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Zhdowk h�hfwv/ prudo kd}dug dqg dgyhuvh vhohfwlrq lq d

sulqflsdo0djhqw prgho1

Pdulh0Fìfloh Idjduw�

Wklv yhuvlrq= Pduv 5335|

Devwudfw

Wklv sdshu lqwurgxfhv klgghq dfwlrq lq dq dgyhuvh vhohfwlrq prgho/ dvvxplqj wkdw

d ulvn qhxwudo sulqflsdo idfhv d ulvn dyhuvh djhqw1 Wkh rswlpdo frqwudfw lv frpsduhg

djdlqvw wkh wzr ehqfkpdun vlwxdwlrqv zkhuh hlwkhu rqo| klgghq lqirupdwlrq ru rqo|

klgghq dfwlrq dulvhv1 Prvw surshuwlhv ri lqfhqwlyh frqwudfwv srlqwhg rxw e| wkh olwhud0

wxuh vwloo krog1 Ghdolqj zlwk wkh wzr vrxufhv ri dv|pphwulf lqirupdwlrq rqo| prgl�hv

wkh rswlpdo h�ruw/ zhdowk h�hfwv sod|lqj dq lpsruwdqw uroh wr ghwhuplqh wklv rswlpdo

dfwlrq1

Nh| zrugv = dgyhuvh vhohfwlrq/ prudo kd}dug/ zhdowk h�hfw1

MHO Fodvvl�fdwlrq = G ;5
�Xqlyhuvlw| ri Urxhq/ OHL/ FUHVW1 idjduwChqvdh1iu
|L wkdqn Ehuqdug Vdodqlì/ Dqqh Shuurw/ Ehuqdug Vlqfodlu0Ghvjdjqì/ Vdòg Vrxdp dqg doo wkh sduwlflsdqwv

ri HVHP 5334 lq Odxvdqqh iru wkhlu frpphqwv1
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4 Lqwurgxfwlrq

Lq rujdql}dwlrqv djhqwv wdnh ghflvlrqv dqg vhdufk iru lqirupdwlrq qhfhvvdu| wr dfw/ vr djhqf|

uhodwlrqvklsv fkdudfwhul}hg e| klgghq dfwlrq dqg klgghq lqirupdwlrq kdyh d juhdw hpslulfdo

uhohydqfh1 Prvw ri wkh lqfhqwlyh wkhru| olwhudwxuh vhsdudwhv wkh wzr lvvxhv/ rqh sduw ghdolqj

zlwk dgyhuvh vhohfwlrq dorqh/ dqg wkh rwkhu zlwk klgghq dfwlrq1 Rq rqh kdqg |rx phhw wudgh0

r� ehwzhhq uhqw dqg h!flhqf|/ rq wkh rwkhu kdqg/ frq lfwv ehwzhhq lqvxudqfh dqg lqfhqwlyh1

Lw lv zhoo nqrzq/ wkdw/ vxusulvlqjo|/ wkh rswlpdo frqwudfwv lq wkhvh wzr vhwwlqjv h{klelw vrph

yhu| gl�huhqw surshuwlhv1 Ghshqglqj rq wkh dydlodeoh lqirupdwlrq/ dv|pphwulf lqirupdwlrq

wkhq fuhdwhv wzr gl�huhqw lvvxhv/ hyhq li lw frphv iurp wkh vdph hfrqrplf vhwwlqj= wkh

sulqflsdo ljqruhv vrphwklqj nqrzq e| wkh djhqw1

Krzhyhu/ wkh iurqwlhu ehwzhhq wkhvh wzr nlqgv ri sureohpv vrphwlphv vhhpv iudjloh1 Iru

lqvwdqfh/ lpdjlqh dq djhqw zkrvh xwlolw| ixqfwlrq LE|c @c w� ghshqgv rq prqh| |/ dfwlrq @/

dqg sulydwh lqirupdwlrq w1 Dvvxplqj wkdw wkh sulqflsdo revhuyhv wkh dfwlrq exw qrw wkh w|sh

uhgxfhv wkh sureohp wr dq dgyhuvh vhohfwlrq rqh1 Frqyhuvho|/ zkhq wkh sulqflsdo revhuyhv wkh

w|sh dqg fdq ohduq vrph lqirupdwlrq derxw wkh ghflvlrq wkurxjk d udqgrp vljqdo/ vkh wkhq

idfhv prudo kd}dug1 Wkhvh wzr vlwxdwlrqv duh qrz zhoo nqrzq/ exw iru rxu sxusrvh/ prgli| d

olwwoh wklv vwdqgdug lqirupdwlrq vwuxfwxuh/ wkh sulqflsdo ljqrulqj qrz erwk w|sh dqg dfwlrq1

Zkhq d vljqdo derxw dfwlrq lv dydlodeoh/ wkhq wkh uhodwlrqvkls lv d�hfwhg e| erwk klgghq

lqirupdwlrq dqg klgghq dfwlrq zklfk rffxu wrjhwkhu1 Exw/ vxusulvlqjo|/ zkhq vxfk d vljqdo

grhv qrw h{lvw/ wkh vlwxdwlrq lv dgyhuvh vhohfwlrq rqfh djdlq14

Zkdw duh wkh ohvvrqv ri wklv h{dpsohB Ehfdxvh wkh rswlpdo vfkhph ghshqgv rq dydlodeoh

lqirupdwlrq/ dgyhuvh vhohfwlrq dqg prudo kd}dug vlwxdwlrqv duh lq uhdolw| pruh olqnhg wkdq

lqfhqwlyh wkhru| olwhudwxuh vxjjhvwv1 Pruhryhu/ dgyhuvh vhohfwlrq pd| uh hfw d vlwxdwlrq lq

zklfk wkh sulqflsdo lv ohvv lqiruphg wkdq vkh zrxog eh xqghu erwk klgghq dfwlrq dqg klgghq

4Wr vhh zk|/ qrwh wkdw lq wklv fdvh wkh djhqw*v xwlolw| fdq eh uhzulwwhq dv d ixqfwlrq ri prqh| dqg

lqirupdwlrq x+w> �, @ Pd{dX+w> d> �,/ zklfk pdnhv wkh dfwlrq wr glvdsshdu1
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lqirupdwlrq1 Ilqdoo|/ wkh gl�huhqfhv revhuyhg ehwzhhq wkh wzr ehqfkpdun prghov/ lq wkh

vslulw ri Edurq dqg P|huvrq +4<;5, rq wkh dgyhuvh vhohfwlrq vlgh/ dqg iroorzlqj Kropvwuùp

+4<:<, dv idu dv prudo kd}dug lv frqfhuqhg/ frxog eh gxh wr wkh idfw wkdw wkh| vwdqg dv olplw

fdvhv ri d xqltxh xql�hg prgho/ lq zklfk erwk lqirupdwlrq sureohpv h{lvw1 Shukdsv lq vxfk

d vlwxdwlrq/ dqg wklv zrxog eh jrrg qhzv iru lqfhqwlyh wkhru|/ wkh wzr idplolhv ri surshuwlhv

zrxog krog wrjhwkhu/ vr wkdw wkh frqfoxvlrqv ri prudo kd}dug prghov dqg wkrvh ri dgyhuvh

vhohfwlrq frxog eh h{whqghg wr wkh pl{hg fdvh1 Wkh sulqflsdo*v wudgh0r� zrxog wkhq frqvlvw

lq frpsdulqj uhqw/ lqvxudqfh/ dqg h!flhqf|1 Wklv lqwxlwlrq prwlydwhv wklv sdshu1

Rxu remhfw lv wr dqvzhu wkh iroorzlqj txhvwlrqv= zkdw surshuwlhv kdv wkh rswlpdo frqwudfw

xqghu klgghq dfwlrq dqg klgghq lqirupdwlrqB Krz grhv wkh suhvhqfh ri erwk dv|pphwulf lq0

irupdwlrq vrxufhv dowhu lqfhqwlyh frqwudfwvB Zkdw gr wkh wzr ehqfkpdun wudgh0r�v ehwzhhq

ulvn dqg lqvxudqfh/ uhqw dqg h!flhqf| ehfrphB Lq rughu wr dqvzhu/ zh kdyh wr frpsduh wkuhh

prghov ri dv|pphwulf lqirupdwlrq1 Vr zh qhhg wr dgrsw d edvlf dqg vlpsoh iudphzrun1 Lq

vxfk dq dwwhqwlrq/ zh lqwurgxfh d klgghq dfwlrq hohphqw lq wkh vwdqgdug prgho ri dgyhuvh

vhohfwlrq gxh wr Edurq dqg P|huvrq +4<;5,1 Dv vhhq lq wkh suhvhqwdwlrq ri wkh prgho/ wklv

prgl�fdwlrq lv h{dfwo| htxlydohqw wr lqwurgxfh klgghq lqirupdwlrq lq Krpovwuùp*v +4<:<,

edvlf klgghq dfwlrq prgho1 Lq rwkhu zrugv/ zh jdwkhu doo wkh dvvxpswlrqv pdgh lq wkhvh wzr

ehqfkpdun prghov1

Lq vxfk d frqwh{w/ dqg rq frqglwlrq wkdw wkh �uvw rughu dssurdfk krogv/ zh vkrz khuh wkdw

wkh rswlpdo vfkhphv nhhs doo xvxdo surshuwlhv1 Iluvw/ li wkh sulqflsdo zdqwv wr lpsohphqw wkh

vdph dfwlrq sur�oh xqghu dgyhuvh vhohfwlrq wdnhq lvrodwhg wkdq xqghu erwk dgyhuvh vhohfwlrq

dqg prudo kd}dug/ vkh zloo sd| wkh vdph uhqw wr wkh djhqw lq wkrvh wzr vhwwlqjv1 Vhfrqg/ wkh

rswlpdo wudqvihu xqghu erwk dgyhuvh vhohfwlrq dqg prudo kd}dug kdv doo wkh ihdwxuhv srlqwhg

rxw e| Kropvwuùp +4<:<,1 Ilqdoo|/ pl{lqj wkh wzr lqirupdwlrq vrxufhv rqo| fkdqjhv rswlpdo

dfwlrqv1

Vr prvw uhvxowv frqfhuqlqj rswlpdo frqwudfwv fdq eh h{whqghg wr wkh fdvh zkhuh erwk
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lqirupdwlrq vrxufhv dulvh wrjhwkhu1 Krzhyhu/ dv idu dv rswlpdo dfwlrqv duh frqfhuqhg/ wkh

sulqflsdo remhfwlyh vhhpv ghhso| d�hfwhg e| zhdowk h�hfwv/ wkh nh| srlqw ehlqj krz zhdowk

dqg ulvn lqwhudfw wr prgli| wkh djhqw*v ehkdylru1 Ehfdxvh wkh sulqflsdo sd|v d uhqw wr wkh

djhqw/ vkh prgl�hv krz wkh djhqw shufhlyhv wkh ulvn kh ehduv/ zklfk lv gxh wr wkh suhvhqfh

ri klgghq dfwlrq1 Vr wkh frqyhqlhqw wudgh0r� ri rxu pl{hg prgho zloo eh pdgh lq whupv ri

lqvxudqfh/ uhqw dqg h!flhqf|1

Uhfhqwo| vrph dxwkruv +Fkdvvdjqrq dqg Fkldssrul +4<<:,/ Mxoolhq/ Vdodqlì dqg Vdodqlì

+5333,/ Fkldssrul/ Mxoolhq/ Vdodqlì dqg Vdodqlì +5334,, dqdo|}h vlwxdwlrqv zkhuh klgghq

lqirupdwlrq dqg klgghq dfwlrq duh suhvhqw wrjhwkhu/ lq dq lqvxudqfh frqwh{w1 Wr d fhuwdlq

h{whqw/ wkhlu dqdo|vlv |lhogv wkh vdph uhvxow zh suhvhqw khuh1 Fkdvvdjqrq dqg Fkldssrul

+4<<:, duh lqwhuhvwhg lq frpshwlwlyh vlwxdwlrqv/ lq d prgho zlwk wzr rxwfrphv/ wzr dfwlrqv

dqg wzr w|shv1 Wkh| xvh wkh iudphzrun ri Urwkvfklog dqg Vwljolw} +4<:9, wr dqdo|}h wkh

htxloleulxp ri wkh lqvxudqfh pdunhw1 Mxoolhq/ Vdodqlì dqg Vdodqlì +5333, dvvxph wkdw dgyhuvh

vhohfwlrq frqfhuqv wkh djhqw*v ulvn dyhuvlrq/ zkhuhdv zh iroorz khuh Edurq dqg P|huvrq

+4<;5, zlwk wkh idfw wkdw wkh sulqflsdo ljqruhv wkh djhqw*v surgxfwlrq frvw1 Wkh| vkrz krz

wkh dgyhuvh vhohfwlrq phfkdqlvpv duh vwloo suhvhqw lq d pl{hg prgho1

Wzr sdshuv duh yhu| forvh wr rxuv1 Wkh �uvw rqh +gxh wr Edurq dqg Ehvdqnr +4<;:,,

vwxglhv d surfxuhphqw uhodwlrqvkls zkhq d sulqflsdo revhuyhv dq lpshuihfw prqlwru ri wkh

djhqw*v surgxfwlrq frvw1 Wklv surgxfwlrq frvw ghshqgv rq d surgxfwlylw| sdudphwhu dqg

dq h�ruw fkrvhq e| wkh djhqw/ dqg lq dgglwlrq pd| eh udqgrp1 Pruh suhflvho|/ Edurq dqg

Ehvdqnr irfxv rq wzr fdvhv/ hlwkhu wkh djhqw*v frvw lv udqgrp dqg wkh prqlwru fhuwdlq ru

frqyhuvho| wkh djhqw*v frvw lv fhuwdlq dqg wkh prqlwru udqgrp1 Wklv phdqv wkdw hlwkhu rqo|

dgyhuvh vhohfwlrq h{lvwv ru klgghq dfwlrq dqg klgghq lqirupdwlrq erwk dsshdu1 Xqxvxdoo| lq dq

dgyhuvh vhohfwlrq prgho ã od Edurq dqg P|huvrq/ wkh sulqflsdo idfhv dq djhqw zkr ehduv vrph

xqrevhuydeoh ulvn/ zlwkrxw ehlqj deoh wr surylgh klp lqvxudqfh/ vr wkdw lq wkh wzr fdvhv/ wkh

sulqflsdo idfhv d wudgh0r� lq whupv ri uhqw/ lqvxudqfh dqg h!flhqf|1 Wkh vlwxdwlrq lq zklfk
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erwk klgghq dfwlrq dqg klgghq lqirupdwlrq duh suhvhqw fdqqrw eh vlpso| ghulyhg iurp wkh

dgyhuvh vhohfwlrq fdvh e| dvvxplqj wkdw wkh sulqflsdo fdqqrw revhuyh dfwlrq1 Iru wklv uhdvrq/

qr frpsdulvrq lv frqgxfwhg lq wkh vhqvh zh ghyhors khuh/ zlwk d ylhz wr xqghuvwdqglqj zkdw

dq dgglwlrqdo dv|pphwulf lqirupdwlrq hohphqw fuhdwhv1 Dv d frqvhtxhqfh/ rxu frqfoxvlrqv

duh udwkhu gl�huhqw/ hyhq li vrph ri wkhlu surshuwlhv krog lq rxu frqwh{w1 Vlplodulwlhv ehwzhhq

rxu dqg wkhlu uhvxowv duh srlqwhg lq wkh erg| wh{w1

Wkh vdph uhpdun fdq eh pdgh frqfhuqlqj wkh vhfrqg sdshu/ gxh wr Id|q}loehuj dqg

Nxpdu +4<<:,1 Zlwk forvh dvvxpswlrqv/ wkh dxwkruv jhqhudol}h Edurq dqg Ehvdqnr uhvxowv

e| jlylqj wkh qhfhvvdu| rswlpdolw| frqglwlrqv ohdglqj wr wkh rswlpdo frqwudfw/ exw surylgh

qr frpsdulvrq zlwk wkh dgyhuvh vhohfwlrq fdvh1

Dv d pdwwhu ri idfw/ wkhvh wzr sdshuv xvh yhu| jhqhudo ru frpsoh{ lqirupdwlrq vwuxf0

wxuhv1 Vlpsoli|lqj wklv whfkqrorj| zloo doorz wr rewdlq d wudfwdeoh prgho zhoo uhodwhg wr wkh

ehqfkpdun rqhv/ zklfk pdnhv dq| frpsdulvrq hdvlhu1

Vhfwlrq 5 suhvhqwv wkh prgho dqg dssolhv wkh �uvw rughu dssurdfk wr rxu frqwh{w1 Lq

vhfwlrq 6 zh ghyhors wkh surshuwlhv ri wkh rswlpdo vfkhphv/ wkhq vhfwlrq 7 lv ghyrwhg wr dq

lqwhusuhwdwlrq ri wkhvh surshuwlhv lq whupv ri ulvn suhplxp1 Ilqdoo| vhfwlrq 8 frqfoxghv1

5 Prgho dqg suholplqdu| uhvxowv

514 Wkh vhwwlqj

Frqvlghu wkh iroorzlqj edvlf djhqf| prgho1 Dv lq Kropvwuùp +4<:<,/ dq djhqw +kh, fdq

hqjdjh lq h�ruw/ ghqrwhg e| @ dqg fkrvhq iurp dq lqwhuydo �� Wklv ghflvlrq lv xqrevhuydeoh

e| wkh sulqflsdo +vkh,/ dqg/ wrjhwkhu zlwk d udqgrp vwdwh ri qdwxuh/ fuhdwhv dq revhuydeoh

prqhwdu| rxwfrph % 5 f1 Ohw sE%c @� wkh ghqvlw| ixqfwlrq ri wklv vljqdo zkhq wkh djhqw kdv

fkrvhq wkh dfwlrq @1 Wkh sulqflsdo fdq sd| wkh djhqw d prqhwdu| wudqvihu/ | 5 -/ ghshqglqj
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rq wkh revhuyhg rxwfrph %1

Dv dvvxphg lq Edurq dqg P|huvrq +4<;5,/ wkh sulqflsdo ljqruhv wkh ydoxh ri d udqgrp

yduldeoh/ fdoohg wkh djhqw*v w|sh dqg qrwhg w� Lw ehorqjv wr dq lqwhuydo X ' dwfc w�o dqg kdv

d ghqvlw| ixqfwlrq }Ew�1 Wkh sulqflsdo ehlqj ulvn qhxwudo/ khu xwlolw| ixqfwlrq lv jlyhq e|

7E@c w�� |1

H�ruw dqg w|sh d�hfw wkh djhqw*v surgxfwlrq prqhwdu| frvw SE@c w�/ wkdw lqfuhdvhv zlwk

@ dqg w/ lv frqyh{ zlwk uhvshfw wr @/ dqg vdwlv�hv wkh vwdqgdug vlqjoh furvvlqj surshuw|

Sw@E@c w� � f� Dv dvvxphg lq Kropvwuùp +4<:<,/ wkh djhqw lv ulvn dyhuvh/ klv xwlolw| ixqfwlrq

fdq eh zulwwhq dv LE|� � SE@c w� zkhuh LE�� ghvljqv d Yrq Qhxpdqq Prujhqvwhuq +YQP

khuhdiwhu, xwlolw| ixqfwlrq/ lqfuhdvlqj dqg vwulfwo| frqfdyh/ wkdw lv L � : f dqg L �� 	 f1 Lwv

lqyhuvh ixqfwlrq lv qrwhg )1

Dw wkh wlph ri frqwudfwlqj wkh djhqw kdv d sulydwh lqirupdwlrq w derxw wkh suhihuhqfhv

+klv frvw dqg wkh sulqflsdo*v vxusoxv 7,1 Wkh sulqflsdo kdv rqo| sulru eholhiv uhsuhvhqwhg e| }1

Ljqrulqj w/ wkh sulqflsdo r�huv d phqx ri frqwudfwv/ |E%c6�c % 5 fc6 5 X wr wkh djhqw5/ zkr

uhixvhv ru djuhhv wr sduwlflsdwh wr wkh uhodwlrqvkls/ wkhq vhohfwv rqh ri wkhp e| uhsruwlqj d

phvvdjh 61 Li wkh djhqw uhixvhv/ kh rewdlqv klv uhvhuyh xwlolw| L 1 Li kh djuhhv/ diwhu uhsruwlqj

klv phvvdjh/ kh ghflghv wr h{huw dq h�ruw @1 Wkhq wkh udqgrp vwdwh ri qdwxuh % lv uhdol}hg

ohdglqj wr sd|phqw1

Erwk klgghq lqirupdwlrq dqg klgghq dfwlrq duh wkhq suhvhqw lq wklv uhodwlrqvkls1 Lq

zkdw iroorzv/ klgghq lqirupdwlrq +uhvshfwlyho| klgghq dfwlrq, zloo vwdwh dv d v|qrq|prxv ri

dgyhuvh vhohfwlrq +prudo kd}dug,1

Qrwh wkdw rxu dvvxpswlrqv h{dfwo| lqwurgxfh d prudo kd}dug hohphqw lq Edurq dqg P|0

huvrq +4<;5, sulydwh lqirupdwlrq prgho1 Wr vhh zk|/ lpdjlqh wkdw wkh vljqdo shuihfwo| uhyhdov

wkh dfwlrq= wkh sulqflsdo ghgxfhv iurp wkh revhuydwlrq ri % zkdw dfwlrq @ kdv eh fkrvhq1 Wklv

qhz iudphzrun ghvfulehv Edurq dqg P|huvrq dgyhuvh vhohfwlrq sureohp/ wkh rqo| gl�huhqfh

5Wkh uhyhodwlrq sulqflsoh lpsolhv wkdw zh fdq uhvwulfw rxu dwwhqwlrq wr gluhfw phfkdqlvpv1
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ehlqj wkdw wkh djhqw lv ulvn dyhuvh1 Pruhryhu/ rxu prgho h{dfwo| dggv d sulydwh lqirupdwlrq

hohphqw wr Kropvwuùp*v +4<:<, prudo kd}dug prgho= li wkh sulqflsdo*v sulru eholhiv zhuh shu0

ihfw/ wkh sulqflsdo zrxog nqrz wkh wuxh ydoxh ri w|sh dqg wkh prgho zrxog eh Kropvwuùp*v

rqh1

Wklv ihdwxuh lv wkh vrxufh ri rxu sdshu/ ehfdxvh lw doorzv wr frpsduh rxu prgho zkhuh

klgghq lqirupdwlrq dqg klgghq dfwlrq h{lvw vlpxowdqhrxvo| djdlqvw wkh wzr ehqfkpdun prg0

hov/ gxh wr Edurq dqg P|huvrq +4<;5, rq rqh kdqg/ dqg wr Kropvwuùp +4<:<, rq wkh rwkhu

kdqg1 Lq rughu wr rewdlq vxfk d surshuw|/ d nh| dvvxpswlrq lv wkdw wkh ghqvlw| ixqfwlrq ri

wkh vljqdo grhv qrw ghshqg rq w/ zklfk phdqv wkdw wkh sulqflsdo fdq lqihu qr lqirupdwlrq

derxw wkh djhqw*v w|sh wkurxjk wkh revhuydwlrq ri rxwsxw1 Zlwkrxw vxfk dq dvvxpswlrq/ d

jhqhudo zulwlqj ri wkh ghqvlw| ixqfwlrq zrxog eh sE%c @c w�1 Exw lq wkdw fdvh/ li wkh sulqflsdo

frxog frqwuro dfwlrq/ vxfk d vljqdo zrxog uhyhdo vrph lqirupdwlrq derxw wkh djhqw*v w|sh/

hylghqwo| xvhg wr exlog wkh rswlpdo frqwudfw1 Sduwlfxoduo| li wkh djhqw lv ulvn qhxwudo dqg

xqolplwhg wudqvihuv fdq eh sd|hg/ wkh sulqflsdo zrxog lpsohphqw wkh �uvw ehvw doorfdwlrq/

zklfk lv yhu| gl�huhqw iurp Edurq dqg P|huvrq frqwh{w1 Wklv uhpdun lv wkh khduw ri wklv

sdshu/ ehfdxvh rxu jrdo lv wr frpsduh rswlpdo frqwudfwv zkhq erwk sureohpv duh pl{hg dqg

zkhq wkh| duh qrw1

Qrwh wkdw krzhyhu vrph ri rxu uhvxowv fdq eh jhqhudol}hg wr wkh fdvh zkhuh wkh ghqvlw|

ixqfwlrq ri wkh vljqdo ghshqgv rq wkh w|sh exw kdv d!oldwhg ydoxhv +dv lq Id|q}loehuj dqg

Nxpdu +4<<:,,16

6Li wkh vljqdo kdv d!oldwhg ydoxhv/ wkhuh h{lvw vrph ixqfwlrqv k dqg o vxfk wkdw i+{> d> �, @

o+{> k+d> �,,>;d 5 D dqg ;� 5 �1 Exw fkrrvlqj k ru d lv htxlydohqw iru wkh djhqw1 Gh�qh F+k> �, dv wkh plqlpdo

ihdvleoh surgxfwlrq frvw jlyhq k iru doo wkh dfwlrqv vxfk wkdw k+d> �, @ k wkdw lv F+k> �, @ Plqd@k+d>�,@kf+d> �,

dqg lpdjlqh wkdw wkh djhqw fkrrvhv k udwkhu wkdq d= Wkh sulqflsdo wkhq idfhv dq djhqw/ zkrvh frvw ixqfwlrq

lv F+k> �, dqg zkrvh dfwlylw| jhqhudwhv d vljqdo zlwk d ghqvlw| ixqfwlrq o+{> k,/ zklfk lv h{dfwo| rxu prgho1

Zkdw lv gl�huhqw lv wkh uhodwhg uhodwlrqvkls zkhq rqo| klgghq nqrzohgjh h{lvwv1

:



515 Wkh sulqflsdo*v surjudp

Lqyrnlqj wkh uhyhodwlrq sulqflsoh +vhh P|huvrq 4<;5 iru d jhqhudo yhuvlrq lqfoxglqj prudo

kd}dug,/ zh fdq ghvfuleh wkh lqfhqwlyh frpsdwleoh doorfdwlrqv lq hdfk ri wkh wkuhh vlwxdwlrqv/

whuphg klgghq lqirupdwlrq +KL,/ prudo kd}dug +ru klgghq dfwlrq KD,/ dqg pl{hg klgghq

lqirupdwlrq dqg klgghq dfwlrq +KLKD, dv lq wkh iroorzlqj gh�qlwlrqv=

Gh�qlwlrq 4= i|E%c w�c @Ew�c w 5 Xj lv lpsohphqwdeoh xqghu klgghq lqirupdwlrq li wkh

djhqw whoov wkh wuxwk/ zkdwhyhu klv w|sh/ wkdw phdqv zkdwhyhu w 5 X zh kdyh

]
f

LE|E%c w��sE%c @Ew��_%�SE@Ew�c w� �
]
f

LE|E%c6��sE%c @E6��_%�SE@E6�c w�c ;6 5 X� +4,

Gh�qlwlrq 5= i|E%c w�c @Ew�c w 5 Xj lv lpsohphqwdeoh xqghu klgghq dfwlrq li wkh djhqw lv

rehglhqw/ vr kh fkrrvhv wkh uhfrpphqghg dfwlrq zkdwhyhu klv w|sh lv/ wkdw phdqv ;w 5 X/

]
f

LE|E%c w��sE%c @Ew��_%� SE@Ew�c w� �
]
f

LE|E%c w��sE%c @�_%� SE@c w�c ;@ 5 �� +5,

Gh�qlwlrq 6= i|E%c w�c @Ew�c w 5 Xj lv lpsohphqwdeoh zlwk klgghq dfwlrq dqg klgghq

lqirupdwlrq li wkh djhqw whoov wkh wuxwk dqg lv rehglhqw/ kh fkrrvhv wkh uhfrpphqghg dfwlrq

zkdwhyhu klv w|sh/ wkdw phdqv ;w 5 X/

]
f

LE|E%c w��sE%c @Ew��_%� SE@Ew�c w� �
]
f

LE|E%c6��sE%c @�_%� SE@c w�;6 5 Xc ;@ 5 �� +6,

Wkh sulqflsdo kdv wr fkrrvh dq lqfhqwlyh frpsdwleoh phfkdqlvp/ |E%c w� dqg @Ew� lq rughu

wr pd{lpl}h khu h{shfwhg jdlq M =

M '
]
X

}Ew�d7E@Ew�c w��
]
f

|E%c w�sE%c @Ew��_%o_w +7,

vxemhfw wr wkh sduwlflsdwlrq frqvwudlqw

]
f

LE|E%c w��sE%c @Ew��_%� SE@Ew�c w� � Lc

dqg vrph lqfhqwlyh frqvwudlqwv ghshqglqj rq wkh lqirupdwlrqdo frqwh{w1 Zh wkhq kdyh wr

wdnh lqwr dffrxqw frqglwlrq E�� zkhq wkh sulqflsdo nqrzv dfwlrq exw ljqruhv w|sh/ frqglwlrq

;



E2� zkhq rq wkh rssrvlwh wkh sulqflsdo nqrzv w|sh exw grhv qrw revhuyh dfwlrq dqg frqglwlrq

E�� zkhq vkh revhuyhv qrwklqj1

Qrwh wkdw hyhu| phqx ri frqwudfwv wkdw lv lqfhqwlyh frpsdwleoh xqghu erwk klgghq lq0

irupdwlrq dqg klgghq dfwlrq/ lv dovr lqfhqwlyh frpsdwleoh xqghu rqo| dgyhuvh vhohfwlrq/ ru

xqghu rqo| prudo kd}dug1 D vlpsoh dujxphqw ri uhyhdohg suhihuhqfhv wkxv doorzv wr frqfoxgh

wkdw wkh sulqflsdo*v h{shfwhg xwlolw| zloo eh orzhu zkhq wkh wzr sureohpv duh pl{hg wkdq

zkhq wkhuh h{lvwv rqo| rqh vrxufh ri dv|pphwulf lqirupdwlrq1

Dv xvxdo lq dgyhuvh vhohfwlrq prghov/ gh�qh �Ew� dv wkh h{shfwhg xwlolw|/ dvvrfldwhg zlwk

dq dfwlrq @Ew�/ ri d w|sh w djhqw=

�Ew� �
]
f

LE|E%c w��sE%c @Ew��_%� SE@Ew�c w�

Wklv gh�qlwlrq vlpsol�hv wkh zulwlqj ri lqfhqwlyh frqvwudlqwv/ dv vkrzq lq wkh iroorzlqj

ohppd1

Ohppd 4 Xqghu klgghq lqirupdwlrq/ dq lpsohphqwdeoh frqwudfw vdwlv�hv ��Ew� ' �SwE@Ew�c w�

+-�, dqg Sw@E@Ew�c w�@
�Ew� � f +-�2,1 Xqghu klgghq dfwlrq/ lw vdwlv�hv

]
f
LE|E%c w��s@E%c @Ew��_% '

S@E@Ew�c w� +U�, dqg
]
f
LE|E%c w��s@@E%c @Ew��_%�S@@E@Ew�c w� � f +U�2,� Ilqdoo|/ xqghu erwk

klgghq lqirupdwlrq dqg klgghq dfwlrq zh kdyh -�/ U� dqg @�Ew�i
]
LE|E%c w��s@@E%c @Ew��_%�

S@@E@Ew�c w�j � Sw@E@Ew�c w��

Wkh surri ri ohppd 4 lv vwdqgdug dqg lv uhsruwhg lq dsshqgl{ dv doo rwkhu rplwwhg surriv17

Lq d dlp ri vlpsolflw|/ zh ljqruh lq wklv sdshu vhfrqg rughu frqglwlrqv +-�2, dqg +U-2,/

wkdw lv zh dvvxph wkdw wkh vr fdoohg ��uvw rughu dssurdfk� lv ydolg18 Zh fdq uhsodfh wkh

lqfhqwlyh frpsdwlelolw| frqvwudlqw +jlyhq e| +4,/ +5, ru +6, ghshqglqj rq wkh lqirupdwlrqdo

7Vhh dovr Od�rqw dqg Wluroh +4<;9, dqg Edurq dqg Ehvdqnr +4<;:, iru pruh ghwdlov1
8Wkh whuplqrorj| ��uvw rughu dssurdfk� frphv iurp prudo kd}dug wkhru|1 Pdlq sdshuv dvvxph wkdw wkh

djhqw*v lqfhqwlyh frqvwudlqw +5, fdq eh uhsodfhg e| +LF, lq wkh sulqflsdo*v surjudp1 Hyhq li wkh whup ��uvw

rughu dssurdfk� lv qrw xvhg lq dgyhuvh vhohfwlrq prghov/ wkh vhfrqg rughu frqglwlrq +UF5, lv riwhq ljqruhg1

<



frqwh{w, e| wkh frqglwlrq +-�, lq wkh dgyhuvh vhohfwlrq vlwxdwlrq/ e| +U�, lq wkh prudo

kd}dug rqh dqg e| wkhvh wzr frqglwlrqv zkhq erwk sureohpv duh pl{hg1 Lq wklv fdvh/ rqh

fdq frqfoxgh wkdw wkh vhw ri lpsohphqwdeoh doorfdwlrqv zkhq erwk sureohpv duh suhvhqw lv

h{dfwo| wkh lqwhuvhfwlrq ri wkh wzr vhwv ri lpsohphqwdeoh doorfdwlrqv xqghu klgghq dfwlrq

dorqh dqg klgghq lqirupdwlrq dorqh1

Ilqdoo| wkh sulqflsdo kdv wr fkrrvh |E%c w�c �Ew� dqg @Ew� zlwk d ylhz wr pd{lpl}lqj khu

h{shfwhg jdlq M jlyhq lq Ee� vxemhfw wr wkh lqfhqwlyh frpsdwleoh frqvwudlqwv/ wkdw zh uhzulwh

ehorz= ]
f

sE%c @Ew��LE|E%c w��_%� SE@Ew�c w� ' �Ew� +XF,

��Ew� ' �SwE@Ew�c w� +UF,
]
f

s@E%c @Ew��LE|E%c w��_% ' S@E@Ew�c w� +LF,

�Ew� � L +SF,

Wkh xwlolw| frqvwudlqw L� gh�qhv wkh vwdwh yduldeoh �Ew� dv wkh h{shfwhg xwlolw| +uhqw, ri

dq djhqw zkrvh w|sh lv w1 -� +uhyhodwlrq frqvwudlqw, dqg U� +lqfhqwlyh frqvwudlqw, duh wkh

�uvw rughu frqglwlrqv lpsolhg e| wkh idfw wkdw dq djhqw w kdv wr uhyhdo wkh wuxwk dqg wr

fkrrvh wkh dfwlrq @Ew�/ dqg �� lv d vwdqgdug sduwlflsdwlrq frqvwudlqw1 Ohw �MUM� ghqrwh

wklv surjudp1 Qrwh wkdw li wkh sulqflsdo revhuyhv dfwlrq/ wkh surjudp lv xqfkdqjhg h{fhsw

U� glvdsshduv +ohw �MU wklv dgyhuvh vhohfwlrq surjudp,/ dqg lq olnh pdqqhu/ li wkh sulqflsdo

nqrzv wkh djhqw*v w|sh/ vkh ljqruhv -�/ �M� lv wkh klgghq dfwlrq surjudp zkhuh -� lv

rplwwhg1

516 Wkh wzr ehqfkpdun prghov

Ehiruh suhvhqwlqj rxu uhvxowv frqfhuqlqj klgghq dfwlrq dqg klgghq lqirupdwlrq wdnhq wr0

jhwkhu/ zh ghyrwh wklv vxevhfwlrq wr suhvhqw lq dq xql�hg frqwh{w vrph vwdqgdug uhvxowv
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frqfhuqlqj dgyhuvh vhohfwlrq dqg prudo kd}dug/ wdnhq lvrodwhg1 Zkdw iroorzv fdq eh irxqg

lq wkh sdshuv ri Kropvwuùp +4<:<, dqg ri Edurq dqg P|huvrq +4<;5,1

Dgyhuvh vhohfwlrq frqwudfw

Dvvxph �uvw wkdw wkh sulqflsdo fdq revhuyh wkh dfwlrq1 Dq rswlpdo frqwudfw pd{lpl}hv

M/ vxemhfw wr -�c L�/ dqg ��1 Zh suhvhqw lq ohppd 5 lwv surshuwlhv1

Ohppd 5 Wkh rswlpdo dgyhuvh vhohfwlrq frqwudfw hqwdlov shuihfw lqvxudqfh/ wkdw lv |E%c w� '

|Ew�/ iru hyhu| % 5 f� Pruhryhu/ wkh sduwlflsdwlrq frqvwudlqw lv elqglqj �Ew�� ' L dqg li wkh

rswlpdo dfwlrq lv lqwhulru/ lw vroyhv htxdwlrq +8, jlyhq ehorz1

i7@E@c w�� )�E� n S�S@j}Ew�� Sw@

w]
wf

)�E�E+� n SE@E+�c +��}E+�_+ ' f

Qrwh wkdw ohppd 5 vwdwhv wkdw d vwrfkdvwlf frqwudfw zloo qhyhu eh xvhg wr doohyldwh uhyh0

odwlrq sureohp lq wklv prgho1 Xqghu shuihfw lqvxudqfh/ wkh h{shfwhg sd|phqw wr d w�djhqw
fdq eh vwudljkwiruzdugo| ghulyhg iurp L� vlqfh lw yhul�hv LE|Ew��� SE@Ew�c w� ' �Ew�� Dv )

ghqrwhv wkh lqyhuvh ixqfwlrq ri LE��/ wklv h{shfwhg wudqvihu htxdwhv )E�n SE@c w��/ zklfk uhs0

uhvhqwv zkdw wkh sulqflsdo kdv wr sd| iru surylglqj wkh djhqw dq h{shfwhg uhqw � xqghu shuihfw

lqvxudqfh19 Wdnlqj lqwr dffrxqw wklv ihdwxuh doorzv wr uhzulwh wkh sulqflsdo*v surjudp lq d

yhu| xvxdo zd|/ lq zklfk wkh rswlpdo dfwlrq dqg wkh uhqw pd{lpl}h wkh sulqflsdo*v remhfwlyh]
X

i7E@c w�� )E� n SE@c w��j}Ew�_w vxemhfw rqo| wr -� dqg ��1 Dv )E� n SE@c w�� lqfuhdvhv

zlwk �/ wkh sduwlflsdwlrq frqvwudlqw ri wkh kljkhvw w|sh lv elqglqj/ wkdw lv �Ew�� ' L / dqg/

wkdqnv wr wkh prqrwrq| dvvxpswlrq xqghu zklfk SwE@c w� : f/ vodfn iru wkh rwkhu w|shv1

Vroylqj wklv sureohp qhhgv vwdqgdug phwkrgv ri g|qdplf rswlpl}dwlrq zklfk jlyh htxdwlrq

+8,1

Dv xvxdo lq dgyhuvh vhohfwlrq sureohpv/ wkh �uvw whup ri htxdwlrq +8, frphv iurp wkh vxu0

soxv ri wkh uhodwlrq/ ehqh�w 7 plqxv frvw )1 Wkh vhfrqg whup uhyhdov wkh uhqw phfkdqlvp=

lqfuhdvlqj wkh dfwlrq iru d w|sh w ulvhv wkh h{shfwhg wudqvihu sd|hg wr doo w|shv ehorz w1 Wklv

9Qrwh wkdw lq wkh dgyhuvh vhohfwlrq Edurq dqg P|huvrq prgho/ *3 lv frqvwdqw/ wkh djhqw ehlqj ulvn qhxwudo1
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wudgh0r� ehwzhhq uhqw dqg h!flhqf| fuhdwhv xqghusurgxfwlrq +uhodwlyh wr wkh shuihfw lqiru0

pdwlrq dfwlrq gh�qhg e| 7@E@c w� ' )�EL n S�S@,/ dqg wkh pruh lpsruwdqw lv wkh suredelolw|

dvvljqhg wr wkh lqwhuydo ri w|shv dwfc wo/ wkh vpdoohu zloo eh wkh rswlpdo dfwlrq1

Klgghq dfwlrq

Dvvxph qrz wkdw wkh sulqflsdo nqrzv wkh djhqw*v w|sh exw fdqqrw revhuyh klv ghflvlrq1

Iru d jlyhq dfwlrq sur�oh @E��/ wkh rswlpdo uhzdug vfkhph plqlpl}hv wkh h{shfwhg wudqvihu/]
X

i
]
f
|E%c w�sE%c @Ew��_%j}Ew�_w vxemhfw wr L�/ U� dqg ��1 Dv suryhg lq Kropvwuùp

+4<:<,/ wkh sduwlflsdwlrq frqvwudlqw lv elqglqj zkdwhyhu w dqg wkhuh h{lvw wzr +vwulfwo|,

srvlwlyh pxowlsolhuv/ bEw� dqg >Ew�/ vxfk wkdw=

�

L �E|E%c w��
' bEw� n >Ew�

s@E%c @Ew��

sE%c @Ew��
+9,

Uhsodflqj wklv h{suhvvlrq ri wkh rswlpdo wudqvihu lq L�/ �� dqg U� ohdgv wr wkh ydoxhv ri

bEw� dqg >Ew�1

Iru rxu sxusrvh/ gh�qh [ELc @Ew�c w� wklv rswlpl}hg h{shfwhg wudqvihu/ wkdw lv zkdw wkh

sulqflsdo kdv wr sd| iru surylglqj wkh djhqw dq h{shfwhg xwlolw| L xqghu klgghq dfwlrq1 Wklv

ixqfwlrq/ zklfk sod|v dq lpsruwdqw uroh lq rxu sureohp/ zloo eh lqwhusuhwhg lq ghwdlov lq

vhfwlrq 71 Dv �qdoo| wkh rswlpdo dfwlrq lv fkrvhq vr dv wr pd{lpl}h 7E@c w� � [ELc @c w�/

surylghg vrph frqfdylw| dvvxpswlrqv/ lw wkhq vroyhv htxdwlrq +:,=

7@E@c w� ' [@ELc @c w� +:,

Wkh ihdwxuhv ri wkh ixqfwlrq [ uh hfw wkh wudgh0r� h{lvwlqj ehwzhhq lqvxudqfh dqg h!flhqf|1

Qrwh wkdw olwwoh lv nqrzq derxw wklv dfwlrq1 Zh zloo h{sodlq khuhdiwhu zkdw phfkdqlvp d�hfwv

wklv fkrlfh1

Zh wxuq qrz wr suhvhqw rxu uhvxowv frqfhuqlqj wkh fdvh zkhuh wkh wzr vrxufhv ri dv|p0

phwulf lqirupdwlrq vlpxowdqhrxvo| dulvh1
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6 Surshuwlhv ri wkh rswlpdo frqwudfw

Vxusulvlqjo| lq wklv prgho/ dv vhhq lq wkh htxdwlrq gh�qlqj -�/ wkh pdujlqdo uhqw ��Ew�

ghshqgv rqo| rq w|sh dqg dfwlrq1 Wkh djhqw lv wkhq lqgl�huhqw ehwzhhq wzr lqfhqwlyh frp0

sdwleoh wudqvihuv +surylghg wkdw �Ew�� lv lghqwlfdo,/ hyhq li rqh ri wkhp iru h{dpsoh lv pruh

yduldeoh1 Lq rwkhu zrugv wkh uhyhodwlrq frqvwudlqw lv lghqwlfdo lq wkh wzr prghov +KLKD dqg

KL, zkhuh dgyhuvh vhohfwlrq dsshduv/ klgghq dfwlrq ehlqj suhvhqw ru qrw1 Lqwhjudwlqj -�

zlwk uhvshfw wr wkh w|sh jlyhv wkhq wkh djhqw*v uhqw=

�Ew� ' �Ew�� n

w]
w�

SwE@E+�c +�_+

Vr surylghg wkdw wkh sduwlflsdwlrq frqvwudlqw lv elqglqj dw wkh wrs xqghu KLKD/ lqwurgxflqj

klgghq dfwlrq lq dq dgyhuvh vhohfwlrq sureohp grhv qrw d�hfw wkh uhqw ghvljq1 Vxfk d surshuw|

wkhq lpsolhv wkh qh{w sursrvlwlrq1

Sursrvlwlrq 6 Ohw @WEw� dqg �WEw� wkh rswlpdo dfwlrq dqg uhqw vroxwlrq ri �MUM�1 Iru jlyhq

@Wdqg �W/ wkh rswlpdo wudqvihu plqlpl}hv wkh h{shfwhg wudqvihu vxemhfw wr U� dqg L�1 Wkh

sduwlflsdwlrq frqvwudlqw lv elqglqj iru wkh kljkhvw w|sh/ �WEw�� ' L dqg wkh rswlpdo dfwlrq

vroyhv htxdwlrq +;, jlyhq ehorz1

i7@E@c w��[@E@c �c w�j}Ew�� Sw@

w]
wf

[�E@E%�c �E%�c %�}E%�_% ' f +;,

Sursrvlwlrq 6 ghvhuyhv wzr nlqgv ri frpphqwv1 D �uvw vhw ri frpphqwv frpsduh wkh wkuhh

prghov +KL/ KD/ KLKD, dvvxplqj wkdw wkh dfwlrq lv lghqwlfdo1 Lq d vhfrqg wlph zh glvfxvv

krz lv fkrvhq wklv rswlpdo dfwlrq1

� Dv vxjjhvwhg dw wkh ehjlqqlqj ri wkh vhfwlrq/ iru lghqwlfdo dfwlrqv/ wkh djhqw rewdlqv

wkh vdph uhqw lq d klgghq lqirupdwlrq prgho/ prudo kd}dug ehlqj suhvhqw ru qrw/ +wkdw lv

xqghu KLKD ru KL,1

� Dv d frqvhtxhqfh/ wkh rswlpdo uhzdug/ zklfk lv d vroxwlrq ri �MUM�/ vroyhv dovr �M�c

iru wkh vdph jlyhq @E�� dqg �E��1 Vr klgghq dfwlrq sd|phqwv duh qrw prgl�hg e| lqwurgxflqj

46



klgghq lqirupdwlrq1 Rswlpdo wudqvihuv kdyh wkhq doo wkh surshuwlhv ri klgghq dfwlrq frqwudfwv/

wkh rqo| gl�huhqfh uhvwlqj rq wkh idfw wkdw wkh djhqw*v uhvhuyh xwlolw| wxuqv lqwr uhqw1 Dv

qrwhg lq wkh suhylrxv vhfwlrq/ sd|phqw ghshqgv rq wkh olnholkrrg udwlr
s@E%c @�

sE%c @�
/ dqg lqfuhdvhv

zlwk lw +vhh Kropvwuùp 4<:<,1 :;

� Sursrvlwlrq 6 surylghv d jhqhudo phwkrg iru vroylqj wklv pl{hg sureohp/ iroorzlqj wzr

vwhsv=

0 �uvw/ irfxv rq wkh klgghq dfwlrq frqwudfw/ dqg ghwhuplqh iru doo E�c @� wkh rswlpdo uhzdug

ri zklfk h{shfwdwlrq lv wkh vpdoohvw srvvleoh1 Vxfk d wudqvihu vdwlv�hv htxdwlrq +9, zkhuh wkh

uhvhuyh xwlolw| L lv uhsodfhg e| �/ vr �qdoo| lwv h{shfwhg ydoxh htxdwhv [E@c �c w�>

0 vhfrqg/ vroyh wkh dgyhuvh vhohfwlrq sureohp/ nqrzlqj wkdw/ wkdqnv wr wkh suhfhglqj vwhs/

wkh sulqflsdo*v remhfwlyh lv qrz
]
X

E7 � [�}Ew�_w dqg wkh uhohydqw frqvwudlqwv duh �� dqg

-�1

Dv [E@c �c w� lqfuhdvhv zlwk � +dv suryhg lq wkh dsshqgl{,/ wkh kljkhvw w|sh*v sduwlflsdwlrq

frqvwudlqw elqgv/ vr �Ew�� ' �/ dqg lw lv vodfn iru wkh rwkhu w|shv/ wkdqnv wr wkh prqrwrq|

dvvxpswlrq xqghu zklfk SwE@c w� : f1 Frpsdulqj htxdwlrq +8, zlwk htxdwlrq +;, vkrzv wkdw

wkh lpsohphqwdwlrq frvw ) wxuqv lqwr [ zkhqhyhu klgghq dfwlrq dulvhv1 Vr wklv qhz frvw

ixqfwlrq hqwhuv lq wkh fdofxoxv ri rswlpdo dfwlrq1

� Wklv vhsdudwlrq uhvxow jhqhudol}hv zkdw kdsshqv lq wkh fdvh ri ulvn qhxwudolw|/ dv vwxglhg
e| Od�rqw dqg Wluroh +4<;9,/ Slfdug +4<;:, dqg Jxhvqhulh/ Uh| dqg Slfdug +4<<5,1 Lqghhg/

lpdjlqh iru d prphqw wkdw wkh sulqflsdo idfhv d ulvn qhxwudo djhqw/ zkrvh YQP xwlolw|

ixqfwlrq lv |�S1 Wdnlqj lqwr dffrxqw vxfk d olqhdulw|/ wkh lqfhqwlyh frpsdwlelolw| frqvwudlqwv

:Pruh suhflvho|/ doo wkh uhvxowv frqfhuqlqj wkh rswlpdo fkrlfh ri lqirupdwlrq vwuxfwxuhv/ iru lqvwdqfh wkh

vx!flhqw vwdwlvwlfv wkhruhp/ ru wkh frpsdulvrq ri wzr vljqdov gxh wr Nlp +4<<<,/ uhpdlq ydolg1 Lq wkh vdph

zd|/ wkh rswlpdo dxglwlqj srolf| lv qrw d�hfwhg e| klgghq nqrzohgjh +Vlqfodlu0Ghvjdjqì 4<<<,1
;Vrph sduw ri wklv surshuw| kdv douhdg| ehhq vkrzq e| Edurq dqg Ehvdqnr +4<;;, dqg Id|q}loehuj dqg

Nxpdu +4<<:,/ zkhq wkh| suryh wkdw wkh sd|phqw lqfuhdvhv zlwk wkh olnholkrrg udwlr1
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qrz ehfrph= ]
f

sE%c @Ew��|E%c w�_%� SE@Ew�c w� ' �Ew� +jL�,

��Ew� ' �Sw +j-�,
]
f

s@E%c @Ew��|E%c w�_%� S@E@Ew�c w� ' f +jU�,
EjL�� jlyhv vwudljkwiruzdugo| wkh h{shfwhg wudqvihu1 Wkh sulqflsdo*v surjudp fdq wkhq eh

uhzulwwhq dv Pd{lpl}h
]
X

E7� S� ��}Ew�_w zlwk uhvshfw wr � dqg @/ dqg vxemhfw wr j-� dqg

��1 Vr klgghq dfwlrq kdv glvdsshduhg/ dqg hyhu| uhzdug ixqfwlrq vroxwlrq ri jU� dqg jL�

lv vroxwlrq ri rxu sureohp1 Exw wklv lv h{dfwo| zkdw sursrvlwlrq 6 vwdwhv ehfdxvh xqghu ulvn

qhxwudolw|/ hyhu| sd|phqw vxfk wkdw jU� dqg jL� krog lv dq reylrxv vroxwlrq ri Kropvwuùp*v

prudo kd}dug sureohp1

� Wklv frpsdulvrq zlwk wkh fdvh ri ulvn qhxwudolw| vxjjhvwv wkdw/ dv wkh wzr prghov +KL

dqg KLKD, kdyh wkh vdph ihdwxuhv xqghu ulvn qhxwudolw|/ ulvn ehkdylru lv vxuho| wkh vrxufh

ri gl�huhqfhv1 Dv d frqvhtxhqfh wkh surshuwlhv ri ixqfwlrq [ zloo kdyh wr eh uhodwhg wr ulvn

dyhuvlrq1

� Ohw xv qrz glvfxvv wkh fkrlfh ri dfwlrq dqg frpsduh +8,/ +:, dqg +;,1 Zh kdyh douhdg|

uhpdunhg wkdw +8, dqg +;, duh lghqwlfdo/ h{fhsw wkdw ) lq htxdwlrq +8, wxuqv lqwr[ lq htxdwlrq

+;,1 Wkh �uvw whup ri htxdwlrq +;, frphv iurp wkh vxusoxv ri wkh uhodwlrq/ ehqh�w 7 plqxv

frvw [1 Wkh vhfrqg whup lv gxh wr klgghq lqirupdwlrq phfkdqlvp/ lw uhsuhvhqwv wkh uhqw

h�hfw douhdg| srlqwhg rxw lq wkh vhfrqg vhfwlrq1 D �uvw frqfoxvlrq lv wkhq dydlodeoh= ehfdxvh

ri klgghq dfwlrq/ wkh sulqflsdo kdv wr dffrxqw zlwk wkh djhqw*v ulvn ehkdylru1 Wkh ixqfwlrq

)E�� zklfk uhsuhvhqwv wkh orzhvw h{shfwhg wudqvihu qhfhvvdu| iru surylglqj wkh djhqw zlwk

dq h{shfwhg xwlolw| � xqghu shuihfw lqvxudqfh/ kdv ehhq prgl�hg lq [E@c �c w�/ wkh vlplodu

orzhvw h{shfwhg wudqvihu xqghu klgghq dfwlrq1 Pruhryhu/ frpsdulqj +:, dqg +;, vkrzv wkdw

klgghq lqirupdwlrq lqwurgxfhv wkh uhqw phfkdqlvp lq wkh prudo kd}dug prgho1
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� Ehfdxvh wkh uhqw phfkdqlvp lqgxfhv lqh!flhqf|/ zh wkhq duh deoh wr frpsduh wkh

dfwlrqv vroylqj +:, dqg +;,1 Dvvxplqj wkdw 7E@c w� � [E@c �c w� lv frqfdyh zlwk uhvshfw wr

dfwlrq/ iru w : wf/ wkh djhqw zloo h{huw pruh h�ruw xqghu prudo kd}dug +KD, +nqrzlqj wkdw

wkh sulqflsdo jlyhv klp wkh vdph h{shfwhg xwlolw| �, wkdq xqghu erwk klgghq lqirupdwlrq dqg

klgghq dfwlrq +KLKD,1 Wklv lv gxh wr wkh idfw wkdw [ ulvhv zlwk �1 Vr sd|lqj d uhqw pdnhv

wkh dfwlrq wr idoo1 Qrwh wkdw wklv surshuw| zdv douhdg| wuxh lq wkh devhqfh ri prudo kd}dug/

wkdw lv zkhq frpsdulqj shuihfw lqirupdwlrq wr dgyhuvh vhohfwlrq1

� Dv zh zloo vhh khuhdiwhu/ frpsdulqj wkh dgyhuvh vhohfwlrq dfwlrq +KL, zlwk wkh dfwlrq

xqghu klgghq lqirupdwlrq dqg klgghq dfwlrq +KLKD, lv pxfk pruh frpsoh{1 D �uvw vwhs

lq wklv gluhfwlrq lv wr xqghuvwdqg lq zkdw wkh ixqfwlrqv ) dqg [ gl�hu/ exw wkh olwhudwxuh

ghdolqj zlwk prudo kd}dug surylghv ihz lqwxlwlrqv derxw wklv ixqfwlrq1 Lq vhfwlrq 7/ zh

sursrvh dq lqwhusuhwdwlrq ri [ lq whupv ri ulvn suhplxp1 Vxfk dq dssurdfk hqoljkwhqv wkh

zrunlqj phfkdqlvpv/ dqg uhyhdov wkdw vrph zhdowk h�hfwv dsshdu lq wklv sulqflsdo0djhqw

uhodwlrqvkls1

7 Dq dssurdfk lq whup ri ulvn suhplxp

Fkdqjlqj vrph yduldeohv khosv wr suhvhqw d vlpsoh lqwhusuhwdwlrq ri wkh lpsohphqwdwlrq frvw

[1 Gh�qh wkh fhuwdlqw| htxlydohqw e dqg wkh ulvn suhplxp � ri wkh orwwhu| dvvrfldwhg zlwk

d udqgrp wudqvihu |E%�c % 5 f dqg dq dfwlrq @1 E| gh�qlwlrq zh kdyh=

�Ee� �
]
f

�E|E%��sE%c @�_% +<,

� �
]
f

|E%�sE%c @�_%� e +43,

Dv e| gh�qlwlrq ri h{shfwhg xwlolw|/ � ' �Ee� � Sc iru jlyhq dfwlrq dqg xwlolw| @E�� dqg

�E��/ rqh fdq ghgxfh wkh fruuhvsrqglqj fhuwdlqw| htxlydohqw eE��1 Uhfdoo wkdw ) lv wkh lqyhuvh

ixqfwlrq ri �c +<, jlyhv eEw� ' )E�Ew�nSE@Ew�c w��1 Dqg +43, lpsolhv wkdw
]
f
|E%�sE%c @�_% '

49



)E� n SE@c w�� n �� Wkhq plqlpl}lqj h{shfwhg wudqvihu vxemhfw wr L� dqg U� lv htxlydohqw

wr plqlpl}lqj wkh ulvn suhplxp �� Ohw �WE�c @c w� wklv plqlpl}hg ulvn suhplxp/ zh jhw=

[E@c �c w� ' )E� n SE@c w�� n �WE�c @c w� +44,

Wkh lpsohphqwdwlrq frvw +l1h1 h{shfwhg wudqvihu iru d w|sh w, lv pdgh zlwk wzr lqjuhglhqwv1

Rq wkh rqh kdqg/ wkh sulqflsdo kdv wr sd| iru wkh fhuwdlqw| htxlydohqw qhfhvvdu| wr surylgh

dq h{shfwhg xwlolw| �/ rq wkh rwkhu kdqg/ vkh pxvw uhlpexuvh wkh ulvn wkh djhqw ehduv1 Wklv

ulvn suhplxp dsshduv rqo| zkhq klgghq dfwlrq lv suhvhqw/ dqg h{lvwlqj klgghq lqirupdwlrq

rqo|/ wkh ulvn suhplxp zrxog ydqlvk1

Uhsodflqj [E@c �c w� e| lwv ydoxh lq +;, jlyhv htxdwlrq +45,=

i7@E@c w�� )�E� n S�S@ � �W

@j}Ew�� Sw@

w]
wf

E)� n�W

��}E%�_% ' f +45,

Dqg olnhzlvh/ htxdwlrq +:, ghwhuplqlqj wkh rswlpdo ghflvlrq xqghu klgghq dfwlrq ehfrphv=

i7@E@c w�� )�E� n S�S@ ��W

@j ' f +46,

Dv suhylrxvo| uhpdunhg/ wkh sulqflsdo kdv wr sd| wkh fhuwdlqw| htxlydohqw dqg wkh ulvn suh0

plxp ri dq djhqw/ vr dv ulvlqj dfwlrq iru d w|sh w d�hfwv wkh ulvn suhplxp1 Qrwh wkdw/ dv

idu dv L nqrz/ wklv lqwhusuhwdwlrq ri rswlpdo h{shfwhg wudqvihu lv qhz1 Lw vxjjhvwv wkdw wkh

rswlpdo dfwlrq frxog eh vrphwlphv kljkhu wkdq wkh shuihfw lqirupdwlrq rqh/ dffruglqj wr wkh

vljq ri �W

@1

Dq lqwxlwlrq ri wklv uhvxow lv wkh iroorzlqj1 Uhfdoo wkdw wkh ghqvlw| ixqfwlrq ri wkh vljqdo

% ghshqgv rq wkh dfwlrq/ wkdw phdqv wzr gl�huhqw dfwlrqv ohdg wr wzr gl�huhqw udqgrp ydul0

deohv/ wkhq wzr gl�huhqw lqirupdwlrq v|vwhpv1 E| fkrrvlqj wkh rswlpdo dfwlrq/ wkh sulqflsdo

ghflghv wkuhh hohphqwv ri wkh djhqf| uhodwlrqvkls= wkh frvw ohyho SE@c w�/ wkh pdujlqdo frvw

S@E@c w�/ dqg wkh ghqvlw| ri wkh udqgrp vljqdo1 Vr li lqfuhdvlqj dfwlrq lpsuryhv wkh lqirupd0

wlrq v|vwhp/ lw pljkw eh sur�wdeoh1 Zh looxvwudwh wklv lqwxlwlrq e| dq h{dpsoh khuhdiwhu1
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Frpsdulqj +9, dqg +45, vkrzv wkdw qr ulvn suhplxp lv sd|hg xqghu dgyhuvh vhohfwlrq

dorqh1 Wklv lv gxh wr wkh idfw wkdw wkh sulqflsdo shuihfwo| lqvxuhv wkh djhqw lq wklv odwwhu fdvh1

Wkh uhqw h�hfw ri htxdwlrq +8, phdvxuhg e| wkh whup
] w

wf
E)��}E%�_% dsshduv lq htxdwlrq +45,/

frq�uplqj wkh lqwxlwlrq dffruglqj wr dgyhuvh vhohfwlrq sod|v wkh vdph uroh zlwk ru zlwkrxw

klgghq dfwlrq1

Zkhq wkh wzr dv|pphwulf lqirupdwlrq vrxufhv duh pl{hg/ hylghqwo| wkhvh erwk phfkd0

qlvpv +uhqw dqg ulvn suhplxp, lqwhudfw wrjhwkhu1 Exw wkh| fuhdwh vrphwklqj qhz/ ghvljqhg

e| wkh txdqwlw|
] w

wf
�W

�}E%�_%1 Zkhq wkh sulqflsdo zdqwv wr lqfuhdvh wkh h�ruw pdgh e| dq

djhqw/ vkh kdv wr hqkdqfh wkh uhqw ri doo wkh djhqwv zkrvh w|sh lv vpdoohu1 Wklv prgl�hv

krz wkh| shufhlyh ulvn/ jhqhudwlqj d zhdowk h�hfw1 Lq rwkhu zrugv/ zkhq wkh ulvn suhplxp

ghfuhdvhv +uhvshfwlyho| lqfuhdvhv, zlwk uhqw/ ulvlqj h�ruw iru d w|sh w glplqlvkhv +lqfuhdvhv,

wkh ulvn suhplxp ri doo vpdoohu w|shv1 D nh| srlqw lv wkhq wkh vljq ri wklv wklug h�hfw1<

Wkh frpsdulvrq ehwzhhq wkh dgyhuvh vhohfwlrq dfwlrq dqg wkdw xqghu klgghq lqirupdwlrq

dqg klgghq dfwlrq ghshqgv rq wkh vljqv ri wkhvh lqirupdwlrq dqg zhdowk h�hfwv1 Dv iroorzlqj

vxevhfwlrqv frq�up/ qr jhqhudo uhvxow h{lvwv frqfhuqlqj wkh ydoxhv ri wkhvh vljqv/ zklfk pd|

eh vrphwlphv srvlwlyh ru vrphwlphv qhjdwlyh1 Erwk lqirupdwlrq h�hfw +�W

@, dqg zhdowk h�hfw

+�W

�, kdyh dq lqghwhuplqdwh vhqvh1 Uhpdun wkdw wr rewdlq vxfk �qglqjv/ zh rqo| qhhg vrph

frxqwhu0h{dpsohv/ suhvhqwhg khudiwhu1

714 H{dpsoh 4

Dvvxph wkdw wkh djhqw*v YQP xwlolw| ixqfwlrq lv �E|� ' |�*21 Wklv qxphulfdo h{dpsoh ri

wkh prudo kd}dug olwhudwxuh zdv �uvw ghyhorshg e| Kropvwuùp +4<:<,1 Wdnlqj lqwr dffrxqw

htxdwlrqv ES�/ EL�� dqg EU��/ d vlpsoh dojheud ohdgv wr uhzulwh [ dv=

[E@c �c w� ' E� n S�2 n
S2@
UE@�

zkhuh UE@� '
]
sE%c @�E

s@E%c @�

sE%c @�
�2_%

<Wklv wklug h�hfw lv srlqwhg rxw e| Edurq dqg Ehvdqnr +4<;;,/ hyhq li dq lqwhusuhwdwlrq lq whupv ri ulvn

suhplxp lv qrw pdgh1
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dqg wkhq wkh ulvn suhplxp htxdwhv=

�WE@c �c w� '
S2@
UE@�

Wkh rswlpdo vfkhphv ghshqgv rq wkh uhvhuyh xwlolw| �/ rq surgxfwlrq frvw/ dqg rq Ilvkhu*v

lqirupdwlrq lqgh{ UE@�� Wkh pruh lqirupdwlyh +lq Ilvkhu*v vhqvh, lv wkh vljqdo/ wkh vpdoohu

zloo eh wkh yduldqfh ri wkh djhqw*v xwlolw| dv d ixqfwlrq ri %/ dqg vpdoohu wkh ulvn suhplxp1

Lqfuhdvlqj wkh h�ruw kdv wzr frqvhtxhqfhv= dv wkh djhqw*v pdujlqdo surgxfwlrq frvw ulvhv/

wkh rswlpdo uhzdug pxvw ehfrph pruh lqfhqwlyh/ vr wkh djhqw zloo jhw d ulvnlhu vfkhph1 Exw

shukdsv d kljkhu h�ruw lpsuryhv +ru grhv qrw lpsuryh, dydlodeoh lqirupdwlrq43= wklv lqiru0

pdwlrq h�hfw lv fdswxuhg e| Ilvkhu*v lqirupdwlrq lqgh{1 Wdnlqj wkh ghulydwlyh ri �WE@c �c w�

zlwk uhvshfw wr dfwlrq jlyhv=

�W

@ '
S@

UE@�2
i2S@@UE@�� S@U

�E@�j�

Wkhq/ �WE@c �c w� pd| ghfuhdvh zlwk dfwlrq li UE@� lqfuhdvhv txlfno| zlwk lw1 Exw wkh frqyhuvh

pd| dovr dulvh1 Dv d frqvhtxhqfh/ zkhq �W

@ 	 f/ wkh rswlpdo dfwlrq xqghu prudo kd}dug zloo

eh kljkhu wkdq wkh shuihfw lqirupdwlrq rqh +zklfk lv gh�qhg e| 7@ ' )�E� n S�S@,1 Lq vxfk

d fdvh wkh djhqw zloo h{huw pruh h�ruw xqghu klgghq dfwlrq dqg lqirupdwlrq +KLKD, wkdq

xqghu dgyhuvh vhohfwlrq +KL,/ dw ohdvw iru vrph lqwhuydov ri w|shv1

715 H{dpsoh 5

Uhfdoo wkdw wkh rswlpdo dfwlrq xqghu erwk klgghq dfwlrq dqg klgghq lqirupdwlrq ghshqgv

dovr rq wkh yduldwlrq ri �WE�c @c w� zlwk uhvshfw wr �1 Exw wkh vljq ri wklv ghulydwlyh pd| eh

srvlwlyh ru qhjdwlyh/ dv ohppd 7 vkrzv1

43Nlp +4<<8, frpsduhv wzr vljqdov iru wkh vdph dfwlrq1 Wkh nh| srlqw khuh lv wkh idfw wkdw wzr dfwlrqv d4

dqg d5 fuhdwh wzr gl�huhqw udqgrp yduldeohv [4 dqg [5> zklfk kdyh wkh vdph vxssruw exw gl�huhqw ghqvlwlhv

i+{> d4, dqg i+{> d5,1
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Ohppd 7 Li �E����2 � ������ : f +uhvshfwlyho| '/ 	,c�WE�c @c w� lqfuhdvhv +lv frqvwdqw/ gh0

fuhdvhv, zlwk �1

Qrwh wkdw wkh frqglwlrq �E����2 � ������ : f fdq dovr eh h{suhvvhg dv 4 	 �-c zkhuh

4 '
�����

���
lv wkh devroxwh suxghqfh lqgh{ dqg - wkdw ri devroxwh ulvn dyhuvlrq1 Vxfk d

frqglwlrq riwhq dsshduv lq kd}dug prudo prghov +vhh Vlqfodlu0Ghvjdjqì +4<<<, ru Wklhoh

dqg Zdpedfk +4<<<, iru lqvwdqfh,1 Qrwh pruhryhu wkdw wkh ghulydwlyh ri - zlwk uhvshfw wr

zhdowk lv -� ' -E- � 4�/ vr li xwlolw| lv �U�-�/ wkh frqglwlrq - � 4 dozd|v krogv�44 Rqh

lqwhusuhwdwlrq ri wklv frqglwlrq frxog eh wkh iroorzlqj= li suxghqfh lv qrw wrr kljk uhodwlyh

wr ulvn dyhuvlrq/ lqfuhdvlqj uhvhuyh xwlolw| ohdgv wr sursrvh d ulvnlhu vfkhph1

Wklv uhvxow fdq eh frpsduhg wr Wklhoh dqg Zdpedfk +4<<<,1 Lq d klgghq dfwlrq prgho

zlwkrxw xvlqj �uvw rughu dssurdfk/ wkh| suryh wkh sulqflsdo*v lpsohphqwdwlrq frvw lqfuhdvhv

zlwk wkh djhqw*v sulydwh zhdowk zkhqhyhu 4 � �-1 Wkh sulqflsdo wkhq glvolnhv idflqj d ulfk

djhqw45/ ru lq rwkhu zrugv �WE�c @c w� ghfuhdvhv zlwk �1

Qrwh wkdw hyhq lq wklv fdvh/ wkh wudgh0r� ehwzhhq uhqw dqg h!flhqf| qhyhu ydqlvkhv/

ehfdxvh wkh vxp ri wkh uhqw h�hfw dqg wkh lqirupdwlrq h�hfw lv dozd|v srvlwlyh1 Exw ohppd

6 frq�upv wkdw wkh zhdowk h�hfw fdq sod| zlwk ru djdlqvw wkh uhqw skhqrphqrq1

Zkhq wkh devroxwh suxghqfh lqgh{ lv kljk hqrxjk +uhodwlyh wr wkdw ri ulvn dyhuvlrq/

4 : �-,/ wkh zhdowk h�hfw zrunv djdlqvw wkh uhqw phfkdqlvp= ulvlqj dfwlrq lqfuhdvhv wkh

vpdoohvw w|shv* uhqw dv d frqvhtxhqfh/ exw uhgxfhv wkhlu ulvn suhplxp1 Vxusulvlqjo|/ lw lv wkhq

44Iru d frqvwdqw uhodwlyh ulvn dyhuvlrq xwlolw| ixqfwlrq/ x+w, @
z�

�
> wkh sdudphwhu ri ulvn dyhuvlrq lv 4�� A

3> +U @
4� �

z
, dqg � lqfuhdvhv zlwk y li � ?

4

5
dqg ghfuhdvhv li qrw1 Iru x+w, @ orj w ru x+w, @ �h{s+�uw,/

� dozd|v lqfuhdvhv zlwk y=
45Wklv dqdorj| fdq eh uhdg dv iroorzv1 Frqvlghu h+�, dv d sulydwh h{rjhqrxv uhyhqxh dqg ohw w+{, wkh djhqw*v

zhdowk iru dq rxwfrph {/ wkh h{shfwhg sd|phqw lv wkhq htxdo wr
]

[

w+{,i+{> d,g{� h+�, zklfk lv rxu ulvn

suhplxp= Lq d vwdqgdug klgghq dfwlrq prgho/ plqlpl}lqj wkh ulvn suhplxp zrxog wkhq eh wkh sulqflsdo*v

remhfwlyh zkhq vkh idfhv dq djhqw zkr kdv d sulydwh uhyhqxh h= Qrwh wkdw rxu ohppd 6 jhqhudol}hv Wklhoh

dqg Zdpedfk uhvxow wr wkh fdvh zkhuh � A 6U/ rq frqglwlrq wkdw wkh �uvw rughu dssurdfk dssolhv1
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srvvleoh wkdw lqwurgxflqj klgghq dfwlrq lq dq dgyhuvh vhohfwlrq prgho doohyldwhv wkh sureohp

ri xqghusurgxfwlrq1

Wklv uhvxow fdq eh frqqhfwhg wr Vlqfodlu0Ghvjdjqì +4<<<,/ zkr vwxglhv d klgghq dfwlrq

prgho lq d pxowlwdvn dqg dxglwlqj frqwh{w1 Pruh suhflvho|/ wkh sulqflsdo revhuyhv d udqgrp

vljqdo derxw rqh wdvn dqg kdv wr sd| wr rewdlq lqirupdwlrq derxw wkh vhfrqg dfwlrq1 Vlqfodlu0

Ghvjdjqì dujxhv wkdw dq dxglwlqj surfhgxuh lqwurgxfhv d nlqg ri frpsohphqwdu| ehwzhhq wkh

wzr wdvnv/ vroylqj lq vxfk d zd| wkh sureohp ri orz srzhuhg lqfhqwlyhv vfkhphv xqghuolqhg e|

Kropvwuùp dqg Plojurp +4<<4,1 Wklv phfkdqlvp dulvhv zkhq 4 : �-1 Iru wkh vdph uhdvrq/

wklv uhpdun dssolhv wr rxu prgho1 Dv d pdwwhu ri idfw/ w|sh dqg h�ruw duh vxevwlwxwhv lq rxu

iudphzrun46/ dv wkh wzr wdvnv lq Vlqfodlu0Ghvjdjqì1 Wkdw phdqv wkdw sd|lqj iru rqh hohphqw

+uhyhodwlrq ri w|sh iru lqvwdqfh, uhgxfhv wkh lqfhqwlyh frvw ri wkh rwkhu rqh +fkrrvlqj wkh

uljkw dfwlrq,1 Vr wkh wudgh0r� ehwzhhq uhqw dqg h!flhqf| lv frxqwhuedodqfhg e| wkh wudgh0r�

ehwzhhq lqvxudqfh dqg h!flhqf|/ ehfdxvh d kljkhu uhqw pdnhv lqvxudqfh ohvv h{shqvlyh +lq

lqfhqwlyh whupv,1 Dowkrxjk/ qrwh wkdw zkhq vxfk d phfkdqlvp vxffhhgv lq lqfuhdvlqj h�ruw/

lw ulvhv uhqw lq wkh vdph wlph uhodwlyh wr dgyhuvh vhohfwlrq $

Zkhq frqyhuvho| suxghqfh lv orz hqrxjk +uhodwlyh wr ulvn dyhuvlrq/ 4 	 �-,/ wkh zhdowk

h�hfw zrunv zlwk wkh uhqw phfkdqlvp1 Dv d kljkhu uhqw pdnhv lqvxudqfh pruh h{shqvlyh/ wkh

wzr wudgh0r�v ehwzhhq uhqw dqg h!flhqf| rq rqh kdqg dqg lqvxudqfh dqg h!flhqf| rq wkh

rwkhu kdqg jr lq wkh vdph gluhfwlrq1 Vxusulvlqjo| zkhq wklv phfkdqlvp |lhogv lq uhgxflqj

h�ruw/ dv d frqvhtxhqfh wkh uhqw lv dovr uhgxfhg +uhodwlyh wr dgyhuvh vhohfwlrq,$ Lq wklv odwwhu

fdvh wkh djhqw zrxog jhw d orzhu uhqw zkhq kh frqwurov klv dfwlrq udwkhu wkdq zkhq wkh

sulqflsdo prqlwruv lw1

Wkh wzr h�hfwv ghvfulehg lq wkh wzr suhylrxv odvw vxevhfwlrqv dulvlqj wrjhwkhu/ d frqfox0

vlrq frpsdulqj wkh dfwlrqv ri wkh wzr klgghq lqirupdwlrq prghov/ zlwk dqg zlwkrxw klgghq

dfwlrq/ lv lpsrvvleoh lq d jhqhudo frqwh{w1 Lq vrph h{dpsohv/ wkh dgyhuvh vhohfwlrq dfwlrq zloo

46Wklv lv gxh wr wkh vlqjoh furvvlqj zklfk dvvxphv wkdw f�d A 3=

54



eh irxqg kljkhu wkdq wkh ghflvlrq xqghu erwk klgghq dfwlrq dqg klgghq lqirupdwlrq/ exw

wkh frqyhuvh zloo dsshdu lq rwkhu frqwh{wv1 Zkdw kdsshqv lq wklv prgho lv wrwdoo| gxh wr wkh

lqwhudfwlrq ri zhdowk dqg lqirupdwlrq h�hfwv1

8 Frqfoxvlrq

Iluvw ohw xv surylgh d vxppdu| ri rxu uhvxowv1

Xqghu wkh vhsdudelolw| dvvxpswlrqv pdgh e| prvw sdshuv ghdolqj zlwk klgghq dfwlrq/

zh dsso| wkh �uvw rughu dssurdfk wr rxu klgghq dfwlrq dqg klgghq lqirupdwlrq frqwh{w1

Wkdw phdqv zh ljqruh wkh vhfrqg rughu frqglwlrqv/ dvvxplqj wkdw wkh| duh vdwlv�hg e| wkh

rswlpdo frqwudfw1 Zh revhuyh wkdw wkh djhqw*v uhqw ghshqgv rqo| rq dfwlrq dqg w|sh1 Dv

d frqvhtxhqfh/ iru d jlyhq dfwlrq/ wkh dgyhuvh vhohfwlrq uhqw lv qrw d�hfwhg e| lqwurgxflqj

klgghq dfwlrq/ dqg wkh rswlpdo uhzdug lv h{dfwo| wkh rqh ri d klgghq dfwlrq prgho/ lq zklfk

wkh djhqw*v uhvhuyh xwlolw| lv uhsodfhg e| klv dgyhuvh vhohfwlrq uhqw1 Wklv sohdvdqw vhsdudwlrq

uhvxow kdv d orw ri frqvhtxhqfhv/ ehfdxvh doo wkh surshuwlhv ri klgghq dfwlrq frqwudfwv vwloo

krog zkhq erwk vrxufhv ri dv|pphwulf lqirupdwlrq duh suhvhqw1 Rqo| rswlpdo dfwlrqv wkhq

gl�hu1

Wklv rswlpdo dfwlrq lv ghhso| d�hfwhg e| zhdowk h�hfwv1 Zh dgrsw dq dssurdfk lq whupv

ri ulvn suhplxp wr h{sodlq wkh fkdudfwhulvwlfv ri wkh h{shfwhg rswlpdo wudqvihu lq rxu prgho1

Lw lv wkh vxp ri wzr whupv/ wkh uhqw rq rqh kdqg/ dqg d ulvn suhplxp rq wkh rwkhu kdqg zklfk

uh hfwv wkh idfw wkdw wkh djhqw ehduv vrph ulvn1 Ghshqglqj rq wkh djhqw*v xwlolw| ixqfwlrq/ lw

ehfrphv srvvleoh wkdw lqfuhdvlqj uhqw glplqlvkhv wklv ulvn suhplxp/ ru frqyhuvho| lqfuhdvhv

lw1 Wklv lqwhudfwlrq pdnhv d jhqhudo frqfoxvlrq xqihdvleoh1

Pdq| txhvwlrqv duh ohiw rshq lq wklv duhd1 Lq sduwlfxodu/ rqh fdq zrqghu derxw wkh uroh

ghyrwhg wr vhsdudelolw|1 Lq dq dgyhuvh vhohfwlrq vlwxdwlrq/ sd|lqj wkh djhqw d uhqw lv d zd|

wr uhlpexuvh klp wkh surgxfwlrq frvw kh vxssruwv1 Lv lw uhdvrqdeoh wr dvvxph wkdw sd|lqj d

uhqw jhqhudwhv d zhdowk h�hfw zkhq jhwwlqj d kljkhu frvw grhv qrwB Vr lw zrxog eh lpsruwdqw
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lq ixwxuh uhvhdufk wr xqghuvwdqg krz rxu frqfoxvlrqv duh prgl�hg zkhq wkh djhqw*v xwlolw|

ixqfwlrq lv qrw vhsdudeoh zlwk uhvshfw wr dfwlrq dqg wudqvihu1 Lq wklv fdvh/ zh nqrz wkdw

lw lv srvvleoh wkdw wkh sduwlflsdwlrq frqvwudlqw lv qrw elqglqj dw wkh rswlpxp lq wkh prudo

kd}dug prgho/ vr wkdw lq rughu wr glplqlvk ulvn suhplxp/ sulqflsdo frxog suhihu wkdw wkh

djhqw uhfhlyhv d uhqw1 Wzr uhqwv zrxog wkhq dsshdu/ rqh gxh wr dgyhuvh vhohfwlrq dqg wkh

rwkhu wr prudo kd}dug1 Xqghuvwdqglqj krz wkhvh wzr uhqwv lqwhudfw zrxog vxuho| surylgh

vrph qhz hohphqwv wr wklv sureohp1

9 Dsshqgl{

914 Surri ri ohppd 4

Gh�qh

T E6c @c w� �
]
f

LE|E%c6��sE%c @�_%� SE@c w�

E| gh�qlwlrq 4/ d sur�oh ri xwlolw| �Ew� ' T Ewc @Ew�c w� dqg dfwlrq @Ew� lv lpsohphqwdeoh xqghu

dgyhuvh vhohfwlrq li ;w 5 X zh kdyh T Ewc @Ew�c w� � T E6c @E6�c w�c ;6 5 X� Wklv lqhtxdolw|

lpsolhv wkdw wkh ixqfwlrq ri 6/ \E6c w� ' T E6c@E6�c w� lv pd{lpxp zkhq 6 ' wc dqg

wkh qhfhvvdu| frqglwlrqv ri rswlpdolw| jlyhv xv \6Ewc w� ' f dqg \66Ewc w� � f iru hyhu|

w 5 X� Wdnlqj wkh ghulydwlyh ri �Ew� ' \Ewc w� zlwk uhvshfw wr w dqg xvlqj wkh �uvw rughu

frqglwlrqv jlyhv xv

��Ew� ' \wEwc w� ' TwEwc @Ew�c w� ' �SwE@Ew�c w� +47,

Wkh vhfrqg rughu frqglwlrqv fdq eh zulwwhq \6wEwc w� � fc ru �SwE@Ew�c w�@
�Ew� � f�

E| gh�qlwlrq 6/ zkhq klgghq dfwlrq dqg dgyhuvh vhohfwlrq duh suhvhqw wrjhwkhu/ d sur�oh ri

xwlolw| �Ew� ' T Ewc @Ew�c w� dqg dfwlrq @Ew� lv lpsohphqwdeoh li ;w 5 X zh kdyh T Ewc @Ew�c w� �
T E6c @c w�c;6 5 Xc;@ 5 �� Wklv lqhtxdolw| lpsolhv wkdw wkh ixqfwlrq ri 6 dqg d T E6c @c w�

lv pd{lpxp zlwk uhvshfw wr 6 dqg @ zkhq 6 ' w dqg @ ' @Ew�c vr wkh �uvw rughu qhfhvvdu|
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frqglwlrqv ri rswlpdolw| jlyh xv

T6Ewc @Ew�c w� ' f dqg T@Ewc @Ew�c w� ' f� +48,

dqg e| wkh vhfrqg rughu frqglwlrqv zh kdyh/

T@@Ewc @Ew�c w� � f +49,

T66Ewc @Ew�c w�T@@Ewc @Ew�c w�� ET@6Ewc @Ew�c w��
2 � f� +4:,

Dv htxdwlrqv +48, dqg +47, krog zkdwhyhu wc wdnlqj wkhlu ghulydwlyhv zlwk uhvshfw wr w jlyhv=

T66Ewc @Ew�c w� n T6@Ewc @Ew�c w�@
�Ew� n T6wEwc @Ew�c w� ' f

T@6Ewc @Ew�c w� n T@@Ewc @Ew�c w�@
�Ew� n T@wEwc @Ew�c w� ' f

Xvlqj wkhvh irupxodv dqg wkh idfw wkdw Tw6E6c @c w� ' f wr vlpsoli| +4:, ohdgv wr/ diwhu d

olwwoh dojheud=

T66T@@ � ET@6�
2 ' T@6T@w +4;,

' S@wdT@@@
� � S@wo � f�

dqg �qdoo| wkh vhfrqg rughu frqglwlrqv duh E�S� dqg E�H��

915 Surri ri ohppd 5

Fkdqjlqj wkh yduldeohv �E%c w� ' LE|E%c w�� ohdgv wr dq xwlolw| frqvwudlqw=

]
f

�E%c w�sE%c @�_%� SE@c w� ' �

dqg wkh sulqflsdo*v remhfwlyh ehfrphv=

M '
]
X

}Ew�d7E@Ew�c w��
]
f

)E�E%c w��sE%c @Ew��_%o_w
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Dvvxph wkdw wkh sulqflsdo grhv qrw surylgh shuihfw lqvxudqfh/ wkhq/ dv )�� : fc zh kdyh

]
f

)E�E%c w��sE%c @Ew��_% : )E
]
f

�E%c w�sE%c @Ew��_%� ' )E� n S��

Vr/ r�hulqj wr wkh djhqw wkh wudqvihu |E%c w� ' )E� n S�c ;% 5 f lqfuhdvhv wkh sulqflsdo*v

remhfwlyh/ khqfh d frqwudglfwlrq1 Wkh rswlpdo frqwudfw xqghu dgyhuvh vhohfwlrq lv wkhq d

shuihfw dvvxudqfh rqh/ wkdw lv |E%c w� ' |Ew�c % 5 f�

Pruhryhu/ dv ) lv lqfuhdvlqj/ wkh sduwlflsdwlrq frqvwudlqw lv elqglqj dw wkh wrs �Ew�� '

L 1 Wkh qhfhvvdu| rswlpdolw| frqglwlrq +vhh iru h{dpsoh Khvwhqhv 4<99, vwdwhv wkdw wkhuh

h{lvwv d pxowlsolhu 4Ew�c zlwk 4Ewf� ' fc dqg d Kdplowrqldq ixqfwlrq M ' i7E@c w� � )E� n

SE@c w��j}Ew� � 4Sw vxfk wkdw wkh rswlpdo vroxwlrq vdwlv�hv 4� ' �YM

Y�
' )�E� n SE@c w��}Ew�

dqg @Ew� pd{lpl}hv M/ wkdw lv=

i7@E@c w�� )�E� n SE@c w��S@j}Ew�� 4Sw@ ' f

Lqwhjudwlqj 4� ohdgv wr 4Ew� '
] w

wf
)�E�E+�� SE@E+�c +��}E+�_+ dqg uhsodflqj 4Ew� e| lwv ydoxh

lq wkh deryh frqglwlrq gh�qlqj wkh rswlpdo h�ruw jlyhv htxdwlrq +8,1

916 Surri ri sursrvlwlrq 6

Ohw �WEw�c @WEw�c |WE%c w� wkh vroxwlrq ri wkh jhqhudo irup ri �MUM� gh�qhg lq vhfwlrq 51

Ghqrwh e� E@c �c w� wkh klgghq dfwlrq surjudp/ zkhq wkh sulqflsdo idfhv dq djhqw zkrvh

w|sh lv w dqg zdqwv wr jlyh klp dq h{shfwhg xwlolw| htxdo wr �1 Wkh sulqflsdo kdv wr ghwhu0

plqdwh wkh uhzdug ixqfwlrq zklfk plqlpl}hv wkh h{shfwhg wudqvihu
]
f
sE%c @�|E%�_% vxemhfw

wr L� dqg U�1

Ohw e|E%c wc @c ��/ % 5 f wkh vroxwlrq ri e� E@c �c w� dqg [E@c �c w� wkh h{shfwhg rswlpdo

wudqvihu
]
f
sE%c @�e|E%c wc @c ��_%1 E| gh�qlwlrq zh nqrz wkdw

]
X

}Ew�[E@WEw�c �WEw�c w�_w �
]
X

}Ew�
]
f

sE%c @WEw��|E%c w�_%_w
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iru hyhu| ixqfwlrq | zklfk vdwlv�hv U� hw �� hydoxdwhg iru �W dqg @W�

Ohw xv dvvxph wkdw wkh rswlpdo vroxwlrq lv vxfk wkdw

]
l

}Ew�[E@WEw�c �WEw�c w�_w 	
]
l

}Ew�
]
f

sE%c @WEw��|WE%c w�_%_w

iru dq lqwhuydo l � X zlwk srvlwlyh phdvxuh1 Lw lv wkhq srvvleoh wr prgli| wkh rswlpdo

wudqvihu |WE%c w�c % 5 f lq wklv lqwhuydo dqg wr uhsodfh lw e| e|E%c wc @Wc �W�/ % 5 f� Wklv qhz

uhzdug ixqfwlrq vdwlv�hv doo wkh frqvwudlqwv ri wkh surjudp �U� � Vxfk d prgl�fdwlrq lv wkhq

srvvleoh dqg lqfuhdvhv wkh sulqflsdo*v h{shfwhg xwlolw|/ vr d frqwudglfwlrq1

Li wkhuh h{lvwv dq lqwhuydo l � X lq zklfk |WE%c w�c % 5 f lv gl�huhqw iurp e|E%c wc @Wc �W�/

% 5 f wkhq

]
l

}Ew�[E@WEw�c �WEw�c w�_w '
]
l

}Ew�
]
f

sE%c @WEw��|WE%c w�_%_w

dqg vr |WE%c w�c % 5 f lv d vroxwlrq ri e� E@WEw�c �WEw�c w�1 Lq dgglwlrq/ hyhu| wudqvihu |E%c w� '

e|E%c wc @Wc �W� iru w 5 l� � l dqg |E%c w� ' |WE%c w� iru w 5 X� l� lv d vroxwlrq ri �U��

� Ohw xv �uvw suryh qrz wkdw [ lqfuhdvhv +vwulfwo|, zlwk �1 Dv lq wkh erg| wh{w/ gh�qh=

r � �E|�� S� � dqg �Ee� � � n SE@c w�c ru htxlyhqwo| | ' )Ern Sn �� dqg e ' )ESn ���

U� dqg L� fdq qrz eh h{suhvvhg dv ixqfwlrqv ri r =

]
f

rE%c w�s@E%c @�_% ' S@E@c w� EU�
�� dqg

]
f

rE%c w�sE%c @�_% ' f EL� ��

Pruhryhu/ dv e| gh�qlwlrq ri fhuwdlqw| htxlydohqw e dqg ulvn suhplxp� zh kdyh e �
]
|s��c

zh fdq ghgxfh wkdw

]
|s ' en� ' )E� n S� n � '

]
f

)E� n Sn r�sE%c @�_%

Fkdqjlqj wkh yduldeoh | lq r surylghv d qhz zulwlqj ri wkh prudo kd}dug surjudp e� E@c �c w�1

Wkh sulqflsdo kdv wr fkrrvh rE%c w�c % 5 f zklfk plqlpl}hv
]
f
)E�n Snr�sE%c @�_% vxemhfw
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wr U� � dqg L�
�

1 Ghqrwlqj e| rWE%c �c @�c % 5 f wkh vroxwlrq ri wklv surjudp/ zh kdyh =

[E�c @c w� '
]
f

)E� n Sn rW�sE%c @�_%

Qrwh wkdw ehfdxvh wkh frqvwudlqwv U� � dqg L� � gr qrw ghshqg rq �/ zh kdyh li � 	 e�
[E�c @c w��[Ee�c @c w�

�
]
f

)E� n Sn rWE%c e�c @c w��sE%c @�_%�
]
f

)Ee� n Sn rWE%c e�c @c w��sE%c @�_%
	 f

vlqfh rWE�c e�c @c w� lv srvvleoh zkhq wkh h{shfwhg xwlolw| ri wkh djhqw lv � dqg ) vwulfwo| lq0

fuhdvhv1 Vr [ lqfuhdvhv zlwk �1

�Nqrzlqj wkh ixqfwlrq[/ �MUM� fdq eh uhzulwwhq dv= wkh sulqflsdo pd{lpl}hv
]
X

i7E@c w��
[E�c @c w�j}Ew�_w zlwk uhvshfw wr �E�� dqg @E��/ vxemhfw wr -� � dqg �� +�Ew� � �,1 Wklv sur0

judp lv d yhu| vwdqgdug klgghq lqirupdwlrq rqh1

Wkdqnv wr wkh prqrwrq| dvvxpswlrq Sw : fc �Ew� ghfuhdvhv zlwk w dqg wkhq wkh sduwlf0

lsdwlrq frqvwudlqw lv vdwlv�hg li dqg rqo| li �Ew�� � � 1 Pruhryhu/ lqwhjudwlqj wkh uhyhodwlrq

frqvwudlqw ohdgv wr �Ew� ' �Ew��n
] w�

w
SwE@E+�c +�_+1 Vr d glplqxwlrq ri �Ew�� zlwkrxw fkdqj0

lqj wkh vkdsh ri �/ zkhq lw lv srvvleoh/ lqfuhdvhv wkh h{shfwhg sulqflsdo*v zhoiduh/ dqg vr

wkh sduwlflsdwlrq frqvwudlqw lv elqglqj dw wkh rswlpxp vr �Ew�� ' �1 Wdnlqj lqwr dffrxqw

wklv uhvxow ohdgv wkhq wr vroyh dv lq ohppd 5 d g|qdplf rswlpl}dwlrq surjudp zlwk d vwdwh

yduldeoh � dqg d frqwuro rqh @/ wkh lqlwldo frqglwlrq ehlqj vodfn1 Wkhuh h{lvwv d pxowlsolhu

4Ew�c zlwk 4Ewf� ' fc dqg d Kdplowrqldq ixqfwlrq M ' i7E@c w�� [E�c @c w�j}Ew�� 4Sw vxfk

wkdw wkh rswlpdo vroxwlrq vdwlv�hv 4� ' �YM

Y�
' [�E�c @c w�}Ew� dqg @Ew� pd{lpl}hv M/ wkdw

lv=

i7@E@c w��[@E�c @c w�j}Ew�� 4Sw@ ' f

Lqwhjudwlqj 4� ohdgv wr 4Ew� '
] w

wf
[�E�c @c +�}E+�_+ dqg uhsodflqj 4Ew� e| lwv ydoxh lq wkh

deryh frqglwlrq gh�qlqj wkh rswlpdo h�ruw jlyhv xv htxdwlrq +;,1
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917 Surri ri Ohppd 7

Zh nqrz wkdw=

�WE�c @c w� '
]
f

)E� n Sn rW�sE%c @�_%� )E� n S�

Dv wkh frqvwudlqwv U� � dqg L� � deryh gr qrw ghshqg rq �/ dsso|lqj wkh hqyhors wkhruhp wr

wkh Odjudqjldq jlyhv=

Y�WE�c @c w�

Y�
'

]
f

)�E� n Sn rW�sE%c @�_%� )�E� n S�

Li )��� : f/ )� lv frqyh{ dqg
Y�WE�c @�

Y�
: fc vlqfh

]
f
)�E� n S n rW�sE%c @�_% : )�E� n S n]

f
rWsE%c @�_%� ' )�E� n S�� Olnhzlvh/ zh rewdlq wkdw li )��� 	 E'�f wkhq

Y�WE�c @�

Y�
	 E'�f1

Frqvlghu qrz wkh frqyh{lw| ri ��1 Dv ) lv wkh lqyhuvh ixqfwlrq ri �/ e| gh�qlwlrq )E�E%�� '

%c ;% 5 f 1 Wdnlqj wkh ghulydwlyh ri wklv h{suhvvlrq wkuhh wlphv zlwk uhvshfw wr % ohdgv wr

)�E�E%����E%� ' �c wkhq )
��

E���2 n )��
��

' f dqg �qdoo| )���E���� n �)
��

����� n )����� ' f1

Wkxv )��� kdv wkh vdph vljq wkdq �E�)
��

����� n )������1 Dv lq dgglwlrq �)
��

������� n )������� '

)�E��E����2 n ������� zh fdq frqfoxgh wkdw )��� kdv wkh vdph vljq wkdq ��E����2 n �������

Uhihuhqfhv

^4` Edurq G1 dqg G1 Ehvdqnr= �Prqlwrulqj/ prudo kd}dug/ dv|pphwulf lqirupdwlrq/ dqg

ulvn vkdulqj lq surfxuhphqw frqwudfwlqj�/ Udqg Mrxuqdo ri Hfrqrplfv/Zlqwhu 4<;:/ yro

4;/ 7/ 83<08651

^5` Edurq G1S1 dqg U1 P|huvrq= �Uhjxodwlqj d prqrsrolvw zlwk xqnqrzq frvwv�/ Hfrqr0

phwulfd/ 4<;5/ 83/ <440<631

^6` Fdloodxg E1/ Jxhvqhulh U1 dqg S1 Uh|= �Qrlv| revhuydwlrq lq dgyhuvh vhohfwlrq prghov�/

Uhylhz ri Hfrqrplf Vwxglhv/ 4<<5/ 8</ 8<809481

5;



^7` Fkdvvdjqrq D1/ dqg S1D1 Fkldssrul= �Lqvxudqfh xqghu prudo kd}dug dqg dgyhuvh vhohf0

wlrq= wkh fdvh ri sxuh frpshwlwlrq�/ plphr Ghowd/ 4<<:1

^8` Fkldssrul/ S1D1 Mxoolhq E1/ Vdodqlì E1 dqg I1 Vdodqlì= �Dv|pphwulf lqirupdwlrq lq

lqvxudqfh= d urexvw fkdudfwhul}dwlrq� Plphr 53341

^9` Id|q}loehuj S1 dqg S1 Nxpdu= �Rswlpdo frqwudfwlqj ri vhsdudeoh surgxfwlrq whfkqror0

jlhv�/ Jdphv dqg Hfrqrplf Ehkdylru/ 4<<:/ 54/ 4806<1

^:` Jurvvpdq V1 dqg R1 Kduw= �Dq dqdo|vlv ri wkh Sulqflsdo0Djhqw sureohp�/ Hfrqrphwulfd/

4<;6/ 84/:0781

^;` Jxhvqhulh U1/ S1 Slfdug dqg S1 Uh|= �Dgyhuvh vhohfwlrq dqg prudo kd}dug zlwk ulvn

qhxwudo djhqwv�/ Hxurshdq Hfrqrplf Uhylhz 66/ 4<;;/ ;3:0;561

^<` Jxhvqhulh U1 dqg M1M1 Od�rqw= �D frpsohwh vroxwlrq wr d fodvv ri sulqflsdo0djhqw sure0

ohpv zlwk dq dssolfdwlrq wr wkh frqwuro ri d vhoi pdqdjhg �up�/ 4<;7/ Mrxuqdo ri Sxeolfv

Hfrqrplfv/ 58/ 65<06:31

^43` Khvwhqhv P1= �Fdofxoxv ri yduldwlrqv dqg rswlpdo frqwuro wkhru|�/ 4<99/ Urehuw H1

Nulhjhu sxeolvklqj Fr1Qhz \run1

^44` Kropvwuùp/ E= �Prudo Kd}dug dqg revhuydelolw|�/ Ehoo Mrxuqdo ri Hfrqrplfv/ 4<:</ 43/

:<0<41

^45` Kropvwuùp/ E1 dqg Plojurp S1= �Pxowlwdvn Sulqflsdo0Djhqw Dqdo|vhv= Lqfhqwlyhv Frq0

wudfwv/ Dvvhw Rzqhuvkls dqg Mre Ghvljq�/ Mrxuqdo ri Odz/ Hfrqrplfv dqg Rujdql}dwlrq/

4<<4/ :/570841

^46` Mxoolhq E1/ Vdodqlì E1 dqg I1 Vdodqlì= �Vfuhhqlqj Ulvn Dyhuvh Djhqwv xqghu Prudo

Kd}dug�/ 5334/ plphr LGHL Wrxorxvh1

5<



^47` Nlp V1N1= �H!flhqf| ri dq lqirupdwlrq v|vwhp lq dq djhqf| prgho�/ Hfrqrphwulfd/

yro 96/ Mdqxdu| 4<<8/ 4/;<04351

^48` Od�rqw M1 M1 dqg M1 Wluroh= �Xvlqj frvw revhuydwlrq wr uhjxodwh �upv�/ Mrxuqdo ri

Srolwlfdo Hfrqrp|/ 4<;9/ <7/ 94709741

^49` P|huvrq U1= �Lqfhqwlyh frpsdwlelolw| dqg wkh edujdlqlqj sureohp�/ Hfrqrphwulfd/ 4<:</

7:/ 940:61

^4:` P|huvrq U1= �Rswlpdo frruglqdwlrq lq jhqhudol}hg sulqflsdo0djhqw sureohpv�/ 4<;5/

Mrxuqdo ri Pdwkhpdwlfdo Hfrqrplfv/ 9:0;41

^4;` Slfdug S1= �Rq wkh ghvljq ri lqfhqwlyhv vfkhphv xqghu prudo kd}dug dqg dgyhuvh vhohf0

wlrq�/ Mrxuqdo ri Sxeolf Hfrqrplfv 66/ 4<;:/ 63806641

^4<` Vlqfodlu Ghvjdjqì E1= �Krz wr uhvwruh Kljkhu0Srzhuhg Lqfhqwlyhv lq Pxowlwdvn Djhq0

flhv�/ Mrxuqdo ri Odz/ Hfrqrplfv ) Rujdql}dwlrq/ 4<<</ Y48/ Q5/ 74;/766

^53` Wklhoh K1 dqg D1 Zdpedfk= �Zhdowk h�hfwv lq wkh sulqflsdo0djhqw prgho�/ Mrxuqdo ri

Hfrqrplf Wkhru| ;</ 4<<</ 57:05931
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