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Frpphqwv zhofrph

Rshq0Hfrqrp| Lq dwlrq Wdujhwlqj

Oduv H1R1 VyhqvvrqW

Lqvwlwxwh iru Lqwhuqdwlrqdo Hfrqrplf Vwxglhv/ Vwrfnkrop Xqlyhuvlw|>
FHSU dqg QEHU

Iluvw gudiw= Mxqh 4<<:
Wklv yhuvlrq= Dsulo 4<<;

Devwudfw

Wkh sdshu h{whqgv suhylrxv dqdo|vlv ri forvhg0hfrqrp| lq dwlrq wdujhwlqj wr d vpdoo rshq
hfrqrp| zlwk iruzdug0orrnlqj djjuhjdwh vxsso| dqg ghpdqg zlwk vrph plfurirxqgdwlrqv/
dqg zlwk vw|ol}hg uhdolvwlf odjv lq wkh gl>huhqw wudqvplvvlrq fkdqqhov iru prqhwdu| srolf|1 Wkh
sdshu frpsduhv wdujhwlqj ri FSL dqg grphvwlf lq dwlrq/ vwulfw dqg  h{leoh lq dwlrq wdujhwlqj/
dqg lq dwlrq0wdujhwlqj uhdfwlrq ixqfwlrqv dqg wkh Wd|oru uxoh1 Wkh rswlpdo prqhwdu| srolf|
uhvsrqvh wr vhyhudo gl>huhqw vkrfnv lv h{dplqhg1 Ioh{leoh FSL0lq dwlrq wdujhwlqj vwdqgv rxw
dv vxffhvvixo lq olplwlqj qrw rqo| wkh yduldelolw| ri FSL lq dwlrq exw dovr wkh yduldelolw| ri wkh
rxwsxw jds dqg wkh uhdo h{fkdqjh udwh1 Vrphzkdw frxqwhu wr frqyhqwlrqdo zlvgrp/ qhjdwlyh
surgxfwlylw| vxsso| vkrfnv dqg srvlwlyh ghpdqg vkrfnv kdyh vlplodu h>hfwv rq lq dwlrq dqg
wkh rxwsxw jds/ dqg lqgxfh vlplodu prqhwdu| srolf| uhvsrqvhv1 Wkh prgho jlyhv olplwhg
vxssruw iru d vr0fdoohg prqhwdu| frqglwlrqv lqgh{/ PFL/ ri wkh prqhwdu|0srolf| lpsdfw rq
djjuhjdwh ghpdqg/ exw wkh lpsdfw rq lq dwlrq lv wrr frpsoh{ wr eh fdswxuhg e| dq| vlqjoh
lqgh{1 Wkh lqgh{ gl>huv iurp fxuuhqwo| xvhg lqglfhv lq frpelqj +4, d orqj udwkhu wkdq d
vkruw uhdo lqwhuhvw udwh zlwk wkh uhdo h{fkdqjh udwh dqg +5, h{shfwhg ixwxuh ydoxhv udwkhu
wkdq fxuuhqw ydoxhv1 Ehfdxvh ri +5,/ wkh lqgh{ lv qrw gluhfwo| revhuydeoh dqg yhul?deoh wr
h{whuqdo revhuyhuv1

WL kdyh ehqh?whg iurp frpphqwv iurp dqg2ru glvfxvvlrqv zlwk Urho Ehhwvpd/ Ndwku|q Grplqjxh}/ Fkduohv
Iuhhgpdq/ Vwhidq Jhuodfk/ Nhuvwlq Kdoovwhq/ Ohr Ohlghupdq/ Gdylg Pd|hv/ Ehqqhww PfFdooxp/ Iudqflvfr Qdgdo0
Gh Vlprqh/ Fkulvwldq Qlovvrq/ Wruvwhq Shuvvrq/ Dvemûuq Uûgvhwk/ Sdxo Vùghuolqg/ Mÿujhq yrq Kdjhq/ Dqghuv
Yuhglq/ Plfkdho Zrrgirug/ dqg sduwlflsdqwv lq wkh QEHU Vxpphu Lqvwlwxwh/ wkh Prqhwdu| Srolf| Zrunvkrs dw
Uhvhuyh Edqn ri Qhz ]hdodqg/ wkh ELV Frqihuhqfh rq Dvvhw Sulfhv dqg Prqhwdu| Srolf|/ dqg vhplqduv dw Vyhuljhv
Ulnvedqn/ Xqlyhuvlw| ri Fdqwhuexu|/ Uhvhuyh Edqn ri Dxvwudold dqg Ihghudo Uhvhuyh Edqn ri Vdq Iudqflvfr1 L
wkdqn Sdxo Nohlq dqg Sdxo Vùghuolqg iru Jdxvv surjudpv/ Fkduorwwd Jurwk dqg Pdufxv Vdorprqvvrq iru uhvhdufk
dvvlvwdqfh/ dqg Fkulvwlqd Oùqqeodg iru vhfuhwduldo dqg hglwruldo dvvlvwdqfh1 Lqwhusuhwdwlrqv dqg dq| uhpdlqlqj
huuruv duh p| rzq uhvsrqvlelolw|1



3Zk| grhv wkh Edqn pdnh wklqjv vr frpsolfdwhgB Zk| grhvq*w lw mxvw iroorz wkh
Wd|oru uxohB4 ^Lqwhuuxswlrq e| d glvwlqjxlvkhg pdfur hfrqrplvw dw dq Dphulfdq
xqlyhuvlw|/ zkhq wkh dxwkru zdv suhvhqwlqj Edqn ri Vzhghq*v dssurdfk wr lq dwlrq
wdujhwlqj1`

4 Lqwurgxfwlrq

Gxulqj wkh 4<<3*v/ vhyhudo frxqwulhv +Qhz ]hdodqg/ Fdqdgd/ X1N1/ Vzhghq/ Ilqodqg/ Dxvwudold

dqg Vsdlq, kdyh vkliwhg wr d qhz prqhwdu| srolf| uhjlph/ lq dwlrq wdujhwlqj1 Wklv uhjlph lv

fkdudfwhul}hg e| +4, dq h{solflw txdqwlwdwlyh lq dwlrq wdujhw/ hlwkhu dq lqwhuydo ru d srlqw wdujhw/

zkhuh wkh fhqwhu ri wkh lqwhuydo ru wkh srlqw wdujhw fxuuhqwo| ydulhv dfurvv frxqwulhv iurp 418

wr 518 shufhqw shu |hdu/ +5, dq rshudwlqj surfhgxuh wkdw fdq eh ghvfulehg dv 3lq dwlrq0iruhfdvw

wdujhwlqj4/ qdpho| wkh xvh ri dq lqwhuqdo frqglwlrqdo lq dwlrq iruhfdvw dv dq lqwhuphgldwh wdujhw

yduldeoh/ dqg +6, d kljk ghjuhh ri wudqvsduhqf| dqg dffrxqwdelolw|14

Wkh rshudwlqj surfhgxuh fdq eh ghvfulehg dv lq dwlrq0iruhfdvw wdujhwlqj lq wkh iroorzlqj

vhqvh= Wkh fhqwudo edqn*v lqwhuqdo frqglwlrqdo lq dwlrq iruhfdvw +frqglwlrqdo xsrq fxuuhqw lqiru0

pdwlrq/ d vshfl?f lqvwuxphqw sdwk/ wkh edqn*v vwuxfwxudo prgho+v,/ dqg mxgjhphqwdo dgmxvwphqwv

ri prgho iruhfdvwv zlwk wkh xvh ri h{wud0prgho lqirupdwlrq, lv xvhg dv dq lqwhuphgldwh wdujhw

yduldeoh1 Dq lqvwuxphqw sdwk lv vhohfwhg wkdw uhvxowv lq d frqglwlrqdo lq dwlrq iruhfdvw lq olqh

zlwk d+q h{solflw ru lpsolflw, wdujhw iru wkh lq dwlrq iruhfdvw +iru lqvwdqfh/ dw d sduwlfxodu krul}rq/

wkh iruhfdvw iru lq dwlrq dw d sduwlfxodu krul}rq htxdov/ ru lv vx!flhqwo| forvh wr/ wkh txdqwlwd0

wlyh lq dwlrq wdujhw,1 Wklv lqvwuxphqw sdwk wkhq frqvwlwxwhv wkh edvlv iru wkh fxuuhqw lqvwuxphqw

vhwwlqj1

Wklv rshudwlqj surfhgxuh lv/ lq vrph vhqvh/ d qhfhvvdu| frqvhtxhqfh ri wkh odjv lq wkh wudqv0

plvvlrq ri prqhwdu| srolf| dqg wkh edqn*v lpshuihfw frqwuro ri lq dwlrq1 Lq rughu wr lpsohphqw

lq dwlrq wdujhwlqj h!flhqwo|/ dq lq dwlrq0wdujhwlqj fhqwudo edqn pxvw kdyh d iruzdug0orrnlqj

shuvshfwlyh/ dqg pxvw frqvwuxfw frqglwlrqdo lq dwlrq iruhfdvwv lq rughu wr ghflgh xsrq wkh fxu0

uhqw lqvwuxphqw vhwwlqj15

Wkh deryh rshudwlqj surfhgxuh lpsolhv wkdw doo uhohydqw lqirupdwlrq lv xvhg lq frqgxfwlqj

prqhwdu| srolf|1 Lw dovr lpsolhv wkdw wkhuh lv qr h{solflw lqvwuxphqw uxoh/ wkdw lv/ wkh fxuuhqw

4 Vhh/ iru lqvwdqfh/ Ohlghupdq dqg Vyhqvvrq ^65`/ Kdogdqh ^58`/ ^59`/ Pd|hv dqg Ulfkhv ^66`/ PfFdooxp ^67`/
Vyhqvvrq ^85`/ ^86`/ Iuhhgpdq ^55`/ dqg Ehuqdqnh dqg Plvknlq ^8`1

5 Dv lv hpskdvl}hg lq Vyhqvvrq ^85` dqg ^86`/ lw lv lpsruwdqw wkdw wkh iruhfdvw lv wkh fhqwudo edqn*v lqwhuqdo
vwuxfwxudo iruhfdvw/ dqg qrw dq h{whuqdo iruhfdvw ru pdunhw h{shfwdwlrq1 Li wkh fhqwudo edqn lqvwhdg ohwv wkh lqvwux0
phqw uhdfw wr pdunhw h{shfwdwlrqv lq d phfkdqlfdo zd|/ wkhuh pd| eh lqvwdelolw|/ qrqxqltxhqhvv ru qrqh{lvwhqfh
ri htxloleuld/ dv kdv ehhq vkrzq e| Zrrgirug ^98` dqg ixuwkhu glvfxvvhg lq Ehuqdqnh dqg Zrrgirug ^9`
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lqvwuxphqw vhwwlqj lv qrw d suhvfulehg h{solflw ixqfwlrq ri fxuuhqw lqirupdwlrq1 Qhyhuwkhohvv/

wkh surfhgxuh uhvxowv lq dq hqgrjhqrxv uhdfwlrq ixqfwlrq/ zklfk h{suhvvhv wkh lqvwuxphqw dv d

ixqfwlrq ri wkh uhohydqw lqirupdwlrq1 Wkh uhdfwlrq ixqfwlrq zloo/ lq jhqhudo/ qrw eh d Wd|oru0

w|sh uxoh +zkhuh d Wd|oru0w|sh uxoh ghqrwhv d uhdfwlrq ixqfwlrq uxoh wkdw lv d olqhdu ixqfwlrq

ri fxuuhqw lq dwlrq dqg rxwsxw rqo|,/6 h{fhsw lq wkh vshfldo fdvh zkhq fxuuhqw lq dwlrq dqg

rxwsxw duh vx!flhqw vwdwlvwlfv iru wkh vwdwh ri wkh hfrqrp|1 W|slfdoo|/ lw zloo ghshqg rq pxfk

pruh lqirupdwlrq> lqghhg/ rq dq|wklqj d>hfwlqj wkh fhqwudo edqn*v frqglwlrqdo lq dwlrq iruhfdvw1

Hvshfldoo| iru dq rshq hfrqrp|/ wkh uhdfwlrq ixqfwlrq zloo dovr ghshqg rq iruhljq yduldeohv/ iru

lqvwdqfh iruhljq lq dwlrq/ rxwsxw dqg lqwhuhvw udwhv/ vlqfh wkhvh kdyh grphvwlf h>hfwv1

Ixuwkhupruh/ wkh uhdfwlrq ixqfwlrq lv jhqhudoo| qrw rqo| d ixqfwlrq ri wkh jds ehwzhhq wkh

lq dwlrq iruhfdvw/ wkh lqwhuphgldwh wdujhw yduldeoh/ dqg wkh lq dwlrq wdujhw1 Lq wkh olwhudwxuh/

3wdujhwlqj4 dqg 3lqwhuphgldwh wdujhwv4 duh iuhtxhqwo| dvvrfldwhg zlwk d sduwlfxodu lqirupdwlrq

uhvwulfwlrq iru wkh uhdfwlrq ixqfwlrq/ qdpho| wkdw wkh lqvwuxphqw pxvw rqo| ghshqg rq wkh jds

ehwzhhq wkh lqwhuphgldwh wdujhw yduldeoh dqg wkh wdujhw ohyho +dqg odjv ri wklv jds,17 L ?qg

wklv lqirupdwlrq uhvwulfwlrq udwkhu xqzduudqwhg1 Lq dq| fdvh/ 3wdujhwlqj yduldeoh {4 lv lq wklv

sdshu +dv lq Urjr> ^78`/ Zdovk ^96`/ Vyhqvvrq ^85` dqg ^86`/ dqg Uxghexvfk dqg Vyhqvvrq ^7;`,

xvhg lq wkh vhqvh ri 3vhwwlqj d wdujhw iru yduldeoh {41 Wkxv/ 3kdylqj dq lqwhuphgldwh wdujhw4

phdqv 3xvlqj doo uhohydqw lqirupdwlrq wr eulqj wkh lqwhuphgldwh wdujhw yduldeoh lq olqh zlwk wkh

wdujhw148

Ilqdoo|/ lq dwlrq0wdujhwlqj uhjlphv duh fkdudfwhul}hg e| d kljk ghjuhh ri wudqvsduhqf| dqg

dffrxqwdelolw|1 Lq dwlrq0wdujhwlqj fhqwudo edqnv uhjxoduo| lvvxh 3Lq dwlrq Uhsruwv/4 h{sodlqlqj

dqg prwlydwlqj wkhlu srolf| wr wkh jhqhudo sxeolf1 Lq Qhz ]hdodqg/ wkh Uhvhuyh Edqn Jryhuqru*v

shuirupdqfh lv ehlqj hydoxdwhg/ dqg klv mre lv srwhqwldoo| dw ulvn/ li lq dwlrq h{fhhgv 6 shufhqw

shu |hdu ru idoov ehorz 31 Lq wkh X1N1/ wkh Fkdqfhooru ri H{fkhtxhu uhfhqwo| dqqrxqfhg wkdw/

li lq dwlrq ghyldwhv pruh wkdq 4 shufhqwdjh srlqw iurp wkh lq dwlrq wdujhw ri 518 shufhqw/ wkh

Jryhuqru ri wkh Edqn ri Hqjodqg vkdoo h{sodlq lq dq rshq ohwwhu zk| wkh glyhujhqfh kdv rffxuuhg

dqg zkdw vwhsv wkh Edqn lv wdnlqj wr ghdo zlwk lw1

6 Iru wkh Wd|oru uxoh/ fi1 ^8;`/ wkh lqvwuxphqw lv d vkruw qrplqdo lqwhuhvw udwh dqg lwv ghyldwlrq iurp d orqj0uxq
phdq htxdov wkh vxp ri 418 wlphv wkh ghyldwlrq ri fxuuhqw lq dwlrq iurp dq lq dwlrq wdujhw dqg 318 wlphv wkh
shufhqwdjh ghyldwlrq ri fxuuhqw rxwsxw iurp wkh qdwxudo rxwsxw ohyho1

7 Vhh/ iru lqvwdqfh/ Eu|dqw/ Krrshu dqg Pdqq ^43`/ Mxgg dqg Prwoh| ^5:` dqg PfFdooxp ^68`1
8 Iru lqvwdqfh/ wkh lqirupdwlrq0uhvwulfwlrq lqwhusuhwdwlrq ri 3lq dwlrq wdujhwlqj4 zrxog kdyh wkh el}duuh lpsol0

fdwlrq wkdw wkh lqvwuxphqw pxvw rqo| uhvsrqg wr ghyldwlrqv ri lq dwlrq iurp lwv wdujhw/ dqg wr qrwklqj hovh1 Vxfk
d srolf| lv h{wuhpho| lqh!flhqw/ dv lv ghprqvwudwhg lq Uxghexvfk dqg Vyhqvvrq ^7;`1 Ixuwkhupruh/ lw kdv qrwklqj
wr gr zlwk uhdo0zruog lq dwlrq wdujhwlqj/ dv lv reylrxv iurp wkh odujh olwhudwxuh1 Ilqdoo|/ hyhq li rqo| lq dwlrq
hqwhuv wkh orvv ixqfwlrq/ dv lq 3vwulfw4 lq dwlrq wdujhwlqj/ wkh dssursuldwh fruuhvsrqglqj lqvwuxphqw uxoh uhvsrqgv
wr erwk lq dwlrq dqg rxwsxw/ dv ghprqvwudwhg e| Vyhqvvrq ^85`1
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Lq ^85`/ L dwwhpsw wr foduli| wkh uroh ri frqglwlrqdo lq dwlrq iruhfdvwv lq wkh fhqwudo edqn*v lp0

sohphqwdwlrq dv zhoo dv wkh sxeolf*v prqlwrulqj ri lq dwlrq wdujhwlqj1 Lq ^86`/ L h{whqg wkh dqdo|0

vlv ri lq dwlrq wdujhwlqj wr +4, wkh dssursuldwh prqhwdu|0srolf| uhvsrqvh wr gl>huhqw vkrfnv/ +5,

wkh uroh ri dgglwlrqdo prqhwdu|0srolf| jrdov +olnh rxwsxw vwdelol}dwlrq dqg lqwhuhvw0udwh vprrwk0

lqj,9/ dqg +6, wkh frqvhtxhqfhv ri prgho xqfhuwdlqw|1 L vkrz wkdw dq dssursuldwh zd| ri uhvsrqg0

lqj wr vkrfnv lv wr h{dplqh krz wkh| d>hfw wkh frqglwlrqdo lq dwlrq iruhfdvw +wkh lqwhuphgldwh

wdujhw yduldeoh, dqg wkhq wr dgmxvw wkh lqvwuxphqw vr dv wr eulqj wkh frqglwlrqdo lq dwlrq iruh0

fdvw edfn lq olqh zlwk lwv wdujhw1 Wkh fdvh zkhq wkh rqo| frqfhuq ri wkh fhqwudo edqn lv wr

vwdelol}h wkh lq dwlrq/ lv fdoohg 3vwulfw4 lq dwlrq wdujhwlqj> wkh vlwxdwlrq zkhq wkh fhqwudo edqn

dovr sxwv vrph zhljkw rq rxwsxw0vwdelol}dwlrq/ lqwhuhvw0udwh vprrwklqj/ ru vrph rwkhu jrdo lv

fdoohg 3 h{leoh4 lq dwlrq wdujhwlqj1 Ioh{leoh lq dwlrq wdujhwlqj/ dv zhoo dv frqfhuq derxw prgho

xqfhuwdlqw|/ jhqhudoo| kdyh vlplodu frqvhtxhqfhv= Wkh dssursuldwh srolf| lv wkhq jhqhudoo| ohvv

dfwlylvw/ phdqlqj wkdw wkh lqvwuxphqw lv jhqhudoo| ohvv dgmxvwhg wr d jlyhq vkrfn/: dqg lq dwlrq

vkrxog +iurp d srvlwlrq dzd| iurp wkh wdujhw, eh eurxjkw pruh judgxdoo| lq olqh zlwk wkh lq d0

wlrq wdujhw1 Wkxv/ wkh wdujhw sdwk iru wkh frqglwlrqdo lq dwlrq iruhfdvw dssurdfkhv wkh lq dwlrq

wdujhw pruh vorzo|/ dqg wkh krul}rq dw zklfk wkh lq dwlrq iruhfdvw htxdov wkh lq dwlrq wdujhw lv

orqjhu1;

Doo uhdo0zruog lq dwlrq0wdujhwlqj hfrqrplhv duh txlwh rshq hfrqrplhv zlwk iuhh fdslwdo pr0

elolw|/ zkhuh vkrfnv ruljlqdwlqj lq wkh uhvw ri wkh zruog duh lpsruwdqw/ dqg zkhuh wkh h{fkdqjh

udwh sod|v d surplqhqw uroh lq wkh wudqvplvvlrq phfkdqlvp ri prqhwdu| srolf|1 Qhyhuwkhohvv/ wkh

dqdo|vlv lq ^85` dqg ^86` dqg prvw suhylrxv irupdo zrun rq lq dwlrq wdujhwlqj ghdo zlwk forvhg

hfrqrplhv1< Wkh pdlq sxusrvh ri wklv sdshu lv wr h{whqg wkh irupdo dqdo|vlv ri lq dwlrq wdujhw0

lqj wr d vpdoo rshq hfrqrp| zkhuh wkh h{fkdqjh udwh dqg vkrfnv iurp wkh uhvw ri wkh zruog duh

lpsruwdqw iru frqgxfwlqj prqhwdu| srolf|1 Dqrwkhu sxusrvh lv wr lqfrusrudwh uhfhqw dgydqfhv lq

wkh prghoolqj ri iruzdug0orrnlqj djjuhjdwh vxsso| dqg ghpdqg1 Prvw ri wkh suhylrxv zrun rq

lq dwlrq wdujhwlqj kdv xvhg vlpsoh uhsuhvhqwdwlrqv ri djjuhjdwh vxsso| dqg ghpdqg wkdw pruh

ru ohvv glvuhjdug iruzdug0orrnlqj dvshfwv143

9 Wkh fdvh ri rxwsxw vwdelol}dwlrq lv dovr h{dplqhg lq wkh hduolhu sdshu/ ^85`1
: Fi1 Eudlqdug ^<`
; Vyhqvvrq ^87` surylghv d jhqhudo dqg lqirupdo glvfxvvlrq ri vwulfw yv1  h{leoh lq dwlrq wdujhwlqj/ lqfoxglqj

dujxphqwv zk| doo lq dwlrq0wdujhwlqj fhqwudo edqnv/ lqfoxglqj wkh Uhvhuyh Edqn ri Qhz ]hdodqg/ lq sudfwlfh
sxuvxh  h{leoh udwkhu wkdq vwulfw lq dwlrq wdujhwlqj1

< Iru irupdo zrun wkdw ghdov zlwk rshq0hfrqrp| dvshfwv ri lq dwlrq wdujhwlqj/ vhh/ iru lqvwdqfh/ Eodnh dqg
Zhvwdzd| ^:`/ Qdgdo0Gh Vlprqh/ Ghqqlv dqg Uhgzdug ^6;` dqg Qdgdo0Gh Vlprqh ^6:` dqg Shuvvrq dqg Wdehoolql
^75`1 Shuvvrq dqg Wdehoolql ^75` +irrwqrwh 47, eulh | glvfxvv wdujhwlqj ri FSL lq dwlrq yv1 grphvwlf lq dwlrq1

43 D qrwdeoh h{fhswlrq lv Ehuqdqnh dqg Zrrgirug ^9`1 Vhh dovr Vyhqvvrq ^86`/ vhfwlrq :1
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Lqfoxglqj wkh h{fkdqjh udwh lq wkh glvfxvvlrq ri lq dwlrq wdujhwlqj kdv vhyhudo lpsruwdqw

frqvhtxhqfhv1 Iluvw/ wkh h{fkdqjh udwh doorzv dgglwlrqdo fkdqqhov iru wkh wudqvplvvlrq ri prqh0

wdu| srolf|1 Lq d forvhg hfrqrp|/ vwdqgdug wudqvplvvlrq fkdqqhov lqfoxgh dq djjuhjdwh ghpdqg

fkdqqho dqg dq h{shfwdwlrqv fkdqqho1 Zlwk wkh djjuhjdwh ghpdqg fkdqqho/ prqhwdu| srolf|

d>hfwv djjuhjdwh ghpdqg/ zlwk d odj/ yld lwv h>hfw rq wkh vkruw uhdo lqwhuhvw udwh +dqg srvvleo|

rq wkh dydlodelolw| ri fuhglw,1 Djjuhjdwh ghpdqg wkhq d>hfwv lq dwlrq/ zlwk dqrwkhu odj/ yld dq

djjuhjdwh vxsso| htxdwlrq +d Skloolsv fxuyh,1 Wkh h{shfwdwlrqv fkdqqho doorzv prqhwdu| srolf|

wr d>hfw lq dwlrq h{shfwdwlrqv zklfk/ lq wxuq/ d>hfw lq dwlrq/ zlwk d odj/ yld zdjh dqg sulfh

vhwwlqj ehkdylru1

Lq dq rshq hfrqrp|/ wkh uhdo h{fkdqjh udwh zloo d>hfw wkh uhodwlyh sulfh ehwzhhq grphvwlf dqg

iruhljq jrrgv/ zklfk lq wxuq zloo d>hfw erwk grphvwlf dqg iruhljq ghpdqg iru grphvwlf jrrgv/

dqg khqfh frqwulexwh wr wkh djjuhjdwh0ghpdqg fkdqqho iru wkh wudqvplvvlrq ri prqhwdu| srolf|1

Wkhuh lv dovr d gluhfw h{fkdqjh udwh fkdqqho iru wkh wudqvplvvlrq ri prqhwdu| srolf| wr lq dwlrq/

lq wkdw wkh h{fkdqjh udwh d>hfwv grphvwlf fxuuhqf| sulfhv ri lpsruwhg ?qdo jrrgv/ zklfk hqwhu

wkh frqvxphu sulfh lqgh{ +FSL, dqg khqfh FSL lq dwlrq1 W|slfdoo|/ wkh odj ri wklv gluhfw

h{fkdqjh udwh fkdqqho lv frqvlghuhg wr eh vkruwhu wkdq wkdw ri wkh djjuhjdwh ghpdqg fkdqqho1

Khqfh/ e| lqgxflqj h{fkdqjh udwh pryhphqwv/ prqhwdu| srolf| fdq d>hfw FSL lq dwlrq zlwk d

vkruwhu odj1 Ilqdoo|/ wkhuh lv dq dgglwlrqdo h{fkdqjh udwh fkdqqho wr lq dwlrq= Wkh h{fkdqjh

udwh zloo d>hfw wkh grphvwlf fxuuhqf| sulfhv ri lpsruwhg lqwhuphgldwh lqsxwv1 Hyhqwxdoo|/ lw zloo

dovr d>hfw qrplqdo zdjhv yld wkh h>hfw ri wkh FSL rq zdjh0vhwwlqj1 Lq erwk fdvhv/ lw zloo d>hfw

wkh frvw ri grphvwlfdoo| surgxfhg jrrgv/ dqg khqfh grphvwlf lq dwlrq +lq dwlrq lq wkh sulfhv ri

grphvwlfdoo| surgxfhg jrrgv,1

Vhfrqg/ dv dq dvvhw sulfh/ wkh h{fkdqjh udwh lv lqkhuhqwo| d iruzdug0orrnlqj dqg h{shfwdwlrqv0

ghwhuplqhg yduldeoh1 Wklv frqwulexwhv wr pdnlqj iruzdug0orrnlqj ehkdylru dqg wkh uroh ri h{0

shfwdwlrqv hvvhqwldo lq prqhwdu| srolf|1

Wklug/ vrph iruhljq glvwxuedqfhv zloo eh wudqvplwwhg wkurxjk wkh h{fkdqjh udwh/ iru lqvwdqfh/

fkdqjhv lq iruhljq lq dwlrq/ iruhljq lqwhuhvw udwhv dqg iruhljq lqyhvwruv* iruhljq0h{fkdqjh ulvn

suhplxp1 Glvwxuedqfhv wr iruhljq ghpdqg iru grphvwlf jrrgv zloo gluhfwo| d>hfw djjuhjdwh

ghpdqg iru grphvwlf jrrgv1

Wkxv/ wklv sdshu zloo dwwhpsw wr frqvwuxfw d vpdoo rshq hfrqrp| prgho/ zlwk sduwlfxodu

hpskdvlv rq wkh h{fkdqjh udwh fkdqqhov lq prqhwdu| srolf|/ lq rughu wr prgho wkh h>hfw rq wkh

htxloleulxp ri grphvwlf dqg iruhljq glvwxuedqfhv dqg wkh dssursuldwh prqhwdu|0srolf| uhvsrqvh
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wr wkhvh glvwxuedqfhv xqghu lq dwlrq wdujhwlqj1

414 Lvvxhv

Vhyhudo sduwlfxodu lvvxhv zloo eh glvfxvvhg1 Iluvw/ doo lq dwlrq0wdujhwlqj frxqwulhv kdyh fkrvhq wr

wdujhw FSL lq dwlrq/ ru vrph phdvxuh ri xqghuo|lqj lq dwlrq wkdw h{foxghv vrph frpsrqhqwv

iurp wkh FSL/ iru lqvwdqfh/ frvwv ri fuhglw vhuylfhv1 Qrqh ri wkhp kdv fkrvhq rqo| wr wdujhw

grphvwlf lq dwlrq +hlwkhu lq dwlrq lq wkh grphvwlf frpsrqhqw ri wkh FSL/ ru JGS lq dwlrq,1

Rqh gl>huhqfh ehwzhhq FSL lq dwlrq dqg grphvwlf lq dwlrq lv wkdw wkh gluhfw h{fkdqjh udwh

fkdqqho lv pruh surplqhqw lq wkh iruphu fdvh1 L zloo wu| wr fkdudfwhul}h wkh gl>huhqfhv ehwzhhq

wkhvh wzr wdujhwlqj fdvhv1

Vhfrqg/ xqghu vwulfw lq dwlrq wdujhwlqj +zkhq vwdelol}lqj lq dwlrq durxqg wkh lq dwlrq wdujhw

lv wkh rqo| remhfwlyh iru prqhwdu| srolf|> wkh whuplqrorj| iroorzv Vyhqvvrq ^86`, wkh gluhfw

h{fkdqjh udwh fkdqqho r>huv d srwhqwldoo| h>hfwlyh lq dwlrq vwdelol}dwlrq dw d uhodwlyho| vkruw

krul}rq1 Vxfk dpelwlrxv lq dwlrq wdujhwlqj pd| uhtxluh frqvlghudeoh dfwlylvp lq prqhwdu|

srolf| +dfwlylvp lq wkh vhqvh ri iuhtxhqw dgmxvwphqwv ri wkh prqhwdu| srolf| lqvwuxphqw,/ zlwk

wkh srvvlelolw| ri frqvlghudeoh yduldelolw| lq pdfur yduldeohv rwkhu wkdq lq dwlrq1 Lq frqwudvw/

 h{leoh lq dwlrq wdujhwlqj +zkhq wkhuh duh dgglwlrqdo remhfwlyhv iru prqhwdu| srolf|/ iru lqvwdqfh

rxwsxw vwdelol}dwlrq,/ pd| doorz ohvv dfwlylvp dqg srvvleo| ohvv yduldelolw| lq pdfur yduldeohv

rwkhu wkdq lq dwlrq1 Frqvhtxhqwo|/ L zloo dwwhpsw wr fkdudfwhul}h wkh gl>huhqfhv ehwzhhq vwulfw

dqg  h{leoh lq dwlrq wdujhwlqj1

Wklug/ L zloo wu| wr fkdudfwhul}h wkh dssursuldwh prqhwdu| srolf| uhvsrqvh wr grphvwlf dqg

iruhljq vkrfnv/ dqg hvshfldoo| wkh dssursuldwh uhvsrqvh wr h{fkdqjh udwh pryhphqwv/ xqghu

gl>huhqw irupv ri lq dwlrq wdujhwlqj1 Lq wklv frqwh{w/ wkh Wd|oru uxoh r>huv d irfdo srlqw iru

glvfxvvlqj uhdfwlrq ixqfwlrqv/ dqg lw lv/ lq sudfwlfh/ lqfuhdvlqjo| xvhg dv d uhihuhqfh srlqw lq

sudfwlfdo prqhwdu| srolf| glvfxvvlrqv144 Frqvhtxhqwo|/ L zloo frpsduh wkh uhdfwlrq ixqfwlrqv

dulvlqj xqghu lq dwlrq wdujhwlqj lq dq rshq hfrqrp| wr wkh Wd|oru uxoh/ sduwlfxoduo| lq rughu wr

mxgjh zkdw jxlgdqfh wkh Wd|oru uxoh surylghv lq d vpdoo rshq hfrqrp|1

Irxuwk/ vhyhudo lq dwlrq0wdujhwlqj fhqwudo edqnv xvh vr0fdoohg prqhwdu| srolf| lqglfhv/ PFLv/

zklfk frpelqh d vkruw lqwhuhvw udwh dqg wkh h{fkdqjh udwh lq dq lqgh{ vxssrvhg wr phdvxuh wkh

lpsdfw ri prqhwdu| srolf| rq djjuhjdwhg ghpdqg/ lq dwlrq ru erwk145 Wkh prgho suhvhqwhg zloo

44 Vhyhudo ri wkh sdshuv iru wkh QEHU Frqihuhqfh rq Prqhwdu| Srolf| Uxohv/ Mdqxdu| 4<<;/ frqvlghu Wd|oru0w|sh
lqvwuxphqw uxohv/ iru lqvwdqfh/ Wd|oru ^93`1 Fodulgd/ Jdol dqg Jhuwohu ^45` hvwlpdwh iruzdug0orrnlqj Wd|oru0w|sh
uxohv iru vhyhudo frxqwulhv1

45 Vhh Hulfvvrq dqg Nhuehvkldq ^4:` iru d eleolrjudsk| rq PFLv1
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eh xvhg iru vrph eulhi frpphqwv rq wkh uroh ri PFLv1

Wkh uhvxowv ri p| vwxg| lqglfdwh wkdw vwulfw FSL0lq dwlrq wdujhwlqj lqghhg lpsolhv d yljrurxv

xvh ri wkh gluhfw h{fkdqjh udwh fkdqqho wr vwdelol}h FSL lq dwlrq dw d vkruw krul}rq1 Wklv uhvxowv

lq frqvlghudeoh yduldelolw| ri wkh uhdo h{fkdqjh udwh dqg rwkhu yduldeohv1 Lq frqwudvw/  h{leoh

FSL0lq dwlrq wdujhwlqj hqgv xs vwdelol}lqj FSL0lq dwlrq dw d orqjhu krul}rq/ dqg wkhuhe| dovr

vwdelol}hv uhdo h{fkdqjh udwhv dqg rwkhu yduldeohv wr d vljql?fdqw h{whqw1 Lq frpsdulvrq zlwk

wkh Wd|oru uxoh/ wkh uhdfwlrq ixqfwlrqv xqghu lq dwlrq wdujhwlqj lq dq rshq hfrqrp| uhvsrqgv

wr pruh lqirupdwlrq wkdq grhv wkh Wd|oru uxoh1 Lq sduwlfxodu/ wkh uhdfwlrq ixqfwlrq iru FSL0

lq dwlrq wdujhwlqj ghyldwhv vxevwdqwldoo| iurp wkh Wd|oru uxoh/ zlwk vljql?fdqw gluhfw uhvsrqvhv wr

iruhljq glvwxuedqfhv1 Zlwk uhjdug wr wkh prqhwdu|0srolf| uhvsrqvh wr gl>huhqw vkrfnv/ frxqwhu

wr frqyhqwlrqdo zlvgrp/ wkh rswlpdo uhvsrqvhv wr srvlwlyh ghpdqg vkrfnv dqg qhjdwlyh vxsso|

vkrfnv duh yhu| vlplodu1

Zlwk uhjdug wr wkh uroh ri PFLv/ wkh prgho suhvhqwhg jlyhv vrph olplwhg vxssruw iru dq

PFL wkdw phdvxuhv wkh prqhwdu|0srolf| lpsdfw rq djjuhjdwh ghpdqg wr vrph h{whqw1 Krzhyhu/

frxqwhu wr fxuuhqw sudfwlfh/ wklv PFL frpelqhv wkh uhdo h{fkdqjh udwh zlwk d orqj uhdo lqwhuhvw

udwh udwkhu wkdq zlwk d vkruw uhdo lqwhuhvw udwh1 Ixuwkhupruh/ wkh PFL frpelqhv wkh h{shfwhg

ixwxuh uhdo h{fkdqjh udwh dqg wkh h{shfwhg ixwxuh orqj uhdo lqwhuhvw udwh/ udwkhu wkdq wkh fxuuhqw

udwhv/ dqg wkxv lw lv qrw gluhfwo| revhuydeoh dqg yhul?deoh wr h{whuqdo revhuyhuv1 Ilqdoo|/ wkh PFL

rqo| uhihuv wr wkh lpsdfw rq djjuhjdwh ghpdqg1 Wkh prqhwdu|0srolf| lpsdfw rq lq dwlrq/ zklfk

lv wudqvplwwhg yld vhyhudo gl>huhqw fkdqqhov zlwk gl>huhqw odjv/ lv wrr frpsoh{ wr eh vxppdul}hg

e| dq| vlqjoh lqgh{1

Vhfwlrq 5 suhvhqwv wkh prgho/ vhfwlrq 6 frpsduhv wkh gl>huhqw fdvhv ri wdujhwlqj/ vhfwlrq 7

glvfxvvhv PFLv dqg vhfwlrq 8 suhvhqwv wkh frqfoxvlrqv1 Dsshqglfhv D0I frqwdlq vrph whfkqlfdo

ghwdlov1

5 Wkh prgho

Frpsdulqj dqg glvfxvvlqj wdujhwlqj ri FSL lq dwlrq dqg grphvwlf lq dwlrq/ dv zhoo dv vwulfw dqg

 h{leoh lq dwlrq wdujhwlqj/ uhtxluhv d  h{leoh prgho doorzlqj d ydulhw| ri orvv ixqfwlrqv iru wkh

fhqwudo edqn1 L frqvlghu wkh fdvh ri d vpdoo udwkhu wkdq d odujh rshq hfrqrp|/ zklfk lv dovr wkh

dfwxdo vlwxdwlrq iru prvw hfrqrplhv zlwk lq dwlrq wdujhwlqj146

46 Vwulfwo| vshdnlqj/ wkh hfrqrp| lv vpdoo lq wkh zruog dvvhw pdunhw dqg lq wkh pdunhw iru iruhljq jrrgv/ exw
qrw lq wkh zruog pdunhw iru lwv rxwsxw1
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Odjv dqg lpshuihfw frqwuro ri lq dwlrq duh fuxfldo dvshfwv ri prqhwdu| srolf|/ zklfk vkrxog eh

h{solflwo| wdnhq lqwr dffrxqw lq irupdo prghov ri lq dwlrq wdujhwlqj/ dv hpskdvl}hg lq Vyhqvvrq

^85`1 Dv glvfxvvhg lq wkh Lqwurgxfwlrq deryh/ wkh h{fkdqjh udwh lqwurgxfhv dgglwlrqdo fkdqqhov

iru prqhwdu| srolf|/ zlwk gl>huhqw odjv1 Ilqdoo|/ iruzdug0orrnlqj h{shfwdwlrqv duh fuxfldo wr

h{fkdqjh udwh ghwhuplqdwlrq dqg pd| eh lpsruwdqw lq djjuhjdwh vxsso| dqg djjuhjdwh ghpdqg147

Wkxv/ wkhvh vhhp wr eh wkh plqlpxp exloglqj eorfnv wkdw pxvw eh lqfrusrudwhg lq rughu wr

glvfxvv lq dwlrq wdujhwlqj lq dq rshq hfrqrp|1

514 D vlpsoh prgho ri d vpdoo rshq hfrqrp|

Wkh prgho kdv dq djjuhjdwh vxsso| htxdwlrq +Skloolsv fxuyh, ri wkh irup

ä|n2 @ òZä|n� . +4ý òZ,ä|nô�| . ò+^||n2�| . ñ++||n� ý ||n��|,` . ò^t|n2�| . %|n2= +514,

Khuh/ iru dq| yduldeoh {/ {|nô �| ghqrwhv H|{|nô / wkdw lv/ wkh udwlrqdo h{shfwdwlrq ri {|nô lq shulrg

w.á / frqglwlrqdo rq wkh lqirupdwlrq dydlodeoh lq shulrg w1 Ixuwkhupruh/ ä| ghqrwhv grphvwlf +orj

jurvv, lq dwlrq lq shulrg w1 Grphvwlf lq dwlrq lv phdvxuhg dv wkh ghyldwlrq ri orj jurvv grphvwlf

lq dwlrq iurp d frqvwdqw phdq/ zklfk htxdov wkh frqvwdqw lq dwlrq wdujhw1 Vlqfh wkh fhqwudo

edqn*v orvv ixqfwlrq wr eh vshfl?hg dvvxphv wkdw dq| rxwsxw wdujhw lv htxdo wr wkh qdwxudo rxwsxw

ohyho/ wkhuh zloo eh qr dyhudjh lq dwlrq eldv +ghyldwlrq ri dyhudjh lq dwlrq iurp wkh lq dwlrq

wdujhw,1 Khqfh/ dyhudjh lq dwlrq zloo frlqflgh zlwk wkh frqvwdqw lq dwlrq wdujhw1 Wkh yduldeoh

|| lv wkh rxwsxw jds/ gh?qhg dv

|| ì |_| ý |?| > +515,

zkhuh |_| lv +orj, djjuhjdwh ghpdqg dqg |?| lv wkh +orj, qdwxudo rxwsxw ohyho1 Wkh odwwhu lv

dvvxphg wr eh h{rjhqrxv dqg vwrfkdvwlf dqg iroorzv

|?|n� @ ð
?
+|
?
| . ì

?
|n�> +516,

zkhuh wkh frh!flhqw ð?+ ixo?oov 3 é ð?+ ? 4 dqg ì?|n� lv d vhuldoo| xqfruuhodwhg }hur0phdq vkrfn

wr wkh qdwxudo rxwsxw ohyho +d 3surgxfwlylw|4 vkrfn,1 Wkh yduldeoh t| lv wkh +orj, uhdo h{fkdqjh

udwh/ gh?qhg dv

t| ì v| . sW| ý s|> +517,

47 Edoo ^7` iroorzv d gl>huhqw vwudwhj|/ zkhq lqfrusrudwlqj h{fkdqjh udwhv lq dq rshq0hfrqrp| prgho ri lq dwlrq
wdujhwlqj1 Kh uhwdlqv wkh edfnzdug0orrnlqj prgho suhvhqwhg lq Vyhqvvrq ^85` dqg xvhg lq Edoo ^6`/ dqg dggv dq
htxdwlrq iru wkh h{fkdqjh udwh1 Lq rughu wr uhwdlq wkh edfnzdug0orrnlqj qdwxuh ri wkh prgho/ wkh h{fkdqjh udwh
htxdwlrq odfnv dq h{shfwdwlrq whup dqg zloo wkhq jhqhudoo| ylrodwh h{fkdqjh udwh sdulw| dqg qrq0duelwudjh1

:



zkhuh s| lv wkh +orj, sulfh ohyho ri grphvwlf+doo| surgxfhg, jrrgv/ sW| wkh +orj, iruhljq sulfh ohyho

+phdvxuhg dv ghyldwlrqv iurp dssursuldwh frqvwdqw wuhqgv,/ dqg v| ghqrwhv wkh +orj, h{fkdqjh

udwh +phdvxuhg dv wkh ghyldwlrq iurp d frqvwdqw wuhqg/ wkh gl>huhqfh ehwzhhq wkh grphvwlf

lq dwlrq wdujhw dqg wkh phdq ri iruhljq lq dwlrq> wkh uhdo h{fkdqjh udwh zloo eh vwdwlrqdu| lq

htxloleulxp,148 Wkh whup %|n2 lv d }hur0phdq l1l1g1 lq dwlrq vkrfn +d 3frvw0sxvk4 vkrfn,1 Wkxv/

zh kdyh wzr glvwlqfw 3vxsso|4 vkrfnv/ qdpho| d surgxfwlylw| vkrfn dqg d frvw0sxvk vkrfn1 Wkh

frh!flhqwv òZ/ ò+/ ñ+ dqg ò^ duh frqvwdqw dqg srvlwlyh> ixuwkhupruh òZ dqg ñ+ duh vpdoohu wkdq

xqlw|1

Wkh vxsso| ixqfwlrq lv ghulyhg lq dsshqgl{ F/ zlwk vrph plfurirxqgdwlrqv1 Dvlgh iurp wkh

rshq0hfrqrp| dvshfwv/ wklv ixqfwlrq lv vlplodu wr wkh djjuhjdwh vxsso| ixqfwlrq jlyhq lq Vyhqvvrq

^86`/ vhfwlrq :/ dowkrxjk wkh pruh uljrurxv ghulydwlrq khuh +dorqj wkh olqhv ri Zrrgirug ^99` dqg

Urwhpehuj dqg Zrrgirug ^79`, kdv uhvxowhg lq d vrphzkdw gl>huhqw gdwlqj ri wkh yduldeohv rq

wkh uljkw vlgh lq +514,1 Lq dwlrq ghshqgv rq odjjhg lq dwlrq dqg suhylrxv h{shfwdwlrqv ri wkh

rxwsxw jds dqg ixwxuh lq dwlrq1 Lw lv vlplodu wr d Fdoyr0w|sh ^44` Skloolsv fxuyh lq wkdw lq dwlrq

ghshqgv xsrq h{shfwdwlrqv ri ixwxuh lq dwlrq1 Lw lv vlplodu wr wkh Ixkuhu dqg Prruh ^56` Skloolsv

fxuyh lq wkdw lq dwlrq ghshqgv rq erwk odjjhg lq dwlrq dqg h{shfwhg ixwxuh lq dwlrq1 Krzhyhu/

lw lv dvvxphg wkdw grphvwlf lq dwlrq lv suhghwhuplqhg wzr shulrgv lq dgydqfh/ lq rughu wr kdyh

d wzr0shulrg odj lq wkh h>hfw ri prqhwdu| srolf| rq grphvwlf lq dwlrq +dqg khqfh d orqjhu odj

wkdq iru wkh rxwsxw jds/ vhh ehorz,1 Wkh whup lqfoxglqj t|n2�| lq +514, uhsuhvhqwv wkh h>hfw ri

h{shfwhg frvwv ri lpsruwhg lqwhuphgldwh lqsxwv +ru uhvxowlqj zdjh frpshqvdwlrq,1

Ohw $ eh wkh vkduh ri lpsruwhg jrrgv lq wkh FSL149 Wkhq FSL lq dwlrq/ äS| / ixo?oov
4:

äS| @ +4ý $,ä| . $äs| @ ä| . $+t| ý t|3�,= +518,

Khuh äs| ghqrwhv grphvwlf0fxuuhqf| lq dwlrq ri lpsruwhg iruhljq jrrgv/ zklfk ixo?oov

äs| @ s
s
| ý ss|3� @ äW| . v| ý v|3� @ ä| . t| ý t|3�>

zkhuh

ss| @ s
W
| . v| +519,

48 Vlqfh wkhuh duh qr qrqwudghg jrrgv/ wkh uhdo h{fkdqjh udwh lv dovr wkh whupv ri wudgh1
49 Wkh vkduh ri lpsruwhg jrrgv lq wkh FSL lv dssur{lpdwho| frqvwdqw iru vpdoo ghyldwlrqv durxqg d vwhdg|

vwdwh1 Lw lv h{dfwo| frqvwdqw li wkh xwlolw| ixqfwlrq ryhu grphvwlf dqg lpsruwhg jrrgv kdv d frqvwdqw hodwlvwlflw|
ri vxevwlwxwlrq htxdo wr xqlw| +wkdw lv/ lv d Free0Grxjodv xwlolw| ixqfwlrq,/ dv lv dfwxdoo| dvvxphg ehorz1

4: Vlqfh wkhuh lv qr lqwhuhvw0udwh frpsrqhqw lq wkh FSL/ lw lv ehvw lqwhusuhwhg dv FSL[> wkdw lv/ FSL lq dwlrq
+dqg grphvwlf lq dwlrq, duh h{foxvlyh ri dq| fuhglw vhuylfh frvwv1

;



lv wkh +orj, grphvwlf0fxuuhqf| sulfh ri lpsruwhg iruhljq jrrgv/ dqg äW| @ sW| ý sW|3� lv iruhljq

lq dwlrq1 Wkdw lv/ L dvvxph wkdw wkhuh lv qr odj lq wkh sdvv0wkurxjk ri lpsruw frvwv wr grphvwlf

sulfhv ri lpsruwhg jrrgv1

Djjuhjdwh ghpdqg iru grphvwlfdoo| surgxfhg jrrgv lv jlyhq e| wkh djjuhjdwh ghpdqg htxd0

wlrq +h{suhvvhg lq whupv ri wkh rxwsxw jds/ +515,,/

||n� @ ñ+|| ý ñ4ã|n��| . ñW+|W|n��| . ñ^t|n��| ý +ð?+ ý ñ+,|?| . ì_|n� ý ì?|n�> +51:,

zkhuh |W| lv +orj, iruhljq rxwsxw/ doo frh!flhqwv duh frqvwdqw dqg qrqqhjdwlyh/ zlwk 3 é ñ+ ? 4>
dqg ì_|n� lv d }hur0phdq l1l1g1 ghpdqg vkrfn1 Wkh yduldeoh ã| lv gh?qhg dv

ã| ì
"[
ô'f

u|nô �|> +51;,

zkhuh u|/ wkh +vkruw grphvwlf0jrrg, uhdo lqwhuhvw udwh +phdvxuhg dv wkh ghyldwlrq iurp d frqvwdqw

phdq/ wkh qdwxudo uhdo lqwhuhvw udwh,/ ixo?oov

u| ì l| ý ä|n��|> +51<,

zkhuh l| lv wkh +vkruw, qrplqdo lqwhuhvw udwh +phdvxuhg dv wkh ghyldwlrq iurp wkh vxp ri wkh

lq dwlrq wdujhw dqg wkh qdwxudo uhdo lqwhuhvw udwh,1 Wkh qrplqdo lqwhuhvw udwh lv wkh lqvwuxphqw

ri wkh fhqwudo edqn14;

Wkxv/ wkh yduldeoh ã| lv wkh vxp ri fxuuhqw dqg h{shfwhg ixwxuh +ghyldwlrqv ri, uhdo lqwhuhvw

udwhv1 Wklv vxp dozd|v frqyhujhv lq wkh htxloleuld h{dplqhg ehorz +uhfdoo wkdw hyhu|wklqj

lv phdvxuhg dv ghyldwlrqv iurp frqvwdqw phdqv,1 Wkh yduldeoh ã| lv +xqghu wkh h{shfwdwlrqv

k|srwkhvlv, uhodwhg wr +wkh ghyldwlrqv iurp wkh phdq ri, d orqj uhdo }hur0frxsrq erqg udwh=

Frqvlghu wkh uhdo udwh uA| zlwk pdwxulw| W 1 Xqghu wkh h{shfwdwlrqv k|srwkhvlv/ lw ixo?oov

uA| @
4

W

A[
ô'f

u|nô �|1

Khqfh/ iru d orqj +exw ?qlwh, pdwxulw| W / wkh yduldeoh ã| lv dssur{lpdwho| wkh surgxfw ri wkh

orqj uhdo udwh dqg lwv pdwxulw|/

ã| ä WuA| 1 +5143,

Wkh djjuhjdwh ghpdqg lv suhghwhuplqhg rqh shulrg lq dgydqfh1 Lw ghshqgv rq odjjhg h{shf0

wdwlrqv ri dffxpxodwhg ixwxuh uhdo lqwhuhvw udwhv/ iruhljq rxwsxw dqg wkh uhdo h{fkdqjh udwh1 Wkh
4; Wkh yduldeoh 4| ixo?oov 4| '

S"
ô'f o

S
|nô �| 3 /^|/ zkhuh oS| ó ð| 3 ZS|n��| ' o| 3 /E^|n��| 3 ^|ä lv wkh FSL uhdo

lqwhuhvw udwh1 Khqfh/ zh fdq h{suhvv 4| lq whupv ri oS| udwkhu wkdq o| +wkh ghulydwlrq lq dsshqgl{ D dfwxdoo|
vwduwv iurp dq Hxohu frqglwlrq lq whupv ri oS| ,1 Vlqfh Z|n��| lv d suhghwhuplqhg vwdwh yduldeoh/ zkhuhdv ZS|n��| lv
iruzdug0orrnlqj/ L ?qg lw lv pruh sudfwlfdo wr xvh o| udwkhu wkdq oS| 1

<



djjuhjdwh ghpdqg htxdwlrq lv ghulyhg/ zlwk vrph plfurirxqgdwlrqv/ dqg glvfxvvhg lq ixuwkhu

ghwdlo lq dsshqgl{ D14<

Wkh h{fkdqjh udwh ixo?oov wkh lqwhuhvw sdulw| frqglwlrq

l| ý lW| @ v|n��| ý v| . *|>

zkhuh lW| lv wkh iruhljq qrplqdo lqwhuhvw udwh dqg *| lv wkh iruhljq0h{fkdqjh ulvn suhplxp1 Lq

rughu wr holplqdwh wkh qrq0vwdwlrqdu| h{fkdqjh udwh/ L xvh +517, wr uhzulwh wklv dv wkh uhdo lqwhuhvw

sdulw| frqglwlrq

t|n��| @ t| . l| ý ä|n��| ý lW| . äW|n��| ý *|= +5144,

L dvvxph wkdw iruhljq lq dwlrq/ iruhljq rxwsxw dqg wkh iruhljq0h{fkdqjh ulvn suhplxp iroorz

vwdwlrqdu| xqlyduldwh DU+4, surfhvvhv/

äW|n� @ ðWZä
W
| . %

W
|n� +5145,

|W|n� @ ðW+|
W
| . ì

W
|n� +5146,

*|n� @ ð)*| . å)c|n�> +5147,

zkhuh wkh frh!flhqwv duh qrqqhjdwlyh dqg ohvv wkdq xqlw|/ dqg wkh vkrfnv duh }hur0phdq l1l1g1

Ixuwkhupruh/ L dvvxph wkdw wkh iruhljq lqwhuhvw udwh iroorzv d Wd|oru0w|sh uxoh/ wkdw lv/ wkdw lw

lv d olqhdu ixqfwlrq ri iruhljq lq dwlrq dqg rxwsxw/

lW| @ i
W
Zä

W
| . i

W
+ |
W
| . å

W
ð|> +5148,

zkhuh wkh frh!flhqwv duh frqvwdqw dqg srvlwlyh/ dqg åWð| lv d }hur0phdq l1l1g1 vkrfn1 Wkhvh

vshfl?fdwlrqv ri wkh h{rjhqrxv yduldeohv duh fkrvhq iru vlpsolflw|> reylrxvo| wkh h{rjhqrxv

yduldeohv pd| eh furvv0fruuhodwhg lq pruh jhqhudo zd|v zlwkrxw fdxvlqj dq| gl!fxowlhv/ dqg

dgglwlrqdo yduldeohv fdq eh lqwurgxfhg wr uhsuhvhqw wkh vwdwh ri wkh uhvw ri wkh zruog1

Qrwh wkdw ã| dqg t| duh forvho| uhodwhg1 E| +51;,8+5144, zh kdyh +dvvxplqj olpô<" t|nô �| @ 3,

t| @ ý
"[
ô'f

u|nô �| .
"[
ô'f

+lW|nô �| ý äW|n�nô �| . *|nô �|,

@ ý ã| .
"[
ô'f

+lW|nô �| ý äW|n�nô �| . *|nô �|,= +5149,

4< Wkhuh lv dq reylrxv vlplodulw| wr wkh forvhg0hfrqrp| djjuhjdwh ghpdqg ixqfwlrq ri Ixkuhu dqg Prruh ^56`/
h{fhsw wkdw d odjjhg orqj uhdo frxsrq0erqg udwh hqwhuv lq wkhlu ixqfwlrq1
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E| +5145,8+5148,/ zh kdyh +h{sorlwlqj wkh vxp ri d jhrphwulf vhulhv,

"[
ô'f

+lW|nô �| ý äW|n�nô �|, @ lW| .
"[
ô'�

lW|nô �| ý
"[
ô'�

äW|nô �|

@ lW| . i
W
Z

ðWZ
4ý ðWZ

äW| . i
W
+

ðW+
4ý ðW+

|W| ý
ðWZ

4ý ðWZ
äW|

@ lW| .
+iWZ ý 4,ðWZ
4ý ðWZ

äW| .
iW+ ðW+
4ý ðW+

|W| > +514:,

khqfh/

ã| @ ý t| . lW| .
+iW ý 4,ðWZ
4ý ðWZ

äW| .
iW+ðW+
4ý ðW+

|W| .
4

4ý ð)
*|= +514;,

Dv vkrzq lq dsshqgl{ E/ wkh yduldeoh ã| fdq eh lqwhusuhwhg dv wkh qhjdwlyh ri dq lq?qlwh0krul}rq

pdunhw glvfrxqw idfwru/ wkdw lv/ wkh suhvhqw ydoxh ri grphvwlf jrrgv lq?qlwho| idu lqwr wkh ixwxuh1

Lq vxppdu|/ wkh prgho frqvlvwv ri wkh djjuhjdwh vxsso| htxdwlrq/ +514,/ wkh FSL htxdwlrq/

+518,/ wkh djjuhjdwh ghpdqg htxdwlrq/ +51:,/ wkh gh?qlwlrqv ri wkh vxp ri fxuuhqw dqg h{shfwhg

ixwxuh uhdo lqwhuhvw udwhv dqg wkh uhdo lqwhuhvw udwh/ +51;, dqg +51<,/ uhdo lqwhuhvw0udwh sdulw|/

+5144,/ dqg wkh htxdwlrqv iru wkh h{rjhqrxv yduldeohv= iruhljq lq dwlrq dqg rxwsxw/ wkh iruhljq0

h{fkdqjh ulvn suhplxp dqg wkh iruhljq lqwhuhvw udwh/ +5145,8+5148,1

Wkh wlplqj dqg wkh odjv kdyh ehhq vhohfwhg wr surylgh uhdolvwlf uhodwlyh odjv iru wkh wudqvplv0

vlrq ri prqhwdu| srolf|1 Frqvlghu d fkdqjh lq wkh lqvwuxphqw l| lq shulrg w1 Fxuuhqw grphvwlf

lq dwlrq dqg wkh rxwsxw jds duh suhghwhuplqhg1 Grphvwlf lq dwlrq lq shulrg w. 4 lv dovr suh0

ghwhuplqhg> khqfh vr duh grphvwlf lq dwlrq h{shfwdwlrqv/ ä|n��|1 Wkxv/ wkh vkruw uhdo lqwhuhvw

udwh/ u|/ lv lpphgldwho| d>hfwhg/ dv duh wkh iruzdug0orrnlqj yduldeohv/ wkh uhdo h{fkdqjh udwh/

t|/ wkh vxp ri h{shfwhg fxuuhqw dqg ixwxuh uhdo lqwhuhvw udwhv/ ã|/ dqg wkh h{shfwhg grphvwlf

lq dwlrq lq shulrg w . 6/ ä|nô�|1 Fxuuhqw FSL lq dwlrq lv e| +518, d>hfwhg e| wkh fxuuhqw uhdo

h{fkdqjh udwh +wklv lv wkh gluhfw h{fkdqjh udwh fkdqqho,1 Wkh djjuhjdwh ghpdqg lq shulrg w.4/

||n�/ lv e| +51:, d>hfwhg yld wkh lqvwuxphqw*v h>hfw rq wkh h{shfwhg uhdo h{fkdqjh udwh/ t|n��|>

+sduw ri wkh h{fkdqjh udwh fkdqqho, dqg wkh vxp ri h{shfwhg ixwxuh uhdo lqwhuhvw udwhv/ ã|n��|/

+wkh djjuhjdwh ghpdqg fkdqqho,1 Grphvwlf lq dwlrq lq shulrg w.5/ ä|n2/ lv e| +514, d>hfwhg e|

wkh lqvwuxphqw yld wkh h{shfwhg uhdo h{fkdqjh udwh ghsuhfldwlrq +t|n2�| ý t|n��|, +wkh uhpdlqlqj
sduw ri wkh h{fkdqjh udwh fkdqqho,/ yld wkh rxwsxw jds lq shulrg w . 4 +wkh djjuhjdwh ghpdqg

fkdqqho,/ dqg e| grphvwlf0lq dwlrq h{shfwdwlrqv/ ä|nô�| +wkh lq dwlrq0h{shfwdwlrqv fkdqqho,1

Wkxv/ wkhuh lv qr odj lq wkh prqhwdu| srolf| h>hfw rq FSL lq dwlrq/ d rqh0shulrg odj lq

wkh h>hfw rq djjuhjdwh ghpdqg/ dqg d wzr0shulrg odj lq wkh h>hfw rq grphvwlf lq dwlrq1 Erwk
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YDU hylghqfh dqg sudfwlfdo fhqwudo0edqn h{shulhqfh lqglfdwh wkdw wkhuh lv d vkruwhu odj iru FSL

lq dwlrq dqg djjuhjdwh ghpdqg wkdq iru grphvwlf lq dwlrq153 54

515 Wkh orvv ixqfwlrq

L dvvxph wkdw wkh fhqwudo edqn*v orvv ixqfwlrq lv wkh xqfrqglwlrqdo h{shfwdwlrq/ H^O|`/ ri d shulrg

orvv ixqfwlrq jlyhq e|

O| @ ç
S
Zä

S
|
2 . çZä

2
| . è|

2
| . çðl

2
| . æð +l| ý l|3�,2 > +514<,

zkhuh doo zhljkwv duh qrqqhjdwlyh1 Wkxv/ wkh orvv ixqfwlrq lv

H^O|` @ ç
S
ZYdu^ä

S
| ` . çZYdu^ä|` . èYdu^||` . çðYdu^l|` . æðYdu^l| ý l|3�`> +5153,

wkdw lv/ wkh zhljkwhg vxp ri wkh fruuhvsrqglqj xqfrqglwlrqdo yduldqfhv1 Wkh ?uvw wzr whupv

fruuhvsrqg wr FSL0lq dwlrq wdujhwlqj dqg grphvwlf0lq dwlrq wdujhwlqj/ uhvshfwlyho|1 Wkh wklug

whup fruuhvsrqgv wr rxwsxw0jds vwdelol}dwlrq/ wkh irxuwk wr lqvwuxphqw ru qrplqdo lqwhuhvw0udwh

vwdelol}dwlrq/ dqg wkh ?iwk wr lqvwuxphqw ru qrplqdo lqwhuhvw0udwh vprrwklqj155

3Vwulfw FSL0lq dwlrq wdujhwlqj4 fruuhvsrqgv wr çSZ srvlwlyh dqg doo rwkhu zhljkwv duh htxdo

wr }hur1 3Ioh{leoh FSL0lq dwlrq wdujhwlqj4 doorzv rwkhu srvlwlyh zhljkwv/ iru lqvwdqfh è / çð

ru æð1 3Grphvwlf4 lq dwlrq wdujhwlqj udwkhu wkdq 3FSL4 lq dwlrq wdujhwlqj kdv çZ srvlwlyh

zhljkw udwkhu wkdq çSZ1 Wkxv/ wkh ghflvlrq sureohp iru wkh edqn lv wr fkrrvh wkh lqvwuxphqw/ l|/

frqglwlrqdo xsrq wkh lqirupdwlrq dydlodeoh lq shulrg w/ vr dv wr plqlpl}h +5153,1

Wkh orvv ixqfwlrq +5153, fdq eh vhhq dv wkh +vfdohg, olplw ri wkh lqwhuwhpsrudo orvv ixqfwlrq

H|

"[
ô'f

ïôO|nô > +5154,

zkhq wkh glvfrxqw idfwru ï/ ixo?oolqj 3 ? ï ? 4/ dssurdfkhv xqlw| +vhh dsshqgl{ H iru ghwdlov,1

516 Vwdwh0vsdfh irup

Lw lv vkrzq lq dsshqgl{ G wkdw wkh prgho fdq eh zulwwhq lq d frqyhqlhqw vwdwh0vsdfh irup1

Ohw [| dqg \| ghqrwh wkh +froxpq, yhfwruv ri suhghwhuplqhg vwdwh yduldeohv dqg jrdo yduldeohv/

53 Vhh iru lqvwdqfh Fxvkpdq dqg ]kd ^48`1
54 Vlqfh L uhjdug wkh vkruw lqwhuhvw udwh dv wkh lqvwuxphqw ri prqhwdu| srolf|/ lw lv qrw qhfhvvdu| wr h{solflwo|

lqwurgxfh prqh|1 Qhyhuwkhohvv/ d ghpdqg iru prqh| fdq/ ri frxuvh/ eh lqwurgxfhg lq d qxpehu ri zd|v/ lq zklfk
fdvh wkh fhqwudo edqn vlpso| vxssolhv wkh prqh| ghpdqghg dw wkh vhohfwhg ohyho ri wkh lqwhuhvw udwh1

55 Wkh  h{lelolw| ri wkh prgho doorzv xv wr lqfoxgh dq| yduldeoh ri lqwhuhvw lq wkh shulrg orvv ixqfwlrq1 Rqh frxog/
iru lqvwdqfh/ lqfoxgh whupv >oo

2
| / Do Eo| 3 o|3�ä2/ >rr2| / DrEr| 3 r|3�ä2/ >^^2| dqg D^E^| 3 ^|3�ä2/ fruuhvsrqglqj wr

vwdelol}dwlrq dqg vprrwklqj ri uhdo lqwhuhvw udwhv dqg qrplqdo dqg uhdo h{fkdqjh udwhv1
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uhvshfwlyho|/ ohw {| ghqrwh wkh +froxpq, yhfwru ri iruzdug0orrnlqj yduldeohv/ dqg ohw y| ghqrwh

wkh +froxpq, yhfwru ri lqqrydwlrqv wr wkh suhghwhuplqhg vwdwh yduldeohv/

[| @
ý
ä|> ||> ä

W
| > |

W
| > l

W
| > *|> |

?
| > t|3�> l|3�> ä|n��|

üâ
\| @ +äS| > ä|> ||> l|> l| ý l|3�,â

{| @
ý
t|> ã|> ä|n2�|

üâ
y| @

í
%|> ì

_
| ý ì?| > %W| > ìW| > iWZ%W| . iW+ ìW| . åWð|> å)|> ì?| > 3> 3> òZ%| . ò+ñ++ì_| ý ì?| ,

ìâ
>

zkhuh â ghqrwhv wkh wudqvsrvh1 Ohw ]| @ +[ â
|> {

â
|,
â eh wkh yhfwru ri wkh suhghwhuplqhg vwdwh

yduldeohv dqg wkh iruzdug0orrnlqj yduldeohv1 Ghqrwh wkh glphqvlrqv ri [|/ {|/ \| dqg ]| e| q�/

q2/ qô dqg q @ q� . q2/ uhvshfwlyho| +q� @ 43/ q2 @ 6/ qô @ 8,1 Wkhq wkh prgho fdq eh zulwwhq57 [|n�

{|n��|

68 @ D]| .El| .E
�l|n��| .

57 y|n�
3

68 +5155,

\| @ F~]| .Fðl| +5156,

O| @ \ â|N\|> +5157,

zkhuh D lv dq qû q pdwul{> E dqg E� duh qû4 froxpq yhfwruv> F~ lv dq qô û q pdwul{> Fð lv

dq qôû4 froxpq yhfwru> dqg N lv dq qô û qô gldjrqdo pdwul{ zlwk wkh gldjrqdo

+çSZ> çZ> è> çð> æð,

dqg zlwk doo r>0gldjrqdo hohphqwv htxdo wr }hur +vhh dsshqgl{ G iru ghwdlov,1

517 Wkh vroxwlrq

H{fhsw iru wkh whup E�l|n��|/ wkh prgho lv d vwdqgdug olqhdu vwrfkdvwlf uhjxodwru sureohp zlwk

udwlrqdo h{shfwdwlrqv dqg iruzdug0orrnlqj yduldeohv +wkh vwdqgdug sureohp lv vroyhg lq Rxgl}

dqg Vdfkv ^74`/ Edfnxv dqg Gul!oo ^5`/ dqg Fxuulh dqg Ohylqh ^47`/ dqg dssolhg lq Vyhqvvrq ^83`,1

Dsshqgl{ H vkrzv krz wkh h{wud whup E�l|n��| lv kdqgohg1

Zlwk iruzdug0orrnlqj yduldeohv/ wkhuh lv d gl>huhqfh ehwzhhq wkh fdvh ri glvfuhwlrq dqg wkh

fdvh ri frpplwphqw wr dq rswlpdo uxoh/ dv glvfxvvhg lq wkh deryh uhihuhqfhv1 Lq wkh glvfuhwlrq

fdvh/ wkh iruzdug0orrnlqj yduldeohv zloo eh olqhdu ixqfwlrqv ri wkh suhghwhuplqhg yduldeohv/

{| @ K[|/

46



zkhuh wkh q2ûq� pdwul{ K lv hqgrjhqrxvo| ghwhuplqhg1 Wkh rswlpdo uhdfwlrq ixqfwlrq zloo eh

d olqhdu ixqfwlrq ri wkh suhghwhuplqhg yduldeohv/

l| @ i[|> +5158,

zkhuh wkh 4ûq� urz yhfwru i lv hqgrjhqrxvo| ghwhuplqhg1

Lq wkh frpplwphqw fdvh/ wkh rswlpdo srolf| dqg wkh iruzdug0orrnlqj yduldeohv dovr ghshqg

rq wkh vkdgrz sulfhv ri wkh iruzdug0orrnlqj yduldeohv1 Rqo| wkh glvfuhwlrq vroxwlrq lv frqvlghuhg

khuh1 Vhh dsshqgl{ H iru ghwdlov ri wkh vroxwlrq1

Wkh g|qdplfv ri wkh hfrqrp| duh wkhq ghvfulehg e|

[|n� @ P��[| . y|n� +5159,

{| @ K[| +515:,

l| @ i[| +515;,

\| @ +F~� .F~2K .Fði,[|> +515<,

zkhuh wkh qû q pdwul{ P lv jlyhq e|

P ì +L ýE�I ,3�+D.EI ,>

zkhuh I @ +i> 3===3, lv wkh 4ûq urz yhfwru zkhuh q2 }hurv duh lqvhuwhg dw wkh hqg ri i / dqg

zkhuh wkh pdwulfhv

P @

57 P�� P2�

P�2 P22

68 > F~ @
57 F~�
F~2

68
duh sduwlwlrqhg dffruglqj wr [| dqg {|1

6 Uhvxowv rq rswlpdo srolflhv

614 Prgho sdudphwhuv

Lq wklv yhuvlrq ri wkh sdshu/ qr dwwhpsw lv pdgh wr fdoleudwh ru hvwlpdwh wkh prgho1 Wkh

sdudphwhuv duh vlpso| vhohfwhg wr eh d sulrul qrw xquhdvrqdeoh1 Wkh qxphulfdo uhvxowv duh

wkhuhiruh rqo| lqglfdwlyh1

Wkh iroorzlqj sdudphwhuv duh vhohfwhg= Lq wkh djjuhjdwh vxsso| htxdwlrq/ +514,= òZ @ 3=9/

ò+ @ +4 ý òZ,�ò+ zkhuh �ò+ @ 3=5/ ò^ @ +4 ý òZ,�ò^ zkhuh �ò^ @ 3=358/ dqg â20 @ 4 +wkh odvw

sdudphwhu lv wkh yduldqfh ri wkh frvw0sxvk vkrfn,1 Lq wkh FSL htxdwlrq/ +518,= $ @ 3=61 Lq wkh
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djjuhjdwh ghpdqg htxdwlrq/ +51:,= ñ+ @ 3=;> ñ
W
+ @ +4ýñ+,�ñ

W
+ zkhuh �ñ

W
+ @ 3=5:/ ñ4 @ +4ýñ+,�ñ4

zkhuh �ñ4 @ 3=68/ ñ^ @ +4ýñ+,�ñ^ zkhuh �ñ^ @ 3=4<8/ ð?+ @ 3=<9/ â2_ @ 4 dqg â2? @ 3=8 +â2_ dqg â2?
duh wkh yduldqfh ri wkh ghpdqg dqg vxsso| vkrfnv/ ì_| dqg ì

?
| / uhvshfwlyho|,1 Lq wkh htxdwlrqv

iru wkh h{rjhqrxv yduldeohv/ +516, dqg +5145,8+5148,= ðWZ @ ðW+ @ ð) @ 3=;> iWZ @ 4=8/ iW+ @ 3=8

dqg â20W @ â
2
#W @ â

2
1) @ â

2
1ðW @ 3=8 +wkh frh!flhqwv lq wkh htxdwlrq iru wkh iruhljq lqwhuhvw udwh

frqirup wr wkh Wd|oru uxoh,156

615 Wdujhwlqj fdvhv dqg Wd|oru uxohv

Wkh gl>huhqw fdvhv ri prqhwdu|0srolf| wdujhwlqj duh gh?qhg e| wkh zhljkwv lq wkh orvv ixqfwlrq1

Wkh irxu wdujhwlqj fdvhv +frpelqdwlrqv ri srvlwlyh zhljkwv, wr eh h{dplqhg duh glvsod|hg lq wdeoh

41 Wkh fdvh ri vwulfw FSL0lq dwlrq wdujhwlqj grhv qrw frqyhujh xqohvv d vpdoo zhljkw rq lqwhuhvw

vprrwklqj lv dgghg> iru xqliruplw|/ wkh zhljkw æð lv vhw htxdo wr 3=34 iru doo wdujhwlqj fdvhv1 Lq

dgglwlrq/ wzr yhuvlrqv ri wkh Wd|oru uxoh duh lqfoxghg/ fruuhvsrqglqj wr zkhwkhu wkh lqvwuxphqw

uhvsrqgv wr grphvwlf lq dwlrq ru wr FSL lq dwlrq1

Wdeoh 41 Wdujhwlqj fdvhv dqg Wd|oru uxohv

41 Vwulfw grphvwlf0lq dwlrq wdujhwlqj çZ @ 4> æð @ 3=34

51 Ioh{leoh grphvwlf0lq dwlrq wdujhwlqj çZ @ 4> æð @ 3=34> è @ 3=8

61 Vwulfw FSL0lq dwlrq wdujhwlqj çSZ @ 4> æð @ 3=34

71 Ioh{leoh FSL0lq dwlrq wdujhwlqj çSZ @ 4> æð @ 3=34> è @ 3=8

81 Wd|oru uxoh/ grphvwlf lq dwlrq l| @ 4=8ä| . 3=8||

91 Wd|oru uxoh/ FSL lq dwlrq l| @ 4=8ä
S
| . 3=8||

616 Vxppdu| uhvxowv rq uhdfwlrq ixqfwlrqv

Wkh frh!flhqwv lq wkh uhdfwlrq ixqfwlrqv/ wkh hohphqwv ri wkh urz yhfwruv i wkdw fruuhvsrqg wr

wkh irxu rswlpdo uhdfwlrq ixqfwlrqv dqg wkh wzr Wd|oru uxohv/ duh vxppdul}hg iru wkh vl{ fdvhv

lq wdeoh 51
56 Ehklqg wkhvh sdudphwhuv duh wkh xqghuo|lqj sdudphwhuv +vhh dsshqglfhv D dqg F, k ' féD/ i ' �é2D/ ì/ ' féH/

1 ' E�3käE�3kBä
kE�nì/iä

' fé2D/ ò ' fé�/ ìk^ ' 1ò ' féf2D/ ìk+ ' 1ì/ ' fé2/ V ' � 3 / ' fé./ j ' féD/ w ' �/ wW ' 2/

/W ' fé�D/ ìq4 ' Vj ' féôD/ 7q
W
+ ' féb/ ìq

W
+ ' E�3 Vä7qW+ ' fé2./ ìq^ ' E�3 VäwW/W 3 VEj 3 wä/ ' fé�bD1
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Wdeoh 51 Uhdfwlrq0ixqfwlrq frh!flhqwv

Fdvh äw |w äw.4mw äúw |úw lúw *w |qw twý4 lwý4 tw

41 Vwulfw grphvwlf 3133 315: 5176 3=47 3144 3133 3153 3=35 3=33 3195 0

51 Ioh{leoh grphvwlf 3133 416< 4175 3=4: 3147 3133 3157 3=3: 3=33 3186 0

61 Vwulfw FSL 3=35 ý3=34 ý5=5; ý3=:< 3134 4133 4134 3134 ý3=34 3133 0

71 Ioh{leoh FSL 31:5 ý3=59 ý3=9< ý3=7: 3148 31<: 4174 315; ý3=55 3134 0

81 Wd|oru/ grphvwlf 4183 3183 3133 3133 3133 3133 3133 3133 3133 3133 0

91 Wd|oru/ FSL 4183 3183 3133 3133 3133 3133 3133 3133 ý3=78 3133 3178

Ohw ph lqlwldoo| pdnh vrph jhqhudo frpphqwv derxw wkh uhdfwlrq ixqfwlrqv1 Iluvw/ wkh Wd|oru

uxoh +wdeoh 5/ urzv 8 dqg 9, pdnhv wkh lqvwuxphqw ghshqg rq fxuuhqw lq dwlrq +grphvwlf ru FSL,

dqg wkh rxwsxw jds rqo|/ zlwk wkh frh!flhqwv 418 dqg 318/ uhvshfwlyho|1 Lq wklv prgho/ wkh

Wd|oru uxoh iru FSL lq dwlrq +urz 9, kdv wkh surshuw| wkdw wkh uhdfwlrq ixqfwlrq ghshqgv rq d

iruzdug0orrnlqj yduldeoh/ t| +vlqfh FSL lq dwlrq e| +518, ixo?oov äS| @ ä| . $+t| ý t|3�,,1
Vhfrqg/ wkh uhdfwlrq ixqfwlrqv iru grphvwlf0lq dwlrq wdujhwlqj orrn vrphzkdw vlplodu wr wkh

Wd|oru uxoh iru grphvwlf lq dwlrq/ h{fhsw wkdw +4, wkh| ghshqg rq h{shfwhg grphvwlf lq dwlrq

ä|n��| +zklfk lv suhghwhuplqhg, udwkhu wkdq fxuuhqw grphvwlf lq dwlrq/ +5, wkh frh!flhqwv gl>hu

iurp wkdw ri wkh Wd|oru uxoh/ dqg +6, wkh| dovr ghshqg rq rwkhu vwdwh yduldeohv1 Wkh uhdvrq iru

+4, lv wkdw e| +514, h{shfwhg grphvwlf lq dwlrq wzr shulrgv dkhdg +wkh vkruwhvw krul}rq dw zklfk

grphvwlf lq dwlrq lv d>hfwhg e| wkh lqvwuxphqw, grhv qrw ghshqg rq fxuuhqw grphvwlf lq dwlrq

exw rq +wkh suhghwhuplqhg, h{shfwhg grphvwlf lq dwlrq rqh shulrg dkhdg1 Wkh uhdfwlrq ixqfwlrqv

iru grphvwlf0lq dwlrq wdujhwlqj duh lqwxlwlyh lq wkdw vwulfw lq dwlrq wdujhwlqj +zlwk qr zhljkw

rq rxwsxw0jds vwdelol}dwlrq, kdv d vpdoohu frh!flhqw rq wkh rxwsxw jds dqg d odujhu frh!flhqw

rq h{shfwhg grphvwlf lq dwlrq wkdq  h{leoh lq dwlrq wdujhwlqj1 Wkh frh!flhqwv rq h{shfwhg

lq dwlrq dqg +iru  h{leoh grphvwlf0lq dwlrq wdujhwlqj, rq wkh rxwsxw jds duh odujhu wkdq wkrvh

ri wkh Wd|oru uxoh> krzhyhu/ rswlpdo Wd|oru0w|sh uxohv +wkdw lv/ olqhdu uhdfwlrq ixqfwlrqv zlwk

rswlpl}hg frh!flhqwv rq fxuuhqw lq dwlrq dqg wkh rxwsxw jds dqg doo rwkhu frh!flhqwv htxdo wr

}hur, duh riwhq irxqg wr kdyh vrphzkdw odujhu frh!flhqwv wkdq 418 dqg 318 +fi1 Uxghexvfk dqg

Vyhqvvrq ^7;` dqg rwkhu sdshuv lq Wd|oru ^94`,1 Khqfh/ +5, lv qrw vr vxusulvlqj1 Zlwk uhjdug wr

+6,/ lw lv qdwxudo wkdw rswlpdo uhdfwlrq ixqfwlrqv ghshqg rq vhyhudo ri wkh vwdwh yduldeohv> lw lv

vrphzkdw vxusulvlqj wkdw wkh frh!flhqwv duh vr vpdoo/ h{fhsw wkh frh!flhqw iru l|3�1 Rq wkh

rwkhu kdqg/ lw lv vrphzkdw vxusulvlqj wkdw wkdw frh!flhqw lv vr odujh/ vlqfh wkh zhljkw æð lv rqo|

31341
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Wklug/ wkh uhdfwlrq ixqfwlrqv iru FSL0lq dwlrq wdujhwlqj orrn yhu| gl>huhqw iurp wkh Wd|oru

uxoh1 Wkh qhjdwlyh frh!flhqwv rq h{shfwhg grphvwlf lq dwlrq dqg rq wkh rxwsxw jds vwdqg

rxw1 Zh fdq/ ri frxuvh/ qrw gudz vshfl?f frqfoxvlrqv iurp wkh dfwxdo qxphulfdo ydoxhv ri wkh

rxwsxw0jds frh!flhqwv/ vlqfh wkh prgho*v sdudphwhuv kdyh qrw ehhq fdoleudwhg ru hvwlpdwhg1

Qhyhuwkhohvv/ d vl}hdeoh qhjdwlyh frh!flhqw rq wkh rxwsxw jds dqg h{shfwhg grphvwlf lq dwlrq

lv fhuwdlqo| d vwdun frqwudvw wr wkh Wd|oru uxoh1 Dovr/ wkh frh!flhqwv rq wkh iruhljq lqwhuhvw udwh

dqg wkh iruhljq h{fkdqjh ulvn suhplxp duh uhodwlyho| odujh/ derxw rqh/ udwkhu wkdq }hur1

Wkh uhdvrq iru wkh frh!flhqwv iru vwulfw FSL0lq dwlrq wdujhwlqj lv wkdw e| +518, wkh h{fkdqjh

udwh fkdqqho jlyhv wkh fhqwudo edqn d srvvlelolw| wr vwdelol}h FSL lq dwlrq frpsohwho|1 Vxssrvh

h{shfwhg FSL lq dwlrq lv htxdo wr }hur/ zklfk jlyhv

äS|n��| @ ä|n��| . $+t|n��| ý t|�|, @ 3> +614,

wkdw lv/

t|n��| ý t| @ ý
4

$
ä|n��|= +615,

Ixuwkhupruh/ e| +5144, wkh lqvwuxphqw ixo?oov

l| @ ä|n��| . t|n��| ý t| . lW| ý äW|n��| . *|
@ ý 4ý $

$
ä|n��| . lW| ý ðWZäW| . *|> +616,

zkhuh L kdyh xvhg +615, dqg +5145,1 Wklv lv lqghhg wkh uhdfwlrq ixqfwlrq glvsod|hg lq wdeoh 5 iru

vwulfw FSL0lq dwlrq wdujhwlqj +urz 6,/ h{fhsw wkdw lw lv voljkwo| prgl?hg vlqfh æð A 3 dqg wkh

fhqwudo edqn vprrwkv wkh lqvwuxphqw wr d vpdoo h{whqw1

Ioh{leoh FSL0lq dwlrq wdujhwlqj lqfuhdvhv wkh frh!flhqw rq fxuuhqw grphvwlf lq dwlrq iurp

}hur wr srvlwlyh/ dqg uhgxfhv wkh frh!flhqw rq wkh rxwsxw jds iurp }hur wr qhjdwlyh1 Dw ?uvw/

wklv vhhpv frxqwhulqwxlwlyh/ dqg zh pxvw orrn dw wkh fruuhvsrqglqj lpsxovh uhvsrqvhv ehorz wr

xqghuvwdqg wklv1

Irxuwk/ zh qrwh wkdw fxuuhqw FSL lq dwlrq/ äS| / grhv qrw hqwhu lq wkh uhdfwlrq ixqfwlrq/ gxh

wr wkh idfw wkdw lw lv qrw dq lqghshqghqw vwdwh yduldeoh/ exw d olqhdu frpelqdwlrq ri wkh vwdwh

yduldeohv1 Lqghhg/ vlqfh äS| dqg l| duh erwk olqhdu frpelqdwlrqv ri wkh vwdwh yduldeohv/

äS| @ +4ý $,ä| . $+ä| . t| ý t|3�, ì d[|
l| @ i[|>

4:



wkh uhdfwlrq ixqfwlrq fdq/ ri frxuvh/ eh h{suhvvhg dv d +qrq0xqltxh, ixqfwlrq ri äS| dqg wkh vwdwh

yduldeohv/ iru lqvwdqfh

l| @ éä
S
| . +i ý éd,[|>

iru dq| duelwudu| frh!flhqw é1

Iliwk/ zh qrwh wkdw wkh fxuuhqw uhdo h{fkdqjh udwh/ t|/ grhv qrw hqwhu iru wkh rswlpdo uhdfwlrq

ixqfwlrq1 Wkh uhdfwlrq ixqfwlrq lv d ixqfwlrq ri suhghwhuplqhg yduldeohv rqo|/ qrw ri dq| iruzdug0

orrnlqj yduldeohv1 Wkh odjjhg uhdo h{fkdqjh udwh/ t|3�/ lv d vwdwh yduldeoh/ wkrxjk/ dqg grhv hqwhu

lq vrph ri wkh uhdfwlrq ixqfwlrqv1 Qrwh wkdw vlqfh t| lv d olqhdu ixqfwlrq ri wkh vwdwh yduldeohv/

t| @ K�u[| +617,

zkhuh K�u ghqrwhv wkh ?uvw urz ri pdwul{ K/ zh fdq/ ri frxuvh +dv deryh iru FSL lq dwlrq,/

zulwh wkh uhdfwlrq ixqfwlrq dv d +qrq0xqltxh, ixqfwlrq ri t|>

l| @ ét| . +i ý éK�u,[|

iru dq| duelwudu| frh!flhqw é1

Vl{wk/ wkh uhdfwlrq ixqfwlrq lv jhqhudoo| qrw ri wkh irup iuhtxhqwo| xvhg lq wkh olwhudwxuh/57

ül| ì l| ý l|3� @ e[|>

iru vrph urz yhfwru e +zkhuh eb/ wkh frh!flhqw iru l|3�/ lv }hur,1 Wkdw lv/ wkh uhdfwlrq ixqfwlrqv

duh jhqhudoo| qrw vxfk wkdw wkh fkdqjh lq wkh lqvwuxphqw ghshqgv rq wkh vwdwh yduldeohv +rwkhu

wkdq l|3�,/ wkdw lv/ wkh frh!flhqw rq l|3� lv qrw htxdo wr plqxv rqh1 Lq wkh fdvhv lq wdeoh 5/ wkh

odjjhg lqwhuhvw udwh hqwhuv rqo| ehfdxvh wkhuh lv d vpdoo zhljkw rq lqwhuhvw vprrwklqj/ æð A 31

617 Glvfxvvlrq ri wdujhwlqj fdvhv

Vhohfwhg xqfrqglwlrqdo vwdqgdug ghyldwlrqv duh uhsruwhg iru wkh vl{ fdvhv lq wdeoh 6158

57 Vhh/ iru lqvwdqfh/ Zlooldpv ^97`1
58 Wkh qrplqdo h{fkdqjh udwh lv qrqvwdwlrqdu|/ vr lwv xqfrqglwlrqdo vwdqgdug ghyldwlrq lv xqerxqghg1
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Wdeoh 61 Xqfrqglwlrqdo vwdqgdug ghyldwlrqv

Wdujhwlqj fdvh äS| ä| || t| l| u|

41 Vwulfw grphvwlf0lq dwlrq 5133 4158 41<4 <1;5 6156 5195

51 Ioh{leoh grphvwlf0lq dwlrq 5199 4184 4184 43145 6179 51<9

61 Vwulfw FSL0lq dwlrq 3=37 5=33 6195 461:< 7174 9138

71 Ioh{leoh FSL0lq dwlrq 413< 4165 41<9 91:6 5183 5174

81 Wd|oru uxoh/ grphvwlf 5146 418< 41:7 ;146 5178 4168

91 Wd|oru uxoh/ FSL 91:6 6139 51<4 5:17: <15: <153

Iljxuhv 6148619 uhsruw lpsxovh uhvsrqvhv iru wkh vl{ fdvhv +xqlwv duh shufhqw ru shufhqw shu

|hdu,1 Lq hdfk ?jxuh/ froxpq 4 uhsruwv wkh lpsxovh uhvsrqvhv wr d frvw0sxvk vkrfn wr grphvwlf

lq dwlrq/ ä|> lq shulrg 3 +%f @ 4,/ fi1 +514, dqg +G14,1 Wklv vkrfn dovr d>hfwv wkh grphvwlf

lq dwlrq h{shfwhg iru shulrg 4/ ä��f/ e| òZ%f/ fi1 +G15,1

Froxpq 5 uhsruwv lpsxovh uhvsrqvhv wr d ghpdqg vkrfn wr wkh rxwsxw jds/ ||> lq shulrg 3

+ì_f @ 4,/ fi1 +51:,1 Wklv vkrfn dovr d>hfwv wkh lq dwlrq h{shfwhg iru shulrg 4/ ä��f/ e| ò+ñ+ì_f/ fi1

+G15,1 Froxpq 6 uhsruwv wkh lpsxovh uhvsrqvhv wr d qhjdwlyh surgxfwlylw| vkrfn +ì?f @ ý4,1 Wklv
vkrfn lpsolhv d srvlwlyh vkrfn wr wkh rxwsxw jds +ýì?f @ 4,/ fi1 +51:,/ dqg wr lq dwlrq h{shfwhg

iru shulrg 4/ ä��f +ýò+ñ+ì_f @ ò+ñ+ A 3,/ fi1 +514,1 Froxpq 7 uhsruwv lpsxovh uhvsrqvhv wr d

vkrfn wr iruhljq lq dwlrq/ äW| / lq shulrg 3 +%Wf @ 4,1 Wklv vkrfn dovr lpsolhv d vkrfn iWZ%Wf @ 4=8

wr wkh iruhljq lqwhuhvw udwh/ lW| / gxh wr wkh dvvxpswlrq wkdw wkh iruhljq lqwhuhvw udwh iroorzv wkh

Wd|oru uxoh/ fi1 +5148,1 Froxpq 8 uhsruwv lpsxovh uhvsrqvhv wr d vkrfn wr wkh iruhljq h{fkdqjh

ulvn suhplxp/ *|/ lq shulrg 3 +å)f @ 4,1 Lq froxpq 9/ vkrfnv wr wkh lqwhuhvw udwh vhw l| @ 4 iru

wkh ?uvw 7 shulrgv/ w @ 3> ===> 6 +wkh vkrfnv dw w @ 4> 5> 6 duh dqwlflsdwhg lq shulrg 3,1

61714 Vwulfw grphvwlf0lq dwlrq wdujhwlqj

Iru d frvw0sxvk vkrfn wr grphvwlf lq dwlrq lq shulrg 3 +%f @ 4,/ grphvwlf lq dwlrq lqfuhdvhv

wr 4 lq shulrg 3 dqg wr òZ @ 3=9 lq shulrg 5 +?jxuh 614/ froxpq 4/ urz 5,1 Wkhuh lv d vwurqj

prqhwdu| srolf| uhvsrqvh= d odujh lqfuhdvh lq wkh qrplqdo lqwhuhvw udwh +urz 7,1 Dv d uhvxow/ wkh

uhdo lqwhuhvw udwh ulvhv +urz 8,/ dqg wkhuh lv d odujh dssuhfldwlrq ri wkh uhdo h{fkdqjh udwh +urz

9> qrwh wkdw wkh yhuwlfdo vfdoh lv vpdoohu wkdq iru wkh rwkhu urzv,1 Dv d uhvxow/ wkh rxwsxw jds

frqwudfwv/ dqg grphvwlf lq dwlrq idoov dqg uhdfkhv lwv wdujhw ohyho diwhu derxw 9 shulrgv1

Wkh vkrfn wr grphvwlf lq dwlrq ohdgv +iru frqvwdqw uhdo h{fkdqjh udwh, wr dq htxdo vkrfn wr

FSL lq dwlrq/ fi1 +518,1 Krzhyhu/ wkh odujh uhdo dssuhfldwlrq fdxvhv lpsruw sulfhv wr idoo vxfk
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wkdw wkh qhw h>hfw lv dq lqlwldo idoo lq FSL lq dwlrq1 Wkh uhdo ghsuhfldwlrq wkdw iroorzv/ dqg wkh

vkrfn wr grphvwlf lq dwlrq lq shulrg 4/ fdxvh d vl}hdeoh lqfuhdvh lq FSL lq dwlrq lq shulrg 41

Iru d ghpdqg vkrfn +ì_f @ 4, +froxpq 5,/ zh vhh d vrphzkdw vpdoohu lqfuhdvh lq wkh qrplqdo

dqg uhdo lqwhuhvw udwh/ dqg d vpdoohu uhdo dssuhfldwlrq1 Dv d uhvxow/ wkh rxwsxw jds idoov edfn wr

}hur lq derxw wkuhh shulrgv/ dqg wkhq xqghuvkrrwv d olwwoh1 Grphvwlf lq dwlrq lv lqvxodwhg wr d

odujh h{whqw1

Lq froxpq 6/ zh vhh wkdw d qhjdwlyh surgxfwlylw| vkrfn kdv h>hfwv zklfk duh uhpdundeo|

vlplodu wr wkrvh ri d srvlwlyh ghpdqg vkrfn1 Lw lqfuhdvhv wkh rxwsxw jds +urz 6, dqg lqfuhdvhv

grphvwlf lq dwlrq lq shulrg 4 +urz 5,/ dqg ohdgv wr d vlplodu prqhwdu| srolf| uhvsrqvh +urz

7,1 Wklv lv ri frxuvh gxh wr wkh v|pphwulf zd| lq zklfk ghpdqg dqg surgxfwlylw| vkrfnv hqwhu

lq wkh djjuhjdwh vxsso| dqg ghpdqg ixqfwlrqv +zkhq wkh odwwhu duh h{suhvvhg lq whupv ri wkh

rxwsxw jds,/ +514, dqg +51:,1 Wkh lpsxovh uhvsrqvhv duh qrw lghqwlfdo/ wkrxjk/ vlqfh wkh vkrfn

wr wkh qdwxudo rxwsxw ohyho kdv d shuvlvwhqw h>hfw rq wkh rxwsxw jds/ fi1 wkh ?iwk whup rq wkh

uljkw vlgh ri +51:,/ vlqfh ð?+ ý ñ+ @ 3=49 zlwk wkh sdudphwhuv L kdyh fkrvhq1 Lq sduwlfxodu/ wkh

uhvsrqvh ri wkh uhdo h{fkdqjh udwh lv pxfk pruh shuvlvwhqw wkdq lwv uhvsrqvh wr d ghpdqg vkrfn

+urz 9/ froxpqv 5 dqg 6,/ vlqfh wkh shuvlvwhqw idoo lq djjuhjdwh ghpdqg gxh wr wkh shuvlvwhqw

surgxfwlylw| vkrfn +zkhq wkh rxwsxw jds kdv forvhg, uhtxluhv d shuvlvwhqw +exw qrw shupdqhqw,

dssuhfldwlrq ri wkh uhdo h{fkdqjh udwh1 Li ñ+ dqg ð
?
+ zhuh htxdo/ wkh lpsxovh uhvsrqvhv zrxog eh

htxdo iru ghpdqg dqg vxsso| vkrfnv1

Iru vkrfnv wr iruhljq lq dwlrq dqg wkh iruhljq h{fkdqjh ulvn suhplxp +froxpqv 7 dqg 8,/

prqhwdu| srolf| doprvw shuihfwo| lqvxodwhv grphvwlf lq dwlrq +urz 5,1

Lq wdeoh 6/ urz 4/ zh vhh wkdw wkh uhvxowlqj yduldelolw| ri grphvwlf lq dwlrq lv uhodwlyho| orz/

zkhuhdv wkh yduldelolw| ri FSL lq dwlrq dqg wkh rxwsxw jds lv uhodwlyho| kljk1 Wkh yduldelolw| ri

wkh uhdo h{fkdqjh udwh lv sduwlfxoduo| kljk1

61715 Ioh{leoh grphvwlf0lq dwlrq wdujhwlqj

Iru d vkrfn wr grphvwlf lq dwlrq +?jxuh 615/ froxpq 4,/ wkh lqfuhdvh lq wkh qrplqdo dqg uhdo

lqwhuhvw udwhv/ dqg wkh uhdo dssuhfldwlrq/ xqghu  h{leoh grphvwlf0lq dwlrq wdujhwlqj/ duh pruh

prghudwh wkdq iru vwulfw grphvwlf0lq dwlrq wdujhwlqj1 Dv d uhvxow/ wkh rxwsxw jds idoov pxfk

ohvv/ dqg grphvwlf lq dwlrq uhwxuqv wr wkh wdujhw pruh judgxdoo|1 Wkh rxwsxw jds lv vwdelol}hg

wr d juhdwhu h{whqw wkdq iru vwulfw grphvwlf0lq dwlrq wdujhwlqj1

Iru d ghpdqg vkrfn +froxpq 5,/ wkhuh lv d odujhu prqhwdu| srolf| frqwudfwlrq/ dqg wkh rxwsxw
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jds lv vwdelol}hg ixuwkhu wkdq iru vwulfw grphvwlf0lq dwlrq wdujhwlqj1 Dv d frqvhtxhqfh/ wkhuh lv

pruh yduldelolw| lq FSL lq dwlrq1 Iru vkrfnv wr iruhljq lq dwlrq dqg wkh iruhljq0h{fkdqjh ulvn

suhplxp +froxpq 7 dqg 8,/ prqhwdu| srolf| pruh ru ohvv fdqfhov wkh h>hfwv rq erwk grphvwlf

lq dwlrq dqg wkh rxwsxw jds1

Frpsduhg wr wkh fdvh ri vwulfw grphvwlf0lq dwlrq wdujhwlqj/ dv zh qrwhg lq wdeoh 5 +urz

5,/ wkh uhdfwlrq ixqfwlrq kdv d orzhu frh!flhqw iru h{shfwhg grphvwlf lq dwlrq/ dqg d kljkhu

frh!flhqw iru wkh rxwsxw jds1 Wkh yduldelolw| ri erwk grphvwlf dqg FSL lq dwlrq lv kljkhu

+wdeoh 6/ urz 5,/ dqg wkh yduldelolw| ri wkh rxwsxw jds lv orzhu1 Wkh yduldelolw| ri erwk wkh uhdo

h{fkdqjh udwh dqg wkh uhdo lqwhuhvw udwh duh kljkhu1

61716 Vwulfw FSL0lq dwlrq wdujhwlqj

Iru d vkrfn wr grphvwlf lq dwlrq +%f @ 4,/ FSL lq dwlrq lv doprvw frpsohwho| lqvxodwhg xqghu

vwulfw FSL0lq dwlrq wdujhwlqj/ hyhq wkrxjk wkh vdph vkrfn +iru d jlyhq uhdo h{fkdqjh udwh, e|

+518, klwv FSL lq dwlrq1 Dv qrwhg deryh/ fi1 +614,/ wkh uhdvrq lv wkdw wkh fhqwudo edqn xvhv wkh

gluhfw uhdo h{fkdqjh0udwh fkdqqho dqg pdnhv uhdo h{fkdqjh0udwh ghsuhfldwlrq fdqfho wkh h>hfw

ri grphvwlf lq dwlrq rq FSL lq dwlrq1 Wklv lv dssduhqw lq urz 9 lq ?jxuh 6161 Dq lqlwldo uhdo

dssuhfldwlrq lv iroorzhg e| ixuwkhu dssuhfldwlrq/ dqg rqo| zkhq grphvwlf lq dwlrq kdv idoohq

ehorz }hur grhv wkh uhdo h{fkdqjh udwh vwduw wr ghsuhfldwh1 Wklv uhtxluhv d udwkhu vrsklvwlfdwhg

pdqdjhphqw ri wkh uhdo lqwhuhvw udwh1 Uhfdoo wkdw iru d }hur iruhljq uhdo lqwhuhvw udwh dqg

iruhljq h{fkdqjh ulvn suhplxp/ wkh uhdo lqwhuhvw udwh lv wkh h{shfwhg uhdo udwh ri ghsuhfldwlrq1

Frqvhtxhqwo|/ wkh uhdo lqwhuhvw udwh +urz 8, pxvw eh sursruwlrqdo wr wkh qhjdwlyh ri grphvwlf

lq dwlrq ohdg e| rqh shulrg +froxpq 5,1 Wkxv/ wkh uhdo lqwhuhvw udwh pxvw eh qhjdwlyh +uhodwlyh

wr lwv frqvwdqw phdq, zkloh grphvwlf lq dwlrq lv srvlwlyh wkh qh{w shulrg/ dqg ylfh yhuvd1 Wklv

uhtxluhv wkh uhdfwlrq ixqfwlrq iru wkh qrplqdo lqwhuhvw udwh glvfxvvhg deryh/ +616,1 Lq sduwlfxodu/

wkh lqlwldo uhvsrqvh wr wkh lq dwlrq vkrfn lv wr uhgxfh wkh qrplqdo lqwhuhvw udwh1

Vlploduo|/ iru d ghpdqg vkrfn/ prqhwdu| srolf| pxvw hqvxuh wkdw wkh uhdo lqwhuhvw udwh lv

sursruwlrqdo wr wkh qhjdwlyh ri h{shfwhg grphvwlf lq dwlrq ohdg e| rqh shulrg1 Wklv uhtxluhv d

qhjdwlyh qrplqdo lqwhuhvw udwh +uhodwlyh wr lwv frqvwdqw phdq, iru wkh ?uvw ?yh shulrgv1

Lw lv dssduhqw iurp ?jxuh 616 dqg wdeoh 6/ urz 6/ wkdw vwulfw FSL0lq dwlrq wdujhwlqj/ dowkrxjk

vxffhvvixo lq vwdelol}lqj FSL lq dwlrq/ hqgv xs fdxvlqj odujh yduldelolw| lq grphvwlf lq dwlrq/ wkh

rxwsxw jds/ dqg/ sduwlfxoduo|/ wkh uhdo h{fkdqjh udwh dqg wkh uhdo lqwhuhvw udwh1
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61717 Ioh{leoh FSL0lq dwlrq wdujhwlqj

Vwulfw FSL0lq dwlrq wdujhwlqj fdxvhv frqvlghudeoh rxwsxw0jds yduldelolw|1 Xqghu  h{leoh FSL0

lq dwlrq wdujhwlqj/ zlwk vrph zhljkw rq rxwsxw0jds vwdelol}dwlrq/ wkdw rxwsxw0jds yduldelolw|

pxvw eh uhgxfhg1 Dv d uhvxow/ FSL lq dwlrq fdq qr orqjhu eh frpsohwho| lqvxodwhg iurp vkrfnv1

Iru d vkrfn wr grphvwlf lq dwlrq +?jxuh 617/ froxpq 4,/ FSL lq dwlrq judgxdoo| uhwxuqv wr lwv

wdujhw lq derxw vhyhq shulrgv1 Wkh qrplqdo lqwhuhvw udwh lv lqfuhdvhg/ wkh uhdo lqwhuhvw udwh lv

lqlwldoo| doprvw xqfkdqjhg dqg wkhq lqfuhdvhv1 Wkh uhdo h{fkdqjh udwh dssuhfldwhv vrphzkdw dqg

wkhq judgxdoo| ghsuhfldwhv wrzdugv lwv vwhdg| vwdwh ydoxh1 Wkh rxwsxw jds frqwudfwv vrphzkdw/

dqg grphvwlf lq dwlrq idoov judgxdoo| wrzdugv wkh wdujhw1

Iru d ghpdqg vkrfn/ rxwsxw uhwxuqv wr wkh vwhdg| vwdwh ohyho lq derxw irxu shulrgv1 H{fhsw

lq wkh lqlwldo shulrg/ wkhuh lv d pruh frqwudfwlrqdu| prqhwdu| srolf| uhvsrqvh/ zlwk wkh qrplqdo

lqwhuhvw udwh ehfrplqj srvlwlyh diwhu shulrg 41 Frpsduhg wr vwulfw FSL0lq dwlrq wdujhwlqj/ wkhuh

lv pxfk ohvv  xfwxdwlrq/ dqg kdugo| dq| f|fohv/ lq qrplqdo dqg uhdo lqwhuhvw udwhv/ wkh uhdo

h{fkdqjh udwh/ dqg rxwsxw1

Lw uhpdlqv wr eh xqghuvwrrg zk| wkh rxwsxw jds frh!flhqw jrhv iurp }hur wr qhjdwlyh/ iurp

vwulfw wr  h{leoh FSL0lq dwlrq wdujhwlqj1 Orrn dw froxpq 5 lq ?jxuh 617/ wkdw lv/ wkh uhvsrqvh wr

d ghpdqg vkrfn1 Lq rughu wr vwdelol}h FSL lq dwlrq/ lw lv qhfhvvdu| wr jhqhudwh dq h{shfwhg uhdo

ghsuhfldwlrq ehwzhhq shulrgv 3 dqg 4/ lq rughu wr frxqwhu wkh srvlwlyh h>hfw rq FSL lq dwlrq

lq shulrg 4 iurp wkh grphvwlf lq dwlrq lq shulrg 4 fdxvhg e| wkh ghpdqg vkrfn1 Wkhuhiruh/

wkh uhdo dqg khqfh wkh qrplqdo lqwhuhvw udwh pxvw eh uhgxfhg lq shulrg 31 Wkh lqfuhdvh lq

h{shfwhg grphvwlf lq dwlrq lv prghudwh/ dqg pxfk vpdoohu wkdq wkh lpsxovh wr wkh rxwsxw jds1

D qhjdwlyh frh!flhqw rq wkh rxwsxw jds lv dq h!flhqw zd| ri dfklhylqj wkh ghvluhg idoo lq wkh

qrplqdo lqwhuhvw udwh/ dowkrxjk wklv dsshduv vrphzkdw frxqwhulqwxlwlyh1

Dv lq wkh rwkhu wdujhwlqj fdvhv/ wkh uhvsrqvh wr d qhjdwlyh surgxfwlylw| vkrfn/ froxpq 6/ lv

uhpdundeo| vlplodu wr wkdw ri d ghpdqg vkrfn/ h{fhsw wkdw wkh uhvsrqvh wr wkh uhdo h{fkdqjh

udwh lv pxfk pruh shuvlvwhqw wkdq iru d ghpdqg vkrfn/ iru wkh vdph uhdvrqv dv qrwhg deryh iru

vwulfw grphvwlf0lq dwlrq wdujhwlqj1

Zlwk uhjdug wr yduldelolw| +wdeoh 6/ urz 7,/ zh vhh wkdw yduldelolw| lv kljkhu iru FSL lq dwlrq/

exw orzhu iru grphvwlf lq dwlrq/ wkh rxwsxw jds/ wkh uhdo h{fkdqjh udwh/ wkh lqvwuxphqw/ dqg

wkh uhdo lqwhuhvw udwh1 Ioh{leoh FSL0lq dwlrq wdujhwlqj doorzv iru d ohvv dfwlylvw prqhwdu| srolf|/

zklfk eulqjv derxw orzhu yduldelolw| lq wkhvh yduldeohv1
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61718 Wd|oru uxohv

Wkh Wd|oru uxoh uhvsrqglqj wr grphvwlf lq dwlrq uhvxowv lq d vprrwk uhwxuq ri grphvwlf lq dwlrq/

wkh rxwsxw jds dqg wkh uhdo h{fkdqjh udwh iru erwk lq dwlrq dqg ghpdqg vkrfnv +?jxuh 618/

froxpqv 4 dqg 5/ urzv 5 dqg 6,1 Wkh uhvsrqvh ri FSL lq dwlrq lv d elw mdjjhg1 FSL lq dwlrq

dqg wkh uhdo h{fkdqjh udwh uhdfw vwurqjo| wr vkrfnv wr wkh iruhljq h{fkdqjh ulvn suhplxp dqg

wr iruhljq lq dwlrq +dv lv wkh fdvh iru grphvwlf0lq dwlrq wdujhwlqj,> wklv lv qrw vxusulvlqj/ vlqfh

wkh Wd|oru uxoh grhv qrw gluhfwo| uhvsrqg wr wkhvh yduldeohv1

Lq wdeoh 6/ urz 8/ zh vhh wkdw wkh yduldelolw| ri grphvwlf lq dwlrq dqg wkh rxwsxw jds lv

prghudwh/ zkhuhdv lw lv odujh iru FSL lq dwlrq dqg wkh uhdo h{fkdqjh udwh1

Wkh Wd|oru uxoh uhvsrqglqj wr FSL lq dwlrq fdxvhv kljk yduldelolw| lq grphvwlf lq dwlrq dqg

wkh rxwsxw jds/ dqg yhu| kljk yduldelolw| lq FSL lq dwlrq dqg wkh uhdo h{fkdqjh udwh +?jxuh 619

dqg wdeoh 6/ urz 9,1 Wklv pljkw looxvwudwh wkh gdqjhu ri uhvsrqglqj wr d fxuuhqw iruzdug0orrnlqj

yduldeoh/ dqg surylghv vxssruw iru wkh zduqlqj lq Zrrgirug ^98`1

618 Frqfoxvlrqv iurp wkh frpsdulvrq ri wdujhwlqj fdvhv

Iurp wklv frpsdulvrq ri wkh gl>huhqw wdujhwlqj fdvhv dqg wkh wzr yhuvlrqv ri wkh Wd|oru uxoh/

lw dsshduv wkdw wkh  h{leoh grphvwlf0lq dwlrq wdujhwlqj vxffhvvixoo| vwdelol}hv erwk grphvwlf

lq dwlrq dqg wkh rxwsxw jds/ dowkrxjk wkh yduldelolw| ri FSL lq dwlrq dqg wkh uhdo h{fkdqjh

udwh lv kljk1 Vwulfw grphvwlf0lq dwlrq wdujhwlqj qdwxudoo| vwdelol}hv grphvwlf lq dwlrq pruh/ exw

lqfuhdvhv wkh yduldelolw| ri wkh rxwsxw jds dqg wkh uhdo h{fkdqjh udwh1

Vwulfw FSL0lq dwlrq wdujhwlqj kljkoljkwv wkh frqvhtxhqfhv ri yljrurxv xvh ri wkh gluhfw h{0

fkdqjh udwh fkdqqho wr vwdelol}h FSL lq dwlrq1 Wklv yljrurxv xvh uhvxowv lq yhu| kljk yduldelolw|

ri wkh uhdo h{fkdqjh udwh/ dqg kljk yduldelolw| ri wkh rwkhu yduldeohv1 Frqfhuq derxw wkh vwdelolw|

ri wkh rwkhu yduldeohv lv reylrxvo| d jrrg uhdvrq qrw wr wu| wr ixo?oo wkh FSL lq dwlrq wdujhw dw

d yhu| vkruw krul}rq1

Lq frqwudvw/  h{leoh FSL0lq dwlrq wdujhwlqj hqgv xs fdxvlqj orz wr prghudwh yduldelolw|

lq doo yduldeohv1 Wkh orz yduldelolw| ri wkh uhdo h{fkdqjh udwh +uhodwlyh wr wkh rwkhu fdvhv,

ghprqvwudwhv wkdw FSL0lq dwlrq wdujhwlqj pd| lqyroyh d frqvlghudeoh dprxqw ri uhdo h{fkdqjh

udwh vwdelol}dwlrq/ dv orqj dv wkh dpelwlrq wr vwdelol}h FSL lq dwlrq lv fkhfnhg e| vrph frqfhuq iru

rxwsxw0jds vwdelol}dwlrq1 Zlwk vrph lpsolflw vrfldo orvv ixqfwlrq wkdw ydoxhv vwdelolw| lq vhyhudo

yduldeohv/  h{leoh FSL0lq dwlrq wdujhwlqj lq dq rshq hfrqrp| pd| eh dq dwwudfwlyh dowhuqdwlyh159

59 Qrwh wkdw/ gxh wr +518,/ wkh whup >SZZ
S2
| lq wkh shulrg orvv ixqfwlrq lv htxdo wr >SZZ

2 n >SZ/
2E^| 3 ^|3�ä2 n
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Wkh Wd|oru uxoh iru grphvwlf lq dwlrq vwdelol}hv wkh yduldeohv ohvv wkdq wkh lq dwlrq0wdujhwlqj

fdvhv/ zlwk wkh h{fhswlrq ri wkh qrplqdo dqg uhdo lqwhuhvw udwh1 Wklv pljkw lqglfdwh wkdw wkh

frh!flhqwv duh uhodwlyho| orz1 Wkh Wd|oru uxoh lv/ ri frxuvh/ qrw h!flhqw/ lq wzr vhqvhv= +4,/ dv

hpskdvl}hg e| Edoo ^6`/ wkh frh!flhqwv duh qrw rswlpdo dprqj wkh fodvv ri uhdfwlrq ixqfwlrqv

uhvsrqglqj rqo| wr fxuuhqw lq dwlrq dqg wkh rxwsxw jds/ dqg +5,/ dv hpskdvl}hg e| Vyhqvvrq

^85` dqg ^86`/ lw glvuhjdugv lqirupdwlrq qrw fdswxuhg e| fxuuhqw lq dwlrq dqg wkh rxwsxw jds1

Iru dq rshq hfrqrp|/ vxfk lqirupdwlrq lv olnho| wr eh txlwh lpsruwdqw1 Lq wklv prgho/ wklv lv

lqglfdwhg e| wkh lpsxovh uhvsrqvhv wr vkrfnv wr iruhljq lq dwlrq dqg wkh iruhljq h{fkdqjh ulvn

suhplxp1 Rq wkh rwkhu kdqg/ wkh Wd|oru uxoh iru grphvwlf lq dwlrq grhv qrw fuhdwh sduwlfxoduo|

kljk yduldelolw| lq dq| yduldeoh h{fhsw wkh uhdo h{fkdqjh udwh1 Khqfh/ lw dsshduv vrphzkdw

urexvw> shukdsv vxusulvlqjo| urexvw1

Lq frqwudvw/ wkh Wd|oru uxoh iru FSL lq dwlrq fuhdwhv pxfk pruh yduldelolw| wkdq wkh rwkhu

fdvhv1 L eholhyh wklv lv gxh wr wkh idfw wkdw wklv Wd|oru uxoh lq wklv sduwlfxodu prgho hqgv xs

uhvsrqglqj wr d fxuuhqw iruzdug0orrnlqj yduldeoh1 Lw iroorzv iurp wkh dqdo|vlv lq Zrrgirug ^98`

dqg Ehuqdqnh dqg Zrrgirug ^9`/ wkdw uhdfwlrq ixqfwlrqv uhvsrqglqj wr fxuuhqw iruzdug0orrnlqj

yduldeohv duh sureohpdwlf dqg L eholhyh wkh uhvxow iru wklv Wd|oru uxoh lv frqvlvwhqw zlwk wkrvh

uhvxowv1

7 Wkh uroh ri PFLv

Vr fdoohg prqhwdu| frqglwlrqv lqglfhv/ PFLv/ kdyh ehhq glvfxvvhg lq wkh olwhudwxuh dqg duh

dovr xvhg lq sudfwlfh1 Dq PFL lv vxssrvhg wr phdvxuh wkh lpsdfw ri prqhwdu| srolf| lq vrph

vhqvh1 Vwdqgdug PFLv duh olqhdu frpelqdwlrqv ri d vkruw uhdo lqwhuhvw udwh dqg wkh qhjdwlyh uhdo

h{fkdqjh udwh/ xvxdoo| zlwk zhljkwv ehwzhhq 4=5 dqg 4=615:

Wkh suhvhqw prgho lv vhw xs vxfk wkdw wkhuh lv d srwhqwldo PFL/ L�ç| / zlwk uhvshfw wr wkh

h>hfw rq djjuhjdwh ghpdqg/ qdpho|

L�ç| ì ã|n��| ý
ñ^
ñ4
t|n��|= +714,

Wkhq djjuhjdwh ghpdqg e| +D17, reh|v

|_|n��| @ ñ+|
_
| ý ñ4L�ç| . ñW+|

W
|n��|>

2>SZZ|E^| 3 ^|3�äé
5: Hulfvvrq dqg Nhuehvkldq ^4:` suhvhqw d eleolrjudsk| rq PFLv1

57



dqg rqh pljkw eh whpswhg wr vd| wkdw L�ç| 3vxppdul}hv wkh lpsdfw ri prqhwdu| srolf| rq

+qh{w0shulrg, djjuhjdwh ghpdqg/4 |_|n��|=

E| +51;,/ zh fdq zulwh wklv lqgh{

L�ç| @
"[
ô'�

u|nô �| ý
ñ^
ñ4
t|n��|=

Khqfh/ lw frpelqhv dffxpxodwhg ixwxuh h{shfwhg ghyldwlrqv +iurp lwv phdq, ri wkh vkruw uhdo

lqwhuhvw udwh +vwduwlqj rqh shulrg dkhdg, zlwk wkh h{shfwhg ghyldwlrq +iurp lwv phdq, ri wkh

qh{w0shulrg uhdo h{fkdqjh udwh1 Dowhuqdwlyho|/ lq ylhz ri +5143,/ wkh PFL fdq eh h{suhvvhg dv

L�ç| ä WuA|n��| ý
ñ^
ñ4
t|n��|>

zkhuh uA| lv d uhdo lqwhuhvw udwh zlwk d orqj pdwxulw| W 1 Wkxv/ wkh PFL frpelqhv wkh h{shfwhg

qh{w0shulrg orqj uhdo udwh zlwk wkh h{shfwhg qh{w0shulrg uhdo h{fkdqjh udwh1 Reylrxvo|/ wklv

PFL lv udwkhu gl>huhqw iurp wkh xvxdo PFL zklfk lv d frpelqdwlrq ri wkh fxuuhqw vkruw uhdo

lqwhuhvw udwh dqg wkh fxuuhqw uhdo h{fkdqjh udwh1 Lq sduwlfxodu/ lw lv qrw gluhfwo| revhuydeoh dqg

yhul?deoh wr h{whuqdo revhuyhuv1

Dovr/ dv dq| PFL/ wklv PFL lv d>hfwhg e| rwkhu wklqjv wkdq prqhwdu| srolf|1 D pruh suhflvh

vwdwhphqw wkdq 3L�ç| vxppdul}hv wkh lpsdfw ri prqhwdu| srolf| rq +qh{w0shulrg, djjuhjdwh gh0

pdqg4 zrxog eh 3fkdqjhv lq L�ç| fdxvhg e| prqhwdu| srolf| vxppdul}h wkh lpsdfw ri prqhwdu|

srolf| rq +qh{w0shulrg, djjuhjdwh ghpdqg14

Lq dq| fdvh/ wklv lqgh{ lv/ dw prvw/ rqo| uhohydqw dv d phdvxuh ri wkh prqhwdu| srolf| lpsdfw

rq djjuhjdwh ghpdqg/ qrw rq FSL lq dwlrq ru grphvwlf lq dwlrq1 Prqhwdu| srolf| d>hfwv FSL

lq dwlrq dqg grphvwlf lq dwlrq yld vhyhudo fkdqqhov dqg zlwk gl>huhqw odjv/ zklfk fdqqrw eh

fdswxuhg e| d vlqjoh lqgh{1 Wklv lv wkh fdvh lq wkh suhvhqw prgho/ dqg e| doo olnholkrrg hyhq

pruh lq wkh uhdo zruog1

D vhsdudwh lvvxh lv zkhwkhu lw lv ihdvleoh iru d fhqwudo edqn wr kdyh dq PFL dv dq rshudwlqj

wdujhw/ phdqlqj wkdw wkh fhqwudo edqn dgmxvwv lwv lqvwuxphqw vr dv wr nhhs dq PFL rq d sduwlfxodu

sdwk wkdw lv frqvlvwhqw zlwk plqlpl}lqj lwv orvv ixqfwlrq1 Zlwklq wkh frqwh{w ri wklv prgho/ lw lv

ghprqvwudwhg lq dsshqgl{ I wkdw lw lv srvvleoh wr frqvlghu dq duelwudu| PFL/ vd| ri wkh irup

L�ç| @ u| ý dt|>

iru vrph frqvwdqw d A 3/ dv dq rshudwlqj wdujhw/ ru irupdoo| dv d frqwuro yduldeoh/ dqg wkdw wkh

rxwfrph lv wkh vdph dv li wkh vkruw qrplqdo lqwhuhvw udwh lv wkh frqwuro yduldeoh1 Dowkrxjk wkh
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rxwfrph lv wkh vdph/ wkhuh lv/ zlwklq wkh suhvhqw prgho/ qr dgydqwdjh wr/ qru dq| uhdvrq iru/

xvlqj dq PFL dv dq rshudwlqj wdujhw1

8 Frqfoxvlrqv

L kdyh suhvhqwhg d uhodwlyho| vlpsoh prgho ri d vpdoo rshq hfrqrp|/ zlwk vrph plfurirxqgdwlrqv/

dqg zlwk vw|ol}hg/ uhdvrqdeo| uhdolvwlf uhodwlyh odjv iru wkh gl>huhqw fkdqqhov iru wkh wudqvplvvlrq

ri prqhwdu| srolf|= Wkh gluhfw h{fkdqjh udwh fkdqqho wr wkh FSL kdv wkh vkruwhvw odj +iru

vlpsolflw| vhw wr d }hur odj,/ wkh djjuhjdwh ghpdqg fkdqqho*v h>hfw rq wkh rxwsxw jds kdv dq

lqwhuphgldwh odj +vhw wr rqh shulrg,/ dqg wkh djjuhjdwh ghpdqg dqg h{shfwdwlrqv fkdqqhov rq

grphvwlf lq dwlrq kdyh wkh orqjhvw odj +vhw wr wzr shulrgv,1

Zlwklq wklv prgho/ L kdyh h{dplqhg wkh surshuwlhv ri vwulfw yv1  h{leoh lq dwlrq wdujhwlqj/

dqg grphvwlf yv1 FSL0lq dwlrq wdujhwlqj/ hvshfldoo| uhodwlqj wkhp wr wkh surshuwlhv ri wkh Wd|0

oru uxoh1 Wklv h{dplqdwlrq vkrzv wkdw  h{leoh lq dwlrq wdujhwlqj/ h>hfwlyho| frpsduhg wr vwulfw

lq dwlrq wdujhwlqj/ lqgxfhv ohvv yduldelolw| lq yduldeohv rwkhu wkdq lq dwlrq/ e| h>hfwlyho| wdu0

jhwlqj lq dwlrq dw d orqjhu krul}rq1 Hvshfldoo|/ vwulfw FSL0lq dwlrq wdujhwlqj lqyroyhv xvlqj wkh

gluhfw h{fkdqjh udwh fkdqqho wr vwdelol}h FSL lq dwlrq dw d vkruw krul}rq/ zklfk lqgxfhv frqvlg0

hudeoh uhdo h{fkdqjh udwh yduldelolw|1 Lq frqwudvw/  h{leoh FSL0lq dwlrq wdujhwlqj/ frpsduhg wr

erwk vwulfw FSL0lq dwlrq wdujhwlqj dqg  h{leoh grphvwlf0lq dwlrq wdujhwlqj/ uhvxowv lq frqvlghu0

deoh vwdelol}dwlrq ri wkh uhdo h{fkdqjh udwh1 Lq d vlwxdwlrq zlwk zhljkw rq vwdelol}dwlrq ri erwk

lq dwlrq dqg uhdo yduldeohv/ FSL0lq dwlrq wdujhwlqj dsshduv dv dq dwwudfwlyh dowhuqdwlyh1

Wkh lpsolflw uhdfwlrq ixqfwlrqv dulvlqj xqghu grphvwlf0lq dwlrq dqg FSL0lq dwlrq wdujhwlqj

gl>hu iurp wkh Wd|oru uxoh1 FSL0lq dwlrq wdujhwlqj ghyldwhv frqvslfxrxvo| iurp wkh Wd|oru uxoh/

gxh wr lwv lpsolflw frqfhuq derxw uhdo h{fkdqjh udwh ghsuhfldwlrq1 Vxfk frqfhuq pdnhv wkh

uhvsrqvh wr iruhljq glvwxuedqfhv dqg yduldeohv lpsruwdqw/ zkhuhdv wkh Wd|oru uxoh h{foxghv dq|

gluhfw uhvsrqvh wr wkhvh1 Douhdg| lq d forvhg hfrqrp|/ wkh Wd|oru uxoh xvhv rqo| sduw ri wkh

lqirupdwlrq dydlodeoh> lq dq rshq hfrqrp| lw xvhv dq hyhq d vpdoohu sduw1

Wkh prgho xvhg glvwlqjxlvkhv ehwzhhq ghpdqg dqg vxsso| vkrfnv1 Wkhuh duh wzr nlqgv ri

vxsso| vkrfnv= frvw0sxvk vkrfnv dqg surgxfwlylw| vkrfnv1 Wkh uhvsrqvh wr d srvlwlyh ghpdqg

vkrfn dqg d qhjdwlyh surgxfwlylw| vkrfn duh yhu| vlplodu +h{fhsw wkdw wkh uhvsrqvh ri wkh uhdo

h{fkdqjh udwh lv pruh shuvlvwhqw iru wkh odwwhu,1 Wklv vlplodulw| pd| dsshdu vxusulvlqj/ jlyhq

wkh frqyhqwlrqdo zlvgrp wkdw vxsso| vkrfnv fdxvh d frq lfw ehwzhhq lq dwlrq dqg rxwsxw vwd0

elol}dwlrq1 Wkhuh duh vhyhudo uhdvrqv iru wkh vlplodulw|1 Iluvw/ erwk vkrfnv lqfuhdvh wkh rxwsxw
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jds/ dqg wkh rxwsxw jds lv wkh pdmru ghwhuplqdqw ri grphvwlf lq dwlrq1 Vhfrqg/ wkh fhqwudo

edqn xqghu  h{leoh lq dwlrq wdujhwlqj/ dv vshfl?hg lq wkh orvv ixqfwlrq L kdyh xvhg/ zdqwv wr

vwdelol}h wkh yduldelolw| ri wkh rxwsxw jds/ udwkhu wkdq ri rxwsxw lwvhoi1 Iru d surgxfwlylw| vkrfn/

wkhuh lv olwwoh frq lfw ehwzhhq vwdelol}lqj wkh rxwsxw jds dqg vwdelol}lqj rxwsxw1 Iru d vxsso|

vkrfn/ wkhuh lv d frqvlghudeoh frq lfw ehwzhhq rxwsxw0jds vwdelol}dwlrq dqg rxwsxw vwdelol}d0

wlrq1 Wkhq wkhuh lv olwwoh frq lfw ehwzhhq lq dwlrq vwdelol}dwlrq dqg rxwsxw0jds vwdelol}dwlrq/

exw frqvlghudeoh frq lfw ehwzhhq lq dwlrq vwdelol}dwlrq dqg rxwsxw vwdelol}dwlrq1 Wkxv/ vlqfh

rxwsxw0jds vwdelol}dwlrq udwkhu wkdq rxwsxw vwdelol}dwlrq lv rqh ri wkh jrdov/ wkhuh lv olwwoh gli0

ihuhqfh ehwzhhq srvlwlyh ghpdqg dqg qhjdwlyh surgxfwlylw| vkrfnv/ h{fhsw wkdw wkh shuvlvwhqfh

ri wkh vkrfnv pd| eh txlwh gl>huhqw1 Lqvwhdg/ wkh frq lfw ehwzhhq lq dwlrq vwdelol}dwlrq dqg

rxwsxw0jds vwdelol}dwlrq dulvhv iru frvw0sxvk vxsso| vkrfnv/ udwkhu wkdq iru surgxfwlylw| vxsso|

vkrfnv15;

Wkhuh duh vrph reylrxv olplwdwlrqv wr wkh dqdo|vlv wkdw pd| lqglfdwh vxlwdeoh gluhfwlrqv

iru ixwxuh zrun1 Iluvw/ dv hpskdvl}hg deryh/ wkhuh lv qr fdoleudwlrq dqg2ru hvwlpdwlrq ri wkh

sdudphwhuv lq wkh fxuuhqw yhuvlrq> wkh rqo| fulwhulrq dssolhg lv wkdw wkh| pxvw qrw eh d sulrul

xquhdvrqdeoh1 Dv d frqvhtxhqfh/ wkh qxphulfdo uhvxowv duh rqo| lqglfdwlyh1 Vhfrqg/ dowkrxjk

vrph plfurirxqgdwlrqv duh surylghg iru wkh djjuhjdwh vxsso| dqg ghpdqg ixqfwlrqv/ wkhuh lv

vrph duelwudulqhvv lq wkh dvvxpswlrqv ri sduwldo dgmxvwphqw dqg wkh dgglwlrq ri glvwxuedqfh

whupv1 Dw wkh frvw ri lqwurgxflqj dgglwlrqdo iruzdug0orrnlqj yduldeohv/ lw lv uhodwlyho| vwudljkw0

iruzdug wr lpsohphqw wkh lghdv ri sro|qrpldo frvwv ri dgmxvwphqw ri Shvdudq ^76` dqg Wlqvoh|

^95`1 Dovr/ rqo| vwlfn| sulfhv kdyh ehhq h{solflwo| prghoohg> zlwk vwlfn| zdjhv/ dv qrwhg e|/ iru

lqvwdqfh/ Dqghuvhq ^4` dqg Qhovrq ^6<`/ wkh g|qdplfv fdq eh txlwh gl>huhqw1 Wklug/ wkh prgho lv

olqhdu zlwk d txdgudwlf orvv ixqfwlrq1 Qrqqhjdwlyh qrplqdo lqwhuhvw udwhv lv rqh vrxufh ri qrq0

olqhdulw|/ qrqolqhdu Skloolsv fxuyhv lv dqrwkhu1 Krzhyhu/ dq| qrqolqhdulw| zrxog suhyhqw wkh xvh

ri wkh frqyhqlhqw dqg srzhuixo dojrulwkp iru wkh rswlpdo olqhdu uhjxodwru zlwk iruzdug0orrnlqj

yduldeohv15< Irxuwk/ wkh sduwlfxodu uhodwlyh odj vwuxfwxuh L kdyh xvhg kdv ehhq lpsrvhg rq wkh

prgho> wkhuh duh reylrxv dowhuqdwlyhv wkdw pd| eh zruwk sxuvxlqj1 Iru lqvwdqfh/ wkh dvvxpswlrq

5; Fodulgd/ Jdol dqg Jhuwohu ^46` qrwh wkdw d frq lfw ehwzhhq lq dwlrq vwdelol}dwlrq dqg rxwsxw0jds vwdelol}dwlrq
rqo| dulvhv iru frvw0sxvk vkrfnv exw qrw iru ghpdqg vkrfnv ru surgxfwlylw| vkrfnv1 Lq wkhlu iudphzrun/ wkh
prqhwdu| srolf| uhvsrqvh wr ghpdqg dqg vxsso| vkrfnv lv gl>huhqw= wkh iruphu duh fdqfhoohg/ dqg wkh odwwhu duh
shuihfwo| dffrpprgdwhg1 Wkh uhdvrq iru wklv gl>huhqfh iurp wkh suhvhqw prgho lv wkdw wkh| kdyh qr odj lq wkh h>hfw
ri prqhwdu| srolf|/ qr lqhuwld lq djjuhjdwh ghpdqg/ dqg d udqgrp zdon lq wkh qdwxudo rxwsxw ohyho1 Zlwkrxw d odj
lq wkh h>hfw ri prqhwdu| srolf|/ prqhwdu| srolf| fdq vwdelol}h erwk lq dwlrq dqg wkh rxwsxw0jds e| frpsohwho|
fdqfhoolqj dq| ghpdqg vkrfn1 D shupdqhqw vkrfn wr wkh qdwxudo rxwsxw ohyho ohdgv/ yld wkh shupdqhqw0lqfrph
k|srwkhvlv/ wr dq htxdo shupdqhqw fkdqjh lq djjuhjdwh ghpdqg/ zlwk qr h>hfw rq wkh rxwsxw jds dqg lq dwlrq/
dqg qr qhhg iru d prqhwdu| srolf| uhvsrqvh1

5< Vhh Idlu dqg Krzuh| ^4;` iru vlpxodwlrqv rq rswlpdo prqhwdu| srolf| wkdw wdnh qrqqhjdwlylw| ri qrplqdo
lqwhuhvw udwhv lqwr dffrxqw e| dgglqj qrq0txdgudwlf sxqlvkphqw whupv lq wkh orvv ixqfwlrq1

5:



ri qr odj lq wkh sdvv0wkurxjk ri h{fkdqjh udwh ghsuhfldwlrq wr wkh FSL lv fhuwdlqo| dq h{wuhph

dvvxpswlrq> dq dowhuqdwlyh lv wr dvvxph wkdw wkh gluhfw h{fkdqjh udwh fkdqqho kdv d rqh shulrg

odj/ vxfk wkdw lpsruw sulfhv duh suhghwhuplqhg rqh shulrg +vhh irrwqrwh 68,1 Dqrwkhu dowhuqd0

wlyh/ dw wkh frvw ri lqfuhdvhg frpsoh{lw|/ lv wr kdyh wkh odjv 4/ 5 dqg 6 iru wkh gluhfw h{fkdqjh

udwh fkdqqho wr wkh FSL/ wkh djjuhjdwh ghpdqg fkdqqho wr rxwsxw/ dqg wkh djjuhjdwh ghpdqg

dqg h{shfwdwlrqv fkdqqhov wr grphvwlf lq dwlrq/ uhvshfwlyho|1 D wklug dowhuqdwlyh lv wr lpsrvh

vrph sduwldo dgmxvwphqw ri lpsruw sulfhv1 Wkh wkhruhwlfdoo| prvw vdwlvidfwru| dowhuqdwlyh zrxog

eh wr kdyh d vhsdudwh djjuhjdwh vxsso| uhodwlrq iru lpsruwhg jrrgv/ uhdol}lqj wkdw lpsruwhuv

idfh d sulflqj ghflvlrq wkdw lv/ lq sulqflsoh/ vlplodu wr wkdw ri grphvwlf surgxfhuv1 Iliwk/ wkh

glvwxuedqfhv dqg wkh vwdwh yduldeohv duh dvvxphg wr eh revhuydeoh wr erwk wkh fhqwudo edqn dqg

wkh sulydwh vhfwru1 Lq wkh uhdo zruog/ glvwxuedqfhv dqg wkh vwdwh yduldeohv duh qrw gluhfwo| re0

vhuydeoh/ dqg wkh sulydwh vhfwru dqg wkh fhqwudo edqn kdyh wr vroyh frpsolfdwhg vljqdo0h{wudfwlrq

sureohpv1 Vrph ri wkh lpsolfdwlrqv iru lq dwlrq wdujhwlqj ri lpshuihfwo| revhuyhg vwdwhv dqg

glvwxuedqfhv duh h{dplqhg lq Vyhqvvrq dqg Zrrgirug ^8:`1 Vl{wk/ wkhuh lv qr xqfhuwdlqw| lq

wkh prgho derxw wkh fhqwudo edqn*v orvv ixqfwlrq dqg wkh lq dwlrq wdujhw lv shuihfwo| fuhgleoh1

Vrph qhz uhvxowv rq wkh frqvhtxhqfhv ri lpshuihfw fuhglelolw| dqg ohvv wkdq ixoo wudqvsduhqf| ri

prqhwdu| srolf| duh surylghg e| Idxvw dqg Vyhqvvrq ^4<`1 Vhyhqwk/ dowkrxjk lw zrxog eh yhu|

ghvludeoh wr whvw wkh prgho*v suhglfwlrqv hpslulfdoo|/ wkh vkruw shulrgv ri lq dwlrq wdujhwlqj lq

wkh uhohydqw frxqwulhv suredeo| lpso| wkdw vhyhudo dgglwlrqdo |hduv ri gdwd duh qhfhvvdu| iru dq|

vhulrxv hpslulfdo whvwlqj1

Ilqdoo|/ lq dwlrq wdujhwlqj kdv ehhq prghoohg dv wkh plqlpl}dwlrq ri d orvv ixqfwlrq ryhu

lq dwlrq ghyldwlrqv iurp wkh wdujhw dqg rxwsxw ghyldwlrqv iurp wkh qdwxudo udwh1 Wkhuh lv

frqvlghudeoh djuhhphqw lq wkh olwhudwxuh wkdw lq dwlrq wdujhwlqj lqyroyhv vxfk d orvv ixqfwlrq1

Ixuwkhupruh/ wkh h{solflw lq dwlrq wdujhw dqg wkh kljk ghjuhh ri wudqvsduhqf| dqg dffrxqwdelolw|

hqvxuh/ ehwwhu wkdq iru dq| rwkhu prqhwdu| srolf| uhjlph/ wkdw prqhwdu| srolf| lv v|vwhpdwlf/

udwlrqdo dqg jrdo0gluhfwhg/ dqg wkhuhiruh fdq eh zhoo ghvfulehg dv rswlpl}lqj1 Lqghhg/ wkh

h{solflw lq dwlrq wdujhw dqg wkh kljk ghjuhh ri wudqvsduhqf| fdq eh lqwhusuhwhg dv d frpplwphqw

phfkdqlvp/ wkurxjk zklfk wkh fhqwudo edqn frpplwv lwvhoi wr plqlpl}lqj d orvv ixqfwlrq/ vlqfh

ghyldwlrqv iurp rswlpl}lqj ehkdylru fdq pruh hdvlo| eh vsrwwhg e| fhqwudo0edqn zdwfkhuv163

63 Zkhq uhsuhvhqwlqj lq dwlrq wdujhwlqj dv wkh plqlpl}dwlrq ri d txdgudwlf orvv ixqfwlrq ryhu lq dwlrq dqg wkh
rxwsxw jds/ L kdyh vrphwlphv hqfrxqwhuhg wkh remhfwlrq wkdw wkhq lq dwlrq wdujhwlqj lv 3qr gl>huhqw iurp rwkhu
prqhwdu| srolf|14 L eholhyh wkh dssursuldwh uhvsrqvh wr wkdw remhfwlrq lv wkdw 3rwkhu4 prqhwdu| srolf| qhhg qrw eh
zhoo0uhsuhvhqwhg e| wkh plqlpl}dwlrq ri d jlyhq orvv ixqfwlrq/ suhflvho| ehfdxvh lw grhv qrw qrupdoo| lqfoxgh dq|
phfkdqlvpv wkdw suhyhqw srolf| iurp ehlqj xqv|vwhpdwlf dqg vkliwlqj/ iru lqvwdqfh gxh wr vkliwlqj ru lqfrqvlvwhqw
suhihuhqfhv ri wkh fhqwudo edqn1 Iru lqvwdqfh/ zkr nqrzv zkdw gl>huhqw orvv ixqfwlrqv gl>huhqw IRPF phpehuv
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Wkh rshudwlqj surfhgxuh ri dq lq dwlrq0wdujhwlqj fhqwudo edqn/ lq dwlrq0iruhfdvw wdujhwlqj/

glvfxvvhg iru lqvwdqfh lq Iuhhgpdq ^55`/ Kdogdqh ^59`/ Pd|hv dqg Ulfkhv ^66` dqg Vyhqvvrq ^85`/

vhuyhv wr hqvxuh vxfk rswlpl}lqj ehkdylru1 Wkh uhvxow ri vxfk ehkdylru fdq eh dssur{lpdwhg e|

dq rswlpdo uhdfwlrq ixqfwlrq ri wkh irup +5158,1 Krzhyhu/ wklv grhv qrw phdq wkdw wkh edqn

dfwxdoo| iroorzv d suhvfulehg h{solflw lqvwuxphqw uxoh wkdw whoov wkh edqn krz wr uhvsrqg wr

fxuuhqw lqirupdwlrq derxw wkh hfrqrp|1 Lqvwhdg/ wkh edqn*v vwd> surgxfhv dowhuqdwlyh iruhfdvwv

ri lq dwlrq dqg rwkhu uhohydqw yduldeohv/ frqglwlrqdo xsrq gl>huhqw lqvwuxphqw sdwkv dqg wkh

fxuuhqw lqirupdwlrq derxw wkh hfrqrp|1 Wkh edqn*v jryhuqru/ prqhwdu| srolf| frpplwwhh/ ru

jryhuqlqj erdug wkhq vhohfwv wkh sduwlfxodu lqvwuxphqw sdwk dqg fruuhvsrqglqj iruhfdvwv ri wkh

uhohydqw jrdo yduldeohv wkdw lv frqvlghuhg wr ehvw ixo?oo wkh edqn*v remhfwlyhv1 Li wklv vhohfwlrq

lv udwlrqdo/ wkh uhvxow lv dv li wkh edqn lv plqlpl}lqj d orvv ixqfwlrq vxemhfw wr lwv prgho dqg

lqirupdwlrq derxw wkh hfrqrp|1 Vlploduo|/ wkh vhohfwlrq fdq eh ghvfulehg dv wkh vroxwlrq ri wkh

?uvw0rughu frqglwlrqv ri wkh rswlpl}dwlrq sureohp1 Wkhvh ?uvw0rughu frqglwlrqv duh d v|vwhp ri

htxdwlrqv iru wkh frqglwlrqdo iruhfdvwv ri wkh jrdo yduldeohv/ dqg fdq eh vhhq dv d jhqhudol}hg

3lqwhuphgldwh0wdujhwlqj uxoh4 +fi1 Uxghexvfk dqg Vyhqvvrq ^7;`,1

Wkxv/ wkh rshudwlqj surfhgxuh xqghu lq dwlrq wdujhwlqj fdq eh vhhq dv wkh lpsohphqwdwlrq ri

dq lqwhuphgldwh0wdujhwlqj uxoh lqyroylqj frqglwlrqdo iruhfdvwv ri wkh jrdo yduldeohv1 Wkh dqdo|wl0

fdo ghwdlov ri wklv lpsohphqwdwlrq duh glvfxvvhg lq d vlpsoh edfnzdug0orrnlqj prgho lq Vyhqvvrq

^85` dqg ^86` dqg +lq juhdwhu ghwdlo/ zlwk dq hpslulfdo prgho ri wkh X1V1 hfrqrp|/ lqfoxglqj

vlpsoh dssur{lpdwlrqv wr wkh rswlpdo wdujhwlqj uxoh dqg frpsdulvrqv zlwk ydulrxv h{solflw lq0

vwuxphqw uxohv, lq Uxghexvfk dqg Vyhqvvrq ^7;`1 Wkh frqvwuxfwlrq ri frqglwlrqdo iruhfdvwv lv

uhodwlyho| vwudljkwiruzdug lq d edfnzdug0orrnlqj prgho/ exw lw suhvhqwv vrph qhz sureohpv lq d

iruzdug0orrnlqj prgho/ iru lqvwdqfh/ wkh suhvhqw prgho1 Ixuwkhupruh/ prqhwdu| srolf| fdqqrw/

vr idu/ uho| rq prghov dorqh> wkhuh pxvw dozd|v eh urrp iru mxgjhphqwdo dgmxvwphqwv dqg wkh

xvh ri h{wudqhrxv lqirupdwlrq1 Wkh frpelqdwlrq ri h{wudqhrxv lqirupdwlrq zlwk d irupdo prgho/

dqg frqvlvwhqw mxgjhphqwdo dgmxvwphqwv wr wkh prgho/ suhvhqwv dqrwkhu yhu| uhohydqw sureohp

iru sudfwlfdo prqhwdu| srolf|1 Wkhvh dqg uhodwhg sureohpv duh ixuwkhu glvfxvvhg lq Vyhqvvrq

^89`1

dqg fkdluphq pd| kdyh/ dqg krz wkrvh remhfwlyhv duh djjuhjdwhg dw IRPF phhwlqjvB Wkh glvfxvvlrq derxw wkh
vr fdoohg rssruwxqlvwlf dssurdfk wr glvlq dwlrq/ fi1 Ruskdqlghv dqg Zlofr{ ^73` dqg Uxghexvfk ^7:`/ lv dujxdeo|
hylghqfh ri wkh xqfhuwdlqw| derxw IRPF remhfwlyhv1
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D Wkh djjuhjdwh ghpdqg htxdwlrq

Frqvlghu d uhsuhvhqwdwlyh grphvwlf frqvxphu zlwk dq dgglwlyho| vhsdudeoh FHV xwlolw| ixqfwlrq
ri djjuhjdwh uhdo frqvxpswlrq zlwk lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq â164 Lqwhuwhpsrudo
rswlpl}dwlrq zloo lpso| wkh ?uvw0rughu frqglwlrq

f| @ f|n��| ý â+l| ý äS|n��|,> +D14,

zkhuh f| ghqrwhv +orj, djjuhjdwh uhdo grphvwlf frqvxpswlrq +srvvleo| d ghyldwlrq iurp d frqvwdqw
wuhqg,/ dqg l|ýäS|n��| lv wkh uhdo FSL lqwhuhvw udwh*v ghyldwlrq iurp d orqj0uxq phdq uhdo lqwhuhvw

udwh +zklfk htxdov wkh udwh ri wlph suhihuhqfh zkhq wkhuh lv qr wuhqg lq frqvxpswlrq,165

Ohw djjuhjdwh frqvxpswlrq eh d FHV ixqfwlrq ri frqvxpswlrq ri grphvwlf jrrgv dqg iru0
hljq jrrgv/ zlwk dq hodvwlflw| ri vxevwlwxwlrq ë1 Wkhq +orj, grphvwlf ghpdqg iru grphvwlfdoo|
surgxfhg jrrgv/ fû| > lv jlyhq e|

fû| @ f| ý ë+s| ý sS|,
@ f| . ë$t|= +D15,

Vxevwlwxwlrq ri +D15, dqg +518, lqwr wkh ?uvw0rughu frqglwlrq +D14, uhvxowv lq

fû| @ fû|n��| ý ë$+t|n��| ý t|,ý â+l| ý ä|n��|, . â$+t|n��| ý t|,
@ fû|n��| ý â+l| ý ä|n��|, . +â ý ë,$+t|n��| ý t|,=

Ohw xv dvvxph wkdw wkhuh lv d vwhdg| vwdwh iru fû| 1
66 Wkhq olpô<" fû|nô �| @ 31 Ohw xv dovr

dvvxph wkdw wkh lq?qlwh vxpv ehorz frqyhujh1 Lw iroorzv wkdw
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Dvvxph olpô<" t|nô �| @ 3> wkhq
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64 Vhh dsshqgl{ F iru ghwdlov rq wkh xwlolw| ixqfwlrq1
65 Vhh Nhuu dqg Nlqj ^5;`/ PfFdooxp dqg Qhovrq ^69`/ Zrrgirug ^99` dqg Urwhpehuj dqg Zrrgirug ^79` iru

vlplodu ghulydwlrqv ri djjuhjdwh ghpdqg iru rqh0jrrg forvhg hfrqrplhv1
66 Wklv dvvxpswlrq suhvxphv wkdw qhw iruhljq dvvhwv duh vwdwlrqdu|1 Wkxv L dyrlg wkh zhoo0nqrzq sureohp wkdw d

vpdoo rshq hfrqrp| zlwk lq?qlwho|0olyhg frqvxphuv wkdw fdq eruurz dw dq h{rjhqrxv zruog lqwhuhvw udwh qrupdoo|
kdv qrqvwdwlrqdu| qhw iruhljq dvvhwv +dqg frqvxpswlrq,1 Vxfk qrqvwdwlrqdulw| jhqhudoo| ylrodwhv wkh dvvxpswlrq
ri dq h{rjhqrxv zruog lqwhuhvw udwh/ vlqfh wkh hfrqrp| pd| ehfrph duelwudu| odujh1 Ryhuodsslqj jhqhudwlrqv/ dv
lq wkh Eodqfkdug0\ddul prgho/ ^;`/ uhvwruhv vwdwlrqdulw|1
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Ohw wkh +orj, iruhljq ghpdqg iru krph jrrgv/ fWû| > eh

fWû| @ fW| . ë
W$Wt|

@ çñ
W
+|
W
| . ë

W$Wt|>

zkhuh fW| lv +orj, iruhljq uhdo frqvxpswlrq/ ëW dqg $W duh wkh iruhljq dwhpsrudo hodvwlflw| ri
vxevwlwxwlrq dqg wkh vkduh ri grphvwlfdoo| surgxfhg jrrgv lq iruhljq frqvxpswlrq/ uhvshfwlyho|/
çñ
W
+ lv wkh lqfrph hodvwlflw| ri iruhljq uhdo frqvxpswlrq/ dqg |W| lv +orj, iruhljq rxwsxw1 Ohw |_|

ghqrwh wkh +wrwdo orj, djjuhjdwh ghpdqg iru grphvwlfdoo| surgxfhg jrrgv/ dqg ohw é eh wkh vkduh
ri grphvwlf djjuhjdwh ghpdqg lq wkh wrwdo djjuhjdwh ghpdqg1 Wkhq zh kdyh

|_| @ éfû| . +4ý é,fWû|
@ ý éâã| ý é+â ý ë,$t| . +4ý é,çñW+|W| . +4ý é,ëW$Wt|
@ ý �ñ4ã| . �ñ

W
+|
Wé
| .

�ñ^t|>

zkhuh

�ñ4 ì éâ

�ñ
W
+ ì +4ý é,çñW+
�ñ^ ì +4ý é,ëW$W ý é+â ý ë,$=

Qrz dvvxph wkdw uhdo frqvxpswlrq dqg djjuhjdwh ghpdqg duh suhghwhuplqhg rqh shulrg1 Li
wkh ghulydwlrq deryh lv uhshdwhg xqghu wklv dvvxpswlrq/ zh jhw

|_|n��| @ ý �ñ4ã|n��| . �ñ
W
+|
W
|n��� . �ñ^t|n��|= +D16,

Qh{w/ ohw xv dvvxph wkdw/ gxh wr frvwv ri dgmxvwphqw/ kdelw irupdwlrq/ ru vrph rwkhu phfk0
dqlvp/ djjuhjdwh ghpdqg dqg rxwsxw dgmxvw rqo| sduwldoo|/ vxfk wkdw djjuhjdwh ghpdqg/ |_|n�/
lv d frqyh{ frpelqdwlrq ri odjjhg djjuhjdwh ghpdqg/ |_| / dqg wkh uljkw vlgh ri +D16,/

|_|n� @ ñ+|
_
| . +4ý ñ+,+ý�ñ4ã|n��| . �ñ

W
+|
W
|n��� . �ñ^t|n��|, . ì

_
|n�

@ ñ+|
_
| ý ñ4ã|n��| . ñW+|W|n��| . ñ^t|n��| . ì_|n�> +D17,

zkhuh d vhuldoo| xqfruuhodwhg }hur0phdq ghpdqg vkrfn/ ì_|n�/ kdv ehhq dgghg/ dqg zkhuh

ñ4 ì +4ý ñ+,�ñ4
ñW+ ì +4ý ñ+,�ñ

W
+

ñ^ ì +4ý ñ+,�ñ^=

Lq whupv ri wkh rxwsxw jds/ +515,/ zh jhw

||n� ì |_|n� ý |?|n�
@ ñ+|

_
| ý ñ4ã|n��| . ñW+|W|n��| . ñ^t|n��| . ì_|n� ý |?|n�

@ ñ+|| ý ñ4ã|n��| . ñW+|W|n��| . ñ^t|n��| ý +ð?+ ý ñ+,|?| . ì_|n� ý ì?|n�> +D18,

zklfk lv +51:,167

67 Vxssrvh wkh lqhuwld lv lq whupv ri wkh rxwsxw jds lqvwhdg ri djjuhjdwh ghpdqg1 Iluvw/ h{suhvv +D16, lq whupv
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E Wkh lq?qlwh0krul}rq pdunhw glvfrxqw idfwru

Ohw g|cA ghqrwh wkh +orj ri wkh ghyldwlrq iurp wkh phdq ri, wkh +uhdo pdunhw, W 0krul}rq glvfrxqw
idfwru +iru grphvwlfdoo| surgxfhg jrrgv, ehwzhhq shulrg w dqg shulrg W A w/ wkh suhvhqw ydoxh
+phdvxuhg lq grphvwlf jrrgv, lq shulrg w ri rqh xqlw ri grphvwlf jrrgv lq shulrg W 1 Xqghu wkh
h{shfwdwlrqv k|srwkhvlv wkh glvfrxqw idfwru zloo ixo?oo

g|cA @ ý
A3�[
ô'f

u|nô �|=

Ohw wkh lq?qlwh0krul}rq glvfrxqw idfwru g| eh jlyhq e|

g| ì olp
A<"

g|cA @ ý
"[
ô'f

u|nô �|> +E14,

dvvxplqj wkdw wkh olplw h{lvwv1 Wkhq/ iurp +51;, lw iroorzv wkdw

ã| ì ý g|/ +E15,

wkh vxp ri dffxpxodwhg fxuuhqw dqg ixwxuh h{shfwhg uhdo lqwhuhvw udwhv/ ã|/ lv vlpso| wkh qhjdwlyh
ri wkh lq?qlwh0krul}rq glvfrxqw idfwru/ g|1

Jlyhq wklv/ zh fdq ixuwkhu foduli| wkh uhodwlrq wr wkh uhdo h{fkdqjh udwh1 Ohw gW| ghqrwh wkh
iruhljq lq?qlwh0krul}rq glvfrxqw idfwru/ zklfk/ xqghu wkh h{shfwdwlrqv k|srwkhvlv/ zloo ixo?oo

gW| @ ý
"[
ô'f

uW|nô �|= +E16,

Lw iroorzv iurp +5149, dqg +E14,8+E16, wkdw

t| @ g| ý gW| . �*|= +E17,

Gxh wr wkh dvvxpswlrqv derxw wkh iruhljq lqwhuhvw udwh dqg iruhljq lq dwlrq/ e| +514:, gW| ixo?oov

gW| @ ý lW| ý
+iWZ ý 4,ðWZ
4ý ðWZ

äW| ý
iW+ðW+
4ý ðW+

|W| > +E18,

dqg �*| lv dq +dffxpxodwhg, lq?qlwh0krul}rq iruhljq0h{fkdqjh ulvn suhplxp jlyhq e|

�*| ì
"[
ô'f

*|nô �| @
4

4ý ð)
*|= +E19,

Fohduo|/ wkh prgho dqg dqdo|vlv frxog eh h{suhvvhg lq whupv ri wkh lq?qlwh0krul}rq glvfrxqw
idfwru/ g|/ lqvwhdg ri wkh vxp ri fxuuhqw dqg ixwxuh h{shfwhg uhdo lqwhuhvw udwhv/ ã|1

ri wkh rxwsxw jds/
+|n��| ó +_|n��| 3 +?|n��| ' 3 ìqo4|n��| n ìq

W
++

W
|n��� n ìq^^|n��| 3 +?|n��|é +D19,

Wkhq/ dvvxph wkdw wkh lqwhuwld lv lq whupv ri wkh rxwsxw jds/ vxfk wkdw +|n��| lv d frqyh{ frpelqdwlrq ri wkh
odjjhg rxwsxw jds/ +|/ dqg wkh uljkw vlgh ri +D19,/

+|n��| ' q++| n E�3 q+äE3ìqo4|n��| n ìq
W
++

W
|n��� n ìq^^|n��| 3 +?|n��|ä

' q++| 3 qo4|n��| n qW++W|n��| n q^^|n��| 3 q?+?|n��|c
zkhuh q? ó �3 q+é
Ilqdoo|/ dgg d whpsrudu| ghpdqg glvwxuedqfh #_|n� vxfk wkdw

+|n� ' q++| 3 qo4|n��| n qW++W|n��| n q^^|n��| 3 q?ò?++?| n #_|n� 3 q?#?|n�é +D1:,
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F Wkh djjuhjdwh vxsso| htxdwlrq

Wkh ghulydwlrq ri wkh djjuhjdwh vxsso| ixqfwlrq lv dq rshq0hfrqrp| yduldqw ri wkdw ri Zrrgirug
^99` dqg Urwhpehuj0Zrrgirug ^79`1 Ohw wkh hfrqrp| kdyh d frqwlqxxp +ri phdvxuh rqh, ri
frqvxphuv2surgxfhuv lqgh{hg e| m/ 3 é m é 4/ zkhuh hdfk frqvxphu2surgxfhu kdv wkh vdph
lqwhuwhpsrudo xwlolw| ixqfwlrq

H|

"[
ô'f

ïôX+Fû|nô > F
s
|nô ,>

zkhuh Fû| dqg F
s
| ghqrwh frqvxpswlrq ri grphvwlf dqg iruhljq jrrgv uhvshfwlyho| +lq htxloleulxp

doo frqvxphuv2surgxfhuv zloo kdyh wkh vdph frqvxpswlrq, dqg ï lv wkh glvfrxqw idfwru +3 ? ï ?
4,1 Ixuwkhupruh/ wkh xwlolw| ixqfwlrq ixo?oov

X+Fû| > F
s
| , @

F+Fû| > F
s
| ,
�3 �

j ý 4
4ý �

j

>

zkhuh â A 3 lv wkh lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq dqg F+Fû| > F
s
| , lv d FHV vxexwlolw|

ixqfwlrq +zlwk dq hodvwlflw| ri vxevwlwxwlrq ë A 3, wkdw gh?qhv djjuhjdwh uhdo frqvxpswlrq +vhh
dsshqgl{ D,1 Vxssrvh frqvxpswlrq ghflvlrqv duh pdgh rqh shulrg lq dgydqfh/ wkdw lv/ frqvxps0
wlrq lv suhghwhuplqhg rqh shulrg1 Wkh ?uvw0rughu frqglwlrq zlwk uhvshfw wr Fû|n�/ suhghwhuplqhg
lq shulrg w/ lv

H|Xû+F
û
|n�> F

s
|n�, @ H|^ú|n�S|n�` ì H|�ú|n�=

Khuh/ ú| lv wkh pdujlqdo xwlolw| ri qrplqdo lqfrph lq shulrg w/ dqg �ú| lv wkh pdujlqdo xwlolw| ri
grphvwlf jrrgv1

Vxssrvh wkhuh lv d frqwlqxxp ri gl>huhqwldwhg grphvwlf jrrgv/ vxfk wkdw grphvwlf jrrg ri
w|sh m +3 é m é 4, lv surgxfhg e| frqvxphu2surgxfhu m zlwk d frpsrvlwh lqsxw/ zlwk sulfh
Z|1 Wkh frvw ri surgxflqj wkh txdqwlw| \ æ| lv wkhq Z|Y +\

æ
| ,@D|/ zkhuh wkh lqsxw uhtxluhphqw

ixqfwlrq Y +\ æ| ,@D| lv wkh vdph iru doo jrrgv m dqg D| lv dq h{rjhqrxv hfrqrp|0zlgh surgxfwlylw|
sdudphwhu1 Vxssrvh wkhuh h{lvwv d Gl{lw0Vwljolw} djjuhjdwh ri grphvwlf jrrgv zlwk hodvwlflw| ri
vxevwlwxwlrq & A 4/ vxfk wkdw wkh ghpdqg iru grphvwlf jrrgv fdq eh zulwwhq

\ æ| @ +F
û
| .F

Wû
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#
S æ|
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$3i
ì \ _|
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S æ|
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$3i
>

zkhuh Fû| dqg FWû| duh djjuhjdwh grphvwlf dqg iruhljq frqvxpswlrq ri grphvwlf jrrgv/ \ _| ì
Fû| .F

W
| lv wkh wrwdo djjuhjdwh ghpdqg iru grphvwlf jrrgv/ S æ| lv wkh qrplqdo sulfh iru grphvwlf

jrrg m/ dqg S| lv wkh Gl{lw0Vwljolw} sulfh lqgh{ iru grphvwlf jrrgv1
Vxssrvh/ dv lq Fdoyr ^44`/ wkdw lq wkh ehjlqqlqj ri dq| shulrg d frqvxphu2surgxfhu lv iuhh wr

vhw d qhz sulfh zlwk suredelolw| 4ýò/ exw pxvw nhhs wkh vdph sulfh dv wkh suhylrxv shulrg zlwk
suredelolw| ò1 Vxssrvh frqvxphu2surgxfhu m lv iuhh wr vhw d qhz sulfh lq shulrg w1 Lw iroorzv
wkdw wkh ghflvlrq sureohp fdq eh zulwwhq
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zkhuh �S| ghqrwhv wkh qhz sulfh fkrvhq lq shulrg w1 Wkh ?uvw0rughu frqglwlrq lv
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zkhuh í ì i
i3� A 41 Wkh ?uvw0rughu frqglwlrq fdq eh zulwwhq
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Lq htxloleulxp hdfk frqvxphu2surgxfhu wkdw fkrrvhv d qhz sulfh lq shulrg w zloo fkrrvh wkh
vdph qhz sulfh/ �S|/ dqg wkh vdph ohyho ri rxwsxw1 Wkhq wkh +djjuhjdwh, sulfh ri grphvwlf jrrgv
zloo reh|

S| @
k
òS �3i|3� . +4ý ò, �S �3i|
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�3i

=

Zh qrwh wkdw
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Qh{w/ zh gr d orjolqhdu dssur{lpdwlrq1 Zh doorz erxqghg  xfwxdwlrqv lq +\ _| >ø|> [|> �ú|> D|>
`|
å|
,

durxqg d vwhdg| vwdwh +Fû> 4> 4> �ú> 4> 4,> dqg zh ohw { ì g oq[/ hwf1 Wkhq zh kdyh

yâ @ �$|æ

z| @ +4ý ð,s| . ðss| +F14,

|_|nô @ éfû|nô . +4ý é,fWû|nô
ä| @

4

&ý 4
ý+4ý ò,
4ý +4ý ò,+4ý &,{| @

4ý ò
ò

{|> +F15,

zkhuh �$ A 3 lv wkh hodvwlflw| ri Y â zlwk uhvshfw wr \ æ| / 3 é ð é 4 lv wkh vkduh ri iruhljq jrrgv
lq wkh frpsrvlwh lqsxw/ ss| lv wkh +orj, grphvwlf0fxuuhqf| sulfh ri iruhljq jrrgv/ dqg 3 ? é ? 4
lv wkh vkduh ri grphvwlf ghpdqg lq wkh djjuhjdwh ghpdqg iru grphvwlf jrrgv1 Ixuwkhupruh/ zh
ohw wkh orj ri wkh surgxfwlylw| sdudphwhu/ d|/ ixo?oo

d| ì �$|?| >
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lq zklfk fdvh zh fdq lghqwli| |?| dv wkh orj ri wkh qdwxudo rxwsxw ohyho/ dv zh vkdoo vhh ehorz1
D orj0olqhdul}dwlrq ri wkh ?uvw0rughu frqglwlrq uhvxowv lq
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zkhuh zh uhfdoo +515,/ +F14, dqg +519,168

Zh qrwh wkdw zh fdq fkdqjh wkh vxppdwlrq rughu lq +F16, dv iroorzv=
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Xvlqj +F15, zh jhw
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dqg ?qdoo|
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zkhuh

å ì +4ý ò,+4ý òï,
ò+4 . �$&,
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Vr idu/ wklv kdv iroorzhg ^99` dqg ^79`/ h{fhsw wkdw wkh rshq hfrqrp| dvshfwv kdyh ehhq dgghg1
Qrz/ dvvxph wkdw lqhuwld dqg2ru dgmxvwphqw frvwv uhvxowv lq d vlpsoh sduwldo dgmxvwphqw/

ä| @ òZä|3� . +4ý òZ,+ä|n��| . å}|,>
68 Wklv lv zkhq Rs| / wkh grphvwlf0fxuuhqf| sulfh ri iruhljq jrrgv/ lv qrw suhghwhuplqhg1 Zkhq Rs| lv suhghwhu0

plqhg rqh shulrg/ zh kdyh

Rs| ' RW|�|3� n r|�|3� ' ^|�|3� n R|�|3�

Rs| 3 R| ' ^|�|3� 3 ER| 3 R|�|3�ä ' ^|�|3� 3 EZ| 3 Z|�|3�äé
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zkhuh 3 é òZ ? 41 Ixuwkhupruh/ ohw ä| eh suhghwhuplqhg wzr shulrgv/ dqg dssur{lpdwh ï e|
xqlw|/ vr dv wr hqvxuh wkh qdwxudo0udwh k|srwkhvlv/

ä|n2�| @ òZä|n��| . +4ý òZ,+ïä|nô�| . å}|n2�|,
@ òZä|n��| . +4ý òZ,+ä|nô�| . å�$||n2�| . åðt|n2�|,=

Ilqdoo|/ zulwh wkh djjuhjdwh vxsso| fxuyh dv

ä|n2 @ òZä|n� . +4ý òZ,ä|nô�| . ò+||n2�| . ò+ñ++||n� ý ||n��|, . ò^t|n2�| . %|n2>

zkhuh

ò+ ì +4ý òZ,å�$
ò^ ì +4ý òZ,åð=

Khuh/ dq huuru whup %|n2/ d frvw0sxvk vkrfn/ kdv ehhq dgghg1 Dovr/ wr wkh whup òZä|n��|.ò+||n2�|
L kdyh dgghg òZ+ä|n�ýä|n��|, . ò+ñ++||n�ý ||n��|,/ lq rughu wr doorz dq h>hfw rq ä|n2�|n� dqg
ä|n2 ri wkh vkrfnv %|n�/ ì_|n� dqg ì

?
|n� +fi1 wkh djjuhjdwh ghpdqg ixqfwlrq +51:,,1

G Vwdwh0vsdfh irup

Iluvw/ zulwh

ä|n� @ ä|n��| . %|n� +G14,

ä|n2�|n� @ ä|n2�| . òZ%|n� . ò+ñ++ì
_
|n� ý ì?|n�, +G15,

ã|n��| @ ã| ý l| . ä|n��|= +G16,

Qh{w/ lq rughu wr zulwh wkh prgho rq vwdwh0vsdfh irup/ wdnh wkh h{shfwdwlrq lq shulrg w ri
+514,/ dqg ohdyh rqo| ä|nô�| rq wkh ohiw vlgh/

+4ý òZ,ä|nô�| @ ä|n2�| ý òZä|n��| ý ò+||n2�| ý ò^t|n2�|=

Ohdg +51:, rqh shulrg/ wdnh wkh h{shfwdwlrq lq shulrg w/ dqg vxevwlwxwh iru ||n2�|1 Vlploduo|/ ohdg
+G16, rqh shulrg/ wdnh wkh h{shfwdwlrq lq shulrg w/ dqg vxevwlwxwh iru ã|n2�|= Ilqdoo|/ ohdg +5144,
rqh shulrg/ wdnh wkh h{shfwdwlrq lq shulrg w/ dqg vxevwlwxwh iru t|n2�| ý t|n��|1 Wklv jlyhv

+4ý òZ,ä|nô�| @ ä|n2�| ý òZä|n��|
ýò+^ñ+||n��| ý ñ4ã|n��| . ñW+|W|n2�| . ñ^+t|n��| ý lW|n��| . äW|n2�| ý *|n��|,`
ýò++ñ4 . ñ^,+l|n��| ý ä|n2�|,ý ò+^ý+ð?+ ý ñ+,`|?|n��|
ýò^+t|n��| . l|n��| ý ä|n2�| ý lW|n��| . äW|n2�| ý *|n��|,

@ ýòZä|n��| . ^4 . ò++ñ4 . ñ^, . ò^`ä|n2�| ý ò+ñ+||n��| . ò+ñ4ã|n��|
ýò+ñW+|W|n2�| ý +ò+ñ^ . ò^,t|n��| . +ò+ñ^ . ò^,+lW|n��| ý äW|n2�| . *|n��|,
.ò++ð

?
+ ý ñ+,|?|n��| ý ^ò++ñ4 . ñ^, . ò^`l|n��|= +G17,

Zh fdq qrz froohfw htxdwlrqv +G14,/ +51:,/ +5145,8+5148, dqg +G15, iru wkh suhghwhuplqhg
yduldeohv/ dqg dgg wkh wulyldo htxdwlrqv iru wkh odjjhg yduldeoh t|3� dqg l|3�1 Vlploduo|/ zh fdq
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froohfw htxdwlrqv +5144,/ +G16, dqg +G17, iru wkh iruzdug0orrnlqj yduldeohv1 Wklv uhvxowv lq +5155,
zlwk wkh pdwulfhv
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H Wkh olqhdu uhjxodwru sureohp zlwk iruzdug0orrnlqj yduldeohv dqg h{shfwhg
ixwxuh frqwurov

Frqvlghu wkh ghflvlrq sureohp wr fkrrvh l| lq shulrg w wr plqlpl}h +5154, +zlwk 3 ? ï ? 4, xqghu
glvfuhwlrq/ wkdw lv/ vxemhfw wr +5155,8+5157, dqg

l|n� @ i|n�[|n� +H14,

{|n� @ K|n�[|n�> +H15,

zkhuh i|n� dqg K|n� duh ghwhuplqhg e| wkh ghflvlrq sureohp lq shulrg w . 41 Iluvw/ frpelqh
+H14, zlwk +5155, wr holplqdwh l|n��| lq +5155,1 Wklv uhvxowv lq wkh qhz v|vwhpé
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è
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3

è
> +H16,

zkhuh

�D| ì ý
L ýE�^i|n� 3`

ü3�
D +H17,

�E| ì ý
L ýE�^i|n� 3`

ü3�
E= +H18,

Wkhq wkh dojrulwkp suhvhqwhg lq Rxgl} dqg Vdfkv ^74`/ ixuwkhu glvfxvvhg lq Edfnxv dqg
Gul!oo ^5` dqg Fxuulh dqg Ohylq ^47`/ dqg iru lqvwdqfh dssolhg lq Vyhqvvrq ^83`/ fdq eh dssolhg
gluhfwo|169 Pruh suhflvho|/ vxssrvh wkh rswlpdo ydoxh ri wkh sureohp lq shulrg w. 4 lv jlyhq e|
[

â
|n�Y|n�[|n� . z|n�/ zkhuh Y|n� lv d srvlwlyh vhplgh?qlwh pdwul{ dqg z|n� lv d vfdodu1 Wkhq

wkh rswlpdo ydoxh ri wkh sureohp lq shulrg w lv dvvrfldwhg zlwk wkh srvlwlyh vhplgh?qlwh pdwul{
Y| dqg wkh vfdodu z| dqg ixo?oov
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Uhzulwh wkh shulrg orvv ixqfwlrq +5157, dv
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zkhuh zh/ iru jhqhudolw|/ irupdoo| doorz wkh frqwuro yduldeoh l| wr eh d froxpq yhfwru/ dqg zkhuh
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Wkhq/ jlyhq +i|n�>K|n�> Y|n�,/ frqvwuxfw +i|>K|> Y|, dffruglqj wr +H17,/ +H18, dqg

G| @ + �D|22 ýK|n� �D|�2,3�+K|n� �D|�� ý �D|2�,

J| @ + �D|22 ýK|n� �D|�2,3�+K|n� �E|� ý �E|2,
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Wkh vroxwlrq wr wkh ghflvlrq sureohp lv d ?{ srlqw +i>K> Y , ri wkh pdsslqj gh?qhg e| wkh deryh
dojrulwkp1 Lw lv rewdlqhg dv wkh olplw ri +i|> K|> Y|, zkhq w$ý41

Wkh htxdwlrq iru z| lv z| @ ï^wudfh+Y|n�÷, . z|n�`>zkhuh ÷ lv wkh fryduldqfh pdwul{ ri y|1
Wkh olplw ri z| lv B

�3B wudfh+Y ÷,1 Frqvhtxhqwo|/ wkh rswlpdo ydoxh/ M|/ ri wkh sureohp lv jlyhq
e|

M| @ [
â
|Y [| .

ï

4ý ï wudfh+Y÷,= +H19,

Zkhq ï $ 4/ wkh vxp lq +5154, dqg M| lq +H19, ehfrph xqerxqghg1 Krzhyhu/ wkh ?uvw
frpsrqhqw ri M|/ [ â

|Y[|/ zklfk fruuhvsrqgv wr wkh ghwhuplqlvwlf rswlpl}dwlrq sureohp zkhq doo
vkrfnv duh }hur/ uhpdlqv erxqghg iru ï @ 4 +ehfdxvh wkh ghwhuplqlvwlf whupv lq +5154, dssurdfk
}hur txlfno| hqrxjk,/ dqg wkh ghflvlrq sureohp lv dfwxdoo| zhoo0gh?qhg dovr iru wkdw fdvh1 Iru
ï $ 4/ +5154, lv grplqdwhg e| wkh lq?qlwh vxp ri whupv wkdw dssurdfk wkh xqfrqglwlrqdo phdq ri
wkh shulrg orvv ixqfwlrq/ H^O|`1 Wkhq/ wkh vfdohg orvv ixqfwlrq +4ýï,H|

S"
ô'f ï

ôO|nô dssurdfkhv
H^O|`1 Ixuwkhupruh/ iurp +H19, zh vhh wkdw +4ý ï,H^M|` dssurdfkhv wudfh+Y ÷,1 Lw iroorzv wkdw
wkh rswlpl}dwlrq sureohp/ wkxv lqwhusuhwhg/ lv zhoo0gh?qhg iru ï @ 4/ zlwk wkh orvv ixqfwlrq
H^O|`/ +5153,/ dqg wkdw wkh rswlpdo ydoxh ri wkh sureohp wkhq ixo?oov H^O|` @ wudfh+Y÷,1

I Dq duelwudu| PFL dv d frqwuro yduldeoh

Vxssrvh zh vrphzkdw duelwudulo| gh?qh dq PFL dv

L�ç| ì u| ý dt|
@ l| ý ä|n��| ý dt|>

zkhuh d A 3 lv d jlyhq frqvwdqw/ iru lqvwdqfh d @ 3=71 Fdq vxfk dq PFL eh frqvlghuhg d frqwuro
yduldeoh lq wkh prgho xvhg khuhB Uhfdoo wkdw lq wkh prgho/ zh kdyh
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Khqfh zh fdq zulwh
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Wkxv/ irupdoo| zh fdq uhzulwh wkh prgho dv lq +I15, dqg +I16,/ zkhuh L�ç| lv frqvlghuhg wkh
frqwuro yduldeoh1 Wkh rswlpdo vroxwlrq zloo eh jlyhq e| d urz yhfwru çi /

L�ç| @ çi[|1

Krzhyhu/ iurp +I14,/ +515;, dqg +617,/ zh gluhfwo| uhdol}h wkdw wkh rswlpdo vroxwlrqv çi iru L�ç|
dqg i iru l| duh uhodwhg dv

çi ì i ý +çh�f .K�u,>
zkhuh çh�f lv d 4û43 urz yhfwru zlwk hohphqw 43 htxdo wr 4 dqg doo rwkhu hohphqwv htxdo wr }hur1

Krzhyhu/ wklv rqo| vkrzv wkdw wkh vdph prgho fdq irupdoo| kdyh vhyhudo dowhuqdwlyh frqwuro
yduldeohv1 Wkh suhvhqw prgho grhv qrw surylgh dq| vxssruw iru d sduwlfxodu PFL/ rwkhu wkdq
srvvleo| wkh rqh lq +714,1
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Zrunlqj Sdshu Qr1 88651

^76` Shvdudq/ P1 Kdvkhp +4<<4,/ 3Frvwo| Dgmxvwphqw xqghu Udwlrqdo H{shfwdwlrqv= D Jhqhu0
dol}dwlrq/4 Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv :6/ 686068;1

^77` Urehuwv/ Mrkq P1 +4<<8,/ 3Qhz Nh|qhvldq Hfrqrplfv dqg wkh Skloolsv Fxuyh/4 Mrxuqdo ri
Prqh|/ Fuhglw dqg Edqnlqj 5:/ <:88<;71

^78` Urjr>/ Nhqqhwk +4<;8,/ 3Wkh Rswlpdo Ghjuhh ri Frpplwphqw wr dq Lqwhuphgldwh Prqhwdu|
Wdujhw/4 Txduwhuo| Mrxuqdo ri Hfrqrplfv 433/ 449<844<31

^79` Urwhpehuj/ Mxolr M1/ dqg Plfkdho Zrrgirug +4<<:,/ 3Dq Rswlpl}dwlrq0Edvhg Hfrqrphwulf
Iudphzrun iru wkh Hydoxdwlrq ri Prqhwdu| Srolf|/4 QEHU Pdfurhfrqrplfv Dqqxdo 4<<:/
5<:06791

^7:` Uxghexvfk/ Johqq +4<<9,/ 3Lv Rssruwxqlvwlf Prqhwdu| Srolf| FuhgleohB4 Hfrqrplfv Ohw0
whuv Qr1 <905;/ Ihghudo Uhvhuyh Edqn ri Vdq Iudqflvfr1

^7;` Uxghexvfk/ Johqq/ dqg Oduv H1R1 Vyhqvvrq +4<<;,/ 3Srolf| Uxohv iru Lq dwlrq Wdujhwlqj/4
lq Wd|oru ^94`/ iruwkfrplqj1

^7<` Vùghuolqg/ Sdxo +4<<;,/ 3Rswlpdo Wlph0Frqvlvwhqw Srolf| lq Olqhdu UH Prghov/4 Ohfwxuh
Qrwhv1

^83` Vyhqvvrq/ Oduv H1R1 +4<<7e,/ 3Zk| H{fkdqjh Udwh EdqgvB Prqhwdu| Lqghshqghqfh lq
Vslwh ri Il{hg H{fkdqjh udwhv/4 Mrxuqdo ri Prqhwdu| Hfrqrplfv 66/ 48:84<<1

^84` Vyhqvvrq/ Oduv H1R1 +4<<9,/ 3Frpphqwdu|= Krz Vkrxog Prqhwdu| Srolf| Uhvsrqg wr
Vkrfnv zkloh Pdlqwdlqlqj Orqj0uxq Sulfh Vwdelolw|B9Frqfhswxdo Lvvxhv/4 lq Dfklhylqj
Sulfh Vwdelolw|/ Ihghudo Uhvhuyh Edqn ri Ndqvdv Flw| V|psrvlxp Vhulhv1

^85` Vyhqvvrq/ Oduv H1R1 +4<<:d,/ 3Lq dwlrq Iruhfdvw Wdujhwlqj= Lpsohphqwlqj dqg Prqlwrulqj
Lq dwlrq Wdujhwv/4 Hxurshdq Hfrqrplf Uhylhz 74/ 4444044791

^86` Vyhqvvrq/ Oduv H1R1 +4<<:e,/ 3Lq dwlrq Wdujhwlqj= Vrph H{whqvlrqv/4 QEHU Zrunlqj
Sdshu Qr1 8<951
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^87` Vyhqvvrq/ Oduv H1R1 +4<<:f,/ 3Lq dwlrq Wdujhwlqj lq dq Rshq Hfrqrp|= Vwulfw yv1 Ioh{leoh
Lq dwlrq Wdujhwlqj/4 Sxeolf Ohfwxuh khog dw Ylfwruld Xqlyhuvlw| ri Zhoolqjwrq/ Qryhpehu/
4<<:1 Ylfwruld Hfrqrplf Frpphqwdulhv/ iruwkfrplqj1

^88` Vyhqvvrq/ Oduv H1R1 +4<<:g,/ 3Rswlpdo Lq dwlrq Wdujhwv/ cFrqvhuydwlyh* Fhqwudo Edqnv/
dqg Olqhdu Lq dwlrq Frqwudfwv/4 Dphulfdq Hfrqrplf Uhylhz ;:/ <;84471

^89` Vyhqvvrq/ Oduv H1R1 +4<<;,/ 3Lq dwlrq Wdujhwlqj dv d Prqhwdu| Srolf| Uxoh/4 wr eh suh0
vhqwhg dw wkh Vyhuljhv Ulnvedqn0LLHV Frqihuhqfh rq Prqhwdu| Srolf| Uxohv/ Vwrfnkrop/
Mxqh 4<<;/ lq suhsdudwlrq1

^8:` Vyhqvvrq/ Oduv H1R1/ dqg Plfkdho Zrrgirug +4<<;,/ 3Lqglfdwruv dqg Iruhfdvwv lq Lq dwlrq
Wdujhwlqj/4 lq suhsdudwlrq1

^8;` Wd|oru/ Mrkq E1 +4<<6,/ 3Glvfuhwlrq yhuvxv Srolf| Uxohv lq Sudfwlfh/4 Fduqhjlh0Urfkhvwhu
Frqihuhqfh Vhulhv rq Sxeolf Srolf| 6</ 4<885471

^8<` Wd|oru/ Mrkq E1 +4<<9,/ 3Krz Vkrxog Prqhwdu| Srolf| Uhvsrqg wr Vkrfnv zkloh Pdlqwdlqlqj
Orqj0uxq Sulfh Vwdelolw|/4 lq Dfklhylqj Sulfh Vwdelolw|/ Ihghudo Uhvhuyh Edqn ri Ndqvdv Flw|
V|psrvlxp Vhulhv1

^93` Wd|oru/ Mrkq E1 +4<<;d,/ 3D Klvwrulfdo Dqdo|vlv ri Prqhwdu| Srolf| Uxohv/4 lq Wd|oru ^94`/
iruwkfrplqj

^94` Wd|oru/ Mrkq E1/ hg1/ +4<<;e,/Prqhwdu| Srolf| Uxohv/ Xqlyhulvw| ri Fklfdjr Suhvv/ Fklfdjr/
iruwkfrplqj1

^95` Wlqvoh|/ S1D1 +4<<6,/ 3Ilwwlqj erwk Gdwd dqg Wkhrulhv= Sro|qrpldo Dgmxvwphqw Frvwv dqg
Huuru0Fruuhfwlrq Ghflvlrq Uxohv/4 Ilqdqfh dqg Hfrqrplf Glvfxvvlrq Vhulhv <6054/ Ihghudo
Uhvhuyh Erdug1

^96` Zdovk/ Fduo H1 +4<<:,/ Prqhwdu| Wkhru| dqg Srolf|/ pdqxvfulsw1

^97` Zlooldpv/ Mrkq F1 +4<<:,/ 3Vlpsoh Uxohv iru Prqhwdu| Srolf|/4 Zrunlqj Sdshu/ Ihghudo
Uhvhuyh Erdug1

^98` Zrrgirug/ Plfkdho +4<<7,/ 3Qrqvwdqgdug Lqglfdwruv iru Prqhwdu| Srolf|= Fdq Wkhlu Xvh0
ixoqhvv Eh Mxgjhg iurp Iruhfdvwlqj UhjuhvvlrqvB4 lq Juhjru| Q1 Pdqnlz/ hg1/ Prqhwdu|
Srolf|/ Xqlyhuvlw| ri Fklfdjr Suhvv/ Fklfdjr1

^99` Zrrgirug/ Plfkdho +4<<9,/ 3Frqwuro ri wkh Sxeolf Ghew= D Uhtxluhphqw iru Sulfh Vwdelolw|/4
QEHU Zrunlqj Sdshu Qr1 89;71

77



Iljxuh 614= Vwulfw grphvwlf0lq dwlrq wdujhwlqj1 Lpsxovh uhvsrqvhv
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Iljxuh 615= Ioh{leoh grphvwlf0lq dwlrq wdujhwlqj1 Lpsxovh uhvsrqvhv
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Iljxuh 616= Vwulfw FSL0lq dwlrq wdujhwlqj1 Lpsxovh uhvsrqvhv

7:



Iljxuh 617= Ioh{leoh FSL0lq dwlrq wdujhwlqj1 Lpsxovh uhvsrqvhv

7;



Iljxuh 618= Wd|oru uxoh iru grphvwlf lq dwlrq1 Lpsxovh uhvsrqvhv

7<



Iljxuh 619= Wd|oru uxoh iru FSL lq dwlrq1 Lpsxovh uhvsrqvhv
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