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Devwudfw

Dv hohfwulflw| dxfwlrqv duh ehlqj fuhdwhg durxqg wkh zruog lq qhzo| ghuhjxodwhg hohfwulflw|

vxsso| lqgxvwulhv/ vhyhudo txhvwlrqv uhjduglqj wkh ghvljq ri wkhvh dxfwlrqv duh ehlqj udlvhg1 Wklv

sdshu dqdo|}hv wkh delolw| ri ydulrxv hohfwulflw| dxfwlrq phfkdqlvpv wr vdwlvi| ghpdqg zkloh

dwwdlqlqj surgxfwlyh h�flhqf|/ l1h1/ plqlpl}lqj wrwdo jhqhudwlrq frvwv1 Irxu srvvleoh dxfwlrq

phfkdqlvpv duh frqvlghuhg dqg wkhlu shuirupdqfh lv hydoxdwhg xqghu wkuhh ghpdqg vfhqdulrv1

Rqo| d krul}rqwdo vhtxhqwldo dxfwlrq lv irxqg wr vxssruw dq h�flhqw htxloleulxp elgglqj vwudwhj|

lq doo wkuhh ghpdqg vfhqdulrv1
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Fdoliruqld*v ghflvlrq wr ghuhjxodwh lwv hohfwulflw| vxsso| lqgxvwu|/ h�hfwlyh Mdqxdu| 4/ 4<<;/ kdv

fdxvhg dq xskhdydo lq d wudglwlrqdoo| uhjxodwhg lqgxvwu|1 Rqh ri wkh pdq| fkdoohqjhv idflqj wkh

ghuhjxodwhg hohfwulflw| vxsso| lqgxvwu| lv wr fuhdwh dq dssursuldwh phglxp wkurxjk zklfk hohfwulflw|

ex|huv dqg vhoohuv fdq dfwlyho| wudgh hohfwulflw|1 Rqh ri wkh jrdov ri ghuhjxodwlrq lv wr fuhdwh d

frpshwlwlyh ghfhqwudol}hg pdunhw iru jhqhudwlrq/ dqg khqfh pxfk ri wkh vxffhvv ri wkh ghuhjxodwlrq

ulghv xsrq wkh fkrlfh ri wkh fruuhfw phglxp iru wklv wudgh1
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Dxfwlrq edvhg phfkdqlvpv iru hohfwulflw| glvsdwfk kdyh ehhq lpsohphqwhg lq wkh Xqlwhg Nlqj0

grp/ Qruzd| dqg Dxvwudold1 Fdoliruqld lv iroorzlqj lq wkhlu vwhsv dqg kdv fuhdwhg dq hohfwulflw|

dxfwlrq/ wkh Srzhu H{fkdqjh/ zkrvh uroh lw lv wr idflolwdwh wkh pdwfklqj ri hohfwulflw| vxsso| zlwk

ghpdqg rq d gdlo| edvlv1 Wklv zloo eh grqh yld dq dxfwlrq +vlplodu wr d frpprglw| h{fkdqjh,/

khog rqh gd| ehiruh wkh gd| lq txhvwlrq/ zkhuh jhqhudwruv zloo eh doorzhg wr vxeplw wkhlu vxsso|

dqg frqvxphuv� wr vxeplw wkhlu ghpdqg iru hqhuj| wkh iroorzlqj gd|1 Jhqhudwruv dqg frqvxphuv

zloo vxeplw wkhlu elgv iru gd| w*v jhqhudwlrq dqg frqvxpswlrq lq dq dxfwlrq khog rq gd| w� 4= Wkh

dxfwlrqhhu froohfwv wkh elgv dqg/ rq wkhlu edvlv/ ghwhuplqhv wkh pdunhw fohdulqj sulfhv iru hohfwulflw|=

Dq hohfwulflw| dxfwlrq fdq eh ylhzhg dv d pxowl0xqlw dxfwlrq zlwk sulydwh ydoxdwlrqv zkhuh

wkhuh pd| h{lvw frpsohphqwdulwlhv lq frvw ryhu vhyhudo xqlwv1 Wklv fkdudfwhul}dwlrq ri dq hohfwulflw|

dxfwlrq doorzv xv wr prgho wkh lqwhudfwlrqv ri elgghuv +jhqhudwruv, lq d jdph0wkhruhwlf iudphzrun

dqg ehwwhu xqghuvwdqg wkh lqwhusod| ehwzhhq wkh dxfwlrq +jdph, uxohv dqg wkh jhqhudwruv* rswlpdo/

htxloleulxp vwudwhjlhv1

Wkhuh duh vhyhudo yduldeoh glphqvlrqv wr dq hohfwulflw| dxfwlrq zklfk vkrxog eh frqvlghuhg e|

wkh dxfwlrq ghvljqhuv zkhq ghvljqlqj wkh dxfwlrq/ h1j1/ sulflqj uxohv/ krz wr exqgoh ghpdqg lqwr

orwv iru dxfwlrq/ dqg vhtxhqflqj ri dxfwlrqv1 Hdfk uhvxowlqj dxfwlrq phfkdqlvp zloo d�hfw wkh

lqfhqwlyhv elgghuv idfh dqg wkh vwudwhjlhv wkh| zloo xvh zkhq elgglqj lq jhqhudwlrq vxsso|1 Wklv

sdshu dqdo|}hv wkh delolw| ri ydulrxv dxfwlrq phfkdqlvpv wr uhvxow lq wkh glvsdwfk wkdw plqlpl}hv

wrwdo jhqhudwlrq frvwv/ uhihuuhg wr dv wkh h�flhqw glvsdwfk/ e| lghqwli|lqj wkh jhqhudwruv* elgglqj

ehkdylru zkhq wkh hohfwulflw| dxfwlrq lv frqgxfwhg rqo| rqfh21 Hpslulfdo hylghqfh jlyhq e| Zrodn

dqg Sdwulfn +4<<:, lqglfdwhv wkdw jhqhudwruv lq wkh Hqjodqg dqg Zdohv pdunhw wrrn dgydqwdjh ri

wkh fdsdflw|0ghfodudwlrq sruwlrq ri wkhlu pxowl0glphqvlrqdo elgv e| qrw elgglqj wuxwkixoo| lq rughu

wr h{wudfw h{ruelwdqw uhqwv gxulqj vrph krxuv ri wkh |hdu1 Wkhuhiruh lw lv lpshudwlyh wr xqghuvwdqg

wkh h�hfw d sduwlfxodu dxfwlrq phfkdqlvp zloo kdyh rq jhqhudwruv* elgglqj vwudwhjlhv1

Wkhuh duh vhyhudo hohfwulflw| lqgxvwu|0vshfl�f fkdudfwhulvwlfv wkdw pdnh ghvljqlqj dq dxfwlrq

zklfk lqgxfhv wkh h�flhqw glvsdwfk d iruplgdeoh fkdoohqjh1 Iru h{dpsoh/ hohfwulflw| fdqqrw eh

vwruhg> jhqhudwlrq frvwv duh qrqfrqyh{> wkhuh h{lvw vhyhudo gl�huhqw jhqhudwlrq whfkqrorjlhv> jhqhu0
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dwruv kdyh frqvwudlqwv rq wkhlu jhqhudwlrq +fdsdflw| frqvwudlqwv,/ dqg wkh vkdsh ri gdlo| ghpdqg lv

frqvwdqwo| fkdqjlqj1 Wzr suhylrxv sdshuv/ Hopdjkude| dqg Ruhq +4<<:, dqg Hopdjkude|+4<<:,/

dqdo|}h wkh surgxfwlyh h�flhqf| ri ydulrxv dxfwlrq phfkdqlvpv lq d frpsohwh lqirupdwlrq iudph0

zrun1 Wkh| irxqg wkdw zkloh wkh Fdoliruqld dxfwlrq ghvljq fdq vxssruw lqh�fhlqf| lq htxloleulxp

dqg khqfh fdqqrw jxdudqwhh h�flhqf|/ dq dowhuqdwlyh dxfwlrq ghvljq/ d krul}rqwdo dxfwlrq�/ fdq

jxdudqwhh h�flhqf| lq sxuh0vwudwhj| htxloleuld1 Wklv sdshu h{whqgv wkh dqdo|vlv lqwr dq lqfrpsohwh

lqirupdwlrq iudphzrun1 Lw fdq eh dujxhg wkdw/ zkloh jhqhudwruv gr kdyh nqrzohgjh ri wkhlu rssr0

qhqwv* jhqhudwlrq whfkqrorjlhve/ wkh h{dfw pdnh0xs ri wkh jhqhudwlrq sodqwv wkdw zloo eh elgglqj lq

dq| sduwlfxodu dxfwlrq lv qrw fhuwdlq dqg lv ehwwhu prghohg lq dq lqfrpsohwh lqirupdwlrq iudph0

zrun1 Lq dgglwlrq/ jhqhudwruv frqwudfw iru d odujh sruwlrq ri wkh ixhov qhhghg lq wkh jhqhudwlrq ri

hohfwulflw|1 Wkh h{dfw qdwxuh ri wkh frqwudfwv dqg wkh h{dfw sulfh dw zklfk wkh| duh vwuxfn duh sul0

ydwh lqirupdwlrq ri wkh frqwudfwlqj jhqhudwru/ dqg khqfh lqwurgxfh dq hohphqw ri frvw xqfhuwdlqw|1

Lq wklv sdshu/ L uhdgguhvv wkh txhvwlrq ri wkh delolw| +ru odfn wkhuhri, ri dq dxfwlrq phfkdqlvp

wr lqgxfh sur�w0pd{lpl}lqj jhqhudwruv wr elg vr dv wr uhvxow lq wkh xqltxh h�flhqw glvsdwfk lq d

rqh0vkrw lqfrpsohwh lqirupdwlrq iudphzrun1

Rqh ri wkh pdlq revhuydwlrqv ri wklv sdshu lv wkdw wkh pruh forvho| wkh vkdsh ri ghpdqg orwv

plplfv wkh fdsdflw| vwuxfwxuh ri jhqhudwruv/ wkh juhdwhu wkh delolw| ri dq dxfwlrq wr uhvxow lq dq

h�flhqw glvsdwfk1 Wklv uhvxow lv txlwh lqwxlwlyh/ iru li zh duh deoh wr exqgoh ghpdqg lqwr htxdo

orwv zkrvh vl}h htxdov wkdw ri jhqhudwruv* fdsdflwlhv/ doo wkh qrq0frqyh{lwlhv ri jhqhudwlrq frvwv

duh fdswxuhg lq wkh orw dqg wkh dxfwlrq uhgxfhv wr d pxowl0xqlw dxfwlrq ri krprjhqhrxv remhfwv

zlwk lqghshqghqw ydoxdwlrqv dfurvv gl�huhqw xqlwv+orwv,D zkhuh jhqhudwruv zlvk wr zlq dw prvw rqh

remhfw1

Krzhyhu/ wkh qhhg wr vwdqgdugl}h wkh hohfwulflw| dxfwlrq/ l1h1/ gh�qh suh0vhw ghpdqg orwv wkdw duh

qrw fkdqjhg rq d gdlo| edvlv/ frpelqhg zlwk wkh fkdqjlqj vkdsh ri gdlo| ghpdqg lpso| wkdw wkhuh
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zloo h{lvw wlphv zkhq lqwhughshqghqflhv ehwzhhq ghpdqg orwv dulvh1 Khqfh/ L dp frqfhuqhg zlwk

ghvljqlqj d vwdqgdugl}hg hohfwulflw| dxfwlrq wkdw lv urexvw _hqrxjk% wr fkdqjhv lq gdlo| ghpdqg wr

eh deoh wr surylgh jhqhudwruv zlwk wkh uljkw lqfhqwlyhv vr dv wr uhvxow lq wkh h�flhqw glvsdwfk1 Gxh

wr wkh dgghg frpsoh{lw| ri vwxg|lqj pxowl0xqlw dxfwlrqv lq dq lqfrpsohwh lqirupdwlrq iudphzrun/

lw lv yhu| gl�fxow wr lghqwli| dq dxfwlrq phfkdqlvp zklfk jxdudqwhhv surgxfwlyh h�flhqf| lq

htxloleulxp iru doo ghpdqg/ dqg khqfh frpsohphqwdulw|/ vfhqdulrv1 Wkhuhiruh p| vhdufk lv iru dq

dxfwlrq phfkdqlvp wkdw zloo lqgxfh wkh h�flhqw glvsdwfk xqghu vlpsoh frpsohphqwdulw| +v|qhuj|,

vfhqdulrv1

Lq vhfwlrq 5/ L surylgh wkh uhdghu zlwk vrph edfnjurxqg olwhudwxuh rq pxowl0xqlw dxfwlrqv1 L wkhq

jr rq wr fkdudfwhul}h dq hohfwulflw| dxfwlrq dv d pxowl0xqlw dxfwlrq zlwk sulydwh ydoxdwlrqv zklfk

duh srvvleo| ghshqghqw ryhu vhyhudo xqlwv/ dqg rxwolqh wkh gl�huhqw dxfwlrq phfkdqlvpv frqvlghuhg

dqg wkh frvw fkdudfwhulvwlfv ri jhqhudwruv1 Lq vhfwlrq 6/ L suhvhqw wkh prgho ri ghpdqg dqg frvwv

xvhg wkurxjkrxw wkh sdshu dqg suhvhqw p| uhvxowv lq vhfwlrq 71

2 �@U!}hL�?_
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Lq rughu wr dssuhfldwh wkh qhz dqg lqwhuhvwlqj txhvwlrqv srvhg e| dq hohfwulflw| dxfwlrq/ lw lv

lpsruwdqw wr h{dplqh lwv sodfh lq wkh h{lvwlqj dxfwlrq olwhudwxuh1 Wkh odujhvw sruwlrq ri dxfwlrq

olwhudwxuh orrnv dw prghov zkhuh elgghuv ghvluh dw prvw rqh remhfw +PfDihh dqg PfPloodq +4<;:,

surylgh dq h{fhoohqw vxuyh| ri wkh dxfwlrq olwhudwxuh,1 Dv L vkdoo h{sodlq lq pruh ghwdlo lq wkh qh{w

vhfwlrq/ dq hohfwulflw| dxfwlrq lv d pxowl0xqlw ghpdqg/ sulydwh ydoxdwlrqv dxfwlrq zkhuh wkhuh pd|

h{lvw frpsohphqdwdulhv dfurvv xqlwvS1 Dv pdq| uhvhdufkhuv duh srlqwlqj rxw/ lw lv qrw srvvleoh wr

fduu| ryhu wkh uhvxowv iurp vlqjoh xqlw dxfwlrqv dqg dsso| wkhp wr dq hohfwulflw| dxfwlrq1

Wkhuh duh d ihz sdshuv wkdw vwxg| pxowl0xqlw dxfwlrqv zlwk frpsohphqwdulwhv zklfk zhuh lq0

vsluhg e| wkh uhfhqw IFF vshfwuxp dxfwlrq1 Lq wkh IFF dxfwlrqv/ elgghuv/ frpsulvhg ri XV
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whohfrppxqlfdwlrq frpsdqlhv/ fhooxodu whohskrqh frpsdqlhv/ dqg fdeoh0whohylvlrq frpsdqlhv/ frp0

shwhg wr zlq ydulrxv vshfwuxp olfhqvhv iru gl�huhqw jhrjudsklfdo duhd1 Wkh v|qhujlhv dulvlqj iurp

rzqlqj olfhqvhv lq dgmrlqlqj jhrjudsklfdo duhd fuhdwh ghshqghqflhv lq +vrph, elgghuv* ydoxdwlrqv

iru lqglylgxdo olfhqvhv +vhh PfPloodq +4<<7,/ Fudpwrq +4<<8, dqg PfPloodq dqg PfDihh +4<<9, iru

ixuwkhu glvfxvvlrq ri wkh IFF vshfwuxp dxfwlrqv,1 Xvlqj wkh IFF vshfwuxp dxfwlrqv dv wkhlu pr0

wlydwlrq/ Nulvkqd dqg Urvhqwkdo +4<<9, vwxg| dxfwlrqv zkhuh wkhuh duh wzr w|shv ri elgghuv/ joredo

dqg orfdo1 Joredo elgghuv ghvluh pruh wkdq rqh remhfw dqg wkhlu ydoxdwlrq iru pxowlsoh remhfwv

lv juhdwhu wkdq wkh vxp ri hdfk lqglylgxdo remhfw*v ydoxdwlrq/ zkloh orfdo elgghuv ghvluh dw prvw

rqh remhfw1 Wkh| duh deoh wr lghqwli| htxoleulxp elgglqj vwudwhjlhv zkhq lqglylgxdo olfhqvhv duh

dxfwlrqhg lqglylgxdoo| dqg vlpxowdqhrxvo|1 Wkh| uhpdun/ krzhyhu/ wkdw wkh htxloleulxp elgglqj

vwudwhjlhv qhhg qrw qhfhvvdulo| uhvxow lq doorfdwlyh h�flhqf|1 Dxvxeho dqg Fudpwrq +4<<9, txhvwlrq

wkh vxshulru doorfdwlyh h�flhqf| surshuwlhv ri xqlirup sulflqj uxohv xvlqj Zlovrq*v +4<:<, _vkduh%

dxfwlrq iudphzrun zlwk sulydwh ydoxdwlrqv1 Wkh| �qg wkdw wkh h�flhqf| ri 5?_ sulfh +xqlirup,

dxfwlrqv lq d vlqjoh0xqlw dxfwlrq gr qrw fduu| ryhu wr d pxowl0xqlw iudphzrun1 Wkh| frqfoxgh wkdw

zkhq elgghuv ghvluh pruh wkdq rqh remhfw/ ru d odujh vkduh ri wkh wrwdo remhfwv ehlqj dxflwrqqhg/

wkh| kdyh dq lqfhqwlyh wr xqghuelg ru _vkdgh% wkhlu elgv/ uhvxowlqj lq dq lqh�flhqw doorfdwlrq1

Ohylq +4<<:, vhdufkhv iru rswlpdo dxfwlrq ghvljq/ l1h1/ zkdw lv wkh rswlpdo zd| wr dxfwlrq jrrgv

zkhq wkhuh h{lvw frpsohphqwdulwlhv ehwzhhq wkh jrrgv1 Kh �qgv/ lq wkh fdvh ri wzr jrrgv/ wkdw

exqgolqj wkh jrrgv dqg dxfwlrqqlqj wkhp wrjhwkhu lqfuhdvhv wkh uhyhqxh ri wkh vhoohu/ exw grhv qrw

qhfhvvdulo| ohdg wr wkh h�flhqw doorfdwlrq1

Vhyhudo rwkhu sdshuv kdyh dgguhvvhg wkh lvvxh ri pxowl0xqlw dxfwlrqv1 Frozhoo dqg \dydv +4<<7,

h{dplqh wkh uhodwlyh uhyhqxhv udlvhg lq wkh vlpxowdqhrxv dqg vhtxhqwldo dxfwlrqv ri dgmdfhqw odqg

wudfwv1 Kdxvfk +4<;9, vwxglhv d wzr0remhfw dxfwlrq/ zkhuh wkhuh duh wzr elgghuv zlwk frpprq

ydoxdwlrqv zkr ghvluh erwk remhfwv1 Kdxvfk �qgv wkdw wkh vhoohu*v uhyhqxh lv juhdwhu zkhq erwk

remhfwv duh vrog vlpxowdqhrxvo| yhuvxv vhtxhqwldoo|1 Jdqgdo +4<<:,/ lq dq hpslulfdo sdshu/ orrnv dw

wkh vhtxhqwldo dxfwlrqlqj ri fdeoh whohylvlrq olfhqvhv lq Lvudho dqg frqfoxghv wkdw wkhuh pd| kdyh

h{lvwhg vrph lqwhughshqghqflhv dprqj olfhqvhv* ydoxdwlrq1 Nulvkqd+4<<6, h{dplqhv wkh h�flhqf|

surshuwlhv ri d vhtxhqwldo dxfwlrq ri fdsdflw| wr dq lqfxpehqw dqg vhyhudo srwhqwldo qhz hqwudqwv1

Vkh �qgv wkdw wkh vhtxhqwldo wlplqj ri wkh dxfwlrqv ohdgv wr wkh ehqh�wv ri djjuhjdwlrq qrw ehlqj

uhdol}hg1
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Yrq ghu Ihku dqg Kduerug*v +4<<6, dqdo|vlv ri wkh Xqlwhg Nlqjgrp*v Hohfwulflw| Lqgxvwu| lv

wkh rqo| rwkhu vwxg| L nqrz ri wkdw lghqwl�hv dq hohfwulflw| dxfwlrq dv d pxowl0xqlw dxfwlrq zlwk

sulydwh ydoxdwlrqv dqg dwwhpswv wr vwxg| wkh vwudwhjlf elgglqj ehkdylru ri jhqhudwruv1 yrq ghu

Ihku dqg Kduerug dvvxph d iudphzrun zlwk wzr jhqhudwruv zkr kdyh +gl�huhqw, frqvwdqw pdujlqdo

frvwv ri jhqhudwlrq dqg zkrvh frvwv duh frpprq nqrzohgjh1 Ghpdqg iru hohfwulflw| lv xqfhuwdlq

exw lwv glvwulexwlrq lv nqrzq1 Wkh| vkrz wkdw wkh ohvv h�flhqw +kljkhu pdujlqdo frvw, jhqhudwru

pd| vxeplw orzhu elgv wkdq wkh pruh h�flhqw jhqhudwru/ dqg khqfh jhqhudwlrq frvwv pd| qrw eh

plqlpl}hg lq htxloleulxp1 Exloglqj rq wkhlu dqdo|vlv/ L lqfrusrudwh wkh suhvhqfh ri �{hg _vwduw0

xs% frvwv lqwr jhqhudwlrq frvwv dqg h{whqg wkhlu vwxg| ri elgglqj ehkdylru wr dowhuqdwlyh dxfwlrq

phfkdqlvpv/ uhod{lqj wkhlu uhvwulfwlyh dvvxpswlrq ri wzr jhqhudwruv1

2�2 ��@h@U|ih�3@|�L? Lu ,*iU|h�U�|) ��U|�L?

Dq hohfwulflw| dxfwlrq/ vxfk dv wkh Srzhu H{fkdqjh/ lv d grxeoh dxfwlrq zkhuh frqvxphuv dqg

vxssolhuv dfwlyho| wudgh1 Lghdoo|/ dq hohfwulflw| dxfwlrq zrxog dfklhyh doorfdwlyh h�flhqf| rq wkh

ghpdqg vlgh dqg surgxfwlyh h�flhqf|/ l1h1/ plqlpl}h wrwdo jhqhudwlrq frvwv/ rq wkh vxsso| vlgh1

Wklv sdshu wdnhv d �uvw vwhs dw hydoxdwlqj wkh ryhudoo h�flhqf| ri dq dxfwlrq e| irfxvlqj rq lwv

delolw| wr surylgh jhqhudwruv zlwk wkh fruuhfw lqfhqwlyhv vr dv wr uhvxow lq d glvsdwfk wkdw vdwlv�hv

ghpdqg dqg plqlpl}hv wrwdo jhqhudwlrq frvwv1 Wklv lv grqh e| kroglqj wkh ghpdqg0vlgh ri wkh

dxfwlrq wr eh �{hg/ l1h1/ dvvxplqj wkdw ghpdqg lv qr orqjhu elg lqwr wkh dxfwlrq exw lv iruhfdvwhg/

l1h1/ lv lqhodvwlf dqg ghwhuplqlvwlf1 Lq wklv vlwxdwlrq/ dq hohfwulflw| dxfwlrq lv d surfxuhphqw dxfwlrq/

zkhuh elgglqj lv grqh rq wkh sulfh ri vhuylfh +lq wkh fdvh/ jhqhudwlrq, dqg wkh orzhvw elg+v, zlq1

Wkh uroh ri wkh dxfwlrqhhu lv wr frpsloh wkh vxeplwwhg elgv dqg ghwhuplqh wkh ohdvw0frvw zd| wr

vdwlvi| wkh gdlo| ghpdqg/ l1h1/ wr ghwhuplqh zklfk jhqhudwruv zlq glvsdwfk +duh fkrvhq wr jhqhudwh,/

zkhq dqg iru krz orqj1 E| dvvxplqj dq lqhodvwlf dqg ghwhuplqlvwlf ghpdqg/ L olplw p| fulwhulrq

iru mxgjlqj dq hohfwulflw| dxfwlrq wr lwv delolw| wr uhvxow lq surgxfwlyh h�flhqf|/ l1h1/ wkh h�flhqw

xvh ri uhvrxufhv.1

Zkdw vhsdudwhv ghvljqlqj dq dxfwlrq iru hohfwulflw| iurp wkh ydvw erg| ri dxfwlrq olwhudwxuh lv

wkh phfkdqlvp ri jhqhudwlrq frvwv1 Jhqhudwruv kdyh gl�huhqw w|shv ri frvwv +h1j1/ udps0xs frvwv/

.W ��** @tt�4ic ��|�L�| *Ltt Lu }i?ih@*�|)c |�@| |�ihi �t @ �?�^�i _�tT@|U� |�@| 4�?�4�3it |L|@* }i?ih@|�L? ULt|t�
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qr0ordg frvwv/ hwf1, zklfk pxvw eh uhfryhuhg wkurxjk wkhlu vdohv uhyhqxhv1 Jhqhudwlrq frvwv fdq eh

eurdgo| fodvvl�hg lqwr wzr jurxsv= �{hg _vwduw0xs% frvwv zklfk duh lqfxuuhg zkhq d jhqhudwru lv

wxuqhg rq wr jhqhudwh/ dqg yduldeoh frvwv zklfk duh lqfxuuhg zlwk hdfk dgglwlrqdo PZk jhqhudwhg1

Gxh wr wklv frvw phfkdqlvp/ wkhuh h{lvw frvw ghshqghqflhv lq erwk wlph dqg txdqwlw| glphqvlrqv/

l1h1/ wkh +dyhudjh, frvw wr jhqhudwh 4 PZ gxulqj krxu w ghshqgv xsrq wkh qxpehu ri dgglwlrqdo

PZ jhqhudwhg gxulqj krxu w dqg rwkhu krxuv1

Zh fdq lqwhusuhw wkh edvlf remhfw ehlqj dxfwlrqhg dv d 4 PZk eorfn ri hqhuj|/ zkhuh hdfk

lqglylgxdo PZk lv lqglvwlqjxlvkdeoh iurp dqrwkhu h{fhsw iru wkh krxu lq zklfk lw rffxuv dqg lwv

sodfhphqw lq wkh krxu +l1h1/ wkh t|� PZ ri ghpdqg lq krxu w,1 Jhqhudwruv pd| zlvk wr zlq vhyhudo

eorfnv ri hqhuj| +e| zlqqlqj d eorfn wkh| zlq wkh uljkw wr vxsso| wkdw 4 PZk ri ghpdqg dw d

sulfh ghwhuplqhg wkurxjk wkh dxfwlrq surfhvv, dqg khqfh elg iru pxowlsoh remhfwv1 D jhqhudwru*v

sur�w iurp ehlqj fkrrvhq wr jhqhudwh d PZk lv wkh gl�huhqfh ehwzhhq wkh dxfwlrq sulfh lw lv sdlg

dqg lwv rzq sulydwh frvw iru vxsso|lqj wkh PZk1 D jhqhudwru pd| eh frqvwudlqhg iurp vxsso|lqj

wkh hqwluh ghpdqg wkh iroorzlqj gd| e| wkh suhvhqfh ri fdsdflw| frqvwudlqwv rq lwv jhqhudwlrq ohyho

dw dq| srlqw lq wlph +l1h1/ li d jhqhudwru kdv d fdsdflw| ri N/ wkh pd{lpxp ohyho ri PZ dw zklfk

lw fdq jhqhudwh dw dq| srlqw lq wlph lv N PZ,1 Iru prvw krxuv lq wkh gd|/ ghpdqg lv juhdwhu wkdq

wkh fdsdflw| ri dq| rqh jhqhudwru> khqfh d pxowlsoh ri h{lvwlqj jhqhudwruv pxvw eh fkrvhq wr vxsso|

ghpdqg1 Lq vxppdu|/ dq hohfwulflw| dxfwlrq lv d pxowl0xqlw dxfwlrq zlwk sulydwh ydoxdwlrqv zkhuh

wkhuh h{lvwv frpsohphqwdulwhv lq jhqhudwlrq dfurvv xqlwv1

2�� ��__iht

Lq dq hohfwulflw| dxfwlrq/ jhqhudwruv frpshwh lq sulfh ri jhqhudwlrq wr zlq glvsdwfk1 Jhqhudwlrq

whfkqrorjlhv/ iru h{dpsoh/ qxfohdu/ frdo dqg frpelqhg0f|foh jdv wxuelqhv sodqwv/ duh jhqhudoo| fkdu0

dfwhul}hg e| irxu wudlwv1 Iluvw/ d jhqhudwru*v frvwv wr jhqhudwh idoo lqwr wzr jhqhudo fdwhjrulhv> wkhuh

lv d �{hg _vwduw0xs% frvw lqfxuuhg hdfk wlph d jhqhudwlqj sodqw lv wxuqhg rq/ dqg yduldeoh frvw shu

PZk rqfh wkh sodqw lv xs dqg uxqqlqj1 Vhfrqg/ wkhuh h{lvwv dq lqyhuvh uhodwlrqvkls ehwzhhq wkh

vwduw0xs frvw dvvrfldwhg zlwk d whfkqrorj| dqg lwv yduldeoh frvw1 Iru h{dpsoh/ d qxfohdu sodqw kdv

d odujh vwduw0xs frvw exw uhodwlyho| vpdoo yduldeoh frvw shu PZk/ zkloh d jdv frpexvwlrq wxuelqh

+JFW, kdv d uhodwlyho| orz vwduw0xs frvw/ exw lqfxuv d odujh yduldeoh frvw shu PZk1 D wklug wudlw

:



ri jhqhudwlrq whfkqrorjlhv lv wkdw hdfk whfkqrorj| lv ohdvw0frvw iru vrph rxwsxw ohyho1 Orz vwduw0xs/

kljk yduldeoh frvw whfkqrorjlhv duh wkh prvw h�flhqw vrxufh ryhu vpdoo rxwsxw +wrwdo PZk, ohyhov/

zkloh kljk vwduw0xs/ orz yduldeoh frvw whfkqrorjlhv duh wkh prvw h�flhqw vrxufh ryhu kljkhu rxwsxw

ohyhov1 Ilqdoo|/ jhqhudwruv kdyh d frqvwudlqw rq wkh pd{lpxp qxpehu ri PZ wkh| jhqhudwh dw dq|

srlqw lq wlph dqg duh xqdeoh wr vwruh hohfwulflw|H/ exw kdyh ihz uhvwulfwlrqv rq wkh gxudwlrq iru

zklfk wkh| fdq jhqhudwhb1

Iljxuh 4 sorwv wkh wrwdo frvw ri jhqhudwlrq dvvrfldwhg zlwk gl�huhqw whfkqrorj| w|shv/ dvvxplqj

d jhqhudwlqj sodqw lv _vzlwfkhg0rq% rqo| rqfh shu gd|1 Wkh krul}rqwdo d{lv phdvxuhv wkh wrwdo

qxpehu ri PZkv jhqhudwhg ryhu wlph1

Total Cost

MWh

C
C
G

T
Coal

NuclearG
C

T

Iljxuh 4= Frvwv iru gl�huhqw jhqhudwlrq whfkqrorjlhv1 +JFW @ jdv frpexvwlrq wxuelqh/ FFJW @

frpelqhg f|foh jdv wxuelqh,

Lq wklv sdshu/ L dvvxph d vhwwlqj zlwk q � 5 jhqhudwruv1 Hdfk jhqhudwru*v whfkqrorj| lv gh�qhg

e| lwv w|sh/ � zklfk lv glvwulexwhg rq ^3> 4` zlwk d fxpxodwlyh ghqvlw| ixqfwlrq I +=,= Dvvxph wkdw wkh

ghqvlw| ixqfwlrq i+=, lv srvlwlyh dqg erxqghg hyhu|zkhuh rq ^3> 4`= Ehiruh wkh vwduw ri dq dxfwlrq/

qdwxuh udqgrpo| dvvljqv hyhu| jhqhudwru d w|sh iurp ^3> 4`= Hdfk jhqhudwru nqrzv lwv rzq w|sh dqg

wkh frpprq glvwulexwlrq I +=, iurp zklfk lwv rssrqhqwv* w|shv lv gudzq1

H5L4i }i?ih@|�?} T*@?|t @hi @M*i |L t|Lhi |�i TL|i?|�@* uLh }i?ih@|�?} i*iU|h�U�|)c i�}�c �)_hLi*iU|h�U }i?ih@|Lht U@?
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Dvvxph wkh frvw ri d jhqhudwru ri whfkqrorj| w|sh � wr jhqhudwh t PZk lv jlyhq e| wkh frvw

ixqfwlrq�f

F+t> �, @ d+�, . e+�,t +4,

d�+�, ? 3> e�+�, A 3 +5,

;� < at+�, vxfk wkdw F+at+�,> �, ? F+at+�,> h�, ;
h� 9@ � +6,

at�+�, ? 3 +7,

d+�, dqg e+�, fdq eh lqwhusuhwhg dv wkh vwduw0xs dqg yduldeoh frvw/ uhvshfwlyho|/ ri d jhqhudwru

ri w|sh �= Wkh irup ri F+t> �, doorzv xv wr fdswxuh wkh lqyhuvh uhodwlrqvkls ehwzhhq vwduw0xs dqg

yduldeoh frvw iru gl�huhqw jhqhudwlrq whfkqrorjlhv1 Iljxuh 5 sorwv F+t> �, iru wkh fdvh zkhuh d+�,

@ +5� �,2 dqg e+�, @ 4=8�= Dv dvvxphg/ hdfk jhqhudwlrq whfkqrorj| lv wkh h�flhqw whfkqrorj| iru

vrph rxwsxw ohyho1

1 1.5 2 2.5 3

MWh

Total Cost
q = 1

q = 0

q = 0

q = 1

Iljxuh 5= Wrwdo frvwv iru gl�huhqw ydoxhv ri �=

Dvvxplqj d wrwdo frvw jlyhq e| htxdwlrqv +4,0+7,/ wkh udqnlqj ri whfkqrorjlhv lq whupv ri hi0

�flhqf| iru gl�huhqw rxwsxw ohyhov fdq eh ixoo| vxppdul}hg e| rqh ri wkuhh vkdshv1 Hlwkhu wkh

�f
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rughulqj ri whfkqrorjlhv lq whupv ri h�flhqf| lv prqrwrqlfdoo| ghfuhdvlqj +dv lw lv iru t @ 4 dqg

vkrzq lq �jxuh 6+d,,/ lv d xqlprgdo frqyh{ ixqfwlrq +dv lw lv iru t @ 5 dqg vkrzq lq �jxuh 6+e,,/

ru lv prqrwrqlfdoo| lqfuhdvlqj +dv lw lv iru t @ 6 dqg vkrzq lq �jxuh 6+f,,1 Wklv fkdudfwhul}dwlrq

ri h�flhqf| suryhv wr eh txlwh xvhixo odwhu lq wkh sdshu zkhq lghqwli|lqj dq h�flhqw elg rughulqj1

C(1, q) C(2, q) C(3, q)

q q q

(a) (b) (c)

Iljxuh 6= Frvw ixqfwlrqv iru rxwsxw ohyho t @ 4> 5> 61

2�e ��U|�L? 4iU�@?�t4t

Lq ghvljqlqj dq hohfwulflw| dxfwlrq/ wkh dxfwlrqhhu pxvw ghflgh rq dxfwlrq fkdudfwhulvwlfv vxfk dv 4,

zkdw w|sh ri elgv jhqhudwruv zloo eh dvnhg wr vxeplw/ 5, krz wr exqgoh ghpdqg orwv/ dqg 6, zkdw

wkh vhtxhqflqj ri wkh dxfwlrqv vkdoo eh1

Fxuuhqwo| lq wkh Xqlwhg Nlqjgrp/ jhqhudwruv duh dvnhg wr vxeplw pxowl0glphqvlrqdo elgv/ h1j1/

dq hqhuj| sulfh wr jhqhudwh/ d fdsdflw| ghfodudwlrq/ dqg udpslqj frqvwudlqwv1 Lqvwhdg ri idflolwdwlqj

duulylqj dw d fhqwudo sodqqhu*v h�flhqw glvsdwfk/ wkh X1N1*v pxowl0glphqvlrqdo elgv kdyh vhuyhg

dv d yhklfoh iru wkh fuhdwlrq ri d qrqwudqvsduhqw pdunhw dqg wkh h{huflvh ri pdunhw srzhu/ dv

hylghqfhg lq dq hpslulfdo vwxg| ri wkh pdunhw e| Zrodn dqg Sdwulfn+4<<:,1 D vlpxodwlrq sdshu/ e|

Ud|prqg dqg Vyrergd+4<<:, vwxglhv wkh uhodwlrqvkls ehwzhhq d elg phfkdqlvp dqg wkh lqfhqwlyhv

wr ghyldwh iurp uhyhdolqj wuxh jhqhudwlrq frvwv1 Wkh| �qg wkdw _shuyhuvh lqfhqwlyh h�hfwv duh olnho|

wr eh h{dfhuedwhg zkhq/ lq dgglwlrq wr shuwxuelqj pdunhw sulfhv/ d srzhu h{fkdqjh dxfwlrq doorzv

pxowl0sduw elgv dqg qrq0sulfh elg frpsrqhqwv lq lwv elg irupdwv1%

Lq frqwudvw/ Fdoliruqld kdv ghflghg wr olplw wkh elgv lq lwv Srzhu H{fkdqjh wr eh xql0glphqvlrqdo/
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wkdw lv/ jhqhudwruv zloo eh dvnhg wr vxeplw rqo| dq hqhuj| sulfh uh�hfwlqj wkh plqlpxp sulfh wkh|

pxvw eh sdlg wr jhqhudwh1 Jhqhudwruv fdq vxeplw rqh hqhuj| elg shu jhqhudwlqj sodqw�� shu ghpdqg

orw/ zkhuh wkh gh�qlwlrq ri wkh ghpdqg orw lv ghshqghqw rq wkh dxfwlrq phfkdqlvp fkrvhq e| wkh

dxfwlrqhhu1 Wkhuhiruh/ lq p| dqdo|vlv/ L uhvwulfw p| dwwhqwlrq wr dxfwlrq phfkdqlvpv zlwk xql0

glphqvlrqdo elgv1

Zkloh wkhuh duh frxqwohvv srvvleoh dxfwlrq phfkdqlvpv/ L lghqwli| irxu olnho| fdqglgdwhv= 4, d

krul}rqwdo vhtxhqwldo dxfwlrq/ 5, d yhuwlfdo vhtxhqwldo dxfwlrq/ 6, d krul}rqwdo vlpxowdqhrxv dxfwlrq

dqg 7, d yhuwlfdo vlpxowdqhrxv dxfwlrq1

Exqgolqj ri Ghpdqg Li zh lqwhusuhw wkh edvlf remhfw ehlqj dxfwlrqhg dv 4 PZk/ wkhq

wkhuh duh vhyhudo srvvleoh zd|v wr dxfwlrq wkh remhfwv1 Lw lv srvvleoh wr doorz jhqhudwruv wr vxeplw

sdfndjh elgv +zkhuh hdfk jhqhudwru fdq elg rq dq| exqgoh ri ghpdqg,1 Xqghu wklv vfhqdulr/ wkh

dxfwlrqhhu zrxog kdyh wr vroyh d frpelqdwruldo rswlpl}dwlrq sureohp lq rughu wr frpsxwh wkh ohdvw0

frvw glvsdwfk1�2 Jlyhq wkh odujh qxpehu ri lqglylgxdo elgv xqghu frqvlghudwlrq/ wklv dssurdfk zrxog

suhvhqw d frpsxwdwlrqdo qljkwpduh dqg khqfh wkh jurxslqj ri lqglylgxdo PZkv lqwr suhghwhuplqhg

ghpdqg orwv pxvw eh frqvlghuhg1

Wkhuh duh wzr qdwxudo zd|v wr exqgoh lqglylgxdo PZk lqwr orwv= krul}rqwdo dqg yhuwlfdo

exqgolqj1 Zkhq PZkv duh yhuwlfdoo| exqgohg/ wkh| duh jurxshg dffruglqj wr wkh krxu lq zklfk

wkh| rffxu/ lq zklfk fdvh gdlo| ghpdqg fdq eh ylhzhg dv ehlqj yhuwlfdoo| sduwlwlrqhg dqg dxfwlrqhg1

Khqfh L uhihu wr wklv phfkdqlvp dv d yhuwlfdo dxfwlrq +vhh �jxuh 7 iru dq h{dpsoh ri d yhuwlfdo dxf0

wlrq,1 Iru hdfk krxu w/ d jhqhudwru elgv wkh plqlpxp sulfh dw zklfk lw lv zloolqj wr jhqhudwh 4

phjdzdww gxulqj krxu w/ zkhuh w A 3=

Dq dowhuqdwlyh zd| wr exqgoh ghpdqg lv krul}rqwdoo|/ e| volfh wkh ghpdqg ordg lqwr vwulsv zkhuh

wkh khljkw ri wkh vwulsv lv vpdoo uhodwlyh wr jhqhudwruv* fdsdflwlhv1 Dq h{dpsoh ri d krul}rqwdo dxfwlrq

lv looxvwudwhg lq �jxuh 8/ zkhuh wkh khljkw ri hdfk volfh lv vhw dw 4 PZ1 Jhqhudwruv vxeplw d elg

iru hdfk orw lqglfdwlqj wkh plqlpxp sulfh dw zklfk wkh| duh zloolqj wr jhqhudwh 4 phjdzdww iru d

gxudwlrq ri w krxuv/ zkhuh w A 3 lv wkh ohqjwk ri wkh vwuls =

��
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Demand

Time
1 T

Iljxuh 7= Yhuwlfdo dxfwlrq ri ghpdqg1

Demand

Time
1 T

Iljxuh 8= Krul}rqwdo dxfwlrq ri ghpdqg1
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Zkloh wkhuh h{lvw frxqwohvv zd|v wr exqgoh ghpdqg/ wkh wzr exqgolqj irupv lghqwl�hg khuh duh

wkh prvw sudfwlfdo dqg orjlfdo wr h{dplqh lq dq hohfwulflw| dxfwlrq vhwwlqj1 Dv vwdwhg hduolhu/ wkh

hohfwulflw| dxfwlrqv lq rshudwlrq lq wkh Xqlwhg Nlqjgrp dqg Dxvwudold dqg wkh sursrvhg dxfwlrq iru

Fdoliruqld duh yhuwlfdo dxfwlrqv/ zkhuh jhqhudwruv pxvw elg wkhlu jhqhudwlrq lqwr krxuo| pdunhwv1

Krzhyhu/ wkh ghflvlrq wr rshudwh d sodqw lv qrw pdgh rq dq krxuo| edvlv1 Wkh sk|vlfdo fkdudfwhulvwlfv

ri prvw jhqhudwlrq sodqwv uhtxluh sodqqlqj lwv vfkhgxolqj iru d gxudwlrq ri wlph1 Wkhuhiruh/ doorzlqj

jhqhudwruv wr elg iru gxudwlrqv ri rshudwlrq lv/ L zloo dujxh/ d pruh qdwxudo zd| wr ghvljq dq

hohfwulflw| dxfwlrq1

Vhtxhqflqj ri Dxfwlrqv Zkhq wkhuh lv pruh wkdq rqh ghpdqg orw wr eh dxfwlrqhg/ wkh

dxfwlrqhhu pxvw ghflgh krz wr vhtxhqfh wkhlu vdoh= wkh dxfwlrqhhu pxvw ghflgh zkhwkhu wr frqgxfw

wkh dxfwlrqv vhtxhqwldoo| ru vlpxowdqhrxvo|1 Lq d vhtxhqwldo dxfwlrq/ ghpdqg orwv duh dxfwlrqhg

vhtxhqwldoo|> ehiruh hdfk dxfwlrq wkh uhvxowv ri dq| suhylrxv dxfwlrqv duh pdgh nqrzq1 L gh�qh wkh

vhtxhqflqj ri wkh dxfwlrqv vxfk wkdw lq d vhtxhqwldo yhuwlfdo dxfwlrq/ krxu 4 lv dxfwlrqhg/ iroorzhg

e| krxuv 5> 6> ===57= Lq d vhtxhqwldo krul}rqwdo dxfwlrq/ wkh ghpdqg ordg lv dxfwlrqhg iurp erwwrp

wr wrs/ l1h1/ wkh erwwrp volfh lv dxfwlrqhg/ wkhq wkh volfh gluhfwo| deryh lw/ dqg vr iruwk1 Lq d

vlpxowdqhrxv dxfwlrq/ wkh elgv duh vxeplwwhg/ dqg doorfdwlrq ghflvlrqv iru doo ghpdqg orwv duh pdgh

vlpxowdqhrxvo|1

Jlyhq wkhvh dxfwlrq glphqvlrqv/ wkhuh duh irxu srvvleoh dxfwlrq phfkdqlvpv= 4, d krul}rqwdo

vhtxhqwldo dxfwlrq/ 5, d yhuwlfdo vhtxhqwldo dxfwlrq/ 6, d krul}rqwdo vlpxowdqhrxv dxfwlrq/ dqg 7, d

yhuwlfdo vlpxowdqhrxv1 Lw vkrxog eh qrwhg wkdw wkh hohfwulflw| dxfwlrqv douhdg| rshudwlrqdo lq wkh

Xqlwhg Nlqjgrp dqg Dxvwudold fdq orrvho| eh fkdudfwhul}hg dv yhuwlfdo vlpxowdqhrxv dxfwlrqv1��

� �L_i*

Dvvxph wkdw wkh gdlo| ghpdqg/ zklfk lv lqhodvwlf dqg ghwhuplqlvwlf/ lv dw wzr ohyhov gxulqj wkh

gd| dqg lv jlyhq dv lq �jxuh 9 +iru vlpsolflw|/ dvvxph wkdw wkhuh duh rqo| wzr krxuv lq wkh gd|,>

ghpdqg gxulqj krxu 4 lv 5 PZ dqg gxulqj krxu 5 lv 4 PZ1 Zkloh/ doehlw d vlpsoh ghpdqg vhwwlqj/

��
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lw lv ulfk hqrxjk wr fdswxuh wkh uhodwlyh zhdnqhvvhv dqg vwuhqjwkv ri gl�huhqw dxfwlrq phfkdqlvpv1

E| fkdqjlqj wkh qxpehu ri sodqwv hdfk jhqhudwru rzqv dqg hdfk sodqw*v fdsdflw|/ lw lv srvvleoh

wr fuhdwh wkuhh lpsruwdqw ghpdqg vfhqdulrv zklfk dq| hohfwulflw| dxfwlrq phfkdqlvp vkrxog eh

deoh wr _kdqgoh% dqg |lhog wkh h�flhqw glvsdwfk1 Wkhvh vfhqdulrv duh 4, Ghshqghqw= wkh hqwluh

ghpdqg fdq eh vxssolhg e| rqh jhqhudwru xvlqj wkh vdph jhqhudwlqj sodqw/ 5, Lqghshqghqw= wkh

hqwluh ghpdqg fdq eh vxssolhg e| rqh jhqhudwru xvlqj gl�huhqw jhqhudwlqj sodqwv/ dqg 6, Hlwkhu0Ru=

pdq| jhqhudwruv pxvw eh xvhg wr vdwlvi| ghpdqg1 +Wkh qdphv jlyhq wr hdfk vfhqdulr fkdudfwhul}h

wkh ghpdqg vfhqdulr lq d krul}rqwdo dxfwlrq dqg zloo ehfrph fohdu lq wkh qh{w vhfwlrq1, Dq dxfwlrq

phfkdqlvp zklfk lv xqdeoh wr |lhog wkh h�flhqw glvsdwfk lq vxfk d vlpsoh ghpdqg vhwwlqj lv kljko|

xqolnho| wr shuirup zhoo zkhq idflqj d pruh frpsoh{ vhwwlqj1

Demand

time

2

1

1 2

Iljxuh 9= Gdlo| iruhfdvwhg ghpdqg1

Iljxuhv :+d, dqg :+e, looxvwudwh wkh ghpdqg orwv gh�qhg e| d krul}rqwdo dqg yhuwlfdo dxfwlrq ri

ghpdqg/ uhvshfwlyho|1 Lq erwk wkh vhtxhqwldo krul}rqwdo dqg yhuwlfdo dxfwlrqv/ jhqhudwruv vxeplw

d elg iru orw 5/ dqg diwhu wkh zlqqhu lv dqqrxqfhg/ vxeplw d elg iru orw 4= Lq wkh vlpxowdqhrxv

krul}rqwdo dqg yhuwlfdo dxfwlrqv/ elgv iru erwk orwv duh vxeplwwhg vlpxowdqhrxvo|1 Wkh elg iru orw 5

+orw 4, lq d krul}rqwdo dxfwlrq lqglfdwhv wkh plqlpxp sulfh d jhqhudwru pxvw eh sdlg wr jhqhudwh

4 PZ iru 5 +4, krxuv1 Wkh elg iru orw 5 +orw 4, lq d yhuwlfdo dxfwlrq lqglfdwhv wkh plqlpxp sulfh

d jhqhudwru pxvw eh sdlg wr jhqhudwh 5 +4, PZ iru 4 krxu1

Lq d surfxuhphqw dxfwlrq/ wkh elgghu+v, vxeplwwlqj wkh orzhvw elg+v, zlqv1 Dv vwdwhg hduolhu/

dq hohfwulflw| dxfwlrq zkhuh wkh qh{w gd|*v ghpdqg lv iruhfdvwhg lv d surfxuhphqw dxfwlrq1 Khqfh

wkh jhqhudwru+v, zlq glvsdwfk lq dvfhqglqj rughu ri wkhlu vxeplwwhg elgv1 L dvvxph wkdw zlqqlqj
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Demand

time

lot 2
lot 1

Demand

time

lot 2

lot 1

(a) (b)

Iljxuh := Yhuwlfdo dqg krul}rqwdo dxfwlrqv ri ghpdqg1

jhqhudwruv duh sdlg dffruglqj wr d 5?_ sulfh uxoh/ l1h1/ wkh zlqqhu+v, lv+duh, sdlg wkh orzhvw uhmhfwhg

elg lq wkh ghpdqg orw1 D jhqhudwru wkdw lv fkrvhq iru glvsdwfk lv frpplwwhg wr jhqhudwh wkh vshfl�hg

ordg lw zrq ru lqfxu d odujh shqdow|1�e Rqfh fkrvhq iru glvsdwfk/ lw pd| eh fdoohg xsrq wr jhqhudwh

dw lwv fdsdflw|/ l1h1/ d jhqhudwru lv xqdeoh wr zlwkkrog jhqhudwlrq1 Wklv dvvxpswlrq lv pdqlihvwhg

e| wkh dxfwlrqhhu*v nqrzohgjh ri hdfk jhqhudwru*v fdsdflw| dqg wkh xql0glphqvlrqdo vwuxfwxuh ri doo

elgv�D1

Dvvxph wkdw doo jhqhudwruv duh ulvn0qhxwudo dqg fkrrvh wkhlu elgv vr dv wr pd{lpl}h wkhlu h{0

shfwhg sur�wv/ zkhuh sur�wv duh gh�qhg dv wkh gl�huhqfh ehwzhhq wkh wrwdo sd|phqwv uhfhlyhg rq

dqg wkh wrwdo frvw lqfxuuhg wr phhw lwv jhqhudwlrq frpplwphqw1

��� ,�U�i?| ��__�?}

Lq dq| dxfwlrq vhwwlqj/ d jhqhudwru zloo dgrsw d vwudwhj| wkdw pd{lpl}hv lwv h{shfwhg sur�w frq0

glwlrqdo rq zkdw vwudwhjlhv lw eholhyhv lwv rssrqhqwv duh xvlqj1 Jlyhq wkh v|pphwu| lq eholhiv/ lw

lv qdwxudo wr eholhyh wkdw wzr jhqhudwruv ri wkh vdph w|sh zloo elg wkh vdph zd|1 Khqfh/ iru doo

�eA�i Ti?@*|) �t ti| ��}� i?L�}� t�U� |�@| �| �t ?i�ih �? |�i �?|ihit| Lu @ }i?ih@|Lh |L hi?i}i L? �|t }i?ih@|�L?
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dxfwlrq phfkdqlvpv/ L irfxv p| dwwhqwlrq rq wkh v|pphwulf htxloleulxp elgglqj ixqfwlrqv�S E�>

iru orw 4/ dqg E2> iru orw 5/ zklfk duh ixqfwlrqv ri wkh w|sh sdudphwhu ��.1 Dv wkh gh�qlwlrq ri

wkh ghpdqg orwv fkdqjhv iurp rqh dxfwlrq phfkdqlvp wr dqrwkhu/ vr zloo wkh jhqhudwruv* elgglqj

vwudwhjlhv1 Wkh elgglqj vwudwhjlhv E� dqg E2 pds iurp d jhqhudwruv* w|sh � wr d qrq0qhjdwlyh elg/

iru doo � 5 +3> 4,=

Iru wkh htxloleulxp elgglqj vwudwhjlhv wr |lhog wkh h�flhqw glvsdwfk/ wkh| pxvw hdfk frqvwlwxwh

dq h�flhqw elg rughulqj1

Gh�qlwlrq 4 Dq h�flhqw elg rughulqj lv dq rughulqj ri elgv dv d ixqfwlrq ri � zklfk/ iru doo

uhdol}dwlrqv ri �> |lhogv wkh h�flhqw glvsdwfk1

L gh�qh dq htxloleulxp elgglqj vwudwhj| zklfk lv dq h�flhqw elg rughulqj +|lhogv wkh h�flhqw

glvsdwfk, wr eh dq h�flhqw Ed|hvldq htxloleulxp elgglqj vwudwhj| +HEHEV,1 Wkh surfhvv ri �qglqj

wkh HEHEV ri dq dxfwlrq phfkdqlvp frpsulvhv wzr vwhsv1 Iluvw/ wkh h{lvwhqfh ri dq h�flhqw elg

rughulqj pxvw eh hvwdeolvkhg1 Rqfh hvwdeolvkhg/ wkh h{lvwhqfh ri dq HEHEV pxvw eh fkhfnhg1 Wklv

lv grqh e| vroylqj wkh h{shfwhg sur�w pd{lpl}dwlrq sureohp iru rqh jhqhudwru/ dvvxplqj doo rwkhuv

duh elgglqj wkhlu wuxh w|shv dqg xvlqj dq HEHEV1 Li hlwkhu wkh h�flhqw elg rughulqj ru wkh HEHEV

lv irxqg qrw wr h{lvw/ wkhq wkh dxfwlrq phfkdqlvp xqghu frqvlghudwlrq grhv qrw kdyh d v|pphwulf

sxuh0vwudwhj| HEHEV1

e +LM�t|?itt +it�*|t

Lq wklv vhfwlrq/ zh whvw wkh delolw| ri wkh irxu lghqwl�hg dxfwlrq phfkdqlvpv wr dfklhyh surgxfwlyh

h�flhqf| xqghu wkuhh dowhuqdwlyh ghpdqg vfhqdulrv1 Li/ lq d ghpdqg vfhqdulr/ wkhuh h{lvw HEHEV lq

dq dxfwlrq phfkdqlvp/ wkhq lw dfklhyhv surgxfwlyh h�flhqf| dqg wkh h�flhqw glvsdwfk1 Wkh jrdo lv

wr lghqwli| zklfk/ li dq|/ dxfwlrq phfkdqlvpv fdq |lhog wkh h�flhqw glvsdwfk xqghu doo wkuhh ghpdqg

vfhqdulrv/ l1h1/ wr lghqwli| dq dxfwlrq phfkdqlvp iru zklfk wkhuh h{lvwv d v|pphwulf sxuh0vwudwhj|
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HEHEV xqghu doo wkuhh ghpdqg vfhqdulrv1 Wklv lv grqh wr lghqwli| dq dxfwlrq phfkdqlvp zklfk lv

urexvw wr srvvleoh frpsohphqwdulwlhv lq frvwv1

Zkloh zh dvvxph wkh vdph ghpdqg vkdsh lq hdfk ri wkh iroorzlqj wkuhh vfhqdulrv/ wkh sduwlf0

lsdwlqj jhqhudwruv* frvw ixqfwlrqv duh ydulhg |lhoglqj gl�huhqw h�flhqf| rughulqjv1 Wklv doorzv xv

wr h{soruh srvvleoh frpsohphqdulw| vfhqdulrv zlwkrxw xqqhffhvvdu| pdwkhpdwlfdo frpsolfdwlrqv1

e�� #iTi?_i?|

Lq wkh Ghshqghqw vfhqdulr/ wkh hqwluh ghpdqg fdq eh vxssolhg e| rqh jhqhudwru xvlqj wkh vdph

jhqhudwlqj sodqw1 Lq wklv fdvh jhqhudwruv duh elgglqj iru ghpdqg orwv zkhuh wkh frvw wr vxsso| rqh

ghpdqg orw lv ghshqghqw xsrq wkh rxwfrph lq wkh dxfwlrq ri dqrwkhu orw1 Wklv vfhqdulr fdq eh

h�hfwlyho| fdswxuhg lq d iudphzrun zkhuh ghpdqg lv dv lq �jxuh 9/ I lv xqlirup glvwulexwlrq ryhu

^3/4`�H/ wkhuh duh q. 4 A 5 jhqhudwruv/ hdfk rzqlqj 4 sodqw zlwk d fdsdflw| ri 5 PZ/ jhqhudwruv*

frvwv duh jlyhq e| htxdwlrqv +4,0+7,/ dqg wkh jhqhudwru*v h�flhqf| rughulqjv iru t @ 4 dqg 6 duh dv

lq �jxuh 61 +Qr h�flhqf| rughulqj dvvxpswlrq qhhg eh pdgh iru t @ 5,1 Gxh wr wkh fdsdflw| olplwv

ri 5 PZ/ lw lv srvvleoh iru rqh jhqhudwru wr vxsso| wkh hqwluh ghpdqg1

Uhfdoo wkdw wkh elg iru orw 5 + orw 4, lq d krul}rqwdo dxfwlrq lqglfdwhv wkh plqlpxp sulfh d

jhqhudwru pxvw eh sdlg wr jhqhudwh 4 PZ iru 5 +4, krxuv1 Wkh elg iru orw 5 + orw 4, lq d yhuwlfdo

dxfwlrq lqglfdwhv wkh plqlpxp sulfh d jhqhudwru pxvw eh sdlg wr jhqhudwh 5+4, PZ iru 4 krxu1

Zkhq dxfwlrqhg vhtxhqwldoo|/ orw 5 lv dxfwlrqhg ehiruh orw 41 Lq wkh ghshqghqw iudphzrun/ li wkh

HEHEV iru wkh vhtxhqwldo dxfwlrqv vkrxog h{lvw/ E2 zloo eh v|pphwulf exw E� zloo qrw1 Wklv lv

ehfdxvh wkh zlqqhu ri orw 5*v wuxh frvw wr vxsso| orw 4 lv qr orqjhu jlyhq e| htxdwlrq 4 exw lv rqo|

e+�,=

Sursrvlwlrq 5 Xqghu wkh ghshqghqw iudphzrun rxwolqhg deryh/ wkhuh h{lvw HEHEV iru wkh krul0

}rqwdo vhtxhqwldo dqg yhuwlfdo vhtxhqwldo dxfwlrq ri ghpdqg1 Wkhvh HEHEV duh/

E2+�, @ F+5> �, .
4

q
++4� �,�3?++4� q,q+

�]

w
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E�+�, @

�
e+�, @ F�+4> �, li zrq orw 5

F+4> �, rwkhuzlvh

�
+9,

Surri= Vhh Dsshqgl{1

Uhpdun= +Wkh iroorzlqj uhpdunv dsso| htxdoo| wr wkh krul}rqwdo dqg yhuwlfdo vhtxhqwldo dxf0

wlrqv1, Iru wkh frvw ixqfwlrq dqg fdsdflw| olplwv fkrvhq/ lw lv lq idfw h�flhqw iru rqh jhqhudwru/ wkh

jhqhudwru zlwk wkh orzhvw �/ wr vxsso| wkh hqwluh ghpdqg1 F+t> �, lv gh�qhg vxfk wkdw lw lv dozd|v

ohvv frvwo| wr lqfuhdvh wkh rxwsxw ri d jhqhudwru douhdg| rq +wkh jhqhudwru zkr zrq lq wkh �uvw

dxfwlrq, wkdq wr wxuq0rq d qhz jhqhudwru�b1 D vhtxhqwldo dxfwlrq ri wkh ghpdqg doorzv jhqhudwruv

wr h�hfwlyho| uh�hfw wkhlu uhodwlyh frvw dgydqwdjhv ri jhqhudwlqj 6 PZk dqg uhvxowv lq wkh h�flhqw

glvsdwfk1 Lw pdnhv wklv srvvleoh e| hqvxulqj wkdw zkrphyhu zlqv orw 5 zloo zlq orw 41 Wklv lv eh0

fdxvh/ dv d 5?_ sulfh dxfwlrq/ wkh jhqhudwruv kdyh d grplqdqw vwudwhj| wr elg wkhlu wuxh frvwv lq wkh

vhfrqg dxfwlrq1 Khqfh/ wkh zlqqhu ri �uvw dxfwlrq lv jxdudqwhhg wr zlq lq wkh vhfrqg1 Nqrzohgjh

ri wkh htxloleulxp ehkdylru lq wkh vhfrqg dxfwlrq lqgxfhv jhqhudwruv wr frpshwh lq wkhlu frvw wr

vxsso| 6 PZk +wkh hqwluh ghpdqg, lq wkh �uvw dxfwlrq/ dqg uhvxowv lq wkh h�flhqw glvsdwfk lq

htxloleulxp1

Sursrvlwlrq 6 Xqghu wkh ghshqghqw iudphzrun rxwolqh deryh/ wkhuh gr qrw h{lvw HEHEV iru wkh

krul}rqwdo vlpxowdqhrxv ru yhuwlfdo vlpxowdqhrxv dxfwlrqv ri ghpdqg1

Surri= Vhh Dsshqgl{/

Uhpdun= +Wkh iroorzlqj glvfxvvlrq dssolhv erwk wr krul}rqwdo vlpxowdqhrxv dqg yhuwlfdo vl0

pxowdqhrxv dxfwlrqv,1 Lq rughu iru dq dxfwlrq wr dfklhyh wkh h�flhqw glvsdwfk/ lw pxvw vxffhhg

lq surylglqj jhqhudwruv zlwk wkh lqfhqwlyh wr vxeplw elgv wkdw duh d prqrwrqlf wudqvirupdwlrq ri

wkhlu frvwv F+t> �, iru vrph rxwsxw ohyho t1 D vlpxowdqhrxv dxfwlrq ri orwv zlwk ghshqghqw frvw grhv

qrw surylgh jhqhudwruv zlwk wkhvh lqfhqwlyhv dqg khqfh fdq qrw eh h{shfwhg wr |lhog wkh h�flhqw

glvsdwfk lq htxloleulxp1

Wr wkh dfklhyh wkh h�flhqw glvsdwfk lq wklv ghshqghqw iudphzrun/ wkh jhqhudwruv pxvw elg iru

orwv 5 dqg 4 rq wkh edvlv ri F+6> �,/ l1h1/ E� dqg E2 pxvw eh prqrwrqlfdoo| lqfuhdvlqj1 Krzhyhu wkh
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phfkdqlvp ri d vlpxowdqhrxv dxfwlrq grhv qrw surylgh jhqhudwruv zlwk wkh lqfhqwlyh wr elg dv vxfk1

Jlyhq wkdw erwk elgv duh vxeplwwhg vlpxowdqhrxvo|/ lw lv qrw +rswlpdo, sur�w pd{lpl}lqj ehkdylru

iru vd|/ d jhqhudwru zlwk d odujh �> wr elg rq wkh edvlv ri F+6> �,= Lwv frpsdudwlyh dgydqwdjh lv lq wkh

jhqhudwlrq ri 4 PZk +uhfdoo iurp �jxuh 6+d, wkdw F+4> �, lv prqrwrqlfdoo| ghfuhdvlqj, dqg khqfh

lw zloo elg djjuhvvlyho| iru orw 4 rq wkh edvlv ri F+4> �,=2f

Lq wkh oljkw ri sursrvlwlrq 5/ lw lv srvvleoh wr holplqdwh iurp frqvlghudwlrq dq| irup ri vlpxo0

wdqhrxv dxfwlrq1 Zkloh wkh qdwxuh ri d vhtxhqwldo dxfwlrq surylghv jhqhudwruv zlwk wkh surshu

lqfhqwlyh wr frpshwh rq wkhlu frvw wr vxsso| wkh hqwluh ghpdqg/ d vlpxowdqhrxv dxfwlrq grhv qrw

dqg khqfh wkhuh grhv qrw h{lvw d v|pphwulf sxuh0vwudwhj| HEHEV1

e�2 W?_iTi?_i?|

Wkh vhfrqg vfhqdulr wr eh h{dplqhg lv rqh zkhuh wkh hqwluh ghpdqg fdq eh vxssolhg e| rqh jhqhudwru

xvlqj gl�huhqw jhqhudwlqj sodqwv1 Wklv vlwxdwlrq lv fdswxuhg lq dq hqylurqphqw zlwk ghpdqg jlyhq

dv lq �jxuh 9 dqg q. 4 A 5 jhqhudwruv/ hdfk ri zkrp rzq 5 lghqwlfdo sodqwv zlwk d fdsdflw| ri 4

PZ hdfk2�1 Lq wklv ghpdqg vfhqdulr wkh jhqhudwruv* frvwv ryhu orwv duh lqghshqghqw lq d krul}rqwdo

dxfwlrq1 Dvvxph wkdw ghpdqg lv dv lq �jxuh 9/ I lv xqlirup glvwulexwlrq ryhu ^3/4`/ jhqhudwruv*

frvwv duh jlyhq e| htxdwlrqv +4,0+7,/ dqg wkh jhqhudwru*v h�flhqf| rughulqjv iru t @ 4 dqg 5 duh dv

lq �jxuh ;1 +Qr h�flhqf| rughulqj dvvxpswlrq qhhg eh pdgh iru t @ 6,1

Lq d krul}rqwdo vhtxhqwldo dxfwlrq/ wkh h�flhqw glvsdwfk frqvlvwv ri wkh orzhvw rughu vwdwlvwlf

� zlqqlqj orw 5 dqg wkh kljkhvw rughu vwdwlvwlf � zlqqlqj orw 41 Lq d yhuwlfdo vhtxhqwldo dxfwlrq/

wkh h�flhqw glvsdwfk frqvlvwv ri wkh orzhvw dqg kljkhvw rughu vwdwlvwlf �v zlqqlqj lq orw 5 dqg wkh

orzhvw rughu vwdwlvwlf � zlqqlqj orw 41

Sursrvlwlrq 7 Xqghu wkh lqghshqghqw vfhqdulr rxwolqhg deryh/ wkhuh h{lvw HEHEV lq wkh krul}rq0

wdo vhtxhqwldo dxfwlrq ri ghpdqg1 Wkh HEHEV duh/

E2+�, @ F+5> �, +:,

2f
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C(1, q) C(2, q)

q q

(a) (b)

Iljxuh ;= Frvw ixqfwlrq iru 4 dqg 5 PZk1

E�+�, @ F+4> �,

Surri= Vlqfh hdfk jhqhudwru rzqv wzr sodqwv/ hdfk zlwk d fdsdflw| ri 4 PZ/ lwv frvwv wr vxsso|

orwv 5 dqg 4 duh lqghshqghqw1 Wklv lv ehfdxvh wkh orwv* khljkw +phdvxuhg lq PZ, h{dfwo| pdwfkhv

hdfk ri wkh sodqw*v fdsdflw|1 Khqfh wkh wzr dxfwlrqv fdq eh dqdo|}hg lqghshqghqwo| dv wzr vhsdudwh

dqg xquhodwhg dxfwlrqv1 Lq d 5?_ sulfh dxfwlrq/ lw lv d grplqdqw vwudwhj| iru jhqhudwru wr elg wkhlu

wuxh frvwv dqg khqfh wkh htxloleulxp elgv duh dq h�flhqw elg rughulqj1 Lw lv lpsruwdqw wr qrwh wkdw

wklv uhvxow krogv wkh prvw jhqhudo ri dvvxpswlrqv/ l1h1/ zkhq � 5^3/4` zlwk fxpxodwlyh glvwulexwlrq

I dqg wkh jhqhudwruv* frvwv duh jlyhq e| htxdwlrqv +4,0+7, dqg wkhuh duh qr dvvxpswlrq pdgh rq

wkh h�flhqf| rughulqjv iru dq| txdqwlw|1

Sursrvlwlrq 8 Xqghu wkh lqghshqghqw iudphzrun rxwolqhg deryh/ wkhuh gr qrw h{lvw HEHEV lq d

yhuwlfdo vhtxhqwldo dxfwlrq ri ghpdqg1

Surri= Vhh Dsshqgl{1

Uhpdun= Wkh �uvw vwhs lq hvwdeolvklqj zlwk h{lvwhqfh ri dq HEHEV lv wr lghqwli| wkh h�flhqw

elg rughulqj iru wkh dxfwlrq phfkdqlvp1 L irxqg wkdw wkhuh grhv qrw h{lvw dq h�flhqw elg rughulqj

lq d yhuwlfdo vhtxhqwldo dxfwlrq xqghu wkh lqghshqghqw iudphzrun1 Lq rughu wr dfklhyh wkh h�flhqw

glvsdwfk/ wkh orzhvw dqg kljkhvw rughu vwdwlvwlfv �v + wkh ohdvw0frvw jhqhudwruv ri 5 dqg 4 PZk/

uhvshfwlyho|, pxvw vxeplw wkh orzhvw elgv dqg zlq glvsdwfk lq krxu 41 Xvlqj d vlpsoh 6 jhqhudwru
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h{dpsoh/ lw lv hdv| wr suryh wkdw/ iru gl�huhqw uhdol}dwlrqv ri �> wkh elg rughulqj qhfhvvdu| wr lqgxfh

wkh h�flhqw glvsdwfk lq orw 5 duh frqwudglfwru| dqg khqfh dq h�flhqw elg rughulqj gr qrw h{lvw1

D yhuwlfdo vhtxhqwldo dxfwlrq idlov wr surylgh jhqhudwruv zlwk wkh qhfhvvdu| lqfhqwlyh wr vxeplw

elgv wkdw duh d prqrwrqlf wudqvirupdwlrq ri wkhlu uhodwlyh h�flhqf| zlwk uhvshfw wr vrph rxwsxw

ohyho1 Lqvwhdg/ lw uhtxluhv wkdw/ lq orw 5/ jhqhudwruv gl�huhqwldwh wkhpvhoyhv dv wkh srwhqwldo ohdvw0

frvw surgxfhu ri 4 PZk ru 5 PZkv dqg elg rq wkh edvlv ri wzr gl�huhqw frvwv/ F+4> �, dqg F+5> �,>

vlpxowdqhrxvo|1 Rq wkh rwkhu kdqg/ d krul}rqwdo vhtxhqwldo dxfwlrq vxffhhgv lq surylglqj wkh fruuhfw

lqfhqwlyhv e| vkdslqj wkh ghpdqg orwv wr wkh jhqhudwruv* fdsdflw| phfkdqlvp1 Lq wkh dxfwlrq iru

orw 5/ doo jhqhudwruv frpshwh rq wkhlu uhodwlyh h�flhqf| wr vxsso| 5 PZk1 Olnhzlvh/ lq wkh dxfwlrq

ri orw 4/ wkh| frpsohwh rq wkhlu uhodwlyh h�flhqf| wr vxsso| 4 PZk1

Iurp sursrvlwlrqv 6 dqg 7 zh duh deoh wr qduurz rxu olvw ri vxffhvvixo dxfwlrq phfkdqlvpv wr d

krul}rqwdo vhtxhqwldo dxfwlrq1 Zh �qg wkdw lq idfw/ d krul}rqwdo vhtxhqwldo dxfwlrq lv deoh wr surylgh

jhqhudwruv zlwk wkh fruuhfw lqfhqwlyhv vr dv wr jxdudqwhh wkh h�flhqw glvsdwfk lq dq| _lqghshqghqw%

vfhqdulr/ wkdw lv iru dq| ydoxhv ri d+�, dqg e+�, vdwlvi|lqj htxdwlrqv +4,0+7,1

e�� ,�|�ih�Lh

Wkh odfn ri h{lvwhqfh ri HEHEV iru d yhuwlfdo vhtxhqwldo dxfwlrq ohdyhv xv rqo| zlwk d krul}rqwdo

vhtxhqwldo dxfwlrq wr frqvlghu lq wkh �qdo vfhqdulr1 Jhqhudwruv zloo riwhq idfh d vfhqdulr zkhuh

pdq| jhqhudwruv pxvw eh xvhg wr vdwlvi| ghpdqg1 Lq d krul}rqwdo dxfwlrq/ wklv uhgxfhv grzq wr

wkh fkrlfh ri hlwkhu zlqqlqj rqh orw ru dqrwkhu +uhfdoo wkdw lq wkh lqghshqghqw vfhqdulr/ d jhqhudwru

idfhg qr fdsdflw| frqvwudlqwv dqg frxog zlq erwk orwv,1 D jhqhudwru pxvw riwhq ghflgh zkhwkhu wr

elg djjuhvvlyho| iru orwv dxfwlrqhg hduo| rq dqg/ vkrxog lw zlq/ eh xqdeoh wr sduwlflsdwh lq ixuwkhu

dxfwlrqv gxh wr fdsdflw| frqvwudlqwv/ ru zdlw iru odwhu dxfwlrqv lq zklfk wr elg djjuhvvlyho|1

Wklv vfhqdulr fdq eh h�hfwlyho| fdswxuhg lq d iudphzrun zlwk ghpdqg jlyhq dv lq �jxuh 9 dqg

q.4 A 5 jhqhudwruv/ hdfk ri zkrp rzqv 4 sodqw zlwk d fdsdflw| ri 4 PZ1 Dvvxph wkdw � 5^3/4` zlwk

fxpxodwlyh glvwulexwlrq I / wkh jhqhudwruv* frvwv duh jlyhq e| htxdwlrqv +4,0+7,/ dqg wkh jhqhudwru*v

h�flhqf| rughulqjv iru t @ 4 dqg 5 duh dv lq �jxuh ;1 +Qr h�flhqf| rughulqj dvvxpswlrq qhhg

eh pdgh iru t @ 6,= Jlyhq wkh dvvxphg frvw phfkdqlvp/ wkh h�flhqw glvsdwfk uhtxluhv wkh orzhvw

rughu vwdwlvwlf � wr zlq orw 5 dqg wkh kljkhvw rughu vwdwlvwlf � wr zlq orw 41
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Sursrvlwlrq 9 Lq wkh hlwkhu0ru iudphzrun rxwolqhg deryh/ wkhuh h{lvw HEHEV iru wkh krul}rqwdo

vhtxhqwldo dxfwlrq ri ghpdqg1 Wkh HEHEV duh/

E2+�, @ F+5> �, +;,

E�+�, @ F+4> �,

Surri= Vhh Dsshqgl{1

Uhpdun= Qrw rqo| grhv d krul}rqwdo vhtxhqwldo dxfwlrq ri ghpdqg |lhog wkh h�flhqw glvsdwfk/

exw jhqhudwruv elg wkhlu wuxh frvwv lq erwk dxfwlrqv1 Wklv uhvxow lv txlwh lqwxlwlyh= D jhqhudwru

zkr rzqv 4 sodqw zlwk d fdsdflw| ri 4 PZ/ fdq zlq lq dw prvw rqh dxfwlrq1 Vlqfh wkhuh gr qrw

h{lvw ghshqghqw ydoxdwlrqv dfurvv orwv/ jhqhudwruv frpshwh lq hdfk orw rq wkh edvlv ri wkhlu frvwv/

F+4> �, iru orw 4 dqg F+5> �, iru orw 5= Gxh wr wkh vwulfw prqrwrqlflw|/ lq rssrvlwh gluhfwlrqv/ ri

F+4> �, dqg F+5> �, d jhqhudwru fdq zlq lq dw prvw rqh dxfwlrq +lw fdq hlwkhu wkh eh kljkhvw rughu

vwdwlvwlf �> ru wkh orzhvw rughu vwdwlvwlf �> exw qrw erwk,1 Jlyhq d jhqhudwru fdq krsh wr zlq lq

dw prvw rqh 5qg sulfh dxfwlrq/ lwv grplqdqw vwudwhj| lv wuxh0frvw elgglqj lq erwk dxfwlrqv1 Lw

pxvw eh hpskdvl}hg wkdw wuxh0frvw elgglqj lv d gluhfw uhvxow ri F+4> �, ehlqj vwulfwo| prqrwrqlfdoo|

ghfuhdvlqj lq � dqg F+5> �, ehlqj vwulfwo| prqrwrqlfdoo| lqfuhdvlqj lq � dqg lw lv qrw jhqhudol}deoh

wr d jhqhudo frvw ixqfwlrq iudphzrun= Krzhyhu/ iru dq| irupv ri d+=, dqg e+=, vdwlvi|lqj �jxuh ;/

wkhuh gr h{lvw HEHEV lq wkh krul}rqwdo vhtxhqwldo dxfwlrq1

D �L?U*�t�L?

Wklv sdshu kdv dgguhvvhg wkh txhvwlrq ri zkhwkhu ydulrxv hohfwulflw| dxfwlrq phfkdqlvp fdq jxdu0

dqwhh surgxfwlyh h�flhqf| xqghu gl�huhqw frpsohphqwdulw| vfhqdulrv1 Lq sduwlfxodu/ L orrnhg dw

irxu olnho| fdqglgdwh phfkdqlvpv dqg hydoxdwhg wkhlu shuirupdqfh xqghu wkuhh vfhqdulrv1 Rqo|

d krul}rqwdo vhtxhqwldo dxfwlrq zdv irxqg wr jxdudqwhh surgxfwlyh h�flhqf| lq htxloleulxp xqghu

doo wkuhh frpsohphqwdulw| vfhqdulrv1 Wkh nh| wr lwv vxffhvv olhv lq lwv delolw| wr hlwkhu 4, vkdsh

ghpdqg orwv wr plplf wkh fdsdflw| phfkdqlvp ri jhqhudwruv +dv lq wkh lqghshqghqw dqg hlwkhu0ru

vfhqdulrv, ru 5, surylgh jhqhudwruv zlwk wkh fruuhfw lqfhqwlyh wr vxeplw elgv wkdw duh d prqrwrqlf

wudqvirupdwlrq ri wkhlu frvw F+tW> �, iru vrph rxwsxw ohyho tW A 3 +dv lq wkh ghshqghqw vfhqdulr,=
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Wkhvh uhvxowv vshdn lq idyru ri dgrswlqj d krul}rqwdo dxfwlrq iru hohfwulflw|1 Krzhyhu/ wkhuh lv

vwloo pxfk uhvhdufk ohiw wr eh grqh ehiruh zh fdq jxdudqwhh surgxfwlyh h�flhqf| dw doo wlphv1 Wkh

h�flhqf| ri krul}rqwdo vhtxhqwldo dxfwlrqv pxvw eh whvwhg xqghu d ulfkhu ydulhw| ri ghpdqg dqg

frvw vfhqdulrv1 Lq dgglwlrq/ lw zrxog eh ri juhdw lqwhuhvw wr uhod{ wkh xql0glphqvlrqdolw| dvvxpswlrq

rq elgv dqg wr vwxg| wkh vwudwhjlf ehkdylru ri jhqhudwruv zkhq txdqwlw| dv zhoo dv hqhuj| elgv

duh doorzhg1 Ilqdoo|/ wkh h�flhqf| surshuwlhv ri dxfwlrq phfkdqlvpv lq d prgho zklfk doorzv iru

ghpdqg dv zhoo dv vxsso|0vlgh elgglqj vkrxog eh vwxglhg1
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Dsshqgl{

Uhfdoo wkdw wkh frvw ixqfwlrqv dvvxphg khuh vdwlvi| wkh iroorzlqj irxu frqglwlrqv=

Frqglwlrq 4, F+t> �, @ d+�, . e+�,t

Frqglwlrq 5, d�+�, ? 3> e�+�, A 3

Frqglwlrq 6, ;� < at+�, vxfk wkdw F+at+�,> �, ? F+at+�,> h�, ; h� 9@ �

Frqglwlrq 7, at�+�, ? 3

Frqglwlrqv 4 ) 5 lpso| wkdw dq| sdlu ri wrwdo frvw olqhv furvv rqo| rqfh1 Frqglwlrqv 406 lpso|

wkdw doo olqhv pxvw furvv1 Frqglwlrqv 407 lpso| wkdw/ iru dq| a� dqg fruuhvsrqglqj at+a�,> F+t> �,

lv prqrwlqlfdoo| lqfuhdvlqj iru doo � ? a� dqg lv prqrwrqlfdoo| lqfuhdvlqj iru doo � A a�= Wklv odvw

revhuydwlrq lv zkdw doorzv xv wr prgho wkh h�flhqf| rughulqj iru dq| txdqwlw| dv hlwkhu vwulfwo|

ghfuhdvlqj/ lqfuhdvlqj/ ru xqlprgdo +dv lq �jxuh 6,1

Wkh xqlprgxodulw| ri h�flhqf| rughulqj fdq hdvlo| eh vhhq xvlqj d vlpso| h{dpsoh1 Vxssrvh

wkdw wkhuh h{lvw rqo| irxu jhqhudwru w|shv/ �� iru l @ 4> ==> 7> zkrvh wrwdo frvw fxuyhv duh jlyhq dv lq

�jxuh [1 Gh�qh tW�� wr eh wkh txdqwlw| dw zklfk F+t> ��, @ F+t> ��,= Zh nqrz wkdw iru dq| t ? tW
�2
>

F+t> ��, ? F+t> �2, dqg iru dq| t A tW
�2
> F+t> ��, A F+t> �2,= Olnhzlvh zh nqrz wkdw iru dq| t ? tW

��
>

F+t> ��, ? F+t> ��, dqg wkdw iru dq| t A tW
��
> F+t> ��, A F+t> ��,= Uhshdwlqj wklv h{huflvh iru doo

srvvleoh sdluv jlyhv xv =

� Iru at+��, ? tW�2> F+t> ��, ? F+t> �2, ? F+t> ��, ? F+t> �e,

� Iru tW�2 ? at+�2, ? tW2�> F+t> ��, A F+t> �2, ? F+t> ��, ? F+t> �e,

� Iru tW2� ? at+��, ? tW�e> F+t> ��, A F+t> �2, A F+t> ��, ? F+t> �e,

� Iru tW�e ? at+�e,> F+t> ��, A F+t> �2, A F+t> ��, A F+t> �e,
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Lq wkh surriv wr doo wkh sursrvlwlrqv/ L frqvlghu wkh h{shfwhg sur�w pd{lpl}dwlrq sureohp ri d

jhqhudwru ri w|sh � +uhihuuhg wr dv jhqhudwru �,> dvvxplqj wkdw doo rwkhu jhqhudwruv elgv wuxwkixoo|/

l1h1/ d jhqhudwruv ri w|sh $ 5 ^3> 4` elgv ^E�+$,>E2+$,` iru orwv 5 dqg 4/ uhvshfwlyho|1 Gh�qh

�E�� � �E2� � === � �E?� wr eh wkh rughu vwdwlvwlfv ri wkh rwkhu jhqhudwruv* w|shv1

Surri wr Sursrvlwlrq 4= Wkh surriv iru wkh krul}rqwdo dqg yhuwlfdo vhtxhqwldo dxfwlrqv duh

lghqwlfdo1 Uhfdoo wkdw wkh jhqhudwruv* frvwv duh jlyhq e| htxdwlrqv +4,0+7, dqg wkh jhqhudwru*v

h�flhqf| rughulqjv iru t @ 4 dqg 6 duh dv lq �jxuh 6= Lq rughu wr lghqwli|/ vkrxog wkh| h{lvw/ wkh

HEHEV E� dqg E2 iru wkh vhtxhqwldo dxfwlrq/ lw lv dssursuldwh wr hpsor| edfnzdugv lqgxfwlrq1

Diwhu orw 5 kdv ehhq dxfwlrqhg dqg lwv zlqqhu pdgh sxeolf nqrzohgjh/ wkh jhqhudwruv elg iru orw 41

Wkh dxfwlrq iru orw 4 lv d 5?_ sulfh vlqjoh remhfw dxfwlrq +wkh vlqjoh remhfw ehlqj orw 4, dqg khqfh

wkh jhqhudwruv kdyh d grplqdqw vwudwhj| wr elg wkhlu wuxh frvwv wr vxsso| orw 41 Iru wkh dvvxphg

frvw ixqfwlrq/ d+�, . e+�, � e+e�, / iru ;�> e� 5 ^3> 4` > � 9@ e�/ lpso|lqj wkdw wkh frvw ri vxsso|lqj orw

4 iru wkh jhqhudwru zkr zrq orw 5 lv ohvv wkdq iru doo rwkhu jhqhudwruv1 Wkhvh wzr idfwv frpelqhg

lpso| wkdw wkh zlqqhu ri orw 5 zloo dovr zlq orw 41

Vwhsslqj edfn wr wkh �uvw dxfwlrq/ lq rughu iru wkh h�flhqw glvsdwfk wr rffxu lq htxloleulxp/ wkh

jhqhudwruv pxvw elg iru orw 5 lq lqfuhdvlqj rughu ri whfkqrorj| w|sh/ l1h1/ wkh h�flhqw elg rughulqj

lpsolhv wkdw E2 pxvw eh vwulfwo| prqrwrqlfdoo| lqfuhdvlqj1 Wklv lv hylghqw iurp wkh idfw wkdw wkh

zlqqhu ri orw 5 zloo dovr zlq orw 4 dqg wkdw F+6> �, lv vwulfwo| prqrwrqlfdoo| lqfuhdvlqj +vhh �jxuh

6+f,,1

Vxssrvh wkdw E2 lv lqfuhdvlqj dqg frqvlghu wkh ghflvlrq ri jhqhudwru �= Jhqhudwru �*v h{shfwhg

sur�w iurp erwk dxfwlrqv jlyhq lw elgv dv w|sh u zkhq lwv wuxh w|sh lv � lv

Y +u> �, @ HiE2+�E��, .F+4> �E?�,�F+6> �,mu ? �E��j Su+u ? �E��, +<,

@ q

�]
o

^+F+4> �,�F�+t> �,,+I +�,� I +u,,?3� +43,

.+E2+�,�F+5> �,,+4� I +�,,?3�`i+�,g�

Li jhqhudwru � vxeplwv wkh orzhvw elg dqg zlqv orw 5 lw uhfhlyhv E2+�E��, iru orw 5 dqg F+4> �E?�,

iru orw 4 +uhfdoo wkdw F+4> �, lv prqrwrqlfdoo| ghfuhdvlqj lq �,1
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Gl�huhqwldwlqj htxdwlrq +43, dqg vhwwlqj Y�+�> �, @ 3 +xqghu wkh dvvxpswlrq wkdw � �X+3> 4, ,

|lhogv htxdwlrq +8,/ wkh qhfhvvdu| frqglwlrq iru wuxwkixo whoolqj wr eh rswlpdo iru jhqhudwru �= Dv

vkrzq ehorz/ E2 lv +dv zdv dvvxphg, prqrwrqlfdoo| lqfuhdvlqj iru doo q � 5=

Ohppd : E2+�, lv prqrwrqlfdoo| lqfuhdvlqj1

Surri1 E�

2+�, @ F2+5> �, .
E�3?�

E�3w�?3�

�
E?3��

E�3w�

�U
w

+�� �,?32+F+4> d, .F�+t> �,,g�

�

.
E�3?�

E�3w�?3�

�
�U
w

+5� q,+�� �,?3�+F+4> d, .F�+t> �,,�F�2+t> �,+�� �,?32g�

�

Iru E2 wr eh prqrwrqlfdoo| lqfuhdvlqj/ wkh uljkw kdqg vlgh ri wkh htxdwlrq deryh pxvw eh

srvlwlyh1 Iru wkh uljkw kdqg vlgh wr eh srvlwlyh/ zh qhhg +wklv h{suhvvlrq lv ghulyhg e| lqwhjudwlqj

wkh whup lq wkh lqwhjudqg h{suhvvlrq dqg qrwlqj wkdw

F2+5> �, .F�2+4> �, @ F2+6> �,

�

�
+q� 4,

+4� �,?3�

�
^
+q� 4,

+4� �,

�]
w

+�� �,?32+F+4> d, .F�+t> �,,g�

�

�]
w

+q� 5,+�� �,?3�+F+4> d, .F�+t> �,,`

zklfk fdq eh uhzulwwhq dv/

F2+6> �, �
E?3��

E�3w�?3�

�U
w

^F+4> d, .F�+t> �,� ~} �
#

`^
+q� 4,

+4� �,
+�� �,?32 � +q� 6,+�� �,?3�

� ~} �
�

`g�

Wr hqvxuh wkdw E2+�, lv prqrwrqlfdoo| lqfuhdvlqj/ lw lv vx�flhqw wr vkrz wkdw wkh lqwhjudo lv

qhjdwlyh1 � lv e| gh�qlwlrq ghfuhdvlqj lq � zkloh � lv erwk srvlwlyh dqg qhjdwlyh iru ryhu � 5 +3> 4,=

Wkh ydoxh ri �> gh�qhg wr eh �W> dw zklfk � fkdqjhv vljqv lv

�W @
q� 5 . �

q� 4

Rq wkh xqlw lqwhuydo/ wkh udqjh ryhu zklfk � lv qhjdwlyh lv odujhu wkdq wkdw ryhu zklfk lw

lv srvlwlyh/ l1h1/ +�> ?32nw
?3�

, A +?32nw
?3�

> 4,1 Vlqfh � lv ghfuhdvlqj lq �> wklv lpsolhv wkdw E2+�, lv

prqrwrqlfdoo| lqfuhdvlqj1 +Vhh �jxuh ehorz,1
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C(1, a)

C1(1,qq)

q 1
(-) (+) n-2+a

 n-1

Iljxuh <=

Iru E2+�, wr eh dq rswlpdo uhvsrqvh iru jhqhudwru �> lw lv vx�flhqw iru Y�2+u> �, � 3=22

Lqghhg/ Y�2+u> �, @ q+4� u,?3�+F2+5> �,.F�2+t> �, @ q+4� u,?3�F2+6> �, � 3 ;u> � 5 ^3> 4` dqg

q A 4= Wkhuhiruh/ wkhuh h{lvw HEHEV iru wkh krul}rqwdo dqg yhuwlfdo vhtxhqwldo dxfwlrqv xqghu wkh

dvvxphg ghshqghqw iudphzrun/ zklfk duh dv lq htxdwlrqv +8, dqg +9,1 [

Surri wr Sursrvlwlrq 5= Wkh surriv iru wkh krul}rqwdo dqg yhuwlfdo vhtxhqwldo dxfwlrqv

duh lghqwlfdo1 Iru wkh h�flhqw glvsdwfk wr rffxu lq htxloleulxp/ E� dqg E2 pxvw erwk eh vwulfwo|

prqrwrqlfdoo| lqfuhdvlqj lq �/ l1h1/ wkh orzhvw whfkqrorj| sdudphwhu jhqhudwru zlqv lq erwk dxfwlrqv1

Vxssrvh wkdw E� dqg E2 duh vwulfwo| prqrwrqlfdoo| lqfuhdvlqj dqg frqvlghu wkh ghflvlrq ri jhqhudwru

�= Wkh h{shfwhg sur�w ri jhqhudwru � zkr elgv dv w|sh u iru orw 4 dqg w|sh v iru orw 5 lv jlyhq e|

Y +u> v> �,>

Y +u> v> �, @ HiE�+�E��,�F+4> �,mu ? �E�� ? vjSu+u ? �E�� ? v, +44,

.HiE2+�E��,�F+5> �,mv ? �E�� ? ujSu+v ? �E�� ? u,

.HiE�+�E��, .E2+�E��,�F+6> �,mu dqg v ? �E��jSu+u dqg v ? �E��,

Y +u> v> �, wdnhv rq gl�huhqw irupv iru u ? v dqg u A v= Lq wkh fdvh ri u ? v / jhqhudwru � fdq

hlwkhu zlq rqo| orw 4 ru erwk orwv 4 dqg 51 Lq wkh fdvh ri u A v> jhqhudwru � fdq hlwkhu zlq rqo| orw

225ii B�it?ih�i @?_ w@gL?| E�bHe� uLh @ ThLLu Lu |�i t��U�i?U) UL?_�|�L?�
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5 ru erwk orwv 4 dqg 51

Iru wkh fdvh ri u ? v> Y +u> v> �, uhgxfhv wr/

Y +u> v> �, @

o]

r

+E�+$,�F+4> �,,g^4� I +$,`? +45,

.

o]

r

+E�+$, .E2+$,�F+6> �,,g^4� I +$,`?

D qhfhvvdu| frqglwlrq iru wuxwkixo0elgglqj wr eh dq rswlpdo iru jhqhudwru �> lv jlyhq e| Y�+�> v> �,

@ 3> zklfk lpsolhv

E�+�, @ F+4> �, +46,

l1h1/ jhqhudwru � pxvw elg lwv wuxh frvw wr jhqhudwh rqo| orw 41 Exw F+4> �, lv prqrwrqlfdoo|

ghfuhdvlqj/ dqg khqfh frqwudglfwv rxu lqlwldo dvvxpswlrq rq wkh vkdsh ri E�1 Dv d uhvxow/ wkhuh

grhv qrw h{lvw dq HEHEV iru orw 4 lq dq krul}rqwdo ru yhuwlfdo vlpxowdqhrxv dxfwlrq1 D vlplodu

dujxphqw/ lq wkh fdvh ri u A v> ghprqvwudwhv wkdw wkhuh grhv qrw h{lvw dq HEHEV iru orw 51

Krzhyhu/ wkh qrqh{lvwhqfh ri dq HEHEV iru orw 4 lv vx�flhqw wr uhixwh wkh delolw| ri d krul}rqwdo

ru yhuwlfdo vlpxowdqhrxv dxfwlrq wr |lhog wkh h�flhqw glvsdwfk lq htxloleulxp1[

Surri wr Sursrvlwlrq 7= Wkh �uvw vwhs lq hvwdeolvklqj zlwk h{lvwhqfh ri dq HEHEV lv wr

lghqwli| wkh h�flhqw elg rughulqj iru wkh dxfwlrq phfkdqlvp1 L irxqg wkdw wkhuh grhv qrw h{lvw

dq h�flhqw elg rughulqj lq d yhuwlfdo vhtxhqwldo dxfwlrq xqghu wkh lqghshqghqw iudphzrun1 Lq

rughu wr dfklhyh wkh h�flhqw glvsdwfk/ wkh orzhvw dqg kljkhvw rughu vwdwlvwlfv �v + wkh ohdvw0frvw

jhqhudwruv ri 5 dqg 4 PZk/ uhvshfwlyho|, pxvw vxeplw wkh orzhvw elgv dqg zlq glvsdwfk lq krxu 41

Xvlqj d vlpsoh 6 jhqhudwru h{dpsoh/ lw lv hdv| wr suryh wkdw/ iru gl�huhqw uhdol}dwlrqv ri �> wkh elg

rughulqj qhfhvvdu| wr lqgxfh wkh h�flhqw glvsdwfk lq orw 5 duh frqwudglfwru| dqg khqfh dq h�flhqw

elg rughulqj grhv qrw h{lvw1 Wkh uhvxowv jhqhudol}h wr rwkhu frvw ixqfwlrqdo irupv dqg q jhqhudwruv/

q A 5=

Vxssrvh wkhuh h{lvw 6 jhqhudwruv/ ri whfkqrorj| w|shv +314/ 316/ 318, zkrvh frvwv duh jlyhq e|

htxdwlrqv +4,0+7, zkhuh d+�, @ +5� �,2 dqg e+�, @ 5�1 Lq rughu wr uhvxow lq wkh h�flhqw glvsdwfk/

jhqhudwruv 318 dqg 314 pxvw zlq lq orw 5 dqg jhqhudwru 314 pxvw zlq orw 4/ l1h1/ E2+3=8, ? E2+3=6,1

5;



Vxssrvh/ lqvwhdg/ wkdw wkh wkuhh jhqhudwruv zkhuh ri w|shv +316/ 318/ 31:,1 Lq wklv vfhqdulr/ iru wkh

h�flhqw glvsdwfk/ jhqhudwruv 316 dqg 31: pxvw zlq lq orw 5 dqg jhqhudwru 316 pxvw zlq orw 4/ l1h1/

E2+3=6, ? E2+3=8,1 Wklv gluhfwo| frqwudglfwv wkh elg rughulqj wkdw zrxog eh qhfhvvdu| lq wkh �uvw

vfhqdulr frqvlghuhg1 Lq idfw/ wkhuh grhv qrw h{lvw dq h�flhqw elg rughulqj iru orw 5 zklfk |lhogv wkh

h�flhqw glvsdwfk iru doo uhdol}dwlrqv ri �=[

Surri ri Sursrvlwlrq 8= Uhfdoo wkdw wkh jhqhudwruv* frvwv duh jlyhq e| htxdwlrqv +4,0+7,

dqg wkh jhqhudwruv* h�flhqf| rughulqj iru t @ 4> 5 lv dv lq �jxuh ;1 Lq wklv hlwkhu0ru iudphzrun/

d jhqhudwru pd| hlwkhu zlq orw 4 ru 5/ exw qrw erwk1 Iru wkh h�flhqw glvsdwfk wr rffxu/ elgv iru

orw 4 pxvw eh vwulfwo| prqrwrqlfdoo| ghfuhdvlqj lq whfkqrorj| sdudphwhu � dqg elgv iru orw 5 pxvw

eh vwulfwo| prqrwrqlfdoo| lqfuhdvlqj lq �1 Wkhvh fdq hdvlo| eh vhhq wr eh wkh h�flhqw elg rughulqj

iurp �jxuhv ;+d, dqg ;+e,1

Hpsor|lqj edfnzdugv lqgxfwlrq/ lw lv d grplqdqw vwudwhj| iru jhqhudwruv wr elg wkhlu wuxh frvwv

iru orw 4 lq wkh vhfrqg dxfwlrq/ l1h1/ E�+�, @ F+4> �, iru � 5 ^3> 4`= Vwhsslqj edfn wr wkh �uvw dxfwlrq/

iru orw 5/ frqvlghu wkh ghflvlrq ri jhqhudwru �= Vxssrvh wkdw E2 lv d prqrwrqlfdoo| lqfuhdvlqj elgglqj

ixqfwlrq1 Jhqhudwru � zlvkhv wr elg iru orw 5 vr dv wr pd{lpl}h lwv wrwdo h{shfwhg sur�wv/ l1h1/ wr

elg dv w|sh u wr pd{lpl}h

Y +u> �, @ HiE2+�E��,�F+5> �,mu ? �E��jSu+u ? �E��, +47,

.HiE�+�E?�,�F+4> �,mu ? �E�� dqg �E?� ? �jSu+u ? �E�� dqg �E?� ? �,

Iru u � �

Y +u> �, @

o]

�

+E2+$,�F+5> �,,g^4� I +$,`? .

o]

f

+F+4> $,�F+4> �,,g^I +$,`? +48,

.

w]

o

+F+4> $,�F+4> �,,g hI�?+u> $,

zkhuh hI�?+u> $, @ Suidw ohdvw 4 jhqhudwru lv ri w|sh � u/ dw ohdvw q jhqhudwruv duh ri w|shv � $j1

Iru u � �

Y +u> �, @

o]
�

+E2+$,�F+5> �,,g^4� I +$,`? .

w]
f

+F+4> $,�F+4> �,,g^I +$,`? +49,

5<



Gl�huhqwldwlqj htxdwlrqv +48, ru +49, dqg vhwwlqj Y�+�> �, @ 3 |lhogv wkh qhfhvvdu| frqglwlrq iru

wuxwkixo elgglqj/

E2+�, @ F+5> �, +4:,

E2 lv prqrwrqlfdoo| lqfuhdvlqj/ dv zdv dvvxphg1 Wr fkhfn iru vx�flhqf| ri wuxwkixo elgglqj dv

jhqhudwru �*v rswlpdo uhvsrqvh/ Y�2+u> �, pxvw eh qrq0qhjdwlyh1

Y�2+u> �, @ q+4� I +�,,?3�i+�, � 3 iru doo �= +4;,

Wuxwkixo elgglqj lv lq idfw rswlpdo dqg/ lq htxloleulxp/ orwv 5 dqg 4 zloo eh dzdughg wr wkh

ohdvw0frvw surgxfhuv ri 5 dqg 4 PZk/ uhvshfwlyho|1 [
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Uhihuhqfhv

Dxvxeho/ O1/ dqg S1 Fudpwrq/ 4<<9/ _Ghpdqg Uhgxfwlrq dqg Lqh�flhqf| lq Pxowl0xqlw Dxf0

wlrqv/% Zrunlqj Sdshu Qr1 <903:/ Xqlyhuvlw| ri Pdu|odqg

Edfn/ N1/ dqg M1 ]hqghu/ 4<<6/ _Dxfwlrqv ri Glylvleoh Jrrgv= Rq wkh Udwlrqdoh iru wkh Wuhdvxu|

H{shulphqw/% Wkh Uhylhz ri Ilqdqfldo Vwxglhv/ Qr1 7/ ss1 :660:97

Edqnv/ M1/ M1 Ohg|dug/ dqg G1 Sruwhu/ 4<;</ _Doorfdwlqj xqfhuwdlq dqg xquhvsrqvlyh uhvrxufhv=

dq h{shulphqwdo dssurdfk/% UDQG Mrxuqdo ri Hfrqrplfv/ Yro1 53/ Qr1 4/ ss1 4058

Elnkfkdqgdql/ V1/ 4<<9/ _Dxfwlrqv ri Khwhurjhqhrxv Remhfwv/% plphr/ Xqlyhuvlw| ri Fdoliruqld

dw Orv Dqjhohv

Frozhoo/ S1 dqg D1 \dydv/ 4<<7/ _Wkh Ghpdqg iru Djulfxowxudo Odqg dqg Vwudwhjlf Elgglqj lq

Dxfwlrqv1% Mrxuqdo ri Uhdo Hvwdwh Ilqdqfh dqg Hfrqrplfv/ Yro1 ;/ ss1 46:047<

Fudpwrq/ S1/ 4<<8/ _Prqh| Rxw ri Wklq Dlu= Wkh Qdwlrqzlgh Qduurzedqg SFV Dxfwlrq/%

Mrxuqdo ri Hfrqrplf) Pdqdjhphqw Vwudwhj|/ Yro1 7/ Qr1 5/ ss1 59:0676

Hopdjkude|/ Z1 M1/ dqg V1V1 Ruhq/ _Wkh H�flhqf| ri Pxowl0Xqlw Hohfwulflw| Dxfwlrqv/% plphr/

Xqlyhuvlw| ri Fdoliruqld dw Ehunhoh|/ Mxo| 4<<:

Hopdjkude|/ Z1 M1/ 4<<:/ _Pxowl0Xqlw Dxfwlrqv zlwk Ghshqghqw Ydoxdwlrqv= Lvvxhv ri H�flhqf|

lq Hohfwulflw| Dxfwlrqv/% Xqlyhulvlw| ri Fdoliruqld Hqhuj| Lqvwlwxwh/ Srzhu Zrunlqj Sdshu &86/

Vhswhpehu 4<<:

Hqjhoeuhfkw0Zljjdqv/ U1 dqg F1 Ndkq/ 4<<8/ _Pxowl0Xqlw Sd|0\rxu0Elg Dxfwlrqv zlwk Yduldeoh

Dzdugv/% Zrunlqj Sdshu Qr1<903475/ Xqlyhuvlw| ri Loolqrlv dw Xuedqd0Fkdpsdljq

Jdqgdo/ Q1/ 4<<:/ _Vhtxhqwldo Dxfwlrqv ri Lqwhughshqghqw Remhfwv= Lvudhol Whohylvlrq Olfhqvhv/%

Wkh Mrxuqdo ri Lqgxvwuldo Hfrqrplfv/ Yro1 [OY/ Qr16/ ss1 55:0 576

Jxhvqhulh/ U1 dqg M1M1 Od�rqw/ _D frpsohwh vroxwlrq wr d fodvv ri sulqflsdo djhqw sureohpv

zlwk dssolfdwlrqv wr wkh frqwuro ri d vhoi0pdqdjhg �up/% Mrxuqdo ri Sxeolf Hfrqrplfv/ Yro1 58/ ss1

65<069<

Kdxvfk/ G1/ 4<;9/ _Pxowl0Remhfw Dxfwlrqv= Vhtxhqwldo yv1 Vlpxowdqhrxv Vdohv/% Pdqdjhphqw

Vflhqfh/ Yro165/ Qr145/ ss148<<04945
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Nulvkqd/ N1/ 4<<6/ _Dxfwlrqv zlwk Hqgrjhqrxv Ydoxdwlrqv= Wkh Shuvlvwhqfh ri Prqrsro| Uh0

ylvlwhg/% Wkh Dphulfdq Hfrqrplf Uhylhz/ Yro1 ;6/ Qr1 4/ss1 47:0493

Nulvkqd/ Y1/ dqg U1 Urvhqwkdo/ 4<<9/ _Vlpxowdqhrxv Dxfwlrqv zlwk V|qhujlhv/%Jdphv dqg Hfr0

qrplf Ehkdylru/ 4:/ ss1 4064

Ohylq/ M1/ 4<<:/ _Dq Rswlpdo Dxfwlrq iru Frpsohphqwv/% Jdphv dqg Hfrqrplf Ehkdylru/ Yro1

4;/ ss1 4:904<5

Pdvnlq/ H1/ dqg M1 Uloh|/ 4<;</ _Rswlpdo Pxowl0xqlw Dxfwlrqv/% lq Iudqn Kdkq +hg, Wkh

Hfrqrplfv ri Plvvlqj Pdunhwv/ Lqirupdwlrq/ dqg Jdphv/ R{irug= R{irug Xqlyhuvlw| Suhvv/ ss1

6450668

PfDihh/ S1/ dqg M1 PfPloodq/ 4<;:/ _Dxfwlrqv dqg Elgglqj/% Mrxuqdo ri Hfrqrplf Olwhudwxuh/

Yro1 48/ ss1 9<<0:6;

PfDihh/ S1/ dqg M1 PfPloodq/ 4<<9/ _Dqdo|}lqj wkh Dluzdyhv Dxfwlrq/% Mrxuqdo ri Hfrqrplf

Shuvshfwlyhv/ Yro1 43/ Qr1 4/ ss1 48<04:8

PfDihh/ S1 dqg G1 Ylqfhqw/ 4<<6/ _ Wkh Ghfolqlqj Sulfh Dqdpro|/% Mrxuqdo ri Hfrqrplf Wkhru|/

Yro1 93/ ss1 4<40545

PfPloodq/ M1/ 4<<7/ _Vhoolqj Vshfwuxp Uljkwv/% Mrxuqdo ri Hfrqrplf Shuvshfwlyhv/ Yro1 ;/ Qr1

6/ ss1 4780495

Slwfkln/ F1 dqg D1 Vfkrwwhu/ 4<;;/ _Shuihfw htxloleuld lq exgjhw0frqvwudlqhg vhtxhqwldo dxfwlrqv=

dq h{shulphqwdo vwxg|/% UDQG Mrxuqdo ri Hfrqrplfv/ Yro1 4</ Qr1 6/ ss169606;;

Urwknrsi/ P1/ D1 Shnhf/ dqg U1 Kduvwdg/ 4<<8/ _Frpsxwdwlrqdoo| Pdqdjhdeoh Frpelqdwruldo

Dxfwlrqv/% Zrunlqj Sdshu/ Uxwjhuv Xqlyhuvlw|

Ylfnuh|/ Z1/ 4<94/ _Frxqwhuvshfxodwlrq/ dxfwlrqv/ dqg frpshwlwlyh vhdohg whqghuv/% Mrxuqdo ri

Ilqdqfh/ Yro1 49/ ss1 ;06:

yrq ghu Ihku/ Q1 dqg G1 Kduerug/ 4<<6/ _Vsrw Pdunhw Frpshwlwlrq lq wkh XN Hohfwulflw|

Lqgxvwu|/% Wkh Hfrqrplf Mrxuqdo/ 436/ ss1 8640879

Zlovrq/ U1/ 4<:</ _Dxfwlrqv ri Vkduhv/% Wkh Txduwhuo| Mrxuqdo ri Hfrqrplfv/ Qry1/ ss1 9:809;<
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