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Devwudfw

Wkh sxusrvh ri wkh sdshu lv wr glvfxvv lq dwlrq wdujhwlqj lq wkh frqwh{w ri prqhwdu| srolf|
uxohv1 Wkh sdshu surylghv d jhqhudo frqfhswxdo glvfxvvlrq ri prqhwdu| srolf| uxohv/ dwwhpswv
wr foduli| wkh hvvhqwldo fkdudfwhulvwlfv ri lq dwlrq wdujhwlqj/ frpsduhv lq dwlrq wdujhwlqj wr
rwkhu prqhwdu| srolf| uxohv/ dqg gudzv vrph frqfoxvlrqv iru wkh prqhwdu| srolf| ri wkh
Hxurshdq V|vwhp ri Fhqwudo Edqnv1

MHO Fodvvl?fdwlrq= H75/ H85

4 Lqwurgxfwlrq

Wkh sxusrvh ri wklv sdshu lv wr glvfxvv lq dwlrq wdujhwlqj lq wkh frqwh{w ri prqhwdu| srolf|
uxohv/ foduli| wkh hvvhqwldo fkdudfwhulvwlfv ri lq dwlrq wdujhwlqj/ frpsduh lq dwlrq wdujhwlqj wr
rwkhu prqhwdu| srolf| uxohv/ dqg gudz vrph frqfoxvlrqv iru wkh prqhwdu| srolf| vwudwhj| ri wkh
Hxurshdq V|vwhp ri Fhqwudo Edqnv +HVFE,1

Lq vhfwlrq 5/ L surylgh d jhqhudo frqfhswxdo glvfxvvlrq ri prqhwdu| srolf| uxohv/ vwduwlqj
iurp wkh fxuuhqw frqyhqwlrqdo zlvgrp derxw wkh wudqvplvvlrq phfkdqlvp1 Lq sduwlfxodu/ L
glvwlqjxlvk ehwzhhq lqvwuxphqw uxohv dqg wdujhwlqj uxohv1 Lq vhfwlrq 6/ L glvfxvv wkh jhqhudo
fkdudfwhulvwlfv ri lq dwlrq wdujhwlqj dqg dujxh wkdw lq dwlrq wdujhwlqj lv d frpplwphqw wr d
v|vwhpdwlf dqg rswlpl}lqj prqhwdu| srolf| wr d odujhu h{whqw wkdq duh rwkhu prqhwdu| srolf|
uhjlphv1 L glvfxvv erwk wkh orvv ixqfwlrq wkdw fdq eh dvvrfldwhg zlwk lq dwlrq wdujhwlqj dqg wkh
fruuhvsrqglqj rshudwlqj surfhgxuh/ 3lq dwlrq0iruhfdvw wdujhwlqj/4 wkdw lv wkdw lq dwlrq wdujhwlqj
fdq eh lqwhusuhwhg dv d wdujhwlqj uxoh iru d v|qwkhwlf lqwhuphgldwh yduldeoh/ qdpho| d frqglwlrqdo

WWklv sdshu lv suhsduhg iru wkh Vyhuljhv Ulnvedqn0LLHV Frqihuhqfh rq Prqhwdu| Srolf| Uxohv/ wr eh khog lq
Vwrfnkrop/ Mxqh 45846/ 4<<;1 L wkdqn Yronhu Zlhodqg iru frpphqwv dqg Fkulvwlqd Oùqqeodg iru vhfuhwduldo dqg
hglwruldo dvvlvwdqfh1 Lqwhusuhwdwlrqv dqg dq| huuruv duh p| rzq uhvsrqvlelolw|1 Hpdlo= Oduv1VyhqvvrqCllhv1vx1vh1
Krphsdjh= kwws=22zzz1llhv1vx1vh2ohrvyhq21



lq dwlrq iruhfdvw1 L dovr glvfxvv wkh uroh ri wudqvsduhqf| lq lq dwlrq wdujhwlqj/ dv zhoo dv lvvxhv
ri prgho xqfhuwdlqw| dqg prgho urexvwqhvv ^wr eh zulwwhq`1

Lq vhfwlrq 7/ L xvh wkh jhqhudo iudphzrun ri vhfwlrq 5 wr pdnh d frpsdulvrq zlwk vrph rwkhu
prqhwdu| srolf| vwudwhjlhv/ qdpho| prqh|0jurzwk wdujhwlqj dqg qrplqdo0JGS wdujhwlqj1 Lq
vhfwlrq 8/ L gudz vrph frqfoxvlrqv iru wkh prqhwdu| srolf| ri wkh HVFE1 Lq vhfwlrq 9 ^wr eh
zulwwhq`/ L suhvhqw vrph jhqhudo frqfoxvlrqv1

Dsshqglfhv D0G frqwdlq vrph whfkqlfdo ghwdlov/ lqfoxglqj d phwkrg iru frqvwuxfwlqj frqgl0
wlrqdo iruhfdvwv iru duelwudu| uhdfwlrq ixqfwlrqv lq iruzdug0orrnlqj prghov +dsshqgl{ D,1

5 Prqhwdu| srolf| uxohv

Rqh pdmru srlqw lq wklv sdshu lv wkdw lw lv xvhixo wr glvwlqjxlvk ehwzhhq lqvwuxphqw uxohv dqg
wdujhwlqj uxohv/ erwk iru glvfxvvlqj prqhwdu| srolf| uxohv lq jhqhudo dqg iru xqghuvwdqglqj
lq dwlrq wdujhwlqj lq sduwlfxodu1 Wr dyrlg plvxqghuvwdqglqjv/ lw dovr vhhpv ghvludeoh wr fohduo|
gh?qh wkh phdqlqj ri 3wdujhwlqj14 Lq wklv sdshu/ dv lq Urjr> ^:3`/ Zdovk ^<6`/ Vyhqvvrq ^::`
dqg ^:<`/ Fodulgd/ Jdol dqg Jhuwohu ^55` dqg Uxghexvfk dqg Vyhqvvrq ^:5`/ wdujhw yduldeohv duh
yduldeohv wkdw dsshdu lq orvv ixqfwlrqv1 Lq vrph ri wkh olwhudwxuh/ wdujhwv vrphwlphv uhihu wr
yduldeohv lq uhdfwlrq ixqfwlrqv14 Wkhvh phdqlqjv ri wdujhwv dqg wdujhwlqj duh qrw htxlydohqw1 Dv
vkrzq lq Vyhqvvrq ^;3`/ lw lv xvxdoo| lqh!flhqw wr ohw wkh lqvwuxphqw uhvsrqg wr wdujhw yduldeohv/
frpsduhg wr ohwwlqj wkh lqvwuxphqw uhvsrqg wr wkh ghwhuplqdqwv ri wkh wdujhw yduldeohv1

Lq rughu wr dyrlg dpeljxlw|/ wklv vhfwlrq rxwolqhv vrph fhqwudo gh?qlwlrqv iru glvfxvvlqj
prqhwdu| srolf| uxohv1 Wr eh frqfuhwh/ wkh gh?qlwlrqv wr eh xvhg duh suhvhqwhg zlwklq d idluo|
jhqhudo olqhdu prgho zlwk d txdgudwlf orvv ixqfwlrqv15

514 Wkh wudqvplvvlrq phfkdqlvp

Vlqfh wkh wudqvplvvlrq phfkdqlvp iru prqhwdu| srolf| lv fhqwudo wr wkh glvfxvvlrq ri prqh0
wdu| srolf| uxohv/ wklv vxevhfwlrq vwduwv e| glvfxvvlqj wkh frqyhqwlrqdo zlvgrp frqfhuqlqj wkh
wudqvplvvlrq phfkdqlvp/ zklfk dsshduv wr eh lqfuhdvlqjo| grplqdwlqj16

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,17 Djjuhjdwh ghpdqg wkhq d>hfwv lq dwlrq/ zlwk dqrwkhu odj/ yld

4 Iru h{dpsohv vhh/ hvshfldoo|/ Eu|dqw/ Krrshu dqg Pdqq ^4:`/ fkdsw1 4/ exw dovr Mxgg dqg Prwoh| ^7<`/
PfFdooxp ^94` dqg Ehuqdqnh dqg Zrrgirug ^43`1

5 Wkh glvfxvvlrq h{whqgv wkh fruuhvsrqglqj glvfxvvlrq lq Uxghexvfk dqg Vyhqvvrq ^:5` e| xvlqj d prgho zlwk
iruzdug0orrnlqj yduldeohv/ e| surylglqj d jhqhudo gh?qlwlrq ri prqhwdu| srolf| uxohv/ e| glvwlqjxlvklqj uhdfwlrq
ixqfwlrqv dqg uxohv/ dqg e| doorzlqj iru erwk h{solflw dqg lpsolflw lqvwuxphqw uxohv1 Wkxv/ Uxghexvfk dqg
Vyhqvvrq ^:5` gr qrw h{solflwo| gh?qh uhdfwlrq ixqfwlrqv/ dqg uhvwulfw lqvwuxphqw uxohv wr eh suhvfulehg +h{solflw,
uhdfwlrq ixqfwlrqv/ zkhuhdv wkh fxuuhqw wuhdwphqw doorzv lqvwuxphqw uxohv wr eh erwk +h{solflw, uhdfwlrq ixqfwlrqv
dqg lpsolflw uhdfwlrq ixqfwlrqv1

6 Vhh Ixkuhu dqg Prruh ^6<`/ Nlqj dqg Zropdq ^87`/ \xq ^<9`/ PfFdooxp dqg Qhovrq ^96`/ Zrrgirug ^<8`/
Urwhpehuj dqg Zrrgirug ^:4`/ Jrrgiulhqg dqg Nlqj ^73`/ dqg Fodulgd/ Jdol dqg Jhuwohu ^55` iru exloglqj eorfnv/
plfurirxqgdwlrqv dqg glvfxvvlrqv ri gl>huhqw yduldqwv ri wklv frqyhqwlrqdo zlvgrp ri wkh wudqvirupdwlrq phfkd0
qlvp iru forvhg hfrqrplhv1 Vrph frqwulexwlrqv ljqruh frqwuro odjv dqg shuvlvwhqfh/ wkrxjk1 Vyhqvvrq ^;5` surylghv
dq rshq0hfrqrp| h{whqvlrq1
Pruh hoderudwh odujh prghov dfwxdoo| xvhg e| fhqwudo edqnv lqfoxgh Edqn ri Fdqdgd*v TSP prgho ^58`/ Uhvhuyh

Edqn ri Qhz ]hdodqg*v Iruhfdvwlqj dqg Srolf| V|vwhp ^44`/ dqg wkh Ihghudo Uhvhuyh Erdug*v IUE2XV prgho ^49`1
7 Wkh djjuhjdwh ghpdqg fkdqqho fdq eh vhsdudwhg lqwr dq lqwhuhvw udwh fkdqqho dqg d sdudooho fuhglw fkdqqho1

Wkh odwwhu lv/ iru lqvwdqfh/ glvfxvvhg lq Ehuqdqnh dqg Jhuwohu ^8`1
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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 zdjh0 dqg
sulfh0vhwwlqj ehkdylru1 Dsshqgl{ F jlyhv dq h{dpsoh +iurp Vyhqvvrq ^;5` dqg ^:<`, ri d yhu|
vlpsoh prgho ri wkh wudqvplvvlrq phfkdqlvp iru d forvhg hfrqrp|/ zklfk devwudfwv iurp wkh
h{shfwdwlrqv phfkdqlvp +ru/ dowhuqdwlyho|/ wuhdwv h{shfwdwlrqv dv dgdswlyh,/ zkhuh prqhwdu|
srolf| d>hfwv djjuhjdwh ghpdqg zlwk d rqh0|hdu odj/ dqg lq dwlrq zlwk d wzr0|hdu odj1

Lq dq rshq hfrqrp|/ wkhuh duh dgglwlrqdo fkdqqhov iru wkh wudqvplvvlrq ri prqhwdu| srolf|1
Wkh h{fkdqjh udwh lv d>hfwhg e| wkh gl>huhqfh ehwzhhq grphvwlf dqg iruhljq qrplqdo lqwhuhvw
udwh dqg h{shfwhg ixwxuh h{fkdqjh udwhv/ yld dq lqwhuhvw sdulw| frqglwlrq1 Zlwk vwlfn| sulfhv/
wkh qrplqdo h{fkdqjh udwh d>hfwv wkh uhdo h{fkdqjh udwh1 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 FSL lq dwlrq/ lq wkdw wkh h{fkdqjh udwh d>hfwv grphvwlf
fxuuhqf| sulfhv ri lpsruwhg ?qdo jrrgv/ zklfk hqwhu wkh 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/ prqhwdu| srolf| fdq d>hfw FSL lq dwlrq zlwk d vkruwhu odj e| lqgxflqj
h{fkdqjh udwh pryhphqwv1 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

Dsshqgl{ G jlyhv dq h{dpsoh +iurp Vyhqvvrq ^;5`, ri d prgho ri wkh wudqvplvvlrq phfkdqlvp
lq d vpdoo rshq hfrqrp|1 Wkh fuxfldo exloglqj eorfnv duh dq djjuhjdwh vxsso| htxdwlrq +d Skloolsv
fxuyh, iru grphvwlf lq dwlrq/ dq djjuhjdwh ghpdqg htxdwlrq iru grphvwlfdoo| surgxfhg jrrgv
dqg vhuylfhv/ d uhdo lqwhuhvw sdulw| htxdwlrq iru wkh uhdo h{fkdqjh udwh/ dqg dq htxdwlrq gh?qlqj
FSL lq dwlrq dv d zhljkwhg vxp ri grphvwlf lq dwlrq dqg lq dwlrq lq lpsruwhg jrrgv1 Erwk
djjuhjdwh vxsso| dqg djjuhjdwh ghpdqg duh ghulyhg zlwk vrph plfurirxqgdwlrqv dqg iruzdug0
orrnlqj udwlrqdo h{shfwdwlrqv1 Grphvwlf lq dwlrq ghshqgv rq h{shfwhg ixwxuh lq dwlrq/ wkh
h{shfwhg ixwxuh rxwsxw jds/ dqg wkh h{shfwhg ixwxuh uhdo h{fkdqjh udwh1 Djjuhjdwh ghpdqg
ghshqgv rq dq h{shfwhg ixwxuh orqj uhdo lqwhuhvw udwh +zklfk/ lq wxuq/ lv d>hfwhg e| h{shfwhg
ixwxuh vkruw uhdo lqwhuhvw udwhv, dqg wkh h{shfwhg ixwxuh uhdo h{fkdqjh udwh1 Prqhwdu| srolf|
d>hfwv wkh h{fkdqjh udwh dqg wkh FSL lq wkh fxuuhqw shulrg/ djjuhjdwh ghpdqg lq rqh shulrg/
dqg grphvwlf lq dwlrq lq wzr shulrgv1 Wkh uhodwlyh odjv duh frqvlvwhqw zlwk ?qglqjv iurp YDU
vwxglhv/ iru lqvwdqfh/ Fkulvwldqr/ Hlfkhqedxp dqg Hydqv ^4<`/ Ehuqdqnh dqg Plkry ^:` dqg
Fxvkpdq dqg ]kd ^5;`1

Lq wklv ylhz ri wkh wudqvplvvlrq phfkdqlvp/ lw lv dssduhqw wkdw/ shukdsv vrphzkdw sdud0
gr{lfdoo| dqg khuhwlfdoo|/ prqh| rqo| sod|v d vpdoo sduw1 Iru lqvwdqfh/ pdq| prghov/ lqfoxglqj
wkh fhqwudo edqn prghov phqwlrqhg lq irrwqrwh 6/ gr qrw hyhq vshfli| d ghpdqg ixqfwlrq iru
prqh|/ dowkrxjk vxfk d ghpdqg ixqfwlrq iru prqh| lv hdvlo| lqwurgxfhg +vhh wkh glvfxvvlrq ri
prqh|0jurzwk wdujhwlqj lq vhfwlrq 714,1 Wkhq/ wkh fhqwudo edqn vlpso| vxssolhv zkdwhyhu txdq0
wlw| ri prqh| wkdw lv ghpdqghg dw wkh ghvludeoh vkruw lqwhuhvw udwh1 Frqvlvwhqw zlwk hpslulfdo
?qglqjv/ d kljk orqj0uxq fruuhodwlrq ehwzhhq wkh sulfh ohyho dqg prqh| vxsso| dulvhv1 Pruhryhu/
lq wkh vkruw dqg phglxp uxq/ prqhwdu| djjuhjdwhv lq wkhvh prghov surylgh olwwoh ru qr suhglfwlyh
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srzhu ryhu rwkhu ghwhuplqdqwv ri lq dwlrq1 Wkh irfxv lq wkh wudqvplvvlrq phfkdqlvp lv qrw rq
prqh| vxsso| jurzwk exw rq wkh vkruw qrplqdo udwh/ wkh uhvxowlqj vkruw uhdo udwh dqg h{fkdqjh
udwh/ dqg wkh h>hfwv rq h{shfwdwlrqv/ djjuhjdwh ghpdqg/ grphvwlf lq dwlrq dqg FSL lq dwlrq1

515 D idluo| jhqhudo prgho iru prqhwdu| srolf|

Wkh gl>huhqw prghov ri wkh frqyhqwlrqdo wudqvplvvlrq phfkdqlvp ghvfulehg deryh +lq sduwlfxodu
wkh h{dpsohv lq dsshqgl{ F dqg G, fdq +dv orqj dv wkh| duh olqhdu, eh zulwwhq dv wkh iroorzlqj
idluo| jhqhudo olqhdu prgho ri dq hfrqrp|/é

[|n�
{|n��|

è
@ D

é
[|
{|

è
.El| .

é
y|n�
3

è
> +514,

zkhuh [| lv d froxpq yhfwru ri q� suhghwhuplqhg yduldeohv +vwdwh yduldeohv,/ {| lv d froxpq
yhfwru ri q2 iruzdug0orrnlqj yduldeohv +qrq0suhghwhuplqhg yduldeohv,/ l| lv d froxpq yhfwru ri
qð fhqwudo edqn lqvwuxphqwv +frqwuro yduldeohv,/ y|n� lv d froxpq yhfwru ri q� h{rjhqrxv llg
vkrfnv zlwk }hur phdqv dqg d frqvwdqw fryduldqfh pdwul{ ÷ññ/ dqg D dqg E duh pdwulfhv ri
dssursuldwh glphqvlrqv1 Lq rughu wr lqfrusrudwh wkh idfw wkdw wkh yduldeohv pd| kdyh qrq0}hur
phdqv/ lw lv xqghuvwrrg wkdw wkh odvw/ q�wk hohphqw ri [| lv xqlw| dqg wkdw fruuhvsrqglqj phdqv
duh lqfrusrudwhg lq wkh fruuhvsrqglqj q�wk froxpq ri D18 9

Dw wkh ehjlqqlqj ri shulrg w/ y| dqg [| duh uhdol}hg1 Wkhq l| lv vhw e| wkh fhqwudo edqn1
Ilqdoo|/ {| uhvxowv/ dqg shulrg w hqgv1 Hdfk yduldeoh lv revhuydeoh1 Dowkrxjk wkh lqirupdwlrq vhw
dw wkh ehjlqqlqj ri shulrg w lv iy|>[|> y|3�>[|3�> l|3�> ===j/ [| lv d vx!flhqw vwdwlvwlf/ wkdw lv/ d
vwdwh yduldeoh/ dw wkh ehjlqqlqj ri shulrg w1 Khqfh/ [| frpsulvhv wkh lqglfdwruv dw wkh ehjlqqlqj
ri wkh shulrg/ wkdw lv/ wkh sulfhv dqg txdqwlwlhv frqyh|lqj lqirupdwlrq wr wkh fhqwudo edqn1 Wkh
h{suhvvlrq {|n��| ghqrwhv H|{|n�/ wkh h{shfwdwlrqv ri {|n� ehlqj frqglwlrqdo xsrq lqirupdwlrq
dydlodeoh dw wkh hqg ri shulrg w +wkdw lv/ [|> l| dqg {|,1:

Ixuwkhupruh/ ohw \| eh d froxpq yhfwru ri qô wdujhw yduldeohv/ jlyhq e|

\| @ F

é
[|
{|

è
.Gl|> +515,

zkhuh F dqg G duh pdwulfhv ri dssursuldwh glphqvlrq1 +Lqwhuphgldwh wdujhw yduldeohv duh glv0
fxvvhg ehorz1, Ohw a\ eh d froxpq yhfwru ri qô wdujhw ohyhov1; Iru d jlyhq srvlwlyh0gh?qlwh qôûqô
zhljkw pdwul{ N/ ohw wkh shulrg orvv ixqfwlrq/ O|/ eh wkh txdgudwlf irup

O| @ +\| ý a\ ,âN+\| ý a\ ,> +516,

8 Wkh suhghwhuplqhg yduldeohv f| ghshqg rq h{rjhqrxv vkrfnv lq shulrg | dqg rq odjjhg yduldeohv +suhgh0
whuplqhg/ iruzdug0orrnlqj/ lqvwuxphqwv,1 Wklv gh?qlwlrq lv frqvlvwhqw zlwk Nohlq ^88`/ wkdw lv/ wkdw suhghwhu0
plqhg yduldeohv kdyh h{rjhqrxv rqh0shulrg0dkhdg iruhfdvw huuruv1 Wkh iruzdug0orrnlqj yduldeohv %| ghshqg rq
wkh suhghwhuplqhg yduldeohv lq shulrg |/ wkh lqvwuxphqwv lq shulrg |/ dqg wkh h{shfwdwlrqv lq shulrg | ri ixwxuh
iruzdug0orrnlqj yduldeohv1

9 Rqh jhqhudol}dwlrq lv zkhq îð| lv uhsodfhg e| PAô'fî
ô ð|nô�|1 Vhh Vyhqvvrq ^;5` dqg dsshqgl{ G iru dq

h{dpsoh zlwk A ' �1 Dqrwkhu jhqhudol}dwlrq lv zkhq wkh ohiw vlgh lv suhpxowlsolhg e| d vlqjxodu pdwul{1
: Wkxv/ wklv irupxodwlrq devwudfwv iurp qrq0olqhdulw|/ prgho xqfhuwdlqw|/ xqrevhuydeoh yduldeohv/ dqg sulydwh

lqirupdwlrq1
; Wkh wdujhw ohyhov pd| eh wlph0ghshqghqw/ ÷t|1
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+zkhuh â ghqrwhv wkh wudqvsrvh, dqg/ iru d jlyhq glvfrxqw idfwru ï +3 ? ï ? 4,/ ohw wkh lqwhuwhp0
srudo orvv ixqfwlrq eh

H|

"[
ô'f

ïôO|nô = +517,

Iru ï $ 4/ wkh lqwhuwhpsrudo orvv ixqfwlrq +517, ehfrphv xqerxqghg1 Krzhyhu/ dv h{sodlqhg
lq Vyhqvvrq ^;5`/ wkh rswlpl}dwlrq sureohp lv vwloo zhoo0gh?qhg iru ï @ 4/ dqg wkh lqwhuwhpsrudo
orvv ixqfwlrq fdq wkhq eh lqwhusuhwhg dv ehlqj +sursruwlrqdo wr, wkh xqfrqglwlrqdo phdq ri wkh
shulrg orvv ixqfwlrq/

H^O|` @ H^+\| ý a\ ,âN+\| ý a\ ,`= +518,

Lw lv frqyhqlhqw wr kdyh dq xqdpeljxrxv gh?qlwlrq ri d uhdfwlrq ixqfwlrq1 Ohw d+q h{solflw, uh0
dfwlrq ixqfwlrq eh d vlqjoh0ydoxhg pdsslqj iurp wkh suhghwhuplqhg yduldeohv wr wkh lqvwuxphqwv1
Wkxv/ d olqhdu uhdfwlrq ixqfwlrq fdq eh zulwwhq

l| @ i[|> +519,

zkhuh i lv dq qð û q� pdwul{1 Wkh hohphqwv ri i fdq eh fdoohg uhvsrqvh frh!flhqwv1
Lq d frpplwphqw htxloleulxp/ wkh prgho +514, lv vroyhg zlwk +519, iru d jlyhq i 1 Wkh iruzdug0

orrnlqj yduldeohv zloo eh dq hqgrjhqrxv olqhdu ixqfwlrq ri wkh vwdwh yduldeohv/

{| @ K[|> +51:,

zkhuh K lv dq hqgrjhqrxv pdwul{ ghshqglqj rq D/ E dqg i 1< Wkh g|qdplfv zloo wkhq eh jlyhq
e|

{| @ K[| +51;,

\| @ +F� .F2K .Gi,[| +51<,

[|n� @ J��[| . y|n�> +5143,

zkhuh wkh pdwul{ J lv jlyhq e|
J @ D.E ^i 3?ðf?2 ` >

zkhuh 3?ðf?2 ghqrwhv dq qð û q2 pdwul{ ri }hurv/ dqg wkh pdwulfhv F dqg J duh ghfrpsrvhg
dffruglqj wr [| dqg {|/

F @

é
F�
F2

è
> J @

é
J�� J�2
J2� J22

è
=

Li wkh lqvwuxphqwv ghshqg rq erwk wkh suhghwhuplqhg yduldeohv dqg wkh iruzdug0orrnlqj
yduldeohv/ zh kdyh dq lpsolflw uhdfwlrq ixqfwlrq/ iru lqvwdqfh/

l| @ i[| . j{|> +5144,

zkhuh j lv d pdwul{ ri dssursuldwh glphqvlrq1 Lq rughu wr ?qg wkh +h{solflw, uhdfwlrq ixqfwlrq/
wkdw lv/ wr h{suhvv wkh lqvwuxphqwv dv d ixqfwlrq ri suhghwhuplqhg yduldeohv rqo|/ wkh prgho +514,

< Vhh Eodqfkdug dqg Ndkq ^47`/ Nlqj dqg Zdwvrq ^86`/ Nohlq ^88` dqg Vlpv ^:7` iru gl>huhqw vroxwlrq dojrulwkpv1

8



pxvw eh vroyhg zlwk wkh uhvwulfwlrq +5144,/ iru jlyhq i dqg j1 Li d vroxwlrq h{lvwv/ wkh iruzdug0
orrnlqj yduldeohv zloo ixo?oo +51:, +zkhuh wkh pdwul{ K ghshqgv rq i dqg j,/ dqg lq htxloleulxp
wkh lqvwuxphqwv zloo reh| wkh uhdfwlrq ixqfwlrq

l| @ +i . jK,[|= +5145,

Lq d glvfuhwlrq htxloleulxp/43 wkh fhqwudo edqn plqlpl}hv +517, lq hdfk shulrg w/ vxemhfw wr[|/
+514,/ +515,/ dqg wkh nqrzohgjh wkdw wkh srolf| lq shulrg w.4 zloo eh wkh uhvxow ri uhrswlpl}dwlrq
lq shulrg w.41 Wkh rswlpdo uhdfwlrq ixqfwlrq xqghu glvfuhwlrq zloo eh olqhdu dqg zloo eh ghqrwhg

l| @ ai[|1 +5146,

Wkh iruzdug0orrnlqj yduldeohv zloo eh d olqhdu ixqfwlrq ri wkh vwdwh yduldeohv dv lq +51:,1

516 Prqhwdu| srolf| uxohv

Zkdw lv d prqhwdu| srolf| uxohB L zloo lqwhusuhw 3uxoh4 lq d idluo| eurdg vhqvh/ qdpho| 3d
suhvfulehg jxlgh iru frqgxfw ru dfwlrq/4 zklfk lv wkh ?uvw gh?qlwlrq jlyhq lq Phuuldp0Zhevwhu
^98`1 Dffruglqjo|/ L gh?qh d prqhwdu| srolf| uxoh dv d suhvfulehg jxlgh iru prqhwdu| srolf|
frqgxfw1

Dv phqwlrqhg deryh/ L ?qg lw xvhixo wr glvwlqjxlvk ehwzhhq wzr nlqgv ri prqhwdu| srolf|
uxohv/ qdpho| lqvwuxphqw uxohv dqg wdujhw+lqj, uxohv1

51614 Lqvwuxphqw uxohv

Lqvwuxphqw uxohv duh wkh prqhwdu| srolf| uxohv prvw iuhtxhqwo| uhihuuhg wr lq wkh olwhudwxuh144

Dq lqvwuxphqw uxoh h{suhvvhv wkh lqvwuxphqwv dv d suhvfulehg ixqfwlrq ri suhghwhuplqhg ru
iruzdug0orrnlqj yduldeohv/ ru erwk1 Li wkh lqvwuxphqwv duh d suhvfulehg ixqfwlrq ri suhghwhuplqhg
yduldeohv rqo|/ wkdw lv/ d suhvfulehg uhdfwlrq ixqfwlrq/ wkh uxoh lv dq h{solflw lqvwuxphqw uxoh1 Li wkh
lqvwuxphqwv duh d suhvfulehg ixqfwlrq ri iruzdug0orrnlqj yduldeohv/ wkdw lv/ d suhvfulehg lpsolflw
uhdfwlrq ixqfwlrq/ wkh uxoh lv dq lpsolflw lqvwuxphqw uxoh1 Lq wkh odwwhu fdvh/ wkh lqvwuxphqw
uxoh lv dq htxloleulxp frqglwlrq +wkhuh duh qrqwulyldo hqgrjhqrxv yduldeohv rq erwk vlghv ri wkh
htxdwlrq ghvfulelqj wkh lqvwuxphqw uxoh,1

Wkxv/ d olqhdu h{solflw lqvwuxphqw uxoh lq wkh deryh prgho fdq eh zulwwhq dv +519,/ zkhuh
i lv suhvfulehg1 Vlploduo|/ d olqhdu lpsolflw lqvwuxphqw uxoh fdq eh zulwwhq dv +5144,/ zkhuh i
dqg j duh suhvfulehg1 D vlpsoh lqvwuxphqw uxoh kdv ihz dujxphqwv> wkdw lv/ lw ghshqgv rq ihz
suhghwhuplqhg ru iruzdug0orrnlqj yduldeohv1

D zhoo0nqrzq h{dpsoh ri d vlpsoh h{solflw lqvwuxphqw uxoh lv wkh Wd|oru uxoh ^;8`/

l| @çl. 4=8+ä| ý 5, . 3=8||>

zkhuh l| lv wkh ihghudo ixqgv udwh lq txduwhu w/ çl lv wkh dyhudjh ihghudo ixqgv udwh +7 shufhqw
lq ^;8`,/ ä| lv 70txduwhu lq dwlrq/ || lv wkh rxwsxw jds/ dqg wkh ihghudo ixqgv udwh uhvsrqgv wr

43 Vhh Rxgl} dqg Vdfkv ^9:`/ Edfnxv dqg Gul!oo ^4`/ Fxuu| dqg Ohylqh ^5:`/ Eodnh dqg Zhvwdzd| ^46` dqg
Vyhqvvrq ^;5` iru ixuwkhu glvfxvvlrqv ri glvfuhwlrq dqg frpplwphqw htxloleuld zlwk iruzdug0orrnlqj yduldeohv1

44 Iru lqvwdqfh/ wkhvh duh wkh nlqg ri uxohv glvfxvvhg e| Wd|oru ^;<`1
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ghyldwlrqv ri lq dwlrq iurp wkh 5 shufhqw ohyho dqg wr wkh rxwsxw jds zlwk wkh frh!flhqwv 418
dqg 318/ uhvshfwlyho|145 D vhfrqg h{dpsoh lv wkh Khqghuvrq0PfNleelq ^79`/ ^7:`uxoh/

l| @çl. ð+ä| . || ý_ä . |,>

zkhuh ð A 3/ çl lv wkh dyhudjh ihghudo ixqgv udwh/ dqg wkh ihghudo ixqgv udwh uhvsrqgv wr ghyldwlrqv
ehwzhhq wkh vxp ri lq dwlrq dqg rxwsxw iurp wkh 3wdujhw4 ohyho _ä . |1 D wklug h{dpsoh lv
PfFdooxp*v ^93` uxoh iru wkh +orj, prqhwdu| edvh/ e|/

e| ý e|3� @ fü{. 4

49
^+e|3� ý {|3�,ý +e|3�. ý {|3�.,`ý ò+{|3� ý a{|3�,>

zkhuh ò A 3/ {| lv +orj, qrplqdo JGS lq txduwhu w/ fü{ lv d wdujhw iru qrplqdo JGS jurzwk/
dqg a{| @ a{|3�. fü{ lv d fruuhvsrqglqj wdujhw sdwk iru wkh ohyho1 Lq wklv uxoh/ wkh jurzwk udwh ri
wkh prqhwdu| edvh uhvsrqgv wr ghyldwlrqv ri qrplqdo JGS iurp wkh wdujhw sdwk dqg wr fkdqjhv
lq wkh lqfrph yhorflw| ri wkh edvh146

Dq h{dpsoh ri dq lpsolflw uhdfwlrq ixqfwlrq lv wkh rqh xvhg lq Edqn ri Fdqdgd*v TSP prgho
^58` dqg lq Uhvhuyh Edqn ri Qhz ]hdodqg*v Iruhfdvwlqj dqg Srolf| V|vwhp ^44`/

l| @ l
u
| . ð+ä|nA �| ý aä,/ +5147,

zkhuh l| lv d vkruw qrplqdo lqwhuhvw udwh/ lu| lv d orqj qrplqdo lqwhuhvw udwh/ ä|nA �| lv d W 0txduwhu0
dkhdg 3uxoh0frqvlvwhqw lq dwlrq iruhfdvw4 +d W 0txduwhu0dkhdg lq dwlrq iruhfdvw frqglwlrqdo xsrq
wkh prgho dqg wkh lpsolflw lqvwuxphqw uxoh +5147,> W lv xvxdoo| 98; txduwhuv,/ aä lv wkh plgsrlqw
ri wkh lq dwlrq wdujhw udqjh/ dqg ð A 31 Wkdw lv/ wkh lqvwuxphqw l| lv dgmxvwhg vxfk wkdw wkh
+uhyhuvh, vorsh ri wkh |lhog fxuyh/ l| ý lu| / lv sursruwlrqdo wr wkh ghyldwlrq ri wkh uxoh0frqvlvwhqw
lq dwlrq iruhfdvw iurp wkh lq dwlrq wdujhw1 Wklv lv dq h{dpsoh ri dq lpsolflw uhdfwlrq ixqfwlrq/
vlqfh erwk wkh orqj lqwhuhvw udwh dqg wkh lq dwlrq iruhfdvw duh iruzdug0orrnlqj dqg ghshqg rq
wkh uhdfwlrq ixqfwlrq lwvhoi147

D yduldqw ri +5147,/
l| @çl. ð+ä|nA �| ý aä,/ +5148,

zkhuh wkh lqvwuxphqw uhvsrqgv gluhfwo| wr ghyldwlrqv ri wkh uxoh0frqvlvwhqw lq dwlrq iruhfdvw iurp
wkh lq dwlrq wdujhw/ lv glvfxvvhg lq Kdogdqh ^76`/ dqg ixuwkhu h{dplqhg lq Kdogdqh dqg Edwlql
^77` dqg Uxghexvfk dqg Vyhqvvrq ^:5`1 Wkhvh lpsolflw uhdfwlrq ixqfwlrqv zrxog eh h{dpsohv ri
lpsolflw lqvwuxphqw uxohv/ li wkh| zhuh suhvfulehg jxlghv iru prqhwdu| srolf|1

45 Li %| dqg Z| duh qrw suhghwhuplqhg lq shulrg |/ wkh Wd|oru uxoh lv dq lpsolflw lqvwuxphqw uxoh/ wkdw lv/ dq
htxloleulxp frqglwlrq1
Wkh Wd|oru uxoh lv riwhq htxlydohqwo| zulwwhq

ð| ' 7o n Z| n féDEZ| 3 ÷Zä n féD+|c
zkhuh 7o lv wkh dyhudjh uhdo udwh +5 shufhqw lq ^;8`, dqg ÷Z lv dyhudjh lq dwlrq +ru dq lq dwlrq wdujhw,1

46 PfFdooxp kdv hpskdvl}hg wkdw lq rughu wr eh rshudwlrqdo/ d prqhwdu| srolf| uxoh vkrxog rqo| uho| rq
lqirupdwlrq wkdw lv h{solflwo| dydlodeoh dw wkh wlph zkhq wkh lqvwuxphqw lv vhw/ dqg zklfk wdnhv lqwr dffrxqw wkdw
txduwhuo| JGS dqg wkh JGS gh dwru duh uhsruwhg zlwk d odj1 Wkhuhiruh/ klv uxoh h{solflwo| xvhv qrplqdo JGS
gdwd iurp wkh odvw txduwhu1 Dowhuqdwlyho|/ wkh dujxphqwv ri lqvwuxphqw uxohv fdq eh iruhfdvwv ri fxuuhqw yduldeohv/
vd| Z|�|3� dqg +|�|3� iru wkh Wd|oru uxoh1 Wklv suhvhqwv qr rshudwlrqdo gl!fxow|/ dowkrxjk lw fohduo| pdnhv lw pruh
gl!fxow iru rxwvlghuv wr yhuli| zkhwkhu wkh uxoh lv reh|hg1

47 Wkh uhdfwlrq ixqfwlrq lv dovr xvhg lq Eodfn/ Pdfnohp dqg Urvh ^45`1 Lpsolflw uhdfwlrq ixqfwlrqv duh sureohp0
dwlf/ lq wkdw qrqh{lvwhqfh ru pxowlsolflw| ri htxloleuld fdq rffxu/ zklfk kdv ehhq ghprqvwudwhg e| Zrrgirug ^<7`
dqg Ehuqdqnh dqg Zrrgirug ^43`1

:



Wkh lpsolflw uhdfwlrq ixqfwlrqv +5147, dqg +5148, duh vlpsoh/ lq wkh vhqvh wkdw ihz iruzdug0
orrnlqj yduldeohv hqwhu rq wkh uljkw0kdqg vlgh1 Krzhyhu/ wkh fruuhvsrqglqj htxloleulxp +h{solflw,
uhdfwlrq ixqfwlrqv +5145, uhvxowlqj zkhq wkh prgho lv vroyhg duh frpsoh{/ lq wkdw wkh| ghshqg
rq doo wkh suhghwhuplqhg yduldeohv wkdw ghwhuplqh wkh lq dwlrq iruhfdvw dqg/ iru +5147,/ wkh orqj
lqwhuhvw udwh/ dqg lq wkdw wkh uhvsrqvh frh!flhqwv duh frpsoh{ ixqfwlrqv ri wkh sdudphwhuv ri
wkh prgho dqg wkh lpsolflw uhdfwlrq ixqfwlrq1

Iurp htxdwlrq +F145, lq dsshqgl{ F +iroorzlqj Vyhqvvrq ^::`/ htxdwlrq +9143,,/ lw lv dssdu0
hqw wkdw lpsolflw uhdfwlrq ixqfwlrqv ri wkh irup +5148, duh jhqhudoo| qrw rswlpdo/ vlqfh wkhuh lv
dgglwlrqdo xvhixo lqirupdwlrq/ eh|rqg zkdw lv frqwdlqhg lq wkh lq dwlrq iruhfdvw/ lq rwkhu ydul0
deohv/ iru lqvwdqfh/ rxwsxw1 Wklv lv dovr wkh fdvh iru vwulfw lq dwlrq wdujhwlqj/ zkhq rqo| lq dwlrq
hqwhu wkh orvv ixqfwlrq1 Wkdw +5148, lv jhqhudoo| qrw rswlpdo lv dovr ghprqvwudwhg qxphulfdoo|
lq Kdogdqh dqg Edwlql ^77` dqg Uxghexvfk dqg Vyhqvvrq ^:5`1

51615 Wkh uroh ri lqvwuxphqw uxohv

Zklfk lv jhqhudoo| wkh uroh ri lqvwuxphqw uxohv lq prqhwdu| srolf|B Lq uhdolw|/ qr fhqwudo edqn
iroorzv dq lqvwuxphqw uxoh/ qrwzlwkvwdqglqj li lw lv h{solflw ru lpsolflw1 Hyhu| fhqwudo edqn
xvhv pruh lqirupdwlrq wkdq wkh iuhtxhqwo| vxjjhvwhg vlpsoh uxohv uho| rq/ hvshfldoo| lq rshq
hfrqrplhv1 Lq sduwlfxodu/ qr fhqwudo edqn uhdfwv lq d suhvfulehg phfkdqlfdo zd| wr d suhvfulehg
lqirupdwlrq vhw1 Wkhuh lv qr h{solflw frpplwphqw phfkdqlvp wkdw pljkw frpplw wkh fhqwudo edqn
wr dgmxvw lwv lqvwuxphqw dffruglqj wr d suhvfulehg uxoh1 Dv lv nqrzq e| hyhu| vwxghqw ri prghuq
fhqwudo edqnlqj/ wkh edqn*v Erdug ru Prqhwdu| Srolf| Frpplwwhh uhfrqvlghuv lwv prqhwdu|
srolf| ghflvlrqv pruh ru ohvv iurp vfudwfk dw iuhtxhqw lqwhuydov/ e| wdnlqj doo wkh lqirupdwlrq
lw ?qgv uhohydqw lqwr dffrxqw +zlwk wkh srvvleoh h{fhswlrq ri d srvvleoh ?{hg h{fkdqjh udwh,1
Wkh edqn iuhtxhqwo| uhfrqvlghuv +dqg/ dw ehvw/ uhrswlpl}hv,> udwkhu wkdq frqvlghuv +dqg/ dw ehvw/
rswlpl}hv, rqfh dqg iru doo/ dqg wkhq vlpso| dssolhv wkh uhvxowlqj uhdfwlrq ixqfwlrq iru hyhu
diwhu1 Wklv uhfrqvlghudwlrq ri wkh edqn*v ghflvlrqv phdqv wkdw lw lv ehvw ghvfulehg dv ghflvlrq
pdnlqj xqghu glvfuhwlrq udwkhu wkdq frpplwphqw> lqhylwdeo| wkhuh zloo eh uhfrqvlghudwlrq dqg
qhz ghflvlrqv lq wkh ixwxuh/ dqg wkhuh lv qr frpplwphqw phfkdqlvp iru suhyhqwlqj wklv1

Wkhuhiruh/ wkh uroh ri vlpsoh ru frpsoh{ lqvwuxphqw uxohv lv/ lq sudfwlfh/ qhyhu wr frpplw
wkh edqnv1 Lqvwhdg/ wkh| vhuyh dv edvh0olqhv/ wkdw lv/ dv frpsdulvrqv dqg iudphv ri uhihuhqfh/
iru dfwxdo srolf| dqg lwv hydoxdwlrq1 Lq frqwudvw/ wdujhwlqj uxohv/ dv lq Urjr> ^:3`/ Zdovk ^<6`/
Vyhqvvrq ^::` dqg ^:<`/ Fodulgd/ Jdol dqg Jhuwohu ^55`/ dqg Uxghexvfk dqg Vyhqvvrq ^:5`/ kdyh wkh
srwhqwldo wr vhuyh dv d nlqg ri frpplwphqw +qdpho| d frpplwphqw wr d orvv ixqfwlrq/ dowkrxjk lw
lv vwloo plqlpl}hg xqghu glvfuhwlrq,/ dqg duh srwhqwldoo| forvhu wr wkh dfwxdo sudfwlfh dqg ghflvlrq
iudphzrun ri +dw ohdvw, lq dwlrq0wdujhwlqj fhqwudo edqnv1

51616 Wdujhwlqj uxohv

E| d wdujhwlqj uxoh/ L phdq wkh dvvljqphqw ri d sduwlfxodu orvv ixqfwlrq wr eh plqlpl}hg1 Pruh
suhflvho|/ d wdujhw+lqj, uxoh vshfl?hv d +yhfwru ri, wdujhw yduldeoh+v, \|/ d +yhfwru ri, wdujhw
ohyho+v, a\ / dqg d fruuhvsrqglqj orvv ixqfwlrq +516, dqg +517, +wkdw lv/ d zhljkw pdwul{ N dqg d
glvfrxqw idfwru ï, wkdw lv wr eh plqlpl}hg148

48 Wkh wdujhw ohyhov fdq eh wlph0ghshqghqw/ ÷t|1
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Frqvlghu wkh vshfldo fdvh zkhq +4, wkh fhqwudo edqn kdv shuihfw frqwuro ryhu wkh jrdo yduldeohv
dqg +5, wkhuh lv qr lqwudwhpsrudo ru lqwhuwhpsrudo wudghr> ehwzhhq wkh jrdo yduldeohv149 Wkhq/
wkhuh lv d wulyldo ?uvw0rughu frqglwlrq iru d plqlpxp ri wkh orvv ixqfwlrq/

\| @ a\ = +5149,

Wkxv/ lq wklv fdvh wkh wdujhwlqj uxoh fdq htxlydohqwo| eh h{suhvvhg dv dq htxdwlrq zklfk wkh
wdujhw yduldeohv pxvw ixo?oo1

Zkhq wkh fhqwudo edqn kdv lpshuihfw frqwuro ryhu wkh wdujhw yduldeohv/ dqg dv orqj dv wkhuh lv
qr lqwudwhpsrudo ru lqwhuwhpsrudo wudghr> ehwzhhq wkh jrdo yduldeohv/ wkh ?uvw0rughu frqglwlrq
lv vwloo wulyldo/

\|nô �| @ a\ /

iru á è W / zkhuh \|nô �| ghqrwhv d frqglwlrqdo iruhfdvw ri \|nô +wr eh gh?qhg ehorz, dqg W è 3
lv wkh vkruwhvw krul}rq dw zklfk wkh lqvwuxphqw kdv dq h>hfw rq wkh jrdo yduldeohv1

Iru wkh uhdolvwlf fdvh zlwk lpshuihfwo| frqwuroohg wdujhw yduldeohv iru zklfk wkhuh lv dq lq0
whuwhpsrudo ru lqwudwhpsrudo wudghr>/ wkh vlwxdwlrq lv pruh frpsoh{1 Krzhyhu/ wkh wdujhwlqj
uxoh fdq vwloo eh h{suhvvhg dv d v|vwhp ri htxdwlrqv uhsuhvhqwlqj d ?uvw0rughu frqglwlrq iru d
plqlpxp ri wkh orvv ixqfwlrq1

Lq rughu wr vkrz wklv/ lw lv qhfhvvdu| wr surylgh d uhdvrqdeo| uljrurxv gh?qlwlrq ri frqglwlrqdo
iruhfdvwv1 Pruh suhflvho|/ iru d ?{hg shulrg w/ ohw [|nô �|/ {|nô �|/ \|nô �| dqg l|nô �| iru á è 3 ghqrwh
suhghwhuplqhg/ iruzdug0orrnlqj/ dqg wdujhw yduldeohv dqg lqvwuxphqw vhwwlqjv/ uhvshfwlyho|/ lq
shulrg w.á / iru wkh fruuhvsrqglqj ghwhuplqlvwlf prgho +514, zkhq wkh vkrfnv diwhu shulrg w duh doo
}hur +y|nô @ 3 iru á è 4,1 Iru dq| yduldeoh å/ ohw å| ghqrwh wkh ixwxuh sdwk å|> å|n��|> å|n2�|> === Vlqfh
wkh prgho lv olqhdu dqg wkh vkrfnv duh dgglwlyh/ zh uhdol}h wkdw wkhvh sdwkv fdq dovr eh lqwhusuhwhg
dv frqglwlrqdoo| h{shfwhg sdwkv/ h{shfwhg ydoxhv ri ixwxuh udqgrp yduldeohv/ frqglwlrqdo rq
lqirupdwlrq dydlodeoh lq shulrg w +wkdw lv/ [|/ wkh prgho +514, dqg +515,/ dqg wkh }hur phdqv
ri wkh vkrfnv,1 Wklv lv zk| zh fdq fdoo wkhp frqglwlrqdo iruhfdvwv14: Pruh suhflvho|/ frqvlghu
wkh vhw L| ri sdwkv l| ri lqvwuxphqw vhwwlqjv iru zklfk wkhuh h{lvw erxqghg sdwkv [|/ {| dqg
\ | ri suhghwhuplqhg/ iruzdug0orrnlqj dqg wdujhw yduldeohv/ uhvshfwlyho|1 Iru hdfk l| 5 L|/ ohw
å|+l|, ghqrwh wkh fruuhvsrqglqj sdwk iru yduldeoh å @ [/ { dqg \ / dqg fdoo lw wkh fruuhvsrqglqj
frqglwlrqdo iruhfdvw +frqglwlrqdo rq [|/ l|/ +514,/ +515,/ dqg H^y|nô ` @ 3/ á è 41,1 Dffruglqjo|/
wkh frqglwlrqdo iruhfdvw ri wdujhw yduldeohv lv ghqrwhg \ |+l|,= Ilqdoo|/ ohw

\| ì i\ |+l|,ml| 5 L|j

ghqrwh wkh vhw ri ihdvleoh frqglwlrqdo iruhfdvwv1
Frqvwuxfwlqj frqglwlrqdo iruhfdvwv lq d edfnzdug0orrnlqj prgho +wkdw lv/ d prgho zlwkrxw

iruzdug0orrnlqj yduldeohv, lv vwudljkwiruzdug1 Frqvwuxfwlqj vxfk iruhfdvwv lq d iruzdug0orrnlqj
prgho udlvhv vrph vshfldo gl!fxowlhv1 Wkhvh duh vruwhg rxw dqg uhvroyhg lq dsshqgl{ D1

Gxh wr wkh fhuwdlqw|0htxlydohqfh wkdw krogv lq d olqhdu prgho zlwk d txdgudwlf orvv ixqfwlrq
dqg dgglwlyh vkrfnv/ lw lv qrz dssduhqw wkdw wkh vwrfkdvwlf rswlpl}dwlrq sureohp wr plqlpl}h
wkh h{shfwhg orvv ixqfwlrq ryhu ixwxuh udqgrp wdujhw yduldeohv +517,/ vxemhfw wr +514, dqg +515,/

49 Wkh odwwhu jhqhudoo| uhtxluhv dv pdq| olqhduo| lqghshqghqw lqvwuxphqwv dv wkhuh duh wdujhw yduldeohv1 Khqfh/
li wkhuh lv rqo| rqh lqvwuxphqw/ wkhuh pxvw eh rqo| rqh wdujhw yduldeoh1

4: Dowhuqdwlyho|/ wkh| fdq eh fdoohg 3surmhfwlrqv/4 dv lq wkh sxeolfdwlrqv ri wkh Uhvhuyh Edqn ri Qhz ]hdodqg1
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lv htxlydohqw wr wkh ghwhuplqlvwlf sureohp wr plqlpl}h wkh ghwhuplqlvwlf orvv ixqfwlrq ryhu wkh
ghwhuplqlvwlf sdwkv ri frqglwlrqdo iruhfdvwv ri wkh wdujhw yduldeohv \ |>

"[
ô'f

ïô +\|nô �| ý a\ ,âN+\|nô �| ý a\ ,> +514:,

vxemhfw wr
\ | 5 \|1 +514;,

Wkh ?uvw0rughu frqglwlrq iru d plqlpxp ri +514:, vxemhfw wr +514;, fdq eh zulwwhq dv wkh
v|vwhp ri htxdwlrqv

J|+\|> \|n��|> \|n2�|> ===, @ 3> +514<,

zklfk wkh frqglwlrqdo iruhfdvwv ri wkh wdujhw yduldeohv pxvw ixo?oo +vhh dsshqgl{ E iru ghwdlov,1
Wkxv/ wkh wdujhwlqj uxoh iru wdujhw yduldeohv xqghu lqfrpsohwh frqwuro fdq eh irupxodwhg dv wkh
v|vwhp ri htxdwlrqv +514<, iru wkh frqglwlrqdo iruhfdvwv1

Wdujhwlqj uxohv duh lpsolflw lqvwuxphqw uxohv/ lq wkh vhqvh wkdw wkh ?uvw0rughu frqglwlrqv
+5149, ru +514<, fdq eh lqwhusuhwhg dv lpsolflw uhdfwlrq ixqfwlrqv/ lq wkh iroorzlqj zd|1 Ohw
\ | eh wkh vroxwlrq wr wkh ?uvw0rughu frqglwlrq/ dqg ohw l| @ l|> l|n��|> ===> eh wkh fruuhvsrqglqj
lqvwuxphqw sdwk1 Wkh ?uvw hohphqw/ l|/ jlyhv wkh lqvwuxphqw vhwwlqj iru shulrg w1 Reylrxvo|/ lw
zloo eh d ixqfwlrq ri wkh suhghwhuplqhg yduldeohv/ [|/ lq wklv shulrg1 Lq d olqhdu prgho zlwk
d txdgudwlf orvv ixqfwlrq/ lw zloo eh d olqhdu ixqfwlrq ri [|/ dqg wkh fruuhvsrqglqj +h{solflw,
uhdfwlrq ixqfwlrq fdq eh zulwwhq dv +519,1

51617 Lqwhuphgldwh0wdujhwlqj uxohv

Dq lqwhuphgldwh0wdujhwlqj uxoh vshfl?hv dq +d yhfwru ri, lqwhuphgldwh wdujhw yduldeoh+v,/ ]|> jlyhq
e|

]| @ F~

é
[|
{|

è
.G~l|

zkhuh F~ dqg G~ duh pdwulfhv ri dssursuldwh glphqvlrqv/ d wdujhw ohyho +yhfwru,/ a]|> dqg dq
lqwhuphgldwh +lqwhuwhpsrudo, orvv ixqfwlrq wr eh plqlpl}hg/

H|

"[
ô'f

ïô +]|nô ý a]|nô ,
âN~+]|nô ý a]|nô ,> +5153,

zkhuh N~ lv d srvlwlyh0gh?qlwh zhljkw pdwul{ ri dssursuldwh glphqvlrq1
Dq 3lghdo4 lqwhuphgldwh wdujhw yduldeoh lv kljko| fruuhodwhg zlwk wkh jrdo/ hdvlhu wr frqwuro

wkdq wkh jrdo/ hdvlhu wr revhuyh wkdq wkh jrdo/ dqg wudqvsduhqw +iru lqvwdqfh lq wkh vhqvh ri
vlpsoli|lqj frppxqlfdwlrq ehwzhhq wkh fhqwudo edqn dqg wkh jhqhudo sxeolf dv zhoo dv sxeolf
xqghuvwdqglqj ri prqhwdu| srolf|, +fi1 wkh glvfxvvlrq lq Vyhqvvrq ^::`,1 Wkhq/ wkh dssursuldwh
lqwhuphgldwh0wdujhwlqj uxoh lv h!flhqw lq plqlpl}lqj wkh orvv ixqfwlrq +517,1 Iru lqvwdqfh/ vxs0
srvh wkdw wkh lqwhuphgldwh wdujhw yduldeohv ]|nôc| lq shulrg w suhglfw wkh jrdo yduldeohv lq shulrg
w. á dffruglqj wr

\|nô @P]|nôc| . %~c|nô >
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zkhuh %~c|nô lv dq llg vkrfn zlwk }hur phdq wkdw lv xqfruuhodwhg zlwk ]|nôc| dqg P lv d jlyhq
pdwul{ ri dssursuldwh glphqvlrq1 Ohw wkh lqwhuphgldwh wdujhw ohyho a] ixo?oo

a\ @P a]= +5154,

Wkhq zh kdyh

+\|nô ý a\ ,âN+\|nô ý a\ , @ +]|nôc| ý a],âP âNP+]|nôc| ý a], . %â~c|nôN%~c|nô
ì +]|nôc| ý a],âN~+]|nôc| ý a], . %â~c|nôN%~c|nô > +5155,

zkhuh
N~ ìP âNP= +5156,

Vlqfh wkh odvw whup rq wkh uljkw vlgh ri +5155, lv h{rjhqrxv/ zh uhdol}h wkdw plqlpl}lqj +5153,
zlwk a] dqg N~ jlyhq e| +5155, dqg +5156, zloo eh htxlydohqw wr plqlpl}lqj +517,1

Lqwxlwlyho|/ dq lqwhuphgldwh0wdujhwlqj uxoh zloo eh rswlpdo li wkh lqvwuxphqwv d>hfw wkh wdujhw
yduldeohv rqo| yld wkh lqwhuphgldwh wdujhw yduldeohv/ vfkhpdwlfdoo| looxvwudwhg dv

l| $ ]| $ \|nô =

Zh zloo uhwxuq wr wklv lvvxh zkhq glvfxvvlqj prqh|0jurzwk wdujhwlqj lq vhfwlrq 7141

51618 Wkh fdqrqlfdo lqwhuphgldwh wdujhw

Zh lpphgldwho| uhdol}h wkdw d qdwxudo dqg rswlpdo lqwhuphgldwh wdujhw/ wkh 3fdqrqlfdo4 lqwhuph0
gldwh wdujhw/ dulvhv li wkh lqwhuphgldwh wdujhw yduldeohv ]|nôc| duh lghqwl?hg zlwk wkh frqglwlrqdo
iruhfdvw ri wkh wdujhw yduldeohv \|nô �|/ wkh lqwhuphgldwh wdujhw ohyhov a]|nôc| zlwk wkh wdujhw ohyhov
a\ / dqg wkh lqwhuphgldwh zhljkw pdwul{ N~ zlwk wkh zhljkw pdwul{ N +wkdw lv/ wkh pdwul{ P
deryh lv wkh lghqwlw| pdwul{,

]|nôc| ì \|nô �|
a]|nôc| ì a\

N~ ì N=

Wklv lqwhuphgldwh0wdujhwlqj uxoh reylrxvo| ohdgv wr wkh vdph htxloleulxp dv wkh ruljlqdo wdujhwlqj
uxoh1

Wkxv/ lw dsshduv wkdw xvlqj frqglwlrqdo iruhfdvwv dv lqwhuphgldwh wdujhw yduldeohv lv rswlpdo1
Lq wklv fdvh/ wkh lqwhuphgldwh wdujhw yduldeohv duh v|qwkhwlf> wkh| duh wkhruhwlfdo frqvwuxfwlrqv1
Zkhwkhu frqglwlrqdo iruhfdvwv duh lghdo lqwhuphgldwh wdujhwv ghshqgv rq wkhlu ehlqj hdvlo| re0
vhuyhg dqg wudqvsduhqw/ dq lvvxh wkdw zh vkdoo uhwxuq wr lq wkh glvfxvvlrq ri lq dwlrq wdujhwlqj
lq vhfwlrq 61

51619 Dq h{dpsoh ri d wdujhwlqj uxoh

Lq Vyhqvvrq ^::`/ d vlpsoh edfnzdug0orrnlqj prgho +wkdw lv/ wkhuh duh qr iruzdug0orrnlqj ydul0
deohv {| lq +514,, lv suhvhqwhg/ zkhuh wkh ?uvw wzr hohphqwv ri wkh yhfwru ri suhghwhuplqhg
yduldeohv duh lq dwlrq/ ä|/ dqg wkh rxwsxw0jds/ || +vhh dsshqgl{ F,1 Wkh lqvwuxphqw/ d vkruw
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lqwhuhvw udwh/ l|/ d>hfwv wkh rxwsxw jds zlwk d rqh0shulrg frqwuro odj/ dqg lq dwlrq zlwk d wzr0
shulrg frqwuro odj1 Wkh wdujhw yduldeohv duh dovr lq dwlrq dqg wkh rxwsxw jds/ dqg wkh shulrg
orvv ixqfwlrq lv

O| @
4

5
^+ä| ý aä,2 . è|2| `>

zkhuh è è 3 lv wkh uhodwlyh zhljkw rq rxwsxw0jds vwdelol}dwlrq1 Khqfh/ wkh yhfwru ri wdujhw
yduldeohv lv \| @ +ä|> ||,â/ zlwk wdujhw ohyhov a\ @ +aä> 3,â dqg d gldjrqdo zhljkw pdwul{ N zlwk
gldjrqdo �2+4> è,1

Wkh ?uvw0rughu frqglwlrq fdq eh zulwwhq lq vhyhudo gl>huhqw zd|v1 Rqh lv

ä|n2�| ý aä @ f+è,+ä|n��| ý aä,> +5157,

zkhuh wkh frh!flhqw f+è, è 3 lv lqfuhdvlqj lq è/ zlwk f+3, @ 3 dqg olpb<" f+è, @ 4/ wkh rqh0
shulrg0dkhdg frqglwlrqdo lq dwlrq iruhfdvw ä|n��| lv suhghwhuplqhg/ dqg wkh wzr0shulrg0dkhdg
frqglwlrqdo lq dwlrq iruhfdvw ä|n2�| ghshqgv rq wkh suhghwhuplqhg yduldeohv dqg wkh lqvwuxphqw
lq shulrg w1 Wkxv/ wkh wdujhwlqj uxoh fdq eh irupxodwhg dv 3dgmxvw wkh lqvwuxphqw vxfk wkdw
wkh ghyldwlrq ri wkh wzr0|hdu0dkhdg frqglwlrqdo lq dwlrq iruhfdvw iurp wkh lq dwlrq wdujhw lv d
iudfwlrq f+è, ri wkh vdph ghyldwlrq ri wkh rqh0|hdu0dkhdg iruhfdvw14

Dowhuqdwlyho|/ wkh wdujhwlqj uxoh fdq eh h{suhvvhg dv dq lqwhuphgldwh0wdujhwlqj uxoh1 Ohw wkh
lqwhuphgldwh0wdujhw yduldeoh lq shulrg w eh wkh wzr0shulrg0dkhdg frqglwlrqdo lq dwlrq iruhfdvw/
]| ì ä|n2�|/ dqg ohw wkh lqwhuphgldwh0wdujhw ohyho eh wlph0ghshqghqw dqg ixo?oo

a]| ì aä . f+è,+ä|n��| ý aä,=
Wkhq/ wkh vdph htxloleulxp fdq eh uhdfkhg zlwk dq lqwhuphgldwh0wdujhwlqj uxoh zlwk wkh lqwhu0
phgldwh orvv ixqfwlrq

4

5
+]| ý a]|,

2/

ru/ htxlydohqwo|/ zlwk wkh lqwhuphgldwh wdujhw ixo?oolqj wkh ?uvw0rughu frqglwlrq

]| @ a]|1

Dsshqgl{ F vkrzv vhyhudo rwkhu zd|v ri h{suhvvlqj wkh wdujhwlqj dqg lqwhuphgldwh0wdujhwlqj
uxohv iru wklv h{dpsoh dqg ghulyhv wkh fruuhvsrqglqj uhdfwlrq ixqfwlrq1

517 Vrph frqixvlqj whuplqrorj|

Lq wkh wd{rqrp| rxwolqhg deryh/ wdujhw yduldeohv duh yduldeohv wkdw dsshdu lq wkh orvv ixqfwlrq/
zkloh wkh yduldeohv wkdw dsshdu lq wkh uhdfwlrq ixqfwlrq duh lqglfdwruv/ suhghwhuplqhg yduldeohv
+wkdw fdxvh2suhglfw wkh wdujhw yduldeohv dqg wkhuhiruh frqyh| lqirupdwlrq,1 Wklv whuplqrorj|
vhhpv orjlfdo dqg frqvlvwhqw wr ph1

Lq wkh olwhudwxuh/4; 3wdujhwlqj yduldeoh \|4 ru 3kdylqj d wdujhw a\ iru yduldeoh \|4 vrphwlphv
lpsolflwo| ru h{solflwo| uhihuv wr d vlwxdwlrq zlwk d uhvwulfwhg uhdfwlrq ixqfwlrq/ zkhuh wkh lqvwux0
phqw lv uhvwulfwhg wr rqo| uhvsrqg wr ghyldwlrqv ehwzhhq wkh wdujhw yduldeoh dqg wkh wdujhw ohyho
+dqg srvvleo| wr odjjhg lqvwuxphqw ohyhov/ wr lqfrusrudwh lqvwuxphqw vprrwklqj,/ iru lqvwdqfh/

l| @çl. j+\| ý a\ ,> +5158,
4; Iru h{dpsohv/ vhh/ hvshfldoo|/ Eu|dqw/ Krrshu dqg Pdqq ^4:`/ fkdsw1 4/ exw dovr Mxgg dqg Prwoh| ^7<`/

PfFdooxp ^94` dqg Ehuqdqnh dqg Zrrgirug ^43`1
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ru
l| @ +4ý ã,çl. ãl|3� . j+\| ý a\ ,= +5159,

L ?qg wklv xvh ri wkh whup 3wdujhwlqj4 frqixvlqj dqg plvohdglqj/ iru vhyhudo uhdvrqv1 Iluvw/
lw lv vlpso| xquhdolvwlf1 3Lq dwlrq wdujhwlqj4 lq wkh uhdo zruog grhv qrw fruuhvsrqg wr fhqwudo
edqnv kdylqj uhdfwlrq ixqfwlrqv ri wkh irup

l| @çl. j+ä| ý aä,1 +515:,

Lq dwlrq0wdujhwlqj fhqwudo edqnv vlpso| xvh pxfk pruh lqirupdwlrq lq vhwwlqj wkhlu lqvwuxphqw
wkdq rqo| wkh ghyldwlrq ri fxuuhqw lq dwlrq iurp wkh lq dwlrq wdujhw1

Vhfrqg/ uhdfwlrq ixqfwlrqv ri wkh irup +5158, ru +5159,/ zkhuh wkh lqvwuxphqw uhvsrqgv rqo|
wr wkh ghyldwlrq ri d wdujhw yduldeoh iurp lwv wdujhw ohyho/ duh jhqhudoo| lqh!flhqw/ lq wkh vhqvh
wkdw wkh| gr qrw plqlpl}h uhohydqw orvv ixqfwlrqv1 Hyhq wkrxjk wkh| pd| vxffhhg lq pdnlqj
wkh phdq ri wkh wdujhw yduldeoh htxdo wr wkh wdujhw ohyho/ wkh| jhqhudoo| ohdg wr kljk yduldelolw|
lq wkh wdujhw yduldeoh frpsduhg wr rwkhu uhdfwlrq ixqfwlrqv1 Iru lqvwdqfh/ lq Uxghexvfk dqg
Vyhqvvrq ^:5`/ wkh uhdfwlrq ixqfwlrq +515:, suhirupv vr edgo| lq vwdelol}lqj lq dwlrq dqg rxwsxw
wkdw zh gr qrw hyhq uhsruw wkh uhvxowv iurp lw1 Lw iroorzv wkdw dq| fhqwudo edqn wkdw wulhg wr
lpsohphqw d uhdfwlrq ixqfwlrq olnh +5158, ru +5159, zrxog kdyh vwurqj lqfhqwlyhv wr ghyldwh iurp
lw1

Wklug/ L ?qg wkh deryh xvh ri wkh whup plvohdglqj/ ehfdxvh d prphqw*v wkrxjkw pdnhv lw
reylrxv wkdw wkh dssursuldwh srolf| lv iru wkh lqvwuxphqw wr uhvsrqg wr wkh ghwhuplqdqwv ri wkh
wdujhw yduldeohv/ wkh lqglfdwruv wkdw fdxvh ru suhglfw wkh wdujhw yduldeohv/ udwkhu wkdq wr uhvsrqg
wr wkh wdujhw yduldeohv wkhpvhoyhv1 Wklv lv/ reylrxvo|/ wkh uhdvrq zk| uhdfwlrq ixqfwlrqv ri wkh
irup +5158, dqg +5159, duh lqh!flhqw lq vwdelol}lqj wdujhw yduldeohv durxqg wkhlu wdujhw ohyhov1
Qrupdoo|/ wdujhw yduldeohv dqg lqglfdwru yduldeohv gr qrw frlqflgh1 Iru lqvwdqfh/ dv vkrzq lq
Vyhqvvrq ^::` dqg ^:<`/ xqghu vwulfw lq dwlrq wdujhwlqj +zkhq wkh fhqwudo edqn lv rqo| frqfhuqhg
zlwk vwdelol}lqj lq dwlrq durxqg wkh lq dwlrq wdujhw,/ lw lv ehvw iru wkh fhqwudo edqn wr uhvsrqg
wr erwk lq dwlrq dqg rxwsxw/ vlqfh erwk duh xvhixo iru suhglfwlqj ixwxuh lq dwlrq1 Vlploduo|/ dv
glvfxvvhg lq Vyhqvvrq ^;3`/ li wkh fhqwudo edqn zdqwv wr vwdelol}h qrplqdo JGS jurzwk durxqg
d wdujhw jurzwk udwh/ lw lv ehwwhu wr uhvsrqg vhsdudwho| wr wkh ghwhuplqdqwv ri qrplqdo JGS
jurzwk wkdq mxvw wr uhvsrqg wr wkh ghyldwlrq ehwzhhq qrplqdo JGS jurzwk dqg wkh wdujhw
jurzwk udwh1 Ru/ li wkh fhqwudo edqn zdqwv wr vwdelol}h P6 jurzwk durxqg d wdujhw jurzwk udwh/
lw lv ehwwhu wr uhvsrqg wr wkh ghwhuplqdqwv ri P6 jurzwk udwkhu wkdq wr mxvw uhvsrqg wr wkh
ghyldwlrq ri P6 jurzwk iurp wkh wdujhw jurzwk udwh +vhh vhfwlrq 714 ehorz,14<

Jhqhudoo|/ zkdw lv lq wkh orvv ixqfwlrq lv jhqhudoo| qrw zkdw lv ehvw wr uhvsrqg wr/ dqg zkdw
lv ehvw wr uhvsrqg wr qhhg qrw eh lq wkh orvv ixqfwlrq1 Lw wkhuhiruh vhhpv ehwwhu wr ghvfuleh wkh
uhdfwlrq ixqfwlrq +5158, dv 3uhvsrqglqj wr \| ý a\ 4 wkdq dv 3wdujhwlqj \|1453

6 Lq dwlrq wdujhwlqj

Wkh pdlq srlqwv lq wklv vhfwlrq duh wkh iroorzlqj= Iluvw/ lq dwlrq wdujhwlqj fdq eh lqwhusuhwhg dv
d wdujhwlqj uxoh/ zlwk d uhodwlyho| h{solflw orvv ixqfwlrq wr eh plqlpl}hg1 Xqfrqwuryhuvldoo|/ wklv

4< Lw lv rswlpdo wr uhvsrqg rqo| wr odjjhg ydoxhv ri wkh wdujhw yduldeohv dqg wr wkh lqvwuxphqw rqo| lq wkh vshfldo
fdvh zkhq wkh wdujhw yduldeohv ghshqg rqo| rq odjv ri wkhpvhoyhv dqg wkh lqvwuxphqw1

53 Iru d ghihqvh ri 3wdujhwlqj t|/4 vhh PfFdooxp dqg Qhovrq ^97`/ dsshqgl{ D1
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orvv ixqfwlrq lq dgglwlrq wr lq dwlrq/ frqwdlqv frqfhuqv derxw wkh vwdelolw| ri wkh uhdo hfrqrp|/
wkdw lv/ lw fruuhvsrqgv wr 3 h{leoh4 udwkhu wkdq 3vwulfw4 lq dwlrq wdujhwlqj1 Vhfrqg/ wkh wdujhwlqj
uxoh fdq dovr eh h{suhvvhg dv dq lqwhuphgldwh0wdujhwlqj uxoh/ 3lq dwlrq0iruhfdvw wdujhwlqj/4 zkhuh
wkh frqglwlrqdo lq dwlrq iruhfdvw lv wkh lqwhuphgldwh wdujhw yduldeoh1 Wklug/ lq dwlrq wdujhwlqj lv
dssduhqwo| d frpplwphqw wr d v|vwhpdwlf dqg udwlrqdo +wkdw lv/ rswlpl}lqj, prqhwdu| srolf| wr
d juhdwhu h{whqw wkdq dq| rwkhu prqhwdu| srolf| uhjlph vr idu1 Wklv lv ehfdxvh lq dwlrq0iruhfdvw
wdujhwlqj/ wkh rshudwlqj surfhgxuh xqghu lq dwlrq wdujhwlqj/ fdq eh lqwhusuhwhg dv d zd| ri
hqvxulqj wkdw ?uvw0rughu frqglwlrqv iru d plqlpxp ri wkh orvv ixqfwlrq duh +dssur{lpdwho|,
ixo?oohg1 Dovr/ wkh kljk ghjuhh ri wudqvsduhqf| dqg dffrxqwdelolw| dvvrfldwhg zlwk lq dwlrq
wdujhwlqj doorzv rxwvlghuv wr prqlwru wkdw wkrvh ?uvw0rughu frqglwlrqv duh ixo?oohg dqg fuhdwhv
vwurqj lqfhqwlyhv iru wkh fhqwudo edqn qrw wr ghyldwh1

614 Fkdudfwhulvwlfv

Gxulqj wkh 4<<3*v/ Qhz ]hdodqg/ Fdqdgd/ X1N1/ Vzhghq dqg Dxvwudold kdyh vkliwhg wr d qhz
prqhwdu| srolf| uhjlph/ lq dwlrq wdujhwlqj154 Wklv uhjlph lv fkdudfwhul}hg e|

41 dq h{solflw txdqwlwdwlyh lq dwlrq wdujhw/

51 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

61 d kljk ghjuhh ri wudqvsduhqf| dqg dffrxqwdelolw|155

Wkh h{solflw lq dwlrq wdujhw lv hlwkhu lq wkh irup ri 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 |hdu1 Wkh wdujhw uhihuv wr wkh Frqvxphu Sulfh Lqgh{ ru d yduldqw ri wklv wkdw h{foxghv vrph
wudqvlwru| frpsrqhqwv1 Iru lqvwdqfh/ pruwjdjh frvwv ru fuhglw vhuylfhv pd| eh h{foxghg +wr
holplqdwh frqwudglfwru| vkruw0uxq h>hfwv ri prqhwdu| srolf| rq wkh FSL,/ ru wd{hv dqg vxevlglhv
+wr holplqdwh vkruw0uxq h>hfwv ri ?vfdo srolf|,1 Dowhuqdwlyho|/ d olvw ri idfwruv wr eh glvuhjdughg
lq wkh hydoxdwlrq ri prqhwdu| srolf| pd| eh vshfl?hg lq dgydqfh1

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/ wkh iruhfdvw iru lq d0
wlrq dw d sduwlfxodu krul}rq htxdov/ ru lv vx!flhqwo| forvh wr/ wkh txdqwlwdwlyh lq dwlrq wdujhw,1
Wklv lqvwuxphqw sdwk wkhq frqvwlwxwhv wkh edvlv iru wkh fxuuhqw lqvwuxphqw vhwwlqj156

54 Ilqodqg dqg Vsdlq dovr kdyh dq h{solflw lq dwlrq wdujhw1 Krzhyhu/ vlqfh wkh| duh sduwlflsdwlqj lq HUP/ wkh|
dovr kdyh dq h{fkdqjh udwh wdujhw1 Vlqfh erwk frxqwulhv kdyh ehhq yhu| dq{lrxv wr txdoli| iru phpehuvkls lq wkh
HPX/ lw lv olnho| wkdw wkh h{fkdqjh udwh wdujhw zrxog uhfhlyh sulrulw| li d frq lfw ehwzhhq wkh lq dwlrq wdujhw dqg
wkh h{fkdqjh udwh wdujhw zhuh wr dulvh1

55 Wkh udslgo| lqfuhdvlqj olwhudwxuh rq lq dwlrq wdujhwlqj lqfoxghv wkh frqihuhqfh yroxphv Ohlghupdq dqg
Vyhqvvrq ^8:`/ Kdogdqh ^74`/ Ihghudo Uhvhuyh Edqn ri Ndqvdv Flw| ^68`/ Orzh ^8;`/ dqg Pdfnohp ^8<`1 Vhh dovr wkh
vxuyh|v e| Ehuqdqnh dqg Plvknlq ^<`/ dqg Ehuqdqnh/ Odxedfk/ Plvknlq dqg Srvhq ^9`1

56 Dv idu dv L nqrz/ wkh lghd wkdw wkh lq dwlrq iruhfdvw ehfrphv dq lqwhuphgldwh wdujhw xqghu lq dwlrq wdujhwlqj
zdv ?uvw h{suhvvhg lq sulqw e| Nlqj ^83`/ s1 44;= 3Wkh xvh ri dq lq dwlrq wdujhw grhv qrw phdq wkdw wkhuh lv qr
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Wklv rshudwlqj surfhgxuh lv d orjlfdo frqvhtxhqfh ri wkh odjv lq wkh wudqvplvvlrq 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 fxuuhqw lqvwuxphqw vhwwlqj157

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
lqvwuxphqw vhwwlqj lv qrw d suhvfulehg h{solflw ixqfwlrq ri fxuuhqw lqirupdwlrq1 Lqvwhdg/ wkh
surfhgxuh uhvxowv lq dq hqgrjhqrxv lpsolflw uhdfwlrq ixqfwlrq/ zkhuh wkh lqvwuxphqw hqgv xs dv
dq lpsolflw ixqfwlrq ri wkh uhohydqw lqirupdwlrq1 Wkh uhdfwlrq ixqfwlrq zloo/ lq jhqhudo/ qrw eh
d Wd|oru0w|sh uxoh +zkhuh d Wd|oru0w|sh uxoh ghqrwhv d uhdfwlrq ixqfwlrq uxoh zklfk lv d olqhdu
ixqfwlrq ri fxuuhqw lq dwlrq dqg rxwsxw rqo|,/ 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 eh ghshqghqw
rq pxfk pruh lqirupdwlrq> lqghhg/ rq dq|wklqj d>hfwlqj wkh fhqwudo edqn*v frqglwlrqdo lq dwlrq
iruhfdvw1 Hvshfldoo|/ wkh pruh rshq wkh hfrqrp|/ wkh pruh wkh uhdfwlrq ixqfwlrq zloo ghshqg rq
iruhljq yduldeohv/ iru lqvwdqfh iruhljq lq dwlrq/ rxwsxw dqg lqwhuhvw udwhv/ vlqfh wkhvh zloo wkhq
kdyh h>hfwv rq wkh frqglwlrqdo lq dwlrq iruhfdvw1

Ilqdoo|/ lq dwlrq0wdujhwlqj uhjlphv duh fkdudfwhul}hg e| d kljk ghjuhh ri wudqvsduhqf| dqg
dffrxqwdelolw|1 Lq dwlrq0wdujhwlqj fhqwudo edqnv uhjxoduo| lvvxh Lq dwlrq Uhsruwv ru Prqhwdu|
Srolf| Vwdwhphqwv/ h{sodlqlqj dqg prwlydwlqj wkhlu srolf| wr wkh jhqhudo sxeolf1 Wkh Uhvhuyh
Edqn ri Qhz ]hdodqg/ wkh Edqn ri Hqjodqg dqg Vyhuljhv Ulnvedqn sxeolvk judskv ri d frqgl0
wlrqdo lq dwlrq iruhfdvw1 Edqn ri Hqjodqg sxeolvkhv wkh plqxwhv ri wkh phhwlqj ri lwv Prqhwdu|
Srolf| Frpplwwhh zlwklq vl{ zhhnv ri hdfk phhwlqj1 Lq Qhz ]hdodqg/ li lq dwlrq pryhv rxwvlgh
wkh 386 shufhqw wdujhw udqjh/ wkh Uhvhuyh Edqn Jryhuqru*v shuirupdqfh lv ehlqj hydoxdwhg e|
wkh Uhvhuyh Edqn*v Erdug ri Gluhfwruv/ dqg klv mre lv srwhqwldoo| dw ulvn1 Lq wkh X1N1/ wkh Fkdq0
fhooru ri H{fkhtxhu kdv dqqrxqfhg wkh 3Rshq Ohwwhu V|vwhp=4 Li lq dwlrq ghyldwhv pruh wkdq
4 shufhqwdjh srlqw iurp wkh 518 shufhqw lq dwlrq wdujhw/ 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

615 Lqwhusuhwdwlrq

L eholhyh wkhvh fkdudfwhulvwlfv ri lq dwlrq wdujhwlqj lpso| wkdw lw lv d frpplwphqw wr d v|vwhpdwlf
dqg udwlrqdo rswlpl}lqj prqhwdu| srolf| wr d pxfk odujhu h{whqw wkdq rwkhu prqhwdu| srolf|
uhjlphv1 Wkh h{solflw wdujhw lpsolhv d uhodwlyho| h{solflw orvv ixqfwlrq1 Wkh rshudwlqj surfhgxuh
lv d udwlrqdo zd| ri plqlpl}lqj wkdw orvv ixqfwlrq1 Wkh rshudwlqj surfhgxuh fdq eh lqwhusuhwhg
dv d zd| wr hqvxuh wkdw ?uvw0rughu frqglwlrqv iru plqlpl}lqj wkh orvv ixqfwlrq duh dssur{lpdwho|
ixo?oohg1 Wkh kljk ghjuhh ri wudqvsduhqf| dqg dffrxqwdelolw| doorzv rxwvlghuv wr prqlwru zkhwkhu
prqhwdu| srolf| lqghhg lv rswlpl}lqj dqg wkhuhe| uhlqirufhv wkh lqfhqwlyhv wr vxfk srolf|1 Wkh
Lq dwlrq Uhsruwv fdq eh lqwhusuhwhg dv uhsruwv rq zkhwkhu ?uvw0rughu frqglwlrqv duh ixo?oohg1

lqwhuphgldwh wdujhw1 Udwkhu/ wkh lqwhuphgldwh wdujhw lv wkh h{shfwhg ohyho ri lq dwlrq dw vrph ixwxuh gdwh fkrvhq
wr doorz iru wkh odj ehwzhhq fkdqjhv lq lqwhuhvw udwhv dqg wkh uhvxowlqj fkdqjhv lq lq dwlrq1 Lq sudfwlfh/ zh xvh d
iruhfdvwlqj krul}rq ri wzr |hduv14

57 Dv lv hpskdvl}hg lq Vyhqvvrq ^::` dqg ^:<`/ 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 ^<7` dqg ixuwkhu glvfxvvhg lq Ehuqdqnh dqg Zrrgirug ^43`
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Wkxv/ lq dwlrq wdujhwlqj fdq eh lqwhusuhwhg dv surylglqj d frpplwphqw phfkdqlvp wkdw
hqvxuhv wkh plqlpl}dwlrq ri d sduwlfxodu orvv ixqfwlrq1 L eholhyh wkdw lq dwlrq wdujhwlqj uhvxowv
lq d srolf| wkdw lv pxfk forvhu wr rswlpl}lqj prqhwdu| srolf| wkdq dq| rwkhu nlqg ri prqhwdu|
srolf| uhjlph lq klvwru|1 Wkxv/ L ?qg lw dssursuldwh wr prgho lq dwlrq wdujhwlqj dv plqlpl}lqj
d orvv ixqfwlrq vxemhfw wr d shufhlyhg prgho dqg dydlodeoh lqirupdwlrq1 Lq sduwlfxodu/ L ?qg lw
pruh dssursuldwh iru lq dwlrq wdujhwlqj wkdq iru rwkhu nlqgv ri prqhwdu| srolf|158

616 Wkh orvv ixqfwlrq

Zklfk orvv ixqfwlrq lv wkhq dvvrfldwhg zlwk lq dwlrq wdujhwlqjB Wkhuh vhhpv wr eh frqvlghudeoh
djuhhphqw wkdw wkh orvv ixqfwlrq lv ri wkh frqyhqwlrqdo irup

O| @
4

5

û
+ä| ý aä,2 . è|2|

ú
> +614,

zkhuh ä| lv wkh lq dwlrq lq shulrg w/ aä lv wkh lq dwlrq wdujhw +ru wkh plgsrlqw ri wkh wdujhw
udqjh,/59 || lv wkh rxwsxw jds/ dqg è è 3 lv wkh uhodwlyh zhljkwv rq vwdelol}lqj wkh rxwsxw
jds1 Lq whupv ri wkh jhqhudo iudphzrun lq vhfwlrq 5/ wkh yhfwru ri wdujhw yduldeohv lv jlyhq e|
\| @ +ä|> ||,

â/ wkh yhfwru ri wdujhw ohyhov lv jlyhq e| a\ @ +aä> 3,â/ dqg wkh zhljkw pdwul{ N lv wkh
gldjrqdo pdwul{ zlwk wkh gldjrqdo �2+4> è,1 Dv lq Vyhqvvrq ^:<` dqg ^;5`/ wkh fdvh zkhq è @ 3 dqg
rqo| lq dwlrq hqwhuv wkh orvv ixqfwlrq lv fdoohg vwulfw lq dwlrq wdujhwlqj/ zkhuhdv wkh fdvh zkhq
è A 3 dqg wkh rxwsxw jds +ru frqfhuq derxw vwdelolw| ri wkh uhdo hfrqrp| lq jhqhudo, hqwhuv wkh
orvv ixqfwlrq lv fdoohg  h{leoh lq dwlrq wdujhwlqj15:

Lq dwlrq wdujhwlqj reylrxvo| dozd|v lqyroyhv dq dwwhpsw wr plqlpl}h ghyldwlrqv ri lq dwlrq
iurp wkh h{solflw lq dwlrq wdujhw/ fruuhvsrqglqj wr wkh ?uvw whup lq +614,1 Zkhuhdv wkhuh pd|
suhylrxvo| kdyh ehhq vrph frqwuryhuv| derxw zkhwkhu lq dwlrq wdujhwlqj lqyroyhv frqfhuq derxw
rxwsxw yduldelolw|/ fruuhvsrqglqj wr wkh vhfrqg whup lq +614,/ wkhuh lv qrz frqvlghudeoh djuhhphqw
lq wkh olwhudwxuh wkdw wklv lv lqghhg wkh fdvh1 Lq dwlrq wdujhwlqj fhqwudo edqnv duh qrw zkdw Nlqj
^85` fdoohg 3lq dwlrq qxwwhuv14 Iru lqvwdqfh/ Ilvfkhu ^69`/ Nlqj ^84`/ Wd|oru ^;9` dqg Vyhqvvrq
^:9` lq Ihghudo Uhvhuyh Edqn ri Ndqvdv Flw| ^68` doo glvfxvv lq dwlrq wdujhwlqj zlwk uhihuhqfh
wr d orvv ixqfwlrq ri wkh irup +614, zlwk è A 31 Dv vkrzq lq Vyhqvvrq ^::` dqg Edoo ^5`/
frqfhuq derxw rxwsxw jds vwdelolw| wudqvodwhv lqwr d pruh judgxdolvw srolf|1 Wkxv/ li lq dwlrq

58 Vrphwlphv L kdyh phw wkh remhfwlrq wkdw/ zkhq prghoohg dv plqlpl}lqj d orvv ixqfwlrq/ lq dwlrq wdujhwlqj
lv qr gl>huhqw iurp dq| rwkhu nlqg ri prqhwdu| srolf|1 Vr zkdw lv qhzB L eholhyh wkdw wkh idovh lqihuhqfh lq vxfk
remhfwlrqv lv wkdw dq| rwkhu prqhwdu| srolf| lv dozd|v dghtxdwho| prghoohg dv rswlpl}lqj1 Lqghhg/ L zrxog olnh wr
dujxh wkdw rwkhu nlqgv ri prqhwdu| srolf| kdv riwhq qrw ehhq rswlpl}lqj1 Lqvwhdg/ ehklqg d wklfn yhlo ri fhqwudo
edqn vhfuhf| dqg p|vwltxh/ lw kdv riwhq ehhq xqv|vwhpdwlf dqg dg krf/ zlwkrxw h{solflw ru hyhq lpsolflw jrdov/ ru
zlwk frqwudglfwru| ru duelwudulo| vkliwlqj jrdov1
Iru lqvwdqfh/ wkh Kxpskuh|2Kdznlqv eloo olvwv frqwudglfwru| jrdov iru wkh Ihghudo Uhvhuyh V|vwhp/ dqg dq| pryh

wrzdugv d prghuq eloo derxw wkh jrdov ri prqhwdu| srolf| vhhpv vwdoohg1 IRPF phpehuv duh vrphwlphv uhsruwhg
wr kdyh gl>huhqw remhfwlyhv dqg gl>huhqw shufhlyhg prghov ri wkh hfrqrp|1 Nrkq ^89` qrwhv wkdw IRPF phpehuv
qhhg qrw qhfhvvdulo| djuhh rq zkdw prqhwdu| srolf| vwudwhj| wr sxuvxh1 Vrph IRPF phpehuv kdyh h{suhvvhg
v|psdwk| iru wkh vr0fdoohg rssruwxqlvwlf dssurdfk wr glvlq dwlrq1 Vshhfkhv e| wkh fxuuhqw Ihg Fkdlupdq duh
riwhq dpeljxrxv1 Wkh uhvxow lv d frqvlghudeoh xqfhuwdlqw| derxw wkh jrdov ri wkh IRPF/ dovr dprqj lqvlghuv1
Iru d ihz |hduv/ lw vhhphg dv li wkh k|srwkhvlv ri wkh IRPF kdylqj d 6 shufhqw shu |hdu lq dwlrq wdujhw frxog

qrw eh uhmhfwhg1 Qrz/ zkhq lq dwlrq kdv idoohq ehorz 5 shufhqw shu |hdu/ wkhuh lv xqfhuwdlqw| +dovr h{suhvvhg e|
lqvlghuv, derxw zkhwkhu wkh IRPF zloo wdnh 5 shufhqw lq dwlrq dv dq lpsolflw wdujhw/ ru zkhwkhu wkh IRPF zloo
ohw lq dwlrq guliw xs wr 6 shufhqw djdlq1

59 Iru d v|pphwulf xqlprgdo suredelolw| glvwulexwlrq/ wkh suredelolw| ri idoolqj zlwklq wkh wdujhw udqjh lv
pd{lpl}hg li wkh phdq lv vhw htxdo wr wkh plgsrlqw ri wdujhw udqjh1 Wklv surylghv vrph udwlrqdoh iru vhohfwlqj wkh
plgsrlqw dv wkh srlqw wdujhw1

5: Dv lq dwlrq0wdujhwlqj fhqwudo edqnv/ olnh rwkhu fhqwudo edqnv/ dovr vhhp wr vprrwk lqvwuxphqwv/ wkh orvv
ixqfwlrq +614, pd| dovr lqfoxghv d whup DEð| 3 ð|3�ä2 zlwk D : f1
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lv dzd| iurp wkh lq dwlrq wdujhw/ lw lv eurxjkw edfn wr wdujhw pruh judgxdoo|1 Htxlydohqwo|/
lq dwlrq0wdujhwlqj fhqwudo edqnv ohqjwkhq wkhlu krul}rq dqg dlp dw phhwlqj wkh lq dwlrq wdujhw
ixuwkhu lq wkh ixwxuh1 Dv ixuwkhu glvfxvvhg lq Vyhqvvrq ^:<`/ frqfhuqv derxw rxwsxw vwdelolw|/
prgho xqfhuwdlqw|/ dqg lqwhuhvw udwh vprrwklqj doo kdyh vlplodu h>hfwv xqghu lq dwlrq wdujhwlqj/
qdpho| d pruh judgxdolvw srolf|1 Vyhuljhv Ulnvedqn ^;6` kdv h{solflwo| h{suhvvhg vlplodu ylhzv15;

Wkh Plqxwhv iurp Edqn ri Hqjodqg*v Prqhwdu| Srolf| Frpplwwhh ^7` duh dovr h{solflw derxw
vwdelol}lqj wkh rxwsxw jds15< Vhyhudo frqwulexwlrqv dqg glvfxvvlrqv lq Orzh ^8;` h{suhvv vlplodu
ylhzv1 Edoo ^6` dqg Vyhqvvrq ^:;` jlyh h{dpsohv ri d judgxdolvw dssurdfk ri wkh Uhvhuyh Edqn ri
Qhz ]hdodqg1 Wkxv/ lw lv vhhpv qrqfrqwuryhuvldo wkdw uhdo0zruog lq dwlrq wdujhwlqj lv dfwxdoo|
 h{leoh lq dwlrq wdujhwlqj/ fruuhvsrqglqj wr è A 3 lq +614,1

Wkh orvv ixqfwlrq deryh grhv qrw lqgxfh dq dyhudjh lq dwlrq eldv/ vlqfh wkh lpsolflw rxwsxw
wdujhw lv wdnhq wr eh fdsdflw| rxwsxw dqg lv wkhuhiruh frqvlvwhqw zlwk wkh qdwxudo0udwh k|srwkhvlv
+wkdw prqhwdu| srolf| fdqqrw v|vwhpdwlfdoo| d>hfw dyhudjh xqhpsor|phqw2fdsdflw| xwlol}dwlrq,1
Lqghhg/ prwlydwlrqv iru lq dwlrq wdujhwlqj/ e| jryhuqphqwv/ sduoldphqwv dqg fhqwudo edqnv/ sxw
pxfk hpskdvlv rq wkh qdwxudo0udwh k|srwkhvlv/ dqg lw fdq eh dujxhg wkdw wkh k|srwkhvlv lv rqh
ri wkh irxqgdwlrqv ri lq dwlrq wdujhwlqj1 Wkh kljk ghjuhh ri wudqvsduhqf| dqg dffrxqwdelolw|
lq lq dwlrq wdujhwlqj pd| wkhq hqvxuh wkdw dq| frqfhuq derxw wkh uhdo hfrqrp| lv frqvlvwhqw
zlwk wkh qdwxudo0udwh k|srwkhvhv dqg wkhuhiruh uhgxfhv/ ru holplqdwhv/ dq| lq dwlrq eldv/ zklfk
dujxdeo| wudqvodwhv lqwr dq rxwsxw ohyho wdujhw lq +614,/ jlyhq e| fdsdflw| rxwsxw1

Wklv kljkoljkwv d ixqgdphqwdo dv|pphwu| ehwzhhq lq dwlrq dqg rxwsxw lq lq dwlrq wdujhwlqj1
Wkhuh lv erwk d ohyho dqg d vwdelolw| jrdo iru lq dwlrq/ dqg wkh ohyho jrdo/ wkdw lv wkh lq dwlrq
wdujhw/ lv vxemhfw wr fkrlfh1 Iru rxwsxw/ wkhuh lv rqo| d vwdelolw| jrdo dqg qr ohyho jrdo1 Ru/ sxw
gl>huhqwo|/ wkh ohyho jrdo lv qrw vxemhfw wr fkrlfh> lw lv jlyhq e| wkh fdsdflw| ri wkh rxwsxw ohyho1

617 Lq dwlrq0iruhfdvw wdujhwlqj

Wkh juhdwhvw sureohp zlwk lq dwlrq wdujhwlqj lv wkh fhqwudo edqn*v lpshuihfw frqwuro ri lq dwlrq1
Lq dwlrq frqwuro lv lpshuihfw gxh wr odjv lq wkh wudqvplvvlrq phfkdqlvp/ xqfhuwdlqw| derxw wkh
wudqvplvvlrq phfkdqlvp/ wkh fxuuhqw vwdwh ri wkh hfrqrp| dqg ixwxuh vkrfnv wr wkh hfrqrp|/ dqg
wkh lq xhqfh ri rwkhu idfwruv wkdq prqhwdu| srolf| rq lq dwlrq/ lq sduwlfxodu vkrfnv wkdw rffxu
zlwklq wkh frqwuro odj1 Wkh lpshuihfw frqwuro pdnhv wkh lpsohphqwdwlrq ri lq dwlrq wdujhwlqj
kdug1 Lw dovr pdnhv wkh prqlwrulqj ri lq dwlrq wdujhwlqj gl!fxow/ vlqfh lw lv kdug wr h{wudfw krz
pxfk ri revhuyhg lq dwlrq lv gxh wr prqhwdu| srolf| vrph wzr |hduv djr udwkhu wkdq wr vkrfnv
dqg rwkhu idfwruv kdylqj rffxuuhg gxulqj wkh frqwuro odj1 Zlwk prqlwrulqj pdgh gl!fxow/ wkh
dffrxqwdelolw| dqg wudqvsduhqf| ri lq dwlrq wdujhwlqj lv uhgxfhg/ dqg pdq| ri wkh srwhqwldo
ehqh?wv ri lq dwlrq wdujhwlqj pd| qrw pdwhuldol}h1

Lq Vyhqvvrq ^::`/ lw lv dujxhg wkdw wkhuh lv d vroxwlrq wr wklv iruplgdeoh sureohp/ qdpho|
wr xvh d frqglwlrqdo lq dwlrq iruhfdvw dv dq lqwhuphgldwh wdujhw yduldeoh1 Dv hpskdvl}hg lq
vhfwlrq 5/ wklv lv dujxdeo| wkh prvw h!flhqw zd| ri lpsohphqwlqj prqhwdu| srolf|/ vlqfh lw fdq
eh lqwhusuhwhg dv lpsohphqwlqj ?uvw0rughu frqglwlrqv iru d plqlpxp ri wkh orvv ixqfwlrq/ xvlqj

5; Vhh er{ rq s1 59 lq Vyhuljhv Ulnvedqn ^;6`1
5< Vhh Edqn ri Hqjodqg ^7`/ sdud1 73= 3111 ^L`q dq| jlyhq flufxpvwdqfhv/ d ydulhw| ri gl>huhqw lqwhuhvw udwh sdwkv

frxog lq sulqflsoh dfklhyh wkh lq dwlrq wdujhw1 Zkdw idfwruv zhuh uhohydqw wr wkh suhihuuhg sur?oh ri udwhvB111
Wkhuh zdv d eurdg frqvhqvxv wkdw wkh Frpplwwhh vkrxog lq sulqflsoh eh frqfhuqhg derxw ghyldwlrqv ri wkh ohyho
ri rxwsxw iurp fdsdflw|14
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doo wkh uhohydqw lqirupdwlrq1
Zlwk wklv ylhz/ lq dwlrq0iruhfdvw wdujhwlqj +phdqlqj xvlqj d frqglwlrqdo lq dwlrq iruhfdvw

dv dq lqwhuphgldwh wdujhw, fdq eh vhhq dv dq rswlpdo lqwhuphgldwh0wdujhwlqj uxoh1 Lq vkruw/ lw
fdq eh lqwhusuhwhg dv d zd| iru wkh fhqwudo edqn ri lpsohphqwlqj ?uvw0rughu frqglwlrqv iru dq
rswlpxp/ dqg dv d zd| iru rxwvlghuv wr prqlwru dqg yhuli| wkdw wkrvh ?uvw0rughu frqglwlrqv duh
ixo?oohg1

Dffruglqj wr +614,/ wkh wdujhw yduldeohv duh jlyhq e| wkh yhfwru \| @ +ä|> ||,
â1 Wkh fruuh0

vsrqglqj 3fdqrqlfdo4 lqwhuphgldwh wdujhw yduldeohv lq shulrg w duh jlyhq e| ]|nôc| ì \|nô �| @
+ä|nô �|> ||nô �|,â1 Iru wkh fhqwudo edqn/ wkh wdvn lv wkhq wr ?qg d ixwxuh sdwk iru wkh lqvwuxphqw/
l| @ +l|> l|n��|> ===, 5 L| vxfk wkdw wkh fruuhvsrqglqj sdwkv iru lq dwlrq dqg wkh rxwsxw jds/
\ |+l|,/ duh rswlpdo/ wkdw lv/ wr plqlpl}h wkh lqwhuphgldwh orvv ixqfwlrq +517, dqg wkhuhe| ixo?oo
wkh ?uvw0rughu frqglwlrqv +514<,1

Krz fdq wklv eh grqh lq sudfwlfhB Wkh vwd> ri wkh fhqwudo edqn fdq jhqhudwh d froohfwlrq ri
ihdvleoh lq dwlrq dqg rxwsxw jds sdwkv iru gl>huhqw lqvwuxphqw sdwkv/ iru wkh PSF Erdug1 Lq
wklv zd|/ wkh vwd> vkrzv wkh vhw ihdvleoh frqglwlrqdo iruhfdvwv/ \|/ wr wkh PSF1 Wkh PSF wkhq
vhohfwv wkh frqglwlrqdo iruhfdvwv ri lq dwlrq dqg wkh rxwsxw jds wkdw plqlpl}hv wkh orvv ixqfwlrq1

Dowhuqdwlyho|/ wkh vwd> dqg wkh PSF fdq iroorz d wdujhwlqj0uxoh lq wkh irup ri dq htxdwlrq
wkdw wkh uhohydqw iruhfdvwv pxvw ixo?oo1 Lq wkh h{dpsoh lq dsshqgl{ F/ rqh vxfk wdujhwlqj uxoh lv
wkh ?uvw0rughu frqglwlrq +F19,/

ä|n2�| ý aä @ ý
ò+f+è,

4ý f+è,||n��|>

3vhohfw wkh lqvwuxphqw vxfk wkdw ghyldwlrq ehwzhhq wkh wzr0|hdu frqglwlrqdo lq dwlrq iruhfdvw lv
k+SEbä
�3SEbä wlphv wkh qhjdwlyh ri wkh rqh0|hdu rxwsxw0jds iruhfdvw14

Vwloo/ wkhvh h{dpsohv lqyroyh erwk lq dwlrq dqg rxwsxw iruhfdvwv1 Zkdw derxw wdujhwlqj
uxohv wkdw lqyroyh rqo| lq dwlrq iruhfdvwv/ lq dwlrq0iruhfdvw wdujhwlqj surshuB Zlwklq wkh vdph
h{dpsoh/ rqh vxfk wulyldo uxoh dulvhv xqghu vwulfw lq dwlrq wdujhwlqj/ zkhq è @ f+è, @ 3/

ä|n2�| @ aä>

3vhw wkh lqvwuxphqw vxfk wkdw wkh frqglwlrqdo lq dwlrq iruhfdvw dw wkh wzr0|hdu krul}rq +ru/ pruh
jhqhudoo|/ dw wkh vkruwhvw krul}rq dw zklfk lq dwlrq fdq eh d>hfwhg, htxdov wkh lq dwlrq wdujhw14
Xqghu pruh uhdolvwlf  h{leoh lq dwlrq wdujhwlqj/ wkh wdujhwlqj uxoh fdq eh zulwwhq dv +F1<,/

ä|n2�| ý aä @ f+è,
ý
ä|n��| ý aä

ü
>

3vhw wkh lqvwuxphqw vxfk wkdw wkh wzr0|hdu frqglwlrqdo lq dwlrq iruhfdvw*v ghyldwlrq iurp wkh
lq dwlrq wdujhw lv wkh iudfwlrq f+è, ri wkh rqh0|hdu frqglwlrqdo lq dwlrq iruhfdvw*v ghyldwlrq14

Dqrwkhu wdujhwlqj uxoh iru  h{leoh lq dwlrq wdujhwlqj lv 3vhw wkh lqvwuxphqw vxfk wkdw wkh
frqglwlrqdo lq dwlrq iruhfdvw klwv wkh lq dwlrq wdujhw lq txduwhu W /4 zkhuh W lv vhohfwhg wr eh
odujhu wkdq wkh frqwuro odj +wkh vkruwhvw krul}rq dw zklfk lq dwlrq fdq eh d>hfwhg,1 Rqh wdujhwlqj
uxoh wkdw fdq dujxdeo| eh lqihuuhg iurp wkh plqxwhv ri Edqn ri Hqjodqg*v PSF lv 3vhohfw wkh
lqvwuxphqw sdwk vxfk wkdw wkh ghyldwlrq ri rxwsxw iurp fdsdflw| rxwsxw duh plqlpl}hg/ vxemhfw
wr wkh lq dwlrq iruhfdvw klwwlqj wkh lq dwlrq wdujhw hljkw txduwhuv dkhdg1463

63 Vhh irrwqrwh 5<1
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yrq Kdjhq ^<5` hpskdvl}hv wkdw dq lqwhuphgldwh wdujhw surylghv d irfdo srlqw lq wkh prqhwdu|
srolf| glvfxvvlrq dqg gh?qhv wkh dgplvvleoh dujxphqwv lq wkh glvfxvvlrq suhfhglqj prqhwdu|
srolf| ghflvlrqv1 Wkxv/ xvlqj d frqglwlrqdo lq dwlrq iruhfdvw dv dq lqwhuphgldwh wdujhw pdnhv
wkh iruhfdvw wkh irfdo srlqw lq wkh glvfxvvlrq1 Rqh dvshfw ri wklv lv wkdw wkh dgydqwdjh ri uho|lqj
rq frqglwlrqdo lq dwlrq iruhfdvwv lv wkdw lw lqgxfhv vrph glvflsolqh zkhq dsso|lqj mxgjhphqwv dqg
h{wud0prgho lqirupdwlrq1 Lq rughu wr doorz mxgjhphqwv dqg h{wud0prgho lqirupdwlrq wr d>hfw
wkh fxuuhqw lqvwuxphqw vhwwlqj/ d frkhuhqw dqg frqylqflqj dujxphqw iru zk| vxfk mxgjhphqwv ru
lqirupdwlrq d>hfw wkh frqglwlrqdo lq dwlrq iruhfdvw dw wkh dssursuldwh krul}rq pxvw eh suhvhqwhg1
Rqo| li wkh frqglwlrqdo iruhfdvw fdq eh vkrzq wr eh wkxv d>hfwhg/ fdq dq| fruuhvsrqglqj fxuuhqw
lqvwuxphqw dgmxvwphqw eh prwlydwhg1

Jhqhudoo|/ sudfwlfdo prqhwdu| srolf|/ hvshfldoo| iruhfdvwlqj/ fdqqrw uho| rq prghov dorqh
+dw ohdvw qrw vr idu,1 Lw vhhpv wkdw mxgjhphqwdo dgmxvwphqwv dqg h{wud0prgho lqirupdwlrq zloo
dozd|v eh qhfhvvdu|/ dqg frqvwlwxwh d qdwxudo sduw ri sudfwlfdo prqhwdu| srolf|1 Lw lv idu iurp
reylrxv krz wr pdnh mxgjhphqwdo dgmxvwphqwv ri prghov dqg wkhlu uhvxowv/ dqg krz wr lqfoxgh
h{wud0prgho lqirupdwlrq/ lq uhdvrqdeo| frqvlvwhqw zd|v164 Lq whupv ri wkh iruzdug0orrnlqj prgho
xvhg lq vhfwlrq 5/ mxgjhphqwdo dgmxvwphqwv fdq eh lqfrusrudwhg e| dgmxvwlqj wkh frh!flhqwv ri
pdwulfhv D dqg E lq +514,/ iru lqvwdqfh e| vkliwlqj lqwhufhswv ri prgho htxdwlrqv +vr0fdoohg
3dgg0idfwruv4 lq wkh mdujrq ri prghohuv dqg iruhfdvwhuv,1 Dv d uhvxow/ wkh pdwulfhv ehfrph wlph0
ghshqghqw1 Wkh dojrulwkpv xvhg wr fdofxodwh frqglwlrqdo iruhfdvwv dqg glvfuhwlrq htxloleuld/ fi1
dsshqgl{ D/ duh hdvlo| dgdswhg wr wlph0ydu|lqj pdwulfhv1

Wkh deryh h{dpsohv ri wdujhwlqj uxohv dovr jhqhudoo| vkrz krz wkh fhqwudo edqn vkrxog
uhvsrqg wr qhz lqirupdwlrq/ iru lqvwdqfh wr ydulrxv vkrfnv= Ghflgh zkhwkhu wkh vkrfn d>hfwv
wkh frqglwlrqdo lq dwlrq iruhfdvw dw wkh uhohydqw krul}rq1 Li vr/ dgmxvw wkh lqvwuxphqw wr frxqwhu
+zkroo| ru sduwldoo|/ ghshqglqj xsrq wkh ghvluh wr vprrwk lqwhuhvw udwhv, wkh h>hfw ri wkh vkrfnv
rq wkh iruhfdvw165

618 Wudqvsduhqf|

Zklfk lv wkh uroh ri wudqvsduhqf| lq prqhwdu| srolf| lq jhqhudo/ dqg lq lq dwlrq wdujhwlqj lq
sduwlfxoduB Exloglqj rq suhylrxv zrun e| Fxnlhupdq dqg Phow}hu ^59`/ Idxvw dqg Vyhqvvrq
^67` kdyh uhfhqwo| h{dplqhg wkh jhqhudo uroh ri wudqvsduhqf| lq prqhwdu| srolf|1 Wkh| h{dplqh
d prgho zlwk d fhqwudo edqn wkdw lv whpswhg wr ghyldwh iurp dq dqqrxqfhg lq dwlrq wdujhw
gxh wr  xfwxdwlrqv lq dq lglrv|qfudwlf hpsor|phqw wdujhw1 Wkh hpsor|phqw wdujhw lv sulydwh
lqirupdwlrq wr wkh fhqwudo edqn dqg xqrevhuydeoh wr wkh sulydwh vhfwru1 Iru lqvwdqfh/ lw uhsuhvhqwv
fkdqjhv lq wkh frpsrvlwlrq ri wkh PSF2Erdug/ ru wkh uhvsrqvh ri wkh edqn wr h{whuqdo suhvvxuh
iurp ydulrxv vshfldo lqwhuhvwv1 Wkh sulydwh vhfwru revhuyhv wkh pdfurhfrqrplf rxwfrph dqg
lpshuihfwo| lqihuv wkh fhqwudo edqn*v hpsor|phqw wdujhw/ zklfk jlyhv ulvh wr wkh edqn*v uhsxwdwlrq
lq wkh sulydwh vhfwru dqg fruuhvsrqglqj sulydwh0vhfwru lq dwlrq h{shfwdwlrqv1

Lqfuhdvhg wudqvsduhqf| doorzv wkh sulydwh vhfwru wr lqihu wkh edqn*v hpsor|phqw wdujhw zlwk
juhdwhu suhflvlrq/ zklfk pdnhv wkh edqn*v uhsxwdwlrq dqg fruuhvsrqglqj sulydwh0vhfwru lq dwlrq
h{shfwdwlrqv pruh vhqvlwlyh wr wkh edqn*v dfwlrqv1 Wklv/ lq wxuq/ lqfuhdvhv wkh frvw iru wkh edqn
ri ghyldwlqj iurp wkh dqqrxqfhg lq dwlrq wdujhw dqg sxuvxlqj lwv lglrv|qfudwlf hpsor|phqw

64 Vhh Uhlivfkqhlghu/ Vwrfnwrq dqg Zlofr{ ^9<` iru ixuwkhu glvfxvvlrq ri mxgjhphqwdo dgmxvwhphqwv1
65 Iuhhgpdq ^6:` surylghv dq lqvljkwixo dqg pruh ghwdlohg glvfxvvlrq ri wkh lpsohphqwdwlrq ri lq dwlrq wdujhwlqj1
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wdujhw1 Frqvhtxhqwo|/ lqfuhdvhg wudqvsduhqf| lqgxfhv wkh edqn wr iroorz wkh dqqrxqfhg srolf|
pruh forvho|1 Lw vlpso| surylghv dq lpsolflw frpplwphqw phfkdqlvp1

Zkhuhdv vrflhw| doprvw dozd|v suhihuv pruh wudqvsduhqf| wr ohvv/ wkh fhqwudo edqn riwhq
suhihuv ohvv wudqvsduhqf|/ vlqfh lw doorzv wkh edqn wr sxuvxh lwv lglrv|qfudwlf jrdov zlwk ohvv frvw
wr lwv uhsxwdwlrq1 Dq reylrxv frqfoxvlrq iurp wklv ?qglqj lv wkdw vrflhw|/ udwkhu wkdq wkh edqn/
vkrxog ghflgh rq wkh ghjuhh ri wudqvsduhqf|1

L eholhyh wkhvh uhvxowv iurp Idxvw dqg Vyhqvvrq ^67` wr eh frqvlvwhqw zlwk wkh jhqhudo ylhz wkdw
wudqvsduhqf| idflolwdwhv sxeolf xqghuvwdqglqj ri prqhwdu| srolf| dqg lqfuhdvhv wkh lqfhqwlyhv
iru wkh fhqwudo edqn wr sxuvxh wkh dqqrxqfhg jrdov iru prqhwdu| srolf| dqg wkhuhe| wr lpsuryh
fuhglelolw| iru wkrvh jrdov1 Frqvlghu wkh wkuhh0sduw vfkhph ri h!flhqw ghohjdwlrq ri prqhwdu|
srolf|= +4, vrflhw| dqqrxqfhv jrdov iru prqhwdu| srolf|/ +5, wkh fhqwudo edqn uhfhlyhv lqvwuxphqw
lqghshqghqfh wr sxuvxh wkh jrdov/ +6, wkh fhqwudo edqn lv dffrxqwdeoh wr vrflhw| iru ixo?oolqj wkh
jrdov iru prqhwdu| srolf|1 Wudqvsduhqf| lv wkhq fuxfldo iru wkh dffrxqwdelolw| ri wkh fhqwudo
edqn/ wkdw lv/ iru vrflhw|*v prqlwrulqj ri prqhwdu| srolf|1

Xqghu lq dwlrq wdujhwlqj/ uhsruwlqj wkh fhqwudo edqn*v frqglwlrqdo lq dwlrq iruhfdvw +lq0
foxglqj wkh lqirupdwlrq/ dvvxpswlrqv/ prghov dqg mxgjhphqwv xvhg lq lwv frqvwuxfwlrq, doorzv
rxwvlghuv wr prqlwru dqg vfuxwlql}h wkh frqglwlrqdo iruhfdvw/ erwk zlwk uhjdug wr lwv ehlqj lq
olqh zlwk wkh lq dwlrq wdujhw/ dqg lwv kdylqj ehhq frqvwuxfwhg lq d surihvvlrqdo dqg xqeldvhg
zd| +iru lqvwdqfh/ e| frpsdulvrq zlwk uhsxwdeoh rxwvlghuv* frpshwlqj iruhfdvwv,1 Lq sduwlfxodu/
wkh hydoxdwlrq ri prqhwdu| srolf| grhv qrw kdyh wr eh srvwsrqhg vrph wzr |hduv iru lq dwlrq
wr eh revhuyhg/ lqvwhdg hydoxdwlrq fdq eh pdgh doprvw lq uhdo wlph1 Wkh pruh h{solflw wkh edqn
lv derxw wkh wdujhwlqj uxoh lw dssolhv/ wkh hdvlhu lw lv iru wkh rxwvlghuv wr prqlwru wkh h{whqw wr
zklfk lw lv ixo?oohg/ dqg wkh vwurqjhu wkh lqfhqwlyhv iru wkh edqn wr dfwxdoo| ixo?oo lw1

Wkh lq dwlrq0wdujhwlqj fhqwudo edqnv h{sodlq dqg prwlydwh wkhlu srolf| lq uhjxodu Lq dwlrq
Uhsruwv ruPrqhwdu| Srolf| Vwdwhphqwv1 Wkuhh ri wkh lq dwlrq0wdujhwlqj edqnv/ Uhvhuyh Edqn ri
Qhz ]hdodqg/ Edqn ri Hqjodqg/ dqg Vyhuljhv Ulnvedqn/ sxeolvk judskv ri frqglwlrqdo lq dwlrq
iruhfdvwv/ vxfk wkdw rxwvlgh revhuyhuv fdq fkhfn zkhwkhu wkh wdujhwlqj uxoh/ wkdw lv/ wkh ?uvw0rughu
frqglwlrqv/ duh ixo?oohg1 Wkh Uhvhuyh Edqn ri Qhz ]hdodqg frphv forvhvw wr sorwwlqj rswlpdo
frqglwlrqdo iruhfdvwv iru wkh fuxfldo yduldeohv1 Lw sorwv sdwkv iru lq dwlrq/ wkh rxwsxw jds/ d
wkuhh0prqwk lqwhuhvw udwh dqg wkh h{fkdqjh udwh +lqfoxglqj qrplqdo dqg uhdo PFL sdwkv, iru wkh
qh{w wkuhh |hduv1

Edqn ri Hqjodqg +vlqfh lwv ?uvw Lq dwlrq Uhsruw lq Iheuxdu| 4<<6, dqg Vyhuljhv Ulnvedqn
+vlqfh lwv Lq dwlrq Uhsruw ri Ghfhpehu 4<<:, sorwv d frqglwlrqdo lq dwlrq iruhfdvw iru d frqvwdqw
xqfkdqjhg lqwhuhvw udwh/ l|nô �| @ l| +á è 3,1 Vlqfh Qryhpehu 4<<:/ Edqn ri Hqjodqg dovr sorwv d
fruuhvsrqglqj iruhfdvw iru wkh rxwsxw jds1 Wkh uroh ri dq xqfkdqjhg0lqwhuhvw0udwh iruhfdvw lv/ ri
frxuvh/ wr looxvwudwh wkh olnho| ixwxuh rxwfrph li lqwhuhvw udwhv duh khog frqvwdqw/ dqg lq wklv zd|
prwlydwh dq| uhtxluhg lqwhuhvw udwh dgmxvwphqw1 Li wkh fruuhvsrqglqj iruhfdvwv duh qrw lq olqh
zlwk wkh lq dwlrq wdujhw/ wklv lqglfdwhv erwk wkdw dq dgmxvwphqw ri wkh lqwhuhvw udwh lv zduudqwhg
dqg lq zklfk gluhfwlrq wklv dgmxvwphqw vkrxog eh pdgh1 Li wkh iruhfdvwv duh lq olqh zlwk wkh
lq dwlrq wdujhw/ wklv lqglfdwhv wkdw qr lpphgldwh fkdqjh lq wkh lqwhuhvw udwh lv uhtxluhg1

Ixuwkhupruh/ Edqn ri Hqjodqg vwdqgv rxw e| sxeolvklqj plqxwhv ri wkh PSF phhwlqjv/
lqfoxglqj yrwlqj uhfrugv1 Wkhvh plqxwhv surylgh dq h{fhswlrqdo rssruwxqlw| iru rxwvlghuv wr
prqlwru wkh txdolw| dqg wkh dssursuldwhqhvv ri wkh lqirupdwlrq dqg wkh dujxphqwv suhvhqwhg
gxulqj wkh prqhwdu| srolf| glvfxvvlrq1 Wkh sxeolvkhg yrwlqj uhfrugv dvvljq lqglylgxdo uhvsrqvl0
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elolw| wr PSF phpehuv1 L eholhyh lw lv idlu wr vd| wkdw qhyhu ehiruh lq prqhwdu| klvwru| kdv dq
lqfhqwlyh v|vwhp ehhq vhw xs zlwk vxfk vwurqj lqfhqwlyhv iru rswlpdo prqhwdu| srolf| ghflvlrqv166

619 Prgho xqfhuwdlqw| dqg prgho urexvwqhvv

^Wr eh zulwwhq1`

7 Rwkhu prqhwdu| srolf| vwudwhjlhv

Wklv vhfwlrq glvfxvvhv wzr rwkhu prqhwdu| srolf| vwudwhjlhv1 Lq wkh glvfxvvlrq lq Hxursh derxw
wkh prqhwdu| srolf| vwudwhj| ri wkh HVFE/ wkh pdlq frpshwlwru wr lq dwlrq wdujhwlqj lv prqhwdu|
wdujhwlqj ru/ pruh suhflvho|/ prqh|0jurzwk wdujhwlqj1 Lq wkh Xqlwhg Vwdwhv/ wkhuh duh pdq|
sursrqhqwv ri qrplqdo0JGS wdujhwlqj1 Khqfh/ L zloo eulh | glvfxvv prqh|0jurzwk wdujhwlqj dqg
qrplqdo0JGS wdujhwlqj/ dv zhoo dv surylgh vrph frpsdulvrqv zlwk lq dwlrq wdujhwlqj1

Dqrwkhu dowhuqdwlyh/ qdpho| wkh devhqfh ri dq h{solflw prqhwdu| vwudwhj|/ zklfk lv rqh zd| ri
fkdudfwhul}lqj wkh prqhwdu| srolf| ri wkh Ihghudo Uhvhuyh V|vwhp/ zloo qrw eh glvfxvvhg khuh167

714 Prqh|0jurzwk wdujhwlqj

Wkh pdlq srlqw lq wklv vxevhfwlrq lv wkdw prqh|0jurzwk wdujhwlqj/ vhhq dv d vwudwhj| wr dfklhyh
sulfh vwdelolw| e| vwdelol}lqj lq dwlrq durxqg d jlyhq lq dwlrq wdujhw/ idfhv dq xqsohdvdqw fkrlfh
ehwzhhq ehlqj hlwkhu lqh!flhqw dqg wudqvsduhqw ru h!flhqw dqg qrqwudqvsduhqw1

Prqh|0jurzwk wdujhwlqj zrxog eh wkh rswlpdo zd| ri ixo?oolqj dq lq dwlrq wdujhw/ li prqh|
jurzwk zhuh wkh vroh suhglfwru ri ixwxuh lq dwlrq1 Pruh vshfl?fdoo|/ dqg zlwk uhihuhqfh wr wkh
glvfxvvlrq lq vhfwlrq 51617/ iru prqh| jurzwk wr eh wkh lghdo lqwhuphgldwh wdujhw/ wkh prqhwdu|
srolf| lqvwuxphqw vkrxog d>hfw wkh ixwxuh sulfh ohyho rqo| yld lwv h>hfw rq prqh|/ vfkhpdwlfdoo|
uhsuhvhqwhg dv

l| $p|n� $ ä|n21

Wkdw lv vlpso| qrw wkh fdvh1 Wkh lqfuhdvlqjo| grplqdwlqj frqyhqwlrqdo zlvgrp derxw wkh wudqv0
plvvlrq phfkdqlvp ri prqhwdu| srolf|/ rxwolqhg lq vhfwlrq 514/ khuhwlfdoo| rqo| dvvljqv d plqru
uroh wr prqhwdu| djjuhjdwhv1 Dffruglqjo|/ prqh| jurzwk lv jhqhudoo| qrw dq lghdo lqwhuphgl0
dwh wdujhw1 Prqh|0jurzwk wdujhwlqj pxvw eh frqglwlrqdo wr eh h!flhqw/ lq wkh vhqvh wkdw wkh
prqh|0jurzwk wdujhw lv iuhtxhqwo| uhylvhg lq d frpsoh{ zd|/ zkhuh wkh uroh ri wkh prqh|0jurzwk
wdujhw lv vlpso| wr jhqhudwh dq lqvwuxphqw ohyho fruuhvsrqglqj wr d frpsoh{ uhdfwlrq ixqfwlrq1
Dowhuqdwlyho|/ wkh prqh|0jurzwk wdujhw lv ohiw xqfrqglwlrqdo/ exw lw pxvw wkhq eh iuhtxhqwo| dqg
lqwhqwlrqdoo| plvvhg1 Wkh frpsoh{ uhdvrqv iru wkh wdujhw uhylvlrqv/ ru iru wkh wdujhw plvvhv/ wkxv
pdnh prqh|0jurzwk wdujhwlqj qrq0wudqvsduhqw1 Lw lv wkhq vlpso| lq dwlrq wdujhwlqj lq glvjxlvh1

Ohw ç| ì p|ýp|3� ghqrwh prqh| jurzwk/ zkhuhp| lv wkh +orj, txdqwlw| ri d jlyhq prqhwdu|
djjuhjdwh/ vd| P61 Ohw aç ghqrwh wkh wdujhw ohyho iru prqh| jurzwk/ dqg lqwhusuhw prqh|0jurzwk

66 D sureohp zlwk sxeolvklqj PSF plqxwhv lv wkdw wkh glvfxvvlrq pljkw eh lqklelwhg dqg wkdw fuxfldo glvfxvvlrqv
pljkw eh pryhg rxwvlgh wkh PSF phhwlqjv1 Edqn ri Hqjodqg*v plqxwhv gr qrw vwdwh zkdw zdv vdlg e| zkrp
dqg rqo| suhvhqw vxppdulhv ri wkh dujxphqwv/ zklfk vkrxog plwljdwh wkh ?uvw sureohp1 Phpehuv zlwk vx!flhqw
shuvrqdo lqwhjulw| qrw wr frqvhqw wr prylqj fuxfldo glvfxvvlrqv hovhzkhuh vkrxog plwljdwh wkh vhfrqg1

67 Vhh/ iru lqvwdqfh/ Eolqghu ^48`/ Ehuqdqnh/ Odxedfk/ Plvknlq dqg Srvhq ^9` dqg Uxghexvfk dqg Zdovk ^:6` iru
wkh ihz surv dqg wkh pdq| frqv lqfxuuhg e| wkh devhqfh ri dq h{solflw prqhwdu| vwudwhj|1
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wdujhwlqj dv lpso|lqj dq lqwhuwhpsrudo orvv ixqfwlrq +517, zlwk wkh shulrg orvv ixqfwlrq

O| @
4

5
+ç| ý aç,2= +714,

Wkdw lv/ wkh wdujhw yduldeoh dqg wkh wdujhw ohyho duh jlyhq e| \| ì ç| dqg a\| @ aç1 Wkxv/ prqh|0
jurzwk wdujhwlqj fdq eh lqwhusuhwhg dv d wdujhwlqj uxoh= 3Xvh doo dydlodeoh lqirupdwlrq wr eulqj
prqh| jurzwk ç| dv forvh wr aç dv srvvleoh1468

Xqghu shuihfw frqwuro ri prqh| jurzwk/ wkh ?uvw0rughu frqglwlrq iru d plqlpxp ri +714, lv
wulyldo/

ç| @ aç=

Xqghu pruh uhdolvwlf lpshuihfw frqwuro ri prqh| jurzwk/ wkh ?uvw0rughu frqglwlrq fdq eh zulwwhq

ç|nA �| @ aç> +715,

zkhuh W è 3 lv wkh +vkruwhvw, frqwuro odj iru prqh| jurzwk1 Wkdw lv/ wkh W 0shulrg0dkhdg
frqglwlrqdo iruhfdvw ri prqh| jurzwk/ ç|nA �|/ vkrxog htxdo wkh prqh| jurzwk wdujhw1 Dv revhuyhg
lq Vyhqvvrq ^::`/ xqghu lpshuihfw frqwuro/ prqh|0jurzwk wdujhwlqj lv lqghhg prqh|0jurzwk0
iruhfdvw wdujhwlqj/ dqg fdq eh vwdwhg dv wkh wdujhwlqj uxoh= 3Vhw wkh lqvwuxphqw vr dv wr eulqj
wkh frqglwlrqdo prqh|0jurzwk iruhfdvw dw wkh dssursuldwh krul}rq htxdo wr wkh wdujhw14

Lq rughu wr vhh wkh lpsolfdwlrqv ri wklv/ dvvxph/ iru h{dpsoh/ d vlpsoh prqh| ghpdqg htxdwlrq
zlwk d rqh0shulrg odj/

p|n� ý s|n� @ *+|| ý *ð+l| ýçl,ý í|n�> +716,

zkhuh *+ A 3/ *ð A 3/ l| lv d vkruw qrplqdo lqwhuhvw udwh/ çl lv wkh vwhdg| vwdwh ohyho ri wkh
qrplqdo lqwhuhvw udwh wkdw zlwk || @ í| @ 3 uhvxow lq p| ý s| @ 3/ dqg í| lv dq llg vkrfn wr
ghpdqg +dqg yhorflw|, zlwk }hur phdq dqg yduldqfh â2l 1

69 Wklv prqh|0ghpdqg htxdwlrq vkrxog
eh lqwhusuhwhg dv uhihuulqj wr d eurdg prqh| djjuhjdwh/ vd| P6/ zklfk lv dq hqgrjhqrxv yduldeoh
dqg qrw xqghu shuihfw frqwuro e| wkh fhqwudo edqn1 Lqvwhdg/ wkh fhqwudo edqn xvhv lwv lqvwuxphqw/
wkh vkruw qrplqdo udwh l|/ wr d>hfw wkh ghpdqg iru uhdo edodqfhv/ p| ý s|1 Uhdo0edodqfhv duh
frqvlghuhg dv ghpdqg0ghwhuplqhg dqg dgmxvw wr wkh rxwsxw jds dqg wkh lqwhuhvw udwh zlwk d
rqh0shulrg odj1 Wkdw lv/ wkh frqwuro odj/ W / ixo?oov W @ 41

Zlwk wklv prqh|0ghpdqg htxdwlrq/ prqh| jurzwk lv jlyhq e|

ç|n� ì p|n� ýp| @ ä|n� . *++|| ý ||3�,ý *ð+l| ý l|3�,ý +í|n� ý í|,= +717,

Wkh rqh0shulrg0dkhdg frqglwlrqdo prqh|0jurzwk iruhfdvw lv khqfh

ç|n��| ì ä|n��| . *++|| ý ||3�,ý *ð+l| ý l|3�, . í|= +718,

Wkh ?uvw0rughu frqglwlrq +715, iru W @ 4/ wkh wdujhwlqj uxoh iru prqh|0jurzwk wdujhwlqj/ wkhq
uhvxowv lq wkh uhdfwlrq ixqfwlrq

l| ý l|3� @ 4

*ð
+ä|n��| ý aç, .

*+
*ð
+|| ý ||3�, . 4

*ð
í| +719,

68 Qrwh wkdw zh frxog frqvlghu 3 h{leoh4 prqh|0jurzwk wdujhwlqj fruuhvsrqglqj wr u| ' �
2 dE>| 3 ÷>ä2 n b+2| o1

69 Qrwh wkdw yhorflw|/ ç|n� ó R|n� n +|n� 36|n�/ wkhq ixo?oov

ç|n� ' +|n� 3 )++| n )ðEð| 37ðä n l|n�é
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+lw lv dvvxphg wkdw ä|n��| lv suhghwhuplqhg/ dv lq wkh prghov lq dsshqglfhv F dqg G,1
Wkxv/ dv glvfxvvhg lq Wd|oru ^;:`/ prqh|0jurzwk wdujhwlqj lpsolhv d sduwlfxodu uhdfwlrq ixqf0

wlrq iru wkh lqwhuhvw udwh1 Zh qrwh wkdw yhu| olwwoh lqirupdwlrq derxw wkh hfrqrp| lv xvhg lq
wkh frqvwuxfwlrq ri wklv uhdfwlrq ixqfwlrq1 Wkh lqvwuxphqw rqo| ghshqgv rq wkh sdudphwhuv ri
wkh prqh|0ghpdqg ixqfwlrq/ wkh prqh|0jurzwk wdujhw dqg wkh lqirupdwlrq wkdw suhglfwv prqh|
ghpdqg1 Qr rwkhu lqirupdwlrq derxw wkh prgho lv xvhg/ iru lqvwdqfh wkh htxdwlrqv iru djjuhjdwh
vxsso| dqg ghpdqg/ qru lv dq| rwkhu lqirupdwlrq derxw wkh vwdwh ri wkh hfrqrp| wkdw suhglfwv
ixwxuh lq dwlrq16:

Zh lpphgldwho| uhdol}h wkdw/ uhodwlyh wr d orvv ixqfwlrq olnh +614,/ qrwzlwkvwdqglqj li è @ 3
ru è A 3/ wkh uhdfwlrq ixqfwlrq +719, lv jhqhudoo| lqh!flhqw1 Li wkh prqh|0jurzwk wdujhw lv vhw
htxdo wr wkh lq dwlrq wdujhw/

aç @ aä> +71:,

zh uhdol}h wkdw wkh dyhudjh lq dwlrq zloo htxdo wkh lq dwlrq wdujhw/ H^ä|` @ aä/ exw +614, zloo qrw
eh plqlpl}hg1 Wkh yduldelolw| ri lq dwlrq ru ri wkh rxwsxw jds/ ru ri erwk/ zloo eh xqqhfhvvdulo|
odujh1

Zh dovr qrwh wkdw prqh|0jurzwk wdujhwlqj lq wkh deryh vhqvh grhv qrw lpso|

l| ý l|3� @ ð+ç| ý aç,= +71;,

Wkxv/ lw grhv qrw qhfhvvdulo| iroorz iurp wkh hpslulfdo revhuydwlrq wkdw prqh| ru prqh| jurzwk
grhv qrw hqwhu Exqghvedqn*v uhdfwlrq ixqfwlrq wkdw Exqghvedqn lv qrw wdujhwlqj prqh| jurzwk
+lq wkh vhqvh ri plqlpl}lqj +714,,/ frxqwhu wr wkh dssduhqw frqfoxvlrq lq Fodulgd/ Jdol dqg
Jhuwohu ^54`1 Dgglwlrqdo hylghqfh lv qhhghg iru wklv frqfoxvlrq/ iru lqvwdqfh/ wkdw Exqghvedqn
kdv v|vwhpdwlfdoo| dqg lqwhqwlrqdoo| plvvhg lwv prqh| jurzwk wdujhw +lq wkh vhqvh wkdw lw kdv
dffhswhg frqglwlrqdo prqh|0jurzwk iruhfdvwv dw wkh dssursuldwh krul}rq wr ghyldwh iurp wkh
prqh|0jurzwk wdujhw,1 Wkh gl>huhqfh ehwzhhq +719, dqg +71;, lv dqrwkhu h{dpsoh ri wkh uhvxow
wkdw lw lv ehwwhu wr uhvsrqg wr wkh ghwhuplqdqwv ri wdujhw yduldeohv wkdq wr wkh wdujhw yduldeohv
wkhpvhoyhv/ dv ixuwkhu glvfxvvhg lq Vyhqvvrq ^;3`1

Dv glvfxvvhg lq Vyhqvvrq ^::`/ prqh|0jurzwk wdujhwlqj fdq eh h!flhqw uhodwlyh wr +614,/ li lw
lv 3frqglwlrqdo4 prqh| jurzwk wdujhwlqj/ vxfk wkdw wkh prqh|0jurzwk wdujhw ohyho lv frqglwlrqdo
rq shulrg0w lqirupdwlrq16; Ohw aç|n��| ghqrwh wklv frqglwlrqdo prqh|0jurzwk wdujhw/ vr wkdw wkh
?uvw0rughu frqglwlrq dqg wdujhwlqj uxoh lv

ç|n��| @ aç|n��|1

Wkh frqglwlrqdo prqh|0jurzwk wdujhw aç|n��| fdq eh vhw vxfk wkdw wkh uhvxowlqj uhdfwlrq ixqfwlrq
+719, zlwk aç uhsodfhg e| aç|n��| frlqflghv zlwk wkh rswlpdo uhdfwlrq ixqfwlrq iru plqlpl}lqj +614,/
qdpho| +5146,1 Wkhq/ aç|n��| lv vlpso| jlyhq e| wkh uljkw vlgh ri +718,/ zkhuh +5146, lv vxevwlwxwhg
iru l|1 Iru lqvwdqfh/ lq wkh prgho odlg rxw lq dsshqgl{ F/ zlwk wkh rswlpdo uhdfwlrq ixqfwlrq
+F143,/ aç|n��| vkrxog ixo?oo

aç|n��| @ ä|n��| . *++|| ý ||3�,
6: Iru lqvwdqfh/ frpsduhg zlwk wkh rswlpdo uhdfwlrq ixqfwlrq +F143, lq dsshqgl{ F/ wkhuh lv qr uhdfwlrq wr 5|é
6; Wklv lv frqvlvwhqw zlwk wkh glvfxvvlrq lq yrq Kdjhq ^<5` derxw wkh revhuydwlrqdo htxlydohqfh ri forvhg0orrs

prqhwdu| vwudwhjlhv1
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Krzhyhu/ wklv frpsoh{ frqglwlrqdo prqh|0jurzwk wdujhw lv kdugo| wudqvsduhqw1 Lq dgglwlrq/ lw
uhtxluhv yhu| suhflvh lqirupdwlrq derxw wkh prqh| ghpdqg ixqfwlrq1

Wkhuhiruh/ prqh|0jurzwk wdujhwlqj vhhpv wr idfh wkh xqsohdvdqw fkrlfh ehwzhhq ehlqj hlwkhu
xqfrqglwlrqdo/ lqh!flhqw dqg wudqvsduhqw ru frqglwlrqdo/ h!flhqw/ dqg qrq0wudqvsduhqw1 Wkh
gl!fxow| zlwk prqh|0jurzwk wdujhwlqj lv dssduhqwo| wkdw prqh| jurzwk lv qrw wkh vroh suhglfwru
ri lq dwlrq1 Lq wkh prghov lq dsshqglfhv F dqg G/ lq sduwlfxodu/ prqh| jurzwk kdv qr dgglwlrqdo
suhglfwlyh srzhu eh|rqg wkdw ri wkh rwkhu suhghwhuplqhg yduldeohv1 Iru wkh vlpsoh prgho lq F/
fdxvdolw| lv vfkhpdwlfdoo|=

l| $ l| ý ä|n��| $ ||n� $ ä|n2
)

p|n�

Wkh rqo| uroh iru wkh prqh|0jurzwk wdujhw lv wr jhqhudwh wkh dssursuldwh lqvwuxphqw ohyho16<

Lw lv vrphwlphv dujxhg wkdw prqhwdu| wdujhwlqj vkrxog kdyh wkh dgydqwdjh ryhu lq dwlrq
wdujhwlqj wkdw lw dyrlgv uhdfwlrq wr rqh0wlph sulfh ohyho glvwxuedqfhv/ dqg lqvwhdg irfxvhv rq wkh
wuhqg udwh ri lq dwlrq1 Dv idu dv L fdq vhh/ wkhuh lv qr lqkhuhqw ihdwxuh lq lq dwlrq wdujhwlqj
wkdw qhfhvvdulo| lpsolhv uhdfwlrq wr vxfk rqh0wlph glvwxuedqfhv1 Wkh iruzdug0orrnlqj qdwxuh ri
lq dwlrq wdujhwlqj/ iru lqvwdqfh d wzr0|hdu krul}rq/ phdqv wkdw vkruw whup sulfh0fkdqjhv duh
ljqruhg xqohvv wkh| d>hfw lq dwlrq wzr |hduv rxw1 Ixuwkhupruh/ qrwklqj suhyhqwv wkh lqgh{
ri lq dwlrq wr irfxv rq wuhqg lq dwlrq1 Wklv fdq hdvlo| eh grqh/ dqg kdv douhdg| ehhq grqh
e| vrph lq dwlrq0wdujhwlqj fhqwudo edqnv/ e| h{foxglqj vrph wudqvlwru| frpsrqhqwv iurp wkh
lqgh{/ olnh pruwjdjh frvwv/ wd{hv dqg vxevlglhv/ ru e| kdylqj dq h{solflw lqgh{ ri wuhqg lq dwlrq/
3xqghuo|lqj4 lq dwlrq1

Krz grhv wkh deryh glvfxvvlrq uhodwh wr Exqghvedqn prqhwdu| wdujhwlqjB Iluvw/ rqh pxvw
glvwlqjxlvk ehwzhhq vw|ol}hg Exqghvedqn prqhwdu| wdujhwlqj dqg wkh dfwxdo sudfwlfh1 Lq wkh
deryh iudphzrun/ vw|ol}hg Exqghvedqn prqh|0jurzwk wdujhwlqj fruuhvsrqgv wr xqfrqglwlrqdo
prqh|0jurzwk wdujhwlqj/ vhwwlqj wkh prqh|0jurzwk wdujhw htxdo wr wkh lq dwlrq wdujhw/ +71:,1
Hdfk |hdu Exqghvedqn vhwv lwv prqh|0jurzwk wdujhw htxdo wr wkh vxp ri dq lq dwlrq wdujhw/ aä
+fdoohg d sulfh qrup/ 3qrupdwlyh4 lq dwlrq/ ru d 3phglxp0whup sulfh dvvxpswlrq/4 suhylrxvo| 5
shufhqw shu |hdu/ fxuuhqwo| 41885 shufhqw shu |hdu,/ d iruhfdvw ri wkh jurzwk ri srwhqwldo rxwsxw/
dqg dq hvwlpdwhg wuhqg lq yhorflw|1 Lq wkh deryh iudphzrun/ wkh jurzwk ri srwhqwldo rxwsxw lv
}hur/ dqg e| +716, wkh wuhqg lq yhorflw| lv dovr }hur1

6< Wkh vr0fdoohg å W0prgho +vhh/ iru lqvwdqfh/ Kdoopdq/ Sruwhu dqg Vpdoo ^78`, lv riwhq xvhg lq glvfxvvlrqv ri
prqhwdu| wdujhwlqj +iru lqvwdqfh/ yrq Kdjhq ^<4`/ Qhxpdqq ^99` dqg Wùgwhu dqg ]lheduwk ^<3`,1 Wklv pd| jlyh
wkh lpsuhvvlrq wkdw wkh å W prgho jlyhv vrph udwlrqdoh iru prqhwdu| wdujhwlqj1 Dv lv h{dplqhg lq Vyhqvvrq ^;4`/
wkh å W0prgho lpsolhv d frqyhqwlrqdo Skloolsv fxuyh zlwk dq lqwhuhvw whup dgghg/ zklfk/ e| lwvhoi/ grhv qrw surylgh
dq| vshfl?f udwlrqdoh iru prqhwdu| wdujhwlqj1
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Lq sudfwlfh/ Exqghvedqn kdv iuhtxhqwo| ghyldwhg iurp lwv prqh|0jurzwk wdujhwv +vhh wkh
judsk rq s1 9< lq Exqghvedqn ^63`,1 Lw dsshduv wkdw zkhq d frq lfw kdv dulvhq ehwzhhq wkh
prqh|0jurzwk wdujhw dqg wkh lq dwlrq wdujhw/ Exqghvedqn kdv jlyhq sulrulw| wr wkh odwwhu1
Lqghhg/ Exqghvedqn*v fuhglelolw| dqg uhsxwdwlrq gh?qlwho| dsshduv wr eh gxh wr lwv lq dwlrq
shuirupdqfh/ dqg qrw wr lwv prqh|0jurzwk shuirupdqfh173 Wkxv/ Exqghvedqn*v prqhwdu| srolf|
dsshduv wr kdyh ehhq lq dwlrq wdujhwlqj lq glvjxlvh174

715 Qrplqdo JGS0jurzwk wdujhwlqj

Qrplqdo0JGS wdujhwlqj frphv lq wzr yduldqwv/ ohyho dqg jurzwk wdujhwlqj1 Wkh glvfxvvlrq khuh
uhihuv wr qrplqdo JGS0jurzwk wdujhwlqj/ exw lw lv hdvlo| dgdswhg wr qrplqdo JGS0ohyho wdujhwlqj1

Wkh pdlq srlqwv lq wklv vxevhfwlrq duh wkdw qrplqdo JGS0jurzwk wdujhwlqj grhv qrw vhhp
wr kdyh dq| dgydqwdjhv uhodwlyh wr lq dwlrq wdujhwlqj1 Wkhuh lv qr dssduhqw udwlrqdoh iru wkh
lpsolflw frqvwdqw xqlwdu| pdujlqdo udwh ri vxevwlwxwlrq ehwzhhq lq dwlrq dqg rxwsxw jurzwk1 Rqh
srvvlelolw| lv wkdw qrplqdo JGS wdujhwlqj lv d ohiw0ryhu iurp d suhylrxv vrphzkdw vlpsolvwlf ylhz
ri wkh wudqvplvvlrq phfkdqlvp iru prqhwdu| srolf|1 Dffruglqj wr wklv ylhz/ prqhwdu| srolf|
rqo| ghwhuplqhv qrplqdo JGS/ exw fdqqrw d>hfw wkh glvwulexwlrq ri qrplqdo JGS ehwzhhq
lq dwlrq dqg rxwsxw jurzwk1

Wkxv/ frqvlghu qrplqdo JGS0jurzwk wdujhwlqj1 Dvvxph wkdw wkh qdwxudo rxwsxw ohyho lv
frqvwdqw/ vr wkdw rxwsxw ydulhv zlwk wkh rxwsxw jds1 Ohw

j| ì ä| . || ý ||3� +71<,

ghqrwh qrplqdo JGS jurzwk1 Lqwhusuhw qrplqdo JGS0jurzwk wdujhwlqj dv lqyroylqj d shulrg
orvv ixqfwlrq

O| @
4

5
+j|nô ý aj,2> +7143,

zkhuh aj lv wkh qrplqdo JGS0jurzwk wdujhw1 Wkdw lv/ wkh wdujhw yduldeoh dqg wkh wdujhw ohyho duh
jlyhq e| \| ì j| dqg a\ ì aj1 +Wkh 3uhdfwlrq0ixqfwlrq4 lqwhusuhwdwlrq ri qrplqdo JGS0jurzwk
wdujhwlqj/ zkhuh wkh uhdfwlrq ixqfwlrq lv uhvwulfwhg wr eh +vlplodu wr,

l| @çl. ð+j| ý aj,

lv h{dplqhg ehorz1,
Iluvw/ uhodwh wkh shulrg orvv ixqfwlrq +7143, wr wkh orvv ixqfwlrq xqghu lq dwlrq wdujhwlqj

+614,1 Zh fdq zulwh +7143, dv

O| @
4

5
+ä| . || ý ||3� ý aj,2 @ 4

5
^+ä| ý aj,2 . |2| ` .

4

5
|2|3� ý ||||3� . +ä| ý aj,ü||= +7144,

Li aj @ aä/ wkh whup zlwklq eudfnhwv rq wkh uljkw vlgh fruuhvsrqgv wr wkh lq dwlrq0wdujhwlqj
orvv0ixqfwlrq +614,/ zlwk è @ 41 Ixuwkhupruh/ wkh wzr orvv ixqfwlrqv gl>hu e| wkh rwkhu whupv
rq wkh uljkw vlgh ri +7144,1 Lqwxlwlyho|/ wkh orvv ixqfwlrq iru lq dwlrq wdujhwlqj kdv d yduldeoh
3ghfuhdvlqj4 lqwud0whpsrudo pdujlqdo udwh ri vxevwlwxwlrq ehwzhhq lq dwlrq dqg wkh rxwsxw jds/

73 Fi1 yrq Kdjhq ^<4`/ s1 43;= 3Dv Lvvlqj ^7;` hpskdvl}hv/ wkh Edqn*v fuhglelolw| ghshqgv rq lwv shuirupdqfh
zlwk uhjdug wr sulfh vwdelolw|/ l1h1 wkh lq dwlrq wdujhw14

74 Vhh Ehuqdqnh dqg Plkry ^;` dqg Fodulgd dqg Jhuwohu ^56`1
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_Z|
m7u| @ ý Z|

b+|
/ zkhuhdv wkh orvv ixqfwlrq iru qrplqdo JGS0wdujhwlqj kdv d xqlwdu| lqwud0

whpsrudo pdujlqdo udwh ri vxevwlwxwlrq ehwzhhq lq dwlrq dqg rxwsxw jurzwk _E+|3+|3�ä
_Z|

m7u| @ ý41
Wkh ?uvw0rughu frqglwlrq iru d plqlpxp ri +517, zlwk +516, lv

j|nA �| @ aj> +7145,

zkhuh W è 4 lv wkh frqwuro odj +wkh vkruwhvw krul}rq dw zklfk wkh fhqwudo edqn fdq d>hfw qrplqdo
JGS,1

Wkxv/ xqghu uhdolvwlf lpshuihfw frqwuro/ qrplqdo JGS0jurzwk wdujhwlqj lv qrplqdo JGS0
jurzwk iruhfdvw wdujhwlqj/ dqg fdq eh irupxodwhg dv wkh wdujhwlqj uxoh= 3Vhw wkh lqvwuxphqw vr
dv wr eulqj wkh frqglwlrqdo qrplqdo0JGS iruhfdvw dw wkh dssursuldwh krul}rq lq olqh zlwk wkh
wdujhw1475

Jhqhudoo|/ qrplqdo JGS0jurzwk wdujhwlqj zloo uhvxowv lq dq rswlpdo uhdfwlrq ixqfwlrq ri wkh
irup/

l| @ i[|>

wkdw uhvxowv iurp lqyhuwlqj +7145,1 Jhqhudoo|/ wkh rswlpdo uhdfwlrq ixqfwlrq zloo qrw lpso| uh0
vsrqglqj rqo| wr wkh ghyldwlrq ri qrplqdo JGS0jurzwk iurp wkh wdujhw/ iru lqvwdqfh/

l| @çl. ð+j| ý aj,= +7146,

Dv ixuwkhu glvfxvvhg lq Vyhqvvrq ^;3`/ wkh rswlpdo uhdfwlrq ixqfwlrq grhv qrw lpso| d uhvsrqvh
wr wklv ghyldwlrq dw doo1 Lqvwhdg/ lw lqyroyhv uhvsrqglqj wr wkh gl>huhqw ghwhuplqdqwv ri qrplqdo
JGS0jurzwk1

Wkh fxuuhqw iudphzrun grhv qrw vhhp wr surylgh dq| udwlrqdoh iru wkh 3uhdfwlrq0ixqfwlrq4
lqwhusuhwdwlrq ri qrplqdo JGS/ +7146,1 Wklv uhdfwlrq ixqfwlrq lv lqh!flhqw lq vwdelol}lqj lq dwlrq
dqg rxwsxw dffruglqj wr +614,/ dv zhoo dv +shukdsv vrphzkdw vxusulvlqj, ehlqj lqh!flhqw lq
vwdelol}lqj qrplqdo JGS jurzwk durxqg wkh wdujhw dffruglqj wr +7143,1 Vhh PfFdooxp dqg
Qhovrq ^97` iru dujxphqwv lq idyru ri uhdfwlrq0ixqfwlrq qrplqdo lqfrph wdujhwlqj/ krzhyhu1

Dv qrwhg lq Vyhqvvrq ^:<`/ d vrphwlphv0phqwlrqhg udwlrqdoh iru qrplqdo JGS wdujhwlqj lv
wkdw prqhwdu| srolf| fdq rqo| ghwhuplqh qrplqdo JGS jurzwk/ exw qrw wkh ghfrpsrvlwlrq ri
qrplqdo JGS jurzwk lqwr lq dwlrq dqg uhdo JGS jurzwk1 Lw lv vrphwlphv fodlphg wkdw olwwoh lv
xqghuvwrrg derxw wkh ghwhuplqdqwv ri wkdw ghfrpsrvlwlrq1 Jlyhq vxfk odfn ri xqghuvwdqglqj/
lw lv frqvlghuhg vdihu iru wkh fhqwudo edqn wr dfklhyh d fhuwdlq qrplqdo JGS jurzwk udwh/ udwkhu
wkdq wr dwwhpsw wr frqwuro lq dwlrq dqg2ru rxwsxw vhsdudwho|1 Lqwhuhvwlqjo|/ wkh lqfuhdvlqjo|
grplqdqw frqyhqwlrqdo zlvgrp derxw wkh wudqvplvvlrq phfkdqlvp rxwolqhg lq vhfwlrq 514 lv
yhu| gl>huhqw1 Wkhuh/ wkh wudqvplvvlrq phfkdqlvp ri prqhwdu| srolf| lv yld djjuhjdwh ghpdqg
wr lq dwlrq/ zlwk d orqjhu frqwuro odj iru lq dwlrq1 Khqfh/ lq wklv prgho/ wkh nqrzohgjh derxw wkh
vhsdudwh h>hfwv ri wkh lqvwuxphqw rq djjuhjdwh ghpdqg dqg lq dwlrq lv vxevwdqwldo/ lq sduwlfxodu
wkh gl>huhqw odjv ri wkrvh h>hfwv/ dqg wkh qrplqdo djjuhjdwh ghpdqg grhv qrw sod| dq| uroh lq
wkh wudqvplvvlrq ri prqhwdu| srolf| e| lwvhoi1

75 Dv vkrzq lq Edoo ^5` dqg ixuwkhu glvfxvvhg lq Vyhqvvrq ^:<`/ +7145, ohdgv wr lqvwdelolw| zlwk d edfnzdug0orrnlqj
prgho dqg odj vwuxfwxuh dv lq Vyhqvvrq ^::`1 Dv vkrzq lq ^:<`/ wkh odj vwuxfwxuh zlwk d vkruwhu frqwuro odj iru
djjuhjdwh ghpdqg wkdq iru lq dwlrq vhhpv qhfhvvdu| iru wklv lqvwdelolw| uhvxow1 PfFdooxp ^95` dqg Ghqqlv ^64`
hpskdvl}h wkh vhqvlwlylw| ri Edoo*v lqvwdelolw| uhvxow1
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8 Prqhwdu| srolf| lq wkh HVFE

Wkh Hxurshdq V|vwhp ri Fhqwudo Edqnv +HVFE,/ frqvlvwlqj ri wkh Hxurshdq Fhqwudo Edqn
lq Iudqnixuw +HFE, dqg wkh qdwlrqdo fhqwudo edqnv lq HPX +QFEv,/ idfhv vrph iruplgdeoh
sureohpv iru lwv prqhwdu| srolf|/ whfkqlfdo dv zhoo dv srolwlfdo1 Wkh whfkqlfdo sureohpv lqyroyh
gh?qlqj rshudwlrqdo wdujhwv +vshfli|lqj wkh orvv ixqfwlrq, wkdw fruuhvsrqg wr wkh jrdov vwdwhg lq
wkh Pddvwulfkw wuhdw|/ vshfli|lqj rshudwlrqdo surfhgxuhv wr ?qg wkh ihdvleoh vhw ri ixwxuh sdwkv
iru wdujhw yduldeohv +frqglwlrqdo iruhfdvwv ri wdujhw yduldeohv/ wkh vhw \| lq vhfwlrq 5, dqg vhohfwlqj
wkh rswlpdo sdwk iru wkh wdujhw yduldeohv dqg wkh fruuhvsrqglqj lqvwuxphqw sdwk1 Wkhvh whfkqlfdo
sureohpv duh pdgh pxfk pruh gl!fxow e| wkh xqdyrlgdeoh xqfhuwdlqw| derxw wkh wudqvplvvlrq
phfkdqlvp iru prqhwdu| srolf| lq wkh qhz HPX dqg wkh uhvxowlqj lpshuihfw frqwuro ri lq dwlrq1
Dovr/ dqg qrw ri ohdvw lpsruwdqfh/ wkh HFE*v H{hfxwlyh Erdug dqg Frxqflo dqg wkh vwd> ri wkh
HFE dqg wkh QFEv pxvw kdyh lqfhqwlyhv wr ixo?oo wkh jrdov ri wkh lqvwlwxwlrq1

Wkh srolwlfdo sureohpv lqfoxgh zkdw ohjlwlpdf| +iru lqvwdqfh/ wkh ghjuhh ri sxeolf dffhswdqfh,
wkh lqvwlwxwlrq zloo uhfhlyh/ dqg zkdw fuhglelolw| dqg uhsxwdwlrq wkh lqvwlwxwlrq zloo kdyh zlwk
uhjdug wr lwv frpplwphqw dqg delolw| wr dfklhyh lwv jrdov1 Wkhvh srolwlfdo sureohpv duh pdgh
pruh gl!fxow e| wkh srvvleoh +dqg hyhq olnho|, frq lfw ehwzhhq qdwlrqdo dqg HPX0zlgh lqwhuhvwv1
L zloo ?uvw glvfxvv wkh whfkqlfdo sureohpv dqg wkhq surfhhg wr wkh srolwlfdo rqhv1

814 Whfkqlfdo sureohpv

Dffruglqj wr Duwlfoh 438+4, lq wkh Pddvwulfkw Wuhdw|/ 3Wkh sulpdu| remhfwlyh ri wkh HVFE vkdoo
eh wr pdlqwdlq sulfh vwdelolw|1 Zlwkrxw suhmxglfh wr wkh remhfwlyh ri sulfh vwdelolw|/ wkh HVFE
vkdoo vxssruw wkh jhqhudo hfrqrplf srolflhv lq wkh Frppxqlw| zlwk d ylhz wr frqwulexwlqj wr
wkh dfklhyhphqw ri wkh remhfwlyhv ri wkh Frppxqlw| dv odlg grzq lq Duwlfoh 51114 Dffruglqj
wr Duwlfoh 5/ wkh Frppxqlw| vkdoo kdyh dv lwv wdvn 3wr surprwh wkurxjkrxw wkh Frppxqlw| d
kduprqlrxv dqg edodqfhg ghyhorsphqw ri hfrqrplf dfwlylwlhv/ vxvwdlqdeoh dqg qrq0lq dwlrqdu|
jurzwk uhvshfwlqj wkh hqylurqphqw/ d kljk ghjuhh ri frqyhujhqfh ri hfrqrplf shuirupdqfh/ d
kljk ohyho ri hpsor|phqw dqg ri vrfldo surwhfwlrq/ wkh udlvlqj ri wkh vwdqgdug ri olylqj dqg
txdolw| ri olih/ dqg hfrqrplf dqg vrfldo frkhvlrq dqg vrolgdulw| dprqj Phpehu Vwdwhv14

HPL ^65` dqg wkh qhzo| dssrlqwhg H{hfxwlyh Erdug ri wkh HFE ^66` kdyh gh?qhg sulfh
vwdelolw| dv dq lq dwlrq udwh ehwzhhq 3 dqg 5 shufhqw shu |hdu1 Wklv fdq eh lqwhusuhwhg dv d
wdujhw udqjh iru HPX0zlgh lq dwlrq ri 385 shufhqw shu |hdu/ ru dv d srlqw lq dwlrq wdujhw ri 4
shufhqw shu |hdu zlwk d wrohudqfh lqwhuydo ri ÷4 shufhqwdjh srlqw176

Wkh vhfrqg vhqwhqfh lq Duwlfoh 438+4, fdq dujxdeo| eh lqwhusuhwhg dv lqfoxglqj vwdelol}dwlrq
ri uhdo yduldeohv durxqg wkhlu qdwxudo ohyhov/ wkdw lv/  h{leoh udwkhu wkdq vwulfw lq dwlrq wdujhw0
lqj1 Wklv fdq eh uhsuhvhqwhg e| dq HVFE shulrg orvv ixqfwlrq wkdw lqfoxghv vwdelol}dwlrq ri
wkh rxwsxw jds/ dv lq +614, zlwk è A 31 Dv hpskdvl}hg deryh/ wklv wudqvodwhv lqwr d judgxdo
dgmxvwphqw ri lq dwlrq wrzdugv wkh lq dwlrq wdujhw/ dqg dlplqj dw wkh lq dwlrq wdujhw dw d orqjhu
krul}rq1 Ixuwkhupruh/ d orvv ixqfwlrq dv deryh lpsolhv wkdw wkh frqglwlrqdo lq dwlrq iruhfdvw dw
dq dssursuldwh krul}rq/ vd| 58518 |hduv dkhdg/ zloo ehfrph dq lqwhuphgldwh wdujhw1 Wkh wdvn
ri wkh HFE lv wkhq wr vhw lwv lqvwuxphqw/ dq HPX0zlgh vkruw qrplqdo lqwhuhvw udwh/ vxfk wkdw

76 Dowhuqdwlyho|/ wkh 385 vwdwhphqw pljkw eh lqwhusuhwhg lq wkh zd| wkdw dq| srlqw lq dwlrq wdujhw ÷Z lq wkh
udqjh 385 shufhqw zrxog eh frqvlvwhqw zlwk sulfh vwdelolw|1
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wkh fruuhvsrqglqj frqglwlrqdo lq dwlrq iruhfdvw 58518 |hduv dkhdg klwv wkh lq dwlrq wdujhw ri 4
shufhqw shu |hdu1

Wklv lv hdvlhu vdlg wkdq grqh1 Wkh pdlq whfkqlfdo fkdoohqjh iru wkh HVFE zloo eh wr frp0
sxwh uholdeoh dqg xqeldvhg frqglwlrqdo iruhfdvwv iru HPX0zlgh lq dwlrq/ frqglwlrqdo xsrq wkh
fxuuhqw vwdwh ri wkh Hxurshdq hfrqrp|/ wkh HVFE*v ylhz ri wkh wudqvplvvlrq phfkdqlvp iru
HPX prqhwdu| srolf|/ dqg jlyhq lqvwuxphqw sdwkv/ lq rughu wr ?qg dq lqvwuxphqw sdwk wkdw lv
frqvlvwhqw zlwk phhwlqj wkh lq dwlrq wdujhw1 Wkh odfn ri h{shulhqfh ri dq HPX0zlgh wudqvplv0
vlrq phfkdqlvp iru prqhwdu| srolf| dqg wkh fruuhvsrqglqj xqdyrlgdeoh xqfhuwdlqw| derxw wkh
wudqvplvvlrq phfkdqlvp zloo wkhq suhvhqw d iruplgdeoh gl!fxow|1 Wkh lqwurgxfwlrq ri wkh qhz
frpprq fxuuhqf| lv reylrxvo| d pdmru vwuxfwxudo fkdqjh lq wkh hfrqrplf vwuxfwxuh ri wkh HPX
duhd1 Zkdw duh wkh frqvhtxhqfhv iru wkh HPX wudqvplvvlrq phfkdqlvpB

Lqwhuhvwlqjo|/ wkh ylhz ri wkh wudqvplvvlrq phfkdqlvp rxwolqhg lq vhfwlrq 514 gh0hpskdvl}hv
wkh uroh iru prqh| lq wkh wudqvplvvlrq phfkdqlvp> lqvwhdg wkh irfxv lv rq wkh vkruw uhdo lqwhuhvw
udwh dqg djjuhjdwh ghpdqg dqg vxsso|177 D fuxfldo lvvxh wkhq lv wr zkdw h{whqw djjuhjdwh
ghpdqg dqg vxsso| uhodwlrqv fkdqjh zlwk wkh lqwurgxfwlrq ri wkh qhz fxuuhqf|1 Rqh srvvlelolw|
lv wr wklqn lq whupv ri qdwlrqdo wudqvplvvlrq phfkdqlvpv/ wkdw lv/ zlwk frpprq vkruw qrplqdo
lqwhuhvw udwh exw gl>huhqw djjuhjdwh ghpdqg dqg djjuhjdwh vxsso| uhodwlrqv lq hdfk frxqwu|/
jlylqj ulvh wr qdwlrqdo lq dwlrq dqg rxwsxw jdsv +reylrxvo| zlwk vwurqj vsloo0ryhu h>hfwv ehwzhhq
frxqwulhv/ h>hfwv wkdw vkrxog eh vwurqjhu zlwk d frpprq fxuuhqf|,1 HPX lq dwlrq dqg rxwsxw
jdsv zloo wkhq eh zhljkwhg dyhudjhv ri wkh qdwlrqdo rqhv1 Lw lv srvvleoh wkdw wkh qdwlrqdo djjuhjdwh
ghpdqg dqg vxsso| uhodwlrqv rqo| fkdqjh prghudwho| zlwk wkh qhz fxuuhqf|/ dqg wkdw suhylrxv
uhodwlrqv frqwlqxh wr krog wr d frqvlghudeoh h{whqw1 Frqvwuxfwlqj frqglwlrqdo qdwlrqdo lq dwlrq
iruhfdvwv pd| wkhq eh ohvv gl!fxow wkdq dw ?uvw wkrxjkw1 Lq jhqhudo/ frqvwuxfwlqj qdwlrqdo
iruhfdvwv dqg wkhq dgglqj xs wr HPX0zlgh iruhfdvwv vhhpv wr eh d pruh h!flhqw xvh ri qdwlrqdo
lqirupdwlrq/ udwkhu wkdq wu|lqj wr frqvwuxfw dq HPX0zlgh iruhfdvw gluhfwo|1

Wkxv/ rqh srvvlelolw| lv wkdw hdfk qdwlrqdo fhqwudo edqn lv uhvsrqvleoh iru pdnlqj frqglwlrqdo
lq dwlrq iruhfdvwv iru lwv qdwlrqdo lq dwlrq/ zlwk wkh HFE ehlqj uhvsrqvleoh iru vfuxwlql}lqj wkhvh
iruhfdvwv dv zhoo dv surylglqj lwv rzq frpshwlqj qdwlrqdo iruhfdvwv1 Wkhvh iruhfdvwv fdq wkhq
eh dgghg xs e| HFE wr surylgh HPX iruhfdvwv1 HFE vfuxwlq| lq rughu wr ghwhfw dq| eldv lq
qdwlrqdo iruhfdvwv pd| ri frxuvh eh udwkhu lpsruwdqw178

Wkh HFE*v H{hfxwlyh Erdug dqg Frxqflo/ dv zhoo dv wkh vwd> ri wkh HFE dqg wkh QFEv/
pxvw dovr kdyh wkh uljkw lqfhqwlyhv wr ixo?oo wkh prqhwdu| jrdov1 Vxfk lqfhqwlyhv duh surylghg
e| shhu suhvvxuh/ dqg e| d kljk ghjuhh ri dffrxqwdelolw| wr wkh Hxurshdq Sduoldphqw dqg wr wkh
jhqhudo sxeolf1 Wudqvsduhqf|/ zlwk uhjxodu uhsruwv prghoohg rq wkrvh ri wkh Uhvhuyh Edqn ri
Qhz ]hdodqg/ Edqn ri Hqjodqg dqg Vyhuljhv Ulnvedqn/ fohdu dqg h{solflw prwlydwlrqv iru srolf|
ghflvlrq/ dqg shukdsv sxeolvkhg plqxwhv dqg yrwlqj uhfrugv ri wkh Frxqflo/ duh olnho| wr eh
qhfhvvdu|1 +D jrrg qdph iru wkh uhjxodu uhsruw pd| eh Sulfh Vwdelolw| Uhsruw1, Dffrxqwdelolw|
dqg wudqvsduhqf| pd| dovr eh fuxfldo iru ghdolqj zlwk wkh srwhqwldo srolwlfdo sureohpv ri wkh

77 Vlqfh HPX dv d zkroh zloo eh d ohvv rshq hfrqrp| wkdq wkh lqglylgxdo frxqwulhv/ wkh rshq0hfrqrp| dvshfwv
glvfxvvhg lq vhfwlrq 514 duh dujxdeo| ri ohvv lpsruwdqfh iru HPX wkdq iru d vpdoo rshq hfrqrp|1

78 Lw lv dq lurq| ri klvwru| wkdw wkh wzr Hxurshdq fhqwudo edqnv zlwk h{solflw lq dwlrq wdujhwlqj dqg wkh
fruuhvsrqglqj frqvlghudeoh h{shulhqfh dqg frpshwhqfh lq pdnlqj frqglwlrqdo iruhfdvwv zloo qrw sduwlflsdwh lq wkh
HPX iurp wkh vwduw1 Vrph rwkhu sduwlflsdwlqj qdwlrqdo fhqwudo edqnv/ gxh wr phpehuvkls lq wkh HUP dqg wkh
devhqfh ri d fuxfldo uroh iru lq dwlrq iruhfdvwv xqghu h{fkdqjh udwh wdujhwlqj/ pd| vx>hu iurp frqvlghudeoh odfn ri
frpshwhqfh dqg h{shulhqfh lq pdnlqj vxfk iruhfdvwv1 Fudvk surjudpv wr ohduq wkh vnloo dqg hvwlpdwh wkh hvvhqwldo
uhodwlrqv pd| wkhuhiruh eh d zlvh lqyhvwphqw iru wkrvh QFEv ehiruh wkh hqg ri 4<<;1
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HVFE1

815 Srolwlfdo sureohpv

E| doo olnholkrrg/ d vxvwdlqhg vxffhvvixo prqhwdu| srolf| e| wkh HVFE uhtxluhv dffhswdqfh dqg
ohjlwlpdf| ri wkh lqvwlwxwlrq dqg lwv jrdov e| srolwlfldqv dqg wkh jhqhudo sxeolf lq wkh HPX1
Prqhwdu| srolf| lv dovr pxfk pruh olnho| wr eh vxffhvvixo li lw kdv fuhglelolw|/ wkdw lv/ li pdunhw
sduwlflsdqwv/ srolwlfldqv dqg wkh jhqhudo sxeolf h{shfw wkh HVFE wr dfklhyh lwv sulpdu| jrdo/
sulfh vwdelolw|1 D kljk ghjuhh ri wudqvsduhqf| lv olnho| wr eh hvvhqwldo iru wklv sxusrvh1

E| kdylqj dq h{solflw lq dwlrq wdujhw/ dqg e| lvvxlqj d uhjxodu Sulfh Vwdelolw| Uhsruw zlwk
dq h{solflw frqglwlrqdo lq dwlrq iruhfdvw +dv zhoo dv wkh dqdo|vlv dqg dvvxpswlrqv ehklqg lw,/ wkh
HVFE fdq lqfuhdvh lwv dffrxqwdelolw|/ vlpsoli| rxwvlgh prqlwrulqj ri prqhwdu| srolf|/ lpsuryh
lwv rzq lqfhqwlyhv wr dfklhyh lwv jrdov/ dqg lqfuhdvh sxeolf xqghuvwdqglqj ri prqhwdu| srolf|1 E|
surylglqj jrrg dqdo|vlv dqg vrxqg prwlydwlrq iru lwv srolf|/ lqfoxglqj frqylqflqj h{sodqdwlrq
iru h{ srvw ghyldwlrqv iurp wkh lq dwlrq wdujhw/ lw vkrxog eh deoh wr frqylqfh wkh sxeolf wkdw lw
kdv erwk wkh phdqv dqg wkh ghvluh wr dfklhyh lwv jrdov dqg lq wklv zd| lqfuhdvh lwv fuhglelolw|/
wkdw lv/ eulqj lq dwlrq h{shfwdwlrqv lq olqh zlwk wkh lq dwlrq wdujhw1

Sxeolvkhg plqxwhv dqg yrwlqj uhfrugv ri HFE Frxqflo phhwlqjv duh dovr lpsruwdqw erwk iru
rxwvlgh prqlwrulqj zkhwkhu prqhwdu| srolf| lv frqgxfwhg lq d surihvvlrqdo zd| dqg iru jlylqj
Frxqflo phpehuv shuvrqdo uhvsrqvlelolw| iru wkhlu ghflvlrqv1

D frqvlghudeoh ulvn/ dqg d olnho| vrxufh ri olplwhg ohjlwlpdf| dqg fuhglelolw|/ lv wkdw Frxqflo
ghflvlrqv zloo eh/ ru zloo eh vxvshfwhg wr eh/ lq xhqfhg e| vwurqj qdwlrqdo lqwhuhvwv udwkhu wkdq
HPX0zlgh lqwhuhvwv1 Wkh vshfwdfoh wkdw vxuurxqghg wkh dssrlqwphqw ri wkh H{hfxwlyh Erdug
rq Pd| 5/ 4<<;/ kdv qrw frqwulexwhg wr uhgxflqj wkdw ulvn1 Wkxv/ vxvslflrqv pd| dulvh wkdw
lq xhqwldo phpehuv ri wkh H{hfxwlyh Erdug ru wkh Frxqflo pd| sxuvxh qdwlrqdo udwkhu wkdq
Hxurshdq lqwhuhvwv1 Shhu suhvvxuh lq wkh H{hfxwlyh Erdug dqg wkh Frxqflo pd| gdpshq vxfk
ehkdylru1 Krzhyhu/ dq h{solflw lq dwlrq wdujhw/ dq h{solflw xvh ri d frqglwlrqdo lq dwlrq iruhfdvw
dv dq lqwhuphgldwh wdujhw/ dqg d kljk ghjuhh ri wudqvsduhqf| pd| eh wkh prvw h>hfwlyh zd|v wr
ghwhu iurp vxfk ehkdylru1

Dv hpskdvl}hg e| yrq Kdjhq ^<5`/ dqg dv glvfxvvhg lq vhfwlrq 617/ rqh uroh ri dq lqwhuphgldwh
wdujhw lv wr vhuyh dv d irfdo srlqw lq wkh srolf| glvfxvvlrq/ dqg wr gh?qh zkdw dujxphqwv duh
dgplvvleoh lq wkh glvfxvvlrq suhfhglqj wkh srolf| ghflvlrq1 Zlwk dq HPX0zlgh frqglwlrqdo
lq dwlrq iruhfdvw dv dq lqwhuphgldwh wdujhw/ wkh srolf| glvfxvvlrq qdwxudoo| irfxvhv rq wkh txdolw|
ri wkh iruhfdvw/ wkh dssursuldwh krul}rq/ dqg wkh srvlwlrq ri wkh iruhfdvw uhodwlyh wr wkh lq dwlrq
wdujhw1 Wkxv/ lq rughu wr dujxh wkdw d sduwlfxodu slhfh ri lqirupdwlrq kdv lpsolfdwlrqv iru wkh
HFE*v lqvwuxphqw vhwwlqj/ d phpehu ri wkh Frxqflo pxvw surylgh d frqylqflqj dujxphqw wkdw
wklv lqirupdwlrq kdv dq h>hfw rq wkh HPX0zlgh lq dwlrq iruhfdvw dw wkh uhohydqw krul}rq1 Wklv
uhtxluhphqw vkrxog surylgh frqvlghudeoh glvflsolqh wr wkh glvfxvvlrq/ dqg h{foxgh pdq| ydfxrxv
fdvhv iru lqvwuxphqw fkdqjhv1

Zlwklq vxfk d iudphzrun/ lw vhhpv dssursuldwh wr sxeolvk plqxwhv ri wkh Frxqflo phhwlqjv/
zkhuh wkh pdlq dujxphqwv iru lqvwuxphqw dgmxvwphqwv duh vxppdul}hg1 Wklv zd|/ rxwvlghuv fdq
prqlwru wkh txdolw| dqg wkh dssursuldwhqhvv ri wkh glvfxvvlrq/ dqg vsrw dq| zhdn ru luuhohydqw
dujxphqwv1 Wkh dujxphqw djdlqvw sxeolvklqj plqxwhv lv wkdw lw pd| lqklelw krqhvw dqg iudqn
glvfxvvlrqv lq wkh Frxqflo1 Lq rughu wr dyrlg wkdw/ lw vhhpv dssursuldwh wr sxeolvk vxppdulhv
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ri wkh pdlq dujxphqwv dqg glvfxvvlrq srlqwv/ zlwkrxw dwwulexwlqj wkhvh wr lqglylgxdo Frxqflo
phpehuv179 Lw pd| dovr eh dssursuldwh wr sxeolvk yrwlqj uhfrugv/ wr jlyh lqglylgxdo uhvsrqvlelolw|
wr Frxqflo phpehuv wr yrwh iru dfklhylqj wkh HPX lq dwlrq wdujhw/ dqg wr doorz wkh ghyldwlrqv
iurp vxfk yrwlqj wr eh vsrwwhg1

Krzhyhu/ zlwk uhjdug wr yrwlqj uhfrugv/ rqh kdv wr dgplw wkh srvvlelolw| wkdw Frxqflo php0
ehuv/ lq sduwlfxodu wkh QFE jryhuqruv/ pd| eh vxemhfw wr frqvlghudeoh suhvvxuh lq wkhlu krph
frxqwulhv li sxeolvkhg yrwlqj uhfrugv uhyhdo wkdw wkh| kdyh yrwhg djdlqvw wkh qdwlrqdo lqwhuhvw lq
idyru ri wkh HPX0zlgh lqwhuhvw1 Qhyhuwkhohvv/ zlwk d kljk ghjuhh ri wudqvsduhqf|/ fohdu dqdo|vhv
dqg h{solflw lq dwlrq iruhfdvwv lq wkh HVFE/ Frxqflo phpehuv fdq hdvlo| ghihqg wkhlu srvlwlrq
zlwk uhihuhqfh wr wkhlu HPX0zlgh uhvsrqvlelolw|1 Exw/ lq wkh xqiruwxqdwh fdvh wkdw wkh HVFE
dqqrxqfhv dpeljxrxv wdujhwv/ surylghv ix}}| dqdo|vhv dqg grhv qrw sxeolvk h{solflw lq dwlrq
iruhfdvwv/ wkh uhvxowlqj dpeljxlw| pd| dujxdeo| pdnh lw pxfk pruh gl!fxow iru qdwlrqdo jry0
huqruv wr ghihqg wkhlu srvlwlrq lq wkh idfh ri grphvwlf suhvvxuh1 Nhhslqj yrwlqj uhfrugv vhfuhw
pd| wkhq eh wkh dssursuldwh vhfrqg0ehvw vroxwlrq17:

Rqh pljkw zlvk wkdw fhqwudo edqnv lq jhqhudo/ dqg wkh HFE lq sduwlfxodu/ zrxog fkrrvh
rshqqhvv dqg wudqvsduhqf| dv wkh ghidxow fdvh/ dqg rqo| uhvruw wr vhfuhf| dqg reixvfdwlrq zkhq
wkhuh duh vwurqj dujxphqwv iru wkdw1 Xqiruwxqdwho|/ fhqwudo edqn wudglwlrq lv xvxdoo| wkh rwkhu
zd| durxqg1 Lq fdvh wkh HFE vkrxog fkrvh vhfuhf| dqg reixvfdwlrq udwkhu wkdq wudqvsduhqf| dqg
dffrxqwdelolw|/ wkh ehvw vroxwlrq iru rxwvlgh prqlwrulqj/ dv vxjjhvwhg e| Wdehoolql ^;7`/ vhhpv wr
eh wkdw wkh Hxurshdq Sduoldphqw dqg wkh jhqhudo sxeolf hydoxdwh prqhwdu| srolf| shuirupdqfh dv
li wkh HFE kdg dq h{solflw lq dwlrq wdujhw1 Lq sduwlfxodu/ li wkh HFE vkrxog fkrrvh qrw wr sxeolvk
frqglwlrqdo lq dwlrq iruhfdvwv/ prqhwdu| srolf| fdq eh prqlwruhg e| frpsdulqj uhsxwdeoh rxwvlgh
iruhfdvwhuv* iruhfdvwv zlwk wkh lq dwlrq wdujhw1 Lq dq| fdvh/ lqghshqghqw erglhv ri h{shuwv zloo
sod| d fuxfldo sduw lq vfuxwlql}lqj dqg hydoxdwlqj HFE prqhwdu| srolf|/ dqg wkhuh zloo fhuwdlqo|
eh vhyhudo vxfk erglhv sxeolvklqj frpshwhqw hydoxdwlrqv1

816 Wkh uroh ri prqhwdu| djjuhjdwhv dqg prqh|0jurzwk wdujhwlqj

Zkdw lv wkh uroh ri gl>huhqw prqhwdu| djjuhjdwhv dqg prqh|0jurzwk wdujhwlqj lq HVFE prq0
hwdu| srolf|B D udwlrqdo uroh iru prqhwdu| djjuhjdwhv vhhpv vlpso| wr eh rqh vhw ri lqglfdwruv
dprqj pdq| rwkhuv/ zkrvh xvhixoqhvv ghshqg h{foxvlyho| rq wkhlu shuirupdqfh lq suhglfwlqj lq0
 dwlrq1 Gxh wr wkh pdmru vwuxfwxudo fkdqjh wkdw wkh lqwurgxfwlrq ri d qhz frpprq fxuuhqf| lv/
dqg wkh srwhqwldo lqvwdelolw| ri prqh| ghpdqg ixqfwlrqv gxulqj vxfk d fkdqjh/ lw lv reylrxv wkdw
dq| vxfk shuirupdqfh lv olnho| wr eh h{wuhpho| whqxrxv/ dqg fdqqrw eh dvvhvvhg dqg hvwlpdwhg
xqwlo vhyhudo |hduv ri gdwd kdyh ehhq froohfwhg1

Lq sduwlfxodu/ prqh|0jurzwk wdujhwlqj grhv qrw surylgh dq| vroxwlrq wr wkh iruplgdeoh sure0
ohp ri wkh xqfhuwdlqw| derxw wkh wudqvplvvlrq phfkdqlvp lq HPX1 Dv hpskdvl}hg deryh/ dqg
dv wkrurxjko| grfxphqwhg lq wkh olwhudwxuh/ d prvw sudjpdwlf dssolfdwlrq ri prqh|0jurzwk wdu0
jhwlqj/ zklfk lv ehvw ghvfulehg dv lq dwlrq wdujhwlqj lq glvjxlvh dqg fruuhvsrqgv wr frqglwlrqdo
prqh|0jurzwk wdujhwlqj dv glvfxvvhg lq vhfwlrq 714/ olhv ehklqg wkh vxffhvv ri Exqghvedqn*v prq0
hwdu| srolf|1 Wkh vxffhvv ri wklv srolf| lv ghshqghqw rq h{sorlwlqj wkh wudqvplvvlrq phfkdqlvp
dqg/ lq sduwlfxodu/ lqwhqwlrqdoo| ghyldwlqj iurp prqh|0jurzwk wdujhwv zkhq lq dwlrq iruhfdvwv

79 Wklv lv wkh dowhuqdwlyh fkrvhq iru wkh PSF phhwlqjv ri Edqn ri Hqjodqg/ vhh ^7`1
7: Krzhyhu/ yrwlqj uhfrugv zloo prvw olnho| vwloo eh nqrzq e| qdwlrqdo jryhuqphqwv/ vr wklv grhv qrw vklhog QFE

jryhuqruv iurp suhvvxuh iurp jryhuqphqwv dqg ?qdqfh plqlvwulhv1
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uhyhdo wkdw prqh|0jurzwk wdujhwv frq lfw zlwk wkh lq dwlrq wdujhw1 Lq dwlrq wdujhwlqj lq glvjxlvh
uhtxluhv wkh vdph lqirupdwlrq derxw wkh wudqvplvvlrq phfkdqlvp dv h{solflw lq dwlrq wdujhwlqj1
Lq sudfwlfh/ wkh gl>huhqfh vhhpv wr eh wkh ghjuhh ri wudqvsduhqf|/ wkdw wkh wuxh flufxpvwdqfhv
duh qrw h{solflwo| uhyhdohg wr wkh sxeolf1

Prqh|0jurzwk wdujhwlqj grhv qrw vhhp wr surylgh d vkruw0fxw wr fuhglelolw| iru HVFE1 Dv
dujxhg deryh/ Exqghvedqn*v fuhglelolw| lv dssduhqwo| gxh wr lwv lq dwlrq shuirupdqfh/ dqg lq
vslwh ri lwv iuhtxhqw prqh|0jurzwk plvvhv udwkhu wkdq wkdqnv wr prqhwdu| wdujhwlqj1 Wkh HVFE
zloo/ e| doo olnholkrrg/ kdyh wr hduq lwv fuhglelolw| e| jrrg lq dwlrq shuirupdqfh1 Dqg wkh
ehvw lq dwlrq shuirupdqfh dulvhv iurp vhwwlqj wkh lqvwuxphqw vxfk wkdw wkh frqglwlrqdo lq dwlrq
iruhfdvw dw wkh dssursuldwh krul}rq frlqflghv zlwk wkh lq dwlrq wdujhw1

Lqghhg/ dffruglqj wr wkh glvfxvvlrq lq vhfwlrq 714/ h!flhqw prqh|0jurzwk wdujhwlqj lv lqkhu0
hqwo| qrq0wudqvsduhqw/ vlqfh wkh iuhtxhqw uhylvlrqv ri wkh frqglwlrqdo prqh|0jurzwk wdujhw ru
wkh iuhtxhqw plvvhv ri dq xqfkdqjhg prqh|0jurzwk wdujhw uhtxluh frpsoh{ h{sodqdwlrqv wkdw
duh gl!fxow wr yhuli|1 Wkhuhiruh/ wkh pdlq uroh ri prqh|0jurzwk wdujhwlqj zrxog vhhp wr eh
wr vkurxg HVFE prqhwdu| srolf| lq dq rsdtxh yhlo/ e| wxuqlqj h{solflw lq dwlrq wdujhwlqj lqwr
lq dwlrq wdujhwlqj lq glvjxlvh1

Wkh dowhuqdwlyh nlqg ri prqh|0jurzwk wdujhwlqj lv xqfrqglwlrqdo prqh|0jurzwk wdujhwlqj/
wkdw lv/ vwlfnlqj wr d frqvwdqw prqh|0jurzwk wdujhw uhjdugohvv1 Wklv lv/ dffruglqj wr vhfwlrq
714/ wudqvsduhqw exw lqh!flhqw1 Dv phqwlrqhg deryh/ lw lv srvvleoh wkdw wkh lqwurgxfwlrq ri d
frpprq fxuuhqf| pd| kdyh ohvv gudvwlf h>hfwv rq wkh wudqvplvvlrq phfkdqlvp wkdq rqh pljkw
?uvw wklqn li/ dv vxjjhvwhg lq wkh frqyhqwlrqdo zlvgrp/ prqh| lv qrw hvvhqwldo wr wkh wudqvplvvlrq
phfkdqlvp1 Krzhyhu/ wkh lqwurgxfwlrq ri d frpprq fxuuhqf| zloo fhuwdlqo| kdyh gudvwlf h>hfwv
rq wkh ?qdqfldo vwuxfwxuh dqg rq wkh ghpdqg iru prqh|1 Lq sduwlfxodu/ prqh| ghpdqg zloo
qdwxudoo| eh txlwh xqsuhglfwdeoh zlwk vxfk d gudvwlf vwuxfwxudo fkdqjh1 Ixuwkhupruh/ prqh|
ghpdqg frxog dovr eh txlwh xqvwdeoh/ zkhq hfrqrplf djhqwv ohduq wkhlu zd|v lq wkh qhz hq0
ylurqphqw1 Erwk flufxpvwdqfhv lpso| wkdw dq| xqfrqglwlrqdo prqh|0jurzwk wdujhwlqj/ zkhuh
lq dwlrq shuirupdqfh lv wrwdoo| ghshqghqw rq wkh suhglfwdelolw| dqg vwdelolw| ri prqh| ghpdqg/
lv olnho| wr fdxvh frqvlghudeoh lqvwdelolw| dqg kdyh gluh frqvhtxhqfhv iru HPX sulfh vwdelolw|1

9 Frqfoxvlrqv

^Wr eh zulwwhq1`
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D D frqvlvwhqw frqglwlrqdo iruhfdvwv zlwk iruzdug0orrnlqj yduldeohv

Frqvwuxfwlqj wkh uhtxluhg lqwhuqdo iruhfdvwv lv lq sulqflsoh vwudljkwiruzdug zlwklq wkh edfnzdug0
orrnlqj prgho xvhg lq ^::` dqg ^:<` +vhh Uxghexvfk dqg Vyhqvvrq ^:5` dqg dsshqgl{ F,/ exw
uhtxluhv vrph vshfldo frqvlghudwlrqv lq d prgho zlwk iruzdug0orrnlqj h{shfwdwlrqv ri wkh nlqg
xvhg khuh1 Lq wklv dsshqgl{/ L zloo vkrz wkdw d frqvlvwhqw lq dwlrq iruhfdvw fdq eh frqvwuxfwhg
iru d jlyhq wlph sdwk ri wkh lqvwuxphqw lq wkh prgho +514, dqg +515,1

Iru d ?{hg w/ zh zrxog olnh wr surgxfh d frqglwlrqdo iruhfdvw ri [|nô �|/ {|nô �| dqg \|nô �|
+á è 3,/ frqglwlrqdo xsrq [|/ d jlyhq lqvwuxphqw sdwk l|nô �| +á è 3,/ dqg wkh prgho +514, dqg
+515,1 Lq rughu wr uhgxfh wkh qxpehu ri lqglfhv/ ?{ w @ 3/ ohw [f eh jlyhq/ dqg ohw [ô / {ô /\ô
dqg lô iru á è 3 ghqrwh [ô �f/ {ô �f/ \ô �f dqg lô �f/ uhvshfwlyho|1

Ohw wkh jlyhq lqvwuxphqw sdwk eh duelwudu| iru d ?{hg qxpehu/ W / ri shulrgv/ 3 é á é W ý4/
exw uhvwulfw lw wr iroorz d jlyhq uhdfwlrq ixqfwlrq ai diwhu wkhvh shulrgv/ wkdw lv/ iru á è W 1 Pruh
suhflvho|/ ohw

lô @ iô[ô /

zkhuh wkh vhtxhqfh ri W urz q�0yhfwruv/ iô / 3 é á é Wý4/ lv h{rjhqrxv dqg duelwudu|/ dqg zkhuh
iô @ ai iru á è W 1 Qrwh wkdw vlqfh rqh hohphqw/ vd| hohphqw qxpehu q�/ lv xqlw|/ iru 3 é á é Wý4/
wkh q�wk hohphqw ri iô / i?�ô / lv d vwdwh0lqghshqghqw frpsrqhqw ri wkh lqvwuxphqw1 Khqfh/ wklv
irupdol}dwlrq dgplwv wkh frqvwdqw ru wlph0yduldeoh exw vwdwh0lqghshqghqw lqvwuxphqw sdwkv wkdw
fhqwudo edqnv vrphwlphv xvh lq wkhlu uhsruwhg frqglwlrqdo iruhfdvwv1

Wkhq/ iru jlyhq [f dqg iô / á è 3/ zh orrn iru [ô dqg {ô / á è 3/ wkdw vroyhé
[ôn�
{ôn�

è
@ Jô

é
[ô
{ô

è
> +D14,

zkhuh
Jô ì D.EIô +D15,

zkhuh Iô ì +iô > 3�f?2, ghqrwhv wkh q0yhfwru +zkhuh q @ q� . q2, iruphg e| lqvhuwlqj q2 }hurv
wr wkh uljkw ri iô 17;

Iurp wkh dqdo|vlv lq vhfwlrq 5/ zh nqrz wkh vroxwlrq iru á è W / qdpho|

{ô @ aK[ô >

zkhuh aK lv wkh vroxwlrq iru wkh iruzdug0orrnlqj yduldeohv wkdw uhvxow iurp wkh uhdfwlrq ixqfwlrq
ai 1 Ixuwkhupruh/ iru á è W / wkh g|qdplfv duh jlyhq e| +51;,8+5143,1 Lw uhpdlqv wr ?qg wkh
vroxwlrq iru 3 é á é W ý 41 Zlwkrxw uhvwulfwlrq/ zh fdq zulwh

{ô @ Kô[ô / +D16,

zkhuh wkh q2 û q� pdwulfhv Kô iru 3 é á é W ý 4/ uhpdlq wr eh ghwhuplqhg1

7; Iru wkh jhqhudol}dwlrq zkhq îð| lq +514, lv uhsodfhg e| îfð| n î
�ð|n��|/ wkh pdwul{ Cô ghshqgv rq erwk sô

dqg sôn� dffruglqj wr
Cô ó EU 3î�8ôn�ä

3�Eønîf8ô äc

zkhuh wkh pdwul{ U 3î�8ôn� lv dvvxphg wr eh lqyhuwleoh1
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Li Kôn� lv nqrzq/ zh fdq ghulyh dq h{suhvvlrq iru Kô 1 Khqfh/ wkh sureohp fdq eh irxqg e|
edfnzdug lqgxfwlrq1 Wr vkrz wklv/ qrwh wkdw e| pxowlso|lqj wkh ?uvw q� urzv lq +D14, dqg xvlqj
+D16, iru á . 4/ zh jhw

Kôn�[ôn� @ Kôn�+Jô��[ô .Jô�2{ô , @ {ôn� @ Jô2�[ô .Jô22{ô > +D17,

zkhuh

Jô ì
é
Jô�� Jô�2
Jô2� Jô22

è
kdv ehhq ghfrpsrvhg dffruglqj wr [ô dqg {ô 1 Wkhq zh fdq vroyh +D17, iru {ô lq whupv ri [ô /
zklfk uhvxowv lq +D16,/ zkhuh Kô lv jlyhq e|

Kô ì +Jô22 ýKôn�Jô�2,3�+Kôn�Jô�� ýJô2�, +D18,

dqg zh dvvxph wkdw Jô22 ý Kôn�Jô�2 lv lqyhuwleoh1 Khqfh/ jlyhq Kôn� zh fdq ?qg Kô iurp
+D18,1 Vlqfh zh kdyh KA @ aK/ zh fdq xvh edfnzdug lqgxfwlrq wr ?qg doo Kô / 3 é á é W ý 41

Lw iroorzv wkdw [ô / {ô dqg \ô duh jlyhq e|

{ô @ Kô[ô

\ô @ +F� .F2Kô .Giô ,[ô

[ôn� @ +Jô�� .Jô�2Kô ,[ô

iru á è 3 dqg [f jlyhq1
Wkxv/ frqvlvwhqw frqglwlrqdo iruhfdvwv [|nô �|/ {|nô �| dqg \|nô �| fdq eh frqvwuxfwhg iru h{rjh0

qrxv iô / á è 3/ dv orqj dv wkhuh lv hyhqwxdoo| d vkliw lq srolf| wr d uhdfwlrq ixqfwlrq iru zklfk
zh nqrz wkh fruuhvsrqglqj pdwul{ K1 Qrwh wkdw lq wkh hqg/ rqo| wkh pdwul{ K iru á è W

lv h{solflwo| xvhg deryh1 Khqfh/ rqo| d frqvlvwhqw dvvxpswlrq derxw krz wkh iruzdug0orrnlqj
yduldeohv {ô ghshqg rq wkh yhfwru ri vwdwh yduldeohv [ô dw vrph jlyhq krul}rq W lv dfwxdoo|
uhtxluhg1 Lw iroorzv wkdw wkh pdwul{ K qhhg qrw qhfhvvdulo| fruuhvsrqg wr dq rswlpdo uhdfwlrq
ixqfwlrq iru vrph sduwlfxodu wdujhwlqj fdvh1 Wkh fuxfldo dvshfw iru wkh lqwhuqdo frqvlvwhqf| ri
wkh deryh frqvwuxfwlrq ri wkh frqglwlrqdo iruhfdvw lv wkdw K lv frqvlvwhqw zlwk vrph uhdfwlrq
ixqfwlrq/ vxfk wkdw d udwlrqdo0h{shfwdwlrqv htxloleulxp h{lvwv dw á @ W 17<

E D ?uvw0rughu frqglwlrq iru wkh frqglwlrqdo iruhfdvw ri wdujhw yduldeohv

Ohw |\ ghqrwh wkh vwdfnhg yhfwru +\ â| > \ â|n��|> \
â
|n2�|> ===,

â/ ohw �N eh wkh eorfn0gldjrqdo pdwul{

zlwk wkh gldjrqdo +N> ïN> ï2N2> ===,/ dqg ohw wkh h!flhqw vhw ri \| eh ghqrwhg e| wkh htxdwlrq

|W +|\ , @ 3/ zklfk lv dvvxphg gl>huhqwldeoh1 Wkhq wkh sureohp wr plqlpl}h +514:, vxemhfw wr
+514;, fdq eh zulwwhq

plq+|\ ý |
a\ ,â �N+|\ ý |

a\ , vxemhfw wr |W +|\ , @ 31
Wkhq wkh ?uvw0rughu frqglwlrq +514<, fdq eh zulwwhq

�N+|\ ý |
a\ , . ç

C |W +|\ ,
C |\

@ 3>

zkhuh ç lv +kdoi, d Odjudqjh pxowlsolhu dqg Y |9 E|t ä
Y |t

lv d froxpq yhfwru ri vwdfnhg ghulydwlyhv ri

|W +|\ , zlwk uhvshfw wr frqglwlrqdo iruhfdvwv ri wkh wdujhw yduldeohv1
7< Iru wkh jhqhudol}dwlrq ri +514, zkhq îð| lv uhsodfhg e| îfð| nî

�ð|n��|/ zh qhhg wr xvh erwk M dqg s 1
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F D vlpsoh forvhg0hfrqrp| edfnzdug0orrnlqj prgho

Wklv h{dpsoh ri d vlpsoh edfnzdug0orrnlqj prgho ri d forvhg hfrqrp| lv gxh wr Vyhqvvrq ^::`
dqg ^:<`1 Wkh prgho kdv d rqh0|hdu frqwuro odj iru wkh rxwsxw jds/ dqg d wzr0|hdu frqwuro odj
iru lq dwlrq1 Wkh prgho lv dovr xvhg lq Edoo ^5`1

Vxssrvh djjuhjdwh vxsso| +wkh Skloolsv fxuyh, lv jlyhq e|

ä|n� @ ä| . ò+|| . %|n�> +F14,

zkhuh ò+ A 3/ ä| lv lq dwlrq lq |hdu w/ || lv wkh rxwsxw jds/ dqg %| lv dq llg frvw0sxvk vkrfn zlwk
}hur phdq dqg yduldqfh â201

83 Ohw djjuhjdwh ghpdqg +lq whupv ri wkh rxwsxw jds,/ eh jlyhq e|

||n� @ �ñ+|| . ñ5}| ý ño+l| ý ä|n��| ý çu, . ì|n�> +F15,

zkhuh �ñ+ è 3/ ño A 3/ l| lv d vkruw qrplqdo lqwhuhvw udwh dqg wkh fhqwudo edqn*v lqvwuxphqw/ çu lv
wkh dyhudjh uhdo lqwhuhvw udwh/ dqg ì| lv dq llg ghpdqg vkrfn zlwk }hur phdq dqg yduldqfh â2#1
Ohw }| eh dq h{rjhqrxv yduldeoh wkdw lv jlyhq e|

}|n� @ ð5}| . ë|n�> +F16,

zkhuh 3 é ð5 ? 4 dqg ë| lv dq llg vkrfn zlwk }hur phdq dqg yduldqfh â2w1
Qrwh wkdw wkh rqh0shulrg0dkhdg frqglwlrqdo lq dwlrq iruhfdvw lv suhghwhuplqhg/

ä|n��| @ ä| . ò+||= +F17,

Wklv prgho fdq eh zulwwhq rq vwdwh0vsdfh irup/ dv lq +514,/ zkhuh wkh yhfwru ri suhghwhuplqhg
yduldeohv duh jlyhq e| [| @ +ä|> ||> ä|n��|> }|> 4,â dqg wkh yhfwru ri vkrfnv duh y| @ +%|> ì|> %| .

ò+ì|> ë|> 3,
â1

Wkh shulrg orvv ixqfwlrq lv

O| @
4

5

k
+ä| ý aä,2 . è|2|

l
= +F18,

è è 3 +uhodwlyh, zhljkw rq rxwsxw0jds vwdelol}dwlrq1 Wkxv/ wkh yhfwru ri wdujhw yduldeohv lv
\| @ +ä|> ||,

â/ zlwk wkh wdujhw ohyhov a\ @ +aä> 3,â1
Dv vkrzq lq Vyhqvvrq ^::` dqg ^:<`/ wkh ?uvw0rughu frqglwlrq iru d plqlpxp ri wkh orvv

ixqfwlrq fdq eh zulwwhq

ä|n2�| ý aä @ ý
ò+f+è,

4ý f+è,||n��|> +F19,

zkhuh wkh frh!flhqw f+è, lv d ixqfwlrq ri è dqg jlyhq e|

f+è, ì è

è. ïò2+n+è,

n+è, ì 4

5

#
4ý è+4ý ï,

ïò2+
.

vë
4 .

è+4ý ï,
ïò2+

ê2
.
7è

ò2+

$
è 4=

83 Lq Vyhqvvrq ^::` dqg ^:<`/ djjuhjdwh ghpdqg lv zulwwhq

+|n� ' q++| n q%%| 3 qoEð| 3 Z|ä n #|n�c

zkhuh q+ ' ìq+ n k+qo1 Wklv iroorzv iurp holplqdwlqj Z|n��| iurp +F15, dqg +F17, dqg vhwwlqj 7o ' f
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Ixuwkhupruh/ f+è, ixo?oov 3 é f+è, ? 4/ zlwk YS
Yb A 3/ f+3, @ 3/ f+4, ì olpb<" f+è, @ 41

Wkh rqh0shulrg0dkhdg frqglwlrqdo rxwsxw0jds iruhfdvw lv jlyhq e|

||n��| ì �ñ+|| . ñ5}| ý ño
ý
l| ý ä|n��| ý çu

ü
> +F1:,

dqg wkh 50shulrg0dkhdg frqglwlrqdo lq dwlrq iruhfdvw ixo?oov

ä|n2�| ì ä|n��| . ò+||n��|
@ ä|n��| . ò+�ñ+|| . ò+ñ5}| ý ò+ño

ý
l| ý ä|n��| ý çu

ü
= +F1;,

Wkh ?uvw0rughu frqglwlrq fdq dovr eh zulwwhq

ä|n2�| ý aä @ f+è,
ý
ä|n��| ý aä

ü
= +F1<,

Wkh rswlpdo uhdfwlrq ixqfwlrq fdq eh zulwwhq dv d ixqfwlrq ri ä|n��|> || dqg }| +e| frpelqlqj
+F1<, dqg +F1;,,/

l| @ çu . aä .

ë
4 .

4ý f+è,
ò+ño

ê
+ä|n��| ý aä, .

�ñ+
ño
|| .

ñ5
ño
}|= +F143,

E| +F17, lw fdq dovr eh zulwwhq dv d ixqfwlrq ri ä|/ || dqg }|/

l| @çl.

ë
4 .

4ý f+è,
ò+ño

ê
+ä| ý aä, .

%
ò+

ë
4 .

4ý f+è,
ò+ño

ê
.
�ñ+
ño

&
|| .

ñ5
ño
}|= +F144,

Qrwh wkdw e| holplqdwlqj ||n��|+l|, iurp +F19, dqg +F1:,/ zh fdq dovr zulwh wkh lpsolflw
uhdfwlrq ixqfwlrq

l| @ çu . ä|n��| .
4ý f+è,
ò+ñof+è,

+ä|n2�| ý aä, .
�ñ+
ño
|| .

ñ5
ño
}|= +F145,

Wklv lv dq lpsolflw uhdfwlrq ixqfwlrq +khqfh dq htxloleulxp frqglwlrq, udwkhu wkdq dq +h{solflw,
uhdfwlrq ixqfwlrq/ vlqfh ä|n2�| rq wkh uljkw vlgh lv hqgrjhqrxv dqg ghshqgv rq l|1 Qrwh wkdw wkh
frh!flhqwv ri ä|n��|/ || dqg }| duh srvlwlyh/ lqghshqghqw ri è/ dqg khqfh lqghshqghqw ri zkhwkhu
wkhuh lv vwulfw +è @ 3, ru  h{leoh lq dwlrq wdujhwlqj +è A 3,1 Khqfh/ lw lv fohdu wkdw/ lq jhqhudo/
lpsolflw uhdfwlrq ixqfwlrqv ri wkh irup +5147, ru +5148, duh qrw rswlpdo1

G Dq rshq0hfrqrp| iruzdug0orrnlqj prgho

Dq h{dpsoh ri dq rshq0hfrqrp| prgho zlwk iruzdug0orrnlqj yduldeohv lv jlyhq lq Vyhqvvrq ^;5`1
Wkh 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= +G14,

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 Wkh rxwsxw jds/ ||/ lv gh?qhg dv

|| ì |_| ý |?| > +G15,
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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�> +G16,

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|> +G17,

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,1 Wkh whup %|n2 lv d }hur0phdq llg lq dwlrq vkrfn +d 3frvw0sxvk4 vkrfn,1 Wkxv/
wkhuh duh 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/ zlwk vrph plfur0irxqgdwlrqv lq Vyhqvvrq ^;5`/ dv
+urxjko|, dq rshq0hfrqrp| h{whqvlrq ri Zrrgirug ^<8` dqg Urwhpehuj dqg Zrrgirug ^:4`1 Wkh
whup lqfoxglqj t|n2�| lq +G14, uhsuhvhqwv wkh h>hfw ri h{shfwhg frvwv ri lpsruwhg lqwhuphgldwh
lqsxwv +ru uhvxowlqj zdjh frpshqvdwlrq,1

FSL lq dwlrq/ äS| / ixo?oov
84

äS| @ +4ý $,ä| . $äs| @ ä| . $+t| ý t|3�,> +G18,

zkhuh $/ 3 é $ ? 4 lv wkh vkduh ri lpsruwhg jrrgv lq wkh FSL185 Khuh äs| ghqrwhv grphvwlf0
fxuuhqf| 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| +G19,

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/ +G15,,/

||n� @ ñ+|| ý ñ4ã|n��| . ñW+|W|n��| . ñ^t|n��| ý +ð?+ ý ñ+,|?| . ì_|n� ý ì?|n�> +G1:,

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

ã| ì
"[
ô'f

u|nô �|> +G1;,

84 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

85 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| dvvxphg1
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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��|> +G1<,

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 edqn1

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
djjuhjdwh ghpdqg htxdwlrq lv ghulyhg/ zlwk vrph plfurirxqgdwlrqv/ dqg glvfxvvhg lq ixuwkhu
ghwdlo lq Vyhqvvrq ^;5`186

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 +G17, wr uhzulwh wklv dv wkh uhdo lqwhuhvw
sdulw| frqglwlrq

t|n��| @ t| . l| ý ä|n��| ý lW| . äW|n��| ý *|= +G143,

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� +G144,

|W|n� @ ðW+|
W
| . ì

W
|n� +G145,

*|n� @ ð)*| . å)c|n�> +G146,

zkhuh wkh frh!flhqwv duh qrqqhjdwlyh dqg ohvv wkdq xqlw|/ dqg wkh vkrfnv duh }hur0phdq llg
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|> +G147,

zkhuh wkh frh!flhqwv duh frqvwdqw dqg srvlwlyh/ dqg åWð| lv d }hur0phdq llg vkrfn1 Wkhvh vshfl0
?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

Lq vxppdu|/ wkh prgho frqvlvwv ri wkh djjuhjdwh vxsso| htxdwlrq/ +G14,/ wkh FSL htxdwlrq/
+G18,/ wkh djjuhjdwh ghpdqg htxdwlrq/ +G1:,/ wkh gh?qlwlrqv ri wkh vxp ri fxuuhqw dqg h{shfwhg
ixwxuh uhdo lqwhuhvw udwhv dqg wkh uhdo lqwhuhvw udwh/ +G1;, dqg +G1<,/ uhdo lqwhuhvw0udwh sdulw|/
+G143,/ dqg wkh htxdwlrqv iru wkh h{rjhqrxv yduldeohv= iruhljq lq dwlrq dqg rxwsxw/ wkh iruhljq0
h{fkdqjh ulvn suhplxp dqg wkh iruhljq lqwhuhvw udwh/ +G144,8+G147,1

L dvvxph wkdw wkh fhqwudo edqn*v shulrg orvv ixqfwlrq jlyhq e|

O| @ ç
S
Zä

S
|
2 . çZä

2
| . è|

2
| . çðl

2
| . æð +l| ý l|3�,2 > +G148,

86 Wkhuh lv dq reylrxv vlplodulw| wr wkh forvhg0hfrqrp| djjuhjdwh ghpdqg ixqfwlrq ri Ixkuhu dqg Prruh ^6<`/
h{fhsw wkdw d odjjhg orqj uhdo frxsrq0erqg udwh hqwhuv lq wkhlu ixqfwlrq1
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zkhuh doo zhljkwv duh qrqqhjdwlyh1 Wkh ?uvw wzr whupv fruuhvsrqg wr FSL0lq dwlrq wdujhwlqj dqg
grphvwlf0lq dwlrq wdujhwlqj/ uhvshfwlyho|1 Wkh wklug whup fruuhvsrqgv wr rxwsxw0jds vwdelol}d0
wlrq/ wkh irxuwk wr lqvwuxphqw ru qrplqdo lqwhuhvw0udwh vwdelol}dwlrq/ dqg wkh ?iwk wr lqvwuxphqw
ru qrplqdo lqwhuhvw0udwh vprrwklqj1

Wkh prgho fdq eh zulwwhq lq vwdwh0vsdfh irupé
[|n�
{|n��|

è
@ D

é
[|
{|

è
.El| .E

�l|n��| .
é
y|n�
3

è
+G149,

\| @ F

é
[|
{|

è
.Gl| +G14:,

O| @ \ â|N\|> +G14;,

zkhuh wkh suhghwhuplqhg yduldeohv/ wkh wdujhw yduldeohv/ wkh iruzdug0orrnlqj yduldeohv dqg wkh
vkrfnv duh jlyhq e|

[| @
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
>

dqg zkhuh N lv d gldjrqdo pdwul{ zlwk wkh gldjrqdo

+çSZ> çZ> è> çð> æð, =
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ri wkh Xqlwhg Vwdwhv/ 3Ihghudo Uhvhuyh Erdug/ IHGV Zrunlqj Sdshu 4<<90751
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^4:` Eu|dqw/ Udosk F1/ Krrshu/ Shwhu/ dqg Fdwkhulqh O1 Pdqq +4<<6,/ 3Hydoxdwlqj Srolf|
Uhjlphv dqg Dqdo|wlfdo Prghov= Edfnjurxqg dqg Surmhfw Vxppdu|/4 lq Udosk F1 Eu|dqw/
Shwhu Krrshu dqg Fdwkhulqh O1 Pdqq/ hgv1/ Hydoxdwlqj Srolf| Uhjlphv= Qhz Uhvhdufk lq
Hpslulfdo Pdfurhfrqrplfv/ Wkh Eurrnlqjv Lqvwlwxwlrq/ Zdvklqjwrq G1F1

^4;` Fhffkhwwl/ Vwhskhq J1 +4<<8,/ 3Lq dwlrq Lqglfdwruv dqg Lq dwlrq Srolf|/4 QEHU Pdfurhfr0
qrplfv Dqqxdo 43/ 4;<854<1

^4<` Fkulvwldqr/ Odzuhqfh M1/ Pduwlq Hlfkhqedxp/ dqg Fkduohv Hydqv +4<<9,/ 3Wkh H>hfwv ri
Prqhwdu| Srolf| Vkrfnv= Hylghqfh iurp wkh Iorz ri Ixqgv/4 Uhylhz ri Hfrqrplfv dqg
Vwdwlvwlfv :;/ 490671

^53` Fodulgd/ Ulfkdug/ Mrugl Jdol/ dqg Pdun Jhuwohu +4<<:d,/ 3Prqhwdu| Srolf| Uxohv dqg Pdfur0
hfrqrplf Vwdelolw|= Hylghqfh dqg Vrph Wkhru|/4 Zrunlqj Sdshu/ Pd| 4<<:1

^54` Fodulgd/ Ulfkdug/ Mrugl Jdol dqg Pdun Jhuwohu +4<<:e,/ 3Prqhwdu| Srolf| Uxohv lq Sudfwlfh=
Vrph Lqwhuqdwlrqdo Hylghqfh/4 Zrunlqj Sdshu/ Mxqh 4<<:1

^55` Fodulgd/ Ulfkdug/ Mrugl Jdol dqg Pdun Jhuwohu +4<<:f,/ 3Wkh Vflhqfh ri Prqhwdu| Srolf|/4
Zrunlqj Sdshu1

^56` Fodulgd/ Ulfkdug/ dqg Pdun Jhuwohu +4<<:,/ 3Krz wkh Exqghvedqn Frqgxfwv Prqhwdu|
Srolf|/4 lq Urphu/ Fkulvwlqd/ dqg Gdylg Urphu/ hgv1/ Uhgxflqj Lq dwlrq= Prwlydwlrq dqg
Vwudwhj|/ Fklfdjr Xqlyhuvlw| Suhvv1

^57` Fodun/ Shwhu/ Grxjodv Od{wrq/ dqg Gdylg Urvh +4<<9,/ 3Dv|pphwu| lq wkh X1V1 Rxwsxw0
Lq dwlrq Qh{xv/4 LPI Vwd> Sdshuv 76/ 54905841

^58` Frohwwl/ Grqdog/ Ehqmdplq Kxqw/ Gdylg Urvh dqg Urehuw Whworz +4<<9,/ 3Edqn ri Fdqdgd*v
Qhz Txduwhuo| Surmhfwlrq Prgho1 Sduw 6/ Wkh G|qdplf Prgho= TSP/4 Whfkqlfdo Uhsruw
Qr1 :8/ Edqn ri Fdqdgd/ Rwwdzd1

^59` Fxnlhupdq/ Doh{/ dqg Doodq K1 Phow}hu +4<;9,/ 3D Wkhru| ri Dpeljxlw|/ Fuhglelolw|/ dqg
Lq dwlrq xqghu Glvfuhwlrq dqg Dv|pphwulf Lqirupdwlrq/4 Hfrqrphwulfd 87/ 43<<0445;1

^5:` Fxuulh/ Gdylg/ dqg Sdxo Ohylqh +4<<6,/ Uxohv/ Uhsxwdwlrq dqg Pdfurhfrqrplf Srolf| Fr0
ruglqdwlrq/ Fdpeulgjh Xqlyhuvlw| Suhvv/ Fdpeulgjh1

^5;` Fxvkpdq/ Gdylg R1/ dqg Wdr ]kd +4<<:,/ 3Lghqwli|lqj Prqhwdu| Srolf| lq d Vpdoo Rshq
Hfrqrp| xqghu Ioh{leoh H{fkdqjh Udwhv/4 Mrxuqdo ri Prqhwdu| Hfrqrplfv 6</ 766077;1

^5<` gh Eurxzhu/ Jrugrq/ dqg Mdphv R*Uhjdq +4<<:,/ 3Hydoxdwlqj Vlpsoh Prqhwdu|0srolf|
Uxohv iru Dxvwudold/4 lq Orzh ^8;`1

^63` Ghxwvfkh Exqghvedqn +4<<9,/ Dqqxdo Uhsruw 4<<8/ Ghxwvfkh Exqghvedqn1

^64` Ghqqlv/ Ulfkdug +4<<;,/ 3Lqvwdelolw| Xqghu Qrplqdo JGS Wdujhwlqj= Wkh Uroh ri H{shf0
wdwlrqv/4 Zrunlqj Sdshu/ Dxvwudold Qdwlrqdo Xqlyhuvlw|1
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^65` Hxurshdq Prqhwdu| Lqvwlwxwh +4<<:,/ Wkh Vlqjoh Prqhwdu| Srolf| lq Vwdjh Wkuhh= Hohphqwv
ri wkh Prqhwdu| Srolf| Vwudwhj| lq wkh HVFE/ Hxurshdq Prqhwdu| Lqvwlwxwh1

^66` Hxurshdq Sduoldphqw +4<<;,/ Khdulqj ri fdqglgdwhv wr wkh Erdug ri wkh HFE/ : dqg ;
Pd| 4<;;/ Frpplwwhh rq Hfrqrplf dqg Prqhwdu| D>dluv dqg Lqgxvwuldo Srolf|/ Hxurshdq
Sduoldphqw1

^67` Idxvw/ Mrq Z1/ dqg Oduv H1R1 Vyhqvvrq +4<<;,/ 3Fuhglelolw| dqg Wudqvsduhqf|= Prqhwdu|
Srolf| zlwk Xqrevhuydeoh Jrdov/4 Zrunlqj Sdshu1

^68` Ihghudo Uhvhuyh Edqn ri Ndqvdv Flw| +4<<9,/ Dfklhylqj Sulfh Vwdelolw|/ Ihghudo Uhvhuyh
Edqn ri Ndqvdv Flw|1

^69` Ilvfkhu/ Vwdqoh| +4<<9,/ 3Zk| Duh Fhqwudo Edqnv Sxuvxlqj Orqj0Uxq Sulfh Vwdelolw|B4 lq
Ihghudo Uhvhuyh Edqn ri Ndqvdv Flw| ^68`1

^6:` Iuhhgpdq/ Fkduohv +4<<9,/ 3Zkdw Rshudwlqj Surfhgxuhv Vkrxog Eh Dgrswhg wr Pdlqwdlq
Sulfh Vwdelolw|B4 lq Ihghudo Uhvhuyh Edqn ri Ndqvdv Flw| ^68`1

^6;` Ixkuhu/ Mh>uh| F1/ dqg Euldq I1 Pdgljdq +4<<:,/ 3Prqhwdu| Srolf| Zkhq Lqwhuhvw Udwhv
Duh Erxqghg dw ]hur/4 Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv :</ 8:608;81

^6<` Ixkuhu/ Mh>uh| F1/ dqg Jhrujh U1 Prruh +4<<8,/ 3Prqhwdu| Srolf| Wudgh0R>v dqg wkh
Fruuhodwlrq ehwzhhq Qrplqdo Lqwhuhvw Udwhv dqg Uhdo Rxwsxw/4 Dphulfdq Hfrqrplf Uhylhz
;8/ 54<056<1

^73` Jrrgiulhqg/ Pduylq/ dqg Urehuj J1 Nlqj +4<<:,/ 3Wkh Qhz Qhrfodvvlfdo V|qwkhvlv dqg wkh
Uroh ri Prqhwdu| Srolf|/4 QEHU Pdfurhfrqrplfv Dqqxdo 4<<:/ 56405;61

^74` Kdogdqh/ Dqguhz J1/ hg1 +4<<8,/ Wdujhwlqj Lq dwlrq/ Edqn ri Hqjodqg/ Orqgrq1

^75` Kdogdqh/ Dqguhz J1 +4<<:d,/ 3Ghvljqlqj Lq dwlrq Wdujhwv/4 lq Sklols Orzh/ hg1/ Prqhwdu|
Srolf| dqg Lq dwlrq Wdujhwlqj/ Uhvhuyh Edqn ri Dxvwudold/ Vlgqh|/ :704451

^76` Kdogdqh/ Dqguhz J1/ hg1 +4<<:e,/ 3Rq Lq dwlrq0Wdujhwlqj lq wkh Xqlwhg Nlqjgrp/4 Vfrwwlvk
Mrxuqdo ri Srolwlfdo Hfrqrp|/ iruwkfrplqj1

^77` Kdogdqh/ Dqguhz J1/ dqg Qlfrohwwd Edwlql +4<<;,/ 3Iruzdug0Orrnlqj Uxohv iru Prqhwdu|
Srolf|/4 lq Wd|oru ^;;`/ iruwkfrplqj1

^78` Kdoopdq/ Mh>uh| M1/ Ulfkdug G1 Sruwhu/ dqg Gdylg K1 Vpdoo +4<<4,/ 3Lv wkh Sulfh Ohyho
Wlhg wr wkh P5 Prqhwdu| Djjuhjdwh lq wkh Orqj UxqB/4 Dphulfdq Hfrqrplf Uhylhz ;4/
;740;8;1

^79` Khqghuvrq/ Gdoh Z1/ dqg Zduzlfn M1 PfNleelq +4<<6,/ 3D Frpsdulvrq ri Vrph Edvlf
Prqhwdu| Srolf| Uhjlphv iru Rshq Hfrqrplhv= Lpsolfdwlrqv ri Gl>huhqw Ghjuhhv ri Lqvwux0
phqw Dgmxvwphqw dqg Zdjh Shuvlvwhqfh/4 Fduqhjlh0Urfkhvwhu Frqihuhqfh Vhulhv rq Sxeolf
Srolf| 6</ 554064:1
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^7:` Khqghuvrq/ Gdoh Z1/ dqg Zduzlfn M1 PfNleelq +4<<6,/ 3Dq Dvvhvvphqw ri Vrph Edvlf
Prqhwdu| Srolf| Uhjlph Sdluv= Dqdo|wlfdo dqg Vlpxodwlrq Uhvxowv iurp Vlpsoh Pxowl0
Uhjlrq Pdfurhfrqrplf Prghov/4 lq Eu|dqw/ Krrshu dqg Pdqq ^4:`

^7;` Lvvlqj/ Rwpdu +4<<7,/ 3Glh Jhogphqjhqvwudwhjlh ghu Ghxwvfkhq Exqghvedqn/4 Ghxwvfkh
Exqghvedqn/ Dxv}ÿjh dxv Suhvvhduwlnhoq <4/ Ghfhpehu </ 48441

^7<` Mxgg/ Mrkq S1/ dqg Euldq Prwoh| +4<<5,/ 3Frqwuroolqj Lq dwlrq zlwk dq Lqwhuhvw Udwh
Lqvwuxphqw/4 Hfrqrplf Uhylhz/ Ihghudo Uhvhuyh Edqn ri Vdq Iudqflvfr/ Qr1 6/ 68551

^83` Nlqj/ Phuy|q D1 +4<<7,/ 3Prqhwdu| Srolf| lq wkh XN/4 Ilvfdo Vwxglhv 48/ Qr1 6/ 43<845;1

^84` Nlqj/ Phuylq D1 +4<<9,/ 3Krz Vkrxog Fhqwudo Edqnv Uhgxfh Lq dwlrqB9Frqfhswxdo Lv0
vxhv/4 lq Ihghudo Uhvhuyh Edqn ri Ndqvdv Flw| ^68`1

^85` Nlqj/ Phuy|q D1 +4<<:,/ 3Fkdqjhv lq XN Prqhwdu| Srolf|= Uxohv dqg Glvfuhwlrq lq Sudf0
wlfh/4 Mrxuqdo ri Prqhwdu| Hfrqrplfv 6</ ;40<:1

^86` Nlqj/ U1/ dqg P1 Zdwvrq +4<<8,/ 3Wkh Vroxwlrq ri Vlqjxodu Gl>huhqfh V|vwhpv Xqghu
Udwlrqdo H{shfwdwlrqv/4 Zrunlqj Sdshu1

^87` Nlqj/ Urehuw J1/ dqg Doh{dqghu O1 Zropdq +4<<9,/ 3Lq dwlrq Wdujhwlqj lq d Vw1 Orxlv
Prgho ri wkh 54vw Fhqwxu|/4 QEHU Zrunlqj Sdshu Qr 883:1

^88` Nohlq/ Sdxo +4<<:,/ 3Xvlqj wkh Jhqhudol}hg Vfkxu Irup wr Vroyh d V|vwhp ri Olqhdu H{0
shfwdwlrqdo Gl>huhqfh Htxdwlrqv/4 Zrunlqj Sdshu/ Lqvwlwxwh iru Lqwhuqdwlrqdo Hfrqrplf
Vwxglhv1

^89` Nrkq/ Grqdog O1 +4<<9,/ 3Frpphqwdu|= Zkdw Rshudwlqj Surfhgxuhv Vkrxog Eh Dgrswhg
wr Pdlqwdlq Sulfh Vwdelolw|B4 lq Ihghudo Uhvhuyh Edqn ri Ndqvdv Flw| ^68`1

^8:` Ohlghupdq/ Ohrqdugr/ dqg Oduv H1R1 Vyhqvvrq/ hgv1 +4<<8,/ Lq dwlrq Wdujhwv/ Fhqwuh ri
Hfrqrqrplf Srolf| Uhvhdufk/ Orqgrq1

^8;` Orzh/ Sklols/ hg1/ +4<<:,/ Prqhwdu| Srolf| dqg Lq dwlrq Wdujhwlqj/ Uhvhuyh Edqn ri Dxv0
wudold1

^8<` Pdfnohp/ Wl>/ hg1 +4<<;,/ Sulfh Vwdelolw|/ Lq dwlrq Wdujhwv/ dqg Prqhwdu| Srolf|/ Edqn ri
Fdqdgd1

^93` PfFdooxp/ Ehqqhww W1 +4<;;,/ 3Urexvwqhvv Surshuwlhv ri d Uxoh iru Prqhwdu| Srolf|/4
Fduqhjlh0Urfkhvwhu Frqihuhqfh Vhulhv rq Sxeolf Srolf| 5</ 4:605371

^94` PfFdooxp/ Ehqqhww W1 +4<<:d,/ 3Lvvxhv lq wkh Ghvljq ri Prqhwdu| Srolf| Uxohv/4 QEHU
Zrunlqj Sdshu Qr1 93491

^95` PfFdooxp/ Ehqqhww W1 +4<<:e,/ 3Wkh Doohjhg Lqvwdelolw| ri Qrplqdo Lqfrph Wdujhwlqj14
QEHU Zrunlqj Sdshu Qr1 95<41

^96` PfFdooxp/ Ehqqhww W1/ dqg Hgzdug Qhovrq +4<<:,/ 3Dq Rswlpl}lqj LV0OP Vshfl?fdwlrq
iru Prqhwdu| Srolf| dqg Exvlqhvv F|foh Dqdo|vlv/4 QEHU Zrunlqj Sdshu Qr1 8;:81
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^97` PfFdooxp/ Ehqqhww W1/ dqg Hgzdug Qhovrq +4<<;,/ 3Qrplqdo Lqfrph Wdujhwlqj lq dq
Rshq0Hfrqrp| Rswlpl}lqj Prgho/4 suhsduhg iru Vyhuljhv Ulnvedqn0LLHV Frqihuhqfh rq
Prqhwdu| Srolf| Uxohv/ Vwrfnkrop/ Mxqh 45846/ 4<<;1

^98` Phuuldp0Zhevwhu +4<;;,/ Zhevwhu*v Qlqwk Qhz Froohjldwh Glfwlrqdu|/ Phuuldp0Zhevwhu1

^99` Qhxpdqq/ Pdqiuhg +4<<:,/ 3Prqhwdu| Wdujhwlqj lq Jhupdq|/4 lq Nxurgd/ Lzdr/ hg1/ Wr0
zdugv Pruh H>hfwlyh Prqhwdu| Srolf|/ Vw1 Pduwlq*v Suhvv/ Qhz \run1

^9:` Rxgl}/ Jloohv/ dqg Mh>uh| Vdfkv +4<;8,/ 3Lqwhuqdwlrqdo Srolf| Frruglqdwlrq lq G|qdplf
Pdfurhfrqrplf Prghov/4 lq Zlooldp K1 Exlwhu dqg Ulfkdug F1 Pduvwrq/ hgv1/ Lqwhuqdwlrqdo
Hfrqrplf Srolf| Frruglqdwlrq/ Fdpeulgjh Xqlyhuvlw| Suhvv/ Fdpeulgjh1

^9;` Uhvhuyh Edqn ri Qhz ]hdodqg +4<<:,/ Prqhwdu| Srolf| Vwdwhphqw/ Mxqh 4<<:/ Zhoolqjwrq1

^9<` Uhlivfkqhlghu/ Gdylg O1/ Gdylg M1 Vwrfnwrq dqg Gdylg Z1 Zlofr{ +4<<:,/ 3Hfrqrphwulf
Prghov dqg wkh Prqhwdu| Srolf| Surfhvv/4 Fduqhjlh0Urfkhvwhu Frqihuhqfh Vhulhv rq Sxeolf
Srolf| 7:/ 486:1

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

^:4` 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

^:5` Uxghexvfk/ Johqq/ dqg Oduv H1R1 Vyhqvvrq +4<<;,/ 3Srolf| Uxohv iru Lq dwlrq Wdujhwlqj/4
lq Wd|oru ^;;`/ iruwkfrplqj1

^:6` Uxghexvfk/ Johqq G1/ dqg Fduo H1 Zdovk +4<<;,/ 3X1V1 Lq dwlrq Wdujhwlqj= Sur dqg Frq/4
IUEVI Hfrqrplfv Ohwwhuv <;04;1

^:7` Vlpv/ Fkulvwrskhu D1 +4<<9,/ 3Vroylqj Olqhdu Udwlrqdo H{shfwdwlrqv Prghov/4 pdqxvfulsw1

^:8` 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

^:9` Vyhqvvrq/ Oduv H1R1 +4<<9,/ 4Frpphqwdu|= Krz Vkrxog Prqhwdu| Srolf| Uhvsrqg wr
Vkrfnv zkloh Pdlqwdlqlqj Orqj0Uxq Sulfh Vwdelolw|B9Frqfhswxdo Lvvxhv/4 lq Ihghudo Uh0
vhuyh Edqn ri Ndqvdv Flw| ^68`1

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

^:;` Vyhqvvrq/ Oduv H1R1 +4<<:e,/ 3Lq dwlrq Wdujhwlqj lq dq Rshq Hfrqrp|= Vwulfw yv1 Lq dwlrq
Wdujhwlqj/4 Sxeolf Ohfwxuh dw Ylfwruld Xqlyhuvlw| ri Zhoolqjwrq/ Uhvhuyh Edqn ri Qhz
]hdodqg Glvfxvvlrq Sdshu J <:2;1

^:<` Vyhqvvrq/ Oduv H1R1 +4<<:f,/ 3Lq dwlrq Wdujhwlqj= Vrph H{whqvlrqv/4 QEHU Zrunlqj
Sdshu Qr1 8<951
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^;3` Vyhqvvrq/ Oduv H1R1 +4<<;d,/ 3Ehwwhu wr Uhvsrqg wr Ghwhuplqdqwv ri Wdujhwv wkdq wr Wdujhwv
Wkhpvhoyhv/4 lq suhsdudwlrq1

^;4` Vyhqvvrq/ Oduv H1R1 +4<<;e,/ 3Grhv wkh S W Prgho Surylgh Dq| Udwlrqdoh iru Prqhwdu|
WdujhwlqjB4 Zrunlqj Sdshu1

^;5` Vyhqvvrq/ Oduv H1R1 +4<<;f,/ 3Rshq0Hfrqrp| Lq dwlrq Wdujhwlqj/4 Zrunlqj Sdshu1

^;6` Vyhuljhv Ulnvedqn +4<<:,/ Lq dwlrq Uhsruw/ Vhswhpehu 4<<:/ Vyhuljhv Ulnvedqn1

^;7` Wdehoolql/ Jxlgr +4<<;,/ 3Lq dwlrq Wdujhwlqj dqg wkh Dffrxqwdelolw| ri wkh Hxurshdq Fhq0
wudo Edqn/4 vwdwhphqw suhsduhg iru d khdulqj rujdql}hg e| wkh Vxefrpplwwh rq Prqhwdu|
D>dluv/ Hxurshdq Sduoldphqw/ Mdqxdu| 9/ 4<<;1

^;8` Wd|oru/ Mrkq E1 +4<<6,/ 3Glvfuhwlrq yhuvxv Srolf| Uxohv lq Sudfwlfh/4 Fduqhjlh0Urfkhvwhu
Frqihuhqfh Vhulhv rq Sxeolf Srolf| 6</ 4<805471

^;9` Wd|oru/ Mrkq E1 +4<<9,/ 3Krz Vkrxog Prqhwdu| Srolf| Uhvsrqg wr Vkrfnv zkloh Pdlqwdlqlqj
Orj0Uxq Sulfh Vwdelolw|9Frqfhswxdo Lvvxhv/4 lq Ihghudo Uhvhuyh Edqn ri Ndqvdv Flw| ^68`1

^;:` Wd|oru/ Mrkq E1 +4<<;d,/ 3Dq Klvwrulfdo Dqdo|vlv ri Prqhwdu| Srolf| Uxohv/4 iruwkfrplqj
lq Wd|oru ^;;`1

^;;` Wd|oru/ Mrkq E1/ hg1 +4<<;e,/ Prqhwdu| Srolf| Uxohv/ Fklfdjr Xqlyhuvlw| Suhvv/ iruwkfrp0
lqj1

^;<` Wd|oru/ Mrkq E1/ hg1 +4<<;f,/ 3Wkh Urexvwqhvv dqg H!flhqf| ri Prqhwdu| Srolf| Uxohv dv
Jxlgholqhv iru Lqwhuhvw Udwh Vhwwlqj e| wkh Hxurshdq Fhqwudo Edqn/4 suhsduhg iru Vyhuljhv
Ulnvedqn0LLHV Frqihuhqfh rq Prqhwdu| Srolf| Uxohv/ Vwrfnkrop/ Mxqh 45846/ 4<<;1

^<3` Wùgwhu/ Nduo0Khlq}/ dqg Jhukdug ]lheduwk +4<<:,/ 3Sulfh Vwdelolw| yv1 Orz Lq dwlrq lq
Jhupdq|= Dq Dqdo|vlv ri Frvwv dqg Ehqh?wv/4 QEHU Zrunlqj Sdshu Qr1 94831

^<4` yrq Kdjhq/ Mÿujhq +4<<8,/ 3Lq dwlrq dqg Prqhwdu| Wdujhwlqj lq Jhupdq|/4 lq Ohlghupdq
dqg Vyhqvvrq ^8:`1

^<5` yrq Kdjhq/ Mÿujhq +4<<;,/ 3Prqh| Jurzwk Wdujhwlqj/4 suhsduhg Vyhuljhv Ulnvedqn0LLHV
Frqihuhqfh rq Prqhwdu| Srolf| Uxohv/ Vwrfnkrop/ Mxqh 45846/ 4<<;1

^<6` Zdovk/ Fduo H1 +4<<:,/ Prqhwdu| Wkhru| dqg Srolf|/ pdqxvfulsw1

^<7` 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

^<8` Zrrgirug/ Plfkdho +4<<9,/ 3Frqwuro ri wkh Sxeolf Ghew= D Uhtxluhphqw iru Sulfh Vwdelolw|/4
QEHU Zrunlqj Sdshu Qr1 89;71

^<9` \xq/ Wdfn +4<99,/ 3Qrplqdo Sulfh Uljlglw|/ Prqh| Vxsso| Hqgrjhqhlw|/ dqg Exvlqhvv F|0
fohv/4 Mrxuqdo ri Prqhwdu| Hfrqrplfv 6:/ 67806:31
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