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Wklv sdshu h{dplqhv wkh uroh ri wudgh frvwv dv d irup ri lpshuihfw lqwhuqd0
wlrqdo jrrgv pdunhw lqwhjudwlrq1 Iroorzlqj wkh dssurdfk ri Qhz Rshq Hfrqrp|
Pdfurhfrqrplfv/ d wzr0frxqwu| jhqhudo htxloleulxp prgho lv lqyrnhg wr vkrz
wkdw wudgh frvwv pdnh lqglylgxdov zruvh r� vlqfh wkh| uhgxfh frqvxpswlrq/ uhdo
zdjhv dqg uhdo sur�wv/ zkloh oderxu lqsxw uhpdlqv frqvwdqw1 Wkh vpdoohu d
frxqwu| lv uhodwlyh wr wkh rwkhu/ wkh pruh lw vx�huv iurp wudgh frvwv1 Pruhryhu/
wudgh frvwv h{klelw d cfrqwdlqphqw h�hfw* vxfk wkdw vshqglqj whqgv wr eh nhsw
lq lwv frxqwu| ri ruljlq1 Wklv �qglqj lv frqvlvwhqw zlwk wkh hpslulfdo hylghqfh
rq wkh cKrph Eldv lq Wudgh Sx}}oh*1 Dv d frqvhtxhqfh/ xqghu ixoo sulflqj wr
pdunhw +l1h1 orfdo0fxuuhqf| sulflqj, wudgh frvwv ghfuhdvh wkh yduldelolw| ri wkh
qrplqdo h{fkdqjh udwh zkhq dq hfrqrp| lv klw e| jryhuqphqw vshqglqj vkrfnv1
Krzhyhu/ zlwk qr sulflqj wr pdunhw +l1h1 surgxfhu0fxuuhqf| sulflqj, prqhwdu|
vkrfnv lqfuhdvh wkh h{fkdqjh udwh yduldelolw| dqg pdnh ryhuvkrrwlqj pruh olnho|1
Lq dgglwlrq/ wudgh frvwv lqwurgxfh dv|pphwulhv wr uhdo lqwhuhvw udwh dqg rxwsxw
pryhphqwv dfurvv frxqwulhv lq uhvsrqvh wr prqhwdu| vkrfnv/ zkhuhdv frqvxps0
wlrq dqg wudgh edodqfh pryhphqwv duh qrw dowhuhg vljql�fdqwo|1 Ilqdoo|/ xqghu
ixoo sulflqj wr pdunhw wudgh frvwv glplqlvk wkh qhjdwlyh lqwhuqdwlrqdo zhoiduh
vslooryhu fdxvhg e| d prqhwdu| vkrfn1 Wkhvh txdolwdwlyh uhvxowv duh urexvw wr0
zdugv wkh h{whqvlrq ri uhedwlqj wudgh frvwv wr frqvxphuv1

MHO Fodvvl�fdwlrq= I6/ I7
Nh|zrugv= Qhz Rshq Hfrqrp| Pdfurhfrqrplfv/ Wudgh Frvwv/ Sulflqj Wr

Pdunhw/ H{fkdqjh Udwhv1
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Frqvlvwhqw zlwk uhfhqw hpslulfdo hylghqfh rq lpshuihfw lqwhuqdwlrqdo jrrgv pdu0
nhw lqwhjudwlrq/ wklv sdshu lqwurgxfhv wudgh frvwv lqwr d wzr0frxqwu| jhqhudo
htxloleulxp prgho ri sulflqj wr pdunhw1 Vrph �upv fdq vhw wkhlu sulfhv lq wkh
orfdo fxuuhqf| ri vdoh/ zkloh rwkhuv vhw sulfhv lq wkhlu grphvwlf fxuuhqf|1 Wudgh
frvwv lq wklv prgho duh doo0hpeudflqj lq wkh vhqvh wkdw wkh| gr qrw rqo| frp0
suhkhqg wudqvsruwdwlrq frvwv exw edvlfdoo| dq| nlqg ri cerughu h�hfw* wkdw fdq
srvvleo| h{lvw ehwzhhq wzr frxqwulhv/ qdpho| wdul�v � / uhg wdsh/ fxowxudo dqg
odqjxdjh eduulhuv hwf1

Lqghhg/ wudgh frvwv wxuq rxw wr kdyh zlgh0udqjlqj lpsolfdwlrqv iru wkh eh0
kdylrxu ri nh| hfrqrplf yduldeohv1 Lq sduwlfxodu/ lq wkh �h{leoh0sulfh htxloleulxp
wudgh frvwv uhgxfh frqvxpswlrq/ uhdo zdjhv dqg uhdo sur�wv exw ohdyh oderxu vxs0
so| xqd�hfwhg/ khqfh pdnlqj lqglylgxdov zruvh r�1 Wkh vpdoohu d frxqwu| lv
uhodwlyh wr wkh rwkhu/ wkh pruh lw vx�huv iurp wudgh frvwv1 Lq wkh suhvhqfh ri
prqhwdu| ru jryhuqphqw vshqglqj vkrfnv/ wkh yduldelolw| ri wkh h{fkdqjh udwh
lv dowhuhg1

Dv d jhqhudo ihdwxuh wudgh frvwv h{klelw d cfrqwdlqphqw h�hfw */ zklfk phdqv
wkdw wkh| pdnh lpsruwv uhodwlyho| h{shqvlyh dqg wkxv whqg wr frqwdlq vshqglqj
lq lwv frxqwu| ri ruljlq1 Lq rwkhu zrugv/ wudgh frvwv dfw olnh d ex�hu ehwzhhq
frxqwulhv dqg wkhuhiruh revwuxfw wkh lqwhjudwlrq ri lqwhuqdwlrqdo jrrgv pdunhwv1
Vlqfh lpsruwv duh pruh h{shqvlyh wkdq grphvwlfdoo| surgxfhg jrrgv/ frqvxps0
wlrq lv eldvhg wrzdugv grphvwlfdoo| surgxfhg jrrgv1 Wkxv/ wudgh frvwv jlyh ulvh
wr d cKrph Eldv* lq frqvxpswlrq/ zklfk lv frqvlvwhqw zlwk wkh cKrph Eldv lq

Wudgh Sx}}oh*1 Lwv hpslulfdo vljql�fdqfh kdv ehhq kljkoljkwhg lq vhyhudo uhfhqw
vwxglhv1 Rqh ri wkh prvw hplqhqw lv suredeo| PfFdooxp +4<<8,/ zkr vkrzv wkdw
wudgh yroxphv zlwklq Fdqdgd dqg zlwklq wkh Xqlwhg Vwdwhv duh ryhuzkhoplqjo|
eljjhu wkdq wkrvh ehwzhhq wkh wzr frxqwulhv1

Wudgh frvwv duh dovr uhfhlylqj lqfuhdvlqj dwwhqwlrq lq hfrqrplf wkhru|1 Zkloh
wkh jhqhudo lpsruwdqfh ri lpshuihfw lqwhuqdwlrqdo jrrgv pdunhw lqwhjudwlrq iru
hfrqrplf rxwfrphv kdv ehhq nqrzq iru d orqj wlph/ h1j1 dv ghprqvwudwhg lq
Nuxjpdq +4<;<,/ wkh srwhqwldo ri wudgh frvwv wr hoxflgdwh vrph ri wkh pdmru
sx}}ohv lq lqwhuqdwlrqdo pdfurhfrqrplfv lv h{solflwo| hpskdvlvhg e| Revwihog
dqg Urjr� +5333,1 Krzhyhu/ wkh| rqo| xvh d yhu| edvlf hqgrzphqw hfrqrp|
prgho wr looxvwudwh wkhlu lghdv1 Lq frqwudvw/ wklv sdshu iroorzv wkh dssurdfk ri
wkh Qhz Rshq Hfrqrp| Pdfurhfrqrplfv olwhudwxuh e| dqdo|vlqj wudgh frvwv lq
wkh ulfkhu jhqhudo htxloleulxp vhwwlqj ri Revwihog dqg Urjr� +4<<8,1 Wkhlu wzr0
frxqwu| zrunkruvh prgho lqfrusrudwhv d jryhuqphqw/ prqrsrolvwlf frpshwlwlrq
dqg vwlfn| sulfhv1 Ixuwkhupruh/ wkh sulflqj0wr0pdunhw iudphzrun ri Ehwwv dqg
Ghyhuhx{ +5333, lv dgrswhg1

Wkh sdshu lv vwuxfwxuhg dv iroorzv1 Vhfwlrq 5 vwduwv r� zlwk wkh prgho vhw0��� �
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xs1 Wkhq Vhfwlrq 6 ghvfulehv wkh prgho*v �h{leoh0sulfh htxloleulxp/ zkhuhdv
Vhfwlrqv 7 dqg 8 dqdo|vh wkh prgho*v ehkdylrxu xqghu vwlfn| sulfhv1 D zhoiduh
dqdo|vlv lv frqgxfwhg lq Vhfwlrq 91 Vhfwlrq : suhvhqwv d qxphulfdo hydoxdwlrq ri
wkh prgho1 Vhfwlrq ; fkhfnv wkh prgho*v urexvwqhvv e| uhedwlqj wudgh frvwv wr
frqvxphuv1 Wkh frxqwu| vl}h lv ydulhg lq Vhfwlrq <1 Vhfwlrq 43 frqfoxghv1

2 A�i 4L_i*

Wkh prgho lv edvhg rq wkh wzr0frxqwu| vhwwlqj lq Ehwwv dqg Ghyhuhx{ +5333,1
Krxvhkrogv fkrrvh dprqj d udqjh ^3> 4` ri gl�huhqwldwhg/ qrqgxudeoh dqg wudg0
deoh jrrgv zklfk duh surgxfhg e| prqrsrolvwlf �upv1 Erwk wkh Krph dqg wkh
Iruhljq frxqwulhv duh ri htxdo vl}h

�
vr wkdw wkh| kdyh wkh vdph qxpehu ri lq0

kdelwdqwv dqg surgxfh kdoi ri wkh jrrgv udqjh hdfk1 Ixuwkhupruh/ lw lv dvvxphg
wkdw v zlwk 3 � v � 4 lv wkh iudfwlrq ri �upv lq hdfk frxqwu| wkdw lv deoh wr sulfh
wr pdunhw/ l1h1 wkdw fdq sulfh0glvfulplqdwh dfurvv wkh wzr frxqwulhv1 Wkhuhiruh/
wkh lpsolflw dvvxpswlrq lv pdgh wkdw krxvhkrogv fdqqrw duelwudjh dzd| srwhq0
wldo furvv0frxqwu| sulfh gl�huhqfhv iru jrrgv1 Dv d qhz lqjuhglhqw wkh h{lvwhqfh
ri �{hg clfhehuj* wudgh frvwv/ � / lv dvvxphg zkhuh � uhsuhvhqwv wkh iudfwlrq ri
jrrgv wkdw jhwv orvw lq wkh wudglqj surfhvv vr wkdw 3 � � � 41 Dsshqgl{ D
rxwolqhv wkh ghulydwlrqv ri wklv vhfwlrq dqg jlyhv wkh fruuhvsrqglqj h{suhvvlrqv
zlwkrxw wudgh frvwv iru uhihuhqfh1

2�� OL�ti�L*_t

Krxvhkrogv ghulyh xwlolw| iurp frqvxpswlrq dqg dovr iurp uhdo prqh| edodqfhv
gxh wr d wudqvdfwlrqdu| prwlyh dqg glvxwlolw| iurp zrun1 Doo krxvhkrogv dqg
�upv duh dvvxphg wr eh lghqwlfdo zlwklq rqh frxqwu| dqg suhihuhqfhv duh wkh
vdph dfurvv frxqwulhv1 Lq Krph frxqwu| qrwdwlrq xwlolw| lv jlyhq e|
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zlwk wkh FHV frpsrvlwh frqvxpswlrq lqgh{ gh�qhg dv
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zkhuh � A 41
�

f � � lv frqvxpswlrq ri jrrg l dw wlph w/ � lv wkh vxemhfwlyh glvfrxqw
idfwru zlwk

�
� ? � ? 4/ P � lv wkh prqh| vxsso| dqg k � uhsuhvhqwv oderxu1 �/ �/

�/ �/ � duh srvlwlyh sdudphwhuv dqg wkh vdph lq erwk frxqwulhv1
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Wkh Krph frqvxpswlrq edvhg sulfh lqgh{ lv gh�qhg dv wkh plqlpxp h{shq0
glwxuh vxemhfw wr F � @ 4
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+7,
zkhuh sulfhv ghqrwhg s uhsuhvhqw Krph fxuuhqf| sulfhv/ zkloh sulfhv ghqrwhg t

uhsuhvhqw Iruhljq fxuuhqf| sulfhv1 Lq jhqhudo dvwhulvnv lqglfdwh Iruhljq frxqwu|
yduldeohv1 Lq wklv frqwh{w dq dvwhulvn phdqv wkdw d sulfh lv vhw e| d Iruhljq
�up/ l1h1 doo s

�
� � duh vhw e| Iruhljq �upv lq Krph fxuuhqf| dqg doo t

�
� � duh vhw e|

Iruhljq �upv lq Iruhljq fxuuhqf|1 Wkh jrrgv rq wkh udqjh ^3>
�
� ` duh surgxfhg

e| Krph �upv dqg wkh jrrgv rq wkh udqjh ^
�
� > 4` duh surgxfhg e| Iruhljq �upv1

Vr wkh Krph frxqwu| sulfh lqgh{/ S � / frqvlvwv ri wkh sulfhv s � � ri jrrgv rq
wkh udqjh ^3>

�
� ` wkdw duh surgxfhg e| wkh Krph frxqwu| dqg ri jrrgv rq wkh

udqjh ^
�
� > 4` wkdw duh surgxfhg e| wkh Iruhljq frxqwu|1 Iru wkh jrrgv rq wkh

udqjh ^
�
� >

�
� .

�
� v` wkh Iruhljq �upv duh deoh wr sulfh wr pdunhw/ l1h1 wkh| vhw

wkh fruuhvsrqglqj sulfhv s
�
� � lq Krph fxuuhqf|1 Wkh udqjh ^

�
� .

�
� v> 4` uhsuhvhqwv

wkh jrrgv surgxfhg e| Iruhljq �upv wkdw duh qrw deoh wr sulfh wr pdunhw dqg
wkhuhiruh vhw wkhlu sulfhv t

�
� � lq Iruhljq fxuuhqf|1 Wkhvh duh frqyhuwhg lqwr Krph

fxuuhqf| e| pxowlso|lqj zlwk wkh qrplqdo h{fkdqjh udwh h � / zklfk ghqrwhv wkh
Krph sulfh ri Iruhljq fxuuhqf| dw wlph w1 Qrwh wkdw wkh idfwru

�
� ��� lv lqfoxghg

lq wkh udqjh ^
�
� > 4`1 Wkh uhdvrq lv wkdw doo sulfhv +s � � / s

�
� � / t � � / t

�
� � , duh i1r1e1/

l1h1 xqlw sulfhv wkdw duh fkdujhg lq wkh frxqwu| ri surgxfwlrq ri hdfk jrrg1
Li d Iruhljq jrrg lv vklsshg wr wkh Krph frxqwu|/ rqo| wkh iudfwlrq +4 � �,
duulyhv1 Wkhuhiruh/ wkh Krph frqvxphu pxvw ex|

�
� ��� xqlwv ri wkdw jrrg lq

wkh Iruhljq frxqwu| vr wkdw rqh xqlw duulyhv lq wkh Krph frxqwu|1 Vr iurp d
Krph frqvxphu*v shuvshfwlyh

�
� ��� s

�
� � lv wkh f1l1i1 sulfh ri rqh xqlw ri d Iruhljq

sulflqj0wr0pdunhw jrrg/ dqg
�
� ��� h � t

�
� � lv wkh f1l1i1 sulfh ri rqh xqlw ri d Iruhljq

qrq0sulflqj0wr0pdunhw jrrg
	
1 Rqh fdq wklqn ri wklv i1r1e12f1l1i1 uhodwlrqvkls

hlwkhu dv frqvxphuv* wudyhoolqj wr wkh rwkhu frxqwu| wr jr vkrsslqj/ wkhuhe|
lqfxuulqj frvwv wkdw duh htxlydohqw wr wkh wudgh frvwv/ ru dv �upv* fkdujlqj dq
dgglwlrqdo pdunxs iru kdylqj wkh sxufkdvhg jrrgv vklsshg ryhu wr wkh frxqwu|
ri ghvwlqdwlrq1 Wkh Iruhljq sulfh lqgh{ fdq eh h{sodlqhg dqdorjrxvo|1

Wkh Krph exgjhw frqvwudlqw dw wlph w lv jlyhq e|

S � F � . P � . g � I � @ Z � k � . � � . P � � � . ] � . I � � � +8,

zkhuh Z � lv wkh qrplqdo zdjh udwh/ � � duh wkh �upv* sur�wv dqg ] � duh oxps0vxp
wudqvihuv iurp wkh jryhuqphqw zklfk fdq dovr ehfrph qhjdwlyh1 I � � � uhsuhvhqwv
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wkh kroglqjv ri Krph fxuuhqf| ghqrplqdwhg qrplqdo glvfrxqw erqgv wkdw kdyh
pdwxuhg lq shulrg w dqg g � lv wkh sulfh ri d glvfrxqw erqg I � wkdw zloo sd| lwv
idfh ydoxh dw wlph w . 4 vr wkdw

g � @
4

4 . l �
+9,

zkhuh l � lv wkh qrplqdo lqwhuhvw udwh lq wkh Krph frxqwu| ehwzhhq gdwhv w dqg
w . 4= Wkhuh lv iuhh wudgh ehwzhhq wkh Krph dqg wkh Iruhljq frxqwu| lq wklv
Krph fxuuhqf| ghqrplqdwhg erqg1

Wkh Krph ghpdqg ixqfwlrq
�

lv jlyhq e|

f � � @
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S �

�

���

F � +:,

zkhuh

� � � @ i

s � � iru 3 � l ?
�
��

� ��� s
�
� � iru

�
� � l ?

�
� .

�
� v�

� ��� h � t
�
� � iru

�
� .

�
� v � l � 4

+;,

dffruglqj wr wkh wkuhh whupv lq wkh sulfh lqgh{ +6,1 Wkh krxvhkrogv pd{lplvh
xwlolw| +4, vxemhfw wr wkh exgjhw frqvwudlqw +8,/ uhvxowlqj lq dq rswlpdolw| frq0
glwlrq iru wkh oderxu vxsso|

�

4 � k �
@

Z �
S � F �

+<,

dqg lq d prqh| ghpdqg ixqfwlrq

P �
S �

@

�

�F �
4 � g �

�

��

+43,

Pruhryhu/ wkh lqwhuwhpsrudo frqvxpswlrq vwuhdp fdq eh ghvfulehg e|

g � S � � � F � � � @ �S � F � +44,

Wkh fruuhvsrqglqj htxdwlrqv iru wkh Iruhljq frxqwu| duh dqdorjrxv1

2�2 BL�ih?4i?|

Ohw wkh frpsrvlwh jryhuqphqw frqvxpswlrq jrrg/ J � / eh gh�qhg olnh wkh sulydwh
rqh lq +5,1 Jryhuqphqw ghpdqg lv wkhq dqdorjrxv wr sulydwh ghpdqg dqg jlyhq
e|

j � � @

�

� � �
S �

�

���
J � +45,

Wkh Krph frxqwu| jryhuqphqw exgjhw frqvwudlqw lv

S � J � . ] � @ P � � P � � � +46,
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Vr wkh Krph jryhuqphqw kdv wzr srwhqwldo vrxufhv wr �qdqfh lwv vshqglqj/
e| sulqwlqj prqh| dqg e| uhfhlylqj oxps0vxp wudqvihuv iurp lwv flwl}hqv +lq
wkdw fdvh ] � ? 3,1 Wkhuhiruh/ wkh jryhuqphqw exgjhw lv dozd|v edodqfhg dqg
Ulfdugldq htxlydohqfh krogv1 Wkh fruuhvsrqglqj Iruhljq frxqwu| htxdwlrqv duh
dqdorjrxv1

2�� 6�h4t

Hdfk �up idfhv wkh vdph olqhdu surgxfwlrq whfkqrorj| vr wkdw

| � @ k � +47,

zkhuh | � ghqrwhv djjuhjdwh Krph rxwsxw dqg k � lv wkh oderxu lqsxw xvhg e|
wkh Krph �upv1 Oderxu pdunhwv duh shuihfwo| frpshwlwlyh

�
lq hdfk frxqwu| exw

zrunhuv duh lqwhuqdwlrqdoo| lppreloh1 Wrwdo rxwsxw fdq eh glylghg lqwr rxwsxw
ghvwlqhg iru wkh Krph frxqwu|/ ghqrwhg e| { dqg {

�
/ uhvshfwlyho|/ dqg rxwsxw

ghvwlqhg iru wkh Iruhljq frxqwu|/ ghqrwhg e| } dqg }
�
/ uhvshfwlyho|/ vr wkdw

| � @ { � . } � +48,

dqg dffruglqjo|
|
�
� @ {

�
� . }

�
� +49,

iru wkh Iruhljq frxqwu|1 Qrwh wkdw } � lv wkh dprxqw ri Krph rxwsxw wkdw lv
vklsshg wr wkh Iruhljq frxqwu| +dqg qrw wkh dprxqw wkdw lv ghpdqghg lq wkh
Iruhljq frxqwu|,/ phdqlqj wkdw gxh wr wkh wudgh frvwv rqo| wkh iudfwlrq +4 � �,
dfwxdoo| duulyhv dw wkh ghvwlqdwlrq1 Wkxv/ lq htxloleulxp +4 � �,} � lv wkh dprxqw
ghpdqghg lq wkh Iruhljq frxqwu|1 Wkh vdph orjlf dssolhv wr {

�
� 1

Iru wkh wlph ehlqj/ sulfh �h{lelolw| lv dvvxphg lq wkh vhqvh wkdw wkh �upv
vhw wkhlu sulfhv diwhu wkh h{fkdqjh udwh dqg wkh zdjh udwh duh nqrzq1 Wkhq wkh
shu fdslwd sur�w ixqfwlrq lv ghvfulehg e|

� � @ v+s � { � . h � t � } � , . +4 � v,+s � { � . s � } � , � Z � +{ � . } � , +4:,

Wkh �uvw whup ri wkh uljkw0kdqg vlgh ri wkh djjuhjdwh sur�w ixqfwlrq uh�hfwv wkh
uhyhqxh iurp sulflqj0wr0pdunhw �upv1 Wkhvh fdq fkdujh wkh Iruhljq0fxuuhqf|
sulfh t �

�
wr Iruhljq frqvxphuv1 Wkh vhfrqg whup lv wkh uhyhqxh iurp qrq0

sulflqj0wr0pdunhw �upv/ zklfk fdq rqo| fkdujh wkh Krph0fxuuhqf| sulfh s
�
� /

dqg wkh odvw whup frqvwlwxwhv wkh frvwv ri surgxfwlrq1 Lqvhuwlqj wkh ghpdqg
ixqfwlrq jlyhq e| +:, iru { � dqg +4 � �,} � / uhvshfwlyho|/ dqg pd{lplvlqj sur�wv
|lhogv wkh iroorzlqj sulfh pdunxs
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Wkh fruuhvsrqglqj sulfh pdunxs vhw e| Iruhljq �upv lv

t
�
� @

s
�
�

h �
@

�

� � 4
Z

�
� +4<,

Wkh dvvxpswlrq ri sulfh �h{lelolw| pdnhv lw luuhohydqw zkhwkhu wkhuh lv sulflqj wr
pdunhw1 Lw fdq eh vkrzq rq wkh edvlv ri wkh sulfh lqglfhv wkdw sxufkdvlqj srzhu
sdulw| +SSS, vwloo rewdlqv lq wkh djjuhjdwh

� 

ehfdxvh wkh Krph dqg Iruhljq

frxqwulhv duh ri htxdo vl}h1

� A�i �?�|�@* i^��*�Mh��4 ��|� �i �M*i Th�Uit

Dv d ehqfkpdun vfhqdulr lw lv �uvw dvvxphg wkdw sulfhv duh shuihfwo| �h{leoh/ l1h1
�upv vhw sulfhv diwhu wkh h{fkdqjh udwh dqg wkh frvwv ri surgxfwlrq duh nqrzq1
Lw lv dovr dvvxphg wkdw lqlwldoo| wkhuh duh qr wudqvihuv dqg qhlwkhu erqg kroglqjv
qru jryhuqphqw h{shqglwxuhv

�F�
vr wkdw ] @ ]

�
@ I @ I

�
@ J @ J

�
@ 31

Wkh iroorzlqj pdunhwv pxvw eh fohduhg lq dq htxloleulxp= wkh zruog pdunhwv iru
hdfk jrrg/ wkh zruog fdslwdo pdunhw/ wkh oderxu pdunhwv lq hdfk frxqwu| dqg
wkh prqh| pdunhwv lq hdfk frxqwu|1

Lw wxuqv rxw kdqg| wr xvh

� �
4 � +4 � �,

��� �

4 . +4 � �,
��� � +53,

dv d whup lqyroylqj wkh wudgh frvwv sdudphwhu/ � 1 Qrwh wkdw 3 ? � ? 4 iru
3 ? � ? 4 zlwk � @ 3 iru � @ 3 dqg

���� � A 31 Wkh wlph lqgh{ w lv gursshg
wr ghqrwh wkh lqlwldo htxloleulxp ydoxhv1 Dsshqgl{ E rxwolqhv wkh ghulydwlrqv
ri wklv vhfwlrq dqg jlyhv wkh fruuhvsrqglqj h{suhvvlrqv zlwkrxw wudgh frvwv iru
uhihuhqfh1

Lq htxloleulxp wkh vxsso| ri oderxu dqg wkxv rxwsxw lv wkh vdph
� �

lq erwk
frxqwulhv

k @ k
�

@ | @ |
�

@
� � 4

� � 4 . ��
+54,

Qrwh lq sduwlfxodu wkdw wklv h{suhvvlrq grhv qrw ghshqg rq wudgh frvwv1 Wkh
lqwxlwlrq ehklqg wklv uhvxow lv wkdw wkh rswlpdo oderxu vxsso| ghflvlrq/ zklfk lv
ghulyhg iurp wkh krxvhkrog rswlplvdwlrq/ lv xqd�hfwhg e| wudgh frvwv1

Krzhyhu/ frqvxpswlrq lv glplqlvkhg
� � e| wudgh frvwv dqg fdq eh vkrzq wr

eh

F @ F
�

@ k

�

4

4 . �

�
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+55,
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Iljxuh 4= Krz frqvxpswlrq uhdfwv wr wudgh frvwv

Wkh ghulydwlyh ri wkh odvw h{suhvvlrq zlwk uhvshfw wr � lv qhjdwlyh

CF

C�
@

CF �
C�

? 3

l1h1 wkh kljkhu wudgh frvwv duh/ wkh ohvv fdq eh frqvxphg e| wkh krxvhkrogv1 Wklv
uhodwlrqvkls lv looxvwudwhg lq Iljxuh 4/ zkhuh wkh sdudphwhu ydoxhv ri Vhfwlrq :
duh xvhg

���
1 Qrwh wkdw wudgh frvwv uhgxfh frqvxpswlrq lq d qrqolqhdu idvklrq/

l1h1 rqfh wkh| uhdfk d wkuhvkrog ydoxh +urxjko| 73( lq wklv qxphulfdo h{dpsoh,/
wkh| kdyh qr ixuwkhu vljql�fdqw h�hfw rq frqvxpswlrq1

Uhdo sur�wv ri Krph �upv fdq eh vkrzq wr dprxqw wr

�

S
@

k

�

�
4

4 . �

� ��� � +56,

dqg wkh uhdo zdjh lv jlyhq e|

Z

S
@

� � 4

�

�
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4 . �

� ��! � +57,

Vr erwk uhdo sur�wv dqg wkh uhdo zdjh ghfolqh zlwk wudgh frvwv1 Pruh suhflvho|/
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Lq rwkhu zrugv/ wkh uhdo zdjh ghfolqhv pruh txlfno|
���

wkdq uhdo sur�wv lq uh0
vsrqvh wr ulvlqj wudgh frvwv1 Lq wkdw vhqvh dqg dovr ehfdxvh frqvxpswlrq gh0
fuhdvhv zlwk wudgh frvwv zkloh wkh vxsso| ri oderxu uhpdlqv frqvwdqw/ zrunhuv
vx�hu pruh iurp wudgh frvwv wkdq �upv gr1 Lqwxlwlyho|/ �upv kdyh vrph ghjuhh
ri pdunhw srzhu gxh wr prqrsrolvwlf frpshwlwlrq/ zkhuhdv zrunhuv idfh shuihfw
frpshwlwlrq lq wkh oderxu pdunhw1

Yld +44, lw fdq eh vhhq wkdw lq htxloleulxp wkh sulfh ri d glvfrxqw erqg lv

g @ g � @ � +59,

Wkh htxloleulxp uhdo lqwhuhvw udwh lv jlyhq e|

u @ u � @
4 � �

�
+5:,

Ilqdoo|/ wkh htxloleulxp h{fkdqjh udwh
���

lv jlyhq e|

h @
P

P �

�
F �
F

� ��
+5;,

Wkh lqwxlwlrq iru wklv h{fkdqjh udwh htxdwlrq lv wkh vdph dv lq wkh prqhwdu|
dssurdfk wr wkh h{fkdqjh udwh1 Li wkh Krph frxqwu| lqfuhdvhv lwv prqh| vxsso|/
wkhuh lv d ghsuhfldwlrq +dq lqfuhdvh lq h, dqg ylfh yhuvd1 Li wkh Krph frxqwu|
surgxfhv kljkhu rxwsxw/ wkhq yld +55, wkhuh lv dq lqfuhdvh lq F/ ohdglqj wr dq
dssuhfldwlrq1 Dv phqwlrqhg lq Vhfwlrq 516/ SSS krogv xqghu sulfh �h{lelolw|/
l1h1 wkh uhdo h{fkdqjh udwh/ #/ lv htxdo wr rqh

# �
hS �
S

@ 4 +5<,

Wkh sulfh ohyhov fdq eh vkrzq wr eh

S @

�
�

� � 4

�
Z +4 . �, ��! � +63,

S � @

�
�

� � 4

�
Z � +4 . �, ��! � +64,

Frpsdulqj wkh sulfh lqglfhv lq wkh suhvhqfh ri wudgh frvwv/ jlyhq lq +6, dqg +7,/
wr wkh fruuhvsrqglqj lqglfhv zlwkrxw wudgh frvwv iurp Dsshqgl{ E pdnhv fohdu
wkdw wudgh frvwv sxvk xs wkh sulfh ohyhov

���
iru jlyhq qrplqdo zdjh udwhv/ l1h1
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Qrwh wkdw wkh h{shqglwxuh iru rqh xqlw ri wkh frpsrvlwh frqvxpswlrq lqgh{
gh�qhg lq +5, grhv qrw ghshqg rq wudgh frvwv

���

S F @
�

� � 4 . ��
Z +66,

S � F � @
�

� � 4 . ��
Z � +67,

Lq wrwdo/ vlqfh lq wkh suhvhqfh ri wudgh frvwv frqvxpswlrq gursv dqg wkh sulfh
ohyho lqfuhdvhv zkloh oderxu lqsxw uhpdlqv frqvwdqw/ wudgh frvwv pdnh lqglylgxdov
zruvh r�/ l1h1

CX

C�
@

CX �
C�

? 3 +68,

Yld +43,/ +54,/ +55,/ +59, dqg +63, lw fdq eh vkrzq wkdw

Z @

�
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Lq wkh iroorzlqj wkh prqhwdu| edvhv/ P dqg P � / uhvshfwlyho|/ duh qrupdolvhg
dv wkh qrplqdo dqfkru ri wkh prgho vxfk wkdw wkh qrplqdo zdjh udwhv/ Z dqg
Z � / uhvshfwlyho|/ duh htxdo wr rqh1 Wkhuhiruh/ S @ S � / P @ P � dqg h @ 41 Lq
sduwlfxodu/ SSS

���
dqg wkh odz ri rqh sulfh iru oderxu krog/ l1h1 S @ hS � dqg

Z @ hZ � 1

e 5|�U!) Th�Uit @?_ |�i i U�@?}i h@|i

Qrz/ dv d Nh|qhvldq ihdwxuh ri wkh prgho/ lw lv dvvxphg wkdw doo sulfhv +s � / s �� /
t � / t �� , duh vwlfn| dqg wkdw wkhuhiruh/ wkh| fdqqrw lpphgldwho| uhvsrqg wr hlwkhu
w|sh ri vkrfn/ d prqhwdu| vkrfn ru d jryhuqphqw vshqglqj vkrfn1 Ilupv vhw
wkhlu sulfhv vxfk wkdw wkh| duh rswlpdo lq wkh devhqfh ri vkrfnv1 Iru d vx�flhqwo|
vpdoo vkrfn lq shulrg w/ rxwsxw lv ghpdqg0ghwhuplqhg/ l1h1 �upv surgxfh wkh
srvw0vkrfn pdunhw ghpdqg jlyhq wkhlu lqlwldo sulfhv1 Wkh| kdyh dq lqfhqwlyh
wr gr vr vlqfh wkh| vwloo pdnh sur�wv ehfdxvh ri prqrsrolvwlf frpshwlwlrq1 Dv
wkhuh lv qr fdslwdo lq wkh prgho/ sulfhv dqg doo rwkhu yduldeohv uhdfk wkhlu qhz
htxloleulxp diwhu d vlqjoh shulrg/ l1h1 wkh orqj0uxq uhvsrqvhv duh dwwdlqhg lq
shulrg w . 41

Olnh lq wkh lqlwldo htxloleulxp wkrvh �upv wkdw hqjdjh lq sulflqj wr pdunhw
vhw wkhlu sulfhv lq wkh fxuuhqf| ri wkh frxqwu| zkhuh wkh surgxfwv duh vrog
+orfdo0fxuuhqf| sulflqj,1 Iru wkhvh �upv dq xqdqwlflsdwhg pryhphqw lq wkh
h{fkdqjh udwh grhv wkhuhiruh qrw ohdg wr d ghyldwlrq iurp wkh rswlpdo sulfh1��� " 9 �Q$ ��� 
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Wkh uhpdlqlqj �upv vhw wkhlu sulfhv lq wkh fxuuhqf| ri wkh frxqwu| zkhuh wkh
surgxfwv duh surgxfhg +surgxfhu0fxuuhqf| sulflqj,1 Iru wkhvh �upv/ krzhyhu/
dq xqdqwlflsdwhg pryhphqw lq wkh h{fkdqjh udwh grhv ohdg wr d ghyldwlrq iurp
wkh rswlpdo sulfh1

Uhjduglqj wkh phwkrgrorj|/ orj0olqhdu dssur{lpdwlrqv duh wdnhq durxqg wkh
lqlwldo suh0vkrfn htxloleulxp ri Vhfwlrq 6/ �uvw zlwk �h{leoh sulfhv lq rughu wr
vroyh iru wkh orqj0uxq +l1h1 shulrg w . 4, uhvsrqvh ri wkh hfrqrp| dqg wkhq zlwk
vwlfn| sulfhv lq rughu wr lghqwli| wkh vkruw0uxq +l1h1 shulrg w, uhvsrqvh wr vkrfnv1
Dv wr wkh qrwdwlrq/ iru dq| yduldeoh X ohw

eX ����� �
X ����� � X

X

eh wkh shufhqwdjh ghyldwlrq dw wlph w . l iru l @ 3> 4 iurp wkh lqlwldo suh0vkrfn
htxloleulxp ghvfulehg lq wkh suhfhglqj vhfwlrqv1

Wklv vhfwlrq glvfxvvhv wkh pdlq uhvxowv uhodwlqj wr wkh qrplqdo h{fkdqjh
udwh dqg lqwurgxfhv wkh cfrqwdlqphqw h�hfw* zklfk ghvfulehv wkh vhjphqwdwlrq ri
lqwhuqdwlrqdo jrrgv pdunhwv lqgxfhv e| wudgh frvwv1 Vhfwlrq 8 irfxvhv lq ghwdlo
rq wkh wzr w|shv ri vkrfnv dqg h{whqgv wkh dqdo|vlv wr rwkhu nh| yduldeohv1
Dsshqgl{ F rxwolqhv wkh ghulydwlrqv dqg jlyhv wkh fruuhvsrqglqj h{suhvvlrqv
zlwkrxw wudgh frvwv iru uhihuhqfh1

e�� A�i *L?}�h�? hitTL?ti |L t�LU!t

Wkh orqj0uxq +l1h1 shulrg w . 4, uhvsrqvh ri wkh h{fkdqjh udwh fdq eh gluhfwo|
ghulyhg iurp +5;,

eh ��� � @ +fP ��� � � fP ���� � , �
4

�
+ eF ��� � � eF ���� � , +6;,

zkhuh wkh orqj0uxq uhvsrqvh ri Krph uhodwlyh wr Iruhljq frqvxpswlrq lv jlyhq
e|

���

+ eF ��� � � eF ���� � , @
4

�

�

+� � �,

5+4 � �, g I �

S F �
�

4

�

+� � ��,

+� � �,

�
g J ��� � � g J ���� �

�

F �
+6<,

zlwk

� �
� � 4 . ��

� � 4 . �
+73,

dqg � A � A 41 S ghqrwhv wkh lqlwldo sulfh ohyho dqg F � lv wkh lqlwldo ydoxh ri
dyhudjh zruog frqvxpswlrq/ l1h1 F � @

�
� +F .F � ,1 Wkxv/ iru d jlyhq jryhuqphqw

vshqglqj sdwwhuq/ li wkh Krph frxqwu| kdv d wudgh edodqfh vxusoxv lq shulrg w/
lpso|lqj g I � A 3/ Krph frqvxpswlrq lv udlvhg shupdqhqwo| uhodwlyh wr Iruhljq
frqvxpswlrq1 Qrwh wkdw vlqfh wkh vwhdg| vwdwh uhvsrqvh wr d vkrfn lv dwwdlqhg
lq shulrg w . 4 douhdg|/ lw pxvw eh wkdw g I ��� � @ g I � vr wkdw wkh dvvhw srvlwlrqv
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lqgxfhg e| wkh lqlwldo wudgh vxusoxv duh fduulhg ryhu wr wkh qhz htxloleulxp
� �

1
Lqwxlwlyho|/ wkhuh lv d shupdqhqw srvlwlyh zhdowk h�hfw iru wkh Krph frxqwu| gxh
wr wkh lqwhuhvw sd|phqwv uhfhlyhg iurp wkh Iruhljq frxqwu|1 Wklv khosv Krph
lqglylgxdov wr �qdqfh wkhlu uhodwlyh frqvxpswlrq ulvh1 Doo ehlqj htxdo/ dq lq0
fuhdvh lq Krph jryhuqphqw vshqglqj kdv wkh rssrvlwh h�hfw/ gulylqj rxw Krph
frqvxpswlrq dqg ghfuhdvlqj wkh uhodwlyh Krph frqvxpswlrq ulvh1 Kljkhu wudgh
frvwv/ uh�hfwhg lq d kljkhu �/ ohdg wr d pruh surqrxqfhg uhodwlyh frqvxpswlrq
ulvh

���
1 Lqwxlwlyho|/ wudgh frvwv pdnh Krph jrrgv uhodwlyho| fkhdshu frpsduhg wr

Iruhljq jrrgv vr wkdw wkh dgglwlrqdo zhdowk iurp wkh wudgh edodqfh vxusoxv whqgv
wr eh vshqw pruh rq Krph jrrgv1 Vlploduo|/ iru jlyhq g I � / wkh Krph jryhuq0
phqw vshqgv d juhdwhu iudfwlrq ri lwv exgjhw rq Krph jrrgv lq wkh suhvhqfh ri
wudgh frvwv1 Wklv dgglwlrqdo lqfrph lq wxuq doorzv Krph lqglylgxdov wr lqfuhdvh
wkhlu frqvxpswlrq pruh wkdq Iruhljq lqglylgxdov1 Lq rwkhu zrugv/ wudgh frvwv
dfw olnh d ex�hu ehwzhhq wkh Krph dqg wkh Iruhljq frxqwu| dqg vhjphqw wkh
lqwhuqdwlrqdo jrrgv pdunhwv lqwr d Krph dqg d Iruhljq rqh/ l1h1 wkh| whqg wr
frqwdlq vshqglqj lq lwv frxqwu| ri ruljlq

���
1 Wklv irup ri lpshuihfw lqwhuqdwlrqdo

jrrgv pdunhw lqwhjudwlrq lv vxevhtxhqwo| uhihuuhg wr dv wkh cfrqwdlqphqw h�hfw*

ri wudgh frvwv1

e�2 A�i t�Lh|�h�? hitTL?ti |L t�LU!t

Zkhq d vkrfn rffxuv lq wlph shulrg w/ wkh uhvsrqvhv ri wkh sulfh lqglfhv +6, dqg
+7, duh jlyhq e|

eS � @
4

5
+4 � �,+4 � v,eh � +74,

dqg
eS �� @ �

4

5
+4 � �,+4 � v,eh � +75,

Vlqfh � @ 3 iru � @ 3 dqg 3 ? � ? 4 iru 3 ? � ? 4 lw iroorzv wkdw iru d jlyhq
h{fkdqjh udwh ghsuhfldwlrq +eh � A 3, wkh sulfh lqglfhv duh ohvv yrodwloh lq wkh
suhvhqfh ri wudgh frvwv wkdq zlwkrxw wudgh frvwv xqohvv wkhuh lv ixoo sulflqj wr
pdunhw1 Lq wkh odwwhu fdvh wkh sulfh lqglfhv duh lqvxodwhg iurp qrplqdo h{fkdqjh
udwh �xfwxdwlrqv vlqfh doo �upv vhw orfdo0fxuuhqf| sulfhv1 Khqfh

3 ? eS � ? eS ��� ��� � ? eh � li v ? 4 +76,

eh � A 3 A eS �� A eS ���� ��� � li v ? 4

eS � @ eS ��� ��� � @ eS �� @ eS ���� ��� � @ 3 li v @ 4 +77,
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Lqwxlwlyho|/ zlwk vrph h{whqw ri surgxfhu0fxuuhqf| sulflqj/ d qrplqdo h{fkdqjh
udwh ghsuhfldwlrq pdnhv Iruhljq jrrgv pruh h{shqvlyh lq wkh Krph frxqwu|
dqg Krph jrrgv fkhdshu lq wkh Iruhljq frxqwu|/ ohdglqj wr lq�dwlrq lq wkh
iruphu dqg gh�dwlrq lq wkh odwwhu1 Krzhyhu/ wklv fkdqjh lq uhodwlyh sulfh ohyhov
lv zhdnhqhg e| wudgh frvwv vlqfh wkh| pdnh doo lpsruwv ohvv dwwudfwlyh lq wkh �uvw
sodfh1 Lq rwkhu zrugv/ wudgh frvwv dfw olnh d ex�hu wkdw lpsdluv wkh lqwhjudwlrq
ri lqwhuqdwlrqdo jrrgv pdunhwv1

Wkh uhodwlrqvkls ehwzhhq orqj0uxq uhodwlyh frqvxpswlrq dqg vkruw0uxq uhod0
wlyh frqvxpswlrq fdq eh h{suhvvhg dv

eF ��� � � eF ���� � @ eF � � eF �� � +v . �+4 � v,,eh � +78,

Zlwk qr wudgh frvwv +� @ 3, dqg surgxfhu0fxuuhqf| sulflqj +v @ 3, wkh vkruw0
uxq fkdqjh lq uhodwlyh frqvxpswlrq lv fduulhg ryhu lqwr wkh orqj uxq1 Zlwk ixoo
sulflqj wr pdunhw +v @ 4, dqg iru d jlyhq h{fkdqjh udwh pryhphqw/ wkh h�hfw rq
uhodwlyh orqj0uxq frqvxpswlrq lv wkh vdph lq wkh suhvhqfh dqg lq wkh devhqfh ri
wudgh frvwv1

Wdnlqj orj0olqhdu dssur{lpdwlrqv ri wkh shulrg w jrrgv pdunhw dqg oderxu
pdunhw fohdulqj frqglwlrqv dv zhoo dv ri wkh frxqwulhv* exgjhw frqvwudlqwv

� �
ohdgv

wr dq h{suhvvlrq lqyroylqj wkh vkruw0uxq h{fkdqjh udwh uhvsrqvh dqg wkh pryh0
phqw ri vkruw0uxq uhodwlyh frqvxpswlrq

eh � @
+ eF � � eF �� , .

�
� �������

�����
	��
��
�� .

� �
� � � �
���� �

��

+4 � v,+� � 4 . ��, . v
+79,

Wr jhw wkh lqwxlwlrq ehklqg wklv h{suhvvlrq/ orrn dw lwv ghqrplqdwru dqg uhphp0
ehu iurp +77, wkdw zlwk orfdo0fxuuhqf| sulflqj/ wkh sulfh lqglfhv duh xqd�hfwhg
e| h{fkdqjh udwh pryhphqwv1 Lq wkdw fdvh dq h{fkdqjh udwh ghsuhfldwlrq grhv
qrw fkdqjh wkh uhodwlyh sulfhv ri jrrgv dqg khqfh ghpdqg lv xqd�hfwhg iru jlyhq

g I � dqg +g J � � g J �� ,1 Krzhyhu/ wkhuh lv dq lpsuryhphqw lq wkh Krph �upv*
sur�wv

� �
dqg wkhuhiruh lq wkh Krph frxqwu|*v lqfrph1 Wkh uhdvrq lv wkdw gxh

wr wkh ghsuhfldwlrq wkh uhyhqxh ri Krph �upv wkdw lv jhqhudwhg lq Iruhljq fxu0
uhqf| lq wkh Iruhljq frxqwu| kdv lqfuhdvhg zkhq phdvxuhg lq Krph fxuuhqf|1
Vlploduo|/ wkhuh lv d ghwhulrudwlrq lq wkh Iruhljq frxqwu|*v lqfrph1 Khqfh/ wklv
lv uhihuuhg wr dv wkh clqfrph0vzlwfklqj h�hfw*1 Dv d frqvhtxhqfh wkh errvw lq
Krph lqfrph lqfuhdvhv uhodwlyh vkruw0uxq Krph frqvxpswlrq1

Zlwk surgxfhu0fxuuhqf| sulflqj/ uhodwlyh sulfhv gr fkdqjh dqg ghpdqg lv
vkliwhg wr Krph jrrgv lq wkh frxuvh ri d qrplqdo h{fkdqjh udwh ghsuhfldwlrq1
Vxevhtxhqwo| wklv lv uhihuuhg wr dv wkh cghpdqg0vzlwfklqj h�hfw*1 Wkhq/ djdlq
iru jlyhq g I � dqg +g J � � g J �� ,/ uhodwlyh Krph frqvxpswlrq dovr lqfuhdvhv gxh
wr wkh lqfuhdvh lq Krph surgxfwlrq dqg wkhuhe| Krph lqfrph/ exw qrz wklv
lqfuhdvh lv ghshqghqw rq wkh pdjqlwxgh ri �/ zklfk lv wkh hodvwlflw| ri vxevwlwx0
wlrq ehwzhhq jrrgv1 Vr iru d jlyhq qrplqdo h{fkdqjh udwh ghsuhfldwlrq/ d kljkhu
� phdqv d vwurqjhu ghpdqg lqfuhdvh iru Krph jrrgv dqg wkxv d eljjhu ulvh lq
Krph uhodwlyh wr Iruhljq frqvxpswlrq1
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Lqvhuwlqj +6<, dqg +78, lqwr +79, holplqdwhv wkh wudgh edodqfh yduldeoh g I � /
vr
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+7:,

Ilqdoo|/ xvlqj prqh| pdunhw fohdulqj frqglwlrqv dv zhoo dv +74,/ +75, dqg +78,

dqg dvvxplqj wkdw prqh| vkrfnv duh shupdqhqw/ l1h1 +fP � � fP �� , @ +fP ��� � �
fP ���� � ,/ rqh fdq vkrz krz qrplqdo h{fkdqjh udwh pryhphqwv duh ghshqghqw rq
prqhwdu| vkrfnv dqg jryhuqphqw vshqglqj vkrfnv
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+7;,
Zlwk ixoo sulflqj wr pdunhw erwk d srvlwlyh Krph prqhwdu| vkrfn dqg d srvlwlyh
Krph jryhuqphqw vshqglqj vkrfn/ hlwkhu lq shulrg w ru lq shulrg w.4/ ohdg wr d
qrplqdo h{fkdqjh udwh ghsuhfldwlrq/ dqg ylfh yhuvd iru srvlwlyh Iruhljq vkrfnv1
Zlwk surgxfhu0fxuuhqf| sulflqj/ krzhyhu/ wkh h�hfw ri vkrfnv lv lq sulqflsoh
dpeljxrxv

� �
dqg ghshqgv rq sdudphwhu ydoxhv exw zloo jhqhudoo| dovr ohdg wr

d ghsuhfldwlrq1 Qrwh wkdw wklv dpeljxlw| grhv qrw dulvh zlwkrxw wudgh frvwv1
Wkhvh ihdwxuhv zloo eh glvfxvvhg lq pruh ghwdlo lq wkh iroorzlqj vhfwlrq1

D 5|�U!) Th�Uit @?_ L|�ih !i) �@h�@M*it

Dsduw iurp wkh h�hfwv ri vkrfnv rq wkh qrplqdo h{fkdqjh udwh wkh uhdfwlrqv ri
rwkhu nh| hfrqrplf yduldeohv duh h{dplqhg lq wklv vhfwlrq/ erwk iru wkh vkruw dqg
wkh orqj uxq1 Lq sduwlfxodu/ wkh irfxv lv rq wkh wzr h{wuhph fdvhv ri ixoo sulflqj
wr pdunhw/ l1h1 orfdo0fxuuhqf| sulflqj +v @ 4,/ dqg ri qr sulflqj wr pdunhw/
l1h1 surgxfhu0fxuuhqf| sulflqj +v @ 3,1 Lq wkh odwwhu fdvh/ wkhuh lv frpsohwh
sdvv0wkurxjk ri wkh h{fkdqjh udwh wr frqvxphu sulfhv1

Gxh wr wkh orj0olqhdu dssur{lpdwlrq phwkrgrorj| prqhwdu| vkrfnv dqg jry0
huqphqw vshqglqj vkrfnv duh dgglwlyh dqg wkxv fdq eh dqdo|vhg vhsdudwho|1 Wkh
uhdfwlrqv ri wkh qrplqdo h{fkdqjh udwh dqg rwkhu nh| yduldeohv wr wkh wzr w|shv
ri vkrfnv lq wkh suhvhqfh ri wudgh frvwv duh wkhq frpsduhg wr wkh rqhv zlwkrxw
wudgh frvwv1 Ghulydwlrqv fdq eh irxqg lq Dsshqgl{ F1 D qxphulfdo hydoxdwlrq
ri wkh h�hfwv lv surylghg lq Vhfwlrq :1
	 � 	���
��
�%��9 >�%=9  �<.�!��9  �9 �0�
$ $ <��=9 ��>�
!���E�? ���
��)�@>��=9  �%=G=
!�#��B 6#�
��G � "

47



D�� A�i *L?}�h�? hitTL?ti |L t�LU!t

Lw fdq eh vkrzq
� �

wkdw

eF ���� � @ �
4

5

�
� � 4

� � 4 . ��

� �
g J ��� �

F
.

g J ���� �
F �

�
+7<,

zkhuh eF ���� � @
�
� + eF ��� � . eF ���� � ,1 Wkxv/ wkh dyhudjh fkdqjh lq zruog frqvxpswlrq

lv qrw ghshqghqw rq prqhwdu| vkrfnv1
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Wkh vwhdg| vwdwh lqwhuhvw udwh u @
��� �
� grhv qrw fkdqjh lq wkh orqj uxq/ l1h1

eu ��� � @ 3 +87,

D�2 �L?i|@h) t�LU!t

Wklv vhfwlrq irfxvhv rq prqhwdu| vkrfnv/ l1h1 jryhuqphqw vshqglqj lv vhw wr
}hur g J � @ g J �� @ g J ��� � @ g J ���� � @ 31 Dv lw lv reylrxv iurp +7;,/ li erwk

frxqwulhv idfh prqhwdu| vkrfnv ri wkh vdph h{whqw +fP � @ fP �� 9@ 3,/ wkhvh wzr
h�hfwv h{dfwo| r�vhw hdfk rwkhu1 Vlqfh lq wklv vshfldo fdvh uhdo yduldeohv uhpdlq
xqd�hfwhg/ lw lv qrw frqvlghuhg khuhdiwhu1 Lqvwhdg/ lw lv dvvxphg iru vlpsolflw|
wkdw wkhuh lv d shupdqhqw Krph prqhwdu| vkrfn rqo| +fP � A 3/ fP �� @ 3,1

Dvvxplqj ixoo sulflqj wr pdunhw/ l1h1 v @ 4/ wkh h{suhvvlrq iru wkh h{fkdqjh
udwh pryhphqw jlyhq lq +7;, vlpsol�hv wr

eh � @ eh ��� ��� � @

�
� . 4@u

4 . 4@u

�
fP � +88,

iru dq| � 1 Khqfh/ zlwk ixoo sulflqj wr pdunhw/ lw grhv qrw pdwwhu iru wkh eh0
kdylrxu ri wkh qrplqdo h{fkdqjh udwh zkhwkhu wkhuh duh wudgh frvwv1
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Lq wkh fdvh ri surgxfhu0fxuuhqf| sulflqj/ l1h1 v @ 3/ wkh h�hfw ri dq h{sdq0
vlrqdu| Krph prqhwdu| vkrfn rq wkh qrplqdo h{fkdqjh udwh lv
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8 +89,

zklfk lv lq sulqflsoh dpeljxrxv lq wkh suhvhqfh ri wudgh frvwv1 Krzhyhu/ dv
ghvfulehg lq Vhfwlrq :/ zlwklq wkh udqjh ri hpslulfdoo| sodxvleoh sdudphwhu ydo0
xhv/ d Krph prqhwdu| h{sdqvlrq fohduo| ohdgv wr d ghsuhfldwlrq1 Pruhryhu/ wklv
ghsuhfldwlrq dsshduv pruh surqrxqfhg zlwk wudgh frvwv/ l1h1 eh � A eh ��� ��� � 1

Lqwxlwlyho|/ dq lqfuhdvh lq wkh ohyho ri Krph prqh| vxsso| ghsuhfldwhv wkh
Krph fxuuhqf|1 Wklv ghsuhfldwlrq ohdgv wr wkh ghpdqg0vzlwfklqj h�hfw phq0
wlrqhg lq uhodwlrq wr +79, ehfdxvh lw ghfuhdvhv wkh uhodwlyh sulfh ri Krph jrrgv
lq erwk frxqwulhv1 Qrz gxh wr frqwdlqphqw

� �
wudgh frvwv glplqlvk wklv ghpdqg0

vzlwfklqj h�hfw lq wkh Iruhljq frxqwu| vlqfh wkh| pdnh Krph jrrgv ohvv dw0
wudfwlyh wkhuh/ zkhuhdv wkh| dpsoli| wkh ghpdqg0vzlwfklqj h�hfw lq wkh Krph
frxqwu|1 Lq wrwdo/ wkh frqwdlqphqw h�hfw uhlqirufhv

� �
wkh ghpdqg0vzlwfklqj hi0

ihfw ehfdxvh wkh ohyho ri ghpdqg iru Krph jrrgv lv orzhu lq wkh Iruhljq frxqwu|
wkdq lq wkh Krph frxqwu|1 Khqfh/ lq wkh suhvhqfh ri wudgh frvwv d Krph prq0
hwdu| h{sdqvlrq ohdgv wr d odujhu ghsuhfldwlrq1

Lq wkh fdvh ri ixoo sulflqj wr pdunhw wkh lqfrph0vzlwfklqj h�hfw ri wkh gh0
suhfldwlrq lv zhdnhu gxh wr wkh frqwdlqphqw h�hfw1 Krzhyhu/ dovr gxh wr wkh
frqwdlqphqw h�hfw/ wkh lqfuhdvhg lqfrph lv wkhq suhgrplqdqwo| vshqw rq Krph
jrrgv vr wkdw wkh wzr r�vhwwlqj h�hfwv h{dfwo| fdqfho hdfk rwkhu1

Frpelqlqj +74, dqg +75, |lhogv wkh uhdo h{fkdqjh pryhphqw

e# � @ eh � . eS �� � eS � @ +v . �+4 � v,,eh � +8:,

Lq wkh fdvh ri d Krph prqhwdu| h{sdqvlrq wkh uhdo dqg qrplqdo h{fkdqjh udwhv
ghsuhfldwh lq orfnvwhs iru dq| � xqghu ixoo sulflqj wr pdunhw +v @ 4, vlqfh wkh
sulfh lqglfhv duh xqd�hfwhg e| vkrfnv1 Iru surgxfhu fxuuhqf| sulflqj +v @ 3,/
krzhyhu/ wkh uhdo h{fkdqjh udwh lv vwdeoh zlwk qr wudgh frvwv exw vwloo ghsuhfldwhv
lq wkh suhvhqfh ri wudgh frvwv1

Vlploduo|/ lw fdq eh vkrzq wkdw lq wkh suhvhqfh ri wudgh frvwv wkhuh lv dozd|v
h{fkdqjh udwh ryhuvkrrwlqj iru dq| ghjuhh ri sulflqj wr pdunhw dv orqj dv � A 4/
l1h1 wkh frqvxpswlrq hodvwlflw| ri prqh| ghpdqg/ uhsuhvhqwhg e| 4@�/ lv vpdoohu
wkdq rqh
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eh � +8;,

Wkh xqghuo|lqj lqwxlwlrq lv wkh vdph dv lq wkh idprxv Gruqexvfk +4<:9, ryhu0
vkrrwlqj prgho/ qdpho| wkdw ryhuvkrrwlqj rffxuv zkhq prqh| ghpdqg lv vxi0
�flhqwo| lqhodvwlf zlwk uhvshfw wr rxwsxw dqg frqvxpswlrq1 Krzhyhu/ zlwkrxw
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wudgh frvwv d prqhwdu| vkrfn fdqqrw glvsod| h{fkdqjh udwh ryhuvkrrwlqj li v @ 3/
zkhuhdv wklv grhv kdsshq zlwk wudgh frvwv gxh wr wkh uhlqiruflqj lq�xhqfh ri
frqwdlqphqw rq wkh ghpdqg0vzlwfklqj h�hfw1

Vlqfh lqwhuhvw sdulw| pxvw rewdlq lq wklv prgho/ ryhuvkrrwlqj lpsolhv wkdw
wkh hqvxlqj dssuhfldwlrq pxvw eh frpshqvdwhg e| d uhodwlyho| kljkhu lqwhuhvw
udwh lq wkh Iruhljq frxqwu|1 Uhdo lqwhuhvw udwhv pryh dffruglqj wr
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zkhuh
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fP � +94,

ghqrwhv wkh dyhudjh fkdqjh lq zruog frqvxpswlrq lq shulrg w/ l1h1 eF �� @
�
� + eF � .

eF �� ,1 Wkxv/ d Krph prqhwdu| h{sdqvlrq +fP � A 3/ fP �� @ 3, dozd|v
���

uhgxfhv
wkh Krph uhdo lqwhuhvw udwh/ zkhuhdv wkh h�hfw rq wkh Iruhljq uhdo lqwhuhvw udwh
lv dpeljxrxv/ l1h1 eu � ? 3 dqg eu �� V 3 zlwk eu � ? eu �� 1 Iru v @ 4 lw iroorzv wkdw

eu � @ eu ��� ����� ? 3 dqg eu �� @ eu ���� ����� @ 3/ l1h1 xqghu ixoo sulflqj wr pdunhw wkh Krph
uhdo lqwhuhvw udwh ghfolqhv dqg wkh Iruhljq uhdo lqwhuhvw udwh lv ohiw xqd�hfwhg
luuhvshfwlyh ri wudgh frvwv1 Iru v @ 3 lw iroorzv wkdw eu ��� �	��� @ eu ���� ����� ? 3 dqg
eu � ? eu ��� �	��� ? eu �� ? 31 Vr zlwkrxw wudgh frvwv surgxfhu0fxuuhqf| sulflqj ohdgv wr
wkh vdph ghfolqh lq uhdo lqwhuhvw udwhv iru erwk frxqwulhv/ exw lq wkh suhvhqfh ri
wudgh frvwv wkh ghfolqh lq wkh Krph uhdo lqwhuhvw udwh lv h{dfhuedwhg zkhuhdv wkh
ghfolqh lq wkh Iruhljq uhdo lqwhuhvw udwh lv plwljdwhg1 Ryhudoo lw fdq wkhuhiruh eh
frqfoxghg wkdw wudgh frvwv lqwurgxfh dq dv|pphwu| wr uhdo lqwhuhvw udwhv dfurvv
frxqwulhv lq uhvsrqvh wr d prqhwdu| vkrfn1

Frqvxpswlrq fdq eh vkrzq wr ehkdyh dffruglqj wr
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D eh � +96,

Iru hpslulfdoo| sodxvleoh sdudphwhu ydoxhv
���

Krph frqvxpswlrq dozd|v jrhv xs
lq uhvsrqvh wr d Krph prqhwdu| h{sdqvlrq +fP � A 3/ fP �

� @ 3,1 Wkh h�hfw rq

Iruhljq frqvxpswlrq lv dpeljxrxv/ exw eF � A eF �
� dozd|v krogv iru hpslulfdoo|

sodxvleoh pdjqlwxghv
���

luuhvshfwlyh ri wudgh frvwv1
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Lq wkh vshfldo fdvh ri v @ 4 zkhq eh � @ eh ��� �	��� krogv lw iroorzv wkdw
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fP � +97,

eF �
� @ eF �

��� ����� @ 3 +98,

Wkh lqwxlwlrq lv wkdw zlwk ixoo sulflqj wr pdunhw/ wkhuh duh wzr h�hfwv ri d Krph
prqhwdu| h{sdqvlrq lq wkh Iruhljq frxqwu| wkdw h{dfwo| r�vhw hdfk rwkhu1 Dv d
gluhfw h�hfw wkh lqfrph0vzlwfklqj uhgxfhv Iruhljq �upv* sur�wv1 Dv dq lqgluhfw
h�hfw wkhuh lv dq lqfuhdvh lq Krph vshqglqj rq Iruhljq jrrgv dv d frqvhtxhqfh
ri wkh lqfrph0vzlwfklqj/ zklfk sxvkhv Iruhljq �upv* sur�wv xs djdlq1 Khqfh/
lq whupv ri frqvxpswlrq/ xqghu ixoo sulflqj wr pdunhw wkh Iruhljq frxqwu| lv
lqvxodwhg iurp hyhqwv lq wkh Krph prqh| pdunhw dqg wkhuh lv qr vslooryhu h�hfw
rq Iruhljq frqvxpswlrq

��

1 Krzhyhu/ li v @ 3 dqg dovr li � @ 4 lw fdq eh

vkrzq wkdw d Krph prqhwdu| h{sdqvlrq udlvhv frqvxpswlrq lq erwk frxqwulhv
iru hpslulfdoo| sodxvleoh sdudphwhu ydoxhv

���
/ erwk zlwk dqg zlwkrxw wudgh frvwv/

vr wkdw wkhuh lv d vslooryhu h�hfw1
Rxwsxw pryhv dffruglqj wr
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Zlwk v @ 4 d Krph prqhwdu| h{sdqvlrq ohdgv wr
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Wklv lv d gluhfw frqvhtxhqfh ri wkh lqfrph0vzlwfklqj h�hfw dqg wkh frqwdlqphqw
h�hfw1 Wkh Krph prqhwdu| h{sdqvlrq dqg wkh hqvxlqj ghsuhfldwlrq errvw Krph
lqfrph vr wkdw Krph vshqglqj lqfuhdvhv1 Wklv dgglwlrqdo vshqglqj lv hyhqo|
vsuhdg ryhu wkh wzr frxqwulhv lq wkh devhqfh ri wudgh frvwv/ ohdglqj wr wkh vdph
rxwsxw ulvh lq erwk frxqwulhv1 Krzhyhu/ wkh frqwdlqphqw h�hfw ri wudgh frvwv
fkdqqhov d juhdwhu vkduh ri wkdw vshqglqj wrzdugv Krph jrrgv vr wkdw wkh
v|pphwu| ydqlvkhv/ l1h1 ek � A ek �� 1 Li v @ 3 wkh uhvxowv djdlq ghshqg rq sdudphwhu
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ydoxhv exw ek � A ek �� dozd|v krogv iru hpslulfdoo| sodxvleoh pdjqlwxghv
���

/ erwk
zlwk dqg zlwkrxw wudgh frvwv1

Dv glvfxvvhg zlwk +6<,/ wkh dvvhw srvlwlrqv lqgxfhg e| d shulrg w fkdqjh lq
wkh wudgh edodqfh duh fduulhg ryhu wr wkh orqj0uxq htxloleulxp/ l1h1 g I � � � @ g I � 1

� g I �
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Zlwk ixoo sulflqj wr pdunhw wkhuh lv qr h�hfw ri d Krph prqhwdu| h{sdqvlrq rq
wkh Krph wudgh edodqfh dqg wkhuhiruh/ yld +6<,/ + eF � � � � eF �

� � � , @ 3/ l1h1 lq wkh
orqj uxq frqvxpswlrq uhyhuwv wr wkh lqlwldo htxloleulxp ohyho lq erwk frxqwulhv1
Lqwxlwlyho|/ dv phqwlrqhg zlwk +97, dqg +98,/ wkh lqfrph0vzlwfklqj uhgxfhv Iru0
hljq �upv* sur�wv/ exw wklv lv h{dfwo| r�vhw e| wkh lqfuhdvh lq Krph vshqglqj
rq Iruhljq jrrgv dqg wkh hqvxlqj lqfuhdvh lq Iruhljq surgxfwlrq lq +9<,1 Wkxv/
iurp +93, dqg +98, wkh Iruhljq uhdo lqwhuhvw udwh dqg Iruhljq frqvxpswlrq gr
qrw fkdqjh vr wkdw lq wrwdo wkh Iruhljq frxqwu| grhv qrw qhhg wr eruurz iurp
wkh Krph frxqwu| lq rughu wr vprrwk lwv frqvxpswlrq sdwk1 Krzhyhu/ iurp
+8<, wkh Krph uhdo lqwhuhvw udwh gursv/ jlylqj Krph frqvxphuv dq lqfhqwlyh wr
frqvxph pruh lq wkh vkruw uxq1 Wklv fdq eh vhhq iurp +78, e| vhwwlqj v @ 4

eF � �?� � eF �
� � � @ 3 @ eF � � eh �

Khqfh/ wkh vkruw0uxq Krph frqvxpswlrq ulvh lv sursruwlrqdo wr wkh ghsuhfldwlrq
fdxvhg e| d Krph prqhwdu| h{sdqvlrq1 \hw lq wkh orqj uxq wklv lqfuhdvh lq
frqvxpswlrq fdqqrw eh vxvwdlqhg

���
vlqfh wkhuh lv qr shupdqhqw zhdowk h�hfw

iurp wkh Krph prqhwdu| h{sdqvlrq/ ru 0 dv Ehwwv dqg Ghyhuhx{ +5333, sxw lw
0 _diwhu wkh �uvw shulrg wkhuh lv ixoo prqh| qhxwudolw|%1 Wklv uhvxow krogv erwk
zlwk dqg zlwkrxw wudgh frvwv1

Iru v ? 4 wkh uljkw0kdqg vlgh ri h{suhvvlrq +:3, lv xqdpeljxrxvo| srvlwlyh lq
wkh fdvh ri dq h{fkdqjh udwh ghsuhfldwlrq dqg wkhuhiruh ohdgv wr kljkhu uhodwlyh
orqj0uxq frqvxpswlrq iru wkh Krph frxqwu|/ l1h1 + eF � � � � eF �

� � � , A 31 Wkh h{whqw
ri wklv h�hfw lv lq jhqhudo gl�huhqw zlwk wudgh frvwv/ ghshqglqj rq sdudphwhu
ydoxhv/ exw qrw vljql�fdqwo| vr1

Wdeoh 4 vxppdulvhv wkh deryh glvfxvvlrq1 Lq frpelqdwlrq zlwk prqhwdu|
vkrfnv wudgh frvwv whqg wr lqfuhdvh wkh yduldelolw| ri wkh qrplqdo dqg uhdo h{0
fkdqjh udwhv1 Pruhryhu/ wkh| pdnh ryhuvkrrwlqj ri wkh qrplqdo h{fkdqjh udwh
pruh olnho| dqg lqwurgxfh dv|pphwulhv wr uhdo lqwhuhvw udwhv dqg rxwsxw dfurvv
frxqwulhv1 Wkh h�hfwv rq vkruw dqg orqj0uxq frqvxpswlrq yduldelolw| dqg rq wkh
wudgh edodqfh duh qrw vljql�fdqwo| dowhuhg e| wudgh frvwv1
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Wdeoh 4 Wkh h�hfw ri d shupdqhqw Krph prqhwdu| h{sdqvlrq

fP A 3/ fP �
@ 3 Ixoo SWP +v @ 4, Qr SWP +v @ 3,

Qrp1 h{fk1 udwh eh � @ eh ��� �	��� A 3 eh � A eh ��� ����� A 3
�

Uhdo h{fk1 udwh e# � @ e# ��� ����� A 3 e# � A e# ��� �	��� @ 3
Ryhuvkrrwlqj +�, +�, @ +�, ����� A 3

�
+�, A +�, ����� @ 3

�

Uhdo lqwhuhvw udwhv eu � @ eu ��� �	��� ? 3 eu � ? eu ��� ����� ? eu �� ? 3
eu �� @ eu ���� ����� @ 3 eu ��� ����� @ eu ���� �	��� ? 3

Zruog frqv1 eF 

� @ eF 


��� �	��� A 3 eF 

� @ eF 


��� ����� A 3

Krph frqv1 eF � @ eF ��� ����� A 3 eF � A 3/ eF ��� ����� A 3
�

Iruhljq frqv1 eF �
� @ eF �

��� ����� @ 3 eF �
� A 3/ eF �

��� �	��� A 3
�

Rxwsxw ek � A ek �� / ek � A 3 ek � A ek ��
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Krph wudgh edo1 g I � @ g I ��� ����� @ 3 g I � A 3/ g I ��� ����� A 3

Orqj0uxq uho1 frqv1 + eF � � � � eF �
� � � , @ 3 + eF � � � � eF �

� � � , A 3�
Iru hpslulfdoo| hpslulfdoo| sodxvleoh sdudphwhu ydoxhv

���
1

D�� BL�ih?4i?| tTi?_�?} t�LU!t

Wklv vhfwlrq irfxvhv rq jryhuqphqw vshqglqj vkrfnv dqg uxohv rxw prqhwdu|
vkrfnv +fP � @ fP �

� @ 3,1 Dv lw lv reylrxv iurp +7;,/ li erwk jryhuqphqwv lqfuhdvh
wkhlu vshqglqj e| wkh vdph h{whqw dw dq| wlph +g J � @ g J

�
� 9@ 3 dqg2ru g J � � � @

g J
�
� � � 9@ 3,/ wkhvh wzr h�hfwv h{dfwo| r�vhw hdfk rwkhu1 Lw lv wkhuhiruh dvvxphg

wkdw wkhuh lv qr jryhuqphqw vshqglqj lq wkh Iruhljq frxqwu| +g J
�
� @ g J

�
� � � @

3,1 Gxh wr wkh v|pphwu| ri wkh prgho lw lv vwudljkwiruzdug wr ghulyh wkh h�hfwv
ri wkh rssrvlwh vfhqdulr1

Ixuwkhupruh/ wkhuh duh wkuhh gl�huhqw vfhqdulrv zlwk jryhuqphqw vshqglqj
0 wudqvlwru| jryhuqphqw vshqglqj vkrfnv +g J � A 3/ g J � � � @ 3,/ dqwlflsdwhg
jryhuqphqw vshqglqj vkrfnv +g J � @ 3/ g J � � � A 3, dqg shupdqhqw jryhuqphqw
vshqglqj vkrfnv +g J � @ g J � � � A 3,/ zklfk duh wkh vxp ri wudqvlwru| dqg
dqwlflsdwhg jryhuqphqw vshqglqj vkrfnv

���
1 Qrwh wkdw vlqfh lq shulrg w . 4 wkh

qhz orqj0uxq htxloleulxp lv uhdfkhg/ d jryhuqphqw vshqglqj vkrfn rffxulqj lq
wkdw shulrg e| gh�qlwlrq phdqv wkdw lw shuvlvwv lq doo vxevhtxhqw shulrgv lq wkh
devhqfh ri ixuwkhu vkrfnv

���
1

Wxuqlqj wr wudqvlwru| jryhuqphqw vshqglqj vkrfnv �uvw/ iurp +7;, ixoo sulflqj
wr pdunhw +v @ 4, eulqjv derxw
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Vlqfh lq wkh ghqrplqdwru
k�
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+4 � �, lw iroorzv

wkdw eh � ? eh ��� ����� 1 Dv wkh sulfh lqglfhv duh xqd�hfwhg e| vkrfnv zlwk ixoo sulf0
lqj wr pdunhw/ gxh wr +8:, wklv uhvxow phdqv wkdw erwk wkh qrplqdo dqg wkh
uhdo h{fkdqjh udwh duh ohvv yrodwloh zlwk wudgh frvwv1 Wkh lqwxlwlrq lv wkdw zlwk
wudgh frvwv wkh frqwdlqphqw h�hfw whqgv wr nhhs Krph jryhuqphqw vshqglqj
lq wkh Krph frxqwu|1 Wkhuhiruh/ zlwk dq lqfuhdvh lq Krph jryhuqphqw vshqg0
lqj +g J � A 3,/ wkh uhvxowlqj uhodwlyh ghpdqg iru Krph jrrgv lv kljkhu lq wkh
suhvhqfh ri wudgh frvwv vxfk wkdw Krph lqfrph lv errvwhg uhodwlyh wr Iruhljq
lqfrph1 Wkxv/ wkh uhtxluhg lqfrph0vzlwfklqj h�hfw lv vpdoohu wkdq lq wkh de0
vhqfh ri wudgh frvwv dqg fdq eh dfklhyhg zlwk d pruh prghudwh h{fkdqjh udwh
ghsuhfldwlrq1 Khqfh/ lq wkh suhvhqfh ri wudgh frvwv dqg ixoo sulflqj wr pdunhw
h{fkdqjh udwh dgmxvwphqwv fdxvhg e| wudqvlwru| jryhuqphqw vshqglqj duh ohvv
surqrxqfhg

���
1

Dq dqwlflsdwhg jryhuqphqw vshqglqj vkrfn lq wkh fdvh ri ixoo sulflqj wr
pdunhw dovr fdxvhv dq h{fkdqjh udwh ghsuhfldwlrq

eh � @

�
�

�
4 �

� �
�

� ���������
	 


k�
4 .

�
�

�
� �

�
4 .

�
���

�l � ��� ��� ���� ����
 �
� +:5,

Djdlq wklv ghsuhfldwlrq lv ohvv surqrxqfhg lq wkh suhvhqfh ri wudgh frvwv
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+eh � ? eh ��� ����� , vlqfh lq wkh ghqrplqdwru
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dqg/ frpsdulqj wklv zlwk wkh qxphudwru/ +4 � �, ?
�

4 �
� �
�

�
1 Wkh lqwxlwlrq

iru dq dqwlflsdwhg jryhuqphqw vshqglqj vkrfn lv wkh vdph dv zlwk d wudqvlwru|
vkrfn1 Krzhyhu/ dv Vhfwlrq : vkrzv qxphulfdoo|/ wkh h{fkdqjh udwh ghsuhfldwlrq
lv pxfk vwurqjhu lq wkh fdvh ri dq dqwlflsdwhg Krph �vfdo h{sdqvlrq1 Wkh uhd0
vrq lv wkdw lq shulrg w .4 wkh qhz orqj0uxq htxloleulxp lv uhdfkhg/ zklfk phdqv
wkdw wkh Krph jryhuqphqw pdlqwdlqv lwv kljkhu vshqglqj lq doo vxevhtxhqw sh0
ulrgv1 Dffruglqjo|/ Krph lqglylgxdov dqwlflsdwh wkh ixwxuh kljkhu exughq rq
wkhlu exgjhw frqvwudlqwv yld +8, dqg +46, dqg d pruh yljrurxv lqfrph0vzlwfklqj
h�hfw lv qhhghg frpsduhg wr d wudqvlwru| jryhuqphqw vshqglqj vkrfn1

Vlqfh wkh h�hfw ri d shupdqhqw jryhuqphqw vshqglqj vkrfn lv vlpso| wkh
vxp ri wkh wudqvlwru| dqg wkh dqwlflsdwhg vkrfn/ wkh deryh uhvxowv jr wkurxjk
iru d shupdqhqw vkrfn1 Khqfh/ zkhq wkhuh lv ixoo sulflqj wr pdunhw/ wudgh frvwv
xqdpeljxrxvo|

���
uhgxfh wkh yduldelolw| ri wkh qrplqdo h{fkdqjh udwh iru dq|

w|sh ri jryhuqphqw vshqglqj vkrfn vlqfh wkh| dfw olnh d ex�hu wkdw frqwdlqv
vshqglqj lq lwv frxqwu| ri ruljlq1 Dv d frqvhtxhqfh ri wkdw frqwdlqphqw h�hfw
wkh uhtxluhg lqfrph0vzlwfklqj h�hfw lv vpdoohu dqg h{fkdqjh udwh pryhphqwv
duh wrqhg grzq1

Wkh h�hfwv ri jryhuqphqw vshqglqj vkrfnv zlwk qr sulflqj wr pdunhw +v @
3, duh pruh lqwulfdwh1 Iurp +7;, wkh h{fkdqjh udwh pryhphqw fdxvhg e| d
����	 +��%� ��!�������!�* $?��+�,���� &"$�* +�,C@�+"��$?,�+��?@���( ��,"@ +�,C(	��=��>')������=�D>�>� &���$ 4

54



wudqvlwru| �vfdo h{sdqvlrq htxdov
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Wkh vljq ri wklv h{suhvvlrq lv lq sulqflsoh dpeljxrxv lq wkh suhvhqfh ri wudgh
frvwv1 Krzhyhu/ dv ghvfulehg lq Vhfwlrq :/ zlwklq wkh udqjh ri hpslulfdoo| sodx0
vleoh sdudphwhu ydoxhv

���
/ d wudqvlwru| Krph �vfdo h{sdqvlrq ohdgv wr d ghsuhfl0

dwlrq dqg/ olnh zlwk ixoo sulflqj wr pdunhw/ lv frqvlghudeo| ohvv surqrxqfhg zlwk
wudgh frvwv/ l1h1 eh � ? eh ��� ����� 1 Krzhyhu/ wkh xqghuo|lqj lqwxlwlrq

���
lv gl�huhqw1

Wkh ghsuhfldwlrq ghfuhdvhv wkh uhodwlyh sulfh ri Krph jrrgv lq erwk frxqwulhv/
ohdglqj wr wkh ghpdqg0vzlwfklqj h�hfw phqwlrqhg lq uhodwlrq wr +79,1 Wkh frq0
wdlqphqw h�hfw ri wudgh frvwv dpsol�hv wkh ghpdqg0vzlwfklqj h�hfw lq wkh Krph
frxqwu|/ zkhuhdv lw glplqlvkhv wklv ghpdqg0vzlwfklqj h�hfw lq wkh Iruhljq frxq0
wu| vlqfh lw pdnhv Krph jrrgv ohvv dwwudfwlyh wkhuh1 Exw wkh ohyho ri ghpdqg iru
Krph jrrgv lv orzhu lq wkh Iruhljq frxqwu| wkdq lq wkh Krph frxqwu| vr wkdw lq
wrwdo/ wkh frqwdlqphqw h�hfw uhlqirufhv wkh ghpdqg0vzlwfklqj h�hfw1 Wkhuhiruh/
d frpsdudwlyho| vpdoo ghsuhfldwlrq lv hqrxjk wr errvw wkh Krph hfrqrp| dqg
�qdqfh wkh jryhuqphqw vshqglqj1

Dq dqwlflsdwhg Krph �vfdo h{sdqvlrq zlwk qr sulflqj wr pdunhw fdq lq sulq0
flsoh dovr ohdg wr dq dpeljxrxv h{fkdqjh udwh pryhphqw
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Exw zlwklq wkh udqjh ri hpslulfdoo| sodxvleoh sdudphwhu ydoxhv
���

lw fohduo| ohdgv
wr d ghsuhfldwlrq1 Krzhyhu/ lw lv olnho| wr eh odujhu wkdq zlwkrxw wudgh frvwv/ l1h1
eh � A eh ��� ����� 1

���
Olnh zlwk ixoo sulflqj wr pdunhw wkh h{fkdqjh udwh ghsuhfldwlrq lv

pxfk vwurqjhu qxphulfdoo| lq wkh fdvh ri dq dqwlflsdwhg Krph �vfdo h{sdqvlrq
gxh wr wkh idfw wkdw shulrg w . 4 jryhuqphqw vshqglqj lv pdlqwdlqhg wkurxjk
doo vxevhtxhqw shulrgv1 Wkh shupdqhqw jryhuqphqw vshqglqj vkrfn dv d frpel0
qdwlrq ri wudqvlwru| dqg dqwlflsdwhg �vfdo srolf| lv wkhuhiruh grplqdwhg e| wkh
odwwhu1

D jryhuqphqw vshqglqj vkrfn fdq rqo| kdyh dq lpsdfw rq shulrg w zruog
dyhudjh frqvxpswlrq li wkh vkrfn lv shupdqhqw

eF 

� @ eF 


��� ����� @ �
� � 4

�+4 . u,

� � 4

� � 4 . ��

4

5
g J � � �

F

 +:8,

Dovr qrwh wkdw wkhuh lv qr h�hfw xqohvv � 9@ 41 Lqwxlwlyho|/ lw fdq eh vhhq iurp +43,
wkdw d kljkhu sulfh ohyho/ fdxvhg e| wkh ghsuhfldwlrq/ uhgxfhv wkh uhdo prqhwdu|
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edvh ri wkh Krph hfrqrp|1 Wkh eljjhu � lv/ l1h1 wkh pruh lqhodvwlf prqh| gh0
pdqg lv zlwk uhvshfw wr frqvxpswlrq/ wkh eljjhu lv wkh uhgxfwlrq lq frqvxpswlrq
wkdw lv qhfhvvdu| iru d prqh| pdunhw htxloleulxp
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Wkh dgydqwdjh ri wklv prgho*v xwlolw|0edvhg dssurdfk lv wkdw lw doorzv iru d
uljrurxv zhoiduh dqdo|vlv1 Wkxv/ wkh lqwhuqdwlrqdo zhoiduh vslooryhu h�hfwv ri
vkrfnv fdq eh h{dplqhg1 Wkh phwkrgrorj| ri Revwihog dqg Urjr� +4<<8, lv
dgrswhg vxfk wkdw wkh xwlolw| ixqfwlrq +4, lv ghfrpsrvhg dv X � @ X

�
� . X

�
� 1

zkhuh X
�
� frqvlvwv ri wkh whupv ghshqglqj rq frqvxpswlrq dqg oderxu dqg X
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lqfrusrudwhv uhdo prqh| edodqfhv
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Dv Revwihog dqg Urjr� +5333, dujxh/ xqohvv uhdo prqh| edodqfhv duh dvvljqhg
dq lpsodxvleo| odujh zhljkw/ �/ wkh ryhudoo zhoiduh h�hfw ri d Krph vkrfn lv
grplqdwhg e| X

�
� 1 Wkhuhiruh/ X

�
� lv qhjohfwhg lq wkh iroorzlqj1 Wkh qrwdwlrq

iru wkh Iruhljq frxqwu| lv dqdorjrxv1 Lq wkh iroorzlqj wkh irfxv lv rq wkh wzr
h{wuhph fdvhv ri orfdo0fxuuhqf| sulflqj +v @ 4, dqg surgxfhu0fxuuhqf| sulflqj
+v @ 3,1 Wkh htxdwlrqv iru wkh lqwhuphgldwh fdvh ri 3 ? v ? 4 dqg wkh ghulydwlrqv
ri wkh uhvxowv fdq eh irxqg lq Dsshqgl{ G1

S�� �L?i|@h) t�LU!t

Wkh zhoiduh lpsdfw ri d shupdqhqw Krph prqhwdu| h{sdqvlrqdu| vkrfn lv h{0
dplqhg

���
/ l1h1 fP � A 3 dqg fP �

� @ 31 Iru orfdo0fxuuhqf| sulflqj +ixoo sulflqj wr
pdunhw, lw fdq eh vkrzq wkdw
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Wklv uhvxow lv lq olqh zlwk Ehwwv dqg Ghyhuhx{ +5333, lq wkh vhqvh wkdw sulflqj
wr pdunhw ohdgv wr qhjdwlyh lqwhuqdwlrqdo zhoiduh vslooryhu h�hfwv/ pdnlqj wkh
Krph frxqwu| ehwwhu r�/ zkhuhdv wkh h�hfw rq Iruhljq zhoiduh lv qhjdwlyh

� �
1

Khqfh/ dq xqh{shfwhg Krph prqhwdu| h{sdqvlrq lv d _ehjjdu0wk|0qhljkerxu%
lqvwuxphqw1 Krzhyhu/ vlqfh 3 ?

�.� �
� � ? 4 wudgh frvwv glplqlvk wkh dv|pphwu|

ri wkh vkrfn
�:�

/ uhgxflqj wkh srvlwlyh h�hfw iru wkh Krph frxqwu| dqg ghfuhdvlqj
wkh zhoiduh orvv ri wkh Iruhljq frxqwu|1 Rqo| lq wkh olplw/ zlwk � forvh wr rqh/
lv wkh zhoiduh h�hfw qhxwudo

� �
iru wkh Iruhljq frxqwu| vlqfh lq wkdw fdvh/ wudgh

grhv qrw wdnh sodfh dqg wkh Iruhljq frxqwu| lv lqvxodwhg iurp wkh Krph prqh|
pdunhw

olp��� � g X
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olp��� � g X
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� @ 3 +;:,
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Lqwxlwlyho|/ dv fdq eh vhhq iurp +9;, dqg +9<,/ wudgh frvwv lqgxfh Krph
lqglylgxdov wr zrun kdughu wkdq Iruhljq lqglylgxdov lq uhvsrqvh wr d Krph
prqhwdu| vkrfn ehfdxvh ri wkh lqfrph0vzlwfklqj dqg frqwdlqphqw h�hfwv1 Exw
dv +94,/ +97, dqg +98, vkrz/ eF 


� dqg wkhuhiruh eF � dqg eF �
� gr qrw ghshqg rq

wudgh frvwv1
Olnh lq wkh suhylrxv vhfwlrqv wkh dqdo|vlv xqghu surgxfhu0fxuuhqf| sulflqj

ghshqgv rq sdudphwhu ydoxhv1 Wkh fkdqjhv lq xwlolw| lqgxfhg e| d shupdqhqw
Krph prqhwdu| vkrfn fdq eh h{suhvvhg dv
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�
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Wkxv/ zlwk surgxfhu0fxuuhqf| sulflqj wudgh frvwv ohdg wr dv|pphwulf lqwhuqd0
wlrqdo zhoiduh vslooryhu h�hfwv1 Zlwkrxw wudgh frvwv wkhvh h{suhvvlrqv ehfrph
xqdpeljxrxvo| srvlwlyh dqg v|pphwulf

g X
�

� @ g X
� �
� @

eF 

�
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+<3,

Wkh v|pphwu| ri wklv vshfldo fdvh rffxuv ehfdxvh prqrsrolvwlf frpshwlwlrq/
wkurxjk zklfk wkh sulfh ri d jrrg h{fhhgv lwv pdujlqdo frvw ri surgxfwlrq/ lv
wkh rqo| vrxufh ri glvwruwlrq lq wkh wzr hfrqrplhv1 Gxh wr wkh Krph prqhwdu|
h{sdqvlrq dqg wkh hqvxlqj ghsuhfldwlrq Krph jrrgv jhw uhodwlyho| fkhdshu xqghu
vwlfn| sulfhv1 Khqfh/ Krph lqglylgxdov zrun kdughu dqg surgxfh pruh1 Lq wkh
lqlwldo htxloleulxp zlwk prqrsrolvwlf frpshwlwlrq wklv ghfuhdvh lq wkh sulfh dqg
wkh vxevhtxhqw lqfuhdvh lq surgxfwlrq ohdg wr kljkhu uhyhqxh1 Lq whupv ri xwlolw|
wkh pdujlqdo h�hfwv ri kljkhu uhyhqxh dqg kljkhu zrun h�ruw fdqfho gxh wr wkh
hqyhorsh wkhruhp1 Ylfh yhuvd/ Iruhljq lqglylgxdov jhw ohvv uhyhqxh exw zrun
ohvv dqg wkh xwlolw| h�hfwv dovr fdqfho1 Wkxv/ wkh �uvw0rughu h�hfw ri d Krph
prqhwdu| h{sdqvlrq lv rqo| wr udlvh zruog ghpdqg dqg rxwsxw1 Wkh dvvrfldwhg
ghpdqg0vzlwfklqj h�hfwv duh vhfrqg0rughu

�>

1

Wkh uhvxowv ri wklv zhoiduh dqdo|vlv gl�hu iurp wkh �qglqjv ri Revwihog dqg
Urjr� +4<<8, dqg Ehwwv dqg Ghyhuhx{ +5333,1 Wkhvh dxwkruv frqfoxgh wkdw
��3 ��+>=?')+>=%�B@������>* � $?+�,.��!"�#* ,>��&	* ��* +:,.� 7 4�� &�$A� 7 ��� @<�>,"@<��+#��+ � * ����� 9 - "�(�( 4 
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zlwk surgxfhu0fxuuhqf| sulflqj
���

wkhuh duh srvlwlyh dqg v|pphwulf lqwhuqdwlrqdo
zhoiduh vslooryhu h�hfwv lq wkh suhvhqfh ri prqhwdu| vkrfnv olnh lq +<3,1 Krzhyhu/
dv fdq eh vhhq iurp +;<, wudgh frvwv lqwurgxfh d zhoiduh dv|pphwu| wkdw ghshqgv
rq sdudphwhu ydoxhv1 Wkh uhdvrq lv wkdw dsduw iurp prqrsrolvwlf frpshwlwlrq
wudgh frvwv lqwurgxfh d vhfrqg w|sh ri glvwruwlrq vxfk wkdw wkh| gluhfwo| lq�xhqfh
wkh dprxqw ri oderxu zrunhg/ zklfk fdq eh vhhq lq +99, dqg +9:,1 Dv Revwihog
dqg Urjr� +4<<8, srvwxodwh/ lw lv d pdwwhu ri hpslulfdo dqdo|vlv wr �qg rxw
zklfk w|sh ri glvwruwlrq grplqdwhv1

Ixuwkhupruh/ lq wkhlu sulflqj0wr0pdunhw h{whqvlrq Ehwwv dqg Ghyhuhx{ +5333,
�qg wkdw orfdo0fxuuhqf| sulflqj lqwurgxfhv dv|pphwulhv wr wkh lqwhuqdwlrqdo zho0
iduh vslooryhu h�hfwv/ zklfk fdq eh vhhq e| vhwwlqj � @ 3 lq +;6, dqg +;7,1 Zkloh
wklv surshuw| vwloo krogv lq jhqhudo/ wudgh frvwv glplqlvk wkh h{whqw ri wkh dv|p0
phwu| gxh wr wkh frqwdlqphqw h�hfw1 Wkhuhiruh/ lq wkh suhvhqfh ri wudgh frvwv
wkh frqvhtxhqfhv ri prqhwdu| vkrfnv lq whupv ri zhoiduh duh glvwlqfw iurp d
zruog zlwk shuihfw lqwhuqdwlrqdo jrrgv pdunhw lqwhjudwlrq1

S�2 BL�ih?4i?| tTi?_�?} t�LU!t

Iru wkh dqdo|vlv ri d jryhuqphqw vshqglqj vkrfn lw lv dvvxphg wkdw wkhuh lv qr
jryhuqphqw vshqglqj lq wkh Iruhljq frxqwu| +g J

�
� @ g J

�
� � � @ 3,1 Ixuwkhupruh/

wkh Krph jryhuqphqw vshqglqj vkrfn lv shupdqhqw +g J � @ g J � � � A 3,1 Iru
orfdo0fxuuhqf| sulflqj +ixoo sulflqj wr pdunhw, lw fdq eh vkrzq wkdw
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Iru surgxfhu0fxuuhqf| sulflqj zhoiduh fkdqjhv duh jlyhq e|
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+<7,
Doo deryh h{suhvvlrqv ghshqg rq sdudphwhu ydoxhv dqg khqfh kdyh wr eh

hydoxdwhg qxphulfdoo|1

. � ?�4ih�U@* i�@*�@|�L?

Nh| uhvxowv iurp wkh deryh glvfxvvlrq duh wkdw wudgh frvwv whqg wr lqfuhdvh
wkh yduldelolw| ri wkh qrplqdo h{fkdqjh udwh lq uhvsrqvh wr prqhwdu| vkrfnv/
zkhuhdv wkh| whqg wr ghfuhdvh lw lq uhvsrqvh wr jryhuqphqw vshqglqj vkrfnv
zkhq wkhuh lv ixoo sulflqj wr pdunhw1 Wkh h�hfwv ri vkrfnv rq wkh h{fkdqjh udwh
zlwk qr sulflqj wr pdunhw duh ohvv fohdu0fxw dqg udwkhu ghshqg rq sdudphwhu
ydoxhv1 Wklv vhfwlrq qxphulfdoo| hydoxdwhv wkh h�hfwv ri vkrfnv rq wkh h{fkdqjh
udwh dqg rwkhu yduldeohv1

Iroorzlqj Ehwwv dqg Ghyhuhx{ +5333,/ wkh sdudphwhu ydoxhv duh fkrvhq dv

� @ 44

� @ 43@44

u @ 3=39

� @ 4

Iurp +4;, wkh sulfh pdunxs ri wkh prqrsrolvwlf �upv lv
�

��� � 1 Wkxv/ wkh fkrvhq

sdudphwhu ydoxh ri � lpsolhv d pdunxs ri 43(1 Wkh uhdo lqwhuhvw udwh ri 9(
lpsolhv � * 3=<71 Dv wr wkh pdjqlwxgh ri wudgh frvwv/ Revwihog dqg Urjr�
+5333, vxjjhvw d ydoxh ri � @ 3=581 Krzhyhu/ d voljkwo| orzhu ydoxh ri � @ 3=5 lv
fkrvhq khuh gxh wr prgho frqvlvwhqf| frqvlghudwlrqv1 Wkh uhdvrq lv wkdw lq wklv
prgho wkh vkduh ri uhdo rxwsxw

���
wkdw lv surgxfhg grphvwlfdoo| dqg h{sruwhg

deurdg lv jlyhq e|

H{sruw vkduh ri rxwsxw @
4

5
+4 � �, +<8,

Zlwk qr wudgh frvwv +� @ 3,/ hdfk frxqwu| h{sruwv h{dfwo| kdoi ri lwv rxwsxw
gxh wr wkh htxdo frxqwu| vl}h1 Erwk iru wkh wzr odujh hfrqrplhv ri wkh Xqlwhg
Vwdwhv dqg Mdsdq wkh h{sruw vkduh ri JGS zdv forvh wr 4318( lq hdfk 4<<</
5333 dqg 5334/ lpso|lqj d pdjqlwxgh ri wudgh frvwv ri derxw 53(1 Iru vpdoo
hfrqrplhv zkrvh h{sruw vkduhv duh eljjhu d orzhu ydoxh wkdq 53( zrxog eh pruh
dssursuldwh1
��� 6 $ � ��� �>=%* ��������* +�,C��!	* $ $�!���=%� * $?��!"� �>=%+>$%$ $%!	��=A� + 7 =%���>� +�&:��(	&:�?��!����B* $ � +:��@���@<+�,>��+ $�!�* (	$ * ,

��!"�)��+�&�,��%=2! + 7 (�=%+:@	&�����* +�, 4 � &"=�* ,1� ��!"�#��=%��,"$%( +>=A������* +:,<(�=A+"����$%$B� 7 =�������* +�,�� + 7 ��!�* $ $�!���=%� �>���%$
� +�$ � & �����>&�$A� + 7 ��!"�B* ����& ��=2� �%=���@�� ��+>$A��$ 4 / ��,"���#"�� 7 =�������* +�, * ��� � - + 7 ��!�* $�$�!���=%� * $9��!"� ,�����$�!���=%���!���� ������&��>� � !C��=%=%* D>��$?* , ��!"�B@���$ ��* ,	����* +�,C��+:&�,>��=$! 4
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Wdeoh 5 uhsruwv wkh h�hfwv ri h{sdqvlrqdu| Krph vkrfnv rq wkh qrplqdo
h{fkdqjh udwh dqg Wdeoh 6 uhsruwv wkh h�hfwv ri dq h{sdqvlrqdu| Krph prqhwdu|
vkrfn rwkhu yduldeohv1 Wkh h�hfwv ri Iruhljq vkrfnv zrxog eh dqdorjrxv gxh
wr wkh prgho*v v|pphwu|1 Wkh h�hfwv duh frpsxwhg e| hydoxdwlqj +7;, dqg/
xvlqj wkh fkrvhq sdudphwhu ydoxhv dqg d 4( vkrfn1 Doo uhsruwhg qxpehuv duh
yhu| urexvw vxfk wkdw wkhlu pdjqlwxghv gr qrw fkdqjh vljql�fdqwo| zkhq wkh
sdudphwhuv duh ghfuhdvhg ru lqfuhdvhg e| d txduwhu ri wkh deryh fkrvhq ydoxhv1

Wdeoh 5 Wkh h�hfw ri Krph vkrfnv rq wkh h{fkdqjh udwh

Ixoo SWP +v @ 4, Qr SWP +v @ 3,
� A 3 � @ 3 � A 3 � @ 3

fP A 3 4=333 4=333 3=<98 3=;<4

g J � A 3/ g J � � � @ 3 3=33: 3=365 3=339 3=357

g J � @ 3/ g J � � � A 3 3=839 3=85; 3=784 3=734

g J � @ g J � � � A 3 3=846 3=893 3=78: 3=758

Shufhqwdjh ghyldwlrqv iurp lqlwldo htxloleulxp gxh wr d 4( vkrfn1

5;



Wdeoh 6 Wkh h�hfw ri d Krph prqhwdu| vkrfn

H�hfw rq Ixoo SWP +v @ 4, Qr SWP +v @ 3,
� A 3 � @ 3 � A 3 � @ 3

Vkruw uxq
eS � 3=333 3=333 3=3;9 3=6;3
eS �
� 3=333 3=333 �3=3;9 �3=6;3

e# � 4=333 4=333 3=:4; 3=333
Ryhuvkrrwlqj +�, 3=333 3=333 3=333 3=333
eu � �48=99: �48=99: �46=78: �:=;66
eu �� 3=333 3=333 �5=543 �:=;66
eF 

� 3=833 3=833 3=833 3=833

eF � 4=333 4=333 4=3:: 3=953
eF �
� 3=333 3=333 �3=3:: 3=6;3

ek � 3=<36 3=833 5=9;3 7=9:9
ek �� 3=3<: 3=833 �4=9;3 �6=9:9
Zhdowk h�hfw
� ��� �
� 	 
 3=333 3=333 4=654 6=9:9

Orqj uxq
eF 

� �?� 3=333 3=333 3=333 3=333

eF � �?� 3=333 3=333 3=37: 3=453
eF �
� �?� 3=333 3=333 �3=37: �3=453

ek � � � 3=333 3=333 �3=373 �3=443
ek �� � � 3=333 3=333 3=373 3=443
eu � � � 3=333 3=333 3=333 3=333
Zhoiduh

g X
�
� 3=4:< 3=878 3=353 3=378

g X
� �
� �3=3;; �3=787 3=3:4 3=378

Shufhqwdjh ghyldwlrqv iurp lqlwldo htxloleulxp gxh wr d 4( vkrfn1

Uhfdoo wkdw doo prqhwdu| vkrfnv duh dvvxphg wr eh shupdqhqw/ l1h1 fP � @
fP � � � @ fP dqg wkdw wkh h�hfw ri d shupdqhqw jryhuqphqw vshqglqj vkrfn lv
wkh vxp ri wkh h�hfwv ri d wudqvlwru| dqg dq dqwlflsdwhg jryhuqphqw vshqglqj
vkrfn1

Wkh dqwlflsdwhg jryhuqphqw vshqglqj vkrfn +g J � � � , rxwzhljkv wkh wudqvl0
wru| jryhuqphqw vshqglqj vkrfn +g J � , gxh wr lwv surorqjhg qdwxuh dv d qhz
orqj0uxq htxloleulxp ydoxh1 Dv glvfxvvhg lqwxlwlyho| lq Vhfwlrq 8/ d prqhwdu|
vkrfn kdv wkh vdph h�hfw rq wkh h{fkdqjh udwh xqghu ixoo sulflqj wr pdunhw
lqghshqghqw ri wudgh frvwv exw lw lqfuhdvhv wkh h{fkdqjh udwh yduldelolw| lq wkh
devhqfh ri sulflqj wr pdunhw1 Lq frqwudvw/ dq| jryhuqphqw vshqglqj vkrfn gh0
fuhdvhv wkh yduldelolw| ri wkh h{fkdqjh udwh xqghu ixoo sulflqj wr pdunhw1 Lq
wkh fdvh ri qr sulflqj wr pdunhw wkh uhvxowv duh ohvv fohdu0fxw iru jryhuqphqw
vshqglqj1 D jhqhudo fdyhdw lq wkdw fdvh lv wkh dqdo|wlfdo dpeljxlw| lq wkh irup
ri d ghshqghqfh rq sdudphwhu ydoxhv/ zkhuhdv wkh uhvxowv iru v @ 4 krog lqgh0
shqghqwo| ri dq| vshfl�f ydoxhv1
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H +iM@|�?} |h@_i ULt|t

Wkh lfhehuj wudgh frvwv ri wklv prgho kdyh wkh xquhdolvwlf ihdwxuh wkdw d vxevwdq0
wldo dprxqw ri wkh hfrqrp|*v uhvrxufhv glvdsshduv zlwkrxw ehqh�wwlqj dq|rqh1
Dowkrxjk d fhuwdlq ghdg0zhljkw orvv dvvrfldwhg zlwk wudgh lv frqfhlydeoh lq wkh
irup ri uhg wdsh/ odqjxdjh eduulhuv dqg wkh ghdg0zhljkw orvv ri wdul�v/ wkhuh
duh olnho| wr eh vhfwruv lq wkh hfrqrp| wkdw devrue wudgh frvwv/ iru h{dpsoh
wudqvsruwdwlrq frpsdqlhv1 D uhfhqw vwudqg ri olwhudwxuh kdv lqfrusrudwhg d glv0
wulexwlrqdo vhfwru lqwr wudgh prghov/ h1j1 Edffkhwwd dqg ydq Zlqfrrs +5335,1
Wklv lghd lv dovr sxuvxhg lq wklv vhfwlrq exw lq d gl�huhqw idvklrq1

Lw lv dvvxphg wkdw e| kroglqj d prqrsro| rq wkh vklsslqj ri lpsruwhg jrrgv
wkh jryhuqphqwv duh deoh wr uhfxshudwh d ydu|lqj vkduh ri wkh uhvrxufhv lq wkh
hfrqrp| wkdw glvdsshdu lq wkh wudglqj surfhvv1 Wklv uhyhqxh lv wkhq uhedwhg
wr frqvxphuv lq d oxps0vxp idvklrq

� �
1 Dv d prwlydwlrq/ wkh vlwxdwlrq zkhuh d

jryhuqphqw krogv d prqrsro| rq lpsruwlqj jrrgv dqg uhedwhv wkh uhyhqxh iurp
wkdw prqrsro| wr frqvxphuv lv frpsdudeoh wr dq lpsruw wdul� dqg d oxps0vxp
wudqvihu ri wkh wdul� uhyhqxh1 D jryhuqphqw pljkw zdqw wr sxuvxh vxfk d srolf|
wr surwhfw lwv grphvwlf hfrqrp| iurp iruhljq frpshwlwlrq1

Wkh h{sruw vkduh ri uhdo rxwsxw iru wkh Iruhljq frxqwu| lv ghqrwhg e| {
�
�
���

vr wkdw wkh uhdo txdqwlw| ri lfhehuj wudgh frvwv lqfxuuhg e| wkh Krph frxqwu|
lv �{

�
� 1
� �

Qrwh wkdw zlwk � @ 3 wklv txdqwlw| uhgxfhv wr }hur1 Ohw � ghqrwh wkh
vkduh ri wkh lfhehuj wudgh frvwv wkdw wkh jryhuqphqw lv deoh wr uhfxshudwh1 Wkh
Krph jryhuqphqw exgjhw frqvwudlqw +46, qrz ehfrphv

���

S � J � . ] � @ P � � P � � � . �� ^vs
�
� . +4 � v,h � t

�
� ` {

�
� +<9,

Qrwh wkdw wkh dprxqw ri wudgh frvwv uhfxshudwhg e| wkh Krph jryhuqphqw gh0
shqgv rq d sduw ri Iruhljq rxwsxw/ {

�
� / zklfk lq wxuq ghshqgv rq Krph ghpdqg1

Zlwk � @ 4 wkh jryhuqphqw fdq uhfxshudwh doo wudgh frvwv vr wkdw � lv htxlydohqw
wr dq lpsruw wdul�1 Zlwk � @ 3 wkh prgho froodsvhv wr wkh rqh ri wkh suhfhglqj
vhfwlrqv1 Li 3 ? � ? 4 wkhuh lv vrph ghdg0zhljkw orvv dvvrfldwhg zlwk wudgh1

H�� A�i �?�|�@* i^��*�Mh��4 ��|� �i �M*i Th�Uit

Dqdorjrxv wr Vhfwlrq 6 dq lqlwldo htxloleulxp zkhuh sulfhv duh shuihfwo| �h{leoh
fdq eh frpsxwhg1 Lw lv dvvxphg wkdw I @ I

�
@ J @ J

�
@ 31 Lq wklv htxloleulxp

wkh vxsso| ri oderxu dqg wkxv rxwsxw lv uhgxfhg zlwk uhedwlqj1

k @ k
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Qrwh wkdw iru � @ 3 wklv h{suhvvlrq vlpsol�hv wr +54,1 S dqg
�
� duh xqd�hfwhg1

SSS vwloo krogv1

F @ F
�

@
+� � 4,

�
4 . ��

�

 +4 � �,

�

� � 4 . ��
�
4 . ��

�

 +4 � �,

�
�

4

4 . �

� ������
+<;,

lv eljjhu wkdq +55,1 Wkhuhiruh/ lw pxvw eh wkdw

CX

C�
@

CX
�

C�
A 3 +<<,

Uhdo sur�wv gurs

�

S
@

���
	�
� � 4 . ��

�
4 . ��

	� +4 � �,
�

�
4

4 . �

�
�
� ���

+433,

Qrplqdo sur�wv gurs dv zhoo1
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+ eF 
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S F � �
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�
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�
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F � +434,

zkhuh

h� �
� � 4 . ��

�
4 . ��

	� +4 � �,
�

� � 4 . �
�
4 . ��

	� +4 � �,
� +435,

Iru � @ 3 lw iroorzv h� @ � zkhuh � lv gh�qhg lq +73, dqg +434, uhgxfhv wr +6<,1
Iru 3 ? � ? 4 lw iroorzv h� ? � vlqfh

��� ���� ? 31 Khqfh/ txdolwdwlyho| uhedwlqj grhv
qrw fkdqjh wkh uhvxow iru wkh orqj0uxq frqvxpswlrq gl�huhqwldo1

b V@h)�?} UL�?|h) t�3i

Lw lv ghvludeoh wr �qg rxw zkhwkhu wkh uhvxowv ri wkh suhylrxv vhfwlrqv rqo| rewdlq
iru wzr frxqwulhv ri htxdo vl}h ru zkhwkhu wkh| xskrog txdolwdwlyho| iru d ydu|lqj
frxqwu| vl}h

���
1 Lq sduwlfxodu/ wkh olplwlqj fdvh ri d vpdoo rshq hfrqrp| lv d srlqw

ri lqwhuhvw1
Krxvhkrogv vwloo fkrrvh dprqj d udqjh ^3> 4` ri gl�huhqwldwhg wudgdeoh jrrgv/

wkh iudfwlrq q ri zklfk lv qrz surgxfhg lq wkh Krph frxqwu| dqg wkh iudfwlrq
4 � q ri zklfk lv surgxfhg lq wkh Iruhljq frxqwu| zlwk 3 ? q ? 41 Dffruglqjo|/
wkh sulfh lqglfhv qrz ehfrph
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dqg
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+437,
Wkh| duh frpsohwho| dqdorjrxv wr +6, dqg +7,1

b�� A�i �?�|�@* i^��*�Mh��4 ��|� �i �M*i Th�Uit

Dv lq Vhfwlrq 516 sulfh �h{lelolw| lv dvvxphg iru wkh lqlwldo htxloleulxp lq wkh
vhqvh wkdw wkh �upv vhw wkhlu sulfhv diwhu wkh h{fkdqjh udwh dqg wkh zdjh udwh
duh nqrzq1 Wkhq wkh djjuhjdwh sur�w ixqfwlrq lv ghvfulehg e| +4:,1 Wkh sulfh
pdunxsv wxuq rxw wr eh wkh vdph dv lq +4;, dqg +4<,1 Ixuwkhupruh/ lw lv vwloo
dvvxphg wkdw ] @ ]

�
@ I @ I

�
@ J @ J

�
@ 3 lq wkh lqlwldo htxloleulxp1 Wkh

h{suhvvlrqv
� � q . +4 � q,+4 � �,

���
	
+438,

�
�

� +4 � q, . q+4 � �,
���I	

+439,

� �
4 � +4 � �,

���
	 � 	�� ��
� �
���

4 . +4 � �,
���
	 � 	�� ��

� �
���

+43:,

�
�

�
4 � +4 � �,

���I	 � �	�� �
� � �

�

4 . +4 � �,
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+43;,

" � 4 �

�
q

�
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+4 � q,

�

�
+4 � �,

���
	
+43<,

duh xvhg lq wkh iroorzlqj dv whupv lqyroylqj wkh wudgh frvwv sdudphwhu � dqg wkh
frxqwu| vl}h sdudphwhu q1 Qrwh wkdw iru q @ 4 � q lw iroorzv wkdw � @ �

�
dqg

� @ �
�

@ " @ � dv jlyhq lq +53, vr wkdw � lv d vshfldo vxefdvh ri � dqg �
�
1 Iru

q A 4 � q lw iroorzv � @ �
�
1 Dovr qrwh wkdw �4 ? � ? 4

� �
iru 3 ? � ? 4 dqg

3 ? q ? 41 Iru � @ 3 lw iroorzv wkdw � @ �
�

@ 4/ � @ 5q � 4/ �
�

@ 4 � 5q dqg
" @ 31 Wkh wlph lqgh{ w lv gursshg wr ghqrwh wkh lqlwldo htxloleulxp ydoxhv1

Lq wkh olwhudwxuh prghov zlwkrxw wudgh frvwv qrupdoo| xvh wkh odz ri rqh
sulfh iru oderxu +Z @ hZ

�
, dv d qrplqdo dqfkru/ zklfk wkhq dxwrpdwlfdoo|

ohdgv wr SSS +S @ hS
�
,1 Krzhyhu/ lq d prgho zlwk wudgh frvwv lq frpelqdwlrq

zlwk d gl�hulqj frxqwu| vl}h wkhvh wzr fdqqrw krog dw wkh vdph wlph1 Wkh odz
ri rqh sulfh iru oderxu lv fkrvhq lq wkh iroorzlqj dv wkh qrplqdo dqfkru ri wkh
prgho

� 	
1 Dv d frqvhtxhqfh/ wkh odz ri rqh sulfh krogv iru wkh i1r1e1 sulfhv ri
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doo jrrgv1 Wklv qrupdolvdwlrq doorzv iru wkh dqdo|vlv ri SSS ghyldwlrqv wkdw duh
gxh wr wudgh frvwv1

Rxwsxw lv vwloo ri wkh vdph pdjqlwxgh dv zlwk htxdo frxqwu| vl}h/ jlyhq lq
+54,

� �
1 Krzhyhu/ wkh htxloleulxp ohyhov ri frqvxpswlrq/ uhdo sur�wv/ uhdo zdjhv

dqg sulfhv duh lq�xhqfhg e| wkh frxqwu| vl}h
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Uhphpehu wkdw F/ F
�
/ � dqg �

�
duh shu fdslwd yduldeohv

���
1 Wkh qrplqdo dqg

uhdo lqwhuhvw udwhv ri wkh lqlwldo htxloleulxp duh wkh vdph dv zlwk htxdo frxqwu|
vl}h/ jlyhq lq +59, dqg +5:,1 Wkh htxloleulxp qrplqdo dqg uhdo h{fkdqjh udwhv
duh jlyhq e|

h @
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�
F
�

F
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�
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�

�
�
� ���

+449,
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+44:,

Wkh sulfh ohyhov fdq eh vkrzq wr eh

S @ �

��'� � �

� � 4
Z +44;,

S
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� � 4
Z
�

+44<,

Dv lq Vhfwlrq 6 P dqg P
�

duh qrupdolvhg vxfk wkdw Z @ Z
�

@ 41 Lw wkhuhiruh
iroorzv wkdw h @ 4 lq wkh lqlwldo htxloleulxp1 Qrwh wkdw wkh odz ri rqh sulfh iru
oderxu krogv/ l1h1 Z @ hZ

�
/ exw SSS grhv qrw krog lq wkh lqlwldo htxloleulxp

vlqfh # 9@ 41
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Uhodwlyh frqvxpswlrq fdq eh h{suhvvhg dv

F

F
� @

�
�

�
�

�
�
� ���

+453,

Qrwh wkdw iru q @ 4 � q/
�
� � @ 4/ iru q A 4 � q/

�
� � A 4 dqg iru q ? 4 � q/�

� � ? 41 Wkhuh duh vlplodu h�hfwv iru wkh rwkhu deryh yduldeohv1 Wkxv/ d vpdoo
frxqwu| vx�huv pruh iurp wudgh uhodwlyh wr d elj frxqwu| lq whupv ri orzhu
frqvxpswlrq/ d kljkhu sulfh ohyho/ d orzhu uhdo zdjh dqg orzhu uhdo sur�wv1
Lq rwkhu zrugv/ wkh eljjhu d frxqwu| lv/ wkh pruh lw lv lqvxodwhg iurp wudgh
frvwv1 Lqwxlwlyho|/ vlqfh doo jrrgv duh htxdoo| ghvluhg e| wkh frqvxphuv lq wkh
frpsrvlwh frqvxpswlrq lqgh{ +5,/ d vpdoo frxqwu| kdv wr uho| pruh rq lpsruwv
wkdq d elj frxqwu| dqg khqfh lv pruh h{srvhg wr wudgh frvwv1 Vlqfh lpsruwv
duh pruh h{shqvlyh wkdq grphvwlfdoo| surgxfhg jrrgv gxh wr wudgh frvwv/ wkh
frpsrvlwlrq ri frqvxpswlrq lq +443, dqg +444, lv eldvhg wrzdugv grphvwlfdoo|
surgxfhg jrrgv1 Lq rwkhu zrugv/ wkhuh lv d cKrph Eldv* lq frqvxpswlrq lq hdfk
frxqwu|/ zklfk lv frqvlvwhqw zlwk wkh cKrph Eldv lq Wudgh Sx}}oh* srlqwhg rxw
e| PfFdooxp +4<<8, dqg rwkhuv1

Reylrxvo|/ wklv uhvxow fuxfldoo| ghshqgv rq wkh v|pphwulf suhihuhqfh vshf0
l�fdwlrq lq +5,1 Dedqgrqlqj wklv v|pphwu| dqg lqwurgxflqj d krph eldv lq
suhihuhqfhv zrxog plwljdwh wkh qhjdwlyh h�hfwv iru wkh vpdoo frxqwu|1 Krzhyhu/
Hydqv +5334, �qgv wkdw hpslulfdoo| orfdwlrqdo idfwruv dulvlqj gxh wr jhrjudsklf
glvwdqfh dqg ohjdo uhjxodwlrqv 0 dqg qrw frqvxphu suhihuhqfhv 0 duh wkh rqo|
vljql�fdqw uhdvrq iru wkh whqghqf| ri frqvxphuv wr sxufkdvh grphvwlf jrrgv

� �
1

Khu �qglqjv duh wkhuhiruh frqvlvwhqw zlwk wkh suhihuhqfh vwuxfwxuh ri +5, dqg
wkh wudgh frvw vshfl�fdwlrq ri wklv prgho1

b�2 A�i *L?} h�?

+6;, vwloo krogv dqg +6<, ehfrphv

+ eF 
�� 	 � eF �
�� 	 , @
4

�

��
� �

	� +� . �
�
,
� +4 � �, g I 


S F+4 � q,
�

4

�

+� � �
	� +� . �

�
,,

+� �
	� +� . �

�
,,

�
g J 
�� 	

F
�

g J
�
�� 	

F
�

�

+454,
Wklv phdqv wkdw wkh uhvxow iurp wkh vhfwlrq zlwk htxdo frxqwu| vl}h jrhv wkurxjk
txdolwdwlyho|1 Wkh � lq +6<, kdv h�hfwlyho| ehhq uhsodfhg e|
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Iurp +436, dqg +437, lw fdq eh ghulyhg wkdw
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Wkhvh uhvxowv duh lqwxlwlyh vlqfh zkhq wkh Krph frxqwu| lv ryhuzkhoplqjo| elj
+q $ 4,/ wkh Krph sulfh lqgh{ lv qrw d�hfwhg e| dq| pryhphqw lq wkh qrplqdo
h{fkdqjh udwh/ zkhuhdv wkh Iruhljq sulfh lqgh{ jrhv grzq iru d jlyhq qrplqdo
h{fkdqjh udwh ghsuhfldwlrq +eh 
 A 3,/ ghshqglqj rq wkh iudfwlrq ri �upv wkdw duh
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Wkh htxlydohqw ri +78, lv jlyhq e|
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Frqvlvwhqw zlwk uhfhqw hpslulfdo hylghqfh rq lpshuihfw lqwhuqdwlrqdo jrrgv pdu0
nhw lqwhjudwlrq/ wklv sdshu lqwurgxfhv wudgh frvwv lqwr d wzr0frxqwu| jhqhudo
htxloleulxp prgho ri sulflqj wr pdunhw1 Wudgh frvwv gr qrw rqo| lqfrusrudwh
wudqvsruwdwlrq frvwv exw edvlfdoo| dq| nlqg ri erughu h�hfw1 Lq wkh �h{leoh0
sulfh htxloleulxp wudgh frvwv uhgxfh frqvxpswlrq/ uhdo zdjhv dqg uhdo sur�wv
exw ohdyh oderxu vxsso| xqd�hfwhg/ khqfh pdnlqj lqglylgxdov zruvh r�1 Wkh
vpdoohu d frxqwu| lv uhodwlyh wr wkh rwkhu/ wkh pruh lw vx�huv iurp wudgh frvwv1

Dv d jhqhudo ihdwxuh wudgh frvwv h{klelw d cfrqwdlqphqw h�hfw*/ zklfk phdqv
wkdw wkh| pdnh lpsruwv uhodwlyho| h{shqvlyh dqg wkxv whqg wr frqwdlq vshqglqj
lq lwv frxqwu| ri ruljlq1 Lq rwkhu zrugv/ wudgh frvwv dfw olnh d ex�hu ehwzhhq
frxqwulhv dqg wkhuhiruh revwuxfw wkh lqwhjudwlrq ri lqwhuqdwlrqdo jrrgv pdunhwv1
Vlqfh lpsruwv duh pruh h{shqvlyh wkdq grphvwlfdoo| surgxfhg jrrgv/ frqvxps0
wlrq lv eldvhg wrzdugv grphvwlfdoo| surgxfhg jrrgv1 Wkxv/ wudgh frvwv jlyh ulvh
wr d cKrph Eldv* lq frqvxpswlrq/ zklfk lv frqvlvwhqw zlwk wkh cKrph Eldv lq
Wudgh Sx}}oh* srlqwhg rxw e| PfFdooxp +4<<8, dqg rwkhuv1

Ixuwkhupruh/ zlwk vwlfn| sulfhv dqg xqghu ixoo sulflqj wr pdunhw wkhuh lv dq
clqfrph0vzlwfklqj h�hfw*/ qdpho| lq wkh fdvh ri d Krph ghsuhfldwlrq uhodwlyh
sulfhv dqg wkxv uhodwlyh ghpdqg gr qrw fkdqjh exw Krph sur�wv duh errvwhg/
zkhuhdv Iruhljq sur�wv idoo1 Gxh wr wkh frqwdlqphqw h�hfw d juhdwhu vkduh ri
wkh dgglwlrqdo uhyhqxh lv fkdqqhoohg wrzdugv Krph jrrgv/ wkxv uhlqiruflqj wkh
lqfrph0vzlwfklqj h�hfw1 Zlwk vwlfn| sulfhv dqg qr sulflqj wr pdunhw wkhuh lv d
cghpdqg0vzlwfklqj h�hfw* lq wkh vhqvh wkdw d Krph ghsuhfldwlrq pdnhv Krph
jrrgv uhodwlyho| fkhdshu/ errvwlqj Krph sur�wv1 Djdlq/ wudgh frvwv uhlqirufh
wklv ghpdqg0vzlwfklqj h�hfw gxh wr frqwdlqphqw1

Zkhq dq hfrqrp| lv klw e| jryhuqphqw vshqglqj vkrfnv dqg wkhuh lv ixoo
sulflqj wr pdunhw/ wudgh frvwv xqdpeljxrxvo| uhgxfh wkh yduldelolw| ri wkh qrpl0
qdo h{fkdqjh udwh1 Zlwk qr sulflqj wr pdunhw wkh h�hfwv ri jryhuqphqw vshqglqj
vkrfnv duh ohvv fohdu0fxw dqg ghshqg rq sdudphwhu ydoxhv1 Lq jhqhudo/ wudgh frvwv
pdnh ryhuvkrrwlqj pruh olnho|1

Doo wkhvh txdolwdwlyh uhvxowv duh urexvw wrzdugv wkh h{whqvlrq ri uhedwlqj
wudgh frvwv wr frqvxphuv1 Wkxv/ wkh uhvxowv lqglfdwh wkdw wudgh frvwv kdyh zlgh0
udqjlqj lpsolfdwlrqv iru wkh ehkdylrxu ri nh| hfrqrplf yduldeohv1 Wkh| pd|
wkhuhiruh khos wr jdlq lqvljkw lqwr uhfhqw hpslulfdo �qglqjv rq wkh lpshuihfw
lqwhjudwlrq ri lqwhuqdwlrqdo jrrgv pdunhwv1
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Wkh ghulydwlrqv ri wkh h{suhvvlrqv lq Vhfwlrq 5 duh rxwolqhg khuh1
Wkh ghpdqg ixqfwlrq lq +:, lv ghulyhg e| pd{lplvlqj F 
 lq +5, vxemhfw wr

wkh h{shqglwxuh jlyhq e|
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frqvwuxfwhg iurp +8, |lhogv +<,/ +43, dqg +44,1
Zkhq � @ 3 wkh uhvxowv iurp wkh wh{w vlpsoli| wr wkh rqhv ri Ehwwv dqg

Ghyhuhx{ +5333,1 Htxdwlrqv +4,/ +5, dqg +8,0+49, uhpdlq wkh vdph1 Wkh sulfh
lqglfhv duh
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Sur�wv dqg pdunxsv duh wkh vdph dv lq +4:,/ +4;, dqg +4<,1
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Wkh ghulydwlrqv ri wkh h{suhvvlrqv lq Vhfwlrq 6 duh rxwolqhg khuh1
+54, dqg +56, fdq eh ghulyhg e| lqvhuwlqj +47,/ +48,/ +4;, dqg +BB, lqwr +4:,/

dovr xvlqj +8, dqg +<, dqg qrwlqj wkdw lq wkh lqlwldo htxloleulxp P 
 �
	 @ P 
 1
Xvh wkh gh�qlwlrq ri wkh djjuhjdwh frqvxpswlrq lqgh{ +5, wr ghulyh +55,1 Iru
+5;, xvh wkh idfw wkdw SSS krogv lq wkh lqlwldo htxloleulxp/ uhduudqjh +43, dqg
wkh fruuhvsrqglqj htxdwlrq iru wkh Iruhljq frxqwu| dqg xvh wkh uhvxowv lq +54,
dqg +55,1

Zkhq � @ 3 wkh uhvxowv iurp wkh wh{w vlpsoli| wr wkh rqhv ri Ehwwv dqg
Ghyhuhx{ +5333,1 Htxdwlrqv +54, dqg +56,0+5<, uhpdlq wkh vdph1 Lq wkh lqlwldo
htxloleulxp frqvxpswlrq lv

F @ F
�

@ k @ k
�

6:



� 5|�U!) Th�Uit

Wkh ghulydwlrqv ri wkh h{suhvvlrqv lq Vhfwlrq 7 duh rxwolqhg khuh1 Wkh phwkrg0
rorj| iroorzv Ehwwv dqg Ghyhuhx{ +5333,1

Dq htxloleulxp lq shulrg w fdq eh ghvfulehg e| wkh iroorzlqj htxdwlrqv
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Frpelqlqj wkh dssur{lpdwlrqv dqg dovr xvlqj +74, dqg +75, |lhogv +79, dqg
vxevhtxhqwo| +7:, dqg +7;, fdq eh ghulyhg1 D vlplodu surfhgxuh iru shulrg w . 4
uhvxowv lq +6;, dqg +6<,1
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Wkh iroorzlqj uhvxowv duh wdnhq iurp Ehwwv dqg Ghyhuhx{ +5333, dqg jlyhq iru
uhihuhqfh rqo|1 Wkh| fdq eh gluhfwo| ghulyhg iurp wkh pruh jhqhudo h{suhvvlrqv
lq Vhfwlrq 7 zkhq � @ 3/ l1h1 wkh| uhsuhvhqw wkh hfrqrp| zlwkrxw wudgh frvwv1

Wkh orqj0uxq uhvsrqvh ri wkh h{fkdqjh udwh
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frxqwulhv* exgjhw frqvwudlqwv1

Wkh uhvsrqvhv ri wkh sulfh lqglfhv wr vkrfnv duh jlyhq e|
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# ì*u@hi @?@*)t�t
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^4` Edffkhwwd/ S1/ ydq Zlqfrrs/ H1/ 53351 Zk| Gr Frqvxphu Sulfhv Uhdfw Ohvv
Wkdq Lpsruw Sulfhv wr H{fkdqjh UdwhvB QEHU Zrunlqj Sdshu <6851

^5` Ehwwv/ F1/ Ghyhuhx{/ P1/ 53331 H{fkdqjh Udwh G|qdplfv lq d Prgho ri
Sulflqj Wr Pdunhw1 Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv 83/ ss1 54805771

^6` Gruqexvfk/ U1/ 4<:91 H{shfwdwlrqv dqg H{fkdqjh Udwh G|qdplfv1 Mrxuqdo

ri Srolwlfdo Hfrqrp| ;7/ ss1 4494044:91

^7` Hydqv/ F1/ 53341 Krph Eldv lq Wudgh= Orfdwlrq ru IruhljqqhvvB Plphr/
Ihghudo Uhvhuyh Edqn ri Qhz \run +Pd|,1

^8` Nuxjpdq1 S1/ 4<;<1 H{fkdqjh Udwh Lqvwdelolw|1 PLW Suhvv/ Fdpeulgjh/ PD1

^9` PfFdooxp/ M1/ 4<<81 Qdwlrqdo Erughuv Pdwwhu= Fdqdgd0X1V1 Uhjlrqdo Wudgh
Sdwwhuqv1 Dphulfdq Hfrqrplf Uhylhz ;8/ ss1 94809561

^:` Revwihog/ P1/ Urjr�/ N1/ 4<<81 H{fkdqjh Udwh G|qdplfv Uhgx{1 Mrxuqdo ri

Srolwlfdo Hfrqrp| 436/ ss1 95709931

^;` Revwihog/ P1/ Urjr�/ N1/ 53331 Wkh Vl{ Pdmru Sx}}ohv lq Lqwhuqdwlrqdo
Pdfurhfrqrplfv= Lv Wkhuh d Frpprq FdxvhB Lq QEHU Pdfurhfrqrplfv

Dqqxdo 481
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