
Devwudfw

Wkh lpsdfw ri prqh| vxsso| rq wkh uhdo yduldeohv dqg rq xwlolw| lv dq lpsru0
wdqw txhvwlrq lq prqhwdu| hfrqrplfv1 Prvw suhylrxv zrunv vwxg| wklv lpsdfw
lq uhsuhvhqwdwlyh djhqw hfrqrplhv/ riwhq xqghu shuihfw iruhvljkw1 Zlwk vxfk
d iudphzrun/ krzhyhu/ wkh xvh ri �dw prqh| dv d phglxp ri h{fkdqjh fdqqrw
eh hqgrjhqrxvo| h{sodlqhg1 Wklv sdshu/ e| frqwudvw/ frqvlghuv dq hfrqrp|
zkhuh �dw prqh| lv lqwulqvlfdoo| qhfhvvdu| iru h{fkdqjh/ gxh wr wkh orfdo
vwuxfwxuh ri lqwhudfwlrq dprqj djhqwv1 Lw lqyhvwljdwhv wkh wudqvlwru| dqg
shupdqhqw lpsdfw ri orfdo ru joredo lqmhfwlrqv ri prqh| rq wkh g|qdplfv ri
surgxfhg txdqwlwlhv dqg h{fkdqjhg txdqwlwlhv/ sulfhv/ dqg lqglylgxdo zhoiduh/
dqg wkh phfkdqlvpv wkdw h{sodlq wklv hyroxwlrq1 Ixuwkhupruh/ lw h{dplqhv
wkh lpsdfw ri uhdo wd{dwlrq rq wkh deryh0phqwlrqqhg yduldeohv1

Nh|zrugv= hfrqrplfv/ vsdwldoo| gl�huhqwldwhg djhqwv/ �dw prqh|/ gh0
fhqwudol}hg h{fkdqjh/ prqhwdu| jurzwk/ glvwulexwlrq/ wd{dwlrq1





Uhdo wd{dwlrq dqg surgxfwlrq lq d prqhwdu|
hfrqrp| zlwk vsdwldoo| gl�huhqwldwhg djhqwv

Shwld Pdqroryd
Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlwì gh od Phglwhuudqìh/ dqg
JUHTDP/ XPU FQUV 98:</ Fhqwuh gh od Ylhlooh Fkdulwì/

5 uxh gh od Fkdulwì/ 46335 Pduvhlooh/ Iudqfh

Fkduohv Odl Wrqj
FHIL/ XPU FQUV 9459/ Fkåwhdx Od Idujh/
Urxwh ghv Ploohv/ 465<3 Ohv Ploohv/ Iudqfh

Fkulvwrskh Ghlvvhqehuj
Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlwì gh od Phglwhuudqìh/ dqg

JUHTDP/ XPU FQUV 98:</ Fkåwhdx Od Idujh/
Urxwh ghv Ploohv/ 465<3 Ohv Ploohv/ Iudqfh

Mxo| 46/ 5336
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4 Lqwurgxfwlrq

Vwdqgdug hfrqrplfv duh xqdeoh wr h{sodlq/ dqg lq idfw qhjdwh/ zkdw pljkw
sulpd idflhv eh frqvlghuhg wkh prvw xeltxlwrxv hfrqrplf skhqrphqrq= Wkh
xvh ri lqwulqvlfdoo| xvhohvv prqh| +wkdw lv/ ri �dw prqh|, lq h{fkdqjh1 Lqghhg/
wkh pdlqvwd| ri hfrqrplfv/ jhqhudo htxloleulxp wkhru|/ srvwxodwhv dq dqrq|0
prxv/ joredo/ dqg dwhpsrudo pdunhw1 Rq wklv pdunhw/ doo lqglylgxdo ex| dqg
vhoo ghflvlrqv duh lqvwdqwdqhrxvo| frruglqdwhg e| vrph devwudfw phfkdqlvp
zklfk lv dvvxphg wr jxdudqwhh fhuwdlq h!flhqf| frqglwlrqv/ exw uhpdlqv rwk0
huzlvh xqvshfl�hg1 Wkh rqo| hohphqwv ri lqirupdwlrq xvhg e| wkh hfrqrplf
djhqwv duh wkhlu rzq sulplwlyhv +suhihuhqfhv/ hqgrzphqwv/ hwf1, dqg wkh uhod0
wlyh +qrw wkh devroxwh, pdunhw sulfhv � zkhuhe| wkh odwwhu h!flhqwo| srro wkh
hqwluh vhw ri wkh lqglylgxdo sulplwlyhv1 Vlqfh hyhu| djhqw vlpxowdqhrxvo| idfhv
doo rwkhuv/ dq| h{fkdqjh fdq lq sulqflsoh eh frqgxfwhg dv d eduwhu1 Pruhryhu/
hyhq li prqh| zdv xvhg iru h{fkdqjh iru vrph xqvshfl�hg uhdvrq/ lwv txdqwlw|
zrxog qrw d�hfw wkh uhodwlyh sulfhv dqg wkxv wkh uhdo txdqwlwlhv1

Lq uhdolw|/ krzhyhu/ prqh| lv d hvvhqwldoo| uhodwhg wr wkh vsdwldo dqg g|0
qdplf fkdudfwhu ri wkh h{fkdqjh surfhvv1 Uhdo djhqwv pdnh wudqvdfwlrqv
orfdoo| dqg vhtxhqwldoo|1 Prqh| wkhq idflolwdwhv pxwxdoo| ehqh�fldo wudqv0
dfwlrqv lq wkh devhqfh ri grxeoh frlqflghqfh ri zdqwv/ wkdw lv/ lq vlwxdwlrqv
zkhuh wkh ex|lqj djhqw lv xqdeoh wr surylgh wkh jrrgv wkh vhoolqj djhqw zdqwv
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lq uhwxuq/ ^4`/ ^5`1 Lw vwruhv ydoxh ehwzhhq vxevhtxhqw wudqvdfwlrqv1 Dovr/
wkhuh lv vwurqj hpslulfdo hylghqfh wkdw fkdqjhv lq wkh txdqwlw| ri prqh| gr
lqghhg d�hfw uhdo ydoxhv/ dw ohdvw rq wkh vkruw whup/ vhh h1j1 ^6`1 Wkxv/ lq wkh
uhdo zruog/ prqh| lv qhhghg iru d vdwlvidfwru| ixqfwlrqlqj ri wkh hfrqrp|/
dqg fkdqjhv lq wkh txdqwlw| ri prqh| pd| d�hfw wklv ixqfwlrqlqj1

Wr h{sodlq wkh xvh ri lqwulqvlfdoo| xvhohvv prqh| lq sd|phqwv iru frp0
prglwlhv dqg wr �qho| dqdo|}h wkh hfrqrplf lpsolfdwlrqv ri fkdqjhv lq wkh
txdqwlw| ri prqh|/ prghov duh wkhuhiruh uhtxluhg wkdw wdnh lqwr dffrxqw uh0
vwulfwlrqv rq wkh rshudwlrq ri pdunhwv/ vxfk dv olplwhg lqirupdwlrq dqg2ru
frppxqlfdwlrq/ olplwhg pdunhw sduwlflsdwlrq/ vsdwldo vhsdudwlrq dqg orfdo
lqwhudfwlrq ^7`1 Lq ^8`/ zh suhvhqwhg d eduh0erqhv yhuvlrq ri d prgho zlwk
vsdwldoo| gl�huhqwldwhg djhqwv zkr h{fkdqjh rqo| zlwk wkhlu gluhfw qhljk0
eruv/ dqg xvh rqo| wkh orfdo lqirupdwlrq gluhfwo| jhqhudwhg e| wkh h{fkdqjhv
wr irup wkhlu ghflvlrqv1 Vxfk prghov duh idluo| uduh lq wkh olwhudwxuh � vhh
deryh doo ^9`/ ^:` / ^;`/ ^7`1 Wr mxvwli| wkh xvh ri �dw prqh|/ wkhvh prghov w|s0
lfdoo| dvvxuh dq devhqfh ri grxeoh frlqflghqfh ri zdqwv e| pdnlqj vshfl�f
dvvxpswlrqv rq zklfk jrrgv wkh lqglylgxdo djhqwv zdqw wr ex| uhvshfwlyho|
vhoo1 Lq ^8`/ e| frqwudvw/ hyhu| djhqw zdqwv wr frqvxph doo jrrgv1 Lw lv hvvhq0
wldoo| wkh vsdwldo vwuxfwxuh ri wudgh wkdw lqvxuhv wkdw eduwhu ru qrq0wudgdeoh
LRXv duh lpsrvvleoh1 Pruhryhu/ wkh hpskdvlv lv rq wkh g|qdplf surshuwlhv
ri wkh prgho xqghu fkdqjhv lq wkh txdqwlw| dqg glvwulexwlrq ri prqh|/ udwkhu

5



wkdq rq wkh h{lvwhqfh dqg h!flhqf| surshuwlhv ri wkh htxloleulxp1 Wklv lv
dovr wkh fdvh zlwk wkh suhvhqw prgho zklfk/ krzhyhu/ dvvxphv wkdw dq djhqw
grhv qrw frqvxph ru ex| wkh jrrg lw surgxfhv1 Pruh fuxfldoo|/ lq wkh fxuuhqw
sdshu zh vljql�fdqwo| h{whqg wkh dqdo|vlv lq ^8` e| dvvxplqj wkdw wkh djhqwv
pd{lpl}h wkhlu xwlolw| qrw rqo| zlwk uhvshfw wr wkhlu frqvxpswlrq/ exw dovr
zlwk uhvshfw wr wkhlu +frvwo|, surgxfwlrq ghflvlrqv1 Olnhzlvh fuxfldoo|/ zh
lqyhvwljdwh khuh wkh srvvleoh lpsdfw rq wkh hfrqrp| ri d jryhuqphqw wkdw
xvhv prqh| fuhdwlrq wr glyhuw h{rjhqrxvo| jlyhq uhdo txdqwlwlhv ri jrrg iurp
wkh sulydwh vhfwru1

5 Wkh prgho

514 Djhqwv/ jrrgv/ dqg suhihuhqfhv

Lq wklv sdshu/ orzhu0fdvh ohwwhuv ghvljqdwh vfdoduv/ zkloh fdslwdov ghvljqdwh q0
yhfwruv1 Pruh vshfl�fdoo|/ d fdslwdo ohwwhu lqgh{hg e| l ghvljqdwh d q�yhfwru
zlwk lwv l0wk frruglqdwh htxdo wr 31 Wkxv/ S �� lv wkh q�yhfwru +s �� E��> s �� E2�> ===> s �� El�
��> f> s � El n ��> ====> s � Eq��/ dqg vlploduo| iru doo rwkhu fdslwdo ohwwhuv/ zlwk wkh
h{fhswlrq ri [ �� � Ef> ===> f> { �� > f> ===> f� = D wlogh ryhu d yduldeoh lv xvhg wr
ghvljqdwh dq h{shfwhg ydoxh1

Zh frqvlghu dq hfrqrp| zlwk q djhqwv l> l ' �> ===> q> dqg q jrrgv m> m '
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�> ===> q/ zkhuh q A 2/ dqg zlwk glvfuhwh wlph w ' f> �> 2> === 1 Wkh jrrgv duh
wudgdeoh exw shulvkdeoh dqg qrq0gxudeoh lq wkh iroorzlqj vhqvh1 Wkh| fdq eh
h{fkdqjhg dprqj djhqwv dq lq�qlwh qxpehu ri wlphv/ zlwkrxw dowhudwlrq ru
frvwv1 Krzhyhu/ wkh| fdqqrw eh vwruhg= Dw dq| jlyhq w> wkh jrrgv pxvw eh
hlwkhu frqvxphg e| wkh djhqw wkdw krogv wkhp/ ru kdqghg ryhu wr dqrwkhu
djhqw1 Frqvxpswlrq ri d jrrg lv wkh rqo| vrxufh ri xwlolw|/ exw ohdgv wr lwv
sk|vlfdo ghvwuxfwlrq1 Zh dvvxph wkdw djhqw l dqg rqo| djhqw l surgxfhv jrrg
l= Krzhyhu/ djhqw l qhyhu ex|v qru frqvxphv jrrg l= Surgxfwlrq ri d jrrg
ghfuhdvhv wkh xwlolw| ri wkh surgxfhu1

Lq hdfk shulrg w ' f> �> 2> ===> hdfk djhqw l surgxfhv d txdqwlw| { �� ri jrrg l
dqg frqvxphv d jrrg edvnhwF �� ' Ef �� E��> f �� E2�> ===> f �� El� ��> f> f �� Eln ��> ===> f �� Eq��/
zkhuh wkh m � wk frruglqdwh ri F �� > wkdw lv f �� Em�> ghvljqdwhv wkh frqvxps0
wlrq ri jrrg m e| djhqw l lq shulrg w1 Wkh djhqw fkrrvhv { �� dqg F �� lq
rughu wr pd{lpl}h lwv xwlolw| y �� ryhu wkh wzr0shulrgv w dqg w n �/ zkhuh y ��

lv wkh xqglvfrxqwhg vxp ri wkh lqvwdqwdqhrxv xwlolwlhv x �� ' x �� EF �� > { �� � dqg
x ������ ' x ������ �F ������ > { ������ � uhdol}hg e| frqvxplqj lq w dqg w n � wkh jrrg edv0
nhwv F �� dqg F ������ uhvshfwlyho|> ohvv wkh glvxwlolw| fdxvhg e| surgxflqj jrrg
l=

y �� ' x �� �F �� > { �� �n x ������ �F ������ > { ������ � = +4,
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Wkh lqvwdqwdqhrxv xwlolw| ixqfwlrqv x �� E�� duh dvvxphg wr eh wlph0lqghshqghqw
dqg wkh vdph iru doo djhqwv= x �� E�� ' x E�� ;l dqg w1 Zh uhtxluh wkdw wkh
ixqfwlrq x eh lqfuhdvlqj lq hdfk f � Em�> m 9' l> ghfuhdvlqj lq { � > dqg vxfk wkdw
olp ���	�
 ��
���� dCx �� EF �� � @Cf �� Em�o ' 4 ;m 9' l1 Wklv odvw frqglwlrq jxdudqwhhv
wkdw lq dq| shulrg dq djhqw zloo qrw frqfhqwudwh lwv frqvxpswlrq rq d vlqjoh
shulrg ru/ zlwklq d jlyhq shulrg/ rq d vxevhw ri jrrgv/ exw zloo vsuhdg lw ryhu
wlph dqg ryhu doo q� � jrrgv lw frqvxphv1 Dv d frqvhtxhqfh/ dq djhqw zloo
qhyhu vhoo lwv hqwluh fxuuhqw hqgrzphqw ri d jrrg m> m 9' l1

515 H{fkdqjh vwuxfwxuh

Lq rxu hfrqrp|/ wkh djhqwv duh orfdwhg rq d flufoh/ zlwk +orrnlqj wrzdugv wkh
rxwvlgh ri wkh flufoh, djhqw l rq wkh uljkw ri djhqw l � � dqg rq wkh ohiw ri
djhqw l n �1 Zh dvvxph d zudsdurxqg wrsrorj|1 Wkdw lv/ djhqw q kdv djhqw
q� � dv ohiw dqg djhqw � dv uljkw qhljkeru/ vhh Iljxuh �1

Djhqwv lqwhudfw +wkdw lv/ h{fkdqjh jrrgv dqg prqh|, rqh zlwk wkh rwkhu
vhtxhqwldoo|1 Iluvw/ djhqw � lqwhudfwv zlwk djhqw 2/ wkhq djhqw 2 zlwk djhqw
�/111/ wkhq djhqw q zlwk djhqw �> hwf1 Wkh qxpehu ri lqwhudfwlrqv ehwzhhq
djhqwv lv xqolplwhg � wkh flufoh lv iroorzhg forfnzlvh dq lq�qlwh qxpehu ri
wlphv1 Zh vd| wkdw wkhuh lv dq xqolplwhg qxpehu ri h{fkdqjh f|fohv ri ohqjwk
q= Zlwklq dq h{fkdqjh f|foh/ hdfk djhqw l lqwhudfwv zlwk wzr rwkhu djhqwv/
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Iljxuh 4= Wkh h{fkdqjh vwuxfwxuh

qdpho|/ �uvw zlwk lwv ohiw qhljkeru l � �/ wkhq zlwk lwv uljkw qhljkeru l n �=
Wklv grlqj/ wkh djhqwv dfw dv sulfh0wdnhuv= Wkh| dvvxph wkdw wkh revhuyhg
sulfhv duh qrw lq xhqfhg e| wkhlu rzq ex|2vhoo ghflvlrqv1 Wkh sulfh0wdnlqj
k|srwkhvlv fdq eh mxvwl�hg e| dvvxplqj wkdw wkh djhqwv duh qrw vlqjoh lq0
glylgxdov/ exw lghdol}dwlrqv ri +orfdo, frpshwlwlyh pdunhwv1 Wkh lqwhudfwlrq
vwuxfwxuh lv dv iroorzv1

Zkhq lw lqwhudfwv zlwk djhqw l� �/ djhqw l G

41 Lqlwldoo| kdv d txdqwlw| p ������ ri prqh|/ exw qr jrrgv=

51 Sxufkdvhv iurp djhqw l � � d yhfwru ri jrrgv \ �� dw sulfh S �� zlwk wkh
lqwhqwlrq wr +d, surgxfh �[ �� ' Ef> ===> f> �{ �� > f> ===> f� ( +e, uhvhoo sduw �\ �� ���
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ri wkh yhfwru \ �� n �[ �� wr djhqw l n �/ dw wkh h{shfwhg sulfhv � �S �� ��� >
wkxv uhdol}lqj dq h{shfwhg prqhwdu| lqfrph �p �� ' �\ �� ��� � �S �� ��� > zkhuh
�| �� ��� El� ' { �� > +f, frqvxph wkh jrrgv �F �� h{shfwhg wr uhpdlq lq lwv srv0
vhvvlrq> dqg +g, xvh/ rqh shulrg odwhu/ wkh prqhwdu| edodqfh �p �� wr ex|
iurp djhqw l�� d yhfwru ri jrrgv �\ ������ dw wkh h{shfwhg sulfh � �S ������ / dqg
wr frqvxph wkhvh jrrgv= Wkxv/ wkh ghpdqg ri djhqw l iru jrrgv khog
e| djhqw l� �> � \ �� ' � \ �� Ep ������ > S �� > �� lv wkh vroxwlrq ri wkh sureohp=

y �� ' x ��
� �F �� > �{ ��

�

n 7x ������
�

� �S ������ > �p �� > { ������
�

� � �����	�� � �$ 4@ ! �	#" $� �	 +5,

v1w1 S �� \ �� � p �%���� > \ �� � f> �{ �� � f> +6,

\ �� n �[ �� � �F �� � f> �p �� ' � �S �� ���
�

\ �� n �[ �� � �F ��
�

> +7,

zlwk/ dffruglqj wr wkh sulfh0wdnlqj k|srwkhvlv/ wkh uhdol}hg sulfh S �� lv dv0
vxphg e| wkh djhqw wr eh d sdudphwhu lqghshqghqw ri lwv ghflvlrqv/ dqg
zkhuh 7x lv wkh lqgluhfw xwlolw| ixqfwlrq dvvrfldwhg wr x1 Lq +5,/ wkh lqgluhfw
xwlolw| ixqfwlrq 7x ������ lv hydoxdwhg dw { ������ ' f vlqfh wkh whpsrudo vwuxfwxuh
gh�qhg e| 41051 lpsolhv wkdw surgxfwlrq vhuyhv rqo| wr jhqhudwh lqfrph wkdw

:



zloo eh xvhg wr ex| frqvxpswlrq jrrgv rqh shulrg odwhu1 Wrjhwkhu zlwk wkh
dvvxpswlrqv ri d wzr0shulrgv uhyroylqj sodqlqj krul}rq/ wklv phdqv wkdw/ vhhq
iurp shulrg w> wkh rswlpdo surgxfwlrq lq wn� lv dozd|v { ������ ' f= Qrwlfh wkdw/
xqghu wkh dvvxpswlrq pdgh rq x/ wkh �uvw lqhtxdolw| iurp wkh ohiw lq +6, zloo
dozd|v eh vdwxudwhg dw wkh rswlpxp1

Iroorzlqj wkh sxufkdvh ri \ �� iurp djhqw l � �/ djhqw l lqwhudfwv zlwk
djhqw l n �1 Grlqj vr/ djhqw l G

61 Lqlwldoo| kdv qr prqh|/ exw d edvnhw ri jrrgv \ �� � f(

71 Surgxfhv wkh rxwsxw [ �� / lqfuhdvlqj lwv edvnhw wr \ �� n[ �� > dqg vhoov wr
djhqw l n � d yhfwru ri jrrgv \ �� ��� dw sulfh S �� �&� > zlwk wkh lqwhqwlrq wr
+d, frqvxph lpphgldwho| wkh jrrgv uhpdlqlqj lq lwv srvvhvvlrq/ F �� '
\ �� n[ �� � \ �� ��� ( +e, xvh lq w n � wkh uhvxowlqj prqhwdu| lqfrph p �� '
S �� ��� \ �� ��� wr ex| iurp djhqw l� � dw wkh h{shfwhg sulfh �'� �S ������ d edvnhw
ri jrrgv �\ ������ ' �\ ������ E �'� �S ������ > p �� �( dqg +f, wr frqvxph wklv edvnhw1
Wkxv/ wkh vxsso| ixqfwlrq ri djhqw l zkhq vhoolqj wr djhqw ln�> � \ �� ��� '
� \ �� ��� E\ �� n[ � > S �� ��� > �� lv wkh vroxwlrq ri wkh sureohp=

y �� ' x �� ��\ �� n[ �� � \ �� ��� � > { �� �n7x ������
�

�'� �S ������ > p �� > { ������
�

� � ���(�	�� � $ 4@ ! �	 ���
+8,

;



v1w1 p �� ' S �� ��� \ �� ��� > \ �� n[ �� � \ �� ��� � f> \ �� ��� � f= +9,

zlwk wkh uhdol}hg sulfh S �� ��� dvvxphg e| wkh djhqw wr eh lqghshqghqw iurp
lwv ghflvlrqv1 Wkh ixqfwlrq 7x ������ lv hydoxdwhg dw { ������ ' f lq +8, iru wkh vdph
uhdvrqv dv ehiruh1

Qrwh wkdw/ vlqfh dq djhqw grhv qrw frqvxph wkh jrrg lw surgxfhv/ dqg
vlqfh wkh dfwxdo surgxfwlrq lv grqh ehiruh wkh h{fkdqjh wdnhv sodfh/ wkh
vxsso| fxuyh iru jrrg l lv yhuwlfdo=

� | �� ��� El� ' { �� =

Iroorzlqj 81/ djhqw l �qgv lwvhoi lq d vlwxdwlrq vlplodu wr wkh lqlwldo rqh
xqghu 41/ wkdw lv/ zlwk d exgjhw p ���&�� A f> exw zlwkrxw jrrgv= Qrwh wkdw zh
dozd|v kdyh p �� ' p �%���� ��� = Wkh uhdol}hg ydoxhv ri S �� > \ �� > dqg { �� > uhvxow iurp
wkh htxloleulxp frqglwlrq=

� \ �� E\ �� ��� n[ �� ��� > S �� > �� ' � \ �� Ep �%���� > S �� > ��=

<



Wkh vwuxfwxuh ri wkh lqwhudfwlrq ehwzhhq djhqwv l� � dqg l uhvshfwlyho| l
dqg ln � grhv qrw ghshqg xsrq w1 Jlyhq lqlwldo frqglwlrqv

ip �� > \ �� > � �S �� > �)� �S �� > � �S �� ��� > � �s �� ��� El�j � � � " * * * " +

zlwk p � � ' f/ wkh deryh dvvxpswlrqv frpsohwho| gh�qh wkh g|qdplfv ri wkh
hfrqrp|1

Qrwlfh wkdw lq wklv prgho/ wkhuh duh wzr  rzv lq rssrvlwh gluhfwlrqv1
Prqh| flufxodwhv frxqwhuforfnzlvh/ jrrgv forfnzlvh1 Wkhuh lv ixoo frqvhuyd0
wlrq ri prqh|1 Wkh xvh ri prqh| lpsolhv dffxpxodwlrq ri prqh| edodqfhv
e| wkh vhoolqj/ dqg htxdo orvv ri prqh| edodqfhv e| wkh ex|lqj djhqw1 Wkxv/
dw dq| srlqw ri wlph/ vrph djhqwv dozd|v krog d odujhu prqhwdu| edodqfh
wkdq rwkhuv/ fdswxulqj d fhqwudo ihdwxuh ri d prqhwdu| hfrqrp|/ vhh ^<`1 Rq
wkh rwkhu kdqg/ jrrgv duh ixoo| frqvxphg zlwklq wkh shulrg zkhq wkh| duh
surgxfhg1
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6 Edvlf surshuwlhv

Wr looxvwudwh wkh edvlf surshuwlhv ri wkh prgho suhvhqwhg deryh/ zh dvvxph
lq wkh iroorzlqj wkdw wkh lqvwdqwdqhrxv xwlolw| x lv jlyhq e|=

x ' [

�-,� �
fEm� �/.10 � { � =

Ixuwkhupruh/ zh dvvxph wkdw wkh sulfh dqwlflsdwlrqv duh iruphg dffruglqj
wr=

� �s ������ Em� ' �'� �s ������ Em� ' s �� Em�> ;l> w> m 9' l> +:,

� �s �� ��� Em� ' s �� Em�> ;l> w> m 9' l ln �> dqg +;,

� �s �� ��� El� ' s �%���� ��� El�= +<,

Wkdw lv/ zh dvvxph wkdw dw dq| prphqw doo dqwlflsdwhg sxufkdvh dqg vdoh
sulfhv duh htxdo wr wkh h{fkdqjh sulfhv fxuuhqwo| revhuyhg rq wkh pdunhw1 Dq
h{fhswlrq lv � �s �� ��� El�> zklfk lv vxssrvhg htxdo wr s �%���� ��� El�/ uh hfwlqj wkh idfw
wkdw/ vlqfh jrrg l lv qrw h{fkdqjhg ehwzhhq djhqwv l � � dqg l/ s �� El� lv qrw
gh�qhg1

Zkloh wkh dvvxpswlrq � �s ������ Em� ' �'� �s ������ Em� ' s �� Em� fdq idluo| hdvlo|
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eh uhod{hg/ vhhplqjo| zlwkrxw juhdw lpsdfw rq wkh uhvxowv/ wkh dvvxpswlrq
� �s �� ��� Em� ' s �� Em� lpsolhv wkdw wkh djhqwv eholhyh wkdw wkh| zloo eh deoh wr
vhoo wr wkhlu uljkw qhljkeru dw d sulfh htxdo +ru/ dw ohdvw/ forvho| uhodwhg, wr
wkh sulfh dw zklfk wkh| ex| iurp wkh ohiw qhljkeru1 Wklv lv idovh � xqghu
wklv k|srwkhvlv/ wkh prgho zloo jhqhudwh d pdunhg dv|pphwu| ehwzhhq wkh
ex| dqg vhoo sulfhv1 Lq rwkhu zrugv/ wkh k|srwkhvlv lqwurgxfhv d qhz dqg
lpsruwdqw pdunhw iulfwlrq/ wklv wlph dw wkh ohyho ri wkh djhqwv* ehkdylru1
K|srwkhvlv +;, kdv wkh juhdw dgydqwdjh/ krzhyhu/ wr lqvxuh wkdw wkh qrq0
qhjdwlylw| frqvwudlqwv rq wkh surgxfwlrq dqg h{fkdqjhg txdqwlwlhv duh dozd|v
vdwlv�hg/ pdnlqj wkh uhvxowv dphqdeoh wr suhvhqwdwlrq lq d vkruw sdshu=

614 Srlqw htxloleulxp xqghu xqlirup prqhwdu| edo0

dqfhv

Dv d ehqfkpdun/ ohw xv �uvw frqvlghu zkdw kdsshqv rq wkh orqj0uxq li zh
vwduw zlwk d vlwxdwlrq zkhuh +d, doo djhqwv lqlwldoo| kdyh wkh vdph prq0
hwdu| edodqfh p exw qr jrrgv/ zlwk wkh h{fhswlrq ri +vd|, djhqw 4 wkdw
+e, kdv qr prqh| exw dq duelwudu| zhdno| srvlwlyh edvnhw ri jrrgv= Zh
fdoo %srlqw htxloleulxp% d vlwxdwlrq vxfk wkdw/ iru dq| l wkh sulfhv dqg
yduldeohv \ � > � �S � > �'� �S � > � �S � �&� > � �s � ��� El� dqg wkxv F � > { � dqg xEF � > { � � duh wlph
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lqyduldqw1 Qxphulfdo hylghqfh 2 vkrzv wkdw xqghu wkh frqglwlrqv +d,0+e,
deryh/ wkh hfrqrp| kdv d xqltxh/ vwdeoh srlqw htxloleulxp vxfk wkdw iru
n ' �> 2> ===> q> n 9' l> l � �>/ wkh uhodwlyh sulfhv s � El � n � ��@s � El � n� duh
frqvwdqw dqg htxdo wr=

s � d4L_ i4L_El� n�� �jo @s � d4L_El� n�o ' s2zEq�> +43,

zkhuh wkh prgxor 4L_ lv wdnhq q n � dqg zkhuh zEq� lv d pxowlsolfdwlyh
idfwru wkdw ghshqgv rqo| rq q> zlwk gz@gq A f> g 0 z@gz 0 ? f= Pruh suh0
flvho|/ zE�� ' �=fSfSD> *�4 + � �43 zEq� * �=2=Vlploduo|/ wkh uhodwlyh txdqwlwlhv
h{fkdqjhg duh jlyhq e|=

| � d4L_El� n�o @| � d4L_ i4L_El� n�� �jo ' 2zEq�= +44,

Vlqfh=
5 Zh zhuh xqdeoh wr rewdlq dqdo|wlfdo vroxwlrqv iru q A 6=
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f � Em� '

;

A

A

?

A

A

=

f> l ' m( dqg
| � Em�� | � ��� Em�> l 9' m>

rqh kdv dovr=

f � d4L_El� n�o @f � d4L_ i4L_El� n�� �jo ' 2zEq�> n 9' l> l� �= +45,

Wkh surgxfhg txdqwlwlhv { � > �qdoo|/ duh wkh vdph ru doo djhqwv1 Wkh| duh
ghfuhdvlqj lq q zlwk g 0 {@g{ 0 ? f � vshfl�fdoo|/ iru q ' �> { ' �@D( iru
q ' e> { * f=�.bD( iru q ' D> { * f=�SHb( hwf1

Qrwh wkdw/ dw wkh srlqw htxloleulxp/ wkh lqglylgxdo yhfwruv ri frqvxps0
wlrqv dqg surgxfhg dqg wudghg jrrgv duh wulyldo wudqvodwlrqv rqh iurp wkh
rwkhu1 Doo djhqwv uhdol}h wkh vdph lqvwdqwdqhrxv xwlolw| x1 Wkh surgxfhg/
h{fkdqjhg/ dqg frqvxphg txdqwlwlhv gr qrw ghshqg xsrq p> qru wkh uhodwlyh
sulfhv1 Rq wkh orqj uxq/ wkh rqo| lpsdfw ri d rqfh0dqg0iru0doo fkdqjh lq wkh
edodqfh p lv d sursruwlrqdo fkdqjh lq wkh devroxwh sulfhv1 Wkdw lv/ prqh| lv
qhxwudo lq wklv frq�jxudwlrq1

Htxdwlrq +43, vkrz wkdw dw wkh htxloleulxp/ zkhq ex|lqj iurp djhqw
l � �> djhqw l sd|v wkh orzhvw sulfh iru wkh jrrg surgxfhg e| l � �= Wkh
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vhfrqg orzhvw sulfh lv iru wkh jrrg surgxfhg e| l� 2> hwf1 Wkh kljkhvw sulfh
lv sdlg iru djhqw*v l n � jrrg= Frqyhuvho|/ djhqwv ex| dqg frqvxph odujhu
txdqwlwlhv ri wkrvh jrrgv wkdw duh surgxfhg forvh wr krph wkdq ri wkrvh
wkdw duh surgxfhg ixuwkhu dzd| � glvwdqfh ehlqj phdvxuhg lq whupv ri wkh
sk|vlfdo h{fkdqjh/ wkdw lv/ frxqwhuforfnzlvh1 Vhh +44, dqg +45,1 Wkh orfdo
sulfh ri d jrrg lqfuhdvhv zlwk wkh glvwdqfh iurp surgxfwlrq1 Wkh prqhwdu|
h{shqglwxuhv rq dq| jlyhq jrrg m/ s � Em�| � Em�/ ghfuhdvh zlwk wkh surgxfwlrq
glvwdqfh dqg whqg wrzdugv 3 iru jrrgv wkdw duh idu dzd|1

Wkh srlqw htxloleulxp lv qrw h!flhqw1 Lq sduwlfxodu/ wkh xwlolw| ri doo
djhqwv lv kljkhu dw wkh +h!flhqw, v|pphwulf frpshwlwlyh htxloleulxp/ zkhuh=

sEl� ' ep
q� � > { � '

q� �
e > f � Em� ' �

e > m 9' l +46,

Wkxv/ frpsduhg wr wkh frpshwlwlyh htxloleulxp/ rxu djhqwv surgxfh wrr olwwoh1
Dovr/ wkh| frqvxph uhodwlyho| wrr pxfk ri qhljkerulqj jrrgv/ wrr olwwoh ri
glvwdqw rqhv1 Wkh lqh!flhqf| lqfuhdvhv zlwk wkh vl}h q ri wkh hfrqrp|1
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615 Shulrglf htxloleulxp xqghu dv|pphwulf prqhwdu|

edodqfhv

D vlpsoh h{shulphqw/ looxvwudwhg lq Iljxuh 5 iru dq hfrqrp| zlwk e djhqwv/
q ' e> frqwulexwhv wr ehwwhu xqghuvwdqglqj wkh phfkdqlvpv dw zrun lq wkh
prgho1 Dvvxph wkdw doo djhqwv kdyh lqlwldoo| wkh vdph prqhwdu| edodqfhv
p dqg wkdw wkh hfrqrp| lv dw lwv srlqw htxloleulxp xqwlo/ vd|/ shulrg 81 Lq
wklv shulrg/ mxvw ehiruh lw lqwhudfwv zlwk djhqw 4/ wkh prqhwdu| edodqfh ri
djhqw 5 lv lqfuhdvhg wr pn{p= Lq wkh �jxuh/ p lv lqlwldoo| htxdo wr 43/ dqg
{p ' 2= Iurp wkh rqvhw/ ohw xv hpskdvl}h wkdw wkh uhvxowlqj ydoxhv ri wkh
uhdo yduldeohv dqg/ wkxv/ ri xwlolw|/ gr qrw ghshqg xsrq wkh devroxwh ydoxhv
ri p dqg {p> exw rqo| rq wkh udwlr {p@p=

Iroorzlqj wkh lqmhfwlrq ri prqh| {p/ djhqw 5 ex|v iurp djhqw 4 kljkhu
txdqwlwlhv ri doo wudghg jrrgv wkdq suhylrxvo|/ dw kljkhu sulfhv1 Wkh lqvwdq0
wdqhrxv xwlolw| ri djhqw 4 idoov/ erwk ehfdxvh lw surgxfhv pruh dqg ehfdxvh lw
lv ohiw zlwk ihzhu jrrgv wr frqvxph1 Dv d frxqwhusduw/ lwv prqhwdu| edodqfh
lqfuhdvhv wr pn{p lqvwhdg ri p dw wkh srlqw htxloleulxp= Wkh h{fkdqjh ri
kljkhu surgxfhg dqg wudghg txdqwlwlhv djdlqvw d kljkhu prqhwdu| edodqfh lv
frqvlghuhg ehqh�fldo e| erwk djhqwv 4 dqg 5 ehfdxvh wkh| gr qrw ixoo| dq0
wlflsdwh wkh joredo lpsdfw ri wkh orfdo lqmhfwlrq ri prqh| {p1 Lq sduwlfxodu/
S 6� lv lqlwldoo| wkh rqo| sulfh d�hfwhg e| wkh prqh| lqmhfwlrq1 Wklv pd| lq
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wxuq orfdoo| d�hfw wkh dqwlflsdwlrqv e| djhqwv 4 dqg 5/ exw qr rwkhu yduldeohv1
Djhqw 5/ wkdw erxjkw pruh jrrgv/ vhoov pruh wr djhqw 6 dw orzhu sulfhv dqg
frqvxphv pruh/ uhdol}lqj d kljkhu xwlolw|/ hwf1

Wkh hfrqrp| frqyhujhv wrzdugv d qhz htxloleulxp doprvw lqvwdqwdqhrxvo|1
Gulyhq e| wkh flufxodwlrq ri {p durxqg wkh flufoh/ wklv htxloleulxp lv qrz
shulrglf/ zlwk shulrg q � � G Wkh uhdol}hg dqg dqwlflsdwhg sulfhv dqg txdq0
wlwlhv h{shulhqfhg e| wkh lqglylgxdo djhqwv uhshdw wkhpvhoyhv hyhu| q � �
h{fkdqjh f|fohv1 Dw wkh htxloleulxp/ doo djhqwv uhdol}h wkh vdph phdq xwlolw|
dqg vhoo dqg frqvxph +xs d wulyldo wudqvodwlrq, wkh vdph txdqwlwlhv ryhu hdfk
q � � h{fkdqjh f|fohv1 Wkh wlph dyhudjh xwlolw|/ krzhyhu/ lv orzhu wkdq wkh
rqh uhdol}hg dw wkh lqlwldo srlqw htxloleulxp/ uh hfwlqj wkh idfw wkdw wkhuh
duh qrz dgglwlrqdo suhglfwlrq huuruv gxh wr wkh  xfwxdwlqj qrplqdo ghpdqg1
Wkhvh suhglfwlrq huuruv ohdg wr ohvv h!flhqw wudglqj dqg wr d orvv ri xwlolw|
� d srlqw douhdg| qrwhg lq ^8` iru wkh fdvh ri �{hg surgxfwlrq1 Krzhyhu/ d
frpsohwho| qhz skhqrphqrq dsshduv lq wkh suhvhqw prgho1 Wkh suhglfwlrq
huuruv dovr ohdg wr dq lqfuhdvhg surgxfwlrq e| dq djhqw hyhu| wlph lw wudghv
zlwk d uljkw qhljkeru wkdw krogv wkh kljkhu edodqfh p n{p/ wkdw lv/ hyhu|
q� � shulrgv1 Vlqfh wkh edodqfh pn{p flufxodwhv iurp djhqw wr djhqw/ wkh
wlph dyhudjh surgxfwlrq ri doo jrrgv lv lqfuhdvhg1 Wkh dxjphqwhg surgxf0
wlrq wudqvodwhv lqwr kljkhu frqvxpswlrq ri doo jrrgv +vdyh rqh*v rzq, e| doo
djhqwv/ lqfuhdvlqj wkhlu xwlolw|1 Wkdw lv/ dowkrxjk wkh txdqwlw| ri prqh| lq
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wkh hfrqrp| lv qhxwudo/ lwv glvwulexwlrq lv qrw1

Iljxuh 5= Htxloleulxp xqghu dv|pphwulf prqhwdu| edodqfhv

Lq �jxuh 4/ wkh xwlolw| jdlq gxh wr lqfuhdvhg frqvxpswlrq grplqdwhv wkh
orvv fdxvhg e| kljkhu suhglfwlrq huuruv1 Wkh dyhudjh xwlolw| lv kljkhu diwhu
wkh lqmhfwlrq {p wkdq ehiruh1 Rqh pljkw frqmhfwxuh wkdw dq dv|pphwulf
glvwulexwlrq ri prqh| zloo dozd|v lqfuhdvh wkh xwlolw| zkhq wkh dv|pphwu|
lq prqh| glvwulexwlrq lv vpdoo/ exw wkdw wrr kljk dq dv|pphwu| zloo fdxvh
d ghfuhdvh lq dyhudjh xwlolw| � gxh wr kljkhu suhglfwlrq huuruv wrjhwkhu zlwk
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d orzhu pdujlqdo xwlolw| ri frqvxpswlrq1 Iljxuh 6/ wkdw sorwv wkh wlph dy0
hudjhv dw htxloleulxp ri xwlolw|/ surgxfwlrq/ wudghg txdqwlwlhv dqg h{fkdqjh
sulfhv djdlqvw wkh dgglwlrqdo edodqfh {p khog e| rqh djhqw/ vkrzv wkdw wklv
lv lqghhg wkh fdvh1 Dowkrxjk wkh ohyho ri rxwsxw nhhsv lqfuhdvlqj prqrwrql0
fdoo| zlwk {p> dyhudjh xwlolw| �uvw lqfuhdvhv/ wkhq ghfuhdvhv1 Qrwlfh wkdw wkh
ghfuhdvh lq xwlolw| vwduwv zhoo ehiruh wkh dyhudjh surgxfwlrq h{fhhgv wkh frp0
shwlwlyh rswlpxp { � ' + ���7 > wkdw lv khuh/ { � ' 87 = Qrwlfh dovr wkdw wkh lqfuhdvh
lq h{fkdqjhg txdqwlwlhv dqg lq sulfhv zlwk {p lv dv|pphwulf1 Iru qhljkeru0
lqj jrrgv/ txdqwlwlhv lqfuhdvh vwurqjo| dqg sulfhv prghudwho|1 Iru uhprwh
jrrgv/ sulfhv lqfuhdvh pdunhgo| zkloh txdqwlwlhv duh olwwoh d�hfwhg1 Wkxv/ d
ohvv v|pphwulf glvwulexwlrq ri prqh| ohdgv wr dq lqfuhdvh lq frqvxpswlrq
wkdw lv vwurqjhu iru qhljkerulqj jrrgv wkdq iru uhprwh rqhv1

616 Uhdo wd{dwlrq

Lq wklv vhfwlrq/ zh frqvlghu dq hfrqrp| zlwk xqlirup prqhwdu| edodqfhv
dv suhvhqwhg hduolhu/ exw lqwurgxfh qrz dq dgglwlrqdo djhqw/ wkh jryhuqphqw1
Wkh jryhuqphqw lv dvvxphg wr ex| iurp hdfk djhqw l/ lq hyhu| shulrg/ d �{hg
txdqwlw| j ri wkh jrrg surgxfhg e| wklv djhqw1 Wkdw lv/ dw hdfk wudqvdfwlrq
ehwzhhq djhqwv l � � dqg l> wkh ghpdqg idfhg e| djhqw l� � iru jrrg l � �
lv dvvxphg wr eh qr orqjhu jlyhq e| � | �� El� ��/ exw e| � | �� El� �� n jEl� ��>
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Iljxuh 6= Lpsdfw ri d vnhzhg glvwulexwlrq ri prqh| dw wkh shulrglf htxlole0
ulxp

zkhuh jEl � �� ' j ;l1 Olnh doo rwkhu djhqwv/ wkh jryhuqphqw lv dvvxphg wr
eh d sulfh wdnhu1 Wkxv/ dw hdfk wudqvdfwlrq/ wkh jryhuqphqw dqg wkh djhqw l
erwk sd| wkh vdph pdunhw sulfh iru wkhlu uhvshfwlyh sxufkdvhv ri jrrg l� �=

Wkh jryhuqphqw lv dvvxphg wr xvh prqh| fuhdwlrq wr �qdqfh lwv sxu0
fkdvhv1 Wkdw lv/ zkhq lw pdnhv d sxufkdvh iurp djhqw l � � lq shulrg w/ lw
lqmhfwv wkh dgglwlrqdo dprxqw prqh| {p �� ��� ' s �� El � ��j lq wkh hfrqrp|1
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Wklv lqmhfwlrq udlvhv wkh uhdol}hg dqg dqwlflsdwhg sulfh1 Wkxv/ dw wkh qh{w
sxufkdvh/ wkh jryhuqphqw zloo kdyh wr sd| pruh wr ex| wkh vdph txdqwlw|
ri jrrgv1 Lq rwkhu zrugv/ lq rughu wr ex| d frqvwdqw txdqwlw| ri hdfk jrrg/
wkh jryhuqphqw kdv wr lqmhfw lqwr wkh hfrqrp| hyhu lqfuhdvlqj dprxqwv ri
qrplqdo prqh|1

Frpsduhg zlwk wkh fdvh zlwkrxw jryhuqphqwdo ghpdqg/ wkh vhoohu l � �>
frqiurqwhg zlwk dq lqfuhdvhg ghpdqg iru jrrg l � �> surgxfhv dqg vhoov d
odujhu txdqwlw| ri wklv jrrg/ zurqjo| h{shfwlqj wr eh deoh wr xvh wkh wkxv
rewdlqhg prqhwdu| edodqfh iru ixwxuh sxufkdvhv dw wkh fxuuhqw sulfhv= Wklv
orzhuv lwv lqvwdqwdqhrxv xwlolw|1 Rq wkh rwkhu kdqg/ vlqfh wkh pdujlqdo xwlolw|
ri prqh| p �� ��� glplqlvkhv/ l � � vhoov ohvv dqg frqvxphv pruh ri wkh rwkhu
jrrgv/ udlvlqj lwv lqvwdqwdqhrxv xwlolw|1 Wkh frpelqhg lpsdfw ri wkhvh wzr
frqwudglfwru| h�hfwv lv dozd|v d qhw ghfuhdvh ri wkh djhqwv xwlolw|/ dv vkrzq rq
wkh Qruwk0Zhvw judsk ri �jxuh 7/ zkhuh wkh uhodwlrqvkls ehwzhhq wkh djhqwv*
wlph dyhudjh xwlolw| dw wkh htxloleulxp dqg wkh jryhuqphqwdo ghpdqg j lv
vkrzq1 Wkh Qruwk0Hdvw judsk ri wkh vdph �jxuh/ rq wkh rwkhu kdqg/ vkrzv
wkdw wkh vrfldo xwlolw| x � rewdlqhg e| dgglqj wr wkh vxp ri sulydwh xwlolwlhv
wkh dqdorjrxvo| gh�qhg xwlolw| ri jryhuqphqwdo frqvxpswlrq=
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lv �uvw lqfuhdvlqj/ wkhq ghfuhdvlqj lq j> uh hfwlqj djdlq d frq lfw ehwzhhq wkh
lqfuhdvhg surgxfwlrq fdxvhg e| jryhuqphqwdo ghpdqg dqg wkh glvuxswlrq lq
h{fkdqjhv gxh wr dffuxhg dqwlflsdwlrqv huuruv= Wklv vxjjhvwv wkdw wkhuh pd|
eh/ lq wkh prgho/ dq rswlpdo ohyho ri uhdo wd{dwlrq soxv uhglvwulexwlrq1 Wkh
jryhuqphqw pd| lqfuhdvh wkh djhqwv xwlolwlhv e| wd{lqj/ xs wr d fhuwdlq srlqw/
wkh surgxfhuv/ dqg uhglvwulexwh wkh vr rewdlqhg jrrg dprqj frqvxphuv � wkxv
dedwlqj wkh h{lvwlqj h!flhqflhv lq h{fkdqjh1

Wkh Vrxwk0Zhvw dqg Vrxwk0Hdvw judskv ri �jxuh 7 sorw wkh jryhuqphqwdo
ghpdqg j djdlqvw wkh shufhqwdjh ri qhw rxwsxw { � h{fkdqjhg ehwzhhq wkh
djhqwv 7 dqg 4 uhvshfwlyho| djdlqvw wkh shufhqwdjh ri wrwdo rxwsxw wd{hg e|
wkh jryhuqphqw1 Rqh uhfrjql}hv wkdw wd{dwlrq lqghhg uhgxfhv wkh h{fkdqjhv
ehwzhhq djhqwv lq wkh hfrqrp|/ dqg wkdw jryhuqphqwdo ghpdqg lv yhu| frvwo|
lq uhdo whupv vlqfh lw jhqhudwhv d urxjko| �yh wlph kljkhu idoo lq glvsrvdeoh
uhdo lqfrph1
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Iljxuh 7= Lpsdfw ri uhdo wd{dwlrq dw htxloleulxp

7 Frqfoxvlrq

Douhdg| lq lwv prvw vlpsoh yhuvlrq/ wkh prgho vxjjhvwhg khuh jhqhudwhv qrq0
wulyldo lqvljkwv rq wkh uroh ri �dw prqh| vxfk dv wkh uhdo lpsdfwv ri edodqfhv
glvwulexwlrq dqg ri uhdo wd{dwlrq wkurxjk prqh| fuhdwlrq1 Wkh prgho fdq
eh h{whqghg lq qxphurxv gluhfwlrqv1 Lq sduwlfxodu/ pruh vrsklvwlfdwhg dqwlf0
lsdwlrq irupdwlrq phfkdqlvpv vkrxog eh wdnhq lqwr dffrxqw1 Pruh frpsoh{
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vsdwldo qhwzrunv frxog eh frqvlghuhg/ ohdglqj wr vslq jodv0w|sh prghov/ h1j1
Dowrjhwkhu/ wkh prgho dsshduv wr r�hu d  h{leoh dqg frpsuhkhqvlyh sodw0
irup iru lqyhvwljdwlqj wkh uhdo lpsdfwv ri prqh| lq dq hfrqrp| zlwk orfdoo|
lqwhudfwlqj djhqwv1

8 Dfnqrzohgjhphqwv

Wkh dxwkruv judwhixoo| wkdqn Dodq Nlupdq/ Ilugdxv Xgzdgld/ dqg wkh sdu0
wlflsdqwv wr wkh 45wk Lqwhuqdwlrqdo Zrunvkrs rq G|qdplfv dqg Frqwuro iru
wkhlu nlqg dqg khosixo frpphqwv1

Uhihuhqfhv

^4` Z1V1 Mhyrqv/ Prqh| dqg wkh Phfkdqlvp ri H{fkdqjh/ Uhsulqw/ Orqgrq=
PdfPloodq/ 4<:81

^5` Q1 Nl|rwdnl/ U1 Zuljkw/ Rq Prqh| dv d Phglxp ri H{fkdqjh/ M1 Sro1
Hfrqrp| <: +4<;<, <5:0<871

^6` P1 Vkxeln/ Wkh Wkhru| ri Prqh| dqg Ilqdqfldo Lqvwlwxwlrqv/ Yro1 4)5/
PLW Suhvv/ Fdpeulgjh/ Pdvv1 ) Orqgrq 4<<<1

^7` U1 P1 Wrzqvhqg/ Ilqdqfldo Vwuxfwxuh dqg Hfrqrplf Dfwlylw|1 Edvlo Eodfn0
zhoo 4<<31
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^8` S1 Pdqroryd/ Fk1 Odl Wrqj/ Fk1 Ghlvvhqehuj/ Prqh| dqg h{fkdqjh lq dq
hfrqrp| zlwk vsdwldoo| gl�huhqwldwhg djhqwv/ Sk|vlfd D/ 657 +5336,/
77807861

^9` S1 Edn/ V1 Qûuuho|nnh/ P1 Vkxeln / Wkh g|qdplfv ri prqh|1 VIL Uhvhdufk
Sdshu 4<<;1

^:` V1 Vkl/ Prqh|/ fdslwdo/ dqg uhglvwulexwlyh h�hfwv ri prqhwdu| srolflhv1 M1
Hfrq1 G|q1 Frqwuro 56 +4<<<, 89808<31

^;` U1 P1 Wrzqvhqg/ Prghov ri prqh| zlwk vsdwldoo| vhsdudwhg djhqwv1 Lq=
Prghov ri Prqhwdu| Hfrqrplhv/ M1 K1 Nduhnhq/ Q1 Zdoodfh +hgv1,1
Ihghudo Uhvhuyh Edqn ri Plqqhdsrolv/ Plqqhdsrolv 4<;31

^<` P1 Zrrgirug/ Wkh rswlpxp txdqwlw| ri prqh|1 Lq= Kdqgerrn ri Prq0
hwdu| Hfrqrplfv/ E1 Iulhgpdq/ I1 Kdkq +hgv1,/ Qruwk0Kroodqg/ Dpv0
whugdp 4<<31
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