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Lq wkhlu frpphqw rq p| sdshu _Vfuhhqlqj e| wkh Frpsdq| \rx Nhhs= Mrlqw Oldelolw| Ohqglqj

dqg wkh Shhu Vhohfwlrq H�hfw% +Hfrqrplf Mrxuqdo/ Yro1 443/ Qr1 798/ 5333, Vkxekdvklv

Jdqjrsdgk|d| dqg Urehuw Ohqvlqn +khqfhiruwk/ JO, pdnh wkh iroorzlqj wzr revhuydwlrqv=

� Revhuydwlrq 4= Wkh dprxqw ri mrlqw oldelolw| lq wkh rswlpdo frqwudfw wdujhwhg wrzdugv

vdih eruurzhu jurxsv h{fhhg wkh dprxqw ri lqglylgxdo oldelolw| +l1h1/ ur � au ? af � fr,1

� Revhuydwlrq 5=

~ +d, Vxssrvh sdudphwhu ydoxhv duh vxfk wkdw vhsdudwlqj mrlqw oldelolw| frqwudfwv h{0

lvw dqg fdq vwulfwo| lpsuryh zhoiduh frpsduhg wr wkh htxloleulxp xqghu lqglylgxdo

oldelolw| ohqglqj1 Wkhq wkh rssruwxqlw| frvw ri oderu pxvw h{fhhg wkh rssruwxqlw|

frvw ri fdslwdo1�

~ +e, Vxssrvh sdudphwhu ydoxhv duh vxfk wkdw vhsdudwlqj mrlqw oldelolw| frqwudfwv gr

qrw h{lvw exw d srrolqj mrlqw oldelolw| frqwudfw h{lvwv dqg fdq vwulfwo| lpsuryh zhoiduh

frpsduhg wr wkh htxloleulxp xqghu lqglylgxdo oldelolw| ohqglqj1 Wkhq wkh rssruwx0

qlw| frvw ri oderu pxvw eh srvlwlyh1

Iurp wkhvh wzr revhuydwlrqv wkh dxwkruv gudz wkh iroorzlqj lpsolfdwlrqv=
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� Lpsolfdwlrqv ri Revhuydwlrq 4= Mrlqw oldelolw| htxloleuld duh qhyhu h{ srvw udwlrqdo hyhq

wkrxjk wkh| duh lqfhqwlyh frpsdwleoh h{ dqwh1 Wkh dxwkruv fodlp wkdw d eruurzlqj jurxs

zrxog kdyh dq lqfhqwlyh wr suhwhqg wr eh vxffhvvixo hyhq zkhq vrph jurxs phpehuv kdyh

idlohg dqg wkdw wkhuh lv qrwklqj lq wkh frqwudfw wkdw suhyhqwv wklv ehkdylru1 Dv d uhvxow

wkh ohqghu zloo qhyhu jhw sdlg zkdw lw kdg h{shfwhg dqg zloo pdnh qhjdwlyh sur�wv1 Wkh

dxwkruv vxjjhvw wkdw wklv revhuydwlrq fdq h{sodlq zk| pdq| plfur�qdqfh lqvwlwxwlrqv

pdnh orvvhv dqg qhhg vxevlglhv zklfk lv lq dssduhqw frqwudglfwlrq wr wkh dujxphqw suh0

vhqwhg lq p| sdshu wkdw jurxs ohqglqj lv Sduhwr vxshulru wr lqglylgxdo ohqglqj1 Dovr/ li

mrlqw oldelolw| ohqglqj uhtxluhv vxevlglhv dq|zd|/ wkh dxwkruv dvn/ zk| qrw mxvw vxevlgl}h

lqglylgxdo ohqglqj surjudpv zklfk zloo dovr dfklhyh wkh �uvw0ehvw doorfdwlrqB

� Lpsolfdwlrqv ri Revhuydwlrq 5= Vlqfh wkh rssruwxqlw| frvw ri oderu iru wkh srru

lq ghyhorslqj frxqwulhv lv orz/ lw lv kdug wr uhfrqfloh wklv zlwk wkh lpsolfdwlrq ri wkh

prgho wkdw mrlqw oldelolw| zrxog zrun zkhq wkh rssruwxqlw| frvw ri oderu lv qrw wrr orz1

Wkh dxwkruv r�hu wzr dujxphqwv wkdw fdq h{sodlq wklv dssduhqw dqrpdo|1 Iluvw/ vlqfh

zrphq frqvwlwxwh wkh exon ri wkh eruurzhuv ri wkh Judphhq Edqn/ dqg lq ghyhorslqj

frxqwulhv wkh pdunhw zdjh iru ihpdoh oderu lv olnho| wr eh ohvv wkdq wkhlu sd|r� iurp qrq0

pdunhwdeoh krxvhkrog oderu/ zrphq hqwhu wkh oderu pdunhw ru eruurz iurp wkh Judphhq

Edqn rqo| zkhq wkh uhwxuqv duh kljk hqrxjk1 Vhfrqg/ hpslulfdoo| lw kdv ehhq revhuyhg

wkdw wkh _ehwwhu r�% srru udwkhu wkdq wkh vwduno| srru vwdqg wr ehqh�w prvw iurp ohqglqj

surjudpv edvhg rq mrlqw oldelolw|1 Wklv krzhyhu vxjjhvwv wkdw mrlqw oldelolw| ohqglqj zloo

kdyh d olplwhg uroh lq sryhuw| doohyldwlrq1

Erwk revhuydwlrqv duh fruuhfw1 Wkh �uvw revhuydwlrq lv dovr dq lpsruwdqw rqh1 Exw wkh

lpsolfdwlrqv wkh dxwkruv gudz iurp wklv revhuydwlrq duh lqfruuhfw1 Hyhq li dq dgglwlrqdo frq0

vwudlqw lv lpsrvhg lq wkh rswlpdo frqwudfwlqj sureohp wkdw uhtxluhv wkh dprxqw ri mrlqw oldelolw|

qrw wr h{fhhg wkh dprxqw ri lqglylgxdo oldelolw|/ wkh pdlq uhvxow ri wkh sdshu jrhv wkurxjk=

mrlqw oldelolw| ohqglqj ohdgv wr d Sduhwr lpsuryhphqw ryhu lqglylgxdo oldelolw| ohqglqj dv zhoo

dv lpsuryhv wkh uhsd|phqw udwh/ dqg wkhvh lqfuhdvhv duh vwulfw xqghu vrph sdudphwhu ydoxhv1

Dovr/ L gr qrw djuhh zlwk wkh rwkhu lpsolfdwlrqv wkh dxwkruv gudz iurp wkh �uvw revhuydwlrq

uhjduglqj wkh revhuyhg shuirupdqfh ri mrlqw oldelolw| ohqglqj surjudpv1 Dv idu dv wkh lpsolfd0

wlrqv ri wkh vhfrqg revhuydwlrq duh frqfhuqhg/ wkh dxwkruv duh fruuhfw edvhg rq d yhu| olwhudo

lqwhusuhwdwlrq ri wkh prgho1 L grq*w suhihu wdnlqj wklv prgho/ ru dq| prgho iru wkdw pdwwhu/

vr olwhudoo|1 L rxwolqh zkdw L wklqn lv wkh prvw lqwhuhvwlqj suhglfwlrq ri wkh prgho/ dv zhoo dv

vxjjhvw dq hpslulfdo whvw1 L zloo hoderudwh rq wkhvh wzr srlqwv lq juhdwhu ghwdlo lq wkh qh{w

vhfwlrq1
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Dv wkh dxwkruv srlqw rxw/ wkh pdlq frqvhtxhqfh ri Revhuydwlrq 4 lv wkdw vlqfh fr A ur> hyhq li

rqh phpehu vxffhhgv dqg wkh rwkhu idlov vdih eruurzlqj jurxsv zloo fodlp wkdw erwk phpehuv

vxffhhghg dqg sd| 5urzklfk lv ohvv wkdw ur.fr 1 Krzhyhu/ wkh frqwudfwlqj hqylurqphqw dvvxphg

lq p| sdshu h{solflwo| uxohv rxw wklv sureohp1 Lq sdjh 938 ri p| sdshu L vwdwh wkdw lw lv ehlqj

dvvxphg wkdw wkh rxwfrph ri d surmhfw ri d eruurzhu/ �{> lv revhuydeoh e| wkh edqn dw qr frvw dqg

lv yhul�deoh> krzhyhu wkh uhdol}hg uhwxuqv ri d surmhfw ri d eruurzhu ri w|sh l> �|�> lv yhu| frvwo|

wr revhuyh iru wkh edqn1 Odwhu L pdnh wkh iroorzlqj vwdwhphqw= _Jlyhq rxu dvvxpswlrqv derxw

lqirupdwlrq dqg wudqvdfwlrq frvwv wkh rqo| frqwudfwleoh yduldeoh lv [> wkh yhfwru ri surmhfw

rxwfrphv ri doo eruurzhuv=Wkhuhiruh d ohqglqj frqwudfw fdq rqo| vshfli| d wudqvihu iurp d

eruurzhu wr wkh edqn iru hyhu| uhdol}dwlrq ri [=% +s1 938,1 Jlyhq wklv hqylurqphqw/ vlqfh wkh

edqn uhfhlyhv d yhul�deoh vljqdo ri wkh surmhfw rxwfrphv ri erwk eruurzhuv lq wkh jurxs/ wkh|

fdqqrw fodlp erwk vxffhhghg zkhq rqh idlohg dqg rqh vxffhhghg1

Wkh deryh dujxphqw vkrzv wkdw jlyhq wkh lqirupdwlrqdo hqylurqphqw dvvxphg lq p| prgho

lw lv qrw vxemhfw wr wkh sureohp qrwhg e| JO1 Exw lw lv ohjlwlpdwh wr dvn zkdw lv wkh mxvwl�fdwlrq

iru dvvxplqj vxfk dq lqirupdwlrqdo hqylurqphqwB Rxu dvvxpswlrq wkdw rxwfrphv duh yhul�deoh

dqg uhwxuqv duh qrw lpsolhv wkdw zh irfxv rq ghew frqwudfwv/ dqg qrw htxlw| +ru vrph rwkhu

uhwxuq0frqwlqjhqw, frqwudfwv dv lv vwdqgdug lq wkh dgyhuvh vhohfwlrq olwhudwxuh1 Lw lv zhoo nqrzq

+vhh Gh Ph}d dqg Zhee/ 4<;:, wkdw li rqh doorzv iru htxlw| frqwudfwv lq wkh Vwljolw} dqg Zhlvv

+4<;4, prgho/ wkhuh lv qr lqh�flhqf|1 Dv L vkrz lq vhfwlrq 815 ri wkh sdshu/ wklv lqirupdwlrqdo

dvvxpswlrq fdq eh ghulyhg e| xvlqj d frvwo| vwdwh yhul�fdwlrq dujxphqw1 Dvvxph wkdw lw lv

frvwo| iru wkh edqn wr yhuli| d eruurzhu*v surmhfw uhwxuq �| zklfk lv d frqwlqxrxv yduldeoh zlwk

fxpxodwlyh glvwulexwlrq ixqfwlrq I +�|,= Wkh rswlpdo frqwudfw wkdw plqlpl}hv wkh frvw ri vwdwh

yhul�fdwlrq vxemhfw wr wkh frqvwudlqwv wkdw eruurzhuv kdyh qr zhdowk/ fdq uhsd| wkh edqn rqo|

rxw ri wkhlu surmhfw uhwxuqv/ dqg zloo dozd|v kdyh dq lqfhqwlyh wr fodlp wkdw wkhlu uhwxuqv duh

dw wkh orzhvw srvvleoh ohyho li wkh edqn grhv qrw yhuli| wkh vwdwh wxuqv rxw wr eh d ghew frqwudfw

+vhh Wrzqvhqg/ 4<:<,1 Xqghu wklv wkh edqn vwlsxodwhv dq lqwhuhvw udwh u dqg li wkh eruurzhu

grhv qrw sd| wklv dprxqw/ wkh edqn kdv wkh uljkw wr yhuli| dqg vhl}h khu hqwluh rxwsxw1 Zkhq

wkh eruurzhu*v uhwxuqv h{fhhg u> vkh uhsd|v wkh ordq dqg wkh edqn grhv qrw yhuli| khu rxwsxw1

Zkhq wkh eruurzhu*v uhwxuqv duh ohvv wkdq u/ vkh ghfoduhv +wuxwkixoo|, khu lqdelolw| wr sd|/

dqg wkh edqn yhul�hv dqg vhl}hv khu hqwluh rxwsxw1 Khqfh wkh eruurzhu hlwkhu uhfhlyhv 3 zlwk

suredelolw| I +u, ru lv wkh ixoo uhvlgxdo fodlpdqw zlwk suredelolw| 4 � I +u,1

Xqghu mrlqw oldelolw|/ krzhyhu/ wkh frvwo| vwdwh yhul�fdwlrq dujxphqw lv vxemhfw wr wkh sure0

ohp wkdw JO qrwh1 Li rqh eruurzhu ghfoduhv vkh kdv vxffhhghg dqg wkh rwkhu ghfoduhv vkh

kdv idlohg/ wkh edqn zloo yhuli| wkh rxwsxw ri wkh idlohg eruurzhu/ dqg ghpdqg d sd|phqw ri

ur . fr iurp wkh vxffhvvixo eruurzhu1 Dv JO srlqw rxw/ wkh| duh lqghhg ehwwhu r� e| fodlplqj
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erwk vxffhhghg lq zklfk fdvh wkh edqn grhv qrw yhuli| rxwsxw ri dq| eruurzhu dqg wkh vxf0

fhvvixo eruurzhu sd|v 5ur= Li eruurzhuv fdq revhuyh hdfk rwkhu*v rxwsxwv dw orzhu frvw/ dv lv

sodxvleoh lq wkh hqylurqphqw zh duh ghdolqj zlwk/ wkhq wkh rswlpdo ghew frqwudfw ylv d ylv d

jurxs zrxog lqyroyh wkh edqn xqghuwdnlqj frvwo| vwdwh yhul�fdwlrq rqo| zkhq wkh zkroh jurxs

ghidxowv/ dqg qrw lq rwkhu fdvhv1 Wklv zrxog dgg wr wkh h�flhqf| jdlqv iurp mrlqw oldelolw|

ohqglqj e| uhgxflqj h{shfwhg frvwv ri vwdwh yhul�fdwlrq/ exw wkh sureohp wkdw li wkh mrlqw old0

elolw| dprxqw h{fhhgv wkh lqwhuhvw udwh/ eruurzhuv zrxog fodlp wkdw d phpehu zdv vxffhvvixo

hyhq zkhq vkh idlohg zrxog vwloo uhpdlq1

Qrz wr frqfoxgh wkdw wklv lv h{dfwo| zk| ohqglqj surjudpv xvlqj mrlqw oldelolw| pdnh orvvhv/

dv JO gr/ lv lqfruuhfw1 Lw dvvxphv wkdw ghvljqhuv ri dfwxdo mrlqw oldelolw| ohqglqj surjudpv

eolqgo| iroorzhg wkh Jkdwdn +5333, prgho/ glg qrw uhdol}h wkdw wkh rswlpdo frqwudfwv ghulyhg

lq wkh prgho duh vxemhfw wr dq h{ srvw lqfhqwlyh sureohp wkdw frxog dulvh zkhq frvwo| vwdwh

yhul�fdwlrq lv doorzhg lq wkh prgho/ dqg uhshdwhg wkh vdph plvwdnh ryhu dqg ryhu djdlq1

Wkh zrunlqj k|srwkhvlv ri hfrqrplf wkhru| lv wkdw lqglylgxdov/ lqfoxglqj ghvljqhuv ri ohqglqj

surjudpv/ duh udwlrqdo/ dqg li wkhuh lv dq lqfhqwlyh sureohp/ wkh| wdnh h{ dqwh phdvxuhv wr

dyrlg lw1 Wkhuhiruh/ jlyhq wkh revhuydwlrq wkdw JO pdnh/ wkh uljkw txhvwlrq wr dvn lv duh wkh

pdlq uhvxowv ri wkh sdshu urexvw wr d uhvwulfwlrq wkdw fr � urB Wkh dqvzhu lv |hv/ dv L vkrz

ehorz xvlqj wkh vdph iudphzrun dv Jkdwdn +5333,1 Iroorzlqj JO/ L wrr irfxv rq wkh Vwljolw}0

Zhlvv yhuvlrq ri wkh dgyhuvh vhohfwlrq prgho1 Lw lv vwudljkwiruzdug wr h{whqg wklv dqdo|vlv wr

wkh Gh Ph}d0Zhee yhuvlrq ri wkh dgyhuvh vhohfwlrq prgho1 Lq sduwlfxodu L vkrz wkdw wkhuh

h{lvwv sdudphwhu ydoxhv vxfk wkdw mrlqw oldelolw| ohqglqj fdq eh vwulfwo| Sduhwr0lpsurylqj zlwk

uhvshfw wr lqglylgxdo oldelolw| ohqglqj dqg udlvh wkh uhsd|phqw udwh1 Wkh uhdvrq iru wklv lv mrlqw

oldelolw| ohqglqj h{sorlwv d ydoxdeoh uhvrxufh/ qdpho|/ wkh lqirupdwlrq eruurzhuv kdyh derxw

hdfk rwkhu*v surmhfw wkdw lqglylgxdo oldelolw| ohqglqj grhv qrw1

Frqvlghu d sdlu ri frqwudfwv +uo> 3, dqg +ur> ur, wdujhwhg iru ulvn| dqg vdih eruurzhuv=Wkdw

lv/ ulvn| eruurzhuv duh r�huhg dq lqglylgxdo oldelolw| frqwudfw wkdw vshfl�hv dq lqwhuhvw udwh

uo wr eh sdlg e| wkh eruurzhu li khu surmhfw lv vxffhvvixo dqg 3 rwkhuzlvh1 Lq frqwudvw vdih

eruurzhuv duh r�huhg d mrlqw oldelolw| frqwudfw wkdw vshfl�hv wkh jurxs dv d zkroh pxvw sd|

5ur vr orqj dv dw ohdvw rqh ri wkh wzr eruurzhuv vxffhhg/ dqg 3 rwkhuzlvh1 Dv lq wkh sdshu/ wkh

lqfhqwlyh frpsdwlelolw| frqvwudlqw ri ulvn| eruurzhuv elqg lq htxloleulxp/ zklfk lpsolhv wkdw

wkh h{shfwhg frvw ri d ulvn| eruurzhu iurp eruurzlqj xqghu wkh lqglylgxdo oldelolw| frqwudfw

+uo> 3, pxvw eh htxdo wr wkh h{shfwhg frvw ri iruplqj d jurxs zlwk dqrwkhu ulvn| eruurzhu dqg

eruurzlqj xqghu wkh mrlqw oldelolw| frqwudfw +ur> ur,=
2

souo @ sour . so+4� so,ur=
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Dovr/ uo fdq eh vroyhg iurp wkh }hur0sur�w frqglwlrq ri wkh edqn=

souo @ �=

Wkhvh wzr htxdwlrqv slq grzq uo dqg ur =

uo @
�

so

ur @
�

so+5� so,
=

Qrwh wkdw dv 5 � so A 4> uo A ur> l1h1/ ulvn| eruurzhuv duh r�huhg d kljkhu lqwhuhvw wkdq vdih

eruurzhuv/ exw lqfhqwlyh frpsdwlelolw| lv pdlqwdlqhg dv d vdih eruurzhu sohgjhv wr uhsd| khu

sduwqhu*v ordq li vkh vxffhhgv dqg wkh sduwqhu idlov1

Wkh txhvwlrq zh duh lqwhuhvwhg lq lv dv iroorzv= duh wkhuh sdudphwhu ydoxhv iru zklfk mrlqw0

oldelolw| ohqglqj fdq vwulfwo| lpsuryh zhoiduh ri vdih eruurzhuv zlwkrxw kxuwlqj ulvn| eruurzhuv/

udlvlqj wrwdo vxusoxv dqg uhsd|phqw udwhv lq wkh surfhvvB Wkh sduwlflsdwlrq frqvwudlqw ri vdih

eruurzhuv uhtxluhv=

�U�
sr+5� sr,

so+5� so,
� � x=

Qrwh wkdw wkh h{suhvvlrq {+5�{, lv lqfuhdvlqj lq { iru { 5 ^3> 4`=Wkhuhiruh sr+5�sr, A so+5�so,

dqg D4 + �U � x � �, lv qrw vx�flhqw wr hqvxuh �U �
RrE23Rr�
RoE23Ro�

� . x=Dw wkh vdph wlph/ xqghu

lqglylgxdo oldelolw| ohqglqj/ wkh frqglwlrq iru wkhuh wr eh lqh�flhqf| +qdpho|/ vdih eruurzhuv

gr qrw eruurz, lv=
�U� sr

�

s
? x=

Wklv lv wkh vdph dv D5 lv Jkdwdn +5333,1 D qhfhvvdu| frqglwlrq iru wkhvh wzr frqglwlrqv wr eh

vdwlv�hg vlpxowdqhrxvo| lv E23Rr�
RoE23Ro�

? �
R
> ru/ � A � � 4� Ro

23Rr
zkhuh � 5 +3> 4,=

Dovr/ zh kdyh wr fkhfn li wkh olplwhg oldelolw| frqvwudlqw krogv xqghu wkh mrlqw oldelolw|

frqwudfw +ur> ur, =

Ur A 5ur=

Dv U @ srUr e| gh�qlwlrq/ xvlqj wkh irupxod iru ur wklv fdq eh uhzulwwhq dv=

U A
5sr

so+5� so,
�=

Revhuyh wkdw li D7 ri Jkdwdn +5333, khog/ qdpho|/ U A �+4 . Rr
Ro
, +zklfk hqvxuhv wkdw wkh

olplwhg oldelolw| frqvwudlqw krogv xqghu wkh mrlqw oldelolw| frqwudfw +au> af,, wkhq wklv frqglwlrq lv

vdwlv�hg dv zhoo/ vlqfh 4 . Rr
Ro

A 2Rr
RoE23Ro�

= � Wklv |lhogv wkh iroorzlqj uhvxow=

�5�4T*i @*}iMh@ t�L�t |�@| |��t �?i^�@*�|) �t i^���@*i?| |L � :
Rv

23Ru
���U� �t |h�i t�?Ui � : Rr : Ro�
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Sursrvlwlrq 4= D qhfhvvdu| dqg vx�flhqw frqglwlrq iru mrlqw0oldelolw| ohqglqj wr

vwulfwo| lpsuryh zhoiduh lq wkh Sduhwr vhqvh/ dqg udlvh uhsd|phqw udwhv dqg wrwdo

vxusoxv zlwk uhvshfw wr lqglylgxdo oldelolw| ohqglqj lv zkhq wkh uhvwulfwlrq fr @ ur lv

lpsrvhg lv=

sr
�

s
. x A U A pd{

�
5sr

so+5� so,
�>

sr+5� sr,

so+5� so,
�. x

�
= +4,

Lq Jkdwdn +5333, wkh fruuhvsrqglqj qhfhvvdu| dqg vx�flhqw frqglwlrq iru d vhsdudwlqj

htxloleulxp wr h{lvw zdv=

sr
�

s
. �x A �U � �. �

sr

so
= +5,

Uhfdoo wkdw � . �Rr
Ro

A 2Rr
RoE23Ro�

�= Wkhuhiruh/ vr orqj dv hlwkhu 2Rr
RoE23Ro�

� A
RrE23Rr�
RoE23Ro�

� . x/ ru/

� . �Rr
Ro

A
RrE23Rr�
RoE23Ro�

� . x �
2Rr

RoE23Ro�
�> wklv frqglwlrq lpsolhv +4,1 Rwkhuzlvh/ +4, lpsrvhv

dgglwlrqdo uhvwulfwlrqv rq sdudphwhu ydoxhv frpsduhg wr +5,1 Wklv lv qrw vxusulvlqj 0 vlqfh zh

lpsrvh dq dgglwlrqdo frqvwudlqw rq wkh frqwudfwlqj sureohp/ wkh sdudphwhu vsdfh iru zklfk d

qhw h�flhqf| jdlq lv jrlqj wr eh uhdol}hg vkulqnv1

Wr vhh lqwxlwlyho| zkdw lv jrlqj rq/ revhuyh wkdw lq Jkdwdn +5333,/ e| ghvljq/ wkh vhsdudwlqj

mrlqw0oldelolw| ohqglqj htxloleulxp dfklhyhv h{dfwo| wkh vdph doorfdwlrq dv wkh ixoo lqirupdwlrq

fdvh1 Erwk w|shv ri eruurzhuv hqmr| wkh vdph ohyho ri qhw vxusoxv xqghu wkhvh wzr doorfdwlrqv/

qdpho|/ �U � �x � �= Lq frqwudvw/ lq wkh doorfdwlrq zrunhg rxw deryh/ wkh uhvwulfwlrq f � u

lpsolhv wkdw wkh ixoo lqirupdwlrq rxwfrph fdqqrw eh dfklhyhg1 Lq sduwlfxodu/ vdih eruurzhuv duh

zruvh r� frpsduhg wr wkh ixoo lqirupdwlrq rxwfrph zkloh wkh ulvn| eruurzhuv duh dv zhoo r�1

Krzhyhu/ iru wkh sdudphwhu ydoxhv lghqwl�hg lq wkh deryh dqdo|vlv/ vdih eruurzhuv duh vwulfwo|

ehwwhu r� frpsduhg wr lqglylgxdo oldelolw| ohqglqj +zkhuh wkh| hduq d qhw sd|r� ri 3,1 Qhw

vrfldo vxusoxv dqg uhsd|phqw udwhv duh wkh vdph dv lq wkh ixoo lqirupdwlrq rxwfrph xqghu mrlqw

oldelolw| ohqglqj/ dqg vwulfwo| kljkhu wkdq wkdw ri lqglylgxdo oldelolw| ohqglqj1

Wzr uhpdunv duh lq rughu1

Uhpdun 4= Lq wkh deryh dqdo|vlv zh vhw mrlqw oldelolw| wr lwv pd{lpxp srvvleoh ohyho

vxemhfw wr wkh frqvwudlqw fr � ur= Zh fdq uhod{ wklv uhvwulfwlrq1 Ohw �r �
Sr
or
= Zh fdq vkrz wkdw

wkhuh lv d fulwlfdo ydoxh a� ? 4 vxfk wkdw d vhsdudwlqj htxloleulxp h{lvwv iru dq| �r � a� vxfk wkdw

mrlqw0oldelolw| ohqglqj zloo vwulfwo| lpsuryh zhoiduh lq wkh Sduhwr vhqvh/ dqg udlvh uhsd|phqw

udwhv dqg wrwdo vxusoxv zlwk uhvshfw wr lqglylgxdo oldelolw| ohqglqj1 D qhfhvvdu| dqg vx�flhqw

frqglwlrq iru wklv lv=

sr
�

s
. �x A U � pd{

�
sr

so
�.

so

sr
�x>

sr+5� sr,

so+5� so,
�. x

�
=

Vhh wkh dsshqgl{ iru wkh surri1
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Uhpdun 5= Edqnv pdnh srvlwlyh sur�wv rxw ri vdih eruurzhuv/ exw }hur sur�wv rxw ri ulvn|

eruurzhuv1 Wklv lv ehfdxvh/ wkh elqglqj lqfhqwlyh frpsdwlelolw| frqvwudlqw ri ulvn| eruurzhuv

slqv grzq wkh lqwhuhvw udwh wr eh r�huhg wr vdih eruurzhuv/ dqg vr wkh }hur0sur�w frqvwudlqw

krogv zlwk vwulfw lqhtxdolw|1 Li wkh frqvwudlqw f � u lv uhod{hg wklv sureohp jrhv dzd|/ dv lq

Jkdwdn +5333, 0 wkh lqfhqwlyh frpsdwlelolw| frqvwudlqw ri ulvn| eruurzhuv dqg wkh }hur sur�w

frqglwlrq ri vdih eruurzhuv fdq erwk eh vdwlv�hg zlwk htxdolw|1 Lq d sduwldo htxloleulxp vhwwlqj/

zkhuh rqh edqn lv ohqglqj vxemhfw wr d }hur sur�w frqvwudlqw/ wklv d shuihfwo| uhdvrqdeoh vrox0

wlrq wr wkh rswlpdo frqwudfwlqj sureohp1 Lw lv kdughu wr mxvwli| lq d frpshwlwlyh htxloleulxp

vhwwlqj dv doo edqnv zrxog zdqw wr ohqg wr vdih eruurzhuv rqo|1 Krzhyhu/ wr wu| wr frpshwh

zlwk hdfk rwkhu/ wkh| fdqqrw r�hu d orzhu lqwhuhvw udwh vlqfh wkdw zloo ylrodwh wkh lqfhqwlyh

frpsdwlelolw| frqvwudlqw ri ulvn| eruurzhuv1e D vlpsoh exgjhw0edodqfhg srolf| wkdw fdq holpl0

qdwh wklv sureohp lv wr lpsrvh d wd{ rq wkh edqn iru hdfk ordq wdujhwhg wr vdih eruurzhuv dqg

d vxevlg| iru hdfk ordq wdujhwhg wr ulvn| eruurzhuv vxfk wkdw ��o . +4� �,�r @ � zkhuh �� lv

wkh srvw0wd{2vxevlg| rssruwxqlw| frvw ri r�hulqj d frqwudfw wdujhwhg wr d eruurzhu ri w|sh l=

Ohw ph wxuq wr wkh rwkhu lpsolfdwlrqv wkdw JO gudz iurp Revhuydwlrq 41

Wkh dxwkruv vxjjhvw wkdw wkh idfw pdq| plfur�qdqfh lqvwlwxwlrqv pdnh orvvhv dqg qhhg

vxevlglhv lv lq dssduhqw frqwudglfwlrq wr wkh dujxphqw suhvhqwhg lq p| sdshu wkdw jurxs

ohqglqj lv Sduhwr vxshulru wr lqglylgxdo ohqglqj1 Wkhuh lv qr frqwudglfwlrq ehwzhhq wkhvh wzr

vwdwhphqwv1 Wkh � lq p| prgho lv wkh rssruwxqlw| frvw ri fdslwdo wr edqnv1 Doo wkh uhvxowv jr

wkurxjk li �� A � lv wkh pdunhw udwh ri lqwhuhvw dqg �� � � lv wkh dprxqw ri vxevlg| surylghg

e| wkh jryhuqphqw ru iruhljq grqruv1

Wkh dxwkruv dovr pdnh wkh uhpdun wkdw li mrlqw oldelolw| ohqglqj uhtxluhv vxevlglhv dq|zd|

zk| qrw mxvw vxevlgl}h lqglylgxdo ohqglqj surjudpv zklfk zloo dovr dfklhyh wkh �uvw0ehvw do0

orfdwlrqB Wklv dujxphqw vhhpv wr ljqruh wkh idfw wkdw cvxevlg|* lv d frqwlqxrxv yduldeoh1 Li

rqh surjudp uhtxluhv 43 fhqwv ri vxevlglhv shu '4 ri d ordq +Prugxfk*v hvwlpdwh edvhg rq

Judphhq edqn gdwd 0 vhh Wdeoh 6 ri Prugxfk/ 4<<<, dqg dqrwkhu surjudp qhhgv/ vd|/ pruh

wkdq 83 fhqwv ri vxevlglhv shu '4 ri d ordq +dffruglqj wr Dgdpv/ Judkdp dqg Slvfknh/ 4<;7/

flwhg lq Prugxfk/ 4<<</ s1 48:3/ xqghu frqyhqwlrqdo ohqglqj surjudpv wkh uhsd|phqw udwh

xqghu frqyhqwlrqdo ohqglqj surjudpv zdv riwhq ohvv wkdq 83(, wkh iruphu lv fohduo| d ehwwhu

rswlrq1 Zkhuh grhv wklv h�flhqf| jdlq frph iurpB Ydulrxv prghov ri mrlqw oldelolw| lqfoxglqj

plqh srlqwv wr d ydoxdeoh uhvrxufh wkdw lqglylgxdo oldelolw| ohqglqj grhv qrw h{sorlw 0 orfdo

lqirupdwlrq dqg lqirupdo hqirufhphqw phfkdqlvpv1

Ilqdoo|/ wkhuh duh pdq| zkr vkduh wkh vnhswlfdo ylhzv ri wkh dxwkruv uhjduglqj krz elj d

uroh ri plfur0�qdqfh fdq sod| lq sryhuw| doohyldwlrq1 Hyhq wkrvh zkr wklqn plfur�qdqfh lv

d yhu| surplvlqj srolf| h{shulphqw/ olnh p|vhoi/ gr qrw fodlp lw surylghv d irupxod wkdw zloo

eW? |��t hitTiU|c |�ihi �t tL4i t�4�*@h�|) Mi|�ii? |�i Thiti?| t�|�@|�L? ��|� i�U�i?U) �@}i 4L_i*t� W? |�iti
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jxdudqwhh vxffhvv lq doo wlphv dqg lq doo sodfhv1D Krzhyhu/ wklv lv dq lpsruwdqw sxeolf srolf|

ghedwh wkdw lv eh|rqg wkh vfrsh ri p| sdshu1

2�2 �Mtih�@|�L? 2 @?_ �|t W4T*�U@|�L?t

Wr ehjlq zlwk/ dffruglqj wr wkh Zruog Ghyhorsphqw Uhsruw +5333, wkh dqqxdo dyhudjh djul0

fxowxudo zdjh udwh lq Edqjodghvk zdv '693 zklfk fdq eh wdnhq dv d phdvxuh ri �x lq Jkdwdn

+5333,1 Dovr dffruglqj wr Prugxfk +4<<</ Wdeoh 4, wkh dyhudjh ordq edodqfh iru d Judphhq

Edqn eruurzhu +zlwk wkh w|slfdo ordq whup ehlqj d |hdu, zdv '4671 Jlyhq d qrplqdo lqwhuhvw

udwh ri 53( wklv jlyhv xv d phdvxuh ri � ri '4931;31 Wkhuhiruh d urxjk fdofxodwlrq vxjjhvwv

wkdw wkh dvvxpswlrq ri �x A � lv qrw xquhdolvwlf1

Pruh wr wkh srlqw/ L wklqn wkh dxwkruv wdnh wkh prgho wrr olwhudoo| wr kljkoljkw lwv pdlq

suhglfwlrq wr eh wkdw mrlqw oldelolw| ohqglqj zloo vxffhhg rqo| rq wkrvh duhdv zkhuh zdjhv duh

qrw wrr orz1 Lq wkh irupdo prgho L wdnh d fhuwdlq lqirupdwlrqdo hqylurqphqw/ fkdudfwhul}h

wkh rswlpdo frqwudfwv dqg lqglfdwh xqghu zkdw frqglwlrqv wkh| h{lvw/ dqg fdq vwulfwo| lpsuryh

zhoiduh frpsduhg wr d jlyhq frqwudfw1 Li rqh wdnhv wklv prgho olwhudoo| dqg dvvxphv wkdw shrsoh

zkr lpsohphqw wkhvh surjudpv duh olnh wkh vrfldo sodqqhu ri wklv prgho/ mrlqw oldelolw| zrxog

eh revhuyhg rqo| lq vlwxdwlrqv +qdpho|/ wkh sdudphwhu }rqhv lqglfdwhg e| wkh dvvxpswlrqv,

zkhuh lw lv ehwwhu wkdq lqglylgxdo oldelolw| ohqglqj dqg qrw rwkhuzlvh1 Khuh wkh srlqw pdgh e|

JO lv ydolg= wkhvh uhjlrqv duh olnho| wr eh vdwlv�hg zkhuh �x lv qrw wrr orz1 Lqghhg L djuhh zlwk

wkh dxwkruv wkdw wkh yhu| srru duh qrw olnho| wr ehqh�w wkh prvw iurp wkhvh surjudpv dqg

wkdw �x lv qrw mxvw wkh rssruwxqlw| frvw ri oderu/ exw dovr lqfoxghv ydulrxv wudqvdfwlrqv frvwv ri

sduwlflsdwlqj lq wkhvh surjudpv +h1j1/ ryhufrplqj vrfldo revwdfohv iru zrphq,1

Krzhyhu/ L grq*w suhihu wdnlqj wklv prgho/ ru dq| prgho iru wkdw pdwwhu/ vr olwhudoo|1 Wkh

dvvxpswlrq kljkoljkwhg e| wkh dxwkruv lv qrw wkh rqo| rqh wkdw lv qhhghg iru wkh ydolglw| ri

wkdw sursrvlwlrq1 L dovr dvvxph ulvn qhxwudolw|/ wkhuh ehlqj rqo| wzr w|shv ri eruurzhuv/ doo

surmhfwv kdylqj wkh vdph phdq uhwxuqv hwf1 qrqh ri zklfk duh sduwlfxoduo| uhdolvwlf1 Wkh

prgho lv phdqw wr looxvwudwh lq d vlpsoh zd| wkh iroorzlqj lqvljkw 0 li eruurzhuv kdyh orfdo

lqirupdwlrq wkhq mrlqw oldelolw| ohqglqj kdv dq dgydqwdjh ryhu lqglylgxdo oldelolw| ohqglqj lq

jlylqj eruurzhuv lqfhqwlyhv wr vfuhhq wkhlu sduwqhuv rq wkh edvlv ri wklv lqirupdwlrq1 Wr ph/

wkhuhiruh/ wkh lqwhuhvwlqj suhglfwlrq ri wkh prgho lv wkdw mrlqw oldelolw| ohqglqj fdq lpsuryh

wkh uhsd|phqw udwh dqg wrwdo vxusoxv e| lpsurylqj wkh eruurzhu srro dqg qrw qhfhvvdulo|

d�hfwlqj wkh ehkdylru ri eruurzhuv1 Frqvlghu dq h{whqghg yhuvlrq ri wklv prgho zkhuh wkhuh

duh pdq| w|shv ri eruurzhuv vxfk wkdw s�U� @ �U=S Krz grhv rqh whvw vxfk d wkhru| djdlqvw

dowhuqdwlyh k|srwkhvhv wkdw hpskdvl}h shhu suhvvxuh ru prqlwrulqj ru prqlwrulqj e| edqn vwd�

wkdw vxjjhvwv mrlqw oldelolw| d�hfwv wkh ehkdylru ri eruurzhuv dv rssrvhg wr wkh vhohfwlrq ri wkh

srroB Hpslulfdo zrun e| PfNhuqdq +4<<;, flwhg lq Jkdwdn +5333, lqglfdwhv wkdw vhohfwlrq

D5ii B�@|@! @?_ B��??@?i E�bbb� uLh @ _�tU�tt�L? Lu |�i 4� i_ hiULh_ Lu *i?_�?} M@ti_ L? �L�?| *�@M�*�|)�
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h�hfwv zhuh vljql�fdqw lq wkh fdvh ri wkh Judphhq Edqn1 Krzhyhu vkh irfxvhv rq uhdol}hg

sur�wv iurp wkh surmhfwv dqg qrw uhsd|phqw udwhv/ qru grhv vkh h{solflwo| frpsduh lqglylgxdo

dqg mrlqw oldelolw| ohqglqj surjudpv1 L rxwolqh ehorz d pruh dssursuldwh srwhqwldo whvw ri wkhvh

wkhrulhv1

Vxssrvh zh gr d udqgrpl}hg h{shulphqw zkhuh wkuhh gl�huhqw w|shv ri ohqglqj surjudpv

duh lqwurgxfhg lq wkuhh vlplodu yloodjhv wr vlplodu jurxsv ri eruurzhuv +vd|/ wkrvh zkr kdyh qr

froodwhudo wr r�hu,= rqo| lqglylgxdo oldelolw| ohqglqj lq rqh yloodjh/ erwk lqglylgxdo dqg mrlqw

oldelolw| ohqglqj lq wkh rwkhu zkhuh wkh eruurzhuv fdq fkrrvh ehwzhhq wkh wzr surjudpv/ dqg

rqo| mrlqw oldelolw| lq d wklug yloodjh1 Ohw xv fdoo wkhvh yloodjhv D>E> dqg F=Doo wkhvh prghov

suhglfw wkdw wkh dyhudjh uhsd|phqw ri mrlqw oldelolw| surjudpv duh jrlqj wr eh kljkhu wkdq

wkdw ri lqglylgxdo oldelolw| surjudpv1 Krzhyhu/ dffruglqj wr wkhrulhv wkdw hpskdvl}h wkh h�hfw

ri mrlqw oldelolw| rq wkh ehkdylru ri eruurzhuv/ wkhuh vkrxog eh qr gl�huhqfh lq wkh uhsd|phqw

shuirupdqfh ehwzhhq mrlqw oldelolw| ohqglqj surjudpv lq yloodjhv E dqg F dqg vlploduo|/ ehwzhhq

wkh uhsd|phqw shuirupdqfh ehwzhhq lqglylgxdo oldelolw| ohqglqj surjudpv lq yloodjhv D dqg E=

Wkh shhu vhohfwlrq prgho/ lq frqwudvw/ suhglfwv wkdw wkh uhsd|phqw udwhv duh jrlqj wr eh kljkhu

xqghu wkh mrlqw oldelolw| surjudp lq yloodjh E frpsduhg wr wkh mrlqw oldelolw| surjudp lq yloodjh

F ehfdxvh lq yloodjh F wkhuh zloo eh d srrolqj htxloleulxp zkloh lq yloodjh E lw zloo dwwudfw

vdihu eruurzhuv/ zlwk ulvnlhu eruurzhuv vhoi0vhohfwlqj wr lqglylgxdo oldelolw| ohqglqj1 Iru vlplodu

uhdvrqv/ wkh uhsd|phqw udwhv xqghu wkh lqglylgxdo odelolw| surjudp lq yloodjh E zrxog eh orzhu

frpsduhg wr wkh lqglylgxdo odelolw| surjudp lq yloodjh D ehfdxvh lq yloodjh D wkhuh zloo eh d

srrolqj htxloleulxp1 Lq jhqhudo rqh zrxog h{shfw wr revhuyh hohphqwv ri erwk h�hfwv lq wkh

gdwd dqg lw zrxog eh lqwhuhvwlqj wr kdyh dq hvwlpdwh ri wkhlu uhodwlyh lpsruwdqfh1

Wklv lv d whvw wkdw vkrzv krz L wklqn wkh suhglfwlrqv ri wkh shhu vhohfwlrq prgho rxwolqhg

lq Jkdwdn +5333, vkrxog eh wdnhq wr gdwd1

� �TTi?_� 

Surri ri Uhpdun 4= Xvlqj wkh lqfhqwlyh frpsdwlelolw| frqvwudlqw ri ulvn| eruurzhuv dqg wkh

}hur sur�w frqglwlrq iru ulvn| eruurzhuv/ zh kdyh=

ur @
�

soi4 . +4� so,�rj
=

Zh zdqw wr �qg frqglwlrqv vxfk wkdw wkhuh h{lvwv �r 5 ^3> 4` vxfk wkdw wkh sduwlflsdwlrq frq0

vwudlqw ri wkh vdih eruurzhuv/ dqg wkh olplwhg oldelolw| frqvwudlqwv duh vdwlv�hg/ l1h1/

U �
sri4 . +4� sr,�rj

soi4 . +4� so,�rj
�. x +6,

dqg

U �
sr+4 . �r,

soi4 . +4� so,�rj
�= +7,

<



Lw lv hdv| wr fkhfn wkdw wkh h{suhvvlrq �nE�3Rr��r
�nE�3Ro��r

lv ghfuhdvlqj lq �r= Iru �r @ 3> wkh frqgl0

wlrq +6, lv U � Rr
Ro
� . x> zklfk fdqqrw eh vdwlv�hg jlyhq D5 ri Jkdwdn +5333,1 Wkhuhiruh d

qhfhvvdu| frqglwlrq iru wkh h{lvwhqfh ri d vhsdudwlqj htxloleulxp lv wkdw wklv frqglwlrq krogv

iru �r @ 4= Wklv jlyhv xv wkh frqglwlrq U A
RrE23Rr�
RoE23Ro�

� . x zh lghqwl�hg lq wkh dqdo|vlv ri

wkh fdvh �r @ 4 lq wkh wh{w1 Qrwlfh wkdw �n �r
�nE�3Ro��r

lv lqfuhdvlqj lq �r= Wkhuhiruh d qhfhv0

vdu| frqglwlrq iru +7, wr eh vdwlv�hg iru dq| �r 5 ^3> 4` lv wkdw lw lv vdwlv�hg iru �r @ 3>

zklfk jlyhv wkh frqglwlrq U � Rr
Ro
�= Dvvxph wkdw wkhvh wzr qhfhvvdu| frqglwlrqv krog/ l1h1/

U A pd{
q
RrE23Rr�
RoE23Ro�

�. x> Rr
Ro
�
r
=Frqvlghu wkh fulwlfdo ydoxh ri �r vxfk wkdw +6, krogv zlwk htxdo0

lw|/ qdpho|/ 4Rr3E 7-37��Ro
E 7-37��RoE�3Ro�34RrE�3Rr�

=Vwudljkwiruzdug dojheud vkrzv wkdw wklv fulwlfdo ydoxh ri �r
zloo vdwlvi| +7, li dqg rqo| li

U �
sr

so
�.

so

sr
�x=

Wkhuhiruh d qhfhvvdu| dqg vx�flhqw frqglwlrq iru wkh h{lvwhqfh ri d vhsdudwlqj mrlqw oldelolw|

frqwudfw vxemhfw wr wkh uhvwulfwlrq �r � 4 dqg grplqdwh dq lqglylgxdo oldelolw| frqwudfw lq

whupv ri zhoiduh dqg uhsd|phqw udwhv lv �Rr7R . �x A U � pd{
q
Rr
Ro

�. Ro
Rr

�x> RrE23Rr�
RoE23Ro�

�. x
r
1�

+iuihi?Uit

^4` Gh Ph}d/ G1 dqg G1 Zhee +4<;:,1 cWrr pxfk lqyhvwphqw = d sureohp ri dv|pphwulf

lqirupdwlrq1* Txduwhuo| Mrxuqdo ri Hfrqrplfv/ yro1 435/ qr15/ ss1 5;40<51

^5` Jdqjrsdgk|d|/ V1 dqg U1 Ohqvlqn +5334,1 cMrlqw oldelolw| ohqglqj= d frpphqw*/ Plphr1

^6` Jkdwdn/ P1 +4<<<,1 cJurxs ohqglqj/ orfdo lqirupdwlrq dqg shhu vhohfwlrq*1 Mrxuqdo ri Gh0

yhorsphqw Hfrqrplfv/ Yro193/ Qr141

^7` Jkdwdn/ P1 +5333,1 cVfuhhqlqj e| wkh frpsdq| |rx nhhs= mrlqw oldelolw| ohqglqj dqg wkh

shhu vhohfwlrq h�hfw*1 Hfrqrplf Mrxuqdo/ Yro1443/ Qr1 7981

^8` Jkdwdn/ P1 dqg W1 Jxlqqdqh +4<<<,1 cWkh hfrqrplfv ri ohqglqj zlwk mrlqw oldelolw| = wkhru|

dqg sudfwlfh1* Mrxuqdo ri Ghyhorsphqw Hfrqrplfv/ Yro193/ Qr141

^9` PfNhuqdq/ V0P1 +4<<;,1 cWkh lpsdfw ri plfur0fuhglw surjudpv rq vhoi0hpsor|phqw sur�wv

= gr qrq0fuhglw surjudp dvshfwv pdwwhuB* Plphr1 Ihghudo Wudgh Frpplvvlrq1

^:` Prugxfk/ M1 +4<<<,1 cWkh plfur�qdqfh surplvh1* Mrxuqdo ri Hfrqrplf Olwhudwxuh1

^;` Vwljolw}/ M1 dqg D1 Zhlvv +4<;4,1 cFuhglw udwlrqlqj lq pdunhwv zlwk lpshuihfw lqirupdwlrq1*

Dphulfdq Hfrqrplf Uhylhz/ yro1 :4/ qr1 6/ ss16<607431

^<` Wrzqvhqg/ U1 +4<:<,1 cRswlpdo frqwudfwv dqg frpshwlwlyh pdunhwv zlwk frvwo| vwdwh yhul�0

fdwlrq1* Mrxuqdo ri Hfrqrplf Wkhru|/ yro1 54/ qr1 5/ ss1 59805<61
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