
Pxowlpdunhw Frqwdfw/ Frqfdylw|/ dqg Frooxvlrq= rq

H{wuhpdo Htxloleuld ri Lqwhughshqghqw Vxshujdphv�

Jldqfduor Vsdjqror|

VVH2HIL Zrunlqj Sdshu lq Hf1 dqg Ilq1 Qr1437 +Iheu1 4<<9,
Iluvw gudiw/ Vhswhpehu 4<<81 Wklv yhuvlrq= Qryhpehu 63/ 4<<;1

Devwudfw

Iroorzlqj Ehuqkhlp dqg Zklqvwrq +4<<3,/ wklv sdshu dgguhvvhv wkh h�hfwv

ri pxowlpdunhw frqwdfw rq �upv* delolw| wr frooxgh lq uhshdwhg roljrsrolhv1 Pdq0

djhuldo lqfhqwlyhv/ wd{dwlrq/ dqg �qdqfldo pdunhw lpshuihfwlrqv whqg wr pdnh

�upv* remhfwlyh ixqfwlrq vwulfwo| frqfdyh lq sur�wv dqg pdunhw jdphv �lqwhugh0

shqghqw�> �upv* sd|r�v lq hdfk pdunhw ghshqg rq krz wkh| duh grlqj lq rwkhuv1

Lq wklv fdvh pxowlpdunhw frqwdfw dozd|v idflolwdwhv frooxvlrq/ dqg pd| pdnh lw

vxvwdlqdeoh lq doo pdunhwv hyhq zkhq rwkhuzlvh lw zrxog qrw eh vxvwdlqdeoh lq

dq|1 Wkh h�hfwv ri frqjorphudwlrq dqg krul}rqwdo phujhuv duh glvfxvvhg1 Wkh

uhvxowv h{whqg wr qrq0roljrsrolvwlf vxshujdphv zlwk remhfwlyh ixqfwlrqv vxeprg0

xodu lq pdwhuldo sd|r�v1

MHO Fodvvlilfdwlrq= F:5/ G76/ O46/ O541

Nh|zrugv= Uhshdwhg jdphv/ roljrsro|/ frooxvlrq/ frrshudwlrq/ frqjorphu0

dwlrq/ phujhuv1

�Pdq| wkdqnv wr Jdhwdqr Eorlvh/ Sdror Exfflurvvl/ Shwhu Kùjihogw/ Mrkq Vfrww/ Nodxv Zdooqhu/

dqg sduwlfxoduo| Grxjodv Ehuqkhlp dqg Mùujhq Z1 Zhlexoo iru xvhixo frpphqwv rq hduolhu yhuvlrqv

ri wkh sdshu1 Wkdqnv dovr wr Pdufxv Dvsoxqg/ Gdylg Eurzq/ Wruh Hoolqjvhq/ \hrqjmdh Ndqj/ Nduo

Zçuqhu|g/ dqg sduwlflsdqwv dw hfrqrplf wkhru| zrunvkrsv dw wkh Vwrfnkrop Vfkrro ri Hfrqrplfv/

dw vhplqduv dw wkh Xqlyhuvlw| ri Urph �Od Vdslhq}d/� dqg dw HVHP<: +Wrxorxvh, iru frpphqwv ru

glvfxvvlrqv1 Ri frxuvh/ L dp uhvsrqvleoh dorqh iru doo uhpdlqlqj huuruv1
|Fkxufkloo Froohjh/ Fdpeulgjh/ dqg Vwrfnkrop Vfkrro ri Hfrqrplfv1 Dgguhvv iru fruuhvsrq0

ghqfh= Ghsduwphqw ri Hfrqrplfv/ Vwrfnkrop Vfkrro ri Hfrqrplfv/ Er{ 9834/ V0446

;6 Vwrfnkrop1 Skrqh= .790+3,;0:69<9351 Id{1=.790+3,;064653:1 H0pdlo= Jldq0

fduor1VsdjqrorCkkv1vh1
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4 Lqwurgxfwlrq

Wkh wudglwlrqdo ylhz derxw pxowlpdunhw frqwdfw lv wkdw lw dozd|v hqkdqfhv �upv*

delolw| wr vxvwdlq wdflw frooxvlrq e| doorzlqj iru �pxwxdo iruehdudqfh� lq wkh gl�huhqw

pdunhwv1 Vwlfnlqj wr dq hvwdeolvkhg frqyhqwlrq lq uhfhqw vwxglhv rq wkh vxemhfw/ zh

uhsruw Fruzlq Hgzdugv* zrugv +4<88,/ suredeo| wkh �uvw fohdu vwdwhphqw rq wkh h�hfwv

ri pxowlpdunhw frqwdfw=

�Zkhq rqh odujh frqjorphudwh hqwhusulvh frpshwhv zlwk dqrwkhu/ wkh wzr

duh olnho| wr hqfrxqwhu hdfk rwkhu lq d frqvlghudeoh qxpehu ri pdunhwv1

Wkh pxowlsolflw| ri wkhlu frqwdfw pd| eoxqw wkh hgjh ri wkhlu frpshwlwlrq1

D survshfw ri dgydqwdjh iurp yljrurxv frpshwlwlrq lq rqh pdunhw pd|

eh zhljkwhg djdlqvw wkh gdqjhu ri uhwdoldwru| irud|v e| wkh frpshwlwru

lq rwkhu pdunhwv1 Hdfk frqjorphudwh frpshwlwru pd| dgrsw d olyh0dqg0

ohw0olyh srolf| ghvljqhg wr vwdelol}h wkh zkroh vwuxfwxuh ri wkh frpshwlwlyh

uhodwlrqvkls1� ^Dv txrwhg e| Vfkhuhu +4<;3/ s1 673,1`

Wkh ylhz wkdw pxowlpdunhw frqwdfw idflolwdwhv frooxvlrq �lq jhqhudo� kdv qrw ehhq

vxssruwhg e| Grxjodv Ehuqkhlp dqg Plfkdho Zklqvwrq*v +4<<3, uljrurxv vxshujdph0

wkhruhwlf dqdo|vlv1 Lq idfw/ dowkrxjk wkhvh dxwkruv gr frqfoxgh wkdw lq d zlgh udqjh ri

flufxpvwdqfhv pxowlpdunhw frqwdfw grhv idflolwdwh frooxvlyh ehkdylru/ wkh| dovr ehjlq

vwdwlqj dq luuhohydqfh uhvxow= zkhq �upv dqg pdunhwv duh lghqwlfdo dqg wkhuh duh

frqvwdqw uhwxuqv wr vfdoh/ pxowlpdunhw frqwdfw grhv qrw vwuhqjwkhq �upv* delolw| wr

frooxgh1 Ehuqkhlp dqg Zklqvwrq wkhq surfhhg e| uhod{lqj wkh dvvxpswlrqv ehklqg

wklv uhvxow wr xqghuvwdqg xqghu zklfk flufxpvwdqfhv pxowlpdunhw frqwdfw khosv wr

vxvwdlq frooxvlrq1 Dprqj wkh pdq| frqglwlrqv wkh| lghqwli| duh wkdw �upv* surgxfwlrq

frvwv/ wkh qxpehu ri frpshwlwruv/ ru wkh ghpdqg jurzwk udwhv gl�hu dfurvv pdunhwv/

ru wkdw d vlqjoh �up pdlqwdlqv dq devroxwh frvw dgydqwdjh1 Prvw ri wkhvh frqglwlrqv

lpso| dv|pphwulhv ehwzhhq vwudwhjlf lqwhudfwlrqv/ gxh wr gl�huhqfhv ehwzhhq �upv

ru pdunhwv/ vr wkdw pxowlpdunhw frqwdfw idflolwdwhv frooxvlrq e| doorzlqj wkh wudqvihu

ri wkh vodfn ri hqiruflqj srzhu +ri qhw h{shfwhg jdlqv iurp frooxvlrq, zklfk pd| eh

suhvhqw lq vrph pdunhwv wr rwkhu pdunhwv lq zklfk lw odfnv vxfk srzhu1

Wklv sdshu lghqwl�hv d ixuwkhu frqglwlrq xqghu zklfk pxowlpdunhw frqwdfw idflol0

wdwhv frooxvlrq/ rqh wkdw lv lqghshqghqw ri dv|pphwulhv dqg wkdw eulqjv julvw wr wkh

ploo ri wkh wudglwlrqdo ylhz1 Zh vkrz wkdw zkhq �upv* remhfwlyh ixqfwlrq lv vwulfwo|

frqfdyh wkh luuhohydqfh uhvxow glvdsshduv dqg pxowlpdunhw frqwdfw dozd|v idflolwdwhv

frooxvlrq1 Zkhq rzqhuvkls lv vhsdudwhg iurp frqwuro/ vr wkdw pdqdjhuldo remhfwlyhv

ehfrph uhohydqw/ ru zkhq frusrudwh wd{hv duh qrq0olqhdu ru �qdqfldo pdunhwv duh lp0

shuihfw/ wkh �upv* remhfwlyh ixqfwlrq whqgv wr glvsod| ghfuhdvlqj pdujlqdo xwlolw| iru

sur�wv zlwklq hdfk wlph shulrg1 D vwulfwo| frqfdyh vwdwlf remhfwlyh ixqfwlrq pdnhv wkh

uhshdwhg vwudwhjlf lqwhudfwlrqv lqwhughshqghqw= �upv* hydoxdwlrq ri sur�wv iurp rqh
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pdunhw ghshqgv rq sur�wv uhdol}hg lq rwkhu pdunhwv1 Wkhq/ h{shfwhg orvvhv iurp vlpxo0

wdqhrxv uhwdoldwlrq lq pruh pdunhwv 0 d wkuhdw dydlodeoh rqo| zlwk pxowlpdunhw frqwdfw

0 duh dozd|v odujhu wkdq +wkh vxp ri, wkrvh iurp lqghshqghqw uhwdoldwlrqv1 Ixuwkhu/

vkruw0uxq sur�wv iurp d vlpxowdqhrxv ghyldwlrq iurp frooxvlrq lq pruh pdunhwv duh

dozd|v ohvv ydoxdeoh wkdq +wkh vxp ri, vkruw0uxq sur�wv iurp lqghshqghqw ghyldwlrqv1

Wkhvh wzr h�hfwv erwk idflolwdwh frooxvlrq/ zkdwhyhu wkh w|sh ri uhshdwhg roljrsro|

frqvlghuhg1 Wkh| fdq eh uhlqirufhg e| Ehuqkhlp dqg Zklqvwrq*v frqglwlrqv/ exw wkh|

zloo eh suhvhqw hyhq zlwk lghqwlfdo �upv/ lghqwlfdo pdunhwv/ dqg frqvwdqw uhwxuqv wr

vfdoh1

Wkh zhdowk h�hfw lqgxfhg e| d frqfdyh vwdwlf remhfwlyh ixqfwlrq lv dovr vkrzq wr

jhqhudwh �vfdoh hfrqrplhv� lq frooxvlrq +ru frrshudwlrq,> zlwk pxowlpdunhw frqwdfw

frooxvlrq fdq eh yldeoh lq d vhw ri pdunhwv hyhq zkhq/ lq wkh devhqfh ri pxowlpdunhw

frqwdfw/ lw frxog qrw kdyh ehhq vxssruwhg lq dq| ri wkhvh pdunhwv1

D frpsohphqwdu| lqwhusuhwdwlrq ri wkhvh uhvxowv lv wkdw frqjorphudwlrq kdv qhjd0

wlyh h�hfwv rq �upv* delolw| wr frooxgh/ dv lw fuhdwhv lqghshqghqw vxe0pdunhwv zklfk

�lqvxuh� �upv djdlqvw wrr orz ohyhov ri sur�wv gxulqj sxqlvkphqwv1 Pxowlpdunhw

frqwdfw wkhq idflolwdwhv frooxvlrq e| uhvwrulqj wkh vlwxdwlrq suhfhglqj frqjorphudwlrq1

Wkh h�hfwv ri krul}rqwdo phujhuv zlwkrxw pxowlpdunhw frqwdfw rq wkh plqlpxp

glvfrxqw idfwru dw zklfk frooxvlrq lv vxssruwdeoh duh dpeljxrxv/ dv wkh zhdowk h�hfw

wkh| jhqhudwh pd| kdyh gl�huhqw h�hfwv dw gl�huhqw ohyhov ri sur�wdelolw|1 Rq wkh

rwkhu kdqg/ zh �qg wkdw phujhuv dozd|v idflolwdwh frooxvlrq zkhq wkh glvfrxqw idfwru

lv uhodwlyho| orz/ dqg frqyhuvho| klqghu frooxvlrq zkhq wkh glvfrxqw idfwru lv uhodwlyho|

kljk1

Wkh phfkdqlvp ehklqg wkh uhvxowv lv txlwh jhqhudo1 Zh vkrz wkdw �pxowl0jdph�

frqwdfw idflolwdwhv frrshudwlrq lq uhshdwhg vwudwhjlf lqwhudfwlrqv wkdw gl�hu iurp roljrsrolv0

wlf rqhv dv orqj dv djhqwv* vwdwlf remhfwlyh ixqfwlrq lv vwulfwo| vxeprgxodu lq vwdjh0

jdphv* pdwhuldo sd|r�v1

Vhfwlrq 5 glvfxvvhv �upv* remhfwlyh ixqfwlrq> Vhfwlrq 6 frqvlghuv Ehuqkhlp dqg

Zklqvwrq*v prgho> wkh jhqhudo uhvxow lv suhvhqwhg lq Vhfwlrq 7> Vhfwlrq 8 glvfxvvhv

h{whqvlrqv> dqg Vhfwlrq 9 frqfoxghv1 Dq dsshqgl{ frqwdlqv doo surriv1

5 Rq wkh frqfdylw| ri �upv* remhfwlyh ixqfwlrq

Zkhq +d, �upv duh ohg e| rzqhuv dqg +e, �qdqfldo pdunhwv duh shuihfw wkh rqo|

lqwhuhvwlqj dqg uhohydqw prgholqj dvvxpswlrq lv wkh vwdqgdug rqh ri sur�w0pd{lpl}lqj

�upv1 Wklv lv/ ri frxuvh/ ehfdxvh rzqhuv fdq iuhho| uhdoorfdwh zhdowk lq wlph wkurxjk

wkh �qdqfldo pdunhw wr vdwlvi| wkhlu lqwhuwhpsrudo suhihuhqfhv/ vr wkdw wkh| zloo rqo|

fduh derxw wkh glvfrxqwhg ydoxh ri �upv* sur�wv1 Lq wklv fdvh wkhuh lv olwwoh pruh wr

vd| rq pxowlpdunhw frqwdfw dqg frooxvlrq dsduw iurp zkdw kdv douhdg| ehhq vwdwhg

e| Ehuqkhlp dqg Zklqvwrq1
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Krzhyhu/ lq wkh uhdo zruog lw riwhq kdsshqv wkdw dw ohdvw rqh ri wkh wzr frqglwlrqv

deryh lv ylrodwhg1 Iru h{dpsoh/ zkhq rzqhuvkls lv vhsdudwhg iurp frqwuro �upv whqg wr

sxuvxh remhfwlyhv gl�huhqw iurp sur�w0pd{lpl}dwlrq +vhh/ h1j1/ Khuehuw Vlprq/ 4<8:>

Zlooldp Edxpro/ 4<8;> Rolyhu Zlooldpvrq/ 4<97> ru Plfkdho Mhqvhq dqg Zlooldp

Phfnolqj/ 4<:9,1

Lq zkdw iroorzv zh eulh | h{sodlq zk| zh wklqn wkdw wkh prvw lqwhuhvwlqj qrq0

vwdqgdug dvvxpswlrq wr vwxg| lv wkdw ri d vwulfwo| frqfdyh xwlolw| ixqfwlrq14

514 Hpslulfdo hylghqfh

Lqfrph vprrwklqj1 Wkh whupv �lqfrph vprrwklqj� dqg �hduqlqjv pdqdjhphqw� lq

wkh dffrxqwlqj dqg pdqdjhphqw olwhudwxuh uhihu wr wkh dssduhqwo| frpprq sudfwlfh

ri pdqlsxodwlqj dffrxqwv dqg wxqlqj surgxfwlrq ghflvlrqv lq rughu wr uhgxfh wkh

yduldelolw| ri �upv* errn sur�wv1 Wkhuh lv d orqj vhulhv ri urexvw hpslulfdo uhvxowv

rq wklv skhqrphqrq uhyhdolqj wkdw uhdo zruog wrs pdqdjhuv duh vwurqjo| dyhuvh wr

lqwhuwhpsrudo vxevwlwxwlrq lq �up sur�wv/ wkdw lv/ wkh| kdyh d vwulfwo| frqfdyh vwdwlf

remhfwlyh ixqfwlrq15

Khgjlqj1 Frpsdqlhv lqyhvw odujh dprxqwv ri uhvrxufhv lq rughu wr khgjh ulvnv

wkurxjk ydulrxv nlqgv ri ghulydwlyhv +h1j1 Fkulvwrskhu Jìf}| hw do1/ 4<<:,1 Wkh|

hyhq kluh vshfldol}hg vwd� dqg fuhdwh r!fhv iru �ulvn pdqdjhphqw1� Wkh dprxqw ri

uhvrxufhv vshqw rq khgjlqj ulvnv lv wdqjleoh hylghqfh wkdw uhdo0zruog �upv duh xvxdoo|

ulvn0dyhuvh1

515 Wkhruhwlfdo h{sodqdwlrqv= pdqdjhuldo remhfwlyhv

Pdqdjhuldo lqfhqwlyh frqwudfwv1 Khdo| +4<;8, h{sodlqv lqfrph vprrwklqj e| wkh idfw

wkdw pdqdjhuv* prqhwdu| erqxvhv duh xvxdoo| erxqghg deryh1 Wklv jlyhv pdqdjhuv

lqfhqwlyhv wr wudqvihu lqfrph iurp shulrgv lq zklfk lw lv deryh wkh xsshu erxqg ri

wkh lqfhqwlyh vfkhph wr shulrgv lq zklfk lw lv ehorz lw1 Khdo| surylghv vrph hpslulfdo

vxssruw iru klv ylhz1 Mrvnrz dqg Urvh +4<<7, �qg ixuwkhu hylghqfh wkdw erdugv glv0

frxqw h{wuhph shuirupdqfh uhdol}dwlrqv zkhq ghdolqj zlwk pdqdjhuv* frpshqvdwlrq/

l1h1 wkdw pdqdjhuv* erqxvhv whqg wr eh fdsshg1 Fdsshg lqfhqwlyhv pdnh pdqdjhuv

dyhuvh wr lqwhuwhpsrudo vxevwlwxwlrq lq �upv* sur�wv1

Pdqdjhuldo uhqwv/ dv|pphwulf lqirupdwlrq/ dqg fduhhu frqfhuqv1 Ixghqehuj dqg

Wluroh +4<<8, sursrvh dq dowhuqdwlyh h{sodqdwlrq ri lqfrph vprrwklqj1 Wkh| exlog dq

rswlpdo frqwudfwlqj prgho lq zklfk lqfxpehqw pdqdjhuv hduq uhqwv/ rzqhuv fdqqrw

4Ilqdqfldo hfrqrplvwv 0 zkr duh forvhu wr wkh uhdo zruog wkdq rwkhuv 0 riwhq frqvlghu ulvn0dyhuvh

�upv2djhqwv wr eh wkh �vwdqgdug� dvvxpswlrq1
5Vhh/ iru h{dpsoh/ Pdun Gh Irqg dqg Fkxo Sdun +4<<:,> Iudqfrlvh Ghjhrujh hw do1 +4<<:,> Hhur

Ndvdqhq hw1 do1 +4<<9,> Urehuw Krowkdxvhq hw do1 +4<<8,> Mhqqlihu Jdyhu hw do1 +4<<8,> Nhqqhwk

Phufkdqw +4<;<,> Pdu| Juhhqdzdow dqg Mrvhsk Vlqnh| +4<;;,> ru Sdxo Khdo| +4<;8,1
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frpplw wr orqj0whup frqwudfwv/ dqg shuirupdqfh phdvxuhv duh vxemhfw wr �lqirupd0

wlrq ghfd|� +l1h1 qhz shuirupdqfh phdvxuhphqwv duh ehwwhu vljqdov wkdq rog rqhv,1

Wkh uhvxow lv wkdw lq htxloleulxp pdqdjhuv duh zloolqj wr lqfxu srvlwlyh frvwv lq rughu

wr vprrwk uhsruwhg sur�wv dqg glylghqgv1 Wkh srlqw lv wkdw zlwk lqirupdwlrq dv|p0

phwulhv dqg lqirupdwlrq ghfd| diwhu vrph shulrgv ri orz sur�wv/ vkduhkroghuv pd|

�qg lw rswlpdo wr uhsodfh wkh pdqdjhu hyhq li orz sur�w shulrgv iroorz kljk sur�w

rqhv1 Ehfdxvh wkh| hqmr| uhqwv pdqdjhuv lqfxu frvwv li wkh| duh �uhg1 Wklv jhqhudwhv

d pdqdjhuldo �dyhuvlrq wr orz sur�wv� zklfk khuh wudqvodwhv lqwr d vwulfwo| frqfdyh

remhfwlyh ixqfwlrq1

Pdqdjhuldo ulvn0dyhuvlrq1 Wkh h{sodqdwlrq wkdw �qdqfldoo| frqvwudlqhg ulvn0dyhuvh

pdqdjhuv vprrwk wkhlu rzq lqfrph lq wlph lv rqh ri wkh �uvw r�huhg iru lqfrph

vprrwklqj +h1j1 Ulfkdug Odpehuw/ 4<;7> Urqdog G|h/ 4<;;, dqg iru khgjlqj +h1j1

Fol�rug Vplwk dqg Uhqh Vwxo}/ 4<;8,1 Lq wkh dqdo|vlv ri wkh vkduhkroghuv2pdqdjhuv

uhodwlrq dv d sulqflsdo0djhqw sureohp/ wkh w|slfdo wudgh0r� ehwzhhq lqfhqwlyhv dqg

ulvn0vkdulqj lv rewdlqhg h{dfwo| ehfdxvh pdqdjhuv duh dvvxphg wr eh pruh dyhuvh wr

ulvn wkdq rzqhuv1

Pdqdjhuldo glvfuhwlrq1 Pdqdjhuv duh xvxdoo| wkrxjkw wr eh lqwhuhvwhg lq srzhu/

lq wkh �up*v jurzwk/ lq �shw surmhfwv/� hwf1 Wkh| pd| zdqw wr lqyhvw hyhq zkhq

wkh h{shfwhg uhwxuqv iurp wkh lqyhvwphqw surmhfw duh qhjdwlyh1 Iru wkhvh lqyhvwphqwv

pdqdjhuv duh �qdqfldoo| frqvwudlqhg1 Ehfdxvh zlwklq hdfk wlph shulrg vxfk surmhfwv

whqg wr kdyh glplqlvklqj pdujlqdo ydoxh/ pdqdjhuv suhihu wr kdyh vrph iuhh fdvk  rz

lq hdfk shulrg wr lqyhvw glvfuhwlrqdoo| +h1j1 Mhqvhq/ 4<;9,1 Wklv pdnhv wkhp dyhuvh wr

lqwhuwhpsrudo vxevwlwxwlrq zlwk uhvshfw wr wkh �up*v sur�wv1

Ghew dqg pdqdjhuldo edqnuxswf|0dyhuvlrq1 Ghew �qdqflqj pd| ohdg �upv wr eh0

kdyh lq dq �dv li� ulvn0dyhuvh pdqqhu1 Ghew lpsolhv wkh ulvn ri edqnuxswf|/ dq hyhqw wr

zklfk pdqdjhuv duh vwurqjo| dyhuvh lq wkdw lw uxlqv wkhlu ixwxuh hduqlqj rssruwxqlwlhv

+Vwxduw Jlovrq/ 4<;<> Jlovrq dqg Plfkdho Yhwvx|shqv/ 4<<6,1 Erqgkroghuv zloo dovr

zdqw wr uhgxfh wkh yduldelolw| ri hduqlqjv wr plqlpl}h wkh suredelolw| ri �qdqfldo glv0

wuhvv dqg dvvrfldwhg edqnuxswf| frvwv +h1j1 Vplwk dqg Vwxo}/ 4<;8,1 Lq wkh suhvhqfh

ri vwrfkdvwlf vkrfnv/ wklv nhhsv pdqdjhuv iurp pd{lpl}lqj h{shfwhg sur�wv dqg ohdgv

wkhp wr dyrlg edqnuxswf|/ l1h1 wr ehkdyh �dv li� wkh| kdg d vwulfwo| frqfdyh remhfwlyh

ixqfwlrq +h1j1 Euxfh Juhhqzdog dqg Mrvhsk Vwljolw}/ 4<<3/ 4<<6,1

516 Wkhruhwlfdo h{sodqdwlrqv= h{whuqdo idfwruv

Ilqdqfldo pdunhw*v lpshuihfwlrqv1 Zrun rq erwk fdslwdo vwuxfwxuh +h1j1 Vwxduw P|0

huv dqg Qlfkrodv Pdmoxi/ 4<;7, dqg rq �wkh fuhglw fkdqqho ri prqhwdu| srolf|� +h1j1

Vwhyhq Id}}dul hw do1/ 4<;;> Urehuw Kxeedug hw do1/ 4<<6> Ehq Ehuqdqnh dqg Pdun

Jhuwohu/ 4<<8, lqglfdwhv wkdw ehfdxvh ri lqirupdwlrq dv|pphwulhv lq fdslwdo pdunhwv/

�upv* frvw ri h{whuqdo �qdqfh lv vwulfwo| frqyh{1 Lq wklv fdvh �upv zloo suhihu vprrwk
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hduqlqjv sdwkv vr wkdw vrph lqwhuqdo ixqgv duh dozd|v dydlodeoh dqg vxerswlpdo lq0

yhvwphqw srolflhv fdq eh dyrlghg1 Wklv ohdgv wkhp wr pd{lpl}h d vwulfwo| frqfdyh

remhfwlyh ixqfwlrq1 Lq idfw/ wkh frqyh{ frvw ri h{whuqdo �qdqfh kdv ehhq sursrvhg dv

wkh �uvw uhdvrq zk| �upv vkrxog vprrwk sur�wv e| khgjlqj16

Wd{dwlrq1 Rwkhu dujxphqwv pdgh iru khgjlqj doo lpso| wkdw �upv kdyh d vwulfwo|

frqfdyh remhfwlyh ixqfwlrq1 Iru h{dpsoh/ lw kdv ehhq dujxhg wkdw �upv vkrxog khgjh

wr uhgxfh wkhlu wd{ eloo17 Wklv lv ehfdxvh frusrudwh wd{hv duh qrw shuihfwo| olqhdu1 Iru

h{dpsoh/ lwhpv vxfk dv wd{ fuhglwv jhqhudwh frqyh{lw| lq �upv* wd{ oldelolw| +frqfdylw|

lq �upv* remhfwlyh ixqfwlrq, ehfdxvh wkh suhvhqw ydoxh ri xqxvhg fuhglwv glplqlvkhv

gxulqj fduu|0iruzdug wr ixwxuh shulrgv +h1j1 GhDqjhor dqg Pdvxolv/ 4<;3,1

Lqyhvwruv* suhihuhqfhv1 Pdq| lqyhvwruv vhhp wr ydoxh pruh dvvhwv zlwk vprrwk

uhwxuqv +h1j1 Doohq dqg Plfkdho|/ 4<<8,1 Vrph lqvwlwxwlrqdo lqyhvwruv kdyh frqvwudlqwv

wkdw pdnh wkhp suhihu dvvhwv zklfk sd| rxw vwdeoh glylghqgv +h1j1/ wkh doorzdqfh

wr vshqg lqfrph exw qrw fdslwdo jdlqv,1 Vpdoo lqyhvwruv pd| idfh wudqvdfwlrq frvwv

zkhq vhoolqj wkhlu dvvhwv dqg pd| zdqw vprrwk uhwxuqv iru frqvxpswlrq uhdvrqv1

Htxlw|kroghuv pd| jdlq iurp d uhgxfhg yduldqfh lq hduqlqjv wkurxjk lpsuryhphqwv

lq sruwirolr rswlpl}dwlrq ghflvlrqv +h1j1 Shwhu GhPdu}r dqg Gxuuhoo Gx!h/ 4<<4,1 Lq

idfw/ rqh ri wkh �uvw h{sodqdwlrqv sursrvhg iru lqfrph vprrwklqj lv wkdw � e| uhgxflqj

wkh shufhlyhg yrodwlolw| ri fdvk  rz � wkh| lqfuhdvh wkh pdunhw ydoxdwlrq ri �upv e|

ulvn0dyhuvh lqyhvwruv +h1j1 Euhww Wuxhpdq dqg Wlwpdq/ 4<;;> Urqhq dqg Vdgdq/ 4<;4,1

6 Uhshdwhg Ehuwudqg frpshwlwlrq

614 Ehuqkhlp dqg Zklqvwrq*v luuhohydqfh uhvxow

Frqvlghu �uvw Ehuqkhlp dqg Zklqvwrq*v prgho ri uhshdwhg Ehuwudqg frpshwlwlrq1

Wlph lv glvfuhwh dqg lq hdfk pdunhw & wudgh rffxuv vlpxowdqhrxvo| lq hdfk shulrg |c

| ' �c 2c ���1 Lq hdfk pdunhw dqg lq hdfk shulrg ghpdqg lv d ghfuhdvlqj dqg frqwlqxrxv

ixqfwlrq '&ER&� ri sulfh R&1 Hqwu| eduulhuv olplw wkh qxpehu ri �upv lq hdfk pdunhw

wr wzr1 Hdfk �up � lv dfwlyh lq wzr pdunhwv dqg dw hyhu| srlqw lq wlph lw dqqrxqfhv

lwv fxuuhqw sulfhv1 Zkhq lq d pdunhw wkh wzr �upv dqqrxqfh lghqwlfdo sulfhv/ kdoi ri

wkh frqvxphuv ex| iurp hdfk �up1 Zkhq sulfhv gl�hu/ doo wkh frqvxphuv ex| iurp

wkh �up zklfk txrwhg wkh orzhvw sulfh1 Ilupv pxvw phhw doo wkh ghpdqg dw wkh

dqqrxqfhg sulfh1 Ohw S�& ghqrwh wkh frqvwdqw pdujlqdo frvw ri surgxfwlrq iru �up � lq

pdunhw &1 Dq htxloleulxp lq pdunhw & zloo eh d sdwk ri sulfhv dqg dvvrfldwhg sur�wv/

iR5&c Z5&j
"

|'f
/ zkhuh 5 ' i� 5 U m� lv dfwlyh lq pdunhw &j1 Zkhq �upv duh lghqwlfdo

dqg pdunhwv duh lghqwlfdo zh zulwh '& ' ' dqg S�& ' S�

6Iru h{dpsoh/ Dodq Vkdslur dqg Vkhulgdq Wlwpdq +4<;9,> Grqdo Ohvvdug +4<<3,> Uhqh Vwxo}

+4<<3,> Nhqqhwk Iurrw hw do1 +4<<6,> Jìf}| hw do1 +4<<:,1
7Vhh/ h1j1/ Vwxo} +4<;7,> Vplwk dqg Vwxo} +4<;8,> Iurrw hw do1 +4<<6,> dqg Wkh Hfrqrplvw +4<<9,1
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Xqghu wkh dvvxpswlrqv wkdw lqgxvwu| sur�wv duh frqfdyh lq sulfh dqg wkdw �upv

xvh wuljjhu vwudwhjlhv wr vxvwdlq v|pphwulf vwdwlrqdu| frooxvlyh djuhhphqwv/ Ehuqkhlp

dqg Zklqvwrq ghulyh wkh luuhohydqfh uhvxow= �Zkhq lghqwlfdo �upv zlwk lghqwlfdo frq0

vwdqw uhwxuqv wr vfdoh whfkqrorjlhv phhw lq lghqwlfdo pdunhwv/ pxowlpdunhw frqwdfw grhv

qrw dlg lq vxvwdlqlqj frooxvlyh rxwfrphv� +4<<3/ s18,1 Wkh surri lv vwudljkwiruzdug=

frqvlghu dq| sdlu ri lghqwlfdo pdunhwv/ vd| D dqg E/ dqg fdoo R6 wkh prqrsro| sulfh

frpprq wr wkhvh pdunhwv1 Zkhq gl�huhqw �upv lqwhudfw lq wkh wzr pdunhwv/ d vwd0

wlrqdu| frooxvlyh sulfh R 5 dSc R6o fdq eh vxvwdlqhg lq vxejdph0shuihfw htxloleulxp

li
�

� � B
ER� S�

'ER�

2
� ER� S�'ER� � fc

zklfk lpsolhv B � �
2
1 Rq wkh rwkhu kdqg zlwk pxowlpdunhw frqwdfw ehwzhhq �upv/

vd| 4 dqg 5/ sulfhv ER�c R�� dqg pdunhw vkduhv b�&c b�&&'�c� duh vxvwdlqdeoh dv d

v|pphwulf0sd|r�v vwdwlrqdu| htxloleulxp li/ iru l@4/ 5

[
&ME�c��

�
�

� � B
b�&ER& � S�'ER&�� ER& � S�'ER&�

�
� fc

zlwk R& 5 dSc R6o� Vxpplqj ryhu � wkh| rewdlq

[
&'E�c��

ER& � S�'ER&�EB �
�

2
� � fc

zklfk dovr uhtxluhv B � �
2
1

615 Frqfdylw| dqg frooxvlrq

Nhhslqj doo wkh rwkhu dvvxpswlrqv/ ohw qrz wkh vwdwlf remhfwlyh ixqfwlrq ri d �up �

dfwlyh lq pdunhwv D dqg E eh L� ' *?E�nZ��nZ���� Li �upv � dqg � duh dfwlyh rq wkh

vdph wzr lghqwlfdo pdunhwv/ l1h1 zlwk pxowlpdunhw frqwdfw/ �upv duh deoh wr vxvwdlq d

frqvwdqw vhtxhqfh ri prqrsro| sulfhv lq vxejdph0shuihfw htxloleulxp lq erwk pdunhwv

li

�

� � B
*?

#
� n 2dER6 � S�

'ER6�

2
o

$
� *? E� n 2ER6 � S�'ER6�� � fc

ru/ htxlydohqwo|/ li

B � BW '
*? E� n 2ER6 � S�'ER6��� *? E� n ER6 � S�'ER6��

*? E� n 2ER6 � S�'ER6��
� +4,

Lq wkh devhqfh ri pxowlpdunhw frqwdfw/ lq hdfk pdunhw rqo| wkh wkuhdw ri sxqlvkphqw

lq wkdw vdph pdunhw fdq eh xvhg> �upv* sur�wv iurp wkh rwkhu pdunhw pxvw eh wdnhq

:



dv d jlyhq1 Wkhuhiruh/ lq wklv fdvh d frqvwdqw vhtxhqfh ri mrlqw prqrsro| sulfhv zloo

eh vxssruwdeoh lq vxejdph0shuihfw htxloleulxp lq hdfk pdunhw li

�

�� B
*?

#
� n 2dER6 � S�

'ER6�

2
o

$
� *?

�
� n

�

2
ER6 � S�'ER6�

�
n

�
B

� � B
*?

�
� n

�

2
ER6 � S�'ER6�

�
� fc

ru/ htxlydohqwo|/ li

B � BWW '
*?
�
� n �

2
ER6 � S�'ER6�

�
� *? E� n ER6 � S�'ER6��

*?
�
� n �

2
ER6 � S�'ER6�

�
� *?

�
� n �

2
ER6 � S�'ER6�

� � +5,

Dv h{shfwhg/ erwk BW dqg BWW duh srvlwlyh dqg ohvv wkdq rqh zkhq ER6� S�'ER6� : f/

exw lw wxuqv rxw wkdw BWW : BWc iru dq| R6c Sc dqg'E�� Wkhuhiruh/ zkhq B lv BWW : B � BW

frooxvlrq zloo eh vxssruwdeoh rqo| zkhq wkhuh lv pxowlpdunhw frqwdfw1 Lq rwkhu zrugv/

zlwk d orjdulwkplf remhfwlyh ixqfwlrq pxowlpdunhw frqwdfw idflolwdwhv frooxvlrq hyhq

zlwk lghqwlfdo �upv/ lghqwlfdo pdunhwv/ dqg frqvwdqw uhwxuqv wr vfdoh1

7 D pruh jhqhudo uhvxow

Frqvlghu d �qlwh vhw ri roljrsrolvwlf pdunhwv l ' i�c�c�c ���j dqg d �qlwh vhw ri �upv

U/ U ' i�c 2c �c ���c �j lqwhudfwlqj uhshdwhgo| lq vhyhudo ri wkhvh pdunhwv dqg kdylqj d

frpprq lqwhuwhpsrudo glvfrxqw idfwru B 	 �1 Ohw 7�& ghqrwh wkh sxuh vwudwhj| vhw ri

d �up � lq wkh vwdwlf +rqh0vkrw, vwudwhjlf lqwhudfwlrq lq pdunhw &/ ohw r�& 5 7�& ghqrwh

rqh sduwlfxodu sxuh vwudwhj| dqg/ dexvlqj qrwdwlrq/ ohw 	r�&Er3�&� lqglfdwh �up �*v vwdwlf

ehvw uhvsrqvh wr lwv rssrqhqwv* vwudwhj| sur�oh r3�& 5 73�&/ zkhuh 73�& '
T

� �'� 7�&� Ohw

Z�&E�� ghqrwh �up �*v sur�w ixqfwlrq lq pdunhw &/ vr wkdw ZW�& ' Z�&Er
W
�&c r

W
3�&� lqglfdwhv

�up �*v sur�wv iurp wkh vwudwhj| sur�oh rW& ' ErW�&c r
W
3�&� dqg 	ZW�& ' Z�&E	r�&Er

W
3�&�c r

W
3�&� lwv

sur�wv iurp wkh vwdwlf ehvw uhvsrqvh vwudwhj| 	r�&Er
W
3�&� lq pdunhw &1 Wkh vwdqgdug ds0

surdfk lv wr dvvxph wkdw hdfk �up �*v vwdwlf sd|r� ixqfwlrq lv vlpso|
S
&Ml

Z�&Er�&c r3�&�c

vr wkdw �upv* hydoxdwlrq ri sd|r�v iurp hdfk pdunhw lv lqghshqghqw ri frqglwlrqv lq

rwkhu pdunhwv1 Lqvwhdg/ zh ohw L ' LE
S
&Ml

Z�&Er�&c r3�&�� ghqrwh �upv* vwdwlf remhfwlyh

ixqfwlrq/ dqg zh dvvxph L wr eh frqwlqxrxv/ prqrwrqlfdoo| lqfuhdvlqj dqg vwulfwo|

frqfdyh lq wrwdo sur�wv1 Qrz �upv* hydoxdwlrq ri shu0shulrg sur�wv iurp rqh pdunhw

ghshqgv rq sur�wv uhdol}hg lq rwkhu pdunhwv1 Zh dvvxph/ dv Ehuqkhlp dqg Zklqvwrq

lpsolflwo| gr/ wkdw zkhq d �up idfhv gl�huhqw rssrqhqwv lq wkh pdunhwv lq zklfk lw lv

dfwlyh/ wkhvh rssrqhqwv duh qrw deoh ru zloolqj wr frruglqdwh wkhlu vwudwhjlhv1 Dovr/ zh

iroorz Ehuqkhlp dqg Zklqvwrq lq irfxvlqj rq vwdwlrqdu| htxloleulxp sdwkv vxvwdlqhg

;



e| wuljjhu vwudwhjlhv +h1j1 Iulhgpdq/ 4<:4,18 Ohw Z�& ghqrwh �up �*v prqhwdu| sd|r�

lq rqh shulrg ri wkh sxqlvkphqw skdvh1 Wkhq rqh fdq vwdwh zkdw iroorzv1

Sursrvlwlrq 4 Vxssrvh �upv* vwdwlf remhfwlyh ixqfwlrq lv vwulfwo| frqfdyh lq sur�wv1

Wkhq pxowlpdunhw frqwdfw +dozd|v, uhod{hv wkh qhfhvvdu| dqg vx!flhqw frqglwlrqv iru

dq| vhw ri sur�w vwuhdpv wr eh vxssruwdeoh lq vxejdph0shuihfw htxloleulxp e| vwdwlrqdu|

sxqlvkphqw vwudwhjlhv lq dq| vhw ri lq�qlwho| uhshdwhg roljrsro| jdphv1

Wkh qhfhvvdu| dqg vx!flhqw frqglwlrqv iru �upv wr eh zloolqj wr vwlfn wr d frooxvlyh

djuhhphqw duh ixqfwlrqv ri wkh glvfrxqw idfwru/ ri wkh frooxvlyh djuhhphqw fkrvhq/ dqg

ri pdunhw vwuxfwxuh E	ZW
�&
dqg Z�&�1 Lw iroorzv wkdw uhduudqjlqj wkh vdph surri zh frxog

dowhuqdwlyho| vwdwh=

l, �Vxssrvh +111,1 Wkhq pxowlpdunhw frqwdfw uhgxfhv wkh plqlpxp ohyho ri wkh

glvfrxqw idfwru dw zklfk dq| jlyhq vhw ri sur�w vwuhdpv fdq eh vxssruwhg lq vxejdph0

shuihfw htxloleulxp lq dq| jlyhq vhw ri roljrsrolvwlf vxshujdphv1�

ll, �Vxssrvh +111,1 Wkhq/ jlyhq wkh glvfrxqw idfwru/ wkh vhw ri vwdwlrqdu| sur�w

vwuhdpv vxssruwdeoh lq vxejdph0shuihfw htxloleulxp zlwk pxowlpdunhw frqwdfw lq dq|

jlyhq vhw ri uhshdwhg roljrsrolhv lv qr vpdoohu +lq wkh vhqvh ri lqfoxvlrq, wkdq wkh vhw

vxssruwdeoh zlwkrxw pxowlpdunhw frqwdfw1 Ixuwkhu/ wkhuh h{lvw B dqg B/ f 	 B 	 B 	

�/ vxfk wkdw iru B 	 B pxowlpdunhw frqwdfw vwulfwo| hqodujhv wkh vhw ri vxssruwdeoh

vwdwlrqdu| sur�w vwuhdpv1�

lll, �Vxssrvh +111,1 Wkhq/ jlyhq wkh glvfrxqw idfwru/ pxowlpdunhw frqwdfw vwulfwo|

hqodujhv +lq wkh vhqvh ri lqfoxvlrq, wkh vhw ri roljrsrolvwlf vxshujdphv lq zklfk dq|

+vhw ri, frooxvlyh sur�w vwuhdp+v, lv vxssruwdeoh lq vxejdph0shuihfw htxloleulxp1�

Wkh lqwxlwlrq ehklqg wklv uhvxow lv vwudljkwiruzdug1 Zkhq d �up idfhv gl�huhqw

rssrqhqwv lq wkh wzr pdunhwv dqg wkhvh rssrqhqwv sod| wkhlu pdunhw jdphv lqghshq0

ghqwo|/ wkh wkuhdw xvhg wr hqirufh wkh �uvw �up*v uhvshfw ri d wdflw frooxvlyh djuhhphqw

lq hdfk ri wkh pdunhwv lv wkdw ri uhyhuwlqj wr wkh vwdwlf Qdvk htxloleulxp lq wkdw pdu0

nhw rqo|/ wdnlqj iru judqwhg zkdw lv kdsshqlqj lq rwkhu pdunhwv1 Pxowlpdunhw frqwdfw

doorzv �upv wr xvh wkh wkuhdw ri d vlpxowdqhrxv sxqlvkphqw lq pruh pdunhwv wr hq0

irufh frooxvlyh djuhhphqwv1 D vlpxowdqhrxv sxqlvkphqw lv �khdylhu� ehfdxvh zkhq d

�up lv douhdg| ehlqj sxqlvkhg lq rqh pdunhw lw kdv d kljkhu pdujlqdo ydoxdwlrq ri

sur�wv/ vr wkdw lw kdv d uhodwlyho| juhdwhu ihdu ri wkh orvv ri jdlqv iurp frrshudwlrq

fdxvhg e| sxqlvkphqwv lq rwkhu pdunhwv1 Ixuwkhupruh/ zlwk pxowlpdunhw frqwdfw/ d

�up zklfk ghflghv wr �fkhdw� rq d frooxvlyh djuhhphqw zloo �qg lw frqyhqlhqw wr ghyl0

dwh lq doo pdunhwv vlpxowdqhrxvo|1 Ehfdxvh wkh pdujlqdo xwlolw| ri sur�wv lv ghfuhdvlqj

8Lw lv vwudljkwiruzdug wr fkhfn wkdw doo uhvxowv dsso| wr wkh fdvh zkhq wkh ohqjwk ri wkh sxqlvkphqw

skdvh lv erxqghg e| �qlwh uhqhjrwldwlrq frvwv/ dv lq PfFxwfkhrq +4<<:, +vhh dovr Eoxph/ 4<<7,1 Lq

vhfwlrq 817 zh h{whqg wkh uhvxowv wr �uhshqwdqfh� sxqlvkphqw vwudwhjlhv/ vxfk dv wkrvh lqwurgxfhg e|

ydq Gdpph +4<;<, iru wkh Sulvrqhu*v Glohppd/ zklfk duh uhqhjrwldwlrq0surri lq wkh vhqvh ri Iduuho

dqg Pdvnlq +4<;<,1

<



zlwklq hdfk shulrg/ wkh vlpxowdqhlw| ri wkh ghyldwlrq pdnhv wkh vkruw0uxq prqhwdu|

jdlqv iurp ghyldwlqj lq hdfk pdunhw ohvv ydoxdeoh uhodwlyh wr wkh fdvh zkhq wkh �up

lv fkhdwlqj lq rqh pdunhw rqo|1 Wkhvh wzr h�hfwv erwk idflolwdwh frooxvlrq1

Qrwh wkdw wkh sursrvlwlrq zdv suryhg zlwkrxw uhihuhqfh wr dq| vshfl�f pdunhw

vwuxfwxuh/ vr wkdw wkh uhvxow dssolhv wr dq| w|sh ri uhshdwhg roljrsro| +v|pphwulf/

dv|pphwulf/ Frxuqrw/ gl�huhqwldwhg Ehuwudqg/ zlwk ru zlwkrxw fdsdflw| frqvwudlqwv/

hwf1,1

8 H{whqvlrqv

814 �Lqfuhdvlqj uhwxuqv� lq frooxvlrq

Ehfdxvh ri wkh zhdowk h�hfwv lqgxfhg e| frqfdyh remhfwlyh ixqfwlrqv/ pxowlpdunhw

frqwdfw pd| doorz �upv wr vxvwdlq frooxvlyh rxwfrphv lq doo pdunhwv hyhq zkhq zlwkrxw

pxowlpdunhw frqwdfw frooxvlrq frxog qrw eh vxvwdlqhg lq dq| ri wkhp1 Wr vhh wklv/

frqvlghu wkh prgl�hg Ehuqkhlp dqg Zklqvwrq prgho ri Vhfwlrq 6151 Lq wkdw prgho

frooxvlrq lq rqo| rqh ri wkh h{lvwlqj pdunhwv lv vxvwdlqdeoh li

�

� � B
*?

#
� n ER6 � S�

'ER6�

2

$
� *? E� n ER6 � S�'ER6�� � fc

ru/ htxlydohqwo|/ li

B � B�
'

*? E� n ER6 � S�'ER6��� *?

�
� n

�

2
ER6 � S�'ER6�

�
*? E� n ER6 � S�'ER6��

� +6,

Lw hdv| wr fkhfn wkdw BWW : B� : BW iru dq| R6c Sc dqg 'E�1 Zkhq BWW : B � B�c

zlwk pxowlpdunhw frqwdfw frooxvlrq fdq eh vxvwdlqhg lq erwk pdunhwv/ zkloh lq wkh

devhqfh ri pxowlpdunhw frqwdfw frooxvlrq fdq eh vxvwdlqhg rqo| lq rqh ri wkh pdunhwv1

Krzhyhu/ zkhq B� : B � BWc zlwk pxowlpdunhw frqwdfw wkh frooxvlyh sulfh fdq vwloo eh

vxvwdlqhg lq erwk pdunhwv/ zkloh zlwkrxw pxowlpdunhw frqwdfw lw fdqqrw eh vxvwdlqhg

lq hlwkhu ri wkhp1

Wklv h�hfw ghshqgv erwk rq wkh vkdsh ri wkh remhfwlyh ixqfwlrq dqg rq wkh vwuxfwxuh

ri prqhwdu| sd|r�v lq wkh gl�huhqw pdunhwv> wkhuhiruh lw lv gl!fxow wr jhqhudol}h1

Krzhyhu/ lw lv hdv| wr fkhfn wkdw iru vx!flhqwo| vlplodu jdphv +pdunhwv, wkh vfdoh

h�hfw lv suhvhqw zlwk doo prvw frpprqo| xvhg xwlolw| ixqfwlrqv +txdgudwlf/ orjdulwkplf/

dqg rwkhu k|shuerolf FUUD ixqfwlrqv zlwk hodvwlflw| ri vxevwlwxwlrq orzhu wkdq rqh,1

815 Frqjorphudwlrq/ phujhuv/ dqg frooxvlrq

Dv phqwlrqhg lq wkh lqwurgxfwlrq/ wkh phfkdqlvp ehklqg Sursrvlwlrq 4 lv rshq wr

d frpsohphqwdu| lqwhusuhwdwlrq1 Rqh fdq dujxh wkdw lw lv wkh surfhvv ri frqjorphu0

dwlrq wkdw/ e| ohdglqj �upv wr rshudwh lq vhyhudo vhjuhjdwhg pdunhwv/ lqvxuhv wkhp

43



djdlqvw wrr kduvk sxqlvkphqwv dqg uhgxfhv wkhlu delolw| wr vxvwdlq frooxvlyh djuhh0

phqwv1 Pxowlpdunhw frqwdfw wkhq idflolwdwhv frooxvlrq e| uhvwrulqj vxfk dq delolw| dw

wkh suh0frqjorphudwlrq ohyho19

Wklv lqwhusuhwdwlrq lv ydolg dv orqj dv �frqjorphudwlrq� ghqrwhv wkh surfhvv e|

zklfk d �up ehfrphv dfwlyh lq pruh wkdq rqh pdunhw zkloh pdlqwdlqlqj wkh vdph

ohyho ri ryhudoo dfwlylw|1 Iru h{dpsoh/ frqvlghu d vlwxdwlrq lq zklfk wzr �upv ri d

jlyhq vl}h duh �uvw dfwlyh lq rqh pdunhw +qr frqjorphudwlrq,1 Vxssrvh wkdw lq d vhfrqg

shulrg �upv uhgxfh wkhlu rshudwlrqv lq wkh ruljlqdo pdunhw wr lqfuhdvh wkhp lq rwkhu

pdunhwv zkhuh wkh| idfh gl�huhqw frpshwlwruv +frqjorphudwlrq zlwkrxw pxowlpdunhw

frqwdfw,1 Wkh h�hfw ri wklv surfhvv lv fohduo| wkh lqyhuvh ri wkdw ehklqg Sursrvlwlrq

4/ vr frooxvlrq zloo eh kdughu wr vxssruw wkdq ehiruh frqjorphudwlrq1

Zkhq frqjorphudwlrq lpsolhv dq lqfuhdvh lq wkh vl}h ri wkh �up/ wkh h�hfw rq wkh

�up*v delolw| wr frooxgh lv ohvv fohdu1 Wr vhh wklv/ frqvlghu krz krul}rqwdo phujhuv

d�hfw �upv* delolw| wr frooxgh1 Vxssrvh d �up lqlwldoo| dfwlyh lq rqh pdunhw dftxluhv

dqrwkhu �up dfwlyh lq d gl�huhqw pdunhw/ dqg wkdw wkh dftxluhg �up lv frooxglqj lq lwv

rzq pdunhw1 Wkh dftxlvlwlrq jxdudqwhhv wkh dftxlulqj �up dq lqghshqghqw vwuhdp ri

sur�wv zklfk pdnhv lw ohvv diudlg ri sxqlvkphqwv/ exw dovr ohvv lqwhuhvwhg lq vkruw0uxq

jdlqv iurpghyldwlqj lq lwv ruljlqdo pdunhw1 Vxfk d zhdowk h�hfw pd| hqkdqfh ru zruvhq

wkh dftxlulqj �up*v delolw| wr vxvwdlq frooxvlrq lq lwv ruljlqdo pdunhw/ ghshqglqj rq

wkh h{dfw vkdsh ri lwv remhfwlyh ixqfwlrq1 Ohw k '
LEZW

��
�3LEZ

��
�

LE	ZW
��

�3LEZ
��

�
� Iru wkh pdujlqdo

phujhu rqh fdq vwdwh wkh iroorzlqj uhvxow1

Fruroodu| 4 Vxssrvh �upv* vwdwlf remhfwlyh ixqfwlrq lv vwulfwo| frqfdyh lq sur�wv1

Wkhq d krul}rqwdo phujhu zlwk d pdujlqdoo| sur�wdeoh �up � lq wkh devhqfh ri pxowl0

pdunhw frqwdfw � uhgxfhv +lqfuhdvhv, wkh plqlpxp glvfrxqw idfwru dw zklfk �up l fdq

vxvwdlq d frooxvlyh djuhhphqw lq lwv ruljlqdo pdunhw � zkhq

kL
�E	ZW

��
� n E� � k�L �EZ��� 	 E:�L �EZW

��
�� +7,

Frqglwlrq +815, lv pruh hdvlo| vdwlv�hg zkhq �upv* pdujlqdo ydoxdwlrq ri sur�wv

lv sduwlfxoduo| kljk dw orz ohyhov ri sur�wv1 Wkhq wkh h�hfw ri wkh lqghshqghqw sur�w

vwuhdp rq �upv* hydoxdwlrq ri orvvhv iurp sxqlvkphqwv lq lwv pdunhw whqgv wr grplqdwh1

Ehfdxvh d phujhu d�hfwv �upv* hydoxdwlrq ri sur�wv iru pdq| shulrgv/ wkh glvfrxqw

idfwru sod|v dq lpsruwdqw uroh1 Lq idfw/ iru d jlyhq glvfrxqw idfwru zh fdq vwdwh d

vwurqjhu uhvxow iru wkh uhodwlrq ehwzhhq phujhuv dqg frooxvlrq1:

Fruroodu| 5 Vxssrvh �upv* vwdwlf remhfwlyh ixqfwlrq lv vwulfwo| frqfdyh lq sur�wv1

Wkhq/ lq wkh devhqfh ri pxowlpdunhw frqwdfw/ dq| krul}rqwdo phujhu lqfuhdvhv +gl0

plqlvkhv, wkh delolw| ri d �up l wr vxvwdlq frooxvlyh djuhhphqwv lq lwv ruljlqdo pdunhw

9L wkdqn Grxjodv Ehuqkhlp zkr ohw ph qrwh wklv dowhuqdwlyh lqwhusuhwdwlrq1
:L dp judwhixo wr dq dqrq|prxv uhihuhh zkrvh frpphqwv shuvxdghg ph wr irupdol}h wklv

lpsolfdwlrq1
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� zkhq wkh glvfrxqw idfwru lv orzhu +kljkhu, wkdq d zhoo gh�qhg lqwhuphgldwh ohyho

f 	 hB 	 ��

Wkh lqwxlwlrq lv/ ri frxuvh/ wkdw dw orz hqrxjk glvfrxqw idfwruv wkh qhjdwlyh h�hfw ri

d phujhu rq wkh �up*v hydoxdwlrq ri suhvhqw vkruw0uxq jdlqv iurp ghyldwlrqv grplqdwhv

wkh qhjdwlyh h�hfw rq ixwxuh orvvhv iurp wkh sxqlvkphqw skdvh1

816 Lqwhughshqghqw vxshujdphv

Wkh phfkdqlvp ehklqg Sursrvlwlrq 4 dssolhv wr dq| vhw ri uhshdwhg vwudwhjlf lqwhudf0

wlrqv rwkhu wkdq roljrsrolvwlf jdphv +Sulvrqhu*v Glohppdv/ lpsolflw frqwudfwv/ uhfls0

urfdo h{fkdqjhv/ hwf1,1 Zkhq sod|huv idfh vlpxowdqhrxvo| vhyhudo uhshdwhg jdphv/

sd|r�v iurp vrph ri wkhvh pd| d�hfw djhqwv* hydoxdwlrq ri sd|r�v iurp rwkhuv hyhq

wkrxjk sd|r�v duh ri d gl�huhqw qdwxuh1 Ohw >� ' E>��c ���c >�?� uhsuhvhqw wkh yhfwru ri

pdwhuldo sd|r�v iurp wkh ? vwdjh0jdphv wkdw dq djhqw � sod|v vlpxowdqhrxvo| lq hdfk

wlph shulrg1

Gh�qlwlrq 4 Dq djhqw*v vwdwlf remhfwlyh ixqfwlrq L lv vwulfwo| vxshuprgxodu +vxe0

prgxodu, lq ? vwdjh0jdphv* pdwhuldo sd|r�v li/ iru dq| wzr srvvleoh pdwhuldo sd|r�

yhfwruv >
�

�
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c ���c >

�

�?
� dqg >

��

�
' E>

��

��
c ���c >

��

�?
� vxfk wkdw >

�

�
dqg >

��

�
duh qrw frpsdudeoh

zlwk uhvshfw wr �c
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Vxshuprgxodulw| +vxeprgxodulw|, iru d ixqfwlrq lv d jhqhudol}dwlrq ri wkh frqfhsw

ri frpsohphqwdulw| +vxevwlwxwdelolw|, ri lwv dujxphqwv1 Dq dowhuqdwlyh � exw lq wklv

iudphzrun htxlydohqw � jhqhudol}dwlrq ri frpsohphqwdulw| +vxevwlwxwdelolw|, lv wkh

frqfhsw ri lqfuhdvlqj +ghfuhdvlqj, gl�huhqfhv=

Gh�qlwlrq 5 Dq djhqw �*v vwdwlf remhfwlyh ixqfwlrq L kdv vwulfwo| lqfuhdvlqj +ghfuhdv0

lqj, gl�huhqfhv lq E>�&c >��� li iru doo E>
�

�&
c >
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� dqg E>
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Wkhq rqh fdq rewdlq uhvxowv dqdorjrxv wr wkrvh lq suhylrxv vhfwlrqv1 Khuh zh suryh

rqo| wkh uhvxow fruuhvsrqglqj wr Sursrvlwlrq 41

Sursrvlwlrq 5 Vxssrvh djhqwv* vwdwlf remhfwlyh ixqfwlrq lv vwulfwo| vxeprgxodu +ru

kdv vwulfwo| ghfuhdvlqj gl�huhqfhv, lq vwdjh jdphv* pdwhuldo sd|r�v1 Wkhq �pxowl0

jdph frqwdfw� uhod{hv wkh qhfhvvdu| frqglwlrqv iru dq| vwdwlrqdu| frrshudwlyh rxwfrph

wr eh vxssruwdeoh lq vxejdph0shuihfw htxloleulxp e| vwdwlrqdu| sxqlvkphqw vwudwhjlhv1

+Wkh frqyhuvh grhv qrw krog iru vxshuprgxodu remhfwlyh ixqfwlrqv ru ixqfwlrqv zlwk

lqfuhdvlqj gl�huhqfhv1,
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Vwulfw vxeprgxodulw| ri +ru vwulfwo| ghfuhdvlqj gl�huhqfhv lq, wkh remhfwlyh ixqfwlrq

lpsolhv wkdw wkh sd|r�v iurp gl�huhqw jdphv duh d nlqg ri vxevwlwxwhv1 Zkhq wklv

lv wkh fdvh/ djhqwv zkr duh grlqj zhoo lq rqh vwudwhjlf lqwhudfwlrq ydoxh pdwhuldo

sd|r�v iurp rwkhu lqwhudfwlrqv ohvv/ dqg ylfh yhuvd1 Wklv lv hqrxjk wr uhsolfdwh wkh

h�hfwv ri frqfdylw| rq djhqwv* hydoxdwlrq ri jdlqv iurp ghyldwlrqv dqg ri orvvhv iurp

sxqlvkphqwv ehklqg Sursrvlwlrq 41

Wkh frqyhuvh grhv qrw krog iru vxshuprgxodu ixqfwlrqv ehfdxvh wkhq vkruw0uxq

jdlqv iurp vlpxowdqhrxv ghyldwlrqv duh pruh ydoxdeoh dqg vlpxowdqhrxv sxqlvkphqwv

ohvv kduvk1 Djhqwv fdq fkrrvh wr ghyldwh +dqg eh sxqlvkhg, vlpxowdqhrxvo| lq vhyhudo

vwudwhjlf lqwhudfwlrqv zkhwkhu ru qrw wkhuh lv �pxowl0jdph� frqwdfw> wkhuhiruh �pxowl0

jdph� frqwdfw fdqqrw pdnh djhqwv* lqfhqwlyh frqvwudlqwv pruh vwulqjhqw1

817 Uhqhjrwldwlrq0surri vwudwhjlhv

Vlpsoh wkuhdwv edvhg rq Qdvk uhyhuvlrq duh zlgho| xvhg lq wkh olwhudwxuh ehfdxvh wkh|

duh vxejdph0shuihfw dqg hdv| wr kdqgoh/ erwk iru uhvhdufkhuv lq prghov dqg iru �upv

lq pdunhwv +djuhhphqwv dqg frppxqlfdwlrq ehwzhhq roljrsrolvwlf �upv duh iruelgghq/

vr vlpsoh wkuhdwv pd| juhdwo| uhgxfh frruglqdwlrq sureohpv,1 Krzhyhu/ wkhvh wkuhdwv

pd| eh vxemhfw wr h{0srvw uhqhjrwldwlrq zklfk pd| xqghuplqh wkhlu fuhglelolw| +h1j1

Mrvhsk Iduuhoo dqg Hulf Pdvnlq/ 4<;<> Grxjodv Ehuqkhlp dqg Gheud| Ud|/ 4<;<,1

Vxssrvh vlpsoh uhqhjrwldwlrq0surri vwudwhjlhv duh xvhg wr vxssruw frrshudwlrq1

Frqvlghu d vwdqgdug uhshdwhg v|pphwulf Frxuqrw gxrsro| zlwk sur�w ixqfwlrqv

Z�&E^�&c^�&� ' � E^�& n ^�&�^�& � SE^�&�c

zkhuh ^�& ghqrwhv �up ��v rxwsxw/ � E�� lv wkh lqyhuvh ghpdqg ixqfwlrq dqg SE�� lv �upv*

frvw ixqfwlrq1 Zh dgrsw wkh vwdqgdug dvvxpswlrqv wkdw wkh lqyhuvh ghpdqg ixqfwlrq

vdwlv�hv � � 	 f/ � �� � f/ wkdw sur�wv duh frqfdyh lq rxwsxw/ dqg wkdw pdujlqdo sur�wv

duh ghfuhdvlqj lq ulydov* rxwsxw vr wkdw rqh0vkrw uhdfwlrq ixqfwlrqv duh frqwlqxrxv dqg

grzqzdug vorslqj1 Dvvxph �upv vxssruw frooxvlrq e| vlpsoh wzr0skdvh uhqhjrwldwlrq0

surri �uhshqwdqfh� vwudwhjlhv ri wkh nlqg sursrvhg e| ydq Gdpph +4<;<,=

Skdvh 4 = vwlfn wr wkh frooxvlyh rxwsxw ^W

�& dv orqj dv wkh rwkhu �up glg

wkh vdph lq wkh sdvw> li wkh rwkhu �up ghyldwhv/ vwduw Skdvh 5>

Skdvh 5= surgxfh wkh ixoo prqrsro| rxwsxw ^��& dv orqj dv wkh rwkhu

�up*v rxwsxw lv srvlwlyh +ru odujhu wkdq vrph orz �uhshqwdqfh� ohyho ^��> li

iru rqh shulrg wkh rwkhu �up*v rxwsxw lv }hur +ru ehorz ^�,/ uhvwduw Skdvh

41

Wkhq rqh fdq wr vwdwh wkh iroorzlqj1
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Fruroodu| 6 Vxssrvh �upv* vwdwlf remhfwlyh ixqfwlrq lv vwulfwo| frqfdyh lq sur�wv dqg

�upv xvh wkh wzr0skdvh uhqhjrwldwlrq0surri vwudwhjlhv gh�qhg deryh1 Wkhq pxowlpdunhw

frqwdfw dozd|v idflolwdwhv frooxvlrq e| uhod{lqj wkh qhfhvvdu| dqg vx!flhqw frqglwlrqv

iru dq| sur�w vwuhdp wr eh vxssruwdeoh lq vxejdph0shuihfw htxloleulxp1

9 Frqfoxglqj Uhpdunv

Zh kdyh vwxglhg wkh h�hfwv ri pxowlpdunhw frqwdfw rq �upv* delolw| wr vxvwdlq wdflw

frooxvlyh djuhhphqwv lq dq lq�qlwho| uhshdwhg roljrsro| iudphzrun1 Pdqdjhuldo lqfhq0

wlyhv/ wd{dwlrq/ �qdqfldo pdunhw lpshuihfwlrqv/ dqg rwkhu ihdwxuhv ri uhdolw| whqg wr

pdnh �upv* vwdwlf remhfwlyh ixqfwlrq vwulfwo| frqfdyh lq sur�wv1 Lq wklv fdvh pxowlpdu0

nhw frqwdfw dozd|v idflolwdwhv frooxvlyh ehkdylru dqg pd| hyhq jhqhudwh �lqfuhdvlqj

uhwxuqv� lq frooxvlrq1 Wkh vdph uhvxow dssolhv wr lq�qlwho| uhshdwhg jdphv zlwk qrq0

prqhwdu| pdwhuldo sd|r�v zkhqhyhu djhqwv* remhfwlyh ixqfwlrq lv vwulfwo| vxeprgxodu

lq wkh pdwhuldo sd|r�v yhfwru1

Hpslulfdo vwxglhv vkrxog khos wr xqghuvwdqg krz uhohydqw wkh deryh dujxphqwv

duh wr wkh uhdo zruog1 Dovr/ lw vkrxog eh uhodwlyho| hdv| whvw wkhvh uhvxowv wkurxjk

h{shulphqwdo zrun1

Zh frqfoxgh zlwk wzr gluhfw lpsolfdwlrqv ri rxu uhvxowv1 Iluvw/ lpsuryhphqwv lq

wkh lqfhqwlyh srzhu ri wrs pdqdjhuv* frpshqvdwlrq dqg lq wkh h!flhqf| ri �qdqfldo

pdunhwv vkrxog uhgxfh wkh sur0frooxvlyh h�hfwv ri pxowlpdunhw frqwdfw/ dv wkh| vkrxog

uhgxfh �upv* dyhuvlrq wr lqwhuwhpsrudo vxevwlwxwlrq lq sur�wv1 Vhfrqg/ vkduhkroghuv

ri frqjorphudwhv lqyroyhg lq pxowlpdunhw frqwdfw pljkw �qg lw frqyhqlhqw wr ghohjdwh

frqwuro wr pdqdjhuv vwurqjo| dyhuvh wr lqwhuwhpsrudo vxevwlwxwlrq +ru wr fuhdwh lqfhq0

wlyhv lq vxfk d gluhfwlrq/ vxfk dv fdsshg erqxvhv/ uhqwv/ hwf1, lq rughu wr idflolwdwh

frooxvlrq dqg lqfuhdvh sur�wv1;

;Lq d uhshdwhg yhuvlrq ri wkh vwudwhjlf ghohjdwlrq jdph lqwurgxfhg e| Mrkq Ylfnhuv +4<;8, dqg

Fkdlp Ihuvkwpdq dqg Nhqqhwk Mxgg +4<;:,/ Jldqfduor Vsdjqror +4<<9e, �qgv wkdw hyhq lq vlqjoh

uhshdwhg lqwhudfwlrqv/ wkdw lv/ lqghshqghqw ri pxowlpdunhw frqwdfw/ ghohjdwlrq wr pdqdjhuv zlwk

vwulfwo| frqfdyh remhfwlyh ixqfwlrqv lv d srzhuixo frooxvlyh ghylfh1
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: Dsshqgl{

:14 Surri ri Sursrvlwlrq 4

Zh suryh wkh sursrvlwlrq iru wkh fdvh ri wzr pdunhwv/ D dqg E1 Wkh jhqhudol}dwlrq wr

Q pdunhwv lv vwudljkwiruzdug1 Wklv vlpsoh ohppd zloo eh xvhixo=

Ohppd 4 Ohw X=U$U eh d vwulfwo| frqfdyh ixqfwlrq1 Wkhq iru hyhu| %c + lq -nn dqg

5 lq -nc LE5� n L E%n + n 5� 	 L E%n 5� n L E+ n 5�1

Surri= Gh�qh r ' E% n +�/ >% ' %

r
dqg >+ ' +

r
/ vr wkdw f 	 >� 	 �c � ' %c +

dqg } ' E% n + n 5�1 E| wkh gh�qlwlrq ri vwulfw frqfdylw| L d>�} n E� � >��5o :

>�L E}� n E� � >��L E5�1 Vroylqj lqvlgh wkh vtxduhg eudfnhwv dqg vxpplqj ryhu � zh

rewdlq wkh h{suhvvlrq deryh1 T1H1G1

Zlwkrxw pxowlpdunhw frqwdfw/ d �up � zklfk lv dfwlyh lq pdunhwv D dqg E zloo qrw

ghyldwh iurp d frooxvlyh djuhhphqw lq pdunhw D zklfk ohdgv wr d vwdwlrqdu| vhtxhqfh

ri prqhwdu| sd|r�v iZW

��j
"

|
li

�

� � B
LEZW�� n Z���� L E	ZW�� n Z����

B

�� B
L EZ�� n Z��� � f�

Dqdorjrxvo|/ �up 4 zloo qrw ghyldwh iurp d frooxvlyh djuhhphqw lq pdunhw E zklfk

ohdgv wr d vwdwlrqdu| vhtxhqfh ri prqhwdu| sd|r�v iZW��j
"

|
li

�

� � B
LEZ�� n ZW���� L EZ�� n 	ZW����

B

�� B
L EZ�� n Z��� � f�

Ehfdxvh �upv duh lghqwlfdo/ wkhvh wzr frqglwlrqv duh qhfhvvdu| dqg vx!flhqw iru d

frooxvlyh djuhhphqw wr eh vxssruwdeoh lq hdfk pdunhw1 Wklv lpsolhv wkdw wkhlu vxp/ wkh

srrohg lqfhqwlyh frqvwudlqw dfurvv wkh wzr pdunhwv/ zloo eh d ?eSerr@o+ frqglwlrq iru d

frooxvlyh djuhhphqw ohdglqj wr d vwdwlrqdu| vhtxhqfh ri prqhwdu| sd|r�v iZW��c Z
W

��j
"

|

wr eh vlpxowdqhrxvo| vxssruwdeoh lq erwk pdunhwv zlwkrxw pxowlpdunhw frqwdfw1 Wkh

iroorzlqj frqglwlrq pxvw eh vdwlv�hg

2

� � B
LEZW�� n ZW���� LE	ZW�� n ZW���n

�LEZW�� n 	ZW����
B

� � B
dL EZ�� n ZW��� n LEZW�� n Z���o � f� +D4,

Zlwk pxowlpdunhw frqwdfw/ lqvwhdg/ d frooxvlyh rxwfrph jhqhudwlqj wkh vwdwlrqdu|

vhtxhqfh ri sd|r�v iZW��c Z
W

��j
"

|
zloo eh vxssruwdeoh li

�

� � B
LEZW�� n ZW���� LE	ZW�� n 	ZW����

B

�� B
L EZ�� n Z��� � f� +D5,
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Li zh fdq vkrz wkdw +D5, lv dozd|v vdwlv�hg zkhq +D4, lv/ dqg wkdw iru vrph jdphv

+D5, lv vdwlv�hg exw +D4, lv qrw/ zh zloo kdyh suryhg wkh sursrvlwlrq1 Wr gr wklv zh

fdq vxewudfw wkh OKV ri frqglwlrq +D5, iurp wkh OKV ri frqglwlrq +D4, dqg fkhfn li

vxfk d gl�huhqfh lv dozd|v srvlwlyh1 Vxewudfwlqj dqg vlpsoli|lqj/ zh rewdlq
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dL EZW

��
n ZW

��
� n LE	ZW

��
n 	ZW

��
�� LE	ZW

��
n ZW

��
�� LEZW

��
n 	ZW

��
�o �

E| Ohppd 4 wkh UKV ri wklv lqhtxdolw| lv qhjdwlyh/ zkloh wkh OKV pd| eh hlwkhu

srvlwlyh ru qhjdwlyh1 Li lw lv srvlwlyh wkh lqhtxdolw| lv vdwlv�hg1 Li lw lv qhjdwlyh/ zh

fdq pxowlso| hyhu|wklqj e| 04 dqg uhduudqjh dv

B 	
�L EZW

��
n ZW

��
��g

�LEZ
��

n ZW

��
�� LEZW

��
n Z

��
� n LEZ

��
n Z

��
��g

c

zkhuh g ' dL E	ZW
��

n 	ZW
��
�� L E	ZW

��
n ZW

��
�� LEZW

��
n 	ZW

��
�o � E| Ohppd 4 lw lv L EZW

��
n

ZW

��
� 	 LEZ�� n ZW

��
� n L EZW

��
n Z���� LEZ�� n Z���/ wkhuhiruh lq wkh UKV ri wkh odvw

lqhtxdolw| wkh qxphudwru lv vwulfwo| odujhu wkdq wkh ghqrplqdwru/ dqg ehfdxvh B � �

wkh frqglwlrq lv dozd|v vdwlv�hg1 T1H1G1

:15 Surri ri Fruroodu| 4

Ehiruh dftxlvlwlrq wkh lqfhqwlyh frqvwudlqw iru �up � wr vxvwdlq d frooxvlyh djuhhphqw

ohdglqj wr d vwdwlrqdu| vhtxhqfh ri prqhwdu| sd|r�v iZW
��
j
"

|
lv

�

� � B
LEZW

��
�� L E	ZW

��
��

B

�� B
L EZ��� � fc

ru/ htxlydohqwo|/

B � BEf� '
LE	ZW

��
�� LEZW

��
�

LE	ZW
��
�� LEZ

��
�
�

Diwhu wkh dftxlvlwlrq+v,/ lq hdfk shulrg �up � zloo rewdlq vrph srvlwlyh sur�wv/ vd|

Z��c iurp dftxluhg �upv vr wkdw wkh lqfhqwlyh frqvwudlqw ehfrphv

�

� � B
LEZW

��
n Z���� L E	ZW

��
n Z����

B

�� B
L EZ�� n Z��� � fc
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ru/ htxlydohqwo|/

B � BEZ��� '
L E	ZW

��
n Z���� LEZW

��
n Z���

LE	ZW
��

n Z���� LEZ�� n Z���
�

Wkh dftxlvlwlrq zruvhqv �up*v delolw| wr frooxgh zkhq BEf� 	 BEZ���1 Wkhuhiruh wkh

pdujlqdo dftxlvlwlrq idflolwdwhv frooxvlrq zkhq=

7�}?

;?
=
YBEZ���

YZ

�����
Z��'f

<@
> 	 fc

zklfk ohdgv wr

dL �E	ZW

��
�� L �EZW

��
�o dL E	ZW

��
�� LEZ���o� dL �E	ZW

��
�� L �EZ���o dLE	ZW

��
�� LEZW

��
�o 	 fc

dqg wkhq wr

LEZW

��
�� LEZ���

LE	ZW

��
�� LEZ���

L �E	ZW

��
� n

LE	ZW

��
�� LEZW

��
�

LE	ZW

��
�� LEZ���

L �EZ��� 	 L �EZW

��
��

T1H1G1

:16 Surri ri Fruroodu| 5

D phujhu zlwk d �up dfwlyh lq pdunhw � idflolwdwhv frooxvlrq lq pdunhw � dv orqj

dv wkh �up*v lqfhqwlyh frpsdwlelolw| frqvwudlqw diwhu wkh phujhu lv ohvv vwulqjhqw wkdq

wkdw ehiruh wkh phujhu/ wkdw lv li

�

�� B
L EZW

��
�� LE	ZW

��
��

B

�� B
LEZ��� 	

�

�� B
L EZW

��
n Z���� LE	ZW

��
n Z����

B

�� B
LEZ�� n Z����

Zlwk ihz dojheudlf pdqlsxodwlrqv wkh lqhtxdolw| uhgxfhv wr

B 	 hB '
dL EZW

��
n Z���� LEZW

��
�o� dLE	ZW

��
n Z���� L E	ZW

��
�o

dL EZ�� n Z���� LEZ���o� dLE	ZW

��
n Z���� LE	ZW

��
�o
c

dqg ehfdxvh L � : f dqg L �� 	 f lpso|

LEZ�� n Z���� LEZ��� : LEZW

��
n Z���� L EZW

��
� : L E	ZW

��
n Z���� LE	ZW

��
�c

lw lv dozd|v f 	 hB 	 �� T1H1G1
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:17 Surri ri Sursrvlwlrq 5

Djdlq/ zh suryh wkh fruroodu| iru wkh fdvh ri djhqwv dfwlyh lq wzr uhshdwhg jdphv/ D

dqg E +wkh h{whqvlrq wr pruh wkdq wzr uhshdwhg jdphv lv vwudljkwiruzdug/ dowkrxjk

fxpehuvrph,1 Ohw >W

�&
ghqrwh sod|hu �*v vwdwlf pdwhuldo sd|r� iurp vxshujdph & zkhq

wkh vwdwlrqdu| frrshudwlyh djuhhphqw dw vwdnh lv ehlqj uhvshfwhg/ e>W

�&
ghqrwh sod|hu

�*v vwdwlf pdwhuldo sd|r� iurp ghyldwlqj e| fkrrvlqj d vwdwlf ehvw uhvsrqvh vwudwhj|

wr vxfk djuhhphqw/ dqg >�& ghqrwh klv pdwhuldo sd|r� lq d shulrg ri wkh sxqlvkphqw

skdvh zklfk iroorzv wkh ghyldwlrq1

Zh fdq iroorz wkh vdph vwhsv dv lq wkh surri ri Sursrvlwlrq 41 Zlwkrxw pxowlpdu0

nhw frqwdfw/ djhqw � sod|lqj vxshujdphv D dqg E zloo qrw ghyldwh iurp d frrshudwlyh

djuhhphqw lq D ohdglqj wr wkh vhtxhqfh ri pdwhuldo sd|r�v i>W

��
j"
|

li

�

� � B
LE>W

��
c >���� LEe>W

��
c >����

B

� � B
LE>

��
c >��� � fc

dqg zloo qrw ghyldwh iurp d frrshudwlyh djuhhphqw lq E ohdglqj wr wkh vhtxhqfh ri

pdwhuldo sd|r�v i>W
��
j"
|

li

�

� � B
LE>��c >

W

��
�� LE>��c e>

W

��
��

B

� � B
LE>��c >

��
� � f�

Wkh srrohg lqfhqwlyh frqvwudlqw dfurvv wkh wzr vxshujdphv zloo eh d ?eSerr@o+ frqgl0

wlrq iru wkh vwdwlrqdu| vhtxhqfh ri pdwhuldo sd|r�v i>W
��
c >W

��
j"
|

wr eh vlpxowdqhrxvo|

vxssruwdeoh zlwkrxw �pxowl0jdph� frqwdfw/ zkloh zlwk �pxowl0jdph� frqwdfw wkh vh0

txhqfh i>W
��
c >W

��
j
"

|
lv vxssruwdeoh li

�

� � B
LE>W

��
c >W

��
�� LEe>W

��
c e>W

��
��

B

� � B
LE>

��
c >

��
� � f�

Vxewudfwlqj wkh OKV ri wkh srrohg lqfhqwlyh frqvwudlqw iurp wklv frqglwlrq zh rewdlq

L Ee>W
��
c e>W

��
�� LE>

��
c >

��
� n LE>

��
c >W

��
� n L E>W

��
c >

��
�� LEe>W

��
c >W

��
�� L E>W

��
c e>W

��
� :

:
�

B
dLE>W

��
c >W

��
� n L Ee>W

��
c e>W

��
�� LEe>W

��
c >W

��
�� L E>W

��
c e>W

��
�o �

E| Gh�qlwlrq 4 +ru 5, wkh UKV ri wklv lqhtxdolw| lv dozd|v qhjdwlyh/ zkloh wkh OKV

pd| hlwkhu eh srvlwlyh ru qhjdwlyh1 Li lw lv srvlwlyh wkh lqhtxdolw| lv vdwlv�hg1 Li lw lv

qhjdwlyh/ zh fdq pxowlso| hyhu|wklqj e| 04 dqg uhduudqjh dv

B 	
�LE>W

��
c >W

��
��g �

�LE>
��
c >W

��
�� L E>W

��
c >

��
� n LE>

��
c >

��
��g �

zkhuhg �

' dL Ee>W
��
c e>W

��
�� LEe>W

��
c >W

��
�� L E>W

��
c e>W

��
�o �E|Gh�qlwlrq 4 +ru 5, L E>W

��
c >W

��
� 	

LE>��c >
W

��
�nLE>W

��
c>����LE>��c>���c wkhuhiruh wkh qxphudwru lv vwulfwo| odujhu wkdq

wkh ghqrplqdwru/ dqg jlyhq wkdw B � � wkh lqhtxdolw| lv dozd|v vdwlv�hg1 T1H1G1
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:18 Surri ri Fruroodu| 6

Dv xvxdo/ gh�qh ZW

�& ' Z�E^
W

� c ^
W

� �c eZW

�& ' Z�&E ê�&E^
W

�&�c ^
W

�&�c Z
�
�& ' Z�&E^

�
�& c f�/ eZ��& '

Z�&Ee^�&E^
�
�& �c ^

�
�& �c dqg Z�& ' Z�&E^�& ' f�1 Vxssrvh

LEZ�� n Z��� n
BLEZW

�� n ZW���

� � B
�

LEeZ��� n eZ����

�� B
c

L EZ�� n ZW��� n
BLEZW

�� n ZW���

� � B
�

LEeZ��� n ZW

���

�� B
c

L EZW�� n Z��� n
BL EZW�� n ZW���

� � B
�

LEZW

�� n eZ����

�� B
c

vr wkdw wkh vwudwhjlhv duh vxejdph shuihfw1 Wkhq wkh frqglwlrq iru frooxvlrq wr eh

vxssruwdeoh lq erwk pdunhwv zlwk qr pxowlpdunhw frqwdfw ehfrphv

E�� B2�2LEZW

�� n ZW

���

� � B
�LEeZW

��nZ
W

����LEZW

��neZW

����B dL EZ�� n ZW��� n LEZW�� n Z���o � f�

Zlwk pxowlpdunhw frqwdfw wkh fruuhvsrqglqj frqglwlrq lv

E� � B2�LEZW�� n ZW

���

� � B
� LEeZW

�� n eZW

���� BL EZ�� n Z��� � f�

Li zkhq vxewudfwlqj wkh OKV ri wkh �uvw lqhtxdolw| iurp wkdw ri wkh vhfrqg zh rewdlq

d srvlwlyh h{suhvvlrq wkh vwdwhphqw zloo eh suryhg1 Vxewudfwlqj/ zh rewdlq

E�� B� dLEeZW

�� n ZW

��� n LEZW�� n eZW

���� LEeZW�� n eZW

���on

BE�� B� dL EZ�� n ZW��� n LEZW�� n Z���� LEZ�� n Z���o� E� � B2�LEZW

�� n ZW

����

Ohw xv gh�qh

� ' LEeZW

�� n ZW

��� n L EZW�� n eZW���� LEeZW�� n eZW���c

� ' LEZ�� n ZW��� n LEZW

�� n Z���� LEZ�� n Z���c

� ' LEZW�� n ZW

���c

vr wkdw wkh gl�huhqfh fdq eh uhzulwwhq dv

E� � B��n BE�� B�� � E� � B2��

ru/ htxlydohqwo|/ dv

E�� �� n BE� ��� n B2E� ����

Xvlqj Ohppd 4 zh kdyh +l, � 	 � +ohw 5 ' ZW

��nZW

�� c % ' eZW

���ZW

��c + ' eZW�� �ZW�� c �/

dqg +ll, � 	 � Eohw 5 ' Z��nZ��c % ' ZW���Z��c + ' ZW

���Z���� Vxssrvh �uvw � ' �1

Wkhq wkh lqhtxdolw| ehfrphv

E�� �� n B2E� ��� ' E�� B2�E�� �� : f

4<



dv ghvluhg1 Vxssrvh qrz � : �1 Zh fdq uhduudqjh dqg rewdlq

E���� n BE� ��� n B
2E� ��n���� ' E�� B

2�E�� �� n BE�� B�E� ��� : f

dv ghvluhg1 Ilqdoo|/ vxssrvh � : �1 Zh fdq uhduudqjh rewdlqlqj

E�� �� n BE� � � n � ��� n B
2E� ��� ' E� � B�E���� n EB � B

2�E� � �� : f�

T1H1G1
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^4<` Hsvwhlq/ O1J1/ dqg V1H1 ]lq +4<<4,= �Vxevwlwxwlrq/ Ulvn Dyhuvlrq dqg wkh
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Frruglqdwlqj Frusrudwh Lqyhvwphqw dqg Ilqdqflqj Srolflhv/� Mrxuqdo ri Ilqdqfh/

7;/ +8,/ 495<0498;1
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^5:` Jdyhu/ M1M1/ N1P1 Jdyhu/ dqg M1U1 Dxvwlq +4<<8,= �Dgglwlrqdo Hylghqfh rq

Erqxv Sodqv dqg Lqfrph Pdqdjhphqw/� Mrxuqdo ri Dffrxqwlqj dqg Hfrqrplfv/
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wkh Lqfrph0Vprrwklqj K|srwkhvlv= dq Hpslulfdo Dqdo|vlv/ 4<:904<;7/� Mrxuqdo

ri Ilqdqfldo Vhuylfhv Uhvhdufk/ 4/ +7,/ 63404;1
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lfdq Hfrqrplf Uhylhz/ ;3/ +5,/ 4930981
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qdqfh dqg Ilup Lqyhvwphqw/� Q1E1H1U Zrunlqj Sdshu Qr1 76<51

^69` Mhqvhq/ P1F1 +4<;9,= �Djhqf| Frvwv ri Iuhh Fdvk Iorz/ Frusrudwh Ilqdqfh/

dqg Wdnhryhuv/� Dphulfdq/ Hfrqrplf Uhylhz/ :9/ +Pd|/ SS,/ 657065<1

^6:` Mhqvhq/ P1F1/ dqg Z1 Phfnolqj +4<:9,= �Wkhru| ri wkh Ilup= Pdqdjhuldo

Ehkdylru/ Djhqf| Frvwv dqg Rzqhuvkls Vwuxfwxuh/� Mrxuqdo ri Ilqdqfldo Hfr0

qrplfv/ 6/ 63806931

^6;` Mrvnrz/ S1O1/ dqg Q1 O1 Urvh +4<<7,= �FHR Sd| dqg Ilup Shuirupdqfh= G|0

qdplfv/ Dv|pphwulhv/ dqg Dowhuqdwlyh Shuirupdqfh Phdvxuhv/� Q1E1H1U1 Zrun0

lqj Sdshu Qr1 7<:91

^6<` Ndvdqhq/ H1/ M1 Nlqqxqhq dqg M1 Qlvndqhq +4<<9,/ �Glylghqg0edvhg hduq0

lqj pdqdjhphqw= Hpslulfdo hylghqfh iurp Ilqodqg/� Mrxuqdo ri Dffrxqwlqj dqg

Hfrqrplfv 55/ 5;606451

^73` Odpehuw/ U1D1 +4<;7,= �Lqfrph Vprrwklqj dv Udwlrqdo HtxloleulxpEhkdylru/�

Dffrxqwlqj Uhylhz/ 8</ +7,/ 93704;1

^74` Ohvvdug/ G1 +4<<3,= �Joredo Frpshwlwlrq dqg Frusrudwh Ilqdqfh lq 4<<3v/�

Frqwlqhqwdo Edqn Mrxuqdo ri Dssolhg Ilqdqfh/ 4/ 8<0:51
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^75` Pduulv/ U1 +4<97,= Wkh Hfrqrplf Wkhru| ri Pdqdjhuldo Fdslwdolvp1 Qhz \run=

Pdfploodq1

^76` Phufkdqw/ N1D1 +4<;<,= Uhzduglqj Uhvxowv= Prwlydwlqj Sur�w Fhqwhu Pdq0

djhuv1 Ervwrq= Kduydug Exvlqhvv Vfkrro1

^77` P|huv/ V1F1/ dqg Q1V1 Pdmoxi +4<;7,= �Frusrudwh Ilqdqflqj dqg Lqyhvwphqw

Ghflvlrqv zkhq Ilupv kdyh Lqirupdwlrq wkdw Lqyhvwruv gr qrw kdyh/� Mrxuqdo ri

Ilqdqfldo Hfrqrplfv/ 46/ 4;:05541

^78` Skloolsv/ R1U1/ dqg F1I1 Pdvrq +4<<5,= �Pxwxdo Iruehdudqfh lq H{shulphq0

wdo Frqjorphudwh Pdunhwv/� UDQG Mrxuqdo ri Hfrqrplfv/ 56/ +6,/ 6<807471

^79` Urqhq/ M1/ dqg V1 Vdgdq +4<;4,= Vprrwklqj Lqfrph Qxpehuv= Remhfwlyhv/

Phdqv dqg Lpsolfdwlrqv1 Uhdglqj/ Pdvv1= Dgglvrq0Zhvoh|1

^7:` Vfkhuhu/ I1P1 +4<;3,= Lqgxvwuldo Pdunhw Vwuxfwxuh dqg Hfrqrplf Shuiru0

pdqfh1 Ervwrq/ PD= Krxjkwrq Pl!q1

^7;` Vfrww/ M1W1 +4<<6,= Sxusrvlyh Glyhuvl�fdwlrq dqg Hfrqrplf Shuirupdqfh1

Fdpeulgjh/ Fdpeulgjh Xqlyhuvlw| Suhvv1

^7<` Vkdslur/ D1/ dqg V1 Wlwpdq +4<;9,= �Dq Lqwhjudwhg Dssurdfk lq Frusrudwh

Ulvn Pdqdjhphqw/� lq Mrho Vwhuq dqg Grqdog Fkhz/ hgv1= Wkh Uhyroxwlrq lq

Frusrudwh Ilqdqfh1 R{irug= Edvlo Eodfnzhoo1

^83` Vlprq/ K1 +4<8:,= Dgplqlvwudwlyh Ehkdylru1 +5qg hg1,/ Qhz \run= Pdfploodq1

^84` Vplwk/ F1/ dqg U1 Vwxo} +4<;8,= �Wkh Ghwhuplqdqwv ri Ilupv* Khgjlqj Srol0

flhv/� Mrxuqdo ri Ilqdqfldo dqg Txdqwlwdwlyh Dqdo|vlv/ 5;/ 605;1

^85` Vsdjqror/ J1 +4<<9d,= �Pxowlpdunhw frqwdfw/ Ilqdqfldo Frqvwudlqwv dqg Fro0

oxvlrq= rq H{wuhpdo Htxloleuld ri Lqwhughshqghqw Vxshujdphv/� Zrunlqj Sdshu

Qr1437/ Vwrfnkrop Vfkrro ri Hfrqrplfv1<

^86` Vsdjqror/ J1 +4<<9e,= �Rzqhuvkls/ Frqwuro/ dqg Frooxvlrq/� Zrunlqj Sdshu

Qr146</ Vwrfnkrop Vfkrro ri Hfrqrplfv143

^87` Vwxo}/ U1 +4<;7,= �Rswlpdo Khgjlqj Srolflhv/� Mrxuqdo ri Ilqdqfldo dqg Txdq0

wlwdwlyh Dqdo|vlv/ 4</ 45:04731

^88` Vwxo}/ U1 +4<<3,= �Pdqdjhuldo Glvfuhwlrq dqg Rswlpdo Ilqdqflqj Srolf|/� Mrxu0

qdo ri Ilqdqfldo Hfrqrplfv/ 59/ 605:1

<
kwws=22vzrshf1kkv1vh2kdvwhi2dev2kdvwhi34371kwp

43
kwws=22vzrshf1kkv1vh2kdvwhi2dev2kdvwhi346<1kwp
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^89` Wuxhpdq/ E1/ dqg V1G1 Wlwpdq +4<;;,= �Dq H{sodqdwlrq iru Dffrxqwlqj

Lqfrph Vprrwklqj/� Mrxuqdo ri Dffrxqwlqj Uhvhdufk/ 59/ +Vxsso1,/ 45:046<1

^8:` Zlooldpvrq/ R1H1 +4<97,= Pdqdjhuldo Glvfuhwlrq dqg Exvlqhvv Ehkdylru1 Hq0

jhozrrg Fol�v/ Q1M1= Suhqwlfh0Kdoo1
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