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Fkdswhu 5

Hyroxwlrqdu| jdph wkhru|

514 Lqwurgxfwlrq

Wklv fkdswhu glvfxvvhv wkh wkhru| ri hyroxwlrqdu| jdphv1 Lw zloo eh dgguhvvhg

zk| dq hyroxwlrqdu| dssurdfk lv hvshfldoo| xvhixo wr dqdo|}h wkh sureohpv rxw0

olqhg lq wkh suhylrxv fkdswhu1 Exw ehiruh grlqj wklv/ zh �uvw qhhg wr ghwhuplqh

fduhixoo| zkdw hyroxwlrqdu| jdph wkhru| hperglhv1 Krz lv lw gh�qhg/ zkdw duh

lwv pdlq ihdwxuhv dqg zkdw duh wkh pdlq gl�huhqfhv zlwk fodvvlf jdph wkhru|B

Lq vkruw/ zkdw grhv hyroxwlrqdu| jdph wkhru| dgg wr frqyhqwlrqdo hfrqrplf

+jdph, wkhru|B

Zh �uvw h{dplqh lwv �hog ri ruljlq/ qdpho| wkdw ri hyroxwlrqdu| elrorj|1

Hyroxwlrqdu| jdph wkhru| ruljlqdwhg dv d phwkrgrorjlfdo eudqfk ri wkh elrorj0

lfdo vflhqfh1 Lq rughu wr pdnh wkh zd| ri wklqnlqj pruh vxevwdqwldo/ zh zloo

ghsduw iurp d vrphzkdw eurdghu shuvshfwlyh dqg �uvw wdnh d orrn dw wkh uhod0

wlrqvkls ehwzhhq hfrqrplfv dqg elrorj| iurp d jhqhudo srlqw ri ylhz1 Wklv zloo

eh grqh lq vhfwlrq 5151 Lq Vhfwlrq 516 dqg 517/ wkh phwkrg ri hyroxwlrqdu| jdph

wkhru| lq erwk elrorj| dqg hfrqrplfv zloo eh glvfxvvhg uhvshfwlyho|1 Vhfwlrq

518 hydoxdwhv wkh pdlq ihdwxuhv ri hyroxwlrqdu| jdph wkhru|1 Lq vhfwlrq 519/ zh

h{soruh lq d txdolwdwlyh zd| krz wkh iudphzrun ri hyroxwlrqdu| jdph wkhru|

dssolhv wr Frxuqrw pdunhwv dqg whfkqrorj| gl�xvlrq1 Vhfwlrq 51: �qdol}hv wkh

fkdswhu zlwk frqfoxglqj uhpdunv1

515 Hfrqrplfv dqg elrorj|

Hfrqrplfv dqg elrorj| kdyh fhuwdlq ihdwxuhv lq frpprq dqg wkhuh kdyh ehhq

lqwhudfwlrqv1 Zrun ri hfrqrplvwv kdyh lqvsluhg elrorjlvwv dqg phwkrgv ghyho0

:



; HYROXWLRQDU\ JDPH WKHRU\

rshg e| elrorjlvwv kdyh ehhq dgrswhg e| hfrqrplvwv1 Dowkrxjk wkh vflhqwl�f

dssurdfkhv/ vxfk dv wkh dvvxpswlrq ri rswlpl}lqj ehkdylru lq hfrqrplfv dqg

qdwxudo vhohfwlrq lq elrorj|/ vhhp wrwdoo| gl�huhqw dw �uvw vljkw/ d forvhu orrn

uhyhdov vwulnlqj uhvhpeodqfhv1 Zh vkdoo hoderudwh rq wklv lvvxh lq wklv vhfwlrq

dqg suhsduh wkh jurxqg iru wkh h{srvlwlrq ri hyroxwlrqdu| jdph wkhru| dqg lwv

dssolfdwlrq wr elrorj| +vhfwlrq 516, dqg hfrqrplfv +vhfwlrq 517,1

51514 Surfhvvhv dqg uhodwlrqvklsv

Hohphqwv wkdw sod| d nh| uroh lq hyroxwlrqdu| elrorj| duh qdwxudo vhohfwlrq

dqg hyroxwlrq1 Hyroxwlrq/ gh�qhg e| Zlovrq +4<:8, dv dq| judgxdo fkdqjh/

lv edvlfdoo| gulyhq e| wkh irufh ri qdwxudo vhohfwlrq/ ru pruh jhqhudoo|/ vhohf0

wlrq1 Vhohfwlrq lv gh�qhg dv wkh fkdqjh lq wkh uhodwlyh iuhtxhqf| lq jhqrw|shv

gxh wr gl�huhqfhv lq wkh delolw| ri wkhlu skhqrw|shv wr rewdlq uhsuhvhqwdwlrq

lq wkh qh{w jhqhudwlrq +Zlovrq/ 4<:8/ s19:,1 Vhohfwlrq dqg hyroxwlrq duh frq0

fhswv lqkhulwhg edvlfdoo| iurp Gduzlq*v sdwk euhdnlqj Rq wkh Ruljlq ri Vshflhv

+Gduzlq/ 4;8<,1 Lq wklv fodvvlf/ Gduzlq dgydqfhg wkh lvvxhv ri hyroxwlrq dqg

qdwxudo vhohfwlrq1 Dowkrxjk Gduzlq zdv lqvsluhg e| Pdowkxv* hfrqrplf wkhru|

ri kxpdq srsxodwlrq jurzwk/ lw lv rqo| txlwh uhfhqwo| wkdw hfrqrplvwv uhfrjql}h

wkh lpsruwdqfh ri wkhvh frqfhswv zlwk uhvshfw wr wkh lpsolfdwlrqv iru kxpdq

ehkdylru +h1j1 Zdogpdq/ 4<<7,1

Zkhq hyroxwlrqdu| frqfhswv dovr sod| d uroh lq rwkhu vflhqwl�f glvflsolqhv/

rqh wdonv derxw vr0fdoohg celrorjlfdo dqdorjlhv*1 Jlyhq wkh hfrqrplf rulhqwdwlrq

ri wklv wkhvlv/ zh frqfhqwudwh rq wkh hfrqrplf glvflsolqh dv vxfk1 Wkh Qhz

Sdojudyh +Hdwzhoo hw do1/ 4<;:, lqfoxghv wkh iroorzlqj skudvh derxw elrorjlfdo

dqdorjlhv=

Wr wkh h{whqw wkdw elrorj| crzqv* wkh frqfhswv ri qdwxudo vhohfwlrq dqg

hyroxwlrq/ wkh phdqlqjv ri wkhvh whupv whqg wr eh uhjdughg dv elrorj|0

vshfl�f1 Lw wkhq vhhpv wr iroorz wkdw wkh dssolfdwlrq ri hyroxwlrqdu|

wklqnlqj lq rwkhu uhdopv idoov xqghu wkh uxeulf celrorjlfdo dqdorjlhv*/

zkhqfh lw lv eholhyhg wr iroorz/ ixuwkhu/ wkdw wkh dssursuldwhqhvv ri dq

hyroxwlrqdu| dssurdfk vrphkrz ghshqgv rq wkh forvhqhvv ri wkh sdudoohov

wkdw fdq eh gudzq ehwzhhq wkh vlwxdwlrq lq ylhz dqg vlwxdwlrqv frqvlg0

huhg lq elrorj| +Wkh Qhz Sdojudyh/ 4<;:/ yro1 6/ s1947,1

Elrorjlfdo dqdorjlhv lq hfrqrplfv dovr h{lvw dqg jr hyhq edfn dv idu dv wkh

shulrg ri Wkrpdv Urehuw Pdowkxv1 Lw uhihuv wr wkh frqqhfwlrq ehwzhhq Gduzlq*v

qrwlrq ri vxuylydo ri wkh �wwhvw/ edvhg rq sulqflsohv ri hyroxwlrqdu| vhohfwlrq/
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dqg hfrqrplfv1 Pdowkxv* pdlq srlqw zdv wkdw/ lq wkh hqg/ d jurzlqj srsxodwlrq

zrxog eh uhvwulfwhg lq lwv vl}h e| wkh olplwv vhw e| wkh dydlodeoh qdwxudo uhvrxufhv/

lq sduwlfxodu dudeoh odqg iru irrg surgxfwlrq1 Wkh phfkdqlvp zklfk lqgxfhg

wkh vwdjqdwlrq ri srsxodwlrq jurzwk/ zdv d ghfolqlqj vwdqgdug ri olylqj dqg lq

wkh zruvw fdvh vwduydwlrq dqg zdu1 Qr kxpdq uhphg| frxog vwrs wkh zrunlqj

ri wkh qdwxudo odz dgmxvwlqj srsxodwlrq vl}h zlwk uhvshfw wr lwv qdwxudo uhvrxufh

edvh1 Wkhuhiruh/ Pdowkxv zdv qrw lq idyru ri srru uholhi vlqfh lw zrxog xowlpdwho|

vwlpxodwh srsxodwlrq jurzwk dqg wkxv djjudydwh vrfldo sureohpv1 Li shrsoh zhuh

xqdeoh wr sudfwlfh wkh prudo frqvwudlqwv/ wkh rqo| vroxwlrq hvvhqwldoo| fdph

grzq wr ohwwlqj wkh irufhv ri hyroxwlrqdu| vhohfwlrq lq whupv ri kljk pruwdolw|

dprqj |rxqj fkloguhq/ glvhdvhv dqg/ rffdvlrqdoo|/ idplqh gr wkh zrun1

Lq wkh odwh qlqhwhhqwk fhqwxu|/ Doiuhg Pduvkdoo +4;<4, dovr uhfrjql}hg wkh

lpsruwdqfh ri hyroxwlrqdu| ihdwxuhv iru dq hfrqrplf dqdo|vlv1 Dfwxdoo|/ dffrug0

lqj wr Pduvkdoo hfrqrplfv lv d eudqfk ri elrorj|1 Lq wkh h|hv ri Pduvkdoo/ wkh

vrfldo vflhqfhv lv d vxeglylvlrq ri vrflrelrorj| +h1j1 Kluvkohlihu/ 4<::,1 Wklv

ehfdxvh wkh vxemhfw ri elrorj|/ ru pruh vshfl�fdoo| vrflrelrorj|/ lv gh�qhg dv

wkh v|vwhpdwlf vwxg| ri wkh elrorjlfdo edvlv ri doo vrfldo ehkdylru +Zlovrq/ 4<:8/

s17,1

Wkh edvlf sdudooho wkdw fdq eh gudzq lv wkdw erwk hfrqrplfv +dv sduw ri wkh

vrfldo vflhqfhv, dqg vrflrelrorj| dqdo|}h wkh dgdswlyh ehkdylru ri olylqj fuhd0

wxuhv1 Erwk glvflsolqhv vkduh wkh vwxg|lqj ri ehkdylru ri dfwruv dqg vxuylydo ri

dfwruv +ehkdylru, lq dq h{whuqdo hqylurqphqw pdunhg e| frpshwlwlyh suhvvxuhv1

D vlpsoh lqwxlwlyh h{dpsoh vkrzv wkh frpprq surfhvvhv ri dqg uhodwlrqvklsv

ehwzhhq hfrqrplfv dqg vrflrelrorj|1 Iru lqvwdqfh/ lq elrorj| rqh frxog wklqn

ri d vshflhv wkdw lv wu|lqj wr vxuylyh/ idflqj wkuhdwv ri irrg vfduflw|/ whuulwru|

ghpdufdwlrq dqg srvvleo| wkh h{lvwhqfh ri suhgdwruv1 Lq fdvh ri hfrqrplfv/ rqh

frxog wklqn ri d pdunhw lq zklfk d �up lv wu|lqj wr vxuylyh jlyhq wkh +vwudwhjlf,

ehkdylru ri frpshwlwruv dqg/ iru h{dpsoh/ wkh lpsohphqwdwlrq ri jryhuqphqw

srolflhv1 Lq erwk fdvhv/ Gduzlq*v qrwlrq ri vxuylydo ri wkh �wwhvw lv suhvhqw1

Kluvkohlihu +4<::, surylghv d frpsuhkhqvlyh ryhuylhz ri wkh ydulrxv surfhvvhv

dqg uhodwlrqvklsv1 Wdeoh 514 surylghv d vxppdu| ri wklv1

Wkh edvlf srvwxodwh lq hfrqrplfv lv xwlolw| pd{lpl}dwlrq1 Kxpdqv/ �upv

dqg jryhuqphqwv doo wu| wr pd{lpl}h wkhlu fruuhvsrqglqj suhihuhqfhv1 Wkh elr0

orjlfdo frxqwhusduw lv wkdw dv pdq| jhqhv ru dqlpdov ri d fhuwdlq vshflhv zloo eh

uhsurgxfhg lq vxevhtxhqw jhqhudwlrqv lq rughu wr pdlqwdlq wkhlu vxuylydo lq wkh

orqj0uxq1 Wklv lv fdoohg uhsurgxfwlyh vxuylydo
�
1 Krz gr wkh wzr vflhqwl�f �hogv
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Wdeoh 514= Surfhvvhv dqg uhodwlrqvklsv +Vrxufh= Kluvkohlihu/ 4<::,1

Hfrqrplf v|vwhp Elrorjlfdo v|vwhp

Remhfwlyh ixqfwlrq= Vxemhfwlyh suhihuhqfhv Uhsurgxfwlyh vxuylydo

Sulqflsoh ri dfwlrq= Rswlpl}dwlrq +vdwlv�flqj, cDv0li* rswlpl}dwlrq

Rssruwxqlwlhv= Surgxfwlrq Uhvrxufh h{sorlwdwlrq

H{fkdqjh yld pdunhw Pxwxdolvp

Fulph/ zdu Suhgdwlrq/ zdu

Idplo| irupdwlrq Uhsurgxfwlrq

Frpshwlwlyh vhohfwlrq= Hfrqrplf h!flhqf| Vxshulru �wqhvv

Htxloleulxp=

vkruw0uxq Pdunhw fohdulqj B

orqj0uxq ]hur0sur�w Uhsurgxfwlyh udwlr @ 4

yhu| orqj0uxq Vwdwlrqdu| vwdwh Vdwxudwhg hqylurqphqw

Surjuhvv= Dffxpxodwlrq/ Hyroxwlrq

Whfkqrorjlfdo dgydqfh

Lqvwlwxwlrqdo fkdqjh

ghwhuplqh wkh rswlpdo vwudwhj| iru phhwlqj wkh fruuhvsrqglqj remhfwlyh ixqf0

wlrqB Wkh hfrqrplf glvflsolqh pdnhv xvh ri rswlpl}dwlrq whfkqltxhv1 Xqolnh

hfrqrplfv/ lq elrorjlfdo dssolfdwlrqv lw lv xquhdolvwlf wr suhvxph wkh delolw| ri

dq dqlpdo ru jhqh wr uhsurgxfh lwvhoi/ edvhg rq frqvflrxv pd{lpl}dwlrq1 Krz0

hyhu/ elrorjlfdo wkhru| vkrzv wkdw rqo| wkrvh dqlpdov +ru jhqhv, wkdw dgdsw

ehvw wr fkdqjhv lq wkhlu cvrfldo* dqg qdwxudo hqylurqphqw zloo vxuylyh lq wkh

orqj0uxq1 Wkdw lv/ vxuylydo ri wkh �wwhvw lv frqfhlyhg lq d zd| dv0li wkh| zhuh

pd{lpl}lqj wkhlu remhfwlyh ixqfwlrq/ jlyhq wkh frqvwudlqwv vhw e| wkhlu qdwxudo

hqylurqphqw1 Zh vkdoo hoderudwh rq wkh dv0li sdudgljp lq wkh qh{w vhfwlrq1

Wr pdlqwdlq vxuylydo ri suhihuhqfhv dqg uhsurgxfwlrq wkh hfrqrplf dqg el0

rorjlfdo v|vwhpv kdyh gl�huhqw rssruwxqlwlhv1 Lq hfrqrplfv rqh frxog wklqn ri

pdqxidfwxulqj jrrgv ru jhqhudwlqj vhuylfhv dqg vxevhtxhqwo| h{fkdqjlqj wkhvh

jrrgv dqg vhuylfhv rq wkh pdunhw1 Rwkhu hfrqrplf rssruwxqlwlhv duh zdu +uhfdoo

Pdowkxv* dujxphqw deryh,/ fulph dqg idplo| irupdwlrq1 Lq elrorj| uhsurgxf0
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wlyh vxuylydo frxog eh vhfxuhg e| phdqv ri uhvrxufh h{sorlwdwlrq/ pxwxdolvp F /
suhgdwlrq/ zdu dqg uhsurgxfwlrq1

Wkh vxffhvv ri h{sorlwlqj wkh rssruwxqlwlhv lv phdvxuhg lq whupv ri h!flhqf|

dqg vxshulru �wqhvv lq dq hfrqrplf dqg elrorjlfdo vhqvh uhvshfwlyho|1 Iru lq0

vwdqfh/ lq wkh orqj0uxq d �up zloo qrw vxuylyh wkh pdunhw zkhq d vx!flhqwo|

odujh qxpehu ri frpshwlwruv duh pruh h!flhqw/ l1h1/ wkh odwwhu vlpso| rxwshu0

irup wkh ohvv h!flhqw �upv1 Wkh elrorjlfdo dqdorj| ri hfrqrplf h!flhqf| frxog

eh wkdw ehkdylrudo �wqhvv ri d sduwlfxodu rujdqlvp lv vxshulru uhodwlyh wr lwv gl0

uhfw frpshwlwruv1 Wkh surfhvv wkurxjk zklfk wklv lv fkdqqhohg lv wkh irufh ri

lqkhulwdqfh1 Zkloh hfrqrplf h!flhqf| dqg vxshulru �wqhvv duh dqdorjxhv/ Klu0

vkohlihu +4<::, srlqwv rxw wkdw frpshwlwlrq surfhvvhv lq elrorj| dqg hfrqrplfv

duh ohvv frpsdudeoh dqg wr klp lw lv qrw fohdu zkdw wkh hfrqrplf sdudooho ri

wkh lqkhulwdqfh surfhvv lv1 Zh zdqw wr dgg khuh wkdw lplwdwlrq ri vxffhvvixo

ehkdylru frxog eh wkh phfkdqlvp wkurxjk zklfk wkh dgmxvwphqw surfhvv zrunv1

Zh vkdoo frph edfn wr wklv lq vxevhfwlrq 515151

Vhohfwlrq lpsolhv g|qdplfv1 Jlyhq wkh g|qdplfv ri frpshwlwlrq/ d qdwxudo

txhvwlrq lv wr zkdw vwdwh ru htxloleulxp wkh v|vwhp zloo frqyhujh1 Wkh hfr0

qrplf dssurdfk pdnhv d glvwlqfwlrq ehwzhhq wkh vkruw0uxq/ orqj0uxq dqg wkh

yhu| orqj0uxq1 Wkh frqglwlrq iru htxloleulxp lq wkh vkruw0uxq lv vlpso| wkh

htxdol}dwlrq ri txdqwlwlhv ghpdqghg dqg vxssolhg/ l1h1/ pdunhw fohdulqj1 Wkh

orqj0uxq vwdwh frlqflghv zlwk wkh }hur0sur�w frqglwlrq gh�qhg e| hqwu| dqg

h{lw= �upv zloo hqwhu wkh pdunhw zkhq sur�wv duh srvlwlyh dqg wkh surfhvv frq0

wlqxhv xqwlo sur�wv duh }hur dqg qr lqfhqwlyh iru hqwhulqj h{lvwv dq|pruh1 Rqh

fdq dgg khuh wkdw holplqdwlrq ri lqh!flhqw �upv lv wkh rwkhu dvshfw ri orqj0uxq

dgmxvwphqw1 D �qdo glvwlqfwlrq ri htxloleulxp vwdwhv lv wkh rqh hvwdeolvkhg lq

wkh yhu| orqj0uxq/ uhihuuhg wr dv d vwdwlrqdu| vwdwh1

Dffruglqj wr Kluvkohlihu/ wkhuh vhhpv wr eh qr forvh dqdorj| lq elrorj| wr

wkh vkruw0uxq frqfhsw ri hfrqrplf vflhqfh1 Kh sxwv iruwk wkdw

^11` wkh htxlydohqw ri wkh orqj0uxq htxloleulxp frqglwlrq fdq eh wdnhq wr

eh wkh elrorjlfdo vlwxdwlrq zkhuh hdfk w|sh ri srsxodwlrq +rq wkh rujdqlvp

ohyho, ru hdfk w|sh ri doohoh +rq wkh jhqhwlf ohyho, kdv d uhsurgxfwlyh udwlr

htxdo wr xqlw|1 Dqg rqh fdq dovr lpdjlqh d k|srwkhwlfdo yhu| orqj0uxq

htxloleulxp frqglwlrq lq zklfk wkh hqylurqphqw lv vr wrwdoo| vdwxudwhg dv

wr ohdyh qr qlfkh iru wkh irupdwlrq ri qhz olih hqwlwlhv +Kluvkohlihu/ 4<::/

s184,1

GIH ����	3�J � �"�K� �>�� 	�L� ���"����3����"� 
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Ilqdoo|/ dq dqdorj| ehwzhhq hfrqrplfv dqg elrorj| iru wkh fkdudfwhul}dwlrq

ri surjuhvv fdq eh pdgh1 Wkh elrorjlfdo whup iru surjuhvv lv vlpso| hyroxwlrq1

Kluvkohlihu +4<::, frpsulvhv wklv dv wkh lpsuryhphqw ri dgdswdwlrq wr wkh hqyl0

urqphqw e| d ydulhw| ri surfhvvhv1 Lq hfrqrplfv/ surjuhvv dsshduv lq whupv ri

uhvrxufh dffxpxodwlrq dqg whfkqrorjlfdo dgydqfh1 Lq dgglwlrq wr wkhvh hohphqwv

vlqjohg rxw e| Kluvkohlihu/ rqh kdv wr phqwlrq wkh dgmxvwphqwv lq wkh rujdql}d0

wlrq ri hfrqrplf olih1 Lq sduwlfxodu/ Kd|hn +4<:</ 4<;;, kdv slfwxuhg wkh pdunhw

v|vwhp dv dq hyroxwlrqdu| surfhvv ryhu fhqwhqqld lq zklfk pruh h!flhqw dg0

mxvwphqwv vxuylyhg dqg ohvv h!flhqw rujdql}dwlrqdo fkdqjhv zhuh dedqgrqhg1

Wkhuhiruh/ Kd|hn suhvhqwv wkh pdunhw hfrqrp| dv wkh uhvxow ri kxpdq dfwlrq

udwkhu wkdq kxpdq ghvljq1

Jlyhq wkh suhfhglqj rxwolqh ri surfhvvhv dqg uhodwlrqvklsv/ wkh iroorzlqj

txrwh vxppdul}hv wkh lvrprusklf uhodwlrqvkls ehwzhhq elrorj| dqg hfrqrplfv=

^11` wkh lvrprusklvp ehwzhhq hfrqrplfv dqg vrflrelrorj| lqyroyhv wkh

lqwhuwzlqlqj ri wzr ohyhov ri dqdo|vlv1 Rq wkh �uvw ohyho/ dfwlqj xqlwv ru

hqwlwlhv fkrrvh vwudwhjlhv ru ghyhors whfkqltxhv wkdw surprwh vxffhvv lq

wkh vwuxjjoh ru frpshwlwlrq iru dgydqwdjh lq jlyhq hqylurqphqwv ^11` Wkh

vhfrqg/ kljkhu ohyho ri dqdo|vlv h{dplqhv wkh vrfldo ru djjuhjdwh uhvxowdqw

ri wkh lqwhudfwlrq ri wkh vwulylqj xqlwv ru djhqwv ^11` Wkh sxuvxlw ri dg0

ydqwdjh rq wkh sduw ri dfwlqj xqlwv wdnhv sodfh vxemhfw wr rssruwxqlwlhv

dqg frqvwudlqwv wkdw hphujh iurp wkh vrfldo frqwh{w/ zkloh wkh uhvxowlqj

vrfldo frq�jxudwlrq ghshqgv lq wxuq xsrq wkh vwudwhjlhv hpsor|hg e| wkh

dgydqwdjh0vhhnlqj hqwlwlhv +Kluvkohlihu/ 4<::/ s15,1

Dv zh vkdoo vhh odwhu/ wklv lv h{dfwo| zkdw lv lpsruwdqw zlwklq dq hyroxwlrqdu|

jdph frqwh{w1 Qrz zh kdyh h{dplqhg vrph sdudooho frqfhswv/ zh zloo wxuq rxu

dwwhqwlrq wrzdugv jdph wkhru| dv d iudphzrun iru dqdo|vlv1 Zlwk uhvshfw wr

jdph wkhru|/ rqh ri wkh pdlq lvvxhv lv uhodwhg wr wkh dvvxpswlrqv khdghg dv

csulqflsoh ri dfwlrq* lq wdeoh 514/ yl}1 rswlpl}dwlrq dqg dv0li rswlpl}dwlrq/ l1h1/

qdwxudo vhohfwlrq1 Wkh wzr sulqflsohv ri dfwlrq vrphkrz uh hfw wkh dgdswlyh

surfhvvhv wkdw duh hqgrzhg lq hfrqrplfdo dqg elrorjlfdo v|vwhpv1 Pruh suh0

flvho|/ zkhuh erwk hfrqrplfv dqg elrorj| vkduh dv irfdo srlqw wkh dqdo|vlv ri

dgdswlyh surfhvvhv/ lw lv edvlfdoo| lq whupv ri phwkrgrorj| ru dssurdfk lq zklfk

wkh| gl�hu1 Zh zloo hoderudwh rq wkh wzr dfwlrq sulqflsohv ri rswlpl}dwlrq dqg

dv0li rswlpl}dwlrq lq wkh iroorzlqj vhfwlrq1
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51515 Qdwxudo vhohfwlrq yhuvxv rswlpl}dwlrq

Wkh edvlf suhplvh ri qhrfodvvlfdo hfrqrplf wkhru| lv wkdw hfrqrplf vxemhfwv

rswlpl}h ehkdylru1 Wklv dvvxpswlrq dovr dssolhv wr fodvvlfdo jdph wkhru|1 Wr

rswlpl}h d fhuwdlq remhfwlyh ixqfwlrq/ wkh sod|huv duh dvvxphg wr eh xqerxqg0

hgo| udwlrqdo/ wudqvodwhg lq dvvxpswlrqv ri shuihfw lqirupdwlrq dqg xqolplwhg

fdsdflwlhv wr fdofxodwh doo srvvleoh rswlrqv jlyhq wkh ehkdylru ri doo wkh rwkhu

sod|huv lqyroyhg lq wkh jdph1 Lq vkruw/ wkh hfrqrplf dfwru lv fkdudfwhul}hg dv

dq rpqlvflhqw k|shuudwlrqdo hqwlw|1

Wkhvh qhrfodvvlfdo rswlpl}dwlrq srvwxodwhv kdyh phw wkh fulwltxh wkdw/ lq

uhdo olih/ sod|huv gr qrw kdyh shuihfw lqirupdwlrq dqg udwkhu idfh olplwhg fdo0

fxodwlqj fdsdflwlhv1 Vr/ hfrqrplf djhqwv edvlfdoo| dfw lq d erxqghgo| udwlrqdo

pdqqhu +h1j1 Vlprq/ 4<8:,1 Lq wklv uhjdug/ rqh frxog wklqn ri dfwruv iroorz0

lqj vr0fdoohg uxohv ri wkxpe lq jxlglqj wkhlu ehkdylru udwkhu wkdq dsso|lqj

rswlpl}dwlrq whfkqltxhv wr hdfk ghflvlrq wkh| pdnh1 Lq wkh vslulw ri Khuehuw

Vlprq*v vhplqdo zrun/ F|huw dqg Pdufk +4<96,/ Zlqwhu +4<:4, dqg Qhovrq dqg

Zlqwhu +4<:6/ 4<;5, xvh wklv w|sh ri phwkrgrorj| e| hpskdvl}lqj �up urxwlqhv

dqg ghflvlrq uxohv edvhg rq vdwlv�flqj ehkdylru1 Wklv lv riwhq uhihuuhg wr dv d

ehkdylrudo dssurdfk1 D ehkdylrudo dssurdfk frxog eh dssolhg wr dq| hfrqrplf

vxemhfw/ exw jlyhq wkh sxusrvh ri wklv glvvhuwdwlrq/ zh vwlfn wr wkh �up dv wkh

uhohydqw hfrqrplf hqwlw|1

Hyroxwlrqdu| vhohfwlrq sulqflsohv frxog vhuyh dv wkh pdlq dwwulexwh iru d

ehkdylrudo dssurdfk1 Wkh dulvlqj lvvxh khuh lv zkhwkhu xqghu frpshwlwlyh suhv0

vxuhv/ �upv wkdw gr qrw shuirup zhoo djdlqvw rwkhu �upv lq wkh lqgxvwu|/ zloo eh

zlshg rxw lq wkh orqj0uxq1 Lq wklv fdvh/ sur�wv frxog vhuyh dv d qdwxudo edvlv iru

vhohfwlrq vlqfh �upv pxvw pdnh srvlwlyh sur�wv lq rughu wr vxuylyh/ lqyduldqw

ri zkhwkhu wkh| gr wklv frqvflrxvo| ru qrw +Dofkldq/ 4<83,1 Wkh hyroxwlrqdu|

surfhvv vkrzv wkdw/ hyhqwxdoo|/ rqo| �upv zlwk qrq0qhjdwlyh sur�wv vxuylyh1

Dofkldq hvshfldoo| phqwlrqv lplwdwlrq dv d edvlv iru �up ehkdylru1 Lq wkh oljkw

ri xqfhuwdlqw|/ l1h1/ erxqghg udwlrqdolw|/ �upv gr qrw nqrz h{dfwo| krz wr pdnh

wkh kljkhvw sur�wv dqg vr rwkhu vlplodu idvklrqhg �upv wkdw duh vxffhvvixo zloo

eh wkh vrxufh iru lplwdwlrq1 Wkh hyroxwlrqdu| vhohfwlrq sulqflsoh lq whupv ri

lplwdwlrq wudqvplwv wkh vxffhvvixo lplwdwlrqv wr rwkhu �upv1 Lplwdwlrq wkxv

uhsodfhv lqkhulwdqfh dv d phfkdqlvp ri qdwxudo vhohfwlrq1

Lq wkh vdph yhlq jrhv wkh dujxphqw e| Plowrq Iulhgpdq +4<86,1 Kh srvwx0

odwhv wkdw/ wr d odujh h{whqw/ hyroxwlrqdu| vhohfwlrq frlqflghv zlwk rswlpl}dwlrq1

Gxh wr frpshwlwlyh irufhv/ vhohfwlrq zloo idyru ehkdylru wkdw hyhqwxdoo| uhvxowv

lq wkh vxuylydo ri wkrvh hfrqrplf dfwruv zklfk h{klelw rswlpdo ehkdylru/ l1h1/
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ehkdylru edvhg rq rswlpl}dwlrq srvwxodwhv1 Iru h{dpsoh/ wdnlqj �upv dv wkh

dfwlqj hfrqrplf vxemhfw/ Iulhgpdq +4<86/ s14;, vwdwhv wkdw= cxqghu d zlgh

udqjh ri flufxpvwdqfhv lqglylgxdo �upv dfw dv0li wkh| zhuh vhhnlqj udwlrqdoo|

wr pd{lpl}h wkhlu h{shfwhg uhwxuqv ^11`*1 Fdoo wklv wkh chyroxwlrqdu| k|srwkhvlv*1

Zlwk uhvshfw wr wklv k|srwkhvlv kh frqwlqxhv +s14<,= cWkh surfhvv ri qdwxudo

vhohfwlrq wkxv khosv wr ydolgdwh wkh k|srwkhvlv 0 ru udwkhu/ jlyhq qdwxudo vhohf0

wlrq/ dffhswdqfh ri wkh k|srwkhvlv fdq eh edvhg odujho| rq wkh mxgjhphqw wkdw

lw vxppdul}hv dssursuldwho| wkh frqglwlrqv iru vxuylydo1* Wkh dv0li srvwxodwh

uhsuhvhqwv vhohfwlrq e| pdunhw irufhv1

Wklv wkhvlv ghdov zlwk lpshuihfw frpshwlwlrq dqg ihdwxuhv vwudwhjlf lqwhudf0

wlrq dprqj �upv1 D zd| ri prghoolqj wklv lv e| jdph wkhru|1 Lqfrusrudwlqj

wkh dv0li pd{lp pdnhv jdph wkhru| e| gh�qlwlrq hyroxwlrqdu|1 Wkh txhvwlrq

dulvhv zkdw wkh lpsolfdwlrqv ri qdwxudo vhohfwlrq/ yl}1 dv0li rswlpl}dwlrq/ iru

fodvvlfdo jdph wkhru| duh1 Vlqfh hyroxwlrqdu| jdph wkhru| �qgv lwv urrwv lq

wkh elrorjlfdo vflhqfh/ zh zloo vwduw wkh glvfxvvlrq iurp wkhuh dqg vxevhtxhqwo|

hqwhu wkh �hog ri hyroxwlrqdu| jdph wkhru| iru prghoolqj hfrqrplf skhqrphqd1

516 Hyroxwlrqdu| jdphv lq elrorj|

Qrz zh kdyh surylghg d jhqhudo ryhuylhz ri wkh lqwhuwzlqlqj ehwzhhq hfrqrplfv

dqg elrorj|/ wkh qh{w vwhs lv wr irfxv rq wkh phwkrgrorj| ri hyroxwlrqdu| jdph

wkhru|1 Wkh ruljlqdo hyroxwlrqdu| jdph wkhruhwlfdo iudphzrun vwhpv iurp el0

rorj| dqg wkh whuplqrorj| pdnhv d fohdu olqndjh zlwk wkh wkhru| ri elrorjlfdo

hyroxwlrq1 Lq wkh hduo| 4<:3v/ d vhplqdo duwlfoh ri Pd|qdug Vplwk dqg Sulfh

+4<:6, dsshduhg lq wkh ohdglqj mrxuqdo Qdwxuh/ zklfk ljqlwhg wkh ixuwkhu ghyho0

rsphqw ri hyroxwlrqdu| jdph wkhru|1 Dqrwkhu fodvvlf lv Pd|qdug Vplwk +4<;5,/

lq zklfk wkh suhylrxv zrun ri Pd|qdug Vplwk dqg Sulfh +4<:6, dqg Pd|qdug

Vplwk +4<:7, lv rxwolqhg dqg h{whqghg1 Wkh hvvhqfh ri wkhlu frqwulexwlrq lv wkh

ghyhorsphqw ri wkh vwdwlf htxloleulxp frqfhsw fdoohg chyroxwlrqdu| vwdeoh vwudw0

hj|*/ dqg zklfk fdq eh vhhq dv d Qdvk htxloleulxp uh�qhphqw1 Wkh gl�huhqw

htxloleulxp qrwlrqv zloo eh dgguhvvhg pruh wkrurxjko| lq vxevhfwlrq 516171

Pd|qdug Vplwk dqg Sulfh zhuh/ lq idfw/ qrw wkh �uvw zkr dssolhg jdph

wkhruhwlfdo frqfhswv wr elrorj|1 Wkh dfwxdo vwduwlqj srlqw lv Ohzrqwlq +4<94,1

Kh lqyhvwljdwhg wkh h{wlqfwlrq ri vshflhv e| vhhnlqj vwudwhjlhv +ehkdylru, wkdw

plqlpl}hg wkh suredelolw| ri h{wlqfwlrq1 Wkh vshflhv lq klv vwxg| zhuh sod|lqj

d vr0fdoohg Jdph Djdlqvw Qdwxuh +JDQ,1 Lq vxfk d jdph/ sod|huv S wdnh fxuuhqw
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dqg ixwxuh ehkdylru ri wkh rwkhu sod|huv dv jlyhq1 Dv zh vkdoo vhh lq vhfwlrq 517/

wkh JDQ frqglwlrq lv dovr hvvhqwldo iru hfrqrplf ru vrfldo rulhqwhg dssolfdwlrqv1

Ehiruh wkh hfrqrplf rulhqwhg sduw zloo eh glvfxvvhg/ zh �uvw h{dplqh wkh pdlq

ihdwxuhv ri hyroxwlrqdu| jdphv iurp d elrorjlfdo srlqw ri ylhz1 Rqfh zh nqrz

wkh ixqgdphqwdov lq d elrorjlfdo vhqvh/ wkh wudqvlwlrq wr wkh dssolhg hfrqrplfv

sduw pd| ehfrph pruh wudqvsduhqw1

Dqrwkhu iruhuxqqhu ri Pd|qdug Vplwk dqg Sulfh +4<:6, dqg Pd|qdug Vplwk

+4<:7/ 4<;5, lv Kdplowrq +4<9:,1 Kh ghyhorshg dq htxloleulxp frqfhsw fdoohg

cxqehdwdeoh vwudwhj|*/ zklfk lv edvlfdoo| htxlydohqw wr wkh frqfhsw ri hyroxwlrq0

du| vwdeoh vwudwhj|1 Zh qrz wxuq wr wkh fkdudfwhul}dwlrq ri hyroxwlrqdu| jdph

wkhru| e| irupdoo| gh�qlqj lw dqg uhylhzlqj lwv edvlf dvvxpswlrqv/ djdlq zlwklq

d elrorjlfdo vhwwlqj1

51614 Gh�qlwlrq/ hvvhqfh dqg dvvxpswlrqv

Zkdw lv hyroxwlrqdu| jdph wkhru|B Zlwklq elrorjlfdo erxqgdulhv/ hyroxwlrq0

du| jdph wkhru| lv d zd| ri wklqnlqj derxw hyroxwlrq dw wkh skhqrw|slf ohyho

zkhq wkh �wqhvv ri sduwlfxodu skhqrw|shv ghshqg rq wkhlu iuhtxhqflhv lq wkh

srsxodwlrq +Pd|qdug Vplwk/ 4<;5/ s14,1 Lq elrorj|/ wkh srsxodwlrq frqvlvwv ri

rujdqlvpv1 Wkh ylvleoh irup ri d fkdudfwhulvwlf +wudlw, ri dq rujdqlvp lv fdoohg

skhqrw|sh1 Lw wkxv uhsuhvhqwv dq|wklqj wkdw lv sduw ri wkh revhuydeoh vwuxfwxuh/

ixqfwlrq ru ehkdylru ri rujdqlvpv1 Iru lqvwdqfh/ wkhvh fdq uhihu wr prohfxohv/

fhoov/ hqhuj| xwlol}dwlrq/ rujdqv ru uh h{hv dqg ehkdylruv +Eodpluh/ 5333,1 Lq

hfrqrplf jdphv wkh nh| wudlw xvxdoo| lv wkh ehkdylru fkdqqhohg wkurxjk vwudwh0

jlhv wkdw lqglylgxdov ri wkh srsxodwlrq kdyh dw wkhlu glvsrvdo1 Wkhuhiruh/ iurp

qrz rq zh vkdoo xvh wkh whup vwudwhj|/ exw uhplqg wkdw lq elrorj| wkh whupv

cvwudwhj|* dqg cehkdylrudo skhqrw|sh* duh lqwhufkdqjhdeoh1

Lq dq hyroxwlrqdu| jdph rqh wdonv derxw �wqhvv/ uhsuhvhqwlqj Gduzlq*v qr0

wlrq ri cvxuylydo ri wkh �wwhvw*1 Reylrxvo|/ wkh sod|huv lq d srsxodwlrq duh qrw

kxpdqv exw duh riwhq uhsuhvhqwhg e| d fhuwdlq vshflhv ru jhqhv1 Vxevhtxhqwo|/

lq elrorj| lw lv dvvxphg wkdw wkhvh w|sh ri sod|huv gr qrw frqvflrxvo| fkrrvh d

fhuwdlq w|sh ri dfwlrq/ exw udwkhu fdq eh vhhq wr eh suh0surjudpphg wr dfwlydwh

vrph vwudwhj|1 Wkh �wqhvv ri d vwudwhj| lv wkh rxwfrph dvvljqhg wr d sduwlfxodu

vwudwhj| iroorzhg e| vrph hqwlw| +jlyhq wkh fxuuhqw ehkdylru lq wkh srsxodwlrq,1

Frqvlghu iru lqvwdqfh d elrorjlfdo prgho zkhuh wkh hqwlw| lv d fhuwdlq jhqh1 Wkh

vwudwhj| ri wkh jhqh lv wr wudqvihu d sduwlfxodu skhqrw|sh wr dqrwkhu rujdqlvp1

Lq wklv w|sh ri prgho wkh �wqhvv fulwhulrq lv riwhq wkh qxpehu ri r�vsulqj ri

wkh sduwlfxodu jhqh1
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Jlyhq wkh fxuuhqw glvwulexwlrq ru vsuhdglqj ri ehkdylru lq wkh srsxodwlrq/

wkh vwudwhjlhv wkdw duh c�w*/ l1h1/ wkdw gr zhoo djdlqvw rwkhu vwudwhjlhv zlwklq

wkh srsxodwlrq/ kdyh d whqghqf| wr jurz uhodwlyh wr wkh ohvv �w vwudwhjlhv1 Wkh

�wqhvv ri d vwudwhj| ghshqgv rq krz pdq| sod|huv fxuuhqwo| duh hqgrzhg zlwk

wklv jhqh1 Wklv lghd ri iuhtxhqf|0ghshqghqw vhohfwlrq lv wkh hvvhqfh ri dq hyr0

oxwlrqdu| jdph1 Wkh hpskdvlv lv rq wkh ehkdylru ri wkh srsxodwlrq dv d zkroh

udwkhu wkdq wkh lqglylgxdo sod|hu/ exw wkh phwkrgrorj| jlyhv urrp iru dqd0

o|}lqj erwk ohyhov vlpxowdqhrxvo| _ 1 Vr/ hyroxwlrqdu| jdph wkhru| lv d wrro wr

ghvfuleh wkh hyroxwlrq ri vwudwhjlhv xqghu wkh suhvvxuh ri qdwxudo vhohfwlrq1

Wkh wkhru| edvlfdoo| uholhv xsrq wzr dvvxpswlrqv/ qdpho| d odujh xqlirup

srsxodwlrq ri sod|huv dqg udqgrp elodwhudo pdwfklqj1 Iluvw/ wkh odujh xqlirup

srsxodwlrq dvvxpswlrq1 Wkh reylrxv txhvwlrq lv= zkhq fdq wkh vl}h ri d srs0

xodwlrq ri d fhuwdlq vshflhv ru jhqhv eh uhjdughg dv codujh*B Lq wkh wkhruhwlfdo

elrorjlfdo olwhudwxuh/ riwhq dq lq�qlwh qxpehu ri lqglylgxdov lv frqvlghuhg1 Lq

wxuq/ wkh zhljkw ri d vlqjoh lqglylgxdo lv yhu| orz jlyhq wkh odujh vl}h ri wkh

srsxodwlrq/ zklfk lv uhodwhg wr wkh sd|r� vwuxfwxuh1 Dv Yhjd0Uhgrqgr +4<<9/

s144, vwdwhv= cWkdw lv/ d frqwh{w zkhuh wkh lq xhqfh ri wkh srsxodwlrq rq wkh

sd|r� ri dq| jlyhq lqglylgxdo lv frqwdlqhg lq wkh dqrq|prxv ghvfulswlrq ri wkh

iuhtxhqflhv zlwk zklfk hdfk vwudwhj| lv ehlqj sod|hg e| wkh srsxodwlrq*1 Zh

zloo vhh lq vhfwlrq 517 wkdw wklv dujxphqw lv dovr lpsruwdqw lq dq hfrqrplf frq0

wh{w1 D vhfrqg dqg whfkqlfdo uhdvrq iru irfxvlqj rq d odujh srsxodwlrq lv wkdw

e| dsso|lqj wkh codz ri odujh qxpehuv*/ rqh fdq hdvlo| fdofxodwh wkh h{shfwhg

sd|r� dqg xvh wklv dv dq dssur{lpdwlrq iru uhdo dfwxdo sd|r�1

Vhfrqg/ jlyhq wkh odujh srsxodwlrq vl}h/ lqglylgxdov duh gudzq udqgrpo|

iurp wkh srsxodwlrq dqg duh pdwfkhg wr sod| d sdluzlvh uhshdwhg jdph1 Wkh

lpsolfdwlrq ri wklv dvvxpswlrq lv wkdw wkhuh lv qr dffrxqw iru orfdo lqwhudfwlrq1

Hyhu| sod|hu kdv dq htxdo fkdqfh ri ehlqj pdwfkhg zlwk dqrwkhu sod|hu1 Odwhu

elrorjlfdo vwxglhv +h1j1 Kdplowrq/ 4<9:, h{soruh d ohvv uhvwulfwlyh yhuvlrq e|

doorzlqj orfdo lqwhudfwlrq1 Wkh uhdvrq iru wklv lv wkdw vlwxdwlrqv duh suhvhqw

lq zklfk dqlpdov frpshwh iru irrg lq wkh vdph kdelwdw ru orfdo qdwxudo duhd

lq zklfk wkh| olyh1 Wkh fkdqfh ri phhwlqj dqrwkhu phpehu lq dq dgmdfhqw

qhljkerukrrg lv wkhq vlpso| kljkhu wkdq wkh suredelolw| ri phhwlqj d phpehu

ri wkh srsxodwlrq rxwvlgh wklv duhd1 Vr/ hyroxwlrqdu| jdphv lq wkhlu edvlf irup

gr qrw frqvlghu gl�huhqwldwlrq wr orfdwlrq ru uhjlrq1
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51615 Edvlf prgho hohphqwv

Ehiruh glvfxvvlqj wkh hohphqwv ri dq hyroxwlrqdu| jdph prgho txdolwdwlyho|/

zh zloo lqwurgxfh wkh pdwkhpdwlfdo htxlydohqw ri wkh ydulrxv hohphqwv1 Zh

edvlfdoo| dgrsw wkh iudphzrun ghyhorshg e| Gdqlho Iulhgpdq +4<<4/ 4<<;,1

Wdeoh 515 hqforvhv wkh hohphqwv wkdw duh hvvhqwldo iru dq hyroxwlrqdu| jdph

prgho1

Wdeoh 515= Hyroxwlrqdu| jdph hohphqwv1

Hohphqw Ghqrwdwlrq

Qxpehu ri srsxodwlrqv= n @ 4> = = = > N

Qxpehu ri sod|huv lq srsxodwlrq n= Q e
Qxpehu ri vwudwhjlhv iru sod|hu l 5 Q e = m e @ 4> = = = > M e
Vwdwh vsdfh= v e
Sd|r� +�wqhvv, ixqfwlrq= j e +m e > v e ,

Vhohfwlrq g|qdplf= bv @

3

E

E

E

C

bv f
111

bv g

4

F

F

F

D

>

zlwk bv e @

3

E

E

E

C

bv fIh e
111

bv i�h e

4

F

F

F

D

@

3

E

E

E

C

j�kIl�m nj1o
111j�kIp�m nj1o

4

F

F

F

D

Htxloleulxp frqfhsw= QH/ HVV/ HH

D �uvw hohphqw lv d vhw ri glvwlqfw srsxodwlrqv n � 41 Uhfdoo wkdw wkh edvlf

hyroxwlrqdu| jdph prgho lq elrorj| srvwxodwhv rqh odujh xqlirup srsxodwlrq ri

sod|huv1 Frqwudu| wr wklv/ Iulhgpdq*v iudphzrun doorzv iru pruh wkdq d vlqjoh

krprjhqhrxv srsxodwlrq1 Wr jhw vrphzkdw dkhdg rq wkh hfrqrplf glvfxvvlrq

ri wkh hyroxwlrqdu| jdph prghoolqj/ rqh frxog wklqn ri d vlwxdwlrq zlwk/ iru

lqvwdqfh/ wzr lqwhudfwlqj srsxodwlrqv1 Iru h{dpsoh/ rqh srsxodwlrq ri vhoohuv

ri d sduwlfxodu frpprglw| dqg rqh srsxodwlrq frqvlvwlqj ri ex|huv q 1 Krzhyhu/
vlqfh wkh gl�xvlrq prgho wr eh ghyhorshg lq wklv wkhvlv lv rqh0glphqvlrqdo +rqh

lqgxvwu| lv frqvlghuhg,/ zh zloo iurp qrz rq rqo| h{dplqh wklv fdvh1

r�s ���Ot���� ������3��u=�?�A�A	?ID^] 
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Qh{w wr wkh qxpehu ri srsxodwlrqv/ hdfk srsxodwlrq n frqvlvwv ri d qxpehu

ri lqglylgxdov ghqrwhg e| Q e 1 Hyhu| srsxodwlrq wkxv fdq kdyh d gl�huhqw

qxpehu ri sod|huv1 Ixuwkhupruh/ hdfk sod|hu l 5 Q e fdq fkrrvh d vwudwhj| m

iurp d �qlwh vhw ri vwudwhjlhv wkdw lw kdv dw lwv glvsrvdo= m e @ 4> = = = > M e 1 Wklv
lpsolhv wkdw zlwklq wkh srsxodwlrqv/ gl�huhqw jurxsv +ru vxesrsxodwlrqv, fdq

eh glvwlqjxlvkhg sod|lqj d vshfl�f vwudwhj|1 Wkh uhodwlyh qxpehu ri vkduhv lq

srsxodwlrq n sod|lqj vwudwhj| m lv uhsuhvhqwhg e| wkh vwdwh vsdfh v e 1 Vr/ lq dq

hyroxwlrqdu| jdph wkh vwdwh xvxdoo| uh hfwv wkh glvwulexwlrq ri vwudwhjlhv dfurvv

wkh srsxodwlrq1

D jdph sod|hg lq d fhuwdlq srsxodwlrq n |lhogv sd|r�v dffruglqj wr d �wqhvv

+sd|r�, ixqfwlrq j e +m e > v e ,/ zklfk lv frqwlqjhqw rq wkh vwudwhj| fkrlfh m e dqg
fxuuhqw vwdwh v e 1 Lq sduwlfxodu/ wkh �wqhvv ixqfwlrq j e jhqhudwhv wkh sd|r� ri

vwudwhj| m e zkhq sod|hg djdlqvw wkh srsxodwlrq*v fxuuhqw vwudwhj| frq�jxudwlrq
v e 1

Wkh fkdqjh ri wkh srsxodwlrq ohyho vwudwhj| glvwulexwlrq bv e lv jryhuqhg e|

d +vhohfwlrq, g|qdplf zklfk ghvfulehv krz wkh vwdwh hyroyhv ryhu wlph/ l1h1/

wkh glvwulexwlrq ri vwudwhjlhv zlwklq srsxodwlrq n1 Wkh vhohfwlrq g|qdplf fdq

eh ri d ghwhuplqlvwlf ru vwrfkdvwlf qdwxuh1 Wkurxjkrxw wklv glvvhuwdwlrq/ zh

hpsor| d ghwhuplqlvwlf frqwlqxrxv wlph g|qdplf iru uhdvrqv ri whfkqlfdolw|

dqg vlpsolflw|1 Wklv lvvxh zloo eh dgguhvvhg ehorz1

Ilqdoo|/ dv d odvw hohphqw ri wkh hyroxwlrqdu| jdph prgho/ lw kdv wr eh

lqyhvwljdwhg zkhwkhu wkh v|vwhp zloo frqyhujh wr d vwdeoh vwhdg| vwdwh1 Wklv

lpsolhv wkh qhhg ri dq htxloleulxp fodvvl�fdwlrq1 Rqh ri wkh prvw lq xhqwldo

htxloleulxp frqfhswv lv Qdvk htxloleulxp +QH,1 Pruhryhu/ vrph rwkhu +hyrox0

wlrqdu|, frqfhswv zhuh ghyhorshg/ yl}1 chyroxwlrqdu| vwdeoh vwudwhj|* +HVV, dqg

chyroxwlrqdu| htxloleulxp* +HH,1

Wkh deryh vkrzv wkdw wkhuh lv d qduurz uhodwlrqvkls ehwzhhq wkh sd|r�

ixqfwlrq/ wkh g|qdplfv dqg wkh �qdo htxloleulxp frqfhsw1 Zh zloo qrz hoder0

udwh rq wklv uhodwlrqvkls e| glvfxvvlqj wkh g|qdplf vwuxfwxuh +vxevhfwlrq 51616,

dqg htxloleulxp frqfhswv +vxevhfwlrq 51617,1

51616 Hyroxwlrqdu| g|qdplfv

Zh duh sduwlfxoduo| lqwhuhvwhg lq wkh orqj0uxq frqvhtxhqfhv ri uhshdwhg vkruw0

uxq lqwhudfwlyh ghflvlrqv wkdw duh vxemhfw wr d vhohfwlrq irufh1 Pruhryhu/ lw zdv

dujxhg wkdw fodvvlf jdph wkhru| khdylo| uholhv rq vwurqj dqg h{wuhph irupv ri

udwlrqdolw| ri wkh lqwhudfwlqj sod|huv1 Jlyhq wkhvh vwurqj dvvxpswlrqv/ htxl0

oleulxp frqfhswv olnh Qdvk htxloleulxp dqg rwkhu qrq0frrshudwlyh htxloleulxp
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uh�qhphqwv zhuh frqvwuxfwhg1 Krzhyhu/ dv Dofkldq +4<83,/ Plowrq Iulhgpdq

+4<86, dqg Zlqwhu +4<:4, dujxhg/ zkhq sod|huv gr qrw phhw wkh shuihfw ud0

wlrqdolw| suhvxpswlrq/ hyroxwlrqdu| vhohfwlrq ri ehkdylruv pljkw |lhog orqj0uxq

rxwfrphv vlplodu wr wkh suhglfwlrqv ri d wkhru| dvvxplqj frpsohwh udwlrqdolw|/

wkxv dssurdfklqj wkh cdv0li * pd{lp1

Wkh vhohfwlrq irufh jryhuqlqj hyroxwlrq lv dovr uhihuuhg wr dv dq dgmxvwphqw

g|qdplf dqg uhsuhvhqwhg e| d g|qdplf v|vwhp1 Riwhq/ zkhq vhohfwlrq lv edvhg

xsrq sulqflsohv ri qdwxudo vhohfwlrq/ rqh dovr xvhv wkh qrwlrq ri chyroxwlrqdu|

g|qdplfv* ru vrphwlphv cGduzlqldq g|qdplfv*1 Dq hyroxwlrqdu| dgmxvwphqw

g|qdplf fdswxuhv wkh sulqflsoh ri ehwwhu shuiruplqj vwudwhjlhv jurzlqj uhod0

wlyho| idvwhu wkdq wkh vwudwhjlhv wkdw duh grlqj zruvh1 Wklv sulqflsoh lv fdoohg

prqrwrqlflw|1 Gl�huhqw vshfl�fdwlrqv ri prqrwrqlflw| fdq eh irxqg lq wkh olw0

hudwxuh/ exw doo fdswxuh wkh lghd ri dq lqfuhdvh lq wkh dgrswlrq ri kljkhu sd|r�

vwudwhjlhv uhodwlyh wr orzhu sd|r� vwudwhjlhv1

Rqh ri wkh surwrw|slfdo hyroxwlrqdu| vhohfwlrq g|qdplfv xvhg lq elrorjlfdo

vwxglhv lv wkh vr0fdoohg uhsolfdwru g|qdplf x +h1j1 Kriedxhu dqg Vljpxqg/ 4<;;,1
Wkh uhsolfdwru g|qdplf/ lqwurgxfhg e| Wd|oru dqg Mrqnhu +4<:;,/ ghvfulehv wkh

hyroxwlrq ri vwudwhjlhv lq wkh hqwluh srsxodwlrq ri rujdqlvpv dqg dvvxphv wkdw

vwudwhjlhv wkdw shuirup deryh dyhudjh/ jurz idvwhu frpsduhg wr wkh vwudwhjlhv

wkdw duh grlqj zruvh wkdq dyhudjh1 Pruh suhflvho|/ wkh jurzwk udwh ri d vwudwhj|

htxdov wkh uhodwlyh �wqhvv ri wkdw sduwlfxodu vwudwhj|1

Wkh lqwhuhvwlqj txhvwlrq olqnhg wr wkh g|qdplfv lv= wr zkdw vwhdg| vwdwh

zloo wkh jdph srvvleo| hyroyhB Zkdw lv qhhghg wr dqvzhu wklv txhvwlrq lv

dq htxloleulxp iudphzrun1 Zh zloo wkhuhiruh qrz h{dplqh wkh prvw uhohydqw

htxloleulxp frqfhswv lq hyroxwlrqdu| jdph wkhru|1

51617 Htxloleulxp frqfhswv

Wkh htxloleulxp frqfhsw fhqwudo wr hfrqrplf wkhru| lv/ xqgrxewhgo|/ Qdvk htxl0

oleulxp dv ghyhorshg e| Qdvk +4<83,1 H{wudfwlqj wkh Qdvk htxloleuld iurp dq

hfrqrplf prgho uhtxluhv frpsohwh lqirupdwlrq iru hyhu| sod|hu1 Pruhryhu/ lw

lv d vwdwlf frqfhsw dqg lv wkhuhiruh xvhixo iru dq dqdo|vlv ri d jdph wkdw lv qrw

uhshdwhg ryhu dqg ryhu djdlq1 Lq dgglwlrq wr wklv/ pdq| hfrqrplf ru vrfldo

sureohpv riwhq kdyh pxowlsoh Qdvk htxloleuld dqg lw wkhq lv kdug wr ghwhuplqh

zklfk htxloleulxp lv pruh olnho| wr eh vhohfwhg1

Lq wklv wkhvlv zh ghdo zlwk d g|qdplf Frxuqrw jdph dqg duh hvshfldoo| lqwhu0

yIU �	���"��3���
�]P�" 	�������	J � ��31�"
��z�	��	3���� ��{��" 	��J � �"����3��"�	�"����3I��3�J �"
O�����;| H 3�J �� 6�	�"� 3�����	�	3���� ��YP= ��E }	EtP��� ���	��3��Z{X?�A�A?1D�E



53 HYROXWLRQDU\ JDPH WKHRU\

hvwhg lq wkh orqj0uxq rxwfrph ri wkh v|vwhp xqghu d qrqolqhdu sd|r� vwuxfwxuh ~ 1
Wkh lqgxvwuldo rujdql}dwlrq olwhudwxuh +h1j1 Wluroh/ 4<;;, vkrzv wkdw wkh edvlv

ri d Frxuqrw jdph lv Qdvk htxloleulxp +lq sduwlfxodu Frxuqrw0Qdvk htxlole0

ulxp, dqg vr zh zloo ghsduw iurp wkhuh1 Wkhq wkh glvfxvvlrq irfxvhv rq wkh

htxloleulxp uh�qhphqwv chyroxwlrqdu| vwdeoh vwudwhj|* +HVV, dqg chyroxwlrq0

du| htxloleulxp* +HH,1 Wkhvh wzr frqfhswv sod| d nh| uroh lq wkh hyroxwlrqdu|

jdph olwhudwxuh dqg jlyh ehwwhu lqvljkwv zkhq wkh jdph lv sod|hg xqghu irufhv

ri qdwxudo vhohfwlrq dqg/ iru wklv uhdvrq/ wkh| duh uhohydqw iru wkh dqdo|vlv dqg

glvfxvvlrq ri rxu pdlq sureohp1 Wkh Qdvk htxloleulxp/ hyroxwlrqdu| vwdeoh

vwudwhj| dqg hyroxwlrqdu| htxloleulxp gh�qlwlrqv duh edvhg rq wkh vshfl�fdwlrq

ri wkh �wqhvv ixqfwlrq dv jlyhq lq wdeoh 5151

Qdvk htxloleulxp

D Qdvk htxloleulxp lv d vlwxdwlrq lq zklfk lw grhv qrw sd| r� iru d sod|hu wr

ghyldwh iurp lw1 Lq rwkhu zrugv= wkh vwudwhj| ru dfwlrq ri hdfk sod|hu lv d ehvw

uhvsrqvh wr wkh rssrqhqwv* vwudwhj| fkrlfh1 Iru h{dpsoh/ lq fdvh ri d Frxuqrw

vhwwlqj/ d Qdvk htxloleulxp lv wkdw frpelqdwlrq ri rxwsxwv vxfk wkdw qr �up

fdq lqfuhdvh lwv sur�wv e| fkdqjlqj lwv rxwsxw dorqh1 Irupdoo|=

Gh�qlwlrq 4 D vwudwhj| +ru vwdwh, v 5 V lv d Qdvk htxloleulxp li iru doo | 5 V=

j+|> v, � j+v> v,1

Khuh v lv wkh fxuuhqw vwdwh ri wkh v|vwhp dqg V ghqrwhv wkh ryhudoo vwdwh

vsdfh1 Zkdw wkh gh�qlwlrq vd|v lv wkdw wkh fxuuhqw vwdwh v frqvwlwxwhv d Qdvk

htxloleulxp zkhqhyhu wkh sd|r� lq d vwdwh | gl�huhqw iurp v lv orzhu ru htxdo

wr wkh sd|r� lq wkh fxuuhqw vwdwh1 Ghyldwlqj iurp wklv vwdwh +ru vwudwhj|, zrxog

jhqhudwh d orzhu sd|r� dqg vr qr lqfhqwlyh h{lvwv iru fkdqjlqj ehkdylru lq vxfk

d vlwxdwlrq1

Hyroxwlrqdu| vwdeoh vwudwhj|

Edvhg xsrq wkh frqfhsw ri cxqehdwdeoh vwudwhj|* lqwurgxfhg e| Kdplowrq +4<9:,/

hyroxwlrqdu| elrorjlvwv ghyhorshg wkh htxloleulxp frqfhsw chyroxwlrqdu| vwdeoh

vwudwhj|* +HVV,/ vrphwlphv dovr uhihuuhg wr dv chyroxwlrqdu| vwdeoh vwdwh* +Pd|0

qdug Vplwk dqg Sulfh/ 4<:6> Pd|qdug Vplwk/ 4<:7,1 Dq hyroxwlrqdu| vwdeoh

vwudwhj| lv d vwdwlrqdu| vlwxdwlrq lq wkh hyroxwlrqdu| surfhvv dqg gh�qhv d vwdwh

ri wkh srsxodwlrq wkdw lv vr0fdoohg cxqlqydgdeoh* e| dq| pxwdqw ehkdylru ri dq
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duelwudulo| vpdoo iudfwlrq ri wkh srsxodwlrq1 Xqlqydgdelolw| ri wkh vwdwh lpsolhv

wkdw wkh ehkdylru ri wkh cpxwdqwv* zloo qrw vxuylyh lq wkh orqj0uxq1

Dvvxph wkh v|vwhp lv lq d fhuwdlq vwdwh v1 Wkhq dq hyroxwlrqdu| vwdeoh

vwudwhj| lv gh�qhg dv iroorzv= +h1j1 Pd|qdug Vplwk dqg Sulfh/ 4<:6> Iulhgpdq/

4<<4> Zhlexoo 4<<8,=

Gh�qlwlrq 5 D vwudwhj| +ru vwdwh, v 5 V lv dq hyroxwlrqdu| vwdeoh vwudwhj|

+vwdwh, li iru hyhu| rwkhu vwudwhj| | 5 V=

d, j+|> v, ? j+v> v, ru

e, j+|> v, @ j+v> v, dqg j+|> |, ? j+v> |,1

Whup d, ri gh�qlwlrq 5 vkrzv wkdw dq| sod|hu wkdw fkrrvhv dq dfwlrq | gl�huhqw

iurp vwudwhj| v dqg zklfk dsshduv qrw wr eh d ehvw uhso| wr wkh rwkhu sod|huv*

vwudwhj|/ v lv dq hyroxwlrqdu| vwdeoh vwudwhj|1 Rq wkh rwkhu kdqg/ li frqglwlrq

d, idlov wr krog/ d vwudwhj| fdq dovr phhw hyroxwlrqdu| vwdelolw| e| frqglwlrq

e,1 Lq wklv fdvh wkh sd|r� ri vwudwhj| | gl�huhqw iurp v vkrxog eh htxdo wr wkh

sd|r� ri wkh fxuuhqw vwudwhj| v/ exw wkh �wqhvv ri vwudwhj| v vkrxog eh kljkhu

wkdq wkdw ri |1 Wr sxw lw gl�huhqwo|=

^11` hyhq li +v/v, lv rqo| d zhdn Qdvk htxloleulxp/ wkdw vwudwhj| sdlu

fdq vwloo eh dq hyroxwlrqdu| vwdeoh vwudwhj| surylghg wkdw v fdq ghihdw dq|

rwkhu vwudwhj| | zkhq wkh srsxodwlrq frqvlvwv doprvw hqwluho| ri sod|huv

ri |1 Lq h�hfw/ wkh �uvw frqglwlrq vd|v wkdw wkh krph whdp suhydlov zkhq

lw fdq ehdw dq| lqwuxghuv/ surylghg lw fdq ehdw dq| vxfk lqwuxghu rq wkh

odwwhu*v rzq krph �hog +Kluvkohlihu dqg Uloh|/ 4<<5/ s1669,1

Gh�qlwlrq 5 fdq dovr eh h{suhvvhg lq d gl�huhqw zd|1 Dvvxph wkdw d fhuwdlq

vkduh � 5 +3> 4, ri pxwdqwv dsshduv lq wkh srsxodwlrq dqg wkdw doo sod|huv ri wkh

pxwdqw jurxs iroorz wkh uxoh wr sod| vwudwhj| | 9@ v1 D orjlfdo uhvxow lv wkhq

wkdw wkh vkduh 4 � � sod| +fxuuhqw, vwudwhj| v= Ixuwkhupruh/ ohw*v suhvxph wkdw

wkh jdph lv sod|hg uhshdwhgo| e| wzr udqgrpo| pdwfkhg lqglylgxdov1 Iurp wkh

deryh lw iroorzv gluhfwo| wkdw dq rssrqhqw sod|v vwudwhj| | zlwk suredelolw|

� dqg lw sod|v v zlwk suredelolw| 4 � �1 Lq whupv ri pl{hg vwudwhjlhv #/ wkh

suhfhglqj dujxphqw fdq dovr eh ghvfulehg e| wkh ixqfwlrq # @ �| . +4 � �,v1

Jlyhq wklv h{suhvvlrq/ wkh wzr frqglwlrqv ri gh�qlwlrq 5 fdq eh uhsodfhg e| wkh

vlqjoh lqhtxdolw|

j+|> #, ? j+v> #,1 +514,

Iroorzlqj gh�qlwlrq 5/ d vwudwhj| v lv dq hyroxwlrqdu| vwdeoh vwudwhj| li

htxdwlrq +514, krogv/ lpso|lqj wkdw d vx!flhqwo| vpdoo vkduh ri pxwdqwv � A 3
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fdqqrw clqydgh* wkh srsxodwlrq> wkh pxwdqw vwudwhj| zloo hyhqwxdoo| qrw vxuylyh1

Hyroxwlrqdu| vhohfwlrq wkxv idyrxuv wkh suhydlolqj vwudwhj| v li lw kdv kljkhu

�wqhvv frpsduhg wr wkh �wqhvv ri d pxwdqw vwudwhj| |1

Hyroxwlrqdu| htxloleulxp

Dowkrxjk hyroxwlrqdu| vwdeoh vwudwhj| lv d Qdvk htxloleulxp uh�qhphqw/ lw vwloo

lv d vwdwlf frqfhsw1 Wr lqfrusrudwh g|qdplfv/ wkh hyroxwlrqdu| vwdeoh vwudwhj|

frqfhsw vkrxog eh prgl�hg1 Jdph wkhrulvwv wkhuhiruh ghyhorshg wkh chyrox0

wlrqdu| htxloleulxp* frqfhsw +h1j1 Kluvkohlihu/ 4<::> Uloh| 4<:<> Kluvkohlihu/

4<;5,1 Dq hyroxwlrqdu| htxloleulxp lv d g|qdplfdoo| vwdeoh htxloleulxp/ l1h1/ d

vwdwh wkdw zloo eh uhdfkhg djdlq dqg djdlq zkhqhyhu wkh v|vwhp +ru g|qdplf

surfhvv, lv vxemhfw wr vpdoo vkrfnv dqg shuwxuedwlrqv1 Olnh hyroxwlrqdu| vwdeoh

vwudwhj|/ dq hyroxwlrqdu| htxloleulxp lv dovr ghwhuplqhg e| wkh sd|r� vwuxfwxuh1

Krzhyhu/ lq dgglwlrq wr wklv/ dq hyroxwlrqdu| htxloleulxp lv dovr vxemhfw wr d

g|qdplf surfhvv wkdw ghwhuplqhv wkh dgmxvwphqw sdwk ri sd|r� gl�huhqwldov1

Lw vkrzv wkh frqyhujhqfh wr ru glyhujhqfh iurp d srvvleoh htxloleulxp dqg wkxv

uh hfwv wkh olplwlqj ehkdylru ri wkh v|vwhp1 +h1j1 Wd|oru dqg Mrqnhu 4<:;>

]hhpdq/ 4<;3> Kluvkohlihu dqg Pduwlqh} Froo/ 4<;;> Iulhgpdq/ 4<<4> Kluvkohlihu

dqg Uloh| 4<<5,1 Irupdoo| +Iulhgpdq 4<<;/ s15:,=

Gh�qlwlrq 6 D vwdwh v 5 V lv dq hyroxwlrqdu| htxloleulxp li hyhu| rshq qhljk0

erukrrg Q � V ri v kdv wkh surshuw| wkdw hyhu| sdwk vx!flhqwo| forvh wr v

uhpdlqv lq Q dqg frqyhujhv dv|pswrwlfdoo| wr v1

Dq hyroxwlrqdu| htxloleulxp lv d vwdwh ru vwudwhj| wkdw fdq uhsuhvhqw erwk

d srsxodwlrq iudfwlrqdoo| glvwulexwhg ryhu d vhw ri vwudwhjlhv +khwhurjhqhrxv

prgh, ru d vlwxdwlrq zkhuh doo phpehuv ri wkh srsxodwlrq xvh wkh vdph vwudw0

hj| +krprjhqhrxv prgh,1 Wr vxppdul}h= dq hyroxwlrqdu| htxloleulxp lv d

vwdeoh whuplqxv/ lpso|lqj wkdw wkh hyroxwlrqdu| dgmxvwphqw surfhvv uhvwruhv

wkh glvwulexwlrq zkhqhyhu wkh surfhvv lv d�hfwhg e| vx!flhqwo| vpdoo duelwudu|

vkrfnv1

Htxloleulxp uhodwlrqvklsv

Qrz wkdw zh kdyh surylghg dq ryhuylhz ri wkh wkuhh pdlq htxloleulxp frqfhswv/

wkh qh{w txhvwlrq lv= krz duh wkh| uhodwhgB Lq rqh0glphqvlrqdo prghov zlwk

d elolqhdu sd|r� ixqfwlrq j dqg xqghu wkh dvvxpswlrq ri uhsolfdwru g|qdplfv

P � > wkh iroorzlqj uhodwlrqvkls ehwzhhq wkh wkuhh htxloleulxp frqfhswv rxwolqhg
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deryh fdq eh pdgh +h1j1 Ydq Gdpph/ 4<;:> Iulhgpdq/ 4<<4,=

HVV+j, � HH+P � , � QH+j,= +515,

Iurp 515 zh vhh wkdw Qdvk htxloleulxp lv qhfhvvdu| dqg hyroxwlrqdu| vwdeoh

vwudwhj| lv vx!flhqw iru hyroxwlrqdu| htxloleulxp1 Qrupdoo|/ rqh fdq frpsxwh

wkh Qdvk htxloleuld gluhfwo| iurp wkh vwdjh jdph zlwk sd|r� ixqfwlrq j1 Wkhq

rqh ri Iulhgpdq*v +4<<4, frqfoxvlrqv lv wkdw wkh hyroxwlrqdu| htxloleuld ri dq|

g|qdplf I doo frlqflgh zlwk Qdvk htxloleuld ri wkh sd|r� ixqfwlrq j1

Vr idu/ zh kdyh glvfxvvhg wkh pdlq hohphqwv dqg ihdwxuhv ri hyroxwlrqdu|

jdphv zlwk d elrorjlfdo  dyrxu1 Lw lv qrz wlph wr pryh wrzdugv wkh hfrqrplf

dssolfdwlrqv ri hyroxwlrqdu| jdph wkhru|1

517 Hyroxwlrqdu| jdphv lq hfrqrplfv

Uhfdoo wkdw lq wkh elrorjlfdo �hog hyroxwlrqdu| jdph wkhru| zdv gh�qhg dv d zd|

ri wklqnlqj derxw hyroxwlrq dw wkh skhqrw|slf ohyho zlwk iuhtxhqf| ghshqghqw

�wqhvv1 Krzhyhu/ iru rxu sxusrvh zh qhhg d gh�qlwlrq wkdw lv mxvwl�hg lq dq

hfrqrplf vhqvh/ l1h1/ zh kdyh wr pdnh wkh vwhs wrzdugv d gh�qlwlrq wkdw hdvlo|

fdq lqfrusrudwh hfrqrplf yduldeohv1

Uhfhqwo| vrph wh{werrnv kdyh dsshduhg/ ghvfulelqj wkh wkhru| ri hyrox0

wlrqdu| jdphv lq uhodwlrq wr hfrqrplfv/ ru pruh eurdgo|/ wkh vrfldo vflhqfhv1

Zhlexoo +4<<8, lqwurgxfhv hyroxwlrqdu| jdph wkhru| e| vwduwlqj wkh glvfxvvlrq

rq vwdwlf dqg g|qdplf dssurdfkhv lq uhodwlrq wr qrq0frrshudwlyh jdph wkhru|1

Kh hpskdvl}hv ghwhuplqlvwlf frqwlqxrxv wlph g|qdplfv1 Yhjd0Uhgrqgr +4<<9,

lv dqrwkhu wh{werrn lq wkh �hog1 Kh pdlqo| irfxvhv rq vwrfkdvwlf hyroxwlrq0

du| jdphv dqg dovr glvfxvvhv vrfldoo| rulhqwhg dssolfdwlrqv1 Vdpxhovrq +4<<:,

ghvfulehv wkh xvhixoqhvv ri hyroxwlrqdu| jdph wkhru| dv d wrro iru htxloleulxp

vhohfwlrq1 \rxqj +4<<;, ghyrwhv d errn wr wkh hphujhqfh ri frqyhqwlrqv lq

vrflhwlhv dqg wkh wudqvlwlrq ehwzhhq frqyhqwlrqv1 Kh sduwlfxoduo| ghyhorsv dq

hyroxwlrqdu| jdph iudphzrun zlwk vwrfkdvwlf frpsrqhqwv1 Wkh errn edvlfdoo|

gudzv xsrq wkh fxwwlqj hgjh zrun ri Ndqgrul hw do1 +4<<6, dqg \rxqj +4<<6,1

Kluvkohlihu dqg Uloh| +4<<5, ghyrwh d fkdswhu wr Qdvk htxloleulxp dqg lwv hyr0

oxwlrqdu| uh�qhphqwv1 Pruh uhfhqwo|/ Jlqwlv +5333, kdv surylghg dq h{whqvlyh

ryhuylhz ri hyroxwlrqdu| jdph wkhru| dqg vrfldo vflhqfhv lq d eurdg vhqvh1

Wkh vwxglhv ri Zhlexoo +4<<8,/ Yhjd0Uhgrqgr +4<<9, dqg Vdpxhovrq +4<<:,

uhpdlq wr d odujh h{whqw lq wkh vskhuh ri devwudfw wkhru|1 Krzhyhu/ Jlqwlv

+5333, dovr dlpv dw glvfxvvlqj uhdo vrfldo olih h{dpsohv dqg glohppdv lq zklfk

vwudwhjlf lqwhudfwlrq lv suhvhqw1 Jlqwlv* sureohp rulhqwhg dssurdfk kdv wzr
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pdlq suhghfhvvruv= qdpho| Iulhgpdq +4<<4/ 4<<;,1 Dowkrxjk Jlqwlv +5333,

frqqhfwv hyroxwlrqdu| jdph wkhru| wr d eurdg udqjh ri srwhqwldo wrslfv/ wkh

pdlq dgydqwdjh ri Iulhgpdq +4<<4/ 4<<;, lv wkdw lw surylghv rqh frkhuhqw xql0

�hg hyroxwlrqdu| iudphzrun/ khqfh pdnlqj lw vxlwdeoh iru dq| cq0glphqvlrqdo*

dssolfdwlrq1 Lq wxuq/ wkh dssolfdwlrq ri hyroxwlrqdu| jdphv ehfrphv pxfk hdv0

lhu lq wklv zd| dqg zh wkhuhiruh dgrsw Iulhgpdq*v zd| ri prghoolqj dqg wdnh

klv fkdudfwhul}dwlrq ri dq hyroxwlrqdu| jdph dv vwduwlqj srlqw1 Wr frq�qh wkh

�hog ri hyroxwlrqdu| jdphv/ zh dgrsw wkh iroorzlqj gh�qlwlrq +Iulhgpdq/ 4<<;/

s149,=

Gh�qlwlrq 7 Dq hyroxwlrqdu| jdph lv dq| irupdo prgho ri vwudwhjlf lqwhudf0

wlrq ryhu wlph lq zklfk=

d, kljkhu sd|r� vwudwhjlhv whqg ryhu wlph wr glvsodfh orzhu sd|r� vwudwhjlhv>

e, wkhuh lv vrph lqhuwld>

f, sod|huv gr qrw v|vwhpdwlfdoo| dwwhpsw wr lq xhqfh rwkhu sod|huv* ixwxuh df0

wlrqv1

Wkhvh dvvxpswlrqv gr/ ri frxuvh/ kdyh vrph lpsolfdwlrqv zkhq wkh| duh

cwudqvodwhg* wr hfrqrplf sureohpv1 Wkh lpsolfdwlrqv iru rxu roljrsrolvwlf prgho

zloo eh glvfxvvhg lq fkdswhu 91 Lq wklv vhfwlrq zh vroho| glvfxvv wkh gh�qlwlrq lq

d pruh vwudljkwiruzdug pdqqhu zlwkrxw frqvlghulqj srvvleoh gudzedfnv ri wkh

dfwxdo dssolfdwlrq1

51714 Prqrwrqlflw| dqg frpsdwlelolw|

Kljkhu sd|r� vwudwhjlhv whqg ryhu wlph wr glvsodfh orzhu sd|r� vwudwhjlhv1 Wklv

prqrwrqlflw| sulqflsoh vlpso| phdqv wkdw vwudwhjlhv ru dfwlrqv zlwk d kljkhu

sd|r� furzg rxw orzhu sd|r� vwudwhjlhv1 Prqrwrqlflw| wkxv lpsolhv d g|qdplf

wkdw vhohfwv lq idyrxu ri wkh ehwwhu shuiruplqj vwudwhjlhv dqg khqfh pdnhv wkh

kljkhu sd|r� vwudwhjlhv ehfrph pruh suhydohqw lq wkh srsxodwlrq1

Wkhuh duh pdq| irupv ri +hyroxwlrqdu|, vhohfwlrq g|qdplfv1 Uhfdoo wkdw

wkh uhvhdufk lghqwl�hg lq wkh elrorjlfdo vflhqfh riwhq dvvxphv wkh uhsolfdwru

g|qdplf1 Krzhyhu/ dv Iulhgpdq +4<<4, srlqwv rxw/ iru hfrqrplf ru vrfldo ds0

solfdwlrqv/ wkh dvvxpswlrq ri d jhqhwlf phfkdqlvp wkdw xqghuolhv wkh uhsolfdwru

g|qdplf pljkw eh wrr vwurqj dqg clq hfrqrplf dssolfdwlrqv/ jhqhwlf wudqv0

plvvlrq pd| vrphwlphv xqghuolh lpsruwdqw frqvwudlqwv exw jhqhudoo| kdv wrr

pxfk lqhuwld wr surgxfh lqwhuhvwlqj g|qdplfv ryhu uhohydqw wlphvfdohv* +Iulhg0

pdq/ 4<<;/ s14:,1 Wkhuh duh vrph vwxglhv wkdw xvh uhsolfdwru g|qdplfv1 Rqh lv



517 HYROXWLRQDU\ JDPHV LQ HFRQRPLFV 58

Kdqvhq dqg Vdpxhovrq +4<;;,1 Wkh| whvw wkh suhylrxv phqwlrqhg dv0li k|srwk0

hvlv e| frqvlghulqj d jdph wkhruhwlfdo hqylurqphqw lq zklfk hfrqrplf djhqwv

gr qrw rswlpl}h h{solflwo|/ exw xvh vlpsoh ghflvlrq pdnlqj uxohv1 Wkhlu vwxg|

ydolgdwhv wkh suhylrxv phqwlrqhg hyroxwlrqdu| k|srwkhvlv/ surylghg wkdw wkh

vlqjoh hfrqrplf dfwru*v h�hfw rq wkh rwkhu sod|huv* sd|r� lv qhjoljleoh1 Wklv

uhvxow gluhfwo| uhodwhv wr wkh odujh srsxodwlrq dvvxpswlrq ri hyroxwlrqdu| jdph

wkhru|1

Zlwk uhvshfw wr wkh prqrwrqlflw| sulqflsoh/ Iulhgpdq +4<<4, lqwurgxfhg

wkh whup frpsdwlelolw|/ zklfk lpsolhv wkdw wkh sd|r� ixqfwlrq dqg wkh vhohf0

wlrq g|qdplf duh lqwhuuhodwhg1 Vr wkh rqo| uhtxluhphqw iru frpsdwlelolw| lv

prqrwrqlflw|1 Orrnlqj pruh fduhixoo|/ wklv vlqjoh uhtxluhphqw dfwxdoo| lpsolhv

wkdw/ zkhq dssolhg wr hfrqrplf sureohpv/ rqh grhv qrw kdyh wr nqrz wkh ixoo

ghwdlov ri wkh fruuhvsrqglqj ohduqlqj ru dgmxvwphqw surfhvvhv rq zklfk wkh

sduwlfxodu sureohp lv edvhg1 Lq wklv zd| frpsdwlelolw| lv rqh ri wkh pdlq dg0

ydqwdjhv iru dssolhg zrun1 H{shulphqwdo uhvhdufk lv h{sdqglqj dqg pd| uhvxow

lq ehwwhu lqvljkwv lqwr zkdw nlqg ri ohduqlqj +dgmxvwphqw, g|qdplf ghvfulehv

vshfl�f hfrqrplf hqylurqphqwv ehvw1 Krzhyhu/ dw wklv vwdjh lw lv wrr hduo| iru

rxu sureohp wr h{dfwo| nqrz zklfk g|qdplf wr dsso|1 Wkhuhiruh/ zh dgrsw

Iulhgpdq*v frpsdwlelolw| frqglwlrq zlwkrxw vshfli|lqj d yhu| ghwdlohg g|qdplf

lq dgydqfh1

51715 Lqhuwld

Wkh surfhvv ri dgmxvwphqw vkrxog eh fkdudfwhul}hg e| judgxdolvp1 Wrr deuxsw

fkdqjhv lq wkh djjuhjdwh ehkdylru ri wkh srsxodwlrq duh uxohg rxw/ sdylqj wkh

sdwk iru cvprrwk* ehkdylru ri wkh v|vwhp1 Wkh lqhuwld frqglwlrq uh hfwv hyr0

oxwlrq1 Wkh sulqflsoh pdnhv d vkdus glvwlqfwlrq ehwzhhq hyroxwlrqdu| fkdqjh

dqg uhyroxwlrqdu| fkdqjh dv Iulhgpdq +4<<;/ 5334, srlqwv rxw1 Wkh dgmxvw0

phqw surfhvv lq d elrorjlfdo vhqvh lv yhu| vorz dqg pljkw hyhq eh wrr vorz dv

dq dssursuldwh dssur{lpdwlrq iru dq hfrqrplf dgmxvwphqw g|qdplf1 Exw wkh

hvvhqwldo srlqw lv wkh devhqfh ri glvfrqwlqxlwlhv � 1
Qrw phhwlqj wkh lqhuwld frqglwlrq lpsolhv vr0fdoohg cwhpsrudo oxpslqhvv*

+Zhlexoo/ 4<<7,1 Whpsrudo oxpslqhvv phdqv wkdw wkh hyroxwlrqdu| vhohfwlrq

g|qdplf h{klelwv yrodwloh vwdjhv gxh wr h1j1 vlpxowdqhrxv mxpsv lq ehkdylru e|

d odujh iudfwlrq ri wkh srsxodwlrq1 Dffruglqj wr Zhlexoo +4<<7,/ wklv frxog rqo|
�1H 
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eh dq revwdfoh lq fdvh ri glvfuhwh wlph vhohfwlrq g|qdplfv1 Whpsrudo oxpslqhvv

lv wkhq/ wr d odujh h{whqw/ d udwkhu duwl�fldo revwdfoh1 Lw lv/ krzhyhu/ qrw d

sureohp xqghu frqwlqxrxv wlph g|qdplfv1 Wklv lv dovr rqh ri wkh uhdvrqv zk|

zh xvh frqwlqxrxv wlph g|qdplfv1

51716 Jdph djdlqvw qdwxuh

Wkh fdvh zkhuh sod|huv gr qrw v|vwhpdwlfdoo| wu| wr lq xhqfh rwkhu sod|huv*

dfwlrqv dqg wdnh fxuuhqw dqg ixwxuh ehkdylru ri wkh rwkhu sod|huv dv jlyhq/ lv

uhihuuhg wr dv d Jdph Djdlqvw Qdwxuh1 Dffruglqj wr Iulhgpdq +4<<;/ 5334,/

wkh JDQ frqglwlrq frxog uhihu wr hlwkhu sulfh wdnlqj ehkdylru/ lpso|lqj d

odujh qxpehu ri sod|huv/ ru wr sod|huv dfwlqj p|rslfdoo|1 Wkh iruphu dujxphqw

lpsolhv d shuihfwo| frpshwlwlyh hqylurqphqw1 Vlqfh rxu dqdo|vlv zloo hpskdvl}h

lpshuihfw Frxuqrw frpshwlwlrq/ lw lv qdwxudo wr suhvxph wkdw d sod|hu dfwv lq d

p|rslf zd| e| rqo| frqvlghulqj wkh suhvhqw revhuydeoh txdqwlw| dfwlrqv ri rwkhu

sod|huv lq pdnlqj klv vwudwhj| fkrlfh1 Wkh sod|hu grhv qrw frqvlghu zkhwkhu

dqg krz frpshwlwruv pljkw uhdfw wr klv dfwlrqv dqg frqvhtxhqwo| vkh grhv qrw

wu| wr dqwlflsdwh rq vxfk uhdfwlrqv1 Krz wkh vhw ri vwudwhjlhv hyroyhv ryhu wlph/

lv vlpso| wkh surgxfw ri p|rslf vwudwhj| fkrlfhv1 E| frqvlghulqj rqo| wkhvh

w|shv ri vwudwhj| fkrlfhv/ zh h{solflwo| phhw wkh JDQ frqglwlrq1

518 Dq hydoxdwlrq

Edvhg xsrq wkh suhylrxv glvfxvvlrq/ zh zloo qrz vxppdul}h wkh pdlq ihdwxuhv

ri hyroxwlrqdu| jdph wkhru|1 Zh glvwlqjxlvk irxu pdlq dgydqwdjhv ri dgrswlqj

dq hyroxwlrqdu| iudphzrun frpsduhg wr d +qhr,fodvvlfdo rqh1 Wkh| duh uhodwhg

wr wkh iroorzlqj lvvxhv= wkh qdwxuh ri dgmxvwphqw/ vwdelolw| whvwlqj dqg vhohfwlrq

ri htxloleuld/ d qrqolqhdu sd|r� vwuxfwxuh dqg hpslulfdo whvwlqj1

Txdolwdwlyh ehkdylru dqg dgmxvwphqw yhorflw|

Hyroxwlrqdu| jdph wkhru| fdq surylgh lqvljkw lqwr krz d srvvleoh htxloleulxp

lv uhdfkhg1 Frqwudu| wr fodvvlf htxloleulxp prghov dqg fodvvlf jdph wkhruhwlfdo

prghov/ lw h{solflwo| dgguhvvhv wkh fkdudfwhul}dwlrq ri wkh g|qdplf dgmxvwphqw

sdwk1 Lq wklv uhjdug wkhuh duh wzr glphqvlrqv= wkh gluhfwlrq dqg vshhg ri

dgmxvwphqw1

Iluvw/ wkh gluhfwlrq ri fkdqjh1 Wklv lv dq lqwxlwlyho| vwudljkwiruzdug dvshfw1

Hyroxwlrqdu| jdphv vkrz xqghu zklfk vwdwhv ri wkh v|vwhp vwudwhj| dgmxvwphqw

lv qhjdwlyho| ru srvlwlyho| vorshg1 D qhjdwlyho| vorshg dgmxvwphqw sdwk ri d
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sduwlfxodu vwudwhj| phdqv wkdw wkh sd|r� ghfolqhv li pruh sod|huv dgrsw wklv

vwudwhj|1 Wkh uhyhuvh krogv iru d srvlwlyho| vorshg dgmxvwphqw sdwk= sd|r�v

lqfuhdvh zkhq pruh sod|huv iroorz wkh fruuhvsrqglqj vwudwhj|1 Lq vkruw= hyrox0

wlrqdu| jdph wkhru| surylghv d ylhz lqwr krz vwudwhjlhv ru vwdwhv hyroyh lq d

txdolwdwlyh pdqqhu e| hpskdvl}lqj wkh g|qdplfv ri wkh jdph1

Vhfrqg/ wkh yhorflw| ri vwudwhj| dgmxvwphqw1 Lw lv hdv| wr xqghuvwdqg wkdw

xqghu vrph flufxpvwdqfhv/ l1h1/ vwdwhv ri wkh v|vwhp/ wkh hyroxwlrqdu| surfhvv lv

fkdudfwhul}hg e| idvw dgmxvwphqw/ zkhuhdv rwkhu vwdwhv h{klelw d uhodwlyho| vorz

dgmxvwphqw vshhg1 Wkh yhorflw| fdq gluhfwo| eh uhwulhyhg iurp wkh txdolwdwlyh

ehkdylru1 Wkh odujhu wkh devroxwh ydoxh ri wkh vorshv/ hlwkhu qhjdwlyh ru srvlwlyh/

wkh idvwhu wkh dgmxvwphqw1

Vwdelolw| whvwlqj dqg vhohfwlrq

Lq pdq| vlwxdwlrqv pxowlsoh Qdvk htxloleuld pd| h{lvw1 E| lqfoxglqj dq hyr0

oxwlrqdu| dgmxvwphqw surfhvv/ d g|qdplf vwdelolw| fulwhulrq lv dgghg zklfk fdq

vkrz zklfk Qdvk htxloleulxp lv pruh olnho| wr eh vhohfwhg/ ghshqglqj rq wkh

lqlwldo vwdwh dqg wkh vl}h ri wkh uhjlrq ri lqlwldo frqglwlrqv zkrvh sdwkv frqyhujh

wr wkh vshfl�f Qdvk htxloleulxp +edvlq ri dwwudfwlrq,1 Vr/ hyroxwlrqdu| jdph

wkhru| fdq dfw dv dq htxloleulxp vhohfwlrq ghylfh1

Wkh vhohfwlrq ri htxloleuld lpsolhv whvwlqj zkhwkhu ru qrw htxloleuld duh vwd0

eoh1 Iru h{dpsoh/ hphujhqfh ri hyroxwlrqdu| htxloleuld lv edvhg rq g|qdplf

vwdelolw| fulwhuld1 Reylrxvo|/ wkh fxuuhqw dujxphqw grhv qrw krog zkhq wkhuh lv

d xqltxh Qdvk htxloleulxp1 Lq wklv fdvh/ vwdqgdug jdph wkhru| lq d srsxodwlrq

jdph zrxog dovr surylgh |rx wkh uljkw dqvzhu dqg vr hyroxwlrqdu| jdph wkhru|

grhv qrw kdyh pxfk lqwhuhvwlqj wr dgg khuh1 Lq dgydqfh ri wkh glvfxvvlrq ri uh0

vhdufk uhvxowv/ zh fdq vd| wkdw wkh vshfl�hg Frxuqrw prgho dovr |lhogv rqo| rqh

xqltxh htxloleulxp1 Exw iru vdnh ri frpsohwhqhvv wkh udwlrqdoh ri htxloleulxp

vhohfwlrq dqg vwdelolw| whvwlqj lv lqfoxghg lq wkh fxuuhqw ryhuylhz1

Qrqolqhdu sd|r�v dqg htxloleulxp vwuxfwxuh

Wkhuh duh wzr rswlrqv iru vshfli|lqj krz wkh sd|r� ghshqgv rq wkh vwdwh v=

olqhdu ru qrqolqhdu1 Lq fdvh ri olqhdulw|/ dgmxvwphqw lv hlwkhu srvlwlyho| ru qhjd0

wlyho| vorshg xqghu doo vwdwhv ri wkh v|vwhp1 Vr/ olqhdu vwdwh ghshqghqw sd|r�v

dozd|v ehorqj wr rqh ri wkhvh wzr fdvhv1 Xqghu vxfk frqglwlrqv/ fodvvlf jdph

wkhru| +lq whupv ri srsxodwlrq jdphv,/ gluhfwo| surylghv wkh fruuhfw dqvzhu dqg

rqh dfwxdoo| grhv qrw kdyh wr frqvlghu hyroxwlrqdu| prghoolqj ihdwxuhv1

Wklv lv qrw wuxh zkhq sd|r�v ghshqg lq d qrqolqhdu idvklrq rq wkh vwdwh
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yduldeoh1 Qrqolqhdulwlhv fdq lqwurgxfh gl�huhqw ehkdylruv xqghu gl�huhqw vwdwhv1

Dw d fhuwdlq vwdwh wkh sd|r� pljkw eh srvlwlyho| vorshg zkhuhdv lw pljkw eh

qhjdwlyho| vorshg dw rwkhu vwdwhv1 Wkhq fodvvlf jdph wkhru| lv ri qr xvh1 Hyr0

oxwlrqdu| jdph wkhru| khosv |rx wr glvwlqjxlvk ehwzhhq wkhvh wzr fdvhv/ exw lv

hvshfldoo| khosixo zkhq wkhuh duh qrqolqhdulwlhv lq wkh sd|r� dqg2ru vwuxfwxudo

fkdqjhv lq wkh sd|r�v/ vr wkdw d elixufdwlrq wr d qhz htxloleulxp vwuxfwxuh

hphujhv1

Htxloleulxp frqfhsw dqg hpslulfdo whvwlqj

Uhfdoo wkdw dq hyroxwlrqdu| htxloleulxp lv d olplw srlqw lq wkh hyroxwlrqdu|

surfhvv dqg wkdw hyroxwlrqdu| htxloleuld duh d vxevhw ri wkh Qdvk htxloleuld1

D uhohydqw lvvxh lq wklv uhvshfw lv zkdw htxloleulxp frqfhsw lv prvw xvhixo lq

dssolfdwlrqv1 Vr/ krz fdq srvvleoh hpslulfdo uhvxowv eh pdgh dffhvvleoh iru wkh

wkhruhwlfdo prghoB Hyroxwlrqdu| htxloleuld vhhp d shuihfw qrwlrq wr irfxv rq

zkhq wkh wkhruhwlfdo prgho vkrxog eh pdgh vxlwdeoh iru hpslulfdo whvwlqj1 Wkdw

lv/ hyroxwlrqdu| htxloleuld vhuyh dv edvlf suhglfwlrqv iru revhuydeohv +Iulhgpdq/

4<<4/ s1984,1 Ru dv Iulhgpdq +4<<;/ s15:, vwdwhv= cEhkdylru lv prvw hdvlo|

revhuyhg zkhq lw kdv vhwwohg grzq/ l1h1/ zkhq wkh vwdwh uhpdlqv qhdu d �{hg

srlqw1 Li wkh g|qdplf lv qrw wrr voxjjlvk ru qrlv|/ wkhq prvw ri wkh wlph wkh

vwdwh vkrxog eh qhdu dq dwwudfwru1 Vrph wkhruhwlfdo olwhudwxuh hpskdvl}hv olplw

f|fohv dqg hyhq pruh frpsoh{ dwwudfwruv fdoohg fkdrwlf ru vwudqjh dwwudfwruv

exw wkh fruuhvsrqglqj ehkdylru zloo eh gl!fxow ru lpsrvvleoh wr revhuyh lq prvw

dssolfdwlrqv> wkhq/ wkh xvdeoh hpslulfdo hylghqfh zloo jhqhudoo| frph iurp vwdwhv

qhdu dq hyroxwlrqdu| htxloleulxp1*

Htxloleulxp h{lvwhqfh

Deryh zh kdyh dujxhg wkdw dq hyroxwlrqdu| prgho frxog khos lq vhohfwlqj htxl0

oleuld lq fdvh ri h{lvwhqfh ri pxowlsoh htxloleuld1 Dw wkh vdph wlph/ wklv dgydq0

wdjh dovr eulqjv d gudzedfn1 Zkhq rxw ri d vhw ri Qdvk htxloleuld vrph htxl0

oleuld duh vhohfwhg dqg fkdudfwhul}hg dv hlwkhu dq hyroxwlrqdu| vwdeoh vwudwhj|

ru hyroxwlrqdu| htxloleulxp/ lw pljkw eh wkdw wkh| gr qrw h{lvw1 Wkh mxvwl�0

fdwlrq iru xvlqj dq hyroxwlrqdu| iudphzrun wkhq jhwv vrphzkdw fuxpeohg1 Li

wkh htxloleulxp grhv qrw h{lvw/ zk| erwkhu xvlqj dq hyroxwlrqdu| prghoB Rqh

fdq vrphkrz e|sdvv wkh revwdfoh e| ghwhuplqlqj wkh h{lvwhqfh ri dq htxlole0

ulxp sulru wr dsso|lqj hyroxwlrqdu| whfkqltxhv1 Iru h{dpsoh/ wkh lqgxvwuldo

rujdql}dwlrq olwhudwxuh kdv suryhq wkh h{lvwhqfh ri dq lqwhulru Qdvk htxloleulxp

iru Frxuqrw pdunhwv +h1j1 Ylyhv/ 4<<<,1 Wkhq/ e| dsso|lqj hyroxwlrqdu| whfk0
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qltxhv/ wkh fkdqfh ri qrqh{lvwhqfh ri wkh srvvleoh hyroxwlrqdu| htxloleulxp lv

lpsolflwo| uhgxfhg1

519 Dssolfdwlrq wr wkh Frxuqrw pdunhw dqg gli0

ixvlrq

Wklv vhfwlrq h{dplqhv krz wr rewdlq dq roljrsrolvwlf prgho zlwk doo wkh hyrox0

wlrqdu| jdph hohphqwv lq dffrugdqfh zlwk gh�qlwlrq 7 dv jlyhq lq vhfwlrq 5171

Zh gr vr e| hvshfldoo| dgguhvvlqj lw lq d txdolwdwlyh zd|/ l1h1/ wkh lqwxlwlyh

udwlrqdoh ehklqg wkh irupdo prghoolqj zloo eh hpskdvl}hg1 Zkhq hyhu|wklqj

kdv ehhq pdgh fohdu lq wklv vhqvh/ zh fdq vwhs iruzdug wr wkh txdqwlwdwlyh

prghoolqj dvshfwv lq fkdswhu 9 pruh gluhfwo|1

Uhfdoo iurp gh�qlwlrq 7 +vhfwlrq 517, wkdw wkhuh duh wkuhh pdlq hohphqwv

zklfk glvwlqjxlvk hyroxwlrqdu| jdphv iurp rwkhu jdph fodvvl�fdwlrqv/ yl}1 prqr0

wrqlflw|/ lqhuwld dqg Jdph Djdlqvw Qdwxuh1 Ixuwkhupruh/ wkh wkhvlv vxemhfw lv

wkh gl�xvlrq ri dq dgydqfhg srooxwlrq dedwhphqw whfkqrorj| wkurxjk wkh lp0

sdfw lw kdv rq wkh sulfhv dqg frvwv ri �upv zkr vhoo wkhlu surgxfwv rq dq

lpshuihfw frpshwlwlyh pdunhw1 Wkh txhvwlrqv duh= zklfk irufhv gulyh wkh gli0

ixvlrq surfhvv ri wkh fohdq whfkqrorj|/ zkhwkhu wkhuh lv d gl�xvlrq htxloleulxp

dqg zkhwkhu wkh fohdq whfkqrorj| zloo furzg rxw wkh gluw| whfkqrorj|1 Vlqfh

wkh wkuhh hyroxwlrqdu| jdph hohphqwv kdyh ehhq h{dplqhg pruh jhqhudoo| lq

vhfwlrq 517/ wkh fxuuhqw vhfwlrq hoderudwhv v|vwhpdwlfdoo| rq wkh hohphqwv lq

uhodwlrq wr d Frxuqrw surgxfw pdunhw dqg wkh whfkqrorjlfdo gl�xvlrq lvvxh1

Iluvw prqrwrqlflw|1 Vwudwhjlhv wkdw gr zhoo kdyh d whqghqf| wr jurz dqg

uhsodfh wkh vwudwhjlhv wkdw gr zruvh1 Zh qrz nqrz wkdw prqrwrqlflw| lv qdu0

urzo| frqqhfwhg wr wkh qrwlrq ri frpsdwlelolw|/ l1h1/ d zd| ri h{suhvvlqj wkh

uhodwlrqvkls ehwzhhq wkh sd|r� ixqfwlrq dqg wkh gluhfwlrq ri fkdqjh lq wkh

srsxodwlrq iudfwlrqv uhjduglqj wkh vsuhdglqj ri vwudwhjlhv1 Vr wr dffrpsolvk

vxfk d uhodwlrqvkls zh qhhg wzr wklqjv= d sd|r� ixqfwlrq dqg wkh g|qdplfv

jryhuqlqj wkh vzlwfklqj g|qdplfv ehwzhhq vwudwhjlhv1 Lq hfrqrplf dssolfdwlrqv

sodxvleoh vshfl�fdwlrqv ri sd|r� ixqfwlrqv duh lq whupv ri h1j1 xwlolw|/ sur�wv ru

zhdowk1 Lq rxu prgho wkh gl�huhqfh lq sur�wv ehwzhhq �upv xvlqj wkh gluw| dqg

fohdq whfkqrorj| frxog eh d vxlwdeoh sd|r� fulwhulrq1 Ehiruh zh jr wr dqdo|}h

vxfk d prghoolqj vhwxs lq ghswk lq fkdswhuv 9 wr </ zh zloo qrz �uvw jlyh d eulhi

txdolwdwlyh  dyru ri wkh hvvhqwldo ihdwxuhv1

Lq rxu fdvh/ wkhuh lv d vlqjoh srsxodwlrq ri �upv wkdw dfw lq d surgxfw pdu0

nhw dqg hdfk �up fdq fkrrvh ehwzhhq wzr sxuh vwudwhjlhv= wr dgrsw d vwdqgdug
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+gluw|, whfkqrorj| ru wr dgrsw d srooxwlrq dedwhphqw +fohdq, whfkqrorj|1 Jlyhq

wkh fxuuhqw glvwulexwlrq ri whfkqrorjlhv dfurvv wkh lqgxvwu|/ wkh fkrlfh dqg lp0

sohphqwdwlrq ri wkh fohdq whfkqrorj| |lhogv d fhuwdlq ohyho ri vkruw0uxq sur�wv/

zklfk lv hlwkhu kljkhu ru orzhu wkdq zkhq xvlqj wkh gluw| whfkqrorj|1 Wkh gli0

ihuhqfh lq vkruw0uxq sur�wv ehwzhhq �upv hpsor|lqj wkh fohdq whfkqrorj| dqg

�upv surgxflqj wkhlu surgxfwv zlwk wkh gluw| whfkqrorj|/ frxog vhuyh dv dq lq0

fhqwlyh iru whfkqrorj| vzlwfklqj1 Wkh vljql�fdqfh ri vkruw0uxq gl�huhqwldov +ru

vkruw0uxq htxloleuld, dv d ghylfh iru fkdqjlqj ehkdylru dqg vxevhtxhqw orqj0uxq

htxloleulxp h�hfwv/ zdv douhdg| qrwhg durxqg wkh 4;:3v e| Ohrq Zdoudv1 Pruh

uhfhqw dssolfdwlrqv lq zklfk vwudwhj| vzlwfklqj lv edvhg rq vkruw0uxq sur�w gli0

ihuhqwldov/ dqg zklfk duh dovr ri lqwhuhvw iru wkh fxuuhqw glvvhuwdwlrq vxemhfw/

duh h1j1 Vrqqhqvfkhlq +4<;5, dqg Iulhgpdq dqg Ixqj +4<<9,1 Ixuwkhupruh/ wkh

vkruw0uxq sur�w gl�huhqwldo dv wkh wkhruhwlfdo edvlv iru wkh g|qdplfv ri gl�xvlrq

lv d orjlfdo rqh vlqfh erwk wkhru| dqg hpslulfv vkrz wkdw dffuxlqj sur�wv lv rqh

ri wkh pdlq gulyhuv iru whfkqrorj| dgrswlrq +fi1 Dghrwl/ 5334,1

Zkhq wdonlqj derxw wkh glvwulexwlrq ri whfkqrorjlfdo uhjlphv dfurvv wkh srs0

xodwlrq ri �upv/ rqh hqfrxqwhuv wkh hohphqw ri iuhtxhqf|0ghshqghqf|1 Dv �upv

vzlwfk iurp rqh whfkqrorj| wr dqrwkhu/ dqg/ iru h{dpsoh/ pruh dqg pruh �upv

dgrsw wkh fohdq whfkqrorj|/ wklv lqvwdqwdqhrxvo| dgmxvwv wkh vkruw0uxq sur�w

ohyhov ri wkh whfkqrorjlfdo prghv1 Wklv lv wkh iuhtxhqf| ghshqghqw uhodwlrqvkls

lq wklv fdvh1 Vr/ wkh surfhvv ri dgmxvwphqw/ l1h1/ whfkqrorj| fkrlfh edvhg rq

wkh vkruw0uxq sur�w gl�huhqwldo ri wkh wzr prghv/ ghshqgv rq wkh iudfwlrqv ri

wkh srsxodwlrq wkdw hpsor| hdfk ri wkh wzr whfkqrorjlfdo prghv1 Wkh surfhvv

frphv wr d kdow zkhq wkh vkruw0uxq sur�w gl�huhqwldo lv }hur> wkh sur�wv iru

hyhu| whfkqrorj| prgh duh htxdo jlyhq wkh vwdwh ri wkh v|vwhp/ l1h1/ glvwulex0

wlrq ri whfkqrorjlhv dfurvv wkh lqgxvwu|1 Wkhq/ wkh lqfhqwlyh lv jrqh wr vzlwfk

dprqj whfkqrorjlhv dqg wkh v|vwhp lv lq d vwhdg| vwdwh1 Vr/ prqrwrqlflw| dqg

frpsdwlelolw| duh lqwurgxfhg lq rxu prgho e| pdnlqj wkh gluhfwlrq ri whfkqro0

rj| fkdqjh frqwlqjhqw rq wkh sur�w gl�huhqwldo/ vshfli|lqj lw dv d prqrwrqlf

ixqfwlrqdo uhodwlrqvkls1

Vhfrqg/ lqhuwld1 Wkh dgmxvwphqw surfhvv/ uhsuhvhqwlqj wkh ghjuhh ri whfk0

qrorj| gl�xvlrq/ uhvhpeohv g|qdplfv dw d srsxodwlrq zlgh ohyho1 Lw vkrxog

lqwxlwlyho| eh fohdu wkdw whfkqrorj| gl�xvlrq lv d qdwxudo zd| iru dwwdfklqj wr

wkh lqhuwld hohphqw/ l1h1/ slyrwdo lq wkh gl�xvlrq ri whfkqrorj| lv wlph dqg wkh

frpprq ihdwxuhv ri gl�xvlrq duh voxjjlvkqhvv dqg judgxdolvp +h1j1 Nduvkhqdv

dqg Vwrqhpdq/ 4<<8,1 Wr dyrlg frqixvlrq/ wkh vxjjhvwhg iudphzrun h{klelwv d

judgxdo fkdqjh dw wkh lqgxvwu| ohyho ri gl�xvlrq lq whupv ri �upv dgrswlqj rqh

whfkqrorjlfdo prgh dqg wkxv ghwdfk wkh rwkhu dqg ylfh yhuvd1 Wkh hqwu|2h{lw
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phfkdqlvp dfwv zlwklq wkh srsxodwlrq1 Rqh frxog dovr lpdjlqh dq dgglwlrqdo

hqwu|2h{lw phfkdqlvp wkdw lq wkh �uvw vwdjh rshudwhv rxwvlgh wkh lqgxvwu|1 Wklv

phdqv wkdw wkh srsxodwlrq ri �upv lq wkh lqgxvwu| lv qrw �{hg dv lq rxu fdvh/

exw wkdw srwhqwldo hqwudqwv fdq lqfuhdvh wkh srsxodwlrq vl}h/ khqfh pdnlqj wkh

lqgxvwu| vl}h hqgrjhqrxv1 Krzhyhu/ zh gr qrw h{soruh vxfk dq h{whqvlrq iru

wzr uhdvrqv1 Iluvw/ wkhuh lv dq hpslulfdo mxvwl�fdwlrq1 Euhvqdkdq dqg Uhlvv

+4<<4, hpslulfdoo| vkrz wkdw wkh frpshwlwlyh h�hfwv ri hqwhulqj �upv duh qhj0

oljleoh lq frqfhqwudwhg pdunhwv1 Vlqfh rxu pdunhw ri lpshuihfw frpshwlwlrq lv

d frqfhqwudwhg rqh/ zh wkhuhiruh gr qrw lqfrusrudwh dq hqwu|2h{lw phfkdqlvp1

Krzhyhu/ doorzlqj hqwu|2h{lw pd| eh d qlfh h{whqvlrq iurp d wkhruhwlfdo srlqw

ri ylhz1 Vhfrqg/ gxh wr wkh qrqolqhdu vwuxfwxuh ehwzhhq wkh sd|r�v +suri0

lwv, dqg gl�xvlrq/ lw lv lpsrvvleoh wr ghulyh wkh orqj0uxq htxloleulxp ghjuhh ri

gl�xvlrq +dqg khqfh wkh htxloleulxp qxpehu ri �upv, dqdo|wlfdoo|1

Wkh �qdo hohphqw lv wkh JDQ frqglwlrq vwdwlqj wkdw sod|hu*v gr qrw wu| wr

dowhu wkh rssrqhqwv* ixwxuh ehkdylru v|vwhpdwlfdoo|1 Dffruglqj wr Iulhgpdq

+4<<;,/ wkh frqglwlrq frxog uhihu wr hlwkhu sulfh wdnlqj ru p|rslf ehkdylru ri

wkh hfrqrplf dfwruv1 Lq rxu fdvh wkh iruphu dujxphqw lv qrw mxvwl�hg vlqfh

zh h{solflwo| ghdo zlwk lpshuihfwo| frpshwlwlyh pdunhwv dqg/ e| gh�qlwlrq/ wkh

�upv wkdw sod| rq vxfk pdunhwv gr qrw dfw dv sulfh wdnhuv1 Vxevhtxhqwo|/ lq

rughu wr pdlqwdlq d frpsohwh hyroxwlrqdu| jdph vwuxfwxuh/ wkh prgho fdq rqo|

phhw wkh JDQ uhtxluhphqw e| dvvxplqj wkdw wkh sod|huv ehkdyh p|rslfdoo| lq

wkhlu whfkqrorj| dgrswlrq ghflvlrq1

Ehkdylqj p|rslfdoo| lpsolhv irfxvlqj rq wkh vkruw0uxq1 Deryh zh dujxhg

wkdw vkruw0uxq sur�wv duh dq dghtxdwh edvlv iru wkh whfkqrorj| vzlwfklqj jdph1

Lq wklv uhjdug wkh JDQ uhtxluhphqw lv hdvlo| phw1 Lq pdnlqj wkh ghflvlrq

zkhwkhu ru qrw wr dgrsw d whfkqrorj|/ wkh �up grhv qrw frqvlghu krz klv

+qrq,dgrswlrq ghflvlrq pljkw d�hfw wkh dgrswlrq ghflvlrq ri frpshwlqj �upv1

Krz wkh vhw ri vwudwhjlhv ryhu wlph zloo hyroyh ryhu wlph lv vlpso| wkh surgxfw

ri p|rslf vwudwhj| fkrlfhv ri wkh �upv1 Ehvlghv wklv/ dq dgglwlrqdo srvvlelolw|

h{lvwv iru phhwlqj wkh JDQ frqglwlrq lq Frxuqrw pdunhwv1 Ixghqehuj dqg

Ohylqh +4<<;, vkrz wkdw lq d Frxuqrw pdunhw wkh dwwhpsw ru lqfhqwlyh wr

lq xhqfh wkh ixwxuh sod| ri wkh rwkhu pdunhw sduwlflsdqwv lv idluo| vpdoo dqg fdq

eh frqvlghuhg dv qhjoljleoh1 Pdlq uhdvrq iru wklv lv wkdw wkh c^11` prgho lpsolflwo|

uholhv rq d frpelqdwlrq ri orfn0lq ru lqhuwld dqg lpsdwlhqfh wr h{sodlq zk|

sod|huv gr qrw wu| wr lq xhqfh wkh ixwxuh sod| ri wkhlu rssrqhqw* +Ixghqehuj

dqg Ohylqh/ 4<<;/ s1;,1

Wklv frqfoxghv wkh eulhi rxwolqh ri wkh irupdo olqndjh ehwzhhq wkh dssolhg

hfrqrplf prgho dqg hyroxwlrqdu| jdph wkhru|1 Ehiruh surfhhglqj zlwk whfk0
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qrorjlfdo gl�xvlrq prghov/ frpsohwlrq ri wkh fxuuhqw fkdswhu rffxuv e| pdnlqj

vrph frqfoxglqj uhpdunv1

51: Frqfoxglqj uhpdunv

Dowkrxjk hyroxwlrqdu| ylhzv kdyh lqvsluhg d qxpehu ri hfrqrplvwv iurp wkh

hduo| ehjlqqlqjv ri hfrqrplfv dv d glvflsolqh/ wkh irupdo iudphzrun ri hyrox0

wlrqdu| jdph wkhru| kdv ehhq ghyhorshg e| elrorjlvwv iurp wkh hduo| 4<:3v rq1

Hfrqrplvwv uhfrjql}hg idluo| vrrq wkdw wkhlu phwkrgrorj| frxog eh iuxlwixoo|

dssolhg wr hfrqrplf txhvwlrqv/ wkxv surylglqj d g|qdplf vxssohphqw wr vwdwlf

qhrfodvvlfdo dqdo|vlv1

Wkh edvlf frqfhswv iurp hyroxwlrqdu| jdphv lq elrorj| kdyh wkhlu frxq0

whusduwv lq hfrqrplfv1 D srsxodwlrq fdq frqvlvw ri frpshwlqj �upv sod|lqj

gl�huhqw vwudwhjlhv wkdw fdq |lhog d kljkhu ru orzhu sd|r�/ ghshqglqj rq wkh

�wqhvv ri wkh vwudwhjlhv dqg wkh vkduhv ri �upv sod|lqj wkh glvwlqfw vwudwhjlhv1

Wkh edvlf hyroxwlrqdu| lghd lv wkhq wkdw vwudwhjlhv zlwk kljk sur�wv furzg rxw

vwudwhjlhv zklfk |lhog orzhu sur�wv/ hlwkhu wkurxjk holplqdwlrq ri �upv ru lpl0

wdwlrq ri vxffhvvixo vwudwhjlhv1 Vxfk dq dgmxvwphqw surfhvv +vhohfwlrq g|qdplf,

pljkw ohdg wr dq hyroxwlrqdu| htxloleulxp/ zklfk frlqflghv zlwk wkh +vwdwlf,

Qdvk htxloleulxp1

D vwulnlqj sdudooho ehwzhhq wkh elrorjlfdo dqg hfrqrplf yhuvlrqv ri jdph

wkhru| lv wkdw +vwdwlf, rswlpdo rxwfrphv uhvxow iurp d vhohfwlrq phfkdqlvp/

pdnlqj wkh �wwhvw fdwhjru| vxuylyh £ 1 Lq frqwudvw/ wkh hfrqrplf jdphv duh

sod|hg rq d pxfk vkruwhu wlphvfdoh wkdq wkh elrorjlfdo hyroxwlrqdu| jdphv1

Wkh pdmru frqwulexwlrq ri hyroxwlrqdu| jdph wkhru| wr hfrqrplfv olhv lq

wkh �uvw sodfh lq d vxshulru/ pruh jhqhudo prghoolqj ri dgmxvwphqw surfhvvhv

dqg lq wkh glvfxvvlrq ri wkh vwdelolw| ri wkh dwwdlqhg htxloleuld1 Wkh htxloleuld

suhglfwhg e| wkh hyroxwlrqdu| prgho duh vxlwdeoh iru hpslulfdo whvwlqj vlqfh lw

lv prvw olnho| wkdw wkh hpslulfdo hylghqfh frphv iurp vwdwhv qhdu hyroxwlrqdu|

htxloleuld1
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