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4 Wkh Frqwh{w ri Hydoxdwlrq

Lqwhuyhqwlrqv e| wkh sxeolf vhfwru jhqhudoo| frpplw vxevwdqwldo vrflhwdo uhvrxufhv wkdw duh

wkhq xqdydlodeoh iru dowhuqdwlyh surjudpv/ dv zhoo dv iru sulydwh h{shqglwxuhv1 Wkh hydoxdwlrq

ri h�hfwv dqg frvwv ri dq lqwhuyhqwlrq lv wkhuhiruh lpshudwlyh/ zlwk wkh sulqflsdo remhfwlyhv

ri udqnlqj dowhuqdwlyh fdqglgdwh lqwhuyhqwlrqv dqg jdxjlqj wkhlu frvw0h�hfwlyhqhvv1 Wklv lv

hvshfldoo| wuxh lq wlphv ri prghudwh hfrqrplf jurzwk/ zkhq wkhuh duh uhodwlyho| ihz xq0

frpplwhg uhvrxufhv1 Wljkw exgjhwv pdnh xv sdlqixoo| dzduh wkdw srolf| pdnhuv dv zhoo dv

dgplqlvwudwruv duh pruh dqg pruh frqvlghuhg dffrxqwdeoh iru zkdw kdsshqv zlwk wkh wd{0

sd|huv* prqh|1 Iru lqvwdqfh/ lq wkhlu uhfhqw duwlfoh iru wkh Kdqgerrn ri Oderu Hfrqrplfv/

Khfnpdq hw do1 +4<<<, zulwh

�Dq hpskdvlv rq remhfwlyh sxeolfo| dffhvvleoh hydoxdwlrqv lv d glvwlqfwlyh ihd0

wxuh ri wkh prghuq zhoiduh vwdwh/ hvshfldoo| lq dq hud ri olplwhg ixqgv dqg sxeolf

ghpdqgv iru dffrxqwdelolw|1�

Idu iurp ehlqj d vlpsoh pdwwhu ri dffrxqwlqj/ wkh hydoxdwlrq ri srolf| lqwhuyhqwlrqv idfhv

vhulrxv wkhruhwlfdo dqg phwkrgrorjlfdo sureohpv/ wkrxjk51 Uhfhqw ghyhorsphqwv lq wkh �hog

ri hydoxdwlrq uhvhdufk fdq eh ri khos lq lghqwli|lqj wkhvh sureohpv dqg r�hu vrph jxlgdqfh

lq wkhlu vroxwlrq1 Wkh jrdo ri wklv sdshu lv wr rxwolqh lq lqwxlwlyh whupv zkdw frqvwlwxwhv wkh

hydoxdwlrq sureohp1 Ixuwkhupruh/ wkh sulqflsdo vroxwlrq srvvlelolwlhv r�huhg lq wkh olwhudwxuh

duh glvfxvvhg lqirupdoo|1

Lq wkh vhfrqg vhfwlrq/ wkh jhqhudo sureohp ri surjudp hydoxdwlrq zloo eh sodfhg lqwr shu0

vshfwlyh= zk| grhv rqh qhhg vflhqwl�f hydoxdwlrq/ zkdw duh wkh vwdqgdugv dffruglqj wr zklfk

hydoxdwlrq h�ruwv vkrxog eh mxgjhg/ dqg zkr vkrxog shuirup wkh dqdo|vlvB Ixuwkhupruh/ wkh

ixqgdphqwdo hohphqwv ri hydoxdwlrq uhvhdufk/ +l, wkh fkrlfh ri wkh dssursuldwh rxwfrph phd0

vxuh/ +ll, wkh dvvhvvphqw ri wkh gluhfw dqg lqgluhfw frvw dvvrfldwhg zlwk wkh lqwhuyhqwlrq/ dqg

+lll, wkh dwwulexwlrq ri h�hfwv wr xqghuo|lqj fdxvhv duh eulh | glvfxvvhg1 Wkh wklug vhfwlrq

surylghv d irupdo dffrxqw ri wkh hydoxdwlrq sureohp dv lw lv vwdwhg e| prghuq hydoxdwlrq

uhvhdufk/ vxssohphqwhg e| lqwxlwlyh h{sodqdwlrq1 Lq wkdw vhfwlrq/ lw zloo eh fodul�hg wkdw wkh

5Khqfhiruwk wkh whupv surjudp/ wuhdwphqw dqg srolf| lqwhuyhqwlrq zloo eh xvhg v|qrq|prxvo|1
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hvvhqwldo wdvn iru dq| hydoxdwlrq dqdo|vlv lv wkh frqvwuxfwlrq ri d fuhgleoh frxqwhuidfwxdo �

d suhflvh vwdwhphqw ri zkdw zrxog kdyh kdsshqhg lq wkh devhqfh ri wkh srolf| lqwhuyhqwlrq1

Lq whfkqlfdo whupv wklv lv nqrzq dv wkh lghqwl�fdwlrq sureohp1

Wkh irxuwk vhfwlrq surfhhgv wr lqwurgxfh vhyhudo dssurdfkhv sursrvhg lq wkh olwhudwxuh

wr vroyh wkh hydoxdwlrq sureohp/ erwk h{shulphqwdoo| edvhg dqg revhuydwlrqdo/ dqg sodfhv

wkhp lqwr shuvshfwlyh e| rxwolqlqj h{solflwo| wkh xqghuo|lqj lghqwl�fdwlrq dvvxpswlrqv wkdw

kdyh wr eh pdgh wr mxvwli| wkhlu dssolfdwlrq1 Wkh �iwk vhfwlrq frqfoxghv1

5 Ixqgdphqwdo Dvshfwv ri Surjudp Hydoxdwlrq

514 Wkh Uhtxluhphqw iru Vflhqwl�f Hydoxdwlrq

Dv d �uvw vwhs/ lw lv lpsruwdqw iru srolf| pdnhuv wr uhdol}h zk| dq| vhulrxv hydoxdwlrq h�ruw

kdv wr iroorz d vhw ri vwdqgdugv zhoo0dffhswhg lq wkh vflhqwl�f frppxqlw| � wkh vwulfw uholdqfh

rq hylghqfh/ d fduhixo vwdwhphqw ri gdwd vrxufhv/ frqvlghudwlrq ri vrxufhv ri srvvleoh huuruv

lq lqihuhqfh/ dqg wkh vwdqgdug ri sxeolfqhvv �/ dqg fdqqrw eh grqh lq0krxvh dv dq dgghqgxp

wr wkh xvxdo dffrxqwlqj surfhgxuhv61 Dv d pdwwhu ri sulqflsoh/ rqh frxog txhvwlrq/ dqg pdq|

h{shulhqfhg sudfwlwlrqhuv zloo fhuwdlqo| gr vr/ zk| rqh vkrxog kdyh wr vfuxwlql}h dw doo wkh

krqhvw sodqqlqj/ phwlfxorxv dgplqlvwudwlrq dqg fduhixo gholyhu| ri srolf| phdvxuhv/ li rqh

fdq uho| rq d zhoo0wudlqhg dqg zhoo0lqwhqwlrqhg vwd� dqg rq lqvwlwxwlrqv wkdw kdyh zlwkvwrrg

wkh whvw ri wlph1 Xqghqldeo|/ wkrxjk/ frqylqflqj dujxphqwv iru wklv uhtxluhphqw duh qrw lq

vkruw vxsso|1 Rqh pdmru uhdvrq lv wkdw hyhq wkh ehvw fdq eh lq huuru1 Wkh lqfhswlrq dqg

ghvljq ri wkh srolf| phdvxuh pljkw uhvw rq d idovh suhplvh derxw wkh fdxvhv ri wkh sureohp

dw kdqg1 Pruhryhu/ qrw doo sudfwlwlrqhuv dqg dgplqlvwudwruv hqjdjhg lq lpsohphqwlqj srolf|

phdvxuhv duh htxdoo| nqrzohgjhdeoh ru frpshwhqw1

Vhfrqg/ rqh fdq kdugo| h{shfw doo wkhvh sduwlflsdqwv lq wkh ghvljq dqg gholyhu| ri srolf|

phdvxuhv wr eh frpsohwho| lpsduwldo dv wr wkh lpsruwdqfh ri wkhlu wdvnv dqg wr wkh h!fdf|

ri wkh dfwlylwlhv wkh| duh vshqglqj wkhlu surihvvlrqdo olihv zlwk1 Jlyhq wkdw wkh h�hfwv ri

srolf| phdvxuhv duh riwhq txdqwlwdwlyho| vpdoo/ hyhq voljkw dqg lqdgyhuwhqw whqghqflhv wr

6D oxflg lqwurgxfwlrq lqwr uhvhdufk lq wkh vrfldo vflhqfhv lv jlyhq e| Ndw}hu hw do1 +4<<;,1
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hpskdvl}h srvlwlyh dvshfwv pljkw lqydolgdwh wkhlu frqfoxvlrqv1 E| frqwudvw/ vflhqwlvwv duh

pruh olnho| wr eh lpsduwldo wr wkh srolf| lqwhuyhqwlrq xqghu vwxg|1 Ilqdoo|/ dwwulexwlqj

dq h�hfw wr dq xqghuo|lqj fdxvh zlwk frqvlghudeoh frq�ghqfh lv d wdvn wkdw lv idu pruh

frpsoh{ wkdq lv jhqhudoo| dssuhfldwhg= lq doo lqvwdqfhv/ lw uhtxluhv wkh frqvwuxfwlrq ri d

sodxvleoh frxqwhuidfwxdo vlwxdwlrq � lghqwlfdo wr zkdw lv revhuyhg/ dsduw iurp wkh devhqfh ri

wkh lqwhuyhqwlrq � djdlqvw zklfk wkh dfwxdo vlwxdwlrq kdv wr eh frpsduhg1 Wkxv/ dw ehvw wkh

h�hfw fdq rqo| eh hvwlpdwhg zlwk frq�ghqfh/ exw qhyhu phdvxuhg zlwk fhuwdlqw|1 Lqghhg/ wkh

wudglwlrq ri hydoxdwlqj srolf| lqwhuyhqwlrqv vflhqwl�fdoo| rq wkh edvlv ri sxeolfo| dffhvvleoh

gdwd dqg zlwk sxeolfl}hg dffrxqwv ri uhvhdufk phwkrgv dqg hylghqfh/ lv xqghughyhorshg lq

prvw hfrqrplhv1 Wkxv/ lq frxqwulhv zlwk olwwoh wudglwlrq ri lqghshqghqw vflhqwl�f hydoxdwlrq/

suhylrxv frqfoxvlrqv derxw wkh h!fdf| dqg h!flhqf| ri sxeolf srolf| phdvxuhv duh riwhq ohiw

xqvxssruwhg e| dq| hpslulfdo hylghqfh1

Wr surylgh d vlpsoh h{dpsoh/ frqvlghu d vlwxdwlrq lq zklfk d ghflvlrq pdnhu kdv wr ghflgh

zklfk ri wzr gl�huhqw dfwlyh oderu pdunhw surjudpv zloo uhfhlyh wkh vxp hdupdunhg lq wklv

|hdu*v exgjhw iru vxfk srolflhv/ rqh ehlqj d wudlqlqj surjudp dqg rqh ehlqj d surjudp ri

zdjh vxevlglhv iru pdnh0vkliw zrun1 Rqh ri wkh ixqgdphqwdo sulqflsohv ri dq| hfrqrplf

sureohp dssolhv khuh dv zhoo= wkh exgjhw fdq rqo| d�rug wr vxssruw rqh ri wkrvh surjudpv/

qrw erwk ri wkhp +dqg/ iru wkh vdnh ri wkh dujxphqw/ wkhuh duh lqglylvlelolwlhv suhyhqwlqj

dq| frpsurplvh vroxwlrq,1 Krz fdq wkh ghflvlrq pdnhu uhfhlyh wkh lqirupdwlrq qhfhvvdu| wr

pdnh wkh ehvw ghflvlrq/ zklfk zh zloo dvvxph lv lpsohphqwdwlrq ri wkh surjudp wkdw eulqjv

pruh xqhpsor|hg zrunhuv edfn lqwr vwdeoh hpsor|phqwB

Rqh zd| wr dssurdfk wkh txhvwlrq lv wr uhvruw wr sodxvlelolw| frqvlghudwlrqv/ pruh ru ohvv

vxssruwhg e| h{solflw ehkdylrudo/ qrw qhfhvvdulo| hfrqrplf/ wkhru|1 Wkh wurxeolqj idfw lv/

wkrxjk/ wkdw wkhuh duh sodxvleoh dujxphqwv vxssruwlqj erwk srolf| lqwhuyhqwlrqv1 Wudlqlqj

surjudpv lqwhqg wr hqkdqfh wkh kxpdq fdslwdo hqgrzphqwv ri wudlqhhv dqg/ vlqfh orz kxpdq

fdslwdo vhhpv wr eh d pdmru vrxufh ri xqhpsor|phqw ulvn/ pruh kxpdq fdslwdo zloo lpsuryh

wkh oderu pdunhw vlwxdwlrq ri wkh zrunhuv xqghujrlqj wkh surjudp1 Wklv zrxog vshdn lq

idyru ri wkh �uvw lqwhuyhqwlrq1 Rq wkh rwkhu kdqg/ xqhpsor|hg zrunhuv pljkw iruhprvw qhhg

wkh �uvw vwhs ri jhwwlqj edfn djdlq lqwr wkh oderu pdunhw/ wkdw lv/ �qglqj d qhz hpsor|hu1

Wkhq wkh| zloo uhfhlyh wkh rssruwxqlw| wr glvsod| wkhlu idyrudeoh fkdudfwhulvwlfv dqg duh
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olnho| wr krog rq wr hpsor|phqw1 Pruhryhu/ vlqfh zdjh vxevlglhv pd| dsso| wr pruh zrunhuv

wkdq frxog eh vxssruwhg lq d wudlqlqj surjudp/ wklv zrxog dujxh iru xqghuwdnlqj wkh vhfrqg

lqwhuyhqwlrq1 Xqiruwxqdwho|/ rqh pljkw vwloo �qg pdq| surihvvlrqdo hfrqrplvwv zkr zrxog

eh vdwlv�hg zlwk d vlqjoh sodxvleoh dqg frqvlvwhqw wkhruhwlfdo prgho> wkrvh zloo eh ri olwwoh

khos dv srolf| dgylvruv1

D vhfrqg dssurdfk zrxog eh wr uho| rq wkh dgylfh ri h{shulhqfhg sudfwlwlrqhuv zkr zhuh

lqyroyhg lq wkh lpsohphqwdwlrq ri frpsdudeoh srolf| lqwhuyhqwlrqv lq wkh sdvw1 Hyhq ohdylqj

txhvwlrqv ri lpsduwldolw| dvlgh � rqh fdq kdugo| h{shfw wkh dgylfh wkdw erwk phdvxuhv vkrxog

ehwwhu qrw eh xqghuwdnhq dqg wkh prqh| vshqw gl�huhqwo| dowrjhwkhu � rqh kdv wr uhdol}h wkdw

wkhvh h{shulhqfhv zhuh xvxdoo| qrw rewdlqhg lq d frqwuroohg vlwxdwlrq/ exw udwkhu uh hfw wkh

lglrv|qfudwlf klvwrulhv ri wkh sudfwlwlrqhuv dv zhoo dv wkh flufxpvwdqfhv xqghu zklfk wkh|pdgh

wkhlu revhuydwlrqv ri uhdolw|1 Pruhryhu/ lqvwhdg ri remhfwlyho| hydoxdwlqj h�hfwlyh rxwsxw/ lw

lv pruh olnho| wkdq qrw wkdw wkrvh h{shuwv zrxog htxdwh suhylrxv vxffhvv � zkrvh dffxudwh

phdvxuhphqw kdg qrw ehhq wkhlu sulrulw| � zlwk h�ruwv vshqw/ erwk lq whupv ri prqh| dqg

pdq0krxuv1 Dv d frqvhtxhqfh/ wkh ghflvlrq ri zklfk surjudp wr ixqg fdq kdugo| eh ghflghg

zlwk frq�ghqfh xvlqj hlwkhu ri wkh �uvw wzr dssurdfkhv1

Li wkh srolf| pdnhu zhuh wr wdnh xs vroylqj wkh ghflvlrq sureohp rq wkh edvlv rq khu

rzq dqdo|vlv/ vkh zloo lqhylwdeo| glvfryhu wkdw qr vwudwhj| h{lvwv iru dvfhuwdlqlqj wkh wuxh

h!fdf| ri hlwkhu surjudp1 Iru lqvwdqfh/ rqh pljkw vxuyh| sduwlflsdqwv ri iruphu wudlqlqj

surjudpv dqg dvn wkhp krz/ lq wkhlu suhfhswlrq/ surjudp sduwlflsdwlrq kdg khoshg wkhlu od0

eru pdunhw vlwxdwlrq1 Iruphu sduwlflsdqwv duh d yhu| vhohfw jurxs/ wkrxjk/ dv wkhlu yroxqwdu|

sduwlflsdwlrq zdv xqgrxewixoo| d uh hfwlrq ri wkhlu ghvluh wr lpsuryh wkhlu vlwxdwlrqv1 Wkh|

pljkw kdyh h{fhoohg lq wkh oderu pdunhw luuhvshfwlyh ri wkh surjudp1 Lqvwhdg/ rqh pljkw

dvn fxuuhqwo| xqhpsor|hg zkdw w|sh ri surjudp wkh| zrxog suhihu li jlyhq wkh fkrlfh/ dqg

zkhwkhu wkhlu dqvzhu lv jxlghg e| wkh lghd ri uh0jdlqlqj vwdeoh hpsor|phqw ru e| dowhuqdwlyh

prwlyhv1 Xqiruwxqdwho|/ dv wkh frqvhtxhqfhv ri plv0uhsuhvhqwdwlrq ri wuxh lqwhqwlrqv duh qlo/

lw lv xqolnho| wkdw wrr pxfk frq�ghqfh fdq eh sodfhg rq wkh dqvzhuv wr wklv txhvwlrq1 Dovr/

lw lv xqolnho| wkdw xqhpsor|hg zrunhuv duh dq| ehwwhu lqiruphg derxw wkh wuxh frvwv dqg

ehqh�wv ri wkh dowhuqdwlyh lqwhuyhqwlrqv wkdq wkh srolf| pdnhu khuvhoi1 Vlqfh wkhuh grhv qrw

vhhp wr eh d vwudljkwiruzdug zd| wr vroyh wkhvh sureohpv/ dqg lq idfw doo uhohydqw dssurdfkhv
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rqh frxog wklqn ri duh surqh wr vrph huuru/ wkh srolf| pdnhu fhuwdlqo| zrxog olnh wr nqrz

zklfk ri doo srvvleoh phwkrgv zrxog olnho| jhqhudwh wkh vpdoohvw huuruv1

Ilqdoo|/ dv d �uvw vwhs lq sxuvxlqj rqh*v rzq dqdo|vlv/ rqh frxog frqvxow wkh jurzlqj

erg| ri uhvhdufk rq wkh hydoxdwlrq ri srolf| lqwhuyhqwlrqv1 Xqiruwxqdwho|/ d vhdufk ri wkh

sxeolvkhg olwhudwxuh zrxog yhu| olnho| |lhog hylghqfh dqg dujxphqwv iru dqg djdlqvw wkh wzr

srvvleoh lqwhuyhqwlrqv frqvlghuhg khuh/ wkxv udlvlqj wkh txhvwlrq lqwr zklfk ri wkh uhvxowv

rqh vkrxog sodfh pruh frq�ghqfh1 Pruhryhu/ lw zrxog ehfrph reylrxv wkdw hyhq vfkroduo|

uhvhdufk lv xqdeoh wr holplqdwh doo huuru1 Ilqdoo|/ qrqh ri wkh dydlodeoh vwxglhv zrxog dgguhvv

h{dfwo| wkh vdph ghflvlrq sureohp � whfkqlfdoo| lghqwlfdo lqwhuyhqwlrqv/ fryhulqj wkh vdph

w|sh ri zrunhuv/ rshudwlqj lq wkh vdph hqylurqphqw � dv lq wkh fdvh xqghu frqvlghudwlrq/

wkxv udlvlqj wkh dgglwlrqdo txhvwlrq ri wkhlu jhqhudol}delolw| wr wkh fxuuhqw frqwh{w1 Djdlq/

zlwkrxw ixuwkhu jxlgdqfh/ lw zrxog qrw eh fohdu wr wkh srolf| pdnhu zklfk ghflvlrq wr dgrsw1

Lq hvvhqfh/ lqvwhdg ri d fohdu0fxw dqvzhu wr wkh ghflvlrq sureohp/ wkh ehvw wkdw d srolf|

pdnhu fdq krsh iru lv d vxppdu| ri wkh dydlodeoh hylghqfh dffruglqj wr wkh zhoo0uhvshfwhg

vwdqgdugv ri vflhqwl�f uhvhdufk1 Rqh ri wkh fruqhuvwrqhv ri vflhqwl�f uhvhdufk lv wkh lghd

wkdw rqo| wkh zhljkw ri wkh hylghqfh lv deoh wr dqvzhu dq| uhvhdufk txhvwlrq1 Li wkh vdph

txdolwdwlyh uhvxow � qrw wkh vdph qxphulfdo hvwlpdwhv/ exw d frkhuhqw vhw ri uhvxowv forvh wr

hdfk rwkhu � zhuh wr eh rewdlqhg lq d ydulhw| ri dqdo|vhv/ vd| wudlqlqj surjudpv jhqhudoo| ohdg

wr pruh idyrudeoh rxwfrphv/ wkhq zlwk vrph frq�ghqfh/ doehlw qrw zlwk fhuwdlqw|/ rqh frxog

frqfoxgh wkdw wudlqlqj surjudpv vkrxog eh wkh �uvw fkrlfh1 Lghdoo|/ wkhvh dqdo|vhv zrxog kdyh

ehhq frqgxfwhg e| lqghshqghqw uhvhdufkhuv/ zlwk voljkw yduldwlrq lq wkh sduwlfxodu fkrlfhv

uhjduglqj wkh phwkrgv ri wkhlu dqdo|vlv/ wkh vrxufhv ri wkhlu gdwd/ dqg wkh suhflvh ghwdlov ri

wkh ydulrxv w|shv ri surjudpv1

Li wkhuh lv qr vxfk frqfoxvlyh hylghqfh/ krzhyhu/ wkh srolf| pdnhu vwloo kdv wr pdnh

d ghflvlrq1 Vkh zloo wkhq xvxdoo| qrw eh deoh wr zdlw xqwlo wkh zhljkw ri wkh hylghqfh lv

vx!flhqw wr uhdfk d frq�ghqw ghflvlrq1 Wkhuhiruh/ vkh qrw rqo| kdv wr wdnh d jxhvv/ exw

dovr kdv wr dgplw wr wkh vwdwh ri khu xqfhuwdlqw| wr wkh sxeolf1 Wkdw rqh fdqqrw dvfhuwdlq

xowlpdwh wuxwk lv qhlwkhu d idloxuh ri vflhqfh qru ri wkh ghflvlrq pdnhu/ lw lv dq xqghqldeoh

idfw ri olih1 Fhuwdlqo|/ lw zrxog eh pxfk zruvh wr wdnh d �up rslqlrq ri vrpherg| sduwldo wr

wkh surfhvv dv wkh fruuhfw dqvzhu/ vlpso| ehfdxvh lw kdsshqv wr eh dydlodeoh1
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Rq wkh rwkhu kdqg/ vlqfh wkh xowlpdwh wuxwk lv xqdydlodeoh/ lw lv lpsruwdqw wr uhdol}h

wkdw doo uhvxowv duh ghulyhg zlwk pruh ru ohvv frq�ghqfh ru uholdelolw|/ ghshqglqj rq wkh

sduwlfxodu uhvhdufk dssurdfk fkrvhq1 Xqiruwxqdwho|/ lw lv qrw hqrxjk wr vlpso| frpsduh

wkh vwdqgdug phdvxuhv ri vdpsolqj yduldelolw| wkdw duh uhsruwhg lq dq| frpshwhqw vflhqwl�f

vwxg| +vhh vhfwlrq 615 ehorz,1 Li wkdw zhuh wkh fdvh/ rqh frxog vlpso| frqfhqwudwh rq wkrvh

vwxglhv uhsruwlqj d kljk ghjuhh ri vwdwlvwlfdo uholdelolw|1 Wr ghulyh dq h{solflw dvvhvvphqw

ri uhpdlqlqj xqfhuwdlqw|/ dq| vwxg| pxvw lqyrnh pruh ru ohvv uhvwulfwlyh dvvxpswlrqv � vr0

fdoohg lghqwl�fdwlrq dvvxpswlrqv � zklfk duh dvvxphg wr eh wuxh iru wkh sxusrvhv ri wkh

dqdo|vlv/ dqg zkrvh ydolglw| lv qrw uh hfwhg lq wkh xvxdo phdvxuhv ri vdpsolqj yduldelolw|1

Lqghhg/ pruh uhvwulfwlyh dvvxpswlrqv zloo jhqhudoo| ohdg wr vpdoohu vdpsolqj huuruv1 Exw

wklv udlvhv wkh txhvwlrq zkhwkhu wkh lghqwl�fdwlrq dvvxpswlrqv zhuh fruuhfw wr ehjlq zlwk1

Wkxv vrph edvlf xqghuvwdqglqj ri wkh qdwxuh ri vshfl�f lghqwl�fdwlrq dvvxpswlrqv dqg wkhlu

dssolfdelolw| lv lpshudwlyh iru dq dvvhvvphqw ri wkh dydlodeoh hylghqfh1

Ilqdoo|/ vlqfh uhsolfdwlrq ri hylghqfh lv d fruqhuvwrqh ri vflhqwl�f uhvhdufk/ zhoo0uhvshfwhg

vflhqwl�f vwdqgdugv uhtxluh wkdw uhvhdufkhuv pdnh sxeolf wkhlu gdwd dqg phwkrgv1 Edvlfdoo|/

dq| rwkhu uhvhdufkhu zkr zhuh wr ghflgh wkdw vkh zdqwv wr uhsolfdwh d vwxg| vkrxog eh deoh

wr gr vr rq wkh edvlv ri zkdw lv jlyhq lq wkh uhsruw dqg ri dffhvv wr wkh gdwd pdwhuldo �

zlwk wkh ghyhorsphqw ri wkh Lqwhuqhw whfkqlfdoo| d plqru uhtxhvw1 Lw lv wklv nlqg ri glvflsolqh

wkdw fuhdwhv wkh edvlv iru prghuq vflhqwl�f uhvhdufk1 Lq hvvhqfh/ wklv uhtxluhv dovr wkdw wkh

gdwd shuwdlqlqj wr wkh srolf| pdnhu*v �fwlrqdo sureohp vkrxog eh sxeolfo| dffhvvleoh iru

uhvhdufk sxusrvhv1 Dv lw wxuqv rxw/ dgydqfhv lq wkh h{wudfwlrq ri dqrq|prxv lqirupdwlrq

iurp lqglylgxdo uhfrugv doorz wklv uhvhdufk lghdo wr eh sxuvxhg zlwk hdvh1

Lq vxp/ hydoxdwlrq ri wkh lpsdfw ri srolf| lqwhuyhqwlrq vkrxog eh xqghuwdnhq e| lqghshq0

ghqw uhvhdufkhuv/ rq wkh edvlv ri sxeolfo| dffhvvleoh gdwd/ zlwk dq hpskdvlv rq wkh sxeolfdwlrq

ri uhvhdufk phwkrgv/ lq sduwlfxodu ri wkh lghqwl�fdwlrq dvvxpswlrqv xqghuo|lqj wkh ghulyd0

wlrq ri d vhw ri uhvxowv/ dqg rq vwdwhphqwv uhjduglqj wkh h{whqw ri dq| uhpdlqlqj xqfhuwdlqw|1

Prvw lpsruwdqwo|/ rqo| wkh zhljkw ri wkh hylghqfh zloo doorz dq| uholdeoh frqfoxvlrq rq wkh

srvvleoh lpsdfw ri srolf| lqwhuyhqwlrqv1 Vlqfh iroorzlqj d zurqj urxwh zlwk frq�ghqfh exw

zlwkrxw mxvwl�deoh fdxvh fdqqrw eh d vhulrxv rswlrq/ wkh rqo| uhdvrqdeoh fkrlfh iru srolf|

pdnhuv lv wr hpeudfh wkh lghd ri vflhqwl�f hydoxdwlrq1

:



515 Pdmru Hohphqwv ri Surjudp Hydoxdwlrq

Dq| hydoxdwlrq h�ruw uhtxluhv wkdw uhohydqw rxwfrphv/ phdvxuhg lq whupv zklfk duh vxlwdeo|

gh�qhg/ eh frpsduhg lq vlwxdwlrqv wkdw gl�hu lq wkhlu uhohydqw dvshfwv rqo| lq wkh idfw wkdw

rqh lv zlwk dqg wkh rwkhu zlwkrxw wkh lqwhuyhqwlrq1 Wkhq dq| lpsdfw dwwulexwhg wr wkh lq0

whuyhqwlrq vkrxog eh frpsduhg ixuwkhu wr wkh frvwv lqyroyhg1 Wkh �uvw lvvxh glvfxvvhg khuh lv

wkh vxlwdeoh fkrlfh ri rxwfrph phdvxuh> wklv glvfxvvlrq frpsulvhv vhyhudo dowhuqdwlyh vlqjoh

rxwfrphv/ pxowlsoh rxwfrph yduldeohv/ dqg wkh wkhruhwlfdo dqg sudfwlfdo dvshfwv ri lqwhjud0

wlyh rxwfrph phdvxuhv1 Vhfrqg/ vlqfh d frpsohwh hydoxdwlrq ri lqwhuyhqwlrqv qhfhvvlwdwhv d

frpsdulvrq ri erwk h�hfwv dqg frvwv ri wkh surjudp/ ydulrxv frvw frpsrqhqwv dulvlqj iurp

lqwhuyhqwlrqv zloo eh glvfxvvhg1 Surjudp frvwv jhqhudoo| frpsulvh erwk gluhfw dqg lqgluhfw

+rssruwxqlw|, frvwv1 Vlplodu wr hvwlpdwlqj wkh lpsdfw ri lqwhuyhqwlrqv rq rxwfrphv/ hvwlpd0

wlrq ri frvwv frxog uho| rq h{shulphqwdo dqg qrq0h{shulphqwdo vwxglhv1 Vshfldo hpskdvlv zloo

eh jlyhq lq wkh glvfxvvlrq khuh wr wkh phdvxuhphqw ri lqgluhfw frvw frpsrqhqwv1

Wkh wklug lvvxh wdnhq xs lq wklv vhfwlrq lv wkh hydoxdwlrq ri wkh lpsdfw ri lqwhuyhqwlrqv1

Wklv lv wkh dvshfw ri wkh hydoxdwlrq sureohp wkdw hqmr|v prvw ri wkh dwwhqwlrq e| vflhqwlvwv/

prvwo| ehfdxvh lw vhhpv wr srvh wkh odujhvw lqwhoohfwxdo fkdoohqjh1 Wklv dvshfw zloo dovr eh wkh

wrslf ri h{whqvlyh glvfxvvlrq lq vhfwlrqv 6 dqg 71 Zkhuhyhu srvvleoh/ rqh zrxog olnh wr edvh

wkh hydoxdwlrq rq d vxlwdeoh h{shulphqw/ iru uhdvrqv wkdw zloo ehfrph wudqvsduhqw lq wkhvh

vhfwlrqv1 Krzhyhu/ vlqfh wkh h{shulphqwdo hydoxdwlrq ri srolf| lqwhuyhqwlrqv lv iuhtxhqwo|

suhfoxghg e| srolwlfdo/ hwklfdo ru frvw frqvlghudwlrqv dqg lv riwhq kdpshuhg e| frqfhswxdo

sureohpv/ wkh srwhqwldo dqg wkh olplwdwlrqv ri erwk h{shulphqwdo dqg qrq0h{shulphqwdo hydo0

xdwlrq vwudwhjlhv zloo eh h{soruhg1

51514 Zkdw RxwfrphvB

\hw/ wkh �uvw txhvwlrq wr foduli| lq dq| hydoxdwlrq vwxg| lv zkdw vkrxog eh frqvlghuhg dv d

vxffhvv1 Riwhq d qdwxudo rxwfrph phdvxuh vxjjhvwv lwvhoi1 Lq wkh h{dpsoh ri lqwhuyhqwlrqv

wdloruhg wr xqhpsor|hg zrunhuv/ wklv rxwfrph phdvxuh zrxog dujxdeo| eh d phdvxuh wkdw

fdswxuhv zkhwkhu wkh lqwhuyhqwlrq zdv eulqjlqj wkh xqhpsor|hg edfn lqwr +vwdeoh, hpsor|0

phqw1 Exw wkh vdph txdolwdwlyh rxwfrph +lpsuryhphqw lq wkh hpsor|phqw vlwxdwlrq/ vd|,
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pd| sodxvleo| eh phdvxuhg lq vhyhudo zd|v/ iru lqvwdqfh e| krxuv shu zhhn lq wkh qhz mre/

e| d vlpsoh glvwlqfwlrq ehwzhhq hpsor|phqw dqg xqhpsor|phqw/ ru hyhq e| d vhoi0uhsruwhg

vfdoh lqglfdwlqj vdwlvidfwlrq1

Pruhryhu/ lw zrxog eh yhu| ghpdqglqj wr h{shfw wkdw dq| lqwhuyhqwlrq d�hfwhg rqo| d

vlqjoh rxwfrph phdvxuh1 E| frqwudvw/ lw lv yhu| olnho| wkdw d vlqjoh lqwhuyhqwlrq d�hfwv vhyhudo

rxwfrphv1 Lq wkh h{dpsoh/ wklv frxog eh hpsor|phqw dqg zdjhv lq wkh qhz mre1 Lw pljkw

zhoo eh wkdw rqh lqwhuyhqwlrq udlvhv hpsor|phqw vxevwdqwldoo|/ doehlw dw orz zdjhv/ zkhuhdv

dqrwkhu lqwhuyhqwlrq eulqjv ihzhu zrunhuv lqwr ehwwhu mrev1 E| wkh vdph wrnhq/ lw lv lpsru0

wdqw wr frqvlghu srvvleoh vlgh h�hfwv rq rxwfrphv rwkhu wkdq wkh sulpdu| rqhv wkdw dwwudfw

lpphgldwh srolf| dwwhqwlrq1 Iru lqvwdqfh/ sduwlflsdwlrq lq d zdjh vxevlg| surjudp pd|

eulqj wkh xqhpsor|hg sduwlflsdqwv edfn lqwr hpsor|phqw vxffhvvixoo|/ exw dw wkh h{shqvh ri

dffhswlqj srru zrunlqj frqglwlrqv1 Wkh sureohp ri gluhfwo| frpsdulqj ydulrxv txdolwdwlyho|

gl�huhqw rxwfrphv lv hyhq pruh reylrxv/ zkhq vhyhudo phdvxuhv duh frpshwlqj dw wkh vdph

wlph iru d vkduh ri wkh exgjhw1 Rqh pd| eh d surjudp wdujhwlqj wkh hpsor|phqw survshfwv

ri hoghuo| zrunhuv/ dqrwkhu pd| eh dwwhpswlqj wr udlvh wkh zdjhv ri hpsor|hg zrphq/ vd|1

Wkxv/ dowkrxjk lw pd| eh reylrxv zklfk rxwfrph phdvxuh wr xvh iru dq lqwhuyhqwlrq

wdujhwhg dw d qduurz srsxodwlrq zlwk d vshfl�f sureohp/ lq pdq| rwkhu fdvhv wkh fkrlfh

lv pruh frpsolfdwhg1 Lq dgglwlrq/ rxwfrphv pd| qrw eh frpsdudeoh dfurvv lqwhuyhqwlrqv1

Ilqdoo|/ shukdsv wkh prvw vhyhuh gl!fxow| lv wkdw/ dowkrxjk d frpsdulvrq ri ehqh�wv dqg frvwv

ri dq lqwhuyhqwlrq kdv wr uho| rq vrph xqghuvwdqglqj ri wkh ydoxh ri wkh surjudp lpsdfw/

surjudp rxwfrphv duh qrupdoo| qrw wudqvodwhg lqwr prqh| whupv1 Lw lv pruh frpprq wr

h{suhvv uhvxowv lq whupv ri phdvxudeoh rxwfrphv/ vxfk dv hpsor|phqw udwhv1 Krzhyhu/ dv

frvw0h�hfwlyhqhvv dqdo|vlv phdvxuhv h�hfwv lq d zlgh udqjh ri rxwfrphv/ vxfk dv uhgxfwlrqv

ri xqhpsor|phqw lqflghqfh ru lqfuhdvh lq zdjhv/ wklv dqdo|vlv lv qrw vxlwdeoh iru frpsdulqj

lqwhuyhqwlrqv zlwk gl�huhqw nlqgv ri h�hfwv1 Wkhuhiruh rqh pljkw zdqw wr fduu| rxw vr0fdoohg

frvw0xwlolw| dqdo|vhv/ xvlqj lqwhjudwhg h�hfw yduldeohv vxfk dv/ wr eruurz dq h{dpsoh iurp

khdowk hfrqrplfv/ �txdolw|0dgmxvwhg olih |hduv�1 Lq wkh frqwh{w ri khdowk lqwhuyhqwlrqv/ vxfk

lqwhjudwlyh phdvxuhv lqfrusrudwh suhpdwxuh pruwdolw| dqg glvdelolw| gxh wr glvhdvh lqwr d

vlqjoh phdvxuh1 Qdwxudoo|/ lqwhjudwlyh frqfhswv zloo vsdun frqvlghudeoh ghedwh dv wr wkhlu

h{solflw ydoxh mxgjphqwv zlwk uhjdug wr wkh zhljkwlqj ri gl�huhqw w|shv ri rxwfrphv dv zhoo
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dv wkh wlph suhihuhqfhv +ghwhuplqlqj wkh wudgh0r� ehwzhhq fkdqjhv lq rxwfrphv rffxuulqj dw

gl�huhqw srlqwv lq wkh ixwxuh, ru hyhq jurxs suhihuhqfhv +ghwhuplqlqj wkh wudgh0r� ehwzhhq

fkdqjhv ehqh�wwlqj gl�huhqw vrflhwdo jurxsv,1 Wkh fkrlfh ri vxfk sdudphwhu ydoxhv lv qrw

wulyldo vlqfh lw zloo vwurqjo| lq xhqfh wkh udqn rughu ri srolf| lqwhuyhqwlrqv1

Rqh pljkw zdqw wr edvh wkh sdudphwhu fkrlfh rq hylghqfh iurp vxuyh| gdwd1 Krzhyhu/

d ixuwkhu sureohp iru wkh wudqvodwlrq iurp vxuyh| lqirupdwlrq lqwr qxphulfdo hvwlpdwhv ri

wkh nh| sdudphwhuv lv wkh txdolwdwlyh dqg vhoi0uhsruwhg qdwxuh ri wkh xqghuo|lqj gdwd/ lq

frqwudvw wr wkh hdvlo| phdvxudeoh txdqwlwdwlyh gdwd rqh zrxog olnh wr surfhvv1 Lq sduwlfxodu/

lq wkhlu vhoi0dvvhvvphqw lqglylgxdov pljkw lpso| gl�huhqw phdqlqjv zlwk wkh vdph vwdwhphqw

+h1j1 ehlqj lpsdluhg lq vrph vrflhwdo ixqfwlrq wr vrph ghjuhh, ghshqglqj rq wkhlu vrfl0

hwdo dqg fxowxudo frqwh{w1 Frpsdudeoh sureohpv kdyh sodjxhg wkh olwhudwxuh rq frqwlqjhqw

ydoxdwlrq zklfk wulhv wr hvwlpdwh wkh ydoxhv ri qrq0pdunhw jrrgv iurp vxuyh| gdwd1 Wkxv/

sduwlfxodu hpskdvlv vkrxog eh jlyhq wr wkh lpsdfw ri phdvxuhphqw huuruv rq wkh frqfox0

vlrqv � wkh srwhqwldo wudgh0r� ehwzhhq d wkhruhwlfdoo| vdwlvi|lqj rxwfrph yduldeoh surqh wr

plv0phdvxuhphqw dqg wkhruhwlfdoo| ohvv dwwudfwlyh sur{lhv vkrxog dozd|v eh nhsw lq plqg1

51515 Phdvxulqj Surjudp Frvwv

Iru wkh hfrqrplf hydoxdwlrq ri srolf| lqwhuyhqwlrqv/ ydolg hvwlpdwhv ri wkh hqvxlqj frvwv duh

dv lpsruwdqw dv hvwlpdwhv ri wkhlu lpsdfw1 Wkh vhfrqg nh| dvshfw ri wkh hydoxdwlrq sureohp lv

wkhuhiruh wkh hvwlpdwlrq ri wkh frvwv ri lqwhuyhqwlrqv1 Lq frqwudvw wr wkh hydoxdwlrq ri surjudp

lpsdfw ru h!fdf|/ vr idu uhodwlyho| olwwoh phwkrgrorjlfdo zrun kdv ehhq grqh rq krz wr dvvhvv

wkh h!flhqf| ri srolf| lqwhuyhqwlrqv/ wkdw lv wkhlu lpsdfw shu groodu vshqw1 Dowkrxjk lq

sulqflsoh wkh hvwlpdwlrq ri uhvrxufh xvh fdq eh fduulhg rxw vlpxowdqhrxvo| zlwk wkh hvwlpdwlrq

ri h�hfwlyhqhvv/ dqg wkhuhiruh urxjko| wkh vdph wrrov fdq eh dssolhg/ wkhuh duh vrph lvvxhv

vshfl�f wr hydoxdwlrq ri h!flhqf| wkdw ghpdqg vshfldo hpskdvlv1 Iru h{dpsoh/ iru uhdvrqv ri

gdwd dydlodelolw| dqg ehfdxvh ri phdvxuhphqw sureohpv wkh gl!fxow| ri h{wudsrodwlqj uhvxowv

wr rwkhu vlwxdwlrqv lv hyhq pruh surirxqg lq h!flhqf| dqdo|vlv1 Prvw lpsruwdqwo|/ lq prvw

hfrqrplf hydoxdwlrqv ri srolf| lqwhuyhqwlrqv vr idu rqo| wkh gluhfw rxwod|v iru wkh surjudp

kdyh ehhq ghwhuplqhg/ zkhuhdv wkh frvwv iru wkh surjudp sduwlflsdqwv dqg wkhlu idplolhv kdyh

ehhq qhjohfwhg1
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Wkh ixoo frvwv ri surjudp sduwlflsdwlrq lqfoxgh wkuhh frpsrqhqwv= wkh wlph frvw ri sdu0

wlflsdwlrq +wkh rssruwxqlw| frvw ri zdjhv iruhjrqh e| wkh xqhpsor|hg shuvrq/ lqfoxglqj wkh

wlph frvwv ri vhhnlqj wuhdwphqw,> wkh wlph frvw ri dgplqlvwudwruv dqg wkrvh lqyroyhg lq wkh

gholyhu| ri wkh surjudp +wkh rssruwxqlw| frvwv ri lqglylgxdov* wlph vshqw rq wuhdwlqj wkh

xqhpsor|hg ru dffrpsdq|lqj wkh xqhpsor|hg wr wkh sodfh ri wuhdwphqw,> dqg wkh �qdqfldo

frvwv ri wuhdwphqw +wkh h{shqglwxuhv lqfxuuhg e| wkh krxvhkrog lq vhhnlqj wuhdwphqw/ lqfoxg0

lqj rxw0ri0srfnhw h{shqglwxuhv iru wuhdwphqw/ ihhv/ wudqvsruw/ dqg wkh frvwv ri vxevlvwhqfh dw

d glvwdqw wuhdwphqw vlwh,1 Wkh vhfrqg ri wkhvh frvw frpsrqhqwv � lqfoxglqj frvwv wkdw dulvh

iurp dgplqlvwudwlyh ryhukhdg � duh riwhq qhjohfwhg1 Krzhyhu/ lw lv txlwh qdlyh wr wklqn wkdw

wkh h�ruwv ri h{lvwlqj dgplqlvwudwlyh djhqflhv duh frvwohvv1 Lqvwhdg/ lq d frpsdulvrq ri frvwv

dqg h�hfwv ri gl�huhqw srolf| lqwhuyhqwlrqv/ lw lv wkh wrwdo frqvxpswlrq ri vrflhwdo uhvrxufhv

wkdw vkrxog eh lqfrusrudwhg1

Zkloh prvw ri wkh hpskdvlv lq hydoxdwlrq uhvhdufk lv rq wkh vhoi0vhohfwlyh qdwxuh ri sur0

judp sduwlflsdwlrq uhjduglqj surjudp lpsdfw +zrunhuv zlwk kljkhu h{shfwhg lpsdfw ehlqj

pruh olnho| wr sduwlflsdwh/ vhh vhfwlrqv 6 dqg 7,/ rqh frxog hyhq h{soruh wkh frqvhtxhqfhv

ri khwhurjhqhrxv sduwlflsdwlrq frvw rq wkh hqgrjhqrxv vhohfwlrq ri wuhdwphqw1 Iru lqvwdqfh/

kljko| hgxfdwhg lqglylgxdov pd| ehqh�w pruh iurp d jlyhq lqwhuyhqwlrq/ wkxv whqglqj wr glv0

wruw wkh vdpsoh ri wuhdwhg lqglylgxdov wr glvsod| d glvsursruwlrqdwho| kljk dyhudjh hgxfdwlrq

ohyho1 Rq wkh rwkhu kdqg/ wkh| dovr idfh kljkhu rssruwxqlw| frvw ri sduwlflsdwlrq dqg pd|

eh xqghuuhsuhvhqwhg lqvwhdg1 Lw lv qrw fohdu d sulrul zkdw gluhfwlrq wkh uhvxowlqj eldvhv zloo

xowlpdwho| wdnh1 Wkh frqglwlrqv ohdglqj wr srvlwlyho| ru qhjdwlyho| eldvhg dvvhvvphqw ri frvw

yld vrph vruw ri vhoi0vhohfwlrq dqg wkh srwhqwldo uhphglhv r�huhg e| d yduldwlrq lq hpslulfdo

vwudwhjlhv frxog eh dq dyhqxh iru ixuwkhu uhvhdufk1

51516 Hydoxdwlrq Vwudwhjlhv

Vlqfh oderu pdunhw vxffhvv dqg/ lq sduwlfxodu/ wkh vxffhvvixo uhwxuq wr hpsor|phqw iurp

d vshoo ri xqhpsor|phqw lv lq xhqfhg e| qxphurxv idfwruv vxfk dv wkh uhjlrqdo vwuxfwxuh

ri oderu ghpdqg ru lqglylgxdo vhdufk h�ruw/ d pdmru vflhqwl�f fkdoohqjh lv wkh dwwulexwlrq

ri oderu pdunhw vxffhvv wr vshfl�f srolf| lqwhuyhqwlrqv1 Lq wkh hydoxdwlrq ri lqwhuyhqwlrqv/

wkh udqgrpl}hg frqwuroohg wuldo +UFW, lv jhqhudoo| frqvlghuhg dv wkh jrog vwdqgdug1 Lq wkh
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qdwxudo vflhqfhv/ wklv lv hvshfldoo| wuxh iru lqwhuyhqwlrqv wkdw fdq eh lpsohphqwhg lq d wljkwo|

frqwuroohg hqylurqphqw/ vxfk dv phglfdo lqwhuyhqwlrqv dw wkh krvslwdo ohyho1 Lq wklv frqwh{w/

wkh lqwhuyhqwlrqv duh udqgrpl}hg wr gl�huhqw shrsoh rq dq lqglylgxdo edvlv1 Wkh lpsdfw ri

dq lqwhuyhqwlrq fdq wkhq eh hydoxdwhg e| frpsdulqj dyhudjh rxwfrphv ri wkrvh surylghg

wkh lqwhuyhqwlrq +wkh vr0fdoohg �wuhdwphqw jurxs�, yhuvxv wkrvh surylghg vrph dowhuqdwlyh

lqwhuyhqwlrq ru qr vshfl�f wuhdwphqw +wkh �frqwuro jurxs�,1

Srolf| lqwhuyhqwlrqv d�hfwlqj wkh oderu pdunhw duh fhuwdlqo| gl�huhqw1 Riwhq wkh| gr qrw

ohqg wkhpvhoyhv wr frqwuroohg lpsohphqwdwlrq/ dqg hyhq pruh riwhq wkh| duh lpsohphqwhg

ehiruh d frqwuroohg h{shulphqw fdq eh ghvljqhg dqg h{hfxwhg1 Rqh grhv qrw hyhq kdyh

wr hpskdvl}h wkh frqvwudlqwv rq wkh frqwuroohg lpsohphqwdwlrq ri srolf| lqwhuyhqwlrqv lq

wkh frqwh{w ri wkh oderu pdunhw/ wkrxjk/ wr pdnh d fdvh iru wkh jhqhudo uhohydqfh ri qrq0

h{shulphqwdo ru revhuydwlrqdo dssurdfkhv wr hydoxdwlrq +vhh vhfwlrq 715 ehorz,1 Hyhq lq wkh

khdowk vhfwru wkhuh duh pdq| lqwhuyhqwlrqv zklfk duh wdujhwhg dw wkh frppxqlw|/ udwkhu wkdq

dw wkh lqglylgxdo/ iru lqvwdqfh zdwhu vxsso| dqg vdqlwdwlrq surjudpv/ ru khdowk hgxfdwlrq

wr uhgxfh khduw glvhdvh1 Rqh pdmru gudzedfn ri dsso|lqj wkh udqgrpl}hg ghvljq wr wkh

hydoxdwlrq ri frppxqlw| edvhg surjudpv lv wkh uhtxluhg vdpsoh vl}h iru �qglqj vwdwlvwlfdo

vljql�fdqfh +vhh iru lqvwdqfh Grqqhu hw do1 +4<;4,,1 Wkh h�hfwlyhqhvv ri udqgrpl}dwlrq

� lwv lqkhuhqw delolw| wr jhqhudwh dq ryhudoo edodqfh shuwdlqlqj wr doo dvshfwv ri uhohydqfh �

ghfuhdvhv zlwk d orz qxpehu ri frppxqlwlhv lqfoxghg/ ehfdxvh ri wkh lqfuhdvlqj fkdqfh wkdw

lqwhuyhqwlrq dqg frqwuro jurxsv gl�hu zlwk uhvshfw wr lpsruwdqw fkdudfwhulvwlfv wkdw eldv

wkh hvwlpdwhv1 Wkxv/ revhuydwlrqdo dssurdfkhv irup d vhulrxv dowhuqdwlyh wr h{shulphqwdo

dqdo|vlv dovr lq wklv frqwh{w1

Wkh qh{w wzr vhfwlrqv glvfxvv wklv wklug hohphqw lq pruh ghwdlo1 Iluvw/ wkh hydoxdwlrq sure0

ohp lv vwdwhg pruh irupdoo| lq whupv ri prghuq hydoxdwlrq uhvhdufk1 Wkhq/ wklv iudphzrun

lv xvhg wr frqwudvw h{shulphqwdo dqg revhuydwlrqdo dssurdfkhv wr hydoxdwlrq1

6 Wkh Hydoxdwlrq Sureohp= D Irupdo Vwdwhphqw

Lq uhfhqw |hduv wkh hydoxdwlrq olwhudwxuh lq vwdwlvwlfv dqg hfrqrphwulfv kdv ghyhorshg d xql�hg

irupdo iudphzrun wkdw idflolwdwhv wkh h{sorudwlrq ri wkh srwhqwldo dqg wkh olplwv ri erwk
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h{shulphqwdo dqg qrq0h{shulphqwdo hydoxdwlrq vwudwhjlhv/ iroorzlqj ruljlqv iru lqvwdqfh wr

eh irxqg lq Uxelq +4<:7,1 Wkh fxuuhqw hydoxdwlrq olwhudwxuh lq hfrqrplfv kdv hpskdvl}hg

wkh srwhqwldo ri vrfldo h{shulphqwv dqg wkh olplwv ri qrq0h{shulphqwdo dssurdfkhv +vhh iru

lqvwdqfh Odorqgh +4<<8, ru Khfnpdq hw do1 +4<<<,,/ exw ehiruh wkhvh dssurdfkhv zloo

eh frpsduhg lq vhfwlrq 7/ wkh ixqgdphqwdo hydoxdwlrq sureohp zloo eh vwdwhg h{solflwo|1 Iru

wkh sxusrvhv ri wklv vhfwlrq/ zh devwudfw iurp doo frqvlghudwlrqv ri frvw dqg dovr suhvxph

wkdw lw lv fohdu zkdw duh wkh uhohydqw rxwfrphv wr lqyhvwljdwh1

614 Wkh Frqvwuxfwlrq ri Frxqwhuidfwxdov

Wr dgguhvv wkh sureohp lq d vx!flhqwo| devwudfw zd| vr dv wr dssuhfldwh wkh dujxphqwv pdgh

e| prghuq hydoxdwlrq uhvhdufk/ vrph ghjuhh ri irupdolvp zloo eh xqdyrlgdeoh1 Lq sduwlfxodu/

lw lv iuxlwixo wr ghvfuleh hdfk lqglylgxdo lq wkh uhdop ri wkh surjudp xqghu vfuxwlq| e|

vhyhudo nh| fkdudfwhulvwlfv1 Iru wklv sxusrvh/ ghqrwh wkh vwdwh dvvrfldwhg zlwk uhfhlylqj wkh

lqwhuyhqwlrq e| ���/ dqg wkh vwdwh dvvrfldwhg zlwk qrw uhfhlylqj wkh lqwhuyhqwlrq e| �f�1

Uhfhlylqj wkh lqwhuyhqwlrq lv lqglfdwhg e| wkh lqglylgxdo lqglfdwru yduldeoh (�1 Wkdw lv/

li lqglylgxdo � uhfhlyhv wudlqlqj xqghu wklv surjudp/ wkhq (� ' �1 Zkdw zh zrxog olnh wr

frpsduh lv zkdw zrxog kdsshq wr lqglylgxdo � rq wkh oderu pdunhw/ li � uhfhlyhg wkh wuhdwphqw

+(� ' �,/ vd| d wudlqlqj surjudp/ dv zhoo dv li � glg qrw +(� ' f,1

Vshfl�fdoo|/ wkh oderu pdunhw rxwfrphv lq srvw0wuhdwphqw shulrg | duh ghqrwhg e| t|�/ li

lqglylgxdo � glg qrw uhfhlyh wuhdwphqw/ dqg e| t|�n{�/ li lqglylgxdo � uhfhlyhg wuhdwphqw1 Wr

h{hpsoli| wkhvh frqfhswv lq whupv ri d wudlqlqj surjudp/ wkhvh rxwfrphv duh gh�qhg khuh dv

lqglfdwru yduldeohv +zlwk wkh srvvleoh uhdol}dwlrqv f ' �?J| e6R,J+e_�/ � ' �e6R,J+e_�,1

Wkdw lv/ li lqglylgxdo � zhuh hpsor|hg lq | diwhu uhfhlylqj wudlqlqj +(� ' �,/ wkhq t|�n{� ' �/

li qrw/ wkhq t|� n{� ' f1 Wr vxppdul}h/ iru dq| lqglylgxdo/ wkh sdlu ri lqglylgxdo rxwfrphv

+t|� n{�c t|�� frxog eh Efc f�c Efc ��c E�c f�cru E�c ��/ uhvshfwlyho|1

Wklv vhwxs gluhfwo| doorzv wkh irupxodwlrq ri wkh fdxvdo lpsdfw ri wkh lqwhuyhqwlrq rq

wkh oderu pdunhw vwdwxv ri lqglylgxdo � dv {�1 Li wkhuh duh v|vwhpdwlf gl�huhqfhv ehwzhhq

+t|� n {�c t|��/ wkdw lv/ d v|vwhpdwlf sdwwhuq wr wkh lqglylgxdo {�*v/ wkhq wkhvh duh vdlg wr
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eh fdxvhg e| wkh lqwhuyhqwlrq71 Qdwxudoo|/ wklv frqfhqwudwlrq rq d vlqjoh lqglylgxdo uhtxluhv

wkdw wkh h�hfw ri wkh lqwhuyhqwlrq rq hdfk lqglylgxdo � qrw eh d�hfwhg e| wkh sduwlflsdwlrq

ghflvlrq ri dq| rwkhu lqglylgxdo1 Zh pljkw uhihu wr wklv dv wkh dvvxpswlrq ri lqghshq0

ghqfh ri ��r wuhdwphqw lpsdfw iurp wkh wuhdwphqw vwdwxv ri wkh uhvw ri wkh srsxodwlrq1 Lq

wkh vwdwlvwlfv olwhudwxuh +Uxelq +4<;9,, lw lv uhihuuhg wr dv wkh vwdeoh xqlw wuhdwphqw ydoxh

dvvxpswlrq ru VXWYD1 Lwv ydolglw| idflolwdwhv d pdqdjhdeoh irupdo vhwxs> qhyhuwkhohvv/ lq

sudfwlfdo dssolfdwlrqv lw lv iuhtxhqwo| txhvwlrqdeoh zkhwkhu lw krogv1

Xqiruwxqdwho|/ dqg wklv lv wkh fruh ri wkh hydoxdwlrq sureohp/ zh fdq qhyhu revhuyh t|�

dqg t|� n {� vlpxowdqhrxvo| iru d jlyhq lqglylgxdo � d zrunhu fdq hlwkhu sduwlflsdwh lq wkh

wudlqlqj ru qrw1 Lqvwhdg/ rqo| rqh ri wkhvh wzr rxwfrph yduldeohv fdq dfwxdoo| eh revhuyhg iru

hdfk lqglylgxdo �1 Wkdw lv/ wkh rxwfrph t|� lv wkh frxqwhuidfwxdo rxwfrph iru wkrvh lqglylgxdov

zkr gr sduwlflsdwh lq wkh surjudp +(� ' �,/ zkhuhdv t|� n{� lv wkh frxqwhuidfwxdo rxwfrph

iru qrq0sduwlflsdqwv +(� ' f,1 Ixuwkhupruh/ zh fdqqrw hyhq pdnh dq| frqfuhwh vwdwhphqwv

uhjduglqj zklfk frpelqdwlrqv ri t|� dqg t|� n {� duh pruh ru ohvv suhydohqw dfurvv wkh

srsxodwlrq ri zrunhuv1 Wkdw lv/ zh fdqqrw revhuyh wkh mrlqw iuhtxhqf| glvwulexwlrq ri wkhvh

lqglylgxdo rxwfrphv lq dq| vdpsoh dqg/ wkxv/ fdqqrw hvwlpdwh wkh suredelolw| glvwulexwlrq

ri wkh {� lq wkh srsxodwlrq1

Wkh rqo| iuhtxhqf| glvwulexwlrqv wkdw zh fdq hvwlpdwh/ duh wkh iuhtxhqf| glvwulexwlrqv ri

t|�n{� iru sduwlflsdqwv +(� ' �,/ dqg wkdw ri t|� iru qrq0sduwlflsdqwv +(� ' f,/ uhvshfwlyho|1

Lq wkh wudlqlqj h{dpsoh/ li lqglylgxdo � xqghuzhqw wkh wudlqlqj surjudp/ �*v revhuyhg rxwfrph

lq wkh oderu pdunhw lq srvw0wuhdwphqw shulrg |/ t|� n {�/ frxog wdnh wkh ydoxh ri �/ li � lv

hpsor|hg lq | +t|� n{� ' �c (� ' �,/ ru f/ li � lv qrw hpsor|hg lq | +t|� n{� ' fc (� ' �,1

Vlploduo|/ li lqglylgxdo � glg qrw sduwlflsdwh lq wkh wudlqlqj surjudp/ �*v revhuyhg rxwfrph

lq wkh oderu pdunhw lq srvw0wuhdwphqw shulrg |/ t|�/ frxog dovr wdnh wkh ydoxh ri �/ li � lv

hpsor|hg lq | +t|� ' �c(� ' f,/ ru f/ li � lv qrw hpsor|hg lq | +t|� ' fc (� ' f,1 Lw lv surjudp

sduwlflsdwlrq/ wkdw lv wkh ydoxh ri (�/ wkdw ghflghv zklfk ri wkh wzr hqwulhv zloo eh revhuyhg1

7Iru qrwdwlrqdo frqyhqlhqfh/ wkh glvfxvvlrq khuh lv frq�qhg wr d vlqjoh suh0wuhdwphqw shulrg w3 +wr eh

lqwurgxfhg ehorz, dqg d vlqjoh srvw0wuhdwphqw shulrg w1 Wkxv/ wkh fdxvdo lpsdfw ri wkh lqwhuyhqwlrq lv
zulwwhq zlwkrxw wlph0vxevfulsw dv �l1 Lq d jhqhudo vhwwlqj zlwk vhyhudo srvw0wuhdwphqw shulrgv/ krzhyhu/

rqh pljkw yhu| zhoo frqvlghu wuhdwphqw h�hfwv wkdw ydu| dfurvv srvw0wuhdwphqw shulrgv dv zhoo dv dfurvv

lqglylgxdov1
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Wr jlyh ixuwkhu vwuxfwxuh wr wkh glvfxvvlrq/ suhvxph wkdw wkh xqghuo|lqj iuhtxhqf| glv0

wulexwlrqv ri wkh rxwfrphv t|� n{� dqg t|� dfurvv wkh srsxodwlrq duh fkdudfwhul}hg e| d vhw

ri lqglylgxdo fkdudfwhulvwlfv f� dqg e| suh0lqwhuyhqwlrq +shulrg |3, rxwfrphv t|��1 Wkdw lv/

iru hdfk dqg hyhu| srvvleoh frq�jxudwlrq ri wkh fkdudfwhulvwlfv +f�/ t|��,/ wkh uhvshfwlyh frq0

glwlrqdo iuhtxhqf| glvwulexwlrqv ri t|� dqg t|� n{� +zklfk zh grq*w nqrz/ exw zkrvh fhqwudo

dvshfwv zh zdqw wr hvwlpdwh, ghvfuleh wkh iuhtxhqf| zlwk zklfk hyhu| srvvleoh uhdol}dwlrq

dulvhv lq wkh vxe0srsxodwlrq gh�qhg e| f dqg t|�1 Nqrzohgjh ri wkhvh frqglwlrqlqj yduldeohv

zloo doorz wr fruuhfw iru �vhohfwlrq rq revhuydeohv�/ lq d zd| irupdol}hg ehorz1 Vxssrvh/

iru sxusrvhv ri looxvwudwlrq/ wkdw f� zrxog fdswxuh hgxfdwlrq dqg frxog wdnh rq wkuhh ydoxhv

+& ' fc �c 2/ zlwk f ' �,J��/ � ' �6e_��6�/ 2 ' ���}��,1 Zkdw lv lpsruwdqw lv wkh vr0fdoohg

h{rjhqhlw| ri wkhvh frqglwlrqlqj fkdudfwhulvwlfv= wkh sduwlflsdwlrq lq wkh surjudp pxvw qrw

dowhu wkh ydoxh ri +f�/ t|��, iru dq| lqglylgxdo �1 Wkdw lv/ lw lv fuxfldo qrw wr frqglwlrq rq

yduldeohv wkdw wkhpvhoyhv duh rxwfrphv ri wkh wuhdwphqw1

Qrz ohw xv uhwxuq wr wkh uhdo zruog zkhuh frxqwhuidfwxdo rxwfrphv duh qrw revhuyhg1

Lqvwhdg/ wkh dydlodeoh gdwd frpsulvh/ lq dgglwlrq wr revhuyhg rxwfrphv t|� ru t|� n{�/ dqg

fkdudfwhulvwlfv f� dqg t|��/ wkh lqglfdwru ri wuhdwphqw (�1 Lq jhqhudo/ zh zrxog eh yhu|

khvlwdqw wr lpsrvh wkdw {� lv htxdo iru doo zrunhuv/ qrw hyhq iru wkrvh zrunhuv vkdulqj wkh

vdph ydoxhv ri f� dqg t|��1 Vrph zrunhuv pljkw eh ehwwhu r� dv d uhvxow ri wuhdwphqw/ vrph

zruvh1 Wkhuh zloo wkxv eh qr rssruwxqlw| wr hyhu hvwlpdwh lqglylgxdo jdlqv zlwk frq�ghqfh1

\hw/ rqh pljkw vwloo krsh wr eh deoh wr dvvhvv wkh srsxodwlrq dyhudjh ri jdlqv iurp wuhdwphqw/

vlqfh zh nqrz wkdw wkh srsxodwlrq dyhudjhv ri wkh iuhtxhqf| glvwulexwlrqv ri t|�n{� dqg t|�

fdq eh hvwlpdwhg iru sduwlflsdqwv dqg qrq0sduwlflsdqwv/ uhvshfwlyho| +khqfhiruwk/ srsxodwlrq

dyhudjhv duh ghqrwhg e| wkh pdwkhpdwlfdo h{shfwdwlrqv rshudwru .E��,1

Lqwhuhvw lq surjudp hydoxdwlrq lv wkhuhiruh rq vshfl�f hydoxdwlrq sdudphwhuv/ wkdw lv ydoxhv

wkdw vxppdul}h wkh lqglylgxdo jdlqv iurp wuhdwphqw dssursuldwho|1 Wkh prvw surplqhqw

hydoxdwlrq sdudphwhu lv wkh vr0fdoohg phdq h�hfw ri wuhdwphqw rq wkh wuhdwhg/

�f'& ' .E{ m f ' &c( ' �� ' . EEt| n{�� t| m f ' &c( ' �� +4,

' . Et| n{ m f ' &c( ' ��� . Et| m f ' &c( ' �� c
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frqglwlrqdo rq wkh vshfl�f uhdol}dwlrq ri wkh h{rjhqrxv yduldeohv/ zkhuh lq rxu h{dpsoh

& ' fc �c ru 21 Lq wklv htxdwlrq/ lqglylgxdo vxevfulswv duh gursshg wr uh hfw wkh irfxv rq

srsxodwlrq dyhudjhv1 Wkh phdq h�hfw ri wuhdwphqw rq wkh wuhdwhg dssursuldwho| vxppdul}hv

wkh lqglylgxdo jdlqv lq wkh srsxodwlrq ri wkrvh lqglylgxdov zkr gr uhfhlyh wkh wuhdwphqw/

zlwkrxw uhvwulfwlqj wkhlu khwhurjhqhlw|1

\hw/ lw lv qrw hqrxjk wr gh�qh wkh srsxodwlrq sdudphwhu ri lqwhuhvw1 Dv d �qdo vwhs/ rqh

kdv wr olqn srsxodwlrq dyhudjhv dqg wkhlu hvwlpdwhv lq d vdpsoh ri olplwhg vl}h1 Zkhqhyhu

d vdpsoh lv xvhg wr hvwlpdwh d srsxodwlrq dyhudjh/ wkh dqvzhu jlyhq e| wkh hvwlpdwh zloo

xqolnho| eh h{dfwo| wkh wuxh srsxodwlrq sdudphwhu lwvhoi1 Lqvwhdg/ wkh hvwlpdwh fdq rqo| jlyh

dq dssur{lpdwlrq wr wkh wuxh sdudphwhu/ vlqfh lw kdv ehhq ghulyhg rq wkh edvlv ri rqo| d

vxevhw ri doo phpehuv ri wkh srsxodwlrq1 D vxffhvvixo hvwlpdwlrq vwudwhj| uhtxluhv wkdw/ dv

wkh vdpsoh wdnhq iurp wkh srsxodwlrq ehfrphv odujhu dqg odujhu/ wkh dssur{lpdwlrq ehfrph

pruh dqg pruh h{dfw1 Lq wkh olplw/ wkh dssur{lpdwlrq vkrxog eh lqglvwlqjxlvkdeoh iurp wkh

wuxh sdudphwhu1 Lq doo vdpsohv ri olplwhg vl}h wkh glvwlqfwlrq ehwzhhq eldv +d v|vwhpdwlf

ghyldwlrq ri wkh hvwlpdwh iurp wkh wuxh ydoxh wkdw zrxog frqvlvwhqwo| dulvh lq lqghshqghqw

uhsolfdwlrqv ri wkh surfhvv ri gdwd froohfwlrq dqg hvwlpdwlrq/ li wkdw surfhvv frxog lqghhg eh

uhshdwhg duelwudulo| riwhq, dqg qrlvh +xqv|vwhpdwlf ghyldwlrqv ri wkh hvwlpdwh iurp wkh wuxh

ydoxh wkdw zrxog zdvk rxw lq vxfk uhshwlwlrqv, lv lpsruwdqw +vhh dovr vhfwlrq 615,1 Wkhvh duh

wkh frqfhswxdo lghdv ehklqg wkh irupxodwlrqv r�huhg khuh1

Vshfl�fdoo|/ d srsxodwlrq sdudphwhu lv lghqwl�hg iurp revhuydeoh gdwd/ li lw frxog eh hv0

wlpdwhg fruuhfwo| zlwk lq�qlwh suhflvlrq e| froohfwlqj dexqgdqwo| pdq| revhuydwlrqv iurp

wkh xqghuo|lqj srsxodwlrq1 Li wkh vdpsoh vl}h frxog eh pdgh dexqgdqwo| odujh/ vwdwlvwlfdo

lqihuhqfh zrxog vlpso| eh edvhg rq uhodwlyh iuhtxhqflhv/ vlqfh wkh uhodwlyh iuhtxhqf| glvwul0

exwlrq zrxog frqyhujh +wkdw lv/ frph forvhu dqg forvhu xqwlo frpsohwh uhvhpeodqfh, wr wkh

suredelolw| glvwulexwlrq lq wkh srsxodwlrq1 Rqh ri wkh wzr srsxodwlrq dyhudjhv ihdwxuhg lq

htxdwlrq +4, lv lghqwl�hg iurp revhuydeoh gdwd/ zkloh wkh rwkhu lv qrw= lq sulqflsoh/ rqh frxog

hvwlpdwh . Et| n{� m f ' &c( ' �� zlwk lq�qlwh suhflvlrq iurp wkh dydlodeoh gdwd rq sur0

judp sduwlflsdqwv/ exw rqh frxog qrw hyhq k|srwkhwlfdoo| hvwlpdwh wkh srsxodwlrq dyhudjh

. Et| m f ' &c( ' ��/ vlqfh qr vdpsoh vl}h zrxog doohyldwh wkh idfw wkdw t|� lv qrw revhuyhg

iru sduwlflsdqwv1
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Wklv fodul�hv wkh qdwxuh ri wkh ixqgdphqwdo sureohp idflqj surjudp hydoxdwlrq1 Wklv

hydoxdwlrq sureohp lv wkh sureohp ri �qglqj dq dssursuldwh lghqwl�fdwlrq dvvxpswlrq wkdw

doorzv uhsodflqj wklv frxqwhuidfwxdo srsxodwlrq dyhudjh . Et| m f ' &c( ' �� lq +4, zlwk dq

hqwlw| wkdw lv lghqwl�hg iurp revhuydeoh gdwd1 Lw lv d frxqwhuidfwxdo ehfdxvh lw lqglfdwhv

zkdw zrxog kdyh kdsshqhg wr sduwlflsdqwv/ rq dyhudjh/ li wkh| kdg qrw sduwlflsdwhg lq wkh

surjudp1 Lw lv d sureohp wkdw fdqqrw eh vroyhg e| pruh ru e| uh�qhg phdvxuhphqw1 Lw fdq

rqo| eh uhvroyhg e| �qglqj d sodxvleoh frpsdulvrq jurxs1

Vr idu/ wkh hydoxdwlrq sdudphwhu kdv ehhq irupxodwhg iru vxe0jurxsv ri lqglylgxdov gh�qhg

e| wkhlu sduwlfxodu uhdol}dwlrq ri wkh h{rjhqrxv yduldeoh f1 Xowlpdwh lqwhuhvw ri surjudp

hydoxdwlrq pljkw udwkhu eh lq wkh surylvlrq ri dq hvwlpdwh iru wkh dyhudjh wuhdwphqw h�hfwv

ryhu doo uhohydqw ydoxhv ri f jlyhq ( ' �/ vxfk dv iru lqvwdqfh +zlwk
S

&"tfc�� ghqrwlqj

vxppdwlrq ryhu zrunhuv zlwk orz dqg phglxp hgxfdwlrq/ uhvshfwlyho|,

� '

S
&Mtfc��.E{ m f ' &c( ' ���hEf ' & m ( ' ��S

&Mtfc���hEf ' & m ( ' ��
+5,

'

S
&Mtfc��.Et| n{ m f ' &c( ' ���hEf ' & m ( ' ��S

&Mtfc���hEf ' & m ( ' ��

�

S
&Mtfc��.Et| m f ' &c( ' ���hEf ' & m ( ' ��S

&Mtfc���hEf ' & m ( ' ��
�

Wklv lv qrwklqj hovh exw d zhljkwhg dyhudjh ri wkh frqglwlrqdo +rq f, surjudp h�hfwv/ zlwk

wkh zhljkwv ehlqj wkh uhodwlyh iuhtxhqflhv ri wkh gl�huhqw hgxfdwlrq jurxsv lq wkh srsxodwlrq

ri surjudp sduwlflsdqwv/ �hEf ' & m ( ' ��1 Qrwh wkdw wkh wklug hgxfdwlrq fdwhjru|/ f ' 2/

zdv qrw lqfoxghg= lq wkh h{dpsoh/ kljk hgxfdwlrq zrunhuv gr qrw idoo zlwklq wkh uhdop ri wkh

surjudp1

Lq sulqflsoh/ wkuhh frqfhswxdoo| glvwlqfw dqg qrq0h{foxvlyh huuruv pd| sodjxh dq| dwwhpsw

ri surjudp hydoxdwlrq1 Iluvw/ rqh pljkw qrw �qg frpsdudeoh lqglylgxdov zkr glg qrw sduwlf0

lsdwh1 Iru lqvwdqfh/ lw zrxog eh lpsrvvleoh wr dvvhvv wkh lpsdfw ri dq lqwhuyhqwlrq d�hfwlqj

orz0vnloohg zrunhuv +f ' f,/ li hyhu| orz0vnloohg zrunhu sduwlflsdwhg lq wkh surjudp1 Lq wkdw

fdvh/ wkh fruuhvsrqglqj hydoxdwlrq sdudphwhu�f'f
lv xqgh�qhg1 Vhfrqg/ zkloh wkhuh pljkw

eh frpsdudeoh zrunhuv dprqj sduwlflsdqwv dqg qrq0sduwlflsdqwv iru hyhu| frq�jxudwlrq ri

revhuydeoh fkdudfwhulvwlfv/ wkhlu uhodwlyh vkduhv pljkw eh glvsursruwlrqdwh1 Iru lqvwdqfh/ li
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pruh orz0vnloohg zrunhuv duh dprqj wkh wuhdwphqw sduwlflsdqwv/ exw rqh zhuh wr wdnh vlpsoh

dyhudjhv ryhu orz0vnloohg dqg phglxp0vnloohg zrunhuv/ wkhq wkh dyhudjh ri wkh sduwlflsdqwv*

rxwfrph zrxog eh uhodwlyho| glvidyrudeoh1 Lq h{suhvvlrq +5, wklv sureohp lv vroyhg e| wkh

dssursuldwh zhljkwlqj zlwk �hEf ' & m ( ' ��1

Wklug/ wkhuh pljkw eh vhohfwlrq eldv1 Hyhq zkhq rqh frpsduhv frpsdudeoh lqglylgxdov iru

doo uhohydqw frq�jxudwlrqv ri revhuydeoh fkdudfwhulvwlfv dqg zhljkv wkh fruuhvsrqglqj phdqv

dssursuldwho|/ wkhuh pljkw eh xqrevhuydeoh idfwruv wkdw lqydolgdwh wkh frpsdulvrq1 Lq irupdo

whupv/ zh zrxog kdyh

.Et| m f ' &c( ' �� 9' .Et| m f ' &c( ' f�

iru dw ohdvw rqh ri wkh uhohydqw &1 Iru lqvwdqfh/ pruh prwlydwhg zrunhuv pljkw shuirup ehwwhu

lq whupv ri hpsor|phqw/ exw pljkw dovr eh pruh olnho| wr sduwlflsdwh lq d wudlqlqj surjudp1

Wkhq/ lq wkh devhqfh ri wuhdwphqw/ wkh srsxodwlrq dyhudjh ri wkh frxqwhuidfwxdo rxwfrphv

t|� zrxog kdyh ehhq kljkhu dprqj wkh sduwlflsdqwv +(� ' �, wkdq wkh dyhudjh revhuydeoh

rxwfrph lv dprqj wkh qrq0sduwlflsdqwv +(� ' f,1

Wkurxjkrxw wklv hvvd|/ wkh hpskdvlv lv rq wkh phdq h�hfw ri wuhdwphqw rq wkh wuhdwhg1

Krzhyhu/ wkhuh duh dowhuqdwlyh hydoxdwlrq sdudphwhuv rqh frxog eh lqwhuhvwhg lq/ iru lqvwdqfh

wkh phdq h�hfwv ri wuhdwphqw rq lqglylgxdov udqgrpo| gudzq iurp wkh srsxodwlrq/

i�f'& ' .E{ m f ' &� ' . EEt| n{�� t| m f ' &� c +6,

frqglwlrqdo rq h{rjhqrxv yduldeohv/ dqg

i� '

S
&Mtfc��.E{ m f ' &� �hEf ' &�S

&Mtfc���hEf ' &�
� +7,

Qrwh wkdw wkh pdmru gl�huhqfh wr wkh �uvw hydoxdwlrq sdudphwhu � olhv lq wkh rplvvlrq ri

frqglwlrqlqj rq ( ' �1 Zkloh wklv lv d mxvwl�deoh hydoxdwlrq sdudphwhu/ iru prvw frqwh{wv lw

pljkw eh gl!fxow wr lpdjlqh wkdw rqh lv vhulrxvo| lqwhuhvwhg lq wkh dyhudjh ydoxh ri {� iru d

srsxodwlrq ri lqglylgxdov d vxevwdqwldo iudfwlrq ri zklfk qhyhu sduwlflsdwhv lq wkh wuhdwphqw1

Iru lqvwdqfh/ wkh h�hfw ri d wudlqlqj surjudp ghvljqhg wr lpsuryh edvlf olwhudf| vnloov rq
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xqhpsor|hg xqlyhuvlw| judgxdwhv lv dujxdeo| frpsohwho| luuhohydqw1 Khqfh/ frqfhqwudwlrq lq

pxfk ri wkh hydoxdwlrq olwhudwxuh lv rq hydoxdwlrq sdudphwhu� dv lq h{suhvvlrq +5,1

615 Vdpsolqj Glvwulexwlrqv

Lq wklv vhfwlrq/ wkh glvfxvvlrq zloo uhwxuq eulh | wr wkh glvwlqfwlrq ehwzhhq eldv dqg qrlvh1 Lw

zdv vwdwhg deryh wkdw zkhqhyhu d vdpsoh lv xvhg wr hvwlpdwh d srsxodwlrq dyhudjh/ wkh dqvzhu

jlyhq e| wkh hvwlpdwh zloo xqolnho| eh h{dfwo| wkh srsxodwlrq sdudphwhu lwvhoi1 Lqvwhdg/ wkh

hvwlpdwh fdq rqo| jlyh dq dssur{lpdwlrq wr wkh wuxh sdudphwhu/ vlqfh lw kdv ehhq ghulyhg rq

wkh edvlv ri rqo| d vxevhw ri doo phpehuv ri wkh srsxodwlrq1 Pruhryhu/ dowkrxjk d vxffhvvixo

hvwlpdwlrq vwudwhj| uhtxluhv wkdw/ dv wkh vdpsoh wdnhq iurp wkh srsxodwlrq ehfrphv odujhu

dqg odujhu/ wkh dssur{lpdwlrq ehfrph pruh dqg pruh h{dfw/ lw grhv qrw phdq wkdw rqh zloo

hyhu uhfhlyh wkh fruuhfw dqvzhu lq dq| jlyhq hvwlpdwlrq dwwhpsw1

Lqvwhdg/ zkdw rqh zrxog kdyh zlwk vxfk d vwudwhj| lv wkh frq�ghqfh wkdw/ li rqh zhuh

wr shuirup pdq| uhshwlwlrqv ri wkh vhtxhqfh gudzlqj d udqgrp vdpsoh 0 hvwlpdwlqj wkh

srsxodwlrq sdudphwhu 0 vwrulqj wkh hvwlpdwhg sdudphwhu ydoxh/ wkhq wkh fhqwudo whqghqf| ri

wkh uhvxowlqj iuhtxhqf| glvwulexwlrq zrxog eh rq wkh fruuhfw ydoxh1 Wkdw lv/ lq iroorzlqj

wklv hvwlpdwlrq vwudwhj| rqh zrxog eh fruuhfw rq dyhudjh/ exw luuhvshfwlyh ri wkh vdpsoh vl}h

lq hdfk ri wkhvh uhsolfdwlrqv/ wkhuh zrxog eh vrph glvshuvlrq durxqg wkh wuxh srsxodwlrq

sdudphwhu1 Jhqhudoo|/ wklv glvshuvlrq zrxog ghfuhdvh zlwk jurzlqj vdpsoh vl}h/ exw qhyhu

ydqlvk frpsohwho|1 Wklv uhpdlqlqj xqfhuwdlqw| ru qrlvh derxw wkh wuxh ydoxh +ru ehwwhu vdlg/

vrph hvwlpdwh ri lw, vkrxog eh uhsruwhg lq dq| ghfhqw hpslulfdo vwxg|1 Rqo| wkhq zloo wkh

uhflslhqw ri wkh uhvxowv eh deoh wr dvvhvv/ zkhwkhu odujh frq�ghqfh vkrxog eh sodfhg lq wkh

frqfoxvlrqv ri wkh vwxg| ru qrw1 W|slfdoo|/ uhvhdufkhuv uhsruw vwdqgdug huuruv ru frq�ghqh

lqwhuydov wr wklv h�hfw1

\hw/ wkh uhpdlqlqj xqfhuwdlqw| wkdw zloo eh uhsruwhg zloo dozd|v uh hfw wkh uhvhdufkhu*v

frqylfwlrq wkdw doo v|vwhpdwlf ghyldwlrqv ehwzhhq wkh dqvzhu jlyhq e| wkh hvwlpdwlrq vwudw0

hj| dqg wkh wuxh srsxodwlrq sdudphwhu kdyh ehhq vxffhvvixoo| holplqdwhg e| lqyrnlqj wkh

fruuhfw lghqwl�fdwlrq dvvxpswlrq1 Vwulfwhu lghqwl�fdwlrq frqglwlrqv w|slfdoo| ohdg wr orzhu

dvvhvvphqwv ri uhpdlqlqj xqfhuwdlqw|1 Wr wdnh dq h{wuhph h{dpsoh/ d uhvhdufkhu frxog gh0

flgh wr hvwlpdwh wkh surjudp lpsdfw dozd|v e| wkh qxpehu f��/ luuhvshfwlyh ri wkh frqwh{w
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dqg wkh gdwd pdwhuldo dw kdqg1 Dvnhg wr surylgh dq dvvhvvphqw ri wkh yduldelolw| ri wklv

hvwlpdwh dv ydulrxv vdpsohv duh wdnhq iurp wkh srsxodwlrq/ rqh frxog wuxwkixoo| dujxh wkdw

wklv uhpdlqlqj xqfhuwdlqw| lv qlo +wkh hvwlpdwh qhyhu fkdqjhv dw doo,/ dowkrxjk lw zrxog eh

frpsohwho| devxug wr surfhhg lq vxfk d zd|1 Wkxv/ vpdoo qrlvh lv qrw wkh rqo| lpsruwdqw

dvshfw ri dq hpslulfdo vwxg|1

Lqvwhdg/ dq| hydoxdwlrq h�ruw wkdw zdqwv wr eh wdnhq vhulrxvo| vkrxog dlp dw d frqylqflqj

vwudwhj| wkdw holplqdwhv doo v|vwhpdwlf whqghqflhv wr ghyldwh iurp wkh fruuhfw srsxodwlrq

sdudphwhu ru eldv1 Iru wklv uhdvrq/ wkh lghqwl�fdwlrq dvvxpswlrqv xqghuo|lqj dq| hpslulfdo

hydoxdwlrq dqdo|vlv wdnh fhqwhu vwdjh lq wklv hvvd|1 Vhfwlrq 7 lv ghyrwhg wr wkh fkrlfh ri

lghqwl�fdwlrq dvvxpswlrq/ lvvxhv ri vdpsoh vl}h � dv lpsruwdqw dv wkh| duh lq sudfwlfh � duh

gh0hpskdvl}hg lq wkh uhpdlqghu ri wkh glvfxvvlrq1

7 Hpslulfdo Dssurdfkhv wr wkh Hydoxdwlrq Sureohp

Doo hpslulfdo dssurdfkhv wkdw zloo eh glvfxvvhg lq wklv vhfwlrq iroorz d frpprq sulqflsoh

ri dqdorj|1 Lq rughu wr irupxodwh dq hvwlpdwh ri srsxodwlrq sdudphwhuv/ rqh vhdufkhv iru

wkh fruuhvsrqglqj frqfhsw lq wkh vdpsoh dw kdqg1 Li wkh srsxodwlrq sdudphwhu ri lqwhuhvw

lv lq idfw lghqwl�hg iurp revhuydeoh gdwd/ wkhuh zloo eh qrlvh durxqg wkh hvwlpdwh lq hdfk

dqg hyhu| sudfwlfdo dssolfdwlrq/ exw wklv qrlvh zrxog ydqlvk lq wkh k|srwkhwlfdo fdvh ri dq

dexqgdqwo| odujh vdpsoh1 Lw lv wkhuhiruh qrw d frqfhswxdo kxugoh iru �qglqj wkh fruuhfw srs0

xodwlrq dyhudjh1 Lqvwhdg/ zkdw lv ghflvlyh rq d frqfhswxdo ohyho/ lv wkh fkrlfh ri lghqwl�fdwlrq

vwudwhj|1 Wkhuhiruh lq zkdw iroorzv/ hdfk hydoxdwlrq dssurdfk zloo eh fkdudfwhul}hg e| wkh

lghqwl�fdwlrq dvvxpswlrq wkdw mxvwl�hv lwv dssolfdwlrq> wklv glvfxvvlrq zloo dozd|v eh lq whupv

ri wkh fruuhvsrqglqj srsxodwlrq dyhudjhv1

Dfwxdo hvwlpdwlrq lq wkh vdpsoh lv wkhq shuiruphg e| wdnlqj wkh dssursuldwh dyhudjhv1

Wkh hvwlpdwru zloo wkhuhiruh dozd|v eh jlyhq lq whupv ri revhuydeoh hqwulhv lq wkh vdpsoh1 Lq

zkdw iroorzv�
�
lv wkh qxpehu ri lqglylgxdov lq wkh vdpsoh ri sduwlflsdqwv/ zlwk lqglfhv � 5 U

�
1

Wkh vdpsoh ri qrqsduwlflsdqwv frqvlvwv ri �
f
lqglylgxdov/ zlwk lqglfhv � 5 U

f
1 Vxevhwv ri

wkhvh vdpsohv duh ghqrwhg lq d vwudljkwiruzdug idvklrq1 Iru lqvwdqfh/ wkh qxpehu ri phglxp0

vnloohg sduwlflsdqwv lv �
�cf'�

/ wkh vhw ri lqglfhv ri doo qrq0sduwlflsdqwv zlwk fkdudfwhulvwlfv
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f� ' � dqg t|�� ' f lv U
fcf'�ct|�'f

1 Dffruglqjo|/ wkh fruuhvsrqglqj qxpehu ri revhuydwlrqv lv

�
fcf'�ct|�'f�

714 H{shulphqwdo Vwxglhv

71414 Udqgrpl}dwlrq

Xqghu wkh ixqgdphqwdo uhtxluhphqw wkdw dq h{shulphqw frpsohwho| uhsolfdwh wkh lqwhuyhqwlrq

wkdw zloo eh lpsohphqwhg lq wkh �hog/ h{shulphqwdo vwxglhv jhqhudoo| surylgh iru d frqylqflqj

dssurdfk wr wkh hydoxdwlrq sureohp1 Wkh nh| frqfhsw ri dq| h{shulphqw lv wkh udqgrpl}hg

dvvljqphqw ri lqglylgxdov lqwr wuhdwphqw dqg frqwuro jurxsv1 Iru zrunhuv zkr yroxqwdulo|

zrxog eh sduwlflsdqwv lq wkh surjudp +(� ' �, wkh udqgrp phfkdqlvp ghflghv zkhwkhu wkh|

duh lq idfw doorzhg wr hqwhu wkh surjudp ru zkhwkhu wkh| duh h{foxghg iurp wkh surjudp

lqvwhdg1 Wklv dvvljqphqw phfkdqlvp lv d surfhvv wkdw lv frpsohwho| eh|rqg wkh zrunhuv*

frqwuro dqg wkdw dovr grhv qrw glvfulplqdwh dv wr zkr zloo uhfhlyh wuhdwphqw1 Wkxv/ lqwhuyhq0

wlrqv duh sduwlfxoduo| jrrg fdqglgdwhv iru h{shulphqwdo hydoxdwlrq/ li wuhdwphqw lv gholyhuhg

rq wkh lqglylgxdo ohyho zlwk frqvlghudeoh frqwuro e| wkh uhvhdufkhu derxw wkh gholyhu| dqg

derxw lqglylgxdo frpsoldqfh zlwk wkh surjudp1 Lq h�hfw/ li vdpsoh vl}hv duh vx!flhqwo| odujh/

udqgrpl}dwlrq zloo jhqhudwh d frpsohwh edodqflqj ri doo uhohydqw revhuydeoh dqg xqrevhuydeoh

fkdudfwhulvwlfv dfurvv wuhdwphqw dqg frqwuro jurxsv/ wkxv idflolwdwlqj frpsdudelolw| ehwzhhq

h{shulphqwdo wuhdwphqw dqg frqwuro jurxsv1

Ohw -� eh dq lqglfdwru ri udqgrpl}dwlrq vwdwxv/ wkdw lv/ wkh vwdwxv jlyhq wr wkh lqglylgxdo

lq wkh dvvljqphqw surfhgxuh +� ' ��?� dqg f ' �J�|�,/ dqg frqfhqwudwh doo dwwhqwlrq rq wkh

srsxodwlrq ri zrxog0eh sduwlflsdqwv +(� ' �,1 Wkhq/ wkh lghqwl�fdwlrq dvvxpswlrq pdgh

khuh lv

.Et| m ( ' �c - ' �� ' .Et| m ( ' �c - ' f�� +8,

Wr uhlwhudwh/ doo revhuydwlrqv duh rq lqglylgxdov zklfk dssolhg iru wuhdwphqw exw wkhq

zhuh dvvljqhg wr wuhdwphqw ru frqwuro jurxsv e| d udqgrp phfkdqlvp/ doo lqglylgxdov lq wkh

frqwuro jurxs kdyh ehhq udqgrpl}hg rxw/ exw zrxog kdyh fkrvhq wr eh lq kdg wkhuh ehhq qr

udqgrp phfkdqlvp1 Wkxv/ rqh fdq lqihu wkh dyhudjh wuhdwphqw h�hfw iurp wkh gl�huhqfh ri
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wkh dyhudjh rxwfrphv ri wkhvh udqgrpo| vhohfwhg lqglylgxdov +zlwk eq ghqrwlqj wkh hvwlpdwhg

ydoxh ri dq| sdudphwhu q,/

f� h{shulphqw

f'& '
�

�
�cf'&

[
�MU�cf'&c-'�

Et|� n{���
�

�
fcf'&

[
�MUfcf'&c-'f

t|�� +9,

Dv orqj dv wkh udqgrpl}dwlrq lv xqfrpsurplvhg +dqg vdpsohv duh qrw rxwudjhrxvo| vpdoo,/

wkhuh lv qr qhhg iru dq| vrsklvwlfdwhg vwdwlvwlfdo dqdo|vlv1 Jhqhudwlrqv ri qdwxudo vflhqwlvwv

kdyh ehhq udlvhg lq wkhlu wudlqlqj zlwk wkh frqylfwlrq wkdw li dq h{shulphqw qhhgv dq| vwdwlv0

wlfv/ rqh vlpso| rxjkw wr kdyh grqh d ehwwhu h{shulphqw1

71415 Olplwdwlrqv ri Udqgrpl}hg Wuldov

Lw lv lpsruwdqw wr nhhs lq plqg/ krzhyhu/ wkdw d udqgrpl}hg frqwuroohg wuldo pljkw qrw eh d

ihdvleoh dssurdfk dw doo/ iru srolwlfdo/ hwklfdo/ orjlvwlf/ ru �qdqfldo uhdvrqv/ ru d udqgrpl}hg

wuldo pljkw eh frqwdplqdwhg e| lq xhqfhv eh|rqg wkh frqwuro ri wkh uhvhdufkhu ghvljqlqj

wkh vwxg|1 Wklv krogv d iruwlrul iru frppxqlw|0edvhg lqwhuyhqwlrqv1 Vlqfh wkhvh sod| d

surplqhqw uroh lq wkh uhdo zruog/ hpskdvlv lq wklv vxe0vhfwlrq zloo eh rq wkh olplwdwlrqv ri

jurxs0udqgrpl}dwlrq1 Iru lqvwdqfh/ wkh dssolhg olwhudwxuh rq wkh hydoxdwlrq ri frppxqlw|0

edvhg lqwhuyhqwlrqv grfxphqwv vhulrxv hwklfdo remhfwlrqv djdlqvw jurxs0udqgrpl}dwlrq= Lq wkh

hydoxdwlrq ri wuhdwphqwv wkdw kdyh d kljk suredelolw| ri ehlqj h�hfwlyh/ lw pd| eh frqvlghuhg

xqhwklfdo wr fduu| rxw dq hydoxdwlrq vwxg| lqyroylqj d frqwuro jurxs ru duhd iurp zklfk wkh

h�hfwlyh lqwhuyhqwlrq lv zlwkkhog1

Udqgrpl}dwlrq ri frppxqlwlhv pljkw dovr idfh vwurqj srolwlfdo remhfwlrqv 0 frppxqlwlhv

duh qrw vlpso| odujh0vl}hg lqglylgxdov/ wkhlu ghflvlrqv duh udwkhu wkh frqvhtxhqfh ri wkh

frpsoh{ djjuhjdwlrq ri wkhlu phpehuv1 Wkxv/ lw pljkw eh vljql�fdqwo| pruh gl!fxow wr

jhqhudwh wkh zlghvsuhdg suh0lqwhuyhqwlrq vxssruw iru wkh udqgrpl}hg vwxg| dfurvv d vl}hdeoh

qxpehu ri frppxqlwlhv wkdw zrxog eh wkh suhuhtxlvlwh iru d jurxs0udqgrpl}hg ghvljq dqg

wkdw lv vr hdvlo| hqvxuhg zlwk lqglylgxdo sdwlhqwv lq d folqlfdo vhwwlqj1 Ixuwkhupruh/ wkh

srolwlfdo lq xhqfh rq wkh dvvljqphqw surfhvv fdq dovr wdnh pruh vxewoh irupv= frppxqlwlhv

wkdw vx�hu pruh iurp d sduwlfxodu sureohp ru vlpso| pruh zhdowk| frppxqlwlhv zloo oree|

iru ehwwhu dffhvv wr surplvlqj lqwhuyhqwlrqv1 Lq dgglwlrq/ wkhuh pljkw eh vwurqj lqgluhfw
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lq xhqfh ri srolwlfdo suhvvxuh wkurxjk wkh lq xhqfh ri wkh vwdwxv txr rq wkh dvvljqphqw

fkrlfh1 Dgplqlvwudwruv pljkw ihho whpswhg wr dvvljq wkrvh frppxqlwlhv wr wkh wuhdwphqw

jurxs zklfk glvsod| idyrudeoh fkdudfwhulvwlfv vxfk dv dyhudjh hgxfdwlrq/ wkh sduwlflsdwlrq lq

d suhylrxv wuldo ru d zhoo0ghyhorshg lqiudvwuxfwxuh1 Wklv lv qrw phuho| d sureohp ri vdpsoh

vl}h dqg/ wkxv/ fdqqrw eh vroyhg e| lqyroylqj pruh frppxqlwlhv lq wkh wuldo1

Pruhryhu/ zkhqhyhu wkh surjudp lv wr eh gholyhuhg dw d odujh vfdoh/ lw pd| eh lpsrvvleoh

iru orjlvwlf uhdvrqv wr jhqhudwh d vhwwlqj lq zklfk qhljkerulqj frppxqlwlhv fdq dfwxdoo| eh

dvvljqhg wr wuhdwphqw dqg frqwuro jurxsv e| d udqgrp surfhvv1 Iru lqvwdqfh/ frqvlghu wkh

fdvh ri pdvv0phgld fdpsdljqv wkdw kdyh wr eh gholyhuhg dw d uhjlrqdo ohyho1 Djdlq/ wklv lv

qrw vlpso| d sureohp ri vdpsoh vl}h1 Ilqdoo|/ rqh pljkw vlpso| qrw eh deoh wr dftxluh wkh

dssursuldwh vdpsoh vl}h= lq pdq| vlwxdwlrqv wkh frvw ri dvvxulqj udqgrpl}dwlrq ri vx!flhqwo|

pdq| xqlwv dw wkh frppxqlw| ohyho pljkw eh surklelwlyh1 Li iru dq| ri wkhvh uhdvrqv udqgrp0

l}dwlrq fdqqrw eh dwwhpswhg vhulrxvo| wr ehjlq zlwk/ dsshdolqj wr dq| vxshulru wkhruhwlfdo

surshuwlhv ri jurxs0udqgrpl}hg wuldov lv qrw ri dq| ydoxh iru dfwxdo dssolfdwlrqv1

Hyhq zkhuh rqh fdq hqjdjh lqwr jurxs0udqgrpl}dwlrq/ wkh frppxqlw| frqwh{w fdq zrun

djdlqvw wkh frqvwuxfwlrq dqg suhvhuydwlrq ri udqgrpl}hg wuhdwphqw dqg frqwuro jurxsv1 Wkdw

lv/ zkdw lv vhw xs dv d jurxs0udqgrpl}hg vwxg| pljkw eh frqwdplqdwhg e| surfhvvhv eh|rqg

wkh frqwuro ri wkh uhvhdufkhu ghvljqlqj wkh dqdo|vlv1 Vxfk sureohpv dulvh dw ydulrxv vwdjhv

ri wuhdwphqw dvvljqphqw dqg lqwhuyhqwlrq gholyhu|/ vlqfh frpsoldqfh zlwk wkh dvvljqphqw

dqg wkh surjudp duh gl!fxow wr prqlwru1 Dw hyhu| vwdjh ri wkh surfhvv/ frppxqlwlhv pljkw

h{solflwo| ghflgh wr gurs rxw iurp wuhdwphqw ru frqwuro jurxsv dowrjhwkhu ru wkh| pljkw

uhgxfh ru lqfuhdvh wkhlu h�ruw lq vxssruwlqj wkh gholyhu| lq d ohvv frqvslfxrxv idvklrq1 Lq

whupv ri wkh irupdo vhwxs/ dv d frqvhtxhqfh ri erwk wkhvh ixqgdphqwdo sureohpv ri udq0

grpl}dwlrq ru vxevhtxhqw frqwdplqdwlrq wkh dvvxpswlrq xqghuo|lqj lpsdfw hvwlpdwlrq lq

jurxs0udqgrpl}hg vhwwlqjv/ htxdwlrq +8,/ lv qr orqjhu mxvwl�hg1

71416 Vpdoo Vdpsoh Eldv

Udqgrpl}hg dvvljqphqw ri lqglylgxdov lqwr ru rxw ri wuhdwphqw lv d yhu| srzhuixo dssurdfk

wr lqihuhqfh= rq dyhudjh/ d vlpsoh gl�huhqfh lq phdq rxwfrphv dfurvv wuhdwphqw dqg frqwuro

jurxsv |lhogv dq xqeldvhg hvwlpdwh ri wkh wuxh hydoxdwlrq sdudphwhu/ hyhq zlwkrxw sduwlfxodu
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dwwhqwlrq wr revhuydeoh frqirxqghuv1 Lq prvw sudfwlfdo dssolfdwlrqv/ wkrxjk/ wkhuh duh lvvxhv

ri vr0fdoohg vpdoo vdpsoh eldv1 Wklv xvxdoo| frqfhuqv wkh srvvleoh suhvhqfh ri revhuydeoh

idfwruv f�/ zklfk duh qrw edodqfhg frpsohwho| e| wkh surfhvv ri udqgrpl}dwlrq/ gxh wr

vdpsoh vl}h olplwdwlrqv1 Dq lpedodqfh ri revhuydeoh frqirxqghuv lq wkh vdpsoh xvhg iru

dqdo|vlv zrxog qrw surylgh iru wkh fruuhfw zhljkwlqj ri frqglwlrqdo phdqv lq wkh wuhdwphqw

dqg frqwuro jurxsv1

Idloxuh wr dffrxqw iru wklv zrxog ohdg wr d srru dssur{lpdwlrq ri hvwlpdwhv wr wkh wuxh

ydoxh lq vpdoo vdpsohv/ exw � gxh wr wkh yhu| qdwxuh ri udqgrpl}hg dvvljqphqw �/ li vdpsoh

vl}hv zhuh wr jurz eh|rqg dq| olplw/ udqgrpl}dwlrq zrxog vhuyh wr holplqdwh wklv eldv frp0

sohwho|1 Wkxv/ lw lv riwhq vxjjhvwhg wkdw dqdo|vwv vkrxog dgmxvw wkhlu gdwd iru wkh suhvhqfh

ri revhuydeoh frqirxqghuv/ h{dfwo| dv lq h{suhvvlrq +9, zklfk frqglwlrqv rq wkh revhuydeoh

frqirxqglqj yduldeoh f1 Wkh dgydqwdjh ri grlqj vr zloo eh d vpdoohu qrq0v|vwhpdwlf ghyl0

dwlrq ri wkh hvwlpdwhg surjudp lpsdfw iurp lwv wuxh ydoxh/ d vpdoohu qrlvh1 E| frqwudvw/

hydoxdwlrq vwudwhjlhv wkdw gr qrw uho| rq udqgrpl}hg dvvljqphqw pljkw qrw eh deoh wr d�rug

wkh ox{xu| ri frqwuroolqj iru revhuydeoh frqirxqglqj idfwruv mxvw wr dfklhyh d uhgxfwlrq lq

qrlvh1 Lqvwhdg/ lq qrq0h{shulphqwdo vhwwlqjv vlpsoh dyhudjhv pljkw vx�hu iurp dq lpedodqfh

ri revhuydeoh frqirxqghuv hyhq lq odujh vdpsohv +vhh vhfwlrq 715,1

Hyhq lq dq h{shulphqw lqyroylqj d odujh qxpehu ri revhuydwlrqv rq erwk wuhdwhg lqgl0

ylgxdov dqg frqwurov/ wkhuh zloo eh vrph uhpdlqlqj qrlvh durxqg wkh wuxh sdudphwhu ydoxh1

Jlyhq wkdw d uhvhdufkhu wdnhv doo dssursuldwh phdvxuhv wr holplqdwh wkh vpdoo0vdpsoh eldv

glvfxvvhg khuh/ wklv sureohp rqo| frqfhuqv dq| uhpdlqlqj lpedodqfh ri xqrevhuydeoh frq0

irxqghuv1 Zkloh fohduo| ehlqj uhohydqw lq dq| vdpsoh ri olplwhg vl}h/ lq d udqgrpl}hg vwxg|

wkh eldv hphujlqj iurp wklv vrxufh zrxog dovr glplqlvk dv vdpsoh vl}h zdv jurzlqj wr eh

odujh1

715 Revhuydwlrqdo Vwxglhv

E| frqwudvw wr h{shulphqwdo dqdo|vhv/ lq qrq0h{shulphqwdo ru revhuydwlrqdo vwxglhv +d vhplqdo

vrxufh lv Urvhqedxp +4<<8,, wkh gdwd duh qrw ghulyhg lq d surfhvv wkdw lv frpsohwho| xqghu

wkh frqwuro ri wkh uhvhdufkhu1 Lqvwhdg/ dgplqlvwudwruv pljkw kdyh r�huhg wkh surjudp wr

lqglylgxdov iru zkrp wkh| khog idyrudeoh h{shfwdwlrqv uhjduglqj wkh surjudp*v lpsdfw1 Ru
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sduwlflsdqwv ghflghg wr dsso| iru surjudp sduwlflsdwlrq ehfdxvh wkh| +fruuhfwo|, dqwlflsdwhg

wkh lqwhuyhqwlrq dv sduwlfxoduo| ehqh�fldo iru wkhp/ zkloh qrq0sduwlflsdqwv vklhg dzd| iurp

wkh surjudp iru v|pphwulf uhdvrqv1

Zkdw lv froohfwhg lqvwhdg ri wkh ghvluhg h{shulphqwdo gdwd/ lv dq dffrxqw ri krz lqglylgxdo

zrunhuv dfwxdoo| shuiruphg diwhu wkh lqwhuyhqwlrq1 Iru sduwlflsdqwv wklv phdqv revhuydwlrq

ri t|�n{�/ iru qrq0sduwlflsdqwv revhuydwlrq ri t|�1 Wkh remhfwlyh ri dq| revhuydwlrqdo vwxg|

lv wr xvh wklv lqirupdwlrq lq dq dssursuldwh zd| vxfk dv wr uhsodfh wkh frpsdudelolw| ri

wuhdwphqw dqg frqwuro jurxsv e| ghvljq � wkh fruqhuvwrqh ri h{shulphqwdo dqdo|vhv � e| d

sodxvleoh dowhuqdwlyh lghqwl�fdwlrq frqglwlrq1

Lq h{shulphqwv/ udqgrp dvvljqphqw ri wuhdwphqw hqvxuhg d edodqflqj ehwzhhq wuhdwphqw

dqg frqwuro jurxsv ri doo dvshfwv uhohydqw wr wkh surfhvv/ revhuydeoh dqg xqrevhuydeoh1 Wkh

ghvluh lq dq| revhuydwlrqdo vwxg| lv wr xvh wkh revhuydeoh lqirupdwlrq +rqf� dqg rq t|��, vxfk

wkdw lq vxe0srsxodwlrqv gh�qhg e| wkhvh revhuydeohv/ iru lqvwdqfh orz0vnloohg zrunhuv zkr

zhuh hpsor|hg lq |3/ dq| uhpdlqlqj gl�huhqfhv ehwzhhq sduwlflsdqwv dqg qrq0sduwlflsdqwv

fdq eh dwwulexwhg wr fkdqfh1 Wkhq/ xvlqj d udqgrp vdpsoh iurp wklv vxe0srsxodwlrq/ wkh

lpsdfw ri wkh surjudp fdq eh hvwlpdwhg e| iruplqj wkh gl�huhqfh ehwzhhq phdqv ri dfwxdo

rxwfrphv iru sduwlflsdqwv dqg qrq0sduwlflsdqwv1 Rqh ri wkh frqvlghudwlrqv lq fkrrvlqj dq

dssursuldwh lghqwl�fdwlrq vwudwhj| lv vdpsoh vl}h1 Qhlwkhu zrxog rqh sodfh kljk frq�ghqfh

lq dyhudjhv wdnhq rqo| ryhu d kdqgixo ri lqglylgxdov/ qru zrxog rqh eh deoh wr ghulyh dq|

uhvxow iru d frq�jxudwlrq ri fkdudfwhulvwlfv f� vxfk wkdw hyhu| zrunhu lq wklv vxe0srsxodwlrq

ghflghg wr sduwlflsdwh1

Wkh iroorzlqj vxe0vhfwlrqv lqwurgxfh irxu revhuydwlrqdo dssurdfkhv/ fkdudfwhul}lqj wkh

lghqwl�fdwlrq dvvxpswlrqv qhfhvvdu| wr mxvwli| wkhlu dssolfdwlrq dqg srvvleoh uhdvrqv iru wkhlu

idloxuh1 Wr idflolwdwh wkh frqfhqwudwlrq rq wkh lghd ri lghqwl�fdwlrq/ wkh lvvxh ri suhflvlrq ru

vdpsolqj yduldelolw| lv qrw glvfxvvhg dw ohqjwk1 Qhyhuwkhohvv/ wklv lv dq lvvxh ri frqvlghudeoh

uhohydqfh iru doo sudfwlfdo dssolfdwlrqv � d uhsruwhg lpsdfw hvwlpdwh wkdw lv qrw dffrpsdqlhg

e| dq lqglfdwlrq ri wkh vdpsolqj yduldelolw| durxqg lw lv devroxwho| zruwkohvv1 Lq vhfwlrq

716/ wkh irxu lghqwl�fdwlrq dssurdfkhv rxwolqhg lq ghwdlo ehorz zloo eh looxvwudwhg e| d vpdoo

qxphulfdo h{dpsoh1
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71514 Frpsdulvrq ri H{dfw Pdwfkhv

Wkh sulqflsdo lghd ri h{dfw pdwfklqj lv wr dvvljq wr rqh ru pruh ri wkh lqglylgxdov � lq wkh

lqwhuyhqwlrq vdpsoh dv pdwfklqj sduwqhuv rqh ru pruh lqglylgxdov iurp wkh qrq0h{shulphqwdo

frqwuro vdpsoh zkr duh vlplodu lq whupv ri wkhlu revhuyhg lqglylgxdo fkdudfwhulvwlfv1 Wkdw

lv/ wkh h{dfw pdwfk surfhgxuh vshfl�hv wkh prvw jhqhudo srvvleoh prgho ri srvw0lqwhuyhqwlrq

rxwfrphv lq whupv ri wkh revhuydeoh gdwd +suh0lqwhuyhqwlrq klvwrulhv dqg hgxfdwlrq/ vd|,1

Wkh fhqwudo lghqwl�fdwlrq dvvxpswlrq lv wkdw iru lqglylgxdov wkdw duh fkdudfwhul}hg e| dq|

vshfl�f frq�jxudwlrq ri revhuydeoh fkdudfwhulvwlfv/ wkh sduwlflsdwlrq ghflvlrq lv lqghshqghqw

ri dq| xqrevhuydeoh ghwhuplqdqw ri wkh srvw0lqwhuyhqwlrq rxwfrph/

.Et| m fct|� c ( ' �� ' .Et| m fct|� c( ' f�� +:,

Iru dq| srsxodwlrq fhoo +f/ t|�, iru zklfk dw ohdvw rqh pdwfk frxog eh irxqg/ zh hvwlpdwh

wkh lpsdfw ri wkh lqwhuyhqwlrq zlwklq wklv fhoo e| d frpsdulvrq ri vdpsoh dyhudjhv1 Wkhq/

wkh ghvluhg hvwlpdwh ri wkh surjudp lpsdfw �f'& lv jlyhq e| d zhljkwhg dyhudjh ryhu wkhvh

vdpsoh phdqv/
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lv wkh qxpehu ri lqglylgxdov zlwk fkdudfwhulvwlfv f ' & dqg suh0wuhdwphqw

rxwfrph t|� zkr uhfhlyh wkh lqwhuyhqwlrq +��cf'& '
S

f'&ct|�
��cf'&ct|�

, dqg �fcf'&ct|�
lv wkh

fruuhvsrqglqj qxpehu ri frqwuro revhuydwlrqv zlwk fkdudfwhulvwlfv f ' & dqg suh0wuhdwphqw

rxwfrph t|� 1

Pdwfklqj hvwlpdwruv wkhuhe| dssur{lpdwh wkh yluwxhv ri udqgrpl}dwlrq e| edodqflqj wkh

revhuydeohv1 Iluvw/ wkh srsxodwlrq ri zrunhuv zkr sduwlflsdwh lq wkh surjudp lv sduwlwlrqhg

lqwr vwudwd gh�qhg e| doo uhohydqw frpelqdwlrqv ru fhoov ri lqglylgxdo fkdudfwhulvwlfv f� dqg

suh0lqwhuyhqwlrq rxwfrphv t|��1 Rqo| wkrvh fhoov zloo hqwhu wkh fdofxodwlrq ri surjudp h�hfwv/

iru zklfk rqh zloo dovr eh deoh wr �qg qrq0sduwlflsdqwv1 Wkxv/ pdwfklqj hqvxuhv wkdw wkh

dyhudjhv ryhu wuhdwhg dqg xqwuhdwhg lqglylgxdov duh wdnhq ryhu wkh vdph fhoov +lq whfkql0
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fdo whupv wkh vdph vxssruw ri wkh iuhtxhqf| glvwulexwlrq ri wkh revhuydeoh fkdudfwhulvwlfv,1

Vhfrqg/ lq iruplqj wkh zhljkwhg dyhudjh wkdw hvwlpdwhv �f'&/ wkh uhodwlyh vkduhv ri hdfk

ri wkhvh fhoov dprqj wkh sduwlflsdqwv duh wdnhq dv zhljkwv/ hqvxulqj wkdw wkh phdq h�hfwv

ri wuhdwphqw rq wkh wuhdwhg lv lghqwl�hg1 Wkxv/ zkdwhyhu wkh uhodwlyh vkduhv ri wkhvh fhoov

duh lq wkh srsxodwlrq ri qrq0sduwlflsdqwv/ wkhlu rxwfrphv duh uhzhljkwhg vxfk dv wr jhqhudwh

edodqfh zlwk wkh srsxodwlrq ri sduwlflsdqwv1

Ydolglw| ri wklv hydoxdwlrq dssurdfk uhtxluhv wkdw wkh ghflvlrq wr sduwlflsdwh dqg wkh

rxwfrph vkrxog qrw eh lq xhqfhg mrlqwo| e| idfwruv eh|rqg suhylrxv oderu pdunhw rxwfrphv

t|�� dqg fxuuhqw fkdudfwhulvwlfv f�1 Li/ iru lqvwdqfh/ d idyrudeoh pl{ ri xqrevhuydeoh idfwruv

zhuh sduwlfxoduo| frpprq dprqj wkh srsxodwlrq ri sduwlflsdqwv/ wkhq/ yld wkh lghqwl�fdwlrq

dvvxpswlrq +:, wkh orz srsxodwlrq dyhudjh ri wkh t|� dprqj qrq0sduwlflsdqwv lq dw ohdvw rqh

+f/ t|�,0fhoo zrxog ohdg wr wrr orz dq hvwlpdwh ri wkh dyhudjh ri t|� dprqj wkh sduwlflsdqwv

lq wklv fhoo dqg/ wkxv/ dq ryhuvwdwhg hvwlpdwh f�e%@S|36@|S�
f'& 1

Lw zrxog qrw eh ghwulphqwdo iru wklv hvwlpdwru li zrunhuv* hpsor|phqw vxffhvv iroorzhg d

f|folfdo sdwwhuq= lq shulrg | sduwlflsdqwv* frxqwhuidfwxdo rxwfrphv xqghu qr wuhdwphqw zrxog

wkhq w|slfdoo| eh kljkhu wkdq lq |3/ exw rqh zrxog rqo| wuhdw wkrvh qrq0sduwlflsdqwv dv frp0

sdudeoh zkrvh rxwfrph lq |3 zdv htxdoo| xqvdwlvidfwru|1 Lqwhuwhpsrudo fkdqjhv lq hfrqrplf

frqglwlrqv wkdw d�hfwhg/ rq dyhudjh/ wkh fkdqjh ehwzhhq |3 dqg | htxdoo| iru sduwlflsdqwv dqg

qrq0sduwlflsdqwv/ dv orqj dv wkh| vkduhg d frpprq vhw ri fkdudfwhulvwlfv +f/ t|�,/ zrxog qrw

eh frqvhtxhqwldo hlwkhu1 Zkdw zrxog eh frqvhtxhqwldo zhuh fkdqjhv wkdw d�hfw sduwlflsdqwv

gl�huhqwo| iurp xqwuhdwhg hyhq zlwklq wkhvh qduurzo| gh�qhg fhoov1

71515 Gl�huhqfh0lq0gl�huhqfhv Hvwlpdwlrq

Iruplqj h{dfw pdwfkhv lv frpsxwdwlrqdoo| ghpdqglqj dqg/ ghshqglqj rq wkh dssolfdwlrq/

pljkw ohdg wr wkh sureohp ri uhodwlyho| vpdoo vdpsohv lq hdfk uhohydqw srsxodwlrq fhoo1

Rqh pljkw wkhuhiruh hqwhuwdlq dq dowhuqdwlyh dssurdfk wkdw uhwdlqv wkh lghdv ri xvlqj qrq0

sduwlflsdqwv dv d frqwuro jurxs dqg ri dffrxqwlqj iru fkdqjhv lq wkh pdfurhfrqrplf hqyl0

urqphqw1 Wkh gl�huhqfh0lq0gl�huhqfhv dssurdfk frqwlqxhv wr irfxv rq d frpsdulvrq ri wkh

fkdqjhv ehwzhhq |3 dqg |1 Wkh pdmru gl�huhqfh wr wkh h{dfw pdwfklqj surfhgxuh lv wkdw

rqh grhv qr orqjhu frqglwlrq rq wkh h{dfw suh0lqwhuyhqwlrq rxwfrph lq gh�qlqj frpsdudeoh
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vwudwd ri wkh srsxodwlrq1 Lqvwhdg/ lw lv srvwxodwhg wkdw srsxodwlrq dyhudjh ri wkh fkdqjh

lq wkh qr0surjudp rxwfrph sduwlflsdqwv ehwzhhq |3 dqg | lv htxdo wr wkdw h{shulhqfhg e|

qrq0sduwlflsdqwv/

.Et| � t|� m fc( ' �� ' .Et| � t|� m fc( ' f�� +<,

Wkh fruuhvsrqglqj hvwlpdwru wkhq lpsohphqwv d vdpsoh dqdorjxh ri wklv lghd/ e| frp0

sdulqj wkh vdpsoh dyhudjhv ri wkh fkdqjhv lq rxwfrphv iru udqgrp vdpsohv ri sduwlflsdqwv

dqg qrq0sduwlflsdqwv +zlwk lqglylgxdo fkdudfwhulvwlfv f�,/
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Et|� � t|���� +43,

Dv wkh h{dfw pdwfklqj dssurdfk/ wklv vwudwhj| lv yxoqhudeoh wr wkh suhvhqfh ri xqrevhuydeoh

idfwruv d�hfwlqj wkh sduwlflsdwlrq ghflvlrq1 Hvwlpdwru f�e%@S|36@|S�
f'& zdv deoh/ wkrxjk/ wr

dffrxqw iru doo vxfk xqrevhuydeoh idfwruv wkdw zhuh dvvrfldwhg zlwk wkh oderu pdunhw rxwfrph

lq wkh suh0wuhdwphqw shulrg1 Lw lv qrw xqolnho| wkdw zrunhuv zkr duh xqhpsor|hg lq |3 duh

pruh olnho| wr sduwlflsdwh lq wkh surjudp dqg wkdw/ dw wkh vdph wlph/ wkh hfrqrplf xsvzlqj

ehqh�wv pruh wkrvh ehlqj xqhpsor|hg lq |31 Dv d frqvhtxhqfh/ wkh gl�huhqfh0lq0gl�huhqfhv

hvwlpdwru f�_�ss3�?3_�ss
f'& zloo dwwulexwh wkh uhodwlyho| odujh fkdqjh lq revhuyhg rxwfrphv iru

sduwlflsdqwv h{foxvlyho| wr wkh surjudp1

71516 Ehiruh0Diwhu Frpsdulvrqv

Shukdsv wkh prvw frpprq hydoxdwlrq vwudwhj| iru dwwhpswlqj wkh frqvwuxfwlrq ri d sodxvleoh

frxqwhuidfwxdo lv d frpsdulvrq ri wuhdwhg lqglylgxdov zlwk wkhpvhoyhv dw d wlph |3 suhfhglqj

wkh lqwhuyhqwlrq/ d ehiruh0diwhu frpsdulvrq1 Lq wklv dssurdfk/ zkdw lv gh�qhg dv wkh frpsd0

udeoh qrq0sduwlflsdqwv duh wkh sduwlflsdqwv wkhpvhoyhv ehiruh wkh surjudp zdv lpsohphqwhg1

Edvhg rq orqjlwxglqdo gdwd/ lqirupdwlrq rq wkh h�hfwv ri wkh surjudp lv wkhq h{wudfwhg

h{foxvlyho| iurp fkdqjhv ehwzhhq |3 dqg srvw0wuhdwphqw shulrg |1 Wr hvwlpdwh wuhdwphqw

lpsdfw/ rqh irupv wkh dyhudjh ryhu doo sdluv ri ehiruh0diwhu revhuydwlrqv iru wkh lqglylgxdov
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lq wkh wudlqlqj vdpsoh1 Wkh xqghuo|lqj lghqwl�fdwlrq dvvxpswlrq lv wkdw/ wdnhq ryhu wkh

srsxodwlrq ri doo wuhdwhg lqglylgxdov/ wkh srsxodwlrq dyhudjh ri dfwxdo rxwfrphv lq shulrg

|3 +e| gh�qlwlrq/ wkhvh duh wkh frxqwhuidfwxdo rxwfrphv lq |3 lq wkh devhqfh ri wuhdwphqw, lv

htxdo wr wkh srsxodwlrq dyhudjh ri zkdw wkhvh lqglylgxdov zrxog kdyh h{shulhqfhg kdg wkh|

qrw sduwlflsdwhg lq wkh surjudp lq shulrg |/ wkdw lv/ htxdo wr frxqwhuidfwxdo rxwfrphv lq | lq

wkh devhqfh ri wuhdwphqw1 Irupdoo|/ wklv lv

.Et| m fc( ' �� ' .Et|� m fc( ' ��� +44,

Wkdw lv/ iru hdfk lqglylgxdo sdlu ri revhuydwlrqv ehiruh dqg diwhu wuhdwphqw/ wkhuh pljkw

eh gl�huhqfhv lq wkh frxqwhuidfwxdo rxwfrphv iru wkh qr0wuhdwphqw vwdwh/ hyhq vxevwdqwldo

rqhv/ exw rq dyhudjh wkhvh duh fdqfhoolqj rxw1 Lq h�hfw/ rqh fdq wdnh d phdq ryhu wkh

fruuhvsrqglqj lqglylgxdo sdluv ri suh02srvw0lqwhuyhqwlrq revhuydwlrqv lq d udqgrp vdpsoh ri

wkh srsxodwlrq ri wkh wuhdwhg dqg hvwlpdwh wkh lpsdfw ri wkh lqwhuyhqwlrq frqvlvwhqwo| dv

f� KesJoe3@s|eo
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Ydolglw| ri wklv lghqwl�fdwlrq dvvxpswlrq uhtxluhv wkdw wkh rxwfrphv ehiruh wuhdwphqw qrw

eh lq xhqfhg e| dq dqwlflsdwhg lqwhuyhqwlrq1 Iru lqvwdqfh/ li phpehuv ri wkh wuhdwphqw

vdpsoh nqrz lq |3 wkdw wkh| zloo eh wudlqhg/ wkh| pljkw qrw wu| wr eh yhu| vxffhvvixo lq

|�1 D orz t|�� zrxog eh wkh frqvhtxhqfh/ dqg/ yld wkh lghqwl�fdwlrq dvvxpswlrq +44, wkh

orz srsxodwlrq dyhudjh ri wkh t|�� zrxog ohdg wr wrr orz dq hvwlpdwh ri wkh dyhudjh ri t|�

dqg/ wkxv/ dq ryhuvwdwhg hvwlpdwh f� KesJoe3@s|eo
f'& 1 Vlploduo|/ li zrunhuv* hpsor|phqw vxffhvv

iroorzv d f|folfdo sdwwhuq/ dqg edg wlphv +wkdw lv d vshoo ri xqhpsor|phqw, duh w|slfdoo|

whpsrudu| hslvrghv iroorzhg e| lpsuryhphqwv/ wklv dssurdfk lv sureohpdwlf1 Lq shulrg |

sduwlflsdqwv* frxqwhuidfwxdo rxwfrphv xqghu qr wuhdwphqw zrxog wkhq w|slfdoo| eh kljkhu

wkdq lq |3/ wkh vr0fdoohg Dvkhqihowhu*v gls +Dvkhqihowhu +4<:;,,/ dqg/ wkxv/ wkh qdwxudo

whqghqf| wr uhwxuq wr d orqj0uxq dyhudjh +vr0fdoohgphdq uhyhuvlrq, zrxog ohdg hvwlpdwru +45,

wr ryhuvwdwh wkh surjudp lpsdfw1 E| frqwudvw/ shupdqhqw glsv lq oderu pdunhw shuirupdqfh

duh qrw ghwulphqwdo wr wkh dssurdfk/ ehfdxvh wkh| zloo d�hfw t|�� dqg t|� lq dq lghqwlfdo zd|1

5<



Lq dgglwlrq/ wklv dssurdfk uhtxluhv frqvlghudeoh vwdelolw| ri wkh hfrqrplf hqylurqphqw=

li shulrg |� zdv d exvw shulrg/ vd|/ dqg shulrg | wkdw ri dq hfrqrplf xsvzlqj/ wkhq frxq0

whuidfwxdo rxwfrphv lq wkh devhqfh ri wuhdwphqw/ t|�/ zrxog h{fhhg wkh rxwfrphv lq wkh

suh0wuhdwphqw shulrg |3 ehfdxvh ri wkh exvlqhvv f|foh � |hw/ hvwlpdwru +45, zrxog dwwulexwh

wklv lpsuryhphqw wr wkh lqwhuyhqwlrq1

71517 Furvv0vhfwlrq Hvwlpdwruv

Lq ehiruh0diwhu frpsdulvrqv/ surjudp sduwlflsdqwv vhuyh dv wkhlu rzq frqwurov1 Iroorzlqj wklv

dssurdfk pljkw eh suhfoxghg/ hlwkhu ehfdxvh qr orqjlwxglqdo lqirupdwlrq rq sduwlflsdqwv lv

dydlodeoh ru ehfdxvh pdfurhfrqrplf frqglwlrqv vkliw vxevwdqwldoo| ryhu wlph1 Lq wkdw fdvh/ wkh

srsxodwlrq dyhudjh ri wkh revhuyhg rxwfrph ri qrq0sduwlflsdqwv frxog vhuyh dv wkh hqwlw| wr

uhsodfh wkh srsxodwlrq dyhudjh ri wkh xqrevhuydeoh t|� iru sduwlflsdqwv1 Wkh irupdo vwdwhphqw

ri wklv lghqwl�fdwlrq frqglwlrq zrxog uhdg

.Et| m fc( ' �� ' .Et| m fc( ' f�� +46,

Wkdw lv/ dowkrxjk wkh srsxodwlrqv ri sduwlflsdqwv dqg qrq0sduwlflsdqwv pljkw eh txlwh

gl�huhqw lq vl}h dqg zlwklq hdfk ri wkrvh srsxodwlrqv wkh +frxqwhuidfwxdo, rxwfrphv iru wkh

qr0wuhdwphqw vwdwh pljkw gl�hu zlgho|/ rq dyhudjh wkhvh duh fdqfhoolqj rxw1 Lq h�hfw/ rqh

fdq wdnh wkh phdqv ryhu wkh fruuhvsrqglqj revhuydwlrqv lq udqgrp vdpsohv ri sduwlflsdqwv

dqg qrq0sduwlflsdqwv/ dqg hvwlpdwh wkh lpsdfw ri wkh lqwhuyhqwlrq dv

f� furvv0vhfwlrq
f'& '

�

��cf'&

[
�MU�cf'&

Et|� n{���
�

�fcf'&

[
�MUfcf'&

t|�� +47,

Iru wklv lghqwl�fdwlrq dvvxpswlrq wr eh ydolg/ vhohfwlrq lqwr wuhdwphqw kdv wr eh vwdwlvwlfdoo|

lqghshqghqw ri lwv h�hfwv jlyhq f/ wkh fdvh ri h{rjhqrxv vhohfwlrq1 Wkdw lv/ qr xqrevhuydeoh

idfwru +vxfk dv �prwlydwlrq� zklfk zrxog lqfuhdvh wkh ghvluh wr sduwlflsdwh lq d wudlqlqj sur0

judp exw dovr lqfuhdvh wkh +frxqwhuidfwxdo, qr0wuhdwphqw rxwfrphv, vkrxog ohdg lqglylgxdo

zrunhuv wr sduwlflsdwh1 Rwkhuzlvh htxdolw| +46, zrxog qrw krog dq| orqjhu1 Wklv surshuw|
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h{dfw pdwfkhvf�e%@S|36@|S�
f'& ' �

��cf'&

S
t|�

��cf'&ct|�

�
�

��cf'&ct
|�

S
�MU�cf'&ct

|�
Et|� n{��

� �

�fcf'&ct
|�

S
�MUfcf'&ct

|�
t|�

�
lghqwli|lqj dvvxpswlrq

.Et| m f ' &c t|�c ( ' �� ' .Et| m f ' &c t|� c( ' f�

gl�huhqfh0lq0gl�huhqfhvf�gl�10lq0gl�1
f'& ' �

��cf'&

S
�MU�cf'&

EEt|� n{��� t|����
�

�fcf'&

S
�MUfcf'&

Et|� � t|���

lghqwli|lqj dvvxpswlrq
.Et| � t|� m f ' &c( ' �� ' .Et| � t|� m f ' &c( ' f�

ehiruh0diwhuf� KesJoe3@s|eo
f'& ' �

��cf'&

S
�MU�cf'&

EEt|� n{��� t|���

lghqwli|lqj dvvxpswlrq
.Et| m f ' &c( ' �� ' .Et|� m f ' &c( ' ��

furvv0vhfwlrqf� furvv0vhfwlrq
f'& ' �

��cf'&

S
�MU�cf'&

Et|� n{���
�

�fcf'&

S
�MUfcf'&

t|�

lghqwli|lqj dvvxpswlrq
.Et| m f ' &c( ' �� ' .Et| m f ' &c( ' f�

Wdeoh 4= D Vxppdu| ri Vhohfwhg Revhuydwlrqdo Dssurdfkhv1

zdv hqvxuhg lq d frqwuroohg udqgrpl}hg wuldo e| udqgrpl}lqj vrph lqglylgxdov rxw ri wkh

srwhqwldo wuhdwphqw jurxs lqwr d frqwuro jurxs dqg e| suhvhuylqj wkh frpsrvlwlrq ri wuhdw0

phqw dqg frqwuro jurxsv e| forvh prqlwrulqj dv wkh h{shulphqw surfhhgv1 Zkhq zrunlqj

zlwk qrq0h{shulphqwdo gdwd/ krzhyhu/ lqglylgxdov zkr uhfhlyhg wuhdwphqw dqg wkrvh zkr glg

qrw pljkw kdyh ehhq vhohfwhg lqwr wkhvh wzr jurxsv lq d v|vwhpdwlf idvklrq1 Wkh xqghuo|lqj

vhohfwlrq surfhvv pljkw/ dprqj rwkhu dvshfwv/ uh hfw lqglylgxdo jdlqv iurp wuhdwphqw1 Frq0

vhtxhqwo|/ d furvv0vhfwlrqdo dssurdfk pljkw eh d yhu| srru hydoxdwlrq vwudwhj|1 Rq wkh rwkhu

kdqg/ Dvkhqihowhu*v gls zloo qrw srvh d uhohydqw sureohp iru wklv dssurdfk/ vlqfh wkh whpsr0

udu| gls lq oderu pdunhw shuirupdqfh lq shulrg w* zloo qrw sod| d uroh lq wkh frqvwuxfwlrq ri

wkh frxqwhuidfwxdo .Et| m fc( ' ��1

Wkh ydulrxv hydoxdwlrq dssurdfkhv glvfxvvhg lq vhfwlrqv 71514 wr 71517 duh vxppdul}hg lq

Wdeoh 4 wkdw glvsod|v wkh hvwlpdwruv wrjhwkhu zlwk wkh dssursuldwh lghqwl�fdwlrq dvvxps0

wlrqv1 Qrwh wkdw wkh hvwlpdwruv dozd|v lpsohphqw wkh vdpsoh dqdorjxh wr wkh dssursuldwh

64



srsxodwlrq dyhudjhv lpsolhg e| wkh lghqwl�fdwlrq dvvxpswlrq1 Qrqh ri wkh lghqwl�fdwlrq

dvvxpswlrqv +:, wr +46, lv vxshulru wr wkh rwkhuv1 Fkrrvlqj wkh dssursuldwh vwudwhj| kdv wr

ghshqg rq rxwvlgh nqrzohgjh ri wkh surfhvvhv ri surjudp lpsohphqwdwlrq dqg sduwlflsdwlrq1

Ixuwkhupruh/ jlyhq vdpsoh vl}h/ vrph ri wkh dssurdfkhv/ lq sduwlfxodu h{dfw pdwfklqj/ exw

dovr gl�huhqfh0lq0gl�huhqfhv duh pruh ghpdqglqj/ wkdw lv lqyroyh ihzhu lqglylgxdov lq wkh

irupdwlrq ri wkh uhohydqw dyhudjhv wkdq rwkhuv1

71518 Sdudphwulf Dssurdfkhv dqg Erxqglqj

Doo irxu dssurdfkhv lqwurgxfhg deryh gr uhvw rq lghqwl�fdwlrq dvvxpswlrqv/ vhwv ri plqlpdo

dvvxpswlrqv wr jhqhudwh dq hvwlpdwh ri wkh lpsdfw ri wkh srolf| lqwhuyhqwlrqv1 Frqyhqwlrqdo

hfrqrphwulf uhvhdufk xvxdoo| zhqw ixuwkhu/ uhvwlqj rq d sulrul lqirupdwlrq derxw ydulrxv

dvshfwv ri wkh surfhvv/ hlwkhu lq whupv ri ixqfwlrqdo irupv/ lq irupv ri uhvwulfwlrqv rq wkh

lpsdfw ri wuhdwphqw ru lq whupv ri lqirupdwlrq rq wkh ghwhuplqdqwv ri wkh fkrlfh ri wuhdw0

phqw uhjlph1 Lq sduwlfxodu/ sdudphwulf prghoolqj/ lpso|lqj dq h{solflw dvvxpswlrq ri wkh

ixqfwlrqdo irup ri wkh iuhtxhqf| glvwulexwlrq ri xqrevhuydeoh idfwruv dfurvv wkh srsxodwlrq

ri sduwlflsdqwv dqg rq dq dvvxpswlrq rq wkh krprjhqhlw| ri surjudp h�hfwv/ kdv ehhq vr

suhydohqw wkdw pdq| rxwvlgh revhuyhuv wklqn ri uhjuhvvlrq dgmxvwphqwv ru vwdqgdug qrqolqhdu

glvfuhwh fkrlfh prghov dv wkh hfrqrphwulf dssurdfk1

Wkh ydulhw| ri sdudphwulf dssurdfkhv lv sxusrvhixoo| gh0hpskdvl}hg lq wklv hvvd| wr foduli|

wkdw/ lq sulqflsoh/ wkhuh lv qr sduwldolw| dfurvv glvflsolqhv dv wr krz vwulqjhqw wkh lghqwl�0

fdwlrq dvvxpswlrqv kdyh wr eh lq dssolhg zrun1 Wr wkh frqwudu|/ wkh erg| ri uhvhdufk rq

surjudp hydoxdwlrq kdv jurzq wrjhwkhu lq uhfhqw ghfdghv/ ohdglqj wr wkh frpprq suredelolv0

wlf dssurdfk dw wkh lvvxh wkdw lv glvfxvvhg lq vhfwlrq 6 dqg 71 Ixuwkhupruh/ vlqfh doo vflhqwl�f

uhvxowv duh ghulyhg zlwk vrph uhpdlqlqj xqfhuwdlqw|/ lw lv fohdu wkdw vwurqjhu lghqwl�fdwlrq

dvvxpswlrqv � li fruuhfw � zloo ohdg rq dyhudjh wr pruh suhflvh uhvxowv1 Wkdw grhv fhuwdlqo|

qrw lpso| wkdw d sdudphwulf frqvwdqw0h�hfwv dssurdfk +d olqhdu uhjuhvvlrq prgho/ vd|/ zklfk

lpsrvhv {� ' { iru doo �, kdv wr eh suhihuuhg wr d qrq0sdudphwulf khwhurjhqhrxv0h�hfwv ds0

surdfk +vxfk dv dq dssolfdwlrq ri h{suhvvlrq +;,/ zklfk doorzv iru khwhurjhqhrxv {�,/ phuho|

ehfdxvh wkh uhpdlqlqj xqfhuwdlqw| vxuurxqglqj wkh hvwlpdwhg lpsdfw lv vpdoohu1 Diwhu doo/

wkh vwulfw lghqwl�fdwlrq dvvxpswlrq ri wkh frqvwdqw0h�hfwv dqdo|vlv pljkw eh zurqj/ eldvlqj
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wkh uhvxowv v|vwhpdwlfdoo|1 Rq wkh rwkhu kdqg/ lq dssolhg zrun wkhuh duh pdq| vlwxdwlrqv

lq zklfk vpdoo vdpsoh vl}hv ru wkh vkhhu frpsoh{lw| ri wkh fdofxodwlrqv uhtxluh dgglwlrqdo

lghqwl�fdwlrq dvvxpswlrqv wr eh lqyrnhg/ iru lqvwdqfh lq wkh frqghqvdwlrq ri wkh suredelolw|

ri surjudp sduwlflsdwlrq lqwr wkh vr0fdoohg surshqvlw| vfruh1

\hw dqrwkhu dssurdfk wr wkh hydoxdwlrq sureohp +vhh iru lqvwdqfh Pdqvnl +4<<8,, lv wr

dyrlg pdnlqj vwulfw lghqwl�fdwlrq dvvxpswlrqv dv wkrvh hperglhg lq htxdwlrqv +:, wr +46,

dowrjhwkhu1 Lqvwhdg/ rqh pljkw �qg d ploghu vhw ri uhvwulfwlrqv rq wkh surfhvv/ uhvwulfwlrqv

wkdw fdq eh mxvwl�hg zlwkrxw dq| nqrzohgjh ri wkh ehkdylrudo vlgh ri surjudp sduwlflsdwlrq ru

ri lpsohphqwdwlrq lvvxhv/ zklfk idflolwdwh wr erxqg wkh jhqxlqh lpsdfw ri wkh surjudp iurp

deryh dqg ehorz1 Lq wkh h{dpsoh ri zrunhuv* hpsor|phqw vxffhvv/ wkh devroxwh gl�huhqfh

m Et|� n{��� t|� m fdqqrw h{fhhg xqlw|/ iru lqvwdqfh1 Vwduwlqj iurp wklv lghd/ rqh pljkw �qg

uh�qhphqwv wkdw idflolwdwh qduurzlqj wkh fruuhvsrqglqj lqwhuydo d��c �o ixuwkhu1 Wkhvh zrxog

qrw eh lghqw�fdwlrq dvvxpswlrqv lq wkh vhqvh lqwurgxfhg deryh/ vlqfh hyhq lq dq dexqgdqwo|

odujh vdpsoh wkh| zrxog qrw doorz slqsrlqwlqj wkh jhqxlqh h�hfw h{dfwo|1 Rqh txhvwlrq

lq surjudp hydoxdwlrq zrxog wkhq eh zkhwkhu wkh erxqghg lqwhuydoo zrxog rqo| frpsulvh

srvlwlyh hqwulhv1 Wkhq/ rqh frxog frqfoxgh zlwk frq�ghqfh wkdw wkh surjudp dw ohdvw kdg

vrph srvlwlyh lpsdfw rq wkh oderu pdunhw rxwfrphv ri sduwlflsdqwv1 Jhqhudoo|/ lw lv gl!fxow

wr whoo zkhwkhu rqh zloo eh deoh wr �qg uhvwulfwlrqv plog hqrxjk wr eh sdodwdeoh/ |hw vwurqj

hqrxjk wr surylgh d vx!flhqwo| qduurz vhw ri erxqgv1 Iru wkh sxusrvhv ri wklv hvvd|/ wklv

dssurdfk zloo qrw eh glvfxvvhg dw ixuwkhu ohqjwk1

716 D Qxphulfdo H{dpsoh

Wr looxvwudwh wkh gl�huhqw hvwlpdwruv lqwurgxfhg lq vhfwlrq 715/ wklv vhfwlrq surylghv d vpdoo

qxphulfdo h{dpsoh1 Frqwlqxh wr vxssrvh wkdw wkh srsxodwlrq ri zrunhuv frpsulvhv wkuhh

nlqgv ri zrunhuv/ orz0vnloohg +f� ' f,/ phglxp0vnloohg +f� ' �,/ dqg kljk0vnloohg +f� ' 2,/

dqg frqvlghu d surjudp sulpdulo| ehlqj ghvljqhg wr lpsuryh zrunhuv* oderu pdunhw vnloov1

Kljk0vnloohg zrunhuv duh frqvlghuhg qrw wr eh lq wkh uhdop ri wkh surjudp> wkh surjudp lv dovr

qrw wdnhq xs e| pdq| phglxp0vnloohg zrunhuv1 Wkh hydoxdwru*v lqwhuhvw olhv wkhuhiruh lq wkh

phdq lpsdfw ri wkh surjudp rq wuhdwhg orz0vnloohg zrunhuv/ �f'f/ wkh phdq lpsdfw ri wkh

surjudp rq wuhdwhg phglxp0vnloohg zrunhuv/ �f'�/ dqg wkh phdq lpsdfw ri wkh surjudp rq
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orz0vnloohg dqg phglxp0vnloohg zrunhuv dv d jurxs/ �fMtfc��1 Wkh wzr uhohydqw vnloo jurxsv

zloo eh wdnhq rqh dw d wlph1

Wkh �uvw wzr froxpqv ri Wdeoh 5 glvsod| wkh srwhqwldo oderu pdunhw rxwfrphv xqghu qr

wuhdwphqw iru shulrgv |3 +sulru wr wkh surjudp, dqg | +diwhu wkh surjudp, iru wkrvh orz0vnloohg

zrunhuv zkr gr qrw sduwlflsdwh lq wkh surjudp +wkxv/ wkhvh duh dovr wkhlu dfwxdo ru revhuyhg

rxwfrphv,1 Vrph SfI ri wkhvh zrunhuv duh hpsor|hg lq erwk shulrgv> lq dgglwlrq/ wkhuh lv

vrph lpsuryhphqw lq wkh oderu pdunhw vlwxdwlrq ryhu wlph/ vlqfh rqh ri wkrvh zrunhuv ehlqj

xqhpsor|hg lq |3 lv hpsor|hg lq | +zrunhu r�,1 Wkxv/ li wkh surjudp kdv dq| lpsdfw/ wkh

oderu pdunhw vlwxdwlrq ri wkh sduwlflsdqwv pxvw lpsuryh e| dw ohdvw dv pxfk/ rq dyhudjh/ dv

lw glg iru wkh qrq0sduwlflsdqwv1

Froxpqv wkuhh wr �yh ri wkh wdeoh shuwdlq wr wkrvh xqvnloohg zrunhuv zkr uhfhlyhg wkh

lqwhuyhqwlrq ehwzhhq |3 dqg |1 Wkh wklug dqg irxuwk froxpq glvsod| wkh srwhqwldo oderu

pdunhw rxwfrphv xqghu qr wuhdwphqw lq wkhvh wzr shulrgv1 Zkhuhdv wkh rxwfrph lq |3/ t|��/

lv revhuyhg/ wkh frxqwhuidfwxdo rxwfrph xqghu qr wuhdwphqw lq |/ t|�/ lv qrw1 Lqvwhdg/ rqh

revhuyhv t|�n{� zklfk lv glvsod|hg lq wkh odvw froxpq ri wkh wdeoh1 Wkh jhqxlqh lpsdfw ri wkh

surjudp ehfrphv dssduhqw zkhq rqh frpsduhv wkh �iwk dqg wkh irxuwk froxpq dqg irupv

Et|� n{��� t|� +vrphwklqj d uhvhdufkhu zloo qrw eh deoh wr gr/ vlqfh wkh irxuwk froxpq zloo

uhpdlq xqrevhuyhg,1 Wkh jhqxlqh lpsdfw ri wkh surjudp lv f�2/ wkdw lv/ ri wkh �f zrunhuv zkr

uhfhlyh wuhdwphqw/ wzr dfwxdoo| h{shulhqfh dq lpsuryhphqw lq wkhlu hpsor|phqw vlwxdwlrq/

dv frpsduhg wr wkh xqrevhuydeoh frxqwhuidfwxdo +zrunhuv r�� dqg r�b,1

D uhvhdufkhu zkr zhuh wr irup h{dfw pdwfkhv wr fdofxodwh f�e%@S|36@|S�
f'f

zrxog lqyrnh

wkh lghqwl�fdwlrq dvvxpswlrq wkdw iru orz0vnloohg zrunhuv zkr sduwlflsdwh lq wkh surjudp

dqg zkr kdsshq wr h{shulhqfh d sduwlfxodu suh0surjudp rxwfrph t|� / zh fdq uhsodfh wkh

srsxodwlrq dyhudjh ri wkhlu xqrevhuydeoh frxqwhuidfwxdo rxwfrph xqghu qr wuhdwphqw lq |

zlwk wkh srsxodwlrq dyhudjh ri wkh revhuydeoh dfwxdo rxwfrph ri frpsdudeoh lqglylgxdov

lq wkh jurxs ri qrq0sduwlflsdqwv +vhh htxdwlrq +:,,1 Hvwlpdwlrq lv wkhq vlpso| wkh vdpsoh

dqdorjxh ri wklv lghd1 Wkdw lv/ rqh zrxog lpsrvh khuh wkdw/ rq dyhudjh/ zrunhuv D wr �f dqg

�. wr 2f zrxog eh frpsdudeoh/ dqg wkdw wkh vdph krogv iru zrunhuv � wr e dqg �� wr �S1 Iru

doo orz0vnloohg zrunhuv wdnhq wrjhwkhu/ wkdw lv wkrvh zlwk t|� ' � dqg wkrvh zlwk t|� ' f/ wkh
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(� ' f (� ' �
Lqglylgxdo t|�� t|� Lqglylgxdo t|�� t|� t|� n{�

4 3 4 44 3 3 3
5 3 3 45 3 3 3
6 3 3 46 3 3 4
7 3 3 47 3 4 4
8 4 4 48 3 4 4
9 4 4 49 3 4 4
: 4 4 4: 4 4 4
; 4 4 4; 4 4 4
< 4 4 4< 4 3 4
43 4 4 53 4 4 4

Wdeoh 5= Hpsor|phqw ) wudlqlqj ri orz0vnloohg zrunhuv1

hydoxdwlrq sdudphwhu ri lqwhuhvw lv wkhq d zhljkwhg +zlwk wkh uhodwlyh vkduhv ri wuhdwhg zrunhuv

h{shulhqflqj t|� ' � dqg t|� ' f, dyhudjh ri wkh lpsdfwv lq erwk vxejurxsv/ f�e%@S|36@|S�
f'fct

|�
'�

dqg f�e%@S|36@|S�
f'fct

|�
'f

1 Wkh uhvxow lq wklv h{dpsoh zrxog eh dq hvwlpdwh ri f�e%@S|36@|S�
f'f

' f�2D1

Wkh hvwlpdwh zrxog qrw txlwh fdswxuh wkh jhqxlqh lpsdfw fruuhfwo|/ ehfdxvh wkh dyhudjh

frxqwhuidfwxdo rxwfrph xqghu qr wuhdwphqw iru sduwlflsdqwv +wkh irxuwk froxpq ri wkh wdeoh,

zrxog eh gl�huhqw iru zrunhuv �. wr 2f lq frpsdulvrq wr zrunhuv D wr �f/ dqg iru zrunhuv ��

wr �S lq frpsdulvrq wr zrunhuv � wr e1

Dq hyhq vwurqjhu lghqwl�fdwlrq dvvxpswlrq zrxog kdyh ehhq wkh edvlv iru d fdofxodwlrq

ri wkh gl�huhqfh0lq0gl�huhqfhv hvwlpdwru f�gl�10lq0gl�1
f'f

1 Lw zrxog dvvhuw wkdw iru orz0vnloohg

zrunhuv zkr sduwlflsdwh lq wkh surjudp/ wkh srsxodwlrq dyhudjh ri wkh gl�huhqfh ehwzhhq

wkhlu xqrevhuydeoh frxqwhuidfwxdo rxwfrph xqghu qr wuhdwphqw lq | dqg wkhlu revhuydeoh

dfwxdo rxwfrph lq |3 zrxog htxdo wkh srsxodwlrq dyhudjh ri wkh revhuydeoh dfwxdo rxwfrphv lq

| dqg |3 ri lqglylgxdov lq wkh jurxs ri qrq0sduwlflsdqwv +vhh htxdwlrq +<,,1 Djdlq/ hvwlpdwlrq

lv wkhq vlpso| wkh vdpsoh dqdorjxh ri wklv lghd1 Wkdw lv/ rqh zrxog lpsrvh khuh wkdw/

rq dyhudjh/ zrunhuv �� wr 2f ryhu wlph h{shulhqfh dq lqfuhdvh lq srwhqwldo qr0wuhdwphqw

rxwfrphv wkdw htxdov wkdw iru zrunhuv � wr �f1 Wkh hydoxdwlrq sdudphwhu ri lqwhuhvw lv wkhq

d vlpsoh dyhudjh ri wkh gl�huhqfhv lq dyhudjh jurzwk lq revhuydeoh rxwfrphv dfurvv jurxsv1

Wkh uhvxow lq wkh h{dpsoh zrxog eh dq hvwlpdwh ri f�gl�10lq0gl�1
f'f

' f��f1 Wkh hvwlpdwh zrxog

idlo wr dssur{lpdwh wkh jhqxlqh lpsdfw forvho|/ ehfdxvh wkh lpsuryhg oderu pdunhw vlwxdwlrq
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lq | zrxog ehqh�w sduwlflsdqwv idu pruh wkdq qrq0sduwlflsdqwv1 Wr wkh h{whqw wkdw wkrvh

zrunhuv rxw ri hpsor|phqw lq |3 ehqh�wwhg pruh dv d jurxs wkdq wkrvh douhdg| kroglqj d

mre dw wkdw wlph/ hvwlpdwru f�e%@S|36@|S�
f'f

deryh |lhogv d ehwwhu dssur{lpdwlrq wr �f'f wkdq

f�gl�10lq0gl�1
f'f

1 Lw idlov wr |lhog wkh h{dfw lpsdfw/ wkrxjk/ ehfdxvh hyhq dprqj wkrvh zlwkrxw d

mre lq |3/ sduwlflsdqwv zrxog kdyh shuiruphg ehwwhu lq wkh devhqfh ri wuhdwphqw1

\hw dqrwkhu hydoxdwlrq dssurdfk zrxog olh lq wkh fdofxodwlrq ri wkh ehiruh0diwhu frp0

sdulvrq f� KesJoe3@s|eo
f'f

1 Wkh uhohydqw lghqwl�fdwlrq dvvxpswlrq wkdw zrxog kdyh wr krog khuh

frqfhqwudwhv rq wkh srsxodwlrq ri sduwlflsdqwv1 Iru wkrvh orz0vnloohg zrunhuv zkr sduwlflsdwh

lq wkh surjudp/ wkh srsxodwlrq dyhudjh ri wkhlu xqrevhuydeoh frxqwhuidfwxdo rxwfrph xqghu

qr wuhdwphqw lq | zrxog eh wdnhq wr eh lghqwlfdo wr wkh srsxodwlrq dyhudjh ri wkhlu revhuy0

deoh dfwxdo rxwfrph lq suh0wuhdwphqw shulrg |3 +vhh htxdwlrq +44,,1 Wkh hvwlpdwru zrxog eh

lpsohphqwhg e| frpsdulqj wkh vdpsoh dyhudjhv lq dfwxdo rxwfrphv lq | dqg |3 iru zrunhuv

�� wr 2f/ zlwk wkh uhvxow ehlqj dq hvwlpdwh ri f�KesJoe3@s|eo
f'f

' f�ef1 Fohduo|/ wklv hvwlpdwh

frpsohwho| dwwulexwhv wkh lpsuryhphqw lq wkh ryhudoo hpsor|phqw vlwxdwlrq ehwzhhq wkh wzr

shulrgv wr wkh surjudp1 Vlqfh lq wklv h{dpsoh wkh hfrqrplf xsvzlqj zdv frqvwuxfwhg wr eh

vxevwdqwldo/ wkh fruuhvsrqglqj glvfuhsdqf| ehwzhhq f�KesJoe3@s|eo
f'f

dqg �f'f lv odujh1

Ilqdoo|/ wkh uhvhdufkhu pljkw glvuhjdug wkh suh0surjudp lqirupdwlrq rq sduwlflsdqwv dqg

qrq0sduwlflsdqwv dowrjhwkhu/ dqg lpsohphqw wkh furvv0vhfwlrq hvwlpdwru f� furvv0vhfwlrq
f'f

1 Wr eh

d ydolg hydoxdwlrq vwudwhj|/ wklv zrxog uhtxluh wkdw lq shulrg | wkh srsxodwlrq dyhudjh ri wkh

xqrevhuydeoh qr0sduwlflsdwlrq rxwfrph ri sduwlflsdqwv zrxog htxdo wkh revhuydeoh rxwfrph

ri qrq0sduwlflsdqwv +vhh htxdwlrq +46,,1 Wklv hvwlpdwru zrxog eh lpsohphqwhg e| frpsdulqj

wkh vdpsoh dyhudjhv lq dfwxdo rxwfrphv lq | iru zrunhuv �� wr 2f dqg � wr �f/ uhvshfwlyho|1

Wkh uhvxow/ f� furvv0vhfwlrq
f'f

' f��f zrxog forvho| dssur{lpdwh wkh jhqxlqh lpsdfw �f'f/ vlqfh

dv ri |/ wkh oderu pdunhw vlwxdwlrq ri sduwlflsdqwv lq wkh devhqfh ri wudlqlqj dqg wkdw ri

qrq0sduwlflsdqwv lv lqghhg frqvwuxfwhg wr eh yhu| vlplodu1

D vlplodu h{dpsoh lv frqvwuxfwhg iru phglxp0vnloohg zrunhuv lq Wdeoh 6/ zlwk wzr lpsru0

wdqw gl�huhqfhv1 Iluvw/ wkh srsxodwlrq ri phglxp0vnloohg zrunhuv lv wdnhq wr eh vpdoohu/ dqg

vhfrqg/ d glvsursruwlrqdwho| vpdoo vkduh ri phglxp0vnloohg zrunhuv sduwlflsdwhv lq wudlq0

lqj1 Wkh h{dpsoh lv frqvwuxfwhg vr wkdw wkh jhqxlqh lpsdfw �f'� ri wkh surjudp lv f1

Erwk wkh hvwlpdwru lpsrvlqj h{dfw pdwfklqj/ f�e%@S|36@|S�
f'�

/ dqg wkh furvv0vhfwlrq hvwlpdwru
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(� ' f (� ' �
Lqglylgxdo t|�� t|� Lqglylgxdo t|�� t|� t|� n{�

54 3 4 5: 3 4 4
55 4 4 5; 4 4 4
56 4 4 5< 4 4 4
57 4 4 63 4 4 4
58 4 4
59 4 4

Wdeoh 6= Hpsor|phqw ) wudlqlqj ri phglxp0vnloohg zrunhuv1

f� furvv0vhfwlrq
f'�

ohdg wr wkh fruuhfw frqfoxvlrq ri qr wuhdwphqw h�hfw/ ehfdxvh lq wkh vdpsoh wkh

xqghu|olqj lghqwl�fdwlrq dvvxpswlrqv duh phw h{dfwo|1 Wkh gl�huhqfh0lq0gl�huhqfhv hvwlpd0

wru lv voljkwo| r�/ f�gl�10lq0gl�1
f'�

' f�fH/ vlpso| ehfdxvh dprqj wkh qrq0sduwlflsdqwv uhodwlyho|

pruh zrunhuv glg qrw lpsuryh ryhu wlph/ wkxv xqghuvwdwlqj wkh dyhudjh gl�huhqfh ehwzhhq t|�

dqg t|�� iru wkh sduwlflsdqwv lq wkh fdofxodwlrqv1 Wkh ehiruh0diwhu frpsdulvrq/ krzhyhu/ djdlq

shuirupv uhodwlyho| srruo|/ f� KesJoe3@s|eo
f'�

' f�2D/ djdlq ehfdxvh wkh h{dpsoh zdv frqvwuxfwhg

wr glvsod| d vxevwdqwldo lpsuryhphqw lq wkh hpsor|phqw vlwxdwlrq ehwzhhq |3 dqg | hyhq lq

wkh devhqfh ri wkh surjudp1

Wklv ydulhw| ri hvwlpdwhv ri wkh surjudp lpsdfw rq orz0 dqg phglxp0vnloohg zrunhuv lv

vxppdul}hg lq wkh �uvw wzr froxpqv ri Wdeoh 71 Wkh wklug froxpq uhsruwv wkh zhljkwhg

dyhudjhv +7 rxw ri 47 surjudp sduwlflsdqwv duh phglxp0vnloohg, ri wkhvh hvwlpdwhv/ wkdw

lv f�e%@S|36@|S�
fMtfc�� wr f� furvv0vhfwlrq

fMtfc�� 1 Wklv h{dpsoh zdv ghvljqhg dv dq looxvwudwlrq qrw rqo| ri

wkh ydulrxv dssurdfkhv wr hydoxdwlrq/ exw dovr ri wkh idfw wkdw lghqwl�fdwlrq dvvxpswlrqv

uduho| gr krog h{dfwo| lq vdpsoh1 E| frqwudvw/ wkh ehvw d uhvhdufkhu fdq krsh iru lv d forvh

dssur{lpdwlrq wr wkh wuxh srsxodwlrq ydoxh1 Lw lv wkhuhiruh lpsruwdqw wr vhohfw d vwudwhj|

orz0vnloohg phglxp0vnloohg orz ) phglxp
jhqxlqh lpsdfw 3153 3133 3147
hvwlpdwhv
h{dfw pdwfkhv 3158 3133 314;
gl�10lq0gl�huhqfhv 3163 313; 3157
ehiruh0diwhu 3173 3158 3169
furvv0vhfwlrq 3143 3133 313:

Wdeoh 7= Hvwlpdwhg surjudp lpsdfw1
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wkdw zloo eh uljkw rq dyhudjh � wkhuh zloo dozd|v uhpdlqlqj xqfhuwdlqw| durxqg wkh hvwlpdwh1

Lq d vdpsoh dv vpdoo dv lq wkh h{dpsoh/ wklv uhpdlqlqj xqfhuwdlqw| zloo eh hqruprxv1 Wkxv/

zkloh wkh hpskdvlv rq wkh fkrlfh ri lghqwl�fdwlrq dvvxpswlrq lv zduudqwhg/ rqh vkrxog qrw

irujhw wkdw vx!flhqw vdpsoh vl}hv duh qhfhvvdu| dv zhoo1

8 Frqfoxvlrqv

Prghuq hydoxdwlrq uhvhdufk whdfkhv vhyhudo lpsruwdqw ohvvrqv wr srolf| pdnhuv/ dgplqlvwud0

wruv dqg uhvhdufkhuv dolnh1 Iluvw/ zkhqhyhu d srolf| lqwhuyhqwlrq lv xqghuwdnhq/ d vhulrxv

hydoxdwlrq h�ruw lv uhtxluhg/ vlqfh wkh lvvxh lv wrr frpsoh{ wr eh vroyhg e| lqwurvshfwlrq ru

e| d fdvxdo jodqfh dw wkh hfrqrplf rxwfrphv ri surjudp sduwlflsdqwv1 Vhfrqg/ wr eh d ydolg

jxlgdqfh iru srolf| ghflvlrqv/ hydoxdwlrq kdv wr iroorz zhoo0uhvshfwhg vwdqgdugv ri vflhqwl�f

uhvhdufk1 Wklv lqfoxgh wkdw d uhvhdufk txhvwlrq fdq rqo| eh ghflghg xsrq wkh zhljkw ri wkh

hylghqfh dqg wkdw dq| uhsruwhg uhvxowv vkrxog pdnh erwk wkh lghqwl�fdwlrq dvvxpswlrqv dqg

wkh ghjuhh ri uhpdlqlqj xqfhuwdlqw| wudqvsduhqw1 Pruhryhu/ gdwd pdwhuldo/ phwkrgv/ dqg hy0

lghqfh vkrxog eh pdgh sxeolf wr doorz uhsolfdwlrq ri wkh uhvxowv e| rwkhu uhvhdufkhuv1 Wklug/

surjudp hydoxdwlrq hqwdlov pruh wkdq wkh dwwulexwlrq ri frqvhtxhqfhv wr xqghuo|lqj fdxvhv/

dowkrxjk wklv lv lqwhoohfwxdoo| d yhu| fkdoohqjlqj sureohp> exw ehiruh wklv sureohp fdq eh

wdfnohg vdwlvidfwrulo|/ lw kdv wr eh fodul�hg zklfk rxwfrph phdvxuhv wr irfxv xsrq dqg zklfk

frvwv duh lqyroyhg lq sduwlflsdwlqj lq wkh surjudp1

Ilqdoo|/ wkh erg| ri olwhudwxuh rq surjudp hydoxdwlrq wkdw kdv hyroyhg lq hfrqrphwulfv/

vwdwlvwlfv dqg rwkhu vflhqwl�f glvflsolqhv r�huv d iudphzrun iru jxlglqj surjudp hydoxdwlrq1

Lq sduwlfxodu/ wkh ixqgdphqwdo hydoxdwlrq sureohp lv uhyhdohg wr eh d sureohp ri revhuy0

delolw|/ qrw vlpso| ri jhqhudwlqj odujhu txdqwlwlhv ri xqvdwlvidfwru| gdwd ru ri ghyrwlqj pruh

pdqsrzhu wr dqdo|}lqj wkh gdwd1 Vlqfh wkh txhvwlrq lv dozd|v zkdw wkh surjudp frqwulexwhg/

rq dyhudjh/ wr wkh rxwfrphv ri sduwlflsdqwv ryhu dqg deryh wkh k|srwkhwlfdo rxwfrphv wkh|

kdg h{shulhqfhg/ li wkh| kdg qrw sduwlflsdwhg/ lw lv wkh frqvwuxfwlrq ri wkdw frxqwhuidfwxdo

wkdw lv dw lvvxh1 Vhyhudo dssurdfkhv kdyh ehhq glvfxvvhg lq wklv hvvd|/ h{shulphqwdo dqg

revhuydwlrqdo/ exw qrqh lv suhihudeoh xqghu hyhu| flufxpvwdqfh1 Dv d frqvhtxhqfh ri lwv

frqylqflqj dssurdfk wr wkh lghqwl�fdwlrq sureohp/ zkhqhyhu srvvleoh rqh vkrxog frqvlghu
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frqgxfwlqj dq h{shulphqwdo vwxg|1 H{shulphqwdo dssurdfkhv jr d orqj zd| lq vroylqj wkh

hydoxdwlrq sureohp/ exw h{shulphqwdwlrq lv riwhq qrw srvvleoh1 Ixuwkhupruh/ wr lqihu iurp

h{shulphqwdo uhvxowv rq uhdo0zruog lpsohphqwdwlrqv ri wkh vdph lqwhuyhqwlrq lv riwhq gl!fxow1

Shuiruphg dssursuldwho|/ revhuydwlrqdo dssurdfkhv duh srzhuixo frpshwlwruv wr h{shu0

lphqwdo vwxglhv1 Wkh| uhvw rq wkh lghd wkdw d vxlwdeoh frpsdulvrq ri sduwlflsdqwv zlwk

qrq0sduwlflsdqwv zkr duh wuxo| frpsdudeoh fdq ohdg wr d edodqflqj ri doo uhohydqw idfwruv mxvw

dv wkh lghdo h{shulphqw zrxog1 Lq wklv vwdwhphqw/ wkh whup wuxo| frpsdudeoh lv rshudwlrqdo

� wklv lv h{dfwo| wkh srlqw zkhuh xqwhvwdeoh lghqwl�fdwlrq dvvxpswlrqv hqwhu wkh hydoxdwlrq

surfhvv1 Lq sduwlfxodu/ frqwudu| wr wkh eholhiv ri pdq| revhuyhuv/ revhuydwlrqdo dssurdfkhv

duh qrw frq�qhg wr vlpsoh olqhdu uhjuhvvlrq rq revhuydeoh fkdudfwhulvwlfv1 Lq idfw/ wkh| jhq0

hudoo| doorz iru wuhdwphqw h�hfwv wkdw duh khwhurjhqrxv dfurvv wkh srsxodwlrq ri sduwlflsdqwv1

Dowkrxjk jrrg hfrqrphwulfldqv kdyh dozd|v nqrzq wklv/ wkh vwdwlvwlfdo iudphzrun suhvhqwhg

lq wklv hvvd| kdv khoshg wr foduli| wkhvh lvvxhv1 Vlqfh vr pxfk uhvwv rq wkh lghqwl�fdwlrq

dvvxpswlrq/ wkrxjk/ shukdsv wkh prvw lpsruwdqw ohvvrq hphujlqj iurp wklv qhz olwhudwxuh

lv vxppdul}hg e| Khfnpdq hw do1 +4<<<, lq zulwlqj

�Wkh ehvw vroxwlrq wr wkh hydoxdwlrq sureohp olhv lq lpsurylqj wkh txdolw|

ri wkh gdwd rq zklfk hydoxdwlrqv duh frqgxfwhg dqg qrw lq wkh ghyhorsphqw ri

irupdo hfrqrphwulf phwkrgv wr flufxpyhqw lqdghtxdwh gdwd1�

Wkxv/ zkloh zh fdq h{shfw wkh irupdo phwkrgv ri hydoxdwlrq uhvhdufk wr eh uh�qhg ixu0

wkhu/ li wkh remhfwlyh lv dq lpsuryhg erg| ri hylghqfh rq wkh h�hfwv ri srolf| lqwhuyhqwlrqv/

srolf| pdnhuv dqg dgplqlvwudwruv kdyh wr zrun pruh forvho| wrjhwkhu zlwk uhvhdufkhuv do0

uhdg| dw wkh vwdjh ri ghvljqlqj wkh lqwhuyhqwlrqv1 H{shulphqwdo hylghqfh vkrxog eh froohfwhg

zkhuhyhu srvvleoh1 D �qdo/ orqj0whup remhfwlyh ri ixwxuh uhvhdufk vkrxog eh wkh ihhgedfn

lqwr wkh lqwhuglvflsolqdu| h{fkdqjh1 Zkloh wkh fxuuhqw hydoxdwlrq olwhudwxuh lq hfrqrplfv

hpskdvl}hv wkh qhfhvvlw| iru vrfldo h{shulphqwdwlrq/ lq wkh qdwxudo vflhqfhv wkh olplwdwlrqv

ri h{shulphqwdo dssurdfkhv lq d frppxqlw| vhwwlqj vkrxog eh d irfxv ri wkh dqdo|vlv1 Wklv

h�ruw pljkw wkhuhiruh ohdg wr lpsruwdqw txdol�fdwlrqv ri dujxphqwv iru dqg djdlqvw h{shul0

phqwdo dqg revhuydwlrqdo hydoxdwlrq vwudwhjlhv dqg wr wkhlu v|qwkhvlv lqwr d xql�hg dssurdfk

dfurvv glvflsolqhv1
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