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Devwudfw

Dv dxfwlrq edvhg phfkdqlvpv iru hohfwulflw| glvsdwfk duh hphujlqj lq suhylrxvo| uhjxodwhg

hohfwulflw| vxsso| lqgxvwulhv/ lw lv lpshudwlyh wr xqghuvwdqg wkh h�hfw ri dxfwlrq uxohv dqg vwuxf0

wxuh rq h�flhqf|1 Lq wklv sdshu/ L dqdo|}h wkh delolw| ri gl�huhqw dxfwlrq vwuxfwxuhv wr lqgxfh wkh

h�flhqw glvsdwfk lq d iudphzrun zkhuh jhqhudwruv nqrz wkhlu rzq dqg rssrqhqwv* frvwv zlwk

fhuwdlqw|1 Lq sduwlfxodu/ L dp lqwhuhvwhg lq lghqwli|lqj zklfk/ li dq|/ uxohv lq dq dxfwlrq vwuxfwxuh

duh qhfhvvdu| dqg vx�flhqw wr jxdudqwhh wkh h�flhqw glvsdwfk lq htxloleulxp1 L �qg wkdw wkh

dxfwlrq phfkdqlvp fkrvhq iru Fdoliruqld fdqqrw jxdudqwhh surgxfwlyh h�flhqf| lq htxloleulxp1

Wkh pdlq idlolqj ri wkh Fdoliruqld dxfwlrq ghvljq lv wkh zd| lq zklfk ghpdqg lv exqgohg dqg

khqfh wkh zd| elgv duh gh�qhg1 L vkrz wkdw/ zkloh dq dxfwlrq phfkdqlvp zklfk doorzv iru pruh

wkdq rqh zlqqhu lq dq dxfwlrq fdqqrw jxdudqwhh h�flhqf|/ dq dxfwlrq zkhuh wkhuh lv h{dfwo|

rqh zlqqhu fdq jxdudqwhh wkdw doo sxuh0vwudwhj| htxloleuld duh h�flhqw1

� W?|hL_�U|�L?

Pdq| jryhuqphqwv duh ehjlqqlqj wr eholhyh wkdw lw lv lq wkhlu dqg wkhlu frqvwlwxhqwv* ehvw lqwhuhvw wr

ghuhjxodwh wkhlu hohfwulflw| vxsso| lqgxvwulhv1 Wkh jrdo ri wkh uhjxodwruv lv wr lqwurgxfh frpshwlwlrq
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lqwr wkhlu hohfwulflw| vxsso| lqgxvwulhv dqg fuhdwh wkh dssursuldwh phglxp wkurxjk zklfk hohfwulflw|

ex|huv dqg vhoohuv fdq dfwlyho| wudgh hohfwulflw|/ lq wkh krsh wkdw vxfk d frpshwlwlyh pdunhw zloo

surprwh h�flhqf|1

Dv ri Mdqxdu| 4/ 4<<;/ Fdoliruqld zloo mrlq wkh udqnv ri ghuhjxodwhg hohfwulflw| vxsso| lqgxvwulhv1

Dw wkh fhqwhu ri Fdoliruqld*v ghuhjxodwlrq h�ruw lv dq hohfwulflw| dxfwlrq phfkdqlvp/ wkh Srzhu

H{fkdqjh +S[,/ zkrvh uroh lv wr idflolwdwh wkh pdwfklqj ri vxsso| zlwk doo ru sduw ri wkhlu hohfwulflw|

ghpdqg1 Dxfwlrq0edvhg phfkdqlvpv iru hohfwulflw| glvsdwfk kdyh douhdg| ehhq lpsohphqwhg lq wkh

Xqlwhg Nlqjgrp dqg Dxvwudold1 Hdfk ri wkhvh jryhuqphqwv kdv fkrvhq dq dxfwlrq phfkdqlvp

zklfk lq wklv sdshu lv lghqwl�hg dv d xqlirup sulfh/ yhuwlfdo/ vlpxowdqhrxv dxfwlrq1 Wkh ghvljq

ri dq hohfwulflw| dxfwlrq zklfk lqgxfhv dq h�flhqw xvh ri jhqhudwlrq uhvrxufhv lv frpsolfdwhg e|

wkh idfw wkdw hohfwulflw| ghpdqg/ zklfk �xfwxdwhv iurp krxu wr krxu/ pxvw eh vdwlv�hg e| pdq|

vxssolhuv zlwk gl�huhqw frvwv/ dqg wkdw wkh jhqhudwruv odfn wkh delolw| wr vwruh hohfwulflw| lq lqyhqwru|1

Ghwhuplqdwlrq ri wkh rswlpdo glvsdwfk lv d frpsxwdwlrqdoo| gl�fxow sureohp hyhq lq d fhqwudol}hg

prgho zlwk nqrzq jhqhudwru frvwv1 Lw lv dq hyhq juhdwhu fkdoohqjh wr ghvljq dq dxfwlrq zkhuh

jhqhudwruv yroxqwdulo| uhyhdo frvw lqirupdwlrq vr dv wr eh h�flhqwo| glvsdwfkhg1

Wkhuh duh wzr irupv ri lqh�flhqf| zklfk pd| dulvh iurp dq loo0ghvljqhg pdunhw> surgxfwlyh

lqh�flhqf| dqg doorfdwlyh lqh�flhqf|1 Surgxfwlyh lqh�flhqf| lpsolhv dq lqh�flhqw xvh ri uhvrxufhv

lq wkh surgxfwlrq ri jrrgv/ zkloh doorfdwlyh lqh�flhqf| rffxuv zkhq wkh jrrgv duh sulfhg deryh

pdujlqdo frvw/ ohdglqj wr dq lqh�flhqw frqvxpswlrq ri wkh jrrgv1 Wkh sxusrvh ri wklv sdshu lv wr

dqdo|}h wkh shuirupdqfh ri gl�huhqw dxfwlrq vwuxfwxuhv lq jxdudqwhhlqj surgxfwlyh h�flhqf|/ l1h1/

plqlpl}lqj jhqhudwlrq frvwv1 Lq sduwlfxodu/ L dp lqwhuhvwhg lq lghqwli|lqj zklfk/ li dq|/ uxohv lq dq

dxfwlrq vwuxfwxuh duh qhfhvvdu| dqg vx�flhqw wr jxdudqwhh surgxfwlyh h�flhqf| lq htxloleulxp1 L

irfxv rqo| rq wkh jhqhudwlrq+vxsso|, vlgh ri wkh pdunhw dqg dvvxph wkdw wkh ghpdqg iru hohfwulflw|

lv erwk ghwhuplqlvwlf dqg lqhodvwlf1 Wklv lv grqh lq rughu wr jdlq d ehwwhu xqghuvwdqglqj ri wkh

lqfhqwlyhv surylghg e| gl�huhqw dxfwlrq vwuxfwxuhv dqg wkh delolw| ri hdfk dxfwlrq vwuxfwxuh wr

lqgxfh wkh h�flhqw� doorfdwlrq/ ru h�flhqw glvsdwfk1 Xqghu wkhvh dvvxpswlrqv/ wkh �qdo doorfdwlrq

lv h�flhqw li wkh jhqhudwruv fkrvhq wr vxsso| hohfwulflw| +l1h1/ zlq glvsdwfk, plqlpl}h wrwdo jhqhudwlrq

frvwv1

�W ��** @tt�4i |�@| |�ihi i �t|t @ �?�^�i i�U�i?| _�tT@|U�� A��t @tt�4T|�L? _Lit ?L| �? @?) �@) @*|ih |�i hit�*|t

Lu |�i T@Tih�

5



L �qg wkdw wkh dxfwlrq phfkdqlvp fkrvhq iru Fdoliruqld fdqqrw jxdudqwhh surgxfwlyh h�flhqf|

lq htxloleulxp1 Wkh pdlq idlolqj ri wkh Fdoliruqld dxfwlrq ghvljq lv wkh zd| lq zklfk ghpdqg

lv exqgohg dqg khqfh wkh zd| elgv duh gh�qhg1 L vkrz wkdw/ zkloh dq dxfwlrq phfkdqlvp zklfk

doorzv iru pruh wkdq rqh zlqqhu lq dq dxfwlrq fdqqrw jxdudqwhh h�flhqf|/ dq dxfwlrq zkhuh wkhuh

lv h{dfwo| rqh zlqqhu fdq jxdudqwhh wkdw doo sxuh0vwudwhj| htxloleuld duh h�flhqw1

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 dujxh wkdw exqgolqj ghpdqg lqwr orwv

zklfk doorz iru pruh wkdq rqh zlqqhu suhfoxghv jxdudqwhhlqj wkh h�flhqw glvsdwfk lq htxloleulxp1

Lq vhfwlrq 7/ L suhvhqw dq dxfwlrq phfkdqlvp wkdw grhv jxdudqwhh h�flhqf| lq htxloleulxp1

2 ,*iU|h�U�|) ��U|�L?t
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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 frpsohphqwdulwhv dfurvv xqlwv21 Lq wklv sdshu/ wkh remhfwv iru dxfwlrq duh 4 PZkv ri hqhuj|1

Dv pdq| uhvhdufkhuv duh srlqwlqj rxw/ lw lv qrw srvvleoh wr fduu| ryhu wkh uhvxowv iurp vlqjoh xqlw

dxfwlrqv dqg dsso| wkhp wr d pxowl0xqlw dxfwlrq1 Khqfh/ vwxg|lqj dxfwlrqv iru hohfwulflw| irufhv xv

wr ohdyh wkh zhoo0vwxglhg dqg xqghuvwrrg zruog ri vlqjoh0xqlw dxfwlrqv dqg h{soruh wkh shuirupdqfh

ri dxfwlrqv lq d pruh glyhuvh vhwwlqj1

Wkhuh duh d ihz sdshuv wkdw vwxg| pxowl0xqlw dxfwlrqv zlwk frpsohphqwdulwhv zklfk zhuh lq0
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vsluhg e| wkh uhfhqw IFF vshfwuxp dxfwlrq1 Lq wkh IFF dxfwlrqv/ elgghuv/ frpsulvhg ri XV

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| htxloleulxp 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 dxfwlrqhg/

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 dxfwlrqlqj 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 wzr remhfw 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 �qgv wkdw wkhuh pd| kdyh

h{lvwhg vrph lqwhughshqghqflhv dprqj olfhqvhv* ydoxdwlrq1 Urwknrsi hw do1 +4<<8, lghqwli| vhyhudo

gl�huhqw vwuxfwxuhv ri frpelqdwruldo elgv/ lq sduwlfxodu d qhvwhg wuhh vwuxfwxuh/ iru zklfk �qglqj

wkh vhw ri elgv wkdw pd{lpl}hv wkh vhoohu*v uhyhqxh dqg gr qrw vhoo dq| remhfw wzlfh/ fdq eh vroyhg
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lq sro|qrpldo wlph1 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 Elnkfkdqgdql +4<<9, hvwdeolvkhv

wkh doorfdwlyh h�flhqf| surshuwlhv ri �uvw� dqg vhfrqge sulfh dxfwlrqv zkhq vhyhudo khwhurjhqhrxv

remhfwv duh vrog vlpxowdqhrxvo| +rqh dxfwlrq iru hdfk w|sh ri remhfw, dqg elgghuv pd| ghvluh pruh

wkdq rqh remhfw1 Wkh elgghuv* duh dvvxphg wr kdyh qr exgjhw frqvwudlqwv/ sulydwh ydoxdwlrqv iru wkh

remhfwv wkdw duh frpprq nqrzohgjh1 Elnkfkdqgdql �qgv wkdw/ iru d �uvw sulfh dxfwlrq/ dq h�flhqw

sxuh0vwudwhj| Qdvk Htxloleulxp h{lvwv li dqg rqo| li d Zdoudvldq htxloleulxp h{lvwv1

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

51414 Pxowl0Xqlw Ghshqghqw Ydoxdwlrqv Dxfwlrq

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

vwuxfwxuh ri jhqhudwlrq frvwv1 Jhqhudwruv kdyh gl�huhqw w|shv ri frvwv +h1j1/ udps0xs frvwv/ qr0ordg

frvwv/ hwf1, zklfk pxvw eh uhfryhuhg wkurxjk wkhlu vdohv uhyhqxhv1 Jhqhudwlrq frvwv fdq eh eurdgo|

fodvvl�hg lqwr wzr jurxsv= �{hg _vwduw0xs% frvwv duh lqfxuuhg zkhq d jhqhudwru lv wxuqhg rq wr

jhqhudwh/ dqg yduldeoh frvwv duh lqfxuuhg zlwk hdfk dgglwlrqdo PZk jhqhudwhg1D Gxh wr wklv frvw

�� �ht| Th�Ui @�U|�L? hiThiti?|t @ �ht|�Th�Ui ti@*i_ M�_ @�U|�L?�

e� tiUL?_ Th�Ui @�U|�L? hiThiti?|t @ tiUL?_�Th�Ui ti@*i_ M�_ @�U|�L?�
DA�hL�}� L�| |��t T@Tihc t|@h|��T ULt|t hiuih |L |�i LTih@|�?} ULt| |�@| 4�t| Mi �?U�hhi_ i@U� |�4i @ }i?ih@|�L?

T*@?| �t |�h?i_�L?� �L?t|h�U|�L? ULt|t @hi �}?Lhi_ t�?Ui W @__hitt |�i �tt�i Lu hi*@|��i i�Ui�?U) }��i? @ Uih|@�? 4� 

Lu }i?ih@|�L? T*@?|t �t �? T*@Ui�

8



vwuxfwxuh/ 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

Li wkh remhfw ehlqj dxfwlrqhg lv gh�qhg dv 4 PZk ri ghpdqg iru hqhuj|/ wkhq ghpdqg fdq eh

lqwhusuhwhg dv d froohfwlrq ri lghqwlfdo remhfwv/ glvwlqjxlvkhg rqo| e| wkh wlph dw zklfk wkh| rffxu1

Jhqhudwruv duh vhoohuv ri hohfwulflw| zkr pd| zlvk wr zlq pdq| remhfwv +e| zlqqlqj dq remhfw wkh|

zlq wkh uljkw wr vxsso| wkdw 4 PZk ri ghpdqg dw d sulfh ghwhuplqhg wkurxjk wkh dxfwlrq surfhvv,

dqg khqfh kdyh pxowl0xqlw ghpdqg1

D jhqhudwru*v sur�w iurp _zlqqlqj% 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 lv frqvwudlqhg iurp zlqqlqj

doo remhfwv +dqg khqfh 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 vhyhudo jhqhudwruv pxvw

eh fkrvhq wr vxsso| ghpdqg1

Khqfh/ dq hohfwulflw| dxfwlrq lv d pxowl0xqlw dxfwlrq zkhuh wkhuh h{lvw ghshqghqw sulydwh ydox0

dwlrqv iru wkh xqlwv dqg _sxufkdvlqj% fdsdflw| frqvwudlqwv1

2�2 ��U|�L? 5|h�U|�hit

Lq ghvljqlqj dq hohfwulflw| dxfwlrq/ wkh dxfwlrqhhu pxvw ghflgh rq vxfk dxfwlrq glphqvlrqv dv= krz

wr exqgoh ghpdqg lqwr orwv iru dxfwlrq/ zkdw wkh sulflqj uxoh zloo eh dqg zkdw wkh vhtxhqflqj ri

wkh dxfwlrq zloo eh1 Wkh Xqlwhg Nlqjgrp/ Dxvwudold dqg Fdoliruqld kdyh ghflghg wr exqgoh ghpdqg

lqwr yhuwlfdo orwv +h{sodlqhg ehorz,/ wr sd| wkh vdph xqlirup sulfh wr hyhu| zlqqlqj jhqhudwru lq d

orw/ dqg wr kdyh jhqhudwruv vxeplw wkhlu elgv iru doo orwv vlpxowdqhrxvo|1 Dv zloo eh vkrzq lq vhfwlrq

614/ wklv dxfwlrq vwuxfwxuh grhv qrw jxdudqwhh h�flhqf| lq htxloleulxp1 Lq rughu wr xqghuvwdqg zk|

wklv lv wuxh dqg krz wkh dxfwlrq pljkw eh prgl�hg wr uhphg| wklv sureohp/ L lghqwli| wkh gl�huhqw

dxfwlrq glphqvlrqv dqg wkh srvvleoh dowhuqdwlyhv zlwklq hdfk glphqvlrq1

9



Exqgolqj ri Ghpdqg lqwr Orwv Lq wkh fdvh ri hohfwulflw|/ wkh edvlf remhfw wr eh dxfwlrqhg

lv 4 PZk ri wkh iruhfdvwhg gdlo| ghpdqg1 Zkhq wkhuh duh vhyhudo remhfwv wr eh dxfwlrqhg/ wkh

dxfwlrqhhu pxvw ghflgh krz wr exqgoh wkh remhfwv lqwr orwv iru dxfwlrq1 Vkrxog wkh elgghuv vxeplw

rqh elg wkdw dssolhv htxdoo| wr doo remhfwv/ ru vkrxog wkh remhfw eh glylghg lqwr glvwlqfw orwv iru

zklfk elgghuv vxeplw d vhsdudwh elg iru hdfk orwB

Lq wkh frqwh{w ri dq hohfwulflw| dxfwlrq/ wkhuh h{lvw wzr _qdwxudo% exqgolqj irupv= krul}rqwdo

dqg yhuwlfdo1

Gh�qlwlrq 4 Lq d krul}rqwdo dxfwlrq +vhh Iljxuh 4,/ ghpdqg orwv duh iruphg e| sduwlwlrqlqj gdlo|

ghpdqg dffruglqj wr lwv gxudwlrq/ l1h1/ d glvwlqfw orw iru hdfk gxudwlrq w= Khqfh/ jhqhudwruv vxeplw

d vxsso| fxuyh iru hdfk orw/ lqglfdwlqj wkh sulfh dw zklfk wkh| duh zloolqj wr jhqhudwh n phjdzdwwv

iru d gxudwlrq ri w krxuv/ zkhuh n> w A 3=S

Gh�qlwlrq 5 Lq d yhuwlfdo dxfwlrq +vhh Iljxuh 5,/ gdlo| ghpdqg lv glylghg lqwr W krxuo| ghpdqg

orwv/ zkhuh hdfk ghpdqg orw frqwdlqv doo wkh ghpdqg lq krxu w> w @ 4===W 1 Iru hdfk krxu w/ jhqhudwruv

elg wkh sulfhv dw zklfk wkh| duh zloolqj wr jhqhudwh n phjdzdwwv gxulqj krxu w/ zkhuh n> w A 3=

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/ Dxvwudold dqg 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 vdoh1 Lq d vlpxowdqhrxv dxfwlrq/ wkh elgv duh vxe0

plwwhg/ dqg doorfdwlrq ghflvlrqv iru doo ghpdqg orwv duh pdgh vlpxowdqhrxvo|1 Dowhuqdwlyho|/ lq d

vhtxhqwldo dxfwlrq/ ghpdqg orwv duh dxfwlrqhg vhtxhqwldoo|> ehiruh hdfk qhz dxfwlrq/ wkh uhvxowv ri

dq| suhylrxv dxfwlrqv duh pdgh nqrzq1
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Demand

Time
1 T

lot 3

lot 1

lot 2

Iljxuh 4= Krul}rqwdo dxfwlrq

Demand

Time
1 T

lot 1 lot Tlot 2 ...

Iljxuh 5= Yhuwlfdo dxfwlrq

;



Sulflqj Uxoh Ehiruh wkh elgghuv vxeplw wkhlu elgv/ wkh| pxvw nqrz krz wkh sulfhv dw zklfk

wkh wudqvdfwlrqv wdnh sodfh duh wr eh ghwhuplqhg1 Li wkhuh lv pruh wkdq rqh zlqqhu shu orw/ hdfk zlwk

gl�huhqw elgv/ lq d orw/ gr wkh zlqqhuv sd| wkh vdph sulfh/ ru gl�huhqw sulfhvB Wkh iruphu sulflqj

uxoh lv fdoohg d xqlirup sulflqj uxoh dqg wkh odwwhu d glvfulplqdwru| sulflqj uxoh1 Xqghu d xqlirup

sulflqj uxoh/ doo zlqqhuv lq d orw duh sdlg wkh kljkhvw dffhswhg elg sulfh1 . Xqghu d glvfulplqdwru|

sulflqj uxoh/ hdfk zlqqhu lv sdlg lwv rzq elg sulfh1 Erwk dxfwlrq sulflqj uxohv lpsolflwo| ghwhuplqh

wkh wudqvdfwlrq sulfh+v, xvlqj d 4r| sulfh uxoh1

Iljxuh 6 olvwv doo wkh srvvleoh dxfwlrq phfkdqlvpv jlyhq wkh glphqvlrqv dqg fkrlfhv lghqwl�hg

deryh1

uniform discriminatory

simultaneous
(sim)

seqsim sequential
(seq)

Horizontal
Auction

Vertical
Auction

uniform discriminatory

simsim seqseq

Bundling Forms

Iljxuh 6= Srvvleoh dxfwlrq phfkdqlvpv1

2�� �L_i*

Lq rughu wr jdlq d ehwwhu xqghuvwdqglqj ri wkh lqfhqwlyhv surylghg e| gl�huhqw dxfwlrq vwuxfwxuhv

dqg wkh delolw| ri hdfk dxfwlrq vwuxfwxuh wr lqgxfh wkh h�flhqw glvsdwfk/ L dvvxph wkdw hohfwulflw|

ghpdqg lv erwk ghwhuplqlvwlf dqg lqhodvwlf dqg wkdw wkh dxfwlrq lv frqgxfwhg rqo| rqfh1H Iru
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vlpsolflw|/ ghpdqg lv dozd|v dvvxphg wr eh d vwhs ixqfwlrq zklfk lv frqvwdqw gxulqj hdfk krxu/b

dqg lv sxeolf lqirupdwlrq dqg khqfh nqrzq wr doo jhqhudwruv1

D jhqhudwlrq frpsdq| +uhihuuhg wr dv d jhqhudwru, w|slfdoo| rzqv vhyhudo jhqhudwlqj sodqwv1

Wkurxjkrxw wklv vhfwlrq L zloo dvvxph wkdw d jhqhudwlqj sodqw fdq eh rqh ri q whfkqrorj| w|shv1

Xqohvv rwkhuzlvh vwdwhg/ L zloo dvvxph wkdw hdfk jhqhudwru rzqv rqh jhqhudwlqj sodqw1 Wklv dv0

vxpswlrq lv zlwkrxw orvv ri jhqhudolw| iru doo ri fkdswhu 5/ zlwk wkh h{fhswlrq ri vhfwlrq 51614/ zkhuh

hdfk jhqhudwru pxvw rzq dw ohdvw wzr sodqwv1�f Dvvxph wkdw wkhuh h{lvw P jhqhudwruv zkr hdfk

rzq rqh w|sh l sodqw/ ghqrwhg e| J�� > l @ 4===q> m @ 4===P=1 Hdfk sodqw kdv wzr frvwv dvvrfldwhg

zlwk jhqhudwlrq= d �{hg _vwduw0xs% frvw/ i�> dqg d yduldeoh frvw shu PZk/ y�> rqfh wkh sodqw lv

xs dqg uxqqlqj1 Wkh frvw ri jhqhudwlqj d wrwdo ri T PZk lq W krxuv iurp d w|sh l sodqw lv

F�+T, @ i� .Ty�>
�� zkhuh T @

AS
|'�

t|zkhuh t| lv wkh qxpehu ri PZ jhqhudwhg gxulqj krxu w dqg

t| � N= Wkh xsshu olplw rq wkh ydoxh ri t|> N> lv d sodqw*v fdsdflw|1 Wkh fdsdflw| frqvwudlqw lpsolhv

wkdw d sodqw fdqqrw vxsso| pruh wkdq N PZ dw dq| srlqw lq wlph/ exw sodfhv qr uhvwulfwlrqv rq

wkh gxudwlrq iru zklfk lw fdq jhqhudwh1 Dvvxph wkdw doo jhqhudwlrq sodqwv kdyh wkh vdph fdsdflw|

frqvwudlqw ri N PZ1

Iljxuh 7 sorwv wkh vw|ol}hg wrwdo frvwv ri jhqhudwlrq dvvrfldwhg zlwk gl�huhqw w|shv ri sodqw

whfkqrorj|/ dvvxplqj d jhqhudwlqj sodqw lv _vzlwfkhg rq% rqo| rqfh +Wkh krul}rqwdo d{lv phdvxuhv

wkh wrwdo qxpehu ri PZk jhqhudwhg ryhu wlph1 Qxphulfdo h{dpsohv ri �{hg dqg yduldeoh frvwv kdyh

ehhq surylghg iru frqyhqlhqfh ri wkh uhdghu,1 Zkloh looxvwudwlyh/ wklv sorw dffxudwho| fdswxuhv wkh

vdolhqw ihdwxuhv ri jhqhudwlrq frvwv= Frvwv duh vxfk wkdw hdfk w|sh l lv wkh ohdvw0frvw whfkqrorj| iru

vrph rxwsxw ohyho/ lq wklv fdvh/ l PZk1 Wklv lv grqh vr dv wr fruuhfwo| uh�hfw uhdolw|= prvw wkhupdo

jhqhudwlrq sodqwv duh hlwkhu qxfohdu/ frdo ru jdv0�uhg/ dqg hdfk ixho w|sh lv wkh prvw h�flhqw vrxufh

ryhu vrph rxwsxw udqjh1

Dvvxph wkdw doo frvw dqg fdsdflw| lqirupdwlrq lv sxeolfo| nqrzq1�2 Wkh dvvxpswlrq ri frpsohwh

lqirupdwlrq pd| dw �uvw vhhp wr eh txlwh uhvwulfwlyh dqg xquhdolvwlf1 Krzhyhu/ lq dq lqgxvwu| vxfk dv
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Total Cost  

Total  MWh
1 2 3 4

G4j

G2j

G3j

G1j

f4 = 219

: v 3 = 21

: v 1 = 95

: v 2 = 53

: v 4 = 5

f1 = 11

f2 = 76

f3 = 165

Iljxuh 7= Wrwdo frvw iru sodqw whfkqrorj| w|shv q @ 4> ===> 7

wkh hohfwulflw| vxsso| lqgxvwu|/ zklfk kdv d orqj klvwru| ri uhjxodwlrq +riwhq zlwk doo wkh jhqhudwlrq

vrxufhv xqghu jryhuqphqw pdqdjhphqw dv zdv wkh fdvh lq wkh Xqlwhg Nlqjgrp ehiruh 4<<3,/ lw

lv uhdvrqdeoh wr dvvxph wkdw jhqhudwruv duh dzduh ri zkdw w|shv ri sodqwv wkhlu frpshwlwruv rzq

dqg zkdw wkh frvwv dvvrfldwhg zlwk jhqhudwlrq duh1 Dv d �uvw dwwhpsw wr xqghuvwdqg wkh uhodwlyh

vwuhqjwkv dqg zhdnqhvvhv ri gl�huhqw dxfwlrqv phfkdqlvpv/ lw lv txlwh lqirupdwlyh wr h{dplqh

jhqhudwruv* ehkdylru lq dq hqylurqphqw zlwk frpsohwh lqirupdwlrq1

Zkhq vxeplwwlqj elgv/ jhqhudwruv duh uhvwulfwhg wr vxeplwwlqj d vlqjoh/ xql0glphqvlrqdo elg shu

ghpdqg orw shu jhqhudwlqj sodqw1�� D jhqhudwru*v elg lv elqglqj rqfh lw kdv ehhq vxeplwwhg1 D

jhqhudwru wkdw lv fkrvhq iru glvsdwfk lv frpplwwhg wr jhqhudwh wkh vshfl�hg ordg lw zrq ru lqfxu d

odujh shqdow|1�e Iru d yhuwlfdo dxfwlrq/ wkh elg lqglfdwhv wkh plqlpxp sulfh/ shu PZk/ wr jhqhudwh
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4 PZ gxulqj krxu w> iru d krul}rqwdo dxfwlrq lw lqglfdwhv wkh plqlpxp sulfh wr jhqhudwh 4 PZ

iru w krxuv1 Jhqhudwruv duh glvsdwfkhg lq lqfuhdvlqj rughu ri elgv iru d orw1 D _zlqqlqj% jhqhudwru

lq d orw lv glvsdwfkhg dw lwv ixoo fdsdflw| ru xqwlo ghpdqg lq wkh orw lv h{kdxvwhg/ l1h1/ d jhqhudwru

lv qrw deoh wr uhvwulfw lwv fdsdflw| dydlodelolw|1

� #i4@?_ wL|t ��|� �@?) `�??iht

Wkh txhvwlrq ri lqwhuhvw wr xv lv= Lq d frpsohwh lqirupdwlrq vhwwlqj/ grhv wkh sursrvhg dxfwlrq

lqgxfh qrq0frrshudwlyh sur�w0pd{lpl}lqj jhqhudwruv wr elg lq d zd| wkdw dozd|v uhvxowv lq dq

h�flhqw glvsdwfk lq Qdvk htxloleulxp/�D l1h1/ duh doo htxloleuld h�flhqw iru doo ghpdqg vfhqdulrvB L

�qg wkdw wkh dqvzhu lv qhjdwlyh1 Wkh ghpdqg exqgolqj irupv xqghu frqvlghudwlrq/ krul}rqwdo dqg

yhuwlfdo/ duh vxfk wkdw wkhuh fdq eh pruh wkdq rqh zlqqhu lq d orw1 Wklv/ lq wxuq/ fuhdwhv lqfhqwlyhv

iru jhqhudwruv wr qrw elg wkhlu wuxh frvwv dqg fdq suhfoxgh dwwdlqlqj wkh h�flhqw glvsdwfk1

Wkhruhp 4 Lq d frpsohwh lqirupdwlrq vhwwlqj zlwk vwulfwo| frqfdyh jhqhudwlrq frvwv/ qrqh ri wkh

dxfwlrq phfkdqlvpv lq �jxuh 6 fdq jxdudqwhh wkh h�flhqw glvsdwfk lq htxloleulxp1

Wkh surri wr Wkhruhp 4 lv suhvhqwhg lq wklv vhfwlrq yld frxqwhuh{dpsohv1 L dgguhvv wkh idlolqjv

ri doo wkh dxfwlrq vwuxfwxuhv suhvhqwhg lq �jxuh 6 lq vhfwlrqv 614 dqg 6151 Iru hdfk ri wkh dxfwlrq

phfkdqlvpv lq �jxuh 6/ L dp deoh wr �qg dq lqvwdqfh ri ghpdqg iru zklfk hlwkhu 4, wkhuh h{lvwv dq

lqh�flhqw htxloleulxp ru 5, wkh h�flhqw glvsdwfk lv qrw vxssruwhg lq htxloleulxp1 Khqfh/ qrqh ri

wkh dxfwlrq phfkdqlvpv fdq jxdudqwhh h�flhqf| lq htxloleulxp1 Lw lv lpsruwdqw wr uhlwhudwh wkdw

wkh h{lvwhqfh ri dq lqh�flhqw glvsdwfk lq htxloleulxp grhv qrw lpso| wkh devhqfh ri wkh h�flhqw

glvsdwfk lq htxloleulxp1 Jlyhq wkh suhvhqfh ri erwk h�flhqw dqg lqh�flhqw htxloleulxp glvsdwfkhv/

jdph wkhru| grhv qrw doorz xv wr frqfoxgh zklfk rqh zloo rffxu1 Lw lv/ wkhuhiruh/ wkh remhfwlyh ri

wklv sdshu wr hvwdeolvk wkh h{lvwhqfh ri lqh�flhqw htxloleuld/ l1h1/ wkh srwhqwldo iru lqh�flhqf| lq wkh

sursrvhg Fdoliruqld dxfwlrq ghvljq1 Zkloh wkh h{dpsohv lq wklv sdshu zloo dvvxph d frvw ixqfwlrq

ri wkh irup _vwduw0xs% soxv frqvwdqw yduldeoh frvw dqg wklv vhfwlrq dvvxphv d vhwwlqj zlwk wkuhh
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Demand (MW)

5

4

3

2

1

1 2
Time (hrs)

Iljxuh 8= Gdlo| ghpdqg

jhqhudwruv/ wkh uhvxowv krog iru dq| vwulfwo| frqfdyh frvw ixqfwlrq dqg dq| qxpehu ri jhqhudwruv

+juhdwhu wkdq 6, rzqlqj dq| qxpehu ri sodqwv1

Dvvxph wkurxjkrxw vhfwlrq 6 wkdw wkhuh duh irxu whfkqrorj| w|shv/ l1h1/ q @ 7> P jhqhudwruv

ri hdfk w|sh/ dqg wkdw hdfk jhqhudwru rzqv rqh sodqw zlwk d fdsdflw| ri N @ 5 PZ1 Lq dgglwlrq/

vxssrvh wkdw iruhfdvwhg ghpdqg lv dv lq �jxuh 81 Wklv ghpdqg prgho/ doehlw d vlpsoh rqh/ lv ulfk

hqrxjk wr looxvwudwh wkh idlolqjv ri doo wkh dxfwlrqv lq �jxuh 61

Jlyhq wkh dvvxphg ghpdqg/ frvw/ dqg fdsdflw| ixqfwlrqv/ wkh xqltxh h�flhqw glvsdwfk lv jlyhq

lq �jxuh 91�S Wkh h�flhqw glvsdwfk frqvlvwv ri wkh vdph w|sh 7 jhqhudwru +Je�, vxsso|lqj 5 PZk

lq erwk wlph shulrgv/ wkh vdph w|sh 6 jhqhudwru +J��, vxsso|lqj 5 PZk lq wkh 4r| shulrg dqg 4

PZk lq wkh vhfrqg/ dqg d w|sh 4 jhqhudwru +J��, vxsso|lqj wkh wrs 4 PZ1 Iru h{srvlwlrqdo hdvh

dqg zlwkrxw orvv ri jhqhudolw|/ L zloo dvvxph wkdw wkh zlqqlqj jhqhudwruv lq wkh h�flhqw glvsdwfk

duh J��>J��/ dqg Je�1

��� Vih|�U@* ��U|�L?

D yhuwlfdo dxfwlrq ri wkh ghpdqg lq �jxuh 8 frqvlvwv ri wkh dxfwlrq ri wzr orwv/ dv lq �jxuh :1 Hdfk

jhqhudwru J�� vxeplwv wzr elgv/ rqh iru hdfk orw n/ gh�qhg wr eh e
&
�� +uhfdoo wkdw hdfk jhqhudwru rzqv

�SA�i i�U�i?| _�tT@|U� �t @*�@)t |�i t@4ic hi}@h_*itt Lu |�i @�U|�L? 4iU�@?�t4�
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Demand (MW)

5

4

3

2

1

1 2
Time

G1

G3

G4

Iljxuh 9= H�flhqw glvsdwfk

rqo| rqh sodqw dqg wkhuhiruh rqo| vxeplwv rqh elg shu orw,1 D elg ri e&�� lv wkh plqlpxp dprxqw

jhqhudwru J�� pxvw eh sdlg wr jhqhudwh 4 PZk lq orw n= Lq rughu iru wkh h�flhqw glvsdwfk wr uhvxow

iurp wkh vxeplwwhg elgv/ J��> J��> dqg Je�
�. pxvw vxeplw wkh orzhvw elgv lq orw 4 dqg J�� dqg

Je� pxvw vxeplw wkh orzhvw elgv lq orw 5 / uhjdugohvv ri wkh sulflqj uxoh ru dxfwlrq vhtxhqflqj1 Lq

orwv 4 dqg 5/ wkh zlqqlqj elgv pxvw eh rughuhg dv iroorzv= e�e� ? e��� / e
�
�� ? e���/ dqg e2e� ? e2��1

61414 Yhuwlfdo Xqlirup Dxfwlrq

Lq d xqlirup sulfh dxfwlrq/ doo jhqhudwruv zkr _zlq% dqg duh glvsdwfkhg lq d jlyhq ghpdqg orw

duh sdlg d xqlirup sulfh htxdo wr wkh kljkhvw dffhswhg elg1 L vkrz lq wklv vhfwlrq wkdw zkhq wkhuh

lv pruh wkdq rqh zlqqhu shu ghpdqg orw/ d xqlirup sulflqj lv xqdeoh wr jxdudqwhh dq h�flhqw

glvsdwfk lq htxloleulxp ehfdxvh= +4, Wkh elg sulfh lv vhsdudwhg iurp uhfhlyhg sulfh iru doo h{fhsw

wkh pdujlqdoo| glvsdwfkhg jhqhudwruv/ +5, Wkh vdph '2PZk sulfh lv sdlg iru hdfk PZk jhqhudwhg

lq d ghpdqg orw/ dqg +6, Wkh wrwdo frvw fxuyh lv vwulfwo| frqfdyh1

Jlyhq wkh ghpdqg lq �jxuh 8 dqg fdsdflw| dvvxpswlrqv/ wdeoh 4 gh�qhv d vhw ri htxloleulxp

elgv iru jhqhudwruv J��/ l @ 4===7> m @ 4===P> zklfk frqvwlwxwh dq lqh�flhqw glvsdwfk iru d yhuwlfdo/

xqlirup/ vlpxowdqhrxv dqg d yhuwlfdo/ xqlirup/ vhtxhqwldo dxfwlrq +vhh �jxuh ; iru wkh lqh�flhqw

glvsdwfk,1 Wkh zlqqlqj elgv duh iroorzhg e| dq dvwhulvn +Qrwh= Qhlwkhu wkhvh elgv qru glvsdwfk

�.A�i U�L�Ui Lu }i?ih@|Lht C��c � ' �c �c ec @t |�i *L�it| M�__iht �t @hM�|h@h) @?_ T�hi*) uLh i TLt�|�L?@* i@ti�
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Demand (MW)

5

4

3

2

1

1 2
Time

Lot 1

Lot 2

Iljxuh := Yhuwlfdo dxfwlrq ri ghpdqg

frqvwlwxwh wkh xqltxh htxloleulxp iru hlwkhu dxfwlrq1 Lq sduwlfxodu/ wkh h�flhqw glvsdwfk fdq dovr

eh vxssruwhg lq htxloleulxp,1 Gh�qh � wr eh wkh vpdoohvw elg lqfuhphqw1

Jlyhq wkhlu rssrqhqwv* vwudwhjlhv lq wdeoh 4/ qr jhqhudwru kdv dq lqfhqwlyh wr ghyldwh iurp lwv

elgv1 Wklv sur�oh ri elgv uhvxowv lq J2� ehlqj glvsdwfkhg iru 5 PZk lq orwv 4 dqg 5/ J�� ehlqj

glvsdwfkhg iru 5 PZk lq orw 4 dqg 4 PZk lq orw 5 / dqg J�� ehlqj glvsdwfkhg iru 4 PZk lq orw 4 1

Wkh fohdulqj sulfh uhfhlyhg e| doo zlqqlqj jhqhudwruv lq orw 4 lv i� . y� shu PZk dqg lq orw 5 lv

y� � � shu PZk1 Vlqfh J2�*v sd|r� lv qrw ghwhuplqhg e| khu elg/ vkh kdv hyhu| lqfhqwlyh wr elg

dv orz dv srvvleoh wr hqvxuh glvsdwfk1 E| vxeplwwlqj d elg ri }hur lq orwv 4 dqg 5/ J2� lv deoh wr

zlq glvsdwfk dw d srvlwlyh sur�w1 Dowkrxjk Je� lv +rqh ri, wkh ohdvw0frvw surgxfhuv ri 7 PZk/ kh

lv xqdeoh wr sur�wdeo| xqghufxw J2�*v elgv ri e
�
2� @ e22� @ 31

Wklv vlpsoh h{dpsoh fohduo| looxvwudwhv zk| d yhuwlfdo/ xqlirup dxfwlrq fdqqrw jxdudqwhh h�0

flhqf| lq d pxowl0xqlw hqylurqphqw zlwk vwulfwo| frqfdyh frvwv1 Li wkh ghpdqg lq dq| krxu w lv qrw

dq lqwhjhu pxowlsoh ri N/ wkhq qrw doo wkh jhqhudwruv zloo eh glvsdwfkhg dw wkh vdph rxwsxw ohyho

zlwklq wkdw krxu1 Lq wklv vfhqdulr/ wkhuh h{lvwv dq rssruwxqlw| iru d uhodwlyho| lqh�flhqw jhqhud0

wru wr dffuxh d srvlwlyh sur�w e| elgglqj }hur dqg hqvxulqj glvsdwfk zlwkrxw ihdu ri uhfhlylqj lwv

ehorz0frvw elg sulfh1 Zlwk wkh nqrzohgjh wkdw lq htxloleulxp wkh fohdulqj sulfh lv jxdudqwhhg wr eh

dw ohdvw wkh frvw ri wkh pdujlqdo elgghu lq krxu w/ d uhodwlyho| lqh�flhqw jhqhudwru fdq _vqhdn0lq%

wr wkh glvsdwfk vfkhgxoh e| vxeplwwlqj d }hur elg/ jhw glvsdwfkhg dw d kljkhu ohyho lq krxu w wkdq
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Jhqhudwru Elg iru Orw 4 Elg iru Orw 5

+v @ 5===P> | @ 4===P,
�
e���

� �
e2��

�
J�� i� . yW� y�

J�r i� . y� . � i� . y�

J2� 3W 3W

J2r i2 . y2 i2 . y2

J�� 3W y� � �W

J�r i� . y� i� . y�

Je+ ie . ye ie . ye

Wdeoh 4= Lqh�flhqw glvsdwfk lq Yhuwlfdo Xqlirup Dxfwlrq

Demand (MW)

5

4

3

2

1

1 2
Time

G1

G3

G2

Iljxuh ;= Lqh�flhqw htxloleulxp glvsdwfk
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wkh pdujlqdo sulfh0vhwwlqj elgghu dqg dffuxh d srvlwlyh sur�w gxh wr wkh frqfdylw| ri lwv frvw fxuyh1

Lw lv lpsruwdqw wr srlqw rxw wkdw wklv uhvxow dovr krogv zkhq +d, jhqhudwruv duh doorzhg wr vxeplw

d +�qlwh, vwhs elg ixqfwlrq iru d jhqhudwlqj sodqw*v hqwluh fdsdflw| +vhh Dsshqgl{ D iru ixuwkhu

glvfxvvlrq, dqg +e, zkhq hdfk jhqhudwru rzqv vhyhudo +qrw qhfhvvdulo| lghqwlfdo, jhqhudwlrq sodqwv1

Wklv _}hur% elg vwudwhj| fuhdwhv d yhu| vlplodu h�hfw wr rqh lghqwl�hg e| Edfn dqg ]hqghu

+4<<6, iru wkh xqlirup dxfwlrq ri Wuhdvxu| eloov1 Elgghuv duh deoh wr frvwohvvo| ghwhu frpshwlwruv

iurp elgglqj pruh djjuhvvlyho| e| vxeplwwlqj h{wuhpho| vwhhs ghpdqg fxuyhv1 Wkh orz elgv rq

lqiudpdujlqdo txdqwlwlhv kdyh qr fkdqfh ri ghwhuplqlqj wkh fohdulqj sulfh/ exw dfw dv d ghwhuuhqw wr

frpshwlwruv iurp elgglqj pruh djjuhvvlyho|1

Wklv uhvxow ehduv gluhfwo| rq wkh dxfwlrq phfkdqlvpv fkrvhq lq wkh XN/ Dxvwudold dqg Fdoliruqld1

Doo wkuhh dxfwlrqv duh ghvljqhg vr dv wr kdyh jhqhudwruv vxeplw krxuo| +ru kdoi0krxuo|, elgv= Wkh

zlqqhuv lq hdfk wlph shulrg duh sdlg wkh kljkhvw dffhswhg sulfh1 Wklv lv wkh vwuxfwxuh ri d yhuwlfdo/

xqlirup dxfwlrq dqg khqfh zh vkrxog qrw h{shfw wkh dxfwlrqv wr eh surylglqj jhqhudwruv zlwk wkh

fruuhfw lqfhqwlyhv vr dv wr uhvxow lq wkh h�flhqw glvsdwfk1 Lw lv lpsruwdqw wr hpskdvl}h wkdw wklv

uhvxow grhv qrw vd| wkdw wkh dxfwlrqv fxuuhqwo| rshudwlqj lq wkh XN/ Dxvwudold/ dqg Fdoliruqld zloo

|lhog lqh�flhqw glvsdwfkhv> rqo| wkdw wkhuh h{lvwv wkh srwhqwldo iru lqh�flhqf| wr eh vxssruwhg lq

dq htxloleulxp1�H

61415 Yhuwlfdo Glvfulplqdwru| Dxfwlrqv

Zkloh d xqlirup0sulfh yhuwlfdo dxfwlrq ri wkh ghpdqg lq �jxuh 8 idlov wr jxdudqwhh h�flhqf| lq

htxloleulxp ehfdxvh ri wkh h{lvwhqfh ri lqh�flhqw glvsdwfkhv lq htxloleulxp/ d glvfulplqdwru|0sulfh

yhuwlfdo dxfwlrq idlov ehfdxvh lw fdqqrw vxssruw wkh h�flhqw glvsdwfk lq htxloleulxp1 Wkh iroorzlqj

h{srvlwlrq lv wuxh iru erwk d yhuwlfdo/ glvfulplqdwru|/ vhtxhqwldo dqg d yhuwlfdo/ glvfulplqdwru|/

vlpxowdqhrxv dxfwlrq1

Lq d glvfulplqdwru|0sulfh dxfwlrq/ hdfk jhqhudwru fkrvhq iru glvsdwfk uhfhlyhv lwv rzq elg1 Iru

wkh h�flhqw glvsdwfk wr rffxu lq htxloleulxp lq d yhuwlfdo dxfwlrq/ +dv vwdwhg hduolhu, wkh wkuhh orzhvw
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elgv lq orw 4 pxvw eh iurp d w|sh 7/6/ dqg 4 jhqhudwru +zlwk wkh w|sh 4 jhqhudwru kdylqj wkh wklug

orzhvw elg, dqg wkh wzr orzhvw elgv lq orw 5 pxvw eh iurp d w|sh 7 dqg 6 jhqhudwru +zlwk wkh w|sh

6 jhqhudwru kdylqj wkh vhfrqg orzhvw elg,1 Dv wkhuh duh pdq| lghqwlfdo jhqhudwruv ri w|sh 4/ lq dq

h�flhqw htxloleulxp/ J�� pxvw eh hduqlqj }hur sur�wv1 Li J�� zhuh hduqlqj d srvlwlyh sur�w/ wkhq

dq| jhqhudwru J�� > m 9@ 4> zrxog kdyh wkh lqfhqwlyh wr xqghufxw e��� dqg uhsodfh J�� dv wkh wklug

orzhvw elgghu lq orw 4 = Wkhuhiruh zh nqrz wkdw/ lq dq h�flhqw htxloleulxp/ J�� zloo elg e
�
�� @ i�.y�=

Vlqfh hdfk jhqhudwru lv sdlg zkdw lw elgv/ dqg hdfk jhqhudwru zlvkhv wr pd{lpl}h lwv sur�wv/ lq dq

h�flhqw htxloleulxp/ J�� dqg Je� zloo elg e��� @ e�e� @ i� . y� � �> dqg doo rwkhu jhqhudwruv pxvw

vxeplw elgv iru orw 4 juhdwhu wkdq i�.y�= Dw d elg ri e
�
�� @ i�.y���/ J�� lv glvsdwfkhg dw 5 PZk

lq orw 4 dqg hduqv 5e��� A i� . 5y�= Wkhuh duh/ krzhyhu/ pdq| rwkhu w|sh 6 jhqhudwruv zkr duh qrw

ehlqj glvsdwfkhg dqg duh hduqlqj }hur sur�wv1 Wkhuhiruh/ dq| J�� > m @ 5===P> kdv wkh lqfhqwlyh

wr xqghufxw e��� dqg uhsodfh J��*v srvlwlrq lq wkh elg rughulqj1 Exw wkhq zh kdyh mxvw vkrzq wkdw

wkh elgv +dqg elg rughulqj, qhfhvvdu| wr vxssruw dq h�flhqw glvsdwfk duh qrw htxloleulxp elgglqj

vwudwhjlhv1 Wkhuhiruh/ wkh h�flhqw glvsdwfk fdqqrw eh vxssruwhg lq d glvfulplqdwru|0sulfh/ yhuwlfdo/

vlpxowdqhrxv ru vhtxhqwldo dxfwlrq1

Wkh vwuxfwxuh ri yhuwlfdo ghpdqg orwv fuhdwhv wkh qhhg iru pruh wkdq rqh zlqqhu shu orw/ zklfk

lq wxuq fuhdwhv d eduulhu wr jxdudqwhhlqj h�flhqf|1 D jhqhudwru*v glvsdwfk ghshqgv xsrq lwv elgv*

sodfhphqw zlwklq lq d orw1 Lq wklv h{dpsoh/ wkh h�flhqw glvsdwfk uhtxluhv wkdw gl�huhqw w|shv ri

jhqhudwruv/ zlwk gl�huhqw frvw vwuxfwxuhv/ zlq zlwklq d orw1 Wklv idfw/ frxsohg zlwk wkh zlqqlqj

jhqhudwruv* ghvluh wr pd{lpl}h wkhlu sur�wv/ fuhdwhv d vlwxdwlrq zkhuh J�� dqg Je� elg deryh wkhlu

frvwv1 Exw lq wkh suhvhqfh ri rwkhu lghqwlfdo jhqhudwruv/ lw fdqqrw eh dq htxloleulxp iru J�� dqg

Je� wr elg deryh wkhlu frvw zlwkrxw rwkhu jhqhudwruv xqghufxwwlqj wkhlu elgv1 ^Qrwh= Wkh lqdelolw|

wr vxssruw wkh h�flhqw glvsdwfk lq htxloleulxp h{lvwv hyhq zkhq jhqhudwruv rzq vhyhudo jhqhudwlrq

sodqwv1`

Jlyhq wkh frqfdylw| ri wrwdo frvwv/ lw lv qrw srvvleoh wr ghvljq d yhuwlfdo dxfwlrq zlwk xqlglphq0

vlrqdo elgv�b zklfk lv deoh wr surylgh jhqhudwruv zlwk wkh surshu lqfhqwlyhv vr dv wr jxdudqwhh wkh
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Demand (MW)

5

4

3

2

1

1 2
Time

Lot 2

Lot 1

Iljxuh <= Krul}rqwdo dxfwlrq ri ghpdqg

h�flhqw glvsdwfk lq htxloleulxp1

��2 OLh�3L?|@* ��U|�L?

D krul}rqwdo dxfwlrq ri wkh ghpdqg lq �jxuh 8 frqvlvwv ri dxfwlrqlqj wzr orwv dv lq �jxuh <1 Hdfk

jhqhudwru J�� vxeplwv wzr elgv/ rqh iru hdfk orw n/ gh�qhg wr eh e&�� +uhfdoo wkdw hdfk jhqhudwru

rzqv rqo| rqh sodqw dqg wkhuhiruh rqo| vxeplwv rqh elg shu orw,1 Wkh orw qxpehu fruuhvsrqgv/ lq

wklv fdvh/ wr wkh zlgwk ri wkh volfh1 D elg ri e&�� lv wkh plqlpxp dprxqw jhqhudwru J�� pxvw eh

sdlg wr jhqhudwru 4 PZ iru n wlph shulrgv= Lq rughu iru wkh h�flhqw glvsdwfk wr uhvxow iurp wkh

vxeplwwhg elgv/ J�� dqg Je� pxvw vxeplw wkh orzhvw elgv lq orw 5 dqg J�� dqg Je� pxvw vxeplw

wkh orzhvw elgv lq orw 4 / uhjdugohvv ri wkh sulflqj uxoh ru dxfwlrq vhtxhqflqj1 Lq orwv 4 dqg 5/ wkh

zlqqlqj elgv pxvw eh rughuhg dv iroorzv= e2e� ? e2�� dqg e��� ? e���1

61514 Krul}rqwdo Xqlirup Dxfwlrq

Wkh lqh�flhqflhv dvvrfldwhg zlwk d xqlirup sulfh duh qrw olplwhg wr yhuwlfdo dxfwlrqv1 Lq d krul}rqwdo

dxfwlrq/ ghpdqg lv glylghg lqwr orwv e| gxudwlrq1 Wkhuh lv qr uhdvrq wr eholhyh wkdw wkh qxpehu
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Jhqhudwruv Elg iru Orw 5 Elg iru Orw 4

+v @ 5===P> | @ 4===P,
�
e2��

� �
e���

�
J�+ i� . 5y� i� . yW�

J2� 3W i2 . y2

J2r i2 . 5y2 i2 . y2

J�� i� . 6y� � +i� . y�,
W 3W

J�r i� . 6y� � +i� . y�, . � i� . y�

Je+ ie . 5ye ie . ye

Wdeoh 5= Lqh�flhqw glvsdwfk lq d Krul}rqwdo Xqlirup Dxfwlrq

ri PZ ri dfwxdo ghpdqg zlwk gxudwlrq w zloo eh d pxowlsoh ri wkh jhqhudwruv* fdsdflw|/ l1h1/ lw lv

srvvleoh wr kdyh pruh wkdq rqh jhqhudwru zlq glvsdwfk lq d jlyhq ghpdqg orw dw gl�huhqw rxwsxw

ohyhov1 Lq vxfk d vfhqdulr/ d vwudwhj| vlplodu wr wkh rqh xvhg lq d yhuwlfdo xqlirup dxfwlrq fdq

ohdg wr dq lqh�flhqw glvsdwfk ehlqj vxssruwhg lq htxloleulxp/ l1h1/ d uhodwlyho| lqh�flhqw jhqhudwru

fdq hqvxuh lwv glvsdwfk e| vxeplwwlqj d orz0elg/ zkloh uhdslqj d srvlwlyh sur�w iurp wkh pdujlqdo

sulfh12f Wklv vhfwlrq suhvhqwv dq h{dpsoh ri dq lqh�flhqw htxloleulxp lq d xqlirup/ krul}rqwdo

dxfwlrq1 Wkh vwudwhjlhv suhvhqwhg frqvwlwxwh dq lqh�flhqw htxloleulxp iru erwk d vhtxhqwldo dqg d

vlpxowdqhrxv xqlirup/ krul}rqwdo dxfwlrq1

Jlyhq wkh ghpdqg lq �jxuh 8 dqg fdsdflw| dvvxpswlrqv/ wdeoh 5 gh�qhv d vhw ri htxloleulxp elgv

iru jhqhudwruv J��/ l @ 4===7> m @ 4===P> zklfk frqvwlwxwh dq lqh�flhqw glvsdwfk lq d krul}rqwdo/

xqlirup/ vlpxowdqhrxv dqg d krul}rqwdo/ xqlirup/ vhtxhqwldo dxfwlrq +vhh �jxuh ; iru wkh lqh�flhqw

glvsdwfk,1 Wkh zlqqlqj elgv duh iroorzhg e| dq dvwhulvn1 Qrwh= wkh w|sh 4 zlqqhu/ J�+/ zloo eh

fkrvhq udqgrpo|1

Jlyhq khu rssrqhqwv* elgv iru orw 5 / J2� kdv wkh lqfhqwlyh wr elg orz vr dv wr hqvxuh glvsdwfk1 E|

vxeplwwlqj d elg ri e22� @ 3> J2� zlqv d glvsdwfk ri 5 PZ iru 5 krxuv dqg zdugv r� khu rssrqhqwv*

iurp xqghufxwwlqj khu elg1 Li dq| rwkhu jhqhudwru/ lq sduwlfxodu wkh h�flhqw jhqhudwruv Je�> zhuh wr

pdwfk J2*v elg dqg vxeplw d }hur elg iru orw 5 / wkh fohdulqj sulfh zrxog eh }hur dqg wkh glvsdwfkhg

jhqhudwruv zrxog jhqhudwh dw sulfhv ehorz wkhlu frvwv1 Vlqfh wkh ghpdqg lq orw 5 lv juhdwhu wkdq wkh

2fA��t t|h@|i}) �L�*_ ?L| Mi ThL�|@M*i �? i^��*�Mh��4 �u @** ��??�?} }i?ih@|Lht �ihi _�tT@|U�i_ |�i t@4i @4L�?|

�? i@U� _i4@?_ *L|�
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fdsdflw| ri J2�> J�� dovr zlqv 4 PZ glvsdwfk dqg vhwv wkh fohdulqj sulfh dw i� . 6y� � +i� . y�,1

Gxh wr wkh khljkw ri orw 5 ri 6 PZ> J2� lv glvsdwfkhg dw wzlfh J��*v ohyho dqg uhfhlyhv wzlfh

wkh sd|phqw1 Khqfh/ wkh xqliruplw| ri elgv dqg xqhtxdo glvsdwfk ri jhqhudwruv lq d ghpdqg orw

frpelqhg zlwk wkh frqfdylw| ri lwv frvw ixqfwlrq doorz J2� wr uhfrxs lwv jhqhudwlrq frvwv zlwk d

elg ri }hur dqg lqh�flhqw glvsdwfk wr eh vxssruwhg lq htxloleulxp1 Dv zlwk d yhuwlfdo xqlirup

dxfwlrq/ wklv uhvxow dovr krog zkhq jhqhudwruv duh doorzhg wr vxeplw d +�qlwh, vwhs elg ixqfwlrq iru

d jhqhudwlqj sodqw*v hqwluh fdsdflw| dqg zkhq jhqhudwruv rzq vhyhudo jhqhudwlrq sodqwv1

61515 Krul}rqwdo Glvfulplqdwru| Dxfwlrq

Jlyhq wkh ghpdqg lq �jxuh 8/ lq rughu iru wkh h�flhqw glvsdwfk wr rffxu iurp wkh vxeplwwhg elgv

lq d krul}rqwdo glvfulplqdwru| dxfwlrq/ wkh orzhvw dqg vhfrqg orzhvw elg lq orw 5 pxvw eh iurp Je�

dqg J��> uhvshfwlyho|> dqg J�� dqg J�� pxvw elg orzhu wkdq doo rwkhu jhqhudwruv lq wkh dxfwlrq iru

orw 4 1 Dv zdv vkrzq lq wkh fdvh ri d yhuwlfdo/ glvfulplqdwru| dxfwlrq/ wkh qhhg iru pruh wkdq rqh

w|sh ri jhqhudwru wr zlq zlwklq d orw frpelqhg zlwk jhqhudwruv* sur�w pd{lpl}lqj ehkdylru eduv

wkh h�flhqw glvsdwfk iurp ehlqj dwwdlqdeoh lq htxloleulxp1 Wkh iroorzlqj h{srvlwlrq lv wuxh iru erwk

d krul}rqwdo/ glvfulplqdwru|/ vhtxhqwldo dqg d krul}rqwdo/ glvfulplqdwru|/ vlpxowdqhrxv dxfwlrq1

Wkh suhvhqfh ri vhyhudo lghqwlfdo w|sh 4 jhqhudwruv lpsolhv wkdw lq htxloleulxp wkh zlqqlqj

jhqhudwru J�� pxvw dffuxh }hur sur�w1 Li kh zhuh wr elg deryh klv frvw ri i� . y� lq orw 4/ rqh

ri klv rssrqhqwv ri wkh vdph whfkqrorj| zrxog kdyh dq lqfhqwlyh wr xqghufxw klv elg1 Vlplodu

uhdvrqlqj fdq eh xvhg wr dujxh wkdw d sur�w pd{lpl}lqj J�� zrxog elg i� . y� � � iru orw 4=

Lq dq h�flhqw htxloleulxp glvsdwfk/ J��*v wrwdo sur�w pxvw htxdo }hur dqg khqfh kh pxvw elg

e2�� @ i� . 6y� � +i� . y� � �, iru orw 5= Iru wkh h�flhqw glvsdwfk/ wkh elgv lq orw 5 pxvw eh vxfk

wkdw e2e� lv ehorz e2�� dqg doo rwkhu jhqhudwruv +lqfoxglqj doo rwkhu w|sh 7 jhqhudwruv, elg deryh

e2��= Sur�w pd{lpl}dwlrq zloo lpso| wkdw e2e� @ i� . 6y� � +i� . y� � �,� �= Dw vxfk d elg/ Je� lv

glvsdwfkhg iru 7 PZk dqg hduqv d srvlwlyh sur�w1 Exw wkhq lw lv qrw dq rswlpdo uhvsrqvh iru doo

rwkhu w|sh 7 jhqhudwruv wr elg deryh e2��> qrw eh glvsdwfkhg dqg hduq }hur sur�w1 Lqvwhdg/ wkh| kdyh

wkh lqfhqwlyh wr xqghufxw e2e� dqg uhsodfh Je� dv wkh orzhvw elgghu1 Khqfh/ dv zdv wkh fdvh zlwk
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wkh yhuwlfdo/ glvfulplqdwru| dxfwlrq/ wkh h�flhqw glvsdwfk fdqqrw eh vxssruwhg lq htxloleulxp12�/22

Wkxv lw kdv ehhq vkrzq wkdw qrqh ri wkh dxfwlrqv lq �jxuh 6 fdq jxdudqwhh h�flhqf| lq htxlole0

ulxp1 Zkloh wklv vhfwlrq looxvwudwhg wkh idlolqjv ri hdfk dxfwlrq ghvljq xvlqj h{dpsohv wkdw dvvxphg

wkuhh jhqhudwruv zlwk lghqwlfdo fdsdflwlhv dqg rqh sodqw hdfk/ wkh uhvxowv h{whqg wr d pruh jhqhudo

vhwwlqj zlwk q � 6 jhqhudwruv zlwk qrq0lghqwlfdo fdsdflwlhv dqg glyhuvl�hg sodqw sruwirolrv1

e #i4@?_ wL|t ��|� �?i `�??ih

Lq vhfwlrq 6/ L hvwdeolvkhg wkh lqdelolw| ri dxfwlrq phfkdqlvpv wkdw exqgoh ghpdqg lqwr krul}rqwdo

dqg yhuwlfdo orwv dqg uhtxluh xqlglphqvlrqdo elgv wr jxdudqwhh h�flhqf| lq htxloleulxp lq wkh

suhvhqfh ri vwulfwo| frqfdyh jhqhudwlrq frvwv1 Wkh pdlq �dz zlwk krul}rqwdo dqg yhuwlfdo orwv lv

wkh srvvlelolw| ri wkhuh ehlqj pruh wkdq rqh zlqqhu shu orw1 Wkhuhiruh/ lw lv dssursuldwh wr vhdufk

iru dq dowhuqdwlyh exqgolqj irup zklfk dvvxuhv rqo| rqh zlqqhu shu orw1 Lq dq hohfwulflw| dxfwlrq/

zkhuh ghpdqg lv odujhu wkdq wkh fdsdflw| ri dq| rqh jhqhudwru/ lw lv qrw srvvleoh wr dfklhyh rqo|

rqh zlqqhu shu orw zkhq ghpdqg lv sduwlwlrqhg yhuwlfdoo|1 Krzhyhu/ lw lv srvvleoh zlwk krul}rqwdo

sduwlwlrqlqj1

Gh�qlwlrq 6 Lq d �0 krul}rqwdo dxfwlrq/ ghpdqg orwv duh iruphg e| sduwlwlrqlqj gdlo| ghpdqg

lqwr krul}rqwdo vwulsv ri khljkw � PZv= Jhqhudwruv vxeplw d elg iru hdfk orw/ lqglfdwlqj wkh sulfh

dw zklfk wkh| duh zloolqj wr jhqhudwh � phjdzdwwv iru d gxudwlrq ri w krxuv/ zkhuh w lv wkh ohqjwk

ri wkh vwuls=

E| sduwlwlrqlqj ghpdqg lqwr wklq krul}rqwdo vwulsv/ zkrvh khljkw ri � PZ/ lv ohvv wkdq ru htxdo

wr wkh fdsdflw| ri jhqhudwruv/ lw lv srvvleoh wr olplw wkh qxpehu ri zlqqhuv shu orw wr rqh1 Iljxuh 43

looxvwudwhv dq ��krul}rqwdo dxfwlrq zlwk � @ 4= +Iru wkh uhpdlqghu ri wklv vhfwlrq/ L zloo irfxv p|

glvfxvvlrq rq d 4�krul}rqwdo dxfwlrq1, D 4�krul}rqwdo dxfwlrq lv e| gh�qlwlrq/ d glvfulplqdwru|

dxfwlrq vlqfh wkhuh lv rqo| rqh zlqqhu shu orw1 Wkhuh lv vwloo wkh srvvlelolw| ri frqgxfwlqj wkh dxfwlrq

2�Wuc �L�i�ihc |�i }i?ih@|Lht �ihi @**L�i_ |L t�M4�| @ |�L�T@h| |�@| hi�iU|i_ |�i t|h�U|�hi Lu |�i�h }i?ih@|�L? ULt|c
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Demand

Time
1 T

lot 1

lot 2

lot 4

lot 3

4

1

2

3

Iljxuh 43= 4� krul}rqwdo dxfwlrq ri ghpdqg

ri wkh orwv vlpxowdqhrxvo| ru vhtxhqwldoo|1 L �qg wkdw zkloh wkh h{lvwhqfh ri rqo| rqh zlqqhu shu

orw lv qhfhvvdu| wr jxdudqwhh h�flhqf|/ lw lv qrw vx�flhqw1 Wkh �qdo fkdudfwhulvwlf xsrq zklfk

h�flhqf| ghshqgv lv wkh vhtxhqflqj ri dq dxfwlrq1 Zkhq elgv duh pdgh vhtxhqwldoo| dqg doo sodqwv

ri d sduwlfxodu whfkqrorj| w|sh duh rzqhg e| d ihz jhqhudwruv/ d 4 � krul}rqwdo dxfwlrq fdqqrw

jxdudqwhh h�flhqf|1 Krzhyhu/ zkhq doo wkh elgv duh vxeplwwhg vlpxowdqhrxvo|/ wkh xqltxh Qdvk

Htxloleulxp glvsdwfk lv wkh h�flhqw glvsdwfk1

Bundling Forms

1- Horizontal

sequential simultaneous

Iljxuh 44= Dowhuqdwlyh exqgolqj irupv dqg dxfwlrq phfkdqlvpv

Vhfwlrq 714 frqwdlqv dq h{dpsoh ri d vhtxhqwldo dxfwlrq ri ghpdqg lq zklfk wkh vhw ri htxloleulxp

glvsdwfkhv frqwdlqv dq lqh�flhqw glvsdwfk1 Vhfwlrq 715 frqfoxghv zlwk d surri vwdwlqj wkdw wkh
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xqltxh htxloleulxp glvsdwfk lq d vlpxowdqhrxv 4 � krul}rqwdo dxfwlrq lv wkh h�flhqw glvsdwfk1

e�� ��OLh�3L?|@* 5i^�i?|�@* ��U|�L?

D 4 � krul}rqwdo vhtxhqwldo dxfwlrq fdqqrw jxdudqwhh h�flhqf| lq htxloleulxp li wkh rzqhuvkls ri

d sduwlfxodu whfkqrorj| w|sh lv frqfhqwudwhg lq wkh kdqgv ri d ihz jhqhudwruv1 Lq sduwlfxodu/ li hdfk

ri d vpdoo qxpehu ri whfkqrorj| w|shv kdv d vlqjoh rzqhu/ d uhodwlyho| lqh�flhqw jhqhudwru lv deoh

wr vwudwhjlfdoo| elg vr dv wr vtxhh}h rxw dq h�flhqw frpshwlwru1 Wkh delolw| wr vxssruw lqh�flhqw

glvsdwfkhv lq htxloleulxp/ krzhyhu/ fulwlfdoo| uhvwv rq wkh glvwulexwlrq ri whfkqrorj| w|shv dprqjvw

jhqhudwruv1 Li sodqwv ri wkh vdph whfkqrorj| w|shv duh rzqhg e| pdq|2� jhqhudwruv/ wkhq doo

htxloleuld duh h�flhqw1

Wkhruhp 5 Lq d frpsohwh lqirupdwlrq iudphzrun zlwk d frqfhqwudwhg glvwulexwlrq ri jhqhudwlrq

uhvrxufhv/ d 40krul}rqwdo vhtxhqwldo dxfwlrq fdqqrw jxdudqwhh h�flhqf| lq htxloleulxp1

Surri1 Wkhruhp 5 lv suryhq e| frxqwhuh{dpsoh1 Vxssrvh wkdw wkhuh duh wkuhh jhqhudwruv/

J�> J2> dqg J� zkr hdfk rzq wzr lghqwlfdo jhqhudwlqj sodqwv/ ghqrwhg e| j�/ zlwk N @ 4 hdfk

+iru frqyhqlhqfh/ zh kdyh gursshg wkh vhfrqg vxevfulsw vlqfh P @ 4,1 Wkh jhqhudwlrq frvwv dvvr0

fldwhg zlwk sodqw j� lv jlyhq lq �jxuh 45/ l @ 4> 5> 61 Vxssrvh wkh jhqhudwlrq frvwv duh vxfk wkdw

i2 . 6y2 � +i� . 6y�, ? i� . 5y� � +i� . 5y�,=

Dvvxph wkdw wkhuh h{lvwv d gdlo| ghpdqg jlyhq e| �jxuh 46/ zklfk lv wr eh dxfwlrqhg yld d

4 � krul}rqwdo / vhtxhqwldo dxfwlrq1 Wkh orqjhvw gxudwlrq orw/ orw 6> lv dxfwlrqhg �uvw/ iroorzhg e|

orw 5 dqg wkhq orw 4= Iljxuh 46 dovr ghslfwv wkh xqltxh h�flhqw glvsdwfk1 Ghvslwh wkh vlpsoh vwuxfwxuh

ri ghpdqg/ lw lv srvvleoh wr vxssruw dq lqh�flhqw glvsdwfk lq htxloleulxp/ lq sduwlfxodu wkh glvsdwfk

jlyhq lq �jxuh 471

Wkh htxloleulxp vwudwhjlhv vxssruwlqj wklv lqh�flhqw glvsdwfk duh jlyhq lq Dsshqgl{ E1 L eulh�|

vxppdul}h khuh wkh vwudwhjlhv xvhg dqg lqfhqwlyhv ehklqg wkhp1 Uhfdoo wkdw hdfk jhqhudwru rzqv

2�`�ihi R4@?)� �4T*�it |�@| |�ihi �t @| *i@t| L?i 4Lhi }i?ih@|Lh Lu i@U� |)Ti |�@? _i4@?_ uLh ���U� �| �t |�i

4Lt| i�U�i?| |iU�?L*L})� A�@| �tc �u �? |�i i�U�i?| _�tT@|U�c % T*@?|t Lu |iU�?L*L}) |)Ti � @hi _�tT@|U�i_c R4@?)�

�4T*�it |�@| |�ihi @hi @| *i@t| %n� T*@?|t Lu |)Ti �c L�?i_ M) 4Lhi |�@? L?i }i?ih@|Lhc T@h|�U�T@|�?} �? |�i @�U|�L?

�

57



Total MWh

Total Cost  

f3

f2

1 2 3

f1

g1

g2
g3

Iljxuh 45= Jhqhudwlrq frvwv iru jhqhudwlrq sodqw j�/ rzqhg e| jhqhudwru J�/ iru l @ 4> 5> 6

Demand

Time

g1lot 1

lot 2

lot 3

1 2 3

3

2

1

g2

g3

Iljxuh 46= Wkh xqltxh h�flhqw glvsdwfk iru d vhtxhqwldo 4� krul}rqwdo dxfwlrq
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Demand

Time

g1

1 2 3

3

2

1

g2

g2

Iljxuh 47= Lqh�flhqw glvsdwfk iru d vhtxhqwldo 4� krul}rqwdo dxfwlrq

wzr lghqwlfdo sodqwv zlwk N @ 41 Wkh glvsdwfk lq �jxuh 47 lv d uhvxow ri htxloleulxp elgv zkhuh J2

vxeplwv d elg ri i2.6y2�� iru orw 6 iru rqh ri lwv j2 sodqwv1 Vxfk d elg lv ehorz erwk khu dqg J�*v

frvw wr vxsso| 6 PZk dqg doorzv khu wr zlq orw 6= J2 nqrzv wkdw e| zlqqlqj orw 6 / vkh lv frpplwwlqj

khuvhoi wr sduwlflsdwh lq rqo| rqh ri wkh wzr uhpdlqlqj dxfwlrqv +gxh wr fdsdflw| frqvwudlqwv,= Li doo

wkuhh jhqhudwruv zhuh wr sduwlflsdwh lq hyhu| dxfwlrq/ wkh xsshu erxqg rq J2*v zlqqlqj elg iru orw

5 lv i� . 5y� � �/ dqg wkh xsshu erxqg rq J�*v zlqqlqj elg iru orw 4 lv i2 . y2 � �1 Jlyhq J2 kdv

zrq orw 6> lw lv wr J�*v dgydqwdjh wkdw J2 zlq orw 5 dqg khqfh eh uhpryhg iurp sduwlflsdwlqj lq wkh

dxfwlrq iru orw 4= Zlwk J2 qr orqjhu sduwlflsdwlqj lq wkh dxfwlrq/ J� lv deoh wr zlq orw 4 dw d elg ri

i� . y� � �= Wkhuhiruh/ J�*v rswlpdo uhvsrqvh lv wr qrw xqghufxw J2*v elg iru orw 5 dqg doorz J2 wr

zlq orw 5 zlwk d elg ri i� . 5y� � �= Khqfh/ J2 lv deoh wr xqghufxw J�*v orzhu frvwv iru orw 6 zlwk

wkh nqrzohgjh wkdw lw lv lq J�*v ehvw lqwhuhvw wr doorz khu wr zlq orw 5 zlwk d odujh sur�w pdujlq1

Exqgolqj ghpdqg vr wkdw wkhuh lv rqh zlqqhu shu orw glg qrw uhpryh wkh lqfhqwlyhv iru uhodwlyho|

lqh�flhqw jhqhudwruv wr elg ehorz frvw qru suhyhqw wkh uhvxowlqj lqh�flhqw glvsdwfk1 Lw lv wkh delolw|

wr fkdqjh wkh xsshu erxqgv rq zlqqlqj elgv yld vwudwhjlf lqwhudfwlrqv wkdw doorzv dq lqh�flhqw

glvsdwfk wr eh vxssruwhg lq htxloleulxp1 Dv d frqvhtxhqfh ri wkh vhtxhqwldo qdwxuh ri wkh dxfwlrq

dqg wkh odfn ri frpshwlwlrq iurp lghqwlfdo jhqhudwruv/ J� nqrzv wkdw/ jlyhq J2 zlqv erwk orw 6

dqg orw 5/ wkh xsshu erxqg rq d zlqqlqj elg iru orw 4 lv udlvhg iurp i2 . y2 wr i� . y�= Vlploduo|/

wkh vroh uhdvrq zlqqlqj orw 6 lv sduw ri dq ryhudoo sur�wdeoh vwudwhj| iru J2 lv wkdw J2 lv deoh wr

fkdqjh wkh xsshu erxqg rq khu zlqqlqj elg iru orw 5 iurp i� . y� � � wr i� . y� � �= Li/ lqvwhdg/
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wkhuh zhuh wr h{lvw vhyhudo jhqhudwruv lghqwlfdo wr J� ru J2/ wkhq wklv vwudwhj| lv qr orqjhu rswlpdo

lq htxloleulxp1

Iru h{dpsoh/ li lqvwhdg wkh pdunhw vwuxfwxuh vdwlv�hg wkh iroorzlqj dvvxpswlrqv=

Dvvxpswlrq 4 Qr rqh jhqhudwru rzqv doo wkh sodqwv ri d vshfl�f whfkqrorj| w|sh/ dqg

Dvvxpswlrq 5 Wkhuh h{lvwv dw ohdvw rqh h{wud sodqw ri hdfk whfkqrorj| w|sh sduwlflsdwlqj lq wkh

dxfwlrq/ wkdq lv xvhg lq wkh h�flhqw glvsdwfk/

wkhqJ2 zrxog eh xqdeoh wr zlq orw 5 dw dq| sulfh kljkhu wkdq � deryh lwv frvw/ i2.5y2= Iru li vkh

zhuh wr elg deryh khu frvw iru orw 5 > wkh lghqwlfdo jhqhudwru zrxog kdyh wkh lqfhqwlyh wr xqghufxw

lwv elg/ dqg J2 zrxog zlq rqo| orw 6 dw d orvv1 D vlplodu dujxphqw fdq eh pdgh wr vkrz wkdw/ li

wkhuh zhuh wr h{lvw dqrwkhu jhqhudwru lghqwlfdo wr J�> wkh xsshu erxqg rq J�*v zlqqlqj elg iru

orw 4 uhpdlqv i� . y�> uhjdugohvv ri wkh rxwfrphv ri wkh wzr suhylrxv dxfwlrqv1 J� zloo xqghufxw

dq| elg iru orw 5 wkdw lv deryh lwv rzq frvw ri i�.5y�= Wkhuhiruh/ zkhq khu frpshwlwruv rzq sodqwv

vlplodu wr khu rzq/ lw grhv qrw ehkrryh J2 +ru dq| rwkhu jhqhudwru, wr elg ehorz khu frvw iru dq|

sodqw/ dqg wkh delolw| wr vxssruw lqh�flhqw glvsdwfkhv lq htxloleulxp glvdsshduv=

Wkhruhp 6 Lq d frpsohwh lqirupdwlrq iudphzrun zkhuh Dvvxpswlrqv 4 dqg 5 duh vdwlv�hg/ doo

sxuh0vwudwhj| Qdvk Htxloleuld lq d vhtxhqwldo 40krul}rqwdo dxfwlrq duh h�flhqw1

Surri1 Wkh surri wr Wkhruhp 6 lv lghqwlfdo wr wkdw ri Wkhruhp 7 dqg zloo eh suhvhqwhg lq wkh qh{w

vhfwlrq1

e�2 ��OLh�3L?|@* 5�4�*|@?iL�t ��U|�L?t

Wklv vhfwlrq frqfoxghv rxu vhdufk iru dq dxfwlrq zklfk jxdudqwhhv h�flhqf| lq htxloleulxp1

Wkhruhp 7 Lq d frpsohwh lqirupdwlrq iudphzrun/ doo sxuh0vwudwhj| Qdvk Htxloleuld lq d vlpxowd0

qhrxv 4� krul}rqwdo dxfwlrq duh h�flhqw1
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Surri1 Lq rughu wr suryh Wkhruhp 7 lw pxvw eh vkrzq wkdw +Vwhs 4, wkhuh gr qrw h{lvw dq| lqh�flhqw

htxloleulxp glvsdwfkhv dqg +Vwhs 5, wkh h�flhqw glvsdwfk fdq eh vxssruwhg lq htxloleulxp1 Wr

dffrpsolvk Vwhs 4/ qr dvvxpswlrqv qhhg wr eh pdgh uhjduglqj pdunhw vwuxfwxuh +l1h1/ wkh qxpehu ri

jhqhudwruv/2e wkhlu sodqw sruwirolr pl{ dqg sodqw fdsdflw|,1 Krzhyhu/ lq rughu wr lghqwli| htxloleulxp

elgglqj vwudwhjlhv/ lw lv qhfhvvdu| wr pdnh vrph dvvxpswlrqv zlwk uhjdugv wr pdunhw vwuxfwxuh> wkdw

lv/ wkh htxloleulxp elgglqj vwudwhjlhv zloo fkdqjh zlwk yduldwlrqv lq pdunhw vwuxfwxuh1

+Vwhs 4, Vxssrvh wkdw wkhuh duh 
 orwv iru dxfwlrq2D lq d 40krul}rqwdo dxfwlrq dqg S sodqwv duh

sduwlflsdwlqj lq wkh dxfwlrq1 Ohw GW @ +G�> ===>Gl, ghqrwh wkh h�flhqw glvsdwfk/
2S wkh frpsrqhqwv

ri zklfk lqglfdwh zklfk sodqw zlqv orw $ lq wkh h�flhqw glvsdwfk1 Wkh wrwdo frvw dvvrfldwhg zlwk wkh

h�flhqw glvsdwfk lv ghqrwhg e| F+GW,= Vxssrvh wkdw wkhuh grhv h{lvw dq lqh�flhqw glvsdwfk/ aG> lq

htxloleulxp12. Ohw aE @
�
aE�> ===> aEl

�
ghqrwh wkh zlqqlqj elgv dqg F+ aG, wr eh wkh wrwdo jhqhudwlrq

frvwv dvvrfldwhg zlwk wkh lqh�flhqw glvsdwfk aG= Lq htxloleulxp/ hdfk jhqhudwru pxvw eh pdnlqj

d qrq0qhjdwlyh sur�w1 Jlyhq wkdw hdfk jhqhudwru lv sdlg lwv elg dqg wkdw doo elgv duh vxeplwwhg

vlpxowdqhrxvo|/ qr jhqhudwru kdv dq lqfhqwlyh wr elg d sodqw ehorz lwv frvw12H Vxpplqj ryhu wkhvh

frqvwudlqwv iru wkh jhqhudwruv lq glvsdwfk aG jlyhv xv/

F+ aG, �
l[
�'�

aE� +4,

Wr frqvwlwxwh dq htxloleulxp/ iru glvsdwfk aG dqg lwv dvvrfldwhg elgv / qr jhqhudwru pxvw kdyh

dq lqfhqwlyh wr fkdqjh lwv elg jlyhq lwv rssrqhqwv* elgv1 Dq lqh�flhqw glvsdwfk aG fdq eh rqh ri

wzr w|shv> hlwkhu +d, dw ohdvw rqh ri wkh sodqwv lq GW lv qrw glvsdwfkhg lq aG ru +e, doo wkh sodqwv lq

GW duh lq aG/ exw wkhlu glvsdwfk lv lqh�flhqw1

Li aG*v lqh�flhqf| lv ri w|sh +d,/ wkhq zh nqrz wkdw iru lw wr eh dq htxloleulxp/ lw pxvw eh

xqsur�wdeoh iru wkh sodqwv lq GW wr xqghufxw wkh elgv lq glvsdwfk aG= Vxpplqj wkhvh frqvwudlqwv
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iru wkh sodqwv lq GW |lhogv/
l[
�'�

aE� ? F+GW, +5,

Frpelqlqj htxdwlrqv +4, dqg +5, |lhogv/

F+ aG, ? F+GW,

zklfk frqwudglfwv wkh dvvxpswlrq wkdw GW lv wkh h�flhqw +ohdvw0frvw, glvsdwfk1

Li aG*v lqh�flhqf| li ri w|sh +e,> d vlplodu dujxphqw fdq eh frqvwuxfwhg wr vkrz wkdw aG fdqqrw

eh dq htxloleulxp1 Wr looxvwudwh wklv xvlqj d vlpsoh h{dpsoh/ vxssrvh wkdw wzr sodqwv/ y dqg z zlq

orwv { dqg | lq GW/ uhvshfwlyho|= aG lv lghqwlfdo wr GW zlwk wkh h{fhswlrq wkdw sodqw { zlqv orw z

dqg sodqw | zlqv orw y= Iru aG wr eh dq lqh�flhqw glvsdwfk/ orwv y dqg z pxvw qrw eh ri wkh vdph

gxudwlrq1 Zlwkrxw orvv ri jhqhudolw|/ vxssrvh wkdw orw y lv ri d vkruwhu gxudwlrq wkdq orw z1 Gh�qh

F�+}, wr eh sodqw l*v frvw ri vxsso|lqj orw }= aG lv dq htxloleulxp li hdfk sodqw*v sur�w lv juhdwhu lq

glvsdwfk aG wkdq GW= Wkdw lv/

k
aE� �F++y,

l
�

k
aE� �F++z,

l
� 3

dqg

k
aE� �F%+z,

l
�

k
aE� �F%+y,

l
� 3

zklfk lpsolhv2b

F++z,�F++y,� ~} �
n

� aE� �
aE� �F%+y,�F%+z,� ~} �

3

|lhoglqj d frqwudglfwlrq1

+Vwhs 5, Lq surylqj Vwhs 4/ qr dvvxpswlrqv zhuh pdgh uhjduglqj wkh qxpehu ri jhqhudwruv/ wkhlu

jhqhudwlrq sodqwv* sruwirolrv/ ru sodqw fdsdflwlhv1 Krzhyhu/ lghqwli|lqj wkh htxloleulxp elgv wkdw

vxssruw dq h�flhqw glvsdwfk fulwlfdoo| ghshqgv xsrq wkhvh pdunhw vwuxfwxuh glphqvlrqv1 Krzhyhu/

doo h�flhqw htxloleulxp elgv kdyh wkh iroorzlqj xqghuo|lqj vwuxfwxuh= Wkh elgv ri sodqwv lq GW

uh�hfw wkh rssruwxqlw| frvw ri wkhlu prvw h�flhqw frpshwlwruv1 Rxwolqhg ehorz duh wkh elgglqj

vwudwhjlhv wkdw |lhog dq h�flhqw htxloleulxp1
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Iru sodqwv s @ 4> ===> S dqg orwv o @ 4> ===>


li GW

, @ s wkhq sodqw s elgv
4�?�'�c���c� ( ��'R^��+�` E(W

,
�,n��E��`

�` E(W
,
�

� +W +o,, iru orw o >

hovh sodqw s elgv
�RE�` E(W

,
��n��ER�

�` E(W
,
�

� +W +o,, . � iru orw o>

zkhuh GW

, lv sodqw glvsdwfkhg iru orw o lq wkh h�flhqw glvsdwfk/ wkh FR+t, lv sodqw s*v wrwdo frvw

wr jhqhudwh t PZkv/ PZ +s, lv wkh wrwdo qxpehu ri PZkv jhqhudwhg e| sodqw s lq GW> RF+s, lv

sodqw s*v rssruwxqlw| frvw lq wkh h�flhqw glvsdwfk GW> dqg W +o, lv wkh wrwdo qxpehu ri PZkv lq

orw o= Jlyhq wkh elgglqj vwudwhjlhv rxwolqhg deryh/ qr sodqw kdv wkh lqfhqwlyh wr fkdqjh lwv elg dqg

khqfh wkh| frqvwlwxwh dq htxloleulxp1

Iru h{dpsoh/ li zh frqvlghu d pdunhw vwuxfwxuh fkdudfwhul}hg e| Dvvxpswlrqv +4, dqg +5,> wkh

iroorzlqj elgglqj vwudwhjlhv frqvwlwxwh dq h�flhqw htxloleulxp1�f

Iru sodqwv s @ 4> ===> S dqg orwv o @ 4> ===>


li GW

, @ s wkhq sodqw s elgv
�RE�` E(W

,
��

�` E(W
,
�
� +W +o,, iru orw o >

hovh sodqw s elgv
�RE�` E(W

,
��

�` E(W
,
�
� +W +o,, . � iru orw o=

Qrwh wkdw wkh suhvhqfh ri _h{wud% jhqhudwlrq uhvrxufhv +iurp Dvvxpswlrq +5,, olplwv wkh zlqqlqj

sodqwv* elgv wr fryhulqj rshudwlqj frvwv rqo|1 Wkh qxphudwru lq wkh elgglqj htxdwlrq lv wkh frvw

ri wkh sodqw1 Wkh rssruwxqlw| frvw ri wkh _h{wud% sodqw lv }hur lq wkh h�flhqw glvsdwfk +vlqfh lw lv

qrw glvsdwfkhg lq GW dqg wkhuhiruh iruhjrhv qrwklqj e| xqghufxwwlqj dq| elg deryh lwv frvwv, dqg

khqfh wkh sodqw*v hduq }hur sur�w1

Wkh h{lvwhqfh ri pdq| sodqwv wkdw duh qhyhu glvsdwfkhg lv qrw d vxvwdlqdeoh pdunhw vwuxfwxuh1

Pruh wkdq olnho|/ wkhvh _h{wud% sodqwv zloo eh xvhg wr hlwkhu phhw xqh{shfwhg fkdqjhv lq ghpdqg��

ru zloo eh ghhphg xqsur�wdeoh dqg eh uhwluhg iurp rshudwlrq1 Lq hlwkhu vfhqdulr/ wkh htxloleulxp
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elgglqj vwudwhjlhv ri sodqwv lq GW zloo uh�hfw wkh srvlwlyh rssruwxqlw| frvw ri lw frpshwlwruv�2/ dqg

+vrph, sodqwv zloo qr orqjhu eh elg lqwr wkh dxfwlrq dw frvw1

Wkh lqwxlwlrq ehklqg wkh vxffhvv ri d vhtxhqwldo 40krul}rqwdo dxfwlrq zlwk glyhuvl�hg rzqhuvkls

ri sodqw w|shv ru vlpxowdqhrxv 40krul}rqwdo dxfwlrq lv wkh iroorzlqj= Xqghu glvfulplqdwru| sulflqj/

kdylqj d vlpxowdqhrxv dxfwlrq ru pdq| jhqhudwruv wkdw vkduh wkh vdph sodqw w|shv fuhdwhv d vwulfw

xsshu erxqg rq zlqqlqj elgv1 Zkhq d jhqhudwru lv sdlg lwv elg dqg wkhuh lv qr srvvlelolw| ri

fkdqjlqj wkh xsshu erxqg rq d zlqqlqj elg wkurxjk vwudwhjlf lqwhudfwlrq/ lw zloo qhyhu rshudwh rqh

ri lwv sodqwv dw d qhjdwlyh sur�w= D jhqhudwru zkrvh wrwdo elgv iru d sodqw duh ohvv wkdq wkh sodqw*v

jhqhudwlrq frvwv zloo dozd|v eh ehwwhu r� e| zlwkgudzlqj lwv elg+v, dqg hduqlqj }hur sur�w1

Wkhuh h{lvw dowhuqdwlyh exqgolqj irupv zklfk olplw wkh qxpehu ri zlqqhu shu orw wr rqh1 Iru

h{dpsoh/ wkh dxfwlrqhhu fdq dxfwlrq hdfk lqglylgxdo 4 PZk hqhuj| eorfn vhsdudwho|/ udwkhu wkdq

dq hqwluh vwuls ri hqhuj| ghpdqg/ l1h1/ 4 PZ ryhu w krxuv1 Lq wklv fdvh/ wkh xqltxh htxloleulxp

glvsdwfk lv h�flhqw +dqg wkh surri wr Wkhruhp 7 uhpdlqv wkh vdph,1 Krzhyhu/ wkh dxfwlrqhhu zloo

eh lqfuhdvlqj wkh frpsoh{lw| ri wkh dxfwlrq +e| lqfuhdvlqj wkh qxpehu ri dxfwlrqv khog, zlwkrxw

jdlqlqj dq| dgglwlrqdo h�flhqf| ehqh�wv1

D �L?U*�t�L?

Dv dxfwlrq edvhg phfkdqlvpv iru hohfwulflw| glvsdwfk duh hphujlqj lq suhylrxvo|0uhjxodwhg hohf0

wulflw| vxsso| lqgxvwulhv/ lw lv lpshudwlyh wr xqghuvwdqg wkh h�hfw ri dxfwlrq uxohv dqg vwuxfwxuh

rq h�flhqf|1 Wklv sdshu dgguhvvhv h{dfwo| wklv uhodwlrqvkls e| dvnlqj zklfk dxfwlrq vwuxfwxuhv

duh vx�flhqw wr jxdudqwhh wkdw ghpdqg lv vdwlv�hg lq d ohdvw0frvw pdqqhu1 Zkdw pdnhv wklv dq

lqwhuhvwlqj dqg fkdoohqjlqj txhvwlrq lv wkh h{lvwhqfh ri hohfwulflw| lqgxvwu|0vshfl�f fkdudfwhulvwlfv

vxfk dv wkh h{lvwhqfh ri vwduw0xs frvwv dqg wkh lqdelolw| wr vwruh hohfwulflw|/ zlwk lwv lpsolfdwlrqv iru

wkh h{lvwhqfh ri frvw ghshqghqflhv lq vxsso|lqj PZk ryhu erwk wlph dqg txdqwlw| glphqvlrqv dqg

wkh ghvluh ri jhqhudwruv wr vxsso| vhyhudo PZk ri ghpdqg1
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Xvlqj d frpsohwh lqirupdwlrq iudphzrun/ L irxqg wkdw wkh fxuuhqw Fdoliruqld dxfwlrq ghvljq

kdv wkh srwhqwldo wr vxssruw lqh�flhqw glvsdwfklqj lq htxloleulxp1 Wkh vwuxfwxulqj ri wkh dxfwlrq

lv vxfk wkdw wkhuh duh zd|v iru uhodwlyho| lqh�flhqw jhqhudwruv wr jdph wkh dxfwlrq1 Dq| dxfwlrq

ghvljq wkdw doorzv iru pruh wkdq rqh zlqqhu shu ghpdqg orw/ dv Fdoliruqld*v grhv/ lq dq hqylurqphqw

zlwk vwulfwo| frqfdyh frvwv zloo qrw eh deoh wr jxdudqwhh h�flhqf| lq htxloleulxp1 Lq dgglwlrq wr

wkh vkruw0uxq lqh�flhqflhv wkdw dulvh iurp lqh�flhqw glvsdwfklqj/ wkhuh lv wkh dgglwlrqdo frqfhuq

wkdw wkh zurqj lqyhvwphqw vljqdov zloo frph rxw ri wkh dxfwlrq1 Wklv uhvxow lv shuwlqhqw qrw

rqo| wr Fdoliruqld/ exw dovr wr uhjxodwruv lq vhyhudo rwkhu vwdwhv zkr duh fxuuhqwo| frqwhpsodwlqj

ghuhjxodwlqj wkhlu uhvshfwlyh hohfwulflw| vxsso| lqgxvwulhv1 Dowhuqdwlyh dxfwlrq ghvljqv wkdw ehwwhu

ohqg wkhpvhoyhv wr wkh sduwlfxodu frvw vwuxfwxuh ri hohfwulflw| jhqhudwlrq vkrxog eh h{soruhg1 L kdyh

lghqwl�hg vxfk dq dxfwlrq vwuxfwxuh/ d 40krul}rqwdo dxfwlrq1 E| uhvwulfwlqj wkhuh wr eh rqo| rqh

zlqqhu shu ghpdqg orw/ d 40krul}rqwdo dxfwlrq jxdudqwhhv h�flhqf| lq htxloleulxp1

�TTi?_� �

Lw pljkw eh wkrxjkw wkdw wkh uhvwulfwhg elg vwuxfwxuh/ l1h1/ rqh lq zklfk jhqhudwruv duh uhvwulfwhg

wr vxeplwwlqj rqh elg shu xqlw shu ghpdqg orw/ lv dq dgglwlrqdo fxosulw wr lqh�flhqf| lq xqlirup0

sulfh dxfwlrqv1 Vlqfh wkh dyhudjh frvw ri jhqhudwlqj 4 JZ ghshqgv xsrq wkh wrwdo qxpehu ri JZ

jhqhudwhg/ uhvwulfwlqj jhqhudwruv wr vxeplw rqh elg +shu jhqhudwlqj sodqw, uhjdugohvv ri txdqwlw|

vkrxog rshq wkh grru iru lqh�flhqflhv wr dulvh lq htxloleulxp1

Dowhuqdwlyho|/ doorzlqj jhqhudwruv wr vxeplw d elg zklfk lv frqwlqjhqw rq txdqwlw| vkrxog khos

uhgxfh wkh h{lvwhqfh ri lqh�flhqw htxloleuld1 Wr whvw wklv k|srwkhvlv/ L dqdo|}h wkh vdph xqlirup/

yhuwlfdo/ vlpxowdqhrxv dxfwlrq suhvhqwhg lq vhfwlrqv 614/ exw fkdqjh wkh elg vwuxfwxuh vxfk wkdw

jhqhudwruv duh doorzhg wr vxeplw vwhs vxsso| ixqfwlrqv1 Vlplodu h{dpsohv iru wkh rwkhu dxfwlrq

phfkdqlvpv lq �jxuh 6 fdq hdvlo| eh frqvwuxfwhg1

Wzr0sduw elg lq d Xqlirup/ Yhuwlfdo/ Vlpxowdqhrxv Dxfwlrq

Dvvxph wkh vdph iudphzrun ri jhqhudwruv dqg ghpdqg dv lq vhfwlrq 614/ dqg wkdw wkh jhqhudwruv

frvwv duh jlyhq e| �jxuh 7= Wkh elg vwuxfwxuh lv fkdqjhg vxfk wkdw d jhqhudwru lv doorzhg wr vxeplw

d wzr0sduw elg lq hdfk krxu1 Vlqfh hdfk jhqhudwru fdq rqo| jhqhudwh lq lqfuhphqwv ri 4 PZ dqg kdv
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d fdsdflw| ri N @ 5/ d 50sduw elg fdq vx�flhqwo| fdswxuh dqg uh�hfw lwv frvw vwuxfwxuh1 Jhqhudwruv

vxeplw d wzr0sduw elg zklfk lv ri wkh irup+
plqlpxp sulfh wr jhqhudwh 4 PZ gxulqj krxu w

plqlpxp sulfh wr jhqhudwh 5 PZ gxulqj krxu w

,

iru hdfk krxu w @ 4> 5= L irxqg wkdw wkh dgglwlrqdo �h{lelolw| ri d txdqwlw|0vshfl�f elg glg qrw holpl0

qdwh lqh�flhqw glvsdwfkhv iurp wkh vhw ri Qdvk Htxloleuld1 Iru h{dpsoh/ wkh iroorzlqj elg vwudwhjlhv

vxssruw wkh vdph lqh�flhqw glvsdwfk irxqg lq vhfwlrq 614 dqg frqvwlwxwh d Qdvk Htxloleulxp elgglqj

vwudwhj| +dvwhulvnv iroorz zlqqlqj elgv,=

Jlyhq wkh elgv lq wdeoh 6/ wkh ohdvw0frvw glvsdwfk lv wr dffhsw J2�*v elgv iru 5 PZ gxulqj erwk

krxuv/ J��*v elg iru 5 PZk lq krxu 4 dqg 4 PZk lq krxu 5/ dqg J�+*v elg iru 4 PZ gxulqj krxu

4/ iru vrph | 5 ^4>P `1 Wklv vhwv wkh fohdulqj sulfhv sdlg shu PZ lq krxuv 4 dqg 5 wr eh i� . y�

dqg y� � � / uhvshfwlyho|1�� Dw wkhvh fohdulqj sulfhv/ J2� dqg J�� hduqv d srvlwlyh sur�w dqg J�

hduq d }hur sur�w1 J2� dqg J�� kdyh vxffhvvixoo| vxeplwwhg vx�flhqwo| orz elgv vr dv wr pdnh

lw lpsrvvleoh iru dq| rwkhu jhqhudwru wr sur�wdeo| xqghufxw wkhp lq hlwkhu wlph krxu iru hlwkhu

txdqwlw| ohyho1

Qrw rqo| grhv d ulfkhu elg vwuxfwxuh qrw suhhpsw lqh�flhqw glvsdwfklqj lq htxloleulxp/ lq

dgglwlrq lw srvhv wkh frpelqdwruldo rswlpl}dwlrq sureohp iru wkh dxfwlrqhhu ri lghqwli|lqj wkh ohdvw0

frvw pdqqhu ri vdwlvi|lqj ghpdqg lq hdfk krxu1 Lq wkhvh vlpsoh h{dpsohv/ wkh jhqhudwru frxog rqo|

jhqhudwh dw wzr srvvleoh rxwsxw ohyhov/ zkloh lq uhdolw| wkh srvvleoh rxwsxw ohyhov duh pxfk odujhu1

�TTi?_� �

Wkh iroorzlqj vxejdph shuihfw Qdvk htxloleulxp uhvxow lq dq lqh�flhqw glvsdwfk lq htxloleulxp iru

d glvfulplqdwru|/ krul}rqwdo/ vhtxhqwldo dxfwlrq1 Dvvxph wkdw doo jhqhudwruv vxeplw wkh vdph elgv

iru erwk ri wkhlu sodqwv xqohvv rwkhuzlvh vshfl�hg1 Rqfh d sduwlfxodu sodqw kdv zrq d orw/ lw fdq qr

orqjhu sduwlflsdwh lq odwhu dxfwlrqv1

J�*v vwudwhj|=

���L|i |�@| C�+<t M�_ uLh � �` �t |�i ��}�it| @UUiT|i_ M�_ �? �L�h � @?_ C��<t M�_ uLh � �` �t |�i ��}�it|

@UUiT|i_ M�_ uLh �L�h 2�
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Jhqhudwru Elgv iru krxu4 Elgv iru krxu 5

+v @ 5===P> | @ 4===P,

J�+

�s�n��8
s�n2��

� � ��
2��

�
J2�

�
f
f8

� �
f
f8

�
J2r

� s2n�2
s2n2�2

� � s2n�2
s2n2�2

�
J��

� f
f8

� ���3B8
2��3B

�
J�r

� s�n��
s�n2��

� � s�n��
s�n2��

�
Je+

� sen�e
sen2�e

� � sen�e
sen2�e

�
Wdeoh 6= Lqh�flhqw htxloleulxp 50sduw elgglqj vwudwhjlhv

Elg iru i� . 6y� . � iru orw 6

Li L zlq orw 6 / elg i� . 5y� � � iru orw 5

Li L zlq orw 5 / elg 4 iru orw 4

Li 5 zlqv orw 5 / elg i2 . y2 � � iru orw 4

Li 6 zlqv orw 5 / elg i2 . y2 � � iru orw 4

Li 5 zlqv orw 6 / elg i� . 5y� . � iru orw 5

Li L zlq orw 5 / elg i2 . y2 � � iru orw 4

Li 5 zlqv orw 5 / elg i� . y� � � iru orw 4

Li 6 zlqv orw 5 / elg i2 . y2 � � iru orw 4

Li 6 zlqv orw 6 > elg i� . 5y� iru orw 5

Li L zlq orw 5 / elg i2 . y2 � � iru orw 4

Li 5 zlqv orw 5 > elg i2 . y2 � � iru orw 4

Li 6 zlqv orw 5 / elg i2 . y2 � � iru orw 4

J2*v vwudwhj|=

Elg iru i� . 6y� � � iru orw 6
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Li 4 zlqv orw 6 / elg i� . 5y� . � iru orw 5

Li 4 zlqv orw 5 / elg i� . y� � � iru orw 4

Li L zlq orw 5 / elg i2 . y2 iru orw 4

Li 6 zlqv orw 5 / elg i2 . y2 iru orw 4

Li L zlq orw 6 / elg i� . 5y� � � iru orw 5

Li 4 zlqv orw 5 / elg i2 . y2 iru orw 4

Li L zlq orw 5 / elg 4 iru orw 4

Li 6 zlqv orw 5 / elg i2 . y2 iru orw 4

Li 6 zlqv orw 6 / elg i� . 5y� � � iru orw 5

Li 4 zlqv orw 5 / elg i2 . y2 iru orw 4

Li L zlq orw 5 / elg i2 . y2 iru orw 4

Li 6 zlqv orw 5 / elg i2 . y2 iru orw 4

J�*v vwudwhj|=

Elg iru i� . 6y� iru orw 6

Li 4 zlqv orw 6 / elg i� . 5y� iru orw 5

Li 4 zlqv orw 5 / elg i� . y� iru orw 4

Li 5 zlqv orw 5 / elg i� . y� iru orw 4

Li L zlq orw 5 / elg i� . y� iru orw 4

Li 5 zlqv orw 6 / elg i� . 5y� iru orw 5

Li 4 zlqv orw 5 / elg i� . y� iru orw 4

Li 5 zlqv orw 5 / elg i� . y� iru orw 4

Li L zlq orw 5 / elg i� . y� iru orw 4

Li L zlq orw 6 / elg i� . 5y� iru orw 5
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Li 4 zlqv orw 5 / elg i� . y� iru orw 4

Li 5 zlqv orw 5 / elg i� . y� iru orw 4

Li L zlq orw 5 / elg i� . y� iru orw 4

Wkh uhvxow ri wkhvh vwudwhjlhv lv wkdw J2 zlqv orw 6 dqg orw 5 > dqg J� zlqv orw 4 =

�TTi?_� �

Xqghu glvfulplqdwru| sulflqj/ kdylqj d vlpxowdqhrxv dxfwlrq ru d vxusoxv ri lghqwlfdo jhqhudwruv

fuhdwhv d vwulfw xsshu erxqg rq zlqqlqj elgv lq d 40krul}rqwdo dxfwlrq1 Wklv lq wxuq lpsolhv wkdw/

lq htxloleulxp/ jhqhudwruv zloo qhyhu glvsdwfk d sodqw dw d qhjdwlyh sur�w1 Lw lv rqo| ehqh�fldo

iru d jhqhudwru wr elg rqh ri lwv sodqwv lqwr wkh glvsdwfk dw d qhjdwlyh sur�w/ li lw eholhyhv wkdw lw

fdq uhfryhu wkrvh orvvhv e| lqfuhdvlqj lwv zlqqlqj elg+v, rq dqrwkhu sodqw1 L dujxh wkdw kdylqj d

vlpxowdqhrxv dxfwlrq ru d vxusoxv ri lghqwlfdo jhqhudwruv lpsolhv wkdw wkhuh lv qr fuhgleoh zd| wr

fkdqjh wkh xsshu erxqg rq d zlqqlqj elg1

Wkh lqwxlwlrq ehklqg wklv fdq hdvlo| eh xqghuvwrrg lq wkh fdvh zkhuh wkhuh duh d vxusoxv ri

lghqwlfdo jhqhudwruv1 Wkh suhvhqfh ri _wrr pdq|% jhqhudwruv ri wkh vdph w|sh qdwxudoo| fuhdwhv dq

xsshu erxqg rq wkh elgv d jhqhudwru pd| vxffhvvixoo| sodfh1 Lq sduwlfxodu/ wkh jhqhudwru pxvw elg

lwv wuxh frvw wr jhqhudwh> rwkhuzlvh/ dq lghqwlfdo jhqhudwru wkdw lv qrw fxuuhqwo| ehlqj glvsdwfkhg

kdv wkh lqfhqwlyh wr xqghufxw lwv rssrqhqw*v elg dqg uhsodfh lw lq wkh glvsdwfk vfkhgxoh1

Zlwk d vlpxowdqhrxv dxfwlrq/ hyhq lq wkh h{wuhph fdvh zkhuh hdfk jhqhudwru lv wkh vroh rzqhu

ri d sduwlfxodu whfkqrorj| w|sh/�e wkh vlpxowdqhlw| ri wkh elg vxeplvvlrq lpsolhv wkdw wkhuh lv qr

fuhgleoh zd| wr fkdqjh wkh xsshu erxqgv rq d zlqqlqj elg/ dqg wkhuhiruh d jhqhudwru zloo qhyhu

�qg lw dgydqwdjhrxv wr elg d sodqw ehorz lwv wrwdo frvw1 Wkh lqwxlwlrq ehklqg wklv vwdwhphqw fdq

hdvlo| eh xqghuvwrrg xvlqj d wkuhh orw dxfwlrq1

Vxssrvh wkdw wkhuh duh wkuhh orwv/ D>E> dqg F wkdw duh dxfwlrqhg vlpxowdqhrxvo| dqg wkdw wkhuh

duh q A 5 jhqhudwruv/ J� iru l @ 4===q/ sduwlflsdwlqj lq wkh dxfwlrqv1 Vxssrvh wkdw lq wkh h�flhqw

�e+iU@**c |��t �@t |�i i @U| 4@h!i| t|h�U|�hi �ti_ ��i? �_i?|�u)�?} @? �?i�U�i?| _�tT@|U� uLh @ ti^�i?|�@*c _�t�

Uh�4�?@|Lh)c ���Lh�3L?|@* @�U|�L?�
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glvsdwfk J� zlqv orwv D dqg E dqg J2 zlqv orw F1 Vxssrvh wkdw J� pxvw wxuq rq d qhz sodqw

iru hdfk orw/ l1h1/ wkhuh duh qr frvw ghshqghqflhv dfurvv orwv1 Zh nqrz +iurp Vwhs +5, ri Wkhruhp

7, wkdw wkhuh h{lvwv dq h�flhqw htxloleulxp zkhuh doo jhqhudwruv duh hduqlqj d qrq0qhjdwlyh sur�w

iurp hdfk sodqw1 Gh�qh wklv htxloleulxp wr eh HW1 L dujxh wkdw wkhuh grhv qrw h{lvw dq dowhuqdwlyh

h�flhqw htxloleulxp zkhuh dw ohdvw rqh ri wkh jhqhudwruv lv rshudwlqj d sodqw dw d qhjdwlyh sur�w1

D jhqhudwru zrxog rqo| elg rqh ri lwv sodqwv lqwr glvsdwfk ehorz frvw li d, lw zrxog qrw eh

glvsdwfkhg rwkhuzlvh dqg e, grlqj vr uhvxowv lq lqfuhdvlqj wkh xsshu erxqg rq wkh zlqqlqj elgv iru

rqh ri lwv rwkhu sodqwv1 Vxssrvh wkdw J� lv frqvlghulqj elgglqj ehorz khu sodqw*v jhqhudwlrq frvwv

iru orw D1 Wkh rqo| uhdvrq J� zrxog �qg vxfk d elgglqj vwudwhj| ghvludeoh lv li grlqj vr doorzhg

khu wr vxeplw d kljkhu zlqqlqj elg +gxh wr d fkdqjh lq wkh xsshu erxqg, iru orw E/ dqg wkdw wklv

dfwlrq zrxog uhvxow lq d kljkhu sur�w ryhudoo wkdq lq glvsdwfk HW1

Lq rughu iru wkh xsshu erxqg rq J�*v zlqqlqj elg iru orw E wr fkdqjh/ lw pxvw eh wkdw J2*v

elg lv gh�qlqj wkdw xsshu erxqg +wkdw lv/ wkh xsshu erxqg pxvw eh gh�qhg e| d jhqhudwru wkdw

lv fxuuhqwo| glvsdwfkhg,1 Lq dgglwlrq/ J2 pxvw h{shulhqfh dq lqfuhdvh lq wkh xsshu erxqg rq lwv

zlqqlqj elg iru orw F dv d gluhfw uhvxow ri wkh fkdqjh lq J�*v fkdqjh lq elg iru orw D1 Wkh rqo| zd|

wkh xsshu erxqg rq wkh zlqqlqj elg iru orw F zrxog fkdqjh lv li lw lv J�*v elg wkdw lv gh�qlqj wkh

xsshu erxqg1�D

Vxssrvh zh duh lq wkh vwdwh zkhuh J� lv zlqqlqj orw D zlwk d elg ehorz sodqw frvw dqg orw E dw

d elg sulfh kljkhu wkdq lq htxloleulxp HW/ dqg wkdw J2 lv zlqqlqj orw F dw d elg sulfh kljkhu wkdq

lq htxloleulxp HW1 Jlyhq wkh vlpxowdqhrxv qdwxuh ri elg vxeplvvlrq/ lw lv qrw dq htxloleulxp iru

J� wr elg d sodqw ehorz frvw iru orw D= Lqvwhdg/ J� kdv wkh lqfhqwlyh wr xqghufxw J2*v elg iru orw F

dqg zlwkgudz lwv ehorz0frvw elg iru orw D1 Wkhuhiruh/ lw lv qhyhu sur�wdeoh +dqg qrw vxvwdlqdeoh lq

htxloleulxp, wr elg ehorz d sodqw*v frvw lq d vlpxowdqhrxv 40krul}rqwdo +glvfulplqdwru|, dxfwlrq1

�TTi?_� #

Lq wklv vhfwlrq/ L looxvwudwh dq h�flhqw htxloleulxp lq wkh h{wuhph pdunhw vwuxfwxuh zkhuh doo sodqwv/

vdyh rqh/ duh glvsdwfkhg1 Vxssrvh wkdw wkhuh duh irxu jhqhudwruv sduwlflsdwlqj lq wkh pdunhw/ hdfk

�D�}@�?c |�i �TTih ML�?_ uLh ,J| � 4�t| Mi _i�?i_ M) @ }i?ih@|Lh |�@| �t U�hhi?|*) _�tT@|U�i_�
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ri zklfk rzqv rqh sodqw zlwk d fdsdflw| ri N @ 41 Iljxuh 48 sorwv F� +t,/ wkdw lv/ jhqhudwru l*v frvw

wr jhqhudwh d wrwdo ri t PZkv1

G1 G2 G3
G4

Total MWh, q

Total Cost, Ci(q)

1 2 3

Iljxuh 48= Jhqhudwlrq frvwv iru jhqhudwruv J�/ l @ 4> ==> 71

Vxssrvh wkdw gdlo| ghpdqg lv dv jlyhq lq �jxuh 491 Wkh h�flhqw glvsdwfk/ GW/ lv dovr surylghg

lq �jxuh 491

Jhqhudwru Elg iru Orw 4 Elg iru Orw 5

J� F� +4, . � F� +5,

J2 F� +4, F2 +5, .F� +4,�F2 +4, . �

J� F� +4, F2 +5, .F� +4,�F2 +4,

Je Fe +4, Fe +5,

Wdeoh 7= Jhqhudwru elgv iru orwv 4 dqg 5 lq d 40krul}rqwdo dxfwlrq

Vlqfh J� lv qrw vfkhgxohg wr jhqhudwh lq GW> kh kdv dq rssruwxqlw| frvw ri }hur dvvrfldwhg zlwk

zlqqlqj orwv 4> 5> ru 6> wkdw lv/ J� zloo kdyh wkh lqfhqwlyh wr xqghufxw dq| elg wkdw lv deryh lwv

rshudwlqj frvw iru vxsso|lqj wkh ghpdqg lq wkh orw1 J� lv dovr wkh qh{w prvw h�flhqw jhqhudwru iru

orw 4/ dqg wkhuhiruh gh�qhv wkh xsshu erxqg rq J2*v zlqqlqj elg iru orw 4=

Xsshu erxqg rq J2*v zlqqlqj elg @ F�+4,

6;



Demand

Time

3

2

1

1

2

3

Lot 3 : G4

Lot 2 : G3

Lot 1: G2

Iljxuh 49= Gdlo| ghpdqg/ sduwlwlrqhg lqwr wkuhh orwv iru d 4� krul}rqwdo dxfwlrq1

Jhqhudwru Elg iru Orw 6

J� F� +6,

J2 F2 +6,

J� F� +6, .F2 +5, .F� +4,�F2 +4,�F� +5, . �

Je F� +6, .F2 +5, .F� +4,�F2 +4,�F� +5,

Wdeoh 8= Jhqhudwru elgv iru orw 6 lq d 40krul}rqwdo dxfwlrq

J2/ lq wxuq/ lv wkh qh{w prvw h�flhqw jhqhudwru iru orw 5= Krzhyhu/ J2 grhv kdyh d srvlwlyh

rssruwxqlw| frvw dvvrfldwhg zlwk zlqqlqj orw 5> htxdo wr F�+4,�F2+4, +zklfk lv htxdo wr khu sur�w

iurp zlqqlqj orw 4 dw d elg htxdo wr J�*v frvw plqxv khu rzq rshudwlqj frvwv, = Wkhuhiruh/ J�*v

zlqqlqj elg iru orw 5 lv frqvwudlqhg e| J2*v rshudwlqj frvw soxv khu rssruwxqlw| frvw +lq �jxuh 48/

wkh sdudooho olqhv ghqrwh J2*v srvlwlyh rssruwxqlw| frvw,1

Xsshu erxqg rq J�*v zlqqlqj elg @ F2+5,. F�+4,�F2+4,� ~} �
C2<t LTTLh|�?�|) ULt|

Ilqdoo|/ J� lv wkh qh{w prvw h�flhqw jhqhudwru iru orw 6 dqg dovr kdv d srvlwlyh rssruwxqlw| frvw

dvvrfldwhg zlwk zlqqlqj orw 6= Dv d uhvxow/ Je*v zlqqlqj elg lv frqvwudlqhg e| J�*v frvw soxv klv

6<



rssruwxqlw| frvw1

Xsshu erxqg rq Je*v zlqqlqj elg @ F�+6,. F2+5, .F�+4,�F2+4,�F�+5,� ~} �
C�<t LTTLh|�?�|) ULt|

Qrwh wkdw/ xqolnh wkh fdvh zkhuh Dvvxpswlrqv +4, dqg +5, duh vdwlv�hg/ wkh jhqhudwruv vxeplw

zlqqlqj elgv deryh wkhlu rshudwlqj frvwv1

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

Elnkfkdqgdql/ V1/ 4<<9/ _Dxfwlrqv ri Khwhurjhqhrxv Remhfwv/% plphr/ Wkh Dqghuvrq Vfkrro/

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

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

Olfhqvhv/% Wkh Mrxuqdo ri Lqgxvwuldo Hfrqrplfv/ Yro1 78/ Qr1 6/ ss1 55:0576

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

Vflhqfh/ Yro165/ Qr145/ ss148<<04945

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
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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

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

6/ ss1 4780495

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

Dxfwlrqv/% Zrunlqj Sdshu/ Uxwjhuv Xqlyhuvlw|

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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