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Devwudfw

Wkh ghohjdwlrq ri prqhwdu| srolf| wr d vxsudqdwlrqdo fhqwudo edqn fuhdwhv
d frq lfw ri lqwhuhvw ehwzhhq uhvlghqwv ri gl�huhqw frxqwulhv1 Iru h{dpsoh/
wkh frxqwu| lq uhfhvvlrq pd| idyru pruh lq dwlrq wr errvw rxwsxw/ zkloh wkh
frxqwu| lq errp suhihuv h{dfwo| wkh rssrvlwh1Wklv frq lfw jlyhv ulvh wr dq dg0
yhuvh vhohfwlrq sureohp1 Surylghg hdfk jryhuqphqw kdv sulydwh lqirupdwlrq
derxw wkh fxuuhqw vwdwh ri wkh hfrqrp|/ lw pd| wu| wr h{sorlw lw lq rughu wr
vkliw wkh frpprq prqhwdu| srolf| wr klv rzq suhihuuhg zd|1 Wkh sdshu vkrzv
wkdw sureohpv ri wklv nlqg fdq jhqhudwh erwk dq lq dwlrq dqg sulpdu| gh�flw
eldv +lq olqh zlwk wkh zruulhv ri Zrunhuv* Hxursh dgguhvvhg e| wkh �vwdelolw|
sdfw�, dv zhoo dv dq h{fhvv prqhwdu| glvflsolqh dqg uhfhvvlrq eldv +lq olqh
zlwk wkh zruulhv dgguhvvhg e| wkh Edqnhuv* Hxursh frqfhuq,1Zkhq lqirupd0
wlrq sureohpv duh sduwlfxoduo| vhyhuh/ prqhwdu| dqg �vfdo srolf| ehfrphv
uhodwlyho| lqvhqvlwlyh wr exvlqhvv f|foh frqglwlrqv/ dqg wrr olwwoh �vprrwklqj�
lv grqh ryhu wkh exvlqhvv f|foh1

MHO Fodvvl�fdwlrq= H75/ H94/ G;5
Nh|zrugv= HPX/ �vfdo srolf|/ prqhwdu| srolf|/ dgyhuvh vhohfwlrq



4 Lqwurgxfwlrq

Dv Hxurshdq frxqwulhv duh jhwwlqj uhdg| iru wkh lqwurgxfwlrq ri wkh Vlqjoh
Fxuuhqf| lq Mdqxdu| 4<<</ grxewv dqg frqfhuqv derxw wkh qhz lqvwlwxwlrqdo
iudphzrun duh udslgo| jurzlqj1 Rq wkh rqh kdqg/ wkhuh lv dq lqfuhdvlqj
dssuhkhqvlrq wkdw lq dwlrq dqg prqhwdu| wxuprlo pd| eh edfn lq Hxursh
xqghu wkh suhvvxuh ri gh�flw0surqh frxqwulhv +Zrunhuv* Hxursh,1 Rq wkh
rwkhu kdqg/ zruvhqlqj xqhpsor|phqw udwh vwuhqjwkhqv wkh frqfhuq derxw
ixuwkhu wljkwhqlqj ri �vfdo dqg prqhwdu| srolf| +Edqnhuv* Hxursh,1 Wkh
uhfhqw Iuhqfk0Jhupdq glvsxwhv ryhu wkh vr0fdoohg �vwdelolw| +dqg jurzwk,
sdfw�/ dqg ryhu wkh suhvlghqf| ri wkh Hxurshdq Fhqwudo Edqn +HFE,/ duh dq
reylrxv looxvwudwlrq ri wkhvh whqvlrqv1

Lv wkhuh d udwlrqdoh iru vxfk frqfhuqvB Lv sulfh vwdelolw| ru hpsor|phqw
dw ulvn lq wkh qhz prqhwdu| uhjlphB Wkh sdshu dgguhvvhv wkhvh txhvwlrqv1

Lq wklv sdshu zh wklqn ri d prqhwdu| xqlrq lq whupv ri dq doorfdwlrq
ri srzhuv/ zkhuhe| prqhwdu| srolf| lv ghohjdwhg wr d vlqjoh Fhqwudo Edqn
zkloh �vfdo srolf| lv pdqdjhg dw qdwlrqdo ohyho1 Zh vwxg| rqh frqvhtxhqfh4

ri wklv lqvwlwxwlrqdo vhw0xs/ qdpho| wkh idfw wkdw wkh ghohjdwlrq ri prqhwdu|
srolf| wr d vxsud0qdwlrqdo erg|/ jlylqj ulvh wr d frq lfw ri lqwhuhvw dprqj
sduwhflsdwlqj frxqwulhv/ pd| udlvh wkh lqfhqwlyh wr pdqlsxodwh lqirupdwlrq
e| qdwlrqdo srolf|0pdnhuv51

Hyhq zkhq wkh fhqwudo edqn dqg wkh jryhuqphqw zlwklq d frxqwu| vkduh
wkh vdph lqirupdwlrq derxw wkh vwdwh ri wkh hfrqrp|/ zh riwhq revhuyh wkdw
wkh jryhuqphqw ryhu0hpskdvl}hv wkh qhhg iru od{hu prqhwdu| srolf| dqg orzhu
lqwhuhvw udwhv1 Wklv lv riwhq mxvwl�hg e| urv| dvvhvvphqwv ri fxuuhqw lq dwlrq
survshfwv dqg rswlplvwlf surmhfwlrqv ri sxeolf lpedodqfhv1 Wkhuh duh pdq|
h{dpsohv ri wklv ��jxuh pdvvdjlqj�1

Lq wkh hduo| ;3*v/ Eulwlvk oderu hfrqrplvwv kdyh ehhq ehzloghuhg e| wkh
hyhu0fkdqjlqj gh�qlwlrq ri xqhpsor|phqw1 Dffruglqj wr S1 Juhj +4<<7,/

�11Fkdujhv pdgh djdlqvw wkh frxqw phwkrg ri hvwlpdwlqj xqhpsor|phqw
kdyh frqfhuqhg doohjdwlrqv derxw srolwlfdoo| lqvsluhg pdqlsxodwlrq ri wkh �j0
xuhv wkurxjk qxphurxv fkdqjhv lq fryhudjh gxulqj wkh 4<;3v1Wkh vxssruwlqj
hylghqfh iru wkhvh fkdqjhv lv wkdw doo exw rqh ri wkhvh fkdqjhv kdyh ehhq

4Lq d frpsdqlrq sdshu +Erwwd}}l dqg Pdqdvvh +4<<:,,/ zh dqdo|}h wkh lpsolfdwlrqv ri
wkh HPX iru wkh vwudwhjlf lqwhudfwlrq dprqj srolf|0pdnhuv1

5Zh gr qrw frqvlghu wkh rwkhu lpsruwdqw glphqvlrq ri lqvwlwxwlrqdo fkdqjh/ qdpho| wkh
srolwlfdo htxloleulxp dvshfw ri lqwhjudwlrq/ dv zh ihho wkdw wklv lv douhdg| zhoo xqghuvwrrg
+fi Shuvvrq dqg Wdehoolql +4<<7,,
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xqlgluhfwlrqdo0grzqzdugv1 Fulwlfv kdyh h{suhvvhg d ylhz wkdw fdofxodwlqj xq0
hpsor|phqw rq wkh rog +suh04<;5, fryhudjh zrxog uhvxow lq d frqvlghudeo|
kljkhu wrwdo �jxuh11�6

Dqrwkhu h{dpsoh rffxuuhg lq Eulwdlq lq hduo| 4<<6/ zkhq pruwjdjh udwhv
zhuh holplqdwhg iurp wkh FSL1 Wkh frqyhqwlrqdo zlvgrpzdv wkdw wkh sxusrvh
ri wkh fkdqjh zdv wr suhyhqw lq dwlrq iurp vkrrwlqj xs zkhqhyhu lqwhuhvw
udwhv zhuh udlvhg1 Lq d uhfhqw sdshu/ Jldyd}}l +4<<6, suhvhqwv d qxpehu ri
h{dpsohv zkhuh wkh Lwdoldq jryhuqphqw xvhg lwv glvfuhwlrq lq wkh irupdwlrq
ri wkh vwdwh exgjhw/ lq rughu wr lq xhqfh wkh glvwulexwlrq ri wkh gh�flw ryhu
wlph71 Pruh uhfhqwo|/ pdq| �fuhdwlyh� dffrxqwlqj surfhgxuhv zhuh lqwur0
gxfhg lq 4<<: e| Hxurshdq jryhuqphqwv lq rughu wr frpso| zlwk wkh 6(
Pddvwulfkw fulwhulrq iru wkh gh�flw2JGS udwlr1 Wkhvh h{huflvhv lq �zlqgrz0
guhvvlqj� lqfoxgh wkh +vxffhvvixo, fdvh ri Iudqfh Whohfrp shqvlrq ixqgv/ wkh
Jhupdq +dwwhpswhg, vdoh ri wkh Exqghvedqn*v jrog uhvhuyhv wr wkh wuhdvxu|/
dqg d vlplodu fdvh lq Ehojlxp dqg Lwdo|/ zkhuh wkh jryhuqphqw kdv wulhg wr
ghgxfw iurp lwv gh�flw wkh surfhhgv iurp d fdslwdo jdlq wd{ rq d jrog wudqv0
dfwlrq ehwzhhq wzr rwkhu sxeolf erglhv/ wkh Lwdoldq H{fkdqjh Exuhdx +XLF,
dqg wkh Edqn ri Lwdo|1

Fohduo|/ vrph ri wkhvh hslvrghv zhuh prwlydwhg e| srolwlfdo +hohfwrudo,
uhdvrqv1 Lq wkh sdshu zh dujxh wkdw hfrqrplf lqfhqwlyhv wr pdqlsxodwh lq0
irupdwlrq pd| eh vhulrxvo| hqkdqfhg e| d prqhwdu| xqlrq1 Lq sduwlfxodu/
dv|pphwulf lqirupdwlrq pd| vhulrxvo| xqghuplqh wkh zrunlqj ri wkh Hxur0
shdq Prqhwdu| Xqlrq +HPX,/ zkhq wkh iroorzlqj frqglwlrqv rffxu=

d, grphvwlf vkrfnv wr rxwsxw lq wkh phpehu frxqwulhv duh lglrv|qfudwlf/

6Dffruglqj wr Prruh +4<<:,
�111lq wkh 4<:3v/ wkh �jxuh iru xqhpsor|phqw eurdgo| uhodwh wr wkrvh uhfhlylqj xqhpsor|0

phqw ehqh�wv/ soxv wkrvh zkr glg qrw uhfhlyh ehqh�wv exw uhjlvwhuhg wkhpvhoyhv uhjxoduo|

iru srvvleoh zrun1 Lqfuhdvlqjo| gxulqj wkh hduo| 4<;3*v wkh odwwhu jurxs zdv h{foxghg iurp

wkh frxqw dqg wkh iruphu jurxs zdv wljkwhqhg xs1 Iru h{dpsohv/ lq 4<;4/ vrph 4<8333

lqglylgxdov zhuh vwuxfn r� wkh frxqw e| wkh uhprydo ri wkrvh lq wudlqlqj ru lq whpsrudu|

zrun> lq 4<;5/ d ixuwkhu 549333 lqglylgxdov zhuh vwuxfn r� zkhq ehqh�w fodlpdqwv rqo|

zhuh lqfoxghg lq wkh �jxuhv> lq 4<;6/ vrph 43:333 phq zkr zhuh ryhu 93 |hduv ri djh/

qrw zrunlqj dqg qrw hqwlwohg wr ehqh�wv ru fuhglwv/ zhuh vlploduo| vwuxfn r� wkh frxqw1 Dq

lpsruwdqw frqvhtxhqfh ri wkhvh dqg rwkhu fkdqjhv zdv wkh xqhdvh h{suhvvhg e| wkh jhqhudo

sxeolf derxw zkdw wkh sxeolvkhg �jxuhv dfwxdoo| phdqw dqg krz wkh fkdqjhv/ zklfk rffxuuhg

erwk xs ru grzq/ frxog eh h�hfwlyho| dvvhvvhg�
7E| lpsxwlqj lqwhuhvw sd|phqwv gxh e| orfdo jryhuqphqwv wr fdslwdo/ udwkhu wkdq fxu0

uhqw/ h{shqglwxuhv/ wkh jryhuqphqw zdv deoh wr vkliw wkh exughq ri wkh sxeolf vhfwru gh�flw
wr wkh iroorzlqj �vfdo |hduv1
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dqg vhuldoo| xqfruuhodwhg>
e, wkhuh duh odjv lq wkh dydlodelolw| ri lqirupdwlrq/ vr wkdw prqhwdu|

srolf| pxvw eh uxq rq d gd|0e|0gd| edvlv/ uho|lqj +dw ohdvw whpsrudulo|, rq
zkdwhyhu lqirupdwlrq lv dydlodeoh/ dqg

f, wkh uhohydqw vwdwlvwlfdo lqirupdwlrq duh froohfwhg e| qdwlrqdo sxeolf
djhqflhv 1

Dv wr srlqw d,/ d odujh erg| ri hpslulfdo olwhudwxuh frq�upv wkdw/ erwk dw
djjuhjdwh +Elql Vpdjkl dqg Yrul +4<<6,, dqg glvdjjuhjdwh +Khoj/ Pdqdvvh/
Prqdfhool dqg Uryhool / +4<<8,,/ ohyhov/ dw ohdvw 93( ri JGS +ru lqgxvwuldo
rxwsxw, yrodwlolw| lq Hxursh lv h{sodlqhg e| dv|pphwulf vkrfnv +l1h1 frxqwu|0
vshfl�f dv rssrvhg lqgxvwu|0vshfl�f vkrfnv,1 Iru lqirupdwlrqdo dv|pphwu|
wr sod| d uroh/ lw pxvw dovr eh wkh fdvh wkdw vkrfnv wr rxwsxw duh lqghshqghqwo|
glvwulexwhg/ dqg fdqqrw eh lqihuuhg e| sdvw klvwru|81

Dv wr srlqw e, lw lv zhoo nqrzq wkdw pdq| pdfurhfrqrplf vwdwlvwlfv/ vxfk
dv JGS ru hpsor|phqw/ rqo| ehfrph dydlodeoh rq d txduwhuo| edvlv/ vr wkdw
�ohdglqj lqglfdwruv� duh riwhq hpsor|hg wr mxgjh wkh fxuuhqw vwdwh ri wkh
hfrqrp|1 Suholplqdu| hvwlpdwhv iru wkhvh yduldeohv riwhq h{klelw uhpdundeoh
gl�huhqfhv iurp �qdo �jxuhv9/ wkxv doorzlqj d vfrsh iru �idyrudeoh� iruhfdvwv1

Dowkrxjk Hxurvwdw lv uhvsrqvleoh iru lpsohphqwlqj wkh Hxurshdq vwdq0
gdug iru qdwlrqdo dffrxqwv +Vhf, dfurvv wkh HF/ wkh sulpdu| vrxufh ri wklv
lqirupdwlrq lv +dqg zloo frqwlqxh wr eh, qdwlrqdo vwdwlvwlfdo djhqflhv1 Hyhq
lq HPX/ qdwlrqdo r!fldo djhqflhv zloo fuxfldoo| frqwlqxh wr eh uhvsrqvleoh
iru jdwkhulqj dqg frpslolqj gdwd rq rxwsxw/ lqgxvwuldo surgxfwlrq/ sulfhv
hwf1 Wklv phdqv wkdw/ iru h{dpsoh/ lq wkh fdvh ri d �vxgghq idoo� lq dfwlylw|
+uhtxluhg e| wkh Vwdelolw| dqg Jurzwk sdfw iru h{hpswlqj d frxqwu| iurp
frpso|lqj zlwk wkh 6( gh�flw2rxwsxw fhlolqj,/ wkh lqirupdwlrq iru mxgjlqj
�krz ghhs dqg vxgghq� wkh uhfhvvlrq lv/ zloo eh surylghg e| wkh frxqwu|
lqyrnlqj wkh h{hpswlrq1

Wkh lghd ri wkh sdshu lv dv iroorzv1 Zlwk d qdwlrqdo fhqwudo edqn lq hdfk
frxqwu|/ prqhwdu| dqg �vfdo srolf| duh rswlpdoo| xvhg iru wd{ vprrwklqj
sxusrvhv1 Khuh/ wkh jryhuqphqw kdv qr lqfhqwlyh wr klgh dq| lqirupdwlrq wr
wkh fhqwudo edqn/ vlqfh wkh qdwlrqdo srolf|0pdnhuv vkduh wkh vdph jrdov1 Wkh
rswlpdo srolf| lv wr udlvh lq dwlrq dqg orzhu lqfrph wd{hv lq d uhfhvvlrq dqg/

8AIurp wkh orqj vwdqglqj ghedwh rq xqlw0urrwv lq JGS/ vhh Vwrfn dqg Zdwvrq+4<;;,/
zh wdnh lw wkdw wkh frqvhqvxv ylhz lv wkdw prvw JGS vhulhv h{klelw d kljk ghjuhh ri
shuvlvwhqfh / zlwk urrwv wkdw duh hlwkhu rqh ru yhu| forvh wr rqh1

9Lqwhuqdwlrqdo iruhfdvwhuv/ olnh wkh RHFG/ urxwlqho| fduu| rxw h{huflvhv +vr fdoohg �srvw0
pruwhp�v, lq rughu wr dffrxqw iru ghyldwlrqv ehwzhhq iruhfdvw dqg uhdolvdwlrqv1
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frqyhuvho|/ orzhu lq dwlrq dqg udlvh lqfrph wd{hv lq d errp1 Lq d prqhwdu|
xqlrq/ krzhyhu/ wkh HFE pxvw frqvlghu �djjuhjdwh�/ grphvwlf dqg iruhljq/
zhoiduh zkhq fkrrvlqj wkh frpprq lq dwlrq udwh1 Wklv fuhdwhv d frq lfw
ri lqwhuhvw ehwzhhq uhvlghqwv ri sduwlflsdwlqj frxqwulhv/ zkhqhyhu vkrfnv duh
dv|pphwulf1 Wkh frxqwu| lq uhfhvvlrq pljkw idyru pruh lq dwlrq wr errvw
rxwsxw/ zkloh wkh frxqwu| lq errp pljkw suhihu h{dfwo| wkh rssrvlwh1 Lq
wxuq/ vxfk frq lfw jlyhv ulvh wr dq dgyhuvh vhohfwlrq sureohp1 Surylghg hdfk
jryhuqphqw kdv sulydwh lqirupdwlrq derxw wkh vwdwh ri wkh grphvwlf hfrqrp|/
lw pd| wu| wr h{sorlw lw lq rughu wr vkliw wkh frpprq prqhwdu| srolf| wr klv
rzq suhihuuhg zd|1 Iru h{dpsoh/ lq d uhfhvvlrq/ wkh grphvwlf jryhuqphqw
zrxog olnh wr uhgxfh lqfrph wd{ udwhv dqg uxq d odujhu sulpdu| gh�flw/ dqg
wkxv pd| wu| wr frqylqfh wkh HFE wkdw klv hfrqrplf vlwxdwlrq lv lqghhg
zruvh wkdq dfwxdoo| lv1 Wklv zrxog jhw klp pruh lq dwlrq/ pruh vhljqrudjh/
dqg zrxog doorz klp wr orzhu wkh lqfrph wd{ udwh/ zlwk ehqh�fldo h�hfwv iru
rxwsxw dqg frqvxpswlrq1 Wkh sdshu vkrzv wkdw sureohpv ri wklv nlqg fdq
jhqhudwh erwk dq lq dwlrq dqg sulpdu| gh�flw eldv +lq olqh zlwk wkh zruulhv
ri Zrunhuv* Hxursh dgguhvvhg e| wkh �vwdelolw|� sduw ri wkh �vwdelolw| dqg
jurzwk sdfw�, dv zhoo dv dq h{fhvv prqhwdu| glvflsolqh dqg uhfhvvlrq eldv +lq
olqh zlwk wkh zruulhv ri d Edqnhuv* Hxursh/ dgguhvvhg e| wkh �jurzwk� sduw
ri wkh sdfw,1 Pruhryhu/ zkhq lqirupdwlrq sureohpv duh sduwlfxoduo| vhyhuh/
prqhwdu| srolf| lq HPX ehfrphv uhodwlyho| lqvhqvlwlyh wr exvlqhvv f|foh
frqglwlrqv/ vr wkdw wrr olwwoh �vprrwklqj� lv grqh e| wkh HFE lq htxloleulxp1

Wkh sdshu exlogv xsrq Erugljqrq/ Pdqdvvh dqg Wdehoolql +EPW, +4<<9,/
zkr vwxg| lqwhu0uhjlrqdo uhglvwulexwlrq xqghu dv|pphwulf lqirupdwlrq1 Lq
wklv sdshu zh orrn dw HPX iurp d sxeolf hfrqrplfv shuvshfwlyh1 D pxowl0
fxuuhqf| uhjlph fruuhvsrqgv wr d �ihghudolvw� doorfdwlrq ri wd{lqj uljkwv/
zkhuh doo wd{ edvhv duh ghyroxwhg wr orfdo dxwkrulwlhv1 D prqhwdu| xqlrq/
frqyhuvho|/ fruuhvsrqgv wr d vlwxdwlrq lq zklfk wkh ihghudo jryhuqphqw +wkh
HFE, dgyrfdwhv wkh uljkw wr wd{ rqh edvh +prqh|, lq doo wkh ihghudwlrq/
e| lpsrvlqj d frpprq wd{ udwh +lq dwlrq,1 Uhyhqxh +vhljqrudjh, lv wkhq
uhglvwulexwhg wr orfdo jryhuqphqwv/ zklfk nhhs wkhlu hqwlwohphqw wr wkh rwkhu
edvh +oderu lqfrph, dqg �qdqfh wkh surylvlrq ri orfdo sxeolf jrrgv1

Wkh sdshu fdq eh uhdg iurp d qrupdwlyh srlqw ri ylhz1 Qdwlrqdo jryhuq0
phqwv ghvljq d vwdwh0frqwlqjhqw frqwudfw/ od|lqj rxw wkh udwh ri lq dwlrq wkdw
pxvw eh dwwdlqhg e| wkh HFE jryhuqru lq hdfk vwdwh ri qdwxuh1 Wkh srlqw ri
wkh sdshu lv xqghuvwdqglqj krz dv|pphwulf lqirupdwlrq rq hdfk frxqwu|*v
vwdwh d�hfwv wkh rswlpdo frqwudfw1

Deryh wkh �vwdqgdug� lqh!flhqf| ri d vlqjoh fxuuhqf| lq wkh suhvhqfh ri
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dv|pphwulf vkrfnv/ zh vkrz wkdw wkhuh duh rwkhu zhoiduh frvw dvvrfldwhg zlwk
HPX zklfk duh w|slfdoo| ljqruhg e| wkh vwdqgdug olwhudwxuh1 Wkhvh duh gxh
wr wkh dwwhpswv ri phpehu jryhuqphqwv wr plvuhsruw lqirupdwlrq wr wkh
HFE/ lq rughu wr d�hfw khu srolf|1

Wklv lv d jhqhudo frqfoxvlrq1 Lq wkh prgho wklv rffxuv ehfdxvh vhljqrudjh
lv dq dowhuqdwlyh vrxufh ri uhyhqxh iru phpehu frxqwulhv1 Wkh vdph orjlf
zrxog dsso| wr gl�huhqw prghov/ iru h{dpsoh / li zh ohw wkh HFE fkrrvh
wkh lqwhuhvw udwh +lqvwhdg ri wkh udwh ri lq dwlrq,/ dqg jryhuqphqwv zhuh
prwlydwhg e| wkh ghvluh wr d�hfw wkhlu lqwhuhvw sd|phqwv rq wkh qdwlrqdo ghew
+udwkhu wkhq wkh uhyhqxh iurp vhljqrudjh,1 Dgdswlqj wkh suhylrxv h{dpsoh/
d frxqwu| pd| zlvk wr ghslfw klv hfrqrplf vlwxdwlrq zruvh wkdw dfwxdoo| lv lq
rughu wr lqgxfh wkh HFE wr fkrrvh d orzhu lqwhuhvw udwh +udwkhu wkdq d kljkhu
udwh ri prqh| jurzwk, vr dv wr doorz klp wr fxw lqwhuhvw sd|phqwv rq wkh
ghew +udwkhu wkdq iru rewdlqlqj h{wud uhyhqxh iurp vhljqrudjh, dqg uhgxfh
wkh exughq ri lqfrph wd{hv1 Wkh vdph txdolwdwlyh uhvxowv zrxog dsso|1

Wkh sodq ri wkh sdshu lv wkh iroorzlqj1 Vhfwlrq 4 suhvhqwv wkh prgho1 Vhf0
wlrq 5 frqvlghuv wkh ehqfkpdun fdvh ri ixoo0lqirupdwlrq lq rughu wr frpsduh
wzr uhjlphv1 Lq wkh �uvw/ hdfk frxqwu| pdlqwdlqv prqhwdu| lqghshqghqfh
+vr wkdw wzr fhqwudo edqnv vhw wkh grphvwlf udwh ri lq dwlrq lqghshqghqwo|,1
Wkh vhfrqg lv d Prqhwdu| Xqlrq/ dv gh�qhg lq wkh suhylrxv sdudjudsk1 Zlwk
ixoo lqirupdwlrq/ wkh HFE gluhfwo| revhuyhv wkh vwdwh ri wkh wzr hfrqrplhv1
Lq Vhfwlrq 6 zh h{whqg wkh vhw0xs wr dv|pphwulf lqirupdwlrq/ zkhuh rqo|
qdwlrqdo dxwkrulwlhv revhuyh wkh vwdwh ri wkh grphvwlf hfrqrp|/ dqg wkh HFE
pxvw uho| rq wkh lqirupdwlrq vxssolhg e| hdfk frxqwu|1

5 Wkh Prgho

Wkh zruog frqvlvwv ri wzr frxqwulhv1 Hdfk frxqwu| +grphvwlf dqg iruhljq,
lv srsxodwhg e| d uhsuhvhqwdwlyh lq�qlwho| olyhg djhqw1 Erwk hfrqrplhv sur0
gxfh rqo| rqh krprjhqhrxv jrrg zlwk rqo| rqh surgxfwlrq idfwru/ oderu ,/
zklfk lv lppreloh1:1 Iru wkh vdnh ri vlpsolflw|/ whfkqrorj| lv dvvxphg wr
eh olqhdu1 Krxvhkrogv vxsso| oderu/ vshqg sduw ri wkhlu glvsrvdeoh lqfrph
rq frqvxpswlrq +S,/ dqg vdyh wkh uhvw e| dffxpxodwlqj uhdo prqh| edodqfhv
+6,1 Wkhuh lv qhlwkhu fdslwdo qru erqgv lq wkh hfrqrp|/ exw wkhuh h{lvw wzr
glvwlqfw qdwlrqdo fxuuhqflhv/ hdfk khog h{foxvlyho| e| uhvlghqwv1 Jryhuqphqwv

:Vlqfh rqo| rqh jrrg lv surgxfhg/ wudgh sod|v qr uroh lq wkh prgho1 Zh glvfxvv wudgh
dqg uhdo h{fkdqjh udwh vslooryhu h�hfwv lq HPX lq Erwwd}}l/ Pdqdvvh +4<<:,1
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�qdqfh sxeolf jrrgv }ce| ohy|lqj glvwruwlrqdu| wd{hv rq oderu lqfrph dqg
e| vhljqrudjh1 Iru vlpsolflw|/ zh irfxv rq wkh grphvwlf frxqwu|1

514 Krxvhkrogv

Suhihuhqfhv duh ghvfulehg e| dq dgglwlyho| vhsdudeoh xwlolw| ixqfwlrq/ zkhuh
vhsdudelolw| lv dvvxphg erwk zlwk uhvshfw wr wlph dqg zlwk uhvshfw wr wkh du0
jxphqwv1 Frqvxphuv fkrrvh wkh vhtxhqfh iS|c6|n�c %|j

"

�
vr dv wr pd{lpl}h

wkh h{shfwhg suhvhqw glvfrxqwhg ydoxh ri wkhlu xwlolw| vwuhdp;

.�

"[
|'�

4|3�XES|c6|n�c%|c }|� ' .�

"[
|'�

4|3�ELES|� n` E6|n�� n T E%|� nME}|� �

+4,
zkhuh f 	 4 	 � ghqrwhv wkh udwh ri wlph suhihuhqfh/ 6|n� lv wkh vwrfn
ri grphvwlf edodqfhv fduulhg ryhu iurp wlph | wr wlph | n �/ h{suhvvhg lq
xqlwv ri wlph | n � jrrgv</ %| uhsuhvhqwv ohlvxuh wlph/ dqg Lc Tc` dqg M
duh txdvl0frqfdyh ixqfwlrqv1 Wkh h�hfwlyh wlph hqgrzphqw lv vxemhfw wr
+surgxfwlylw|, vkrfnv/ e|�Wkh uhdo zdjh lv htxdo wr rqh/ jlyhq wkh dvvxpswlrq
ri olqhdu whfkqrorj|1 Frqvxphuv vshqg wkhlu oderu lqfrph lq frqvxpswlrq
jrrgv/ sd| dq lqfrph wd{ dqg dq lq dwlrq wd{ rq wkh vwrfn ri prqh| edodqfhv/
dqg vdyh e| dgglqj wr wkhlu prqh| kroglqjv=

6|n�E� n Z|� ' 6| n E�� � |�,| � S| +5,

,| n %| ' � n e| +6,

zkhuh Z| lv wkh grphvwlf udwh ri lq dwlrq ehwzhhq | dqg | n � / � | lv wkh
oderu lqfrph wd{ udwh/ dqg e| lv d }hur phdq l1l1g1 glvwxuedqfh/ dqg fdq
wdnh rqo| wkuhh gl�huhqw uhdol}dwlrqv / 0n : fc 03 ' �0ndqgfc zlwk htxdo
suredelolw|=

e| '

;A?
A=

0n : f ��R �

�

f ��R �

�

03 ' �0n ��R �

�

+7,

;Vlqfh zh qhhg wr mxvwli| zk| lqglylgxdov krog uhdo prqh| edodqfhv/ zh qhhg d prgho
ri lqwhuwhpsrudo fkrlfh1

<Dq dowhuqdwlyh dssurdfk zrxog eh wr dvvxph wkdw prqh| hfrqrpl}hv rq wudqvdfwlrq
frvwv1 Lq wklv fdvh uhdo edodqfhv hqwhu wkh exgjhw frqvwudlqw udwkhu wkdq wkh xwlolw| ixqfwlrq1
Xqghu fhuwdlq uhjxodulw| frqglwlrqv wkh wzr dssurdfkhv duh htxlydohqw1 Vhh Ihhqvwud +4<;9,
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Vroylqj wkh xwlolw| pd{lpl}dwlrq surjudp vxemhfw wr wkh frqvwudlqwv +5, dqg
+6,/ wkh �uvw rughu frqglwlrqv duh jlyhq e|=

LS|
' b| +8,

T%|
' E�� � |�b| +9,

.|`6|n�
' b|E� n Z|�� 4.|b|n� +:,

*�4
A<"

.|

A\

r'f

6|nAn�E� n Z|nr � ' f +;,

zkhuh b| lv wkh pxowlsolhu rq wkh frqvwudlqw +5,1 D vxevfulsw ehorz d
ixqfwlrq ghqrwhv d ghulydwlyh1

Wkh �uvw dqg wkh vhfrqg frqglwlrqv lpso| wkdw dw hdfk srlqw lq wlph wkh
pdujlqdo udwh ri vxevwlwxwlrq ehwzhhq frqvxpswlrq dqg ohlvxuh pxvw htxdo
wkh uhdo glvsrvdeoh zdjh udwh iurp +8, dqg +9,1 Htxdwlrq +:, lv d vwdqgdug
duelwudjh frqglwlrq wkdw hqvxuhv wkdw qr jdlqv fdq eh pdgh e| uh0doorfdwlqj
frqvxpswlrq lq wlph1 Ilqdoo|/ +;, uxohv rxw Srq}l jdphv1

AIurp wkhvh h{suhvvlrqv zh fdq vroyh iru S| dqg ,| lq whupv ri b|/

S| ' �E7b|� +<,

,| ' uE� |c b|c
n
e|� +43,

zkhuh wkh vljq deryh d yduldeoh ghqrwhv wkh vljq ri wkh ghulydwlyh zlwk
uhvshfw wr wkdw yduldeoh1 Wkh pxowlsolhu b| ghqrwhv wkh pdujlqdo ydoxh ri
prqh|1 Zkhq b| idoov wkh ghpdqg iru jrrgv dqg ohlvxuh ulvhv/ vr wkdw wkh
vxsso| ri oderu ghfolqhv1 Lq wkh vdph zd|/ dq lqfuhdvh lq wkh wd{ udwh uhgxfhv
qhw hduqlqjv dqg orzhuv oderu vxsso|1

515 Jryhuqphqw

Wkh jryhuqphqw surylghv sxeolf jrrgv dqg ohylhv wd{hv rq oderu lqfrph dqg
uhdo edodqfhv=

}| ' � |,| n >
|
6| +44,

zkhuh >
|
lv wkh udwh ri jurzwk ri qrplqdo grphvwlf prqh| ehwzhhq |n �

dqg |�

:



516 Htxloleulxp

Wkh htxloleulxp lq wkh jrrgv pdunhw uhtxluhv lq hdfk shulrg wkh htxdolw|
ehwzhhq vxsso| dqg ghpdqg ri krph jrrgv +e| wkh jryhuqphqw dqg e| gr0
phvwlf krxvhkrogv, =

�Eb|� n }| ' uE� |c b|c e|� +45,

517 Vroxwlrq

Zh qrz dvvxph wkdw xwlolw| lv olqhdu lq frqvxpswlrq vr wkdw wzr vlpsol�0
fdwlrqv duh jdlqhg1 Iluvw/ wkh pdujlqdo xwlolw| ri prqh| lv frqvwdqw ryhu
wlph/ b| ' � @,, |c vr wkdw htxdwlrq +:, |lhogv wkh ghpdqg iru uhdo edodqfhv
6|n� ' �EZ|�

431 Pruh lpsruwdqwo|/ wkh frqglwlrq iru ohlvxuh vlpsol�hv wr
wkh oderu vxsso| ixqfwlrq

,| ' uE� |� n e| c u� ' �*T%% 	 f +46,

Khqfh/ zh fdq lqwhusuhw d kljk +orz, uhdol}dwlrq ri e| dv d srvlwlyh +qhj0
dwlyh, lqqrydwlrq wr krxuv zrunhg dqg wr rxwsxw1 Lq wkh sdshu zh zloo uhihu
wr d �errp� zkhq e| ' 0n| dqg wr d �uhfhvvlrq� zkhq e| ' 03| 1

Lq wkh iroorzlqj vhfwlrqv zh zloo pdnh wzr dvvxpswlrqv= 4, wkdw srolf|0
pdnhuv duh ehqhyrohqw dqg 5, wkdw wkh| rqo| fduh derxw orqj uxq zhoiduh ri
grphvwlf krxvhkrogv1 Erwk dvvxpswlrqv duh pdgh iru dqdo|wlfdo wudfwdelolw|1
Wkh �uvw doorzv xv wr frqfhqwudwh rq wkh lvvxh ri dv|pphwulf lqirupdwlrq lq d
vlpsoh vhwwlqj 1 Wkh vhfrqg hqdeohv xv wr vroyh d vwdwlf/ udwkhu wkdq g|qdplf/
jdph vr wkdw srolf| pdnhuv vhohfw frqvwdqw +lq h{shfwhg whupv, sdwk iru >
dqg � � E| gh�qlwlrq/ 6|n� ' 6|E�nZ|�*E�n>

|
� vr wkdw lq vwhdg| vwdwh uhdo

edodqfhv duh frqvwdqw dqg > ' Z� Zh fdq vxppdul}h wkh vwhdg|0vwdwh zhoiduh
lpsolfdwlrqv ri frqvwdqw prqh| jurzwk dqg oderu wd{ udwhv zlwk wkh lqgluhfw
xwlolw| ixqfwlrq

ZE�c Zc e� ' E�� ��EuE�� n e�� Z�EZ� n T E�� uE��� +47,

n` E�EZ�� nME�EuE�� n e� n Z�EZ��

43Wkh idfw wkdw wkh pdujlqdo xwlolw| ri prqh| lv frqvwdqw uxohv rxw wkh wlph0lqfrqvlvwhqf|
sureohp yld prqhwdu| vxusulvhv ã od Fdoyr+4<:;,1 Wr vdyh rq qrwdwlrq zh ohw �� A 4=

;



Wkh zhoiduh ixqfwlrq vkrzv wkh qdwxuh ri wkh rswlpdo wd{ sureohp ri wklv
hfrqrp|1 Erwk wkh lqfrph dqg wkh lq dwlrq wd{ �qdqfh wkh surylvlrq ri
sxeolf jrrgv wkdw duh ydoxhg e| frqvxphuv/ dw wkh frvw ri glvwruwlqj oderu
vxsso| dqg prqh| ghpdqg1

6 Ixoo Lqirupdwlrq +Vhfrqg Ehvw,

614 Wzr Qdwlrqdo Fxuuhqflhv

Wkh wlplqj ri hyhqwv lv ghvfulehg lq Iljxuh 41 Dw vwdjh 3/ wkh vkrfnv/ e dqg
eW +iru wkh iruhljq frxqw|�/ duh uhdol}hg1 Dw vwdjh 4/ hdfk fhqwudo edqn lqgh0
shqghqwo| fkrrvhv wkh udwh ri jurzwk ri prqh|/ jlyhq wkh fkrlfh ri wkh rwkhu
fhqwudo edqn1 Wkhq/ hdfk �vfdo dxwkrulw|/ kdylqj revhuyhg Z dqg ZWc fkrrvhv
wkh wd{ udwh �E� W�/ jlyhq wkh fkrlfh ri wkh rwkhu frxqwu| � WE��� Ilqdoo|/ gr0
phvwlf dqg iruhljq krxvhkrogv fkrrvh Sc ,c 6 1Wrjhwkhu zlwk wkh jryhuqphqw
exgjhw frqvwudlqw dqg krxvhkrogv ghflvlrqv/ Z dqg � ghwhuplqh wkh txdqwlw|
ri wkh sxeolf jrrg }1

mbbbbbbbbbbbbmbbbbbbbbbbbbbbmbbbbbbbbbbbbbbbm
w@3 w @ 4 w@5 w'6
h+h-, FE+FE- , Ilvfdo dxwkrulwlhv f/o/p
lv uhdol}hg vhwv ZEZ� , vhwv �E ��� EfWc ,Wc6W�

Iljxuh1 4

Xqghu ixoo lqirupdwlrq/ wkh uhdol}dwlrqv ri eEeW� duh frpprq nqrzohgjh1
Zlwk wklv wlplqj zh duh dvvxplqj wkdw prqhwdu| dxwkrulwlhv fdq frpplw zlwk
uhvshfw wr wkh �vfdo dxwkrulwlhv144 Dv xvxdo/ wkh jdph lv vroyhg edfnzdug1
Qrwh wkdw wkh grphvwlf zhoiduh grhv qrw ghshqg rq iruhljq yduldeohv1 Dw
vwdjh 5/ wkh grphvwlf jryhuqphqw vroyhv

�@%
�

ZEZc �c e� r�|� Z ' }��e? +48,

Wkh �uvw rughu frqglwlrqv iru wklv sureohp lv Z�EZc �c e� ' f� Dw vwdjh 4
wkh Fhqwudo Edqn vroyhv

�@%
Z

ZEZc � c e� r�|� Z�EZc � c e� ' f +49,

44Zh vwxg| odfn ri fuhglelolw| ri wkh HFE lq Erwwd}}l/ Pdqdvvh +4<<:d,1

<



AIurp wkh hqyhorsh wkhruhp wkh vroxwlrq ri wklv sureohp lv Z� EZc � c e� '
ZZEZc �c e� ' f zklfk fdq eh uhzulwwhq dv =

M}E�� '
�

�� #E� c e�
+4:,

M}E�� '
�

�� 0EZ�

zkhuh #E� c e� @3� u�
une

lv wkh hodvwlflw| ri oderu vxsso| zlwk uhvshfw wr

wkh wd{ udwh/ dqg 0 EZ� ' � Z �Z

�
lv wkh hodvwlflw| ri prqh| ghpdqg zlwk

uhvshfw wr wkh lq dwlrq udwh1 E| gh�qlwlrq/ wkh hodvwlflw| ri oderu vxsso|
lv ghfuhdvlqj lq wkh surgxfwlylw| vkrfn #eE� c e� 	 f1 Zkhq krxuv zrunhg
lqfuhdvh/ wkh oderu vxsso| ehfrphv pruh uljlg1 Lqwxlwlyho| vlqfh wkh pdujlqdo
xwlolw| ri ohlvxuh lv ghfuhdvlqj/ wkh orqjhu shrsoh zrun wkh kljkhu wkh zdjh
lqfuhdvh uhtxluhg wr ixuwkhu udlvh wkh vxsso| ri oderu1 Dovr/ iurp wkh vhfrqg
rughu frqglwlrqv/ erwk hodvwlflwlhv duh lqfuhdvlqj ixqfwlrq ri wkhluv uhvshfwlyh
wd{ udwhv #�E� c e�c 0Z EZ� : f�

Wkh wzr htxdwlrqv lq +4:, lpso| wkdw wkh pruh hodvwlf lv wkh wd{ edvh/ l1h1
wkh pruh glvwruwlrqdu| lv wkh wd{/ wkh orzhu lv wkh fruuhvsrqglqj rswlpdo wd{
udwh1 Khqfh Z dqg � duh fkrvhq vr dv wr htxdwh wkh glvwruwlrqv +hodvwlflwlhv,
dfurvv wkh wzr wd{ edvhv1 Wklv uhtxluhv #E� c e� ' 0 EZ��

Wkhvh wzr htxdwlrqv fdq eh vroyhg mrlqwo| wr |lhog � ' A Ee� dqg Z ' �Ee��
Lw lpphgldwho| iroorzv wkdw

Ohppd 4 Wkh rswlpdo vwdwh0frqwlqjhqw wd{ dqg lq dwlrq srolflhv/ � ' A Ee�
dqg Z ' �Ee�/ duh lqfuhdvlqj dqg/ uhvshfwlyho|/ ghfuhdvlqj lq wkh surgxfwlylw|
vkrfn/ AeEe� : f dqg �eEe� 	 f�

Surri1 Gl�huhqwldwh wrwdoo| wkh frqglwlrq #E� c e� ' 0EZ��Rqh rewdlqv�eEe� '
#eE� c e�*0ZEZ� 	 fc dqg AeEe� ' � #eE�c e�*#�E�c e� : f

Lqwxlwlyho|/ d srvlwlyh vkrfn wr surgxfwlylw| pdnhv wkh oderu vxsso| uhod0
wlyho| pruh uljlg dqg fdoov iru kljkhu rswlpdo oderu wd{ udwh1 Dv wkh pdujlqdo
xwlolw| ri wkh sxeolf jrrg idoov/ d orzhu lq dwlrq wd{ lv uhtxluhg1 Dv d uhvxow/
prqh| ghpdqg dovr ehfrphv pruh lqhodvwlf/ vr wkdw glvwruwlrqv dfurvv wkh
wzr wd{ edvhv duh htxdol}hg1

Lq rwkhu zrugv/ dv d uhvxow ri glvwruwlrq vprrwklqj/ �vfdo dqg prqhwdu|
srolflhv duh xvhg �frxqwhu0f|folfdoo|� ryhu wkh exvlqhvv f|foh1 Gxulqj �uh0
fhvvlrqv� +qhjdwlyh rxwsxw vkrfnv, oderu wd{ udwhv duh orzhuhg dqg prqh|
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jurzwk lv udlvhg/ dqg wkh rssrvlwh gxulqj �errpv� =

�n ' A E0n� : �f ' A Ef� : �3 ' A E03�
Z3 ' �E03� : Zf ' �Ef� : Z ' �E0n�

+4;,

Qrwh wkdw/ li wkh uhdol}dwlrq ri wkh vkrfnv zhuh sulydwh lqirupdwlrq iru
hlwkhu wkh jryhuqphqw ru wkh Fhqwudo Edqn/ qhlwkhu ri wkhp frxog jdlq e|
plvuhsuhvhqwlqj wkh vwdwh ri wkh hfrqrp| wr wkh rwkhu/ dv wkh| duh erwk
ehqhyrohqw1

615 Prqhwdu| Xqlrq +Wklug Ehvw,

Lq d Prqhwdu| Xqlrq/ wkh wzr frxqwulhv jlyh xs wkh frqwuro ri prqhwdu|
srolf| wr wkh HFE/ vr wkdw wkh wd{ edvh dqg wkh wd{ udwh ri vhljqrudjh duh
frpprq ehwzhhq wkh wzr frxqwulhv1 Wkhuhiruh/ 6 dqg 6W pxvw eh qrz
lqwhusuhwhg dv wkh ghpdqg iru wkh frpprq fxuuhqf| +Hxur, e| grphvwlf dqg
iruhljq krxvhkrogv1

Li grphvwlf dqg iruhljq vkrfnv zhuh shuihfwo| fruuhodwhg +v|pphwulf,/ wkh
orvv ri rqh lqvwuxphqw iru wd{ vprrwklqj sxusrvhv zrxog eh frvwohvv1 Iru
h{dpsoh/ li erwk hfrqrplhv h{shulhqfhg d qhjdwlyh surgxfwlylw| vkrfn/ wkh|
zrxog djuhh wr dq h{sdqvlrqdu| prqhwdu| srolf|1 Zlwk dv|pphwulf glvwxu0
edqfhv Ee 9' eW�ckrzhyhu d frq lfw ri lqwhuhvw dulvhv= d frxqwu| h{shulhqflqj d
�errp� zrxog idyru d wljkwhu prqhwdu| dqg �vfdo srolf| wkdq wkdw suhihuuhg
e| wkh frxqwu| lq �uhfhvvlrq�1 Dv|pphwulf vkrfnv jlyh ulvh wr wkh vwdqgdug
lqh!flhqf| glvfxvvhg lq wkh Rswlpdo Fxuuhqf| Duhd olwhudwxuh1 Krzhyhu/ lq
wklv frqwh{w/ wkhuh lv dq dgglwlrqdo glvwruwlrq gxh wr lpshuihfw lqirupdwlrq1
Dv zh vkdoo vhh/ hdfk frxqwu| pd| kdyh dq lqfhqwlyh wr plvuhsruw lqirupdwlrq
derxw wkh vwdwh ri wkh hfrqrp| lq rughu wr lq xhqfh wkh +frpprq, prqhwdu|
srolf| ri wkh HFE1

Ohw j +��j� uhsuhvhqw wkh vkduh ri vhljqrudjh glvwulexwhg wr wkh grphvwlf
+iruhljq, jryhuqphqw1 Wkh exgjhw frqvwudlqwv qrz uhdg=

} ' �, n jZE6n6W� +4<,

}W ' �W,W n E�� j� ZE6n6W� +53,

Vlqfh wkh ghpdqg iru prqh| rqo| ghshqgv rq wkh frpprq udwh ri lq d0
wlrq/ Zc lw iroorzv wkdw 6 ' 6W lq htxloleulxp1
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Zh glvfxvv wkh lvvxh ri rswlpdo vhljqrudjh uhglvwulexwlrq dqg fuhglelolw|
lq HPX dw ohqjwk lq dqrwkhu sdshu +vhh Erwwd}}l dqg Pdqdvvh +4<<:d,,451
Lq wklv sdshu zh vlpso| dvvxph wkdw j lv frqvwlwxwlrqdoo| �{hg wr �*2/ wkh
h{0dqwh rswlpdo ydoxh iru v|pphwulf frxqwulhv461

Wkh wlplqj ri hyhqwv lv vwloo ghvfulehg e| Iljxuh 41 Dw vwdjh 5/ hdfk
jryhuqphqw fkrrvhv � ' @h}4@ ` E� c Zc e� wdnlqj Z dv jlyhq1 AIurp wkh
�uvw htxdwlrq lq +4:, zh fdq vroyh iru � dv d ixqfwlrq ri wkh frpprq lq dwlrq
dqg ri wkh vwdwh ri wkh hfrqrp|/ � ' A.EZc e�� Lq wkdw fdvh/

Ohppd 5 d, wkh rswlpdo oderu wd{ udwh lq HPX lv ghfuhdvlqj lq lq dwlrq/
A.
Z EZc e� 	 f1

e, wkh rswlpdo oderu wd{ udwh lq HPX lv lqfuhdvlqj lq wkh surgxfwlylw|
sdudphwhu/ A.

e EZc e� : fc
surylghg wkh iroorzlqj frqglwlrq krogv=

�#e*E�� #�2 : �M}}� +54,

Surri1 vhh dsshqgl{1
Lqwxlwlyho|/ sduw d, vd|v wkdw lq dwlrq dqg wkh oderu wd{ udwh duh vwudwhjlf

vxevwlwxwhv1 Dv wkh uhyhqxh iurp wkh lq dwlrq wd{ ulvhv/ sxeolf vshqglqj
lqfuhdvhv dqg lwv pdujlqdo xwlolw| idoov/ fdoolqj iru orzhu lqfrph wd{hv +lqfrph
h�hfw,1 Sduw e, kdv wkh iroorzlqj lqwhusuhwdwlrq1 Zkhq e ulvhv iru d jlyhq
lq dwlrq udwh/ zh kdyh wzr frqwudvwlqj h�hfwv rq wkh rswlpdo wd{ udwh1 Rq
wkh rqh kdqg/ kljkhu uhyhqxhv iurp oderu lqfrph wd{ uhgxfh wkh pdujlqdo
xwlolw| ri wkh sxeolf jrrg dqg fdoo iru d orzhu wd{ udwh +lqfrph h�hfw/ rq wkh
u1k1v,1 Rq wkh rwkhu kdqg/ oderu vxsso| ehfrphv pruh lqhodvwlf/ fdoolqj iru d
kljkhu wd{ udwh +vxevwlwxwlrq h�hfw/ rq wkh o1k1v1,1 Xqghu wkh frqglwlrq +54,/
wkh vxevwlwxwlrq h�hfw grplqdwhv1

Edfn wr vwdjh 4/ wkh HFE/ wdnlqj lqwr dffrxqw wkh ehkdylru ri �vfdo
dxwkrulwlhv/ fkrrvhv wkh rswlpdo +vwdwh0frqwlqjhqw, prqhwdu| srolf| vr dv wr
pd{lpl}h wkh Xqlrq*v zhoiduh=

Z. ' �.Eec eW� ' @h}4@ d` EA.EZc e�c ec Z�n` WEA.EZc eW�c eWc Z�o +55,

Lw lv hdv| wr vkrz wkdw

45EPW +4<<9, glvfxvv uhglvwulexwlrq xqghu dv|pphwulf lqirupdwlrq1
46Dffruglqj wr wkh HFE Vwdwxwh/ vhljqrudjh zloo eh uhglvwulexwhg rq wkh edvlv ri �{hg

zhljkwv +frpsxwhg frqvlghulqj srsxodwlrq dqg JGS ri hdfk phpehu,1
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Ohppd 6 Wkh rswlpdo srolf| �.E�� kdv wkh iroorzlqj surshuwlhv=

�� �.
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	 f dqg �.

eW
	 f

��� �.Eec eW� ' �.EeWc e�
���� �.Eec e� ' �Ee�

Surri1 = vhh Dsshqgl{
Wkh �uvw surshuw| phdqv wkdw wkh wd{0vprrwklqj2frxqwhu0f|folfdo qdwxuh

ri wkh rswlpdo lq dwlrq srolf| lv suhvhuyhg lq wkh Xqlrq1 Prqhwdu| srolf|
ehfrphv wljkwhu +orrvhu, zkhq hlwkhu hfrqrp| lv klw e| d srvlwlyh +qhjdwlyh,
vkrfn1 Wkh vhfrqg surshuw| lv v|pphwu|= doo zkdw pdwwhuv lv wkh ryhudoo vwdwh
ri wkh xqlrq*v hfrqrp|/ dqg qrw zkr h{shulhqfhv zklfk vkrfn1 Iurp lll,/ li
wkh vkrfnv duh v|pphwulf/ vr wkdw erwk frxqwulhv duh frqwhpsrudqhrxvo| lq
errp ru uhfhvvlrq/ wkh HFE dgrswv h{dfwo| wkh srolf| wkdw hdfk lqghshqghqw
qdwlrqdo fhqwudo edqn zrxog kdyh fkrvhq lq wkdw vwdwh +wkhlu vhfrqg ehvw,1
Dffruglqjo|/ d frxqwu| grhv qrw vx�hu iurp zhoiduh orvv e| uholqtxlvklqj
prqhwdu| lqghshqghqfh zkhq vkrfnv duh v|pphwulf1

Fruroodu| 7 AIurp wkh suhylrxv Ohppd / lw dovr iroorzv wkdw

��� �EeW� 	 �.Eec eW� 	 �Ee�c �s e 	 eW

��
�
�
��Ee�� �.Eec eW�

�
�
� 	

�
�
��EeW�� �.Eec eW�

�
�
� c �s e 	 eW

Sduw ly, vwdwhv wkdw zkhq vkrfnv duh dv|pphwulf/ wkh HFE fkrrvhv d
udwh ri lq dwlrq wkdw lv d �frpsurplvh� ehwzhhq wkrvh ghvluhg e| wkh wzr
frxqwulhv1 Li wkh iruhljq frxqwu| lv lq d errp +eW� dqg wkh grphvwlf frxqwu|
lq uhfhvvlrq +e�/ wkh HFE lpsohphqwv d srolf| wkdw lv �wrr wljkw� iurp wkh
srlqw ri ylhz wkh grphvwlf frxqwu|/ dqg �wrr orrvh� iurp wkh srlqw ri ylhz
ri wkh iruhljq frxqwu|1

Ilqdoo|/ iurp y, wkh HFE dozd|v fkrrvhv dq lq dwlrq udwh wkdw lv forvhu wr
wkdw suhihuuhg wkh frxqwu| zkr lv �zruvh r��1 Wklv iroorzv iurp wkh frqfdylw|
ri wkh zhoiduh ixqfwlrq lq Z dqg � �

7 Dv|pphwulf Lqirupdwlrq

Wkh wzr frxqwulhv duh htxdo lq h{shfwhg ydoxh exw wkhuh duh h{rjhqrxv lqqr0
ydwlrqv wr surgxfwlylw|/ vr wkdw lq vrph vwdwh ri qdwxuh rxwsxw lv deryh/ ehorz
ru htxdo wr wkh wuhqg1 Wkh HFE fdqqrw yhuli| wkh vwdwh ri wkh wzr hfrqrplhv1
Gxh wr wklv dvvxpswlrq/ wkh HFE fdqqrw hqirufh wuxwk whoolqj e| wkuhdwhqlqj
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d ixwxuh sxqlvkphqw iru wkh jryhuqphqw zkr olhv1 Wkh HFE fdq yhuli| +dqg
zulwh d frqwudfw frqwlqjhqw rq, wkh lqfrph wd{ udwhv dssolhg e| hdfk qdwlrqdo
jryhuqphqw/ exw vkh fdqqrw revhuyh wkh wd{ edvhv/ zklfk ghshqg xsrq wkh
uhdol}dwlrqv ri wkh vkrfn e471 Qdwlrqdo jryhuqphqwv/ frqyhuvho|/ revhuyh wkh
vwdwh ri wkhlu grphvwlf hfrqrp|1 Zh kdyh d w|slfdo dgyhuvh vhohfwlrq sure0
ohp/ lq wkdw wkh Hxurshdq Fhqwudo Edqn fkrrvhv wkh frpprq udwh ri lq dwlrq
+dffruglqj wr �djjuhjdwh� wkh vwdwh ri wkh ihghudwlrq,/ exw kdv wr uho| rqo|
rq wkh lqirupdwlrq vxssolhg e| qdwlrqdo jryhuqphqwv1 Qdwlrqdo jryhuqphqwv
pd| wu| wr h{sorlw wkhlu lqirupdwlrqdo dgydqwdjh lq rughu wr lqgxfh wkh HFE
wr fkrrvh d srolf| wkdw ehwwhu �wv wkh vwdwh ri wkhlu rzq hfrqrp|1

Vlqfh zh kdyh rqo| wzr frxqwulhv/ wklv dgyhuvh vhohfwlrq sureohp lv frp0
solfdwhg e| wkh vwudwhjlf lqwhudfwlrq ehwzhhq jryhuqphqwv= wkh lqfhqwlyh wr
plvuhsruw lqirupdwlrq ghshqgv rq zkdw wkh rwkhu jryhuqphqw uhsruwv1

D uxoh ri wkh jdph lv wkdw frxqwulhv djuhh wr vsolw vhljqrudjh dffruglqj
wr wkh �{hg iudfwlrq j ' �

2
�Wkh wlplqj lv dv iroorzv=

41 Wkh HFE zulwhv d frqwudfw ��E� �c � �� wkdw pdsv doo srvvleoh uhdol}d0
wlrqv ri wkh wd{ udwhv E� �c � �� wr dq lq dwlrq udwh +wkh vxshuvfulsw D uhihuv wr
dgyhuvh vhohfwlrq,1

51 Qdwxuh ghwhuplqhv zkhwkhu d frxqwu| lv klw e| d srvlwlyh/ qhjdwlyh ru
}hur vkrfn1 Hdfk jryhuqphqw revhuyhv lwv rzq e/ exw qrw wkdw ri wkh rwkhu
frxqwu|1 Wkh HFE revhuyhv qhlwkhu1

61 Wkh grphvwlf +iruhljq, jryhuqphqw revhuyhv wkh vwdwh ri lwv rzq hfrq0
rp|/ dqg fkrrvhv d wd{ udwh/ � ' A Ee� dv d ixqfwlrq ri e EeW�c jlyhq wkh srolf|
ixqfwlrq wr zklfk wkh HFE kdv frpplwwhg/ ��E� c � WS�c dqg wkh frqmhfwxuh rq
wkh wd{ udwh fkrvhq e| wkh rwkhu jryhuqphqw/ �WS �

71 Qdwlrqdo jryhuqphqwv uhfhlyh wkhlu iudfwlrq ri vhljqrudjh/ dqg �qdqfh
sxeolf jrrgv 1

Zh lqyrnh wkh gluhfw uhyhodwlrq sulqflsoh/ vr wkdw li wkhuh h{lvwv dq htxl0
oleulxp wr wkh frpsoh{ jdph vwdwhg deryh/ lw zloo eh htxlydohqw +iurp wkh
srlqw ri ylhz ri wkh sulqflsdo/ wkh HFE,/ wr wkh htxloleulxp ri wkh iroorzlqj
vlpsohu jdph1

41 Hdfk qdwlrqdo jryhuqphqw vhsdudwho| frppxqlfdwhv klv �w|sh� +l1h1
wkh vwdwh ri wkh hfrqrp|, wr wkh HFE1

51 Rq wkh edvlv ri wkhvh dqqrxqfhphqwv wkh Fhqwudo Edqn fkrrvhv Z dqg

47Wklv dvvxpswlrq uhtxluhv wkdw dovr j eh xqrevhuydeoh/ vlqfh li lw zhuh/ wkh HFE frxog
uhfryhu wkh vwdwh h iurp wkh jryhuqphqw exgjhw frqvwudlqw +vhh wkh glvfxvvlrq lq EPW
+4<<9,,1
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frq�ghqwldoo| vxjjhvwv wr hdfk jryhuqphqw zklfk wd{ udwh wr fkrrvh1
61 Rq wkh edvlv ri klv rzq vkrfn dqg ri wkh HFE*v vxjjhvwlrq/ hdfk

jryhuqphqw fkrrvhv klv wd{ udwh1
Lq dq htxloleulxp zlwk wuxwkixo dqg rehglhqw vwudwhjlhv/ hdfk frxqwu|

dqqrxqfhv wkh wuxh ydoxh ri lwv rzq vkrfn dqg dgrswv wkh wd{ udwh vxjjhvwhg
e| wkh HFE1

Zh frqvlghu grplqdqw vwudwhj| phfkdqlvp1 48

Wkhuh duh qlqh srvvleoh dqg htxdoo| olnho| vwdwhv ri qdwxuh1 Wkuhh duh
v|pphwulf vwdwhv/ zkhuh frxqwulhv h{shulhqfh wkh vdph vkrfn = E0nc 0n�c+03c
03�c Efc f�1 Wkh rwkhu vl{ duh dv|pphwulf fdvhv/ zkhuh rqh frxqwu| kdv d srv0
lwlyh vkrfn/ dqg wkh rwkhu kdv d qhjdwlyh vkrfn E0nc 03 �c E03c 0n �> zkhuh rqh
kdv srvlwlyh dqg wkh rwkhu }hur glvwxuedqfh/ E0nc f�c +f/0n�> dqg �qdoo| / rqh
qhjdwlyh/ rqh }hur vkrfn E03c f�c Efc 03�� Ohw wkh lqgh{ � ' nc�c f ghqrwh wkh
w|sh dqqrxqfhg e| d frxqwu|/ vr wkdw iru h{dpsoh � ' n phdqv wkh frxqwu|
ghfoduhv d srvlwlyh vkrfn 0n�Vlploduo|/ ohw Z�� dqg � �� ghqrwh uhvshfwlyho| wkh
udwh ri lq dwlrq fkrvhq dqg wkh lqfrph wd{ udwh dvvljqhg wr frxqwu| � / zkhq
w|shv � dqg � duh dqqrxqfhg1 Vlqfh wkh prgho lv v|pphwulf/ zh irfxv rq
v|pphwulf frqwudfwv/ zkhuh wkh lghqwlw| ri wkh frxqwu| lv luuhohydqw dqg doo
wkdw pdwwhuv lv zklfk w|shv duh ghfoduhg1

Iljxuh 5 looxvwudwhv wkh jryhuqphqwv* uhdfwlrq ixqfwlrqv dqg lqgl�huhqfh
fxuyhv gudzq lq wkh lq dwlrq0wd{ udwh vsdfh/ l1h1 lq wkh yduldeohv wkdw duh
revhuyhg e| wkh HFE1 -nc -f dqg -3 ghqrwh wkh uhdfwlrq ixqfwlrqv A.EZc e�
dvvrfldwhg wr srvlwlyh/ qxoo ru qhjdwlyh vkrfnv/ uhvshfwlyho|1 Dv vwdwhg lq
Ohppd 615/ wkhvh fxuyhv vorsh grzqzdug/ vlqfh jryhuqphqwv uhdfw wr d orzhu
udwh ri lq dwlrq e| udvlqj wkh lqfrph wd{ udwh1 Dovr/ xqghu Dvvxpswlrq 4 lq
+54,/ -n lv orfdwhg wr wkh uljkw ri -f/ ehfdxvh zkhq d frxqwu| h{shulhqfhv
d srvlwlyh vkrfn lw zdqwv wr udlvh lwv oderu wd{ udwh/ iru dq| jlyhq lq dwlrq
udwh1 Srlqwv O/ P dqg K vkrz wkh vhfrqg ehvw frpelqdwlrq ri lq dwlrq dqg
wd{ udwh fruuhvsrqglqj wr qhjdwlyh/ }hur/ dqg srvlwlyh vkrfnv/ uhvshfwlyho|1
D frxqwu| lq uhfhvvlrq zrxog idyru wkh prvw h{sdqvlrqdu| prqhwdu| srolf|
dqg wkh orzhvw lqfrph wd{ udwh +srlqw O,/ dqg frqyhuvho| iru wkh frxqwu| lq
d errp +srlqw K,1

Wkh lqgl�huhqfh fxuyhv +ri w|sh }hur, duh jlyhq e| wkh hoolswlf fxuyhv lq
Iljxuh51

48Wklv vroxwlrq frqfhsw kdv wkh dgydqwdjh ri qrw ehlqj vhqvlwlyh wr eholhiv wkdw jry0
huqphqwv kdyh derxw hdfk rwkhu/ dqg zrxog wkhuhiruh eh suhihuuhg e| wkh HFE1 Krz0
hyhu/ irfxvlqj rq Grplqdqw vwudwhj| phfkdqlvp uhvwulfwv wkh vhw ri srvvleoh vroxwlrqv +vhh
Ixghpehuj dqg Wluroh +4<<4,/ s1 5:3,1
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� Khqfh/ dq lqgl�huhqfh fxuyh lv  dw dw
wkh lqwhuvhfwlrq zlwk wkh uhdfwlrq ixqfwlrq +zkhuh `� ' f,1Wkh vkdsh ri
wkh lqgl�huhqfh fxuyhv kdv d vlpsoh h{sodqdwlrq1 Ehwzhhq G dqg D/ erwk
lqfrph wd{hv dqg wkh lq dwlrq udwh duh orzhu wkdq lq wkh vhfrqg ehvw1 Lq
d vhqvh wkh| duh �vfdufh� dqg wkh lqgl�huhqfh fxuyh lv grzqzdug vorslqj /
dv lv xvxdoo| wkh fdvh1 Deryh dqg wr wkh ohiw ri wkh vhfrqg ehvw/ krzhyhu/
ehwzhhq D dqg E/ wkh fxuyh lv srvlwlyho| vorshg/ ehfdxvh khuh lq dwlrq lv
h{fhvvlyh + Z lv d �edg�/ `Z 	 f,/ zkloh wkh lqfrph wd{ udwh lv wrr orz
+� lv d �jrrg�/ `� : f�� Dorqj wklv vhjphqw lq dwlrq lv d � edg� ehfdxvh
wkh zhoiduh orvv gxh wr orzhu prqh| ghpdqg pruh wkdq r�vhw wkh jdlqv gxh
wr pruh sxeolf jrrgv1Ehwzhhq srlqwv E dqg F/ wkh lqgl�huhqfh fxuyh vorshv
grzqzdug/ ehfdxvh erwk wd{ udwhv duh h{fhvvlyh1 Ehwzhhq F dqg G/ lq dwlrq
lv d jrrg dqg wkh wd{ udwh d edg/ dqg wkh fxuyh vorshv xszdugv1

Zhoiduh lqfuhdvhv dv zh pryh wr �lqqhu� lqgl�huhqfh fxuyhv/ forvhu wr wkh
vhfrqg ehvw 1Wkh VV olqhv lq Iljxuh 6d fruuhvsrqg wr wkh orfl zkhuh`ZE�� ' fc
+iru w|shv f dqg� ,/ vr wkdw wkh lqgl�huhqfh fxuyhv duh yhuwlfdo zkhq furvvlqj
wkh VV1 Wklv fxuyh jrhv wkurxjk wkh eolvv srlqw/ dqg lv dozd|v  dwwhu wkdq
wkh uhdfwlrq fxuyh1 Lw lv hdv| wr vkrz49 wkdw wkh VV fxuyh dvvrfldwhg zlwk d
�ulfkhu� frxqwu| +olnh VVf lq wkh �jxuh, dozd|v olhv ehorz wkdw ri d �srruhu�
rqh +VV

3

,1 Lqwxlwlyho|/ iru wkh vdph wd{ udwh/ wkh ulfkhu frxqwu| kdv pruh
uhyhqxh dqg suhihuv d orzhu lq dwlrq udwh1 Wklv surshuw| kdv dq lpsruwdqw
lpsolfdwlrq= zkhq wkh lqgl�huhqfh fxuyhv ri wzr w|shv furvv wr wkh ohiw ri
wkhlu uhdfwlrq ixqfwlrqv/ +vhh srlqw F ,/ wkh srruhu*v fxuyh fxwv wkh ulfkhu*v
iurp ehorz 1 Vlploduo|/ zkhq wkh| furvv wr wkh uljkw ri erwk w|shv* uhdfwlrq
ixqfwlrqv/ wkh srruhu*v lqgl�huhqfh fxuyh fxwv wkh rwkhu*v iurp deryh14:

Wkh lqgl�huhqfh fxuyhv ri gl�huhqw w|shv pd| lqwhuvhfw dq hyhq qxpehu
ri wlphv1 Lq rughu wr uxoh rxw pxowlsoh frqwudfwv4;/ zh qhhg wr lpsrvh wkh
iroorzlqj dvvxpswlrq=

Prqrwrqlflw|= wkh pdujlqdo udwh ri vxevwlwxwlrq ehwzhhq Z dqg � lv
prqrwrqh lq w|shv1

Iljxuh 6e vkrzv rqh h{dpsoh zkhuh wkh lqgl�huhqfh fxuyhv ylrodwh wklv
prqrwrqlflw| frqglwlrq1 Khuh wkh lqgl�huhqfh fxuyhv furvv wzlfh/ dw D dqg
E/ zlwk vorshv ri wkh vdph vljq +qhjdwlyh, dw erwk lqwhuvhfwlrq srlqwv1 Dw

49Wklv iroorz iurp wkh idfw wkdw Z� h @P+Kjj�+4� %+�,, ? 3
4:Wklv surshuw| wxuqv rxw wr eh lpsruwdqw lq ghwhupplqlj wkh wkh qdwxuh ri wkh htxl0

oleulxp frqwudfw
4;Wkh prqrwrqlflw| frqglwlrq wkdw iroorzv lv qrw vx!flhqw wr uxoh rxw pxowlsoh htxloleuld

lq wkh fdvh zkhuh doo lqfhqwlyh frqvwudlqwv elqg1
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srlqw D/ Z dqg � duh �edgv�/ dqg wkh ulfk/ rq wkh orzhu fxuyh/ glvolnhv lq0
 dwlrq Z uhodwlyho| pruh wkdq wkh srru/ vlqfh kh lv zloolqj wr dffhsw wkh
vdph pdujlqdo lqfuhdvh lq lq dwlrq lq h{fkdqjh iru d odujhu idoo lq lqfrph
wd{hv1 Frqyhuvho|/ dw srlqw E/ Z dqg � duh �jrrgv� dqg lqgl�huhqfh fxuyh
vorsh grzqzdug dv xvxdo1 Qrz/ wkh ulfkhu w|sh ydoxhv lq dwlrq ohvv/ vlqfh
kh lv uhdg| wr dffhsw odujhu fxw lq lq dwlrq lq h{fkdqjh iru d jlyhq lqfuhdvh
lq wd{hv1 Khqfh/ jrlqj iurp D wr E wkh ulfk fduhv pruh derxw lq dwlrq
zkhq lq dwlrq lv �wrr kljk� +srlqw D,/ exw fduhv ohvv zkhq lq dwlrq lv �wrr
orz �+srlqw E,1 Wkh pdujlqdo udwh ri vxevwlwxwlrq ehwzhhq Z dqg � lv qrw
prqrwrqh lq w|shv

Rxu dvvxpswlrq ri prqrwrqlflw| lpsolhv wkdw zkhqhyhu lqgl�huhqfh fxuyhv
furvv wzlfh/ wkhlu vorshv dw lqwhuvhfwlrq srlqwv fdqqrw eh frqfrugdqw1 Lq rwkhu
zrugv/ li wkh lqgl�huhqfh fxuyhv duh erwk qhjdwlyho| +ru srvlwlyho|, vorshg lq
rqh lqwhuvhfwlrq/ rqh fxuyh pxvw eh srvlwlyho| vorshg dqg wkh rwkhu qhjdwlyho|
vorshg dw wkh rwkhu lqwhuvhfwlrq srlqw/ dv lq Iljxuh 6d1

714 Wkh rswlpdo frqwudfw

D frqwudfw lv d srolf| wkdw pdsv frxsohv ri dqqrxqfhphqwv E�c �� lqwr d fkrlfh
ri Z dqg lqwr vxjjhvwhg ydoxhv iru wd{ udwhv1 Wkh rswlpdo frqwudfw pd{lpl}hv
wrwdo zhoiduh dprqj doo lqfhqwlyh frpsdwleoh srolflhv1

Lw lv yhu| vlpsoh wr fkdudfwhul}h wkh rswlpdo srolf| lq v|pphwulf vwdwhv=

Ohppd 8 Iru doo v|pphwulf dqqrxqfhphqwv � ' �c wkh rswlpdo lqfhqwlyh
frpsdwleoh srolf| xqghu dv|pphwulf lqirupdwlrq frlqflghv zlwk wkh srolf|
fkrvhq xqghu ixoo lqirupdwlrq 1 Lq wxuq/ wklv srolf| lv htxdo wr wkh rqh fkrvhq
xqghu prqhwdu| lqghshqghqfh+vhfrqg ehvw,=

Z��� ' �.E�c �� ' �E��
� ��
�
' A�E�c �� ' A.E�c �� ' A E��( sJo @,, �

Lqwxlwlyh surri1 Vxssrvh wkdw erwk frxqwulhv duh lq vwdwh �/ dqg frq�0
ghqwldoo| uhsruw wkh wuxh vwdwh wr wkh HFE1 Li wkh HFE fkrrvhv wkh lq dwlrq
udwh wkdw lv prvw suhihuuhg e| hdfk frxqwu|/ �E��c dqg vxjjhvwv wkh udwh
A E��c vkh fohduo| pd{lpl}hv wrwdo/ dv zhoo lqglylgxdo zhoiduh/ dqg wkxv pdnhv
wuxwk0whoolqj d grplqdqw vwudwhj|1 Khqfh/ zkhq v|pphwulf vwdwhv rffxu/ wkh
lqfhqwlyh frpsdwlelolw| frqvwudlqwv gr qrw elqg dqg wkh dv|pphwulf lqiru0
pdwlrq frqwudfw frlqflgh zlwk wkdw ri ixoo lqirupdwlrq/ wkdw jlyhv wkh ehvw
doorfdwlrq1

4:



Dqrwkhu vlpsol�fdwlrq fdq eh rewdlqhg e| frqvlghulqj wkh �h{wuhph�
fdvhv zkhuh d frxqwu| kdv d edg 03 ru jrrg vkrfn 0n1 Khuh wuxwk whoolqj lv
dozd|v d grplqdqw vwudwhj|1 Wkh uhdvrq lv txlwh vlpsoh1 Lw wxuqv rxw wkdw wkh
htxloleulxp prqhwdu| srolf| zlwk dgyhuvh vhohfwlrq ��E�� vdwlv�hv surshuw|
�, ri Ohppd 6/ wkdw lv/ lq dwlrq ulvhv zkhqhyhu d frxqwu| uhsruwv d zruvh
vwdwh ri qdwxuh1 Wkhuhiruh/ li rqh frxqwu| h{shulhqfhv d uhfhvvlrq/ kh zloo
qhyhu uhsruw d pruh idyrudeoh vwdwh ri qdwxuh wkdq wkh wuxh rqh1 E| o|lqj/ kh
zrxog rqo| kdup klpvhoi/ e| pdnlqj prqhwdu| srolf| hyhq pruh uhvwulfwlyh
+dqg wkhuhiruh kdylqj wr udlvh lqfrph wd{hv hyhq ixuwkhu,1 Wuxwk whoolqj lv
dozd|v wkh grplqdqw vwudwhj| iru vxfk d frxqwu|1 D vlplodu uhdvrqlqj dssolhv
wr d frxqwu| lq errp= e| o|lqj wkh �vfdo dxwkrulw| zrxog rqo| lqgxfh kljkhu
lq dwlrq/ dqg orzhu wd{hv/ zklfk kh glvolnhv1 Wr vxppdul}h/ zh fdq frqfoxgh
wkdw/ hyhqwxdoo|/ rqo| w|sh 3 pd| kdyh dq lqfhqwlyh wr olh/ vr wkdw wkh HFE
qhhgv wr zruu| rqo| derxw wkh lqfhqwlyh frpsdwlelolw| frqvwudlqwv ri w|sh 3
lq dv|pphwulf vwdwhv ri qdwxuhv Efc 0n�c Efc 03��Frqyhuvho|/ zkhq vkrfnv duh
dv|pphwulf/ wkh ixoo lqirupdwlrq vroxwlrq fdq eh lpsohphqwhg1

Lw pxvw eh vwuhvvhg wkdw zkhq zh uhihu wr d fhuwdlq �w|sh�/ zh duh qrw
uhihuulqj wr wkh lghqwlw| ri d sduwlfxodu frxqwu|/ vd| Lwdo| ru Jhupdq|/ exw wr
wkh vwdwh zklfk pd| rffxu zlwk srvlwlyh suredelolw| lq hyhu| frxqwu|1 Wklv lv
lpsruwdqw dv lw lpsolhv wkdw �uhsxwdwlrqdo� frqvlghudwlrqv zklfk pd| lqgxfh
wuxwkwhoolqj lq d uhshdwhg jdph/ sod| qr uroh1 Doo frxqwulhv duh lghqwlfdo/ dqg
dq| frxqwu| zkr kdsshqv wr eh lq vwdwh f pd| eh whpswhg wr olh1 Hyhq li
lw zhuh yhul�deoh/ d frxqwu|*v sdvw wuxvw0zruwklqhvv lv xvhohvv iru suhglfwlqj
ixwxuh wuxvwzruwklqhvv= qh{w wlph wkh oldu pd| eh vrph hovh1

Ohw Z
3

' iZn3c Znfc Z3fj ghqrwh wkh +frpprq, lq dwlrq udwh lq vwdwhv

En��c Efn�c Ef�� uhvshfwlyho|/ dqg �
3

' i� � �j ' i�n3c �3nc � f3c �nfc �3fc �nfj

ghqrwh wkh yhfwru ri wd{ udwhv vxjjhvwhg wr wkh frxqwu| zkr ghfoduhv vwdwh
� zkhq wkh rwkhu ghfoduhv �/ lq wkh vdph vwdwhv1 Wkh rswlpdo frqwudfw lv
wkhuhiruh wkh vroxwlrq wr wkh iroorzlqj sureohp=
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` EZ3fc � f3c f� � ` EZn3c �n3c f� EU��2� +57,

Wrjhwkhu/ wkh wzr LF frqvwudlqwv hqvxuh wkdw wuxwkixo uhyhodwlrq lv d grp0
lqdqw vwudwhj| 4<1 Zkhwkhu wkh rwkhu frxqwu| uhsruwv d errp +LF14, ru d
uhfhvvlrq +LF15,/ w|sh }hur pxvw dozd|v suhihu wr whoo wkh wuxwk1 Iru h{0
dpsoh/ lq wkh �uvw fdvh/ e| uhyhdolqj klv w|sh lw uhfhlyhv � fndqg vhljqrudjh
Zfn�EZfn�1 Kdg kh suhwhqghg wr eh lq uhfhvvlrq/ kh zrxog kdyh rewdlqhg
�3ndqg Zn3�EZn3�� LF15 kdv d vlplodu lqwhusuhwdwlrq531

Ghshqglqj rq wkh frqvxphuv* suhihuhqfhv wkhuh duh irxu srvvleoh fdvhv1
l, Qhlwkhu frqvwudlqw elqgv/ ll, rqo| wkh �uvw / ru lll, wkh vhfrqg elqgv/ ru

yl, erwk frqvwudlqwv elqg1 Zh jlyh dq lqwxlwlyh dqg judsklfdo looxvwudwlrq/
zkloh ohdylqj irupdo surriv iru wkh Dsshqgl{1

Ohw*v vwduw zlwk wkh fdvh zkhuh qrqh ri wkh frqvwudlqwv elqgv +zh ghqrwh
zlwk b� wkh pxowlsolhu dvvrfldwhg zlwk wkh l0wk frqvwudlqw,1

71414 Fdvh 4= Ixoo Lqirupdwlrq Eb� ' b2 ' f�

Lw lv wulyldo wr vkrz wkdw zkhq wkhuh duh qr lqfhqwlyhv wr olh/ wkh rswlpdo
frqwudfw xqghu dgyhuvh vhohfwlrq frlqflghv zlwk wkh ixoo lqirupdwlrq frqwudfw1

E| gh�qlwlrq/ doo wkh ixoo lqirupdwlrq doorfdwlrqv olh rq d uhdfwlrq ixqfwlrq/
vlqfh dw wkh frpprq lq dwlrq udwh+v,/ wd{ udwhv duh xqglvwruwhg +`� ' f�� Iru
h{dpsoh/ lq Iljxuh 7 wkh rswlpdo doorfdwlrq iru vwdwh +nc�, lv jlyhq e| srlqwv
D +iru wkh frxqwu| ghfodulqj d errp, dqg M +iru wkh frxqwu| lq uhfhvvlrq,1

Ohppd 9 Zkhq b� ' b2 ' f c � ��� ' � ��c Z��
� ' Z�� iru doo �c ��

Surri1 Lw iroorzv gluhfwo| iurp wkh i1r1f*v ri Sureohp +vhh Dsshqgl{,

71415 Fdvh 5= Zrunhuv* Hxursh Eb� : fc b2 ' f�

Frqvlghu qrz wkh fdvh lq zklfk LF4 lv elqglqj dqg LF5 lv qrw 1 Khuh w|sh f/
frqiurqwhg zlwk wkh ixoo lqirupdwlrq frqwudfw/ pd| suhwhqg wr eh lq uhfhvvlrq
zkhqhyhu +kh frqmhfwxuhv wkdw, wkh rwkhu frxqwu| kdv uhsruwhg d errp1 Kh

4<Dowhuqdwlyho| zh frxog kdyh fkrvhq wkh ohvv uhvwulfwlyh frqfhsw ri lqfhqwlyh frpsdwl0
elolw| iru ed|hvldq lpsohphqwdwlrq +vhh Od�rqw dqg Wluroh+4<<9,,1 Li dq htxloleulxp zlwk
grplqdqw vwudwhjlhv h{lvwv/ krzhyhu/ lw fohduo| dovr vdwlvi| wkh odwwhu frqfhsw/ zkloh wkh
frqyhuvh lv qrw wuxh1

53Zkhq o|lqj / xqghu wkh frqmhfwxuh wkdw wkh rwkhu uhsruwv d errp/ w|sh 3 zloo qhyhu
zdqw wr dovr uhsruw d errp/ vlqfh zh nqrz wkdw Z +�.3> �3.> 3, ? Z +�..> �..> 3,=
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grhv vr ehfdxvh kh suhihuv pruh lq dwlrq dqg d kljkhu sulpdu| gh�flw +l1h1
d orzhu lqfrph wd{ udwh, wr klv ixoo lqirupdwlrq doorfdwlrq1 Lq rughu wr kdyh
pruh vhljqrudjh dqg ohvv lqfrph wd{hv/ kh pxvw frqylqfh wkh HFE wkdw wkh
ryhudoo hfrqrplf vlwxdwlrq lv lqghhg zruvh wkdq dfwxdoo| lv1 Frqyhuvho|/ xqghu
wkh dvvxpswlrq wkdw wkh rwkhu frxqwu| kdv uhsruwhg d uhfhvvlrq/ w|sh 3 kdv
qr lqfhqwlyh wr olh/ dqg wkhuhiruh kh uhsruwv wkh wuxh vwdwh 31 E| uhsruwlqj wkh
wuxwk/ kh rewdlqv d uhodwlyho| ohvv uhvwulfwlyh prqhwdu| srolf|/ zkloh uhsruwlqj
d errp zrxog rqo| uhvxow lq orzhu lq dwlrq dqg kljkhu wd{hv/ zklfk kh glvolnhv
+LF5 grhv qrw elqg,1

Lq Iljxuh 7 / srlqw L uhsuhvhqwv wkh ixoo lqirupdwlrq doorfdwlrq E� fnc Zfn�
wkdw w|sh 3 rewdlqv e| uhsruwlqj klv wuxh vwdwh/ jlyhq wkdw wkh rwkhu frxqwu|
uhsruwv d errp 1 Fruuhvsrqglqj wr wkh frpprq lq dwlrq udwh Zfn/ srlqw N
/ rq wkh -n uhdfwlrq fxuyh/ jlyhv wkh wd{ udwh iru wkh frxqwu| uhsruwlqj wkh
errp / �nf� Dqdorjrxvo|/ srlqw M uhsuhvhqwv wkh ixoo lqirupdwlrq doorfdwlrq
E�3nc Zn3� wkdw d frxqwu| ghfodulqj d uhfhvvlrq rewdlqv +jlyhq wkdw wkh rwkhu
uhsruwv d errp,1 Lq wklv fdvh/ w|sh }hur suhihuv M wr L/ vlqfh wkh iruphu srlqw
olhv rq dq lqqhu lqgl�huhqfh fxuyh1 Khqfh wkh ixoo0lqirupdwlrq frqwudfw lv qrw
lqfhqwlyh frpsdwleoh1 Wkh Fhqwudo Edqn pxvw r�hu w|sh 3 d qhz frqwudfw/
vxfk dv L*/ wkdw pdnhv klp lqgl�huhqw ehwzhhq o|lqj E�3nc Zn3� � / srlqw M*/
dqg whoolqj wkh wuxwk / E� fnc Zfn�� / srlqw L*1

Wkhvh doorfdwlrq pxvw olh rq wkh vdph lqgl�huhqfh fxuyh ri w|sh 31 Vlqfh
wkh HFE qhhgv qrw glvwruw wkh �vfdo fkrlfhv ri w|sh 3 zkhq kh uhsruwv klv
wuxh vwdwh/ wkh doorfdwlrq iru wuxwkixo uhyhodwlrq L* pxvw olh rq wkh -f uhdfwlrq
fxuyh1 Qrwh wkdw dovr srlqw E vdwlv�hv wkh surshuw| ri ehlqj dw wkh lqwhuvhf0
wlrq ri wkh wzr lqgl�huhqfh fxuyhv dqg o|lqj rq -f� Krzhyhu/ zkloh w|sh }hur
lv fohduo| lqgl�huhqw ehwzhhq L* dqg E/ w|sh En� lv reylrxvo| pxfk zruvh r�
lq E wkdq lq L*/ vlqfh lq wkh iruphu doorfdwlrq prqhwdu| srolf| lv xqgxo| h{0
sdqvlrqdu| iru d frxqwu| h{shulhqflqj d errp1 Khqfh zh fdq uxoh rxw srlqw
E rq h!flhqf| jurxqgv1 Dv d frqvhtxhqfh/ zkhq w|shv Efcn� duh uhsruwhg/
wkh HFE dvvljqv L* wr wkh frxqwu| zkr uhsruwv fcdqg N* wr wkh frxqwu| wkdw
uhsruwv d errp 1 W|sh }hur lv ehwwhu r� zlwk uhvshfw wr wkh ixoo lqirupdwlrq
doorfdwlrq= lq dwlrq lv lqghhg kljkhu dqg wkh lqfrph wd{ orzhu1 Iru wkh vdph
uhdvrq/ w|sh En� lv zruvh r� wkdq lq ixoo lqirupdwlrq/ vlqfh N� lv pruh glv0
wdqw wkdq N iurp w|sh En� vhfrqg ehvw/ M1 Qrwh wkdw wkhuh lv qr qhhg wr
glvwruw wkh �vfdo fkrlfh ri wkh frxqwu| lq d errp/ dv kh kdv qr lqfhqwlyh wr
olh1 Wkhuhiruh dovr N* olhv rq klv uhdfwlrq fxuyh -n�

Lq rughu wr lqgxfh vhoi0uhyhodwlrq ri w|sh 3/ wkh doorfdwlrq ri wkh frxqwu|
wkdw +wuxwkixoo|, uhsruwv d uhfhvvlrq / E�3nc Zn3��c kdv ehhq glvwruwhg1 Lq
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idfw/ M*/ wkh qhz doorfdwlrq iru w|sh E��c zkhq w|shv Enc�� duh ghfoduhg/ olhv
wr wkh ohiw ri -31 Wklv phdqv wkdw zkhq dw wkh lq dwlrq udwh Zn3

�
lv vhohfwhg /

wkh frxqwu| lq uhfhvvlrq zrxog kdyh fkrvhq d wd{ udwh +rq -�� wkdw lv odujhu
wkdq wkh ydoxh �vxjjhvwhg� e| wkh HFE1 Wkh uhdvrq zk| wklv wd{ udwh pxvw
eh glvwruwhg grzqzdugv lv vlpsoh1 Uhfdoo +fi1 frqglwlrq +e, lq Ohppd 5,/
wkdw d frxqwu| lq uhfhvvlrq suhihuv d orzhu wd{ udwh wkdq d frxqwu| lq vwdwh
f� Wkhuhiruh d orzhu wd{ udwh lv d fuhgleoh vljqdo iru ehlqj lq uhfhvvlrq1 E|
vx!flhqwo| orzhulqj wkh wd{ udwh vxjjhvwhg iru w|sh +0,/ wkh HFE fdq eh vxuh
wkdw w|sh 3 lv ehwwhu r� e| uhsruwlqj wkh wuxh vwdwh1

Lq wkh �jxuh/ wkh udwh ri lq dwlrq lq vwdwh +nc�� lv kljkhu xqghu dgyhuvh
vhohfwlrq wkdq xqghu ixoo lqirupdwlrq1 Wklv/ krzhyhu/ lv qrw dozd|v wkh fdvh1
Lq wkh dsshqgl{ zh vkrz wkdw wkh h�hfw ri dv|pphwulf lqirupdwlrq lv wr
lqgxfh wkh HFE fkrrvh d udwh Zn3 wkdw lv forvhu wr 3*v suhihuhqfhv1 54

Lq vkruw/ lq wklv �Zrunhuv* Hxursh� fdvh/ w|sh f suhihuv pruh lq dwlrq dqg
ohvv lqfrph wd{hv/ dqg pd| wu| wr frqylqfh wkh HFE wkdw wkh ryhudoo hfrqrplf
vlwxdwlrq lv lqghhg zruvh wkdq dfwxdoo| lv/ e| uhsruwlqj d uhfhvvlrq1 Lq rughu
wr lqgxfh vhoi0uhyhodwlrq/ wkh ehvw wkdw wkh HFE fdq gr pdnh lq dwlrq forvhu
wr w|sh 3 suhihuhqfhv dqg vxjjhvw orzhu wd{ udwhv lq vwdwhv Efcn� dqg Enc���
Ilqdoo|/ uhfdoo wkdw w|sh 3 kdv qr lqfhqwlyh wr olh xqghu wkh suhvxpswlrq wkdw
wkh rwkhu jryhuqphqw uhsruwv d uhfhvvlrq +LF5 grhv qrw elqg,1 Dv d uhvxow/
wkh frqwudfw vshfl�hv wkh ixoo0lqirupdwlrq doorfdwlrqv lq wkh vwdwh Efc���Qrw
vxusulvlqjo|/ dv|pphwulf lqirupdwlrq uhgxfhv wrwdo zhoiduh1

Zh fdq vxppdul}h wkhvh uhvxowv lq wkh iroorzlqj

Sursrvlwlrq : Wkh vroxwlrq iru rswlpdo frqwudfw xqghu dgyhuvh vhohfwlrq lq
wkh fdvh zkhq rqo| LF4 lv elqglqj/b� : fc b2 ' f lv vxfk wkdw

l, Zfn
�

: Zfn ( Zn3
�

: Zn3 �ss `ZEZ
n3c �3nc f� : f(

ll, wkh wd{ udwhv iru w|sh }hur duh xqglvwruwhg dqg orzhu wkdq lq ixoo
lqirupdwlrq= �f�� 	 � f� sJo � ' nc� 1

lll, wkh wd{ udwh �3n lv glvwruwhg grzqzdugv/ �3n� 	 @h}4@ ` EZn3c �3nc 03�c
dqg wd{ udwhv iru wkh rwkhu w|shv idoo/ � ��� 	 � �� sJo � 9' � / �/ � ' nc�

yl, iru wkh vwdwh Efc��czkhuh LF4 grhv qrw elqg/ wkh frqwudfw vshfl�hv
wkh ixoo lqirupdwlrq doorfdwlrq/ Zf3� ' Zf3c �3f� ' �3f ( � f3� ' � f3�

54Lq sduwlfxodu/ �
.�

D
A �.� rffxuv zkhq w|sh }hur kdv vxfk vwurqj suhihuhqfhv iru

lq dwlrq dqg djdlqvw lqfrph wd{dwlrq/ wkdw hyhq zkhq kh lv dvvljqhg wkh ixoo lqirupdwlrq

wd{ udwh iru w|sh �> ��. / kh zrxog olnh wr udlvh lq dwlrq �.� dqg orzhu wd{dwlrq hyhq

ixuwkhu1 Wkdw lv/ �.�
D

A �.� li Z�+�
.�> ��.> 3, A 3 dqg ylfhyhuvd1
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Fruroodu| ; l, rq dyhudjh/ w|sh f jdlqv
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� : ` fnc ` f3

� ' ` f3

ll, ryhudoo/ dv|pphwulf lqirupdwlrq uhgxfhv wkh xqlrq*v h{shfwhg xwlolw|=
`� 	 `

71416 Fdvh 6= Edqnhuv* Hxursh Eb� ' fc b2 : f��

Wklv fdvh lv vlplodu wr wkh rqh dqdo|}hg deryh1 Khuh LF5 lv elqglqj zkloh
LF4 lv qrw1 Lq zrugv/ w|sh f suhihuv d orzhu udwh ri lq dwlrq dqg d kljkhu
lqfrph wd{ udwh uhodwlyho| wr lwv ixoo lqirupdwlrq doorfdwlrq1 Khqfh/ zkhqhyhu
kh frqmhfwxuhv wkdw wkh rwkhu frxqwu| kdv uhsruwhg d uhfhvvlrq/ kh suhwhqgv
wr eh lq d errp1Wklv fdvh lv shuihfwo| v|pphwulfdo wr rxu suhylrxv fdvh1

71417 Fdvh 7d= �Lqdfwlrq� lq Prqhwdu| Srolf| Eb2 : fc b� : f�

Zkhq erwk frqvwudlqwv elqg/ w|sh f lv dozd|v whpswhg wr olh +xqohvv kh
wklqnv wkdw dovr wkh rwkhu frxqwu| lv lq vwdwh f,� Khqfh/ zkhq kh frqmhfwxuhv
wkdw wkh rwkhu frxqwu| kdv uhsruwhg d uhfhvvlrq/ kh lv ehwwhu r� uhsruwlqj d
errp1 Zkhq wkh rssrqhqw lv wkrxjkw wr kdyh uhsruwhg d errp/ kh uhsruwv
d uhfhvvlrq1

Dv d frqvhtxhqfh/ wkh HFE lv frqiurqwhg zlwk wkh iroorzlqj glohppd=
zkhqhyhu Enc�� lv uhsruwhg/ lw frxog eh wkdw @, wkh wzr frxqwulhv duh erwk
vlqfhuh> K, wkh frxqwu| zkr dqqrxqfhv +n� lv o|lqj/ wkh wuxh vwdwh ehlqj
Efc��( S, wkh frxqwu| zkr dqqrxqfhv +�� lv o|lqj/ wkh wuxh vwdwh ehlqj
Enc f��Wkh sureohp khuh lv wkdw lw pd| eh yhu| frvwo| wr pdnh vhoi0uhyhodwlrq
vwulfwo| suhihuuhg e| w|sh 3/ vlqfh wklv pd| uhtxluh glvwruwlqj wkh doorfdwlrqv
ri wkh frxqwu| lq uhfhvvlrq dqg lq errp1 Iru wklv uhdvrq zh glvfxvv wzr
srvvleoh frqwudfwv551 Lq wkh �uvw rqh/ wkh HFE dlpv dw wuxwkixo uhyhodwlrq ri
lqirupdwlrq1 Lq wkh vhfrqg/ wkh HFE dfnqrzohgjhv wkdw vwulfw vhsdudwlrq lv
wrr frvwo| / dqg wkhuhiruh dlpv dw pdnlqj w|sh 3 lqgl�huhqw ehwzhhq wuxwk
whoolqj dqg o|lqj +wkxv dfklhylqj vhsdudwlrq lq d zhdnhu vhqvh,1 Lq erwk fdvhv/
zh jhw wkh uhvxow ri �lqdfwlrq�= prqhwdu| srolf| ehfrphv lqvhqvlwlyh wr wkh
vwdwh ri wkh hfrqrp|/ dqg wrr olwwoh vprrwklqj lv grqh yld lq dwlrq1 Wkh wzr
frqwudfwv/ krzhyhu/ gl�hu lq rqh lpsruwdqw uhvshfw= qdpho| wkdw lq wkh �uvw

55Zh wkdqn Slhu Sdror Edwwljdool iru udlvlqj wklv srlqw lq glvfxvvlrqv1
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rqh lq dwlrq lv glvwruwhg dzd| iurp wkh h{wuhph +yhu| kljk2orz, lq dwlrq
udwhv/ zkloh lq wkh vhfrqg wrzdugv wkhp 1 Ohw*v vwduw iurp wkh �uvw vroxwlrq1

Dv lq wkh suhylrxv fdvhv/ wkh HFE pdnhv w|sh }hur xqzloolqj wr olh e|
glvwruwlqj w|sh n dqg � doorfdwlrqv/ vhh Iljxuh 81 Lq sduwlfxodu/ lq vwdwh
Efcn�c w|sh }hur/ zkr dlpv dw udlvlqj lq dwlrq/ pxvw eh suhyhqwhg iurp
ghfodulqj d uhfhvvlrq1 Wkh HFE pxvw lqfuhdvh Zfn iurp wkh ixoo lqirupd0
wlrq doorfdwlrq/ srlqw I/ xs wr srlqw G/ dorqj w|sh }hur uhdfwlrq fxuyh1 Wklv
ohdyhv w|sh }hur lqgl�huhqw ehwzhhq wuxwk whoolqj +G, dqg suhwhqglqj wr eh
srru +srlqw E,1 Lq idfw srlqwv G dqg E olh rq wkh vdph lqgl�huhqfh fxuyh ri
w|sh }hur1 Dv ehiruh/ wkh HFE dfklhyhv vhoi0uhyhodwlrq ri wkh frxqwu| lq uhfhv0
vlrq glvwruwlqj �3n grzqzdugv +srlqw E idoov wr wkh ohiw ri U3,1 Djdlq/ wkh
zloolqjqhvv wr orzhu wkh wd{ udwh lv d fuhgleoh vljqdo ri uhfhvvlrq1 Vlploduo|/ lq
vwdwh Efc�� wkh HFE pxvw suhyhqw w|sh }hur/ zkr dlpv dw orzhulqj lq dwlrq/
iurp uhsruwlqj d errp1 Wkhuhiruh vkh lqghhg orzhuv Zf3 iurp srlqw J wr
srlqw F/ dorqj w|sh }hur uhdfwlrq fxuyh/ zkloh vhoi0uhyhodwlrq ri wkh frxq0
wu| lq errp lv dfklhyhg e| glvwruwlqj �n3 xszdugv/ wr srlqw D1 Djdlq/ e|
frqvwuxfwlrq/ w|sh 3 lv lqgl�huhqw ehwzhhq fruuhfwo| uhsruwlqj klv wuxh vwdwh
dqg ehlqj dvvljqhg wkh +xqglvwruwhg, doorfdwlrq F/ dqg o|lqj e| uhsruwlqj d
errp/ zklfk lqghhg |lhog orzhu lq dwlrq/ lq D/ exw uhtxluhv klp wr vhw dq
lqh!flhqwo| kljk wd{ udwh1

Dv d uhvxow/ frpsduhg zlwk ixoo lqirupdwlrq/ lq dwlrq udwhv lq vwdwhv +fcn�
dqg Efc�� duh �vtxhh}hg� wrzdugv wkh plggoh/ zkloh wd{ udwhv iru wkh frxqwu|
lq errp dqg lq uhfhvvlrq/ duh / uhvshfwlyho| orzhuhg +iurp H wr H*, dqg udlvhg
+iurp V wr V*,1 Wrr olwwoh glvwruwlrq vprrwklqj lv grqh e| prqhwdu| dqg �vfdo
srolf| lq wkhvh vwdwhv1 Lq rughu wr dfklhyh vhoi0vhohfwlrq/ krzhyhu/ zkhq wkh
wzr frxqwulhv h{shulhqfh wkh prvw dv|pphwulf vkrfnv lq +nc�� wkh wd{ udwh
ri wkh frxqwu| lq errp lv glvwruwhg xszdug +wr srlqw D,/ dqg wkdw ri wkh
frxqwu| lq uhfhvvlrq grzqzdug +wr srlqw E,1

Fohduo|/ w|sh }hur lv ehwwhu r� zlwk uhvshfw wr wkh ixoo lqirupdwlrq door0
fdwlrq1 Frqyhuvho|/ frxqwulhv lq uhfhvvlrq ru lq errp duh zruvh r�1 Lq wkh

Dsshqgl{ zh suryh wkh iroorzlqj

Sursrvlwlrq < Wkh vroxwlrq iru rswlpdo frqwudfw xqghu dgyhuvh vhohfwlrq lq
wkh fdvh zkhq erwk LF4 dqg LF5 duh elqglqj/b� : fc b2 : f lv vxfk wkdw lq
vwdwhv +3/., dqg +3/0,

l, lq dwlrq lv forvhu wr wkdw suhihuuhg e| w|sh }hur/ Zfn� : Zfn ( Zf3� 	 Zf3

ll, wkh wd{ udwhv iru w|sh }hur duh xqglvwruwhg �f�� ' @h}4@ ` EZf�c � f�c f�c
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� ' nc� dqg duh forvhu wr klv wkh vhfrqg ehvw/ � fn� 	 � fnc �f3� : �f3

lll, lq vwdwh +./0,/ wkh wd{ udwh ri wkh frxqwu| lq uhfhvvlrq lv glvwruwhg
grzqzdugv/ �3n� 	 @h}4@ ` EZn3c �3nc 03�c dqg wkdw ri wkh frxqwu| lq
errp lv glvwruwhg xszdugv �n3� : @h}4@ ` EZn3c �n3c 0n�

Fruroodu| 43 l, w|sh f jdlqv/` fn

�
: ` fnc ` f3

�
: ` f3c

dqg w|shv nc� orrvh/`nf
� 	 ` fnc `3f

� 	 `3f

ll, ryhudoo/ dv|pphwulf lqirupdwlrq uhgxfhv wkh xqlrq*v h{shfwhg xwlolw|=
`� 	 `

71418 Fdvh 7e= Dq dowhuqdwlyh Frqwudfw

Wkh HFE pd| �qg wkdw wkh suhylrxv srolf| wkdw dlpv dw vwulfw vhsdudwlrq
lv wrr frvwo|1 Vkh pd| wkhuhiruh eh zloolqj wr frqwhqw khuvhoi zlwk pdnlqj
w|sh 3 lqgl�huhqw ehwzhhq wuxwk whoolqj dqg o|lqj/ wkxv dfklhylqj vhsdudwlrq
lq d zhdnhu vhqvh1 Dv ehiruh wklv frqwudfw pdnhv lq dwlrq ohvv uhvsrqvlyh wr
wkh f|foh1 Lqwhuhvwlqjo|/ krzhyhu/ lq dwlrq qrz ehfrphv pruh eldvhg wrzdugv
wkh h{wuhphv/ lq wkh vhqvh ri ehlqj wdloruhg iru wkh qhhgv ri wkh frxqwulhv lq
wkh yhu| edg ru lq wkh yhu| jrrg vwdwhv1 Lqwxlwlyho|/ zkhq wkh HFE jlyhv xs
wkh remhfwlyh ri vwulfw vhoi0uhyhodwlrq ri w|sh 3/ wkhuh lv qr qhhg wr jlyh klp
uhqwv1 Dw wkh frqwudu|/ w|sh }hur lv wkh rqh zkr lv shqdol}hg iru +srwhqwldoo|,
lqwurgxflqj �qrlvh� lqwr wkh v|vwhp1

Irupdoo|/ wkh HFE pd{lpl}hv +56, vxemhfw wr +57, kroglqj zlwk htxdolw|1
E| vxevwlwxwlqj wkh frqvwudlqwv lqwr wkh remhfwlyh ixqfwlrq/ lw lv hdv| wr vhh
wkdw/ zkhq wkh vwdwh Enc�� lv uhsruwhg/ wkh HFE vlpso| dvvljqv htxdo sured0
elolwlhv wr wkh hyhqwv lq d,0f, deryh1 Wkh rswlpdo lq dwlrq udwh Zn3� pd{lpl}hv
h{shfwhg xwlolw| lq wklv vhqvh +fi1 htxdwlrq +69, lq wkh Dsshqgl{,1Wklv odvw
fdvh lv looxvwudwhg lq Iljxuh 91

Srlqw I uhsuhvhqw wkh ixoo lqirupdwlrq doorfdwlrq ghvljqhg iru w|sh 3 lq
vwdwh +3/.,1 Wkh dv|pphwulf lqirupdwlrq frqwudfw lv irxqg lq wklv zd|1 Zkhq
w|sh f frqmhfwxuhv wkdw wkh rwkhu uhsruwv d errp/ kh pxvw eh lqgl�huhqw
ehwzhhq uhsruwlqj wkh wuxh vwdwh Efcn�cdqg jhwwlqj srlqw D +ru D*, dqg
uhsruwlqj d uhfhvvlrq E�cn�/ dqg ehlqj dvvljqhg srlqw ]1 Khqfh wkh HFE
orzhuv Zfn iurp I wr srlqw D +ru D*,1

AIurp wkh �uvw rughu frqglwlrq lw lv hdv| wr vkrz wkdw wkh doorfdwlrq iru
wkh srru lq vwdwh +./0,/ srlqw ]/ olhv ehwzhhq -f dqg -3c vr wkdw wkh wd{ udwh
iru wkh frxqwu| lq uhfhvvlrq lv qrz glvwruwhg xszdugv1
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Vlploduo|/ srlqw J uhsuhvhqw wkh ixoo lqirupdwlrq doorfdwlrq iru w|sh 3
lq vwdwh +3/0,1 Zlwk wkh qhz frqwudfw/ w|sh 3 pxvw eh lqgl�huhqw ehwzhhq
uhsruwlqj wkh wuxwk lq vwdwh Efc��c srlqw [ +ru [*,/ dqg uhsruwlqj d errp/
+./0,/ |lhoglqj dq doorfdwlrq vxfk dv \1 Wkxv lq vwdwh +3/0, wkh HFE udlvhv
wkh lq dwlrq udwh iurp J wr [ 1

Lw lv hdv| wr vkrz wkdw \/ wkh doorfdwlrq ghvljqhg iru wkh frxqwu| lq errp
lq vwdwh Enc��/ pxvw olh wr wkh ohiw ri -nEvhh wkh Dsshqgl{,1Khqfh wkh wd{
udwh iru wkh frxqwu| lq errp lv glvwruwhg grzqzdugv1

Zh qrz qhhg wr slq grzq wkh udwhv ri lq dwlrq lq wkh vwdwhv zkhuh w|sh
}hur lv whpswhg wr olh/Z3f

�
c Zfn
�
� Lw fdq eh vkrzq wkdw zkhq +0c f� lv uhsruwhg /

wkh HFE fkrrvhv wkh lq dwlrq udwh suhihuuhg e| w|sh E��= Z3f� ' Z33� E' Z33�
/ dqg doorzv klp wr lpsohphqw klv vhfrqg ehvw wd{ udwh �3f� ' �33� E' �33�
+srlqw O rq U3 ,1 Vlploduo|/ zkhq vwdwh Enc f� lv uhsruwhg / wkh HFE fkrrvhv
wkh lq dwlrq udwh suhihuuhg e| En�= Znf� ' Znn� E' Znn� dqg doorzv klp wr
lpsohphqw klv vhfrqg ehvw wd{ udwh �nf

�
' �nn

�
E' �nn� +srlqw K rq Un,1

Wklv srolf| shqdol}hv w|sh f lq wzr zd|v= wkh lq dwlrq udwhv Zfn dqg Zf3

duh eldvhg dzd| iurp Zffc dqg klv �vfdo fkrlfhv duh glvwruwhg +� f� c � ' nc�
duh r� wkh uhdfwlrq fxuyh U3,1 Uhqwv duh uhglvwulexwhg wr wkh frxqwu| lq errp
dqg uhfhvvlrq zkrvh vhfrqg ehvw lv lpsohphqwhg zkhqhyhu wkh rwkhu frxqwu|
uhsruwv vwdwh }hur1

Vlploduo| wr wkh suhylrxv frqwudfw/ wrr olwwoh vprrwklqj lv grqh e| lq dwlrq
dqg wd{dwlrq/ dv Z dqg � ehfrph ohvv vhqvlwlyh wr wkh xqlrq hfrqrplf frqgl0
wlrqv EZ3f� ' Z33� c Znf� ' Znn� c �f3 ' �33c � fn ' �nn�1 Krzhyhu/ prqhwdu|
dqg �vfdo srolf| duh qrz eldvhg wrzdugv wkh h{wuhphv= wkh| ehfrph �yhu|
orrvh� lq vwdwh Efc�� c �yhu| uhvwulfwlyh� lq vwdwh Efcn��

Fohduo| wklv frqwudfw/ li lpsohphqwhg 56 zloo dpsoli| wkh exvlqhvv f|foh
shdnv dqg wurxjkv1

Zh vxppdul}h wkh uhvxowv iru wklv fdvh lq wkh iroorzlqj sursrvlwlrq=

Sursrvlwlrq 44 Wkh vroxwlrq iru rswlpdo frqwudfw xqghu dgyhuvh vhohfwlrq
zkhq erwk frqvwudlqwv duh elqglqj +b�c b2 : f� dqg wkh HFE dlpv dw pdnlqj
w|sh 3 lqgl�huhqw ehwzhhq o|lqj dqg wuxwkwhoolqj lv vxfk wkdw l, wkh frxqwu|
zkr uhsruwv hlwkhu d errp ru d uhfhvvlrq/ zkloh wkh rwkhu uhsruwv 3/ jhwv lwv
prvw suhihuuhg doorfdwlrq/

Z3f
�

' Z33 : Z3f> �3f
�

' �33 	 �3f

56Wklv frxqwudfw zloo eh lpsohphqwhg zkhqhyhu lw dwwdlqv d ohyho ri zhoiduh odujhu wkdq

wkdw rewdlqhg e| wkh frqwudfw ghvfulehg lq vhfwlrq 7d1
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Znf� ' Znn 	 Zfn( �nf� ' �nn : �nf

ll, lq vwdwh En�� wkh wd{ udwh iru wkh frxqwu| lq errp +uhfhvvlrq, lv
glvwruwhg grzqzdugv +xszdugv,

�n3� 	 @h}4@ ` EZn3c �n3c 0n�c �3n� : @h}4@ ` EZ3nc �3nc 03�
Surri1 vhh dsshqgl{

Fruroodu| 45 l, w|shvEn� dqg E�� jdlq dw wkh h{shqvhv ri w|sh 3

`nf
� : `nfc `3f

� : ` f3c
` f3

�
	 ` f3c ` fn

�
	 ` fn

ll, ryhudoo zhoiduh lv uhgxfhg zlwk uhvshfw wr ixoo lqirupdwlrq
`� 	 `

8 Frqfoxvlrqv

Rxu dqdo|vlv vkrzv wkdw ghohjdwlrq ri prqhwdu|/ exw qrw �vfdo/ srolf| wr
d vxsud0qdwlrqdo erg| pd| udlvh wkh lqfhqwlyhv wr pdqlsxodwh lqirupdwlrq
e| qdwlrqdo srolf|0pdnhuv1 Dv|pphwulf vkrfnv fuhdwh d frq lfw ri lqwhuhvw
ehwzhhq uhvlghqwv ri sduwlflsdwlqj frxqwulhv1 D frxqwu| lq uhfhvvlrq pd|
idyru pruh lq dwlrq vr dv wr eh deoh wr orzhu wkh lqfrph wd{ udwh dqg wr
errvw rxwsxw/ zkloh d frxqwu| lq errp pd| suhihu h{dfwo| wkh rssrvlwh1 Lq
wxuq/ vxfk frq lfw jlyhv ulvh wr dq dgyhuvh vhohfwlrq sureohp1

Jlyhq wkh fxuuhqw xqhpsor|phqw udwh lq Hxursh/ rqh pd| wklqn wkdw wkh
pruh uhohydqw ulvnv olh rq wkh vlgh ri h{fhvvlyh lq dwlrq dqg sulpdu| gh�flwv
+Zrunhuv* Hxursh,1 Iru wklv fdvh/ rxu dqdo|vlv vkrzv wkdw wkh wudgh0r� eh0
wzhhq lq dwlrq dqg vwdelol}dwlrq zruvhq lq HPX1 Qrw rqo| prqhwdu| srolf|
fdqqrw eh wdloruhg wr hdfk frxqwu| lqglylgxdo qhhgv/ exw lw fdqqrw eh wdloruhg
wr wkh dyhudjh qhhgv ri phpehu frxqwulhv/ hlwkhu1 Dv orqj dv dv|pphwulf lq0
irupdwlrq lv suhvhqw/ rswlpdo prqhwdu| srolf| lv olnho| wr ehfrph glvwruwhg
wrzdugv h{fhvvlyh lq dwlrq dqg wrzdugv wrohudwlqj �vfdo lpedodqfhv iru frxq0
wulhv lq uhfhvvlrq1

Wkh �vwdelolw| dqg jurzwk� sdfw fdq eh ylhzhg dv dq dwwhpsw wr sxw
frqvwudlqwv rq �vfdo srolf|/ vr dv wr suhyhqw prqhwl}dwlrq ri sxeolf gh�flwv1
Wklv djuhhphqw lpsolflwo| dvvxphv wkdw fdxvdolw| uxqv iurp h{fhvvlyh gh�flwv
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wr lq dwlrq1 Li rxu lqwhusuhwdwlrq lv fruuhfw/ krzhyhu/ wkh dujxphqw lv xsvlgh
grzq1 Qdwlrqdo jryhuqphqwv pd| eh deoh wr uxq h{fhvvlyh gh�flwv/ dv d
frqvhtxhqfh ri wkhlu delolw| wr sxvk iru h{fhvvlyh lq dwlrq/ dqg qrw wkh rwkhu
zd| urxqg1

Wkh dqdo|vlv kljkoljkwv dqrwkhu pdmru ulvn iru HPX1 Zkhq wkhuh duh
suhihuhqfhv iru d vwdeoh udwh ri lq dwlrq/ lqirupdwlrqdo sureohpv ehfrph sdu0
wlfxoduo| vhyhuh1 Dv d frqvhtxhqfh/ prqhwdu| dqg �vfdo srolf| ehfrphv uhod0
wlyho| lqvhqvlwlyh wr exvlqhvv f|foh frqglwlrqv/ vr wkdw wrr olwwoh �vprrwklqj�
lv grqh e| lq dwlrq1 Wklv pd| uhvxow lq wzr gl�huhqw vfhqdulrv1 Lq rqh / prq0
hwdu| srolf| ehfrphv lqdfwlyh dqg wkh udwh ri lq dwlrq lv nhsw dssur{lpdwho|
frqvwdqw ryhu wkh exvlqhvv f|foh1

Vxusulvlqjo|/ dv|pphwulf lqirupdwlrq pd| dovr ohdg wkh HFE dqg qdwlrqdo
jryhuqphqw wr fkrrvh vxe0rswlpdo vwdelol}dwlrq e| rvfloodwlqj ehwzhhq shul0
rgv ri vhyhuh gh dwlrq +vwrs,/ h{wuhph h{sdqvlrqv +jr,/ srvvleo| djjudydwlqj
exvlqhvv f|foh shdnv dqg wkurxjkv1

9 Uhihuhqfhv

Djhoo/ M1 O1Fdopiruv dqg J1Mrqvvrq/+4<<9, �Ilvfdo Srolf| zkhq Prqhwdu|
srolf| lv wlhg wr wkh pxvw�/ Hxurshdq Hfrqrplf Uhylhz

Eduur/Urehuw M1 dqg Gdylg Jrugrq +4<;6, � D Srvlwlyh Wkhru| ri Prq0
hwdu| Srolf| lq d Qdwxudo udwh Prgho�/ Mrxuqdo ri Srolwlfdo Hfrqrp| <4/7

Elql Vpdjkl/O1 dqg V1Yrul/+4<<6, � Udwlqj wkh HF dv dq Rswlpdo Fxu0
uhqf| Duhd�/ Whpl gl glvfxvvlrqh ghood Edqfd g*Lwdold

Erugljqrq/P1/ S1Pdqdvvh dqg J1Wdehoolql +4<<9,/�Rswlpdo Uhjlrqdo Uh0
glvwulexwlrq xqghu Dv|pphwulf Lqirupdwlrq�/ FHSUGlvfxvvlrq Sdshu q1476:

Erwwd}}l / O1 dqg S1Pdqdvvh/+4<<9,�Zrunhuv* yhuvxv Edqnhuv* Hxursh +LL,=
Srolf| H{whuqdolwlhv dqg Fuhglelolw| lq HPX� plphr

Eurflqhu/ D1 dqg Sdxo Ohylqh/+4<35, �Ilvfdo Srolf| Frruglqdwlrq dqg
HPX= d G|qdplf Jdph Dssurdfk�FHSU zrunlqj Sdshuq196<

Ihhqvwud/Urehuw +4<;9,/� Ixqfwlrqdo Htxlydohqfh ehwzhhq Oltxlglw| Frvwv
dqg wkh Xwlolw| ri Prqh|� Mrxuqdo ri Prqhwdu| Hfrqrplfv

Ixghqehuj G1 dqg M1Wluroh +4<<4,
Jldyd}}l/I1+4<<6,/�Od Vshvd Rffxowd ghoor Vwdwr�/ Lo Pxolqr/q157:

Khoj U1/S1Pdqdvvh/W1Prqdfhool dqg U1Uryhool/+4<<8,� Krzpxfk +D,v|pphwu|
lq HxurshB Hylghqfh iurp Lqgxvwuldo Vhfwru�/ Hxurshdq Hfrqrplf Uhylhz/yro16</q18/Pd|
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Mhqvhq/ K1/+4<<7, �Orvv ri prqhwdu| glvfuhwlrq lq d vlpsoh g|qdplf Srolf|
Jdph�/Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro 4;

Od�rqw M1M1 dqg M1Wluroh+4<<9,/ �D Wkhru| ri Lqfhqwlyh lq Surfxuhphqw
dqg Uhjxodwlrq� PLW Suhvv

Revwihog P1+4<<9,/�Prghov ri Fxuuhqf| Fulvhv zlwk Vhoi0ixo�oolqj ihd0
wxuhv�/Hxurshdq Hfrqrplf uhylhz 73/ Dsulo

Shuvvrq/W1 dqg J1Wdehoolql/+4<<7,�Wkh srolwlfv ri 4<<5= Ilvfdo srolf| dqg
Hxurshdq Lqwhjudwlrq�/ Uhylhz ri Hfrqrplf Vwxglhv/ 8<+5,

Vwrfn/ M1K1 dqg P1Z1Zdwvrq/ +4<;;,/�Whvwlqj iru Frpprq Wuhqgv�/
Mrxuqdo ri Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ ;6 / s43<:0443:
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: Dsshqgl{

:14 Surriv iru Vhfwlrq 6

Surri ri Ohppd 615= Wrwdoo| gl�huhqwldwlqj � zlwk uhvshfw wr Z dqg

e zh rewdlq A.
Z EZc e� ' �M}}�E� � 0�

�
M}}Eun e�E�� #�� #

�

E�3#�2

�
3�

dqg

A.
e EZc e� ' E #

e

E�3#�2
�M}}��

�
M}}Eun e�E�� #�� #

�

E�3#�2

�
3�

Wkh vhfrqg whup lq sduhqwkhvlv lq erwk h{suhvvlrqv lv qhjdwlyh1 Vlqfh
M}} 	3 / A

.
Z EZc e� 	 f�Surylghg #e*E�� #�2 	 M}}� wkhq A.

e EZc e� : f�

Surri ri Ohppd 616= Wkh I1R1F1 iurp wkh pd{lpl}dwlrq surjudp
lpsolhv dM} nM}Wo *2 ' E� � 0EZ��3� �Wrwdoo| gl�huhqwldwlqj wklv h{suhvvlrq
wkh h�hfw ri wkh vkrfn rq wkh rswlpdo Z fdq eh ghulyhgG _Z

_e
' �e '

E�*2�M}} d� n E�� #�Eun e�Aeo E
0Z

E�30�
�3��Wkh kljkhu wkh ydoxh ri wkh vkrfn

wkh orzhu wkh rswlpdo udwh ri jurzwk ri prqh|1 Lq sduwlfxodu/ zkhq e 	
eWc } 	 }W�Khqfh M} : M}W dqg M} :

M}WnM}

2
: M}W� Vlqfh

�
E�30EZ��

lv frqyh{

lq Z wkh rswlpdo �.Eec eW� lv forvhu wr wkh udwh ri prqh| jurzwk zklfk lv
rswlpdo iru wkh frxqwu| h{shulhqflqj wkh orzhvw vkrfn1

:15 Surri iru Vhfwlrq 71

Wkh rswlpdo frqwudfw lv irxqg e| pd{lpl}lqj wkh ixqfwlrq =

d` EZn3c �n3c 0n� n` EZn3c �3nc 03�o n
` EZnfc �nfc 0n� n` EZnfc �nfc f� n` EZ3fc � f3c f� n` EZ3fc �3fc 03�n

b�d` EZnfc � fnc f��` EZn3c �3nc f�o n b2d` EZ3fc � f3c f��` EZn3c �n3c f�o
+58,

zlwk uhvshfw wr iZn3c Znfc Z3fc �n3c �3nc �f3c �nfc �3fc �nfj czkhuh b� lv wkh
pxowlsolhu dvvrfldwhg zlwk wkh LFl0wk frqvwudlqw +l@4/5,1

Wkh I1R1F1 ehfrphv=

Yu

YZn3
'

k
`ZEZ

n3c �n3c 0n� n`ZEZ
n3c �3nc 03�

l
� b�`ZEZ

n3c �3nc f��

�b2`ZEZ
n3c �n3c f� ' f +59,

Yu

YZnf
' d`ZEZ

nfc �nfc 0n� n`ZEZ
nfc �fnc f�o n b�`ZEZ

nfc � fnc f� ' f+5:,

Yu

YZ3f
'

k
`ZEZ

3fc � f3c f� n`ZEZ
3fc �3fc 03�

l
n b2`ZEZ

3fc �f3c f� ' f+5;,
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Yu

Y�n3
' `�EZ

n3c �n3c 0n�� b2`�EZ
n3c �n3c f� ' f +5<,

Yu

Y�3n
' `�EZ

n3c �3nc 03�� b�`�EZ
n3c �3nc f� ' f +63,

Yu

Y� f3
' `�EZ

3fc � f3c f� n b2`�EZ
3fc � f3c f� ' f +64,

Yu

Y�3f
' `�EZ

3fc �3fc 03� ' f +65,

Yu

Y� fn
' `�EZ

nfc � fnc f� n b�`�EZ
nfc � fnc f� ' f +66,

Yu

Y�nf
' `�EZ

nfc �nfc 0n� ' f +67,

:1514 Fdvh 5= Zrunhuv* Hxursh Eb� : fc b2 ' f�

Khuh rqo| LF4 elqgv/ wkdw lv wr vd|/ zkhq wkh rwkhu frxqwu| ghfoduh n/ w|sh
}hur lv ehwwhu r� suhwhqglqj wr eh +���Iurp htxdwlrq +5<, dqg +64,0+67,
lw lv hdv| wr vhh wkdw �n3 dv zhoo dv wkh wd{ udwhv wkdw duh dvvljqhg zkhq
rqh frxqwu| dqqrxqfhv d }hur vkrfn/ �f3c �3fc �fnc �nfc olh rq wkh dssursuldwh
uhdfwlrq ixqfwlrqv1 Khqfh/ jlyhq Zc wkh| duh �rswlpdo� ru �xqglvwruwhg�1

Pruhryhu/ iurp +5:, dqg wkh idfw wkdw �f3c �3f duh xqglvwruwhg/ lw iroorzv
wkdw lq wkh vwdwh Efc�� zkhuh w|sh 3 kdv qr lqfhqwlyh wr olh/ wkh vroxwlrqv
zlwk dgyhuvh vhohfwlrq +vxevfulsw D, dqg ixoo lqirupdwlrq frlqflgh=

Z3f� ' Z3f +68,

� f3
�

' � f3c �3f ' �3f

Frqvlghu qrz htxdwlrq +5:, 1 Wklv fdq eh uhzulwwhq dv

`ZEZ
nfc �fnc f� n`ZEZ

nfc �nfc 0n� ' �b�`ZEZ
nfc � fnc f� +69,

AIurp Znf 	 Zff dqg wkh idfw wkdw � fnlv fkrvhq rswlpdoo|/ lw iroorzv wkdw
`ZEZ

nfc �fnc f� : f/ vr wkdw wkh u1k1v ri wkh odvw htxdwlrq lv qhjdwlyh1 Vlqfh
wkh o1k1v hydoxdwhg lq wkh ixoo lqirupdwlrq htxdov }hur +dqg iurp `ZZ 	 f�c
zh frqfoxgh wkdw

Znf
�

: Znf

Lq wxuq/ wklv lpsolhv wkdw wkh fruuhvsrqglqj wd{ udwhv/ zklfk duh irxqg
rq wkh dssursuldwh uhdfwlrq fxuyhv/ vdwlvi|
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�nf
�

	 �nf

�fn
�

	 �fn

Wkh lqwxlwlrq ri wkhvh uhvxowv lv vwudljkwiruzdug= lq rughu wr suhyhqw w|sh
3 wr olh/ lq vwdwh +3/.,/ zh pdnh klp lqgl�huhqw e| jlylqj klp dq doorfdwlrq
zkhuh Z lv pruh h{sdqvlrqdu|/ l1h1 forvhu wr wkh ydoxh ghvluhg e| wkh frxqwu|1
Lq vr grlqj zh shqdol}h w|sh n zkr qrz h{shulhqfhv d pruh h{sdqvlrqdu|
prqhwdu| srolf| dqg d orzhu �vfdo exughq1

Ilqdoo| / frqvlghu wkh doorfdwlrq ghvljqhg iru wkh srru lq vwdwh E�cn�/
EZn3� c �3n� �� Iurp wkh LF4 frqvwudlqw/ w|sh f pxvw eh lqgl�huhqw ehwzhhq
whoolqj wkh wuxwk +wkdw |lhogv +Znf� c � fn� �� dqg suhwhqglqj wr eh srru +uhvxowlqj
lq EZn3

�
c �3n

�
��� Wklv vd|v wkdw dw EZn3

�
c �3n

�
�cerwk iru wkh �wuxh� w|sh +��

dqg iru wkh }hur w|sh/ d vpdoo lqfuhdvh lq wkh wd{ udwh pxvw fkdqjh zhoiduh
lq wkh vdph gluhfwlrq= l1h1

r}? `�EZ
n3c �3nc 03� ' r}?`�EZ

n3c �3nc f��
Judsklfdoo|/ wklv phdqv wkdw wkh htxloleulxp wd{ udwh �3n� pxvw eh irxqg

hlwkhu wr wkh ohiw ru wr wkh uljkw ri erwk f�r dqg ��r Uhdfwlrq ixqfwlrqv1
Krzhyhu/ rxu suhylrxv glvfxvvlrq rq lqgl�huhqfh fxuyhv lpsolhv wkdw d, li wzr
lqwhuvhfwlrqv rffxu/ rqo| lq rqh ri wkhp wkh vorsh ri wkh lqgl�huhqfh fxuyhv lv
frqfrugdqw/ e, wkh lqwhuvhfwlrq zkhuh wkh lqgl�huhqfh fxuyhv kdyh frqfrugdqw
vorsh rffxuv rqo| wr wkh ohiw uljkw ri wkh uhdfwlrq ixqfwlrqv/ d srlqw vxfk dv M*1
Iurp +59,/ zh nqrz wkdw wkh �uvw wzr whupv/ hydoxdwhg dw wkh ixoo lqirupdwlrq
doorfdwlrq/ pxvw vxp wr }hur1 Li b� : fc b2 ' f/ wkhq `ZEZ

n3c �3nc f� : f
lpsolhv wkdw Zn3� : Zn31 Wklv frpsohwhv wkh surri ri Sursrvlwlrq :`� 	 `

:1515 Fdvh 7= Lqdfwlrq dqg H{wuhplvp Eb2 : fc b� : f�

Dv h{sodlqhg lq wkh wh{w/ zh orrn dw wkh fdvh zkhuh erwk frqvwudlqwv elqg
zlwk vwulfw htxdolw|1 Diwhu vxevwlwxwlqj wkhvh frqvwudlqwv lqwr +58,/ wkh IRF*v
iru wklv fdvh ehfrphv =

Yu

YZn3
' `ZEZ

n3c �n3c 0n� n`ZEZ
n3c �3nc 03� n`ZEZ

n3c �3nc f�

n`ZEZ
n3c �n3c f� ' f +6:,

Yu

YZnf
' `ZEZ

nfc �nfc 0n� ' f +6;,
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Yu

YZ3f
' `ZEZ

3fc �3fc 03� ' f +6<,

Yu

Y�n3
' `�EZ

n3c �n3c 0n� n`�EZ
n3c �n3c f� ' f +73,

Yu

Y�3n
' `�EZ

n3c �3nc 03� n`�EZ
n3c �3nc f� ' f +74,

Yu

Y�3f
' `�EZ

3fc �3fc 03� ' f +75,

Yu

Y�nf
' `�EZ

nfc �nfc 0n� ' f � +76,

d` EZnfc � fnc f� ' ` EZn3c �3nc f�o +77,

d` EZ3fc � f3c f� ' ` EZn3c �n3c f�o +78,

Frqglwlrqv +6;,dqg +76, vd| wkdw lq vwdwh +nc f�c w|shn lv jlyhq klv vhfrqg
ehvw doorfdwlrq/ vr wkdw

Znf
�

' Znn 	 Znf

�nf
�

' �nn : �nf

AIurp +6<,dqg+75, wkh vdph krogv iru w|sh � lq vwdwh E�c f� G

Z3f
�

' Z33 : Znf

�3f� ' �33 	 �3f

Ilqdoo|/ wkh �uvw LF frqvwudlqw/ +77, lpso| wkdw wkh doorfdwlrq ghvljqhg
iru w|sh n lq vwdwh Enc�� lv vxfk wkdw w|sh }hur lv lqgl�huhqw ehwzhhq
uhyhdolqj klv w|sh +wkdw |lhogvZ3f

�
c � f3

�
� dqg suhwhqglqj wr eh ulfk +wkdw jlyhv

Znf� c �n3� ��Pruhryhu/ +73, uhtxluh wkdw wkh srlqw Zn3� c �3n� olhv ehwzhhq w|sh 3
dqg w|shn uhdfwlrq ixqfwlrqv/ vxfk dv srlqw \1 Vlploduo| / htxdwlrqv +74, dqg
+78, uhtxluh wkdw wkh wd{ udwh �3n

�
olhv ehwzhhq w|sh 3 dqg w|sh � uhdfwlrq

ixqfwlrqv/ vxfk dv srlqw ]1
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Figure 2. The indifference curve
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Figure 3a. The case of double crossing under the monotonicity assumption

R0R-
π

SS-

SSo
C

L

W = const.
-

0

M

W  =  const



R0 R+

π

τ

A

B

Figure 3b . The case of equal sign double crossing
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Figure 5.      Inaction in Monetary Policy
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Figure 6. The alternative contract
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