
Frqvhqvxv dqg wkh Dffxudf| ri Vljqdov= Rswlpdo
Frpplwwhh Ghvljq zlwk Hqgrjhqrxv Lqirupdwlrq

Qlfrod Shuvlfrú

Xqlyhuvlw| ri Shqqv|oydqld

Rfwrehu 4<<<1

Devwudfw

Zh vwxg| d prgho ri sulydwh surgxfwlrq ri lqirupdwlrq lq froohfwlyh ghfl0
vlrq pdnlqj1 Lghqwlfdo djhqwv jdwkhu frvwo| lqirupdwlrq/ dqg wkhq djjuhjdwh lw
wkurxjk yrwlqj1 Ehfdxvh lqirupdwlrq lv d sxeolf jrrg/ lw zloo eh xqghusurylghg
uhodwlyh wr wkh vrfldo rswlpxp1 D 3jrrg4 yrwlqj uxoh pxvw jlyh lqfhqwlyhv wr
dftxluh lqirupdwlrq/ dv zhoo dv djjuhjdwh lqirupdwlrq h!flhqwo|1

Zh vkrz wkdw d yrwlqj uxoh wkdw uhtxluhv d odujh soxudolw| +lq wkh h{wuhph/
xqdqlplw|, wr xsvhw wkh vwdwxv txr fdq eh rswlpdo rqo| li wkh lqirupdwlrq dydlo0
deoh wr hdfk djhqw lv vx!flhqwo| dffxudwh1 Wklv uhvxow lv lqghshqghqw ri wkh
suhihuhqfhv ri yrwhuv dqg ri wkh frvw ri lqirupdwlrq1

Wklv uhvxow lv vwurqjhu wkdq uhvxowv rq wkh lqihulrulw| ri xqdqlprxv yhuglfwv e|
Ihgghuvhq dqg Shvhqgruihu +4<<;,/ zkr fdq rqo| glvwlqjxlvk ehwzhhq xqdqlprxv
dqg qrq0xqdqlprxv uxohv1

4 Lqwurgxfwlrq

Wklv sdshu lv frqfhuqhg zlwk frqvhqvxv lq froohfwlyh ghflvlrq pdnlqj1 Wkh lghd wkdw
glvvhqw pd| eh d khdowk| ihdwxuh ri froohfwlyh ghflvlrq pdnlqj lv dw ohdvw dv rog dv
Pdfkldyhool/ zkr zurwh=

úGhsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Shqqv|oydqld/ 6:4; Orfxvw Zdon/ Sklodghoskld/ SD 4<437/
XVD1 H0pdlo shuvlfrChfrq1vdv1xshqq1hgx1 Zhe sdjh kwws=22zzz1vvf1xshqq1hgx2�shuvlfr1
Wklv lv d uhylvhg yhuvlrq ri FDUHVV Zrunlqj Sdshu <<03;1 Wkh dxwkru judwhixoo| dfnqrzohgjhv
vxssruw iurp QVI xqghu VEU <<388971
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Wkrvh zkr frqghpq wkh txduuhov ehwzhhq wkh qreohv dqg wkh sohehv vhhp
wr eh fdyloolqj dw wkh yhu| wklqjv wkdw zhuh wkh sulpdu| fdxvhv ri Urph*v
uhwdlqlqj khu iuhhgrp/ dqg wkdw wkh| sd| pruh dwwhqwlrq wr wkh qrlvh dqg
fodprxuv uhvxowlqj iurp vxfk frpprwlrqv wkdq wr zkdw uhvxowhg iurp wkhp/
wkdw lv/ wr wkh jrrg h>hfwv wkh| surgxfhg

+Qlffror* Pdfkldyhool/ flwhg iurp Prvfrylfl dqg Grlvh +4<<7,/ s1 8<,

Wkh vrflrorjlfdo olwhudwxuh uhfrjql}hv d uhodwlrqvkls ehwzhhq glvvhqw dqg wkh ghjuhh
wr zklfk ghflvlrq pdnhuv lghqwli| zlwk d frpplwwhh= 3surwhvwv dqg glvsxwhv ^111` phd0
vxuh wkh ghjuhh wr zklfk hdfk lqglylgxdo lv dwwdfkhg wr ^d frpplwwhh`14 +Prvfrylfl
dqg Grlvh +4<<7, s1 8<1 Vhh dovr wkh olwhudwxuh flwhg wkhuhlq,1 Wkh lpsolfdwlrq lv wkdw
lghqwl?fdwlrq zlwk wkh frpplwwhh*v jrdov jhqhudwhv glvvhqw1

Lq wklv sdshu/ zh vkrz wkh uhyhuvh fdxvdwlrq olqn= wkdw glvvhqw hqfrxudjhv sduwlfl0
sdwlrq lq wkh froohfwlyh ghflvlrq surfhvv1 Zh gh?qh wkh ohyho ri frqvhqvxv ri d yrwlqj
uxoh dv wkh iudfwlrq ri yrwhv wkdw lv uhtxluhg wr vzlwfk iurp d vwdwxv txr wr dq dowhu0
qdwlyh srolf|1 Lq dq hqylurqphqw zkhuh djhqwv fdq dftxluh lqirupdwlrq/ zh vkrz wkdw
wrohudwlqj glvvhqw lq froohfwlyh ghflvlrq pdnlqj pd| eh qhfhvvdu| wr hqfrxudjh djhqwv
wr frqwulexwh wr wkh ghflvlrq surfhvv1

Vshfl?fdoo|/ lq d prgho zkhuh ?uvw djhqwv dftxluh lqirupdwlrq/ dqg wkhq wkh| yrwh/
zh vkrz wkdw frqvhqvxdo yrwlqj uxohv dwwhqxdwh djhqwv* lqfhqwlyhv wr lqyhvw lq lqirupd0
wlrq1 Wkh uhdvrq lv wkh iroorzlqj1 Wdnh wkh prvw frqvhqvxdo yrwlqj uxoh/ xqdqlplw|1
Wkh rqo| flufxpvwdqfh zkhuh d ghflvlrq pdnhu kdv dq| xvh iru klv lqirupdwlrq lv zkhq
wkh uhpdlqlqj ? ý � ghflvlrq pdnhuv yrwh wr vzlwfk iurp wkh vwdwxv txr1 Exw wklv lv
dq xqolnho| hyhqw vlqfh/ gxh wr qrlv| lqirupdwlrq/ djhqwv duh olnho| wr kdyh gl>huhqw
shufhswlrqv derxw wkh ehvw srolf|1 Li lqirupdwlrq lv frvwo| dqg pxvw eh dftxluhg ehiruh
wkh yrwlqj vwdjh/ djhqwv zloo qrw dftxluh lw1 Wkxv/ wkh gudzedfn ri frqvhqvxdo ghflvlrq
pdnlqj lv wkdw djhqwv pd| qrw lqyhvw lq lqirupdwlrq/ ehfdxvh wkh| h{shfw wkdw wkhlu
yrwh zloo qrw lq xhqfh wkh ?qdo ghflvlrq1

Wkh vwdqgdug prgho ri froohfwlyh ghflvlrqv xqghu xqfhuwdlqw| srvwxodwhv wkdw gh0
flvlrq pdnhuv duh hqgrzhg zlwk +frvwohvv, lqirupdwlrq +\rxqj +4<;;,/ Dxvwhq0Vplwk
dqg Edqnv +4<<9,/ Ihgghuvhq dqg Shvhqgruihu +4<<:/ 4<<;,,1 Wkhuh duh ? djhqwv zlwk
lghqwlfdo suhihuhqfhv1 Wkhuh duh wzr dowhuqdwlyhv/ d vwdwxv txr dqg dq dowhuqdwlyh sro0
lf|1 Djhqwv suhihu wkh vwdwxv txr lq vwdwh ri wkh zruog 4/ exw qrw lq vwdwh ri wkh zruog
51 Djhqwv duh hqgrzhg zlwk qrlv| elqdu| vljqdov derxw wkh vwdwh ri wkh zruog/ dqg
djjuhjdwh wkhlu lqirupdwlrq wkurxjk yrwlqj1
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Lq wklv zruog/ dq| yrwlqj uxoh fdq eh rswlpdo/ ghshqglqj rq wkh djhqwv* suhihuhqfhv1
Fkdudfwhul}h d yrwlqj uxoh e| -/ wkh plqlpxp qxpehu ri yrwhv uhtxluhg wr vzlwfk iurp
wkh vwdwxv txr1 Li djhqwv duh yhu| frqfhuqhg zlwk plvwdnhqo| dedqgrqlqj wkh vwdwxv
txr/ wkh rswlpdo ydoxh ri -*? zloo eh kljk1 Li lqvwhdg wkhlu pdlq frqfhuq lv wr eh vwxfn
zlwk wkh vwdwxv txr zkhq wkh dowhuqdwlyh rssruwxqlw| lv suhihudeoh/ -*? zloo eh orz14

Lq frqwudvw/ lq d zruog zkhuh lqirupdwlrq lv hqgrjhqrxv/ wkh rswlpdo ydoxh ri -*? fdq
eh erxqghg lqghshqghqwo| ri wkh djhqwv* suhihuhqfhv1

Pruhryhu/ wkh prgho zlwk h{rjhqrxv lqirupdwlrq |lhogv lpsodxvleoh qrupdwlyh uh0
vxowv rq wkh txhvwlrq ri frpplwwhh vl}h1 Lq wkdw prgho/ lqfuhdvlqj wkh qxpehu ri djhqwv
xqdpeljxrxvo| khosv wkh ghflvlrq surfhvv/ dv hdfk djhqw frqwulexwhv klv sulydwh lqiru0
pdwlrq1 Iru lqvwdqfh/ lq wkh idfh ri sxeolf frqfhuq derxw wkh xqsuhglfwdelolw| ri mxu|
yhuglfwv/5 wkh h{lvwlqj prgho suhvfulehv d +suhvxpdeo| odujh, lqfuhdvh lq wkh vl}h ri
mxulhv1 Zk| duh frpplwwhhv qrw h{sdqghg lq vl}h/ li wkdw lqfuhdvhv wkh dffxudf| ri
wkhlu ghflvlrqB Frpprq vhqvh vxjjhvwv wkdw li frpplwwhhv dqg mxulhv zhuh hqodujhg/
frpplwwhh phpehuv zrxog ehfrph ohvv uhvsrqvleoh iru wkh ghflvlrq/ dqg wkhuhe| ohvv
hqjdjhg lq wkh froohfwlrq ri lqirupdwlrq1 Lq idfw/ wklv dujxphqw lv xvxdoo| lqyrnhg wr
h{sodlq zk| wkh dyhudjh yrwhu lv vr srruo| lqiruphg lq odujh hohfwlrqv1

Wklv srlqwv wr d prgho zkhuh lqirupdwlrq lv hqgrjhqrxv/ l1h1/ dftxluhg e| frpplwwhh
phpehuv1 Lq vxfk d prgho/ lqfuhdvlqj wkh vl}h ri wkh frpplwwhh qhhg qrw lqfuhdvh
wkh djjuhjdwh lqirupdwlrq ri lwv phpehuv/ ehfdxvh d phpehu*v lqfhqwlyhv wr dftxluh
lqirupdwlrq ghfuhdvh zlwk frpplwwhh vl}h1 Wklv ihdwxuh fdswxuhv wkh suhylrxv dujxphqw
iru nhhslqj frpplwwhhv vpdoo1 Iru wklv prgho/ zh ghulyh dq lqwhuhvwlqj fkdudfwhul}dwlrq
ri wkh rswlpdo yrwlqj uxoh1

Zh frqvlghu wkh vdph hqylurqphqw dv lq wkh vwdqgdug prgho ghvfulehg suhylrxvo|/
h{fhsw iru wkh lqirupdwlrq vwuxfwxuh1 Zh dqdo|}h d jdph zkhuh= Iluvw/ ? djhqwv duh
vhohfwhg wr ehfrph frpplwwhh phpehuv> dw wklv vwdjh/ djhqwv kdyh qr sulydwh lqirupd0

4Wr ghwhuplqh wkh rswlpdo yrwlqj uxoh/ frqvlghu d vwdwlvwlfldq zkr kdv wkh vdph xwlolw| ixqfwlrq dv
wkh ghflvlrq pdnhuv/ dqg revhuyhv wkhlu vljqdov gluhfwo|1 Wkh rswlpdo ghflvlrq uxoh lv fkdudfwhul}hg e|
dq lqwhjhu U> wkh vwdwlvwlfldq lpsohphqwv wkh dowhuqdwlyh srolf| li dw ohdvw U vljqdov lqglfdwh vwdwh ri
wkh zruog 51 Lw lv fohdu wkdw wkh dqdorjrxv yrwlqj uxoh/ zklfk vzlwfkhv iurp wkh vwdwxv txr li dw ohdvw
U djhqwv yrwh cvzlwfk*/ lv wkh rswlpdo yrwlqj uxoh1 Xqghu wklv yrwlqj uxoh/ lw lv d Qdvk htxloleulxp iru
djhqwv wr yrwh vlqfhuho|/ l1h1 wr yrwh cvzlwfk* li dqg rqo| li wkhlu vljqdo lqglfdwhv vwdwh 51 Wklv lv dovr
wkh ehvw srvvleoh rxwfrph jlyhq wkh lqirupdwlrq lq wkh hfrqrp|/ ehfdxvh lw lpsohphqwv wkh ghflvlrq
ri d ehqhyrohqw vwdwlvwlfldq2vrfldo sodqqhu1

5Frqfhuqlqj sxeolf plvwuxvw ri wkh dffxudf| ri mxu| ghflvlrqv vhh 3Mxu| Wuldov= D Plvwhu|/4 Wkh
Hfrqrplvw/ Mdqxdu| 5:/ 4<<91 Wkh XN uhfhqwo| pryhg wr holplqdwh mxu| wuldov lq fdvhv wkdw ghdo zlwk
vhyhudo plggoh0udqnlqj fulphv1
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wlrq derxw zklfk ri wkh wzr dowhuqdwlyhv lv ehwwhu1 Wkhq/ frpplwwhh phpehuv ghflgh
zkhwkhu wr lqfxu d frvw wr ohduq d qrlv| vljqdo derxw wkh vwdwh ri wkh zruog1 Wkh vljqdo
lv elqdu|/ dqg lv dffxudwh 9 l1h1 uhyhdov wkh wuxh vwdwh 9 zlwk suredelolw| R1 Ilqdoo|/
wkh frpplwwhh phpehuv sduwlflsdwh lq d yrwlqj jdph1 Wkh uxohv ri wkh jdph duh wkdw
wkh vwdwxv txr lv lpsohphqwhg xqohvv - ru pruh djhqwv yrwh cvzlwfk*1 D phfkdqlvp
ghvljqhu/ zlwk suhihuhqfhv lghqwlfdo wr wkh djhqwv*/ slfnv - dqg ? wr pd{lpl}h klv
h{shfwhg xwlolw| iurp wkh ghflvlrq1

Zh wdnh wkh iudfwlrq -*? dv rxu phdvxuh ri frqvhqvxv= li -*? lv forvh wr rqh/ zh
vd| wkdw wkh yrwlqj uxoh lv frqvhqvxdo/ ehfdxvh d kljk ohyho ri frqvhqvxv lv qhfhvvdu| wr
fkdqjh wkh vwdwxv txr1 Li -*? lv forvh wr 425/ zh vd| wkdw wkh uxoh lv qrw frqvhqvxdo/
ehfdxvh wkh dowhuqdwlyh srolf| fdq eh lpsohphqwhg djdlqvw wkh yrwh ri d odujh iudfwlrq
ri djhqwv1

Zh vkrz wkdw/ uhjdugohvv ri wkh suhihuhqfhv dqg ri wkh frvw ri lqirupdwlrq/ wkh
rswlpdo ydoxh ri -*? fdq qhyhu eh juhdwhu wkdq R/ wkh dffxudf| ri wkh vljqdo1 Wkxv/
frqvhqvxdo yrwlqj uxohv +vxfk dv xqdqlplw|, fdq eh rswlpdo rqo| iru kljk ydoxhv ri R1
Wklv vwdwhphqw lv lqwhuhvwlqj ehfdxvh lw grhv qrw ghshqg rq wkh suhihuhqfhv ri djhqwv
ru rq wkh frvw ri lqirupdwlrq1 Lqvwhdg/ wkh erxqg rq -*? ghshqgv rq wkh txdolw| ri
lqirupdwlrq dydlodeoh wr djhqwv1

Frqvlghu wkh lpsolfdwlrqv iru rswlpdo mxu| ghvljq1 Lq frqwudvw wr wkh prgho zlwk d
?qlwh qxpehu ri h{rjhqrxvo| lqiruphg mxuruv/ zkhuh xqdqlplw| fdq eh wkh rswlpdo uxoh
li wkh mxuruv* suhihuhqfhv duh vx!flhqwo| dyhuvh wr frqylfwlqj wkh lqqrfhqw/ lq rxu prgho
wklv lv qrw hqrxjk wr mxvwli| xqdqlplw| dv wkh rswlpdo uxoh> lw lv dovr qhfhvvdu| wkdw
mxuruv eh yhu| frq?ghqw lq wkhlu lqirupdwlrq1 Frqyhuvho|/ li zh eholhyh wkdw fulplqdo
mxulhv duh ghvljqhg wr vroyh wkh sureohp ghvfulehg suhylrxvo|/ revhuylqj xqdqlplw| dv
uhtxluhphqw iru frqylfwlrq |lhogv d orzhu erxqg rq wkh txdolw| ri lqirupdwlrq wkdw lv
dydlodeoh wr mxuruv1

Wkh uhdvrq wkdw frqvhqvxdo uxohv fdqqrw eh rswlpdo lv wkdw slhfhv ri lqirupdwlrq
duh frpsohphqwdu| jrrgv zkhq wkh rswlpdo uxoh lv frqvhqvxdo1 Zh vkrz wkdw zkhq
-*? lv forvh wr rqh/ dq djhqw*v ydoxh iru lqirupdwlrq lv lqfuhdvlqj lq wkh qxpehu ri
lqiruphg djhqwv1 Lq ylhz ri wklv/ lw lv sur?wdeoh wr lqfuhdvh wkh frpplwwhh vl}h wr ?n2/
zklfk uhtxluhv dgmxvwlqj wkh yrwlqj uxoh wr - n �1 Wklv surfhvv frqwlqxhv xqwlo wkh
udwlr -*? lv vx!flhqwo| forvh wr 4251 Zkhq -*? lv forvh wr 425/ zh vkrz wkdw slhfhv
ri lqirupdwlrq ehfrph vxevwlwxwhv/ lq wkh vhqvh wkdw wkh djhqwv* ydoxh iru lqirupdwlrq
lv ghfuhdvlqj lq wkh qxpehu ri lqiruphg djhqwv1

Wr rewdlq vrph lqwxlwlrq iru krz slhfhv ri lqirupdwlrq fdq eh frpsohphqwv/ frqvlghu
wkh sureohp ri d vwdwlvwlfldq zkr revhuyhv vljqdov gluhfwo|1 Dvvxph kh kdv h{wuhph

7



suhihuhqfhv> kh lv yhu| frqfhuqhg zlwk plvwdnhqo| ryhuwxuqlqj wkh vwdwxv txr1 Vxssrvh
wkh vwdwlvwlfldq lv hqgrzhg zlwk rqh vljqdo1 Li kh lv vx!flhqwo| dyhuvh wr plvwdnhqo|
ryhuwxuqlqj wkh vwdwxv txr/ wkh rswlpdo ghflvlrq lv wr ljqruh wkdw vljqdo dqg dozd|v
lpsohphqw wkh vwdwxv txr1 Vxssrvh qrz wkh vwdwlvwlfldq lv hqgrzhg zlwk wzr vljqdov1
Djdlq/ dvvxplqj vx!flhqwo| h{wuhph suhihuhqfhv/ wkh rswlpdo uxoh lv wr ljqruh wkh wzr
vljqdov1 Dw wklv srlqw/ vljqdov duh qhlwkhu frpsohphqwv qru vxevwlwxwhv/ ehfdxvh dgglqj
d vhfrqg vljqdo kdv qrw fkdqjhg wkh pdujlqdo ydoxh ri wkh ?uvw vljqdo1 Krzhyhu/ dv zh
dgg pruh vljqdov wkhuh frphv d srlqw zkhuh wkh vwdwlvwlfldq zdqwv wr pdnh xvh ri wkhvh
vljqdov1 Dw wkdw srlqw/ vljqdov duh frpsohphqw/ ehfdxvh dgglqj rqh pruh vljqdo pdnhv
wkh vwdwlvwlfldq zdqw wr xvh doo ri wkh suhylrxv vljqdov1

Vhfwlrq 5 suhvhqwv wkh prgho1 Wkh dqdo|vlv lv frqgxfwhg lq Vhfwlrqv 6 dqg 71
Lq Vhfwlrq 8 zh frqvlghu wkh fdvh zkhuh djhqwv duh khwhurjhqhrxv lq wkhlu glvxwlolw|

iurp plvwdnhqo| ryhuwxuqlqj wkh vwdwxv txr1 Zh vkrz wkdw rxu dqdo|vlv h{whqgv yhued0
wlp wr wklv fdvh1 Wklv lv ehfdxvh wkh phfkdqlvp ghvljqhu zrxog lqfoxgh rqo| rqh w|sh
ri djhqw lq wkh rswlpdo frpplwwhh1 Wkh uhdvrq iru wklv lv vwudwhjlf yrwlqj1 Jlyhq dq|
yrwlqj uxoh/ li lw lv lqfhqwlyh frpsdwleoh iru rqh w|sh ri djhqw wr uhyhdo klv lqirupdwlrq/
wkhq wkh rwkhu w|shv duh xqzloolqj wr uhyhdo dq| lqirupdwlrq wkh| pljkw kdyh1

Lq Vhfwlrq 9 zh frqwudvw rxu uhvxow rq frqvhqvxdo uxohv zlwk wkh uhvxow ri Ihgghuvhq
dqg Shvhqgruihu +4<<;, frqfhuqlqj xqdqlplw|1 Lq Vhfwlrq : zh uhod{ wkh dvvxpswlrq
wkdw wkh phfkdqlvp ghvljqhu rqo| frqwurov wkh vl}h ri wkh frpplwwhh dqg wkh yrwlqj uxoh1
Zh vkrz wkdw li zh doorz wkh phfkdqlvp ghvljqhu wr pdnh duelwudulo| odujh wudqvihuv/
wkh ghvljqhu fdq wulyldoo| dfklhyh dq duelwudulo| suhflvh ghflvlrq1

414 Uhodwhg Olwhudwxuh

Prvw ri wkh olwhudwxuh rq mxulhv kdv ljqruhg wkh lvvxh ri lqirupdwlrq dftxlvlwlrq1 \rxqj
+4<;;, glvfxvvhv pdmrulw| uxoh dv d phdqv ri djjuhjdwlqj sulydwh lqirupdwlrq1 Dxvwhq0
Vplwk dqg Edqnv +4<<9, srlqw rxw wkdw/ lq vlwxdwlrqv vxfk dv \rxqj*v/ yrwhuv jhqhudoo|
yrwh vwudwhjlfdoo| hyhq li wkh| kdyh lghqwlfdo suhihuhqfhv1 Ihgghuvhq dqg Shvhqgruihu
+4<<:, vkrz wkdw odujh qxpehuv ri yrwhuv yrwlqj vwudwhjlfdoo| djjuhjdwh lqirupdwlrq
shuihfwo| xqghu dq| yrwlqj uxoh - wkdw/ urxjko|/ fdq eh h{suhvvhg dv d qrq}hur iudfwlrq
ri ? dv ? jrhv wr lq?qlw| +iru h{dpsoh/ vlpsoh pdmrulw| kdv - ' ?*2,1 Ixuwkhupruh/
Ihgghuvhq dqg Shvhqgruihu +4<<;, vkrz wkdw lqirupdwlrq djjuhjdwlrq fdqqrw kdsshq
xqghu xqdqlplw| uxoh1 Zh glvfxvv wklv uhvxow lq Vhfwlrq :1 Fkzh +4<<;, lv frqfhuqhg
zlwk plqrulw| uhsuhvhqwdwlrq1 Kh frqvlghuv wkh phfkdqlvp ghvljq sureohp ri pd{lpl}0
lqj wkh xwlolw| ri rqh w|sh ri mxuru +wkh pdmrulw|,/ dqg jlyhv vx!flhqw frqglwlrqv xqghu
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zklfk lw lv rswlpdo wr jlyh vrph ghflvlrq srzhu wr dqrwkhu w|sh ri mxuru +wkh plqrulw|,1
Wkh pdmrulw| zdqwv wr ghohjdwh vrph ri lwv ghflvlrq srzhu li wkh plqrulw|*v lqwhuhvwv
duh vx!flhqwo| froolqhdu zlwk lwv rzq*v1 Wklv lv ehfdxvh wkh plqrulw| lv hqgrzhg zlwk
lqirupdwlrq wkdw lv ydoxdeoh wr wkh pdmrulw|1 Wkhuhiruh/ zkhq wkh pdmrulw| lv yhu|
xqfhuwdlq derxw zklfk dowhuqdwlyh lv ehvw/ lw ?qgv lw ehqh?fldo wr lqfoxgh wkh plqrulw|
lqwr wkh ghflvlrq surfhvv1

Pxnkrsdgd|d +4<<;, dqdo|}hv d mxu| zlwk hqgrjhqrxv lqirupdwlrq1 Kh dvvxphv
pdmrulw| uxoh/ dqg frqfhqwudwhv rq v|pphwulf pl{hg vwudwhj| htxloleuld1 Kh vkrzv
wkdw/ iru fhuwdlq sdudphwhu ydoxhv/ lqfuhdvlqj wkh mxu| vl}h pd| ohdg wr d ohvv dffxudwh
ghflvlrq1

5 Wkh Prgho

Zh xvh wkh whuplqrorj| ri mxu| prghov1 Wkhuh duh wzr vwdwhv ri wkh zruog/ U dqg C
+Lqqrfhqw dqg Jxlow|,1 Wkhuh duh wzr srvvleoh rxwfrphv/ frqylfwlrq ru dftxlwwdo1

Wkhuh lv dq lq?qlwh vxsso| ri lghqwlfdo djhqwv1 Djhqwv dvvljq sulru suredelolw|
å EUä dqg å ECä wr wkh wzr vwdwhv ri wkh zruog1 Djhqwv fduh derxw wkh rxwfrph ri wkh
surfhvv= ý^ lv wkhlu frvw ri frqylfwlqj wkh lqqrfhqw/ ý E�ý ^ä lv wkh frvw ri dftxlwwlqj
wkh jxlow|1 Wdnlqj wkh uljkw ghflvlrq jlyhv 31 Djhqwv pd{lpl}h h{shfwhg xwlolw|1

Hdfk djhqw fdq sd| d frvw S dqg dftxluh d vljqdo f 5 iðc }j éWkh frqglwlrqdo
suredelolwlhv ri vljqdov duh å Ef ' ðmUä ' å Ef ' }mCä ' R : �*216

D yrwlqj jdph ri ? mxuruv zlwk uxoh - lv d jdph zkhuh hdfk mxuru dqqrxqfhv
Frqylfw ru Dftxlw/ dqg li - ru pruh mxuruv yrwh wr frqylfw/ wkh ghihqgdqw lv frqylfwhg1
D phfkdqlvp ghvljqhu slfnv ? dqg -1

Zh gh?qh d phfkdqlvp dv wkh iroorzlqj jdph=
vwdjh 4, Wkh phfkdqlvp ghvljqhu slfnv ? mxuruv dqg vhwv wkh yrwlqj uxoh -1
vwdjh 5, Wkh mxuruv revhuyh - dqg ?1 Hdfk mxuru hlwkhu jhwv lqiruphg/ dw d frvw S/

ru qrw1
vwdjh 6, Hdfk mxuru yrwhv/ zlwkrxw rehuylqj zkhwkhu rwkhu mxuruv kdyh dftxluhg

lqirupdwlrq lq wkh suhylrxv vwdjh1 Li - ru pruh mxuruv yrwh Frqylfw/ wkh ghihqgdqw lv
frqylfwhg1

Wkh phfkdqlvp ghvljqhu kdv ydoxdwlrq ^ dqg �ý^ iru w|sh L dqg w|sh LL huuruv/ mxvw
6Lqirupdwlrq dftxlvlwlrq frxog eh uhlqwhusuhwhg dv lqirupdwlrq surfhvvlqj1 Lq wkdw fdvh/ wkh frvw

f fdswxuhv wkh h>ruw wkdw hdfk ghflvlrq pdnhu sxwv lqwr xsgdwlqj klv eholhiv jlyhq wkh dydlodeoh
lqirupdwlrq1
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dv djhqwv1 Wkh phfkdqlvp ghvljqhu lqfxuv d shu0mxuru frvw b wkdw lv oh{lfrjudsklf zlwk
uhvshfw wr klv h{shfwhg xwlolw|1 Kh pd{lpl}hv klv h{shfwhg xwlolw| iurp wkh ghflvlrq1

514 Glvfxvvlrq ri wkh Prgho

Zh dvvxph wkdw/ dw wkh yrwlqj vwdjh/ mxuruv fdqqrw vkduh lqirupdwlrq1 Wklv suhyhqwv
mxuruv iurp frruglqdwlqj dw wkh yrwlqj vwdjh/ zklfk zrxog doorz wkhp wr lpsohphqw
wkh rswlpdo rxwfrph uhjdugohvv ri wkh yrwlqj uxoh1 Dowkrxjk zh doorz iru htxloleuld
wkdw duh vxerswlpdo lq wkh yrwlqj vwdjh/ zh zloo suryh wkdw rswlpdolw| lq wkh zkroh
jdph suhvfulehv rswlpdolw| dw wkh yrwlqj vwdjh1 Wkxv/ lq wkh rswlpdo phfkdqlvp iru
wkh zkroh jdph/ mxuruv fdqqrw lpsuryh wkhlu orw e| frppxqlfdwlqj dw wkh yrwlqj vwdjh1
Wkhuhiruh/ wkh dvvxpswlrq wkdw mxuruv fdqqrw vkduh lqirupdwlrq dfwxdoo| pdnhv rxu
uhvxowv pruh lqwhuhvwlqj/ exw rxu uhvxowv zrxog qrw fkdqjh li mxuruv frxog frppxqlfdwh
dw wkh yrwlqj vwdjh1

Wkh phfkdqlvp ghvljqhu grhv qrw wdnh lqwr dffrxqw wkh frvw ri lqirupdwlrq lqfxuuhg
e| mxuruv1 Wklv lqwurgxfhv d gl>huhqfh lq remhfwlyh ehwzhhq wkh phfkdqlvp ghvljqhu
dqg mxuruv/ lq wkh vslulw ri sulqflsdo0djhqw wkhru|1 Wklv prgholqj fkrlfh lv dssursuldwh
wr prgho ghflvlrqv zklfk kdyh dq lpsdfw rq d odujh qxpehu ri shrsoh ehvlghv mxuruv>
lq wkdw fdvh/ wkh lqirupdwlrq frvwv lqfxuuhg e| wkh mxuruv duh qhjoljleoh zlwk uhvshfw wr
wkh ehqh?wv ri dq dffxudwh ghflvlrq17

Wkh rqo| uroh ri wkh oh{lfrjudsklf frvw b lv wr ohdg wkh phfkdqlvp ghvljqhu wr suhihu
wkh vpdoohvw dprqj doo mxulhv wkdw gholyhu d jlyhq h{shfwhg xwlolw|1 Wkxv/ zh uxoh rxw dv
vxerswlpdo hqylurqphqwv zkhuh vrph mxuruv gr qrw jhw lqiruphg zlwk suredelolw| rqh1
Krzhyhu/ wkh frvw b grhv qrw d>hfw wkh fkrlfh dprqj wzr mxulhv wkdw |lhog gl>huhqw
h{shfwhg xwlolwlhv1 Lq sduwlfxodu/ b grhv qrw suhyhqw wkh phfkdqlvp ghvljqhu iurp
lqfuhdvlqj wkh mxu| vl}h zkhqhyhu wklv hqkdqfhv wkh dffxudf| ri wkh ghflvlrq1

515 Wkh Vwdwlvwlfdo Uxoh -V E?ä

Il{ wkh qxpehu ri mxuruv dw ?/ dqg dvvxph wkdw doo mxuruv duh lqiruphg1 Zh vd| wkdw d
mxuru yrwhv vlqfhuho| li klv yrwh uhsolfdwhv klv vljqdo1

Gh?qlwlrq 4 D mxuru yrwhv vlqfhuho| li kh yrwhv Frqylfw li dqg rqo| li kh uhfhlyhv
f ' }1

7Wklv dujxphqw fdq eh pdgh irupdo e| prgholqj d phfkdqlvp ghvljqhu zkr pd{lpl}hv vrfldo xwlolw|
+lqfoxglqj wkh mxuru*v lqirupdwlrq frvw,/ dqg wkhq ohwwlqj wkh qxpehu ri shrsoh lq vrflhw| lqfuhdvh1
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Li doo mxuruv yrwh vlqfhuho|/ d mxuru*v h{shfwhg sd|r> iurp d uxoh - lv
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Vxssrvh d vwdwlvwlfldq fkrrvhv wkh yrwlqj uxoh wr pd{lpl}h d mxuru*v h{shfwhg sd|r>1
Li mxuruv yrwh vlqfhuho|/ wklv uhgxfhv wr wkh vwdwlvwlfdo sureohp ri frqvwuxfwlqj wkh
prvw h!flhqw whvw wr glvfulplqdwh ehwzhhq wkh dowhuqdwlyhv Jxlow| dqg Lqqrfhqw jlyhq
? lqghshqghqw vljqdov1 Xqghu wkh dvvxpswlrqv ri rxu prgho/ wkh prvw h!flhqw whvw
wdnhv wkh irup= 3frqylfw li dqg rqo| li wkh vxp ri jxlow| vljqdov lv -7 E?ä ru pruh14 Zh
fdoo -7 E?ä wkh vwdwlvwlfdo uxoh1

Gh?qlwlrq 5 Wkh uxoh -7 E?ä 5 @h}4@ -áE-c ?ä lv fdoohg wkh vwdwlvwlfdo uxoh1

Qh{w/ zh fkdudfwhul}h dq lpsruwdqw surshuw| ri wkh vwdwlvwlfdo uxoh1 Luuhvshfwlyh
ri sulplwlyhv/ -7 E?ä jurzv dw kdoi wkh vshhg ri ?1 Wkxv/ iru ? odujh hqrxjk/ wkh
udwlr -7 E?ä *? dssurdfkhv 4251 Lq rwkhu zrugv/ wkh rswlpdo yrwlqj uxoh frqyhujhv wr
pdmrulw| uxoh dv wkh qxpehu ri lqiruphg mxuruv jurzv odujh1

Ohppd 4 Vxssrvh -7 E?ä 9' fc ?n �1 Wkhq -7 E?n 2ä ' -7 E?ä n �é

Surri= Wkh uxoh -7 E?ä pd{lpl}hv wkh sd|r> á E-c?ä/ khqfh+
áE-n �c ?äý áE-c ?ä è f iru - ÷ -7 E?ä
áE-n �c ?äý áE-c ?ä é f iru - è -7 E?ä
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Wkh vljq ri áE- n �c ?ä ý áE-c ?ä lv htxdo wr wkh vljq ri û E2-ý ?ä1 Qrwlflqj wkdw
û E2 E-n �äý E?n 2ää ' û E2- ý ?ä |lhogv wkh uhvxow1

Li ? lv wrr vpdoo/ lw pd| eh wkh fdvh wkdw -7 E?ä htxdov f ru ?n�1 Krzhyhu/ jlyhq dq|
vshfl?fdwlrq ri å EUä dqg ^/ wkhuh lv d ydoxh ? odujh hqrxjk vxfk wkdw -7 E?ä 9' fc ?n�1
Iru ydoxhv ri ? odujhu wkdq ?/ -7 E?ä jurzv dw kdoi wkh vshhg ri ?1

Iru wkh sxusrvh ri lqwhusuhwdwlrq zh qrz ghvljqdwh rqh ri wkh wzr rxwfrphv dv wkh
vwdwxv txr1 Wkh vwdwxv txr lv wkh rxwfrph wkdw wkh vwdwlvwlfldq lpsohphqwv xqohvv pruh
wkdq kdoi ri wkh vljqdov duh djdlqvw lw1

Gh?qlwlrq 6 Zh vd| wkdw wkh vwdwxv txr lv Dftxlwwdo li -7 E?ä : ?*21 Rwkhuzlvh/ zh
vd| wkdw wkh vwdwxv txr lv Frqylfwlrq1

D qlfh surshuw| ri wklv gh?qlwlrq lv wkdw/ zklfk rxwfrph lv wkh vwdwxv txr ghshqgv
rq å EUä dqg ^/ exw qrw rq ?1 Lq idfw/ Dftxlwwdo lv wkh vwdwxv txr li dqg rqo| li
^å EUä : E�ý ^äå ECä +wklv lv hdvlo| vhhq iurp h{suhvvlrq +4, deryh,1

6 Htxloleulxp Zlwk ? Lqiruphg Mxuruv

Wkurxjkrxw wklv vhfwlrq zh ?{ wkh qxpehu ri mxuruv dw ?/ dqg dvvxph wkdw doo mxuruv
duh lqiruphg1 Zh vroyh iru wkh htxloleulxp ri wkdw yrwlqj jdph1 Lq wkh qh{w vhfwlrqv
zh glvfxvv lqirupdwlrq dftxlvlwlrq1

Frqvlghu wkh yrwlqj jdph zlwk ? lqiruphg mxuruv dqg uxoh -7 E?ä1 Li mxuruv 2ééé?
yrwh vlqfhuho|/ mxuru 4 suhihuv wr yrwh vlqfhuho|/ ehfdxvh klv lqfhqwlyhv frlqflgh zlwk wkh
vwdwlvwlfldq*v1 Wkxv/ vlqfhuh yrwlqj lv dq htxloleulxp dw uxoh -7 E?ä1 Zkhq wkh uxoh lv
gl>huhqw iurp -7 E?ä/ lv wkhuh dq htxloleulxp zkhuh hyhu|erg| yrwhv vlqfhuho|B Wkh
dqvzhu lv lq wkh qhjdwlyh/ dv vkrzq lq Dxvwhq0Vplwk dqg Edqnv +4<<9,1

Wkh lqwxlwlrq iru wklv uhvxow lv wkdw/ zkhq - lv gl>huhqw iurp -7 E?ä wkh vwdwlvwlfldq
dqg wkh mxuruv zdqw wr pryh - wrzdugv -7 E?ä1 Vxssrvh iru lqvwdqfh wkdw - ÷ -7 E?ä/
vr zlwk vlqfhuh yrwlqj frqylfwlrqv duh pruh iuhtxhqw wkdq wkh| rswlpdoo| vkrxog eh1
Wkhq d mxuru zloo wu| wr uhfwli| wklv e| dozd|v yrwlqj Dftxlw/ uhjdugohvv ri klv vljqdo1

Sursrvlwlrq 4 +Dxvwhq0Vplwk dqg Edqnv +4<<9,,1 Dvvxph wkhuh duh ? lqiruphg mx0
uruv1 Li - ' -7 E?ä wkhuh lv dq htxloleulxp lq zklfk doo mxuruv yrwhv vlqfhuho|1 Li
- 9' -7 E?ä wkhuh lv qr htxloleulxp lq zklfk doo mxuruv yrwhv vlqfhuho|1

<



Surri= Vhh Dxvwhq0Vplwk dqg Edqnv +4<<9,1

Wkh suhylrxv uhvxow kdv lqwhuhvwlqj lpsolfdwlrqv iru d mxuru*v zloolqjqhvv wr uhyhdo klv
lqirupdwlrq= li wkh yrwlqj uxoh gl>huv iurp wkh rswlpdo rqh/ d mxuru suhihuv qrw wr uhyhdo
klv lqirupdwlrq/ dvvxplqj doo rwkhu mxuruv uhyhdo wkhlu lqirupdwlrq1 Wkxv/ vxerswlpdo
yrwlqj uxohv fdxvh vrph lqirupdwlrq wr eh zdvwhg1 Wr xqghuvwdqg krz wklv kdsshqv dw
htxloleulxp/ lw lv qhfhvvdu| wr xqghuvwdqg wkh htxloleulxp xqghu d vxerswlpdo yrwlqj
uxoh1

Zh zlvk wr fkdudfwhul}h wkh prvw h!flhqw sxuh vwudwhj| htxloleulxp18 Zkhq - 9'
-7 E?ä/ dw wkh prvw h!flhqw htxloleulxp d iudfwlrq ?� ri wkh mxuruv ljqruh wkhlu lqiru0
pdwlrq dqg xvh wkhlu yrwh wr fruuhfw wkh yrwlqj uxoh/ dqg wkh uhpdlqlqj ?ý ?� mxuruv
yrwh vlqfhuho|1 Wkxv/ dw wkh prvw h!flhqw sxuh vwudwhj| htxloleulxp/ vrph ri wkh mxuruv
duh ljqrulqj wkhlu lqirupdwlrq1

Sursrvlwlrq 5 Dvvxph wkhuh duh ? lqiruphg mxuruv1 Li - ÷ -7 E?ä/ dw wkh prvw
h!flhqw sxuh vwudwhj| htxloleulxp/ d qxpehu ?� é ? ri mxuruv yrwh Dftxlw uhjdugohvv ri
wkhlu vljqdo/ dqg wkh uhpdlqlqj ?ý?� mxuruv yrwh vlqfhuho|1 Li - : -7 E?ä/ dw wkh prvw
h!flhqw sxuh vwudwhj| htxloleulxp/ d qxpehu ?� é ? ri mxuruv yrwh Frqylfw uhjdugohvv
ri wkhlu vljqdo/ dqg wkh uhpdlqlqj ?ý ?� mxuruv yrwh vlqfhuho|1

Rxwolqh ri Surri= Khuh zh rxwolqh wkh vwuxfwxuh ri wkh surri xvlqj dq h{dpsoh1 Wkh
irupdo dujxphqw lv suhvhqwhg lq wkh Dsshqgl{1

Vxssrvh ? ' �ô1 Ohw ^ ' å EUä ' �*2> wkhq wkh vwdwlvwlfdo uxoh vd|v wr frqylfw li
dqg rqo| li pruh wkdq kdoi wkh mxuruv kdyh d jxlow| vljqdo/ vr -7 E�ôä ' .1 Vxssrvh
wkdw - ' b/ khqfh - lv vxerswlpdo1 Ohw Mxuru 46 ghyldwh iurp vlqfhuh yrwlqj dqg
yrwh Frqylfw uhjdugohvv ri klv vljqdo1 Lv wklv hqrxjk wr uhvwruh wkh lqfhqwlyhv ri rwkhu
mxuruv wr yrwh vlqfhuho|B Qr/ ehfdxvh qrz wr frqylfw zh qhhg hljkw rxw ri wkh ?uvw
wzhoyh mxuruv wr yrwh Frqylfw/ zkloh -7 E�2ä ' .1 Vr/ ohw dovr Mxuru 45 ghyldwh wr
dozd|v yrwlqj Frqylfw1 Qrz/ wr frqylfw zh qhhg vhyhq rxw ri wkh ?uvw hohyhq mxuruv
wr yrwh Frqylfw/ zklfk lv vwloo qrw wkh vwdwlvwlfdo uxoh1 Vr/ lw lv qrw dq htxloleulxp iru
wkh uhpdlqlqj hohyhq mxuruv wr yrwh vlqfhuho|1 Wklv surfhgxuh frqwlqxhv xqwlo zh uhdfk
wkh srlqw zkhuh Mxuruv 43 wr 46 dozd|v yrwh Frqylfw/ dqg Mxuruv 4 wr < yrwh vlqfhuho|1
Wr frqylfw zh qhhg dw ohdvw ?yh rxw ri wkh ?uvw qlqh 3vlqfhuh yrwhuv4 wr yrwh Frqylfw/
zklfk lv wkh vwdwlvwlfdo uxoh iru qlqh mxuruv1 Khqfh/ lw lv d ehvw uhvsrqvh iru Mxuruv 4 wr
< wr yrwh vlqfhuho| dw wklv htxloleulxp1 Zkdw derxw Mxuruv 43 wr 46B Li rqh ri wkhp

8Wkhuh duh pdq| rwkhu Qdvk htxloleuld/ iru lqvwdqfh/ wkrvh zkhuh qr mxuru lv hyhu slyrwdo1
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ghyldwhv wr yrwlqj vlqfhuho|/ wkhq kh lv yrwlqj vlqfhuho| xqghu d uxoh zklfk lv qrw wkh
vwdwlvwlfdo rqh iru wkh qxpehu ri sod|huv/ vr kh lv ehwwhu r> dozd|v yrwlqj Frqylfw1

Wkxv/ wkh h!flhqf| ri d mxu| zlwk d vxerswlpdo yrwlqj uxoh lv htxdo wr wkh h!flhqf|
ri d vpdoohu mxu| hqgrzhg zlwk wkh rswlpdo yrwlqj uxoh1

Dv dq dvlgh/ wkh h{dpsoh mxvw suhvhqwhg doorzv wr uhsolfdwh wkh uhvxow ri Ihgghuvhq
dqg Shvhqgruihu +4<<:, lq sxuh vwudwhj| htxloleuld1 Ihgghuvhq dqg Shvhqgruihu vwxg|
v|pphwulf +pl{hg vwudwhj|, htxloleuld lq odujh mxulhv zkhuh mxuruv duh h{rjhqrxvo|
lqiruphg1 Wkh| vkrz wkdw dq| uxoh - wkdw fdq eh h{suhvvhg dv - ' & ü ? iru vrph
& 5 Efc �ä djjuhjdwhv lqirupdwlrq suhihfwo| dv ? jrhv wr lq?qlw|1 Wdnh rxu h{dpsoh/
dqg ohw ? dqg - jurz vr dv wr nhhs - ' Eb*�ôä?1 Uhdvrqlqj dv lq wkh deryh h{dpsoh/
wkhuh lv dq htxloleulxp zkhuh d iudfwlrq r ri wkh mxuruv yrwh vlqfhuho| +Mxuruv 4 wr b lq
wkh h{dpsoh,/ dqg wkh uhpdlqlqj E�ý rä ri wkh mxuruv yrwh wr uhfwli| wkh vxerswlpdo
uxoh +Mxuruv 43 wr 46 lq wkh h{dpsoh/ zkr yrwh Frqylfw uhjdugohvv ri wkhlu vljqdo,1
Wkh rxwfrph lv htxlydohqw wr wkdw ri d vpdoohu mxu| ri vl}h r? zklfk ghflghv e| vlpsoh
pdmrulw| uxoh1 Dv ? frqyhujhv wr lq?qlw|/ vxfk d mxu| djjuhjdwhv lqirupdwlrq shuihfwo|1

7 Htxloleulxp Zlwk Lqirupdwlrq Dftxlvlwlrq

Lq wklv vhfwlrq zh orrn iru wkh rswlpdo yrwlqj uxoh zlwk lqirupdwlrq dftxlvlwlrq1 Lq
ghvljqlqj wkh rswlpdo uxoh/ zh doorz wkh ghvljqhu wr fkrrvh wkh qxpehu ri mxuruv ?1

Dv xvxdo lq yrwlqj jdphv/ jlyhq dq| yrwlqj uxoh wkhuh duh pdq| htxloleuld1 Zh irfxv
rq htxloleuld zkhuh djhqwv sod| sxuh vwudwhjlhv1 Wklv doorzv xv wr uhvwulfw dwwhqwlrq wr
htxloleuld zkhuh doo mxuruv jhw lqiruphg1 Lqghhg/ li wkhuh zhuh mxuruv zkr gr qrw jhw
lqiruphg dw vrph htxloleulxp/ wkh phfkdqlvp ghvljqhu frxog r>hu dqrwkhu phfkdqlvp
wr rqo| wkrvh mxuruv zkr jhw lqiruphg/ uhsolfdwlqj wkh ruljlqdo phfkdqlvp dqg vdylqj
rq wkh frvw b1

Rqfh zh uhvwulfw dwwhqwlrq wr uxohv zkhuh doo ? mxuruv jhw lqiruphg/ lw lv hdv| wr fkdu0
dfwhul}h wkh rswlpdo uxoh iru jlyhq ?1 Iru doo mxuruv wr eh zloolqj wr dftxluh lqirupdwlrq
lq wkh ?uvw vwdjh/ wkh| doo pxvw eh yrwlqj vlqfhuho| lq wkh vhfrqg vwdjh1 E| Sursrvlwlrq
4/ wkh rqo| uxoh xqghu zklfk mxuruv yrwh vlqfhuho| lv wkh vwdwlvwlfdo uxoh -7 E?ä1 Khqfh/
jlyhq dq| qxpehu ?/ wkh rqo| phfkdqlvp wkdw vwdqgv d fkdqfh ri lqgxflqj lqirupdwlrq
dftxlvlwlrq rq wkh sduw ri wkh ? mxuruv lv wkh vwdwlvwlfdo uxoh -7 E?ä19 Wklv lv hvwdeolvkhg
lq Sduw 4 ri wkh iroorzlqj Wkhruhp1

9Ri frxuvh/ jlyhq q lw pd| eh wkdw f lv wrr kljk dqg wkhuhiruh lw lv qrw dq htxloleulxp iru doo mxuruv
wr dftxluh lqirupdwlrq hyhq xqghu wkh vwdwlvwlfdo uxoh UV +q,1

44



Sduw 5 fdq dssur{lpdwho| eh vwdwhg dv= 3wkh rswlpdo iudfwlrq ri yrwhv uhtxluhg wr
frqylfw ehorqjv wr wkh lqwhuydo E�ý Rc Rä14 Lq rwkhu zrugv/ wkh rswlpdo yrwlqj uxoh fdq
qhyhu eh forvhu wkdq �ý R wr xqdqlplw| ru yhwr srzhu1 Xvlqj wkh gh?qlwlrq ri vwdwxv
txr/ zh fdq uhskudvh wklv dv iroorzv1 Li wkh vwdwxv txr lv Dftxlwwdo/ wkhq wkh rswlpdo
yrwlqj uxoh fdq*w uhtxluh pruh wkdq R? 3frqylfw4 yrwhv wr frqylfw> li wkh vwdwxv txr lv
Frqylfwlrq/ wkhq wkh rswlpdo yrwlqj uxoh fdq*w uhtxluh pruh wkdq R? 3dftxlw4 yrwhv wr
dftxlw1

Wkhruhp 4 Dvvxph djhqwv sod| d sxuh vwudwhj| htxloleulxp1 Jlyhq S : fc å EUä c Rc ^/
ghqrwh zlwk ?W wkh rswlpdo qxpehu ri mxuruv dqg zlwk -W wkh rswlpdo yrwlqj uxoh1
Vxssrvh ?W : f1 Wkhq

41 -W ' -7 E?Wä1

51 ?W lv vxfk wkdw E�ý Rä R ÷ ?Wn�
?W

-7E?Wä
?Wn�

k
�ý -7E?Wä

?Wn�

l
1

Surri= Sduw 4= Dw wkh htxloleulxp ri wkh rswlpdo phfkdqlvp/ doo mxuruv dftxluh
lqirupdwlrq1 Lqghhg/ wdnh dq htxloleulxp ri d phfkdqlvp zkhuh vrph djhqwv gr qrw jhw
lqiruphg zlwk vrph suredelolw|1 Ehfdxvh zh duh dw d sxuh vwudwhj| htxloleulxp/ wkhvh
djhqwv gr qrw jhw lqiruphg zlwk suredelolw| rqh1 Wkhq wkh htxloleulxp ri wkh yrwlqj
jdph lv dv ghvfulehg lq Sursrvlwlrq 51 Wkxv/ rqh fdq frqvwuxfw dqrwkhu phfkdqlvp
zklfk lv htxlydohqw lq whupv ri rxwfrphv/ zkhuh wkh uroh ri wkh xqlqiruphg djhqwv lv
sod|hg e| wkh phfkdqlvp lwvhoi/ dqg doo djhqwv zkr jhw lqiruphg sod| wkh vdph vwudwhj|
dv ehiruh1 Wklv qhz phfkdqlvp jlyhv wkh vdph h{shfwhg xwlolw| wr wkh phfkdqlvp
ghvljqhu/ dqg vdyhv rq wkh oh{lfrjudsklf frvw b1 Wkxv/ wkh ruljlqdo phfkdqlvp lv
grplqdwhg1

Li doo mxuruv dftxluh lqirupdwlrq/ lw pxvw eh wkdw wkh| h{shfw wr pdnh xvh ri wklv
lqirupdwlrq lq wkh yrwlqj vwdjh1 Wkxv/ mxuruv pxvw eh yrwlqj vlqfhuho| dw htxloleulxp1
Wkhq Sursrvlwlrq 4 |lhogv wkh uhvxow1
Sduw 5= Vlqfh S lv srvlwlyh/ wkh rswlpdo ydoxh ?W lv fkrvhq vr wkdw wkh pdujlqdo

lqfhqwlyh iru mxuruv wr vwd| lqiruphg lv juhdwhu wkdq S dw ?W/ dqg vpdoohu dw ?W n 21
Frqvlghu d sxwdwlyh htxloleulxp zkhuh doo ? mxuruv duh lqiruphg dqg - ' -7 E?ä1 E|
Sursrvlwlrq 4/ dq lqiruphg mxuru yrwhv vlqfhuho| dqg qhwv d sd|r> +jurvv ri lqirupdwlrq
frvw, ri á E-c?ä1 Dq xqlqiruphg mxuru fdq yrwh Frqylfw/lq zklfk fdvh wkh sd|r> lv
á E-ý �c ?ý �ä> ru Dftxlw/ lq zklfk fdvh klv sd|r> lv á E-c ?ý �ä1 Wkhuhiruh/ d mxuru*v
pdujlqdo lqfhqwlyh wr vwd| lqiruphg lv

�U7UE-c ?ä ' 4ð? iá E-c?äýá E-ý �c ?ý �ä cá E-c ?äý áE-c ?ý �äj é
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Dw wkh rswlpdo ?/ �U7UE-7 E?n 2ä c ?n 2äý�U7UE-7 E?ä c ?ä pxvw eh qhjdwlyh/ iru
rwkhuzlvh lw zrxog eh srvvleoh wr lqfuhdvh ? wr ?n2 zkloh pdlqwdlqlqj wkh mxuruv* lqfhq0
wlyhv wr dftxluh lqirupdwlrq1 Iurp Ohppd 9 lq Dsshqgl{ D15/ �U7UE-7 E?n 2ä c ?n

2äý�U7UE-7 E?ä c ?ä lv qhjdwlyh li dqg rqo| li

E�ý Rä R ÷ -7 E?ä
k
?n �ý-7 E?ä

l
E?n �ä?

é

Uhduudqjlqj wkh ohiw kdqg vlgh |lhogv wkh uhvxow1

Li mxuruv zhuh deoh wr h{fkdqjh lqirupdwlrq dw wkh yrwlqj vwdjh/ Wkhruhp 4 Sduw 4
zrxog eh wulyldo/ vlqfh mxuruv zrxog dozd|v lpsohphqw wkh rswlpdo +vwdwlvwlfdo, yrwlqj
uxoh1 Lqvwhdg/ wkh uhvxow lv lqwhuhvwlqj ehfdxvh zh dvvxph wkdw mxuruv fdqqrw frppxql0
fdwh dw wkh yrwlqj vwdjh1 Xqghu wklv dvvxpswlrq/ rqh pd| vxvshfw wkdw wkh phfkdqlvp
ghvljqhu pljkw dpholrudwh wkh lqfhqwlyhv wr dftxluh lqirupdwlrq e| frpplwwlqj wr d yrw0
lqj uxoh wkdw lv vxerswlpdo jlyhq wkh htxloleulxp qxpehu ri lqiruphg mxuruv1 Krzhyhu/
Sduw 4 ri wkh suhylrxv wkhruhp jxdudqwhhv wkdw wklv lv qrw wkh fdvh/ ehfdxvh fkrrvlqj
d vxerswlpdo uxoh fdxvhv vrph mxuruv wr iruhjr lqirupdwlrq dftxlvlwlrq1

Sduw 5 ri Wkhruhp 4 lv d qhfhvvdu| frqglwlrq iru rswlpdolw|/ wkdw olqnv wkh yrwlqj
uxoh wr wkh txdolw| ri lqirupdwlrq wkdw lv dydlodeoh wr mxuruv1 Wklv uhodwlrqvkls fdq eh
xvhg wr rewdlq uhvwulfwlrqv rq wkh plqlpxp txdolw| ri lqirupdwlrq wkdw fdq mxvwli| d
jlyhq yrwlqj uxoh dv rswlpdo1 Vxssrvh zh revhuyh d uhtxluhphqw ri xqdqlplw| dprqj
wkluwhhq mxuruv iru frqylfwlrq/ dqg zh eholhyh wklv wr eh dq rswlpdo phfkdqlvp1 Wkhq/
Sduw 5 |lhogv wkdw wkh txdolw| ri lqirupdwlrq R pxvw eh vxfk wkdw

E�ý Rä R ÷ �ô n �

�ô

�ô

�ô n �

é
�ý �ô

�ô n �

è
' �*�ec

vr R : féb22DH1 Wkh uhodwlrqvkls lq Sduw 5 frxog srwhqwldoo| eh whvwhg hpslulfdoo|1 Wkh
qxpehu ri phpehuv ri d frpplwwhh dqg wkh yrwlqj uxoh duh revhuydeoh1 Wkh txdolw|
ri lqirupdwlrq R lv qrw revhuydeoh/ exw lw fdq eh uhfryhuhg iurp wkh glvshuvlrq lq wkh
yrwhv +uhphpehu wkdw dw htxloleulxp zh kdyh vlqfhuh yrwlqj,1 Lq idfw/ lq rxu vlpsoh
prgho wkh yduldqfh ri yrwhv lv ?R E�ý Rä1

Wkh frqglwlrq lq Sduw 5 uhtxluhv qr uhvwulfwlrq rq wkh sdudphwhuv Sc ^ dqg å EUä/
surylghg wkdw ?W lv srvlwlyh1 Wklv lv vxusulvlqj ehfdxvh/ iru ?{hg qxpehu ri lqiruphg
mxuruv/ dgmxvwlqj wkh uhodwlyh frvw ri w|sh L dqg LL huuruv +fkrrvlqj ^ odujh hqrxjk,
jxdudqwhhv wkdw xqdqlplw| lv wkh rswlpdo uxoh1 Zk| lv wklv qrw wuxh zkhq lqirupdwlrq
lv hqgrjhqrxvB Wkh uhdvrq lv wkdw/ zkhq wkh yrwlqj uxoh lv frqvhqvxdo/ wkh lqfhqwlyhv
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wr dftxluh lqirupdwlrq lqfuhdvh dv wkh qxpehu ri mxuruv lqfuhdvhv1 Lq rwkhu zrugv/
lqiruphg mxuruv duh d frpsohphqwdu| jrrg1

Lw lv vxusulvlqj wkdw wkh ydoxh ri lqirupdwlrq fdq eh lqfuhdvlqj lq wkh qxpehu ri
mxuruv1 Wr xqghuvwdqg wkh lqfhqwlyhv wr dftxluh lqirupdwlrq/ revhuyh wkdw wkh| duh
sursruwlrqdo wr wkh suredelolw| ri ehlqj slyrwdo1 Jlyhq d yrwlqj uxoh -/ mxuruv duh
slyrwdo rqo| zkhq wkhuh duh h{dfwo| - ý � jxlow| vljqdov rxw ri ? uhdol}dwlrqv1 Wkh
suredelow| ri h{dfwo|-ý� jxlow| vljqdov ghfuhdvhv dv ? lqfuhdvhv/ ehfdxvh dq| sduwlfxodu
uhdol}dwlrq ri vljqdov ehfrphv xqolnho| dv ? jurzv1 Wklv vxjjhvwv wkdw wkh suredelolw|
ri ehlqj slyrwdo pxvw ghfuhdvh +h>hfw 4,1 Krzhyhu/ qrwlfh wkdw - lwvhoi pryhv zlwk ?
+h>hfw 5,> li wkh rswlpdo uxoh zlwk ? mxuruv lv -/ zkhq wkhuh duh ?n2 mxuruv wkh rswlpdo
uxoh ehfrphv -n � +vhh Ohppd 4,1 Qrz/ dvvxph wkdw xqdqlplw| uxoh lv rswlpdo zlwk
? mxuruv1 Dv zh lqfuhdvh wkh vl}h ri wkh mxu| wr ? n 2 dqg zh fruuhvsrqglqjo| dgmxvw
wkh yrwlqj uxoh/ wkh udwlr -ü,e*?ü6Keo pryhv forvhu wr 425/ dqg khqfh wr R/ li R lv
forvh wr 4251 Wklv lqfuhdvhv wkh fkdqfh wkdw mxuruv duh slyrwdo/ ehfdxvh shufhqwdjhv ri
jxlow| vljqdov forvh wr R duh pruh olnho| +kdsshq pruh riwhq, wkdq shufhqwdjhv forvh wr
41: Wkxv/ h>hfw 5 zrunv wrzdugv lqfuhdvlqj wkh suredelolw| ri ehlqj slyrwdo1 Sduw 5 ri
Wkhruhp 4 vkrzv wkdw h>hfw 5 grplqdwhv h>hfw 41 Wkxv/ dq lqfuhdvh lq wkh qxpehu ri
mxuruv lqfuhdvhv wkh lqfhqwlyhv ri doo mxuruv wr dftxluh lqirupdwlrq1

Zh kdyh irfxvvhg rq sxuh vwudwhj| htxloleuld ri wkh phfkdqlvp1 Zkdw zrxog kdsshq
li zh uhod{hg wklv dvvxpswlrqB Lqwxlwlyho|/ doorzlqj iru pl{hg vwudwhjlhv grhv qrw khos
pdnlqj mxuruv pruh slyrwdo/ exw udwkhu wkh rssrvlwh/ dv pl{hg vwudwhjlhv lqwurgxfh
qrlvh lq wkh v|vwhp1 Wkxv/ pl{hg vwudwhjlhv duh xqolnho| wr khos prwlydwh djhqwv wr
dftxluh lqirupdwlrq1 Wr pdnh wklv srlqw/ zh qrz suhvhqw dq h{dpsoh zkhuh zh orrn
dw v|pphwulf pl{hg vwudwhjlhv htxloleuld/ dqg zh vkrz wkdw wkhvh htxloleuld duh yhu|
lqh!flhqw iru odujh ?1
H{dpsoh= Frqvlghu d mxu| zlwk ? mxuruv/ S : f/ dqg å EUä ' ^ ' �*21 Vxssrvh

wkh yrwlqj uxoh lv vlpsoh pdmrulw|1 Iluvw/ vxssrvh doo mxuruv duh lqiruphg1 Wkhq/ lw
lv dq htxloleulxp ri wkh yrwlqj vwdjh iru doo mxuruv wr yrwh vlqfhuho|1 Dv ? jurzv/ dw
wklv htxloleulxp wkh uljkw ghflvlrq lv lpsohphqwhg zlwk suredelolw| rqh1 Krzhyhu/ wkh
suredelolw| wkdw mxuruv duh slyrwdo jrhv wr }hur/ dv lw ehfrphv h{wuhpho| xqolnho| wkdw
h{dfwo| ?*2 mxuruv yrwh frqylfw1

Qrz/ frqvlghu wkh lqirupdwlrq dftxlvlwlrq vwdjh1 Iru odujh ?/ lw fdqqrw eh dq
htxloleulxp iru doo mxuruv wr jhw lqiruphg/ dv d mxuru dqwlflsdwhv wkdw kh zloo doprvw

:Wklv lv ehfdxvh lw lv xqolnho| wkdw doo mxuruv jhw d jxlow| vljqdo/ hyhq li wkh ghihqgdqw lv jxlow|> lq
idfw/ li wkh ghihqgdqw lv jxlow| wkh prvw olnho| frq?jxudwlrq lv wr kdyh sq jxlow| vljqdov rxw ri q mxuruv1
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qhyhu eh slyrwdo1 Dw wkh v|pphwulf htxloleulxp/ lq wkh lqirupdwlrq dftxlvlwlrq vwdjh
mxuruv udqgrpl}h ryhu zkhwkhu wr dftxluh lqirupdwlrq1 Dw wkh yrwlqj vwdjh/ lqiruphg
mxuruv yrwh vlqfhuho| dqg xqlqiruphg mxuruv udqgrpl}h ehwzhhq yrwlqj frqylfw dqg
dftxlw1 Wkh udqgrpl}dwlrq dw wkh yrwlqj vwdjh uhgxfhv wkh fkdqfh wkdw wkh lqiruphg
mxuruv duh slyrwdo/ dqg vr ghfuhdvhv wkh lqfhqwlyh wr dftxluh lqirupdwlrq lq wkh ?uvw
vwdjh1 Iru ? odujh hqrxjk/ wkh rqo| v|pphwulf htxloleulxp lv iru doo mxuruv wr qrw
dftxluh lqirupdwlrq dqg wkhq udqgrpl}h dw wkh yrwlqj vwdjh1 Dw wklv htxloleulxp/ qr
lqirupdwlrq lv dftxluhg ru djjuhjdwhg1 Lq frqwudvw/ dw wkh sxuh vwudwhj| htxloleulxp
vrph lqirupdwlrq lv dftxluhg iru S orz hqrxjk1

8 Khwhurjhqhrxv Mxuruv dqg Plqrulw| Uhsuhvhqwd0
wlrq

Wkh suhylrxv dqdo|vlv kdv dvvxphg krprjhqrxv djhqwv1 Lq wklv vhfwlrq zh vkrz wkdw
rxu uhvxowv duh urexvw wr lqwurgxflqj khwhurjhqhlw|1 Zh frqvlghu d prgho zkhuh wkhuh
duh wzr w|shv ri mxuruv/ lqgh{hg e| wkhlu glvxwlolw| iurp frqylfwlqj wkh lqqrfhqw dqg
frvw ri dftxlulqj lqirupdwlrq1 Zh vkrz wkdw wkh rswlpdo mxu| frpsrvlwlrq rqo| lqfoxghv
mxuruv ri rqh w|sh1 Wkhuhiruh/ wkh dqdo|vlv ri wkh suhylrxv vhfwlrq dssolhv yhuedwlp1

Wkh prgho lv dv ehiruh/ h{fhsw qrz wkhuh duh wzr w|shv ri djhqwv/ 4 dqg 5/ zlwk
^� ÷ ^2 dqg frvw ri lqirupdwlrq dftxlvlwlrq S� dqg S21 Wkhuh lv dq lq?qlwh vxsso| ri
djhqwv ri hdfk w|sh1 Wkh phfkdqlvp ghvljqhu qrz pd{lpl}hv d frqyh{ frpelqdwlrq ri
wkh xwlolw| ixqfwlrqv ri wkh wzr w|sh ri djhqwv1 Wkxv/ wkh phfkdqlvp ghvljqhu kdv d
glvxwlolw| ri frqylfwlqj wkh lqqrfhqw ^k ' k^� n E�ý kä ^21

Zh dvvxph wkdw wkh w|sh ri hdfk djhqw lv revhuydeoh e| doo/ dqg wkdw wkh phfkdqlvp
ghvljqhu fdq slfn djhqwv ri hdfk w|sh1 Wkh dvvxpswlrq wkdw w|shv duh revhuydeoh lv
dssursuldwh wr glvfxvv lvvxhv vxfk dv plqrulw| uhsuhvhqwdwlrq dqg txrwdv1 Vxfk lvvxhv
duh uhohydqw suhflvho| ehfdxvh w|shv duh revhuydeoh1

Zh vwduw e| frqvlghulqj wkh htxloleulxp lq d mxu| zlwk ? lqiruphg mxuruv1 Ohw ?�
dqg ?2 ghqrwh wkh qxpehu ri mxuruv ri hdfk w|sh/ vr wkdw ? ' ?� n ?21 Ghqrwh zlwk
á� E?ä cá2 E?ä c wkh h{shfwhg sd|r>v ri mxuruv ri hdfk w|sh li doo mxuruv yrwh vlqfhuho|/
dqg zlwk ák E?ä wkh phfkdqlvp ghvljqhu*v sd|r>1 Iru æ ' �c 2c k/ ohw -7æ E?ä ghqrwh
wkh uxoh wkdw pd{lpl}hv áæ E?ä1

Fohduo|/ -7� E?ä é -7k E?ä é -72 E?ä1 Li doo mxuruv yrwhg vlqfhuho|/ wkh phfkdqlvp
ghvljqhu zrxog fkrrvh uxoh -7k E?ä1 Krzhyhu/ wklv lv w|slfdoo| qrw ihdvleoh1 Li mxuruv duh
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vx!flhqwo| khwhurjhqhrxv/ -7� E?ä 9' -72 E?ä/ dqg vr e| Sursrvlwlrq 4 wkhuh lv qr uxoh
xqghu zklfk erwk w|shv ri mxuruv yrwh vlqfhuho|1

Zh qrz gh?qh d phdvxuh ri khwhurjhqhlw|1

Gh?qlwlrq 7 Dvvxph ^� ÷ ^21 Wkhq M E^�c ^2ä '
E�3^�ä^2
E�3^2ä^� lv wkh frh!flhqw ri khw0

hurjhqhlw|1

Vlqfh ^� ÷ ^2/ zh kdyh M E^�c ^2ä è �/ zlwk htxdolw| kroglqj li dqg rqo| li ^� ' ^21
Li ^� $ f/ ru ^2 $ �/ wkhq M E^�c ^2ä $ 41 D ydoxh ri M E^�c ^2ä forvh wr 4 lqglfdwhv
wkdw wkh suhihuhqfhv ri w|shv 4 dqg 5 duh froolqhdu1

Wkh qh{w Ohppd jlyhv d orzhu erxqg iru M E^�c ^2ä vxfk wkdw/ li M E^�c ^2ä lv odujhu
wkdq wklv erxqg/ wkhuh lv qr uxoh xqghu zklfk erwk w|shv ri mxuruv yrwh vlqfhuho|1

Ohppd 5 Ohw ?�c ?2 : f/ dqg dvvxph doo mxuruv duh lqiruphg1 Li M E^�c ^2ä :
í

R
�3R

ì2
wkhuh lv qr yrwlqj uxoh xqghu zklfk erwk w|shv ri mxuruv yrwh vlqfhuho| 1

Surri= Il{ ? ' ?� n ?2/ dqg dvvxph yrwhuv ri w|sh æ yrwh vlqfhuho|1 Wkhq/ lq ylhz
ri Sursrvlwlrq 4/ wkh rqo| uxoh xqghu zklfk mxuruv ri w|sh & yrwh vlqfhuho| lv -7& 1 Wklv
uxoh vroyhv +

á&E-c ?äý á& E- ý �c ?ä è f iru - é -7& E?ä
á&E-c ?äý á& E- ý �c ?ä ÷ f iru - : -7& E?ä

Xvlqj h{suhvvlrq +6, lq wkh Dsshqgl{/ wklv wudqvodwhv lqwr

^&å EUä

#
�ý R
R

$2-3?32
ý E�ý ^&äå ECä è f li dqg rqo| li - é -7& E?ä

ru/ htxlydohqwo|/

- é �

2

;?=?n 2 n
�

*L}
í
�3R
R

ì *L}#E�ý ^&äå ECä

^&å EUä

$<@> li dqg rqo| li - é -7& E?ä é

Vr/ -7& lv wkh odujhu lqwhjhu vpdoohu wkdq �
2

ã
?n 2 n �

*L}E �3RR ä
*L}

í
E�3^&äå ECä
^&å EUä

ìâ
1 Vlqfh

^� 9' ^2/ lq jhqhudo -7� E?ä 9' -72 E?ä1 D vx!flhqw frqglwlrq iru -7� E?ä 9' -72 E?ä lv wkdwññññññ�2
;?=?n 2 n
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zklfk vlpsol?hv wr
E�ý ^�ä ^2
E�ý ^2ä ^� :

#
R

�ý R
$2
é

Wkxv/ li M E^�c ^2ä :
í

R
�3R

ì2
/ mxuruv ri dw ohdvw rqh w|sh yrwh xqlqirupdwlyho| xqghu

dq| yrwlqj uxoh1 E| wkh vdph orjlf dv lq Vhfwlrq 7/ wkhlu uroh fdq pruh fkhdso| eh
ixo?oohg e| wkh yrwlqj uxoh1 Wkxv/ wkh sulqflsdo jdlqv vrphwklqj e| uhvwulfwlqj wr rqh
w|sh ri mxuru1 Wkh jdlq iru wkh sulqflsdo frphv iurp wkh frvw b= wkh sulqflsdo vdyhv
rq sduwlflsdwlrq ihhv e| uhvwulfwlqj dffhvv wr wkrvh mxuruv zkr zrxog qrw jhw lqiruphg1
Wklv glvfxvvlrq lv vxppdul}hg dv iroorzv=

Idfw= Lq wkh rswlpdo phfkdqlvp/ wkh sulqflsdo grhv qrw orvh dq|wklqj/ dqg vrph0
wlphv jdlqv vrphwklqj/ e| uhvwulfwlqj wr rqh w|sh ri mxuru1

9 Rq Ihgghuvhq dqg Shvhqgruihu +4<<;,

Lq d prgho zlwk ? h{rjhqrxvo| lqiruphg mxuruv/ Ihgghuvhq dqg Shvhqgruihu +4<<;, vkrz
wkdw xqdqlplw| fdq 3qhyhu eh rswlpdo14 Pruh irupdoo|/ Ihgghuvhq dqg Shvhqgruihu
vkrz wkdw xqdqlplw| lv d vxerswlpdo uxoh dv zh ?{ å EUä dqg ^/ dqg ohw ? jr wr lq?qlw|1
Lw lv lqwhuhvwlqj wr frqwudvw wkhlu uhvxow wr rxuv1 Wr gr wklv/ ?uvw zh suhvhqw d sxuh
vwudwhj| yhuvlrq ri wkhlu uhvxow lq dq h{dpsoh1

Frqvlghu wkh prvw h!flhqw sxuh vwudwhj| htxloleulxp ri d yrwlqj jdph zlwk ? : 2/
^ ' å EUä ' �*2/ dqg yrwlqj uxoh htxdo wr xqdqlplw|1 Lq ylhz ri Sursrvlwlrq 4/ vlpsoh
pdmrulw| lv wkh rqo| uxoh xqghu zklfk mxuruv duh zloolqj wr yrwh wuxwkixoo|1 Wkhq/ jlyhq
xqdqlplw| uxoh/ rqo| Mxuruv 4 dqg 5 fdq yrwh lqirupdwlyho| dw htxloleulxp> wkh| ghflgh
wkh rxwfrph dffruglqj wr 3vlpsoh pdmrulw| ehwzhhq wkh wzr ri wkhp14 Mxuruv 6 wkurxjk
? dozd|v yrwh Frqylfw1;

Wkh h!flhqf| ri wklv mxu| zlwk xqdqlplw| lv htxdo wr wkh h!flhqf| ri d wzr0phpehu
mxu| zlwk vlpsoh pdmrulw| uxoh1 Dq lqfuhdvh lq ? rqo| kdv wkh h>hfw ri lqfuhdvlqj wkh
qxpehu ri wkrvh mxuruv zkr yrwh xqlqirupdwlyho|/ dqg wkxv kdv qr lqirupdwlrqdo ehqh?w1

;Wklv lv dq dssolfdwlrq ri Sursrvlwlrq 51 Wr vhh wkdw lw lv d ehvw uhvsrqvh iru mxuruv 6111q wr dozd|v
yrwh Frqylfw/ frqvlghu wkh fkdqjh lq rxwfrph wkdw zrxog uhvxow iurp mxuru 6 yrwlqj vlqfhuho|1 Wkh
rqo| fdvh zkhuh wkh rxwfrph fkdqjhv lv zkhq kh lv slyrwdo1 Li mxuru 6 lv slyrwdo lw phdqv wkdw mxuruv
4 dqg 5 duh yrwlqj Frqylfw/ l1h1/ erwk kdyh uhfhlyhg d j vljqdo1 Lq wklv fdvh/ mxuru 6 suhihuv wr yrwh
Frqylfw uhjdugohvv ri klv vljqdo1
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Wkh uhvxow lq I0S +4<<;, lv wkhuhiruh d uhvxow rq wkh dv|pswrwlf lqh!flhqf| ri
vrph vxerswlpdo phfkdqlvpv +xqdqlprxv uxohv,1 Jlyhq å EUä dqg ^/ wkhuh duh pdq|
pruh phfkdqlvpv zklfk duh vxerswlpdo iru jlyhq ?/ exw duh h!flhqw dv|pswrwlfdoo|
+zkhq ? jrhv wr lq?qlw|,1 Dprqj wkrvh duh doprvw0xqdqlprxv uxohv vxfk dv - '

fébbü?1 Ihgghuvhq dqg Shvhqgruihu dffhsw wkhvh uxohv dv 3jrrg/4 ehfdxvh dv|pswrwlfdoo|
h!flhqw1< Lq frqwudvw/ zh duh deoh wr uxoh rxw vxfk uxohv +li R ÷ fébb,1 Wklv lv ehfdxvh
rxu uhvxow fkdudfwhul}hv rswlpdo +qrw rqo| dv|pswrwlfdoo| rswlpdo$, phfkdqlvpv1

Ixuwkhupruh/ qrwlfh wkdw lw lv fuxfldo iru wkhlu uhvxow wkdw wkh qxpehu ri mxuruv
frqyhujhv wr lq?qlw| zkloh doo rwkhu sulplwlyhv duh ?{hg1 Li zh uhyhuvh wkh rughu ri
wdnlqj olplwv/ zh ?qg wkdw iru dq| ?qlwh vl}h ri mxu| lw lv srvvleoh wr ?qg vx!flhqwo|
h{wuhph suhihuhqfhv vxfk wkdw xqdqlplw| lv wkh rswlpdo uxoh1 Dv zh kdyh vhhq/ wklv
lv qrw srvvleoh lq rxu prgho xqohvv wkh txdolw| ri lqirupdwlrq lv yhu| kljk1 Wklv lv
qrw d fulwlflvp ri Ihgghuvhq dqg Shvhqgruihu/ exw udwkhu d uhpdun rq wkh prgho zlwk
h{rjhqrxvo| lqiruphg mxuruv/ zkhuh mxu| vl}h lv dq h{rjhqrxv sdudphwhu1

: Prqhwdu| Wudqvihuv

Xqwlo qrz/ zh kdyh h{dplqhg d sureohp zkhuh wkh phfkdqlvp ghvljqhu*v rqo| lqvwux0
phqwv duh wkh vl}h ri wkh mxu| dqg wkh yrwlqj uxoh1 Lpsolflwo|/ zh kdyh iruelgghq
prqhwdu| wudqvihuv143 Wklv lv dssursuldwh wr prgho pdq| vlwxdwlrqv zkhuh prqhwdu|
lqfhqwlyhv duh qrw doorzhg1 Zh qrz vkrz wkdw wkhuh lv d wkhruhwlfdo uhdvrq wr uhvwulfw wr
wkdw fdvh= wkh ixoo lqirupdwlrq rxwfrph fdq wulyldoo| eh dwwdlqhg li prqhwdu| wudqvihuv
duh doorzhg1

Frqvlghu dq| qxpehu ? : f ri mxuruv> mxuruv pd| dftxluh vljqdov %ð 5 iðc }j/ dqg
wkh| uhsruw e%� é é é e%?1 Ohw e%ð 5 ifc �j/ zlwk wkh frqyhqwlrq wkdw 3 phdqv lqqrfhqw
dqg 4 phdqv jxlow|1 Wkh phfkdqlvp ghvljqhu zdqwv wr lpsohphqw vrph ghflvlrq uxoh
_ E%�c é é é c %?ä 5 iFrqylfw/ Dftxlwj1 Wkh phfkdqlvp ghvljqhu fdq vhw xs d wudqvihu
vfkhph A� Ee%�c é é é c e%?ä c é é é c A? Ee%�c é é é c e%?ä1
Wlplqj=
4, Wkh phfkdqlvp ghvljqhu slfnv ? mxuruv/ dqg vhwv wkh ghflvlrq uxoh _ dqg wkh

wudqvihu vfkhph A�c é é é A?é

<Dv d vlgh uhpdun/ wklv zd| ri hydoxdwlqj phfkdqlvp lv txlwh 3glvfrqwlqxrxv/4 lq vrph lqwxlwlyh
vhqvh/ lq wkh vsdfh ri phfkdqlvp1

43H{fhsw shukdsv dv oxps vxpv uhixqgv iru sduwlflsdwlqj wr wkh frpplwwhh phhwlqj1 Vxfk wudqvihuv
duh mxvw d uhvfdolqj ri wkh mxuru*v xwlolw| dqg kdyh qr lpsolfdwlrqv iru lqfhqwlyhv1
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5, Mxuruv revhuyh ?/ _/ dqg A�éééA?1 Wkhq/ mxuruv fkrrvh zkhwkhu wr dftxluh lqiru0
pdwlrq dw frvw S1

6, Mxuruv uhsruw Ee%�c é é é e%?ä
7, Wkh phfkdqlvp ghvljqhu rshudwhv wudqvihuv A� Ee%�c é é é c e%?ä c é é é c A? Ee%�c é é é c e%?ä

dqg lpsohphqwv _ Ee%�c é é é c e%?ä1
E| fkrrvlqj wkh wudqvihu vfkhph A dssursuldwho|/ wkh phfkdqlvp ghvljqhu fdq lq0

gxfh wkh mxuruv wr uhsruw wkhlu wuxh vljqdov/ uhjdugohvv ri wkh vshfl?fdwlrq ri _1
Wr vlpsoli| wkh dqdo|vlv/ dvvxph å EUä ' �*21 Ohw ? eh hyhq1 Vhw

Að Ee%�c é é é c e%?ä '
;?= g li r}?

qe%ð ý �
2

r
' r}?

qíS
æ õ'ð e%æìý ?3�

2

r
ýg rwkhuzlvh

Wkxv/ dq djhqw jhwv d wudqvihu ri g li pruh wkdq kdoi wkh uhsruwv ri wkh rwkhu djhqwv
djuhh zlwk klv uhsruw/ dqg ýg rwkhuzlvh1 Xqghu wkh dvvxpswlrq wkdw wkh rwkhu mxuruv
uhsruw wuxwkixoo|/ d mxuru zlwk vljqdo } ghhpv lw pruh olnho| wkdw wkh wuxh vwdwh lv C dqg
wkxv pruh olnho| wkdw wkh pdmrulw| ri mxuruv uhsruwv 41 Wklv jlyhv klp dqg lqfhqwlyh wr
uhsruw 4/ l1h1 uhsruw wuxwkixoo|/ wr pd{lpl}h wkh fkdqfh ri uhfhlylqj g1 Vhwwlqj g odujh
hqvxuhv wkdw wkh shufhqwdjh ri d mxuru*v sd|r> wkdw ghshqgv rq _ lv vpdoo> wkdw lv/ wkh
mxuru*v ghflvlrq lv jxlghg vroho| e| wkh frqfhuq ri hduqlqj d odujh wudqvihu1 Wklv vkrzv
wkdw/ iru g odujh hqrxjk/ uhsruwlqj wuxwkixoo| lv dq htxloleulxp1 Wklv surfhgxuh doorzv
wr h{wudfw wkh vljqdov iurp wkh mxuruv/ uhjdugohvv ri wkh srolf| _ wkdw lv lpsohphqwhg1

Iru g odujh hqrxjk/ doo mxuruv zloo zdqw wr dftxluh lqirupdwlrq lq vwdjh 5/ vlqfh wkh
yrwlqj vwdjh lv yhu| ulvn|1 Wkxv/ wklv surfhgxuh lqgxfhv doo mxuruv wr dftxluh lqirupdwlrq
dqg wkhq uhsruw lw wuxwkixoo|1 Vlqfh wklv fdq eh grqh iru dq| ?/ wkh phfkdqlvp ghvljqhu
fdq uhdfk dq duelwudulo| jrrg ghflvlrq e| fdoolqj xs odujh qxpehuv ri mxuruv1

Ilqdoo|/ zh fdq prgli| wklv jdph vr wkdw wkh h{shfwhg wudqvihu lv }hur1 Wklv lv grqh
e| lpsrvlqj d wd{ rq wkh mxuruv lq vwdjh 4/ ri dq dprxqw htxdo wr wkh h{shfwhg uhyhqxh
wkdw wkh| h{shfw wr pdnh iurp wkh wudqvihu1

; Frqfoxvlrq

Zh kdyh dqdo|}hg wkh ghvljq ri lqvwlwxwlrqv iru froohfwlyh ghflvlrqv/ vxfk dv pdqdjh0
phqw whdpv/ frpplwwhhv/ dqg mxulhv1 Zh kdyh srvhg txhvwlrqv vxfk dv= Xqghu zkdw
flufxpvwdqfhv vkrxog froohfwlyh ghflvlrq pdnlqj uho| rq pdmrulw| ghflvlrqv/ dqg zkhq
vkrxog lw uhtxluh pruh vwulqjhqw phdvxuhv ri frqvhqvxv/ vxfk dv vxshupdmrulwlhv ru
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xqdqlplw|B Krz odujh vkrxog whdpv ru mxulhv ehB44

Zh kdyh h{soruhg wkh dqvzhuv wr wkhvh txhvwlrqv zlwklq d prgho ri sulydwh surgxf0
wlrq ri lqirupdwlrq1 Lq rxu prgho/ djhqwv sulydwho| jdwkhu frvwo| lqirupdwlrq/ dqg wkhq
djjuhjdwh lw wr surgxfh d froohfwlyh ghflvlrq1 Ehfdxvh lqirupdwlrq lv d sxeolf jrrg/ lw
zloo eh xqghusurylghg uhodwlyh wr wkh vrfldo rswlpxp1 Rxu sureohp lv wkhuhiruh rqh
ri whdp h>ruw/ zkhuh wkh phfkdqlvp ghvljqhu fdq prgli| wkh surgxfwlrq ixqfwlrq wr
dfklhyh kljkhu h>ruw1

Zh kdyh fkdudfwhul}hg wkh yrwlqj phfkdqlvp wkdw surgxfhv wkh prvw lqiruphg
ghflvlrq1 Zh kdyh rewdlqhg d qhfhvvdu| frqglwlrq iru wkh yrwlqj uxoh wr eh 3frqvhqvxdo/4
l1h1 forvh wr xqdqlplw| ru yhwr srzhu= wkh rswlpdo yrwlqj uxoh fdqqrw eh forvhu wr
ehlqj frqvhqvxdo wkdq wkh txdolw| ri lqirupdwlrq lv forvh wr ehlqj shuihfw1 Dowkrxjk d
frqvhqvxdo uxoh hqvxuhv wkdw dq dowhuqdwlyh wkdw fduulhv d khdy| ulvn lv fkrvhq rqo| li doo
frplwwhh phpehuv* lqirupdwlrq lv xqlirupo| idyrudeoh/ zh kdyh vkrzq wkdw frqvhqvxdo
uxohv grq*w jlyh wkh uljkw lqfhqwlyhv wr dftxluh lqirupdwlrq1 Rxu dqdo|vlv vxjjhvwv
wkdw frqvhqvxv0edvhg ghflvlrq pdnlqj lv vxerswlpdo lq hqylurqphqwv zkhuh lqglylgxdo
lqirupdwlrq lv frduvh/ suhflvho| wkrvh hqylurqphqwv zkhuh froohfwlyh ghflvlrq pdnlqj lv
wkrxjkw wr eh prvw ehqh?fldo1

Wklv uhvxow |lhogv d suhglfwlrq rq wkh plqlpdo txdolw| ri lqirupdwlrq wkdw lv frqvlv0
whqw zlwk xqdqlprxv yrwlqj uxohv ehlqj rswlpdo1 Wklv vxjjhvwv wkdw wkh uhodwlrqvkls
ehwzhhq wkh yrwlqj uxoh dqg wkh txdolw| ri lqirupdwlrq frxog eh whvwhg1 Iru wklv uh0
odwlrqvkls wr eh whvwdeoh/ dq lpsruwdqw lpsolflw dvvxpswlrq lv wkdw wkh djjuhjdwlrq ri
lqirupdwlrq dfwxdoo| kdsshqv lq wkh irupdo yrwlqj skdvh/ dqg qrw xqrevhuydeo| lq vrph
lqirupdo glvfxvvlrq sulru wr wkh yrwh1 Wklv lv d vwurqj dvvxpswlrq/ jlyhq wkh vwurqj
hpslulfdo vxssruw iru wkh lpsruwdqfh ri suh0yrwh frppxqlfdwlrq lq mxulhv1 Iurp d
wkhruhwlfdo ylhzsrlqw/ krzhyhu/ wklv remhfwlrq lv qrw sduwlfxoduo| uhohydqw lq rxu prgho/
vlqfh lqirupdwlrq lv djjuhjdwhg rswlpdoo| dw htxloleulxp/ dqg suh0yrwlqj frppxqlfd0
wlrq frxog qrw lpsuryh rq wkh rxwfrph1

Rxu uhvxowv duh frqfhswxdoo| gl>huhqw wkdq zkdw fdq eh rewdlqhg lq d prgho zlwk
h{rjhqrxvo| lqiruphg mxuruv1 Lq vxfk d prgho/ Ihgghuvhq dqg Shvhqgruihu +4<<:/ 4<<;,
vkrz wkdw dv wkh mxu| vl}h lqfuhdvhv/ xqdqlplw| lv lqh!flhqw/ exw uxohv uhtxlulqj <<
shufhqw ri wkh yrwhv wr frqylfw duh h!flhqw +lq wkh olplw,1 Lq frqwudvw/ zh duh deoh

44Vhh Kdoheoldq dqg Ilqnhovwhlq +4<<6, iru d uhylhz ri wkh wkhruhwlfdo dqg hpslulfdo olwhudwxuh rq
whdp vl}h1 Frqfhuqlqj mxu| vl}h/ wkh XV Vxsuhph Frxuw krogv wkdw mxulhv ri pruh ru ohvv wkdq wzhoyh
mxuruv duh frqvlwxwlrqdo/ exw wkhuh lv d plqlpxp ri vl{ mxuruv iru qrqshww| fulplqdo fdvhv1 Wrgd|/ ryhu
wkluw| XV vwdwhv doorz mxulhv ri ohvv wkdq wzhoyh phpehuv1 Vhh Deudpvrq +4<<8,/ s1 4;3/ 4;41 Iru d
uhylhz ri wkh ghedwh rq xqdqlplw| lq fulplqdo mxulhv/ vhh Deudpvrq +4<<8,/ Fkdswhu 81
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wr h{foxgh vxfk uxohv dv vxerswlpdo/ vr orqj dv wkh mxuruv* lqirupdwlrq lv ohvv wkdw <<
shufhqw dffxudwh1

Zh kdyh vkrzq wkdw rxu uhvxowv duh urexvw wr lqwurgxflqj khwhurjhqhlw| ri djhqwv/
ehfdxvh wkh rswlpdo phfkdqlvp rqo| frpsulvhv rqh nlqg ri djhqw1 Wklv lv ehfdxvh/
jlyhq d fhuwdlq frpplwwhh frpsrvlwlrq dqg yrwlqj uxoh/ li rqh w|sh ri djhqw lv zloolqj
wr yrwh lqirupdwlyho| wkhq wkh rwkhu nlqg lv qrw1 Iurp wkh ylhzsrlqw ri wkh phfkd0
qlvp ghvljqhu/ wkh rqo| frqwulexwlrq ri djhqwv lv wr uhsruw sulydwh lqirupdwlrq/ vr wkh
uroh ri frpplwwhh phpehuv zkr gr qrw yrwh lqirupdwlyho| fdq fkhdso| eh ixo?oohg e|
wkh phfkdqlvp lwvhoi1 Lqflghqwdoo|/ wklv ?qglqj vhhpv dw rggv zlwk wkh furvv0vhfwlrqdo
lghdo wkdw lqirupv mxu| vhohfwlrq lq wkh XV vlqfh 4<9;/ zkhq Frqjuhvv h{suhvvhg wkh
ghihqgdqwv* uljkw wr d mxu| 3vhohfwhg dw udqgrp iurp d idlu furvv0vhfwlrq ri wkh srsxod0
wlrq1445 Lqvwhdg/ rxu dqdo|vlv hpskdvl}hv wkh dgydqwdjh ri krprjhqhrxv mxulhv1 Wkxv/
rxu ?qglqjv pd| vxssruw wkh sudfwlfh ri shuhpswru| fkdoohqjh zkhuhe| sduwlhv fdq
holplqdwh survshfwlyh mxuruv olnho| wr v|psdwkl}h zlwk wkh rwkhu vlgh/ dqg wkh wudgl0
wlrqdo +suh04<9;, sudfwlfhv ri mxu| vhohfwlrq lq wkh XV zklfk uholhg rq qrwdeoh phpehuv
ri d frppxqlw| iru wkh srro ri mxuruv1

453Wkh Mxu| Vhohfwlrq dqg Vhuylfh Dfw/4 5; X1V1F1/ vhfv1 4;9409<1 Iru d glvfxvvlrq ri mxu| vhohfwlrq
dqg wkh furvv0vhfwlrqdo lghdo vhh Deudpvrq +4<<8,/ ss1 <<04751
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D Surriv

D14 Surri ri Sursrvlwlrq 5

Surri= Ohw xv frqvwuxfw wkh prvw h!flhqw sxuh vwudwhj| htxloleulxp1 Vxssrvh
-7 E?ä : � n ?*2 +wkh fdvh zkhuh -7 E?ä ÷ � n ?*2 lv wuhdwhg lq h{dfwo| wkh vdph
zd|,1 Uhphpehu/ iurp Ohppd 4/ wkdw -7 E?ä lv lqfuhdvlqj dw d vshhg ri ?*21
Fdvh D= - ÷ -7 E?ä1
Vwduw zlwk ?� ' f/ dqg surjuhvvlyho| lqfuhdvh ?� xqwlo rqh ri wkh wzr frqglwlrqv

ehorz lv vdwvl?hg1
Frqglwlrq 4= -7 E?ý ?�ä ' ?ý?�n�1 Lq wklv fdvh/ wkh ehvw sxuh vwudwhj| htxlole0

ulxp lv iru hyhu|rqh wr yrwh Dftxlw uhjdugohvv ri wkhlu vljqdo1
Frqglwlrq 5= -7 E?ý ?�ä ' -1 Lq wklv fdvh/ wkhuh lv dq htxloleulxp zkhuh mxuruv

4111?� yrwh Dftxlw uhjdugohvv ri wkhlu vljqdo/ dqg mxuruv ?� n �ééé? yrwh vlqfhuho|1 Wkh
rxwfrph dw wklv vwudwhj| sur?oh lv htxlydohqw wr wkh rxwfrph ri d jdph zlwk ?ý?� mxuruv
zkr yrwh vlqfhuho|1 Wkxv/ e| Sursrvlwlrq 4 lw lv d ehvw uhvsrqvh iru mxuruv ?�n�ééé? wr
yrwh vlqfhuho|1 Qh{w/ frqvlghu d ghyldwlrq e| d mxuru dprqj 4111?�1 Vxssrvh kh ghyldwhv
wr yrwlqj vlqfhuho|> wkhq wklv lv htxlydohqw wr d yrwlqj jdph zlwk ?ý ?�n� mxuruv dqg
uxoh - zklfk/ e| frqvwuxfwlrq ri ?�/ lv vpdoohu wkdq -7 E?ý ?� n �ä1 Vlqfh

á E-c ?äý á E-c?ý �ä ' ý-
?
dáE- n �c ?äý á E-c ?äo c +5,

zkhqhyhu- lv vpdoohu wkdq wkh rswlpdo uxoh-7 E?ý ?� n �ä/ zh kdyhá E-c ?ý ?� n �ä ÷

á E-c?ý ?�ä/ l1h1 wkh sd|r> iurp yrwlqj vlqfhuho| lv vpdoohu wkdq wkh sd|r> iurp do0
zd|v yrwlqj Dftxlw1 Wklv vkrzv wkdw lw lv qrw sur?wdeoh iru mxuruv 4111?� wr ghyldwh wr
yrwlqj vlqfhuho|1 D iruwlrul/ lw lv qrw sur?wdeoh wr ghyldwh wr dozd|v yrwlqj Frqylfw1
Wkxv/ lw lv d ehvw uhvsrqvh wr dozd|v yrwh Dftxlw1
Fdvh E= - : -7 E?ä1
Wklv fdvh lv wuhdwhg v|pphwulfdoo| wr Fdvh D/ h{fhsw wkdw khuh mxuruv zkr ljqruh

wkhlu lqirupdwlrq zloo yrwh Frqylfw1 Qrwlfh wkdw lq Fdvh E wkh fdvh wuhdwhg lq Frqglwlrq
4 fdqqrw kdsshq1

Ilqdoo|/ wklv lv wkh prvw h!flhqw sxuh vwudwhj| htxloleulxp ehfdxvh lw lv wkh htxl0
oleulxp zkhuh wkh juhdwhvw qxpehu ri mxuruv yrwh vlqfhuho|1

D15 Surri ri Ohppd 9

Zh euhdn wkh surri lqwr d vhulhv ri ohppdv1
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Wkh pdujlqdo lqfhqwlyh wr vwd| lqiruphg lv
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4, Ghulydwlrq ri wkh whup áE-c ?äý á E-c?ý �ä

Wkh whup á E-c ?n �ä ý á E-c ?ä uhsuhvhqwv wkh fkdqjh lq h{shfwhg xwlolw| iurp
dgglqj dq dgglwlrqdo mxuru/ dv zh nhhs ?{hg wkh uxoh -1 Wkh hyhqw lq zklfk wkh qhz
mxuru fkdqjhv wkh rxwfrph lv wkh hyhqw zkhuh -ý� rxw ri wkh ?uvw ? mxuruv yrwh frqylfw1
Vr/
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5, Ghulydwlrq ri wkh whup á E-c?äýá E-ý �c ?ý �ä

Zh kdyh
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Vxevwlwxwlqj iurp ht1 +7, dqg +8,/
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Ohw xv hydoxdwh wkh deryh txdqwlwlhv dw - ' -7 E?ä1 Qrwlfh wkdw li f ÷ -7 E?ä ÷ ?

wkhq -7 E?n 2ä ' -7 E?ä n �1 Wkxv/ li erwk wkh deryh txdqwlwhv duh srvlwlyh zkhq
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Uhihuhqfhv

^4` Deudpvrq/ Mh>uh| +4<<8,= Zh/ wkh Mxu|= Wkh Mxu| V|vwhp dqg wkh Lghdo ri Ghprf0
udf|/ Edvlf Errnv/ Qhz \run Q\1

^5` Dxvwhq0Vplwk/ Gdylg> Edqnv/ Mh>uh| +4<<9,= 3Lqirupdwlrq Djjuhjdwlrq/ Udwlr0
qdolw|/ dqg wkh Frqgrufhw Mxu| Wkhruhp4 Dphulfdq Srolwlfdo Vflhqfh Uhylhz <3=
670781

^6` Fkzh/ Plfkdho +4<<;,= 3Wdnlqj Wxuqv dqg Pdmrulw| Uxoh/ Jxlqlhu dqg Frqgrufhw/
Plqrulw| Uljkwv dqg Pdmrulw| Zhoiduh4 Plphr/ Xqlyhuvlw| ri Fklfdjr/ Pd| 4<<;1

^7` Ihgghuvhq/ Wlprwk|> Shvhqgruihu/ Zroijdqj +4<<:,1 3Yrwlqj Ehkdylru dqg Lqiru0
pdwlrq Djjuhjdwlrq lq Hohfwlrqv zlwk Sulydwh Lqirupdwlrq14 Hfrqrphwulfd1 Yro1
98 +8,1 s 435<08;1

^8` Ihgghuvhq/ Wlprwk|> Shvhqgruihu/ Zroijdqj +4<<;,1 3Frqylfwlqj wkh Lqqrfhqw=
Wkh Lqihulrulw| ri Xqdqlprxv Mxu| Yhuglfwv xqghu Vwudwhjlf Yrwlqj14 Dphulfdq
Srolwlfdo Vflhqfh Uhylhz1 Yro1 <5 +4,1 s 560681

^9` Kdoheoldq/ Mhud|u> Ilqnhovwhlq/ V|gqh| +4<<6,= 3Wrs pdqdjhphqw whdp vl}h/ FHR
grplqdqfh/ dqg ?up shuirupdqfh= Wkh prghudwlqj urohv ri hqylurqphqwdo wxuex0
ohqfh dqg glvfuhwlrq14 Dfdghp| ri Pdqdjhphqw Mrxuqdo1 69+7,= ;770;961

^:` Ndw}hqehuj dqg Vplwk +4<<6,= Wkh Zlvgrp ri Whdpv= Fuhdwlqj wkh Kljk0
Shuirupdqfh Rujdql}dwlrq Kduydug Exvlqhvv Vfkrro Suhvv/ Fdpeulgjh/ PD1

^;` Prvfrylfl/ Vhujh dqg Zloohp Grlvh +4<<7, Frq lfw ) Frqvhqvxv= D Jhqhudo Wkh0
ru| ri Froohfwlyh Ghflvlrqv/ VDJH Sxeolfdwlrqv/ Orqgrq1

^<` Pxnkrsdgkd|d/ Ndxvkln +4<<;,= 3Mxu| Vl}h dqg wkh Iuhh Ulghu Sureohp14Plphr/
Lqgldqd Xqlyhuvlw| dw Eorrplqjwrq1

^43` \rxqj/ Sh|wrq +4<;;,= 3Frqgrufhw*v Wkhru| ri Yrwlqj14 Dphulfdq Srolwlfdo Vfl0
hqfh Uhylhz ;5/ 45640771
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