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Devwudfw

Ghwhuplqlqj wkh surgxfwlylw| ri lqglylgxdo zrunhuv hqjdjhg lq whdp surgxfwlrq lv
gl!fxow1 Prqlwrulqj h{shqvhv pd| eh kljk/ ru wkh revhuydeoh rxwsxw ri wkh hqwluh
whdp pd| eh vrph vlqjoh surgxfw1 Rqh zd| wr froohfw lqirupdwlrq derxw lqglylgxdo
surgxfwlylw| lv wr revhuyh krz wrwdo rxwsxw fkdqjhv zkhq wkh frpsrvlwlrq ri wkh whdp
fkdqjhv1 Zkloh vrph hpsor|huv pd| h{solflwo| vkliw zrunhuv iurp whdp wr whdp iru
h{dfwo| wklv uhdvrq/ wkh prvw frpprq uhdvrqv iru fkdqjhv lq whdp frpsrvlwlrq duh dw
ohdvw sduwo| yroxqwdu|= ydfdwlrq wlph dqg vlfn gd|v1 Lq wklv sdshu/ zh ghyhors d prgho
ri rswlpdo devhqwhhlvp e| hpsor|hhv zklfk dffrxqwv iru vwudwhjlf lqwhudfwlrqv ehwzhhq
hpsor|hhv1 Zh dvvxph wkh hpsor|hu xvhv erwk revhuyhg fkdqjhv lq rxwsxw dqg wkh
vwudwhjlhv ri wkh hpsor|hhv wr irup eholhiv derxw d jlyhq zrunhu*v w|sh1 Zh dujxh wkdw
wkh prgho zh ghyhors lv dssolfdeoh wr d ydulhw| ri zrunsodfh vlwxdwlrqv zkhuh vljqdolqj
prghov duh qrw/ ehfdxvh lw doorzv d zrunhu*v ghflvlrqv wr surylgh lqirupdwlrq derxw
rwkhu zrunhuv/ dv zhoo dv derxw klpvhoi1

MHO frghv F:5/ M551 Nh|zrugv= Devhqwhhlvp/ Qrq0frrshudwlyh Jdphv/ Vljqdolqj/
Whdpzrun1

Wkh dxwkruv zlvk wr wkdqn Ulfn Kduedxjk/ Mrkq Kloodv/ Ydq Nroslq/ Khqnh Qrugh dqg
Gulhv Yhuphxohq iru wkhlu khosixo frpphqwv dqg vxjjhvwlrqv1
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4 Lqwurgxfwlrq

Lq 4<<9 wkh Erdug ri Jryhuqruv ri wkh Ihghudo Uhvhuyh/ uhvsrqglqj wr d vwulqj ri iudxg fdvhv/

wrog edqnv wkdw

�Rqh ri wkh pdq| edvlf whqhwv ri lqwhuqdo frqwuro lv wkdw d edqnlqj rujdql}dwlrq

hqvxuh wkdw hpsor|hhv lq vhqvlwlyh srvlwlrqv eh devhqw iurp wkhlu gxwlhv iru d

plqlpxp ri wzr frqvhfxwlyh zhhnv1 Vxfk d uhtxluhphqw hqkdqfhv wkh yldelolw|

ri d vrxqg lqwhuqdo frqwuro hqylurqphqw ehfdxvh prvw iudxgv ru hpeh}}ohphqwv

uhtxluh wkh frqwlqxdo suhvhqfh ri wkh zurqjgrhu1�

Phpehu edqnv zhuh wkhq lqvwuxfwhg wkdw

�111d plqlpxp ri wzr frqvhfxwlyh zhhnv devhqfh eh uhtxluhg ri hpsor|hhv lq

vhqvlwlyh srvlwlrqv1� +Erdug ri Jryhuqruv/ 4<<9,1

Wklv lv dq h{wuhph h{dpsoh 0 rqh zkhuh surgxfwlylw| lv dfwxdoo| qhjdwlyh 0 ri d vlwxdwlrq

zkhuh dq hpsor|hu fdq ohduq vrphwklqj derxw dq lqglylgxdo zrunhu*v mre shuirupdqfh e|

revhuylqj zkdw kdsshqv gxulqj klv devhqfh iurp zrun1 Vxfk vlwxdwlrqv riwhq lqyroyh whdp

surgxfwlrq1 Zlwk whdp surgxfwlrq/ ghwhuplqlqj wkh surgxfwlylw| ri lqglylgxdo zrunhuv fdq

eh gl!fxow hlwkhu ehfdxvh prqlwrulqj h{shqvhv duh kljk/ ru ehfdxvh wkh revhuydeoh rxwsxw

ri wkh hqwluh whdp lv vrph vlqjoh surgxfw1

Hpsor|huv zloo zdqw wr nqrz lqglylgxdo surgxfwlylw| vr wkdw wkh| fdq uhzdug pruh sur0

gxfwlyh zrunhuv/ ru sxqlvk ohvv surgxfwlyh rqhv1 Dw wkh vdph wlph/ kljk0txdolw| zrunhuv

zloo zdqw wr frqylqfh wkh hpsor|hu ri wkhlu w|sh/ zkloh orz w|shv zloo zdqw wr klgh wkhluv1

Rqh zd| wkdw lqirupdwlrq derxw lqglylgxdo surgxfwlylw| fdq eh rewdlqhg lv wr fkdqjh wkh

frpsrvlwlrq ri wkh whdp dqg revhuyh krz wrwdo rxwsxw fkdqjhv1 Zkloh vrph hpsor|huv pd|
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uhtxluh zrunhuv wr wdnh wlph r� iurp wkh whdp/ dv wkh Ihg uhfrpphqgv deryh/ fkdqjhv lq

whdp frpsrvlwlrq duh dovr pdgh yroxqwdulo| e| zrunhuv zkhq wkh| devhqw wkhpvhoyhv iurp

zrun xvlqj ydfdwlrq wlph dqg vlfn gd|v1 Lq wklv sdshu zh dqdo|}h wkh vwudwhjlf ehkdylru

ri hpsor|hhv lq vxfk vlwxdwlrqv dqg xvh wklv dqdo|vlv wr surylgh qhz h{sodqdwlrqv iru vrph

dvshfwv ri ydfdwlrq ehkdylru dqg ydfdwlrq srolflhv1

Wkh edvlf prgho lq wkh sdshu kdv rqh hpsor|hu zlwk wzr zrunhuv/ rqh kljk w|sh dqg rqh

orz w|sh1 Wkh hpsor|hu fdq phdvxuh whdp rxwsxw shulrglfdoo|/ exw fdqqrw revhuyh lqglylgxdo

rxwsxw1 Hdfk zrunhu fdq surgxfh hlwkhu kljk rxwsxw ru orz rxwsxw/ exw wkh kljk w|sh kdv

d kljkhu suredelolw| ri surgxflqj kljk rxwsxw wkdq grhv wkh orz w|sh1 Wkhvh suredelolwlhv

duh frpprq nqrzohgjh1 Zrunhuv nqrz wkhlu rzq w|sh dqg wkhlu fr0zrunhuv w|sh/ zkloh wkh

hpsor|hu rqo| nqrzv wkdw kh kdv rqh zrunhu ri hdfk w|sh1 Zh rqo| frqvlghu wkh fdvh zkhuh

wkh hpsor|hu kdv rqh ri hdfk w|sh ri zrunhu/ udwkhu wkdq d udqgrp gudz ri zrunhuv/ iru

wkh iroorzlqj uhdvrq1 Li wkh hpsor|hu nqrzv wkh rxwsxw suredelolwlhv dvvrfldwhg zlwk hdfk

w|sh/ wkhq diwhu hqrxjk revhuydwlrqv ri whdp rxwsxw kh zrxog nqrz zlwk kljk suredelolw|

zkhwkhu klv whdp frqvlvwhg ri wzr orz0w|sh zrunhuv/ rqh kljk0w|sh zrunhu dqg rqh orz0w|sh

zrunhu/ ru wzr kljk0w|sh zrunhuv1 Rqo| zkhq wkh hpsor|hu kdv d pl{ zloo wkh hpsor|hhv eh

frqfhuqhg zlwk frqyh|lqj ixuwkhu lqirupdwlrq wr wkh hpsor|hu1

Hdfk hpsor|hh fdq fkrrvh wr zrun frqwlqxrxvo| ru wdnh d �{hg shulrg ri wlph r�1 Iru

h{srvlwlrq/ zh xvh wkh fdvh ri ydfdwlrqv1 Zh vhw wkh ydfdwlrq ohqjwk dw wzr zhhnv/ dqg

iru vlpsolflw| zh dovr dvvxph wkdw rxwsxw lv revhuyhg dw wkh hqg ri hyhu| wzr zhhn shulrg1

Hpsor|hhv pxvw pdnh wkhlu ydfdwlrq ghflvlrq zlwkrxw nqrzlqj wkh rwkhu*v ghflvlrq/ dqg wkh|

fdqqrw wdnh ydfdwlrqv vlpxowdqhrxvo|1 Li erwk zrunhuv zrun frqwlqxrxvo|/ wkhq wkh hpsor|hu

jhwv qr qhz lqirupdwlrq rq wkhlu w|shv1 Li rqh zrunhu wdnhv wlph r�/ wkhq wkh hpsor|hu

kdv rqh revhuydwlrq ri wkh lqglylgxdo rxwsxw ri wkh rwkhu zrunhu dqg irupv dq h{shfwdwlrq

derxw wkh w|sh ri wkdw zrunhu dffruglqjo|1 Qrwh wkdw wklv dovr hqdeohv wkh hpsor|hu wr irup
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dq h{shfwdwlrq derxw wkh w|sh ri wkh zrunhu zkr wdnhv wlph r�/ vlqfh wkh hpsor|hu douhdg|

nqrzv rqh ri wkhp lv wkh orz w|sh dqg wkh rwkhu rqh lv wkh kljk w|sh1 Li erwk zrunhuv wdnh

ydfdwlrqv/ wkh hpsor|hu kdv dq revhuydwlrq ri wkh lqglylgxdo rxwsxw ri hdfk zrunhu dqg irupv

dq h{shfwdwlrq ri wkh w|sh ri hdfk zrunhu dffruglqjo|1 Diwhu revhuylqj wkh hpsor|hhv* dfwlrqv

dqg phdvxulqj rxwsxw/ wkh hpsor|hu vhwv zdjhv iru wkh zrunhuv edvhg rq klv hvwlpdwhv ri

wkh w|shv ri wkh zrunhuv/ dqg wkhq sd|v wkrvh zdjhv iru d rqh |hdu shulrg/ lqfoxglqj wkh

ydfdwlrqv/ li dq|1

Zkloh wkh prgho lq wklv sdshu doorzv iru vljqdolqj ehkdylru e| wkh hpsor|hhv/ lw lv gl�huhqw

iurp zkdw duh xvxdoo| nqrzq dv vljqdolqj prghov1 Lq wkh xvxdo vljqdolqj prgho wkhuh lv rqh

hpsor|hu dqg rqh zrunhu1 Lq wkh h{whqvlyh irup/ Qdwxuh �uvw ghwhuplqhv wkh zrunhu*v w|sh/

dqg nqrzlqj klv w|sh wkh zrunhu wkhq ghflghv krz pxfk/ vd|/ hgxfdwlrq wr rewdlq1 Zkhq

ghflglqj wklv/ kh nqrzv wkdw klv zdjh zloo ghshqg rq wkh hpsor|hu*v eholhiv derxw zkdw d

zrunhu ri d gl�huhqw w|sh zrxog gr/ lq klv sodfh1 Krzhyhu/ wklv rwkhu w|sh zrunhu lv qrw

dfwxdoo| lq wkh jdph1 Wkh zrunhu*v sd|r� lv ghwhuplqhg vroho| e| wkh hpsor|hu*v eholhiv dqg

e| klv rzq vwudwhj|/ zklfk lq wxuq ghshqgv rq wkrvh eholhiv1 Wklv prgho lv d uhdvrqdeoh

ghvfulswlrq ri vlwxdwlrqv zkhuh wkh hpsor|hu*v eholhiv derxw d jlyhq zrunhu duh lqghshqghqw

ri klv eholhiv derxw dqrwkhu zrunhu1 Lw lv dssursuldwh lq vlwxdwlrqv zkhuh wkh hpsor|hu ghdov

zlwk rqh zrunhu/ ru shukdsv zlwk d vhulhv ri zrunhuv rqh dw d wlph/ ru zkhuh wkh hpsor|hu

kdv d yhu| odujh srro ri hpsor|hhv ru srwhqwldo hpsor|hhv/ ru pruh jhqhudoo| zkhuh zkdw dq

hpsor|hu eholhyhv derxw rqh zrunhu grhv qrw d�hfw zkdw kh eholhyhv derxw dqrwkhu1

Krzhyhu/ lw lv qrw dssursuldwh lq vlwxdwlrqv zkhuh zkdw dq hpsor|hu eholhyhv derxw rqh

sduwlfxodu zrunhu*v w|sh ghshqgv rq klv eholhiv derxw dqrwkhu*v w|sh1 Lq wkhvh vlwxdwlrqv d

jlyhq zrunhu fdq/ e| dowhulqj klv vwudwhj|/ d�hfw qrw rqo| wkh hpsor|hu*v eholhiv derxw klv

w|sh/ exw dovr wkh hpsor|hu*v eholhiv derxw wkh w|sh ri dqrwkhu zrunhu1 Lq wxuq/ d zrunhu

pxvw zruu| qrw rqo| derxw zkdw klv dfwlrqv whoo wkh hpsor|hu derxw klv w|sh/ exw dovr derxw
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krz klv dfwlrqv d�hfw wkh lqfhqwlyhv ri wkh rwkhu zrunhu wr dowhu klv ehkdylru/ dqg wkxv

lqgluhfwo| d�hfw wkh hpsor|hu*v eholhiv derxw wkh �uvw zrunhu1

Rxu prgho dffrxqwv iru wklv srvvlelolw| e| kdylqj hdfk zrunhu sod| d vwudwhjlf jdph zlwk

wkh hpsor|hu dqg zlwk wkh rwkhu zrunhu1 Wkh hpsor|hu*v eholhiv ghshqg rq wkh vwudwhjlhv ri

hdfk zrunhu/ dqg vr gr wkh zrunhuv* sd|r�v1 Zh eholhyh wkdw/ lq dgglwlrq wr wkh sduwlfxodu

dssolfdwlrq zh ghyhors lq wklv sdshu/ wkhvh vruwv ri prghov duh zhoo vxlwhg wr d ydulhw| ri

vlwxdwlrqv zkhuh wkh xvxdo vljqdolqj prghov duh qrw1

5 Olwhudwxuh Uhylhz

Lq wkh hfrqrplf olwhudwxuh/ ydfdwlrqv dqg vlfn gd|v duh jhqhudoo| wuhdwhg lq frpelqdwlrq

zlwk devhqwhhlvp/ gh�qhg dv hpsor|hhv wdnlqj wlph r� iurp uhjxoduo| vfkhgxohg zrun1 Zh

zloo ehjlq wklv uhylhz zlwk uhohydqw olwhudwxuh rq devhqwhhlvp/ wkhq uhodwhg zrun rq vljqdo0

lqj lq hpsor|phqw vlwxdwlrqv/ wkhq zrun rq whdp surgxfwlrq1 Sduwv ri wkh glvfxvvlrq rq

devhqwhhlvp lv edvhg rq wkh uhylhz ri wkh olwhudwxuh lq Eurzq dqg Vhvvlrqv +4<<9,1

Lq wkh wh{werrn h{sodqdwlrq ri oderu vxsso|/ zrunhuv fkrrvh wkh dprxqw ri oderu wkh|

zlvk wr vxsso|/ jlyhq d zdjh ghwhuplqhg e| wkhlu pdujlqdo surgxfw/ zklfk lv dvvxphg wr eh

frqvwdqw zlwk uhvshfw wr wkh qxpehu ri krxuv zrunhg1 Ydfdwlrqv/ vlfngd|v dqg xqdssuryhg

devhqfhv duh phuho| gl�huhqw qdphv iru wkh wlph wkdw wkh hpsor|hh grhv qrw zrun1 Lq vxfk

d prgho wkhuh lv qr devhqwhhlvp/ vlqfh wkhuh lv qr vxfk wklqj dv uhjxoduo| vfkhgxohg zrun1

Ghdugru� dqg Vwd�rug +4<:9, dqg Zhlvv +4<;8, orrn dw prghov zkhuh wkh hpsor|hu xvhv

erwk fdslwdo dqg oderu dv lqsxwv wr h{sodlq zk| hpsor|huv zdqw wr ghwhuplqh wkh ohqjwk

ri wkh zrunlqj gd|/ udwkhu wkdq ohdyh wklv fkrlfh xs wr zrunhuv1 Wkh dujxphqw lv wkdw wkh

hpsor|hu suhihuv wkdw klv fdslwdo eh frqwlqxrxvo|/ dqg zdqwv d zrun vfkhgxoh wkdw hqvxuhv

wklv1 Jlyhq wklv vfkhgxoh dqg wkh pdunhw zdjh udwh/ vrph hpsor|hhv pd| suhihu wr zrun
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pruh ru ohvv wkdq zkdw lv rswlpdo iru wkh hpsor|hu/ ghshqglqj rq wkhlu pdujlqdo udwh ri

vxevwlwxwlrq ri ohlvxuh iru prqh|1 Devhqwhhlvp rffxuv zkhq wkh hpsor|hhv zlwk wkh kljkhu

wdvwhv iru ohlvxuh uhgxfh wkhlu krxuv zrunhg ehorz wkh hpsor|hu*v wdujhw1 D vlplodu dujxphqw

frxog eh xvhg wr h{sodlq zk| hpsor|huv zdqw wr vhw wkh qxpehu ri gd|v zrunhg shu |hdu

dqg zrunhuv pd| qrw zdqw wr zrun dffruglqj wr wkdw vfkhgxoh1 Wklv dssurdfk irupv wkh

edvlv ri d idluo| odujh hpslulfdo olwhudwxuh zklfk vhhnv wr ghwhuplqh zkdw vruwv ri idfwruv

pdnh hpsor|hhv olnho| wr devhqw wkhpvhoyhv iurp zrun1 Gxqq dqg \rxqjeorrg +4<;9,/ iru

h{dpsoh/ �qg wkdw zrunhuv zlwk kljkhu suhihuhqfhv iru ohlvxuh/ uhodwlyh wr wkhlu zdjh/ duh

devhqw pruh riwhq1 Ohljk +4<<4, �qgv wkdw zdjhv/ dqg hyhq sdlg vlfn ohdyh/ gr qrw kdyh d

vljql�fdqw h�hfw rq devhqfh1

Wkh prgho ghvfulehg deryh lv dq reylrxv ryhuvlpsol�fdwlrq lq wkdw lw wuhdwv wkh pdujlqdo

udwh ri vxevwlwxwlrq ehwzhhq qrw zrunlqj dqg prqh| dv wkh vdph dw dq| srlqw lq wlph1 Lq

uhdolw|/ wudqvlhqw dqg lglrv|qfudwlf hyhqwv vxfk dv vlfnqhvv ru wkh ghvluh wr jr gxfn kxqwlqj

rq rshqlqj gd| zloo whpsrudulo| lqfuhdvh wkh pdujlqdo xwlolw| ri wlph r�1 Nqrzlqj wklv/

hpsor|hhv vkrxog eh zloolqj wr dffhsw orzhu dyhudjh zdjhv lq uhwxuq iru jhqhurxv ydfdwlrq

dqg vlfn ohdyh srolflhv1 Doohq +4<;4, hvwlpdwhv d khgrqlf prgho dqg �qgv hylghqfh lq vxssruw

ri wklv1 Dqrwkhu srvvlelolw| lv wkdw wkh surgxfwlylw| ri zrunhuv ghfolqhv zlwk wlph zrunhg1

Elggoh dqg Kdphuphvk +4<<3, flwh hylghqfh wkdw vohhs lqfuhdvhv surgxfwlylw|/ dqg d vlplodu

dujxphqw frxog eh pdgh iru ydfdwlrqv1

Lq frpelqdwlrq/ wkh zrun flwhg deryh surylghv d qhrfodvvlfdo h{sodqdwlrq iru ydfdwlrqv/

vlfn gd|v/ dqg devhqwhhlvp1 Wkhuh lv dovr d odujh olwhudwxuh fryhulqj pdq| irupv ri vljqdo0

lqj dqg vfuhhqlqj lq hpsor|phqw vlwxdwlrqv/ ehjlqqlqj zlwk Vshqfh +4<:6,1 Vhyhudo sdshuv

frqvlghu wkh sureohp ri dq hpsor|hu wu|lqj wr vfuhhq rxw orz txdolw| zrunhuv e| vhwwlqj

wkh whupv ri hpsor|phqw1 Exoo dqg Whghvfkl +4<;<, sursrvh wkdw hpsor|huv pd| vhw sured0

wlrqdu| shulrgv/ gxulqj zklfk hpsor|hhv duh prqlwruhg/ wr vfduh r� ohvv surgxfwlyh zrunhuv1
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Zhlvv dqg Zdqj +4<<3, dqg Ork +4<<7, ghyhors vlplodu prghov/ dqg Ork �qgv hylghqfh

wkdw suredwlrqdu| frqwudfwv gr lqgxfh vhoi vhohfwlrq1 Uhelw}hu dqg Wd|oru +4<<8, dujxh wkdw

hpsor|huv pd| uhtxluh zrunhuv wr zrun orqj krxuv wr suryh wkdw wkh| kdyh d orz wdvwh iru

ohlvxuh/ dqg Odqghuv hw do1 +4<<9, vkrz wkdw d vljqdolqj prgho dorqj wkhvh olqhv fdq h{sodlq

zk| dvvrfldwhv lq odz �upv zrun orqj krxuv1 Reylrxvo|/ vxfk prghov gr qrw h{sodlq wkh

htxdoo| xeltxlwrxv skhqrphqd ri sdlg ru pdqgdwru| ydfdwlrqv1

Wkhuh lv dovr d olwhudwxuh rq whdp surgxfwlrq iroorzlqj Dofkldq dqg Ghpvhw} +4<:5,/

zklfk kdv frqvlghuhg wkh sureohp ri vklunlqj/ qrw zrunhu delolw|1 Zkloh zh eholhyh wkh

prgho zh ghyhors lq wklv sdshu frxog dffrxqw iru vrph lqwhuhvwlqj dvshfwv ri ehkdylru li

prgl�hg wr doorz vklunlqj/ lq wklv sdshu zh dvvxph wkdw zrunhuv gl�hu lq rqo| lq delolw|1

Ilqdoo|/ wkhuh lv d vpdoo olwhudwxuh rq gl�huhqfhv lq ydfdwlrq sudfwlfhv dfurvv frxqwulhv1

Ehoo dqg Iuhhpdq +4<<7, iru h{dpsoh/ h{dplqh zk| Dphulfdqv zrun pruh wkdq Jhupdqv1

Idlolqj wr �qg hpslulfdo vxssruw iru rwkhu h{sodqdwlrqv/ wkh| dwwulexwh wkh gl�huhqfh wr d

juhdwhu yduldqfh lq wkh uhzdugv wr vxffhvv lq wkh X1V1 wkdq lq Jhupdq|1

6 Wkh prgho

614 Suholplqdulhv

Rqh hpsor|hu kdv wzr zrunhuv/ � dqg �/ rqh ri zkrp lv kljk w|sh dqg wkh rwkhu orz

w|sh1 Wkh zrunhuv nqrz wkhlu w|sh dqg wkhlu fr0zrunhu*v w|sh1 Wkh hpsor|hu nqrzv kh

hpsor|v rqh kljk0w|sh zrunhu dqg rqh orz0w|sh zrunhu/ exw qrw zkhwkhu � lv wkh kljk w|sh

dqg � wkh orz rqh ru ylfh yhuvd/ dqg d sulrul lw dvvljqv d suredelolw| ri �
2
wr hdfk ri wkhvh

srvvlelolwlhv1 Wkh hpsor|hu zdqwv wr uhzdug wkh kljk0w|sh zrunhu dqg sxqlvk wkh orz w|sh/

e| uhglvwulexwlqj wkh wrwdo dprxqw ri zdjhv sdlg1 Zdjhv duh dvvxphg wr eh sdlg +ru dw ohdvw
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ghwhuplqhg, dqqxdoo|1 Li wkh hpsor|hu nqhz wkh zrunhuv* w|shv zlwk fhuwdlqw|/ kh zrxog sd|

wkh kljk w|sh zdjh �� dqg wkh orz w|sh zdjh �, zlwk �, 	 ��c exw kh lv uhoxfwdqw wr vfduh

wkh kljk0w|sh zrunhu dzd| ehfdxvh ri d plvwdnh lq dvvhvvphqw ri wkh zrunhuv w|sh1 Vr wkh

hpsor|hu glvwulexwhv wkh wrwdo zdjh slh dffruglqj wr dq k 5 dfc �o/ zklfk lv lqwhusuhwhg dv

�sd| � zdjh E� � k��, n k�� dqg sd| � zdjh k�, n E� � k����1 Zh dvvxph wkdw li wkh

hpsor|hu eholhyhv wkdw � lv wkh kljk0w|sh zrunhu zlwk suredelolw| q +dqg/ frqvhtxhqwo|/ wkdw

� lv wkh orz0w|sh zrunhu zlwk suredelolw| ��q,/ wkhq kh zloo sd| � d zdjh E��q��,nq��1

Wkdw lv/ kh zloo fkrrvh wkh dfwlrq k ' q1 +Wklv ehkdylru zloo eh rswlpdo iru wkh hpsor|hu

li klv xwlolw| ixqfwlrq lv/ iru h{dpsoh/ �Ek m q� ' �� mk� qm1, Wklv dvvxpswlrq uhgxfhv wkh

sureohp ri suhglfwlqj wkh hpsor|hu*v dfwlrq wr rqh ri suhglfwlqj klv eholhiv derxw wkh w|shv

ri klv zrunhuv1

Wkh hpsor|hu jhwv lqirupdwlrq derxw wkh w|shv ri wkh sod|huv e| revhuylqj rxwsxw zkhq

wkh whdp frpsrvlwlrq fkdqjhv/ wkdw lv zkhq rqh ri wkh wzr zrunhuv lv rq ydfdwlrq dqg wkh

rwkhu zrunv dorqh1 D ydfdwlrq lv dozd|v rqh shulrg +wzr zhhnv, orqj/ dqg jlyhv hdfk zrunhu

wkh vdph xwlolw| � : f1 Wkh hpsor|hu surklelwv erwk zrunhuv iurp wdnlqj ydfdwlrqv gxulqj

wkh vdph shulrg/ dqg wkh zrunhuv pxvw ghflgh zkhwkhu ru qrw wr wdnh d ydfdwlrq dw wkh

ehjlqqlqj ri wkh |hdu/ zlwkrxw nqrzohgjh ri wkh rwkhu zrunhu*v ghflvlrq1 Lq hdfk shulrg hdfk

zrunhu surgxfhv hlwkhu orz rxwsxw ^, ru kljk rxwsxw ^�/ zkhuh ^, 	 ^�1 Rxwsxw lv vxemhfw wr

d vkrfn/ vr wkdw wkh kljk0w|sh zrunhu surgxfhv ^� zlwk suredelolw| R� 5 Efc �� +dqg ^, zlwk

suredelolw| �� R�, dqg wkh orz0w|sh zrunhu surgxfhv ^� zlwk suredelolw| R, 5 Efc ��/ zkhuh

R, 	 R�1 Zh dvvxph rxwsxw lv ghwhuplqhg e| delolw|/ vr wkdw wkh zrunhuv fdqqrw fkdqjh wkh

suredelolw| ri kljk rxwsxw e| fkdqjlqj h�ruw1
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615 Xsgdwlqj eholhiv xvlqj rxwsxw fkdqjhv

Lq wklv vhfwlrq/ zh zloo dvvxph wkh hpsor|hu xvhv rqo| wkh revhuydwlrqv ri rxwsxw wr xsgdwh klv

eholhiv1 Odwhu zh zloo vkrz krz kh fdq dovr xsgdwh xvlqj nqrzohgjh ri wkh dfwxdo dqg rswlpdo

vwudwhjlhv ri wkh wzr w|shv1 Wkh uhvxowv ri wklv vhfwlrq duh qhfhvvdu| vwhsv iru dqdo|}lqj wkh

fdvh ri vwudwhjlf ehkdylru/ ghyhorshg lq wkh vxevhtxhqw vhfwlrq1 Lq dgglwlrq/ wkh| vkrz krz

wkh hpsor|hu vkrxog vhw zdjhv li wkh hpsor|hu grhv qrw xvh wkh ghflvlrq wr wdnh ru qrw wdnh

d ydfdwlrq dv d vljqdo/ ru li wkh hpsor|hu lv duelwudulo| glfwdwlqj zkr grhv dqg grhv qrw wdnh

d ydfdwlrq1 Iluvw/ zh �qg wkh hpsor|hu*v srvwhulru eholhiv lq wkh wkuhh srvvleoh vlwxdwlrqv=

qhlwkhu zrunhu wdnhv d ydfdwlrq/ rqh wdnhv d ydfdwlrq/ erwk wdnh ydfdwlrqv1

41 Qhlwkhu zrunhu wdnhv d ydfdwlrq1 Wkh hpsor|hu jhwv qr qhz lqirupdwlrq dqg wkh srv0

whulru eholhiv duh htxdo wr wkh sulru eholhiv/ q ' �
2
1

51 Rqh zrunhu wdnhv d ydfdwlrq1

� Li � wdnhv d ydfdwlrq dqg � grhv qrw/ wkhq wkh hpsor|hu kdv dq revhuydwlrq ri �

zrunlqj dorqh dqg lw xvhv wklv lqirupdwlrq wr xsgdwh eholhiv1 Vxssrvh � surgxfhv

^� zkloh� lv jrqh1 Li� lv wkh kljk0w|sh zrunhu/ wkhq wklv kdsshqv zlwk suredelolw|

R� dqg li kh lv wkh orz0w|sh zrunhu wklv kdsshqv zlwk suredelolw| R,1 Khqfh/ diwhu

revhuylqj � surgxflqj ^�/ wkh hpsor|hu eholhyhv � lv wkh orz0w|sh zrunhu zlwk

suredelolw| R,
R,nR�

/ vr q ' R,
R,nR�

1 Qrwh wkdw ehfdxvh R, 	 R� lw iroorzv wkdw q 	 �
2
/

zklfk lpsolhv wkdw wkh srvwhulru suredelolw| wkdw wkh hpsor|hu dvvljqv wr � ehlqj

wkh orz0w|sh zrunhu lv orzhu wkdq wkh sulru suredelolw|/ dv zh pljkw h{shfw1 Li �

surgxfhv ^, zkloh � lv jrqh/ lq d vlplodu pdqqhu zh ghulyh q ' �3R,
�3R,n�3R�

: �
2
1

� Li � wdnhv d ydfdwlrq dqg � grhv qrw/ wkhq zh �qg wkdw q ' R�
R,nR�

: �
2
li �

surgxfhv ^� zkloh � lv jrqh dqg q ' �3R�
�3R,n�3R�

	 �
2
li � surgxfhv ^, zkloh � lv



<

jrqh1

61 Erwk zrunhuv wdnh ydfdwlrqv1 Li erwk � dqg � wdnh d ydfdwlrq/ wkhq wkh hpsor|hu kdv

dq revhuydwlrq ri � zrunlqj dorqh dqg dq revhuydwlrq ri � zrunlqj dorqh1 Reylrxvo|/

li erwk � dqg � surgxfh wkh vdph rxwsxw zkloh zrunlqj dorqh/ wkhq wkh hpsor|hu jhwv

qr qhz lqirupdwlrq derxw wkhlu w|shv dqg klv srvwhulru eholhiv duh htxdo wr klv sulru

eholhiv/ vr q ' �
2
1 Exw vxssrvh � surgxfhv ^� zkloh � lv jrqh dqg � surgxfhv ^, zkloh

� lv jrqh1 Wklv kdsshqv zlwk suredelolw| R�E� � R,� li � lv wkh kljk0w|sh zrunhu dqg

� wkh orz0w|sh zrunhu dqg lw kdsshqv zlwk suredelolw| R,E�� R�� li � lv wkh orz0w|sh

zrunhu dqg � wkh kljk0w|sh zrunhu1 Khqfh wkh srvwhulru eholhi ri wkh hpsor|hu wkdw �

lv wkh kljk0w|sh zrunhu lv q ' R�E�3R,�
R�E�3R,�nR,E�3R��

: �
2
1 Ru/ vxssrvh � surgxfhv ^, zkloh �

lv jrqh dqg � surgxfhv ^� zkloh � lv jrqh1 Wkhq wkh hpsor|hu*v srvwhulru eholhiv zloo

eh q ' E�3R��R,
E�3R��R,nE�3R,�R�

	 �
2
1

Qrz zh duh uhdg| wr vwduw dqdo|}lqj wkh zrunhuv* ydfdwlrq sureohp/ jlyhq wkdw wkh hp0

sor|hu zloo rqo| xvh klv revhuydwlrqv ri rxwsxw wr xsgdwh klv eholhiv dqg vhw zdjhv1 Iluvw/ zh

�qg +h{shfwhg, zdjhv iru wkh wkuhh edvlf fdvhv= qhlwkhu zrunhu wdnhv d ydfdwlrq/ rqh wdnhv d

ydfdwlrq/ erwk wdnh ydfdwlrqv1

41 Qhlwkhu zrunhu wdnhv d ydfdwlrq1 Wkhq wkh hpsor|hu*v srvwhulru eholhi lv q ' �
2
dqg wkh

zrunhuv jhw zdjhv ri �
2
�, n

�
2
�� hdfk/ zlwk fhuwdlqw|1

51 Rqh zrunhu wdnhv d ydfdwlrq1

� Vxssrvh � lv wkh kljk0w|sh zrunhu dqg � wkh orz0w|sh zrunhu1

� Li � wdnhv d ydfdwlrq dqg � grhv qrw/ wkhq zlwk suredelolw| R, wkh hpsor|hu

revhuyhv � surgxflqj ^� zkloh � lv jrqh dqg zlwk suredelolw| E� � R,� wkh
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hpsor|hu revhuyhv � surgxflqj ^, zkloh � lv jrqh1 Li wkh hpsor|hu revhuyhv

^�/ klv srvwhulru eholhi wkdw � lv wkh kljk0w|sh zrunhu lv q ' R,
R,nR�

dqg li

wkh hpsor|hu revhuyhv ^, klv srvwhulru eholhi lv q ' �3R,
�3R,n�3R�

1 Li wkh srv0

whulru eholhi ri wkh hpsor|hu lv q/ wkhq kh zloo sd| � d zdjh E� � q��, n

q�� dqg � d zdjh q�, n E� � q���1 Khqfh/ wkh h{shfwhg zdjh ri � lv

R,
k�
�� R,

R,nR�

�
�, n

R,
R,nR�

��

l
nE��R,�

k�
�� �3R,

�3R,n�3R�

�
�, n

�3R,
�3R,n�3R�

��

l
1 Zh

fdq uh0duudqjh wklv dv E�� @��, n @��/ zkhuh @ G' R,nR�32R,R�
E23R,3R��ER,nR��

5
�
�
2
c �
�
1

� Li � wdnhv d ydfdwlrq dqg � grhv qrw/ wkhq zlwk suredelolw| R� wkh hpsor|hu

revhuyhv � surgxflqj ^� zkloh � lv jrqh dqg zlwk suredelolw| E� � R�� wkh

hpsor|hu revhuyhv � surgxflqj ^, zkloh � lv jrqh1 Lq wkh vdph pdqqhu dv

ehiruh/ zh frpsxwh wkdw lq wklv fdvh wkh h{shfwhg zdjh ri � lv

R�

%#
�� R�

R, n R�

$
�, n

R�
R, n R�

��

&

nE�� R��

%#
�� �� R�

�� R, n �� R�

$
�, n

�� R�
�� R, n �� R�

��

&

' E�� @��, n @���

� Li � lv wkh orz0w|sh zrunhu dqg � wkh kljk0w|sh zrunhu dqg h{dfwo| rqh ri wkh

zrunhuv wdnhv d ydfdwlrq/ wkhq zh xvh v|pphwu| ri wkh w|shv dqg wkh uhvxowv deryh

wr frqfoxgh wkdw wkh h{shfwhg zdjh ri � lv @�, n E�� @���1

Vr/ zkhq wkh hpsor|hu rqo| xvhv rxwsxw wr ghwhuplqh w|sh/ qrw ydfdwlrq ehkdylru

lwvhoi/ zh �qg wkdw lw grhv qrw pdnh dq| gl�huhqfh lqvridu dv wkh h{shfwhg zdjhv ri

wkh zrunhuv duh frqfhuqhg zkhwkhu wkh kljk w|sh wdnhv d ydfdwlrq dqg wkh orz w|sh

grhv qrw/ ru wkh rwkhu zd| durxqg1 Zkloh wkh suredelolw| ri kljk ru orz rxwsxw lv

d�hfwhg e| zklfk zrunhu w|sh zrunv dorqh/ lq erwk fdvhv wkh hpsor|hu jhwv h{dfwo| rqh
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revhuydwlrq ri d zrunhu zrunlqj dorqh1 Jlyhq wkh dvvxpswlrq wkdw rqh zrunhu lv ri

hdfk w|sh/ wklv rqh revhuydwlrq uhyhdov mxvw dv pxfk lqirupdwlrq derxw wkh ydfdwlrqlqj

zrunhu dv derxw wkh rqh zkr uhpdlqv dw zrun dqg wkhuhiruh wkh h{shfwhg zdjhv duh

wkh vdph lq erwk fdvhv1

61 Erwk zrunhuv wdnh ydfdwlrqv1 E| dvvxpswlrq wkhvh ydfdwlrqv duh dw gl�huhqw wlphv/

vr wkh hpsor|hu qrz kdv wzr revhuydwlrqv/ rqh ri hdfk zrunhu zrunlqj dorqh1 Vlqfh

hlwkhu zrunhu fdq surgxfh kljk ru orz rxwsxw/ wkhuh duh irxu srvvleoh frqwlqjhqflhv1

Zh ghqrwh e| ^�� wkh hyhqw wkdw � surgxfhv kljk rxwsxw zkloh � lv jrqh dqg e| ^�, wkh

hyhqw wkdw � surgxfhv orz rxwsxw zkloh � lv jrqh1 ^�� dqg ^�, duh gh�qhg dqdorjrxvo|1

� Vxssrvh djdlq wkdw � lv wkh kljk0w|sh zrunhu dqg � wkh orz0w|sh zrunhu1 Wkhq/

wkh hpsor|hu revhuyhv ^�� dqg ^�� zlwk suredelolw| R�R,/ ^�, dqg ^�, zlwk suredelolw|

E� � R��E� � R,�/ ^�� dqg ^�, zlwk suredelolw| R�E� � R,�/ dqg ^�, dqg ^�� zlwk

suredelolw| E�� R��R,1 Frpelqlqj wklv zlwk wkh srvwhulru eholhiv ri wkh hpsor|hu

diwhu gl�huhqw revhuydwlrqv wkdw zh frpsxwhg ehiruh/ zh �qg wkdw wkh h{shfwhg

zdjh ri � lv

R,R�

�
�

2
�, n

�

2
��

�
n E�� R,�E�� R��

�
�

2
�, n

�

2
��

�

nR�E�� R,�

%#
�� R�E�� R,�

R�E�� R,� n R,E�� R��

$
�, n

R�E�� R,�

R�E�� R,� n R,E�� R��
��

&

nE�� R��R,

%#
�� E�� R��R,

E�� R��R, n E�� R,�R�

$
�, n

E�� R��R,
E�� R��R, n E�� R,�R�

��

&

' E�� K��, n K��c

zkhuh K G' R,nR�3eR,R�nR
2

,
nR2

�

2ER,32R,R�nR��
5 E@c ��1

� Li � lv wkh orz0w|sh zrunhu dqg � wkh kljk0w|sh zrunhu/ wkhq zh xvh v|pphwu|
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ri wkh w|shv dqg wkh uhvxowv deryh wr frqfoxgh wkdw wkh h{shfwhg zdjh ri � lv

K�, n E�� K���1

Wkh idfw wkdw K : @ vkrzv wkdw wkh h{shfwhg zdjh ri wkh kljk0w|sh zrunhu lqfuhdvhv dv

wkh hpsor|hu jhwv pruh revhuydwlrqv1

Vlqfh wkh zrunhuv nqrz wkhlu rzq dqg hdfk rwkhu*v w|shv/ dqg wkhlu h{shfwhg sd|r�v rqo|

ghshqg rq wkhlu w|shv/ zh fdq uhsuhvhqw wkh lqghshqghqw ghflvlrqv ri wkh zrunhuv rq zkhwkhu

ru qrw wr wdnh d ydfdwlrq dv d jdph lq vwudwhjlf irup lq zklfk zh devwudfw iurp wkh zrunhuv*

qdphv +� ru �, dqg lghqwli| wkh zrunhuv e| wkhlu w|shv1 Zh dvvxph wkdw wkh zrunhuv* xwlolw|

lv vhsdudeoh lq wkh h{shfwhg zdjh dqg wkh xwlolw| � ghulyhg iurp d ydfdwlrq1 Vr/ li d zrunhu

kdv dq h{shfwhg zdjh �/ wkhq klv xwlolw| lv � li kh grhv qrw wdnh d ydfdwlrq dqg lw lv � n �

li kh grhv wdnh d ydfdwlrq1 Wkh vwudwhjlf jdph ehwzhhq wkh zrunhuv lv uhsuhvhqwhg lq wkh

iroorzlqj gldjudp/ zkhuh wkh xwlolw| ri wkh kljk0w|sh zrunhu lv jlyhq �uvw lq hdfk fhoo1

kljk0w|sh zrunhu

orz0w|sh zrunhu

qr ydfdwlrq ydfdwlrq

qr ydfdwlrq �
2
�, n

�
2
��c E�� @��, n @��c

�
2
�, n

�
2
�� @�, n E�� @��� n �

ydfdwlrq E�� @��, n @�� n �c E�� K��, n K�� n �c

@�, n E�� @��� K�, n E�� K��� n �

Wklv vwudwhjlf jdph lv hdvlo| dqdo|}hg1 Vlqfh K : @ : �
2
/ wkh kljk0w|sh zrunhu lv dozd|v

ehwwhu r� wdnlqj d ydfdwlrq/ qr pdwwhu zkdw wkh orz0w|sh zrunhu grhv +qrwh wkdw �, 	 ��,1

Wklv uhvxowv iurp wkh idfw wkdw dv wkh kljk0w|sh zrunhu wdnhv d ydfdwlrq/ kh pdnhv vxuh wkh
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hpsor|hu jhwv dq revhuydwlrq ri wkh orz0w|sh zrunhu zrunlqj dorqh dqg wklv/ dv zh kdyh vhhq

deryh/ lqfuhdvhv wkh h{shfwhg zdjh ri wkh kljk0w|sh zrunhu1 Kh dovr jhwv wkh xwlolw| iurp

wdnlqj d ydfdwlrq1

Wkh rswlpdo vwudwhj| ri wkh orz0w|sh zrunhu ghshqgv rq zkhwkhu wkh xwlolw| ghulyhg

iurp d ydfdwlrq lv hqrxjk wr frpshqvdwh iru wkh orzhu h{shfwhg zdjh wkdw uhvxowv iurp

wkh h{wud rxwsxw revhuydwlrq klv ydfdwlrq surylghv1 Li wkh kljk0w|sh zrunhu grhvq*w wdnh d

ydfdwlrq/ wkhq wkh orz0w|sh zrunhu orvhv
�
@� �

2

�
E�� � �,� lq h{shfwhg zdjh li kh wdnhv d

ydfdwlrq dqg li wkh kljk0w|sh zrunhu grhv wdnh d ydfdwlrq/ wkhq wkh orz0w|sh zrunhu orvhv

EK� @� E�� ��,� lq h{shfwhg zdjh li kh wdnhv d ydfdwlrq1 Vlqfh @ � �
2
: K � @4/ lw iroorzv

wkdw wkh orz0w|sh zrunhu lv dozd|v ehwwhu r� wdnlqj d ydfdwlrq li � :
�
@� �

2

�
E�� � �,�1 Li

� 	 EK� @� E�� ��,�/ wkh orz0w|sh zrunhu lv dozd|v ehwwhu r� qrw wdnlqj d ydfdwlrq1 Lq wkh

lqwhuphgldwh fdvhv zkhuh EK� @� E�� � �,� 	 � 	
�
@� �

2

�
E�� � �,�/ wkh orz0w|sh zrunhu*v

ehvw uhso| lv wr plplf wkh ydfdwlrq ehkdylru ri wkh kljk0w|sh zrunhu/ wdnlqj d ydfdwlrq li wkh

kljk0w|sh zrunhu grhv dqg wdnlqj qr ydfdwlrq li wkh kljk0w|sh zrunhu grhv qrw wdnh rqh1

Wklv frqfoxghv rxu dqdo|vlv ri wkh vlwxdwlrq li wkh hpsor|hu xsgdwhv klv eholhiv xvlqj rqo|

klv revhuydwlrqv ri rxwsxw1 Krzhyhu/ zh irxqg wkdw lq wklv fdvh wkh kljk0w|sh zrunhu zloo

dozd|v wdnh d ydfdwlrq1 Vr li wkh hpsor|hu revhuyhv rqh zrunhu wdnlqj d ydfdwlrq dqg wkh

rwkhu zrunhu qrw wdnlqj d ydfdwlrq/ wkhq kh vkrxog frqfoxgh wkdw wkh zrunhu wdnlqj d ydfdwlrq

pxvw eh wkh kljk0w|sh zrunhu1 Exw/ li kh grhv vr/ wkh hpsor|hu*v srvwhulru eholhiv zloo qrw eh

dv zh ghvfulehg deryh/ ehfdxvh wkhvh eholhiv duh qrz edvhg qrw rqo| rq rxwsxw revhuydwlrqv/

exw dovr rq wkh ghflvlrqv ri wkh zrunhuv zkhwkhu ru qrw wr wdnh d ydfdwlrq1 Ixuwkhupruh/

li wkh hpsor|hu*v eholhiv wdnh wklv dgglwlrqdo lqirupdwlrq lqwr dffrxqw/ wkhq wkh sd|r�v wr

wkh hpsor|hhv zloo dovr eh gl�huhqw wkdq deryh1 Vlqfh lw lv uhdvrqdeoh wr eholhyh wkdw wkh

hpsor|hu zloo xvh ydfdwlrq ghflvlrqv dv vljqdov ri wkh w|shv ri wkh zrunhuv/ zh pxvw frqvlghu

4Wklv fdq eh hdvlo| yhul�hg iurp wkh irupxodv iru d dqg e1
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wklv pruh frpsoh{ vlwxdwlrq1 Zh gr wklv xvlqj wkh iroorzlqj h{whqvlyh0irup jdph1

616 Wkh jdph

Iljxuh 4 lv d deeuhyldwhg uhsuhvhqwdwlrq ri wkh h{whqvlyh irup ri wkh jdph1 Zh h{foxgh wkh

odvw vwdjh/ zkhuh wkh hpsor|hu fkrrvhv wkh sdudphwhu k zklfk ghwhuplqhv wkh uhglvwulexwlrq

ri zdjhv/ vlqfh e| dvvxpswlrq wkh hpsor|hu vlpso| vhwv wklv htxdo wr klv eholhiv q1 Vr wkh odvw

vwdjh vkrzq lv wkh pryh e| qdwxuh zklfk ghwhuplqhv wkh uhdol}hg rxwsxw ohyhov1 Zh dqdo|}h

wklv jdph xvlqj wkh vhtxhqwldo htxloleulxp ri Nuhsv dqg Zlovrq +4<;5, wr lpsrvh uhvwulfwlrqv

rq eholhiv derxw lqirupdwlrq vwdwhv r� wkh htxloleulxp sdwk1 D vhtxhqwldo htxloleulxp frqvlvwv

ri eholhiv Z dqg d vwudwhj| sur�oh j vxfk wkdw wkh iroorzlqj wzr frqglwlrqv krog1

41 Z lv ixoo| frqvlvwhqw zlwk j= wkhuh h{lvwv d vhtxhqfh ri frpsohwho| pl{hg vwudwhjlhv wkdw

frqyhujh wr j vxfk wkdw wkh eholhiv fruuhvsrqglqj wr wkhvh frpsohwho| pl{hg vwudwhjlhv

frqyhujh wr Z1 Qrwh wkdw wkh eholhiv fruuhvsrqglqj wr d frpsohwho| pl{hg vwudwhj| duh

frpsohwho| ghwhuplqhg e| Ed|hv* uxoh1

51 Hdfk sod|hu*v vwudwhj| lq j lv vhtxhqwldoo| udwlrqdo dw hyhu| lqirupdwlrq vwdwh zlwk

eholhiv Z= j pd{lpl}hv wkh sod|huv* sd|r�v jlyhq Z dw hyhu| lqirupdwlrq vwdwh1

D vwudwhj| sur�oh j lv fdoohg vhtxhqwldo htxloleulxp vfhqdulr li wkhuh h{lvw eholhiv Z vxfk

wkdw Z dqg j wrjhwkhu irup d vhtxhqwldo htxloleulxp1

Wkh vhtxhqwldo htxloleulxp uhvwulfwlrq lv vhqvleoh ehfdxvh lw uhtxluhv wkdw wkh eholhiv derxw

vwdwhv wkdw duh uhdfkhg zlwk suredelolw| }hur pxvw vwloo eh uhdvrqdeoh/ lq wkh vhqvh wkdw wkh|

fdq eh ghulyhg iurp pl{hg vwudwhjlhv wkdw duh duelwudulo| forvh wr wkh vwudwhjlhv dfwxdoo|

sod|hg1 Zh qrz dvn li wkh irxu srvvleoh sxuh vwudwhj| frpelqdwlrqv duh vhtxhqwldo htxloleulxp

vfhqdulrv1
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Qrwh wkdw zh kdyh vhw wkh jdph xs zlwk wzr zrunhuv/ odehohg � dqg �/ rqh dvvljqhg

e| qdwxuh wr eh orz w|sh dqg wkh rwkhu kljk w|sh1 Wkhuhiruh wkh vwudwhjlhv zh frqvlghu

duh surshuo| jlyhq lq whupv ri ghflvlrqv e| wkh zrunhuv � dqg �1 Krzhyhu/ lw vhhpv pruh

lqwxlwlyh wr wklqn ri wkh zrunhuv dv wkh orz w|sh dqg wkh kljk w|sh/ dqg vr zh dovr jlyh wkh

vwudwhjlhv xvlqj wkrvh odehov/ lq sduhqwkhvhv1

Ohppd 4 Wkh vwudwhj| lq zklfk � dqg � erwk ghflgh wr wdnh d ydfdwlrq/ luuhvshfwlyh ri

wkhlu w|shv/ lv d vhtxhqwldo htxloleulxp vfhqdulr1 +Wkh vwudwhj| lq zklfk erwk w|shv ri zrunhuv

wdnh d ydfdwlrq lv d vhtxhqwldo htxloleulxp vfhqdulr1,

Surri1 Ghqrwh wkh vwudwhj| ri zrunhu � wr dozd|v wdnh d ydfdwlrq e| t � dqg wkh vwudwhj|

ri � wr dozd|v wdnh d ydfdwlrq e| t �15 Wr suryh wkdw wkhvh vwudwhjlhv irup d vhtxhqwldo

htxloleulxp vfhqdulr zh kdyh wr �qg eholhiv Z vxfk wkdw Et �c t �� dqg Z vdwlvi| frqglwlrqv 4

dqg 5 iru d vhtxhqwldo htxloleulxp1

Wkh eholhiv wkdw *gr wkh mre* duh dv iroorzv= li erwk zrunhuv wdnh d ydfdwlrq/ dqg wkh

hpsor|hu kdv wzr revhuydwlrqv/ wkhq wkh srvwhulru eholhiv duh wkh eholhiv q edvhg rq rxwsxw

wkdw zh kdyh frpsxwhg ehiruh1 Li rqh zrunhu wdnhv d ydfdwlrq dqg wkh rwkhu grhvq*w/ wkhq wkh

srvwhulru eholhi ri wkh hpsor|hu lv wkdw wkh zrunhu wdnlqj ydfdwlrq lv wkh kljk0w|sh zrunhu/

qr pdwwhu zkdw rxwsxw wkh rwkhu zrunhu surgxfhg zkhq zrunlqj dorqh1 Li qhlwkhu zrunhu

wdnhv d ydfdwlrq/ wkhq wkh hpsor|hu*v srvwhulru eholhiv duh htxdo wr klv sulru eholhiv1 Zh uhihu

wr wklv vhw ri eholhiv dv Z1

Zlwk wkhvh eholhiv/ dqg jlyhq wkdw wkh rwkhu zrunhu wdnhv d ydfdwlrq/ erwk wkh kljk0w|sh

zrunhu dqg wkh orz0w|sh zrunhu zdqw wr wdnh d ydfdwlrq/ ehfdxvh qrw wdnlqj d ydfdwlrq zloo

ohdg wkh hpsor|hu wr eholhyh wkdw kh lv wkh orz0w|sh zrunhu dqg uhvxow lq zdjh �,1 Exw wdnlqj

d ydfdwlrq wrr zloo ohdg wr d kljkhu h{shfwhg zdjh EK�, n E�� K��� iru wkh orz0w|sh zrunhu

5\ vwdqgv iru |hv/ wdnh d ydfdwlrq/ Q zloo vwdqg iru qr/ gr qrw1
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Dashed lines indicate information sets.
Moves by nature (N) are labeled by probabilities.

pl is the probability the low-type produces high output.
ph is the probability the high-type produces high output.

Moves by agents (A, B) are labeled by decisions.
Yi means yes, i takes a vacation.
Ni means no, i does not.

The last move by the employer is omitted, as explained in the text,
and the last stage shown is followed by the realized output levels.

ql
i, qh

i denote low and high output respectively by worker i=A,B.

Iljxuh 4= Deeuhyldwhg h{whqvlyh irup jdph1
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dqg E� � K��, n K�� iru wkh kljk0w|sh zrunhu, dqg wkh ydfdwlrq lwvhoi eulqjv d xwlolw| ri �1

Vr/ frqglwlrq 5 lv vdwlv�hg= Et �c t �� lv vhtxhqwldoo| udwlrqdo zlwk eholhiv Z1

Wr suryh wkdw Z lv ixoo| frqvlvwhqw zlwk Et �c t ��/ frqvlghu wkh vhtxhqfh ri frpsohwho|

pl{hg vwudwhjlhv Ej|�
"

|'�= dffruglqj wr j| erwk � dqg � fkrrvh wr wdnh d ydfdwlrq zlwk

suredelolw| � � �
|
li wkh| duh wkh orz0w|sh zrunhu dqg zlwk suredelolw| � � �

|2
li wkh| duh

wkh kljk0w|sh zrunhu1 Fohduo|/ wkh vwudwhjlhv j| frqyhujh wr Et �c t ��1 Wkh srvwhulru eholhiv

wkdw duh rewdlqhg iurp wkh j|*v xvlqj Ed|hv*v uxoh frqyhujh wr wkh eholhiv Z1 Fkhfnlqj wklv

lv vwudljkwiruzdug/ dqg zh zloo rqo| vkrz rqh fdvh1 Vxssrvh zrunhu � wdnhv d ydfdwlrq dqg

zrunhu � grhvq*w dqg zrunhu � surgxfhv ^� zkloh zrunlqj dorqh1 Dffruglqj wr vwudwhj| j|

wklv kdsshqv zlwk suredelolw|
�
�� �

|2

�
�
|
R, li � lv wkh orz0w|sh zrunhu dqg zlwk suredelolw|�

�� �
|

�
�
|2
R� li � lv wkh kljk0w|sh zrunhu1 Wkhuhiruh/ wkh srvwhulru eholhi ri wkh hpsor|hu lv

wkdw � lv wkh kljk0w|sh zrunhu lv Z| '
E�3 �

|2
� �| R,

E�3 �

|2
� �| R,nE�3

�

| �
�

|2
R�
1 Wdnlqj wkh olplw jlyhv wkh ghvluhg

uhvxow= *�4|<" Z| ' *�4|<"
E�3 �

|2
�R,

E�3 �

|2
�R,nE�3 �

|
��
|
R�

' R,
R,

' �1 Qrwh wkdw wklv lv wkh srvwhulru eholhi

dffruglqj wr Z1

Ohppd 5 Wkh vwudwhj| lq zklfk erwk � dqg � ghflgh wr wdnh d ydfdwlrq li wkh| duh wkh kljk0

w|sh zrunhu dqg qrw wr wdnh d ydfdwlrq li wkh| duh wkh orz0w|sh zrunhu lv qrw d vhtxhqwldo

htxloleulxp vfhqdulr1 +Wkh vwudwhj| zkhuh wkh kljk0w|sh zrunhu wdnhv d ydfdwlrq dqg wkh

orz0w|sh grhv qrw lv qrw d vhtxhqwldo htxloleulxp vfhqdulr1,

Surri1 Ghqrwh wkh vwudwhj| ri zrunhu � wr wdnh d ydfdwlrq li kh lv wkh kljk0w|sh zrunhu

dqg qrw wr wdnh d ydfdwlrq li kh lv wkh orz0w|sh zrunhu e| Et �
� c ��

, � dqg wkh vwudwhj| ri � wr

wdnh d ydfdwlrq li kh lv wkh kljk0w|sh zrunhu dqg qrw wr wdnh d ydfdwlrq li kh lv wkh orz0w|sh

zrunhu e| Et �
� c ��

, �1 Wr suryh wkdw wkhvh vwudwhjlhv gr qrw irup d vhtxhqwldo htxloleulxp

vfhqdulr zh vkrz wkdw iru dq| eholhiv Z wkdw duh ixoo| frqvlvwhqw zlwk
�
Et �

� c ��
, �c Et �

� c ��
, �

�
frqglwlrq 5 iru d vhtxhqwldo htxloleulxp lv ylrodwhg1 Fkrrvh dq| eholhiv Z wkdw duh ixoo|
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frqvlvwhqw zlwk
�
Et �

� c �
�
, �c Et �

� c ��
, �

�
1 Lw iroorzv wkdw li rqh zrunhu wdnhv d ydfdwlrq dqg wkh

rwkhu grhvq*w/ wkh srvwhulru eholhi ri wkh hpsor|hu lv wkdw wkh zrunhu wdnlqj ydfdwlrq lv wkh

kljk0w|sh zrunhu/ qr pdwwhu zkdw rxwsxw wkh rwkhu zrunhu surgxfhg zkhq zrunlqj dorqh1

Wklv uhvxow lv rewdlqhg lq d zd| vlplodu wr wkh fdvh ghyhorshg lq wkh surri ri ohppd 41 Qrz

vxssrvh � lv wkh kljk0w|sh zrunhu dqg � wkh orz0w|sh zrunhu1 Wkhq � zloo wdnh d ydfdwlrq

dqg � vkrxog qrw wdnh d ydfdwlrq dffruglqj wr klv vwudwhj| Et �
� c ��

, �1 Krzhyhu/ wklv zloo

uhvxow lq d zdjh �, iru �1 Li/ krzhyhu/ � glyhuwv iurp klv vwudwhj| dqg wdnhv d ydfdwlrq/ wkhq

kh zloo qrw kdyh d orzhu h{shfwhg zdjh/ qr pdwwhu zkdw wkh srvwhulru eholhiv ri wkh hpsor|hu

zloo eh/ dqg rq wrs ri wkdw � zloo ghulyh xwlolw| iurp kdylqj d ydfdwlrq1 Wklv vkrzv wkdw

Et �
� c ��

, � lv qrw vhtxhqwldoo| udwlrqdo iru � zlwk eholhiv Z1

Wkh lqwxlwlrq ehklqg ohppd 5 lv wkdw li wkh hpsor|hu xvhv ydfdwlrq ehkdylru dv d vljqdo/

wkhq wkh orz0w|sh zrunhu uhyhdov klpvhoi wr eh orz w|sh li kh grhv qrw wdnh d ydfdwlrq dqg

wkh kljk0w|sh zrunhu grhv1 Khqfh/ qrw wdnlqj d ydfdwlrq eulqjv derxw d orz zdjh dqg dovr

ghsulyhv wkh zrunhu ri wkh xwlolw| wkdw kh zrxog ghulyh iurp wdnlqj d ydfdwlrq1 D zrunhu*v

rxwsxw grhv qrw pdwwhu wr wkh hpsor|hu*v srvwhulru eholhiv dqg wkhuhiruh wr zdjhv/ ehfdxvh lw

surylghv rqo| suredelolvwlf lqirupdwlrq derxw klv w|sh zklfk zloo qhyhu eh hqrxjk wr r�vhw

wkh �up*v ghwhuplqlvwlf eholhi edvhg rq wkh ydfdwlrq ehkdylru1

Lq wkh iroorzlqj ohppd zh rqo| frqvlghu v|pphwulf vwudwhjlhv/ l1h1 vwudwhjlhv lq zklfk �

dqg � pdnh wkh vdph fkrlfhv li wkh| duh ri wkh vdph w|sh1 Wklv lv qrw d vhyhuh uhvwulfwlrq= lw

mxvw dprxqwv wr vd|lqj wkdw lw lv wkh w|shv ri wkh zrunhuv wkdw duh lpsruwdqw/ qrw wkh qdphv1

Li wkh vwudwhjlhv duh qrw v|pphwulf/ wkh eholhiv ri wkh hpsor|hu diwhu erwk zrunhuv wdnh d

ydfdwlrq fdq eh sudfwlfdoo| dq|wklqj/ dqg wklv pdnhv lw lpsrvvleoh wr fkhfn iru vhtxhqwldo

htxloleuld1 Li wkh vwudwhjlhv duh qrw v|pphwulf/ wkh eholhiv ri wkh hpsor|hu diwhu erwk zrunhuv

wdnh d ydfdwlrq fdq eh sudfwlfdoo| dq|wklqj dqg wklv pdnhv lw lpsrvvleoh wr fkhfn iru vh0

txhqwldo htxloleuld1 Lw pd| yhu| zhoo eh srvvleoh wkdw wkh vwudwhj| ghvfulehg lq ohppd 6 lv d
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vhtxhqwldo htxloleulxp vfhqdulr li zh doorz iru qrq0v|pphwulf vwudwhjlhv1 Qrwh wkdw zh kdyh

rqo| hqfrxqwhuhg v|pphwulf vwudwhjlhv lq ohppdv 4 dqg 51 Krzhyhu/ lq wkrvh ohppdv wklv

zdv rqo| d pdwwhu ri frqyhqlhqfh/ zh glg qrw kdyh wr uhvwulfw wkh dqdo|vlv wr vxfk vwudwhjlhv1

Lq ohppd 6/ krzhyhu/ zh xvh wklv uhvwulfwlrq lq rxu surri ri wkh ohppd1

Ohppd 6 Wkh vwudwhj| lq zklfk erwk � dqg � ghflgh wr wdnh d ydfdwlrq li wkh| duh wkh

orz0w|sh zrunhu dqg qrw wr wdnh d ydfdwlrq li wkh| duh wkh kljk0w|sh zrunhu lv qrw d vhtxhq0

wldo htxloleulxp vfhqdulr li doo qrq0v|pphwulf vwudwhjlhv duh glvfdughg1 +Wkh vwudwhj| zkhuh

wkh orz0w|sh zrunhu wdnhv d ydfdwlrq dqg wkh kljk0w|sh zrunhu grhv qrw lv qrw d vhtxhqwldo

htxloleulxp vfhqdulr/ li doo qrq0v|pphwulf vwudwhjlhv duh glvfdughg1,

Surri1 Ghqrwh wkh vwudwhj| ri zrunhu � wr wdnh d ydfdwlrq li kh lv wkh orz0w|sh zrunhu

dqg qrw wr wdnh d ydfdwlrq li kh lv wkh kljk0w|sh zrunhu e| Et �
, c ��

� � dqg wkh vwudwhj| ri � wr

wdnh d ydfdwlrq li kh lv wkh orz0w|sh zrunhu dqg qrw wr wdnh d ydfdwlrq li kh lv wkh kljk0w|sh

zrunhu e| Et �
, c ��

� �1 Wr suryh wkdw wkhvh vwudwhjlhv gr qrw irup d vhtxhqwldo htxloleulxp

vfhqdulr zh vkrz wkdw iru dq| eholhiv Z wkdw duh ixoo| frqvlvwhqw zlwk
�
Et �

, c ��
� �c Et �

, c ��
� �

�
frqglwlrq 5 iru d vhtxhqwldo htxloleulxp lv ylrodwhg1

Fkrrvh dq| eholhiv Z wkdw duh ixoo| frqvlvwhqw zlwk
�
Et �

, c �
�
� �c Et �

, c ��
� �

�
1 Ohw Ej|�"|'� eh d

vhtxhqfh ri frpsohwho| pl{hg v|pphwulf vwudwhjlhv wkdw frqyhujhv wr
�
Et �

, c ��
� �c Et �

, c ��
� �

�
=

dffruglqj wr j| erwk � dqg � fkrrvh wr wdnh d ydfdwlrq zlwk suredelolw| � � 0| li wkh|

duh wkh orz0w|sh zrunhu dqg zlwk suredelolw| B| li wkh| duh wkh kljk0w|sh zrunhu/ zkhuh

*�4|<" 0| ' *�4|<" B| ' f1

Vxssrvh erwk zrunhuv wdnh d ydfdwlrq/ vxfk wkdw wkh hpsor|hu kdv wzr revhuydwlrqv

ri rxwsxw1 Zh zloo vkrz wkdw wkh srvwhulru eholhi dffruglqj wr Z qhfhvvdulo| lv wkh eh0

olhi q edvhg rq rxwsxw1 Vxssrvh � surgxfhv kljk rxwsxw zkloh zrunlqj dorqh dqg �

surgxfhv orz rxwsxw zkloh zrunlqj dorqh1 Dffruglqj wr vwudwhj| j| wklv kdsshqv zlwk
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suredelolw| B| E�� 0|� R�E� � R,� li � lv wkh kljk0w|sh zrunhu dqg � wkh orz0w|sh zrunhu

dqg zlwk suredelolw| E�� 0|� B|R,E� � R�� li � lv wkh orz0w|sh zrunhu dqg � wkh kljk0w|sh

zrunhu1 Wkhuhiruh/ wkh srvwhulru eholhi ri wkh hpsor|hu wkdw � lv wkh kljk0w|sh zrunhu

lv Z| ' B|E�30|�R�E�3R,�
B|E�30|�R�E�3R,�nE�30|�B|R,E�3R��

1 Wdnlqj wkh olplw jlyhv wkh ghvluhg uhvxow= *�4|<"

Z| ' *�40|<fcB|<f
E�30|�R�E�3R,�

E�30|�R�E�3R,�nE�30|�R,E�3R��
' R�E�3R,�

R�E�3R,�nR,E�3R��
1 Qrwh wkdw wklv lv wkh srv0

whulru eholhi dffruglqj wr q1 Vlplodu frpsxwdwlrqv vkrz wkdw Z qhfhvvdulo| lv dovr wkh eholhi

q edvhg rq rxwsxw iru rwkhu surgxfwlrq ohyhov revhuyhg li erwk zrunhuv wdnh d ydfdwlrq1

Lw iroorzv idluo| hdvlo| wkdw li rqh zrunhu wdnhv d ydfdwlrq dqg wkh rwkhu grhvq*w/ wkhq

wkh srvwhulru eholhi ri wkh hpsor|hu dffruglqj wr Z lv wkdw wkh zrunhu wdnlqj ydfdwlrq lv wkh

orz0w|sh zrunhu/ qr pdwwhu zkdw rxwsxw wkh rwkhu zrunhu surgxfhg zkhq zrunlqj dorqh1

Ixuwkhu/ li erwk zrunhuv gr qrw wdnh d ydfdwlrq/ wkhq wkh hpsor|hu*v srvwhulru eholhi lv htxdo

wr klv sulru eholhi dqg kh eholhyhv wkdw � lv wkh kljk0w|sh zrunhu zlwk suredelolw| �
2
1

Qrz/ zh zloo suryh wkdw wkh vwudwhjlhv Et �
, c �

�
� � dqg Et �

, c ��
� � duh qrw vhtxhqwldoo|

udwlrqdo zlwk eholhiv Z1

Vxssrvh � lv wkh kljk0w|sh zrunhu dqg � wkh orz0w|sh zrunhu1 Dovr vxssrvh � sod|v

dffruglqj wr klv vwudwhj| Et �
, c �

�
� � dqg grhv qrw wdnh d ydfdwlrq1 Wkhq � vkrxog wdnh d

ydfdwlrq dffruglqj wr klv vwudwhj| Et �
, c ��

� �1 Wklv zloo uhvxow lq d zdjh �, iru � dqg wkh

xwlolw| � iurp kdylqj d ydfdwlrq1 Li/ krzhyhu/ � glyhuwv iurp klv vwudwhj| dqg grhv qrw

wdnh d ydfdwlrq/ wkhq kh zloo kdyh d kljkhu h{shfwhg zdjh/ qdpho| �
2
�, n

�
2
��/ exw kh zloo

orvh wkh xwlolw| iurp kdylqj d ydfdwlrq1 Khqfh/ lw lv rswlpdo iru � wr wdnh d ydfdwlrq li

�, n � � �
2
�, n

�
2
��/ ru � � �

2
E�� � �,�1

Qrz/ vxssrvh � lv wkh kljk0w|sh zrunhu dqg � wkh orz0w|sh zrunhu1 Dovr vxssrvh �

sod|v dffruglqj wr klv vwudwhj| Et �
, c ��

� � dqg wdnhv d ydfdwlrq1 Li � vwlfnv zlwk klv vwudwhj|

Et �
, c ��

� � dqg grhv qrw wdnh d ydfdwlrq kh jhwv zdjh ��1 Li kh grhv wdnh d ydfdwlrq/ kh

jhwv d orzhu h{shfwhg zdjh/ E� � K��, n K��/ exw kh zloo jdlq wkh xwlolw| � iurp kdylqj d
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ydfdwlrq1 Khqfh/ lw lv rswlpdo iru � qrw wr wdnh d ydfdwlrq li �� � E� � K��, n K�� n �/ ru

� � E�� K� E�� ��,�1

Zh kdyh vkrzq wkdw iru Et �
� c ��

, � wr eh vhtxhqwldoo| udwlrqdo iru � zlwk eholhiv Z lw pxvw

krog wkdw � � �
2
E�� ��,� dqg � � E�� K� E�� � �,�1 Lw lv fohduo| lpsrvvleoh iru wkhvh wzr

frqglwlrqv wr eh vdwlv�hg dw wkh vdph wlph ehfdxvh K : �
2
1

Lqwxlwlyho|/ li lw sd|v iru wkh orz0w|sh zrunhu wr wdnh d ydfdwlrq ghvslwh wkh idfw wkdw

wklv lghqwl�hv klp dv orz w|sh/ wkhq wkh xwlolw| ri d ydfdwlrq pxvw eh kljk hqrxjk wkdw wkh

kljk0w|sh zrunhu zloo dovr zdqw wr wdnh d ydfdwlrq/ ghvslwh wkh zdjh shqdow| kh zloo jhw iurp

srrolqj1 Orqjhu ydfdwlrqv zloo vwuhqjwkhq wklv uhvxow/ vlqfh wkh| zloo lqfuhdvh K1

Wkh odvw v|pphwulf vwudwhjlhv zh frqvlghu duh wkh vwudwhjlhv lq zklfk qhlwkhu � qru �

ghflgh wr wdnh d ydfdwlrq1

Ohppd 7 Wkh vwudwhj| lq zklfk � dqg � erwk ghflgh qrw wr wdnh d ydfdwlrq/ luuhvshfwlyh

ri wkhlu w|shv/ lv d vhtxhqwldo htxloleulxp vfhqdulr l� � � �
2
E�� � �,�1 +Wkh vwudwhj| zkhuh

erwk wkh kljk0w|sh dqg wkh orz0w|sh zrunhuv gr qrw wdnh ydfdwlrqv lv d vhtxhqwldo htxloleulxp

vfhqdulr l� � � �
2
E�� � �,�1�

Surri1 Ghqrwh wkh vwudwhj| ri zrunhu � wr qhyhu wdnh d ydfdwlrq e| �� dqg wkh vwudwhj|

ri � wr qhyhu wdnh d ydfdwlrq e| ��1 Dvvxph wkdw � � �
2
E�� � �,�1 Wr suryh wkdw wkh

vwudwhjlhv E��c ��� irup d vhtxhqwldo htxloleulxp vfhqdulr zh kdyh wr �qg eholhiv Z vxfk

wkdw E��c ��� dqg Z vdwlvi| frqglwlrqv 4 dqg 5 iru d vhtxhqwldo htxloleulxp1

Eholhiv wkdw *gr wkh mre* duh dv iroorzv= li erwk zrunhuv wdnh d ydfdwlrq/ dqg wkh hpsor|hu

kdv wzr revhuydwlrqv/ wkhq wkh srvwhulru eholhiv duh wkh eholhiv q edvhg rq rxwsxw wkdw zh

kdyh frpsxwhg ehiruh1 Li rqh zrunhu wdnhv d ydfdwlrq dqg wkh rwkhu grhv qrw/ wkhq wkh

srvwhulru eholhi ri wkh hpsor|hu lv wkdw wkh zrunhu wdnlqj ydfdwlrq lv wkh orz0w|sh zrunhu/ qr

pdwwhu zkdw rxwsxw wkh rwkhu zrunhu surgxfhg zkhq zrunlqj dorqh1 Li qhlwkhu zrunhu wdnhv



55

d ydfdwlrq/ wkhq wkh hpsor|hu*v srvwhulru eholhiv duh htxdo wr klv sulru eholhiv1 Zh uhihu wr

wklv vhw ri eholhiv dv Z1

Zlwk wkhvh eholhiv/ dqg jlyhq wkdw wkh rwkhu zrunhu grhv qrw wdnh d ydfdwlrq/ qhlwkhu wkh

kljk0w|sh zrunhu qru wkh orz0w|sh zrunhu zdqwv wr wdnh d ydfdwlrq1 Wklv fdq eh vhhq dv

iroorzv= wdnlqj d ydfdwlrq zloo ohdg wkh hpsor|hu wr eholhyh wkdw kh lv wkh orz0w|sh zrunhu

dqg uhvxow lq zdjh �, dqg wkh ydfdwlrq lwvhoi eulqjv d xwlolw| ri �1 Exw wdnlqj qr ydfdwlrq zloo

ohdg wr wkh kljkhu h{shfwhg zdjh �
2
�, n

�
2
��1 Vr/ wdnlqj qr ydfdwlrq lv vhtxhqwldoo| udwlrqdo

li �
2
�, n

�
2
�� � �, n �/ ru � � �

2
E�� � �,�1

Wr suryh wkdw Z lv ixoo| frqvlvwhqw zlwk E��c ���/ frqvlghu wkh vhtxhqfh ri frpsohwho|

pl{hg vwudwhjlhv Ej|�
"

|'�= dffruglqj wr j| erwk � dqg � fkrrvh wr wdnh d ydfdwlrq zlwk

suredelolw| �
|
li wkh| duh wkh orz0w|sh zrunhu dqg zlwk suredelolw| �

|2
li wkh| duh wkh kljk0

w|sh zrunhu1 Fohduo|/ wkh vwudwhjlhv j| frqyhujh wr E��c ���1 Wkh srvwhulru eholhiv wkdw

duh rewdlqhg iurp wkh j|*v xvlqj Ed|hv* uxoh frqyhujh wr wkh eholhiv Z1 Fkhfnlqj wklv lv d

vwudljkwiruzdug h{huflvh vr zh zloo rqo| gr vr iru rqh fdvh/ dv dq h{dpsoh1

Vxssrvh zrunhu � wdnhv d ydfdwlrq dqg zrunhu � grhvq*w dqg zrunhu � surgxfhv ^�

zkloh zrunlqj dorqh1 Dffruglqj wr vwudwhj| j| wklv kdsshqv zlwk suredelolw| �
|2

�
�� �

|

�
R,

li � lv wkh orz0w|sh zrunhu dqg zlwk suredelolw| �
|

�
�� �

|2

�
R� li � lv wkh kljk0w|sh zrunhu1

Wkhuhiruh/ wkh srvwhulru eholhi ri wkh hpsor|hu lv wkdw � lv wkh kljk0w|sh zrunhu lv Z| '
�

|2
E�3 �

|
�R,

�

|2
E�3 �

|
�R,n �

|
E�3 �

|2
�R�

1 Wdnlqj wkh olplw jlyhv wkh ghvluhg uhvxow=

*�4
|<"

Z| ' *�4
|<"

�
|

�
�� �

|

�
R,

�
|

�
�� �

|

�
R, n

�
�� �

|2

�
R�

'
f

f n R�
' f�

Qrwh wkdw wklv lv wkh srvwhulru eholhi dffruglqj wr Z1
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Zh kdyh fkrvhq d vshfl�f vhw ri eholhiv Z wkdw duh ixoo| frqvlvwhqw zlwk E��c ��� dqg iru

wklv vhw ri eholhiv zh rewdlqhg wkh frqglwlrq � � �
2
E�� � �,� qhfhvvdu| iru E��c ��� wr eh

vhtxhqwldoo| udwlrqdo1 Zh frxog kdyh fkrvhq rwkhu vhwv ri eholhiv wkdw duh ixoo| frqvlvwhqw zlwk

E��c ��� dqg wkhq zh frxog kdyh irxqg dqrwkhu xsshu erxqg rq �1 Krzhyhu/ wkh xsshu

erxqg vr rewdlqhg pxvw eh orzhu wkdq �
2
E�� � �,�1 Wklv fdq eh vhhq dv iroorzv1 Lw lv qrw kdug

wr vkrz wkdw wkh srvwhulru eholhiv ri wkh hpsor|hu li qrqh ri wkh zrunhuv wdnhv d ydfdwlrq pxvw

eh htxdo wr klv sulru eholhiv li wkh eholhiv duh wr eh ixoo| frqvlvwhqw zlwk E��c ���1 Wkh eholhiv

diwhu revhuylqj rqh zrunhu wdnlqj d ydfdwlrq fdq eh sudfwlfdoo| dq|wklqj1 Krzhyhu/ wkh| zloo

dozd|v ohdg wr d zrunhu wdnlqj d ydfdwlrq uhfhlylqj dq h{shfwhg zdjh � � �, dqg d xwlolw| �

iurp wkh ydfdwlrq1 Khqfh/ wdnlqj qr ydfdwlrq lv vhtxhqwldoo| udwlrqdo li �
2
�, n

�
2
�� � � n �/

ru � � �
2
�� �� n �

2
�, � �

2
E�� � �,�1

Lq ohppdv 4 wkurxjk 7 zh dgguhvvhg wkh txhvwlrq ri zkhwkhu wkh 7 v|pphwulf sxuh

vwudwhj| frpelqdwlrqv iru wkh zrunhuv duh vhtxhqwldo htxloleulxp vfhqdulrv1 Zh glg qrw

dgguhvv pl{hg vwudwhjlhv lq wkrvh ohppdv1 Zh zhuh xqdeoh wr vroyh iru pl{hg vwudwhj|

vhtxhqwldo htxloleulxp vfhqdulrv dqdo|wlfdoo|/ vr zh fkhfn iru wkh h{lvwhqfh ri vxfk vfhqdulrv

iru vshfl�f sdudphwhu ydoxhv1 Zh irxqg xqltxh vhtxhqwldo htxloleulxp vfhqdulrv lq pl{hg

vwudwhjlhv iru doo wkh sdudphwhu ydoxhv zh wulhg1

7 Glvfxvvlrq

Zh kdyh vkrzq wkdw zh fdq vxssruw wzr gl�huhqw vwudwhjlhv dv vhtxhqwldo htxloleulxp vfhqdu0

lrv1 Rqh htxloleulxp vfhqdulr lv zkhuh erwk zrunhuv wdnh ydfdwlrqv/ dqrwkhu lv zkhuh qhlwkhu

zrunhu wdnhv d ydfdwlrq1 Wkh fdvhv zkhuh rqo| rqh w|sh ri zrunhu wdnhv d ydfdwlrq duh qrw

vxssruwdeoh dv vhtxhqwldo htxloleulxp vfhqdulrv xqghu dq| frqvlvwhqw eholhiv +frqvlghulqj rqo|

v|pphwulf vwudwhjlhv,1 Zh ehjlq wklv vhfwlrq ri wkh sdshu e| frqvlghulqj zklfk ri wkh wzr
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vhtxhqwldo htxloleulxp vfhqdulrv lv prvw sodxvleoh1 Zh wkhq dvn zkhwkhu wkh hpsor|hu pljkw

suhihu rwkhu rxwfrphv/ dqg frqvlghu zkdw vruwv ri fkdqjhv lq ydfdwlrq srolf| pljkw surgxfh

uhvxowv wkdw duh pruh suhihudeoh wr wkh hpsor|hu1 Wkh frqfoxvlrq wr wkh sdshu zloo frqqhfw

wkhvh uhvxowv wr dfwxdo ydfdwlrq ehkdylru dqg srolflhv1

Zklfk htxloleulxp vfhqdulr lv dfklhyhg ghshqgv �uvw rq wkh hpsor|hu*v eholhiv/ dqg lq

wkh fdvh ri wkh E��c ��� htxloleulxp vfhqdulr wkhuh lv dovr wkh qhfhvvdu| uhtxluhphqw wkdw

� � �
2
E�� � �,�1 Vlqfh li wklv uhtxluhphqw lv qrw vdwlv�hg/ wkh E��c ��� htxloleulxp vfhqdulr

lv qrw vxssruwdeoh e| dq| frqvlvwhqw eholhiv/ lw lv zruwk dvnlqj li wklv frqglwlrq lv olnho| wr

krog1 Vxssrvh wkdw �, dqg �� ghqrwh dqqxdo zdjhv/ wkdw d ydfdwlrq lv wzr zhhnv orqj/ dqg

wkdw �� ' 2�,1 Wkhq wkh frqglwlrq � � �
2
E�� � �,� wudqvodwhv wr � � �,

2
1 Glylglqj �, e| 59

wr jhw wkh el0zhhno| zdjh/ wklv dprxqwv wr vd|lqj wkdw wkh xwlolw| iurp d wzr zhhn ydfdwlrq

fdqqrw eh pruh wkdq 46 wlphv zkdw d zrunhu srvlwlyho| lghqwl�hg dv wkh orz w|sh zrxog kdyh

uhfhlyhg lq zdjhv iru wkdw wzr zhhn shulrg1 Orrnlqj dw lw wkh rwkhu zd|/ li zh dvvxph wkdw

wkh xwlolw| iurp d wzr zhhn ydfdwlrq lv htxdo wr wkh dyhudjh zdjh iru wzr zhhnv zrun/ wkh

deryh frqglwlrq lpsolhv �
2
E�,

2S
n ��

2S
� � �

2
E�� � �,�/ ru wkdw �� pxvw eh dw ohdvw ;( juhdwhu

wkdq �,1 Hlwkhu zd|/ lw vhhpv txlwh srvvleoh wkdw wklv frqglwlrq pd| eh vdwlv�hg lq sudfwlfh/

dqg wkhuhiruh wkdw/ jlyhq wkh dssursuldwh eholhiv/ wkh htxloleulxp vfhqdulr pd| eh rqh zkhuh

qhlwkhu zrunhu zdqwv wr wdnh d ydfdwlrq1

Jlyhq wklv srvvlelolw|/ zh dvn zklfk htxloleulxp vfhqdulr wkh hpsor|hu zloo suhihu/ dqg

krz kh pljkw dwwhpsw wr hqvxuh wkdw lw lv dfklhyhg1 Lq wkh prgho ghyhorshg deryh zh kdyh

dvvxphg wkdw wkh hpsor|hu zloo sd| wkh zrunhuv �, dqg �� li kh nqrzv wkhlu w|shv zlwk

fhuwdlqw|/ dqg wkdw li kh grhv qrw kh zloo sd| hdfk zrunhu d zhljkwhg dyhudjh ri wkrvh zdjhv/

zlwk zhljkwv htxdo wr klv shufhlyhg suredelolw| wkdw wkh| duh ri hdfk w|sh1 Wklv fdswxuhv

wkh lghd wkdw wkh hpsor|hu jhwv d ehqh�w iurp uhzduglqj kljk0w|sh zrunhuv dqg shqdol}lqj

orz0w|sh rqhv/ exw ehduv d frvw zkhq kh jlyhv wkhvh uhzdugv dqg shqdowlhv wr wkh zurqj
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w|shv1 Krzhyhu/ wklv zdjh ixqfwlrq grhv qrw vd| dq|wklqj derxw zk| ru e| krz pxfk wkh

hpsor|hu pljkw jdlq iurp ehwwhu lqirupdwlrq derxw wkh zrunhuv w|shv= lw mxvw vshfl�hv krz

kh zloo xvh wkh lqirupdwlrq kh kdv1 Qrz zh dvvxph wkdw wkh hpsor|hu jhwv vrph ehqh�w

iurp ehwwhu lqirupdwlrq derxw w|shv +wklv zloo lqfuhdvh zlwk wkh gl�huhqfh ehwzhhq R� dqg

R,�/ dqg wkdw kh ehduv vrph frvw li zrunhuv wdnh sdlg ydfdwlrqv1 Ghshqglqj rq wkh uhodwlyh

zhljkwv ri wkhvh wzr h�hfwv/ wkh hpsor|hu pd| fohduo| suhihu hlwkhu htxloleulxp vfhqdulr/ ru

pd| hyhq suhihu wkdw wkh zrunhuv wdnh pruh ydfdwlrq wlph wkdq lq wkh Et �c t �� rxwfrph/ lq

rughu wr rewdlq vwloo pruh lqirupdwlrq derxw w|shv1

Li kh grhv qrw olnh dq htxloleulxp vfhqdulr/ wkh hpsor|hu fdq wu| surprwh d pruh ghvluhg

uhvxow e| dowhulqj zdjhv/ e| dowhulqj krz kh glylghv zdjhv frqglwlrqdo rq klv dvvhvvphqwv

ri wkh zrunhuv* w|shv/ e| qrw sd|lqj zdjhv gxulqj ydfdwlrqv/ e| dowhulqj wkh ohqjwk ri wkh

ydfdwlrq shulrg/ ru vlpso| e| uhprylqj wkh hohphqw ri fkrlfh dqg hlwkhu surklelwlqj ydfdwlrqv

ru pdnlqj wkhp pdqgdwru|1 Wkhvh dfwlrqv fdq eh h{shfwhg qrw rqo| wr dowhu krz pxfk

nqrzohgjh wkh hpsor|hu ghulyhv derxw klv zrunhuv* w|shv/ exw dovr wr dowhu wkh nlqgv ri

zrunhuv zkr zloo whqg wr dsso| wr wkh �up1 Zkloh zh ohdyh surriv iru ixwxuh zrun/ lw vhhpv

uhdvrqdeoh wkdw wkh kljkhu wkh suredelolw| wkdw wkh hpsor|hu zloo ohduq wkh wuxh w|shv ri klv

zrunhuv/ wkh pruh olnho| lw lv wkdw wkh orz w|shv zloo eh vfduhg dzd| iurp hyhq dsso|lqj1

+Wkrxjk wklv qhhg qrw dozd|v eh wkh fdvh/ vd| li orz w|shv kdyh kljkhu wdvwhv iru ydfdwlrq

wlph1, Wklv vkrxog surylgh wkh hpsor|hu zlwk dqrwkhu uhdvrq wr suhihu wkrvh htxloleulxp

vfhqdulrv wkdw whqg wr surylgh pruh lqirupdwlrq derxw zrunhuv* w|shv1

Iluvw zh zloo frqvlghu srolflhv wkdw vlpso| dwwhpsw wr hqfrxudjh zrunhuv wr dgrsw d

sduwlfxodu vhtxhqwldo htxloleulxp vfhqdulr/ udwkhu wkdq irufh wkhp wr wdnh ydfdwlrq wlph1

Zdjhv duh rqh vxfk srolf| wrro1 +Wkrxjk wkhuh zloo fhuwdlqo| eh rwkhu prwlyhv iru vhwwlqj

sduwlfxodu zdjhv/ zklfk pd| olplw wkh hpsor|hu*v xvh ri wkhp iru wklv sxusrvh1, Iurp

ohppd 7/ ghfuhdvlqj wkh jds ehwzhhq �, dqg �� zloo pdnh lw ohvv olnho| wkdw wkh E��c ���
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htxloleulxp vfhqdulr fdq eh vxvwdlqhg1 Wkh lqwxlwlrq lv wkdw wkh vpdoohu zdjh jds orzhuv

wkh shqdow| wr wdnlqj d ydfdwlrq dqg kdylqj wkh hpsor|hu eholhyh |rx duh orz w|sh/ zklfk lv

wkh eholhi wkdw vxvwdlqv wkdw htxloleulxp vfhqdulr1 Vr/ hpsor|huv zkr zdqw wr surprwh wkh

Et �c t �� htxloleulxp vfhqdulr/ wr jhw pruh lqirupdwlrq derxw w|shv/ pljkw zdqw wr htxdol}h

zdjhv1 Exw wklv ehqh�w pd| eh plwljdwhg e| wkh idfw wkdw htxdol}lqj zdjhv zloo dovr whqg wr

hqfrxudjh orz w|shv wr dsso| lq wkh �uvw sodfh1

Lqwhuhvwlqjo|/ wkh qhw h�hfw ri d ghfuhdvhg zdjh jds rq wkh h{shfwhg zdjh ri zrunhuv lv

xqfhuwdlq1 Lw uhgxfhv wkh suhplxp wr ehlqj lghqwl�hg dv wkh kljk w|sh/ exw dv h{sodlqhg

deryh/ lw dovr pdnhv lw pruh olnho| wkdw wkh kljk0w|sh zrunhu zloo eh lghqwl�hg dv vxfk1 Vr/

sdudgr{lfdoo|/ wkh kljk0w|sh zrunhu pd| zhoo suhihu d orzhu zdjh suhplxp/ ehfdxvh ri wkh

kljkhu suredelolw| wkdw kh zloo wkhq eh lghqwl�hg dv kljk1

Dqrwkhu yduldeoh xqghu wkh hpsor|hu*v frqwuro lv wkh ohqjwk ri ydfdwlrqv1 Orqjhu ydfd0

wlrqv phdq wkdw/ lq wkh Et �c t �� srrolqj htxloleulxp vfhqdulr/ wkh hpsor|hu zloo jhw pruh

revhuydwlrqv ri rxwsxw dqg wkhuhiruh pruh lqirupdwlrq derxw zrunhu w|shv1 Lq wkh prgho

zh kdyh ghyhorshg deryh orqjhu ydfdwlrqv zloo qhyhu eh hqrxjk wr ghvwur| wkh Et �c t ��

htxloleulxp vfhqdulr/ ehfdxvh wkh| rqo| surylgh suredelolvwlf lqirupdwlrq derxw w|shv wkdw

zloo qrw r�vhw wkh hpsor|huv ghwhuplqlvwlf eholhiv iurp ydfdwlrq ehkdylru/ zkhq rqo| rqh

zrunhu ydfdwlrqv1 Krzhyhu/ lq d prgho zkhuh wkh hpsor|hu*v eholhiv iurp ydfdwlrq ehkdylru

zhuh xqfhuwdlq/ ru lq zklfk zrunhuv pdgh udqgrp huuruv lq wkhlu vwudwhjlhv/ orqjhu ydfdwlrqv

pljkw frqfhlydeo| ghvwur| wkh Et �c t �� htxloleulxp vfhqdulr/ e| uhgxflqj wkh dgydqwdjhv wr

wkh orz0w|sh zrunhu ri plplfnlqj d kljk0w|sh zrunhu zkr wrrn d ydfdwlrq1

Orqjhu ydfdwlrqv vkrxog dovr pdnh lw ohvv olnho| wkdw wkh E��c ��� htxloleulxp fdq eh

vxvwdlqhg/ ehfdxvh orqjhu ydfdwlrqv zloo suhvxpdeo| kdyh kljkhu �*v/ udlvlqj wkh ehqh�w wr

ghyldwlqj iurp wkh htxloleulxp vfhqdulr e| wdnlqj d sdlg ydfdwlrq1 Wkhvh orqjhu ydfdwlrqv

zloo lq jhqhudo eh pruh h{shqvlyh wr wkh hpsor|hu/ wkrxjk/ wr wkh h{whqw wkdw zrunhuv jhw
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xwlolw| iurp wlph r�/ wkh frvw pd| eh plwljdwhg e| wkhlu zloolqjqhvv wr dffhsw orzhu ryhudoo

dqqxdo zdjhv lq uhwxuq1 Vwloo/ wklv frvw pd| zhoo olplw wkh hpsor|hu*v ghvluh wr xvh orqjhu

ydfdwlrq shulrgv dv d zd| ri froohfwlqj lqirupdwlrq derxw w|shv1

Wklv udlvhv wkh srvvlelolw| wkdw wkh �up pd| suhihu qrw wr sd| zrunhuv gxulqj ydfdwlrqv1

Zkloh zh gr qrw ghulyh rswlpdo vwudwhjlhv lq wklv vlwxdwlrq/ lw vhhpv srvvleoh wkdw wklv pljkw

surgxfh yhu| gl�huhqw uhvxowv iurp wkrvh ghulyhg iurp wkh prgho deryh1 Iru h{dpsoh/ li wkh

orvw zdjhv iru wkh orz w|sh duh hqrxjk odujhu wkdq �/ Et �c t �� pljkw qrw eh dq htxloleulxp

vfhqdulr= wkh orz w|sh frxog suhihu wr zrun/ hyhq wkrxjk e| grlqj vr wkh hpsor|hu lghqwl�hv

klp dv wkh orz w|sh1 Rq wkh rwkhu kdqg/ wkh uhvxowlqj orzhu zdjh wkhq uhgxfhv wkh frvw ri

d ydfdwlrq/ vr wkh qhw h�hfw lv xqfhuwdlq1

Rqh h{whqvlrq wr wkh prgho zh kdyh ghyhorshg lq wklv sdshu zrxog eh wr doorz rxwsxw

wr ghshqg rq h�ruw/ udwkhu wkdq delolw|1 Vxssrvh kljk h�ruw ohdgv wr d kljkhu suredelolw| ri

kljk rxwsxw/ exw lw lv frvwo|/ dqg pruh frvwo| wr vrph wkdq rwkhuv1 Dvvxph wkdw wkh hpsor|hu

zrxog olnh wr nqrz wkhvh frvwv/ dqg wkdw kh zloo uhzdug orz0frvw zrunhuv pruh wkdq kljk0frvw

rqhv1 Hpsor|hhv kdyh hlwkhu orz frvwv ru kljk frvwv/ dqg djdlq dvvxph wkdw wkh hpsor|hu

nqrzv kh kdv rqh ri hdfk w|sh1 +Krzhyhu/ wklv dvvxpswlrq lv pruh gl!fxow wr ghihqg lq

wklv fdvh wkdq lq wkh delolw| fdvh1, Zkloh zh ohdyh wkh prgholqj ri ydfdwlrq fkrlfhv lq wklv

vlwxdwlrq iru ixwxuh uhvhdufk/ zh fdq vd| vrph wklqjv derxw h�ruw/ jlyhq wkrvh fkrlfhv1 Wkh

rswlpdo ehkdylru iroorzv iurp wkh idfw wkdw hdfk zrunhu zloo zdqw rxwsxw wr gurs zkhq wkh|

duh rq ydfdwlrq/ exw qrw zkhq wkhlu fr0zrunhu lv1

Vxssrvh wkdw rqo| rqh zrunhu wdnhv d ydfdwlrq1 Wkhq wkh rwkhu zrunhu fdq plqlpl}h wkh

h{shfwhg gurs lq rxwsxw gxulqj wkdw ydfdwlrq e| vodfnlqj r� zkhq erwk duh zrunlqj/ dqg

lqfuhdvlqj h�ruw zkhq kh lv wkh rqo| zrunhu1 Wkh zrunhu zkr ydfdwlrqv fdq pd{lpl}h wkh

h{shfwhg rxwsxw gurs e| zrunlqj kdug erwk ehiruh dqg diwhu wkh ydfdwlrq1

Krzhyhu/ li erwk zrunhuv wdnh ydfdwlrqv/ dw gl�huhqw wlphv/ wklqjv duh pruh frpsolfdwhg1



5;

Hdfk zrunhu fdq qrz vhw wzr ohyhov ri h�ruw/ rqh zkloh erwk duh zrunlqj dqg rqh zkloh

wkh rwkhu lv rq ydfdwlrq1 Fohduo| hdfk zloo zdqw wr vhw d kljk ohyho ri h�ruw zkhq wkh| duh

zrunlqj dorqh1 Krzhyhu/ wkhuh duh wzr rssrvlqj h�hfwv wkdw ghwhuplqh wkhlu h�ruw zkhq

erwk duh zrunlqj1 Li wkh| zrun kdug/ rxwsxw zloo whqg wr gurs gxulqj wkhlu rzq ydfdwlrq/

zklfk pdnhv wkhp orrn olnh wkh kljk w|sh1 Exw/ zrunlqj kdug zloo dovr phdq wkdw rxwsxw

zloo whqg wr gurs gxulqj wkh rwkhu zrunhu*v ydfdwlrq/ zklfk pdnhv wkhp orrn olnh wkh orz

w|sh1 Vr/ wkh ryhudoo ohyho ri h�ruw gxulqj wkh shulrg zkhq erwk zrun lv qrw reylrxv1

8 Frqfoxvlrq

Lq wklv sdshu zh kdyh ghyhorshg d vlpsoh prgho ri ydfdwlrq ehkdylru1 Wkh prgho fdswxuhv

vrph ri wkh vwudwhjlf frqvlghudwlrqv ri hpsor|hhv lq d vlwxdwlrq zkhuh wkh hpsor|hu xvhv

wkh rxwsxw fkdqjhv wkdw rffxu zkhq wkh frpsrvlwlrq ri d whdp fkdqjhv wr hvwlpdwh wkh

surgxfwlylw| ri lqglylgxdo whdp phpehuv1 Rqh ri wkh nh| glvwlqfwlrqv ehwzhhq rxu prgho

dqg suhylrxv zrun rq vljqdolqj lq wkh zrunsodfh lv wkdw zh h{solflwo| dgguhvv wkh vwudwhjlf

sod| dprqj zrunhuv/ dorqj zlwk wkdw ehwzhhq zrunhuv dqg wkh hpsor|hu1 Zh eholhyh wklv

lv dq lpsruwdqw lpsuryhphqw/ dqg wkdw prghov ri wkh vruw zh ghyhors lq wklv sdshu duh

dssursuldwh iru vwxg|lqj d krvw ri jdphv ri zrunsodfh lqwuljxh1 Frqylqflqj wkh ervv wkdw

|rx duh d surgxfwlyh zrunhu lv ylwdo wr fduhhu dgydqfhphqw/ dqg h�ruwv wr gr vr duh dozd|v

frpsolfdwhg e| wkh idfw wkdw |rxu fr0zrunhuv duh vlpxowdqhrxvo| wu|lqj wr suryh wkdw wkh|

duh wkh rqhv pdnlqj wkh exvlqhvv vxffhhg/ qrw |rx1

Wkh srolflhv glvfxvvhg deryh ohdyh rshq wkh srvvlelolw| wkdw wkh hpsor|hu zloo eh glvvdwlv0

�hg zlwk wkh dprxqw ri lqirupdwlrq derxw w|shv wkdw lv uhyhdohg lq dq htxloleulxp vfhqdulr/

ru wkdw wkh hpsor|hu pd| �qg wkdw wkh frvw ri hqfrxudjlqj wkh hpsor|hhv wr uhyhdo wklv lq0

irupdwlrq yroxqwdulo| h{fhhgv klv ydoxh1 Dv dq dowhuqdwlyh/ wkh hpsor|hu frxog vlpso| uhtxluh
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wkh hpsor|hhv wr wdnh vrph �{hg dprxqw ri ydfdwlrq wlph1 Wklv lv lq idfw wkh srolf| wkdw

wkh Ihghudo Uhvhuyh kdv lpsohphqwhg iru edqnv/ dqg rqh wkdw pdq| rwkhu �upv dovr iroorz1
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