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ì @hi }h@|iu�* |L ��i|hL +i�U�*�?c +@M@� �4�hc AL4L)�!� �@!@��4@c �h4@?_L #L4�?�L?� @?_

wiL 6ihh@h�t uLh �i*Tu�* _�tU�tt�L?t @?_ |�i�h hi@_�?} Lu Thi*�4�?@h) _h@u|t� A�i �t�@* _�tU*@�4ih

@TT*�it�

4



5 J1 EORLVH/ M1K1 GU�H]H/ DQG K1P1 SROHPDUFKDNLV

41 YA|iNa�W|�NA

4141 Dq lpphgldwh h{whqvlrq ri wkh prgho ri jhqhudo frpshwlwlyh htxloleulxp ri
Duurz/ Gheuhx dqg PfNhq}lh hqfrpsdvvhv prqhwdu| hfrqrplhv zlwk dq rshud0
wlyh wudqvdfwlrq whfkqrorj|= d prqhwdu| dxwkrulw| vxssolhv edodqfhv lq h{fkdqjh
iru dvvhwv/ wkurxjk rshq pdunhw rshudwlrqv/ dqg e| oxps0vxp wudqvihuv wr lqgl0
ylgxdov1 Qrq0lqwhuhvw0ehdulqj �dw prqh| lv grplqdwhg e| lqwhuhvw0ehdulqj qrplqdo
dvvhwv dv vwruh ri ydoxh/ wkh ghpdqg ri prqh| uhvxowlqj iurp lwv uroh lq idflolwdwlqj
wudqvdfwlrqv1 Wklv lv khuh d idfwxdo vwduwlqj srlqw1

D jhqhudo htxloleulxp irupxodwlrq ri d prqhwdu| hfrqrp| hpdqflsdwhv prqhwdu|
hfrqrplfv iurp wkh k|srwkhvlv ri d uhsuhvhqwdwlyh lqglylgxdo/ lw doorzv iru glvwulex0
wlrqdo h�hfwv dqg/ srvvleo|/ iru lqfrpsohwh dvvhw pdunhw1 Wklv odvw h{whqvlrq lv qrw
wuhdwhg khuh1

Prqhwdu| prghov w|slfdoo| lqyroyh hfrqrplhv wkdw h{whqg lqwr wkh lq�qlwh ixwxuh1
Wkh uhdvrq lv frpprqo| xqghuvwrrg dv d sureohp ri frqvlvwhqf|/ dovr hpskdvl}hg
e| Kdkq ^54`1 Vxssrvh wkdw d jlyhq vxsso| ri edodqfhv/ �p/ vhuyhv dv d phglxp ri
h{fkdqjh dqg lv lqlwldoo| glvwulexwhg wr lqglylgxdov/
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hfrqrp|/ hdfk lqglylgxdo idfhv wkh exgjhw frqvwudlqw
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zkhuh s duh sulfhv ri frpprglwlhv/ }
l lv wkh qhw wudgh/ u lv wkh qrplqdo udwh ri

lqwhuhvw dqg p
l lv wkh ghpdqg iru edodqfhv1 Kroglqj prqh| kdv dq rssruwxqlw|

frvw phdvxuhg e| wkh qrplqdo udwh ri lqwhuhvw1 Htxloleulxp lpphgldwho| uhtxluhv
wkdw prqh| eh lq }hur qhw vxsso|/ wkdw lv/ �p @ 31 Li qrw/ d srvlwlyh txdqwlw| ri
prqh|/
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pxvw eh wd{hg dzd|/ dv vxjjhvwhg e| Ohuqhu ^57`1 Wkh dprxqw wkdw pxvw eh wd{hg
dzd| dw wkh whuplqdo gdwh/ �p/ kdv glvfrxqwhg ydoxh dw wkh lqlwldo gdwh htxdo wr
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Ryhu dq lq�qlwh krul}rq/ wklv frqyhujhv wr }hur dqg lqlwldo rxwvlgh fodlpv duh h{0
kdxvwhg e| wudqvdfwlrq frvwv1

Uhfhqw irupxodwlrqv ri d prqhwdu| hfrqrp| kdyh srlqwhg rxw wkdw dq lq�qlwh
krul}rq lv qrw qhfhvvdu| lq rughu iru prqh| wr eh ydoxhg dw htxloleulxp1 Lq Gu�h}h
dqg Srohpdufkdnlv ^46`/ �dw prqh| lv fuhdwhg dw qr frvw e| edqnv wkdw ohqg lw wr
lqglylgxdov dqg �upv dw qrplqdo qrq0qhjdwlyh udwhv ri lqwhuhvw1 Edqnv nhhs edo0
dqfhg dffrxqwv/ vr wkdw rxwvwdqglqj prqh| lv wkh frxqwhusduw ri dvvhwv/ fodlpv rq
lqglylgxdov dqg �upv1 Edqnv duh rzqhg dqg wkhlu sur�wv/ htxdo wr lqwhuhvw hduqhg
rq dvvhwv/ dffuxh wr vkduhkroghuv1 D vlplodu ghvfulswlrq lv jlyhq e| Gxeh| dqg
Jhdqdnrsorv ^47/ 48`/ zkhuh sur�wv ri edqnv duh qrw uhglvwulexwhg wr lqglylgxdov
dqg wkh odwwhu duh hqgrzhg zlwk lqlwldo qrplqdo edodqfhv1 Erwk lqvwlwxwlrqdo du0
udqjhphqwv dyrlg Kdkq*v ^54` sdudgr{ ryhu d �qlwh krul}rq/ vlqfh edodqfhv xvhg
lq wudqvdfwlrqv/ p/ gr qrw frlqflgh zlwk qrplqdo fodlpv dvvljqhg wr lqglylgxdov/
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fdq eh vdwlv�hg e| d qrq0ydqlvklqj vxsso| ri edodqfhv14

Rqfh suryhq wr eh frqvlvwhqw/ �qlwh wlph kdv wkh dgydqwdjh ri dqdo|wlfdo wudfwdelo0
lw|1 Vwloo/ wkh h{whqvlrq wr dq lq�qlwh krul}rq/ zklfk prwlydwhv rxu uhvhdufk lq wklv
sdshu/ lv ri lqwhuhvw1 Iluvw/ lq rughu wr vkrz wkdw/ zkhq prylqj iurp d �qlwh wr dq
lq�qlwh krul}rq/ doo txdolwdwlyh frqfoxvlrqv duh uhwdlqhg1 Vhfrqg/ lq rughu wr doorz
iru vshfxodwlyh wudgh lq orqj0whup dvvhwv1 Wklug/ lq rughu wr dffrpprgdwh prghov
frpprqo| hpsor|hg lq frqwhpsrudu| prqhwdu| hfrqrplfv1 Odvw/ exw qrw ohdvw/ lq
rughu wr frqwudvw htxloleulxp surshuwlhv ri hfrqrplhv ri �qlwho| pdq| lq�qlwho|0
olyhg lqglylgxdov zlwk hfrqrplhv ri ryhuodsslqj jhqhudwlrqv1

4151 Zh frqvlghu dq hfrqrp| wkdw h{whqgv wr dq lq�qlwh ixwxuh1 Wlph lv glylghg
lqwr dq lq�qlwh qxpehu ri gdwhv1 Xqfhuwdlqw| lv ghvfulehg/ iroorzlqj wkh fdqrqlfdo
prgho ri Gheuhx ^;`/ e| dq hyhqw wuhh1

Srolflhv duh uhsuhvhqwhg e| frqwlqjhqw sodqv1 Dw hyhu| gdwh/ diwhu lqirupdwlrq
lv uhyhdohg/ d sxeolf dxwkrulw| vxssolhv edodqfhv dw jlyhq qrplqdo udwhv ri lqwhu0
hvw +prqhwdu| srolf|,/ wudghv lq dvvhwv +sruwirolr srolf|,/ zklfk doorzv iru rshq
pdunhw rshudwlrqv/ froohfwv frpprglw| wd{hv +�vfdo srolf|, dqg pdnhv wudqvihuv wr
lqglylgxdov +wudqvihuv srolf|,1

D �qlwh qxpehu ri lqglylgxdov krog lqlwldo fodlpv dqg wudgh vhtxhqwldoo| lq frp0
prglwlhv/ edodqfhv dqg dvvhwv1 Dw hyhu| gdwh/ frqwlqjhqw rq uhyhdohg lqirupdwlrq/
lqglylgxdov dgmxvw wkhlu kroglqjv ri dvvhwv dqg edodqfhv vxemhfw wr exgjhw dqg vro0
yhqf| frqvwudlqwv> wudgh lq frpprglwlhv iroorzv/ vxemhfw wr d fdvk0lq0dgydqfh ru
Forzhu ^:` frqvwudlqw1 Wkh dvvhw pdunhw lv vhtxhqwldoo| frpsohwh= doo srvvleoh vwdwh0
frqwlqjhqw uhyhqxhv fdq eh wudghg1

Rxu ghvfulswlrq hqfrpsdvvhv wkh qdwxudo lq�qlwh0krul}rq h{whqvlrqv ri wkh prq0
hwdu| hfrqrplhv ri Gu�h}h dqg Srohpdufkdnlv ^46` dqg Gxeh| dqg Jhdqdnrsorv
^47/ 48`15 Dovr/ lw uhsurgxfhv/ doprvw idlwkixoo|/ wkh irupxodwlrq ri Zrrgirug ^66`
zlwk d uhsuhvhqwdwlyh lqglylgxdo/ zklfk lv/ lq wxuq/ vlplodu wr wkh fdvk0lq0dgydqfh
hfrqrplhv vwxglhg lq Zlovrq ^65` dqg Oxfdv dqg Vwrnh| ^59`16 Doo gl�huhqfhv dprqj
wkhvh suhylrxv vwxglhv rewdlq khuh dv gl�huhqfhv lq wkh zd| prqhwdu| dqg/ srvvleo|/
�vfdo srolflhv duh frqgxfwhg1

Vhtxhqwldo frpsohwhqhvv ri wkh dvvhw pdunhw vhuyhv wr lvrodwh wkh h�hfwv ri oltxlg0
lw| frqvwudlqwv iurp wkrvh uhodwhg wr rwkhu revwdfohv wr ulvn vkdulqj dqg lqwhuwhp0
srudo frqvxpswlrq vprrwklqj1 Dgplwwlqj wkdw edodqfhv fdq eh uhdgmxvwhg dw hyhu|
gdwh/ diwhu lqirupdwlrq lv uhyhdohg/ holplqdwhv dq| suhfdxwlrqdu| ghpdqg dqg glv0
wlqjxlvkhv wkh wudqvdfwlrq dqg wkh dvvhw uroh ri prqh|1
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7 J1 EORLVH/ M1K1 GU�H]H/ DQG K1P1 SROHPDUFKDNLV

4161 Li wkh sxeolf dxwkrulw| vhwv wkh rqh0shulrg/ ulvn0iuhh qrplqdo udwhv ri lqwhuhvw

dw hyhu| gdwh0hyhqw dqg lw dffrpprgdwhv wkh ghpdqg iru edodqfhv/ vxlwdeoh wudqvihuv

jxdudqwhh wkdw frpshwlwlyh htxloleuld h{lvw iru duelwudu| �vfdo dqg sruwirolr srolflhv1

Lq wkh whuplqrorj| ri Zrrgirug ^66/ 67`/ wkh uhjlph lv Ulfdugldq= dv sulfhv ri

frpprglwlhv dqg dvvhwv ydu|/ wudqvihuv dgmxvw wr vdwlvi| lqwhuwhpsrudo sxeolf exgjhw

frqvwudlqwv1

Dowhuqdwlyho|/ wudqvihuv duh uhvwulfwhg= zkhq qhjdwlyh wudqvihuv duh uxohg rxw/ lq

wkh suhvhqfh ri d srvlwlyh lqlwldo sxeolf oldelolw|/ h{lvwhqfh uhtxluhv srvlwlyh sxeolf

uhyhqxhv/ frplqj iurp wd{hv dqg vhljqrudjh> zlwkrxw wd{hv/ srvlwlyh uhyhqxhv iurp

vhljqrudjh qhhgv wudqvdfwlrqv/ zklfk sdudoohov wkh dqdorjrxv frqglwlrq lq Gxeh|

dqg Jhdqdnrsorv ^48`1 Lq wkh whuplqrorj| ri Zrrgirug ^66/ 67`/ wkh uhjlph lv qrw

Ulfdugldq1

Lqwhuhvw udwh srolf| grhv qrw vx�fh wr ghwhuplqh wkh ohyho dqg wkh sdwk ri qrplqdo

sulfhv ri frpprglwlhv dqg dvvhwv dw htxloleulxp= wkh sulfhv ri frqwlqjhqw uhyhqxhv

duh xquhvwulfwhg> vr lv wkh ryhu0doo sulfh ohyho> wkh odwwhu/ exw qrw wkh iruphu/ kdyh

uhdo doorfdwlyh h�hfwv +lq suhvhqfh ri lqlwldo qrplqdo fodlpv,1 Ghwhuplqdf|/ xs wr wkh

ryhu0doo sulfh ohyho/ uhtxluhv wkdw/ eh|rqg ulvn0iuhh udwhv ri lqwhuhvw/ dovr wkh sulfhv

ri frqwlqjhqw uhyhqxhv eh vrphkrz ghwhuplqhg/ vxemhfw wr qr0duelwudjh frqvwudlqwv1

Qrplqdo ghwhuplqdf| uhvxowv/ dv lq wkh �vfdo wkhru| ri wkh sulfh ohyho +Zrrgirug

^66/ 67` dqg Frfkudqh ^44`,/ zkhq wkhuh duh qr wudqvihuv1 Vlploduo|/ Gxeh| dqg

Jhdqdnrsorv ^47/ 48`/ dv zhoo dv Pdjloo dqg Txlq}ll ^5:`/ rewdlq ghwhuplqdf|/ iru

hfrqrplhv zlwk d �qlwh krul}rq/ e| dgrswlqj d qrq0Ulfdugldq vshfl�fdwlrq1

Wkh lqghwhuplqdf| dvvrfldwhg zlwk lqwhuhvw udwh srolf| kdv uhdo h�hfwv lq hfrqrplhv

zlwk dq lqfrpsohwh dvvhw pdunhw ryhu dq lq�qwh krul}rq +Ioruhq}dqr dqg Jrxugho

^49`/ Khuq�dqgh} dqg Vdqwrv ^55`/ Ohylqh dqg ]dph ^58` dqg Pdjloo dqg Txlq}ll ^5;`,

prgl�hg vr dv wr dffrpprgdwh fdvk0lq0dgydqfh frqvwudlqwv1

Qdndmlqd dqg Srohpdufkdnlv ^5<` zrun rxw dq h{dpsoh wkdw looxvwudwhv wkh lqgh0

whuplqdf| ri htxloleulxp zlwk Ulfdugldq srolf| dqg frqwudvw lw zlwk wkh ghwhuplqdf|

wkdw uhvxowv iurp d qrq0Ulfdugldq vshfl�fdwlrq1 Lq dgglwlrq/ wkh| ghprqvwudwh wkdw

d prqhwdu| dxwkrulw| pd| dwwdlq ghwhuplqdf| e| vhwwlqj wkh whup vwuxfwxuh ri udwhv

rq lqwhuhvw/ htxlydohqw wr vhwwlqj wkh sulfhv ri frqwlqjhqw uhyhqxhv1

51 C�j .WNAN6+

5141 Iru d jlyhq frxqwdeoh vhw/ D/ wkh vsdfh ri doo uhdo ydoxhg pdsv rq D/ c +D,/ lv

dq rughuhg yhfwru vsdfh1 Yhfwru vxevsdfhv duh wkh vsdfhv ri doo erxqghg/ c
4
+D,/

dqg vxppdeoh/ c4 +D,/ uhdo ydoxhg pdsv rq D/ hqgrzhg zlwk wkhlu uhvshfwlyh qrupv1

D yhfwru/ {/ lv srvlwlyh +vwulfwo| srvlwlyh/ xqlirupo| vwulfwo| srvlwlyh, li/ iru hyhu| �

lq D/ {� � 3 +{� A 3/ {� � � A 3,1 Lw lv ghfrpsrvhg lqwr d srvlwlyh/ {. � 3/ dqg d

qhjdwlyh/ {� � 3/ sduw/ vr wkdw { @ {.�{�1 Wkh srvlwlyh frqh ri dq rughuhg yhfwru

vsdfh frqvlvwv ri doo lwv srvlwlyh yhfwruv1 Iru ghwdlov/ vhh Dolsudqwlv dqg Erughu ^4`17

5151 Wlph dqg wkh uhvroxwlrq ri xqfhuwdlqw| duh ghvfulehg e| dq hyhqw0wuhh/ d

frxqwdeoh vhw/ V / hqgrzhg zlwk d +sduwldo, rughu/ �1 Iru hyhu| gdwh0hyhqw/ �/

dq hohphqw ri V/ w� ghqrwhv lwv gdwh1 Wkh xqltxh lqlwldo gdwh0hyhqw lv !/ zlwk

w! @ 31 Iru d jlyhq gdwh0hyhqw/ �/ �. @ i� " � = w� @ w� . 4j ghqrwhv wkh vhw ri

lwv lpphgldwh vxffhvvruv/ d �qlwh vhw> V� @ i� 5 V = � � �j wkh vhw ri doo lwv +zhdn,
vxffhvvruv/ d vxewuhh> Vw @ i� 5 V = 3 � w� � wj wkh vhw doo gdwh0hyhqwv xs wr gdwh w>
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Vw @ i� 5 V = w� @ wj wkh vhw doo gdwh0hyhqwv dw gdwh w1 Wkh frqvwuxfwlrq lv vwdqgdug=

vhh/ iru lqvwdqfh/ Pdjloo dqg Txlq}ll ^5;` dqg Vdqwrv dqg Zrrgirug ^63`1

5161 Dw hyhu| gdwh0hyhqw/ pdunhwv duh rshq iru frpprglwlhv/ dvvhwv dqg edodqfhv/

zklfk duh qxp�hudluh1 Dw hyhu| gdwh0hyhqw/ wkhuh lv d �qlwh vhw/ Q / ri wudgdeoh frp0

prglwlhv/ zklfk duh shuihfwo| glylvleoh dqg shulvkdeoh1 Frqvlvwhqwo|/ wkh frpprglw|

vsdfh frlqflghv zlwk wkh vsdfh ri doo erxqghg uhdo ydoxhg pdsv rq V�Q dqg sulfhv

ri frpprglwlhv/ s/ duh d srvlwlyh uhdo ydoxhg pds rq V �Q 1

Wkh dvvhw pdunhw lv vhtxhqwldoo| frpsohwh1 D sruwirolr/ kroglqjv ri dvvhwv/ lv

ghvfulehg e| lwv sd|r�v dfurvv gdwh0hyhqwv/ y/ d uhdo ydoxhg pds rq V 1 Sulfhv ri

dvvhwv duh vwdwh sulfhv/ wkh sulfhv ri uhyhqxhv dfurvv gdwh0hyhqwv/ d/ d vwulfwo| srvlwlyh

uhdo ydoxhg pds rq V/ qrupdol}hg vr wkdw d! @ 41 Dw d gdwh0hyhqw/ d sruwirolr/ zlwk

sd|r�v +y� = � 5 �., dfurvv lwv lpphgldwh vxffhvvruv/ kdv pdunhw ydoxh

d�4�

[

�5�.

d�y� =

Vwdwh sulfhv duh dovr frpprqo| fdoohg sulfhv ri hohphqwdu| Duurz vhfxulwlhv1
Dw jlyhq vwdwh sulfhv/ rqh0shulrg/ qrplqdo udwhv ri lqwhuhvw/ u/ d srvlwlyh uhdo

ydoxhg pds rq V / duh gh�qhg/ lpsolflwo|/ e| wkh htxdwlrqv

[

�5�.

d� @

�
4

4 . u�

�
d� � d� =

Lqghhg/ vlqfh edodqfhv duh vwrudeoh/ qr0duelwudjh uhtxluhv wkdw qrplqdo udwhv ri
lqwhuhvw eh srvlwlyh1

5171 Wkhuh lv d �qlwh vhw ri lqglylgxdov1 Dq lqglylgxdo/ l/ lv ghvfulehg e| suhihu0
hqfhv/ �l/ ryhu wkh frqvxpswlrq vsdfh/ wkh srvlwlyh frqh ri wkh frpprglw| vsdfh/
dqg dq hqgrzphqw/ hl/ ri frpprglwlhv/ dq hohphqw ri wkh frqvxpswlrq vsdfh1 Zh
pdnh wzr frpprq dvvxpswlrqv rq suhihuhqfhv dqg hqgrzphqwv ri frpprglwlhv1

+S, Suhihuhqfhv1 Iru hyhu| lqglylgxdo/ suhihuhqfhv duh frqwlqxrxv +lq wkh uhodwlyh

Pdfnh| wrsrorj|,/ frqyh{ dqg vwulfwo| prqrwrqh1

+H, Hqgrzphqwv1 Wkh hqgrzphqw ri hyhu| lqglylgxdo lv xqlirupo| vwulfwo| srvl0

wlyh1

Frqwlqxlw| ri suhihuhqfhv lq wkh Pdfnh| wrsrorj|/ lqwurgxfhg lq Ehzoh| ^7`/ lv
d vwurqj uhtxluhphqw18 Lq sduwlfxodu/ lw lpsolhv wkdw wkh lqglylgxdo lv lpsdwlhqw=
vx�flhqwo| glvwdqw prgl�fdwlrqv/ hyhq xqerxqghg rqhv/ ri frqvxpswlrq sodqv gr
qrw uhyhuvh wkh rughu ri suhihuhqfh1 Xqlirup lpsdwlhqfh dfurvv lqglylgxdov zrxog
eh d vwurqjhu uhtxluhphqw1 Wkh pxfk vwurqjhu dvvxpswlrq ri d xqlirup udwh ri
lpsdwlhqfh dfurvv gdwh0hyhqwv/ lq wkh uhfhqw olwhudwxuh rq lqfrpsohwh dvvhw pdunhwv
ryhu dq lq�qlwh krul}rq +Khuq�dqgh} dqg Vdqwrv ^55` dqg Pdjloo dqg Txlq}ll ^5;`,/
lv qrw qhhghg khuh19
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5181 D sxeolf dxwkrulw| +ru d jryhuqphqw/ ru d fhqwudo edqn, frqgxfwv prqhwdu|/
�vfdo/ wudqvihuv dqg sruwirolr srolflhv1 Wkh vxsso| ri edodqfhv/ p/ d srvlwlyh uhdo
ydoxhg pds rq V / lv frqwlqjhqw rq gdwhv dqg lqirupdwlrq1 D prqhwdu| srolf|

frqvlvwv ri shjjlqj qrplqdo udwhv ri lqwhuhvw/ u/ dqg vxsso|lqj edodqfhv vr dv wr
dffrpprgdwh ghpdqg1 Dowkrxjk rxu dqdo|vlv frxog eh dgdswhg wr frsh zlwk doo
duelwudulo| vhw qrplqdo udwhv ri lqwhuhvw/ zh lpsrvh d uhvwulfwlrq zklfk idflolwdwhv
suhvhqwdwlrq1

+P, Prqhwdu| Srolf|1 Qrplqdo udwhv ri lqwhuhvw/ u/ duh +xqlirupo|, erxqghg1

D �vfdo srolf| lv uhsuhvhqwhg e| wd{hv/
�
= = = > jl> = = =

�
/ erxqghg srvlwlyh uhdo ydoxhg

pdsv rq V � Q 1 Lq wkh djjuhjdwh/ wd{hv duh j @
S

l
jl1 Zh uhtxluh frqvlvwhqf|

ehwzhhq prqhwdu| dqg �vfdo srolf|/ zklfk lv qhhghg erwk wr dyrlg sureohpv ri

vroyhqf|/ zkhq lqglylgxdov krog lqlwldo qrplqdo ghewv/ dqg wr fduu| rxw d olplw

dujxphqw iru surylqj wkh h{lvwhqfh ri dq htxloleulxp1:

+I, Ilvfdo Srolf|1 Jlyhq prqhwdu| srolf|/ u/ iru hyhu| lqglylgxdo/�
4

4 . u

�
hl � jl

lv xqlirupo| vwulfwo| srvlwlyh1

D wudqvihuv srolf| lv uhsuhvhqwhg e| oxps0vxp qrplqdo wudqvihuv wr lqglylgxdov/�
= = = > kl> = = =

�
/ uhdo ydoxhg pdsv rq V 1 Lq wkh djjuhjdwh/ wudqvihuv duh k @

S
l
kl1

Wr dyrlg vxshulru uhglvwulexwlyh lqghwhuplqdf|/ zh dvvxph wkdw djjuhjdwh wudqvihuv

duh glvwulexwhg wr lqglylgxdov dffruglqj wr jlyhq vkduhv/
�
= = = > � l> = = =

�
1 Pruhryhu/ lw

vlpsol�hv wr uhvwulfw wudqvihuv srolflhv vr dv wr rewdlq zhoo0gh�qhg suhvhqw ydoxhv dw

hyhu| gdwh0hyhqw1

+W, Wudqvihuv Srolf|1 Wudqvihuv duh glvwulexwhg wr lqglylgxdov dffruglqj wr jlyhq

vkduhv/
�
= = = > � l> = = =

�
� 3/ vxfk wkdw

S
l
�l @ 41 Pruhryhu/ jlyhq vwdwh sulfhv/ d/ dw

hyhu| gdwh0hyhqw/ wkh vxp ri suhvhqw ydoxh wudqvihuv/
S

�5V�
d�k� / frqyhujhv1

Wudgh lq dvvhwv e| wkh sxeolf dxwkrulw| lv ghvfulehg e| sxeolf oldelolwlhv/ z/

d uhdo ydoxhg pds rq V / zlwk d jlyhq lqlwldo ydoxh/ z! @ �1 Wkh lqlwldo sxeolf

oldelolw|/ �/ fruuhvsrqgv wr lqlwldo qrplqdo fodlpv/
�
= = = > �l> = = =

�
/ ri lqglylgxdov/ wkdw
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PRQH\ DQG LQGHWHUPLQDF\ :

lv/ � @
S

l
�l1 Wr vlpsoli| wkh suhvhqwdwlrq/ dw qr orvv ri uhdolvp/ zh dvvxph wkdw

wkhuh lv d vwulfow| srvlwlyh lqlwldo sxeolf oldelolw|1

+O, Lqlwldo Sxeolf Oldelolw|1 Wkh lqlwldo sxeolf oldelolw|/ �/ lv vwulfwo| srvlwlyh1

Wkh sxeolf dxwkrulw| lv vxemhfw/ dw hyhu| gdwh0hyhqw/ wr d vhtxhqwldo exgjhw
frqvwudlqw/ �

u�

4 . u�

�
p� . d

�4

�

[
�5�.

d�z� @ z� . k� � s� � j�=

D sruwirolr srolf| vhwv sruwirolr frpsrvlwlrq/ exw qrw lwv pdjqlwxgh/ dw hyhu| gdwh0
hyhqw= lw lv uhsuhvhqwhg e| �/ d uhdo ydoxhg pds rq V / dqg lpsrvhv wkh dgglwlrqdo
uhvwulfwlrq wkdw +z� = � 5 �., ehorqj wr wkh vsdq ri +�� = � 5 �.,1

;

+S, Sruwirolr Srolf|1 Dw hyhu| gdwh0hyhqw/ wkh yhfwru +�� = � 5 �., lv srvlwlyh

dqg qrq0}hur1

Rxu uhsuhvhqwdwlrq ri sxeolf srolflhv lqfrusrudwhv d plqlpdo uhtxluhphqw ri frq0
vlvwhqf|1 Lqghhg/ duelwudulo| vhw srolflhv ghwhuplqh/ wkurxjk wkh vhtxhqwldo sxeolf
exgjhw frqvwudlqw/ wkh hyroxwlrq ri sxeolf oldelolwlhv/ iru doo jlyhq sulfhv dqg gh0
pdqgv ri edodqfhv1 Iru hyhu| gdwh0hyhqw/ �/ sxeolf oldelolw| dw hyhu| lpphgldwho|
iroorzlqj gdwh0hyhqw/ � / lv jlyhq e|

z� @

#
��S

�5�.
d���

$�
d�z� . d�k� � d�s� � j� �

�
u�

4 . u�

�
d�p�

�
=

Krzhyhu/ jlyhq srolflhv pljkw qrw vdwlvi| dq lqwhuwhpsrudo sxeolf exgjhw frqvwudlqw
dw doo sulfhv dqg dw doo ghpdqgv ri edodqfhv1

Uhpdun 5141 Frqvrolgdwhg exgjhw frqvwudlqwv duh frqvlvwhqw zlwk d vshfl�fdwlrq
ri pxwxdoo| lqghshqghqw prqhwdu| dqg �vfdo dxwkrulwlhv1 Vxssrvh wkdw y dqg x

uhsuhvhqw/ uhvshfwlyho|/ wkh oldelolwlhv ri wkh prqhwdu| dqg �vfdo dxwkrulwlhv1 Wkh

fhqwudo edqn lv dq lqvwlwxwlrq zklfk lvvxhv edodqfhv dqg uxqv edodqfhg dffrxqwv=

rxwvwdqglqj prqh|/ p/ lv pdwfkhg e| fodlpv rq lqglylgxdov ru wkh jryhuqphqw/

wkdw lv/ y @ 31 Wkh edqn lv rzqhg e| lqglylgxdov ru wkh jryhuqphqw dqg glvwulexwhv

glylghqgv/ g/ wr vkduh0kroghuv= wkh lpsrvlwlrq ri edodqfhg dffrxqwv lpsolhv/ dw hyhu|

gdwh0hyhqw/ wkdw �
u�

4 . u
�

�
p

�
@ g

�
=

Frqvlvwhqwo|/ wkh jryhuqphqw lv vxemhfw/ dw hyhu| gdwh0hyhqw/ wr d vhtxhqwldo exgjhw

frqvwudlqw/ #
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zkhuh
�
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�
� 3 dqg

�
4�

S
l
�l
�
� 3 duh/ uhvshfwlyho|/ wkh vkduhv ri lqgl0

ylgxdov dqg wkh jryhuqphqw lqwr wkh fhqwudo edqn1 �
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5191 Wkh frqvwudlqwv wkdw dq lqglylgxdo idfhv/ dw hyhu| gdwh0hyhqw/ duh d exgjhw

frqvwudlqw/

�
u�

4 . u�

�
pl

�
. d�4

�

[
�5�.

d
�
zl

�
. s

�
�
�
{l
�
� hl
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� zl

�
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�
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� jl>

d oltxlglw| frqvwudlqw/

s� �
�
{l
�
� hl

�

��
�pl

�
� 3>

dqg d vroyhqf| frqvwudlqw

�d�4
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4 . u�

�
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�
� zl

�
>

zkhuh lqlwldo qrplqdo fodlpv duh suhghwhuplqhg e| wkh frqglwlrq z
l

! @ �
l1 Lq wkh

exgjhw frqvwudlqw/ wkh qrplqdo lqwhuhvw udwh uhsuhvhqwv wkh rssruwxqlw| frvw ri
kroglqj zhdowk lq oltxlg irup1 Htxlydohqwo|/ khuh/ ri froohfwlqj surfhhgv ri vdohv
zlwk d rqh0shulrg odj1

Uhpdun 5151 Rxu frqvwudlqwv frlqflgh zlwk wkrvh ri Zrrgirug ^66` dqg/ lq d �0
qlwh krul}rq/ zlwk wkrvh ri Gxeh| dqg Jhdqdnrsorv ^48`1 Oltxlglw| frqvwudlqwv
fruuhvsrqg wr fdvk0lq0dgydqfh1 Dw hyhu| gdwh/ diwhu lqirupdwlrq lv dftxluhg/ �/ dq
lqglylgxdo kdv qrplqdo fodlpv zl

�/ uhfhlyhv d wudqvihu kl� dqg sd|v wd{hv s� � j
l
� 1 Kh

sxufkdvhv d sruwirolr/ zlwk sd|r�v
�
y
l
� = � 5 �.

�
/ dqg edodqfhv ql� vr dv wr vdwlvi|

wkh frqvwudlqw

q
l
� . d

�4
�

[

�5�.

d�y
l
� � z

l
� . k

l
� � s� � j

l
� =

Kh hpsor|v edodqfhv iru wkh sxufkdvh ri frpprglwlhv/ dffruglqj wr wkh frqvwudlqw

s� �
�
{
l
� � h

l
�

�.
� q

l
� � 3>

dqg uhfhlyhv edodqfhv iurp wkh vdoh ri jrrgv1 Wkh hqg ri shulrg dprxqw ri edodqfhv
lv/ wkhuhiruh/

p
l
� @ q

l
� � s� �

�
{
l
� � h

l
�

�.
. s� �

�
{
l
� � h

l
�

�
�

=

Dw wkh iroorzlqj gdwh/ diwhu lqirupdwlrq lv uhyhdohg/ � / qrplqdo fodlpv dprxqw wr
z
l
� @ y

l
� .p

l
� 1 �

Uhpdun 5161 Vroyhqf| frqvwudlqwv vhuyh wr holplqdwh Srq}l vfkhphv1 Wkh| duh
htxlydohqw wr wkh uhvwulfwlrq wkdw dq lqglylgxdo fdq lqfxu dq| dprxqw ri qrplqdo
ghew wkdw fdq eh uhsd|hg lq �qlwh wlph1 Wkh ydoxh ri wkh hqgrzphqw lq frpprglwlhv
dw d gdwh0hyhqw lv wd{hg dw wkh qrplqdo lqwhuhvw udwh/ vlqfh uhyhqxhv iurp vdohv duh
fduulhg ryhu lq wkh irup ri edodqfhv wkdw gr qrw hduq lqwhuhvw1 �

Iru dq lqglylgxdo/ d sodq frqvlvwv ri d frqvxpswlrq sodq/ {l/ edodqfhv/ pl/ dqg
dvvhw kroglqjv/ zl1 Wkh vhtxhqwldo exgjhw vhw lv wkh vhw ri doo frqvxpswlrq sodqv
zklfk vdwlvi| wkh vhtxhqwldo exgjhw/ oltxlglw| dqg vroyhqf| frqvwudlqwv/ iru vrph
edodqfhv dqg dvvhw kroglqjv/ jlyhq lqlwldo qrplqdo fodlpv1
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61 .`��,�Oi��6

Iru jlyhq prqhwdu| dqg �vfdo srolflhv/ dq htxloleulxp frqvlvwv ri sruwirolr dqg
wudqvihuv srolflhv/ sodqv iru lqglylgxdov/ sulfhv ri frpprglwlhv dqg vwdwh sulfhv +frq0
vlvwhqw zlwk vhw qrplqdo udwhv ri lqwhuhvw, vxfk wkdw= +d, wkh sodq ri hyhu| lqglylgxdo
lv rswlpdo vxemhfw wr vhtxhqwldo exgjhw/ oltxlglw| dqg vroyhqf| frqvwudlqwv/ jlyhq lql0
wldo qrplqdo fodlpv> +e, dw hyhu| gdwh0hyhqw/ pdunhw fohdulqj lv dfklhyhg lq pdunhwv
ri frpprglwlhv/

[

l

{l

�
@
[

l

hl
�
>

dqg dvvhwv/
[

l

zl

�
@ z� >

zkhuh sxeolf oldelolwlhv/ z/ vdwlvi| sxeolf vhtxhqwldo exgjhw frqvwudlqwv dw edodqfhv
ghpdqghg e| lqglylgxdov/ p @

S
l
pl/ jlyhq lqlwldo sxeolf oldelolw|1

71 �NAtN,�aB|�NA

Vlqfh wkh dvvhw pdunhw lv frpsohwh/ wkh vhtxhqfh ri exgjhw frqvwudlqwv idfhg e|
dq lqglylgxdo uhgxfhv wr d vlqjoh frqvwudlqw dw wkh lqlwldo gdwh0hyhqw1

Ohppd 7141 Dw htxloleulxp/ suhvhqw ydoxh sulfhv ri frpprglwlhv/ ds/ duh d vxp0

pdeoh uhdo ydoxhg pds rq V �Q 1

Dw htxloleulxp/ wkhuhiruh/ wkh lqwhuwhpsrudo exgjhw frqvwudlqw ri dq lqglylgxdo/
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lv zhoo0gh�qhg1

Ohppd 7151 Dw htxloleulxp/ d frqvxpswlrq sodq lv dwwdlqdeoh xqghu vhtxhqwldo

exgjhw/ oltxlglw| dqg vroyhqf| frqvwudlqwv li dqg rqo| li lw lv dwwdlqdeoh xqghu wkh

xqltxh lqwhuwhpsrudo exgjhw frqvwudlqw dqg vhtxhqwldo oltxlglw| frqvwudlqwv1 Rswl0

pdolw| ri d frqvxpswlrq sodq uhtxluhv wkdw wkh lqwhuwhpsrudo exgjhw frqvwudlqw eh

vdwlv�hg zlwk htxdolw| dqg/ dw hyhu| gdwh0hyhqw/�
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Wudqvyhuvdolw| frqglwlrq wdnhv wkh irup
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Dv wkh oltxlglw| frqvwudlqw lv elqglqj zkhqhyhu wkh qrplqdo udwh ri lqwhuhvw lv

srvlwlyh/ wkh lqwhuwhpsrudo exgjhw frqvwudlqw ri dq lqglylgxdo uhgxfhv wr
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zkhuh � @ ds duh suhvhqw ydoxh sulfhv ri frpprglwlhv/ d vxppdeoh srvlwlyh uhdo

ydoxhg pds rq V �Q 1 Dw htxloleulxp/ djjuhjdwlrq dfurvv lqglylgxdov |lhogv
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zklfk lv wkh lqwhuwhpsrudo sxeolf exgjhw cfrqvwudlqw*1 Lw lv fohdu wkdw vwdwh sulfhv

duh ri qr doorfdwlyh uhohydqfh/ xqohvv wudqvihuv srolf| lv duelwudulo| vhw1

81 .!�t|jAWj BAa $j|ji6�ABW+

Zh vxffhvvlyho| dgguhvv wkh lvvxhv ri h{lvwhqfh ri dq htxloleulxp/ ghwhuplqdf|

ri wkh ryhudoo sulfh ohyho dqg ghwhuplqdf| ri udwhv ri lq�dwlrq1 Lq surylqj h{lv0

whqfh ri dq htxloleulxp/ prqhwdu|/ �vfdo dqg/ srvvleo|/ sruwirolr srolflhv duh jlyhq

h{rjhqrxvo|/ zkhuhdv wudqvihuv srolflhv duh hqgrjhqrxv dqg/ srvvleo|/ vxemhfw wr

dgglwlrqdo uhvwulfwlrqv1 Wkh ghwhuplqdf| ri udwhv ri lq�dwlrq lv vwxglhg iru jlyhq

sruwirolr srolflhv/ vlqfh/ rwkhuzlvh/ d ixoo lqghwhuplqdf|/ xs wr frqvlvwhqf| zlwk vhw

qrplqdo udwhv ri lqwhuhvw/ dozd|v rewdlqv1

Lq dgglwlrq wr doo douhdg| vwdwhg k|srwkhvhv/ frqglwlrqv iru h{lvwhqfh ri dq htxl0

oleulxp duh glvwlqjxlvkhg dffruglqj wr wkhlu vshfl�f uroh1 Wkrvh iru sxeolf vroyhqf|

hqvxuh wkdw lqwhuwhpsrudo sxeolf exgjhw fdq eh edodqfhg/ dw wkh rxwvhw/ dw vrph

ryhudoo sulfh ohyho/ zkhq rqh uhvwulfwv wudqvihuv wr eh srvlwlyh ru rqh grhv qrw doorz

iru wudqvihuv dw doo1 Wkrvh iru sulydwh vroyhqf| jxdudqwhh wkdw hyhu| lqglylgxdo lv

deoh wr krqru wkh lqlwldo ghew zkhq wkh ryhudoo sulfh ohyho lv ydulhg vxemhfw wr sxeolf

vroyhqf|1 Ilqdoo|/ wkrvh iru sxeolf ghew frqvlvwhqf| hqvxuhv wkdw sxeolf vroyhqf|

rewdlqv vhtxhqwldoo|/ dw hyhu| gdwh0hyhqw/ xqghu jlyhq sruwirolr srolf|1

H{lvwhqfh uhtxluhv wkdw lqlwldo sxeolf oldelolw|/ zklfk lv qrplqdo/ eh fryhuhg e|

sxeolf uhyhqxhv/ frqvlvwlqj ri vhljqrudjh dqg wd{hv/ zklfk duh uhdo/ dqg/ srvvleo|/

qhjdwlyh wudqvihuv/ zklfk duh qrplqdo/
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Li qhjdwlyh wudqvihuv duh doorzhg/ wklv uhvwulfwlrq lv ydfxrxv= qhjdwlyh wudqvihuv

fdq dozd|v eh lvvxhg vr dv wr jxdudqwhh d edodqfhg lqwhuwhpsrudo exgjhw1 Zkhq

qhjdwlyh wudqvihuv duh qrw doorzhg/ xqghu vwulfwo| srvlwlyh/ exw rwkhuzlvh duelwudu|/

uhdo uhyhqxhv/ d vx�flhqwo| kljk sulfh ohyho shuplwv fryhulqj dq duelwudu| lqlwldo

oldelolw|1 Krzhyhu/ li wkhuh duh qr wd{hv/ sxeolf vroyhqf| uhtxluhv vhljqrudjh/ zklfk

pljkw idlo wr eh vwulfwo| srvlwlyh= frqvlvwhqwo|/ frqglwlrqv iru lqglylgxdov wr eh zloolqj

wr krog edodqfhv/ dw vhw vwulfwo| srvlwlyh qrplqdo udwhv ri lqwhuhvw/ duh wr eh h{solflwo|

frqvlghuhg1

Sxeolf Vroyhqf|1 Rqh ri wkh iroorzlqj frqglwlrqv krogv1

41 Qhjdwlyh wudqvihuv duh doorzhg1

51 Ilvfdo srolf| lv qrq0}hur1

61 Prqhwdu| srolf| lv vwulfwo| srvlwlyh dqg wudgh rffxuv dw htxloleulxp1

Wudgh dw htxloleulxp rffxuv zkhq jdlqv wr wudgh duh kljkhu wkdq wudqvdfwlrq

frvwv uhodwhg wr qrplqdo udwhv ri lqwhuhvw/ dv srlqwhg rxw e| Gxeh| dqg Jhdqdnrsorv

^47/ 48`1 Wkh lvvxh lv ixuwkhu lqyhvwljdwhg ehorz zkhq zh fduu| rxw d gxdolw| dqdo|vlv1
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Wudgh dw Htxloleulxp1 Wkhuh h{lvwv dq doorfdwlrq/
�
= = = > {l> = = =

�
/ zklfk Sduhwr

grplqdwhv wkh lqlwldo doorfdwlrq/
�
= = = > hl> = = =

�
/ dqg vdwlv�hv/ dw hyhu| gdwh0hyhqw/
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Vlqfh lqglylgxdov pd| krog lqlwldo qrplqdo ghewv/ sulydwh vroyhqf|/
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lv wr eh hqvxuhg e| d kljk hqrxjk ryhudoo sulfh ohyho1 Zkhq wudqvihuv duh lvvxhg/

lqwhuwhpsrudo sxeolf exgjhw fdq eh edodqfhg dw doo kljk hqrxjk sulfh ohyhov dqg/

wkhuhiruh/ sulydwh vroyhqf| fdq eh jxdudqwhhg1 Li wudqvihuv duh qrw lvvxhg/ krzhyhu/

wkh ryhudoo sulfh ohyho vhuyhv wr edodqfh lqwhuwhpsrudo sxeolf exgjhw dqg/ frqvh0

txhqwo|/ sulydwh vroyhqf| pljkw idlo zkhq wkhuh duh lqlwldo qrplqdo ghewv1

Sulydwh Vroyhqf|1 Rqh ri wkh iroorzlqj frqglwlrqv krogv1

41 Srvlwlyh wudqvihuv duh doorzhg1

51 Lqlwldo qrplqdo fodlpv ri lqglylgxdov duh srvlwlyh1

Dv wlph hyroyhv/ sxeolf oldelolwlhv duh ghwhuplqhg e| sruwirolr srolf|1 Wkh| duh

wr eh edodqfhg/ dw hyhu| gdwh0hyhqw/ e| sxeolf uhyhqxhv/
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Li qhjdwlyh wudqvihuv fdq eh lvvxhg/ wklv uhvwulfwlrq lv ydfxrxv1 Zkhq wudqvihuv fdq

rqo| eh srvlwlyh/ vlwxdwlrqv lq zklfk sxeolf uhdo uhyhqxhv ydqlvk pxvw eh uxohg rxw1

Li wudqvihuv duh qrw doorzhg/ lq dgglwlrq/ vlwxdwlrqv lq zklfk sxeolf oldelolwlhv ydqlvk

pxvw eh uxohg rxw dv zhoo1

Sxeolf Ghew Frqvlvwhqf|1 Rqh ri wkh iroorzlqj frqglwlrqv krogv1

41 Qhjdwlyh wudqvihuv duh doorzhg1

51 Srvlwlyh wudqvihuv duh doorzhg dqg �vfdo srolf| lv vwulfwo| srvlwlyh1

61 Sruwirolr dqg �vfdo srolflhv duh vwulfwo| srvlwlyh1

Htxloleulxp h{lvwv iru jlyhq prqhwdu| dqg �vfdo srolflhv zkhq sxeolf dqg sulydwh

vroyhqf| lv jxdudqwhhg1 Zlwk xquhvwulfwhg wudqvihuv srolf|/ vroyhqf| uhtxluhv qr

dgglwlrqdo frqglwlrqv1 Zlwk srvlwlyh wudqvihuv srolf| dqg zlwkrxw wudqvihuv srolf|/

sxeolf vroyhqf| uhtxluhv srvlwlyh sxeolf uhyhqxh/ hlwkhu wd{hv ru vhljqrudjh1 Lq

dgglwlrq/ zlwkrxw wudqvihuv srolf|/ sulydwh vroyhqf| lv rqo| jxdudqwhhg li wkhuh duh

qr lqlwldo sulydwh qrplqdo ghewv1 Iru jlyhq sruwirolr srolf|/ zlwk srvlwlyh wudqvihuv

srolf| dqg zlwkrxw wudqvihuv srolf|/ wkh h{lvwhqfh ri dq htxloleulxp pljkw idlo zkhq

sxeolf uhyhqxh lv qrw srvlwlyh dw hyhu| gdwh0hyhqw1

Sursrvlwlrq 814 +H{lvwhqfh,1 Iru jlyhq prqhwdu| dqg �vfdo srolflhv/ xqghu vro0

yhqf| frqglwlrqv/ dq htxloleulxp h{lvwv zlwk xquhvwulfwhg wudqvihuv srolf|/ zlwk srv0

lwlyh wudqvihuv srolf| dqg zlwkrxw wudqvihuv srolf|1 Iru jlyhq prqhwdu|/ �vfdo dqg

sruwirolr srolflhv/ xqghu vroyhqf| dqg sxeolf ghew frqvlvwhqf| frqglwlrqv/ dq htxl0

oleulxp h{lvwv zlwk xquhvwulfwhg wudqvihuv srolf|/ zlwk srvlwlyh wudqvihuv srolf| dqg

zlwkrxw wudqvihuv srolf|1
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Zlwk xquhvwulfwhg wudqvihuv srolf| dqg srvlwlyh wudqvihuv srolf|/ wkhuh lv lq idfw

d pxowlsolflw| ri htxloleuld/ fruuhvsrqglqj wr wkh ryhudoo sulfh ohyho/ xs wr d orzhu

erxqg dffrxqwlqj iru vroyhqf| ri lqglylgxdov dqg/ srvvleo|/ srvlwlylw| ri wudqvihuv1

Rqh pd| dovr dujxh wkdw/ jhqhulfdoo|/ li wudgh rffxuv/ vxfk d pxowlsolflw| lv ri uhdo

doorfdwlyh uhohydqfh1

Sursrvlwlrq 815 +Ryhudoo Sulfh Ohyho,1 Iru jlyhq prqhwdu|/ �vfdo dqg sruwirolr

srolflhv/ xqghu vroyhqf| dqg sxeolf ghew frqvlvwhqf| frqglwlrqv/ d pxowlsolflw| ri

htxloleuld h{lvwv zlwk xquhvwulfwhg wudqvihuv srolf| dqg zlwk srvlwlyh wudqvihuv srolf|1

Vxfk d pxowlsolflw| fdq eh lqgh{hg e| wkh ryhudoo sulfh ohyho/ xs wr d orzhu erxqg

zklfk jxdudqwhhv vroyhqf| ri hyhu| lqglylgxdo dqg/ li uhtxluhg/ srvlwlylw| ri wudqvihuv1

Xs wr frqvlvwhqf| zlwk qrplqdo udwhv ri lqwhuhvw/ vwdwh sulfhv/ ri qr doorfdwlyh

uhohydqfh/ duh lqghwhuplqdwh/ xqohvv wudqvihuv duh uxohg rxw dqg/ lq dgglwlrq/ wkh

sruwirolr srolf| lv jlyhq1 Zlwkrxw wudqvihuv/ dw hyhu| gdwh0hyhqw/ sruwirolr srolf|

lpsrvhv
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zkhuh doo whupv/ exw vwdwh sulfh/ duh suhghwhuplqhg/ wkxv dgglqj dgglwlrqdo uhvwulf0

wlrqv1 Li srvlwlyh wudqvihuv duh doorzhg/ lw rqo| uhtxluhv
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ohdylqj/ frqvhtxhqwo|/ vwdwh sulfhv sduwo| lqghwhuplqdwh1

Wkh lqghwhuplqdf| ri vwdwh sulfhv/ vxemhfw wr frqvlvwhqf| zlwk qrplqdo udwhv ri
lqwhuhvw/ wudqvodwhv lqwr dq lqghwhuplqdf| ri udwhv ri lq�dwlrq/ vxemhfw wr Ilvkhu
Htxdwlrqv1 Lqghhg/ jlyhq +vwulfwo| srvlwlyh, suhvhqw ydoxh sulfhv ri frpprglwlhv/ �/
rqh rewdlqv/ dw hyhu| gdwh0hyhqw/�
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Wkxv/ vwdwh sulfhv dffrxqw iru wkh yduldelolw| ri udwhv ri lq�dwlrq/ vxemhfw wr Ilvkhu
Htxdwlrqv/
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Sursrvlwlrq 816 +Udwhv ri Lq�dwlrq,1 Iru jlyhq prqhwdu|/ �vfdo dqg sruwirolr srol0

flhv/ zlwk xquhvwulfwhg wudqvihuv srolf| dqg zlwk srvlwlyh wudqvihuv srolf|/ vwdwh sulfhv

duh lqghwhuplqdwh/ xs wr frqvlvwhqf| zlwk qrplqdo udwhv ri lqwhuhvw dqg/ li uhtxluhg/

srvlwlylw| ri wudqvihuv1 Wkhvh duh lq�qlwho| pdq| ghjuhhv ri sxuho| qrplqdo pxo0

wlsolflw|/ fruuhvsrqglqj wr wkh yduldelolw| ri lq�dwlrq udwhv/ xs wr frqvlvwhqf| zlwk

Ilvkhu Htxdwlrqv dqg/ li uhtxluhg/ srvlwlylw| ri wudqvihuv1 Iru jlyhq prqhwdu|/ �vfdo

dqg sruwirolr srolflhv/ zlwkrxw wudqvihuv srolf|/ vwdwh sulfhv duh ghwhuplqdwh/ vxemhfw

wr vwulfw srvlwlylw| ri sxeolf oldelolwlhv1

Ghwhuplqdf| ri wkh ryhudoo sulfh ohyho dqg ri vwdwh sulfhv fruuhvsrqgv wr wkh �vfdo
wkhru| ri sulfh ghwhuplqdwlrq +h1j1/ Frfkudqh ^44` dqg Zrrgirug ^66/ 67`,1 Lw ehduv
vlplodulwlhv/ ixuwkhupruh/ zlwk wkh ghwhuplqdf| ri prqhwdu| htxloleuld rewdlqhg e|
Gxeh| dqg Jhdqdnrsorv ^48` xqghu jlyhq prqh| vxsso|/ vlqfh lw lv wkhuh htxlydohqw
wr d frqwuro rq wkh qrplqdo udwh ri lqwhuhvw1
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Qhlwkhu ri wkh Zhoiduh Wkhruhpv krogv lq d prqhwdu| hfrqrp| xqghu vwulfwo|
srvlwlyh qrplqdo udwhv ri lqwhuhvw= +d, htxloleulxp doorfdwlrqv/ lq jhqhudo/ idlo wr eh
Sduhwr h�flhqw> +e, Sduhwr h�flhqw doorfdwlrqv fdqqrw/ lq jhqhudo/ eh vxvwdlqhg dv
htxloleulxp doorfdwlrqv +wkrxjk wkh| fdq xqghu vxlwdeoh uhglvwulexwlrqv ri hqgrz0
phqwv ri frpprglwlhv,1 Pruh lpsruwdqwo|/ rqh fdq frqvwuxfw urexvw h{dpsohv ri
hfrqrplhv h{klelwlqj Sduhwr0udqnhg htxloleuld dw jlyhq qrplqdo udwhv ri lqwhuhvw1<

Wkh frqfhsw ri frqvwudlqhg h�flhqf| vxlwdeoh iru prqhwdu| hfrqrplhv lv qrw hyl0
ghqw1 Wkh qh{w vhfwlrq/ zklfk pd| eh vhhq dv d gljuhvvlrq/ lv ghyrwhg wr d uhodwhg
gxdolw| surshuw|1

:1 $�B,�|+

Zh fduu| rxw d gxdolw| dqdo|vlv xvlqj dq dx{loldu| qrwlrq ri vxssruwdelolw|1 Rqh
pd| eh lqwhuhvwhg lq vxfk dq dqdo|vlv iru wzr uhdvrqv= +d, lw doorzv xv wr surylgh d
fkdudfwhul}dwlrq ri htxloleuld zlwkrxw dq| h{solflw uhihuhqfh wr sulfhv> +e, lw jlyhv d
ehwwhu xqghuvwdqglqj ri wkh glvsodfhphqw iurp Sduhwr h�flhqf| fdxvhg e| oltxlglw|
frqvwudlqwv1 Wkurxjkrxw/ qrplqdo udwhv ri lqwhuhvw duh frqvlghuhg dv jlyhq dqg duh
erxqghg1

Dq doorfdwlrq/
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Lw lv vdlg wr eh vxssruwdeoh +uhvshfwlyho|/ zhdno| vxssruwdeoh, li lw lv qrw Sduhwr
grplqdwhg +uhvshfwlyho|/ zhdno| Sduhwr grplqdwhg, e| dq| doorfdwlrq/
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zklfk vdwlv�hv/ dw hyhu| gdwh0hyhqw/
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Qrwlfh wkdw vxssruwdelolw| lv gh�qhg iru jlyhq qrplqdo udwhv ri lqwhuhvw dqg hqgrz0
phqwv ri frpprglwlhv1 Wkh odwwhu vhhpv xqdyrlgdeoh li wkh qrwlrq lv wr eh vxlwdeoh
iru d gxdolw| dqdo|vlv1

Fohduo|/ hyhu| vxssruwdeoh ihdvleoh doorfdwlrq lv dovr zhdno| vxssruwdeoh1 Wkh
frqyhuvh lv wuxh dv zhoo vlqfh suhihuhqfhv duh frqwlqxrxv dqg vwulfwo| prqrwrqh1

Ohppd :141 D ihdvleoh doorfdwlrq lv vxssruwdeoh li dqg rqo| li lw lv zhdno| vxssruw0

deoh1 Pruhryhu/ lw lv vxssruwdeoh rqo| li/ dw hyhu| gdwh0hyhqw/[
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Zh qrz hvwdeolvk d yduldwlrq rq wkh Iluvw Zhoiduh Wkhruhp1

Sursrvlwlrq :14 +Iluvw cZhoiduh* Wkhruhp,1 Hyhu| htxloleulxp doorfdwlrq lv vxs0

sruwdeoh1
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Zh vd| wkdw suhvhqw ydoxh sulfhv ri frpprglwlhv/ �/ vxssruw d ihdvleoh doorfdwlrq/�
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Li dq doorfdwlrq lv vxssruwhg e| vrph suhvhqw ydoxh sulfhv ri frpprglwlhv/ frqvxps0
wlrq sodqv ri lqglylgxdov duh +zhdno|, rswlpdo dw wkrvh sulfhv1

Zh fdq qrz suhvhqw d irupxodwlrq ri wkh Vhfrqg Zhoiduh Wkhruhp1

Sursrvlwlrq :15 +Vhfrqg cZhoiduh* Wkhruhp,1 Hyhu| vxssruwdeoh ihdvleoh doorfd0

wlrq lv vxssruwhg e| vrph +qrq0}hur, suhvhqw ydoxh sulfhv ri frpprglwlhv1

Vxssruwdelolw| fdq eh lqwhusuhwhg dv wkh devhqfh ri uhwudglqj ehqh�wv li wudgh
zhuh sk|vlfdoo| frvwo|/ dv srlqwhg rxw e| Gxeh| dqg Jhdqdnrsorv +5334,1

Sursrvlwlrq :16 +Jdlqv wr Wudgh,1 Ohw
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orfdwlrq1 Wkhq lw lv qrw Sduhwr grplqdwhg e| dq| doorfdwlrq/
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D vxssruwdeoh ihdvleoh doorfdwlrq frlqflghv zlwk d Sduhwr0h�flhqw qr0wudgh door0
fdwlrq ri dq hfrqrp| zlwk uhglvwulexwhg lqlwldo hqgrzphqwv dqg d frvwo| wudglqj/
ru pdunhwlqj/ whfkqrorj|/ dv lq Iroh| ^4:`1 Lq vxfk dq hfrqrp|/ frpshwlwlyh �upv/
ru lqwhuphgldulhv/ surgxfh +qhw, wudghv dfurvv lqglylgxdov xvlqj d olqhdu whfkqrorj|/
zklfk lqyroyhv vrph ghvwuxfwlrq ri uhvrxufhv +lq rxu fdvhv/ vxfk frvwv fruuhvsrqgv
wr oltxlglw| frvwv,1 Lw vkrxog eh fohdu/ krzhyhu/ wkdw dq htxloleulxp doorfdwlrq grhv
qrw/ lq jhqhudo/ fruuhvsrqg wr d Sduhwr h�flhqw doorfdwlrq ri dq hfrqrp| zkhuh
wudqvdfwlrqv lqyroyh uhdo frvwv/ vlqfh oltxlglw| frvwv kdyh lq idfw qr uhdo frxqwhu0
sduw1

;1 �N66jA|t

;141 Rxu dssurdfk jhqhudol}hv wkh uhsuhvhqwdwlyh0lqglylgxdo fdvk0lq0dgydqfh hfrq0

rp| wr d wuxh htxloleulxp vhwwlqj zlwk khwhurjhqhrxv lqglylgxdov dqg vhtxhqwldo

wudgh1 Lw surylghv d surplvlqj dowhuqdwlyh wr ryhuodsslqj jhqhudwlrqv hfrqrplhv

dqg wkh vhoi0lqvxudqfh hfrqrp| ri Ehzoh| ^8` iru dgguhvvlqj lvvxhv ri prqhwdu|

wkhru| dqg pdfurhfrqrplfv1

D vlpsoh Forzhu frqvwudlqw fdswxuhv wkh wudqvdfwlrq uroh ri prqh|143 Zh vkrz

wkh h{lvwhqfh ri d frpshwlwlyh htxloleulxp zkhq d prqhwdu| dxwkrulw| vhwv qrplqdo

udwhv ri lqwhuhvw xqghu wkh dvvxpswlrq ri d vhtxhqwldoo| frpsohwh dvvhw pdunhw1

Ixuwkhu uhvhdufk lv wr eh ghyrwhg wr wkh lvvxh ri h{lvwhqfh xqghu wkh frqwuro ri

prqhwdu| txdqwlwlhv1 Ixuwkhupruh/ dvvhw pdunhw lqfrpsohwhqhvv dqg lqfrpsohwh

lqirupdwlrq duh uhohydqw lvvxhv wr eh h{soruhg1 D pdmru gl�fxow| hphujhv/ lw vkrxog

eh qrwlfhg/ zkhq rqh lqwurgxfhv pdunhwv iru frqwlqjhqw frpprglwlhv/ uhdo dvvhwv

dqg/ lq jhqhudo/ dq| frqwudfwxdo duudqjhphqw lqyroylqj wkh gholyhu| ri frpprglwlhv1
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;151 Rxu Sursrvlwlrqv 815 dqg 816 srlqw wr olplwhg uhohydqfh ri wkh �vfdo wkhru|

ri wkh sulfh ohyho +Zrrgirug ^66/ 67` dqg Frfkudqh ^44`,/ jlyhq wkdw vxusoxv glv0

srvdelolw| +wkdw lv/ sxeolf exgjhw vxusoxv fdq eh glvwulexwhg wr lqglylgxdov wkurxjk

wudqvihuv, lv dq lqqrfxrxv dvvxpswlrq1

;161 Lq dq hfrqrp| zlwk khwhurjhqhrxv lqglylgxdov/ wkh rffxuuhqfh ri vxqvsrw

�xfwxdwlrqv qhhg qrw eh uhodwhg wr lqghwhuplqdf|1 Xqghu lqwhuhvw udwh shjjlqj/

h{wulqvlf xqfhuwdlqw| pljkw vwloo d�hfw wkh uhdo doorfdwlrq ri uhvrxufhv dw htxloleulxp

hyhq wkrxjk qrplqdo udwhv ri lqwhuhvw duh qrw frqwlqjhqw dw doo144 Qrplqdo udwhv ri

lqwhuhvw sxw erxqgv rq wkh yduldelolw| ri frqvxpswlrqv dfurvv vxqvsrw vwdwhv1
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Wkh vroyhqf| frqvwudlqw dw hyhu| gdwh0hyhqw/ wkhq/ lpsolhv
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Rxwolqh1 Wkh surri lv rujdql}hg dv iroorzv1 Iluvw/ zh vkrz wkdw/ dw htxloleulxp/
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Wuxqfdwlrq1 Vxssrvh wkdw doo yhfwru vsdfhv duh �qlwh0glphqvlrqdo/ zklfk fruuh0

vsrqgv wr d wuxqfdwhg hfrqrp|1 Zh vkrz wkdw dq devwudfw htxloleulxp h{lvwv iru

vrph wudqvihu � zkhq lqglylgxdov srvvleo| krog lqlwldo ghew srvlwlrqv1 Fkrrvh dq|

srvlwlyh � vpdoo hqrxjk iru qrqhpsw|qhvv ri wkh exgjhw frqvwudlqw ri hyhu| lqglylg0
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h{lvwv iru doo duelwudulo| fkrvhq srvlwlyh �/ doorzlqj iru � @ 31
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Olplw1 Iru d yhfwru/ {/ lq c
4
+V �Q , +c4 +V �Q ,,/ ohw {w ghqrwh lwv wuxqfdwlrq dw
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Qrwlfh wkdw/ dorqj wkh vhtxhqfh/ rqh frqwurov hlwkhu iru �w ru iru �w/ dv pdgh fohdu e|

wkh surri ri h{lvwhqfh ri devwudfw htxloleuld lq wuxqfdwhg hfrqrplhv1 Ixuwkhupruh/

lq hyhu| wuxqfdwhg hfrqrp|/
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Wklv/ lqghhg/ iroorzv iurp lqwhulrulw| dvvxpswlrqv dqg erxqghgqhvv ri qrplqdo udwhv

ri lqwhuhvw1 Zh uhihu wr vxfk lqhtxdolwlhv dv vroyhqf| frqglwlrqv1
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�w dqg *w fdq eh ylhzhg dv hohphqwv ri ed +V �Q ,/ wkh qrup gxdo ri c
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frqvlvwlqj ri doo �qlwho| dgglwlyh vhw ixqfwlrqv rq V�Q dqg hqgrzhg zlwk wkh qrup

n�n
ed
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4
, ghqrwh wkh zhdn� wrsrorj| ri

ed +V �Q ,1 Vlqfh

n*wn4 @ n*wned � n�wned @ n�wn4 @ 4

dqg vlqfh/ e| Dodrjox Wkhruhp/ wkh xqlw vskhuh lq ed +V �Q , lv � +ed> c
4
, frpsdfw/

zlwkrxw orvv ri jhqhudolw|/ i�wj dqg i*wj frqyhujh wr � dqg */ uhvshfwlyho|/ lq wkh

� +ed> c
4
, wrsrorj|1 Pruhryhu/ erwk � dqg */ dv zhoo dv ��*/ duh srvlwlyh hohphqwv

ri ed +V �Q , dqg 3 ? n*n
ed
� n�n

ed
@ 41

E| W|fkrqry Wkhruhp/ zlwkrxw orvv ri jhqhudolw|/ hyhu|
�
{l
w

�
frqyhujhv wr {l

lq wkh surgxfw wrsrorj|1 Vlqfh wkh surgxfw dqg wkh Pdfnh| wrsrorj| frlqflgh rq

qrup0erxqghg vxevhwv ri c
4
+V �Q ,/ lw iroorzv wkdw hyhu|

�
{l
w

�
frqyhujhv wr {l lq

wkh Pdfnh| wrsrorj|1

Dv vhtxhqfhv i�wj dqg i�wj fdq eh dvvxphg wr eh erxqghg/ zlwkrxw orvv ri

jhqhudolw|/ wkh| frqyhujh wr � dqg �/ uhvshfwlyho|1 Gh�qlqj �l @ �
�
�l . � l�

�
/ lw

iroorzv wkdw hyhu| �l
w frqyhujhv wr �l1

Wkh surri/ zklfk lv suhvhqwhg lq d vhtxhqfh ri vwhsv/ xvhv vwdqgdug dujxphqwv1

41 Ghfrpsrvlwlrq1 Vlqfh � +*, lv d srvlwlyh olqhdu ixqfwlrqdo/ lw iroorzv iurp \rvlgd0

Khzlww Wkhruhp wkdw wkhuh lv d xqltxh ghfrpsrvlwlrq � @ �i . �e +* @ *i . *e,/

zkhuh �i +*i , lv d srvlwlyh ixqfwlrqdo lq c4 +V �Q ,/ wkh Pdfnh|0wrsrorj| gxdo

ri c
4
+V �Q ,/ dqg �e +*e, lv d srvlwlyh �qlwho| dgglwlyh phdvxuh +d sxuh fkdujh,

ydqlvklqj rq doo yhfwruv kdylqj rqo| d �qlwh qxpehu ri qrq0}hur frpsrqhqwv1

51 }l �l {l
lpsolhv

� � jl . � �
�
}l � hl

�.
� �l . * �

�
}l � hl

�
�

=



PRQH\ DQG LQGHWHUPLQDF\ 54
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+d,1 Dorqj wkh vhtxhqfh ri devwudfw htxloleuld ri wuxqfdwhg hfrqrplhv/ rqh fdq
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