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ABSTRACT

The Equilibrium Ownership of an International Oligopoly*

Mergers and acquisitions (M&A) is the dominant form of Foreign Direct
Investment (FDI), but has received only scarce attention in the theory
literature on trade and investment. This Paper highlights how the international
pattern of ownership of productive assets may depend on features of trade
and production costs. It suggests how high trade costs may be conducive to
national ownership of assets, while international firms may arise at lower trade
costs, contrary to what the ‘tariff jumping’ argument would suggest. It also
shows how private and social incentives for M&A may differ for weak merger
synergies, but converge when synergies are stronger.
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NON-TECHNICAL SUMMARY

Mergers and acquisitions (M&A) is today the dominant form of Foreign Direct
Investment (FDI) in the advanced countries in general and in Europe and the
US, in particular. More than half of foreign company investment take the form
of M&A. For instance, for the period 1989–94 over 80% of US inward FDI
came through M&A. It has also become a major mode of industry restructuring
in response to trade liberalization. For instance, an evaluation of the European
Single Market Program found that M&A constitute the main source of
restructuring, being significantly more important than e.g. internal growth and
decline of firms, or exit and entry.

International M&A in policy-making are often viewed differently to those
involving national firms only. For instance, many countries restrict the right of
foreign individuals and firms to acquire domestic firms. Governments
sometimes allow or encourage mergers between domestic firms that have
adverse effects on domestic consumers, with the aim of promoting
internationally competitive ‘national champions’. There is also an ongoing
debate on the need for international agreements on competition policies that
would prevent discriminatory national merger policies.

Despite the importance of M&A, they have received but scarce attention in the
theory literature on foreign direct investment (FDI) and multinational
enterprises (MNE). The standard economic analysis of FDI and MNEs focuses
on the trade-off between the costs of running international operations in terms
of duplication of plant-specific fixed costs, and the gains from local production
in terms of e.g. lower trade costs. Most of this literature does not explicitly
address the question of whether entry into the foreign market is greenfield, or
through M&A. There is also a recent literature that more directly addresses
aspects of mergers in international markets. Building on the Industrial
Organization (IO) literature on mergers, this line of research considers
mergers between exogenously chosen groups of firms and thus does not yield
any predictions concerning which mergers that will take place, among all
feasible mergers in an international market.

We will in this Paper highlight the role of M&A as determinants of the patterns
of ownership in international oligopolies. Our object of study is a concentrated
international oligopolistic market in which entry is restricted because of firm-
specific ownership advantages of incumbents, such as privileged access to
superior technologies or distribution channels, or ownership of extraction
rights for natural resources, emission rights for environmental pollution,
landing slots at airports, etc. The limited availability of these assets gives rise
to an oligopolistic market structure and provides incentives for firms to merge.



The international feature of the analysis is the assumption that when national
firms export, they face trade costs (widely interpreted) in addition to their
normal production costs. But these costs can be avoided through a merger
with a foreign firm. A central tenant in the FDI literature has been the notion
that these costs provide incentives for firms to avoid trade barriers by
investing in local markets, which here would involve international M&A. A main
observation in this Paper is the fact that in order to asses the impact of the
trade costs on the occurrence of FDI (and thus international M&A), one also
has to take into account how the incentives to form other market structures
are affected by these barriers. Trade costs do tend to make the creation of
transnational firms advantageous. But they also tend to drive up the demand
for the assets in which the FDI would take place, thus making the FDI less
profitable. Why? By sheltering the domestic industry from foreign competition,
the monopolization gains from a concentration among domestic firms
increase. Consequently, high trade barriers increase the willingness of
domestic firms to acquire domestic competitors. It is shown that the latter
effect will dominate the traditional ‘tariff-jumping’ effect in most oligopoly
models, for sufficiently high trade costs and concentrated local market
structures, using our model of endogenous merger determination.

The Paper also seeks to highlight the practice of promoting domestic mergers
in order to create ‘national champions’. It is easy to identify circumstances
under which a particular merger of such a type would increase welfare in an
open economy, while being undesirable in a closed economy, in both cases
comparing with the pre-merger situation. However, the relevant question is
whether this is the most desirable merger. Perhaps the synergies that are to
be achieved through creation of the ‘national champion’ can also be obtained
through other mergers. Which merger would then be the most preferred
socially? It is shown that in the context of the present model of merger
formation, exploitation of fixed costs savings is not a valid rationale for
creating ‘national champions’. But a policy of promoting the ‘national
champion’ may indeed be desirable if mergers reduce variable costs
sufficiently.



WKH HTXLOLEULXP RZQHUVKLS RI DQ

LQWHUQDWLRQDO ROLJRSRO\4 5

Khquln Kruq

Zruog Wudgh Rujdql}dwlrq

Lqvwlwxwh iru Lqwhuqdwlrqdo Hfrqrplf Vwxglhv/ Vwrfnkrop Xqlyhuvlw|

FHSU

Oduv Shuvvrq

Wkh Uhvhdufk Lqvwlwxwh ri Lqgxvwuldo Hfrqrplfv/ Vwrfnkrop

Vhswhpehu 55/ 4<<<

4Rslqlrqv h{suhvvhg lq wklv sdshu duh qrw lqwhqghg wr uh hfw wkrvh ri wkh ZWR1

Zh duh judwhixo iru khosixo glvfxvvlrqv zlwk/ lq sduwlfxodu/ Zloiuhg Hwklhu/ Mrvhsk

Iudqfrlv/ Gdq Nryhqrfn Kdudog Odqj/ Mlp Pdunxvhq dqg Mrkdq Vwhqqhn1 Zh

kdyh dovr ehqh�wwhg iurp xvhixo frpphqwv e| wzr uhihuhhv/ iurp glvfxvvlrqv zlwk

Shgur Eduurv/ Mrkq Ilqjohwrq dqg Wrq| Yhqdeohv/ dqg iurp sduwlflsdqwv lq vhpl0

qduv dw wkh Lqvwlwxwh iru Lqwhuqdwlrqdo Hfrqrplf Vwxglhv/ wkh Xqlyhuvlw| ri Ohxyhq/

wkh Xqlyhuvlw| ri Oxqg/ wkh QEHU Vxpphu Lqvwlwxwh lq Lqwhuqdwlrqdo Wudgh/ wkh

Vwrfnkrop Vfkrro ri Hfrqrplfv/ d FHSU frqihuhqfh rq Frpshwlwlrq dqg Wudgh

Srolf|/ Edufhorqd/ dqg wkh LXL Zrunvkrs rq Pxowlqdwlrqdo Surgxfwlrq1 Ilqdqfldo

vxssruw e| wkh Edqn ri Vzhghq Whufhqwhqdu| Irxqgdwlrq/ dqg Wrp Khgholxv* dqg

Mdq Zdoodqghu*v Uhvhdufk Irxqgdwlrqv/ lv judwhixoo| dfnqrzohgjhg1
5Fruuhvsrqghqfh wr Oduv Shuvvrq/ LXL/ Er{ 8834/ V0447 ;8 Vwrfnkrop/ VZH0

GHQ1 Skrqh= .79; :;687;41 Id{= .79; 994:<9<1 Hpdlo= oduvsClxl1vh



DEVWUDFW= Phujhuv dqg dftxlvlwlrqv +P)D, lv wkh grplqdqw irup ri

Iruhljq Gluhfw Lqyhvwphqw +IGL,/ exw kdv rqo| uhfhlyhg vfdufh dwwhqwlrq lq

wkh wkhru| olwhudwxuh rq wudgh dqg lqyhvwphqw1 Wklv sdshu kljkoljkwv krz

wkh lqwhuqdwlrqdo sdwwhuq ri rzqhuvkls ri surgxfwlyh dvvhwv pd| ghshqg rq

ihdwxuhv ri wudgh dqg surgxfwlrq frvwv1 Lw vxjjhvwv krz kljk wudgh frvwv

pd| eh frqgxflyh wr qdwlrqdo rzqhuvkls ri dvvhwv/ zkloh lqwhuqdwlrqdo �upv

pd| dulvh dw orzhu wudgh frvwv/ frqwudu| wr zkdw wkh �wdul� mxpslqj� dujx0

phqw zrxog vxjjhvw1 Lw lv dovr vkrzv krz sulydwh dqg vrfldo lqfhqwlyhv iru

P)D pd| gl�hu iru zhdn phujhu v|qhujlhv/ exw frqyhujh zkhq v|qhujlhv duh

vwurqjhu1

MHO FODVVLILFDWLRQ QR= I56/ O46

NH\ZRUGV= Lqwhuqdwlrqdo phujhuv/ hqgrjhqrxv pdunhw vwuxfwxuh/ wdul�

mxpslqj IGL
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4 Lqwurgxfwlrq

Phujhuv dqg dftxlvlwlrqv +P)D, frqvwlwxwh wrgd| wkh grplqdqw irup ri

Iruhljq Gluhfw Lqyhvwphqw +IGL, lq wkh dgydqfhg frxqwulhv lq jhqhudo/ dqg

lq Hxursh dqg wkh XV/ lq sduwlfxodu1 Pruh wkdq kdoi ri iruhljq frpsdq|

lqyhvwphqw wdnh wkh irup ri P)D14 Lq 4<<7/ iru lqvwdqfh/ pruh wkdq <3( ri

XV lqzdug IGL fdph wkurxjk P)D/ dqg wkh dyhudjh iru wkh shulrg 4<;<0

<7 zdv ryhu ;3(1 Pruhryhu/ furvv0erughu P)D lq zhvwhuq lqgxvwuldol}hg

frxqwulhv lqyroylqj pdmrulw| kroglqjv zhuh ydoxhg dw '569eq lq 4<<:/ ru

qhduo| 93 ( ri wrwdo IGL15 Lw kdv dovr ehfrph d pdmru prgh ri lqgxvwu|

uhvwuxfwxulqj lq uhvsrqvh wr wudgh olehudol}dwlrq1 Iru lqvwdqfh/ dq hydoxdwlrq

ri wkh Hxurshdq Vlqjoh Pdunhw Surjudp irxqg wkdw P)D frqvwlwxwh wkh

pdlq vrxufh ri uhvwuxfwxulqj/ ehlqj vljql�fdqwo| pruh lpsruwdqw wkdq h1j1

lqwhuqdo jurzwk dqg ghfolqh ri �upv/ ru h{lw dqg hqwu|16

Lqwhuqdwlrqdo P)D duh qrw rqo| txdqwlwdwlyho| lpsruwdqw/ exw lq sro0

lf| pdnlqj wkh| duh riwhq ylhzhg gl�huhqwo| wkdq wkrvh lqyroylqj qdwlrqdo

�upv rqo|1 Iru lqvwdqfh/ pdq| frxqwulhv uhvwulfw wkh uljkw ri iruhljq lqgl0

ylgxdov dqg �upv wr dftxluh grphvwlf �upv/ ru dsso| vshfldo uhvwulfwlrqv wr

iruhljq �upv lq fhuwdlq lqgxvwulhv1 Jryhuqphqwv vrphwlphv doorz ru hqfrxu0

djh phujhuv ehwzhhq grphvwlf �upv wkdw kdyh dgyhuvh h�hfwv rq grphvwlf

frqvxphuv/ zlwk wkh dlp ri surprwlqj lqwhuqdwlrqdoo| frpshwlwlyh �qdwlrqdo

fkdpslrqv�17 Wkhuh lv dovr dq rqjrlqj ghedwh rq wkh qhhg iru lqwhuqd0

wlrqdo djuhhphqwv rq frpshwlwlrq srolflhv1 Lw lv ihduhg wkdw frxqwulhv pd|

xqghuplqh lqwhuqdwlrqdo djuhhphqwv rq wudgh olehudol}dwlrq e| lqfuhdvlqjo|

surprwlqj qdwlrqdo lqwhuhvwv wkurxjk/ iru lqvwdqfh/ phujhu srolflhv glvfulp0

lqdwlqj ehwzhhq grphvwlf dqg lqwhuqdwlrqdo phujhuv18 \hw dqrwkhu h{dpsoh

lv wkh glvfxvvlrq frqfhuqlqj vrph uhfhqw odujh phujhuv ru dftxlvlwlrqv zlwk

4Vhh MHWUR +4<<9,/ dqg XQFWDG +4<<9,1
5XQFWDG +4<<;,1
6Vhh HX +4<<9,1
7 Vxfk frqvlghudwlrqv kdyh ehhq lpsruwdqw lq h1j1 Vzhghq dqg Fdqdgd/ exw dovr

lq odujhu frxqwulhv vxfk dv Iudqfh1 Vhh h1j1 Vfkhuhu +4<<7,/ dqg lwv uhihuhqfh wr
Mhqq| +4<<3,1

8 Vhh/ h1j1/ Hfrqrplf Uhsruw ri wkh Suhvlghqw +4<<8,/ ru RHFG +4<;;/ 4<<8,1
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lqwhuqdwlrqdo glphqvlrqv/ vxfk dv wkrvh lqyroylqj Erhlqj dqg PfGrqqhoo0

Grxjodv/ Fku|vohu dqg Gdlpohu0Ehq}/ Dprfr dqg Eulwlvk Shwurohxp/ dqg

wkh dooldqfh ehwzhhq Dphulfdq Dluolqhv dqg Eulwlvk Dluzd|v1

Ghvslwh wkh lpsruwdqfh ri P)D/ wkh| kdyh uhfhlyhg exw vfdufh dwwhq0

wlrq lq wkh wkhru| olwhudwxuh rq iruhljq gluhfw lqyhvwphqw +IGL, dqg pxowl0

qdwlrqdo hqwhusulvhv +PQH,> wklv olwhudwxuh lv vxuyh|hg lq Pdunxvhq +4<<8,1

Lq whupv ri Gxqqlqj*v +4<::, �Rzqhuvkls0Orfdwlrq0Lqwhuqdol}dwlrq� +ROL,

iudphzrun/ prvw ri wklv olwhudwxuh irfxvhv rq wkh orfdwlrq ghflvlrqv ri �upv/

wdnlqj rzqhuvkls dqg wkh qhhg wr lqwhuqdol}h dv jlyhq1 Lq sdshuv vxfk dv

Pdunxvhq +4<;7,/ Kruvwpdqq dqg Pdunxvhq +4<;:/ 4<<5, dqg Pdunxvhq

dqg Yhqdeohv +4<<9,/ wkh irfxv lv rq wkh wudgh0r� ehwzhhq wkh frvwv ri uxq0

qlqj lqwhuqdwlrqdo rshudwlrqv lq whupv ri gxsolfdwlrq ri sodqw0vshfl�f �{hg

frvwv/ dqg wkh jdlqv iurp orfdo surgxfwlrq lq whupv ri h1j1 orzhu wudgh frvwv1

D fhqwudo txhvwlrq lq wklv olwhudwxuh lv krz surgxfwlrq whfkqrorjlhv/ idfwru

hqgrzphqwv/ wudgh frvwv/ hwf1/ d�hfw �upv* surshqvlw| wr ehfrph lqwhuqd0

wlrqdo1 Prvw ri wklv olwhudwxuh grhv qrw h{solflwo| dgguhvv wkh txhvwlrq ri

zkhwkhu hqwu| lqwr wkh iruhljq pdunhw lv juhhq�hog/ ru wkurxjk P)D1

Wkhuh lv dovr d vpdoo dqg/ prvwo| uhfhqw/ wkhruhwlfdo olwhudwxuh pruh

gluhfwo| dgguhvvlqj dvshfwv ri phujhuv lq lqwhuqdwlrqdo pdunhwv19 Exloglqj rq

wkh Lqgxvwuldo Rujdql}dwlrq +LR, olwhudwxuh rq phujhuv/ wklv olqh ri uhvhdufk

frqvlghuv phujhuv ehwzhhq h{rjhqrxvo| fkrvhq jurxsv ri �upv/ dqg pdlqo|

irfxvhv rq wkh lpsolfdwlrqv iru phujhu uhjxodwlrq1 Li phujhu lqfhqwlyhv duh

wdnhq lqwr frqvlghudwlrq dw doo/ d jurxs ri �upv lv w|slfdoo| vdlg wr kdyh

lqfhqwlyhv wr phujh li wkh sur�wv ri wkh phujhg hqwlw| lq wkh qhz htxloleulxp

lv kljkhu wkdq wkh frpelqhg sur�wv ri wkh phujlqj �upv ehiruh wkh phujhu>

wklv lv wkh wudglwlrqdo fulwhulrq iru phujhu lqfhqwlyhv lq wkh LR olwhudwxuh1 Lw

lv wkxv lpsolflwo| dvvxphg wkdw e| uhmhfwlqj d phujhu/ �upv duh jxdudqwhhg

wkh sur�wv ri wkh lqlwldo vlwxdwlrq/ dqg wkdw li wkh| phujh/ qr rwkhu phujhu

zloo wdnh sodfh1 W|slfdoo|/ qr h{sodqdwlrq lv r�huhg wr zk| rwkhu phujhuv

9 Wklv olwhudwxuh lqfoxghv sdshuv e| Rugryhu dqg Zloolj +4<;9,/ Eduurv dqg
Fdeudo +4<<7,/ Khdg dqg Uhlv +4<<8,/ Ulfkdugvrq +4<<9,/ U|vpdq +4<<:,/ dqg
Kruq dqg Ohylqvrkq +4<<:,1
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fdqqrw wdnh sodfh1

Lq wklv sdshu/ zh zloo kljkoljkw wkh uroh ri P)D dv ghwhuplqdqwv ri

wkh sdwwhuqv ri rzqhuvkls lq lqwhuqdwlrqdo roljrsrolhv1 Rxu remhfw ri vwxg|

lv d frqfhqwudwhg lqwhuqdwlrqdo roljrsrolvwlf pdunhw lqwr zklfk hqwu| lv uh0

vwulfwhg gxh wr �up0vshfl�f rzqhuvkls dgydqwdjhv ri lqfxpehqwv1 Wkhvh

dgydqwdjhv pd|/ iru lqvwdqfh/ vwhp iurp vxshulru whfkqrorjlhv/ sulylohjhg

dffhvv wr glvwulexwlrq fkdqqhov/ ru rzqhuvkls ri h{wudfwlrq uljkwv iru qdwxudo

uhvrxufhv/ hplvvlrq uljkwv iru hqylurqphqwdo srooxwlrq/ odqglqj vorwv dw dlu0

sruwv/ ru vfdufh odqg1 Wkh olplwhg dydlodelolw| ri wkhvh dvvhwv jlyhv ulvh wr dq

roljrsrolvwlf pdunhw vwuxfwxuh/ dqg surylghv lqfhqwlyhv iru �upv wr phujh1

Lq rughu wr fdswxuh d pdunhw ri wklv w|sh/ zh frqvlghu d plqlpdo v|pphw0

ulf prgho ri dq roljrsrolvwlf lqgxvwu|/ zklfk vhoov lwv rxwsxw lq wzr vhjphqwhg

pdunhwv1 Lq rughu wr surgxfh lq wklv lqgxvwu|/ d �upv qhhgv dw ohdvw rqh xqlw

ri dq lqglylvleoh dvvhw/ wkh vxsso| ri zklfk lv �{hg1 Wkh lqwhudfwlrq wdnhv

sodfh lq wzr vwdjhv1 Wkh vwuxfwxuh ri wkh lqgxvwu| lv ghwhuplqhg lq d �uvw

vwdjh/ lq zklfk dvvhw rzqhuv fdq phujh grphvwlfdoo| ru zlwk iruhljq dvvhw

rzqhu+v, lq rughu wr irup �upv1 Lq wkh vhfrqg vwdjh/ wkh uhvxowlqj �upv

frpshwh lq Frxuqrw idvklrq1 Wkh lqwhuqdwlrqdo ihdwxuh ri wkh prgho lv wkdw

zkhq qdwlrqdo �upv h{sruw/ wkh| idfh d wudgh frvw lq dgglwlrq wr wkhlu qru0

pdo surgxfwlrq frvwv1 Wklv frvw fdq eh dyrlghg wkurxjk d phujhu zlwk d

iruhljq �up/ krzhyhu1 Rxu edvlf wdvn lv wr ghwhuplqh wkh sdwwhuq ri phujhuv

lq wklv roljrsrolvwlf lqgxvwu|1

Wr ghwhuplqh wkh sdwwhuq ri phujhuv/ zh hpsor| dq dssurdfk ghyhorshg

lq Kruq dqg Shuvvrq +4<<:,1 Lwv vwduwlqj srlqw lv wkh revhuydwlrq wkdw vlqfh

�upv duh iuhh wr frppxqlfdwh derxw phujhuv/ dqg fdq vljq elqglqj frqwudfwv/

lw lv qdwxudo wr wuhdw phujhu irupdwlrq dv d frrshudwlyh jdph ri frdolwlrq

irupdwlrq +hvshfldoo|/ frqvlghulqj wkh odfn ri d vxlwdeoh qrq0frrshudwlyh uhs0

uhvhqwdwlrq,1 Vwdqgdug frrshudwlyh prghov kdyh d edvlf vkruw0frplqj/ krz0

hyhu/ dqg pxvw eh prgl�hg wr fdswxuh phujhuv lq dq lqwhuhvwlqj zd|1 Zlwk0

rxw jrlqj lqwr ghwdlov/ vwdqgdug frrshudwlyh prghov gr qrw fdswxuh h{whu0
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qdolwlhv ehwzhhq frdolwlrqv1: Krzhyhu/ lq frqfhqwudwhg roljrsrolvwlf pdunhwv/

wkh frqvhtxhqfhv ri rxwvlgh phujhuv zrxog eh h{shfwhg wr eh lpsruwdqw/ dqg

rxu xqghuo|lqj frdolwlrq prgho lv ghvljqhg vr dv wr wdnh wkhvh h{whuqdolwlhv

lqwr dffrxqw1 Rxu dssurdfk kdv vhyhudo dgydqwdjhv1 Iluvw/ lw fdswxuhv wkh

nlqg ri h{whuqdolw| wkdw lv wkh gh�qlqj ihdwxuh ri lpshuihfwo| frpshwlwlyh

pdunhwv1 Vhfrqg/ lw jhqhudol}hv wkh fulwhulrq iru phujhu lqfhqwlyhv hpsor|hg

lq wkh LR phujhu olwhudwxuh/ lq d vhqvh wr eh pdgh fohdu ehorz1 Wklug/ hyhq

wkrxjk lw grhv qrw |lhog suhflvh suhglfwlrqv iru wkh glylvlrq ri sd|r�v lq

phujhuv/ lw vhhpv frqvlvwhqw zlwk wkh lqkhuhqw ihdwxuh ri phujhu irupdwlrq/

l1h1 wkdw sd|r�v +wkh whupv ri wkh phujhu, duh djuhhg xsrq dw wkh wlph zkhq

wkh phujhu lv iruphg1 Lqfrusrudwlqj wklv vlpxowdqhlw| lv d fhqwudo gl!fxow|

lq prgholqj phujhu irupdwlrq1;

Wkh sdshu surfhhgv dv iroorzv1 Vhfwlrq 5 od|v rxw wkh vlpsoh prgho

ri dq lqwhuqdwlrqdo roljrsro|/ dqg wkhq suhvhqwv wkh prgho ri hqgrjhqrxv

ghwhuplqdwlrq ri phujhuv1 Wklv prgho lv hpsor|hg lq wkh hqvxlqj Vhfwlrq

wr ghwhuplqh wkh htxloleulxp sdwwhuq ri rzqhuvkls/ wkdw lv/ wkh htxloleulxp

pdunhw vwuxfwxuh1 Lq Vhfwlrq 7/ zh frqvlghu vrph zhoiduh dvshfwv ri phujhuv

lq lqwhuqdwlrqdo pdunhwv1 Wkh frqfoxglqj glvfxvvlrq lq Vhfwlrq 8 pdnhv vrph

revhuydwlrqv frqfhuqlqj phujhu dqg wudgh srolf|/ zkhq phujhuv duh ylhzhg

dv hqgrjhqrxv1 Lw dovr glvfxvvhv vhyhudo ri wkh zhdnqhvvhv ri wkh dqdo|vlv1

Ilqdoo|/ prvw ri wkh surriv duh lq wkh Dsshqgl{1

5 Wkh prgho

Iru h{srvlwlrqdo vlpsolflw|/ zh zloo zrun zlwk wkh plqlpdo v|pphwulf prgho

lq zklfk hlwkhu qdwlrqdo ru lqwhuqdwlrqdo �upv pd| dulvh1 Wkxv/ ohw wkhuh eh

wzr v|pphwulf frxqwulhv/ D dqg E/ dqg irxu rzqhuv/ hdfk hqgrzhg zlwk dq

: Iru d glvfxvvlrq ri wklv/ vhh h1j1 Vkxeln +4<;6/ s1 687,/ ru Juhhqehuj +4<<7/ s1
463;,1

; Wkhuh duh zhoo0ghyhorshg qrq0frrshudwlyh prghov fdswxulqj wkh dowhuqdwlyh
vfhqdulr/ zkhuh frdolwlrqv duh iruphg �uvw/ dqg rqo| wkhq gr wkh sod|huv ghwhuplqh
wkh glylvlrq ri wkh sd|r�v1 Xqiruwxqdwho|/ wkhvh prghov gr qrw vhhp wr ghvfuleh
phujhu irupdwlrq zhoo1
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lghqwlfdo xqlw ri dq dvvhw qhfhvvdu| iru surgxflqj d krprjhqrxv surgxfw1<

Rzqhuv 4 dqg 5 dqg wkhlu dvvhwv duh orfdwhg lq pdunhw D/ dqg rzqhuv 6 dqg

7 uhvlgh lq pdunhw E zlwk wkhlu dvvhwv1 Wkh lqwhudfwlrq wdnhv sodfh lq wzr

vwdjhv1 Lq wkh �uvw vwdjh/ wkh rzqhuv ghflgh rq wkh irupdwlrq ri wkh �upv

dqg/ lq wkh vhfrqg vwdjh/ wkhvh �upv frpshwh lq dq roljrsrolvwlf lqwhuqdwlrqdo

pdunhw1 Lq Vhfwlrq 514/ zh ghvfuleh wkh lqwhuqdwlrqdo roljrsro| pdunhw/ dqg

lq wkh hqvxlqj Vhfwlrq zh suhvhqw wkh prgho ri hqgrjhqrxv phujhu irupdwlrq1

514 Wkh lqwhuqdwlrqdo roljrsro|

Lq wkh vhfrqg vwdjh/ wkhuh lv dq lghqwlfdo olqhdu ghpdqg s @ 4 � T iru wkh

lqgxvwu|*v surgxfw lq hdfk frxqwu|1 Pdunhwv duh vhjphqwhg rq wkh ghpdqg

vlgh1 Ilupv frpshwh qrq0frrshudwlyho| lq Frxuqrw idvklrq lq wkh wzr pdu0

nhwv/ dqg wkh pdujlqdo frvwv ri surgxfwlrq duh rxwsxw lqghshqghqw +lq rughu

wr nhhs wkh pdunhwv vwudwhjlfdoo| vhsdudwhg,1

Ilupv duh hlwkhu qdwlrqdo/ hpsor|lqj dvvhw+v, iurp rqh frxqwu| rqo|/ ru

lqwhuqdwlrqdo/ xwlol}lqj dvvhwv iurp erwk frxqwulhv1 Qdwlrqdo �upv kdyh d

frvw glvdgydqwdjh w shu xqlw ri rxwsxw/ zkhq vhuylqj wkhlu iruhljq pdunhwv1

Zh dvvxph wkurxjkrxw wkdw 3 � w � 4@5 wr hqvxuh wkdw rxwsxwv duh srvlwlyh1

Lq rughu wr fdswxuh wkh qrwlrq wkdw h{sruwhuv pd| uhgxfh wkhlu wudgh frvwv

e| phujlqj zlwk orfdo surgxfhuv/ zh zloo dvvxph wkdw zkhq rzqhuv edvhg lq

gl�huhqw pdunhwv phujh wkhlu dvvhwv/ wkh phujhg hqwlw| dyrlgv wudgh frvwv lq

erwk pdunhwv143 Wklv dvvxpswlrq lv h{wuhph lq wzr uhvshfwv1 Rqh lv wkdw wkh

wudgh frvwv glvdsshdu frpsohwho| wkurxjk wkh phujhu/ zklfk vlpsol�hv wkh

< Wkh uhvxowv lq wkh sdshu gr qrw txdolwdwlyho| klqjh rq wkh dvvxpswlrq wkdw
wkhuh duh irxu xqlwv ri wkh dvvhw> vhh Kruq dqg Shuvvrq +4<<:, iru pruh ghwdlov rq
wkh xqghuo|lqj prgho ri phujhu irupdwlrq1

43 Zh gholehudwho| dyrlg pdnlqj dq| vshfl�f lqwhusuhwdwlrq ri w1 Krzhyhu/ wkhuh
duh vhyhudo srvvleoh lqwhusuhwdwlrqv1 Wkh prvw lpphgldwh rqh zrxog eh wr ohw lw uhihu
wr sk|vlfdo wudgh frvwv1 Vxfk frvwv fdq eh dyrlghg lq dq lqwhuqdwlrqdo �up/ vlqfh lw
fdq vhoo wr d pdunhw xvlqj lwv orfdo surgxfwlrq idflolw| +dvvhw,1 Wklv lqwhusuhwdwlrq
uhtxluhv wkdw wkhvh idflolwlhv duh qrw pryhg lqwhuqdwlrqdoo| e| wkh phujhu/ zklfk lv
frqvlvwhqw zlwk d vlwxdwlrq zkhuh wkh phujhu jlyhv ulvh wr vdylqjv ri �{hg ryhukhdg
frvwv1 Li wkh phujhu uhgxfhv yduldeoh frvwv/ wkh lqwhusuhwdwlrq pd| eh wkdw wkh
phujhg �up fdq frpelqh nqrzohgjh/ wkxv shuplwwlqj lw wr surgxfh dw d orzhu frvw
lq erwk xqlwv1
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qrwdwlrq dqg wkh dqdo|vlv/ exw lv ri qr ixqgdphqwdo lpsruwdqfh1 Wkh rwkhu

lv wkdw lw grhv qrw pdwwhu zkhwkhu rqh ru wzr iruhljq dvvhwv phujh zlwk d

grphvwlf dvvhw= lq erwk fdvhv wudgh frvwv glvdsshdu hqwluho|1 Wklv dvvxpswlrq

lv ohvv lqqrfxrxv exw lv dqdo|wlfdoo| frqyhqlhqw/ vlqfh lw vljql�fdqwo| uhgxfhv

wkh qxpehu ri pdunhw vwuxfwxuhv wr eh frqvlghuhg1

Wkh v|pphwu| ri wkh prgho lpsolhv wkdw wkhuh duh 48 srvvleoh rzqhuvkls

vwuxfwxuhv wkdw fdq eh glylghg lqwr < fdwhjrulhv ru �pdunhw vwuxfwxuhv�/

zkhuh �upv zlwk wkh vdph dprxqw ri surgxfwlyh dvvhwv pdnh wkh vdph sur�wv

zlwklq hdfk fdwhjru|=

41 Wkh ixoo| ghfhqwudol}hg vwuxfwxuh= P�
@ i4> 5> 6> 7j1

51 Wkh wulrsro| zlwk rqo| d grphvwlf phujhu= PA
@ i45> 6> 7j1

61 Wkh wulrsro| zlwk rqo| d iruhljq phujhu= PL
@ i4> 5> 67j1

71 Wulrsrolhv zlwk lqwhuqdwlrqdo phujhuv= PT
@ i46> 5> 7j/Pf

@ i4> 57> 6j/

Pt
@ i4> 56> 7j/ dqg P~

@ i47> 5> 6j1

81 Wkh gxrsro| zlwk wzr qdwlrqdo phujhuv= P�
@ i45> 67j1

91 Wkh gxrsro| vwuxfwxuhv zlwk wzr lqwhuqdwlrqdo phujhuv= PU
@ i46> 57j

dqg PU�

@ i47> 56j1

:1 Wkh dv|pphwulf gxrsro| vwuxfwxuhv zkhuh wkuhh dvvhwv duh phujhg zlwk

d grphvwlf eldv= PM
@ i456> 7j dqg PM�

@ i457> 6j=

;1 Wkh dv|pphwulf gxrsro| vwuxfwxuhv zkhuh wkuhh dvvhwv duh phujhg zlwk

d iruhljq eldv= P8
@ i467> 5j dqg P8 �

@ i4> 567j1

<1 Wkh frpsohwho| prqrsrol}hg vwuxfwxuh= P�
@ i4567j1

Lq rughu wr vdyh rq qrwdwlrq/ zh khqfhiruwk uhihu wr hdfk ri wkhvh fdwhjrulhv

e| uhihuulqj wr wkhlu uhvshfwlyh �uvw vwuxfwxuh/ dv idu dv wklv lv srvvleoh1

Wkhuh duh wkxv wzr nlqgv ri dv|pphwulhv ehwzhhq �upv1 Wkh �uvw lv

ehwzhhq qdwlrqdo dqg lqwhuqdwlrqdo �upv � wkh iruphu/ exw qrw wkh odwwhu/

idfhv wkh wudgh frvw w1 Wkh vhfrqg lv ehwzhhq �upv zlwk gl�huhqw dprxqwv

9



ri dvvhwv/ dqg khuh zh zloo frqvlghu wkuhh gl�huhqw zd|v lq zklfk wkh dprxqw

ri dvvhwv ri d �up d�hfw lwv frvwv1 Krzhyhu/ wkh prgho lv frpsohwho| v|p0

phwulf lq wkh vhqvh ri rzqhuv kdylqj v|pphwulf dffhvv wr whfkqrorj| dqg wr

sduwqhuv1 Wkh sxusrvh ri wklv v|pphwu| lv wr kljkoljkw krz wkh lqfhqwlyhv

wr irup hlwkhu grphvwlf ru lqwhuqdwlrqdo phujhuv duh lq xhqfhg e| wkh wudgh

frvw1

Wkh prgho kdv wkh surshuw| wkdw zkhqhyhu d prqrsro| pdnhv d odujhu

sur�w wkdq wkh frpelqhg sur�wv ri doo �upv lq pruh ghfhqwudol}hg pdunhw

vwuxfwxuhv/ d prqrsro| zloo eh iruphg/ li shuplwwhg1 Zh vhh wklv dv d gh0

vludeoh ihdwxuh/ frqvlghulqj wkdw zkhq iruplqj phujhuv/ rzqhuv duh iuhh wr

frppxqlfdwh/ dqg wr zulwh elqglqj frqwudfwv vshfli|lqj zkdwhyhu glvwulex0

wlrq ri sur�wv wkh| ghvluh1 Krzhyhu/ zh duh qrw lqwhuhvwhg lq fdvhv zkhuh

d prqrsro| lv iruphg/ vlqfh zh duh frqfhuqhg zlwk wkh glvwlqfwlrq/ li dq|/

ehwzhhq grphvwlf dqg lqwhuqdwlrqdo phujhuv1 Wkhuh duh wzr edvlf zd|v lq

zklfk d prqrsro| fdq eh uxohg rxw1 Rqh lv wr dvvxph wkdw wkh prqrsro|

pdnhv d vpdoohu sur�w wkdq wkh frpelqhg sur�wv ri ohvv frqfhqwudwhg vwuxf0

wxuhv1 Wklv pljkw eh gxh wr h1j1 rujdql}dwlrqdo lqh!flhqflhv wkdw lqfuhdvh

zlwk wkh devroxwh vl}h ri wkh �up ru zlwk odfn ri frpshwlwlrq/ dv hpskdvl}hg

e| Sruwhu +4<;8,1 Lq wkhvh fdvhv/ wkh devhqfh ri wkh prqrsro| rxwfrph

zrxog eh hqgrjhqrxv wr wkh prgho/ exw zrxog kdyh wr eh yhul�hg lq hdfk

sduwlfxodu fdvh1 Iru vlpsolflw|/ zh wkhuhiruh dvvxph wkdw d prqrsro| zrxog

qrw eh shuplwwhg e| frpshwlwlrq dxwkrulwlhv1

Ohw P ghqrwh wkh vhw ri shuplwwhg rzqhuvkls vwuxfwxuhv/ hqfrpsdvvlqj

doo deryh0phqwlrqhg vwuxfwxuhv h{fhsw d prqrsro|/ dqg ohw wkh sur�wv ri �up

n lq pdunhw vwuxfwxuh P � eh ghqrwhg ��&/ hwf11

515 Wkh irupdwlrq ri �upv

Zh qrz wxuq wr wkh �uvw vwdjh ri wkh lqwhudfwlrq1 Wkh phujhu irupdwlrq lv

wuhdwhg dv d frrshudwlyh jdph ri frdolwlrq irupdwlrq144 D fhqwudo frqfhsw lv

44 Wkh prgho sduwo| uholhv rq dq dssurdfk +sduwlwlrq ixqfwlrq irup jdphv, ghyho0
rshg e| Wkudoo dqg Oxfdv +4<96,/ dqg uhfhqwo| hpsor|hg lq wkh frqwh{w ri phujhuv
e| Hvslqr}d dqg Lqduud +4<<9,1 Lw lv h{suhvvhg dv dq �devwudfw v|vwhp�/ d frq0

:



wkh �grplqdqfh uhodwlrq� grp1 Wkh lghd lv wkdw li d pdunhw vwuxfwxuh P � lv

grplqdwhg e| dqrwkhu vwuxfwxuh P �/ wkh iruphu zloo qrw eh wkh rxwfrph ri

wkh phujhu jdph/ vlqfh lw lv lq wkh lqwhuhvw ri wkh �upv zlwk srzhu � zkr lq

rxu whuplqrorj| duh �ghflvlyh� zlwk uhvshfw wr P � dqg P � � wr hqirufh P �

zkhqhyhu P � wkuhdwhqv wr eh wkh dowhuqdwlyh1 Wkh phujhu prgho kdv wkuhh

edvlf frpsrqhqwv= +l, d vshfl�fdwlrq ri wkh rzqhuv ghwhuplqlqj zkhwkhu rqh

vwuxfwxuh grplqdwhv dqrwkhu vwuxfwxuh> +ll, d fulwhulrq iru ghwhuplqlqj zkhq

wkhvh rzqhuv suhihu wkh iruphu vwuxfwxuh wr wkh odwwhu> dqg +lll, d vwdelolw|

+vroxwlrq, fulwhulrq wkdw vhohfwv wkh rzqhuvkls vwuxfwxuhv vhhq dv vroxwlrqv

wr wkh phujhu irupdwlrq jdph rq edvlv ri doo sdluzlvh grplqdqfh udqnlqjv1

Zkhq iruplqj d phujhu lq wkh �uvw vwdjh/ sduwlflsdwlqj rzqhuv fdq iuhho|

fkrrvh krz wr glvwulexwh wkh �up*v sur�w dprqj wkhpvhoyhv1 Wkh rqo| frq0

vwudlqw lpsrvhg rq wkhvh sd|r�v lv wkdw hdfk �up glvwulexwhv h{dfwo| wkh

sur�w lw pdnhv lq wkh surgxfw pdunhw frpshwlwlrq vwdjh wr lwv rzqhu+v,1

Ghflvlyh rzqhuv

Zh zdqw wr gh�qh rxu grplqdqfh uhodwlrq vr wkdw iru vrph pdunhw vwuxf0

wxuh P � wr grplqdwh ru eorfn dqrwkhu vwuxfwxuh P �/ doo rzqhuv lqyroyhg lq

iruplqj dqg euhdnlqj xs phujhuv ehwzhhq wkh wzr vwuxfwxuhv/ lq vrph vhqvh

suhihu wkh grplqdwlqj vwuxfwxuh wr wkh rwkhu vwuxfwxuh1 Zklfk rzqhuv vkrxog

wkhq eh h{shfwhg wr eh deoh wr lq xhqfh zkhwkhuP � grplqdwhvP �B Rzqhuv

ehorqjlqj wr lghqwlfdo frdolwlrqv lq wkh wzr vwuxfwxuhv fdqqrw d�hfw zkhwkhu

P � zloo eh iruphg lqvwhdg ri P �/ vlqfh sd|phqwv ehwzhhq frdolwlrqv duh qrw

doorzhg1 Exw doo uhpdlqlqj rzqhuv fdq lq xhqfh wklv fkrlfh1 Hlwkhu wkh|

sduwlflsdwh lq d qrq0vlqjohwrq frdolwlrq lq vwuxfwxuh P � wkdw glg qrw h{lvw lq

wklv irup lq wkh rwkhu vwuxfwxuh � wklv uhtxluhv wkh frqvhqw ri doo phpehuv

ri wkh frdolwlrq wr eh iruphg1 Ru/ li wkh| vwdqg dorqh lq vwuxfwxuh P �/ dqg

wkxv orvh sduwqhuv e| prylqj iurpP � wrP �/ wkh| fdq r�hu wr iruhjr vxusoxv

lq vwuxfwxuh P �> lq rughu wr suhyhqw P � iurp ehlqj iruphg1 Iru lqvwdqfh/

iru vwuxfwxuh PM
@ i456> 7j wr grplqdwh vwuxfwxuh P�

@ i45> 67j/ lw lv

fhsw ruljlqdwlqj iurp yrq Qhxpdqq dqg Prujhqvwhuq +4<7:,1 Iru d pruh h{whqvlyh
glvfxvvlrq/ vhh Juhhqehuj +4<<7,1

;



qrw rqo| uhtxluhg wkdw rzqhuv 4/ 5 dqg 6 suhihu PM wr P� 1 Li rzqhu 7 lv

dgyhuvho| d�hfwhg e| wkh irupdwlrq ri PM > wklv rzqhu pljkw zdqw wr shu0

vxdgh rzqhu 6 wr uhpdlq lq vwuxfwxuh P� 1 Dv d frqvhtxhqfh/ rzqhu 6 pd|

ghpdqg d odujh vkduh ri wkh mrlqw sur�w lq vwuxfwxuh PM iurp rzqhuv 4 dqg

5/ wr eh zloolqj wr iruhjr zkdw 7 lv r�hulqj iru P� wr eh iruphg1 Khqfh/ e|

ehlqj olqnhg wr rzqhu 6 lq vwuxfwxuh P� / 7 lv deoh wr �edujdlq� zlwk 4 dqg

5 ryhu 6*v sduwlflsdwlrq lq d phujhu1 Zh vd| wkdw rzqhuv zkr duh olqnhg wklv

zd| lq d grplqdqfh udqnlqj ehwzhhq wzr vwuxfwxuhv P � dqg P � / ehorqj wr

wkh vdph ghflvlyh jurxs ri rzqhuv zlwk uhvshfw wr pdunhw vwuxfwxuhv P � dqg

P
� / ghqrwhg e| G��

} 1 Jhqhudoo| vshdnlqj/ wklv vhw ri rzqhuv lv rewdlqhg e|

iruplqj d xqlrq ri �upv lqP � dqg d xqlrq ri �upv lq P �/ vxfk wkdw wkh wzr

xqlrqv wkxv iruphg frqwdlq wkh vdph vhw ri rzqhuv/ wkh wzr xqlrqv gr qrw

kdyh dq| �upv lq frpprq/ dqg wkhuh lv qr vxevhw ri wkh vhw wkxv iruphg wkdw

fdq eh frqvwuxfwhg lq wkh vdph zd|1 Lq jhqhudo/ wkhuh pd| h{lvw pruh wkdq

rqh vxfk jurxs ri rzqhuv zkr duh lqwhuqdoo| olqnhg lq wkh wzr vwuxfwxuhv/

exw zkhuh wkh jurxsv kdyh qr rzqhuv lq frpprq � wklv lv lqglfdwhg e| wkh

vxevfulsw j145

Wkh irupdo gh�qlwlrq ri d ghflvlyh jurxs pd| dsshdu vrphzkdw rsdtxh1

Krzhyhu/ wkh frqfhsw lwvhoi lv vwudljkwiruzdug/ dqg lq �sudfwlfh� lw lv yhu|

hdv| wr �qg wkh ghflvlyh jurxsv1 Iru lqvwdqfh/ lq d grplqdqfh udqnlqj ri

PA
@ i45> 6> 7j dqg P�

@ i4> 5> 6> 7j> rzqhuv 6 dqg 7 ehorqj wr lghqwlfdo

�upv lq erwk vwuxfwxuhv/ dqg khqfh/ duh qrw ghflvlyh1 Wkh rqo| ghflvlyh jurxs

z1 u1 w1 wkhvh wzr vwuxfwxuhv lv khqfh GA�
�

@ i4> 5j= Ru/ lq d grplqdqfh

udqnlqj ri PA
@ i45> 6> 7j dqg PL

@ i4> 5> 67j/ rzqhuv 4 dqg 5 ehorqj wr

gl�huhqw �upv lq wkh wzr vwuxfwxuhv/ dv gr rzqhuv 6 dqg 71 Khqfh/ doo irxu

rzqhuv ehorqj wr d ghflvlyh jurxs1 Exw vlqfh �upv 4/ 5 dqg 45/ rq wkh rqh

45 Irupdoo|/ ohw Nm eh wkh vhw ri doo �upv +frdolwlrqv, lq P m / dqg ohw Kl eh d
vxevhw ri wkh �upv +frdolwlrqv, lq P l= Kl � Nl1 Ixuwkhupruh/ ohw R+Kl, eh wkh
vhw ri rzqhuv sduwlflsdwlqj lq wkh frdolwlrqv lq Kl1 Gh�qh Km � Nm dqg R+Km,
dqdorjrxvo|1 Glm

j +@ Gml
j ,/ dqg wkh dvvrfldwhg vhwv ri �upv Kl

g dqg Km

g/ wkhq ixo�oo
wkh iroorzlqj surshuwlhv=
41 Glm

j @ R+Kl
g, @ R+Km

g, 9@ >1

51 Kl
g _K

m

g @ >1
61 CG � Glm

j m G ixo�oov 4 dqg 51

<



kdqg/ dqg 6/ 7/ dqg 67/ rq wkh rwkhu/ gr qrw kdyh dq| rzqhuv lq frpprq/

dqg wkxv fdqqrw wudqvihu dq| uhvrxufhv ehwzhhq wkhp/ wkhuh duh wzr ghflvlyh

jurxsv/ GAL
�

@ i4> 5j dqg GAL
2

@ i6> 7j1

Grplqdqfh

Kdylqj lghqwl�hg wkh rzqhuv zkr ghflgh zkhwkhu rqh pdunhw vwuxfwxuh

grplqdwhv dqrwkhu/ zh qrz frph wr wkh vhfrqg fhqwudo txhvwlrq= zkhq

vkrxog wkh vhw ri ghflvlyh rzqhuv eh vdlg wr suhihu rqh vwuxfwxuh wr dq0

rwkhuB Zh zloo vd| wkdw P �
grplqdwhv P �

yld d ghflvlyh jurxs li dqg rqo|

li wkh frpelqhg sur�w ri wkh ghflvlyh jurxs lv odujhu lq P � wkdq lq P �1 Exw/

zlwk pruh wkdq rqh ghflvlyh jurxs/ wkhvh jurxsv pd| grplqdwh lq rssr0

vlwh gluhfwlrqv1 Zh wkhuhiruh uhtxluh wkdw iru P � wr grplqdwh P �/ zulwwhq

P � grp P �/ grplqdwlrq krogv iru hdfk ghflvlyh jurxs zlwk uhvshfw wr P �

dqg P �= Qrwh wkdw zh fdqqrw vlpxowdqhrxvo| erwk kdyh wkdw P � grp P �

dqg P � grp P �> l1h1/ wkh grp uhodwlrq lv dv|pphwulf1

Htxloleulxp rzqhuvkls vwuxfwxuhv

Wkh gh�qlwlrq ri ghflvlyh jurxsv dqg ri wkh grp uhodwlrq ghvfulehv krz

wr udqn dq| sdlu ri rzqhuvkls vwuxfwxuhv1 Lw uhpdlqv wr vshfli| krz wkhvh

udqnlqjv vkrxog eh hpsor|hg lq rughu wr suhglfw wkh rxwfrph ri wkh phujhu

irupdwlrq1 Wr wklv hqg/ gh�qh wkrvh vwuxfwxuhv wkdw duh xqgrplqdwhg/ l1h1/

wkdw duh lq wkh fruh/ dv Htxloleulxp Rzqhuvkls Vwuxfwxuhv +HRV,146 Rf0

fdvlrqdoo|/ zh zloo dovr uhihu wr �htxloleulxp pdunhw vwuxfwxuhv�/ phdqlqj

pdunhw vwuxfwxuhv lqgxfhg e| wkh vhw ri HRV1 Gxh wr wkh v|pphwu| ri wkh

xqghuo|lqj roljrsro| prgho/ wkh vhw ri HRV pd| frpsulvh gl�huhqw rzqhu0

vkls vwuxfwxuhv jlylqj ulvh wr wkh vdph pdunhw vwuxfwxuh1 Iru lqvwdqfh/ wkh

wzr rzqhuvkls vwuxfwxuhv PU @ i46> 57j dqg P U�

@ i47> 56j duh gl�huhqw

46 Irupdoo|/ HRV lv wkh vhw PqiP 3 5P m <P 5P vxfk wkdw P grp P
3j1

Wkh fruh vroxwlrq frqfhsw odfnv iduvljkwhgqhvv= rqh frdolwlrq vwuxfwxuh pd| eh

grplqdwhg e| dqrwkhu vwuxfwxuh/ zklfk lq wxuq lv grplqdwhg e| d wklug1 Lw pljkw

eh dujxhg wkdw wkh �uvw grplqdwlrq lq wklv fkdlq lv qrw fuhgleoh/ vlqfh lw frphv

wkurxjk grplqdwlrq e| d vwuxfwxuh wkdw lv lwvhoi grplqdwhg/ dqg wkdw wkxv fdqqrw

eh sduw ri wkh vroxwlrq1 Dv d frqvhtxhqfh/ wkh vhw ri vroxwlrqv ehfrphv xqqhfhvvdulo|

uhvwulfwhg1 Wklv sulfh lv sdlg wr dyrlg dq h{wuhpho| frpsolfdwhg iruzdug0orrnlqj

dqdo|vlv/ krzhyhu1
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iurp wkh srlqw ri ylhz ri rzqhuvkls1 Exw/ vlqfh wkh| jlyh ulvh wr wkh vdph

pdunhw vwuxfwxuh/ wkh phujhu irupdwlrq prgho fdqqrw glvwlqjxlvk ehwzhhq

wkh wzr1 Wkxv/ zkloh wkh vhw ri HRV pd| frqvlvw ri xs wr 47 rzqhuvkls

vwuxfwxuhv/ wkh pd{lpxp qxpehu ri srvvleoh pdunhw vwuxfwxuhv lv vpdoohu1

516 Wkh uhodwlrqvkls wr wudglwlrqdo phujhu dqdo|vlv

Lw vkrxog eh qrwhg wkdw wkh prgho ri phujhu irupdwlrq ghvfulehg deryh lq0

foxghv wkh wudglwlrqdo fulwhulrq iru phujhu lqfhqwlyhv/ ruljlqdwlqj lq Vwljohu

+4<97/ 4<:4, dqg Vdodqw hw do +4<;6,/ dv d vshfldo fdvh1 Lw dulvhv zkhq P �

lv d vwulfw frqfhqwudwlrq ri P � uhvxowlqj iurp d vlqjoh phujhu1 Lq wklv fdvh/

rxu fulwhulrq frlqflghv h{dfwo| zlwk wkh wudglwlrqdo fulwhulrq1 Wkh suhvhqw

dqdo|vlv lv d jhqhudol}dwlrq lq wzr uhvshfwv/ krzhyhu1 Iluvw/ wkh grplqdqfh

uhodwlrq hpsor|hg khuh lv pruh jhqhudo wkdq wkh grplqdqfh uhodwlrq lpsolf0

lwo| hpsor|hg lq wkh wudglwlrqdo fulwhulrq lq wzr zd|v1 Lw fdq eh dssolhg wr

vlwxdwlrqv zlwk pruh wkdq rqh frqfhqwudwlyh phujhu/ dqg lw shuplwv grpl0

qdqfh udqnlqjv ehwzhhq rzqhuvkls vwuxfwxuhv zkhuh qhlwkhu lv d vwulfw frq0

fhqwudwlrq ri wkh rwkhu1 Vhfrqg/ wkh vhw ri ihdvleoh vwuxfwxuhv wr zklfk wkh

grplqdqfh fulwhulrq lv dssolhg frqwdlqv d pxfk odujhu qxpehu ri vwuxfwxuhv

wkdq wkh wzr vwuxfwxuhv doorzhg lq wkh wudglwlrqdo dqdo|vlv1 Lq erwk uhvshfwv

wkh suhvhqw prgho jhqhudol}hv wkh wudglwlrqdo dssurdfk wr phujhu dqdo|vlv1

6 Htxloleulxp rzqhuvkls vwuxfwxuhv

Zh duh qrz vhw wr ghulyh wkh htxloleulxp rzqhuvkls vwuxfwxuhv lq wkh lqwhuqd0

wlrqdo roljrsro| odlg rxw deryh1 Wr wklv hqg/ zh hpsor| wkuhh vshfl�fdwlrqv

ri wkh �phujhu whfkqrorj|�/ l1h1/ ri wkh zd| lq zklfk phujhuv kdyh dq lpsdfw

rq �upv* frvwv1 Dvvxph �uvw wkdw �upv surgxfh dw }hur frvwv1 Wkhuh duh

wkxv qr rwkhu vdylqjv iurp phujhuv wkdq srvvleo| vdylqjv ri wudgh frvwv/ vr

wkdw sxuho| grphvwlf phujhuv gr qrw jlyh ulvh wr dq| frvw vdylqjv1 Wklv zloo

eh uhihuuhg wr dv wkh Wudgh Frvw Vdylqjv +WFV, Prgho1

Wkh iroorzlqj sduwldo fkdudfwhul}dwlrq ri wkh vhw ri HRV lq wklv prgho lv
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suryhg lq wkh Dsshqgl{=

Sursrvlwlrq 4 Lq wkh WFV Prgho/ wkh HRV lv=

+l, PU li 4@48 ? w ? 4@6/

+ll, P� li +
s
67� 8,@5 ? w ? 4@51

Sursrvlwlrq 4 srlqwv wr wkuhh qrwhzruwk| ihdwxuhv1 D �uvw/ exw idu iurp

wulyldo/ revhuydwlrq lv wkdw wkh vhw ri HRV lv qrq0hpsw| iru d vljql�fdqw vhw

ri ydoxhv ri wkh wudgh frvw147 Lw fdq dovr eh vkrzq wkdw wkhuh duh ydoxhv iru

zklfk wklv vhw lv hpsw|> lq wkhvh fdvhv/ wkh lqwudqvlwlylw| ri wkh grplqdqfh

uhodwlrq lpsolhv wkdw doo rzqhuvkls vwuxfwxuhv duh grplqdwhg148 Exw/ iru

wkh uhpdlqlqj ydoxhv ri wkh wudgh frvw/ wkh prgho lv/ lq wklv vhqvh/ �zhoo0

ehkdyhg�1

Vhfrqg/ dv qrwhg deryh/ d fhqwudo lghd lq wkh olwhudwxuh rq IGL lv wkh qr0

wlrq wkdw kljk wudgh eduulhuv lqgxfh �upv wr ehfrph lqwhuqdwlrqdo149 Exw/ wkh

Sursrvlwlrq vxjjhvwv wkh rssrvlwh/ qdpho| wkdw kljk wudgh eduulhuv lqvwhdg

ohdg wr grphvwlf rzqhuvkls ri wkh dvvhwv/ frqwudu| wr wkh �wdul�0mxpslqj�

dujxphqw$ Wklv uhvxow lv qrw gxh wr wkh olplwhg qxpehu ri rzqhuv ghslfwhg

lq wkh prgho> lw iroorzv iurp wkh dqdo|vlv lq Kruq dqg Shuvvrq +4<<:, wkdw

wkh qxpehu ri rzqhuv lv lppdwhuldo wr wkh uhvxow1 Qru grhv wkh uhvxow klqjh

47 Lw fdq eh vkrzq wkdw wkh vhw ri HRV lv dovr qrq0hpsw| iru 4@6 � w � 5@8/ dqg
frpsulvhv pruh wkdq rqh vwuxfwxuh1 Iru lqvwdqfh/ iru 4@6 � w � 5@8/ PL dqg PY

gr qrw grplqdwh hdfk rwkhu vlqfh wkh djjuhjdwh sur�wv iru wkh ghflvlyh jurxsv duh
h{dfwo| wkh vdph1 Pruhryhu/ lw fdq eh vkrzq wkdw erwk vwuxfwxuhv duh xqgrplqdwhg
lq wklv lqwhuydo1 Krzhyhu/ lq wkh qh{w vhfwlrq lw lv hvwdeolvkhg wkdw hyhq iru d yhu|
vpdoo �{hg frvw vdylqj iurp wkh phujhu/ wkh xqltxh irup ri HRV lv P L lq wklv
lqwhuydo1 Vlqfh wklv prgho lv rqo| lqwhqghg wr srlqw wr fhuwdlq lpsolfdwlrqv ri wkh
wudgh frvw/ iru wkh vdnh ri euhylw| zh uhiudlq iurp ixoo| fkdudfwhul}lqj wkh vhw ri
HRV1

48 Lw fdq eh vkrzq wkdw P L grp P l/ l 9@ Y>[> \> ] iru w ? 4

6
/ dqg wkdw P l

grp P L / l @ Y>[> \> ] iru w ? 4

48
= Wkxv PY > P[ / P\ dqg P] duh wkh rqo|

fdqglgdwhv dv HRV1 Exw/ lw lv dovr wkh fdvh wkdw PR grp P l/ l @ Y>[> \> ] iru
w ? 4

48
= Frqvhtxhqwo| wkhuh h{lvwv qr HRV iru w ? 4

48
= Wkh vdph w|sh ri uhdvrqlqj

dssolhv iru w 5 +5
8
> +
s
67 � 8,@5,> dqg khqfh wkhuh lv qr HRV lq wklv uhjlrq hlwkhu1

Lw lv vkrzq lq wkh qh{w vhfwlrq wkdw li �{hg frvw vdylqjv duh dvvrfldwhg zlwk wkh
phujhu/ wklv qrq0h{lvwhqfh dulvhv rqo| iru d vpdoo udqjh ri �{hg frvwv1

49 Lq wkh irupdo PQH olwhudwxuh/ vxfk dv h1j1 Kruvwpdqq dqg Pdunxvhq +4<<5,/
frvw v|qhujlhv duh dovr qhfhvvdu| lq rughu iru lqwhuqdwlrqdo �upv wr dulvh1
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rq wkh sduwlfxodu phujhu whfkqrorj| lq wkh WFV Prgho/ dv zloo eh vkrzq

ehorz1

Ilqdoo|/ qrwh wkdw lq wkh wudglwlrqdo phujhu dqdo|vlv/ wkhuh zrxog eh qr

phujhu iru w orz hqrxjk/ xqohvv prqrsro| zdv doorzhg/ l1h1 P
� zrxog

eh wkh htxloleulxp vwuxfwxuh1 Wkh uhdvrq zk| wklv lv qrw wkh fdvh khuh lv

wkdw rxu grplqdqfh uhodwlrq lv pruh jhqhudo wkdq wkh rqh hpsor|hg lq wkh

wudglwlrqdo fulwhulrq/ vlqfh lw fdq eh dssolhg wr vlwxdwlrqv zlwk pruh wkdq rqh

frqfhqwudwlyh phujhu1 PU grplqdwhv P� iru 4@48 ? w ? 4@6 vlqfh wkhuh duh

wzr vhsdudwh phujhuv zkhq prylqj iurp P� wr PU 1 Zkhq rzqhu 4 dqg 6

phujh/ wkh| orvh sur�wv/ dv lq wkh Vdodqw0Vzlw}hu0Uh|qrog iudphzrun/ gxh wr

wkh h{sdqvlrq ri rxwsxw e| rxwvlghuv1 Krzhyhu/ wkh| jdlq iurp wkh phujhu

ehwzhhq rzqhuv 5 dqg 71 Wkh wrwdo h�hfw rq sur�wv ri wkhvh wzr phujhuv lv

srvlwlyh/ dqg PU wkxv grplqdwhv P�=

614 HRV zkhq frqfhqwudwlrq |lhogv vdylqjv ri �{hg frvw

Wkh vwdqgdug lqgxfhphqw iru phujhuv lq Frxuqrw prghov lv �{hg frvw vdy0

lqjv1 Wr fdswxuh wklv lqfhqwlyh/ dvvxph wkdw hdfk �up idfhv d �{hg frvw

i A 3> zkloh yduldeoh surgxfwlrq frvwv frqwlqxh wr eh }hur dv lq wkh suhylrxv

prgho14: D �up*v wrwdo frvwv wkxv frqvlvw ri wkh �{hg frvw/ dqg d wudgh

frvwv w A 3 shu xqlw h{sruwhg/ dv orqj dv wkh �up grhv qrw sduwlflsdwh lq

dq lqwhuqdwlrqdo phujhu1 Dq xsshu erxqg lv dovr lpsrvhg rq wkh vl}h ri wkh

�{hg frvw wr hqvxuh wkdw sur�wv duh srvlwlyh/ d erxqg wkdw ghshqgv rq wkh

wudgh frvw 1 Wklv prgho lv ghqrwhg wkh Il{hg Frvw Vdylqjv +IFV, Prgho1

Wkh sdwwhuq ri HRV iru wklv prgho lv judsklfdoo| looxvwudwhg lq Ilj1 414; Wkh

slfwxuh odujho| fruuhvsrqgv wr wkdw rewdlqhg lq wkh fdvh ri wkh WFV Prgho1

Iru orzhu ydoxhv ri wkh wudgh frvw/ wkh HRV lv d gxrsro| zlwk wzr lqwhuqd0

wlrqdoo| phujhg �upv/ zkhuhdv d wudgh frvw deryh 5@8 uhvxowv lq d gxrsro|

zlwk wzr qdwlrqdo �upv/ surylghg wkdw wkh vhw ri HRV lv qrq0hpsw| lq erwk

fdvhv1

4: Vlqfh wkh �{hg frvw lv khuh dvvxphg wr eh vwulfwo| srvlwlyh/ wkh WFV Prgho lv
qrw d vshfldo fdvh ri wkh IFV Prgho1

4; Xqghuo|lqj ghulydwlrqv duh dydlodeoh xsrq uhtxhvw iurp wkh dxwkruv1

46



+Iljxuh 4 khuh,

615 HRV zkhq frqfhqwudwlrq |lhogv yduldeoh frvw v|qhujlhv

Dqrwkhu �dufkhw|sh� roljrsro| prgho lq wkh phujhu olwhudwxuh/ gxh wr Shuu|

dqg Sruwhu +4<;8,/ dvvxphv wkdw phujhuv uhgxfh yduldeoh frvwv1 Wr fdswxuh

wklv ihdwxuh/ zh zloo hpsor| d vlpsol�hg yhuvlrq ri wkhlu prgho/ zlwk qr

�{hg frvw vdylqjv/ exw zkhuh phujhuv d�hfw yduldeoh frvwv1 Wkh frqvwdqw

frvw shu xqlw ri rxwsxw lq �up k lv 4@n�/ zkhuh n� lv wkh dprxqw ri fdslwdo

lq �up k1 Wkh wrwdo �{hg vxsso| ri fdslwdo lq wkh pdunhw lv n/ dqg hdfk

rzqhu lv hqgrzhg zlwk n@7 xqlwv ri fdslwdo gxh wr wkh dvvxphg v|pphwu|1

Wkh frqvwdqw pdujlqdo frvw lv 7@n lq d �up zlwk rqh dvvhw/ lv 5@n zlwk wzr

dvvhwv/ dqg 7@+6n, zlwk wkuhh dvvhwv1 Wkxv d phujhu ehwzhhq wkh dvvhwv ri

wzr rzqhuv uhgxfhv wkhlu pdujlqdo frvw e| pruh wkdq zkhq wkh wzr phujh

zlwk d wklug14<

Wkh htxloleulxp sdwwhuq lv ghslfwhg lq Ilj1 51 Wr idflolwdwh wkh frpsdu0

lvrq zlwk wkh IFV Prgho/ Ilj1 5 lv fdvw lq wkh +w> f, sodqh/ zkhuh f � 7@n lv

wkh frqvwdqw pdujlqdo frvw iru d �up zlwk rqo| rqh rzqhu1 Revhuyh wkdw d

odujh f fruuhvsrqgv wr odujh v|qhujlhv/ lq wkh vhqvh wkdw wkh devroxwh ghfuhdvh

lq wkh ohyho ri wkh pdujlqdo frvw iurp d phujhu lv odujhu/ wkh kljkhu lv f153

+Iljxuh 5 khuh,

Wkh �jxuh uhyhdov d sdwwhuq vlplodu wr wkdw lq erwk wkh WFV dqg IFV

Prghov1 Iru orz ohyhov ri wkh wudgh frvw/ wkh vhw ri HRV jlyhv ulvh wr wzr

lqwhuqdwlrqdo gxrsrolhv/ wr wkh h{whqw wkdw lw lv qrq0hpsw|/ zkhuhdv odujh

4< Wkh pdlq gl�huhqfh ehwzhhq wklv prgho dqg wkdw ri Shuu| dqg Sruwhu/ lv wkdw
lq wkh odwwhu/ wkh pdujlqdo frvw lv olqhdu lq rxwsxw/ zkhuhdv khuh/ lw lv frqvwdqw1 Wkh
suhvhqw irupxodwlrq vlpsol�hv wkh dqdo|vlv frqvlghudeo|/ exw uhwdlqv wkh hvvhqwldo
surshuw| wkdw phujhuv uhgxfh pdujlqdo frvwv1
Iru frpsxwdwlrqdo frqyhqlhqfh/ zh uhvwulfw wkh udqjh ri n wr n � 733/ lpso|lqj

wkdw wkhuh lv dq lpsolflw orzhu erxqg ri 42433 iru wkh pdujlqdo frvw lq wkh vlqjoh
dvvhw �up1 Wkhuh duh dovr uhvwulfwlrqv hqvxulqj wkdw d prqrsro| grhv qrw dulvh lq
hlwkhu pdunhw1 Xqghuo|lqj ghulydwlrqv duh dydlodeoh xsrq uhtxhvw iurp wkh dxwkruv1

53 Wkh gl�huhqfh lq pdujlqdo frvw lq d rqh0dvvhw0�up dqg d wzr0dvvhw0�up lv f@5/
dqg wkh fruuhvsrqglqj ydoxh zkhq frpsdulqj �upv zlwk wkuhh dqg wzr dvvhwv lv

f@91
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wudgh frvwv duh frqgxflyh wr grphvwlf phujhuv1 Wkh slfwxuh lv pruh frpsol0

fdwhg wkdq zlwk �{hg frvw vdylqjv/ vlqfh wkh dv|pphwulf gxrsro| vwuxfwxuhv

PM dqg P8 pljkw qrz grplqdwh wkh v|pphwulf gxrsro| vwuxfwxuhv1 Wklv

lv sduwlfxoduo| �olnho|� wr rffxu iru kljk ohyhov ri f/ l1h1/ zkhq wkh v|qhujlhv

iurp phujhuv duh frqvlghudeoh1

616 Zk| gr wudgh frvwv |lhog lqfhqwlyhv iru qdwlrqdo rzqhu0

vkls ri �upvB

Doo wkuhh prghov deryh vxjjhvw wkdw kljk wudgh eduulhuv lqgxfh grphvwlf

udwkhu wkdq lqwhuqdwlrqdo rzqhuvkls ri �upv/ lq frqwudvw wr zkdw wkh wdul�0

mxpslqj dujxphqw zrxog vxjjhvw1 Lw wkxv vhhpv olnho| wkdw pruh jhqhudo

irufhv duh dw zrun/ wkdq pljkw eh vxjjhvwhg e| wkh gl�huhqw sdudphwulf

prghov1 Lw lv qrw gl!fxow wr vhh zk| d pruh frqfhqwudwhg vwuxfwxuh pd|

grplqdwh vwuxfwxuhv wkdw duh vwulfwo| ohvv frqfhqwudwhg1 Lw lv ohvv reylrxv

zk| wkhuh duh gxrsro| vwuxfwxuhv wkdw duh qrw grplqdwhg e| dq| wulrsro|

vwuxfwxuh1 Krzhyhu/ wkh pdlq txhvwlrq vhhpv wr eh= zk| lv vwuxfwxuh PU

grplqdwhg e| vwuxfwxuh P� / zkhq wkh iruphu frpsohwho| uhpryhv wudgh

frvwv zkhuhdv wkh odwwhu lv dvvrfldwhg zlwk vxfk frvwvB

Lq dq| grplqdqfh udqnlqj ri gxrsro| vwuxfwxuhv/ wkh ghflvlyh jurxs frp0

sulvhv doo irxu rzqhuv/ dqg zloo wkxv lqyroyh d frpsdulvrq ri lqgxvwu| sur�wv

lq wkh gl�huhqw vwuxfwxuhv1 Lq rughu wr h{dplqh wkh vrxufhv ri djjuhjdwh

sur�wv lq d gxrsro|/ frqvlghu d pdunhw zkhuh rqh ri wkh wzr �upv pd| ru

pd| qrw idfh d wudgh frvw/ dqg zkhuh wkh rwkhu grhv qrw1 Wklv vhwwlqj hq0

frpsdvvhv doo vlwxdwlrqv wkdw pd| rffxu lq hlwkhu ri wkh pdunhwv lq dq| ri

wkh gxrsro| vwuxfwxuhv/ vlqfh lq qr vwuxfwxuh zloo erwk �upv idfh wkh wudgh

frvw1 Ohw wkh djjuhjdwh sur�w lq wklv pdunhw eh h{suhvvhg dv

U+w, @ �U+w,� wte+w,

zkhuh �U lv wkh djjuhjdwh sur�w qhw wudgh frvwv/ te lv wkh txdqwlw| h{sruwhg

wr wklv pdunhw/ dqg wte wkxv uhsuhvhqwv h{shqglwxuhv rq wudgh frvwv1 Zh fdq
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zulwh wkh djjuhjdwh sur�w lq wklv pdunhw dv

U+w, @ U+3,� wte+w, .

]
|

f

g �U+�,

gw
g� +4,

Htxdwlrq +4, ghfrpsrvhv wkh djjuhjdwh sur�w lqwr wkuhh whupv1 U+3, lv

wkh lqgxvwu| sur�w devhqw wkh wudgh frvw154 Wkh vhfrqg dqg wklug frpsr0

qhqwv zrxog ydqlvk dw w @ 3/ dqg duh khqfh erwk gxh wr wkh wudgh frvw1 Wkh

vhfrqg whup/ wkh gluhfw wudgh frvw/ whqgv wr orzhu djjuhjdwh sur�wv uhodwlyh

wr wkrvh pdgh dw w @ 31 Wkh wklug whup phdvxuhv wkh lqfuhdvh lq djjuh0

jdwh sur�w qhw wudgh frvwv uhodwlyh wr d vlwxdwlrq zlwk w @ 3> vwhpplqj iurp

wkh idfw wkdw wkh wudgh eduulhu lqgxfhv wkh h{sruwlqj �up wr krog edfn lwv

rxwsxw yroxph pruh wkdq lw lqgxfhv wkh rwkhu �up wr h{sdqg1 Wklv lv wkxv

wkh dqwl0frpshwlwlyh h�hfw ri wkh wudgh eduulhu1 Lw lv vkrzq lq wkh Dsshqgl{

wkdw zkhq wkh rxwsxw lv krprjhqrxv/ pdujlqdo frvwv duh rxwsxw lqghshq0

ghqw/ dqg rxwsxwv duh vwudwhjlf vxevwlwxwhv/ wkh djjuhjdwh sur�w qhw ri wudgh

frvwv lqfuhdvhv lq wkh wudgh frvw=

g �U+�,

gw
A 3 iru w vxfk wkdw te+w, A 3 +5,

Wklv lpsolhv wkdw wkh whup fdswxulqj wkh dqwl0frpshwlwlyh h�hfw lq +4, lv

srvlwlyh/ dqg odujhu/ wkh kljkhu lv wkh wudgh eduulhu1 Wkhuh duh wkxv wzr

frxqwhudfwlqj irufhv mrlqwo| ghwhuplqlqj zkhwkhu wkh wudgh eduulhu lqfuhdvhv

ru uhgxfhv djjuhjdwh sur�wv uhodwlyh wr d vlwxdwlrq zlwk w @ 3 lq wklv pdunhw1

Qrz frqvlghu zk|P� pd| grplqdwh PU 1 Il{hg dqg pdujlqdo frvwv duh

wkh vdph lq hdfk �up lq erwk vwuxfwxuhv1 Wkh idfw wkdw wkhuh lv rqo| rqh

ghflvlyh jurxs zlwk uhvshfw wr wkhvh vwuxfwxuhv/ frpsulvlqj doo irxu rzqhuv/

lpsolhv wkdw PU grplqdwhv P� li dqg rqo| li �U A �� / dqg frqyhuvho| li

�U ? �� 1 Lw lv fohdu wkdw �U lv lqghshqghqw ri wkh wudgh frvw/ zkhuhdv wkh

wudgh frvw d�hfwv djjuhjdwh sur�wv lq vwuxfwxuh P� = �� @ �� +w,1 Ixuwkhu0

pruh/ djjuhjdwh sur�wv duh wkh vdph iru w @ 3/ �� +3, @ �U 1 Dq| gl�huhqfh

ehwzhhq wkh wzr sur�w ohyhov lv wkhuhiruh vroho| gxh wr wkh wudgh frvw lq

wkh wzr pdunhwv1 Exw/ vlqfh erwk vwuxfwxuhv duh frpsohwho| v|pphwulf/ lw

vx!fhv wr frqvlghu rqh ri wkh pdunhwv rqo|1

54 Li wkhuh duh �{hg frvwv/ zh glylgh wkhp htxdoo| ehwzhq wkh wzr pdunhwv1
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Zh qrz qhhg wr glvwlqjxlvk ehwzhhq sur�wv lq wkh gl�huhqw pdunhw vwuxf0

wxuhv/ dqg zh wkhuhiruh lqgh{ U dqg te e| d pdunhw vwuxfwxuh vshfl�f vxshu0

vfulsw1 Lw iroorzv iurp +4, wkdw U� +3, @ UU / vlqfh iru w @ 3 wkh wzr pdunhw

vwuxfwxuhv duh lghqwlfdo lq whupv ri sur�wv1 Wkxv/

�� +w,� �U @ 5^

]
|

f

g �U� +�,

gw
g� � wt�e +w,` +6,

Zkhwkhu PU grplqdwhv P� ru qrw ghshqgv rq wkh edodqfh ehwzhhq wkh

�eduulhu mxpslqj� lqfhqwlyh wr irup PU lq rughu wr dyrlg wkh gluhfw wudgh

frvw wt�e / dqg wkh dqwl0frpshwlwlyh lqfhqwlyh wr irup P� = Wklv edodqfh lv

fkdudfwhul}hg lq wkh iroorzlqj Sursrvlwlrq/ suryhg lq wkh Dsshqgl{=

Sursrvlwlrq 5

+l, Wkhuh lv d w� vxfk wkdw PU grp P� iru 3 ? w ? w�1

+ll, Li wkhuh lv d �qlwh w�� vxfk wkdw t�e +w, @ 3 iru w � w��/ wkhuh lv d �w vxfk

wkdw w� ? �w ? w��/ dqg vxfk wkdw P� grp PU iru w A �w1

Lqwxlwlyho|/ zkhq rzqhuv lq wkh vdph pdunhw phujh/ wkh| �ex| rxw�

wkh vwurqjhu frpshwlwru/ l1h1 wkh �up zlwk wkh orzhu pdujlqdo frvw1 Wklv

whqgv wr lqfuhdvh sur�wv lq wkh �up*v krph pdunhw1 Rq wkh rwkhu kdqg/

e| phujlqj grphvwlfdoo|/ wkh �up iruhjrhv wkh orzhu wudgh frvwv wkdw dq

lqwhuqdwlrqdo phujhu zrxog kdyh lqfxuuhg/ uhgxflqj wkh sur�wv pdgh lq wkh

iruhljq pdunhw1 Zkhq wkh wudgh frvw ehfrphv vx!flhqwo| kljk/ hdfk �up

frphv forvh wr ehlqj d prqrsrolvw lq lwv krph pdunhw/ dqg wkxv vshqgv

yhu| olwwoh rq wudgh frvwv155 Hdfk �up zloo wkhq pdnh d odujhu sur�w wkdq

li lw kdg sduwlflsdwhg lq gxrsro| frpshwlwlrq lq wzr pdunhwv zlwkrxw idflqj

wudgh frvwv1

617 Rq wkh lqwhusuhwdwlrq ri wkh prgho

Zh kdyh lqwhusuhwhg wkh ghfhqwudol}hg P� dv wkh �lqlwldo� vwuxfwxuh/ lq olqh

zlwk wkh LR phujhu olwhudwxuh1 Wklv hqdeohv xv wr ylhz wkh pryh wr wkh

55 Vwulfwo| vshdnlqj/ zh gr qrw doorz w wr ehfrph vr odujh wkdw �upv ehfrph

prqrsrolhv lq wkhlu krph pdunhwv1 Krzhyhu/ vlqfh �
Q lv vwulfwo| odujhu wkdq �

L dw

w @ w
33/ lw zloo/ e| frqwlqxlw|/ dovr eh odujhu dw d udqjh ri orzhu ohyhov ri w1
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HRV dv d phujhu surfhvv1 Irupdoo|/ wkhuh lv qrwklqj vshfldo derxw wklv

vwuxfwxuh/ krzhyhu= wkh grplqdqfh fulwhulrq udqnv hyhu| vwuxfwxuh djdlqvw

hyhu| rwkhu vwuxfwxuh1 Dq dowhuqdwlyh lqwhusuhwdwlrq ri wkh prgho zrxog

wkhuhiruh eh wr vd| wkdw lw �rqo|� suhglfwv wkh HRV/ dqg wkdw wkhuh lv qr

lqlwldo doorfdwlrq1 Lq rughu wr ghulyh suhglfwlrqv frqfhuqlqj phujhuv/ zh

frxog wkhq pdnh d �frpsdudwlyh vwdwlfv� h{shulphqw/ zkhuhe| dq h{rjhqrxv

sdudphwhu lv fkdqjhg1 Iru lqvwdqfh/ vwduwlqj lq dq htxloleulxp zlwk qdwlrqdo

�upv +P� ,/ dqg orzhulqj wkh wudgh frvw vx!flhqwo|/ lqwhuqdwlrqdo �upv

zrxog eh iruphg/ wkurxjk wkh vhoolqj ri fhuwdlq grphvwlf dvvhwv/ dqg wkh

phujhu zlwk wkh iruhljq0rzqhg dvvhwv1 Wklv dowhuqdwlyh lqwhusuhwdwlrq zrxog

sxw wkh dqdo|vlv pruh lq olqh zlwk wkh grplqdwlqj phwkrgrorj| lq wkh PQH

olwhudwxuh1

Pxfk ri wkh olwhudwxuh lq wklv �hog �wv lqwr wkh �Rzqhuvkls0Orfdwlrq0

Lqwhuqdol}dwlrq� +ROL, iudphzrun/ irupxodwhg e| Gxqqlqj +4<::,1 IGL khuh

dulvhv dv d uhvxow ri d �up*v ghvluh wr h{sorlw rzqhuvkls dgydqwdjhv lq iruhljq

pdunhwv1 Li wkh gl!fxowlhv dvvrfldwhg zlwk dup*v0ohqjwk wudqvdfwlrqv duh

vx!flhqwo| vhyhuh/ �upv fdq rqo| vhuyh iruhljq pdunhwv wkurxjk h{sruwv

ru orfdo surgxfwlrq1 Vlqfh uxqqlqj iruhljq rshudwlrqv lv lqkhuhqwo| pruh

frvwo| wkdq surgxflqj dw krph/ lw wdnhv vrph frvw dgydqwdjh iurp orfdo

surgxfwlrq wr pdnh lw suhihudeoh wr krph surgxfwlrq1 Wkhuh duh pdq| vxfk

srvvleoh idfwruv/ lqfoxglqj h1j1 orzhu idfwru sulfhv1 Riwhq phqwlrqhg duh

frvw glvdgydqwdjhv dvvrfldwhg zlwk h{sruwv vxfk dv uhjxodu wudqvsruw frvwv/

wdul�v/ dqg qrq0wdul� eduulhuv/ ru frvwv vwhpplqj iurp olplwhg xqghuvwdqglqj

ri orfdo wdvwhv/ olplwhg dffhvv wr glvwulexwlrq qhwzrunv/ dqg vr rq1 D fhqwudo

whqdqw lq wkh IGL olwhudwxuh kdv ehhq wkh qrwlrq wkdw wkhvh frvwv surylgh

lqfhqwlyhv iru �upv wr dyrlg wudgh eduulhuv e| lqyhvwlqj lq orfdo pdunhwv1

Lq wklv sdshu/ lw lv dujxhg wkdw lw pxvw dovr eh wdnhq lqwr dffrxqw krz wkh

lqfhqwlyhv wr irup rwkhu pdunhw vwuxfwxuhv duh d�hfwhg e| wkhvh eduulhuv1

Wudgh frvwv gr whqg wr pdnh orfdo surgxfwlrq dgydqwdjhrxv1 Krzhyhu/ wkh|

dovr fdxvh orfdwlrq glvdgydqwdjhv lq wkdw wkh| whqg wr gulyh xs wkh ghpdqg

iru wkh dvvhwv lq zklfk wkh IGL zrxog wdnh sodfh1 Wkh odwwhu h�hfw zloo
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grplqdwh wkh iruphu lq prvw roljrsro| prghov/ iru vx!flhqwo| kljk wudgh

frvwv dqg frqfhqwudwhg orfdo pdunhw vwuxfwxuhv/ zlwk rxu prgho ri phujhu

irupdwlrq156

7 Zhoiduh

D fhqwudo txhvwlrq lv zkhwkhu wkh phujhu pdunhw phfkdqlvp vhohfwv wkh

pdunhw vwuxfwxuhv wkdw duh prvw suhihudeoh iurp d vrfldo srlqw ri ylhz1 Lq

rughu wr dgguhvv wklv txhvwlrq/ zh �uvw pdnh d frxsoh ri pruh jhqhudo uhpdunv

derxw zhoiduh hydoxdwlrqv ri pdunhw vwuxfwxuhv +dqg wkxv ri phujhuv, lq

lqwhuqdwlrqdo pdunhwv1

Lq d forvhg hfrqrp|/ wkh frqyhqwlrqdo zhoiduh hydoxdwlrqv ri phujhuv

dqg pdunhw vwuxfwxuhv lv w|slfdoo| pdgh e| frpsdulqj wkh vxp ri grphvwlf

frqvxphu vxusoxv dqg sur�wv lq gl�huhqw pdunhw vwuxfwxuhv1 Exw zhoiduh

hydoxdwlrqv ri pdunhw vwuxfwxuhv gl�hu ixqgdphqwdoo| lq d forvhg dqg dq rshq

hfrqrp|1 Iluvw/ lq wkh fdvh ri dq rshq hfrqrp|/ wkh qdwlrqdo zhoiduh fulwhulrq

zrxog w|slfdoo| rqo| lqfoxgh d vxevhw ri doo frqvxphuv/ wkdw lv/ wkrvh zkr

duh qdwlrqdov ri wkh frxqwu| lq txhvwlrq1 Vhfrqg/ dqg pruh sureohpdwlfdoo|/

lq wkh fdvh ri dq lqwhuqdwlrqdo phujhu/ lw lv qhfhvvdu| wr wdnh wkh glylvlrq ri

vxusoxv lq wkh phujhu lqwr dffrxqw1 Dv d uhvxow/ wkh sudfwlfdo lqirupdwlrqdo

gl!fxowlhv ri pdnlqj zhoiduh hydoxdwlrqv ri phujhuv/ zklfk duh riwhq douhdg|

lqvxuprxqwdeoh lq wkh fdvh ri forvhg hfrqrplhv/ zloo eh vljql�fdqwo| kdughu

lq wkh fdvh ri lqwhuqdwlrqdo phujhuv1

Vwuxfwxuhv wkdw zrxog eh lghqwlfdo iurp d zhoiduh srlqw ri ylhz lq d

forvhg hfrqrp| iudphzrun/ pd| eh ylhzhg yhu| gl�huhqw lq dq lqwhuqdwlrqdo

frqwh{w1 Iru lqvwdqfh/ frqvlghu wkh irupdwlrq ri wkh wzr dv|pphwulf gxrsro|

vwuxfwxuhv PM dqg P8 1 Wkhvh phujhuv duh frpsohwho| v|pphwulf iurp d

forvhg hfrqrp| srlqw ri ylhz/ exw pd|/ iurp d zhoiduh srlqw ri ylhz/ eh

udqnhg gl�huhqwo|/ ghshqglqj rq wkh khljkw ri wkh wudgh eduulhuv/ dqg rq krz

56 Lw lv vkrzq lq Iulgroivvrq dqg Vwhqqhn +4<<<,/ lq d qrq0frrshudwlwlyh edujdlqlqj prgho

zlwk v|pphwulf �upv/ wkdw wkh suhhpswlrq phfkdqlvp pd| eh vx!flhqwo| vwurqj dv vr wr

lqgxfh xqsur�wdeoh phujhuv1
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wkh vxusoxv lv glylghg lq phujhuv1 Lq rughu wr vhh wklv/ dvvxph wkdw wkh vkduh

ri wkh sur�w +qhw dq| sd|phqwv ehwzhhq rzqhuv, dffuxlqj wr wkh iruhljq

rzqhu lq wkh phujhg hqwlw|/ }> lv wkh vdph lq wkh wzr pdunhw vwuxfwxuhv/

dq dvvxpswlrq zklfk vhhpv qdwxudo frqvlghulqj wkh v|pphwu| ehwzhhq PM

dqg P8 157 Ohw wkh zhoiduh ri frxqwu| n lq vwuxfwxuh P � eh ghqrwhg Z �

&
+w,>

n @ D>E1 Wdnlqj wkh v|pphwu| ehwzhhq wkh vwuxfwxuhv lqwr dffrxqw/

ZM

� +w,�Z8

� +w, @ FVM� +w,�FV8� . +4� 5},�M�2�+w,� �Me +w,

Wkh frqvxphu vxusoxvhv duh wkh vdph lq erwk pdunhwv iru w @ 3/ exw zloo

eh orzhu lq pdunhw D iru srvlwlyh wudgh frvwv +wkh wudgh frvw grhv qrw d�hfw

wkh vxusoxv lq pdunhw E,/ dqg zklfk zloo surylgh d whqghqf| iru P8 wr eh

suhihuuhg wr PM 1

Qrz wxuq wr wkh sur�wv1 Lq vwuxfwxuh P8 > frxqwu| D uhfhlyhv wkh ixoo

sur�w ri wkh rxwvlgh �up 5 +zklfk e| v|pphwu| htxdov �M
e
,/ dqg d iudfwlrq

} ri wkh sur�w ri wkh phujhg �up 467 +zklfk htxdov �M
�2�

,/ zkhuhdv zlwk

vwuxfwxuhPM frxqwu| D jhwv +4�}, ri wkh phujhg �up*v sur�w/ exw qr pruh1

Khqfh/ zkhq wkh phujhg �up dqg wkh rxwvlgh �up pdnh dssur{lpdwho| wkh

vdph sur�w/ wkh iruhljq0eldvhg vwuxfwxuh P8 lv ehwwhu wkdq wkh grphvwlfdoo|

eldvhg vwuxfwxuh PM 1 Zkhq wkh phujhg hqwlw| pdnhv d vx!flhqwo| odujhu

sur�w wkdq wkh rxwvlgh �up/ krzhyhu/ wkhq wkh rssruwxqlw| frvw iru jhwwlqj

wkh rxwvlgh �up*v sur�w � wkh vkduh ri wkh sur�w jrlqj wr iruhljq djhqwv

� ehfrphv wrr kljk/ dqg d grphvwlfdoo| eldvhg phujhu ehfrphv suhihudeoh1

Iru lqvwdqfh/ lq wkh devhqfh ri wudgh frvwv/ lw vhhpv qdwxudo wr dvvxph wkdw

} @ 4@6/ vr wkdw wkh wkuhh rzqhuv sduwlflsdwlqj lq wkh phujhu vsolw wkh sur�w

hyhqo|1 Frxqwu| D zloo wkhq eh ehwwhu r� zlwk vwuxfwxuh PM wkdq zlwk

vwuxfwxuh P8 li/ dqg rqo| li/

�M�2�+3, A 6�Me +3, +7,

Lw fohduo| wdnhv vljql�fdqw v|qhujlhv iru +7, wr eh ixo�oohg1 Iru lqvwdqfh/ lq

wkh fdvh ri wkh vwdqgdug Frxuqrw prgho zlwk �{hg frvw vdylqjv lw fdqqrw

57 Wklv vkduh pd|/ lq jhqhudo/ eh d ixqfwlrq ri w> exw vlqfh zh odfn d wkhru| iru
krz lw lv ghwhuplqhg/ zh wuhdw lw dv d frqvwdqw1
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eh ixo�oohg/ h{fhsw lq wkh udwkhu vshfldo fdvh zkhuh wkh �{hg frvwv lq wkh

phujhg hqwlw| 456 duh vljql�fdqwo| vpdoohu wkdq wkrvh lq lwv qrq0phujhg

frpshwlwru1 Zlwk yduldeoh frvw v|qhujlhv/ lw vhhpv pruh olnho| wkdw wkh

frqglwlrq lv ixo�oohg/ vlqfh wkh phujhu grhv qrw rqo| kdyh d gluhfw lpsdfw rq

wkh frvwv/ exw dovr dq lqgxfhg �vwudwhjlf� h�hfw yld orzhu pdujlqdo frvwv158

Dv qrwhg deryh/ wkh phujhu prgho grhv qrw |lhog dq h{solflw suhglfwlrq

ri wkh glvwulexwlrq ri vxusoxv lq wkh phujhuv dqg wkxv/ zh fdqqrw pdnh

d frpsohwh zhoiduh dqdo|vlv1 Krzhyhu/ lw lv vkrzq lq Kruq dqg Shuvvrq

+4<<:, wkdw li doo HRV duh shuplwwhg/ h{fhsw iru d prqrsro|/ li wkh frvw

v|qhujlhv dvvrfldwhg zlwk wkh phujhu duh vwurqj hqrxjk/ dqg li wkhuh duh

srvlwlyh h{whuqdolwlhv iurp phujhuv rq rxwvlghuv/ wkhq wkh vhw ri HRV lv qrq0

hpsw|/ dqg frqvlvwv ri wkrvh gxrsro| vwuxfwxuhv jlylqj ulvh wr wkh pd{lpdo

lqgxvwu| sur�w dprqj doo vwuxfwxuhv1 Iru lqvwdqfh/ lw fdq eh vkrzq wkdw lq

wkh IFV Prgho/ wkh HRV zloo jlyh ulvh wr wkh pdunhw vwuxfwxuh pd{lpl}lqj

lqgxvwu| sur�w1 Wklv lq wxuq vxjjhvwv dq lqkhuhqw srvvleoh frq lfw ehwzhhq

wkh surshuw| ri wkh rxwfrph ri wkh phujhu irupdwlrq dqg joredo zhoiduh/ vlqfh

djjuhjdwh sur�w pd{lpl}dwlrq grhv qrw qhfhvvdulo| fruuhvsrqg wr zhoiduh

pd{lpl}dwlrq1

Lq rughu wr wkurz vrph oljkw rq srvvleoh frq lfwv ri lqwhuhvwv ehwzhhq wkh

frxqwulhv/ zh zloo/ lq wkh iroorzlqj wzr Vxevhfwlrqv/ ghulyh wkh vrfldoo| prvw

suhihuuhg rzqhuvkls vwuxfwxuhv lq wkh IFV dqg wkh YFV Prghov159 Odfnlqj

d wkhru| ri wkh ghwhuplqdwlrq ri wkh glylvlrq ri sd|r�v/ wkh dqdo|vlv zloo

eh edvhg rq wkh dvvxpswlrq wkdw wkh HRV kdv wkh surshuw| wkdw sur�wv duh

glylghg hyhqo| lq phujhuv/ vr wkdw } @ 4@5 zkhq wzr rzqhuv duh lqyroyhg/

dqg } @ 4@6 zkhq wkuhh rzqhuv phujh wkhlu dvvhwv1 Qrwh/ krzhyhu/ wkdw zh

gr qrw dvvxph wklv wr eh wkh sd|r� glylvlrq lq dq| phujhu/ rqo| wkdw lw lv

58 Lw pljkw eh whpswlqj wr lqwhusuhw frqglwlrq +7, lq whupv ri wkh �h{whuqdolw|�
sod|lqj d fhqwudo uroh lq wudglwlrqdo phujhu dqdo|vlv/ l1h1/ wkh frqvhtxhqfhv iru wkh
rxwvlgh sduw| ri d frqfhqwudwlrq lq wkh pdunhw1 Krzhyhu/ wklv frqglwlrq grhv qrw
lqyroyh d frpsdulvrq ri vlwxdwlrqv ehiruh dqg diwhu d phujhu/ exw d frpsdulvrq ri
wkh sur�wv ri d phujhg �up zlwk wkdw ri lwv qrq0phujhg frpshwlwru1

59 Zhoiduh dqdo|vlv ri wkh WFV grhv qrw dgg lqvljkwv eh|rqg wkrvh iurp wkh IFV
dqg YFV Prghov/ dqg lv wkxv qrw suhvhqwhg khuh1
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wkh surshuw| ri htxloleulxp phujhuv1

714 Prvw suhihuuhg rzqhuvkls vwuxfwxuhv lq wkh IFV Prgho

Vhyhudo irufhv wkdw d�hfw wkh zhoiduh udqnlqj ri wkh gl�huhqw pdunhw vwuxf0

wxuhv lq wkh IFV Prgho fdq eh lghqwl�hg1 Iluvw/ dv lq d forvhg hfrqrp|/

wkhuh lv d wudgh0r� ehwzhhq wkh surgxfwlyh h!flhqf| hqwdlohg e| frqfhqwud0

wlrq/ dqg wkh uhvxowlqj orvv ri frqvxphu vxusoxv1 Wklv wudgh0r� lv rqo| sduw

ri wkh slfwxuh lq wkh fdvh ri wkh rshq hfrqrp|/ krzhyhu1 Lq wkh suhvhqfh

ri iruhljq frqvxphuv/ sduw ri wkh frvw ri d grphvwlf frqfhqwudwlrq lv fduulhg

e| iruhljqhuv1 Rq wkh rwkhu kdqg/ d frqfhqwudwlrq uhgxfhv pdunhw vkduhv

ri wkh sduwlflsdqwv lq phujhuv/ vr wkdw grphvwlf frqfhqwudwlrq zloo whqg wr

vkliw sur�wv wr iruhljq �upv/ dqg ylfh yhuvd1 Ilj1 6 looxvwudwhv wkh sdwwhuq ri

prvw suhihuuhg pdunhw vwuxfwxuhv iru frxqwu| D iru gl�huhqw ydoxhv ri w dqg

i=

+Iljxuh 6 khuh,

Vhyhudo qrwhzruwk| ihdwxuhv hphujh iurp wkh �jxuh1 Iluvw/ zkhq wkh

h!flhqf| hqkdqflqj frqvhtxhqfhv ri frqfhqwudwlrq duh vpdoo � l1h1/ zkhq

erwk w dqg i duh uhodwlyho| vpdoo � wkh prvw suhihuuhg vwuxfwxuh lv qrw wkh

ohdvw frqfhqwudwhg vwuxfwxuh P�/ exw d phujhu ehwzhhq wkh iruhljq �upv/

zlwk wkh grphvwlf �upv uhpdlqlqj dv vhsdudwh hqwlwlhv/ l1h1/ PL @ i4> 5> 67j1

Uhodwlyh wrP�/ vwuxfwxuhPL lpsolhv d vkliw ri sur�wv wr wkh grphvwlf �upv/

erwk lq pdunhw D dqg lq E/ dqg wklv pruh wkdq frpshqvdwhv iru wkh orvv ri

frqvxphu vxusoxv lq D1

Vhfrqg/ iru d jlyhq ydoxh ri w/ vwuxfwxuh P8 lv suhihuuhg wr PL iru d

vx!flhqwo| kljk �{hg frvw1 Wkh uhdvrq lv wkdw frxqwu| D zhoiduh lv uhgxfhg

e| �{hg frvwv htxdo wr 5i e| wkh phujhu wr vwuxfwxuh PL / zkhuhdv lw lv

uhgxfhg e| +4. },i zlwk P8 1 Iru d vx!flhqwo| kljk �{hg frvw i wkh vrfldo

frvw ri pdlqwdlqlqj d odujh qdwlrqdo pdunhw vkduh ehfrphv wrr kljk/ dqg

kdylqj d grphvwlf rzqhu sduwlflsdwlqj lq wkh phujhu ehwzhhq wkh iruhljq

rzqhuv ehfrphv zruwkzkloh1
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D vlplodu uhdvrqlqj h{sodlqv zk| PU lqfuhdvhv uhodwlyh wr P8 zlwk lq0

fuhdvlqj �{hg frvwv1 Wkh srlqwv ri lqgl�huhqfh ehwzhhq PU dqg P8 duh

looxvwudwhg lq wkh �jxuh e| wkh fxuyh Z U @Z8 1 Deryh wklv olqh Z U A Z8 =

frxqwu| D zhoiduh lv uhgxfhg e| �{hg frvwv htxdo wr +�
2
. �

2
,i lq vwuxfwxuh

PU > zkhuhdv lw lv uhgxfhg e| +4 . },i zlwk P8 1 Iru i odujh hqrxjk/ wkh

odujhu �{hg frvw lq P8 zloo grplqdwh wkh kljkhu yduldeoh vxusoxv lw pd|

hqwdlo1

Wklug/ wkh fxuyh Z U @ Z8 lv qrq0prqrwrqlf/ vlqfh Z8 �uvw idoov dqg

wkhq lqfuhdvhv lq w1 Dv d uhvxow/ vwuxfwxuh P8 whqgv wr eh suhihuuhg iru

hlwkhu orz wudgh frvwv dqg kljk �{hg frvwv/ ru iru kljk wudgh frvwv dqg

orz �{hg frvwv/ exw wr eh lqihulru wr PU zkhq erwk wudgh frvwv dqg �{hg

frvwv duh kljk1 Revhuyh wkdw Z8 lv d�hfwhg e| w rqo| dv lw d�hfwv wkh

sur�wv pdgh e| �upv 467 dqg 5 lq frxqwu| E1 Ri frxuvh/ �8
2

idoov dv w

lqfuhdvhv/ zkhuhdv �8
�2�

lqfuhdvhv1 Djdlq/ wkhuh duh wzr rssrvlqj h�hfwv rq

wkh sur�w uhfhlyhg e| frxqwu| D � wkh h!flhqf|0hqkdqflqj uhgxfwlrq lq

wudgh frvwv/ dqg wkhlu prqrsro|0fuhdwlqj frqvhtxhqfhv1 Iru w vx!flhqwo|

odujh/ wkh yroxph h{sruwhg iurp D wr E lv vr vpdoo wkdw wkh vhfrqg h�hfw

grplqdwhv/ dqg �

�
�8
�2�

. �8
2
lqfuhdvhv zlwk ixuwkhu lqfuhdvhv lq w1

D vlplodu uhdvrqlqj h{sodlqv zk| PU lqfuhdvhv uhodwlyh wr P8 / zlwk

lqfuhdvlqj �{hg frvwv1 Wkh kljkhu lv wkh �{hg frvw/ wkh pruh dwwudfwlyh lv

wkh phujhu wr vwuxfwxuh PU / vlqfh frxqwu| D*v zhoiduh lv uhgxfhg e| �{hg

frvwv htxdo wr +�
2
. �

2
,i lq vwuxfwxuh PU > zkhuhdv lw lv uhgxfhg e| +4 . },i

zlwk P8 1 Iru i odujh hqrxjk/ wkh kljkhu �{hg frvw lq P8 zloo grplqdwh

wkh kljkhu yduldeoh vxusoxv lw pd| hqwdlo1

Ilqdoo|/Z8 lv qrq0prqrwrqlf lq w/ vlqfhZ8 �uvw idoov dqg wkhq lqfuhdvhv

lq w1 Dv d uhvxow/ pdunhw vwuxfwxuh P8 whqgv wr eh prvw suhihuuhg iru hlwkhu

orz wudgh frvwv dqg kljk �{hg frvwv/ ru iru kljk wudgh frvwv dqg orz �{hg

frvwv/ exw wr eh lqihulru wr PU / zkhq erwk wudgh frvwv dqg �{hg frvwv duh

kljk1 Revhuyh wkdw Z8 lv d�hfwhg e| w rqo| dv lw d�hfwv wkh sur�wv pdgh

e| �upv 467 dqg 5 lq frxqwu| E1 Qdwxudoo|/ �8
2
idoov dv w lqfuhdvhv/ zkhuhdv

�8
�2�

lqfuhdvhv1 Rqfh pruh/ wkhuh duh wzr rssrvlqj h�hfwv rq wkh sur�w

56



frxqwu| uhfhlyhg e| D � wkh h!flhqf|0hqkdqflqj uhgxfwlrq lq wudgh frvwv/

dqg wkhlu prqrsro|0fuhdwlqj frqvhtxhqfhv1 Zkhq w lv odujh hqrxjk/ wkh

yroxph h{sruwhg iurp D wr E lv vr vpdoo wkdw wkh vhfrqg h�hfw grplqdwhv/

dqg �

�
�8
�2�

. �8
2
lqfuhdvhv zlwk ixuwkhu lqfuhdvhv lq w1

Wkh jhqhudo slfwxuh hphujlqj lv wkxv wkdw zkhq phujhuv duh gulyhq e|

uhodwlyho| vpdoo �{hg dqg wudgh frvw vdylqjv/ lw lv iurp d qdwlrqdo srlqw ri

ylhz suhihudeoh wkdw phujhuv duh eldvhg wrzdugv wkh sduwlflsdwlrq ri iruhljq

�upv1 Krzhyhu/ iru vx!flhqwo| kljk �{hg dqg wudgh frvw vdylqjv/ htxdo

sduwlflsdwlrq lv suhihuuhg1

715 Prvw suhihuuhg rzqhuvkls vwuxfwxuh lq wkh Yduldeoh Frvw

V|qhuj| Prgho

Qrw vxusulvlqjo|/ zhoiduh lvvxhv duh vxevwdqwldoo| pruh lqyroyhg lq wkh YFV

Prgho1 Iljv 7 dqg 8 looxvwudwh wkh sdwwhuq ri wkh prvw suhihuuhg vwuxfwxuh

lq wkh +w> f, sodqh1 Uhfdoo wkdw d kljk ydoxh ri f fruuhvsrqgv wr surqrxqfhg

v|qhujlhv lq d fhuwdlq vhqvh1 Dv fdq eh vhhq iurp Ilj1 6/ 7 dqg 8/ wkhuh duh

vlplodulwlhv ehwzhhq wkh sdwwhuq ri prvw suhihuuhg pdunhw vwuxfwxuhv lq wkh

suhvhqw prgho dqg wkh suhylrxv prgho1 Lq erwk fdvhv/ d phujhu ehwzhhq wkh

wzr iruhljq rzqhuv lv prvw suhihuuhg iru orz ohyhov ri v|qhujlhv +dv gh�qhg

deryh,/ d phujhu lqyroylqj erwk wkh iruhljq rzqhu dqg d grphvwlf rzqhu lv

suhihuuhg iru vrphzkdw odujhu v|qhujlhv/ dqg d sxuho| lqwhuqdwlrqdo gxrsro|

lv prvw suhihuuhg zlwk hyhq pruh surqrxqfhg v|qhujlhv1 Zkdw lv qryho khuh/

krzhyhu/ lv wkdw phujhuv ehwzhhq wkh grphvwlf rzqhuv fdq eh suhihuuhg zkhq

v|qhujlhv duh vwurqj1 Wklv pd| wkhq wdnh wkh irup ri hlwkhu d sxuho| grphvwlf

phujhu/ ru d phujhu dovr lqyroylqj d iruhljq rzqhu1

D frpsdulvrq ri wkh �jxuhv ghslfwlqj htxloleulxp pdunhw vwuxfwxuhv zlwk

wkrvh looxvwudwlqj wkh vwuxfwxuhv vrfldoo| prvw suhihuuhg/ uhyhdov dqrwkhu vlp0

lodulw| ehwzhhq wkh wzr roljrsro| prghov= wkhuh lv d glvfuhsdqf| ehwzhhq sul0

ydwh vrfldo lqfhqwlyhv iru phujhu iru orz ohyhov ri wkh v|qhujlhv/ zkhuhdv iru

vx!flhqwo| surqrxqfhg v|qhujlhv/ wkhvh lqfhqwlyhv whqg wr frlqflgh1

+Iljxuhv 7 dqg 8 khuh,
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716 Qdwlrqdo fkdpslrqv

Dv phqwlrqhg lq wkh Lqwurgxfwlrq/ wkh sudfwlfh ri surprwlqj grphvwlf phuj0

huv lq rughu wr fuhdwh frpshwlwlyh �upv � �qdwlrqdo fkdpslrqv� � kdv ehhq

idluo| zlghvsuhdg1 Iurp d wkhruhwlfdo srlqw ri ylhz/ lw lv hdv| wr lghqwli| flu0

fxpvwdqfhv xqghu zklfk vxfk phujhuv zrxog lqfuhdvh zhoiduh lq dq rshq

hfrqrp|/ zkloh ehlqj xqghvludeoh lq d forvhg hfrqrp|/ zkhq/ lq erwk fdvhv/

frpsdulqj zlwk wkh lqlwldo vlwxdwlrq1 Krzhyhu/ rqfh wkh hqgrjhqrxv qd0

wxuh ri phujhuv lv wdnhq lqwr dffrxqw/ wkh pruh uhohydqw txhvwlrq lv zkhwkhu

d �qdwlrqdo fkdpslrq� phujhu lv ghvludeoh/ zkhq htxdo v|qhujlhv frxog eh

rewdlqhg wkurxjk dq lqwhuqdwlrqdo phujhuB

Wkh prghov deryh kdyh vrph lpphgldwh lpsolfdwlrqv iru wklv lvvxh1 D

qdwlrqdo fkdpslrq lq pdunhw D/ vd|/ zrxog lq wkh prgho fruuhvsrqg wr

d phujhu ehwzhhq rzqhuv 4 dqg 5/ srvvleo| lqfoxglqj rqh ri wkh wzr rwkhu

rzqhuv> wkdw lv/ vwuxfwxuhvPA > ruPM 1 Vxfk phujhuv duh qrw ghvludeoh iurp

wkh srlqw ri ylhz ri qdwlrqdo zhoiduh lq wkh IFV Prgho1 Rq wkh frqwudu|/

wkhuh lv d whqghqf| iru phujhuv ehwzhhq iruhljq �upv wr eh ghvludeoh1 Khqfh/

lw vhhpv dv li h{sorlwdwlrq ri �{hg frvwv vdylqjv lv qrw d ydolg udwlrqdoh iru

fuhdwlqj qdwlrqdo fkdpslrqv1 Lq wkh YFV Prgho/ krzhyhu/ wkhuh vhhpv wr eh

pruh vfrsh iru vxfk d srolf|/ ghshqglqj rq wkh h{whqw ri wkhvh v|qhujlhv1 Dv

zdv vkrzq/ wkh prvw suhihuuhg pdunhw vwuxfwxuh iru olplwhg v|qhujlhv zdv

hlwkhu PL ru P8 � vwuxfwxuhv lqyroylqj phujhuv ehwzhhq iruhljq �upv1

Exw/ iru vx!flhqwo| surqrxqfhg v|qhujlhv/ wkh prvw suhihuuhg vwuxfwxuh kdv

d eldv wrzdug grphvwlf phujhuv/ l1h1/ vwuxfwxuh PM 1 Wkxv/ wklv vxjjhvwv

wkdw d srolf| ri surprwlqj wkh �qdwlrqdo fkdpslrq� pd| lqghhg eh zhoiduh

pd{lpl}lqj/ li wkhuh duh vx!flhqwo| surqrxqfhg yduldeoh frvw v|qhujlhv/ dovr

wdnlqj lqwr dffrxqw rwkhu vwuxfwxuhv lq zklfk v|qhujlhv fdq eh h{sorlwhg1

8 Frqfoxglqj glvfxvvlrq

Lq srolf| pdnlqj/ phujhuv ehwzhhq grphvwlf �upv duh riwhq ylhzhg yhu|

gl�huhqwo| iurp phujhuv ehwzhhq iruhljq �upv1 Wkhru| kdv yhu| olwwoh wr vd|
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derxw zkhwkhu ru zkhq wklv lv zduudqwhg/ dqg derxw wkh pruh ixqgdphqwdo

txhvwlrqv ri wkh gulylqj irufhv ehklqg phujhuv lq lqwhuqdwlrqdo pdunhwv/ krz0

hyhu1 Wkh sxusrvh ri wklv sdshu kdv ehhq wr vkhg vrph oljkw rq wkhvh lvvxhv1

Wr dfklhyh wklv/ zh kdyh dssolhg d wkhru| ri hqgrjhqrxv phujhu irupdwlrq

wr dq lqwhuqdwlrqdo roljrsro| pdunhw1

Lq wkh prgho/ kljk wudgh frvwv whqg wr lqgxfh �upv wr xqghuwdnh IGL/ l1h1/

wr phujh lqwhuqdwlrqdoo|/ lq rughu wr �mxps� wkhvh eduulhuv/ dv lv frpprqo|

fodlphg1 Wkh| pd| dovr lqfuhdvh grphvwlf �upv* lqfhqwlyhv wr sxufkdvh wkh

dvvhwv/ krzhyhu1 Wklv zrxog qrw eh dq lvvxh li wkh dvvhwv zhuh vxssolhg

lq�qlwho| hodvwlfdoo|1 Exw/ zkhq wkh| duh lqhodvwlfdoo| vxssolhg/ wkh suri0

lwdelolw| ri �mxpslqj� wkh eduulhu � wkh frvw ri dftxlulqj wkh dvvhwv � pd|

eh qhjdwlyho| d�hfwhg e| wkh grphvwlf frpshwlwruv* ghvluh wr sxufkdvh wkh

vdph dvvhwv/ wr wkh h{whqw wkdw wkh IGL zloo qrw wdnh sodfh1

Wkh dqdo|vlv dovr srlqwhg wr wkh srvvlelolw| wkdw wkh phujhu irupdwlrq

pd| |lhog d froohfwlyho| h!flhqw rxwfrph iru rzqhuv dv d zkroh1 Dv d uhvxow/

sulydwh dqg vrfldo lqfhqwlyhv iru phujhuv whqg wr gl�hu iru orz ohyhov ri frvw

vdylqjv dqg v|qhujlhv/ exw wr frqyhujh iru pruh surqrxqfhg v|qhujlhv lq wkh

olqhdu prghov h{dplqhg1

Ixuwkhupruh/ lw kdv ehhq vkrzq krz d pdunhw vwuxfwxuh zlwk sxuho|

grphvwlf phujhuv lv qhyhu wkh vrfldoo| prvw suhihuuhg lq wklv frqwh{w1 Zkhq

phujhuv duh gulyhq e| wkh ghvluh wr vdyh rq �{hg frvwv/ lw lv/ iurp d vrfldo

srlqw ri ylhz/ ehvw wr kdyh hlwkhu sxuho| lqwhuqdwlrqdo phujhuv/ ru/ zkhq

�{hg frvw vdylqjv duh qrw yhu| odujh/ wr kdyh phujhuv ehwzhhq iruhljq �upv

rqo|1 Krzhyhu/ zkhq phujhuv h{sorlw pdujlqdo frvw v|qhujlhv/ wkhq phujhuv

lqyroylqj grphvwlf �upv pd| eh ghvludeoh/ li wkhvh v|qhujlhv duh vx!flhqwo|

surqrxqfhg1

Wkhvh uhvxowv vhhp wr lpso| wkdw wkhuh lv vfrsh iru zhoiduh0hqkdqflqj

phujhu srolflhv1 Exw/ wkh hqgrjhqrxv qdwxuh ri phujhuv lq wkh suhvhqw dqdo0

|vlv/ dv zhoo dv wkh lqwhuqdwlrqdo glphqvlrq ri wkh dqdo|vlv/ lpso| wkdw wkh

rswlpdo ghvljq ri phujhu srolf| lv khuh vxevwdqwldoo| pruh lqyroyhg wkdq

lq wkh wudglwlrqdo fdvh ri h{rjhqrxv phujhuv lq wudglwlrqdo forvhg0hfrqrp|
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vlwxdwlrqv1 Vsdfh frqvlghudwlrqv pdnhv lw lpsrvvleoh iru xv wr fkdudfwhul}h

wkh rswlpdo qdwlrqdo phujhu srolflhv iru wkh wzr frxqwulhv1 Lqvwhdg/ zh zloo

pdnh d frxsoh ri uhpdunv frqfhuqlqj phujhu srolf| wkdw pljkw lqglfdwh duhdv

zruwk| ri ixwxuh lqyhvwljdwlrqv1

D srwhqwldoo| lpsruwdqw dvshfw ri phujhu srolf| lq dq lqwhuqdwlrqdo frq0

wh{w lv wkdw wkh ghvljq ri wkh srolf| ylv0d0ylv lqwhuqdwlrqdo phujhuv pd| lq x0

hqfh �wkh whupv0ri wudgh� ri phujhuv1 Ohw xv ohdyh wkh irxu0rzqhu vhw0xs iru

d prphqw dqg wklqn lq whupv ri wkh vlpsohvw fdvh= d gxrsro|0wr0prqrsro|

phujhu ehwzhhq d grphvwlf dqg d iruhljq �up1 Zkhwkhu ru qrw wklv phujhu

zloo lqfuhdvh grphvwlf zhoiduh ghshqgv sduwo| rq wkh glylvlrq ri wkh prqrsro|

sur�w lw |lhogv1 Wkh �upv pd| wkxv uhdol}h wkdw wkh grphvwlf frpshwlwlrq

dxwkrulw| zloo qrw dffhsw wkh phujhu/ xqohvv d vx!flhqwo| odujh iudfwlrq ri

wkh sur�w dffuxhv wr wkh grphvwlf rzqhu/ zkr zloo wkxv �qg lw zruwkzkloh wr

irup wkhlu djuhhphqw vr wkdw lw lv dffhswdeoh wr wkh frpshwlwlrq dxwkrulw|1

Frqgxfwhg lq wklv pdqqhu/ wkh phujhu srolf| wkxv wdnhv rq d vwudwhjlf uroh

vlplodu wr wkdw ri vwudwhjlf wudgh srolf|1

Wkhuh duh dovr pruh lqgluhfw zd|v lq zklfk phujhu srolf| fdq d�hfw

wkh phujhu whupv0ri0wudgh1 Iru lqvwdqfh/ frqvlghu dq lqgxvwu| zlwk wkuhh

frpsohwho| v|pphwulf �upv/ wzr grphvwlf dqg rqh iruhljq �up/ iru zklfk

wkhuh duh sulydwh jdlqv iurp phujlqj lq wkh wudglwlrqdo vhqvh1 Vxssrvh wkh

grphvwlf frpshwlwlrq dxwkrulw| pdnhv d fuhgleoh dqqrxqfhphqw wkdw lw zloo

qrw dffhsw d phujhu ehwzhhq wkh wzr grphvwlf �upv1 Wklv zrxog lpso|

wkdw dq| phujhu pxvw lqyroyh wkh iruhljq �up1 Li wkhuh duh vwurqj vwudwhjlf

v|qhujlhv wr eh uhdshg iurp wkh phujhu/ wkhq wklv srolf| pd| eh frxqwhu0

surgxfwlyh iurp d vrfldo srlqw ri ylhz= wkh iruhljq �up fdq sod| rqh grphvwlf

�up djdlqvw wkh rwkhu/ dqg jhw d odujh vkduh ri wkh sur�w lq wkh phujhg hqwlw|/

vlqfh wkh �rxwvlgh rssruwxqlwlhv� duh vpdoo iru wkh grphvwlf �upv1 Rq wkh

rwkhu kdqg/ li wkhuh duh pdlqo| �{hg frvw v|qhujlhv/ vr wkdw wkh rxwvlgh

�up lv wkh sulph ehqh�fldu| iurp wkh phujhu/ lw lv wr wkh iruhljq �up*v

glvdgydqwdjh wkdw lw kdv wr eh sduw ri dq| phujhu1 Wkh grphvwlf �upv wkhq

kdyh jrrg �rxwvlgh rssruwxqlwlhv�/ lq frqwudvw wr wkh iruhljq �up1
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Wklv odwwhu h{dpsoh vxjjhvwv wkdw wkh ghvljq ri rswlpdo qdwlrqdo phujhu

srolflhv pd| eh frpsolfdwhg e| wkh idfw wkdw wkhvh srolflhv gr qrw rqo|

d�hfw zklfk sursrvhg phujhuv pljkw ru pljkw qrw eh dffhswhg1 Wkh phujhu

srolflhv pd| dovr lq xhqfh wkh zhoiduh rewdlqhg lq wkh ydulrxv vwuxfwxuhv1 D

uhvwulfwlyh srolf| ylv0d0ylv rqh vwuxfwxuh pd| d�hfw wkh sd|r�v uhfhlyhg e|

grphvwlf rzqhuv lq rwkhu vwuxfwxuhv1

\hw dqrwkhu frpsolfdwlqj idfwru iru wkh ghvljq ri rswlpdo srolflhv/ lv

wkh idfw wkdw wkhuh duh qxphurxv zd|v lq zklfk jryhuqphqwv fdq d�hfw

wudglqj frvwv +zklfk kdyh khuh ehhq wuhdwhg dv h{rjhqrxv,1 Iru lqvwdqfh/

wdul�v/ lpsruw olfhqvhv/ fxvwrpv uhg wdsh dqg qdwlrqdo surgxfw vwdqgdugv

doo whqg wr lqfuhdvh wkh frvw ri lpsruwlqj/ zkhuhdv jryhuqphqw vxssolhg

lqiudvwuxfwxuh iru wudqvsruwdwlrq/ lpsruw vxevlglhv/ hwf1/ fdq frqwulexwh wr

orzhu wudgh frvwv1 Lq rughu wr ghwhuplqh frxqwulhv* lqglylgxdo lqfhqwlyhv zlwk

uhjdug wr wudgh srolf|/ zh zrxog qhhg wr glvwlqjxlvk ehwzhhq wudgh frvwv wr

hdfk ri wkh pdunhwv deryh/ zklfk lv eh|rqg wkh vfrsh ri wklv sdshu1 Exw lw

vhhpv sodxvleoh wkdw wudgh frvwv pd| d�hfw sd|r�v lq lqwhuqdwlrqdo phujhuv

qrw rqo| e| lq xhqflqj wkh vl}h ri wkh sur�wv wr eh glylghg dprqj wkh

sduwlflsdwlqj rzqhuv/ exw dovr e| d�hfwlqj wkh glvwulexwlrq ri sd|r�v zlwklq

phujhg hqwlwlhv/ wkurxjk wkhlu lpsdfw rq wkh sduwlhv* edujdlqlqj srvlwlrqv1

Ohw xv hqg e| phqwlrqlqj vhyhudo zhdnqhvvhv ri wkh dqdo|vlv1 Rxu ds0

surdfk frpelqhv d vwdqgdug w|sh ri LR phujhu prgho/ zlwk d frrshudwlyh

frdolwlrq irupdwlrq prgho/ lqkhulwlqj vhyhudo ri wkh zhdnqhvvhv ri erwk wkhvh

vwudqgv ri olwhudwxuh1 Iluvw/ rqh gudzedfn ri wkh frrshudwlyh dssurdfk lv wkdw

zh gr qrw nqrz krz wkh vroxwlrq pljkw eh lpsohphqwhg qrq0frrshudwlyho|

lq dq| uhdvrqdeoh idvklrq1 Zh zrxog suhihu wr kdyh vxfk d qrq0frrshudwlyh

xqghu0slqqlqj/ surylghg wkdw lw zhuh dovr lqwxlwlyho| dsshdolqj1 Krzhyhu/

odfnlqj vxfk d prgho/ zh eholhyh vrph lqvljkwv fdq vwloo eh rewdlqhg iurp

wkh xvh ri d frrshudwlyh dssurdfk wr phujhu irupdwlrq15:

5: Wkhuh vhhpv wr eh d pxfk pruh hfohfwlf ylhz ri frrshudwlyh +frdolwlrqdo, jdph
wkhru| dprqj jdph wkhrulvwv wkdq dprqj qrq0vshfldolvwv zkr dsso| jdph0wkhruhwlf
frqfhswv1 Iru lqvwdqfh/ Rveruqh dqg Uxelqvwhlq +4<<9/ s1 589, zulwlqj derxw wkh
gl�huhqfhv ehwzhhq qrq0frrshudwlyh dqg frdolwlrqdo prghov/ vwdwh wkdw �^z`h gr qrw
ylhz hlwkhu ri wkh wzr dssurdfkhv dv vxshulru ru pruh edvlf1 Hdfk ri wkhp uh hfwv
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Vhfrqg/ zkloh wkh prgho vhhnv wr dgguhvv rqh pdlq zhdnqhvv lq wkh LR

olwhudwxuh rq phujhuv � wkh h{rjhqhlw| ri phujhu irupdwlrq � lw uhwdlqv

dqrwkhu srwhqwldoo| vhulrxv zhdnqhvv zkhq lqwhusuhwhg lq wkh �LR idvklrq�=

lw grhv qrw yhuli| wkdw wkh dvvxphg suh0phujhu doorfdwlrq ri rzqhuvkls lv dq

htxloleulxp/ jlyhq wkh srvvlelolw| wr phujh1 Krzhyhu/ dv phqwlrqhg deryh/

wkhuh lv dq dowhuqdwlyh lqwhusuhwdwlrq ri wkh prgho/ zklfk lv qrw vxemhfw wr

wklv fulwlflvp1 Lq wklv lqwhusuhwdwlrq/ phujhuv gr qrw wdnh sodfh ehfdxvh �upv

duh vxgghqo| doorzhg wr phujh/ exw lq uhvsrqvh wr dq h{rjhqrxv hyhqw/ vxfk

dv wkh uhgxfwlrq ri wudgh frvw1

Ilqdoo|/ zh dvvxph wkdw P)D lv wkh rqo| ihdvleoh zd| ri dftxlulqj dggl0

wlrqdo surgxfwlyh fdsdflw| lq d pdunhw1 Dv dujxhg deryh/ wklv uhvwulfwlrq lv

uhohydqw iru pdq| pdunhwv ri frqvlghudeoh sudfwlfdo uhohydqfh1 Qhhgohvv wr

vd|/ wkh orqjhu uxq dlp pxvw eh wr xqghuvwdqg wkh jhqhudo fdvh zkhuh erwk

juhhq�hog hqwu| dqg P)D duh shuplwwhg1 Lw zrxog vhhp dv li rxu dqdo|vlv lv

ydolg iru vlwxdwlrqv zkhuh surgxfwlyh fdsdflw| lv vx!flhqwo| frvwo|/ vr wkdw

juhhq�hog hqwu| lv qrw dq rswlrq1 Exw/ lvvxhv duh vljql�fdqwo| pruh lqyroyhg

zkhq surgxfwlyh uhvrxufhv qhfhvvdu| iru juhhq�hog hqwu| duh vxssolhg orfdoo|/

dw orzhu sulfhv1 Iru lqvwdqfh/ wkh lqfhqwlyhv dqg srvvlelolwlhv iru lqfxpehqw

orfdo �upv wr sxufkdvh vxfk uhvrxufhv wr ghwhu hqwu|/ ru wr phujh/ pxvw wkhq

eh wdnhq lqwr frqvlghudwlrq1 Zkhwkhu wklv lv srvvleoh zloo ghshqg rq d qxp0

ehu ri idfwruv/ vxfk dv wkh dvvxphg wlplqj ri hyhqwv/ dqg wkh h{dfw ghpdqg

dqg frvw frqglwlrqv1 Krshixoo|/ wkh deryh fdq eh vhhq dv d vwhsslqj vwrqh

lq wkh gluhfwlrq ri wklv pruh frpsohwh dqdo|vlv1

gl�huhqw nlqgv ri vwudwhjlf frqvlghudwlrqv dqg frqwulexwhv wr rxu xqghuvwdqglqj ri
vwudwhjlf uhdvrqlqj1�

5<



D Dsshqgl{

D14 Ghulydwlrq ri lqhtxdolw| +5,

Ohw wkhuh eh wzr �upv/ 4 dqg 5/ zkhuh �up 5 lv dq h{sruwhu wr wkh pdunhw

xqghu frqvlghudwlrq1 Wkh sur�wv ri �upv 4 dqg 5 duh

�� @ S +t� . t2,t� � f � t� � I�

�2 @ S +t� . t2,t2 � f � t2 � wt2 � I2

Wkh IRFv

S +t� . t2, . t�S
�+t� . t2,� f @ 3

S +t� . t2, . t2S
�+t� . t2,� f� w @ 3

lpso| wkdw

S �+T,+t2 � t�, @ w

dqg khqfh wkdw t� A t2 iru w A 31 Wrwdoo| gl�huhqwldwlqj wkh IRFv/

gt�
gw

@ �
4

G
+S � . t�S

��,

gt2
gw

@
4

G
+5S � . t�S

��,

zkhuh

G � +S �,2 . +S � . t�S
��,S � . +S � . t2S

��,S �

Wkh djjuhjdwh htxloleulxp sur�w qhw ri wkh wudgh frvwv idflqj �up 5 lv

�U+w, @ S +t�+w, . t2+w,,+t�+w, . t2+w,,� ft�+w,� ft2+w,

Gl�huhqwldwlqj z1 u1 w1 wkh wudgh frvw/ wdnlqj lqwr dffrxqw wkh IRFv/ |lhogv

g �U+w,

gw
@
t2+S

�,2

G
+8,

Qhfhvvdu| dqg vx!flhqw iru wklv wr eh srvlwlyh lv wkdw t2 A 3 dqg G A 3=

Vx!flhqw iru wkh odwwhu lv/ lq wxuq/ wkdw wkh rxwsxwv duh vwudwhjlf vxevwlwxwhv/

dv dvvxphg/ vlqfh wklv lpsolhv wkdw S � . t�S
�� ? 3 dqg S � . t2S

�� ? 31 Wklv

hvwdeolvkhv wkh vljq ri wkh UKV ri +5,1
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D15 Surriv ri vwdwhphqwv frqfhuqlqj wkh WFV Prgho dqg wkh

IFV Prgho

Wkh WFV Prgho lv irupdoo| d vshfldo fdvh ri wkh IFV Prgho/ zkhuh i @

31 Lw lv wkhuhiruh prvw frqyhqlhqw wr �uvw ghulyh wkh qhfhvvdu| htxloleulxp

txdqwlwlhv/ sur�wv dqg zhoiduh lq wkh gl�huhqw vwuxfwxuhv/ lq wkh frqwh{w ri

wkh IFV Prgho1

D1514 Htxloleulxp txdqwlwlhv/ sur�wv dqg zhoiduh

+l, Lq vwuxfwxuh P�/ wkh surgxfw pdunhw htxloleulxp lv wkh vdph lq erwk

frxqwulhv15; Zlwk w � 4@6> dqg iru l @ 4> ==> 7

t��_ @
4

8
+4 . 5w, t��e @

4

8
+4� 6w, ��� @

4

58
+4 . 5w,2 .

4

58
+4� 6w,2 � i

Zlwk 4@6 ? w � 4@5/ dqg iru q @ 4> ===7=

t��_ @
4

6
t��e @ 3 ��� @

4

<
� i

Zhoiduh lq frxqwu| D lv

Z� @ FV� . ��� . ��2

ru

Z� @

;?
=

e

.
+6� 6w. :w2,� 5i iru w � 4@6

e

b
� 5i iru 4@6 � w � 4@5

+ll, Vwuxfwxuhv PA dqg PL duh wkh vdph/ exw zlwk uhyhuvhg urohv iru �upv

4 dqg 5/ rq wkh rqh kdqg/ dqg �upv 6 dqg 7/ rq wkh rwkhu= Lq vwuxfwxuhPA /

iru w � 4@6/

tA
�2_ @

4

7
+4 . 5w, tA�2e @

4

7
+4� 6w, tA?_ @

4

7
+4 . w, tA?e @

4

7
+4� 5w,> q @ 6> 7

5;
Fdofxodwlrqv kdyh sduwo| ehhq pdgh lq Ghulyh yhu1 6133/ dqg wkh sorwv kdyh

ehhq pdgh lq Vflhqwl�f ZrunSodfh yhu1 5134/ Exlog <41
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�A�2 @
4

49
+4 . 5w,2 .

4

49
+4� 6w,2 � i �A? @

4

49
+4 . w,2 .

4

49
+4� 5w,2 � i > q @ 6> 7

dqg iru 4@6 ? w � 4@5/

tA�2_ @
4

7
+4 . 5w, tA?_ @

4

7
+4 . w, tA?e @

4

7
+4� 5w,> q @ 6> 7

�A�2 @
4

49
+4 . 5w,2 � i �A? @

4

<
.

4

49
+4� 5w,2 � i > q @ 6> 7

Zhoiduh lq frxqwu| D lv lq vwuxfwxuh PA

ZA @

;?
=

�

�2
+46� 49w. 63w2,� i iru w � 4@6

�

�2
+44� 7w. 45w2,� i iru 4@6 � w � 4@5

dqg lq vwuxfwxuh PL

ZL @

;?
=

�

�2
+4:� 47w. 54w2,� 5i iru w � 4@6

�

.2
+74� 69w. 69w2,� 5i iru 4@6 � w � 4@5

+lll, Vwuxfwxuhv PT / Pf/ Pt dqg P~ duh wkh vdph/ h{fhsw wkdw wkh

lghqwlw| ri wkh wzr phujlqj rzqhuv duh gl�huhqw1 Lq vwuxfwxuh PT / iru

w � 4@6/

tT��� @ tT��� @
4

7
+4 . w, tT?_ @

4

7
+4 . w, tT?e @

4

7
+4� 6w,> q @ 5> 7

�T�� @
4

;
+4 . w,2 � i �T? @

4

49
+4 . w,2 .

4

49
+4� 6w,2 � i > q @ 5> 7

dqg iru 4@6 ? w � 4@5/

tT��� @ tT��� @ tT?_ @
4

6
tT?e @ 3> q @ 5> 7

�T�� @
5

<
� i �T? @

4

<
� i > q @ 5> 7

Zhoiduh lq frxqwu| D lv

Z � @

;?
=

�

�2
+48� 43w. 56w2,� �

2
i iru w � 4@6

e

b
�

�

2
i iru 4@6 � w � 4@5

> m @ Y>[>\>]
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+ly, Lq vwuxfwxuh P� / iru w � 4@5/

t��_ @
4

6
+4 . w, t��e @

4

6
+4� 5w,> l @ 45> 67

��� @
4

<
+4 . w,2 .

4

<
+4� 5w,2 � i > l @ 45> 67

Zhoiduh lq frxqwu| D lv

Z� @
4

4;
+;� ;w. 44w2, iru w � 4@5

+y, Vwuxfwxuhv PU dqg PU�

duh v|pphwulf1 Lq vwuxfwxuh PU /

tU�� @ tU�� @
4

6
�U� @

5

<
� i > l @ 46> 57

Zhoiduh lq frxqwu| D lv

Z U @Z U�

@
7

<
iru w � 4@5

+yl, Vwuxfwxuhv PM dqg PM�

duh v|pphwulf zlwk wkh urohv ri rzqhuv 6 dqg

7 uhyhuvhg1 Lq vwuxfwxuh PM / iru w � 4@5/

tM�2�_ @
4

6
+4 . w, tM�2�e @ tMe_ @

4

6
tMee @

4

6
+4� 5w,

�M�2� @
4

<
+4 . w,2 .

4

<
� i �Me @

4

<
.

4

<
+4� 5w,2 � i

Zhoiduh lq frxqwu| D lv/ iru w � 4@5/

ZM @ZM�

@
4

87
+53� 7w. :w2,�

5

6
i

+yll, Vwuxfwxuhv P8 dqg P8 �

duh v|pphwulf zlwk wkh urohv ri rzqhuv 4 dqg

5 uhyhuvhg1 Lq vwuxfwxuh P8 / iru w � 4@5/

t8��e_ @
4

6
+4 . w, t8��ee @ t82_ @

4

6
t82e @

4

6
+4� 5w,

�8��e @
4

<
+4 . w,2 .

4

<
� i �82 @

4

<
.

4

<
+4� 5w,2 � i

Zhoiduh lq frxqwu| D lv/ iru w � 4@5/

Z8 @Z8 �

@
4

5:
+47� 43w. 46w2,�

7

6
i
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D1515 Frqvwudlqwv hqvxulqj qrq0qhjdwlyh sur�wv

Iru hdfk pdunhw vwuxfwxuh/ frqvwudlqwv rq w hqvxuh wkdw txdqwlwlhv duh srv0

lwlyh1 Exw/ wkhuh duh olplwv wr krz odujh wkh �{hg frvw fdq eh/ lq rughu

wr kdyh qrq0qhjdwlyh sur�wv1 Wkhvh frqvwudlqwv w|slfdoo| ghshqg erwk rq w

dqg i 1 Wkh sur�w ixqfwlrqv duh gl�huhqw lq wkh wzr lqwhuydov w � 4@6 dqg

4@6 ? w � 4@5/ dqg rqh pxvw wkhuhiruh frqvlghu hdfk udqjh vhsdudwho|1 Lw fdq

eh vkrzq wkdw iru w � 4@6/ wkh prvw elqglqj frqvwudlqw lv wkdw jxdudqwhlqj

hdfk ��� � 3/

4

58
+5� 5w. 46w2, � i

dqg wkdw iru 4@6 ? w � 4@5 wkh prvw elqglqj uhvwulfwlrq lv wkh rqh hqvxulqj

�M
e
@ �M

�

�
@ �8

2
@ �8

�

�
� 3/

5

<
+4� 5w. 5w2, � i

Lq Ilj1 5 wkhvh frqvwudlqwv duh sorwwhg dv wkh fxuyh

U+w, @

;?
=

�

2D
+5� 5w. 46w2, li 3 � w � 4@6

2

b
+4� 5w. 5w2, li 4@6 ? w � 4@5

D1516 Surri ri Sursrvlwlrq 4

Wkh dv|pphwu| ri wkh grp uhodwlrq lpsolhv wkdw lw vx!fhv wr vkrz wkdw wkh

pdunhw vwuxfwxuhv vwdwhg lq Sursrvlwlrq 4 grplqdwh doo rwkhu vwuxfwxuhv lq

wkh vshfl�hg uhjlrq> lw iroorzv iurp wkh dv|pphwu| ri wkh grp uhodwlrq wkdw

wkh| duh wkhq dovr xqgrplqdwhg e| doo vwuxfwxuhv1 Frqvlghu �uvw Sduw +l, ri

wkh Sursrvlwlrq1

+d,PU grp P � 5P/ l 9@ L �> Y>[> \> ]>R= Lq hdfk fdvh wkhuh lv rqh ghflvlyh

jurxs frpsulvlqj doo rzqhuv= Lw lv vwudljkwiruzdug wr yhuli| wkdw �U A �� li

w ? 5@81 Khqfh/ PU grp P � li w ? 5@81

+e, PU grp P �/ l @ Y>[> \> ]= Wkhuh lv rqh ghflvlyh jurxs frpsulvlqj wzr

rzqhuv1 Iru lqvwdqfh/ ohw l @ Y> vr wkdw wkh ghflvlyh jurxs frqvlvwv ri rzqhuv
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5 dqg 71 �U
2e
A �T

2
. �T

e
/ zlwk w � 4@6/ l�

4

48
? w ?

4

6

Wkh vdph frqglwlrq dssolhv iru l @ [>\>]1

+f, PU grp P�= Wkhuh duh wzr frpsohwho| v|pphwulf ghflvlyh jurxsv/

JU�
�

@ i4> 6j dqg JU�
2

@ i5> 7j1 �U
��
A ��

�
. ��

�
/ zlwk w ? 4@6/ l�

�:� 4;w. 44:w2 ? 3

Wklv frqglwlrq dozd|v krogv iru w ? 4@61

Wklv frpsohwhv wkh surri ri Sduw +l, ri wkh Sursrvlwlrq1 Qrz wxuq wr

Sduw +ll,1

+d, P� grp P �/ P � 5 P/ l 9@ W>X>R= Lq hdfk fdvh wkhuh lv rqh ghflvlyh

jurxs frpsulvlqj doo rzqhuv= Lw lv vwudljkwiruzdug wr yhuli| wkdw �� A �� li

5@8 ? w � 4@5/ dqg khqfh P� grp P � iru wklv udqjh1

+e, P� grp P �/ l @ W>X = Wkhuh lv rqh ghflvlyh jurxs frpsulvlqj wzr

rzqhuv1 Iru lqvwdqfh/ ohw l @ W / vr wkdw wkh ghflvlyh jurxs frqvlvwv ri

rzqhuv 6 dqg 71 Lq wkh uhjlrq 5@8 ? w � 4@5/ ��
�e
A �A

�
. �A

e
l�

<� 53w� 7w2 ? 3

l1h1/ l� w A +
s
67 � 8,@5 � =7481 Khqfh/ P� grp PA lq wklv uhjlrq1 Dq

lghqwlfdo uhdvrqlqj dssolhv wr PL 1

+f, P� grp P�= Wkhuh duh wzr frpsohwho| v|pphwulf ghflvlyh jurxsv/

JU�
�

@ i4> 5j dqg JU�
2

@ i6> 7j1 ��
�2

A ��
�
. ��

2
l� w A 5@81 Khqfh/

P� grp P� iru 5@8 ? w � 4@51

Wklv frpsohwhv wkh surri ri Sduw +ll,/ dqg wkxv wkh surri ri Sursrvlwlrq

41

D16 Surri ri Sursrvlwlrq 5

Dw w @ 3/

gU+w,

gw
@ �5S �

G
+S � . t�S

��, ? 3
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zklfk lv qhjdwlyh vlqfh rxwsxwv duh vwudwhjlf vxevwlwxwhv1 Wkxv/ wkhuh lv d

udqjh ri w/ lq wkh qhljkerukrrg ri w @ 3/ zkhuh U+w, ? U+3,/ dqg wkxv zkhuh

�� +w, ? �U 1 Wklv hvwdeolvkhv Sduw +l,1 Wr vhh Sduw +ll,/ qrwh wkdw vlqfh

U+w��, @

]
|��

f

g �U+�,

gw
g� . frqvw

zkhuh U+3, @ frqvw/ zh kdyh wkdw

U+w��,�U+3, @

]
|��

f

g �U+�,

gw
g� A 3

Wkhuh pxvw wkhq eh d udqjh ri ydoxhv ri w ? w�� vxfk wkdw U+w, A U+3,/ dqg

�� +w, A �U 1

Uhihuhqfhv

^4` Eduurv/ S1S dqg O1 Fdeudo/ 4<<7/ Phujhu Srolf| lq Rshq Hfrqrplhv/

Hxurshdq Hfrqrplf Uhylhz 6;/ 4374043891

^5` Gxqqlqj/ M1/ Wudgh/ 4<::/ Orfdwlrq ri Hfrqrplf Dfwlylw| dqg wkh PQH=

D Vhdufk iru dqg Hfohfwlf Dssurdfk/ lq= Rkolq/ E1 Khvvhoeruq/ S10R1 dqg

S1P1 Zlmnpdq/ hgv/ Wkh Lqwhuqdwlrqdo Doorfdwlrq ri Hfrqrplf Dfwlylw|/

+Orqgrq= PfPloodq, 6<8074;1

^6` Hfrqrplf Uhsruw ri wkh Suhvlghqw/ XV Jryhuqphqw Sulqwlqj R!fh/

4<<8/ Zdvklqjwrq1

^7` Hvslqrvd/ P1 dqg H1 Lqduud/ 4<<9/ yrq Qhxpdqq dqg Prujhqvwhuq Vwd0

eoh Vhwv lq d Phujhu Jdph/ Lqwhuqdwlrqdo Mrxuqdo ri Jdph Wkhru|/

4<<91

^8` Wkh Hxurshdq Xqlrq/ 4<<9/ H!flhqf| dqg Frpshwlwlrq H�hfwv/ Hxur0

shdq Hfrqrp| 71

^9` Iulgroivvrq/ V10R1 dqg M1 Vwhqqhn/ 4<<</ Zk| Phujhuv Uhgxfh Suri0

lwv/ dqg Udlvh Vkduh Sulfhv/ Zrunlqj Sdshu Qr1 844/ +Vwrfnkrop= Wkh

Uhvhdufk Lqvwlwxwh ri Lqgxvwuldo Hfrqrplfv,1

69



^:` Juhhqehuj/ Mrvhsk/ 4<<7/ Frdolwlrq Vwuxfwxuhv/ lq= Dxpdqq/ U1 M1 dqg

V1 Kduw/ hgv/ Kdqgerrn ri Jdph Wkhru|/ Yro1 5 +Hovhylhu Vflhqfh E1Y,1

^;` Khdg/ N1 dqg M1 Ulhv/ 4<<8/ Lqwhuqdwlrqdo Phujhuv dqg Zhoiduh xqghu

Ghfhqwudol}hg Frpshwlwlrq Srolf|/ plphr1

^<` Kruq/ K1 dqg M1 Ohylqvrkq/ 4<<:/ Phujhu Srolflhv dqg wkh JDWW/

plphr1

^43` Kruq/ K1 dqg O1 Shuvvrq/ 4<<:/ Hqgrjhqrxv Phujhuv lq Frqfhqwudwhg

Pdunhwv/ Glvfxvvlrq Sdshu 4877/ Fhqwuh iru Hfrqrplf Srolf| Uhvhdufk1

^44` Kruvwpdqq/ L1 dqg M1 Pdunxvhq/ 4<<5/ Hqgrjhqrxv Pdunhw Vwuxfwxuhv

lq Lqwhuqdwlrqdo Wudgh +Qdwxud Idflw Vdowxp,/ Mrxuqdo ri Lqwhuqdwlrqdo

Hfrqrplfv 65/ 43<045<1

^45` Mhqq|/ I1/ 4<<3/ Iuhqfk Frpshwlwlrq Srolf| lq Shuvshfwlyh/ lq= Z1V1

Frpdqru hw do1/ hgv/ Frpshwlwlrq Srolf| lq Hxursh dqg Qruwk Dphulfd=

Hfrqrplf Lvvxhv dqg Lqvwlwxwlrqv/ +Qhz \run= Kduzrrg Dfdghplf,1

^46` MHWUR/ 4<<9/ MHWURZklwh Sdshu rq Iruhljq Gluhfw Lqyhvwphqw 4<<9/

Mdsdq H{whuqdo Wudgh Rujdql}dwlrq1

^47` Pdunxvhq/ M1 U1/ 4<;7/ Pxowlqdwlrqdov/ Pxowl0sodqw Hfrqrplhv/ dqg wkh

Jdlqv iurp Wudgh/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv 49/ 53805391

^48` Pdunxvhq/ M1 U1/ 4<<8/ Wkh Erxqgdulhv ri Pxowlqdwlrqdo Hqwhusulvhv

dqg wkh Wkhru| ri Lqwhuqdwlrqdo Wudgh/ Mrxuqdo ri Hfrqrplf Shuvshfwlyh

</ 49<04;<1

^49` Pdunxvhq/ M1 U1 dqg D1 Yhqdeohv/ 4<<9/ Wkh Wkhru| ri Hqgrzphqw/

Lqwud0Lqgxvwu| Wudgh/ dqg Pxowlqdwlrqdo Wudgh/ Qdwlrqdo Exuhdx ri

Hfrqrplf Uhvhdufk Zrunlqj Sdshu Qr1 885<1

^4:` RHFG/ 4<;;/ Lqwhuqdwlrqdo Phujhuv dqg Frpshwlwlrq Srolf|/ +Rujdql0

vdwlrq iru Hfrqrplf Fr0rshudwlrq dqg Ghyhorsphqw/ Sdulv,1

6:



^4;` RHFG/ 4<<8/ Hyroxwlrq ri Sulrulwlhv iru wkh Surjudp ri Zrun 4<<80

4<<9/ +Wudgh Gluhfwrudwh/ Rujdqlvdwlrq iru Hfrqrplf Fr0rshudwlrq dqg

Ghyhorsphqw/ Sdulv,1

^4<` Rugryhu/ M1 dqg U1 Zloolj/ 4<;9/ Shuvshfwlyhv rq Phujhuv dqg Zruog

Frpshwlwlrq/ lq= U1 Julhvrq/ hg1/ Dqwlwuxvw dqg Uhjxodwlrq +Oh{lqjwrq/

Pdvv1= Khdwk/ Oh{lqjwrq Errnv, 54304;1

^53` Rveruqh/ P1 dqg D1 Uxelqvwhlq/ 4<<9/ D Frxuvh lq Jdph Wkhru|/ +Wkh

PLW Suhvv,1

^54` Shuu|/ P1 dqg U1 Sruwhu/ 4<;8/ Roljrsro| dqg wkh Lqfhqwlyh iru Krul0

}rqwdo Phujhu/ Dphulfdq Hfrqrplf Uhylhz :8/ 54<05:1

^55` Sruwhu/ P1/ 4<;8/ Wkh Frpshwlwlyh Dgydqwdjh ri Qdwlrqv/ +Wkh Iuhh

Suhvv/ Qhz \run,1

^56` Ulfkdugvrq/ P1/ 4<<9/ Wudgh dqg Frpshwlwlrq Srolflhv= Frqfrugld Glv0

fruvB/ Xqlyhuvlw| ri Rwdjr/ plphr1

^57` U|vpdq/ P1/ 4<<:/ Frpshwlwlrq Srolf| lq Vwudwhjlf Wudgh/ Xqlyhuvlw|

ri Zlvfrqvlq/ Pdglvrq/ plphr1

^58` Vdodqw/ V1/ Vzlw}hu/ V1 dqg U1 Uh|qrogv/ 4<;6/ Orvvhv Gxh wr Phujhu=

Wkh H�hfwv ri dq H{rjhqrxv Fkdqjh lq Lqgxvwu| Vwuxfwxuh rq Frxuqrw0

Qdvk Htxloleulxp/ Txduwhuo| Mrxuqdo ri Hfrqrplfv <;/ 4;80<<1

^59` Vfkhuhu/ I1P1/ 4<<7/ Frpshwlwlrq Srolflhv iru dq Lqwhjudwhg Zruog

Hfrqrp|/ +Wkh Eurrnlqjv Lqvwlwxwlrq/ Zdvklqjwrq,1

^5:` Vkxeln/ Pduwlq/ 4<;6/ Jdph Wkhru| dqg wkh Vrfldo Vflhqfhv1 Fdp0

eulgjh/ +Wkh PLW Suhvv/ Pdvvdfkxvhwwv,1

^5;` Wkudoo/ U1 dqg Z1 Oxfdv/ 4<96/ q0shuvrq Jdphv lq Sduwlwlrq Ixqfwlrq

Irup/ Qdydo Uhvhdufk Orjlvwlfv Txduwhuo| 43/ 5;405<;1

^5<` XQFWDG/ Zruog Lqyhvwphqw Uhsruw 4<<9 dqg 4<<;/ +Xqlwhg Qdwlrqv

Frqihuhqfh rq Wudgh dqg Ghyhorsphqw/ Jhqhyd,1
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Fig. 1: Equilibrium market structures in the FCS Model
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Fig. 2: Equilibrium market structures in the VCS Model
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Fig. 3: Most preferred market structures in the FCS Model
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Fig. 4: Most preferred market structures in the VCS Model for c > 6t - 2
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Fig. 5: Most preferred market structures in the VCS Model for c < 6t - 2
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