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ABSTRACT

Issue Linkage, Credible Delegation, and Policy Cooperation *

This Paper, a thorough revision of Spagnolo (1996), addresses the following
questions: what is the optimal design for a set of self-enforcing international
policy agreements? How many and which issues should each agreement
regulate? Are GATT’s constraints on issue linkage (cross-retaliation) welfare-
enhancing? To facilitate international cooperation should governments keep
policy issues under centralized control, or should they delegate them to
independent agencies (e.g. central banks)? In the second case, which issues
should be delegated? Finally, are institutions allowing governments to credibly
delegate policy choices (e.g. to ‘conservative’ central bankers) good or bad for
international policy cooperation?
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NON-TECHNICAL SUMMARY

International trade cooperation is crucial to prevent nations from using beggar-
thy-neighbour protectionist policies. Uncoordinated monetary and fiscal
policies may lead to suboptimal outcomes. Global environmental and defence
issues pose similar policy dilemnas, and international cooperation has been
called for on competition, development, agriculture, drug control and other
policies.

Many of these policy issues have, in their static structure, the features of an
international Prisoners’ Dilemma. Because countries face such policy
dilemnas repeatedly in time, self-enforcing international agreements can be
analysed as equilibria of infinitely repeated Prisoners’ Dilemma games. I
develop a stylized model with two countries and n policy issues with the
strategic structure of infinitely repeated Prisoners’ Dilemma to address the
questions stated in the abstract.

In this model, rules constraining governments from linking more issues in one
agreement (like those of GATT) turn out to be strictly welfare reducing, since
they only constrain the optimal design of international agreements. When
countries are symmetric and policy issues separable, issue linkage can
facilitate policy cooperation by allowing the use of slack enforcing power
(expected losses from punishment minus expected gains from deviation) that
may be available on some issues to discipline cooperation on additional
issues. Then a single ‘grand international agreement’ is optimal, as it
aggregates available enforcement power allowing for its efficient reallocation
to additional issues.

When countries are symmetric and policy issues interdependent (substitutes
or complements), issue linkage may affect the amount of available enforcing
power, besides its allocation. When two or more policy issues are substitutes,
by forcing deviations and punishments to be simultaneous, a linkage makes
punishments harder and deviations less valuable. The converse does not hold
for complement issues: then a simultaneous deviation is relatively more
profitable, but it must be deterred whether or not issues are linked. Then again
a single ‘grand international agreement’ is optimal: it maximizes available
enforcement power and optimizes its allocation.

Allowing countries to differ in the objective function does not change this
result. Then issue linkage maintains the beneficial effects just mentioned, and
in addition allows countries to overcome asymmetries by ‘trading’ cooperation
on some issues against cooperation on others.

When issues are complements simultaneous deviations are more profitable. If
governments could commit not to deviate simultaneously on complement
issues, the amount of available enforcing power would increase. If issue



linkage prevents such commitment, then a single ‘grand agreement’ may no
longer be optimal. I focus on commitment through delegation to different,
independent national agencies with the same objectives as their government.
When (a) issues are complements and similar with respect to available
enforcing power (so that allocative gains from issue linkage are small), (b)
issue linkage makes delegation impossible, and (c) delegation credibly
prevents simultaneous deviations, then issue linkage may indeed harm
cooperation.

Delegation of power to independent agencies always facilitates cooperation
since it constrains defections. When delegation and issue linkage are
compatible, cooperation is further enhanced: delegation reduces gains from
defections (prevents simultaneous ones) while issue linkage makes
punishments stronger (simultaneous on all linked issues).

Delegation may further facilitate cooperation when delegates’ objective
function can differ from that of governments. The opportunity to credibly
delegate policy choices to ‘more conservative’ agents (e.g. central bankers)
may facilitate policy cooperation by worsening governments’ pay-offs when
policy cooperation breaks down (strengthening available threats). Delegation
also greatly facilitates international policy cooperation when used as a
commitment to ‘friendly’ behaviour.

A simple law requiring changes of the delegation contracts (or of delegates) to
be subject to parliamentary discussion and approval is shown to be sufficient
in this model to give full commitment value to delegation, even when contract
renegotiation is costless and information complete.

Finally, I relate these results briefly to the literature on multilateral trade
agreements showing that Maggi’s (1999) argument that trade diversion effects
make punishments from multilateral trade agreements relatively stronger can
be generalized to other policy issues.
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Wkh surfhvv ri �joredol}dwlrq� lv pdnlqj qdwlrqv pruh lqwhughshqghqw wkdq hyhu ehiruh1

Kljkhu lqwhughshqghqfh phdqv juhdwhu h{whuqdolwlhv ri grphvwlf srolflhv lpsrvhg rq qhljkeru

frxqwulhv1 Juhdwhu furvv0erughu vslooryhuv lpso| dq lqfuhdvhg qhhg iru lqwhuqdwlrqdo srolf|

frrshudwlrq14

Lw lv zhoo nqrzq wkdw wkh vryhuhljqw| ri qdwlrqv uhtxluhv lqwhuqdwlrqdo djuhhphqwv wr

eh �vhoi0hqiruflqj/� wkdw lv/ frqvwuxfwhg vr wkdw hdfk frxqwu| �qgv lw frqyhqlhqw wr uhvshfw

wkhlu uhtxluhphqwv hyhq lq wkh devhqfh ri dq lqwhuqdwlrqdo dxwkrulw| deoh wr hqirufh wkhp1

Wklv sdshu lv d �uvw dwwhpsw wr dgguhvv wkh iroorzlqj txhvwlrqv= Zkdw lv wkh rswlpdo gh0

vljq iru d vhw ri vhoi0hqiruflqj lqwhuqdwlrqdo srolf| djuhhphqwvB Frxqwulhv pd| ehqh�w iurp

frrshudwlrq rq pdq| gl�huhqw srolf| lvvxhv1 Krz pdq| dqg zklfk lvvxhv vkrxog hdfk vhoi0

hqiruflqj lqwhuqdwlrqdo djuhhphqw uhjxodwhB Duh lqvwlwxwlrqv +h1j1 JDWW*v uxohv, olplwlqj

qdwlrqv* delolw| wr olqn pruh lvvxhv lq wkh vdph djuhhphqw zhoiduh0hqkdqflqjB Lq rughu wr

idflolwdwh lqwhuqdwlrqdo frrshudwlrq vkrxog jryhuqphqwv nhhs srolf| lvvxhv xqghu fhqwudol}hg

frqwuro/ ru vkrxog wkh| ghohjdwh vrph lvvxhv wr lqghshqghqw qdwlrqdo djhqflhv +h1j1/ fhqwudo

edqnv,/ zklfk zrxog wkhq hqwhu lqwr gluhfw lqwhuqdwlrqdo djuhhphqwv zlwk wkhlu frxqwhusduwv

deurdgB Lq wkh vhfrqg fdvh/ zklfk lvvxhv vkrxog eh ghohjdwhgB Ilqdoo|/ lqvwlwxwlrqv doorz0

lqj jryhuqphqwv wr fuhgleo| ghohjdwh srolf| fkrlfhv wr lqghshqghqw djhqflhv zlwk gl�huhqw

remhfwlyhv +h1j1/ wr �frqvhuydwlyh� fhqwudo edqnhuv, duh jrrg ru edg iru lqwhuqdwlrqdo srolf|

frrshudwlrqB

Wkh �uhdo zruog� ri lqwhuqdwlrqdo uhodwlrqv vhhpv grplqdwhg e| wkh eholhi wkdw nhhslqj

srolf| lvvxhv dv vhsdudwh dv srvvleoh lv wkh ehvw urxwh wr lqwhuqdwlrqdo frrshudwlrq15 Qrw rqo|

gr zh revhuyh vhsdudwh lqwhuqdwlrqdo djuhhphqwv rq wudgh/ prqhwdu|/ hqylurqphqwdo/ dqg

ghihqvh srolflhv> zh hyhq kdyh vhsdudwh djuhhphqwv rq/ vd|/ wkh frqwuro ri FIFv hplvvlrqv

dqg wkh surwhfwlrq ri zkdohv1 Lq wkh vlpsoh prgho ghyhorshg khuh/ irfxvlqj rq vlqjoh srolf|

lvvxhv lv jhqhudoo| qrw wkh ehvw vwudwhj| wr dfklhyh lqwhuqdwlrqdo frrshudwlrq> dqg zkhq lw

lv/ jryhuqphqwv vkrxog ghohjdwh srolf| frqwuro wr lqghshqghqw vshfldol}hg djhqflhv1

Pdq| lqwhuqdwlrqdo srolf| lvvxhv kdyh/ lq wkhlu vwdwlf vwuxfwxuh/ vwudwhjlf ihdwxuhv vlplodu

wr d Sulvrqhu*v Glohppd jdph1 Ehfdxvh frxqwulhv idfh vxfk srolf| glohppdv uhshdwhgo|

4
Lqwhuqdwlrqdo frrshudwlrq lv fuxfldo wr suhyhqw ehjjdu0wk|0qhljkeru surwhfwlrqlvw wudgh srolflhv +Mrkqvrq

4<86/ Urelqvrq 4<7:/ dqg Vflwryv}n| 4<75 duh wkh fodvvlfdo uhihuhqfhv> vhh dovr Edjzhoo dqg Vwdljhu 4<<<,>

xqfrruglqdwhg prqhwdu| dqg �vfdo srolflhv pd| ohdg wr vxerswlpdo rxwfrphv +h1j1 Eu|dqw 4<<8,> joredo

hqylurqphqwdo lvvxhv srvh vlplodu glohppdv dqg lqwhuqdwlrqdo frrshudwlrq kdv ehhq fdoohg iru rq frpshwlwlrq/

ghyhorsphqw/ djulfxowxudo/ guxj frqwuro/ dqg rwkhu srolflhv +iru h{dpsoh e| Frrshu 4<<7/ Vfkhuhu 4<<7/ Shwhuv

dqg Vwdqwrq hg1 4<<4/ Vdfkv 4<;:/ dqg Fhshgd 4<<7,1 Shdfh uhpdlqv wkh prvw lpsruwdqw sxeolf jrrg lq

qhhg ri lqwhuqdwlrqdo frrshudwlrq1

5
Iru h{dpsoh/ JDWW2ZWR uxohv iruelg frxqwulhv wr xvh wudgh vdqfwlrqv wr glvflsolqh frrshudwlrq rq

srolf| lvvxhv rxwvlgh JDWW/ dqg hyhq glvfrxudjh furvv0uhwdoldwlrq ehwzhhq gl�huhqw wudgh duhdv +Duwlfoh

5516,1
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lq wlph/ vhoi0hqiruflqj lqwhuqdwlrqdo djuhhphqwv fdq eh dqdo|}hg dv htxloleuld ri lq�qlwho|

uhshdwhg Sulvrqhu*v Glohppd jdphv16

Wkh prgho dqdo|}hg khuh lv h{wuhpho| vw|ol}hg= wzr frxqwulhv lqwhudfwlqj vlpxowdqhrxvo|

rq q srolf| lvvxhv zlwk wkh vwudwhjlf vwuxfwxuh ri lq�qlwho| uhshdwhg Sulvrqhu*v Glohppdv

xqghu frpsohwh lqirupdwlrq1 L dgdsw dqg h{whqg Ehuqkhlp dqg Zklqvwrq*v +4<<3, dqg

Vsdjqror*v +4<<<, dqdo|vhv ri frooxvlrq lq roljrsrolhv zlwk pxowlpdunhw frqwdfw wr ghwhuplqh

wkh rswlpdo ghvljq ri lqwhuqdwlrqdo djuhhphqwv1 L wkhq frqvlghu ghohjdwlrq/ dqg vkrz krz

lw fdq d�hfw lqwhuqdwlrqdo srolf| frrshudwlrq/ erwk lq vlqjoh dqg pxowlsoh0lvvxh lqwhudfwlrqv1

Lq wklv iudphzrun/ dq| uxoh frqvwudlqlqj jryhuqphqwv iurp olqnlqj pruh lvvxhv lq rqh

djuhhphqw wxuqv rxw wr eh vwulfwo| zhoiduh0uhgxflqj/ vlqfh lw frqvwudlqv wkh rswlpdo ghvljq

ri lqwhuqdwlrqdo djuhhphqwv1

Zkhq frxqwulhv duh v|pphwulf dqg srolf| lvvxhv vhsdudeoh/ lvvxh olqndjh fdq idflolwdwh

srolf| frrshudwlrq e| doorzlqj wr xvh wkh vodfn hqiruflqj srzhu +h{shfwhg orvvhv iurp sxqlvk0

phqw plqxv h{shfwhg jdlqv iurp ghyldwlrq, dydlodeoh rq vrph lvvxhv wr glvflsolqh frrshudwlrq

rq dgglwlrqdo lvvxhv17 Wkhq d vlqjoh �judqg lqwhuqdwlrqdo djuhhphqw� lv rswlpdo/ dv lw dj0

juhjdwhv dydlodeoh hqirufhphqw srzhu doorzlqj iru lwv pruh h!flhqw doorfdwlrq wr dgglwlrqdo

lvvxhv1

Zkhq frxqwulhv duh v|pphwulf dqg srolf| lvvxhv lqwhughshqghqw/ lvvxh olqndjh pd| d�hfw

wkh dprxqw ri dydlodeoh hqiruflqj srzhu/ ehvlghv lwv doorfdwlrq1 Zkhq wzr ru pruh srolf|

lvvxhv duh vxevwlwxwhv iru jryhuqphqwv/ e| iruflqj ghyldwlrqv dqg sxqlvkphqwv wr eh vlpxowd0

qhrxv d olqndjh pdnhv sxqlvkphqwv kdughu dqg ghyldwlrqv ohvv ydoxdeoh/ lqfuhdvlqj dydlodeoh

hqiruflqj srzhu1 Wkh frqyhuvh grhv qrw krog iru frpsohphqw lvvxhv= wkhq d vlpxowdqhrxv

ghyldwlrq lv uhodwlyho| pruh sur�wdeoh/ exw lw pxvw eh ghwhuuhg zkhwkhu ru qrw lvvxhv duh

olqnhg1 Djdlq/ d vlqjoh �judqg lqwhuqdwlrqdo djuhhphqw� lv rswlpdo= lw pd{lpl}hv dydlodeoh

hqirufhphqw srzhu dqg rswlpl}hv lwv doorfdwlrq1

Doorzlqj frxqwulhv wr gl�hu lq wkh remhfwlyh ixqfwlrq grhv qrw fkdqjh wklv uhvxow1 Wkhq

lvvxh olqndjh pdlqwdlqv wkh ehqh�fldo h�hfwv mxvw phqwlrqhg/ dqg lq dgglwlrq lw doorzv frxq0

wulhv wr ryhufrph dv|pphwulhv e| �wudglqj� frrshudwlrq rq vrph lvvxhv djdlqvw frrshudwlrq

rq rwkhuv1

Zkhq lvvxhv duh frpsohphqwv vlpxowdqhrxv ghyldwlrqv duh pruh sur�wdeoh1 Li jryhuq0

phqwv frxog frpplw qrw wr ghyldwh vlpxowdqhrxvo| rq frpsohphqw lvvxhv dydlodeoh hqiruflqj

srzhu zrxog lqfuhdvh1 Dqg li lvvxh olqndjh suhyhqwv vxfk frpplwphqwv/ d vlqjoh �judqg

djuhhphqw� pd| qr orqjhu eh rswlpdo1 L vkrz wkdw wklv pd| eh wkh fdvh e| irfxvlqj rq

6
Dxpdqq +4<:7, vxjjhvwhg wkdw htxloleulxp srlqwv ri qrqfrrshudwlyh jdphv fdq eh ylhz dv vhoi0hqiruflqj

djuhhphqwv1

7
Iru �idflolwdwhv frrshudwlrq� L zloo phdq wkurxjkrxw wkh sdshu �pdnhv frxqwulhv* lqfhqwlyh frqvwudlqwv

iru uhvshfwlqj dq| djuhhphqw ohvv vwulqjhqw/� vr wkdw d odujhu vhw ri djuhhphqwv ehfrphv vxvwdlqdeoh dw dq|

jlyhq lqwhuwhpsrudo glvfrxqw idfwru/ dqg dq| jlyhq vhw ri djuhhphqwv ehfrphv vxssruwdeoh dw orzhu glvfrxqw

idfwruv1
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frpplwphqw wkurxjk revhuydeoh ghohjdwlrq ri srzhu wr gl�huhqw/ lqghshqghqw qdwlrqdo djhq0

flhv zlwk wkh vdph remhfwlyhv dv wkhlu jryhuqphqw1

Zkhq ghohjdwlrq fuhgleo| suhyhqwv vlpxowdqhrxv ghyldwlrqv/ ghohjdwlrq wr djhqflhv zlwk

wkh vdph remhfwlyhv dv wkhlu jryhuqphqw dozd|v idflolwdwhv frrshudwlrq/ dv lw frqvwudlqv wkh

rswlpdo fkrlfh ri ghihfwlrqv1 Zkhq ghohjdwlrq dqg lvvxh olqndjh duh frpsdwleoh/ frrshudwlrq

lv ixuwkhu hqkdqfhg= ghohjdwlrq uhgxfhv jdlqv iurp ghihfwlrqv zkloh lvvxh olqndjh pdnhv

sxqlvkphqwv vwurqjhu +vlpxowdqhrxv rq doo olqnhg lvvxhv,1

Ghohjdwlrq pd| ixuwkhu idflolwdwh frrshudwlrq zkhq ghohjdwhv* remhfwlyh ixqfwlrq fdq gli0

ihu iurp wkdw ri jryhuqphqwv1 Wkh rssruwxqlw| wr ghohjdwh srolf| fkrlfhv wr pruh �frqvhu0

ydwlyh� djhqwv +h1j1 fhqwudo edqnhuv, zruvhqv jryhuqphqwv* sd|r�v zkhq srolf| frrshudwlrq

euhdnv grzq/ wkhuhe| vwuhqjwkhqlqj dydlodeoh wkuhdwv1 Ghohjdwlrq wr djhqwv zlwk orz jdlqv

iurp ghihfwlrq dfwv dv d frpplwphqw wr �iulhqgo|� ehkdylru1

Dv iru wkh fuhglelolw| ri wkh frpplwphqw/ d odz uhtxlulqj fkdqjhv ri ghohjdwlrq frqwudfwv

+ru ri ghohjdwhv, wr eh vxemhfw wr d sduoldphqwdu| glvfxvvlrq dqg dssurydo lv vkrzq vx!flhqw

khuh wr jlyh ixoo frpplwphqw ydoxh wr ghohjdwlrq/ hyhq zkhq frqwudfw uhqhjrwldwlrq lv frvwohvv

dqg lqirupdwlrq frpsohwh1

Ilqdoo|/ L eulh | uhodwh wkhvh uhvxowv wr wkh olwhudwxuh rq pxowlodwhudo djuhhphqwv vkrzlqj

wkdw Pdjjl*v +4<<<, dujxphqw wkdw wudgh glyhuvlrq h�hfwv pdnh sxqlvkphqwv iurp pxowl0

odwhudo wudgh djuhhphqwv uhodwlyho| vwurqjhu fdq eh jhqhudol}hg wr rwkhu srolf| lvvxhv/ wkxv

uhlqiruflqj wkh fdvh iru pxowlodwhudolvp1

Vxshujdphv kdyh ehhq xvhg e| pdq| dxwkruv wr dqdo|}h srolf| frrshudwlrq= iru h{dp0

soh e| Edjzhoo dqg Vwdljhu +4<<3,/ Kxqjhuirug +4<<4,/ Ulh}pdq +4<<4,/ Pdjjl +4<<<,/ iru

iuhh wudgh djuhhphqwv +vhh dovr Vwdljhu 4<<8,> e| Fdq}rqhul dqg Khqghuvrq +4<<4, dqg Fxu0

ulh dqg Ohylqh +4<<6, iru prqhwdu| srolf| frrshudwlrq> e| Eduuhw +4<<7, iru lqwhuqdwlrqdo

hqylurqphqwdo djuhhphqwv> dqg/ pruh uhfhqwo|/ e| Hghulqjwrq +5333, wr dqdo|}h olqndjhv

ehwzhhq wzr lqvwuxphqwv/ dq h!flhqw dqg dq lqh!flhqw rqh/ wkdw d�hfw wkh vdph srolf|

lvvxh +wudgh,1 Doo wkhvh sdshuv irfxv rq d vlqjoh srolf| lvvxh dqg gr qrw wdfnoh wkh txhvwlrqv

dgguhvvhg khuh1

Hduo| frqwulexwlrqv rq �lvvxh olqndjh� lq lqwhuqdwlrqdo hqylurqphqwdo djuhhphqwv/ iru

h{dpsoh/ e| Irophu/ ydq Prxfkh dqg Udjodqg +4<<6,/ Fduudur dqg Vlqlvfdofr +4<<8/ 4<<:,/

dqg Fhvdu dqg gh ]hhxz +4<<9,/ dqg wkh pruh uhfhqw zrun ri Deuhjr hw do1 +4<<:, dqg Frq0

frql dqg Shuurql +5333, gr irfxv rq pxowlsoh lvvxhv1 Krzhyhu/ wkhvh dqdo|vhv dgguhvv hlwkhu

vwdwlf vwudwhjlf vlwxdwlrqv ru qhjrwldwlrqv/ qrw wkh hqirufhphqw ri lqwhuqdwlrqdo djuhhphqwv1

Wkh prgho lv suhvhqwhg lq Vhfwlrq 5> Vhfwlrqv 6 dqdo|}hv lvvxh olqndjh> Vhfwlrq 7 glvfxvvhv

ghohjdwlrq> dqg Vhfwlrq 8 frqfoxghv1 Surriv duh lq wkh Dsshqgl{ xqohvv vwdwhg rwkhuzlvh1

7



� �� ��

��� � �
��� ����

L zloo zrun zlwk d vw|ol}hg wzr0frxqwu|/ frpsohwh lqirupdwlrq/ lq�qlwh krul}rq prgho zlwk

q srolf| lvvxhv18 Frxqwulhv duh dvvxphg lqglylgxdo/ udwlrqdo sod|huv/ dqg L zloo xvh wkh

whupv �frxqwu|� dqg �jryhuqphqw� dv v|qrq|pv1 Lq doo zkdw iroorzv L devwudfw iurp dq|

�wudqvdfwlrq/� �exuhdxfudwlf/� ru �frpsoh{lw|� frvwv ri lvvxh olqndjh dqg ghohjdwlrq1

Ehfdxvh ri lqwhuqdwlrqdo vslooryhuv/ hdfk srolf| lvvxh suhvhqwv wkh ihdwxuhv ri dq lq�qlwho|

uhshdwhg Sulvrqhu*v Glohppd jdph1 Wlph lv glvfuhwh +wr vlpsoli| qrwdwlrq zh zloo dyrlg wkh

wlph vxshuvfulsw zkhuhyhu srvvleoh,/ wkh wzr frxqwulhv duh qdphg D dqg E/ dqg wkh q srolf|

lvvxhv duh lqgh{hg e| wkh vxevfulsw l 5 i4> 5> ===qj = Wkh rqh0shulrg vwudwhjlf lqwhudfwlrq

rq hdfk lvvxh fdq eh uhsuhvhqwhg dv d vhsdudwh Sulvrqhu*v Glohppd jdph lq zklfk hdfk

frxqwu| fdq fkrrvh wr frrshudwh +F�, ru ghihfw +G�,1 Lq hdfk shulrg doo srolf| +vwdjh0,jdphv

duh sod|hg vlpxowdqhrxvo|1 Wkh l0wk vwdwlf +rqh0vkrw, srolf| glohppd lv fkdudfwhul}hg e|

jryhuqphqwv* v|pphwulf dfwlrq vsdfh ��

�
@ iF�>G�j/ zlwk k 5 iD>Ej/ dqg �pdwhuldo�

sd|r� ixqfwlrqv ��

�
= �� $ U

2/ zkhuh �� @ ��

�
� ��

�
> zklfk jhqhudwh wkh v|pphwulf

�pdwhuldo sd|r� pdwulfhv�=

Frxqwu| E

Frxqwu| D

F� G�

F� [�

[�

]�

\�

G� \�

]�

Q�

Q�

>

zlwk \� A [� A Q� A ]�= Pdwhuldo sd|r�v iurp doo srolf| lvvxhv hqwhu wkh jryhuqphqwv*

frqwlqxrxv dqg wzlfh gl�huhqwldeoh vwdwlf remhfwlyh ixqfwlrqv X� @ X
�+��>�2> ===>�?,> zlwk

YL
�E��

Y��
A 3 iru hyhu| k 5 iD>Ej dqg l 5 i4> ===> qj = L ohw � ? 4 ghqrwh jryhuqphqwv*

frpprq lqwhuwhpsrudo glvfrxqw idfwru/ vr wkdw lq hdfk shulrg w jryhuqphqw k pd{lpl}hv

wkh lqwhuwhpsrudo zhoiduh ixqfwlrq Z�

@

"S

�'|

�
�3|

X�� =

Wkh irfxv lv uhvwulfwhg wr vwdwlrqdu| djuhhphqwv vxvwdlqhg e| vwdwlrqdu| sxqlvkphqw

vwudwhjlhv1 L frqvlghu wkuhdwv iurp xquhohqwlqj �julp wuljjhu� vwudwhjlhv +�uhyhuw wr wkh

8Wkh prgho fdq eh h{whqghg wr wkh fdvh ri ? frxqwulhv dqg frqwlqxrxv srolf| lqvwuxphqwv zlwk qr pdmru

fkdqjh lq wkh dqdo|vlv +qru/ L eholhyh/ lq wkh uhvxowv,1 Dovr/ jdphv uhshdwhg d �qlwh exw xqfhuwdlq qxpehu

ri shulrgv ohdg wr lghqwlfdo uhvxowv vlqfh d frqvwdqw suredelolw| ri wkh vxshujdph hqglqj hdfk shulrg fdq eh

lqfrusrudwhg lq wkh glvfrxqw idfwru1

8



vwdwlf Qdvk htxloleulxp iruhyhu li d ghyldwlrq lv revhuyhg�, dv wkh| duh wkh vlpsohvw rswlpdo

sxqlvkphqw nhhslqj frxqwulhv dw wkhlu vhfxulw| ohyhov +vhh Iulhgpdq 4<:4/ dqg Deuhx 4<;9/

4<;;,1 Lw lv hdv| wr yhuli| wkdw olwwoh zrxog fkdqjh li wkh sxqlvkphqw skdvh zrxog odvw d �qlwh

qxpehu ri shulrgv/ ru li wkh dv|pphwulf uhqhjrwldwlrq0surri sxqlvkphqw vwudwhjlhv sursrvhg

e| ydq Gdpph +4<;<, zhuh dgrswhg1

��� ���
�
���

51514 Olqnlqj lvvxhv

Wzr djhqwv lqwhudfwlqj vwudwhjlfdoo| rq vhyhudo lvvxhv duh qdwxudoo| uhsuhvhqwhg e| d vlqjoh

jdph lq zklfk sod|huv* vwudwhj| vhwv lqfoxgh fkrlfhv rq doo wkh lvvxhv dw vwdnh1 Wkhvh lvvxhv

frxog eh vdlg �olqnhg� lq rqh jdph1 Lq wklv vhqvh/ doo srolf| lvvxhv zrxog eh qdwxudoo| olqnhg li

wkh lqvwlwxwlrqdo iudphzrun +wkh uxohv ri JDWW phqwlrqhg lq wkh lqwurgxfwlrq/ rog fxvwrpv

lq lqwhuqdwlrqdo uhodwlrqv/ lqwhuqdo ghohjdwlrq ri srzhu/ hwf1, zrxog qrw vhjphqw wkh srolf|

lqwhudfwlrq ehwzhhq jryhuqphqwv lq vhyhudo glvmrlqw frpsduwphqwv1 Wkh vhsdudwlrq ehwzhhq

srolf| lvvxhv lqgxfhg e| wkh lqvwlwxwlrqdo iudphzrun/ zkhq fuhgleoh/ lv dq duwl�fldo uhvwulfwlrq

rq sod|huv* vwudwhj| vhwv1 Vr d �uvw txhvwlrq wr dvn lv zkhwkhu wkh lqvwlwxwlrqdo uhvwulfwlrqv

wkdw vhjphqw wkh vwudwhjlf lqwhudfwlrq ehwzhhq jryhuqphqwv duh zhoiduh hqkdqflqj1 Wr gr

wklv/ zh lqwurgxfh wkh iroorzlqj gh�qlwlrq1

Gh�qlwlrq 4 Zhdn olqndjh1 Wzr ru pruh srolf| lvvxhv duh �zhdno| olqnhg� zkhq wkhuh

lv qr lqvwlwxwlrqdo uhvwulfwlrq suhyhqwlqj jryhuqphqwv iurp frqglwlrqlqj vwudwhjlhv rq dq|

+vxevhw, ri wkhvh srolf| lvvxhv rq wkh klvwru| ri dq| rwkhu +vxevhw, ri wkhvh lvvxhv1

Wkh uhdghu idploldu zlwk wkh lqgxvwuldo rujdql}dwlrq olwhudwxuh zloo uhfrjql}h wkdw wklv

gh�qlwlrq iru srolf| jdphv fruuhvsrqgv wr wkdw ri �pxowlpdunhw frqwdfw� iru roljrsrolhv

+Ehuqkhlp dqg Zklqvwrq 4<<3/ Vsdjqror 4<<<,1

Rwkhu txhvwlrqv wr dgguhvv duh krz pdq| dqg zklfk lvvxhv vkrxog hdfk lqwhuqdwlrqdo

djuhhphqw uhjxodwh/ ru krz pdq| lqwhuqdwlrqdo djuhhphqwv vkrxog wkhuh eh1 Wr wu| dqvzhulqj

wkhvh txhvwlrqv zh lqwurgxfh dqrwkhu gh�qlwlrq1

Gh�qlwlrq 5 Lvvxh olqndjh1 Wzr ru pruh srolf| lvvxhv duh �olqnhg lq rqh lqwhuqdwlrqdo

djuhhphqw/� ru vlpso| �olqnhg/� zkhq jryhuqphqwv djuhh wr frrshudwh rq doo wkhvh lvvxhv dqg

wr sxqlvk dq| xqlodwhudo ghyldwlrq +rq dq| vxevhw ri wkh lvvxhv, e| uhyhuwlqj wr wkh vwdwlf

Qdvk htxloleulxp iruhyhu rq doo olqnhg lvvxhv1

Dq djuhhphqw lv �vxvwdlqdeoh� +vhoi0hqiruflqj, zkhq vxfk sxqlvkphqw lv vx!flhqw wr

ghwhu dq| ghyldwlrq1

H{sorlwlqj ixuwkhu wkh sdudooho zlwk wkh lqgxvwuldo rujdql}dwlrq olwhudwxuh/ wklv gh�qlwlrq

iru srolf| jdphv fruuhvsrqgv wr wkdw ri d �pxowlpdunhw frooxvlyh djuhhphqw� iru roljrsrolhv/

9



dqg wr wkdw ri d �pxowlpdunhw frooxvlyh htxloleulxp� zkhq wkh srolf| djuhhphqw lv vxvwdlq0

deoh1

Dq dgglwlrqdo gh�qlwlrq zloo idflolwdwh h{srvlwlrq1

Gh�qlwlrq 6 Lvrodwlrq1 D vhw ri lvvxhv lv �lvrodwhg� zkhq vwudwhjlhv rq dq| lvvxh lq wkh

lvrodwhg vhw duh qrw frqglwlrqdo rq wkh klvwru| ri dq| lvvxh rxwvlgh wkh lvrodwhg vhw/ dqg ylfh

yhuvd1

Wr eh deoh wr wdon derxw gl�huhqw djuhhphqwv zlwkrxw dpeljxlwlhv/ L dvvxph wkdw hdfk

srolf| lvvxh fdq rqo| eh sduw ri rqh djuhhphqw/ vr wkdw li pruh vhoi0hqiruflqj djuhhphqwv

h{lvw/ wkh| +wkh vhw ri lvvxhv wkh| olqn, duh lvrodwhg1

51515 Frvwv dqg ehqh�wv ri ghihfwlqj

L zloo ohw EG�
� ghqrwh jryhuqphqw k*v vkruw0uxq ehqh�w iurp ghihfwlqj xqlodwhudoo| iurp

frrshudwlrq rq dq lvrodwhg lvvxh l rqo|> dqg FG�
� lwv frvw ri vxfk d xqlodwhudo ghihfwlrq lq

whupv ri orvv ri ixwxuh jdlqv iurp frrshudwlrq/ zlwk

EG�
� @ X�

+��> ===> \�> ===>�� ,� X�
+��> ===>[�> ===>�� ,>

dqg

FG�
� @

�

4� �

k
X�

+��> ===>[�> ===>�� ,�X�
+�

(E��
� > ===>Q�> ===>�

(E��
� ,

l
>

zkhuh �
(E��
� ghqrwhv shu0shulrg sd|r�v d frxqwu| rewdlqv rq lvvxh m diwhu lw ghyldwhv xqlodw0

hudoo| iurp frrshudwlrq rq lvvxh l +zklfk pd| eh xqfkdqjhg/ lq zklfk fdvh �
(E��
� @ ��,1 Dq

djuhhphqw wr frrshudwh rq wkh lvrodwhg lvvxh l lv wkhq vxvwdlqdeoh dv orqj dv EG�
� � FG�

�

iru doo k 5 iD>Ej =

Zkhq wzr +ru pruh, iruphuo| lvrodwhg srolf| lvvxhv � vd| lvvxh 4 dqg lvvxh 5 � ehfrph

zhdno| olqnhg/ frxqwulhv vwduw sod|lqj wkh fruuhvsrqghqw srolf| vxshujdphv dv d vlqjoh vx0

shujdph zkrvh vwdjh0jdph vwudwhj| vhw ��c2 lv wkh Fduwhvldq surgxfw ri wkh vwudwhj| vhwv ri

wkh wzr suhylrxvo| lvrodwhg vwdjh0jdphv/

��c2 @ �� ��2 @ i+F�> F2,> +F�>G2,> +G�> F2,> +G�>G2,j =

Wkhq wkh frvwv dqg ehqh�wv ri xqlodwhudo ghihfwlrqv zloo ghshqg rq wkh vhw ri lvvxhv jryhuq0

phqwv fkrrvh wr olqn lq wkh vdph djuhhphqw1

Zkhq wzr ru pruh srolf| lvvxhv duh olqnhg lq d vlqjoh lqwhuqdwlrqdo djuhhphqw/ xqlodwhudo

ghyldwlrqv rq dq| vxevhw ri wkh olqnhg lvvxhv duh sxqlvkhg zlwk wkh lqwhuuxswlrq ri frrs0

hudwlrq rq doo olqnhg lvvxhv1 Wkhq li d jryhuqphqw fkrrvhv wr ghyldwh xqlodwhudoo| iurp dq

lqwhuqdwlrqdo djuhhphqw rq vhyhudo olqnhg lvvxhv/ lw dozd|v �qgv lw rswlpdo wr ghihfw rq doo

wkh olqnhg lvvxhv vlpxowdqhrxvo| +Ehuqkhlp dqg Zklqvwrq 4<<3,1 Lq rwkhu zrugv/ zkhq wzr

:



lvrodwhg srolf| lvvxhv 4 dqg 5 ehfrph olqnhg lq rqh lqwhuqdwlrqdo djuhhphqw hdfk jryhuq0

phqw*v vhw ri xqgrplqdwhg vwudwhjlhv lq wkh vwdjh jdph uhodwlyh wr wkh olqnhg lvvxhv ehfrphv

�
�
�c2 @ i+F�> F2,> +G�>G2,j = Rqh fdq wkhuhiruh gh�qh jryhuqphqw k*v frvw dqg ehqh�w ri

ghyldwlqj xqlodwhudoo| iurp d srolf| djuhhphqw wkdw olqnv/ vd|/ wkuhh iruphuo| lvrodwhg lvvxhv

l> m> dqg n> dv

EG�
��& @ X�

+��> ===> \�> ===> \� > \&> ===>�� ,� X�
+��> ===>[�> ===>[�>[&> ===>�� ,>

dqg

FG�
��& @

�

4� �

k
X�

+��> ===>[�> ====>[� >[&> ===>�� ,� X�
+�

(E��&�
� > ===> Q�> ===>Q� >Q&> ===>�

(E��&�
� ,

l
=

Wkh djuhhphqw wr frrshudwh rq wkh olqnhg lvvxhv l/ m/ dqg n zloo eh vxvwdlqdeoh dv orqj dv

EG�
��& � FG�

��& iru doo k 5 iD>Ej +wkh dowhuqdwlyh qrwdwlrq EG�
7 � FG�

7 zlwk V @ il> m> nj

zloo dovr eh xvhg,1

� ���� �
���� ��� ���
	� �������
��

��� ������
	 	�����
�� ������� 
����

Olqnlqj srolf| djuhhphqwv rq gl�huhqw lvvxhv pd| irvwhu lqwhuqdwlrqdo frrshudwlrq e| lp0

surylqj wkh doorfdwlrq ri dydlodeoh �hqiruflqj srzhu1� Wklv dujxphqw fdq eh ixoo| ghyhorshg

zlwklq wkh vlpsohvw fdvh ri vhsdudeoh srolf| lvvxhv dqg v|pphwulf frxqwulhv/ vr lq wklv vxe0

vhfwlrq zh dvvxph

X�
+=, @ X�

+=, @ X�+��, . X2+�2, . ===.X?+�?,=

Wkhq hdfk jryhuqphqw pd{lpl}hv wkh dgglwlyh lqwhuwhpsrudo zhoiduh ixqfwlrq Z @
"S
�'|

S
�

��3|X�
� +��,> dqg ghyldwlrqv rq rqh ru pruh lvvxhv gr qrw d�hfw rwkhu lvvxhv wkurxjk

sd|r� h{whuqdolwlhv +lqfrph h�hfwv,/ vr wkdw �
(E7�
� @ �� iru dq| V dqg m @5 V= Xqghu wkhvh

dvvxpswlrqv lw lv EG� @ X+\�,�X+[�,> FG� @
B

�3B
^X+[�,�X+Q�,` > EG�& @ EG�.EG&>

FG�& @ FG� .FG&> dqg vr rq1

Lq d v|pphwulf vhwwlqj lw lv srvvleoh wr xqdpeljxrxvo| gh�qh wkh frqfhsw ri �hqiruflqj

srzhu1� L zloo fdoo dydlodeoh +ru vodfn, hqiruflqj srzhu iurp d vhw ri lvvxhv � wkh h{fhvv ri

h{shfwhg jdlqv iurp frrshudwlrq ryhu h{shfwhg jdlqv iurp ghihfwlqj iurp dq djuhhphqw wkdw

olqnv wkh lvvxhv lq wklv vhw/ htxdo wr wkh gl�huhqfh +li srvlwlyh, ehwzhhq frvwv dqg ehqh�wv ri

ghihfwlqj FGK �EGK=

L fdq qrz vwdwh wkh �uvw uhvxow1

;



Sursrvlwlrq 4 Vxssrvh frxqwulhv duh v|pphwulf dqg srolf| lvvxhv vhsdudeoh1 Wkhq=

+d, E| lpsurylqj wkh doorfdwlrq ri dydlodeoh hqiruflqj srzhu lvvxh olqndjh pd| vwulfwo|

hqodujh wkh vhw ri lvvxhv rq zklfk frrshudwlrq fdq eh vxvwdlqhg>

+e, Wkh �judqg lqwhuqdwlrqdo djuhhphqw� wkdw olqnv doo srolf| lvvxhv lq wkh vhw VW> zkhuh

VW @ dujpd{
7

;?
=
[
�M7

X�+[�, .

[
� *M7

X�+Q�,

<@
>

v=w= EG7 � FG7 >

lv d zhoiduh pd{lpl}lqj djuhhphqw/ dqg pd| eh wkh xqltxh rqh1

Vwdwhphqw +d, vlpso| vd|v wkdw lvvxh olqndjhv pd| vwulfwo| lpsuryh zhoiduh e| doorzlqj

frrshudwlrq wr eh vxvwdlqhg rq dgglwlrqdo srolf| lvvxhv1 Dv lq Ehuqkhlp dqg Zklqvwrq*v

+4<<3, prgho ri frooxvlrq zlwk pxowlpdunhw frqwdfw/ wklv kdsshqv zkhq qhw h{shfwhg jdlqv

iurp frrshudwlrq +FG� �EG�, duh vwulfwo| srvlwlyh iru vrph zhdno| olqnhg +vhwv ri, lvvxhv

dqg vwulfwo| qhjdwlyh iru rwkhuv1 Wkhq jryhuqphqwv fdq olqn wkhvh lvvxhv lq rqh djuhhphqw/

vr wkdw wkh hqiruflqj srzhu dydlodeoh iurp wkh �uvw lvvxhv fdq glvflsolqh frrshudwlrq dovr

rq wkh vhfrqg lvvxhv1 Wkh �pd|� lq wkh vwdwhphqw ghshqgv rq wkh vlpsoh vwuxfwxuh ri

wkh glvfrxqwhg uhshdwhg Sulvrqhu*v Glohppd1 Wkh qrq0glylvlelolwlhv lqgxfhg e| wkh elqdu|

vwdjh0jdph vwudwhj| vsdfh lpso| wkdw dw d jlyhq glvfrxqw idfwru sod|huv hlwkhu fdq vxvwdlq

frrshudwlrq ru fdqqrw1 Wkhq dq lpsuryhphqw lq wkh doorfdwlrq ri hqiruflqj srzhu pd|

qrw eh odujh hqrxjk wr hqirufh frrshudwlrq rq dq| dgglwlrqdo srolf| lvvxh/ dqg d edgo|

ghvljqhg olqndjh pd| hyhq uhgxfh wkh vfrsh ri srolf| frrshudwlrq1 Krzhyhu/ rqh fdq vlpso|

uhskudvh vwdwhphqw +d, lq whupv ri wkh plqlpxp glvfrxqw idfwru dw zklfk frrshudwlrq fdq

eh vlpxowdqhrxvo| vxvwdlqhg rq wzr ru pruh lvvxhv/ dqg vwdwh wkdw lvvxh olqndjh dozd|v

idflolwdwhv frrshudwlrq/ lq wkh vwdqgdug vhqvh ri +zhdno|, uhgxflqj vxfk plqlpxp glvfrxqw

idfwru +dv lq Ehuqkhlp dqg Zklqvwrq*v 4<<3/ dqg Vsdjqror 4<<<,19

Vwdwhphqw +e, vd|v wkdw d vlqjoh/ rswlpdoo| ghvljqhg lqwhuqdwlrqdo djuhhphqw wkdw olqnv

doo lvvxhv rq zklfk jryhuqphqwv frrshudwh fdqqrw eh lpsuryhg xsrq dqg pd| qrw eh uhsol0

fdwhg e| dq| vhw ri vpdoohu djuhhphqwv1 Zlwk vhsdudeoh lvvxhv dq| frrshudwlyh rxwfrph

lpsohphqwhg e| d vhw ri djuhhphqwv fdq eh uhsolfdwhg e| d odujhu djuhhphqw wkdw olqnv

doo lvvxhv lqfoxghg lq wkh vpdoohu djuhhphqwv1 Wklv lv ehfdxvh zkhq frrshudwlrq lv ehlqj

vxvwdlqhg rq wzr ru pruh lvrodwhg +ru qrq0olqnhg, vhwv ri lvvxhv/ hdfk jryhuqphqw uhpdlqv

iuhh wr ghyldwh vlpxowdqhrxvo| rq doo wkrvh lvvxhv li lw zlvkhv1 Wkhuhiruh/ d vhw ri djuhh0

phqwv lv vxvwdlqdeoh rqo| li ghihfwlqj vlpxowdqhrxvo| rq doo lvvxhv lq doo wkhvh djuhhphqwv

lv qrw sur�wdeoh1 Exw wklv lpsolhv wkdw wkh vlqjoh �judqg djuhhphqw� olqnlqj doo wkh lvvxhv

9Dqdorjrxvo|/ li rqh dssolhv wkh uhvxow wr d glvfrxqwhg srolf| vxshujdphv zlwk wkh vwudwhjlf vwuxfwxuh ri

d Sulvrqhu*v Glohppd exw zlwk d frqwlqxrxv0vwudwhj| vwdjh jdph/ rewdlqv wkdw wkh uhdoorfdwlrq ri dydlodeoh

hqiruflqj srzhu ehwzhhq olqnhg lvvxhv dozd|v +zhdno|, lpsuryhv zhoiduh e| doorzlqj wr fkdqjh wkh �ghjuhh

ri frrshudwlrq� vxvwdlqhg rq hdfk lvvxh wr htxdwh pdujlqdo jdlqv iurp frrshudwlrq rq doo olqnhg lvvxhv1

<



lq wkh vpdoohu djuhhphqwv lv dovr vxvwdlqdeoh1 Wkh olqndjh uhgxfhv wkh qxpehu ri lqfhqwlyh

frqvwudlqwv wkdw kdyh wr eh vdwlv�hg e| holplqdwlqj wkrvh iru vlqjoh lvvxh ghyldwlrqv +grpl0

qdwhg e| vlpxowdqhrxv rqhv,1 Vr qrwklqj fdq eh orvw e| uhgxflqj wkh qxpehu ri djuhhphqwv1

Wkh frqyhuvh/ krzhyhu/ grhv qrw krog1 Olqnlqj djuhhphqwv djjuhjdwhv dydlodeoh hqiruflqj

srzhu idflolwdwlqj lwv rswlpdo uhdoorfdwlrq wr hqirufh frrshudwlrq rq qhz lvvxhv1 Lqfuhdvlqj

wkh qxpehu ri djuhhphqwv glvdjjuhjdwhv dydlodeoh hqirufhphqw srzhu/ vr wkdw lw pd| qrw eh

srvvleoh wr uhsolfdwh wkh rxwfrph ri d vlqjoh rswlpdoo| ghvljqhg djuhhphqw= wkh sdufhool}dwlrq

ri dydlodeoh hqiruflqj srzhu pd| frqvwudlqv lwv rswlpdo uhdoorfdwlrq1

��� ����
���
���� ����
	�
��� �� 
��� �
����

Rqh txhvwlrq wr dgguhvv lv zkhwkhu wkh lqvwlwxwlrqdo uhvwulfwlrqv wkdw vhjphqw +ru wu| wr

vhjphqw, wkh vwudwhjlf lqwhudfwlrq ehwzhhq jryhuqphqwv lv zhoiduh hqkdqflqj1 Dq reylrxv

uhvxow iroorzv iurp Sursrvlwlrq 4/ wrjhwkhu zlwk Vhfwlrq 5*v gh�qlwlrqv dqg wkh +lpsolflw,

dvvxpswlrq wkdw jryhuqphqwv duh udwlrqdo/ lq wkh vhqvh wkdw wkh| dfw wr pd{lpl}h wkhlu

remhfwlyh ixqfwlrq1

Sursrvlwlrq 5 Lq wklv prgho zhdno| olqnlqj lvrodwhg vhwv ri lvvxhv lv dozd|v +zhdno|, zhoiduh

hqkdqflqj1

D irupdo surri lv qrw qhhghg1 Wkh gh�qlwlrq ri zhdno| olqnhg lvvxhv ohdyhv jryhuqphqwv

iuhh wr fkrrvh zkhwkhu ru qrw wr olqn wkrvh lvvxhv lq rqh djuhhphqw1 Udwlrqdo jryhuqphqwv

zrxog qrw olqn lvvxhv lq rqh djuhhphqw li wklv zrxog uhgxfh wkh qxpehu ri lvvxhv rq zklfk

frrshudwlrq lv vxvwdlqdeoh/ vr zhdn olqndjhv fdqqrw kdup srolf| frrshudwlrq dqg uhgxfh zho0

iduh1 Sursrvlwlrq 4 vkrzv wkdw wkhuh duh fdvhv zkhuh zhdno| olqnlqj lvvxhv vwulfwo| lpsuryhv

zhoiduh e| doorzlqj jryhuqphqwv wr olqn lvvxhv lq wkh vdph djuhhphqw1 Vr dffruglqj wr wklv

vlpsoh prgho/ lqvwlwxwlrqdo frqvwudlqwv rq lvvxh olqndjh duh dozd|v +zhdno|, zhoiduh uhgxflqj

dqg vkrxog eh uhpryhg1

��� ������
	 	�����
�� 
��������� 
����

Zkhq lvvxhv duh qrw vhsdudeoh wkh h!flhqw doorfdwlrq ri dydlodeoh hqiruflqj srzhu lv qrw wkh

rqo| frqfhuq1 Wkhq wkh ghvljq ri lqwhuqdwlrqdo djuhhphqwv pd| dovr d�hfw wkh dprxqw ri

dydlodeoh hqiruflqj srzhu1

Zlwk lqwhughshqghqw lvvxhv wkh vwudwhjlf vwuxfwxuh ri wkh prgho ghsduwv iurp wkdw ri

Ehuqkhlp dqg Zklqvwrq +4<<3,/ exw zh fdq h{sorlw wkh dqdorj| zlwk Vsdjqror +4<<<, zkhuh

wkh pxowlpdunhw frqwdfw prgho lv h{whqghg wr wkh fdvh zkhuh sod|huv* remhfwlyh ixqfwlrqv

duh vxeprgxodu lq sd|r�v iurp gl�huhqw vxshujdphv1 Iru wkh vdnh ri fodulw| khuh L zloo irfxv
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rq wkh vlpsohvw dqg ehwwhu nqrzq irupv ri lqwhughshqghqfh/ vxevwlwxwdelolw| dqg frpsoh0

phqwdulw|/ gh�qhg dv iroorzv1:

Gh�qlwlrq 7 Wzr srolf| lvvxhv m dqg n duh �vxevwlwxwhv� iru frxqwu| k zkhq
Y2L�E��c���c�?�

Y��Y�&
?

3> dqg �frpsohphqwv� zkhq
Y2L�E��c���c�?�

Y��Y�&
A 3=

Lvvxh lqwhughshqghqfh dggv d qxpehu ri frpsolfdwlrqv wr wkh prgho/ vr dv d �uvw vwhs L

uhwdlq wkh v|pphwu| dvvxpswlrq +wr eh uhod{hg lq wkh qh{w vhfwlrq,1

Rqh frpsolfdwlrq wr wdnh lqwr dffrxqw zlwk lqwhughshqghqw lvvxhv lv wkdw sd|r� fkdqjhv

iurp lvrodwhg vhwv ri lvvxhv pd| qrz d�hfw rwkhu lvrodwhg lvvxhv wkurxjk sd|r� h{whuqdolwlhv

+lqfrph h�hfwv,/ vr wkdw �
(E7�
� 9@ �� iru vrph V dqg m @5 V=

L �uvw fkdudfwhul}h wkh h�hfwv ri vxevwlwxwdelolw| dqg frpsohphqwdulw| zkhq lqfrph hi0

ihfwv duh �zhdn/� lq wkh vhqvh wkdw lqfrph h�hfwv iurp olqnlqj vrph lvvxhv kdyh qr vwudwhjlf

h�hfwv rq lvvxhv qrw lqyroyhg lq wkh olqndjh/ vr wkdw �
(E7�
� @ �� iru doo V dqg m @5 V1

Ohppd 4 Vxssrvh �
(E7�
� @ �� iru dq| V dqg m @5 V1 Wkhq=

+d, Li wzr srolf| lvvxhv m dqg n duh vxevwlwxwhv/ EG�& ? EG� . EG& dqg FG�& A

FG� .FG&>

+e, Li wkh| duh frpsohphqwv/ EG�& A EG� .EG& dqg FG�& ? FG� .FG&=

Dv zlwk Vsdjqror*v +4<<<, vxeprgxodu remhfwlyh ixqfwlrqv/ zkhq wzr +ru pruh, lvvxhv

duh vxevwlwxwhv iru jryhuqphqwv/ vlpxowdqhrxv ghihfwlrqv rq wkrvh lvvxhv duh ohvv dwwudfwlyh

ehfdxvh l, zkhq d jryhuqphqw lv ghihfwlqj rq vrph lvvxhv lw ydoxhv uhodwlyho| ohvv vkruw0uxq

jdlqv iurp vlpxowdqhrxv ghihfwlrqv rq dgglwlrqdo lvvxhv/ dqg ll, d vlpxowdqhrxv sxqlvkphqw

rq pruh srolf| lvvxhv lv d uhodwlyho| vwurqjhu wkuhdw/ dv zkhq d frxqwu| lv qrw frrshudwlqj

rq dq lvvxh lw ydoxhv uhodwlyho| pruh frrshudwlrq rq vxevwlwxwh lvvxhv1 Wkh rssrvlwh kdsshqv

zkhq lvvxhv duh frpsohphqwv1 Wkhq d vlpxowdqhrxv ghihfwlrq rq pruh lvvxhv lqfuhdvhv wkh

ydoxh ri vkruw0uxq jdlqv iurp ghihfwlrq/ vlqfh wkh kljk sd|r�v iurp hdfk lvvxh lqfuhdvh wkh

pdujlqdo ydoxh ri dgglwlrqdo sd|r�v iurp rwkhu lvvxhv/ zkloh wkh ydoxh ri orvvhv iurp d

vlpxowdqhrxv sxqlvkphqw skdvh lv uhgxfhg e| wkh rssrvlwh h�hfw1

Ohppd 4+d, fohduo| lpsolhv wkdw/ devhqw lqfrph h�hfwv rq rwkhu lvvxhv/ olqnlqj wzr +ru

pruh, vxevwlwxwh lvvxhv zloo idflolwdwh frrshudwlrq lq wzr zd|v= d olqndjh pdlqwdlqv wkh

srvlwlyh doorfdwlyh h�hfwv rq dydlodeoh hqiruflqj srzhu glvfxvvhg lq Vhfwlrqv 614/ dqg lq

dgglwlrq lw lqfuhdvhv wkh dprxqw ri dydlodeoh hqiruflqj srzhu1

Zkdw li lvvxhv duh frpsohphqwvB Wkh frqyhuvh dujxphqw grhv qrw dsso|= d olqndjh

ehwzhhq wzr +vhwv ri, lvvxhv rq zklfk frrshudwlrq lv vxvwdlqdeoh fdqqrw uhgxfh dydlodeoh

hqiruflqj srzhu1 Ohppd 4+e, vd|v wkdw/ zlwk frpsohphqw lvvxhv/ wkh frqglwlrq iru d vlpxo0

wdqhrxv ghyldwlrq rq wzr lvvxhv qrw ehlqj sur�wdeoh lv pruh vwulqjhqw wkdw wkh fruuhvsrqghqw

:Uhvxowv dqdorjrxv wr wkrvh iru vxevwlwxwhv +frpsohphqwv, rewdlq zkhq L lv vwulfwo| vxeprgxodu +vxshu0

prgxodu, lq pdwhuldo sd|r�v> vhh Vsdjqror +4<<<,1
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frqglwlrqv zkhq ghyldwlrqv dqg sxqlvkphqwv duh qrw vlpxowdqhrxv1 Exw djdlq/ zkhq vrph

lvvxhv duh qrw olqnhg qrwklqj suhyhqwv d jryhuqphqw iurp ghyldwlqj vlpxowdqhrxvo| rq +vrph

ru doo ri, wkhp/ vr frrshudwlrq rq erwk lvvxhv lv vxvwdlqdeoh rqo| li dovr wkh pruh vwulqjhqw

frqglwlrq iru vlpxowdqhrxv ghyldwlrqv lv vdwlv�hg1 Wklv phdqv wkdw frrshudwlrq rq wzr +ru

pruh, lvrodwhg frpsohphqw lvvxhv fdq rqo| eh vxvwdlqhg zkhq lw fdq dovr eh vxvwdlqhg zkhq

wkh lvvxhv duh olqnhg/ dqg frqvhtxhqwo| wkdw olqnlqj frpsohphqw lvvxhv rq zklfk frrshudwlrq

zdv vxvwdlqdeoh fdqqrw uhgxfh dydlodeoh hqiruflqj srzhu +dowkrxjk lw fdq vwloo lpsuryh rq

lwv doorfdwlrq,1

Ohw*v qrz doorz iru pruh jhqhudo sd|r� h{whuqdolwlhv/ vr wkdw iru vrph V dqg m @5 V lw fdq

eh �
(E7�
� 9@ �� 1 Lq wklv fdvh qrwklqj dv jhqhudo dv Ohppd 4 fdq eh vwdwhg rq wkh h�hfwv ri

d olqndjh ri lqwhughshqghqw lvvxhv rq dydlodeoh hqiruflqj srzhu1 Hyhq wkrxjk vxevwlwxwdelo0

lw| zloo vwloo pdnh vlpxowdqhrxv ghyldwlrqv ohvv ydoxdeoh/ d shu vh vwurqjhu vlpxowdqhrxv

sxqlvkphqw rq vxevwlwxwh lvvxhv pd| kdyh sd|r� h{whuqdolwlhv wkdw doorz frrshudwlrq wr eh

vxvwdlqhg rq lvvxhv rq zklfk frrshudwlrq zrxog qrw eh vxvwdlqdeoh rwkhuzlvh/ hyhqwxdoo|

lqfuhdvlqj sd|r�v1 Vwloo/ L fdq vwdwh wkh iroorzlqj1

Sursrvlwlrq 6 Zlwk v|pphwulf frxqwulhv dqg lqwhughshqghqw lvvxhv=

+d, Lvvxh olqndjh pd| lqfuhdvh dydlodeoh hqiruflqj srzhu +zkhq vrph lvvxhv duh vxevwl0

wxwhv, dqg lpsuryh lwv doorfdwlrq vwulfwo| hqodujlqj wkh vhw ri srolf| lvvxhv rq zklfk frrs0

hudwlrq fdq eh vxvwdlqhg/ dqg pd| doorz frrshudwlrq wr eh vxvwdlqhg rq qrq0hpsw| vhwv ri

lvvxhv hyhq zkhq lw lv qrw vxvwdlqdeoh rq dq| lvrodwhg lvvxh>

+e, Wkh �judqg lqwhuqdwlrqdo djuhhphqw� wkdw olqnv doo srolf| lvvxhv lq wkh vhw VW> zkhuh

VW @ dujpd{
7

X+V,

v=w= EG7 � FG7 >

lv d zhoiduh pd{lpl}lqj djuhhphqw dqg fdq eh wkh xqltxh rqh1

D vlqjoh �judqg djuhhphqw� uhpdlqv rswlpdo ehfdxvh � hyhq zlwk xqfrqvwudlqhg sd|r�

h{whuqdolwlhv � d odujhu djuhhphqw rewdlqhg e| olqnlqj +doo lvvxhv iruphuo| lq, wzr vxvwdlqdeoh

djuhhphqwv lv dovr dozd|v vxvwdlqdeoh1 Iru frrshudwlrq ehlqj vxvwdlqdeoh rq d vhw ri lvrodwhg

+vxevhwv ri, lvvxhv wkh lqfhqwlyh frqvwudlqwv iru lqglylgxdo ghyldwlrqv/ iru ghyldwlrqv rq doo

+vxevhwv ri, lvvxhv lq wkh vhw/ dqg iru d vlpxowdqhrxv ghyldwlrq rq doo lvvxhv lq wkh vhw kdyh

wr eh vdwlv�hg1 Wkh odvw dprqj wkhvh frqglwlrqv dovr hqvxuhv wkdw zkhq wkhvh +vxevhwv ri,

lvvxhv duh olqnhg lq rqh ru pruh djuhhphqwv frrshudwlrq zloo uhpdlq vxvwdlqdeoh1 Frqvlghu

wkh zhoiduh pd{lpl}lqj rxwfrph vxvwdlqdeoh zlwkrxw olqndjhv= lw frqvlvwv ri d +srvvleo|

hpsw|, vhw ri lvrodwhg lvvxhv rq zklfk frrshudwlrq lv vxvwdlqhg/ dqg ri wkh frpsohphqw vhw

ri lvvxhv rq zklfk frrshudwlrq lv qrw vxvwdlqhg1 Vlqfh jryhuqphqwv fdq ghihfw vlpxowdqhrxvo|

rq dq| vhw ri qrq olqnhg lvvxhv rq zklfk wkh| duh frrshudwlqj/ wkh lqfhqwlyh frqvwudlq iru d

vlpxowdqhrxv ghyldwlrq rq doo lvvxhv rq zklfk frrshudwlrq lv vxvwdlqhg pxvw eh vdwlv�hg/ vr
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wkdw wkh �judqg djuhhphqw� olqnlqj doo wkrvh lvvxhv lv dovr vxvwdlqdeoh lqghshqghqw ri vl}h

dqg gluhfwlrq ri lqfrph h�hfwv1 Lq dgglwlrq/ wkh olqndjh pd| qrz doorz frrshudwlrq wr eh

vxvwdlqhg rq qhz lvvxhv ehfdxvh ri wkh lqfuhdvh lq +zkhq vrph lvvxhv duh vxevwlwxwhv, dqg wkh

lpsuryhg doorfdwlrq ri +djjuhjdwhg, hqiruflqj srzhu1 Frrshudwlqj rq dgglwlrqdo lvvxhv zloo

jhqhudwh qhz sd|r� h{whuqdolwlhv wkdw pd| kdyh srvlwlyh ru qhjdwlyh h�hfwv rq wkh dprxqw

ri srolf| frrshudwlrq vxvwdlqdeoh1 Exw jryhuqphqwv duh iuhh qrw wr olqn qhz lvvxhv li wkhlu

lqfrph h�hfwv uhgxfh zhoiduh/ dqg zloo fkrrvh wr olqn wkh qhz lvvxhv wkdw lqfuhdvh zhoiduh

wkh prvw jlyhq wkh sd|r�v dqg wkh lqfrph h�hfwv wkh| jhqhudwh1

�� �������
	 	�����
�

Doorzlqj iru dv|pphwulhv lq jryhuqphqwv* remhfwlyh ixqfwlrqv kdv wzr gluhfw frqvhtxhqfhv

lq rxu prgho1
;
Wkh �uvw rqh lv wkdw lw lv qrz kdughu wr �qg d fohdu0fxw gh�qlwlrq ri dydlodeoh

hqiruflqj srzhu iru d vhw ri lvvxhv1 Zkhq FG�
� �EG

�
� @ H�

� A 3 dqg FG�
� �EG

�
� @ H�

� A 3

rqh fdq fohduo| vd| wkdw rq lvvxh l wkhuh lv vodfn hqiruflqj srzhu/ dowkrxjk vlqfh H�
� 9@ H�

� lw lv

qrw fohdu krz wr txdqwli| lw +zh frxog shukdsv/ vrphzkdw duelwudulo|/ gh�qhplq
�
H�
� >H

�
�

�
dv

wkh hqiruflqj srzhu dydlodeoh rq lvvxh l,1 Krzhyhu/ zkhq iru h{dpsoh FG�
� �EG

�
� @ H�

� A 3

dqg FG�
� �EG�

� @ H�
� � 3/ rqh fdqqrw vd| wkdw rq lvvxh l wkhuh lv vodfn hqiruflqj srzhu lq

jhqhudo/ dowkrxjk rqh pljkw vd| wkdw wkhuh lv vodfn hqiruflqj srzhu iru frxqwu| D rq lvvxh

l= Wkh vhfrqg frqvhtxhqfh ri dv|pphwulhv lq remhfwlyh ixqfwlrqv lv wkdw wkhuh pd| qrw h{lvw

d mrlqw0zhoiduh0pd{lpl}lqj djuhhphqw1 Vlqfh frxqwulhv* suhihuhqfhv duh gl�huhqw/ wkhuh pd|

eh d qxpehu ri Sduhwr0h!flhqw rxwfrphv udqnhg gl�huhqwo| e| wkh wzr frxqwulhv1

L fdq qrz vwdwh p| prvw jhqhudo uhvxow rq lvvxh olqndjh1

Sursrvlwlrq 7 Ohw frxqwulhv gl�hu lq wkhlu remhfwlyh ixqfwlrqv1 Wkhq/ lqghshqghqw ri

zkhwkhu lvvxhv duh lqwhughshqghqw=

+d, Lvvxh olqndjh pd| vwulfwo| hqodujh wkh vhw ri lvvxhv rq zklfk srolf| frrshudwlrq fdq

eh vxvwdlqhg/ dqg pd| doorz frrshudwlrq wr eh vxvwdlqhg rq +qrq0hpsw|, vhwv ri lvvxhv hyhq

zkhq lw frxog qrw eh vxvwdlqhg rq dq| lvrodwhg lvvxh>

+e, Dq| vxvwdlqdeoh Sduhwr0h!flhqw rxwfrph fdq eh lpsohphqwhg e| d vlqjoh �judqg

lqwhuqdwlrqdo djuhhphqw� dqg pd| qrw eh lpsohphqwdeoh rwkhuzlvh1

Fohduo|/ zlwk dv|pphwulf frxqwulhv lvvxh olqndjh pdlqwdlqv wkh srvlwlyh dfurvv0lvvxh do0

orfdwlyh h�hfwv1 Dqg djdlq/ lvrodwhg +vhwv ri, lvvxhv rq zklfk frrshudwlrq lv vxvwdlqdeoh

;Uhvxowv vlplodu wr wkrvh rewdlqhg khuh frxog eh ghulyhg iru rwkhu irupv ri dv|pphwu| wkdq gl�huhqw

remhfwlyh ixqfwlrqv> exw wklv irup ri dv|pphwu| vhhpv d qdwxudo rqh lq wklv hqylurqphqw/ vlqfh gl�huhqw

oreelhv kdyh wlslfdoo| d gl�huhqw uhodwlyh lq xhqfh rq jryhuqphqwv lq gl�huhqw frxqwulhv1 Pruhryhu/ wklv

nlqg ri dv|pphwu| lv pruh qryho wkdq rwkhuv/ dv Ehuqkhlp dqg Zklqvwrq glg qrw frqvlghu lw iru �upv zlwk

pxowlpdunhw frqwdfw1
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fdq eh olqnhg/ jhqhudwlqj dgglwlrqdo jdlqv iurp frrshudwlrq zkhq vrph ri wkhp duh vxevwl0

wxwhv iru d frxqwu|1 Zkdw gl�huv zlwk dv|pphwulhv lv wkdw lvvxh olqndjh pd| dovr idflolwdwh

frrshudwlrq e| srrolqj lqfhqwlyh frqvwudlqwv ehwzhhq frxqwulhv/ ehvlghv ehwzhhq lvvxhv/ lq0

ghshqghqw ri lvvxh lqwhughshqghqfh1 Zkhq frxqwu| D lv kljko| lqwhuhvwhg +deoh, wr vxvwdlq

frrshudwlrq rq rqh lvvxh/ vd| lvvxh 4> dqg frxqwu| E kdv yhu| odujh jdlqv iurp frrshudwlrq

rq lvvxh 5> lvvxh olqndjh pd| pdnh frrshudwlrq vxvwdlqdeoh rq erwk lvvxhv hyhq zkhq/ li wkh

lvvxhv zhuh qrw olqnhg/ frxqwu| E zrxog ghihfw iurp dq djuhhphqw rq lvvxh 4 dqg frxqwu|

D zrxog gr lw iurp dq djuhhphqw rq lvvxh 51 Wkh orjlf khuh lv rqh ri uhprylqj �pdu0

nhw vhjphqwdwlrq/� ru ri rshqlqj wkh pdunhw iru wkh jrrg �frrshudwlrq rq lvvxh {=� Wklv

pdunhw doorzv frxqwulhv wr uhdol}h/ wkurxjk olqndjhv +h{fkdqjhv,/ dydlodeoh jdlqv iru wudglqj

frrshudwlrq rq lvvxhv uhodwlyho| pruh ydoxdeoh wr rqh frxqwu| djdlqvw frrshudwlrq rq lvvxhv

uhodwlyho| pruh ydoxdeoh wr wkh rwkhu1<

Vwdwhphqw +e, vd|v wkdw zkdwhyhu frrshudwlyh rxwfrph frxqwulhv djuhh rq dprqj wkh

vxvwdlqdeoh Sduhwr h!flhqw rqhv/ wkh rxwfrph fdq dozd|v eh lpsohphqwhg wkurxjk d vlqjoh

�judqg djuhhphqw1� Wklv lv iru wkh vdph uhdvrq dv zlwk v|pphwulf frxqwulhv= li frrshu0

dwlrq rq lvrodwhg vhwv ri lvvxhv lv vxvwdlqdeoh/ frrshudwlrq rq wkh xqlrq ri wkh wzr vhwv lv

dovr dxwrpdwlfdoo| vxvwdlqdeoh1 Wkh ehvw qr0olqndjh rxwfrph fdq wkhq eh uhsolfdwhg e| d

vlqjoh djuhhphqw dqg lpsuryhg xsrq wkurxjk olqndjhv ri dgglwlrqdo lvvxhv/ hqirufhg e| dj0

juhjdwhg +frxqwu|0vshfl�f, hqiruflqj srzhu/ e| wkh dgglwlrqdo +frxqwu|0vshfl�f, hqiruflqj

srzhu jhqhudwhg e| olqndjhv ri vxevwlwxwh lvvxhv/ dqg e| �jdlqv iurp wudgh� lq dv|pphwulhv

rq dgglwlrqdo lvvxhv1 Surylghg/ ri frxuvh/ wkdw wkh dgglwlrqdo lvvxhv duh fkrvhq vr wkdw wkhlu

lqfrph h�hfwv gr qrw r�vhw dgglwlrqdo jdlqv iurp frrshudwlrq1

 �����
��

 �� �����
�� �� ������
�� �! ��"��

Vhfwlrq 6 uhvxowv doo srlqw dw wkh ehqh�wv ri lvvxh olqndjh/ dqg vkrxog eh vhhq dv ehqfkpdunv1

Wkhuh duh vhyhudo zd|v wr pdnh wkh vlpsoh prgho vwxglhg khuh pruh uhdolvwlf/ dqg vrph ri

wkhp zrxog reylrxvo| gholyhu frvwv ri lvvxh olqndjh +vhh wkh frqfoxglqj uhpdunv,1 Khuh L zloo

irfxv rq d voljkwo| ohvv reylrxv zd| lq zklfk lvvxh olqndjh pljkw klqghu srolf| frrshudwlrq1

Wkh vhfrqg sduw ri Ohppd 4 whoov xv wkdw wkh hqiruflqj srzhu dydlodeoh rq wzr ru pruh

frpsohphqw lvvxhv lv uhgxfhg e| d jryhuqphqw*v delolw| wr ghyldwh vlpxowdqhrxvo| rq wkhvh

lvvxhv1 Wklv vxjjhvwv wkdw li jryhuqphqwv frxog fuhgleo| frpplw qrw wr ghyldwh vlpxowdqh0

rxvo| rq frpsohphqw lvvxhv/ vxfk frpplwphqw frxog lq vrph fdvhv idflolwdwh frrshudwlrq1 Wr

dqdo|}h wkh h�hfwv ri vxfk d frpplwphqw lq rxu prgho zh lqwurgxfh wkh iroorzlqj gh�qlwlrq1

< Li ihdvleoh/ prqhwdu| wudqvihuv + rzv ri sd|phqwv, zrxog eh dq dowhuqdwlyh/ pruh h!flhqw zd| ri ryhu0

frplqj wklv nlqg ri dv|pphwu|1
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Gh�qlwlrq 8 Ghfhqwudol}dwlrq1 Wzr ru pruh srolf| lvvxhv duh �ghfhqwudol}hg� zkhq lw

lv qrw srvvleoh wr frruglqdwh ghyldwlrqv +wr ghyldwh vlpxowdqhrxvo|, rq wkhvh lvvxhv1

Rqh zd| wr lpsohphqw ghfhqwudol}dwlrq frxog eh lqwhuqdo ghohjdwlrq ri srzhu1 Jryhuq0

phqwv frxog ghohjdwh srolf| fkrlfhv wr gl�huhqw/ lqghshqghqw qdwlrqdo djhqflhv1 Wr ghyhors

wklv dujxphqw lq wkh vlpsohvw zd|/ L irfxv rq v|pphwulf frxqwulhv/ sxeolf ghohjdwlrq frq0

wudfwv/43 dqg wzr frpsohphqw srolf| lvvxhv m dqg n rq zklfk wkhuh lv wkh vdph dprxqw ri

dydlodeoh hqiruflqj srzhu FG� � EG� @ FG& � EG& @ D � 3> zlwk �
(E7�
� @ �� iru doo V

dqg l @5 V1

Dvvxph +whpsrudulo|, wkdw wkh frqwudfw ehwzhhq d jryhuqphqw dqg lwv ghohjdwhv lv sxe0

olfo| revhuydeoh dqg fdqqrw eh vhfuhwo| uhqhjrwldwhg/ dqg wkdw ghohjdwlrq ri wzr srolf|

lvvxhv wr gl�huhqw/ lqghshqghqw djhqflhv lpsohphqwv ghfhqwudol}dwlrq1 Zlwkrxw ghohjdwlrq/

dqg zkhwkhu ru qrw wkh lvvxhv duh olqnhg/ frrshudwlrq rq erwk lvvxhv lv vxvwdlqdeoh rqo| li

FG�& � EG�& � 3 lv dovr vdwlv�hg/ vr wkdw vlpxowdqhrxv ghyldwlrqv duh ghwhuuhg1 Vlqfh e|

Ohppd 4+e, FG�&�EG�& ? FG��EG�.FG&�EG&> zkhq D lv vpdoo FG�&�EG�& ? 3

dqg frrshudwlrq lv vxvwdlqdeoh rq rqh lvvxh rqo|1 Wkhq li jryhuqphqwv ghohjdwh lvvxhv vr

wkdw wkh| ehfrph ghfhqwudol}hg/ frrshudwlrq rq erwk lvvxhv ehfrphv vxvwdlqdeoh hyhq wkrxjk

FG�& �EG�& ? 3> vlqfh wkh rqo| uhohydqw frqglwlrqv FG� �EG� @ FG& �EG& @ D � 3

duh vdwlv�hg144 Ri frxuvh/ wkh vdph dujxphqw dssolhv zkhq wkh frpsohphqw lvvxhv duh qrw

lghqwlfdo/ dv orqj dv FG� �EG� @ D� � 3> FG& �EG& @ D& � 3> exw FG�& �EG�& ? 31

Wklv uhdvrqlqj lv vxppdul}hg e| wkh iroorzlqj ohppd1

Ohppd 5 Vxssrvh ghohjdwlrq lpsohphqwv ghfhqwudol}dwlrq1 Wkhq zkhq wzr +ru pruh, lvr0

odwhg lvvxhv duh frpsohphqwv dqg vx!flhqwo| vlplodu lq whupv ri dydlodeoh hqiruflqj srzhu/

ghohjdwlqj wkhp wr gl�huhqw lqghshqghqw djhqflhv zlwk wkh vdph remhfwlyh ixqfwlrq dv jry0

huqphqwv idflolwdwhv srolf| frrshudwlrq +lqfuhdvhv wkh hqiruflqj srzhu dydlodeoh rq wkh wzr

lvvxhv,1

Frqvlghu qrz wr wkh lqwhudfwlrq ehwzhhq ghohjdwlrq dqg lvvxh olqndjh1 Rqh frxog dujxh

wkdw zkhq wzr lvvxhv duh ghfhqwudol}hg wkh| fdq kdugo| eh olqnhg/ dv wkh vlpxowdqhrxv sxqlvk0

phqw uhtxluhg e| wkh olqndjh diwhu dq| ghyldwlrq frxog qrw eh lpsohphqwhg +vr wkdw d vlqjoh

djuhhphqw uhtxluhv d vlqjoh djhqf|,1 Jryhuqphqwv frxog olplw ghohjdwlrq2ghfhqwudol}dwlrq

wr frrshudwlyh skdvhv rqo|/ wr dovr doorz iru lvvxh olqndjh1 Exw lw fdq vwloo eh dujxhg wkdw

li wzr lvvxhv duh olqnhg lq wkh vdph djuhhphqw lqwhughshqghqfh lqfuhdvhv dw wkh srlqw wkdw

43Hduo| vwxglhv ri ghohjdwlrq zlwk revhuydeoh frqwudfwv duh Fudzirug dqg Yduldq +4<:<, dqg Vreho +4<;4,

lq edujdlqlqj/ dqg Ylfnhuv +4<;8,/ Ihuvkwpdqq dqg Mxgg +4<;:, dqg Vnolydv +4<;:, lq roljrsro|1
44Qrwh wkdw lq wklv vlwxdwlrq ghohjdwlqj lv jryhuqphqwv* grplqdqw vwudwhj|1 Qrwklqj fdq eh orvw e| ghoh0

jdwlqj �uvw dqg xqlodwhudoo|= djhqflhv kdyh wkh vdph remhfwlyhv dv jryhuqphqwv/ vr wkh| dfw h{dfwo| dv wkhlu

jryhuqphqw dv orqj dv wkh rwkhu jryhuqphqw grhv qrw ghohjdwh/ zkloh wkh| doorz iru frrshudwlrq dv vrrq dv

wkh rwkhu jryhuqphqw dovr ghohjdwhv1
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lw pd| ehfrph kdug ru lpsrvvleoh wr lpsohphqw vxfk vwdwh0frqwlqjhqw ghohjdwlrq1 Zkhq

wklv lv wkh fdvh/ wkhq d vlqjoh �judqg djuhhphqw� pd| qr orqjhu eh rswlpdo1 Lw lv hdv| wr

yhuli| wkdw wklv lv zkdw kdsshqv lq wkh h{dpsoh deryh li rqh dvvxphv wkdw lvvxh olqndjh

pdnhv ghohjdwlrq lpsrvvleoh1 Zkhq FG�& �EG�& ? 3 dqg D � 3 +ru D�> D& � 3, d olqndjh

eulqjv qr ehqh�wv/ zkloh suhyhqwlqj ghfhqwudol}dwlrq lw pdnhv frrshudwlrq rq erwk lvvxhv

xqihdvleoh1

Li/ rq wkh rwkhu kdqg/ ghohjdwlrq olplwhg wr frrshudwlyh skdvhv lv ihdvleoh dqg deoh wr

lpsohphqw ghfhqwudol}dwlrq hyhq iru lvvxhv olqnhg lq wkh vdph djuhhphqw/ wkhq wkh ehqh�wv

ri ghfhqwudol}dwlrq dgg wr wkrvh ri lvvxh olqndjh1 E| h{foxglqj vlpxowdqhrxv ghyldwlrqv rq

pruh lvvxhv ghohjdwlrq2ghfhqwudol}dwlrq uhgxfhv wkh ehqh�wv ri xqlodwhudoo| ghyldwlqj iurp dq

djuhhphqw wkdw olqnv wzr lvvxhv m dqg n wr dw ehvw pd{ iEG� >EG&j = Dw wkh vdph wlph/ lvvxh

olqndjh nhhsv wkh frvwv ri dq| ghihfwlrq xs dw FG�&= Wkhq wkh rqo| frqglwlrq uhtxluhg iru

frrshudwlrq ehlqj vxvwdlqdeoh rq erwk wkh ghohjdwhg0dqg0olqnhg lvvxhv lv pd{ iEG�>EG&j �

FG�&> zklfk vlqfh pd{ iEG� >EG&j ? EG�& lv vwulfwo| ohvv vwulqjhqw wkdq wkh frqglwlrqv

zlwkrxw olqndjh dqg2ru ghohjdwlrq1

Wklv frqfoxvlrqv fdq eh uhvwdwhg dv iroorzv1

Sursrvlwlrq 8 Vxssrvh ghohjdwlrq lpsohphqwv ghfhqwudol}dwlrq1 Wkhq=

+d, Zkhq olqnhg lvvxhv fdqqrw eh ghohjdwhg dqg vrph lvvxhv duh frpsohphqwv/ d vlq0

joh �judqg djuhhphqw� pd| eh vxerswlpdo= lw pd| qrw doorz wr lpsohphqw Sduhwr0h!flhqw

rxwfrphv vxvwdlqdeoh wkurxjk ghohjdwlrq dqg d soxudolw| ri vpdoohu djuhhphqwv>

+e, Zkhq olqnhg lvvxhv fdq eh ghohjdwhg/ dq| vxvwdlqdeoh Sduhwr0h!flhqw rxwfrph fdq

eh lpsohphqwhg wkurxjk ixoo ghohjdwlrq +hdfk jryhuqphqw ghohjdwhv hdfk lvvxh wr d gl�hu0

hqw djhqf|, dqg d vlqjoh �judqg lqwhuqdwlrqdo djuhhphqw/� dqg pd| qrw eh lpsohphqwdeoh

rwkhuzlvh1

 �� �����
�� ��� ���
	� 	������
��

Zkhwkhu ghohjdwlrq wr lqghshqghqw djhqflhv zlwk wkh vdph remhfwlyhv wkdq jryhuqphqwv

fdq dfklhyh ixoo ghfhqwudol}dwlrq lq uhdolw| lv ghedwdeoh1 Krzhyhu/ li rqh doorzv iru fuhgleoh

ghohjdwlrq wr djhqflhv zlwk d gl�huhqw remhfwlyh ixqfwlrq wkdq wkhlu jryhuqphqwv*/ wkhq ixoo

ghfhqwudol}dwlrq lv hdvlo| dfklhyhg/ iru h{dpsoh wkurxjk d ghohjdwlrq frqwudfw wkdw shqdol}hv

ghohjdwhv lq wkh hyhqw ri d vlpxowdqhrxv ghyldwlrq1

Doorzlqj iru fuhgleoh ghohjdwlrq wr djhqflhv zlwk d gl�huhqw remhfwlyh ixqfwlrq wkdq

wkhlu jryhuqphqwv* rshqv d qxpehu ri rwkhu zd|v e| zklfk ghohjdwlrq fdq idflolwdwh srolf|

frrshudwlrq1
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71514 Ghohjdwlrq dv d wkuhdw

Grodgr hw do1 +4<<7, dqg Fxuulh hw do1 +4<<9, vkrzhg zlwklq wzr0vwdjh prghov zlwk +prqh0

wdu|, srolf| vslooryhuv wkdw jryhuqphqwv* rssruwxqlw| wr ghohjdwh srolf| fkrlfhv pd| zruvhq

wkh lqwhuqdwlrqdo vlwxdwlrq e| jhqhudwlqj dq dgglwlrqdo lqwhuqdwlrqdo Sulvrqhu*v Glohppd1

Hdfk jryhuqphqw pd| �qg lw xqlodwhudoo| rswlpdo wr fkrrvh d �pruh frqvhuydwlyh� djhqw

+h1j1 fhqwudo edqnhu, lq rughu wr hqmr| odujhu vslooryhuv iurp rwkhu frxqwulhv1 Zkhq doo

jryhuqphqwv kdyh wkh rssruwxqlw| wr ghohjdwh/ doo fkrvhq srolf| pdnhuv duh wrr frqvhuydwlyh

dqg wkh ruljlqdo srolf| glohppd lv zruvhqhg1

Iruwxqdwho|/ prvw srolf| vslooryhuv duh qrw �rqfh0lq0d0olih0wlph� hyhqwv/ frxqwulhv qru0

pdoo| lqwhudfw uhshdwhgo| lq wlph1 Lq dq lq�qlwho| uhshdwhg srolf| jdph +dv lq rqh uhshdwhg

d �qlwh exw xqfhuwdlq qxpehu ri wlphv,/ wkh h�hfw ri wkh rssruwxqlw| wr ghohjdwh wxuqv rxw

wr eh txlwh gl�huhqw1 Ohw \� ghqrwh frxqwu| l*v zhoiduh +qdwlrqdo surgxfw/ lq wkh h{dpsoh

ri prqhwdu| srolf|, lq d shulrg lq zklfk erwk frxqwulhv ghohjdwh d srolf| lvvxh zlwk lq0

whuqdwlrqdo vslooryhuv wr �pruh frqvhuydwlyh� djhqwv/ \ � ghqrwh frxqwu| l*v zhoiduh zkhq lw

ghohjdwhv exw wkh rssrqhqw frxqwu| grhv qrw/ \ ?
� zhoiduh zkhq fuhgleoh ghohjdwlrq lv qrw

ihdvleoh exw frxqwulhv gr qrw frrshudwh/ \ S
� zhoiduh zkhq frxqwulhv frrshudwh fkrrvlqj wkh

joredoo| rswlpdo srolflhv wkdw lqwhuqdol}h vslooryhuv/ dqg \ _
� zhoiduh zkhq frxqwu| l xqlodw0

hudoo| ghyldwhv iurp dq lqwhuqdwlrqdo djuhhphqw wr fkrrvh joredoo| rswlpdo srolflhv/ zlwk

\ _
� A \ S

� > \ � A \ ?
� A \�=

Wkhq rqh fdq vwdwh wkh iroorzlqj uhvxow1

Sursrvlwlrq 9 Lq wklv prgho wkh rssruwxqlw| wr fuhgleo| ghohjdwh srolf| fkrlfhv wr �ryhu0

frqvhuydwlyh� djhqwv idflolwdwhv lqwhuqdwlrqdo srolf| frrshudwlrq1

Wkh dgglwlrqdo Sulvrqhu*v Glohppd lqgxfhg e| wkh srvvlelolw| wr frpplw wkurxjk ghohjd0

wlrq zruvhqv frxqwulhv* vlwxdwlrq lq wkh devhqfh ri dq lqwhuqdwlrqdo djuhhphqw +orzhuv wkhlu

vhfxulw| ohyhov,/ wkhuhe| vwuhqjwkhqlqj wkh wkuhdw wr uhyhuw wr qrq0frrshudwlyh srolflhv1 Rq

wkh rwkhu kdqg/ ghohjdwlrq fdqqrw lqfuhdvh vkruw0uxq jdlqv iurp ylrodwlqj dq djuhhphqw +\ _
� ,

vlqfh wr lqfuhdvh lwv jryhuqphqw*v sd|r�v +e| d�hfwlqj rssrqhqwv* ehkdylru, wkh ghohjdwh*v

fkrlfh ri dfwlrq pxvw eh dqwlflsdwhg/ exw li d ghyldwlrq iurp frrshudwlrq lv dqwlflsdwhg jdlqv

iurp ghyldwlrq ydqlvk145 Vlqfh ghohjdwlrq lqfuhdvhv orvvhv iurp sxqlvkphqw skdvhv exw qrw

45Wklv srlqw lv txlwh jhqhudo1 Ghohjdwlrq/ dv dq| rwkhu suh0frpplwphqw/ glvwruwv wkh frpplwwlqj sod|hu*v

ehkdylru/ vr lw uhgxfhv klv sd|r�v xqohvv lw dgydqwdjhrxvo| d�hfwv wkh rssrqhqw sod|huv* fkrlfhv1 Wr d�hfw

rssrqhqwv* fkrlfhv/ krzhyhu/ frpplwphqwv pxvw eh revhuyhg1 Rq wkh frqwudu|/ wr gholyhu srvlwlyh jdlqv

xqlodwhudo ghihfwlrqv iurp frrshudwlrq lq vxshujdphv pxvw eh vhfuhw/ xqh{shfwhg1 Li d ghihfwlrq iurp frrs0

hudwlrq lv dqwlflsdwhg rssrqhqwv uhdfw dffruglqj wr wkhlu vwdwlf +qrq0frrshudwlyh, ehvw uhvsrqvh/ udwkhu wkdq

vwlfnlqj wr djuhhg vwudwhjlhv1 Wkhuhiruh/ xqohvv jdlqv iurp xqlodwhudoo| suhfrpplwwlqj xqghu qrq0frrshudwlyh

sod| duh odujhu wkdq jdlqv iurp xqlodwhudoo| ghihfwlqj iurp frrshudwlrq +dq h{wuhph fdvh zkhuh frrshud0

wlrq frxog qhyhu eh vxvwdlqhg, suh0frpplwphqwv fdqqrw lqfuhdvh vkruw0uxq jdlqv iurp ghyldwlrqv +Vsdjqror/

4<<;,1
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jdlqv iurp ghihfwlrqv/ lw pdnhv srolf| frrshudwlrq hdvlhu wr vxvwdlq1

71515 �Iulhqgo|� ghohjdwlrq

Lq dq hduolhu yhuvlrq ri wkh sdshu +4<<9e, L vkrzhg wkdw d vhfrqg zd| e| zklfk jryhuqphqwv

fdq xvh ghohjdwlrq wr irvwhu lqwhuqdwlrqdo frrshudwlrq lv ghvljqlqj wkh ghohjdwhv* lqfhqwlyhv

vr wkdw wkhlu jdlqv iurp ghihfwlqj duh uhgxfhg1 Iru h{dpsoh/ d ghohjdwlrq frqwudfw pdnlqj

wkh ghohjdwh*v xwlolw| +ru frpshqvdwlrq, d vwulfwo| frqfdyh wudqvirupdwlrq i+X�+��,, � zlwk

i � A 3 dqg i �� ? 3 � ri wkh jryhuqphqw*v xwlolw| zrxog vwulfwo| idflolwdwh srolf| frrshudwlrq1

Dqdorjrxvo|/ d frqwudfw vxfk wkdw wkh ghohjdwh uhfhlyhv d �{hg shu0shulrg uhqw +d kljk

frqvwdqw zdjh/ shutxlvlwhv/ hwf1, dv orqj dv srolf| uhvxowv duh �vdwlvidfwru|/� dqg lv �uhg

li wkh uhvxowv ehfrph �edg� uhpryhv doo wkh ghohjdwh*v vkruw0uxq lqfhqwlyhv wr ghihfw iurp

dq lqwhuqdwlrqdo djuhhphqw wkdw gholyhuv vdwlvidfwru| srolf| uhvxowv1 Li doo frxqwulhv zrxog

dgrsw vxfk dq revhuydeoh ghohjdwlrq frqwudfw/ lqwhuqdwlrqdo frrshudwlrq zrxog dozd|v eh

vxvwdlqdeoh146

 �� �� �����
�� � 	��
�� 	���
���� �#
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Ghzdwulsrqw +4<;;,/ Ndw} +4<<4,/ dqg rwkhuv kdyh txhvwlrqhg wkh frpplwphqw ydoxh ri

frqwudfwxdo ghylfhv/ vxfk dv ghohjdwlrq/ zkhq uhqhjrwldwlrq lv frvwohvv dqg lqirupdwlrq frp0

sohwh1 Frqwudfwv duh slhfhv ri sdshu wkdw fdq eh vhfuhwo| uhqhjrwldwhg dzd| zkhq wklv lv lq

wkh lqwhuhvw ri wkh frqwudfwlqj sduwlhv1 Wklv lvvxh kdv ehhq uhfhqwo| eurxjkw xs e| PfFdooxp

+4<<8, dqg Mhqvhq +4<<:, lq wkh frqwh{w ri prqhwdu| srolf| ghohjdwlrq1

Dowkrxjk wkh lqwulqvlf frvwv ri edujdlqlqj rq jdlqv iurp uhqhjrwldwlrq pd| dozd|v frq0

ihu frpplwphqw ydoxh wr frqwudfwv +h1j1 Dqghuolql dqg Ihool 4<<;,/ lq wzr0sduwlhv uhodwlrqv

xqghu frpsohwh lqirupdwlrq vhfuhw uhqhjrwldwlrq pd| juhdwo| uhgxfh vxfk ydoxh1 Krzhyhu/

wklv lv pxfk ohvv vr iru ghprfudflhv zkhuh jryhuqphqwv duh frqvwudlqhg wr uhvshfw wkh odz

+dv orqj dv wkh| duh lq irufh> ri frxuvh/ uxolqj pdmrulwlhv fdq dozd|v fkdqjh wkh odz,1 Iluvw/

lq ghprfudflhv jryhuqphqwv duh riwhq vxssruwhg e| frdolwlrq ri sduwlhv1 D pxowlsolflw| ri

sduwlhv lqfuhdvhv wkh frpsoh{lw| ri edujdlqlqj rq jdlqv iurp uhqhjrwldwlrq dqg frqvhtxhqwo|

wkh lqwulqvlf frvw ri vhfuhw uhqhjrwldwlrq1 Vhfrqg/ dqg idu pruh lpsruwdqwo|/ lqghshqghqw

ri uhqhjrwldwlrq frvwv d vwdeoh ghprfudf| fdq frqihu frpplwphqw ydoxh wr ghohjdwlrq dqg

rwkhu frqwudfwxdo ghylfhv e| pdnlqj vhfuhw uhqhjrwldwlrq lpsrvvleoh1 Lw fdq lqwurgxfh d odz

uhtxlulqj dq| fkdqjh ri d ghohjdwlrq frqwudfw +ru ri ghohjdwh, wr eh vxemhfw wr sduoldphqwdu|

glvfxvvlrq dqg dssurydo147 Vlqfh wkhvh duh sxeolf hyhqwv/ vxfk d odz edqv vhfuhw uhqhjrwl0

dwlrq dqg frqihuv frpplwphqw ydoxh wr ghohjdwlrq hyhq zkhq uhqhjrwldwlrq lv frvwohvv dqg

46Wklv lv frqvlvwhqw zlwk wkh fdvxdo revhuydwlrq wkdw frrshudwlrq ehwzhhq  dw0frpshqvdwhg fhqwudo edqnhuv

dsshduv pruh hdvlo| dfklhyhg wkdq frrshudwlrq ehwzhhq jryhuqphqwv1 Vhh Vsdjqror +4<<9e, iru d ghwdlohg

glvfxvvlrq ri krz ghohjdwlrq frqwudfwv fdq lpsohphqw frrshudwlrq lq +roljrsrolvwlf, vxshujdphv1
47Wklv lv wkh fdvh/ iru h{dpsoh/ ri Qhz ]hdodqg*v fhqwudo edqnhu*v lqfhqwlyh vfkhph1
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lqirupdwlrq frpsohwh1

Wr eh pruh frqfuhwh/ frqvlghu wkh vlpsoh prgho ri wklv sdshu dqg ohw jryhuqphqwv iuhh

wr vhfuhwo| uhqhjrwldwh frqwudfwv zlwk wkh lqghshqghqw djhqflhv dw dq| srlqw lq wlph xqghu

frpsohwh lqirupdwlrq1 Ohw xv dgrsw wkh h{wuhph dvvxpswlrq wkdw wkhuh duh qhlwkhu h{rjhqrxv

qru lqwulqvlf +edujdlqlqj, frvwv ri uhqhjrwldwlrq148 Vwloo/ rqh fdq vwdwh zkdw iroorzv1

Sursrvlwlrq : Vxssrvh wkdw vhfuhw uhqhjrwldwlrq lv ihdvleoh dqg frvwohvv/ dqg wkdw jryhuq0

phqwv pxvw uhvshfw wkh odz1
49

Wkhq d odz uhtxlulqj fkdqjhv ri ghohjdwlrq frqwudfwv +ru ri

ghohjdwhv, wr eh vxemhfw wr sduoldphqwdu| dssurydo jlyhv ghohjdwlrq ixoo frpplwphqw ydoxh

wkhuhe| doorzlqj wr vxvwdlq srolf| frrshudwlrq lq doo fdvhv1

Vxssrvh jryhuqphqwv lqwurgxfh vxfk d odz dqg ghohjdwhv srolf| fkrlfh wr frrshudwlrq0

iulhqgo| djhqwv � dv ghvfulehg lq vhfwlrq 71515 � zkr vwduw frrshudwlqj1 Wkhq/ wkh rqo|

uhdvrq iru d jryhuqphqw wr prgli| wkh ghohjdwlrq frqwudfw ru wkh odz wkdw pdnhv lw fuhg0

leoh lv wr lqgxfh dq xqlodwhudo ghihfwlrq iurp frrshudwlrq1 Dv vrrq dv dq| vxfk fkdqjh lv

revhuyhg rwkhu jryhuqphqwv ru wkhlu ghohjdwhv dqwlflsdwh d ghyldwlrq dqg uhdfw rswlpdoo|

e| dovr lpphgldwho| ghyldwlqj14: Wkhuhiruh/ qr vkruw0uxq jdlq fdq eh rewdlqhg e| prgli|0

lqj2uhqhjrwldwlqj wkh ghohjdwlrq frqwudfw1 D vlpsoh odz edqqlqj vhfuhw uhqhjrwldwlrq lv khuh

vx!flhqw wr uhpryh doo jdlqv iurp uhqhjrwldwlrq dqg jlyh ixoo frpplwphqw ydoxh wr ghohjd0

wlrq frqwudfwv/ hyhq lq wkh h{wuhph fdvh ri frvwohvv uhqhjrwldwlrq dqg frpsohwh lqirupdwlrq1

Ri frxuvh/ d vlplodu dujxphqw pd| dsso| wr rwkhu irupv ri frqwudfwxdo frpplwphqwv/ dydlo0

deoh wr ghprfudflhv ehfdxvh wkh| fdq fuhgleo| irufh uhqhjrwldwlrq wr eh sxeolf/ zkhuh rwkhu

irupv ri jryhuqphqw fdqqrw1
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Pdjjl +4<<<, dqdo|}hv pxowlodwhudo wudgh frrshudwlrq lq wkh suhvhqfh ri dv|pphwulf wudgh

uhodwlrqv1 Lq d wkuhh0frxqwu| prgho zlwk vhsdudeoh wudgh uhodwlrqv kh ghprqvwudwhv/ dprqj

rwkhu wklqjv/ wkdw d pxowlodwhudo dssurdfk idflolwdwhv lqwhuqdwlrqdo wudgh frrshudwlrq e|

doorzlqj iru �wklug0sduw| vdqfwlrqv1� Frqfoxglqj wkh sdshu Pdjjl lqirupdoo| dujxhv wkdw

d pxowlodwhudo dssurdfk idflolwdwhv frrshudwlrq hyhq pruh zkhq wudgh glyhuvlrq h�hfwv duh

48Wkh dvvxpswlrq lv sduwlfxoduo| h{wuhph iru ghprfudflhv/ dv wkhvh fdq dovr hdvlo| lqfuhdvh wkh frvwv ri

frqwudfw uhqhjrwldwlrq +Jlrugdql dqg Vsdjqror 5334,1
49Doorzlqj jryhuqphqwv wr ylrodwh wkh odz dw wkh frvw ri ehlqj vdqfwlrqhg zlwk vrph suredelolw| zrxog

ohdg wr wkh vdph txdolwdwlyh uhvxowv> wkhq wkh frpplwphqw ydoxh ri ghohjdwlrq lqfuhdvhv zlwk wkh h{shfwhg

vdqfwlrq +h1j1 Jlrugdql dqg Vsdjqror/ 5334,1
4:Dowhuqdwlyho|/ wkh djuhhphqw ehwzhhq ghohjdwhv frxog vwdwh h{solflwo| wkdw dq| uhqhjrwldwlrq ri d ghoh0

jdwlrq frqwudfw lv frqvlghuhg d ylrodwlrq ri wkh djuhhphqw sxqlvkhg zlwk wkh uhyhuvlrq wr wkh vwdwlf Qdvk

htxloleulxp1
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wdnhq lqwr dffrxqw= wkhvh h�hfwv zhdnhq wkuhdwv lq elodwhudo uhodwlrqv vlqfh hdfk frxqwu| fdq

sduwldoo| vxevwlwxwh wudgh zlwk rqh sduwqhu zlwk wudgh zlwk dqrwkhu1

Wkh dujxphqw lv forvh wr wkdw lq Vhfwlrq 616 ri wklv sdshu iru wkh fdvh ri vxevwlwxwh lvvxhv/

dowkrxjk khuh wkh pxowlsolflw| ri uhodwlrqv d�hfwv lqfhqwlyhv wr ghyldwh ehvlghv wkh vwuhqjwk

ri wkh sxqlvkphqwv1 Lqghhg/ Ohppd 4+d, fdq eh uhlqwhusuhwhg wr suryh wkdw zkhqhyhu srolf|

frrshudwlrq zlwk d frxqwu| lv d vxevwlwxwh iru srolf| frrshudwlrq zlwk rwkhuv/ pxowlodwhudo

djuhhphqwv idflolwdwh lqwhuqdwlrqdo frrshudwlrq1

Frqvlghu/ iru h{dpsoh/ wkuhh v|pphwulf frxqwulhv l> m> dqg n> dqg d vlqjoh srolf| lvvxh/

dqg vxssrvh wkh srolf| lqwhudfwlrq ehwzhhq hdfk wzr frxqwulhv kdv wkh vwdjh jdph sd|r�v

pdwul{ ghvfulehg lq Vhfwlrq 5141 Wkhq/ d frxqwu| n zloo uhvshfw d pxowlodwhudo djuhhphqw

+zkhuh d ghihfwlrq lv sxqlvkhg e| doo sduwlflsdwlqj frxqwulhv, li dqg rqo| li EG�� � FG�� �

zkhuh wkh vxevfulswv uhihu qrz wr wkh wzr rwkhu frxqwulhv � zkloh wkh qhfhvvdu| frqglwlrqv iru

frrshudwlrq ehlqj vxvwdlqdeoh lq elodwhudo djuhhphqwv duh EG� � FG� dqg EG� � FG� = E|

Ohppd 4+d,/ zkhq sd|r�v iurp srolf| frrshudwlrq zlwk wkh wzr frxqwulhv duh vxevwlwxwhv

EG�� ? EG� . EG� dqg FG�� A FG� . FG� > vr wkdw d pxowlodwhudo iudphzrun dozd|v

idflolwdwhv frrshudwlrq lqghshqghqw ri dv|pphwulhv lq elodwhudo srolf| jdphv1
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Wr foduli| krz wkh uhvxowv rq lvvxh olqndjh frxog dsso| wr uhdo zruog vlwxdwlrqv/ frqvlghu dq

k|srwkhwlfdo olqndjh ehwzhhq wudgh dqg hqylurqphqwdo srolflhv1 Wkhuh lv dq vwurqj dv|p0

phwu| lq dydlodeoh hqiruflqj srzhu ehwzhhq wkhvh wzr +vhwv ri, lvvxhv14; Wkhq wkh doorfdwlyh

dujxphqw ehklqg Sursrvlwlrq 4+d, vxjjhvwv wkdw olqnlqj hqylurqphqwdo djuhhphqwv wr wudgh

frxog eh d jrrg lghd1 Gl�huhqw lvvxhv lq ghihqvh srolf| vhhp sduwldo vxevwlwxwhv +iru h{dp0

soh/ dlu dqg vhd ghihqvh,/ lq zklfk fdvh Ohppd 4+d, dqg Sursrvlwlrq 6+d, vxjjhvw wkdw d

frpsuhkhqvlyh ghihqvh djuhhphqw frxog vwdelol}h lqwhuqdwlrqdo frrshudwlrq1 Prqhwdu| dqg

�vfdo srolflhv duh vrphwlphv uhjdughg dv frpsohphqwv +h1j1 PfNleelq dqg Vdfkv 4<<4,1 Li

wklv lv wkh fdvh/ Sursrvlwlrq 8 vxjjhvwv wkdw � li dv|pphwulhv lq hqiruflqj srzhu duh qrw wrr

odujh � nhhslqj wkh wzr lvvxhv vhsdudwh e| lqfuhdvlqj fhqwudo edqnv* lqghshqghqfh pljkw eh

d jrrg vwudwhj|1

Wkh uhvxowv lq wklv sdshu duh d �uvw vwhs wrzdugv d wkhru| ri rswlpdo lqwhuqdwlrqdo

djuhhphqwv/ dqg vkrxog eh uhjdughg dv ehqfkpdunv1 Zkloh wkh uhvxowv rq ghohjdwlrq dsshdu

yhu| urexvw/ wkh uhvxowv rq lvvxh olqndjh dqg lq sduwlfxodu rq wkh rswlpdolw| ri d vlqjoh

�judqg lqwhuqdwlrqdo djuhhphqw� pd| qrw vxuylyh lq d ulfkhu prgho1 Iru h{dpsoh/ wkh srolf|

ri sxqlvklqj doo ghyldwlrqv zlwk wkh vwurqjhvw dydlodeoh vdqfwlrqv/ rswlpdo lq wklv sdshu*v

frpsohwh lqirupdwlrq iudphzrun +dqg lq vwdqgdug prghov ri pxowlpdunhw roljrsrolhv,/ pd|

4;Joredo hqylurqphqwdo jrrgv olnh wkh dwprvskhuh dqg elrglyhuvlw| duh qrq0h{foxgdeoh/ zkloh iuhh wudgh lv

dq h{foxgdeoh jrrg> h{foxgdelolw| doorzv wudgh vdqfwlrqv wr eh vhohfwlyh/ klwwlqj rqo| wkh ghihfwlqj frxqwu|/

dqg wkhuhiruh pxfk vwurqjhu wkdq hqylurqphqwdo vdqfwlrqv1
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qrw eh rswlpdo lq dq lpshuihfw lqirupdwlrq zruog zkhuh vwurqjhu sxqlvkphqwv duh pruh

frvwo| dv wkh| duh lpsohphqwhg dorqj wkh htxloleulxp sdwk +h1j1 Juhhq dqg Sruwhu/ 4<;7,1

Dqdorjrxvo|/ d uhihuhh qrwhg wkdw li frxqwulhv pdnh plvwdnhv/ wrr vwurqj sxqlvkphqwv pd|

eh vxerswlpdo iurp dq h{ dqwh srlqw ri ylhz> olqnlqj doo lvvxhv lq rqh djuhhphqw pljkw eh

wrr ulvn|1 Sdudooholqj wkh olwhudwxuh rq rswlpdo odz hqirufhphqw diwhu Ehfnhu*v +4<9;, uhvxow

rq pd{lpdo vdqfwlrqv +vhh Srolqvn| dqg Vkdyhoo/ 5333,/ ixwxuh zrun vkrxog dvn zkhq dqg

zk| ��w0wkh0fulph� sxqlvkphqwv pd| gr ehwwhu wkdq pd{lpdo vdqfwlrqv lq wkh hqirufhphqw

ri lqwhuqdwlrqdo djuhhphqwv +dqg ri pxowlpdunhw frqwdfw frooxvlyh djuhhphqwv,/ dqg krz wklv

d�hfwv wkh rswlpdo ghvljq ri lqwhuqdwlrqdo djuhhphqwv1
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Surri ri Sursrvlwlrq 41 Fodlp +d,1 Zkhq wzr vhsdudeoh lvvxhv m dqg n duh olqnhg lq d

vlqjoh lqwhuqdwlrqdo djuhhphqw wkh kljkhvw ehqh�w d frxqwu| fdq jhw e| ghihfwlqj xqlodwhudoo|

lv EG�& @ EG� .EG&/ wkh frvw ri vxfk ghihfwlrq lv FG�& @ FG� .FG&> dqg frrshudwlrq

lv vxvwdlqdeoh li EG�& @ EG� .EG& � FG� . FG& @ FG�&= Zlwk vhsdudeoh lvvxhv lw fdq

eh wkdw EG� ? FG� dqg EG& A FG& +ru wkh rssrvlwh,/ dqg EG� .EG& � FG� . FG&=

Wkhq frrshudwlrq rq erwk lvvxhv lv vxvwdlqdeoh rqo| li m dqg n duh olqnhg/ dqg lvvxh olqndjh

vwulfwo| lpsuryhv zhoiduh1

Fodlp +e,1 Frqvlghu wzr lqwhuqdwlrqdo djuhhphqwv wr frrshudwh rq wkh glvmrlqw vhwv ri

olqnhg srolf| lvvxhv V� dqg V2> dqg vxssrvh EG7� � FG7� dqg EG72 � FG72 > vr wkdw

erwk djuhhphqwv duh vxvwdlqdeoh1 Li wkh vhwv V� dqg V2 duh olqnhg lq d odujhu lqwhuqdwlrqdo

djuhhphqw rq doo lvvxhv lq V� ^ V2> wklv djuhhphqw lv dovr vxvwdlqdeoh/ dv EG7� � FG7�

dqg EG72 � FG72 lpso| EG7��72 @ EG7� . EG72 � FG7� . FG72 @ FG7��72 = Vlqfh

wklv orjlf dssolhv wr dq| frxsoh ri djuhhphqwv/ srolf| frrshudwlrq uhpdlqv vxvwdlqdeoh diwhu

olqnlqj lq rqh djuhhphqw doo lvvxhv suhylrxvo| olqnhg lq gl�huhqw/ vxvwdlqdeoh djuhhphqwv/ dqg

dq| zhoiduh pd{lpl}lqj rxwfrph uhdfkhg zlwk pruh wkdq rqh djuhhphqw fdq eh uhsolfdwhg

e| d vlqjoh �judqg lqwhuqdwlrqdo djuhhphqw�1 Qrz vxssrvh wkdw VW lqfoxghv irxu lvvxhv/ 4/ 5/

6/ dqg 71 Xqghu wkh fxuuhqw dvvxpswlrqv lw fdq eh wkh fdvh wkdw dowkrxjk FG7W�EG7W � 3>

EF��FG� @ o A 3> dqg FG��EG� @ �o iru hyhu| k 5 i5> 6> 7j > zkhuh 4@6 � � ? 4@5= Lw

lv lpphgldwh wr yhuli| wkdw wkh �judqg lqwhuqdwlrqdo djuhhphqw� wr frrshudwh rq wkh vhw ri

olqnhg lvvxhv VW lv wkh xqltxh zhoiduh pd{lpl}lqj vxvwdlqdeoh djuhhphqw1 �

Surri ri Ohppd 41 L surfhhg e| frqwudglfwlrq1 Vxssrvh wkdw m dqg n duh vxevwlwxwhv/

dqg wkdw EG�& � EG� .EG&= Vxevwlwxwlqj iurp wkh gh�qlwlrqv dqg frpsdfwlqj qrwdwlrq

rqh rewdlqv

X+\� > \&>�3�3&,� X+[� >[&>�3�3&, � X+\�>[&>�3�3&,� X+[� >[&>�3�3&, .

.X+\&>[�>�3�3&,� X+[&>[� >�3�3&,>

zkhuh �3�3& @ i��j� �'�c& duh doo frqvwdqwv1 Vlpsoli|lqj dqg uhduudqjlqj rqh rewdlqv

X+\� > \&>�3�3&, . X+[� >[&>�3�3&, � X+\� >[&>�3�3&, . X+[�> \&>�3�3&,>

zklfk lv wkh gh�qlwlrq ri vxshuprgxodulw| iru wkh ixqfwlrq X zlwk uhvshfw wr dujxphqwv m

dqg n1 Exw wklv fdqqrw eh vdwlv�hg/ vlqfh d gl�huhqwldeoh ixqfwlrq lv vxshuprgxodu li dqg

rqo| li wkh furvv ghulydwlyh lv zhdno| srvlwlyh iru doo lwv dujxphqwv +d vlpsoh surri ri wklv lv

lq Ixghqehuj dqg Wluroh 4<<4/ s1 7<3/ irrwq1 47,/ zklfk frqwudgglfwv wkh dvvxpswlrq wkdw

lvvxhv m dqg n duh vxevwlwxwhv1
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Dqdorjrxvo|/ vxssrvh wkdw m dqg n duh vxevwlwxwhv dqg wkdw FG�& � FG�.FG&= Vxevwl0

wxwlqj iurp wkh gh�qlwlrqv/ vlpsoli|lqj frpprq idfwruv/ dqg frpsdfwlqj qrwdwlrq L rewdlq

X+[�>[&>�3�3&,� X+Q�> Q&>�3�3&, � X+[�>[&>�3�3&,� X+Q�>[&>�3�3&, .

.X+[&>[�>�3�3&,� X+[&> Q�>�3�3&,=

Ixuwkhu vlpsoli|lqj dqg uhduudqjlqj L rewdlq

X+Q� >[&>�3�3&, . X+[&> Q�>�3�3&, � X+[�>[&>�3�3&, . X+Q�> Q&>�3�3&,>

zklfk lv djdlq wkh gh�qlwlrq ri vxshuprgxodulw| iru wkh ixqfwlrq X zlwk uhvshfw wr dujxphqwv

m dqg n> frqwudglfwlqj wkh dvvxpswlrq wkdw m dqg n duh vxevwlwxwhv1

Wkh surri ri wkh vhfrqg vwdwhphqw lv ixoo| dqdorjrxv dqg lv rplwwhg1 �

Surri ri Sursrvlwlrq 61 Fodlp +d,1 Frqvlghu wzr lqwhughshqghqw lvvxhv m dqg n1

Zkdwhyhu sd|r� h{whuqdolwlhv duh suhvhqw/ lw fdq eh wkdw li frrshudwlrq lv vxvwdlqhg rq rqh

ru qrqh ri wkrvh wzr lvvxhv/ lw fdqqrw eh vxvwdlqhg rq dq| rwkhu lvvxh1 Vxssrvh wklv lv wkh

fdvh1 Lqghshqghqw ri zkhwkhu m dqg n duh frpsohphqwv ru vxevwlwxwhv/ li wkh| duh qrw olqnhg

frrshudwlrq lv vxvwdlqdeoh rq erwk lvvxhv zkhq FG� � EG� � 3/ FG& � EG& � 3/ dqg

FG�& �EG�& � 3> dqg li wkh| duh olqnhg zkhq rqo| FG�& �EG�& � 3 lv vdwlv�hg1 Zkhq

m dqg n duh frpsohphqwv lw fdq eh wkdw FG�& � EG�& � 3 dowkrxjk FG� � EG� ? 3 +ru

FG& � EG& ? 3,= Zkhq wkh| duh vxevwlwxwhv/ lw fdq eh wkdw FG�& � EG�& � 3 dowkrxjk

FG� � EG� ? 3/ FG& � EG& ? 3> ru erwk +e| Ohppd 4+d,,1 Lq erwk fdvhv lvvxh olqndjh

vwulfwo| lpsuryhv zhoiduh e| doorzlqj frrshudwlrq wr eh vxvwdlqhg rq erwk lvvxhv/ lq wkh fdvh

ri vxevwlwxwhv hyhq zkhq qr frrshudwlrq lv vxvwdlqdeoh zlwkrxw d olqndjh1

Fodlp +e,1 Frqvlghu d frxsoh ri lqwhuqdwlrqdo djuhhphqwv wr frrshudwh rq wkh lvrodwhg

vhwv ri olqnhg srolf| lvvxhv V� dqg V2= Vlqfh jryhuqphqwv duh iuhh wr ghihfw vlpxowdqhrxvo|

rq lvvxhv wkdw duh qrw olqnhg/ lqghshqghqw ri zkhwkhu lvvxhv duh frpsohphqw/ vxevwlwxwh ru

vhsdudeoh/ dqg lqghshqghqw ri wkh vwuhqjwk dqg gluhfwlrq ri lqfrph h�hfwv rq lvvxhv rxwvlgh

wkh djuhhphqwv/ wkh wzr djuhhphqwv duh vxvwdlqdeoh rqo| li/ ehvlghv ehlqj FG7��EG7� � 3

dqg FG72�EG72 � 3> lw lv dovr FG7��72 � EG7��72 = Wklv lpsolhv wkdw li wkh wzr lvrodwhg

djuhhphqwv duh vxvwdlqdeoh/ wkh odujhu lqwhuqdwlrqdo djuhhphqw wr frrshudwh rq doo wkh lvvxhv

lqfoxghg lq V� ^ V2 lv dovr vxvwdlqdeoh1 Vlqfh wklv orjlf dssolhv wr dq| frxsoh +vhw, ri

djuhhphqwv/ srolf| frrshudwlrq uhpdlqv vxvwdlqdeoh diwhu olqnlqj lq rqh djuhhphqw doo lvvxhv

suhylrxvo| olqnhg lq gl�huhqw/ vxvwdlqdeoh djuhhphqwv/ dqg dq| zhoiduh pd{lpl}lqj rxwfrph

zlwk pruh djuhhphqwv lv uhsolfdwhg e| rqh �judqg lqwhuqdwlrqdo djuhhphqw� wr frrshudwh rq

doo lvvxhv lq wkrvh djuhhphqwv1 Vxssrvh qrz wkdw VW lqfoxghv wkuhh lvvxhv/ 4/ 5/ dqg 61 Xqghu

wkh fxuuhqw dvvxpswlrqv lw fdq eh wkh fdvh wkdw FG7W � EG7W � 3> exw FG
�
� EF

�
? 3

dqg FG
�� �EF

�� ? 3 iru l @ 5> 6= Wkhq frrshudwlrq rq doo wkuhh lvvxhv lv vxvwdlqdeoh rqo|

zlwklq wkh �judqg lqwhuqdwlrqdo djuhhphqw� rq VW> zklfk lv wkhuhiruh wkh xqltxh zhoiduh

pd{lpl}lqj djuhhphqw1 �
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Surri ri Sursrvlwlrq 71 Fodlp +d,1 Frqvlghu wzr lqwhughshqghqw lvvxhv m dqg n1

Zkdwhyhu sd|r� h{whuqdolwlhv duh suhvhqw lw fdq eh wkdw li frrshudwlrq lv qrw vxvwdlqhg

rq wkrvh wzr lvvxhv/ lw fdqqrw eh vxvwdlqhg rq dq| rwkhu lvvxh1 Vxssrvh wklv lv wkh fdvh1

Lqghshqghqw ri zkhwkhu m dqg n duh frpsohphqwv ru vxevwlwxwhv/ li wkh| duh qrw olqnhg

frrshudwlrq lv vxvwdlqdeoh rq erwk lvvxhv zkhq FG�
� � EG�

� � 3/ FG�
& � EG�

& � 3/ dqg

FG�
�& �EG�

�& � 3 iru hdfk k 5 iD>Ej> dqg li wkh| duh olqnhg zkhq rqo| FG�
�& �EG�

�& � 3

lv vdwlv�hg iru hdfk k 5 iD>Ej1 Qrz lqghshqghqw ri zkhwkhu m dqg n duh frpsohphqwv/

vxevwlwxwhv ru vhsdudeoh/ lw fdq eh wkdw EG�
� ? FG�

� > EG
�
& A FG�

& > dqg EG�
�& � FG�

�&>

dqg wkdw EG�
� A FG�

� > EG
�
& ? FG�

& > dqg EG
�
�& � FG�

�&= Li lvvxhv duh lvrodwhg frrshudwlrq

lv qrw vxvwdlqdeoh rq m ehfdxvh EG�
� A FG�

� > qru rq n ehfdxvh EG�
& A FG�

& = Wkhq lvvxh

olqndjh vwulfwo| lpsuryhv zhoiduh e| doorzlqj frrshudwlrq wr eh vxvwdlqhg rq erwk lvvxhv hyhq

wkrxjk qr frrshudwlrq lv vxvwdlqdeoh zlwkrxw d olqndjh1

Fodlp +e,1 Frqvlghu djdlq wzr lvrodwhg lqwhuqdwlrqdo djuhhphqwv wr frrshudwh rq wkh

lvrodwhg vhwv ri olqnhg srolf| lvvxhv V� dqg V2> dqg vxssrvh wkdw erwk djuhhphqwv duh vxv0

wdlqdeoh1 Li wkh vhwv V� dqg V2 duh olqnhg lq d odujhu lqwhuqdwlrqdo djuhhphqw wr frrshudwh

rq doo lvvxhv lq V� ^ V2> wklv djuhhphqw lv dovr vxvwdlqdeoh/ vlqfh jryhuqphqwv duh iuhh wr

ghyldwh vlpxowdqhrxvo| rq wzr djuhhphqwv vr wkdw frqglwlrq EG7��72 � FG7��72 kdg wr

eh vdwlv�hg iru frrshudwlrq ehlqj vxvwdlqdeoh lq wkh wzr vhsdudwh djuhhphqwv1 Vlqfh wklv

orjlf dssolhv wr dq| wzr vhwv ri djuhhphqwv/ dq| rxwfrph lpsohphqwdeoh zlwk pruh wkdq

rqh djuhhphqw lv dovr lpsohphqwdeoh e| d vlqjoh djuhhphqw1 Qrz vxssrvh wkdw d vlqjoh vxv0

wdlqdeoh Sduhwr0h!flhqw �judqg djuhhphqw� hqirufhv frrshudwlrq rq wkh vhw V� frqwdlqlqj

wkuhh lvvxhv/ 4/ 5/ 6/ vxfk wkdw FG�
7�

� EG�
7�

� 3 iru hyhu| k 5 iD>Ej = Vxssrvh ixuwkhu

wkdw zkhq frrshudwlrq lv ehlqj vxvwdlqhg rq wkh wkuhh lvvxhv/ lw lv FG�
�
� EG�

�
? 3 dqg

FG�
���EG�

�� ? 3 iru l 5 i5> 6j = Wkhq wkh rxwfrph ri wkh �judqg djuhhphqw� rq V� fdqqrw

eh uhsolfdwhg e| dq| vhw ri vpdoohu djuhhphqwv1 �

Surri ri Sursrvlwlrq 81 Vwdwhphqw +d, iroorzv lpphgldwho| iurp Ohppd 51 Vwdwh0

phqw +e, iroorzv iurp Sursrvlwlrq 7 wrjhwkhu zlwk ghohjdwlrq uhvwulfwlqj wkh vhw ri srvvleoh

ghyldwlrqv +suhyhqwlqj vlpxowdqhrxv rqhv,/ wkhuhe| uhgxflqj wkh ydoxh ri wkh ehvw ghyldwlrq

iurp dq| +vhw ri, djuhhphqw+v,1 �

Surri ri Sursrvlwlrq 91 Zkhq ghohjdwlrq lv qrw ihdvleoh FG� @ B
�3B

^\ S
� � \ ?

� ` >

EG� @ \ _
� �\

S
� > dqg hdfk frxqwu| l lv zloolqj wr uhvshfw dq lqwhuqdwlrqdo srolf| djuhhphqw li

EG� � FG�= Zkhq fuhgleoh ghohjdwlrq lv ihdvleoh jdlqv iurp +dq rswlpdo, ghyldwlrq duh vwloo

EG(.u
� @ \ _

� � \ S
� @ EG�/ dv xqrevhuyhg ghohjdwlrq fdq rqo| glvwruw wkh ghyldqw ehkdylru

uhgxflqj vkruw0uxq jdlqv iurp ghyldwlrq/ zkloh revhuyhg ghohjdwlrq uhyhdov wkh ghihfwlrq

djdlq uhgxflqj jdlqv iurp ghyldwlrq +wr \ � ? \ _
� ,1 Lq wkh qrq0frrshudwlyh sxqlvkphqw skdvh/

lqvwhdg/ frxqwulhv duh fdxjkw lqwr wkh ghohjdwlrq Sulvrqhu*v Glohppd rewdlqlqj \ � ? \ ?
�

hdfk shulrg/ vr wkdw wkh frvw ri ghihfwlqj ehfrph FG(.u
� @ B

�3B
^\ S
� � \ �` A FG� pdnlqj
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EG(.u
� � FG(.u

� vwulfwo| ohvv vwulqjhqw wkdq EG� � FG�= �

Surri ri Sursrvlwlrq :1 Frqvlghu wzr v|pphwulf ghprfudflhv dqg d vhsdudeoh lvr0

odwhg +vhw ri, srolf| lvvxh+v, l vxfk wkdw EG� A FG�= Vxssrvh erwk frxqwulhv lqwurgxfh

d odz e| zklfk wkh frqwudfw ri d jryhuqphqw*v ghohjdwh fdq eh rqo| uhqhjrwldwhg li wkh

sduoldphqw ghflghv wr gr vr/ l1h1 zlwk d sxeolf yrwh iroorzlqj d sxeolf glvfxvvlrq1 Frq0

vlghu dq| remhfwlyh ixqfwlrq i+X�+��,,> zlwk i lqfuhdvlqj dqg vxfk wkdw +h1j1 vx!flhqwo|

frqfdyh wr pdnh, EG
s

� � FG
s

� > zkhuh EG
s

� @ i +X�+\�,, � i +X�+[�,, > dqg FG
s

� @

B
�3B

^i +X�+[�,,� i +X�+Q�,,` = Li rqh jryhuqphqw rqo| ghohjdwhv/ hyhu|wklqj uhpdlqv xq0

fkdqjhg dv wkh jryhuqphqw wkdw glg qrw ghohjdwh zrxog ghyldwh iurp dq| djuhhphqw dqg

wklv lv nqrzq wr wkh rwkhu jryhuqphqw*v ghohjdwh1 Li erwk jryhuqphqwv ghohjdwh/ frrshud0

wlrq ehfrphv vxvwdlqdeoh vlqfh i vdwlv�hv EG
s

� � FG
s

� = Rqfh ghohjdwhv vwduw frrshudwlqj

hdfk jryhuqphqw zrxog jdlq li lw frxog vhfuhwo| uhqhjrwldwh wkh ghohjdwlrq frqwudfw/ wdnh

edfn frqwuro rq wkh srolf| lvvxh +ru hvwdeolvk d sul}h iru wkh djhqw li lw ghyldwhv,/ dqg gh0

ihfw xqlodwhudoo|1 Exw vlqfh d sduoldphqwdu| glvfxvvlrq lv qhfhvvdu| iru dq| uhqhjrwldwlrq

wr wdnh sodfh/ wkh rssrqhqw frxqwu|*v ghohjdwh zrxog revhuyh wkdw uhqhjrwldwlrq lv wdnlqj

sodfh ehiruh wkh ghyldwlrq wdnhv sodfh/ dqwlflsdwh wkh uhqhjrwldwlqj jryhuqphqw*v ghyldwlrq/

dqg uhdfw rswlpdoo| e| dovr ghyldwlqj +dv d vwulfwo| grplqdqw vwudwhj|,1 Khqfh uhqhjrwldwlrq

fdqqrw gholyhu vkruw0uxq jdlqv iurp d ghihfwlrq/ zkloh lw lqgxfhv d orvv ri ixwxuh jdlqv iurp

frrshudwlrq1 Vlqfh uhqhjrwldwlrq lv xqsur�wdeoh/ ghohjdwlrq lv fuhgleoh dqg wkh vwdwhphqw

iroorzv1 �
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^4` Deuhjr/ O1/ F1 Shuurql/ M1 Zkdooh| dqg U1 Zljoh/ 4<<:/ Wudgh dqg hqylurqphqw edu0

jdlqlqj rxwfrphv iurp olqnhg qhjrwldwlrqv/ QEHU ZS1 Qr1 95491

^5` Deuhx/ G1/ 4<;;/ Rq wkh wkhru| ri uhshdwhg jdphv zlwk glvfrxqwlqj/ Hfrqrphwulfd 89/

6;606<91

^6` Deuhx/ G1/ 4<;9/ H{wuhpdo htxloleuld ri roljrsrolvwlf vxshujdphv/ Mrxuqdo ri Hfrqrplf

Wkhru| 6</ 4<405581

^7` Dqghuolql/ O1 dqg O1 Ihool/ 4<<;/ Frvwo| edujdlqlqj dqg uhqhjrwldwlrq/ pdqxvfulsw/ Vw1

Mrkq*v Froohjh/ Fdpeulgjh/ dqg Orqgrq Vfkrro ri Hfrqrplfv1

^8` Dxpdqq/ U1M1/ 4<:7/ Vxemhfwlylw| dqg fruuhodwlrq lq udqgrpl}hg vwudwhjlhv/ Mrxuqdo ri

Pdwkhpdwlfdo Hfrqrplfv 4/ 9:0<91

^9` Edjzhoo/ N1 dqg U1Z1 Vwdljhu/ 4<<</ Dq hfrqrplf wkhru| ri JDWW/ Dphulfdq Hfrqrplf

Uhylhz ;</ 548057;1

^:` Edjzhoo/ N1 dqg U1Z1 Vwdljhu/ 4<<3/ D wkhru| ri pdqdjhg wudgh/ Dphulfdq Hfrqrplf

Uhylhz ;3/ ::<0:<81

^;` Eduuhww/ V1/ 4<<7/ Vhoi0hqiruflqj lqwhuqdwlrqdo hqylurqphqwdo djuhhphqwv/ R{irug Hfr0

qrplf Sdshuv 79/ ;:;0;<71

^<` Ehfnhu/ J/ 4<9;/ Fulph dqg sxqlvkphqw= dq hfrqrplf dssurdfk/ Mrxuqdo ri Srolwlfdo

Hfrqrp| :9/ 49<054:1

^43` Ehuqkhlp/ E1G1 dqg P1G1 Zklqvwrq/ 4<<3/ Pxowlpdunhw frqwdfw dqg frooxvlyh ehkdylru/

Udqg Mrxuqdo ri Hfrqrplfv 54/ 40591

^44` Eu|dqw/ U1F1/ 4<<8/ Lqwhuqdwlrqdo Frruglqdwlrq ri Qdwlrqdo Vwdelol}dwlrq Srolflhv/ +Lqwh0

judwlqj Qdwlrqdo Hfrqrplhv= Surplvhv dqg Slwidoov vhulhv/ Eurrnlqjv Lqvwlwxwlrq/ Zdvk0

lqjwrq/ G1F1,1

^45` Fdq}rqhul/ P1E1 dqg G1Z1 Khqghuvrq/ 4<<4/ Prqhwdu| Srolf| lq Lqwhughshqghqw

Hfrqrplhv= d Jdph0wkhruhwlf Dssurdfk/ +Fdpeulgjh/ Pdvvdfkxvhwwv/ P1L1W1 Suhvv,1

^46` Fduudur/ F1 dqg G1 Vlqlvfdofr/ 4<<8/ Srolf| frruglqdwlrq iru vxvwdlqdelolw|= frpplw0

phqwv/ wudqvihuv dqg olqnhg qhjrwldwlrqv/ lq Jroglq/ L1 dqg D1 Zlqwhu +hgv1, Wkh Hfr0

qrplfv ri Vxvwdlqdeoh Ghyhorshphqw/ +Fdpeulgjh/ Fdpeulgjh Xqlyhuvlw| Suhvv,1

^47` Fduudur/ F1 dqg G1 Vlqlvfdofr/ 4<<:/ U1)G1 Frrshudwlrq dqg wkh vwdelolw| ri lqwhu0

qdwlrqdo hqylurqphqwdo djuhhphqwv/ lq Fduudur F1 +hg1, Lqwhuqdwlrqdo Hqylurqphqwdo

Qhjrwldwlrqv= Vwudwhjlf Srolf| Lvvxhv +Fkhowhqkdp/ Hgzdug Hojdu,1
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^48` Fhshgd/ X1I1/ 4<<7/ Lqwhuqdwlrqdo frrshudwlrq dqg wkh zdu rq guxjv/ lq E1P1 Edjoh|

dqg Z1R1 Zdonhu/ Guxj Wud!fnlqj lq wkh Dphulfdv +Qhz Euxqvzlfn/ Pldpl,1

^49` Fhvdu/ K1 dqg D1 gh ]hhxz/ 4<<7/ Lvvxh olqndjh lq joredo hqylurqphqwdo sureohpv/ lq

D1 [hsdsdghdv +hg1,/ Hfrqrplf Srolf| iru wkh Hqylurqphqw dqg Qdwxudo Uhvrxufhv

+Hgzdug Hojdu/ Fkhowhqkdp,1

^4:` Frqfrql/ S1 dqg F1 Shuurql/ 5333/ Lvvxh olqndjh dqg lvvxh wlh0lq lq pxowlodwhudo qhjrwl0

dwlrqv/ Qrwd gl Odyrur Qr1 8:133/ Irqgd}lrqh HQL �Hqulfr Pdwwhl/� Plodqr1

^4;` Frrshu/ U1Q1/ 4<<7/ Hqylurqphqwdo dqg Uhvrxufh Srolflhv iru wkh Zruog Hfrqrp| +Lqwh0

judwlqj Qdwlrqdo Hfrqrplhv= Surplvhv dqg Slwidoov vhulhv/ Eurrnlqjv Lqvwlwxwlrq/ Zdvk0

lqjwrq/ G1F1,1

^4<` Fudzirug/ Y1 dqg K1 Yduldq/ 4<:</ Glvwruwlrq ri suhihuhqfhv dqg wkh Qdvk wkhru| ri

edujdlqlqj/ Hfrqrplf Ohwwhuv 6/ 53605391

^53` Fxuulh/ G1 dqg S1 Ohylqh/ 4<<6/ Uxohv/ Uhsxwdwlrq dqg Pdfurhfrqrplf Srolf| Frrugl0

qdwlrq +Fdpeulgjh Xqlyhuvlw| Suhvv/ Fdpeulgjh/ XN,1

^54` Fxuulh/ G1/ S1 Ohylqh dqg M1 Shduopdq/ 4<<9/ Wkh fkrlfh ri cfrqvhuydwlyh edqnhuv* lq

rshq hfrqrplhv= prqhwdu| uhjlph rswlrqv iru Hxursh/ Wkh Hfrqrplf Mrxuqdo 439/

678068;1

^55` Ghzdwulsrqw/ P1/ 4<;;/ Frpplwphqw wkurxjk uhqhjrwldwlrq0surri frqwudfwv zlwk wklug

sduwlhv/� Uhylhz ri Hfrqrplf Vwxglhv 88/ 6::0<31

^56` Grodgr/ M1/ P1 Jul!wk dqg D1M1 Sdglood/ 4<<7/ Ghohjdwlrq lq lqwhuqdwlrqdo prqhwdu|

jdphv/ Hxurshdq Hfrqrplf Uhylhz 6;/ 438:0439<1

^57` Hghulqjwrq/ M1/ 5333/ Wudgh dqg grphvwlf srolf| olqndjh lq lqwhuqdwlrqdo djuhhphqwv/

pdqxvfulsw/ Xqlyhuvlw| ri Pldpl1

^58` Ihuvkwpdq/ F1 dqg N1O1 Mxgg/ 4<;:/ Htxloleulxp lqfhqwlyhv lq roljrsro|/ Dphulfdq

Hfrqrplf Uhylhz ::/ <5:0<731

^59` Iulhgpdq/ M1 4<:4/ D qrqfrrshudwlyh htxloleulxp iru vxshujdphv/ Uhylhz ri Hfrqrplf

Vwxglhv 5;/ 40451

^5:` Irophu/ K1/ S1 ydq Prxvkh dqg V1 Udjodqg/ 4<<6/ Lqwhufrqqhfwhg jdphv dqg lqwhuqd0

wlrqdo hqylurqphqwdo sureohpv/ Hqylurqphqwdo dqg Uhvrxufh Hfrqrplfv 6/ 64606681

^5;` Ixghqehuj/ G1 dqg M1 Wluroh/ 4<<4/ Jdph Wkhru| +PLW Suhvv/ Fdpeulgjh/ Pdvvdfkxv0

vhwv,1
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^5<` Jlrugdql/ S1 dqg J1 Vsdjqror/ 5334/ Frqvwlwxwlrqv dqg fhqwudo0edqn lqghshqghqfh= dq

remhfwlrq wr �PfFdooxp*v vhfrqg idoodf|/� Zrunlqj Sdshuv lq Hfrqrplfv dqg Ilqdqfh

Qr1 759/ Vwrfnkrop Vfkrro ri Hfrqrplfv +grzqordgdeoh iurp kwws=22vzrshf1kkv1vh2,

^63` Juhhq H1 dqg U1 Sruwhu/ 4<;7/ Qrqfrrshudwlyh frooxvlrq xqghu lpshuihfw sulfh lqirupd0

wlrq/ Hfrqrphwulfd 85/ ;:04331

^64` Kxqjhuirug/ W1/ 4<<4/ JDWW= D frrshudwlyh htxloleulxp lq d qrq0frrshudwlyh wudglqj

uhjlphB/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv 64/ 68:069<1

^65` Mhqvhq/ K1/ 4<<:/ Fuhglelolw| ri rswlpdo prqhwdu| ghohjdwlrq/ Dphulfdq Hfrqrplf Uh0

ylhz ;:/ <440<541

^66` Mrkqvrq/ K1J1/ 4<86/ Rswlpxp wdul�v dqg uhwdoldwlrq/ Uhylhz ri Hfrqrplf Vwxglhv 54/

47504861

^67` Ndw}/ P1/ 4<<4/ Jdph0sod|lqj djhqwv= Xqrevhuydeoh frqwudfwv dv suhfrpplwphqwv/

Udqg Mrxuqdo ri Hfrqrplfv 55/ 63:065;1

^68` Pdjjl/ J1/ 4<<</ Wkh uroh ri pxowlodwhudo lqvwlwxwlrqv lq lqwhuqdwlrqdo wudgh frrshudwlrq/

Dphulfdq Hfrqrplf Uhylhz ;</ 4<305471

^69` PfFdooxp/ E1W1/ 4<<8/ Wzr idoodflhv frqfhuqlqj fhqwudo0edqn lqghshqghqfh/ Dphulfdq

Hfrqrplf Uhylhz ;8/ 53:05441

^6:` PfNleelq/ Z1M1 dqg M1G1 Vdfkv/ 4<<4/ Joredo Olqndjhv= Pdfurhfrqrplf Lqwhughshq0

ghqfh dqg Frrshudwlrq lq wkh Zruog Hfrqrp| +Zdvklqjwrq/ G1F1/ Eurrnlqj Lqvwlwx0

wlrq,1

^6;` Shwhuv/ J1K1 dqg E1I1 Vwdqwrq hgv1/ 4<<4/ Vxvwdlqdeoh djulfxowxudo ghyhorsphqw= Wkh

uroh ri lqwhuqdwlrqdo frrshudwlrq= Surfhhglqjv ri wkh 54vw Lqwhuqdwlrqdo Frqihuhqfh ri

Djulfxowxudo Hfrqrplvwv +Gduprxwk/ Doghuvkrw XN,1

^6<` Srolqvn|/ P1 dqg V1 Vkdyhoo/ 5333/ Wkh hfrqrplf wkhru| ri sxeolf hqirufhphqw ri odz/

Mrxuqdo ri Hfrqrplf Olwhudwxuh 6;/ 780:91

^73` Ulh}pdq/ U1/ 4<<4/ G|qdplf wdul�v zlwk dv|pphwulf lqirupdwlrq/ Mrxuqdo ri Lqwhuqd0

wlrqdo Hfrqrplfv 63/ 59:05;61

^74` Urelqvrq/ M1/ 4<7:/ Ehjjdu0p|0qhljkeru uhphglhv iru xqhpsor|phqw/ lq Hvvd|v rq wkh

Wkhru| ri Xqhpsor|phqw/ 5qg Hglwlrq +Edvlo Eodfnzhoo/ R{irug,> uhsulqwhg lq Uhdglqjv

lq wkh Wkhru| ri Lqwhuqdwlrqdo Wudgh +Jhrujh Doohq dqg Xqzlq/ Orqgrq/ 4<83,1

^75` Vdfkv/ M1/ 4<;:/ Lqwhuqdwlrqdo srolf| frruglqdwlrq= wkh fdvh ri wkh ghyhorslqj frxqwu|

ghew fulvlv/ Q1E1H1U1 Zrunlqj sdshu Q1 55;:1
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^76` Vfkhuhu/ I1P1/ 4<<7/ Frpshwlwlrq Srolflhv iru dq Lqwhjudwhg Zruog Hfrqrp|/ +Lqwhjudw0

lqj Qdwlrqdo Hfrqrplhv= Surplvhv dqg Slwidoov vhulhv/ Eurrnlqj Lqvwlwxwlrq/ Zdvklqj0

wrq/ G1F1,1

^77` Vflwryv}n|/ W1/ 4<75/ D uhfrqvlghudwlrq ri wkh wkhru| ri wdul�v/ Uhylhz ri Hfrqrplf

Vwxglhv <> uhsulqwhg lq Uhdglqjv lq wkh Wkhru| ri Lqwhuqdwlrqdo Wudgh +Jhrujh Doohq

dqg Xqzlq/ Orqgrq,/ 4<831

^78` Vnolydv/ V1G1/ 4<;:/ Wkh vwudwhjlf fkrlfh ri pdqdjhuldo lqfhqwlyhv/ Udqg Mrxuqdo ri

Hfrqrplfv 4;/ 785078;1

^79` Vreho/ M1/ 4<;4/ Glvwruwlrq ri xwlolwlhv dqg wkh edujdlqlqj sureohp/ Hfrqrphwulfd 7</

8<:094<1

^7:` Vsdjqror/ J1/ 4<<</ Rq lqwhughshqghqw vxshujdphv= pxowlpdunhw frqwdfw/ frqfdylw|

dqg frooxvlrq/ Mrxuqdo ri Hfrqrplf Wkhru| ;</ 45:046<1

^7;` Vsdjqror/ J1/ 4<<;/ Suhfrpplwphqwv dqg frrshudwlrq/ pdqxvfulsw/ Vwrfnkrop Vfkrro

ri Hfrqrplfv1

^7<` Vsdjqror/ J1/ 4<<9d/ Rzqhuvkls/ frqwuro/ dqg frooxvlrq/ Zrunlqj Sdshuv lq Hfr0

qrplfv dqg Ilqdqfh Qr1 46</ Vwrfnkrop Vfkrro ri Hfrqrplfv +grzqordgdeoh iurp

kwws=22zzz1vvuq1frp,

^83` Vsdjqror/ J1/ 4<<9e/ Lvvxh olqndjh/ ghohjdwlrq/ dqg lqwhuqdwlrqdo srolf| frrshudwlrq/

Qrwd gl Odyrur Qr1 7<1<9/ Irqgd}lrqh HQL �Hqulfr Pdwwhl/� Plodqr1

^84` Vwdljhu/ U1Z1/ 4<<8/ Lqwhuqdwlrqdo uxohv dqg lqvwlwxwlrqv iru wudgh srolflhv/ lq N1 Urjr�

dqg J1 Jurvvpdq hgv1/ Kdqgerrn ri Lqwhuqdwlrqdo Hfrqrplfv/ Yro1LLL +Hovylhu Vflhqfh/

Dpvwhugdp,1

^85` ydq Gdpph/ H1/ 4<;</ Uhqhjrwldwlrq0surri htxloleuld lq uhshdwhg Sulvrqhu*v Glohppd/

Mrxuqdo ri Hfrqrplf Wkhru| 7:/ 539054:1

^86` Ylfnhuv/ M1/ 4<;8/ Ghohjdwlrq dqg wkh wkhru| ri wkh �up/ Hfrqrplf Mrxuqdo <8 +Vxssoh0

phqw,/ 46;047:1
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