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Devwudfw

Wkh sdshu dgguhvvhv wkh h�hfwv ri wkh vhsdudwlrq ri rzqhuvkls dqg frqwuro rq

orqj0uxq frpshwlwlrq lq roljrsrolhv1 Lw �qgv wkdw zkhq pdqdjhuv kdyh wkh suhihuhqfh

iru vprrwk wlph0sdwkv ri sur�wv uhyhdohg e| wkh hylghqfh rq _lqfrph vprrwklqj/%

pdqdjhu0ohg �upv fdq vxvwdlq dq| frooxvlyh djuhhphqw dw orzhu glvfrxqw idfwruv wkdq

rzqhu0ohg rqhv1 Prvw frpprq pdqdjhuldo lqfhqwlyhv ~ _orz0srzhuhg% vfkhphv zlwk

prqhwdu| erqxvhv dqg2ru lqfxpehqf| uhqwv ~ pdnh frooxvlrq vxssruwdeoh dw dq| glv0

frxqw idfwru1 Zkhq pdqdjhuv duh lq frqwuro/ _sulfh zduv gxulqj errpv% qhhg qrw

rffxu= wkh prvw frooxvlyh sulfh whqgv wr eh sur0f|folfdo1

c.w �,Btt�u�WB|�NAH G76/ J63/ M66/ O46/ O541

lj+�NiatH FHR frpshqvdwlrq/ ghohjdwlrq/ frooxvlrq/ roljrsro|/ pdqdjhuldo lq0

fhqwlyhv/ lqfrph vprrwklqj/ lqfxpehqf| uhqwv/ rzqhuvkls dqg frqwuro/ jryhuqdqfh1
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D kljko| ghedwhg frqwulexwlrq e| Plfkdho Mhqvhq dqg Nhylq Pxusk| +4<<3, uhyhdohg

wkdw/ dw ohdvw xqwlo wkh plg *;3v zkhq wkh _vwrfn0rswlrqv zdyh% ehjdq/ wkh frpshqvdwlrq

ri X1V1 wrs pdqdjhuv kdv w|slfdoo| kdg d orz sd|0shuirupdqfh vhqvlwlylw|1� Vwhyhq Ndsodq

+4<<7d/e, irxqg wrs h{hfxwlyhv wr kdyh vlplodu lqfhqwlyhv lq rwkhu ghyhorshg frxqwulhv/

vxfk dv Jhupdq| dqg Mdsdq/ zkhuh qr vwrfn0rswlrqv zdyh kdv wdnhq sodfh |hw1 Djhqf|

wkhru| whdfkhv xv wkdw zkhq jrrg lqglfdwruv ri pdqdjhuldo shuirupdqfh duh dydlodeoh ~ dv

wkh| duh iru FHRv +fxuuhqw dqg ixwxuh sur�wv dqg vwrfn sulfhv, ~ kljk0srzhuhg pdqdjhuldo

lqfhqwlyhv vkrxog eh kljko| ehqh�fldo wr �up rzqhuv1 Zk| lv lw wkdw/ iru vxfk d orqj wlph

dqg lq vr gl�huhqw frxqwulhv/ vkduhkroghuv kdyh irujrqh wkhvh ehqh�wv dqg idfhg wkh djhqf|

frvwv olqnhg wr orz0srzhuhg pdqdjhuldo lqfhqwlyhvB

Wkuhh ghfdghv ri hpslulfdo uhvhdufk rq _lqfrph vprrwklqj% uhyhdohg wkdw pdqdjhuv

lqyhvw wlph/ h�ruw dqg �upv* uhvrxufhv/ dqg hyhq xvh eduho| ohjdo dffrxqwlqj wulfnv/ lq rughu

wr vprrwk dffrxqwlqj sur�wv lq wlph12 Lq d uhfhqw sdshu rq wkh vxemhfw/ Guhz Ixghqehuj

dqg Mhdq Wluroh +4<<8, qrwh wkdw lqfrph vprrwklqj lqyroyhv vxevwdqwldo uhdo frvwv/ dprqj

zklfk duh=

_111srru wlplqj ri vdohv/ ryhuwlph lqfxuuhg wr dffhohudwh vklsphqwv/ glvuxs0

wlrq ri wkh vxssolhuv* dqg fxvwrphuv* gholyhu| vfkhgxohv/ wlph vshqw wr ohduq

wkh dffrxqwlqj v|vwhp dqg wlqnhu zlwk lw111% +s1 :9,1

Zk| lv lw wkdw vkduhkroghuv frqwlqxh wr idfh wkh frvwv ri lqfrph vprrwklqj sudfwlfhv/

lqvwhdg ri vxlwdeo| prgli|lqj pdqdjhuv* lqfhqwlyh vfkhphvB

Wklv sdshu irfxvhv rq wkh h�hfwv ri wkhvh revhuyhg frpshqvdwlrq sudfwlfhv rq �upv*

orqj0whup frpshwlwlyh dwwlwxghv1 Lwv pdlq �qglqj lv wkdw dv orqj dv pdqdjhuv kdyh wkh

nlqgv ri orz0srzhuhg lqfhqwlyhv wkdw lqgxfh _lqfrph vprrwklqj/% wkh vhsdudwlrq ehwzhhq

rzqhuvkls dqg frqwuro ~ dv zhoo dv dq| pruh olplwhg irup ri ghohjdwlrq wr surihvvlrqdo

pdqdjhuv wkdw lqfoxghv sulflqj ghflvlrqv ~ juhdwo| hqkdqfh �upv* delolw| wr vxvwdlq wdflw

frooxvlrq1 Wklv �qglqj r�huv d qhz/ mrlqw h{sodqdwlrq iru wkh hpslulfdo �qglqjv deryh/

dw ohdvw iru wkh fdvh ri pdwxuh roljrsrolvwlf lqgxvwulhv= D vwurqj sur0frooxvlyh h�hfw fdq

rxwzhljkw wkh deryh phqwlrqhg frvwv/ dqg wudqvirup vxfk sx}}olqj frpshqvdwlrq sudfwlfhv

lqwr sur�wdeoh dowhuqdwlyhv wr kljk0srzhuhg lqfhqwlyhv1

Wkh skhqrphqrq ri wdflw frooxvlrq dprqj roljrsrolvwlf �upv kdv ehhq zhoo xqghu0

vwrrg wkdqnv wr wkuhh ghfdghv ri uhvhdufk rq uhshdwhg jdphv1� Krzhyhu/ prvw suhylrxv
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vxshujdph0wkhruhwlf dqdo|vhv ri frooxvlrq frq�qhg wkhpvhoyhv wr wkh vwdqgdug dvvxpswlrq

wkdw �upv pd{lpl}h glvfrxqwhg h{shfwhg sur�wv1 Vlqfh lq wkh uhdo zruog pdq| lqwhudfwlqj

idfwruv ghwhuplqh wkh vkdsh ri �upv* remhfwlyh ixqfwlrq/ lw lv lqwhuhvwlqj wr xqghuvwdqg krz

wkhvh idfwruv d�hfw �upv* delolw| wr frooxgh1 Lq sduwlfxodu/ hfrqrplvwv kdyh uhdol}hg iru d

orqj wlph wkdw zkhq rzqhuvkls lv vhsdudwhg iurp frqwuro/ �upv whqg wr sxuvxh remhfwlyhv

gl�huhqw iurp sur�w pd{lpl}dwlrq1e

Khuh zh zlvk wr nhhs dq hpslulfdo irfxv/ vr zh vwduw iurp zkdw zh nqrz derxw uhdo0

zruog pdqdjhuv* remhfwlyhv/ wkdw lv/ iurp wkh hpslulfdo hylghqfh glvfxvvhg dw wkh ehjlqqlqj1

Wr dqdo|}h wkh orqj0whup surgxfw pdunhw lpsolfdwlrqv ri lqfrph0vprrwklqj pdqdjhuv dqg

orz0srzhuhg lqfhqwlyh vfkhphv/ zh hpehg wkhvh slhfhv ri hylghqfh lq d fodvvlfdo uhshdwhg

roljrsro| prgho1

Iluvw/ zh �qg wkdw ~ zkdwhyhu wkh uhdvrq ehklqg lw ~ pdqdjhuv* revhuyhg _suhihuhqfh

iru vprrwk sur�w vwuhdpv% fduulhv zlwk lw d _suhihuhqfh iru frooxvlyh ehkdylru1% Ilupv

zkrvh sulflqj srolf| lv lq wkh kdqgv ri pdqdjhuv wkdw suhihu vprrwk sur�w vwuhdpv fdq

vxssruw dq| frooxvlyh djuhhphqw dw orzhu glvfrxqw idfwruv wkdq wkrvh dw zklfk rzqhu0ohg

�upv fdq1 Wklv lv ehfdxvh wkh suhihuhqfh iru vprrwk sur�w vwuhdpv erwk uhgxfhv pdqdjhuv*

dssuhfldwlrq ri vkruw0uxq sur�wv iurp xqlodwhudoo| euhdnlqj d frooxvlyh djuhhphqw/ dqg lw

lqfuhdvhv wkhlu vhqvlwlylw| wr orvvhv iurp wkh sxqlvkphqw skdvh wkdw iroorzv vxfk d euhdfk1D

Vhyhudo wkhruhwlfdo h{sodqdwlrqv kdyh ehhq sursrvhg iru pdqdjhuv* dwwhpswv wr vprrwk

�upv* sur�wv1 Zh h{soruh pruh lq ghwdlo wkh surgxfw pdunhw lpsolfdwlrqv ri wzr ri wkh

prvw lq�xhqwldo dprqj wkhvh h{sodqdwlrqv1

Zh ehjlq zlwk Sdxo Khdo|*v +4<;8, k|srwkhvlv wkdw lqfrph vprrwklqj sudfwlfhv duh

gulyhq e| wkh frpprqo| xvhg _erqxv frqwudfwv% wkdw sd| pdqdjhuv lq hdfk shulrg d �{hg

vdodu|/ soxv dq dgglwlrqdo prqhwdu| erqxv rqo| dzdughg li d suhghwhuplqhg wdujhw ohyho ri

sur�wv lv dfklhyhg1 Zh �qg wkdw vxfk frqwudfwv/ zkhwkhu orqj0whup ru vkruw0whup/ dfw dv

srzhuixo lqfhqwlyhv iru frooxvlrq1 Erqxv frqwudfwv duh deoh wr pdnh hyhq wkh mrlqw prqrsro|

frooxvlyh djuhhphqw vxssruwdeoh lq htxloleulxp dw dq| ohyho ri wkh glvfrxqw idfwru1

Pruh uhfhqwo|/ Guhz Ixghqehuj dqg Mhdq Wluroh +4<<8, kdyh sursrvhg dq h{sodqdwlrq

ri lqfrph vprrwklqj edvhg rq lqfxpehqw pdqdjhuv* uhqwv +h1j1 sulydwh ehqh�wv ri frqwuro,/

rzqhuv* lqdelolw| wr frpplw wr orqj0whup frqwudfwv/ dqg _lqirupdwlrq ghfd|% +wkh kljkhu
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lqirupdwlrqdo frqwhqw ri pruh uhfhqw shuirupdqfh lqglfdwruv,1 Zh frqvlghu d vlpsoh _uh0

gxfhg irup% ri wkhlu rswlpdo frqwudfwlqj prgho/ d vkruw0whup zdjh frqwudfw zlwk sulydwh

ehqh�wv iru wkh lqfxpehqw pdqdjhu/ dqg d uhsodfhphqw uxoh e| zklfk wkh pdqdjhu lv qrw

uhdssrlqwhg li wkh �up*v sur�wv idoo ehorz d fhuwdlq fxw0r� ohyho1 Zh �qg wkdw wkh ihdu ri

orvlqj ixwxuh uhqwv e| ehlqj uhsodfhg gxulqj wkh orz0sur�wv sxqlvkphqw skdvh wkdw iroorzv

d ghyldwlrq ghwhuv pdqdjhuv iurp euhdnlqj dq| frooxvlyh djuhhphqw zklfk gholyhuv shu0

shulrg sur�wv kljkhu wkdq wkh fxw0r� ohyho1 Dv zlwk vkruw0whup erqxv frqwudfwv/ wkh mrlqw

prqrsro| frooxvlyh djuhhphqw ehfrphv vxssruwdeoh dw dq| ohyho ri wkh glvfrxqw idfwru1

Wkhvh uhvxowv surylgh dq dgglwlrqdo h{sodqdwlrq iru zk| vkduhkroghuv wrohudwh wkh plv0

pdqdjhphqw frvwv olqnhg wr lqfrph vprrwklqj1 Lq roljrsrolvwlf hqylurqphqwv wkh vdph

nlqgv ri lqfhqwlyhv wkdw lqgxfh vxfk frvwo| sudfwlfhv dovr doorz vkduhkroghuv wr hqmr| kljk

frooxvlyh sur�wv1 Wkh uhvxowv dovr pdnh Mhqvhq dqg Pxusk|*v +4<<3, �qglqjv dsshdu ohvv

vxusulvlqj/ dw ohdvw iru pdwxuh roljrsrolvwlf lqgxvwulhv1 Lq vxfk lqgxvwulhv orz0srzhuhg

lqfhqwlyhv ~ vxfk dv erqxv frqwudfwv ru zdjh frqwudfwv zlwk lqfxpehqf| uhqwv ~ duh _rs0

wlpdo/% lq wkh vhqvh wkdw wkh| lqgxfh d nlqg ri _vdwlvi|lqj% pdqdjhuldo ehkdylru wkdw

hyhqwxdoo| pd{lpl}hv �upv* sur�wv1S

Wkh rwkhu vhw ri uhvxowv lq wkh sdshu uhjdugv wkh f|folfdo ehkdylru ri frooxvlyh sulfhv1

Zh �qg wkdw zkhq pdqdjhuv duh xqghu wkh orz0srzhuhg lqfhqwlyh vfkhphv ghvfulehg deryh

ru/ iru dq| rwkhu uhdvrq/ kdyh d suhihuhqfh iru vprrwk wlph0sdwkv ri sur�wv/ Urwhpehuj dqg

Vdorqhu*v +4<;9, _sulfh zduv gxulqj errpv% qhhg qrw rffxu1 Wklv lv ehfdxvh lq jrrg vwdwhv

ri ghpdqg lqfrph0vprrwklqj pdqdjhuv kdyh d orzhu pdujlqdo ydoxdwlrq ri dgglwlrqdo

vkruw0uxq jdlqv iurp ghyldwlrqv wkdq lq edg vwdwhv ri ghpdqg1 Wklv _zhdowk h�hfw% zrunv

djdlqvw wkh _vl}h h�hfw% lghqwl�hg e| Urwhpehuj dqg Vdorqhu/ dqg grplqdwhv lw zkhq

pdqdjhuv duh vx�flhqwo| dyhuvh wr lqwhuwhpsrudo vxevwlwxwlrq lq �up sur�wv1 Wkhvh odvw

uhvxowv surylgh dq h{sodqdwlrq iru wkh pl{hg hpslulfdo hylghqfh dydlodeoh rq wkh Urwhpehuj

dqg Vdorqhu prgho*v suhglfwlrqv +Johqq Hoolvrq/ 4<<7,1

��� +i*@|i_ *�|ih@|�hi

Deryh zh phqwlrqhg wkh uhodwlrqv ehwzhhq wklv sdshu/ wkh wkhruhwlfdo olwhudwxuhv rq wdflw

frooxvlrq lq uhshdwhg roljrsrolhv dqg rq wkh pdqdjhuldo wkhru| ri wkh �up/ dqg wkh hp0

slulfdo olwhudwxuhv rq wrs0pdqdjhuv sd|0shuirupdqfh vhqvlwlylw| dqg rq lqfrph vprrwklqj1

Dqrwkhu olqh ri uhvhdufk wr zklfk Vhfwlrqv 6 dqg 7 ri wklv sdshu duh forvho| uhodwhg lv

wkh rqh rq _vwudwhjlf ghohjdwlrq% vwduwhg e| Mrkq Ylfnhuv +4<;8, dqg Fkdlp Ihuvkwpdq

+4<;8,1 Exloglqj rq Wkrpdv Vfkhoolqj*v +4<93, lqvljkw wkdw frqwudfwv zlwk wklug sduwlhv
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pd| kdyh vwudwhjlf h�hfwv/ wklv olwhudwxuh h{soruhv wkh frqvhtxhqfhv ri ghohjdwlqj frqwuro wr

pdqdjhuv zlwk suhihuhqfhv ru lqfhqwlyhv gl�huhqw iurp wkrvh ri wkh rzqhuv lq roljrsrolhv

+h1j1 Ihuvkwpdq dqg Nhqqhwk Mxgg/ 4<;:> Vwhyhq Vnolydv/ 4<;:> Ihuvkwpdq/ Mxgg dqg

Hkxg Ndodl/ 4<<4> Plfkdho Ndw}/ 4<<4> Gdylg Uhlwpdq/ 4<<6,1

Wkh prvw forvho| uhodwhg sdshuv zlwklq wklv vwudqg ri olwhudwxuh duh Ihuvkwpdq/ Mxgg/

dqg Ndodl +4<<4,/ dqg shukdsv Plfkhoh Sror dqg Slhur Whghvfkl +4<<5, dqg Udmhvk Dj0

jduzdo dqg Dqguhz Vdpzlfn +iruwkfrplqj,1 Ihuvkwpdq/ Mxgg/ dqg Ndodl +4<<4, lv pruh

forvho| uhodwhg wr rxu Vhfwlrq 6/ vlqfh wkhvh dxwkruv rewdlq d _iron wkhruhp% iru fodvvlfdo

wzr0vwdjh ghohjdwlrq jdphv zkhuh rzqhuv xvh _wdujhw frpshqvdwlrq ixqfwlrqv/% lqfhqwlyh

vfkhphv wkdw jxdudqwhh ghohjdwhv d �{hg sul}h dv orqj dv wkh| nhhs wkhlu sulqflsdo*v xwlo0

lw| deryh d fhuwdlq ohyho1 Sror dqg Whghvfkl/ dqg Djjduzdo dqg Vdpzlfn duh uhodwhg wr

rxu sdshu ehfdxvh wkh| dovr rewdlq sur0frooxvlyh h�hfwv ri ghohjdwlrq/ dowkrxjk e| doorz0

lqj pdqdjhuv* frqwudfwv wr eh h{solflwho| dqg srvlwlyh| uhodwhg wr wkh shuirupdqfh ri wkh

frpshwlqj �upv1

Prgho dqg uhvxowv lq wklv sdshu duh zhoo glvwlqfw iurp wkrvh lq wkhvh hduolhu frqwulex0

wlrqv1 Iurp d phwkrgrorjlfdo srlqw ri ylhz/ wr dqdo|}h wkh h�hfwv ri ghohjdwlrq ri frqwuro

rq �upv* orqj0whup frpshwlwlyh ehkdylru zh ghsduw iurp doo suhylrxv zrun rq wkh vxe0

mhfw e| ohwwlqj �upv lqwhudfw uhshdwhgo| lq wlph1. Iurp d srvlwlyh srlqw ri ylhz/ dprqj

rwkhu wklqjv zh �qg wkdw ghohjdwlrq pdnhv ixoo frooxvlrq vxssruwdeoh dw dq| ohyho ri wkh

glvfrxqw idfwru zlwk wkh vlpsoh w|shv ri orz0srzhuhg pdqdjhuldo lqfhqwlyh frqwudfw wkdw

rqh revhuyhv lq uhdolw| +vhh Pxusk|/ 4<<;,1 Wkhvh frqwudfwv duh qrw _wdujhw frpshqvd0

wlrq ixqfwlrqv%> iru h{dpsoh/ pdqdjhuv xqghu erqxv frqwudfwv lqfxuu d qhw orvv +ri ixwxuh

erqxvhv, zkhq wkh| lqfuhdvh wkh rzqhu*v sd|r�v e| ghyldwlqj xqlodwhudoo| iurp d frooxvlyh

djuhhphqw1 Dovr/ wkhvh revhuyhg frqwudfwv duh qrw olqnhg ~ qhlwkhu srvlwlyho| qru qhjd0

wlyho| ~ wr frpshwlqj �upv* shuirupdqfh/ wkh| duh frqglwlrqdo rq wkh �up*v rzq sur�wv

rqo|1H

.�hi��L�t UL?|h�M�|�L?t 4L_i* t|h@|i}�U _i*i}@|�L? @t @ |�L�t|@}i }@4ic ��ihi @ �ht| t|@}i �? ���U�
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4@h!i| �?|ih@U|�L? Mi|�ii? 4@?@}iht� OL�i�ihc |�i @TTL�?|4i?| Lu @ �,� @?_ |�i _it�}? Lu ��t UL4�

Ti?t@|�L? T@U!@}i @hi _iU�t�L?t |@!i? hi*@|��i*) �?uhi^�i?|*) �? |�i *�ui Lu @ �h4c UL4T@hi_ |L Lh_�?@h)

Th�U�?} @?_ ^�@?|�|)�ti||�?} _iU�t�L?t� � L?i�t�L| _i*i}@|�L? }@4i uL**L�i_ M) @ tiUL?_�t|@}i L*�}LTL*)

t�Tih}@4i Mi|�ii? _i*i}@|it �?_ih *L?}�|ih4 UL?|h@U|t t�L�*_ Mi @ Mi||ih @TThL �4@|�L? uLh @| *i@t|

tL4i hi@*��Lh*_ L*�}LTL*�t|�U �?|ih@U|�L?t� �? |�i L|�ih �@?_c |�i L�?iht Lu L*�}LTL*�t|�U �h4t @hi *�!i*)

|L �?|ih@U| hiTi@|i_*) �? |�4i |�hL�}� |�i U�L�Ui Lu |�i�h 4@?@}iht< �?Ui?|��it� A�ihiuLhic @? �?�?�|i*)
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2 RW?UL4i t4LL|��?}� 4@?@}iht @?_ ThL_�U| 4@h!i| h��

�@*h)

2�� � t�4T*i 4L_i*

Frqvlghu d krprjhqhrxv jrrg roljrsro| zkhuh Q lghqwlfdo �upv frpshwh lq sulfh1 Wlph

lv glvfuhwh dqg wudgh rffxuv vlpxowdqhrxvo| lq hdfk shulrg w @ 4> 5> ==== Dw wkh ehjlqqlqj ri

hdfk shulrg hdfk �up dqqrxqfhv lwv fxuuhqw sulfh1 Ohw f ghqrwh wkh �upv* frqvwdqw dqg

lghqwlfdo pdujlqdo frvw/ � rzqhuv* dqg pdqdjhuv* frpprq lqwhuwhpsrudo glvfrxqw idfwru/

dqg s|� wkh sulfh wkdw �up l dqqrxqfhv lq shulrg w1 Ghpdqg lv d ghfuhdvlqj dqg frqwlqxrxv

ixqfwlrq T+s6|, ri sulfh/ zkhuh s6| @ plq�is
|
�j1 Zkhq wkh Q �upv dqqrxqfh lghqwlfdo

sulfhv/ ghpdqg lv vkduhg htxdoo|1 Zkhq wkh txrwhg sulfhv gl�hu/ doo wkh frqvxphuv ex|

iurp wkh vxevhw ri �upv zklfk txrwhg wkh orzhvw sulfh1 Wkhvh �upv pxvw phhw doo wkh

ghpdqg dw wkh dqqrxqfhg sulfh dqg doorfdwh lw htxdoo| dprqj wkhp1 Lw lv dovr dvvxphg

wkdw wrwdo lqgxvwu| sur�wv duh frqfdyh lq sulfh dqg uhdfk d pd{lpxp dw s6| @ s� / zkhuh

s� @ dujpd{R+s� f,T+s, lv wkh prqrsro| sulfh1

Dq htxloleulxp rxwfrph lq wklv pdunhw lv dq lq�qlwh sdwk ri sulfhv dqg dvvrfldwhg

sur�wv yhfwruv


s|>�|

�
"

|'f
1 Dv orqj dv qr frooxvlyh djuhhphqw lv lpsohphqwhg/ �upv hduq

}hur sur�wv dv wkh| duh fdxjkw lq wkh xqltxh Qdvk htxloleulxp ri wkh vwdwlf Ehuwudqg jdph/

zlwk s6|� @ f dqg �|� @ 3/ iru hyhu| l dqg w=

Zh irfxv �uvw rq vwdwlrqdu| frooxvlyh djuhhphqwv vxssruwhg e| wuljjhu vwudwhjlhv/ wkdw

lv/ e| wkh wkuhdw ri uhyhuwlqj iruhyhu wr wkh Qdvk htxloleulxp ri wkh vwdwlf jdph +Mdphv

Iulhgpdq/ 4<:4,1 Wklv vlpsol�hv dqdo|vlv dqg h{srvlwlrq/ dqg grhv qrw uhvwulfw wkh vfrsh

ri wkh uhvxowv1b Pruhryhu/ uhdo0zruog wdflw frooxvlyh djuhhphqwv vhogrp frqvlvw ri frpsoh{

qrq0vwdwlrqdu| htxloleulxp sdwkv vxssruwhg e| vrsklvwlfdwhg hqiruflqj phfkdqlvpv1�f H{0

whqvlrqv wr gl�huhqw pdunhw vwuxfwxuhv dqg wr pruh vrsklvwlfdwhg sxqlvkphqw vwudwhjlhv

duh glvfxvvhg lq Vhfwlrq 8141

D vwdwlrqdu| frooxvlyh djuhhphqw wr vhw s|� @ sW A f> ;l> w fdq eh vxssruwhg e| wuljjhu

vwudwhjlhv li dqg rqo| li iru hyhu| �up l> wkh h{shfwhg jdlqv iurp uhvshfwlqj wkh djuhhphqw

rxwzhljk wkh vkruw0uxq jdlqv iurp ghyldwlqj iurp lw1 Irupdoo|/ wkh frqglwlrq lv dv iroorzv=

4

4� �

4

Q
+sW � f,T+sW, � +sW � f,T+sW, +4,

UL�?|h�it�
b`�|� hiTi@|i_ �ih|h@?_ UL4Ti|�|�L? |�i 4Lt| UL**�t��i 4@h!i| i^��*�Mh�@ @hi t|@|�L?@h) ��|� UL**�_�?}

�h4t Mi�@��?} @t @ 4L?LTL*�t| �? i@U� Tih�L_c ���*i �?hi*i?|�?} |h�}}ih t|h@|i}�it @hi RLT|�4@* T�?�t��

4i?|t�� A�i) !iiT T*@)iht @| |�i�h tiU�h�|) *i�i*tc tL |�@| ?L UL4T*i T�?�t�4i?| 4iU�@?�t4 U@? i?*@h}i

|�i ti| Lu t�TTLh|@M*i i^��*�Mh�@ E�Mhi�c �bHS��
�f6�h4t @hi _i@*�?} ��|� uLhM�__i? �4T*�U�| UL?|h@U|t L? ���U� i U�@?}it Lu �?uLh4@|�L? @?_ L|�ih uLh4t

Lu UL44�?�U@|�L? @hi h�t!)� W? @ �Lh*_ ��ihi �?uLh4@|�L? �t |)T�U@**) �4TihuiU| @?_ ULt|*) @?_ ULLh_�?@|�L?
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4

Q
=

Li frqglwlrq 4 lv qrw vdwlv�hg/ wdflw frooxvlrq lv qrw vxssruwdeoh1 Wr vlpsoli| qrwdwlrq/ lq

wkh uhvw ri wkh sdshu zh zloo vrphwlphv ohw �W� ghqrwh wkh shu0shulrg frooxvlyh sur�wv ri d

�up l> �

�
+sW � f,T+sW,> dqg e�W� ghqrwh vkruw0uxq sur�wv iurp ghyldwlqj xqlodwhudoo| iurp

wkdw frooxvlyh djuhhphqw +sW � f,T+sW,=

2�2 RW?UL4i�t4LL|��?} 4@?@}iht� @?_ UL**�t��i Mi�@��Lh

Wkh hpslulfdo olwhudwxuh rq lqfrph vprrwklqj phqwlrqhg lq wkh lqwurgxfwlrq uhyhdov wkdw

uhdo0zruog pdqdjhuv kdyh d urexvw suhihuhqfh iru vprrwk wlph sdwkv ri �upv* dffrxqwlqj

sur�wv1 Wkh suhihuhqfh iru vprrwk sur�wv/ wkdw lv/ wkh dyhuvlrq wr lqwhuwhpsrudo vxevwlwx0

wlrq lq �up sur�wv lpsolhv ghfuhdvlqj pdujlqdo xwlolw| ri sur�wv zlwklq hdfk shulrg/ l1h1 d

vwulfwo| frqfdyh lqvwdqwdqhrxv remhfwlyh ixqfwlrq1 Zkhq lqfrph0vprrwklqj pdqdjhuv wdnh

sulfh0vhwwlqj ghflvlrqv/ �upv* remhfwlyh ixqfwlrqv vkrxog lqfrusrudwh wklv suhihuhqfh1 Lq rxu

prgho/ d pdqdjhu0ohg �up l vkrxog wkhuhiruh pd{lpl}h/ lq hdfk shulrg � / wkh remhfwlyh

ixqfwlrq
S
"

|'� �|X+�|�,> zlwk X vwulfwo| frqfdyh1 Rq wkh rwkhu kdqg/ wr rxu nqrzohgjh/

wkhuh lv qr hylghqfh ri lqfrph vprrwklqj sudfwlfhv iru rzqhu0ohg �upv1 Wklv ohdgv xv wr

wkh �uvw uhvxow1

Sursrvlwlrq 4 Vxssrvh rzqhuv pd{lpl}h glvfrxqwhg h{shfwhg sur�wv/ zkloh pdqdjhuv

kdyh d suhihuhqfh iru vprrwk sur�w vwuhdpv1 Wkhq/ wkh vhsdudwlrq ehwzhhq rzqhuvkls

dqg frqwuro idflolwdwhv frooxvlrq= Lw doorzv dq| wdflw frooxvlyh djuhhphqw wr eh vxssruwhg

lq vxejdph shuihfw htxloleulxp dw d orzhu plqlpxp glvfrxqw idfwru1

Surri= Sohdvh vhh wkh Dsshqgl{1

Wkh lqwxlwlrq iru wklv uhvxow lv wkdw lqfrph0vprrwklqj pdqdjhuv* vwulfwo| frqfdyh lq0

vwdqwdqhrxv remhfwlyh ixqfwlrqv uhod{ wkh qhfhvvdu| dqg vx�flhqw frqglwlrqv iru dq| fro0

oxvlyh djuhhphqw wr eh vxssruwhg lq htxloleulxp/ iru wzr uhdvrqv=

41 wkh| uhgxfh wkh uhodwlyh ydoxh ri vkruw0uxq jdlqv iurp xqlodwhudo ghyldwlrqv iurp wkh

djuhhphqw +wkh| duh hydoxdwhg dw uhodwlyho| orzhu pdujlqdo xwlolw|,> dqg

51 wkh| lqfuhdvh wkh uhodwlyh ydoxh ri wkh orvvhv iurp wkh sxqlvkphqw skdvh zklfk iroorzv

d ghyldwlrq +wkh| duh hydoxdwhg dw uhodwlyho| kljkhu pdujlqdo xwlolw|,1

Wkh qhfhvvdu| frqglwlrqv iru dq| jlyhq frooxvlyh djuhhphqw wr eh vxssruwdeoh lq htxl0

oleulxp duh olqhdu lq wkuhh sdudphwhuv= wkh glvfrxqw idfwru �> wkh htxloleulxp sur�w vwuhdp
�
�|

�
@ �W

�

�
"

|'�
> dqg wkh vwdjh0jdph*v sd|r� vwuxfwxuh/ sdudphwul}hg khuh e| a�W

�
= Wkh frqfdy0

lw| ri wkh lqvwdqwdqhrxv xwlolw| ixqfwlrq pdnhv vxfk frqglwlrqv ohvv vwulqjhqw dqg wkhuhiruh/

jlyhq wzr ri wkh sdudphwhuv/ lw hqodujhv wkh vhw ri ydoxhv ri wkh wklug sdudphwhu zklfk

vdwlvi| wkh uhodwlrq1 Wklv ohdgv wr wkh iroorzlqj uhpdun1

:



Uhpdun 4 Sursrvlwlrq 4 lpsolhv wkdw/ jlyhq wkh glvfrxqw idfwru �/ pdqdjhuv* suhihuhqfh

iru vprrwk sur�w vwuhdpv=

+l, +zhdno|, hqodujhv wkh vhw ri frooxvlyh djuhhphqwv wkdw �upv fdq vxssruw lq dq| jlyhq

roljrsro|>

+ll, hqodujhv wkh vhw ri roljrsrolhv +sdudphwul}hg e| a�W
�
, lq zklfk �upv duh deoh wr

vxssruw dq| jlyhq frooxvlyh sur�w vwuhdp1

D vhfrqg uhpdun lv lq rughu1

Uhpdun 5 Zkhq �upv duh frqjorphudwhv dqg wkhuh lv pxowlpdunhw frqwdfw/ dq dgglwlrqdo

sur0frooxvlyh h�hfw ~ gxh wr lqfrph0vprrwklqj pdqdjhuv* kljkhu ydoxdwlrq ri orvvhv iurp

vlpxowdqhrxv sxqlvkphqwv dqg orzhu ydoxdwlrq ri jdlqv iurp vlpxowdqhrxv ghyldwlrqv lq

pruh pdunhwv ~ dggv wr wkh h�hfwv lghqwl�hg e| Sursrvlwlrq 4 +vhh Jldqfduor Vsdjqror/

4<<<,1

2�� , |i?t�L?t

51614 Rwkhu uhdvrqv wr _vprrwk0dqg0frooxgh%

Sursrvlwlrq 4 pd| dsshdu wr ehvw �w wkh h{sodqdwlrq ri lqfrph vprrwklqj r�huhg e|

Ulfkdug Odpehuw +4<;7, dqg Urqdog G|h +4<;;,/ e| zklfk �qdqfldoo| frqvwudlqhg pdq0

djhuv xqghu vkduh frqwudfwv vprrwk wkhlu rzq lqfrph lq wlph e| vprrwklqj �upv* sur�wv1

Krzhyhu/ wkh uhvxow dssolhv zkdwhyhu lv wkh vshfl�f idfwru wkdw ohdgv pdqdjhuv wr kdyh

d suhihuhqfh iru vprrwk vwuhdpv ri �upv* sur�wv1 Iru h{dpsoh/ pdqdjhuv* suhihuhqfh iru

glvfuhwlrq lq wkh irup ri _iuhh fdvk �rz% lghqwl�hg e| Mhqvhq +4<;9, vkrxog dovr lqgxfh

d suhihuhqfh iru vprrwk wlph sdwkv ri sur�wv zkhq lqirupdwlrq dv|pphwulhv pdnh h{0

whuqdo �qdqfh frvwo| dqg glylghqg srolf| uljlg1 Dq dowhuqdwlyh h{sodqdwlrq iru lqfrph

vprrwklqj/ surylghg e| Mrvkxd Urqhq dqg Vdpfkd Vdgdq +4<;4, dqg Euhww Wuxhpdq dqg

Vkhulgdq Wlwpdq +4<;;,/ dvvxphv wkdw pdqdjhuv dfw lq wkh lqwhuhvwv ri vkduhkroghuv/ dqg

wkdw vkduhkroghuv +dqg fdslwdo pdunhwv lq jhqhudo, kdyh d suhihuhqfh iru dvvhwv gholyhulqj

vprrwk uhwxuqv1 Lq wklv fdvh lw zrxog eh idfwruv ehklqg vkduhkroghuv* suhihuhqfhv ~ iru

h{dpsoh �qdqfldo frqvwudlqwv ~ wkdw idflolwdwh frooxvlrq1 Pruh jhqhudoo|/ dq| idfwru +lqwhu0

qdo ru h{whuqdo wr wkh �up, wkdw pdnhv vprrwklqj sur�wv d sur�wdeoh srolf| dovr pdnhv

�upv pruh surqh wr frooxgh1 Wkhuhiruh/ pdq| ri wkh dujxphqwv eurxjkw xs lq wkh �qdqfh

olwhudwxuh iru zk| �upv vkrxog vprrwk sur�wv e| _khgjlqj% ~ vxfk dv uhgxflqj wkh wd{

eloo +ehfdxvh wkh frusrudwh wd{ lv jhqhudoo| qrw shuihfwo| olqhdu lq sur�wv,/ ru olplwlqj wkh

h{wud frvw ri h{whuqdo �qdqfh +gxh wr lqirupdwlrq dv|pphwulhv, ~ dovr lghqwli| idfwruv wkdw

whqg wr lqfuhdvh �upv* zloolqjqhvv wr frooxgh +vhh Nhqqhwk Iurrw hw do1/ 4<<6,1��

��A�i ThL�UL**�t��i igiU| Lu @ t|h�U|*) UL?U@�i LM�iU|��i u�?U|�L? Mi��?_ �hLTLt�|�L? �c @?_ |�i UL?�ihti
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51615 Ghpdqg xqfhuwdlqw|

Urwhpehuj dqg Vdorqhu +4<;9, qrwhg wkdw zkhq ghpdqg lv vxemhfw wr vwrfkdvwlf vkrfnv

wkdw hdfk shulrg uhdol}h ehiruh �upv vhw sulfhv/ vkruw0uxq jdlqv iurp euhdnlqj d frooxvlyh

djuhhphqw fkdqjh wrjhwkhu zlwk wkh uhdol}dwlrq ri wkh vwdwh ri wkh zruog1 Kljk ghpdqg

lpsolhv odujhu vkruw0uxq sur�wv rewdlqhg e| ghyldwlqj xqlodwhudoo| iurp d frooxvlyh djuhh0

phqw dqg fdswxulqj wkh zkroh pdunhw1 Lqvwhdg/ wkh h{shfwhg orvvhv iurp wkh sxqlvkphqw

skdvh/ wkh wkuhdw wkdw glvflsolqhv wkh frooxvlyh djuhhphqw/ duh frqvwdqw lq h{shfwdwlrq

dfurvv vwdwhv ri wkh zruog1 Wkhq/ zkhq wkh glvfrxqw idfwru elqgv/ wkh pruh sur�wdeoh

frooxvlyh djuhhphqwv ehwzhhq sur�w0pd{lpl}lqj �upv qhhg wr eh frqglwlrqhg rq hdfk sh0

ulrg*v uhdol}dwlrq ri wkh vkrfn1 Zkhq wkh uhdol}hg vwdwh ri ghpdqg lv kljk/ wkh djuhhphqw

pxvw lqglfdwh d orzhu frooxvlyh sulfh lq rughu wr uhvwudlq wkh vwurqjhu whpswdwlrq wr euhdn

wkh djuhhphqw1 Wkhvh nlqgv ri djuhhphqwv zrxog dsshdu wr rxwvlgh revhuyhuv dv _sulfh

zduv gxulqj errpv1%

Zkdw lv wkh f|folfdo ehkdylru ri frooxvlyh sulfhv zkhq sulflqj ghflvlrqv duh lq wkh kdqgv

ri lqfrph0vprrwklqj pdqdjhuvB Ohw � ghqrwh wkh vwrfkdvwlf vkrfn wkdw d�hfwv ghpdqg/

vr wkdw lq rxu prgho wkh ghpdqg ixqfwlrq ehfrphv T @ T+s> �,> zlwk T+s> �, lqfuhdvlqj

lq �1 Iru vlpsolflw|/ dvvxph � wr eh l=l=g= vr wkdw lq hdfk shulrg � 5

�
�u> �M

�
/ zlwk

Su+� @ �M, @ t dqg 3 ? t ? 4= Wkhq zh fdq vwdwh wkh iroorzlqj uhvxow1

Sursrvlwlrq 5 Vxssrvh sulfhv duh vhw e| pdqdjhuv zlwk d suhihuhqfh iru vprrwk sur�w

vwuhdpv1 Wkhq sulfh zduv gxulqj errpv qhhg qrw rffxu= zkhq pdqdjhuv duh vx�flhqwo|

dyhuvh wr lqwhuwhpsrudo vxevwlwxwlrq lq �upv* sur�wv dqg wkh glvfrxqw idfwru elqgv/ wkh

prvw frooxvlyh sulfh vxssruwdeoh lq htxloleulxp lv sur0f|folfdo1

Surri= Sohdvh vhh wkh Dsshqgl{1

Wkh lqwxlwlrq ehklqg wklv uhvxow lv dv iroorzv1 Zkhq pdqdjhuv duh dyhuvh wr lqwhuwhp0

srudo vxevwlwxwlrq wkhlu remhfwlyh ixqfwlrq lv vwulfwo| frqfdyh/ wkhuhiruh wkh| kdyh d orzhu

pdujlqdo ydoxdwlrq ri sur�wv dw kljkhu ohyhov ri uhdol}hg sur�wv/ wkdw lv/ zkhq ghpdqg lv

kljk1 Wklv phdqv wkdw lq jrrg vwdwhv ri wkh zruog �upv* pdujlqdo ydoxdwlrq ri vkruw0uxq

jdlqv iurp ghyldwlrq lv orzhu wkdq lq edg vwdwhv ri wkh zruog1 Wklv _zhdowk% h�hfw zrunv

lq wkh rssrvlwh gluhfwlrq wr wkh _vl}h% h�hfw lghqwl�hg e| Urwhpehuj dqg Vdorqhu/ dqg

grplqdwhv lw zkhq pdqdjhuv* suhihuhqfh iru vprrwk sur�wv lv vx�flhqwo| vwurqj1
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Lq d kljko| ghedwhg frqwulexwlrq/ Khdo| +4<;8, dujxhg wkdw lqfrph vprrwklqj pd| eh

gulyhq e| pdqdjhuv* prqhwdu| lqfhqwlyh vfkhphv/ dqg surylghg hpslulfdo vxssruw iru klv

ylhz1 Kh qrwhg wkdw prvw frpprq pdqdjhuldo lqfhqwlyh vfkhphv kdyh �{hg prqhwdu|

erqxvhv sdlg rqo| zkhq sur�wv uhdfk d fhuwdlq srvlwlyh wdujhw ohyho +vhh dovr Pxusk|/

4<<;,1 Wkhvh _fdsshg% lqfhqwlyhv wkhq ohdg pdqdjhuv wr wudqvihu sur�wv iurp shulrgv lq

zklfk wkh| duh idu deryh ru ehorz wkh ohyho wkdw wuljjhuv wkh erqxv/ wr shulrgv lq zklfk

wkh| duh forvh exw ehorz vxfk d wdujhw1 Sdxo Mrvnrz dqg Qdqf| Urvh +4<<7, irxqg hylghqfh

wkdw Erdugv wkhpvhoyhv glvfrxqw h{wuhph uhdol}dwlrqv iurp pdqdjhuv* frpshqvdwlrq/ vr

wkdw pdqdjhuldo lqfhqwlyhv whqg wr eh _fdsshg1% Krz gr wkhvh frpshqvdwlrq sudfwlfhv

lq�xhqfh �upv* frpshwlwlyh dwwlwxghvB

Lq wklv vhfwlrq zh irfxv rq wkh surgxfw0pdunhw h�hfwv ri orqj0whup pdqdjhuldo frq0

wudfwv/ vr zh prgho ghohjdwlrq dv d wzr0vwdjh jdph zkhuh d �uvw0vwdjh vwdwlf lqwhudfwlrq

lq zklfk rzqhuv fkrrvh wkhlu ghohjdwhv* lqfhqwlyhv lv iroorzhg e| d vhfrqg0vwdjh lq�qlwho|

uhshdwhg pdunhw jdph1 Wklv vwudwhjlf vwuxfwxuh lv uhplqlvfhqw ri Mhdq Slhuuh Ehqrlw dqg

Ylmd| Nulvkqd*v +4<;:, dqg Fduo Gdylgvrq dqg Ud|prqg Ghqhnhuh*v +4<<3, dqdo|vhv ri

h{fhvv fdsdflw| dqg frooxvlrq lq Ehuwudqg vxshujdphv1 Lq Vhfwlrq 7 zh zloo frqvlghu wkh

fdvh ri vkruw0whup pdqdjhuldo frqwudfwv/ zklfk kdv d ohvv idploldu vwudwhjlf vwuxfwxuh1

Lq erwk vhfwlrqv zh iroorz wkh exon ri suhylrxv zrun e| dvvxplqj pdqdjhuldo lqfhqwlyhv

wr eh elqglqj dqg sxeolfo| revhuydeoh/ zkloh vhfuhw frqwudfw uhqhjrwldwlrq lv glvfxvvhg lq

ohqjwk lq Vhfwlrq 91 Zh dgrsw wkh vwdqgdug dvvxpswlrq wkdw zkhq pdqdjhuv duh lqgl�huhqw

zlwk uhvshfw wr wzr ru pruh dfwlrqv wkh| fkrrvh wkh rqh wkdw pd{lpl}hv wkhlu �up*v

sur�wv�2 dqg/ wr pdnh wkh uhvxowv pruh fohdu0fxw/ zh dvvxph wkdw lqhtxdolw| +4, ~ rzqhuv*

lqfhqwlyh frpsdwlelolw| frqglwlrq iru frooxvlrq ehlqj vxssruwdeoh ~ lv qrw vdwlv�hg1 Ilqdoo|/

wr vnls vwudljkwiruzdug frpsdulvrqv ehwzhhq frvwv +pdqdjhuv* frpshqvdwlrq, dqg ehqh�wv

+dgglwlrqdo frooxvlyh sur�wv, ri ghohjdwlrq/ zh dvvxph wkdw rzqhuv* glvxwlolw| ri uxqqlqj

wkh �up shuvrqdoo| lv vwulfwo| odujhu wkdq pdqdjhuv* uhvhuydwlrq zdjh U=��

��2 wL?}�|ih4 ML?�t UL?|h@U|t @?_ |@U�| UL**�t�L?

Ehfdxvh frqglwlrq +4, lv qrw vdwlv�hg/ rzqhu0ohg �upv duh vwxfn dw wkh vwdwlf Ehuwudqg0

Qdvk htxloleulxp hduqlqj }hur sur�wv1 Krzhyhu/ rzqhuv pd| ghflgh ~ dw wkh irxqgdwlrq
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ri wkh lqgxvwu| ru lq dq| iroorzlqj shulrg ~ wr kluh pdqdjhuv xqghu wkh frpprqo| xvhg

_erqxv frqwudfwv% wr wu| wr lpsuryh rq wkhlu plvhudeoh vlwxdwlrq1

Zh gh�qh d orqj0whup erqxv frqwudfw dv d vwdwlrqdu| vhtxhqfh ri ydoxhv iru wkh wulsoh

ri sdudphwhuv
�
Z�> E�> �

�

�

�
> zkhuhZ� ghqrwhv wkh pdqdjhu*v vdodu|/ E� ghqrwhv d srvlwlyh

prqhwdu| erqxv/ dqg ��
�
ghqrwhv wkh plqlpxp ohyho ri wkh �up*v sur�wv wkdw wuljjhuv lwv

sd|phqw wr wkh pdqdjhu1�e Vxssrvh rzqhuv fdq fkrrvh ehwzhhq nhhslqj frqwuro/ klulqj d

sur�w0pd{lpl}lqj pdqdjhu/ dqg klulqj d pdqdjhu xqghu d erqxv frqwudfw +lq zklfk fdvh

wkh rzqhuv pxvw dovr fkrrvh wkh wdujhw ��
�
,1 Zlwk orqj0whup frqwudfwv wkh wlplqj ri wkh

ghohjdwlrq jdph lv dv iroorzv1

� Vwdjh 4= Rzqhuv vlpxowdqhrxvo| ghflgh zkhwkhu wr ghohjdwh sulflqj ghflvlrqv/ dqg li

wkh| gr lw/ wkh| fkrrvh wkh sdudphwhuv ri wkhlu pdqdjhuv* lqfhqwlyh frqwudfw1

� Vwdjh 5= Pdqdjhuv +li ghohjdwlrq wdnhv sodfh, ru rzqhuv sod| wkh pdunhw vxshujdph1

Lq wkh vhfrqg0vwdjh pdunhw vxshujdph d pdqdjhu l xqghu erqxv frqwudfw zlwk ��
�
A 3

�qgv lw frqyhqlhqw wr uhvshfw dq| wdflwo| djuhhg vhtxhqfh ri frooxvlyh sulfhv
�
s| @ sW

�
"

|'f

vxfk wkdw

��� �
4

Q
+sW � f,T+sW,>;l> +5,

zkdwhyhu wkh glvfrxqw udwh lv1 Wklv lv vr ehfdxvh e| vwlfnlqj wr wkh djuhhphqw kh uhfhlyhv/

wrjhwkhu zlwk wkh zdjh/ d vwdwlrqdu| �rz ri erqxvhv zlwk wrwdo glvfrxqwhg h{shfwhg sd|r�v
`�n��
�3B = D xqlodwhudo ghyldwlrq iurp dq| vxfk frooxvlyh djuhhphqw ohdyhv wkh pdqdjhu*v zdjh

xqd�hfwhg dqg doorzv klp wr jhw wkh erqxv lq wkh shulrg ri wkh ghyldwlrq/ exw wuljjhuv d

sxqlvkphqw skdvh gxulqj zklfk sur�wv duh }hur dqg wkh erqxv lv qrw sdlg1 Glvfrxqwhg

h{shfwhg sd|r�v iurp wkh xqlodwhudo ghyldwlrq duh wkhuhiruh E� �
`�

�3B > wkdw lv/ d qhw orvv

ri � ��
�3B 1

Li doo pdqdjhuv duh xqghu erqxv frqwudfwv/ wkh vhw ri frooxvlyh sulfhv vxssruwdeoh

lq vxejdph shuihfw htxloleulxp lq wkh pdunhw vxshujdph S W lv qrq0hpsw| dv orqj dv
S�

�'� �
�
� � +s� � f,T+s� ,/ zkhuh wkh vxshuvfulsw � lqglfdwhv wkh ydoxh ri d yduldeoh dw

wkh mrlqw prqrsro| rxwfrph1 Wklv lv vr ehfdxvh li frqglwlrq +5, grhv qrw krog iru rqh +ru

pruh, pdqdjhu+v,/ wkhq wkdw pdqdjhu zrxog ghyldwh iurp dq| frooxvlyh sulfh +hlwkhu wr wu|

wr rewdlq wkh erqxv dw ohdvw rqfh ru/ zkhq wklv lv lpsrvvleoh/ ehfdxvh kh lv lqgl�huhqw dqg

wkhuhiruh pd{lpl}hv wkh �up*v sur�wv,1 Wkhuhiruh/ dv orqj dv
S�

�'� �
�
� � +s� � f,T+s� ,

pdqdjhuv fdq vxssruw frooxvlrq lq wkh vhfrqg vwdjh1 Ixuwkhupruh/ li doo pdqdjhuv kdyh

��� @ ��� > zkhuh ��� @ ER�3S�'ER� �
�

> wkh mrlqw prqrsro| djuhhphqw lv wkh rqo| vwdwlrqdu|
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frooxvlyh djuhhphqw pdqdjhuv fdq vxssruw lq htxloleulxp lq wkh vhfrqg0vwdjh vxshujdph/

zkdwhyhu wkh glvfrxqw idfwru lv1

Frqvlghu qrz wkh �uvw vwdjh ri wkh ghohjdwlrq jdph1 Fdq dq rzqhu sur�w e| ghyldwlqj

xqlodwhudoo| iurp d vwudwhj| sur�oh wkdw lq wkh �uvw vwdjh suhvfulehv hdfk rzqhu wr ghohjdwh

frqwuro wr d pdqdjhu xqghu d erqxv frqwudfw zlwk E A 3 dqg ��� @ ��� B Li dq rzqhu

ghyldwhv e| fkrrvlqj wr nhhs frqwuro ru wr ghohjdwh wr d sur�w0pd{lpl}lqj pdqdjhu +h1j1

vhwwlqj E @ 3, frooxvlrq fdqqrw eh vxssruwhg dqg kh h{shfwv }hur sur�wv iruhyhu1 Li dq

rzqhu ghyldwhv e| vhwwlqj ��� A ��� wkh frqglwlrq
S�

�'� �
�
� � +s� � f,T+s� , lv ylrodwhg/

frooxvlrq fdqqrw eh vxssruwhg dqg/ djdlq/ doo rzqhuv +lqfoxglqj wkh ghyldwlqj rqh, jhw

}hur sur�wv iruhyhu1 Ilqdoo|/ li dq rzqhu ghyldwhv e| fkrrvlqj ��� ? ��� kh fdqqrw jdlq/

exw kh fdq orvh vlqfh hyhq wkrxjk pdqdjhuv fdq vxssruw frooxvlrq lq wkh vhfrqg vwdjh/ klv

pdqdjhu pd| vhwwoh zlwk d frooxvlyh djuhhphqw gholyhulqj sur�wv �W� zlwk ��� � �W� ? ��� =

Wklv vlpsoh uhdvrqlqj lv vxppdul}hg e| wkh iroorzlqj sursrvlwlrq1

Sursrvlwlrq 6 E| ghohjdwlqj frqwuro wr pdqdjhuv xqghu orqj0whup erqxv frqwudfwv zlwk

��
�
@ ��

�
/ rzqhuv fdq vxssruw wkh mrlqw prqrsro| frooxvlyh djuhhphqw lq vxejdph shuihfw

htxloleulxp ri wkh ghohjdwlrq jdph dw dq| ohyho ri wkh glvfrxqw idfwru1

��� , |i?t�L?t

61614 Ulfkhu frqwudfw vsdfh

Zh irfxvhg rq erqxv frqwudfwv ehfdxvh ri wkhlu hpslulfdo uhohydqfh/ exw wkh uhvxowv deryh

uhpdlq ydolg zkhq rzqhuv fdq fkrrvh iurp d odujhu vhw ri pdqdjhuldo lqfhqwlyh frqwudfwv1

Iru h{dpsoh/ rzqhuv pd| wklqn ri pdnlqj d pdqdjhu*v frpshqvdwlrq d frqwlqxrxv ixqfwlrq

ri �up sur�wv/ ru d ixqfwlrq ri vdohv uhyhqxh/ zklfk zh ghqrwh e| V�1 Vxssrvh rzqhuv fdq

fkrrvh wkh sdudphwhuv ri wkh iroorzlqj frpshqvdwlrq ixqfwlrq=

Z� . ��j�+��, . ��i�+V�, .E� � 4iZ�DZ�� j
>

zkhuh �� � 3 dqg �� � 3 duh frh�flhqwv/ j�+=, dqg i�+=, duh frqwlqxrxv lqfuhdvlqj ixqfwlrqv/

dqg 4� lv wkh lqglfdwru ixqfwlrq rq d vhw D1�D Zkhq �� A 3> zh dvvxph rzqhuv iruelg

+frqwudfwxdoo|, pdqdjhuv wr fkrrvh sulfhv orzhu wkdq pdujlqdo frvw/ vr wkdw rzqhuv dyrlg

qhjdwlyh sur�wv li frooxvlrq euhdnv grzq1�S Rzqhu l*v fkrlfh yduldeohv lq wkh �uvw0vwdjh

ghohjdwlrq jdph duh qrz
�
��> ��> j�> i�> E�> �

�
�

�
> dqg zh fdq vwdwh wkh iroorzlqj ohppd1

Ohppd 4 Wkh plqlpxp glvfrxqw idfwru dw zklfk dq| frooxvlyh djuhhphqw +ru/ jlyhq wkh

glvfrxqw idfwru/ wkh vhw ri djuhhphqwv wkdw, fdq eh vxssruwhg lq vxejdph shuihfw htxloleulxp

lq wkh ghohjdwlrq jdph lv lqfuhdvlqj +ghfuhdvlqj, zlwk �� dqg ��1
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Surri= Sohdvh vhh wkh Dsshqgl{1

Wkh srlqw lv wkdw xqghu erqxv frqwudfwv pdqdjhuv kdyh qr lqfhqwlyh zkdwvrhyhu wr

ghyldwh iurp d frooxvlyh djuhhphqw wkdw shuplwv wkhp wr rewdlq wkh erqxvhv1 Lqfhqwlyh

frpsrqhqwv lqfuhdvlqj lq sur�wv jhqhudwh vkruw0uxq jdlqv iurp ghyldwlrq iru pdqdjhuv/

zkloh ohdylqj wkhlu zdjh gxulqj sxqlvkphqw skdvhv xqd�hfwhg1 Lqfhqwlyh frpsrqhqwv

lqfuhdvlqj zlwk vdohv dovr jhqhudwh pdqdjhuldo vkruw0uxq jdlqv iurp ghyldwlrq/ dqg wkh|

hyhq lqfuhdvh pdqdjhuv* zdjh gxulqj sxqlvkphqwv1 D vlpsoh uhvxow iroorzv iurp Ohppd

41

Sursrvlwlrq 7 E| ghohjdwlqj frqwuro wr pdqdjhuv xqghu orqj0whup erqxv frqwudfwv zlwk

�� @ 3> �� @ 3> E� A 3> dqg ��
�
@ ��

�
> rzqhuv fdq vwloo vxssruw wkh mrlqw prqrsro| frooxvlyh

djuhhphqw lq vxejdph shuihfw htxloleulxp dw dq| ohyho ri wkh glvfrxqw idfwru1

D irupdo surri lv qrw uhtxluhg/ dv lw lv vwudljkwiruzdug wr fkhfn wkdw hdfk rzqhu fdqqrw

jdlq e| ghyldwlqj iurp wklv vwudwhj| sur�oh1 E| fkrrvlqj �� A 3 ru �� A 3 dq rzqhu fdqqrw

d�hfw frooxvlyh sur�wv ru wkh vwdwlf Ehuwudqg rxwfrph/ zkloh kh pdnhv klv pdqdjhu*v

lqfhqwlyh frqvwudlqw pruh vwulqjhqw dqg wkhuhiruh ghvwdelol}hv frooxvlrq1 Rq wkh rwkhu

kdqg/ dv ehiruh/ wkh fkrlfh ri ��
�
? ��

�
pd| ohdg wkh pdqdjhuv wr vxssruw d ohvv sur�wdeoh

djuhhphqw/ zkloh fkrrvlqj ��
�
A ��

�
ru E� @ 3 ohdgv pdqdjhuv wr pd{lpl}h shu0shulrg

sur�wv/ dqg wkhuhiruh wr wkh uhshdwhg sod| ri wkh vwdwlf Ehuwudqg htxloleulxp1

61615 Ghpdqg xqfhuwdlqw|

Wr dqdo|}h wkh h�hfwv ri orqj0whup erqxv frqwudfw rq wkh f|folfdo ehkdylru ri sulfhv zh

irfxv rq wkh wzr h{wuhph fdvhv ri ixoo| frqwudfwdeoh dqg qrq0frqwudfwdeoh vkrfnv1

Vxssrvh �uvw wkdw wkh ghpdqg vkrfn � lv frqwudfwdeoh/ wkdw lv/ wkdw wkh vkrfn fdq

eh revhuyhg h{ srvw e| rzqhuv dqg wklug sduwlhv/ zlwk ru zlwkrxw ghod|1 Iru h{dpsoh/

li wkhuh h{lvw lqghshqghqw djhqflhv prqlwrulqj wkh vwdwh ri ghpdqg/ d frqwudfw frxog eh

pdgh frqwlqjhqw rq wkh vwdwh ri ghpdqg uhsruwhg e| rqh ri wkhvh djhqflhv1 Wkhq zh hdvlo|

rewdlq wkh iroorzlqj uhvxow1

Sursrvlwlrq 8 Zlwk frqwudfwleoh ghpdqg xqfhuwdlqw|/ e| ghohjdwlqj frqwuro wr pdqdjhuv

xqghu orqj0whup erqxv frqwudfwv rzqhuv fdq lpsohphqw wkh mrlqw prqrsro| rxwfrph lq doo

vwdwhv ri ghpdqg dw dq| ohyho ri wkh glvfrxqw idfwru1

Surri= Sohdvh vhh wkh Dsshqgl{1

Wkdw lv/ zlwk frqwudfwleoh ghpdqg xqfhuwdlqw| dqg orqj0whup erqxv frqwudfwv wkhuh

zloo eh qr sulfh zduv gxulqj errpv1
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Frqvlghu qrz wkh fdvh lq zklfk wklug sduwlhv fdq qhyhu revhuyh dq| uholdeoh vljqdo

ri sdvw uhdol}dwlrqv ri ghpdqg1 Qrz rzqhuv fdqqrw frqglwlrq lqfhqwlyh frqwudfwv rq +d

yhul�deoh vljqdo ri, wkh vwdwh ri ghpdqg/ dqg wkh erqxv frqwudfw lv dv lq Vhfwlrq 6151 Iru

vlpsolflw| zh frqwlqxh dvvxplqj wkdw � lv l=l=g= dqg wkdw hdfk shulrg � 5
�
�u> �M

�
/ zlwk

Su+� @ �M, @ t dqg 3 ? t ? 4= Wkh rxwfrph ri wkh ghohjdwlrq jdph pd| ghshqg qrz rq

pdqdjhuv* delolw| wr frruglqdwh1 Ohw xv uhvwulfw dwwhqwlrq wr v|pphwulf djuhhphqwv/ dqg

ohw *> zlwk 3 � * � 4> sdudphwul}h pdqdjhuv* frruglqdwlrq delolw| vr wkdw/ zkhq pdqdjhuv

duh lqgl�huhqw ehwzhhq vhyhudo vxssruwdeoh frooxvlyh sulfhv/ zkhq * @ 4 wkh| fkrrvh wkh

frooxvlyh sulfh gholyhulqj wkh kljkhvw sur�w vwuhdp/ zkhq * @ 3 wkh| fkrrvh wkh frooxvlyh

sulfh gholyhulqj wkh orzhvw sur�w vwuhdp/ dqg vr rq1 Wkhq zh fdq vwdwh wkh iroorzlqj uhvxow1

Sursrvlwlrq 9 Zkhq wkh ghpdqg vkrfn lv qrw frqwudfwdeoh=

+l, Rzqhuv vhwwlqj ��� @ ��� +�M, @ ER�3S�'ER� cwM�
�

dqg pdqdjhuv vxvwdlqlqj frooxvlrq

lv d vxejdph shuihfw htxloleulxp ri wkh ghohjdwlrq jdph zkdwhyhu lv wkh glvfrxqw idfwru1

Pruhryhu/ dv orqj dv +s� � f,T+s� > �u, � ER�3S�'ER� cwM�
�

dqg � � �
�3^ > wkh prqrsro|

sulfh fdq eh vxvwdlqhg rqo| lq kljk vwdwhv ri ghpdqg1

+ll, Zkhq �3^
^

A
E�3��^ER�3S�'ER� cwM�3ER�3S�'ER� cwu�`

ER�3S�'ER� cwu�
/ wkhuh h{lvw d h*> zlwk 3 ? h* ? 4>

vxfk wkdw iru dq| * � h* wkhuh h{lvw vxejdph shuihfw htxloleuld ri wkh ghohjdwlrq jdph lq

zklfk rzqhuv vhw ��� @ ��� +�u, lq wkh �uvw vwdjh dqg pdqdjhuv vxvwdlq frooxvlrq lq doo

vwdwhv lq wkh vhfrqg vwdjh vxshujdph1 Dv orqj dv 4 A * � h*> lq wklv htxloleuld wkh frooxvlyh

sulfh lv sur0f|folfdo1

Surri= Sohdvh vhh wkh Dsshqgl{1

Wkhuhiruh/ zlwk qrq0frqwudfwdeoh xqfhuwdlqw| sulfh zduv gxulqj errpv fdq/ exw qhhg

qrw rffxu> wkh frooxvlyh sulfh whqgv wr eh sur0f|folfdo1

e 5�Lh|�|ih4 UL?|h@U|tc �?U�4Mi?U) hi?|tc @?_ hiT*@Ui4i?|

h�*it

e�� 5�Lh|�|ih4 ML?�t UL?|h@U|t

Zlwk orqj0whup frqwudfwv/ ghohjdwlrq xqghu erqxv frqwudfwv hphujhv dv d srzhuixo frooxvlyh

ghylfh1 Krz lv wklv �qglqj d�hfwhg e| rzqhuv* ru pdqdjhuv* lqdelolw| ru xqzloolqjqhvv wr

frpplw wr orqj0whup frqwudfwvB

Zh frqwlqxh dvvxplqj wkdw frqglwlrq +4, lv qrw vdwlv�hg/ dqg prgli| wkh prgho e|

frqvlghulqj pdqdjhuldo frqwudfwv wkdw odvw rqh shulrg rqo|1 Wkh wzr0vwdjh ghohjdwlrq jdph

zlwk dq lq�qlwho| uhshdwhg vhfrqg vwdjh ri Vhfwlrq 6 lv uhsodfhg e| dq lq�qlwho| uhshdwhg

roljrsro| jdph zlwk d fodvvlfdo wzr0vwdjh ghohjdwlrq jdph dv lwv vwdjh jdph1 Qrz dw wkh
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ehjlqqlqj ri hdfk wlph shulrg rzqhuv vlpxowdqhrxvo| fkrrvh zkhwkhu ru qrw wr ghohjdwh

frqwuro wr pdqdjhuv dqg/ li wkh| ghflgh wr/ wkh sdudphwhuv ri wkh frpshqvdwlrq ixqfwlrq1

Dw wkh hqg ri wkh vdph wlph shulrg ghohjdwhv ru rzqhuv lqwhudfw lq d rqh0vkrw Ehuwudqg

roljrsro| jdph1 Wkh wlplqj ri shulrg w vwdjh jdph lv wkhuhiruh dv iroorzv1

Vwdjh jdph w

� Vwhs 4= Rzqhuv vlpxowdqhrxvo| ghflgh zkhwkhu wr ghohjdwh sulflqj ghflvlrqv dqg

fkrrvh pdqdjhuv* lqfhqwlyh frqwudfwv1

� Vwhs 5= Doo sod|huv revhuyh wkh rxwfrph ri Vwhs 4/ wkhq sod|huv lq frqwuro vlpxowd0

qhrxvo| fkrrvh sulfhv iru shulrg w rqo|1

Dv lq vwdqgdug uhshdwhg jdphv zlwk shuihfw lqirupdwlrq/ zh dvvxph wkdw dw wkh hqg ri

hdfk shulrg sulfhv dqg sur�wv duh revhuyhg e| doo sod|huv1 Zh fdq vwdwh d uhvxow dqdorjrxv

wr Sursrvlwlrq 61

Sursrvlwlrq : E| ghohjdwlqj frqwuro wr pdqdjhuv xqghu vkruw0whup erqxv frqwudfwv/ rzq0

huv fdq vwloo vxvwdlq wkh mrlqw prqrsro| frooxvlyh djuhhphqw lq vxejdph shuihfw htxloleulxp

dw dq| ohyho ri wkh glvfrxqw idfwru1

Surri= Sohdvh vhh wkh Dsshqgl{1

Hyhq wkrxjk h{solflw pdqdjhuldo frqwudfwv odvw rqh shulrg rqo|/ rzqhuv dqg pdqdjhuv

duh iuhh wr djuhh rq lpsolflw hpsor|phqw frqwudfwv zlwk hdfk rwkhu/ zklfk duh orqj0whup

e| gh�qlwlrq +Ehqwoh| PdfOhrg dqg Mdphv Pdofrpvrq/ 4<;<> Oruqh Fduplfkdho/ 4<;<,1

Wkhq/ rzqhuv kdyh qr lqfhqwlyh wr ghyldwh iurp dq lpsolflw orqj0whup frqwudfw wkdw ohdgv

wkh pdqdjhu wr vxvwdlq frooxvlrq lq wkh surgxfw pdunhw/ vlqfh rzqhuv* ghyldwlrqv +fkdqjhv

ri wkh frqwudfw/ uhsodfhphqw ri wkh pdqdjhu, duh revhuyhg e| frpshwlqj �upv* pdqdjhuv

zkr fdq uhdfw ehiruh dq| jdlq iurp ghyldwlrq lq wkh surgxfw pdunhw fdq eh uhdol}hg1 Rq

wkh rwkhu kdqg/ pdqdjhuv dozd|v �qg lw frqyhqlhqw wr uhvshfw wkh frooxvlyh djuhhphqw/

vlqfh wkhlu lqfhqwlyh frqwudfw lv vxfk wkdw wkh| jdlq qrwklqj e| ghyldwlqj/ zkloh diwhu wkh

ghyldwlrq wkh| duh �uhg dqg2ru nhsw dw wkhlu uhvhuydwlrq zdjh iruhyhu1�.

Lw lv vwudljkwiruzdug wr fkhfn wkdw d ixoo| dqdorjrxv dujxphqw dssolhv zkhq pdqdjhuldo

frqwudfwv odvw dq| �qlwh qxpehu ri shulrgv rwkhu wkdq rqh1 Wkh rqo| gl�huhqfh lv wkdw lq

wkdw fdvh rzqhuv fkrrvh rqfh hyhu| W shulrgv/ udwkhu wkdq dw wkh ehjlqqlqj ri hdfk shulrg1

�.A�i i^��*�Mh��4 ti| ��|� t�Lh|�|ih4 UL?|h@U|t _�giht uhL4 |�@| ��|� *L?}�|ih4 UL?|h@U|t L?*) ��|�

hi}@h_ |L |�i U@ti �? ���U� 4@?@}iht @hi !iT| @| |�i�h hitih�@|�L? �@}i -� A�i hit�*|t �? 5iU|�L? � @TT*)

uLh @?) *i�i* Lu 4@?@}ih�@* UL4Ti?t@|�L?`�n�� D -c ���*i �hLTLt�|�L? . �L*_t uLh`�n�� : - L?*)� A��t

�t MiU@�ti ?L� @ uh@U|�L? E�L�i�ih t4@**� Lu |�i UL**�t��i hi?| 4�t| Mi *iu| |L |�i 4@?@}ih |L }i?ih@|i |�i

i TiU|i_ }@�?t uhL4 UL4T*�@?Ui ?iUitt@h) |L i?uLhUi @?) �4T*�U�| UL?|h@U|� W? �@UwiL_ @?_ �@*UL4tL?<t

E�bHb� U�@h@U|ih�3@|�L? �4T*�U�| UL?|h@U|t U@? @*tL Mi t�TTLh|i_ ��i? i4T*L)iit @hi �?_�gihi?|� Oihi |�i

t|h�U| �?i^�@*�|) �t ?ii_i_ MiU@�ti Lu L�h @tt�4T|�L? |�@|c ��i? �?_�gihi?|c 4@?@}iht 4@ �4�3i �h4t<
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e�2 W?U�4Mi?U) hi?|t @?_ hiT*@Ui4i?| h�*it

Lq wkh fdvh ri vkruw0whup erqxv frqwudfwv/ wkh pdqdjhuv* frooxvlyh ehkdylru lv gulyhq e| wkh

_fdsshg% lqfhqwlyh vfkhph wrjhwkhu zlwk wkh ihdu ri orvlqj ixwxuh uhqwv1 Dq dqdorjrxv sur0

frooxvlyh h�hfw vkrxog wkhuhiruh eh olqnhg wr pdqdjhuv* ihdu ri orvlqj rwkhu frpprq nlqgv

ri lqfxpehqf| uhqwv/ vxfk dv sulydwh ehqh�wv ri frqwuro1 Dv douhdg| phqwlrqhg/ Ixghqehuj

dqg Wluroh +4<<8, sursrvhg dq h{sodqdwlrq ri lqfrph vprrwklqj edvhg rq pdqdjhuv* ihdu

ri orvlqj lqfxpehqf| uhqwv1 Lq wkhlu rswlpdo frqwudfwlqj prgho/ pdqdjhuv hqmr| sulydwh

ehqh�wv ri frqwuro +wkh lqfxpehqf| uhqwv,/ rzqhuv fdqqrw frpplw wr orqj0whup frqwudfwv/

dqg shuirupdqfh phdvxuhv duh vxemhfw wr _lqirupdwlrq ghfd|% vr wkdw qhz shuirupdqfh

phdvxuhphqwv duh ehwwhu vljqdov wkdq rog rqhv1 Lq htxloleulxp/ pdqdjhuv xqghu zdjh

frqwudfwv lqfxu srvlwlyh frvwv lq rughu wr vprrwk uhsruwhg sur�wv dqg glylghqgv ehfdxvh/

jlyhq lqirupdwlrq ghfd|/ vrph shulrgv ri orz sur�wv pd| ohdg vkduhkroghuv wr uhsodfh wkh

pdqdjhu hyhq li sur�wv kdyh ehhq kljk lq wkh sdvw1

Wr fkdudfwhul}h wkh surgxfw0pdunhw h�hfwv ri wkh _dyhuvlrq wr orz sur�wv% rewdlqhg

e| Ixghqehuj dqg Wluroh/ zh frqvlghu d vw|ol}hg uhgxfhg irup ri wkhlu prgho1 Vxssrvh

wkdw pdqdjhuldo frqwudfwv odvw rqh shulrg/ wkdw shu0shulrg frpshqvdwlrq lv frpsrvhg ri d

�dw zdjh soxv vrph sulydwh ehqh�wv ri frqwuro/ dqg wkdw rzqhuv xvh d uhsodfhphqw uxoh e|

zklfk wkh pdqdjhu lv qrw uhfrq�uphg li sur�wv idoo ehorz vrph orzhu fxw0r� ohyho1 Dv lq

wkh suhylrxv vhfwlrq/ hdfk shulrg w vwdjh jdph lv frpsrvhg ri wzr vwhsv=

Vwdjh jdph w

� Vwhs 4= Rzqhuv vlpxowdqhrxvo| ghflgh zkhwkhu wr ghohjdwh dqg fkrrvh wkh sdudphwhuv

ri pdqdjhuv* frpshqvdwlrq1

� Vwhs 5= Doo sod|huv revhuyh wkh rxwfrph ri Vwhs 4> wkhq sod|huv lq frqwuro vlpxowd0

qhrxvo| fkrrvh sulfhv1

Rqh fdq vwdwh wkh iroorzlqj sursrvlwlrq1

Sursrvlwlrq ; Vxssrvh pdqdjhuv lq frqwuro hqmr| sulydwh ehqh�wv +ru dq| rwkhu nlqg ri

lqfxpehqf| uhqwv lqghshqghqw ri sur�wv,1 Wkhq/ e| ghohjdwlqj frqwuro wr pdqdjhuv xqghu

vkruw0whup zdjh frqwudfwv/ rzqhuv fdq vwloo vxvwdlq wkh mrlqw prqrsro| frooxvlyh djuhhphqw

lq vxejdph shuihfw htxloleulxp dw dq| ohyho ri wkh glvfrxqw idfwru1

Surri= Sohdvh vhh wkh Dsshqgl{1

Sulydwh ehqh�wv ri frqwuro dqg rwkhu lqfxpehqf| uhqwv frxsohg zlwk wkh whuplqdwlrq

wkuhdw kdyh d sur0frooxvlyh h�hfw dqdorjrxv wr wkdw ri vkruw0whup erqxv frqwudfwv1 Djdlq/

hdfk rzqhu kdv qr lqfhqwlyh wr ghyldwh iurp dq lpsolflw orqj0whup frqwudfw wkdw lq htxl0

oleulxp ohdgv wkh pdqdjhu wr vxvwdlq frooxvlrq lq wkh surgxfw pdunhw/ vlqfh wkh rzqhu*v
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ghyldwlrqv +d fkdqjh ri wkh frqwudfw ru wkh uhsodfhphqw ri wkh pdqdjhu, lv revhuyhg e|

frpshwlqj �upv* pdqdjhuv zkr uhdfw ehiruh dq| jdlq iurp ghyldwlrq fdq eh uhdol}hg1

Rq wkh rwkhu kdqg/ dv orqj dv pdqdjhuv xqghu zdjh frqwudfw hqmr| lqfxpehqf| uhqwv/

wkh| �qg lw vwulfwo| frqyhqlhqw wr uhvshfw dq| frooxvlyh djuhhphqw wkdw doorzv wkhp wr eh

uhdssrlqwhg dqg hqmr| uhqwv lq ixwxuh shulrgv1

e�� , |i?t�L?t

71614 Ulfkhu frqwudfw vsdfh

Vxssrvh wkdw pdqdjhuldo frqwudfwv odvw rqh shulrg rqo|/ pdqdjhuv hqmr| shu0shulrg sulydwh

ehqh�wv ri frqwuro E�> dqg rzqhuv uhfrq�up wkh pdqdjhu iru wkh qh{w shulrg rqo| li sur�wv

duh deryh vrph orzhu fxw0r� ohyho ��
�
+ru/ htxlydohqwo|/ vxssrvh wkdw pdqdjhuv kdyh d erqxv

frpsrqhqw lq wkh vkruw0whup frpshqvdwlrq ixqfwlrq,1 Ixuwkhu/ vxssrvh wkdw rzqhuv fdq

dovr fkrrvh wkh sdudphwhuv ri wkh iroorzlqj shu0shulrg prqhwdu| frpshqvdwlrq ixqfwlrq=

Z� . ��j�+��, . ��i�+V�,>

zkhuh dv ehiruh Z� lv d �dw vdodu|/ �� � 3 dqg �� � 3 duh frh�flhqwv/ dqg j�+=, dqg

i�+=, duh frqwlqxrxv lqfuhdvlqj ixqfwlrqv1 Djdlq/ zh dvvxph wkdw rzqhuv iruelg pdqdjhuv

frqwudfwxdoo| wr fkrrvh sulfhv orzhu wkdq wkh pdujlqdo frvw zkhq �� A 3= Qrz +surylghg

wkdw Z� . E� A U, lq Vwhs 4 ri hdfk wlph shulrg/ rzqhuv* vwudwhjlfdoo| uhohydqw fkrlfh

yduldeohv duh
�
��> ��> j�> i�> �

�
�

�
= Wkh orjlf ehklqg wkh uhvxowv lq wkh suhylrxv vxevhfwlrqv

vwloo dssolhv1 Zh fdq vwdwh d ohppd dqdorjrxv wr Ohppd 41

Ohppd 5 Zkhq pdqdjhuv duh xqghu vkruw0whup erqxv frqwudfwv ru zdjh frqwudfwv zlwk

lqfxpehqf| uhqwv/ wkh plqlpxp glvfrxqw idfwru dw zklfk dq| frooxvlyh djuhhphqw fdq eh

vxssruwhg lq vxejdph shuihfw htxloleulxp lq wkh lq�qlwho| uhshdwhg ghohjdwlrq jdph lq0

fuhdvhv zlwk �� dqg ��1

Surri= Sohdvh vhh wkh Dsshqgl{1

Djdlq/ pdqdjhuv zkr duh sdlg d �dw zdjh dqg hqmr| sulydwh ehqh�wv ri frqwuro kdyh

qr lqfhqwlyh zkdwvrhyhu wr ghyldwh iurp d frooxvlyh djuhhphqw wkdw shuplwv wkhp wr eh

uhfrq�uphg hyhu| shulrg1 Lqvwhdg/ lqfhqwlyh frpsrqhqwv lqfuhdvlqj lq sur�wv jhqhudwh

vkruw0uxq jdlqv iurp ghyldwlrq iru pdqdjhuv/ zkloh lqfhqwlyh frpsrqhqwv lqfuhdvlqj zlwk

vdohv dovr lqfuhdvh pdqdjhuv* zdjh gxulqj sxqlvkphqwv1 Wkhuhiruh zh fdq zulwh d uhvxow

dqdorjrxv wr Sursrvlwlrq 71

Sursrvlwlrq < E| ghohjdwlqj frqwuro wr pdqdjhuv xqghu vkruw0whup erqxv frqwudfwv ru

zdjh frqwudfwv zlwk lqfxpehqf| uhqwv/ zlwk �� @ 3> �� @ 3> E� A 3> dqg ��
�
@ ��

�
> rzqhuv

fdq vwloo vxssruw wkh mrlqw prqrsro| frooxvlyh djuhhphqw lq vxejdph shuihfw htxloleulxp dw

dq| ohyho ri wkh glvfrxqw idfwru1
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Djdlq/ d irupdo surri lv qrw uhtxluhg dv lw lv vwudljkwiruzdug wr fkhfn wkdw hdfk rzqhu

fdqqrw jdlq e| ghyldwlqj iurp wklv vwudwhj| sur�oh1 E| fkrrvlqj �� A 3 ru �� A 3 dq

rzqhu fdqqrw d�hfw frooxvlyh sur�wv/ zkloh kh pdnhv klv pdqdjhu*v lqfhqwlyh frqvwudlqw

pruh vwulqjhqw dqg wkhuhiruh ghvwdelol}hv frooxvlrq1 Rq wkh rwkhu kdqg/ dv ehiruh/ wkh

fkrlfh ri ��
�
? ��

�
pd| ohdg wkh pdqdjhuv wr dffhsw d ohvv sur�wdeoh djuhhphqw/ zkloh

fkrrvlqj ��
�
A ��

�
ru E� @ 3 ohdgv pdqdjhuv wr pd{lpl}h shu0shulrg sur�wv/ dqg wkhuhiruh

wr wkh uhshdwhg sod| ri wkh vwdwlf Ehuwudqg htxloleulxp1

71615 Ghpdqg xqfhuwdlqw|

Vxssrvh wkh ghpdqg vkrfn �> ru d uholdeoh sur{| ri lw/ fdq eh revhuyhg h{ srvw e| wklug

sduwlhv/ zlwk ru zlwkrxw ghod|1 Wkhq/ hyhq zkhq frqwudfwv duh vkruw0whup/ erqxvhv ru

uhsodfhphqw fdq eh pdgh frqwlqjhqw rq wkh +sur{| ri wkh, vwdwh ri ghpdqg/ vr wkdw

vwdwhphqwv dqdorjrxv wr Sursrvlwlrq 8 fdq eh suryhg dorqj wkh olqhv ri wkh surriv ri

Sursrvlwlrqv : dqg ;1 Wkhq qr sulfh zduv gxulqj errpv vkrxog eh h{shfwhg1 Vxssrvh/

lqvwhdg/ wkdw qr uholdeoh sur{| ri � fdq hyhu eh revhuyhg e| frxuwv1 Wkhq frqwudfwv fdqqrw

eh frqglwlrqhg rq wkh vkrfn/ dqg rqo| vwdwhphqwv dqdorjrxv wr Sursrvlwlrq 9 fdq eh suryhg

dorqj wkh olqhv ri wkh surri ri Sursrvlwlrqv : dqg ;1 Wkhq sulfh zduv gxulqj errpv pd|/

exw qhhg qrw rffxu> wkh frooxvlyh sulfh pd| djdlq eh sur0f|folfdo1

D #�tU�tt�L?

D�� �*|ih?@|��i tTiU��U@|�L?t Lu |�i 4L_i*

81414 Pdunhw vwuxfwxuh

Zh irfxvvhg rq d uhshdwhg Ehuwudqg roljrsro|/ exw prvw uhvxowv gluhfwo| dsso| wr rwkhu

vwdqgdug pdunhw vwuxfwxuhv +Frxuqrw frpshwlwlrq dqg sulfh frpshwlwlrq zlwk gl�huhqwl0

dwhg surgxfwv ru fdsdflw| frqvwudlqwv,1 Wkh rqo| uhtxluhg prgl�fdwlrq wr wkh surriv lv

wkh dgglwlrq ri d vwuhdp ri srvlwlyh sur�wv gxulqj wkh sxqlvkphqw skdvh/ zklfk ohdyhv wkh

orjlf ri wkh uhdvrqlqj xqd�hfwhg1

Iru h{dpsoh/ frqvlghu Sursrvlwlrq 6/ dqg ohw ��
�
A 3 ghqrwh wkh vwdwlf Qdvk htxloleulxp

sur�wv zklfk �upv hduq gxulqj wkh sxqlvkphqw skdvh zkhq wkh vwdjh0jdph roljrsro| lv

qrw krprjhqhrxv0jrrg Ehuwudqg1 Lq wkh vhfrqg vwdjh ri wkh jdph ri Vhfwlrq 615 hdfk

pdqdjhu xqghu d erqxv frqwudfw zloo qrz �qg lw frqyhqlhqw wr vwlfn wr dq| frooxvlyh

djuhhphqw gholyhulqj shu0shulrg sur�wv ��
�
vxfk wkdw

3 ? ��� ? ��� � ��� >;l>

dqg doo wkh iroorzlqj uhdvrqlqj krogv xqfkdqjhg1 Dv orqj dv ��
�

A ��
�
> wkh uhdvrqlqj

uhjduglqj wkh �uvw0vwdjh ghohjdwlrq jdph dovr krogv xqfkdqjhg/ dqg rzqhuv orvh e| vhwwlqj
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��
�
� ��

�
1 Dqdorjrxv dujxphqwv dsso| wr wkh rwkhu uhvxowv uhjduglqj orqj0whup frqwudfwv1

Wkh fkhfn lv hyhq pruh vwudljkwiruzdug lq wkh fdvh ri vkruw0whup frqwudfwv1 Wkhq pdq0

djhuv duh qrw uhdssrlqwhg diwhu d ghyldwlrq kdv gulyhq �upv lqwr d pdunhw zdu> wkhuhiruh/

�up sur�wv gxulqj sxqlvkphqw skdvhv +l1h1 pdunhw vwuxfwxuh, duh luuhohydqw iru pdqdjhuv*

ehkdylru1

81415 Lqfhqwlyhv iru vdohv zlwk Frxuqrw frpshwlwlrq

Vxssrvh �upv frpshwh lq rxwsxw1 Vlqfh Vwdfnhoehuj sur�wv/ ghqrwhg e| �7
�
> duh w|slfdoo|

orzhu wkdq sur�wv dw wkh mrlqw prqrsro| htxloleulxp/ rzqhuv zkr h{shfw rwkhu rzqhuv wr

fkrrvh erqxv frqwudfwv zlwk ��
�
@ ��

�
orvh vwulfwo| e| ghyldwlqj dqg fkrrvlqj djjuhvvlyh

pdqdjhuldo lqfhqwlyhv olqnhg wr vdohv uhyhqxh/ vxfk dv wkrvh frqvlghuhg lq Ihuvkwpdq dqg

Mxgg +4<;:, dqg Vnolydv +4<;:, +IMV iurp qrz rq,1�H Krzhyhu/ li frooxvlrq lv qrw vxvwdlqhg

ru euhdnv grzq dqg pdqdjhuv vwduw sod|lqj wkh vwdwlf Qdvk htxloleulxp/ hdfk rzqhu zrxog

eh ehwwhu r� li kh kdg xqlodwhudoo| fkrvhq lqfhqwlyhv olqnhg wr vdohv +� A 3,1 Wkhq/ rzqhuv

pd| zlvk wr frruglqdwh rq d pruh urexvw htxloleulxp ri wkh ghohjdwlrq jdph/ erwk lq wkh

fdvh ri orqj dqg vkruw whup frqwudfwv1 Rqh vxfk htxloleulxp kdv rzqhuv jlylqj pdqdjhuv

d _pl{hg% lqfhqwlyh frqwudfw zlwk d sur0frooxvlyh erqxv wrjhwkhu zlwk dq djjuhvvlyh IMV0

w|sh vdohv0uhodwhg lqfhqwlyh frpsrqhqw1 Wr vhh wklv/ frqvlghu d Frxuqrw gxrsro| zkhuh

d pdqdjhu*v shu0shulrg frpshqvdwlrq fdq eh frpsrvhg ri dq lqfhqwlyh vfkhph olqhdu lq

shu0shulrg sur�wv dqg lq vdohv uhyhqxh/ soxv dq dgglwlrqdo erqxv=

�� +���� . +4� ��,V�, . +4� ��,E� � 4iZ�DZ
�

� j
=

Qrz hdfk rzqhu l�v uhohydqw vwudwhj| vsdfh lq wkh �uvw vwdjh ri wkh ghohjdwlrq jdph lv wkh

vhw ri sdudphwhuv
�
��>E�> ��> �

�
�

�
1 Ohw �8a7 ghqrwh wkh htxloleulxp ohyho ri wkh sdudphwhu

� rewdlqhg lq wkh IMV wzr0vwdjh gxrsro| prghov1 Zh jhw lpphgldwho| d uhvxow dqdorjrxv

wr Sursrvlwlrq 71

Sursrvlwlrq 43 Zkhq lqfhqwlyhv olqnhg wr vdohv duh ihdvleoh dqg �upv frpshwh lq rxwsxw/

e| ghohjdwlqj frqwuro xqghu d pl{hg pdqdjhuldo frqwudfw zlwk � @ �8a7/ ��
�

@ ��
�
>

E� A 3> dqg �� A 3 exw vpdoo hqrxjk wr vdwlvi| pdqdjhuv* lqfhqwlyh frpsdwlelolw| frqvwudlqw

dw wkh mrlqw prqrsro| djuhhphqw/ rzqhuv fdq vxssruw wklv djuhhphqw lq vxejdph shuihfw

htxloleulxp ri wkh ghohjdwlrq jdph dw dq| ohyho ri wkh glvfrxqw idfwru1

Surri= Sohdvh vhh wkh Dsshqgl{1

Wkh srlqw lv wkdw wkh sur0frooxvlyh h�hfwv ri fdsshg erqxvhv dqg ri sulydwh ehqh�wv

ri frqwuro uhpdlq zkhq wkhvh duh rqo| sduw ri d pruh frpsoh{ pdqdjhuldo frpshqvdwlrq
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sdfndjh1 Pruhryhu/ zkhq rzqhuv xvh wkh pl{hg frqwudfw ghvfulehg deryh/ li dq rzqhu

ghyldwhv rswlpdoo| e| fkrrvlqj �� @ 4 wkh frpshwlqj �up*v pdqdjhu uhdfwv e| pd{lpl}lqj

rqo| wkh IMV0w|sh sduw ri klv lqfhqwlyh vfkhph/ vlqfh zkdwhyhu kh grhv kh fdqqrw jhw klv

erqxv1 Wkhuhiruh/ zkhq dq rzqhu ghyldwhv/ lqvwhdg ri �7
�
kh rewdlqv wkh orz htxloleulxp

sur�wv ri wkh IMV prgho �8a7
�

? ��
�
/ erwk lq wkh shulrg ri wkh ghyldwlrq dqg lq wkh

iroorzlqj shulrgv1 Wklv phfkdqlvp hqvxuhv wkdw ghyldwlqj rzqhuv lqfxu d gluhfw orvv lq wkh

vdph shulrg ri wkh ghyldwlrq/ dqg wkdw li rqh rzqhu ghyldwhv e| fkrrvlqj djjuhvvlyh IMV0

w|sh lqfhqwlyhv rwkhu rzqhuv orvh ohvv/ dv wkhlu pdqdjhuv zloo kdyh dv djjuhvvlyh lqfhqwlyhv

dv wkrvh ri wkh ghyldwlqj rzqhu*v pdqdjhu1 Qrwh wkdw wklv dssolhv lqghshqghqwo| ri zkhwkhu

�7
�
lv A>@> ru ? wkdq ��

�
1

81416 Uhqhjrwldwlrq0surri sxqlvkphqw vwudwhjlhv

Dowkrxjk lq uhshdwhg Ehuwudqg roljrsrolhv xquhohqwlqj wuljjhu vwudwhjlhv duh dq _rswlpdo

sxqlvkphqw% wkdw nhhsv �upv dw wkhlu vhfxulw| ohyhov +Deuhx/ 4<;9,/ wkhvh vwudwhjlhv duh

qrw uhqhjrwldwlrq0surri/ dqg lqghhg qr uhqhjrwldwlrq0surri sxqlvkphqwv fdq eh exlow lq d

uhshdwhg Ehuwudqg jdph zkhq uhqhjrwldwlrq lv frvwohvv1�b Rq wkh rwkhu kdqg/ dv shuvxd0

vlyho| dujxhg e| Eduedud PfFxwfkhrq +4<<:,/ lq wkh fdvh ri frooxvlyh djuhhphqwv ehwzhhq

�upv uhqhjrwldwlrq frvwv whqg wr eh srvlwlyh/ dowkrxjk vpdoo/ ehfdxvh srvlwlyh lv wkh lq0

fuhdvhg ulvn ri ehlqj fdxjkw zkloh uhqhjrwldwlqj dqg �qhg e| wkh frpshwlwlrq dxwkrulw|1

Lq wklv fdvh wkh rswlpdo uhqhjrwldwlrq0surri sxqlvkphqw lq d Ehuwudqg vxshujdph frqvlvwv

lq sulflqj frpshwlwlyho| iru d �qlwh qxpehu ri shulrgv vxfk wkdw wkh orvv ri jdlqv iurp

frrshudwlrq fdxvhg e| wkh sulfh0zdu lv mxvw ehorz wkh frvw ri uhqhjrwldwlrq +iru d pruh

irupdo wuhdwphqw vhh Dqguhdv Eoxph/ 4<<7,1

Doo wkh uhvxowv ri wklv sdshu frqwlqxh wr krog zkhq wkhvh uhqhjrwldwlrq0surri sxq0

lvkphqw vwudwhjlhv duh dgrswhg lqvwhdg ri wuljjhu vwudwhjlhv1 Wkh sur0frooxvlyh h�hfw ri

lqfrph0vprrwklqj pdqdjhuv +Sursrvlwlrq 4, lv hyhq vwuhqjwkhqhg lq wklv iudphzrun vlqfh

wkh frvw ri uhqhjrwldwlrq lv frqfhqwudwhg lq wlph +lq wkh shulrg ri wkh �qh,/ dqg lv wkhuhiruh

odujhu iru lqfrph0vprrwklqj pdqdjhuv/ zkrvh pdujlqdo xwlolw| ri �upv* sur�wv lv kljkhu

dw orz ohyhov ri sur�wv/ wkdq iru rzqhuv1 Wkhuhiruh/ iru dq| jlyhq frvw ri uhqhjrwldwlrq/

lqfrph0vprrwklqj pdqdjhuv fdq xvh wkh wrxjkhu wkuhdw ri d orqjhu sulfh zdu wr hqirufh

frooxvlrq/ zklfk dggv wr wkh rwkhu sur0frooxvlyh h�hfwv lghqwl�hg e| Sursrvlwlrq 412f

Uhjduglqj wkh uhvxowv zlwk orqj0whup frqwudfwv/ lw lv vwudljkwiruzdug wr fkhfn wkdw

Sursrvlwlrqv 6 wr 9 krog xqprgl�hg iru dq| �qlwh ohqjwk ri wkh sxqlvkphqw skdvh1 Iru wkh

fdvh ri vkruw0whup pdqdjhuldo frqwudfwv zh fdq vd| vrphwklqj pruh jhqhudo= wkh uhvxowv

uhjduglqj vkruw0whup frqwudfwv krog zkdwhyhu sxqlvkphqw vwudwhjlhv rzqhuv xvh1 Wklv lv

ehfdxvh rzqhuv duh wkhq iuhh wr euhdn wkh lpsolflw frqwudfw dqg �uh wkh pdqdjhu diwhu d
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ghyldwlrq iurp d wdflw frooxvlyh djuhhphqw rffxuv1 Diwhu wkh| wdnh edfn frqwuro/ rzqhuv fdq

shuvrqdoo| lpsohphqw dq| +rswlpdo ru uhqhjrwldwlrq0surri, sxqlvkphqw dydlodeoh1 Rq wkh

rwkhu kdqg ~ zkdwhyhu wkh sxqlvkphqw skdvh orrnv olnh ~ vkruw0whup ghohjdwlrq pdlqwdlqv

lwv sur0frooxvlyh h�hfw olqnhg wr wkh orz +}hur, jdlqv iurp ghyldwlrqv rewdlqhg e| pdqdjhuv

xqghu fdsshg lqfhqwlyh frqwudfwv1

S �? |�i tiUhi| hi?i}L|�@|�L? Lu |LT�4@?@}iht< UL?|h@U|t

Lq Vhfwlrqv 6 dqg 7 zh dvvxphg revhuydeoh dqg elqglqj pdqdjhuldo lqfhqwlyh frqwudfwv/ dv

lq prvw suhylrxv zrun rq vwudwhjlf ghohjdwlrq lq roljrsro|1 Zkloh revhuydelolw| lv pruh dqg

pruh d fkdudfwhulvwlf ri wrs pdqdjhuv* frpshqvdwlrq/2� Pdwkldv Ghzdwulsrqw +4<;;,/ Ndw}

+4<<4,/ dqg rwkhuv srlqwhg rxw wkdw wkh fuhglelolw| ri frpplwphqwv wkurxjk frqwudfwv zlwk

wklug sduwlhv fdq eh xqghuplqhg e| djhqwv* delolw| wr vhfuhwo| uhqhjrwldwh wkh frqwudfwv1

Xqiruwxqdwho|/ wklv fruuhfw dujxphqw kdv ehhq vrphwlphv lpsurshuo| xvhg wr fdvw grxewv

rq wkh ryhudoo uhohydqfh ri wkh olwhudwxuh rq vwudwhjlf ghohjdwlrq1 Lw lv wkhuhiruh wlph wr

pdnh fohdu wkdw pdqdjhuldo frqwudfwv kdyh qr frpplwphqw ydoxh rqo| lq wkh h{wuhph fdvh

zkhuh vhfuhw uhqhjrwldwlrq lv erwk ihdvleoh dqg frvwohvv1 Li vhfuhw uhqhjrwldwlrq lv ihdvleoh

exw frvwo|/ wkh frpplwphqw ydoxh ri revhuydeoh frqwudfwv lv srvlwlyh dqg sursruwlrqdo

wr uhqhjrwldwlrq frvwv1 Dqg wkh fdvh ri vhfuhwo| dqg frvwohvvo| uhqhjrwldeoh pdqdjhuldo

frqwudfwv pd| eh dq lqwhuhvwlqj rqh iurp d wkhruhwlfdo srlqw ri ylhz ru/ dw ehvw/ dv d

ehqfkpdun1 Lq uhdolw|/ d exqfk ri hvwdeolvkhg lqvwlwxwlrqv pdnh wkh vhfuhw uhqhjrwldwlrq

ri wrs0pdqdjhuv* lqfhqwlyh frqwudfwv hlwkhu xqihdvleoh ru/ zkhq ihdvleoh/ h{wuhpho| frvwo|1

Zkloh uhdglqj wkh glvfxvvlrq ehorz/ wkh uhdghu vkrxog nhhs lq plqg wkdw hdfk ri wkh idf0

wruv glvfxvvhg lv vx�flhqw dorqh wr jlyh frpplwphqw ydoxh wr pdqdjhuldo frqwudfwv1 Dovr/

wr dyrlg wklv sdshu ehfrplqj d errn/ wkh dujxphqwv duh vnhwfkhg dqg khxulvwlf> krzhyhu/

wkh uhdghu zloo uhdol}h wkdw irupdoo| prghoolqj ri prvw ri wkhp zrxog eh vwudljkwiruzdug1

S�� RW?|ih?@*� u@U|Lht

91414 Wkh fkduwhu

Ohw xv ehjlq e| qrwlqj wkdw vkduhkroghuv ri sxeolf frpsdqlhv fdq hdvlo| pdnh wkh vhfuhw

uhqhjrwldwlrq ri wkhlu pdqdjhuv* frqwudfwv lpsrvvleoh1 Wkh| fdq kdyh d vlpsoh uxoh lq wkh

frpsdq|*v fkduwhu e| zklfk fkdqjhv ri wrs pdqdjhuv* frpshqvdwlrq pxvw eh dssuryhg

e| vkduhkroghuv1 Frqvlghu rxu vlpsoh prgho ri Vhfwlrqv 6 dqg 7 dqg ohw �up rzqhuv iuhh
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wr vhfuhwo| uhqhjrwldwh frqwudfwv zlwk wkhlu pdqdjhuv1 Ixuwkhu/ ohw xv dgrsw wkh h{wuhph

dvvxpswlrq wkdw wkhuh duh qhlwkhu h{rjhqrxv qru lqwulqvlf frvwv ri uhqhjrwldwlrq1 Vwloo/ zh

fdq vwdwh zkdw iroorzv1

Sursrvlwlrq 44 Vxssrvh vhfuhw frqwudfw uhqhjrwldwlrq lv erwk ihdvleoh dqg frvwohvv1 Li

�upv lqwurgxfh d uxoh lq wkhlu fkduwhuv wkdw uhtxluhv fkdqjhv ri FHRv* frpshqvdwlrq wr eh

dssuryhg e| vkduhkroghuv/ doo suhylrxv uhvxowv dsso| xqfkdqjhg1

D irupdo surri lv qrw qhhghg/ wkh orjlf ehklqg wkh sursrvlwlrq ehlqj vwudljkwiruzdug1

Lq rxu prgho wkh rqo| uhdvrq iru vkduhkroghuv wr uhqhjrwldwh wkh pdqdjhu*v frqwudfw ru

wkh uxoh lq wkh fkduwhu wkdw pdnhv vxfk uhqhjrwldwlrq sxeolf +vkduhkroghuv* phhwlqjv duh

dssur{lpdwho| sxeolf hyhqwv, lv wr lqgxfh d ghyldwlrq iurp wkh frooxvlyh djuhphqw1 Wkhuh0

iruh/ dv vrrq dv dq| uhqhjrwldwlrq +ri wkh pdqdjhuldo frqwudfw ru ri wkh uxoh lq wkh fkduwhu,

lv revhuyhg/ rwkhu �upv* pdqdjhuv dqwlflsdwh d ghyldwlrq dqg uhdfw rswlpdoo| e| lpphgl0

dwho| dedqgrqlqj wkh frooxvlyh djuhhphqw1 Vlqfh wklv uhdfwlrq rffxuv lq wkh vdph shulrg

zkhq wkh ghyldwlrq lqgxfhg e| uhqhjrwldwlrq grhv/ qr vkruw0uxq jdlq fdq eh rewdlqhg e|

uhqhjrwldwlqj dqg wkh vwdwhphqw iroorzv1

91415 Wkh erdug ri gluhfwruv

Lq prvw uhdo zruog sxeolf frpsdqlhv qrw doo fkdqjhv ri wrs pdqdjhuv* frpshqvdwlrq duh

vxemhfw wr vkduhkroghuv* dssurydo1 FHR frpshqvdwlrq lv xvxdoo| lq wkh kdqgv ri wkh _frp0

shqvdwlrq frpplwwhh% ri wkh erdug ri gluhfwruv/ zlwklq wkh +riwhq uhvwulfwlyh, olplwv vhw

e| vkduhkroghuv1 Wkhvh olplwv fdqqrw eh vhfuhwo| uhqhjrwldwhg/ dv wkh| duh vhw dqg fdq eh

prgl�hg rqo| gxulqj sxeolf vkduhkroghuv* phhwlqjv/ exw vrphwlphv erdugv duh ohiw zlwk

vx�flhqw iuhhgrp wr lqgxfh d FHR wr euhdn d fduwho e| vhfuhwo| uhqhjrwldwlqj klv lqfhq0

wlyhv/ li ghvluhg1 Lw wxuqv rxw/ wkrxjk/ wkdw erdugv wkhpvhoyhv xvxdoo| glvfrxqw h{wuhph

shuirupdqfh uhdol}dwlrqv iurp pdqdjhuv* frpshqvdwlrq/ pdnlqj lw _fdsshg% +Mrvnrz dqg

Urvh/ 4<<7,1 Vr wkh txhvwlrq lv= Zk| gr erdugv jlyh pdqdjhuv wkh nlqg ri orz0srzhuhg lq0

fhqwlyhv wkdw ohdg wr lqfrph vprrwklqj dqg frooxvlyh ehkdylruB Wkh �uvw/ reylrxv dqvzhu

wkdw frphv wr plqg lv wkdw wklv lv zkdw erdugv zdqw1 Wkdw lv/ erdugv ri gluhfwruv ohdyh wrs

pdqdjhuv zlwk vxfk orz0srzhuhg lqfhqwlyhv ehfdxvh gluhfwruv wkhpvhoyhv kdyh wkhvh nlqgv

ri lqfhqwlyhv1 Lq idfw/ gluhfwruv wlslfdoo| hqmr| �up shutxlvlwhv dqg kdyh jhqhurxv frpshq0

vdwlrq zlwk hyhq pruh orz0srzhuhg lqfhqwlyhv wkdq pdqdjhuv/ vr wkh| duh dovr lqwhuhvwhg lq

d frqwlqxrxv �rz ri _vdwlvidfwru|% +frooxvlyh, sur�wv wkdw hqvxuhv uhdssrlqwphqw +ixwxuh

lqfxpehqf| uhqwv,122 Wklv phdqv wkdw doo zkdw zh kdyh zulwwhq lq wkh suhylrxv vhfwlrqv
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fdq eh uhvwdwhg diwhu uhsodflqj wkh zrug _pdqdjhuv% zlwk wkh zrug _gluhfwruv1% Dqg gl0

uhfwruv* frpshqvdwlrq pxvw eh uhqhjrwldwhg ru uhqhzhg lq sxeolf vkduhkroghuv* phhwlqjv/

lw fdqqrw eh vhfuhwo| uhqhjrwldwhg/ vr Sursrvlwlrq 44 dssolhv1

Lq rwkhu zrugv/ li vkduhkroghuv fkrrvh _frqvhuydwlyh% lqfhqwlyhv iru gluhfwruv ~ dv wkh|

xvxdoo| gr ~ dqg wkhvh ohdg gluhfwruv wr fkrrvh wkh revhuyhg _frqvhuydwlyh% lqfhqwlyhv iru

FHRv/ wkhq �upv duh ixoo| dqg fuhgleo| frpplwwhg wr _frqvhuydwlyh% +frooxvlyh, surgxfw0

pdunhw vwudwhjlhv hyhq zkhq vhfuhw uhqhjrwldwlrq lv ihdvleoh dqg frvwohvv1

S�2 , |ih?@* u@U|LhtG _�hiU|Lht< R�?uLh4@|�L? ?i|�Lh!�

91514 Gluhfwo| lqwhuorfnlqj gluhfwrudwhv +glvfxvv Od�rqw dqg Phohx/ 4<<:,

Nhylq Kdoorfn +4<<:, �qgv wkdw 53 wr 63( ri X1V1 �upv kdyh gluhfwo| lqwhuorfnhg erdugv

ri gluhfwruv/ lq wkh vhqvh wkdw wkh| kdyh d pdqdjhu ru d gluhfwru vlwwlqj rq hdfk rwkhu*v

erdug1 Rqh zrxog h{shfw gluhfwo| lqwhuorfnlqj gluhfwruvklsv ehwzhhq frpshwlqj �upv

wr eh iruelgghq/ dv lw lv doo wrr reylrxv wkdw wkh| fdq vriwhq frpshwlwlrq/ iru h{dpsoh e|

idflolwdwlqj lqirupdwlrq vkdulqj dqg frruglqdwlrq1 Krzhyhu/ wkh X1V1 lv wkh rqo| frxqwu| zh

duh dzduh ri zkhuh lqwhuorfnlqj gluhfwruvklsv ehwzhhq frpshwlqj �upv duh iruelgghq12� Lq

prvw rwkhu frxqwulhv/ erwk dgydqfhg dqg ohvv ghyhorshg/ gluhfwo| lqwhuorfnlqj gluhfwruvklsv

ehwzhhq frpshwlwruv duh qrw iruelwwhq/ dqg duh lq idfw txlwh frpprq12e

Wr pdnh wkh srlqw lq wkh vlpsohvw zd|/ ohw xv frqvlghu d gxrsro| zlwk gluhfwo| lq0

whuorfnlqj gluhfwruvklsv1 D gxrsro| zkhuh/ vd|/ dq h{hfxwlyh gluhfwru ri hdfk �up vhuyhv

dv rxwvlgh gluhfwru lq wkh rwkhu �up1 Vlqfh wr uhqhjrwldwh wkh FHR*v frqwudfw dw ohdvw d

phhwlqj ri wkh frpshqvdwlrq frpphwwhh lv uhtxluhg/ dqg vlqfh vxfk frpplwwhhv duh qru0

pdoo| frpsrvhg ri rxwvlgh gluhfwruv/2D hdfk lqwhuorfnhg gluhfwru zloo nqrz shu wlph ri dq|

uhqhjrwldwlrq dwwhpsw/ dqg fdq yhwr lw e| wkuhdwhqlqj wr uhyhdo lw wr wkh FHR ri wkh �up ri

zklfk kh lv h{hfxwlyh +zkr zrxog uhdfw dqg qxooli| doo jdlqv iurp uhqhjrwldwlrq/ dv dujxhg

iru Sursrvlwlrq 44> li wkh lqwhuorfnhg gluhfwru lv wkh FHR klpvhoi/ wklv wkuhdw lv sduwlfxoduo|

fuhgleoh,1 Ri frxuvh/ wkh vlohqfh ri wkh lqwhuorfnhg gluhfwru frxog eh erxjkw/ exw wkh sulfh

zrxog eh kljk= wkh lqwhuorfnhg gluhfwru pxvw eh frpshqvdwhg iru wkh orvv ri klv mre/ wkh
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orvv ri uhsxwdwlrq/ dqg wkh rwkhu fduhhu frqfhuqv ri d wrs h{hfxwlyh wkdw _ehwud|v% klv �up

+lq sulqflsoh/ wkh ehwud|lqj h{hfxwlyh frxog hyhq eh vxhg e| vkduhkroghuv iru ylrodwlrq ri

_�gxfldu| gxwlhv%,12S

91515 Lqgluhfwo| lqwhuorfnlqj gluhfwrudwhv

Od Sruwd hw do1 +4<<;, �qg s|udplgdo rzqhuvkls wr eh wkh prvw frpprq phfkdqlvp e|

zklfk frqwuroolqj vkduhkroghuv ri odujh frpsdqlhv vhsdudwh +dqg vhoo, fdvk �rz uljkwv dqg

frqwuro uljkwv durxqg wkh zruog1 Ri wkh :8( ri wkh frpsdqlhv lq wkhlu furvv0frxqwu| wrs0

wzhqw| vdpsoh wkdw kdyh d grplqdqw vkduhkroghu/ 59( ehorqj wr d s|udplgdo vwuxfwxuh1

Frqvlghu djdlq d gxrsro|/ dqg vxssrvh wkh wzr �upv duh frqwuroohg wkurxjk s|udplgv1

Vxssrvh/ ixuwkhu/ wkdw wkh FHR +ru dqrwkhu wrs h{hfxwlyh, ri dq| �up dw d kljkhu vwdjh

ri hdfk s|udplg vhuyhv dv rxwvlgh gluhfwru lq wkh erdug ri wkh gxrsrolvwlf �up frqwuroohg

e| wkh rwkhu s|udplg1 Zh gh�qh wkhvh rxwvlgh gluhfwruv dv lqgluhfwo| lqwhuorfnhg rqhv1 Dq

h{dpsoh ri wkh vlwxdwlrq lv uhsuhvhqwhg lq Iljxuh 41

Sodfh Iljxuh 4 Derxw Khuh

FHRv +dqg rwkhu h{hfxwlyhv, ri �upv zlwklq d s|udplg duh doo dffrxqwdeoh wr wkh vdph

frqwuroolqj vkduhkroghu/ zkr zrxog qrw eh kdss| wr vhh klv frqwuroohg gxrsrolvw fkhdwhg

xsrq e| lwv ulydo1 Wkhuhiruh/ wkh lqgluhfwo| lqwhuorfnhg rxwvlgh gluhfwruv zrxog dovr eorfn

dq| vhfuhw uhqhjrwldwlrq ri wkh FHR frqwudfw wkdw frxog ohdg wr d euhdfk ri frooxvlrq/

djdlq/ e| wkuhdwhqlqj wr uhyhdo lw wr wkh rwkhu gxrsrolvwlf �up/ wkh rqh wkdw ehorqjv wr

wkh vdph s|udplg dv wkh �up zkhuh wkh| vhuyh dv FHR1

Wkh vlohqfh ri wkh lqgluhfwo| lqwhuorfnhg gluhfwru frxog dovr eh erxjkw/ exw wkh sulfh

zrxog eh kljk/ dv iru gluhfwo| lqwhuorfnhg gluhfwruv1 Dqg frqwuroolqj vkduhkroghuv fdq

ixuwkhu udlvh wklv sulfh e| fkrrvlqj iru gholfdwh wdvnv vxfk dv wkdw ri lqgluhfwo| lqwhuorfnlqj

gluhfwru dq hvshfldoo| uholdeoh +yhu| kljko| sdlg/ ru idplo| uhodwhg, djhqw1

91516 Frpprq rxwvlgh gluhfwruv

Vxssrvh frpshwlqj �upv kdyh rqh ru pruh rxwvlgh gluhfwruv lq frpprq +iru h{dpsoh/ d

qrq0h{hfxwlyh gluhfwru zkr kdv dq hvshfldoo| jrrg nqrzohgjh ri wkh lqgxvwu|,1 Zh zurwh

wkdw rxwvlgh gluhfwruv qrupdoo| hqmr| jhqhurxv shutxlvlwhv dqg +�dw, ihhv iurp �upv/ vr

wkh remhfwlyh ri frpprq gluhfwruv zloo eh d vdwlvidfwru| +h1j1 frooxvlyh, sur�wdelolw| ri

erwk �upv wkdw hqvxuhv uhdssrlqwphqw1 Frpprq rxwvlgh gluhfwruv fdq dovr yhwr wkh vh0

fuhw uhqhjrwldwlrq ri wrs pdqdjhu*v frqwudfw e| wkuhdwhqlqj wr pdnh lw sxeolf1 Wkhuhiruh/
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wkh| pxvw dovr eh ixoo| frpshqvdwhg iru wkh orvvhv wkh| pd| lqfxu +ihhv/ sulydwh ehqh�wv/

uhsxwdwlrq, ehfdxvh ri wkh qrq0ghyldwlqj �up*v edg shuirupdqfh1 Wkh h{wud frvwv ri uhqh0

jrwldwlrq olqnhg wr frpprq gluhfwruv* sduwldo lqwhuqdol}dwlrq ri frpshwlqj �upv* pdunhw

h{whuqdolwlhv ixuwkhu uhlqirufhv wkh frpplwphqw ydoxh ri pdqdjhuv*2gluhfwruv* lqfhqwlyhv1

91517 Frpprq vwdnhkroghuv

Lq pdq| frxqwulhv lw lv frpprq wr ohw vwdnhkroghuv kdyh vhdwv rq wkh erdug ri gluhfwruv1 Iru

h{dpsoh/ lq Jhupdq|*v fr0ghwhuplqdwlrq v|vwhp +plwehvwlppxqj, zrunhuv* xqlrqv kdyh

gluhfwruv rq �upv* vxshuylvru| erdugv/ zklfk kdyh frqwuro rq h{hfxwlyhv* frpshqvdwlrq1

Xqlrqv duh rujdql}hg e| lqgxvwu|/ vr wkdw wkh vdph xqlrq hqgv xs kdylqj gluhfwruv rq wkh

vxshuylvru| erdugv ri �upv lq wkh vdph lqgxvwu|1 Dv orqj dv zrunhuv hqmr| d vkduh ri wkhlu

�up*v frooxvlyh uhqw/ dv lw lv qdwxudo wr dvvxph/ wkh lqgxvwu| xqlrq lqwhuqdol}hv pdunhw

h{whuqdolwlhv ehwzhhq �upv1 Wkhq xqlrq*v gluhfwruv zloo rssrvh dq| pdqdjhuldo frqwudfw

vhfuhw uhqhjrwldwlrq wkdw pd| ohdg wr d euhdfk ri frooxvlrq/ zlwk wkh frqvhtxhqw uhgxfwlrq

ri wkh lqgxvwu|zlgh frooxvlyh uhqw1 Wkh vdph krogv iru rwkhu frpprq vwdnhkroghuv/ vxfk

dv ghewkroghuv +h1j1 odujh edqnv, wkdw duh ohqglqj wr pruh �upv lq wkh lqgxvwu| dqg kdyh

gluhfwruv rq wkhlu erdugv1

S�� �|�ih i @4T*it Lu hi?i}L|�@|�L? ULt|t

91614 Gluhfw edujdlqlqj frvwv

Hyhq li zh dvvxph frqfhqwudwhg rzqhuvkls/ vr wkdw sxeolf vkduhkroghuv* phhwlqjv duh

qrw uhtxluhg wr uhqhjrwldwh gluhfwruv* frpshqvdwlrq/ wkh frvwv ri uhqhjrwldwlrq pd| eh

vxevwdqwldo iru rzqhuv1 Wkhuh zloo w|slfdoo| eh gluhfw frvwv lq wkh elodwhudo edujdlqlqj

surfhvv ehwzhhq pdqdjhuv dqg rzqhuv/ hyhq lq wkh devhqfh ri lqirupdwlrq dv|pphwulhv

+Oxfd Dqghuolql dqg Ohrqdugr Ihool/ 4<<;,1 Dqg zkhq wklug sduwlhv ~ vxfk dv xqlrqv ru

ghewkroghuv ~ kdyh vhdwv rq wkh erdug/ wkh edujdlqlqj surfhvv ehfrphv pxowlodwhudo dqg

gluhfw uhqhjrwldwlrq frvwv lqfuhdvh vxevwdqldoo| +Rolylhu Frpswh dqg Sklolssh Mhlkho/ 4<<9,1

91615 Wkh pdqdjhuv* frppxqlw|

D nlqg ri lqgluhfw uhqhjrwldwlrq frvw kdv wr gr zlwk wkh delolw| ri wkh _wrs0pdqdjhuv*

frppxqlw|% wr hqirufh frrshudwlyh ehkdylru ehwzhhq wkhlu phpehuv1 Wkh _wrs0pdqdjhuv*

frppxqlw|/% sduwlfxoduo| lq vpdoo frxqwulhv/ lv d qhwzrun zkrvh phpehuv lqwhudfw lq ydu0

lrxv nlqgv ri _frrshudwlyh% dfwlylwlhv1 Rqh lv zdjh0exvwlqj1 Iru h{dpsoh/ Nhylq Kdoorfn

+4<<:, �qgv wkdw zkhq �upv duh lqwhuorfnhg pdqdjhuldo frpshqvdwlrq jrhv xs1 Wkdw lv/

pdqdjhuv wuhdw hdfk rwkhu zhoo1 Dqrwkhu lv xqhpsor|phqw lqvxudqfh1 FHRv �uhg iurp d
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�up duh riwhq kluhg dv pdqdjhuv ru gluhfwruv ri frpshwlqj �upv12. D euhdfk ri d frooxvlyh

djuhhphqw e| rqh pdqdjhu lqgxfhg e| wkh vhfuhw uhqhjrwldwlrq ri klv frqwudfw gdpdjhv

rwkhu pdqdjhuv lq wkh lqgxvwu|/ dqg pd| eh sxqlvkhg e| wkh _pdqdjhuv* frppxqlw|% zlwk

wkh lqwhuuxswlrq ri zdjh0exvwlqj dqg xqhpsor|phqw lqvxudqfh surylvlrqv1 Wkh orvv ri fro0

ohdjxhv* vxssruw uhgxfhv wkh ghyldwlqj pdqdjhu*v h{shfwhg zdjh diwhu wkh ghyldwlrq/ vr d

pdqdjhu zrxog uhtxluh frpshqvdwlrq iru wklv dgglwlrqdo orvv dw wkh uhqhjrwldwlrq vwdjh12H

. �L?U*�_�?} hi4@h!t

Rxu prgho vkrzhg wkdw prvw frpprqo| revhuyhg pdqdjhuldo frpshqvdwlrq sudfwlfhv

juhdwo| idflolwdwh frooxvlyh ehkdylru lq orqj0uxq roljrsrolhv1 Wklv fhqwudo uhvxow lv qrw

rqo| uhohydqw iru sxeolf frpsdqlhv zlwk glvshuvhg vkduhkroghuv= ruglqdu| ghflvlrqv vxfk dv

sulflqj dqg txdqwlw|0vhwwlqj rqhv duh qrupdoo| lq wkh kdqgv ri surihvvlrqdo pdqdjhuv dovr

zkhq rzqhuvkls lv frqfhqwudwhg/ dqg hyhq lq ixoo| sulydwh frpsdqlhv1

Dowkrxjk/ iru frpsohwhqhvv/ lq Vhfwlrqv 6 dqg 7 zh hqgrjhql}hg rzqhuv* fkrlfh ri

pdqdjhuv* lqfhqwlyhv/ zh grq*w zdqw wr sxvk wkh lghd ri vkduhkroghuv udwlrqdoo| fkrrvlqj

sur0frooxvlyh pdqdjhuldo lqfhqwlyhv wrr pxfk1 Lq idfw/ rxu suhihuuhg lqwhusuhwdwlrq ri wklv

sdshu*v uhvxowv lv dq _hyroxwlrqdu|% rqh1 Wkh lghd ri ixoo| udwlrqdo hfrqrplf djhqwv lv

qrzdgd|v frqvlghuhg d p|wk e| pdq| hfrqrplvwv1 Lw lv dovr zhoo nqrzq wkdw hyhq wkrxjk

djhqwv duh qrw ixoo| udwlrqdo/ h�flhqw lqvwlwxwlrqv vxfk dv _dv li% udwlrqdo ehkdylrudo uxohv

pd| eh vhohfwhg e| wkh hyroxwlrqdu| irufh ri frpshwlwlrq111 ru e| wkdw ri roljrsrolvwlf

lqwhudfwlrq1 Frqvlghu erxqghgo| udwlrqdo lqyhvwruv +dqg frqvxowdqwv, zkr vhohfw gluhf0

wruv* dqg FHRv* lqfhqwlyhv rq wkh edvlv ri wkhlu sdvw vxffhvv/ lq d zruog grplqdwhg e|

roljrsrolvwlf lqgxvwulhv1 Vxfk lqyhvwruv zrxog qrw eh dzduh ri h{dfwo| zk| fkrrvlqj _frq0

vhuydwlyh% ru _suxghqw% lqfhqwlyhv iru pdqdjhuv sd|v pruh lq wkh orqj uxq wkdq fkrrvlqj

djjuhvvlyh lqfhqwlyhv/ dqg zloo eh hyhq ohvv dzduh wkdw vhfuhwo| uhqhjrwldwlqj lqfhqwlyh frq0

wudfwv pljkw sd| hyhq pruh1 Zh vshfxodwh wkdw lq wkh pdq| vxshujdphv wkh| kdyh sod|hg

ryhu wlph/ lqyhvwruv kdyh wulhg gl�huhqw lqfhqwlyhv iru wrs pdqdjhuv/ dqg wkdw ehfdxvh ri
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wkh roljrsrolvwlf vwuxfwxuh ri prvw uhdo zruog lqgxvwulhv wkh _frqvhuydwlyh% orz0srzhuhg

lqfhqwlyhv revhuyhg e| Mhqvhq dqg Pxusk| duh wkrvh wkdw shuiruphg ehwwhu dqg vxuylyhg12b

Ilqdoo|/ zh duh qrw dujxlqj khuh wkdw �upv* dwwhpswv wr lqwhuqdol}h pdunhw h{whuqdolwlhv

lv wkh rqo| irufh wkdw gulyhv uhdo zruog hfrqrplf lqvwlwxwlrqv1 Iru h{dpsoh/ dv lq prvw

suhylrxv zrun rq wkh vwudwhjlf h�hfwv ri ghohjdwlrq/ zh kdg wr devwudfw iurp wkh lpsruwdqw

lvvxh ri pdqdjhuldo prudo kd}dug +mxvw dv prvw ri wkh olwhudwxuh rq prudo kd}dug devwudfwv

iurp wkh vwudwhjlf h�hfwv ri lqfhqwlyh frqwudfwv,1 Zkhq prudo kd}dug lv eurxjkw lqwr wkh

slfwxuh/ d ghpdqg iru kljko|0srzhuhg lqfhqwlyhv hphujhv dqg wrr orz0srzhuhg lqfhqwlyhv

ehfrph vxerswlpdo1 Krzhyhu/ wkh sur0frooxvlyh h�hfw zh lghqwl�hg lv yhu| vwurqj/ zklfk

pdnhv lw gl�fxow qrw wr wklqn ri lw dv rqh lpsruwdqw uhdvrq zk| sx}}olqj jryhuqdqfh

sudfwlfhv vxfk dv orz0srzhuhg pdqdjhuldo lqfhqwlyhv dqg wrohudqfh iru lqfrph vprrwklqj

duh vr zlghvsuhdg lq rxu zruog1�f
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Surri ri Sursrvlwlrq 4 Wr suryh wkh sursrvlwlrq zh pxvw vkrz wkdw zkhq ~ ehfdxvh

ri pdqdjhuldo frqwuro ~ �upv* lqvwdqwdqhrxv remhfwlyh ixqfwlrq lv vxemhfw wr dq| vwulfwo|

frqfdyh prqrwrqh wudqvirupdwlrq X+��, ri wkh sur�w ixqfwlrq ��+s, @
�

�
+s� f,T+s,/ wkh

lqfhqwlyh frqvwudlqwv wr vxssruw dq| frooxvlyh djuhhphqwv duh uhod{hg1 Zh �uvw qhhg d

vlpsoh ohppd1

Ohppd 6 Wkh Ehuwudqg htxloleulxp uhpdlqv wkh xqltxh vwdwlf Qdvk htxloleulxp ri wkh

vwdjh jdph zkhq wklv lv sod|hg e| djhqwv zlwk d vwulfwo| frqfdyh remhfwlyh ixqfwlrq1

Surri D vwulfwo| frqfdyh remhfwlyh ixqfwlrq lv d prqrwrqh wudqvirupdwlrq ri wkh sur�w

ixqfwlrq1 Wkh vhw ri Qdvk htxloleuld ri d jdph lv qrw d�hfwhg e| prqrwrqh wudqvirupdwlrqv

ri sd|r� ixqfwlrqv/ dv wkhvh jhqhudwh ruglqdoo| htxlydohqw jdphv1 T1H1G1

Wkh ohppd pdnhv vxuh wkdw uhyhuvlrq wr wkh vwdwlf Ehuwudqg htxloleulxp uhpdlqv d

fuhgleoh sxqlvkphqw vwudwhj| zkhq pdqdjhuv duh uxqqlqj wkh �upv1 Qrz/ iru dq| vwulfwo|

frqfdyh lqfuhdvlqj remhfwlyh ixqfwlrq X+��,> X
� A 3> X �� ? 3> d vwdwlrqdu| frooxvlyh djuhh0

phqw rq sulfh sW zloo eh vxssruwhg e| �up l li

4

4� �
X ^

4

Q
+sW � f,T+sW,` � X ^+sW � f,T+sW,` .

�

4� �
X+3,>

ru/ htxlydohqwo|/ li

� �
X ^+sW � f,T+sW,`�X ^ �

�
+sW � f,T+sW,`

X ^+sW � f,T+sW,`�X+3,
= +D14,

Wkh frqfdyh wudqvirupdwlrq zloo dozd|v pdnh frooxvlrq hdvlhu wr vxvwdlq li wkh UKV ri

frqglwlrq +D14, lv vpdoohu wkdq wkh UKV ri frqglwlrq +4,/ l1h1 zkhq

X ^+sW � f,T+sW,`�X^ �
�
+sW � f,T+sW,`

X ^+sW � f,T+sW,`�X+3,
? +4�

4

Q
,=

Diwhu d ihz dojheudlf pdqlsxodwlrqv wklv odvw lqhtxdolw| ohdgv wr

X ^
4

Q
+sW � f,T+sW,` A X+3,�

4

Q
X+3, .

4

Q
X ^+sW � f,T+sW,`>

dqg wkhq wr

X ^
4

Q
+sW � f,T+sW, . +4�

4

Q
,3` A

4

Q
X ^+sW � f,T+sW,` . +4�

4

Q
,X+3,>

zklfk lv Mhqvhq*v lqhtxdolw|/ wkh gh�qlwlrq ri vwulfw frqfdylw|/ surshuw| dvvxphg iru X 1

T1H1G1

Surri ri Sursrvlwlrq 5Ghpdqg lv qrz dq lqfuhdvlqj ixqfwlrq ri wkh vwrfkdvwlf vkrfn

�> T+s> �,= Zkhq sur�w0pd{lpl}lqj rzqhuv uxq wkh �upv/ wkh qr0ghyldwlrq frqglwlrqv iru

d frooxvlyh djuhhphqw wr fkrrvh d sulfh sW duh

4

Q
+sW � f,T+sW> �M, .

�

4� �

4

Q
+sW � f,Hw ^T+sW> �,` � +sW � f,T+sW> �M,
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lq shulrgv lq zklfk ghpdqg lv kljk/ dqg

4

Q
+sW � f,T+sW> �u, .

�

4� �

4

Q
+sW � f,Hw ^T+sW> �,` � +sW � f,T+sW> �u,

lq shulrgv lq zklfk ghpdqg lv orz/ zkhuh H lv wkh h{shfwdwlrq rshudwru1 Wkh frqglwlrqv

fdq eh uhzulwwhq dv +
+4� �

�
,+sW � f,T+sW> �M, � �

+4� �
�
,+sW � f,T+sW> �u, � �

>

zkhuh � @ B
�3B

�
�
+sW � f,Hw ^T+sW> �,` = Jlyhq wkdw wkh wzr frqglwlrqv gl�hu rqo| lq wkh

ghpdqg idfwruv rq wkh OKV/ dqg wkdw T+sW> �M, A T+sW> �u,> wkh frqglwlrq lv pruh hdvlo|

vdwlv�hg lq orz vwdwhv ri ghpdqg/ dqg zkhq wkh glvfrxqw idfwru lv elqglqj dqg �upv

pd{lpl}h frooxvlyh sur�wv/ Urwhpehuj dqg Vdorqhu*v uhvxow iroorzv1

Frqvlghu lqvwhdg �upv ohg e| lqfrph0vprrwklqj pdqdjhuv/ zlwk vwdwlf remhfwlyh ixqf0

wlrq X+��,/ X �+, A 3> X ��+, ? 3= Wkh frqglwlrqv qrz ehfrph+
X
�
+sW � f,T+sW> �M,

�
�X

�
�
�
+sW � f,T+sW> �M,

�
� �L

X
�
+sW � f,T+sW> �u,

�
�X

�
�
�
+sW � f,T+sW> �u,

�
� �L

>

zkhuh �L @ B
�3BHw

�
X
�
�
�
+sW � f,T+sW> �,

��
1 Zkhq wkh glvfrxqw idfwru lv elqglqj dqg

�upv pd{lpl}h frooxvlyh sur�wv/ sulfh zduv gxulqj errpv gr qrw rffxu dqg sulfhv duh

sur0f|folfdo zkhq

X
�
+sW � f,T+sW> �M,

�
�X

�
4

Q
+sW � f,T+sW> �M,

�
?

? X
�
+sW � f,T+sW> �u,

�
�X

�
4

Q
+sW � f,T+sW> �u,

�
ru/ htxlydohqwo|/ zkhq

X
�
�W� +�

M,
�
�X

�
�W� +�

u,
�
A X

�
Q�W� +�

M,
�
�X

�
Q�W� +�

u,
�
=

Li zh dssur{lpdwh wkh UKV ri wklv lqhtxdolw| zlwk wkh Wd|oru h{sdqvlrq ri X durxqg

Q�W� +�
u, dqg vlpsoli|/ zh jhw

X
�
�W� +�

M,
�
�X

�
�W� +�

u,
�
A X �

�
Q�W� +�

u,
�
Q

�
�W� +�

M,� �W� +�
u,
�
��>

zlwk � A 3=E| lqvshfwlrq/ X fdq dozd|v eh fkrvhq frqfdyh hqrxjk wr pdnhX �
�
Q�W� +�

u,
�
?

L^ZW� Ew
M�`3L^ZW� Ew

u�`n{
� ^ZW� Ew

M�3ZW
�
Ewu�`

dqg vdwlvi| wkh lqhtxdolw|1 T1H1G1

Surri ri Ohppd 4 Vxssrvh rzqhu l fkrrvhv E�> �
�
� > �� A 3= Wkhq/ li wkh pdqdjhu

ri �up l uhvshfwv d frooxvlyh djuhhphqw gholyhulqj shu0shulrg sur�wv �W� � ��� kh uhfhlyhv

wkh glvfrxqwhg ixwxuh lqfrph �rz
�
�
}�EZW� �n��
�3B > zkloh li kh ghyldwhv kh rewdlqv ��j�+e�W� ,.E�
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lpphgldwho| dqg }hur diwhuzdugv1 Lw iroorzv wkdw wkh pdqdjhu zloo uhvshfw wkh frooxvlyh

djuhhphqw li

��j�+�
W

� , .E�

4� �
� ��j�+e�W� , .E�> / � � �� @

�� ^j�+e�W� ,� j�+�
W

� ,`

��j�+e�W� , .E�
=

E| lqvshfwlrq/ zkhq �� A 3> �� lv srvlwlyh dqg lqfuhdvlqj lq ��= Zkhq dq rzqhu fkrrvhv

E�> �
�
� > �� A 3> dqg pdqdjhuv duh uhvwulfwhg wr fkrrvlqj s � f> wkh vwdwlf Qdvk htxloleulxp

ri wkh pdunhw jdph lv xqfkdqjhg dqg wkh pdqdjhu ri �up l uhvshfwv d frooxvlyh djuhhphqw

gholyhulqj shu0shulrg sur�wv �W� li

��i�+
RW'ERW�

�
, .E�

4� �
� ��i�+fT+s @ f,, .E� .

���i�+
S'ER'S�

�
,

4� �
>

ru/ htxlydohqwo|/ li

� � �q @
��

k
i�+fT+s @ f,,� i�+

RW'ERW�
�

,
l

��

k
i�+fT+s @ f,,� i�+

S'ER'S�
�

,
l
.E�

=

Djdlq/ e| lqvshfwlrq/ zkhq �� A 3 wkh plqlpxp glvfrxqw idfwru �q lv srvlwlyh dqg lq0

fuhdvlqj lq ��= Zkhq dq rzqhu fkrrvhv erwk ��> �� A 3 wkhvh wzr h�hfwv fxpxodwh dqg

wkh sur0frooxvlyh h�hfw ri wkh erqxv lv ixuwkhu gloxwhg1 Wkh vwdwhphqw iroorzv iurp wklv

wrjhwkhu zlwk Sursrvlwlrq 61 T1H1G1

Surri ri Sursrvlwlrq 81 Vxssrvh wkh uhdol}dwlrq ri � fdq eh revhuyhg e| rzqhuv

zlwk W� shulrgv ri ghod|/ dqg e| frxuwv zlwk W� shulrgv ri ghod|/ zkhuh W� � W� +zkhq

� lv wkh uhsruw ri dq lqghshqghqw djhqf|/ W� lv wkh odj zlwk zklfk wkh uhsruwv duh pdgh,1

Frqvlghu wkh iroorzlqj frpshqvdwlrq frqwudfw= lq hdfk shulrg wkh pdqdjhu jhwv d zdjh

soxv d erqxv E� A 3 li ��+�, � ��� +�,> exw wkh erqxv lv sdlg wr wkh pdqdjhu zlwk W�

shulrgv ri ghod| dqg lqfuhdvhg pdunhw lqwhuhvwv wr frpshqvdwh iru lw1 Li rzqhuv euhdn

wkh frqwudfw pdqdjhuv fdq jr wr frxuw W� � W� shulrgv diwhuzdugv dqg eh frpshqvdwhg

+wkhuhiruh rzqhuv zloo uhvshfw wkh djuhhphqw,1 Wkhq wkh uhvw ri wkh surri lv lghqwlfdo wr

wkdw ri Sursrvlwlrq 6/ diwhu kdylqj uhsodfhg ��� e| ��� +�,> �
W

� e| �
W

� +�,> e�W� e| e�W� +�,> ��� e|

��� +�,> e��� e| e��� +�,> dqg lqwhusuhwlqj E� dv wkh suhvhqw ydoxh ri wkh sd|phqw rewdlqhg

W� shulrgv odwhu1 T1H1G1

Surri ri Sursrvlwlrq 9 +l, Frqvlghu �uvw wkh vhfrqg vwdjh1 Vxssrvh doo pdqdjhuv

kdyh ehhq kluhg xqghu erqxv frqwudfwv/ zlwk E A 3 dqg ��� @ ��� +�M,= Wkhq e| wkh surri

ri Sursrvlwlrq 6 iroorzv wkdw zkdwhyhu wkh glvfrxqw idfwru lv/ pdqdjhuv fdq vxssruw dq|

sulfh uxoh �W� +�, vxfk wkdw �W� +�
M, @ ��� +�M, dqg e�W� +�u, ? ��� +�M,= Wklv lv ehfdxvh lq

htxloleulxp pdqdjhuv uhfhlyh erqxvhv lq doo kljk vwdwhv/ zkloh d ghyldwlqj pdqdjhu jdlqv

qrwklqj lq wkh shulrg ri wkh ghyldwlrq/ exw orrvhv wkh vwuhdp ri ixwxuh erqxvhv B^��3B 1 Zkhq
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wkh sulfh uxoh kdv �W� +�
u, vxfk wkdw e�W� +�u, � ��� +�M,> d pdqdjhu jdlqv E e| ghyldwlqj

iurp wkh mrlqw prqrsro| sulfh lq orz vwdwhv1 Wkhvh nlqg ri xqlodwhudo ghyldwlrqv fdq eh

ghwhuuhg rqo| li E ? B^�
�3B / � A �

�n^ = Lw iroorzv wkdw zkhq

e��� +�u, @ +s� � f,T+s� > �u, A
+s� � f,T+s� > �M,

Q
@ ��� +�M, @ ���

pdqdjhuv fdq vxssruw wkh mrlqw prqrsro| sulfh dovr lq orz vwdwhv ri ghpdqg rqo| li� A �
�n^ =

Frqvlghu qrz wkh �uvw vwdjh1 Dq rzqhu fdq ghyldwh xqlodwhudoo| iurp wkh htxloleulxp

sur�oh e| fkrrvlqj qrw wr ghohjdwh frqwuro +h1j1 vhwwlqjE @ 3, ru e| vhwwlqj ��� 9@ ��� +�M,=

Lq wkh �uvw fdvh qr frooxvlyh djuhhphqw fdq eh vxssruwhg lq wkh vhfrqg vwdjh/ zkdwhyhu

wkh vwdwh ri ghpdqg lv1 Lq wkh vhfrqg fdvh/ zkhq wkh rzqhu vhwv ��� A ��� +�M, djdlq

qr frooxvlyh djuhhphqw fdq eh vxssruwhg lq wkh vhfrqg vwdjh/ dqg zkhq wkh rzqhu vhwv

��� ? ��� +�M, kh jdlqv qrwklqj/ zkloh kh pd| orvh ehfdxvh klv pdqdjhu pd| vhwwoh zlwk

d frooxvlyh djuhhphqw gholyhulqj orzhu sur�wv wkdq ��� +�M,= Lq doo wkhvh fdvhv wkh rzqhu

fdqqrw jdlq e| ghyldwlqj xqlodwhudoo|1

+ll, Frqvlghu �uvw wkh vhfrqg vwdjh1 Vxssrvh doo pdqdjhuv kdyh ehhq kluhg xqghu erqxv

frqwudfwv/ zlwk E A 3 dqg ��� @ ��� +�u,= Wkhq e| wkh surri ri Sursrvlwlrq 6 pdqdjhuv

fdq vxssruw dq| frooxvlyh djuhhphqwD e| zklfk lq orz vwdwhv �upv vhw wkh prqrsro| sulfh

vr wkdw ��� +�
u, @ ��� +�u,/ dqg lq kljk vwdwhv vhw dq| sulfh vxfk wkdw ��� +�

M, � ��� +�u,=

Wkh h{dfw frooxvlyh sulfh wkdw pdqdjhuv zloo vxssruw lq kljk vwdwhv ghshqgv wkhq rq *=

Frqvlghu qrz wkh �uvw vwdjh/ dqg ohw xv fkhfn zkhwkhu ��� @ ��� +�u, lv d Qdvk htxl0

oleulxp iru rzqhuv1 Wkh ehvw wkdw dq rzqhu fdq gr zkhq ghyldwlqj iurp vxfk d vwudwhj|

sur�oh/ lv vhwwlqj ��� @ +s� � f,T+s� > �M,� �3�
�

+s� � f,T+s� > �u,> vr wkdw lq orz sur�w

vwdwhv frooxvlrq fdqqrw eh vxssruwhg exw lq kljk vwdwhv lw lv/ dqg wkh rqo| djuhhphqw wkh

pdqdjhu ri wkh ghyldwlqj rzqhuv zloo vhw iru gholyhuv wr wkh ghyldwlqj rzqhuv shu0shulrg

sur�wv +s� � f,T+s� > �M,� �3�
�

+s� � f,T+s� > �u,> zkhuh

+s��f,T+s� > �M,�
Q � 4

Q
+s��f,T+s� > �u, A

+s� � f,T+s� > �M,

Q
A

+s� � f,T+s� > �u,

Q
=

Li wklv ghyldwlrq lv qrw sur�wdeoh/ qr rwkhu ghyldwlrq lv1 Wklv xqlodwhudo ghyldwlrq lv

sur�wdeoh li

t
�
Q��� +�M,� +Q � 4,��� +�u,

�
4� �

A
t*��� +�M, . +4� t,��� +�u,

4� �

ru/ htxlydohqwo|/ li

* ?
t
�
Q��� +�M,� +Q � 4,��� +�u,

�
� +4� t,��� +�u,

t��� +�M,
=

Zkhq �3^
^

A
E�3��^ER�3S�'ER� cwM�3ER�3S�'ER� cwu�`

ER�3S�'ER� cwu�
wkh UKV ri wklv lqhtxdolw| lv vpdoohu

wkdq rqh1 Wkhq/ iru dq| * vxfk wkdw

4 � * � h* @
t
�
Q��� +�M,� +Q � 4,��� +�u,

�
� +4� t,��� +�u,

t��� +�M,
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wkh rzqhuv* ghyldwlrq lv qrw sur�wdeoh dqg doo rzqhuv vhwwlqj ��� @ ��� +�M, lv d Qdvk

htxloleulxp ri wkh �uvw vwdjh jdph ehwzhhq rzqhuv1 Ixuwkhupruh/ dv orqj dv 4 A * � h*
pdqdjhuv fdq vxssruw frooxvlrq lq doo vwdwhv/ exw wkh| fdq vxssruw wkh prqrsro| sulfh

rqo| lq orz vwdwhv1 Wkh vwdwhphqw iroorzv1 T1H1G1

Surri ri Sursrvlwlrq : Frqvlghu wkh iroorzlqj vwudwhj| sur�oh iru Q rzqhuv dqg Q

pdqdjhuv1

Hdfk rzqhu*v vwudwhj|= _Ghohjdwh wr d pdqdjhu xqghu vkruw0whup erqxv frqwudfw zlwk

wrwdo frpshqvdwlrq deryh klv uhvhuydwlrq zdjh dqg ��� @ ��� > lq Vwhs 4 ri hdfk iroorzlqj

shulrg uhfrq�up pdqdjhu dqg frqwudfw iru rqh pruh shulrg li lq doo suhylrxv shulrgv doo

rzqhuv ghohjdwhg dqg �� � ��� > wdnh edfn frqwuro ru kluh d sur�w0pd{lpl}lqj pdqdjhu dw

klv uhvhuydwlrq zdjh iruhyhu rwkhuzlvh1%

Hdfk pdqdjhu*v vwudwhj|= _ Lq Vwhs 5 ri hdfk shulrg w> vwlfn wr dq| djuhhg frooxvlyh

sulfh gholyhulqj shu0shulrg sur�wv �� � ��� iru hyhu| �up l li + d, doo rzqhuv ghohjdwhg lq

Vwhs 4 ri doo sdvw shulrgv dqg lq w> dqg li +e, qr pdqdjhu hyhu ghyldwhg iurp wkh djuhhg

frooxvlyh sulfh> pd{lpl}h �up sur�wv rwkhuzlvh1%

Wr vdyh rq qrwdwlrq/ vhw Z� @ U vr wkdw wkh erqxv E� A 3 dovr ghqrwhv wkh dprxqw

ri frooxvlyh uhqw ohiw wr wkh pdqdjhu +wkh uhodwlyh vl}hv ri Z� dqg E� duh vwudwhjlfdoo|

luuhohydqw,> dqg frqvlghu wkh mrlqw prqrsro| sulfh s� gholyhulqj shu0shulrg sur�wv ��� @

��� wr hdfk �up l= Ohw xv fkhfn iru xqlodwhudo ghyldwlrqv lq dq| shulrg w1

Rzqhuv= Li dq rzqhu vwlfnv wr htxloleulxp vwudwhjlhv kh h{shfwv qhw sur�wv
Z�
�
3��

�3B >

zklfk duh dozd|v srvlwlyh +wr vdwlvi| klv lqglylgxdo udwlrqdolw| frqvwudlqw kh pxvw kdyh

vhw E� � ��� � ��� ,= Dq rzqhu fdq ghyldwh lq Vwhs 4 e| fkrrvlqj �� A �� > �� ? �� >

e| klulqj d sur�w0pd{lpl}lqj pdqdjhu +h1j1 vhwwlqj E @ 3,/ ru +htxlydohqwo|, e| qrw

ghohjdwlqj frqwuro1 Li dq rzqhu ghyldwhv e| fkrrvlqj ��� ? ��� kh fdqqrw jdlq/ exw kh fdq

orvh vlqfh hyhq wkrxjk pdqdjhuv fdq vxssruw frooxvlrq lq wkh vhfrqg vwdjh/ klv pdqdjhu

pd| vhwwoh zlwk d frooxvlyh djuhhphqw gholyhulqj sur�wv �W� zlwk ��� � �W� ? ��� = Li dq

rzqhu ghyldwhv e| fkrrvlqj ��� A ��� > wkh rqo| zd| wkh pdqdjhu fdq jhw wkh erqxv lv e|

ghyldwlqj xqlodwhudoo| iurp d frooxvlyh djuhhphqw/ dqg ehfdxvh wklv lv frpprq nqrzohgjh

qr djuhhphqw fdq eh vxvwdlqhg1 Zkhq dq rzqhu ghyldwhv e| uhwdlqlqj frqwuro ru klulqj d

sur�w0pd{lpl}lqj pdqdjhu/ kh ru klv pdqdjhu ghyldwhv lq Vwhs 5 ehfdxvh frqglwlrq +4, lv

qrw vdwlv�hg1 Krzhyhu kh ghyldwhv lq Vwhs 4/ rwkhu sod|huv ohduq wkdw lq Vwhs 5 kh +ru klv

pdqdjhu, zloo ghyldwh iurp wkh frooxvlyh djuhhphqw/ vr wkdw lq wkh shulrg ri wkh ghyldwlrq

doo pdqdjhuv pd{lpl}h sur�wv dqg wkh Ehuwudqg rxwfrph rffxuv1 Ehfdxvh zh dozd|v kdyh
Z�
�
3��

�3B � 3> qr rzqhu zloo �qg lw frqyhqlhqw wr ghyldwh xqlodwhudoo|/ zkdwhyhu wkh glvfrxqw

udwh lv1

Pdqdjhuv= Dv iru orqj0whup frqwudfwv/ li d pdqdjhu ghyldwhv kh jdlqv qrwklqj/ exw kh

orvhv wkh vwuhdp ri ixwxuh erqxvhv ��
�3B = Lw iroorzv wkdw dv orqj dv E� A 3 pdqdjhuv zloo qrw

ghyldwh xqlodwhudoo|/ zkdwhyhu wkh glvfrxqw udwh lv1 T1H1G1
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Surri ri Sursrvlwlrq ; Wkh surri lv dqdorjrxv wr wkh surri ri Sursrvlwlrq : deryh/

diwhu uhlqwhusuhwlqj yduldeohv e| ohwwlqj E� ghqrwh d pdqdjhu*v sulydwh ehqh�wv ri frqwuro

dqg ��� wkh fxw0r� ohyho ri sur�w ehorz zklfk wkh pdqdjhu lv uhsodfhg1 Wkh rqo| +vwudwh0

jlfdoo| luuhohydqw, gl�huhqfh lv ~ zkhq fkhfnlqj iru xqlodwhudo ghyldwlrqv rq wkh vlgh ri wkh

pdqdjhuv ~ wkdw khuh zkhq d pdqdjhu ghyldwhv kh orvhv wkh vwuhdp ri ixwxuh erqxvhv B��
�3B

lqvwhdg ri ��
�3B > dv wkh ghyldwlqj pdqdjhu lv uhwdlqhg ~ dqg hqmr|v sulydwh ehqh�wv ~ iru

rqh pruh shulrg diwhu wkh ghyldwlrq rffxuv1 T1H1G1

Surri ri Ohppd 5 Iru wkh fdvh ri d vkruw0whup erqxv frqwudfw wkh surri lv lghqwlfdo

wr wkh surri ri Ohppd 41 Frqvlghu lqvwhdg wkh fdvh ri lqfxpehqf| uhqwv zlwk uhsodfhphqw

uxohv1 Vxssrvh wkh htxloleulxp vhohfwhg e| rzqhuv dqg vxssruwhg e| wkh htxloleulxp

vwudwhj| sur�oh ghvfulehg lq wkh surri ri Sursrvlwlrq : kdv +Z� @ U @ 3 dqg, E�> �
�
� > �� A

3= Wkhq/ li wkh pdqdjhu ri d �up l uhvshfwv d frooxvlyh djuhhphqw gholyhulqj shu0shulrg

sur�wv �W� � ��� kh uhfhlyhv wkh glvfrxqwhg ixwxuh lqfrph �rz
��}�EZ

W

�
�n��

�3B > zkloh li kh

ghyldwhv kh rewdlqv ��j�+e�W� ,.E� lpphgldwho|/ E� wkh qh{w shulrg +e�W� A �W� � ��� > wkhuhiruh

wkh pdqdjhu lv uhdssrlqwhg iru rqh pruh shulrg diwhu wkh ghyldwlrq,/ dqg }hur diwhuzdugv1

Lw iroorzv wkdw wkh pdqdjhu zloo uhvshfw wkh frooxvlyh djuhhphqw li

��j�+�
W

� , .E�

4� �
� ��j�+e�W� , .E� . �E� / � �

�� ^j�+e�W� ,� j�+�W� ,`

��j�+e�W� , . �E�
=

Dv lq wkh surri ri Ohppd 4/ iru �� A 3 wkh UKV lv srvlwlyh dqg lqfuhdvlqj lq ��> dv zkhq

gl�huhqwldwlqj wkh UKV dqg uhduudqjlqj zh rewdlq

CUKV

C��
@

^j�+e�W� ,� j�+�
W

� ,` �E�

^��j�+e�W� , . �E�`
2 A 3=

Zkhq dq rzqhu fkrrvhv E�> �
�
� > �� A 3> klv pdqdjhu uhvshfwv d frooxvlyh djuhhphqw gholy0

hulqj shu0shulrg sur�wv �W� li

��i�+
RW'ERW�

�
, .E�

4� �
� ��i�+fT+s @ f,, .E� . �E�>

ru/ htxlydohqwo|/ li

� �
��

k
i�+fT+f,,� i�+

RW'ERW�
�

,
l

��i�+fT+f,, . �E�
=

Zkhq �� A 3 wkh UKV ri wklv lqhtxdolw| lv srvlwlyh dqg lqfuhdvlqj lq ��= Djdlq/ zkhq +dw

ohdvw, rqh rzqhu fkrrvhv erwk ��> �� A 3> wkhvh wzr h�hfwv fxpxodwh dqg wkh sur0frooxvlyh

h�hfw ri sulydwh ehqh�wv lv ixuwkhu gloxwhg1 Wkh vwdwhphqw iroorzv iurp wklv wrjhwkhu zlwk

Sursrvlwlrq ;1 T1H1G1

Surri ri Sursrvlwlrq 43= Zlwk orqj0whup frqwudfwv lq wkh vhfrqg0vwdjh pdunhw

vxshujdph/ pdqdjhuv xqghu wkh pl{hg lqfhqwlyh frqwudfw vxvwdlq wkh mrlqw prqrsro| fro0
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oxvlyh djuhhphqw li

��

�
�
8a7

� ��� . +4� �
8a7

� ,V�+t�� ,
�
. +4� ��,E

4� �
� ��

�
�
8a7

� e��� . +4� �
8a7

� ,V�+et�+t�3�,,
�
.

.+4� ��,E.
�

4� �

k
��

�
�
8a7

� �
8a7

� . +4� �
8a7

� ,V
8a7

�

�l
>

zklfk uhgxfhv wr

�
+4� ��,E

4� �
� ��

�
�
8a7

� e��� . +4� �
8a7

� ,V�+et�+t�3�,,
�
� ��

�
�
8a7

� ��� . +4� �
8a7

� ,V�+t
�
� ,

�
=

E| lqvshfwlrq/ iru dq|
�
��e��� . +4� ��,V�+et�+t�3�,,

�
�
�
���

�
� . +4� ��,V�+t�� ,

�
dqg iru

dq| � wkhuh lv d ohyho � vxfk wkdw zkhq ��> �� �� wkh lqfhqwlyh frqvwudlqw lv vdwlv�hg dqg

pdqdjhuv vxvwdlq wkh mrlqw prqrsro| frooxvlyh djuhhphqw1

Frqvlghu qrz wkh �uvw0vwdjh ghohjdwlrq jdph dprqj rzqhuv/ dqg ohw xv fkhfn zkhwkhu

wkh pl{hg frqwudfw lv dq htxloleulxp vwudwhj|1 Li erwk rzqhuv fkrrvh wkh suhvfulehg pl{hg

frqwudfwv/ pdqdjhuv vxvwdlq frooxvlrq dqg rzqhuv vkduh prqrsro| sur�wv1 Li rzqhu l

ghyldwhv e| fkrrvlqj d pdqdjhuldo frqwudfw wkdw ohdgv pdqdjhu l wr ghyldwh iurp wkh

frooxvlyh djuhhphqw +wkdw lv/ fkrrvhv �� A �, pdqdjhu m revhuyhv wkh fkrlfh/ uhdol}hv wkdw

zkdwhyhu kh grhv kh zloo qhyhu jhw klv erqxv +ru wkdw kh zloo eh uhsodfhg dq|zd|, dqg

pd{lpl}hv wkh IMV0w|sh sduw ri klv frpshqvdwlrq �
8a7

� �� .+4��
8a7

� ,V� rqo|1 Wklv ohdgv

erwk pdqdjhuv wr pd{lpl}h wkh IMV sduw remhfwlyh ixqfwlrq lq wkh vhfrqg vwdjh/ vr erwk

�upv rewdlq �8a7� @ �8a7� lq wkh shulrg ri wkh ghyldwlrq1 Lw iroorzv wkdw ghyldwlqj lv qrw

sur�wdeoh/ dqg wkdw hyhq zkhq rzqhu l ghyldwhv e| fkrrvlqj sdudphwhuv wkdw ohdg pdqdjhu

l wr ghyldwh/ vwlfnlqj wr wkh htxloleulxp frqwudfw lv dq rswlpdo vwudwhj| iru rzqhu m1 Li

rzqhu l ghyldwhv e| fkrrvlqj d pdqdjhuldo frqwudfw wkdw grhv qrw ohdg wr d ghyldwlrq +iru

h{dpsoh fkrrvhv �� @ 3, frooxvlrq lv vxvwdlqhg dqg rzqhu m vwloo orvhv qrwklqj e| vwlfnlqj

wr wkh htxloleulxp frqwudfw1

Wkh fdvh ri vkruw0whup frqwudfw lv dqdorjrxv1 Zkhq frooxvlrq lv vxssruwhg e| wkh vwudw0

hj| sur�oh ghvfulehg lq wkh surri ri Sursrvlwlrq :/ hdfk rzqhu fdqqrw jdlq e| xqlodwhudoo|

ghyldwlqj iurp ghohjdwlqj frqwuro wr wkh pdqdjhu xqghu d vkruw0whup pl{hg lqfhqwlyh frq0

wudfw1 Dqg vxfk d frqwudfw doorzv wkh pdqdjhu wr vxvwdlq wkh mrlqw prqrsro| frooxvlyh

djuhhphqw zkloh surwhfwlqj wkh rzqhu iurp d frpshwlqj rzqhu*v ghyldwlrq zlwk IMV0w|sh

pdqdjhuldo lqfhqwlyhv1 T1H1G1
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+iuihi?Uit

^4` Deuhx/ Glols/ 4<;9/ _H{wuhpdo htxloleuld ri roljrsrolvwlf vxshujdphv/% Mrxuqdo ri

Hfrqrplf Wkhru| 6</ 4<405581

^5` Deuhx/ Glols/ 4<;;/ _Rq wkh wkhru| ri lq�qlwho| uhshdwhg jdphv zlwk glvfrxqwlqj/%

Hfrqrphwulfd 89/ 6;606<91

^6` Deuhx/ Glols/ dqg Uxelqvwhlq/ Dulho/ 4<;;/ _Vwuxfwxuh ri Qdvk htxloleulxp lq

uhshdwhg jdphv zlwk �qlwh dxwrpdwd/% Hfrqrphwulfd 89/ 458<0;51

^7` Djjduzdo/ Udmhvk/ dqg Vdpzlfn/ Dqguhz/ 4<<9/ _H{hfxwlyh frpshqvdwlrq/

vwudwhjlf frpshwlwlrq/ dqg uhodwlyh shuirupdqfh hydoxdwlrq/% iruwkfrplqj/ Mrxuqdo ri

Ilqdqfh1

^8` Dqghuolql/ Oxfd/ dqg Ihool/ Ohrqdugr/ 4<<;/ _Frvwo| edujdlqlqj dqg uhqhjrwld0

wlrq/% pdqxvfulsw/ Vw1 Mrkq*v Froohjh/ Fdpeulgjh/ dqg Orqgrq Vfkrro ri Hfrqrplfv1

^9` Dxpdqq/ Urehuw M1/ dqg Vkdsoh|/ Oor|g V1/ 4<:9/ _Orqj0whup frpshwlwlrq 0 d

jdph wkhruhwlf dqdo|vlv/% pdqxvfulsw/ Kheuhz Xqlyhuvlw|/ Mhuxvdohp1

^:` D{hourg/ Urehuw/ 4<;7/ Wkh Hyroxwlrq ri Frrshudwlrq/ Qhz \run= Edvlf Errnv1

^;` Edxpro/ Zlooldp M1/ 4<8;/ _Rq wkh wkhru| ri roljrsro|/% Hfrqrplfd 58/ 4;:04<;1

^<` Ehqrlw/ Mhdq0Slhuuh/ dqg Nulvkqd Ylmd|/ 4<;:/ _G|qdplf gxrsro|= sulfhv dqg

txdqwlwlhv/% Uhylhz ri Hfrqrplf Vwxglhv 87/ 560681

^43` Eoxph/ Dqguhdv/ 4<<7/ _Lqwudsod| frppxqlfdwlrq lq uhshdwhg jdphv/% Jdphv dqg

Hfrqrplf Ehkdylru 9/ 4;405441

^44` Fdgexu| Uhsruw/ 4<<5/ Wkh Ilqdqfldo Dvshfwv ri Frusrudwh Jryhuqdqfh/ Exujhvv

Vflhqfh Suhvv1

^45` Fdqwloor Vlprq Pljxho/ 4<<;/ _Wkh ulvh dqg idoo ri edqn frqwuro lq wkh Xqlwhg

Vwdwhv= 4;<304<6</% Dphulfdq Hfrqrplf Uhylhz ;;+8,/ 43::043<61

^46` Fduplfkdho/ Oruqh K1/ 4<;</ _Vhoi0hqiruflqj frqwudfwv/ vklunlqj/ dqg olih f|foh

lqfhqwlyhv/% Mrxuqdo ri Hfrqrplf Shuvshfwlyhv 6+7,/ 980;61

^47` Fkdqh|/ Sdxo N1/ dqg Ohzlv/ Fudlj P1/ 4<<;/ _Lqfrph vprrwklqj dqg xqghu0

shuirupdqfh lq LSRv/% Mrxuqdo ri Frusrudwh Ilqdqfh= Frqwudfwlqj/ Jryhuqdqfh dqg

Rujdql}dwlrq 7+4,/ 405<1

^48` Frpswh/ Rolylhu/ dqg Mhklho/ Sklolssh/ 4<<9/ _Pxowlsduw| qhjrwldwlrqv/%

pdqxvfulsw/ FHUDV0HQSF/ Sdulv1
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^49` F|huw/ Ulfkdug P1/ dqg Pdufk/ Mdphv J1/ 4<96/ D Ehkdylrudo Wkhru| ri wkh

Ilup/ Hqjhozrrg Fol�v/ Q1M1= Suhqwlfh0Kdoo1

^4:` Gdylgvrq/ Fduo/ dqg Ghqhfnhuh/ Ud|prqg M1/ 4<<3/ _H{fhvv fdsdflw| dqg fro0

oxvlrq/% Lqwhuqdwlrqdo Hfrqrplf Uhylhz 64+6,/ 85408741

^4;` Gh Irqg/ Pdun O1/ dqg Sdun/ Fkxo Z1/ 4<<:/ _Vprrwklqj lqfrph lq dqwlflsdwlrq

ri ixwxuh hduqlqjv/% Mrxuqdo ri Dffrxqwlqj dqg Hfrqrplfv 56+6,/ 448046<1

^4<` Ghzdwulsrqw/ Pdwkldv/ 4<;;/ _Frpplwphqw wkurxjk uhqhjrwldwlrq0surri frqwudfwv

zlwk wklug sduwlhv/% Uhylhz ri Hfrqrplf Vwxglhv 88/ 6::0<31

^53` G|h/ Urqdog D1/ 4<;;/ _Hduqlqjv pdqdjhphqw lq dq ryhuodsslqj jhqhudwlrqv

prgho/% Mrxuqdo ri Dffrxqwlqj Uhvhdufk 59/ 4<805681

^54` Hoolvrq/ Johqq/ 4<<7/ _Wkhrulhv ri fduwho vwdelolw| dqg wkh Mrlqw H{hfxwlyh Frpplw0

whh/% Udqg Mrxuqdo ri Hfrqrplfv 58+4,/ 6:08;1

^55` Iduuhoo/ Mrvhsk/ dqg Pdvnlq/ Hulf/ 4<;</ _Uhqhjrwldwlrq lq uhshdwhg jdphv/%

Jdphv dqg Hfrqrplf Ehkdylru 4+7,/ 65:06931

^56` Ihuul/ Jlrydqql/ dqg Wuhqwr/ Vdqgur/ 4<<:/ _Od gluljhq}d ghooh judqgl edqfkh h

ghooh judqgl lpsuhvh= ulfdpelr h ohjdpl/% lq Ideul}lr Edufd hg1/ Vwruld gho Fdslwdolvpr

Lwdoldqr/ Urpd= Grq}hool1

^57` Ihuvkwpdq/ Fkdlp/ dqg Mxgg/ Nhqqhwk O1/ 4<;:/ _Htxloleulxp lqfhqwlyhv lq

roljrsro|/% Dphulfdq Hfrqrplf Uhylhz ::+8,/ <5:0<731

^58` Ihuvkwpdq/ Fkdlp> Mxgg/ Nhqqhwk O1 dqg Ndodl/ Hkxg/ 4<<4/ _Revhuydeoh

frqwudfwv= vwudwhjlf ghohjdwlrq dqg frrshudwlrq/% Lqwhuqdwlrqdo Hfrqrplf Uhylhz

65+6,/ 884088<1

^59` Iulhgpdq/ Mdphv Z1/ 4<:4/ _D qrqfrrshudwlyh htxloleulxp iru vxshujdphv/% Uh0

ylhz ri Hfrqrplf Vwxglhv 6;/ 40451

^5:` Iurrw/ Nhqqhwk D1> Vkduivwhlq/ Gdylg V1 dqg Vwhlq/ Mhuhp| F1/ 4<<6/ _Ulvn

pdqdjhphqw= frruglqdwlqj frusrudwh lqyhvwphqw dqg �qdqflqj srolflhv/% Mrxuqdo ri

Ilqdqfh 7;+8,/ 495<0498;1

^5;` Ixghqehuj/ Guhz/ dqg Pdvnlq/ Hulf/ 4<;9/ _Wkh iron wkhruhp lq uhshdwhg jdphv

zlwk glvfrxqwlqj ru zlwk lqfrpsohwh lqirupdwlrq/% Hfrqrphwulfd 87+6,/ 86608891

^5<` Ixghqehuj/ Guhz/ dqg Wluroh/ Mhdq/ 4<<4/ Jdph Wkhru|/ Fdpeulgjh/ P1D1=

P1L1W1 Suhvv1
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^63` Ixghqehuj/ Guhz/ dqg Wluroh/ Mhdq/ 4<<8/ _D wkhru| ri lqfrph dqg glylghqg

vprrwklqj edvhg rq lqfxpehqf| uhqwv/% Mrxuqdo ri Srolwlfdo Hfrqrp| 436+4,/ :80<61

^64` Jdyhu/ Mhqqlihu M1> Jdyhu/ Nhqqhwk P1/ dqg Dxvwlq/ Mh�uh| U1/ 4<<8/ _Dg0

glwlrqdo hylghqfh rq erqxv sodqv dqg lqfrph pdqdjhphqw/% Mrxuqdo ri Dffrxqwlqj

dqg Hfrqrplfv 4<+4,/ 605;1

^65` Juhhq/ Hgzdug/ dqg Urehuw Sruwhu/ 4<;7/ _Qrqfrrshudwlyh frooxvlrq xqghu lp0

shuihfw sulfh lqirupdwlrq/% Hfrqrphwulfd 85/ ;:04331

^66` Juhhqdzdow/ Pdu|0Eudg|/ dqg Vlqnh|/ Mrvhsk D1/ 4<;;/ _Edqn ordq0orvv suryl0

vlrq dqg wkh lqfrph0vprrwklqj k|srwkhvlv= dq hpslulfdo dqdo|vlv/ 4<:904<;7/% Mrxu0

qdo ri Ilqdqfldo Vhuylfhv Uhvhdufk 4+7,/ 634064;1

^67` Kdgorfn/ Fkduohv M1/ dqg Oxphu/ Jhudog E1/ 4<<:/ _Frpshqvdwlrq/ wxuqryhu/

dqg wrs pdqdjhphqw lqfhqwlyhv= klvwrulfdo hylghqfh/% Mrxuqdo ri Exvlqhvv :3+5,/ 4860

4;:1

^68` Kdoo/ Euldq M1/ dqg Olhepdq Mh�uh| E1/ 4<<;/ _Duh FHRv uhdoo| sdlg olnh ex0

uhdxfudwvB% Txduwhuo| Mrxuqdo ri Hfrqrplfv 446+5,/ 98609<41

^69` Kdoorfn/ Nhylq/ 4<<:/ _Uhflsurfdoo| lqwhuorfnlqj erdugv ri gluhfwruv dqg h{hfxwlyh

frpshqvdwlrq/% Mrxuqdo ri Ilqdqfldo dqg Txdqwlwdwlyh Dqdo|vlv 65+6,/ 66406771

^6:` Khdo|/ Sdxo P1/ 4<;8/ _Wkh h�hfw ri erqxv vfkhphv rq dffrxqwlqj ghflvlrqv/%

Mrxuqdo ri Dffrxqwlqj dqg Hfrqrplfv :/ ;8043:1

^6;` Krowkdxvhq/ Urehuw> Odunhu/ Gdylg dqg Vordq/ Ulfkdug/ 4<<8/ _Dqqxdo erqxv

vfkhphv dqg wkh pdqlsxodwlrq ri hduqlqjv/% Mrxuqdo ri Dffrxqwlqj dqg Hfrqrplfv/

4<+4,/ 5<0:71

^6<` Mhqvhq/ Plfkdho F1/ 4<;9/ _Djhqf| frvwv ri iuhh fdvk �rz/ frusrudwh �qdqfh/ dqg

wdnhryhuv/% Dphulfdq Hfrqrplf Uhylhz :9+5,/ 656065<1

^73` Mhqvhq/ Plfkdho F1/ dqgPhfnolqj/Zlooldp/ 4<:9/ _Wkhru| ri wkh �up= pdqdjh0

uldo ehkdylru/ djhqf| frvwv dqg rzqhuvkls vwuxfwxuh/% Mrxuqdo ri Ilqdqfldo Hfrqrplfv

6/ 63806931

^74` Mhqvhq/ Plfkdho F1/ dqg Pxusk|/ Nhylq/ 4<<3/ _Shuirupdqfh sd| dqg wrs0

pdqdjhphqw lqfhqwlyhv/% Mrxuqdo ri Srolwlfdo Hfrqrp| <;/ 55805971

^75` Mrvnrz/ Sdxo O1/ dqg Urvh/ Qdqf| O1/ 4<<7/ _FHR sd| dqg �up shuirupdqfh=

g|qdplfv/ dv|pphwulhv/ dqg dowhuqdwlyh shuirupdqfh phdvxuhv/% Q1E1H1U1 Zrunlqj

Sdshu Qr1 7<:91
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^76` Ndsodq/ Vwhyhq Q1/ 4<<7d/ _Wrs h{hfxwlyh uhzdugv dqg �up shuirupdqfh= d frp0

sdulvrq ri Mdsdq dqg Xqlwhg Vwdwhv/% Mrxuqdo ri Srolwlfdo Hfrqrp| 435/ 84308791

^77` Ndsodq/ Vwhyhq/ 4<<7e/ _Wrs H{hfxwlyhv/ Wxuqryhu/ dqg Ilup Shuirupdqfh lq Jhu0

pdq|/% Mrxuqdo ri Odz dqg Hfrqrplfv 43+4,/ 475048<1

^78` Ndvdqhq/ Hhur> Nlqqxqhq/ Mxkd/ dqg Qlvndqhq/ M|unl/ 4<<9/ _Glylghqg0edvhg

hduqlqj pdqdjhphqw= Hpslulfdo hylghqfh iurp Ilqodqg/% Mrxuqdo ri Dffrxqwlqj dqg

Hfrqrplfv 55/ 5;606451

^79` Ndw}/ Plfkdho O1/ 4<<4/ _Jdph0sod|lqj djhqwv= xqrevhuydeoh frqwudfwv dv suhfrp0

plwphqwv/% Udqg Mrxuqdo ri Hfrqrplfv 55+6,/ 63:065;1

^7:` Odpehuw/ Ulfkdug D1/ 4<;7/ _Lqfrph vprrwklqj dv udwlrqdo htxloleulxp ehkdylru/%

Dffrxqwlqj Uhylhz 8<+7,/ 937094;1

^7;` Od Sruwd/ Udidho> Orsh}0gh0Vlodqhv/ Ioruhqflr/ dqg Vfkohlihu Dqguhl/ 4<<;/

_Frusrudwh rzqhuvkls durxqg wkh zruog/% Q1E1H1U1 Zrunlqj Sdshu Qr1 99581

^7<` PdfOhrg/ Ehqwoh| Z1 dqg Pdofrpvrq/ Mdphv P1/ 4<;</ _Lpsolflw frqwudfwv/

lqfhqwlyh frpsdwlelolw|/ dqg lqyroxqwdu| xqhpsor|phqw/% Hfrqrphwulfd 8:+5,/ 77:0

7;31

^83` Pdnvlprylf/ Yrmlvody/ 4<;;/ _Fdslwdo vwuxfwxuh lq uhshdwhg roljrsrolhv/% Udqg

Mrxuqdo ri Hfrqrplfv 4</ 6;<073:1

^84` Pduulv/ Urelq/ 4<97/ Wkh Hfrqrplf Wkhru| ri Pdqdjhuldo Fdslwdolvp/ Qhz \run=

Pdfploodq1

^85` PfFxwfkhrq/ Eduedud/ 4<<:/ _Gr phhwlqjv lq vprnh0�oohg urrpv idflolwdwh froox0

vlrqB% Mrxuqdo ri Srolwlfdo Hfrqrp| 438+5,/ 66306831

^86` Phufkdqw/ Nhqqhwk D1/ 4<;</ Uhzduglqj Uhvxowv= Prwlydwlqj Sur�w Fhqwhu Pdq0

djhuv/ Ervwrq= Kduydug Exvlqhvv Vfkrro1

^87` Plojurp/ Sdxo dqg Mrkq Urehuwv/ 4<<5/ Hfrqrplfv/ Rujdql}dwlrqv dqg Pdqdjh0

phqw/ Hqjhozrrg Fol�v/ Q1M1= Suhqwlfh0Kdoo1

^88` Pxusk|/ Nhylq/ 4<<;/ _H{hfxwlyh Frpshqvdwlrq/% pdqxvfulsw/ Xqlyhuvlw| ri Vrxwk0

huq Fdoliruqld1

^89` Sror Plfkhoh dqg Slhur Whghvfkl/ 4<<5/ _Pdqdjhuldo frqwudfwv/ frooxvlrq dqg

phujhuv/% Ulfhufkh Hfrqrplfkh 79/ 5;406351
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^8:` Urqhq/ Mrvkxd/ dqg Vdgdq/ Vlpfkd/ 4<;4/ Vprrwklqj Lqfrph Qxpehuv= Remhf0

wlyhv/ Phdqv dqg Lpsolfdwlrqv/ Uhdglqj/ Pdvv1= Dgglvrq0Zhvoh|1

^8;` Urvhq Vkhuzlq/ 4<<5/ _Frqwudfwv dqg wkh Pdunhw iru H{hfxwlyhv/% lq Oduv Zhulq

dqg Kdqv Zlmndqghu hgv1/ Frqwudfw Hfrqrplfv/ +4;40544, Fdpeulgjh PD= Eodfnzhoo1

^8<` Urwhpehuj/ Mxolr/ dqg Vdorqhu/ Jduwk/ 4<;9/ _D vxshujdph0wkhruhwlf prgho ri

sulfh zduv gxulqj errpv/% Dphulfdq Hfrqrplf Uhylhz :9+6,/ 6<3073:1

^93` Uxelqvwhlq/ Dulho/ 4<:</ _Htxloleulxp lq vxshujdphv zlwk wkh ryhuwdnlqj fulwh0

ulrq1% Mrxuqdo ri Hfrqrplf Wkhru| 54/ 40<1

^94` Vfkhoolqj/ Wkrpdv F1/ 4<93/ Wkh Vwudwhj| ri Frq�lfw/ R{irug= R{irug Xqlyhuvlw|

Suhvv1

^95` Vhjhqgru�/ Em�ruq/ 4<<;/ _Ghohjdwlrq dqg wkuhdw lq edujdlqlqj/% Jdphv dqg Hfr0

qrplf Ehkdylru 56+5,/ 59905;61

^96` Vlprq/ Khuehuw/ 4<8:/ Dgplqlvwudwlyh Ehkdylru/ +5qg hg1,/ Qhz \run= Pdfploodq1

^97` Vnolydv/ Vwhyhq G1/ 4<;:/ _Wkh vwudwhjlf fkrlfh ri pdqdjhuldo lqfhqwlyhv/% Udqg

Mrxuqdo ri Hfrqrplfv 4;+6,/ 785078;1

^98` Vreho/ Mrho/ 4<;4/ _Glvwruwlrq ri xwlolwlhv dqg wkh edujdlqlqj sureohp/%Hfrqrphwulfd

7<+6,/ 8<:094<1

^99` Vsdjqror/ Jldqfduor/ _Vwrfn0uhodwhg frpshqvdwlrq dqg surgxfw0pdunhw frpshwl0

wlrq/% iruwkfrplqj/ Udqg Mrxuqdo ri Hfrqrplfv 64+4,/ Vsulqj 53331 +Dydlodeoh dw

kwws=22sdshuv1vvuq1frp2,

^9:` ���/ 4<<</ _Rq lqwhughshqghqw vxshujdphv= pxowlpdunhw frqwdfw/ frqfdylw| dqg

frooxvlrq/% Mrxuqdo ri Hfrqrplf Wkhru| ;<+4,/ 45:046<1

^9;` ���/ 4<<;/ _Vkduhkroghu0ydoxh pd{lpl}dwlrq dqg wdflw frooxvlrq/%Zrunlqj Sdshu

lq Hfrqrplfv dqg Ilqdqfh Qr1 568/ Vwrfnkrop Vfkrro ri Hfrqrplfv1 +Dydlodeoh dw

kwws=22vzrshf1kkv1vh2 ,

^9<` Wuxhpdq/ Euhww/ dqg Wlwpdq/ Vkhulgdq G1/ 4<;;/ _Dq h{sodqdwlrq iru dffrxqw0

lqj lqfrph vprrwklqj/% Mrxuqdo ri Dffrxqwlqj Uhvhdufk 59/ +Vxssohphqw,/ 45:046<1

^:3` Ylfnhuv/ Mrkq/ 4<;8/ _Ghohjdwlrq dqg wkh wkhru| ri wkh �up/% Hfrqrplf Mrxuqdo

<8/ +Vxssohphqw,/ 46;047:1

^:4` Zlooldpvrq/ Rolyhu H1/ 4<97/ Pdqdjhuldo Glvfuhwlrq dqg Exvlqhvv Ehkdylru/ Hq0

jhozrrg Fol�v/ Q1M1= Suhqwlfh0Kdoo1
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