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Devwudfw

Zh fodlp wkdw wkh vwrfn pdunhw hqfrxudjhv exvlqhvv fuhdwlrq/ lq0

qrydwlrq/ dqg jurzwk e| doorzlqj wkh uhf|folqj ri �lqiruphg� fdsl0

wdo1 Gxh wr lqfhqwlyh sureohpv/ �qdqflqj qhz lqqrydwlyh exvlqhvvhv

uhtxluhv hqwuhsuhqhxuv hlwkhu wr vxvwdlq d wljkw uhodwlrqvkls zlwk prql0

wruv +edqnv/ yhqwxuh fdslwdolvwv, zkrvh �lqiruphg� fdslwdo lv lq olplwhg

vxsso| ru wr xqghuwdnh dq luuhyhuvleoh uhrujdql}dwlrq wkdw pdnhv wkh

�up wudqvsduhqw hqrxjk wr dffhvv wkh vwrfn pdunhw1 Zh fkdudfwhul}h

wkh �qdqfldo olih f|foh ri �upv/ vkrzlqj zk| wkh| fkrrvh wr eh lql0

wldoo| �qdqfhg wkurxjk lqiruphg fdslwdo/ uhfrqvlghulqj zkhwkhu wr jr

sxeolf rqfh vrph xqfhuwdlqw| lv uhvroyhg1 Zh h{dplqh wkh h!flhqf|

surshuwlhv ri wkh frpshwlwlyh htxloleulxp dqg lghqwli| wkh idfwruv wkdw

ohdg wr wkh hphujhqfh ri d vwrfn pdunhw iru |rxqj idvw jurzlqj �upv/

idflolwdwh wkh uhf|folqj ri lqiruphg fdslwdo/ dqg hqfrxudjh exvlqhvv

fuhdwlrq1 Zh dovr vkrz krz wkh udwh ri whfkqrorjlfdo surjuhvv d�hfwv

dqg lv d�hfwhg e| vwrfn pdunhw ghyhorsphqw1

�Fruuhvsrqghqfh wr= Fodxglr Plfkhodffl d2r Mdylhu Vxduh}1 FHPIL/ Fdvdgr gho

Dolvdo 8/ 5;347 Pdgulg/ Vsdlq1 Who= .670<4075<38841 Id{= .670<4075<43891 Hpdlo=

f1plfkhodfflCfhp�1hv/ vxduh}Cfhp�1hv1
|Zh zrxog olnh wr wkdqn Mrvh Pdqxho Fdpsd dqg vhplqdu dxglhqfh dw FHPIL dqg

Wrxorxvh iru khosixo frpphqwv1
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4 Lqwurgxfwlrq

Gxulqj wkh odvw wzr ghfdghv/ wkh XV yhqwxuh fdslwdo lqgxvwu| kdv ehhq h{0

wuhpho| dfwlyh/ pdq| |rxqj lqqrydwlyh frpsdqlhv kdyh ehfrph pdmru sod|huv

lq wkhlu fruuhvsrqglqj lqgxvwulhv/ dqg wkhuh kdv ehhq xqsuhfhghqwhg jurzwk

lq wkh oltxlglw| dqg ydoxh ri Qdvgdt/ wkh vwrfn pdunhw zkhuh prvw |rxqj

lqqrydwlyh frpsdqlhv ghflgh wr jr sxeolf1 Wklv sdshu gljv rxw vrph ri wkh

wkhruhwlfdo olqndjhv ehwzhhq wkhvh skhqrphqd dqg vwxglhv wkhlu lpsolfdwlrqv

iru exvlqhvv fuhdwlrq/ lqqrydwlrq/ dqg hfrqrplf jurzwk1

Wkhuh lv zlgh frqvhqvxv wkdw yhqwxuh fdslwdolvwv/ olnh vrph edqnv zkhq

lqyroyhg lq wljkw uhodwlrqvklsv zlwk wkh �upv wkdw wkh| �qdqfh/ kdyh vshfldo

ydoxh iru vwduw0xsv14 Wkh| xvh wkhlu uhsxwdwlrq/ zhdowk/ dqg h{shuwlvh +lq

eulhi/ wkhlu lqiruphg fdslwdo, lq prqlwrulqj wkh dfwlylwlhv ri hqwuhsuhqhxuv

wkdw/ gxh wr lqfhqwlyh sureohpv/ kdyh gl!fxowlhv lq gluhfwo| udlvlqj ixqgv

dprqj jhqhudo lqyhvwruv15 Lw kdv ehhq dujxhg wkdw jrlqj sxeolf lv fuxfldo iru

sur�wdeo| uhgluhfwlqj wklv fdslwdo wrzdugv qhz frpsdqlhv dv lw ehfrphv ohvv

qhfhvvdu| wr roghu rqhv16 Zh eulqj wklv dujxphqw wr jhqhudo htxloleulxp dqg

fodlp wkdw e| doorzlqj wkh uhf|folqj ri lqiruphg fdslwdo wkh vwrfn pdunhw

hqfrxudjhv exvlqhvv fuhdwlrq1

Zh frqvlghu dq hfrqrp| zkhuh qhz exvlqhvvhv duh ghyhorshg e| hqwuh0

suhqhxuv zkr duh oltxlglw| frqvwudlqhg1 Ehiruh wkhvh exvlqhvvhv ehfrph suri0

lwdeoh pdwxuh frpsdqlhv/ wkhlu h{whuqdo �qdqflqj lv olplwhg e| d prudo kd}dug

sureohp17 Wkhuh duh wzr vroxwlrqv wr wkhlu sureohp1 Wkh �uvw uhtxluhv wkdw

wkh hqwuhsuhqhxu hvwdeolvkhv dqg vxvwdlqv d �qdqfldo uhodwlrqvkls zlwk d prq0

lwru1 Wkh vhfrqg uhtxluhv wkh �up wr lqfxu vrph luuhyhuvleoh + rwdwlrq, frvwv

lq rughu wr uhrujdql}h lwv pdqdjhphqw frqwuro v|vwhp dqg wkhuhe| ehfrph

uhdg| wr dffhvv wkh pruh sdvvlyh ixqglqj iurp jhqhudo lqyhvwruv/ lq eulhi wkh

vwrfn pdunhw1

Zh prgho wkh fkrlfh ehwzhhq wkhvh �qdqflqj dowhuqdwlyhv dorqj wkh �upv*

4Vhh iru h{dpsoh Shwhuvhq dqg Udmdq +4<<7,1
5Wkh prqlwrulqj uroh ri vshfldo fodvvhv ri �qdqflhuv kdv ehhq wkh fhqwhu ri wkh uh0

fhqw olwhudwxuh rq �qdqfldo lqwhuphgldwlrq/ lqfoxglqj Gldprqg +4<<4,/ Udmdq +4<<5,/ dqg

Kropvwurp dqg Wluroh +4<<:,1
6Vhh iru h{dpsoh Eodfn dqg Jlovrq +4<<;,1
7Udmdq dqg ]lqjdohv +4<<;, grfxphqw wkdw pdwxuh XV frpsdqlhv duh pxfk ohvv ghshq0

ghqw rq h{whuqdo �qdqfh wkdq wkhlu |rxqjhu frxqwhusduwv1
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olih f|foh wdnlqj lqwr dffrxqw wkh htxloleulxp ydoxh ri prqlwruv* lqiruphg

fdslwdo1 Gxh wr hlwkhu wkh vfduflw| ri prqlwrulqj vnloov ru lqfhqwlyh sureohpv

wkdw frqvwudlq prqlwruv* fdsdflw| wr udlvh ixqgv h{whuqdoo|/ lqiruphg fdslwdo lv

lq olplwhg vxsso| dqg whqgv wr dssursuldwh uhqwv lq htxloleulxp18 \hw/ wkhuh

lv vrph lqlwldo xqfhuwdlqw| rq wkh sur�wdelolw| ri hdfk qhz �up dqg xvlqj

lqiruphg fdslwdo pd| doorz wr srvwsrqh wkh ghflvlrq rq zkhwkhu wr jr sxeolf

wloo wkh glvforvxuh ri pruh suhflvh lqirupdwlrq derxw wkh �up*v survshfwv1

Vshfl�fdoo|/ wkh hqwuhsuhqhxu idfhv d wudgh r� ehwzhhq uhrujdql}lqj d �up

zklfk pljkw wxuq wr eh xqsur�wdeoh dqg sd|lqj wkh h{wud frvw ri prqlwruv*

lqiruphg fdslwdo1

Wklv wudgh r� hyroyhv dorqj wkh �up*v olih dv qhz lqirupdwlrq jhwv glv0

forvhg1 Li wkh lqlwldo xqfhuwdlqw| lv vx!flhqwo| odujh/ wkh �up fkrrvhv wr eh

�uvw �qdqfhg wkurxjk lqiruphg fdslwdo/ uhfrqvlghulqj zkhwkhu wr jr sxeolf

diwhu vrph xqfhuwdlqw| lv uhvroyhg1 Dw wkdw srlqw/ wkh �up lqwhuqdol}hv wkh

idfw wkdw sduw ri wkh ixqgv udlvhg e| jrlqj sxeolf fdq eh xvhg wr sd| edfn

lwv prqlwru/ zkr fdq wkhq uhgluhfw khu lqiruphg fdslwdo wrzdugv vrph qhz

exvlqhvv1 Khqfh/ wkh suredelolw| ri jrlqj sxeolf ghshqgv srvlwlyho| rq wkh

ydoxh ri lqiruphg fdslwdo1

Lq htxloleulxp wkh ydoxh ri lqiruphg fdslwdo lv kljkhu wkh odujhu wkh qxp0

ehu ri hqwuhsuhqhxuv wkdw vhhn prqlwruv* �qdqfldo vxssruw1 Zkhq wkh hfr0

qrplf hqylurqphqw ehfrphv pruh idyrudeoh wr hqwuhsuhqhxuvkls/ lqiruphg

fdslwdo ehfrphv pruh ydoxdeoh/ dqg |rxqj �upv ghflgh wr jr sxeolf hduolhu/

dffhohudwlqj wkh uhf|folqj ri lqiruphg fdslwdo1 Wklv jrhv lq sdudooho zlwk dq

hqgrjhqrxv lqfuhdvh lq wkh vl}h ri wkh vwrfn pdunhw iru idvw jurzlqj vwduw0xsv1

Lq rxu hfrqrp|/ wkh doorfdwlrq ri uhvrxufhv fdq eh lqh!flhqw gxh wr d qdw0

xudo lqfrpsohwhqhvv ri frqwudfwv1 Hqwuhsuhqhxuv dqg prqlwruv jhw pdwfkhg

diwhu d surfhvv ri vhdufk dqg vhw wkh whupv ri wkhlu uhodwlrqvklsv wkurxjk

edujdlqlqj rqfh wkh| phhw1 Zh vkrz wkdw wkh jrlqj sxeolf ghflvlrqv ri wkh

frpshwlwlyh hfrqrp| duh frqvwudlqhg h!flhqw/ zkloh wkh htxloleulxp qxp0

ehu ri hqwuhsuhqhxuv lq vhdufk iru d prqlwru lv jhqhudoo| qrw1 Iru lqvwdqfh/

li wkh delolw| ri prqlwruv wr dssursuldwh uhqwv lv wrr odujh/ srolflhv gluhfwhg

8Vhh Kropvwurp dqg Wluroh +4<<:, iru ixuwkhu mxvwl�fdwlrq ri zk| lqiruphg fdslwdo lv

lq olplwhg vxsso|1 Wkh| surylgh d vwdwlf jhqhudo htxloleulxp dqdo|vlv ri wkh doorfdwlrq ri

lqiruphg fdslwdo dprqj d srsxodwlrq ri khwhurjhqhrxv hqwuhsuhqhxuv zkhq erwk hqwuhsuh0

qhxuv dqg prqlwruv vx�hu iurp lqfhqwlyh sureohpv1
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wr hqfrxudjlqj exvlqhvv fuhdwlrq fdq eh zhoiduh lpsurylqj1 Zh vkrz wkdw

eulqjlqj wkh uxoh zkhuhe| wkh sduwlhv vkduh wkh vxusoxv ri wkhlu uhodwlrqvklsv

forvhu wr wkh h!flhqw rqh lqfuhdvhv wkh htxloleulxp ydoxh ri lqiruphg fdslwdo

dqg wkxv wkh lqfhqwlyhv iru vwduw0xsv wr jr sxeolf1 Wklv kdv wzr lpsruwdqw

lpsolfdwlrqv1 Iluvw/ wkh vl}h ri wkh vwrfn pdunhw iru |rxqj idvw jurzlqj �upv

ehfrphv dq lqglfdwru ri wkh hfrqrp|*v ohyho ri h!flhqf|1 Vhfrqg/ lqvwlwxwlrqv

wkdw d�hfw wkh delolw| ri hqwuhsuhqhxuv dqg prqlwruv wr dssursuldwh wkh uhqwv

ri wkhlu uhodwlrqvklsv pd| h{sodlq zk| vrph frxqwulhv kdyh zhoo0ghyhorshg

vwrfn pdunhwv iru |rxqj idvw jurzlqj �upv zkhuhdv rwkhuv gr qrw1

Zh h{whqg wkh prgho lq wkuhh gl�huhqw gluhfwlrqv1 Iluvw/ zh lqwurgxfh

whfkqrorjlfdo surjuhvv1 Zh vwduw vkrzlqj krz wkh udwh ri whfkqrorjlfdo surjuhvv

d�hfwv wkh ghyhorsphqw ri wkh vwrfn pdunhw= wkh odujhu wkh udwh/ wkh odujhu

wkh rxwvlgh rssruwxqlwlhv iru lqiruphg fdslwdo/ khqfh wkh vwurqjhu wkh lqfhq0

wlyhv wr jr sxeolf1 Wkxv d kljk jurzwk udwh fdq hqgrjhqrxvo| ohdg wr wkh

hphujhqfh ri d vwrfn pdunhw iru |rxqj idvw jurzlqj frpsdqlhv1 Wkh udwh ri

whfkqrorjlfdo surjuhvv/ krzhyhu/ lv qrw h{rjhqrxv wr �qdqfldo ghyhorsphqw19

Zh wkhq frqvlghu wkh fdvh ri hqgrjhqrxv jurzwk1 Zkhq wkhuh duh h{whuqdol0

wlhv lq wkh lqqrydwlrq surfhvv dqg lqqrydwlrq lv errvwhg e| exvlqhvv fuhdwlrq/

wkh ghyhorsphqw ri wkh vwrfn pdunhw irvwhuv whfkqrorjlfdo surjuhvv wkurxjk

wkh srvlwlyh h�hfwv ri wkh uhf|folqj ri lqiruphg fdslwdo rq exvlqhvv fuhdwlrq1:

Wklv phfkdqlvp vxjjhvwv d fkdqqho wkurxjk zklfk �qdqfldo ghyhorsphqw

pd| d�hfw jurzwk zlwkrxw +qhfhvvdulo|, d�hfwlqj vdylqjv1; Pruhryhu d �0

qdqfldo xqghughyhorsphqw wuds pd| hphujh zkhuh jurzwk vwdjqdwhv ehfdxvh

wkh vwrfn pdunhw grhv qrw ghyhors dqg wkh vwrfn pdunhw grhv qrw ghyhors

ehfdxvh jurzwk grhv qrw slfn xs1

Vhfrqgo|/ zh frqvlghu wkh srvvlelolw| ri oltxlglw| h{whuqdolwlhv vxfk wkdw

wkh odujhu wkh qxpehu ri �upv olvwhg lq wkh pdunhw iru |rxqj idvw jurzlqj

9Vhh Ohylqh +4<<:, iru d vxuyh| rq wkh wkhruhwlfdo dqg hpslulfdo olqnv ehwzhhq �qdq0

fldo ghyhorsphqw dqg jurzwk1 Juhhqzrrg dqg Mrydqrylf +4<<3, ghyhors d prgho zkhuh

�qdqfldo lqwhuphgldwlrq dqg jurzwk duh hqgrjhqrxv1
:Djklrq dqg Wluroh +4<<7,/ Juhhqzrrg dqg Mrydqrylf +4<<<,/ dqg Krelmq dqg Mrydqrylf

+4<<<, surylgh uhdvrqv h{sodlqlqj zk| lqqrydwlrq pd| uhtxluh wkh fuhdwlrq ri qhz/ lqgh0

shqghqw exvlqhvvhv1
;Ohylqh dqg ]huyrv +4<<;, surylgh hylghqfh wkdw erwk edqn ghyhorsphqw dqg vwrfn

pdunhw oltxlglw| duh vwurqjo| uhodwhg wr surgxfwlylw| jurzwk zkloh wkhlu olqndjh zlwk vdylqjv

lv qrw vljql�fdqw1
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�upv wkh pruh dwwudfwlyh lw ehfrphv1 Zh vkrz wkdw wkhvh h{whuqdolwlhv fuhdwh

d vwudwhjlf frpsohphqwdulw| zklfk lv d vrxufh ri lqh!flhqf| lq wkh ghflvlrq

wr jr sxeolf dqg fdq ohdg wr wkh h{lvwhqfh ri pxowlsoh htxloleuld1

Wklugo|/ zh hqgrjhql}h wkh lqwhqvlw| ri dfwlylwlhv/ vxfk dv lqyhvwphqw

edqnlqj/ zklfk duh phdqw wr dffhohudwh wkh uhvroxwlrq ri xqfhuwdlqw| rq vwduw0

xsv* sur�wdelolw|1 Zh vkrz wkdw wkh lqwhuhvwv yhvwhg lq rqjrlqj hqwuhsuhqhxu0

prqlwru uhodwlrqv +zklfk duh vwurqjhu wkh ohvv h!flhqw wkh hfrqrp| lv, whqg

wr kdpshu wkh ghyhorsphqw ri lqyhvwphqw edqnlqj/ wkhuhe| hqgrjhqrxvo|

ghod|lqj wkh uhf|folqj ri lqiruphg fdslwdo dqg wkxv uhgxflqj wkh udwh ri fuh0

dwlrq ri qhz �upv1 Wklv lpsolhv wkdw wkh xqghughyhorsphqw ri lqyhvwphqw

edqnlqj jrhv wrjhwkhu zlwk wkh xqghughyhorsphqw ri wkh vwrfn pdunhw iru

idvw jurzlqj frpsdqlhv1

Wkh uhvw ri wkh sdshu lv rujdql}hg dv iroorzv1 Lq Vhfwlrq 5 zh ghvfuleh wkh

prgho1 Vhfwlrq 6 fkdudfwhul}hv lqglylgxdo �up ehkdylru1 Vhfwlrq 7 dqdo|}hv

htxloleulxp1 Lq Vhfwlrq 8 zh glvfxvv rxu uhvxowv rq h!flhqf|1 Vhfwlrq 9

frqwdlqv wkh h{whqvlrqv1 Wkh frqfoxvlrqv dsshdu lq Vhfwlrq :1

5 Wkh prgho

Zh frqvlghu dq hfrqrp| lq frqwlqxrxv wlph zkhuh wkhuh lv mxvw rqh �qdo

jrrg/ zklfk lv wkh qxphudluh1

514 Djhqwv

Wkhuh duh frqwlqxrxv pdvvhv . ri hqwuhsuhqhxuv/ � ri prqlwruv/ dqg U ri

lqyhvwruv1 Doo ri wkhp duh lq�qlwho| olyhg/ ulvn qhxwudo/ dqg pd{lpl}h wkh

h{shfwhg qhw suhvhqw ydoxh ri wkhlu lqfrph vwuhdp1 Hqwuhsuhqhxuv kdyh d

vxemhfwlyh glvfrxqw udwh 4 dqg duh deoh wr ghyhors rqh exvlqhvv surmhfw shu

xqlw ri wlph1 Prqlwruv dovr kdyh d glvfrxqw udwh 4 dqg fdq prqlwru rqh

hqwuhsuhqhxu shu xqlw ri wlph1 Ilqdoo|/ lqyhvwruv kdyh d glvfrxqw udwh o 	 4

dqg duh hqgrzhg zlwk vrph +vx!flhqwo| odujh, h{rjhqrxv  rz ri lqfrph

wkdw jxdudqwhhv wkdw wkhlu vxsso| ri ixqgv lv/ rq wkh uhohydqw udqjh/ shuihfwo|

hodvwlf dw wkh udwh o1 Wkh gl�huhqfh 4� o : f zloo surylghv d sulpd idflh fdvh

iru lqyhvwruv wr eh wkh �qdqflhuv lq wklv hfrqrp|1
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515 Whfkqrorjlhv

Dw hyhu| lqvwdqw |/ d pdvv � ri srwhqwldo surmhfwv lv udqgrpo| doorfdwhg

dprqj wkh hqwuhsuhqhxuv qrw lqyroyhg lq ghyhorslqj dqrwkhu surmhfw1 Wr eh

rshudwlyh/ d surmhfw uhtxluhv rqh xqlw ri lqyhvwphqw1 Li hqwuhsuhqhxuv zdqw wr

nhhs wkhlu surmhfwv uhdg| iru wkh ixwxuh udwkhu wkdq pdnlqj wkhp rshudwlyh

lpphgldwho|/ wkh| kdyh wr lqfxu d xwlolw| frvw S shu xqlw ri wlph1 Rshudwlyh

surmhfwv duh fdoohg �upv1 D �up fdq eh oltxlgdwhg dw dq| srlqw lq wlph

dw d frqvwdqw oltxlgdwlrq ydoxh ' 5 Efc �o� Zkhq d �up lv oltxlgdwhg/ wkh

xqghuo|lqj surmhfw lv orvw iru hyhu1

Wkhuh duh xs wr wzr vwdjhv lq d �up*v olih= d vwduw0xs vwdjh/ lq zklfk lw

grhv qrw surgxfh dq| lqfrph/ dqg d pdwxulw| vwdjh/ lq zklfk lw surgxfhv

dq lqfrph  rz �+ shu xqlw ri wlph1 D iudfwlrq � ri wkh �upv duh jrrg +ru

sur�wdeoh, dqg kdyh �+ ' + : f/ zkloh wkh uhvw duh edg +ru xqsur�wdeoh, dqg

kdyh �+ ' f1 Ilup w|shv duh lqlwldoo| xqnqrzq/ exw wkh| jhw glvfryhuhg dw

pdwxulw| ru/ vrphwlphv/ ehiruh pdwxulw|1

Wkh glvfryhu| ri w|sh dqg wkh wudqvlwlrq wr pdwxulw| duh d�hfwhg e| d

prudo kd}dug sureohp= Li wkh hqwuhsuhqhxu ghyrwhv klv h�ruw wr wkh �up/

lwv w|sh zloo eh hduo| glvfryhuhg dqg pdwxulw| zloo eh uhdfkhg dffruglqj wr

lqghshqghqw Srlvvrq surfhvvhv zlwk duulydo udwhv b dqg >c uhvshfwlyho|1< Rwk0

huzlvh/ wkh hqwuhsuhqhxu jhwv d  rz ri xqyhul�deoh sulydwh ehqh�wv iurp wkh

�up/ K � 4'c exw qhlwkhu pdwxulw| qru hduo| w|sh glvfryhu| rffxu1 Rqfh

pdwxulw| lv uhdfkhg/ qr prudo kd}dug sureohp h{lvwv1

516 Ilqdqflqj prghv

Lq wkh devhqfh ri fdslwdo pdunhw lpshuihfwlrqv/ wkh hqwuhsuhqhxuv ri wklv

hfrqrp| zrxog qhyhu �qg lw rswlpdo wr dffxpxodwh zhdowk1 Vlqfh wkh| duh

pruh lpsdwlhqw wkdq wkh lqyhvwruv/ 4 : oc wkh| zrxog olnh wr eruurz djdlqvw

wkh zkroh ixwxuh lqfrph ri wkhlu suhvhqw dqg ixwxuh surmhfwv dqg dqwlflsdwh

wkhlu frqvxpswlrq dv pxfk dv srvvleoh1 Krzhyhu/ wklv rswlrq lv qrw ihdvleoh

ehfdxvh ri wkh prudo kd}dug sureohp= dq hqwuhsuhqhxu zlwkrxw d vwdnh lq

wkh surmhfw*v ixwxuh lqfrph zrxog suhihu wkh vwuhdp ri sulydwh ehqh�wv K

<Ri frxuvh/ zkhq surmhfw w|sh lv glvfryhuhg ehiruh pdwxulw|/ wkh hqwuhsuhqhxu*v h�ruw

lv vwloo qhhghg wr uhdfk pdwxulw|1
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wr frqwulexwlqj klv h�ruw gxulqj wkh vwduw0xs vwdjh dqg/ dqwlflsdwlqj wklv/

qrerg| zrxog �qdqfh wkh surmhfw1

D vroxwlrq pljkw eh wr �qdqfh wkh surmhfw/ dw ohdvw lq sduw/ zlwk wkh

hqwuhsuhqhxu*v rzq ixqgv1 Lq rxu hfrqrp|/ krzhyhu/ wklv vroxwlrq grhv qrw

zrun li � lv vpdoo uhodwlyh wr .c dv zh lqghhg dvvxph1 Wkh uhdvrq lv wkdw li

dq hqwuhsuhqhxu kdv yhu| ihz fkdqfhv wr jhw d surmhfw/ wkh gl�huhqfh ehwzhhq

wkh glvfrxqw udwh 4 dqg wkh pdunhw lqwhuhvw udwh o zloo glvvxdgh klp iurp

dffxpxodwlqj dq| zhdowk1

Zh frqvlghu wzr h{whuqdo �qdqflqj vroxwlrqv1 Wkh �uvw lv lqiruphg fdslwdo

�qdqflqj/ zklfk frqvlvwv lq wkh hvwdeolvkphqw ri d wljkw uhodwlrqvkls zlwk dq

h{shuw prqlwru1 +Vr zh lqglvwlqfwo| uhihu wr� dv wkh qxpehu ri prqlwruv dqg

wkh vwrfn ri lqiruphg fdslwdo lq wkh hfrqrp|1, Zh dvvxph wkdw wkh prqlwru

pd| rewdlq hqrxjk lqirupdwlrq dqg frqwuro rq wkh hqwuhsuhqhxu wr jxdudqwhh

wkdw kh ghyrwhv klv h�ruw wr wkh �up143 Iru vlpsolflw| dqg zlwkrxw orvv ri

jhqhudolw|/ zh dvvxph wkdw prqlwruv �qdqfh hqwuhsuhqhxuv zlwk wkhlu rzq

ixqgv144 Pruhryhu/ zh dvvxph wkdw wkh surylvlrq ri wkh ixqgv iru d surmhfw

rffxuv dw wkh srlqw wkh prqlwru vwduwv d uhodwlrqvkls zlwk dq hqwuhsuhqhxu145

Wkh vhfrqg vroxwlrq lv vwrfn pdunhw �qdqflqj/ zklfk frphv iurp lq0

yhvwruv1 Lqyhvwruv surylgh ixqgv dw d udwh o 	 4 wkdw uh hfwv wkh dgydqwdjhv lq

whupv ri oltxlglw| dqg ulvn glyhuvl�fdwlrq wkdw dvvrfldwh zlwk wkh lvvxdqfh ri

sxeolf vhfxulwlhv ylv0d0ylv wkh sulydwh vhfxulwlhv xvhg lq hqwuhsuhqhxu0prqlwru

uhodwlrqvklsv1 Krzhyhu/ vlqfh lqyhvwruv gr qr surylgh dfwlyh prqlwrulqj/ zh

dvvxph wkdw jrlqj sxeolf ehiruh pdwxulw| uhtxluhv uhrujdql}lqj wkh �up dqg

lpsrvlqj d pdqdjhphqw frqwuro v|vwhp h�hfwlyh hqrxjk wr jxdudqwhh +rqfh

dqg iru doo, wkdw wkh hqwuhsuhqhxu lv gloljhqw1 Wklv uhrujdql}dwlrq lqyroyhv dq

43Iroorzlqj Kropvwurp dqg Wluroh +4<<:,/ rqh frxog dujxh wkdw prqlwruv uxq d whfkqro0

rj| wkdw uhgxfhv wkh  rz ri sulydwh ehqh�wv dvvrfldwhg zlwk vklunlqj/ pdnlqj lw xqsuri0

lwdeoh wr wkh hqwuhsuhqhxu1 Lq d pruh fodvvlfdo vhqvh/ prqlwrulqj pljkw frqvlvw lq pdnlqj

wkh hqwuhsuhqhxu*v dfwlrqv yhul�deoh vr dv wr hqirufh shqdowlhv lq fdvh ri plvfrqgxfw1
44Dv lq Kropvwurp dqg Wluroh +4<<:,/ wklv frxog eh prwlydwhg e| lqfhqwlyh sureohpv dw

wkh ohyho ri wkh prqlwruv1
45Jlyhq wkh gl�huhqfh ehwzhhq � dqg u> prqlwruv zdqw wr frpplw dv ohvv zhdowk dv srvvl0

eoh wr wkhlu dfwlylw|1 Prqlwruv pd| irup frdolwlrqv +vxfk dv edqnv ru yhqwxuh fdslwdo ixqgv,

wkdw srro wrjhwkhu wkh fdvk  rzv lqyroyhg lq d odujh qxpehu ri uhodwlrqvklsv1 Zlwk vxfk

dq duudqjhphqw/ prqlwruv pd| glyhuvli| dzd| surmhfwv* lglrv|qfudwlf ulvn dqg jxdudqwhh

wkh lqvwdqwdqhrxv dydlodelolw| ri ixqgv iru wkhlu qhz uhodwlrqvklsv1

:



xquhfryhudeoh  rwdwlrq frvw 8 146

517 Vhdufk iulfwlrqv

Wkh surfhvv zkhuhe| hqwuhsuhqhxuv dffhvv wr lqiruphg fdslwdo �qdqflqj lv

vxemhfw wr vhdufk iulfwlrqv1 Wkh xqghuo|lqj dvvxpswlrq lv wkdw surmhfwv duh

khwhurjhqhrxv dqg prqlwruv duh vshfldol}hg lq prqlwrulqj vshfl�f vxevhwv

ri wkh srvvleoh surmhfwv1 Vlqfh hydoxdwlqj zkhwkhu wkh fkdudfwhulvwlfv ri d

surmhfw pdwfk wkh delolw| ri d jlyhq prqlwru wdnhv wlph/ pdwfklqj dq hqwuh0

suhqhxu zlwk d vxlwdeoh prqlwru dovr uhtxluhv wlph1

Iroorzlqj Slvvdulghv +4<<3,/ zh prgho wkh udwh dw zklfk hqwuhsuhqhxuv

pdwfk zlwk vxlwdeoh prqlwruv xvlqj d krprjhqhrxv0ri0ghjuhh0rqh pdwfklqj

ixqfwlrq �Ee|c6|�/ zkhuh e| dqg 6| ghqrwh/ uhvshfwlyho|/ wkh qxpehu ri hq0

wuhsuhqhxuv vhdufklqj iru d prqlwru dqg ri prqlwruv vhdufklqj iru dq hqwuh0

suhqhxu dw wlph |1 Wklv ixqfwlrq lv dvvxphg wr eh lqfuhdvlqj dqg frqfdyh

lq hdfk ri lwv dujxphqwv1 Dffruglqjo|/ dq hqwuhsuhqhxu zloo �qg d vxlwdeoh

prqlwru dw wkh udwh

^ Ew|� '
�Ee|c6|�

e|
' �E�c

�

w|
�c

zklfk lv ghfuhdvlqj lq w| ' e|*6|� Dqdorjrxvo|/ d iuhh xqlw ri lqiruphg fdslwdo

zloo �qg d surmhfw wr �qdqfh dw wkh udwh w|^Ew|�c zklfk lv lqfuhdvlqj lq w|� Wklv

doorzv xv wr lqwhusuhw w| dv dq lqglfdwru ri wkh ohyho ri fuhglw udwlrqlqj lq wkh

hfrqrp|147 Zh ixuwkhu dvvxph

*�4
%<f

^E%� ' *�4
%<"

%^E%� ' 4 dqg *�4
%<"

^E%� ' *�4
%<f

%^E%� ' fc +4,

lq rughu wr jxdudqwhh wkdw wkh htxloleulxp ydoxh ri w| lv lqwhulru1

518 Frqwudfwv

Li dq hqwuhsuhqhxu dqg d vxlwdeoh prqlwru zkr kdyh mxvw phw vhsdudwhg/

hdfk zrxog kdyh wr jr wkurxjk d wlph0frqvxplqj surfhvv ri vhdufk ehiruh

46Wkh Dsshqgl{ surylghv wkh frqglwlrq xqghu zklfk wkh sulydwh ehqh�wv e uhqghu wkh

uhfrxuvh wr vwudljkw vwrfn pdunhw �qdqflqj +zlwkrxw sd|lqj I , xqihdvleoh ehiruh pdwxulw|1
47Vhdufk iulfwlrqv jhqhudwh d vlwxdwlrq wkdw �wv lqwr wkh irupdo gh�qlwlrq ri htxloleulxp

fuhglw udwlrqlqj +vhh Edowhqvshujhu/ 4<:9,= hqwuhsuhqhxuv zloolqj wr eruurz iurp prqlwruv

dw wkh whupv wkdw suhydlo lq htxloleulxp duh +whpsrudulo|, xqdeoh wr rewdlq fuhglw1

;



phhwlqj d qhz vxlwdeoh sduwqhu1 Khqfh/ wkhuh lv vrph vxusoxv iurp vwduwlqj

d uhodwlrqvkls1 Wkh frqwudfw wkdw wkh hqwuhsuhqhxu dqg wkh prqlwru vljq

pdnhv wkhp vkduh wklv vxusoxv1 Iru vlpsolflw|/ zh irfxv rq vwudljkw htxlw|

frqwudfwv zkhuhe| wkh| zloo uhfhlyh d iudfwlrq k dqg � � kc uhvshfwlyho|/ ri

dq| qhw uhyhqxh jhqhudwhg gxulqj wkhlu uhodwlrqvkls1 Zh dvvxph wkdw erwk

k dqg wkh frqglwlrqv xsrq zklfk wkh �up zloo jr sxeolf ru eh oltxlgdwhg

duh ghwhuplqhg dw wkh ehjlqqlqj ri wkh uhodwlrq xvlqj d jhqhudol}hg Qdvk

edujdlqlqj uxoh lq zklfk wkh edujdlqlqj srzhuv ri wkh hqwuhsuhqhxu dqg wkh

prqlwru duh q 5 Efc �� dqg �� qc uhvshfwlyho|1

6 Wkh �qdqfldo olih f|foh ri �upv

Zh kdyh lqwurgxfhg wzr �qdqflqj prghv= lqiruphg fdslwdo �qdqflqj dqg

vwrfn pdunhw �qdqflqj1 Jlyhq wkh juhdwhu rssruwxqlw| frvw ri prqlwruv*

ixqgv/ vwrfn pdunhw �qdqflqj grplqdwhv li  rwdwlrq frvwv duh }hur1 Wklv lv

dfwxdoo| wkh fdvh rqfh �upv pdwxuh1 Dprqj vwduw0xsv/ krzhyhu/ wkhuh lv d

wudgh0r� ehwzhhq wkh frvw 8 ri jrlqj sxeolf dqg wkh jdlqv dvvrfldwhg zlwk/

�uvw/ wkh gl�huhqfh ehwzhhq 4 dqg o dqg/ vhfrqg/ wkh srvvlelolw| ri uhxvlqj

wkh lqiruphg fdslwdo lqyroyhg lq wkh fxuuhqw hqwuhsuhqhxu0prqlwru uhodwlrq1

Zkhq �upv vwduw xs wkhlu w|shv duh xqnqrzq1 Vrph duh glvfryhuhg wr

eh jrrg ru edg dw pdwxulw| rqo|1 Rwkhuv jhw wkhlu w|shv glvfryhuhg ehiruh

pdwxulw|1 Zh qhhg wr dqdo|}h wkhlu �qdqflqj ghflvlrqv lq hyhu| srvvleoh

vwdwh1 Vwduw0xsv zklfk duh glvfryhuhg wr eh edg/ dw ru ehiruh pdwxulw|/ zloo

eh oltxlgdwhg1 Jrrg vwduw0xsv zklfk uhdfk pdwxulw| zloo surgxfh xqghu vwrfn

pdunhw �qdqflqj1 Wkh fdvhv ri wkh vwduw0xsv ri xqnqrzq w|sh dqg wkh vwduw0

xsv wkdw jhw wkhlu w|sh glvfryhuhg wr eh jrrg ehiruh pdwxulw| uhtxluh ixuwkhu

glvfxvvlrq1

614 Wkh qhhg iru lqiruphg fdslwdo

Li hqwuhsuhqhxuv ghflghg wr �qdqfh wkhlu vwduw0xsv ri xqnqrzq w|sh e| gl0

uhfwo| jrlqj sxeolf/ qr �up zrxog hyhu xvh lqiruphg fdslwdo lq wklv hfrqrp|1

Zh irfxv/ lqvwhdg/ lq wkh pruh lqwhuhvwlqj +dqg uhdolvwlf, vlwxdwlrq zkhuh 8

lv odujh hqrxjk wr uxoh rxw wkh dffhvv wr vwrfn pdunhw �qdqflqj dw vxfk dq

hduo| vwdjh1

<



Vxssrvh wkdw wkh lqyhvwruv ydoxh dw -f wkh ixwxuh lqfrph iurp dq xq0

nqrzq vwduw0xs wr zklfk wkh hqwuhsuhqhxu ghyrwhv klv h�ruw1 Vlqfh ex|lqj

wkh pdfklqh dqg vroylqj wkh prudo kd}dug sureohp frvwv �n8c gluhfwo| jrlqj

sxeolf zloo qrw eh ihdvleoh li -f � �� 8 	 f� Ohw wkh lqyhvwruv* ydoxh ri wkh

lqfrph ri d jrrg �up dw pdwxulw| dqg dw wkh hduo| glvfryhu| ri lwv w|sh eh

ghqrwhg e| t ' +

o
dqg -_ ' >

>no
t / uhvshfwlyho|1 Wkhq/ diwhu frpsxwlqj

-fc48 zh �qg d fulwlfdo ydoxh

8 f '
b
k
�-_ n E�� ��'

l
n >-6

bn >n o
� �c +5,

zlwk -6 ' �t n E�� ��'/ vxfk wkdw li

8 : 8 fc +6,

vwduw0xsv ri wkh xqnqrzq w|sh fdqqrw gluhfwo| dffhvv vwrfn pdunhw �qdqflqj1

Xqghu +6, hqwuhsuhqhxuv zloo kdyh wr uho| rq lqiruphg fdslwdo wr vwduw xs

wkhlu surmhfwv/ srvwsrqlqj wkh jrlqj sxeolf ghflvlrq wr hlwkhu pdwxulw| +zkhuh

wkhuh lv qr grxew rq wkh rswlpdolw| ri jrlqj sxeolf, ru wkh hduo| glvfryhu| ri

wkhlu �upv* w|sh1 Zh dqdo|}h wkh odwwhu ghflvlrq ehorz/ lq wkh frqwh{w ri wkh

hqwuhsuhqhxu0prqlwru uhodwlrqvkls1

615 Wkh hqwuhsuhqhxu0prqlwru uhodwlrqvkls

Frqvlghu zkdw kdsshqv zkhq dq hqwuhsuhqhxu zkr lv wu|lqj wr �qdqfh d

surmhfw ri xqnqrzq txdolw| phhwv d prqlwru zkr kdv wkh lqiruphg fdslwdo

qhfhvvdu| wr gr vr1 Wkh| kdyh wr djuhh rq wkh vkdulqj uxoh k 5 dfc �o dffruglqj

wr zklfk wkh| zloo glylgh wkh uhyhqxh jhqhudwhg gxulqj wkhlu uhodwlrqvkls1

Wkh| dovr kdyh wr ghflgh zkhwkhu wkh vwduw0xs zloo jr sxeolf lq fdvh lw lv

glvfryhuhg wr eh jrrg ehiruh pdwxulw|1 Zh irupdoo| uhsuhvhqw wklv �qdqfldo

olih f|foh ghflvlrq e| wkh suredelolw| s 5 dfc �o ri jrlqj sxeolf dw wkdw srlqw1

Ohw �� dqg u� uhvshfwlyho| ghqrwh wkh hqwuhsuhqhxu*v dqg wkh prqlwru*v

ydoxh ri d uhodwlrqvkls lq zklfk wkh �up w|sh lv xqnqrzq1 Dffruglqj wr wkh

48Wr frpsxwhU3> wklqn ri d �up ri xqnqrzq w|sh dv dq dvvhw zkrvh uhwxuqv duh ghvfulehg

e| wkh htxdwlrq uU3 @ �+Ug �U3, . �+Up �U3,1 Vlploduo|/ Ug fdq eh rewdlqhg vroylqj

uUg @ �+\ �Ug,> dqg \ vroylqj u\ @ |=
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jhqhudol}hg Qdvk edujdlqlqj uxoh/ k dqg s zloo vroyh

4@ 
Ekcs�Mdfc�ofdfc�o

E�� � L�q Eu� � �� T ��3q c +7,

zkhuh L dqg T duh wkh ydoxhv ri wkh rxwvlgh rswlrqv ri hdfk sduw|/ zklfk

iurp wkh srlqw ri ylhz ri wkh pd{lpl}dwlrq duh wdnhq dv frqvwdqwv/ dqg ��

dffrxqwv iru wkh ixqgv surylghg e| wkh prqlwru lq rughu wr pdnh wkh surmhfw

rshudwlyh149

Wkh hqwuhsuhqhxu*v ydoxh ri wkh uhodwlrqvkls vroyhv

4�� ' b
k
�sk

�
-_ � 8

�
n � E�� s��_ n E�� ��k'� ��

l
n> Ek-6 ���� c +8,

zkhuh wkh �uvw whup fdswxuhv wkh fdslwdo jdlq dvvrfldwhg zlwk wkh hduo| glv0

fryhu| ri w|sh dqg wkh vhfrqg wkh fdslwdo jdlq dw pdwxulw|1 Wr h{sodlq wkh

�uvw/ qrwlfh wkdw li wkh �up lv glvfryhuhg wr eh edg lw jhwv oltxlgdwhg dw d

ydoxh '1 Li/ rq wkh rwkhu kdqg/ lw lv glvfryhuhg wr eh jrrg/ lw jrhv sxeolf

zlwk suredelolw| s / zklfk |lhogv d wrwdo qhw uhyhqxh ri -_ � 8c zkloh wkh

uhodwlrqvkls lv frqwlqxhg zlwk suredelolw| �� s / zklfk kdv d ydoxh �_ wr wkh

hqwuhsuhqhxu1 Wklv ydoxh vroyhv

4�_ ' >
�
kt ��_

�
c +9,

uh hfwlqj wkdw/ rqfh wkh jrrg �uppdwxuhv/ jrlqj sxeolf |lhogv d wrwdo uhyhqxh

ri t dqg wkh uhodwlrqvkls zlwk wkh prqlwru whuplqdwhv1

Dqdorjrxvo|/ wkh prqlwru*v ydoxh ri wkh uhodwlrqvkls zkloh �up w|sh lv

xqnqrzq vroyhv

4u� ' b
k
�s E�� k�

�
-_ � 8

�
n � E�� s�u_ n E�� �� E�� k�'� u�

l
n> dE�� k�-6 � u�o n dbn >� b� E�� s�oTc +:,

Wkh �uvw wzr whupv lq wkh uljkw kdqg vlgh duh v|pphwulf wr wkrvh lq +8,1 Wkh

qhz wklug whup uh hfwv wkh uhf|folqj ri lqiruphg fdslwdo/ zruwk Tc wkdw wdnhv

sodfh zkhq wkh uhodwlrqvkls zlwk wkh hqwuhsuhqhxu euhdnv xs1 Wklv rffxuv

xsrq wkh duulydo ri dq| qhzv/ h{fhsw li wkh �up lv glvfryhuhg wr eh jrrg

49Lq wkh qh{w vhfwlrq/ zh glvfxvv krz wkh ydoxhv ri X dqg Y duh ghwhuplqhg lq

htxloleulxp1
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ehiruh pdwxulw| lq zklfk fdvh wkhuh lv d suredelolw| � � s wkdw wkh uhodwlrq

frqwlqxhv1 Wkh prqlwru*v ydoxh ri frqwlqxlqj wkh uhodwlrq diwhu wkh �up lv

hduo| glvfryhuhg wr eh jrrg/ u_c lv jlyhq e|

4u_ ' >
k
E�� k�t n T � u_

l
� +;,

Wkh �uvw rughu frqglwlrq iru wkh fkrlfh ri k lq +7, lpsolhv wkdw

�� ' L n q7c +<,

u� ' � n T n E�� q�7c +43,

zkhuh 7 ' E�� n u� � ��� EL n T � uhsuhvhqwv wkh vxusoxv iurp vwduwlqj wkh

hqwuhsuhqhxu0prqlwru uhodwlrqvkls1

Jlyhq +7,/ +<, dqg +43,/ wkh sduwlhv zloo djuhh rq wkh �qdqfldo olih f|foh

ghflvlrq s wkdw pd{lpl}hv 71 Wr rewdlq dq h{suhvvlrq iru 7 frqglwlrqdo rq

s / zh �uvw dgg xs +8, dqg +:,/ xvlqj +9, dqg +;,1 Wkhq zh jurxs wrjhwkhu

wkh whupv zklfk lqfoxgh �� n u� dqg dgg dqg vxewudfw frqvwdqwv vr dv wr

uhsodfh wkhp zlwk 7� Wklv |lhogv=

7 '
b

bn >n 4

k
�s

�
-_ � 8

�
n � E�� s� E-� � 4

>n4
T � n E�� ��'

l

n
>

bn >n 4
-6 �

4

bn >n 4
T � L � �� +44,

zkhuh -� ' >

>n4
t uhsuhvhqwv wkh vxp ri wkh hqwuhsuhqhxu*v dqg wkh prqlwru*v

ydoxh ri wkh uhyhqxh wkdw wkh| zloo uhfhlyh li wkh vwduw0xs zklfk lv nqrzq wr

eh jrrg lv vrog wr lqyhvwruv dw lwv pdwxulw|1

Wkh vxusoxv 7 lv d�hfwhg olqhduo| e| �qdqfldo olih f|foh ghflvlrq s�Ghulylqj

zlwk uhvshfw wr s lq +44, lghqwl�hv d fulwlfdo ydoxh

8 _ '
E4� o�>t

E>n 4� E>n o�
n

4T

>n 4
+45,

vxfk wkdw lw lv rswlpdo wr vhw s dffruglqj wr wkh uxoh

s '

+
� li 8 � 8 _c
f rwkhuzlvh1

+46,

Wkh h{suhvvlrq iru 8 _ vkrzv wkdw wkh jrlqj sxeolf ghflvlrq ri d vwduw0xs wkdw

jhwv lwv w|sh glvfryhuhg wr eh jrrg surgxfhv wzr jdlqv1 Wkh �uvw lv d oltxlglw|

45



jdlq ehfdxvh jrlqj sxeolf doorzv wkh hqwuhsuhqhxu dqg wkh prqlwru wr sur�w

hduolhu iurp wkh orzhu glvfrxqw udwh wkdw uh hfwv wkh juhdwhu oltxlglw| ri wkh

�qdqfldo srvlwlrqv ri wkh lqyhvwruv1 Lqyhvwruv duh zloolqj wr ex| wkh �up dw d

sulfh -_ rqfh lwv w|sh kdv ehhq glvfryhuhg wr eh jrrg +dqg 8 kdv ehhq sdlg,/

zkloh wkh hqwuhsuhqhxu*v dqg prqlwru*v ydoxh ri wkh uhyhqxh wkdw wkh| zloo

uhfhlyh e| vhoolqj wkh �up dw pdwxulw| dggv xs wr -� 	 -_ vlqfh 4 : o� Wkh

vhfrqg lv d uhf|folqj jdlq ehfdxvh jrlqj sxeolf iuhhv wkh lqiruphg fdslwdo ri

wkh prqlwru/ zruwk Tc lpphgldwho| udwkhu wkdq dw pdwxulw|1 Wkh glvfrxqw

idfwru 4

>n4
dffrxqwv iru wkh h{shfwhg frvw ri wkh wlph wloo pdwxulw|1

Wkh suhvhqfh ri T lq +45, dqg lwv vxevhtxhqw lq xhqfh rq wkh fkrlfh ri

s lqglfdwhv wkh �hqgrjhqhlw|� ri �upv* �qdqfldo olih f|foh lq wklv prgho dqg

lghqwl�hv wkh vrxufh ri dq lqwhuhvwlqj ihhgedfn wkdw zh ixuwkhu dqdo|}h lq wkh

qh{w vhfwlrq= htxloleulxp T zloo erwk ghwhuplqh dqg eh ghwhuplqhg e| wkh

vshhg ri uhf|folqj ri lqiruphg fdslwdo dvvrfldwhg zlwk wkh hqgrjhqrxv jrlqj

sxeolf ghflvlrqv ri vwduw0xsv1

7 Htxloleulxp

Wkh htxloleulxp lq rxu hfrqrp| fdq wdnh wkuhh srvvleoh frq�jxudwlrqv/ gh0

shqglqj rq zkhwkhu wkh fuhdwlrq ri qhz �upv +wkdw zloo eh wkh vrxufh ri

jurzwk lq djjuhjdwh rxwsxw, lv xowlpdwho| frqvwudlqhg e| wkh vwrfn ri lq0

iruphg fdslwdo � / wkh  rz ri qhz surmhfwv � / ru erwk1 Zh duh jrlqj wr

irfxv rq wkh �uvw ri wkhvh frq�jxudwlrqv e| dvvxplqj wkdw � lv vpdoo uhod0

wlyh wr ��

Irupdoo|/ dq htxloleulxp lv d ohyho ri fuhglw udwlrqlqj w 5 dfc4� dqg d frq0

wudfw Ekc s� 5 dfc �o� dfc �o jryhuqlqj hdfk hqwuhsuhqhxu0prqlwru uhodwlrqvkls/

vxfk wkdw qr sulydwho| sur�wdeoh exvlqhvv rssruwxqlwlhv uhpdlq xqh{sorlwhg1

Zlwk � vpdoo uhodwlyh wr � / wkh odwwhu uhtxluhphqw phdqv wkdw/ lq dgglwlrq

wr Ekc s� ehlqj �{hg dffruglqj wr +<,0+46,/ d iuhh hqwuhsuhqhxu*v ydoxh iurp

vhdufklqj pxvw eh }hur/ L ' fc zkloh d iuhh prqlwru*v ydoxh iurp vhdufklqj

pxvw eh srvlwlyh/ T � f�

Zh fkdudfwhul}h wkh xqltxh htxloleulxp ri rxu hfrqrp| e| uhgxflqj wkh

gl�huhqw htxloleulxp frqglwlrqv wr d vlqjoh htxdwlrq wkdw xqltxho| ghwhuplqhv

w� Wkh glvfxvvlrq zloo irfxv rq wkh htxloleulxp w dqg wkh xqltxh htxloleulxp
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olih f|foh s dvvrfldwhg zlwk lw1 Diwhuzdugv zh dqdo|}h wkh htxloleulxp udwh ri

fuhdwlrq ri qhz exvlqhvvhv/ frpphqwlqj rq wkh lqflghqfh ri �qdqfldo lpshu0

ihfwlrqv dqg  rwdwlrq frvwv rq wklv udwh1

714 Fuhglw udwlrqlqj dqg wkh �qdqfldo olih f|foh

Wkh ydoxhv iurp vhdufklqj/ L dqg Tc vroyh wkh htxdwlrqv

4L ' �Sn ^ Ew� E�� � L� c +47,

4T ' w^ Ew� Eu� � �� T � c +48,

zkhuh S phdvxuhv wkh xwlolw| frvw uhtxluhg iru dq hqwuhsuhqhxu wr pdlqwdlq

klv surmhfw gxulqj wkh surfhvv ri vhdufk/ ^ Ew� dqg w^ Ew� dffrxqw iru wkh

udwhv dw zklfk wkh fruuhvsrqglqj djhqw �qgv d sduwqhu zlwk zkrp wr vwduw d

uhodwlrqvkls/ dqg ���L dqg u�� ��T phdvxuh hdfk sduw|*v qhw jdlq iurp

vwduwlqj wkh uhodwlrqvkls1

Wkh vroxwlrq wr wkh edujdlqlqj sureohp/ +<, dqg +43,/ doorzv xv wr zulwh

+47, dqg +48, dv

4L ' �Sn ^ Ew�q7c +49,

4T ' w^ Ew� E�� q�7� +4:,

Wkhq L ' f lpsolhv

4T '
�� q

q
S wc +4;,

zklfk vxevwlwxwhg lq +45, |lhogv

8 _ Ew� '
E4� o�>t

E>n 4� E>n o�
n

E�� q� Sw

E>n 4�q
c +4<,

zkhuh w lv wkh rqo| hqgrjhqrxv yduldeoh1

Wklv h{suhvvlrq wrjhwkhu zlwk +46, doorzv xv wr dffrxqw iru wkh rswlpdo

fkrlfh ri s lq +44,1 Wkhq/ zlwk L ' f dqg xvlqj +4:, wr vxevwlwxwh iru Tc zh

rewdlq

7 Ew� '
b
q
�-_ � �4�?

k
8c8 _ Ew�

l
n E�� ��'� �

r
n > E-6 � ��� 4

bn >n 4n E�� q� w^ Ew�
c

+53,

47



zkhuh djdlq w lv wkh rqo| hqgrjhqrxv yduldeoh1 Qrwlfh wkdw 7Ew� lv vwulfwo|

ghfuhdvlqj lq w vlqfh erwk 8 _ Ew� dqg w^ Ew� duh vwulfwo| lqfuhdvlqj lq w�4:

Ilqdoo|/ jlyhq 7 ' 7 Ew�/ lpsrvlqj L ' f lq +49, ohdgv wr wkh htxloleulxp

iuhh0hqwu| frqglwlrq iru hqwuhsuhqhxuv=

q^ Ew�7 Ew� ' S� +54,

Wkh ohiw kdqg vlgh ri wklv htxdwlrq lv frqwlqxrxv dqg vwulfwo| ghfuhdvlqj lq

w( pruhryhu/ *�4%<" ^ E%�7 E%� ' f dqg *�4%<f ^ E%�7 E%� ' 4c e| +4,1 Vr

+54, grhv dozd|v kdyh d xqltxh vroxwlrq w 5 Efc4�� +Qrwlfh dovr wkdw w : f

dqg +4;, lpsolhv/ dv uhtxluhg/ T : f�,

Jlyhq wkh vroxwlrq iru htxloleulxp w wkdw dulvhv iurp +54,/ rqh fdq ghwhu0

plqh wkh +jhqhulfdoo|, xqltxh htxloleulxp �qdqfldo olih f|foh ri �upv/ s e|

xvlqj +46, dqg +4<,14;

715 Wkh htxloleulxp udwh ri exvlqhvv fuhdwlrq

Lq rxu hfrqrp| wkh h{lvwhqfh ri d prudo kd}dug sureohp gxulqj wkh vwduw0xs

vwdjh wrjhwkhu zlwk wkh h{fhvvlyh frvw ri jrlqj sxeolf ehiruh d �up lv nqrzq

wr eh jrrg/ frqglwlrq +6,/ lpso| wkh qhhg iru lqiruphg fdslwdo1 Li wkh vwrfn

ri lqiruphg fdslwdo � lv vpdoo uhodwlyh wr wkh  rz ri qhz surmhfwv � / wkh

fuhdwlrq ri qhz �upv hqgv xs frqvwudlqhg e| wkh iruphu1 Zh vkrz ehorz

krz wklv frqvwudlqw uhodwhv wr wkh htxloleulxp ydoxhv ri w dqg sc dqg wkhuhe|

wr wkh sdudphwhuv +prvw qrwdeo|/ 8 , wkdw ghwhuplqh wkhp1

Ohw �| ghqrwh wkh srro ri vwduw0xsv ri xqnqrzq w|sh +doo ri zklfk duh lq

d hqwuhsuhqhxu0prqlwru uhodwlrqvkls, dqg ohw _| ghqrwh wkh srro ri vwduw0xsv

glvfryhuhg wr eh jrrg zklfk uhpdlq lq d uhodwlrqvkls1 Wkhq wkh vwrfn ri iuhh

lqiruphg fdslwdo dw wlph | zloo eh 6| ' � � _| � �| dqg wkh  rz ri qhzo|

fuhdwhg �upv dw wlph | zloo eh

?| ' w^ Ew� E� � _| � �|� c +55,

vlqfh hdfk iuhh xqlw ri lqiruphg fdslwdo pdwfkhv zlwk d vxlwdeoh hqwuhsuhqhxu

dw wkh udwh w^ Ew� �

4:Wklv dujxphqw lpsolflwo| dvvxphv wkdw V +�, lv srvlwlyh iru doo �= D vx!flhqw frqglwlrq

iru wklv lv= �^�Ug � �I . +4� �,T� 4` . � +Up � 4,� � A 3=
4;Vlploduo|/ rqh fdq ghwhuplqh wkh xqltxh htxloleulxp ydoxh ri � 5 +3> 4, xvlqj htxdwlrqv

+8,0+43,1 Zh rplw wkh ghwdlov iru euhylw|1
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Wkh hyroxwlrq ri �| lv lq wxuq gulyhq e| wkh hqwu| ri wkh qhzo| fuhdwhg

�upv dqg wkh h{lw ri wkrvh wkdw hlwkhu pdwxuh ru jhw wkhlu w|sh glvfryhuhg1

Wkxv/

��| ' ?| � Ebn >��|� +56,

Dqdorjrxvo| _| lv lqfuhdvhg e| wkh  rz ri vwduw0xsv glvfryhuhg wr eh jrrg

wkdw gr qrw jr sxeolf dqg ghfuhdvhg e| wkh h{lw ri wkrvh wkdw uhdfk pdwxulw|/

vr
�_| ' b� E�� s��| � >_|� +57,

Vhwwlqj �_| ' ��| ' f lq wkh suhylrxv htxdwlrqv/ zh rewdlq wkh vwhdg|0vwdwh

udwh ri fuhdwlrq ri qhz �upv=

? ' w^ Ew�6 '
w^ Ew� Ebn >��

bn >n d� n b�

>
E�� s�ow^ Ew�

c +58,

zklfk lv wkh surgxfw ri wkh udwh dw zklfk rqh xqlw ri iuhh lqiruphg fdslwdo

�qgv d surmhfw wr �qdqfh/ w^ Ew� c dqg wkh vwrfn ri iuhh lqiruphg fdslwdo lq

vwhdg| vwdwh/ 61 Qrwh wkdw 6 lv odujhu wkh txlfnhu wkh lqiruphg fdslwdo xvhg

lq uhodwlrqvklsv jhwv uhf|fohg +wkh odujhu s,1

Wkh udwh ? lv lpsruwdqw vlqfh d iudfwlrq � ri wkh qhzo| fuhdwhg vwduw0xsv

hyhqwxdoo| ehfrph pdwxuh jrrg �upv/ vr lq vwhdg| vwdwh wkh srro ri pdwxuh

jrrg �upv dqg djjuhjdwh lqfrph +wkh rxwsxw wkh| surgxfh, zloo jurz olqhduo|

dw wkh udwhv �? dqg �+? uhvshfwlyho|14< Wkh udwh ? fdq eh frpsduhg zlwk

zkdw lw zrxog eh lq wkh devhqfh ri wkh prudo kd}dug sureohp/ �? ' �c ru lq

wkh devhqfh ri vhdufk iulfwlrqv/ 	? ' d�n b�

>
E�� 	s�o3� Ebn >��c zkhuh 	s � s

ghqrwhv wkh jrlqj sxeolf ghflvlrq ri glvfryhuhg0jrrg vwduw0xsv wkdw zrxog

fkdudfwhul}h vxfk dq hfrqrp|153 Fohduo| �? : 	? : ?c zklfk phdqv wkdw erwk

wkh prudo kd}dug sureohp wkdw d�hfwv wkh vwduw0xsv dqg wkh iulfwlrqv wkdw

4<Wklv hfrqrp| h{klelwv olqhdu udwkhu wkdq h{srqhqwldo jurzwk1 Lq vhfwlrq ; zh prgho

h{solflwo| wkh h{whuqdolwlhv wkdw duh uhtxluhg wr vxvwdlq h{srqhqwldo jurzwk1
53Wkh olih f|foh ghflvlrq ai lv gulyhq e| +45, dqg +46,/ dv lq rxu hfrqrp|1 Zkdw pdnhv

wkh sureohp gl�huhqw lv wkh gl�huhqw htxloleulxp ydoxh ri lqiruphg fdslwdo zlwkrxw vhdufk

iulfwlrqv/ vd| aY 1 Li hqwuhsuhqhxuv dqg prqlwruv pdwfk lpphgldwho|/ wkh| gr qrw qhhg wr

eh frpshqvdwhg iru dq| frvw lqfxuuhg gxulqj wkh surfhvv ri vhdufk/ khqfh 3 @ aX @ aEx dqg
aY @ aOx� 4 dqg doo wkh qhw uhyhqxh iurp d uhodwlrqvkls/ aEx. aOx� 4> zloo eh dssursuldwhg

e| wkh prqlwru1 Vlqfh wklv uhyhqxh lv qr vpdoohu wkdq lq rxu hfrqrp|/ zh kdyh aY @
aEx . aOx � 4 � Ex . Ox � 4 A X . Y @ Y> zklfk lpsolhv ai � i +�, =
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d�hfw wkhlu vhdufk iru lqiruphg fdslwdo kdyh d qhjdwlyh lpsdfw rq jurzwk154

Lpsruwdqwo|/ wkh ydulrxv sdudphwhuv wkdw ghvfuleh wkh �qdqfldo vwuxfwxuh

ri wkh hfrqrp| +h1j1/ 8c �c dqg wkh gl�huhqfh ehwzhhq 4 dqg o, kdyh dq

lq xhqfh rq exvlqhvv fuhdwlrq dqg jurzwk1 Frqvlghu/ iru lqvwdqfh/ wkh h�hfw

ri dq lqfuhdvh lq wkh  rwdwlrq frvw 8� Vxssrvh wkdw lq htxloleulxp 8 	 8 _ Ew� c

vr s ' �1 Iurp +53,/ lqfuhdvlqj 8 ghfuhdvhv 7 Ew� dqg/ wkhuhe|/ kdv d qhjdwlyh

lpsdfw rq wkh sur�wdelolw| ri hqwuhsuhqhxuvkls/ L� Wkhq/ iurp +54,/ uhvwrulqj

wkh htxloleulxp uhtxluhv d orzhu ohyho ri fuhglw udwlrqlqj1 Krzhyhu/ d orzhu w

lpsolhv wkdw wkh iuhh xqlwv ri lqiruphg fdslwdo zloo pdwfk zlwk hqwuhsuhqhxuv

dw d orzhu udwh1 Dv d frqvhtxhqfh/ wkh vwhdg| vwdwh udwh ri exvlqhvv fuhdwlrq

? zloo idoo1

Wkh qhjdwlyh h�hfw rq jurzwk ri dq lqfuhdvh lq 8 lv pruh gudpdwlf zkhq

lw dowhuv wkh �qdqfldo olih f|foh ri wkh �upv1 Qrwlfh wkdw dv 8 lqfuhdvhv/ w

ghfuhdvhv/ vr T ghfuhdvhv dqg 8 _ Ew� dovr ghfuhdvhv1 Vr hyhqwxdoo| 8 : 8 _ Ew�

zklfk zloo glvfrxudjh jrrg vwduw0xsv iurp jrlqj sxeolf1 Exw vzlwfklqj wr s '

f phdqv wkdw lqiruphg fdslwdo jhwv vwxfn iru orqjhu lq rqjrlqj uhodwlrqvklsv/

vr wkh vwhdg| vwdwh vwrfn ri iuhh lqiruphg fdslwdo 6 dqg/ khqfh/ wkh vwhdg|

vwdwh udwh ri fuhdwlrq ri qhz �upv ? zloo idoo155

8 H!flhqf|

Lq wklv vhfwlrq zh frpsduh wkh frpshwlwlyh htxloleulxp ri rxu hfrqrp| wr wkh

frqvwudlqhg vrfldo rswlpxp1 Vlqfh wkh zhoiduh ri wkh srsxodwlrq ri lqyhvwruv

lv lqyduldqw wr wkh htxloleulxp doorfdwlrq/ zh gh�qh wkh vrfldo zhoiduh ixqfwlrq

dv wkh suhvhqw glvfrxqwhg xwlolw| ri wkh djjuhjdwh frqvxpswlrq  rzv ri wkh

prqlwruv dqg wkh hqwuhsuhqhxuv/ `� Wkh vrfldo sodqqhu zloo wdnh dv jlyhq wkh

prudo kd}dug sureohp lqkhuhqw lq �qdqflqj d vwduw0xs dv zhoo dv wkh vhdufk

iulfwlrqv lqyroyhg lq doorfdwlqj lqiruphg fdslwdo1 Dw dq| srlqw lq wlph/ wkh

vwdwh ri wkh hfrqrp| lv ixoo| vxppdul}hg e| wkh txdqwlwlhv �| dqg _| wkdw

54Zh gr qrw hpskdvl}h wkh uroh ri vhdufk iulfwlrqv lq uhfrqflolqj furvv0vhfwlrqdo ru wlph

vhulhv yduldwlrq lq jurzwk1 \hw/ rxu uhvxowv lghqwli| dq lqwhuhvwlqj dyhqxh iru ixuwkhu erwk

wkhruhwlfdo dqg hpslulfdo uhvhdufk1
55Udmdq dqg ]lqjdohv +4<<;, dqg Nxpdu hw do1 +4<<<, surylgh hylghqfh wkdw vxjjhvwv

dffrxqwlqj vwdqgdugv dv dq hpslulfdoo| uhohydqw vrxufh ri furvv0frxqwu| yduldelolw| iru rxu

sdudphwhu I= Vshfl�fdoo|/ wkh| �qg wkdw frxqwu|0vshfl�f dffrxqwlqj vwdqgdugv vwurqjo|

lqwhudfw zlwk wkh lqgxvwu|0vshfl�f qhhg ri h{whuqdo �qdqflqj lq h{sodlqlqj lqgxvwu| jurzwk1
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uhsuhvhqw/ uhvshfwlyho|/ wkh srrov ri xqnqrzq vwduw0xsv dqg ri jrrg vwduw0xsv

wkdw uhpdlq �qdqfhg wkurxjk lqiruphg fdslwdo diwhu ehlqj hduo| glvfryhuhg

wr eh vr1 Zlwkrxw orvv ri jhqhudolw|/ zh frqvlghu wlph lqyduldqw doorfdwlrqv

ghvfulehg e| d ohyho ri fuhglw udwlrqlqj w dqg d �qdqfldo olih f|foh s�56 Wkh

vrfldo zhoiduh ixqfwlrq fdq wkhq eh zulwwhq dv d ixqfwlrq ` E�c _( wc s� zklfk

vdwlv�hv

4` E�|c _|( wc s� '
q
b
k
�s

�
-_ � 8

�
n E�� ��'

l
n >-6

r
�| n >t _|

� dS w n w^ Ew�o E� � _| � �|� n 5� ��| n 5_ �_| +59,

zkhuh 5� ' _`

_�|

dqg 5_ ' _`

__|
lqglfdwh wkh pdujlqdo frqwulexwlrqv wr zhoiduh ri

dq xqnqrzq dqg d jrrg vwduw0xs/ uhvshfwlyho|/ zkloh ��| dqg �_| duh ghvfulehg

e| +56, dqg +57, uhvshfwlyho|1

Qrz zh fdq suryh rxu �uvw uhvxow rq h!flhqf|= wkdw frqglwlrqdo rq wkh

ohyho ri fuhglw udwlrqlqj w/ wkh �qdqfldo olih f|foh ri �upv lq wkh frpshw0

lwlyh htxloleulxp lv vrfldoo| h!flhqw1 Lq wkh Dsshqgl{ zh vkrz wkdw ixoo|

gl�huhqwldwlqj lq +59, zlwk uhvshfw wr s |lhogv

_`

_s
	 f li 8 : 8 _ Ew� c

_`

_s
: f li 8 	 8 _ Ew� c

+5:,

zklfk phdqv wkdw wkh vrfldo sodqqhu*v uxoh iru wkh fkrlfh ri s frlqflghv zlwk

wkh uxoh +46, wkdw hqwuhsuhqhxuv dqgprqlwruv xvh wr ghflgh s dw wkh ehjlqqlqj

ri wkhlu uhodwlrqvklsv1

Wkh vdph fdqqrw eh vdlg derxw wkh htxloleulxp ohyho ri fuhglw udwlrqlqj1

Wr vhh wklv/ ohw # ' �

^Ew�

_dw^Ew�o

_w
ghqrwh wkh hodvwlflw| ri wkh pdwfklqj ixqfwlrq

zlwk uhvshfw wr wkh qxpehu ri hqwuhsuhqhxuv wkdw vhdufk iru prqlwruv/ zklfk

lv d phdvxuh ri wkh pdujlqdo frqwulexwlrq ri wkh iruphu wr wkh fuhdwlrq ri qhz

exvlqhvvhv1 Lq wkh Dsshqgl{ zh vkrz wkdw/ lq vwhdg| vwdwh/ wkh htxloleulxp

ydoxh ri w zloo eh orzhu +kljkhu, wkdq vrfldoo| rswlpdo li wkh hqwuhsuhqhxuv*

56Xqghu d wlph lqyduldqw frq�jxudwlrq ri sdudphwhuv/ qhlwkhu wkh frpshwlwlyh htxloleuxp

qru wkh vroxwlrq wr wkh vrfldo sodqqhu sureohp zloo h{klelw wlph yduldwlrq lq � dqg i= Lq

sulqflsoh vxfk yduldwlrq pljkw eh lqgxfhg e| wkh hyroxwlrq ri wkh vwdwh yduldeohv1 Krzhyhu/

qhlwkhu wkh htxloleulxp +dv vhhq lq wkh suhylrxv vhfwlrq, qru wkh vrfldo rswlpxp +dv fdq

eh ghgxfhg iurp wkh dqdo|vlv ehorz, lpso| ydoxhv ri � dqg i wkdw ghshqg rq x dqg g= Vr

wkh dqdo|vlv wkdw iroorzv lpsolhv qr orvv ri jhqhudolw|1

4;



edujdlqlqj srzhu q lv orzhu +kljkhu, wkdq #� Irupdoo|/

_`
_w

	 f li q : #c

_`
_w

: f li q 	 #1
+5;,

Wr h{sodlq wklv/ qrwlfh wkdw rxu hfrqrp| doorfdwhv lqiruphg fdslwdo wr surmhfwv

lq d kljko| ghfhqwudol}hg idvklrq1 Zkhq d hqwuhsuhqhxu phhwv zlwk d vxlwdeoh

prqlwru wkh vxusoxv ri wkhlu uhodwlrqvkls lv glylghg dffruglqj wr wkh vkdulqj

uxoh lpsolhg e| wkh edujdlqlqj srzhuv q dqg � � q1 H{ dqwh wkh vkdulqj

uxoh sod|v d fuxfldo uroh lq hqfrxudjlqj ru glvfrxudjlqj hqwuhsuhqhxuv zlwk

surmhfwv wr vhdufk iru d prqlwru1 Krzhyhu/ rssrvlwh wr d Zdoudvldq sulfh/ q

dqg �� q pd| qrw dgmxvw wr uh hfw wkh vfduflw| ru wkh pdujlqdo vrfldo ydoxh

ri d vhdufklqj hqwuhsuhqhxu ru d vhdufklqj prqlwru1 Wkh htxloleulxp |lhogv

dq h!flhqw ohyho ri fuhglw udwlrqlqj rqo| zkhq/ e| frlqflghqfh/ q ' #157

Li q 	 #c prqlwruv duh �wrr vwurqj� lq wkh vhqvh wkdw hqwuhsuhqhxuv ds0

sursuldwh wrr olwwoh vxusoxv +uhodwlyh wr wkh �uvw ehvw, dqg hqwhu wkh surfhvv

ri vhdufk dw dq lqh!flhqwo| orz ohyho/ khqfh w lv wrr orz1 Li vr/ srolflhv dlphg

dw gluhfwo| hqfrxudjlqj hqwuhsuhqhxuvkls fdq eh zhoiduh lpsurylqj1 Wklv ud0

wlrqdol}hv wkh ylhz dffruglqj wr zklfk kdylqj d �wrr vwurqj� edqnlqj vhfwru

pd| eh dq revwdfoh iru hqwuhsuhqhxuvkls dqg jurzwk/ dqg pd| mxvwli| srolflhv

rulhqwhg wr lqfuhdvh wkh qxpehu ri hqwuhsuhqhxuv1

Dq dowhuqdwlyh zd| ri lqfuhdvlqj h!flhqf| pljkw eh wr uhirup wkh lqvwl0

wxwlrqv wkdw ghwhuplqh wkh glylvlrq ri wkh vxusoxv ru/ lq prgho whupv/ wkh

glvwulexwlrq ri edujdlqlqj srzhu dv sdudphwhul}hg e| q1 Rq wklv uhvshfw/ rxu

suhylrxv uhvxow phdqv wkdw uhdfklqj h!flhqf| zrxog uhtxluh pdnlqj q ' #�

Zh suryh lq wkh Dsshqgl{ wkdw/ zkhq vhwwlqj q ' #c qrw rqo| zhoiduh exw

dovr wkh htxloleulxp ydoxh ri lqiruphg fdslwdo/ Tc uhdfkhv d +orfdo, pd{lpxp1

Exw iurp +45,/ wklv lpsolhv wkdw 8 _ dovr uhdfkhv d pd{lpxp> lq zrugv= dq

hfrqrp| zlwk dq h!flhqw glylvlrq ri wkh vxusoxv ydoxdwhv wkh uhf|folqj uroh

ri wkh vwrfn pdunhw pruh wkdq wkrvh zlwk dq lqh!flhqw rqh1 Wkhuhiruh/ iru

jlyhq 8 / uhirupv zklfk lpsuryh wkh doorfdwlrq ri uhvrxufhv e| fkdqjlqj wkh

glylvlrq ri wkh vxusoxv zloo hqfrxudjh �upv wr jr sxeolf hduolhu1 Vlploduo|/

57Wkh uhvxow wkdw/ lq dq hfrqrp| zlwk vhdufk iulfwlrqv/ wkh doorfdwlrq ri uhvrxufhv lv

frqvwudlqhg h!flhqw zkhq edujdlqlqj srzhuv uh hfw wkh frqwulexwlrq ri hdfk vlgh wr wkh

fuhdwlrq ri qhz uhodwlrqv lv ruljlqdoo| gxh wr Krvlrv +4<<3,> vhh dovr Slvvdulghv +4<<3,1
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wkh lqvwlwxwlrqv ehklqg vxfk d glylvlrq/ dv wkh ohyho ri frpshwlwlrq dprqj

prqlwruv ru wkh h{whqw wr zklfk wkhlu lqirupdwlrqdo prqrsrolhv duh ohjdoo|

surwhfwhg/ pd| h{sodlq wkh hphujhqfh ru qrw ri d pdunhw iru |rxqj idvw

jurzlqj frpsdqlhv vxfk dv/ iru h{dpsoh/ Qdvgdt lq wkh XV1

Wklv �qglqj pd| wkurz vrph oljkw rq d txhvwlrq wkdw kdv ehhq uhshdw0

hgo| udlvhg lq Hxursh= Lv wkh odfn ri d zhoo0ixqfwlrqlqj pdunhw iru |rxqj idvw

jurzlqj frpsdqlhv d fdxvh ri wkh dssduhqw zhdnqhvv ri Hxurshdq hqwuhsuh0

qhxuvklsB58 Li wkh odfn ri d vwrfn pdunhw iru idvw jurzlqj frpsdqlhv lv gxh wr

vrph h{rjhqrxv gh�flw lq whupv ri �qdqfldo lqwhjudwlrq dqg uhjxodwlrq wkdw

pdnhv 8 odujhu lq Hxursh wkdq lq wkh XV/ wkh dqvzhu lv |hv/ dffruglqj wr wkh

uhvxowv rewdlqhg dw wkh hqg ri Vhfwlrq 71 \hw rxu �qglqjv lq wklv vhfwlrq vxj0

jhvw wkdw wkh �sureohp� ri Hxursh pljkw frph iurp vrph ghhshu lqh!flhqf|

lq wkh doorfdwlrq ri uhvrxufhv1 Zlwk q 	 # wkh odfn ri d pdunhw iru |rxqj

idvw jurzlqj frpsdqlhv pljkw mxvw eh rqh pruh h�hfw ri wkh sureohp wkdw

fdxvhv wkh odfn ri hqwuhsuhqhxuvkls/ uhgxfhv wkh ydoxh ri lqiruphg fdslwdo/

dqg glvfrxudjhv �upv iurp jrlqj sxeolf hduo|1

9 H{whqvlrqv

914 Jurzwk

Zh wklqn wkdw rxu prgho kdv lpsolfdwlrqv iru wkh olqndjh ehwzhhq �qdqfldo

ghyhorsphqw dqg jurzwk1 Iru wkh uhf|folqj uroh ri wkh vwrfn pdunhw wr eh

hpslulfdoo| uhohydqw iru lqqrydwlrq dqg jurzwk wzr frqglwlrqv pxvw eh vdw0

lv�hg1 Iluvw/ vrph lqqrydwlrqv pxvw uhtxluh wkh fuhdwlrq ri qhz exvlqhvvhv1

Djklrq dqg Wluroh +4<<7,/ Juhhqzrrg dqg Mrydqrylf +4<<<,/ dqg Krelmq dqg

Mrydqrylf +4<<<, surylgh uhdvrqv h{sodlqlqj zk| dw ohdvw sduw ri wkh lqqr0

ydwlrqv fdqqrw rffxu lqvlgh wkh frusrudwlrqv wkdw douhdg| h{lvw159 Vhfrqgo|/

58Dffruglqj wr d Frppxqlfdwlrq ri wkh Hxurshdq Frplvvlrq +4<<;/ s14,/ �zkdw lv dw

vwdnh lv wkh fuhdwlrq ri d qhz hqwuhsuhqhxuldo fxowxuh lq Hxursh1 Wkh uhdo srolwlfdo fkdoohqjh

lv wr surylgh wkh wrrov/ hqdeolqj whfkqrorjlhv dqg �qdqfldo lqvwuxphqwv iru d qhz jhqhudwlrq

ri Hxurshdq hqwuhsuhqhxuv wr vwduw xs dqg vxffhhg1�
59Iru lqvwdqfh/ Djklrq dqg Wluroh +4<<7, frqvlghu wkh krogxs sureohp wkdw d�hfwv wkh

uhodwlrqvkls ehwzhhq dq lqqrydwru dqg wkh srwhqwldo xvhu ri wkh lqqrydwlrq1 Wkh| vkrz

wkdw/ zkhq wkh lqfhqwlyhv ri wkh lqqrydwru duh lpsruwdqw/ wkh rswlpdo vroxwlrq lqyroyhv

pdnlqj klp wkh rzqhu ri klv lqqrydwlrq/ wkdw lv/ fuhdwlqj d qhz �up1
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exvlqhvv fuhdwlrq pxvw eh h�hfwlyho| frqvwudlqhg e| wkh dydlodelolw| ri lq0

iruphg fdslwdo1 Zh wklqn wkdw wklv frqglwlrq lv olnho| wr eh wkh fdvh gxulqj

whfkqrorjlfdo uhyroxwlrqv/ zkhq lqyhvwphqw rssruwxqlwlhv  rxulvk xqghu wkh

lpshwxv ri qhz surgxfwv dqg whfkqrorjlhv15:

Lq wklv h{whqvlrq zh orrn dw wkh lpsolfdwlrqv iru jurzwk e| lqwurgxflqj

whfkqrorjlfdo surjuhvv lq wkh prgho1 Iluvw/ zh dqdo|}h lwv lpsdfw rq �qdqfldo

ghyhorsphqw e| h{dplqlqj lwv h�hfwv rq wkh �qdqfldo olih f|foh ri vwduw0xsv1

Vhfrqgo|/ zh hqgrjhql}h wkh udwh ri whfkqrorjlfdo surjuhvv e| pdnlqj h{solflw

wkh uroh sod|hg e| exvlqhvv fuhdwlrq lq lqqrydwlrq1

91414 Wkh h�hfw ri jurzwk rq �qdqfldo ghyhorsphqw

Dvvxph wkdw doo uhohydqw txdqwlwlhv lq wkh olih ri d �up duh vfdohg xs e|

d idfwru f| wkdw lghqwl�hv wkh vwdwh ri whfkqrorj| dw wlph | dqg/ gxh wr

whfkqrorjlfdo surjuhvv/ jurzv dw d frqvwdqw h{srqhqwldo udwh } '
�f|

f|

	 o1

Wkxv/ dw wlph |/ wkh lqyhvwphqw uhtxluhg wr pdnh d surmhfw rshudwlyh lv f|/

wkh oltxlgdwlrq ydoxh ri d �up lv '| ' 'f|/ wkh  rz ri sulydwh ehqh�wv wkdw

wkh pdqdjhu fdq rewdlq lq fdvh ri plvfrqgxfw lv K| ' Kf|/ dqg wkh frvw ri

jrlqj sxeolf lv 8| ' 8f|1 Dqdorjrxvo|/ li d �up vxffhvvixoo| uhdfkhv pdwxulw|

dw wlph | lwv rxwsxw lv +| ' +f| iurp wkdw wlph rqzdugv1

Wklv hfrqrp| kdv d edodqfhg0jurzwk htxloleulxp zkhuh djjuhjdwh rxwsxw

lv

�| '
] |

3"

+fr
�&r_r '

+�?

}
e}|c

zklfk jurzv dw udwh }/ zkloh erwk wkh ohyho ri fuhglw udwlrqlqj w dqg wkh

frqwudfw Ekc s� wkdw jryhuqv hqwuhsuhqhxu0prqlwru uhodwlrqvklsv duh frqvwdqw

ryhu wlph1 Dv lq wkh edvlf prgho/ zh fdq uhgxfh wkh gl�huhqw htxloleulxp

frqglwlrqv wr d vlqjoh htxdwlrq wkdw xqltxho| ghwhuplqhv w dqg wkhq rewdlq

s uhfxuvlyho|1

5:Wkhvh wzr frqglwlrqv vhhp wr dsso| zhoo wr wkh fxuuhqw zdyh ri whfkqrorjlfdo surjuhvv1

Iru h{dpsoh Nruwxp dqg Ohuqhu +4<<;, dwwulexwh wkh uhfhqw mxps lq sdwhqwlqj lq wkh

XV wr d vkdush lqfuhdvh lq lqqrydwlrq1 Pruhryhu/ Nuxvhoo hw do1 +4<<<, qrwh d vljql�fdqw

lqfuhdvh lq wkh udwh ri whfkqrorjlfdo fkdqjh zklfk lv lqyhvwphqw vshfl�f1 Lq sduwlfxodu wkh|

revhuyh wkdw wkh udwh ri whfkqrorjlfdo fkdqjh wkdw lv vshfl�f wr fdslwdo htxlsphqw kdv ehhq

51: shufhqwdjh kljkhu diwhu 4<:8 wkdq ehiruh1 Wkh dffhohudwlrq lq wkh udwh ri whfkqrorjlfdo

surjuhvv lv frpprqo| dwwulexwhg wr wkh cLW uhyroxwlrq*1 Juhhqzrrg dqg Mrydqrylf +4<<<,

dqg Krelmq dqg Mrydqrylf +4<<<, dujxh wkdw/ gl�huhqwo| iurp wkh suhylrxv whfkqrorjlfdo

uhyroxwlrqv/ LW kdv pdlqo| ehqh�whg qhzo| fuhdwhg �upv udwkhu wkdq lqfxpehqwv1

54



Vshfl�fdoo|/ wkh ydoxh dw wlph | ri wkh vxusoxv ri d uhodwlrqvkls lq zklfk

�up w|sh lv xqnqrzq lv jlyhq e| wkh surgxfw ri f| dqg wkh txdqwlw|

7 Ewc }� '
b
q
�-_ E}� 0�4�?

k
8c 8 _ Ewc }�

l
n E�0��'0�

r
n > E-60�� 04n }

bn >n 4� } n E�� q� w^ Ew�
c

+5<,

zkhuh -_ E}� ' >t

>no3}
dqg

8 _ Ewc }� '
E4� o�>t

E>n 4� }� E>n o � }�
n

E�� q� Sw

E>n 4� }�q
�

Diwhu vfdolqj xs e| f|/ wkhvh txdqwlwlhv kdyh wkh vdph lqwhusuhwdwlrq dv rxu

suhylrxv yduldeohv 7 Ew�/ -_/ dqg 8 _ Ew�1 Qrwlfh dovr wkdw erwk 7 Ewc }� dqg

8 _ Ewc }� duh lqfuhdvlqj lq }�

Wkh htxloleulxp ohyho ri fuhglw udwlrqlqj w lv wkh xqltxh vroxwlrq wr wkh

iuhh hqwu| frqglwlrq iru hqwuhsuhqhxuv=

q^ Ew�7 Ewc }� ' Sc +63,

zkloh wkh �upv* v �qdqfldo olih f|foh lv ghwhuplqhg e| wkh uxoh

s Ewc }� '

+
� li 8 � 8 _ Ewc }� c
f rwkhuzlvh/

+64,

dqdorjrxv wr +46,1 Wr vhh wkh h�hfw ri d fkdqjh lq wkh udwh ri whfkqrorjlfdo

surjuhvv } rq wkh htxloleulxp/ qrwlfh wkdw/ iru jlyhq wc li } lqfuhdvhv/ wkh

vxusoxv ri hqwuhsuhqhxu0prqlwru uhodwlrqvklsv 7 Ewc }� lqfuhdvhv1 Exw wkhq

wkh sur�wdelolw| ri ehfrplqj dq hqwuhsuhqhxu dovr lqfuhdvhv/ vr uhvwrulqj wkh

iuhh hqwu| frqglwlrq lpsolhv wkdw wkh htxloleulxp ohyho ri fuhglw udwlrqlqj w

pxvw ulvh1

Dv d uhvxow ri wkh kljkhu } dqg wkh kljkhu w/ 8 _ Ewc }� jrhv xs pdnlqj

pruh olnho| wkdw vwduw0xsv jr sxeolf1 Wklv phdqv wkdw/ kljkhu jurzwk eulqjv

pruh sur�wdeoh rssruwxqlwlhv iru lqiruphg fdslwdo wkxv udlvlqj wkh lqfhqwlyhv

wr ghyhors d vwrfn pdunhw iru |rxqj frpsdqlhv1 Dv d uhvxow/ wkh udwh ri

whfkqrorjlfdo surjuhvv srvlwlyho| d�hfwv wkh ghyhorsphqw ri �qdqfldo pdunhwv1

91415 Hqgrjhqrxv jurzwk

Zh qrz hqgrjhql}h wkh udwh ri whfkqrorjlfdo surjuhvv } e| lqwurgxflqj d

srvlwlyh h{whuqdolw| uhodwhg wr wkh vxffhvv ri qhz exvlqhvvhv1 Zh dvvxph wkdw
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hyhu| wlph d �up vxffhvvixoo| uhdfkhv pdwxulw|/ lw lqgxfhv dq +lqwhuwhpsrudo,

h{whuqdolw| zklfk lpsuryhv wkh vwdwh ri whfkqrorj| f| ri doo vwduw0xsv1 Pruh

vshfl�fdoo|/ zh dvvxph wkdw f| jurzv dw d udwh sursruwlrqdo wr wkh ghqvlw|

ri �upv wkdw vxffhvvixoo| uhdfk pdwxulw| �&|1
5; Lq vwhdg| vwdwh �&| ' �?/ khqfh

wkh udwh ri whfkqrorjlfdo surjuhvv } lv/ e| +58,/

} ' j�? '
j� Ebn >� w^ Ew��

bn >n i� n b�

>
d�� s Ewc }�ojw^ Ew�

c +65,

zkhuh j phdvxuhv wkh vl}h ri wkh lqqrydwlrq +dqg lwv dvvrfldwhg h{whuqdolw|,1

Qrwlfh iurp +64, wkdw wkh htxloleulxp �qdqfldo olih f|foh lv jlyhq e| s Ewc }� c

zklfk lv lqfuhdvlqj lq lwv wzr dujxphqwv1 Wkhq +63, dqg +65, vroyh iru wkh

vwhdg|0vwdwh htxloleulxp ri rxu hfrqrp| lq wkh w � } vsdfh1 +65, gh�qhv d

srvlwlyh uhodwlrq ehwzhhq wkh vwhdg| vwdwh jurzwk udwh ri wkh hfrqrp| dqg

wkh htxloleulxp ohyho ri fuhglw udwlrqlqj1 Wkh odujhu lv wc wkh odujhu wkh udwh

ri exvlqhvv fuhdwlrq dqg wkh odujhu wkh suredelolw| s wkdw jrrg vwduw0xsv

jr sxeolf1 Khqfh wkh odujhu lv wkh udwh ri whfkqrorjlfdo surjuhvv }� Lw dovr

iroorzv iurp wkh dqdo|vlv ri wkh suhylrxv vhfwlrq wkdw +63, gh�qhv d srvlwlyh

uhodwlrq ehwzhhq w dqg }� Wkh odujhu wkh udwh ri whfkqrorjlfdo surjuhvv/ wkh

odujhu lv wkh sur�wdelolw| ri hqwuhsuhqhxuvkls dqg vr lv w1 Khqfh zkhq wkh

udwh ri whfkqrorjlfdo surjuhvv dqg wkh ghyhorsphqw ri �qdqfldo pdunhwv duh

erwk hqgrjhqrxv/ jurzwk pljkw vwdjqdwh ehfdxvh wkh vwrfn pdunhw grhv qrw

surylgh hqrxjk uhf|folqj ri lqiruphg fdslwdo dqg wklv/ lq wxuq/ lv vr ehfdxvh

ri wkh odfn ri jurzwk1 Zkhq wklv kdsshqv wkh hfrqrp| idoov lq zkdw pljkw

eh lghqwl�hg dv d �qdqfldo xqghughyhorsphqw wuds1

915 Oltxlglw| h{whuqdolwlhv

Rxu vwrfn pdunhw iru jrrg vwduw0xsv uhvhpeohv d vwrfn pdunhw iru |rxqj

idvw jurzlqj frpsdqlhv olnh Qdvgdt lq wkh XV1 Wkh dqdo|vlv lq wkh suhylrxv

5;Wklv iroorzv Fdedoohur dqg Md�h +4<<6, dqg Djklrq dqg Krzlww +4<<;,/ dprqj rwkhuv1

D qdwxudo lqwhusuhwdwlrq lv wkdw wkhuh lv d frqwlqxxp ri lqfuhdvlqjo| surgxfwlyh whfkqltxhv

lqgh{hg e| d uhdo qxpehu zklfk fruuhvsrqgv wr wkh orj ri lwv surgxfwlylw| sdudphwhu1

Pdwxulw| phdqv wkdw wkh jrrg �up kdv vxffhhghg lq glvfryhulqj d qhz whfkqltxh dqg doo

vwduw0xsv fdq khuhdiwhu vhdufk iru wkh qh{w whfkqltxh lq wkh frqwlqxxp1 Vr/ dw dq| srlqw

lq wlph/ wkh udwh ri whfkqrorjlfdo surjuhvv lv sursruwlrqdo wr wkh  rz ri �upv wkdw uhdfk

pdwxulw| dw wkdw wlph1
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vhfwlrqv kdv douhdg| gholyhuhg vrph srvvleoh dqvzhuv wr wkh txhvwlrq rq zk|

wkdw w|sh ri pdunhw pljkw ru pljkw qrw hphujh1 Lq wklv h{whqvlrq zh h{soruh

dq dowhuqdwlyh dqvzhu edvhg rq oltxlglw| h{whuqdolwlhv wkdw fuhdwh d vwudwhjlf

frpsohphqwdulw| lq wkh jrlqj sxeolf ghflvlrqv ri vwduw0xsv dqg fdq ohdg wr

wkh h{lvwhqfh ri pxowlsoh htxloleuld1 Wkh dqdo|vlv lghqwl�hv iudjphqwdwlrq dv

d srvvleoh fdxvh iru vwrfn pdunhw xqghughyhorsphqw dqg surylghv d udwlrqdo

iru vxevlgl}lqj LSR*v1

Qdvgdt kdv ehhq fodlphg wr eh mxvw dq cLW idflolw|* wkdw doorzhg suhylrxvo|

iudjphqwhg ryhu0wkh0frxqwhu pdunhwv wr phujh lqwr dq lqfuhdvlqjo| oltxlg

rqh15< Lwv vxffhvv srlqwv rxw wr wkh lpsruwdqfh ri oltxlglw| h{whuqdolwlhv lq

ghwhuplqlqj wkh dwwudfwlyhqhvv ri d pdunhw1 D srvvleoh zd| ri fdswxulqj wkhp

lq rxu prgho lv wr dvvxph wkdw wkh  rwdwlrq frvw 8 lv qhjdwlyho| uhodwhg wr wkh

qxpehu ri vwduw0xsv glvfryhuhg wr eh jrrg wkdw duh sxeolf/ R163 H{solflwo|/

vxssrvh wkdw zh kdyh 8 ' 8 ER� zlwk 8 � ER� 	 fc *�4R<f 8 ER� ' 4c dqg

8 f 	 8 E�� � Wkhq/ iroorzlqj wkh vdph vwhsv dv lq Vhfwlrq 7/ zh rewdlq wkdw

wkh vwhdg| vwdwh ydoxh ri R zloo eh jlyhq e|

R Ewc s� '
b�s w^ Ew��

bn >n
k
� n b�

>
E�� s�

l
w^ Ew�

c

zklfk lv lqfuhdvlqj lq erwk w dqg s�

Iru jlyhq sc htxdwlrq +54, dqg wkh frqglwlrq

8 ER Ewc s�� ' 8 +66,

vroyh iru d fdqglgdwh vwhdg| vwdwh htxloleuld ri rxu hfrqrp| lq wkh w � 8

vsdfh1 Krzhyhu +46, dqg +66, lpso| wkdw pxowlsoh htxloleuld fdq hphujh1

Wklv lv ehfdxvh wkhuh lv d vwudwhjlf frpsohphqwdulw| lq wkh fkrlfh ri olih f|foh

yduldeoh s� Vxssrvh s lv orz/ wkhq R lv orz/ vr 8 lv kljk/ uh hfwlqj wkdw wkh

pdunhw iru idvw jurzlqj frpsdqlhv lv qrw yhu| oltxlg1 Exw wkhq fkrrvlqj

d orz s fdq lqghhg eh rswlpdo1 Zlwk vlplodu dujxphqwv rqh fdq vkrz wkh

vxvwdlqdelolw| ri dq htxloleulxp zlwk kljk s 1 Pruh irupdoo|/ qrwlfh wkdw zlwk

s ' fc zh kdyh R ' fc 8 jrhv wr lq�qlw|/ vr s ' f lv dq htxloleulxp1 Rq

5<Vhh Vplwk hw do1 +4<<;, iru d ghwdlohg ghvfulswlrq ri wkh klvwru| dqg ixqfwlrqlqj ri

Qdvgdt1
63Vhh Vxeudkpdq|dp dqg Wlwpdq +4<<<, iru dq lqirupdwlrq0edvhg plfurirxqgdwlrq ri

oltxlglw| h{whuqdolwlhv1
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wkh rwkhu kdqg/ li dvvxplqj s ' �c lw kdsshqv wkdw wkh fdqglgdwh htxloleulxp

ydoxh ri w vdwlv�hv 8 ER Ewc ��� 	 8 _ Ew� c wkhq wkhuh lv dovr dq htxloleulxp zlwk

s ' �� Wkhvh wzr htxloleuld duh Sduhwr0udqnhg dqg wkh rqh zlwk d vpdoohu

 rwdwlrq frvw dvvrfldwhv zlwk odujhu zhoiduh1 Wkhuhiruh/ li wkh hfrqrp| lv

eorfnhg lq wkh zruvh htxloleulxp/ wkh dqdo|vlv gholyhuv d udwlrqdo iru zk|

vxevlgl}lqj LSRv pljkw eh zhoiduh lpsurylqj164

Dfwxdoo|/ lq wkh suhvhqfh ri oltxlglw| h{whuqdolwlhv/ wkh udwlrqdoh iru vxevl0

gl}lqj LSRv lv pruh jhqhudo dqg grhv qrw qhhg wr uho| rq pxowlsoh htxloleuld1

Wr vhh wklv/ frqvlghu d vlpsoh jhqhudol}dwlrq ri rxu prgho lq zklfk vwduw0xsv/

lqgh{hg e| �c gl�hu lq wkhlu frvw ri jrlqj sxeolf/ 8�ER�/ zlwk 8 ��ER� 	 f� Wkhq/

vwduw0xsv zloo ghflgh wr jr sxeolf li wkhlu 8�ER� lv ehorz wkh fulwlfdo ydoxh

8 _ Ew� � Krzhyhu/ vlqfh hdfk vwduw0xs grhv qrw lqwhuqdol}h wkh h�hfwv ri lwv

ghflvlrq rq wkh frvw ri jrlqj sxeolf ri wkh rwkhuv/ wkh htxloleulxp qxpehu ri

LSRv zloo eh vxerswlpdo1 Lq rwkhu zrugv/ wkh fulwlfdo ydoxh 8 _ Ew� zrxog eh

ehorz wkh vrfldoo| rswlpdo rqh dqg d vxevlg| wr LSRv zrxog uhgxfh wkh jds

ehwzhhq wkh wzr1

916 Lqyhvwphqw edqnlqj

Lq wklv odvw h{whqvlrq zh dqdo|}h krz wkh frvw ri jrlqj sxeolf dqg wkh �qdqfldo

olih f|foh ri vwduw0xsv lqwhudfw zlwk wkh ghyhorsphqw ri lqyhvwphqw edqnlqj

dfwlylwlhv1 Zh dvvrfldwh wkhvh dfwlylwlhv zlwk wkh jdwkhulqj ri lqirupdwlrq

uhjduglqj wkh sur�wdelolw| ri vwduw0xsv dqg zh phdvxuh wkhlu rxwsxw e| wkh

qrz hqgrjhqrxv udwh b dw zklfk xqnqrzq vwduw0xsv glvfryhu wkhlu w|sh1

Ohw �Eb� ghqrwh wkh  rz frvw +lq lqfrph xqlwv, wkdw d �up pxvw lqfxu

lq rughu wr lqgxfh dq lqvwdqwdqhrxv udwh ri duulydo ri lqirupdwlrq derxw lwv

w|sh b� Zh dvvxph wkdw �Eb� lv lqfuhdvlqj dqg vdwlv�hv wkh vwdqgdug Lqdgd

frqglwlrqv165 Pruhryhu/ zh dvvxph wkdw wklv frvw lv yhul�deoh vr wkdw b fdq

64Dq h{solflw hydoxdwlrq ri wkh jdlqv iurp prylqj iurp dq htxloleulxp zlwk i @ 3 wr rqh

zlwk i @ 4 lv/ krzhyhu/ frpsolfdwh vlqfh gxulqj wkh wudqvlwlrq wkh hqgrjhqrxv yduldeohv �

dqg i zrxog eh ixqfwlrqv ri wkh vwdwh yduldeohv ri wkh v|vwhp/ xw> gw> dqg sw= Pruhryhu/

wkh frvwv ri wudqvlwlrq pljkw uhqghu wkh qhw zhoiduh jdlqv iurp vzlwfklqj wr wkh �jrrg�

htxloleulxp qhjdwlyh1
65Zh kdyh prghoohg wkh frvwv ri surgxflqj � dv lqwhuqdo wr wkh �up1 Dowhuqdwlyho|/ zh

pljkw kdyh dvvxphg wkdw wkhuh lv d shuihfwo| frpshwlwlyh lqyhvwphqw0edqnlqj vhfwru wkdw

surylghv lwv vhuylfhv wr �upv dw d jlyhq sulfh shu xqlw ri �1 Li wklv vhfwru idfhv pdujlqdo

frvwv zklfk duh frqvwdqw lq wkh qxpehu ri �upv wkdw lw vhuyhv +txdqwlwlhv, exw lqfuhdvlqj
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eh zulwwhq lqwr wkh frqwudfw ehwzhhq wkh hqwuhsuhqhxu dqg wkh prqlwru dw

wkh ehjlqqlqj ri wkhlu uhodwlrqvkls1

Dv wkh hqwuhsuhqhxu kdv qr rzq zhdowk/ �Eb� lv �qdqfhg e| wkh prqlwru/

zkrvh ydoxh ri wkh uhodwlrqvkls zkloh �up w|sh uhpdlqv xqnqrzq lv qrz jlyhq

e|

4u� ' � �Eb� n b
k
�s E�0k�

�
-_ � 8

�
n � E�0s�u_ n E�0�� E�0k�'� u�

l
n> dE�0k�-6 � u�o n dbn >� b� E�0s�oT�

Zh qhjohfw srwhqwldo krog0xs sureohpv e| dvvxplqj wkdw wkh lqlwldo djuhh0

phqw rq b 5 dfc4� lv qrw vxemhfw wr uhqhjrwldwlrq1 Wkh lqlwldo edujdlqlqj

sureohp lv h{whqghg wr=

4@ 
kc sc b

E�� � L�q Eu� � �� T ��3q

dqg wkh qhz h{suhvvlrq iru wkh vxusoxv lv

7 '
b

bn >n 4

k
�s

�
-_ � 8

�
n � E�� s� E-� � 4

>n4
T � n E�� ��'

l

n
>

bn >n 4
-6 �

�

bn >n 4
� Eb��

4

bn >n 4
T � L � �� +67,

Wkh vroxwlrq wr wkh edujdlqlqj sureohp iru k dqg s lpsolhv wkh vdph frq0

glwlrqv +<,/ +43, dqg +46, dv lq wkh edvlf prgho1 Pruhryhu wkh �uvw rughu

frqglwlrq iru pd{lpl}lqj 7 zlwk uhvshfw wr b fdq eh zulwwhq dv

��Eb� '
k
�s

�
-_ � 8

�
n � E�� s� E-� � 4

>n4
T � n E�� ��'

l
� L � �� 7�

+68,

Xvlqj +68, dqg iroorzlqj wkh vdph vwhsv dv lq Vhfwlrq 714/ wkh htxloleulxp

vxusoxv fdq eh frpsdfwo| h{suhvvhg dv

7 Ewc b� '
> E-6 � �� n b� �Eb�� �Eb�� 4

>n 4n E�� q� w^ Ew�
c +69,

zkhuh w dqg b duh wkh rqo| hqgrjhqrxv yduldeohv1 Jlyhq +69,/ wkh iuhh hqwu|

frqglwlrq iru hqwuhsuhqhxuv ehfrphv

q^ Ew�7 Ewc b� ' S +6:,

lq wkh lqwhqvlw| ri wkh dqdo|vlv � +txdolw|,/ wkh pdlq frqfoxvlrqv zrxog eh lghqwlfdo1
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zkloh/ diwhu dffrxqwlqj iru wkh htxloleulxp fkrlfh ri s / wkh �uvw rughu frq0

glwlrq iru b fdq eh uhzulwwhq dv

� �Eb� '
q
�-_ � �4�?

k
8c8 _ Ew�

l
n E�� ��'� �

r
�

S

q^ Ew�
c +6;,

zkhuh 8 _ Ew� zdv gh�qhg lq +4<,1

Htxdwlrqv +69,0+6;, vroyh wkh prgho lq wkh w� b vsdfh1 Wkh �uvw wzr gh0

�qh d srvlwlyh uhodwlrq ehwzhhq w dqg b= wkh odujhu wkh lqwhqvlw| lq jdwkhulqj

lqirupdwlrq b/ wkh odujhu lv wkh vxusoxv ri dq hqwuhsuhqhxu0prqlwru uhodwlrq0

vkls 7 dqg/ wkxv/ wkh lqgxfhg ohyho ri fuhglw udwlrqlqj w� Lq frqwudvw/ wkh

�uvw rughu frqglwlrq +6;, hvwdeolvkhv d qhjdwlyh uhodwlrq ehwzhhq w dqg b� Lw

uh hfwv wkdw/ lq htxloleulxp/ d odujhu w dvvrfldwhv zlwk d odujhu 7 dqg/ frqvh0

txhqwo|/ zlwk d orzhu fdslwdo jdlq iurp glvfryhulqj wkh �up*v w|sh1 +Qrwlfh

wkdw vxfk glvfryhu| pdnhv wkh uhodwlrqvkls wr fkdqjh vwdwxv ru wr vhyhu1, Wkh

vroxwlrq lv wkhuhiruh xqltxh1 Diwhu vroylqj iru wc +46, dqg +4<, ghwhuplqh wkh

htxloleulxp �qdqfldo olih f|foh s 1 Lw fdq wkhq eh fkhfnhg wkdw lqfuhdvlqj wkh

 rwdwlrq frvw 8 vkliwv +6;, wr wkh ohiw wkxv uhgxflqj erwk wkh ohyho ri fuhglw

udwlrqlqj w dqg wkh lqwhqvlw| ri lqyhvwphqw edqnlqj dfwlylwlhv b1

Wklv dqdo|vlv kdv wzr lqwhuhvwlqj lpsolfdwlrqv1 Iluvw lw suhglfwv d qhjd0

wlyh fruuhodwlrq ehwzhhq wkh lqwhqvlw| ri lqyhvwphqw0edqnlqj dfwlylwlhv dqg

wkh frvw ri jrlqj sxeolf1 Lw dovr vkrzv/ vhh +68,/ wkdw wkh odujhu wkh uhqwv

jhqhudwhg e| wkh hqwuhsuhqhxu0prqlwru uhodwlrqvkls wkh orzhu lv wkh lqfhqwlyh

iru jdwkhulqj lqirupdwlrq wkdw pd| hyhqwxdoo| vhyhu wkh uhodwlrqvkls1 Lq0

whuhvwlqjo|/ lw fdq eh vkrzq wkdw wkh vl}h ri wkhvh uhqwv lv plqlpl}hg xqghu

wkh h!flhqw vkdulqj uxoh/ zkhq wkh ydoxh ri lqiruphg fdslwdo lv pd{lpl}hg1

Wkhuhiruh/ dq lqh!flhqw doorfdwlrq ri uhvrxufhv jhqhudwhv yhvwhg lqwhuhvwv lq

rqjrlqj uhodwlrqv wkdw kdpshu wkh ghyhorsphqw ri lqyhvwphqw0edqnlqj dfwly0

lwlhv wkxv uhgxflqj wkh dprxqw ri lqirupdwlrq derxw vwduw0xsv/ ghod|lqj wkh

uhf|folqj ri lqiruphg fdslwdo/ dqg glplqlvklqj wkh vl}h dqg wkh vfrsh ri wkh

vwrfn pdunhw1

: Frqfoxvlrqv

Zh kdyh dqdo|}hg krz vhfxulwlhv pdunhwv lqwhudfw zlwk lqiruphg fdslwdo �0

qdqflqj lq surprwlqj jurzwk1 Zh kdyh irfxvhg rq wkh �qdqfldo sureohp
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ri idvw jurzlqj vwduw0xsv1 Wkh lpsolflw dvvxpswlrq kdv ehhq wkdw/ gxulqj

d whfkqrorjlfdo uhyroxwlrq lq zklfk lqqrydwlrq uhtxluhv wkh fuhdwlrq ri qhz

lqghshqghqw exvlqhvvhv/ vwduw0xsv duh wkh vhhg ri ixwxuh jurzwk1 Wkh prgho

lpsolhv wkdw lqvwlwxwlrqdo gl�huhqfhv lq vhfxulwlhv pdunhwv pd| surgxfh furvv0

frxqwu| gl�huhqfhv lq wkh sdwwhuqv ri �up fuhdwlrq dqg lq wkh vshhg dw zklfk

qhz whfkqrorjlhv duh dgrswhg1 Iru h{dpsoh wkh odfn ri d zhoo ghyhorshg

pdunhw iru vpdoo idvw jurzlqj frpsdqlhv lq Hxursh pljkw khos h{sodlq zk|

Hxursh kdv idoohq ehklqg wkh XV lq wdnlqj dgydqwdjh ri wkh LW uhyroxwlrq

dqg/ pruh jhqhudoo|/ lq wkh dgrswlrq ri kljk0whfk whfkqrorjlhv166 Ixuwkhu0

pruh/ e| hqgrjhql}lqj ydulrxv dvshfwv ri wkh hfrqrp|*v �qdqfldo vwuxfwxuh

+�upv* olih f|foh/ pdunhw oltxlglw|/ lqyhvwphqw edqnlqj, zh kdyh lghqwl�hg

srvvleoh fdxvhv ri �qdqfldo xqghughyhorsphqw dqg srwhqwldo srolf| uhvsrqvhv1

Lq dgglwlrq rxu prgho surylghv d iudphzrun iru dq h{solflw hydoxdwlrq ri wkh

zhoiduh lpsolfdwlrqv ri wkhvh srolflhv1

Iru dqdo|wlfdo frqyhqlhqfh zh kdyh devwudfwhg iurp wkh ghwdlov ri wkh

�qdqflqj sureohp ri pdwxuh �upv1 \hw wkh fkrlfh ehwzhhq lqiruphg fds0

lwdo �qdqflqj dqg vhfxulwlhv pdunhw �qdqflqj uhpdlqv uhohydqw gxulqj wkh

zkroh olih ri wkh �up1 Dqdo|}lqj krz wklv fkrlfh d�hfwv wkh delolw| ri pd0

wxuh frpsdqlhv wr lqqrydwh dqg jurz uhsuhvhqwv d fkdoohqjlqj fdoo iru ixuwkhu

uhvhdufk1 Lq rxu prgho wkh vwrfn pdunhw vwlpxodwhv jurzwk ehfdxvh lw uh0

f|fohv lqiruphg fdslwdo1 Jrlqj sxeolf pljkw krzhyhu kdpshu wkh surfhvv

ri lqqrydwlrq ri pdwxuh frpsdqlhv1 Iru h{dpsoh/ wkh suhvvxuh ri pdunhw

lqyhvwruv pljkw hlwkhu uhgxfh wkh wlph krul}rq ri pdqdjhphqw/ qhjdwlyho|

d�hfwlqj U)G lqyhvwphqw/ ru irufh wkh pdqdjhphqw wr glvforvh xqzdqwhg

lqirupdwlrq/ wkxv uhgxflqj wkh dssursuldelolw| ri lqqrydwlrqv1

66Vhh RHFG +4<<7,1 Sdjdqr hw do1 +4<<;, qrwh wkdw wkh w|slfdo qhzo| olvwhg frpsdq| lv

pxfk odujhu dqg roghu lq Lwdo| wkdq lq wkh XV1 Wkh| dwwulexwh wklv wr wkh odfn ri hqirufhphqw

ri plqrulw| surshuw| uljkwv zklfk pdnhv lw pruh gl!fxow iru |rxqj dqg vpdoo frpsdqlhv

wr fdswxuh lqyhvwruv* wuxvw1
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Dsshqgl{

Lpsrvvlelolw| ri vwrfn pdunhw �qdqflqj zlwkrxw sd|lqj 8

Wr uxoh rxw wkh srvvlelolw| wkdw hqwuhsuhqhxuv �qdqfh wkhlu vwduw0xsv wkurxjk

wkh vwrfn pdunhw zlwkrxw sd|lqj 8c lw vx!fhv wr jxdudqwhh wkdw hyhq li wkh

�up zhuh nqrzq wr eh jrrg vxfk dq duudqjhphqw zrxog qrw eh ihdvleoh1 Frq0

vlghu d jrrg vwduw0xs dqg ohw �k ghvfuleh d frqwudfw zkhuhe| wkh hqwuhsuhqhxu

dqg vrph lqyhvwru jhw vrph iudfwlrqv �k dqg �� �kc uhvshfwlyho|/ ri wkh ydoxh

ri wkh �up dw lwv pdwxulw|/ t� Xqghu vxfk frqwudfw/ wkh hqwuhsuhqhxu*v ydoxh

iurp uxqqlqj wkh �up/ �/ lv jlyhq e|

4� ' 4@ iKc >E�kt ���j

dqg wkh frqwudfw �k surylghv lqfhqwlyhv iru h�ruw li dqg rqo| li

�k �
>n 4

>t

K

4
� +6<,

Ohw ( ghqrwh wkh ydoxh ri wkh lqyhvwru*v vwdnh lq wkh surmhfw zkhq wklv frq0

glwlrq krogv1 Wkhq/

4( ' dE�� �k�t �(o

dqg kh zloo eh zloolqj wr �qdqfh wkh surmhfw rqo| li ( � �c wkdw lv/

E�� �k� �
>n o

>t
� +73,

Krzhyhu/ wkh lqhtxdolwlhv +6<, dqg +73, duh qrw frpsdwleoh li K lv wrr odujh1

Vshfl�fdoo|/ li
K

4
:

>t

>n 4
�

>n o

>n 4
c +74,

dv zh dvvxph1

Uhvxowv rq h!flhqf|

Lq wklv vhfwlrq zh suryh rxu uhvxowv rq h!flhqf|1 Zh vwduw rewdlqlqj wkh

g|qdplfv ri wkh frvwdwh yduldeohv 5� dqg 5_ wkdw dsshdu lq +59,> wlph lqglfhv
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duh rplwwhg/ iru euhylw|1 Gl�huhqwldwlqj +59, zlwk uhvshfw wr �c _/ dqg wlph/

zh rewdlq

�5� ' dbn >n 4n w^ Ew�o 5� � b� E�� s� 5_ � b
k
�s

�
-_ � 8

�
n E�� ��'

l
�>-6 � dSw n w^ Ew�o +75,

�5_ ' w^ Ew� 5� n E>n 4� 5_ � >t � dSw n w^ Ew�o +76,

zkhuh �5� dqg �5_ duh wkh ghulydwlyhv zlwk uhvshfw wr wlph ri 5� dqg 5_ uhvshf0

wlyho|1 Wkhvh htxdwlrqv gh�qh d olqhdu v|vwhp zlwk frqvwdqw frh!flhqwv lq

5� dqg 5_ wkdw lv joredoo| xqvwdeoh1 Khqfh 5� dqg 5_ duh wzr mxps yduldeohv

wkdw pxvw vdwlvi| wkh frqglwlrq �5� ' �5_ ' f dw dq| srlqw lq wlph� Xvlqj +75,

dqg +76, wklv lpsolhv

5_ '
Ebn >n 4� d>t n Sw n w^ Ew�o n w^ Ew� d>t �� Es�o

E>n 4� dbn >n 4n w^ Ew�o n b� E�� s� w^ Ew�
c +77,

5� '
b� E�� s� d>t n Sw n w^ Ew�o n E>n 4� dSw n w^ Ew� n� Es�o

E>n 4� dbn >n 4n w^ Ew�o n b� E�� s� w^ Ew�
c +78,

zkhuh � Es� ' b
k
�s

�
-_ � 8

�
n E�� ��'

l
n >-6�

41 H!flhqf| ri wkh htxloleulxp �qdqfldo olih f|foh Gl�huhqwldwlqj

+59, zlwk uhvshfw wr s zh �qg wkdw

_`

_s
'

b�

4
E-_ � 8 � 5_��|c +79,

zklfk/ jlyhq +77,/ kdv wkh vdph vljq dv wkh txdqwlw|

� ' dbn >n 4n w^ Ew�o E>n 4�
�
-_ � 8 �-�

�
n w^ Ew�� E��

� Ebn >n 4� dSw n w^ Ew�o � +7:,

Wr hydoxdwh wkh vljq ri �c frqvlghu �uvw wkh fdvh zkhuh lq htxloleulxp 8 	

8 _ Ew� c vr s ' �1 Wkhq +53, dqg +54, doorz xv wr zulwh

� E�� '
dbn >n 4n E �� q� w^ Ew�o S

q^ Ew�
n Ebn >n 4� � +7;,

Vxevwlwxwlqj edfn lq +7:, dqg xvlqj +4<,/ zh �qg wkdw

�

E>n 4� dbn >n 4n w^ Ew�o
' 8 _ Ew�� 8 : f�
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Frqvlghu qh{w wkh fdvh zkhuh lq htxloleulxp 8 : 8 _ Ew� c vr s ' f1 Wkhq

+53, dqg +54, doorz xv wr zulwh

� E�� '
dbn >n 4n E �� q� w^ Ew�o S

q^ Ew�
nEbn >n 4�nb�

k
8 _ Ew�� 8

l
� +7<,

Vxevwlwxwlqj edfn lq +7:, dqg xvlqj +4<,/ zh �qdoo| rewdlq wkdw

�

E>n 4� dbn >n 4n w^ Ew�o n b�w^ Ew�
' 8 _ Ew�� 8 	 fc

zklfk frpsohwhv wkh surri ri wkh uhvxow vwdwhg lq +5:,1

51 Edujdlqlqj srzhu dqg h!flhqf| Ghulylqj +59, zlwk uhvshfw wr w zh

�qg wkdw

_`

_w
'

�

4
id#^ Ew� E5� � ��� So E� � _| � �|� n

_5�

_w
��| n

_5_

_w
�_|jc +83,

zkhuh # ' �

^Ew�

_ dw^Ew�o

_w
lv wkh hodvwlflw| ri wkh pdwfklqj ixqfwlrq zlwk uhvshfw

wr wkh qxpehu ri hqwuhsuhqhxuv1 Zkhq +83, lv hydoxdwhg lq wkh vwhdg| vwdwh/

�� ' �_ ' fc lw kdv wkh vdph vljq dv #^ Ew� E5� � ��� S� Wr hydoxdwh wklv vljq/

frqvlghu �uvw wkh fdvh zkhuh lq htxloleulxp 8 	 8 _ Ew� c vr s ' �� Xvlqj +78,

hydoxdwhg dw s ' � wrjhwkhu zlwk +7;,/ zh �qg wkdw wkh vljq lv wkh vdph dv

wkdw ri

E>n 4� dbn >n 4n w^ Ew�o
S

q
E# � q� �

Frqvlghu qh{w wkh fdvh zkhuh 8 : 8 _ Ew� c vr s ' f1 Wkhq/ xvlqj +78,

hydoxdwhg dw s ' f wrjhwkhu zlwk htxdwlrqv +4<,0+54,/ zh rewdlq wkdw

#^ Ew� E5� � �� '
iE>n 4� dbn >n 4n w^ Ew�o n b�w^ Ew�j S#

E>n 4�q dbn >n 4n w^ Ew�o n b�qw^ Ew�
�

Exw wklv phdqv wkdw _`

_w
kdv wkh vdph vljq dv

iE>n 4� dbn >n 4n w^ Ew�o n b�w^ Ew�j
S

q
E# � q� c

zklfk frpsohwhv wkh surri ri wkh uhvxow vwdwhg lq +5;,1
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61 Ydoxh ri lqiruphg fdslwdo dqg h!flhqf| Zh vkrz wkdw wkh ydoxh ri

lqiruphg fdslwdo T lv pd{lpl}hg dw q ' #1 Gl�huhqwldwlqj +4;, zlwk uhvshfw

wr q zh rewdlq wkdw

_T

_q
'

E�� q� S

4q
�
_w

_q
�

Sw

4q2
�

Li lq htxloleulxp 8 	 8 _ Ew� c +53, dqg +54, lpso|

_w

_q
'

dbn >n 4n w^ Ew�o w

q dE�� #� Ebn >n 4� n E�� q� w^ Ew�o
c

vr
_T

_q
'

Sw Ebn >n 4�

E�� #� Ebn >n 4� n E�� q� w^ Ew�
�
# � q

4q2
c

zklfk lv srvlwlyh +qhjdwlyh, iru q vpdoohu +juhdwhu, wkdq #� Rq wkh rwkhu kdqg/

li lq htxloleulxp 8 : 8 _ Ew� c +53, dqg +54, lpso|

_w

_q
'

dE>n 4� Ebn >n 4� n w^ Ew� Eb� n >n 4�o w

q dE>n 4� Ebn >n 4� E�� #� n Eb� n >n 4� E�� q� w^ Ew�o
c

vr

_T

_q
'

Sw E>n 4� Ebn >n 4�

E>n 4� Ebn >n 4� E�� #� n Eb� n >n 4� E�� q� w^ Ew�
�
# � q

4q2
c

zklfk lv dovr srvlwlyh +qhjdwlyh, iru q vpdoohu +juhdwhu, wkdq #� Khqfh T

dwwdlqv d pd{lpxp zkhq q ' #1
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Uhihuhqfhv

^4` Djklrq/ S1 dqg Krzlww S1 +4<<;,/ Hqgrjhqrxv Jurzwk Wkhru|/ Wkh PLW

Suhvv/ Fdpeulgjh/ Pdvvdfkxvhwwv1

^5` Djklrq/ S1 dqg Wluroh M1 +4<<7,/ �Wkh Pdqdjhphqw ri Lqqrydwlrq�/

Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 43</ 44;80453<1

^6` Edowhqvshujhu/ H1 +4<:9,/ �Wkh Eruurzhu0Ohqghu Uhodwlrqvkls/ Frpshw0

lwlyh Htxloleulxp dqg wkh Wkhru| ri Khgrqlf Sulfhv�/ Dphulfdq Hfr0

qrplf Uhylhz/ 99/ 7340738

^7` Eodfn/ E1 dqg Jlovrq/ U1 +4<<;,/ �Yhqwxuh Fdslwdo dqg wkh Vwuxfwxuh ri

Ilqdqfldo Pdunhwv= Edqnv Yhuvxv Vwrfn Pdunhwv�/ Mrxuqdo ri Ilqdqfldo

Hfrqrplfv/ 7:/ 57605::1

^8` Fdedoohur/ U1 dqg Md�h/ D1 +4<<6,/ �Krz Kljk duh wkh Jldqwv Vkrxoghuv=

Dq Hpslulfdo Dvvhvvphqw ri Nqrzohgjh Vslooryhuv dqg Fuhdwlyh Ghvwuxf0

wlrq lq d prgho ri Hfrqrplf Jurzwk�1 LqQEHUPdfurhfrqrplfv Dqqxdo

4<<6/ hglwhg e| Eodqfkdug/ R1 dqg Vwdqoh|/ I1 Fdpeulgjh Pdvv1= PLW

Suhvv1

^9` Gldprqg/ G1 +4<<4,/ �Prqlwrulqj dqg Uhsxwdwlrq= Wkh Fkrlfh ehwzhhq

Edqn Ordqv dqg Gluhfwo| Sodfhg Ghew�/ Mrxuqdo ri Srolwlfdo Hfrqrp|/

<</ 9;<0:541

^:` Hxurshdq Frpplvvlrq +4<<;,/ �Ulvn Fdslwdo= D Nh| wr Mre Fuhdwlrq lq

wkh Hxurshdq Xqlrq �/ Frppxqlfdwlrq ri Wkh Hxurshdq Frpplvvlrq/

Dsulo1

^;` Juhhqzrrg/ M1 dqg Mrydqrylf/ E1 +4<<3,/ �Ilqdqfldo Ghyhorsphqw/

Jurzwk/ dqg wkh Glvwulexwlrq ri Lqfrph�/ Mrxuqdo ri Srolwlfdo Hfrqrp|/

<;/ 43:90443:1

^<` Juhhqzrrg/ M1 dqg Mrydqrylf/ E1 +4<<<,/ �Wkh LW Uhyroxwlrq dqg wkh

Vwrfn Pdunhw�/ Dphulfdq Hfrqrplf Uhylhz Sdshuv dqg Surfhhglqjv/ ;</

7<0<81

^43` Krelmq/ E1 dqg Mrydqrylf/ E1 +4<<<, �Wkh LW Uhyroxwlrq dqg wkh

Vwrfn Pdunhw= Suholplqdu| Hylghqfh�/ plphr/ Qhz \run Xqlyhuvlw|/

kwws=22zzz1hfrq1q|x1hgx2xvhu2mrydqryl2lqgh{1kwp1
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^44` Kropvwurp / E1 dqg Wluroh/ M1 +4<<:,/ �Ilqdqfldo Lqwhuphgldwlrq/ Ordq0

deoh Ixqgv/ dqg wkh Uhdo Vhfwru�/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 445/

99609<41

^45` Krvlrv/ D1 +4<<3,/ �Rq wkh H!flhqf| ri Pdwfklqj dqg Uhodwhg Prghov ri

Vhdufk dqg Xqhpsor|phqw�/ Uhylhz ri Hfrqrplf Vwxglhv/ 8:/ 5:<05<;1

^46` Nruwxp/ V1 dqg Ohuqhu/ M1 +4<<;,/ �Vwurqjhu Surwhfwlrq ru Whfkqrorjlfdo

Uhyroxwlrq= Zkdw lv Ehklqg wkh Uhfhqw Vxujh lq SdwhqwlqjB�/ Fduqhjlh0

Urfkhvwhu Frqihuhqfh Vhulhv rq Sxeolf Srolf|/ 7;/ 57:06371

^47` Nuxvhoo/S1/ Rkdqldq/ O1/ Ulrv0Uxoo/ Y1 dqg Ylrodqwh/ J1 +4<<<,/ �Fdslwdo0

Vnloo Frpsohphqwdulw| dqg Lqhtxdolw|= D Pdfurhfrqrplf Dqdo|vlv�/

Hfrqrphwulfd/ iruwkfrplqj1

^48` Nxpdu/ N1/ Udmdq/ U1 dqg ]lqjdohv O1 +4<<<, �Zkdw Ghwhuplqhv Ilup

Vl}hB�/ QEHU Zrunlqj Sdshu/ q1 :53;1

^49` Ohylqh/ U1 +4<<:, �Ilqdqfldo Ghyhorsphqw dqg Hfrqrplf Jurzwk=

Ylhzv dqg Djhqgd�/ Mrxuqdo ri Hfrqrplf Olwhudwxuh/ 68/ 9;;0:591

^4:` Ohylqh/ U1 dqg ]huyrv/ V1 +4<<;, �Vwrfn Pdunhwv/ Edqnv/ dqg Hfrqrplf

Jurzwk�/ Dphulfdq Hfrqrplf Uhylhz/ ;;/ 86:088;1

^4;` RHFG/ +4<<7,/ �Whfkqrorjlfdo Fkdqjh dqg Lqqrydwlrq�/ lq RHFG Mrev

Vwxg|/ Sduw L/ fkdswhu 71

^4<` Sdjdqr/ P1/ Sdqhwwd/ I1 dqg ]lqjdohv/ O1 +4<<;,/ �Zk| Gr Frpsdqlhv

Jr SxeolfB Dq Hpslulfdo Dqdo|vlv�/ Mrxuqdo ri Ilqdqfh/ 86/ 5:0971

^53` Slvvdulghv/ F1 D1 +4<<3,/ Htxloleulxp Xqhpsor|phqw Wkhru|/ R{irug=

Edvlo Eodfnzhoo1

^54` Shwhuvhq/ P1 dqg Udmdq/ U1 +4<<7,/ �Wkh Ehqh�wv ri Ohqglqj Uhodwlrq0

vklsv= Hylghqfh iurp Vpdoo Exvlqhvv Gdwd�/ Mrxuqdo ri Ilqdqfh/ 7</

606:1

^55` Udmdq/ U1 +4<<5,/ �Lqvlghuv dqg Rxwvlghuv= wkh Fkrlfh ehwzhhq Lqiruphg

dqg Dup*v0Ohqjwk Ghew�/ Mrxuqdo ri Ilqdqfh/ 7:/ 469:047331

^56` Udmdq/ U1 dqg ]lqjdohv/ O1 +4<<;,/ �Ilqdqfldo Ghshqghqfh dqg Jurzwk�/

Dphulfdq Hfrqrplf Uhylhz/ ;;/ 88<08;91
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^57` Vplwk/ M1/ Vhozd| M1 dqg PfFruplfn/ W1 +4<<;,/ �Wkh QDVGDT Vwrfn

Pdunhw= Klvwrulfdo Edfnjurxqg dqg Fxuuhqw Rshudwlrq�/ QDVG Zrun0

lqj Sdshu <;034/ Dxjxvw1

^58` Vxeudkpdq|dp/ D dqg Wlwpdq/ V1 +4<<<,/ �Wkh Jrlqj Sxeolf Ghflvlrq

dqg wkh Ghyhorsphqw ri Ilqdqfldo Pdunhwv�/ Mrxuqdo ri Ilqdqfh/ 87/

4378043;51
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