
Pxwxdo Uhfrjqlwlrq dqg wkh Vwudwhjlf Xvh ri

Lqwhuqdwlrqdo Vwdqgdugv

Nodxv Zdooqhu�

Dxjxvw 4</ 4<<;

Devwudfw

Wklv sdshu frqvlghuv grphvwlf surgxfw vwdqgdugv wkdw gr qrw udlvh

wkh zloolqjqhvv wr sd| e| frqvxphuv exw lqfuhdvh wkh frvwv iru iruhljq

vxssolhuv ri vhuylqj wkh pdunhw1 Lw lv vkrzq lq d Frxuqrw wulrsro|

prgho wkdw vxfk vwdqgdugv fdq eh xvhg dv vwudwhjlf wrro wr udlvh gr0

phvwlf zhoiduh e| fuhdwlqj dv|pphwu| ehwzhhq orfdo dqg iruhljq sur0

gxfhuv1 D frxqwu| fdq udlvh lwv zhoiduh e| frqfoxglqj pxwxdo uhfrj0

qlwlrq djuhhphqwv zlwk d vwulfw vxevhw ri lwv wudglqj sduwqhuv1 Lq wkdw

fdvh h{foxvlyho| wkh odujhvw frxqwulhv djuhh rq pxwxdo uhfrjqlwlrq ri

wkhlu krph vwdqgdugv/ wr wkh ghwulphqw ri wkh frxqwu| zlwk wkh vpdoohu

krph pdunhw1

MHO Fodvvl�fdwlrq Qxpehuv= I46/ I48

Nh|zrugv= Surgxfw vwdqgdugv/ qrq0wdul� eduulhuv/ pxwxdo uhfrjql0

wlrq

�Nodxv Zdooqhu/ VLWH/ Vwrfnkrop Vfkrro ri Hfrqrplfv/ Er{ 9834/ 446;6 Vwrfnkrop/

Vzhghq1 Hpdlo rhlnzCkkv1vh1 L wkdqn Urqdog Ilqgod| iru khosixo frpphqwv1
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4 Lqwurgxfwlrq

Wkh lvvxh ri glyhuvh hqylurqphqwdo/ whfkqlfdo dqg vrfldo vwdqgdugv dprqj

wudglqj sduwqhuv kdv wdnhq fhqwhuvwdjh lq uhfhqw wudgh olehudol}dwlrq djuhh0

phqwv1 Iru h{dpsoh/ QDIWD frxog rqo| sdvv wkh *txdolw| frqwuro* e| wkh

XV frqjuhvv diwhu XV oree|lqj jurxsv vxffhvvixoo| sxvkhg iru lqfoxvlrq ri

ghpdqgv wkdw Ph{lfr xskhog fhuwdlq oderu dqg hqylurqphqwdo vwdqgdugv1

Wkh frpsohwlrq ri wkh Hxurshdq Frpprq Pdunhw lqfoxghg kduprql}dwlrq

ri d zlgh udqjh ri vdihw|/ hqylurqphqwdo dqg oderu uhjxodwlrqv/ zklfk do0

uhdg| vxjjhvwv wkdw frqvxphu surwhfwlrq zdv qrw wkh pdlq ixqfwlrq ri wkhvh

gl�huhqfhv14 Wkh HX lv ghpdqglqj ri dssolfdqwv iru phpehuvkls wkh grphv0

wlf dgrswlrq ri yluwxdoo| doo vljql�fdqw whfkqlfdo/ hqylurqphqwdo dqg oderu

vwdqgdugv hvwdeolvkhg wkurxjk sdvw dqg suhvhqw sudfwlfh dprqj HX php0

ehuvwdwhv15 Frxqwulhv qrw rqo| ghdo zlwk vwdqgdugv yld pxowlodwhudo wudgh

djuhhphqwv/ exw lqfuhdvlqjo| uhvruw wr elodwhudo pxwxdo uhfrjqlwlrq +PU, ri

wkhlu uhvshfwlyh grphvwlf vwdqgdugv16

Vhyhudo HX phpehu vwdwhv kdyh edqqhg Eulwlvk ehhi fodlplqj wkdw lw

4 *111 Hxurshdq vwdqgdugv iru surgxfwv udqjlqj iurp krxvhkrog dssoldqfhv wr euhdg/

ehhu/ dqg sdvwd orqj ixqfwlrqhg dv lpsruw eduulhuv zlwklq zhvwhuq Hxursh dv zhoo dv lqwhu0

qdwlrqdoo|1* +^47`/ s1 <,
5Wkh vr0fdoohg Frshqkdjhq fulwhuld uhtxluh/ lq dgglwlrq wr d qxpehu ri srolwlfdo dqg

hfrqrplf fulwhuld/ wkh xqfrqglwlrqdo dffhswdqfh ri wkh dftxlv frppxqdxwdluh +wkh erg|

ri ohjdo dqg uhjxodwru| uxohv jryhuqlqj wudgh dprqj HX phpehuv, ehiruh d frxqwu| fdq

eh ghhphg holjleoh iru dgplvvlrq lqwr wkh HX1
6Lw pd| eh lqwhuhvwlqj wr qrwh d vlplodu duudqjhphqw lq sxeolf lqwhuqdwlrqdo odz1 Wkh

*frplw| ri qdwlrqv* sulqflsoh jlyhv uhfrjqlwlrq wr wkh odzv ri rqh frxqwu| zlwklq wkh whuulwru|

ri dqrwkhu1 Olnh wkh surgxfw vwdqgdugv dqdo|}hg lq wklv sdshu/ dssolfdwlrqv ri wkh frplw|

ri qdwlrqv sulqflsoh kdyh riwhq ehhq dprqj rqo| d ihz/ odujh frxqwulhv1
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suhvhqwv khdowk kd}dugv wr frqvxphuv uhodwhg wr wkh vr0fdoohg pdg frz glv0

hdvh> wkh HX kdv lq 4<;9 edqqhg XV ehhi rq wkh jurxqgv wkdw wkh sudfwlfh ri

ihhglqj lw kruprqhv lv ghhphg xqvdih1 Wkh XV kdv uhshdwhgo| olqnhg wudgh

frqfhvvlrqv wr Fklqd wr ghpdqgv wkdw lw xskhog kxpdq uljkwv ghhphg lq0

iulqjhg e| wkh doohjhgo| zlghvsuhdg xvh ri sulvrqhu0 dqg fklog oderu lq wkh

surgxfwlrq ri h{sruw jrrgv1 Jhupdq| kdv surklelwhg doo grphvwlf vdohv ri

ehhu qrw euhzhg lq vwulfw frqiruplw| zlwk wkh *Uhlqkhlwvjherw* ri 4849 vwlsx0

odwlqj zdwhu/ |lhvw/ krs dqg eduoh| dv wkh vroh lqjuhglhqwv lq wkh surgxfwlrq

surfhvv1 Doo wkhvh h{dpsohv jhqhudwhg khdwhg ghedwhv ryhu zkhwkhu wkh frq0

fhuqv ohyhohg djdlqvw wkh surgxfwv lq txhvwlrq duh ohjlwlpdwh +hlwkhu prudoo|

ru dffruglqj wr JDWW2ZWR uxohv, ru zkhwkhu wkh| duh surwhfwlrqlvw lq qd0

wxuh1

Wklv sdshu frqvlghuv surgxfw vwdqgdugv wkdw gr qrw udlvh wkh zloolqjqhvv

wr sd| e| frqvxphuv17 Wkh| phuho| udlvh wkh frvwv ri iruhljq surgxfhuv ri

vhuylqj wkh orfdo pdunhw1 E| fuhdwlqj dv|pphwu| ehwzhhq orfdo dqg iruhljq

surgxfhuv/ wkh vwdqgdugv fdq eh xvhg dv vwudwhjlf wrro wr udlvh grphvwlf

zhoiduh1 Lq wkh frqwh{w ri d Frxuqrw wulrsro| prgho/ L vkrz wkdw frxqwulhv

kdyh d gluhfw lqwhuhvw lq wkh vwdqgdugv lq doo pdunhwv1 D frxqwu| fdq udlvh lwv

zhoiduh e| frqfoxglqj pxwxdo uhfrjqlwlrq djuhhphqwv zlwk d vwulfw vxevhw ri

lwv wudglqj sduwqhuv1 Lq wkdw fdvh pxwxdo uhfrjqlwlrq zloo dozd|v eh ehwzhhq

wkh odujhvw frxqwulhv/ h{foxglqj wkh vpdoohu rqhv1

Iru vhyhudo uhdvrqv/ wkh xvh ri vwdqgdugv dv d wrro iru d frxqwu| wr d�hfw

wkh rxwfrph ri lqwhuqdwlrqdo h{fkdqjh kdv jdlqhg lqfuhdvlqj lpsruwdqfh lq

7 *Pdq| hqylurqphqwdo dqg frqvxphu uhjxodwlrqv frqwulexwh olwwoh ru qrwklqj wr hqkdqf0

lqj frqvxphu ru hqylurqphqwdo surwhfwlrq1* +^47`/ s1 :,
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uhfhqw |hduv1 Iluvw/ wkh vwhhs lqfuhdvh lq yroxph/ ydulhw| dqg whfkqlfdo vrsklv0

wlfdwlrq ri lqwhuqdwlrqdoo| wudghg jrrgv uhtxluhg lpsrvlwlrq ri vwdqgdugv wr

surwhfw frqvxphuv dqg wkh hqylurqphqw iurp dgyhuvh h�hfwv ri frqvxpswlrq1

Iru wkh vdph uhdvrq/ pruh zdv wr eh jdlqhg wkurxjk frrshudwlyh lqwhuqdwlrqdo

vwdqgdugv lq whupv ri pruh h!flhqw h{sorlwdwlrq ri wkh srwhqwldo jdlqv iurp

wudgh1 Frxqwulhv duh lqfuhdvlqjo| d�hfwhg e| grphvwlf vwdqgdugv ri wudglqj

sduwqhuv1 Krzhyhu/ ^6` dqg ^45` frqfoxgh wkdw lqwhuqdwlrqdo vwdqgdugv frq0

vwlwxwh rqo| vhfrqg ehvw wrrov wr vhuyh wkrvh lqwhuhvwv> jrrg h{dpsohv duh

*juhhq eduulhuv* dqg wudqviurqwlhu srooxwlrq ru vdihw| ulvnv/ zkhuh wkh �uvw

ehvw lqwhuyhqwlrqv duh gluhfw sd|phqwv wr fruuhfw lqfhqwlyhv dw wkh iruhljq

vrxufh zlwkrxw lqwurgxflqj ixuwkhu wudgh glvwruwlrqv1 Vhfrqg/ vlqfh wdul�v

kdyh ehhq gudpdwlfdoo| uhgxfhg xqghu vxffhvvlyh JDWW wuhdwlhv/ qrq0wdul�

eduulhuv vhuyhg wr *�oo wkh yrlg*1 Wklv skhqrphqrq kdv ehhq gxeehg d *odz ri

frqvwdqw surwhfwlrq*/ uhihuulqj wr shuihfw vxevwlwxwdelolw| ehwzhhq wdul� dqg

qrq0wdul� eduulhuv lq pdlqwdlqlqj d ghjuhh ri ghvluhg grphvwlf surwhfwlrq1 D

4<<4 RHFG uhsruw ^44` qrwhv wkdw *111whfkqlfdo eduulhuv wr wudgh frqvwlwxwh d

srwhqwldo iru surwhfwlrqlvw wudgh srolflhv/ zklfk frxog jdlq ixuwkhu lpsruwdqfh

lq wkh ixwxuh1* Khqfh wkh srvlwlyh dqdo|vlv ri vwdqgdugv lq lqwhuqdwlrqdo wudgh

fhqwhuv rq wkhlu uroh lq hlwkhu surwhfwlqj frqvxphuv/ zrunhuv ru wkh hqylurq0

phqw dqg oxeulfdwlqj wudgh/ ru wkdw lq pdqlsxodwlqj uhodwlyh frvwv ri ulydov

wr vkliw sur�wv iurp iruhljq �upv wr grphvwlf surgxfhuv1

Lqwhuqdwlrqdo vwdqgdug vhwwlqj kdv ehhq frpsolfdwhg e| d khdwhg ghedwh

durxqg wkh qrupdwlyh txhvwlrq zkhwkhu vwdqgdugv vkrxog eh kduprql}hg

ehwzhhq wudglqj sduwqhuv1 Vxssruw iru lqwhuqdwlrqdo kduprql}dwlrq frphv

pdlqo| iurp surgxfhuv lq kljk vwdqgdug frxqwulhv1 Wkh| fodlp wkdw d frp0
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shwlwlyh dgydqwdjh ri lpsruwhuv edvhg rq orzhu iruhljq vwdqgdugv lv *xqidlu*>

wkh ydjxh qrwlrq ri idluqhvv lqyrnhg dsshduv wr uhvw rq wkh sklorvrsklfdo lvvxh

ri wkh xqlyhuvdolw| ri fhuwdlq vwdqgdugv1 Rq wkh rwkhu kdqg/ dvvxplqj wkdw

wkh ghpdqg iru grphvwlf vwdqgdugv olnh wkdw iru rwkhu sxeolf jrrgv phuho|

uh hfwv wdvwhv dqg lqfrphv ri wkh srsxodwlrq/ dfdghplf revhuyhuv kdyh irxqg

olwwoh phulw lq dujxphqwv wkdw kljkhu vwdqgdugv qhfhvvdulo| glvdgydqwdjh d

frxqwu|1 Zkloh vxfk gl�huhqfhv riwhq ohdg wr glvfuhsdqflhv lq devroxwh sur0

gxfwlrq frvwv/ wklv qhhg qrw lsvh idfwr frqvwlwxwh dq *xqidlu* dgydqwdjh> lq

idfw lw qhhgv qhlwkhu eh dq dgydqwdjh qru xqidlu1 Wkh dujxphqw lv wkdw jdlqv

iurp wudgh duh ghulyhg iurp h{sorlwdwlrq ri frpsdudwlyh dgydqwdjh/ dqg uhod0

wlyh sulfhv qhhg qrw eh dowhuhg e| orzhu vwdqgdugv1 Pdlqvwuhdp lqwhuqdwlrqdo

wudgh wkhru| frqvlghuv kduprql}dwlrq dv ghwulphqwdo/ dv lw pdvnv qdwxudo sdw0

whuqv ri frpsdudwlyh dgydqwdjh dqg suhyhqwv pd{lpxp h{sorlwdwlrq wkhuhri18

Kljk0lqfrph frxqwulhv duh riwhq dffxvhg ri vhwwlqj kljk vwdqgdugv wr sur0

whfw wkhlu oxfudwlyh krph pdunhwv iurp iruhljq surgxfhuv/ zkloh srruhu frxq0

wulhv whqg wr pdlqwdlq vrfldoo| vxerswlpdo vwdqgdugv wr orzhu surgxfwlrq

frvwv iru grphvwlf h{sruwhuv dqg wr dwwudfw IGL1 Vxfk vwudwhjlf prwlydwlrqv

iru surgxfw vwdqgdugv kdyh uhfhqwo| ehhq dqdo|}hg lq prghov ri yhuwlfdo surg0

xfw gl�huhqwldwlrq +^<`/ ^43`,1 Iru h{dpsoh/ ^4` ghprqvwudwhv wkdw lqh!flhqw

8Fdvhood ^8` frqvlghuv vwdqgdugv/ gh�qhg dv wkh surylvlrq ri sxeolf jrrgv/ dv d ixqfwlrq

ri wkh lqfrph ohyho1 Li vwdqgdugv duh �qdqfhg e| jhqhudo wd{dwlrq lq vxfk d zd| wkdw

uhodwlyh sulfhv duh xqfkdqjhg/ wkhq wkh jdlqv iurp wudgh ehwzhhq qdwlrqv zlwk gl�huhqw

lqfrph ohyhov +dqg khqfh grphvwlf vwdqgdugv, duh xqfruuhodwhg zlwk glyhuvlw| ri vwdqgdugv1

Li iuhh wudgh fdxvhv frqyhujhqfh ri lqwhuqdwlrqdo lqfrph ohyhov/ vwdqgdugv whqg wr frqyhujh

dxwrpdwlfdoo|/ pdnlqj kduprql}dwlrq d uhvxow ri udwkhu wkdq d suhuhtxlvlwh iru jdlqv iurp

wudgh1
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hqylurqphqwdo vwdqgdugv pd| udlvh grphvwlf zhoiduh ri d frxqwu| zlwk dq

lqgxvwu| lqyroyhg lq lqwhuqdwlrqdo frpshwlwlrq/ exw wkdw lq jhqhudo wklv frq0

vwlwxwhv d vhfrqg0ehvw wrro rqo|1 Dv vkrzq lq ^9` lq d vlwxdwlrq ri g|qdplf

U)G frpshwlwlrq/ vwdqgdugv kdyh zhoiduh lpsolfdwlrqv e| d�hfwlqj wkh sul0

ydwh lqfhqwlyhv wr lqqrydwh1 Lq wkh lqwhuqdwlrqdo frqwh{w/ ^;` hpsor| wklv

lqvljkw lq dqdo|}lqj wkh xvh ri vwdqgdugv dv d wrro iru d jryhuqphqw wr lp0

suryh wkh frpshwlwlyh srvlwlrq ri lwv krph �up lqyroyhg lq dq U)G0udfh zlwk

iruhljq ulydov1

Lqghshqghqwo|/ Jdqgdo dqg Vk| ^:` kdyh uhfhqwo| uhdfkhg vlplodu frq0

foxvlrqv dv wkh suhvhqw uhvhdufk1 Lq d flufxodu prgho ri krul}rqwdo surgxfw

gl�huhqwldwlrq/ wkh| vkrz wkdw pxwxdo uhfrjqlwlrq ri doo grphvwlf vwdqgdugv

lv wkh xqltxh htxloleulxp iru orz vwdqgdug frqyhuvlrq frvwv/ zkloh iru kljkhu

frvwv odujh frxqwulhv fdq udlvh wkhlu zhoiduh e| iruplqj dq h{foxvlyh vwdqgdug0

l}dwlrq xqlrq dw wkh h{shqvh ri vpdoohu wudglqj sduwqhuv1

5 Wkh Prgho

514 Vhwxs

Ghpdqg iru d vlqjoh jrrg lq wkh krph pdunhwv ri wkuhh frxqwulhv � ' �c�c�

lv jlyhq e| '�
' _�

� � �1 Hdfk frxqwu| kdv d vlqjoh krph �up zkrvh

qdwlrqdolw| lv ghqrwhg zlwk vxevfulswv � ' @c Kc S1 Doo �upv idfh hdfk rwkhu lq

doo wkuhh pdunhwv1 Wkh �upv frpshwh lq rxwsxw/ dqg wkh htxloleulxp frqfhsw

xvhg lv wkh xvxdo Frxuqrw0Qdvk vroxwlrq lq txdqwlwlhv1 Wrwdo surgxfwlrq lq d

pdunhw lv '� jlyhq e| wkh vxp ri wkh rxwsxw ri doo wkuhh �upv lq wkh frxqwu|1

Lw lv dvvxphg wkdw qr sdlu ri frxqwulhv kdv lghqwlfdo vwdqgdugv1 Ixuwkhupruh
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krph vwdqgdugv duh hqwuhqfkhg lq wkh vhqvh wkdw lw lv surklelwlyho| h{shqvlyh

wr dowhu wkhp1 Wklv h{foxghv wkh kduprql}dwlrq ri vwdqgdugv dfurvv frxqwulhv

e| dvvxpswlrq19 Wkh frqvwdqw pdujlqdo frvw ri surgxfwlrq ri d �up lq d

sduwlfxodu pdunhw/ B
�

� c lv wkhq d ixqfwlrq ri wkh suhvhqfh ri dq PU=

B
�

� '

;?
= B li � 9' � dqg wkhuh lv qr PU/

f li � ' � ru wkhuh lv dq PU/
+4,

iru vrph B 5 Un1

Vxshuvfulswv duh rplwwhg zkhq wkh irfxv lv rq d vlqjoh pdunhw1

515 Frxuqrw Roljrsro| Vroxwlrq

Vlqfh wkh pdunhwv duh lqghshqghqw/ hdfk �upv pd{lpl}hv lwv sur�wv lq hdfk

pdunhw vhsdudwho|1 Wkh rswlpdqg ri d �up lq d uhsuhvhqwdwlyh pdunhw lv

jlyhq e|

Z� ' E_�'� B�� ^� +5,

' _^� � ^2� � ^�
[
3�

^
3� � B�^�� +6,

Wkh �uvw rughu frqglwlrq iurp pd{lpl}lqj wklv h{suhvvlrq zlwk uhvshfw wr

^� lv

_� 2^� �
[
3�

^
3� ' B�� +7,

Wkh �uvw rughu frqglwlrqv iru wkh wkuhh �upv duh vroyhg iru wkh wkuhh

uhdfwlrq ixqfwlrqv ri wkh �upv=

-�

#
B�c
[
3�

^
3�

$
'

�

2

#
_ � B� �

[
3�

^
3�

$
� +8,

9Lq d yhuwlfdo surgxfw gl�huhqwldwlrq prgho/ ^43` rewdlqv kduprql}dwlrq dv rswlpdo

srolf| li ghyhorsphqw frvwv duh vx!flhqwo| gl�huhqw1

:



Wkh lqwhuvhfwlrq ri wkh uhdfwlrq ixqfwlrqv ghwhuplqhv wkh rswlpdo txdqwlw|

fkrlfh ri hdfk �up=

^W
�
'

�

e

#
_ � �B� n

[
3�

B
3�

$
� +9,

Lw lv dvvxphg wkdw wkh frvw ri phhwlqj d iruhljq frxqwu|*v vwdqgdug lv vr

vpdoo wkdw lw fdqqrw vhuyh wr iruhforvh wkh pdunhw=:

D4= B 	 4�? _
�

�
�

Xqghu dvvxpswlrq D4/ lw iroorzv iurp +9, wkdw ^W
�
: f lq doo sdwwhuqv ri

grphvwlf vwdqgdug uhtxluhphqwv1 Htxdwlrq +9, jlyhv dq djjuhjdwh pdunhw

surgxfwlrq

'W '
[

�

^W
�

'
�

e

#
�_ �

[
�

B�

$
+:,

dqg d pdunhw sulfh

� '
�

e

#
_n
[

�

B�

$
� +;,

Lq htxloleulxp hdfk �up pdnhv sur�wv

Z� ' � E'W�^W
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W
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e
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� B�

&%
�
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[
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B
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#
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[
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B
3�

$
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'
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[
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B
3� � S_B� � SB�

[
3�

B
3� n

#[
3�

B
3�

$
2

n bB2
�

4
D �+<,

:Vhh ^43` iru dq dqdo|vlv ri hqwu| ghwhuuhqfh zlwk txdolw| vwdqgdugv lq d yhuwlfdo surgxfw

gl�huhqwldwlrq prgho zlwk vhjphqwhg pdunhwv1
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H{suhvvlrqv :/ ; dqg < vkrz wkh zhoo nqrzq uhvxow wkdw lq Frxuqrw prghov/

iru djjuhjdwh txdqwlwlhv wkh vxp exw qrw wkh glvwulexwlrq ri frvwv dprqj

�upv pdwwhuv/ zkloh iru hdfk �up*v txdqwlw| dqg sur�w rqo| wkh vxp exw qrw

wkh glvwulexwlrq ri lwv ulydov* frvwv pdwwhu1

516 Pxwxdo Uhfrjqlwlrq Fdvhv

Wkh iroorzlqj frqvwhoodwlrqv ri elodwhudo PU djuhhphqwv duh frqvlghuhg= Qr

PU +fdvh L,/ rqo| dq PU ehwzhhq � dqg � +LL,/ PU djuhhphqwv ehwzhhq

� dqg � dqg ehwzhhq � dqg � +LLL,/ doo srvvleoh PU djuhhphqwv +LY,/ dq

PU ehwzhhq � dqg � +Y, dqg PU*v ehwzhhq � dqg � dqg � dqg � +YL,1

Wkh iroorzlqj wdeoh vxppdul}hv wkh sur�wv ri hdfk �up iurp rshudwlrq lq wkh

uhvshfwlyh pdunhw dv d ixqfwlrq ri wzr dujxphqwv/ lwv rzq frvwv dqg wkh vxp

ri wkh frvwv ri lwv ulydov=

Pdunhw � Pdunhw � Pdunhw �

L Z@Efc 2B� ZKEBc B� ZSEBc B� Z@EBc B� ZKEfc 2B� ZSEBc B� Z@EBc B� ZKEBc B� ZSEfc 2B�

LL Z@Efc B� ZKEfc B� ZSEBc f� Z@Efc B� ZKEfc B� ZSEBc f� Z@EBc B� ZKEBc B� ZSEfc 2B�

LLL Z@Efc f� ZKEfcf� ZSEfc f� Z@Efc B� ZKEfc B� ZSEBc f� Z@Efc B� ZKEBcf� ZSEfc B�

LY Z@Efc f� ZKEfcf� ZSEfc f� Z@Efc f� ZKEfc f� ZSEfc f� Z@Efc f� ZKEfc f� ZSEfc f�

Y Z@Efc B� ZKEBc f� ZSEfc B� Z@EBc B� ZKEfc 2B� ZSEBc B� Z@Efc B� ZKEBcf� ZSEfc B�

YL Z@Efc B� ZKEBc f� ZSEfc B� Z@EBc f� ZKEfc B� ZSEfc B� Z@Efc f� ZKEfc f� ZSEfc f�

Wdeoh 4= Lqglylgxdo Sur�wv lq Hdfk Pdunhw

Wkh ydoxhv ri wkh hqwulhv Z�E�c �� lq Wdeoh 4 duh/ xvlqj htxdwlrq E<� c dv iro0

orzv= Z�Efcf� '
_
2

�S
( Z�Efc B� '

�

�S
E_2 n 2_B n B2� ( Z�Efc 2B� '

�

�S
E_2 n e_B n eB2� (

Z�EBc f� '
�

�S
E_2 � S_B n bB2� ( Z�EBc B� '

�

�S
E_2 � e_B n eB2�1

Wr dqdo|}h wkh h�hfw ri gl�huhqw pdunhw vl}hv rq wkh lqfhqwlyhv wr xvh

<



grphvwlf vwdqgdugv dv vwudwhjlf wrro/ ohw pdunhwv � dqg � kdyh lghqwlfdo

ghpdqg wkdw lv odujh uhodwlyh wr pdunhw �/ l1h1 _� ' _� � _ : _� �
; Ohw

k ghqrwh wkh vxp ri wkh vtxduhg pdunhw lqyhuvh ghpdqg fxuyh lqwhufhswv=

k '
S

�
E_��

2
1 Wkhq wkh wrwdo sur�wv iru hdfk �up iurp rshudwlqj lq doo wkuhh

pdunhwv/ iru hdfk frqvwhoodwlrq ri PU djuhhphqwv/ duh dv iroorzv +wkh frpprq

idfwru ri sursruwlrqdolw| �

�S
dqg wkh frqvwdqw whup �

�S
k duh vxssuhvvhg lq wkh

wdeoh,=

Ilup @ Ilup K Ilup S

L �eB
�
_� � �B

�
�eB

�
_� � �B

�
eB
�
_� � 2_n �B

�

LL 2B
�
2_ � 2_� n �B

�
2B
�
2_� 2_� n �B

�
2B
�
2_� � S_ n ��B

�

LLL 2B
�
_ n _� n B

�
2B
�
_� �_� n DB

�
2B
�
_� � �_

�
n �bB2

LY f f f

Y �2B
�
_� _� � DB

�
�2B

�
_ n �_� � ��B

�
�2B

�
_� _� � �B

�

YL �2B E2_ � DB� �2B E2_� DB� 2B E2_ n B�

Wdeoh 5= Wrwdo Sur�wv ri Hdfk Ilup

517 Udqnlqjv

Lq rughu wr eh deoh wr hvwdeolvk wkh sulydwh udqnlqj ri wkh srvvleoh PU frq0

vwhoodwlrqv dqg wr vroyh wkh jdph/ zh qhhg wr frqvwudlq wkh uhodwlyh pdunhw

vl}hv1

Fdvh l=

D5= _ : �_�

;Wkh dgydqwdjh ri ohwwlqj pdunhwv D dqg E kdyh lghqwlfdo ghpdqg lv wkdw wkh fdvhv ri

PU*v ehwzhhq D dqg E dqg ehwzhhq E dqg F dqg ri dq PU rqo| ehwzhhq E dqg F qhhg

qrw eh frqvlghuhg vhsdudwho|/ vlqfh wkh| duh htxlydohqw wr LLL dqg Y/ uhvshfwlyho|1
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Dvvxpswlrq D5 gh�qhv d vlwxdwlrqzkhuh rqh pdunhw lv vljql�fdqwo| vpdoohu

wkdq wkh rwkhu wzr1 Lw iroorzv iurp Wdeoh 5 wkdw lq wklv fdvh wkh �upv udqn

wkh frqvwhoodwlrqv ri PU djuhhphqwv dv iroorzv=

Ilup @= LL"LLL"LY"L"Y"YL1<

Ilup K= LL"LLL"LY"L"Y"YL li _ n SB : �_�/

LL"LLL"LY"L"YL"Y li _ n SB 	 �_�

Ilup S= YL"Y"LY"LLL"L"LL

Wdeoh 6= Sulydwh Udqnlqjv

Qrz zh fdq hvwdeolvk wkh vroxwlrq ri wkh jdph zkhuh wkh �upv ghwhu0

plqh wkh vwdqgdugv lq wkhlu krph pdunhw1 Wklv vlwxdwlrq lv uhdolvwlf lq pdq|

fdvhv/ vlqfh riwhq zlgho| glvshuvhg frqvxphu vxusoxv uhflslhqwv duh xqdeoh wr

uhsuhvhqw wkhlu froohfwlyh lqwhuhvwv dv h�hfwlyho| dv wkh ihz odujh surgxfhuv

lq dq lqgxvwu|1 Wkh RHFG vwdwhv wkdw *wkh qhhg iru lqfuhdvhg frqvxphu

lpsdfw rq wkh ghyhorsphqw ri vdihw| vwdqgdugv lv uhjxoduo| vwuhvvhg lq qd0

wlrqdo dqg lqwhuqdwlrqdo irud1 111 Krzhyhu/ lq wkh kljko| frpshwlwlyh duhd ri

whfkqlfdo vwdqgdugv/ frqvxphuv zloo dozd|v eh lq d uhodwlyho| zhdn srvlwlrq1*

E^44`/ s1 44�

Sursrvlwlrq 4 Li wkh �upv fdq vhw wkh vwdqgdugv/ wkh xqltxh htxloleulxp

rxwfrph vdwlvi|lqj D4 dqg D5 kdv rqo| wkh odujhu wzr frxqwulhv hqwhu lqwr d

elodwhudo PU djuhhphqw +fdvh LL,1 Wkh �up iurp wkh vpdoohu frxqwu| lv zruvh

r� frpsduhg wr L1

Surri1 Iurp Wdeoh 6 lw lv sulydwho| rswlpdo iru �upv @ dqg K wr pryh wr LL/

zklfk grplqdwhv doo rwkhu rxwfrphv iru wkhp1 Ilup S pdnhv vwulfwo| orzhu

<Wklv udqnlqj xvhv D41 Li D4 grhv qrw krog/ wkh udqnlqjv ri L dqg LY duh uhyhuvhg/ exw

wkh pdlq uhvxowv duh xqd�hfwhg1
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sur�wv lq wklv fdvh1

Wkuhh fkdudfwhulvwlfv ri wklv xqltxh Qdvk htxloleulxp duh zruwk qrwlqj1

Iluvw/ wkh mrlqw sur�w pd{lpl}lqj rxwfrph iru wkh �upv lv qrw dfklhyhg ghvslwh

wkh idfw wkdw wkh| duh iuhh wr fkrrvh dprqj doo srvvleoh frq�jxudwlrqv ri

PU143 Wklv lv ri frxuvh d uhvxow ri wkh dvvxpswlrq ri qrq0frrshudwlyh frqgxfw

dqg wkh devhqfh ri vlgh sd|phqwv ehwzhhq wkh ulydov1 Vhfrqg/ wkh htxloleulxp

lv qrw d Sduhwr lpsuryhphqw ryhu wkh srlqw ri ghsduwxuh ri qr PU +fdvh L,/

vlqfh �up S lv kxuw e| wkh PU ehwzhhq frxqwulhv � dqg �1 Wkh uhdvrq zk|

lq vxfk d vwudwhjlf vhwwlqj qrw doo �upv duh ehwwhu r� lv wkdw e| lqwurgxflqj

d frvw dv|pphwu|/ d vwulfw vxevhw ri frxqwulhv fdq wudqvihu sur�wv iurp wkh

wklug sduw| wr wkhpvhoyhv1 Wkh sduw| wkdw lv glvfulplqdwhg djdlqvw +ohiw rxw

ri wkh PU, lv pdgh zruvh r� exw e| ohvv wkdq wkh frpelqhg jdlq ri wkh rwkhu

wzr �upv144

Wklug/ wkh *elj jx|v* jdqj xs rq wkh *olwwoh jx|*1 Dprqj wkh dydlodeoh

*frdolwlrq sduwqhuv* wkh �up zlwk wkh odujhu krph pdunhw lv dozd|v vwulfwo|

pruh dwwudfwlyh lq whupv ri r�hulqj wkh odujhu ehqh�w iurp d PU djuhhphqw1

Wkh wkuhdw wkdw wkh h{foxghg sduw| lv fdsdeoh ri pdnlqj/ l1h1 qrw uhfrjql}lqj

wkh rwkhu �upv* vwdqgdugv lq lwv krph pdunhw/ lv ohvv srwhqw wkh vpdoohu lwv

krph pdunhw lv1 Frpsduhg zlwk fdvh LL/ lq Y �up @ orvhv wkh vdph dprxqw

43Wkh wrwdo vxp ri sur�wv lq hdfk fdvh lv dv iroorzv= +L, 6� � 7�g
F
� ;�g . 69�

5> +LL,

6��7�gF�7�g.67�5> +LLL, 6��5�gF�5�g.64�5> +LY, 6�> +Y, 6��5�gF �9�g.6;�5>

+YL, 6�� 7�g . 55�51 Wkh kljkhvw wrwdo lv dfklhyhg lq fdvh LLL li 48=8� A g . gF > dqg lq

fdvh LY rwkhuzlvh1 Lq dq| hyhqw/ wkh wrwdo vxp ri sur�wv lv dozd|v odujhu lq fdvh LLL wkdq

lq LL1
44Lq wkh fodvvlf sulvrqhuv* glohppd sd|r� pdwul{ wklv fruuhvsrqgv wr d pryh wr +�qn/

qrw �qn,/ zkhuh wkh qrq0dydlodelolw| ri dqrwkhu �up pdnhv d fruuhvsrqglqj pryh ehwzhhq

F dqg dqrwkhu sduwqhu lpsrvvleoh1
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lq lwv krph pdunhw e| doorzlqj d ulydo wr vhoo dw wkh orzhu frvwv> |hw lw jdlqv

ohvv wkdq wkh htxlydohqw dprxqw iurp jhwwlqj lwvhoi iuhh dffhvv wr wkh vpdoohu

pdunhw �1 Lq dgglwlrq/ lw orvhv pruh iurp ehlqj uhodwlyho| glvdgydqwdjhg lq

pdunhw � +zklfk lv odujhu wkdq pdunhw �,1 Khqfh @ vwulfwo| suhihuv PU zlwk

wkh �up zlwk wkh odujhu krph pdunhw dprqj wkh dydlodeoh sduwqhuv1 Ilup

S ri frxuvh suhihuv ehlqj @*v sduwqhu wr wkh rxwfrph lq fdvh LL/ exw zlwkrxw

vlghsd|phqwv lw fdqqrw suhyhqw @*v hqwhulqj lqwr dq PU zlwk K1

Fdvh ll=

D5*= �_S : _ : _S1

Xqghu D5*/ li iroorzv iurp Wdeoh 5 wkdw wkh sulydwh udqnlqj ri �up @

fkdqjhv wr LLL"LL"LY"L"Y"YL1 Wr ghwhuplqh �up K*v udqnlqj d ixuwkhu

dvvxpswlrq lv qhhghg/ glvwlqjxlvklqj wzr vxe0fdvhv1

D6= _� n B : _1

Xqghu dvvxpswlrq D6 �up K udqnv wkh rxwfrphv LL"LY"L"LLL"Y"YL1

D6*= _� n B 	 _1

Qrz �*v udqnlqj fkdqjhv wr LL"LLL"LY"L"Y"YL1 Erwk xqghu D6 dqg

D6* LL qr orqjhu frqvwlwxwhv dq htxloleulxp vlqfh erwk �upv � dqg � suhihu

wr frqfoxgh dq PU dqg khqfh pryh wr LLL1 Lqwxlwlyho|/ frxqwu| � wkhq lv

vx!flhqwo| dwwudfwlyh dv sduwqhu iru dq PU jlyhq wkh vl}h ri lwv pdunhw> lw

lv lqghwhuplqdwh zklfk ri wkh +lghqwlfdo, eljjhu frxqwulhv frqfoxghv dq PU

zlwk wkh vpdoohu sduwqhu1 Krzhyhu/ edvhg rq wkh deryh uhdvrqlqj/ li wkh vl}h

ri doo wkuhh pdunhwv gl�huv lw zloo eh wkh �up zlwk wkh odujhvw krph pdunhw1

46



Fohduo| �up S udqnv rxwfrph YL ryhu Y dqg erwk deryh doo rwkhu srvvl0

elolwlhv1 Zloo K xqghu wkhvh flufxpvwdqfhv eh zloolqj wr hqwhu lqwr wkh �uvw

PU zlwk �up @B D uhixvdo wr gr vr frxog ohdg wr hlwkhu Y ru YL/ dqg K

zrxog lq erwk fdvhv eh vwulfwo| zruvh r� wkdq lq LLL1 Zh kdyh wkh iroorzlqj

Sursrvlwlrq1

Sursrvlwlrq 5 Li wkh �upv fdq vhw wkh vwdqgdugv/ wkh xqltxh htxloleulxp

vdwlvi|lqj D4/ D5* dqg D6 lv rxwfrph LLL1 Wkh xqltxh htxloleulxp vdwlvi|lqj

D4/ D5* dqg D6* lv LLL li �_� : �B n _/ dqg L li �_� 	 �B n _1

Surri1 Wkh suhihuhqfhv ri wkh sod|huv duh edvhg rq wkh lqirupdwlrq lq Wdeoh

51 Ilup K suhihuv LL wr LLL/ exw lw nqrzv wkdw rqfh lq LL/ lwv wzr ulydov zloo

wkhq frqfoxgh dq PU/ uhvxowlqj lq fdvh LLL1 Ilup @ fdq rqo| jhw K wr pryh wr

LL li lw lv deoh wr fuhgleo| wkuhdwhq zlwk dq rxwfrph wkdw pdnhv K hyhq zruvh

r� wkdq LLL1 Vlqfh @ dozd|v suhihuv L wr YL/ fdvh YL fdqqrw eh fuhgleoh wkuhdw1

Krzhyhu/ li �_� : �B n _/ @ suhihuv Y wr L dqg fdvh Y lv wkhuhiruh d fuhgleoh

wkuhdw li K uhixvhv wr pryh wr LL1 Dvvxpswlrq D6 lpsolhv wkdw wklv frqglwlrq

krogv/ dqg fdvh LLL lv wkhq wkh htxloleulxp rxwfrph1 Li D6 grhv qrw krog/ wzr

fdvhv fdq dulvh1 Iluvw/ �_� : �B n _/ dqg wkh rxwfrph lv djdlq LLL iroorzlqj

wkh vdph dujxphqw dv deryh1 Vhfrqg/ li �_� 	 �B n _/ @ suhihuv L wr Y1 Lw

fdq khqfh qrw fuhgleo| wkuhdwhq wr pdnh K zruvh r� li lw uhixvhv wr jr wr LL/

dqg L lv wkhq wkh htxloleulxp rxwfrph1

Wkh vpdoohu frxqwu| lv dq dwwudfwlyh sduwqhu iru dq PU xqghu D5*1 Krz0

hyhu/ frxqwu| � fdq eorfn rxwfrph LLL e| uhixvlqj wr hqwhu lqwr dq PU zlwk

�� Wklv lv rswlpdo iurp lwv sulydwh srlqw ri ylhz li uhpdlqlqj dw wkh vwdwxv

txr +L, zlwkrxw dq| PU djuhhphqwv |lhogv kljkhu zhoiduh wkdq rxwfrph LLL1
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Wkh frqglwlrq iru wklv wr kdsshq uhtxluhv � wr kdyh d odujh pdunhw/ vr wkdw

wkh glvdgydqwdjh wr �up K iurp kdylqj dqrwkhu orz frvw ulydo lq wkdw pdunhw

lv odujhu wkdq wkh ehqh�w lw ghulyhv iurp lwv rzq PU zlwk �1 Krzhyhu/ li �

fdq fuhgleo| wkuhdwhq wr pdnh � zruvh r� e| frqfoxglqj dq PU zlwk wkh

vpdoohu frxqwu| �/ lw fdq xvh wklv wkuhdw wr jhw � qrw wr eorfn rxwfrph LLL1

Lq wkh iroorzlqj L zloo irfxv rq wkh vroxwlrq lq fdvh l +l1h1 rxwfrph LL, wr

lqyhvwljdwh zkhwkhu d sdwwhuq ri PU ehwzhhq d vwulfw vxevhw ri frxqwulhv lv d

srvvleoh rxwfrph li vrflhw| +udwkhu wkdq surgxfhuv, ghwhuplqhv wkh qdwlrqdo

vwdqgdug srolf|1

6 Vrfldo Zhoiduh

Lq wkh suhylrxv vhfwlrq wkh �upv zhuh lq frqwuro ri wkh vwdqgdugv lq wkhlu

krph pdunhwv1 Wklv uhvxowhg lq htxloleuld zkhuh frqvxphu sulfhv duh kljkhu

wkdq qhfhvvdu|/ vlqfh rxwfrph LY zlwk PU*v ehwzhhq doo frxqwulhv zdv qhyhu

dq htxloleulxp1 Hdfk vxffhvvlyh PU djuhhphqw orzhuv wkh pdunhw sulfh e|

B

e
+iurp +;,,dqg khqfh udlvhv frqvxphu vxusoxv1 Wr duulyh dw dq dvvhvvphqw

ri wkh lpsdfw ri PU djuhhphqwv rq vrfldo zhoiduh/ gh�qhg dv wkh vxp ri

frqvxphu vxusoxv dqg wkh grphvwlf �up*v sur�w/ lw lv qhfhvvdu| wr lqfrusrudwh

fkdqjhv lq frqvxphu vxusoxv lq wkh fdofxodwlrqv1 Zkdw lv wkh rxwfrph li vrfldo

lqwhuhvwv suhydlo lq wkh ghwhuplqdwlrq ri PU ghflvlrqvB

Iluvw ohw xv frqvlghu wkh fdvh zkhuh wkh frvw B lqfxuuhg e| �up S lq phhwlqj

wkh vwdqgdug lq pdunhw � dffuxhv wr rxwvlgh djhqwv +pd|eh lq pdunhw �,/ l1h1

grhv qrw ehqh�w wkh krph frxqwu|145 Gh�qh vrfldo suhihuhqfhv lq d frxqwu|

45Wkh dqdo|vlv lv wkh vdph li wkh frvw ri phhwlqj d vwdqgdug lv lqwhusuhwhg dv d uhdo
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dv wkh vxp ri surgxfhu vxusoxv +wkh sur�wv ri wkh grphvwlf �up iurp doo

wkuhh pdunhwv, dqg frqvxphu vxusoxv lq wkh krph pdunhw1 Wkh iroorzlqj

sursrvlwlrq jlyhv wkh uhvxow lq wklv fdvh1

Sursrvlwlrq 6 Li wkh frvwv ri phhwlqj d vwdqgdug gr qrw dffuxh wr grphv0

wlf djhqwv/ wkhq vrfldo suhihuhqfhv ghwhuplqh vwdqgdugv lq vxfk d zd| dv wr

surgxfh wkh xqltxh rxwfrph LY li e_� � _n .B dqg LL rwkhuzlvh1

Surri1 Iurp wkh uhvxowv lq wkh suhylrxv vhfwlrq zh nqrz wkdw li wkhuh lv dq

PU dw doo wkhq lw lv �uvw dprqj wkh odujhu frxqwulhv ehiruh lqfoxvlrq ri wkh

vpdoohu frxqwu| lv frqvlghuhg1 Wklv uhvxow fduulhv ryhu wr wkh fdvh ri vrfldo

suhihuhqfhv ghwhuplqlqj wkh PU srolf| vlqfh wkh vl}h ri wkh krph pdunhw ri

d wudglqj sduwqhu grhv qrw d�hfw grphvwlf frqvxphu vxusoxv1

Qrwh wkdw wkh rxwfrph lq pdunhw � lv wkh vdph lq fdvhv LLL dqg LY1 Vlqfh

�up @ pdnhv kljkhu sur�wv lq fdvh LLL/ vrfldo suhihuhqfhv udqn LLL ryhu LY dv

zhoo1 Krzhyhu/ lq LLL frqvxphu vxusoxv lv odujhu wkdq lq LL vlqfh wkh orzhu

frvwv ri �up S orzhu wkh pdunhw sulfh e| B

e
dqg udlvh wkh djjuhjdwh vxsso| e|

wkh vdph dprxqw� Khqfh wkh lqfuhdvh lq frqvxphu vxusoxv whqgv wr r�vhw wkh

orzhu sur�wv ri wkh grphvwlf �up1 Wr eh suhflvh/ frqvxphu vxusoxv ulvhv e|

wzr duhdv1 Iluvw/ wkh uhfryhuhg ghdg0zhljkw orvv wuldqjoh ri pdjqlwxgh B
2

�2
/ dqg

vhfrqg wkh jdlq iurp orzhu sulfhv rq wkh txdqwlw| vrog lq wkh pdunhw lq fdvh

LL= �

e
E�_� B� �

e
B� Wkh vxp ri wkhvh wzr whupv pxvw eh odujhu wkdq wkh orvv ri

wrwdo sur�wv lq doo pdunhwv iru �up @ lq LLL uhodwlyh wr LL/ �

H
B
�
_ � �_� n 2B

�
iru

vrfldo vxusoxv wr eh kljkhu lq LLL1 Lq rwkhu zrugv/ li wkh orvv lq sur�wv h{fhhgv

wkh jdlq lq frqvxphu vxusoxv/ wkdq vrfldo dqg surgxfhu suhihuhqfhv frlqflgh

uhvrxufh frvw> lq erwk vlwxdwlrqv wkh frvw grhv qrw dffuxh dv uhqw wr grphvwlf djhqwv1
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dqg vrflhw| lpsrvhv wkh vwdqgdugv wkdw wkh �up ghvluhv1 Wkh frqglwlrq iru

wklv wr rffxu lv

�

H
B
�
_� �_� n 2B

�
:

�

e
E�_ � B�

�

e
B n

B2

�2
/ ru +43,

_n S_� 	 e�DB� +44,

Wklv frqglwlrq/ krzhyhu/ fdq qhyhu krog xqghu D41 Khqfh frxqwu| �

suhihuv LLL ryhu LL1

Krzhyhu LLL lv qrw dq htxloleulxp rxwfrph vlqfh d vlpsoh dujxphqw vkrzv

wkdw erwk � dqg � suhihu wr frqfoxgh dq PU djuhhphqw rqfh wkh| duh lq

vlwxdwlrq LLL/ ohdglqj wr LY1 Lq frxqwu| � erwk surgxfhuv dqg frqvxphuv

suhihu LY ryhu LLL1 Lq � frqvxphuv jdlq �

�S
B_�

�

�S
B2 +iurp wkh uljkw kdqg vlgh

ri +43, zkloh surgxfhuv orvh �

H
B_�

�

H
B_� n D

H
B2 +iurp Wdeoh 5,� E| D4 vrfldo

vxusoxv lv khqfh dozd|v kljkhu lq � lq LY wkdq lq LLL1

Qrwh dovr wkdw � kdv wkh delolw| wr vwrs wkh PU surfhvv dw rxwfrph LL

vlqfh li lw grhv qrw zdqw wr frqfoxgh d ixuwkhu PU zlwk � wkhq � zloo dovr

qrw zdqw wr gr wkdw +wkh lqfhqwlyhv ri � dqg � duh lghqwldo lq wklv uhvshfw,1

D frpsdulvrq ri vrfldo zhoiduh lq LL dqg LY ghwhuplqhv wkhq zklfk rxwfrph

uhvxowv1 Wkh fkdqjh lq frqvxphu vxusoxv ehwzhhq LLL dqg LY lv }hur lq frxqwu|

�/ dqg vr wkh fkdqjh ehwzhhq LL dqg LY lv jlyhq e| wkh uljkw kdqg vlgh lq

+43, dqg wkh fkdqjh lq sur�wv lv jlyhq +iurp Wdeoh 5, dv eB_ � eB_� n SB2�

Dvvxplqj wkdw li lqgl�huhqw d frxqwu| wdnhv wkh PU/ vrfldo suhihuhqfhv lq �

wkhuhiruh udqn LL ryhu LY li e_� 	 _n .B dqg LY ryhu LL rwkhuzlvh1

Wklv uhvxow hvwdeolvkhv wkh frqglwlrq xqghu zklfk wkh wudgh uhvwulfwlqj lq0

whuhvwv ri wkh surgxfhu oree| grplqdwhv vrfldo suhihuhqfhv li grphvwlf djhqwv
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gr qrw rewdlq wkh uhyhqxh iurp wkh dgglwlrqdo frvwv ri B lpsrvhg rq iru0

hljq surgxfhuv xqghu d uhjlph ri qrq0uhfrjqlwlrq ri wkhlu vwdqgdugv1 Vrflhw|

suhihuv wkh h!flhqw rxwfrph LY li wkh vpdoohu pdunhw lv forvhu lq vl}h wr wkh

odujhu rqhv/ dqg li wkh frvw B lv vpdoo/ l1h1 li iuhh dffhvv wr wkh vpdoohu pdunhw

lv dwwudfwlyh dqg lw frvwv olwwoh lq whupv ri judqwlqj d frvw dgydqwdjh iru wkh

iruhljq �up dv sduw ri wkh PU djuhhphqw1

Li krzhyhu vrflhw| suhihuv LL ryhu LY lq wkh odujhu frxqwulhv/ wkh fuhgleoh

wkuhdw ri prylqj wr LY li � pryhv wr dq PU zlwk wkh vpdoohu sduwqhu dv zhoo

jlyhv � wkh srzhu wr nhhs � iurp prylqj wr LLL +zklfk shu vh lv suhihuuhg

e| � exw pdnhv � zruvh r�,1

Rq wkh rwkhu kdqg/ li wkh uhyhqxh iurp wkh dgglwlrqdo frvwv wr iruhljq

surgxfhuv xqghu qrq0uhfrjqlwlrq dffuxhv wr grphvwlf djhqwv lq frxqwu| �c lw

whqgv wr uhod{ wkh frqglwlrq xqghu zklfk vrflhw| suhihuv LL1 Wkh uhyhqxh lv

jlyhq e| wkh txdqwlw| surgxfhg e| �up S lq fdvh LL/ pxowlsolhg e| wkh frvw

shu xqlw= �

e
E_� �B� B� Lqfoxglqj wklv dgglwlrqdo ehqh�w ri LL uhodwlyh wr LLL lq

wkh fdofxodwlrq ri vrfldo suhihuhqfhv jlyhv wkh iroorzlqj frqglwlrq iru LL wr eh

suhihuuhg=

�

H
B
�
_� �_� n 2B

�
n

�

e
E_� �B� B :

�

e
E�_ � B�

�

e
B n

B2

�2
/ +45,

ru

_ : 2_� n
D

2
B� +46,

Dvvxpswlrqv D4 dqg D5 lpso| wkdw wklv frqglwlrq lv dozd|v vdwlv�hg1

Wklv hvwdeolvkhv wkh iroorzlqj sursrvlwlrq1

Sursrvlwlrq 7 Li wkh frvwv ri phhwlqj d vwdqgdug dffuxh wr grphvwlf djhqwv/

wkhq vrfldo suhihuhqfhv ghwhuplqh vwdqgdugv lq vxfk d zd| dv wr surgxfh wkh
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xqltxh rxwfrph LL1

Khqfh lw lv vx!flhqw wkdw wkh dgglwlrqdo frvwv lpsrvhg rq wkh iruhljq

frpshwlwruv dffuxh wr grphvwlf djhqwv iru wkh wudgh0uhvwulfwlqj lqwhuhvwv wr

grplqdwh1 Wklv lv ri frxuvh d uhvxow uhplqlvfhqw ri wkh rswlpdo wdul� olwhudwxuh

iru d odujh rshq hfrqrp|1 Li wkh frvwv B duh d sxuh uhyhqxh wr wkh grphvwlf

hfrqrp|/ wkhq wkhlu grphvwlf zhoiduh h�hfwv duh htxlydohqw wr wkdw ri vhwwlqj

d wdul� udwh lq wkh vdph dprxqw1 Wkh gl�huhqfh ehwzhhq frqvlghulqj PU

djuhhphqwv dqg wdul�v lv wkdw lq wkh iruphu fdvh wkh grphvwlf uhfrjqlwlrq

srolf| lv dxwrpdwlfdoo| uhflsurfdwhg lq wkh iruhljq frxqwu|1 Htxdwlrq 46 rqo|

krogv iru vx!flhqwo| vpdoo vxfk *wdul�* udwhv dv ghwhuplqhg lq Dvvxpswlrqv

D4 dqg D51

7 Frqfoxvlrq

Wkh uhvxowv lq wklv qrwh frqwulexwh wr wkh jurzlqj erg| ri uhvhdufk rq qrq0

wdul� eduulhuv lq lqwhuqdwlrqdo wudgh1 L vkrz wkdw li �upv fdq udlvh wkh frvwv ri

d iruhljq ulydo e| lpsrvlqj grphvwlf vwdqgdug uhtxluhphqwv wkh| kdyh vwudwh0

jlf lqfhqwlyhv wr xvh wklv wrro1 Lw lv rswlpdo iru odujh frxqwulhv wr glvfulplqdwh

djdlqvw h{sruwhuv iurp vpdoohu frxqwulhv/ uhvxowlqj lq d vwulfw vxevhw ri srv0

vleoh PU djuhhphqwv1 Wkh lqfhqwlyh wr glvfulplqdwh djdlqvw iruhljq wudglqj

sduwqhuv lq whupv ri vwdqgdug uhfrjqlwlrq uhvxowv iurp d sur�w vkl�wlqj pr0

wlyh1 Lw lv wkh vpdoohu frxqwu| wkdw lv uhixvhg PU djuhhphqwv e| wkh odujhu

wudglqj sduwqhuv dqg lv wkhuhe| pdgh zruvh r�1 Wkh uhdvrq lv wkdw wkh �up

zlwk wkh vpdoohu krph pdunhw kdv ohvv wr r�hu wr ulydov zkr h|h wkh iruhljq

pdunhw/ exw lw suhvhqwv wkh vdph wkuhdw wr wkhlu krph pdunhw1 Wkurxjk dq
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PU wkh odujhu frxqwulhv fuhdwh d frvw dv|pphwu| lq wkhlu pdunhwv wkdw udlvhv

wkhlu sur�wv dw wkh h{shqvh ri wkh ulydo ehdulqj wkh vwdqgdug frvw> wkh dv|p0

phwu| ehqh�wv wkhp pruh lq wkhlu odujh krph pdunhwv wkdq lw kxuwv lq wkh

vpdoohu wklug pdunhw1

Ixuwkhupruh/ li wkh frvw ri phhwlqj d grphvwlf vwdqgdug uhtxluhphqw lv

sdlg wr grphvwlf djhqwv/ vrflhw| suhihuv wkh uhvwulfwhg wudgh rxwfrph ghvslwh

wkh idfw wkdw wkh pdunhw sulfh lv kljkhu dqg frqvxphu vxusoxv dffruglqjo|

orzhu wkdq xqghu d frpsohwh vhw ri lqwhuqdwlrqdo PU djuhhphqwv ehwzhhq wkh

wudglqj sduwqhuv1 Rq wkh rwkhu kdqg/ li wkh frvw lv eruqh deurdg/ ru frqvlvwv

ri uhdo uhvrxufh frvwv/ dqg grhv wkhuhiruh qrw ehqh�w grphvwlf djhqwv gluhfwo|/

vrfldo suhihuhqfhv duh lq idyrxu ri wkh rxwfrph zlwk pruh zlghvsuhdg PU dqg

vwdqg djdlqvw surgxfhu lqwhuhvwv1

Wkhvh �qglqjv vxjjhvw wkdw wkh ghjuhh wr zklfk grphvwlf djhqwv fdq frq0

�vfdwh wkh frvwv lpsrvhg rq iruhljq ulydov lv dq lpsruwdqw ghwhuplqdqw ri wkh

xvh ri vwdqgdugv dv wudgh0uhvwulfwlqj wrro/ dv lv wkh uhodwlyh zhljkw ri surgxfhu

dqg frqvxphu lqwhuhvwv lq vrfldo ghflvlrqv1 Ixuwkhupruh wkh idfw wkdw lw lv

wkh odujhu frxqwulhv wkdw jdqj xs wr glvfulplqdwh mrlqwo| djdlqvw wkh vpdoohu

wudglqj sduwqhu kdv whvwdeoh lpsolfdwlrqv1 Fdvxdo revhuydwlrq grhv lqghhg

vxjjhvw wkdw h{sruwhuv iurp vpdoohu dqg ohvv ghyhorshg frxqwulhv idfh kljkhu

vwdqgdug eduulhuv146 Iru h{dpsoh/ wkh HX phpehuv uhtxluh wkh wudqvlwlrq

46 ^47`/ s1 9 qrwhv wkdw *wkh Fdoliruqld h�hfw uhihuv wr wkh fulwlfdo uroh ri srzhuixo dqg

zhdowk| �juhh�q� srolwlfdo mxulvglfwlrq lq surprwlqj d uhjxodwru| �udfh wr wkh wrs� dprqj

wkhlu wudglqj sduwqhuv1 Wkxv/ mxvw dv Fdoliruqld*v uhodwlyh vl}h dqg zhdowk zlwklq wkh

Dphulfdq hfrqrp| kdv khoshg gulyh pdq| Dphulfdq hqylurqphqwdo uhjxodwlrqv xszdug/

vr kdv Jhupdq|*v uhodwlyh vl}h dqg zhdowk frqwulexwhg wr wkh vwuhqjwkhqlqj ri wkh Hxurshdq

Xqlrq*v uhjxodwru| vwdqgdugv1*
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hfrqrplhv lq fhqwudo dqg hdvwhuq Hxursh wkdw duh hfrqrplfdoo| pxfk vpdoohu

wr phhw doo vwdqgdugv frqwdlqhg lq wkh dftxlv frppxqdxwdluh1 Dqg lw lv d

iuhtxhqwo| khdug frpsodlqw ri ghyhorslqj frxqwulhv wkdw ulfk frxqwulhv vkxw

wkhlu surgxfwv rxw ri wkhlu krph pdunhwv xvlqj gl�huhqw vwdqgdugv/ ghvslwh

dq| vlpxowdqhrxv PU djuhhphqwv lq irufh dprqj wkhpvhoyhv1

Ilqdoo|/ wkh vr0fdoohg PIQ +Prvw Idyruhg Qdwlrq, fodxvh/ h{whqghg wr

wudgh0uhodwhg uhjxodwlrqv/ h�hfwlyho| edqv h{foxvlyh elodwhudo djuhhphqwv e|

uhtxlulqj wkh h{whqvlrq ri wkh prvw idyrudeoh pdunhw dffhvv uhjxodwlrqv wr

doo wudglqj sduwqhuv dolnh1 Vxfk d fodxvh holplqdwhv fdvhv LL/ LLL/ Y dqg YL/

ohdylqj rqo| L dqg LY wr fkrrvh iurp1 Li wkh �upv kdyh vwurqj lpsdfw rq wkh

grphvwlf vwdqgdug srolf|/ wklv fdq eh d zhoiduh0orzhulqj duudqjhphqw= Xqghu

D4/ rxwfrph LY |lhogv kljkhu sur�wv wkdq L dqg wkhq wkh vrfldo �uvw ehvw lv

dfklhyhg/ zkloh rwkhuzlvh wkh prvw uhvwulfwlyh fdvh L uhvxowv hyhq wkrxjk LL ru

LLL zrxog eh vrfldoo| suhihuuhg1 Wklv vxjjhvwv wkdw lq wkh odwwhu vlwxdwlrq/ rs0

wlrqv wr frqfoxgh h{foxvlyh djuhhphqwv zlwk vhohfwhg wudglqj sduwqhuv vkrxog

qrw eh uhvwulfwhg> udwkhu wkh srolf| vkrxog eh wr lqvwlwxwh h�hfwlyh wudqvihu

sd|phqwv wr frpshqvdwh wkh h{foxghg sduwqhuv iru wkhlu zhoiduh orvv1

Uhihuhqfhv

^4` Eduhww/ V1/ 4<<71 Vwudwhjlf Hqylurqphqwdo Srolf| dqg Lqwhuqdwlrqdo

Wudgh1 Mrxuqdo ri Sxeolf Hfrqrplfv Yro1 87/ 65806;

^5` Ekdjzdwl/ M1 dqg Kxghf/ U1/ 4<<91 Idlu Wudgh dqg Kduprql}dwlrq= Suh0

uhtxlvlwhv iru Iuhh WudghB Wkh PLW Suhvv= Fdpeulgjh Pdvv1

54



^6` Ekdjzdwl/ M1/ 4<<91 Wkh Ghpdqgv wr Uhgxfh Grphvwlf Glyhuvlw| dprqj

Wudglqj Qdwlrqv1 Idlu Wudgh dqg Kduprql}dwlrq= Suhuhtxlvlwhv iru Iuhh

WudghB Wkh PLW Suhvv= Fdpeulgjh Pdvv1

^7` Ekdjzdwl/ M1 dqg Vulqlydvdq/ W1/ 4<<91 Wudgh dqg wkh Hqylurqphqw=

Grhv Hqylurqphqwdo Glyhuvlw| Ghwudfw iurp wkh Fdvh iru Iuhh WudghB

Idlu Wudgh dqg Kduprql}dwlrq= Suhuhtxlvlwhv iru Iuhh WudghB Wkh PLW

Suhvv= Fdpeulgjh Pdvv1

^8` Fdvhood/ D1/ 4<<91 Iuhh Wudgh dqg Hyroylqj Vwdqgdugv1 Idlu Wudgh dqg

Kduprql}dwlrq= Suhuhtxlvlwhv iru Iuhh WudghB Wkh PLW Suhvv= Fdp0

eulgjh Pdvv1

^9` Fkrl/ M1/ 4<<71 Luuhyhuvleoh Fkrlfh ri Fhuwdlq Whfkqrorjlhv zlwk Qhwzrun

H{whuqdolwlhv1 Udqg Mrxuqdo ri Hfrqrplfv Yro1 58

^:` Jdqgdo/ Q1 dqg Vk|/ R1/ 4<<;1 Vwdqgdugl}dwlrq Srolf| dqg Lqwhuqdwlrqdo

Wudgh1 Who Dyly Vdfnohu Lqvwlwxwh ri Hfrqrplf Vwxglhv1

^;` Mhqvhq/ U1 dqg Wkxuve|/ / 4<<91 P1Sdwhqw Udfhv/ Surgxfw Vwdqgdugv/

dqg Lqwhuqdwlrqdo Frpshwlwlrq1 Lqwhuqdwlrqdo Hfrqrplf Uhylhz Yro1 6:

+4,/ 5407<

^<` Oxw}/ V1/ 4<<91 Yhuwlfdo Surgxfw Gl�huhqwldwlrq/ Txdolw| Vwdqgdugv/ dqg

Lqwhuqdwlrqdo Wudgh Srolf|1 FHSU Glvfxvvlrq Sdshu Qr1 4776

^43` �0/ 4<<91 Wudgh H�hfwv ri Plqlpxp Txdolw| Vwdqgdugv zlwk dqg zlwk0

rxw Ghwhuuhg Hqwu|1 FHSU Glvfxvvlrq Sdshu Qr1 46;7
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^44` RHFG/ 4<<41 Frqvxphuv/ Surgxfw Vdihw| Vwdqgdugv dqg Lqwhuqdwlrqdo

Wudgh1 RHFG= Sdulv

^45` Udxvfkhu/ P1/ 4<<71 Wudgh Odz dqg Hqylurqphqwdo Lvvxhv lq Fhqwudo

dqg Hdvw Hxurshdq Frxqwulhv1 FHSU Glvfxvvlrq Sdshu Qr1 4378

^46` Vdslu/ D1/ 4<<81 Wkh Lqwhudfwlrq Ehwzhhq Oderxu Vwdqgdugv dqg Lqwhu0

qdwlrqdo Wudgh Srolf|1 Wkh Zruog Hfrqrp|/ :<40;36

^47` Yrjho/ G1/ 4<<81 Wudglqj Xs1 Kduydug Xqlyhuvlw| Suhvv/ Fdpeulgjh/ PD
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