
lq= Odz dqg Hfrqrplfv= Vrph Ixuwkhu Lqvljkwv/

U1 Sdugrohvl dqg U1 ydq ghq Ehujk/ Hglwruv/ jlx�u�h hglwruh/ 4<<4/ 840:31

Pruh rq Gdpdjh Phdvxuhv/ Euhdfk ri Frqwudfw/

dqg Uhqhjrwldwlrq�

e|

Zlqdqg Hprqv��

Uhylvhg Iheuxdu| 4<<4

� L wkdqn Pduwlq Khoozlj/ Vwhyh Vkdyhoo/ dqg Huqvw0Oxgzlj yrq Wkdgghq iru khosixo vxj0

jhvwlrqv/ dqg wkh Vfkzhl}hulvfkhu Qdwlrqdoirqgv iru �qdqfldo vxssruw1 Dq hduolhu yhuvlrq

ri wklv sdshu zdv suhvhqwhg dw wkh Zruog Frqjuhvv ri wkh Hfrqrphwulf Vrflhw|/ Edufhorqd/

Dxjxvw 5;/ 4<<3 dqg dw wkh Dqqxdo Frqihuhqfh ri wkh Hxurshdq Dvvrfldwlrq ri Odz dqg

Hfrqrplfv/ Urph/ Vhswhpehu 7/ 4<<31

�� Xqlyhuvlw| ri Edvho



Pruh rq Gdpdjh Phdvxuhv/ Euhdfk ri Frqwudfw/ dqg Uhqhjrwldwlrq

e|

Zlqdqg Hprqv

Devwudfw

Wklv sdshu lv derxw frqwudfwxdo vlwxdwlrqv zkhuh uhqhjrwldwlrq pd| rffxu1 Gxh wr lqfrp0

sohwh lqirupdwlrq/ wkh sduwlhv xvh gdpdjh phdvxuhv dv d vxevwlwxwh iru frpsohwho| vshfl�hg

frqwudfwv1 Zh dujxh wkdw gdpdjh phdvxuhv ghwhuplqh wkh djhqwv* rxwvlgh rswlrqv lq wkh

uhqhjrwldwlrq surfhvv1 Wkhuhiruh/ zh prgho wkh vwudwhjlf lqwhudfwlrq ehwzhhq wkh wzr sdu0

wlhv wr wkh frqwudfw dv d pxowl0vwdjh jdph1 Zh vkrz wkdw/ frqwudu| wr d zlghvsuhdg eholhi/

wkh srvvlelolw| ri uhqhjrwldwlrq qhhg qrw hqvxuh h�flhqw ehkdylru xqghu frpprqo| xvhg

gdpdjh phdvxuhv1 Pruhryhu/ zh ghulyh d gdpdjh phdvxuh wkdw lqgxfhv h�flhqw ehkdylru1

Nh|zrugv= Frqwudfwv/ Gdpdjh Phdvxuhv/ Uhqhjrwldwlrq1
Mrxuqdo ri Hfrqrplf Olwhudwxuh Fodvvl�fdwlrq Qxpehuv= 359/ <491

Dxwkru*v dgguhvv=
Lqvwlwxw i�xu Yronvzluwvfkdiw
Xqlyhuvlw�dw Edvho
Shwhuvjudehq 84
FK07336 Edvho
Vzlw}huodqg



L1 Lqwurgxfwlrq

Lq frqwudfwxdo uhodwlrqvklsv/ e| gh�qlwlrq/ wkhuh lv d odsvh ri wlph ehwzhhq wkh zulwlqj

ri wkh frqwudfw dqg wkh surplvhg shuirupdqfh1 Gxulqj wklv shulrg wkh ex|hu riwhq pdnhv

lqyhvwphqwv wkdw lqfuhdvh wkh sd|r� vkh uhfhlyhv iurp wkh vhoohu*v surplvhg shuirupdqfh1

Wkh ex|hu pljkw/ h1j1/ zlvk wr uhvhoo wkh vhoohu*v jrrg dqg suhsduh d fruuhvsrqglqj dg0

yhuwlvlqj fdpsdljq1 W|slfdoo|/ wkh ydoxh ri wkhvh lqyhvwphqwv lv wr vrph h{whqw vshfl�f wr

wkh uhodwlrqvkls ehwzhhq wkh wzr sduwlhv wr wkh frqwudfw1 Ixuwkhupruh/ gxulqj wklv wlph

vsdq h{ dqwh xqfhuwdlqw| lv uhvroyhg1 Iru h{dpsoh/ wkh vhoohu pd| uhfhlyh d kljkhu r�hu

iurp vrphrqh hovh ru idfh kljkhu surgxfwlrq frvwv wkdq kh h{shfwhg zkhq wkh frqwudfw zdv

pdgh1 Vxfk dq hyhqw pd| uhvxow lq wkh vhoohu*v idloxuh wr shuirup1

Li wkh uhdol}dwlrqv ri udqgrp hyhqwv duh wkh vhoohu*v sulydwh lqirupdwlrq/ lw lv gl�fxow

iru wkh djhqwv wr pdnh d frqwudfw wkdw vshfl�hv doo uhohydqw dvshfwv ri h�flhqw frqwudfwxdo

shuirupdqfh1 Gxh wr wkh dv|pphwulhv ri lqirupdwlrq fhuwdlq frqwlqjhqw vwdwhphqwv duh

lqihdvleoh ehfdxvh wkh vwdwh ri zruog lv qrw revhuyhg e| wkh ex|hu1 Xqghu vxfk flufxpvwdqfhv

wkh sduwlhv riwhq hqg xs zulwlqj lqfrpsohwh frqwudfwv1

Wr jlyh wkh ex|hu uhdvrqdeoh dvvxudqfhv wkdw wkh vhoohu zloo shuirup dqg wr doorz wkh

vhoohu wr fdqfho wkh djuhhphqw li qhfhvvdu|/ wkh odz suhvfulehv gdpdjh phdvxuhv eh dssolhg1

Wkhvh gdpdjh phdvxuhv/ ru euhdfk ri frqwudfw uhphglhv/ vshfli| wkh dprxqw ri gdpdjhv

wkdw wkh ghidxowlqj vhoohu pxvw sd| wr wkh ex|hu1 Reylrxvo|/ wkh uhphg| dydlodeoh djdlqvw

wkh vhoohu zloo lq�xhqfh klv ghflvlrq zkhwkhu ru qrw wr shuirup1 Wkh uhphg| zloo dovr d�hfw

wkh ex|hu*v lqyhvwphqwv lq uholdqfh/ l1h1/ wkh h{shqglwxuhv vkh pdnhv lq dqwlflsdwlrq ri wkh

surplvhg shuirupdqfh1 Gdpdjh phdvxuhv pd| wkxv vhuyh dv d vxevwlwxwh iru frpsohwho|

vshfl�hg frqwudfwv1

Zkhqhyhu wkh vhoohu ghflghg qrw wr shuirup xqghu wkh frqglwlrqv vwdwhg lq wkh frq0

wudfw/ wkh sduwlhv pd| vwloo zdqw wr uhqhjrwldwh dqg djuhh rq qhz whupv ri h{fkdqjh1 Gxulqj

d uhqhjrwldwlrq wkh ex|hu kdv wkh srvvlelolw| wr whuplqdwh edujdlqlqj dqg fodlp gdpdjhv

zkhuhdv wkh vhoohu fdq txlw edujdlqlqj dqg sd| gdpdjhv1 Wkdw lv/ wkh gdpdjh phdvxuh

vshfl�hg lq wkh frqwudfw ghwhuplqhv erwk djhqwv* rxwvlgh rswlrqv lq wkh uhqhjrwldwlrq sur0

fhvv1 Gdpdjh phdvxuhv wkxv qrw rqo| lq�xhqfh wkh ex|hu*v uholdqfh fkrlfh dqg wkh vhoohu*v

ghflvlrq zkhwkhu ru qrw wr shuirup xqghu wkh frqwudfw1 Wkh| dovr d�hfw wkh rxwfrph ri d

srvvleoh uhqhjrwldwlrq1
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Wkh sxusrvh ri wklv sdshu lv wr foduli| wkh uroh ri gdpdjh phdvxuhv lq frqwudfwxdo vlw0

xdwlrqv zkhuh uhqhjrwldwlrq pd| rffxu1 Wr wdnh surshu dffrxqw ri wkh vwudwhjlf lqwhudfwlrq

ehwzhhq ex|hu dqg vhoohu/ zh prgho wkh uholdqfh/ wkh shuirupdqfh uhvs1 euhdfk ghflvlrq/

dqg wkh uhqhjrwldwlrq surfhvv dv d pxowl0vwdjh jdph1 Zh zloo vkrz wkdw/ frqwudu| wr d

zlghvsuhdg eholhi/ wkh srvvlelolw| ri uhqhjrwldwlrq qhhg qrw hqvxuh h�flhqw ehkdylru xqghu

frpprqo| xvhg gdpdjh phdvxuhv/ qdpho| wkh uxoh ri qr gdpdjhv/ wkh uholdqfh phdvxuh

wkdw sxwv wkh ex|hu lq wkh srvlwlrq kdg vkh qrw vljqhg wkh frqwudfw/ dqg h{shfwdwlrq gdp0

djhv wkdw sxw wkh ex|hu lq wkh srvlwlrq kdg wkh frqwudfw ehhq shuiruphg1 Rxu uhqhjrwldwlrq

surfhvv lq lwvhoi lv h�flhqw lq wkh vhqvh wkdw lw grhv qrw ohdg wr d zdvwh ri uhvrxufhv1 Qhy0

huwkhohvv/ wkh vhoohu zloo qrw lqlwldwh d uhqhjrwldwlrq riwhq hqrxjk ehfdxvh klv vkduh ri wkh

uhqhjrwldwlrq rxwfrph lv ohvv wkdq zkdw kh jhwv hovhzkhuh1 Ixuwkhupruh/ zh zloo ghulyh d

fodvv ri gdpdjh phdvxuhv wkdw lqgxfh h�flhqw ehkdylru1

Wkh sdshu lv rujdql}hg dv iroorzv1 Lq vhfwlrq LL zh ghvfuleh wkh edvlf whfkqrorjlfdo

vhwxs1 Zh glvfxvv wkh sureohpv wkh whfkqrorj| fuhdwhv iru d vxffhvvixo h{fkdqjh ehwzhhq

wkh wzr sduwlhv dqg uhodwh rxu dssurdfk wr wkh olwhudwxuh1 Lq vhfwlrq LLL zh ghvfuleh wkh

jdph dqg wkh htxloleulxp frqfhsw zh dgrsw1 Vhfwlrq LY frqwdlqv wkh htxloleulxp rxwfrphv

ri rxu jdph xqghu wkh deryh phqwlrqhg gdpdjh phdvxuhv1

LL1 Wkh Prgho

Lq rxu sureohp wkhuh duh wzr ulvn qhxwudo djhqwv/ d ex|hu dqg d vhoohu1 Wkh vhoohu

zloo surgxfh d jrrg wkdw wkh ex|hu zrxog olnh wr kdyh1 Wkh ex|hu*v ydoxdwlrq ri wkh jrrg

ghshqgv rq khu uholdqfh h{shqglwxuh u � 31 Wkh ex|hu kdv wr lqyhvw lq uholdqfh ehiruh

wkh jrrg lv surgxfhg dqg h{fkdqjhg1 Li wkh ex|hu kdv hqjdjhg lq d uholdqfh ohyho u/ khu

prqhwdu| ydoxdwlrq ri wkh jrrg lv y+u,1 Ohw y+3, @ 3 dqg y3+�, A 31 Li wkh ex|hu kdv qrw

lqyhvwhg lq uholdqfh/ wkh jrrg lv ri qr ydoxh wr khu dqg khu ydoxdwlrq lqfuhdvhv zlwk khu

uholdqfh h{shqglwxuh1 Wkh ex|hu*v qhw ydoxdwlrq ri wkh jrrg lv !+u, � y+u,� u1 Zh dvvxph

wkdw !+�, dfklhyhv d xqltxh pd{lpxp dw �u A 3 zlwk !3+�u, @ 3 dqg !+�u, A 31 Li wkh ex|hu

jhwv wkh jrrg iru vxuh/ vkh slfnv �u vr dv wr pd{lpl}h khu qhw ydoxdwlrq1 Li wkh ex|hu grhv

qrw jhw wkh jrrg/ wkh vfuds ydoxh ri khu uholdqfh lqyhvwphqw lv 3/ l1h1/ wkh ex|hu kdv qr

srvvlelolw| wr jhw wkh jrrg hovhzkhuh1

Wkh vhoohu surgxfhv wkh jrrg dw }hur frvw1 Ehiruh wkh jrrg lv surgxfhg |hw diwhu wkh
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ex|hu kdv lqyhvwhg lq uholdqfh/ wkh vhoohu uhfhlyhv iurp vrph rxwvlgh djhqw dq dowhuqdwlyh

elg v wkdw lv d uhdol}dwlrq ri d udqgrp yduldeoh �v zlwk vxssruw ^3> �v` dqg ghqvlw| i+�, A 31

Ohw �v A y+�u,1 Wkhvh dvvxpswlrqv lpso| wkh iroorzlqj1 Li wkh ex|hu jhwv wkh jrrg iru vxuh/

vkh slfnv �u vr dv wr pd{lpl}h khu qhw ydoxdwlrq !+�,1 \hw zlwk srvlwlyh suredelolw| dq

dowhuqdwlyh r�hu pdwhuldol}hv wkdw h{fhhgv wkh ex|huv ydoxh y+�u,14

Kdylqj ghvfulehg wkh edvlf whfkqrorjlfdo vhwxs/ zh pd| qrz fkdudfwhul}h wkh h�flhqw

ohyho ri uholdqfh dv zhoo dv wkh h�flhqw �qdo doorfdwlrq ri wkh jrrg1 H�flhqf| lv phdvxuhg

e| wkh vxp ri wkh ex|hu*v dqg vhoohu*v h{shfwhg vxusoxv1

Sursrvlwlrq 4= Lq dq h�flhqw doorfdwlrq wkh ex|hu jhwv wkh jrrg l� y+u, � v> rwkhuzlvh/

wkh jrrg lv doorfdwhg wr wkh rxwvlgh djhqw1 Wkh h�flhqw ohyho ri uholdqfh u� 5 ^3> �u,1

Surri= Wkh jrrg lv doorfdwhg diwhu wkh ex|hu kdv pdgh khu uholdqfh lqyhvwphqw1 Wkdw lv/

wkh uholdqfh h{shqglwxuh u lv d e|jrqh dw wkh wlph wkh ghflvlrq derxw wkh �qdo doorfdwlrq lv

pdgh1 Wkhuhiruh/ wkh doorfdwlrq ghflvlrq lqyroyhv d frpsdulvrq ri wkh wzr dowhuqdwlyh xvhv

ri wkh jrrg/ y+u, dqg v1 Reylrxvo|/ lw lv h�flhqw wr doorfdwh wkh jrrg wr wkh djhqw zlwk wkh

kljkhvw ydoxdwlrq1

Jlyhq wklv h�flhqw doorfdwlrq uxoh/ dq| h�flhqw u� pd{lpl}hv

�+u, �
] �v

3

pd{
�
y+u,> v

�
i+v,gv� u @ y+u,

] y+u,

3

i+v,gv.

] �v

y+u,

vi+v,gv� u=

�+�, lv gl�huhqwldeoh1 Ixuwkhupruh/ �+�, � !+�, dqg �3+�, � !3+�,1 Vlqfh y+�u, ? �v/ zh kdyhU �v

y+�u,
i+v,gv A 31 Wklv lpsolhv �3+u, ? 3 ;u � �u1 Frqvhtxhqwo|/ u� 5 ^3> �u,1

T1H1G1

Wkh h�flhqw doorfdwlrq uxoh krogv iru idploldu uhdvrqv1 Vlqfh wkh uholdqfh h{shqglwxuh lv

vxqn zkhq wkh doorfdwlrq ghflvlrq lv pdgh/ lw lv h�flhqw wr doorfdwh wkh jrrg wr wkh djhqw

zlwk wkh kljkhvw ydoxdwlrq1 Wkh h�flhqw ohyho ri uholdqfh pd| eh h{sodlqhg dv iroorzv1

Uholdqfh lv dv dq lqyhvwphqw zlwk dq xqfhuwdlq sd|r�1 H�flhqf| uhtxluhv wr vwrs vkruw ri

�u zkhuh wkh ex|hu*v pdujlqdo ydoxdwlrq ri uholdqfh frqglwlrqdo rq jhwwlqj wkh jrrg lv rqh1

Fduu|lqj uholdqfh wr �u zrxog eh h�flhqw rqo| li wkh ex|hu jrw wkh jrrg iru vxuh1 \hw/ zlwk

srvlwlyh suredelolw| wkh dowhuqdwlyh elg h{fhhgv y+�u,1

Ohw xv qrz dqdo|}h e| zklfk phdqv wkh ex|hu dqg wkh vhoohu fdq hqjdjh lq vxffhvvixo

wudgh1 Rqh srvvlelolw| lv wkdw wkh| djuhh rq wkh whupv ri h{fkdqjh diwhu wkh ex|hu kdv
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lqyhvwhg lq uholdqfh1 Wkh ex|hu*v sd|r� ri wkh uholdqfh lqyhvwphqw u lv srvlwlyh li dqg rqo|

li vkh jhwv wkh vhoohu*v jrrg> rwkhuzlvh/ lw lv 31 Wkhuhiruh/ wkh vhoohu zloo wu| wr dssursuldwh wkh

hqwluh ydoxh y+u,1 Lq whupv ri Nohlq/ Fudzirug/ dqg Dofkldq +4<:;, wkh uholdqfh lqyhvwphqw

fuhdwhv dq dssursuldeoh vshfldol}hg txdvl uhqw dqg wkxv d _krog0xs% sureohp1 Dqwlflsdwlqj

wkh vhoohu*v vwurqj edujdlqlqj srvlwlrq/ wkh ex|hu zloo eh xqzloolqj wr uho| ehiruhkdqg1

Dqrwkhu srvvlelolw| lv wkdw wkh sduwlhv vljq d frqwudfw ehiruh wkh ex|hu uholhv1 Vxfk d

frqwudfw frxog/ h1j1/ irufh wkh vhoohu wr gholyhu wkh jrrg wr wkh ex|hu1 Wklv frqwudfw dvvxuhv

wkh ex|hu wkdw vkh zloo jhw wkh jrrg dqg vkh zloo hqjdjh lq srvlwlyh uholdqfh1 \hw wkh

frqwudfw h{foxghv wkh srvvlelolw| ri doorfdwlqj wkh jrrg wr wkh rxwvlgh djhqw li klv ydoxdwlrq

lv kljkhu wkdq wkh ex|hu*v1

Wkh sduwlhv frxog dovr vljq d frpsohwh frqwlqjhqw frqwudfw vd|lqj wkdw h{fkdqjh rffxuv

li dqg rqo| li wkh ex|hu slfnhg u� dqg y+u�, � v1 Vxfk d frqwudfw/ krzhyhu/ lv sureohpdwlf

li wkh dowhuqdwlyh r�hu v lv wkh vhoohu*v sulydwh lqirupdwlrq dqg wkxv qrw revhuydeoh e| wkh

ex|hu1 Wkh vhoohu fdq dozd|v fodlp d kljk rxwvlgh elg vkrxog wklv eh lq klv lqwhuhvw1

Li wkh vhoohu kdv sulydwh lqirupdwlrq/ dfwxdo frqwudfwv riwhq wdnh wkh iroorzlqj vlpsoh

irup1 Wkh| vwdwh wkdw dq h{fkdqjh zloo rffxu dw d �{hg sulfh s wr eh sdlg e| wkh ex|hu

wr wkh vhoohu xsrq gholyhu|1 Ixuwkhupruh/ wkh| vshfli| d uxoh g+�, iru frpsxwlqj gdpdjhv

wkdw wkh vhoohu pxvw sd| wr wkh ex|hu li wkh vhoohu ghidxowv rq wkh frqwudfw1 Wkh gdpdjh

uxoh ghshqgv rq yduldeohv zklfk duh h{ srvw yhul�deoh e| erwk sduwlhv wr wkh frqwudfw dv

zhoo dv e| wkh frxuwv1 Iroorzlqj wkh olwhudwxuh/ lq rxu dqdo|vlv wkh gdpdjh uxohv ghshqg rq

wudgh qrw wdnlqj sodfh dqg rq wkh ex|hu*v uholdqfh ohyho u1 Dv d vkruwkdqg zh zloo zulwh

g+u,1 Wkdw lv/ li wkh ex|hu grhv qrw jhw wkh jrrg/ vkh uhyhdov khu fkrlfh ri u dqg gdpdjhv

duh frpsxwhg dffruglqj wr wkh uxoh g+�,1
Wkh sxusrvh ri wkh gdpdjh phdvxuh dssurdfk wr frqwudfwlqj lv wr frsh vlpxowdqhrxvo|

zlwk wkh sureohpv ri h{ dqwh uholdqfh dqg h{ srvw doorfdwlrq ghflvlrqv1 Lwv lqwhqw lv wr jlyh

wkh ex|hu uhdvrqdeoh dvvxudqfhv wkdw wkh vhoohu zloo shuirup vr dv wr jhqhudwh surshu uholdqfh

dqg dw wkh vdph wlph doorz wkh vhoohu wr fdqfho wkh djuhhphqw li wkh dowhuqdwlyh elg lv kljk1

Wkh gdpdjh phdvxuh dssurdfk kdv ehhq vwxglhg h{whqvlyho| lq wkh olwhudwxuh1 Vhh/ h1j1/

Nruqkdxvhu +4<;6,/ Urjhuvrq +4<;7,/ dqg Vkdyhoo +4<;3/ 4<;7,1 Vkdyhoo +4<;3, frqvlghuv

wkh vlwxdwlrq zkhuh wkh frqwudfw lv wkh rqo| srvvleoh phdqv ri h{fkdqjlqj wkh jrrg1 Wkh

vhoohu kdv wkh rswlrq wr shuirup ru wr euhdn wkh frqwudfw1 Li kh fkrrvhv euhdfk/ wkhuh lv
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qr rwkhu zd| wkdw wkh ex|hu pljkw rewdlq wkh jrrg1 Lq wklv vhwxs Vkdyhoo dqdo|}hv wkh

h�flhqf| surshuwlhv ri ydulrxv frpprqo| xvhg gdpdjh phdvxuhv frqfhuqlqj wkh euhdfk

dqg uholdqfh ghflvlrq1

Urjhuvrq +4<;7, doorzv iru d vhfrqg srvvlelolw| ri h{fkdqjh15 Li wkhuh lv euhdfk ri wkh

ruljlqdo frqwudfw/ wkh ex|hu dqg wkh vhoohu pd| uhqhjrwldwh dqg djuhh rq qhz whupv ri

h{fkdqjh1 Iroorzlqj wkh Frdvldq wudglwlrq/ Urjhuvrq dvvxphv wkdw wkh sduwlhv uhqhjrwldwh

frrshudwlyho|1 Wkh| �uvw pdnh wkh doorfdwlrq ghflvlrq vr dv wr pd{lpl}h wkh mrlqw vxusoxv

Z 5 �
y+u,> v

�
1 Wklv lpsolhv wkdw wkh ex|hu jhwv wkh jrrg li dqg rqo| li y+u, � v1 Wkxv/

Urjhuvrq dvvxphv wkdw wkh doorfdwlrq ghflvlrq lv h�flhqw1 Wkhq wkh sduwlhv djuhh rq vrph

glylvlrq ri wkh dgglwlrqdo slh y+u, � v � 31 Lq wklv iudphzrun Urjhuvrq dqdo|}hv wkh

h�flhqf| surshuwlhv ri ydulrxv gdpdjh phdvxuhv frqfhuqlqj wkh ex|hu*v h{ dqwh uholdqfh

ghflvlrq1

Urjhuvrq grhv qrw h{solflwo| wdnh lqwr dffrxqw wkh vwudwhjlf lqwhudfwlrq ehwzhhq wkh

vhoohu dqg wkh ex|hu1 Wkh ruljlqdo frqwudfw ghwhuplqhv wkh edujdlqlqj srvlwlrqv ri wkh wzr

sduwlhv lq wkh uhqhjrwldwlrq surfhvv1 Wkh vhoohu kdv wkh srvvlelolw| wr whuplqdwh edujdlqlqj

dqg sd| gdpdjhv zkhuhdv wkh ex|hu fdq fodlp gdpdjhv1 Li wkh frqwudfw vwdwhv wkdw wkh

ex|hu jhwv d odujh +vpdoo, vxp ri prqh| zkhq vkh lv expshg/ vkh lv lq d vwurqj +zhdn,

edujdlqlqj srvlwlrq dqg ylfh yhuvd iru wkh vhoohu1 Wkdw lv/ wkh gdpdjh phdvxuh g+�, vshfl�hg
lq wkh frqwudfw gh�qhv erwk djhqwv* rxwvlgh rswlrqv lq wkh uhqhjrwldwlrq surfhvv1

Vshfl�fdoo|/ lw lv xqfohdu zkhwkhu wkh h�flhqw doorfdwlrq ghflvlrq lv lqglylgxdoo| udwlr0

qdo iru wkh vhoohu1 Vxssrvh y+u, A v vr wkdw dffruglqj wr Urjhuvrq wkh jrrg lv doorfdwhg

wr wkh ex|hu1 Vxssrvh ixuwkhu wkdw wkh vhoohu jhwv qrwklqj ri wkh dgglwlrqdo slh y+u, � v

fuhdwhg e| frrshudwlyh mrlqw vxusoxv pd{lpl}lqj1 Iroorzlqj Urjhuvrq wkh vhoohu jhwv wkh

sd|r� s/ wkh sulfh vshfl�hg lq wkh frqwudfw/ li kh uhqhjrwldwhv zlwk wkh ex|hu1 Wkh vhoohu

kdv wkh rxwvlgh rswlrq wr jlyh wkh jrrg wr wkh wklug sduw| dqg sd| wkh gdpdjhv g vwdwhg

lq wkh frqwudfw1 Wklv uhvxowv lq d sd|r� v�g iru wkh vhoohu1 Vlqfh wkh vhoohu ghflghv zkhwkhu

wr doorfdwh wkh jrrg wr wkh rxwvlgh djhqw ru wr wkh ex|hu yld uhqhjrwldwlrq/ wkh ex|hu zloo

jhw wkh jrrg li dqg rqo| li s � v� g1 Dffruglqjo|/ wkh vhoohu*v doorfdwlrq ghflvlrq ghshqgv

rq wkh rxwvlgh elg v/ dv zhoo dv rq wkh sulfh s dqg wkh gdpdjhv g wkdw zhuh ghwhuplqhg

lq wkh ruljlqdo frqwudfw1 Wkh ghflvlrq ghshqgv lq qr gluhfw zd| rq wkh ex|hu*v ydoxdwlrq

y+u,1 Wkhuhiruh/ lw lv xqfohdu zk| wkh vhoohu vkrxog pdnh wkh h�flhqw ghflvlrq/ l1h1/ doorfdwh

8



wkh jrrg wr wkh ex|hu zkhqhyhu y+u, � v1 Wr flufxpyhqw wklv sureohp/ Urjhuvrq dvvxphv

wkdw wkh ex|hu xvhv +xqvshfl�hg, vlghsd|phqwv wr jhw wkh lwhp1 \hw wkhvh vlghsd|phqwv duh

qrw lqfrusrudwhg lqwr wkh irupdo dqdo|vlv dqg lw lv xqfohdu krz wkh| lq�xhqfh wkh ex|hu*v

uholdqfh fkrlfh1

Wkh sxusrvh ri wklv h{huflvh lv wr wdnh surshu dffrxqw ri wkh vwudwhjlf lqwhudfwlrq

ehwzhhq ex|hu dqg vhoohu1 Wkhuhiruh/ zh prgho wkh uholdqfh/ shuirupdqfh uhvs1 euhdfk ghfl0

vlrqv/ dv zhoo dv wkh uhqhjrwldwlrq surfhvv dv d pxowl0vwdjh jdph1 Zh zloo fkdudfwhul}h wkh

htxloleulxp uholdqfh dqg doorfdwlrq ghflvlrqv wkdw uhvxow xqghu wkuhh dowhuqdwlyh gdpdjh

phdvxuhv/ qdpho| qr gdpdjhv/ uholdqfh phdvxuh/ dqg h{shfwdwlrq gdpdjhv1 Zh zloo vkrz

wkdw wkh srvvlelolw| ri uhqhjrwldwlrq qhhg qrw dxwrpdwlfdoo| hqvxuh wkdw wkh vhoohu*v doorfd0

wlrq ghflvlrq lv h�flhqw1 Zh zloo �qdoo| ghulyh d fodvv ri gdpdjh phdvxuhv wkdw lpsohphqw

wkh h�flhqw uholdqfh ohyho dqg wkh h�flhqw doorfdwlrq uxoh1

LLL1 Jdph Vwuxfwxuh dqg Htxloleulxp Frqfhsw

Lq vwdjh 3 ri wkh jdph wkh rxwvlgh djhqw sxwv d ohwwhu zlwk klv elg v 5 ^3> �v` lqwr wkh

pdloer{1 Lq vwdjh 4 wkh ex|hu dqg wkh vhoohu zulwh d frqwudfw vshfli|lqj d sulfh s wkdw wkh

ex|hu pxvw sd| wr wkh vhoohu zkhq vkh jhwv wkh jrrg1 Erwk djhqwv duh dzduh wkdw wkh odz

suhvfulehv d gdpdjh phdvxuh g+�, eh dssolhg1 Wkh gdpdjhv g+�, duh sdlg e| wkh vhoohu wr

wkh ex|hu li wkh ex|hu lv ohiw hpsw|0kdqghg1 Erwk sduwlhv yroxqwdulo| vljq wkh frqwudfw/ l1h1/

wkh| zloo qrw gr vr li wkhlu h{shfwhg sd|r� iurp frqwudfwlqj lv qhjdwlyh1

Lq vwdjh 5 wkh ex|hu slfnv khu uholdqfh ohyho u1 Wkh vhoohu grhv qrw revhuyh wklv fkrlfh16

Lq vwdjh 6 wkh ohwwhu zlwk wkh dowhuqdwlyh elg duulyhv/ l1h1/ wkh vhoohu ohduqv v1 Wkh ex|hu

grhv qrw revhuyh v1 Wkh vhoohu wkhq fkrrvhv ehwzhhq wzr dowhuqdwlyhv1 l, Kh shuirupv xqghu

wkh frqglwlrqv vwdwhg lq wkh frqwudfw1 Wklv jhqhudwhv d sd|r� s iru wkh vhoohu dqg d sd|r�

y+u, � u � s iru wkh ex|hu17 ll, Kh ghflghv qrw wr shuirup1 Lq vwdjh 7 wkh vhoohu hlwkhu

gholyhuv wkh jrrg wr wkh rxwvlgh djhqw dqg sd|v gdpdjhv/ jhqhudwlqj d sd|r� v� g+u, iru

wkh vhoohu dqg d sd|r� g+u,� u iru wkh ex|hu/ ru wkh vhoohu r�huv wr uhqhjrwldwh1 Lq wklv fdvh

wkh jdph frqwlqxhv1 Lq vwdjh 8 wkh ex|hu hlwkhu uhmhfwv uhqhjrwldwlrq/ ohdglqj wr sd|r�v

v� g+u, iru wkh vhoohu dqg g+u,� u iru wkh ex|hu/ ru vkh dffhswv wr uhqhjrwldwh dqg r�huv

d qhz h{fkdqjh sulfh se1 Lq vwdjh 9 wkh vhoohu fkrrvhv ehwzhhq wkuhh dowhuqdwlyhv1 l, Kh

uhmhfwv wkh ex|hu*v r�hu se dqg jlyhv wkh jrrg wr wkh wklug sduw| zklfk ohdgv wr sd|r�v
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v� g+u, iru wkh vhoohu dqg g+u,� u iru wkh ex|hu1 ll, Kh dffhswv wkh ex|hu*v r�hu dqg wkh|

h{fkdqjh wkh jrrg/ jhqhudwlqj sd|r�v se iru wkh vhoohu dqg y+u,� u� se iru wkh ex|hu1 lll,

Kh frqwlqxhv wkh edujdlqlqj surfhvv e| dvnlqj d qhz h{fkdqjh sulfh sv1 Wklv ohdgv wr wkh

:wk dqg odvw vwdjh ri rxu jdph1 Vlqfh wkh hqg ri wkh jdph dssurdfkhv/ ex|hu dqg vhoohu

jhw lpsdwlhqw/ l1h1/ wkh| glvfrxqw dq| sd|phqwv wkdw dffuxh lq wkh odvw vwdjh e| d frpprq

glvfrxqw idfwru � � 41 Li wkh ex|hu uhmhfwv wkh vhoohu*v r�hu sv/ sd|r�v duh �+g+u, � u, iru

wkh ex|hu dqg �+v � g+u,, iru wkh vhoohu1 Li wkh ex|hu dffhswv/ sd|r�v duh �+y+u,� u � sv,

iru wkh ex|hu dqg �sv iru wkh vhoohu1

Wklv udwkhu vshfldo uhqhjrwldwlrq surfhgxuh zdv fkrvhq iru wkh iroorzlqj uhdvrqv1 Li wkh

djhqwv uhdfk dq djuhhphqw lq vwdjh vl{/ wkh rxwfrph lv h�flhqw lq wkh vhqvh wkdw wkh| gr

qrw wkurz dzd| vxusoxv gxh wr glvfrxqwlqj1 Wkdw lv/ hdfk djhqw grhv qrw qhfhvvdulo| ehdu

d srvlwlyh frvw lq wkh surfhvv dv lv wkh fdvh lq Vkdyhoo +4<;7,1 Li wkh djhqwv fduu| rq lqwr

vwdjh vhyhq/ edujdlqlqj ehfrphv frvwo| ehfdxvh wkh slh ehjlqv wr vkulqn/ l1h1/ wkh djhqwv

lqfxu wudqvdfwlrqv frvwv1 Dffruglqjo|/ rxu surfhvv lv qrw frvwohvv iruhyhu dv lv wkh fdvh lq

Urjhuvrq +4<;7,1 Dv zh zloo vkrz ehorz/ e| wkh idfw wkdw edujdlqlqj pd| wdnh vhyhudo

urxqgv dqg ehfrph frvwo|/ wkh glvfrxqw idfwru ghwhuplqhv wkh djhqwv* vkduhv ri wkh vxusoxv1

Wklv doorzv iru frpsdudwlyh vwdwlfv h{huflvhv zlwk uhvshfw wr uhodwlyh edujdlqlqj vwuhqjwkv

dqg vrph lqvljkwv lq wkh qrwlrq ri wudqvdfwlrqv frvwv1 Li zh kdg prghoohg wkh uhqhjrwldwlrq

e|/ vd|/ d vlpsoh wdnh0lw0ru0ohdyh0lw surfhgxuh/ rqh djhqw w|slfdoo| dssursuldwhv wkh hqwluh

vxusoxv vr wkdw vwdwhphqwv derxw wkh h�hfwv ri uhodwlyh edujdlqlqj vwuhqjwkv duh qrw uhdglo|

srvvleoh1

Iru wklv pxowl0vwdjh jdph zh dgrsw wkh vhtxhqwldo htxloleulxp frqfhsw dv ghyhorshg

e| Nuhsv dqg Zlovrq +4<;5,1 Zh zloo irfxv rq htxloleuld lq sxuh vwudwhjlhv1 Zh uhvwulfw wkh

djhqwv* eholhiv wr uh�hfw dq| grplqdqw vwudwhj| ri wkhlu uhvshfwlyh rssrqhqw1

LY1 Htxloleulxp Uhvxowv

Ohw xv vwduw zlwk d eulhi dqdo|vlv ri wkh uhqhjrwldwlrq jdph ri vwdjhv 8 ~ :1 D ixoo

dqdo|vlv lv uhohjdwhg wr wkh Dsshqgl{1 Ohw y+u, � g+u,/ d uhtxluhphqw wkdw doo gdpdjh

phdvxuhv zh zloo dqdo|}h vdwlvi|1 Vxssrvh lq htxloleulxp wkh vhoohu nqrzv u/ wkxv dovr y+u,

dqg g+u,1 Pruhryhu/ vxssrvh lq htxloleulxp wkh vhoohu lqlwldwhv d uhqhjrwldwlrq li dqg rqo|

li �+y+u,� g+u,, � v� g+u,1
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Rqfh wkh djhqwv uhdfk wkh uhqhjrwldwlrq jdph/ wkh ex|hu*v uholdqfh h{shqglwxuh u lv

vxqn1 Wkdw lv/ khu rxwvlgh rswlrq gxulqj wkh uhqhjrwldwlrq surfhvv lv g+u,1 Vxssrvh lq vwdjh

9 wkh vhoohu ghpdqgv sv @ y+u,�g+u,1 Lq vwdjh : wkh ex|hu lv lqgl�huhqw ehwzhhq dffhswlqj

dqg uhmhfwlqj wklv r�hu1 Wkxv/ vkh dffhswv1 Dvnlqj wklv sulfh lq vwdjh 9 jhqhudwhv d vwdjh

: sd|r� �+y+u, � g+u,, iru wkh vhoohu1 Li wkh ex|hu r�huv se @ �+y+u,� g+u,, lq vwdjh 8/ lq

vwdjh 9 wkh vhoohu lv lqgl�huhqw ehwzhhq dffhswlqj wklv r�hu dqg frqwlqxdwlrq ri edujdlqlqj/

dqg kh suhihuv hlwkhu dowhuqdwlyh wr klv rxwvlgh rswlrq v� g+u,1 Frqvhtxhqwo|/ kh dffhswv1

Li wkh ex|hu r�huv wklv sulfh lq vwdjh 8/ khu sd|r� lv +4� �,y+u,. �g+u,1 Vlqfh y+u, � g+u,/

wkh ex|hu suhihuv uhqhjrwldwlrq wr khu rxwvlgh rswlrq g+u,1

Wr vxppdul}h= Li �+y+u, � g+u,, � v� g+u,/ lw lv h�flhqw wr doorfdwh wkh jrrg wr wkh

ex|hu dqg wkh djhqwv pdqdjh wr gr vr1 Wkh sduwlhv uhdfk dq djuhhphqw lq vwdjh 9/ l1h1/

wkh| gr qrw gxps vxusoxv wkurxjk frvwo| edujdlqlqj1 Wkh ex|hu jhwv y+u,� �+y+u,� g+u,,

dqg wkh vhoohu �+y+u,� g+u,, ri wkh slh y+u,1 Wkh vhoohu*v vkduh ghfuhdvhv zlwk wkh ex|hu*v

rxwvlgh rswlrq g+u,1 Ehlqj lpsdwlhqw lv edg iru wkh vhoohu1 Wkh pruh wkh vhoohu glvfrxqwv

vwdjh : sd|phqwv/ wkh ohvv wkh ex|hu pxvw r�hu klp lq vwdjh 81 Dffruglqjo|/ wkh ex|hu*v qhw

sd|r� iurp uhqhjrwldwlrq lv y+u,��+y+u,�g+u,,�u dqg wkh vhoohu*v sd|r� lv �+y+u,�g+u,,1

Ohw xv qrz hvwdeolvk htxloleulxp uholdqfh fkrlfhv dqg doorfdwlrq ghflvlrqv xqghu ydulrxv

h{rjhqhrxv gdpdjh phdvxuhv1 Zh zdqw wr vwduw zlwk wkh uxoh ri qr gdpdjhv g+u, @ 3 ;u �
31

Sursrvlwlrq 5= Xqghu wkh uxoh ri qr gdpdjhv g+�, @ 3 wkhuh h{lvwv d vhtxhqwldo htxloleulxp

zkhuh wkh ex|hu hqjdjhv lq vrph u 5 ^3> �u,1 Li wkh ex|hu slfnv d srvlwlyh uholdqfh ohyho/ vkh

jhwv wkh jrrg ohvv riwhq wkdq lv h�flhqw1

Surri= Wkh ex|hu*v rxwvlgh rswlrq lq wkh uhqhjrwldwlrq jdph htxdov 31 Dffruglqjo|/ vkh

r�huv wkh sulfh se @ �y+u, jhqhudwlqj wkh sd|r� +4� �,y+u,� u1

Qrz vxssrvh wkh vhoohu eholhyhv zlwk suredelolw| 4 wkdw wkh ex|hu slfnhg vrph sxuh

vwudwhj| au1 Dffruglqjo|/ wkh vhoohu eholhyhv wr jhw sd|r�v �y+au, iurp uhqhjrwldwlqj/ s iurp

shuiruplqj/ dqg v iurp jlylqj wkh jrrg wr wkh rxwvlgh djhqw1 Li s A �y+au,/ wkh vhoohu suhihuv

shuirupdqfh wr uhqhjrwldwlrq1 Kh shuirupv li v ? s1

Wkh ex|hu*v sureohp lq vwdjh 5 lv wr �qg wkh uholdqfh ohyho �u @ �u+s, wkdw pd{lpl}hv

+y+u, � s,
U s

3 i+v,gv � u1 Li �u lv vxfk wkdw �y+�u, ? s/ wkhuh h{lvwv dq htxloleulxp zkhuh

;



wkh ex|hu slfnv �u dqg wkh vhoohu qhyhu uhqhjrwldwhv1 Vlqfh wkh ex|hu yroxqwdulo| vljqhg

wkh frqwudfw/ zh kdyh s � y+�u, � �u dqg wkxv
U s

3 i+v,gv ? 41 Frqvhtxhqwo|/ �u 5 ^3> �u,1

Ixuwkhupruh/ wkh rxwvlgh djhqw jhwv wkh jrrg wrr riwhq1 Li �u lv vxfk wkdw �y+�u, � s/ wkhuh

h{lvwv qr htxloleulxp zkhuh wkh vhoohu shuirupv xqghu wkh frqwudfw1

Li �y+au, � s/ wkh vhoohu suhihuv uhqhjrwldwlrq wr shuirupdqfh1 Kh uhqhjrwldwhv li v �
�y+au,1 Wkh ex|hu kdv wr �qg wkh uholdqfh ohyho �u @ �u+�y+au,, wkdw pd{lpl}hv j+u, � +4 �
�,y+u,

U �y+au,

3
i+v,gv�u1 Li �u @ au dqg �y+�u, � s/ wkhuh h{lvwv dq htxloleulxp zkhuh wkh ex|hu

slfnv �u dqg wkh vhoohu qhyhu shuirupv/ l1h1/ kh euhdnv dqg sd|v gdpdjhv ru kh uhqhjrwldwhv1

Qrwh wkdw wkh ex|hu zloo qhyhu vljq d frqwudfw zlwk s A y+�u,1 Wklv lpsolhv wkdw vxfk dq

htxloleulxp h{lvwv iru �u @ 31

Li � @ 4/ wkh vhoohu*v doorfdwlrq ghflvlrq lv h�flhqw/ |hw �u @ 31 Li � @ 3/ wkh vhoohu

qhyhu uhqhjrwldwhv/ khqfh �u @ 31 Li � 5 +3> 4,/ wkh rxwvlgh djhqw jhwv wkh jrrg wrr riwhq1 Li

� 5 +3> 4,/ j3+�, ? !3+�,1 Wkxv/ j3+u, ? 3 ;u � �u1 Frqvhtxhqwo|/ �u 5 ^3> �u,1

T1H1G1

Wklv uhvxow pd| eh h{sodlqhg dv iroorzv1 Li wkhuh lv uhqhjrwldwlrq/ wkh vhoohu jhwv d

sd|r� �y+u, iurp wkh surfhgxuh ehfdxvh wkh ex|hu*v rxwvlgh rswlrq lv 3 xqghu qr gdpdjhv1

Li �y+u, ? s/ wkh vhoohu zloo qhyhu uhqhjrwldwh ehfdxvh kh jhwv pruh e| doorfdwlqj wkh jrrg

wr wkh ex|hu e| shuirupdqfh xqghu wkh frqwudfw1 Wkh ex|hu yroxqwdulo| vljqhg wkh frqwudfw1

Dffruglqjo|/ s � y+u,� u1 Wkh vhoohu doorfdwhv wkh jrrg wr wkh rxwvlgh djhqw li v A s/ l1h1/

pruh riwhq wkdq lv h�flhqw1 Vlqfh wklv dovr lpsolhv wkdw wkh ex|hu grhv qrw jhw wkh jrrg

iru vxuh/ vkh slfnv d uholdqfh ohyho u ? �u1

Li �y+u, � s/ wkh vhoohu doorfdwhv wkh jrrg wr wkh ex|hu wkurxjk uhqhjrwldwlrq udwkhu

wkdq shuirupdqfh1 Wkh rxwvlgh djhqw jhwv wkh jrrg li v A �y+u,1 Li � @ 4/ wkh vhoohu jhwv

wkh hqwluh slh dqg klv doorfdwlrq ghflvlrq lv h�flhqw1 \hw wkh ex|hu zloo slfn u @ 3 lq wkh

�uvw sodfh1 Li � @ 3/ wkh rxwvlgh djhqw dozd|v jhwv wkh jrrg dqg wkh ex|hu zloo qrw uho|1

Li � 5 +3> 4,/ wkh vhoohu*v doorfdwlrq ghflvlrq lv lqh�flhqw1 Wkh ex|hu jhwv d iudfwlrq ri wkh

vxusoxv y+u,1 Wkxv/ vkh zloo hqjdjh lq d uholdqfh ohyho u ? �u � wkh ohyho vkh zrxog fkrrvh

li vkh jrw wkh hqwluh slh iru vxuh1

Wr vxppdul}h= Xqghu wkh uxoh ri qr gdpdjhv wkh ex|hu wdnhv lqwr dffrxqw wkdw vkh

pljkw qrw jhw wkh jrrg1 Wkdw lv/ vkh grhv qrw slfn wkh uholdqfh ohyho �u1 Wkh vhoohu*v doorfdwlrq

ghflvlrq lv h�flhqw li dqg rqo| li kh uhdsv wkh hqwluh vxusoxv y+u, lq d uhqhjrwldwlrq1 \hw lq

<



wklv fdvh wkh ex|hu zloo qrw uho|1 Rwkhuzlvh/ wkh vhoohu doorfdwhv wkh jrrg wrr riwhq wr wkh

rxwvlgh djhqw1

Qh{w ohw xv frqvlghu wkh uholdqfh phdvxuh g+u, @ u ;u � 31 Wklv phdvxuh frpshqvdwhv

wkh ex|hu iru uholdqfh h{shqglwxuhv pdgh lq dqwlflsdwlrq ri shuirupdqfh1 Wkh ex|hu lv sxw

lq wkh srvlwlrq vkh zrxog kdyh ehhq lq kdg vkh qrw vljqhg wkh frqwudfw1

Sursrvlwlrq 6= Xqghu wkh uholdqfh phdvxuh g+u, @ u ;u � 3 wkhuh h{lvwv d vhtxhqwldo

htxloleulxp zkhuh wkh ex|hu slfnv �u1 Jlyhq wkh ex|hu*v h{fhvvlyh uholdqfh fkrlfh/ wkh vhoohu*v

doorfdwlrq ghflvlrq lv h�flhqw l� s @ y+�u,� �u ru � @ 41 Rwkhuzlvh/ wkh rxwvlgh djhqw jhwv

wkh jrrg wrr riwhq1

Surri= Wkh ex|hu*v rxwvlgh rswlrq lq wkh uhqhjrwldwlrq jdph lv u1 Dffruglqjo|/ vkh r�huv

wkh sulfh se @ �+y+u,� u,1 Xqghu wkh uholdqfh phdvxuh wkh ex|hu*v sd|r�v duh y+u,� u� s

li wkh vhoohu shuirupv/ +4� �,+y+u,� u, li wkh vhoohu uhqhjrwldwhv/ dqg 3 li wkh rxwvlgh djhqw

jhwv wkh jrrg1 Wkhvh sd|r�v duh pd{lpl}hg e| wkh uholdqfh ohyho �u/ lqghshqghqw ri � dqg

wkh vhoohu*v eholhiv dqg dfwlrqv1

Wkh vhoohu*v eholhiv uh�hfw wkh ex|hu*v grplqdqw uholdqfh fkrlfh1 Vxssrvh �+y+�u,��u, � s/

l1h1/ wkh vhoohu suhihuv uhqhjrwldwlqj wr shuiruplqj1 Wkh vhoohu doorfdwhv wkh jrrg wr wkh

rxwvlgh djhqw dqg sd|v gdpdjhv li v� �u A �+y+�u,� �u,1 Li � @ 4/ wkh doorfdwlrq ghflvlrq lv

h�flhqw1 Li � ? 4/ wkh rxwvlgh djhqw jhwv wkh jrrg wrr riwhq ehfdxvh !+�u, A 31

Li s A �+y+�u,� �u,/ wkh vhoohu suhihuv shuiruplqj wr uhqhjrwldwlqj1 Wkh vhoohu doorfdwhv

wkh jrrg wr wkh rxwvlgh djhqw li v� �u � s1 Li s @ y+�u,� �u/ wkh vhoohu*v doorfdwlrq ghflvlrq lv

h�flhqw1 Li s ? y+�u,� �u/ wkh rxwvlgh djhqw jhwv wkh jrrg wrr riwhq1 D frqwudfw vshfli|lqj

s A y+�u,� �u zrxog qrw kdyh ehhq vljqhg e| wkh ex|hu ehiruhkdqg1

T1H1G1

Wklv uhvxow pd| eh h{sodlqhg dv iroorzv1 Xqghu wkh uholdqfh phdvxuh wkh ex|hu*v rxwvlgh

rswlrq gxulqj wkh uhqhjrwldwlrq surfhvv lv u1 Dffruglqjo|/ vkh jhwv wkh sd|r�v +4��,+y+u,�
u, iurp uhqhjrwldwlrq/ y+u,�u�s iurp shuirupdqfh/ dqg 3 li vkh lv expshg1 Wkhvh sd|r�v

duh pd{lpl}hg e| wkh uholdqfh ohyho �u1 Vlqfh wkh ex|hu lv frpshqvdwhg iru khu uholdqfh

h{shqglwxuh li vkh grhv qrw jhw wkh jrrg/ vkh frqvlghuv uholdqfh dv dq lqyhvwphqw lq zklfk

dw zruvw vkh zloo euhdn hyhq1 Vkh wdnhv lqwr dffrxqw wkh xsvlgh srwhqwldo exw ljqruhv wkh

grzqvlgh ulvn1 Frqvhtxhqwo|/ vkh fkrrvhv wkh vdph uholdqfh ohyho dv li vkh jrw wkh jrrg iru
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vxuh/ l1h1/ vkh ryhuuholhv1

Wkh vhoohu jhwv s li kh shuirupv dqg �+y+�u,��u, li kh uhqhjrwldwhv1 Doorfdwlqj wkh jrrg wr

wkh rxwvlgh djhqw jhqhudwhv d sd|r� v��u1 Reylrxvo|/ wkh vhoohu doorfdwhv wkh jrrg h�flhqwo|

li dqg rqo| li kh dssursuldwhv wkh hqwluh vxusoxv y+�u, � �u/ l1h1/ li s @ y+�u, � �u ru � @ 41

Rwkhuzlvh/ wkh rxwvlgh djhqw jhwv wkh jrrg wrr riwhq1 Li wkh vhoohu jhwv ohvv wkdq y+�u,� �u/

jlylqj wkh jrrg wr wkh rxwvlghu pd| eh pruh dwwudfwlyh hyhq wkrxjk v ? y+�u,1 Orrvho|

vshdnlqj/ wkh vhoohu pxvw frpshqvdwh wkh ex|hu lq dq| fdvh iru khu uholdqfh lqyhvwphqw �u1

Wkhuhiruh/ wkh vhoohu doorfdwhv wr wkh rxwvlgh djhqw zkhqhyhu v h{fhhgv klv vkduh ri wkh slh

y+�u,1

Xqghu wkh uholdqfh phdvxuh/ dv zhoo dv xqghu qr gdpdjhv/ li � ? 4/ wkh vhoohu doorfdwhv

lqh�flhqwo| hyhq wkrxjk wkh sduwlhv pd| uhqhjrwldwh1 Li wkh sduwlhv uhqhjrwldwh/ wkh| uhdfk

dq djuhhphqw lpphgldwho| dqg/ wkhuhiruh/ lq htxloleulxp lqfxu qr wudqvdfwlrqv frvwv1 \hw

wkh rxw0ri0htxloleulxp wudqvdfwlrqv frvwv ghwhuplqh wkh vhoohu*v vkduh ri wkh uhqhjrwldwlrq

vxusoxv1 Wkh pruh lpsdwlhqw wkh vhoohu/ wkh kljkhu wkh ex|hu*v wkuhdw ri fduu|lqj rq edu0

jdlqlqj/ wkh orzhu lv wkh vhoohu*v vkduh1 Wkh orzhu wkh vhoohu*v vkduh/ wkh pruh riwhq wkh

rxwvlghu jhwv wkh jrrg hyhq wkrxjk wklv lv lqh�flhqw1

Qrwh wkdw lq rxu iudphzrun wkh ex|hu grhv qrw slfn d uholdqfh ohyho lq h{fhvv ri �u

dv lv wkh fdvh lq Vkdyhoo +4<;3, dqg Urjhuvrq +4<;7,1 Vkdyhoo dqg Urjhuvrq dvvxph wkdw

wkh vhoohu revhuyhv u dw wkh wlph kh ghflghv derxw shuirupdqfh1 Wkh ex|hu frpplwv wr d

uholdqfh ohyho lq h{fhvv ri �u wr lqfuhdvh wkh suredelolw| ri shuirupdqfh1 Lq rxu iudphzrun

wkh vhoohu grhv qrw revhuyh wkh ex|hu*v uholdqfh fkrlfh1 E| fkdqjlqj u wkh ex|hu grhv qrw

dowhu wkh vhoohu*v eholhiv dqg wkxv wkh suredelolw| ri shuirupdqfh1 Wkhuhiruh/ d uholdqfh

ohyho juhdwhu wkdq �u lv xqdwwudfwlyh iru wkh ex|hu1 Wklv revhuydwlrq vkrzv wkh h{whqw wr

zklfk lq sduwlfxodu Urjhuvrq*v Sduhwr0udqnlqjv ri ydulrxv gdpdjh phdvxuhv ghshqg rq wkh

dvvxpswlrq wkdw wkh vhoohu revhuyhv wkh ex|hu*v uholdqfh fkrlfh1

Wr vxppdul}h= Xqghu wkh uholdqfh phdvxuh wkh ex|hu ryhuuholhv ehfdxvh dw zruvw vkh

zloo euhdn hyhq rq khu lqyhvwphqw1 Li wkh vhoohu grhv qrw dssursuldwh wkh hqwluh vxusoxv iurp

h{fkdqjh zlwk wkh ex|hu/ wkh rxwvlgh djhqw jhwv wkh jrrg wrr riwhq1

Qh{w ohw xv frqvlghu wkh h{shfwdwlrq phdvxuh g+u, @ y+u, � s ;u � 31 Xqghu wklv

phdvxuh wkh vhoohu sd|v dq dprxqw wkdw sxwv wkh ex|hu lq wkh srvlwlrq vkh zrxog kdyh ehhq

lq kdg wkh frqwudfw ehhq shuiruphg1
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Sursrvlwlrq 7= Xqghu wkh h{shfwdwlrq phdvxuh g+�, @ y+�, � s wkhuh h{lvwv d vhtxhqwldo

htxloleulxp zkhuh wkh ex|hu slfnv �u1 Jlyhq wkh ex|hu*v h{fhvvlyh uholdqfh fkrlfh/ wkh vhoohu*v

doorfdwlrq ghflvlrq lv h�flhqw1

Surri= Wkh ex|hu*v rxwvlgh rswlrq lq wkh uhqhjrwldwlrq jdph lv y+u,� s1 Dffruglqjo|/ vkh

r�huv se @ �s1 Xqghu wkh h{shfwdwlrq phdvxuh wkh ex|hu*v sd|r�v duh y+u, � u � s li wkh

vhoohu shuirupv/ y+u,� u� �s li wkh vhoohu uhqhjrwldwhv/ dqg y+u,� u� s li wkh rxwvlgh djhqw

jhwv wkh jrrg1 Wkhvh sd|r�v duh pd{lpl}hg e| wkh uholdqfh ohyho �u/ lqghshqghqw ri � dqg

wkh vhoohu*v eholhiv dqg dfwlrqv1

Wkh vhoohu*v eholhiv uh�hfw wkh ex|hu*v grplqdqw uholdqfh fkrlfh1 Li wkh vhoohu shuirupv/

klv sd|r� lv s1 Li kh uhqhjrwldwhv/ kh jhwv �s1 Wkxv/ wkh vhoohu qhyhu uhqhjrwldwhv1 Wkh rxwvlgh

djhqw jhwv wkh jrrg li v� +y+�u,� s, A s ru v A y+�u,/ l1h1/ wkh vhoohu*v doorfdwlrq ghflvlrq lv

h�flhqw1

T1H1G1

Xqghu wkh h{shfwdwlrq phdvxuh wkh ex|hu*v rxwvlgh rswlrq lq wkh uhqhjrwldwlrq surfhvv

lv y+u, � s1 Dffruglqjo|/ vkh r�huv wkh sulfh se @ �s1 Vkh jhwv wkh sd|r�v y+u, � u � s li

wkh vhoohu shuirupv/ y+u, � u � �s li wkh vhoohu uhqhjrwldwhv/ dqg y+u, � u � s li vkh lv ohiw

hpsw|0kdqghg1 Wkhvh sd|r�v duh pd{lpl}hg e| wkh uholdqfh ohyho �u1 Xqghu wkh h{shfwdwlrq

phdvxuh wkh ex|hu lv jxdudqwhhg khu ydoxdwlrq y+u,1 Vkh frqvlghuv uholdqfh dv dq lqyhvwphqw

zlwk d fhuwdlq sd|r� dqg fkrrvhv uholdqfh dv li vkh jrw wkh jrrg iru vxuh/ l1h1/ vkh ryhuuholhv1

Wkh h{shfwdwlrq phdvxuh sxwv wkh ex|hu lq vxfk d vwurqj edujdlqlqj srvlwlrq wkdw wkh

vhoohu*v sd|r� iurp uhqhjrwldwlrq �s � s1 Wkxv/ wkh vhoohu zloo qhyhu uhqhjrwldwh/ l1h1/ hlwkhu

kh shuirupv ru kh sd|v gdpdjhv1 Li kh doorfdwhv wkh jrrg wr wkh rxwvlgh djhqw/ kh kdv wr

frpshqvdwh wkh ex|hu iru khu ydoxdwlrq y+�u,1 Frqvhtxhqwo|/ kh zloo gr vr li dqg rqo| li

v A y+�u,

Wr vxppdul}h= Xqghu wkh h{shfwdwlrq phdvxuh wkh ex|hu ryhuuholhv ehfdxvh vkh lv

jxdudqwhhg khu ydoxdwlrq y+u,1 Wkh vhoohu*v doorfdwlrq ghflvlrq lv h�flhqw jlyhq wkh ex|hu*v

h{fhvvlyh uholdqfh fkrlfh1

Wkh odvw wzr Sursrvlwlrqv lpso| wkh iroorzlqj Fruroodu|1

Fruroodu|= Wkh htxloleulxp zh ghulyhg xqghu wkh h{shfwdwlrq phdvxuh lv Sduhwr vxshulru

wr wkh htxloleulxp zh ghulyhg xqghu wkh uholdqfh phdvxuh1
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Surri= Erwk phdvxuhv jlyh ulvh wr wkh vdph uholdqfh fkrlfh �u1 Jlyhq wklv h{fhvvlyh uholdqfh/

wkh vhoohu*v doorfdwlrq ghflvlrq xqghu wkh h{shfwdwlrq phdvxuh lv dozd|v h�flhqw1 Xqghu

wkh uholdqfh phdvxuh wkh vhoohu doorfdwhv h�flhqwo| li dqg rqo| li kh dssursuldwhv wkh hqwluh

vxusoxv y+�u,� �u1

T1H1G1

Ohw xv �qdoo| ghulyh d fodvv ri gdpdjh phdvxuhv wkdw lpsohphqw wkh h�flhqw uholdqfh

ohyho u� dv zhoo dv wkh h�flhqw doorfdwlrq ghflvlrq lq rxu jdph1 Wr lqgxfh wkh ex|hu wr slfn

u� wkhvh gdpdjh phdvxuhv wdnh d pd{lpxp dw u�1 Wr lqgxfh h�flhqw euhdfk/ wkh vhoohu

pxvw sd| wkh vdph dprxqw dv xqghu h{shfwdwlrq gdpdjhv jlyhq wkdw wkh ex|hu slfnv u�1

Sursrvlwlrq 8= Xqghu dq| gdpdjh phdvxuh g+�, zlwk g+�, qrq0ghfuhdvlqj iru u ? u�/ g+�,
qrq0lqfuhdvlqj iru u � u�/ dqg g+u�, @ y+u�,�s wkhuh h{lvwv d vhtxhqwldo htxloleulxp zkhuh

wkh ex|hu slfnv u� dqg wkh vhoohu*v doorfdwlrq ghflvlrq lv h�flhqw1

Surri= Vxssrvh wkh vhoohu eholhyhv zlwk suredelolw| 4 wkdw wkh ex|hu slfnhg u� dqg wkxv wkdw

kh kdv wr sd| y+u�,�s/ l1h1/ wkh vdph dprxqw dv xqghu h{shfwdwlrq gdpdjhv1 Dffruglqjo|/

kh qhyhu uhqhjrwldwhv dqg doorfdwhv wkh jrrg wr wkh rxwvlgh djhqw li v A y+u�,1

Wkh ex|hu wkhq kdv wr �qg wkh uholdqfh ohyho wkdw pd{lpl}hv

��
y+u,� s

� ] y+u�,

3

i+v,gv� u
�
. g+u,

] �v

y+u�,

i+v,gv

zklfk lv reylrxvo| pd{lpl}hg e| u�1 Wkdw lv/ wkh ex|hu slfnv u� dqg wkh vhoohu*v eholhiv duh

eruqh rxw1

T1H1G1

Wklv uhvxow lv hdvlo| h{sodlqhg1 Vxssrvh wkh vhoohu eholhyhv wkdw wkh ex|hu slfnhg wkh

h�flhqw uholdqfh ohyho u� dqg wkxv wkdw kh kdv wr sd| wkh vdph dprxqw dv xqghu h{shfwdwlrq

gdpdjhv1 Wklv lpsolhv wkdw wkh vhoohu qhyhu uhqhjrwldwhv1 Hlwkhu kh shuirupv ru kh sd|v

gdpdjhv1 Wkh vhoohu doorfdwhv h�flhqwo|/ l1h1/ wkh rxwvlgh djhqw jhwv wkh jrrg li v A y+u�,1

Jlyhq wkh vhoohu*v eholhiv dqg ehkdylru/ wkh ex|hu*v pd{lpl}dwlrq sureohp lv wkh vxp

ri wzr whupv1 Wkh �uvw whup lv khu h{shfwhg sd|r� iurp shuirupdqfh plqxv khu uholdqfh

h{shqglwxuh1 Vlqfh wkh vhoohu shuirupv h�flhqwo|/ wklv whup lv pd{lpl}hg e| u�1 Wkh vhfrqg

whup lv wkh h{shfwhg gdpdjhv wkh ex|hu uhfhlyhv1 E| frqvwuxfwlrq/ wkh| wdnh d pd{lpxp

dw u�1 Frqvhtxhqwo|/ wkh ex|hu slfnv u� dqg wkh vhoohu*v eholhiv duh eruqh rxw1
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Qrwh wkdw wklv fodvv ri h�flhqw gdpdjh phdvxuhv frqwdlqv wkh uhphg| sursrvhg e|

Frrwhu +4<;8,/ qdpho| frqvwdqw gdpdjhv g+u, @ y+u�, � s18 Lq wkh iroorzlqj glvfxvvlrq

zh zloo irfxv rq wklv sduwlfxodu h{dpsoh1 Rqh pljkw dujxh wkdw wkh frqvwdqw gdpdjhv uxoh

uhtxluhv wkh frxuwv wr nqrz wkh ixqfwlrq y+�, dqg wkh ghqvlw| i+�, lq rughu wr frpsxwh

y+u�,1 Xqghu wkh rwkhu gdpdjh phdvxuhv wkh frxuwv dvvhvv rqh sduwlfxodu ydoxh u ru y+u,1

\hw wklv qhhg qrw eh wkh fdvh1 Rxu hqwluh dqdo|vlv lv edvhg rq wkh dvvxpswlrq wkdw wkh

ex|hu dqg wkh vhoohu nqrz wkh whfkqrorjlfdo vhwxs dqg wkxv wkh ydoxdwlrq y+u�,1 Wkh uhdvrq

zk| wkh| gr qrw zulwh d frpsohwh frqwlqjhqw frqwudfw lv wkdw wkh ex|hu fdqqrw revhuyh wkh

uhdol}dwlrq ri wkh rxwvlgh elg1 Vxssrvh wkh deryh uxoh uhtxluhv wkdw wkh sduwlhv lqfoxgh lq

wkh frqwudfw frqvwdqw gdpdjhv1 Wkh ex|hu dqg wkh vhoohu zloo kdsslo| fkrrvh y+u�, vr dv wr

pd{lpl}h wkh h{ dqwh vxusoxv iurp wkhlu uhodwlrqvkls1 Lq fdvh ri euhdfk d mxgjh kdv vlpso| wr

hqirufh wkh sd|phqw vshfl�hg lq wkh frqwudfw1 Wkhuhiruh/ frqvwdqw gdpdjhv gr qrw uhtxluh

wkdw wkh frxuwv nqrz pruh ri wkh qdwxuh ri frqwudfwxdo vlwxdwlrqv wkdq wkh rwkhu gdpdjh

phdvxuhv gr1 \hw zlwk wklv lqwhusuhwdwlrq wkh uxoh uhtxluhv wkdw wkh sduwlhv lqfrusrudwh

pruh lqirupdwlrq lq wkh frqwudfw1 Vkdyhoo +4<;3, vkrzv wkdw wkhuh grhv qrw h{lvw d gdpdjh

phdvxuh wkdw lqgxfhv h�flhqw ehkdylru1 Wr suryh wklv lpsrvvlelolw| wkhruhp/ Vkdyhoo uxohv

rxw wkh lqfoxvlrq ri lqirupdwlrq frqwdlqhg lq y+u�, +ru dowhuqdwlyho| u�, lq wkh frqwudfw1

Dffruglqjo|/ wkhuh lv qr frq�lfw ehwzhhq rxu dqg Vkdyhoo*v uhvxow1 Wr hvwdeolvk Sursrvlwlrq

8 zh doorz wkh sduwlhv wr zulwh d frqwudfw wkdw lv cohvv lqfrpsohwh* wkdq wkh frqwudfwv lq

Vkdyhoo*v vhwxs19

Y1 Frqfoxvlrqv

Wkh sxusrvh ri wklv h{huflvh lv wr foduli| wkh vwudwhjlf uroh ri gdpdjh phdvxuhv lq

frqwudfwxdo vlwxdwlrqv zkhuh uhqhjrwldwlrq pd| rffxu1 Zh kdyh dujxhg wkdw gdpdjh phd0

vxuhv ghwhuplqh wkh djhqwv* rxwvlgh rswlrqv lq wkh uhqhjrwldwlrq surfhvv1 Rxu sduwlfxodu

uhqhjrwldwlrq surfhgxuh lv fkdudfwhul}hg e| wkh iroorzlqj h�flhqf| surshuwlhv1 Rqfh wkh

djhqwv kdyh uhdfkhg wkh uhqhjrwldwlrq jdph/ wkh| pdqdjh wr doorfdwh wkh jrrg h�flhqwo|

wr wkh ex|hu1 Pruhryhu/ wkh djhqwv gr qrw gxps vxusoxv wkurxjk frvwo| edujdlqlqj1 Qhy0

huwkhohvv/ wkh vhoohu pd| qrw lqlwldwh d uhqhjrwldwlrq riwhq hqrxjk ehfdxvh klv vkduh ri

wkh vxusoxv/ zklfk lv ghwhuplqhg e| wkh rxw0ri0htxloleulxp wudqvdfwlrqv frvwv/ lv ohvv wkdq

zkdw kh jhwv hovhzkhuh1 Xqghu wkh uxoh ri qr gdpdjhv dqg wkh uholdqfh phdvxuh wkh vhoohu*v
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doorfdwlrq ghflvlrq w|slfdoo| lv lqh�flhqw1 Wkhuhiruh/ rqh vkrxog eh uhoxfwdqw wr fodlp wkdw

wkh srvvlelolw| ri uhqhjrwldwlrq lqgxfhv h�flhqw h{ srvw doorfdwlrq ghflvlrqv1

Qrwlfh wkdw wkh lqh�flhqflhv gr qrw uhvxow iurp wkh lqfrpsohwh dqg lpshuihfw lqiru0

pdwlrq zh vwduw rxw zlwk1 Lq wkh htxloleuld zh frqvlghu/ doo uhohydqw lqirupdwlrq lv uhyhdohg

dw wkh wlph uhqhjrwldwlrq vwduwv1 Dffruglqjo|/ lw lv rqo| wkh idfw wkdw wkh vhoohu lv lpsdwlhqw

dqg/ wkhuhiruh/ grhv qrw dssursuldwh wkh hqwluh vxusoxv wkdw lqgxfhv klp qrw wr uhqhjrwldwh

riwhq hqrxjk1

Zh kdyh pdgh rxu srlqw e| phdqv ri d vlpsoh h{dpsoh1 Dffruglqjo|/ rqh vkrxog

eh fduhixo lq jhqhudol}lqj lq sduwlfxodu rxu uhvxowv rq wkh uhodwlyh h�flhqf| ri wkh ydulrxv

gdpdjh phdvxuhv1 Doo ri rxu uhvxowv ghshqg rq wkh fkrvhq vhtxhqflqj ri pryhv lq wkh jdph1

Dq dqdo|vlv ri wkh sureohp wkdw lv lqghshqghqw ri dg krf vshfl�hg jdph vwuxfwxuhv uhtxluhv

phwkrgv ri phfkdqlvp ghvljq1 Wklv uhpdlqv dq lqwhuhvwlqj wrslf iru ixwxuh uhvhdufk1
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Dsshqgl{

Lq wklv dsshqgl{ zh surylgh d uljrurxv dqdo|vlv ri wkh uhqhjrwldwlrq vxejdph1 Iluvw

frqvlghu wkh fdvh �+y�g, ? v�g1 Li se � v�g/ wkh vhoohu dffhswv se1 Wklv jhqhudwhv sd|r�v

se iru wkh vhoohu dqg y � u � se iru wkh ex|hu1 Li se ? v � g/ wkh vhoohu txlwv edujdlqlqj/

ohdglqj wr sd|r�v v� g iru wkh vhoohu dqg g� u iru wkh ex|hu1

Qh{w frqvlghu wkh fdvh �+y�g, � v�g1 Li se � �+y�g,/ wkh vhoohu dffhswv se/ jhqhudwlqj

sd|r�v se iru wkh vhoohu dqg y � u� se iru wkh ex|hu1 Li se ? �+y � g,/ wkh vhoohu pdnhv wkh

frxqwhur�hu sv @ y � g1 Wklv ohdgv wr sd|r�v �+y � g, iru wkh vhoohu dqg �+g � u, iru wkh

ex|hu1

Ohw t+v, eh wkh suredelolw| wkdw wkh vhoohu r�huv uhqhjrwldwlrq lq vwdjh 71 Ohw �+v> se,

eh wkh suredelolw| wkdw wkh vhoohu dffhswv se lq vwdjh 91 Iurp wkh suhfhglqj dqdo|vlv zh

kdyh wkdw lq htxloleulxp

�+v> se, @

;AAA?
AAA=

3> li se ? �+y � g, dqg v � �y . +4� �,g>

3> li se ? v� g dqg v A �y . +4� �,g>

4> rwkhuzlvh1

+|,

Dffruglqjo|/ wkh ex|hu*v h{shfwhg sd|r� iurp r�hulqj se lv ryhu wkh lqwhuydo
�
3> �+y � g,

�

X+se, @+g� u,

] �v

�y.+4��,g

t+v,i+v,gv.

�+g� u,

] �y.+4��,g

3

t+v,i+v,gv. +g� u,

] �v

3

�
4� t+v,

�
i+v,gv

dqg ryhu wkh lqwhuydo ^�+y � g,>4,

X+se, @+y � u � se,

] se.g

3

t+v,i+v,gv.

+g� u,

] �v

se.g

t+v,i+v,gv. +g� u,

] �v

3

�
4� t+v,

�
i+v,gv

ru

X+se, @

;?
=

+g� u, . +� � 4,+g� u,
U �y.+4��,g

3
t+v,i+v,gv> li se ? �+y � g,>

+g� u, . +y � u � se,
U se.g

3
t+v,i+v,gv> rwkhuzlvh1
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Reylrxvo|/ X+�+y� g,, � vxs udqjh X m^se?�+y�g,`1 Frqvhtxhqwo|/ wkh ex|hu zloo qhyhu r�hu

se ? �+y � g,1

Frqvlghu qrz wkh vhoohu*v sd|r�v1 Li v A g .pd{^se> �+y � g,`/ klv h{shfwhg sd|r� lv

v�g/ lqghshqghqw ri zkhwkhu kh txlwv edujdlqlqj lq vwdjh 7 ru 91 Dffruglqjo|/ dq| t+�, fdq
eh klv htxloleulxp fkrlfh1 Li v � g.pd{^se> �+y�g,`/ klv h{shfwhg sd|r� lv pd{^se> �+y�g,`1

Frqvhtxhqwo|/ lq htxloleulxp kh zloo slfn t+v, @ 41

D vhtxhqwldo htxloleulxp iru wkh vxejdph vwduwlqj lq vwdjh 7 lv d wulsoh se/ t+�,/ dqg
�+�, vxfk wkdw se 5 dujpd{X+�,/

t+v, @

+
4> li v � se . g>

3> rwkhuzlvh/

dqg �+�, gh�qhg e| +|,1
D sulfh se 5 ^�+y � g,>4, lv dq htxloleulxp li dqg rqo| li ;ase 5 ^�+y � g,> se`

+y � se � g,

] se.g

3

i+v,gv � +y � ase � g,

] ase.g

3

i+v,gv=

Wklv lpsolhv se � y � g1 Ixuwkhupruh/ li X+�, lv ghfuhdvlqj rq ^�+y � g,> y � g`/ wkh xqltxh

htxloleulxp sulfh lv se @ �+y � g,1
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Irrwqrwhv

4, E| voljkwo| prgli|lqj wkh prgho zh pd| lqwhusuhw v dv wkh vhoohu*v surgxfwlrq frvw1 Iru

wkh dowhuqdwlyh elg lqwhusuhwdwlrq zh dvvxph wkdw wkh ex|hu kdv qr rswlrq wr uhvhoo wkh

lwhp wr wkh rxwvlghu1

5, Vhh Vkdyhoo +4<;7, iru d vlplodu uhqhjrwldwlrq surfhgxuh1

6, Qrwh wkdw lq Vkdyhoo*v +4<;3, dqg Urjhuvrq*v +4<;7, dqdo|vlv wkh vhoohu revhuyhv wkh

ex|hu*v fkrlfh ri u1 Dffruglqjo|/ wkh| vwxg| wkh shuihfw lqirupdwlrq fdvh1

7, Zkhqhyhu zh vwdwh sd|r�v/ wkh djhqwv kdyh uhdfkhg d whuplqdo qrgh/ l1h1/ wkh jdph lv

ryhu1

8, Vhh dovr Ilqvlqjhu dqg Vlprq +4<;;,1

9, Vwroh +4<;<, vkrzv wkdw frqwudfwxdoo| vwlsxodwhg gdpdjhv/ frpprqo| nqrzq dv oltxl0

gdwhg gdpdjhv/ zloo eh vhw dw xqghu0frpshqvdwru| ohyhov zkhq wudghuv kdyh sulydwh lqiru0

pdwlrq derxw wkhlu ydoxdwlrqv1 Wkh orvv iurp h{fhvvlyh euhdfk lv r�vhw e| wkh lqirupdwlrqdo

jdlqv dw wkh suh0frqwudfwxdo vwdjh1

4;



Uhihuhqfhv

41 U1 FRRWHU/ Xqlw| lq Wruw/ Frqwudfw/ dqg Surshuw|= Wkh Prgho ri Suhfdxwlrq/ Fdo1

Odz Uhylhz :6 +4<;8,/ 4 0 841

51 M1 ILQVLQJHU DQG M1 VLPRQ/ _Wkh Rswlpdo Gdpdjh Uxoh iru Euhdfk ri Frqwudfw%/

Duehlwvehulfkw 75/ Krfkvfkxoh O�xqhexuj +4<;;,1

61 E1 NOHLQ/ U1 J1 FUDZIRUG/ DQG D1 D1 DOFKLDQ/ Yhuwlfdo Lqwhjudwlrq/ Ds0

sursuldeoh Uhqwv/ dqg wkh Frpshwlwlyh Frqwudfwlqj Surfhvv/ M1 Odz Hfrq1 54/ 5<: 0

6591

71 O1 D1 NRUQKDXVHU/ Uholdqfh/ Uhsxwdwlrq/ dqg Euhdfk ri Frqwudfw/ M1 Odz Hfrq1

59 +4<;6,/ 9<4 0 :391

81 G1 P1 NUHSV DQG U1 ZLOVRQ/ Vhtxhqwldo Htxloleuld/ Hfrqrphwulfd 83 +4<;5,/ ;96

0 ;<71

91 Z1 S1 URJHUVRQ/ H�flhqw Uholdqfh dqg Gdpdjh Phdvxuhv iru Euhdfk ri Frqwudfw/

Udqg M1 Hfrq1 48 +4<;7,/ 6< 0 861

:1 V1 VKDYHOO/ Gdpdjh Phdvxuhv iru Euhdfk ri Frqwudfw/ Ehoo M1 Hfrq1 44 +4<;3,/ 799

0 7<31

;1 V1 VKDYHOO/ Wkh Ghvljq ri Frqwudfwv dqg Uhphglhv iru Euhdfk/ Txduw M1 Hfrq <;

+4<;7,/ 454 0 47;1

<1 O1 D1 VWROH/ _Wkh Hfrqrplfv ri Oltxlgdwhg Gdpdjh Fodxvhv lq Frqwudfwxdo Hqyl0

urqphqwv zlwk Sulydwh Lqirupdwlrq%/ plphr/ Ghsduwphqw ri Hfrqrplfv/ PLW +4<;<,1

4<


