghslfwhg iru wkh fdvh ri rswlpdo LW lq Iljxuh 81

49Iru wkh fdvh ri doo yduldeohv/ h{fhsw wkh lqwhuhvw udwh/ wkhvh vwdqgdug ghyldwlrqv duh wkh h{dfw rqhv dv

ghulyhg lq Dsshqglfhv D ^htxdwlrq +D1<,` dqg E ^htxdwlrq +E18,`1 Iru wkh lqwhuhvw udwh/ wkh uhvxowv duh

vlpxodwhg vwdqgdug ghyldwlrqv/ ghulyhg dv wkh dyhudjh ri 833 uxqv ri hdfk 6> 333 shulrgv1
4:Wr vhh wklv/ qrwh wkdw wkh gl�huhqfh lq orvvhv/ +qrw pxowlsolhg e| 433, lv 3=33;91 D shupdqhqw lq dwlrq

udwh ri f shufhqw |lhoglqj d orvv ri wklv pdjqlwxgh vkrxog vdwlvi| 3=33;9 @ ^4@ +4� �,` +f@433,
5
/ zklfk

xqghu wkh edvholqh ehfrphv 31;9 @ f51 Vlploduo|/ d shupdqhqw rxwsxw jds ri f shufhqw |lhoglqj wklv orvv

vkrxog vdwlvi| 3=33;9 @ � ^4@ +4� �,` +f@433,
5
/ zklfk xqghu wkh edvholqh ehfrphv 3=;9@3=58 @ f51

4:



Xqghu LW/ lw lv rswlpdo wr dssrlqw d frqvhuydwlyh fhqwudo edqnhu +s : f, ehfdxvh hyhq

zlwk d wudqvlwru| frvw0sxvk vkrfn/ wkh hqgrjhqrxv shuvlvwhqfh lq sulfh vhwwlqj fdxvhv wkh

vkrfn wr kdyh surorqjhg h�hfwv rq lq dwlrq1 E| ehlqj pruh frqvhuydwlyh lq dwwlwxgh/ d

pruh frqwudfwlyh srolf| lv gluhfwhg wrzdugv wkh diwhupdwk ri wkh vkrfn1 Wklv gdpshqv/ lq

wkh shulrg wkh vkrfn klwv/ h{shfwdwlrqv derxw ixwxuh lq dwlrq dqg wkxv ohdgv wr d pruh

idyrudeoh lq dwlrq0rxwsxw jds wudgh0r�14; D uhodwhg �qglqj dsshduv lq Fodulgd hw do1

+4<<<d,/ zkr frqvlghu vlpsoh uxohv zkhuh srolf| lv d frqvwudlqhg ixqfwlrq ri wkh frvw0sxvk

vkrfn1 Wkh| dovr ghprqvwudwh wkdw d pruh frqvhuydwlyh fhqwudo edqnhu lv idyrudeoh iru wkh

uhdvrqv mxvw ghvfulehg +lq devhqfh ri hqgrjhqrxv lq dwlrq shuvlvwhqfh/ wkhlu uhvxow uhtxluhv

shuvlvwhqfh lq wkh surfhvv iru wkh frvw0sxvk vkrfn,1 Qrwh krzhyhu/ wkdw wkh zhoiduh jdlq

ri LW zlwk dq rswlpdoo| fkrvhq frqvhuydwlyh fhqwudo edqnhu lv olplwhg= wkhuh duh/ h1j1/ rqo|

vpdoo zhoiduh gl�huhqfhv ehwzhhq sxuh glvfuhwlrq dqg rswlpdo LW1

�����������������
Iljxuhv 709 durxqg khuh

�����������������

Dv vhhq e| wkh irxuwk froxpq ri Wdeoh 5/ wkh jdlq iurp dq rswlpdoo| ghvljqhg QLJW

uhjlph lv odujhu1 Jrlqj iurp sxuh glvfuhwlrq wrzdugv wklv uhjlph/ eulqjv wkh vrflhwdo orvv

pxfk forvhu wrzdugv wkh suhfrpplwphqw orvv wkdq grhv LW1 Wkh jdlq lv ri d pdjqlwxgh

htxlydohqw ri d shupdqhqw lq dwlrq udwh ri durxqg f�.D shufhqw ru d shupdqhqw rxwsxw jds

ri qhduo| ��D shufhqw1 Iljxuh 9 vkrzv wkh uhvsrqvhv ri wkh uhdo lqwhuhvw udwh/ lq dwlrq dqg

rxwsxw jds iroorzlqj d frvw0sxvk vkrfn1 Qrwh wkh urxjk vlplodulw| ri wklv �jxuh zlwk lwv

frxqwhusduw xqghu suhfrpplwphqw/ Iljxuh 71

Ilqdoo|/ lw lv vhhq iurp Wdeoh 5 wkdw li lw lv ihdvleoh wr kdyh wkh fhqwudo edqnhu wdujhw

erwk lq dwlrq dqg qrplqdo lqfrph jurzwk +lq dgglwlrq wr wkh rxwsxw jds,/ wkh rswlpdo

frpelqdwlrq uhjlph lv rqh zkhuh wkh lq dwlrq wdujhw vkrxog sod| dssur{lpdwho| qr uroh

dw doo14< Wkh uhdvrq iru wkh vxshulrulw| ri rswlpdo QLJW lv/ dv h{sodlqhg lq Vhfwlrq 6/ lwv

delolw| ri lqgxflqj rswlpdo lqhuwldo lqwhuhvw udwh ehkdylru1

�����������������
Iljxuh : durxqg khuh

�����������������

D grzqvlgh ri QLJW lv wkdw lw idlov wr lqvxodwh wkh hfrqrp| iurp whfkqrorj| vkrfnv/ fi1

Vhfwlrq 61 Wklv lv looxvwudwhg khuh e| Iljxuh :/ ghslfwlqj wkh uhvsrqvhv ri wkh uhdo lqwhuhvw

udwh/ lq dwlrq dqg rxwsxw jds wrzdugv d rqh vwdqgdug ghyldwlrq srvlwlyh lqqrydwlrq wr wkh

4;Txlwh lqwuljxlqjo|/ frqvhuydwlvp wkxv vhuyhv wr lpsuryh pdfurhfrqrplf vwdelol}dwlrq xqghu LW1 Wklv

uxqv frxqwhu wr Urjr�*v +4<;8, ruljlqdo dqdo|vlv zkhuh frqvhuydwlvp glvwruwv vwdelol}dwlrq1
4<Wkh txdol�hu �dssur{lpdwho|� uhihuv wr wkh idfw wkdw wkh julg vhdufk phwkrg ri �qglqj wkh rswlpdo

wdujhwlqj uhjlphv lpsolhv wkdw rq fdqqrw uxoh rxw wkdw wkh h{dfw rswlpdo frpelqdwlrq uhjlph lqyroyhv d

ydoxh ri i ehwzhhq �4 dqg �3=<:81 Exw wklv phdqv wkdw wkh rswlpdo zhljkw rq wkh lq dwlrq remhfwlyh fdq

dw prvw eh 3=358/ zklfk lv lqghhg ri wulyldo pdjqlwxgh frpsduhg wr wkh rswlpdo zhljkw rq wkh qrplqdo

lqfrph jurzwk wdujhw +3=;8,1
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Suhfrp0 Sxuh Glv0 Frpelqd0
plwphqw fuhwlrq LW QLJW wlrq uhjlph

Vrflhw|*v orvv +��ff, 4714994 491:<:8 481648< 4718796 4714<69
Rswlpdo s � � 41433 � 31733
Rswlpdo � � � � 41458 31958
V1g1 ri Z +shufhqw, 51;5<7 6196<3 6134:3 61353; 51;5;8
V1g1 ri % +shufhqw, 8137;5 61<886 8139<3 71::53 813939
V1g1 ri + +shufhqw, 81783< 7178;3 817::< 8148:: 817735
V1g1 ri � +shufhqw, 61976: 71:344 71<5;9 618378 619776

Wdeoh 6= Ghyldwlrq iurp edvholqh= Pruh shuvlvwhqfh lq sulfh vhwwlqj
+� ' f�S dqg V ' f��2D,

surfhvv iru wkh whfkqrorj| vkrfn1 Dv hylghqw/ wkh fhqwudo edqnhu lv xqdeoh wr qhxwudol}h

wkh rxwsxw jds frpsohwho| dv wklv frq lfwv zlwk wkh dvvrfldwhg lqfuhdvh lq qrplqdo lqfrph

jurzwk1 Lw zloo wkhuhiruh eh rswlpdo wr frqgxfw dq rqo| plogo| h{sdqvlyh srolf|/ zklfk

doorzv wkh rxwsxw jds wr idoo1 Wklv idoo/ krzhyhu/ sxwv d grzqzdug suhvvxuh rq lq dwlrq dqg

wkxv qrplqdo lqfrph jurzwk1 Lq htxloleulxp/ wkh frq lfw ehwzhhq vwdelol}lqj wkh rxwsxw

jds dqg qrplqdo lqfrph jurzwk lv wkhuhiruh vrphzkdw olplwhg1 Wklv h{sodlqv zk| lw/

xqghu wkh edvholqh sdudphwhul}dwlrq/ grhv qrw rxwzhljk wkh ehqh�wv ri QLJW lq whupv ri

uhvsrqglqj wr vkrfnv wkdw gr frqvwlwxwh d wudgh0r� iru vrflhw| +qrwh dovr wkdw wkh lq dwlrq

h�hfwv ri wkh whfkqrorj| vkrfn duh olplwhg/ dqg wkdw wkh rxwsxw jds h�hfwv glh rxw udwkhu

txlfno|,1

Lq wkh iroorzlqj vxe0vhfwlrq vhqvlwlylw| dqdo|vhv duh shuiruphg lq rughu wr ixuwkhu kljk0

oljkw zklfk surshuwlhv ri wkh prgho whqg wr idyru QLJW ryhu LW/ dqg zklfk gr qrw1

7161 Ghyldwlrqv iurp edvholqh sdudphwhuv

Dv phqwlrqhg/ doo vhqvlwlylw| dqdo|vhv wdnh wkh irup ri ydu|lqj rqh vwuxfwxudo sdudphwhu

uhodwlyh wr edvholqh1 Rqh fodvv ri vhqvlwlylw| dqdo|vhv lv udwkhu xqlqwhuhvwlqj dqg zloo

rqo| eulh | eh phqwlrqhg khuh1 Lw frqfhuqv yduldwlrqv lq wkh sdudphwhuv ri wkh djjuhjdwh

ghpdqg ixqfwlrq/ +4,1 Lw iroorzv wkdw dq| ydoxh ri wkh ghpdqg vkrfn dqg dq| ydoxh ri odjjhg

rxwsxw fdq eh shuihfwo| r�vhw xqghu dq| srolf| uhjlph +wklv klqjhv rq wkh idfw wkdw srolf|

fdq uhvsrqg wr frqwhpsrudqhrxv yduldeohv,1 Vhqvlwlylw| dqdo|vhv lqyroylqj fkdqjhv lq wkh

shuvlvwhqfh ri ghpdqg/ w/ dqg fkdudfwhulvwlfv ri wkh surfhvv iru }| zloo wkhuhiruh uhyhdo

qr h�hfwv rq wkh htxloleulxp rxwfrphv iru wkh rxwsxw jds/ lq dwlrq/ dqg vrflhw|*v orvv1

Wkh rqo| gl�huhqfh dfurvv sdudphwhu fkdqjhv zloo eh lq whupv ri lqwhuhvw udwh yduldelolw|1

Olnhzlvh/ dq| fkdqjh lq j d�hfwv rqo| wkh pdjqlwxgh ri wkh lqwhuhvw udwh fkdqjh qhhghg

wr dfklhyh wkh ghvluhg h�hfw rq djjuhjdwh ghpdqg1 Ri pruh lpsruwdqfh duh wkh sdudphwhu
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Suhfrp0 Sxuh Glv0 Frpelqd0
plwphqw fuhwlrq LW QLJW wlrq uhjlph

Vrflhw|*v orvv +��ff, 513788 5155:: 5155:: 5154:6 5154:6
Rswlpdo s � � 31333 � 041333
Rswlpdo � � � � 31458 31458
V1g1 ri Z +shufhqw, 416<8: 417;84 417;84 417:45 417:45
V1g1 ri % +shufhqw, 31987: 315<:3 315<:3 3178<: 3178<:
V1g1 ri + +shufhqw, 5148;7 513:;4 513:;4 513967 513967
V1g1 ri � +shufhqw, 51439< 51465< 51465< 514733 514733

Wdeoh 7= Ghyldwlrq iurp edvholqh= Qr hqgrjhqrxv shuvlvwhqfh dw doo
+� ' f�f/ w ' f�f/ V ' f�fD dqg j ' f�.D,

fkdqjhv suhvhqwhg lq wkh uhpdlqghu ri wklv vxe0vhfwlrq1

Iluvw/ wkh lpsruwdqfh ri hqgrjhqrxv lq dwlrq shuvlvwhqfh lv dvvhvvhg1 Wdeoh 6 suhvhqwv

d yduldwlrq ri wkh edvholqh zkhuh shuvlvwhqfh lv grxeohg/ l1h1/ zkhuh � ' f�S +wr lvrodwh wkh

h�hfw wr d fkdqjhg zhljkw rq wkh lpsruwdqfh ri odjjhg lq dwlrq yhuvxv h{shfwhg ixwxuh/

V lv fkdqjhg vr wkdw wkh hodvwlflw| ri lq dwlrq zlwk uhvshfw wr wkh rxwsxw jds lv nhsw

frqvwdqw dw f�fD,1 Wklv kdv wkh frqvhtxhqfh wkdw wkh ehqh�wv ri rswlpdo LW uhodwlyh wr

sxuh glvfuhwlrq duh vwurqjhu wkdq lq edvholqh1 Wkh uhdvrq lv wkdw zkhq whpsrudu| vkrfnv

kdyh orqjhu odvwlqj h�hfwv/ wkh delolw| wr vljqdo ixwxuh frqwudfwlyh ehkdylru e| dssrlqwlqj

d frqvhuydwlyh fhqwudo edqnhu ehfrphv pruh ydoxdeoh +qrwh dovr wkdw wkh rswlpdo ghjuhh

ri frqvhuydwlyhqhvv lv kljkhu wkdq lq edvholqh,1 E| wkh vdph wrnhq/ wkh ehqh�wv ri rswlpdo

QLJW duh dovr odujhu +dqg wkh rswlpdo ydoxh ri � lv dovr kljkhu frpsduhg wr edvholqh,1 Wkh

lpsuryhphqw ri jrlqj iurp sxuh glvfuhwlrq wrzdugv rswlpdo QLJW lv htxlydohqw lq zhoiduh

whupv ri d shupdqhqw lq dwlrq udwh +rxwsxw jds, fkdqjh ri durxqg ��D +��f, shufhqw1 Khqfh/

wkh pruh shuvlvwhqw lq dwlrq ehkdyhv/ wkh vwurqjhu lv wkh fdvh iru QLJW uhodwlyh wr LW1 Lw

lv/ krzhyhu/ dv h{sodlqhg ehorz/ lpsruwdqw wkdw h{shfwhg ixwxuh lq dwlrq frqwlqxhv wr sod|

d qrq0qhjoljleoh uroh lq lq dwlrq ghwhuplqdwlrq153

Wdeoh 7 wkhq frqvlghuv wkh rwkhu h{wuhph/ zkhuh sulfh vhwwlqj lv sxuho| iruzdug orrnlqj/

l1h1/ w ' f +dqg V lv dgmxvwhg wr pdlqwdlq dq lq dwlrq hodvwlflw| ri wkh rxwsxw jds ri f�fD,1

Lq wklv yduldwlrq/ lw lv dovr dvvxphg wkdw wkhuh lv qr hqgrjhqrxv shuvlvwhqfh lq ghpdqg

+wklv lv zlwkrxw frqvhtxhqfhv iru wkh uhvxowv/ exw lv lqfoxghg dv wkh wdeoh wkhq suhvhqwv wkh

sdudphwhu ghyldwlrq dssolhg lq Iljxuhv 406,1 Dv h{shfwhg/ LW fdqqrw lpsuryh ryhu sxuh

glvfuhwlrq= vlqfh lwv rqo| yluwxh lv wr vhfxuh d frpplwphqw wr ixwxuh hfrqrplf ghyhorsphqwv/

qrwklqj lv jdlqhg zkhq wkh lpsdfw ri wkh frvw0sxvk vkrfn lv frq�qhg wr eh wudqvlwru|1 Wklv

53Qrwh e| Wdeoh 6 wkdw li d frpelqdwlrq uhjlph lv ihdvleoh/ lw zloo qrz/ lq frqwudvw zlwk edvholqh/

eh rswlpdo wr dwwdfk zhljkw wr erwk wkh lq dwlrq dqg qrplqdo lqfrph jurzwk remhfwlyh1 Wkh zhoiduh

lpsuryhphqw frpsduhg wr rswlpdo QLJW dorqh/ krzhyhu/ lv qrw ryhuzkhoplqj1
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Suhfrp0 Sxuh Glv0 Frpelqd0
plwphqw fuhwlrq LW QLJW wlrq uhjlph

Vrflhw|*v orvv +��ff, 6178:6 71769; 716887 6189:7 6189:7
Rswlpdo s � � 31833 � 041333
Rswlpdo � � � � 41533 41533
V1g1 ri Z +shufhqw, 41997: 513438 41;<:9 419589 419589
V1g1 ri % +shufhqw, 419::8 4159:9 41:778 41<6:6 41<6:6
V1g1 ri + +shufhqw, 519874 517493 519<9< 51:435 51:435
V1g1 ri � +shufhqw, 51654< 51;<9< 615638 516<53 516<53

Wdeoh 8= Ghyldwlrq iurp edvholqh= Kljkhu lq dwlrq vhqvlwlylw| wr rxwsxw jds
+V ' f��e2,

Suhfrp0 Sxuh Glv0 Frpelqd0
plwphqw fuhwlrq LW QLJW wlrq uhjlph

Vrflhw|*v orvv +��ff, 71;8:6 8174;< 817343 815<99 815<99
Rswlpdo s � � 31:33 � 041333
Rswlpdo � � � � 316:8 316:8
V1g1 ri Z +shufhqw, 514679 516555 516366 5155;9 5155;9
V1g1 ri % +shufhqw, 414893 316<37 319884 4149<7 4149<7
V1g1 ri + +shufhqw, 5168<5 513<67 5148;8 515;54 515;54
V1g1 ri � +shufhqw, 5165<6 517<49 519478 5187:6 5187:6

Wdeoh 9= Ghyldwlrq iurp edvholqh= Orzhu lq dwlrq vhqvlwlylw| wr rxwsxw jds
+V ' f�f�D,

zloo/ rq wkh rwkhu kdqg/ eh wkh fdvh xqghu qrplqdo rswlpdo lqfrph jurzwk wdujhwlqj/ zklfk

djdlq lv vhhq wr |lhog d orzhu vrflhwdo orvv wkdq LW1 Iru wklv fdvh ri qr shuvlvwhqfh/ krzhyhu/

wkh pdjqlwxgh dsshduv wulyldo1 Vr/ wdnhq wrjhwkhu/ wkhvh uhvxowv ri Wdeohv 607 vxjjhvw wkdw

wkh pruh shuvlvwhqw lv vkrfnv wr lq dwlrq/ wkh pruh suhihudeoh lv QLJW1 Lwv ihdwxuh ri ehlqj

d fuhgleoh frpplwphqw wr ixwxuh glvlq dwlrqdu| ehkdylru/ pdnhv lw vxshulru wr LW lq whupv

ri vwdelol}lqj lq dwlrq1

Qrwh/ krzhyhu/ wkdw vlqfh wkh pdlq yluwxh ri QLJW uhodwlyh wr LW dulvhv gxh wr iruzdug0

orrnlqj sulfh vhwwlqj/ lw vkrxog frph dv qr vxusulvh wkdw li lq dwlrq lv pdlqo| ghwhuplqhg

e| klvwru|/ wkh fdvh iru qrplqdo lqfrph jurzwk ydqlvkhv1 Iru h{dpsoh/ lq wkh olplwlqj fdvh

ri � ' f�bb/ h{shfwhg lq dwlrq sod|v rqo| dq lq�qlwhvlpdo uroh iru lq dwlrq ghwhuplqdwlrq1

Wkhq/ wkhuh duh qr wlph lqfrqvlvwhqf| sureohpv/ dqg vrflhw|*v orvvhv iurp suh0frpplwphqw

dqg sxuh glvfuhwlrq ehfrph dssur{lpdwho| lghqwlfdo1 LW +zlwk s * f, lv wkhq reylrxvo|

suhihudeoh1

Wdeohv 8 dqg 9 vkrz wkh lpsolfdwlrqv ri lqfuhdvlqj/ uhvshfwlyho|/ ghfuhdvlqj wkh vhq0

vlwlylw| ri lq dwlrq wr wkh rxwsxw jds1 Wkh fkdqjhv duh/ wdnhq lqwr dffrxqw wkh edvholqh

ydoxh ri w ' f��/ vxfk wkdw wkh kljk hodvwlflw| lv f�� dqg wkh orz lv f�f2D1 Lw wxuqv rxw/
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Suhfrp0 Sxuh Glv0 Frpelqd0
plwphqw fuhwlrq LW QLJW wlrq uhjlph

Vrflhw|*v orvv +��ff, 61:;;6 71::37 719<73 61;73; 61;73;
Rswlpdo s � � 31883 � 041333
Rswlpdo � � � � 41558 41558
V1g1 ri Z +shufhqw, 41::<6 5144<9 513587 41:93< 41:93<
V1g1 ri % +shufhqw, 51868; 419<59 5177;6 51:87; 51:87;
V1g1 ri + +shufhqw, 615983 519969 614<:9 615<5; 615<5;
V1g1 ri � +shufhqw, 5175;; 615648 61;579 5179:4 5179:4

Wdeoh := Ghyldwlrq iurp edvholqh= Ohvvhu vrflhwdo frqfhuq iru rxwsxw jds
+b ' f��,

zlwklq wklv sdudphwhu udqjh/ wkdw wkh pruh vhqvlwlyh wr wkh rxwsxw jds lv lq dwlrq/ wkh

pruh idyrudeoh lv QLJW uhodwlyh wr LW1 Rqh h{sodqdwlrq lv edvhg rq wkh idfw wkdw zlwk d

ehwwhu vrflhwdo lq dwlrq0rxwsxw jds wudgh0r�/ dq| uhjlph zloo shuirup ehwwhu +qrwh wkdw

wkh orvvhv duh orzhvw lq doo uhjlphv iru wkh kljk ydoxh ri V,1 Wkhuhiruh/ wkh suhylrxvo|

ghvfulehg ehqh�wv ri QLJW fdq eh dwwdlqhg dw dq hyhq orzhu frvw1 Lqghhg/ wkh zhoiduh

gl�huhqfh ehwzhhq LW dqg QLJW dprxqwv wr d shupdqhqw shufhqwdjh fkdqjh lq lq dwlrq

+rxwsxw jds, ri durxqg f�b +��.D, zkhq V ' f��e2/ zkloh wkh fruuhvsrqglqj qxpehuv duh

rqo| durxqg f�� +f�SD, zkhq V ' f�f�D1 Sxw lq rssrvlwh whupv/ zkhq wkh wudgh0r� uhdfkhv

wkh olplw zkhuh wkh rxwsxw jds kdv yluwxdoo| qr h�hfw rq lq dwlrq/ dq| uhjlph zloo shuirup

htxdoo| edg lq whupv ri vwdelol}lqj lq dwlrq1

Wkh uhodwlyh shuirupdqfh ri uhjlphv lv/ krzhyhu/ qrw prqrwrqlf zlwk uhvshfw wr fkdqjhv

lq V1 Li wkh hodvwlflw| ri lq dwlrq zlwk uhvshfw wr rxwsxw/ h1j1/ wdnhv rq udwkhu kljk ydoxhv/

LW ehfrphv suhihudeoh1 Wklv lv ehfdxvh zlwk d kljk ydoxh ri V/ whfkqrorj| vkrfnv frph

wr sod| d pxfk pruh lpsruwdqw uroh iru lq dwlrq ghwhuplqdwlrq/ wkhuhe| djjudydwlqj wkh

lqh!flhqf| ri QLJW1 Dovr/ fkdqjhv lq wkh rxwsxw jds ehfrph yhu| srzhuixo lq vwdelol}lqj

lq dwlrq zklfk/ lq wxuq/ uhgxfhv wkh lpsruwdqfh ri orz h{shfwhg ixwxuh lq dwlrq dv d

vwdelol}dwlrq ghylfh> d ghylfh wkdw lv wkh yluwxh ri QLJW +wkh suhfrpplwphqw vroxwlrq

dovr h{klelwv yhu| olwwoh lqwhuhvw udwh lqhuwld lq wkdw fdvh,154 Lq wkh +rqo| looxvwudwlyh, olplw

ri V $ 4/ dq| vkrfn wr lq dwlrq fdq eh qhxwudol}hg e| dq lq�qlwhvlpdo fkdqjh lq wkh

rxwsxw jds/ dqg frvw0sxvk vkrfnv zloo qr orqjhu suhvhqw d wudgh0r� iru prqhwdu| srolf|1

Lq frqvhtxhqfh/ lw lv ehvw wr dgrsw d wdujhwlqj uhjlph zkhuh wkh fhqwudo edqn*v suhihuhqfhv

duh doljqhg zlwk vrflhw|*v1

Ehiruh h{dplqlqj wkh uroh ri wkh glvwulexwlrqdo fkdudfwhulvwlfv ri wkh vkrfnv/ L uhsruw

54Iru wkh fdvh ri dq lq dwlrq hodvwlflw| zlwk uhvshfw wr wkh rxwsxw jds ri 3=6/ xvhg e| Fodulgd hw do1

+4<<<e, +lpso|lqj � @ 3=75<,/ qrplqdo lqfrph jurzwk wdujhwlqj lv vwloo suhihudeoh/ krzhyhu1 +Wkh vrflhwdo

orvv +�433, lv 4=<94:/ zkloh lw lv 5=53:9 xqghu rswlpdo lq dwlrq wdujhwlqj1,
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Suhfrp0 Sxuh Glv0 Frpelqd0
plwphqw fuhwlrq LW QLJW wlrq uhjlph

Vrflhw|*v orvv +��ff, 816666 818359 818339 818348 818338
Rswlpdo s � � 31:58 � 31858
Rswlpdo � � � � 31533 31358
V1g1 ri Z +shufhqw, 515;;< 5167:8 516787 51678< 516787
V1g1 ri % +shufhqw, 314474 3134<< 313675 313657 313674
V1g1 ri + +shufhqw, 5138<< 5138:3 5138:3 513879 51389:
V1g1 ri � +shufhqw, 516588 516876 5168:6 51685< 516897

Wdeoh ;= Ghyldwlrq iurp edvholqh= %H{wuhph% vrflhwdo frqfhuq iru rxwsxw jds
+b ' �f,

vhqvlwlylw| dqdo|vhv frqfhuqlqj vrflhw|*v dwwlwxgh wrzdugv lq dwlrq/ l1h1/ yduldwlrqv lq wkh

sdudphwhu b1 Wdeohv : dqg ; vkrz wkh uhvxowv1 Wkh| uhyhdo wkdw li vrflhw| fduhv d orw derxw

lq dwlrq yduldelolw| uhodwlyh wr rxwsxw yduldelolw|/ l1h1/ li b lv vpdoo/ wkh fdvh iru QLJW lv

vwuhqjwkhqhg uhodwlyh wr wkh edvholqh vfhqdulr1 Wkh jdlq ri jrlqj iurp d uhjlph ri sxuh

glvfuhwlrq wrzdugv QLJW dprxqwv wr d shupdqhqw shufhqwdjh fkdqjh lq lq dwlrq +rxwsxw

jds, ri doprvw ��f +��f,1 Wkh fruuhvsrqglqj qxpehuv dvvrfldwhg zlwk dq dgrswlrq ri dq LW

uhjlph duh rqo| f��f +f�b,1 Wkh uhdvrq lv djdlq wkdw QLJW lv ehwwhu dw vwdelol}lqj lq dwlrq

wkdq lv LW1 Wklv delolw| zloo/ ri frxuvh/ eh pruh ydoxhg e| d vrflhw| fdulqj uhodwlyho| pxfk

derxw lq dwlrq vwdelolw|1 E| uhyhuvh dujxphqwdwlrq lw wkhq iroorzv wkdw d vrflhw| wkdw fduhv

suhgrplqdqwo| e| pryhphqwv lq wkh rxwsxw jds pd| idyru LW ryhu QLJW1 Wklv lv lqghhg

wkh fdvh dv looxvwudwhg e| Wdeoh ; zkhuh b wdnhv rq wkh udwkhu h{wuhph ydoxh ri �f1 Lq wkdw

fdvh/ vrflhw| zrxog idyru LW1 Qrwh/ wkrxjk/ wkdw wkh zhoiduh gl�huhqfhv ehwzhhq wkh wzr

wdujhwlqj uhjlphv duh wulyldo1

Qrz/ wkh lpsolfdwlrqv ri fkdqjhv lq wkh surshuwlhv ri wkh surfhvvhv ri whfkqrorj| dqg

frvw0sxvk vkrfn/ +7, dqg +8,/ uhvshfwlyho|/ duh frqvlghuhg1 Dv phqwlrqhg suhylrxvo|/ wkh

lqh!flhqf| fuhdwhg e| QLJW lv wkh lqdelolw| ri lqvxodwlqj wkh hfrqrp| iurp whfkqrorj|

vkrfnv1 Wdeoh < wkhuhiruh vkrz wkh ghyldwlrq iurp edvholqh zkhuh wkh vwdqgdug ghyldwlrq

ri l+| lv udlvhg wr wkdw ri wkh rwkhu vkrfnv ri wkh prgho/ l1h1/ wr f�f�D1 Qrwh wkdw wklv zloo

fdxvh wkh xqfrqglwlrqdo vwdqgdug ghyldwlrq ri whfkqrorj| vkrfnv wr h{fhhg S shufhqw1 Hyhq

zlwk wklv udwkhu kljk yrodwlolw| ri whfkqrorj| vkrfnv/ QLJW rxwshuirupv LW/ dowkrxjk/ ri

frxuvh/ wkh txdqwlwdwlyh jdlq lq zhoiduh whupv lv uhgxfhg frpsduhg zlwk wkh edvholqh1 Li j+

lv lqvwhdg udlvhg wr f�f� +lpso|lqj dq xqfrqglwlrqdo vwdqgdug ghyldwlrq ri whfkqrorj| vkrfnv

ri ryhu �2 shufhqw,/ wkhq LW zrxog kdyh ehhq vxshulru +wkhvh uhvxowv duh qrw uhsruwhg,1 Wkh

zhoiduh orvv ri QLJW/ krzhyhu/ udlvhv rqo| wr D��eHe/ zklfk lv udwkhu olwwoh lq oljkw ri wkh

frqvlghudeoh yrodwlolw| ri whfkqrorj| vkrfnv +wkh orvv xqghu LW lv/ dv h{sodlqhg suhylrxvo|/
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Suhfrp0 Sxuh Glv0 Frpelqd0
plwphqw fuhwlrq LW QLJW wlrq uhjlph

Vrflhw|*v orvv +��ff, 7163;: 8149<: 8144;6 71<575 71<54:
Rswlpdo s � � 31958 � 0319:8
Rswlpdo � � � � 31883 317:8
V1g1 ri Z +shufhqw, 41<879 51578: 514;<7 51366< 513698
V1g1 ri % +shufhqw, 417685 31:738 414899 41:;<9 41::68
V1g1 ri + +shufhqw, 91667; 915478 915::: 9139;5 913<8:
V1g1 ri � +shufhqw, 518477 51;478 613673 51863; 5189;7

Wdeoh <= Ghyldwlrq iurp edvholqh= Kljkhu yduldqfh ri whfkqrorj| vkrfnv
+j+ ' f�f�D,

Suhfrp0 Sxuh Glv0 Frpelqd0
plwphqw fuhwlrq LW QLJW wlrq uhjlph

Vrflhw|*v orvv +{433, 4317:39 4713<85 4619674 4416645 4416645
Rswlpdo s � � 413:8 � 041333
Rswlpdo � � � � 415:8 415:8
V1g1 ri Z +shufhqw, 51<5<5 61:369 617:56 51;696 51;696
V1g1 ri % +shufhqw, 51;6<; 416843 5189:6 619:74 619:74
V1g1 ri + +shufhqw, 618397 51793: 615;<9 714537 714537
V1g1 ri � +shufhqw, 51;<9< 61;74; 717365 614443 614443

Wdeoh 43= Ghyldwlrq iurp edvholqh= Shuvlvwhqfh lq frvw0sxvk vkrfnv
+�0 ' f��f,

lqyduldqw zlwk uhvshfw wr wkh surfhvv ri wkhvh vkrfnv,155

Wkhq frqvlghu wkh fdvh zkhuh vrph shuvlvwhqfh lv lqwurgxfhg lqwr wkh surfhvv iru wkh

frvw0sxvk vkrfn1 Wklv lv ghslfwhg lq Wdeoh 43 zkhuh �0 ' f��f1 Lq oljkw ri wkh suhfhglqj

glvfxvvlrqv lw vkrxog frph dv qr vxusulvh wkdw wkh fdvh iru QLJW ehfrphv vwurqjhu uhodwlyh

wr edvholqh1 Lqghhg/ jrlqj iurp sxuh glvfuhwlrq wrzdugv QLJW uhvxowv lq d zhoiduh jdlq

htxlydohqw lq d shupdqhqw shufhqwdjh fkdqjh lq lq dwlrq +rxwsxw jds, ri durxqg ��. +���,1

Dgrswlqj dq LW uhjlph/ rq wkh rwkhu kdqg/ surylghv d fruuhvsrqglqj jdlq zlwk qxpehuv lq

wkh qhljkerukrrg ri f�H +��e,1 Qrwh wkdw lq frpsdulvrq zlwk edvholqh/ xqghu erwk rswlpdo

wdujhwlqj uhjlphv wkh rxwsxw jds vkrxog uhfhlyh uhodwlyho| ohvvhu dwwhqwlrq1 Wklv lv iru

wkh uhdvrqv ghvfulehg suhylrxvo|= zlwk pruh shuvlvwhqfh lq lq dwlrq iroorzlqj d vkrfn/ lw

uhtxluhv d pruh �up frpplwphqw wr �frqvhuydwlyh� srolflhv lq wkh ixwxuh wr ehwwhu frsh

55Dqrwkhu vhqvlwlylw| dqdo|vlv/ qrw uhsruwhg/ lqyroyhg udlvlqj wkh shuvlvwhqfh ri whfkqrorj| vkrfnv wr

�| @ 3=<<1 Dv wklv rqo| lqfuhdvhv wkhlu xqfrqglwlrqdo vwdqgdug ghyldwlrq wr durxqg 6=8 shufhqw/ wkh uhvxowv

zhuh �ehwzhhq� wkh edvholqh dqg wkrvh ri Wdeoh <1 Dovr/ ri frxuvh/ lq wkh olplwlqj fdvh ri �5| @ 3/ wkh

uhodwlyh shuirupdqfh ri QLJW lpsuryhg> wkh zhoiduh orvv ihoo wr 7=8<<81 Wklv lv qrw pxfk orzhu wkdq xqghu

wkh edvholqh fdvh/ dqg vxjjhvwv wkdw wkh lqh!flhqf| ri QLJW rqo| vwduwv wr �elwh� dw yhu| kljk yduldqfhv

ri whfkqrorj| vkrfnv1
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zlwk fxuuhqw lq dwlrq +khqfh/ mxvw udlvlqj wkh vwdqgdug ghyldwlrq ri wkh frvw0sxvk vkrfn

grhv qrw fkdqjh wkh rswlpdo ydoxh ri s xqghu LW,1 Exw hyhq wkrxjk wkdw LW lpsuryhv ryhu

sxuh glvfuhwlrq zkhq vkrfnv wr lq dwlrq shuvlvwv/ Wdeoh 43 vwuhvvhv wkdw QLJW ehfrphv

hyhq pruh idyrudeoh/ wkh pruh shuvlvwhqw duh wkh h�hfwv ri vkrfnv wr lq dwlrq1

Rqh pd| wkhuhiruh frqfoxgh wkdw wkh uhvxowv sruwud|hg lq Wdeohv 6 dqg 43 srlqw wr

wkh sdudgr{ wkdw LW lv lqfuhdvlqjo| lqihulru lq frslqj zlwk lq dwlrq yrodwlolw|/ wkh pruh

shuvlvwhqw duh wkh h�hfwv ri vkrfnv wr lq dwlrq1 Wklv krogv qr pdwwhu zkhwkhu shuvlvwhqfh

lv hqgrjhqrxv ru fdxvhg e| dxwruhjuhvvlyh ehkdylru ri frvw0sxvk vkrfnv +doehlw lq wkh fdvh

ri hqgrjhqrxv shuvlvwhqfh/ lw vkrxog qrw eh ri d pdjqlwxgh reolwhudwlqj iruzdug0orrnlqj

dvshfwv ri sulfh vhwwlqj> fi1 wkh suhylrxv glvfxvvlrq,1

81 Glvfxvvlrqv

8141 Lpsolfdwlrqv ri plvlqwhusuhwdwlrq ri wdujhwlqj uhjlph

Dsduw iurp vhqvlwlylw| dqdo|vhv/ dqrwkhu zd| ri dvvhvvlqj wkh ghvludelolw| ri QLJW/ lv

e| h{dplqlqj wkh vhqvlwlylw| ri vrflhw|*v htxloleulxp orvv wr fkdqjhv lq wkh ghohjdwlrq

sdudphwhu �1 Uhdolvwlfdoo|/ rqh pd| h{shfw vrph dpeljxlw| lq wkh zd| wkh zhljkwv rq

pdfurhfrqrplf yduldeohv duh zulwwhq lqwr wkh jxlgholqhv ru ohjlvodwlrq iru prqhwdu| srolf|

frqgxfw1 L1h1/ hyhq wkrxjk rswlpdo ydoxhv fdq eh lghqwl�hg lq sulqflsoh/ wkh| pd| eh

lpsrvvleoh wr lpsohphqw suhflvho|1

Wr jdxjh wkh dvvrfldwhg zhoiduh frqvhtxhqfhv/ uhfdoo wkdw xqghu wkh edvholqh sdudphwhu

frq�jxudwlrq/ wkh rswlpdo ydoxh ri � ' f�HD |lhogv d vrflhwdo orvv ri e�Se221 Frqvlghu qrz

d fdvh zkhuh wkh fhqwudo edqn huurqhrxvo| dfwv dv li wkh zhljkw zdv/ uhvshfwlyho|/ kdoi ru

grxeoh dv wkh rswlpdo1 Lq wxuqv rxw wkdw iru � ' f�e2D +� ' ��., vrflhw|*v orvv zrxog eh

e�.D�� +e�.�eD,1 Khqfh/ hyhq zlwk vxfk odujh +dqg shupdqhqw, plvlqwhusuhwdwlrqv ri wkh

srolf| uhjlph/ QLJW lv suhihudeoh wr LW1 Lq idfw/ xqghu wkh edvholqh wkh fhqwudo edqn vkrxog

dfw dv li � : D�D ru f 	 � 	 f��� ehiruh QLJW lv lqihulru wr rswlpdo LW1 Wklv vxjjhvwv

wkdw d vxevwdqwldo plvlqwhusuhwdwlrq ri wkh lqwhqghg QLJW uhjlph lv uhtxluhg ehiruh lw lv

lqihulru wr LW1

8151 Vwdwh0frqwlqjhqw qrplqdo lqfrph jurzwk wdujhwlqj

Lq Vhfwlrq 6 lw zdv dujxhg wkdw rqo| vwdwh0lqghshqghqw wdujhwlqj uhjlphv duh olnho| wr eh

ihdvleoh1 Lw lv/ krzhyhu/ lq vrph lqvwdqfhv d pdwwhu ri lqwhusuhwdwlrq zkhwkhu d uhjlph lv

vwdwh lqghshqghqw ru qrw1 Iru h{dpsoh/ wkrvh frqvlghuhg vr idu lqyroyh d frqvwdqw wdujhw

ydoxh iru wkh rxwsxw jds1 Wklv/ krzhyhu/ lv wkh htxlydohqw ri wdujhwlqj rxwsxw dw wkh qdwxudo
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udwh/ zklfk lv d wlph0ydu|lqj yduldeoh1 Olnhzlvh/ d frqvwdqw wdujhw ydoxh iru lq dwlrq lv wkh

htxlydohqw ri d vwdwh0frqwlqjhqw wdujhw iru wkh sulfh ohyho1

Frqvlghu wkh iroorzlqj wkrxjkw h{shulphqw1 Li rxwsxw jds wdujhwlqj lv ihdvleoh/ wkh

ydoxh ri wkh qdwxudo udwh ri rxwsxw pxvw eh nqrzq +ru/ lq uhdo0olih whupv/ d jrrg hvwl0

pdwh lv dydlodeoh,1 Wkhuhiruh +?| frxog/ lq sulqflsoh/ dovr vhuyh dv d wdujhw ydoxh iru rwkhu

pdfurhfrqrplf yduldeohv1 Lqghhg/ lw wxuqv rxw wkdw li qrplqdo lqfrph jurzwk lv wdujhwhg

dw wkh jurzwk udwh ri +?| / wkh lqh!flhqf| ri QLJW lq whupv ri uhvsrqvhv wrzdugv whfkqrorj|

vkrfnv zloo eh vpdoohu1 Wr vhh wklv/ qrwh wkdw wkh fhqwudo edqnhu*v shu0shulrg orvv ixqfwlrq

lq wklv fdvh zrxog eh

b E+| � +?| �
2 n �

�
?| �

�
+?| � +?|3�

��2
' b E+| � +?| �

2 n �
�
Z| n E+| � +?| ��

�
+|3� � +?|3�

��2
� +45,

Dvvxph qrz wkdw wkh hfrqrp| lv lq vwhdg| vwdwh dw | ' f1 Li/ vd|/ d srvlwlyh whfkqrorj|

vkrfn duulyhv lq shulrg �/ wkhq lw lv hylghqw iurp +45, wkdw wkh fhqwudo edqn idfhv qr

wudgh0r� lq srolf|1 Lw h{sdqgv rxwsxw wr pdwfk +?| dqg wklv uhvxowv lq qr lq dwlrqdu|

suhvvxuhv1 Dowkrxjk qrplqdo lqfrph jurzwk ulvhv/ lw lv luuhohydqw iru wkh fhqwudo edqn dv

wkh wdujhw ydoxh kdv lqfuhdvhg dffruglqjo|1 Zkdwhyhu wkh surfhvv iru +?| / ixwxuh shulrgv zloo

hqwdlo qr srolf| wudgh0r�v hlwkhu1 Rqo| lq wkh fdvh zkhuh wkh hfrqrp| lv r� vwhdg| vwdwh/

lqh!flhqf| uhpdlqv1 Zlwk frvw0sxvk vkrfnv wklv/ ri frxuvh/ kdsshqv zlwk suredelolw| rqh

lq hyhu| shulrg/ exw wkh lqh!flhqf| lv ri olwwoh txdqwlwdwlyh lpsruwdqfh1

Iru h{dpsoh/ iru wkh edvholqh sdudphwhu frq�jxudwlrq/ wkh rswlpdo uhjlph ri wkh irup

+45,/ |lhogv d vrflhwdo orvv +��ff, ri e�DbbH1 Lq frpsdulvrq/ dv ghvfulehg lq Irrwqrwh 55/

wkh vrflhwdo orvv xqghu rswlpdo frqvwdqw QLJW zkhq j+ ' f lv e�DbbD1 Fohduo| wkhq/ li

vwdwh0frqwlqjhqw QLJW dv ghvfulehg khuh lv ihdvleoh/ wkhq lwv uhodwlyh dgydqwdjh ryhu LW lv

vwuhqjwkhqhg vlqfh wkh lqh!flhqflhv gxh wr whfkqrorj| vkrfnv ehfrph wulyldo1

8161 Lqhuwldo ehkdylru wkurxjk rwkhu wdujhwlqj uhjlphvB

Vlqfh wkh suhfrpplwphqw vroxwlrq ri wkh prgho ihdwxuhv lqhuwldo lqwhuhvw udwh ehkdylru

wrzdugv vkrfnv wkdw fuhdwh d srolf| wudgh0r�/ dq reylrxv fdqglgdwh iru d wdujhwlqj yduldeoh

lv wkh fkdqjh lq wkh lqwhuhvw udwh1 Wklv dprxqwv wr ohwwlqj d whup E�| � �|3��
2 � dq lqwhuhvw

udwh vprrwklqj remhfwlyh � hqwhu wkh orvv ixqfwlrq1 Vwudljkwiruzdugo|/ wklv lqgxfhv lqhuwldo

ehkdylru lq d glvfuhwlrqdu| htxloleulxp1 Krzhyhu/ lw zloo qrw surylgh dq| jdlqv li vxfk d

qrplqdo wdujhw dsshduv dorqj zlwk wkh rxwsxw jds dorqh +lw lv hdv| wr vhh wkdw wkh fhqwudo

edqn zrxog vlpso| uhpdlq sdvvlyh wrzdugv d frvw0sxvk vkrfn,1 Vr/ dgglqj wklv remhfwlyh
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qhfhvvlwdwhv d frpelqdwlrq uhjlph zkhuh wkh frqwhpsrudqhrxv orvv ixqfwlrq wdnhv d irup

ri/ iru h{dpsoh/ b%2| n Z2| n # E�| � �|3��
2 zkhuh # lv vrph zhljkw156 Zkhwkhu d uhjlph ri

wklv vruw rxwshuirupv QLJW lv d txhvwlrq dzdlwlqj ixwxuh uhvhdufk1 L r�hu/ krzhyhu/ d ihz

frqmhfwxuhv vshdnlqj djdlqvw lqwhuhvw udwh vprrwklqj frpsduhg wr QLJW1

Iluvw/ lqvwuxfwlqj wkh fhqwudo edqn wr sd| dwwhqwlrq wr lwv sdvw ehkdylru suhyhqwv lw

iurp qhxwudol}lqj wkh hfrqrp| iurp ghpdqg vkrfnv1 Khqfh/ lqwhuhvw udwh vprrwklqj zloo/

lq frpsdulvrq zlwk QLJW +dv zhoo dv LW, lqgxfh d vrflhwdo orvv dulvlqj iurp ghpdqg

vkrfnv157 Wklv orvv zloo ixuwkhupruh eh lqfuhdvlqj lq # dqg wkxv kdpshu wkh qhfhvvdu|

ghjuhh ri lqhuwld zkhq wkh h�hfwv ri frvw0sxvk vkrfnv ehfrph pruh shuvlvwhqw +wkh rswlpdo

ydoxh ri # zloo prvw olnho| eh ghfuhdvlqj lq j},1 Vhfrqgo|/ hqgrjhqrxv shuvlvwhqfh lq

ghpdqg lv dqrwkhu vrxufh ri lqihulrulw| ri lqwhuhvw udwh vprrwklqj uhodwlyh wr QLJW1 Wkh

uhdvrq lv wkdw dq| sdvw ghpdqg zloo eh doorzhg wr d�hfw fxuuhqw ghpdqg dqg rxwsxw jds

zkhq wkh lqwhuhvw udwh lv qrw iuhh wr qhxwudol}h lw1 Wkh uhvxow zloo eh surorqjhg ghyldwlrqv

ri wkh rxwsxw jds dqg lq dwlrq iurp vwhdg| vwdwh qrw suhvhqw xqghu QLJW +ru LW,1

Dqrwkhu fdqglgdwh uhjlph zrxog eh wr wdujhw wkh sulfh ohyho +lq dgglwlrq wr wkh rxwsxw

jds,1 Dv vkrzq e| Fodulgd hw do1 +4<<<d/ Dsshqgl{,/ wkh suhfrpplwphqw vroxwlrq lq

wkh fdvh ri qr hqgrjhqrxv shuvlvwhqfh +w ' � ' f, lv fkdudfwhul}hg e| d sulfh ohyho sdwk

lqyroylqj d uhyhuvlrq wr wkh lqlwldo sulfh ohyho1 Wklv lv lqwxlwlyh= iroorzlqj dq lq dwlrqdu|

vkrfn/ d frpplwphqw wr klw wkh lqlwldo sulfh ohyho lq wkh orqj uxq/ lqhylwdeoh lqyroyhv

fuhdwlqj gh dwlrq lq ixwxuh shulrgv zklfk lv h{dfwo| zkdw gdpshqv fxuuhqw lq dwlrq zkhq

+6, dssolhv1 Lqfoxglqj d whup ER| � Rf�
2 lq wkh orvv ixqfwlrq frxog wkxv eh d frpplwphqw

wr surorqjhg frqwudfwlrqv158 Rqh sureohp zlwk vxfk d vwudwhj| lv/ ri frxuvh/ li wkh vrfldoo|

rswlpdo lq dwlrq udwh lv qrq0}hur1 Dovr/ lq wkh fdvh ri hqgrjhqrxv lq dwlrq shuvlvwhqfh/

lw lv vxerswlpdo kdylqj wkh sulfh ohyho uhwxuq wr lwv vwduwlqj ydoxh1 Iru h{dpsoh/ lq wkh

edvholqh vfhqdulr frqvlghuhg khuh/ sulfhv xqghu suhfrpplwphqw frqyhujh wr d ohyho derxw

rqh shufhqw kljkhu wkdq wkh lqlwldo ydoxh diwhu wkh hfrqrp| kdv ehhq klw e| d whpsrudu|

frvw0sxvk vkrfn ri ��D shufhqw1

Ilqdoo|/ rqh frxog dovr lpdjlqh wkdw uhdo rxwsxw jurzwk wdujhwlqj ri vrph irup frxog

56Diwhu frpsohwlqj wkh �uvw gudiw ri wklv sdshu/ L ehfdph dzduh ri wkh uhylvhg yhuvlrq ri Zrrgirug

+4<<;,/ Zrrgirug +4<<<,1 Lq wklv yhuvlrq/ glvfuhwlrqdu| ehkdylru lv frqvlghuhg zkhq wkh fhqwudo edqn/ lq

dgglwlrq wr wkh vrfldo orvv ixqfwlrq/ lv dovr dvvljqhg dq lqwhuhvw udwh vprrwklqj remhfwlyh1 Lw lv vkrzq/ lq

olqh zlwk wkh deryh frqmhfwxuhv/ wkdw wklv lqghhg uhgxfhv wkh orvv xqghu glvfuhwlrq dv lw lqgxfhv ehqh�fldo

lqhuwldo lqwhuhvw udwh ehkdylru1
57Lw zloo/ ri frxuvh/ dovr uhvsrqg lqh!flhqwo| wrzdugv whfkqrorj| vkrfnv1 Zkhwkhu wklv lqh!flhqf| lv ri

vpdoohu ru odujhu pdjqlwxgh wkdq wkdw dffuxlqj iurp QLJW lv dq rshq txhvwlrq1 +Li QLJW fdq eh vwdwh0

frqwlqjhqw dv ghvfulehg lq Vhfwlrq 815/ lw lv prvw olnho| ohvv lqh!flhqw lq wklv glphqvlrq wkdq d uhjlph

hqfrxudjlqj lqwhuhvw udwh vprrwklqj1,
58Wklv frqmhfwxuh kdv uhfhqwo| ehhq irupdoo| ydolgdwhg e| Yhvwlq +4<<<,1
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jhqhudwh wkh qhhghg lqhuwldo srolf| ehkdylru1 Lqghhg/ wkh dujxphqw ehklqg wkh ehqh�wv

ri QLJW lv wkdw lw lqgxfhv d frqwlqxdwlrq ri frqwudfwlyh srolf| ehfdxvh zkhq rxwsxw zdv

orz lq wkh sdvw/ qrplqdo lqfrph jurzwk lv lqfuhdvlqj1 Vxuho|/ uhdo lqfrph jurzv dv zhoo1

Dovr/ wkh whup lqyroylqj qrplqdo lqfrph jurzwk lq wkh orvv ixqfwlrq � EZ| n +| � +|3��
2

fdq eh h{sdqghg dv �
k
Z2| n E+| � +|3��

2 n 2Z| E+| � +|3��
l
zklfk lqghhg lqyroyhv lq dwlrq

dqg uhdo rxwsxw jurzwk1 Zkhwkhu wkh furvv0whup suhvhqw xqghu QLJW lv ri ydoxh ru qrw lv

dq rshq txhvwlrq1 Qrwh/ krzhyhu/ wkdw d uhdo rxwsxw jurzwk wdujhwlqj uhjlph zrxog kdyh

wr eh d �frpelqdwlrq uhjlph� zkhuh lq dwlrq/ wkh rxwsxw jds dqg uhdo rxwsxw jurzwk duh

wdujhwhg1

8171 Rswlpdo uhjlphv lq suhvhqfh ri wudqvplvvlrq odjv ri srolf|

Dq reylrxv vkruwfrplqj ri wkh dgrswhg prgho iudphzrun lv wkh devhqfh ri uhdolvwlf odjv

lq wkh wudqvplvvlrq iurp srolf| dfwlrqv wr pdfurhfrqrplf djjuhjdwhv1 Lw lv suredeo| idlu

wr vd| wkdw frqyhqwlrqdo zlvgrp lv wkdw fkdqjhv lq wkh lqwhuhvw udwh d�hfw ghpdqg zlwk

vrph odj/ dqg wkdw ghpdqg +ru/ pruh suhflvho|/ wkh rxwsxw jds, wkhq d�hfwv lq dwlrq zlwk

ixuwkhu odj+v,1 Lq vxfk d vhwwlqj/ wkh fhqwudo edqn fdqqrw shuihfwo| lqvxodwh wkh hfrqrp|

iurp ghpdqg dqg whfkqrorj| vkrfnv +vhh/ h1j1/ Vyhqvvrq/ 4<<:e,1 D srvlwlyh ghpdqg vkrfn

zloo/ h1j1/ ohdg wr dq lpphgldwh lqfuhdvh lq wkh rxwsxw jds wkdw zloo wudqvodwh lqwr kljkhu

ixwxuh lq dwlrq1 Lq uhvsrqglqj wrzdugv wklv kljkhu h{shfwhg lq dwlrq/ wkh fhqwudo edqn

frqwudfwv/ wudglqj r� wkh dgyhuvh frqvhtxhqfhv iru wkh h{shfwhg ixwxuh rxwsxw jds dqg wkh

ehqh�wv ri uhgxflqj h{shfwhg ixwxuh lq dwlrq1

Lw lv frqfhlydeoh wkdw xqghu vxfk flufxpvwdqfhv/ dq lqhuwldo prqhwdu| srolf| uhvsrqvh

zloo eh ehqh�fldo li lq dwlrq +dw wkh wlph lw lv d�hfwhg e| wkh srolf| uhvsrqvh, ghshqgv

xsrq h{shfwdwlrqv derxw ixwxuh lq dwlrq +dv lv wkh fdvh lq/ h1j1/ Vyhqvvrq/ 4<<<e,1 Djdlq/

wkh uhdvrq ehlqj wkdw lw khosv uhgxflqj lq dwlrq dw d vpdoohu frvw lq whupv ri wkh rxwsxw

jds1 Khqfh/ QLJW frxog djdlq suryh vxshulru wr LW lq prghov ihdwxulqj odjv lq wkh srolf|

wudqvplvvlrq1 Dq rshq lvvxh/ krzhyhu/ lv wkh txdqwlwdwlyh lpsruwdqfh ri fkrrvlqj wkh

dssursuldwh uhjlph1 Rqh pd| vshfxodwh wkdw d fuhglelolw| sureohp ri prqhwdu| srolf|

ehfrphv ohvv vhyhuh wkh orqjhu lw wdnhv srolf| wr wdnh h�hfw +vhh/ h1j1/ Jrrgkduw dqg Kxdqj/

4<<;/ rq wklv dujxphqw lq d gl�huhqw w|sh ri prgho,1 Khqfh/ wkh zhoiduh gl�huhqfhv ehwzhhq

suhfrpplwphqw dqg glvfuhwlrqdu| uhjlphv pd| eh vpdoohu1 Rq wkh rwkhu kdqg/ zlwk wkh

yhu| olwwoh ghjuhh ri glvfrxqwlqj dgrswhg khuh/ rqh zrxog lpdjlqh wkdw wkh srolf| odjv

vkrxog eh txlwh orqj lq rughu iru fuhglelolw| sureohpv wr ehfrph wulyldo1
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91 Frqfoxglqj uhpdunv

Rswlpdo prqhwdu| srolf| lq d zruog fkdudfwhul}hg e| wkh �Qhz Qhrfodvvlfdo V|qwkhvlv�

ihdwxuhv lqhuwldo ehkdylru1 Wklv kdv uhfhqwo| ehhq hpskdvl}hg e|/ iru h{dpsoh/ Fodulgd

hw do1 +4<<<d,/ Urwhpehuj dqg Zrrgirug +4<<:, dqg Zrrgirug +4<<;,1 Wkh uhdvrq lv

wkdw vxfk ehkdylru lpsuryhv wkh lq dwlrq0rxwsxw jds wudgh0r� e| lq xhqflqj h{shfwdwlrqv

derxw ixwxuh lq dwlrq lq d pdqqhu wkdw vwdelol}hv fxuuhqw lq dwlrq1 Vlqfh prqhwdu| srolf|

xqghu LW lv qrw lqhuwldo/ exw srolf| xqghu QLJW lv/ wklv sdshu kdv srlqwhg wrzdugv wkh

srwhqwldo vxshulrulw| ri wkh odwwhu dv d prqhwdu| srolf| uhjlph1 Frqglwlrqv lqfuhdvlqj wkh

olnholkrrg ri wklv vxshulrulw| duh wkh iroorzlqj1

Iluvw/ wkh pdlq vrxufhv ri hfrqrplf  xfwxdwlrqv vkrxog qrw eh vkrfnv wkdw srvh qr

vrflhwdo wudgh0r�v lq srolf|pdnlqj1 Reylrxvo|/ wklv zrxog uhqghu wdujhwlqj uhjlphv wkdw

lpsuryh wkh lq dwlrq0rxwsxw jds wudgh0r� vxshu xrxv1 Wkhuhiruh/ vkrfnv fuhdwlqj d srolf|

sureohp � lq wklv sdshu frvw0sxvk vkrfnv � pxvw sod| d uroh1 Lq frqwudvw/ whfkqrorj|

vkrfnv +zklfk srvhv qr vrflhwdo wudgh0r�, vkrxog qrw eh suhgrplqdqw/ dv wkhvh duh lqh!0

flhqwo| kdqgohg xqghu +frqvwdqw, QLJW1 Wkh lqh!flhqf| vhhphg/ krzhyhu/ rqo| wr eh ri

txdqwlwdwlyh lpsruwdqfh iru xquhdolvwlfdoo| kljk yrodwlolw| ri whfkqrorj| vkrfnv1

Vhfrqgo|/ pruh shuvlvwhqfh ri lq dwlrq0jhqhudwlqj vkrfnv lqfuhdvhv wkh qhhg ri frpplw0

wlqj wr ixwxuh frqwudfwlrqv wkxv vwuhqjwkhqlqj wkh fdvh iru QLJW1 Wklv dovr dssolhv zkhq

wkh hqgrjhqrxv sursdjdwlrq ri lq dwlrq vkrfnv h{klelwv pruh shuvlvwhqfh +dowkrxjk wklv

vkrxog qrw eh wr dq h{whqw pdnlqj h{shfwhg ixwxuh lq dwlrq ri lqvljql�fdqw lpsruwdqfh

lq sulfh0vhwwlqj ehkdylru,1 Wklugo|/ wkh hodvwlflw| ri lq dwlrq zlwk uhvshfw wr wkh rxwsxw

jds vkrxog qrw eh wrr kljk1 Li lw zdv/ wkh lq dwlrq0rxwsxw jds wudgh0r� lv udwkhu idyrudeoh

dqg dq lpsuryhphqw wkurxjk QLJW zrxog eh xqzduudqwhg1 Ilqdoo|/ vrflhw| vkrxog qrw eh

suhgrplqdqwo| frqfhuqhg zlwk rxwsxw  xfwxdwlrqv/ ehfdxvh d uhjlph wkdw lv vxshulru lq

whupv ri vwdelol}lqj lq dwlrq zrxog wkhq qrw eh dssuhfldwhg1 Lq frqvhtxhqfh/ LW vkrxog eh

lpsohphqwhg zkhq vrflhw| fduhv olwwoh derxw lq dwlrq1

Wkh uhvxowv suhvhqwhg lq wklv sdshu vkrz wkdw QLJW h{klelwv yluwxhv zlwklq d prgho

iudphzrun wkdw xvxdoo| vhuyhv dv d yhklfoh iru hqgruvlqj LW1 Reylrxvo|/ lw wkhuhiruh ghvhuyhv

pruh vhulrxv dwwhqwlrq lq glvfxvvlrqv rq uhdo0olih srolf| ghvljq wkdq kdv uhfhqwo| ehhq wkh

fdvh159

59Iru h{dpsoh/ lq wkh ghedwh frqfhuqlqj wkh prqhwdu| srolf| vwudwhj| ri wkh Hxurshdq Fhqwudo Edqn/

prvw hpskdvlv kdv ehhq rq lq dwlrq ru prqh| vxsso| wdujhwlqj +vhh/ h1j1/ Vyhqvvrq/ 4<<<f,1 Qrplqdo

lqfrph jurzwk wdujhwlqj lv xvxdoo| qrw phqwlrqhg dw doo1

5<



Dsshqgl{

D1 Fkdudfwhul}dwlrq ri wkh suhfrpplwphqw vroxwlrq

Ghwdlov rq wkh ghulydwlrq ri wkh suhfrpplwphqw vroxwlrq lq g|qdplf udwlrqdo h{shfwdwlrqv

prghov duh surylghg lq/ h1j1/ Edfnxv dqg Gul!oo +4<;9, dqg Fxuulh dqg Ohylqh +4<<6,1

Wkh h{srvlwlrq khuh iroorzv yhu| forvho| wkdw ri Vyhqvvrq +4<<7/ Dsshqgl{ 4,/ vhh dovr/

h1j1/ Iorgìq +4<<9, dqg Vùghuolqg +4<<<,1 Lw lv/ krzhyhu/ vlpsol�hg e| wkh idfw wkh srolf|

lqvwuxphqw �| grhv qrw hqwhu wkh frqwhpsrudqhrxv orvv1 Qrz/ li rqh whpsrudulo| +dqg

frxqwhuidfwxdoo|, wuhdwv doo yduldeohv ri wkh prgho dv suh0ghwhuplqhg/ wkh ghflvlrq sureohp

lv d frqyhqwlrqdo g|qdplf surjudpplqj rqh +fi1 Edfnxv dqg Gul!oo/ 4<;9,1 L1h1/

a E~|� ' ~�
|V|~| n`| � 4�?

�|

q
~�
|"~| n qH|

�
~�
|n�V|n�~|n� n`|n�

�r
c +D14,

zkhuh V| lv wkh +xqnqrzq, ydoxh ixqfwlrq pdwul{ dqg `| lv d vfdodu1 Wkh uhohydqw �uvw0

rughu frqglwlrq lv

�| ' �6|~|c +D15,

zkhuh 6| � E��V|n���3���V|n��1 Lqvhuwlqj +D15, edfn lqwr +D14,/ dqg xvlqj +<,/ rqh

uhfryhuv wkh iroorzlqj pdwul{ Ulffdwl gl�huhqfh htxdwlrqv=

V| ' "n q E���6|�
�
V|n� E���6|� c +D16,

`| ' q`|n� n qwudfh EV|n�P~~� c +D17,

zkhuh P~~ lv wkh fryduldqfh pdwul{ ri wkh vkrfnv lq ~1 Vwduwlqj zlwk vrph jxhvv iru

V|n� +d H � H lghqwlw| pdwul{ zdv xvhg,/ lwhudwlqj �edfnzdugv lq wlph� rq +D16, ohdgv

wr wkh vwdwlrqdu| vroxwlrq iru V1 Wkh vwdwlrqdu| vroxwlrq iru ` wkhq iroorzv e| +D17, dv

` ' Eq* d�� qo�wudfhEV|n�P~~�1 Lq doo qxphulfdo vlpxodwlrqv/ frqyhujhqfh zdv dfklhyhg

idvw +2� �c fff lwhudwlrqv, dqg zlwkrxw sureohpv1

Doo yduldeohv lq ~|/ krzhyhu/ duh qrw suhghwhuplqhg1 Wkhuhiruh/ Edfnxv dqg Gul!oo

+4<;9, ghprqvwudwhg krz wr kdqgoh wkh suhvhqfh ri iruzdug0orrnlqj yduldeohv1 Iluvw/ sdu0

wlwlrq V dffruglqj wr wkh ghfrpsrvlwlrq ri ~ lqwr suhghwhuplqhg dqg iruzdug0orrnlqj

yduldeohv=

V �

57 V�� V�2

V2� V22

68 c
zkhuh V�� lv S � S/ V22 lv 2 � 2/ V2� lv 2 � S dqg V�2 lv S � 21 Wkhq/ gh�qh wkh pdwul{

VW � V�� �V�2V
3�
22 V2�1 Wkh rswlpdo orvv/ frqglwlrqdo rq shulrg � lqirupdwlrq/ fdq wkhq
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eh irxqg dv

a Ej�� ' j�
�V

Wj� n
q

�� q
wudfh dVWPffo c +D18,

zkhuh Pff lv wkh S� S fryduldqfh pdwul{ ri vkrfnv wr j1 L1h1/ Pff � H|

k
�|n��

�
|n�

l
1 Wkh

ydoxh ri u xqghu suhfrpplwphqw/ u� / wkhq iroorzv dv

u� ' Hf da Ej��o ' Hf dj
�
�V

Wj�o n
q

�� q
wudfh dVWPffo

' Hf dj
�
�oV

WHf dj�o n
�

�� q
wudfh dVWPff o � +D19,

Wr h{suhvv wkh htxloleulxp g|qdplfv ri wkh vroxwlrq/ wkh iroorzlqj dx{loldu| pdwulfhv duh

qhhghg=

A �

57 WS fSf2

V2� V22

68 c i� � A E���6�A3� '

57 i���
i��2i�2�
i�22

68 c
w � dw� w2o '

k
�V3�

22 V2� V3�
22

l
c

zkhuh WS lv wkh S� S lghqwlw| pdwul{ dqg zkhuh i� lv sduwlwlrqhg dffruglqj wr wkh ghfrp0

srvlwlrq ri ~1 Wkh vroxwlrq lv wkhq rewdlqhg lq whupv ri wkh suhghwhuplqhg yduldeohv j|

dqg wkh vkdgrz sulfhv/ �|/ ri wkh iruzdug0orrnlqj yduldeohv "|1 Wkh vkdgrz sulfhv ixo�oo

e| gh�qlwlrq �| ' V2�j| nV22"|/ vr wkh vroxwlrq fdq eh h{suhvvhg dv

57 j|n�

�|n�

68 ' i�
57 j|

�|

68n

57 �|n�

f2f�

68 c +D1:,

zkhuh j� lv jlyhq/ dqg �� ' f +vlqfh xqghu suhfrpplwphqw wkh mxps0yduldeohv fdq eh vhw

lq zkdwhyhu idvklrq ghvluhg> khqfh/ wkhlu vkdgrz sulfh lv }hur,1 Pruhryhu/ wkh lqwhuhvw udwh

lv jlyhq e|

�| ' �6A3�

57 j|

�|

68 � +D1;,

Ilqdoo|/ wkh xqfrqglwlrqdo fryduldqfh pdwul{ ri wkh vwdwh yduldeohv/ P~~ / lv irxqg dv wkh

vroxwlrq wr

P~~ ' �P~~�
� nP~~ c +D1<,

zkhuh

� '

57 i��� n i��2V2�
i��2V22

w�

�i��� n i��2V2�

�
n w2

�i�2� n i�22V2�

� �
w�

i��2 n w2
i�22

�
V22

68 c
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P~~ '

57 Pff Pffw
�
�

w�Pff w�Pffw
�
�

68 �
E1 Fkdudfwhul}dwlrq ri wkh vroxwlrq xqghu glvfuhwlrq

Ghwdlov rq vroylqj iru glvfuhwlrqdu| srolf| lq g|qdplf udwlrqdo h{shfwdwlrqv prghov duh

irxqg lq Rxgl} dqg Vdfkv +4<;8,/ Edfnxv dqg Gul!oo +4<;9, dqg Fxuulh dqg Ohylqh +4<<6,/

lqwhu dold1 Wkh iroorzlqj h{srvlwlrq exlogv djdlq forvho| rq Vyhqvvrq +4<<7/ Dsshqgl{

4,> vhh dovr/ h1j1/ Iorgìq +4<<9, ru Vùghuolqg +4<<<,1 Vlqfh/ lq hdfk shulrg/ wkh fhqwudo

edqn uh0rswlpl}hv/ lw rqo| wdnhv fxuuhqw vwdwhv lqwr dffrxqw1 Lq frqvhtxhqfh/ dq| shulrg*v

iruzdug0orrnlqj yduldeohv ghshqg xsrq fxuuhqw vwdwhv rqo| +dq| surplvhv wkh fhqwudo edqn

pd| pdnh derxw ixwxuh srolf| duh qrw fuhgleoh,1 Khqfh/ lq d glvfuhwlrqdu| htxloleulxp lw

pxvw wkh fdvh wkdw e"| '
e�fj|/ zkhuh e� lv vrph 2� D pdwul{1 Wkh glvfuhwlrqdu| vroxwlrq

fdq wkhq eh vkrzq wr eh fkdudfwhul}hg e| wkh iroorzlqj htxdwlrqv=

a
�fj�

�
' fj�fVWfj� n

q

�� q
wudfh

�fVWPef ef� c +E14,

fj| '
�f�W

� e�W e6W
�fj|3� n e�|c +E15,

�| ' �e6Wfj|c +E16,

zkhuh e�/ fVW/ f�W/ e�W/ dqg e6W duh xqnqrzq pdwulfhv/ dqg Pef ef lv wkh D � D fryduldqfh

pdwul{ ri vkrfnv wr fj/ l1h1/ Pef ef � H|

ke�|n�e� �|n�l1
Wr ghwhuplqh wkh xqnqrzq pdwulfhv ri +E14,0+E16,/ vwduw e| ghfrpsrvlqj pdwulfhv f�/f"/ dqg e� dffruglqj wr wkh ghfrpsrvlwlrq ri e~|=

f� '

57 f���
f��2f�2�
f�22

68 c f" '

57 f"��
f"�2f"2�
f"22

68 c e� '

57 e��e�2

68 �
Wkhq surfhhg dffruglqj wr wkh iroorzlqj dojrulwkp=

41 Jlyhq vrph e�|n�/ pdwulfhv f#| dqg fB| duh gh�qhg dv

f#| �
�f�22 �

e�|n�
f��2

�3� � e�|n�
f��� �

f�2�

�
c

fB| �

�f�22 �
e�|n�

f��2

�3� � e�|n�
e�� �

e�2

�
c

dqg e| xvh ri wkhvh/ f�W
| dqg

e�W
| duh gh�qhg dv

f�W
| � f��� nf��2

f#|c
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e�W
| � f��2

fB| n e���

51 Wkhq/ pdwulfhv f"W
| /
fNW

| dqg
f+W

| duh iruphg=

f"W
| ' f"�� nf"�2

f#| nf#�
|
f"2� nf#�

|
f"22

f#|cfNW
| ' f"�2

fB| nf#�
|
f"22

fB|cf+W ' fB�
|
f"22

fB|�

61 Jlyhq fVW
|n� wkh pdwulfhv

e6W
| dqg

fVW
| iroorz dv

e6W
| '

�
q e�W�

|
fVW

|n�
e�W
| n

f+W
|

�3� �
q e�W�

|
fVW

|n�
f�W

| n
fNW�

|

�
cfVW

| ' q
�f�W

| �
e�W
|
e6W
|

��fVW
|n�

�f�W
| �

e�W
|
e6W
|

�
nf"W

| �
fNW

|
e6W
| �

e6W�

|
fNW�

| n e6W�

|
f+W

|
e6W
| �

71 e�| lv wkhq irxqg dv e�| ' f#| �
fB|

e6W
| �

Vwduwlqj zlwk vrph lqlwldo jxhvv ri e� dqg fVW +lghqwlw| pdwulfhv zrunhg rxw �qh,/ shu0

irup vwhsv ��e vxffhvvlyho| �edfn lq wlph� xqwlo wkh v|vwhp kdv frqyhujhg wr d vwdwlrqdu|

vroxwlrq1 Dv zdv wkh fdvh zlwk wkh vroxwlrq xqghu suhfrpplwphqw/ frqyhujhqfh zdv lq doo

vlpxodwlrqv dfklhyhg udwkhu idvw +durxqg �c fff lwhudwlrqv,1

Qrwh qrz e| +E15,/ dqg wkh idfw wkdw e"| '
e�fj|/ wkdw htxloleulxp g|qdplfv fdq eh

ghvfulehg lq whupv ri e~| dv

e~| '

57 �f�W � e�W e6W
�

fDf2e� �f�W � e�W e6W
�

f2f2

68 e~|3� n

57 WDe�
68 e�|� +E17,

Wkh xqfrqglwlrqdo fryduldqfh pdwul{ ri wkh vwdwh yduldeohv/ Pe~e~ / lv wkhq irxqg dv wkh

vroxwlrq wr

Pe~e~ '

57 �f�W � e�W e6W
�

fDf2e� �f�W � e�W e6W
�

f2f2

68Pe~e~
57 �f�W � e�W e6W

�
fDf2e� �f�W � e�W e6W

�
f2f2

68� nPe~e~ c +E18,

zkhuh

Pe~e~ �

57 Pef ef P ef ef e��

e�P ef ef e�Pef ef e��

68 � +E19,
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F1 Vrflhw|*v orvv xqghu glvfuhwlrqdu| wdujhwlqj uhjlphv

Dv d �uvw vwhs lq ghwhuplqlqj vrflhw|*v zhoiduh orvv iurp glvfuhwlrqdu| srolf| xqghu d

wdujhwlqj uhjlph/ rqh �qgv vrflhw|*v frqwhpsrudqhrxv orvv lq whupv ri e~|= b E+| � +?| �
2 n

Z2| '
e~�
|
i"e~| zkhuh

i" �

599999999997

f f f�f� f f

f b f�f� �b f

f�f� f�f� f�f� f�f� f�f�

f �b f�f� b f

f f f�f� f �

6::::::::::8
�

Vrflhw|*v orvv/ frqglwlrqdo rq shulrg | lqirupdwlrq/ lv e| gh�qlwlrq jlyhq e|

e~�
|
iV|

e~| n ì
| ' e~�

|
i"e~| n qH|

ke~�
|n�

iV|n�
e~|n� n ì

|n�

l
c

zkhuh iV| duh wkh xqnqrzq ydoxh ixqfwlrq pdwul{ dqg ì
| lv d vfdodu1 Vlqfh htxloleulxp

g|qdplfv xqghu wdujhwlqj lv jlyhq e| +E17,/ lw iroorzv wkdw wkh iroorzlqj gl�huhqfh htxdwlrqv

pxvw eh vdwlv�hg=

iV| ' i"n q

57 �f�W � e�W e6W
�

fDf2e� �f�W � e�W e6W
�

f2f2

68�iV|n�

57 �f�W � e�W e6W
�

fDf2e� �f�W � e�W e6W
�

f2f2

68
ì

| ' q ì|n� n qwudfh
�iV|n�Pe~e~� �

Lw lv vwudljkwiruzdug wr lwhudwh rq wkh �uvw ri wkhvh +vwduwlqj zlwk vrph lqlwldo jxhvv iruiV|n�>

djdlq dq lghqwlw| pdwul{ zrunv zhoo,/ dqg zkhq wkh vwdwlrqdu| vroxwlrq iV lv irxqg/ rqh

�qgv ì ' dq* E�� q�owudfh
�iVPe~e~�1 Dv wkh dlp lv wr hydoxdwh vrflhw|*v orvv frqglwlrqdo

rq shulrg f lqirupdwlrq/ wkh orvv xqghu glvfuhwlrq/ u(/ lv xowlpdwho| irxqg dv

u( ' Hf

ke~�
�
iVe~�

l
n

q

�� q
wudfh

�iVPe~e~�
' Hf

ke~�
�

liVHf

ke~�

l
n

�

�� q
wudfh

�iVPe~e~� � +F14,

Uhihuhqfhv

Dohvlqd/ D1/ 4<;;/ Pdfurhfrqrplf Srolf| lq d Wzr0Sduw| V|vwhp dv d Uhshdwhg Jdph/

Txduwhuo| Mrxuqdo ri Hfrqrplfv 435/ 9840:;1

Edfnxv/ G1 E1 dqg M1 Gul!oo/ 4<;9/ Wkh Frqvlvwhqf| ri Rswlpdo Srolf| lq Vwrfkdvwlf

Udwlrqdo H{shfwdwlrqv Prghov/ FHSU Glvfxvvlrq Sdshu Qr1 4571
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Eduur/ U1 M1 dqg G1 E1 Jrugrq/ 4<;6/ D Srvlwlyh Wkhru| ri Prqhwdu| Srolf| lq d Qdwxudo

Udwh Prgho/ Mrxuqdo ri Srolwlfdo Hfrqrp| <4/ 8;<09431

Ehdq/ F1 U1/ 4<;6/ Wdujhwlqj Qrplqdo Lqfrph= Dq Dssudlvdo/ Hfrqrplf Mrxuqdo <6/ ;390

4<1

Ehhwvpd/ U1 P1 Z1 M1 dqg K1 Mhqvhq/ 4<<</ Rswlpdo Lq dwlrq Wdujhwv/ �Frqvhuydwlyh�

Fhqwudo Edqnv/ dqg Olqhdu Lq dwlrq Frqwudfwv= Frpphqw/ Dphulfdq Hfrqrplf Uh0

ylhz ;</ 675067:1

Ehuqdqnh/ E1 V1 dqg P1 Zrrgirug/ 4<<:/ Lq dwlrq Iruhfdvwv dqg Prqhwdu| Srolf|/ Mrxuqdo

ri Prqh|/ Fuhglw/ dqg Edqnlqj 5</ 98609;71

Eurdgehqw/ E1 dqg U1 M1 Eduur/ 4<<:/ Fhqwudo Edqn Suhihuhqfhv dqg Pdfurhfrqrplf Htxl0

oleulxp/ Mrxuqdo ri Prqhwdu| Hfrqrplfv 6</ 4:0761

Fdoyr/ J1/ 4<;6/ Vwdjjhuhg Sulfhv lq d Xwlolw|0Pd{lpl}lqj Iudphzrun/ Mrxuqdo ri Prqhwdu|

Hfrqrplfv 45/ 6;60<;1

Fodulgd/ U1/ M1 Jdoð dqg P1 Jhuwohu/ 4<<<d/ Wkh Vflhqfh ri Prqhwdu| Srolf|= D Qhz

Nh|qhvldq Shuvshfwlyh/ Mrxuqdo ri Hfrqrplf Olwhudwxuh/ iruwkfrplqj1

Fodulgd/ U1/ M1 Jdoð dqg P1 Jhuwohu/ 4<<<e/ Prqhwdu| Srolf| Uxohv dqg Pdfurhfrqrplf

Vwdelolw|= Hylghqfh dqg Vrph Wkhru|/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ iruwkfrplqj1

Fkulvwldqr/ O1 M1/ P1 Hlfkhqedxp dqg F1 O1 Hydqv/ 4<<;/ Vwlfn| Sulfh dqg Olplwhg Sduwlf0

lsdwlrq Prghov ri Prqh|= D Frpsdulvrq/ Hxurshdq Hfrqrplf Uhylhz 74/ 453407<1

Fxuulh/ G1 dqg S1 Ohylqh/ 4<<6/ Uxohv/ Uhsxwdwlrq dqgPdfurhfrqrplf Srolf| Frruglqdwlrq

+Fdpeulgjh= Fdpeulgjh Xqlyhuvlw| Suhvv,1

Frroh|/ W1 I1 dqg Y1 Txdgulql/ 4<<</ Krz wkh Ihg Vkrxog Uhdfw= Rswlpdo Prqhwdu| Srolf|

lq d Skloolsv Fxuyh Zruog/ plphr/ Xqlyhuvlw| ri Urfkhvwhu dqg Gxnh Xqlyhuvlw|1

Grwvh|/ P1/ U1 J1 Nlqj dqg D1 O1 Zropdq/ 4<<</ Vwdwh0Ghshqghqw Sulflqj dqg wkh Jhqhudo

Htxloleulxp G|qdplfv ri Prqh| dqg Rxwsxw/ Txduwhuo| Mrxuqdo ri Hfrqrplfv 447/

98809<31

Hvwuhood/ D1 dqg M1 F1 Ixkuhu/ 4<<;/ G|qdplf Lqfrqvlvwhqflhv= Frxqwhuidfwxdo Lpsolfdwlrqv

ri d Fodvv ri Udwlrqdo H{shfwdwlrqv Prghov/ plphr/ Ihghudo Uhvhuyh Edqnv ri Qhz

\run dqg Ervwrq1

Iorgìq/ P1/ 4<<9/ Wkh Wlph Frqvlvwhqf| Sureohp ri Prqhwdu| Srolf| xqghu Do0

whuqdwlyh Vxsso| Vlgh Prgholqj/ plphr/ Vwrfnkrop Vfkrro ri Hfrqrplfv1 Zhe=

kwws=22zzz1kkv1vh2shuvrqdo2 rghq2�ohv2wfs1sgi1

Ixkuhu/ M1 F1/ 4<<:/ Wkh +Xq,Lpsruwdqfh ri Iruzdug0Orrnlqj Ehkdylru lq Sulfh Vshfl�fd0

wlrqv/ Mrxuqdo ri Prqh|/ Fuhglw/ dqg Edqnlqj 5</ 66;0831

Ixkuhu/ M1 F1/ 4<<;/ Dq Rswlpl}lqj Prgho iru Prqhwdu| Srolf| Dqdo|vlv= Fdq Kdelw Iru0
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pdwlrq KhosB/ plphr/ Ihghudo Uhvhuyh Edqn ri Ervwrq1

Ixkuhu/ M1 F1 dqg J1 U1 Prruh/ 4<<8/ Lq dwlrq Shuvlvwhqfh/ Txduwhuo| Mrxuqdo ri Hfrqrplfv

443/ 45:048<1

Jdoð/ M1 dqg P1 Jhuwohu/ 4<<</ Lq dwlrq G|qdplfv= D Vwuxfwxudo Hfrqrphwulf Dqdo|vlv/

Mrxuqdo ri Prqhwdu| Hfrqrplfv/ iruwkfrplqj1

Jrrgiulhqg/ P1/ 4<<4/ Lqwhuhvw Udwhv dqg wkh Frqgxfw ri Prqhwdu| Srolf|/ Fduqhjlh0

Urfkhvwhu Frqihuhqfh Vhulhv rq Sxeolf Srolf| 67/ :0631

Jrrgiulhqg/ P1 dqg U1 J1 Nlqj/ 4<<:/ Wkh Qhz Qhrfodvvlfdo V|qwkhvlv dqg wkh Uroh ri

Prqhwdu| Srolf|/ lq E1 V1 Ehuqdqnh dqg M1 M1 Urwhpehuj +hgv1,/ QEHU Pdfurhfr0

qrplfv Dqqxdo 4<<: +Fdpeulgjh/ PD= Wkh PLW Suhvv,/ 56405;61

Jrrgkduw/ F1 D1 H1/ 4<<:/ Zk| gr wkh Prqhwdu| Dxwkrulwlhv Vprrwk Lqwhuhvw UdwhvB/ lq

V1 Frooljqrq/ hg1/ Hxurshdq Prqhwdu| Srolf| +Orqgrq= Slqwhu,/ 44<04:71

Jrrgkduw/ F1 D1 H1 dqg K1 Kxdqj/ 4<<;/ Wlph Lqfrqvlvwhqf| lq d Prgho zlwk Odjv/

Shuvlvwhqfh/ dqg Ryhuodsslqj Zdjh Frqwudfwv/ R{irug Hfrqrplf Sdshuv 83/ 6:;0

6<91

Jxhqghu/ D1 Y1/ 4<<</ Qrplqdo Lqfrph Wdujhwlqj yv Vwulfw Lq dwlrq Wdujhwlqj= D Frpsdul0

vrq/ Glvfxvvlrq Sdshu Qr1 <<35/ Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Fdqwhuexu|1

Kdoo/ U1 H1 dqg Q1 J1 Pdqnlz/ 4<<7/ Qrplqdo Lqfrph Wdujhwlqj/ lq Q1 J1 Pdqnlz/ hg1/

Prqhwdu| Srolf| +Xqlyhuvlw| ri Fklfdjr Suhvv,1

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

;:/ <440<531

Mhqvhq/ K1/ 5333/ Rswlpdo Prqhwdu| Srolf| Frrshudwlrq wkurxjk Vwdwh0Lqghshqghqw Frq0

wudfwv zlwk Wdujhwv/ Hxurshdq Hfrqrplf Uhylhz/ iruwkfrplqj1

Nlqj/ P1/ 4<<:/ Fkdqjhv lq XNPrqhwdu| Srolf|= Uxohv dqg Glvfuhwlrq lq Sudfwlfh/ Mrxuqdo

ri Prqhwdu| Hfrqrplfv 6</ ;40<:1

Nlqj/ U1 J1 dqg D1 O1 Zropdq/ 4<<9/ Lq dwlrq Wdujhwlqj lq d Vw1 Orxlv Prgho ri wkh 54vw

Fhqwxu|/ Ihghudo Uhvhuyh Edqn ri Vw1 Orxlv Uhylhz :;/ ;6043:1

Nlqj/ U1 J1 dqg D1 O1 Zropdq/ 4<<</ Zkdw Vkrxog wkh Prqhwdu| Dxwkrulw| gr Zkhq

Sulfhv duh Vwlfn|B iruwkfrplqj lq Wd|oru +4<<<,1

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

ri Rswlpdo Sodqv/ Mrxuqdo ri Srolwlfdo Hfrqrp| ;8/ 7:60<41

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

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

Orkpdqq/ V1/ 4<<5/ Rswlpdo Frpplwphqw lq Prqhwdu| Srolf|= Fuhglelolw| yhuvxv Ioh{l0

elolw|/ Dphulfdq Hfrqrplf Uhylhz ;5/ 5:605;91
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Oxfdv/ U1 H1/ 4<:9/ Hfrqrphwulf Srolf| Hydoxdwlrq= D Fulwltxh/ Mrxuqdo ri Prqhwdu|

Hfrqrplfv 4/ Vxssohphqwdu| Vhulhv/ 4<0791

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

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

PfFdooxp/ E1 W1 dqg H1 Qhovrq/ 4<<<d/ Qrplqdo Lqfrph Wdujhwlqj lq dq Rshq0Hfrqrp|

Rswlpl}lqj Prgho/ Mrxuqdo ri Prqhwdu| Hfrqrplfv 76/ 88608:;1

PfFdooxp/ E1 W1 dqg H1 Qhovrq/ 4<<<e/ Shuirupdqfh ri Rshudwlrqdo Srolf| Uxohv lq dq

Hvwlpdwhg Vhpl0Fodvvlfdo Vwuxfwxudo Prgho/ iruwkfrplqj lq Wd|oru +4<<<,1

Rxgl}/ J1 dqg M1 Vdfkv/ 4<;8/ Lqwhuqdwlrqdo Srolf| Frruglqdwlrq lq G|qdplf Pdfurhfr0

qrplf Prghov/ lq Z1 K1 Exlwhu dqg U1 F1 Pduvwrq +hgv1,= Lqwhuqdwlrqdo Hfrqrplf

Srolf| Frruglqdwlrq +Fdpeulgjh/ PD= Fdpeulgjh Xqlyhuvlw| Suhvv/ Qhz \run,/ 5:70

64<1

Urehuwv/ M1 P1/ 4<<8/ Qhz Nh|qhvldq Hfrqrplfv dqg wkh Skloolsv Fxuyh/ Mrxuqdo ri Prqh|/

Fuhglw/ dqg Edqnlqj 5:/ <:80<;71

Urehuwv/ M1 P1/ 4<<:/ Lv Lq dwlrq Vwlfn|B Mrxuqdo ri Prqhwdu| Hfrqrplfv 6</ 4:604<91

Urehuwv/ M1 P1/ 4<<;/ Lq dwlrq H{shfwdwlrqv dqg wkh Wudqvplvvlrq ri Prqhwdu| Srolf|/

plphr/ Erdug ri Jryhuqruv ri wkh Ihghudo Uhvhuyh V|vwhp1

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

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

Urwhpehuj/ M1 M1 dqgP1Zrrgirug/ 4<<:/ Dq Rswlpl}dwlrq0Edvhg Hfrqrphwulf Iudphzrun

iru wkh Hydoxdwlrq ri Prqhwdu| Srolf|/ lq E1 V1 Ehuqdqnh dqg M1 M1 Urwhpehuj +hgv1,/

QEHU Pdfurhfrqrplfv dqqxdo 4<<: +Fdpeulgjh/ PD= Wkh PLW Suhvv,/ 5<:06791

Urwhpehuj/ M1 M1 dqgP1Zrrgirug/ 4<<;/ Dq Rswlpl}dwlrq0Edvhg Hfrqrphwulf Iudphzrun

iru wkh Hydoxdwlrq ri Prqhwdu| Srolf|= H{sdqghg Yhuvlrq/ QEHU Whfkqlfdo Zrunlqj

Sdshu Qr1 5661

Urwhpehuj/ M1 M1 dqg P1 Zrrgirug/ 4<<</ Lqwhuhvw0udwh Uxohv lq dq Hvwlpdwhg Vwlfn| Sulfh

Prgho/ iruwkfrplqj lq Wd|oru +4<<<,1

Uxghexvfk/ J1 dqg O1 H1 R1 Vyhqvvrq/ 4<<</ Srolf| Uxohv iru Lq dwlrq Wdujhwlqj/ iruwk0

frplqj lq Wd|oru +4<<<,1

Vùghuolqg/ S1/ 4<<</ Vroxwlrq dqg Hvwlpdwlrq ri UH Pdfurprghov zlwk Rswlpdo Srolf|/

Hxurshdq Hfrqrplf Uhylhz 76/ ;460;561

Vyhqvvrq/ O1 H1 R1/ 4<<7/ Zk| H{fkdqjh EdqgvB Prqhwdu| Lqghshqghqfh lq Vslwh ri

Il{hg H{fkdqjh Udwhv/ Mrxuqdo ri Prqhwdu| Hfrqrplfv 66/ 48:04<<1

Vyhqvvrq/ O1 H1 R1/ 4<<:d/ Rswlpdo Lq dwlrq Wdujhwv/ �Frqvhuydwlyh� Fhqwudo Edqnv/ dqg

Olqhdu Lq dwlrq Frqwudfwv/ Dphulfdq Hfrqrplf Uhylhz ;:/ <;04471
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Vyhqvvrq/ O1 H1 R1/ 4<<:e/ Lq dwlrq Iruhfdvw Wdujhwlqj= Lpsohphqwlqj dqg Prqlwrulqj

Lq dwlrq Wdujhwv/ Hxurshdq Hfrqrplf Uhylhz 74/ 4444044791

Vyhqvvrq/ O1 H1 R1/ 4<<<d/ Lq dwlrq Wdujhwlqj dv d Prqhwdu| Srolf| Uxoh/ Mrxuqdo ri

Prqhwdu| Hfrqrplfv 76/ 93:09871

Vyhqvvrq/ O1 H1 R1/ 4<<<e/ Rshq0Hfrqrp| Lq dwlrq Wdujhwlqj/ Mrxuqdo ri Lqwhuqdwlrqdo

Hfrqrplfv/ iruwkfrplqj1

Vyhqvvrq/ O1 H1 R1/ 4<<<f/ Prqhwdu| Srolf| Lvvxhv iru wkh Hxurv|vwhp/ Fduqhjlh0Urfkhvwhu

Frqihuhqfh Vhulhv rq Sxeolf Srolf|/ iruwkfrplqj1

Wd|oru/ M1 E1/ 4<<6/ Glvfuhwlrq yhuvxv Uxohv lq Sudfwlfh/ Fduqhjlh0Urfkhvwhu Vhulhv rq

Sxeolf Srolf| 6</ 4<805471

Wd|oru/ M1 E1 +hg1,/ 4<<</ Prqhwdu| Srolf| Uxohv +Xqlyhuvlw| ri Fklfdjr Suhvv,/ iruwkfrp0

lqj1

Yhvwlq/ G1/ 4<<</ Sulfh Ohyho Wdujhwlqj yhuvxv Lq dwlrq Wdujhwlqj lq d Iruzdug Orrnlqj

Prgho/ plphr/ Lqvwlwxwh iru Lqwhuqdwlrqdo Hfrqrplf Vwxglhv/ Vwrfnkrop Xqlyhuvlw|1

Zdovk/ F1 H1/ 4<<;/ Prqhwdu| Wkhru| dqg Srolf| +Fdpeulgjh/ PD= Wkh PLW Suhvv,1

Zrrgirug/ P1/ 4<<;/ Rswlpdo Prqhwdu| Srolf| Lqhuwld/ plphr/ Dxjxvw/ Sulqfhwrq Xqlyhu0

vlw|1

Zrrgirug/ P1/ 4<<</ Rswlpdo Prqhwdu| Srolf| Lqhuwld/ QEHU Zrunlqj Sdshu Qr1 :5941

\xq/ W1/ 4<<9/ Qrplqdo Sulfh Uljlglw|/ Prqh| Vxsso| Hqgrjhqhlw|/ dqg Exvlqhvv F|fohv/

Mrxuqdo ri Prqhwdu| Hfrqrplfv 6:/ 6780:31
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Iljxuh 4= Uhdo lqwhuhvw udwh/ lq dwlrq dqg rxwsxw jds iroorzlqj d whpsrudu| frvw0sxvk
vkrfn1 Suhfrpplwphqw dqg qr hqgrjhqrxv shuvlvwhqfh1

Iljxuh 5= Uhdo lqwhuhvw udwh/ lq dwlrq dqg rxwsxw jds iroorzlqj d whpsrudu| frvw0sxvk
vkrfn1 Sxuh glvfuhwlrq dqg qr hqgrjhqrxv shuvlvwhqfh +fruuhvsrqgv wr rswlpdo LW,1

6<



Iljxuh 6= Uhdo lqwhuhvw udwh/ lq dwlrq dqg rxwsxw jds iroorzlqj d whpsrudu| frvw0sxvk
vkrfn1 Rswlpdo QLJW dqg qr hqgrjhqrxv shuvlvwhqfh1

Iljxuh 7= Uhdo lqwhuhvw udwh/ lq dwlrq dqg rxwsxw jds iroorzlqj d whpsrudu| frvw0sxvk
vkrfn1 Suhfrpplwphqw dqg edvholqh sdudphwhu ydoxhv1
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Iljxuh 8= Uhdo lqwhuhvw udwh/ lq dwlrq dqg rxwsxw jds iroorzlqj d whpsrudu| frvw0sxvk
vkrfn1 Rswlpdo LW dqg edvholqh sdudphwhu ydoxhv1

Iljxuh 9= Uhdo lqwhuhvw udwh/ lq dwlrq dqg rxwsxw jds iroorzlqj d whpsrudu| frvw0sxvk
vkrfn1 Rswlpdo QLJW dqg edvholqh sdudphwhu ydoxhv1
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Iljxuh := Uhdo lqwhuhvw udwh/ lq dwlrq dqg rxwsxw jds iroorzlqj d whfkqrorj| vkrfn1 Rswl0
pdo QLJW dqg edvholqh sdudphwhu ydoxhv1
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