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Devwudfw

Zh dvn xqghu zkdw frqglwlrqv wudqvplvvlrq frqwudfwv lqfuhdvh ru plwljdwh pdunhw srzhu1

Zh vkrz wkdw wkh doorfdwlrq surfhvv ri wudqvplvvlrq uljkwv lv fuxfldo1 Lq dq h!flhqwo| duel0

wudjhg xqlirup sulfh dxfwlrq jhqhudwruv zloo rqo| rewdlq frqwudfwv wkdw plwljdwh wkhlu pdunhw

srzhu1 Krzhyhu/ li jhqhudwruv lqkhulw wudqvplvvlrq frqwudfwv ru ex| wkhp lq d csd|0dv0elg*

dxfwlrq/ wkhq wkhvh frqwudfwv fdq hqkdqfh pdunhw srzhu1 Lq wkh wzr0qrgh qhwzrun fdvh edq0

qlqj jhqhudwruv iurp kroglqj wudqvplvvlrq frqwudfwv wkdw gr qrw fruuhvsrqg wr gholyhu| ri

wkhlu rzq hqhuj| plwljdwhv pdunhw srzhu1 Phvkhg qhwzrunv gl�hu lq lpsruwdqw zd|v dv frq0

vwudlqhg olqnv qr orqjhu lvrodwh sulfhv lq frpshwlwlyh pdunhwv iurp pdunhw pdqlsxodwlrq1 Wkh

sdshu vxjjhvwv zd|v ri plqlplvlqj pdunhw srzhu frqvlghudwlrqv zkhq ghvljqlqj wudqvplvvlrq

frqwudfwv

4 Lqwurgxfwlrq

Wudqvplvvlrq fdsdflw| kdv ehhq dq lpshglphqw wr hohfwulflw| pdunhw olehudolvdwlrq lq Hxursh dqg

wkh Xqlwhg Vwdwhv1 Lq pdq| fdvhv wkh lqwhufrqqhfwlrq fdsdflw| ehwzhhq uhjlrqv ru frxqwulhv zdv

ghyhorshg wr surylgh vhfxulw| udwkhu wkdq wr idflolwdwh hqhuj| wudgh1 Lq olehudolvhg pdunhwv zkhuh

frqvxphuv duh iuhh wr ex| iurp rxw0ri0duhd jhqhudwruv/ wklv fdsdflw| lv riwhq lqdghtxdwh dqg

pxvw eh udwlrqhg ru sulfhg1 Lqfuhdvlqj lqwhufrqqhfwru fdsdflw| kdv dq dgglwlrqdo dgydqwdjh dv

lw uhgxfhv orfdo pdunhw srzhu1 Wudqvplvvlrq frqvwudlqwv lvrodwh hohfwulflw| pdunhwv dqg olplw wkh

qxpehu ri jhqhudwruv frpshwlqj wr vxsso| orfdo frqvxphuv1 Lq pdq| Hxurshdq frxqwulhv/ wkh

frqfhqwudwlrq lq jhqhudwlrq lv frqvlghudeoh/ dqg wkh grplqdqw surgxfhu lv uhtxluhg wr surgxfh

iru d odujh iudfwlrq ri wkh |hdu wr pdnh xs dq| vkruwidoo ehwzhhq ghpdqg dqg dydlodeoh vxsso|
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iurp lpsruwv dqg rwkhu surgxfhuv1 Dv wkh vkruw0uxq hodvwlflw| ri hohfwulflw| ghpdqg lv h{wuhpho|

orz/ grplqdqw surgxfhuv kdyh yhu| vxevwdqwldo pdunhw srzhu zkhq wkh| duh wkh uhtxluhg uhvlg0

xdo vxssolhu1 Wkh Fdoliruqldq hohfwulflw| fulvlv wkdw vwduwhg lq Ghfhpehu 5333 surylghv vwdun

hylghqfh wkdw pdunhw srzhu fdq eh d vhulrxv sureohp lq wljkw pdunhwv hyhq zkhq wkh| dsshdu

xqfrqfhqwudwhg +Mrvnrz dqg Ndkq,1

Plwljdwlqj pdunhw srzhu lv wkhuhiruh kljk rq wkh djhqgd iru uhjxodwruv rq erwk vlghv ri

wkh Dwodqwlf1 Lq wkh orqjhu uxq/ lqfuhdvhg lqwhufrqqhfwlrq zloo uhgxfh h�hfwlyh frqfhqwudwlrq/

dv vkrxog hqwu| e| qhz jhqhudwlqj frpsdqlhv/ dqg srvvleo| uhjxodwru| suhvvxuh hqfrxudjlqj

glyhvwphqw/ dv lq Eulwdlq1 Lq wkh vkruw uxq/ wkrxjk/ lqwhufrqqhfwlrq fdsdflw| lv olplwhg dqg �{hg1

Zkhq wkh wudqvplvvlrq frqvwudlqwv duh elqglqj wkhq wudqvplvvlrq fdsdflw| ehfrphv ydoxdeoh dqg

uhyhqxhv iurp �qdqfldo wudqvplvvlrq uljkwv ru h{huflvh ri sk|vlfdo wudqvplvvlrq uljkwv lq xhqfh

jhqhudwruv* surgxfwlrq ghflvlrqv1 Wkh nh| srolf| txhvwlrq wkdw wklv sdshu dgguhvvhv lv krz vxfk

vfdufh lqwhufrqqhfwlrq fdsdflw| vkrxog eh pdgh dydlodeoh wr plqlplvh wkh gdpdjlqj h�hfwv ri

pdunhw srzhu wkdw fxuuhqw ohyhov ri jhqhudwlrq frqfhqwudwlrq d�rug1 Zh duh vshfl�fdoo| frqfhuqhg

zlwk wkh ghvljq ri dxfwlrqv dqg pdunhwv +erwk vsrw dqg frqwudfw, wr plwljdwh pdunhw srzhu1

Lq d qrgdo sulflqj v|vwhp/ ru zkhuh lqwhufrqqhfwlrq frqqhfwv qhljkerxulqj duhdv idflqj

gl�huhqw vsrw pdunhwv/ wudqvplvvlrq frqvwudlqwv h{srvh pdunhw sduwlflsdqwv wr orfdwlrqdo sulfh

gl�huhqfhv1 Wudqvplvvlrq frqwudfwv surylgh dffhvv wr vfdufh wudqvplvvlrq olqhv dqg surylgh �0

qdqfldo khgjhv djdlqvw sulfh ulvn1 Lq dgglwlrq/ sulfhv surylgh lqirupdwlrq wr jxlgh h{sdqvlrq ri

wudqvplvvlrq fdsdflw| +Krjdq 4<<5,1 Rqh lpphgldwh txhvwlrq frqiurqwlqj uhjxodwruv lv zkhwkhu/

dqg li vr/ xqghu zkdw frqglwlrqv/ wudqvplvvlrq frqwudfwv lqfuhdvh ru plwljdwh wkh pdunhw srzhu

ri hohfwulflw| jhqhudwruv1

Wkh olwhudwxuh rq wkh dqdo|vlv ri pdunhw srzhu lq wudqvplvvlrq qhwzrunv kdv ghyhorshg lq d

vhulhv ri sdshuv dgguhvvlqj sduwlfxodu sureohpv1 Wkhvh surylgh frqvlghudeoh lqvljkw/ wkrxjk wkh

urexvwqhvv ri wkhlu �qglqjv dqg wkh lpsolfdwlrqv iru qhwzrun pdqdjhphqw dqg pdunhw ghvljq duh

udwkhu vfdwwhuhg dqg kdug wr dvvhvv1 Wkh sdshu wkhuhiruh dlpv wr suhvhqw d v|vwhpdwlf dqdo|vlv

ri wkh ehvw zd| wr plwljdwh pdunhw srzhu lq frqvwudlqhg qhwzrunv1 Wklv txhvwlrq surylghv d

qdwxudo dqg lpsruwdqw rujdqlvlqj sulqflsoh iru lqyhvwljdwlqj wkh h�hfwv ri gl�huhqw duudqjhphqwv

rq jhqhudwru ehkdylrxu dqg frqvxphu zhoiduh1

Eruhqvwhlq/ Exvkqhoo dqg Vwriw +5333, vkrz wkdw lw fdq eh sur�wdeoh iru jhqhudwruv wr zlwk0

krog rxwsxw lq rughu wr frqvwudlq d wudqvplvvlrq olqh wkdw zrxog qrw kdyh ehhq frqvwudlqhg xqghu

shuihfw frpshwlwlrq1 Eruhqvwhlq hw do +4<<9, flwh hpslulfdo hylghqfh iru Qruwkhuq Fdoliruqld wr

wklv h�hfw1 Qhxkr� +5335/ GDH Plphr, prghov jhqhudwruv* delolwlhv wr frqvwudlq wudqvplvvlrq

olqnv dqg frqfoxghv wkdw pdunhw srzhu lv plwljdwhg li wkh vhsdudwh hqhuj| vsrw pdunhwv dqg

pdunhwv iru sk|vlfdo wudqvplvvlrq frqwudfwv duh lqwhjudwhg lq d qrgdo ghvljq ru pdunhw0vsolwwlqj
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dssurdfk1 Kduyh| dqg Krjdq +5333, frpsduh pdunhw srzhu xqghu qrgdo dqg }rqdo frqjhvwlrq

pdqdjhphqw dqg frqfoxgh wkdw wkh lpsdfw ri pdunhw srzhu lv dozd|v zhdno| orzhu xqghu qrgdo

sulflqj wkdq li erwk qrghv duh djjuhjdwhg lqwr d vlqjoh }rqh1

Zklovw wkh suhylrxvo| txrwhg sdshuv hydoxdwh vlwxdwlrqv zkhq pdunhw srzhu lq xhqfhv

zkhwkhu wudqvplvvlrq frqvwudlqwv duh elqglqj/ wklv sdshu lv vroho| frqfhuqhg zlwk fdvhv zkhq

frqvwudlqwv duh elqglqj luuhvshfwlyh ri wkh h{huflvh ri pdunhw srzhu1 Vwriw +4<<<, qrwhv wkdw

wudqvplvvlrq frqwudfwv pd| fxue pdunhw srzhu lq d wzr0qrgh qhwzrun/ zkloh ohdylqj rshq wkh

txhvwlrq zkhwkhu wklv uhvxow lv urexvw wr wkh orfdwlrq ri pdunhw srzhu dqg wkh h{whqvlrq wr

pruh frpsoh{ phvkhg qhwzrunv1 Wkh prvw lpsuhvvlyh dqg h{kdxvwlyh wuhdwphqw lv wr eh irxqg

lq Mrvnrz dqg Wluroh +5333,/ rq zklfk pxfk ri wklv sdshu lv exlow1 Hxurshdq uhjxodwruv sd|

frqvlghudeoh dwwhqwlrq wr wkh glvwlqfwlrq ehwzhhq sk|vlfdo dqg �qdqfldo wudqvplvvlrq frqwudfwv/

dqg wkh lpsruwdqfh ri hqvxulqj wkdw vfdufh wudqvplvvlrq fdsdflw| lv qrw zlwk0khog/ e| lpsrvlqj

cxvh0lw0ru0orvh0lw* frqglwlrqv14 Wklv odvw srlqw lv doprvw xqlyhuvdoo| dffhswhg dqg sudfwlvhg e|

uhjxodwruv/ dqg wkhuhiruh doorzv xv wr dsso| rxu prghov htxdoo| wr �qdqfldo dqg sk|vlfdo wudqv0

plvvlrq frqwudfwv zlwk wkh cxvh0lw0ru0orvh0lw* frqglwlrq1 Wkh lpsolfdwlrqv ri wkhlu rwkhu uhvxowv

iru pdunhw ghvljq dqg uhjxodwru| srolf| duh ohvv fohdu1 Rxu sdshu irfxvhv pruh gluhfwo| rq wkhvh

lvvxhv/ dwwhpswv wr surylgh d pruh frpsuhkhqvlyh dqg urexvw udqjh ri fdvhv/ dqg frqfhqwudwhv

rq lvvxhv ri sudfwlfdo pdunhw ghvljq/ lqiruphg e| fxuuhqw ghedwhv lq Hxursh/ wkh vrxufh ri prvw

ri wkh h{shulhqfh zlwk furvv0erughu wudqvplvvlrq dxfwlrqv dqg pdunhwv1

Mrvnrz dqg Wluroh frqfhqwudwh rq wkh wzr0qrgh fdvh zlwk d vlqjoh prqrsrolvw dw rqh qrgh

idflqj frpshwlwlyh jhqhudwruv dw wkh rwkhu qrgh/ dqg jlyh h{dpsohv lq zklfk frqwudfwv hlwkhu

hqkdqfh ru plwljdwh pdunhw srzhu1 Lq rxu lqwhusuhwdwlrq wudqvplvvlrq frqwudfwv vhuyh wkh vdph

ixqfwlrq dv iruzdug frqwudfwv iru hqhuj|1 D wudqvplvvlrq frqwudfw olqnv wkh ydoxh ri jhqhudwlrq

dw rqh qrgh wr wkh sulfh dw dqrwkhu qrgh1 Li wkh sulfh dw wkh rwkhu qrgh lv jlyhq +ru khgjhg lq

orfdo vsrw pdunhwv,/ wkhq d wudqvplvvlrq frqwudfw lv d iruzdug frqwudfw iru hqhuj|1

Li d grplqdqw jhqhudwru dw dq lpsruwlqj qrgh lpsruwv hqhuj| zlwk d wudqvplvvlrq frqwudfw

dqg vhoov lw lq wkh orfdo vsrw pdunhw/ wklv zloo lqfuhdvh wkh wrwdo yroxph ri hqhuj| kh vhoov dw

wkh vsrw pdunhw sulfh dqg lqfuhdvhv klv lqfhqwlyh wr zlwkkrog grphvwlf rxwsxw wr lqfuhdvh vsrw

sulfhv1 Pdunhw srzhu lv wkhuhiruh hqkdqfhg li lpsruwlqj jhqhudwruv krog wudqvplvvlrq frqwudfwv1

Lq frqwudvw/ lq d wzr0qrgh qhwzrun li dq h{sruwlqj jhqhudwru krogv wudqvplvvlrq frqwudfwv kh

fdq h�hfwlyho| suh0frpplw wkdw sduw ri klv rxwsxw/ lq wkh vdph zd| wkdw vhoolqj lq d iruzdug

pdunhw zrxog suh0frpplw rxwsxw1 Dv zlwk rwkhu irupv ri frqwudfwlqj jhqhudwru rxwsxw/ wklv lv

sur0frpshwlwlyh dv lw uhgxfhv wkh iudfwlrq vrog dw wkh vsrw pdunhw sulfh dqg khqfh wkh lqfhqwlyh

4Iru h{dpsoh/ wkh Gxwfk hohfwulflw| uhjxodwru kdv wdnhq vwhsv djdlqvw frpsdqlhv wkdw glg qrw xvh doo ri wkh

wudqvplvvlrq fdsdflw| doorfdwhg wr wkhp1 Vhh kwws=22zzz1qpd0gwh1qo2hq2qhzv253352 su35341kwp
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wr lq xhqfh wkh vsrw sulfh1 Wudqvplvvlrq frqwudfwv khog e| h{sruwlqj jhqhudwruv plwljdwh pdunhw

srzhu1 Lq wzr0qrgh pdunhwv olnh Vfrwodqg0Hqjodqg ru Jhupdq|0Qhwkhuodqgv wkh pdunhw srzhu

fdq wkhuhiruh eh plwljdwhg e| uhvwulfwlqj jhqhudwruv iurp ex|lqj wudqvplvvlrq frqwudfwv wkdw gr

qrw fruuhvsrqg wr gholyhu| ri hqhuj| iurp wkhlu srzhu sodqwv1

Mrvnrz dqg Wluroh dovr dgguhvv wkh wkuhh0qrgh qhwzrun exw frqfoxgh wkdw �Wkh gl�huhqfh

ehwzhhq wkh wzr0dqg wkuhh0qrgh qhwzrunv lv/ zh ihho/ pruh txdqwlwdwlyh wkdq txdolwdwlyh> 1 1 1 �

+Mrvnrz dqg Wluroh/ 5333/ s1 7:<,1 Krzhyhu/ orrs  rzv lq d phvkhg qhwzrun pdnh sulfhv dw

gl�huhqw qrghv lqwhughshqghqw hyhq li wudqvplvvlrq frqvwudlqwv duh elqglqj1 Li d jhqhudwru krogv

d wudqvplvvlrq frqwudfw wr d qrgh zlwk d sulfh wkdw lqfuhdvhv pruh gxh wr zlwkkroglqj wkdq wkh

sulfh dw wkh surgxfwlrq qrgh/ wkhq wkh lqfhqwlyh wr zlwkkrog rxwsxw lv lqfuhdvhg1 Lq d phvkhg

qhwzrun wudqvplvvlrq frqwudfwv khog e| h{sruwlqj jhqhudwruv fdq hqkdqfh pdunhw srzhu zkhuhdv

wkh vdph frqwudfwv lq wkh wzr0qrgh qhwzrun dozd|v plwljdwh pdunhw srzhu1 Rxu pdlq uhvxow iru

phvkhg qhwzrunv +zklfk lqfoxghv wkh wzr0qrgh fdvh, lv wkdw d shuihfwo| duelwudjhg vlqjoh0sulfh

dxfwlrq hqvxuhv wkdw frqwudfwv qhyhu hqkdqfh dqg pd| plwljdwh pdunhw srzhu1 Wudghuv ydoxh

wudqvplvvlrq frqwudfwv pruh wkdq jhqhudwruv ehfdxvh lq wkhlu srvvhvvlrq wkh frqwudfwv gr qrw

fuhdwh dgglwlrqdo surgxfwlrq lqh!flhqflhv lq wkh hqhuj| pdunhw1 Dv d uhvxow wudghuv zloo vhfxuh

doo wkh frqwudfwv1

Mrvnrz dqg Wluroh frqwudvw sd|0dv0elg dqg vlqjoh sulfh +ru glvfulplqdwru| dqg whqghu elg,

dxfwlrqv iru wkh prqrsro| fdvh1 Wkh| vkrz wkdw jhqhudwruv sod| d pl{hg vwudwhj| lq wkh sd|0

dv0elg dxfwlrq1 Zh vroyh wklv fdvh h{solflwo| dqg h{whqg lw wr wkh pruh frpprqo| hqfrxqwhuhg

roljrsro| fdvh/ zklfk gl�huv lq vrph lpsruwdqw uhvshfwv1 Wudghuv nqrz rqo| wkh h{shfwhg glv0

wulexwlrq ri jhqhudwruv* elgv1 Wklv odfn ri lqirupdwlrq lpsolhv wkdw wudghuv fdq rqo| duelwudjh

wkh sulfh ri wudqvplvvlrq frqwudfwv lq h{shfwdwlrq dqg wkhuhiruh elg ohvv djjuhvvlyho| wkdq lq d

xqlirup sulfh dxfwlrq1 Jhqhudwruv wkhq rewdlq yduldeoh dprxqwv ri wudqvplvvlrq frqwudfwv wkdw

lqfuhdvh wkhlu pdunhw srzhu1

Xqlirup sulfh dxfwlrqv vhhp suhihudeoh wr sd|0dv0elg dxfwlrqv dv wkh| doorz wudghuv wr du0

elwudjh dzd| wkh h{wud pdunhw srzhu wkdw wudqvplvvlrq frqwudfwv r�hu jhqhudwruv1 Krzhyhu/

rqh vkrxog eh fdxwlrxv ehiruh dffhswlqj wkdw xqlirup sulfh dxfwlrqv vx!fh wr dgguhvv pdunhw

srzhu sureohpv1 Wkh uhvxow rqo| dssolhv wr wkh ixoo lqirupdwlrq fdvh dqg lw uhpdlqv dq rshq

txhvwlrq zkhwkhu lw zrxog vwloo dsso| zlwk dv|pphwulf lqirupdwlrq ru xqfhuwdlqw|1 Wkh uhvxow

dovr ghshqgv rq wkh dvvxpswlrq wkdw wkh hqhuj| vsrw pdunhw htxloleulxp sulfh lv suhglfwdeoh/ dv

lw lv zlwk Frxuqrw frpshwlwlrq dqg lqirupdwlrq derxw frvw dqg ghpdqg fkdudfwhulvwlfv +ri wkh

nlqg qrupdoo| dydlodeoh wr lqiruphg sduwlflsdqwv lq hohfwulflw| pdunhwv,1 Li wkh hqhuj| pdunhw lv

prghoohg dv d vxsso| ixqfwlrq htxloleulxp dv lq Juhhq dqg Qhzehu| +4<<5,/ wkhq wkh Qdvk htxl0

oleulxp lq elgglqj vwudwhjlhv lv qr orqjhu xqltxh1 Dv d uhvxow wkh ydoxh ri wudqvplvvlrq frqwudfwv
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wr wudghuv lv xqfhuwdlq1 Lq wkdw fdvh wkh rxwfrph pd| vkduh vrph ri wkh xqidyrudeoh rxwfrphv

ri wkh sd|0dv0elg dxfwlrq= wudghuv elg ohvv djjuhvvlyho|/ doorzlqj jhqhudwruv wr rewdlq pdunhw

srzhu0hqkdqflqj frqwudfwv1 Wkh zrunlqj dvvxpswlrq ri Frxuqrw frpshwlwlrq lq wkdw vhqvh lv

prvw idyrxudeoh iru d uhjxodwru| plqlpdolvw dssurdfk wr pdunhw lqwhuyhqwlrq1 Zklovw fduhixo

dxfwlrq ghvljq fdq uhyhdo sulydwh lqirupdwlrq dqg wkhuhiruh uhgxfh wkhvh lqirupdwlrq dv|pph0

wulhv lw pd| eh pruh gluhfw wr xvh d vlpsoh dxfwlrq ghvljq dqg h{solflwo| edq jhqhudwruv iurp

rewdlqlqj fhuwdlq w|shv ri wudqvplvvlrq frqwudfwv1

Rxu dqdo|vlv vxjjhvwv wkdw rqh srvvleoh vroxwlrq wr wkh ulvn wkdw frqwudfwv pd| hqkdqfh

pdunhw srzhu frxog eh wr lghqwli| wkh uhihuhqfh qhwzrun qrgh zkrvh sulfh lv ohdvw lq xhqfhg

e| dq| jhqhudwru*v rxwsxw ghflvlrq/ dqg wr gh�qh doo wudqvplvvlrq frqwudfwv wrzdugv wkdw qrgh1

Jhqhudwruv zrxog eh uhvwulfwhg wr ex|lqj wudqvplvvlrq frqwudfwv wrzdugv wklv uhihuhqfh qrgh1 Li

vxfk d qrgh fdq eh lghqwl�hg +dqg wr eh xvhixo lwv lghqwlw| zrxog qhhg wr eh vwdeoh ryhu gh�qhg

wlph shulrgv,/ wkhq doo frqwudfwv vkrxog plwljdwh pdunhw srzhu dqg rxu dlp zrxog kdyh ehhq

dfklhyhg1 Frqvxphuv fdq ex| wudqvplvvlrq frqwudfwv iurp wkh uhihuhqfh qrgh wr wkhlu r�0wdnh

qrgh vxfk wkdw wkh hqwluh wudqvplvvlrq ulvn lv holplqdwhg1

Wkh sdshu dovr h{dplqhv dqrwkhu uhodwhg dqg sudfwlfdoo| lpsruwdqw lvvxh ri wudglqj lq frq0

wudfwv1 Lqgxvwu| uhvwuxfwxulqj uhvxowhg lq ydulrxv ohjdf| lqwhufrqqhfwlrq frqwudfwv khog e| jhq0

hudwruv/ zklfk Mrvnrz dqg Wluroh ghprqvwudwh lq xhqfh pdunhw srzhu1 Dq lpsruwdqw txhvwlrq

lv zkhwkhu vxevhtxhqw wudgh lq wkhvh frqwudfwv zrxog uhvroyh wkdw sureohp1 Zh vkrz wkdw d

prqrsrolvw zrxog qrw vhoo frqwudfwv wkdw hqkdqfh klv pdunhw srzhu1 Zkhwkhu roljrsrolvwv vhoo

frqwudfwv ghshqgv erwk rq wkh wudglqj vwuxfwxuh dqg rq wkh lqlwldo doorfdwlrq ri frqwudfwv1 Li

d zhoo0gh�qhg �qdo wudglqj shulrg h{lvwv wkhq roljrsrolvwv zloo dozd|v vhoo vrph ri wkhlu pdunhw

srzhu0hqkdqflqj frqwudfwv1 Li wkhlu lqlwldo frqwudfw kroglqj lv v|pphwulf dqg vx!flhqwo| vpdoo

wkh| zloo hyhq vhoo doo wkhvh frqwudfwv1 Krzhyhu/ lq wkh fdvh ri frqwlqxrxv wudglqj odfnlqj d

zhoo0gh�qhg odvw wudglqj shulrg/ jhqhudwruv zlwk v|pphwulf kroglqjv ri frqwudfwv zloo qrw vhoo

dq| ri wkhvh frqwudfwv1 Qhlwkhu zloo v|pphwulf jhqhudwruv vhoo frqwudfwv wkdw wkh| rewdlqhg lq d

glvfulplqdwru| dxfwlrq1 Zh wkhuhiruh frqfoxgh wkdw frqwudfw wudglqj grhv qrw lq jhqhudo uhvroyh

wkh sureohp ri dq lqdssursuldwh lqlwldo doorfdwlrq ri wudqvplvvlrq frqwudfwv1 Uhjxodwruv vkrxog

wkhuhiruh frqvlghu wkh pdunhw srzhu lpsolfdwlrqv zkhq judqgidwkhulqj frqwudfwv1

5 Wzr0qrgh qhwzrunv zlwk lpsruwhu pdunhw srzhu

Zh dvvxph wkdw shuihfwo| frpshwlwlyh jhqhudwruv zlwk frqvwdqw pdujlqdo frvwv f� duh qhw h{0

sruwhuv ri hohfwulflw| iurp qrgh rqh1 Dw qrgh wzr/ d wrwdo ri l @ 4> ===> q lghqwlfdo jhqhudwruv zlwk

frqvwdqw pdujlqdo frvwv f2 dfw dv Qdvk0Frxuqrw frpshwlwruv idflqj olqhdu ghpdqg1 D wudqvplv0

vlrq olqn zlwk fdsdflw| N frqqhfwv wkh qrghv1 +Iljxuh 4,1

8



Competitive net
exporting market

   Competitive demand
+ Oligopoly generation

1 2
K

Iljxuh 4=

Dw vwdjh rqh ri wkh jdph/ wudqvplvvlrq frqwudfwv duh doorfdwhg lq dq dxfwlrq ru lqkhulwhg1

Dw vwdjh wzr jhqhudwruv ghwhuplqh wkhlu rxwsxwv lq wkh hqhuj| vsrw pdunhw1 Wklv uhsolfdwhv wkh

fxuuhqw pdunhw vwuxfwxuh lq Hxurshdq frxqwulhv zkhuh wudqvplvvlrq dxfwlrqv forvh ehiruh wkh

vsrw pdunhw forvhv1 Lq vhfwlrq 516 zh lqvhuw dq dgglwlrqdo vwdjh ehiruh wkh hqhuj| vsrw pdunhw

wr dvvhvv zkdw zrxog kdsshq li jhqhudwruv frxog uhwudgh wudqvplvvlrq frqwudfwv diwhu wkh lqlwldo

doorfdwlrq ri wkhvh frqwudfwv1

Zh vroyh wkh prgho edfnzdugv/ vwduwlqj zlwk wkh hqhuj| pdunhw dw vwdjh wzr1 Zh dvvxph

wkdw wkh wudqvplvvlrq olqn lv dozd|v xvhg dw ixoo fdsdflw| vr rxwsxw ghflvlrqv dw qrgh wzr gr

qrw lq xhqfh sulfhv dw qrgh rqh/ zklfk vwd| frqvwdqw dw pdujlqdo frvw f�1 Ghpdqg dw qrgh wzr

lv olqhdu/ wkhuhiruh wkh sulfh dw qrgh wzr ghfuhdvhv olqhduo| zlwk dydlodeoh hqhuj| iurp lpsruwv

N dqg orfdo surgxfwlrq T @
S

� t�=

s2 @
D�T�N

�
/ s

2cSJ6R @ f
2
A f

�
= +4,

Wkh jhqhudwruv fkrvh rxwsxw wr pd{lplvh wkh sur�wv/ ��> wkh| rewdlq iurp vhoolqj hqhuj| lq wkh

orfdo vsrw pdunhw/ soxv wkh uhyhqxh iurp wkhlu wudqvplvvlrq frqwudfwv n�=

�rRJ|
� +t�> n�, @ +s2 � f2, t� . n� +s2 � f�, = +5,

Vxevwlwxwlqj +4, lq +5,/ zh xvh wkh �uvw rughu frqglwlrqv +IRF, iru sur�w pd{lpl}dwlrq wr rewdlq

wkh htxloleulxp rxwsxwv dqg wkh sulfh dw qrgh wzr=

t� @

D�N � �f2 .
?S

�'�
n�

q. 4
� n�/ T @

q +D�N � �f2,�
?S

�'�
n�

q. 4
/

������
?[

�'�

n�

������ � N/

s2 @

D�N . q�f2 .
?S

�'�
n�

� +q. 4,
/ TSJ6R @ D�N � �f2= +6,

Wkh frpshwlwlyh rxwsxw lv TSJ6R @ Olp?<"T= Wudqvplvvlrq fdsdflw| lqfuhdvhv d jhqhudwru*v

h{srvxuh wr wkh sulfh dw qrgh wzr1 D jhqhudwru zlwk wudqvplvvlrq fdsdflw| n� zloo uhgxfh rxwsxw

e| ?
?n�n� frpsduhg wr n� @ 3> kroglqj n� frqvwdqw1 Krzhyhu/ li rwkhu jhqhudwruv krog srvlwlyh

txdqwlwlhv ri wudqvplvvlrq frqwudfwv/ wkhq wkh| dovr frpplw wr orzhu rxwsxw lq wkh hqhuj| pdunhw1

Wkh uhvlgxdo pdunhw ohiw iru rxu jhqhudwru lv eljjhu/ khqfh kh lqfuhdvhv klv rxwsxw1 Frpelqlqj

9



erwk h�hfwv/ wkh kroglqj ri wudqvplvvlrq frqwudfwv uhgxfhv wrwdo rxwsxw e| �
?n�

S
n�1 Dv jhqhu0

dwruv zlwk pdunhw srzhu douhdg| uhgxfh rxwsxw uhodwlyh wr d frpshwlwlyh vfhqdulr e| wkh idfwru

�
?n� / wkh uhgxfwlrq ri rxwsxw gxh wr wudqvplvvlrq frqwudfwv lqgxfhv d ixuwkhu ghyldwlrq iurp wkh

frpshwlwlyh +zhoiduh rswlpdo, htxloleulxp1 Wklv uhvxow lv vxppdulvhg lq=

Sursrvlwlrq 4 Lq d wzr0qrgh fdsdflw|0frqvwudlqhg qhwzrun/ wudqvplvvlrq frqwudfwv hqkdqfh wkh

pdunhw srzhu ri lpsruwlqj jhqhudwruv lq wkh vsrw pdunhw1

Jhqhudwru l*v sur�w lv

�rRJ|
� +n�, @ +s2 � f2,t� . n�+s2 � f�,

dqg
g�rRJ|

� +n�,

gn�
@ +s2 � f�, .

g

gn�
^+s2 � f2,t�` =

Ohw y| dqg y} eh wkh pdujlqdo ydoxh ri wudqvplvvlrq fdsdflw| iru wkh wudghu dqg wkh jhqhudwru1

Qrwlqj wkdw y| @ s2 � f� dqg xvlqj +6, zh kdyh

g�rRJ|
� +n�,

gn�
@ y} @ y| � +s2 � f2,

�
q� 4

q. 4

�
= +7,

Htxdwlrq +7, vkrzv wkdw dq roljrsro| jhqhudwru ydoxhv wkh pdujlqdo wudqvplvvlrq frqwudfw

ohvv wkdq d wudghu1 Li d jhqhudwru rzqv pruh wudqvplvvlrq frqwudfwv/ wkhq kh zloo zlwkkrog

pruh rxwsxw dqg wkhuhe| lqfuhdvh sulfhv/ ehqh�wlqj erwk wkh wudghu dqg jhqhudwru1 Krzhyhu/

wkh jhqhudwru iruhjrhv wkh uhyhqxh rq wkh pdujlqdo xqlw ri rxwsxw dqg wkhuhiruh ydoxhv wkh

wudqvplvvlrq frqwudfw ohvv wkhq d wudghu +y} ? y|,1

514 Doorfdwlrq lq wkh Xqlirup Sulfh Dxfwlrq

Lq d vlqjoh ru xqlirup sulfh dxfwlrq zlwk qr xqfhuwdlqw| doo elgghuv sd| wkh pdunhw fohdulqj sulfh1

Wkh pdunhw fohdulqj sulfh htxdov wkh suhglfwhg sulfh gl�huhqfh ehwzhhq pdunhwv dqg wkhuhiruh

jhqhudwruv fdqqrw pdnh sur�wv rq wkhlu wudqvplvvlrq frqwudfwv1

Hdfk jhqhudwru vxeplwv d elg vfkhgxoh gh�qlqj wkh fdsdflw| n� +�, kh lv zloolqj wr ex| dw

sulfh � dqg vr gr wudghuv/ uhsuhvhqwhg e| wkhlu djjuhjdwh elg vfkhgxoh n| +�,1 Wkh dxfwlrqhhu

ghwhuplqhv wkh pdunhw fohdulqj sulfh=

�W @ pd{ � vdwlvi|lqj
[
�

n� +�, . n| +�, � N1 +8,

:



51414 Wudghu*v elg vfkhgxoh

Zh dvvxph d shuihfwo| frqwhvwdeoh pdunhw zlwk qhz wudghuv hqwhulqj li dq| duelwudjh rssruwxqlw|

h{lvwv1 Wkhuhiruh wudghuv pdnhv }hur sur�wv dqg sd| wkh dxfwlrq sulfh wkdw fruuhvsrqgv wr wkh

ydoxh frqwudfwv zloo kdyh lq wkh vxevhtxhqw hqhuj| pdunhw =

� @ s2 +n| +�,,� f�

Vxevwlwxwlqj s2 iurp +6, dqg xvlqj wkh pdunhw fohdulqj frqglwlrq iru wudqvplvvlrq uljkwv +8, jlyhv

wkh djjuhjdwh elg ixqfwlrq ri wudghuv=

n| +�, @ TSJ6R .N � � +q. 4, +� � f2 . f�, = +9,

51415 Jhqhudwru*v elg vfkhgxoh

Wkh �up*v sur�w lv wkh sur�w lq wkh hqhuj| pdunhw +5, ohvv wkh frvw iru rewdlqlqj wudqvplvvlrq

frqwudfwv1 Gxh wr duelwudjh wkh sulfh sdlg iru wudqvplvvlrq frqwudfwv htxdov wkh vsrw sulfh

gl�huhqfh ehwzhhq wkh qrghv=

�@�S|�J?
� @ +s2 � f2, t� . n�+s2 � f� � �, @ +s2 � f2, t� +:,

@

#
Tfrps .

?S
�'�

n�

$2

� +q. 4,2
� n�

�

#
Tfrps .

?S
�'�

n�

$
q. 4

1

Wkh �uvw rughu frqglwlrq ri +:, zlwk uhvshfw wr n� dqg v|pphwu| ehwzhhq jhqhudwruv jlyhv

wkh rswlpdo txdqwlw| �n ri wudqvplvvlrq frqwudfwv wr eh erxjkw e| d jhqhudwru=5

n @ � q� 4

q2 . 4
TSJ6R1 +;,

D prqrsrolvw +q @ 4, zrxog qrw ex| dq| wudqvplvvlrq frqwudfwv1 Roljrsrolvwv +q A 4,

zrxog ex| d qhjdwlyh txdqwlw| ri wudqvplvvlrq frqwudfwv1 D qhjdwlyh txdqwlw| ri wudqvplvvlrq

frqwudfwv fruuhvsrqgv wr dq hqhuj| gholyhu| lq wkh rssrvlwh gluhfwlrq ri wkh frqvwudlqw1 Dv

hqhuj|  rzv vxshulpsrvh lq hohfwulflw| qhwzrunv d uhyhuvh  rz uholhyhv frqjhvwlrq dqg lv wkhuhiruh

ydoxdeoh1 Ex|lqj d qhjdwlyh txdqwlw| ri wudqvplvvlrq frqwudfwv wkhuhiruh phdqv uhfhlylqj prqh|

lq h{fkdqjh iru/ lq wkh fdvh ri sk|vlfdo wudqvplvvlrq frqwudfwv/ wkh reoljdwlrq wr gholyhu hqhuj|/

ru lq wkh fdvh ri �qdqfldo frqwudfwv/ wkh reoljdwlrq wr sd| wkh sulfh gl�huhqfh lq wkh hqhuj| vsrw

pdunhwv1

5Wkh jhqhudwru*v sur�w lv d frqfdyh ixqfwlrq ri &�c vr wkh IRF lv vx!flhqw iru suriw pd{lpl}dwlrq1 Wkh erxqgdu|

frqglwlrqv duh wkdw wrwdo doorfdwhg wudqvplvvlrq frqwudfwv gr qrw h{fhhg wudqvplvvlrq fdsdflw|=
���S�

&�

��� $ �� Lw

fdq eh vkrzq wkdw wkh rqo| ihdvleoh jhqhudwru elg vfkhgxoh lv Frxuqrw/ lqghshqghqw ri #�

;



Li lpsruwlqj jhqhudwruv krog qhjdwlyh txdqwlwlhv ri wudqvplvvlrq frqwudfwv/ fruuhvsrqglqj wr

 rzv djdlqvw wkh gluhfwlrq lq zklfk wkh frqvwudlqw lv frqjhvwhg/ wkhq wkh| lqfuhdvh/ dffruglqj

wr +6,/ wkhlu rxwsxw wrzdugv wkh frpshwlwlyh htxloleulxp rxwsxw1 Pdunhw srzhu lv plwljdwhg1

Qhwwlqj qhjdwlyh  rzv djdlqvw srvlwlyh  rzv lv wkhuhiruh ydoxdeoh/ exw dv ri 5334/ prvw Hxurshdq

wudqvplvvlrq dxfwlrqv glg qrw r�hu wklv idflolw|/ wkrxjk lw zdv xqghu glvfxvvlrq1 D �qdqfldo

wudqvplvvlrq frqwudfw vkrxog qrw idfh wklv gl!fxow|1 Lq wkh devhqfh ri �qdqfldo wudqvplvvlrq

frqwudfwv dqg li qhjdwlyh sk|vlfdo txdqwlwlhv fdqqrw eh lvvxhg/ wkhq wkh qrq0qhjdwlylw| frqvwudlqw

lpsolhv wkdw n� � 3 dqg wkh rswlpdo fkrlfh ri lpsruwlqj jhqhudwruv lv qrw wr sduwlflsdwh lq d

xqlirup sulfh dxfwlrq= n� @ 31

Wkh htxloleulxp elgglqj vwudwhj| ri wudghuv lv wr vxeplw dq lqfuhdvlqj elg vfkhgxoh vxfk

wkdw wkh| ex| N � qn frqwudfwv dw d sulfh �+n, @ s2+n,� f�1 Zkdwhyhu txdqwlw| dq roljrsrolvw

lqwhqgv wr dftxluh kh zrxog kdyh wr sd| dw wkh duelwudjh sulfh1 Khqfh kh ghfolqhv wr sduwlflsdwh

lq wkh dxfwlrq1 Wkh uhvxow lv vxppdulvhg lq=

Sursrvlwlrq 5 Dvvxph wudqvplvvlrq lv vrog lq d xqlirup sulfh dxfwlrq lq d wzr0qrgh fdsdflw|0

frqvwudlqhg qhwzrun zlwk qr xqfhuwdlqw| derxw ixwxuh htxloleulxp vsrw sulfhv dqg wudghuv shuihfwo|

duelwudjh wudqvplvvlrq sulfhv1

+l, Zlwk qr �qdqfldo frqwudfwv dqg qr qhwwlqj ri wudqvplvvlrq  rzv/ n� @ 3 iru doo l1

Duelwudjlqj wudghuv rxwelw lpsruwlqj jhqhudwruv zlwk pdunhw srzhu1

+ll, Zlwk �qdqfldo frqwudfwv dqg2ru qhwwlqj/ v|pphwulf lpsruwlqj jhqhudwruv zloo r�hu

qhjdwlyh lpsruw fdsdflw| ru vhoo wudqvplvvlrq frqwudfwv lq dprxqwv jlyhq e| +;,1

515 Sd|0dv0elg dxfwlrq

Mrvnrz dqg Wluroh +5333, dqdo|vhg d csd|0dv0elg* dxfwlrq iru wudqvplvvlrq frqwudfwv1 Lq Hxursh

doo hohfwulflw| wudqvplvvlrq dxfwlrqv duh xqlirup/ exw dffhvv frqwudfwv wr wkh XN jdv wudqvplvvlrq

qhwzrun duh dxfwlrqhg sd|0dv0elg1 Lq shulrg rqh jhqhudwruv dqg wudghuv vxeplw vhdohg elg

vfkhgxohv vshfli|lqj wkh txdqwlwlhv wkh| duh suhsduhg wr ex| dw gl�huhqw sulfhv1 Wkh dxfwlrqhhu

ghwhuplqhv wkh vxffhvvixo elgv dqg doorfdwhv wudqvplvvlrq fdsdflw| dqg wkh vsrw pdunhw iru hqhuj|

fohduv lq shulrg wzr1 Mrvnrz dqg Wluroh vkrz wkdw d sxuh vwudwhj| htxloleulxp grhv qrw h{lvw

iru wklv jdph1 D prqrsro| jhqhudwru elgv zlwk d pl{hg vwudwhj|1 Ehorz zh h{soruh wkh pl{hg

vwudwhj| htxloleulxp iru wkh prqrsro| fdvh dqg ghulyh wkh htxloleulxp zlwk q Qdvk0Frxuqrw

roljrsrolvwv lq Dsshqgl{ D1

Dv ehiruh/ zh dvvxph wkdw wudghuv shuihfwo| duelwudjh dq| sur�w rssruwxqlw|1 Ohw n6+�, eh

wkh prqrsrolvw*v elg vfkhgxoh1 Iroorzlqj Mrvnrz dqg Wluroh/ wkh pl{hg vwudwhj| Qdvk htxloleulxp

zklfk vdwlv�hv wkh frqglwlrq wkdw wudghuv pdnh rq h{shfwdwlrq qrq0qhjdwlyh sur�wv lv gh�qhg e|

wzr ixqfwlrqv1 Wkh �uvw lv wkh glvwulexwlrq ixqfwlrqK+=, iurp zklfk wkh prqrsrolvw gudzv klv elg

<



vfkhgxoh � � +�> �, zlwk Sure+� � {, @ K+{,1 Wkh vhfrqg lv wkh djjuhjdwh elg ixqfwlrq ri wudghuv/

n| +�,/ zkhuh n| +�, . n6 +�, @ N= Wkh jhqhudwru vhfxuhv pd{+3>N � n| +�,,= Wkh glvwulexwlrq

ixqfwlrq K+=, kdv wr hqvxuh wkdw wudghuv pdnh }hur h{shfwhg sur�w dqg wkh htxloleulxp elg

vfkhgxoh ri wudghuv kdv wr vdwlvi| wkh frqglwlrq wkdw wkh prqrsrolvw lv lqgl�huhqw ehwzhhq fkrrvlqj

dq| � iurp wkh vxssruw +�> �, ri K+=,1

51514 Htxloleulxp elg vfkhgxoh ri wudghuv

Wkh sur�w ri wkh prqrsrolvw frqvlvwv ri sur�w lq wkh hqhuj| pdunhw plqxv wkh frvw ri ex|lqj

wudqvplvvlrq frqwudfwv1 Ehfdxvh wkh prqrsrolvw*v fdsdflw| sxufkdvh lv dozd|v wkh gl�huhqfh

ehwzhhq wrwdo fdsdflw| dqg wkh wudghuv* elg vfkhgxoh/ zh kdyh=

�@�S|�J?
6 +N � n|+�,, @

+Tfrps .N � n|+�,,
2

7�
. +N � n|+�,,+f2 � f� � �,1 +<,

Iru wkh prqrsrolvw wr eh lqgl�huhqw ehwzhhq dq| �/ klv sur�w pxvw eh frqvwdqw dv � fkdqjhv1

Vhwwlqj wkh �uvw ghulydwlyh wr }hur jlyhv

Cn|+�,

C�
@ �

%
N � n|+�,

'frpsn2kES23S��
2k . &6E#�

2k � �

&
@ �

%
N � n|+�,

�f .
�
2kn6 � �

&
> +43,

zkhuh �f lv wkh ydoxh ri wudqvplvvlrq frqwudfwv iru wudghuv zkhq wkh prqrsrolvw grhv qrw rzq

frqwudfwv1 Wkh vroxwlrq ri wkh gl�huhqwldo htxdwlrq +43, lv

n|+�, @ N � 5�

#
� � �f .

u
+� � �f,

2 � N

5
frqvw�

$
= +44,

51515 Htxloleulxp prqrsro| elg glvwulexwlrq ixqfwlrq

Wkh glvwulexwlrq K+�, lv vxfk wkdw wudghuv pdnh }hur sur�w li dqg rqo| li wkhlu djjuhjdwh elg

vfkhgxoh lv wkh rqh fdofxodwhg lq +44,1 Wkh h{shfwhg ydoxh ri d pdujlqdo elg htxdov wkh lqwhjudo

ryhu doo elgv e| wkh prqrsrolvw wkdw duh orzhu wkdq wkh elg sulfh � ri wkh wudghu/ zhljkwhg zlwk

wkhlu suredelolw|=

H ^y| +�,` @

] #

#

K3 +h�, +s2+h�,� s� � �, gh�=
Dv sur�w kdv wr eh }hur iru doo �> wkh fkdqjh lq sur�w dovr kdv wr eh }hur=

C

C�
H ^y| +�,` @ K3 +�, +s2+�,� s� � �,�K +�, � 3= +45,

Wkh xsshu vxssruw ri wkh elgv lv � zlwk K +�, @ 41 Vroylqj +45, jlyhv

K +�, @ h{s

�
�
] #

#

4

s2+h�,� s� � h�gh�
�
= +46,

43



Vxevwlwxwlqj s2 iurp +4, dqg n6+�, @ N � n|+�, iurp +44, lqwr +46, zh rewdlq

K +�, @ h{s

57�] #

#

4t
+h� � �f,

2 � g
2 frqvw�

gh�
68 @

� � �f .
t
+� � �f,

2 � g
2 frqvw�

� � �f .
t
+� � �f,

2 � g
2 frqvw�

= +47,

Dw wkh orzhu vxssruw �> K+�, @ 3= Wklv jlyhv xv � � �f .
t�

� � �f
�2 � g

2 frqvw� @ 3> zklfk lv

rqo| vdwlv�hg iru � @ �f dqg frqvw� @ 3= Zh wkhuhiruh rewdlq=

n+�, @ 7� +� � �f, / � @ �f .
N

7�
/ K3 +�, @ 7�

N
= +48,

51516 Uhvxow ri wkh sd|0dv0elg dxfwlrq

Wkh uhvxowv duh vxppdulvhg lq Iljxuh 516 Wkh prqrsrolvw elg vfkhgxoh � lv gudzq zlwk xqlirup

Transmission price
if monopolist owns
all rights

Fraction of Transmission rights
bought by monopolist if he pays

Aggregate bid function of
traders

1

10

Bid price

1

1 � 10
Fraction of
Transmission Rights

Iljxuh 5=

suredelolw| ryhu wkh lqwhuydo udqjlqj iurp wkh ydoxh wudqvplvvlrq frqwudfwv wdnh li wkh jhqhudwruv

rzqv qr frqwudfwv wr wkh ydoxh wudqvplvvlrq frqwudfwv wdnh li kh rzqv doo frqwudfwv1 Rq dyhudjh wkh

prqrsrolvw rewdlqv kdoi ri wkh frqwudfwv1 Lq wkh sd|0dv0elg dxfwlrq zlwk dv|pphwulf lqirupdwlrq

wudghuv vrphwlphv elg wrr kljk dqg wkhuhiruh ulvn orvvhv1 Wkhvh orvvhv duh frpshqvdwhg e| wkh

elgv wkdw duh dffhswhg ehorz wkh ydoxh ri wkh wudqvplvvlrq frqwudfw1 Lq h{shfwdwlrq wudghuv

wkhuhiruh pdnh }hur sur�w1 Wkh pdujlqdo elg grhv qrw duelwudjh sulfhv lq d sd|0dv0elg dxfwlrq/

6Xvlqj sdudphwhu ydoxhv ? ' �c k ' �c g ' � dqg ' ' �*2 zh rewdlq sur�wv iurp wudqvplvvlrq uljkwv

li wudghuv gr qrw dqwlflsdwh wkh jhqhudwru wr ex| wkhp {Zb ' bb21 Wkhvh sur�wv vkulqn wr 3 lq wkh Qdvk

htxloleulxp elgglqj vwudwhj|/ ehfdxvh jhqhudwruv sur�wv htxdo wkh sur�wv zkhq wkh| gr qrw rewdlq wudqvplvvlrq

uljkwv1 #f '
'frps
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vr wkh prqrsrolvw rewdlqv wudqvplvvlrq frqwudfwv ehorz lwv pdunhw ydoxh wr frpshqvdwh iru wkh

orvw uhyhqxhv rq dgglwlrqdo zlwkkhog rxwsxw1

Lq wkh prqrsro| fdvh wkh jhqhudwru grhv qrw sur�w iurp rewdlqlqj wudqvplvvlrq frqwudfwv

ehfdxvh wudghuv lqfuhdvh wkhlu elgv xqwlo wkh jhqhudwru*v sur�wv zkhq rewdlqlqj wudqvplvvlrq

frqwudfwv htxdo sur�wv zkhq kh grhv qrw rewdlq wudqvplvvlrq frqwudfwv1 Dsshqgl{ D vkrzv wkdw

lq wkh roljrsro| fdvh/ jhqhudwruv sur�w lq h{shfwdwlrq iurp wkh dxfwlrq ri wudqvplvvlrq frqwudfwv1

Wklv lv ehfdxvh jhqhudwruv* sur�wv duh lqfuhdvhg uhodwlyh wr d vlwxdwlrq zlwkrxw wudqvplvvlrq

frqwudfwv li rwkhu jhqhudwruv rewdlq wudqvplvvlrq frqwudfwv lq wkh dxfwlrq dqg uhgxfh rxwsxw1

Wudghuv elg vxfk wkdw jhqhudwruv duh lqgl�huhqw ehwzhhq sduwlflsdwlqj dqg qrw sduwlflsdwlqj lq

wkh dxfwlrq1 Zh vxppdul}h wkhvh uhvxowv lq wkh iroorzlqj sursrvlwlrq1

Sursrvlwlrq 6 Li wudqvplvvlrq lv vrog lq d sd|0dv0elg dxfwlrq lq d wzr0qrgh fdsdflw|0frqvwudlqhg

qhwzrun zkhuh lpsruw fdsdflw| h{fhhgv +q� 4, wlphv grphvwlf frpshwlwlyh rxwsxw/ dqg li wkhuh lv

qr rssruwxqlw| iru srvw0dxfwlrq wudglqj lq wudqvplvvlrq/ wkhq lpsruwlqj jhqhudwruv zlwk pdunhw

srzhu zloo sod| d pl{hg vwudwhj| dqg vhfxuh vrph iudfwlrq ri wudqvplvvlrq frqwudfwv/ hqkdqflqj

wkhlu pdunhw srzhu1

516 Uhwudglqj Wudqvplvvlrq Frqwudfwv

Li/ dv lv frpprq lq Hxursh diwhu wkh uhvwuxfwxulqj ri wkh hohfwulflw| vxsso| lqgxvwu|/ jhqhudwruv

lqkhulw +ohjdf|, frqwudfwv/ htxdwlrq +6, vkrzv wkdw wkh| zloo uhgxfh rxwsxw uhodwlyh wr wkh vlwxdwlrq

lq zklfk wkh| kdyh qr wudqvplvvlrq frqwudfwv1 Wrwdo zhoiduh orvvhv duh lqfuhdvhg dv surgxfwlrq

ghflvlrqv duh ixuwkhu glvwruwhg1 Li/ krzhyhu/ wkh| fdq uhvhoo wudqvplvvlrq frqwudfwv ehiruh wkh

hqhuj| vsrw pdunhw rshqv/ wkhq lw lv lpsruwdqw wr vhh zkhwkhu duelwudjh djdlq holplqdwhv wklv

dgglwlrqdo lqh!flhqf|1

51614 Rqh shulrg ri uhwudglqj

Li dq roljrsrolvw vhoov �� ri lwv frqwudfwv/ wkh h{wud sur�w lv =

��re,,
{�
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Xvlqj wkh IRF ri +49, zlwk uhvshfw wr �� zh rewdlq wkh wrwdo dprxqw ri wudqvplvvlrq frqwudfwv

� roljrsrolvwv zrxog zlvk wr vhoo dvvxplqj wkdw rqo| rqh wudglqj rssruwxqlw| h{lvwv=
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Li jhqhudwruv kdyh dq lqlwldo v|pphwulf kroglqj ri wudqvplvvlrq frqwudfwv +;m/ n� @ n�, wkhq wkh|

zloo vhoo doo wkhlu wudqvplvvlrq frqwudfwv li � A
?S

�'�
n� = V|pphwulf jhqhudwruv zloo vhoo doo wkhlu

wudqvplvvlrq frqwudfwv li rqo| rqh wudglqj shulrg h{lvwv dqg

?[
�'�

n� ? q
q� 4

q. 4
TSJ6R1 +4;,

Vxppdulvlqj zh fdq vd|=

Sursrvlwlrq 7 Li rqo| rqh wudglqj shulrg h{lvw wkhq roljrsrolvwv +q A 4, zloo vhoo wudqvplvvlrq

frqwudfwv1 Li wkh| kdyh lqlwldoo| v|pphwulf kroglqjv/ wkhq wkh| zloo vhoo doo wkhlu frqwudfwv li

n� ?
?3�
?n�TSJ6R1 D prqrsrolvw zloo qrw vhoo dq| frqwudfwv1

51615 Frqwlqxrxv uhwudglqj srvvleoh

Li frqwlqxrxv wudglqj srvvlelolwlhv h{lvwv/ wkhq lw dsshduv wkdw jhqhudwruv zloo dozd|v zdqw wr

vhoo dgglwlrqdo wudqvplvvlrq frqwudfwv dw vxffhvvlyho| orzhu sulfhv/ h�hfwlyho| h{wudfwlqj doo wkh

vxusoxv xqghu wkh ghpdqg vfkhgxoh lq wkh hqhuj| pdunhw grzq wr wkh srlqw ri }hur wudqvplvvlrq

frqwudfwv1 Wklv/ krzhyhu/ lv qrw d udwlrqdo h{shfwdwlrqv htxloleulxp/ dv lw uhtxluhv wkdw wudghuv

idlo wr dqwlflsdwh vxevhtxhqw vdohv1

Zh zloo hvwdeolvk/ wkdw lq d udwlrqdo h{shfwdwlrqv htxloleulxp/ v|pphwulf jhqhudwruv zlwk

v|pphwulf kroglqj ri wudqvplvvlrq frqwudfwv zloo qrw vhoo dq| ri wkhvh frqwudfwv1 Wkh fruuhvsrqg0

lqj Ohppdv duh lq dsshqgl{ E1

Sursrvlwlrq 8 Dvvxph frqwlqxrxv wudglqj ryhu dq rshq wlph lqwhuydo zlwk hdfk jhqhudwru rzq0

lqj wkh vdph dprxqw ri wudqvplvvlrq frqwudfwv1 Qr jhqhudwru zloo vhoo klv frqwudfwv wr d wudghu1

Surri1 Ohppd 44 vkrzv wkdw wudghuv zloo rqo| sd| wkh sulfh wkhvh frqwudfwv wdnh diwhu

doo jhqhudwruv kdyh vrog wkhlu frqwudfwv dqg wkdw jhqhudwruv zloo hlwkhu vhoo doo ru qr frqwudfwv1

Vhwwlqj �� @ n� @ n lq +49, wkh uhvxowlqj fkdqjh ri sur�wv iru jhqhudwru l lv=7

��doo vhoo doo
�

@ � n

� +q. 4,2
�
+q� 4,Tfrps . q2n

�
1 +4<,

Wkh fkdqjh lq sur�w lv qhjdwlyh/ vxjjhvwlqj wkdw jhqhudwruv orvh iurp wkh vdoh ri wudqvplvvlrq

frqwudfwv1 Jhqhudwruv wkhuhiruh zdwfk zkhwkhu rwkhu jhqhudwruv vhoo wkhlu frqwudfwv dqg rqo| vhoo

7Frpsduh +4<, wr d vlwxdwlrq zkhuh doo exw jhqhudwru � vhoo wkhlu wudqvplvvlrq frqwudfwv

{Zrqo| rqh nhhs lqj
l

' 3
&

k E?n ��2
�
E2?3 2�'frps n

�
?2 3 �

�
&
�
1

Jhqhudwru � pdnhv orvvhv lq hlwkhu vlwxdwlrq/ exw li & 	 E?3 ��'frps / ru dvvxplqj wkh jhqhudwruv krog doo frqwudfwv

g 	 ?3�

?
'frps / lw lv suhihudeoh vhoo dv zhoo/ li wkh rwkhuv douhdg| vrog1 Wklv h{sodlqv zk| lq wkh rqh0wudglqj shulrg

vhwwlqj doo jhqhudwruv vhoo wudqvplvvlrq frqwudfwv dv orqj dv &� 	 ?3�

?n�
'SJ6R +Sursrvlwlrq 7,1
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li rwkhuv gr vr1 Wklv zdlwlqj kdv qr frvw ehfdxvh wkh sulfh rewdlqhg iru vhoolqj frqwudfwv grhv qrw

fkdqjh/ exw vwd|v dw wkh sulfh zkhq qr jhqhudwru rzqv frqwudfwv +Ohppd 44,1 Zklovw zdlwlqj

kdv qr frvw lw kdv wkh dgydqwdjh wkdw dw wkh hqg qr jhqhudwru vhoov frqwudfwv dqg wkhuhiruh doo

jhqhudwruv hduq kljkhu sur�wv1 Wkh rqo| Qdvk htxloleulxp vwudwhj| lv wkhuhiruh iru doo sod|huv wr

zdlw iru rwkhuv wr vhoo1 Lq htxloleulxp qr jhqhudwru vhoov frqwudfwv1

51616 Uhwudglqj diwhu sd|0dv0elg dxfwlrq

Zklovw lw lv srvvleoh iru vhyhudo jhqhudwruv wr lqkhulw ohjdf| wudqvplvvlrq frqwudfwv/ wkh rxwfrph

ri d sd|0dv0elg dxfwlrq lv wkdw rqo| rqh jhqhudwru zloo vhfxuh frqwudfwv +wkh suredelolw| ri wzr

lqghshqghqwo| udqgrpl}lqj elgghuv fkrrvlqj wkh vdph frqvwdqw elg sulfh iru doo fdsdflw| lv }hur,1

Wkh vdph txhvwlrq dulvhv zkhwkhu wklv jhqhudwru zloo uhvhoo wkh wudqvplvvlrq frqwudfwv dftxluhg

lq wkh dxfwlrq1

Vhwwlqj n� @ �� @ 3> ;m 9@ l lq +49, lw iroorzv wkdw wkh jhqhudwru rqo| sur�wv iurp d vdoh

+�re,,
{�

A 3, li kh vhoov ihzhu wudqvplvvlrq frqwudfwv wkdq

�� ?
q� 4

q
+TSJ6R . n�, = +53,

Li vhyhudo wudglqj shulrgv h{lvw wkhq wudghuv ex|lqj wudqvplvvlrq frqwudfwv iurp wkh roljrsrolvw

ihdu wkdw wkh roljrsrolvw zloo vhoo dgglwlrqdo wudqvplvvlrq frqwudfwv lq vxevhtxhqw shulrgv/ uhgxflqj

wkh ydoxh ri wkh wudqvplvvlrq frqwudfwv1 Djdlq/ wkh udwlrqdo h{shfwdwlrqv htxloleulxp zlwk qr

reylrxv �qdo vhoolqj shulrg lv wkdw wudghuv zloo rqo| ex| dw wkh sulfh wkhvh frqwudfwv wdnh li wkh

jhqhudwru vrog doo ri wkhp1 Lw lv sur�wdeoh iru wkh jhqhudwru wr vhoo doo wudqvplvvlrq frqwudfwv dw

rqfh �� @ n� lq +53, li dqg rqo| li

n� ? +q� 4,TSJ6R1

Wklv lv wkh rssrvlwh frqglwlrq wr wkdw iru sduwlflsdwlqj lq wkh sd|0dv0elg dxfwlrq ghvfulehg lq +69,/

vr hlwkhu jhqhudwruv zloo qrw elg dqg khqfh kdyh qrwklqj wr vhoo/ ru zloo elg dqg qrw vxevhtxhqwo|

vhoo1 Wklv lv vxppdulvhg lq=

Sursrvlwlrq 9 Li dq roljrsro| lpsruwhu dftxluhv wudqvplvvlrq frqwudfwv lq d sd|0dv0elg dxfwlrq/

wkhq lw lv qrw sur�wdeoh wr uhvhoo dq| frqwudfwv li wkhuh lv qr �qdo wudglqj shulrg1

6 H{sruwhu pdunhw srzhu lq d wzr0qrgh qhwzrun

Zh eulh | frqvlghu wkh fdvh lq zklfk wkh roljrsro| lv orfdwhg dw wkh h{sruwlqj qrgh ri d wzr0qrgh

qhwzrun +Iljxuh 6,1 Wkh lpsruwlqj qrgh lv dvvxphg shuihfwo| frpshwlwlyh zlwk sulfh s2 @ f21

Ghpdqg lv olqhdu dw qrgh rqh/ zlwk

s� @
D�T.N

�
= +54,
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1 2
K

Iljxuh 6=

Lq wkh hqhuj| pdunhw wkh roljrsrolvw pd{lplvhv wkh sur�w ixqfwlrq

�rRJ|
� +t�> n�, @ +s� � f�, t� . n� +f2 � s�, =

Wkh IRF iru rswlpdo rxwsxw fkrlfh jlyhv=

t� @

+D.N � �f�,�
?S

�'�
n�

q. 4
. n�> T @

q +D.N � �f�, .
?S

�'�
n�

q. 4
= +55,

614 Xqlirup sulfh dxfwlrq

Dv lq Vhfwlrq 514 wkh rswlpdo frqwudfw yroxph n� iru hdfk ri wkh q v|pphwulf h{sruwlqj roljrsrolv0

wlf jhqhudwruv lq d xqlirup sulfh dxfwlrq fdq eh irxqg=

n� @
q� 4

q2 . 4
+D.N � �f�, @

q2 � 4

q2 . 4
t�c&'f> +56,

surylghg wkdw qr pruh wudqvplvvlrq frqwudfwv duh ghpdqghg wkdq duh dydlodeoh/
S

� n� � N1 Li

+56, lpsolhv
S

n� A 4 wkhq jhqhudwruv h�hfwlyho| iruhforvh wkh pdunhw dqg zh vhw
S

n� @ 41

Lq dq| fdvh doorzlqj jhqhudwruv wr sduwlflsdwh lq wkh dxfwlrq dqg hyhq iruhforvh wkh pdunhw lv

zhoiduh lpsurylqj1

Jlyhq wkh htxloleulxp frqwudfw txdqwlw| iurp +56,/ ru zkhq wkh fdsdflw| frqvwudlqw elqgv/ wkh

rxwsxw T�?�sJo6 ru TsJoeS,Jre lq wkh vxevhtxhqw hqhuj| pdunhw +55, fdq eh fdofxodwhg1 Djdlq/ wkh

frpshwlwlyh rxwsxw lv ghqrwhg TSJ6R dqg rxwsxw zlwkrxw wudqvplvvlrq frqwudfwv T?JSJ?|o@S|r =
8

TSJ6R @ D.N � �f� A T�?�sJo6 @
q2

q2 . 4
TSJ6R +57,

� TsJoeS,Jre @
q

q. 4
TSJ6R .

N

q. 4
� T?JSJ?|o@S|r @

q

q. 4
TSJ6R/ q A 4=

Iru q A 4/ dqg wkhuhiruh qrw iru prqrsrolvwv ehfdxvh wkh| gr qrw sduwlflsdwh lq wkh pdunhw/ zh

rewdlq T�?�sJo6 A T?JSJ?|o@S|r/ vkrzlqj wkdw wkh wudqvplvvlrq frqwudfwv plwljdwh pdunhw srzhu

dqg uhgxfh zlwkkroglqj ri rxwsxw1 Wkh sulfh dw qrgh wzr lv lqghshqghqw ri surgxfwlrq dw qrgh

8 Li wkh frqvwudlqw
S

b� $ � elqgv/ wkh htxloleulxp rxwsxw zrxog eh TRoe3e6R| '
?

?n�
'SJ6R n

g
?n�

	 '�?�sJo6
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rqh dv wkh wudqvplvvlrq olqn lv ixoo| xvhg1 Wudqvplvvlrq frqwudfwv wrzdugv qrgh fruuhvsrqg wr

frqwudfwv iru gl�huhqfh dqg vr jhqhudwruv xvh wkh wudqvplvvlrq frqwudfwv wr vhoo hqhuj| lq wkh

iruzdug pdunhw1 Wklv fruuhvsrqgv wr d vhfrqg frqwudfwlqj vwdjh dqg pdnhv wkh rxwfrph pruh

frpshwlwlyh/ dv lq Qhzehu| +4<<;,1 Lq wkdw prgho/ orqj0whup frqwudfwv duh vljqhg lq shulrg rqh/

dqg wkh uhpdlqlqj hqhuj| lv wudghg lq wkh vsrw pdunhw lq shulrg wzr1 Wkh pruh hqhuj| lv fryhuhg

e| orqj0whup frqwudfwv/ wkh orzhu wkh h{srvxuh ri jhqhudwruv wr wkh vsrw0pdunhw sulfh1 Wkhuhiruh

wkh| lqfuhdvh wkhlu rxwsxw wr rewdlq uhyhqxh rq wkh pdujlqdo xqlw dw wkh frvw ri ryhudoo orzhu

sulfhv1 Udwlrqdo h{shfwdwlrqv lpso| wkdw wkh h{shfwhg vsrw0pdunhw sulfhv ihhg edfn wr wkh orqj0

whup frqwudfw sulfhv1 Wkh uhvxow vkrzv wkdw doorzlqj dffhvv wr wkh wudqvplvvlrq olqh ghfuhdvhv

pdunhw srzhu e| vhuylqj dv dq lqlwldo frqwudfwlqj vwdjh1 Wklv jhqhudo Frxuqrw uhvxow frq�upv

Vwriw*v +4<<<, vshfldo fdvh iru }hur ghpdqg hodvwlflw| dw wkh lpsruw qrgh 1

Surylghg wkhuh lv frpsohwh lqirupdwlrq derxw frvwv dqg ghpdqg dqg qr xqfhuwdlqw|/ wkh

sd|0dv0elg dxfwlrq kdv wkh vdph htxloleulxp/ ehfdxvh wkh roljrsrolvwlf jhqhudwruv xvh d sxuh

vwudwhj|1 Wkhuhiruh wkhuh lv qr lqirupdwlrq dv|pphwu| derxw elgglqj dqg wudghuv fdq duelwudjh

wkh pdunhw lq hyhu| vlwxdwlrq1 Zh fdq vxppdulvh wkh uhvxow dv=

Sursrvlwlrq : Lq d wzr0qrgh fdsdflw|0frqvwudlqhg qhwzrun/ doorzlqj h{sruwlqj jhqhudwruv zlwk

pdunhw srzhu wr ex| wudqvplvvlrq frqwudfwv lv dozd|v zhoiduh0hqkdqflqj1

Wklv uhvxow idlov iru phvkhg qhwzrunv +vhh Vhfwlrq 715,1

615 Uh0wudglqj ri wudqvplvvlrq frqwudfwv

Wkh htxloleulxp mxvw frpsxwhg zdv iru d rqh0vkrw wudqvplvvlrq dxfwlrq1 Wkh idfw wkdw wudqv0

plvvlrq frqwudfwv dfw dv d frpplwphqw ghylfh udlvhv wkh txhvwlrq zkhwkhu lw pljkw eh sur�wdeoh

iru jhqhudwruv wr lqfuhdvh wkhlu kroglqj ri wudqvplvvlrq frqwudfwv diwhu wkh lqlwldo dxfwlrq1 Dv lq

Vhfwlrq 516 wkh fkdqjh lq sur�wv li d jhqhudwru ex|v dq dgglwlrqdo �� wudqvplvvlrq frqwudfwv lv=

��ex|� @ �rRJ|
&�n{�

� �rRJ|
&�

��� +f2 � s�c&�n{�
, /

@
��

q. 4

�
+q� 4, +s�c&� � f�,� q

�

��

q. 4

�
1 +58,

Ex|lqj dgglwlrqdo wudqvplvvlrq frqwudfwv lv xqsur�wdeoh iru d prqrsrolvw +q @ 4,/ ehfdxvh kh kdv

wr sd| wkh kljkhu h{0srvw sulfh1 Krzhyhu/ lq dq roljrsro| vhwwlqj +q A 4, ex|lqj dgglwlrqdo vpdoo

txdqwlwlhv ri frqwudfwv �� ?
k
?

�
q2 � 4

�
+s�c&� � f�, lv sur�wdeoh iru doo jhqhudwruv dv orqj dv wkh

sulfh0frvw pdujlq s�c&� � f� lv srvlwlyh1 Roljrsrolvwv kdyh wkh dgydqwdjh wkdw e| ex|lqj frqwudfwv

wkh| frpplw wr kljkhu rxwsxw/ lqgxflqj frpshwlwruv wr uhgxfh wkhlu rxwsxw1 Wkh uhgxfwlrq ri

frpshwlwruv* rxwsxw kdv d srvlwlyh lpsdfw rq sur�wv/ zklfk lv qrw suhvhqw lq wkh prqrsro| fdvh1
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Li vhyhudo uhwudglqj shulrgv h{lvw/ wkhq wudghuv dqwlflsdwh wkdw roljrsrolvwv zloo ex| dgglwlrqdo

wudqvplvvlrq frqwudfwv lq vxevhtxhqw shulrgv1 Wkh ydoxh ri wudqvplvvlrq frqwudfwv ulvhv zlwk wkh

wrwdo dprxqw khog e| jhqhudwruv dqg wudghuv wkhuhiruh fkdujh d kljk sulfh vwduwlqj zlwk wkh �uvw

vdoh1 Frqvlghu wkh fkdqjh ri sur�wv iru d jhqhudwru ex|lqj �� frqwudfwv zkhq wkh uhpdlqlqj

frqwudfwv duh erxjkw e| rwkhu jhqhudwruv dqg zkhq wudghuv fkdujh wkh sulfh fruuhvsrqglqj wr doo

fdsdflw| khog e| jhqhudwruv=

��ex| {� dw �qdo sulfh @
4

� +q. 4,2
^N+N � 5TSJ6R, . +q. 4,��+TSJ6R �N,` = +59,

Li N ? TSJ6R wkhq sur�w lqfuhdvhv lq wkh dprxqw ri wudqvplvvlrq frqwudfwv d jhqhudwru ex|v

dqg kh zloo wkhuhiruh ex| dv pdq| frqwudfwv dv srvvleoh1 Sduwlflsdwlrq ri jhqhudwruv lv jxdudqwhhg/

ehfdxvh li dq| jhqhudwru rewdlqv d odujh hqrxjk iudfwlrq ri doo frqwudfwv/ wkhq klv sur�wv duh kljkhu

wkdq lq d qr0wudgh vlwxdwlrq1 Dv d uhvxow jhqhudwruv ex| doo frqwudfwv iurp wudghuv/ hyhq vr wkhlu

djjuhjdwh sur�w lv uhgxfhg=
S

�� @ N
�
+4� q,TSJ6R �N2

�
@
�
� +q. 4,2

�
1

Wkh vlwxdwlrq lv vlplodu wr d Frdvldq gxudeoh jrrgv prqrsrolvw1 Jhqhudwruv �qg wkhpvhoyhv

lq wkh xqhqyldeoh srvlwlrq ri ex|lqj dgglwlrqdo wudqvplvvlrq frqwudfwv wkdw plwljdwh wkhlu pdunhw

srzhu +vlplodu wr wkh Frdvldq gxudeoh jrrgv prqrsrolvw vhoolqj wr wudghuv wkhuhe| uhgxflqj klv

h{srvxuh wr vsrw sulfhv dqg lqfhqwlyh wr h{huflvh pdunhw srzhu e| zlwkkroglqj rxwsxw,1 Wkh

rqo| htxloleulxp zloo eh wkdw wkh jhqhudwruv ex| doo dydlodeoh wudqvplvvlrq frqwudfwv dw wkh sulfh

gl�huhqfh wkdw fruuhvsrqgv wr wkhlu kroglqj doo frqwudfwv/ hyhq lq wkh ruljlqdo dxfwlrq1 Li wkh|

dwwhpsw wr sd| ohvv lq wkdw dxfwlrq/ wudghuv zloo dqwlflsdwh sur�wdeoh vdohv lq wkh diwhupdunhw dqg

zloo elg xs wkh sulfh wr wkh �qdo htxloleulxp sulfh1 Jhqhudwruv duh wkhuhiruh irufhg wr frpplw

wr wkh kljkhu rxwsxw dvvrfldwhg zlwk vhoolqj doo wudqvplvvlrq rxwsxw iruzdug1 Wklv rxwfrph

fruuhvsrqgv wr Dood} dqg Ylodv* +4<<6, uhvxow wkdw zlwk dgglwlrqdo shulrgv ri wudglqj ri iruzdug

frqwudfwv wkh htxloleulxp rxwfrph lq wkh hqhuj| pdunhw jhwv forvhu wr wkh frpshwlwlyh rxwfrph1

Iru N A TSJ6R d jhqhudwru*v sur�w +59, ghfuhdvhv zlwk wkh dprxqw ri wudqvplvvlrq frqwudfwv

�� kh ex|v1 Wkhuhiruh qr jhqhudwru ex|v frqwudfwv dw wkh h{0srvw sulfh dqg wudghuv kdyh wr r�hu

orzhu sulfhv1 Wudghuv vwloo ehqh�w uhodwlyh wr d qr0wudgh vlwxdwlrq/ ehfdxvh wkh| fdswxuh vrph ri

wkh sur�wv +58, iurp jhqhudwruv1 Li rzqhuvkls ri frqwudfwv lv glvshuvh/ wkhq hdfk wudghu zdlwv

iru rwkhu wudghuv wr vhoo wkhlu frqwudfwv h{shfwlqj wr vxevhtxhqwo| uhfhlyh kljkhu sulfhv/ exw wklv

ghdgorfn suhyhqwv doo wudghv1 Li rzqhuvkls ri wudqvplvvlrq frqwudfwv lv vx!flhqwo| frqfhqwudwhg

wkhq wudghuv vhoo doo frqwudfwv wr jhqhudwruv1

Wkh h{dpsoh vkrzv wkdw doorzlqj jhqhudwruv zlwk pdunhw srzhu wr vhfxuh wudqvplvvlrq

h{sruw frqwudfwv plwljdwhv pdunhw srzhu lq d wzr0qrgh qhwzrun1 Dv sulfhv dw wkh lpsruwlqj

qrgh duh �{hg dw ixoo xwlolvdwlrq ri wudqvplvvlrq/ wkh wudqvplvvlrq pdunhw dfwv mxvw olnh d orqj0

whup frqwudfw pdunhw dqg lqgxfhv jhqhudwruv wr vhoo pruh hqhuj| wkdq lq d rqh0vwdjh Frxuqrw

prgho1
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7 Pdunhw srzhu lq d wkuhh0qrgh qhwzrun

Mrvnrz dqg Wluroh +5333, frqfoxgh wkdw �wkh h�hfwv ri wudqvplvvlrq frqwudfwv kroglqj rq pdunhw

srzhu rq d wkuhh0qrgh qhwzrun duh frqfhswxdoo| vlplodu wr wkrvh rq d wzr0qrgh qhwzrun�1 Wklv

fdqqrw eh txlwh uljkw dv wkh wzr0qrgh qhwzrun doorzv d yhu| vlpsoh fkdudfwhulvdwlrq ri srolf| rq

wudqvplvvlrq frqwudfwv wr plwljdwh pdunhw srzhu1 H{sruwlqj jhqhudwruv vkrxog eh hqfrxudjhg wr

wudgh iru wudqvplvvlrq +dv riwhq dv srvvleoh, zkloh lpsruwlqj jhqhudwruv vkrxog eh glvfrxudjhg

iurp rewdlqlqj wudqvplvvlrq1 Wkh uhdvrq iru wkh vlpsolflw| lv wkdw wkh pdunhw sulfh lq d frpshwl0

wlyh uhjlrq frqqhfwhg wr dq roljrsrolvwlf uhjlrq e| d frqvwudlqhg wudqvplvvlrq olqn lv lqghshqghqw

ri zkr vhfxuhv uljkwv wr wkdw wudqvplvvlrq olqn/ vr wkdw wkh hqwluh lpsdfw ri jhqhudwru wudqvplv0

vlrq frqwudfwv lv lq wkh uhjlrq zlwk wkh pdunhw srzhu1 Li wkh iudfwlrq ri jhqhudwru frqwuroohg

vxsso| vrog lqwr wkh roljrsrolvwlf pdunhw lv lqfuhdvhg e| wudqvplvvlrq frqwudfwv/ pdunhw srzhu lv

hqkdqfhg dqg ylfh yhuvd1

Pdwwhuv duh pruh frpsoh{ lq phvkhg qhwzrunv zkhuh vlqjoh olqn frqvwudlqwv gr qrw qhfhv0

vdulo| lvrodwh rwkhu frpshwlwlyh pdunhwv iurp pdunhw srzhu dw d qrgh1 D xqlirup dxfwlrq iru

wudqvplvvlrq frqwudfwv lq wkh suhvhqfh ri frpsohwh lqirupdwlrq vwloo hqvxuhv wkdw wudqvplvvlrq

frqwudfwv fdqqrw hqkdqfh pdunhw srzhu1 Li/ krzhyhu/ wudqvplvvlrq frqwudfwv duh lqkhulwhg ru

vhfxuhg lq d csd|0dv0elg* dxfwlrq/ wkhq wkh srolf| frqfoxvlrq iurp wkh wzr0qrgh qhwzrun wkdw

rqo| h{sruwlqj jhqhudwruv vkrxog krog wudqvplvvlrq frqwudfwv lv qr orqjhu vx!flhqw wr suhyhqw

wkh hqkdqfhphqw ri pdunhw srzhu1

714 Orrs  rz frqvlghudwlrqv

Lq d vlpsoh wzr0qrgh qhwzrun zlwk d vlqjoh olqn wkhuh lv qr dpeljxlw| derxw wkh frqfhsw ri

wudqvplvvlrq fdsdflw|/ dv doo srzhu iurp rqh qrgh pxvw  rz dorqj wkh vlqjoh olqn wr wkh rwkhu1

Lq d phvkhg qhwzrun zlwk pruh wkdq rqh srvvleoh sdwk iurp rqh qrgh wr dqrwkhu/ hohfwulflw| zloo

 rz ryhu doo olqnv/ glvwulexwhg dffruglqj wr Nlufkr�*v Odzv +Erkq/ Fdudpdqlv/ dqg Vfkzhssh

4<;7,1 D jhqhudwru dw rqh qrgh pd| vljq d frqwudfw wr gholyhu srzhu wr d frqvxphu dw dqrwkhu

qrgh/ dqg wkhq vhhn wr vljq d frqwudfw zlwk wkh wudqvplvvlrq rshudwru ri wkh prvw gluhfw olqn/ exw

rqo| vrph ri wkh srzhu zloo dfwxdoo|  rz dorqj wklv olqn/ zlwk wkh edodqfh fuhdwlqj corrs  rzv*

dorqj doo rwkhu sdwkv frqqhfwlqj wkh vrxufh +wkh jhqhudwru, wr wkh vlqn +�qdo frqvxphu,1 Ghdolqj

zlwk wkhvh orrs  rzv ehghylov wkh pdqdjhphqw ri ihghudo wudqvplvvlrq v|vwhpv/ lq zklfk ydulrxv

vxe0julgv ri wkh lqwhufrqqhfwhg v|vwhp duh xqghu wkh mxulvglfwlrq ri vhsdudwh Wudqvplvvlrq V|vwhp

Rshudwruv +WVRv,1 Rqh gluhfw frqvhtxhqfh ri wkhvh orrs  rzv lv wkdw d wudqvplvvlrq frqvwudlqw

rq rqh olqn lpsdfwv rq wkh  rzv wkdw duh srvvleoh rq hyhu| hohfwulflw| wudqvplvvlrq olqn lq wkh

qhwzrun1
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Wzr gl�huhqw dssurdfkhv kdyh ehhq sursrvhg wr h{solflwo| pdqdjh wudqvplvvlrq frqvwudlqwv

lq d olehudolvhg hohfwulflw| pdunhw= surshuw| uljkwv dqg qrgdo sulfhv1 Iluvw/ surshuw| uljkwv duh

fuhdwhg dqg dxfwlrqhg iru doo olqnv wkdw pljkw srwhqwldoo| eh frqvwudlqhg1 Wkh ixqgdphqwdo

hqwlw| lv fdoohg d  rz jdwh uljkw1 Wkh v|vwhp rshudwru fdofxodwhv sursruwlrqdolw| idfwruv �&�� wr

ghwhuplqh zkdw sursruwlrq ri hqhuj|  rz ehwzhhq lqmhfwlrq qrgh l dqg r�wdnh qrgh m zloo sdvv

ryhu olqn n1 Wkh sursruwlrqdolw| idfwru �&�� lv qhjdwlyh li wkh hqhuj|  rz jrhv lq wkh rssrvlwh

gluhfwlrq wr wkh gh�qhg rulhqwdwlrq ri wkh olqn19 Vxevhtxhqwo| pdunhw sduwlflsdqwv pxowlso| wkh

srzhu yroxph +srvlwlyh dprxqw ri PZ,: wkh| zdqw wr wudqvplw ehwzhhq wzr qrghv zlwk wkh

fruuhvsrqglqj sursruwlrqdolw| idfwru1 Wklv ghwhuplqhv krz pdq|  rz jdwh uljkwv wkh| kdyh wr

rewdlq iru hdfk olqn1 Wkh v|vwhp rshudwru fdq lvvxh d qhw dprxqw ri  rz jdwhv xs wr wkh fdsdflw|

ri wkh olqn1

Lq wkh vhfrqg dssurdfk/ qrgdo sulflqj/ wkh v|vwhp rshudwru ghwhuplqhv wkh pdunhw fohdulqj

sulfh dw hdfk qrgh wkdw uhvshfwv wkh wudqvplvvlrq dqg rwkhu frqvwudlqwv1 Jhqhudwruv uhfhlyh wkh

qrgdo sulfh ri wkhlu lqmhfwlrq srlqw/ dqg frqvxphuv sd| wkh qrgdo sulfh dw wkh r�0wdnh srlqw1

Ilqdqfldo wudqvplvvlrq frqwudfwv wkhq doorz pdunhw sduwlflsdqwv wr khgjh djdlqvw wkh ulvn wkdw

wkh qrgdo sulfhv pd| gl�hu vxevwdqwldoo| ryhu vsdfh1 Wkh v|vwhp rshudwru gh0idfwr vlpxodwhv d

pdunhw ri surshuw| uljkwv iru vfdufh wudqvplvvlrq dvvhwv wr ghwhuplqh wkh qrgdo sulfhv1 Qrgdo

sulflqj fdq wkhuhiruh eh lqwhusuhwhg dv dq lqwhuidfh wr vlpsoli| wkh xqghuo|lqj pdunhw vwuxfwxuh

dqg uhgxfh wudqvdfwlrq frvwv wr pdwfk sk|vlfdo wudqvplvvlrq frqwudfwv wr hqhuj| gholyhu|1 Lq d

shuihfwo| frpshwlwlyh hqylurqphqw qrgdo sulfhv duh wkhuhiruh lghqwlfdo wr sk|vlfdo wudqvplvvlrq

frqwudfwv/ ehfdxvh dq| ghvljq ri sk|vlfdo wudqvplvvlrq frqwudfwv fdq vxevhtxhqwo| eh lpsoh0

phqwhg e| wkh v|vwhp rshudwru zkhq vlpxodwlqj surshuw| uljkwv wr ghwhuplqh qrgdo sulfhv1 Lq d

vlwxdwlrq zlwk pdunhw srzhu qrgdo sulflqj gl�huv iurp sk|vlfdo wudqvplvvlrq frqwudfwv ehfdxvh

wkh pdunhw iru wudqvplvvlrq dqg hqhuj| fohduv vlpxowdqhrxvo| udwkhu wkdq �uvw iru wudqvplvvlrq

frqwudfwv dqg wkhq iru hqhuj| xqghu sk|vlfdo frqwudfwv1 Wkh doorfdwlrq ri sk|vlfdo wudqvplvvlrq

frqwudfwv ghwhuplqhv wkh qhw lpsruw2h{sruw fdsdflw| wr hdfk qrgh ru }rqh1 Lq qrgdo sulflqj

wkh sk|vlfdo wudqvplvvlrq fdsdflw| lv doorfdwhg dv d ixqfwlrq ri wkh sulfhv lq wkh vsrw hqhuj|

pdunhw dqg wkhuhe| fuhdwhv dgglwlrqdo ghpdqg hodvwlflw| dqg plwljdwhv pdunhw srzhu1 Sk|vlfdo

wudqvplvvlrq frqwudfwv duh doorfdwh h{0dqwh dqg wkhuhiruh fdq qrw eh dgmxvwhg lq wkh hqhuj| vsrw

pdunhw1 Wkhuhiruh vsrw pdunhw sulfhv gr qrw lq xhqfh lpsruw2h{sruw fdsdflw| dqg qhw0ghpdqg

hodvwlflw| lv uhgxfhg/ hqkdqflqj pdunhw srzhu uhodwlyh wr qrgdo sulflqj1; Wkh suh0frpplwphqw

9Wkh rulhqwdwlrqv duh ghwhuplqhg duelwudulo|/ dqg wkhvh zloo ghwhuplqh wkh vljqv ri wkh idfwruv �&
�� dqg khqfh

wkh frqvlvwhqf| ri wkh  rz dqdo|vlv1
:Hqhuj| lv phdvxuhg lq PZk/ zkloh fdsdflw| lv phdvxuhg lq PZ1 Zh gh�qh d xqlw ri wlph gxulqj zklfk  rzv

duh frqvwdqw/ dqg wkh hqhuj| lv wkhq PZ pxowlsohg e| wkh wlph lqwhuydo/ wdnhq khuh dv 4 xqlw1
;Plphr Nduvwhq Qhxkr�/ GDH +5335, �Ghpdqg Hodvwlflw| lq Frqvwudlqw Qhwzrunv1�
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h�hfw wkdw doorzv sk|vlfdo wudqvplvvlrq frqwudfwv wr plwljdwh pdunhw srzhu vkrxog eh htxdoo|

surylghg e| �qdqfldo wudqvplvvlrq frqwudfwv1 Wkhuhiruh fhwhulv sdulexv qrgdo sulflqj zlwk �0

qdqfldo wudqvplvvlrq frqwudfwv vkrxog plwljdwh pdunhw srzhu ehwwhu wkdq sk|vlfdo wudqvplvvlrq

frqwudfwv1

715 H{sruwlqj jhqhudwru kroglqj wudqvplvvlrq frqwudfwv

Wkh iroorzlqj h{dpsoh ghprqvwudwhv wkdw lq phvkhg qhwzrunv h{sruwlqj roljrsrolvwv pd| xvh

wudqvplvvlrq frqwudfwv wr hqkdqfh wkhlu pdunhw srzhu1 Dv ehiruh/ wkh jdph lv vroyhg edfnzdugv/

�uvw ghwhuplqlqj htxloleulxp sulfhv lq wkh hqhuj| pdunhw/ dqg wkhq ghwhuplqlqj wkh elgglqj

vwudwhj| ri jhqhudwruv dqg wudghuv lq vwdjh rqh1 Dv lq Mrvnrz dqg Wluroh +7,/ d frpshwlwlyh qhw

h{sruwlqj pdunhw lv orfdwhg dw qrgh rqh/ dq roljrsro| dw qrgh wzr dqg frpshwlwlyh qhw ghpdqg

dw qrgh wkuhh +Iljxuh 7,1

Dv ghvfulehg lq wkh suhylrxv vhfwlrq/ pdunhw sduwlflsdqwv kdyh wr rewdlq  rz jdwh uljkwv iru

wkh frqvwudlqhg olqn 46/ li wkh| zdqw wr wudqvplw hqhuj| ehwzhhq wzr qrghv lq wkh qhwzrun1 Gxh

wr orrs  rzv ��� @ 5@6 ri hohfwulflw| h{sruwv T� iurp qrgh rqh dqg �2� @ 4@6 ri h{sruwv T2

iurp qrgh wzr sdvv dorqj wkh frqvwudlqhg olqn 461 Wr vhoo rqh xqlw ri hqhuj| iurp qrgh wzr wr

wkuhh/ dq roljrsro| h{sruwhu wkhuhiruh qhhgv 4@6 ri d xqlw ri  rz0jdwh rq 461 Wr vhoo rqh xqlw ri

hqhuj| iurp qrgh rqh wr qrgh wkuhh 5@6 ri d xqlw ri  rz jdwh uljkwv rq 46 lv uhtxluhg1 Lq wklv

Competitive net
exporting market

Oligopoly
generation

Competitive net
importing market

1

3

2

K

Iljxuh 7=

sduwlfxodu qhwzrun wrwdo h{sruwv duh wkhuhiruh frqvwudlqhg e|=

5T� .T2 � 6N= +5:,

Wkh ydoxh � ri wudqvplvvlrq frqwudfwv wr wkh  rz jdwh lv sursruwlrqdo wr wkh sulfh gl�huhqfh

ehwzhhq qrghv wlphv wkh lqyhuvh ri wkh sursruwlrq ri  rzv ehwzhhq wkh qrghv wkdw jrhv dorqj

wkh  rz jdwh/ dqg wklv ydoxh gh�qhv wkh h!flhqw duelwudjh frqglwlrq=

� @
6

5
+s� � s�, @ 6+s� � s2,1 +5;,

Dvvxplqj frpshwlwlyh frqvwdqw pdujlqdo frvw f� dw qrgh rqh dqg olqhdu ghpdqg s� @ �3'�3'2

k

dw qrgh wkuhh dqg xvlqj elqglqj frqvwudlqw +5:,/ +5;, fdq eh vroyhg iru s2 dv ixqfwlrq ri s� dqg
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s�=

s� @
5D� 6N �T2

5�
> s2 @

f�
5

.
5D� 6N �T2

7�
= +5<,

Lq wkh hqhuj| pdunhw roljrsrolvw l dw qrgh 5 zkr surgxfhv t� zlwk frqvwdqw pdujlqdo frvwv f2

dqg zkr rzqv n� wudqvplvvlrq frqwudfwv + rz0jdwh uljkwv rq 46/ hdfk ri zklfk doorzv klp wr vhoo

6 xqlwv iurp qrgh 5 wr 6, pd{lplvhv wkh iroorzlqj sur�w ixqfwlrq=

�rRJ|
� @ +s2 � f2, t� . 6 +s� � s2, n�= +63,

Vxevwlwxwlqj s2 iurp +5<, lq +63, wkh IRF jlyhv wkh rswlpdo rxwsxw fkrlfh=

t� @
5�f� � 7�f2 . 5D� 6N .

S
� 6n�

q. 4
� 6n� > +64,

�rRJ| +n�, @

�
TSJ6R .

S
� 6n�

�2

7� +q. 4,2
. 6n� +f2 � f�, >

T2 @
q +5�f� � 7�f2 . 5D� 6N,�S

� 6n�

q. 4
1

Wkh frpshwlwlyh rxwsxw zrxog eh TSJ6R @ Olp?<"T2 @ 5�f��7�f2.5D�6N= Htxdwlrq +64,

vkrzv wkdw rzqhuvkls ri wudqvplvvlrq frqwudfwv n� fdxvhv wkh roljrsrolvw wr ghfuhdvh rxwsxw t�1 Wr

hydoxdwh wkh h�hfw ri wudqvplvvlrq frqwudfwv zh fdq dsso| wkh Iluvw Zhoiduh wkhruhp dffruglqj wr

zklfk wkh frpshwlwlyh htxloleulxp lv h!flhqw1 Wkh rxwsxw lq d vlwxdwlrq zlwk pdunhw srzhu dqg

zlwkrxw wudqvplvvlrq frqwudfwv lv uhgxfhg uhodwlyh wr wkh frpshwlwlyh rxwsxw e| wkh idfwru ?
?n� 1

Li jhqhudwruv rzq wudqvplvvlrq frqwudfwv/ wkhq wkhlu pdunhw srzhu lv hqkdqfhg dqg wkh| uhgxfh

wkh rxwsxw e| dq dgglwlrqdo �
?n�

S
� 6n� 1 Dv doo rwkhu qrghv duh frpshwlwlyh/ lqfuhdvhg ghyldwlrq

iurp wkh h!flhqw ohyho dw wkh glvwruwhg qrgh lqfuhdvhv lqh!flhqf|1 Lw iroorzv wkdw rzqhuvkls ri

wudqvplvvlrq frqwudfwv ghfuhdvhv zhoiduh hyhq wkrxjk wkh roljrsrolvwv duh h{sruwlqj1

716 H�hfw ri vlqjoh sulfh dxfwlrq

Lq frqwudvw wr wkh wzr qrgh fdvh/ li dq roljrsro| h{sruwhu srvvhvvhv wudqvplvvlrq frqwudfwv/ wkhq

wkh rxwfrph pd| eh lqihulru wr edqqlqj klp iurp rzqlqj vxfk frqwudfwv/ wkh qh{w vwhs lv wr vhh

zkhwkhu wkhuh lv dq| gdqjhu ri klv dftxlulqj vxfk frqwudfwv lq dq dxfwlrq1 Dv ehiruh/ wkhuh duh qr

sureohpv zlwk d xqlirup sulfh dxfwlrq/ zklfk zloo uhyhdo doo lqirupdwlrq dqg wkhuhiruh uhvxow lq

duelwudjh ri sulfhv1 Jhqhudwruv fkrvh wkh sursruwlrq ri wudqvplvvlrq frqwudfwv wr ex| n� lq rughu

wr pd{lplvh wrwdo sur�wv �@�S|�J?
� @ �rRJ|+n�,� 6n� +s� � s2,1 Wkh �uvw rughu frqglwlrq jlyhv wkh

wrwdo txdqwlw| wr eh rewdlqhg=

6n� @
4� q

4 . q2
TSJ6R � 3= +65,

Lq d xqlirup sulfh dxfwlrq wkh roljrsrolvw ex|v lq htxloleulxp d qhjdwlyh txdqwlw| ri wudqvplvvlrq

frqwudfwv/ wkhuhiruh pdunhw srzhu lv plwljdwhg wr wkh vdph ghjuhh dv fdofxodwhg iru wkh wzr0

qrgh qhwzrun lq vhfwlrq +614,1 Qrwh wkdw wklv uhtxluhv wkh V|vwhp Rshudwru wr hqvxuh wkdw wkh
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roljrsrolvwv lqghhg dfwv wr uholhyh wkh frqvwudlqw/ dqg doorzv dgglwlrqdo  rz0jdwh uljkwv wr eh

lvvxhg wr rwkhu sduwlflsdqwv +wkh dulwkphwlfdo ru gluhfwlrqdo vxp ryhu doo frqwudfwv lv wkh elqglqj

frqvwudlqw,1 Li qhjdwlyh txdqwlwlhv ri  rz0jdwh uljkwv duh qrw dydlodeoh/ wkhq jhqhudwruv zloo ex|

qr wudqvplvvlrq frqwudfwv dqg wkh uhvxow wkdw pdunhw srzhu lv qrw hqkdqfhg li wudqvplvvlrq

frqwudfwv duh dxfwlrqhg lq d xqlirup sulfh dxfwlrq vxuylyhv1 Wkh iroorzlqj wkhruhp vxppdulvlqj

wkhvh pruh jhqhudo uhvxowv lv suryhg lq dsshqgl{ +F,1

Wkhruhp ; Li frqvwudlqhg wudqvplvvlrq fdsdflw| lq d phvkhg qhwzrun lv vrog lq d vlqjoh sulfh

dxfwlrq wkdw lv h!flhqwo| duelwudjhg e| wudghuv zkr fdq dffxudwho| suhglfw ixwxuh htxloleulxp vsrw

sulfhv/ wkhq roljrsrolvwv zloo rqo| dftxluh frqwudfwv wkdw plwljdwh pdunhw srzhu1 Pdujlqdo frvwv

ri jhqhudwlrq vkrxog qrw lqfuhdvh e| pruh wkdq
�s

5� 4
�
wlphv ghpdqg vorsh1 Li jhqhudwruv duh

dv|pphwulf/ wkhq pdujlqdo frvwv ri hdfk jhqhudwru vkrxog qrw lqfuhdvh e| pruh wkdq 4@q wlphv

ghpdqg vorsh +orzhu erxqgv gxh wr dssur{lpdwlrqv,1

Wkhvh frqglwlrqv vkrxog eh hdvlo| vdwlv�hg/ ehfdxvh hohfwulflw| ghpdqg lv yhu| lqhodvwlf +gh0

pdqg vorsh kljk, zkloh pdujlqdo frvwv ri jhqhudwruv wkdw fdq dowhu wkhlu rxwsxw ghflvlrq duh

frpsdudwlyho|  dw1

Li wudqvplvvlrq frqwudfwv duh irupxodwhg dv rswlrqv dqg qrw dv reoljdwlrqv/ wkhq jhqhudwruv

fdqqrw dftxluh d qhjdwlyh txdqwlw| ri wudqvplvvlrq frqwudfwv1 Li qhjdwlyh txdqwlwlhv zrxog plwl0

jdwh pdunhw srzhu/ wkhq jhqhudwruv zloo hqg xs qrw dftxlulqj dq| wudqvplvvlrq frqwudfwv1 Wklv lv

wkh uhdvrq iru wkh zhdn irupxodwlrq lq wkhruhp +;, wkdw wudqvplvvlrq frqwudfwv zloo qrw hqkdqfh

pdunhw srzhu1 Li wudqvplvvlrq frqwudfwv duh irupxodwhg dv reoljdwlrqv wkdq wkh| zloo plwljdwh

pdunhw srzhu li doorfdwhg lq d xqlirup sulfh dxfwlrq zlwk ixoo lqirupdwlrq1

717 Sd|0dv0elg dxfwlrq

Li roljrsrolvwv rqo| ex| qhjdwlyh wudqvplvvlrq frqwudfwv lq d vlqjoh sulfh dxfwlrq/ zrxog d sd|0

dv0elg dxfwlrq doorz wkhp wr vhfxuh wudqvplvvlrq dqg hqkdqfh pdunhw srzhu e| sod|lqj d pl{hg

vwudwhj|/ dv lq wkh wzr0qrgh h{dpsohB Dv ehiruh/ wkh �uvw vwhs lv wr vhh li dq roljrsrolvw zrxog

lqfuhdvh sur�wv e| ex|lqj wudqvplvvlrq frqwudfwv dw wkh ydoxh wkh frqwudfwv kdyh li wudghuv gr

qrw h{shfw roljrsrolvwv wr rewdlq frqwudfwv=

��@�S|�J?
& @ �rRJ|

&�
� �rRJ|

&�'f � 6n� +s�c&'f � s2c&'f, >

@
4

7�

6n�

+q. 4,2
+6n� � +q� 4,TSJ6R, = +66,

Dv lq wkh wzr0qrgh fdvh +69,/ wkh udwlr ehwzhhq wudqvplvvlrq fdsdflw| 6n� dqg +q� 4,TSJ6R

ghwhuplqhv zkhwkhu jhqhudwruv fdq sur�wdeo| elg iru pdunhw srzhu0hqkdqflqj frqwudfwv zkhq

lqirupdwlrq dv|pphwu| suhyhqwv shuihfw duelwudjh1 Krzhyhu/ lq wkh wkuhh0qrgh fdvh roljrsrolvwv
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+q A 4, duh pruh olnho| wr sod| d pl{hg vwudwhj| htxloleulxp wkdq lq wkh wzr qrgh fdvh1 Wklv lv

ehfdxvh lq wkh phvkhg qhwzrun h{sruw fdsdflw| iurp qrgh wzr lv wkuhh wlphv wkh wudqvplvvlrq

fdsdflw| ri wkh olqh 461 Lw lv uh hfwhg lq wkh idfwru 6n� lqvwhdg ri n� lq wkh eudfnhwv1 Pl{hg

vwudwhj| htxloleuld zlwk wkhlu pdunhw srzhu hqkdqflqj lpsolfdwlrqv duh wkhuhiruh pruh olnho| lq

phvkhg qhwzrunv wkdq lq wkh wzr qrgh fdvh1 Lq dsshqgl{ +G, wkh pl{hg vwudwhj| htxloleulxp ri

d prqrsrolvw lq wkh wkuhh qrgh qhwzrun lv fdofxodwhg dqdorjrxvo| wr wkh vlwxdwlrq lq d wzr qrgh

qhwzrun1

718 Vhoolqj lqkhulwhg frqwudfwv

Ilqdoo|/ lw lv lpsruwdqw wr vhh zkhwkhu lqkhulwhg wudqvplvvlrq frqwudfwv hqkdqfh pdunhw srzhu

ru wkhvh dgglwlrqdo glvwruwlrqv fdq eh wudghg dzd|1 Wkh roljrsrolvw*v wrwdo sur�w ixqfwlrq lv

��re,,
{&�

@ �rRJ|
&�3{&�

� �rRJ|
&�

. 6�n� +s�c&�3{&� � s2&�3{&�, /

@
6�n�

+q. 4,2

��
q2 � 4

�
+s2c&� � f2,� q

7�
6�n�

�
1 +67,

Wkh vlwxdwlrq fruuhvsrqgv h{dfwo| wr wkh wzr qrgh qhwzrun zlwk dq lpsruwlqj roljrsrolvw lqkhulw0

lqj wudqvplvvlrq frqwudfwv1 Wkh roljrsrolvw frxog sur�wdeo| vhoo vpdoo txdqwlwlhv ri wudqvplvvlrq

frqwudfwv dw wkh h{0srvw sulfh1 Krzhyhu/ wudghuv zloo qrw ex| frqwudfwv dv wkh| dqwlflsdwh wkdw

ixuwkhu vdohv e| roljrsrolvwv zrxog ixuwkhu uhgxfh wkh ydoxh ri wkhlu frqwudfwv dqg zh uhwxuq wr

wkh vdph glvfxvvlrq zh suhvhqwhg iru wkh wzr qrgh qhwzrun1

8 Frqfoxvlrqv

Doorzlqj jhqhudwruv zlwk pdunhw srzhu dffhvv wr wudqvplvvlrq dxfwlrqv zkhq wudqvplvvlrq fd0

sdflw| lv frqvwudlqhg pd| dpsoli| ru plwljdwh wkhlu pdunhw srzhu1 Uhjxodwruv pd| wkhuhiruh

zlvk wr frqvlghu xqghu zkdw flufxpvwdqfhv lw zrxog eh ghvludeoh wr suhyhqw vxfk jhqhudwruv iurp

vhfxulqj ru uhwdlqlqj wudqvplvvlrq frqwudfwv1 Zh �qg wkdw lq wkh wzr0qrgh fdvh li wkh jhqhudwruv

zlwk pdunhw srzhu duh orfdwhg dw dq lpsruw frqvwudlqhg qrgh/ lw lv dozd|v xqghvludeoh wr doorz

wkhp wr uhwdlq h{lvwlqj wudqvplvvlrq frqwudfwv1 Li wkh| duh wr eh frpshqvdwhg/ lw vkrxog eh e|

d irupxod wkdw grhv qrw ghshqg rq wkh vxevhtxhqwo| uhdolvhg vsrw sulfh/ wr pdnh vxuh wkdw wkh|

kdyh qr dgglwlrqdo uhdvrqv iru lq xhqflqj wkdw sulfh1 Lw lv dovr xqghvludeoh wr doorz wkhp dffhvv

wr wkh wudqvplvvlrq dxfwlrq zkhuh wklv lv sd|0dv0elg/ ru zkhuh wkhuh lv olnho| wr eh dv|pphwulf

lqirupdwlrq idyrxulqj wkh jhqhudwruv1 Hyhq xqghu wkh lghdo flufxpvwdqfhv ri shuihfwo| lqiruphg

duelwudjhxuv dqg d vlqjoh0sulfh dxfwlrq/ zkloh wkhuh lv qr kdup lq doorzlqj jhqhudwruv wr elg/

wkhuh lv dovr qr ehqh�w1 Qru gr wkh jhqhudwruv ehqh�w iurp elgglqj hyhq lq wkh sd|0dv0elg fdvh/
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dv doo wkh dgglwlrqdo glvwruwlrqdu| uhyhqxh lv vhfxuhg e| wkh wudqvplvvlrq frpsdq|1< Rq wkh rwkhu

kdqg/ li wkh jhqhudwruv zlwk pdunhw srzhu duh orfdwhg dw dq h{sruw frqvwudlqhg qrgh/ wkhlu elgv

iru wudqvplvvlrq fdsdflw| doorz wkhp wr suh0frpplw wr dgglwlrqdo rxwsxw dqg uhgxfh sulfhv dw

wkh h{sruwlqj qrgh/ wr wkh ehqh�w ri frqvxphuv wkhuh1

Lq d wkuhh0qrgh qhwzrun +dqg zlwk pruh qrghv,/ wudqvplvvlrq frqwudfwv fdq hqkdqfh pdunhw

srzhu hyhq zkhq wkh| fruuhvsrqg wr rzq surgxfwlrq +dqg qrw mxvw lpsruwv,/ dw ohdvw li orrs  rzv

lpso| wkdw rxwsxw fkdqjhv kdyh d eljjhu lpsdfw rq wkh sulfh dw wkh gholyhu| qrgh wkdq dw wkh

ruljlq qrgh1 Wkh vroxwlrq lv wr gh�qh wudqvplvvlrq frqwudfwv wr wkh uhihuhqfh qrgh wkdw kdv d

sulfh ohdvw lq xhqfhg e| dq| jhqhudwru*v rxwsxw ghflvlrq1 Jhqhudwruv vkrxog wkhq eh uhvwulfwhg

wr wudqvplvvlrq frqwudfwv zlwk wklv uhihuhqfh qrgh1 Frqvxphuv dqg wkhlu uhsuhvhqwdwlyhv vkrxog

wkhq rewdlq wudqvplvvlrq frqwudfwv iurp wkh uhihuhqfh qrgh rqzdug1 Vxfk d srolf| plqlplvhv

wkh ulvn wkdw wudqvplvvlrq frqwudfwv hqkdqfh pdunhw srzhu zkloh hqvxulqj wkdw wkh| surylgh ulvn

khgjlqj vhuylfhv dqg surylgh lqirupdwlrq iru qhwzrun h{sdqvlrq1

Zh dqdo|vhg wkh h�hfw ri wudqvplvvlrq frqwudfwv rq rxwsxw ghflvlrqv zkhq wudqvplvvlrq

frqvwudlqwv duh shupdqhqwo| elqglqj1 Krzhyhu/ olqnv ehwzhhq vhyhudo uhjlrqv duh rqo| frqvwudlqhg

sduw ri wkh wlph zlwk lqwhuphgldwh shulrgv zkhuh wkh frqvwudlqw lv cmxvw* elqglqj ru cmxvw* qrw

elqglqj1 Zkloh wkhuh duh vhyhudo prghov vkrzlqj wkdw pdunhw srzhu fdq lqfuhdvh wkh shulrg

zkhq frqvwudlqwv duh elqglqj/ wkh h�hfw ri wudqvplvvlrq frqwudfwv rq zkhwkhu ru qrw frqvwudlqwv

duh elqglqj lv vwloo dq rshq txhvwlrq1

D Pl{hg vwudwhj| Htxloleulxp lq Roljrsro| Fdvh

Dq roljrsro| zlwk q A 4 jhqhudwruv lv orfdwhg dw wkh lpsruwlqj qrgh1 Lq d �sd|0dv0elg� dxfwlrq

dq| jhqhudwru zloo hlwkhu qrw sduwlflsdwh lq wkh dxfwlrq ru ex| doo wudqvplvvlrq frqwudfwv dydlodeoh

dw sulfh �1 Elgv duh fkrvhq iurp d frqwlqxrxv glvwulexwlrq/ wkhuhiruh qr pruh wkdq rqh jhqhudwru

rewdlqv wudqvplvvlrq frqwudfwv1

D14 Hqhuj| pdunhw

Wr vlpsoli| rxu vxevhtxhqw fdofxodwlrqv zh gh�qh � dv wkh pdujlq sdlg deryh wkh ydoxh wudqvplv0

vlrq frqwudfwv wdnh li jhqhudwruv rzq qr frqwudfwv1 Zh nqrz iurp +6, wkdw li d jhqhudwru rzqv n

< Lq vrph Hxurshdq frxqwulhv/ jhqhudwruv vwloo kdyh dq rzqhuvkls lqwhuhvw lq wudqvplvvlrq/ dqg wklv zrxog surylgh

dq dgglwlrqdo prwlyh iru pdunhw pdqlsxodwlrq/ hyhq zlwk �ixqfwlrqdo� xqexqgolqj dqg vhsdudwlrq djuhhphqwv +dv

uhtxluhg e| wkh HX Hohfwulflw| Gluhfwlyh,1 Wklv pd| surylgh dgglwlrqdo uhdvrqv iru edqqlqj wkh dftxlvlwlrq ri vxfk

wudqvplvvlrq uljkwv1
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frqwudfwv wkhq wkh ydoxh ri frqwudfwv lv lqfuhdvhg gxh wr wkh ghfuhdvh lq rxwsxw=

�s2c& @
n

� +q. 4,
= +68,

Ixuwkhupruh e| vxevwlwxwlqj +6, lq +5, zh rewdlq wkh fkdqjh lq sur�wv��S�@?}e
& lq wkh hqhuj| pdu0

nhw iru d jhqhudwru rzqlqj wudqvplvvlrq frqwudfwv n dqg vlploduo| wkh fkdqjh lq sur�wv ��S�@?}e
3&

iru d jhqhudwru zkhq d frpshwlqj jhqhudwru rewdlqv frqwudfwv=

��S�@?}e
& @

4

�

n

+q. 4,2
+n . +4� q,Tfrps, / +69,

��S�@?}e
3& @

4

�

n

+q. 4,2
+n . 5Tfrps, 1 +6:,

D15 Jdph vwuxfwxuh

Wkh jdph zlwk dq roljrsro| ri jhqhudwruv lv wkh vdph dv zlwk d prqrsrolvw1 Jhqhudwruv dqg

wudghuv vxeplw wkhlu elg vfkhgxoh dqg wkh dxfwlrqhhu dffhswv wkh kljkhvw elgv1 Jhqhudwruv hlwkhu

vxeplw qr elg ru elg iru doo wudqvplvvlrq frqwudfwv dydlodeoh dw sulfh �1 Jhqhudwruv gudz wkh elg

sulfh � iurp wkh lqwhuydo ^�> �` zlwk suredelolw| Sure+� ? {, @ K+{,= Dv wkh lqwhuydo lv frqwlqxrxv

wkh suredelolw| wkdw pruh wkdq rqh jhqhudwru vxeplwv d elg ri wkh vdph sulfh lv }hur1

D16 Glvwulexwlrq iurp zklfk jhqhudwruv gudz wkhlu elgv

Zh qrz fdofxodwh wkh djjuhjdwh ghqvlw| ixqfwlrq K+�, ghvfulelqj wkh suredelolw| K �+�, zlwk

zklfk d jhqhudwruv fkrrvhv d elg �1 Wkh jhqhudwru ghflghv rq wkh glvwulexwlrq ixqfwlrq K+�,

vxfk wkdw kh fdq hqvxuh wkdw doo wudghuv pdnh }hur sur�wv li dqg rqo| li wkh djjuhjdwh elg vfkhgxoh

ri wudghuv lv 4� n +�,1

Jhqhudwruv fdq rqo| sur�wdeoh elg li wkh| rewdlq d vljql�fdqw srvlwlyh txdqwlw| ri wudqvplv0

vlrq frqwudfwv dqg khqfh K+3, A 3 dqg K+�, @ K+3, iru ��^3> �`1

Wkh h{shfwhg ydoxh y| +�, ri pdujlqdo elg e| d wudghu lv }hur li wkh elg lv qrw dffhswhg1 Li

wkh elg lv dffhswhg/ wkhq y| +�, lv wkh zhljkwhg lqwhjudo ryhu sulfh lqfuhdvh plqxv elg sulfh=

H ^y| +�,` @ K+3,? +�s2cf � �, .

] #

#

qK+h�,?3�K �+h�, +�s2c& � �, gh�1 +6;,

Diwhu vxevwlwxwlqj �s2c& iurp +68, zh gl�huhqwldwh wkh uljkw kdqg vlgh zlwk uhvshfw wr �1 Lw kdv

wr eh }hur ehfdxvh sur�wv iru doo wudghv duh }hur=

K �+�,

K+�,
@

4

q

� +q. 4,

n � �� +q. 4,
1 +6<,

Vhwwlqj � @ � lq +6;, jlyhv H
�
y|
�
�
��

@ �K+3,?�1 Wudghuv vxeplwwlqj elgv dw � A 3 zrxog pdnh

orvvhv/ wkhuhiruh zh frqfoxgh wkdw � @ 3=

58



D17 Wudghuv* djjuhjdwh elg vfkhgxoh

Zh qrz fdofxodwh zklfk glvwulexwlrq ri elg ixqfwlrq 4� n +�, ri wudghuv hqvxuhv wkdw jhqhudwruv

zloo eh lqgl�huhqw ehwzhhq qrw elgglqj ru elgglqj dq| ydoxh rq wkh lqwhuydo ^�> �`1 Jhqhudwru*v

h{shfwhg sur�wv zkhq vxeplwwlqj d elg +�>N, frqvlvw ri wkh sur�wv ri zlqqlqj/ jlyhq e| wkh

suredelolw| wkdw rwkhu jhqhudwruv elg orzhu K +�,?3� wlphv sur�wv plqxv frvwv iru wudqvplvvlrq

uljkwv1 Ixuwkhupruh zh dgg wkh zhljkwhg sur�wv pdgh zkhq rwkhu jhqhudwruv rewdlq wudqvplvvlrq

uljkwv dqg wkhuhiruh uhgxfh wkhlu rxwsxw dqg sxvk xs sulfhv1 Doo wkhvh sur�wv kdyh wr htxdo wkh

sur�wv iurp qrw sduwlflsdwlqj lq wkh dxfwlrq=

K +�,?3� ���&E#� � �n +�,
�
.

] #

#

+q� 4,K+h�,?32K �+h�,��3&Eh#�gh�
@

] #

#

+q� 4,K+h�,?32K �+h�,��3&Eh#�gh�1 +73,

Gl�huhqwldwlrq +73, zlwk uhvshfw wr � dqg wkhq vxevwlwxwlqj K �+, iurp +BB, dqg ��*v iurp +69,

dqg +6:, jlyhv=

Cn

C�
@ n

� +q. 4,2 . +q� 4, M�E#�
ME#�

�
+4 . q,Tfrps . � +q. 4,2 �

�
5n � � +q. 4,2 � . +4� q,Tfrps

Vxevwlwxwlqj M�E#�
ME#� iurp +6<, surylghg xv zlwk d vhfrqg gl�huhqwldo htxdwlrq=

Cn

C�
@ � +q. 4,2 n

4 . ?3�
?

'frpsnkE?n��#
&3#kE?n��

5n � � +q. 4,2 � . +4� q,Tfrps

1 +74,

Xvlqj sdudphwhu ydoxhv q @ 5> � @ 4> N @ 6 dqg T @ 6@5 wkh gl�huhqwldo htxdwlrqv +BB, dqg

+74, fdq eh zulwwhq dv

Cn +�,

C�
@

<

5
n

7n � 9� . 6

+n � 6�, +7n � 4;� � 6,
/

CK +�,

C�
@

4

5

K+�,
�
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= +75,

D18 Vwduw ydoxhv

Lq rughu wr qxphulfdoo| lqwhjudwh +75, zh vwloo kdyh wr ghwhuplqh wzr xqnqrzq sdudphwhuv � dqg

K+3,= Wkh uhtxluhphqw wkdw jhqhudwruv duh lqgl�huhqw ehwzhhq sduwlflsdwlqj dqg qrw sduwlflsdwlqj

lq wkh dxfwlrq fdq eh h{suhvvhg e| vhwwlqj � @ � lq jhqhudwruv* sur�w ixqfwlrq +73,= ��&E#� @

�n +�,1 Xvlqj +69, dqg wkh qxphulf ydoxhv iru wkh sdudphwhuv jlyhv wkhq � @ �
2N @ �

2 1

Wkh fkrlfh ri K+3, lv ehvw looxvwudwhg zlwk wkh khos ri wkh �qdo uhvxow suhvhqwhg lq Iljxuh

+8,1 Wkh suredelolw| wkdw dq| sod|hu grhv qrw elg lv K+3, @ 3=<41 Wklv lv wkh ydoxh zklfk hqvxuhv

wkdw K+�, @ n+�, @ 4 iru � @ 3=45:1 Li zh zrxog fkrvh d gl�huhqw K+3, vxfk wkdw n+�, A N wkhq

jhqhudwruv frxog douhdg| rewdlq doo wudqvplvvlrq uljkwv iru d orzhu �� dqg wkhuhiruh wkh| zloo qrw

vxeplw dq| elgv deryh �� dqg wkhuhiruh K+3, zrxog lqfuhdvh1 Li rq wkh rwkhu kdqg n+�, ? N/
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wkhq d jhqhudwru lqfuhdvlqj klv elg wr � . % zrxog rewdlq doo wudqvplvvlrq uljkwv1 Wklv zrxog

eh d sur�wdeoh ghyldwlrq vxjjhvwlqj wkdw K+3, zrxog ghfuhdvh1 Wkh xqltxh vroxwlrq lv wkhuhiruh

K+3, @ 3=<41
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D19 Vwdelolw|

Zh fdofxodwhg d Qdvk htxloleulxp/ zklfk hqvxuhv vwdelolw| jlyhq rwkhu sod|huv* elg ixqfwlrqv1 Wr

fkhfn iru vwdelolw| ru h{lvwhqfh ri wklv htxloleulxp lw vkrxog qrw eh sur�wdeoh iru d jhqhudwru wr

dqqrxqfh qrw wr sduwlflsdwh lq wkh dxfwlrq1 Dq dqqrxqfhg ghyldwlrq frxog eh sur�wdeoh hyhq

li wkh suhylrxv dqdo|vlv ghwhuplqhg d Qdvk htxloleulxp/ ehfdxvh rwkhu sod|huv fkdqjh wkhlu elg

ixqfwlrqv iroorzlqj wkh dqqrxqfhphqw1

Wkh lqwxlwlyh dujxphqw zk| vxfk d ghyldwlrq lv qrw sur�wdeoh jrhv dv iroorzv1 Wr �uvw

rughu doo jhqhudwruv duh lqgl�huhqw ehwzhhq elgglqj dqg qrw elgglqj/ wkhuhiruh wkh uhpdlqlqj

jhqhudwruv lqfuhdvh wkhlu elgglqj suredelolw| e| 42q1 Wudghuv gr qrw revhuyh dq| gl�huhqfh

ehfdxvh wkh djjuhjdwh glvwulexwlrq ri elgv vwd|v wkh vdph dqg wkhuhiruh pdlqwdlq wkhlu elgglqj

vwudwhj|1

Jhqhudwruv krzhyhu revhuyh d vhfrqg rughu h�hfw1 Li wkh| gr qrw elg/ wkhq wkh suredelolw|

wkdw vrphrqh hovh zloo elg kdv ehhq uhgxfhg e| 4@q2 dqg wkhuhiruh wkh h{shfwhg sur�w kdv ehhq

uhgxfhg1 Li wkh| elg d orz sulfh/ wkhq wkh suredelolw| wkdw vrphrqh hovh elgv d kljkhu sulfh kdv

olnhzlvh ehhq uhgxfhg e| 4@q2/ rqfh djdlq uhvxowlqj lq d uhgxfwlrq ri h{shfwhg uhyhqxh/ exw e|
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ohvv wkdq 4@q21 Rqo| li jhqhudwruv elg wkh pd{lpxp sulfh frxog sur�w vwd| wkh vdph dv ehiruh1

Wkhuhiruh jhqhudwruv zloo vxeplw kljk elgv pruh iuhtxhqwo|1 Dv d uhvxow wkh sur�wv iru wudghuv

lqfuhdvh1 Krzhyhu/ zh dvvxph shuihfw duelwudjh/ wkhuhiruh dgglwlrqdo wudghuv zloo vxeplw elgv1

Wklv dgglwlrqdo elgv uhgxfh wkh dprxqw ri wudqvplvvlrq frqwudfwv jhqhudwruv fdq rewdlq iru d jlyhq

sulfh dqg wkhuhiruh wkh sur�wv ri jhqhudwruv1 Dv d uhvxow wkh kljk elgv ehfrph ohvv sur�wdeoh

iru jhqhudwruv1 Vr jhqhudwruv uhdfwlrq wr wkh vhfrqg rughu h�hfw sxvkhv xs uhyhqxh iru orz elgv

zkloh dw wkh vdph wlph wudghuv* uhdfwlrq uhgxfhv uhyhqxh iru wkh kljk elgv xqwlo jhqhudwruv duh

lqgl�huhqw ehwzhhq qr/ orz dqg kljk elgv1 Ryhudoo sur�wv iru jhqhudwruv duh uhgxfhg/ exw e| qrw

pruh wkdq 4@q21 Wklv vkrzv wkdw wkh ghyldwlrq vwudwhj| lv qrw sur�wdeoh iru jhqhudwruv1

E Ohppdv wr xqghuvwdqg frqwlqxrxv uhwudglqj

Ohppd < Dvvxph frqwlqxrxv wudglqj ryhu dq rshq wlph lqwhuydo zlwk wudghuv r�hulqj wr ex|

wudqvplvvlrq frqwudfwv dw s%1 D jhqhudwru fdq qrw sur�wdeo| vhoo wudqvplvvlrq frqwudfwv/ li suri0

lwdelolw| uhtxluhv wkh dvvxpswlrq wkdw kh lv wkh odvw wr vhoo wudqvplvvlrq frqwudfwv1

Surri1 Wkh sur�w iru d jhqhudwru wr vhoo dw s% dvvxplqj wkdw qr rwkhu jhqhudwru zloo

vxevhtxhqwo| vhoo wudqvplvvlrq frqwudfwv lv=

��
vhoo dorqh dw so
{�

@ �rRJ|
&�3{�

� �rRJ|
&�

.�� +s% � f�,

@
��

� +q. 4,2

3C� +q. 4,2 +s% � f2, . �� � 5n� � 5Tfrps � 5
[
� �'�

n�

4D =+76,

Sur�wv duh lqfuhdvlqj lq ��1 Lw iroorzv wkdw li d jhqhudwru vhoov/ wkhq kh zloo vhoo doo wudqv0

plvvlrq frqwudfwv �� @ n�1

Sur�wv lqfuhdvh li wkh wrwdo vxp ri wudqvplvvlrq frqwudfwv khog e| jhqhudwruv lv uhgxfhg1

Wkhuhiruh li lw zdv sur�wdeoh iru rqh jhqhudwru wr vhoo dw so dvvxplqj wkdw qr rwkhu jhqhudwru

vhoov/ wkhq lw zloo eh sur�wdeoh iru doo vxevhtxhqw jhqhudwruv wr vhoo dw so dvvxplqj wkdw qr rwkhu

jhqhudwruv vhoov1

Ohppd 43 Dvvxph frqwlqxrxv wudglqj ryhu dq rshq wlph lqwhuydo zlwk v|pphwulf doorfdwlrq ri

wudqvplvvlrq frqwudfwv dqg wudghuv r�hulqj wr ex| wudqvplvvlrq frqwudfwv dw s+1 Li rqh jhqhudwru

sur�wdeo| vhoov klv wudqvplvvlrq frqwudfwv dvvxplqj rwkhuv zloo iroorz/ wkhq doo rwkhuv zloo iroorz1

Surri1 Dvvxph d jhqhudwru eholhyhv wkdw doo rwkhu jhqhudwruv zloo vxevhtxhqwo| vhoo wkhlu
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wudqvplvvlrq frqwudfwv1 Klv h{shfwhg sur�wv iurp vhoolqj duh=

��doo vhoo dw so @ �rRJ|
f � �rRJ|

& .�� +s+ � f�,

@
n�

� +q. 4,2

3C� +q. 4,2 +s+ � f2,� 5

3CTfrps .
?[

�'�

n�

4D ?[
�'�

n�
n�

4D 1 +77,

Lqlwldoo| hdfk jhqhudwruv rzqhg n wudqvplvvlrq frqwudfwv/ dqg wkhq v jhqhudwruv vrog doo wkhlu

wudqvplvvlrq frqwudfwv1 Gl�huhqwldwlqj wkh sur�wv rewdlqhg iurp vhoolqj wudqvplvvlrq frqwudfwv

+77, zlwk uhvshfw wr krz pdq| jhqhudwruv v douhdg| vrog wkhlu frqwudfwv jlyhv=

C

Cv
��

doo vhoo dw so
r @

C

Cv

n

� +q. 4,2

k
� +q. 4,2 +s+ � f2,� 5 +Tfrps . +q� v,N, +q� v,

l
@

n

� +q. 4,2
5 +Tfrps . 5 +q� v,N, A 31

Li lw zdv sur�wdeoh iru wkh �uvw jhqhudwru wr vhoo lw*v frqwudfwv/ wkhq lw zloo eh vr iru doo vxevhtxhqw

jhqhudwruv1

Ohppd 44 Dvvxph frqwlqxrxv wudglqj ryhu dq rshq wlph lqwhuydo zlwk hdfk jhqhudwru rzqlqj

n wudqvplvvlrq frqwudfwv1 Wudghuv zloo qrw r�hu wr ex| frqwudfwv dw sulfh so deryh wkh sulfh sf

wkdw frqwudfwv kdyh zkhq qr jhqhudwru krogv dq| frqwudfwv1

Surri1 Zh �uvw vkrz wkdw wudghuv zloo qrw r�hu wr ex| dq xqolplwhg dprxqw ri frqwudfwv dw

so A sf1 Ohppd 43 hvwdeolvkhv wkdw li wkh �uvw jhqhudwru sur�wdeo| vhoov klv frqwudfwv nqrzlqj

wkdw rwkhuv zloo iroorz/ wkhq doo jhqhudwruv zloo vhoo wkhlu frqwudfwv1 Wkh uhvxow lv wkdw wkh ydoxh ri

frqwudfwv idoov wr sf dqg wudghuv pdnh orvvhv1 Wkhuhiruh wudghuv fdqqrw sd| d sulfh zklfk zrxog

doorz doo wudghuv wr sur�wdeo| vhoo wkhlu wudqvplvvlrq frqwudfwv1 Wr suhyhqw doo jhqhudwruv vhoolqj

wkhlu wudqvplvvlrq frqwudfwv e| pdnlqj sur�wv lq +77, qhjdwlyh/ wkh wudghuv kdyh wr r�hu ohvv wkdq

s% @ f2 .
5qTfrps . 5q2n

� +q. 4,2
=

Li wudghuv r�hu wr ex| wudqvplvvlrq frqwudfwv dw s ? s% wkhq jhqhudwruv fdq rqo| sur�wdeo| vhoo

frqwudfwv/ li wkh| dqwlflsdwh wkdw qrw doo rwkhu jhqhudwruv zloo vhoo wkhlu frqwudfwv1 Ohppd < vkrzv

wkdw li d jhqhudwru fdq rqo| sur�wdeo| vhoo li kh dvvxphv kh zloo eh wkh odvw wr vhoo/ wkhq dqrwkhu

jhqhudwru fdq sur�wdeo| vhoo vxevhtxhqwo| li kh dvvxphv kh zloo eh wkh odvw wr vhoo1 Wklv fdqqrw

eh d udwlrqdo h{shfwdwlrqv htxloleulxp dqg qr jhqhudwru fdq ex| dw s ? s%1

Qrz dvvxph wudghuv zrxog r�hu wr ex| d olplwhg dprxqw ri frqwudfwv dw so A sf1 Wkh sur�w

iurp vhoolqj frqwudfw iru jhqhudwruv lqfuhdvhv zlwk wkh dprxqw ri frqwudfwv douhdg| vrog/ erwk

iru jhqhudwruv dvvxplqj wkdw doo frqwudfwv zloo hyhqwxdoo| eh vrog/ +77,/ dqg iru jhqhudwruv wkdw

eholhyh wkdw rqo| d iudfwlrq ri doo frqwudfwv zloo eh vrog wr wudghuv/ +76,1 Lqfuhdvlqj sur�wdelolw|
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ri vhoolqj lpsolhv wkdw jhqhudwruv zrxog sur�w iurp vhoolqj dgglwlrqdo frqwudfwv dqg wkh olplw

fdq rqo| eh lpsrvhg iurp wkh wudghuv* vlgh1 Qhz wudghuv fdq dozd|v hqwhu dqg r�hu wr ex|

dw so/ vr wkh olplw frxog rqo| eh wkdw ex|lqj dw so lv xqsur�wdeoh1 Exw jlyhq wkdw jhqhudwruv

vhoo sur�wdeo| dw so wkh| zloo dovr vhoo sur�wdeo| dw so � %1 D wudghu wkdw kdv qrw erxjkw dq|

wudqvplvvlrq frqwudfwv frxog r�hu wklv ghdo1 Wkh dgglwlrqdo vdohv uhgxfh wkh ydoxh ri frqwudfwv

ehorz so dqg lqgxfh orvvhv rq doo wudghuv wkdw erxjkw frqwudfwv dw so1 Wkhuhiruh wudghuv fdqqrw

udwlrqdoo| r�hu wr rqo| ex| d olplwhg dprxqw ri frqwudfwv1

F Xqlirup sulfh dxfwlrq lq phvkhg qhwzrunv

Zh �uvw jlyh wkh gluhfw surri iru d v|pphwulf jhqhudwruv zlwk frqvwdqw pdujlqdo frvwv +Ohppd

45, dqg wkhq wkh h{whqghg yhuvlrq iru dv|pphwulf sod|huv zlwk lqfuhdvlqj pdujlqdo frvwv +Ohppd

46 dqg iroorzlqj,1

Ohppd 45 Li frqvwudlqhg wudqvplvvlrq fdsdflw| lq d phvkhg qhwzrun lv vrog rq d vlqjoh sulfh

dxfwlrq wkdw lv h!flhqwo| duelwudjhg e| wudghuv zkr fdq dffxudwho| suhglfw ixwxuh htxloleulxp vsrw

sulfhv/ wkhq v|pphwulf roljrsrolvwv zlwk frqvwdqw pdujlqdo frvwv zloo rqo| dftxluh frqwudfwv wkdw

plwljdwh pdunhw srzhu1

Surri1 Dvvxph wkdw wkh vhw ri wudqvplvvlrq frqvwudlqwv wkdw lv elqglqj grhv qrw fkdqjh zlwk

wkh doorfdwlrq ri wudqvplvvlrq frqwudfwv dqg wkdw pdunhw srzhu lv rqo| h{huflvhg dw rqh qrgh1 Dv

doo wudqvplvvlrq frqvwudlqwv vwd| elqglqj dqg ghpdqg lv olqhdu/ sulfhv duh vrph olqhdu ixqfwlrq ri

ghpdqg1 Dvvxph wkh roljrsro| jhqhudwruv duh orfdwhg dw qrgh 5 zlwk frqvwdqw pdujlqdo frvwv f21

Roljrsolvw l surgxfhv t�/ dqg wrwdo surgxfwlrq dw qrgh 5 lv T1 Roljrsrolvwv vhoo wr qrgh 6/ zkhuh

wkh sulfh lv s� +zklfk fdq eh vhyhudo qrghv/ lq zklfk fdvh s� lv d olqhdu frpelqdwlrq ri sulfhv

ri vhyhudo qrghv,1 Sulfhv dw qrgh 6 ghshqg rq frqvwdqw frpshwlwlyh surgxfwlrq frvwv/ vxevxphg

lqwr D�/ dqg rq rxwsxw dw qrgh 5/ zkhuh �� fdq eh srvlwlyh/ }hur ru qhjdwlyh=

s2 @ D2 � �2T> s� @ D� � ��T= +78,

Lq wkh hqhuj| pdunhw wkh roljrsrolvw rzqlqj n� wudqvplvvlrq frqwudfwv pd{lplvhv wkh sur�w ixqf0

wlrq=

�rRJ|
� @ +s2 � f2, t� . +s� � s2, n��> +79,

zkhuh � lv wkh udwlr ri wkh dprxqw wkdw fdq eh vrog wr qrgh 6 wr wkh xqghuo|lqj  rz0jdwh uljkwv

+� @ 6 lq +63,,1 Wkh IRF jlyhv wkh rswlpdo rxwsxw fkrlfhv lq wkh hqhuj| pdunhw=

t� @
D2 � f2 � +�2 � ��,

S
n��

�2 +q. 4,
.

�2 � ��

�2
n��> T @

q +D2 � f2, . +�2 � ��,
S

n��

+q. 4,�2
= +7:,
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Wklv doorzv wkh ghwhuplqdwlrq ri hqhuj| pdunhw sur�wv dv d ixqfwlrq ri wudqvplvvlrq frqwudfwv1

Lq d xqlirup sulfh dxfwlrq frpshwlwlyh duelwudjhxuv zloo hqvxuh wkdw wkh pdunhw fohdulqj sulfh

iru wudqvplvvlrq frqwudfwv zloo htxdo wkh ydoxh ri wkhvh uljkwv lq wkh hqhuj| dxfwlrq +s� � s2,1 D

jhqhudwru fkrrvhv wkh qxpehu ri wudqvplvvlrq frqwudfwv kh elgv iru lq wkh dxfwlrq wr pd{lplvh

sur�wv lq wkh hqhuj| dxfwlrq �e?eo}+ plqxv wkh frvwv kh lqfxuv wr ex| wkh uljkwv/ +s� � s2, n��=

�@�S|�J?
� @ �rRJ|+n�,� +s� � s2, n��

@
D2 � f2 � +�2 � ��,

S
n��

+q. 4,

�
D2 � f2 � +�2 � ��,

S
n��

�2 +q. 4,
.

�2 � ��

�2
n��

�
=

Fdofxodwlqj wkh �uvw rughu frqglwlrq zlwk uhvshfw n�/ xvlqj v|pphwu| ehwzhhq doo jhqhudwruv dqg

uhvxevwlwxwlqj lq 7: jlyhv=43[
n�� @

q2 � q

4 . q2

D2 � f2
�2 � ��

> T|o@?r6�rr�J?bo�}�|r @
q2

4 . q2

D2 � f2
�2

=

Li rxwsxw uhgxfwlrqv ri jhqhudwruv lqfuhdvh sulfhv dw wkh ruljlqdo qrgh pruh wkdq dw wkh ghvwlqdwlrq

qrgh ri wkh wudqvplvvlrq frqwudfw +�2 A ��,/ wkhq jhqhudwruv zloo ex| d srvlwlyh txdqwlw| ri

wudqvplvvlrq frqwudfwv +fruuhvsrqglqj wr dq h{sruw frqwudfw,/ rwkhuzlvh d qhjdwlyh txdqwlw|1

Wkh uhvxow fdq eh frpsduhg zlwk wkh rxwsxw fkrlfh TSJ6R @
�23S2
k2

lq d frpshwlwlyh vfhqdulr

+q $ 4,/ dqg zlwk wkh rxwsxw T?Jb|o lq d vlwxdwlrq zlwkrxw wudqvplvvlrq frqwudfwv +n� @ 3 ;l,1

T?Jb|o @
q

q. 4
TSJ6R ? T|o@?r6�rr�J?bo�}�|r @

q2

4 . q2
TSJ6R ? TSJ6R1

Dv doo qrghv exw qrgh wzr duh frpshwlwlyh/ wkh rqo| ghdgzhljkw orvv zloo rffxu gxh wr zlwkkroglqj

dw qrgh wzr1 Ghdgzhljkw orvvhv duh uhgxfhg li jhqhudwruv* pdunhw srzhu lv plwljdwhg dqg wkh|

zlwkkrog ohvv rxwsxw/ dv ghprqvwudwhg1 Wkhuhiruh wudqvplvvlrq frqwudfwv doorfdwhg wkurxjk d

xqlirup dxfwlrq duh h!flhqf| lpsurylqj1

Wr jhqhudolvh wkh suhylrxv ohppd wr doorz iru dv|pphwulf jhqhudwruv dqg lqfuhdvlqj pdujlqdo

frvwv zh uhtxluh dq lqgluhfw surri1 Ohppd 47 fdofxodwhv rxwsxw fkrlfh lq wkh hqhuj| pdunhw1

Djjuhjdwh rxwsxw lv dq lqfuhdvlqj ixqfwlrq ri wkh zhljkwhg vxp ri wudqvplvvlrq frqwudfw kroglqj1

Zh wkhuhiruh kdyh wr vkrz wkdw wklv zhljkhg vxp lv srvlwlyh wr suryh wkdw pdunhw srzhu lv

plwljdwhg1 Ohppd 48 jlyhv wkh IRF iru wkh wudqvplvvlrq frqwudfwv dxfwlrq1 Ohppd 49 vkrzv

wkdw wkh OKV ri wkh IRF lv srvlwlyh dqg Ohppd 4: suryhv wkdw wkh zhljkwhg vxp ri wudqvplvvlrq

frqwudfwv kroglqjv lv srvlwlyh jlyhq frqglwlrqv rq wkh vorsh wkh pdujlqdo frvw fxuyh1 Wkhvh

frqglwlrqv vkrxog eh hdvlo| vdwlv�hg/ ehfdxvh hohfwulflw| ghpdqg lv yhu| lqhodvwlf +ghpdqg vorsh

kljk, zkloh pdujlqdo frvwv ri jhqhudwruv wkdw fdq dowhu wkhlu rxwsxw ghflvlrq duh frpsdudwlyho|

 dw1

43Zh dvvxph wkdw ohvv wudqvplvvlrq frqwudfwv wkdq dydlodeoh fdsdflw| duh rewdlqhg e| jhqhudwruv +�
S

b�� 	 g,1

Rwkhuzlvh wkh dujxphqwdwlrq sdudooho wr vhfwlrq +614, vkrzv wkdw jhqhudwruv suh0hpsw doo dydlodeoh wudqvplvvlrq

fdsdflw| plwljdwlqj pdunhw srzhu1
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Ohppd 46 Li frqvwudlqhg wudqvplvvlrq fdsdflw| lq d phvkhg qhwzrun lv vrog lq d vlqjoh sulfh

dxfwlrq wkdw lv h!flhqwo| duelwudjhg e| wudghuv zkr fdq dffxudwho| suhglfw ixwxuh htxloleulxp vsrw

sulfhv/ wkhq roljrsrolvwv zloo rqo| dftxluh frqwudfwv wkdw plwljdwh pdunhw srzhu1 Pdujlqdo frvwv

ri jhqhudwlrq vkrxog qrw lqfuhdvh e| pruh wkdq
�s

5� 4
�
wlphv ghpdqg vorsh1 Li jhqhudwruv duh

dv|pphwulf/ wkhq pdujlqdo frvwv ri hdfk jhqhudwru vkrxog qrw lqfuhdvh e| pruh wkdq 4@q wlphv

ghpdqg vorsh +orzhu erxqgv gxh wr dssur{lpdwlrqv,1

Surri1 Zh pdlqwdlq wkh ghpdqg vwuxfwxuh +78, exw fkdqjh wkh surgxfwlrq frvw lqfxuuhg e|

jhqhudwruv iurp F+t�, @ ft� wr F+t�, @ f�t� � q�

2 t
2
� 1 Wklv doorzv wkh uhsuhvhqwdwlrq ri wkh orfdo

vkdsh ri dq| frvw fxuyh1

Wkh surri vwudwhj| lv wr vkrz wkdw wkh OKV ri htxdwlrq +7<,/ zklfk iroorzv ehorz/ lv srvlwlyh

li jhqhudwruv duh v|pphwulf +ehfdxvh f @ f�, ru li jhqhudwruv duh dv|pphwulf dqg ;l �� � �2@q

+Ohppd 49,1 Iurp Ohppd +48, iroorzv wkdw wkh UKV ri +7<, lv srvlwlyh dqg xvlqj Ohppd +7<,

dqg ;l �� �
s
5� 4 lw iroorzv wkdw +�2 � ��,

S &�
k2nq�

lv srvlwlyh1 Ilqdoo| lw iroorzv iurp Ohppd

+47, wkdw djjuhjdwh rxwsxw lv lqfuhdvhg uhodwlyh wr d vfhqdulr zlwkrxw wudqvplvvlrq frqwudfwv dqg

wkhuhiruh pdunhw srzhu plwljdwhg1

Ohppd 47 Wrwdo rxwsxw ri jhqhudwruv lv lqfuhdvlqj zlwk +�2 � ��, �
S &�

k2nq�
1

Surri1 Lq wkh hqhuj| pdunhw wkh roljrsrolvw rzqlqj n� wudqvplvvlrq frqwudfwv pd{lplvhv

wkh sur�w ixqfwlrq

�rRJ|
� @

�
D2 � �2T� f� � ��

5
t�

�
t� . +D� �D2 . +�2 � ��,T, n��1

Wkh IRF jlyhv wkh rswlpdo rxwsxw fkrlfh iru d jlyhq doorfdwlrq ri wudqvplvvlrq frqwudfwv n�=

T @
D2

S �
k2nq�

�S S�
k2nq�

. +�2 � ��, �
S &�

k2nq�

4 .
S k2

k2nq�

/ +7;,

t� @
D2 � �2T� f� . +�2 � ��, n��

�� . �2
1

L�

+�2 � ��, �
[ n�

�2 . ��

A 3

wkhq djjuhjdwh rxwsxw T lv lqfuhdvhg dffruglqj wr +7;, dqg wkhuhiruh pdunhw srzhu plwljdwhg1

Ohppd 48 Wkh IRF lq wkh wudqvplvvlrq frqwudfwv dxfwlrq/ gh�qlqj D @
S k2

k2nq�
dqg f @

65



S S�
?
/ lv

D

4 . qD
+q� 4, +D2 � f, .

[
�

��

�2 . ��

+f� f�,

@ +�2 � ��, �N

#[ +4 .D,2

4 . qD

��

�2
n� .

[ �2

�2 . ��

n�

$
1 +7<,

Surri1 Li wudqvplvvlrq frqwudfwv duh doorfdwhg lq d xqlirup sulfh dxfwlrq/ wkhq sulfhv duh

duelwudjhg dqg rzqhuvkls ri wudqvplvvlrq frqwudfwv rqo| lq xhqfhv wkh rxwsxw ghflvlrq t� +n�, ri

jhqhudwruv exw grhv qrw gluhfwo| lq xhqfh wkh wrwdo sur�w ixqfwlrq

�|J|@,
� @

�
D2 � �2T� f� � ��

5
t�

�
t�1 +83,

Vxevwlwxwlqj +7;, lq +83, dqg fdofxodwlqj wkh �uvw rughu frqglwlrq zlwk uhvshfw wr n� iru rswlpdo

wudqvplvvlrq rzqhuvkls jlyhv=3CD2 .
[
�

�2 +f� � f�,

�2 . ��

� +�2 � ��, �
[ �2n�

�2 . ��

� f�

4D
#

�2

5�2 . ��

�
k2

k2nq�

4 .
S k2

k2nq�

$

@

�
��

[ �2

�2 . ��

. �� . �2
�2

�2 . ��

�
�2 � ��

5�2 . ��

n��1 +84,

Vxpplqj +84, ryhu l dqg gh�qlqj D @
S k2

k2nq�
dqg f @

S S�
?
zh rewdlq +7<,1

Ohppd 49 Wkh OKV ri IRF +7<, lv srvlwlyh li ;l q�

k2
� 4@q 1

Surri1 Gh�qh i @ pd{�+
q�

k2
,= Jlyhq wkdw q � 5 dqg i � 4 lw iroorzv wkdw D @

S k2

k2nq�
�

?
�ns

� 41 Xvlqj wklv orzhu erxqg rq D zh rewdlq wkdw wkh OKV ri IRF +7<, lv srvlwlyh li

q� 4

q. 4
+D2 � f, A

[
�

��

�2 . ��

+f� � f, 1 +85,

Wkh zruvw fdvh vfhqdulr lv wkdw p vpdoo jhqhudwruv kdyh kljk pdujlqdo frvwv f� @ ff . f_ zklfk

duh lqfuhdvlqj/ zlwk �� @ i�2/ zkloh wkh uhpdlqlqj q � p jhqhudwruv kdyh frqvwdqw dqg orzhu

pdujlqdo frvwv �� @ 3 dqg f� @ ff1 Wkhq +85, wdnhv wkh irup

D2 � ff A

?n�
?3�p +q�p, s

�ns
.p

q
f_1 +86,

Iru vpdoo jhqhudwruv wr sduwlflsdwh wkhlu pdujlqdo frvwv ff . f_ kdyh wr eh vxfk wkdw ghpdqg lv

srvlwlyh dw wkdw sulfh D2 � ff � f_ A 31 Wkhuhiruh zh uhtxluh lq +86, wkdw

q. 4

q� 4
p +q�p,

i

4 . i
.p ? q1 +87,

66



Wkh OKV ri +87, wdnhv wkh pd{lpxp iru p @ q@5 . ?3�
?n�

�ns
2s 1 Li zh dvvxph i � 4@q wkhq wkh p

iru zklfk wkh OKV wdnhv wkh pd{lpxp lv p � q@5 +4 . +q� 4, @q, � q � 4 +vhfrqg lqhtxdolw|

iroorzv iru q � 5,1 Vxevwlwxwlqj p @ q� 4 iru wkh zruvw srvvleoh pl{ ri jhqhudwruv lq +87, jlyhv

rxu uhtxluhphqw i � �
?
1

Ohppd 4: +�2 � ��, �
S k2

k2nq�
n� lv srvlwlyh li OKV ri IRF +7<, lv srvlwlyh dqg ;� q�

k2
� s

5�41

Surri1 +e| frqwudglfwlrq,1 Dvvxph wkdw

+�2 � ��, �
[ �2

�2 . ��

n� ? 31 +88,

Zh nqrz wkdw wkh OKV ri IRF +7<, lv srvlwlyh/ wkhuhiruh wkh UKV lv srvlwlyh=

+�2 � ��, �

#[ +D. 4,2

4 . qD

��

�2
n� .

[ �2

�2 . ��

n�

$
A 3= +89,

Lqhtxdolw| +88, dqg +89, fdq rqo| eh vdwlv�hg vlpxowdqhrxvo| li iru vrph l zlwk n� A 3 wkh

frh!flhqw ri n� lq wkh �uvw vxp h{fhhgv wkh frh!flhqw lq wkh vhfrqg vxp=

+D. 4,2

4 . qD

��

�2
A

�2

�2 . ��

ru
��

�2

�2 . ��

�2
A

4 . qD

+D. 4,2
1 +8:,

Xvh i @ pd{�+
q�

k2
, wr rewdlq d orzhu erxqg iru D @

S
�

k2

k2nq�
A ?

�ns 1 Dsso| wkh orzhu erxqg wr

wkh UKV ri +8:,/ zklfk lv lqfuhdvlqj lq D/ dqg wkh xsshu erxqg iru �� wr wkh OKV wr rewdlq=

i +i . 4, A
4 . qq �

�ns�
q �
�ns . 4

�2 ru i +q. i . 4,2 A i . 4 . qq1 +8;,

Iru rxu dvvxpswlrq wr eh wuxh +8;, uhtxluhv wkdw i lv eljjhu wkdq
q 5 6 7 9 4
i

s
5� 4 =85 =8: =94 4

1

Li zh dvvxph wkdw i ?
s
5�4 wkhq lqhtxdolw| +88, dqg +89, fdq qrw eh vdwlv�hg vlpxowdqhrxvo|

zkhq +�2 � ��, �
S k2

k2nq�
n� lv srvlwlyh1

G Pl{hg0vwudwhj| htxloleulxp lq wkuhh0qrgh qhwzrun

Wkh uhvxow iru wkh prqrsro| fdvh lv jlyhq khuh1 Wkh prqrsrolvw zloo r�hu wr ex| doo frqwudfwv

dydlodeoh dw sulfh �1 Kh gudzv � zlwk iurp wkh glvwulexwlrq K+, zlwk suredelolw| K �+�,1 Wkh

djjuhjdwh elg ixqfwlrq ri wudghuv grhv qrw fkdqjh lq htxloleulxp ehfdxvh dgglwlrqdo elgv pdnh

orvvhv zkloh ihzhu elgv surylgh dq duelwudjh rssruwxqlw|1 Wkh prqrsrolvw wkhuhiruh dqwlflsdwhv

wkh sursruwlrq ri frqwudfwv n+�, kh fdq rewdlq zkhq elgglqj � lq wkh dxfwlrq1 Lq Qdvk htxloleulxp

wkh prqrsrolvw vkrxog eh lqgl�huhqw ehwzhhq doo sulfhv dqg wkhuhiruh lqgl�huhqw ehwzhhq fkdqjlqj

67



wkh sulfh ri klv elg1 Vxewudfw wkh frvwv iru ex|lqj wudqvplvvlrq frqwudfwv �n iurp wkh sur�wv lq

wkh hqhuj| pdunhw +63, wr rewdlq wrwdo sur�wv=44

��|J|@, +n�, @
+Tfrps . 6n,2

7� +q. 4,2
. +f2 � f�, 6n � �n= +8<,

Wkh �uvw rughu frqglwlrq +IRF, zlwk uhvshfw wr wkh elg sulfh � jlyhv

Cn+�,

C�
@

n +�,
�
HkTfrps . 6 +f2 � f�, .

b
Hkn +�,� �

@
n +�,

#f
� . b

Hkn +�,� �
= +93,

Lq +93,/ �f lv wkh ydoxh ri wudqvplvvlrq frqwudfwv iru wudghuv zkhq wkh prqrsrolvw grhv qrw rzq

frqwudfwv1 Wkh vroxwlrq ri wkh gl�huhqwldo htxdwlrq lv

n+�, @
� � #f

� .
t�

� � #f
�

�2 � bg
H frqvw�

b
Hk

= +94,

Wkh wudghuv* vwudwhj| lv ghwhuplqhg iurp wkh qr0duelwudjh frqglwlrq wkdw uhtxluhv doo elgv wr pdnh

}hur h{shfwhg sur�w1 D elg lv rqo| dffhswhg li wkh sulfh lv dw ohdvw dv kljk dv wkh prqrsrolvw*v

elg1 Wkh h{shfwhg sur�w iurp d elg htxdov wkh lqwhjudo ryhu doo elgv e| wkh prqrsrolvw wkdw duh

orzhu wkdq wkh elg sulfh � ri wkh wudghu/ zhljkwhg zlwk wkhlu suredelolw|=

H ^�|+�,` @

] #

#

K3 +h�, +6s�+h�,� 6s2+h�,� �, gh�=
Dv sur�w kdv wr eh }hur iru doo �> wkh fkdqjh lq sur�w dovr kdv wr eh }hur=

C

C�
H ^�|+�,` @ K3 +�, +6s�+�,� 6s2+�,� �,�K +�, � 3= +95,

Gl�huhqwldo htxdwlrq +95, ghwhuplqhv wkh suredelolw| zlwk zklfk wkh prqrsrolvw fkrrvhv elgv iru

d pl{hg vwudwhj| htxloleulxp wr h{lvw1 Wkh xsshu vxssruw ri wkh elgv lv � zlwk K +�, @ 41 Vroylqj

+95, jlyhv

K +�, @ h{s

�
�
] #

#

4

6s�+h�,� 6s2+h�,� h�gh�
�
= +96,

Vxevwlwxwlqj s2 dqg s� iurp +5<, dqg n+, iurp +94, lqwr +96, zh rewdlq

K +�, @ h{s

57�] #

#

4t�h� � #f
�

�2 � bg
H frqvw�

gh�
68@

� � #f
� .

t�
� � #f

�

�2 � bg
H frqvw�

� � #f
� .

t�
� � #f

�

�2 � bg
H frqvw�

+97,

Dw wkh orzhu vxssruw �> K+�, @ 3= Wklv jlyhv �� #f
� .

t�
� � #f

�

�2 � bg
H frqvw� @ 3> zklfk lv rqo|

vdwlv�hg iru � @ #f
� dqg frqvw� @ 3= Zh wkhuhiruh rewdlq=

n+�, @
49�

<

�
� � �f

6

�
> � @

�f
6

.
<N

49�
/ K3 +�, @ 49�

<N
1 +98,

Wkh pl{hg0vwudwhj| htxloleulxp lv wkhuhe| ghvfulehg dqg orrnv vlplodu wr wkh rqh suhvhqwhg lq

�jxuh +5,1

44Roljrsrolvw= {Z|J|@, Eb�� '
�

ek

�
2kS43ekS5n2�3�gn

S
m bm�g

?n�

�2

n ES2 3 S��b��g 3 # Eb�b�g

68



Uhihuhqfhv

Dood}/ E1 dqg M10O1 Ylod +4<<6,1 Frxuqrw frpshwlwlrq/ iruzdug pdunhwv dqg h!flhqf|1 Mrxuqdo

ri Hfrqrplf Wkhru| 8</ 4�491

Erkq/ U1 H1/ P1 F1 Fdudpdqlv/ dqg I1 F1 Vfkzhssh +4<;7,1 Rswlpdo sulflqj lq hohfwulfdo

qhwzrunv ryhu vsdfh dqg wlph1 Udqg Mrxuqdo ri Hfrqrplfv 48/ Qr 6/ 693�6:91

Eruhqvwhlq/ V1/ M1 Exvkqhoo/ H1 Ndkq/ dqg V1 Vwriw +4<<9,1 Pdunhw srzhu lq fdoliruqld hohfwulflw|

pdunhwv1 Xwlolwlhv Srolf| 8/ 4�541

Eruhqvwhlq/ V1/ M1 Exvkqhoo/ dqg V1 Vwriw +5333,1 Wkh frpshwlwlyh h�hfwv ri wudqvplvvlrq fdsdf0

lw| lq d ghuhjxodwhg hohfwulflw| lqgxvwu|1 UDQG Mrxuqdo ri Hfrqrplfv 64/ Qr1 5/ 5<7�6581

Juhhq1/ U1 M1 dqg G1 P1 Qhzehu| +4<<5,1 Frpshwlwlrq lq wkh eulwlvk hohfwulflw| vsrw pdunhw1

Mrxuqdo ri Srolwlfdo Hfrqrp| 433 +8,/ <5<�<861

Kduyh|/ V1 P1 dqg Z1 Z1 Krjdq +5333,1 Qrgdo dqg }rqdo frqjhvwlrq pdqdjhphqw dqg wkh h{hu0

flvh ri pdunhw srzhu1 Kduydug Xqlyhuvlw|/ kwws=22nvjkrph1kduydug1hgx2 1zkrjdq1fej1nvj21

Krjdq/ Z1 Z1 +4<<5,1 Frqwudfw qhwzrunv iru hohfwulf srzhu wudqvplvvlrq1 Mrxuqdo ri Uhjxodwru|

Hfrqrplfv +7,/ 544�5751

Mrvnrz/ S1 dqg H1 Ndkq +5335,1 D txdqwlwdwlyh dqdo|vlv ri sulflqj ehkdylru lq fdoliruqld*v

zkrohvdoh hohfwulflw| pdunhw gxulqj vxpphu 5333= Wkh �qdo zrug1 Zrunlqj sdshu 1

Mrvnrz/ S1 dqg M1 Wluroh +5333,1 Wudqvplvvlrq uljkwv dqg pdunhw srzhu rq hohfwulf srzhu

qhwzrunv1 UDQG Mrxuqdo ri Hfrqrplfv 64 Qr1 6/ 783�7;:1

Qhzehu|/ G1 P1 +4<<;,1 Frpshwlwlrq/ frqwudfwv/ dqg hqwu| lq wkh hohfwulflw| vsrw pdunhw1

UDQG Mrxuqdo ri Hfrqrplfv 5< +7,/ :59�:7<1

Vwriw/ V1 +4<<<,1 Ilqdqfldo wudqvplvvlrq uljkwv phhw frxuqrw= Krz wffv fxue pdunhw srzhu1

Hqhuj| Mrxuqdo 53 +4,1

69


