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4 Lqwurgxfwlrq
Hohfwulflw| srro pdunhwv edvhg rq qrgdo sulflqj kdyh hphujhg lq d qxpehu ri
uhjlrqv ri Qruwk dqg Vrxwk Dphulfd/ Dxvwudold/ Qhz ]hdodqg/ dqg wkh Qruglf
frxqwulhv1 Lq dq hohfwulfw| srro zlwk d vlqjoh qrgh/ doo pdunhw sduwlflsdqwv wudgh
+dw dq| rqh srlqw lq wlph, dw d vlqjoh v|vwhp pdujlqdo sulfh1 Lq d ixoo qrgdo
sulflqj prgho/ wkh sulfh ghshqgv rq orfdwlrq1 Lq wkh devhqfh ri frqvwudlqwv
dqg orvvhv wkh sulfh dw hyhu| qrgh lv lghqwlfdo wr wkh v|vwhp pdujlqdo sulfh1 Lq
sudfwlfh wkhupdo frqvwudlqwv rq wkh srzhu  rz lq wkh olqhv/ dqg srzhu orvvhv
gxh wr olqh lpshgdqfh/ uhvxow lq d vhw ri sulfhv wkdw ydulhv zlwk orfdwlrq1 Wkh
yduldwlrq ri hohfwulflw| vsrw sulfhv zlwk orfdwlrq lq wkhvh pdunhwv kdv uhvxowhg
lq wkh ghyhorsphqw ri pdunhw lqvwuxphqwv wr khgjh wkh yrodwlolw| lq wkhvh sulfh
gl�huhqfhv1

Ilqdqfldo Wudqvplvvlrq Uljkwv +IWUv, duh rqh dssurdfk wr vroylqj wklv sure0
ohp1 Dq IWU lv d �qdqfldo lqvwuxphqw khog e| d pdunhw sduwlflsdqw wkdw sd|v
dq lqfrph vwuhdp edvhg rq wkh qrgdo sulfhv revhuyhg lq wkh wudqvplvvlrq v|vwhp
ryhu wkh frxuvh ri wkh frqwudfw1 Dq IWU fdq eh vshfl�hg e| d yhfwru ri qrgdo
ordgv dqg lqmhfwlrqv +zkhuh wkh ordgv duh wdnhq dv srvlwlyh, dqg wkh frxsrq
sd|phqw dw dq| wlph lv htxdo wr wkh lqqhu surgxfw ri wkh qrgdo sulfh yhfwru
zlwk wkh IWU1 +Lq sudfwlfh prvw IWUv lqyroyh rqo| wzr qrghv1, IWUv zhuh
�uvw sursrvhg e| Krjdq ^;`/ dqg kdyh uhfhlyhg d orw ri dwwhqwlrq lq wkh olwhud0
wxuh xqghu ydulrxv qdphv +wkh| duh fdoohg �{hg wudqvplvvlrq uljkwv lq wkh SMP
pdunhw/ wudqvplvvlrq frqjhvwlrq frqwudfwv ru WFFv lq Qhz \run/ dqg �qdqfldo
frqjhvwlrq frqwudfwv/ ru IFFv lq qhz Hqjodqg1,

Rxu sxusrvh lq wklv sdshu lv wr surylgh dq ryhuylhz ri vrph ri wkh ihdwxuhv
ri wkhvh frqwudfwv/ dv wkh| dsso| wr pdunhwv wkdw duh glvsdwfkhg dv GF0ordg  rz
qhwzrunv zlwk frqvwudlqwv dqg frqyh{ olqh orvvhv1 Zh vkdoo uhylhz vrph ri wkh
lpsruwdqw wkhruhwlfdo frqwulexwlrqv lq wklv duhd/ jhqhudolvlqj wkhp zkhuh srv0
vleoh/ dqg h{dplqh xvlqj h{dpsohv vrph ri wkh h�hfwv rq sduwlflsdqw ehkdylrxu
wkdw rqh pljkw h{shfw wr vhh lq wkh suhvhqfh ri wkhvh frqwudfwv1
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Rqh dssurdfk wr lqyhvwljdwlqj wkhvh h�hfwv lv wr prgho hohfwulflw| pdunhwv dv
d Qdvk0Frxuqrw jdph lq zklfk hdfk jhqhudwru r�huv d vlqjoh txdqwlw| ri hqhuj|
dvvxplqj }hur frqmhfwxudo yduldwlrqv1 Lw lv srvvleoh wr frqvwuxfw Qdvk htxloleuld
iru wkhvh prghov/ dqg xvh wkhvh wr lqyhvwljdwh wkh h�hfwv ri IWUv rq djhqw eh0
kdylrxu1 E| uhvwulfwlqj dwwhqwlrq wr vlqjoh r�huv idflqj d nqrzq hodvwlf ghpdqg
ixqfwlrq/ wkh Qdvk0Frxuqrw prgho kdv vrph gh�flhqflhv lq uhsuhvhqwlqj wkh wuxh
vlwxdwlrq/ lq wkdw jhqhudwruv lq prvw srro pdunhwv w|slfdoo| r�hu vxsso| ixqf0
wlrqv udwkhu wkdq vlqjoh r�huv/ dqg ghpdqg lv xqfhuwdlq1 Rqh dssurdfk wr uh hfw
wkh �uvw ri wkhvh ihdwxuhv ri srro pdunhwv lv wr rswlpl}h ryhu d sdudphwul}hg idp0
lo| ri vxsso| ixqfwlrqv +vhh ^:` iru d olqhdu vxsso| ixqfwlrq prgho ri wklv w|sh1,
Krzhyhu/ dv revhuyhg lq ^6` wkh uhdo dgydqwdjh ri vxsso| ixqfwlrq r�huv lq sudf0
wlfh frphv iurp wkhlu delolw| wr rswlpl}h ryhu d udqjh ri xqfhuwdlq ghpdqgv/
dqg wklv  h{lelolw| zloo rqo| eh uhsuhvhqwhg iru kljk0glphqvlrqdo sdudphwul}d0
wlrqv uhvxowlqj lq frqvlghudeoh frpsxwdwlrqdo h�ruw1 Rq wkh rwkhu kdqg wkh
frqvwuxfwlrq ri jhqhudo vxsso|0ixqfwlrq htxloleuld lq d qhwzrun vhwwlqj vhhpv wr
eh yhu| gl!fxow1

D frpsurplvh lv wr xvh wkh pdunhw glvwulexwlrq dssurdfk ri Dqghuvrq dqg
Sklosrww ^7`/ zklfk wuhdwv frpshwlwruv dv li wkh| r�huhg vxsso| ixqfwlrqv gudzq
iurp d vxlwdeoh suredelolw| glvwulexwlrq/ fdoohg wkh pdunhw glvwulexwlrq1 Vlqfh
ghpdqg vkrfnv fdq eh prghoohg dv yhuwlfdo vkliwv lq d frpshwlwru*v vxsso| ixqf0
wlrq/ wkh pdunhw glvwulexwlrq fdq eh frqvwuxfwhg vr wkdw lw dovr lqfrusrudwhv
xqfhuwdlqw| lq ghpdqg1 Zh suhvhqw vhyhudo h{dpsohv wr looxvwudwh wkh srzhu ri
wkh pdunhw glvwulexwlrq dssurdfk lq hydoxdwlqj wkh h�hfwv ri IWUv rq frpshwl0
wru ehkdylrxu1

Wkh sdshu lv odlg rxw dv iroorzv1 Lq wkh qh{w vhfwlrq zh h{whqg wkh uhyhqxh
dghtxdf| uhvxow suryhg e| Krjdq iru vprrwk sureohp gdwd wr d jhqhudo frqyh{
surjudpplqj vhwwlqj1 Wklv dgplwv dv d vshfldo fdvh frqyh{ glvsdwfk prghov
zlwk frqyh{ slhfhzlvh olqhdu orvvhv dqg slhfhzlvh olqhdu ehqh�w ixqfwlrqv/ dv
xvhg lq wkh Qhz ]hdodqg glvsdwfk vriwzduh VSG +vhh h1j1 ^7`,1 Zh vkrz e|
h{dpsoh krz uhyhqxh dghtxdf| fdq idlo iru prghov wkdw duh qrw frqyh{1 Vhfwlrq
6 glvfxvvhv wkh h�hfw ri IWUv rq jhqhudwruv zkr douhdg| kdyh vrph ghjuhh
ri pdunhw srzhu1 Zh vkrz e| h{dpsoh wkdw IWUv pd| hqfrxudjh wkh xvh
ri wklv srzhu ru glvfrxudjh lw ghshqglqj rq wkh orfdwlrq ri wkh jhqhudwru lq
wkh qhwzrun1 Wkhvh h{dpsohv pluuru wkrvh ghvfulehg e| Mrvnrz dqg Wluroh ^44`1
Vhfwlrq 7 glvfxvvhv wkh srwhqwldo ri IWUv wr hqfrxudjh ru glvfrxudjh lqyhvwphqwv
lq wkh wudqvplvvlrq qhwzrun1 Zh frqfoxgh wkh sdshu zlwk d jhqhudo glvfxvvlrq
lq Vhfwlrq 81

5 Uhyhqxh Dghtxdf|
Lq wklv vhfwlrq zh glvfxvv wkh ixqglqj ri IWUv iurp uhqwdov dffuxhg e| wkh Lq0
ghshqghqw V|vwhp Rshudwru +wkh LVR, lq d zkrohvdoh srro hohfwulflw| pdunhw1 D
zhoo0nqrzq uhvxow suryhg e| Krjdq vwdwhv wkdw vxfk uhyhqxh dghtxdf| lv jxdu0
dqwhhg e| wkh IWUv ehlqj vlpxowdqhrxvo| ihdvleoh iru wkh qhwzrun frqvwudlqwv/
lq wkh vhqvh wkdw wkh| fdq eh glvsdwfkhg wkurxjk wkh qhwzrun zlwkrxw h{fhhglqj

5



fdsdflwlhv1 Wklv uhvxow lv zdv �uvw suryhg e| Krjdq ^;` iru orvvohvv qhwzrunv/ h{0
whqghg wr txdgudwlf orvvhv e| Exvkqhoo dqg Vwriw ^8`/ dqg ixuwkhu jhqhudolvhg wr
vprrwk qrqolqhdu frqvwudlqwv e| Krjdq ^<`1 Wkh uhvxow lv d jhqhudo frqvhtxhqfh
ri wkh frqyh{lw| ri wkh glvsdwfk sureohp1

Zh irupxodwh wkh glvsdwfk sureohp dv wkh iroorzlqj frqyh{ rswlplvdwlrq
sureohp lq d wudqvplvvlrq qhwzrun zlwk q qrghv1

S= plqlplvh S
l
S

m5R+l, fm{mvxemhfw wr jl+i, .Sm5R+l, {m � }l @ gl> l @ 4> 5> = = = > q
}l � 3> l @ 4> 5> = = = > q
{ 5 [
i 5 X

Khuh gl lv wkh ghpdqg dw qrgh l> dqg wkh �uvw vhw ri frqvwudlqwv uhsuhvhqw frqvhu0
ydwlrq ri  rz dw wkh qrghv1 Zh dvvxph khuh wkdw wkh sureohpv dvvrfldwhg zlwk
qhjdwlyh sulfhv lq vlwxdwlrqv ri orz ghpdqg gr qrw rffxu/ dqg vr wkdw dw rswl0
pdolw| wkh  rz edodqfh frqvwudlqwv duh vdwlv�hg dv htxdwlrqv1 Wklv phdqv wkdw
zh fdq uhsuhvhqw wkh  rz edodqfh htxdwlrqv dv lqhtxdolwlhv/ zlwkrxw orvlqj dq|
sk|vlfdo uhdolvp1 +Vhh ehorz iru ixuwkhu frpphqw rq wklv1, Lq wkh irupxodwlrq
{m lv wkh ohyho ri glvsdwfk ri wudqfkh m 5 R+l, zkhuh R+l, lv wkh vhw ri wudqfkhv
r�huhg dw qrgh l/ dqg hdfk wudqfkh m 5 R+l, lv r�huhg dw sulfh fm 1 Zh uhtxluh
wkdw { olhv lq wkh frqyh{ vhw [/ zklfk gh�qhv wkh wudqfkh ohyhov1 Dowkrxjk wkh
sureohp S dvvxphv +dv lq prvw hohfwulflw| srro pdunhwv, wkdw jhqhudwruv r�hu
vxsso| fxuyhv wkdw duh vwhs ixqfwlrqv lq zkdw iroorzv wkh dqdo|vlv zloo krog iru
dq| lqfuhdvlqj vxsso| ixqfwlrq1

Lq wkh prgho S i lv d yhfwru ri eudqfk  rzv1 Wkh ixqfwlrq jl+i, lv d jhqhudo
frqfdyh ixqfwlrq jlylqj wkh dprxqw ri srzhu  rz hqwhulqj qrgh l zkhq wkh
olqn  rzv duh i 1 Dssur{lpdwlrqv edvhg rq GF ordg  rz gh�qh jl+i, wr eh d
frqfdyh txdgudwlf ixqfwlrq/ phdqlqj wkdw eudqfk orvvhv duh d txdgudwlf ixqfwlrq
ri srzhu  rz1 Dowhuqdwlyho| d olqhdu surjudpplqj uhsuhvhqwdwlrq ri S wuhdwv
jl+i, dv d frqfdyh slhfhzlvh olqhdu ixqfwlrq1 Erwk ri wkhvh prghov +dv zhoo dv
d prgho zlwkrxw orvvhv, duh vshfldo fdvhv ri wkh jhqhudo iudphzrun zh xvh1 Zh
uhtxluh wkh yhfwru ri  rzv i wr olh lq wkh frqyh{ vhw X / zklfk uhsuhvhqwv dq|  rz
erxqgv rq i dv zhoo dv dq| hohfwulfdo frqvwudlqwv +vxfk dv orrs  rz frqvwudlqwv,
wkdw wkh  rzv pxvw vdwlvi|1

Qrz vxssrvh wkdw +{�> i�> }�, vroyhv S dqg wkdw S vdwlv�hv d frqvwudlqw txdo0
l�fdwlrq +h1j1 S kdv d ihdvleoh vroxwlrq zlwk }l A 3,1 Vlqfh S lv d frqyh{
surjudp lw vdwlv�hv wkh Odjudqjldq Gxdolw| Wkhruhp +vhh h1j ^45`,1 Wklv vwdwhv
wkdw wkhuh lv d vhw ri rswlpdo Odjudqjh pxowlsolhuv � +wkh qrgdo sulfhv iru wkh
rswlpdo glvsdwfk, vxfk wkdw +{�> i�> }�, plqlplvhv wkh Odjudqjldq

O+{> i> }, @[
l

[
m5R+l,

fm{m .
[
l
�l+gl � jl+i,�

[
m5R+l,

{m . }l,

ryhu } � 3/ { 5 [/ i 5 X 1 Zh xvh wklv wr suryh wkh iroorzlqj ohppdv1
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Ohppd 4 �l � 3 dqg �l+jl+i�, .Sm5R+l, {�m � gl, @ 3
Surri1 Li �l ? 3/ wkhq iru dq| ihdvleoh }/ �l}l � 3/ dqg vr O+{> i> }, lv

xqerxqghg ehorz ryhu } � 31 Vlqfh O+{> i> }, kdv d plqlpxp e| wkh Odjudqjldq
Gxdolw| Wkhruhp/ lw iroorzv wkdw �l � 31 Qrz wkh plqlplvlqj fkrlfh ri }�l pxvwpdnh �l}�l @ 31 Exw vlqfh e| ihdvlelolw|

}�l @ jl+i�, .
[

m5R+l,
{�m � gl>

wklv hqwdlov wkh uhvxow1
Ohppd 5 Wkh uhqwdo hduqhg e| wkh LVR lv Sl �ljl+i�,

Surri1 Wkh LVR uhqwdo lv htxdo wr wkh gl�huhqfh ehwzhhq zkdw lw lv sdlg e|
ordgv dqg zkdw wkh LVR sd|v jhqhudwruv1 Irupdoo| wklv lv

[
l
�lgl �

[
l
�l

[
m5R+l,

{�m @
[
l
�ljl+i�,

e| yluwxh ri Ohppd 41
Ohppd 6 Iru hyhu| i 5 X / Sl �ljl+i�, �

S
l �ljl+i,

Surri1 Vlqfh +{�> i�> }�, plqlplvhv O+{> i> },/ i� vkrxog eh fkrvhq lq X wr
plqlplvh �Sl �ljl+i, +wklv lv wkh rqo| whup lq O+{> i> }, wkdw frqwdlqv i,1 Vr
iru doo i 5 X /

[
l
�ljl+i�, �

[
l
�ljl+i,=

Qrz ohw xv frqvlghu d vlwxdwlrq lq zklfk wkhuh duh D h{wdqw IWU frqwudfwv
ghvfulehg e| yhfwruv k+�, iru � @ 4> = = = > D1 Wkh frqwudfw zlwk yhfwru k+�,
sd|v lwv kroghu Sl �lkl+�, rqfh wkh glvsdwfk sureohp kdv ehhq vroyhg1 +Wklv
lv d idluo| jhqhudo qrwlrq ri IWU> lw lqfoxghv wkh frpprq �edodqfhg% IWU
+lq zklfk wkhuh duh qrghv l4> l5 zlwk kl4+�, @ �kl5+�, dqg km+�, @ 3 iru doo
m @5 il4> l5j, dqg �vsrw% IWU +lq zklfk wkhuh lv d qrgh l4 zlwk km+�, @ 3 iru doo
m 9@ l4, dv zhoo dv rwkhu w|shv1, Vxssrvh wkdw wkhvh duh vlpxowdqhrxvo| ihdvleoh
lq wkh vhqvh wkdw wkhuh h{lvw |/ } zlwk

VI= jl+|,� }l @ S
� kl+�,> l @ 4> 5> = = = > q

}l � 3> l @ 4> 5> = = = > q
| 5 X=

Wkdw lv/ S� k+�, uhsuhvhqwv d yhfwru ri lqmhfwlrqv dqg r�wdnhv zklfk pd| eh
�glvsdwfkhg wkurxjk wkh julg%1 Qrwh wkdw lw lv shuplvvleoh wr vkhg srzhu dw
qrghv +l1h1 wr kdyh }l A 3,1
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Wkhruhp 7 Zkhq wkh h{wdqw IWU frqwudfwv duh vlpxowdqhrxvo| ihdvleoh dv
deryh/ wkh uhqwdov hduqhg e| wkh LVR duh vx!flhqw wr ixqg wkh frxsrq sd|phqwv
wr wkh IWU kroghuv1

Surri1 Wkh wrwdo frxsrq sd|phqw wr eh pdgh lvSl �l
S

� kl+�,/ zklfk iru
vrph |/ } pd| eh zulwwhq

[
l
�l
[
�
kl+�, @ [

l
�l+jl+|,� }l,

� [
l
�ljl+|,>

vlqfh }l � 3/ dqg �l � 31 Qrz e| yluwxh ri Ohppd 6/ vlqfh | 5 X / wkh uljkw0kdqg
vlgh lv erxqghg deryh e| wkh uhqwdo iurp wkh dfwxdo glvsdwfk/ jlylqj

[
l
�l
[
�
u�kl+�, �

[
l
�ljl+i�,1

Ohppdv 4�7/ zkloh pdwkhpdwlfdoo| wuxh/ kdyh sudfwlfdo vljql�fdqfh rqo|
zkhq }� @ 3/ vlqfh rqo| wkhq grhv wkh rswlpxp +{�> i�> }�, ri S fruuhvsrqg
wr d sk|vlfdoo| lpsohphqwdeoh vroxwlrq1 Lq vlwxdwlrqv zkhuh }� 9@ 3/ zh pxvw
frqvlghu wkh wuxh glvsdwfk sureohp=

QS= plqlplvh S
l
S

m5R+l, fm{mvxemhfw wr jl+i, .Sm5R+l, {m @ gl> l @ 4> 5> = = = > q
{ 5 [
i 5 X=

Wklv lv wkh vdph dv sureohp S/ h{fhsw wkdw zh kdyh irufhg doo }l @ 31 Lw lv wkh
�wuxh% glvsdwfk sureohp lq wkh vhqvh wkdw lw uhsuhvhqwv wkh sureohp ri �qglqj
wkh ehvw +lq wkh hfrqrplf vhqvh, frxuvh ri dfwlrq iurp dprqj doo sk|vlfdoo|
uhdolvdeoh frxuvhv ri dfwlrq1

Sureohp S lv d uhod{dwlrq ri QS> doorzlqj }l A 3 dggv vrph sk|vlfdoo|
xquhdolvdeoh glvsdwfkhv wr wkh ihdvleoh vhw1 Wkh nh| gl�huhqfh lv wkdw S lv d
frqyh{ rswlpl}dwlrq sureohp/ zkloh QS lv lq jhqhudo qrq0frqyh{1

Lw lv frpprq wr uhsodfh QS e| S/ zklfk ehlqj frqyh{ lv frpsxwdwlrqdoo|
pxfk hdvlhu wr vroyh1 Krzhyhu/ lw vkrxog eh hpskdvl}hg wkdw zkhqhyhu wkh
rswlpd ri S dqg QS gl�hu/ lw lv wkh rswlpxp ri QS wkdw lv wkh fruuhfw rqh
+zkloh wkh rswlpxp ri S zloo qrw hyhq eh sk|vlfdoo| lpsohphqwdeoh,1 Vxfk
vlwxdwlrqv duh dvvrfldwhg zlwk qhjdwlyh qrgdo sulfhv1

Qrwh/ krzhyhu/ wkdw wkhuh lv qr �qrq0frqyh{� frxqwhusduw wr wkh vlpxowdqh0
rxv ihdvlelolw| frqglwlrq VI1 Li wkh rswlpxp +{�> i�> }�, ri S kdsshqv wr kdyh
}� @ 3 +ru htxlydohqwo|/ li wkh rswlpxp ri QS dovr kdsshqv wr eh rswlpdo iru
S, wkhq e| Ohppd 7 wkh fruuhvsrqglqj LVR uhqwdov zloo eh dghtxdwh wr ixqg
dq| froohfwlrq ri IWUv wkdw duh vlpxowdqhrxvo| ihdvleoh lq wkh vhqvh ri VI1 Exw
li wklv lv qrw wkh fdvh/ wkhq wkhuh lv qr vlpsoh frqglwlrq +lq wkh nqrzohgjh ri
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wkhvh dxwkruv, rq wkh IWUv wkdw zloo lpso| uhyhqxh dghtxdf|1 Lq sduwlfxodu/
wkh frqglwlrq wkdw wkhuh h{lvwv | zlwk

QVI= jl+|, @ S
� kl+�,> l @ 4> 5> = = = > q

| 5 X=
+l1h1 S� k+�, pd| eh �glvsdwfkhg wkurxjk wkh julg%/ zlwk qr srzhu vkhg dw
qrghv, lv lqvx!flhqw wr lpso| uhyhqxh dghtxdf| zkhq }� 9@ 31 Wklv lv h{soruhg
lq wkh iroorzlqj vxevhfwlrq/ zklfk suhvhqwv h{dpsohv zkhuh }� 9@ 31

514 Uhyhqxh lqdghtxdf| fdxvhg e| qhjdwlyh qrgdo sulfhv
Wklv vhfwlrq ghprqvwudwhv wkdw vlpxowdqhrxv ihdvlelolw| pd| idlo wr jxdudqwhh
uhyhqxh dghtxdf| iru IWUv li d vlwxdwlrq dulvhv zkhuh qrgdo sulfhv ehfrph
qhjdwlyh/ gxh hlwkhu wr qhjdwlyho|0sulfhg r�huv ru wr wudqvplvvlrq frqvwudlqwv1
H{dpsoh 8 Uhyhqxh lqdghtxdf| fuhdwhg e| qhjdwlyh r�hu sulfhv

Frqvlghu d qhwzrun ri wzr qrghv mrlqhg e| d vlqjoh wudqvplvvlrq olqh ri
fdsdflw| 4 dqg txdgudwlf orvv frh!flhqw u A 3 +vr wkdw li dq dprxqw i ri srzhu
lv lqmhfwhg dw rqh hqg ri wkh olqh/ i�ui5 pd| eh h{wudfwhg iurp wkh rwkhu,1 Wklv
qhwzrun fdq vxssruw +lq wkh vhqvh ri vlpxowdqhrxv ihdvlelolw|, rqh xqedodqfhg
IWU zlwk lqmhfwlrq 4 dw rqh hqg ri wkh olqh dqg r�wdnh 4� u dw wkh rwkhu1

Qrz vxssrvh wkdw zkhq wkh glvsdwfk sureohp QS lv vroyhg/ zh kdyh d jhqhu0
dwru J4 r�hulqj wr lqmhfw txdqwlw| 4 dw d qhjdwlyh sulfh s4 dw rqh qrgh +qrgh D/
vd|,/ zkloh dqrwkhu jhqhudwru J5 r�huv wr lqmhfw txdqwlw| 4 dw d qhjdwlyh sulfh
s5 dw qrgh E1 Vxssrvh s4 ? s5 ? 3/ dqg wkdw wkhuh lv d ordg ri 4 dw qrgh E1

Lw lv qrw kdug wr vhh wkdw lq wkh rswlpdo glvsdwfk/ J4 jhqhudwhv 4 zkloh J5
jhqhudwhv u1 Wkh qrgdo sulfhv duh �D @ s5+4 � 5u, dqg �E @ s5/ zkloh wkh
uhqwdo hduqhg e| wkh LVR lv +4� u,�E � �D @ us51 +Qrwh wkdw wklv lv qhjdwlyh/
d vlwxdwlrq srvvleoh rqo| zlwk qhjdwlyh qrgdo sulfhv1,

Krzhyhu/ li zh kdyh dzdughg wkh IWU zlwk lqmhfwlrq 4 dw qrgh E dqg r�wdnh
4� u dw qrgh D/ wkhq wkh frxsrq sd|phqw rzlqj lv +4� u,�D��E @ �s5+6u�
5u5,1 Wklv lv d srvlwlyh dprxqw/ hyhq wkrxjk wkhuh duh qr uhqwdov +qhjdwlyh
uhqwdov/ lq idfw, wr ixqg lw zlwk1
H{dpsoh 9 Uhyhqxh lqdghtxdf| fuhdwhg e| d wudqvplvvlrq frqvwudlqw/ zlwk rqo|
srvlwlyh r�hu sulfhv1

Frqvlghu wkh iroorzlqj irxu0qrgh qhwzrun=

9
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i45

i46 i57

i67
fdsdflw| 4

orvv
u @ 3=4

Doo olqhv kdyh xqolplwhg fdsdflw| +h{fhsw iru wkh olqh vkrzq zlwk fdsdflw|
4, dqg duh orvvohvv +h{fhsw iru wkh olqh vkrzq zlwk txdgudwlf orvv frh!flhqw
u @ 3=4,1 Wkdw lv/ wkh ixqfwlrqv jl+i, lq sureohp QS duh

j4+i, @ �i45 � i46 j5+i, @
+
i45 � i57 > i57 � 3
i45 � i57 � ui557 > i57 � 3

j6+i, @ i46 � i67 j7+i, @
+
i57 � ui557 . i67 > i57 � 3
i57 . i67 > i57 � 3

Lq rughu wr nhhs wkh orrs  rz frqvwudlqw vlpsoh/ zh zloo vxssrvh wkdw wkh
irxu olqhv kdyh wkh vdph dgplwwdqfh/ l1h1 wkdw wkh orrs  rz frqvwudlqw lv

i67 � i57 � i45 . i46 @ 3=
Wklv qhwzrun fdq vxssruw +lq wkh vhqvh ri vlpxowdqhrxv ihdvlelolw|, rqh xq0

edodqfhg IWU zlwk lqmhfwlrq 4=6743< dw qrgh 7 dqg r�wdnh 4=65<79 dw qrgh
61

Qrz vxssrvh wkdw jhqhudwlrq lv r�huhg +lq xqolplwhg txdqwlw|, dw d sulfh
s4 @ 6 dw qrgh 4 dqg dw d sulfh s5 @ 4 dw qrgh 51 Wkh rqo| ordg lv 6 dw qrgh 61
Vroylqj sureohp QS |lhogv wkh iroorzlqj rswlpdo glvsdwfk=

:
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5 4=45:
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4=;:6 4=587

6

�4 @ 6 �5 @ 4

�6 @ 8 �7 @ �4=5<4

Qrwh wkdw wkh orrs  rz frqvwudlqw kdv fuhdwhg d qhjdwlyh qrgdo sulfh dw qrgh
71 Wkh uhqwdo hduqhg e| wkh LVR lv ;145:/ zklfk lv ohvv wkdq wkh sd|phqw rzlqj
rq wkh IWU ri ;16:<1

6 IWUv dqg Pdunhw Srzhu
Wklv vhfwlrq h{soruhv wkh frqvhtxhqfhv ri dzduglqj �qdqfldo wudqvplvvlrq uljkwv
wr hohfwulflw| pdunhw sduwlflsdqwv odujh hqrxjk wr lq xhqfh pdunhw sulfhv1

Lw lv zhoo0xqghuvwrrg wkdw d jhqhudwru zlwk pdunhw srzhu +l1h1 d �sulfh0
pdnhu�, zloo hqjdjh lq vwudwhjlf r�hulqj lq rughu wr pd{lpl}h lwv sur�w1 Lq
jhqhudo/ wklv phdqv r�hulqj vxsso| dw d sulfh deryh pdujlqdo frvw/ ru zlwkkroglqj
vrph vxsso|/ ru erwk/ lq rughu wr lqfuhdvh wkh sulfh dw zklfk hohfwulflw| fdq eh
vrog1

Lqwxlwlyho|/ lw lv fohdu wkdw rzqhuvkls ri IWUv e| d sulfh0pdnhu zloo prgli|
wklv ehkdylrxu/ e| lqfuhdvlqj ru ghfuhdvlqj wkh lqfhqwlyh wr irufh xs wkh sulfh
dw wkh orfdo qrgh1 Yhu| vlpsoh hfrqrplf prghov vxfk dv wkrvh wr eh irxqg lq
^44` frq�up wkdw zkhq dq IWU ryhu d olqh iurp dq �xsvwuhdp� orfdwlrq wr d
�grzqvwuhdp� rqh lv dzdughg wr d sulfh0pdnhu jhqhudwru=

� Li wkh jhqhudwru lv lq wkh grzqvwuhdp orfdwlrq/ lwv vwudwhj| zloo whqg wr
ehfrph pruh �djjuhvvlyh� +l1h1 hyhq ixuwkhu uhpryhg iurp wkh frpshwlwlyh
vwudwhj| ri r�hulqj doo dydlodeoh vxsso| dw lwv pdujlqdo frvw,/ dv wkhuh lv
qrz hyhq pruh lqfhqwlyh wr irufh xs wkh orfdo sulfh1

� Li wkh jhqhudwru lv lq wkh xsvwuhdp orfdwlrq/ lwv vwudwhj| zloo whqg wr eh0
frph ohvv djjuhvvlyh � wkhuh lv qrz ohvv lqfhqwlyh wr irufh xs wkh orfdo
sulfh1

Lq d qhwzrun zlwk orrs  rz/ hlwkhu ri wkh deryh h�hfwv lv srvvleoh ghshqglqj
rq wkh orfdwlrqv ri wkh jhqhudwru dqg wkh IWU1 Ilqdoo|/ doo ri wkh deryh h�hfwv
zloo eh uhyhuvhg li wkh IWU jrhv lq wkh �zurqj� gluhfwlrq +h1j1 iurp d grzq0
vwuhdp qrgh wr dq xsvwuhdp rqh,1 +Vxfk dq IWU pd| vhhp xqolnho|/ exw frxog

;



dulvh li wkh IWU0kroghu pdgh d zurqj jxhvv dv wr wkh gluhfwlrq ri wkh  rz rq
wkh olqh1 Iru h{dpsoh/ wkh olqh ehwzhhq wkh wzr lvodqgv ri Qhz ]hdodqg xvxdoo|
fduulhv wkh Vrxwk Lvodqg*v dexqgdqw k|gur0srzhu qruwkzdugv/ exw lq d gu| |hdu
pd| �qg lwvhoi frqvwudlqhg lq wkh rssrvlwh gluhfwlrq1,

Lq wkh uhpdlqghu ri wklv vhfwlrq/ zh suhvhqw wzr h{dpsohv zklfk looxvwudwh lq
pruh ghwdlo krz wkh sureohp ri rswlpl}lqj d sulfh0pdnhu*v r�hu fxuyh lv d�hfwhg
e| wkh suhvhqfh ri IWUv1 Zh xvh wkh pdunhw glvwulexwlrq ixqfwlrq phwkrgrorj|
ri ^7`/ zkhuhlq d jhqhudo wkhru| lv suhvhqwhg iru frqvwuxfwlqj d ohjdo +l1h1 prqr0
wrqh lqfuhdvlqj, r�hu fxuyh lq uhvsrqvh wr xqfhuwdlq ghpdqg dqg frpshwlwru
ehkdylrxu1 Wkh xqfhuwdlqw| � dqg khqfh wkh qhhg wr frqvlghu frpsohwh r�hu
fxuyhv udwkhu wkdq vlqjoh r�huv � duh lpsruwdqw/ vlqfh rqh prwlydwlrq iru wkh
h{lvwhqfh ri IWUv lv wr doorz xqfhuwdlq sulfh gl�huhqfhv wr eh khgjhg1
H{dpsoh : IWU plwljdwlqj wkh h�hfwv ri pdunhw srzhu1

Frqvlghu d wzr0qrgh julg lq zklfk �zh� duh wkh rqo| jhqhudwru zlwk pdunhw
srzhu1
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D frpshwlwlyh iulqjh frqvlvwlqj ri pdq| vpdoohu jhqhudwruv dqg ghpdqg0
vlgh sduwlflsdqwv surylghv dgglwlrqdo vxsso| �J4� dqg �J5�> zklfk lv r�huhg
wr wkh pdunhw yld �{hg djjuhjdwhg r�hu fxuyhv1 Iru vlpsolflw|/ dvvxph wkdw
wkhvh wdnh wkh irupv t @ �4s dqg t @ �5s +zlwk �4 A 3/ �5 A 3, dw qrghv
4 dqg 5 uhvshfwlyho|1 Ghpdqg G lv orfdwhg dw qrgh 5 dqg lv udqgrp/ zlwk
d suredelolw| ghqvlw| ixqfwlrq i 1 Wkh wudqvplvvlrq olqh lv orvvohvv/ exw kdv d
pd{lpxp fdsdflw| O1 Vxssrvh wkdw zh fdq jhqhudwh srzhu dw qr pdujlqdo frvw/
dqg wkdw zh rzq d edodqfhg IWU iru txdqwlw| ti iurp qrgh 4 wr qrgh 51

Wkh IWU phdqv wkdw zh duh h�hfwlyho| vhoolqj sduw ri rxu rxwsxw +d txdqwlw|
ti , dw wkh qrgh 5 sulfh s5/ udwkhu wkdq wkh qrgh 4 sulfh s41 Vlqfh zh kdyh ohvv
gluhfw lq xhqfh ryhu s5 wkdq ryhu s4/ rqh pljkw lqwxlwlyho| h{shfw wkdw wkh IWU
zloo uhgxfh rxu qdwxudo ghvluh wr irufh xs s4 e| zlwkkroglqj vxsso|1 Rqh pljkw
dovr h{shfw wkdw wkh olqh fdsdflw| frqvwudlqw zloo eh pruh olnho| wr eh uhdfkhg/
vlqfh rxu rzqhuvkls ri wkh IWU lqfhqwlyl}hv xv wr fuhdwh wklv yhu| rxwfrph1
Erwk ri wkhvh wklqjv wxuq rxw wr eh wkh fdvh/ dv wkh iroorzlqj dqdo|vlv vkrzv1

Zh pd| eh glvsdwfkhg dw d srlqw +t> s, rq wkh r�hu fxuyh/ zlwk wkh olqh qrw
dw fdsdflw|/ zkhqhyhu t . �4s ? O1 Wklv zloo eh dfklhyhg iru ghpdqg ohyho
G @ t . +�4 . �5,s/ vlqfh wkh wzr qrgdo sulfhv zloo eh htxdo1 Dowhuqdwlyho|/ zhpd| eh glvsdwfkhg dw +t> s,/ zlwk wkh olqh dw fdsdflw|/ li t . �4s @ O1 Wklv zloo
uhtxluh G � O. �5s/ dqg wkh sulfh dw qrgh 5 zloo wkhq eh s5 @ ��45 +G�O,1 D
glvsdwfk zlwk t . �4s A O lv fohduo| qrw srvvleoh1

<
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W

� +tW > sW ,

Ohwwlqj �+t> s, ghqrwh wkh suredelolw| wkdw zh duh glvsdwfkhg dw d srlqw rq
rxu r�hu fxuyh ehorz +t> s, +dv lq ^7`,/ zh kdyh iru t . �4s ? O

C�
Ct +t> s, @ i+t . +�4 . �5,s,
C�
Cs +t> s, @ i+t . +�4 . �5,s,+�4 . �5,

Wkh h{shfwhg uhyhqxh jhqhudwhg e| dq r�hu fxuyh W zlwk hqgsrlqw +tW > sW , lv
wkxv

�+W , @
]
W
tsi+t . +�4 . �5,s,+gt . +�4 . �5,gs,

.
] 4

tW.+�4.�5,sW

�tWsW . ti +��45 +{� O,� sW ,� i+{, g{
+4,

Wkh rswlpxp fxuyh W pd| eh ghwhuplqhg dv iroorzv1 Il{ wkh hqgsrlqw +tW > sW ,/
dqg frqvlghu yduldwlrqv wr wkh uhvw ri W 1 Vlqfh wkh vhfrqg whup lq +4, lv qrz
frqvwdqw/ wkh dujxphqwv ri ^7` vkrz wkdw wkh rswlpxp fxuyh pxvw dw hdfk srlqw
hlwkhu eh krul}rqwdo ru yhuwlfdo/ ru vdwlvi| wkh htxdwlrq ] @ 3/ zkhuh

] @ s+C�@Cs,� t+C�@Ct, @ ++�4 . �5,s� t,i+t . +�4 . �5,s,=
AIurp wklv lw lv qrw kdug wr vhh wkdw wkh rswlpxp W pxvw uhvhpeoh rqh ri wkh
wzr vrolg fxuyhv lq wkh gldjudp ehorz1
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+Qrwh wkh uroh ehlqj sod|hg khuh e| wkh uhtxluhphqw wkdw wkh r�hu fxuyh eh
prqrwrqh lqfuhdvlqj lq erwk s dqg t1 Li lw zhuh qrw iru wklv frqvwudlqw/ wkh vrox0
wlrq zrxog eh wr fkrrvh W wr eh wkh fxuyh t @ +�4. �5,s/ wkhq glvfrqwlqxrxvo|
mxps wr zkdwhyhu hqgsrlqw +tW > sW , zrxog rswlpl}h wkh vhfrqg whup ri +4,1,

Dvvxplqj wklv irup iru W / lw lv srvvleoh wr zulwh wkh �uvw lqwhjudo lq +4,
dv d ixqfwlrq ri +tW > sW ,1 Lw wkhq uhpdlqv rqo| wr shuirup d rqh0glphqvlrqdo
rswlpl}dwlrq ryhu +tW > sW , wr ghwhuplqh wkh rswlpdo W 1 Wkh sduwlfxodu srlqw
+tW > sW , zklfk wxuqv rxw wr eh rswlpdo zloo/ lq jhqhudo/ ghshqg rq i / l1h1 rq wkh
ghpdqg glvwulexwlrq/ dv zhoo dv rq ti 1

Wkh h�hfw ri wkh IWU rq wklv r�hu fxuyh fdq hdvlo| eh vhhq1 Wkh h�hfw ri
ti rq �+W , lv wr frqwulexwh wkh whup

ti
] 4

O.�5sW

�{� O
�5 � sW

�
i+{, g{

zklfk iru ti A 3 lv d ghfuhdvlqj ixqfwlrq ri sW 1 +Lwv ghulydwlyh zlwk uhvshfw wr
sW lv �tiS +G � O . �5sW ,1, Wkh rswlpxp fxuyh zkhq ti A 3 zloo wkhuhiruh
kdyh vpdoohu sW wkdq zkhq ti @ 31

Lq rwkhu zrugv/ rxu qdwxudo whqghqf| wr r�hu djjuhvvlyho| +zlwkkroglqj vxs0
so|, zloo eh uhgxfhg lq wkh suhvhqfh ri wkh IWU1 Revhuyh/ wrr/ wkdw wklv kdv
wkh h�hfwv ri uhgxflqj wkh h{shfwhg sulfh sdlg e| frqvxphuv dw qrgh 5/ dqg
lqfuhdvlqj wkh suredelolw| wkdw wkh olqh frqvwudlqw zloo ehfrph dfwlyh1

Li rxu IWU zhqw lq wkh rwkhu gluhfwlrq +iurp qrgh 5 wr qrgh 4, lw zrxog
lqvwhdg ohdg wr d pruh djjuhvvlyh vwudwhj|1 Wklv fdq eh vhhq e| frqvlghulqj
qhjdwlyh ydoxhv ri ti 1

Iru d qxphulfdo h{dpsoh/ vxssrvh wkdw O @ 433PZ dqg �4 @ �5 @
4PZ5@'/ zkloh wkh ghpdqg G kdv d qrupdo glvwulexwlrq zlwk phdq 483PZ
dqg vwdqgdug ghyldwlrq 53PZ1 Rswlpdo r�hu fxuyhv iru vhyhudo ydoxhv ri ti
duh ghslfwhg ehorz1 Zkhq ti @ 433PZ +l1h1 wkh ixoo fdsdflw| ri wkh olqh, wkh
rswlpdo fxuyh kdv sW @'31632PZ/ zklfk pdnhv lw kdugo| glvwlqjxlvkdeoh iurp
wkh t d{lv1 Lq wklv fdvh rxu vwudwhj| kdv ehhq doprvw uhgxfhg wr wkh frpshwlwlyh
rqh/ zklfk lv wr r�hu dw }hur sulfh1
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Dq lqwhuhvwlqj yduldqw ri wklv sureohp fdq eh rewdlqhg e| uhprylqj wkh
frpshwlwlyh iulqjh dw qrgh 41 Wkh gdvkhg olqh lv wkhq uhsodfhg e| d yhuwlfdo rqh/

44



vr wkh prqrwrqlflw| frqvwudlqw doorzv d mxps glvfrqwlqxlw| dw wkh hqgsrlqw ri
W 1 Lw wxuqv rxw wkdw lq wklv fdvh/ wkh IWU grhv qrw d�hfw rxu ehkdylrxu1 D
vlplodu sureohp +wkrxjk zlwkrxw wkh ixoo vxsso| fxuyh, lv zrunhg rxw lq ^44`1
H{dpsoh ; IWU h{dfhuedwlqj wkh h�hfwv ri pdunhw srzhu1

Frqvlghu d wkuhh0qrgh julg lq zklfk �zh� duh wkh rqo| jhqhudwru odujh hqrxjk
wr lq xhqfh sulfhv1
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D frpshwlwlyh iulqjh frqvlvwlqj ri pdq| vpdoohu jhqhudwruv surylghv dggl0
wlrqdo vxsso| �J4� dqg �J5�> zklfk lv r�huhg wr wkh pdunhw yld �{hg djjuh0
jdwhg r�hu fxuyhv1 Iru vlpsolflw|/ dvvxph wkdw wkhvh wdnh wkh irupv t @ �4s dqgt @ �5s dw qrghv 4 dqg 5 uhvshfwlyho|1 Ghpdqg G lv orfdwhg dw qrgh 6 dqg lv
udqgrp/ zlwk d suredelolw| ghqvlw| ixqfwlrq i 1 Wkhuh duh qr olqh orvvhv/ dqg qr
olqh fdsdflw| frqvwudlqwv rwkhu wkdq wkh 433PZ olplw rq wkh olqh ehwzhhq qrghv
5 dqg 61 Wkh wkuhh olqhv kdyh htxdo dgplwwdqfhv1 +Wkh vljql�fdqfh ri wklv odvw
srlqw lv wkdw 4@6 ri dq| srzhu lqmhfwhg dw qrgh 4/ dqg 5@6 ri dq| srzhu lqmhfwhg
dw qrgh 5/ pxvw  rz yld wkh olplwhg0fdsdflw| olqh wr uhdfk wkh ordg1, Vxssrvh
wkdw zh fdq jhqhudwh srzhu dw qr pdujlqdo frvw/ dqg wkdw zh rzq d edodqfhg
IWU iru ti phjdzdwwv iurp qrgh 4 wr qrgh 61

Zkdw vxsso| fxuyh vkrxog zh r�hu/ dqg krz lv wklv d�hfwhg e| wkh suhvhqfh
ri wkh IWUB Dq dqdo|vlv ri wkh glvsdwfk sureohp vkrzv wkdw wkh qrgdo sulfhv
s4/ s5/ dqg s6 zloo dozd|v vdwlvi| s6 � s4 @ s4 � s51 Wkxv/ iru d jlyhq ydoxh ri
s5/ lqfuhdvlqj s4 zloo dovr lqfuhdvh wkh gl�huhqfh s6 � s4 dqg khqfh wkh uhyhqxh
iurp wkh IWU1 Wklv vxjjhvwv wkdw wkh sulfh0pdnhu*v xvxdo lqfhqwlyh wr irufh xs
wkh orfdo sulfh e| zlwkkroglqj vxsso| zloo eh uhlqirufhg e| wkh suhvhqfh ri wkh
IWU1 Wkh iroorzlqj dqdo|vlv vkrzv wkdw wklv lv lqghhg wkh fdvh1

Frqvlghu d srlqw +t> s, wkurxjk zklfk rxu vxsso| fxuyh pd| sdvv1 Lw pd| eh
wkdw zh duh glvsdwfkhg dw wkh srlqw +t> s, zlwkrxw frqvwudlqlqj wkh olqh ehwzhhq
qrghv 5 dqg 6> wklv lv srvvleoh li dqg rqo| li

4
6+t . �4s, . 5

6�5s ? 433
vlqfh lq wklv fdvh wkh sulfh zloo eh s dw hyhu| qrgh1 Wkh ohyho ri ordg zklfk
dfklhyhv wklv lv G @ t . +�4 . �5,s1Qrz frqvlghu d srlqw +t> s, zlwk t . +�4 . 5�5,s A 6331 Lw pd| vwloo eh
srvvleoh wr eh glvsdwfkhg dw vxfk d srlqw/ exw rqo| lq d vlwxdwlrq zkhuh wkh olqh
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ehwzhhq qrghv 5 dqg 6 lv dw fdsdflw|/ dqg wkh qrgdo sulfhv duh xqhtxdo1 Wklv
uhtxluhv

4
6+t . �4s4, . 5

6�5s5 @ 433
t . �4s4 . �5s5 @ G

s4 @ s
s6 � s4 @ s4 � s5=

Vroylqj/ zh �qg wkdw G @ 483 . +t . �4s,@5 dqg s5 @ +633 � t � �4s,@5�5+khqfh s6 � s4 @ s4 � s5 @ +t . +�4 . 5�5,s � 633,@5�5,1 Qrwh wkdw wklv lv
srvlwlyh1 +Lq wklv prgho/ hyhu| srvvleoh glvsdwfk kdv s4 � s5 dqg vr rxu uhyhqxh
iurp wkh IWU zloo qhyhu eh qhjdwlyh1, Vxfk d glvsdwfk lv srvvleoh iru dq| +t> s,
zlwk t.�4s � 6331 Iru t.�4s A 633/ wkh deryh htxdwlrqv duh lqydolg/ dv wkh|
jlyh s5 ? 3/ dqg lq wkdw fdvh wkh jhqhudwlrq dw qrgh 5 vkrxog eh 3 udwkhu wkdq
�5s51Lq idfw/ lw lv qhyhu srvvleoh iru xv wr eh glvsdwfkhg dw d srlqw +t> s, zlwk
t. �4s A 633/ vlqfh lq wkdw fdvh wkh jhqhudwlrq dw qrgh 4 dorqh zloo douhdg| eh
hqrxjk wr ylrodwh wkh olqh fdsdflw| frqvwudlqw ehwzhhq qrghv 5 dqg 61
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W L

LL

Rxu r�hu fxuyh W pxvw wkhuhiruh sdvv wkurxjk wzr glvwlqfw uhjlrqv/ odehoohg
L dqg LL rq wkh gldjudp1 Lq uhjlrq LL/ wkh olqh ehwzhhq qrghv 5 dqg 6 zloo eh dw
fdsdflw|> lq uhjlrq L/ lw zloo qrw1

Iroorzlqj ^7`/ ohw �+t> s, ghqrwh wkh suredelolw| wkdw zh duh glvsdwfkhg dw d
srlqw ehorz +t> s, rq rxu r�hu fxuyh1 +Khuh +t> s, lv dvvxphg wr eh d srlqw rq
wkdw fxuyh1, Wkh deryh uhpdunv lpso| wkdw iru +t> s, lq uhjlrq L/

C�
Ct +t> s, @ i+t . +�4 . �5,s,
C�
Cs +t> s, @ i+t . +�4 . �5,s,+�4 . �5,>
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zkloh iru +t> s, lq uhjlrq LL/
C�
Ct +t> s, @ i+483 . +t . �4s,@5,@5
C�
Cs +t> s, @ i+483 . +t . �4s,@5,�4@5=

Li zh duh glvsdwfkhg dw +t> s,/ rxu wrwdo uhyhqxh lv
U+t> s, @ ts4 . ti +s6 � s4,

@
+
ts lq uhjlrq L
ts. ti +t . +�4 . 5�5,s� 633,@5�5 lq uhjlrq LL

Dffruglqj wr ^7`/ wkh rswlpdo r�hu fxuyh pxvw dw hdfk srlqw hlwkhu eh krul}rqwdo
ru yhuwlfdo/ ru vdwlvi| wkh htxdwlrq ] @ 3/ zkhuh

] @ CU
Ct

C�
Cs � CU

Cs
C�
Ct

@
+
++�4 . �5,s� t,i+t . +�4 . �5,s, lq uhjlrq L
+�4s� t � ti ,45i+483 . +t . �4s,@5, lq uhjlrq LL

Wkh ] @ 3 frqwrxu lv wkxv t @ +�4.�5,s lq uhjlrq L dqg t @ �4s� ti lq uhjlrq
LL/ lqghshqghqwo| ri i 1 Iurp wklv/ lw lv qrw kdug wr vhh wkdw wkh ehvw r�hu fxuyh
pxvw uhvhpeoh wkh xsshu fxuyh lq wkh gldjudp ehorz1 +Wkh ydoxh ri tW zloo lq
jhqhudo ghshqg rq i 1,

3 633
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ti @ 3

tW
Iru frpsdulvrq/ wkh orzhu fxuyh lq wkh gldjudp vkrzv wkh r�hu fxuyh zh

zrxog vxeplw li zh glg qrw rzq wkh IWU1 Rzqhuvkls ri wkh IWU wkxv uhtxluhv
pruh djjuhvvlyh vwudwhjlf r�hulqj +zlwk uhvshfw wr erwk txdqwlw| dqg sulfh, rq
rxu sduw1 Dv d uhvxow ri wklv/ wkh olqh fdsdflw| frqvwudlqw ehwzhhq qrghv 5 dqg
6 lv pruh olnho| wr frph lqwr sod|/ dqg wkh h{shfwhg sulfh s6 sdlg e| frqvxphuv
dw qrgh 6 lv lqfuhdvhg1
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7 Doorfdwlqj Uljkwv e| Dxfwlrq
Lq wklv vhfwlrq zh frqvlghu wkh ghvljq ri wkh dxfwlrq phfkdqlvp e| zklfk wkh
LVR fuhdwhv IWUv dqg glvwulexwhv wkhp wr pdunhw sduwlflsdqwv1

Qrwh wkdw wkhuh duh pdq| pruh srvvleoh w|shv ri IWUv +h1j1 d edodqfhg
IWU ehwzhhq dq| sdlu ri qrghv lq wkh qhwzrun, wkdq duh olnho| wr eh qhhghg lq
sudfwlfh1 Wkh LVR pxvw wkxv pdnh wzr ghflvlrqv= +l, zklfk IWUv vkrxog h{lvw>
dqg +ll, zkr vkrxog rzq wkhp1 Lq dq dxfwlrq iudphzrun/ erwk ghflvlrqv duh
gulyhq e| wkh elgv uhfhlyhg/ vxemhfw rqo| wr wkh uhtxluhphqw wkdw doo wkh IWUv
fuhdwhg pxvw eh vlpxowdqhrxvo| ihdvleoh lq wkh vhqvh glvfxvvhg lq vhfwlrq 51

Wklv olqh ri wklqnlqj ohdgv gluhfwo| wr dq dxfwlrq ri wkh iroorzlqj nlqg1 Vxs0
srvh D elgv duh uhfhlyhg/ zlwk elg � +� @ 4> = = = > D, r�hulqj I� grooduv lq
h{fkdqjh iru dq IWU frqwudfw ghvfulehg e| d yhfwru k+�, +l1h1 rqh zklfk sd|vS

l �lkl+�,,1 Wkhq wkh dxfwlrq lv fohduhg e| dffhswlqj d iudfwlrq u� ri hdfk elg
� lq vxfk d zd| dv wr pd{lpl}h wkh uhvxowlqj uhyhqxh wr wkh LVR1 Irupdoo|/ wkh
dxfwlrqhhu vroyhv=

DS= pd{lpl}h S
� I�u�vxemhfw wr jl+|,� }l @ S

� u�kl+�,> l @ 4> 5> = = = > q
u� 5 ^3> 4` � @ 4> 5> = = = > D
}l � 3> l @ 4> 5> = = = > q
| 5 X>

zkhuh jl/ X duh dv lq vhfwlrq 51 Qrwh wkdw wklv lv d olqhdu surjudp/ dqg wkhuhiruh
uhodwlyho| hdv| wr vroyh1 Wkh sulfhv dfwxdoo| sdlg e| wkh elgghuv duh ghwhuplqhg
iurp wkh gxdo sureohp1 Wklv w|sh ri dxfwlrq lv glvfxvvhg ixuwkhu e| Krjdq lq
^43`1

Krzhyhu/ wklv dxfwlrq ghvljq pd| idlo wr fdswxuh doo ri wkh uhyhqxh rssru0
wxqlwlhv dydlodeoh wr wkh LVR zkhq wkhuh duh elgghuv zkr kdyh pdunhw srzhu lq
wkh hohfwulflw| pdunhw1 Wr vhh zk|/ zh pxvw frqvlghu zkdw dq IWU lv zruwk wr
vxfk d elgghu1

Vxssrvh d odujh jhqhudwru lv vxfk wkdw zkhq lw fkrrvhv dq r�hu fxuyh W / wkh
uhvxowlqj qrgdo sulfh dw qrgh l kdv h{shfwdwlrq ��l+W ,1 +Fi1 wkh h{dpsohv lq wkh
suhylrxv vhfwlrq1, Wr wklv jhqhudwru/ wkh ydoxh ri d iudfwlrq u ri dq IWU wkdw
sd|v Sl kl�l lv

I +u, @ pd{W
#
�+W , . u[

l
kl��l+W ,

$
�pd{W �+W ,>

zkhuh �+W , uhsuhvhqwv wkh ydoxh jhqhudwhg e| doo dfwlylwlhv rwkhu wkdq wklv iudf0
wlrq ri wklv IWU +lqfoxglqj hqhuj| wudglqj/ rwkhu IWUv/ dqg shukdsv d �{hg
ixuwkhu iudfwlrq u3 ri wklv vdph IWU,1 Li pd{W�+W , lv dwwdlqhg iru W @ W �/ wkhq
zh kdyh

I +u, � �+W �, . u[
l
kl��l+W �,� �+W �, @ u[

l
kl��l+W �,
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AIurp wklv lw iroorzv wkdw I lv d frqyh{ ixqfwlrq/ dqg olqhdu rqo| zkhq wkh �l
gr qrw ghshqg rq W 1

Dv dq h{dpsoh/ frqvlghu wkh odujh xsvwuhdp jhqhudwru lq +wkh qxphulfdo
vshfldolvdwlrq ri, H{dpsoh :1 Li wklv jhqhudwru rzqv ti phjdzdwwv ri wkh IWU
ryhu wkh olqh/ wkhq lwv h{shfwhg wrwdo uhyhqxh pd| eh irxqg iurp htxdwlrq +4,1

3

4333

5333

6333

3 83 433
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Qrwh wkdw wkh ghulydwlyh ri wklv ixqfwlrq lv dw hyhu| srlqw htxdo wr wkh �lq0
yhvwphqw� ydoxh ri d xqlw IWU/ l1h1 H^�5+W �,��4+W �,`/ zkhuh W � lv wkh rswlpdo
r�hu fxuyh iru wkh jlyhq ydoxh ri ti 1

Wkh pdunhw iru IWUv lq wkh suhvhqfh ri vxfk d vwudwhjlf elgghu lv wkxv qrw
glvvlplodu wr wkh pdunhw iru d sxeolf frpsdq|*v vkduhv lq wkh suhvhqfh ri d
vwudwhjlf ex|hu wr zkrp d odujh eorfn ri vkduhv zrxog kdyh dq hqkdqfhg ydoxh
dvvrfldwhg zlwk frqwuro1 Wr wkh vwudwhjlf elgghu/ d vpdoo dgglwlrqdo kroglqj
ri IWUv kdv wkh vdph ydoxh dv lw zrxog wr dq|rqh hovh/ exw d kljkhu sulfh
fdq eh sdlg iru d odujh eorfn1 +Rqh gl�huhqfh lv wkdw d vkduhkroghu*v frqwuro
ryhu d sxeolf frpsdq| lqfuhdvhv glvfrqwlqxrxvo| dw d vkduhkroglqj ohyho ri 83(/
zkloh wkh ydoxh0hqkdqfhphqw srvvleoh zlwk IWUv lqfuhdvhv frqwlqxrxvo| zlwk
wkh txdqwlw| khog1, Wklv dqdorj| zdv �uvw pdgh e| Mrvnrz dqg Wluroh lq ^44`1

Lq d vlpsoh dxfwlrq ri wkh w|sh glvfxvvhg deryh/ wkh vwudwhjlf elgghu idfhv d
gl!fxow sureohp1 Li lw elgv I� iru dq IWU k+�,/ wkh elg zloo eh vfdohg edfn e|
vrph idfwru u� � zklfk lv xqnqrzq dw wkh wlph wkh elg lv pdgh � vr wkdw wkh
dfwxdo IWU sxufkdvhg lv u�k+�,/ iru dq dprxqw u�I�1 Wkh elgghu zloo wkhuhiruh
qrw zdqw wr vhw I� wr eh wkh ixoo dprxqw wkdw lw shufhlyhv k+�, wr eh zruwk/
vlqfh wklv lv olnho| wr uhvxow lq lw ryhusd|lqj iru wkh IWU hyhqwxdoo| uhfhlyhg1
Wklv zloo eh hvshfldoo| vr lq d frpsoh{ qhwzrun/ zkhuh wkh elg pxvw frpshwh
djdlqvw rwkhu sduwlflsdqwv* elgv iru IWUv ehwzhhq pdq| rwkhu sdluv ri qrghv lq
rughu wr pdlqwdlq vlpxowdqhrxv ihdvlelolw| ryhudoo/ dqg wkh ydoxh ri u� lv wkxv
hvshfldoo| xqfhuwdlq lq dgydqfh1

D srvvleoh prgl�fdwlrq ri wkh dxfwlrq zklfk zrxog dffrprgdwh wkh vwudwhjlf
elgghuv +dqg wkhuhiruh hqkdqfh wkh LVR*v olnho| uhyhqxh, zrxog eh wr doorz vrph
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elgv wr eh frqglwlrqdo rq rwkhuv ehlqj ixoo| dffhswhg1 D vwudwhjlf elgghu frxog
wkhq r�hu d kljkhu sulfh iru ixuwkhu IWUv erxjkw diwhu d vljql�fdqw kroglqj
kdg douhdg| ehhq dftxluhg1 Krzhyhu/ wklv zrxog pdnh wkh dxfwlrqhhu*v sureohp
pruh frpsoh{ � lqvwhdg ri d olqhdu surjudp/ lw zrxog ehfrph d pl{hg0lqwhjhu
olqhdu surjudp1

Lq wkh oljkw ri wkh suhylrxv vhfwlrq/ lw frxog eh dujxhg wkdw wkh ixqgdphqwdo
remhfwlyh ri wkh dxfwlrq � wr pd{lpl}h wkh LVR*v uhyhqxh � vkrxog eh vdful�fhg
lq dq h�ruw wr suhyhqw vwudwhjlf sod|huv iurp rewdlqlqj odujh eorfnv ri IWUv/ dqg
wkh frqvhtxhqw h�hfwv rq wkh hqhuj| pdunhw1 Frxqwhu0dujxphqwv zrxog eh= +l,
Dzduglqj odujh eorfnv ri IWUv wr sulfh0pdnhuv qhhg qrw eh d edg wklqj> lw fdq
eh yhu| ehqh�fldo/ dv H{dpsoh : vkrzv> +ll, hyhq li wkh dxfwlrq zhuh ghvljqhg vr
dv wr wkzduw wkh vwudwhjlf elgghuv/ wkh| pljkw vwloo eh deoh jhw wkh IWUv wkh|
zdqwhg gxulqj srvw0dxfwlrq vhfrqgdu| wudglqj1 Wkh dgglwlrqdo dprxqw vwudwhjlf
elgghuv duh suhsduhg wr sd| iru IWUv zrxog wkhq eh fdswxuhg e| lqwhuphgldulhv/
lqvwhdg ri e| wkh LVR1

8 Julg Lqyhvwphqw
Lq wklv vhfwlrq zh lqyhvwljdwh vrph ri wkh dgydqwdjhv wkdw IWUv surylgh lq vxs0
sruwlqj lqyhvwphqw lq wudqvplvvlrq dvvhwv1 Lw lv zhoo0nqrzq +vhh h1j1 ^46`, wkdw
hohfwulflw| wudqvplvvlrq qhwzrunv vxssruw Eudhvv0w|sh sdudgr{hv/ lq zklfk wkh
dgglwlrq ri wudqvplvvlrq fdsdflw| +ru dgplwwdqfh, uhvxowv lq d orvv lq surgxfhu
dqg frqvxphu vxusoxv1 Li wkh dgglwlrq ri wklv fdsdflw| zhuh wr ehqh�w d vlq0
joh pdunhw sduwlflsdqw dw wkh h{shqvh ri rwkhuv wkhq lw vkrxog eh glvfrxudjhg lq
vrph zd|1 Zh vkrz e| h{dpsoh krz IWUv fdq eh xvhg wr surylgh d glvlqfhqwlyh
iru ghwulphqwdo qhwzrun h{sdqvlrqv1

Lw lv lpsruwdqw wr eh suhflvh khuh derxw zkdw lv phdqw e| d ghwulphqwdo
qhwzrun h{sdqvlrq1 Uhfdoo wkh glvsdwfk sureohp

S= plqlpl}h S
l
S

m5R+l, fm{m
vxemhfw wr jl+i, .Sm5R+l, {m � }l @ gl> l @ 4> 5> = = = > q

}l � 3> l @ 4> 5> = = = > q
{ 5 [
i 5 X

Zkhq wkh r�hu sulfh fm lv wkh pdujlqdo frvw ri jhqhudwlrq wkh remhfwlyh ixqfwlrq
ri sureohp S lv wkh frvw ri phhwlqj dq lqhodvwlf ghpdqg1 Li rqh dvvxphv iru hdfk
qrgh l wkdw doo pdujlqdo ghpdqg ehorz wkh ohyho gl lv zruwk d yhu| kljk �{hg
sulfh �f wr wkh frqvxphu/ dqg zruwk }hur deryh gl wkhq plqlpl}lqj wkh frvw ri
glvsdwfk e| vroylqj S lv htxlydohqw wr pd{lpl}lqj wkh frqvxphu dqg surgxfhu
ehqh�w gh�qhg e|

E @[
l
+�fgl �

[
m5R+l,

fm{m,=
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Jlyhq dq rswlpdo glvsdwfk dqg fruuhvsrqglqj vkdgrz sulfhv � zh fdq uhzulwh
wkh frqvxphu dqg surgxfhu ehqh�w dv

E @[
l
+�f� �l,gl .

[
l
�l+gl �

[
m5R+l,

{m, .
[
l

[
m5R+l,

+�l � fm,{m =

Wkh wkuhh whupv lq wklv h{suhvvlrq duh wkh frqvxphu vxusoxv/ wkh frqvwudlqw
uhqwdov/ dqg wkh surgxfhu vxusoxv1 Wkxv/ jlyhq dq| rswlpdo glvsdwfk wkh sur�w
lv vsolw dprqjvw sxufkdvhuv/ wkh LVR/ dqg jhqhudwruv dffruglqj wr wkh irupxod
deryh1 Zh vd| dq h{sdqvlrq +ru frqwudfwlrq, ri wkh wudqvplvvlrq qhwzrun lv
ghwulphqwdo li lw ghfuhdvhv wkh frqvxphu dqg surgxfhu ehqh�w1 Qrwh wkdw wklv lv
qrw wkh vdph dv ghfuhdvlqj wkh wrwdo frqvxphu dqg surgxfhu vxusoxv vlqfh wkh
frqvxphu dqg surgxfhu ehqh�w lqfoxghv wkh frqvwudlqw uhqwdov1
H{dpsoh < Ghwulphqwdo qhwzrun h{sdqvlrqv dqg frqwudfwlrqv

Wkh iroorzlqj wkuhh qrgh h{dpsoh lv edvhg rq wkdw ri Exvkqhoo dqg Vwriw ^9`1
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Ehiruh h{sdqvlrq wkh wudqvplvvlrq olqhv kdyh 9PZ fdsdflwlhv dqg wkh qrghv
kdyh ghpdqgv ri G4@53PZ dqg G5@5PZ1 Wkh jhqhudwru J6 r�huv srzhu lq
xqolplwhg txdqwlwlhv dw '43 shu PZKu dqg J4 r�huv xqolplwhg txdqwlwlhv dw
'48 shu PZKu1 Wkh rswlpdo glvsdwfk vhqgv 9PZ wr qrgh 4 iurp qrgh 6 dqg
5PZ iurp qrgh 6 wr qrgh 51 Wkh qrgdo sulfhv duh '48/ '43/ dqg '43 iru qrghv
4/ 5/ dqg 6 uhvshfwlyho|1 Li zh ohw �f @ 53/ wkhq wkh frqvxphu vxusoxv lv '453/ wkh
surgxfhu vxusoxv lv '3/ dqg wkh LVR vxusoxv @ '631
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Dv dq h{dpsoh ri d ghwulphqwdo h{sdqvlrq ri wkh qhwzrun frqvlghu wkh vdph
wudqvplvvlrq v|vwhp diwhu d 4PZ olqh lv dgghg ehwzhhq qrgh 4 dqg qrgh 5/
zkhuh zh dvvxph wkdw doo olqhv kdyh wkh vdph dgplwwdqfh1 Wkh rswlpdo glvsdwfk
lv qrz i64 @ 7> i65 @ 6/ dqg i54 @ 4/ dqg wkh qrgdo sulfhv duh �4 @ '48> �5 @ '8/
dqg �6 @ '431 Vwloo dvvxplqj �f @ 53/ zh rewdlq d frqvxphu vxusoxv ri '463/ d
surgxfhu vxusoxv ri '3/ dqg dq LVR vxusoxv ri '48/ jlylqj d ghfuhdvh lq frqvxphu
dqg surgxfhu ehqh�w iurp '483 wr '4781 Wklv lv dq lqwhuhvwlqj h{dpsoh vlqfh
wkh frqvxphuv zrxog suhihu wkh h{sdqvlrq/ wkh jhqhudwruv zrxog eh lqgl�huhqw/
dqg wkh LVR zrxog orvh iurp wkh h{sdqvlrq1

Wkh deryh h{dpsoh lv dovr ri lqwhuhvw vlqfh lw looxvwudwhv wkdw uhprylqj wkh
4PZ olqh iurp 4 wr 5 zrxog lqfuhdvh wkh LVR*v olqh uhqwdov dqg |hw pdnh qr
rwkhu pdunhw sduwlflsdqwv ehwwhu r� 0 lqghhg wkh frqvxphuv dw qrgh 5 zrxog
eh zruvh r�1 Wkh jhqhudwlrq frvw ghfuhdvhv wr '5<8/ exw jhqhudwruv frqwlqxh
wr pdnh }hur sur�w1 Wkh uhprydo ri wklv olqh zrxog qrw eh ghwulphqwdo vlqfh lw
zrxog uhvxow lq dq lpsuryhphqw lq wkh frqvxphu dqg surgxfhu ehqh�w1

Dv glvfxvvhg e| Exvkqhoo dqg Vwriw ^8` lw lv srvvleoh wr glvfrxudjh ghwulphqwdo
lqyhvwphqwv xvlqj IWUv1 Frqvlghu wkh vhw ri IWUv

ik+�,j @ i� 9 3 �9 �A > � 3 5 �5 �Aj
iru wkh qhwzrun ehiruh h{sdqvlrq1 Wkhvh pdwfk wkh glvsdwfk lq wkh qhwzrun1
Lw lv hdv| wr vkrz wkdw wklv vhw ri IWUv lv qr orqjhu vlpxowdqhrxvo| ihdvl0
eoh iru wkh qhwzrun zlwk wkh dgglwlrqdo olqh1 Frqvlghu qrz dgglqj wkh IWU
i� �4 3 4 �Aj wr ik+�,j1 Wklv qrz jlyhv d vlpxowdqhrxvo| ihdvleoh vhw ri
IWUv1 Wkh frxsrq sd|phqw iru wklv IWU iurp wkh rswlpdo glvsdwfk diwhu wkh
qhwzrun h{sdqvlrq lv 0'8/ zklfk h{dfwo| pdwfkhv wkh orvv lq frqvxphu dqg sur0
gxfhu ehqh�w +iurp '483 wr '478,1 Wkxv wkh +qhjdwlyh, frxsrq sd|phqw iurp
wkh IWU doorfdwhg wr wkh lqyhvwru lq wkh ghwulphqwdo olqh zloo fryhu wkh orvvhv
h{shulhqfhg e| wkh pdunhw sduwlflsdqwv1

Wklv h{dpsoh looxvwudwhv d jhqhudo uhvxow gxh wr Exvkqhoo dqg Vwriw ^8` iru
qhwzrunv zlwk txdgudwlf orvvhv/ dqg suryhg ehorz iru jhqhudo frqyh{ glvsdwfk
sureohpv1 Wklv vwdwhv wkdw li IWUv pdwfk glvsdwfk wkhq dq| dgglwlrq ri wudqv0
plvvlrq fdsdflw| wkdw uhvxowv lq d orvv lq surgxfhu dqg frqvxphu ehqh�w zloo eh
dvvljqhg dq IWU wkdw wudqvihuv dw ohdvw wkdw orvv wr wkh kroghu ri wkh IWU1

Irupdoo|/ vxssrvh wkdw +{�> i�> }�, vroyhv S iru d qhwzrun zlwk } � 3/ { 5 [/
i 5 X / xqghu d jlyhq ghpdqg g1 VxssrvhS� u��k�l +�, lv d vhw ri IWUv wkdw duhkhog e| pdunhw sduwlflsdqwv wkdw pdwfk +{�> i�> }�,1 Wkdw lv

[
�
u��k�l +�, @ gl �

[
m5R+l,

{�m

Qrz vxssrvh dq djhqw zlwk qr rwkhu lqwhuhvw lq wkh qhwzrun zhuh wr exlog d qhz
vhw ri olqhv vr wkdw qrz i 5 X 3/ dqg e| yluwxh ri wklv lqyhvwphqw lw lv judqwhg dq
IWU u�D.4k�l +D.4, iru wkh olihwlph ri wkh dvvhwv1 Wklv pxvw eh vlpxowdqhrxvo|
ihdvleoh zlwk h{lvwlqj IWUv1 Vxssrvh +{3> i 3> }3, vroyhv S iru d qhwzrun zlwk
} � 3/ { 5 [/ i 5 X 3/ xqghu d jlyhq ghpdqg g/ dqg |lhogv qrgdo sulfhv �31
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Wkhruhp 43 Vxssrvh iru vrph � A 3/ Sl
S

m5R+l, fm{3m @
S

l
S

m5R+l, fm{�m .�1 Wkhq dq| qhz IWU doorfdwhg wr wkh exloghu ri wkh qhz olqh zloo kdyh d ydoxh
qr pruh wkdq ��1

Surri1 Uhfdoo wkdw wkhuh lv d vhw ri rswlpdo Odjudqjh pxowlsolhuv �3 vxfk
wkdw +{3> i 3> }3, plqlpl}hv wkh Odjudqjldq

O+{> i> }, @[
l

[
m5R+l,

fm{3m .
[
l
�3l+gl � jl+i 3,�

[
m5R+l,

{3m . }3l,

ryhu }3 � 3/ {3 5 [/ i 5 X 31 Revhuyh wkdw wklv hqwdlov wkdw Sl
S

m5R+l, fm{3m �S
l �3l

S
m5R+l, {3m lv plqlpl}hg ryhu doo {3 5 [/ dqg vr vlqfh {� 5 [/

[
l

[
m5R+l,

fm{3m �
[
l
�3l

[
m5R+l,

{3m �
[
l

[
m5R+l,

fm{�m �
[
l
�3l

[
m5R+l,

{�m /

jlylqj
[
l
�3l

[
m5R+l,

{�m �
[
l
�3l

[
m5R+l,

{3m � ��1 +5,

Qrz e| dvvxpswlrq
[
�
u��k�l +�, @ gl �

[
m5R+l,

{�m

vr 5 lpsolhv wkdw
[
l
�3l+gl �

[
�
u��k�l +�,,�

[
l
�3l

[
m5R+l,

{3m � ��1 +6,

Qrz revhuyh wkdw wkh IWU dxfwlrq diwhu wkh h{sdqvlrq jlyh d uljkwv doorfdwlrq
u3� vdwlvi|lqj

[
�
u3�k3l+�,, @

[
�
u��k�l +�, . u�D.4k�l +D. 4,>

dqg Wkhruhp 8 lpsolhv wkdw
[
l
�3l
[
�
u3�k3l+�, �

[
l
�3lgl �

[
l
�3l

[
m5R+l,

{3m 1

jlylqj
[
l
�3lu�D.4k�l +D. 4, @ [

l
�3l
[
�
u3�k3l+�,�

[
l
�3l
[
�
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� [
l
�3lgl �

[
l
�3l

[
m5R+l,

{3m �
[
l
�3l
[
�
u��k�l +�,,

� ��1
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Wkhruhp 43 surylghv vrph dvvxudqfh wkdw ghwulphqwdo lqyhvwphqwv lq wudqv0
plvvlrq olqhv fdq eh glvfrxudjhg1 Ri frxuvh wkh wkhruhp lv frqglwlrqdo rq wkh
suhplvh wkdw wkh IWUv khog ehiruh h{sdqvlrq pdwfk wkh glvsdwfk/ dqg lw lv qrw
reylrxv zkdw wkh h{whqw ri wkh IWU glvlqfhqwlyh zloo eh lq wkh fdvh zkhq wkh
glvsdwfk ghyldwhv iurp wklv1 D vhfrqg uhpdun zruwk pdnlqj lv wkdw wkh IWU
doorfdwhg wr wkh lqyhvwru uhsuhvhqwv dq reoljdwlrq udwkhu wkdq dq rswlrq1 Zh fdq
looxvwudwh zk| wklv lv qhfhvvdu| e| frqvlghulqj d �qdo h{dpsoh1
H{dpsoh 44 IWUv qhhg wr eh reoljdwlrqv

Frqvlghu wkh iroorzlqj wkuhh0qrgh wudqvplvvlrq qhwzrun1
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Ehiruh h{sdqvlrq wkh wudqvplvvlrq olqhv kdyh 9PZ fdsdflwlhv dqg qrgh 4
kdv d ghpdqg ri G4@8PZ1 Wkh jhqhudwru J4 r�huv xqolplwhg txdqwlwlhv dw '5
shu PZKu/ dqg J5 r�huv xqolplwhg txdqwlwlhv dw '4 shu PZKu1 Wkh rswlpdo
glvsdwfk vhqgv 8PZ wr qrgh 4 iurp qrgh 5 yld qrgh 61 Wkh qrgdo sulfhv duh
'4 dw hyhu| qrgh1

Qrz vxssrvh wkdw J4 lqyhvwv lq d wudqvplvvlrq olqh ri 5 PZ ehwzhhq qrghv
4 dqg 5/ zkhuh dv ehiruh doo olqhv kdyh htxdo dgplwwdqfh1 Diwhu wkh h{sdqvlrq
wkh vkdgrz sulfh dw qrgh 4 lv '51 Sulru wr lqyhvwphqw wkh pd{lpxp srvvleoh
vlpxowdqhrxvo| ihdvleoh IWU ehwzhhq qrghv 5 dqg 4 lv � 9 �9 3 �A1 Diwhu lq0
yhvwphqw wkh pd{lpxp srvvleoh IWU ehwzhhq qrghv 5 dqg 4 lv � 6 �6 3 �A1
Wkh gl�huhqfh ehwzhhq wkhvh IWUv lv d qhz IWU ri � �6 6 3 �A wkdw lv ri0
ihuhg wr J41 Wkh frxsrq sd|phqw iru wklv IWU lv 0'61 Li J4 ghfolqhv wklv +dv lw
vkrxog li jlyhq wkh rswlrq, wkhq wkh frqvxphu dqg surgxfhu ehqh�w ghfuhdvhv/
zkloh J4 lv glvsdwfkhg dw '5 dqg vr lv ehwwhu r�1

9 Frqfoxvlrq

Dv lqvwuxphqwv iru khgjlqj qrgdo sulfh gl�huhqfhv/ IWUv surylgh d ydoxdeoh wrro
iru pdunhw sduwlflsdqwv wr xvh1 Wklv sdshu kdv looxplqdwhg vrph ri wkh lqfhqwlyhv
wkdw wkhvh lqvwuxphqwv surylgh wr pdunhw sduwlflsdqwv wr hqkdqfh wkhlu sur�w1
Olnh frqwudfwv iru gl�huhqfhv/ IWUv pd| plwljdwh wkh pdunhw srzhu ri wkrvh
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kroglqj wkhp1 Krzhyhu wkh| pd| dovr hqkdqfh wklv pdunhw srzhu +mxvw dv d
jhqhudwru ex|lqj d frqwudfw iru gl�huhqfhv zloo kdyh dq lqfhqwlyh wr vhw kljk
vsrw sulfhv,1 Wkh lqfuhdvlqj pdujlqdo ydoxh ri IWUv srvhv sureohpv iru wkh
dxfwlrq phfkdqlvp/ zklfk lpsolflw| wuhdwv wklv dv frqvwdqw iru dq| ohyho ri wkh
IWU khog1 Wr pd{lpl}h wkh dxfwlrq uhyhqxh/ wkh dxfwlrq pljkw qhhg wr eh uxq
dv d pl{hg lqwhjhu surjudp1

Uhyhqxh dghtxdf| lv d nh| surshuw| ghvluhg ri IWUv1 Wkh vlpxowdqhrxv
ihdvlelolw| frqglwlrq zloo jxdudqwhh wklv dv orqj dv wkh qhwzrun lv xqd�hfwhg e|
rxwdjhv/ dqg wkhuh duh qr qhjdwlyh qrgdo sulfhv1 Lw vkrxog eh qrwhg wkdw wkh
suhvhqfh ri IWUv pljkw vhuyh dv dq lqfhqwlyh wr surgxfh qhjdwlyh sulfhv/ vr vrph
phwkrgrorj| ri ghdolqj zlwk wkhvh qhhgv wr eh lq sodfh/ lq fdvh wkh| ehfrph d
orw pruh iuhtxhqw1

IWUv sod| d nh| uroh lq doorfdwlqj +dw ohdvw sduw ri, wkh frvwv dqg ehqh�wv ri
qhz lqyhvwphqw wr wkh lqyhvwruv1 Lw lv lpsruwdqw wkdw wklv doorfdwlrq surfhgxuh
eh zhoo xqghuvwrrg1 Lq sduwlfxodu lqyhvwruv vkrxog eh reoljhg wr dffhsw IWUv
lq wkh hyhqw wkdw wkhlu lqyhvwphqw lv ghwulphqwdo1

Uhihuhqfhv
^4` Doyh|/ W1/ G1 Jrrgzlq/ [1 Pd/ G1 Vwuhl�huw dqg G1 Vxq1 +4<<;,1 D vhfxulw|0

frqvwudlqhg elg0fohdulqj v|vwhp iru wkh Qhz ]hdodqg zkrohvdoh hohfwulflw|
pdunhw1 LHHH Wudqv1 Srzhu V|vwhpv 46/ 673�6791

^5` Dqghuvrq/ H1 dqg Sklosrww/ D1 +5334d, Rq vxsso| ixqfwlrq elgglqj lq hohf0
wulflw| pdunhwv/ lq �Ghflvlrq0pdnlqj xqghu xqfhuwdlqw|= Hqhuj| dqg Hqyl0
urqphqwdo Prghov� +I1 Dx}hudlv/ U1 Exuudjh/ F1 Juhhqjdug/ D1 Uxv}f}|q0
vnl/ hg1,/ Vsulqjhu0Yhuodj1

^6` Dqghuvrq/ H1M1 dqg Sklosrww/ D1E1 +5334e,1 Xvlqj vxsso| ixqfwlrqv iru ri0
ihulqj jhqhudwlrq lqwr dq hohfwulflw| pdunhw/ wr dsshdu lq Rshu1 Uhv1

^7` Dqghuvrq/ H1M1 dqg Sklosrww/ D1E1 +5334f,1 Rswlpdo r�hu frqvwuxfwlrq lq
hohfwulflw| pdunhwv/ wr dsshdu lq Pdwk1 Rshu1 Uhv1

^8` Exvkqhoo/ M1E1 dqg Vwriw/ V1H1 +4<<9,Hohfwulflw| julg lqyhvwphqw xqghu d
frqwudfw qhwzrun uhjlph/ M1 Uhjxodwru| Hfrqrplfv/ 43 940:<1

^9` Exvkqhoo/ M1E1 dqg Vwriw/ V1H1 +4<<9, Wudqvplvvlrq dqg jhqhudwlrq lqyhvw0
phqw lq d frpshwlwlyh hohfwulf srzhu lqgxvwu|/ XFHL Surjudp rq Zrundeoh
Hqhuj| Uhsruw SZS03631

^:` Kreev/ E1I1/ Phw}ohu/ F1E1 dqg Sdqj/ M1V1 +5333,1 Vwudwhjlf jdplqj dqdo|vlv
iru hohfwulf srzhu v|vwhpv= dq PSHF dssurdfk/ LHHH Srzhu Hqjlq1 Wudqv1
48/ 96;�9781

^;` Krjdq/ Z1Z1 +4<<5, Frqwudfw qhwzrunv iru hohfwulf srzhu wudqvplvvlrq/ M1
Uhjxodwru| Hfrqrplfv/ 7+6, 54405751
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^<` Krjdq/ Z1Z1 + 5333, Iorzjdwh uljkwv dqg zurqjv/ M1 I1Nhqqhg| Vfkrro ri
Jryhuqphqw Whfk Uhsruw1

^43` Krjdq/ Z1Z1 +4<<:, D frqfxuuhqw dxfwlrq prgho iru wudqvplvvlrq frqjhv0
wlrq frqwudfwv/ M1 I1Nhqqhg| Vfkrro ri Jryhuqphqw Whfk Uhsruw1

^44` Mrvnrz/ S1O1 dqg Wluroh/ M1 +5333, Wudqvplvvlrq uljkwv dqg pdunhw srzhu
rq hohfwulf srzhu qhwzrunv/ UDQG M1 ri Hfrqrplfv/ 64/ 6/ 78307;:1

^45` Zklwwoh/ S1+4<:4, Rswlpl}dwlrq Xqghu Frqvwudlqwv/ M1 Zloh| dqg Vrqv1
^46` Zx/ I1 Ydudl|d/ S1/ Vloohu/ S1/ dqg Ruhq/ V1 +4<<9, Iron wkhruhpv rq wudqv0

plvvlrq dffhvv= surriv dqg frxqwhuh{dpsohv/ M1 Uhjxodwru| Hfrqrplfv/ 43
80561

56


