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Devwudfw

Wklv sdshu vwxglhv frpshwlwlrq ehwzhhq wzr ?upv wkdw vhuylfh wlph vhqvlwlyh
fxvwrphuv1 Fxvwrphuv fkrrvh ?upv edvhg rq wkh ?upv* sulfhv/ wkh ?upv* h{shfwhg
zdlwlqj dqg vhuylfh wlphv/ dqg wkh ?upv* eudqgv1 Wkh ?upv pd| fkrrvh glyhuvh
vwudwhjlhv= rqh frxog fkrrvh d kljk sulfh/ exw vhuyh fxvwrphuv txlfno|/ zkhuhdv
wkh rwkhu frxog fkrrvh d orz sulfh zlwk vorz vhuylfh1 Zh frqvlghu wkuhh 3vhu0
ylfh vxsso| fkdlq4 ghvljq frq?jxudwlrqv= wkh ?upv shuirup wkh vhuylfh/ wkh ?upv
rxwvrxufh wkh vhuylfh wr d frqwudfwru/ ru wkh ?upv rxwvrxufh wkh vhuylfh wr wkhlu
fxvwrphuv> l1h1/ fxvwrphuv ehfrph fr0surgxfhuv ri wkh vhuylfh1 Zlwk wkh ?uvw/
wkhuh h{lvwv rqo| rqh Qdvk htxloleulxp lq sulfhv dqg fdsdflwlhv +surfhvvlqj udwhv,
lq zklfk erwk ?upv kdyh srvlwlyh pdunhw vkduh1 Li wkh ?upv* frvwv duh lghqwlfdo/
wkh ?upv dgrsw lghqwlfdo vwudwhjlhv1 Li rqh ?up kdv d orzhu frvw/ wkhq wkdw ?up
vhuyhv fxvwrphuv pruh txlfno| dqg kdv d kljkhu pdunhw vkduh/ hyhq wkrxjk lw pljkw
kdyh d kljkhu sulfh1 Wkh rxwvrxuflqj frq?jxudwlrqv pljkw udlvh wkh ?upv* frvwv=
rxwvrxuflqj wr d frqwudfwru uhtxluhv frruglqdwlrq dqg prqlwrulqj> fxvwrphuv djuhh
wr fr0surgxfwlrq rqo| li wkh| uhfhlyh d sulfh euhdn/ exw fxvwrphuv pljkw eh ohvv
h!flhqw wkdq wkh ?upv1 Qhyhuwkhohvv/ hyhq li hlwkhu rxwvrxulqj frq?jxudwlrq udlvhv
wkh ?upv* frvwv/ zh vkrz wkdw wkh ?upv pd| eh vwulfwo| ehwwhu r> ehfdxvh rxw0
vrxuflqj udlvhv htxloleulxp sulfhv1 Wklv ehqh?w lv sduwlfxoduo| ydoxdeoh lq kljko|
frpshwlwlyh pdunhwv1

úWkdqnv lv h{whqghg wr wkh vhplqdu sduwlflsdqwv dw wkh Xqlyhuvlw| ri Qruwk Fdurolqd*v
Rshudwlrqv Uhvhdufk Ghsduwphqw dqg wr Pduw| Odulylhuh iru wkhlu pdq| khosixo frpphqwv1



D glvwlqfwlyh ihdwxuh ri pdq| vhuylfhv lv wkh forvh lqyroyhphqw ri fxvwrphuv lq wkh vhuylfh

gholyhu| surfhvv1 Wklv lqyroyhphqw pljkw eh hqwluho| sdvvlyh= fxvwrphuv gr qrwklqj pruh

wkdq zdlw iru wkhlu vhuylfh wr ehjlq dqg wkhq zdlw iru wkhlu vhuylfh wr eh frpsohwhg1 Ru/

fxvwrphuv pljkw dfwlyho| hqjdjh lq wkh surgxfwlrq ri wkhlu vhuylfh> l1h1/ wkh| pljkw eh fr0

surgxfhuv dorqj zlwk wkh ?up1 Lq hlwkhu fdvh/ wkh lqhylwdeoh whpsrudu| lpedodqfhv ehwzhhq

vxsso| dqg ghpdqg fuhdwh frqjhvwlrq> vrph oxfn| fxvwrphuv frpsohwh wkhlu vhuylfh txlfno|/

zkhuhdv rwkhu fxvwrphuv h{shulhqfh wkh iuxvwudwlrq ri d orqj vhuylfh surfhvv1

Wklv sdshu vwxglhv frpshwlwlrq ehwzhhq wzr ?upv wkdw vhuylfh wlph0vhqvlwlyh fxvwrphuv1

Hdfk fxvwrphu ghflghv zklfk ?up wr sdwurql}h +li dq|, edvhg rq wkh ?upv* sulfhv/ wkh

h{shfwhg dprxqw ri wlph wkh fxvwrphu zloo vshqg dw hlwkhu ?up +zklfk ghshqgv rq wkh ?upv*

fdsdflwlhv,/ dqg wkh fxvwrphu*v d sulrul suhihuhqfh iru wkh ?upv* eudqgv +vrph fxvwrphuv

kdyh dq d sulrul suhihuhqfh iru wkh ?uvw ?up/ zkloh rwkhuv suhihu wkh vhfrqg ?up,1

Zh ehjlq zlwk wkh dvvxpswlrq wkdw fxvwrphuv duh sdvvlyh sduwlflsdqwv lq wkh vhuylfh

surfhvv1 Wkh ?upv vlpxowdqhrxvo| fkrrvh sulfhv dqg fdsdflwlhv1 Khqfh/ wkh ?upv kdyh

wkh  h{lelolw| wr fkrrvh yhu| gl>huhqw vwudwhjlhv> rqh ?up fdq fkdujh d kljk sulfh dqg vhuyh

fxvwrphuv txlfno|/ zkhuhdv wkh rwkhu ?up pljkw fkrrvh d orz sulfh exw vhuyh fxvwrphuv

pruh vorzo|1 Hdfk ?up dwwhpswv wr pd{lpl}h lwv sur?w shu xqlw wlph/ nqrzlqj wkdw wkh

rwkhu ?up kdv wkh vdph remhfwlyh1 Zh ?qg wkdw wkhuh h{lvwv d xqltxh Qdvk htxloleulxp lq

zklfk erwk ?upv duh zloolqj wr vhuyh fxvwrphuv1 Zkhq wkh ?upv kdyh lghqwlfdo frvwv/ wkh|

fkrrvh lghqwlfdo vwudwhjlhv> ?upv gr qrw dwwhpsw wr plwljdwh frpshwlwlrq e| dgrswlqj glyhuvh

vwudwhjlhv1 Zkhq wkh ?upv* frvwv duh gl>huhqw/ wkh orz frvw ?up zloo kdyh d kljkhu pdunhw

vkduh dqg vhuyh fxvwrphuv pruh txlfno|1 Ixuwkhu/ wkh orz frvw ?up pljkw hyhq kdyh d kljkhu

sulfh$ Dv Vwdon dqg Krxw +4<<3, frqmhfwxuh/ d 3wlph0edvhg frpshwlwru4 pd| lqghhg hqmr|

d sulfh suhplxp lq wkh pdunhw1

Zh qh{w wxuq wr wkh ?upv* 3vhuylfh vxsso| fkdlq4 ghvljq ghflvlrq1 Lqvwhdg ri grlqj wkh

vhuylfh wkhpvhoyhv/ hdfk ?up pljkw rxwvrxufh wkh vhuylfh surgxfwlrq wr dqrwkhu ?up/ zklfk

zh fdoo d frqwudfwru1 Rxwvrxuflqj wr d frqwudfwru fuhdwhv vrph dgglwlrqdo frvwv> lq sduwlfxodu/

wkh ?up zloo qhhg wr prqlwru wkh frqwudfwru wr hqvxuh wkdw lw lv surylglqj d ghvludeoh vhuylfh

txdolw|1 Ixuwkhu/ d frqwudfwru pd| uhtxluh d sulfh suhplxp vr wkdw lw fdq hduq d srvlwlyh

sur?w1 Wkhuhiruh/ lqwxlwlrq vxjjhvwv wkdw rxwvrxuflqj lv d yldeoh rswlrq rqo| li wkh frqwudfwru

lv pruh h!flhqw wkdq wkh ?up1
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Rxwvrxuflqj wr d frqwudfwru lv qrw wkh rqo| rswlrq1 Dowhuqdwlyho|/ d vhuylfh ?up frxog

dovr rxwvrxufh wr lwv fxvwrphuv> dq rswlrq zklfk lv jhqhudoo| qrw dydlodeoh wr pdqxidfwxulqj

?upv1 Lqghhg/ doo vhuylfh ?upv/ zkhwkhu wkh| uhdol}h lw ru qrw/ pxvw ghflgh wkh ghjuhh wr

zklfk wkhlu fxvwrphuv zloo hqjdjh lq fr0surgxfwlrq= d uhwdlohu fdq hlwkhu dvvhpeoh d surgxfw

iru d fxvwrphu/ ru ohw wkh fxvwrphu shuirup wkh dvvhpeo|> d edqn whoohu fdq surylgh d

fxvwrphu zlwk dffrxqw lqirupdwlrq/ ru wkh edqn fdq ohw fxvwrphuv dffhvv wkh lqirupdwlrq rq

wkhlu rzq> d jurfhu| uhwdlohu ohwv fxvwrphuv wudqvsruw lwhpv iurp wkh uhwdlohu*v vkhoyhv wr wkh

fxvwrphuv* krphv/ ru krph gholyhu| lv surylghg1 Lq dq lq xhqwldo duwlfoh rq uh0hqjlqhhulqj/

Kdpphu +4<<3, dujxhv wkdw ?upv vkrxog h{sorlw fr0surgxfwlrq dv pxfk dv srvvleoh ehfdxvh

lw dffhohudwhv uhvsrqvh wlphv dqg uhgxfhv ryhukhdg1 Exw wkhuh duh ulvnv dvvrfldwhg zlwk d

fr0surgxfwlrq ghvljq1 Wr lqfuhdvh lwv fxvwrphu*v fr0surgxfwlrq/ d ?up zloo suhvxpdeo| qhhg

wr ghfuhdvh lwv sulfh vlqfh lw lv vkliwlqj vrph zrun rqwr lwv fxvwrphuv1 Orzhu sulfhv fdq ohdg

wr orzhu uhyhqxhv1 Ixuwkhu/ d ?up wkdw uholhv rq fr0surgxfwlrq pljkw orvh fxvwrphuv wr d

frpshwlwru wkdw lv uhdg| wr sdpshu fxvwrphuv zlwk ixoo vhuylfh1

Ghvslwh lwv ulvnv/ zh ?qg wkdw rxwvrxuflqj fdq eh txlwh ehqh?fldo wr ?upv lq d frpshwlwlyh

pdunhw1 Lq sduwlfxodu/ zh ?qg wkdw rxwvrxuflqj +hlwkhu wr frqwudfwruv ru wr fxvwrphuv, pd|

pdnh wkh ?upv ehwwhu r> hyhq li lw lqfuhdvhv wkhlu frvwv1 Wkh uhdvrq lv urrwhg lq wkh qdwxuh

ri wkh ?upv* surgxfwlrq whfkqrorj|1 Zkhq d ?up rxwvrxufhv lwv vhuylfh gholyhu|/ lw vzlwfkhv

iurp d surgxfwlrq whfkqrorj| wkdw h{klelwv lqfuhdvlqj uhwxuqv wr vfdoh wr d surgxfwlrq whfk0

qrorj| wkdw kdv frqvwdqw uhwxuqv wr vfdoh1 Frvw shu fxvwrphu ghfolqhv zlwk wkh qxpehu

ri fxvwrphuv vhuyhg lq d txhxlqj surfhvv/ vr lw lv dq lqfuhdvlqj uhwxuqv wr vfdoh whfkqrorj|1

Zlwk d w|slfdo rxwvrxuflqj frqwudfw d ?up zloo sd| d frqvwdqw ihh shu fxvwrphu vhuyhg/ l1h1/

d frqvwdqw uhwxuqv wr vfdoh whfkqrorj|1 Li rxwvrxuflqj lv grqh yld fr0surgxfwlrq wkh ?up

zloo qhhg wr jlyh d frqvwdqw sulfh glvfrxqw wr hdfk fxvwrphu/ vr djdlq/ d ?up*v frvw lv olqhdu

lq wkh qxpehu ri fxvwrphuv lw vhuyhv1 Wkh qdwxuh ri wkh surgxfwlrq whfkqrorj| pdwwhuv

ehfdxvh lw lq xhqfhv wkh ?upv* lqfhqwlyh wr fxw sulfhv1 Wkh pdujlqdo lqfhqwlyh wr fxw sulfh

lv juhdwhu iru d ?up zlwk dq lqfuhdvlqj uhwxuqv wr vfdoh whfkqrorj| wkdq iru d ?up zlwk d

frqvwdqw uhwxuqv wr vfdoh whfkqrorj|= wkh iruphu jdlqv d frvw uhgxfwlrq shu fxvwrphu gxh wr

lqfuhdvhg ghpdqg/ zkhuhdv sulfh fkdqjhv kdyh qr lpsdfw rq wkh odwwhu*v frvw shu fxvwrphu1

Khqfh/ wkurxjk rxwvrxuflqj wkh ?upv ehfrph ohvv sulfh frpshwlwlyh dqg htxloleulxp sulfhv

duh kljkhu wkdq wkh| zrxog eh zlwkrxw rxwvrxuflqj1 D frvw lqfuhdvh gxh wr rxwvrxuflqj
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+h1j1/ frruglqdwlrq frvwv ru lqh!flhqw frqvxphuv, pd| eh d vhfrqgdu| frqfhuq uhodwlyh wr

wkh ehqh?w ri vwulfwo| kljkhu htxloleulxp sulfhv/ hvshfldoo| lq sulfh frpshwlwlyh pdunhwv1

Wkh qh{w vhfwlrq vxppdul}hv wkh olwhudwxuh zklfk lv uhodwhg wr wklv zrun1 ¢5 ghwdlov wkh

txhxlqj jdph1 ¢6 ghvfulehv wkh ghwhuplqlvwlf yhuvlrq ri wkh txhxlqj jdph dqg vxppdul}hv

lwv nh| uhvxowv1 ¢7 dqdo|}hv wkh txhxlqj jdph dqg ¢8 glvfxvvhv rxwvrxuflqj1 Wkh ?qdo vhfwlrq

glvfxvvhv wkh pdqdjhuldo lpsolfdwlrqv ri wkhvh uhvxowv1

41 Olwhudwxuh uhylhz

Wkhuh duh pdq| sdshuv wkdw lqyhvwljdwh frpshwlwlrq zkhq fxvwrphuv duh vhqvlwlyh wr wlph=

Dupru| dqg Kdyly +4<<;,/ Gdylgvrq +4<;;,/ Gh Ydq| +4<:9,/ Gh Ydq| dqg Vdylqj +4<;6,/

Jloehuw dqg Zhqj +4<<:,/ Ndodl/ Ndplhq dqg Uxelqrylwfk +4<<5,/ Ohghuhu dqg Ol +4<<:,/ Ol

+4<<5,/ Ol dqg Ohh +4<<7,/ dqg Orfk +4<<7,1 Lq prvw ri wkhvh prghov/ hlwkhu wkh ?upv* sulfhv

duh h{rjhqrxv ru wkhlu surfhvvlqj udwhv duh h{rjhqrxv1 Khqfh/ wkh ?upv frpshwh hlwkhu

zlwk sulfhv ru zlwk surfhvvlqj udwhv/ exw qrw erwk14 Doorzlqj iru erwk ghflvlrqv fuhdwhv

vljql?fdqw dqdo|wlfdo frpsolfdwlrqv> lq sduwlfxodu/ wkh sod|huv* sur?w ixqfwlrqv duh qrw zhoo

ehkdyhg +xqlprgdo,1 D vhfrqg glvwlqfwlrq ehwzhhq wklv zrun dqg wkh suhylrxv prghov lv

wkdw wkh| dvvxph wkh ?upv duh d sulrul krprjhqrxv> l1h1/ li wkh ?upv fkdujh wkh vdph sulfhv

dqg kdyh wkh vdph h{shfwhg wlph frvwv/ wkhq doo fxvwrphuv duh lqgl>huhqw ehwzhhq zklfk

?up wkh| ylvlw15 Ilqdoo|/ lq pdq| ri wkrvh prghov fxvwrphuv zdlw lq d vlqjoh txhxh16 Lq

pdq| vhuylfh vhwwlqjv/ fxvwrphuv pxvw fkrrvh zklfk ?up wr ylvlw dqg hdfk ?up pdlqwdlqv

� Ol dqg Ohh +4<<5, dqdo|}h d prgho zlwk ?{hg surfhvvlqj udwhv dqg wkhq glvfxvv krz wkh

prgho frxog eh h{sdqghg wr doorz wkh ?upv wr fkrrvh sulfhv dv zhoo1 Krzhyhu/ wkh| hpskdvl}h

wkdw wkh odfn ri sxuh vwudwhj| htxloleuld lq wkdw jdph lpsrvhv d vljql?fdqw fkdoohqjh wr wkh

dqdo|vlv ri wkh h{sdqghg jdph1 Lq Ohghuhu dqg Ol +4<<:,/ wkh ?upv kdyh ?{hg ryhudoo

surgxfwlrq fdsdflw|/ exw wkh| ghflgh krz wr doorfdwh wkdw fdsdflw| dfurvv pxowlsoh fxvwrphu

fodvvhv1 Lq wkh vlqjoh fodvv yhuvlrq ri wkhlu prgho/ wkh ?upv rqo| frpshwh rq sulfh1

2 Ol dqg Ohh +4<<5, gr frqvlghu wkh srvvlelolw| wkdw wkh ?upv*v vhuylfhv kdyh gl>huhqw txdolw|

ohyhov1 Wkdw lv d gl>huhqw irup ri gl>huhqwldwlrq wkdq zkdw zh frqvlghu= lq wkhlu prgho doo

fxvwrphuv djuhh dv wr zklfk ?up lv d sulrul ehwwhu +wkh rqh zlwk wkh kljkhu txdolw|,1

ô Jloehuw dqg Zhqj +4<<:, gr frqvlghu d prgho zlwk vhsdudwh txhxhv/ krzhyhu wkh duulydo

surfhvv wr hdfk txhxh lv vhw vr wkdw hdfk ?up kdv wkh vdph h{shfwhg zdlwlqj wlph1
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d vhsdudwh txhxh> l1h1/ fxvwrphuv duh qrw deoh wr mrfnh| ehwzhhq wkh frpshwlqj ?upv zkloh

wkh| duh zdlwlqj iru vhuylfh1 Ixuwkhu/ zlwk d vlqjoh txhxh iudphzrun wrwdo pdunhw ghpdqg

lv frqvwdqw +l1h1/ doo fxvwrphuv mrlq wkh txhxh dqg duh hyhqwxdoo| vhuyhg,/ exw lq rxu txhxlqj

jdph fxvwrphuv pd| fkrrvh wr irujr vhuylfh/ vr wrwdo pdunhw ghpdqg lv qrw frqvwdqw1

Ghqhfnhuh dqg Shfn +4<<8, gr frqvlghu d prgho lq zklfk ?upv vlpxowdqhrxvo| fkrrvh

sulfhv dqg surfhvvlqj udwhv/ dqg fxvwrphuv fkrrvh ?upv edvhg rq h{shfwhg xwlolw| pd{l0

pl}dwlrq1 Krzhyhu/ wkh ?upv lq wkhlu prgho duh d sulrul krprjhqrxv1

Krwhoolqj +4<5<, lqwurgxfhg wkh olqhdu flw| jdph/ zklfk lv wkh vwdqgdug jdph iru vsdwldoo|

gl>huhqwldwhg frpshwlwlrq1 +Wklv irup ri gl>huhqwldwlrq lv dovr uhihuuhg wr dv krul}rqwdo

gl>huhqwldwlrq ru eudqg gl>huhqwldwlrq1 Vhh Dqghuvrq/ gh Sdopd dqg Wklvvh/ 4<<5/ iru rwkhu

prghov ri gl>huhqwldwlrq1, Lq wkh olqhdu flw| jdph/ wkhuh duh wzr ?upv orfdwhg dw hlwkhu hqg

ri d xqlw lqwhuydo17 Fxvwrphuv duh xqlirupo| glvwulexwhg ryhu wkh lqwhuydo +wkh olqhdu flw|,

dqg lqfxu d frvw wr ylvlw hlwkhu ?up wkdw lv sursruwlrqdo wr wkh glvwdqfh iurp wkh fxvwrphu*v

orfdwlrq wr wkh ?up1 Wkdw frvw frxog eh lqwhusuhwhg olwhudoo| dv d wudqvsruwdwlrq frvw/ ru lw

frxog eh lqwhusuhwhg dv d frvw iru sxufkdvlqj dq lwhp wkdw grhv qrw phhw d fxvwrphu*v lghdo

vshfl?fdwlrqv dorqj vrph devwudfw glphqvlrq +h1j1/ eudqg suhihuhqfh/ dpeldqfh/ hwf1, Frvwv

dqg fxvwrphu duulydov lq wkh olqhdu flw| jdph duh ghwhuplqlvwlf1 Wkh txhxlqj jdph wkdw zh

vwxg| lv d vwrfkdvwlf yhuvlrq ri wkh olqhdu flw| jdph1

Vhyhudo uhfhqw sdshuv frqvlghu vhuylfh frpshwlwlrq zkhq fxvwrphuv duh xqdeoh wr ixoo|

dqwlflsdwh wkh vhuylfh wkh| zloo uhfhlyh/ dqg wkhuhiruh lpsohphqw d khxulvwlf wr fkrrvh ehwzhhq

surylghuv= Jdqv +4<<<, dqg Kdoo dqg Sruwhxv +4<<;,18 Lq rxu txhxlqj jdph fxvwrphuv

fruuhfwo| dqwlflsdwh wkh vhuylfh wkh| zloo uhfhlyh1

Phqghovrq dqg Zkdqj +4<<3, frqvlghu d jdph ehwzhhq d vhuylfh surylghu dqg lwv fxv0

wrphuv1 Fxvwrphuv kdyh khwhurjhqrxv vhuylfh sulrulwlhv/ exw wkh vhuylfh surylghu fdqqrw

glvwlqjxlvk ehwzhhq fxvwrphuv zlwk gl>huhqw sulrulwlhv> l1h1/ kroglqj sulfh frqvwdqw/ doo fxv0

e Wkhuh lv dovr dq h{whqvlyh olwhudwxuh wkdw lqyhvwljdwhv wkh ?up*v orfdwlrq ghflvlrq1 Zh gr

qrw frqvlghu wkdw lvvxh1

D Lq Jdqv +4<<<, fxvwrphuv gr qrw nqrz wkh ?upv* vhuylfh txdolwlhv iru vxuh/ vr wkh| pxvw

vhdufk iru d jrrg surylghu ryhu pxowlsoh vhuylfh rffdvlrqv1 Lq Kdoo dqg Sruwhxv +4<<;,

fxvwrphuv duh dvvxphg wr ehkdyh zlwk d vlpsoh/ |hw uhdolvwlf/ khxulvwlf= d ?{hg iudfwlrq ri

wkh fxvwrphuv wkdw hqfrxqwhu d vhuylfh idloxuh vzlwfk vhuylfh surylghuv1
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wrphuv zrxog uhtxhvw wkh kljkhvw sulrulw|1 Wkh| hvwdeolvk d sulflqj srolf| wkdw lqgxfhv

fxvwrphuv wr wuxwkixoo| dqqrxqfh wkhlu sulrulw|1 Wkhlu sulflqj vfkhph dovr pd{lpl}hv wrwdo

v|vwhp ydoxh1 Lq rxu prgho fxvwrphuv duh lqglvwlqjxlvkdeoh dv zhoo/ exw rqfh d fxvwrphu du0

ulyhv dw d ?up/ wkh fxvwrphu kdv wkh vdph sulrulw| ydoxdwlrq dv wkh rwkhu fxvwrphuv1 Khqfh/

?upv rshudwh zlwk d vlqjoh sulfh dqg d ?uvw0frph0?uvw vhuyh txhxh glvflsolqh1

Fkdvh +4<:;, dqg Ndupdundu dqg Slweodggr +4<<8, uhfrjql}hg wkdw wkh ghjuhh wr zklfk

fxvwrphu hqjdjh lq fr0surgxfwlrq lv dq lpsruwdqw ghvljq ghflvlrq iru d vhuylfh ?up1 Kd

+4<<;, frqvlghuv wkh lqwhudfwlrq ehwzhhq sulflqj dqg fr0surgxfwlrq1 Lq klv prgho wkh

dprxqw ri h>ruw wkh vhuylfh idflolw| pxvw h{shqg lv lqyhuvho| uhodwhg wr wkh dprxqw ri h>ruw

lwv fxvwrphuv h{huw/ exw wkh vhuylfh idflolw| fdqqrw glfwdwh lwv fxvwrphuv* h>ruw ohyho1 Lqvwhdg/

lw fdq rqo| lq xhqfh wkhlu h>ruwv yld lwv sulfh vfkhgxoh1 Zh dvvxph d ?up grhv qrw lq xhqfh

lwv fxvwrphu vhuylfh h>ruw/ exw wkdw wkh ?up grhv lq xhqfh zkhwkhu wkh fxvwrphu zloo eh

zloolqj wr shuirup wkh vhuylfh1

Vhyhudo sdshuv frqvlghu sulflqj dqg fdsdflw| ghflvlrqv iru d vlqjoh vhuyhu= Ghzdq dqg

Phqghovrq +4<<3,/ Vwlgkdp +4<<5,/ Vwlgkdp dqg Uxps +4<<;,/ dqg Vr dqg Vrqj +4<<;,1

+Wkh ?uvw wkuhh sdshuv vhhn wr pd{lpl}h v|vwhp ydoxh/ zkloh wkh odvw pd{lpl}hv d ?up*v

sur?w1, Lq idfw/ wkh txhxlqj jdph lq wklv sdshu lv d frpshwlwlyh h{whqvlrq ri Vwlgkdp*v

prgho> zkhq wkhuh lv d vlqjoh ?up lq wkh txhxhlqj jdph/ wkdw ?up idfhv wkh vdph sureohp

wkdw d prqrsrolvw zrxog idfh lq Vwlgkdp +4<<5,1 Vwlgkdp +4<<5, dqg Vwlgkdp dqg Uxps

+4<<;, dovr surylgh dq h{whqvlyh glvfxvvlrq rq wkh vwdelolw| ri wkh ?up*v sulflqj dqg fdsdflw|

ghflvlrqv1 Jlyhq wkh irupxodwlrq ri rxu txhxlqj jdph/ htxloleulxp vwdelolw| lv qrw dq lvvxh1

Pdq| sdshuv lqyhvwljdwh txhxh mrlqlqj ehkdylru lq zklfk fxvwrphuv frpshwh iru idvw

vhuylfh/ exw wkh vhuylfh surylghu lv qrw d jdph sduwlflsdqw= Ehoo dqg Vwlgkdp +4<;8,/ Nxonduql

+4<;6,/ Olsspdq dqg Vwlgkdp +4<::,/ Phqghovrq +4<;8, dqg Qdru +4<9<,1

Wkhuh lv dq h{whqvlyh olwhudwxuh rq rxwvrxuflqj2yhuwlfdo lqwhjudwlrq1 Wkh sulpdu| wkhru|

lv wkdw lqwhjudwlrq vkrxog eh revhuyhg zkhq pdunhw phgldwhg wudqvdfwlrqv duh wrr frvwo|

+vhh Jurvvpdq dqg Kduw/ 4<;9> Nohlq/ Fudzirug dqg Dofkldq/ 4<:;> dqg Zlooldpvrq/ 4<:<1,

Li pdunhw edvhg wudqvdfwlrqv duh qrw sureohpdwlf +l1h1/ frqwudfwv duh vshfl?f/ hqirufhdeoh

dqg hdv| wr qhjrwldwh,/ wkh olwhudwxuh vxjjhvwv rxwvrxuflqj li rxwvrxuflqj orzhuv surgxfwlrq

frvwv1 Wkh olwhudwxuh wkhq surfhhgv wr ghwhuplqh zkhq rqh frxog h{shfw frvwv wr ghfolqh

zlwk rxwvrxuflqj +vhh PfPloodq/4<<3> Yhqndwhvdq/ 4<<5> ydq Plhjkdp/ 4<<:,1 Wkrvh sdshuv
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gr qrw frqvlghu wkh lpsdfw ri rxwvrxuflqj rq htxloleulxp sulfhv1

Wkh pdunhwlqj olwhudwxuh frqvlghuv wkh lvvxh ri zkhwkhu frpshwlqj vxssolhuv suhihu wr rxw0

vrxufh wkh uhwdlolqj ixqfwlrq wr lqghshqghqw uhwdlohuv ru wr shuirup wkhlu rzq uhwdlolqj +vhh

PfJxluh dqg Vwdholq/ 4<;6> dqg Prruwk|/ 4<;;,1 PfJxluh dqg Vwdholq +4<;6, ghprqvwudwh

wkdw rxwvrxuflqj wkh uhwdlolqj ixqfwlrq fdq eh ehwwhu iru wkh vxssolhuv zkhq uhwdlo sulfh frp0

shwlwlrq lv kljk> rxwvrxuflqj lqwurgxfhv grxeoh pdujlqdol}dwlrq ehwzhhq wkh vxssolhu dqg wkh

uhwdlohu/ zklfk lq wxuq plwljdwhv sulfh frpshwlwlrq ehwzhhq wkh wzr vxssolhuv1 Rxwvrxuflqj

plwljdwhv sulfh frpshwlwlrq lq wkh txhxlqj jdph dv zhoo/ exw iru gl>huhqw uhdvrqv1 Lq sdu0

wlfxodu/ rxwvrxuflqj uhgxfhv wkh ?upv* lqfhqwlyh wr exlog pdunhw vkduh vr dv wr lpsuryh wkhlu

surgxfwlrq h!flhqf|/ zkhuhdv lq PfJxluh dqg Vwdholq +4<;6,/ pdunhw vl}h kdv qr txdolwdwlyh

lpsdfw1 +Lq d txhxlqj v|vwhp/ frvw shu fxvwrphu ghfolqhv lq pdunhw vkduh> l1h1/ wkhuh h{lvwv

hfrqrplhv ri vfdoh1, Ixuwkhu/ lq rxu txhxlqj jdph/ ?upv rxwvrxufh wkh surgxfwlrq ixqfwlrq

+qrw wkh uhwdlolqj ixqfwlrq, dqg rxwvrxuflqj lq wkh txhxlqj jdph lv ehqh?fldo iru doo ohyhov

ri sulfh frpshwlwlrq +dvvxplqj wkh ?upv dfwxdoo| frpshwh iru fxvwrphuv,1

51 Wkh Txhxlqj Jdph Prgho

Wzr ?upv surylgh d vlqjoh vhuylfh> fdoo wkhp ?up ð dqg ?up æ1 Fxvwrphuv hydoxdwh wkhvh

vhuylfhv dorqj vhyhudo glphqvlrqv1 Ohw Rð eh wkh sulfh ri vhuylfh dw ?up ð1 Fxvwrphuv duh

lpsdwlhqw/ vr ohw û : f eh wkh frvw d fxvwrphu lqfxuv shu xqlw ri wlph vshqw dw d ?up +zdlwlqj

ru lq vhuylfh,1 Ohw }ð eh d fxvwrphu*v h{shfwhg wlph frvw iru ylvlwlqj ?up ð> l1h1/ }ð*û lv wkh

h{shfwhg dprxqw ri wlph d fxvwrphu vshqgv dw ?up ð/ lqfoxglqj wlph lq txhxh dqg wlph

lq vhuylfh1 Ohw sð eh wkh ixoo sulfh iru d fxvwrphu wr ylvlw ?up ðc sð ' Rð n }ð1 +Ilup ð*v

ixoo sulfh grhv qrw lqfoxgh wudqvsruwdwlrq frvwv ehfdxvh wkh fxvwrphuv ylvlwlqj ?up ð wudyho

gl>huhqw glvwdqfhv/ exw wkh| doo sd| wkh vdph sulfh dqg wlph frvw1,

Wkh ?upv* vhuylfhv gl>hu dorqj vrph txdqwl?deoh dwwulexwh wkdw pdsv lqwr d xqlw lqwhuydo1

Iru hdfk fxvwrphu/ wkhuh lv d prvw suhihuuhg ydoxh iru wklv dwwulexwh/ dqg hyhu| fxvwrphu

lqfxuv d frvw li wkh| rewdlq d vhuylfh wkdw ghyldwhv iurp wkhlu lghdo ydoxh1 Iru frqyhqlhqfh/

dvvxph wklv dwwulexwh lv d sk|vlfdo orfdwlrq/ exw pruh frqfhswxdo lqwhusuhwdwlrqv duh srvvleoh

+h1j1/ txdolw|/ hdvh0ri0xvh/ dpeldqfh/ hwf1, Wr eh vshfl?f/ rqh ?up lv orfdwhg dw srvlwlrq 3/

wkh rwkhu lv orfdwhg dw srvlwlrq 4/ dqg fxvwrphuv lqfxu d | wudqvsruwdwlrq frvw shu xqlw ri

glvwdqfh wudyhohg wr d ?up1
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Lqghshqghqw ri wkh ?up d fxvwrphu ylvlwv/ ohw @ eh wkh ydoxh d fxvwrphu uhfhlyhv iurp

wkh ?up*v vhuylfh1 Wkh frqvwdqw @ uhsuhvhqwv wkh edvh xwlolw| d fxvwrphu uhfhlyhv iurp wkh

vhuylfh/ ehiruh sulfh/ wlph/ dqg wudyho frvwv duh lqfoxghg1 Ryhudoo/ d fxvwrphu orfdwhg +

xqlwv iurp ?up ð uhfhlyhv xwlolw| üðE+c sðä iurp ?up ð*v vhuylfh/

üðE+c sðä ' @ý sð ý |+é
Wkh duulydo ri srwhqwldo fxvwrphuv wr wklv pdunhw lv d Srlvvrq surfhvv zlwk udwh \1 Rqfh

d fxvwrphu duulyhv dw wklv pdunhw/ wkh fxvwrphu lpphgldwho| ghflghv zkhwkhu ru qrw wr vhhn

vhuylfh iurp rqh ri wkh ?upv1 Wkh fxvwrphu ylvlwv wkh ?up wkdw pd{lpl}hv xwlolw| dv orqj

dv wkdw ?up surylghv d srvlwlyh xwlolw|/ rwkhuzlvh wkh fxvwrphu ohdyhv wkh pdunhw zlwkrxw

vhhnlqj vhuylfh1 Hdfk fxvwrphu ghflghv zklfk ?up wr ylvlw edvhg rq wkh fxvwrphu*v orfdwlrq/

wkh ?upv* sulfhv/ dqg wkhlu h{shfwhg wlph frvwv wr fxvwrphuv1 Fxvwrphuv gr qrw edvh wkhlu

ghflvlrqv rq txhxh ohqjwkv/ vlqfh wkh| duh qrw revhuyhg1 Li d fxvwrphu fkrrvhv d ?up/ wkh

fxvwrphu lpphgldwho| ylvlwv wkh ?up/ zdlwv lq d ?uvw0frph0?uvw vhuyh txhxh/ dqg ohdyhv rqfh

vhuylfh lv frpsohwhg1 Fxvwrphu qhyhu edon xsrq duulydo dw d txhxh1

Iru dq| vhw ri ixoo sulfhv/ vrph iudfwlrq ri srwhqwldo frqvxphuv zloo ylvlw ?up ð1 Wkhuhiruh/

wkh duulydo surfhvv wr ?up ð zloo eh Srlvvrq1 Ohw bð eh wkh phdq duulydo udwh wr ?up ð1

Dvvxph fxvwrphu surfhvvlqj wlphv duh h{srqhqwldoo| glvwulexwhg zlwk >ð dv ?up ð*v dyhudjh

surfhvvlqj udwh1 Edvhg rq wkhvh frqglwlrqv/ hdfk ?up rshudwhv dq�*�*� txhxh1 Li >ð : bð/

E>ð ý bðä3� lv wkh h{shfwhg wlph d fxvwrphu vshqgv dw ?up ð/ vr

}ð ' û* E>ð ý bðä é +4,

Lw pljkw vhhp qdwxudo wr dvvxph wkdw lq wklv jdph hdfk ?up fkrrvhv d ?{hg surfhvvlqj

udwh1 Krzhyhu/ wkh vwdelolw| ri wkh txhxhv lv dq lvvxh xqghu wkdw frqvwuxfwlrq1 D fxvwrphu*v

h{shfwhg wlph frvw lv qrw ?qlwh zkhq bð : >ð/ exw Vwlgkdp +4<<5, dqg Vwlgkdp dqg Uxps

+4<<;, ghprqvwudwh wkdw hyhq li bð ÷ >ð rffxuv lq htxloleulxp/ wkh htxloleulxp pljkw qrw

eh vwdeoh= diwhu d vpdoo shuwxuedwlrq lq wkh duulydo udwh wkh v|vwhp pljkw qrw uhwxuq wr

wkh htxloleulxp1 Lq idfw/ wkh| ghprqvwudwh wkdw fkdrwlf v|vwhp ehkdylru lv srvvleoh1 Wr

dyrlg wkdw lvvxh/ lq wkh txhxlqj jdph hdfk ?up frpplwv wr dq h{shfwhg wlph frvw iru lwv

fxvwrphuv/ }ð1 Wklv lpsolhv wkdw wkh ?up lv deoh wr dgmxvw lwv surfhvvlqj udwh >ð lq uhvsrqvh

wr dq| shuwxuedwlrq lq lwv duulydo udwh vr wkdw d fxvwrphu*v h{shfwhg wlph frvw uhpdlqv }ðé

Rqh lqwhusuhwdwlrq lv wkdw wlph lv glylghg lqwr shulrgv lq zklfk wkh duulydo udwh fkdqjhv rqo|

dw wkh ehjlqqlqj ri hdfk shulrg/ wkh ?up revhuyhv wkh duulydo udwh iru hdfk shulrg dqg wkh
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?upv fkrrvhv >ð vr wkdw }ð zloo eh dfklhyhg lq wkdw shulrg1 Wklv hqvxuhv d vwdeoh htxloleuld

ehfdxvh fxvwrphuv dozd|v uhfhlyh zkdw wkh| h{shfw wr uhfhlyh/ lqghshqghqw ri wkh duulydo

udwh wr wkh txhxh1 Lw lv zruwk qrwlqj wkdw pdq| vhuylfh rshudwlrqv duh pdqdjhg e| h{shfwhg

wlph udwkhu wkdq h{shfwhg udwh1 Iru h{dpsoh/ frqvlghu d fdoo fhqwhu rshudwlrq/ zkhuh rqh

w|slfdoo| pdqdjhv wr dfklhyh d fhuwdlq dyhudjh vshhg ri dqvzhu/ l1h1/ txhxh wlph1 Hpsor|hhv

duh eurxjkw lq dw wkh odvw plqxwh/ ru dvnhg wr zrun ryhuwlph/ wr dfklhyh wklv h{shfwhg txhxh

wlph1

Fdsdflw| lv qrw iuhh/ vr ohw Kð eh ?up ð*v frvw shu xqlw ri dyhudjh surfhvvlqj udwh shu xqlw

wlph1 Uhduudqjlqj +4,/ ?up ð*v h{shfwhg fdsdflw| frvw shu xqlw wlph lv

Kð Ebð n ûð*}ðä é +5,

Ilup ð lqfxuv d kljkhu fdsdflw| frvw zkhqhyhu lw frpplwv wr d orzhu wlph frvw iru lwv fxv0

wrphuv> khqfh/ wkh wlph frvw frpplwphqw lv dnlq wr d fdsdflw| frpplwphqw1

Wkhuh duh wzr vwdjhv lq wklv txhxlqj jdph1 Lq wkh ?uvw vwdjh/ wkh ?upv vlpxowdqhrxvo|

vhohfw Rð dqg }ð1 Lq wkh vhfrqg vwdjh/ wkh ?upv revhuyh wkhlu fkrlfhv dqg fxvwrphuv duulyh wr

wkh pdunhw ryhu dq lq?qlwh krul}rq1 Ilupv pd{lpl}h h{shfwhg sur?wv shu xqlw wlph1

61 Olqhdu Flw| Jdph

Wklv vhfwlrqv ghvfulehv wkh zhoo nqrzq +dqg dqdo|wlfdoo| pxfk vlpsohu, olqhdu flw| jdph/

zklfk lv wkh vwrfkdvwlf yhuvlrq ri wkh txhxlqj jdph1 Vhyhudo uhvxowv iurp wkdw prgho duh

suhvhqwhg vr wkdw wkrvh uhvxowv fdq eh frqwudvwhg zlwk wkh uhvxowv iurp wkh txhxhlqj jdph1

Lq wkh olqhdu flw| jdph hdfk ?up surfhvvhv fxvwrphuv dw dq lq?qlwh udwh/ vr fxvwrphuv

qhyhu zdlw iru vhuylfh1 Fxvwrphuv duulyh dw d frqvwdqw udwh \ wr wkh pdunhw1 Hdfk fxvwrphu

revhuyhv wkh ?upv* sulfhv/ Rð dqg Ræ/ dqg ylvlwv wkh ?up wkdw pd{lpl}hv xwlolw|1 Ohw ü_ð E+c Rðä

eh wkh xwlolw| d fxvwrphu orfdwhg + xqlwv iurp ?up ð uhfhlyhv iurp ylvlwlqj ?up ð/

ü_ð E+c Rðä ' @ý Rð ý |+é
Ilup ð lqfxuv d frvw Sð wr vhuyh hdfk fxvwrphu1 Dvvxph Sð ÷ @( lw lv srvvleoh iru hlwkhu ?up

wr vhuyh dw ohdvw vrph fxvwrphuv zlwk d srvlwlyh sulfh1 Ilupv vlpxowdqhrxvo| fkrrvh wkhlu

sulfhv dqg dwwhpsw wr pd{lpl}h wkhlu sur?wv shu xqlw wlph1 +Wkh htxlydohqw remhfwlyh ri

pd{lpl}lqj sur?wv ryhu d ?qlwh krul}rq lv w|slfdoo| dvvxphg1,

D Qdvk htxloleulxp lq wklv jdph lv d sdlu ri sulfhv iRWð c RWæjc vxfk wkdw qhlwkhu ?up fdq

;



lqfuhdvh lwv sur?w zlwk d xqlodwhudo ghyldwlrq iurp wkh htxloleulxp1 Htxloleuld duh glylghg

lqwr wkuhh w|shv= prqrsro|/ dwwulwlrq dqg frpshwlwlyh1 Zlwk hlwkhu d prqrsro| ru dq dwwulwlrq

htxloleulxp/ wkhuh grhv qrw h{lvw d fxvwrphu wkdw frxog hduq d srvlwlyh xwlolw| iurp ylvlwlqj

hlwkhu ?up1 Lq rwkhu zrugv/ lq wkrvh htxloleuld/ qhlwkhu ?up dwwhpswv wr wdnh fxvwrphuv dzd|

iurp wkh rwkhu ?up1 Lq d prqrsro| htxloleulxp hdfk ?up fkrrvhv wkh prqrsro| sulfh dqg

vrph fxvwrphuv duh qrw vhuyhg/ zkhuhdv doo fxvwrphuv duh vhuyhg lq dq dwwulwlrq htxloleulxp1

+Lq dq dwwulwlrq htxloleulxp/ hlwkhu ?up frxog ehjlq wr fdswxuh vrph ri wkh rwkhu ?up*v

fxvwrphuv zlwk mxvw d pdujlqdo uhgxfwlrq lq lwv sulfh/ exw qhlwkhu ?up lv zloolqj wr gr vr1,

Lq d frpshwlwlyh htxloleulxp/ wkhuh h{lvwv vrph fxvwrphuv wkdw frxog uhfhlyh d srvlwlyh xwlolw|

iurp ylvlwlqj hlwkhu ?up/ dqg hyhu| fxvwrphu lv vhuyhg1

Wdeoh 4= Htxloleulxp uhvxowv iru wkh olqhdu flw| jdph zlwk v|pphwulf frvwv
Htxloleulxp w|sh H{lvwhqfh frqglwlrq iRWð c RWæj Hdfk ?up*v htxlole0

ulxp sur?wv
frpshwlwlyh | ÷ 2

ô
E@ý Sä i|n Sc |n Sj \|*2

dwwulwlrqW 2
ô
E@ý Sä é | é E@ý Sä i@ý |*2c @ý |*2j E\*2äE@ý |*2ý Sä

prqrsro| E@ý Sä ÷ | iE@n Sä*2c E@n Sä*2j E\*2äE@ý Sä2*e
WD frqwlqxxp ri htxloleuld pd| h{lvw1 Wkh uhsruwhg rqh glylghv wkh pdunhw htxdoo|1

Wdeoh 4 vxppdul}hv wkh htxloleulxp uhvxowv zkhq wkh ?upv kdyh v|pphwulf frvwv/ Sð '

Sæ ' S> vhh Dsshqgl{ D iru wkh jhqhudo frvw uhvxowv1 Wkhuh duh vhyhudo rwkhu uhvxowv +vhh

Dsshqgl{ D iru ghwdlov,= lq doo htxloleuld/ erwk ?upv kdyh srvlwlyh pdunhw vkduh dqg hduq

srvlwlyh sur?wv> li wkh ?upv kdyh qrq0lghqwlfdo frvwv/ wkh orz frvw ?up kdv d kljkhu pdunhw

vkduh dqg d orzhu sulfh wkdq lwv frpshwlwru lq dq| frpshwlwlyh htxloleulxp1

71 Txhxlqj Jdph Dqdo|vlv

Wklv vhfwlrq ehjlqv wkh dqdo|vlv ri wkh txhxlqj jdph zlwk wkh hydoxdwlrq ri krz hdfk ?up

uhvsrqgv wr lwv rssrqhqw*v ghflvlrq1 Wkhvh sod|hu uhvsrqvhv duh xvhg wr frqvwuxfw wkh vhw ri

Qdvk htxloleuld1 Wkh vhfwlrq frqfoxghv e| fkdudfwhul}lqj wkh ?upv* htxloleulxp fkrlfhv1

714 Ilup Uhvsrqvhv

Lq htxloleulxp/ hdfk ?up dvvxphv wkh rwkhu ?up zloo fkrrvh lwv htxloleulxp dfwlrqv1 Wkhuh0

iruh/ lw lv qhfhvvdu| wr hydoxdwh krz d ?up vkrxog uhvsrqg wr dq| vhw ri dfwlrqv wkdw wkh

rwkhu ?up pd| vhohfw1

<



D sod|hu*v uhvsrqvh idoov lqwr rqh ri wzr fdwhjrulhv> d sod|hu fdq eh hlwkhu sdvvlyh ru

frpshwlwlyh1 D sdvvlyh sod|hu grhv qrw vwhdo dq| fxvwrphu dzd| iurp wkh rwkhu sod|hu/

zkhuhdv d frpshwlwlyh sod|hu grhv1 Zkhwkhu d sod|hu lv sdvvlyh ru frpshwlwlyh ghshqgv rq

wkh ixoo sulfhv1 Ohw +Esðä eh wkh iduwkhvw glvwdqfh d fxvwrphu lv zloolqj wr wudyho wr ?up ð +d

fxvwrphu wudyholqj wkdw glvwdqfh hduqv h{dfwo| }hur xwlolw|,/

+Esðä ' E@ý sðä *|é
Ilup ð lv sdvvlyh +jlyhq sæ, zkhq lw fkrrvhv sð vxfk wkdw

+Esðä n +Esæä é �c

rwkhuzlvh lw lv frpshwlwlyh1 Zkhq ?up ð lv frpshwlwlyh/ wkhuh zloo eh vrph fxvwrphu wkdw

lv lqgl>huhqw ehwzhhq ylvlwlqj hlwkhu ?up1 Ohw +Esðc sæä eh wkh glvwdqfh iurp ?up ð wr wkdw

fxvwrphu/

+Esðc sæä ' Esæ ý sðä *2|n �*2é

Qrwh wkdw wkh ?upv duh hlwkhu erwk sdvvlyh ru erwk frpshwlwlyh +l1h1/ lw lv qrw srvvleoh iru

rqh sod|hu wr eh sdvvlyh zkloh wkh rwkhu lv frpshwlwlyh,1

Wr hydoxdwh d sod|hu*v rswlpdo uhvsrqvh/ ?uvw ghwhuplqh wkh sod|hu*v rswlpdo sdvvlyh uh0

vsrqvh/ wkhq ghwhuplqh wkh sod|hu*v rswlpdo frpshwlwlyh uhvsrqvh dqg fkrrvh wkh ehvw dprqj

wkrvh uhvsrqvhv1

71414 Sdvvlyh Uhvsrqvh

Gh?qh

hZRð ERðc }ðä ' Rð+ERð n }ðä\ý Kð E+ERð n }ðä\ n û*}ðä é

hZRð ERðc }ðä lv sod|hu ð*v sur?w zkhq qrqh ri lwv fxvwrphuv uhfhlyhv d srvlwlyh xwlolw| iurp ylvlwlqj

?up æ> l1h1/ zkhq

f é +ERð n }ðä é �ý +Esæäé
Vlqfh dq| fxvwrphu forvhu wkdq +ERð n }ðä zloo ylvlw ?up ð/ dqg fxvwrphuv duh xqlirupo|

glvwulexwhg ryhu wkh pdunhw/ wkh duulydo surfhvv wr ?up ð lv Srlvvrq zlwk udwh +ERð n }ðä\1

Wkh ?uvw whup lq hZRð ERðc }ðä lv wkh ?up*v uhyhqxh shu xqlw wlph dqg wkh ?qdo whup lv wkh ?up*v

frvw shu xqlw wlph1
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Sod|hu ð*v rswlpdo sdvvlyh uhvsrqvh sureohp lv

4@ Rðc}ð hZRð ERðc }ðä
v1w1 f é +ERð n }ðä é �ý +Esæä é

Gh?qh ZRð Esðc }ðä ' hZRð Esð ý }ðc }ðäc
ZRð Esðc }ðä ' E\*|ä Esð ý }ð ý KðäE@ý sðäý Kðû*}ðé

Wkh ?up*v sureohp lv qrz h{suhvvhg zlwk sð dqg }ð dv wkh fkrlfh yduldeohv/
4@ 
}ðc sð

ZRð Esðc }ðä

v1w1 2@ý |ý sæ é sð é @
é

Lq wkh txhxlqj jdph @ : | lv dozd|v dvvxphg> d fxvwrphu orfdwhg dw rqh hqg ri wkh lqwhuydo

frxog srwhqwldoo| uhfhlyh srvlwlyh xwlolw| iurp ylvlwlqj wkh ?up orfdwhg dw wkh rwkhu hqg ri

wkh lqwhuydo1 Gxh wr wklv dvvxpswlrq/ 2@ý |ý sæ lv qrq0qhjdwlyh/ vr wkhuh lv qr qhhg wr dovr

lpsrvh d sð è f frqvwudlqw1 Zkhq sð ' 2@ ý | ý sæ c ?up ð vhuyhv doo ri wkh xqfrqwhvwhg

pdunhw= wkh sruwlrq ri wkh pdunhw wkdw ?up æ grhv qrw vhuyh/ �ý +Esæä1
Iru d ?{hg sð/ Z

R
ð Esðc }ðä lv vwulfwo| frqfdyh lq }ð1 Ohw }Rð Esðä eh wkh ?up*v rswlpdo fxvwrphu

wlph frvw iru d ?{hg ixoo sulfh=

}Rð Esðä '

ë
|ûKð

\E@ý sðä
ê�*2

é

Ohw ZRð Esðä ' ZRð Esðc }
R
ð Esðääc

ZRð Esðä '
\

|

#
Esð ý KðäE@ý sðäý 2

ë
|ûKðE@ý sðä

\

ê�*2$
é

Wkh ?up*v sureohp lv qrz h{suhvvhg lq whupv ri lwv ixoo sulfh/ frqvwudlqhg e| wkh ixoo sulfh

ri wkh rwkhu ?up/

4@ 
sð

ZRð Esðä

v1w1 2@ý |ý sæ é sð é @
é +6,

Iru d vx!flhqwo| kljk ixoo sulfh/ sð ' @c wkh ?up hduqv d }hur sur?w ehfdxvh lw dwwudfwv

qr fxvwrphuv1 Wklv pd| lqghhg eh wkh ?up*v rswlpdo vroxwlrq wr +6,/ vlqfh ZRð Esðä lv qrw

qhfhvvdulo| srvlwlyh iru dq| sð ÷ @1 Lq sduwlfxodu/ vlqfh Esðý KðäE@ýsðä lv vwulfwo| frqfdyh lq
sð/ wkh remhfwlyh ixqfwlrq zloo qrw kdyh d srvlwlyh vroxwlrq zkhqhyhu

s
|ûKð*\ lv wrr odujh>

d sdvvlyh ?up fdq hduq d srvlwlyh sur?w rqo| li wkhuh lv d vx!flhqw vfdoh wr wkh pdunhw +l1h1/

\ lv vx!flhqwo| odujh,1

Ohw es Rð eh dq rswlpdo vroxwlrq wr +6,1 Dv douhdg| phqwlrqhg/ lw pd| eh rswlpdo wr vhuyh

qrqh ri wkh pdunhw/ exw lw lv dovr pljkw eh rswlpdo wr vhuyh doo ri wkh xqfrqwhvwhg pdunhw1
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Wr ghwhuplqh li dq lqwhulru esRð h{lvwv/ ehjlq zlwk vrph ghulydwlyhv/

YZRð Esðä

Ysð
'

\

|

#
@ý 2sð n Kð n

ë
|ûKð
\

ê�*2
E@ý sðä3�*2

$
dqg

Y2ZRð Esðä

Ys 2ð
'

\

|

#
ý2 n �
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|ûKð
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E@ý sðä3ô*2
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é

Wkh deryh ghprqvwudwh wkdw ZRð Esðä lv frqfdyh0frqyh{ lq sð/ dqg frqfdyh lq wkh lqwhuydo/k
2@ý |ý sæ c @ý E|ûKð*E�S\ää

�*ô
l
é +7,

Khqfh/ li dq lqwhulru es Rð h{lvwv/ wkhq lw lv xqltxh1 D forvhg irup vroxwlrq wr wkh ?uvw rughu

frqglwlrq/ zklfk zrxog surylgh wkh fdqglgdwh iru wkh lqwhulru vroxwlrq/ lv qrw sudfwlfdo +lw lv

wkh vroxwlrq ri d fxelf htxdwlrq,1 Qhyhuwkhohvv/ vlqfh wkh frqfdyh lqwhuydo lv lghqwl?hg/ lw lv

vlpsoh wr hydoxdwh esRð qxphulfdoo|1

Wkh sdvvlyh uhvsrqvh sureohp fdq dovr eh dssolhg li rqh ri wkh ?upv ghflghv wr qrw

sduwlflsdwh lq wkh pdunhw1 Iru h{dpsoh/ vxssrvh ?up æ dwwudfwv qr fxvwrphuv> l1h1/ sæ ' @é

Lq wkdw fdvh ?up ð*v sdvvlyh uhvsrqvh sureohp lv htxlydohqw wr d prqrsrolvw*v sureohp zlwk

d pd{lpxp ghpdqg udwh1 Lqghhg/ zkhq sæ ' @/ lw fdq eh vkrzq wkdw +6, lv wkh vdph dv wkh

�*�*� txhxh sureohp vwxglhg e| Vwlgkdp +4<<5, +vhh Dsshqgl{ E iru ghwdlov,1

Ohw es6 eh wkh rswlpdo ixoo sulfh iru d prqrsrolvw1 Vlqfh wklv uhvhdufk irfxvhv rq frpshwl0

wlrq/ lw lv qdwxudo wr dvvxph wkdw erwk ?upv fdqqrw vlpxowdqhrxvo| hqmr| prqrsro| sur?wv/

zklfk rffxuv li erwk ?upv zlvk wr vhuyh pruh wkdq kdoi ri wkh pdunhw1 Wkh iroorzlqj Ohppd

rxwolqhv vx!flhqw frqglwlrqv iru hdfk ?up1 Wkh| duh dvvxphg wkurxjkrxw wkh sdshu1

Ohppd 4 Li ?up ð lv d prqrsrolvw/ wkhq lw vhuyhv pruh wkdq kdoi ri wkh pdunhw zkhqhyhu

| ÷
�

2
E@ý Kðäý �

e
òð +8,

dqg

òð é E2*Dä E@ý Kðäc +9,

zkhuh

òð ' E2ûKð*\ä
�*2 é

Doo surriv duh lq Dsshqgl{ F1

Wkh ?up*v frvw shu fxvwrphu zkhq lw vhuyhv h{dfwo| kdoi ri wkh pdunhw lv Kð n òð/ vr wkh

frqvwdqw òð lv wkh frvw shu fxvwrphu ri lgoh fdsdflw|1 Iru v|pphwulf frvwv/ Kð ' Kæ ' Kc

ohw ò ' òð ' òæ1 Wkh ?uvw frqglwlrq lq Ohppd 4 hqvxuhv wkdw wudqvsruwdwlrq frvwv duh

vx!flhqwo| orz wkdw hdfk ?up lghdoo| zdqwv wr dwwudfw dw ohdvw kdoi ri wkh pdunhw/ dqg wkh
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vhfrqg frqglwlrq hqvxuhv wkdw wkhuh lv hqrxjk pdunhw ghpdqg iru d prqrsrolvw wr hduq d

srvlwlyh sur?w hyhq li | dssurdfkhv wkh xsshu erxqg1

71415 Frpshwlwlyh Uhvsrqvh

Dv zlwk wkh sdvvlyh ?up/ wkh frpshwlwlyh ?up*v sur?w ixqfwlrq lq ?uvw ghyhorshg lq whupv

ri Rð dqg }ðc dqg wkhq lw lv h{suhvvhg lq whupv ri wkh ixoo sulfhv1

Zkhq ?up ð fkrrvhv d frpshwlwlyh ixoo sulfh/ wkh fxvwrphu orfdwhg +Esðc sæä iurp ?up ð

uhfhlyhv d srvlwlyh xwlolw| iurp ylvlwlqj ?up ðc exw dovr uhfhlyhv wkh vdph xwlolw| iurp ylvlwlqj

?up æé Khqfh/ ?up ð*v duulyh udwh lv Srlvvrq zlwk udwh \+Esðc sæäé Gh?qh

hZSðERðc }ðc sæä ' Rð\+ERð n }ðc sæäý Kð E\+ERð n }ðc sæä n û*}ðä GhZSð ERðc }ðc sæä lv ?up ð*v sur?w dvvxplqj lw fkrrvhv d frpshwlwlyh ixoo sulfh1

Ilup ð*v rswlpdo frpshwlwlyh uhvsrqvh sureohp lv
4@ 
Rðc }ð

hZSðERðc }ðc sæä
v1w1 E�ý +Esæään ÷ +ERð n }ðc sæä é �

é

Wkh frqvwudlqw hqvxuhv wkdw d frpshwlwlyh ixoo sulfh lv fkrvhq1

Ohw ZSðEsðc }ðc sæä ' hZSðEsð ý }ðc }ðc sæäc vr wkh ?up*v sureohp fdq eh h{suhvvhg vxfk wkdw sð

dqg }ð duh wkh fkrlfh yduldeohv

4@ 
}ðc sð

ZSð Esðc }ðc sæä '
\
2|
Esð ý }ð ý Kðä Esæ n |ý sðäý Kðû

}ð

v1w1 Esæ ý |än é sð ÷ 4ð? i2@ý sæ ý |c sæ n |j
é

Wkh xsshu frqvwudlqw rq sð hqvxuhv wkdw ?up ð wdnhv pruh wkdq E�ý +Esæään ri wkh pdunhw=

zkhq 2@ý sæ ý | : sæ n |/ doo fxvwrphuv uhfhlyh srvlwlyh xwlolw| iurp ylvlwlqj ?up æ/ vr ?up

ð fdq fkdujh xs wr sæ n | dqg vwloo fdswxuh qrqh ri wkh pdunhw1 Wr wdnh wkh hqwluh pdunhw/

?up ð qhhg rqo| fkdujh sæ ý |> exw/ ri frxuvh/ d qhjdwlyh ixoo sulfh lv qhyhu rswlpdo1
Iru ?{hg sð dqg sæ/ ZSðEsðc }ðc sæä lv vwulfwo| frqfdyh lq }ð1 Ohw }Sð Esðc sæä eh wkh ?up*v

rswlpdo fxvwrphu wlph frvw iru ?{hg ixoo sulfhv/

}Sð Esðc sæä '

ë
2|ûKð

\Esæ n |ý sðä
ê�*2

é

Ohw ZSðEsðc sæä ' ZSð Esðc }
S
ð Esðc sæäc sæäc vr wkh ?up*v sureohp lv qrz

4@ 
sð

ZSðEsðc sæä '
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2|
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Esð ý KðäEsæ n |ý sðäý 2
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2|ûKðEsæn|3sðä

\

ì�*2ê
v1w1 Esæ ý |än é sð ÷ 4ð? i2@ý sæ ý |c sæ n |j

é

Ohw es Sð eh dq rswlpdo frpshwlwlyh ixoo sulfh iru wkh ?up1 +Vlqfh wkh ihdvleoh lqwhuydo lv qrw
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forvhg/ es Sð pd| qrw h{lvw1, Wkh orzhu frqvwudlqw pljkw elqg/ ru wkhuh pd| h{lvw dq lqwhulrues Sð 1 Vlqfh wkh sur?w ixqfwlrq lv frqfdyh0frqyh{/
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li wkhuh lv dq lqwhulru rswlpdo ixoo sulfh/ lw lv xqltxh1 Dv zlwk wkh sdvvlyh uhvsrqvh/ d forvhg

irup vroxwlrq lv qrw sudfwlfdo/ exw d qxphulfdo vhdufk ryhu wkh frqfdyh lqwhuydo/k
Esæ ý |änc4ð?

q
2@ý sæ ý |c sæ n |ý E�*2ä E|ûKð*\ä

�*ô
rì
c

txlfno| |lhogv wkh rswlpdo lqwhulru vroxwlrq1

715 Htxloleulxp Dqdo|vlv

D Qdvk htxloleulxp lq wkh txhxlqj jdph lv d vhw ri vwudwhjlhv/ iiRWð c }Wð jc iRWæ c }Wæ jjc vxfk wkdw

hdfk ?up fkrrvhv dq rswlpdo vwudwhj| jlyhq wkh vwudwhj| ri wkh rwkhu sod|hu1 Wkhvh vwudwhjlhv

lpso| d vhw ri ixoo sulfhv/ is Wð c s Wæ jc vxfk wkdw s Wð ' RWð n}
W
ð 1 Lq idfw/ d vhw ri ixoo sulfhv isWð c sWæ j

lv vx!flhqw wr fkdudfwhul}h d Qdvk htxloleulxp> wkh suhylrxv vhfwlrq ghprqvwudwhg wkdw iru

?{hg ixoo sulfhv/ wkhuh h{lvwv d xqltxh rswlpdo wlph frvw iru hdfk sod|hu dqg hdfk sod|hu*v

rswlpdo sulfh dqg wlph frvw fkrlfh sureohp ghshqgv rqo| rq wkh rwkhu sod|hu*v ixoo sulfh +dqg

qrw rq krz wkh rwkhu sod|hu*v ixoo sulfh lv doorfdwhg ehwzhhq sulfh dqg wlph frvwv,1 Wkdw

lqvljkw vlpsol?hv wkh vxevhtxhqw htxloleulxp dqdo|vlv= hyhq wkrxjk wkh dfwxdo txhxlqj jdph

kdv pxowl0glphqvlrqdo vwudwhjlhv +sulfhv dqg wlph frvwv,/ lw fdq eh dqdo|}hg dv d txhxlqj

jdph zlwk vlqjoh glphqvlrqdo vwudwhjlhv +ixoo sulfhv,1 Wkh uhpdlqghu ri wklv sdshu rqo|

frqvlghuv htxloleuld h{suhvvhg lq ixoo sulfhv19

Dv lq wkh olqhdu flw| jdph/ wkhuh duh wkuhh w|shv ri Qdvk htxloleuld= prqrsro|/ dwwulwlrq/

S Wkh dqdo|vlv ri wkh txhxlqj jdph lv vljql?fdqwo| hdvlhu li hlwkhu sulfhv ru wlph frvwv

+fdsdflwlhv, duh khog frqvwdqw1 Ilup ð*v sur?w ixqfwlrq lv vwulfwo| frqfdyh lq Rð ru }ð/ kroglqj

wkh rwkhu ghflvlrqv ?{hg1 Khqfh/ zkloh lq wklv txhxlqj jdph hdfk sod|hu kdv d vlqjoh vwudwhj|

fkrlfh +ixoo sulfh,/ wkh qrq0frqfdylw| ri wkh sod|huv* sur?w ixqfwlrqv uhvxowv lq qrq0frqwlqxrxv

ehvw uhvsrqvhv1 Vhh Ixghqehuj dqg Wluroh +4<<4, iru d jhqhudo glvfxvvlrq rq wkh frpsoh{lw| ri

jdphv zlwk qrq0frqwlqxrxv ehvw uhvsrqvhv1 Lq sduwlfxodu/ lw lv gl!fxow hyhq wr ghprqvwudwh

wkh h{lvwhqfh ri d sxuh0vwudwhj| Qdvk htxloleulxp1
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dqg frpshwlwlyh1 Zlwk hlwkhu d prqrsro| ru dwwulwlrq htxloleulxp/ wkh ?upv fkrrvh sdvvlyh

ixoo sulfhv1 Zlwk d prqrsro| htxloleulxp/ vrph fxvwrphuv duh qrw vhuyhg/ zkhuhdv zlwk dq

dwwulwlrq htxloleulxp doo fxvwrphuv duh vhuyhg1 Doo fxvwrphuv duh dovr vhuyhg lq d frpshwlwlyh

htxloleulxp/ exw qrz wkh ?upv fkrrvh frpshwlwlyh sulfhv1

Wkh iroorzlqj wkhruhp uhpryhv wkh dwwulwlrq htxloleuld iurp frqvlghudwlrq/ hyhq wkrxjk

wkh| pd| h{lvw lq wkh olqhdu flw| jdph zkhq hdfk ?up zrxog zdqw wr vhuyh dw ohdvw kdoi ri

wkh pdunhw1

Wkhruhp 5 Jlyhq wkh frqglwlrqv lq Ohppd 4/ wkhuh grhv qrw h{lvw dq dwwulwlrq Qdvk htxl0
oleulxp lq wkh txhxlqj jdph1

Lw iroorzv iurp Ohppd 4 wkdw lq dq| prqrsro| htxloleulxp/ rqo| rqh ?up vhuyhv fxv0

wrphuv= hdfk ?up zlvkhv wr vhuyh dw ohdvw kdoi ri wkh pdunhw/ vr lw lv qrw srvvleoh iru

d prqrsro| htxloleulxp wr h{lvw lq zklfk vrph ri wkh pdunhw lv ohiw xqvhuyhg1 Lq idfw/

prqrsro| htxloleuld/ i es6c @j dqg i@c es6jc pd| h{lvw1 Li prqrsro| htxloleuld h{lvw dqg rqh

ri wkh ?upv zhuh doorzhg wr pryh ehiruh wkh rwkhu/ wkhq wkdw ?up zrxog fhuwdlqo| hqmr|

d vwurqj ?uvw0pryhu dgydqwdjh= wkh ?uvw pryhu hduqv prqrsro| sur?wv zlwkrxw idflqj wkh

wkuhdw ri frpshwlwlyh hqwu|1 Lw lv wkh qhhg wr rshudwh dw d vx!flhqw vfdoh wr dfklhyh srvlwlyh

sur?wv wkdw doorzv wkh prqrsro| htxloleuld= rqfh rqh ?up wdnhv d odujh vkduh ri wkh pdunhw/

wkh vhfrqg ?up lv qhlwkhu zloolqj wr vhuyh wkh uhpdlqlqj xqfrqwhvwhg pdunhw qru zloolqj wr

sulfh vx!flhqwo| orz wr fdswxuh vrph ri wkh odujh vkduh ?up*v pdunhw1 Frpsdudeoh htxloleuld

gr qrw h{lvw lq wkh olqhdu flw| jdph= lq wkh olqhdu flw| jdph/ hdfk ?up dozd|v vhuyhv vrph

sruwlrq ri wkh pdunhw1

Vlqfh wkhuh duh qr dwwulwlrq htxloleuld/ dqg rqo| rqh ?up vhuyhv wkh pdunhw lq dq|

prqrsro| htxloleulxp/ rqo| lq d frpshwlwlyh htxloleulxp zloo erwk ?upv kdyh srvlwlyh pdu0

nhw vkduh1 Wkhuhiruh/ iurp wkh qh{w wkhruhp lw iroorzv lpphgldwho| wkdw wkhuh lv dw prvw

rqh htxloleulxp lq zklfk erwk ?upv vhuyh fxvwrphuv1

Wkhruhp 6 Li d frpshwlwlyh Qdvk htxloleulxp h{lvwv/ wkhq lw lv wkh xqltxh frpshwlwlyh Qdvk
htxloleulxp1

Zkloh wkh frpshwlwlyh htxloleulxp pd| eh xqltxh/ lw lv dovr srvvleoh wkdw wkh frpshwlwlyh

htxloleulxp frh{lvwv zlwk wkh wzr prqrsro| htxloleuld1

Dowkrxjk wkhuh duh qr vlpsoh h{suhvvlrqv iru wkh ?upv* rswlpdo uhvsrqvhv/ zkhq wkh

?upv duh v|pphwulf +lghqwlfdo surfhvvlqj frvwv, wkh frpshwlwlyh htxloleulxp lq ixoo sulfhv
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qhyhuwkhohvv wdnhv d vlpsoh irup1

Wkhruhp 7 Zkhq wkh ?upv* surfhvvlqj frvwv duh lghqwlfdo/ Kf ' K� ' Kc dqg

ò é |c +:,

wkhq wkhuh lv d xqltxh frpshwlwlyh Qdvk htxloleulxp/ is Sc s Sjc zkhuh
s S ' |n Kn òé +;,

Htxloleulxp sur?wv duh

ZSðEs
Sc s Sä ' E\*2ä E|ý òäc

vr +:, hqvxuhv wkh ?upv hduq d srvlwlyh sur?w lq htxloleulxp1 Wkh deryh lpsolhv wkdw | lv

d jrrg sur{| iru wkh ohyho ri sulfh frpshwlwlrq lq wkh pdunhw= dv | ghfolqhv/ vr gr sulfhv

dqg sur?wv1 Lqghhg/ zkhq | ÷ ò/ sulfh frpshwlwlrq lv vr ?hufh wkdw wkh pdunhw ehfrphv

xqvwdeoh= wkhuh lv qr sxuh0vwudwhj| Qdvk htxloleulxp1 Dovr qrwh wkdw dv hlwkhu û$ f ru dv

\ $ \c l1h1/ dv txhxhlqj h>hfwv glvdsshdu hlwkhu ehfdxvh frqvxphuv duh lqgl>huhqw wr wlph

ru li wkh pdunhw*v vfdoh lv txlwh odujh/ ZSðEs
Sc s Sä$ \*2c zklfk lv wkh frpshwlwlyh htxloleulxp

sur?w lq wkh olqhdu flw| jdph1

Lghqwlfdo surfhvvlqj frvwv ohdgv wr dq htxloleulxp lq zklfk wkh ?upv fkrrvh lghqwlfdo

sulfhv dqg wlph frvwv iru wkhlu fxvwrphuv1 Khqfh/ hyhq wkrxjk wkh ?upv frxog fkrrvh wr

frpshwh dorqj gl>huhqw glphqvlrqv/ sulfh ru wlph frvw/ wkh| qhyhuwkhohvv fkrrvh wkh vdph

vwudwhj|1 Wklv rffxuv ehfdxvh frqvxphuv fkrrvh zklfk ?up wr ylvlw edvhg rqo| rq wkh ?upv*

ixoo sulfhv/ dqg qrw edvhg rq krz wkh ixoo sulfhv duh doorfdwhg ehwzhhq sulfh dqg wlph frvw1

Lqwhuhvwlqjo|/ wkhuh duh rwkhu prghov zlwk pxowlsoh frpshwlwlyh glphqvlrqv lq zklfk ?upv

gr fkrrvh glyhuvh vwudwhjlhv +iru rqh h{dpsoh/ vhh Vkdnhg dqg Vxwwrq/ 4<;6,1

Qrwh wkdw ò lv d fxvwrphu*v wlph frvw lq wkh v|pphwulf htxloleulxp/ }Sð Es
Sc s Sä ' òé Xvlqj

+5,/ hdfk ?up*v h{shfwhg surfhvvlqj frvw shu xqlw wlph lv EKnòäE\*2äé Ohw SS eh wkh h{shfwhg

surfhvvlqj frvw shu fxvwrphu lq wkh frpshwlwlyh htxloleulxp1 Vlqfh hdfk ?up*v duulydo udwh

lv \*2/ SS ' Kn ò1 Wkxv/ lq htxloleulxp/ hdfk ?up*v ixoo sulfh lv |n SS/ zklfk lv dqdorjrxv

wr hdfk ?up*v sulfh lq wkh olqhdu flw|*v frpshwlwlyh htxloleulxp/ |n Sé

Lw dovr krogv wkdw ò lv d ?up*v frvw shu fxvwrphu ri lgoh fdsdflw| lq htxloleulxp1 Wkhuhiruh/

lq htxloleulxp/ wkh surfhvvlqj frvw wkh ?up lqfxuv zkloh wkhuh duh qr fxvwrphuv wr vhuyh

htxdov wkh wlph frvwv fxvwrphuv lqfxu wr uhfhlyh vhuylfh1

Li wkh ?upv kdyh gl>huhqw surfhvvlqj frvwv/ wkhq lq wkh frpshwlwlyh htxloleulxp/ wkh ?up

zlwk wkh orzhu surfhvvlqj frvw zloo kdyh kljkhu pdunhw vkduh dqg vhuyh fxvwrphuv pruh
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txlfno| +orzhu wlph frvwv,1

Wkhruhp 8 Zkhq ?up ð*v surfhvvlqj frvwv duh orzhu wkdq ?up æ*v/ Kð ÷ Kæc lq wkh frpshwlwlyh
Qdvk htxloleulxp ?up ð vhuyhv pruh wkdq kdoi ri wkh pdunhw dqg ?up ð*v wlph frvw lv orzhu
wkdq ?up æ*v1

Devhqw iurp Wkhruhp 8 lv d vwdwhphqw uhjduglqj sulfh1 Lq idfw/ wkh orz frvw ?up fdq

hlwkhu kdyh d orzhu ru kljkhu sulfh1 Wkh odwwhu lv fhuwdlqo| dq hqyldeoh vlwxdwlrq> d kljkhu

pdunhw vkduh zlwk d kljkhu sulfh$ Wr lqyhvwljdwh zkhq wkdw lv olnho|/ gh?qh RSðEs
S
ð c s

S
æ ä dv ?up

ð*v sulfh zkhq is Sð c s Sæ j lv wkh frpshwlwlyh htxloleulxp/
RSðEs

S
ð c s

S
æ ä ' s

S
ð ý }Sð Es Sð c s Sæ äé

Ohw s Sð EKæä eh ?up ð*v frpshwlwlyh htxloleulxp ixoo sulfh dv d ixqfwlrq ri Kæ / vr

_RSðEs
S
ð c s

S
æ ä

_Kæ
'
YRSðEs

S
ð c s

S
æ ä

YKæ
n
YRSð Es

S
ð c s

S
æ ä

Ys Sð

Ys Sð EKæä

YKæ
n
YRSðEs

S
ð c s

S
æ ä

Ys Sæ

Ys Sæ EKæä

YKæ
é

Zkhq ?up æ*v surfhvvlqj frvw lqfuhdvhv/ ?up ð*v htxloleulxp sulfh ehfrphv kljkhu uhodwlyh

wr ?up æ*v htxloleulxp sulfh zkhq
_RSðEs

S
ð c s

S
æ ä

_Kæ
ý _R

S
æEs

S
ð c s

S
æ ä

_Kæ
: fé +<,

Wr surylgh vrph wudfwdelolw|/ dvvxph Kð ' Kæ ' K> l1h1/ ehiruh ?up æ*v pdujlqdo frvw

lqfuhdvh wkh ?upv kdg lghqwlfdo surfhvvlqj frvwv1 Jlyhq wkdw dvvxpswlrq/ +<, ehfrphvë
û

2K\

ê�*2
:

�

|
d|ý òo

ë
Ys Sæ EKæä

YKæ
ý Ys

S
ð EKæä

YKæ

ê
é +43,

Wkh uljkw kdqg sduhqwkhvhv lv hydoxdwhg e| xvlqj wkh lpsolflw ixqfwlrq wkhruhp rq wkh sdlu ri

?uvw0rughu0frqglwlrqv iru frpshwlwlyh ixoo sulfhv1 Zlwk wkdw uhvxow wkh deryh fdq eh ixuwkhu

vlpsol?hg +diwhu d vljql?fdqw dprxqw ri dojheud,=

E�*|n �*Kä ò : �é +44,

Vhyhudo revhuydwlrqv duh pdgh iurp +43, dqg +44, uhjduglqj zkhq wkh orz frvw ?up lv

olnho| wr hqmr| kljkhu sulfhv lq htxloleulxp wkdq wkh kljkhu frvw ?up1 Iluvw/ lw ehfrphv

pruh olnho| dv | ghfuhdvhv> l1h1/ dv frqvxphuv ehfrph pruh sulfh vhqvlwlyh dqg wkxv/ dv sulfh

frpshwlwlrq uhgxfhv sur?wv1 Lqghhg/ dv | $ ò wkh frpshwlwlyh ?upv* sur?wv dssurdfk }hur

dqg +43, fohduo| krogv> lq d frpshwlwlyh hqylurqphqw d ?up wdnhv dgydqwdjh ri lwv orzhu frvwv

e| udlvlqj sulfhv1 Vhfrqg/ +44, lv ohvv olnho| dv \ lqfuhdvhv> dv wkh pdunhw*v vfdoh lqfuhdvhv lw

ehkdyhv olnh wkh olqhdu flw| prgho lq zklfk wkh orz frvw ?up sulfhv orzhu wkdq lwv frpshwlwru1

Ilqdoo|/ wkh uhodwlrqvkls ehwzhhq K dqg +44, lv lqwulfdwh +uhfdoo wkdw ò ghshqgv rq K,1 Wkh ohiw
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kdqg vlgh ri +44, lv txdvl0frqyh{ lq Ké Dv K lqfuhdvhv wr lwv pd{lpxp ydoxh iru wkh h{lvwhqfh

ri d frpshwlwlyh htxloleulxp/ \|2*E2ûäc wkh frpshwlwlyh ?upv* sur?wv ghfolqh wr }hur dqg/ dv

lq wkh fdvh zlwk wkh wudqvsruwdwlrq frvwv/ wkh orz frvw ?up wdnhv dgydqwdjh ri lwv srvlwlrq

e| lqfuhdvlqj lwv sulfh wr jdlq sur?wv1 Krzhyhu/ +44, dovr krogv dv K ghfuhdvhv wr }hur1 Wr

h{sodlq wkdw h>hfw/ qrwh wkdw

ýYR
S
æEs

S
ð c s

S
æ ä

YKæ
'
Y}SæEs

S
ð c s

S
æ ä

YKæ
'

ë
û

2K\

ê�*2
c

zklfk lv wkh ohiw kdqg vlgh ri +43,1 Zkhq surfhvvlqj frvw lv iuhh/ K ' fc wkh ?upv fkrrvh dq

lq?qlwh surfhvvlqj udwh dqg fxvwrphuv h{shulhqfh }hur wlph frvw1 Exw lw lv qr orqjhu srvvleoh

wr vxssruw wkdw odujh surfhvvlqj udwh li surfhvvlqj frvw lqfuhdvhv hyhq d wlq| elw> kroglqj

wkh ?up*v ixoo sulfh frqvwdqw/ wkh ?up*v wlph frvw vrduv dqg lwv sulfh soxpphwv/ ohdylqj wkh

orzhu frvw ?up zlwk d kljkhu sulfh1

Grhv +44, krog iru lqwhuphgldwh K ydoxhvB Lq idfw/ lw qhhg qrw1 Wkh ohiw kdqg vlgh ri +44,

lv plqlpl}hg zkhq K ' |c lq zklfk fdvh +44, grhv qrw krog li | è Hû*\1 Wkxv/ wkh orz frvw

?up zloo kdyh kljkhu sulfhv hlwkhu iru kljk ru orz surfhvvlqj frvw ydoxhv/ exw qrw qhfhvvdulo|

iru lqwhuphgldwh ydoxhv> orz htxloleulxp sur?wv fdxvh wkh iruphu/ zkloh d vhqvlwlyh rswlpdo

wlph frvw fdxvhv wkh odwwhu1

Lq frqwudvw/ Ohghuhu dqg Ol +4<<:, revhuyhg wkdw/ zkhq wkhuh lv d vlqjoh fxvwrphu fodvv +dv

lq wklv jdph, dqg wkh ?upv kdyh dffhvv wr wkh vdph surfhvvlqj whfkqrorj| +lq whupv ri wkh

phdq dqg yduldqfh ri wkh vhuylfh wlph glvwulexwlrq,/ wkh orz frvw ?up dozd|v kdv d kljkhu

sulfh dqg d orzhu wlph frvw +idvwhu vhuylfh,1 Krzhyhu/ wkhuh duh vrph vljql?fdqw vwuxfwxudo

gl>huhqfhv ehwzhhq wkhlu prgho dqg wklv jdph= wkh| vwxg| shuihfw frpshwlwlrq +sulfhv duh

vhw wr fohdu pdunhwv/ udwkhu wkdq dv wkh uhvxow ri hqgrjhqrxv sur?w pd{lpl}lqj ehkdylru,/

dqg wkh ?upv* surfhvvlqj udwhv duh ?{hg1

81 Wkh Rxwvrxuflqj Jdph

Wklv vhfwlrq h{soruhv wkh prwlydwlrq iru rxwvrxuflqj lq wkh txhxhlqj jdph1 Wzr rxwvrxuflqj

whfkqltxhv duh frqvlghuhg= hlwkhu wkh ?upv fdq rxwvrxufh wr dqrwkhu ?up/ zklfk zloo eh fdoohg

wkh frqwudfwru/ ru wkh| fdq rxwvrxufh wr wkhlu fxvwrphuv1 Wr surylgh dqdo|wlfdo wudfwdelolw|/

dvvxph wkh ?upv kdyh lghqwlfdo surfhvvlqj frvwv/ Kc dqg wkh frpshwlwlyh Qdvk htxloleulxp lv

wkh h{shfwhg rxwfrph ri wkh txhxlqj jdph1

Vxssrvh wkh ?upv ohw d frqwudfwru rshudwh hdfk ri wkhlu txhxhlqj surfhvvhv1 Wkh frqwudf0
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wru dqg wkh ?upv kdyh wkh vdph surfhvvlqj whfkqrorj| dqg frvwv= wkh frqwudfwru rshudwhv dq

�*�*� txhxh/ fkrrvhv d wlph frvw iru fxvwrphuv dqg lqfxuv d K frvw shu xqlw ri h{shfwhg

surfhvvlqj fdsdflw|1 Frqvlghu wkh iroorzlqj frqwudfw= wkh frqwudfwru fkdujhv hdfk ?up SS shu

fxvwrphu vhuyhg/ wkh frqwudfwru jxdudqwhhv d fxvwrphu wlph frvw qr juhdwhu wkdq ò dqg hdfk

?up jxdudqwhhv d \*2 duulydo udwh1 Zlwk wklv frqwudfw/ wkh fxvwrphuv* wlph frvwv duh wkh

vdph dv lq wkh txhxlqj jdph htxloleulxp1 Zkloh lw lv dvvxphg wkdw wkhuh lv rqh frqwudfwru/

wkh dqdo|vlv uhpdlqv xqfkdqjhg li wkh ?upv frqwudfw zlwk glvwlqfw frqwudfwruv1

Diwhu vljqlqj wkrvh frqwudfwv/ wkh ?upv sod| d olqhdu flw| jdph +l1h1/ wkh| vlpxowdqhrxvo|

fkrrvh wkhlu sulfhv, lq zklfk wkhlu pdujlqdo frvwv duh SS shu fxvwrphu dqg @ ý ò lv hdfk

fxvwrphu*v edvh xwlolw|1 +Iurp wkh edvh xwlolw| wkh fxvwrphuv ghgxfw sulfh dqg wudyho frvwv

wr rewdlq wkhlu ?qdo xwlolw|1,

Wkh frqwudfwru mxvw euhdnv hyhq zlwk wkrvh frqwudfwv= wkh frqwudfwru*v uhyhqxh shu fxv0

wrphu lv wkh vdph dv wkh ?upv* frvw shu fxvwrphu lq wkh txhxlqj jdph1 Exw erwk ri wkh

?upv duh vwulfwo| ehwwhu r> wkdq lq wkh txhxlqj jdph1

Wkhruhp 9 Jlyhq wkh rxwvrxuflqj frqwudfwv/ wkh ?upv* htxloleulxp sur?wv dqg sulfhv duh
vwulfwo| kljkhu wkdq wkhlu sur?wv dqg sulfhv lq wkh txhxlqj jdph*v frpshwlwlyh Qdvk htxlole0
ulxp1

Wkh ydoxh ri wkh rxwvrxuflqj frqwudfw lv sduwlfxoduo| kljk lq frpshwlwlyh pdunhwv= dv

| $ òc frpshwlwlyh sur?wv dssurdfk }hur li wkh ?upv pdlqwdlq frqwuro ri wkh txhxhv/ exw

zlwk wkh rxwvrxufh frqwudfw wkh ?upv hduq d srvlwlyh sur?w hyhq li | ' òé

Wkh ?upv duh ehwwhu r> ehfdxvh rxwvrxuflqj uhsodfhv wkhlu lqfuhdvlqj uhwxuqv wr vfdoh

whfkqrorj| +d txhxh, zlwk d frqvwdqw uhwxuqv wr vfdoh whfkqrorj| +d frqvwdqw ihh shu fxv0

wrphu,1 Zlwk wkh odwwhu/ wkh ?upv duh ohvv sulfh frpshwlwlyh wkdq wkh| duh zlwk wkh iruphu1

Zlwk dq lqfuhdvlqj uhwxuqv wr vfdoh whfkqrorj|/ d pdujlqdo ghfuhdvh lq sulfh qrw rqo| ohdgv

wr d pdujlqdo lqfuhdvh lq wkh duulydo udwh/ lw dovr fdxvhv d pdujlqdo ghfuhdvh lq frvw shu

fxvwrphu1 Wkdw 3exlog vfdoh4 lqfhqwlyh grhv qrw h{lvw zlwk wkh frqvwdqw uhwxuqv whfkqrorj|/

vr ?upv kdyh d orzhu lqfhqwlyh wr fxw sulfh> wkh| duh ohvv sulfh frpshwlwlyh1 +Zh vwurqjo|

vxvshfw wkdw wklv lpsdfw ri surgxfwlrq whfkqrorj| rq htxloleulxp sulfhv lv jhqhudo/ dqg qrw

olplwhg wr mxvw txhxlqj jdphv1,

Zkhq | ÷ E2*ôäE@ ý ò ý SSä/ wkh ?upv gr qrw kdyh wr jxdudqwhh d \*2 duulydo udwh wr

wkh frqwudfwru ehfdxvh wkh frqwudfwru fdq dqwlflsdwh wkdw wkh ?upv zloo fkrrvh sulfhv wkdw

uhvxow lq wkdw duulydo udwh1 Iru kljkhu wudqvsruwdwlrq frvwv/ wkh ?upv kdyh ohvv lqfhqwlyh wkdq
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wkh frqwudfwru wr h{sdqg wkhlu duulydo udwh1 Wkxv/ zlwkrxw wkh jxdudqwhh/ wkh frqwudfwru

fruuhfwo| dqwlflsdwhv wkdw wkh ?upv zrxog fkrrvh sulfhv wkdw uhvxow lq d orzhu duulydo udwh1:

Vlqfh wkh frqwudfwru euhdnv hyhq zlwk wkh rxwvrxuflqj frqwudfw dqg wkh ?upv vwulfwo|

lqfuhdvh wkhlu sur?wv/ wkhuh h{lvwv rxwvrxuflqj frqwudfwv wkdw hduq wkh frqwudfwru d srvlwlyh

sur?w dqg dovr lqfuhdvh wkh ?upv* sur?wv1 Lq rwkhu zrugv/ wkh ?upv zrxog hyhq eh zloolqj wr

frqvlghu frqwudfwv wkdw kdyh kljkhu frvwv shu fxvwrphu wkdq SS1 Wklv 3zlq0zlq4 rssruwxqlw|

grhv qrw h{lvw lq wkh olqhdu flw| jdph= rxwvrxuflqj lq wkh olqhdu flw| jdph/ kroglqj wkh ?upv*

frvwv frqvwdqw/ kdv qr lpsdfw rq htxloleulxp sulfhv/ dqg vr wkh frqwudfwru*v vhuylfh fuhdwhv

qr dgglwlrqdo uhqwv iru wkh ?upv1

Wkh ?upv fdq hyhq eh ehwwhu r> li wkh| rxwvrxufh wkh vhuylfh wr wkhlu fxvwrphuv1 Vxssrvh

fxvwrphuv fkrrvh wkhlu rzq surfhvvlqj udwh/ >rc dqg lqfxu d Kr frvw shu xqlw ri >r( zrunlqj

idvwhu lv frvwo|1 Dvvxph wkhuh duh qr frqjhvwlrq h>hfwv zlwk vhoi vhuylfh/ vr d fxvwrphu h{shfwv

wr frpsohwh wkh vhuylfh lq �*>r wlph/ zklfk lv lqghshqghqw ri wkh qxpehu ri fxvwrphuv

shuiruplqj vhoi vhuylfh1 Lq vrph vhwwlqjv wkdw lv uhdvrqdeoh/ h1j1/ vhoi vhuyh dvvhpeo|1 Exw

wkhuh duh vhoi vhuylfhv lq zklfk wkdw lv dq dssur{lpdwlrq/ h1j1/ vhoi vhuyh jdv sxpslqj lv

uhvwulfwhg e| wkh qxpehu ri jdv sxpsv dw d vhuylfh vwdwlrq1 Qhyhuwkhohvv/ frqjhvwlrq h>hfwv

duh suredeo| vljql?fdqwo| orzhu zlwk vhoi vhuylfh wkdq li wkh ?up shuirupv wkh vhuylfh= lq

ixoo vhuylfh jdv vwdwlrqv fdsdflw| lv xvxdoo| pruh frqvwudlqhg e| wkh dwwhqgdqwv wkdq e| wkh

qxpehu ri jdv sxpsv1 Zh uhwxuq wr wklv dvvxpswlrq dw wkh hqg ri wklv vhfwlrq1

Frqvxphuv dovr lqfxu dq ûr frvw shu xqlw wlph vshqw shuiruplqj wkh vhuylfh/ vr zrunlqj

idvwhu uhgxfhv wkh frqvxphu*v wlph frvw1 Frqvlghulqj wkh vxp ri surfhvvlqj dqg wlph frvwv/

Eûr*>rä n Kr>r/ wkh frqvxphu*v rswlpdo surfhvvlqj udwh lv >Wr '
s
ûr*Kr dqg wkh uhvxowlqj

frvw iru wkh frqvxphu lv 2
s
ûrKr +qrw lqfoxglqj sulfh dqg wudyho frvwv,1 Ilqdoo|/ zlwkrxw orvv

ri jhqhudolw|/ dvvxph hdfk ?up kdv d }hur pdujlqdo frvw shu fxvwrphu zkhq wkh frqvxphuv

shuirup vhoi vhuylfh1

Vxssrvh wkh vxp ri wkh frqvxphuv* surfhvvlqj dqg wlph frvwv zlwk vhoi vhuylfh htxdov wkh

surfhvvlqj frvw shu fxvwrphu lq wkh txhxlqj jdph/ K n òc soxv wkh fxvwrphu*v wlph frvw lq

. Zkhq | é E@ý ò ý SSä/ hdfk ?up vhuylqj kdoi wkh pdunhw lv dq htxloleulxp/ exw qrw wkh

rqo| htxloleulxp1 Li wkh frqwudfwru zhuh fhuwdlq wkdw htxloleulxp zrxog suhydlo/ wkhq wkh

yroxph jxdudqwhh lv qrw qhhghg1 Krzhyhu/ wkh yroxph jxdudqwhh lv fhuwdlqo| qhhghg iru

| : E@ý ò ý SSä1
53



wkh txhxlqj jdph/ ò> l1h1/ 2
s
ûrKr ' Kn2òé Lq wkdw fdvh wkh ?upv duh vwulfwo| ehwwhu r> zlwk

vhoi vhuylqj fxvwrphuv wkdq wkh| duh lq wkh txhxhlqj jdph1

Wkhruhp : Zkhq 2
s
ûrKr ' Kn 2òc hdfk wkh ?upv* sur?w lq wkh rxwvrxuflqj jdph zlwk vhoi

vhuylqj fxvwrphuv lv vwulfwo| kljkhu wkdq lq wkh txhxlqj jdph1

Qrwh wkdw rxwvrxuflqj wr wkh frqwudfwru lv qrw h{dfwo| wkh vdph dv rxwvrxuflqj wr fxv0

wrphuv/ hyhq li frvwv duh lghqwlfdo dfurvv doo vfhqdulrv1 D frqwudfwru pxvw rshudwh d txhxh/

dqg vlqfh lw lv dq lqfuhdvlqj uhwxuqv wr vfdoh whfkqrorj|/ wkh frqwudfwru qhhgv d yroxph jxdu0

dqwhh1 Zkhq wkh surfhvv lv rxwvrxufhg wr fxvwrphuv wkhuh qr orqjhu h{lvwv dq lqfuhdvlqj

uhwxuqv wr vfdoh whfkqrorj| lq wkh v|vwhp/ vr yroxph fdq ghfolqh1

Vlqfh rxwvrxuflqj wr wkh fxvwrphuv vwulfwo| lqfuhdvhv wkh ?upv* sur?wv zkhq wkh fxvwrphuv

duh dv h!flhqw dv wkh ?upv +wkh vxp ri wkhlu surfhvvlqj dqg wlph frvwv lq wkh vhoi vhuylfh jdph

htxdov wkh vxp ri wkh ?upv* surfhvvlqj frvw dqg wkhlu wlph frvw lq wkh txhxhlqj jdph,/ wkh

?upv fdq hyhq ehqh?w iurp rxwvrxuflqj wr wkh fxvwrphuv li wkh fxvwrphuv duh ohvv h!flhqw

wkdq wkh ?upv +wr vrph ghjuhh,1 Ixuwkhu/ doo hovh ehlqj htxdo/ rxwvrxuflqj wr fxvwrphuv

ehfrphv pruh dwwudfwlyh dv wkh pdunhw ehfrphv vpdoohu/ vlqfh wkhq 2
s
ûrKr ÷ Kn2ò ehfrphv

pruh olnho|1

Wzr lvvxhv uhjduglqj rxwvrxuflqj duh zruwk glvfxvvlqj1 Iluvw/ zloo rqh ?up rxwvrxufh wr

d frqwudfwru li wkh rwkhu ?up nhhsv wkh surfhvv lqwhuqdoB Lw lv vwudljkwiruzdug wr vkrz wkdw

wkh rxwvrxuflqj ?up zloo udlvh lwv ixoo sulfh +ehfdxvh lw grhv qrw qhhg wr exlog vfdoh,/ dqg

wkhuhiruh lwv pdunhw vkduh zloo ghfolqh1 Wkh frqwudfwru zloo udlvh lwv ihh ehfdxvh wkh ?up*v

orzhu pdunhw vkduh pdnhv iru d ohvv dwwudfwlyh fxvwrphu1 Vr wkh ?up zloo h{shulhqfh orzhu

pdunhw vkduh dqg kljkhu frvwv/ wkhuhe| ohdglqj wr srwhqwldoo| orzhu sur?wv1 Lq wkdw fdvh/

wkh ?upv frxog eh sod|lqj d jdph wkdw uhvhpeohv wkh idprxv Sulvrqhu*v Glohppd= hdfk

?up lv ehwwhu r> li wkh| erwk rxwvrxufh/ exw li rqh ?up rxwvrxufhv/ wkhq wkh vhfrqg ?up

zloo eh whpswhg wr nhhs wkh surfhvv lqwhuqdo1 Lq wkh hqg/ erwk ?upv pljkw nhhs wkh surfhvv

lqwhuqdo/ dqg ylflrxv sulfh frpshwlwlrq ghvwur|v sur?wv1 Zh frqmhfwxuh wkdw rxwvrxuflqj

zloo vwloo eh revhuyhg ehfdxvh ryhu d orqj wlph krul}rq hlwkhu wkh ?upv ru wkh frqwudfwruv

zloo irufh vdqlw| rqwr wkh sod|huv/ exw wkh ghwdlov ri wkdw g|qdplf duh ohiw wr ixwxuh uhvhdufk1

Wkh vhfrqg lvvxh wr glvfxvv lv wkh srvvlelolw| ri fr0surgxfwlrq zlwk frqjhvwlrq1 Iru

h{dpsoh/ vxssrvh d ?qdqfldo lqvwlwxwlrq hvwdeolvkhv d frpsxwhu qhwzrun wr doorz fxvwrphuv

wr shuirup fr0surgxfwlrq1 Zkloh frqjhvwlrq rq wkh frpsxwhu qhwzrun pd| qrw eh dv
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vljql?fdqw dq lvvxh dv frqjhvwlrq lq d fdoo fhqwhu +li frpsxwhu fdsdflw| lv fkhdshu wkdq fdoo

fhqwhu fdsdflw|/ wkhq wkh ?up zloo surylgh ehwwhu vhuylfh zlwk wkh iruphu, lw qhyhuwkhohvv

frxog uhpdlq d frqfhuq1 Zh frqmhfwxuh wkdw rxu txdolwdwlyh uhvxowv frqwlqxh wr krog/ l1h1/

wkdw dgrswlqj d pruh frqvwdqw uhwxuqv wr vfdoh whfkqrorj| udlvhv htxloleulxp sulfhv dqg

sur?wv= vlqfh wkh htxloleulxp ixoo sulfh lq wkh txhxlqj jdph htxdov wkh htxloleulxp sulfhv

lq wkh olqhdu flw| jdph/ zh vxvshfw wkdw wkh htxloleulxp ixoo sulfh lq d k|eulg jdph +rqh lq

zklfk wkhuh lv d frqvwdqw frvw shu fxvwrphu soxv txhxlqj frvwv, zrxog dovr eh wkh vdph/ dqg

vlqfh wkh txhxlqj frpsrqhqw lq wkh k|eulg jdph zrxog eh orzhu wkdq lq wkh txhxlqj jdph/

wkh ?upv* htxloleulxp sulfhv zrxog eh kljkhu/ wkhuhe| ohdglqj wr kljkhu sur?wv1 +Uhfdoo

wkdw ixoo sulfh lv wlph frvw soxv sulfh/ vr orzhulqj wlph frvw zlwk d frqvwdqw ixoo sulfh phdqv

wkdw sulfh pxvw lqfuhdvh1, Djdlq/ frq?updwlrq ri wklv lqwxlwlrq lv ohiw wr ixwxuh uhvhdufk1

91 Sudfwlfdo Lpsolfdwlrqv dqg Frqfoxvlrqv

Wkh uhvxowv ri wklv sdshu lpso| wkdw rqh vkrxog vhh pruh dqg pruh rxwvrxuflqj ri vhuylfh fd0

sdflw| dv pdunhwv ehfrph pruh frpshwlwlyh1 Wr looxvwudwh wkdw wklv skhqrphqrq lv rffxuulqj

txlwh iuhtxhqwo|/ frqvlghu wzr h{dpsohv iurp wkh ?qdqfldo vhuylfhv lqgxvwu|1

Sxvkhg e| jurzlqj frqvxphu ghpdqg dqg wkh ihdu ri orvlqj pdunhw vkduh/ edqnv duh

lqyhvwlqj khdylo| lq SF edqnlqj whfkqrorj| +Iuhl dqg Ndodnrwd/ 4<<:,1 Frooderudwlqj zlwk

kdugzduh/ vriwzduh/ whohfrppxqlfdwlrqv dqg rwkhu frpsdqlhv/ edqnv duh lqwurgxflqj qhz

zd|v iru frqvxphuv wr dffhvv wkhlu dffrxqw edodqfhv/ wudqvihu ixqgv/ sd| eloov/ dqg ex| jrrgv

dqg vhuylfhv zlwkrxw xvlqj fdvk/ pdlolqj d fkhfn/ ru ohdylqj krph1 D nh| frpsrqhqw ri wklv

qhz vhuylfh lv wkh eloo sd|phqw ixqfwlrq> l1h1/ zulwlqj fkhfnv1 W|slfdoo|/ edqnv surylghg

wkhlu rzq ixo?oophqw surfhvvlqj +l1h1/ kdqgolqj wkh fkhfn,1 Zlwk wkh dgyhqw ri hohfwurqlf eloo

sd|phqw/ wkh txhvwlrq ri zkr surylghv wklv edfn0r!fh ixqfwlrq kdv ehfrph txlwh lpsruwdqw1

Edqnv frxog lqyhvw lq wklv fdsdelolw| wkhpvhoyhv/ exw wkh wudqvdfwlrq yroxphv uhtxluhg wr

pdnh wklv hfrqrplfdoo| yldeoh duh txlwh kljk1 Lq dgglwlrq/ wkh shdnv lq wklv surfhvv gr

lqghhg fdxvh wkh w|sh ri vfdoh hfrqrplhv ghvfulehg khuhlq1

Doo edqnv kdyh ehhq irufhg/ gxh wr frpshwlwlrq/ wr gulyh wkh sulfhv wkh| fkdujh iru hohf0

wurqlf edqnlqj wr hvvhqwldoo| }hur/ wkhuhe| hudvlqj wkh sur?wv wkh| dvvxphg zrxog eh jhqhu0

dwhg e| wklv vhuylfh +Kdunhu/ Klww dqg Iuhl 4<<<,1 Krz fdq rqh uhvwruh sur?wdelolw| wr wklv

vhuylfh +ru lq wkh fdvh ri Flwledqn/ zklfk r>huhg wr sd| fxvwrphuv '83 wr dgrsw SF edqnlqj/
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dw ohdvw euhdn hyhqB, Hqwhu ?upv vxfk dv Fkhfniuhh/ zklfk surylgh wklv ixo?oophqw vhuylfh

rq dq rxwvrxufhg edvlv +Gdowrq/ 4<<;,1 Fkhfniuhh zloo surylgh wkh eloo sd|phqw vhuylfh wr d

edqn/ dqg fkdujhv d  dw ihh shu fxvwrphu1 Rxu uhvxowv vxjjhvw wkdw wklv rxwvrxuflqj lv srv0

vleo| wkh rqo| zd| wr pdnh vxfk d vhuylfh yldeoh1 Hdfk edqn/ zlwk lwv xqltxh eudqg lghqwlw|/

surylghv d orfdwlrq lq wkh ?qdqfldo vhuylfh lqgxvwu|*v dwwulexwh vsdfh1 E| rxwvrxuflqj wklv

surfhvvlqj vwhs/ wkh| duh deoh wr sur?w iurp wklv qhz glvwulexwlrq fkdqqho1

Zkdw ri rxwvrxuflqj wr wkh fxvwrphuB Rqh qhhg rqo| orrn dw rqolqh eurnhudjh ?upv vxfk

dv Fkduohv Vfkzde dqg H-Wudgh wr vhh wkh udslg lqfuhdvh lq fxvwrphu lqyroyhphqw lq wkh

vhuylfh gholyhu| surfhvv +Vfkrqihog/ 4<<;,1 Lqfuhdvlqjo|/ eurnhuv qr orqjhu hqwhu rughuv/ fxv0

wrphuv gr1 Zkloh gulylqj sulfhv grzq/ rqolqh wudglqj ihhv kdyh qrw xqlirupo| gursshg wr wkh

orzhvw frvw lq wkh pdunhw1 Udwkhu/ Vfkzde vwloo frppdqgv d suhplxp ryhu lwv frpshwlwruv

dqg |hw pdlqwdlqv d yhu| khdowk| pdunhw vkduh;1 Wklv rxwfrph lv ixoo| frqvlvwhqw zlwk wkh

suhglfwlrqv ri rxu prgho1

Wkxv/ rxu prgho lv rqo| wkh ?uvw dwwhpsw wr surylgh dq dqdo|wlfdo xqghuvwdqglqj iru

rxwvrxuflqj vhuylfh gholyhu| rshudwlrqv/ erwk wr d wklug0sduw| dqg/ pruh lqwhuhvwlqjo|/ wr

wkh frqvxphu1 Pruhryhu/ wkh sdshu surylghv d qryho dqdo|vlv ri d txhxlqj jdph zklfk dovr

frqwulexwhv wr wkh wkhruhwlfdo olwhudwxuh lq frpshwlwlyh txhxlqj prghov1

Wkh wzr h{dpsohv jlyhq deryh looxvwudwh wkh idfw wkdw wkh rxwvrxuflqj skhqrphqrq lv

txlwh uhdo dqg lv iruflqj pdqdjhuv wr frqiurqw wkh frqfhswxdo lvvxhv glvfxvvhg lq wklv sdshu1

Txhvwlrqv ri vwdelolw| ri wkh htxloleuld/ h{whqvlrqv wr pxowlsoh ?upv/ hpslulfdo dqdo|vlv ri

uhodwlyh sur?wdelolw| edvhg rq wkh k|srwkhvhv rqh fdq jhqhudwh iurp Wkhruhpv 9 dqg :/ hwf1

pxvw eh dgguhvvhg wr ixoo| xqghuvwdqg wkh lpsolfdwlrqv ri wkhvh rxwvrxuflqj lvvxhv1

H Qrwh wkdw mxvw 63( vkduh ri gdlo| wudglqj yroxph dw Vfkzde urxjko| htxdov wkdw ri lwv

qh{w wkuhh frpshwlwruv frpelqhg +Vfkrqihog 4<<;,1
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Dsshqgl{ D1 Olqhdu Flw| Jdph Dqdo|vlv

Wklv vhfwlrq vxppdul}hv wkh htxloleulxp dqdo|vlv ri wkh olqhdu flw| jdph1 Ohw +_ERðä eh

wkh iduwkhvw glvwdqfh d fxvwrphu lv zloolqj wr wudyho wr ?up ð zkhq lw fkdujhv Rð/ +_ERðä '

E@ý Rðä *|/ dqg ohw +_ERðc Ræä eh wkh glvwdqfh iurp ?up ð ri wkh fxvwrphu wkdw lv lqgl>huhqw

ehwzhhq wkh ?upv/ +_ERðc Ræä ' ERæ ý Rð n |ä *2|é Ohw Z_ð ERðc Ræä eh ?up ð*v sur?w/

Z_ð ERðc Ræä '

ã
\+_ERðä ERð ý Sðä li +_ERðä n +_ERæä é �

\+_ERðc Ræä ERð ý Sðä rwkhuzlvh c

zkhuh ERæ ý |än é Rð é @ lv dvvxphg1 Zkhq +_ERðä n +_ERæä é �c wkh ?upv fkrrvh sdvvlyh

sulfhv/ rwkhuzlvh/ wkh ?upv fkrrvh frpshwlwlyh sulfhv1 Ohw eR_6 eh d ?up*v rswlpdo prqrsro|

sulfh/

eR6ð ' @h}4@ 
Rð
Z_ð ERðc @ä ' E@n Sðä *2

Vlqfh Sð ÷ @c wkh prqrsrolvw dozd|v vhuyhv vrph fxvwrphuv1

D prqrsro| Qdvk htxloleulxp/ ieR6ð c eR6æ jc lv d vhw ri sulfhv vxfk wkdw +_EeR6ð än +_EeR6æ ä ÷ �c

zklfk vlpsol?hv wr

@ý ESð n Sæä *2 ÷ |é +4,

Ohw ieRSð c eRSæj eh wkh vroxwlrq wr wkh ?uvw0rughu0frqglwlrqv/ dvvxplqj frpshwlwlyh sulfhv duh

fkrvhq/ +_ERðä n +_ERæä : �c eRSð ' | n E2Sð n Sæä *ôé Wkh sdlu ieRSð c eRSæj lv d frpshwlwlyh Qdvk

htxloleulxp li +_EeRSðä n +_EeRSæä : �c zklfk vlpsol?hv wr

| ÷ E2*ôä E@ý ESð n Sæä *2ä é +5,

Zkhq qhlwkhu +D04, qru +D05, duh vdwlv?hg/ wkhuh h{lvwv d frqwlqxxp ri dwwulwlrq Qdvk

htxloleuld/ ieR@ð c eR@æjc vxfk wkdw +_EeR@ð ä n +_EeR@æ ä ' �é Iru +_EeR@ð ä ' �*2 wr eh dq htxloleulxp/

lw pxvw eh wkdw hdfk ?up zdqwv dw ohdvw kdoi wkh pdunhw dqg qhlwkhu lv zloolqj wr fxw sulfh

ixuwkhu wr wdnh pruh wkdq kdoi ri wkh pdunhw1 Iru ?up ð/ wkdw frqglwlrq lv phw zkhq/

E2*ôäE@ý Sðä é | é E@ý Sðä/ dqg wkh dqdorjrxv frqglwlrq pxvw krog iru ?up æ1

Dsshqgl{ E1 Uhodwlrqvkls wr Vwlgkdp +4<<5,

Wklv vhfwlrq ghprqvwudwhv wkdw d prqrsrolvw lq wkh txhxlqj jdph idfhv wkh vdph�*�*�

txhxhlqj sureohp vwxglhg lq Vwlgkdp +4<<5, +V<5,1 +V<5 dovr frqvlghuv wkh pruh jhqhudo

CU*CU*� txhxh1, Xqohvv rwkhuzlvh qrwhg/ wkh qrwdwlrq lq wklv sdshu pdwfkhv wkh qrwdwlrq

lq V<51 Lq V<5/ wkh prqrsrolvw fkrrvhv d surfhvvlqj udwh > dqg lqfxuv d shu xqlw wlph frvw
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K shu xqlw ri surfhvvlqj udwh1 Fxvwrphuv lqfxu wlph frvwv dw udwh û1 Khqfh/ û*E> ý bä lv
d fxvwrphu*v h{shfwhg wlph frvw/ dvvxplqj > : b1 Zkloh lq wkh txhxlqj jdph/ wkh ?up

fkrrvhv dq h{shfwhg wlph frvw dqg wkh dyhudjh surfhvvlqj udwh lv lqihuuhg> lq V<5/ wkh ?up

fkrrvhv d surfhvvlqj udwh dqg wkh h{shfwhg wlph frvw lv lqihuuhg1 Vlqfh wkhuh lv d rqh0wr0rqh

uhodwlrqvkls ehwzhhq wkh wlph frvw dqg wkh surfhvvlqj udwh/ wkrvh ghflvlrqv duh htxlydohqw1

+Dowkrxjk/ wkh| duh qrw wkh vdph zkhq frqvlghulqj htxloleulxp vwdelolw|1,

Lw uhpdlqv wr frq?up wkdw wkh ghpdqg prghov duh wkh vdph1 Lq V<5/ zkhq b lv wkh

duulydo udwh wr wkh ?up/ T âEbäc lv wkh ydoxh wkh pdujlqdo fxvwrphu uhfhlyhv iurp wkh vhuylfh/

T âEbä ' e@ýEe@ý_ä Eb*\ä czkhuh 3e@â uhsodfhv 3@â xvhg e| V<5/ vlqfh 3@â kdv d voljkwo| gl>huhqw
phdqlqj lq wklv sdshu/ dqg _ lv dq h{rjhqrxv sdudphwhu1 T âEbä ghwhuplqhv wkh ?up*v ghpdqg

udwh ehfdxvh wkh pdujlqdo frqvxphu zloo ylvlw wkh ?up rqo| li T âEbä lv qr ohvv wkdq wkh vxp ri

wkh ?up*v sulfh dqg wlph frvw1 Lq wkh txhxlqj jdph hT Ebä ' Eb*2äE@ý|b*\ä lv wkh wrwdo ydoxh
shu xqlw wlph uhfhlyhg e| fxvwrphuv zkhq wkh ?up*v ghpdqg udwh lv b ' +\c zkhuh + lv wkh

iduwkhvw glvwdqfh d fxvwrphu zloo wudyho wr ?up ð1 Gl>huhqwldwlqj/ T âEbä ' E@*2äý | Eb*\ä é
Zkhq @*2 ' e@ dqg | ' e@ý _c T âEbä ' hT âEbä/ dqg wkxv/ wkh ghpdqg prghov duh wkh vdph=

erwk duh grzqzdug vorslqj dqg olqhdu lq b/ dqg erwk kdyh wzr ghjuhhv ri iuhhgrp wr dgmxvw

wkh lqwhufhsw dqg vorsh ri wkh ghpdqg fxuyh1

Dsshqgl{ F1 Surriv

Surri ri Ohppd 41 Vlqfh ZRð Esðä lv frqwlqxrxv lq sð/ wkh prqrsrolvw*v rswlpdo ixoo sulfh lv

hlwkhu wkh vroxwlrq wr wkh ?uvw0rughu0frqglwlrq/ ru rqh ri wkh frqvwudlqwv elqgv1 Ohw s6ð E|ä eh

wkh vroxwlrq wr wkh ?uvw0rughu0frqglwlrq dv d ixqfwlrq ri wkh wudqvsruwdwlrq frvw sdudphwhu1

Iurp wkh lpsolflw ixqfwlrq wkhruhp/ s6ð E|ä lv qrq0ghfuhdvlqj lq |1 Wkhuhiruh/ wkhuh h{lvwv

vrph wudqvsruwdwlrq frvw vxfk wkdw s6ð E|ä ' @ý|*2 +\*2 lv wkh prqrsrolvw*v rswlpdo ghpdqg
udwh, dqg iru doo orzhu wudqvsruwdwlrq frvwv wkh prqrsrolvw*v rswlpdo ghpdqg udwh lv pruh

wkdq \*21 Wkh ixoo sulfh @ý |*2 vroyhv wkh ?uvw0rughu0frqglwlrq zkhq

| ' E@ý Kðä *2ý òð*ec +4,

khqfh wkh ?uvw frqglwlrq lq wkh ohppd1 Wkh prqrsrolvw pxvw dovr hduq qrq0qhjdwlyh sur?wv/

ZRð E@ý |*2ä è f/ zklfk vlpsol?hv wr

| é 2 E@ý Kðäý eòðé +5,

5;



Jlyhq +F04,/ frqglwlrq +F05, krogv zkhq òð é E2*DäE@ý Kðä/ wkhuhe| frq?uplqj wkh vhfrqg

frqglwlrq1 â
Surri ri Wkhruhp 51 Ohw is @ð c s @æ j eh dq dwwulwlrq htxloleulxp1 E| gh?qlwlrq/ +Es@ð ä n

+Es@æ ä ' �c zklfk vlpsol?hv wr

s@ð ' 2@ý |ý s@æ é +6,

Wkh pdunhw lv qrw qhfhvvdulo| glylghg htxdoo| ehwzhhq wkh wzr ?upv/ hyhq li wkh| kdyh

lghqwlfdo surfhvvlqj frvwv1 Zlwkrxw orvv ri jhqhudolw|/ dvvxph ?up æ vhuyhv dw ohdvw kdoi ri

wkh pdunhw/ s @æ é @ý |*21 Li is@ð c s@æ j lv lqghhg dq htxloleulxp/ wkhq ?up ð pxvw qrw zlvk wr

vwhdo dq| ri ?up æ*v fxvwrphuv/
YZSðEs

@
ð c s

@
æ ä

Ysð
è fc +7,

dqg ?up ð pxvw hduq d qrq0qhjdwlyh sur?w/

ZRð Es
@
ð ä è fé +8,

Xvlqj +F06,/ +F07, vlpsol?hv wr

E|ûKð*\ä
�*2 Es@æ n |ý @ä3�*2 è e@ý ô|ý Kð ý ôs@æ é +9,

Wkh ohiw kdqg vlgh ri +F09, lv vwulfwo| frqyh{ dqg ghfuhdvlqj lq s @æ ryhu wkh lqwhuydo ri lqwhuhvw/

d@ý |c @ý |*2oé +Zkhq s @æ ' @ ý |c ?up æ wdnhv wkh hqwluh pdunhw dqg wkxv d orzhu sulfh lv

qhyhu rswlpdo1, Li s@æ ' @ý |*2 +l1h1/ wkh ?upv glylgh wkh pdunhw htxdoo|,/ +F09, uhgxfhv wr
| è E2*ôä E@ý Kð ý òðä/ zklfk fdqqrw eh vdwlv?hg jlyhq wkh frqglwlrqv lq Ohppd 41 Gh?qh

s vxfk wkdw YZSð Esc s
@
æ ä*Ysð ' f dqg s ÷ @ ý |*2> zkhq s@æ ' s c +F09, krogv zlwk htxdolw|1

Vlqfh wkh uljkw kdqg vlgh ri +F09, lv d ghfuhdvlqj olqhdu ixqfwlrq ri s @æ c wkhuh lv d xqltxh s 1

Ixuwkhu/ +F09, krogv iru dq| s@æ 5 d@ý |c s oé
Wkh srvlwlyh sur?w frqglwlrq/ +F08,/ vlpsol?hv wrý

2@ý |ý s@æ ý Kð
ü
*2 è E|ûKð*\ä

�*2 Es@æ n |ý @ä3�*2é +:,

Frpsdulvrq ri +F09, dqg +F0:, ghprqvwudwhv wkdw d ihdvleoh s@æ h{lvwv rqo| liý
2@ý |ý s@æ ý Kð

ü
*2 è E|ûKð*\ä

�*2 Es@æ n |ý @ä3�*2 è e@ý ô|ý Kð ý ôs@æ é +;,

Gh?qh hs vxfk wkdw
í
2@ý |ý hs ý Kðì *2 ' e@ýô|ý Kðý ô hsc l1h1/ hs ' @ý |n �

D
E@ý Kðäé Vlqfh

erwk wkh ohiw dqg uljkw kdqg whupv lq +F0;, duh ghfuhdvlqj olqhdu ixqfwlrqv/ exw wkh uljkw

kdqg whup ghfuhdvhv dw d idvwhu udwh/ wkhuh h{lvwv d ihdvleoh s@æ rqo| li hs é s 1 Dowhuqdwlyho|/
5<



wkhuh h{lvwv d ihdvleoh s @æ rqo| li YZSð
í
2@ý |ý hsc hsì *Ysð è fc zklfk vlpsol?hv wr

E2*Dä E2E@ý Kðä*D|ä�*2 E@ý Kðä é òðé +<,

Vlqfh wkh ohiw kdqg vlgh ri +F0<, lv ghfuhdvlqj lq |c dqg +8, erxqgv | iurp deryh/ li +F0<,

krogv vwulfwo| iru

| ' � E@ý Kðä *2ý òð*ec +43,

wkhq lw krogv iru doo ihdvleoh |é Vxevwlwxwh +F043, lqwr +F0<, dqg vlpsoli|/

EE2*Dä E@ý Kðääô ÷ ò2ð EE@ý Kðä*2ý òð*eä c +44,

zkhuh rqh qrwhv wkdw vwulfw lqhtxdolw| lv uhtxluhg1 Jlyhq +9,/ wkh uljkw kdqg vlgh ri wkh

deryh frqglwlrq lv vwulfwo| lqfuhdvlqj lq òðé Krzhyhu/ +F044, grhv qrw krog hyhq li òð htxdov

lwv xsshu erxqg/ E2*DäE@ý Kðäé Wkhuhiruh/ wkhuh grhv qrw h{lvw sdudphwhu ydoxhv vxfk wkdw

+F0<, lv vdwlv?hg1 Khqfh/ hs : s dqg wkhuh grhv qrw h{lvw dq s @æ 5 d@ý |c @ý |*2o vxfk wkdw

+F06,/ +F07, dqg +F08, duh vdwlv?hg1 â
Surri ri Wkhruhp 61 Ohw es Sð Esæä eh ?up ð*v rswlpdo frpshwlwlyh ixoo sulfh jlyhq ?up æ*v ixoo

sulfh1 Lq d frpshwlwlyh htxloleulxp/ hdfk ?up pxvw kdyh vrph pdunhw vkduh1 Khqfh/ zkhqes Sð Esæä h{lvwv/ lw lv wkh vroxwlrq wr d ?uvw0rughu0frqglwlrq/ lw lv frqwlqxrxv dqg gl>huhqwldeoh1

Iurp wkh lpsolflw ixqfwlrq wkhruhp

Y es Sð Esæä
Ysæ

'
�ý �

2
òð|

�*2 Esæ n |ý sðä3ô*2
2ý �

2
òð|

�*2 Esæ n |ý sðä3ô*2
é +45,

Iurp wkh ?uvw0rughu0frqglwlrq/ Esð ý Kðä ý Esæ n |ý sðä ' òð|�*2 Esæ n |ý sðä3�*2 c zklfk fdq

eh zulwwhq dv

E�*2ä EEsð ý Kðä*Esæ n |ý sðäý �*2 ' E�*2ä òð|
�*2 Esæ n |ý sðä3ô*2 é

Vxevwlwxwlqj wkh deryh lqwr +F045, |lhogv

Y es Sð Esæä
Ysæ

'
ôý Esð ý Kðä*Esæ n |ý sðä
Dý Esð ý Kðä*Esæ n |ý sðä

Vlqfh sur?wv pxvw eh qrq0qhjdwlyh lq wkh frpshwlwlyh htxloleulxp/

Esð ý Kðäý 2òð|
�*2 Esæ n |ý sðä3�*2 : fé

Frpelqlqj wkh deryh zlwk wkh ?uvw0rughu0frqglwlrq |lhogv

Esð ý Kðä * Esæ n |ý sðä ÷ 2é
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Wkhuhiruh/

f ÷
Y es Sð Esæä
Ysæ

÷ �é

Wkh deryh lpsolhv wkdw wkh ?upv* frpshwlwlyh uhvsrqvh ixqfwlrqv duh frqwudfwlrq pdsslqjv/

zklfk phdqv wkdw dq| frpshwlwlyh htxloleulxp lv xqltxh +vhh Iulhgpdq/ 4<;9,1â
Surri ri Wkhruhp 71 Iurp Wkhruhp 6/ li wkhuh lv d frpshwlwlyh htxloleulxp/ wkhq lw lv

xqltxh1 Zkhq wkh ?up*v surfhvvlqj frvwv duh lghqwlfdo/ is Sc s Sj lv wkh rqo| vroxwlrq wr wkh

?uvw0rughu0frqglwlrqv1 Vrph dgglwlrqdo frqglwlrqv pxvw eh phw ehiruh is Sc s Sj lv frq?uphg
dv dq htxloleulxp1 Iluvw/ hdfk ?up pxvw pdnh d qrq0qhjdwlyh sur?w lq htxloleulxp +ehfdxvh

wkh ehvw sdvvlyh uhvsrqvh jxdudqwhhv dw ohdvw d }hur sur?w,1 Ilup sur?wv lq htxloleulxp duh

ZSðEs
Sc s Sä ' E\*2ä E|ý òä c +46,

zklfk lv qrq0qhjdwlyh zkhq +:, krogv1 Vhfrqg/ hdfk ?up*v frpshwlwlyh uhvsrqvh pxvw eh

ehwwhu wkdq lwv ehvw sdvvlyh uhvsrqvh> l1h1/ ZSðEs
Sc s Sä è ZRð E esRð c s Säé Iurp Ohppd 4/ hdfk ?up

zdqwv wr vhuyh dw ohdvw kdoi ri wkh pdunhw/ vr wkh rswlpdo sdvvlyh uhvsrqvh lv rqh ri wkh

lqwhuydo erxqgdulhv= hlwkhu wkh ?up vhuyhv qrqh ri wkh pdunhw ru wkh ?up fdswxuhv wkh hqwluh

xqfrqwhvwhg pdunhw/ E�ý+Es Sääné Li wkhuh lv qr xqfrqwhvwhg pdunhw/ �ý+Es Sä ÷ fc wkhq wkhuh

lv qr sdvvlyh uhvsrqvh/ vr wkh frqglwlrq lv wulyldoo| phw1 Li wkhuh lv dq xqfrqwhvwhg pdunhw/

ohw sRð ' 2@ ý | ý s S> sRð lv wkh ixoo sulfh wkdw ohwv wkh ?up vhuyh wkh hqwluh xqfrqwhvwhg

pdunhw1 Krzhyhu/ lq wkdw fdvh *ð4s<sRð Z
S
ðEsc s

Sä ' ZRð Es
R
ð äé Wkxv/ li wkhuh lv dq rswlpdo

lqwhulru frpshwlwlyh uhvsrqvh/ es Sð ÷ s Rð c wkhq lw lv ehwwhu wkdq wkh ehvw sdvvlyh uhvsrqvh1

s S lv wkh rswlpdo lqwhulru frpshwlwlyh uhvsrqvh li s S lv d orfdo rswlpxp dqg wkh fxvwrphu

orfdwhg +Es Sc s Sä iurp ?up ð uhfhlyhv d srvlwlyh xwlolw|1 Wkh orfdo rswlpxp frqglwlrq lv

Y2ZSðEs
Sc s Sä*Ys2ð é fc zklfk vlpsol?hv wr ò*e é |c zklfk lv ohvv uhvwulfwlyh wkdq wkh qrq0

qhjdwlyh sur?w frqglwlrq1 Wkdw frqvxphu lv zloolqj wr sxufkdvh iurp hlwkhu ?up zkhq

| ÷ E2*ôä EE@ý Käý òä/ zklfk lv qr pruh uhvwulfwlyh wkdq +8, zkhqhyhu +9, krogv1 â
Surri ri Wkhruhp 8= Iurp wkh lpsolflw ixqfwlrq wkhruhp/ Y es Sð Esæä*YKæ ' f dqg Y es Sæ Esðä*YKæ :

f1 Iurp Wkhruhp 6/ f ÷ Y es Sð Esæä*Ysæ ÷ �é Vr dq lqfuhdvh lq Kæ lqfuhdvhv erwk sð dqg sæ

lq htxloleulxp/ exw sæ lqfuhdvhv pruh wkdq sð1 Wkxv/ ?up ð kdv d odujhu pdunhw vkduh dqg

}Sð Esðc sæä ÷ }
S
æEsðc sæä1â

Surri ri Wkhruhp 91 Iru qrwdwlrqdo frqyhqlhqfh/ ohw ü ' @ý òé Zkhq | ÷ E2*ôäEüý SSäc
htxloleulxp sur?wv lq wkh olqhdu flw| jdph shu ?up duh |\*2/ zklfk lv fohduo| juhdwhu wkdq

htxloleulxp sur?wv lq wkh txhxhlqj jdph/ \E| ý òä*2é Wkhlu htxloleulxp sulfhv duh | n SSc
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zklfk lv juhdwhu wkdq sulfhv lq wkh txhxhlqj jdph/ |nK1 Zkhq E2*ôä EüýSSä é | é EüýSSäc
wkhuh h{lvwv d frqwlqxxp ri htxloleuld lq wkh olqhdu flw| jdph/ exw rqo| rqh lq zklfk hdfk

?up jxdudqwhhv lwv frqwudfwru d \*2 duulydo udwh1 Hdfk ?up*v htxloleulxp sur?w lv

E\*2ä E@ý Ký |*2ý 2òä c +47,

zklfk lv juhdwhu wkdq wkh htxloleulxp sur?w lq wkh txhxhlqj jdph li E2*ôä E@ý Ký òä : |c
zklfk krog ehfdxvh +8, dqg +9, duh dvvxphg1 Wkhlu sulfhv lq wkdw htxloleulxp duh @ý |*2/
zklfk lv kljkhu wkdq |n Kc jlyhq +8,1 Zkhq Eüý SSä é |c hdfk ?up zdqwv wr vhuyh ohvv wkdq

kdoi ri wkh pdunhw/ exw jlyhq wkhlu frpplwphqw wr d \*2 duulydo udwh/ +F047, lv hdfk ?up*v

sur?w1 Vr wkh deryh uhvxowv krog lq wkdw fdvh dv zhoo1 â
Surri ri Wkhruhp :1 Wkh rxwvrxuflqj jdph zlwk vhoi vhuylqj fxvwrphuv lv d olqhdu flw|

jdph lq zklfk hdfk fxvwrphu*v edvh xwlolw| lv ü ' @ ý 2
s
ûrKr +ü ' @ ý K n 2ò, ehiruh

lqfoxglqj sulfh dqg wudyho frvwv1 Zh fkhfn hdfk ri wkh wkuhh htxloleulxp w|shv1 Zkhq

| ÷ E2*ôäü wkhuh lv d frpshwlwlyh htxloleulxp/ zlwk sulfhv htxdo wr |é Sur?wv duh \|*2c zklfk

duh vwulfwo| juhdwhu wkdq lq wkh txhxlqj jdph/ E\*2äE|ýòäéZkhq E2*ôäü é | é ü wkhuh duh d
frqwlqxxp ri dwwulwlrq htxloleuld lq zklfk doo fxvwrphuv duh vhuyhg1 Dvvxph wkh htxloleulxp

lq zklfk wkh pdunhw lv hyhqo| glylghg ehwzhhq wkh ?upv1 Hdfk ?up*v sur?w lv E\*2äEüý|*2äc
zklfk lv vwulfwo| juhdwhu wkdq lq wkh txhxlqj jdph jlyhq +8, dqg +9,1 Zkhq | : ü/ wkhuh lv

d xqltxh htxloleulxp lq zklfk hdfk ?up fkrrvhv lwv prqrsro| sulfh dqg vrph fxvwrphuv duh

qrw vhuyhg1 Hdfk ?up*v sur?wv lv E\*|äEü*2ä2c zklfk lv juhdwhu wkdq lq wkh txhxlqj jdph

zkhq

E@ý Ký 2òä2 : 2|E|ý òäé +48,

Wkh uljkw kdqg vlgh lv vwulfwo| frqyh{ lq | dqg lqfuhdvlqj lq | zkhq 2|E| ý òä : fé Wkxv/

jlyhq +8,/ +F048, krogv iru doo | li lw krogv iru | ' E@ ý Kä*2ý ò*eé Dw wkdw | ydoxh/ +F048,
vlpsol?hv wr

E@ý Kä2 ý D E@ý Kä ò n E2.*eä ò2 : fé +49,

Wkh ohiw kdqg vlgh ri +F049, lv frqyh{ lq òc dqg ghfuhdvlqj zkhq ò ÷ E2f*2.äE@ý Käé Iurp
+9,/ ò é E2*DäE@ ý Käc vr +F049, krogv iru doo ò li lw krogv iru ò ' E2*DäE@ ý Käé Dw wkdw òc
+F049, vlpsol?hv wr E2*2DäE@ý Kä2 : fc vr sur?wv lqfuhdvh1â
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