
Lq dwlrq Wdujhwv dv Irfdo Srlqwv�
Pduld Ghphuw}lv_

Gh Qhghuodqgvfkh Edqn dqg Xqlyhuvlw| ri Dpvwhugdp
Qlfrod Ylhjlh

Xqlyhuvlw| ri Nzd]xox0Qdwdo
Dxjxvw 54/ 5338

Devwudfw
Zh ehjlq e| dvvxplqj wkdw wkh Fhqwudo Edqn lv qrw dozd|v deoh wr

d�hfw sulydwh vhfwru h{shfwdwlrqv1 Sulydwh lqglylgxdov irup wkhlu h{shf0
wdwlrqv edvhg rq doo wkh lqirupdwlrq wkdw lv dydlodeoh wr wkhp1 Wkhlu
lqfhqwlyh lv wr iruhfdvw lq dwlrq fruuhfwo| vxfk wkdw wkh| qhjrwldwh zdjhv
dw wkh uljkw ohyho1 Krzhyhu wkh lqglylgxdov dovr nqrz wkdw erwk wkh re0
mhfwlyhv ri wkh fhqwudo edqn dv zhoo dv wkh dyhudjh h{shfwdwlrq iruphg zloo
d�hfw wkh rxwfrph ri lq dwlrq/ vr wkh| uhdolvh wkdw wkh| qhhg wr hydoxdwh
erwk dfwlrqv1 Wkh pdlq sduw ri rxu sdshu vkrzv wkdw d prqhwdu| srolf|
uhjlph wkdw kdv h{solflw txdqwlwdwlyh remhfwlyhv pd| khos lqglylgxdov irup
wkhvh h{shfwdwlrqv1 Krzhyhu/ wkdw lv rqo| wuxh li qr juhdw vkrfnv d�hfw
wkh hfrqrp| dq zkhq doo rwkhu sxeolf lqirupdwlrq dydlodeoh lv yhu| xqfohdu
wkxv uhqghulqj wkh lq dwlrq wdujhw/ wkh rqo| fohdu slhfh ri lq dwlrq1 Zh
ghulyh lq ghwdlo wkh frqglwlrqv xqghu zklfk wklv lv wuxh1
MHO frghv= F:4/ F:;/ H85
Nh|zrugv= lq dwlrq wdujhwlqj/ kljk rughu h{shfwdwlrqv/ pdwfklqj jdphv/
irfdo srlqwv

WGQE Zrunlqj Sdshu/ Qr1 4:1 Ylhzv h{suhvvhg duh rxu rzq dqg gr qrw qhfhvvdulo|
uh hfw wkrvh ri wkh GQE1 Zlwkrxw zlvklqj wr lpsolfdwh/ zh zrxog olnh wr wkdqn Zlonr Erow/
Oh{ Krrjgxlq/ Pdufr Krhehulfkwv/ Dqguhz Kxjkhv Kdoohww/ Fkduohv Jrrgkduw dqg vhplqdu
sduwlflsdqwv dw GQE/ wkh Ulnvedqn dqg wkh Xqlyhuvlw| ri Dpvwhugdp iru frpphqwv dqg
vxjjhvwlrqv1 Wkh xvxdo glvfodlphu dssolhv1

_Fruuhvsrqglqj dxwkru= p1ghphuw}lvCgqe1qo/ Uhvhdufk Glylvlrq/ Gh Qhghuodqgvfkh Edqn/
S1R1 Er{ <;/ 4333 DE/ Dpvwhugdp/ wkh Qhwkhuodqgv/ who= .64 +53, 857 5349/ id{= .64 +53,
857 585<1

hylhjlqCqx1df1}d/ Hfrqrplfv Ghsduwphqw/ Xqlyhuvlw| ri Nzd]xox0Qdwdo/ Nlqj Jhrujh Y
Dyhqxh/ Gxuedq 733/ Vrxwk Diulfd/ who= .5: 64 593 688;/ id{= .5: 64 593 5;441
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4 Lqwurgxfwlrq
Prghuq prqhwdu| srolf| wkhru| hpskdvl}hv wkh fhqwudo uroh ri sulydwh vhfwru
h{shfwdwlrqv lq ghwhuplqlqj srolf| rxwfrphv1 Dv dujxhg e| Zrrgirug �1111lqvr0
idu dv lw lv srvvleoh iru wkh Fhqwudo Edqn wr d�hfw h{shfwdwlrqv/ wklv vkrxog eh
dq lpsruwdqw wrro ri vwdelolvdwlrq srolf|1111� +Zrrgirug 5336,1 Lw lv wkxv zlgho|
dfnqrzohgjhg/ wkdw wkh vxffhvv ri pdlqwdlqlqj d vwdeoh prqhwdu| hqylurqphqw
ghshqgv fuxfldoo| rq wkh delolw| ri wkh srolf| uhjlph wr frqwuro lq dwlrq h{shf0
wdwlrqv +Eolqghu hw do/ 5334,1 Hylghqfh ri wkdw lv vkrzq e| Ruskdqlghv dqg
Zlooldpv +5337, lq wkhlu dqdo|vlv ri XV prqhwdu| srolf| klvwru|/ zkhuh wkh| du0
jxh wkdw prqhwdu| srolf| idloxuhv duh frqqhfwhg zlwk fkdqjhv lq sxeolf vhqwlphqw
derxw wkh ixwxuh vwdwh ri wkh hfrqrp|1 Lq rwkhu zrugv/ srolf| plvwdnhv dorqh
duh qrw hqrxjk wr surgxfh orqj whup qhjdwlyh h�hfwv rq prqhwdu| vwdelolw|1
Wkh sudfwlfh ri prqhwdu| srolf| lq wkh sdvw whq wr �iwhhq |hduv kdv wkxv frq0
fhqwudwhg rq surylglqj lqvwlwxwlrqdo vhw0xsv wkdw surylgh dq h{solflw sodwirup ri
lqirupdwlrq iru h{shfwdwlrqv wr eh iruphg1 Wkh pdlq ihdwxuhv ri vxfk lqvwlwx0
wlrqdo vhw0xsv duh

� fuhgleoh lqvwlwxwlrqv/ pdlqo| wkurxjk lqghshqghqfh dqg wkh sxuvxlw ri wkh
vroh remhfwlyh ri sulfh vwdelolw|>

� fohdu srolf| iudphzrunv/ fdswxuhg e| zhoo gh�qhg lqwhuphgldwh srolf| re0
mhfwlyhv dqg surfhgxuhv/ dqg �qdoo|/

� wudqvsduhqw srolf| pdnlqj/ lpsohphqwhg wkurxjk sxeolfdwlrq dqg glvwul0
exwlrq ri wkh lqirupdwlrq vhw xvhg lq wkh ghflvlrq pdnlqj surfhvv +lq d0
wlrq iruhfdvwv/ prghoolqj vwudwhjlhv/ zhoo gh�qhg dvvxpswlrqv, dqg d fohdu
ghprqvwudwlrq ri dffrxqwdelolw| +sxeolfdwlrq ri plqxwhv/ uhjxodu dsshdu0
dqfh lq iurqw ri sduoldphqwdu| frpplwwhhv dqg uhjxodu suhvv frqihuhqfhv,1

Sudfwlfdoo| hyhu| prqhwdu| srolf| dxwkrulw| qrzdgd|v gh�qhv lwv srolflhv dffrug0
lqj wr wkhvh fulwhuld/ hpskdvlvlqj rqh ru dqrwkhu dvshfw/ ghshqglqj rq suhihu0
hqfhv1 Wkh vhw0xs ri wkh wzhoyh0frxqwu| Hxur duhd/ iru h{dpsoh/ kdv hpskdvlvhg
wkh lpsruwdqfh ri exloglqj dqg vxvwdlqlqj fuhglelolw| dqg lqghshqghqfh iurp
jryhuqphqwv/ dv dq lqvwuxphqw wrzdugv orz h{shfwhg lq dwlrq1 Lq wkh XV h{sh0
ulhqfh lqvwhdg/ fuhglelolw|/ lqghshqghqfh exw dovr  h{lelolw| lq iroorzlqj pxowlsoh
remhfwlyhv kdv khoshg dfklhyh d vwdeoh prqhwdu| hqylurqphqw1 Dowhuqdwlyho|/ lq0
 dwlrq wdujhwlqj dv lpsohphqwhg �uvw/ e| wkh Uhvhuyh Edqn ri Qhz ]hdodqg dqg
wkhq wkh Edqn ri Hqjodqg/ dqg lqfuhdvlqjo| pruh dqg pruh edqnv durxqg wkh
zruog/ lv xqghuvwrrg wr surylgh fohdu dqg lpphgldwh remhfwlyhv iru prqhwdu|
srolf|1 Lq dwlrq wdujhwlqj sudfwlwlrqhuv dujxh wkdw wkh pdlq dgydqwdjh ri dq
h{solflw qxphulfdo lq dwlrq wdujhw lv lwv delolw| wr surylgh d irfdo srlqw iru sul0
ydwh vhfwru h{shfwdwlrqv1 Dv Phuy|q Nlqj +5337/ s17, kdv fodlphg iru wkh XN
fdvh/ lq dwlrq h{shfwdwlrqv kdyh lqghhg ehhq dqfkruhg wr wkh suh0dqqrxqfhg
wdujhw1 Wkh delolw| ri h{solflw txdqwlwdwlyh wdujhwv wr wlh grzq h{shfwdwlrqv/
lv dovr frq�uphg e| wkh hpslulfdo dqdo|vlv ri Ohylq hw do +5337,/ Plvknlq dqg
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Vfkplgw0Kheeho +5334, dqg pruh uhfhqwo| e| Idwäv hw do +5337,4 1
Krzhyhu/ lq dqdo|vlqj ydulrxv prqhwdu| srolf| uhjlphv +Vyhqvvrq/ 4<<</ 5336,/
zh revhuyh qr gl�huhqfh lq wkh zd| zh dssurdfk lq dwlrq wdujhwlqj e| frp0
sdulvrq wr rwkhu uhjlphv5 1 Wkhuh lv wkxv qr h{solflw dqdo|vlv ri wkh zd| wkh
surylvlrq ri d vshfl�f qxphulfdo wdujhw frqvwlwxwhv d ehwwhu dqfkru iru orqj whup
h{shfwdwlrqv1 Lv wkhuh d gl�huhqfh ehwzhhq jlylqj d qxphulfdo wdujhw dv rssrvhg
wr dq xsshu erxqg wr ghvluhg lq dwlrqB Dqg li wkhuh lv d gl�huhqfh/ zkdw lv wkh
phfkdqlvp wkdw dfklhyhv lwB Lq rxu ylhz/ wr eh deoh wr dqvzhu wkdw/ zh qhhg d
pruh frpsoh{ phfkdqlvp iru wkh zd| h{shfwdwlrqv duh iruphg1
Wkh uhfhqw prgho sxw iruzdug e| Pruulv dqg Vklq +5335d/ 5335e, +dqg xvhg
lq Dpdwr hw do/ 5336 dqg Dpdwr dqg Vklq/ 5336,/ frqvwlwxwhv vxfk dq dwwhpsw
wr lghqwli| �uvw/ krz sulydwh djhqwv irup h{shfwdwlrqv edvhg rq erwk sulydwh dv
zhoo dv sxeolf lqirupdwlrq dydlodeoh wr wkhp/ dqg vhfrqg krz srolf| pdnhuv +qrw
h{foxvlyho| Fhqwudo Edqnv, fdq d�hfw wkrvh h{shfwdwlrqv e| surylglqj juhdwhu
ru ohvvhu lqirupdwlrq1 Zh wkxv dvvxph lq wklv vhw0xs wkdw/ zkhq iruplqj h{shf0
wdwlrqv/ sulydwh djhqwv fduh qrw rqo| derxw wkhlu rzq ylhzv exw dovr ri rwkhu
shrsoh*v h{shfwdwlrqv dv d zd| ri frq�uplqj wkhlu rzq eholhiv1 Dqg dv wklv
hohphqw ri cehdxw| frqwhvw*/ +edvhg rq Nh|qhv/ 4<69,/ sod|v d juhdwhu uroh lq h{0
shfwdwlrqv iruplqj/ vljqdov surylghg e| sxeolf lqvwlwxwlrqv ehfrph wdqwdprxqw
wr frruglqdwlrq ghylfhv1 Lq idfw Skhosv +4<;6, qrwhg wkdw �111lq rughu wr uhgxfh
wkh sulfh ohyho +lq uhodwlrq wr wkh dffxvwrphg wuhqg,/ lw lv qrw vx!flhqw wkdw wkh
fhqwudo edqn shuvxdgh hdfk djhqw wr uhgxfh klv sulydwh h{shfwdwlrq ri wkh prqh|
vxsso| +lq uhodwlrq wr wkh sdvw wuhqg, e| wkh zduudqwhg dprxqw1 Wkh suhydohqfh
ri wklv h{shfwdwlrq pxvw eh sxeolf nqrzohgjh 0 dq dffhswhg idfw�+s168,1 Wklv
wkhuhiruh/ lpsolhv wkdw sxeolf lqirupdwlrq dftxluhv d gxdo uroh 0�111ri frqyh|lqj
ixqgdphqwdov lqirupdwlrq dv zhoo dv vhuylqj dv d irfdo srlqw iru eholhiv� +Pruulv
dqg Vklq/5335d/ khqfhiruwk/ PV,1 Wkh txhvwlrqv wkdw dulvh iroorzlqj wklv dujx0
phqw lv wkhuhiruh/ zkdw prqhwdu| srolf| uhjlphv surylgh ehwwhu vljqdov dqg lq
zklfk zd| wkrvh vljqdov frqvwlwxwh irfdo srlqwv1 Wkh dlp ri wklv sdshu lv wr
irupdolvh wkh zlgho| eholhyhg exw olwwoh dqdo|vhg ehqh�wv ri lq dwlrq wdujhwlqj
lq frruglqdwlqj sulydwh lqglylgxdov* h{shfwdwlrqv1 Wr wklv hqg/ zh xvh wkh Pruulv
dqg Vklq/ 5335/ wr ghvfuleh wkh jdph ri prqhwdu| srolf| dqg krz sulydwh vhf0
wru h{shfwdwlrqv d�hfw wkh �qdo rxwfrph1 Ixuwkhupruh/ zh hpsor| wkh Yduldeoh
Xqlyhuvh Jdphv dssurdfk sxw iruzdug e| Edfkdudfk +4<<6, wr udlvh wkh lvvxh
wkdw shufhswlrqv derxw srolf| pdwwhu lq wkh �qdo rxwfrph -FKHFN+
Zh zloo dujxh wkhuhiruh/ wkdw prqhwdu| srolf| lv d jdph ehwzhhq srolf| pdnhuv
dqg sulydwh djhqwv lq zklfk wzr lvvxhv duh lpsruwdqw= 4, sulydwh djhqwv fduh
derxw wkh eholhiv ri rwkhuv/ yhu| pxfk ã od Pruulv dqg Vklq +5335d,/ dqg 5,
lq dwlrq h{shfwdwlrqv duh lpsruwdqw wr wkh fxuuhqw ohyho ri lq dwlrq dqg wkhuh0
iruh/ wr wkh gluhfw lqwhuhvw ri wkh Fhqwudo Edqn1 Wkh �uvw srlqw lpsolhv wkdw wkh

4Vhh dovr Ohlghupdq dqg Vyhqvvrq +4<<8, dqg Ehuqdqnh hw do +4<<<, iru hduolhu dffrxqwv ri
h{shulhqfhv zlwk lq dwlrq wdujhwlqj1

5Nxwwqhu 5337/ dovr dooxghv wr wklv idfw1 Wkh ehqh�wv ri lq dwlrq wdujhwlqj dv d frruglqdwlrq
ghylfh kdyh ehhq glvfxvvhg e| Kxjkhv Kdoohww dqg Ylhjl/ 5335/ exw wkhq lq wkh frqwh{w ri wzr
srolf| dxwkrulwlhv/ wkh srolflhv ri zklfk pljkw kdyh vwurqj %vslooryhuv%1
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prqhwdu| srolf| jdph lv ri d cpdwfklqj qdwxuh*/ lq wkh vhqvh wkdw sulydwh djhqwv*
zhoiduh lpsuryhv zkhq wkhlu h{shfwdwlrqv olh forvhu wr wkh dyhudjh1 Wkh vhfrqg
srlqw lq wxuq/ lpsolhv wkdw wkh Fhqwudo Edqn kdv dq lqfhqwlyh wr eh wudqvsduhqw
derxw lwv lqwhqwlrqv lq wkh krsh wkdw/ wkh vljqdo surylghg zloo eh d irfdo srlqw
iru djhqwv wr dqfkru wkhlu h{shfwdwlrqv dw1
Erwk srlqwv iurp deryh lpso| wkdw prqhwdu| srolf| fdq eh ylhzhg dv d frru0
glqdwlrq jdph ehwzhhq wkh Fhqwudo Edqn dqg wkh sxeolf exw dovr ehwzhhq wkh
sxeolf wkhpvhoyhv1 Wkh wkhru| rq frruglqdwlrq jdphv surylghv ydoxdeoh lqvljkw
lqwr wkh zd| wkdw vxfk jdphv duh uhvroyhg1 Iru h{dpsoh/ lw lv riwhq revhuyhg
wkdw lq pdwfklqj jdphv sod|huv frruglqdwh pxfk pruh iuhtxhqwo| wkdq e| udq0
grplvlqj +Fdvdmxv/ 5333,1 Lqghhg/ dffruglqj wr Zlovrq dqg Ukrghv +4<<:,/ lw
lv wr wkh ehqh�w ri doo dfwruv wr dyrlg wkh frq lfw wkdw hvfdodwhv dv vroxwlrqv duh
ghod|hg1 Wr dfklhyh wkdw/ sod|huv uho| khdylo| rq vdolhqw ihdwxuhv zkhq ghflg0
lqj rq wkhlu dfwlrqv1 Dqg vdolhqfh lq wklv frqwh{w/ fdq eh d �111vrfldo fxvwrp
ru frqyhqwlrq/ qdpho|/ d prgh ri ehkdylrxu wkdw �qgv dxwrpdwlf dffhswdqfh�
+Gl{lw dqg Vnhdwk/ 4<<<, dqg d vdolhqw lwhp lv �111rqh wkdw vwdqgv rxw iurp wkh
uhvw e| lwv xqltxhqhvv lq vrph frqvslfxrxv uhvshfw1 Vdolhqfh wkxv gh�qhg kdv
wzr glphqvlrqv= frqvslfxrxvqhvv ru qrwlfhdelolw| ri vrph ihdwxuh/ dqg xqltxh lq0
vwdqwldwlrq ri wklv ihdwxuh1� +Edfkdudfk 4<<6,1 Ixuwkhupruh/ Zlovrq dqg Ukrghv
+4<<:, dujxh wkdw doo wkdw lv uhtxluhg iru vxfk vdolhqfh wr eh dfklhyhg lv d vljqdo
iurp vrpherg| wkdw fdq eh uhfrjqlvhg dv wkh �ohdghu� lq wkh jdph/ wr vhqg d
vljqdo1 Wkh h{lvwhqfh ri d ohdghu lq d fohduo| gh�qhg ohdghu0iroorzhu+v, jdph fdq
wkxv surylgh vxfk d irfdo srlqw +Zlovrq dqg Ukrghv/ 4<<:,1 Lq rxu vhw xs zh
zloo wkxv dvvxph wkdw wkh Fhqwudo Edqn vhqgv d vljqdo +ri gl�huhqw ghjuhhv ri
suhflvlrq,/ dqg rqo| wkhq gr djhqwv irup h{shfwdwlrqv1 Wkh wlplqj ri wkh jdph/
wkxv doorzv iru lw wr eh frqvlghuhg ri d ohdghu0iroorzhu vruw1 Wkh suhflvh prgho
lq zklfk lq dwlrq lv lpsohphqwhg lv ri qr juhdw uhohydqfh khuh dv zh frqfhqwudwh
rq wkh zd| wkh vljqdo d�hfwv +khosv frruglqdwh, sulydwh vhfwru h{shfwdwlrqv1
Wkh sdshu lv rujdqlvhg dv iroorzv1 Lq vhfwlrq 5/ zh ghvfuleh krz prqhwdu| srolf|
fdq eh ghvfulehg dv d pdwfklqj jdph ehwzhhq sulydwh vhfwru djhqwv1 Vhfwlrq 6
wkhq/ surylghv Edfkdudfk*v +4<<6, iudphzrun iru vroylqj vxfk pdwfklqj jdphv
dqg vhfwlrq 7/ dssolhv lw h{solflwo| wr prqhwdu| srolf| dqg vshfl�fdoo| wr dq
lq dwlrq wdujhwlqj uhjlph1 Vhfwlrq 8 frqfoxghv1

5 Prqhwdu| Srolf| dv dq Lqirupdwlrq Jdph
Wkh Fhqwudo Edqn kdv d vwdqgdug orvv ixqfwlrq lq zklfk lw fkrrvhv wkh udwh ri
lq dwlrq { wr plqlplvh wkh glvwdqfh ri lq dwlrq iurp lwv wdujhw �{� {W � dqg
forvh wkh rxwsxw jds |/

OFEm� @ H 4
5
k�{� {W �5 . |5

l
+4,

vxemhfw wr d vwdqgdug Oxfdv vxsso| ixqfwlrq/ | @ { � {h . � zkhuh � lv d
vxsso| vkrfn zlwk }hur phdq dqg frqvwdqw yduldqfh1 Qrwh wkdw dq| Fhqwudo
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Edqn zloo kdyh dq remhfwlyh {W luuhvshfwlyh ri zkhwkhu lw kdv frppxqlfdwhg lw
wr wkh sxeolf/ fohduo| ru hyhq dw doo1 Zh dvvxph iru vlpsol�fdwlrq wkdw wkh FE*v
lqvwuxphqw lv {1 Rswlplvdwlrq ri +4, lpsolhv wkdw

{m� @ {W

5 . {h
5 � �

5 +5,
zkhuh { lv wkh h{ srvw lq dwlrq rxwfrph dqg {h lv sulydwh vhfwru h{shfwdwlrqv
derxw wkh uhohydqw udwh ri lq dwlrq1 Uhsuhvhqwdwlrq +5, lv ri d vwuxfwxudo irup6
lq wkh vhqvh wkdw h{shfwdwlrqv duh qrw uhsodfhg +Ohlwhpr/ 5338,1 Vyhqvvrq +5336,
dujxhv lq idyrxu ri vxfk d uhsuhvhqwdwlrq lq rughu wr lqglfdwh wkdw idfwruv olnh
mxgjhphqw wkdw frqwulexwh wr wkh zd| h{shfwdwlrqv duh iruphg exw fdqqrw dozd|v
eh prghoohg/ duh dq lpsruwdqw frqwulexwru wr prqhwdu| srolf|1 Lq d w|slfdo
frpplwphqw jdph/ zkhuh wkh Fhqwudo Edqn frppxqlfdwhv lwv wdujhw/ {W / dqg
frpplwv wr lw/ h{shfwdwlrqv iruphg e| do lqglylgxdov froohfwlyho| duh htxdo wr
wkh FE*v remhfwlyhv/ {h @ {W dqg wkh h{ srvw rxwfrph lv

{m� @ {W � �
5 +6,

H +{, @ {W +7,
Wkh remhfwlyh ri wklv sdshu krzhyhu/ lv wr ghsduw iurp wkh dvvxpswlrq wkdw
h{shfwdwlrqv duh dozd|v htxdo wr wkh remhfwlyh ri wkh Fhqwudo Edqn dqg dqdo|vh
wkh lqirupdwlrq wkdw lv dydlodeoh wr wkh lqglylgxdov dqg krz wkh| jr derxw
lqwhusuhw lw zkhq iruplqj h{shfwdwlrqv1 Hyhu| lqglylgxdo l zloo eh iruplqj dq
h{shfwdwlrq ri lq dwlrq/ {l dqg wkh froohfwlyh rxwfrph {h @ U 4

3 {mgm/ +iru d
frqwlqxxp ri djhqwv,/ lv wkh h{shfwdwlrq wkdw lv uhohydqw wr wkh fhqwudo edqn1

514 Wkh Irupdwlrq ri H{shfwdwlrqv
Zh wkxv vwduw e| dujxlqj wkdw wkdw zkloh wkh FE lv dozd|v fohdu lwvhoi derxw
zkdw lwv remhfwlyhv duh/ lw lv qrw dozd|v srvvleoh wr dvvxph wkdw lqglylgxdov
irup h{shfwdwlrqv wkdw duh frqvlvwhqw zlwk wkrvh remhfwlyhv1 Wr dqdo|vh krz

6Qrwh wkdw +5, lv vshfl�f wr wkh xqghuo|lqj Oxfdv vxsso| ixqfwlrq dvvxphg exw ghprqvwudwhv
wkdw wkh rxwfrph zloo eh d ixqfwlrq ri erwk wkh srolf| wkh Fhqwudo Edqn sxuvxhv dv zhoo dv zkdw
wkh sulydwh vhfwru dqwlflsdwhv1 Vlploduo|/ kdg wkh prgho ehhq ri wkh vwdqgdug Qhrnh|qhvldq
w|sh/

%| ' q.|%|n� n &+| n 0|
+| ' .|+|n� 3 � E�| 3.|%|n�� n #|

wkhq wkh vwuxfwxudo uhsuhvhqwdwlrq ri wkh h{ srvw lq dwlrq rxwfrph zrxog eh

%| ' &2
� n &2 %

A n �
� n &2 .|%|n� n 0|

� n &2 1
Lq erwk fdvhv wkh h{ srvw rxwfrph lv d ixqfwlrq ri erwk wkh FE remhfwlyh dv zhoo dv wkh

h{shfwdwlrqv ri wkh sulydwh vhfwru1
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h{shfwdwlrqv duh lqghhg iruphg/ wkhq zh qhhg wr orrn dw wkh lqirupdwlrq wkdw lv
dydlodeoh wr wkhp1 W|slfdoo|/ hyhu| lqglylgxdo lv iruplqj h{shfwdwlrqv edvhg rq
wzr lqirupdwlrq vhwv/ qdpho| zkdw lv sxeolfo| dydlodeoh dqg wkhuhiruh frpprq wr
hyhu|rqh dqg zkdw lv dydlodeoh wr wkhp sulydwho|1 Revhuylqj +5,/ hyhu| lqglylgxdo
nqrzv wkdw wkh h{ srvw rxwfrph ri lq dwlrq { zloo eh d�hfwhg htxdoo| +jlyhq wkh
prgho dvvxphg, e| wkh srolf| wkh Fhqwudo Edqn sxuvxhv wr dwwdlq lwv remhfwlyhv/
dv zhoo dv wkh dyhudjh ri h{shfwdwlrqv iruphg e| wkh sxeolf1 Krzhyhu/ zkdw wkh
lqglylgxdo lv lqwhuhvwhg lq/ lv suhglfwlqj fruuhfwo| wkh h{ srvw ohyho ri lq dwlrq
vxfk wkdw dq| ghyldwlrqv iurp wkh �qdo rxwfrph lv shqdolvlqj1 Wklv lv fdswxuhg
e| d vwdqgdug h{shfwhg xwlolw| iru wkh lqglylgxdo/

xl
�
{h> {W � � 4

5Hl+{l � {,5 +8,
Qrwh wkdw wkh wkh vxevfulsw l lq wkh h{shfwdwlrqv rshudwru/ lqglfdwhv wkdw wkh
lqglylgxdo zloo eh vhhnlqj wr plqlplvh khu h{shfwhg xwlolw|/ jlyhq khu rzq shu0
fhswlrqv1 {l lv lqglylgxdo l*v h{shfwdwlrq ri zkdw wkh vwdwh zloo eh dqg { lv wkh
h{ srvw lq dwlrq rxwfrph1 Zh xvh {h wr uhihu wr wkh h{shfwdwlrqv sur�oh ryhu
doo djhqwv1 Wkh remhfwlyh ri hdfk lqglylgxdo l lv wkxv wr irup h{shfwdwlrqv {lzklfk vkh zloo xvh lq zdjh qhjrwldwlrqv1 Lqglylgxdo l/ lv wkhuhiruh ghflglqj rq
lwv dfwlrq {l edvhg rq wkh �uvw0rughu frqglwlrq ri +8,1 Wklv lv

dujplq{l
xl

�
{h> {W � � Hl +{,

dqg iurp +5,/

{l @ Hl +{,
{l @ Hl

�{W

5 . {h
5 � �

5
�

{l @ 4
5Hl

�{W � ��. 4
5Hl +{h, +9,

Wkh rswlpdo dfwlrq iru lqglylgxdo l lv wkxv d ixqfwlrq ri khu lqwhusuhwdwlrq ri
zkdw wkh remhfwlyh ri wkh fhqwudo Edqn lv dqg khqfh wkh srolf| lw zloo sxuvxh/
wkh vkrfn wkdw zloo rffxu dqg �qdoo| khu lqwhusuhwdwlrq ri zkdw wkh dyhudjh
h{shfwdwlrq iruphg e| doo lqglylgxdov froohfwlyho|1 Htxdwlrq +9, lv qrw glvvlplodu
wr htxdwlrq +5, ri Pruulv dqg Vklq +PV/ 5335, lq zklfk wkh lqglylgxdo irupv
d ylhz derxw wkh vwdwh � dqg wkh dyhudjh dfwlrq/ �d1 Wkh vwuhqjwk zlwk zklfk
vkh sxuvxhv wkdw lv jlyhq e| wkh �ehdxw| whup� sdudphwhu u/ htxdo khuh wr wkh
ydoxh 4

5 / surylghg e| wkh prgho1 Pruhryhu/ dq lpsruwdqw gl�huhqfh wr wkh PV
dssurdfk lv wkdw wkh vwdwh { lv qrz hqgrjhqrxv/ lq wkh vhqvh ri ehlqj d�hfwhg
e| wkh dyhudjh dfwlrq/ zkhuhdv lq wkh PV dssurdfk � lv lqghshqghqw ri �d1 Wklv
qrz lpsolhv wkdw lq iruplqj h{shfwdwlrqv {l/ lqglylgxdov qhhg wr hydoxdwh wkuhh
wklqjv= wkh remhfwlyh ri wkh FE/ wkh ydoxh ri wkh vkrfn � wkdw zloo rffxu/ dqg
�qdoo| zkdw lv wkh frpprq shufhswlrq derxw lq dwlrq1 Lw iroorzv wkdw li {l @ {m;m/ wkhq {l @ {h dqg lqglylgxdov* h{shfwdwlrqv duh pdwfkhg1 Krzhyhu/ dowkrxjk
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qhfhvvdu|/ frruglqdwlrq ehwzhhq djhqwv dw dq| ohyho ri lq dwlrq lv qrw vx!flhqw>
wkh rswlpdo rxwfrph rffxuv zkhq djhqwv frruglqdwh dw wkh remhfwlyh sxuvxhg
e| wkh Fhqwudo Edqn1 Frruglqdwlrq dw dq| rwkhu h{shfwdwlrq udwh vwloo ohdyhv
djhqwv dzd| iurp wkh ohyho ri lq dwlrq wkdw wkh FE dlpv wr dfklhyh1 Iroorzlqj
PV +5335,/ zh dujxh wkdw lqirupdwlrq xvhg e| wkh djhqwv lv dydlodeoh lq wkh
irup ri d sxeolf vljqdo frpprq wr doo/ dqg d sulydwh vljqdo zklfk lv vshfl�f wr
hdfk djhqw lq wkh hfrqrp|1 Wkhvh wdnh wkh iroorzlqj irup=

Sxeolf vljqdo= | @ �{W � ��. � +:,
Sulydwh vljqdo= }l @ �{W � ��. %l +;,

Erwk � dqg %l duh qrupdoo| glvwulexwhg zlwk d }hur phdq dqg yduldqfh �5� dqg
�5% uhvshfwlyho|1 Ixuwkhupruh/ wkh wzr huuru whupv duh lqghshqghqw ri { dqg
ri hdfk rwkhu/ vxfk wkdw H +%l%m, @ 3 iru l 9@ m1 Lw lv zruwk phqwlrqlqj wkdw
zkdw lv sxeolfo| dydlodeoh wr wkh sulydwh vhfwru lv qrw rqo| zkdw wkh FE uhohdvhv
exw doo srvvleoh lqirupdwlrq wkdw pljkw eh uhohydqw lq suhglfwlqj lq dwlrq dw wkh
uhohydqw wlph krul}rq1 Edvhg rq wkhvh wzr w|shv ri vljqdov/ PV vkrz wkdw dfwlrq
iru djhqw l wkhq lv

{l @ 5�| . �}l
5�. �

@ � . 5�� . �%l
5�. � +<,

zkhuh � @ 4
�5� dqg � @ 4

�5% / suhflvlrq iru wkh wzr lqirupdwlrq vhwv uhvshfwlyho|/
dqg � @ �{W � ��1 Lw iroorzv wkdw wkh h{shfwdwlrqv dfurvv doo djhqwv zloo wkhq
htxdo/

{h @
] 4

3
{mgm @ � . 5��

5�. � +43,
Htxdwlrq +43, vkrzv wkdw wkh dyhudjh h{shfwdwlrq dfurvv doo djhqwv zloo eh glv0
wruwhg e| wkh suhflvlrq ri wkh wzr vljqdov dv zhoo dv wkh suhihuhqfh iru wkh cehdxw|
whup* u/ khuh htxdo wr 4

5 1

6 D iudphzrun iru Lqwhusuhwlqj H{shfwdwlrqv
Wkh rswlpdo ghflvlrq vkrzq lq +9, lpsolhv wkdw lqglylgxdo l qhhgv wr lqwhusuhw
wkh vhw ri fkrlfhv wkdw duh dydlodeoh wr khu zkhq ghflglqj khu rswlrqv1 Zh
surylgh qh{w d iudphzrun wkdw surylghv wklv vhw ri lqwhusuhwdwlrqv1 Wklv lv
edvhg rq Edfkdudfk*v Yduldeoh Xqlyhuvh Jdphv +4<<6, iudphzrun/ zklfk khosv
ghvfuleh krz sod|huv hydoxdwh wkhlu vwudwhjlhv wr lghqwli| vdolhqw srlqwv zkhq
iruplqj h{shfwdwlrqv lq pdwfklqj jdphv7 1 Wkh qryhow| ri wklv dssurdfk lv wkdw
lw doorzv h{solflwo| iru gl�huhqfhv lq shufhswlrqv zklfk wkhq khosv sod|huv fkrrvh

7Xvhg dqg h{whqghg e| Mdqvvhq +5334,1

:



udwlrqdoo| ehwzhhq dowhuqdwlyh rxwfrphv1 Wkh iudphzrun surylghg vkrzv wkdw
lq pdwfklqj jdphv/ wkh sod|huv* lqfhqwlyh wr frruglqdwh lqgxfhv wkhp wr orrn
iru vdolhqw srlqwv1 Krzhyhu/ dv vdolhqfh lv vxemhfw wr shuvrqdo lqwhusuhwdwlrq/ wkh
h{lvwhqfh ri vxfk ihdwxuhv lv qrw qhfhvvdulo| xqltxho| gh�qhg1

614 Dq H{shfwhg Xwlolw| Dssurdfk
Wkh jdph ri eorfnpdunlqj lv sod|hg lq wkh iroorzlqj zd|1 Wzr sod|huv duh
vkrzq d qxpehu ri zrrghq eorfnv dqg hdfk kdv wr vhfuhwo| slfn rqh1 Li erwk
sod|huv slfn wkh vdph eorfn/ wkh| uhfhlyh dq lghqwlfdo shfxqldu| sul}h> rwkhuzlvh
wkh| uhfhlyh qrwklqj1 Wkh dxwkru wkhq ghvfulehv wkuhh yduldqwv ri wkh jdph/
vxppdulvhg lq �jxuh 51

%ORFNPDUNLQJ ��

%ORFNPDUNLQJ ��

«��

�� �

%ORFNPDUNLQJ ��

Lq Eorfnpdunlqj 4/ +E4,/ wkh sod|huv duh jlyhq �yh lghqwlfdo eorfnv +lq vl}h/
frorxu/ vkdsh dqg pdwhuldo,1 Lq Eorfnpdunlqj 5/ +E5,/ wkh vdph jdph lv uh0
shdwhg/ h{fhsw qrz rqh ri wkh �yh eorfv lv ri d gl�huhqw frorxu/ +zklwh,1 Lq
Eorfnpdunlqj 6/ +E6,/ sod|huv duh qrz jlyhq 53 eorfnv/ hljkwhhq ri zklfk duh
juh| dqg wzr duh zklwh1 Ixuwkhupruh/ forvhu lqvshfwlrq ri wkh eorfnv/ doorzv
sod|huv wr vhh wkdw wkh judlq ri wkh zrrg lq mxvw rqh ri wkh juh| eorfnv lv zdy|1
E6 fdq wkxv eh ghvfulehg hlwkhu lq whupv ri frorxu/ +F, ru lq whupv ri wkh judlq
ri wkh zrrg/ +J,1 Dv wkh jdph lv ri d pdwfklqj qdwxuh/ lw lv wr wkh sod|huv*
lqwhuhvw wr orrn iru vdolhqw ihdwxuhv wkdw khos dfklhyh wdflw frruglqdwlrq1 Lq h{0
dpsoh E4 deryh/ wkhuh lv qr fohdu zd| ri gl�huhqwldwlqj ehwzhhq wkh eorfnv/ vr
rqh lv lqfolqhg wr vlpso| slfn dw udqgrp1 Dw h{dpsoh E5 krzhyhu/ wkh gl�huhqfh
lq frorxu doorzv sod|huv wr glvwlqjxlvk ehwzhhq wkh eorfnv lq vxfk d zd|/ wkdw
lw lv dozd|v zlvh wr jr iru wkh rqh wkdw lv zklwh1 Wkh xqltxh lqvwdqwldwlrq ri
wkh zklwh eorfn wkxv surylghv wkh wzr sod|huv zlwk d irfdo srlqw1 Vlploduo| lq
E6/ li frorxu lv wkh glvwlqjxlvklqj ihdwxuh wkdw rffxuv wr wkh sod|huv/ wkh| duh
wkhq lqfolqhg wr slfn rqh ri wkh zklwh eorfnv/ hyhq wkrxjk vxfk dfwlrq grhv qrw
dxwrpdwlfdoo| ohdg wr frruglqdwlrq1 Krzhyhu/ li d sod|hu kdv pdqdjhg wr vhh
wkdw qrw rqo| frorxu exw dovr wkh judlq ri wkh zrrg gl�huhqwldwhv wkh eorfnv/
xqltxhqhvv lv djdlq jxdudqwhhg1 Wkh gl!fxow| qrz krzhyhu/ lv wkdw wkh judlq
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sdwwhuq ri wkh zrrg lv qrw qhfhvvdulo| lghqwl�deoh +frqvslfxrxv, e| +wr, doo sod|0
huv1 Lq iruplqj khu fkrlfh wkhuhiruh/ kdylqj vhhq wkh gl�huhqfh lq judlq khuvhoi/
sod|hu 4/ qhhgv wr dvvhvv krz olnho| khu sduwqhu lv wr glvwlqjxlvk wkh eorfnv lq
whupv ri wkh judlq dv zhoo1 Edfkdudfk*v dqdo|vlv vkrzv/ wkdw li wklv olnholkrrg
lv elj/ wkhq lw lv wr khu lqwhuhvw wr slfn wkh juh| eorfn zlwk wkh zdy| sdwwhuq>
rwkhuzlvh vkh lv ehwwhu r� slfnlqj rqh ri wkh zklwh eorfnv dqg idfh dq/ dw prvw/
83( fkdqfh ri pdwfklqj wkh fkrlfh ri khu sduwqhu1
Edfkdudfk surylghv d wkrurxjk surri wr E6 lq wkh dsshqgl{ wr klv sdshu/ exw wkh
hvvhqfh ri wkh jdph idfhg e| wkh wzr sod|huv lqglylgxdoo| fdq eh vxppdulvhg dv
iroorzv1 Lq vroylqj E6/ sod|hu 4 lv h�hfwlyho| idfhg zlwk wzr dowhuqdwlyh dfwlrqv=
Phk/ pdun d zklwh eorfn dw udqgrp/ ru Pz/ pdun wkh juh| eorfn zlwk wkh
zdy| judlq1 Ixuwkhupruh/ dv h{sodlqhg deryh/ wkh fuxfldo srlqw lq wklv dqdo|vlv
lv wkh olnholkrrg zlwk zklfk sod|hu 4 eholhyhv sod|hu 5 kdv qrwlfhg wkh judlq1
Vkh lv wkxv ohiw zlwk wkh iroorzlqj wzr fkrlfhv zkhq iruplqj khu ylhzv derxw
sod|hu 51 Hlwkhu vkh eholhyhv wkdw khu rssrqhqw kdv vhhq wkh judlq +dqg dvvljqv
suredelolw| y wr wkdw hyhqw,/ ru vkh grhv qrw eholhyh wkdw kh kdv vhhq wkh judlq
+dqg dvvljqv suredelolw| 4� y wr wkdw hyhqw,1 Lw lv uhdvrqdeoh wr dvvxph wkdw li
sod|hu 5 kdv lqghhg qrwlfhg wkh judlq/ wkhq kh zloo slfn lw zlwk vrph qrq0}hur
suredelolw|1 Krzhyhu/ li kh kdv qrw qrwlfhg wkh judlq wkhq kh fdq qhyhu pdun
d eorfn dffruglqjo|1 Iurp sod|hu 4*v shuvshfwlyh wkhuhiruh/ khu h{shfwhg xwlolw|
iurp fkrrvlqj rqh ri khu wzr dfwlrqv lv wkh iroorzlqj1
Gh�qlwlrq 4= Erwk sod|huv kdyh dq lghqwlfdo vhw ri ihdvleoh vwudwhjlhv/ U. @
iF>Jj dqg srvvleoh dfwlrqv/ D @

q
Phk/Pz

r
1 Gh�qh X4

�{4>d+�,> {5>d+�,
�/

sod|hu 4*v xwlolw| iurp iroorzlqj dfwlrq {4>d+�, dqg sod|hu 5 iroorzlqj dfwlrq
{5>d+�,/ iru d 5 D zkhuh d +F, @ Phk dqg d +J, @Pz1
Zh qhhg wr ghdo zlwk wzr fdvhv=
Fdvh 4= Sod|hu 5 dozd|v pdunv d eorfn dffruglqj wr frorxu/ hlwkhu ehfdxvh kh
kdv qrw vhhq wkh judlq klpvhoi/ ru ehfdxvh kh eholhyhv klv sduwqhu kdv qrw1 Wkhq
sod|hu 4* h{shfwhg xwlolw| lv

H4X+Phk>Phk, @ +4� y,X4
�
Phk>Phk�. yX4

�
Phk>Phk�

H4X+Pz>Phk, @ +4� y,X4
�
Pz>Phk�. yX4

�
Pz>Phk�

Zh qrupdolvh qh{w X +{4 @ {5, @ 4/ dqg fdofxodwh wkh h{shfwhg xwlolwlhv=

H4X+Phk>Phk, @ +4� y,45X +{4 @ {5, . y 45X +{4 @ {5, @ 4
5

H4X+Pz>Phk, @ +4� y, � 3 . y � 3 @ 3
Wklv lpsolhv wkdw H4X+Phk>Phk, A H4X+Pz>Phk, dqg wkhuhiruh sod|hu 4 kdv
dq lqfhqwlyh wr pdwfk khu sduwqhu*v dfwlrq e| dovr slfnlqj d zklwh eorfn dw
udqgrp1
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Fdvh 5= Sod|hu 5 qrz/ pdunv d eorfn edvhg rq wkh judlq zkhq kh kdv qrwlfhg
lw1 Rwkhuzlvh/ kh pdunv d eorfn dffruglqj wr frorxu1 Wkhq h{shfwhg xwlolw| iru
sod|hu 4 lv qrz

H4X
k
Phk>�Phk ru Pz

�l
@ +4� y,X4

�
Phk>Phk�. yX4

�
Phk>Pz

�
H4X

k
Pz>

�
Phk ru Pz

�l
@ +4� y,X4

�
Pz>Phk�. yX4 +Pz>Pz,

dqg wkhuhiruh

H4X
k
Phk>�Phk ru Pz

�l
@ +4� y,45X +{4 @ {5, . y � 3 @ 4� y

5
H4X

k
Pz>

�
Phk ru Pz

�l
@ +4� y, � 3 . yX +{4 @ {5, @ y

Lw iroorzv wkdw/

H4X
k
Pz>

�
Phk ru Pz

�l
A H4X

k
Phk>�Phk ru Pz

�l
/ lii y A 4

6 1
Exw ehwzhhq wkh wzr fdvhv/ wkh qhfhvvdu| dqg vx!flhqw frqglwlrq iru sod|hu 4
wr ghflgh wr pdun d eorfn dffruglqj wr wkh judlq/ lv

H4X
k
Pz>

�
Phk ru Pz

�l
A H4X+Phk>Phk,+,

y A 4
5 +44,

Lq rwkhu zrugv/ wkh edodqfh ri uhdvrqv idyrxuv pdunlqj wkh eorfn zlwk wkh zdy|
judlq/ rqo| li y lv d odujh hqrxjk qxpehu e| frpsdulvrq wr 4

p zkhuh p lv wkh
qxpehu ri zklwh eorfnv1 Edfkdudfk dujxhv wkhuhiruh/ wkdw wkh uhodwlyh udulw| ri
wkh zklwh eorfnv/ fdswxuhg khuh e| 4

5 / lv sxoolqj djdlqvw wkh frqvslfxrxvqhvv y
ri wkh judlq sdwwhuq/ dv wkh ohvv uduh wkh zklwh eorfnv/ wkh pruh olnho| wkh sod|hu
lv wr slfn wkh zdy| juh| eorfn1

615 Lv Prqhwdu| Srolf| d Yduldeoh Xqlyhuvh JdphB
Wkh srlqw wkdw lv fuxfldo wr Edfkdudfk*v dqdo|vlv lv wkh idfw wkdw sod|huv kdyh
sduwlfxodu zd|v ri shufhlylqj wkh jdph dqg wkh iudplqj ri wkh jdph dydlodeoh
wr wkhp lqglylgxdoo|/ lv qrw qhfhvvdulo| dydlodeoh wr rwkhu sod|huv dv zhoo1 Ehiruh
ghflglqj rq d srvvleoh dfwlrq wkhuhiruh +h1j1 slfnlqj wkh eorfn zlwk wkh zdy|
judlq/�surylghg wkh| kdyh vhhq lw,/ wkh| kdyh wr irup d ylhz rq krz olnho| wkh
rwkhu sod|hu lv wr kdyh qrwlfhg wkh judlq/ dv zhoo dv wkh frorxu/ dv d srvvleoh
glvwlqjxlvklqj ihdwxuh1 Hydoxdwlqj wkdw lv wkhuhiruh/ qhfhvvdu| ehiruh slfnlqj rq
d vwudwhj|/ lpso|lqj wkdw kdylqj qrwlfhg wkh judlq iru rqhvhoi lv qrw vx!flhqw
wr slfn lw1 Dq| sod|hu wkhuhiruh/ qhhgv wr dvvhvv zkhwkhu wkhlu rzq eholhiv dv wr
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zkdw lv frqvslfxrxv wr wkhp lv dovr frqvslfxrxv wr rwkhuv1 Li L kdyh qrw vhhq wkh
judlq wkhq/ wkh rswlpdo vwudwhj| wr jr iru lv wr slfn d |hoorz eorfn dw udqgrp1 Li
rq wkh rwkhu kdqg/ L kdyh vhhq wkh gl�huhqfh lq judlq/ wkhq L irup d ylhz derxw
krz olnho| wkh rwkhu shuvrq lv ri kdylqj vhhq wkh judlq dv zhoo1 L slfn wkh zdy|
eorfn rqo| li/ jlyhq p| dvvhvvphqw ri wklv olnholkrrg/ wkh h{shfwhg ydoxh ri grlqj
vr lv juhdwhu wkdq wkh h{shfwhg ydoxh ri slfnlqj d |hoorz eorfn dw udqgrp1
Wkh dqdorj| zlwk prqhwdu| srolf| lv dv iroorzv1 Wkh fhqwudo edqn kdv dq re0
mhfwlyh iru lq dwlrq zklfk lv fdswxuhg e| +4,1 Wklv lpsolhv wkdw wkh FE zloo eh
dlplqj wr vhw lq dwlrq htxdo wr {W 1 Krzhyhu wklv remhfwlyh lv qrw qhfhvvdulo|
frpprq nqrzohgjh wr doo djhqwv wkdw irup wkh sulydwh vhfwru exw lv lqvwhdg vxe0
mhfw wr lqwhusuhwdwlrq d�hfwhg e| wkh zd| wkh FE frppxqlfdwhv lwv remhfwlyhv
wr wkh sxeolf/ ru lqghhg e| lwv delolw| wr dfklhyh wklv remhfwlyh dv lqglfdwhg e|
lwv sdvw +fuhglelolw|, 1 Iroorzlqj wkh vljqdo wkhuhiruh/ wkh remhfwlyh ri wkh fhqwudo
edqn lv qrw frqvslfxrxv wr doo1
Wklv lv wuxh iru dq| prqhwdu| srolf| uhjlph1 Sulydwh lqglylgxdov zloo wkhq eh
zhljklqj sulydwh yhuvxv sxeolf lqirupdwlrq dv lqglfdwhg lq +<, dqg ghflglqj df0
fruglqjlqo|1 Zh dujxh wkdw d Fhqwudo Edqn wkdw surylghv d txdqwlwdwlyh wdujhw
gl�huv wr d Fhqwudo Edqn wkdw grhv qrw1 Qrz wkh lqglylgxdo lv idfhg zlwk wzr
rswlrqv= hlwkhu sxuvxh wkh dfwlrq dv lqglfdwhg lq +<, lq zklfk wkh lq dwlrq wdu0
jhw lv lqwhuqdolvhg dqg mxgjhg mxvw olnh dq| rwkhu slhfh ri sxeolf lqirupdwlrq/
ru dowhuqdwlyho|/ gulyhq e| khu ghvluh wr frruglqdwh/ vkh pd| dgrsw wkh lq dwlrq
wdujhw dqg �{ khu h{shfwdwlrqv rq lw1 Wr gr wklv krzhyhu/ vkh qhhgv wr kdyh
vx!flhqw frq�ghqfh wkdw rwkhuv zloo frruglqdwh dw wkdw ohyho wzr1 Mxvw dv lq wkh
eorfnpdunlqj jdph/ wkh idfw wkdw d wdujhw lv surylghg lv qrw vx!flhqw iru wkh
lqglylgxdo wr frruglqdwh dw w> zkdw lv uhtxluhg ixuwkhu lv iru wkh lqglylgxdo wr
kdyh hqrxjk shrsoh zloo wklqn wkh vdph zd|1 Lq wkdw uhvshfw p| lqwhusuhwdwlrq
ri wkh zd| wkh wdujhw lv shufhlyhg e| rwkhuv lv nh| wr p| ghflvlrq1 Vr zkloh
wkhuh lv qr xqfhuwdlqw| dv wr zkdw vwudwhjlhv duh dydlodeoh wr shrsoh/ wkhuh lv
xqfhuwdlqw| dv wr krz wkhvh vwudwhjlhv duh lqwhusuhwhg1

7 Wkh Uroh ri Lq dwlrq Wdujhwv
Wkh surylvlrq ri d txdqwlwdwlyh remhfwlyh kdv wkh iroorzlqj lpsolfdwlrq1 Hyhu|
lqglylgxdo lv idfhg zlwk wzr dfwlrqv/ dl> hlwkhu wr zhljk doo lqirupdwlrq dqg
wkxv iroorz wkh vwudwhj| vxjjhvwhg e| Pruulv dqg vklq/ {l/ ru vlpso| irup dq
h{shfwdwlrq htxdo wr wkh txdqwlwdwlyh ohyho ri lq dwlrq dqqrxqfhg e| wkh Fhqwudo
Edqn1 E| dqdorj| wkh vdph dssolhv iru wkh dyhudjh lq dwlrq h{shfwdwlrq/ vxfk
wkdw wkh PV dfwlrq lv �d dqg {W uhvshfwlyho| iru wkh wzr dowhuqdwlyhv1 Iroorzlqj
wkh xwlolw| ri hdfk lqglylgxdo/ dqg jlyhq wkdw hdfk lqglylgxdo kdv wkh rswlrq ri
wzr vwudwhjlhv/ dl ru {W Ohw xl +{l> {h, ghqrwh wkh xwlolw| ri lqglylgxdo l iroorzlqj
khu dfwlrq dl/ jlyhq dyhudjh dfwlrq �d1

xl +dl> �d, � +{l � {,5 +45,
Iroorzlqj wkh dqqrxqfhphqw ri dq lq dwlrq wdujhw/ wkhq lqglylgxdo l lv idfhg zlwk
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wzr rswlrqv1 Hlwkhu vkh zhljkv wkh sxeolf lqirupdwlrq dydlodeoh djdlqvw khu rzq
sulydwh lqirupdwlrq dqg wkxv iroorzv dl @ {l dv vxjjhvwhg e| PV/ zkhuh

{l @ {W � � . 5�� . �%l
5�. � +46,

ru vlpso| ljqruhv doo lqirupdwlrq dqg iroorzv wkh wdujhw/ vxfk wkdw khu dfwlrq lv
dl @ {W +47,

Li lqglylgxdov iroorz froohfwlyho| wkh dfwlrq vxjjhvwhg e| Pruulv dqg Vklq/ �d @ {h
wkhq/

�d @ {h @ {W � � . 5��
5�. � +48,

Iru d frqwlqxxp ri djhqwv wkh lq dwlrq rxwfrph lv d�hfwhg e| wkh dyhudjh dfwlrq
vxfk wkdw

{m� @ {W

5 . {h
5 � �

5
@ {W � � . ��

5�. � +49,
E| frqwudvw zkhq doo lqglylgxdov iroorz wkh wdujhw wkhq wkh lq dwlrq rxwfrph lv

{h @ {W

dqg wkh dyhudjh ohyho ri lq dwlrq lv e| frqvhtxhqfh

{m� @ {W

5 . {W

5 � �
5

@ {W � �
5 +4:,

Iroorzlqj wkhvh irxu srvvleoh dfwlrqv/ zh fdofxodwh qh{w wkh sd|rxwv iru lqglylg0
xdo l1
dl @ {l> �d @ {h

x4 +dl> �d, � H+dl � {,5
@ �

+5�. �,5 . �
+5�. �,5 @ �. �

+5�. �,5 +4;,

dl @ {W > �d @ {h

x4
�{W > �d� � H+dl � {,5

@ �5� . �
+5�. �,5 +4<,
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dl @ {l> �d @ {W

x4
�dl> {W � � H+dl � {,5

@ 4
7�

5� . 7�. �
+5�. �,5 +53,

dl @ {W > �d @ {W

x4
�{W > {W � � H+dl � {,5

@ 4
7�

5� +54,
Zh vxppdulvh wkh sd|rxw pdwul{ lq qrupdo irupdo1

Wdeoh 4= H{shfwhg Sd|rxwv iru Sod|hu 4
dl q �d {h {W

{l �.�
+5�.�,5

4
7�5� . 7�.�

+5�.�,5
{W �5� . �

+5�.�,5
4
7�5�

Edvhg rq Edfkdudfk*v dssurdfk/ zh qhhg wr ghdo zlwk wzr fdvhv uhjduglqj wkh
lqwhusuhwdwlrq ri =
Fdvh 4= Iluvw zh dvvxph wkdw doo sod|huv lqwhusuhw wkh cxqlyhuvh* lq wkh vdph zd|/
lq wkdw wkh| frqvlghu wkh lq dwlrq wdujhw dv dq dgghg slhfh ri sxeolf lqirupdwlrq1
Sod|hu 4 dvvxphv wkdw Sod|hu 5 qrz/ slfnv wkh wdujhw zkhq kh ylhzv lw lq wkh
vhqvh lqwhqghg e| wkh Fhqwudo Edqn1 Rwkhuzlvh/ kh rswlplvhv vxemhfw wr doo
lqirupdwlrq dydlodeoh wr klp1 H{shfwhg xwlolw| iru sod|hu 4 ri sxuvxlqj hlwkhu ri
khu wzr rswlrqv/ lv wkhuhiruh/

H �x4
�dl> ��d ru {W ��� @ +4� y,x4 +dl> �d, . yx4 �dl> {W �

H �x4
�{W > ��d ru {W ��� @ +4� y,x4 �{W > �d�. yx4 �{W > {W �

dqg wkhuhiruh

H �x4 �dl> ��d ru {W ��� @ +4� y, �. �
+5�. �,5 . y

%4
7�

5� . 7�. �
+5�. �,5

&

@ +4� y, �. �
+5�. �,5 . y

%4
7�

5� . 7�. �
+5�. �,5

&

H �x4
�{W > ��d ru {W ��� @ +4� y,

%
�5� . �

+5�. �,5
&
. y � 4

7�
5�
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Lw iroorzv wkdw/

H �x4
�{W > ��d ru {W ��� ? H �x4

�dl> ��d ru {W ��� / lii
�5
� ? � . y7�

+4� y, +5�. �,5 +55,

ru lq rwkhu zrugv/ lw lv vx!flhqw iru wkh ghjuhh ri frq�ghqfh wkdw sod|hu 4 kdv
derxw wkh rwkhuv iroorzlqj wkh vljqdo wr eh deryh d fhuwdlq qxpehu ehiruh/ vkh
slfnv wkh wdujhw1 Qrwlfh krz li wkh suhflvlrq ri wkh sxeolf vljqdo uhgxfhv/ wkhq
lw ehfrphv pruh gl!fxow wr vdwlvi| wklv frqglwlrq1
Fdvh 5= Krzhyhu/ Sod|hu 4 pd| kdyh wr gr zlwk wkh idfw wkdw rwkhuv gr qrw
lqwhusuhw wkh wdujhw lq wkh zd| lqwhqghg e| wkh Fhqwudo Edqn dqg wkhuhiruh/
suhihu wr vlpso| zhljk sxeolf djdlqvw sulydwh lqirupdwlrq dqg wkxv iroorz wkh
dfwlrq uhfrpphqghg e| Pruulv dqg Vklq1 Wklv pd| eh hlwkhu ehfdxvh wkh| gr
qrw xqghuvwdqg ru eholhyh wkh lqwhqwlrqv ri wkh Fhqwudo Edqn/ ru ehfdxvh wkh|
eholhyh rwkhuv gr qrw xqghuvwdqg ru eholhyh wkh lqwhqwlrqv ri wkh Fhqwudo Edqn1
Wklv dfklhyhv dq dyhudjh h{shfwdwlrq iru lq dwlrq htxdo wr �d1 1 Wkhq sod|hu 4*
h{shfwhg xwlolw| ri iroorzlqj hlwkhu ri khu wzr rswlrqv lv=

H ^x4+dl> �d,` @ +4� y,x4 +dl> �d, . yx4 +dl> �d,
H �x4+{W > �d,� @ +4� y,x4

�{W > �d�. yx4 �{W > �d�
Edvhg rq Wdeoh 4/ wkhq wkhvh duh

H ^x4+dl> �d,` @ +4� y, �. �
+5�. �,5 . y �. �

+5�. �,5 @ �. �
+5�. �,5

H �x4+{W > �d,� @ +4� y,
%
�5� . �

+5�. �,5
&
. y �

%
�5� . �

+5�. �,5
&
@ �5� . �

+5�. �,5

Lw iroorzv wkdw

H �x4+{W > dl,� ? H ^x4+dl> dl,` lii
�5
� ? �

+5�. �,5 +56,

Qrwh wkdw li +56, krogv/ wkhq +55, lv dovr vdwlv�hg/ vr wkdw wkh iruphu lv wkh
qhfhvvdu| dqg vx!flhqw frqglwlrq iru sod|hu 4 wr slfn wkh wdujhw1

714 Lq dwlrq Wdujhwlqj dv d grplqdqw vwudwhj|
Qrwh wkdw li +56, krogv/ wkhq edvhg rq Wdeoh 4 iroorzlqj wkh wdujhw ehfrphv wkh
grplqdqw vwudwhj| lq wkdw wkh lqglylgxdo zloo dozd|v fkrrvh wr irup lq dwlrq
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h{shfwdwlrqv dffruglqj wr wkh lq dwlrq wdujhw1 Iru wklv wr eh wuxh wkhuhiruh/
lw lv lpsruwdqw wkdw wkh vxsso| vkrfn lv vpdoohu wkdq d jlyhq udwlr1 Iljxuh 5
vkrzv wkdw wklv frqglwlrq lv yhu| vwulqjhqw lq wkh vhqvh wkdw lq dwlrq wdujhwlqj lv
grplqdqw rqo| li vkrfnv duh yhu| vpdoo lq vl}h1 Lqghhg/ li wkh hfrqrp| lv klw e|
yhu| elj vkrfnv wkhq wkh surylvlrq ri d wdujhw grhv qrw khos djhqwv frruglqdwh
dw wkh ohyho lqwhqghg e| wkh Fhqwudo Edqn1

Iljxuh 4= Lq dwlrq Wdujhwlqj dv d grplqdqw Vwudwhj|

Pruhryhu/ �jxuh 5 dovr vkrzv wkdw li sxeolf lqirupdwlrq lv yhu| lpsuhflvh +�
lv orz, wkhq wkh surylvlrq ri dq lq dwlrq wdujhw ehfrphv khosixo/ lq wkh vhqvh
wkdw wkh frqglwlrq ehfrphv hdvlhu wr vdwlvi|1 Lq wkdw uhvshfw wkh qxphulfdo
wdujhwv ehfrph vxevwlwxwhv iru lpsuhflvh lqirupdwlrq> lq wkh devhqfh ri frqfuhwh
lqirupdwlrq wkhq wkh surylvlrq ri rqh fohdu lq dwlrq wdujhw/ ehfrphv wkh rqo|
xqhtxlyrfdo slhfh ri sxeolf lqirupdwlrq1 Dqg wkdw lv wuxh luuhvshfwlyh ri wkh
lqwhusuhwdwlrq sdudphwhu/ y1

715 H{shfwdwlrqv irupdwlrq dv d pdwfklqj jdph
Krzhyhu li +56, lv qrw vdwlv�hg/ l1h1/ �5� A �

+5�.�,5 wkhq/ iurp Wdeoh 4/ lqglylgxdo*v
rswlpdo dfwlrq uhtxluhv pdwfklqj wkh dyhudjh dfwlrqv1 Exw wklv wlph iru lq dwlrq
wdujhwlqj wr surgxfh kljkhu h{shfwhg xwlolw|/ frqglwlrq +55, pxvw eh vdwlv�hg
dqg e| frqvhtxhqfh wkh ydoxh ri wkh lqwhusuhwdwlrq sdudphwhu y lv uhohydqw1
Frqglwlrq +55, fdq eh uh0zulwwhq dv

�5� ? � . y7�
+4� y, +5�. �,5

+5�. �,5 �5� � �
7�. +5�. �,5 �5�

? y +57,

Iljxuh 6 sorwv frqglwlrq +57, lq wkh � dqg � vsdfh iru irxu gl�huhqw ydoxhv ri
wkh vxsso| vkrfn +3 ? �5� ? 4,1
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1=1

1=0.25

Wkhuh duh wzr lqwhuhvwlqj ihdwxuhv wkdw dulvh iurp �jxuh 61 Iluvw/ lw lv wkh fdvh
wkdw dv wkh yduldqfh ri wkh vkrfn lqfuhdvhv/ wkhq +57, ehfrphv pruh gl!fxow wr
vdwlvi|1 Wklv lv frqvlvwhqw zlwk zkdw lv phqwlrqhg deryh zkhq lq dwlrq wdujhw0
lqj lv d grplqdqw vwudwhj| iru lqglylgxdo l/ qdpho| wkdw lq wkh suhvhqfh ri odujh
vkrfnv/ lq dwlrq wdujhwlqj lv uhgxqgdqw lq lwv uroh dv d frruglqdwru ri h{shfwd0
wlrqv1 Vhfrqg/ dv sxeolf lqirupdwlrq ehfrphv ohvv dqg ohvv fohdu/ wkh surylvlrq ri
d fohdu dqg xqltxh txdqwlwdwlyh vljqdo khosv uhod{ wkh vwulqjhqf| ri wkh frqglwlrq
Lq erwk fdvhv iurp deryh/ wkh uroh ri sulydwh lqirupdwlrq lv ghhpdskvlvhg lq
wkdw lw grhv qrw lpsrvh d frqvwudlqw rq hlwkhu +56,ru +57, wr krog1 Wklv lv
ghprqvwudwhg lq �jxuh 7 iru wkh odwwhu1

Iljxuh 5= Wkh uroh ri sulydwh lqirupdwlrq
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8 Frqfoxvlrqv
Dq| sulydwh lqglylgxdo irupv h{shfwdwlrqv ri lq dwlrq zklfk lw xvhv wr qhjrwldwh
zdjhv zlwk1 Rxu sdshu frqfhqwudwhv rq wkh zd| wkhvh h{shfwdwlrqv pljkw eh
iruphg lq wkh suhvhqfh ri d Fhqwudo Edqn wkdw sxuvxhv lwv rzq remhfwlyhv1 Zh
ehjlq rxu dqdo|vlv e| dujxlqj wkdw lw lv qrw dozd|v srvvleoh iru d prqhwdu| srolf|
dxwkrulw| wr dvvxph wkdw lw fdq d�hfw sulydwh h{shfwdwlrqv lq wkh zd| wkdw wkh|
zloo pdwfk lwv rzq lqwhqwlrqv1 Sulydwh lqglylgxdov uho| rq lqirupdwlrq wkdw lv
dydlodeoh wr wkhp sxeolfo| +dqg wkxv frpprq wr hyhu|rqh, dqg lqirupdwlrq wkdw
pljkw eh xqltxh wr wkhp lqglylgxdoo|1 Prqhwdu| srolf| wkhq/ ehfrphv dq lqiru0
pdwlrq jdph/ lq zklfk sulydwh lqglylgxdov edvh wkhlu ghflvlrq rq d frpelqdwlrq
ri doo lqirupdwlrq dydlodeoh/ fruuhfwhg iru wkhlu uhvshfwlyh ghjuhh ri suhflvlrq1
Dv wkh ohyho ri h{shfwdwlrqv d�hfwv wkh �qdo rxwfrph ri lq dwlrq/ wkh sulydwh
vhfwru qhhgv wr ghgxfh erwk zkdw wkh remhfwlyh ri wkh Fhqwudo Edqn lv/ dv zhoo dv
zkdw hyhu|erg| hovh*v lqwhqwlrqv duh1 Wkh odwwhu srlqw lpsolhv wkdw frruglqdwhg
h{shfwdwlrqv duh suhihudeoh1
Ixuwkhu wr wkdw zh wkhq dujxh wkdw Fhqwudo Edqnv wkdw dqqrxqfh d yhu| suh0
flvh txdqwlwdwlyh wdujhw/ pd| ehqh�w lq wkh irup ri frruglqdwhg sulydwh vhfwru
h{shfwdwlrqv dw wkh ohyho ri lwv remhfwlyh1 Zh ghvfuleh wkh frqglwlrqv iru zklfk
wklv kdsshqv dqg glvfryhu wkdw lq dwlrq wdujhwlqj grhv lqghhg dfklhyh ehwwhu
frruglqdwlrq/ �uvw zkhq wkh vxsso| vkrfnv h{shfwhg duh vpdoo/ lq rwkhu zrugv
wkh hfrqrp| lv vwdeoh dqg qr elj vkrfnv duh dqwlflsdwhg wr sxvk wkh hfrqrp|
r� lwv pdlq sdwk/ dqg vhfrqg/ zkhq sxeolf lqirupdwlrq idlov lq doo rwkhu uhvshfwv
wr surylgh wkh sulydwh vhfwru zlwk fohdu vljqdov dv wr zkdw wkh ohyho ri lq dwlrq
uhohydqw wr wkhp/ lv jrlqj wr eh1 Lw lv lq wkh vhqvh wkdw zh dujxh wkdw lq dwlrq
wdujhwv duh vxevwlwxwhv iru srru rwkhuzlvh/ sxeolf lqirupdwlrq1 Qdwxudoo|/ dv zh
vkrz deryh lw lv qrw vx!flhqw iru dq| lqglylgxdo wr ylhz wklv txdqwlwdwlyh vljqdo
dv d vdwlvidfwru| vxevwlwxwh1 Vkh pxvw kdyh d kljk hqrxjk ghjuhh ri frq�ghqfh
wkdw doo rwkhu djhqwv gr wrr1
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Dssolfdwlrqv/ lq Dgydqfhv lq Hfrqrplfv dqg Hfrqrphwulfv/ wkh Hljkwk Zruog
Frqjuhvv/ P1 Ghzdwulsrqw/ O1 Kdqvhq dqg V1 Wxuqryvn|/ +hgv,/ Fdpeulgjh
Xqlyhuvlw| Suhvv

^56` Ruskdqlghv/ Dwkdqdvlrv dqg Mrkq F1 Zlooldpv/ 5337/ Wkh Ghfolqh ri Df0
wlylvw Vwdelolvdwlrq Srolf|= Qdwxudo Udwh Plvshufhswlrqv/ Ohduqlqj dqg H{0
shfwdwlrqv/ Erdug ri Jryhuqruv ri wkh Ihghudo Uhvhuyh/ Dsulo1

^57` Skhosv/ Hgpxqg V1 4<;6/ Wkh wurxeoh zlwk udwlrqdo h{shfwdwlrqv dqg wkh
sureohp ri lq dwlrq vwdelolvdwlrq/ lq U1 Iu|gpdq dqg H1V1 Skhosv/ +hgv,/
Lqglylgxdo iruhfdvwlqj dqg djjuhjdwh rxwfrphv1 Qhz \run/ Fdpeulgjh Xql0
yhuvlw| Suhvv/ 640731

^58` Vxjghq/ Urehuw/ 4<<</ D wkhru| ri irfdo srlqwv/ Wkh Hfrqrplf Mrxuqdo/
Pd|/ 438/ 86608831

^59` Vyhqvvrq/ Oduv 4<<</ Lq dwlrq Wdujhwlqj dv d Prqhwdu| Srolf| Uxoh/ Mrxuqdo
ri Prqhwdu| Hfrqrplfv/ 76/ 93:09871

^5:` Vyhqvvrq/ Oduv 5336/ Zkdw lv Zurqj zlwk Wd|oru UxohvB Xvlqj Mxgjhphqw
lq Prqhwdu| Srolf| wkurxjk Wdujhwlqj Uxohv/ Mrxuqdo ri Hfrqrplf Olwhud0
wxuh/ Yro1 [OL/ Mxqh/ 75907::1

^5;` Zlovrq/ Ulfn N1 dqg Fduo P1 Ukrghv/ 4<<:/ Ohdghuvkls dqg Fuhglelolw| lq
Q0Shuvrq Frruglqdwlrq Jdphv/ Mrxuqdo ri Frq lfw Uhvroxwlrq/ Yro1 74/ Qr1
9/ Ghfhpehu/ :9:0:<41

4<



^5<` Zrrgirug/ Plfkdho/ 5335/ Lpshuihfw Frpprq Nqrzohgjh dqg wkh H�hfwv
ri Prqhwdu| Srolf|/ lq S1 Djklrq/ U1 Iu|gpdq/ M1 Vwljolw}/ dqg P1 Zrrg0
irug/ hgv1/ Nqrzohgjh/ Lqirupdwlrq/ dqg H{shfwdwlrqv lq Prghuq Pdfurhfr0
qrplfv= Lq Krqru ri Hgpxqg V1 Skhosv/ Sulqfhwrq Xqly1 Suhvv/ 53351

^63` Zrrgirug/ Plfkdho/ 5336/ Lqwhuhvw dqg Sulfhv/ Sulqfhwrq Xqlyhuvlw| Suhvv1
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