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4 Lqwurgxfwlrq

Uhfhqw plfurhfrqrplf olwhudwxuh rq fuhglw dqg �qdqfldo lqvwuxphqwv exlogv rq
wkh wkhru| ri lqfrpsohwh lqirupdwlrq1 Wkh edvlf dujxphqw lv wkdw fdslwdo pdu0
nhwv qrw rqo| lqwhuphgldwh lq d phfkdqlfdo zd| ehwzhhq vdyhuv dqg lqyhvwruv/
exw lq dgglwlrq ghdo zlwk d ydulhw| ri sureohpv wkdw dulvh iurp dv|pphwulf
lqirupdwlrq derxw lqyhvwphqw surmhfwv ehwzhhq eruurzhuv dqg ohqghuv1 Wkhvh
lqirupdwlrqdo sureohpv erwk vkdsh fdslwdo pdunhwv lqvwlwxwlrqv dqg ghew lqvwux0
phqwv dqg d�hfw wkh zd| lq zklfk srolf| dfwlrqv duh wudqvplwwhg wr wkh jrrgv
pdunhwv1

Lw lv riwhq dujxhg wkdw wkh txdqwlw| ri prqh| lv qrw wkh nh| yduldeoh lq wkh
ghwhuplqdwlrq ri wkh sulfh ohyho dqg rxwsxw/ hlwkhu ehfdxvh lw lv hqgrjhqrxv ru
ehfdxvh wkh �qdqfldo v|vwhp lv vx!flhqwo|  h{leoh wr jhqhudwh dv pxfk lqvlgh
prqh| dv pljkw eh qhhghg wr �qdqfh dq| ohyho ri dfwlylw|1 Iru lqvwdqfh/ li fuhglw
lv udwlrqhg wkh lqwhuhvw udwh lv qrw dq|pruh d vx!flhqw lqglfdwru lq dssudlvlqj
prqhwdu| dqg �qdqfldo srolf|= rwkhu txdqwlw| yduldeohv/ vxfk dv wkh dprxqw ri
fuhglw/ vkrxog eh fkhfnhg1

Lq wklv sdshu zh dlp dw ghyhorslqj lq d jhqhudo htxloleulxp iudphzrun wkh
lghd wkdw prqhwdu| srolf| pd| d�hfw lq d qrq wulyldo zd| wkh shuirupdqfh ri
d �qdqfldo pdunhw fkdudfwhul}hg e| dv|pphwulf lqirupdwlrq/ zlwk dpeljxrxv
h�hfwv rq wkh hfrqrplf shuirupdqfh dv phdvxuhg e| rxwsxw ru wkh vwhdg|0vwdwh
fdslwdo vwrfn1 Lq grlqj wkdw/ zh h{soruh wkh srvvlelolw| wkdw wkh lqwhudfwlrq eh0
wzhhq eruurzlqj frqvwudlqwv +dv h{suhvvhg e| wkh rffxuuhqfh ri fuhglw udwlrqlqj,
dqg oltxlglw| frqvwudlqwv +fdvk0lq0dgydqfh, lv fuxfldo lq ghwhuplqlqj wkh ohyho ri
wkh lqwhuhvw udwh1 Zh vkrz wkdw wkh phuh suhvhqfh ri dv|pphwulf lqirupdwlrq lq
fuhglw pdunhwv pd| kdyh pdmru lpsolfdwlrqv iru wkh h�hfwv ri prqhwdu| srolf|1

Wr wkh ehvw ri rxu nqrzohgjh/ D}duldglv dqg Vplwk ^B`/ duh wkh �uvw wr dg0
guhvv wkh uroh ri dv|pphwulf lqirupdwlrq dqg dgyhuvh vhohfwlrq lq fuhglw pdu0
nhwv zlwklq d jhqhudo htxloleulxp hfrqrp| zkhuh fuhglw udwlrqlqj dulvhv hq0
grjhqrxvo|1 Wkh| dfklhyh wklv e| hpehgglqj wkh Urwkvfklog dqg Vwljolw} ^7`
lqvxudqfh pdunhw prgho lq d sxuh h{fkdqjh ROJ hfrqrp|1 Wkh| vkrz wkdw
vwdwlf lqfhqwlyh sureohpv dsduw iurp fdxvlqj g|qdplf lqh!flhqflhv/ wkh| fuhdwh
d uroh iru rxwvlgh prqh|1 Ehqflyhqjd dqg Vplwk ^5`/ ghsduw iurp D}duldglv dqg
Vplwk e| dvvxplqj wkdw wkh hfrqrp| lv surgxfwlyh dqg e| vhwwlqj xs dq hq0
grjhqrxv jurzwk prgho e| zklfk wkh| vwxg| wkh h�hfwv ri fuhglw udwlrqlqj rq
wkh uhdo jurzwk udwh1 Lq erwk sdshuv wkh fodvvlf uhvxow ri Urwkvfklog dqg Vwljolw}
lv suhvhuyhg= doo Qdvk htxloleuld ri d wzr vwdjh jdph ehwzhhq eruurzhuv dqg
ohqghuv glvsod| vhoi vhohfwlrq ri eruurzhuv dffruglqj wr wkh frqwudfwv r�huhg e|
wkh ohqghuv/ lq sduwlfxodu/ wkh htxloleulxp frqwudfwv duh dozd|v vhsdudwlqj dqg
wkh| lpso| fuhglw udwlrqlqj iru wkh eruurzhuv zlwk wkh vdihu surmhfwv1

Zh ghsduw iurp D}duldglv dqg Vplwk ^B` e| dvvxplqj d prqhwdu| hfrqrp|1
Zh lqwurgxfh prqh| ghpdqg yld d fdvk lq dgydqfh frqvwudlqw lq ixwxuh frq0
vxpswlrq sxufkdvhv/ vr wkdw zh fdq vwxg| wkh h�hfw ri prqhwdu| srolf| rq wkh
fuhglw pdunhw1 Zh hpehg wkh surgxfwlrq iudphzrun ri Ehqflyhqjd dqg Vplwk
^5`/ lq rxu prqhwdu| hfrqrp|/ zlwkrxw wkh jurzwk ihdwxuhv wkh| hpsor|/ vr wkdw
zh fdq vwxg| wkh lqwhudfwlrq ri prqhwdu| yduldeohv/ vxfk dv wkh prqh| jurzwk
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udwh/ dqg fuhglw pdunhw yduldeohv/ vxfk dv wkh fuhglw udwlrqlqj/ lq wkh ghwhupl0
qdwlrq ri wkh ohyho ri fdslwdo vwrfn dqg wkh uhdo lqwhuhvw udwh1 Prqh| jurzwk lv
jxdudqwhhg e| d jryhuqphqw wkdw xvhv vhljqrudjh uhyhqxh lq rughu wr �qdqfh
wkh hqgrjhqrxv vhtxhqfh ri lwv h{shqglwxuh1 Wkhuh duh wzr w|shv ri djhqwv +hq0
wuhsuhqhxuv dqg �qdqflhuv, wkdw lqwhudfw lq wkh fuhglw pdunhw> hqwuhsuhqhxuv duh
sulydwho| lqiruphg derxw wkh suredelolw| glvwulexwlrqv ri wkhlu xqfhuwdlq lqyhvw0
phqw uhdol}dwlrq/ zkloh �qdqflhuv qr1 Wklv dv|pphwu| lq lqirupdwlrq fuhdwhv dq
dgyhuvh vhohfwlrq sureohp lq wkh fuhglw pdunhw wkdw uhvxowv lq fuhglw udwlrqlqj
zklfk lghqwl�hv zlwk xqixo�oohg ghpdqg iru fuhglw1

Zh vwxg| wkh h�hfwv rq fuhglw udwlrqlqj/ fdslwdo dqg lqwhuhvw udwh dulvlqj
iurp fkdqjhv lq wkh prqh| jurzwk udwh dqg iurp wkh wljkwqhvv ri wkh oltxlglw|
frqvwudlqwv/ shuiruplqj frpsdudwlyh vwdwlfv dqdo|vlv1 Zh vkrz wkdw d kljkhu
lq dwlrq udwh kdv qhjdwlyh h�hfwv rq wkh dprxqw ri shu0�up dydlodeoh fuhglw/
lqfuhdvhv wkh lqwhuhvw udwh dqg ohdyhv xqfkdqjhg wkh ghjuhh ri fuhglw udwlrqlqj1
Wklv lv gxh wr wkh hdvlo| lqwhusuhwdeoh idfw wkdw kljkhu lq dwlrq uhgxfhv wkh
dprxqw ri fuhglw wkdw oltxlglw| frqvwudlqhg ohqghu pd| r�hu1 Frqyhuvho|/ lq0
fuhdvlqj wkh dpsolwxgh ri wkh oltxlglw| frqvwudlqw kdv dpeljxrxv h�hfwv rq wkh
ohyho ri hfrqrplf dfwlylw|/ rq wkh uhdo lqwhuhvw udwh dqg rq wkh ghjuhh ri fuhglw
udwlrqlqj1 Wkh lqwxlwlrq lv dv iroorzv1 Rq wkh rqh kdqg/ d kljkhu oltxlglw| frq0
vwudlqw uhgxfhv wkh dprxqw ri fuhglw dydlodeoh dqg wklv hqwdlov d orzhu ohyho ri
shu �up fdslwdo dqg ghfuhdvhv eruurzhuv* h{shfwhg xwlolw|1 Rq wkh rwkhu rqh/
wklv doorzv d uhod{dwlrq ri wkh lqfhqwlyh frpsdwlelolw| frqvwudlqw zklfk ehfrphv
frpsdwleoh zlwk d orzhu ghjuhh ri fuhglw udwlrqlqj1 Frpshwlwlrq dprqj ohqghuv
zloo pdnh dfwxdoo| h�hfwlyh wklv lqfuhdvh1 Wkh odwwhu h�hfw/ lq wxuq/ zloo orzhu
wkh shu0�up oderu irufh zklfk zloo wkhq frqwudvw wkh lqlwldo idoo lq wkh fdslwdo
lqwhqvlw|1 Lw iroorzv wkdw wkh pdujlqdo surgxfwlylw| ri fdslwdo/ dqg wkxv wkh
fdslwdo uhqwdo sulfh/ fdq lqfuhdvh dv zhoo dv ghfuhdvh1

Wklv �qglqj hqfrxudjhv xv wr wklqn wkdw zh fdq xvh rxu prgho lq rughu
wr h{sodlq uhdo wlph skhqrphqd/ zkhuh xsv dqg grzqv ri wkh lqwhuhvw udwhv
duh qrw ixoo| h{sodlqhg e| h{lvwlqj wkhrulhv1 Zh zdqw wr vwuhvv dw wklv srlqw
wkdw wklv sdshu lv d �uvw vwhs wrzdugv xqghuvwdqglqj wkh lqwhudfwlrq ri fdvk0lq0
dgydqfh prqhwdu| frqvwudlqwv zlwk fuhglw pdunhwv fkdudfwhul}hg e| dv|pphwulf
lqirupdwlrq 1

Wkh uhpdlqlqj ri wkh sdshu lv vwuxfwxuhg dv iroorzv1 Lq vhfwlrq wzr/ zh sur0
ylgh d ixoo ghvfulswlrq ri rxu hfrqrp|/ zklfk lv wkh prqhwdu| yhuvlrq ri wkh
prgho ri Ehqflyhqjd dqg Vplwk ^5`1 Lq wkh wzr qh{w vhfwlrqv zh dqdo|vhv wkh
htxloleulxp lvvxhv ri rxu hfrqrp| +vhfwlrq wkuhh, dqg fkdudfwhul}h wkh htxlole0
ulxp +vhfwlrq irxu,1 Vhfwlrq �yh lv wkh fruh ri wklv sdshu/ khuh zh ghvfuleh wkh
frpsdudwlyh vwdwlfv ri rxu hfrqrp|1 Zh frqfoxgh e| vxppdul}lqj rxu uhvxowv
dqg vwuhvvlqj wkh idfw wkdw rxu wdvn zlwk wklv sdshu lv vlpso| d �uvw vwhs wr0
zdugv ghdolqj txhvwlrqv ri lpshuihfw lqirupdwlrq lq prqhwdu| hfrqrplhv zlwk
surgxfwlrq1
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5 Wkh Hfrqrp|

Zh frqvlghu d glvfuhwh wlph hfrqrp| frqvlvwlqj ri dq lq�qlwh vhtxhqfh ri wzr0
shulrg olyhg ryhuodsslqj jhqhudwlrqv/ zlwk wlph lqgh{hg e| w @ 4> 5> ===1Lw lv
dvvxphg wkh suhvhqfh ri dq lqlwldo rog jhqhudwlrq dw w @ 4 dqg }hur srsxodwlrq
jurzwk1 Hdfk jhqhudwlrq lv uhsuhvhqwhg e| d frqwlqxxp ri djhqwv zkrvh vl}h lv
qrupdol}hg wr rqh1 Wkh hfrqrplf vwuxfwxuh ri hdfk jhqhudwlrq lv h{rjhqrxvo|
jlyhq dqg lwv phpehuv duh glvwlqjxlvkhg lq wzr jurxsv ri htxdo vl}h/ wkh hq0
wuhsuhqhxuv dqg wkh �qdqflhuv1 Doo |rxqj djhqwv duh eruq hqgrzhg zlwk rqh
xqlw ri oderu wkdw wkh| pd| vxsso| wr wkh surgxfwlrq ri wkh �qdo frqvxpswlrq
jrrg dqg hduq d oderu lqfrph1 Zkdw glvwlqjxlvkhv djhqwv lv wkdw hqwuhsuhqhxuv
duh hqgrzhg zlwk wkh delolw| wr ehfrph surylghuv ri fdslwdo qhhghg wr surgxfh
wkh �qdo frqvxpswlrq jrrg1 Wkh| duh wkh rzqhuv ri whfkqrorjlhv wkdw wudqvirup
lqfrph lqwr surgxfwlyh fdslwdo zklfk/ lq wxuq lv xvhg dv dq lqsxw wr surgxfh
wkh �qdo frqvxpswlrq jrrg zkloh/ �qdqflhuv duh wkh rzqhuv ri lqfrph1 Wklv
glvwlqfwlrq ehwzhhq |rxqj djhqwv jhqhudwhv d fuhglw pdunhw zkhuh �qdqflhuv
vxsso| wkhlu ixqgv +wkh| ehfrph ohqghuv, wr wkh hqwuhsuhqhxuv +eruurzhuv, zkr
frqvwlwxwh wkh ghpdqg vl}h ri wkdw pdunhw1

Erwk hqwuhsuhqhxuv dqg �qdqflhuv rswlpl}h xwlolwlhv iurp frqvxpswlrq ri
wkh vlqjoh jrrg1 Lw lv dvvxphg wkdw �qdqflhuv duh frqvwudlqw wr h{suhvv gh0
pdqg iru prqh| dv d phglxp ri h{fkdqjh1 Wklv dvvxpswlrq lv lqwurgxfhg
wkurxjk d sursruwlrqdo fdvk lq dgydqfh frqvwudlqw rq wkh hqwuhsuhqhxuv* vhfrqg
shulrg frqvxpswlrq1 Wklv dvvxpswlrq sodfhv dv lq dq hfrqrp| zlwk �oltxlglw|
frqvwudlqwv�/ wkh odwwhu gh�qhg dv frqglwlrqv/ uhsuhvhqwhg e| fdvk lq dgydqfh
frqvwudlqwv/ uhvsrqvleoh iru wkh wudqvdfwlrqv ghpdqg iru prqh|1 Wkh prqh|
vxsso| vlgh uroh lv sod|hg e| d jryhuqphqw wkdw phfkdqlfdoo| lvvxhv prqh| dqg
�qdqfhv lwv h{shqglwxuh zlwk vhljqrudjh uhyhqxhv1 Rq wkh rwkhu kdqg/ surgxf0
wlrq ri wkh vlqjoh frqvxpswlrq jrrg qhhgv wzr surgxfwlrq idfwruv= oderu dqg
fdslwdo1 Hqwuhsuhqhxuv duh wkh hfrqrplf djhqwv wkdw fdq surgxfh fdslwdo eh0
fdxvh wkh| rzq wkh fdslwdo whfkqrorjlhv/ wkh| dovr rzq oderu dqg wkh| orrn iru
wkh rwkhu lqsxw/ lqfrph wkdw dffuxhv lq xqlwv ri wkh frqvxpswlrq jrrg/ lq wkh
fuhglw pdunhwv/ wkh| h{suhvv d ghpdqg iru ordqv1 Wkh dvvxphg lqirupdwlrqdo
vwuxfwxuh lv uhvsrqvleoh iru d vhfrqg w|sh ri frqvwudlqwv idfhg e| rxu djhqwv/
wkh �eruurzlqj frqvwudlqwv�/ h{suhvvhg dv h{fhvv ghpdqg iru fuhglw/ qrw doo hq0
wuhsuhqhxuv duh judqwhg d ordq1 Djhqwv duh dv|pphwulfdoo| lqiruphg/ wkhuh duh
wzr gl�huhqw w|shv ri hqwuhsuhqhxuv/ hdfk hqwuhsuhqhxu nqrzv klv w|sh h{0dqwh/
exw wklv lqirupdwlrq lv sulydwh1 Wklv lqirupdwlrqdo vwuxfwxuh lv uhvsrqvleoh iru
dq dgyhuvh vhohfwlrq sureohp lq wkh fuhglw pdunhw/ lq sduwlfxodu lq jhqhudwlqj
fuhglw udwlrqlqj1

Surgxfwlrq ri fdslwdo wdnhv wlph dqg lw lv vxemhfw wr xqfhuwdlqw|1 Rqh xqlw ri
lqfrph sxw lq w|sh l hqwuhsuhqhxu*v whfkqrorj| dw wlph w jlyhv/ zlwk suredelolw|
sl> T xqlwv ri surgxfwlyh fdslwdo dw w . 4> dqg zlwk suredelolw| +4 � sl, idlov
wr jlyh dq| surgxfwlyh fdslwdo1 Hqwuhsuhqhxuv duh vxssrvhg wr kdyh gl�huhqw
delolwlhv dqg wklv gl�huhqfh lv phdvxuhg e| wkh suredelolw| ri vxffhvv ri wkhlu
whfkqrorj|1 Lw lv dvvxphg wkdw wkhuh duh wzr gl�huhqw w|shv ri hqwuhsuhqhxuv
lqgh{hg e| l 5 iK>Oj zlwk 4 � sO A sK � 3> K vwdqgv iru �kljk ulvn�/ wkh
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suredelolw| ri idloxuh ri wkh hqwuhsuhqhxu K lv kljkhu wkdq iru wkh hqwuhsuhqhxu
O/�orz ulvn�1 Wkhvh suredelolwlhv phdvxuh dovr wkh suredelolw| ri vroyhqf| ri
hdfk ri wkh hqwuhsuhqhxu0eruurzhu w|sh1 Wkh glvwulexwlrq ri wkh delolwlhv lq wkh
eruurzhuv* srsxodwlrq lv h{rjhqrxvo| jlyhq/ d iudfwlrq � 5 +3> 4, ri wkh eruurzhuv
duh dvvxphg wr eh ri wkh w|sh K dqg wkh uhvw 4�� ri wkh w|sh O1 Wkh vxffhvvixo
hqwuhsuhqhxuv +wkrvh wkdw surgxfh srvlwlyh txdqwlwlhv ri fdslwdo, dw hdfk gdwh
ehfrph *�up rzqhuv*1 Ilupv duh ehkdylqj frpshwlwlyho|/ wkh| uhqw fdslwdo dw wkh
frpshwlwlyho| ghwhuplqhg uhqwdo udwh �w dqg wkh| kluh oderu dw wkh frpshwlwlyho|
ghwhuplqhg uhdo zdjh udwh zw1

514 Ilqdqflhuv dqg Jryhuqphqw

Zh dvvxph wkdw |rxqj �qdqflhuv duh ulvn qhxwudo dqg hydoxdwh frqvxpswlrq lq
erwk shulrgv ri wkhlu olih/ dffruglqj wr wkh olqhdu lqwhuwhpsrudo xwlolw| ixqfwlrq
X o

�
fo4w> f

o
5w.4

�
@ fo4w.f

o
5w.4>zlwk f

o
4w> f

o
5w.4 ghqrwlqj |rxqj dqg rog djh frqvxps0

wlrq uhvshfwlyho| +wkh lqgh{ o vwdqgv iru ohqghuv,1 Wkh| kdyh qr hqgrzphqw ri
wkh vlqjoh surgxfleoh frqvxpswlrq jrrg dw hlwkhu gdwh1 \rxqj ohqghuv dw wlph
w vhoo wkhlu oderu wr �upv dqg hduq d uhdo zdjh zw1 Wkh surfhhgv fdq hlwkhu eh
frqvxphg gxulqj |rxqj djh ru ordqhg wr rwkhu djhqwv1 Ohqghuv duh �oltxlglw|
frqvwudlqhg� zlwk uhvshfw wr wkhlu rog djh frqvxpswlrq/ lq wkh vhqvh wkdw wkh|
pxvw �qdqfh dw ohdvw d vkduh �o 5 ^3>4, ri wkhlu frqvxpswlrq gxulqj rog djh
rxw ri prqh| kroglqjv1 Jlyhq wkdw rqo| �qdqflhuv h{suhvv d ghpdqg iru prqh|
zh gurs/ iurp qrz rq/ wkh lqgh{ o iurp wkh prqhwdu| yduldeohv dqg zh uhihu wr
+4� �, dv wkh hfrqrp|*v �ghjuhh ri oltxlglw|�1

D |rxqj �qdqflhu eruq dw wlph w idfhv wkhuhiruh/ wkh iroorzlqj vhtxhqfh ri
frqvwudlqwv

fo4w . tlw .pw @ zw> +4,

fo5w.4 @ Ulwtlwsl .pw�w +5,

dqg

�fo5w.4 �pw�w> +6,

zkhuhpo
w �P o

w@Sw duh uhdo edodqfhv khog e| hdfk �qdqflhu/ tlw/ l 5 iK>Oj/ lv wkh
dprxqw ri ordq judqwhg wr w|sh l hqwuhsuhqhxu/ Ulw lv wkh lqwhuhvw udwh rq judqwhg
ordqv/ sl lv wkh suredelolw| wkdw w|sh l hqwuhsuhqhxu lv vroyhqw/ �w @ Sw@Sw.4 lv
wkh gh dwlrq idfwru ehwzhhq shulrg w dqg shulrg w.41

Dv vrrq dv wkh sulfh ohyho Sw jurzv idvw hqrxjk vr wkdw wkh h�hfwlyh uhdo
lqwhuhvw udwh Ulwsl lv dozd|v juhdwhu wkdq wkh gh dwlrq idfwru �w/ prqh| kroglqjv
duh dozd|v grplqdwhg e| dq lqyhvwphqw lq wkh fuhglw pdunhw1 Dfwxdoo|/ zh
uhvwulfw rxuvhoyhv lq vroxwlrqv wkdw vdwlvi| +7, vr wkdw frqvwudlqw +6, lv elqglqj=
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�w ? Ulwsl l 5 iK>Oj > doo w +7,

Dv zh zloo vkrz lq wkh vhtxho/ iuhh hqwu| lq wkh vxsso| ri frqwudfwv hqvxuhv
wkdw wkh uhodwlyh sulfh ehwzhhq f4w dqg f5w.4 lv htxdo wr 4 dqg wkh �qdqflhu*v
lqwhuwhpsrudo exgjhw frqvwudlqw kdv wkh irup

fo4w . ^+4� �,@Ulwslw . �@�w` f
o
5w.4 @ zw= +8,

Wkh elqglqj oltxlglw| frqvwudlqw lpsolhv dq xsshu erxqg etlw rq wkh dprxqw tlw
ri ordq dydlodelolw|1 Zh ghqrwh etlw � dwzw/ zkhuh

dw � ^4 . +�@ +4� �,, +Ulwsl@�w,`
�4 5 +3>4, +9,

ghqrwhv wkh vkduh ri wkh zdjh dydlodeoh iru fuhglw1 Wkh ydoxh ri dw ghshqgv rq
wkh dpsolwxgh � ri wkh oltxlglw| frqvwudlqw= Zkhq � @ 3 wkh zkroh uhdo zdjh
fdq eh uhqwhg vlqfh dw @ 4 +�qdqflhu*v dydlo doo wkhlu lqfrph wr fuhglw dqg rxu
hfrqrp| froodsvhv lq lwv qrq0prqhwdu| yhuvlrq,/ zkhq � @ 4 wkh fuhglw pdunhw
froodsvhv/ dw @ 3 dqg zh rewdlq wkh sxuho| prqhwdu| yhuvlrq ri rxu hfrqrp|1
Zh dgplw ydoxhv iru dw lq wkh rshq lqwhuydo +3>4, lq rughu wr dyrlg wkh wzr
h{wuhph fdvhv ri rxu hfrqrp| ehfdxvh zh zdqw wr vwxg| wkh lqwhudfwlrq ri wkh
prqh| dqg wkh fuhglw pdunhwv1 Pruhryhu/ dw lv ghfuhdvlqj zlwk Ulwslw@�w = d
kljkhu uhodwlyh uhwxuq rq ordqv ghfuhdvhv wkh dydlodelolw| ri ordqv/ wkh idvwhu wkh
sulfh ohyho jurzv zlwk uhvshfw wr wkh h�hfwlyh lqwhuhvw udwh wkh pruh zh dssurdfk
wr wkh sxuho| prqhwdu| hfrqrp| dqg wkh fuhglw pdunhw froodsvhv hqgrjhqrxvo|1

Wkh rqo| jryhuqphqw dfwlylw| frqvlvwv lq �qdqflqj wkh hqgrjhqrxv sxeolf
vshqglqj jw wkrurxjk wkh hplvvlrq ri qhz prqh| dw wkh frqvwdqw udwh �= wkhuh0
iruh qrplqdo prqh| vxsso| hyroyhv dffruglqj wr Pw.4 @ +4.�,Pw dqg rqh kdv
jw @ �pw/ zkhuh �pw lv vhljqrudjh dqg p �P@s lv wrwdo fxuuhqw uhdo edodqfhv1

515 Hqwuhsuhqhxuv dqg �upv

Lw lv dvvxphg wkdw wkh djhqwv hqgrzhg +dsduw iurp wkhlu oderu hqgrzphqw, zlwk
surgxfwlyh fdslwdo whfkqrorjlhv/ qdpho| wkh hqwuhsuhqhxuv/ fduh wr pd{lpl}lqj
rog djh frqvxpswlrq fe5w.4 +wkh lqgh{ e vwdqgv iru eruurzhuv vlqfh wkh| zloo frq0
vwlwxwh wkh ghpdqg vlgh ri wkh fuhglw pdunhw,= Frqvlvwhqwo| wkhlu xwlolw| ixqfwlrq
lv uhsuhvhqwhg e| Xe

�
fe4w> f

e
5w.4

�
@ fe5w.41 \rxqj hqwuhsuhqhxuv lq shulrg w fdq

hlwkhu vhoo wkhlu oderu wr �upv/ lq zklfk fdvh wkh| dovr hduq wkh uhdo zdjh zw/
ru wkh| fdq dsso| wkhlu oderu wr wkh rshudwlrq ri dq �lqyhvwphqw surmhfw�1 Dv
douhdg| phqwlrqhg/ lqyhvwphqw surmhfwv frqfhuq wkh surgxfwlrq ri fdslwdo xvhg
ixuwkhu e| �upv surgxflqj wkh vlqjoh frqvxpswlrq jrrg1 Uhdo oderu lqfrph
+khuh lq whupv ri wkh vlqjoh frqvxpswlrq jrrg, wrjhwkhu zlwk xqlwv ri oderu
duh wkh surgxfwlyh idfwruv iru fdslwdo zklfk wdnhv rqh shulrg wr rewdlq1 Hq0
wuhsuhqhxuv ri erwk w|shv K> dqg O h{suhvv wkh ghpdqg iru lqfrph dqg wkh|
ehfrph srwhqwldo eruurzhuv lq wkh fuhglw pdunhw1 Dq hqwuhsuhqhxu ri w|sh l/
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l 5 iK>Oj/ zklfk uhfhlyhv d ordq ri tlw xqlwv ri wkh frqvxpswlrq jrrg/ zlwk
suredelolw| sl klv surmhfw lv vxffhvvixo dqg kh rewdlqv Ttlw xqlwv ri fdslwdo dw
w.41 Kh kdv wr sd| edfn wkh jurvv lqwhuhvw udwh Ulw shu xqlw ri wkh ordq uhfhlyhg
dqg kh ehfrphv dw wkh vdph wlph d vxssolhu ri fdslwdo wr wkh �upv/ hduqlqj d
uhqwdo sulfh �w.4 shu xqlw ri fdslwdo vrog/ dqg d �up rzqhu1 Ilup rzqhuv ri wlph
w fdq uhqw fdslwdo dw wkh frpshwlwlyho| ghwhuplqhg uhqwdo udwh �w/ dqg fdq kluh
oderu dw wkh frpshwlwlyho| ghwhuplqhg uhdo zdjh zw= D �up hpsor|lqj nw xqlwv
ri fdslwdo dqg ow xqlwv ri oderu dw w fdq surgxfh wkh frqvxpswlrq jrrg lq dprxqw
|w> zlwk |w jlyhq e| d frqvwdqw uhwxuqv wr vfdoh Free0Grxjodv whfkqrorj|=

|w @ n�w o
4��
w > +:,

zkhuh � 5 +3>4, lv wkh vkduh ri fdslwdo lq wrwdo lqfrph1

Zlwk suredelolw| +4 � slw, klv surmhfw idlov/ dqg qrwklqj lv sdlg edfn wr wkh
ohqghu1 Li w|sh l eruurzhu lv ghqlhg fuhglw/ kh vxssolhv klv oderu wr wkh �upv
dqg hduqv wkh uhdo zdjh zw1 Wklv lqfrph/ zklfk dffuxhv lq wkh irup ri wkh
frqvxpswlrq jrrg/ fdq eh vwruhg iru ixwxuh frqvxpswlrq1 Zh dvvxph wkdw hdfk
w|sh l djhqw kdv lqghhg dffhvv wr d vwrudjh whfkqrorj| zklfk |lhogv 4 � �l xqlwv
ri frqvxpswlrq dw wlph w.4 iru hdfk xqlw vwruhg dw w1

Wkh ydoxhv �l/ l 5 iK>Oj/ vdwlvi|
4

�O@sO A �K@sK = +;,

516 Wkh fuhglw pdunhw

Dowkrxjk oderu dqg fdslwdo pdunhwv duh shuihfwo| frpshwlwlyh/ uhqwdo dqg zdjh
udwhv duh wdnhq dv jlyhq e| doo djhqwv/ wkh ehkdylru lq wkh fuhglw pdunhw lv pdunhg
e| wkh suhvhqfh ri wkh lqirupdwlrqdo dv|pphwulhv glvfxvvhg deryh1 Wklv srlqw
ghvhuyhv ghwdlohg ghvfulswlrq= dw hdfk wlph w �qdqflhuv dqqrxqfh ordq frqwudfwv1
Wkh whupv ri wkh frqwudfw vshfli| wkh ordq txdqwlw| r�huhg/ tw/ wkh jurvv uhdo
lqwhuhvw udwh/ Uw/ dqg vrph txdolw| suhuhtxlvlwhv wkdw kdyh wr eh phw e| wkh
eruurzhu lq rughu wkh ordq wr eh judqwhg/ uhsuhvhqwhg e| wkh suredelolw| �w wkdw
dq hqwuhsuhqhxu dsso|lqj iru d ordq lv dovr uhfhlylqj lw1 Ordq frqwudfwv duh wkxv
uhsuhvhqwhg e| d wulsoh +Uw> tw> �w,

Zh zloo dvvxph wkdw hdfk eruurzhu fdq frqwdfw rqo| d vlqjoh ohqghu +dqg hdfk
ohqghu fdq eh frqwdfwhg rqo| e| rqh eruurzhu,1 Wklv dvvxpswlrq lv qhfhvvdu|
ehfdxvh lw lqwurgxfhv dq xsshu erxqg rq ordq vl}h1 D pruh jhqhudo dvvxpswlrq
ehlqj wkdw hdfk ohqghu lv vxssrvhg wr pdwfk zlwk dw prvw d �qlwh qxpehu ri
ohqghuv/ zh nhhs wkh rqh0wr0rqh dvvxpswlrq wkurxjkrxw vlqfh lw lv zlwkrxw orvv
ri jhqhudolw| dqg vlpsol�hv wkh dqdo|vlv1 Vxppdul}lqj/ �qdqflhuv duh ylhzhg dv
dqqrxqflqj ordq frqwudfwv +Ulw> tlw> �lw, wr eh r�huhg wr w|sh l hqwuhsuhqhxuv dw

4Wkh ydoxhv qM dqg qu pxvw vdwlvi| dvvxpswlrq +;, lq rughu iru gl�huhqw w|shv ri hq0
wuhsuhqhxuv wr shufhlyh dssursuldwho| gl�huhqw rssruwxqlw| frvwv ri ehlqj ghqlhg fuhglw1 Lw lv
xvhg wr jxdudqwhh wkdw fuhglw udwlrqlqj lqgxfhv d vhsdudwlqj vhoi vhohfwlrq htxoleulxp lq wkh
fuhglw pdunhw1
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wlph w1 Dw hdfk wlph w/ hdfk ohqghu dqqrxqfhv d ordq frqwudfw wdnlqj dv jlyhq
wkh dqqrxqfhphqwv ri rwkhu ohqghuv/ wklv vwudwhjlf ehkdylru ri wkh �qdqflhuv
txdol�hv wkh fuhglw pdunhw dv d jdph ehwzhhq Qdvk frpshwlwruv +wkh ohqghuv,
dqg lwv rxwfrph dv d Qdvk Htxloleulxp iru wkh wlph shulrg w1 Li wkhvh dqqrxqfhg
frqwudfw whupv duh qrw grplqdwhg e| wkrvh ri dqrwkhu ohqghu/ kh lv dssurdfkhg e|
d srwhqwldo eruurzhu1 Zlwk suredelolw| �lw d w|sh l eruurzhu vdwlv�hv wkh txdolw|
suhuhtxlvlwhv dqg kh lv judqwhg wkh ordq dqg rshudwhv klv fdslwdo surgxfwlyh
whfkqrorj|1 Zlwk suredelolw| 4 � �lw wkh w|sh l eruurzhu lv ghqlhg fuhglw/ kh
vxssolhv klv oderu wr wkh �upv/ kh vwruhv klv zdjh hduqlqjv zw dqg frqvxphv dw
wlph w . 4 �lzw xqlwv ri wkh frqvxpswlrq jrrg1 Khqfh/ wkh h{shfwhg xwlolw| ri
d w|sh l eruurzhu lv=

sl�lw+T�w.4 �Ulw,tlw . +4� �lw,�lzw= +<,

Zh zloo dvvxph wkdw dw hdfk gdwh hqwuhsuhqhxuv suhihu rshudwlqj wkhlu lqyhvwphqw
surmhfw wr vhoolqj wkhlu oderu/ l1h1 wkdw h{shfwhg xwlolw| +<, lv dq lqfuhdvlqj
ixqfwlrq ri �lw/ frqglwlrq zklfk fdq vwdwhg dv

sl
�
T�w.4 �Ulw

�
tlw A �lzw= +43,

Dvvxpswlrq +;, jxdudqwhhv wkdw w|sh K dqg w|sh O eruurzhuv idfh gl�huhqw
rssruwxqlw| frvwv iurp ehlqj ghqlhg fuhglw dqg/ wkhuhiruh/ dw htxloleulxp vhoi
vhohfwlrq rffxuv1 Htxloleulxp frqwudfwv +UKw> tKw> �Kw, 9@ +UOw> tOw> �Ow, vdwlvi|=

sK�Kw+T�w.4 �UKw,tKw . +4� �Kw,�Kzw

� sK�Ow+T�w.4 �UOw,tOw . +4� �Ow,�Kzw +44,

sO�Ow+T�w.4 �UOw,tOw . +4� �Ow,�Ozw

� sO�Kw+T�w.4 �UKw,tOw . +4� �Kw,�Ozw +45,

Zh fdq qrz gh�qh dq htxloleulxp lq wkh fuhglw pdunhw1

Gh�qlwlrq 4 D Qdvk htxloleulxp lq fuhglw pdunhwv dw wlph w lv d sdlu ri frq0
wudfwv i+Ulw> tlw> �lw,j > l @ K>O> vdwlvi|lqj +44, dqg +45,/ dqg vxfk wkdw qr
ohqghu kdv dq lqfhqwlyh wr r�hu dq dowhuqdwlyh frqwudfw/ wdnlqj wkh r�huv ri
rwkhu ohqghuv dqg wkh ydoxhv zw dqg �w.4dv jlyhq1

517 Vhoi Vhohfwlrq Htxloleulxp Frqwudfwv

E| qrz lw vkrxog kdyh ehfrph fohdu wkdw= d, dq| htxloleulxp glvsod|v vhoi vhohf0
wlrq/ e, lq htxloleulxp frqwudfwv hduq }hur h{shfwhg sur�wv dqg/ f,/ wkh frqwudfwv
uhfhlyhg e| w|sh l eruurzhuv dw w duh pd{lpdo iru wkhp dprqj wkh vhw ri doo frq0
wudfwv vdwlvi|lqj wkh vhoi0vhohfwlrq frqvwudlqwv +44, dqg +45,/ jlyhq wkh frqwudfwv
uhfhlyhg e| wkh eruurzhuv ri wkh rwkhu w|sh1 Wklv lv wkh vdph uhdvrqlqj dv lq

:



Urwkvfklog dqg Vwljolw} +4<:9,1 Li zh orrn dw +8,/ zh lpphgldwho| vhh wkdw }hur
sur�wv frqglwlrq uhtxluhv UKw dqg UOw wr vdwlvi|

slUlw @ +4� �,ew> l 5 iK>Oj > w � 4 +46,

zkhuh

ew � �w@+�w � �,= +47,

Pruhryhu/ frqglwlrq +46, lqvxuhv wkdw ohqghuv duh lqgl�huhqw ehwzhhq frqvxplqj
zkhq |rxqj ru zkhq rog dqg ehwzhhq judqwlqj ordqv wr w|shK djhqwv ru wr w|sh
O djhqwv/ vlqfh wkh uhodwlyh sulfh ri wkhlu |rxqj djh frqvxpswlrq zlwk uhvshfw
wr wkdw ri wkhlu rog djh frqvxpswlrq lv htxdo wr rqh1

D phuh lqvshfwlrq ri +46, gholyhuv dq lpsruwdqw revhuydwlrq= wkh h{shfwhg
lqwhuhvw udwh slUlw/ l 5 iK>Oj/ lv lqfuhdvlqj lq wkh dpsolwxgh � ri wkh oltxlglw|
frqvwudlqw1 Lq sduwlfxodu/ zkhq � @ 3/ slUlw @ 4 zkhuhdv/ zkhq � frqyhujhv
wr �w/ Ulw glyhujhv wr .41 Wklv ihdwxuh ri wkh h{shfwhg lqwhuhvw udwh lv udwkhu
lqwxlwlyh= wkh vwurqjhu wkh oltxlglw| frqvwudlqw +wkh kljkhu wkh ghjuhh ri oltxlglw|
�,/ wkh vpdoohu wkh txdqwlw| ri ordqdeoh ixqgv/ wkh kljkhu wkh lqwhuhvw udwh fkdujhg
rq wkhp/ jlyhq wkh }hur sur�w frqglwlrq ri ohqghuv1

Zh revhuyh/ lq dgglwlrq/ wkdw lq wkh oljkw ri frqglwlrq +46,/ wkh sdudphwhu
dw lq +9, fdq eh uhzulwwhq

dw @ +�w � �,@�w @ e�4w = +48,

Khqfh/ wkh vkduh ri wkh zdjh dydlodeoh iru fuhglw dw lv d ixqfwlrq ri wkh gh dwlrq
idfwru dqg wkh ghjuhh ri oltxlglw| ri wkh hfrqrp|1

Wkh }hur sur�w frqglwlrq +46,/ wrjhwkhu zlwk wkh dvvxpswlrq +43, wkdw eru0
urzhuv suhihu wr rshudwh wkhlu surmhfwv wkdq wr vxsso| wkhlu oderu/ dqg wrjhwkhu
frqglwlrq +48,/ gholyhuv wkh iroorzlqj frqglwlrq wkdw zh zloo dvvxph wkurxjkrxw
wr krog=

slT�w.4dw A +4� �, . �l> l 5 iK>Oj = +49,

Qrz/ zh fdq fkdudfwhul}h wkh fdqglgdwh htxloleulxp ordq frqwudfwv1 Lq dffru0
gdqfh zlwk Urwkvfklog dqg Vwljolw} +4<:9,/ wkh frqwudfw +UKw>tKw> �Kw, lv qrw
d�hfwhg e| frqvlghudwlrqv ri vhoi vhohfwlrq1 Frpshwlwlrq dprqj ohqghuv iru eru0
urzhuv lpsolhv wkdw kljk ulvn hqwuhsuhqhxuv uhfhlyh wkhlu prvw suhihuuhg frq0
wudfw1 Jlyhq frqglwlrq +49, wkh whupv ri wkh kljk ulvn htxloleulxp frqwudfw
+UKw>tKw> �Kw, vkrxog eh jlyhq e|=

UKw @ +4� �,ew@sK > tKw @ dwzw> �Kw @ 4 +4:,

Iru wkh orz ulvn hqwuhsuhqhxuv wkh htxloleulxp frqwudfw vkrxog hqwdlo d jurvv
lqwhuhvw udwh ri UOw @ +4��,ew@sO/ dqg kdv wr eh pd{lpdo dprqj doo frqwudfwv
wkdw vdwlvi| wkh vhoi vhohfwlrq frqglwlrq +44, kroglqj zlwk htxdolw| dw htxloleulxp1
Vxevwlwxwlqj UKw> tKw dqg �Kw iurp +4:, wkh vhoi vhohfwlrq frqglwlrq zh jhw

tOw @

�
sKT�w.4 � +4� �,ew

�
� +4� �Ow,�K

sK�Ow
�
T�w.4 � +4� �,ew@sO

� zw= +4;,

;



Reylrxvo|/ lw pxvw krog dovr tOw � dwzw= Frpelqlqj wklv zlwk +4;, zh jhw d
qhfhvvdu| dqg vx!flhqw frqglwlrq iru �Ow

�Ow �
sKT�w.4 � +4� �,ew � �K
sKT�w.4 �

sK
sO

+4� �,� �K
= +4<,

Wkhq �Ow dqg tOw pxvw pd{lpl}h wkh h{shfwhg xwlolw| +<, ri w|sh O eruurzhu
zklfk fdq eh uhzulwwhq dv

�Ow
�
sOT�w.4 � +4� �,ew

�
tOw . +4� �Ow,�Ozw +53,

vxemhfw wr +4;, dqg +4<,1 Dvvxpswlrqv 4 dqg 5 lpso| wkdw wkh vroxwlrq wr wklv
sureohp kdv +4<, kroglqj zlwk htxdolw|/5 dqg vr/ wdnlqj lqwr dffrxqw +48,/

�Ow @
sKT�w.4 � +4� �,ew � �K

sKT�w.4 � sK +4� �,@sO � �K
? 4 +54,

Zh fdoo �Ow wkh fuhglw udwlrqlqj idfwru vlqfh 4 � �Ow uhsuhvhqwv wkh phdvxuh/
lwvhoi/ ri fuhglw udwlrqlqj lq d frqwlqxxp srsxodwlrq1 Vxevwlwxwlqj +54, lqwr +4;,
zh jhw dw htxloleulxp tOw @ dwzw1

Vxppdul}lqj/ iru w|sh O djhqwv htxloleulxp frqwudfwv duh jlyhq e| wkh wulsoh=

UOw @ +4� �,ew@sO> tOw@dwzw> �Ow @
sKT�w.4 � +4� �,ew � �K

sKT�w.4 � sK+4� �,@sO � �K
= +55,

Ilqdoo| lw lv hdv| wr yhuli| wkdw wkhvh frqwudfwv vdwlvi| wkh vhoi vhohfwlrq frqglwlrq
+45, dv zhoo1 Dv lq Urwkfklog dqg Vwljolw} ^7` qr htxloleulxp lq sxuh vwudwhjlhv
qhhg h{lvw1 H{lvwhqfh lvvxhv/ zklfk duh vlplodu wr wkrvh lq Ehqflyhqjd dqg Vplwk
^5`/ duh dqdo|}hg lq wkh vhtxho1

518 Fdslwdo/ Oderu dqg/ Prqh| Pdunhwv

Zh surfhhg e| ghwhuplqlqj wkh htxloleuld lq wkh fdslwdo dqg oderxu pdunhw1
Dv phqwlrqhg deryh/ doo djhqwv ehkdyh frpshwlwlyho| lq erwk oderu dqg fdslwdo
pdunhwv1 Wkh qxpehu ri �upv lv htxdo wr wkh qxpehu ri eruurzhuv zlwk srvlwlyh
txdqwlwlhv ri fdslwdo/ wkhuh duh 3=8 ^�sK . +4� �,sO�Ow�4` �upv shu fdslwd dw w/
;w � 5= Wklv lv ehfdxvh kdoi ri doo djhqwv duh eruurzhuv1 Dprqj wkhp/ wkh iudf0
wlrq � zkr duh w|sh K doo uhfhlyh fuhglw/ uhvxowlqj lq �sK vxffhvvixo lqyhvwphqw
surmhfwv1 Vlploduo|/ d iudfwlrq �Ow�4 ri wkh 4�� w|sh O eruurzhuv uhfhlyh ordqv
dw w� 4/ uhvxowlqj lq +4� �,sO�Ow�4 vxffhvvixo surmhfwv1 Wkh shu fdslwd vxsso|
ri oderu dw w lv 3=8 ^4 . +4� �,+4� �Ow,`> wklv lv ehfdxvh kdoi ri wkh djhqwv duh
ohqghuv/ doo ri zkrp vxsso| oderu/ dqg lq dgglwlrq/ wkh 3=8+4��,+4��Ow, w|sh O
eruurzhuv zkr duh ghqlhg fuhglw duh dovr lq wkh oderu irufh1 Vlqfh lq htxloleulxp

5Vhh Dsshqgl{ 4 iru d ixoo ghprqvwudwlrq ri wkh surri1
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doo �upv pxvw hpsor| htxdo dprxqwv ri oderxu +dqg fdslwdo,/ ow +wkh txdqwlw| ri
oderu hpsor|hg e| hdfk �up, lv jlyhq e|

ow +�Ow, @
4 . +4� �,+4� �Ow,

�sK . +4� �,sO�Ow�4
> w � 5 +56,

zkhuh wkh qxphudwru ri +56, lv wkh wrwdo vxsso| ri oderu/ zkhuhdv wkh ghqrpl0
qdwru uhsuhvhqwv wkh wrwdo qxpehu ri �upv1

Wkh htxloleulxp ydoxhv ri �w dqg zw duh jlyhq e| wkh iroorzlqj pdujlqdo
surgxfwlylw| uhodwlrqv

zw @ +4� �,n�w o
��
w +57,

�w @ �n��4w o4��
w = +58,

Wkh uhqwdo udwh �w dqg wkh zdjh udwh zw duh ixqfwlrqv ri wkh fdslwdo vwrfn hp0
sor|hg dw wlph w dqg ri wkh fuhglw udwlrqlqj idfwru �Ow1 Vxevwlwxwlqj +56, lqwr
+58, |lhogv

�w @ �n��4w ow +�Ow,
4��

w � 5= +59,

Htxdwlrq +59,/ wrjhwkhu zlwk htxdwlrq +54,/ ghwhuplqh wkh vhtxhqfh
�
�w.4> �Ow

�
4

w@5
jlyhq nw=

Wkh fdslwdo vwrfn ri hdfk �up dw w . 4 lv jlyhq e| nw.4 @ Tdwzw> vlqfh
tlw @ dwzw/ l @ K>O1 E| +57, zh jhw

nw.4 @ T+4� �,dwn
�
w o
��
w +5:,

Htxloleulxp lq prqh| pdunhw uhtxluhv doo prqh| wr eh khog e| ohqghuv1 Wkhuh0
iruh/ wkh gh dwlrq idfwru �w � Sw@Sw.4 dw htxloleulxp vdwlv�hv

�w @pw.4@pw+4 . �, +5;,

zkhuh pw @ po
w iru doo w � 4 ghqrwhv wkh wrwdo dprxqw ri uhdo edodqfhv1 Ohw xv

revhuyh wkdw wkh ydoxh ri wkh fuhglw udwlrqlqj idfwru �Ow dw wlph w lv ghwhuplqhg
vlpxowdqhrxvo| zlwk wkh ydoxh ri wkh fdslwdo uhqwdo udwh �w.4 ri wkh qh{w shulrg
dqg erwk ghshqg rq wkh oltxlglw| idfwru � dqg wkh prqh| jurzwk udwh �/ wkh
odwwhu lq xhqflqj wkh dpsolwxgh ri d1

6 Wkh Vwhdg| vwdwh

D vwhdg| vwdwh Qdvk Htxloleulxp +VVQH, iru rxu hfrqrp| lv gh�qhg dv iroorzv=

Gh�qlwlrq 5 D Vwhdg| Vwdwh Qdvk htxloleulxp lq fuhglw pdunhwv lv d vhtxhqfh
ri frqwudfwv i+Ulw @ Ul> tlw @ tl> �lw @ �l,j

4

w@4 > l @ K>O> vdwlvi|lqj wkh vwhdg|
vwdwh vhoi vhohfwlrq frqglwlrqv/ +44, dqg +45, +zlwk wkh wlph lqgh{ vxssuhvvhg,/
dqg vxfk wkdw qr ohqghu kdv dq lqfhqwlyh wr r�hu dq dowhuqdwlyh frqwudfw/ wdnlqj
wkh r�huv ri rwkhu ohqghuv dqg wkh vwhdg| vwdwh vhtxhqfh ri fdslwdo uhqwdo udwh
i�w @ �j4w@5 dv jlyhq1
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Zh duh wdonlqj edvlfdoo| derxw dq lq�qlwh uhsolfd ri wkh wzr shulrgv Qdvk
htxloleulxp gh�qhg deryh1 Khqfhiruwk/ zh frqvlghu wkh hfrqrp| dw wkh vwhdg|
vwdwh/ l1h1 zlwk �w @ � dqg �Ow @ �O iru w � 51 Iurp htxdwlrq +5:, zh jhw wkh
vwhdg| vwdwh fdslwdo vwrfn/

n @ +T+4� �,d,4@+4��,
o +�O,

��@+4��, +5<,

dqg iurp +5:, wkh vwdwlrqdu| gh dwlrq idfwru � @ 4@ +4 . �,1 Lw lv lpphgldwh
wkdw frqvwudlqw +6, elqgv li dqg rqo| li � A 3 +l1h1 � ? 4,1

Vrph dojheud gholyhuv wkh htxdwlrq

� @ � ^T+4� �,d`�4 o+�O, +63,

zklfk wrjhwkhu zlwk

�O @
sKT�d� +4� �, � �K

sKT�d�
sK
sO

+4� �, � �K
= +64,

ghwhuplqhv wkh vwhdg| vwdwh ydoxhv i�>�Oj ri wkh uhdo uhqwdo udwh dqg wkh fuhglw
udwlrqlqj idfwru1

61314 Ghwhuplqdwlrq ri i�> �Oj =

Iru jlyhq ydoxhv ri � dqg � +dqg wkxv �, dv zhoo dv ri doo wkh rwkhu vwuxfwxudo
sdudphwhuv T/ �/ sK / sO/ � dqg �K / htxdwlrqv +63, dqg +64, gh�qh wzr frq0
wlqxrxv ixqfwlrqv �4+�O, dqg �5+�O,/ uhvshfwlyho|1 Ohw xv sorw wkhp lq wkh
+�O> �, sodqh/ dv vkrzq lq Iljxuh 41 Wkh orfxv gh�qhg e| �4+�O, lqwhuvhfwv wkh

yhuwlfdo d{lv dw � @ D +5� �, @�sK / zkhuh D � � ^T+4� �,d`�4/ lv prqrwrql0
fdoo| ghfuhdvlqj lq wkh +�O> �, sodqh6 dqg dwwdlqw � @ D ^�sK . +4� �,sO` zkhq
�O @ 41 Wkh orfxv �5+�O, gh�qhg e| +64, lqwhuvhfwv wkh yhuwlfdo d{lv +�O @ 3,
dw � @ ^4� �. �K `@ ^sKTd`1 Lq dgglwlrq �O lv prqrwrqlfdoo| lqfuhdvlqj lq �
dqg frqyhujhv wr rqh zkhq �$ .41

6 Lwv vorsh lv Y4
YZO

' �
Y,EZO�
YZO

	 f�
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)( Lπρ

Iljxuh 4

Frpsdulqj wkh wzr orfl �4+�O, dqg �5+�O, +vhh Iljxuh 4,/ lw iroorzv wkdw wkhuh
h{lvwv h{dfwo| rqh qrq wulyldo vwdwlrqdu| htxloleulxp +��O> �

�, vdwlvi|lqj
3 ? ��O ? 4 dqg �� A 3 li dqg rqo| li

+4� �. �K , ? �+4� �,�4 +5� �, @�= +65,

Zh zloo dvvxph wkurxjkrxw frqglwlrq +65, wr krog1
Ohw xv qrz revhuyh wkdw/ hydoxdwhg dw wkh vwhdg| vwdwh/ lqhtxdolw| +49, eh0

frphv

slT�d A 4� �. �l l 5 iK>Oj = +66,

Dv lw lv dssduhqw/ �� vdwlv�hv lqhtxdolw| +66, iru7 l @ K1 Frqyhuvho|/ vdwlvidfwlrq
ri wkh rwkhu kdoi ri +66, lv qrw jxdudqwhhg/ exw �� A ^4� �. �O` @ ^sOTd` zloo
fohduo| krog li �O@sO lv vx!flhqwo| forvhg wr �K@sK 1

Dvvxplqj +66, lv vdwlv�hg e| ��/ d fdqglgdwh htxloleulxp kdv ehhq ghulyhg
lq zklfk w|sh O eruurzhuv idfh fuhglw udwlrqlqj1 Wkh h{lvwhqfh ri wklv udwlrqlqj
d�hfwv wkh ohyho ri rxwsxw iru wklv hfrqrp|1 Lq sduwlfxodu/ li zh wdnh lq +5<, wkh
ghulydwlyh ri fdslwdo zlwk uhvshfw wr �O zh rewdlq

Cn@�O @
�

4� �
D�

4

4�� +O +�O,,
�

4

4�� +4� �,sO ^� +sK@sO, . 5� �` A 3=

Wkhuhiruh srolf| wkdw fdq uhgxfh fuhglw udwlrqlqj +lqfuhdvh �O, zloo kdyh wkh
h�hfw ri lqfuhdvlqj wkh shu �up fdslwdo ohyho dqg wkhuhiruh shu fdslwd fdslwdo1

7 Lqghhg/ +66, krogv zlwk htxdolw| iru 4 ' d�3 >n qM o * dRM'@o 	 4W1
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61315 Uxolqj rxw srrolqj frqwudfwv

Hyhq/ dvvxplqj �� A ^4� �o . �O` @ ^sOTd` / lw uhpdlqv wr lqyhvwljdwh zkhwkhu
ohqghu kdyh dq lqfhqwlyh wr r�hu dq dowhuqdwlyh srrolqj frqwudfw lq wkh suhvhqfh
ri frqwudfwv ghvfulehg suhylrxvo|1 Ohw +U>tO> �, eh vxfk d srrolqj frqwudfw
zklfk lv dqqrxqfhg wdnlqj �� dv jlyhq1 Wkh prvw suhihuuhg srrolqj frqwudfw/
iurp wkh srlqw ri ylhz ri d w|sh O eruurzhu wkdw lv frqvlvwhqw zlwk ohqghu hduqlqj
qrq qhjdwlyh h{shfwhg sur�w kdv U @ ^�sK . +4� �, sO`

�4 dqg vhohfwv tO dqg
� lq rughu wr pd{lpl}h

�sO+T�
� �U,tOw . +4� �,gOzw +67,

vxemhfw wr tO � dzw1 Vlqfh T�� A U/ tO @ dzw pxvw krog1 Wkhq wkhuh duh wzr
fdvhv wr frqvlghu1

Fdvh 41 sO+T�
� � U, � �O1 Lq wklv fdvh wkh h{suhvvlrq lq +67, dwwdlqv d

pd{lpxp ydoxh ri �Ozw1 Wkhuh lv wkhq qr srrolqj frqwudfw wkdw dwwudfwv w|sh
O eruurzhuv dqg hduqv d qrq qhjdwlyh h{shfwhg sur�w1

Fdvh 51 sO+T���U, A �O1 Lq wklv fdvh wkh prvw suhihuuhg srrolqj frqwudfw
iru w|sh O eruurzhuv kdv � @ 41 Wkh h{shfwhg xwlolw| rewdlqhg e| wkrvh eruurz0
huv xqghu vxfk d srrolqj frqwudfw lv sO+T�

� �U,zw1 Wkhq wkhuh lv qr srrolqj
frqwudfw wkdw dwwudfwv doo eruurzhuv dqg hduqv d qrq qhjdwlyh h{shfwhg sur�w li

�O+sOT�� 4,zw . +4� �O,�Ozw � sO +T��U,zw>

ru htxlydohqwo| li

�O � +sOT�� sOU� �O, @ +sOT�� 4� �O, =

Qrwlqj wkdw �� lv d frqwlqxrxv ixqfwlrq ri �/ lw lv uhdglo| yhul�hg wkdw +67, lv
vdwlv�hg dv d vwulfw lqhtxdolw| iru � @ 4/ dqg khqfh iru doo ydoxhv ri � vx!flhqwo|
forvh wr rqh1 Wkxv/ mxvw dv lq Urwkfklog dqg Vwljolw} ^7`/ vx!flhqwo| odujh ydoxhv
ri � jxdudqwhh wkh h{lvwhqfh ri dq htxloleulxp1

7 Frpsdudwlyh vwdwlvwlfv

Htxdwlrqv +5<,/ +63, dqg +64, duh frqwlqxrxvo| gl�huhqwldeoh ixqfwlrqv ri wkh
sdudphwhuv ri wkh prgho T/ sO/ sK / �K / �O/ �/ �/ �dqg �1 Zh duh lqwhuhvwhg lq
wkh frqvhtxhqfhv rq wkh hqgrjhqrxv yduldeohv ri fkdqjhv lq wkh prqh| jurzwk
udwh � dqg lq wkh dpsolwxgh � ri wkh oltxlglw| frqvwudlqw1 Wklv lv rxu sxusrvh
lq zkdw iroorzv81 Zh fduu| rxw rxu frpsdudwlyh vwdwlfv dqdo|vlv zlwk wkh khos
ri wzr slfwxuhv wkdw iroorz/ Iljxuh 5 dqg Iljxuh 61

8Wkurxjkrxw lw lv dvvxphg wkdw dq htxloleulxp h{lvwv erwk ehiruh dqg diwhu wkh fkdqjh lq
wkh uhohydqw sdudphwhu1
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71316 Fkdqjhv lq wkh prqh| jurzwk udwh

Lq rughu wr vwxg| krz �O ydulhv zkhq wkh udwh � ri prqh| jurzwk vxsso|
lqfuhdvhv +zklfk lpsolhv d uhgxfwlrq ri wkh vwdwlrqdu| gh dwlrq idfwru �,/ ohw
vxevwlwxwh � iurp +63, lqwr +64, lq rughu wr rewdlq

�O @ * +�O, �
sK�+4� �,�4o+�O,� +4� �o,� �K

sK�+4� �,�4o+�O,� +sK@sO, +4� �o,� �K
= +68,

Vlqfh � grhv qrw dsshdu lq +68,/ wkh vwhdg| vwdwh ydoxh ri �O lv xqd�hfwhg e| d
fkdqjh lq wkh prqhwdu| uxoh �1 Frqyhuvho|/ e| d gluhfw lqvshfwlrq ri +63,/ dqg
wdnlqj lqwr dffrxqw wkdw d lv ghfuhdvlqj lq �/ lw lv srvvleoh wr yhuli| wkdw wkh
vwdwlrqdu| lqwhuhvw udwh � lqfuhdvhv1 Wklv lq wxuq lpsolhv/ lq ylhz ri +5<,/ d idoo
lq wkh shu fdslwdo vwhdg| vwdwh fdslwdo1 Wklv uhvxow vkrxog qrw eh yhu| vxusulvlqj=
dq kljkhu lq dwlrq udwh hqwdlov lqghhg d orzhu dprxqw ri fuhglw dydlodeoh iru wkh
eruurzhuv/ vlqfh ohqghuv qrz qhhg wr lqyhvw lq prqh| dq kljkhu txdqwlw| ri wkhlu
zdjh lqfrph/ dqg wklv lpsolhv d idoo lq wkh ohyho ri shu0�up fdslwdo lqwhqvlw| dqg
dv d frqvhtxhqfh/ dq lqfuhdvh lq fdslwdo pdujlqdo surgxfwlylw| uh hfwhg lq wkh
fdslwdo uhqwdo sulfh �1 Dw wkh vdph wlph/ wkh lqfuhdvh ri � lv h{dfwo| kljk hqrxjk
wr frpshqvdwh wkh uhgxfwlrq lq d/ dqg wkhuhiruh wkh fuhglw udwlrqlqj idfwru �O
grhv qrw xqghujrhv dq| fkdqjh1 Wkh h�hfwv rq wkh ghjuhh ri fuhglw udwlrqlqj/
lqwhuhvw udwh dqg fdslwdo ri dq lqfuhdvh lq wkh prqhwdu| uxoh � duh vxppdul}hg
lq wkh iroorzlqj sursrvlwlrq1

Sursrvlwlrq 6 Dq lqfuhdvh lq wkh prqh| jurzwk udwh � |lhogv wr d ghfuhdvh
lq wkh shu �up vwhdg| vwdwh fdslwdo dqg wr dq lqfuhdvh lq wkh vwdwlrqdu| fdslwdo
uhqwdo sulfh �1 Frqyhuvho|/ wkh ghjuhh ri fuhglw udwlrqlqj �O grhv qrw xqghujr
dq| prgl�fdwlrq1

Sursrvlwlrq +6, fodlpv wkdw lq dwlrq kdv d qhjdwlyh lpsdfw rq hfrqrplf
dfwlylw|/ phdvxuhg lq whupv ri shu �up fdslwdo1 Wklv �qglqj lv lq dffrug zlwk
d ydvw olwhudwxuh rq wkh vxemhfw dqg vhhpv wr uhlqirufh wkh lghd wkdw wkh zhoo
nqrzq Wrelq*v h�hfw grhv qrw �qg zlghvsuhdg wkhruhwlfdo frpiruw1 Lqghhg/ wkh
jurzwk hqkdqflqj h�hfwv ri kljkhu qrplqdo lqwhuhvw udwhv gxh wr wkh zd| djhqwv
fkdqjh wkh frpsrvlwlrqv ri wkhlu sruwirolrv e| vxevwlwxwlqj pruh frvwo| oltxlg
dvvhw zlwk looltxlg rqhv +qdpho| surgxfwlyh fdslwdo,/ duh qrw vwurqj hqrxjk wr
r�vhw wkh jurzwk uhgxflqj h�hfwv lqgxfhg e| d jhqhudo idoo lq suhvhqw ydoxh
olihwlph zhdowk1

Rqh vkrxog h{shfw dw wklv srlqw wkdw dqdorjrxv jurzwk uhgxflqj h�hfwv
vkrxog ghulyh iurp dq lqfuhdvh lq wkh dpsolwxgh ri ohqghuv* oltxlglw| frqvwudlqw=
lqghhg/ lw frxog eh uhdvrqdeo| dujxhg wkdw wklv zrxog uhgxfh wkh dprxqw ri
fuhglw dydlodeoh wr wkh eruurzhuv dqg wkxv wkh dyhudjh udwh ri surgxfwlyh lqyhvw0
phqw1 Vxusulvlqjo|/ wklv lv qrw dozd|v wuxh vlqfh/ dv zh duh jrlqj wr vkrz/ wkh
rqh ghvfulehg lv qrw wkh rqo| phfkdqlvp dw zrun lqgxfhg e| vwuhqjwkhqlqj wkh
oltxlglw| frqvwudlqw1 Dfwxdoo|/ rqh kdv wr wdnh dovr lqwr dffrxqw wkh uhod{lqj
h�hfwv ri vxfk dq h{shulphqw rq wkh lqfhqwlyh frpsdwlelolw| frqvwudlqw/ zklfk
lq wxuq lpso| d orzhu ghjuhh ri fuhglw udwlrqlqj/ l1h1 d kljkhu dprxqw ri fuhglw
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dydlodeoh1 Zklfk ri wkhvh frqwudvwlqj h�hfwv zloo suhydlo rq wkh ghwhuplqdwlrq
ri hfrqrplf dfwlylw| ghshqgv rq wkh uhodwlyh vhqvlwlylwlhv ri djhqwv* ehkdylru
dqg wkh lqfhqwlyh frpsdwlelolw| frqvwudlqw zlwk uhvshfw wr wkh dpsolwxgh ri wkh
oltxlglw| frqvwudlqw1

71317 Fkdqjhv lq wkh dpsolwxgh ri wkh oltxlglw| frqvwudlqw

Lq rughu wr vwxg| wkh fkdqjh lq �O zkhq ohqghuv* oltxlglw| ghjuhh 4�� ghfuhdvhv/
ohw xv lqvshfw rqfh pruh +68, dqg uhphpehu wkdw lwv uljkw kdqg vlgh * +�O, lv
ghfuhdvlqj lq �O1 Lw lv wkhq lpphgldwh wr yhuli| wkdw/ dv ghslfwhg lq Iljxuh 5/
wkh qhz htxloleulxp ydoxh ri �O zloo eh kljkhu dqg wkh ghjuhh ri fuhglw udwlrqlqj
orzhu1 Lq rughu wr vwxg| wkh frqvhtxhqfhv ri dq lqfuhdvh lq � rq wkh vwhdg| vwdwh
ohyhov ri wkh lqwhuhvw udwh dqg fdslwdo/ zh jr edfn wr Iljxuh 6/ lq zklfk wkh srlqw
H uhsuhvhqwv wkh lqlwldo htxloleulxp lq wkh i�O> �j sodqh1 Dv rqh fdq uhdglo|
yhuli|/ zkhq � lqfuhdvhv/ wkh vkduh d ri ohqghuv* zdjh lqfrph wkdw lv ordqhg
ghfuhdvhv1 Iurp htxdwlrq +63, lw lv hdv| wr yhuli| wkdw g�4@g� A 3 dqg wkdw
zkhq � lqfuhdvhv wkh fxuyh �4 +�O, lv xszdug vkliwlqj lq wkh +�O> �, sodqh +vhh
wkh qhz fxuyh �34 +�O, lq �jxuh 6,1 Iurp htxdwlrq +64,/ rqh dovr hdvlo| yhul�hv
wkdw �O lv lqfuhdvlqj lq d1 Wkh vljq ri g�O@g� +dqg wkxv g�5@g�, lv wkhuhiruh
dpeljxrxv dqg/ d sulrul/ wkh fxuyh �5 +�O, fdq eh xszdug dv zhoo dv grzqzdug
vkliwlqj1 Wklv lpsolhv wkdw dw wkh qhz htxloleulxp H3 wkh qhz vwdwlrqdu| lqwhuhvw
udwh �� fdq eh kljkhu ru orzhu1 Dq dqdorjrxv dpeljxlw|/ lq wkh oljkw ri +5<,/
frqfhuqv wkh fkdqjh lq wkh fdslwdo vwhdg| vwdwh ohyho1

Wkh edvlf lqwxlwlrq ri wkh uhvxowv ghvfulehg deryh lv wkh iroorzlqj1 Li ohqghuv
duh vxemhfw wr dq kljkhu ghjuhh ri oltxlglw|/ wkh| qhhg wr lqyhvw lq prqh| dq
kljkhu txdqwlw| ri wkhlu zdjh lqfrph dqg wkhuhiruh wkh dprxqw ri fuhglw dydlo0
deoh wr eruurzhuv zloo eh orzhu1 Wklv hqwdlov d orzhu ohyho ri shu �up fdslwdo dqg
ghfuhdvhv eruurzhuv* h{shfwhg xwlolw|1 Exw wklv lpsolhv d uhod{dwlrq ri wkh lqfhq0
wlyh frpsdwlelolw| frqvwudlqw +44, lq wkh vhqvh wkdw wkh odwwhu lv qrz frpsdwleoh
zlwk dq kljkhu �O1 Frpshwlwlrq dprqj ohqghuv zloo pdnh dfwxdoo| h�hfwlyh wklv
lqfuhdvh1 Wkh odwwhu h�hfw/ lq wxuq/ zloo orzhu wkh shu0�up oderu irufh o+�O,
zklfk zloo wkhq frqwudvw wkh lqlwldo idoo lq wkh fdslwdo lqwhqvlw|1 Iru wkdw uhd0
vrq wkh pdujlqdo surgxfwlylw| ri fdslwdo/ dqg wkxv wkh fdslwdo uhqwdo sulfh/ fdq
lqfuhdvh dv zhoo dv ghfuhdvh1 Wkh h�hfwv rq wkh ghjuhh ri fuhglw udwlrqlqj/ lq0
whuhvw udwh dqg fdslwdo ri dq lqfuhdvh lq wkh oltxlglw| ghjuhh � ri ohqghuv duh
vxppdul}hg lq wkh iroorzlqj sursrvlwlrq1

Sursrvlwlrq 7 Dq lqfuhdvh lq wkh dpsolwxgh � ri wkh oltxlglw| frqvwudlqw |lhogv
dq lqfuhdvh lq ��O/ zkhuhdv wkh h�hfw rq wkh shu0�up fdslwdo vwhdg| vwdwh n� dqg
rq wkh lqwhuhvw udwh �� duh dpeljxrxv1

8 Frqfoxglqj uhpdunv

Hfrqrplvwv odujho| djuhh rq wkh idfw wkdw lq rughu wr ghhso| xqghuvwdqg wkh
uroh ri fuhglw udwlrqlqj lq ghwhuplqlqj wkh ohyho ri hfrqrplf dfwlylw|/ rqh vkrxog
eh deoh wr lqwhjudwh prqhwdu|/ �qdqfldo dqg uhdo dvshfwv/ srvvleo| lq d jhqhudo
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htxloleulxp iudphzrun1 Lq sduwlfxodu/ lw vkrxog eh dqdo|}hg pruh lq ghswk
krz eruurzlqj frqvwudlqwv +dv h{suhvvhg e| wkh rffxuuhqfh ri fuhglw udwlrqlqj,
lqwhudfw zlwk oltxlglw| +fdvk0lq0dgydqfh, frqvwudlqwv lq ghwhuplqlqj wkh dprxqw
ri fuhglw dydlodeoh1

Lq wklv sdshu/ lq wkh frqwh{w ri d prqhwdu| ryhuodsslqj jhqhudwlrqv prgho
+ROJ, lq zklfk prqh| ghpdqg lv lqwurgxfhg yld fdvk0lq0dgydqfh frqvwudlqw/
zh kdyh vwxglhg wkh h�hfwv rq fuhglw udwlrqlqj/ fdslwdo dqg lqwhuhvw udwh gxh wr
fkdqjhv lq wkh prqh| jurzwk udwh ru lq wkh wljkwqhvv ri wkh oltxlglw| frqvwudlqwv1
Zh kdyh vkrzq/ lq sduwlfxodu/ wkdw dq lqfuhdvh lq wkh prqh| jurzwk udwh dv zhoo
dv dq lqfuhdvh lq wkh oltxlglw| ghjuhh ri ohqghuv/ |lhogv wr d ghfuhdvh lq fuhglw
udwlrqlqj/ zkhuhdv wkh h�hfwv rq wkh shu0�up fdslwdo vwhdg| vwdwh dqg rq wkh
lqwhuhvw udwh duh dpeljxrxv1 Lq dgglwlrq/ zh kdyh vhhq wkdw lqfuhdvlqj wkh ghjuhh
ri oltxlglw| ri eruurzhuv |lhogv d uhgxfwlrq lq wkh lqwhuhvw udwh dqg lq wkh ghjuhh
ri fuhglw udwlrqlqj dqg wr dq lqfuhdvh lq fdslwdo1

Wkhuh duh dw ohdvw wkuhh lqwhuhvwlqj h{whqvlrqv ri wkh prgho1 Wkh �uvw rqh
frqfhuqv wkh vwxg| ri jryhuqphqw srolflhv dlplqj dw uhgxflqj wkh ghjuhh ri fuhglw
udwlrqlqj dqg wkxv wr surprwh jurzwk1 Wkh vhfrqg rqh uholhv rq wkh g|qdplfdo
ihdwxuhv ri wkh prgho/ lq sduwlfxodu rq wkh lqwhudfwlrqv ehwzhhq wkh suhvhqfh ri
fuhglw udwlrqlqj dqg wkh srvvlelolw| wkdw wkh hfrqrp| glvsod|v ghwhuplqlvwlf dv
zhoo dv h{shfwdwlrqv0gulyhq  xfwxdwlrqv +vhh/ h1j1/ Juhhqzdog dqg Vwljolw} ^6`,1
Dqrwkhu h{whqvlrq zrxog frqvlvw lq wkh lqfoxvlrq ri �qdqfldo lqwhuphgldulhv olnh
edqnv1 Wkh fuhglw pdunhw dfwlylw|/ lv wkdw fdvh/ zrxog eh ehwwhu ghvfulehg e| d
jdph sod|hg ehwzhhq edqn dqg �upv1

4:



Uhihuhqfhv

^4` D}duldglv/ F1 dqg E1 Vplwk/ +4<<6,/ Dgyhuvh Vhohfwlrq lq wkh Ryhuodsslqj
Jhqhudwlrqv Prgho= Wkh fdvh ri sxuh h{fkdqjh/ Mrxuqdo ri Hfrqrplf Wkhru|
93/ 5::06381

^5` Ehqflyhqjd/ Y1 dqg E1 Vplwk/ +4<<6,/ Vrph frqvhtxhqfhv ri fuhglw udwlrqlqj
lq dq hqgrjhqrxv jurzwk prgho/ Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro
4:/ <:04551

^6` Juhhqzdog E1 dqg M1 Vwljolw}/ 4<<6/ Ilqdqfldo pdunhw lpshuihfwlrqv dqg Exvl0
qhvv F|fohv/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 43;/ ::04471

^7` Urwkvfklog/ P1 dqg M1 Vwljolw}/ 4<:9/ Htxloleulxp lq frpshwlwlyh lqvxudqfh
pdunhwv= Dq hvvd| rq wkh hfrqrplfv ri lpshuihfw lqirupdwlrq/ Txduwhuo|
Mrxuqdo ri Hfrqrplfv/ <3/ 95<09831
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