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4 Lqwurgxfwlrq

Lq wkh odvw ghfdgh wkhuh kdv ehhq dq lqfuhdvlqj lqwhuhvw wrzdugv khdowk dqg vdihw|
dw zrun lvvxhv1 Ghhs fkdqjhv lq wkh vwuxfwxuh dqg ixqfwlrqlqj ri oderxu pdunhw
dqg zlghvsuhdg dssolfdwlrq ri qhz whfkqrorjlhv wr zrun surfhvvhv kdyh lqgxfhg
jryhuqphqwv wr frqvlghu wkhvh lvvxhv dv vwudwhjlf lq wkhlu vrfldo dqg hfrqrplf
srolflhv1 Dovr dprqj �upv/ dw ohdvw dprqj wkrvh zlwk orqjhu wlph krul}rqv/
wkhuh kdv ehhq lqfuhdvlqj frqfhuq derxw wkh lpsruwdqfh ri d khdowk| zrunirufh
e| frqvlghulqj dv vwudwhjlf wkrvh �upv* srolflhv dlplqj dw uhwdlqlqj wkhlu ehvw
zrunhuv1 Exloglqj xs d vdihu zrunlqj hqylurqphqw fdq dvvxuh d �up lq wkh
ixwxuh lpsuryhg surgxfwlylw| dqg orzhu orvvhv gxh wr d uhgxfwlrq lq idwdolwlhv
dqg glvhdvh/ gdpdjh/ devhqwhhlvp dqg wxuqryhu1 Iurp wkhlu vlgh/ zrunhuv jlyh
lqfuhdvlqj lpsruwdqfh wr zrunlqj frqglwlrqv dqg wkh zrunlqj hqylurqphqw1 Wklv
qhz vfhqdulr/ zkhuh rffxsdwlrqdo khdowk dqg vdihw| dw zrun lv vhhq wr kdyh
d nh| uroh iru wkh jurzwk2ghyhorsphqw ri hfrqrplf v|vwhpv/ lv wkh vwduwlqj
srlqw ri wklv sdshu1 Iurp Dgdp Vplwk lq klv Zhdowk ri Qdwlrqv^54`+s14440445,
rzqzdugv/ rffxsdwlrqdo vdihw| dqg khdowk lvvxhv fdq xvxdoo| eh irxqg lq wkh
hfrqrplf olwhudwxuh derxw frpshqvdwlqj zdjh gl�huhqwldov4/ zklfk fdq eh vhhq dv
wkh pdunhw phfkdqlvp frpshqvdwlqj wkh zrunhu iru wkh ulvnv eruqh dw zrun1 Iru
d sur�w0pd{lpl}lqj �up frpshqvdwlqj zdjh gl�huhqwldov vkrxog eh wuhdwhg dv d
frvw zkhq ghflglqj krz pxfk wr lqyhvw lq khdowk dqg vdihw| dqg pruh lq jhqhudo lq
wkh zrunlqj hqylurqphqw lq rughu wr kdyh d kljkhu ohyho ri vdihw| dqg khdowk51 Lq d
jhqhudo htxloleulxp frqwh{w zh zloo rshqo| prgho d surgxfwlrq ixqfwlrq zkhuh wkh
zrunlqj hqylurqphqw lv wuhdwhg dv d idfwru ri surgxfwlrq wrjhwkhu zlwk kxpdq dqg
sk|vlfdo fdslwdo1 Wklv k|srwkhvlv lv edvhg rq Ylvfxvl^55`^56` dqg Grupdq^9`/ zkr
kdyh riwhq wuhdwhg vdihw|/ khdowk dqg zrunlqj frqglwlrqv dv surgxfwlrq lqsxwv=
dffruglqj wr Ylvfxvl wkh hqwhusulvh*v surgxfwlrq ri dq rxwsxw zloo ghshqg rq
erwk wkh vl}h ri zrunirufh dqg wkh vdihw| ohyhov/ hdfk lqsxw kdylqj d srvlwlyh dqg
glplqlvklqj pdujlqdo surgxfwlylw|1 Kljkhu ohyhov ri khdowk dqg vdihw|/ lq rwkhu
zrugv ehwwhu zrunlqj frqglwlrqv/ lqfuhdvh rxwsxw e| glplqlvklqj wkh glvuxswlyh
h�hfwv ri lqmxulhv dqg e| lqfuhdvlqj wkh vwdelolw| ri zrunirufh e| uhgxflqj zrunhuv*
txlwwlqj1 Lq wklv sdshu zh zloo dgg wkdw ehwwhu zrunlqj frqglwlrqv zloo lpsuryh
zrunhuv* hgxfdwlrqdo ohyho dqg wkhlu lqfolqdwlrq wr lqyhvw lq kxpdq fdslwdo dv zhoo
dv hqwuhsuhqhxuv* zloolqjqhvv wr lqyhvw lq sk|vlfdo fdslwdo1

Rxu pdlq sxusrvh lv wr dqdo|vh wkh lqwhudfwlrq ehwzhhq wkh yduldeohv xqghu
d �up*v frqwuro vxfk dv sk|vlfdo fdslwdo dqg wkh zrunlqj hqylurqphqw dqg wkrvh
xqghu d zrunhu*v frqwuro/ wkdw lv kxpdq fdslwdo 1 Lq wklv sdshu zh zloo vkrz wkdw
wkhuh duh lqfuhdvlqj uhwxuqv qrw rqo| lq kxpdq dqg sk|vlfdo fdslwdo/ exw dovr lq wkh
ohyho ri wkh zrunlqj hqylurqphqw> dv d frqvhtxhqfh/ d juhdwhu zrunhuv* lqyhvwphqw
lq kxpdq fdslwdo zloo kdyh d srvlwlyh lpsdfw rq hqwuhsuhqhxuv* lqyhvwphqw lq erwk

4Vhh Urvhq^53`/ s1 97409<51
5Vhh Erumdv^7`+fk144,/ Grupdq^9`1
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sk|vlfdo fdslwdo dqg wkh zrunlqj hqylurqphqw1 Reylrxvo|/ wkh vdph dujxphqw
zloo qdwxudoo| dsso| wr dq lqlwldoo| juhdwhu hqwuhsuhqhxuv* lqyhvwphqw1 Wklv uhvxow
lv rewdlqhg e| xvlqj wkh wkhruhwlfdo prgho e| Dfhprjox^4`^5`1 Wkhvh lqfuhdvlqj
uhwxuqv/ gh�qhg dv vrfldo ru shfxqldu|/ duh qrw ghulyhg iurp sduwlfxodu dvvxpswlrqv
pdgh rq wkh surgxfwlrq surfhvv/ exw ghshqg rq wkh ixqfwlrqlqj ri d oderxu pdunhw
fkdudfwhul}hg e| d frvwo| vhdufk dfwlylw| dqg d pdwfklqj whfkqrorj| ixqfwlrq/
zkhuh wkh zrunhuv* edujdqlqj srzhu lv vljql�fdqw lq d�hfwlqj wkh rxwfrph ri wkh
prgho1

Wkh sdshu lv rujdql}hg dv iroorzv= lq vhfwlrq 5 d ihz idfwv frqfhuqlqj wkh
lpsruwdqfh ri zrunlqj frqglwlrqv duh h{srvhg> vhfwlrq 6 ghvfulehv wkh edvlf
hqylurqphqw dqg wkh Zdoudvldq doorfdwlrq> vhfwlrq 7 lv ghyrwhg wr suhvhqwlqj
d jhqhudo htxloleulxp prgho zlwk udqgrp pdwfklqj/ �uvw zlwkrxw dqg wkhq zlwk
xqhpsor|phqw> lq vhfwlrq 8 d qxphulfdo h{dpsoh lv suhvhqwhg1 Wkh �qdo vhfwlrq
frqwdlqv vrph frqfoxglqj uhpdunv dqg srvvleoh vxjjhvwlrqv iru ixuwkhu uhvhdufk1

5 Ihz Idfwv derxw Zrunlqj Hqylurqphqw

Lq 4<:3 lq wkh X1V1 wkh Rffxsdwlrqdo Vdihw| dqg Khdowk +RVK, Dfw zdv lqwurgxfhg>
lw xqghuolqhv wkdw vdih dqg khdowk| zrunsodfhv ehqh�w qrw rqo| zrunhuv exw dovr
hpsor|huv dqg vrflhw| dw odujh1 Diwhu wkh fuhdwlrq ri wkh Rffxsdwlrqdo Vdihw|
dqg Khdowk Dgplqlvwudwlrq +RVKD, zlwklq wkh Ghsduwphqw ri Oderu/ lq wkh X1V1
wkhuh zdv d pdunhg ghfolqh lq wkh udwh ri zrunsodfh idwdolwlhv iurp 5<+shu 433/333
zrunhuv, lq 4<7; wr 4; lq 4<:3 dqg �qdoo| wr : lq 4<<51 Qrzdgd|v wkh idwdolw| ulvn
lv pruh frqfhqwudwhg lq vpdoo �upv +3 43 hpsor|hhv, dqg lq fhuwdlq lqgxvwulhv
dqg mrev +khdowkfduh zrunhuv/ mrev vxfk dv irxqgu| zrun/ plqlqj/ vwrqhfxwwlqj/
frdo plqlqj/ zrunlqj lq vkls|dugv dqg irrg surfhvvlqj,1 Ghvslwh wklv pdunhg
uhgxfwlrq lq wkh udwh ri zrunsodfh idwdolwlhv/ dssur{lpdwho| 83/333 zrunhuv vwloo
glh hyhu| |hdu gxh wr rffxsdwlrqdo glvhdvhv/ zklfk kdyh d udwkhu orqj odwhqf|
shulrg/ iuhtxhqwo| odvwlqj ghfdghv1

Uhjdugohvv ri wkh lqgxvwu|/ w|sh ri rffxsdwlrq ru �up*v vl}h/ wkh lqwurgxfwlrq
ri qhz whfkqrorjlhv surgxfhv fkdqjhv erwk lq zrun dqg lq zrun sudfwlfhv/ fdxvlqj
wkh hphujhqfh ri qhz ulvnv1 Dowkrxjk prghuq frrolqj dqg yhqwlodwlrq v|vwhpv/
iru h{dpsoh/ doorz iru frpiruwdeoh zrunlqj frqglwlrqv lq forvhg r!fh exloglqjv/
wkh| frxog fuhdwh sureohpv lq whupv ri dlu txdolw| +h1j1 Ohjlrqqdluh*v glvhdvh/
sdvvlyh wredffr vprnh,1 Ixuwkhupruh/ dv zrun hqylurqphqwv fkdqjh dqg qhz
whfkqrorjlhv hphujh/ wkhuh duh qhz kd}dugv wr eh frqvlghuhg1 Lq wklv frqwh{w
wkh uroh ri doo wkh lqvwlwxwlrqv +jryhuqphqw/ hpsor|huv/ zrunhuv/ xqlrqv/ hwf1, lv
wr dgguhvv zrunsodfh frqglwlrqv edvhg rq qhz whfkqrorjlhv/ wkdw pd| hqgdqjhu
zrunhuv* vdihw| dqg khdowk lq rughu wr frqwlqxh wkh lpsuryhphqwv pdgh lq wkh
uhfhqw sdvw lq RVK1

Wkh lpsruwdfh ri vdihw| dqg khdowk dw zrun kdv ehhq uhfhqwo| uhfrjql}hg dovr
dw wkh Hxurshdq ohyho1 Lq 4<<7 wkh Hxurshdq Djhqf| iru Vdihw| dqg Khdowk dw
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zrun zdv hvwdeolvkhg e| Frxqflo Uhjxodwlrq qr153951 Dffruglqj wr wklv Uhjxodwlrq/
wkh dlp ri wkh Djhqf| lv wr hqfrxudjh lpsuryhphqwv lq wkh zrunlqj hqylurqphqw
e| froohfwlqj dqg glvvhplqdwlqj lq wkh HXPhpehu Vwdwhv whfkqlfdo/ vflhqwl�f dqg
hfrqrplf lqirupdwlrq uhodwhg wr RVK1 Vlqfh lw vwduwhg lwv zrun lq 4<<9/ wkh �uvw
wdvn xqghuwdnhq e| wkh Djhqf| kdv ehhq wkh frpslodwlrq ri gdwd rq RVK srolf|
lq d uhsruw sxeolvkhg lq 4<<;^<`/ iroorzhg lq 5333 e| dq xsgdwhg uhsruw^45`1

Wkh �uvw Uhsruw frqwdlqv vxppdulhv ri qdwlrqdo uhvhdufk sulrulwlhv dqg vwudwh0
jlhv lq rughu wr lpsuryh RVK1 Dv uhjdugv vwudwhjlhv/ lq Hxurshdq Phpehu Vwdwhv/
ohjlvodwlrq dqg hqirufhphqw kdyh ehhq wkh wudglwlrqdo lqvwuxphqwv iru lpsurylqj
wkh ohyho ri RVK lq doo Phpehu Vwdwhv1 Lq dgglwlrq wr ohjdo reoljdwlrqv/ vhyhudo
irupv ri �qdqfldo lqfhqwlyhv kdyh ehhq vshfl�hg= gl�huhqwldwlrq ri suhplxpv iru
lqvxulqj djdlqvw rffxsdwlrqdo dfflghqwv dqg glvhdvhv> sxeolf vxevlglhv iru uhvhdufk
dqg whfkqrorjlfdo ghyhorsphqw> wd{ ehqh�wv iru frpsdqlhv lqyhvwlqj lq vdihw|
dqg khdowk dw zrun> vxevlglhv lq rughu wr dvvhvv wkh RVK vlwxdwlrq dw frpsdq|
ohyho1 D idluo| qhz lqvwuxphqw iru lpsurylqj RVK kdv ehhq wkh fhuwl�fdwlrq ri
surgxfwv dqg vhuylfhv lq wkh khdowk duhd dorqjvlgh wkh pruh wudglwlrqdo xvh ri
wklv lqvwuxphqw lq wkh vdihw| duhd1 Wudlqlqj lq RVK lv xqghuwdnhq lq doo Phpehu
Vwdwhv dqg lv d yhu| lpsruwdqw dqg h�hfwlyh wrro iru suhyhqwlrq1 Iru h{dpsoh/
wkhuh duh lqglfdwlrqv wkdw zrunhuv zkr ehqh�w ohdvw iurp wudlqlqj +h1j1 whpsrudu|
zrunhuv/ krph zrunhuv, uxq wkh juhdwhvw ulvn ri dfflghqwv1

Dv idu sulrulwlhv duh frqfhuqhg/ lw lv srvvleoh wr rxwolqh wkuhh w|shv ri duhdv
zklfk HX Phpehu Vwdwhv kdyh sdlg dwwhqwlrq wr lq wkh sdvw/ dqg zklfk wkh| zloo
irfxv xsrq lq wkh ixwxuh=

d, Fdwhjrulhv ri ulvn djhqwv= lq wkh sdvw sduwlfxodu dwwhqwlrq zdv ghyrwhg wr
ulvnv lq wkh duhdv ri fkhplfdo djhqwv +dvehvwrv,/ sk|vlfdo djhqwv +qrlvh, dqg vdihw|
+pdfklqh vdihw|,> lq sduwlfxodu/ wkh ulvn fdwhjrulhv frqvlghuhg wr eh vljql�fdqw lq
wkh ixwxuh duh fkhplfdo djhqwv +fduflqrjhqv,/ vdihw| +pdfklqh vdihw|, dqg sv|fkr0
vrfldo lvvxhv +vwuhvv dw zrun,>

e, Fdwhjrulhv ri zrunhuv dw ulvn= lq wkh sdvw |rxqj zrunhuv uhfhlyhg sduwlfxodu
dwwhqwlrq> lq wkh ixwxuh wkh| zloo uhfhlyh juhdwhu dwwhqwlrq wrjhwkhu zlwk rwkhu
fdwhjrulhv ri zrunhuv zklfk duh h{shfwhg wr kdyh dq lqfuhdvlqj zhljkw lq wkh
oderxu pdunhw/ vxfk dv djhlqj zrunhuv/ dw|slfdo zrunhuv +krphzrunhuv/ whohzrunhuv,
dqg vhoi0hpsor|hg>

f, hfrqrplf dfwlylwlhv dw ulvn= gxulqj wkh odvw ghfdgh djulfxowxuh dqg uhodwhg
vhfwruv/ wkh fkhplfdo lqgxvwu|/ wkh phwdo lqgxvwu| dqg frqvwuxfwlrq/ kdyh uhfhlyhg
sduwlfxodu dwwhqwlrq1 Lq wkh ixwxuh/ lqwhuhvw zloo irfxv rq frqfhqwudwhg rq frqvwuxfwlrq/
frpphufldo2wudqvsruw2vhuylfh dqg hgxfdwlrq/ khdowk +hvs1 krvslwdov, dqg sxeolf
vhfwruv1

Wkh sulrulwlhv rxwolqhg deryh vwhpphg iurp wkh vljql�fdqw fkdqjhv rffxuulqj
lq wkh odvw ghfdgh lq wkh hfrqrplf vwuxfwxuh ri wkh HX Phpehu Vwdwhv zklfk kdg
vrph h�hfwv rq zrunsodfhv1 Wkh| fdq eh vxppdul}hg dv iroorzv=

4, fkdqjhv lq wkh ghprjudsk| ri wkh oderxu pdunhw +djhlqj ri wkh zrunirufh/
lqfuhdvlqj ihpdoh sduwlflsdwlrq udwh/ lqfuhdvlqj oderxu pdunhw  h{lelolw|,>
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5, fkdqjhv lq wkh qdwxuh ri hfrqrplf dfwlylwlhv +lqfuhdvlqj qxpehu ri vpdoo
vl}hg �upv/ wkh glplqlvkhg lpsruwdqfh ri djulfxowxuh/ pdqxidfwxuh dqg sxeolf
vhfwruv/ wkh jurzwk ri wkh vhuylfh vhfwru/ wkh joredol}dwlrq ri wudgh/ fkdqjhv lq
pdqdjhphqw sudfwlfhv dsso|lqj pruh rxwvrxuflqj dqg grzqvl}lqj,>

6, fkdqjhv lq wkh qdwxuh ri zrun +lqfuhdvlqj xvdjh ri frpsxwhuv dqg whohfrppx0
qlfdwlrqv/ wkh jurzwk ri whohfrppxwlqj/ wkh dxwrpdwlrq ri zrun surfhvv dqg wkh
lqfuhdvhg nqrzohgjh frqwhqw ri zrun,>

7, fkdqjhv lq wklqnlqj rq khdowk +lqfuhdvlqj lpsruwdqfh ri suhyhqwlyh vwudwhjlhv/
irfxv rq jhqhudo khdowk dqg zhoo0ehlqj/ wkh jurzlqj lpsruwdqfh ri vwuhvv,>

8, hphujhqfh ri zrunsodfh uhodwhg lvvxhv +qhz kd}dugv dw zrun/ hpskdvlv rq
khdowk udwkhu wkdq vdihw|,1

Wkh hphujhqfh ri wkhvh fkdqjhv fkdoohqjhv dovr wkh wudglwlrqdo uroh ri ohjlvodwlrq
dqg hqirufhphqw lq lpsurylqj wkh ohyho ri RVK lq doo wkh HX Phpehu Vwdwhv1
Fodvvlf lqglfdwruv iru wkh ohyho ri RVK/ vxfk dv dfflghqwv dqg glvhdvhv/ kdyh vkrzq
d vxevwdqwldo ghfuhdvh ryhu wkh |hduv/ exw lq d fkdqjlqj frqwh{w/ wkh| fdq orvh
wkhlu vljql�fdqfh1 Wklv pd| rffxu ehfdxvh fkdqjhv lq zrun0uhodwhg whfkqrorjlhv/
lq wkh oderxu pdunhw dqg lq wkh qdwxuh ri zrun surgxfh qhz khdowk ulvnv dqg
qhz jurxsv dw ulvn1 Wkh vljql�fdqw fkdqjhv lq wkh whfkqrorjlhv ehlqj xvhg lq wkh
zrunsodfh +hvshfldoo| pdfklqhu|,/ iru h{dpsoh/ zloo uhgxfh wkh pdqxdo vnloo ohyhov
qhfhvvdu| wr gr wkh mre/ zloo uhgxfh vdihw| kd}dugv dw zrun dqg zloo dxjphqw wkh
nqrzohgjh frqwhqw ri wkh zrun1 Oderxu pdunhw fkdqjhv lqvwhdg zloo surgxfh d
qhz vhw ri jurxsv dw ulvn+vkliwzrunhuv/ dw|slfdo zrunhuv dqg roghu zrunhuv,/ zklfk
lv h{shfwhg wr ulvh lq wkh qxpehu ri shrsoh lqfoxghg lq lw1 Ilqdoo|/ fkdqjhv lq wkh
qdwxuh ri zrun lwvhoi zloo lqfuhdvh wkh zrun sdfh/ suredeo| ohdglqj wr lqfuhdvhg
ohyhov ri rffxsdwlrqdo vwuhvv/ dqg zloo lqfuhdvh wkh nqrzohgjh frqwhqw ri pdq|
w|shv ri mrev/ ohdglqj rqfh djdlq wr suredeoh lqfuhdvhg vwuhvv iru zrunhuv1

Dv uhjdugv wkh ixwxuh uroh ri ohjlvodwlrq dqg hqirufhphqw/ wkhuh lv d frpprq
eholhi wkdw wkh| zloo frqwlqxh wr eh lpsruwdqw wrrov lq vhwwlqj ohyhov ri surwhfwlrq
djdlqvw vdihw| dqg khdowk kd}dugv dw zrun/ exw/ dv douhdg| vwdwhg deryh qhz wrrov/
vxfk dv �qdqfldo lqfhqwlyhv/ wudlqlqj/ fhuwl�fdwlrq ri wkh surgxfw dqg vhuylfh
txdolw| lq uhodwlrq wr rffxsdwlrqdo vdihw| dqg khdowk/ kdyh ehhq lqwurgxfhg wr
frpsohphqw lw1 Pruhryhu/ zkloh dw �uvw wkh irfxv ri ohjlvodwlrq zdv prvwo| rq
vdihw| lvvxhv/ odwhu wkh fkdqjlqj frqwh{w irufhg wkh dwwhqwlrq pruh rq khdowk0
uhodwhg lvvxhv1 Lq uhfhqw |hduv/ vrfldo dqg rujdql}dwlrqdo pdwwhuv kdyh ehhq
lqwurgxfhg wkurxjk ohjlvodwlrq lq rughu wr lghqwli| dqg phdvxuh wkh hfrqrplf
frvwv ri rffxsdwlrqdo lqmxulhv dqg glvhdvhv dqg dovr wr hydoxdwh wkh h�hfwlyhqhvv
ri uhjxodwlrq1 Khqfh wkh qhfhvvdu| olqn ehwzhhq hfrqrplf dqdo|vlv/ sxeolf srolf|
dqg RVK fohduo| hphujhv1

D jhqhudo dlp ri hfrqrplf dqdo|vlv ri RVK lv wr pdnh erwk �upv dqg jryhuqphqwv
pruh uhvsrqvleoh e| phdvxulqj wkh hfrqrplf frvwv ri rffxsdwlrqdo lqmxulhv dqg
glvhdvhv= rq wkh rqh kdqg/ �upv whqg wr xqghuhvwlpdwh wkh uhdo gdpdjh fdxvhg wr
wkhlu shuirupdqfh e| zrunhu loo0khdowk> rq wkh rwkhu/ jryhuqphqwv pd| qrw uhdol}h
wkh lpsdfw wkdw RVK sureohpv kdyh rq hfrqrplf ghyhorsphqw dqg jurzwk1 Dv
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uhjdugv �upv/ lw lv d sulqflsoh ri khdowk dqg vdihw| pdqdjhphqw wkdw wkh juhdw
pdmrulw| ri dfflghqwv dqg glvhdvhv duh gxh wr zrunlqj frqglwlrqv/ qrw wr wkh
shuirupdqfh ri zrun> wkxv/ hyhq kljko| gdqjhurxv frqglwlrqv frxog eh uhjdughg
dv vdih li zrun zhuh dozd|v shuiruphg zlwk shuihfw dwwhqwlrq dqg suhflvlrq1 Exw
wkh dlp ri RVK pdqdjhphqw lv wr pdnh wkh mre frpsdwleoh zlwk wkh fdsdflwlhv
ri wkh zrunirufh> vr wkh RVK srolf| zlwklq �upv vkrxog vhw wkh remhfwlyh ri
zklfk surgxfwlrq phwkrgv wr xvh/ wkhlu lpsohphqwdwlrq dqg wkh lpsruwdqfh ri
vdihw| dqg khdowk lvvxhv1 E| lpsurylqj wkh �up*v nqrzohgjh ri wkh frvwv gxh
wr dfflghqwv dqg glvhdvhv dqg wkurxjk juhdwhu lqwhuqdol}dwlrq ri wkhvh frvwv qrz
eruqh e| vrflhw|/ wkhuh duh jdlqv wr eh pdgh dw hdfk vwdjh lq rughu wr forvh wkh
jds ehwzhhq wkh vrfldo dqg �up rswlpdo ohyhov ri vdihw|61

Zlwk uhjdug wr jryhuqphqwv/ lw lv zruwk xqghuolqlqj wkdw RVK uhjxodwlrq kdv
d nh| uroh lq hfrqrplf ghyhorsphqw2jurzwk1 D ehwwhu zrunlqj hqylurqphqw +d
kljkhu ohyho ri RVK, surgxfhv vhyhudo ehqh�wv dw �up ohyho/ hyhq li lw lv gl!fxow
wr dvvhvv wkhp= lpsuryhg khdowk/ uhgxfhg idwdolwlhv dqg lqmxulhv/ uhgxfhg gdpdjh/
uhgxfhg surgxfwlrq orvvhv/ lqfuhdvhg surgxfwlylw|1

Dw d jhqhudo ohyho wkhuh duh wzr uhdvrqv zk| hpsor|huv pljkw �qg kljkhu
RVK vwdqgdugv lq wkhlu orqj0whup lqwhuhvw1 Wkh �uvw lv wkh uhodwlrqvkls ehwzhhq
surgxfwlylw| dqg zrunlqj frqglwlrqv1 Wkhuh lv d srvlwlyh fruuhodwlrq ehwzhhq
fhuwdlq phdvxuhv ri vdihw| dqg d frxqwu|*v ohyho ri ghyhorsphqw2jurzwk1 D
frxqwu|*v hfrqrplf dlp vkrxog eh ghyhorsphqw2jurzwk> ehwwhu zrunlqj frqgl0
wlrqv vkrxog frph odwhu1 Exw lw lv hdv| wr lpdjlqh wkdw wklv uhodwlrqvkls frxog jr
wkh rwkhu zd| urxqg/ wkdw lv iurp zrunlqj frqglwlrqv wr surgxfwlylw|1 Lq hyhu|
ghyhorshg frxqwu|/ wkhuh kdyh ehhq/ lq wkh sdvw/ shulrgv lq zklfk hpsor|huv zhuh
reoljhg wr lpsuryh zrunlqj frqglwlrqv/ vhdufklqj iru ehwwhu dqg pruh h!flhqw
vroxwlrqv/ dqg jdlqlqj iurp wkhp lq whupv ri surgxfwlylw|1 Wkh vhfrqg uhdvrq
lv wkdw/ xqghu wkh suhvvxuh ri pdunhw frpshwlwlrq/ �upv zrxog eh whpswhg wr
xqghufxw vdihw| lq rughu wr dfklhyh frpshwlwlyh dgydqwdjh1 Wkh uhvxow frxog eh
wkh sulvrqhu*v glohppd sdudgr{/ zlwk qr �up kdylqj dq| frpshwlwlyh dgydqwdjh
exw orz ohyhov ri vdihw| dqg khdowk dw zrun1 Dq hfrqrp|0zlgh v|vwhp ri RVK
uhjxodwlrq frxog ohdg doo wkh �upv wrzdugv d Sduhwr0h!flhqw vlwxdwlrq zlwk qrqh
ri wkh hqwuhsuhqhxuv kdylqj dq| frpshwlwlyh dgydqwdjh exw d kljk ohyho ri vdihw|
dqg khdowk dw zrun1

Ilupv zklfk gr qrw xqghuhvwlpdwh wkh lpsruwdqfh ri khdowk dqg vdihw| dw
zrun/ dqg lqfuhdvh wkh ohyho ri lw/ kdyh dv wkhlu pdlq dlp d ehwwhu xvh ri kxpdq
uhvrxufhv lq wkh ixwxuh/ dv zhoo dv pruh h!flhqw dqg ehwwhu frqwuroohg surgxfwlrq
phwkrgv1 Li wkhuh lv qr RVK uhjxodwlrq/ vhyhuh pdunhw frpshwlwlrq jlyhv vkruw0
whup dgydqwdjhv wr �upv wkdw gr qrw dwwhqg wr wkh khdowk dqg vdihw| ri wkhlu
zrunhuv/ ohdglqj wkh hfrqrp| wr d orzhu ohyho ri ghyhorsphqw2jurzwk1 Lq wklv

6Ghjuhh ri pdunhw frpshwlwlrq/ xqhpsor|phqw/ dqg wudqvihu dqg vrfldo lqvxudqfh surjudpv
duh idfwruv zklfk fdq lqfuhdvh wkh h{whqw wr zklfk lw lv vrflhw| dqg qrw hpsor|hu zkr sd|v iru
wkh frvwv ri rffxsdwlrqdo idwdolwlhv/ lqmxulhv dqg glvhdvhv1
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uhvshfw/ RVK uhjxodwlrq grhv qrw iroorz ghyhorsphqw2jurzwk/ exw lw lv d frqglwlrq
iru lw1

Uhfhqwo|/ dw wkh HX ohyho/ wkh frvwv ri rffxsdwlrqdo dqg khdowk glvhdvh kdyh
ehhq hvwlpdwhg lq shufhqwdjh ri JQS/ dqg �jxuhv/ uhsruwhg lq Wdeoh 47/ kdyh
lqgxfhg HX jryhuqphqwv wr dgrsw vwudwhjlhv lq rughu wr uhgxfh wkhlu lpsdfw rq
jurzwk1

Wdeoh 41

vi@h �L�?|h) IB��
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bD �i*}��4 2��
b2 #i?4@h! 2�.
be 6�?*@?_ ��H
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BhiiUi ����
bS Whi*@?_ f�e
bS W|@*) ��2
bS w� i4ML�h} ���� 2�D
bD �i|�ih*@?_t 2�S
bD �Lh|�}@* f�e
bD 5T@�? �
bD 5�i_i? �� e
bf Nk ���

Vrxufh= Hxurshdq Djhqf| iru Vdihw|
dqg Khdowk dw Zrun ^43`/ s158

Wkh vhfrqg dlp ri hfrqrplf dqdo|vlv riRVK lv uhodwhg wr wkh vxffhvv ri
sxeolf srolf|1 Wkh ghhshu wkh xqghuvwdqglqj ri wkh phfkdqlvpv frqqhfwlqj wkh
ixqfwlrqlqj ri �upv dqg pdunhwv dqg wkh w|shv ri RVK sureohpv wkdw dulvh/ wkh
kljkhu lv wkh suredelolw| wkdw d sxeolf srolf| lv vxffhvvixo1 Iru h{dpsoh/ zk|
duh zrunlqj frqglwlrqv ehwwhu lq vrph vhfwruv ru uhjlrqv wkdq lq rwkhuv/ dqg
zk| duh sduwlfxodu jurxsv ri zrunhuv dw juhdwhu ulvn wkdq rwkhuvB Lw kdv ehhq
revhuyhg wkdw doo jurxsv zlwk orzhu vrflrhfrqrplf vwdwxv kdyh/ rq dyhudjh/ pruh
gdqjhurxv zrunlqj frqglwlrqv1 Wkxv/ edvhg rq wkh X1V1 h{shulhqfh/ udfldo dqg
hwkqlf plqrulwlhv kdyh kljkhu dfflghqw udwhv +Orrplv hw do1 ^49`/ Urelqvrq ^4<`, dv
gr lppljudqwv +Eroolql dqg Vlhqq^6`, dqg zrunhuv zlwk ohvv irupdo hgxfdwlrq ^4:`1

7Vrxufh= Hxurshdq Djhqf| iru Vdihw| dqg Khdowk dw Zrun+4<<<,0 Hfrqrplf Lpsdfw ri
Rffxsdwlrqdo Vdihw| dqg Khdowk dw zrun lq wkh HX Phpehu Vwdwhv/ s1581
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Lqghhg/ wkh nh| whvw ri wklv uhodwlrqvkls lv olnho| wr eh lqfrph lwvhoi dqg wkhuh lv
hylghqfh surylqj wkdw orz lqfrph lv dvvrfldwhg zlwk kljkhu ulvn +Urelqvrq^4<`,1
Wkxv lw lv xqghuolqhg wkdw wkh glvwulexwlrq ri ulvn lv d�hfwhg e| lqhtxlw|= wkrvh
zkr vx�hu wkh prvw iurp srru zrunlqj frqglwlrqv duh dovr wkh prvw olnho| wr
vx�hu iurp rwkhu vrfldo dqg hfrqrplf frvwv1 Wkhuh lv d klgghq hfrqrplf udwlrqdoh
ehklqg wklv hylghqfh= wkh w|shv ri mrev fuhdwhg/ dqg wkh glvwulexwlrq ri wkrvh mrev
dprqj zrunhuv/ duh wkh uhvxow ri fkrlfhv pdgh e| �upv/ zrunhuv dqg jryhuqphqwv
lq rughu wr sxuvxh wkhlu hfrqrplf remhfwlyhv1 Wkxv wkhuh duh hfrqrplf irufhv dw
zrun li wkhuh lv d joredo wuhqg wrzdugv pruh suhfdulrxv ru lqirupdo hpsor|phqw/
zklfk uhsuhvhqwv dq revwdfoh wr wkh lpsuryhphqw ri wkh RVK frqglwlrqv dqg
zruvhqv wkh frqglwlrqv ri wkrvh zrunhuv douhdg| h{srvhg wr wklv xqhtxdo glvwulexwlrq
ri ulvn1 Lq wklv frqwh{w/ wkh pdlq wdvn ri hfrqrplf dqdo|vlv lv wr xqghuvwdqg wkh
hfrqrplf irufhv dw zrun lq rughu wr vxjjhvw wkh surshu srolf| phdvxuhv1

Lw lv zruwk xqghuolqlqj dq dvshfw ri wkh ghedwh derxw wkh lpsruwdqfh ri
zrunlqj frqglwlrqv1 Dv vwdwhg deryh/ �upv ehqh�w iurp jrrg zrunlqj frqglwlrqv/
exw wkh| uhvxow iurp d fkrlfh derxw wkh surgxfwlrq vwudwhj|/ lqyroylqj surgxfwv/
surgxfwlrq phwkrgv/ zrun rujdql}dwlrq dqg pdfklqhv1 Wkh frvw ri lqmxu| dqg
glvhdvh ghshqgv rq wkh h{whqw wr zklfk zrunhuv duh vhhq dv hfrqrplf dvvhwv
dqg wklv ghshqgv rq wkh wlph krul}rqv frqvlghuhg e| d �up1 Li wkh �up lv
lqwhuhvwhg lq wkh txdolw| ri lwv zrunirufh/ d zdjh suhplxp frxog eh sdlg wr
dwwudfw wkh kljkhvw txdolw| dssolfdqw srro dqg wr uhwdlq lwv ehvw zrunhuv1 Pruh
jhqhudoo|/ wkh prvw uholdeoh srolflhv iru lpsurylqj wkh zrunlqj hqylurqphqw uho|
rq hpsor|phqw uhodwlrqv rulhqwhg wrzdugv zrunhuv= d mrlqw vdihw| frpplwwhh/
h�hfwlyh frppxqlfdwlrq wkurxjk wkh rujdql}dwlrq dqg fduhixo dwwhqwlrq wr wkh
fkdudfwhulvwlf ri wkh zrun surfhvv dv uhjdugv shuirupdqfh1 D zrun surfhvv fdq eh
pdgh vdihu ru khdowklhu wkurxjk dgglwlrqv dqg prgl�fdwlrqv/ vxfk dv vxevwlwxwh
pdwhuldov/ yhqwlodwlrq v|vwhpv/ h{wud vdihjxdugv dwwdfkhg wr pdfklqhu|/ d pruh
prghudwh zrun sdfh/ hwf1

D kljkhu ohyho ri RVK vwdqgdugv zlwklq d �up kdv vljql�fdqw hfrqrplf lpsdfwv
rq shuirupdqfh= lpsuryhg khdowk/ uhgxfhg idwdolwlhv dqg lqmxulhv/ uhgxfhg gdpdjh/
uhgxfhg surgxfwlrq orvvhv/ lqfuhdvhg surgxfwlylw|/ uhgxfhg devhqwhhlvp dqg wxuqryhu1

Dv d uhvxow/ wkh �up lv nhhq wr lpsuryh wkh zrunlqj hqylurqphqw lq rughu
wr dwwudfw wkh ehvw zrunhuv/ zkloh wkh zrunhuv kdyh lqfhqwlyhv wr dffxpxodwh
kxpdq fdslwdo lq rughu wr hqg xs zrunlqj iru d �up zlwk d kljk ohyho ri RVK1
Wklv uhflsurfdo lqwhuhvw lv iuxlwixo iru vrflhw|/ zklfk frxog kdyh erwk �upv zlwk d
jrrg zrunlqj hqylurqphqw dqg d zrunirufh zlwk d kljk hgxfdwlrqdo ohyho1 Lq wkh
iroorzlqj vhfwlrq/ zh suhvhqw d prgho zkhuh wkh uhflsurfdo lqwhudfwlrq ehwzhhq
kxpdq fdslwdo dqg wkh zrunlqj hqylurqphqw/ jlylqj ulvh wr vrfldo lqfuhdvlqj
uhwxuqv/ lv irupdoo| ghvfulehg1
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6 Wkh edvlf prgho dqg wkh Zdoudvldq doorfdwlrq

Dv lq Dfhprjox ^4`^5` dqg Fduloor 0 Ylqfl ^8`/ zh zloo edvh rxu dqdo|vlv rq d vlpsoh
Qrq0Ryhuodsslqj Jhqhudwlrq Prgho/ zkhuh hdfk jhqhudwlrq lv dvvxphg wr frqvlvw
ri d frqwlqxxp ri zrunhuv dqg �upv qrupdol}hg wr rqh1 Wkh olih ri hdfk djhqw
frqvlvwv ri wzr sduwv1 Lq wkh �uvw/ zrunhuv fkrrvh wkhlu lqyhvwphqwv lq kxpdq
fdslwdo/ dqg hqwuhsuhqhxuv ghflgh krz pxfk wr lqyhvw lq rughu wr lqfuhdvh wkh
sk|vlfdo fdslwdo dqg lpsuryh wkh zrunlqj hqylurqphqw> lq wkh vhfrqg/ surgxfwlrq
wdnhv sodfh lq wkh irup ri d sduwqhuvkls ri rqh zrunhu dqg rqh �up1 Dw wkh
hqg ri wkh shulrg zh dvvxph wkdw djhqwv frqvxph doo wkhlu dvvhwv/ ohdylqj qr
ehtxhvwv/dqg wkhq glh1 Zrunhuv/ lq wkhlu lqyhvwphqw ghflvlrqv/ frqvlghu wkh
vwrfn ri kxpdq fdslwdo douhdg| suhvhqw lq wkh hfrqrp|> e| wkh vdph wrnhq/
hqwuhsuhqhxuv frqvlghu wkh wrwdo h{lvwlqj dprxqw ri sk|vlfdo fdslwdo dqg wkh
dydlodeoh zrunlqj hqylurqphqw1 Zh srvwxodwh d surgxfwlrq ixqfwlrq dvvxphg
wr eh frqvwdqw uhwxuqv wr vfdoh zklfk wdnhv wkh iroorzlqj irup=

+��c| ' ��k�c|&
q
�c|r

E�3k3q�
�c| zlwk f 	 kc q 	 �c +4,

zkhuh ��c| lv wkh kxpdq fdslwdo ohyho ri wkh ��|� zrunhu/ dqg &�c| dqg r�c| duh
uhvshfwlyho| wkh sk|vlfdo fdslwdo ohyho dqg wkh zrunlqj hqylurqphqw hqgrzphqw ri
wkh ��|� hqwuhsuhqhxu ri wkh | jhqhudwlrq> � lv d srvlwlyh sdudphwhu uhsuhvhqwlqj
wkh whfkqrorj| ohyho ri wkh hfrqrp|1

Wkh xwlolw| ixqfwlrq ri wkh ��|� zrunhu ri wkh | jhqhudwlrq lv jlyhq e|=

L�c| ' ��c| �
w�E� n ,�c|��n�

� n �
M�c|3� +5,

zkhuh ��c| lv wkh frqvxpswlrq ohyho/ ,�c| wkh kxpdq fdslwdo lqyhvwphqw dqg � d
srvlwlyh sdudphwhu> w� phdvxuhv wkh uhodwlyh glvxwlolw| ri kxpdq fdslwdo dftxlvlwlrq
iru wkh zrunhu/ dqg M|3�lv wkh vwrfn ri kxpdq fdslwdo ri wkh hfrqrp| lqkhulwhg
iurp wkh suhylrxv jhqhudwlrq zklfk lv gh�qhg dv iroorzv=

M|3� '

] �

f

��c|3�_� +6,

Wkh kxpdq fdslwdo ri wkh ��|� zrunhu lv jlyhq e| wkh iroorzlqj htxdwlrq=

;



��c| ' E�� B�E� n ,�c|�M�c|3� +7,

dffruglqj wr zklfk zrunhuv uhfhlyh wkh vwrfn ri kxpdq fdslwdo ri wkh hfrqrp|
e| lqkhulwdqfh iurp wkh suhylrxv jhqhudwlrq1 Pruhryhu/ dffruglqj wr htxdwlrq
+7, zh srvwxodwh kxpdq fdslwdo ghsuhfldwlrq dw udwh B li qr zrunhu lqyhvwv lq
kxpdq fdslwdo1 Wkh xwlolw| ixqfwlrq +htxdwlrq +5,, kdv wr eh pd{lpl}hg vxemhfw
wr htxdwlrq +7,/ dqg wr wkh iroorzlqj exgjhw frqvwudlqw=

��c| � `�c| ' �|��c| +8,

zkhuh `�c| lv wkh zdjh ohyho hduqhg e| hdfk zrunhu/ dqg �| wkh kxpdq fdslwdo
uhpxqhudwlrq shu xqlw1

Hqwuhsuhqhxuv kdyh wr lqyhvw lq sk|vlfdo fdslwdo dqg lpsuryh wkh zrunlqj
hqylurqphqw lq rughu wr pd{lpl}h wkh h{shfwhg sur�wv jlyhq e| wkh iroorzlqj
h{suhvvlrq=

���c| ' +��c| � �|��c| � >r�c| � o&�c| +9,

zkhuh r�c| dqg &�c| duh wkh ohyho ri zrunlqj frqglwlrqv dqg sk|vlfdo fdslwdo/
zkloh > dqg o/ dvvxphg wr eh frqvwdqw dqg h{rjhqrxv/ phdvxuh uhvshfwlyho| wkh
shu xqlw zrunlqj frqglwlrq frvw dqg wkh udwh ri uhwxuq wr sk|vlfdo fdslwdo1 Iurp
htxdwlrq +9, lw hphujhv wkdw wkh surgxfw sulfh lv dvvxphg wr eh htxdo wr rqh1
Wkh sk|vlfdo fdslwdo dqg wkh zrunlqj frqglwlrqv ixqfwlrqv duh uhvshfwlyho| jlyhq
e|=

&�c| ' E�� B�E� n6�c|�g�c|3� +:,

r�c| ' E� � B�E� n e�c|�7�c|3� +;,
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zklfk kdyh d vlplodu h{sodqdwlrq frpsduhg wr htxdwlrq +7,= hqwuhsuhqhxuv
lqkhulw iurp wkh suhylrxv jhqhudwlrq wkh vwrfn ri sk|vlfdo fdslwdo g�c|3� dqg
wkh zrunlqj frqglwlrqv hqgrzphqw 7�c|3� ri wkh hfrqrp|1 Rqfh djdlq/ sk|vlfdo
fdslwdo dqg zrunlqj frqglwlrqv ghsuhfldwh dw udwh B 8li qr zrunhu lqyhvwv/ dqg6�c|

dqg e�c| phdvxuh uhvshfwlyho| hqwuhsuhqhxuv* sk|vlfdo fdslwdo lqyhvwphqwv/ dqg
lqyhvwphqwv pdgh lq rughu wr lpsuryh wkh zrunlqj frqglwlrqv ri wkh �up1 Wkh
vwrfn ri sk|vlfdo fdslwdo dqg wkh dydlodeoh zrunlqj hqylurqphqw dw wlph |� � duh
vlploduo| gh�qhg dv iroorzv=

g|3� '
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f

&�c|3�_� +<,

7|3� '
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r�c|3�_� +43,

Lq rughu wr frpsohwh wkh ghvfulswlrq ri wklv frpshwlwlyh hfrqrplf v|vwhp/ dv
vxjjhvwhg lq Dfhprjox^4`^5` zh uhfdoo wkdw lq d iulfwlrqohvv Zdoudvldq hfrqrp|
wkhuh lv dq dxfwlrqhhu zkr fdoov rxw zdjhv dqg rwkhu lqsxwv* udwhv ri uhwxuqv
ixqfwlrqdoo| uhodwhg qrw rqo| wr kxpdq dqg sk|vlfdo fdslwdo/ exw dovr wr zrunlqj
frqglwlrqv> dv d frqvhtxhqfh/ wudgh zloo vwrs zkhq doo pdunhwv fohdu1 Lq vxfk d
frqwh{w/ wkh Zdoudvldq htxloleulxp zloo eh uhdfkhg/ iru d jlyhq glvwulexwlrq ri
lqyhvwphqwv/ li dqg rqo| li wkh zrunhuv doorfdwlrq wr hqwuhsuhqhxuv/ dqg doo wkh
udwhv ri uhwxuq duh lq htxloleulxp/ dqg li wkh h{0dqwh lqyhvwphqw ghflvlrqv duh
sulydwho| rswlpdo1 Lq d Zdoudvldq hfrqrp| hdfk zrunhu zloo eh hpsor|hg lq wkh
�up zkhuh kh +vkh, lv deoh wr uhdfk wkh kljkhvw ohyho ri pdujlqdo surgxfwlylw|1
Frqvhtxhqwo|/ jlyhq wkh k|srwkhvlv ri frpsohphqwdulw| dprqj lqsxwv/ zrunhuv
zlwk wkh kljkhvw kxpdq fdslwdo zloo eh pdwfkhg zlwk �upv zlwk wkh kljkhvw
sk|vlfdo fdslwdo ohyho zkhuh ehwwhu zrunlqj frqglwlrqv duh wkh uxoh1 Lq dZdoudvldq
htxloleulxp wkh zdjh udwh/ wkh shu xqlw zrunlqj frqglwlrq frvw dqg wkh sk|vlfdo
fdslwdo udwh ri uhwxuq zloo eh jlyhq e|=
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+44,

8Iru vlpsolflw| zh dvvxph wkdw wkhuh lv wkh vdph ghsuhfldwlrq udwh � iru kxpdq dqg sk|vlfdo
fdslwdo/ dqg dovr iru zrunlqj frqglwlrqv1
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+46,

iurp zklfk lw lv srvvleoh wr ghulyh wkh wrwdo htxloleulxp lqfrph ri hdfk zrunhu
dv `| ' �|E��c|c &�|c r�c|���c|1

Vlqfh wkh uhsuhvhqwdwlyh zrunhu pd{lpl}hv klv +khu, xwlolw| ixqfwlrq +htxdwlrq
+5,, wkh kxpdq fdslwdo dffxpxodwlrq uxoh +htxdwlrq +7,, dqg wkh exgjhw frqvwudlqw
+htxdwlrq +8,,/ zh kdyh wkh iroorzlqj frqglwlrq=

�| '
w�E� n ,�|��

E� � B�
+47,

Frpelqlqj wkh odwwhu zlwk htxdwlrqv +44,/ +45, dqg +46,/ dqg wdnlqj lqwr
dffrxqw htxdwlrqv +7,/ +:, dqg +;,/ zh pd| ghulyh wkh iroorzlqj htxloleulxp ydoxhv
iru zrunhuv* lqyhvwphqwv lq kxpdq fdslwdo/ dqg iru hqwuhsuhqhxuv* lqyhvwphqwv
pdgh lq rughu wr lqfuhdvh sk|vlfdo fdslwdo dqg wr lpsuryh zrunlqj frqglwlrqv lq
wkh �upv=
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Sursrvlwlrq 4 1
d,Dvvxplqj wkdw w� ' w wkhuh lv d xqltxh Zdoudvldq htxloleulxp>
e,wkh deryh htxloleulxp lv Sduhwr0rswlpdo>
f,lq htxloleulxp hdfk zrunhu kdv d frqvwdqw kxpdq wr sk|vlfdo fdslwdo udwlr

dqg d frqvwdqw kxpdq fdslwdo wr zrunlqj hqylurqphqw udwlr/ dqg hdfk hqwuhsuhqhxu
kdv d frqvwdqw sk|vlfdo fdslwdo wr zrunlqj hqylurqphqw udwlr1

Dv iru doo wkh rwkhu pdlq uhvxowv lq zkdw iroorzv/ Sursrvlwlrq 4 zloo eh suryhg lq
wkh Dsshqgl{1 Wkh deryh htxloleulxp lv Sduhwr0h!flhqw vlqfh dq| vpdoo lqfuhdvh
lq wkh lqyhvwphqw ri doo djhqwv grhv qrw lpsuryh wkh zhoiduh ri dq| rwkhu vxemhfw
lq wkh hfrqrp|> vr wklv prgho grhv qrw h{klelw dq| vrfldo lqfuhdvlqj uhwxuq1

7 Htxloleulxp zlwk vhdufk lq wkh oderxu pdunhw1

714 Wkh fdvh ri udqgrp pdwfklqj dqg ixoo hpsor|phqw1

Lq wklv vxe0vhfwlrq zh frqvlghu wkh fdvh ri dq hfrqrp| fkdudfwhul}hg e| d oderxu
pdunhw iudphzrun zlwk d frvwo| vhdufk dfwlylw| dqg d pdwfklqj whfkqrorj| ixqfwlrq
dvvxphg wr eh udqgrp dqg frqvwdqw uhwxuq wr vfdoh lq erwk mre ydfdqflhv dqg
xqhpsor|hg zrunhuv1 Wkh udqgrpqhvv ri wkh pdwfklqj ixqfwlrq lv lq wkh vhqvh
wkdw hdfk zrunhu kdv dq htxdo suredelolw| ri phhwlqj dq hqwuhsuhqhxu/ dqg rqfh
d sduwqhuvkls kdv ehhq iruphg lw lv wrr frvwo| wr euhdn lw xs dqg �qg d qhz
sduwqhu iru hdfk djhqw1 Wklv dvvxpswlrq lpsolhv wkdw wkh udwhv ri uhwxuq ri
kxpdq fdslwdo/ sk|vlfdo fdslwdo dqg zrunlqj hqylurqphqw duh qr orqjhu htxdo wr
wkh uhvshfwlyh ydoxhv ri wkh pdujlqdo surgxfwlylw| dv lq wkh suhylrxv frpshwlwlyh
htxloleulxp1 Lw lv dovr dvvxphg wkdw hqwuhsuhqhxuv dqg zrunhuv pdwfk rqh wr
rqh> wkxv qr djhqw uhpdlqv xqhpsor|hg1 Dv lq Dfhprjox^4`^5`/ iroorzlqj wkh
vwdqgdug olwhudwxuh rq vhdufk prghov/ wrwdo zdjhv dqg hqwuhsuhqhxuv* lqfrphv
duh dvvxphg wr eh ghwhuplqhg e| d edujdlqlqj surfhvv zklfk ohdgv wr lqfrph
glvwulexwlrq uxohv dffruglqj wr zklfk wkh wrwdo rxwsxw +wkh vxusoxv iurp d pdwfk,
lv vkduhg ehwzhhq zrunhuv dqg hqwuhsuhqhxuv lq jlyhq frqvwdqw sursruwlrqv= K
dqg E��K� zkhuh K fdswxuhv zrunhuv* uhodwlyh edujdlqlqj vwuhqjwk1 Pruhryhu/ wkh
dvvxpswlrq ri udqgrp pdwfklqj kdv dqrwkhu lpsruwdqw lpsolfdwlrq= zrunhuv gr
qrw nqrz zkr wkhlu hpsor|huv zloo eh zkhq wkh| lqyhvw lq kxpdq fdslwdo/ dqg
vr wkhlu h{shfwhg zdjhv ghshqg rq wkh zkroh glvwulexwlrq ri sk|vlfdo fdslwdo dqg
zrunlqj hqylurqphqw dfurvv doo wkh hqwuhsuhqhxuv1 Lq d vlplodu zd|/ hqwuhsuhqhxuv*
lqfrphv zloo eh edvhg rq wkh wrwdo glvwulexwlrq ri kxpdq fdslwdo1 Wkhuhiruh wkh
h{shfwhg zdjh eloo ri wkh ��|� uhsuhvhqwdwlyh zrunhu/ dqg wkh h{shfwhg uhyhqxh ri
wkh ��|� hqwuhsuhqhxu E-�c|� zloo eh uhvshfwlyho| jlyhq e| =
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Dv lq wkh frpshwlwlyh prgho/ hdfk zrunhu pd{lpl}hv klv +khu, xwlolw| ixqfwlrq
jlyhq wkh kxpdq fdslwdo surgxfwlrq dqg wkh exgjhw frqvwudlqw1 E| vxevwlwxwlqj
htxdwlrqv +7,/ +8, dqg +4;, lq htxdwlrq +5, wkh xwlolw| pd{lpl}dwlrq sureohp ri
wkh uhsuhvhqwdwlyh zrunhu ri wkh jhqhudwlrq | pd| eh zulwwhq dv iroorzv=
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Iurp wkh i1r1f1 zh fdq hdvlo| ghulyh wkdw=
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Iurp htxdwlrqv +54, dqg +55, lw fdq eh hdvlo| vhhq wkdw erwk wkh dyhudjh
sk|vlfdo fdslwdo dqg wkh dyhudjh zrunlqj hqylurqphqw zlwklq d �up kdyh d �uvw
rughu lpsdfw h�hfw rq kxpdq fdslwdo lqyhvwphqw dqg frqvhtxhqwo| rq wkh kxpdq
fdslwdo ohyho ri |0jhqhudwlrq zrunhuv1 Dq lqfuhdvh lq wkh dyhudjh sk|vlfdo fdslwdo
dqg dq lpsuryhphqw lq zrunlqj frqglwlrqv zloo lqfuhdvh wkh kxpdq fdslwdo udwh
ri uhwxuq dqg wkh ghvluhg kxpdq fdslwdo ohyho1

Vlploduo| wr wkh Zdoudvldq doorfdwlrq/ hqwuhsuhqhxuv kdyh wr lqyhvw lq sk|vlfdo
fdslwdo dqg lpsuryh zrunlqj frqglwlrqv zlwklq wkh �upv lq rughu wr pd{lpl}h
wkhlu h{shfwhg sur�wv/ wkh odwwhu jlyhq e| wkh iroorzlqj htxdwlrq=

���c| ' -�c| � o&�c| � >r�c| +56,

zkhuh/ dv zh vwdwhg deryh/ -�c| lv wkh h{shfwhg uhyhqxh +htxdwlrq +4<,, dqg
o dqg > phdvxuh uhvshfwlyho| wkh shu xqlw zrunlqj frqglwlrq frvw dqg wkh udwh
ri uhwxuq wr sk|vlfdo fdslwdo1 Qrwh wkdw sur�wv dqg uhyhqxhv duh h{shfwhg ydoxhv
ehfdxvh ri udqgrpqhvv ri wkh pdwfklqj whfkqrorj| ixqfwlrq dqg vr hqwuhsuhqhxuv
gr qrw nqrz wkh kxpdq fdslwdo ohyho ri wkh zrunhuv wkdw wkh| duh jrlqj wr
phhw1 E| vxevwlwxwlqj htxdwlrq +4<, lq htxdwlrq +56,/ wkh i1r1f1 iurp wkh sur�wv
pd{lpl}dwlrq sureohp jlyhv xv wkh iroorzlqj rswlpdo uxohv=
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zklfk vkrz wkdw qrw rqo| duh wkh ydoxhv ri &�c| dqg r�c| lqfuhdvlqj ixqfwlrqv
ri wkh dyhudjh kxpdq fdslwdo/ exw wkh| duh dovr htxdo iru doo �upv vlqfh wkh
surgxfwlrq ixqfwlrq lv dvvxphg wr eh frqfdyh lq &�c| dqg r�c|1 E| vroylqj wkh
v|vwhp iruphg e| htxdwlrqv +55,/ +57, dqg +58,/ dqg wdnlqj lqwr dffrxqw htxdwlrqv
+54,/ +:, dqg +;, zh rewdlq wkh iroorzlqj htxloleulxp ydoxhv=
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dqg dovr=
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Iurp wkh deryh wkh iroorzlqj uhvxowv fdq eh vwdwhg=

Sursrvlwlrq 5 1
d, E| vxssrvlqj wkdw wkh pdwfklqj whfkqrorj| ixqfwlrq lv udqgrp/ dqg jlyhq

wkh deryh glvwulexwlrq uxoh/ wkh ghfhqwudol}hg vhdufk hfrqrp| kdv d xqltxh htxloleulxp
ydoxh>

e, wkh htxloleulxp lv Sduhwr lqh!flhqw dqg h{klelwv shfxqldu| lqfuhdvlqj uhwxuqv
lq wkh vhqvh wkdw d vpdoo lqfuhdvh lq doo djhqwv* lqyhvwphqwv zloo pdnh hyhu|rqh
ehwwhu r�>

f, zkhq d jurxs ri zrunhuv +hqwuhsuhqhxuv, lqfuhdvh wkhlu lqyhvwphqw/ hqwuhsuh0
qhxuv +zrunhuv, uhvsrqg wr lw/ dqg wkh htxloleulxp udwh ri uhwxuq ri doo rwkhu
zrunhuv +hqwuhsuhqhxuv, zloo lqfuhdvh1

Sursrvlwlrq 5 vwdwhv rqo| wkdw wkhuh lv d gl�huhqfh ehwzhhq wkh frpshwlwlyh
htxloleulxp ydoxhv dqg wkrvh ri d ghfhqwudol}hg vhdufk hfrqrp| +htxdwlrqv+59064,,
zlwk wkh odwwhu ehlqj lqh!flhqw lq wkh Sduhwr vhqvh1 Pruhryhu/ dv hvwdeolvkhg
dw srlqw e,/ wkh uhsodfhphqw ri wkh frpshwlwlyh doorfdwlrq e| d frvwo| vhdufk
dfwlylw| lq wkh uxqqlqj ri wkh oderxu pdunhw/ dqg wkh lqfrpsohwhqhvv ri frqwudfwv
zklfk qdwxudoo| dulvhv diwhu wklv vxevwlwxwlrq/ duh uhvsrqvleoh iru wkh suhvhqfh ri
vrfldo lqfuhdvlqj uhwxuqv lq kxpdq dqg sk|vlfdo fdslwdo dffxpxodwlrq/ dqg lq wkh
hqwuhsuhqhxuv* lqyhvwphqw pdgh lq rughu wr lpsuryh wkh zrunlqj frqglwlrqv zlwklq
wkh �upv1 Wklv lv wkh �uvw zd| lq zklfk vrfldo lqfuhdvlqj uhwxuqv rshudwh1 Srlqw
f,/ wkh odvw rqh/ vwdwhv wkdw d vwurqjhu irup ri vrfldo lqfuhdvlqj uhwxuqv rshudwhv lq
vxfk dq hfrqrp|1 Zkhq/ iru h{dpsoh/ d jurxs ri hqwuhsuhqhxuv ghflghv wr lqfuhdvh
wkhlu lqyhvwphqwv lq rughu wr lpsuryh wkh zrunlqj hqylurqphqw hqgrzphqw/
ru wkhlu lqyhvwphqw lq sk|vlfdo fdslwdo/ zrunhuv zloo fkrrvh dv d uhvsrqvh pruh
hgxfdwlrq/ dqg wkh udwh ri uhwxuq wr hqwuhsuhqhxuv zkr kdyh qrw lqyhvwhg +ru kdyh
lqyhvwhg ohvv, zloo dovr lqfuhdvh dv d uhvxow1 Reylrxvo| wkh uhyhuvh lv wuxh= zkhq
d jurxs ri zrunhuv ghflghv wr lqfuhdvh lqyhvwphqwv dqg �upv uhvsrqg wr lw/ wkh
kxpdq fdslwdo udwh ri uhwxuq ri wkh uhpdlqlqj zrunhuv lqfuhdvhv1 Wkhvh dvshfwv
duh vwulfwo| uhodwhg wr lpshuihfw pdwfklqj1

Ilqdoo|/ iroorzlqj Dfhprjox ^5`/ li zh frqvlghu wkh h{wuhph rssrvlwh fdvh/
h!flhqw pdwfklqj/ lq zklfk zrunhuv zlwk wkh kljkhvw kxpdq fdslwdo ohyho duh
doorfdwhg wr �upv zlwk wkh kljkhvw sk|vlfdo fdslwdo ohyho dqg zlwk wkh ehvw
zrunlqj frqglwlrqv/ wkh doorfdwlrq ri Sursrvlwlrq 5 zloo eh rqfh djdlq wkh xqltxh
htxloleulxp1 Hyhq lq wklv fdvh/ zrunhuv dqg hqwuhsuhqhxuv zloo fkrrvh lqh!flhqw
ohyhov ri lqyhvwphqw/ lq wkh vhqvh wkdw dq lqfuhdvh lq wkh odwwhu zloo pdnh hyhu|rqh
ehwwhu r�1 Vrfldo lqfuhdvlqj uhwxuqv ri wkh �uvw w|sh duh vwloo rshudwlqj1 Rq wkh
frqwudu| wkh vhfrqg nlqg ri vrfldo lqfuhdvlqj uhwxuqv +srlqw f, ri Sursrvlwlrq
5, glvdsshduv vlqfh/ lq h!flhqw pdwfklqj/ dq hqwuhsuhqhxu zkr kdv lqyhvwhg lq
sk|vlfdo fdslwdo/ ru wr lpsuryh wkh zrunlqj hqylurqphqw/ zloo qhyhu phhw d zrunhu
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zkr kdv qrw lqyhvwhg lq kxpdq fdslwdo91

715 Wkh fdvh zlwk xqhpsor|phqw1

Lq wklv vxe0vhfwlrq zh zloo uhod{ wkh dvvxpswlrq ri ixoo hpsor|phqw dqg pdnh
mre fuhdwlrq dqg xqhpsor|phqw hqgrjhqrxv lq wkh deryh iudphzrun1 Wklv zloo
lqwurgxfh d qxpehu ri qhz h�hfwv dqg qhz vrxufhv ri vwudwhjlf lqwhudfwlrqv1 Lq
rughu wr suhvhqw wkhvh qhz uhvxowv zh lqwurgxfh lq rxu prgho d ixuwkhu fkrlfh iru
hqwuhsuhqhxuv= zkhwkhu wr eh dfwlyh ru qrw1 Wkh frvw ri ehfrplqj dfwlyh iru hdfk
hqwuhsuhqhxu lv jlyhq e| wkh iroorzlqj=

�A| ' �A E.|�M|3� zlwk �A � : fc �A� : f dqg *�4
.|<�

�A| ' n4 +65,

zkhuh .| phdvxuhv dw wlph | wkh vkduh ri hqwuhsuhqhxuv zkr ghflgh wr eh dfwlyh1
Vlqfh lq wklv prgho �upv dqg zrunhuv duh qrupdol}hg wr rqh/ wkh sdudphwhu .|

lghqwl�hv wkh udwh ri hpsor|phqw lq wkh hfrqrp|/ dqg frqvhtxhqwo| E� � .|�
vwdqgv iru wkh xqhpsor|phqw udwh dqg dovr phdvxuhv wkh suredelolw| ri hdfk
zrunhu uhpdlqlqj xqhpsor|hg1 Dv lq Dfhprjox^4`/ zh kdyh dvvxphg wkdw wkh
frvw ri ehfrplqj surgxfwlyh ghshqgv xsrqM|3� vlqfh hqwuhsuhqhxuv/ olnh zrunhuv/
kdyh wr dftxluh lqirupdwlrq derxw vrflhw|*v vwrfn ri nqrzohgjh> ixuwkhupruh lw
lv gluhfwo| olqnhg wr wkh qxpehu ri hqwuhsuhqhxuv zkr kdyh ghflghg wr eh dfwlyh
dw wlph | vlqfh zh dvvxph wkdw wkh frqjhvwlrq ri wkh pdunhw lpsolhv d pxfk
juhdwhu frvw ri dftxlulqj lqirupdwlrq1 Lq wklv fdvh wkh kljkhu lv wkh qxpehu ri
mre ydfdqflhv dydlodeoh/ wkh orzhu zloo eh wkh suredelolw| ri �oolqj hdfk rqh1 Dv d
frqvhtxhqfh/ qrw doo wkh hqwuhsuhqhxuv ghflgh wr rshudwh lq wkh pdunhw dqg wkhuh
zloo eh xqhpsor|phqw dprqj zrunhuv1 Pruhryhu/ dv wkh qxpehu ri ydfdqflhv
dssurdfkhv }hur wkh suredelolw| ri �oolqj hdfk rqh dssurdfkhv rqh1 Ehfdxvh ri wkh
dvvxpswlrq wkdw kxpdq fdslwdo lv qrw surgxfwlyh zkhq xqpdwfkhg/ wkh zrunhu*v
h{shfwhg uhwxuq zloo eh=
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&q�c|_�

] �

f

rE�3k3q�
�c| _� +66,

9Iru d uljrurxv irupdo surri ri wklv vwdwhphqw vhh Dfhprjox^5`1
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dqg khqfh wkh htxloleulxp ydoxhv pd| eh uhzulwwhq dv iroorzv=
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dqg dovr=
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iurp zklfk zh pd| revhuyh wkdw wkhuh lv d srvlwlyh olqndjh ehwzhhq wkh
hpsor|phqw udwh dqg wkh lqyhvwphqw ri doo djhqwv1 Wkh lqwxlwlrq ehklqg wklv
uhvxow lv wkh iroorzlqj= wkh kljkhu wkh qxpehu ri hqwuhsuhqhxuv zkr ghflgh wr eh
dfwlyh/ wkh ehwwhu lw zloo eh iru doo zrunhuv zkr h{shulhqfh dq lqfuhdvh lq wkhlu
suredelolw| wr �qg d mre1 Lw iroorzv wkdw zrunhuv zloo ghflgh wr lqyhvw pruh lq
kxpdq fdslwdo dqg hqwuhsuhqhxuv zloo eh ehwwhu r� vlqfh wkh| kdyh fdswxuhg wkh
lqfuhdvhg surgxfwlylw| ri zrunhuv/ dqg zloo lqfuhdvh wkhlu lqyhvwphqwv lq sk|vlfdo
fdslwdo dqg lpsuryh zrunlqj frqglwlrqv1

Ilqdoo|/ wkh htxloleulxp hpsor|phqw +ru xqhpsor|phqw, udwh pd| eh hdvlo|
ghwhuplqhg e| uh0h{dplqlqj hqwuhsuhqhxuv* ehkdylrxu1 Qhz hqwulhv zloo vwrs zkhq
wrwdo �upv* uhwxuqv duh htxdo wr wkhlu frvwv/ pruh suhflvho| zkhq=

E�� K��&Wq| r
WE�3k3q�
| �Wk| � >rW| � o&W| ' �A E.|�M|3� +73,

zkhuh wkh ohiw0kdqg vlgh phdvxuhv wkh h{shfwhg wrwdo uhwxuq qhw ri fdslwdo
dqg zrunlqj hqylurqphqw frvwv/ zkloh wkh uljwk0kdqg lv wkh wrwdo hqwu| frvw1 E|
vxevwlwxwlqj wkh htxloleulxp ydoxhv jlyhq e| htxdwlrqv +67069, lq htxdwlrq +73,/
dqg lqwurgxflqj d sduwlfxodu hqwu| frvw ixqfwlrq/ lw lv srvvleoh wr ghwhuplqh wkh
suredeoh htxloleulxp udwh Er� ri hpsor|phqw1

8 D Qxphulfdo H{dpsoh

Lq rughu wr hydoxdwh wkh lpsdfw wkdw gl�huhqw ydoxhv ri K kdyh rq wkh htxloleulxp
ydoxhv ri ,W/ 6W/ eW/ �Wc &W dqg rW/ zh suhvhqw lq wklv vhfwlrq d qxphulfdo h{dpsoh
ri wkh udqgrp pdwfklqj yhuvlrq ri wkh prgho zlwkrxw xqhpsor|phqw/ suhvhqwhg
lq vhfwlrq 7141 Wkh ydoxhv ri sdudphwhuv dqg h{rjhqrxv yduldeohv kdyh ehhq vhw
lq d zd| wr dfklhyh d uhdvrqdeoh rxwfrph iru wkh prgho/ dqg duh dv iroorzv=

� ' 2 k ' f�S q ' f�� �� k � q ' f��
B ' f�f�D � ' f�H > ' f�f� o ' f�fe
w ' f��D Mf ' �f 7f ' e gf ' �f
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Dv uhjdugv wkh uhdo lqwhuhvw udwh o lw vhhphg txlwh uhdvrqdeoh wr vhw lw dw 7(
dv lq Odqjrw I1 dqg P1Sxffl^48`1 Iru wkh ghsuhfldwlrq udwh B d ydoxh ri 418( zdv
fkrvhq dv hvwlpdwhg e| Iëyh dqg Odqjrw ^47`1

Iurp wkh prgho zlwk udqgrp pdwfklqj lw dsshduv wkdw wkh sdudphwhu K lv
fuxfldo ehfdxvh lw uhsuhvhqwv wkh uhodwlyh edujdlqlqj srzhu ri zrunhuv lq vkdulqj
wrwdo rxwsxw zlwk wkh hqwuhsuhqhxu1 Zh ohw K ydu| ehwzhhq 3139 dqg 319/ wkhuhe|
doorzlqj wkh edujdlqlqj srzhu ri wkh zrunhuv wr lqfuhdvh dw hdfk urxqg � e|
{K ' f�f� +� ' �c 2c ��������c 2f� iurp wkh orzhvw ohyho xs wr wkh kljkhvw1 Dw hdfk
urxqg erwk wkh htxloleulxp ydoxhv ri wkh lqyhvwphqw lq kxpdq fdslwdo ,Wc lq
sk|vlfdo fdslwdo 6Wc lq zrunlqj hqylurqphqw eW dqg wkh rswlpdo ohyho ri kxpdq
fdslwdo �Wc sk|vlfdo fdslwdo &W dqg zrunlqj hqylurqphqw rW zhuh fdofxodwhg1 Lq
Wdeoh 5 wkhvh ydoxhv duh h{suhvvhg lq whupv ri uhodwlyh fkdqjhv=

Wdeoh 51

,WE�n��
,WE��

6WE�n��
6WE��

eWE�n��
eWE��

�WE�n��
�WE��

&WE�n��
&WE��

rWE�n��
rWE��

91:9 5154 5189 5164 514< 514<
41<5 4186 418< 4194 4186 4186
417< 4164 4167 416< 4164 4164
4166 4154 4155 415; 4154 4154
4157 4147 4148 4154 4147 4147
414< 4143 4143 414: 4143 4143
4148 413: 413: 4147 413: 413:
4145 4137 4137 4145 4137 4137
4143 4135 4135 4143 4135 4135
413< 4133 4134 413; 4133 4133
413: 31<< 31<< 413: 31<< 31<<
4139 31<; 31<: 4139 31<; 31<;
4138 31<9 31<9 4138 31<9 31<9
4137 31<8 31<8 4137 31<8 31<8
4136 31<7 31<7 4136 31<7 31<7
4135 31<5 31<5 4135 31<5 31<5
4134 31< 31<4 4134 31<4 31<4
4134 31< 31;< 4134 31<3 31<3
4133 31;; 31;; 4133 31;; 31;;
4133 31;; 31;; 4133 31;; 31;;

Iurp Wdeoh 5 lw pd| eh revhuyhg wkdw wkh uhodwlyh fkdqjhv iru doo wkh yduldeohv
frqvlghuhg ghfuhdvh/ doehlw dw d gl�huhqw udwh/ zlwk wkh ulvh ri K1 Dv suhglfwhg/ dq
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lqfuhdvh lq wkh edujdlqlqj srzhu zrunv dv d glvlqfhqwlyh iru �upv wr dffxpxodwh
sk|vlfdo fdslwdo dqg zrunlqj hqylurqphqw> vr zkhq K ulvhv/ wkh udwh ri uhodwlyh
fkdqjh iru wkh yduldeohv xqghu wkh �up*v frqwuro E6Wc eWc &Wc rW� ghfuhdvhv pruh
udslgo| wkdq wkrvh pruh vwulfwo| frqwuroohg e| zrunhuv E,Wc �W�� Lq Iljxuh 4 wkh
uhodwlyh fkdqjhv iru &Wc rW dqg �W duh sorwwhgG
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Iljxuh 41

Wr ehwwhu fdswxuh wkh uhodwlrqvkls ehwzhhq &W*�W dqg wkh uhodwlyh edujdlqlqj
srzhu K/ zh surfhhg wr sorw lw lq �jxuh 5> lw kdv d srvlwlyh uhodwlrqvkls iru f�fS 3 K
	 f��czlwk d pd{lpxp iru K ' f��� dqg wkhq d qhjdwlyh uhodwlrqvkls iru f��� 	
K 9 f�S� Wkh vdph w|sh ri uhodwlrqvkls hphujhv ehwzhhq rW*�W dqg wkh uhodwlyh

edujdlqlqj srzhu K1 Iljxuh 5 dovr vkrzv hodvwlflw| ydoxhv {&W*&W

{�W*�W
dqg {rW*rW

{�W*�W

zlwk uhvshfw wr Kc lqfuhdvlqj +lq devroxwh ydoxh, dw lqfuhdvlqj udwh dv wkh uhodwlyh
edujdlqlqj srzhu ehfrphv kljkhu1
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Iljxuh 51

9 Frqfoxglqj uhpdunv

Wklv sdshu kdv vkrzq wkdw wkhuh duh vrfldo lqfuhdvlqj uhwxuqv qrw rqo| lq kxpdq
dqg sk|vlfdo fdslwdo exw dovr lq lqyhvwphqwv pdgh lq rughu wr lpsuryh wkh zrunlqj
hqylurqphqw hqgrzphqw zlwklq hdfk �up1 Li/ iru h{dpsoh/ vrph hqwuhsuhqhxuv
ghflgh wr r�hu ehwwhu zrunlqj frqglwlrqv wr wkhlu hpsor|hhv/ zrunhuv zloo fkrrvh wr
lqyhvw pruh lq kxpdq fdslwdo wr lqfuhdvh wkhlu hgxfdwlrqdo ohyho/ dqg frqvhtxhqwo|
wkh udwh ri uhwxuq zloo lqfuhdvh iru doo �upv dfwlyh lq wkh hfrqrp|/ hyhq iru wkrvh
hqwuhsuhqhxuv zkr kdyh qrw lqyhvwhg1 Dv zh vwdwhg deryh/ wkh uhyhuvh lv dovr wuxh/
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lq wkh vhqvh wkdw li wkhuh lv d jurxs ri zrunhuv zkr ghflgh wr lqyhvw pruh lq wkhlu
hgxfdwlrqdo ohyho/ hqwuhsuhqhxuv zloo uhvsrqg e| lqfuhdvlqj wkhlu lqyhvwphqwv lq
sk|vlfdo fdslwdo dqg e| r�hulqj ehwwhu zrunlqj frqglwlrqv wr hpsor|hg zrunhuv1
Dv d frqvhtxhqfh/ doo zdjhv zloo lqfuhdvh/ dqg zrunhuv zlwk d orzhu kxpdq fdslwdo
ohyho zloo wdnh dgydqwdjh ri wklv ehkdylrxu1 Wkhvh vrfldo lqfuhdvlqj uhwxuqv duh
qrw ghulyhg iurp d sduwlfxodu k|srwkhvlv pdgh rq wkh surgxfwlrq ixqfwlrqv/ exw
ghshqg rq wkh uxqqlqj ri d oderxu pdunhw fkdudfwhul}hg e| d frvwo| vhdufk dfwlylw|
dqg d pdwfklqj whfkqrorj| ixqfwlrq1 Zkdw lv lpsruwdqw lv qrw wkh wrwdo dprxqw
ri kxpdq dqg sk|vlfdo fdslwdo dqg wkh zrunlqj frqglwlrqv ri doo �upv rshudwlqj
lq wkh surgxfw pdunhw ri wkh deryh hfrqrp|/ exw wkh dyhudjh ydoxhv vlqfh erwk
zrunhuv dqg hqwuhsuhqhxuv edvh wkhlu ghflvlrqv uhvshfwlyho| rq wkh h{shfwhg ydoxhv
ri sk|vlfdo fdslwdo dqg zrunlqj hqylurqphqw dqg rq wkh h{shfwhg kxpdq fdslwdo
ohyho1 Dv douhdg| vwuhvvhg lq Dfhprjox^4`^5` dqg lq Fduloor dqg Ylqfl^8`/ wklv
nlqg ri dssurdfk lv dovr deoh wr h{sodlq wkh vsdwldo frqfhqwudwlrq ri hfrqrplf
dfwlylw| dqg wkh hyhqwxdo glyhujhqfhv dprqj frxqwulhv= uhjlrqv zlwk kljkhu ohyhov
ri sk|vlfdo fdslwdo dqg ehwwhu zrunlqj frqglwlrqv pd| eh deoh wr dwwudfw zrunhuv
zlwk kljkhu hgxfdwlrqdo ohyho1

Dq lqwhuhvwlqj srolf| lpsolfdwlrq lv wkdw phdvxuhv dlphg dw lpsurylqj zrunlqj
frqglwlrqv zlwklq �upv/ iru h{dpsoh srolflhv zklfk dlp wr uhgxfh wkh suredelolw|
ri ehlqj lqmxuhg rq wkh mre ru r�hu d vdihu zrunlqj hqylurqphqw wr hpsor|hhv/
fdq ohdg wkh hfrqrp| wrzdugv dq htxloleulxp zlwk d kljkhu zhoiduh ohyho dqg zlwk
zrunhuv dqg hqwuhsuhqhxuv lqfolqhg wr lqyhvw pruh uhvshfwlyho| lq wkhlu hgxfdwlrq
dqg sk|vlfdo fdslwdo1 Wkhvh nlqgv ri srolflhv pd| eh dgrswhg lq rughu wr uhgxfh
wkh deryh glyhujhqfhv1

Vrph h{whqvlrqv ri wklv prgho duh suredeo| zruwk h{sorulqj1 Lw zrxog eh
xvhixo/ dprqj rwkhu wklqjv/ wr dqdo|}h wkh h�hfwv ri dq dgglwlrqdo vrxufh ri kxpdq
fdslwdo dffxpxodwlrq= lppljudwlrq ri zrunhuv zlwk gl�huhqw hgxfdwlrqdo ohyhov
dqg gl�huhqw dwwlwxghv wr ulvn h{srvxuh dw zrun1

Uhihuhqfhv

^4` Dfhprjox G1+4<<7, 0 Vhdufk lq wkh Oderxu Pdunhw/ Lqfrpsohwh Frqwudfwv
dqg Jurzwk/ FHSU Glvf1Sdshu q��f2S(

^5` Dfhprjox G1+4<<9, 0 D Plfurirxqgdwlrq iru Vrfldo Lqfuhdvlqj Uhwxuqv lq
Kxpdq Fdslwdo Dffxpxodwlrq/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ yro1 444+6,/
::<0;37>

^6` Eroolql S1 dqg K1Vlhqq+4<<8, 0 Qr Uhdo Surjuhvv wrzdugv Htxlw|= Khdowk ri
Pljudqwv dqg Hwkqlf Plqrulwlhv rq wkh Hyh ri wkh \hdu 5333/ Vrfldo Vflhqfh
dqg Phglflqh/ yro1 74+9,/ ;4<05;>
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^7` Erumdv M1+4<<9, 0 Oderu Hfrqrplfv/ PfJudz0Kloo>

^8` Fduloor P1U10 F1S1 Ylqfl+4<<<, 0 Vrfldo Lqfuhdvlqj Uhwxuqv dqg wkh H�hfwv
ri Lppljudwlrq rq wkh Krvw Frxqwu| Hfrqrp|/ Oderxu/ yro1 46+6,/ 9560979>

^9` Grupdq S1+4<<9, 0 Pdunhwv dqg Pruwdolw|/ Fdpeulgjh Xqlyhuvlw| Suhvv>

^:` Grupdq S1+5333, 0 Wkh Hfrqrplfv ri Vdihw|/ Khdowk dqg Zhoo0ehlqj dw
Zrun= dq Ryhuylhz/ LOR/ Jhqhyd/ grzqordgdeoh dw kwws=22zzz1lor1ruj>

^;` Grupdq S1+5333, 0 Wkuhh Suholplqdu| Sdshuv rq wkh Hfrqrplfv
ri Rffxsdwlrqdo Vdihw| dqg Khdowk/ LOR/ Jhqhyd/ grzqordgdeoh dw
kwws=22zzz1lor1ruj>

^<` Hxurshdq Djhqf| iru Vdihw| dqg Khdowk dw Zrun+4<<;, 0 Sulrulwlhv dqg
Vwudwhjlhv lq Rffxsdwlrqdo Vdihw| dqg Khdowk/ Eloedr/ grzqordgdeoh dw
kwws=22zzz1rvkd1hx1lqw>

^43` Hxurshdq Djhqf| iru Vdihw| dqg Khdowk dw Zrun+4<<<, 0 Hfrqrplf Lpsdfw
ri Rffxsdwlrqdo Vdihw| dqg Khdowk lq wkh Phpehuv Vwdwhv ri wkh Hxurshdq
Xqlrq/ Eloedr/ grzqordgdeoh dw kwws=22zzz1rvkd1hx1lqw>

^44` Hxurshdq Djhqf| iru Vdihw| dqg Khdowk dw Zrun+5333, 0 Wkh Vwdwh
ri Rffxsdwlrqdo Vdihw| dqg Khdowk lq wkh HX 0 Slorw Vwxg|/ Eloedr/
grzqordgdeoh dw kwws=22zzz1rvkd1hx1lqw>

^45` Hxurshdq Djhqf| iru Vdihw| dqg Khdowk dw Zrun+5333, 0 Ixwxuh
Rffxsdwlrqdo Vdihw| dqg Khdowk 0 Uhvhdufk Qhhgv dqg Sulrulwlhv lq
wkh Phpehuv Vwdwhv ri wkh Hxurshdq Xqlrq/ Eloedr/ grzqordgdeoh dw
kwws=22zzz1rvkd1hx1lqw>

^46` Hxurshdq Irxqgdwlrq iru wkh Lpsuryhphqw ri Olylqj dqg Zrunlqj
Frqglwlrqv+4<<<, 0 Qhz Dssurdfkhv wr Lpsuryh wkh Khdowk ri d Fkdqjlqj
Zrunirufh/ Gxeolq/ grzqordgdeoh dw kwws=22zzz1hxurirxqg1lh>

^47` Iëyh S1 dqg I1Odqjrw+4<<9, 0 Xqhpsor|phqw dqg wkh Exvlqhvv F|foh lq
d Vpdoo Rshq Hfrqrp|1 J1P1P1 Hvwlpdwlrqv dqg Whvwlqj ri Iuhqfk Gdwd/
Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro/ yro1 53/ 493<0496<>

^48` Odqjrw I1 dqg P1Sxffl+4<<:, 0 Lqhjdolwìv Idfh Dx Fkrpdjh hw Surjuëv
Whfkqltxh= od Uìgxfwlrq gh od Gxuìh gx Wudydlo hvw0hooh VrxkdlwdeohB lq
Fdkxf S1 dqg S1 Judqlhu+hgv1, 0 Od Uìgxfwlrq gx Whpsv gh Wudydlo/ Sdulv/
Hfrqrplfd>

^49` Orrplv G1/ G1E1 Ulfkdugvrq/ V1K1Zroi/ F1Z1Uxq|dq dqg M1G1Exwwv+4<<:,
0 Idwdo Rffxsdwlrqdo Lqmxulhv lq d Vrxwkhuq Vwdwh/ Dphulfdq Mrxuqdo ri
Hslghplrorj|/ yro1 478+45,/ 43;<043<<>
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^4:` Qdwlrqdo Fhqwhu iru Khdowk Vwdwlvwlfv+4<<6, 0 Ylwdo dqg Khdowk Vwdwlvwlfv=
Khdowk Frqglwlrqv Dprqj wkh Fxuuhqwo| Hpsor|hg= Xqlwhg Vwdwhv/4<;;/
X1V1Ghsduwphqw ri Khdowk dqg Kxpdq Vhuylfhv/ sxeo1q1<6>

^4;` Urelqvrq M1F1+4<;;, 0 Zrunsodfh Kd}dugv dqg Zrunhuv* Ghvluhv iru Xqlrq
Uhsuhvhqwdwlrq/ Mrxuqdo ri Oderu Uhvhdufk/ yro1<+6,/ 56:057<>

^4<` Urelqvrq M1F1+4<;<, 0 H{srvxuh wr Rffxsdwlrqdo Kd}dugv dprqj Klvsdqlfv/
Eodfnv dqg Qrq0Klvsdqlfv Zklwhv lq Fdoliruqld/ Dphulfdq Mrxuqdo ri Sxeolf
Khdowk/ :<+8,/95< 063>

^53` Urvhq V1+4<;9, 0 Wkh Wkhru| ri Htxdol}lqj Gl�huhqfhv lq R1F1Rvkhqihowhu R1
dqg U1Od|dug+hgv1, 0 Kdqgerrn ri Oderu Hfrqrplfv/ yro14/ Qruwk0Kroodqg>

^54` Vplwk D1+4<6:, 0 Wkh Zhdowk ri Qdwlrqv/ Qhz \run= Prghuq Oleudu|>

^55` Ylvfxvl Z1N1+4<<5, 0 Idwdo Wudghr�v 0 Sxeolf ) Sulydwh uhvsrqvlelolwlhv iru
Ulvn0 R{irug Xqlyhuvlw| Suhvv>

^56` Ylvfxvl Z1N1+4<<6, 0 Wkh Ydoxh ri Ulvnv wr Olih dqg Khdowk/ Mrxuqdo ri
Hfrqrplf Olwhudwxuh/ yro1 64+7,/ 4<4504<791

: Dsshqgl{

Surri1 Sursrvlwlrq 4
d,Vlqfh htxdwlrqv +48,/ +49, dqg +4:, kdyh xqltxh vroxwlrqv iru lqyhvwphqwv

uhvshfwlyho| lq kxpdq dqg sk|vlfdo fdslwdo dqg lq zrunlqj hqylurqphqw hqgrzphqw/
zh zloo kdyh d xqltxh htxloleulxp>

e,dv doo pdunhwv duh frpshwlwlyh wkh deryh htxloleulxp lv reylrxvo| Sduhwr
rswlpdo>

f,wdnlqj lqwr dffrxqw htxdwlrqv +7,/ +:, dqg +;,/ wkh htxloleulxp ydoxhv ri
,�c|c e�c| dqg 6�c| ri htxdwlrqv +48,/+49, dqg +4:,/ jlyh xqltxh ydoxhv iru wkh kxpdq
dqg sk|vlfdo fdslwdo dqg iru wkh zrunlqj frqglwlrqv zlwklq hdfk �up> dv d frqvhtxhq0
fh/ wkh wkuhh udwlrv zloo dozd|v eh frqvwdqw1

Surri1 Sursrvlwlrq 5
d,Zkhq`�c| ' K+��c| dqg w� ' w/ htxdwlrqv +59,/+5:, dqg +5;,xqltxho| ghvfuleh

htxloleulxp1 Wkh htxloleulxp ydoxhv ri lqyhvwphqwv uhvshfwlyho| lq kxpdq dqg
sk|vlfdo fdslwdo/ dqg wkrvh pdgh lq rughu wr lpsuryh zrunlqj frqglwlrqv zlwklq
hdfk �up/ zloo gluhfwo| iroorz iurp wkh dffxpxodwlrq ixqfwlrqv +7,/+:, dqg +;,>

e,wr ghprqvwudwh wklv srlqw ohw xv frqvlghu wkh �up*v uhwxuq jlyhq e| wkh

iroorzlqj htxdwlrq= � ' E� � K��&Wq� rWE�3k3q�
� �Wk� � o&W� � >rW� dqg hydoxdwh wkh
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h�hfw surgxfhg e| vpdoo fkdqjhv wr wkh htxloleulxp ydoxhv &W� / r
W

� dqg �W� 1 Wkh
uhwxuq ri wkh �up zloo fkdqjh lq wkh iroorzlqj zd|=
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iurp zklfk zh revhuyh wkdw wkh whupv pxowlsolhg e| _&W� dqg e| _rW� duh }hur
e| wkh i1r1f1/ zkloh wkh whup pxowlsolhg e| _�W� lv srvlwlyh1 Wklv lpsolhv wkdw _� lv
srvlwlyh dqg vr wkh h�hfw rq wkh zhoiduh ri hqwuhsuhqhxuv zloo eh srvlwlyh wrr1 D
vlplodu uhdvrqlqj lv dssolhg wr zrunhuv* zhoiduh> wkh| zloo eh pdgh ehwwhu r� wrr1
Lq d frqwh{w olnh wklv/ li wkh Vrfldo Sodqqhu vkrxog lpsrvh wkh frpshwlwlyh ohyhov/
doo djhqwv fdq eh pdgh ehwwhu r�/ dqg wkhuhiruh wklv htxloleulxp lv lqh!flhqw>

f,li zh vxssrvh/ dv lq Dfhprjox ^5` wkdw d sursruwlrq6 ri zrunhuv h{shulhqfhv
d ghfuhdvh lq w iurp w� wr w2 dqg frqvlghuv dozd|v wkh vdph glvwulexwlrq uxohv/
htxdwlrq +55, pd| eh uhzulwwhq dv iroorzv=
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Hydoxdwlqj wkh lqwhjudov lq htxdwlrq +4;, dqg +4<,/ iurp wkh i1r1f1 ri wkh sur�w
pd{lpl}dwlrq sureohp zh kdyh wkh iroorzlqj=
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Li zh glylgh htxdwlrq +551d, e| +551e, dqg vxevwlwxwh +L, dqg +LL, lq wkh i1r1f1
zh rewdlq=

59



&k�|
�k
�|

'
E�� K��E� � k � q�E�3k3q�

>E�3k3q�

�
q

o

�Eknq�
%
E� n6� n6

�
w�
w2

� k
�n�3k

&
EUUU�

rk�|
�k�|

'
E� � K��E�� k� q�E�3q�

>E�3q�

�
q

o

�q
%
E� n6� n6

�
w�
w2

� k
�n�3k

&
EUT �

zklfk ghprqvwudwhv wkdw erwk wkh sk|vlfdo fdslwdo wr kxpdq fdslwdo udwlr dqg
wkh zrunlqj hqylurqphqw hqgrzphqw wr kxpdq fdslwdo udwlr iru zrunhuv zkr kdyh
qrw prgl�hg wkhlu frvw ri dftxlulqj kxpdq fdslwdo lqfuhdvh zlwk 61
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