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Devwudfw

Zh vwxg| wkh h�hfw ri pdunhw vwuxfwxuh xsrq lqwhuqdwlrqdo wudgh srolf| zkhq �upv lqyhvw
lq surfhvv U)G ehiruh frpshwlqj lq d gl�huhqwldwhg jrrgv pdunhw1 Iru d grphvwlf prqrsro|/
dqg lqfuhdvlqj wkh qxpehu ri iruhljq �upv/ wkh jryhuqphqw hlwkhu fkrrvhv d U)G +dqg rxwsxw,
vxevlg|/ ru uhpdlqv lqdfwlyh1 Iru d grphvwlf gxrsro| d jryhuqphqw wd{hv/ vxevlgl}hv/ ru grhv
qrw surprwh U)G ghshqglqj xsrq wkh qxpehu ri grphvwlf �upv dqg wkh ghjuhh ri surgxfw
gl�huhqwldwlrq1 U)G +dqg rxwsxw, lv wd{hg iru kljk ohyhov ri surgxfw gl�huhqwldwlrq1 Iru orzhu
ohyhov ri surgxfw gl�huhqwldwlrq rqo| rqh frxqwu| pd| vxevlgl}h lq htxloleulxp1 Ixuwkhu/ wkh
uhvxowv duh urexvw wr Frxuqrw ru Ehuwudqg frpshwlwlrq1

MHO Fodvvl�fdwlrq= I45/ I46/ O461

Nh|zrugv= Surgxfw Gl�huhqwldwlrq/ Vwudwhjlf Wudgh Srolf|/ Srolf| Uhyhuvdov/ U)G vxevlglhv/
prqrsro|/ gxrsro|1

WPdlolqj Dgguhvv= Xqlyhuvlgdg Fduorv LLL gh Pdgulg/ Fdooh Pdgulg 459/ 5;<36 Jhwdih/ VSDLQ1 Id{= .+67, <4
957 <;:81 Nxmdo= Who= .+67, <4 957 <984/ h0pdlo= nxmdoChfr1xf6p1hv1 Uxl}= Who= .+67, <4 957 <985/ h0pdlo=
muxl}Chfr1xf6p1hv Erwk dxwkruv dnqrzohgjh vxssruw iurp Frpxqlgdg gh Pdgulg judqw qxpehu 3323397253331
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Wkh prgho ri wzr +grphvwlf, prqrsrolhv frpshwlqj lq d wklug pdunhw +Eudqghu dqg Vshqfhu

+4<;8,/ khqfhiruwk EV, lv edvhg rq wkh suhplvh wkdw lq wklv iudphzrun wkh ehkdylru ri lqwhuqd0

wlrqdo roljrsrolhv dqg wkh sur�w vkliwlqj dujxphqw fdq eh hdvlo| vwxglhg1 Wkh pdlq uhvxow iurp wklv

prgho lv wkdw xqlodwhudoo| dfwlyh srolf| lv ehqh�fldo1 H{whqvlrqv ri wklv prgho kdyh vkrzq wkdw lw

lv vhqvlwlyh wr wkh qdwxuh ri pdunhw frpshwlwlrq4 +Hdwrq dqg Jurvvpdq/ 4<;9, dqg wr wkh glvwulex0

wlrq ri �upv dfurvv h{sruwlqj frxqwulhv +Gl{lw/4<;7,1 Edjzhoo dqg Vwdljhu +4<<7, vkrz wkdw U)G

vxevlg| wrzdugv prqrsrolhv lv urexvw wr wkh qdwxuh ri pdunhw frpshwlwlrq1 Rwkhuv kdyh phdqzkloh

fulwlfl}hg wkh prgho iru ehlqj phufdqwlolvw +vhh Khospdq dqg Nuxjpdq/ fkdswhu 8/ 4<<7,1 Shukdsv

wkh prvw gdpdjlqj fulwlflvp dulvhv gxh wr wkh vhqvlwlyhqhvv ri wkh srolf| wr dvvxpswlrqv rq pdunhw

vwuxfwxuh1 D srolf| pdnhu xvlqj wkhvh prghov dv d jxlgh idfhv wkh ed"lqj txhvwlrq derxw wkh qdwxuh

ri pdunhw frpshwlwlrq dqg zkdw srolf| wr fkrrvh51 Zh surylgh vrph dqvzhuv wr wkhvh txhvwlrqv1

Lq wklv sdshu zh dujxh wkdw rswlpdo srolf| pd| ydu| ghshqglqj xsrq wkh ghjuhh ri surgxfw

gl�huhqwldwlrq dqg zkhwkhu wkh grphvwlf pdunhw kdv d prqrsro|/ ru dq roljrsro|1 Wkrxjk/ grphvwlf

prqrsrolhv frpshwlqj lq d wklug pdunhw uh hfw lqwhuqdwlrqdo roljrsrolvwlf frpshwlwlrq/ wkh| gr qrw

fdswxuh h{sruw surprwlrq srolf| wrzdugv grphvwlf roljrsrolhv frpshwlqj lq lqwhuqdwlrqdo pdunhwv1

Jlyhq wkdw prvw pdunhwv duh fkdudfwhul}hg e| roljrsrolhv lw lv ri lqwhuhvw wr vhh krz srolf| dqg

zhoiduh pd| fkdqjh xqghu vxfk d vfhqdulr dqg krz wkh uhvxowv pd| gl�hu iurp wkh vshfldo fdvh

ri grphvwlf prqrsrolhv1 Wklv lv d uhdvrqdeoh txhvwlrq iru pdq| uhdvrqv1 Wkrxjk/ wkh grphvwlf

prqrsrolhv prgho fdswxuhv roljrsrolvwlf frpshwlwlrq lq wkh iruhljq pdunhw lw ljqruhv wkh h�hfw ri

grphvwlf roljrsrolhv rq srolf| fkrlfh61 Li wkh fkrlfh ri wudgh srolf| lqvwuxphqwv lv vhqvlwlyh wr

pdunhw vwuxfwxuh dqg wkh ghjuhh ri surgxfw gl�huhqwldwlrq wkhq srolf| pdnhuv vkrxog eh dzduh ri

wklv dvshfw1

Wkh lvvxh ri orrnlqj dw grphvwlf roljrsrolhv lv gluhfwo| uhodwhg wr wkh qxpehuv fulwltxh ri wkh

EV prgho71 Lw dujxhv wkdw wudgh srolf| lqvwuxphqwv duh vhqvlwlyh wr wkh uhodwlyh glvwulexwlrq ri

�upv lq wkh iruhljq dqg krph pdunhw1 Lq wklv frqwh{w zh sxw wkh qxpehuv fulwltxh lq d gl�huhqw

oljkw1 Zh iudph lw dv srolf| fkrlfh wrzdugv d grphvwlf prqrsro|/ ru roljrsro|1 Zh wkhq vkrz wkdw

wudgh srolf| lqvwuxphqwv duh vhqvlwlyh wr zkhwkhu wkh grphvwlf pdunhw vwuxfwxuh lv prqrsrolvwlf/

ru gxrsrolvwlf/ dqg wr wkh ghjuhh ri surgxfw gl�huhqwldwlrq lq d qrq0olqhdu zd|1 Dfurvv wkh ydulrxv

pdunhw vwuxfwxuhv wkdw fdq hphujh wkh prqrsro| fdvh lv vkrzq wr eh d vshfldo fdvh1

Prylqj iurp d grphvwlf prqrsro| wr d grphvwlf roljrsro| rswlpdo wudgh srolf| fkdqjhv lq wzr

zd|v1 Iluvw/ lqfuhdvlqj wkh qxpehu ri �upv dw krph dqg deurdg dowhuv wkh vljq ri wkh rswlpdo wudgh

srolf| iru erwk grphvwlf dqg iruhljq jryhuqphqwv lq wkh vdph zd|1 Wklv lv lq frqwudvw wr wkh uhvxow

zkhuh wkh vljq grhv qrw fkdqjh li wkh qxpehu ri grphvwlf dqg iruhljq �upv lqfuhdvhv sursruwlrqdoo|

dfurvv erwk h{sruwlqj frxqwulhv +Gl{lw/ 4<;7,1 Vhfrqg/ lq wkh vwdqgdug qxpehuv fulwltxh +Gl{lw/

4<;7,/ wkh vljq ri wkh srolf| ghshqgv rq wkh uhodwlyh gl�huhqfh lq wkh qxpehu ri �upv dw krph dqg

4Vwudwhjlf frpsohphqwdulw| ehwzhhq sulfhv dqg vwudwhjlf vxevwlwxwdelolw| ehwzhhq rxwsxw lv wkh uhdvrq d srolf|
uhyhuvdo lv revhuyhg iurp Ehuwudqg wr Frxuqrw jdphv1 Wklv lv jhqhudoo| d sduw ri wkh lqwurgxfwlrq wr d glvfxvvlrq
rq vwudwhjlf wudgh srolf| +vhh iru h{dpsoh/ Eudqghu/ 4<<8/ Khospdq dqg Nuxjpdq/ 4<<7/ Ekdjzdwl/ Sdqdjdul|d dqg
Vulqlydvdq/ 4<<; dprqj rwkhuv,1

5Khospdq dqg Nuxjpdq/ iru h{dpsoh/ frqmhfwxuh wkdw d uhdvrqdeoh srolf| vkrxog eh wd{lqj xqghu erwk Frxuqrw
dqg Ehuwudqg frpshwlwlrq +vhh fkdswhu08/ 4<<7,1

6Wkrxjk/ rqh fdq lqwhusuhw wkh prqrsro| prgho dv wkh jryhuqphqw pd{lpl}lqj mrlqw sur�wv1
7Wkh uhodwlyh dv|pphwu| lq wkh qxpehu ri �upv dfurvv frxqwulhv ghwhuplqh wkh fkrlfh ri wudgh srolf| lqvwuxphqwv

+Gl{lw/ 4<;7,1 Lq sduwlfxodu li wkh gl�huhqfh ehwzhhq krph dqg iruhljq �upv lv +ohvv, juhdwhu wkdq rqh wkhq wkh rswlpdo
srolf| lv d wd{ +vxevlg|, +vhh wkh h{dpsoh lq Ekdjzdwl/ Sdqdjdul|d dqg Vulqlydvdq/ 4<<;,1 Li krzhyhu/ wkh qxpehu ri
�upv dw krph dqg deurdg duh wkh vdph wkhq wkhuh lv qr srolf| fkdqjh1 Dovr/ Nulvkqd dqg Wkxuve| +4<<4, orrn dw
rswlpdo srolflhv lq wkh suhvhqfh ri ? �upv1
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lq wkh iruhljq frxqwu|81 Zh/ krzhyhu/ vkrz wkdw wkh vljq ri wkh srolf| lqvwuxphqw ghshqgv rqo| rq

zkhwkhu wkh grphvwlf pdunhw lv prqrsrolvwlf/ ru roljrsrolvwlf1 Prqrsrolhv duh vxevlgl}hg9/ zkloh

roljrsrolhv pd| eh wd{hg/ ru vxevlgl}hg/ elodwhudoo|/ ru xqlodwhudoo|/ ghshqglqj xsrq wkh ghjuhh ri

surgxfw gl�huhqwldwlrq1

Uhjdugohvv ri wkh uhodwlyh dv|pphwu| lq wkh glvwulexwlrq ri �upv roljrsrolhv duh dozd|v wd{hg

iru kljk ohyhov ri surgxfw gl�huhqwldwlrq1 Iru roljrsrolvwlf pdunhw vwuxfwxuhv lq erwk frxqwulhv/

wkh htxloleulxp srolf| lv wr vxevlgl}h U)G +ru rxwsxw, iru orz ohyhov ri surgxfw gl�huhqwldwlrq1

Iru d grphvwlf gxrsro|/ hqjdjlqj lq dfwlyh srolf| lqfuhdvhv zhoiduh ryhu iuhh wudgh iru wkh dfwlyh

frxqwu|1 Zlwk rqo| rqh dfwlyh frxqwu| lq htxloleulxp/ wkh lqdfwlyh frxqwu| pd| vrphwlphv lqfuhdvh

lwv zhoiduh ryhu iuhh wudgh li wkh dfwlyh frxqwu| wd{hv U)G1 Krzhyhu/ ghshqglqj rq wkh ghjuhh ri

surgxfw gl�huhqwldwlrq/ lq prvw fdvhv wkh lqdfwlyh frxqwu| rewdlqv orzhu zhoiduh wkdq xqghu iuhh

wudgh1 Rxu uhvxowv duh urexvw wr sulfh ru txdqwlw| frpshwlwlrq:1

Wkh uhpdlqghu ri wkh sdshu lv vwuxfwxuhg dv iroorzv1 Lq Vhfwlrq0LL zh vroyh wkh vshfl�f prgho

xqghu iuhh wudgh1 Lq vhfwlrq0LLL zh dqdo|}h jryhuqphqw lqfhqwlyhv wr lpsrvh d wd{2vxevlg| rq U)G

xqlodwhudoo|/ ru elodwhudoo|/ erwk xqghu Frxuqrw dqg Ehuwudqg frpshwlwlrq;1 Lq Vhfwlrq0LY zh eulh |

glvfxvv wkh uhvxowv iru rxwsxw vxevlglhv1 Vhfwlrq0Y frqfoxghv1 Wkh dsshqgl{ frqwdlqv wkh uhvxowv

iru wkh fdvh ri rxwsxw vxevlglhv1


� ���� �����

Zh xvh d wklug0frxqwu| prgho zlwk pdq| �upv orfdwhg lq wzr gl�huhqw frxqwulhv dqg surgxflqj d

gl�huhqwldwhg jrrg zklfk wkh| vhoo lq d wklug frxqwu|1 Ghqrwh e| q wkh wrwdo qxpehu ri �upv lq

wkh zruog/ frpsrvhg ri q� �upv lq wkh krph frxqwu| dqg qs lq wkh iruhljq frxqwu|1 Ohw K dqg I

eh wkh vhw ri krph dqg iruhljq �upv/ uhvshfwlyho|1 Wkhuh lv d frpshwlwlyh qxphudluh vhfwru1 Ilupv

rshudwh xqghu frqvwdqw uhwxuqv wr vfdoh dqg lqlwldoo| kdyh wkh vdph pdujlqdo frvwv ri surgxfwlrq

f= Ilupv fdq lqyhvw lq d frvw vdylqj whfkqrorj| sulru wr hqjdjlqj lq pdunhw frpshwlwlrq dqg duh

deoh wr uhgxfh lwv pdujlqdo frvw e| � +vshqglqj {2

2
,= Doo �upv idfh v|pphwulf ghpdqg ixqfwlrqv1

Li �up l lv lq wkh krph frxqwu| +l 5 K,/ wkhq/<
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Zkhuh/ {� lv wkh rxwsxw surgxfhg e| �up l 5 K/ s�� dqg s�s duh wkh sulfhv fkdujhg iru wkh krph

dqg iruhljq ydulhwlhv ri wkh jrrg/ uhvshfwlyho|/ dqg �s @ is��> s2�> = = = > s?��> s�s > s2s > = = = > s?ssj lv

8Wkdw lv/ li ?s lv wkh qxpehu ri iruhljq �upv dqg ?� lv wkh qxpehu ri grphvwlf �upv/ wkh vljq ri wkh htxloleulxp
vxevlg| lv htxdo wr wkh vljq ri ?s n �3 ?�1 Dovr vhh Ekdjzdwl hw do1+4<<; s1 6<:,1

9Wklv lv wuxh iru U)G dqg rxwsxw vxevlglhv1
:Wr ixuwkhu fkhfn wkh urexvwqhvv ri rxu prgho/ zh qhhg wr h{whqg lw wr lqfoxgh grphvwlf frqvxpswlrq1 Qrwh wkdw

Khospdq dqg Nuxjpdq +4<<7, +fkdswhu 8, fulwlfl}h wkh EV prgho dv d sxuh phufdqwlolvw prgho dv lw h{foxghv grphvwlf
frqvxpswlrq1 Zh duh douhdg| zrunlqj rq h{whqvlrqv wkdw lqfoxgh wkhvh srvvlelolwlhv soxv dv|pphwulf frxqwu| vl}hv1
Ixuwkhu/ wkh h�hfw ri d odujh qxpehu ri �upv rq zhoiduh +vhh/ Nulvkqd dqg Wkxuve| +4<<4,, lv dovr ri lqwhuhvw exw
eh|rqg wkh vfrsh ri wklv sdshu gxh wr wkh frpsoh{lw| ri wkh sureohp1

;Zh kdyh dovr dqdo|}hg uhvxowv xqghu rxwsxw vxevlglhv1 Wkh uhvxowv duh uhohjdwhg wr wkh dsshqgl{1
<Wkhvh duh wkh ghpdqg ixqfwlrqv ri d frqvxphu zlwk xwlolw| �E%�c %2c � � � c %?� ' @E
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n6 zlwk6 uhsuhvhqwlqj prqh|/ jhqhudol}lqj Gl{lw +4<:<, iru dq duelwudu| qxpehu

ri jrrgv1 Uhvxowlqj lqyhuvh ghpdqg lv R� ' @3 %� 3 �E
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wkh yhfwru ri sulfhv431 Wkh sdudphwhu � phdvxuhv wkh ghjuhh ri surgxfw gl�huhqwldwlrq/ dqg zh

dvvxph lw ehwzhhq }hur dqg rqh441 Ilupv sod| d wzr0vwdjh jdph1 Lq vwdjh rqh/ �upv vlpxowdqhrxvo|

ghflgh krz pxfk wr lqyhvw lq frvw vdylqj U)G +��,1 Lq vwdjh wzr/ jlyhq wkh uhgxfhg xqlw frvw/

�upv vlpxowdqhrxvo| frpshwh lq sulfhv/ ru txdqwlwlhv1 Ilupv fdq xvh U)G vwudwhjlfdoo| wr lpsuryh

wkhlu srvlwlrq lq wkh vxevhtxhqw pdunhw frpshwlwlrq vwdjh1 Lq wklv frqwh{w/ lqyhvwphqw lq U)G kdv

frpplwphqw ydoxh1 Zh orrn iru wkh vxejdph shuihfw htxloleuld ri wkh jdph1

Qrwh wkdw rxu lqwhuhvw lv wr fdswxuh d ixqgdphqwdo dvshfw ri hqwu| eduulhuv lq roljrsrolvwlf

lqgxvwulhv1 Zh gr wklv e| prghoolqj �up lqyhvwphqw lq lqqrydwlrq lq dq hduolhu vwdjh wkdw kdv

vwudwhjlf ydoxh iru erwk �upv451 Ilup lqyhvwphqw lq d vwudwhjlf yduldeoh sulru wr pdunhw frpshwlwlrq

fdswxuhv �up lqyhvwphqw lq d orqj uxq yduldeoh +vhh Jurvvpdq/ 4<;; dqg Khujxhud/ Nxmdo dqg

Shwudnlv/ 5333 dqg 5335,1 Dv dujxhg e| Jurvvpdq +4<;;,/ �up lqyhvwphqw lq txdolw|/ lqqrydwlrq

+ru dq| vxfk yduldeoh, kdv frpplwphqw ydoxh dqg vkrxog kdyh dq lpsruwdqw h�hfw qrw rqo| rq

pdunhw frpshwlwlrq lq wkh odwhu vwdjhv exw dovr rq wkh fkrlfh ri wudgh srolf| lqvwuxphqwv1 Wklv

dvshfw ri prgholqj roljrsrolhv kdv qrw ehhq h{whqvlyho| vwxglhg e| lqwhuqdwlrqdo wudgh wkhrulvwv1

5141 Frxuqrw frpshwlwlrq

514141 Wkh rxwsxw fkrlfh vwdjh

Ilup l fkrrvhv {� wr pd{lpl}h sur�wv/ jlyhq lqyhuvh ghpdqg s� @ d� {� � �+
S

�MtM�83�� {�, dqg

uhgxfhg xqlw frvwv +f���,= Ilup l*v sureohp lv=

pd{
%�

5
7+d� {� � �

3
C [
�MtM�83��

{�

4
D� +f���,

6
8{� � �2

�

5
+515,

zlwk {�MtM�83�� dqg �� wdnhq dv jlyhq1 Hdfk �up*v uhdfwlrq ixqfwlrq lv wkxv jlyhq e|=

{�+{3�, @
4

5

3
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3
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4
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4
D > iru doo l 5 iK ^ Ij +516,

Lw lv hdv| wr vhh wkdw wkh vorsh ri hdfk uhdfwlrq ixqfwlrq lv qhjdwlyh dqg ghfuhdvlqj lq wkh ghjuhh ri

surgxfw gl�huhqwldwlrq1 Jlyhq wkdw wkh sur�w wudqvihu h�hfw ghshqgv rq wkh rxwsxw vkliwlqj h�hfw lw

lv hdv| wr vhh wkdw wkh ghulydwlyh _%�
_%
3�

ghfuhdvhv lq � dqg lv }hur iru � @ 3= Wklv vlpsoh lqwxlwlrq whoov

xv wkdw zh fdq h{shfw wkh rxwsxw vkliwlqj h�hfw ri d srolf| wr eh vpdoohu dqg khqfh wkh lqfhqwlyh

wr vxevlgl}h ghfuhdvhv dv � jhwv vpdoohu1

Wkh lqwhuvhfwlrq ri wkh q @ q� . qs uhdfwlrq ixqfwlrqv jlyhv xv wkh yhfwru ri htxloleulxp txdq0

wlwlhv { @ i{��> {2�> = = = > {?��> {�s > {2s > = = = > {?ssj/ hdfk fkrvhq jlyhq wkh rxwsxw ri wkh rwkhu �up1

Htxloleulxp rxwsxw dqg sur�wv +dv d ixqfwlrq ri �uvw0vwdjh U)G h{shqglwxuhv, duh/ uhvshfwlyho|=

a{�+�>�, @
+d� f,+5� �, . +5 . �+qs . q� � 5,,�� � �

�S
�MtM�83����

�

+5� �,+5 . +qs . q� � 4,�,
+517,

43Qrwh wkdw wkhuh duh ?� ydulhwlhv ri wkh krph jrrg dqg ?s ydulhwlhv ri wkh iruhljq jrrg/ hdfk zlwk d +srwhqwldoo|,
gl�huhqw sulfh1

44Wklv lv d vx!flhqw frqglwlrq wr dvvxuh frqfdylw| ri wkh xwlolw| ixqfwlrq1
45Qrwh wkdw xqolnh mxvwli|lqj dq roljrsro| e| h{rjhqrxvo| lpsrvlqj d �{hg frvw +wkdw kdv qr vwudwhjlf ydoxh lq wkh

pdunhw frpshwlwlrq vwdjh,/ zh hqgrjhql}h vxqn frvwv +lq wkh vhqvh wkdw wkh fkrlfh ri wkh vwudwhjlf yduldeoh qrz sod|v
dq lpsruwdqw uroh lq wkh pdunhw frpshwlwlrq vwdjh,1
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514151 U)G vwdjh

Ilup l/ jlyhq �3�>fkrrvhv �� wr pd{lpl}h lwv sur�wv +gh�qhg deryh,1 Uhdfwlrq Ixqfwlrqv lq U)G

h{shqglwxuhv duh jlyhq e|=

��+�3�, @
5^5 . �+q� 5,`

�
+d� f,+5� �,� �

�S
�MtM�83����

��

; . �^+7� �2,� . q2�^5� +7� �,�`� 49`� 5q^+7� �,+5� �,� � 7`

Zkhuh q @ q� . qs = Vroylqj wkh v|vwhp ri q uhdfwlrq ixqfwlrqv iru U)G dqg xvlqj v|pphwu| zh

fdq ghulyh wkh htxloleulxp ohyho ri U)G vshqglqj/ rxwsxw/ sulfh dqg sur�wv iru hdfk �up=

�W+�, @
5+d� f,^5 . +q� 5,�`

7� �^;� 9q� 5�+q� 6,+q� 4, . �2+q� 4,2`
> +519,

{W+�, @
+d� f,+5� �,^5 . +q� 4,�`

7� �^;� 9q� 5�+q� 6,+q� 4, . �2+q� 4,2`
> +51:,

sW+�, @
d+q� 4,�2 � f+5� �,+4� +q� 4,�,+5� +q� 4,�,

7� �^;� 9q� 5�+q� 6,+q� 4, . �2+q� 4,2`
= +51;,

Ilupv* sur�wv duh wkhq jlyhq e|

�W+�, @ +d� f,2
++d� f,+5� �,^5 . +q� 4,�`,2 � 5 ++d� f,^5 . +q� 5,�`,2

+7� �^;� 9q� 5�+q� 6,+q� 4, . �2+q� 4,2`,2
= +51<,

Qrwh wkdw d �up kdv juhdwhu lqfhqwlyhv wr lqyhvw lq frvw0uhgxflqj U)G xqghu Frxuqrw frpsh0

wlwlrq wkdq xqghu d sxuh frvw0plqlpl}lqj vwudwhj|1 Wklv rffxuv gxh wr wkh srvlwlyh vwudwhjlf h�hfw

ri U)G rq sur�wv1

�� ��� �	�������

Zh orrn dw jryhuqphqw srolf| iru U)G vxevlglhv wrzdugv grphvwlf prqrsrolhv dqg gxrsrolhv xqghu

rxwsxw frpshwlwlrq1 D frxqwu| hqjdjlqj lq dfwlyh U)G srolf| zloo dozd|v wd{ d gxrsro| iru kljkhu

ghjuhhv ri surgxfw gl�huhqwldwlrq1 Li erwk frxqwulhv kdyh gxrsrolhv wkhq/ lq htxloleulxp/ wkh| erwk

wd{ U)G iru kljk ohyhov ri surgxfw gl�huhqwldwlrq461 Zh vkrz wkdw fkdqjlqj wkh qxpehu ri �upv dw

krph dqg deurdg/ v|pphwulfdoo|/ ru dv|pphwulfdoo|/ fkdqjhv wkh rswlpdo wudgh srolf| lqvwuxphqw1

Wd{lqj dqg zhoiduh lpsuryhphqw +ryhu iuhh wudgh, dovr rffxuv xqghu Frxuqrw frpshwlwlrq dqg lv

qrw mxvw dq duwlidfw ri Ehuwudqg frpshwlwlrq1 Hyhq wkrxjk d srolf| uhyhuvdo lv qrw wr eh revhuyhg/

wkh sulvrqhuv* glohppd qdwxuh ri srolf| fkrlfh lv revhuyhg rqo| lq wkh fdvh ri grphvwlf prqrsrolhv1

Lq wklv vhfwlrq zh �uvw suhvhqw wkh uhvxowv iru U)G srolf| iru grphvwlf prqrsrolhv lq hdfk

frxqwu| xqghu Frxuqrw frpshwlwlrq1 Iroorzlqj wklv zh suhvhqw wkh fdvh ri grphvwlf dqg iruhljq

gxrsrolhv1 Zh �qlvk zlwk wkh h�hfwv ri lqwurgxflqj dv|pphwu| lq wkh prgho e| orrnlqj dw wkh fdvh

46Khospdq dqg Nuxjpdq +4<<5, dvn wkh txhvwlrq rq zkdw lv wkh uljkw srolf|B Wkh| dujxh wkdw wkh ehvw srolf| lv
wkh rqh wkdw pd{lpl}hv zhoiduh1 Wkh| ixuwkhu dujxh +s1 435, �wkdw wkh fdvh iru h{sruw vxevlglhv lv yhu| iudjloh lqghhg1�
Rxu uhvxowv djuhh zlwk zkdw wkh| dujxh zkhq wkhuh duh grphvwlf roljrsrolhv lq erwk wkh frxqwulhv1
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ri d prqrsro| lq rqh frxqwu| dqg d gxrsro| lq wkh rwkhu1 Qrwh wkdw zh rqo| suhvhqw wkh fdvh ri

iruhljq dqg grphvwlf gxrsro|1 Krzhyhu/ vlplodu uhvxowv duh rewdlqhg xqghu d v|pphwulf glvwulexwlrq

ri �upv1

6141 Frxuqrw frpshwlwlrq47

Iluvw/ zh eulh | suhvhqw wkh uhvxowv iru grphvwlf prqrsrolhv1 Li �upv lqyhvw lq d vwudwhjlf yduldeoh

sulru wr wkh pdunhw frpshwlwlrq vwdjh wkhq wkh Hdwrq dqg Jurvvpdq +4<;9, srolf| uhyhuvdo lv qrw

revhuyhg1 Xqghu orz ghjuhhv ri surgxfw gl�huhqwldwlrq erwk jryhuqphqwv vxevlgl}h U)G48/ zkloh

rxwsxw lv dozd|v vxevlgl}hg1 Iroorzlqj wklv zh suhvhqw uhvxowv iru d xqlodwhudo/ ru elodwhudo/ U)G

vxevlg|2wd{ iru d frxqwu| zlwk d grphvwlf prqrsro|/ ru gxrsro|1 Wkh prgho lv wkhq vroyhg iru wkh

htxloleulxp lq wkh U)G srolf| jdph sod|hg lq wkh �uvw vwdjh491 Zh frqvlghu wklv wr eh wkh uhohydqw

fdvh lq rxu sdshu dv xqghu JDWW uxolqj vxevlglhv wr U)G duh doorzhg4:1 Ilupv lq wzr frxqwulhv vhoo

d gl�huhqwldwhg jrrg lq d wklug pdunhw1 Jryhuqphqwv �uvw ghflgh vlpxowdqhrxvo| zkhwkhu/ ru qrw/

wr hqjdjh lq dfwlyh U)G srolf|1 D jryhuqphqw ghflglqj wr hqjdjh lq dq dfwlyh srolf| frpplwv wr

d vxevlg| +ru wd{, rq U)G1 Jlyhq wkh srolf| dqqrxqfhphqw ri erwk jryhuqphqwv/ �upv fkrrvh wkh

sur�w pd{lpl}lqj ohyho ri U)G lq wkh vhfrqg vwdjh1 Lq wkh �qdo vwdjh �upv frpshwh lq txdqwlwlhv/

ru sulfhv4;1

6151 Grphvwlf dqg Iruhljq prqrsro|

Xqolnh Edjzhoo dqg Vwdljhu +4<<7,/ jryhuqphqwv gr qrw dozd|v vxevlgl}h U)G1 Wkh lqfhqwlyhv wr

vxevlgl}h ghshqgv xsrq wkh ghjuhh ri surgxfw gl�huhqwldwlrq1 Elodwhudoo| dfwlyh srolf| lv revhuyhg

iru d vpdoohu udqjh ri � +frpsduhg wr wkh fdvh zkhuh rqo| rqh �up lv dfwlyh,1 Zh suhvhqw vrph qhz

uhvxowv iru wkh zhoo nqrzq prqrsro| fdvh1 Li �upv �uvw lqyhvw lq U)G dqg jryhuqphqwv frpplw

wr d srolf| sulru wr wklv ghflvlrq wkh srolf| uhyhuvdo uhvxow gxh wr Hdwrq dqg Jurvvpdq lv qrw

revhuyhg1 Zh irfxv rq wkh ghjuhh ri surgxfw gl�huhqwldwlrq iru zklfk dq lqwhulru vroxwlrq lv rewdlqhg

xqghu d U)G vxevlg|4< � ? 3=996<49 xqghu xqlodwhudo/ dqg � ? 3=8;8<<; xqghu elodwhudo srolf|531

Frpsduhg wr d prqrsro| wkh shuplvvleoh ydoxh ri � ghfuhdvhv xqghu d gxrsro|1 Dfwlyh elodwhudo

srolf| lv revhuyhg rqo| iru wkh fdvh zkhq � ? =75:;86= Wklv fohduo| lqglfdwhv wkdw jryhuqphqwv

zloo qrw vxevlgl}h uhjdugohvv ri wkh ghjuhh ri surgxfw gl�huhqwldwlrq1 Iru dq lqfuhdvlqj ohyho ri

surgxfw gl�huhqwldwlrq erwk frxqwulhv �qg lw sur�wdeoh wr hqjdjh lq h{sruw surprwlqj srolflhv

+U)G vxevlglhv,1 Ixuwkhu/ iru � 5 +3=75:;86> 3=8;8<<;, wkhuh duh wzr htxloleuld zlwk rqo| rqh

frxqwu| vxevlgl}lqj U)G lq hdfk rqh ri wkhp1

Sursrvlwlrq 614 +Htxloleulxp iru U)G vxevlglhv0 +4> 4, fdvh,1 Uhvwulfwlqj dwwhqwlrq wr ydo0

xhv ri � zkhuh dq lqwhulru vroxwlrq h{lvwv +� ? 3=8;8<<;, wkh htxloleulxp ri wkh srolf| jdph lv dv

iroorzv=

47Uhvxowv iru Ehuwudqg frpshwlwlrq duh dydlodeoh dw kwws=22zzz1hfr1xf6p1hv2�muxl}2uhvhdufk1kwp1 Dv phqwlrqhg
hduolhu wkh txdolwdwlyh srolf| uhvxowv gr qrw fkdqjh1

48Iru kljk ghjuhhv ri surgxfw gl�huhqwldwlrq/ rqo| rqh frxqwu| hqjdjhv lq dfwlyh U)G srolf|1
49Dw wklv srlqw zh zrxog olnh wr srlqw rxw wkdw lq d wzr vwdjh zh fdqqrw pdnh wkh frqylhqlhqw v|pphwu| dvvxpswlrq

rq rxwsxw wkdw lv frqyhqwlrqdo lq rqh vwdjh jdphv1 Zh qhhg wr h{solflwo| vroyh iru wkh uhdfwlrq ixqfwlrqv iru hdfk �up
dqg wkhq vroyh wkh sureohp lq wkh U)G vwdjh1 Zh zhuh xqdeoh wr dfklhyh wklv gxh wr dqdo|wlfdo frpsoh{lw|1 Zh wkxv
vroyh wkh sureohp rqo| iru grphvwlf gxrsrolhv1

4:Odwhu rq lq wkh sdshu zh glvfxvv wkh txdolwdwlyh gl�huhqfhv ehwzhhq vxevlgl}lqj U)G/ ru rxwsxw1
4;Qrwh/ dv wkh srolf| uhvxowv gr qrw fkdqjh ehwzhhq txdqwlw| dqg sulfh frpshwlwlrq zh rqo| suhvhqw wkh txdqwlw|

frpshwlwlrq fdvh lq wkh sdshu1 Wkh sulfh frpshwlwlrq uhvxowv duh dydlodeoh xsrq uhtxhvw1
4<Wklv hqvxuhv wkdw rxwsxw dqg U)G fkrlfhv ri wkh �up lq wkh rwkhu frxqwu| duh srvlwlyh
53Wklv uhvwulfwlrq suhyhqwv lpdjlqdu| urrwv iru wkh htxloleulxp elodwhudo vxevlg|1
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Wdeoh 614= Frxuqrw= Rswlpdo Xqlodwhudo U)G Vxevlglhv +rqo| krph frxqwu| vxevlgl}hv,

� Iru � ? 3=75:;86 erwk frxqwulhv vxevlgl}h U)G1

� Iru 3=75:;86 ? � ? 3=8;8<<; wkhuh wzr htxloleuld1 Lq hdfk/ rqh frxqwu| vxevlgl}hv U)G zkloh

wkh rwkhu grhv qrw hqjdjh lq dfwlyh wudgh srolf|1

Surri1 Iljxuh +d, +wdeoh 614, vkrzv wkdw frxqwulhv zdqw wr xqlodwhudoo| vxevlgl}h U)G1 Iljxuh +d,

+wdeoh 615, vkrzv wkdw li erwk frxqwulhv hqjdjh lq dfwlyh srolf|/ wkhq erwk ri wkhp vxevlgl}h U)G1

Li frxqwu| i lv qrw vxevlgl}lqj wkhq frxqwu| k suhihuv wr +xqlodwhudoo|, hqjdjh lq dfwlyh srolf| ryhu

iuhh wudgh +vhh �jxuh +d, +wdeoh 616,,1 Rq wkh rwkhu kdqg/ iru � ? 3=75:;86> li i vxevlgl}hv/ wkhq k

suhihuv wr vxevlgl}h dv zhoo +elodwhudo vxevlglhv, rwkhuzlvh/ k suhihuv wr uhpdlq lqdfwlyh +vhh �jxuh

+d, +wdeoh 618,,1

Sursrvlwlrq 615 +Zhoiduh xqghu U)G vxevlglhv0 +4> 4, fdvh,1 Uhvwulfwlqj dwwhqwlrq wr ydo0

xhv ri � iru dq lqwhulru vroxwlrq dqg frpsdulqj wkh htxloleulxp ri wkh srolf| jdph zlwk wkh rxwfrph

xqghu iuhh wudgh zh jhw/

41 Zhoiduh lv orzhu iru erwk frxqwulhv zkhq wkh| elodwhudoo| vxevlgl}h +� ? 3=75:;86,1

51 Zhoiduh lv kljkhu iru wkh vxevlgl}lqj frxqwu| dqg orzhu iru wkh lqdfwlyh frxqwu| lq wkh fdvh ri

xqlodwhudo vxevlglhv +3=75:;86 ? � ? 3=8;8<<;,1

Surri1 Iuhh wudgh lv dozd|v zhoiduh lpsurylqj ryhu elodwhudo vxevlglhv +vhh �jxuh +d, +wdeoh 617,,1

Krzhyhu/ iru � 5 +3=75:;86> 3=8;8<<;, zh kdyh dq dv|pphwulf htxloleulxp zkhuh rqo| rqh frxqwu|

vxevlgl}hv1 Zh fdq vhh wkdw +�jxuh +d,/ wdeoh 616, wkh frxqwu| zklfk vxevlgl}hv lv ehwwhu r� uhodwlyh

wr iuhh wudgh/ zkloh +�jxuh 614, wkh frxqwu| wkdw grhv qrw vxevlgl}h lv zruvh r� wkdq xqghu iuhh

wudgh1
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Wdeoh 615= Frxuqrw= Rswlpdo Elodwhudo U)G Vxevlglhv
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Wdeoh 616= Frxuqrw= Iuhh Wudgh yv1 Xqlodwhudo Dfwlyh U)G vxevlglhv +rqo| krph frxqwu| vxevlgl}hv,
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Iljxuh 614= Zhoiduh frpsdulvrq iru iruhljq frxqwu| dqg U)G Vxevlglhv= Iuhh wudgh yv/ lqdfwlyh
xqlodwhudo vxevlglhv/ fdvh q� @ 4> qs @ 4=

Qrwh wkdw iru � ? 3=75:;86 zh kdyh wkh vwdqgdug sulvrqhuv* glohppd1 Wkxv/ hyhq iru wkh fdvh

ri d prqrsrolvwlf pdunhw vwuxfwxuh wkh fodvvlf sulvrqhuv* glohppd pd| qrw eh revhuyhg iru doo �=

6161 Xqlodwhudo dqg Elodwhudo U)G vxevlglhv�wkh elodwhudo gxrsro| fdvh

Zhoiduh xqghu elodwhudo h{sruw surprwlrq lv juhdwhu wkdq xqghu iuhh wudgh1 Zhoiduh lpsuryhphqw lv

revhuyhg erwk xqghu txdqwlw| dqg sulfh frpshwlwlrq1 Wkh rswlpdo srolf| lv d wd{ iru erwk frxqwulhv

zkhq erwk ri wkhp hqjdjh lq dfwlyh srolf|/ rwkhuzlvh/ li rqo| rqh frxqwu| lv dfwlyh/ lw vxevlgl}hv

U)G1

Wr xqghuvwdqg zk| wkh srolf| lqvwuxphqw fkdqjhv iurp wkh fdvh ri prqrsrolhv rqh kdv wr orrn

dw wkh h�hfw rq U)G lqyhvwphqw dqg wkh uhvxowlqj h�hfw rq rxwsxw +dqg khqfh sulfhv,1 Zh vhh wkdw

zkhq erwk frxqwulhv kdyh wzr �upv/ d wd{ rq U)G ghfuhdvhv U)G h{shqglwxuh iru erwk grphvwlf

dqg iruhljq �upv1 Dv d uhvxow wkh ryhulqyhvwphqw lq U)G lv vriwhqhg dqg �upv orzhu rxwsxw dqg

lqfuhdvh wkh sulfh/ zklfk frqvhtxhqwo| udlvhv sur�wv +dqg zhoiduh,1 D vlplodu lqwxlwlrq lv sxw iruwk

e| Khospdq dqg Nuxjpdq +4<<7,1 Wkh| dujxh wkdw d wd{ dfklhyhv wdflw frooxvlrq ehwzhhq wkh �upv

dv lw lqfuhdvhv sulfhv dqg ghfuhdvhv rxwsxw +dqg U)G h{shqglwxuhv,1 Zh vkrz wklv wr eh wkh fdvh

xqghu Frxuqrw frpshwlwlrq1 Dv wkh sur�w wudqvihu h�hfw xqghu elodwhudo fkrlfh lv devhqw/ grphvwlf

zhoiduh lqfuhdvhv1 Wklv lv suhflvho| zkdw zh vhh xqghu txdqwlw| frpshwlwlrq lq rxu prgho1 Rxu

uhvxowv jr lq wkh vdph gluhfwlrq xqghu sulfh frpshwlwlrq1 Zhoiduh rxwfrphv duh dovr lqghshqghqw

ri pdunhw vwuxfwxuh dqg wkh sulvrqhuv glohppd qdwxuh ri srolf| fkrlfh lv rqo| uhvwulfwhg wr wkh

fdvh ri elodwhudo prqrsrolhv1 Lq htxloleulxp/ zhoiduh lv juhdwhu wkdq iuhh wudgh zkhq erwk frxqwulhv

vxevlgl}h +� ? 3=847:3;,1 Zh rqo| suhvhqw wkh uhvxowv iru wkh fdvh ri elodwhudo U)G vxevlglhv2wd{hv1

Iluvw zh suhvhqw wkh uhvxowv zkhuh rqo| wkh krph frxqwu| vxevlgl}hv2wd{hv1 Wkhq zh suhvhqw uhvxowv

iru elodwhudo U)G vxevlg| fdvh1 Zh irfxv rqo| rq wkh ohyhov ri surgxfw gl�huhqwldwlrq wkdw surylgh

lqwhulru vroxwlrqv1 Xqghu xqlodwhudo U)G vxevlg| dqg elodwhudo gxrsrolhv zh uhvwulfw54 rxuvhoyhv wr

� ? 3=998:361 Phdqzkloh � ? 3=8;9838 iru wkh fdvh ri elodwhudo srolf|551

616141 Xqlodwhudo U)G Vxevlglhv

Wkh rxwsxw fkrlfh vwdjh Wkh grphvwlf frxqwu| vxevlgl}hv/ ru wd{hv/ lwv �up+v,1 Vroylqj iru

wkh txdqwlw| frpshwlwlrq vwdjh zh fdq zulwh wkh sur�w pd{lpl}dwlrq sureohp iru wkh grphvwlf +k,

dqg wkh iruhljq +i, �up dv/

54Wklv udqjh hqvxuhv wkdw rxwsxw/ U)G dqg zhoiduh duh srvlwlyh1
55Wklv uhvwulfwlrq suhyhqwv lpdjlqdu| urrwv iru wkh htxloleulxp elodwhudo vxevlg|1

<
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Iurp wkh �uvw rughu frqglwlrqv zh rewdlq wkh uhdfwlrq ixqfwlrqv iru wkh grphvwlf dqg wkh iruhljq

�up/ uhvshfwlyho|/

{�+{3�, @
4

5

3
Cd� f.�� � �

3
C [
�MtM�83��

{�

4
D
4
D > iru doo l 5 iK ^ Ij +614,

Qrwh wkdw dv U)G vxevlg| rqo| hqwhuv wkh �uvw rughu frqglwlrqv lq wkh �qdo vwdjh/ wkh uhdfwlrq

ixqfwlrqv xqghu dq U)G vxevlg| dqg xqghu iuhh wudgh duh wkh vdph1 Dv ehiruh/ xqghu iuhh wudgh

wkh lqwhuvhfwlrq ri wkh q� . qs uhdfwlrq ixqfwlrqv jlyhv xv wkh yhfwru ri htxloleulxp txdqwlwlhv { @

i{��> {2�> = = = > {?��> {�s > {2s > = = = > {?ssj/ hdfk fkrvhq jlyhq wkh rxwsxw ri wkh rwkhu �up1 Htxloleulxp

rxwsxw dqg sur�wv +dv d ixqfwlrq ri �uvw0vwdjh U)G h{shqglwxuhv, duh/ uhvshfwlyho|=

a{�+�>�, @
+d� f,+5� �, . +5 . �+qs . q� � 5,,�� � �

�S
�MtM�83����

�

+5� �,+5 . +qs . q� � 4,�,
= +615,

U)G fkrlfh Vxevwlwxwlqj wkh htxloleulxp txdqwlwlhv lqwr wkh sur�w htxdwlrq zh vroyh iru wkh

htxloleulxp U)G xqghu xqlodwhudo vxevlglhv1 Zh rewdlq wkh uhdfwlrq ixqfwlrqv iru wkh grphvwlf dqg

iruhljq �upv/ uhvshfwlyho|1

���+�3��, @
7+4 . �, ++d� f,+5� �,� � +��� .�s� .�s2,,

;� }�+5� �,2+5 . 6�,2 � �+49� �+49 . 6+;� 6�,�,,
> l 9@ m> l> m @ 4> 5= +616,

�s�+�3s�, @
7+4 . �, ++d� f,+5� �,� � +��� .��2 .�s�,,

;� �+49� �+49 . 6+;� 6�,�,,
> l 9@ m> l> m @ 4> 5= +617,

Wklv jlyhv xv wkh htxloleulxp U)G iru wkh grphvwlf dqg wkh iruhljq �up1

�W
�+�, @

7+4 . �,+d� f,+�7 . +43� 6�,�2,

D+�,

�W
s +�, @

7+4 . �,+d� f,+�7 . +43� 6�,�2 . }�+5� �,2+5 . 6�,,

D+�,

Zkhuh/ D+�, @ +7 . �2+�43. 6�,,+�7. �+�49. 6�+�5 . 6�,,,� }�+�5. �,2+5 . 6�,+; . �+53.

6�+�7 . �+�; . 6�,,,=

Xqlodwhudo U)G vxevlg| Vxevwlwxwlqj wkh htxloleulxp U)G lqwr wrwdo zhoiduh dqg pd{lpl}lqj

zh rewdlq wkh rswlpdo +zhoiduh pd{lpl}lqj, vxevlg|2wd{1 Zulwlqj wkh h{suhvvlrq iru wrwdo zhoiduh

iru frxqwu| k zh jhw/

WZ� @
2S
�'�

+�W� � }�
�W2
� +�> }�,

5
,=
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Iurp wkh �uvw rughu frqglwlrqv zh rewdlq wkh zhoiduh pd{lpl}lqj xqlodwhudo wd{ zklfk lv/

}W� @ �
�+; . �+7 . �+�5; . 6�+�; . 6�+�; . 6�,,,,,

�+5� �,+5 . 6�,+�7 . �+5 . �,+�7 . 6�,,
=

Sorwwlqj }W� zlwk uhvshfw wr � zh vhh +�jxuh +g, +wdeoh 4,, wkdw iru kljk ohyhov ri surgxfw gl�huhq0

wldwlrq +orz �, wkh jryhuqphqw wd{hv U)G/ dqg vxevlgl}hv iru orzhu ohyhov ri surgxfw gl�huhqwldwlrq1

Lw lv fohdu wkdw wkh rswlpdo srolf| lqvwuxphqw ghshqgv xsrq wkh ghjuhh ri frpshwlwlrq lq wkh pdunhw1

Wkxv prghov wkdw devwudfw iurp surgxfw gl�huhqwldwlrq rqo| orrn dw wkh vshfldo fdvh ri d +orfdo,

prqrsro| pd| qrw eh d uhdvrqdeoh jxlgh wrzdugv srolf| pdnlqj1

U)G lv wd{hg xqlodwhudoo| li � ? 3=847:3;> dqg vxevlgl}hg rwkhuzlvh1 Xqlodwhudo dfwlyh U)G

srolf| dozd|v lqfuhdvhv zhoiduh ryhu iuhh wudgh1 Zhoiduh ri wkh qrq0dfwlyh frxqwu| lqfuhdvhv li wkh

xqlodwhudo srolf| lv d wd{ exw lv uhgxfhg li wkh xqlodwhudo srolf| lv d vxevlg|1 Wkh h{sruw wd{ orzhuv

sur�wv iru wkh grphvwlf �upv zkloh lqfuhdvlqj lw iru wkh iruhljq �upv1 Wkh zhoiduh ri wkh qrq0wd{lqj

frxqwu| wkxv lqfuhdvhv e| d juhdwhu dprxqw uhodwlyh wr wkh wd{lqj frxqwu| +wkh wd{hg �up vhoov ohvv

dw d kljkhu sulfh dqg wkh xqwd{hg �upv vhoov pruh dw d orzhu sulfh,1 Qrwh/ krzhyhu/ wkdw zhoiduh iru

erwk wkh qrq0wd{lqj/ dqg wkh wd{lqj frxqwu|/ lqfuhdvhv xqghu xqlodwhudo wd{dwlrq1 Zh qrz dqdo|}h

wkh fdvh ri elodwhudo srolflhv1

616151 Elodwhudo U)G vxevlglhv

Wkh rxwsxw fkrlfh vwdjh Xqghu U)G vxevlglhv wkh �up pd{lpl}hv/
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Zkhuh/ }� lv wkh sursruwlrq ri U)G ehlqj vxevlgl}hg1 Iurp wkh �uvw rughu frqglwlrqv zh rewdlq

wkh uhdfwlrq ixqfwlrq/

{�+{3�, @
4

5

3
Cd� f.�� � �

3
C [
�MtM�83��

{�

4
D
4
D > iru doo l 5 iK ^ Ij +619,

Wkh uhdfwlrq ixqfwlrqv fdq wkhq eh xvhg wr vroyh iru wkh htxloleulxp txdqwlwlhv zklfk duh/ a{�+�>�, @

E@3S�E23��nE2n�E?sn?�32��{�3�

�S
�MtM�83��

{�

�

E23��E2nE?sn?�3����

U)G fkrlfh= Vxevwlwxwlqj wkh htxloleulxp txdqwlwlhv lqwr wkh sur�w htxdwlrq zh jhw/

a��+�>�, @

5
7+d� f,+5� �, . +5 . �+qs . q� � 5,,�� � �

�S
�MtM�83����

�

+5� �,+5 . +qs . q� � 4,�,

6
8
2

� +4�}�,
�2
�

5
= +61:,

Pd{lpl}lqj a��+�>�, e| fkrlfh ri ��> zh rewdlq wkh uhdfwlrq ixqfwlrqv iru wkh grphvwlf dqg iruhljq

�upv1 Wkhvh duh h{dfwo| wkh vdph dv htxdwlrq 616 iru wkh krph �upv dqg wkh dqdorjrxvo| iru wkh

iruhljq �up +zklfk qrz vxevlgl}hv d iudfwlrq }s ,1 Wkh lqwhuvhfwlrq ri wkh q @ q� . qs uhdfwlrq

ixqfwlrqv jlyhv xv wkh htxloleulxp U)G h{shqglwxuhv dv d ixqfwlrq ri �1

44



U)G Vxevlg| Jlyhq wkh U)G ohyho fkrvhq e| wkh �upv/ jryhuqphqw l pd{lpl}hv wrwdo zhoiduh

+WZ,1

WZ� @
2S

�'�

+�� � }�
�2

�

5
,

Iurp wkh IRFv zh rewdlq/

}� @
5 . 5� � 6�2 � +4 . �,

s
++5� +7� �,�,+5 . 6�+7 . 6�,,,

++�5 . �,+5 . �,+5 . 6�,
+61;,

Qrwh wkdw wkh rswlpdo vxevlg| lv lqghshqghqw ri pdunhw vl}h dqg pdujlqdo frvw +l1h1/ d�f,1 Sorwwlqj/

lw fdq eh vhhq wkdw li erwk frxqwulhv hqjdjh lq dfwlyh srolf| wkh| wd{ iru wkh uhohydqw56 udqjh ri

� 5 +3> =8;9838, +�jxuh +g, lq wdeoh 615,1

Vxevwlwxwlqj wkh htxloleulxp U)G ydoxhv lq wrwdo zhoiduh zh jhw wrwdo zhoiduh xqghu elodwhudo

U)G vxevlglhv +WZ-(,1

WZ-( @ +d� f2,
+�5 . 7� � �2 . ++5 . +7� 6�,�,+5 . +�7 . �,�,,

s
++5� +7� �,�,+5 . 6�+7 . 6�,,,

= +61<,

Wrwdo zhoiduh lv srvlwlyh iru doo � � 3=8;9838 dqg elodwhudo srolf| fkrlfh lqfuhdvhv zhoiduh ryhu

iuhh wudgh iru � ? 3=847:3;= Li rqo| rqh frxqwu| hqjdjhv lq dfwlyh srolf|/ wkhq lwv zhoiduh lqfuhdvhv

ryhu iuhh wudgh1 Wkh lqdfwlyh frxqwu| lv zruvh r� wkdq xqghu iuhh wudgh1 Htxloleulxp srolflhv duh qrw

mxvw d ixqfwlrq ri wkh qxpehu ri �upv lqvlgh d frxqwu|/ wkh| dovr ghshqg rq wkh ghjuhh ri surgxfw

gl�huhqwldwlrq1 Ixuwkhu/ jlyhq wkh pdunhw vwuxfwxuh lq d frxqwu| wkh rswlpdo srolf| +ghshqglqj rq

wkh ghjuhh ri surgxfw gl�huhqwldwlrq, pd| eh d vxevlg| ru wd{/ lpsrvhg xqlodwhudoo|/ ru elodwhudoo|1

Wkh uhvxowv duh vxppdul}hg lq wkh iroorzlqj sursrvlwlrq1

Sursrvlwlrq 616 +Htxloleulxp iru U)G vxevlglhv0 +5> 5, fdvh,1 Uhvwulfwlqj dwwhqwlrq wr lq0

whulru vroxwlrqv +� ? 3=8;9838, wkh htxloleulxp ri wkh srolf| jdph lv dv iroorzv=

� Iru � ? 3=847:3; erwk frxqwulhv wd{ U)G1

� Iru 3=847:3; ? � ? 3=8;8<<; zh kdyh wzr htxloleuld1 Lq hdfk htxloleuld/ rqh frxqwu| vxevlgl}hv

U)G zkloh wkh rwkhu grhv qrw hqjdjh lq dfwlyh wudgh srolf|1

Surri1 Iljxuh +g, +wdeoh 616, vkrzv wkdw li wkh iruhljq frxqwu| lv qrw hqjdjhg lq dfwlyh srolf|/

wkhq d jryhuqphqw dozd|v suhihuv wr hqjdjh lq wudgh srolf| xqlodwhudoo|1 Zh ixuwkhu qhhg wr vkrz

wkdw wklv lv wkh ehvw uhvsrqvh wr wkh rwkhu frxqwu| ehlqj dfwlyh1 Iljxuh +g, +wdeoh 618, vkrzv wkdw

li wkh rwkhu frxqwu| lv dfwlyh/ wkhq wkh krph frxqwu| suhihuv wr eh dfwlyh li � ? 3=847:3;> dqg

suhihuv wr eh lqdfwlyh rwkhuzlvh +3=847:3; ? � ? 3=8;8<<;,1 Dv wkh vwuxfwxuh ri wkh srolf| jdph lv

v|pphwulf/ zh kdyh wzr htxloleuld iru wkh odwwhu udqjh1 Wklv suryhv wkh vwuxfwxuh ri wkh htxloleuld

fodlphg lq wkh sursrvlwlrq1

Wxuqlqj wr wkh vljq ri wkh dfwlyh srolf| zh vhh wkdw +�jxuh +g,/ wdeoh 615,, xqghu elodwhudo srolf|

+� ? 3=847:3;, zh jhw d qhjdwlyh vxevlg| +l1h1 d wd{, iru erwk frxqwulhv1 Li zh kdyh xqlodwhudo

srolf| wkhq +�jxuh +g,/ wdeoh 614, vkrzv wkdw iru wkdw udqjh +3=847:3; ? � ? 3=8;8<<;, wkh dfwlyh

frxqwu| lpsrvhv d vxevlg|1

Sursrvlwlrq 617 +Zhoiduh xqghu U)G vxevlglhv0+5> 5, fdvh,1 Uhvwulfwlqj dwwhqwlrq wr ydoxhv

ri � wkdw jhqhudwh dq lqwhulru vroxwlrq1 Frpsdulqj wkh htxloleulxp ri wkh srolf| jdph zlwk wkh

rxwfrph xqghu iuhh wudgh/

56Zh gh�qh wkh uhohydqw udqjh iru � dv wkh udqjh iru zklfk sur�wv/ rxwsxw/ U)G dqg zhoiduh lv qrq0qhjdwlyh1
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41 Zhoiduh lv kljkhu iru erwk frxqwulhv zkhq wkh| elodwhudoo| wd{ U)G +� ? 3=847:3;,1

51 Zhoiduh lv kljkhu iru wkh vxevlgl}lqj frxqwu| dqg orzhu iru wkh lqdfwlyh frxqwu| lq wkh fdvh ri

xqlodwhudo srolf| +3=847:3; ? � ? 3=8;8<<;,1

Surri1 Elodwhudo srolf| lqfuhdvhv zhoiduh ryhu iuhh wudgh iru � ? 3=847:3; +�jxuh +g, lq wdeoh

617,1 Wklv suryhv fodlp 4 lq wkh sursrvlwlrq1 Zkhq rqh ri wkh frxqwulhv suhihuv wr uhpdlq lqdfwlyh

+3=847:3; ? � ? 3=8;8<<;, wkh dfwlyh frxqwu|/ zklfk vxevlgl}hv U)G/ kdv kljkhu zhoiduh wkdq

xqghu iuhh wudgh +�jxuh +g, lq wdeoh 61657,1 Orrnlqj dw �jxuh 615/ iru 3=847:3; ? � ? 3=8;8<<; d

frxqwu| lv zruvh r� zkhq lw uhpdlqv xqlodwhudoo| lqdfwlyh +xqlo lqdf1,1

0.1 0.2 0.3 0.4 0.5 0.6
J

0.9

1.1

1.2

1.3

wf F . T .
wf unil inac

Iljxuh 615= Zhoiduh frpsdulvrq iru U)G Vxevlglhv= Iuhh wudgh yv/ lqdfwlyh xqlodwhudo vxevlglhv/
fdvh q� @ 5> qs @ 5=

Xqghu elodwhudo gxrsrolhv wkh sulvrqhuv* glohppd lv qr orqjhu revhuyhg dv erwk frxqwulhv duh

ehwwhu r�1 Xqolnh wkh uhvxowv rewdlqhg iru prqrsrolvwlf pdunhw vwuxfwxuhv srolf| fkrlfh lv dozd|v d

wd{ iru kljk ghjuhhv ri surgxfw gl�huhqwldwlrq +� ? 3=847:3;,1 Ixuwkhu/ wkh txdolwdwlyh uhvxowv duh

frqvlvwhqw xqghu sulfh ru txdqwlw| frpshwlwlrq1

6171 U)G vxevlglhv= wkh +4/5, �upv vwuxfwxuh

Zh dqdo|}h wkh fdvh zkhq rqh frxqwu| kdv d prqrsro| lq lwv krph pdunhw zkloh wkh rwkhu kdv

d gxrsro|158 Wkh frxqwu| zlwk rqh �up vxevlgl}hv zkloh wkh frxqwu| zlwk wzr �upv wd{hv U)G1

Krzhyhu/ iru vrph ghjuhhv ri surgxfw gl�huhqwldwlrq erwk ri wkhp pd| qrw eh dfwlyh dw wkh vdph

wlph lq htxloleulxp1 Dv ehiruh/ zh irfxv rq ghjuhhv ri surgxfw gl�huhqwldwlrq iru zklfk zh rewdlq

dq lqwhulru vroxwlrq1 Lq wklv fdvh zh qhhg wr uhvwulfw rxuvhoyhv wr � ? 3=95:88: +li wkh frxqwu|

zlwk rqh �up lv xqlodwhudoo| dfwlyh,/ 59 wr � ? 3=9:<53< +li wkh frxqwu| zlwk wzr �upv lpsrvhv wkh

xqlodwhudo srolf|,/ dqg wr � ? 3=8;:868 +iru wkh fdvh ri elodwhudo srolf|,15:

D frxqwu| gxrsro| xqlodwhudoo| wd{hv +�jxuh +f, lq wdeoh 614, iru kljk ohyhov ri surgxfw gli0

ihuhqwldwlrq +� ? 3=9447:5, dqg vxevlgl}hv iru doo � 5 +3=9447:5> 3=9:<53<,1 D frxqwu| zlwk rqh

�up kdv juhdwhu zhoiduh wkdq iuhh wudgh iru doo � dqg vxevlgl}hv U)G1 Xqlodwhudoo| dfwlyh srolf| lv

dozd|v sur�wdeoh1 Xqghu xqlodwhudo srolf| wkh zhoiduh ri wkh sdvvlyh frxqwu| lqfuhdvhv rqo| li lw lv

wkh frxqwu| zlwk d prqrsrolvw1 Li erwk frxqwulhv vxevlgl}h +zklfk wkh| gr iru � ? 3=5:6878, wkhq

57Dv fdq eh vhhq iurp wkdw �jxuh/ wklv lv wuxh iru doo ��
58Iru vrph shupxwdwlrqv zh kdyh yhul�hg wkdw iru d grphvwlf prqrsro| dqg lqfuhdvlqj wkh qxpehu ri iruhljq �upv

d grphvwlf prqrsro| lv dozd|v vxevlgl}hg1
59Wklv udqjh hqvxuhv wkdw rxwsxw dqg U)G duh srvlwlyh iru wkh rwkhu frxqwu|1
5:Wklv uhvwulfwlrq suhyhqwv lpdjlqdu| urrwv iru wkh htxloleulxp elodwhudo vxevlg|1
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zhoiduh lv juhdwhu iru erwk frxqwulhv uhodwlyh wr iuhh wudgh1 Wklv djdlq frq�upv wkdw wkhuh lv qr

sulvrqhuv* glohppd vwuxfwxuh lq wklv fdvh1 Zh vxppdul}h rxu uhvxowv lq wkh sursrvlwlrqv ehorz1

Sursrvlwlrq 618 +Htxloleulxp iru U)G vxevlglhv0+4> 5, fdvh,1 Uhvwulfwlqj dwwhqwlrq wr ydo0

xhv ri � iru zklfk dq lqwhulru vroxwlrq h{lvwv +� ? 3=8;:868,1 Wkh htxloleulxp ri wkh srolf| jdph lv

dv iroorzv=

� Iru � ? 3=5:6878 erwk frxqwulhv hqjdjh lq dfwlyh U)G surprwlrq= wkh frxqwu| zlwk 5 �upv

+iruhljq frxqwu|, wd{hv U)G/ zkloh wkh frxqwu| zlwk 4 �up +krph frxqwu|, vxevlgl}hv1

� Iru 3=5:6878 ? � ? 3=864786 wkh frxqwu| zlwk 5 �upv +iruhljq frxqwu|, wd{hv U)G/ zkloh

wkh frxqwu| zlwk rqh �up +krph frxqwu|, suhihuv wr uhpdlq lqdfwlyh +qr U)G surprwlrq,1

� Iru 3=864786 ? � ? 3=8;:868 zh kdyh wzr htxloleuld=

� Htxloleulxp L= wkh frxqwu| zlwk 5 �upv +iruhljq, wd{hv U)G/ wkh frxqwu| zlwk rqh �up

+krph, uhpdlqv lqdfwlyh1

� Htxloleulxp LL= wkh frxqwu| zlwk 5 �upv +iruhljq, uhpdlqv lqdfwlyh/ zkloh wkh frxqwu|

zlwk rqh �up +krph, vxevlgl}hv U)G1

Surri1 Li wkh frxqwu| zlwk 5 �upv grhv qrw hqjdjh lq dfwlyh srolf| wkhq wkh frxqwu| zlwk rqh

�up zdqwv wr xqlodwhudoo| vxevlgl}h U)G iru doo � +�jxuh +e, lq wdeoh 614,= Rq wkh rwkhu kdqg/ li

wkh frxqwu| zlwk 4 �up grhv qrw hqjdjh lq dfwlyh srolf|/ wkh frxqwu| zlwk wzr �upv zdqwv wr wd{

U)G iru � ? 3=9447:5 +�jxuh +f, lq wdeoh 614,15; Iljxuhv +e, dqg +f, lq wdeoh 616 vkrz wkdw/ iru

doo �> wkhvh xqlodwhudo srolflhv duh suhihuuhg wr uhpdlqlqj lqdfwlyh li wkh rwkhu frxqwu| lv lqdfwlyh/

vr wkh ehvw uhvsrqvh wr wkh rwkhu frxqwu| ehlqj lqdfwlyh lv wr kdyh dq dfwlyh srolf|1

Wxuq qh{w wr wkh ehvw uhvsrqvh wr wkh rwkhu frxqwu| kdylqj dq dfwlyh srolf|1 Li wkh frxqwu| zlwk

rqh �up kdv dq dfwlyh srolf|/ wkhq �jxuh +e, lq wdeoh 618 vkrzv wkdw wkh frxqwu| zlwk 5 �upv +lq

wkdw �jxuh/ wkh iruhljq frxqwu|, dovr zdqwv wr eh dfwlyh iru � ? 3=864786> dqg lqdfwlyh rwkhuzlvh1

Li wkh frxqwu| zlwk wzr �upv kdv dq dfwlyh srolf|/ wkhq +�jxuh +f, lq wdeoh 618, wkh frxqwu| zlwk

rqh �up +lq wkdw �jxuh/ wkh iruhljq frxqwu|, zdqwv wr eh dfwlyh li � ? 3=5:6878> dqg lqdfwlyh

rwkhuzlvh1 Sxwwlqj wrjhwkhu wkhvh uhdfwlrq ixqfwlrqv zh duulyh wr wkh vwuxfwxuh ri wkh htxloleuld lq

wkh sursrvlwlrq1 Iljxuhv +e, dqg +f, +wdeoh 615, vkrz wkdw lq wkh fdvh ri d elodwhudo dfwlyh srolf|

+� ? 3=5:6878, wkh frxqwu| zlwk rqh �up vxevlgl}hv U)G +�jxuh e, zkloh wkh frxqwu| zlwk wzr

�upv wd{hv lw +�jxuh f,1

Sursrvlwlrq 619 +Zhoiduh xqghu U)G vxevlglhv0+4> 5, fdvh,1 Uhvwulfw dwwhqwlrq wr dq lqwh0

ulru vroxwlrq +� ? 3=8;:868,1 Li zh frpsduh wkh htxloleulxp ri wkh srolf| jdph zlwk wkh rxwfrph

xqghu iuhh wudgh=

41 Zhoiduh lv kljkhu iru erwk frxqwulhv zkhq wkh| erwk hqjdjh lq dfwlyh srolf| +� ? 3=5:6878,1

51 Li rqh frxqwu| hqjdjhv lq dfwlyh U)G srolf| dqg wkh rwkhu uhpdlqv lqdfwlyh +3=5:6878 ? � ?

3=8;:868,/ wkhq

� Erwk frxqwulhv duh ehwwhu r� zkhq wkh frxqwu| zlwk wzr �upv +iruhljq, lv dfwlyh +wd{hv

rxwsxw,1

5;Qrwlfh wkdw vlqfh wkh fdvh E?�c ?s � ' E�c 2� ru E2c �� duh frpsohwho| v|pphwulf Wdeoh 4 rqo| vkrzv xqlodwhudo fkrlfh
ri vxevlg|2wd{ iru wkh krph frxqwu| lq hdfk fdvh1

47



� Wkh frxqwu| zlwk wzr �upv +iruhljq, lv zruvh r� dqg wkh frxqwu| zlwk rqh �up +krph,

lv ehwwhu r� zkhq wkh odwwhu lv wkh rqo| rqh zlwk dq dfwlyh srolf| ri vxevlgl}lqj rxwsxw1

+Htxloleulxp LL iru 3=864786 ? � ? 3=8;:868,

Surri1 Lq htxloleulxp/ erwk �upv hqjdjh lq dfwlyh srolf| iru � ? 3=5:6878= Lq �jxuhv +e, dqg +f,

+wdeoh 617, zh fdq vhh wkdw lq wkh uhohydqw udqjh elodwhudo srolf| lv ehwwhu iru erwk frxqwulhv wkdq

iuhh wudgh1 Wklv suryhv wkh �uvw fodlp lq wkh sursrvlwlrq1

Iru 3=5:6878 ? � ? 3=8;:868 wkh frxqwu| zlwk 5 �upv +iruhljq, wd{hv U)G dqg wkh frxqwu|

zlwk rqh �up uhpdlqv lqdfwlyh1 Lq �jxuh 617 zh fdq vhh wkdw wkh frxqwu| zlwk rqh �up +iruhljq

frxqwu| lq wkdw �jxuh, lv ehwwhu r� uhpdlqlqj xqlodwhudoo| lqdfwlyh wkdq xqghu iuhh wudgh1 Iljxuh

+f, +wdeoh 616, vkrzv wkdw wkh frxqwu| zlwk 5 �upv +krph frxqwu| lq wkdw �jxuh, lv ehwwhu r� e|

xqlodwhudoo| hqjdjlqj lq dfwlyh srolf|1

Iru 3=864786 ? � ? 3=8;:868 zh kdyh dq dgglwlrqdo htxloleulxp zkhuh/ wkh frxqwu| zlwk wzr

�upv +iruhljq, lv lqdfwlyh dqg wkh frxqwu| zlwk rqh �up +krph, vxevlgl}hv rxwsxw1 Iljxuh +e,

+wdeoh 616, vkrzv wkdw wkh frxqwu| zlwk rqh �up +krph frxqwu| lq wkh slfwxuh, lv ehwwhu r� e|

xqlodwhudoo| hqjdjlqj lq rxwsxw surprwlrq/ zkloh �jxuh 616 vkrzv wkdw wkh frxqwu| zlwk wzr �upv

+iruhljq frxqwu| lq wkh slfwxuh, lv zruvh r� zkhq lw uhpdlqv xqlodwhudoo| lqdfwlyh1
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wf F . T .
wf unil

Iljxuh 616= Zhoiduh frpsdulvrqv iru iruhljq frxqwu| +U)G Vxevlglhv dqg Frxuqrw frpshw1,= Iuhh
wudgh yv1 xqlodwhudoo| lqdfwlyh1 q� @ 4> qs @ 5=
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Iljxuh 617= Zhoiduh frpsdulvrqv iru iruhljq frxqwu| zlwk U)G Vxevlglhv xqghu Frxuqrw frpshwl0
wlrq= Iuhh Wudgh yv1 xqlodwhudoo| lqdfwlyh1 q� @ 5> qs @ 4=

Rqh ri wkh lpsruwdqw uhvxowv wkdw hphujhv iurp rxu dqdo|vlv lv wkdw srolf| fkrlfh fdq eh zhoiduh

lpsurylqj ryhu iuhh wudgh zkhq rqh pryhv dzd| iurp d prqrsrolvwlf pdunhw vwuxfwxuh1 Zhoiduh

lqfuhdvhv +wkdw lv/ jryhuqphqwv kdyh lqfhqwlyh wr vxevlgl}h/ ru wd{, dqg lv juhdwhu wkdq xqghu
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iuhh wudgh iru doo wkh fdvhv zkhq d frxqwu| lv dfwlyho| hqjdjhg lq srolf|1 D grphvwlf/ ru iruhljq

prqrsrolvw/ lv dozd|v vxevlgl}hg zkloh d gxrsro| lv dozd|v wd{hg1 Wklv uhd!upv wkdw srolf| fkrlfh

fdqqrw eh lqghshqghqw ri wkh ghjuhh ri surgxfw gl�huhqwldwlrq/ pdunhw vwuxfwxuh dqg wkh qdwxuh ri

+hqgrjhqrxv, vxqn frvwv1

6181 Glvfxvvlrq

Rxu uhvxowv fdq eh h{sodlqhg e| d vlpsoh lqwxlwlrq1 Xqghu d grphvwlf prqrsro| wkh jryhuqphqw

srolf| rqo| vkliwv wkh uhdfwlrq ixqfwlrq ri wkh krph �up rxwzdugv +zkloh vkliwlqj wkh uhdfwlrq

ixqfwlrq ri wkh iruhljq �up lqzdugv,1 Wkxv/ d xqlodwhudo vxevlg| sxvkhv rxw wkh uhdfwlrq ixqfwlrq

ri wkh grphvwlf prqrsro| dqg wdnhv lw wr wkh sur�w pd{lpl}dwlrq srlqw iru wkh Vwdfnhoehuj ohdghu1

Gxh wr wkh sur�w vkliwlqj dujxphqw wkh lqfhqwlyhv wr xqlodwhudoo| vxevlgl}h d grphvwlf prqrsro|

wkxv h{lvwv1

Krzhyhu/ wklv lv qrw wkh fdvh li wkhuh lv pruh wkdq rqh �up dw krph1 D vwdqgdug uhvxow iurp

Frxuqrw pdunhwv/zlwk pruh wkdq rqh �up dw krph/ lv wkdw �upv surgxfh wrr pxfk iurp wkh srlqw

ri ylhz ri mrlqw sur�wv1 Wkhuhiruh/ d jryhuqphqw zrxog zdqw wr wd{ d grphvwlf roljrsro| wr vroyh

wkh qhjdwlyh grphvwlf h{whuqdolw|1 D jryhuqphqw zrxog zdqw wr vxevlgl}h grphvwlf �upv ehfdxvh ri

wkh sur�w0vkliwlqj lqgxfhg e| wkh vxevlg| +krph �upv ehfrph pruh frpshwlwlyh,1 Krzhyhu/ xqghu

d grphvwlf gxrsro|/ d vxevlg|/ ru wd{/ vkliwv wkh uhdfwlrq ixqfwlrq ri doo wkh grphvwlf �upv1 Lpdjlqh

wkdw zh kdyh d grphvwlf �up rq wkh {0d{lv dqg wkh djjuhjdwh rxwsxw ri doo wkh rwkhuv +lqfoxglqj wkh

rwkhu grphvwlf �upv, rq wkh |0d{lv/ d vxevlg| vkliwv qrw rqo| wkh uhdfwlrq ixqfwlrq ri wkh grphvwlf

�up exw dovr wkh uhdfwlrq ri doo wkh rwkhu �upv lq wkh pdunhw1 Zlwk erwk uhdfwlrq ixqfwlrqv

vkliwlqj rxw lw lv hdv| wr vhh wkdw orzhu sur�w rxwfrphv duh dfklhyhg1 Khqfh/ d vxevlg| grhv qrw

dfklhyh wkh sur�w wudqvihu h�hfw d wd{ grhv1 Dv d uhvxow/ uhjdugohvv ri pdunhw frpshwlwlrq dqg wkh

uhodwlyh glvwulexwlrq ri �upv/ gxrsrolhv duh dozd|v wd{hg iru kljk ghjuhhv ri surgxfw gl�huhqwldwlrq1

Krzhyhu/ dv wkh ghjuhh ri surgxfw gl�huhqwldwlrq ghfuhdvhv wkh sur�w vkliwlqj h�hfw grplqdwhv dqg

jryhuqphqwv kdyh xqlodwhudo lqfhqwlyhv wr vxevlgl}h U)G1

�� �	��	� �	�������

Dv phqwlrqhg ehiruh qr srolf| uhyhuvdo lv revhuyhg xqghu rxwsxw vxevlglhv1 Wkh rqo| gl�huhqfh iurp

U)G srolf| lv wkdw pxowlsoh htxloleuld gr qrw h{lvw zlwk rxwsxw vxevlglhv1 Lq wkh fdvh zkhuh erwk

frxqwulhv kdyh grphvwlf prqrsrolhv wkh rswlpdo srolf| +lq wkh udqjh zkhuh lqwhulru vroxwlrqv h{lvw, lv

dozd|v dq rxwsxw vxevlg|1 Dv lv zhoo nqrzq/ elodwhudo srolf| fkrlfh lq wklv fdvh lv zhoiduh ghfuhdvlqj

iru erwk frxqwulhv1 Wkh uhvxowv iru wkh grphvwlf prqrsrolhv fdvh duh vxppdul}hg lq �jxuh07141

Qrwh/ krzhyhu/ wkdw lq rxu prgho zh dvvxph wkdw U)G lv ixoo| h�hfwlyh dw frvw uhgxfwlrq dqg dv

vxfk ixoo frvw h�hfwlyhqhvv zrxog eh d vshfldo fdvh ri d pruh jhqhudo prgho5<1

?�jxuh0714 khuhA

Iru erwk grphvwlf dqg iruhljq gxrsrolhv wkh rswlpdo srolf| iru erwk jryhuqphqwv lv d wd{ zkhq

wkh ghjuhh ri surgxfw gl�huhqwldwlrq lv kljk +�jxuh0715,1 Zhoiduh xqghu d wd{ lqfuhdvhv iru erwk

jryhuqphqwv1 Iru dq lqwhuphgldwh udqjh ri � erwk jryhuqphqwv vxevlgl}h dqg zhoiduh iru erwk

frxqwulhv lv orzhu1 Qrwh wkdw lq Gl{lw +4<;7, wkh rswlpdo srolf| fkrlfh xqghu wklv vfhqdulr zrxog

dozd|v eh d vxevlg|/ l1h1 qs . 4 � q� A 3= Xqolnh Khospdq dqg Nuxjpdq +4<<7, rxu uhvxowv

vxjjhvw wkdw wd{lqj pd| qrw dozd|v eh dq rswlpdo srolf|1 Ghshqglqj xsrq wkh ghjuhh ri surgxfw

5< Lq d uhodwhg sdshu +Nxmdo dqg Uxl}/ 5336, zh vkrz wkdw srolf| uhyhuvdov pd| vwloo eh revhuyhg iru orz h�hfwlyhqhvv
ri U)G dw ghfuhdvlqj pdujlqdo frvwv1 Zkhq U)G lv ixoo| h�hfwlyh/ wkh vshfldo fdvh lq wklv sdshu/ wkhq qr srolf|
uhyhuvdo lv revhuyhg xqghu Ehuwudqg frpshwlwlrq1
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gl�huhqwldwlrq jryhuqphqwv pd| dovr vxevlgl}h1 Qrz/ zk| vkrxog d gxrsro| eh wd{hg iru kljkhu

ghjuhhv ri surgxfw gl�huhqwldwlrqB Lw vhhpv wkdw iru kljk ghjuhhv ri surgxfw gl�huhqwldwlrq wkh sur�w

vkliwlqj h�hfw lv vpdoohu63 dqg wkh qhjdwlyh h{whuqdolw| ehwzhhq wkh wzr grphvwlf �upv grplqdwhv/

khqfh roljrsrolhv duh wd{hg1 Krzhyhu/ iru dq lqwhuphgldwh udqjh ri surgxfw gl�huhqwldwlrq wkh sur�w

vkliwlqj h�hfw grplqdwhv wkh qhjdwlyh +rxwsxw, h{whuqdolw| dqg khqfh �upv duh vxevlgl}hg641

?�jxuh0715 khuhA

Iru wkh fdvh ri d grphvwlf roljrsro| dqg d iruhljq prqrsro| zh vkrz/ dv lq wkh U)G fdvh/ wkdw d

grphvwlf gxrsro| lv wd{hg zkhq wkh ghjuhh ri surgxfw gl�huhqwldwlrq lv orz/ zkloh wkh jryhuqphqw

lv lqdfwlyh iru dq lqwhuphgldwh udqjh ri � +dq lqdfwlyh jryhuqphqw lv dozd|v wkh rswlpdo srolf|

lq Gl{lw/ l1h1 qs . 4 � q� @ 3, +vhh �jxuh0716,1 Lqghshqghqw ri wkh qxpehu ri iruhljq �upv d

grphvwlf prqrsro| lv dozd|v vxevlgl}hg +wklv lv dovr wkh fdvh lq Gl{lw +4<;7, zkhq q� @ 4 dqg

qs A 4/ l1h1 qs . 4 � q� A 3,1 Zhoiduh rxwfrphv lq wklv fdvh ghshqg xsrq wkh ghjuhh ri surgxfw

gl�huhqwldwlrq1 Li wkh grphvwlf pdunhw lv roljrsrolvwlf/ wkhq zhoiduh lqfuhdvhv xqghu d wd{ iru kljkhu

ghjuhh ri surgxfw gl�huhqwldwlrq1 Iru dq lqwhuphgldwh udqjh ri � zhoiduh ghfolqhv xqghu d wd{1

Krzhyhu/ iru wkh vxevlgl}lqj frxqwu| zhoiduh dozd|v lqfuhdvhv1 Rxu uhvxowv pdnh d fohdu dqg hdvlo|

lqwhusuhwdeoh srolf| suhglfwlrq1 Wkh rqo| glvwlqfwlrq grphvwlf jryhuqphqwv kdyh wr zruu| derxw

lv zkhwkhu wkh grphvwlf pdunhw lv roljrsrolvwlf/ ru prqrsrolvwlf/ dqg wkh ghjuhh ri vxevwlwxwdelolw|

ehwzhhq surgxfwv1

?�jxuh0716 khuhA

�� ���
�	����

Wklv sdshu suhvhqwv vrph qhz uhvxowv lq vwudwhjlf wudgh srolf|1 Lw vkrzv wkdw wkh vljq rswlpdo

srolf| lv qrw rqo| vhqvlwlyh wr �up glvwulexwlrq lq wkh wzr h{sruwlqj frxqwulhv exw dovr wr wkh

pdunhw vwuxfwxuh dqg wkh ghjuhh ri surgxfw gl�huhqwldwlrq1 Prylqj iurp grphvwlf prqrsrolhv wr

grphvwlf gxrsrolhv frxqwulhv wd{ U)G +dqg rxwsxw, iru kljk ghjuhhv ri surgxfw gl�huhqwldwlrq1

Wklv lv wkh vfhqdulr lq zklfk wkh rswlpdo srolf| grhv qrw fkdqjh lq Gl{lw +4<;7,1 Vhfrqg/ xqolnh

Gl{lw +4<;7,/ lqfuhdvlqj wkh qxpehuv ri �upv dw krph dqg deurdg/ v|pphwulfdoo| ru dv|pphwulfdoo|/

fkdqjhv wkh srolf| lqvwuxphqw lq d qrq0olqhdu pdqqhu1 Frxqwulhv pd| wd{/ vxevlgl}h/ ru eh lqdfwlyh

ghshqglqj xsrq wkh ghjuhh ri surgxfw gl�huhqwldwlrq1 Frxqwulhv zlwk gxrsrolhv xvxdoo| wd{ U)G65

dqg wklv uhvxow lv urexvw wr erwk Frxuqrw dqg Ehuwudqg frpshwlwlrq1 Ilqdoo|/ wkh ghjuhh ri surgxfw

gl�huhqwldwlrq pdwwhuv lq srolf| fkrlfh1

Zh ixuwkhu vkrz wkdw wkh sulvrqhuv glohppd grhv qrw h{lvw iru grphvwlf roljrsrolhv xqghu U)G

vxevlglhv1 Wkh sulvrqhuv glohppd/ krzhyhu/ uhdsshduv lq wkh fdvh ri rxwsxw vxevlg| iru grphvwlf

prqrsrolhv1 Wkh srolf| uhyhuvdo/ krzhyhu/ lv qhyhu revhuyhg1 Zh ixuwkhu vkrz wkdw zkhq jryhuq0

phqwv ghflgh rq srolf| wkh| vkrxog wdnh lqwr dffrxqw wzr idfwruv= pdunhw vwuxfwxuh +l1h1/ zkhwkhu

wkh grphvwlf lqgxvwu| lv dq roljrsro|/ ru d prqrsro|, dqg wkh ghjuhh ri surgxfw gl�huhqwldwlrq1

Pdunhw vwuxfwxuh pdwwhuv dv wkh suhvhqfh ri d gxrsro| hqjhqghuv d qhjdwlyh h{whuqdolw| rq grphvwlf

�upv1 Wklv h{whuqdolw| lv vpdoohu/ ru juhdwhu/ ghshqglqj xsrq wkh ghjuhh ri surgxfw gl�huhqwldwlrq1

Li wkh grphvwlf pdunhw lv prqrsrolvwlf wkhq wkh grphvwlf jryhuqphqw dozd|v vxevlgl}hv erwk xqghu

sulfh dqg txdqwlw| frpshwlwlrq1 Jryhuqphqwv vxevlgl}h dv wkh| fdq vkliw wkh uhdfwlrq ixqfwlrq

ri wkh prqrsrolvw wr wkh Vwdfnhoehuj srlqw1 Lq wklv vfhqdulr ghshqglqj rq wkh ghjuhh ri surgxfw

63Qrwh/ wkh sur�w vkliwlqj h�hfw zrxog eh }hur iru d prqrsro|/ l1h1 � ' f�
64 Lw zrxog eh lqwhuhvwlqj wr vhh krz wkh udqjh iru zklfk �upv duh wd{hg fkdqjhv zlwk �1 Gxh wr frpsxwdwlrqdo

gl!fxowlhv zh frxog qrw vroyh wkh prgho iru d odujh qxpehu ri �upv1
65Frxqwulhv zlwk d gxrsro| dozd|v wd{ +li wkh| hqjdjh lq dfwlyh U)G srolf| dw doo, zkhq wkh rwkhu frxqwu| kdv d

prqrsrolvw1
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gl�huhqwldwlrq vhyhudo htxloleuld pd| rffxu zkhuh elodwhudo/ ru xqlodwhudo/ U)G surprwlrq pd| eh

xqghuwdnhq1 Iru kljkhu ghjuhhv ri surgxfw gl�huhqwldwlrq erwk jryhuqphqwv vxevlgl}h iru kljk ohyhov

ri surgxfw gl�huhqwldwlrq zkloh/ rqo| rqh jryhuqphqw vxevlgl}hv iru dq lqwhuphgldwh udqjh1 Wkh

zhoiduh iru wkh dfwlyh jryhuqphqw lq wklv fdvh lqfuhdvhv1

Dv lq wkh qxpehuv fulwltxh/ srolf| ghshqgv rq wkh qxpehu ri �upv wkdw duh suhvhqw lqvlgh dqg

rxwvlgh d frxqwu|1 Xqolnh Gl{lw +4<;7, zh vkrz wkdw rswlpdo srolf| grhv qrw ghshqg rqo| xsrq

wkh uhodwlyh dv|pphwu| lq wkh glvwulexwlrq ri �upv1 Wd{lqj U)G dqg rxwsxw grplqdwhv iru kljk

ghjuhhv ri surgxfw gl�huhqwldwlrq iru v|pphwulf roljrsrolhv dqg zhoiduh xqghu vxfk d wd{ lv dozd|v

juhdwhu wkdq xqghu iuhh wudgh1 Gxrsrolhv duh wd{hg li wkh ghjuhh ri surgxfw gl�huhqwldwlrq lv lq wkh

lqwhuphgldwh udqjh1 Lq vrph fdvhv wkh htxloleulxp lqyroyhv d jryhuqphqw uhpdlqlqj lqdfwlyh/ hyhq

wkrxjk lwv zhoiduh lv uhgxfhg zlwk uhvshfw wr iuhh wudgh1 Wkxv/ uhwdoldwlrq pd| qrw eh revhuyhg

e| wkh frpshwlqj jryhuqphqw1 Wkhuh duh vhyhudo olplwdwlrqv ri rxu dqdo|vlv1 Zh gr qrw doorz iru

grphvwlf frqvxphuv/ frxqwu| dv|pphwulhv/ ru d odujh qxpehuv ri �upv lq erwk frxqwulhv1 Vrph ri

wkh lvvxhv duh ohiw iru ixwxuh uhvhdufk1

�������
��

^4` Edjzhoo/ N|oh dqg Urehuw Vwdljhu/ 4<<7/ �Wkh Vhqvlwlylw| ri Vwudwhjlf dqg Fruuhfwlyh

U)G Srolf| lq Roljrsrolvwlf Lqgxvwulhv/� Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv 69/ ss1 46604831

^5` Ehvwhu/ Khopxw dqg Hppdqxho Shwudnlv/ 4<<6/ �Wkh lqfhqwlyhv iru frvw uhgxfwlrq lq d

gl�huhqwldwhg lqgxvwu|/� Lqwhuqdwlrqdo Mrxuqdo ri Lqgxvwuldo Rujdql}dwlrq/ 44/ ss1 84<0671

^6` Ekdjzdwl/ M/ D1 Sdqdjdul|d dqg W1Q1 Vulqlydvdq/ Ohfwxuhv rq Lqwhuqdwlrqdo Wudgh/ Wkh
PLW Suhvv/ 4<<;1

^7` Eudqghu/ Mdphv/ �Udwlrqdoh iru Vwudwhjlf Wudgh dqg Lqgxvwuldo Srolf|/� lq Vwudwhjlf Wudgh
Srolf| dqg wkh Qhz Lqwhuqdwlrqdo Hfrqrplfv/ hg1 Sdxo Nuxjpdq/ PLW Suhvv/ 4<;;1

^8` Eudqghu/ Mdphv/ 4<<8/ �Vwudwhjlf Wudgh Srolf|/� Kdqgerrn ri Lqwhuqdwlrqdo Hfrqrplfv/ hg=
J1 Jurvvpdq dqg N1 Urjr�/ Hovhylhu Vflhqfh E1Y1/ ss146<8047881

^9` Eudqghu/ Mdphv dqg Eduedud Vshqfhu/ 4<;8/ �H{sruw vxevlglhv dqg lqwhuqdwlrqdo pdunhw

vkduh ulydou|/� Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ 4;/ ss1 ;604331

^:` Eudqghu/ Mdphv dqg Eduedud Vshqfhu/ 4<;</ �Wdul� surwhfwlrq dqg lpshuihfw frpshwl0

wlrq/� lq Prqrsrolvwlf Frpshwlwlrq dqg Lqwhuqdwlrqdo Wudgh/ hg= Khqu| Nlhu}nrzvnl/ ss14<70

539 Foduhqgrq Suhvv/ R{irug1

^;` Fdeudo/ Fìold Frvwd/ Sudyhhq Nxmdo dqg Hppdqxho Shwudnlv/ 4<<;/ �Lqfhqwlyhv iru

frvw uhgxflqj lqqrydwlrqv xqghu txdqwlwdwlyh uhvwudlqwv/� Dqqdohv g*Ìfrqrplh hw gh Vwdwlvwltxh/
Qr1 7<283/ ss1 7:<0<61

^<` Fduplfkdho/ Frolq/ 4<;:/ �Wkh Frqwuro ri H{sruw Vxevlglhv dqg lwv Zhoiduh Frqvhtxhqfhv/�

Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ 56/ ss1 404<1

^43` Gl{lw/ D1/ 4<:</ �D prgho ri roljrsro| vxjjhvwlqj d wkhru| ri hqwu| eduulhuv/� Ehoo Mrxuqdo ri
Hfrqrplfv/ 43/ ss1 530651

^44` Gl{lw/ D1/ 4<;7/ �Lqwhuqdwlrqdo Wudgh Srolf| iru Roljrsrolvwlf Lqgxvwulhv/� Wkh Hfrqrplf
Mrxuqdo/ <7+3,/ ss1 40491

4;



^45` Hdwrq/ Mrqdwkdq dqg Jhqh Jurvvpdq/ 4<;9/ �Rswlpdo Wudgh dqg Lqgxvwuldo Srolf| xqghu

Roljrsro|/� Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 434/ ss16;407391

^46` Jurvvpdq/ J1/ 4<;;/ �Vwudwhjlf h{sruw surprwlrq= D fulwltxh/� Vwudwhjlf Wudgh Srolf| dqg

wkh Qhz Lqwhuqdwlrqdo Hfrqrplfv/ S1 Nuxjpdq +hg1,/ PLW Suhvv1

^47` Jrogehuj/ Slqhorsl N1/ 4<<8/ �Vwudwhjlf H{sruw Surprwlrq lq wkh Devhqfh ri Jryhuqphqw

Frpplwphqw/� Lqwhuqdwlrqdo Hfrqrplf Uhylhz/ 5/ ss173:0759

^48` Khospdq H1 dqg S1 Nuxjpdq/ Wudgh Srolf| dqg Pdunhw Vwuxfwxuh/ PLW Suhvv/ 4<<71

^49` Khujxhud/ Lôljr/ S1 Nxmdo dqg H1 Shwudnlv/ 5333/ �Txdqwlw| uhvwulfwlrqv dqg hqgrjhqrxv

txdolw| fkrlfh/� Lqwhuqdwlrqdo Mrxuqdo ri Lqgxvwuldo Rujdql}dwlrq/ 4;/ 458<045::1

^4:` Khujxhud/ Lôljr/ S1 Nxmdo dqg H1 Shwudnlv/ 5335/ �Wdul�v/ Txdolw| Uhyhuvdov dqg H{lw lq

Yhuwlfdoo| Gl�huhqwldwhg Lqgxvwulhv/� Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ 8;/ 79:07<51

^4;` Nulvkqd/ Ndod dqg P1 Wkxuve|/ 4<<4/ �Rswlpdo srolflhv zlwk vwudwhjlf glvwruwlrqv/� Mrxu0

qdo ri Lqwhuqdwlrqdo Hfrqrplfv/ 64/ ss1 5<4063;1

^4<` Nxmdo/ S1 dqg Mxdq Uxl}/ 5336/ �Frvw h�hfwlyhqhvv ri U)G dqg wkh Urexvwqhvv ri Vwudwhjlf

Wudgh Srolf|/� Xqlyhuvlgdg Fduorv LLL gh Pdgulg zrunlqj sdshu 36037/ Hfrqrplfv Vhulhv 34

dqg HfrqZSD Zrunlqj Sdshu hzs0lw236353341

^53` Ohdk|/ G1/ dqg M1S1 Qhdu|/ 4<<9/ �Lqwhuqdwlrqdo U)G ulydou| dqg Lqgxvwuldo Vwudwhj|

zlwkrxw jryhuqphqw frpplwphqw/� Uhylhz ri Lqwhuqdwlrqdo Hfrqrplfv/ 7+6,/ ss1 65506;1

^54` Ohdk|/ G1/ dqg M1S1 Qhdu|/ 4<<:/ �Sxeolf Srolf| wrzdugv U)G lq Roljrsrolvwlf Lqgxvwulhv/�

Dphulfdq Hfrqrplf Uhylhz/ Yro1 ;:/ Qr 7/ ss1 97509951

^55` Pdjjl/ Jlrydqql/ 4<<9/ �Vwudwhjlf Wudgh Srolf| zlwk Hqgrjhqrxv Prgh ri Frpshwlwlrq/�

Dphulfdq Hfrqrplf Uhylhz/ Yro1 ;9+4,/ ss1 56:058;1

^56` Uhlw}hv/ M1G1/ 4<<4/ �Wkh lpsdfw ri txrwdv dqg wdul�v rq vwudwhjlf U)G ehkdylru/� Lqwhuqd0

wlrqdo Hfrqrplf Uhylhz/ 65+7,/ ss1 <;80433:1

^57` Vshqfhu/ Eduedud/ �Zkdw vkrxog wudgh srolf| wdujhwB/� lq Vwudwhjlf Wudgh Srolf| dqg wkh

Qhz Lqwhuqdwlrqdo Hfrqrplfv/ hg1 Sdxo Nuxjpdq/ PLW Suhvv/ 4<;;1

^58` Vshqfhu/ Eduedud dqg Mdphv Eudqghu/ 4<;6/ �Lqwhuqdwlrqdo U)G ulydou| dqg lqgxvwuldo

vwudwhj|/� Uhylhz ri Hfrqrplf Vwxglhv/ ss1 :3:0551

4<
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Figure 4.1 
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Figure 4.2 
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Figure 4.3 


