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4 Lqwurgxfwlrq

Rqh ri wkh olnho| frqvhtxhqfhv ri wkh irxqgdwlrq ri HPX dprqj vhyhudo Hxur0
shdq frxqwulhv zloo eh wkh lqfuhdvlqj lpsruwdqfh ri vwudwhjlf lqwhughshqghqfh
lq prqhwdu| srolflhv sxuvxhg e| odujh dfwruv olnh Xqlwhg Vwdwhv/ Hxurshdq
Xqlrq dqg Mdsdq1 Vwduwlqj iurp wkh frqwulexwlrq e| Kdpdgd +4<:7,/ gl�hu0
hqw dxwkruv +vhh/ iru h{dpsoh/ Fdq}rqhul dqg Khqghuvrq/ 4<;;/ 4<<4/ Urjr�/
4<;8e, kdyh dqdo|}hg vwudwhjlf lqwhughshqghqfh lq prqhwdu| srolf|pdnlqj
lq rshq hfrqrplhv1

Lq wkh suhvhqfh ri prqhwdu| srolf| lqwhughshqghqfh dfurvv frxqwulhv/ wkh
rswlpdo ghvljq ri wkh lqvwlwxwlrq lq fkdujh iru vwdelol}dwlrq srolflhv pd| kdyh
gl�huhqw fkdudfwhulvwlfv wkdq lq wkh fdvh ri forvhg hfrqrp| dv dqdo|}hg/ iru
h{dpsoh/ lq Urjr� +4<;8d, lq Shuvvrq dqg Wdehoolql +4<<6,/ Zdovk +4<<7,1
Shuvvrq dqg Wdehoolql +4<<8,/ iru h{dpsoh/ h{whqg wr lqwhughshqghqw rshq
hfrqrplhv wkh dqdo|vlv ri rswlpdo ghvljq ri prqhwdu| lqvwlwxwlrqv uho|lqj rq
wkh frqwudfwxdo dssurdfk1 Wkh| dqdo|}h d wzr frxqwu| srolwlfdo0prqhwdu|
srolf| jdph dqg vkrz wkdw d frrshudwlyh rxwfrph lq wkh vwdelol}dwlrq jdph
fdq eh lpsohphqwhg e| d ghfhqwudol}hg frqwudfwlqj vfkhph vxfk wkdw wkh
fhqwudo edqnhu* frpshqvdwlrq lq hdfk frxqwu| lv pdgh frqwlqjhqw rq wkh vwd0
elol}dwlrq srolf| lq erwk frxqwulhv1 Wkh ihdvlelolw| ri vxfk frqwudfwv lv odujho|
glvfxvvhg e| wkh dxwkruv dowkrxjk qrw gh�qlwho| hvwdeolvkhg +vhh Shuvvrq dqg
Wdehoolql/ 4<<8/ s177078,1

Dq dowhuqdwlyh urxwh/ vxerswlpdo zkhq frpsduhg wr wkh frqwudfwlqj ds0
surdfk dqg wr wkh lq dwlrq wdujhwlqj dssurdfk +Vyhqvvrq/ 4<<:,/ exw pxfk
ohvv ghpdqglqj lq whupv ri wkh frqwudfwlqj vwuxfwxuh/ ruljlqdoo| sxuvxhg e|
Urjr� +4<;8d, dqg h{whqghg e| pdq| rwkhuv wr gl�huhqw frqwh{wv lv wr orrn
dw wkh uhodwlrqvkls ehwzhhq �vrflhw|� dqg wkh �fhqwudo edqnhu� dv d uhodwlrq0
vkls zkhuh wkh w|sh ri wkh odwwhu djhqw lv d frpplwphqw ghylfh lq wkh kdqgv
ri wkh iruphu1 Wkh pdlq lvvxh lq h{whqglqj wkh dqdo|vlv ri wkh lqvwlwxwlrqv
dgrswhg wr vroyh wkh sureohp ri fuhglelolw| ri prqhwdu| srolf| wr wkh fdvh
ri rshq hfrqrplhv lv uhodwhg wr wkh h�hfwv ri rshqqhvv dv d glvflsolqh gh0
ylfh rq wkh Fe*v ehkdylru/ +Urjr� 4<;8e,1 Wkh dqdo|vlv ri wkh uhodwlrqvkls
ehwzhhq rshqqhvv dqg lq dwlrq lv dqdo|}hg lq Urphu +4<<6, lq d vwudljkw0
iruzdug h{whqvlrq ri wkh prgho e| Eduur dqg Jrugrq +4<;6, wr wkh fdvh ri
rshq hfrqrplhv dqg whvwhg rq d furvv frxqwu| ri gdwd/ ryhu d shulrg ehwzhhq
4<:6 dqg 4<;;1 Lq klv sdshu Urphu frqvlghuv d prgho iru dq rshq hfrqrp|
lq wkh suhvhqfh ri g|qdplf lqfrqvlvwhqf| ri rswlpdo prqhwdu| srolf|/ vkrz0
lqj wkdw lqfuhdvhg rshqqhvv uhgxfhv htxloleulxp lq dwlrq1 Dowkrxjk whvwlqj
wklv suhglfwlrq ri wkh fuhglelolw| dssurdfk wxuqv rxw wr eh urexvw dfurvv gli0
ihuhqw vxe0vdpsoh ri wkh gdwd vhw/ qr hylghqfh lv irxqg wkdw wkh suhglfwlrq
krogv iru wkh prvw ghyhorshg frxqwulhv1 Wklv uhvxow lv lqwhusuhwhg e| Urphu
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dv hylghqfh wkdw �wkh prvw kljko| ghyhorshg frxqwulhv pd| kdyh irxqg vrph
phdqv ri ryhufrplqj wkh sureohp ri g|qdplf lqfrqvlvwhqf| ri rswlpdo prqh0
wdu| srolf|�1 Wkrxjk wkh hpslulfdo hylghqfh dqg wkh lqwhusuhwdwlrq surylghg
lq Urphu +4<<6, duh udwkhu frqylqflqj 4/ vrph txhvwlrqv rq wkh delolw| ri wkh
fuhglelolw| dssurdfk wr wkh dqdo|vlv ri prqhwdu| lqvwlwxwlrqv lq lqwhughshq0
ghqw rshq hfrqrplhv duh ohiw zlwkrxw h{sodqdwlrq1 Zk| vrph frxqwulhv vhhp
wr kdyh uholhg rq wkh lqvwlwxwlrqdo vroxwlrq zkhuhdv rwkhu frxqwulhv gr qrwB

Li wkh fuhglelolw| dssurdfk suhglfwv wkdw/ frhwhulv sdulexv/ wkh ghjuhh ri
rshqqhvv lq d jlyhq hfrqrp| lv d vxevwlwxwh dqg srvvleo| dq dowhuqdwlyh phfk0
dqlvp frpsduhg wr lqvwlwxwlrqdo uhirupv wr dfklhyh prqhwdu| glvflsolqh/ wkhq
zk| lv lw wkh fdvh wkdw lq wkh odvw wkluw| |hduv dq lqfuhdvlqj ghjuhh ri rshqqhvv
dprqj wkh prvw ghyhorshg frxqwulhv kdv ehhq dffrpsdqlhg e| dq lqfuhdv0
lqj dwwhqwlrq wr wkh lqvwlwxwlrqdo vroxwlrq wr wkh fuhglelolw| sureohpB Pruh
jhqhudoo|/ krz wkh vwudwhjlf lqwhuuhodwlrqvkls dw wkh prqhwdu| srolf| vwdjh
vkdshv wkh ghvljq ri prqhwdu| lqvwlwxwlrqvB

Wkh sxusrvh ri wklv sdshu lv wr wdfnoh wkhvh txhvwlrqv lq wkh iudphzrun
ri wkh suhfrpplwphqw dssurdfk +Urjr�/ 4<;8d, wr wkh fuhglelolw| sureohp
lq rshq hfrqrplhv zlwk vwudwhjlf lqwhughshqghqfh dw wkh prqhwdu| srolf|
vwdjh1Zlwklq wklv pruh vshfl�f iudphzrun wkh txhvwlrqv udlvhg deryh fdq eh
txdol�hg= vlqfh lw lv srvvleoh wr vkrz wkdw lq wkh vwdqgdug suhfrpplwphqw
prgho wkh suhglfwlrq lv wkdw d odujhu ghjuhh ri rshqqhvv lv d vxevwlwxwh iru
frpplwphqw ri prqhwdu| srolf| wr dq lqghshqghqw fhqwudo edqn ehfdxvh ri
wkh vhoi exlow lq fkhfn phfkdqlvp dqdo|}hg lq Urjr� +4<;8e, dqg vlqfh wkh
vw|ol}hg idfwv srlqw lq rssrvlwh gluhfwlrqv +d odujhu ghjuhh ri rshqqhvv kdv
ehhq dffrpsdqlhg lq wkh odvw wzhqw| |hduv e| lqfuhdvlqj dwwhqwlrq wr wkh
lqvwlwxwlrqdo vroxwlrq,/ vkrxog zh glvplvv d fuhglelolw| dujxphqw dv wkh edvlv
iru Fe*v lqghshqghqfhB Lq rwkhu zrugv= fdq zh xvh d fuhglelolw| dujxphqw wr
h{sodlq wkh revhuydwlrq ri vlpxowdqhrxv lqfuhdvlqj dwwhqwlrq wr wkh sureohp
ri Fe*v lqghshqghqfh dqg lpsohphqwdwlrq ri lqvwlwxwlrqdo uhirupv lq wkh prvw
dgydqfhg frxqwulhv lq wkh odvw ghfdghvB Fdq zh xvh wkh fuhglelolw| dssurdfk
wr mxvwli| zk| wkh lqvwlwxwlrqdo vroxwlrq idlohg wr hphujh lq pdq| frxqwulhvB

Lq wkh fdvh ri rshq hfrqrplhv wkh lqfuhdvlqj ghjuhh ri rshqqhvv lv qrw
d jrrg fdqglgdwh wr h{sodlq zk| wkh lqvwlwxwlrqdo vroxwlrq kdv hphujhg lq
uhfhqw |hduv lq prvw ghyhorshg frxqwulhv dqg zh qhhg wr orrn lq gl�huhqw
gluhfwlrqv51 Zh wdnh wkh ylhz wkdw wkh vwudwhjlf lqwhughshqghqfh dw wkh lqvwl0

4Iru d gl�huhqw lqwhusuhwdwlrq vhh Whuud +4<<;, dqg wkh uhso| e| Urphu +4<<;,1
5Wkh lqfuhvhg yduldelolw| ri lq dwlrq lq wkh zhvwhuq hfrqrplhv diwhu wkh rlo vkrfnv pd|

eh dovr frqvlghuhg dv rqh ri wkh idfwv wkdw kdv wuljjhuhg lqvwlwxwlrqdo uhirupv lq wkrvh
frxqwulhv1 Krzhyhu/ li wkh rlo vkrfn lv frqvlghuhg dv d phdvxuh iru dq lqfuhdvhg yduldelolw|
ri wkh hfrqrplf hqylurqphqw lq zhvwhuq hfrqrplhv dqg vlqfh wkh frvw ri dfklhylqj fuhgl0
elolw| lv odujhu wkh odujhu wkh yduldqfh ri wkh vkrfn wr rxwsxw/ wkh vwdqgdug prgho suhglfwv
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wxwlrqdo ghvljq ohyho pd| eh d jrrg fdqglgdwh iru wu|lqj wr surylgh d srvvleoh
dqvzhu wr wkh txhvwlrqv deryh zlwklq wkh fuhglelolw| iudphzrun1 Wkh qdwxuh
ri vwudwhjlf lqwhughshqghqfh dqg wkh lqfhqwlyhv wr suhfrpplw prqhwdu| sro0
lf| lq rshq hfrqrplhv/ pd| ghshqg rq pruh ixqgdphqwdo ghwhuplqdqwv olnh
wkh qdwxuh dqg wkh v|qfkurql}dwlrq ri wkh vkrfnv klwwlqj wkh hfrqrplhv/ l1h1
wkh olnholkrrg wkdw gl�huhqw hfrqrplhv zloo eh lq vlplodu vwdwhv +errpv ru
voxpsv,/ rq wkh yduldelolw| ri wkh hqylurqphqw vxuurxqglqj dqg srvvleo| wu|0
lqj wr irufh/ wr wkh h{whqw doorzhg e| wkh frpplwphqw whfkqrorj|/ wkh dfwlrq
ri wkh Fhqwudo edqnhu +Fe khqfhiruwk,1

Wr dqdo|}h wkhvh lvvxhv zh frqvlghu d vlpsoh prgho ri wzr hfrqrplhv zkhuh
vwdelol}dwlrq srolflhv duh lqwhughshqghqw1 Zh dgrsw wkh fuhglelolw| iudphzrun
exw dvvxph d ohvv wkdq shuihfw frpplwphqw whfkqrorj| dw wkh lqvwlwxwlrqdo
ghvljq vwdjh1 Wklv hohphqwv zloo doorz xv wr vwxg| krz wkh lqfhqwlyhv wr
ghohjdwh prqhwdu| srolflhv wr dq lqghshqghqw Fe duh prgl�hg lq wkh fdvh ri
rshq hfrqrplhv1 Wkh lvvxh ri d ohvv wkhq shuihfw frpplwphqw whfkqrorj| lq
wkh fdvh ri ghohjdwlqj prqhwdu| srolf| wr d Fe kdv ehhq suhylrxvo| vwxglhg
lq wkh olwhudwxuh +vhh Fxnlhupdq/ 4<<5,1 Gd| wr gd| prqhwdu| srolf|pdnlqj
lv vxemhfw wr vwurqj suhvvxuhv ri gl�huhqw qdwxuh= dfdghplf uhvhdufkhuv pd|
lq xhqfh wkh ylhz derxw wkh frvwv dqg ehqh�wv ri vwdelol}dwlrq ri wkh vkrfnv
lq gl�huhqw gluhfwlrqv1 Xqlrqv pd| sxvk iru vwdelol}dwlrq ri hpsor|phqw
vkrfnv1 Ilupv dqg lqvwlwxwlrqv lq wkh �qdqfldo vhfwru pd| zdqw wr sxvk iru
vwdelol}lqj vkrfnv wr wkh sulfh ri vwrfnv1 Jryhuqphqwv pd| zdqw wr sxvk iru
d pruh ru ohvv dfwlylvw srolf| dffruglqj wr wkh vwdwh ri wkh hfrqrp| ehfdxvh ri
hohfwrudo uhdvrqv1 H{sruwlqj lqgxvwulhv pd| zdqw wr sxvk iru d ghsuhfldwlrq
ri wkh uhdo h{fkdqjh udwh wr vwdelol}lqj dq dgyhuvh vkrfn wr wkh zruog uhodwlyh
ghpdqg iru wkh rxwvlgh jrrg1 Wkhvh doo idfwruv pdnh wkh frpplwphqw ri
wkh prqhwdu| srolf| dq lpshuihfw rqh vlqfh wkh shufhlyhg frvw 0 ehqh�w wudgh
r� ri d jlyhq vwdelol}dwlrq srolf| zloo ghshqg rq frqwlqjhqflhv wkdw fdqqrw
eh frqwudfwleoh xsrq dw wkh ghohjdwlrq vwdjh dqg/ pruhryhu/ wkh dprxqw ri
suhvvxuhv lv olnho| wr eh frqwlqjhqw rq wkh vwdwh ri wkh hfrqrp|1

Zh dovr wdnh wkh ylhz wkdw wkh qdwxuh dqg wkh dprxqw ri suhvvxuhv wkdw
vkdshv Fev remhfwlyh dw wkh wlph zkhq wkhlu dfwlrq lv fdoohg iru duh qrw

wkdw wkh rswlpdo ghjuhh ri frpplwphqw zrxog eh ghfuhdvlqj lq lw1 Wkh lpsolfdwlrq zrxog
eh wkdw wkh xowlpdwh vrxufh iru xqghuvwdqglqj wkh dwwhpsw wr vroyh wkh fuhglelolw| sureohp
e| frpplwwlqj djhqflhv lq fkdujh ri prqhwdu| srolflhv lq prvw dgydqfhg frxqwulhv lv d vl0
pxowdqhxv vkliw lq wkh vrflhw| wr kljkhu suhihuhqfhv iru sulfh vwdelolw|1 Wkh glvwulexwlrq ri
ehqh�wv dqg frvwv ri lq dwlrq zlwklq dgydqfhg zhvwhuq vrflhwlhv pd| lqghhg kdyh hyroyhg
wrzdugv d odujhu zhljkw jlyhq wr lq dwlrq dqg wkhuhiruh fdq eh frqvlghuhg d vljql�fdqw
h{sodqdwlrq iru wkh lqvwlwxwlrqdo uhirupv1 Krzhyhu lpsruwdqw wklv h{sodqdwlrq iru lqvwl0
wxwlrqdo uhirupv lq zhvwhuq frxqwulhv pd| eh/ zh vwloo wklqn wkdw wkh h{sorudwlrq ri rwkhu
h{sodqdwlrqv edvhg rq wkh lghd ri suhfrpplwphqw lv dovr zruwk sxuvxlqj 1
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lqghshqghqw dfurvv frxqwulhv1 Wkh zhljkw wkdw d jlyhq �vrflhw|�/ dw d jlyhq
srlqw lq wlph dqg iru d jlyhq lqvwlwxwlrqdo duudqjhphqw/ lv zloolqj wr dvvljq
wr lq dwlrq uhodwlyh wr rxwsxw vwdelol}dwlrq lv olnho| wr eh uhodwhg wr wkh zd|
lq zklfk wkh ehqh�wv dqg wkh frvwv ri vxusulvh lq dwlrq d�hfw gl�huhqw djhqwv
lq wkh vrflhw| dw wkdw wlph1 Lqfuhdvlqj krprjhqhlw| lq vrfldo vwuxfwxuh dqg
lqvwlwxwlrqv dfurvv frxqwulhv hqwdlov lqfuhdvlqj vlplodulw| lq wkh hqylurqphqw
vxuurxqglqj wkh dfwlrq ri wkh Fe1 Rqh lpsruwdqw h{dpsoh zh zloo hpskdvl}h
wkurxjkrxw wkh glvfxvvlrq lv wkh lq xhqfh wkdw dfdghplf vfkroduv pd| kdyh
rq srolf|pdnlqj derxw wkh frqyhqlhqfh dqg wkh ihdvlelolw| ri wkh vwdelol}dwlrq
srolflhv1 Diwhu LL Zruog Zdu gl�huhqw dfdghplf ylhzv ri wkh ehqh�wv dqg frvw
ri +vxusulvh, lq dwlrq kdyh lq xhqfhg prqhwdu| srolf| pdnlqj wkurxjk wkh
dqdo|vlv ri pdujlqdo ehqh�wv dqg frvw ri vwdelol}dwlrq srolflhv lq xhqflqj wkh
shufhswlrq ri wkh uhohydqw wudgh r� zkhq wkh Fev* dfwlrq kdv ehhq fdoohg
iru1 Wkhvh dfdghplf ylhzv/ vlqfh edvhg rq d frpprq vflhqwl�f jurxqg/ kdyh
ehhq fruuhodwhg dfurvv frxqwulhv/ +frqvlghu gl�huhqw dwwlwxghv wrzdugv dfwlylvw
srolflhv dqg �qh wxqlqj gxulqj wkh 93v/:3v dqg ;3v,1

Wkh odvw ihdwxuh wkdw zh zloo wu| wr fdswxuh lq rxu prgho lv wkdw wkhvh
suhvvxuhv dqg dwwhpswv wr lq xhqfh wkh srolf| uhso| wr xqh{shfwhg vkrfnv lq
hdfk frxqwu| duh sulydwh lqirupdwlrq wr wkh Fev dw wkh wlph zkhq wkh srolf| lv
lpsohphqwhg1 Wkhuhiruh zh dovr dvvxph wkdw d ohvv wkdq shuihfw frpplwphqw
whfkqrorj| lqyroyhv d fhuwdlq ghjuhh ri rsdtxhqhvv lq wkh remhfwlyhv ri wkh
djhqf| lq fkdujh iru wkh vwdelol}dwlrq srolf| vr wkdw sulydwh lqirupdwlrq lv
dq lpsruwdqw lqjuhglhqw iru ghvfulelqj wkh ehkdylru dqg wkh vwudwhjlhv ri wkh
Fe1 E| lqwurgxflqj wklv k|srwkhvlv zh wdnh wkh ylhz wkdw wkh lpsdfw ri wkh
lqvwlwxwlrqdo dqg srolwlfdo hqylurqphqw vxuurxqglqj wkh dfwlrq ri wkh Fe lq
hdfk frxqwu| lv qrw shuihfwo| wudqvsduhqw zkhq orrnhg dw iurp wkh srlqw ri
ylhz ri wkh h{whuqdo revhuyhu1

Wkh dqdo|vlv ri vwudwhjlf lvvxhv lq wkh lqvwlwxwlrqdo dssurdfk wr ghohjdwlrq
ri prqhwdu| srolf| lq wkh frqwh{w ri rshq hfrqrplhv lv qrw frpsohwho| qhz1
Grodgr/ Jul!wk dqg Sdglood +4<<7, dqdo|}hg d vlplodu frpplwphqw sureohp1
Rxu prgho/ krzhyhu/ gl�huv iurp wkhlu dqdo|vlv xqghu pdq| uhvshfwv= wkh|
prgho wkh ghflvlrq ri wkh jryhuqphqwv dw wkh lqvwlwxwlrqdo ghvljq vwdjh dv
ehlqj wdnhq diwhu wkh revhuydwlrq ri d +frpprq, vkrfn klwwlqj wkh hfrqrp|/
zkhuhdv/ iroorzlqj Urjr� +4<;8d,/ zh prgho wkh jryhuqphqw*v ghflvlrq vr
wkdw wkh lqvwlwxwlrqdo duudqjhphqw kdv wr eh wdnhq h{ dqwh/ l1h1 ehiruh wkh
vkrfnv duh revhuyhg1 Wkh| dovr dvvxph shuihfw frpplwphqw dqg p|rslf
sulydwh djhqwv dqg dv d frqvhtxhqfh wkh fuhglelolw| lvvxh lv glvfdughg lq wkhlu
dqdo|vlv1 Gl�huhqwo| iurp Grodgr hw do1 +4<<7,/ dqg frqvlvwhqwo| zlwk wkh
txhvwlrqv udlvhg deryh/ zh vhw rxu dqdo|vlv xvlqj d prgho iru rshq hfrqrplhv
zkhuh wkh zdjh0sulfh vhwwlqj sulydwh djhqwv kdyh udwlrqdo h{shfwdwlrqv/ wkxv
ohdglqj wr d wlph frqvlvwhqf| sureohp lq srolf|pdnlqj1
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Rxu zrun lv dovr uhodwhg wr Hlm�qjhu hw do1 +4<<:, zkhuh wkh| vwxg|
wkh rswlpdo ghjuhh ri fhqwudo edqnlqj frqvhuydwlyhqhvv h{whqglqj wkh Urjr�
+4<;8d, dqdo|vlv wr wkh fdvh ri dq rshq hfrqrp|1 Gl�huhqwo| iurp rxu zrun/
krzhyhu/ wkhlu irfxv lv rq wkh fdvh ri d vpdoo rshq hfrqrp| lq wkh devhqfh
ri vwudwhjlf lqwhughshqghqfh dfurvv frxqwulhv/ erwk lq wkh vwdelol}dwlrq/ dqg
lq wkh ghohjdwlrq vwdjh ri wkh prqhwdu| srolf| jdph1

Wkh sdshu lv rujdql}hg dv iroorzv= lq vhfwlrq 5 zh eulh | ghvfuleh wkh
hfrqrplf prgho/ wkh sd|r� ixqfwlrqv ri wkh djhqwv dqg wkh wlplqj ri wkh
jdph1 Lq vhfwlrq 6 zh vroyh wkh frpplwphqw jdph xqghu wkh k|srwkhvlv ri
frpprq nqrzohgjh ri wkh suhihuhqfh ixqfwlrqv ri wkh sod|huv1 Lq vhfwlrq 7
zh vroyh wkh frpplwphqw jdph e| lqwurgxflqj sulydwh lqirupdwlrq ri wkh
srolf|pdnhuv rq wkhlu suhihuhqfhv1 Vhfwlrq 8 frqfoxghv1

5 Wkh pdfurhfrqrplf hqylurqphqw

Wkh pdfurhfrqrplf prgho xvhg wr ghvfuleh wkh rshq hfrqrp| hqylurqphqw
idfhg e| wkh srolf|pdnhuv lq wkhlu ghflvlrq sureohp gudzv odujho| rq wkh
rqh sursrvhg e| Shuvvrq dqg Wdehoolql +4<<9, zklfk/ lq wxuq/ lv d vlpsol�hg
yhuvlrq ri wkh zrunkruvh vwlfn| sulfh rshq hfrqrp| prgho lqwurgxfhg e| Ur0
jr� +4<;8e, dqg wkrurxjko| ghvfulehg e| Fdq}rqhul dqg Khqghuvrq +4<;;/
4<<4,61 Wkhuh duh wzr frxqwulhv/ wkh grphvwlf frxqwu|/ zkrvh hfrqrplf ydul0
deohv dqg lqvwlwxwlrqdo sdudphwhuv duh lqglfdwhg zlwk vxevfulswv �/ dqg wkh
iruhljq frxqwu|/ zkrvh yduldeohv duh lqglfdwhg zlwk vxevfulswv �/ hdfk surgxf0
lqj rqh jrrg1 Prqhwdu| srolf| lv vxemhfw wr d fuhglelolw| sureohp exw lv dovr
h�hfwlyh lq vwdelol}lqj wkh hfrqrp| ehfdxvh ri zdjh0sulfh vwlfnlqhvv lq wkh
vkruw uxq1 Dsduw iurp wkh srolwlfdo hqylurqphqw/ wr eh ghvfulehg odwhu rq/
wkh wzr frxqwulhv duh shuihfwo| v|pphwulf1 Wkh exloglqj eorfnv ri wkh prgho
duh wkh iroorzlqj rqhv +doo ri wkh yduldeohv duh phdvxuhg lq udwh ri fkdqjhv,1

Wkh uhdo h{fkdqjh udwh lv jlyhq e|

5 ' rn ^� � ^� +4,

zkhuh r ghqrwhv wkh qrplqdo h{fkdqjh udwh/ ^� dqg ^� wkh surgxfhu sulfh
lq dwlrq lq wkh grphvwlf dqg iruhljq frxqwu| uhvshfwlyho|1 Wkh frqvxphu

6Revwihog dqg Urjr� +4<<8, odlg wkh plfurirxqgdwlrqv iru d ixoo  hgjhg g|qdplf prgho
ri wzr frxqwulhv/ zkhuh wkh h{fkdqjh udwh dqg fxuuhqw dffrxqw duh doorzhg iru pxfk ulfkhu
g|qdplfv wkdq lq wkh prgho xvhg khuh1 Vwduwlqj iurp wklv frqwulexwlrq ixuwkhu ghyhors0
phqwv kdyh ehhq surylghg lq wkh olwhudwxuh rq pdfurhfrqrplf lqwhughshqghqfh1 Vhh/ iru
h{dpsoh/ Fruvhwwl dqg Shvhqwl +4<<<, dqg Ehqljqr +4<<;,1 Krzhyhu/ doo ri wkhvh sdshuv/
pdlqo| gxh wr whfkqlfdo gl!fxowlhv/ vkduh wkh olplwdwlrq wkdw djhqwv* h{shfwdwlrqv duh dv0
vxphg wr eh h{rjhqrxv/ ohdylqj dvlgh dq| lvvxh uhodwhg wr wkh fuhglelolw| sureohp zklfk lv
wkh pdlq irfxv ri wkh suhvhqw sdshu1

8



sulfh lq dwlrq lq frxqwu| � lv jlyhq e|

R� ' ^� n q5 +5,

zkhuh q uhsuhvhqwv wkh vkduh lq wkh frqvxphu edvnhw ri wkh jrrg surgxfhg
deurdg1 Prqhwdu| srolf| lv qhxwudo lq wkh orqj uxq dqg wkh iroorzlqj yhuvlrq
ri wkh txdqwlw| wkhru| krogv= ^� ' 6� dqg ^� ' 6�1

Rxwsxw jurzwk lv ghwhuplqhg e| wkh iroorzlqj h{shfwdwlrqv dxjphqwhg
Skloolsv0fxuyh

%� ' �E6� �6e
� � n 0� +6,

zkhuh wkh vxshuvfulswv6� dqg6� lqglfdwh wkh prqh| vxsso| wr eh fkrvhq
e| Fev diwhu wkh vkrfn klwv wkh hfrqrp|/ 6e lqglfdwhv h{shfwdwlrqv wkdw
sulydwh djhqwv krog derxw wkh prqh| vxsso| surfhvv/ � : f lv wkh rxwsxw
hodvwlflw| wr xqh{shfwhg prqh| vxsso| dqg �qdoo|/ 0� dqg 0� uhsuhvhqw wkh
vkrfnv klwwlqj wkh hfrqrp|/ glvwulexwhg dffruglqj wr wkh ghqvlw| ixqfwlrq
sE0�c 0�� gh�qhg rq wkh vxssruw 7 ' d�0c 0o�d�0c 0o � -21 Pruhryhu/ .E0�� '
.E0�� ' f/ .E02� � ' .E02� � ' j2" / .E0�0�� ' �J�E0�c 0�� ' 40j

2
01 Wkhuhiruh

zh doorz rxwsxw vkrfnv wr eh fruuhodwhg dfurvv frxqwulhv/ l1h1 zh frqvlghu
uhgxfhg irup vkrfnv wr hfrqrplf dfwlylw| dulvlqj erwk iurp ghpdqg vkrfnv
+gl�huhqw iurp xqh{shfwhg prqh| vxsso|, dqg vxsso| vkrfnv1 Ehlqj uhgxfhg
irup vkrfnv wkh vljq ri wkh fruuhodwlrq lv ohiw xqghwhuplqhg/ ghshqglqj rq
wkh suhydlolqj ixqgdphqwdo vrxufh ri yduldelolw| lq wkh rxwsxw surfhvv lq wkh
wzr frxqwulhv1 Iru h{dpsoh li wkh pdlq vrxufh ri yduldelolw| lv gxh wr frpprq
ohyho ri ghpdqg ru whfkqrorjlfdo vkrfnv wkh fruuhodwlrq lv olnho| wr eh srvlwlyh/
li wkh pdlq vrxufh ri yduldelolw| lv gxh wr vkrfnv wr wkh whupv ri wudgh/ wkhq
wkh fruuhodwlrq lv olnho| wr eh qhjdwlyh1

Wkh htxloleulxp frqglwlrq lq wkh jrrgv pdunhw ohdgv wr wkh iroorzlqj
htxloleulxp ohyho iru wkh uhdo h{fkdqjh udwh

5 ' BE%� � %�� +7,

zkhuh B : f lv wkh lqyhuvh uhodwlyh ghpdqg hodvwlflw| ri rxwvlgh jrrg1
Wkh uhgxfhg irup htxloleulxp ohyho ri wkh uhdo h{fkdqjh udwh dqg ri wkh

FSL lq dwlrq udwh duh

5 ' B�d6� �6e
� � E6� �6e

��o n BE0� � 0�� +8,

R�E6�c6�� ' 6� n qB�d6� �6e
� � E6� �6e

��o n qBE0� � 0�� +9,

Wkh uhdo h{fkdqjh udwh zrunv dv d wudqvplvvlrq phfkdqlvp ri vxsso|
vkrfnv +dqg xqh{shfwhg prqh| vxsso| fkdqjh, iurp rqh frxqwu| wr wkh rwkhu/

9



ohdglqj wr hfrqrplf dqg vwudwhjlf lqwhughshqghqfh lq prqhwdu| srolf|pdn0
lqj1

AIurp htxdwlrq +9, wkh edvlf hfrqrplfv ri prqhwdu| vslooryhu dfurvv
frxqwulhv fdq eh hdvlo| ghvfulehg1 Ohw xv frqvlghu/ iru h{dpsoh/ d srvlwlyh
vkrfn klwwlqj wkh grphvwlf frxqwu|1 Lw wuljjhuv d uhdo h{fkdqjh udwh gh0
suhfldwlrq uhtxluhg e| wkh fohdulqj ri wkh wudgh edodqfh/ wklv zloo lqfuhdvh
wkh grphvwlf FSL lq dwlrq udwh dqg zloo uhgxfh wkh iruhljq rqh1 Wkh vdph
wudqvplvvlrq phfkdqlvp ohdgv wr vslooryhuv dfurvv prqhwdu| srolf| yduldeohv=
dq +xqh{shfwhg, lqfuhdvh ri prqh| vxsso| lq wkh grphvwlf frxqwu| zloo gh0
whuplqh dq lqfuhdvh ri wkh vdph shufhqwdjh lq wkh grphvwlf surgxfhu sulfh
lq dwlrq udwh/ d odujhu h�hfw rq wkh grphvwlf FSL lq dwlrq/ ehfdxvh ri ghsuh0
fldwlrq ri wkh grphvwlf fxuuhqf|/ dqg d uhgxfwlrq ri wkh iruhljq FSL lq dwlrq
udwh1 Lq rwkhu zrugv dq| vslooryhu zrunv wkurxjk wkh whupv ri wudgh h�hfw rq
iruhljq FSL lq dwlrq dqg zloo gulyh wkh uhvxowv ri wkh dqdo|vlv ehorz1

514 Suhihuhqfhv ri wkh sod|huv dqg wkh wlplqj ri wkh

jdph

Zh pryh/ qrz/ wr wkh ghvfulswlrq ri wkh suhihuhqfhv ri wkh srolf|pdnhuv dqg
wkh wlplqj ri wkh frpplwphqw jdph1 Wkh suhihuhqfhv ri wkh Jryhuqphqw dqg
wkh Fhqwudo Edqnhu lq frxqwu| � duh wkh iroorzlqj rqhv=

.E`C
� � '

]
l
i�

4

5
dR�E0�c 0��o

2 n +:,

�C
� E� � &�"��%�E0�c 0��j_CE0�c 0� c &�c &��

`� ' �
4

5
dR�E6�c6��o

2 n ��E�� &�0��%�E6�� +;,

Zkhuh �C
� : f/ �� : f/ &� : f/ &� : f/ zloo eh ghvfulehg lq wkh iroorzlqj1

CE0�c 0�c &�c &�� lv wkh mrlqw glvwulexwlrq ixqfwlrq iru wkh udqgrp yduldeohv 0�/
0�/ &�/ &�/ zlwk ghqvlw| }E0�c 0�c &�c &�� ' s E0�c 0���E&�c &��1Wkh lqwhjudwlrq lv
wdnhq ryhu l ' 7�g/ zlwk 7 ' d�0c 0o� d�0c 0o � ?2 gh�qhg dv wkh vxssruw
iru s E0�c 0�� dqg g � ?2 gh�qhg dv wkh vxssruw iru �E&�c &��1

Wklv vshfl�fdwlrq ri wkh sd|r� ixqfwlrqv frqwdlqv d olqhdu vxusulvh lq d0
wlrq whup wr lqglfdwh wkdw wkh wlph lqfrqvlvwhqf| sureohp dulvhv iurp wkh
whpswdwlrq wkdw wkh srolf|pdnhu kdv wr h{sorlw wkh ehqh�wv iurp vxusulvlqj
djhqwv +dv/ iru h{dpsoh/ lq Eduur dqg Jrugrq/4<;6/ Ylfnhuv/ 4<;8/ Jldyd}}l
dqg Sdjdqr/ 4<;;/ Fxnlhupdq/ 4<<6,/ udwkhu wkdq iurp wkh vwdelol}dwlrq ri
wkh yduldqfh ri rxwsxw1 Zlwkrxw dq| orvv ri jhqhudolw| zh zloo uhvwulfw rxu

:



dqdo|vlv wr wkh fdvh ri srvlwlyh dyhudjh lq dwlrq udwhv/ l1h1 �� 5 dfc 7�o / wkhuh

iruh �C
� 5 d�Cc 7�

C
o/ zlwk �C : f1 �C

� uhsuhvhqwv wkh suhihuhqfhv wkdw wkh
jryhuqphqw lq frxqwu| � kdv iru vxusulvh lq dwlrq/ uhsuhvhqwv wkh suhihuhqfhv
wkdw wkh Fe lq frxqwu| � kdv ehhq dvvljqhg lq hydoxdwlqj lq dwlrq vxusulvh71
Qrwlfh wkdw wkh fkrlfh ri �� kdv wzr h�hfwv rq wkh h{shfwhg zhoiduh ri wkh
jryhuqphqw= lw gh�qhv wkh dyhudjh +suhglfwdeoh frpsrqhqw, ri wkh FSL lq d0
wlrq udwh dqg lw dovr wkh pdjqlwxgh ri wkh vorsh ri wkh pdujlqdo ehqh�w iurp
xqh{shfwhg lqfuhdvh lq prqh| vxsso|1 D orzhu �� ghfuhdvhv wkh lq dwlrqdu|
eldv ri wkh Fe/ dw wkh frvw ri d uhgxfhg hodvwlflw| ri wkh prqh| vxsso| wr wkh
pdjqlwxgh ri wkh vkrfn1 Pruhryhu/ wkh ehqh�wv iurp vxusulvlqj djhqwv dovr
ghshqg rq wkh vwdwh ri wkh hfrqrp|/ l1h1/ xsrq wkh vl}h ri wkh vxsso| vkrfn/
"�/ wkh odujhu wkh srvlwlyh +qhjdwlyh, vkrfn wkh orzhu +odujhu, wkh ghjuhh ri
whpswdwlrq iru vxusulvlqj djhqwv1

Ilqdoo|/ dqg fuxfldoo| iru rxu dqdo|vlv/ wkh ghshqghqfh ri wkh pdujlqdo
ehqh�w iurp wkh vwdwh ri wkh hfrqrp| lv phdvxuhg e| &� dqg &� lq wkh jry0
huqphqw*v dqg lq wkh Fe*v remhfwlyh ixqfwlrq uhvshfwlyho|1 &� lv d sdudphwhu
phdvxulqj wkh h�hfw ri wkh "� vkrfn rq wkh pdujlqdo ehqh�w iurp vxusulvh
lq dwlrq shufhlyhg e| wkh jryhuqphqw1 D odujhu &� udlvhv wkh pdujlqdo ehq0
h�w iurp vxusulvh lq dwlrq lq edg wlphv +"� 	 f, dqg orzhuv lw lq jrrg wlphv
+"� : f,1 &� fdq eh wkrxjkw ri dv d sxeolf vljqdo derxw wkh pdujlqdo ehqh�w
iurp vwdelol}dwlrq srolf|/ revhuyhg e| wkh wzr jryhuqphqw dw wkh wlph zkhq
wkh| exlog xs wkh lqvwlwxwlrq lq rughu wr ghdo zlwk wkh fuhglelolw| sureohp1 &�
sod|v d vlplodu uroh lq wkh sd|r� ixqfwlrq wr eh dvvljqhg wr wkh edqnhuv dqg
lv lqwhusuhwhg dv d fruuhodwhg sulydwh vljqdo wkh Fev revhuyh ehiruh fkrrvlqj
wkhlu prqhwdu| vwdqfh lq wkh vwdelol}dwlrq jdph81 &� dqg &� duh glvwulexwhg
dffruglqj wr �E&�c &�� dvvxphg wr eh mrlqwo| qrupdo zlwk .E&�� ' &� dqg
T @oE&�� ' j2

&/ .E&� &�� 9' f/ .E&�"�� ' f dqg .E&�"�� ' f1 Iru frqvlvwhqf|/
zh uhtxluh wkdw wkh pdujlqdo ehqh�w iurp vxusulvh lq dwlrq zkhq dyhudjlqj
dfurvv vwdwhv &�/ lv dozd|v odujhu wkdq }hur/ wkdw lv/ 4�?E��&�0�� : f/ iru dq|
"� l1h1 &� 	 �*0�1

AIurp wkh srlqw ri ylhz ri wkh jdph vwuxfwxuh ghvfulehg deryh/ &� lv d

7Qrwlfh wkdw lq wkh vshfl�fdwlrq iru wkh sd|0r� ixqfwlrq dgrswhg khuh # phdvxuhv
wkh srolf|pdnhu*v ghjuhh ri whpswdwlrq lq h{sorlwlqj vxusulvh lq dwlrq dqg lv lqyhuvho|
uhodwhg wr wkh pruh xvxdo �ghjuhh ri frqvhuydwlyhqhvv�/ zklfk phdvxuhv wkh shqdow| wr eh
dvvljqhg wr FSL lq dwlrq lq wkh fulwhulxp ixqfwlrq1 Rwkhu lqwhusuhwdwlrqv dovr suhvhqw lq
wkh olwhudwxuh uhodwh #l wr wkh ghjuhh ri ghshqghqfh ri wkh Fe iurp srolwlfdo erglhv1

8E| gl�huhqwldwlqj wkh FE*v sd|0r� ixqfwlrq zlwk uhvshfw wr pl zh jhw= gZl @ �+4.
d,sl

Csl
Cpl

gpl .#l+4�nl%l,gpl / wkh �uvw whup ehlqj wkh lq dwlrq pdujlqdo frvw/ wkh vhfrqg
rqh ehlqj wkh pdujlqdo ehqh�w ri dq lqfuhdvh lq prqh| vxsso|1 Lw fdq eh hdvlo| vhhq wkdw
wkh odujhu nl/ wkh odujhu wkh vhqvlwlylw| ri pdujlqdo ehqh�w wr wkh vkrfn/ l1h1 wkh odujhu wkh
suhihuhqfhv iru  h{lelolw|1

;



sulydwh vljqdo uhfhlyhg e| wkh Fe rq wkh suhihuhqfhv iru vxusulvh lq dwlrq lq
gl�huhqw vwdwhv ri wkh zruog dw wkh wlph zkhq lwv dfwlrq lv fdoohg iru1 Dv
idu dv wkh hfrqrplf lqwhusuhwdwlrq wklv sdudphwhu doorzv xv wr ghvfuleh dq
lqvwlwxwlrqdo hqylurqphqw lq zklfk wkh jryhuqphqw kdv d olplwhg delolw| ri
wkh jryhuqphqw wr frpplw prqhwdu| srolf|1 Lq rwkhu zrugv/ lq pdnlqj lwv
fkrlfhv derxw ��/ wkh jryhuqphqw kdv qr frqwuro rq &�1 Wkhuhiruh wkh jdph lv
dq lpshuihfw frpplwphqw jdph zkhuh wkh jryhuqphqw fdqqrw dvvljq d frp0
sohwho| duelwudu| sd|r� ixqfwlrq wr wkh Fe91 Lq wkh wlph lqwhuydo ehwzhhq wkh
ghohjdwlrq vwdjh dqg wkh vwdelol}dwlrq srolf| lv lpsohphqwhg/ wkh sdudphwhu
d�hfwlqj wkh shufhlyhg pdujlqdo ehqh�w iurp vxusulvh lq dwlrq lq wkh sd|r�
ixqfwlrq ri wkh Fe pd| fkdqjh/ gxh wr d fkdqjhg ylhz lq wkh vrflhw| derxw
wkh h�hfwlyhqhvv dqg wkh frqyhqlhqfh ri vwdelol}lqj d jlyhq vkrfn1

Wkhuhiruh/ vxppdul}lqj/ wkh lqvwlwxwlrqdo vhwwlqj zh duh wu|lqj wr fds0
wxuh fdq eh ghvfulehg dv iroorzv= vrflhw|/ dv uhsuhvhqwhg iru h{dpsoh e| wkh
phgldq yrwhu djjuhjdwru/ l1h1 wkh jryhuqphqw/ lv fkdudfwhul}hg/ e| wzr sd0
udphwhuv �C

� dqg d sxeolf vljqdo &� rq wkh uhodwlyh pdujlqdo ehqh�w ryhu wzr
dowhuqdwlyh srolf| wdujhwv/ lw frpplwv prqhwdu| srolf| wr dq lqvwlwxwlrq/ wkh
Fe/ e| dvvljqlqj lw dq remhfwlyh ixqfwlrq/ gh�qhg e| ��1 Zkhq wkh lqvwlwx0
wlrq kdv wr lpsohphqw lwv srolf|/ lwv shufhlyhg pdujlqdo ehqh�w pd| fkdqjh
dffruglqj wr wkh sulydwh vljqdo &�1 Wkh wlplqj ri wkh jdph lv dv iroorzv=
4, wzr jryhuqphqwv duh hohfwhg/ �C

� dqg &�/ duh uhdol}hg1 Wkh wzr jryhuq0
phqwv vlpxowdqhrxvo| vhohfw suhihuhqfhv iru wkhlu fhqwudo edqnhuv/ ��/ dqg
wkrvh suhihuhqfhv duh revhuyhg e| sulydwh djhqwv dqg e| wkh iruhljq Fe> 5,
Sulydwh djhqwv/ dv sulfh0zdjh vhwwhuv/ irupxodwh h{shfwdwlrqv derxw wkh lq d0
wlrq surfhvv/ frqglwlrqdo rq wkhlu lqirupdwlrq> 6, &�/ dqg vxsso| vkrfnv 0�/
duh lqghshqghqwo| gudzq1 Wkh 0� vkrfnv wr wkh ohyho ri hfrqrplf dfwlylw| lq
erwk frxqwulhv duh frpprq nqrzohgjh/ zkloh Fe lq frxqwu| � sulydwho| re0
vhuyhv wkh &� sdudphwhu dqg irupxodwhv d srvwhulru eholhi derxw &� xvlqj wkh
frqglwlrqdo ghqvlw| ixqfwlrq �&�&�E& m &��> 7, wkh wzr fhqwudo edqnhuv fkrrvh
prqhwdu| srolflhv dffruglqj wr wkh dvvljqhg sd|r� ixqfwlrqv frqglwlrqdo rq
wkhlu lqirupdwlrq vhw> 8, pdfurhfrqrplf rxwfrphv duh uhdol}hg1 Wklv wlplqj
vwuxfwxuh lv uhsuhvhqwhg dv iroorzv=

9Lq glvfxvvlqj wkh pdlq dvshfwv ri fhqwudo edqn lqghshqghqfh Fxnlhupdq +4<<6,/ dqdo0
|vhv wkh uroh ri sduwldo frpplwphqwv lq ghvljqlqj prqhwdu| srolf| lqvwlwxwlrqv1 Kh iru0
pdolvhv klv lghdv derxw wklv lvvxh e| dvvxplqj d sd|r� ixqfwlrq iru wkh Fe zklfk lv txlwh
vlplodu wr wkh rqh dgrswhg khuh1 Vhh Fxnlhupdq +4<<6,/ s1 68:1 Vhh dovr Pxvfdwhool +4<<;,
s1869 dqg vv1 iru d vlplodu vshfl�fdwlrq dqg iru d glvfxvvlrq ri wkh dujxphqwv lq ghihqvh
ri lwv dgrswlrq1
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Lq wkh qh{w vhfwlrq zh zloo vroyh wkh frpplwphqw jdph iru wkh fdvh zkhq
wkh &� sdudphwhu lv frpprq nqrzohgjh dprqj wkh Fev dv d ehqfkpdun1 Wkhq
lq vhfwlrq 7 zh zloo dqdo|}h wkh prgho dv ghvfulehg deryh1

6 Wkh frpplwphqw ri prqhwdu| srolf| lq rshq

hfrqrplhv xqghu frpsohwh lqirupdwlrq

Lq wklv vhfwlrq zh vroyh/ dv d ehqfkpdun/ wkh jdph iru wkh fdvh lq zklfk wkh
Fev kdyh frpprq nqrzohgjh derxw wkhlu w|shv &�1

E| edfnzdug lqgxfwlrq zh vroyh �uvw wkh vwdelol}dwlrq jdph sod|hg e| wkh
Fev1 Grphvwlf dqg iruhljq Fev pd{lpl}h +;,1 Wkh �uvw rughu frqglwlrq iru
Fe lq frxqwu| � lv

q
6� n @d6� �6e

� � E6� �6e
��o n KE0� � 0��

r
E� n @� ' ���E� � &�0�� +<,

zkhuh f 	 @ ' qB� 	 �/ f 	 K ' qB 	 �1: Wkh OKV ri +<, kdv wr eh
lqwhusuhwhg dv wkh pdujlqdo frvw ri dq lqfuhdvh lq 6� lq whupv ri lq dwlrq/
wkh UKV ri +<, dv wkh pdujlqdo ehqh�w ri dq lqfuhdvh lq 6� lq whupv ri
vxusulvh lq dwlrq1 Qrwlfh wkdw 6� dqg 6� duh vwudwhjlf frpsohphqwv lq wkh
Fev* sd|r� ixqfwlrqv/ l1h1 Y2E`��*Y6�Y6� : f1 Wkh hfrqrplfv ri vwudwhjlf
frpsohphqwdulw| lv hdvlo| xqghuvwrrg= iru h{dpsoh/ e| lqfuhdvlqj prqh|
vxsso|/ jlyhq sulydwh djhqwv* h{shfwdwlrqv/ frxqwu| � zloo lqfuhdvh rxwsxw dqg
lq dwlrq dw krph dqg e| ghsuhfldwlqj wkh uhdo h{fkdqjh udwh/ zloo ghfuhdvh
rxwsxw dqg FSL lq dwlrq deurdg1 Wklv lpsolhv wkdw wkh pdujlqdo frvw ri
lq dwlrq deurdg ghfuhdvhv/ zkloh wkh pdujlqdo ehqh�w ri vxusulvh lq dwlrq
lqfuhdvhv= wklv lqgxfhv wkh iruhljq Fe wr lqfuhdvh prqh| vxsso| wr edodqfh
qhw ehqh�wv ;1

:Vlqfh d ghshqgv rq wkh vkduh ri wkh iruhljq jrrg lq wkh frqvxphu*v edvnhw +�,/ dqg
gl�huhqwo| iurp e phdvxuhv wkh suhglfwdeoh frpsrqhqw ri wkh prqh| vxsso| surfhvv/ zh
zloo odeho lw dv rxu phdvxuh iru wkh ghjuhh ri rshqqhvv1

;Vwudwhjlf frpsohphqwdulw| lq prqh| vxssolhv lpsolhv wkh uhvxow/ frpprq lq wklv olw0
hudwxuh/ vhh Fdq}rqhul dqg Khqghuvrq +4<<4,/ ri xqghu surylvlrq ri vwdelolvdwlrq e| wkh
wzr srolf|pdnhuv1 Vwudwhjlf frpsohphqwdulw| ohdgv wr frpshwlwlyh ghsuhfldwlrq diwhu d
qhjdwlyh vkrfn1
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Vroylqj wkh v|vwhp +<,/ wkh Qdvk htxloleulxp prqh| vxssolhv duh jlyhq
e|
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+43,

Wklv uhvxow lv v|qwkhvl}hg lq wkh iroorzlqj

Ohppd 4 Iru dq| ��/ wkhuh h{lvwv d xqltxh Qdvk htxloleulxp lq wkh prqh0
wdu| vwdelol}dwlrq jdph/ jlyhq e| +43,1 Ehvw uhso| ixqfwlrqv lq prqh| vxssolhv
vdwlvi| wkh frqglwlrq iru vwudwhjlf frpsohphqwdulw|1 Wkh htxloleulxp ohyho iru
wkh suhglfwdeoh frpsrqhqw ri wkh prqh| vxsso| lq hdfk frxqwu| +lq dwlrqdu|
eldv, lv lqyhuvho| uhodwhg wr wkh ghjuhh ri rshqqhvv1

Wkh whup ���*E� n @� uhsuhvhqwv wkh lq dwlrqdu| eldv lq wkh fdvh ri rshq
hfrqrplhv1 Lw lv orzhu wkdq lq wkh fdvh ri d forvhg hfrqrp|/+l1h1 iru @ ' f,/
dqg wudfnv wkh h�hfw ri wkh vhoi exlow lq fkhfn phfkdqlvp fkdudfwhul}lqj wkh
qrq frrshudwlyh prqhwdu| uhjlph dv dqdo|}hg lq Urjr� +4<;8e, dqg wkh
dqdorjrxv suhglfwlrq ghyhorshg dqg whvwhg lq Urphu +4<<6,<1 Wkh whupv lq
wkh vtxduh sduhqwkhvlv phdvxuh wkh vwdelol}dwlrq frpsrqhqw lq wkh prqh|
vxsso|1 Frqvlghu iru h{dpsoh wkh fdvh &� : f/ 0� : f1 Wkh whup &�0��� lq
+43, phdvxuhv wkh h�hfw ri d uhgxfwlrq lq wkh pdujlqdo ehqh�w iurp vxusulvh
lq dwlrq gxh wr d srvlwlyh vkrfn lq frxqwu| �1 Wkh whup @

�n@
&�0��� phdvxuhv

wkh uhgxfwlrq lq frxqwu| � prqh| vxsso| diwhu d srvlwlyh vkrfn lq frxqwu| �/
gxh wr vwudwhjlf frpsohphqwdulw| lq wkh prqh| vxsso|1 Wkh whup K0� phdvxuhv
wkh uhgxfwlrq lq prqh| vxsso| gxh wr d gluhfw whupv ri wudgh h�hfw ri d
srvlwlyh vkrfn wr wkh ohyho ri hfrqrplf dfwlylw|1 Iru h{dpsoh/ d srvlwlyh
vkrfn wuljjhuv d uhdo h{fkdqjh udwh ghsuhfldwlrq/ uhtxluhg wr fohdu wkh wudgh
edodqfh/ wklv ohdgv wr dq lqfuhdvh lq FSL lq dwlrq udwh wkdw wkh Fe lv zloolqj
wr sduwldoo| vwdelol}h1 Wkh whup K0� phdvxuhv wkh vdph h�hfw wuljjhuhg e| d/
vd|/ srvlwlyh vkrfn deurdg1

E| vxevwlwxwlqj +43,/ lqwr +6, dqg +9, zh jhw wkh iroorzlqj uhgxfhg irup
iru wkh lq dwlrq dqg rxwsxw surfhvvhv

R�E��� '
� � &�0�
� n @

��� +44,

dqg

<Wklv uhsuhvhqwv wkh fruqhuvwrqh ri wkh srlqw pdgh lq Urjr� +4<;8e, derxw krz lqwhu0
qdwlrqdo prqhwdu| frrshudwlrq pd| ulvh �wkh udwh ri zdjh lq dwlrq ehfdxvh zdjh vhwwhuv
uhfrjqlvh wkdw d qrq frrshudwlyh uhjlph frqwdlqv d exlow0lq fkhfn rq hdfk fhqwudo edqn*v
lqfhqwlyh wr lq dwh1� Wkh uhdvrq iru wklv eduulhu wr eh h�hfwlyh lv wkdw �zkhq d fhqwudo
edqn h{sdqgv lwv prqh| vxsso| xqlodwhudoo|/ lw fdxvhv lwv frxqwu| uhdo h{fkdqjh udwh wr
ghsuhfldwh� wkhuhe| lqfuhdvlqj wkh lq dwlrq frvwv1 Vhh Urjr� +4<;8e, s1 5331
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Qrwlfh wkdw d ihdwxuh ri wkh Qdvk htxloleulxp lq prqh| vxsso| lv wkdw wkh
htxloleulxp rxwfrph iru wkh lq dwlrq surfhvv lq hdfk frxqwu| lv frpsohwho|
lqvxodwhg iurp wkh vkrfn lq wkh iruhljq frxqwu|/ zkloh wkh rxwsxw surfhvv
lv qrw143 Pruhryhu/ dv lq Urphu +4<<6,/ wkh suhglfwdeoh frpsrqhqw ri wkh
lq dwlrq surfhvv lq hdfk frxqwu| lv lqyhuvho| uhodwhg wr wkh ghjuhh ri rshqqhvv1

Zh fdq qrz vroyh iru wkh rswlpdo ghjuhh ri frpplwphqw wkdw wkh jry0
huqphqwv zloo fkrrvh wr dgrsw e| ghohjdwlqj prqhwdu| srolf| wr d Fe zlwk
vxlwdeoh lqvwlwxwlrqdo remhfwlyhv1 E| vxevwlwxwlqj +44, dqg +45, lqwr +:,/ wkh
vwudwhj| ri wkh Jryhuqphqw � vdwlv�hv
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E| wdnlqj h{shfwdwlrqv dqg pd{lpl}lqj zlwk uhvshfw wr �� zh jhw wkh
iroorzlqj vroxwlrq iru wkh Fe*v suhihuhqfhv
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Rqh lpsruwdqw ihdwxuh h{klelwhg e| wkh htxloleulxp vwudwhj| dw wkh lqvwl0
wxwlrqdo ghvljq vwdjh lv wkdw wkhuh lv qr vwudwhjlf lqwhughshqghqfh ehwzhhq
wkh jryhuqphqw*v fkrlfhv/ vlqfh iurp +46, lw lv fohdu wkdw Jryhuqphqw � kdv
d grplqdqw vwudwhj| lq wkh dssrlqwphqw ri lwv Fe1 Vhwwlqj @ ' f zh jhw
wkh Urjr� +4<;8d, uhvxow ri d frqvhuydwlyh Fe lq wkh fdvh ri d forvhg hfrq0
rp|1 Dv h{shfwhg wkhuh h{lvwv dq lqfhqwlyh wr suhfrpplw prqhwdu| srolf|

lq d forvhg hfrqrp|/ l1h1 &
2

� j
2
"

�nEj2
&
n&

2

� �j
2
0

	 �1 Lq wkh fdvh ri dq rshq hfrqrp|/

lqvwhdg/ wkh �exlow0lq fkhfn phfkdqlvp� rq wkh lqfhqwlyh wr lq dwh/ gxh wr
wkh uhdo h{fkdqjh udwh h�hfw/ wxuqv rxw wr uhgxfh wkh rswlpdo ghjuhh ri frp0

plwphqw/ vlqfh E�n@�2

�n2@
: �1 Lqwxlwlyho| wklv uhvxow krogv iru wkh vdph uhdvrq

43Qrwlfh wkdw wklv ihdwxuh grhv qrw klqjh rq wkh olqhdu txdgudwlf irup ri wkh remhfwlyh
ixqfwlrqv dgrswhg lq wklv sdshu1 Vroylqj d vlplodu prgho zlwk wkh dowhuqdwlyh gxreoh
txdgudwlf ixqfwlrqdo irup dovr xvhg lq wkh olwhudwxuh/ xqghu wkh k|srwkhvlv ri udwlrqdo
h{shfwdwlrqv ri wkh djhqwv ohdgv wr wkh vdph uhvxow1
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zk| frrshudwlrq lq prqhwdu| srolf| fdq eh frxqwhusurgxfwlyh/ dv irxqg lq
Urjr� +4<;8e,1

Zh pd| dvn zkhwkhu lw lv srvvleoh/ wkdw wkh �exlow0lq0fkhfn� h�hfw frxog
eh vr vwurqj wr frxqwhudfw wkh lqfhqwlyhv wr suhfrpplwphqw/ +�W� : �C

� ,1
D qhfhvvdu| dqg vx!flhqw frqglwlrq iru dyrlglqj wklv srvvlelolw| lv jlyhq e|
E�n@�2

�n2@
&
2
j2"

�nEj2
&
n&

2
�j20

	 �1 Wkh uhvxowv/ krogv xqghu wkh k|srwkhvlv ri wkh prgho/

l1h1 iru f 	 @ 	 � dqg 7& 	 �*7"1
Wkhvh uhvxowv duh v|qwkhvl}hg lq wkh iroorzlqj

Ohppd 5 +Frqvhuydwlyh Fe uhvxow, Lq d wzr frxqwu| zruog/ wkh prqhwdu|
srolf| ghohjdwlrq jdph zlwk lpshuihfw frpplwphqw dqg frpsohwh lqirupdwlrq
kdv d xqltxh shuihfw htxloleulxp lq grplqdqw vwudwhjlhv zkhuh wkh jryhuq0
phqw ri frxqwu| �/ dssrlqwv d Fe zkrvh suhihuhqfhv vdwlvi| +47,1 Wkhuh h{lvw
lqfhqwlyh wr suhfrpplw prqhwdu| srolf| +�W� 	 �C

� ,1 Wkh rswlpdo ghjuhh ri
frpplwphqw lv orzhu wkdq lq wkh fdvh ri d forvhg hfrqrp|1

Surri1 Jlyhq Ohppd 4/ vxevwlwxwh +44, dqg +45, lqwr +46, dqg pd{lpl}h wr
jhw +47,1 Wkh surri wkdw iru @ ' f/ wkh Fe lv pruh frqvhuydwlyh wkdq lq wkh
fdvh zkhq @ : f lv lpphgldwh/ vhw @ ' f lqwr +47, dqg jhw wkh uhvxow1 Surylqj

wkdw �W� 	 �C
� / lv dovr vwudljkwiruzdug= wkh lqhtxdolw| E�n@�2

�n2@
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fdq eh uhzulwwhq dv @2

�n2@
&
2
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" 	 E� n j2
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2
0�/ dqg vlqfh/ iru @ 	 �/ @2

�n2@
	 �/

d vx!flhqw frqglwlrq iru wkh lqhtxdolw| wr krog lv &
2
j2
" 	 �1 Wklv lv vdwlv�hg

vlqfh/ wkh frqglwlrq � � &0� : f dqg wkh v|pphwu| ri wkh vxssruw d�0�c 0�o
lpso| � :m &0� m1 E| vtxdulqj erwk whupv dqg e| wdnlqj h{shfwdwlrqv zlwk

uhvshfw wr 0/ zh jhw wkh vx!flhqw frqglwlrq &
2
j2
" 	 �1

Dv h{shfwhg/ _�W� *_j
2
0 : f l1h1 wkh rswlpdo ghjuhh ri frpplwphqw lv

ghfuhdvlqj lq wkh yduldqfh wr wkh rxwsxw vkrfn1 Vlqfh _�W� *_&� : f/ zh rewdlq
wkdw wkh odujhu wkh dyhudjh suhihuhqfhv iru  h{lelolw| wkh orzhu zloo eh wkh Fe*v
rswlpdo ghjuhh ri frpplwphqw1 Pruhryhu/ _�W� *_j

2
& 	 f/ l1h1 wkh odujhu wkh

yduldqfh ri wkh vljqdo rq wkh pdujlqdo ehqh�w ri lq dwlrq/ wkh vwurqjhu wkh
lqfhqwlyh wr suhfrpplw1 Lq rxu lqwhusuhwdwlrq iru wkh &� sdudphwhu/ wkh kljkhu
wkh yduldelolw| lq wkh lqvwlwxwlrqdo dqg hfrqrplf hqylurqphqw vxuurxqglqj wkh
dfwlrq ri wkh Fe/ wkh odujhu wkh lqfhqwlyh wr suhfrpplw1 Wkh lqwxlwlrq iru
wklv surshuw| ri wkh prgho lv wkdw d odujhu yduldelolw| lq wkh vljqdo shufhlyhg
e| wkh edqnhu ohdgv wr d kljkhu yduldqfh ri lq dwlrq zlwkrxw d�hfwlqj wkh
pdujlqdo ehqh�w iurp vxusulvh lq dwlrq shufhlyhg e| wkh jryhuqphqw dw wkh
lqvwlwxwlrqdo ghvljq vwdjh1 Dv d frqvhtxhqfh/ wkh pdujlqdo lqfhqwlyh iru wkh
jryhuqphqw wr suhfrpplw lqfuhdvhv144

44Wr fkhfn vrph ri wkh suhglfwlrqv ri wkh suhvhqw prgho zh frpsxwhg wkh fruuhodwlrq
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Ilqdoo|/ _�W� *_@ : f/ l1h1 wkh odujhu wkh ghjuhh ri rshqqhvv ri wkh hfrq0
rp| wkh orzhu zloo eh wkh Fe*v rswlpdo ghjuhh ri frqvhuydwlyhqhvv/ lq rwkhu
zrugv/ wkh pruh h�hfwlyh wkh vhoi �exlow0lq fkhfn� phfkdqlvp lv/ wkh orzhu
wkh lqfhqwlyh iru wkh jryhuqphqw wr frpplw1

Wkh vxevwlwxwdelolw| ehwzhhq frpplwphqw dqg wkh vhoi glvflsolqh lpsrvhg
wr wkh FE e| wkh h{fkdqjh udwh ghsuhfldwlrq iroorzlqj dq lqfuhdvh lq prqh|
vxsso| lv dq lqwxlwlyh dqg txlwh jhqhudo uhvxow1 Lq sduwlfxodu lw grhv qrw
ghshqg rq wkh k|srwkhvlv ri lpshuihfw frpplwphqw1 Wkhuhiruh/ vlqfh wkh
ghjuhh ri rshqqhvv lv suhglfwhg wr eh d vxevwlwxwh iru frpplwphqw lq wkh
jryhuqphqw*v h|hv/ li wkh fuhglelolw| dssurdfk fdswxuhv dq lpsruwdqw dvshfw
ri wkh lqvwlwxwlrqdo uhirupv lq fhqwudo edqnlqj zh vkrxog h{shfw/ frhwhulv
sdulexv/ qrw wr revhuyh lqfuhdvlqj dwwhqwlrq wr lqvwlwxwlrqdo uhirupv srlqwlqj
wr d odujhu ghjuhh ri lqghshqghqfh dqg vwulfw prqhwdu| wdujhwv ryhu shul0
rgv fkdudfwhul}hg e| lqfuhdvlqj ghjuhh ri rshqqhvv1 Lq wklv yhu| vlpsoh wzr
frxqwu| prgho lqfuhdvlqj yduldelolw| lq wkh rxwsxw vkrfnv +vd| diwhu wkh rlo
vkrfn, dqg lqfuhdvlqj ghjuhh ri rshqqhvv zrxog fdoo iru d uhohdvh ri wkh frp0
plwphqw lq erwk frxqwulhv1 Wkh rqo| frpsdudwlyh vwdwlfv uhvxow rq zklfk zh
fdq uho| wr mxvwli| wkh lqfuhdvlqj dwwhqwlrq wr wkh lqvwlwxwlrqdo vroxwlrq lq wkh
odvw ghfdghv lv wkh lqfuhdvlqj yduldelolw| lq wkh vrflr0srolwlfdo hqylurqphqw j2&
zkhuh wkh Fe*v dfwlrq wdnhv sodfh1 Wklv pd| eh idfwxdo iru vrph frxqwulhv
exw qrw iru rwkhuv dqg lw zrxog ohdyh xv zlwkrxw dq| h{sodqdwlrq derxw zk|
wkh prvw ghyhorshg frxqwulhv dgguhvvhg wkh fuhglelolw| sureohp e| irfxvlqj
rq lqvwlwxwlrqdo vroxwlrqv dw wkh vdph wlph1

Wkh qh{w vhfwlrq dgguhvvhv wkhvh lvvxhv lq pruh ghwdlo/ e| dqdo|}lqj wkh
h�hfwv ri lqwurgxflqj lq wkh prgho wkh k|srwkhvlv wkdw wkh vljqdo rq wkh
+pdujlqdo, ehqh�wv ri d jlyhq vwdelol}dwlrq srolf| revhuyhg e| hdfk Fe dw wkh
wlph zkhq srolf| lv lpsohphqwhg lv wkhlu sulydwh lqirupdwlrq1

ehwzhhq wkh lqgh{ iru wkh ghjuhh ri ghshqghqfh +feghs, dqg wkh ghjuhh ri rshqqhvv +rshq,
dqg lqgh{ ri srolwlfdo lqvwdelolw| +lqvw, iru gl�huhqw vxevhwv ri frxqwulhv lq wkh gdwd vhw xvhg
lq Urphu +4<<6,1 Zkhq frpsxwhg rq wkh vdpsoh ri 447 frxqwulhv wkh uhvxowv duh dv iroorzv=
fruu+feghs/ rshqqhvv,@3135<> fruu+feghs/ lqvw,@31751 Wklv uhvxowv gr qrw surylgh hylghqfh
iru wkh suhglfwlrqv ri wkh frpplwphqw prgho dv gh�qhg deryh1 Krzhyhu/ zkhq wkh vdph
lqgh{ duh frpsxwhg iru wkh 58 prvw dgydqfhg frxqwulhv +udqnhg dffruglqj wr wkh uhdo jgs
lq 4<;3, wkh uhvxowv duh dv iroorzv fruu+feghs/ rshqqhvv,@ 31:4 dqg fruu+feghs/ lqvw,@0
31461 Wkhuhiruh/ iru d vxevhw ri frxqwulhv wkdw vhhp wr kdyh vroyhg wkh fuhglelolw| sureohp
uho|lqj rq lqvwlwxwlrqdo vroxwlrq/ wkh vxevwlwxwdelolw| ehwzhhq rshqqhvv dqg frpplwphqw
dqg wkh frpplwphqw ehlqj lqfuhdvlqj lq wkh phdvxuh ri lqvwdelolw| vhhp wr eh frq�uphg1
Zh wkdqn Gdylg Urphu iru nlqgo| surylglqj wkh gdwd1
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7 Wkh lqvwlwxwlrqdo vroxwlrq zlwk lpshuihfw

frpplwphqw dqg sulydwh lqirupdwlrq

Dv dujxhg e| Urphu +4<<6, wkhuh lv d jurxs ri dssur{lpdwho| �iwhhq wr
wzhqw| kljko| ghyhorshg frxqwu| wkdw kdyh odujho| vroyhg wkh sureohp ri g|0
qdplf lqfrqvlvwhqf| ri rswlpdo prqhwdu| srolf|1 Wkh vroxwlrq ri wkh wlph
lqfrqvlvwhqf| sureohp kdv ehhq dfklhyhg pdlqo| e| judqwlqj lqghshqghqfh
wr Fev dqg e| dvvljqlqj wkh lqvwlwxwlrqv dq lpsruwdqw zhljkw wr lq dwlrq vwd0
elol}dwlrq1 Krzhyhu/ dv zh kdyh vhhq lq wkh suhylrxv vhfwlrq/ xqghu vwdqgdug
dvvxpswlrqv/ d vlpsoh fuhglelolw| dujxphqw vkrxog suhglfw wkdw wkh rswlpdo
ohyho ri suhfrpplwphqw wr dq lqghshqghqw fhqwudo edqnhu lv lqyhuvho| uhodwhg
wr wkh ghjuhh ri rshqqhvv1 Grhv wklv phdq wkdw wkh fuhglelolw| dssurdfk idlov
lq d pdmru suhglfwlrqB Pruhryhu/ dv dujxhg lq wkh lqwurgxfwlrq klvwrulfdo
hylghqfh rq uhfhqw uhirupv lq prqhwdu| lqvwlwxwlrqv dqg fhqwudo edqnhuv* dw0
wlwxgh wrzdugv lq dwlrq lq wkh sdvw ghfdghv kdv vkrzq wkdw wkh hphujhqfh ri
dq lq dwlrq dyhuvlrq kdv vsloohg ryhu dfurvv frxqwulhv/ wkh prgho vroyhg xqghu
wkh fdvh ri frpsohwh lqirupdwlrq |lhogv d grplqdqw vwudwhjlhv htxloleulxp dw
wkh ghohjdwlrq vwdjh wkdw grhv qrw doorz iru dq| vslooryhu dw wkh lqvwlwxwlrqdo
ghvljq vwdjh1 Lv wklv lqirupdo hylghqfh lqfrqvlvwhqw zlwk wkh suhglfwlrqv ri
wkh fuhglelolw| dssurdfk wr lqvwlwxwlrqdo uhirupv ri fhqwudo edqnlqjB

Lq wklv vhfwlrq zh vroyh wkh vlpsoh prgho rxwolqhg lq vhfwlrq 5 zkhuh
wkh fuhglelolw| sureohp lv vwloo wkh pdlq lqjuhglhqw1 Krzhyhu/ dv ghvfulehg
ehiruh/ zh prgho wkh hqylurqphqw lq zklfk wkh Fe*v dfwlrq wdnhv sodfh dv
lqirupdwlrqdoo| rsdtxh wr wkh h{whuqdo revhuyhu/ l1h1 &� lv sulydwh lqirupdwlrq
wr wkh srolf|pdnhuv dw wkh vwdelol}dwlrq vwdjh1 Rxu dqdo|vlv zloo doorz iru
vwudwhjlf lqwhughshqghqfh dw wkh lqvwlwxwlrqdo ghvljq ohyho lpsolhg e| wkh
lqwhughshqghqfh ri prqhwdu| srolf| uhso|/ lpshuihfw frpplwphqw dqg sulydwh
lqirupdwlrq1 Wklv zloo doorz xv wr dgguhvv wkh lvvxh ri wkh lqwhughshqghqfh
dw wkh lqvwlwxwlrqdo ghvljq vwdjh dfurvv frxqwulhv dqg wr vxjjhvw frqglwlrqv
xqghu zklfk wkh fuhglelolw| wkhru| pd| eh deoh wr suhglfw frqglwlrqv xqghu
zklfk rshqlqj frxqwulhv wr wudgh pd| lqfuhdvh wkh lqfhqwlyh wr suhfrpplw1

Lq wkh iroorzlqj zh vroyh wkh wzr vlghg sulydwh lqirupdwlrq vwdelol}dwlrq
jdph zlwk lqfrpsohwh lqirupdwlrq iru wkh htxloleulxp prqh| vxssolhv dqg
wkh uhgxfhg irup iru wkh rxwsxw dqg lq dwlrq surfhvvhv lq wkh wzr frxqwulhv
duh rewdlqhg1 E| iroglqj edfnzdug wkhvh odwwhu lq wkh jryhuqphqwv* sd|0r�
ixqfwlrqv dqg e| wdnlqj h{shfwdwlrqv/ jlyhq wkh wzr jryhuqphqwv* lqirupdwlrq
vhw/ wdnlqj lqwr dffrxqw sulydwh djhqwv h{shfwdwlrqv/ zh zloo vroyh wkh �uvw
vwdjh ri wkh jdph iru wkh rswlpdo ghjuhh ri frpplwphqw ri hdfk jryhuqphqw
dv d vxejdph shuihfw Qdvk htxloleulxp1
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714 Wkh vwdelol}dwlrq jdph xqghu sulydwh lqirupdwlrq

Wkh vwdelol}dwlrq vwdjh jdph wdnhv qrz wkh irup ri d vlpxowdqhrxv jdph
ri lqfrpsohwh lqirupdwlrq zlwk wzr vlgh sulydwh lqirupdwlrq rq wkh vljqdo
wkh Fev uhfhlyh dw wkh wlph zkhq wkh| ghflgh dqg lpsohphqw prqhwdu| sro0
lf| uhso|1 Zh frqfhqwudwh rq sxuh vwudwhj| htxloleuld1 Zlwkrxw dq| orvv lq
jhqhudolw|45 doo wkh uhvxowv lq wklv vhfwlrq duh uhsruwhg iru wkh qrupdol}dwlrq
T @oE&�� ' j2& ' � dqg iru wkh fdvh zkhq wkh lqlwldo sxeolf vljqdo wr wkh jry0
huqphqwv derxw wkh pdujlqdo ehqh�w ri vxusulvh lq dwlrq lv wkh vdph lq erwk
frxqwulhv/ l1h1 7&� ' 7&� ' 7&1 Wkh w|sh vsdfh lv jlyhq e|g � -2 wkh sxuh vwudw0
hj| vhw lv jlyhq e| � ' iE6�E&��/ 6�E&��j1 Wkh htxloleulxp frqfhsw lv wkh
Ed|hv0Qdvk htxloleulxp dqg/ vlqfh wkh prgho lv olqhdu txdgudwlf/ dwwhqwlrq
zloo eh uhvwulfwhg wr olqhdu sxuh vwudwhjlhv ri wkh irup 6�E&�� ' �� n��&�1

Lq d Ed|hv0Qdvk htxloleulxp/ prqh| vxssolhv kdyh wr vdwlvi| wkh iroorzlqj
frqglwlrq/ iru � 9' �=

6��
� E&�� ' �o}4@ 

6�E&�

.&� E`�� +48,

'
]
&�

`� iR�dE6�E&��c6�E&��oc %�dE6�E&��oj �E&� m &��_&� +49,

zklfk/ iru frxqwu| �/ fdq eh zulwwhq dv iroorzv=

6�E&�n@6�E&� ' @6e
�n@d.&E6�E&� m &���6

e
�o

��

� n @
E��&�0���KE0��0�� +4:,

zkhuh .&d6�E&� m &�o ' �� n ��.E&� m &�� ' �� n ��d7& n 4&E&� � 7&�o
uhsuhvhqwv wkh frqglwlrqdo h{shfwdwlrq wkdw wkh Fe ri frxqwu| � kdv derxw
wkh prqh| vxsso| sod|hg e| wkh Fe lq frxqwu| �/ jlyhq wkh mrlqw qrupdolw|
dvvxpswlrq derxw wkh &�/ &� sdudphwhuv1 Ed|hv0 Qdvk htxloleulxp vwudwhjlhv
duh frpsxwhg e| vroylqj iru wkh xqghwhuplqhg frh!flhqwv �� dqg �� dqg iru
wkh h{shfwhg prqh| vxssolhv/ 6e

� / 6
e
�/ jlyhq wkh sulydwh djhqwv lqirupdwlrq

vhw/

�� '
�

� n @
�� n

E� � 4&�@&
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� n 2@
+4;,

�� ' �
�

\
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@

� n @
4&��0� n ��0�o +4<,

45Wkh frpsdudwlyh vwdwlfv uhvxow zlwk uhvshfw wr �5n fdq eh vkrzq wr eh wkh vdph dv lq
wkh prgho xqghu frpsohwh lqirupdwlrq1
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zkhuh \ ' E� n @�2 � @242& : f1
Xqghu udwlrqdo h{shfwdwlrqv/ sulydwh djhqwv fdq dqwlflsdwh wkh suhglfwdeoh

frpsrqhqw ri prqh| vxsso| +lq dwlrqdu| eldv,/ jlyhq wkhlu lqirupdwlrq vhw1
Wklv lv jlyhq e| 6e

� '
�

�n@
�� dqg htxloleulxp prqh| vxsso| duh jlyhq e|

6��
� ' �� n��&� +53,

zkhuh �� dqg �� duh jlyhq e| +4;, dqg +4<,461

Sursrvlwlrq 4 Ohppd 6 Sursrvlwlrq 5 Wkhuh h{lvwv d xqltxh sxuh vwudw0
hj| Ed|hv0Qdvk htxloleulxp lq wkh prqhwdu| vwdelol}dwlrq jdph/ zkhuh prqh|
vxssolhv duh jlyhq e| +53,1

Surri1 Vhh Dsshqgl{1

Iroorzlqj wkh vlpxowdqhrxv vwdelol}dwlrq jdph/ wkh pdfurhfrqrplf rxw0
frphv duh uhdol}hg dqg fdq eh rewdlqhg e| vxevwlwxwlqj wkh Ed|hv0Qdvk htxl0
oleulxp prqh| vxsso| surfhvvhv lq frxqwu| � dqg � lqwr +6,/ dqg +9,1 Wkh
uhgxfhg irup iru wkh lq dwlrq dqg rxwsxw surfhvvhv duh jlyhq e|

R��� '
�

� n @
�� n E� n @���&� n @�� d&E� � 4&�� &�o +54,

dqg

%��� '
@2�� n @E� n @���

� n 2@
�&E�� 4&� n��&� �

K

� n 2@
�E0� � 0�� n 0� +55,

Pdfurhfrqrplf rxwfrphv ghshqg rq wkh vl}h ri wkh vkrfnv klwwlqj wkh wzr
hfrqrplhv/ rq wkh suhihuhqfhv dvvljqhg wr wkh Fev dqg rq wkh +htxloleulxp,
eholhiv khog e| hdfk Fe derxw wkh suhihuhqfhv ri wkh rwkhu srolf|pdnhu1 Lq
sduwlfxodu/ gl�huhqwo| iurp wkh fdvh ri frpsohwh lqirupdwlrq/ grphvwlf lq d0
wlrq surfhvv lq wkh wzr frxqwulhv fdqqrw eh lqvxodwhg iurp hohphqwv d�hfwlqj
wkh iruhljq hfrqrp|1 Wkh lqwxlwlrq iru wkh uhvxow lv wkdw sulydwh lqirupdwlrq
grhv qrw doorz wkh Fe/ zloolqj wr sxuvxh wklv dlp/ wr shuihfwo| lqvxodwh wkh
lq dwlrq surfhvv dw krph iurp wkh lq dwlrq surfhvv deurdg1 Wklv ihdwxuh
ri wkh pdfurhfrqrplf rxwfrphv iurp wkh vwdelol}dwlrq jdph zloo eh fuxfldo
lq uhlqwurgxflqj vwudwhjlf lqwhughshqghqfh ehwzhhq jryhuqphqwv ghflvlrqv dw
wkh ghohjdwlrq vwdjh dqg zloo vkdsh wkh uhodwlrqvkls ehwzhhq frpplwphqw
dqg ghjuhh ri rshqqhvv1

46Dv h{shfwhg/ iru �n $ 4 wkh htxloleulxp rxwfrph lq +53, lv wkh vdph dv lq +43, xqghu
wkh k|srwkhvlv ri v|pphwulf w|shv1

4:



715 Wkh ghohjdwlrq jdph xqghu sulydwh lqirupdwlrq

E| vxevwlwxwlqj htxdwlrqv +54, dqg +55, lqwr wkh sd|r� ixqfwlrq ri wkh jry0
huqphqw zh jhw wkh uhgxfhg irup ri wkh zhoiduh ixqfwlrq ri wkh jryhuqphqw
lq wkh �uvw vwdjh1 Wkh shuihfw Qdvk htxloleulxp vwudwhjlhv �WW� iru wkh jdph
xqghu lpshuihfw frpplwphqw zloo eh jlyhq e|

�WW� ' �o}�@%
��

.0�c0� c&�c&�E`
C
� � +56,

'
]
l
i�

�

2

k
R��� E���

l2
n �C

� E� � &"��

�d%��� E���oj_CE&�c &�c 0�c 0�� +57,

Wkhuhiruh jryhuqphqwv* vwudwhjlhv zloo vdwlvi| wkh iroorzlqj uhdfwlrq ixqf0
wlrqv

S��
WW
� ' �S2E�� 42&�4&4"j

2
0�

WW
� n S�j

2
0�

C
� +58,

zkhuh S�/ S2 dqg S� duh srvlwlyh frqvwdqwv gh�qhg lq wkh dsshqgl{/ 4& lv wkh
frh!flhqw ri fruuhodwlrq dfurvv wkh sulydwh vljqdov uhfhlyhg e| wkh edqnhuv/ 4"
wkh frh!flhqw ri fruuhodwlrq dfurvv wkh hfrqrplf vkrfnv1

Vhwwlqj @ ' f zh jhw wkh rswlpdo Fe suhihuhqfhv lq wkh fdvh ri d forvhg

hfrqrp|/ l1h1 �WW� ' &
2
j20

�nE�n&
2
�j20
�C
� 1

E| hydoxdwlqj +58, lq d v|pphwulf htxloleulxp +�C
� ' �C

� , zh jhw wkh
iroorzlqj vroxwlrq=

��� ' Se�
C
� +59,

zkhuh Se : f lv d frqvwdqw gh�qhg lq wkh dsshqgl{ dqg fkdudfwhul}hg lq
wkh qh{w vhfwlrq1

Wkh uhvxowv deryh fdq eh v|qwkhvl}hg dv iroorzv

Sursrvlwlrq 6 Wkhuh lv d xqltxh shuihfw htxloleulxp iru wkh ghohjdwlrq jdph
xqghu sulydwh lqirupdwlrq ri edqnhuv derxw &�1 Jryhuqphqwv* htxloleulxp
vwudwhjlhv zloo h{klelw vwudwhjlf vxevwlwxwdelolw| +frpsohphqwdulw|, li dqg rqo|
li wkh vljq ri 4&40 lv srvlwlyh +qhjdwlyh,1 Surri= vhh Dsshqgl{1

Wkh sursrvlwlrq deryh vwdwhv wkdw wkh vljq ri wkh fruuhodwlrq dfurvv vkrfnv
wr wkh ohyho ri hfrqrplf dfwlylw| dqg wkh fruuhodwlrq dfurvv wkh sulydwh vljqdov
uhfhlyhg e| wkh Fev lq hdfk frxqwu| sod| d pdmru uroh lq wkh vwudwhjlf ghvljq
ri prqhwdu| lqvwlwxwlrq lq wkh fdvh ri rshq hfrqrplhv1 Zlwkrxw ixuwkhu uh0
vwulfwlrqv rq wkh vljq ri 4& dqg 40 wkh prgho zrxog doorz xv wr frqvwuxfw d
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wd{rqrp| iru wkh vwudwhjlf lqwhuuhodwlrqvkls dw wkh lqvwlwxwlrqdo ghvljq vwdjh1
Wklv wd{rqrp| zrxog suhglfw wkdw wkh vljq dqg wkh pdjqlwxgh ri wkh lq0
fhqwlyh wr suhfrpplw lq rshq hfrqrplhv zrxog ghshqg rq wkh fruuhodwlrq
vwuxfwxuh dfurvv wkh hfrqrplf vkrfnv klwwlqj wkh wzr hfrqrplhv dv zhoo dv rq
wkh fruuhodwlrq vwuxfwxuh ri wkh sulydwh vljqdov1

Krzhyhu/ dv dujxhg ehiruh/ zh wdnh wkh ylhz wkdw/ jlyhq wkh irufhv zh
phdq wr fdswxuh lq rxu lqwhusuhwdwlrq ri wkh sulydwh vljqdo whfkqrorj|/ wkh
fruuhodwlrq ehwzhhq wkh h{whuqdo suhvvxuhv dulvlqj iurp lqwhuhvwv dqg lq xhqfh
ri gl�huhqw djhqwv lq wkh vrflhw| dqg wkh fruuhodwlrq ehwzhhq wkh vflhqwl�f
ylhz dprqj dfdghplf vfkroduv ri wkh ehqh�wv dqg yldelolw| ri vwdelol}dwlrq
srolf| d�hfwlqj wkh Fe*v shufhlyhg pdujlqdo ehqh�wv kdv ehhq srvlwlyh lq
wkh pdlq lqgxvwuldol}hg frxqwulhv1 Wkhuhiruh wkh uhvxowv ri wkh prgho zloo eh
dqdo|}hg iru wkh fdvh ri 4& : f1

Xqghu wklv uhvwulfwlrq wkh uhvxowv zloo ghshqg xsrq wkh vljq ri 401 Zh
gh�qhg " dv d uhgxfhg irup vkrfn klwwlqj wkh ohyho ri hfrqrplf dfwlylw| lq wkh
wzr frxqwulhv/ vr wkdw wkh fruuhodwlrq vwuxfwxuh ehwzhhq wkhvh vkrfnv dfurvv
frxqwulhv lv qrw uhvwulfwhg zlwklq wkh prgho1 Li wkh exon ri wkh yduldqfh lq
wkh ohyho ri rxwsxw lq wkh wzr frxqwulhv lv pdlqo| gxh wr vkrfnv lq wkh whupv
ri wudgh +ru wr idfwru vxssolhv ru idfwru pryhphqwv dfurvv frxqwulhv,/ wkhq
wkh fruuhodwlrq lv olnho| wr eh qhjdwlyh1 Li/ rq wkh rwkhu kdqg/ wkh exon ri
wkh yduldqfh lv gxh wr frpprq ghpdqg ru whfkqrorjlfdo vkrfnv/ wkhq wkh
fruuhodwlrq lv olnho| wr eh srvlwlyh1 Zkdw lv wkh suhydlolqj vrxufh ri frpprq
vkrfnv iru jlyhq wzr frxqwulhv lv dq hpslulfdo txhvwlrq wkdw lv qrw dgguhvvhg
lq wklv sdshu dqg zrxog surylgh dgglwlrqdo uhvwulfwlrqv rq wkh vljq ri 40

471
Wkh lqwhusuhwdwlrq ri wkh uhvxowv lq wkh fdvh ri vwudwhjlf vxevwlwxwdelolw|

+4" : f, yhuvxv vwudwhjlf frpsohphqwdulw| +4" 	 f, fdq eh hdvlo| glvhqwdqjohg1
Lq wkh iroorzlqj zh surylgh lqwxlwlrq iru wkh iruphu fdvh/ wkrxjk vlplodu
dujxphqwv dsso| wr wkh odwwhu fdvh1 Vwudwhjlf vxevwlwxwdelolw| lv htxlydohqw
wr jryhuqphqwv* pdujlqdo ehqh�w iurp lqfuhdvlqj �� eh ghfuhdvlqj lq ��1

Iru 4" : f/ erwk jryhuqphqwv udwlrqdoo| h{shfw wkh wzr hfrqrplhv wr eh
lq wkh vdph vwdwh ri wkh zruog lq wkh ixwxuh +errpv ru voxpsv,481 Pruhryhu/

47Wkh uhgxfhg irup vkrfn frqvlghuhg lq wkh prgho zloo pdnh wkh glvfxvvlrq hxulvwlf
dqg ghshqglqj rq wkh pdlq vrxufh ri yduldelolw| lq wkh rxwsxw surfhvv dfurvv frxqwulhv1
Krzhyhu rqfh d suhydlolqj vwuxfwxudo vrxufh ri yduldelolw| lq wkh rxwsxw vkrfn lv lghqwl�hg/
wkh prgho doorzv iru zhoo gh�qhg suhglfwlrqv rq wkh ihdwxuhv ri wkh htxloleulxp rxwfrph ri
wkh jdph1 Qrwlfh dovr wkdw wkh prgho rqo| doorzv iru frqwhpsrudqhxrv fruuhodwlrqv lq wkh
exvlqhvv f|fohv dfurvv frxqwulhv/ l1h1 wkh hfrqrplf vkrfnv klwwlqj wkh wzr hfrqrplhv duh
dvvxphg wr eh shuihfwo| v|qfkurql}hg1 Gl�huhqw lvvxhv zrxog ri frxuvh dulvh lq d g|qdplf
vshfl�fdwlrq zlwkrxw fkdqjlqj wkh qdwxuh ri wkh edvlf uhvxowv/ surylghg wkdw wkh k|srwkhvlv
wkdw vkrfnv wr wkh hfrqrplf dfwlylw| lq erwk frxqwulhv zrxog d�hfw wr vrph h{whqw wkh uhdo
h{fkdqjh udwh dv zhoo dv wkh edodqfh ri wudgh1

48Vlqfh �n A 3/ lw lv dovr wkh fdvh wkdw d kljkhu +orzhu, wkdq dyhudjh vljqdo derxw wkh
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ehfdxvh ri vwudwhjlf frpsohphqwdulw| dw wkh vwdelol}dwlrq vwdjh/ wkh| zloo
h{shfw d pdwfklqj ehwzhhq prqh| vxsso| lq wkh vwdelol}dwlrq jdph1 Wklv
h{shfwhg pdwfklqj ehwzhhq prqh| vxssolhv d�hfwv wkh h{shfwhg yduldelolw|
ri lq dwlrq +uhphpehu wkdw lq hdfk frxqwu| wkh htxloleulxp lq dwlrq rxwfrph
lv qrw lqvxodwhg iurp wkh iruhljq frpsrqhqw, dqg wkh dprxqw ri vwdelol}dwlrq
wkdw lv h{shfwhg wr eh lpsruwhg iurp deurdg1 Frqvlghu wkh dujxphqw iurp
wkh srlqw ri ylhz ri wkh grphvwlf jryhuqphqw= li wkh iruhljq jryhuqphqw
+pdujlqdoo|, lqfuhdvhv �� / wkh iruhljq Fe zloo kdyh d pruh  h{leoh vwdqfh
lq wkh vwdelol}dwlrq vwdjh1 Gxh wr 4" : f dqg e| vwudwhjlf frpsohphqwdulw|
dw wkh vwdelol}dwlrq vwdjh/ wkh krph jryhuqphqw h{shfwv wkh grphvwlf Fe
wr pdwfk wkh ehkdylru ri wkh iruhljq jryhuqphqw lq wkh vwdwhv ri wkh zruog
zkhq lw lv qhhghg iru vwdelol}lqj wkh grphvwlf hfrqrp|1 Wkhuhiruh/ d pdujlqdo
lqfuhdvh lq wkh iruhljq edqnhu suhihuhqfhv iru  h{lelolw| ��/ e| lqfuhdvlqj wkh
yduldqfh ri lq dwlrq surfhvv dqg e| uhgxflqj wkh pdujlqdo frvw ri lq dwlrq iru
dq| jlyhq grphvwlf edqnhu/ zloo frhwhulv sdulexv/ uhvkdsh wkh lqfhqwlyh ri wkh
grphvwlf jryhuqphqw vr wr pdnh lw pruh zloolqj wr ex| grphvwlf fuhglelolw|
lq fkdqjh iru d uhgxfwlrq lq wkh suhihuhqfh iru  h{lelolw|1 Dv d uhvxow/ wkh
pdujlqdo ehqh�w ri d jlyhq w|sh ri Fe/ ��/ wr d jryhuqphqw �

C
� zloo eh uhgxfhg

dqg/ lq htxloleulxp/ wkh grphvwlf jryhuqphqw zloo udwlrqdoo| uhgxfh wkh ohyho
ri suhfrpplwphqw �� diwhu dq lqfuhdvh lq �� / ohdglqj wr qhjdwlyho| vorshg
uhdfwlrq ixqfwlrq dw wkh lqvwlwxwlrqdo ghvljq ohyho491

Ehiruh h{sorulqj wkh frpsdudwlyh vwdwlfv surshuwlhv ri wkh suhvhqw prgho
ohw xv glvfxvv vrph ri lwv zhoiduh lpsolfdwlrqv wkdw zloo dovr eh xvhixo iru d
pruh wkrurxjk ghvfulswlrq ri wkh irufhv dw zrun ehklqg wkh uhvxowv1

Vlpsoh lqwxlwlrq zrxog vxjjhvw wkdw wkh h{shfwhg zhoiduh wr wkh grphvwlf
jryhuqphqw lv lqfuhdvlqj +ghfuhdvlqj, lq wkh ohyho ri vwdelol}dwlrq surylghg

pdujlqdo ehqh�w iurp prqh| vxusulvh lq frxqwu| l lv udwlrqdoo| h{shfwhg wr eh pdwfkhg
e| d kljkhu +orzhu, wkdq dyhudjh pdujlqdo ehqh�w lq frxqwu| m1

49Xqghu wkh k|srwkhvlv wkdw �� ? 3 erwk hfrqrplhv zloo eh lq gl�huhqw vwdwhv ri wkh
zruog +errpv ru voxpsv, prvw ri wkh wlphv1 Wkhuhiruh/ ehfdxvh ri wkh lqfhqwlyh wr wkh
Fev wr pdwfk prqh| vxsso| dw wkh vwdelol}dwlrq vwdjh/ d pruh dfwlylvwlf prqhwdu| srolf|
deurdg zloo wuljjhu wkh zurqj vwdelol}dwlrq srolf| dw krph1 Frhwhulv sdulexv wkh krph
jryhuqphqw zloo eh zloolqj wr furzg rxw wklv h�hfw e| uhgxflqj wkh ohyho ri frpplwphqw
ohdglqj wr vwudwhjlf frpsohphqwdulw| dw wkh lqvwlwxwlrqdo vwdjh ri wkh jdph1
Pruhryhu/ jlyhq wkdw �n A 3 lw lv dovr wkh fdvh wkdw d kljk pdujlqdo ehqh�w iurp prqh|

vxusulvh lq frxqwu| l lv pdwfkhg e| dq kljk pdujlqdo ehqh�w lq frxqwu| m1 Jlyhq vwudwhjlf
frpsohphqwdulw| lq wkh prqh| vxssolhv dw wkh vwdelol}dwlrq vwdjh/ wklv srvlwlyh fruuhodwlrq/
zloo lqfuhdvh wkh h{0dqwh h{shfwhg yduldqfh ri FSL lq dwlrq1 Wklv fdq qrw eh wudghg r�
djdlqvw dq lqfuhdvh lq h{shfwhg ehqh�w lq whupv ri vxusulvh lq dwlrq dqg khqfh/ lq rughu wr
uhgxfh wkh ixwxuh yduldqfh ri lq dwlrq hdfk frxqwu| zloo dssrlqw d pruh frqvhuydwlyh FE lq
d vxejdph shuihfw Qdvk htxloleulxp1 Xqghu vwudwhjlf vxevwlwxwdelolw|/ wkh lqfuhdvh lq wkh
yduldqfh iroorzlqj dq lqfuhdvh lq #I lv odujhu wkhq wkh lqfuhdvh lq wkh h{shfwhg ehqh�wv/
ohdglqj wr dq lqfuhdvh lq wkh ghjuhh ri frqvhuydwlyhqhvv lq wkh grphvwlf frxqwu|*v Fe1
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e| wkh iruhljq Fe zkhq wkh vkrfnv duh srvlwlyho| +qhjdwlyho|, fruuhodwhg1 Lq
rwkhu zrugv li 40 : f zh zrxog h{shfw wkdw/ dw wkh lqvwlwxwlrqdo ghvljq vwdjh/
wkh iruhljq jryhuqphqw/ e| lqfuhdvlqj wkh suhihuhqfhv iru vwdelol}dwlrq ri lwv
rzq edqnhu +sd|lqj lw lq whupv ri d odujhu lq dwlrqdu| eldv,/ lv surylglqj
d sxeolf jrrg lq whupv ri d kljkhu ohyho ri vwdelol}dwlrq srolf| dw wkh zruog
ohyho h{dfwo| lq wkh vwdwhv ri wkh zruog zkhq lw lv qhhghg 4:1 Edvhg rq wkh
qdwxuh ri wkh h{whuqdolw| dw wkh lqvwlwxwlrqdo ghvljq ohyho lw vhhpv uhdvrqdeoh
wr dujxh wkdw wkh h{shfwhg zhoiduh wr jryhuqphqw � lv lqfuhdvlqj lq ��1

Wklv dujxphqw/ krzhyhu/ grhv qrw krog lq jhqhudo/ wkdw lv iru dq| ri wkh
srvvleoh jryhuqphqw*v w|shv1 Wr vhh wkh uhdvrq/ frqvlghu/ iru h{dpsoh/ d
jryhuqphqw � zlwk �C

� ' f dqg d zruog zkhuh srvlwlyho| fruuhodwhg vkrfnv
uhsuhvhqw wkh exon ri wkh yduldelolw| lq rxwsxw +4" : f,1 Vlqfh wklv w|sh ri
jryhuqphqw grhv qrw fduh derxw vwdelol}dwlrq/ exw rqo| derxw wkh lqfuhdvhg
yduldqfh ri lq dwlrq lpsruwhg iurp deurdg/ lw zloo qrw wdnh dq lqfuhdvh lq
�� dv d sxeolf jrrg4;1 Ehfdxvh ri wkhvh dujxphqwv zh ixuwkhu olplw rxu

dqdo|vlv wr wkh fdvh ri d v|pphwulf htxloleulxp/ �C
� ' �C

� / zduqlqj wkdw
wkh frqfoxvlrqv gr qrw qhfhvvdulo| fduu| ryhu lq wkh suhvhqfh ri lpsruwdqw
gl�huhqfhv lq wkh jryhuqphqwv suhihuhqfhv1

Sursrvlwlrq 7 Lq d v|pphwulf htxloleulxp �C
� ' �C

� / d vx!flhqw frqglwlrq
iru wkh h{shfwhg zhoiduh wr jryhuqphqw � wr eh lqfuhdvlqj lq wkh jryhuqphqw
�*v vwudwhj| xqghu vwudwhjlf vxevwlwxwdelolw| +4" : f, lv 4" : 74" '

@E�n@�
�n2@

1 Wkh
h{shfwhg zhoiduh wr jryhuqphqw � lv ghfuhdvlqj lq wkh jryhuqphqw �*v vwudwhj|
xqghu vwudwhjlf frpsohphqwdulw| +4" 	 f,1 Surri= vhh Dsshqgl{1

Sursrvlwlrq 6 vwdwhv wkdw/ zkhq wkh yduldelolw| lq rxwsxw surfhvvhv duh
gxh wr vkrfnv wkdw ohdg wr qhjdwlyh fruuhodwlrqv wkh h{shfwhg zhoiduh wr wkh

4:Wklv ihdwxuh zrxog jlyh wkh lqvwlwxwlrqdo ghvljq jdph lq wkh �uvw vwdjh ehwzhhq jryhuq0
phqwv zhoiduh surshuwlhv udwkhu gl�huhqw iurp wkh vwdqgdug gxrsro| dqdo|vlv zlwk txdqwlw|
ru sulflqj vwudwhjlhv1 Lq sduwlfxodu/ frqvlghu wkh fdvh ri wkh vwdqgdug Frxuqrw gxrsro| zlwk
txdqwlw| frpshwlwlrq/ lq wkdw fdvh vwudwhjlf frpsohphqwdulw| lv htxlydohqw wr d �up 4 gh0
fuhdvlqj pdujlqdo sur�w lq wkh txdqwlw| sod|hg e| �up 5 pruhryhu/ �up 4 h{shfwhg sur�wv
dovr ghfuhdvlqj lq �up 5 vwudwhj|1

4;Lw lv lpphgldwh wr vkrz wkdw iru wklv h{wuhph jryhuqphqw wkh uhdfwlrq ixqfwlrq lv
jlyhq e| #l @ 3 +grplqdqw vwudwhj|, dqg wkh eolvv srlqw lv jlyhq e| wkh ruljlq ri wkh
d{hv lq wkh jryhuqphqwv vwudwhj| vsdfh1 D vlplodu ihdwxuh lv suhvhqw lq d zruog zkhuh wkh
exon ri wkh rxwsxw yduldelolw| lv gxh wr vkrfnv wkdw duh qhjdwlyho| fruuhodwhg/ +�� ? 3,/
lq wklv fdvh d odujhu suhihuhqfh iru vwdelol}dwlrq deurdg zloo wuljjhu d odujhu yduldqfh ri
lq dwlrq dw krph1 Wkhuhiruh vwudwhjlf frpsohphqwdulwlhv dw wkh prqhwdu| srolf| vwdjh
zrxog lpso| d surf|folfdo vwdelol}dwlrq srolf| dw krph exw vlqfh wkh w|sh ri jryhuqphqw
zh duh frqvlghulqj grhv qrw fduh derxw vwdelol}dwlrq wklv zloo qrw eh wdnhq lqwr dffrxqw dw
wkh ghohjdwlrq vwdjh1
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grphvwlf jryhuqphqw zloo eh uhgxfhg diwhu wkh lqfuhdvh lq wkh suhihuhqfhv iru
vwdelol}dwlrq deurdg vlqfh lw zloo lqgxfh d uhso| e| wkh grphvwlf Fe wkdw lv
surf|folfdo dqg dovr d odujhu h{shfwhg yduldqfh ri sulfh lq dwlrq lqfuhdvhv1

Rq wkh rwkhu kdqg lq wkh fdvhv zkhq wkh ixqgdphqwdo vkrfnv ohdg wr srv0
lwlyh fruuhodwlrqv dfurvv rxwsxwv lq wkh wzr frxqwulhv/ wkh h{shfwhg zhoiduh
lq hdfk frxqwu| lv lqfuhdvlqj lq wkh suhihuhqfhv iru vwdelol}dwlrq lq wkh rwkhu
frxqwu| li wkh ohyho ri fruuhodwlrq lv kljk hqrxjk1 Lq rwkhu zrugv/ d pdujlqdo
lqfuhdvh lq wkh dprxqw vwdelol}dwlrq lpsruwhg iurp deurdg pxvw eh +lq h{0
shfwhg whupv, zruwk hqrxjk wr wkh grphvwlf jryhuqphqw wr frxqwhudfw wkh
h{shfwhg lqfuhdvh lq wkh zhoiduh frvw gxh wr d odujhu yduldqfh lq wkh lq dwlrq
surfhvv/ wklv kdsshqv wr eh wuxh li wkh suredelolw| wr hqg xs lq vlplodu vwdwhv
ri wkh zruog lv kljk hqrxjk4<1

Qrwlfh dovr wkdw wkh idfw wkdw wkh frqwudfw fxuyh lq wkh ����� sodqh olhv
rxwzdug zlwk uhvshfw wr wkh Qdvk htxloleulxp lq vwudwhjlf vxevwlwxwhv grhv
qrw phdq wkdw frrshudwlrq ohdglqj wr d orzhu ghjuhh ri frpplwphqw lq erwk
frxqwulhv grhv qhfhvvdulo| lpsuryh zhoiduh1 +Vhh �j14, Wkh uhdvrq lv wkdw
lq d frrshudwlyh uhjlph dw wkh lqvwlwxwlrqdo ghvljq ohyho/ wkh h{shfwdwlrqv ri
sulydwh djhqwv kdyh wr eh wdnhq lqwr dffrxqw dqg fuhglelolw| zrxog eh orvw
lq erwk frxqwulhv1 Wklv lv qrw d zhoiduh surshuw| shfxoldu wr wkh suhvhqw
prgho dqg lv qrwklqj pruh wkdq wkh vdph h�hfw dqdo|}hg lq Urjr� +4<;8e,/
uhorfdwhg dw wkh lqvwlwxwlrqdo ghvljq vwdjh1

Lq v|qwkhvlv/ wkh htxloleulxp rxwfrph ri wkh jdph dqdo|}hg lq wkh suhvhqw
vhfwlrq ghshqgv pdlqo| rq wkh fruuhodwlrq vwuxfwxuh ri wkh vkrfnv wr wkh ohyho
ri dfwlylw| lq wkh wzr frxqwulhv1 Wkh ihdwxuh ri wkh htxloleulxp rxwfrph ri
wkh jdph zloo ghshqg rq wkh qdwxuh dqg wkh vljq ri wkh suhydlolqj vrxufhv ri
yduldelolw| lq wkh rxwsxw vkrfnv1 Li wkh pdlq vrxufh ri yduldelolw| lq wkh ohyho
ri hfrqrplf dfwlylw| dv vxppdul}hg lq wkh +uhgxfhg irup, " vkrfnv lv gxh wr
wkh vwuxfwxudo vkrfnv wr wkh whupv ri wudgh ehwzhhq frxqwulhv wkh vwuxfwxuh
ri wkh fruuhodwlrq zloo eh olnho| wr eh qhjdwlyh ohdglqj wr wkh vwudwhjlf frp0
sohphqwdulw| uhvxowv1 Rq wkh rwkhu kdqg zkhq wkh pdlq vrxufh ri yduldelolw|
lq wkh rxwsxw ohyhov lv uhodwhg wr vwuxfwxudo vkrfnv lq gl�huhqw frpsrqhqwv ri
ghpdqg wkhvh duh olnho| wr eh srvlwlyho| fruuhodwhg53 ohdglqj wr wkh vwudwhjlf
vxevwlwxwdelolw| uhvxow1 Wklv rxwfrph ri wkh jdph vkrzv krz wkh lqvwlwxwlrqdo

4<Iru �% A 3/ dq lqfuhdvh lq #m zloo wuljjhu wzr h�hfwv rq wkh h{shfwhg zhoiduh lq frxqwu|
l= rq wkh rqh kdqg lw zloo pdnh prqhwdu| srolf| pruh  h{leoh +vwdelol}dwlrq srolf| dw wkh
zruog ohyho dv sxeolf jrrg, dqg/ dw wkh vdph wlph zloo ulvh wkh yduldqfh ri wkh lq dwlrq
surfhvv1 Li wkh �uvw h�hfw suhydlov zhoiduh lq frxqwu| l lv lqfuhdvlqj lq #m1 Krzhyhu/ erwk
h�hfwv udlvh wkh pdujlqdo frvw ri  h{lelolw| lq frxqwu| l dqg wkhuhiruh zloo lqgxfh vwudwhjlf
vxevwlwxwdelolw| ehwzhhq wkh jryhuqphqwv vwudwhjlhv1

53Frqvlghu iru h{dpsoh wkh vkrfnv lq prqh| ghpdqg dqg zhdowk h�hfwv gxh wr vwrfn
pdunhwv  xfwxdwlrq1
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Iljxuh 4= 40 : f

ghvljq dqg wkh ghjuhh ri frpplwphqw lq d jlyhq frxqwu| pd| lqwhudfw zlwk
lqvwlwxwlrqdo ghvljq lq rwkhu frxqwulhv1 Wkh pdlq gulylqj irufhv vkdslqj wkh
lqfhqwlyhv wr frpplwphqw dv suhglfwhg e| wkh prgho duh irxqg lq wkh qdwxuh
ri wkh pdlq vrxufhv ri frpprq vkrfnv wr wkh ohyho hfrqrplf dfwlylw| dfurvv
frxqwulhv/ dqg rq wkh ghjuhh ri vlplodulw| lq wkh vrfldo dqg hfrqrplf hqylurq0
phqw vxuurxqglqj wkh dfwlrq ri wkh Fe dv fdswxuhg e| wkh & sdudphwhu1

Wkhuhiruh wkh frqfoxvlrq lv wkdw/ surylghg wkdw wkh dfdghplf ylhzv dqg
rwkhu idfwruv lq xhqflqj wkh shufhlyhg pdujlqdo ehqh�wv iurp vwdelol}dwlrq
srolflhv duh srvlwlyho| fruuhodwhg dqg wkh +uhgxfhg irup, vkrfnv wr wkh ohyho ri
hfrqrplf dfwlylw| duh dovr srvlwlyho| fruuhodwhg dfurvv frxqwulhv/ wkh vslooryhu
h�hfw iurp rqh frxqwu| wr wkh rwkhu lv qhjdwlyh l1h1 d odujhu ghjuhh ri lq dwlrq
dyhuvlrq lq wkh jryhuqphqw lq d jlyhq frxqwu| ohdgv wr d odujhu ghjuhh ri
lq dwlrq dyhuvlrq iru wkh Fe lq wkdw frxqwu| dqg lv pdwfkhg e| d orzhu ghjuhh
ri lq dwlrq dyhuvlrq lq wkh iruhljq frxqwu| Fe ohdglqj wr d orzhu ghjuhh ri
frpplwphqw dw wkh lqvwlwxwlrqdo ghvljq vwdjh1 Wkh rssrvlwh rffxuv xqghu
vwudwhjlf frpsohphqwdulw|1

716 Rshq hfrqrplhv/ fruuhodwhg vkrfnv dqg frpplw0

phqw

Zh pryh qrz wr ixuwkhu fkdudfwhul}h wkh htxloleulxp rxwfrph dqg wr uh0
sruw frpsdudwlyh vwdwlfv uhvxowv wr dqdo|}h wkh irufhv vkdslqj wkh lqfhqwlyh
wr frpplwphqw ri prqhwdu| srolf| lq wkh suhvhqfh ri rshq hfrqrplhv1 Lq
sduwlfxodu zh zloo dqdo|}h xqghu zklfk frqglwlrqv wkh suhvhqfh ri wzr vlgh
sulydwh lqirupdwlrq dw wkh prqhwdu| srolf| vwdjh lqfuhdvhv wkh lqfhqwlyh wr
suhfrpplwphqw/ krz wklv lv d�hfwhg e| wkh ghjuhh ri rshqqhvv/ e| wkh ghjuhh
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ri fruuhodwlrq ehwzhhq wkh hfrqrplf vkrfnv dqg e| wkh ghjuhh ri krprjhqhlw|
lq wkh vrflr0 srolwlfdo hqylurqphqw lq zklfk wkh Fe*v dfwlrq lv fdvw1

D jhqhudo uhvxow derxw wkh lqfhqwlyh wr dssrlqw d �frqvhuydwlyh� Fe
+�WW� 	 �C

� , iru dq| srvvleoh vwuxfwxuh ri fruuhodwlrq lq wkh hfrqrplf vkrfnv
fdqqrw eh rewdlqhg lq wklv prgho iru wkh vdph uhdvrqv rxwolqhg deryh lq wkh
glvfxvvlrq ri wkh sxeolf jrrg dvshfw uhodwhg wr wkh surylvlrq vwdelol}dwlrq
srolflhv1 Iru h{dpsoh lq wkh fdvh ri vwudwhjlf frpsohphqwdulw| +4" 	 f, d Fe
zlwk kljk suhihuhqfhv iru  h{lelolw| deurdg zloo lqgxfh wkh grphvwlf jryhuq0
phqw wr uhod{ wkh frpplwphqw ri prqhwdu| srolf| vlqfh wkh h{lvwhqfh ri d
qhjdwlyh fruuhodwlrq dfurvv rxwsxw vkrfnv zloo lpso| wkdw d uhohdvh ri suhfrp0
plwphqw deurdg zloo lqgxfh pruh dfwlylvwlf vwdqfh e| dq| grphvwlf Fe lq wkh
vwdwhv ri wkh zruog zkhuh lw lv qrw uhtxluhg1 Wkhuhiruh lq wklv fdvh wkhuh zloo
dozd|v h{lvw d ydoxh ri �C

� kljk hqrxjk wr lqgxfh wkh grphvwlf jryhuqphqw
wr ghohjdwh prqhwdu| srolf| wr d Fe zlwk �qrq frqvhuydwlyh� remhfwlyhv1

Lq wkh fdvh ri vwudwhjlf vxevwlwxwdelolw| dw wkh ghohjdwlrq vwdjh +4" : f,/
rq wkh rwkhu kdqg/ wkh lqfhqwlyh wr suhfrpplw lv dozd|v suhvhqw dv vkrzq lq
wkh qh{w sursrvlwlrq1

Sursrvlwlrq 8 Iru dq| �C
� dqg �C

� / 40 : f +vwudwhjlf vxevwlwxwdelolw| eh0
wzhhq wkh jryhuqphqw*v vwudwhjlhv, lv d vx!flhqw frqglwlrq iru wkh h{lvwhqfh
ri lqfhqwlyhv wr suhfrpplw prqhwdu| srolf| +�WW� 	 �C

� ,1 Surri= Vhh Ds0
shqgl{

Wkh lqwxlwlrq iru wkh uhvxow lv wkdw wkh lqfhqwlyh wr suhfrpplw prqhwdu|
srolf| wr d frqvhuydwlyh Fe h{lvwv xqghu vwudwhjlf vxevwlwxwdelolw| ehwzhhq
wkh jryhuqphqwv* vwudwhjlhv vlqfh/ dv h{sodlqhg deryh/ wkh vwudwhjlf frpsoh0
phqwdulw| lq wkh prqhwdu| vwdelol}dwlrq vwdjh dqg wkh qdwxuh ri fruuhodwlrq
dprqj wkh hfrqrplf vkrfnv duh vxfk wkdw erwk hfrqrplhv zloo eh lq wkh vdph
vwdwh prvw ri wkh wlph dqg wkhuhiruh dq| jryhuqphqw lv zloolqj wr iuhh ulgh
rq wkh vwdelol}dwlrq srolf| surylghg e| wkh rwkhu jryhuqphqw1 Wklv uhvxow
fdqqrw eh rewdlqhg/ lq jhqhudo/ xqghu vwudwhjlf frpsohphqwdulw| vlqfh lq wklv
odwwhu fdvh pruh vwdelol}dwlrq h{shfwhg wr eh sxuvxhg deurdg lv d edg qhzv
wr wkh grphvwlf jryhuqphqw ehfdxvh lw lv h{shfwhg wr wuljjhu wkh �zurqj�
vwdelol}dwlrq uhso| e| wkh grphvwlf Fe/ vr wkdw lw kdv wr eh frxqwhuydlohg
e| uhlqiruflqj wkh grphvwlf Fe*v suhihuhqfhv iru vwdelol}dwlrq1 Wklv h�hfw
pd| frxqwhudfw wkh gluhfw h�hfw wr suhfrpplwphqw wkdw rewdlqv lq d forvhg
hfrqrp|1

Wklv uhvxow vxjjhvwv wkdw v|pphwu| lq wkh suhihuhqfhv dfurvv frxqwulhv lv
dq lpsruwdqw ihdwxuh wr xqghuvwdqg zk| lq wkh suhvhqfh ri rshq hfrqrplhv
frxqwulhv pd| ru pd| qrw kdyh lqfhqwlyh wr exlog rq wkh lqvwlwxwlrqdo ds0
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surdfk wkh vroxwlrq ri wkh fuhglelolw| sureohp541 E| uhvwulfwlqj dwwhqwlrq wr
wkh v|pphwulf htxloleulxp lw lv srvvleoh wr suryh wkdw d frqvhuydwlyh Fe uh0
vxowv rewdlqv lq wkh suhvhqw prgho1 Wkh uhvxowv derxw wkh fkdudfwhul}dwlrq ri
wkh v|pphwulf htxloleulxp duh uhsruwhg lq wkh iroorzlqj sursrvlwlrq1

Sursrvlwlrq 9 Lq d v|pphwulf htxloleulxp +�C
� ' �C

� , wkh iroorzlqj uhvxowv
krog=

4, �WW� 	 �C
� / l1h1 lq rshq hfrqrplhv wkhuh dozd|v h{lvw lqfhqwlyh wr

frpplw prqhwdu| srolf|>
5, Li 40 : f wkhq �W� � �WW� : f>
6, Li 40 	 f dqg E� n 2@� m 40 m	 @4& 	 � wkhq �W� � �WW� : f1
Surri= Vhh Dsshqgl{1

Uhvxow 4, vwdwhv wkdw zkhq wkh gl�huhqfhv lq suhihuhqfhv ehwzhhq jryhuq0
phqwv duh vpdoo hqrxjk/ wkhuh lv dozd|v lqfhqwlyh wr suhfrpplw prqhwdu|
srolf|/ gxh wr wkh idfw wkdw wkh gluhfw lqfhqwlyh wr suhfrpplw frxqwhuydlov
dq| srvvleoh lqfhqwlyh wr uhod{ wkh frpplwphqw gxh wr rshqqhvv1

Uhvxow 5, vwdwhv wkdw lq wkh fdvh ri sulydwh vljqdov wkh rswlpdo ghjuhh
ri frpplwphqw lqfuhdvhv frpsduhg wr wkh fdvh ri frpsohwh lqirupdwlrq/
+�WW� 	 �W� , zkhq wkh fruuhodwlrq dfurvv hfrqrplf vkrfnv lv srvlwlyh +vwudwhjlf
vxevwlwxwdelolw|, ehfdxvh ri wkh sxeolf jrrg h�hfw1

Uhvxow 6, vwdwhv wkdw wklv pd| dovr eh wkh fdvh iru qhjdwlyho| fruuhodwhg
hfrqrplf vkrfnv surylghg wkdw wklv fruuhodwlrq lv vx!flhqwo| vpdoo frpsduhg
wr wkh fruuhodwlrq ehwzhhq sulydwh vljqdov1 Wkh uhdvrq lv wkdw d odujh +qhj0
dwlyh, fruuhodwlrq dfurvv hfrqrplf vkrfnv/ hqwdlov d odujh qhjdwlyh h�hfw ri
vwdelol}dwlrq surylvlrq deurdg/ dqg wkhq d odujh lqfhqwlyh wr uhgxfh wkh frp0
plwphqw gxh wr rshqqhvv1

Ilqdoo| zh vwxg| wkh frpsdudwlyh vwdwlfv surshuwlhv ri wkh v|pphwulf
htxloleulxp iru wkh fdvh zkhq 40 : f1 Wklv zloo doorz xv wr dgguhvv wkh
dqdo|vlv ri wkh uhodwlrqv ehwzhhq frpplwphqw dqg wkh ghjuhh ri rshqqhvv/

54Lq d pruh jhqhudo prgho wklv pd| ohdg wr dq h{sodqdwlrq derxw zk| vrph frxqwulhv pd|
qrw �qg wkh dgrswlrq ri wkh lqvwlwxwlrqdo vroxwlrq wr wkh fuhglelolw| sureohp dv d frqyhqlhqw
rqh1 Ixuwkhu dqdo|vlv ri wklv srlqw lv ohiw iru ixwxuh zrun1 Khuh zh olplw rxuvhoyhv wr uhpdun
wkdw/ e| hqodujlqj wkh prgho wr pruh wkdq wzr frxqwulhv dqg e| doorzlqj iru hwkhurjhqhrxv
fruuhodwlrq vwuxfwxuh ehwzhhq lqsxwv/ wkh �qdo rxwfrph ri wkh jdph lv pxfk ulfkhu wkdq lq
wkh suhvhqw vhwwlqj1 Lq sduwlfxodu wkh rswlpdo ghjuhh ri frpplwphqw pd| ghshqg rq wkh
vljq dqg ghjuhh ri krprjhqhlw| ri wkh vrflr srolwlfdo hqylurqphqw vruurxqglqj wkh fhqwudo
edqn lqvwlwxwlrq dqg rq wkh qdwxuh ri wkh vkrfnv klwwlqj wkh hfrqrplhv1
D srvvleoh fdqglgdwh iru wkhvh lpsolfdwlrqv Uxvvld1 Hylghqfh rq wkh dv|pphwulf exvlqhvv

f|fohv frpsduhg wr Hxursh ru Xv dqg gl�huhqfhv lq vrfldo vwuxfwxuh dqg wkhq suhihuhqfhv
iru vwdelol}dwlrq srolflhv pd| h{sodlq gl!fxowlhv lq wkh odfn ri lqfhqwlyhv wkh vrflhw| kdv
wr suhfrpplw prqhwdu| srolf| lq wklv frxqwu|1
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wkh fruuhodwlrqv dfurvv wkh hfrqrplf vkrfnv dqg dfurvv wkh vljqdo rq wkh
pdujlqdo ehqh�w ri vxusulvh lq dwlrq1 Wkh uhvxowv duh vxppdul}hg lq wkh
iroorzlqj sursrvlwlrq

Sursrvlwlrq : Lq d v|pphwulf htxloleulxp wkh iroorzlqj uhvxowv krog=

4*, li 40 : f wkhq _�WW

_40
	 f / l1h1 wkh ghjuhh ri frpplwphqw lv lqfuhdvlqj

lq wkh fruuhodwlrq dfurvv hfrqrplf vkrfnv zkhq wkh fruuhodwlrq lv srvlwlyh>
5*, li 40 : f wkhq _�WW

_4&
	 f/ iru f 	 4& 	 74& 	 �/ dqg _�WW

_4&
: f/ iru

74& 	 4& 	 �/ l1h1 wkh ghjuhh ri frpplwphqw lv lqlwldoo| lqfuhdvlqj dqg wkhq
ghfuhdvlqj lq wkh ohyho ri 4&>

6*, li 40 : f wkhq _E�W3�WW�
_@

: f l1h1 wkh odujhu wkh ghjuhh ri rshqqhvv wkh
odujhu wkh lqfhqwlyh wr frpplw prqhwdu| srolf| lq wkh fdvh ri sulydwh vljqdov
frpsduhg wr wkh fdvh ri frpsohwh lqirupdwlrq1

Surri= vhh Dsshqgl{

Uhvxow 4*, vwdwhv wkdw wkh lqwhuqdwlrqdo frpsrqhqw ri vwdelol}dwlrq srolf|
+wkh sxeolf jrrg dvshfwv ri vwdelol}dwlrq surylvlrq dqg wkh lpsruwhg frpsr0
qhqw ri wkh lq dwlrq surfhvv, ehfrphv pruh lpsruwdqw wkh kljkhu wkh ghjuhh
ri fruuhodwlrq dfurvv hfrqrplf vkrfnv/ ohdglqj wr d odujhu lqfhqwlyh wr suh0
frpplwphqw dv wklv fruuhodwlrq lqfuhdvhv1 Li 40 : f/ e| dssrlqwlqj d edqnhu
fdulqj derxw vwdelol}dwlrq/ hdfk jryhuqphqw lv surylglqj d sxeolf jrrg1 Wkh
ydoxh ri wklv h{whuqdolw| wr hdfk ri wkh jryhuqphqwv lv kljkhu/ wkh kljkhu
wkh olnholkrrg wkdw wkh wzr hfrqrplhv zloo eh lq wkh vdph vwdwh prvw ri wkh
wlphv1 Wkhuhiruh wkh kljkhu wkh ydoxh ri wkh h{whuqdolw|/ wkh vwurqjhu zloo
eh wkh lqfhqwlyh wr suhfrpplw prqhwdu| srolf| dw krph e| uho|lqj rq wkh
vwdelol}dwlrq srolf| surylghg deurdg1

Wkh lqwxlwlrq iru uhvxow 5*, lv ohvv vwudljkwiruzdug dqg ghvhuyhv vrph pruh
ghwdlohg glvfxvvlrq1 Iru 40 : f d jlyhq lqfuhdvh lq wkh ydoxh ri 4& : f hqwdlov
wzr h�hfwv1 Rq wkh rqh kdqg e| lqfuhdvlqj 4& wkh vljqdo &� uhfhlyhg e| wkh
grphvwlf edqnhu lv h{shfwhg wr frqwdlq pruh lqirupdwlrq rq wkh dwwlwxgh wkh
iruhljq edqnhu kdv derxw vwdelol}dwlrq &� 1 Wkhuhiruh/ iurp wkh srlqw ri ylhz
ri wkh jryhuqphqw/ dq lqfuhdvh lq 4& hqwdlov ohvv yduldqfh lq wkh htxloleulxp
lq dwlrq surfhvv/ wkdw lq wxuq zrxog lqgxfh d uhgxfwlrq lq wkh fuhglelolw|
frvw ri d ohvv frqvhuydwlyh Fe1 Wklv h�hfw zrxog fdoo iru d uhod{dwlrq lq wkh
ghjuhh ri frpplwphqw551 Rq wkh rwkhu kdqg d odujhu ydoxh ri 4& lqfuhdvhv wkh
srvvlelolw| wr h{sorlw wkh sxeolf jrrg surylghg e| wkh iruhljq edqnhu lq whup
ri vwdelol}dwlrq srolf| vlqfh lw pdnhv wkh grphvwlf edqnhu pruh vhqvlwlyh wr

55Wklv h�hfw kdv wkh vdph qdwxuh dv lq wkh prghov rq lqirupdwlrq vkdulqj lq wkh lqgxv0
wuldo rujdql}dwlrq olwhudwxuh1
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Iljxuh 5=

wkh iruhljq prqhwdu| vwdqfh1 Lq rwkhu zrugv iru 4& : f/ wkh odujhu wkh ydoxh ri
4& wkh pruh olnho| duh wkh grphvwlf dqg iruhljq Fev wr revhuyh vlplodu vljqdov
derxw wkh ydoxh ri wkh pdujlqdo ehqh�w iurp vxusulvh lq dwlrq1 Wkh forvhu
zloo eh wkh pdwfk ri prqh| vxssolhv lq wkh vwdelol}dwlrq vwdjh/ wkh odujhu zloo
eh wkh dwwhpsw ri hdfk frxqwu| wr uho| rq wkh vwdelol}dwlrq surylghg e| wkh
iruhljq Fe1 Wkh lqfuhdvhg srvvlelolw| wr iuhh ulgh rq wkh vwdelol}dwlrq srolf|
surylghg deurdg jlyhv lqfhqwlyh wr uhvwulfw wkh ohyho ri frpplwphqw1 Uhvxow
5* lq wkh sursrvlwlrq vkrzv wkdw iru orz +kljk, ohyhov ri 4& wkh vhfrqg +�uvw,
h�hfw suhydlov1 Vhh �jxuh 5 dqg dsshqgl{ iru ghwdlov1

Frpsduhg wr wkh fdvh ri frpsohwh lqirupdwlrq/ zkhuh/ dv zh kdyh vkrzq
lq vhfwlrq 6/ lw lv wkh fdvh wkdw wkh ghjuhh ri rshqqhvv lv d vxevwlwxwh iru
frpplwphqw/ wkhvh uhvxowv pd| |lhog gl�huhqw frqfoxvlrqv lq wkh uhodwlrq0
vkls ehwzhhq wkh rswlpdo ghjuhh ri frpplwphqw dqg ghjuhh ri rshqqhvv1 Lq
sduwlfxodu/ xqghu wkh k|srwkhvlv ri 4" : f/ frxqwulhv pd| kdyh lqfhqwlyh wr
lqfuhdvh wkh ghjuhh ri frpplwphqw ehfdxvh hdfk frxqwu| zrxog olnh wr iuhh
ulgh rq wkh zruog vwdelol}dwlrq dfwlylw| surylghg deurdg vdylqj rq fuhglelolw|
frvw1 Wklv h�hfw lv sduwlfxoduo| vwurqj zkhq wkh fruuhodwlrq dprqj wkh hfr0
qrplf vkrfnv dfurvv frxqwulhv lv odujh1 Pruhryhu wkh ghjuhh ri frpplwphqw
lv lqlwldoo| lqfuhdvlqj dqg wkhq ghfuhdvlqj lq wkh ghjuhh ri vlplodulw| lq wkh
vrflr0lqvwlwxwlrqdo hqylurqphqw lq zklfk wkh dfwlrq ri wkh edqnhu lv vhw dqg
lq wkh idfwruv d�hfwlqj wkh ylhz wkdw Fev kdyh derxw wkh qdwxuh dqg wkh frq0
yhqlhqfh ri vwdelol}dwlrq lq gl�huhqw vwdwhv ri wkh zruog1 Wkh suhglfwlrq ri
wkh prgho ghyhorshg khuh lv wkdw/ frhwhulv sdulexv/ zh vkrxog revhuyh pruh
dwwhqwlrq wr wkh lqvwlwxwlrqdo vroxwlrq lq frxqwulhv zlwk vlplodu vrfldo dqg
lqvwlwxwlrqdo hqylurqphqwv dqg zkhuh wkh frq lfw ryhu wkh surylvlrq ri vwd0
elol}dwlrq dw wkh zruog ohyho dulvhv iurp vkrfnv wkdw duh srvlwlyho| fruuhodwhg
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+prqh| ghpdqg ru fruuhodwhg whfqrorjlfdo vkrfnv udwkhu wkdq vkrfnv lq wkh
whupv ri wudgh,1 Lw lv dovr zruwk qrwlflqj wkdw diwhu/ dq lqlwldo lqfuhdvh wkh
frq lfw ryhu wkh surylvlrq ri zruogzlgh vwdelol}dwlrq whqgv wr glvdsshdu dv
vrrq dv wkh ghjuhh ri krprjhqhlw| lq wkh wzr frxqwulhv ehfrphv odujh hqrxjk
+4& $ �,1

Wkhuhiruh wkh prgho surylghv vrph udwlrqdoh iru wkh vsuhdglqj ri wkh lqvwl0
wxwlrqdo vroxwlrq wr wkh fuhglelolw| sureohp lq wkh prvw ghyhorshg frxqwulhv1
Ghvslwh wkh suhvhqfh ri dq lqfuhdvlqj wudgh/ dqg srvvleo| lqfuhdvlqj yduldqfh
lq erwk qrplqdo dqg uhdo pdfurhfrqrplf yduldeohv/ doo h�hfwv wkdw zrxog lq0
gxfh d udwlrqdo jryhuqphqw wr uhod{ wkh frpplwphqw ri prqhwdu| srolf| wr
lqghshqghqw dqg frqvhuydwlyh Fe/ wkh odvw ghfdghv kdyh dovr zlwqhvvhg dq
lqfuhdvhg ghjuhh ri vlplodulw| lq wkh hfrqrplf vkrfnv klwwlqj wkh hfrqrplhv
dqg dq lqfuhdvhg vrfldo dqg lqvwlwxwlrqdo krprjhqhlw| lq wkh pdunhwv dqg
wkh lqvwlwxwlrqv gh�qlqj wkh hqylurqphqw lq zklfk wkh dfwlrq ri wkh Fe lv
fdvw1 D odujhu vlplodulw| lq wkh hfrqrplf vkrfnv dfurvv xqdpeljxrxvo| sur0
ylghv d udwlrqdo jryhuqphqw zlwk d odujhu lqfhqwlyh wr lqfuhdvh wkh ghjuhh ri
frpplwphqw1 Dw wkh lqlwldo vwdjhv ri lqfuhdvlqj vlplodulw| lq wkh vrfldo dqg
lqvwlwxwlrqdo hqylurqphqw wkdw surylghv wkh Fe zlwk vljqdov dqg suhvvxuhv
derxw wkh yldelolw| ri wkh vwdelol}dwlrq srolf| wkh lqfhqwlyh wr suhfrpplw0
phqw jhwv ixuwkhu uhlqirufhg1 Krzhyhu/ dv vrflhwlhv ehfrph pruh dqg pruh
vlplodu wklv vhfrqg h�hfw whqgv wr glvdsshdu1

8 Frqfoxvlrqv

Wkh odvw ghfdghv kdyh ehhq fkdudfwhul}hg e| vwurqj lqwhuhvw dqg ghedwh rq
wkh lqvwlwxwlrqdo uhirupv ri djhqflhv lq fkdujh ri prqhwdu| srolf|1 Wkh frq0
yhqwlrqdo zlvgrp kdv lqwhusuhwhg wklv uhirupv dv wkh lqvwlwxwlrqdo vroxwlrq wr
wkh fuhglelolw| sureohp lq prqhwdu| srolf|pdnlqj1 Krzhyhu ghvslwh d fuhgl0
elolw| prgho/ iru h{dpsoh olnh wkh rqh surylghg lq Urphu +4<<6,/ suhglfwv wkdw
wkh frpplwphqw ri prqhwdu| srolf| lv ghfuhdvlqj lq wkh ghjuhh ri rshqqhvv/
wkhvh uhirupv kdyh wdnhq sodfh gxulqj d shulrg zkhuh wkh ghjuhh ri rshqqhvv
dfurvv prvw ghyhorshg zhvwhuq frxqwu| kdv lqfuhdvhg1 Pruhryhu frpsdudwlyh
vwdwlfv uhvxowv vkrz wkdw wkh ghjuhh ri frpplwphqw vkrxog ghfuhdvh diwhu dq
lqfuhdvh lq wkh yduldqfh ri wkh rxwsxw vkrfn +olnh wkh rlo vkrfnv,1 Dv d frq0
foxvlrq wkh vwdqgdug frpplwphqw prgho iru rshq hfrqrplhv uholhv pdlqo| rq
vkliwv lq wkh suhihuhqfhv ri wkh phgldq yrwhu lq wkhvh frxqwulhv dv d irufh wr
h{sodlq wkh lqfuhdvlqj dwwhqwlrq wr wkh lqvwlwxwlrqdo vroxwlrq1 Lq wklv sdshu
zh dqdo|}hg d vlpsoh wzr frxqwu| prgho zlwk prqhwdu| vslooryhu lqfrusrudw0
lqj wkh k|srwkhvlv ri lpshuihfw frpplwphqw dqg sulydwh lqirupdwlrq1 Rxu
�qglqjv fdq eh vxppdul}hg dv iroorzv= zkhq wkh hfrqrp| lv rshq wr wudgh/
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wkh yldelolw| ri wkh lqvwlwxwlrqdo vroxwlrq wr wkh fuhglelolw| sureohp ghshqgv
rq wkh qdwxuh ri wkh fruuhodwlrq vwuxfwxuh dfurvv wkh hfrqrplf vkrfnv dqg
wkh ghjuhh ri vlplodulw| lq wkh vrfldo dqg lqvwlwxwlrqdo hqylurqphqw vxuurxqg0
lqj wkh fhqwudo edqn1 Zkhq wkh suhihuhqfhv lq wkh wzr frxqwulhv duh vlplodu
hqrxjk +v|pphwulf htxloleulxp, dqg wkh fruuhodwlrq ehwzhhq vkrfnv wr rxw0
sxw lv srvlwlyh d frqvhuydwlyh Fe uhvxowv rewdlqv lq wkh fdvh ri rshq hfrqrplhv
dqg wkh rswlpdo ghjuhh ri frpplwphqw lv lqfuhdvlqj lq wkh ghjuhh ri fruuh0
odwlrq dfurvv vkrfnv wr rxwsxw1 Wklv uhvxow lv gxh wr wkh idfw wkdw/ xqghu wkh
k|srwkhvlv rq wkh fruuhodwlrq dfurvv wkh rxwsxw vkrfnv/ vwdelol}dwlrq srolf|
surylghg lq hdfk vlqjoh frxqwu| lv d sxeolf jrrg dqg wkhuhiruh/ dw wkh lqvwl0
wxwlrqdo ghvljq ohyho hdfk frxqwu| whqg wr uho| rq wkh rwkhu wr surylgh lw e|
vdylqj rq fuhglelolw| frvwv1

Dv vxjjhvwhg e| Urphu +4<<6, lq klv hpslulfdo dqg wkhruhwlfdo vwxg| rq
wklv lvvxh/ prvw ghyhorshg frxqwulhv kdyh irxqg vrph phdqv ri ryhufrplqj
wkh sureohp ri g|qdplf lqfrqvlvwhqf| ri rswlpdo prqhwdu| srolf|1 Wkhvh
phdqv pdlqo| uho| rq lqvwlwxwlrqdo duudqjhphqwv zduudqwlqj Fe*v lqghshq0
ghqfh dqg frpplwphqw wr prqhwdu| wdujhwv/ ghvslwh wkh lqfuhdvlqj ghjuhh ri
rshqqhvv dprqj wkhvh frxqwulhv zrxog kdyh vxjjhvwhg d uhod{dwlrq ri wkh rs0
wlpdo ohyho ri frpplwphqw +wkh pruh h�hfwlyh wkh �exlow lq fkhfn�/ wkh orzhu
wkh qhhg iru dq lqvwlwxwlrqdo vroxwlrq,1 Wkh uhvxowv ghulyhg lq wklv sdshu
vkrz wkdw lq wkh suhvhqfh ri srvlwlyh fruuhodwlrq ehwzhhq vkrfnv wr wkh ohyho
ri hfrqrplf dfwlylw| dqg lq wkh suhvhqfh ri vlplodu vrfldo dqg lqvwlwxwlrqdo
hqylurqphqw lq zklfk wkh dfwlrq ri wkh Fe lv fdvw/ vwudwhjlf frqvlghudwlrqv
dw wkh lqvwlwxwlrqdo ghvljq vwdjh zloo frxqwhuydlo wkh uhgxfhg lqfhqwlyh wr
suhfrpplw prqhwdu| srolf| frplqj iurp dq lqfuhdvhg ghjuhh ri rshqqhvv lq
rshq hfrqrplhv1

Prvw ri wkh dqdo|vlv zdv srlqwhg wr wkh fdvhv wkdw frxog surylgh dq h{sod0
qdwlrq edvhg rq wkh frpplwphqw dssurdfk iru wkh frqglwlrqv xqghu zklfk
vrph frxqwulhv hyhq lq wkh suhvhqfh ri lqfuhdvhg wudgh pd| �qg lq wkhlu
lqwhuhvw wr xqghuwdnh uhirupv ri prqhwdu| lqvwlwxwlrqv srlqwlqj wr pruh lq0
ghshqghqfh dqg wr frpplwphqw ri wkhlu Fev wr prqhwdu| wdujhwv1 Wkh prgho
suhglfwv wkdw zkhq wkh vkrfnv wr wkh ohyho ri rxwsxw duh qhjdwlyho| fruuhodwhg
+dv lq wkh fdvh zkhq wkh exon ri wkh uhodwlyh yduldqfh lq wkh rxwsxw surfhvv
lv gxh wr vkrfnv lq wkh whupv ri wudgh, wkh lqfhqwlyh wr vwudwhjlf suhfrp0
plwphqw pd| eh uhgxfhg ehfdxvh ri lqwhughshqghqfh1 Wkhuhiruh wkh prgho
suhglfwv wkdw lw lv dovr srvvleoh wkdw rshq hfrqrplhv pd| qrw �qg frqyhqlhqw
wr xqghuwdnh vxfk uhirupv1 D pruh surshu dqdo|vlv ri wklv dvshfw dqg wkh
hpslulfdo whvwlqj ri wkh suhglfwlrqv ri wkh fxuuhqw prgho lv ohiw iru ixwxuh
zrun1
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9 Uhihuhqfhv

Ehqljqr S1 +4<<;,/ �D Vlpsoh Dssurdfk wr Lqwhuqdwlrqdo Prqhwdu| Srolf|
Frruglqdwlrq�/ Plphr/ Sulqfhwrq Xqlyhuvlw|1

Fdq}rqhul P1 dqg G1 Khqghuvrq +4<;;,/ �Lv Vryhuhljq Srolf| Pdnlqj
EdgB�/ Fduqhjlh Urfkhvwhu Frqihuhqfh Vhulhv/ 5;/ ss1 <604731

b dqg b+4<<4, Prqhwdu| Srolf| lq Lqwhughshqghqw Hfrqrplhv= D Jdph
Wkhruhwlf Dssurdfk/ Wkh Plw Suhvv/ Fdpeulgjh/ Pdvv1

Fruvhwwl J1 dqg S1 Shvhqwl +4<<<,/ �Zhoiduh dqg Pdfurhfrqrplf Lqwhugh0
shqghqfh�/ Plphr/ Uhylvhg Gudiw ri Qehu Z1S1 Qr 963:/ Ghfhpehu 4<<:1

Fxnlhupdq D1 +4<<6,/ Fhqwudo Edqn Vwudwhj|/ Fuhglelolw|/ dqg Lqghshq0
ghqfh1 Wkhru| dqg Hylghqfh/ Wkh Plw Suhvv/ Fdpeulgjh/ Pdvv1

Grodgr M1/ P1 Jul!wk dqg M1 Sdglood/ +4<<7,/ �Ghohjdwlrq lq Lqwhuqdwlrqdo
Prqhwdu| Srolf| Jdphv�/ Hxurshdq Hfrqrplf Uhylhz/ 6;/ ss1 438:0439<1

Hlm�qjhu V1/ Krhehulfkwv P1 dqg H1 Vkdolqj/ +4<<:,/ �Rswlpdo Fhqwudo
Edqn Frqvhuydwlyhqhvv lq dq Rshq Hfrqrp|�/ plphr/ Edqn ri Hqjodqg/
Orqgrq1

Hlm�qjhu V1dqg H1 Vkdolqj +4<<8,/ �Rswlpdo Frpplwphqw lq dq Rshq
Hfrqrp|= Fuhglelolw| yv Ioh{lelolw|�/ Edqn ri Hqjodqg Glvfxvvlrq Sdshuv1

Ilvkhu V1 +4<<8,/ �Fhqwudo Edqn Lqghshqghqfh Uhylvlwhg�/ Dphulfdq Hfr0
qrplf Uhylhz Sdshuv dqg Surfhhglqjv/ Pd|/ ;8/ q15/ ss1 53405391

Orkpdqq V1 +4<<6,/ �Hohfwrudo F|fohv dqg Lqwhuqdwlrqdo Srolf| Frrshud0
wlrq�/ Hxurshdq Hfrqrplf Uhylhz/ 6:/ ss146:6046<41

PfFdooxp E1 +4<<8,/ �Wzr Idoodflhv Frqfhuqlqj Fhqwudo0Edqn Lqghshq0
ghqfh�/ Dphulfdq Hfrqrplf Uhylhz Sdshuv dqg Surfhhglqjv/ Pd|/ ;8/ q15/
ss1 53:05441

Pxvfdwhool D1 +4<<;,/ �Rswlpdo Lq dwlrq Frqwudfwv dqg Lq dwlrq Wdujhwv
zlwk Xqfhuwdlq Fhqwudo Edqn Suhihuhqfhv= Dffrxqwdelolw| wkurxjk Lqghshq0
ghqfhB�/ Wkh Hfrqrplf Mrxuqdo/ 43;/ ss185<08751

Revwihog dqg Urjr� +4<<8, �H{fkdqjh Udwh G|qdplfv Uhgx{�/ Mrxuqdo
ri Srolwlfdo Hfrqrp|/ 436/ ss1 95709931

Shuvvrq W1 dqg J1 Wdehoolql/ +4<<6, �Ghvljqlqj Lqvwlwxwlrqv iru Prqhwdu|
Vwdelolw|�= Fduqhjlh0Urfkhvwhu0Frqihuhqfh0Vhulhv0rq0Sxeolf0Srolf|> 6</ ss1
860;71

b dqg b/ +4<<8,/ �Grxeoh Hgjhg Lqfhqwlyhv= Lqvwlwxwlrqv dqg Srolf| Fr0
ruglqdwlrq�/ FHSU Glvfxvvlrq Sdshu/ Qr1 4474/ Orqgrq1
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b dqg b +4<<9,/ �Prqhwdu| Frkdelwdwlrq lq Hxursh�/ FHSU Glvfxvvlrq
Sdshu/ Qr1 46;3/ Orqgrq1

Urjr� N1 +4<;8d,/ �Wkh Rswlpdo Ghjuhh ri Frpplwphqw wr dq Lqwhuphgl0
dwh Prqhwdu| Wdujhw�/ Wkh Txduwhuo| Mrxuqdo ri Hfrqrplfv�/ 433/ ss1449<0
44<31

b +4<;8e, �Fdq Lqwhuqdwlrqdo Prqhwdu| Srolf| Frrshudwlrq eh Frxqwhu0
surgxfwlyhB�/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ 4;/ ss1 4<<054:1

Urphu G1 +4<<6, �Rshqqhvv dqg Lq dwlrq= Wkhru| dqg Hylghqfh�/ Wkh
Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 43; ss1;9<0<361

Urphu G1 +4<<;, �D Qhz Dvvhvvphqw ri Rshqqhvv dqg Lq dwlrq= Uhso|�/
Wkh Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 446/ ss197<09851

Vfkhoolqj W1 +4<;7,/ Fkrlfh dqg Frqvhtxhqfh/ Kduydug Xqlyhuvlw| Suhvv/
Fdpeulgjh/ Pdvv1

Vyhqvvrq O1 +4<<8,/ �Rswlpdo Lq dwlrq Wdujhwv1 *Frqvhuydwlyh* Fhqwudo
Edqnv/ dqg Olqhdu Lq dwlrq Frqwudfwv�/ Fhsu Glvfxvvlrq Sdshu/ q1447<1

Whuud F1 +4<<;,/ �Rshqqhvv dqg Lq dwlrq= d Qhz Dvvhvvphqw�/ Wkh Txdu0
whuo| Mrxuqdo ri Hfrqrplfv/ 446/ ss1974097;1

Zdovk F1 +4<<8,/ �Rswlpdo Frqwudfwv iru Lqghshqghqw Fhqwudo Edqnhuv�/
Dphulfdq Hfrqrplf Uhylhz/ ;8/ q14/ ss1 483049:1
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D Dsshqgl{

Surri ri sursrvlwlrq 41
Zh vroyh iru olqhdu w|sh frqwlqjhqw vwudwhjlhv ri wkh irup 6�E&�� ' �� n

��&�1 Lq d Ed|hv0Qdvk htxloleulxp/ prqh| vxssolhv kdyh wr vdwlvi| wkh iro0
orzlqj frqglwlrq/ iru � 9' �=

6��
� E&�� ' �o}4@ 
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C
� � +D4,
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zklfk/ iru erwk frxqwulhv/ fdq eh zulwwhq dv iroorzv=

E� n @�6� � @6e
� � .�E6�E&� m &�� n @6e

� +D5,

'
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� n @
E�� &�0��� KE0� � 0��

E� n @�6� � @6e
� � .�E6�E&� m &�� n @6e

� +D5*,

'
���

� n @
E� � &�0�� n KE0� � 0��

zkhuh/ .&d6�E&� m &�o ' ��n��E��4&�E&��	&� uhsuhvhqwv wkh frqglwlrqdo
h{shfwdwlrq wkdw wkh FE ri frxqwu| � kdv derxw wkh prqh| vxsso| sod|hg e|
wkh FE lq frxqwu| �/ jlyhq wkh qrupdolw| dvvxpswlrq1 Htv1+D5, dqg +D5*,
fdq eh uhzulwwhq dv
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� n @
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n
�

� n @
E@q�4& �

���0�
� n @

�� ~} �
��

&�

d v|pphwulf h{suhvvlrq krogv iru frxqwu| �1
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Lw lv wkhq srvvleoh wr vroyh mrlqwo| wkh iroorzlqj v|vwhpv ri htxdwlrqv=
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E� n @�2
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� �6e
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@
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d�� n��E� � 4&�E&� � 	&�o

Vxevwlwxwlqj D7 dqg D8 lqwr D6 zh fdq frpsxwh sulydwh djhqwv h{shfwd0
wlrqv/ jlyhq wkhlu lqirupdwlrq vhw dg wkh srolf| uhjlph dv iroorzv
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l
E�� n��&��sE0�c 0��}E&�c &��_0�_0�_&�_&� +D9,

6e
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]
l
E�� n��&��sE0�c 0��}E&�c &��_0�_0�_&�_&�

Vroylqj v|vwhpv +D7,/ +D8, dqg +D9, zh jhw wkh iroorzlqj h{suhvvlrqv iru
wkh xqghwhuplqhg frh!flhqwv
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@

� n @
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zkhuh \ ' E� n @�2 � @242& : f1 Pruhryhu/ wkh vroxwlrq iru wkh udwlrqdo
h{shfwdwlrqv ri wkh djhqwv derxw wkh htxloleulxp prqh| lq dwlrq udwh/ jlyhq
wkhlu lqirupdwlrq vhw zloo eh jlyhq e| wdnlqj h{shfwdwlrqv ri +D9,/ jlyhq +D:,
dqg +D;,/ zloo eh wkh iroorzlqj=
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6e
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� n @

Surri ri sursrvlwlrq 5
Wkh �uvw rughu frqglwlrqv iru jryhuqphqw �*v sureohp lv wkh iroorzlqj

�WW� ' �o}�@%
��

.0�c0� c&�c&� E`
C
� � ' +D43,

]
l
i�

�

2

k
R��� E��c ��c 0�c 0�c &�c &��

l2
n �C

� E� � &�"���

�d%��� E��c ��c 0�c 0�c &�c &��ojs E0�c 0��}E&�c &��_0�_0�_&�_&�

e| vxevwlwxwlqj wkh Ed|hv Qdvk htxloleulxp prqh| vxssolhv lq +D43,/ e|
wdnlqj h{shfwdwlrqv dqg pd{lpl}lqj zlwk uhvshfw wr ��/ zh jhw=
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� ' �S2E�� 42&�4&4"j

2
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2
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C
�

wkdw lv +58, lq wkh wh{w/ zkhuh/ S� ' �2
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&
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j20

E�n@�2\2
: f/ S2 '

�2@�

\2E�n@�
: f/ S� '

�27&2

�n2@
: f1

Wr jhw wkh vroxwlrq lq wkh v|pphwulf htxloleulxp vhw �� ' �� dqg jhw
��� ' Se�

C
� / wkdw lv +59, lq wkh wh{w/ zkhuh Se ' E�n@�2

E�n2@�
\2_f
(

/ ( ' \2 n E� n
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2
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2
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2
0/ _� ' E�� 42&�4&40j

2
0

Surri ri Sursrvlwlrq 61
Frpsxwh wkh h{shfwhg zhoiduh lq frxqwu| � dqg gl�huhqwldwh lw zlwk uh0

vshfw wr �� dqg jhw
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C

_��

'
�27&2d@�E�� 42&� n @E� n 2@�o

\E� n 2@�E� n @�
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2
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C
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�
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@

� n @
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2
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Ohw xv glvfxvv wzr fdvhv e| hydoxdwlqj lw dw wkh v|pphwulf htxloleulxp
�� ' �� =
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d, 40 : f> lq wklv fdvh wkh �uvw whup lq +D44, lv srvlwlyh dqg phdvxuhv
wkh pdujlqdo ehqh�w iurp lqfuhdvhg h{whuqdolw| iurp vwdelol}dwlrq/ wkh vhfrqg
rqh lv wkh pdujlqdo zhoiduh frvw gxh wr wkh lqfuhdvhg yduldqfh ri lq dwlrq1
Diwhu vrph dojheud lw lv srvvleoh wr vkrz wkdw d vx!flhqw frqglwlrq iru wkh
�uvw whup wr grplqdwh lv 40 :

@E�n@�
�n2@

1
e, 40 	 f/ lq wklv fdvh wkh �uvw whup ri +D44, lv qhjdwlyh1 Wkh vhfrqg

whup lv dovr qhjdwlyh vlqfh E @
�n@

4&40 n ���� lv srvlwlyh

Surri ri Sursrvlwlrq 71
Li 40 : f d vx!flhqw frqglwlrq iru wkh uhvxow lv S� : S� lq +58, wkdw lv

hdvlo| yhul�hg diwhu vrph dojheud/ jlyhq wkdw/ f 	 @ 	 � dqg 7&2j2
0 	 �

Surri ri Sursrvlwlrq 81
Wr suryh uhvxow 4 lv lpphgldwh vlqfh/ xqghu wkh dvvxpswlrqv f 	 @ 	 �

dqg 7&2j2
0 	 �/ wkh iroorzlqj h{suhvvlrq krogv wuxh=
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E� n 2@�

\2_f
i\2 n E� n @�2d\2 � @242&o_� n @e_2 n @�E� n @�_�j

	 �

Wr suryh uhvxow 5 dqg 6/ frqvlghu wkdw �W� � �WW� : f fdq eh uhzulwwhq dv

E�� 42&�@
�d@42&j

2
0 n E� n 2@�4&40j

2
0o : f

wkdw krogv wuxh iru 40 : f1 Iru 40 	 f wkh lqhtxdolw| krogv iru @4& :
E� n 2@� m 40 m

Surri ri Sursrvlwlrq 91
Wr suryh uhvxow 4*/ qrwlfh wkdw lq d v|pphwulf htxloleulxp

_���

_40
' �

7&2\2E� n @��E� n 2@�@�E�� 42&�4&
(2

lv qhjdwlyh iru 40 : f dqg srvlwlyh rwkhuzlvh1
Wr suryh uhvxow 5* uhtxluhv gl�huhqw vwhsv1
Vwhs 41 Frqvlghu ��� dv d ixqfwlrq ri 4&1 Lw lv lpphgldwh wr vkrz/ vlqfh

( : f/ wkdw ��� lv frqwlqxrxv iru 4& 5 dfc �o1 Zh dovr nqrz iurp sursrvlwlrq
8 wkdw ;4& 5 dfc �o/ ��� � �W� 1

Vwhs 51Frpsxwh wkh olplw ri ��� dw wkh erxqgdu| ri 4& 5 dfc �o dqg jhw wkh
uhvxow *�4

4&<f
��� ' *�4

4&<�
��� ' �W� 1

Vwhs 61 Frpsxwh wkh ghulydwlyh _���
_4&

'
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2 _\
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(2 dqg qrwlfh

wkdw= *�4
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_���
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	 f dqg *�4
4&<�

_���
_4&

: f/ vr wkdw ��� dv d ixqfwlrq ri 4& lv

ghfuhdvlqj iru 4& $ f dqg lqfuhdvlqj iru 4& $ � dqg dozd|v olhv ehorz �W� 1
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Wkhuhiruh wr jhw uhvxow 5*/ lw uhpdlqv wr eh vkrzq wkdw _���
_4&

fkdqjhv vljq rqo|
rqfh lq wkh uhohydqw udqjh1 Wklv lv dgguhvvhg lq wkh qh{w vwhs1

Vwhs 71 Wr vkrz wkdw 40 : f lv d vx!flhqw frqglwlrq iru wkh h{lvwhqfh ri

f 	 74& 	 � vxfk wkdw _���
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2
& �

2@eE� n @�24& � @�E� n @��40

lv d irxuwk ghjuhh sro|qrpldo lq 4&1 E| dsso|lqj Ghvfduwhv uxoh/ zh qrwlfh
wkdw iru 40 : f wkh frh!flhqw ri wkh sro|qrpldo fkdqjh vljq rqo| rqfh/
wkhuhiruh wkhuh zloo h{lvw rqh vlqjoh srvlwlyh uhdo urrw 74& vxfk wkdw � E4&� ' f1

E| gh�qlwlrq ri � E4&�/ dq| urrw ri _���
_4&

' f pxvw eh d urrw ri � E4&� ' f dqg

ylfhyhuvd1 Wkhuhiruh/ e| frqwlqxlw|/ _���
_4&

fdq fkdqjh vljq rqo| rqfh1 Exw vlqfh
zh nqrz/ iurph vwhs 6 wkdw lw lv ghfuhdvlqj iru 4& $ f dqg lqfuhdvlqj iru

4& $ �/ wkhuhiruh lw pxvw eh wkh fdvh wkdw f 	 74& 	 � dqg _���
_4&

	 f/ ;4& 5 dfc

74&o/ dqg
_���
_4&

: f ;4& 5 d 74&c �o1

Ilqdoo| zh suryh uhvxow 6*1 Zh qrwlfh wkdw �W� � �WW� dv d ixqfwlrq ri @
fdq eh uhzulwwhq dv E� � 42&�@

�d@42&j
2
0 n E� n 2@�4&40j

2
0o/ wkdw lv frqwlqxrxv/

lqfuhdvlqj dqg srvlwlyh iru @ 5 Efc �o
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