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4 Lqwurgxfwlrq

Uhfhqw hyhqwv lq Hdvwhuq Hxursh dqg Dvld kdyh ghprqvwudwhg wkh fhqwudo uroh
sod|hg e| wkh ohjdo v|vwhp lq hfrqrplf dfwlylw|1 Srolf| pdnhuv dqg uhjxodwruv
duh frqylqfhg wkdw hqwhusulvhv fdqqrw udlvh vx!flhqw fdslwdo zlwkrxw frusrudwh
dqg edqnuxswf| odzv1 Dw wkh vdph wlph/ pdunhwv iru jrrgv dqg vhuylfhv uhtxluh
zhoo0vshfl�hg odzv dqg/ dw wkh vdph wlph/ h!flhqwo| ixqfwlrqlqj frxuwv wr hqirufh
wkhp lq wkh ehvw zd|1

Wkh ohjdo v|vwhp lq xhqfhv frusrudwh �qdqfh ghflvlrqv ehfdxvh lw vkdshv
wkh ghjuhh ri surwhfwlrq ri rxwvlgh lqyhvwruv +fuhglwruv dqg vkduhkroghuv, dqg
wkurxjk wklv/ wkhlu zloolqjqhvv wr �qdqfh surmhfwv1 Wkh ohjdo v|vwhp grhv wklv
wkurxjk wzr gl�huhqw fkdqqhov= wkh �uvw lv wkh frqwhqw ri wkh odzv zklfk gh�qh
uljkwv dqg srzhuv ri rxwvlgh lqyhvwruv> wkh vhfrqg rqh lv wkh h�hfwlyhqhvv ri wkh
mxglfldo hqirufhphqw ri wkh odzv1

Zkhq lqyhvwruv �qdqfh �upv/ wkh| w|slfdoo| uhfhlyh fhuwdlq uljkwv ru srzhuv1
Fuhglwruv jhw wkh uljkw wr uhsrvvhvv froodwhudo ru wr irufh d uhrujdql}dwlrq ri wkh
�up/ zkhq vrph frqglwlrqv/ vxfk dv wkh sd|phqw ri lqwhuhvwv ru wkh dgkhuhqfh wr
sduwlfxodu fryhqdqwv/ duh ylrodwhg1 Doo rxwvlgh lqyhvwruv/ zkhwkhu vkduhkroghuv
ru fuhglwruv/ dovr kdyh wkh uljkw wr rewdlq vrph frusrudwh lqirupdwlrq/ dqg
lqghhg pdq| ri wkhlu rwkhu uljkwv fdq eh h{huflvhg rqo| zkhq wkh| kdyh vxfk
lqirupdwlrq1

Krzhyhu/ dq| vruw ri odz lv lqwulqvlfdoo| xvhohvv/ li qrw vxssruwhg e| dq
hqirufhphqw vwuxfwxuh uhvsrqvleoh iru krz zhoo wkh uljkwv frqwdlqhg lq wkh odzv
duh surwhfwhg1 Wkh hqirufhphqw lv dv fuxfldo dv wkh frqwhqw ri wkh odzv lq vkdslqj
wkh lqyhvwru surwhfwlrq1 Lq prvw frxqwulhv odzv dqg uhjxodwlrqv duh hqirufhg lq
sduw e| uhjxodwru| djhqflhv/ vxfk dv Vhfxulwlhv dqg H{fkdqjh Frpplvvlrqv/ dqg
lq sduw e| sxeolf lqvwlwxwlrqv dv frxuwv1 Odfn ri wudqvsduhqf|/ plvehkdylqj ri
Frxuwv/ fruuxswlrq duh vrph yduldeohv d�hfwlqj wkh txdolw| ri odz hqirufhphqw
dqg wkhuhiruh wkh h�hfwlyhqhvv ri lqyhvwru surwhfwlrq1

Lq wklv sdshu zh irfxv rxu dwwhqwlrq rq wkh uroh ri wkh ohjdo hqirufhphqw ri
wkh lqyhvwru*v uljkwv iru wkh dydlodelolw| ri fuhglw wr wkh frusrudwh vhfwru1

Dq lpsruwdqw ohvvrq derxw wkh uhohydqfh ri wkh ohjdo hqirufhphqw frphv
iurp Uxvvld1 Ghvslwh wkh idfw wkdw Uxvvld/ dffruglqj wr prvw fulwhuld/ kdv jrrg
vhfxulw| odzv/ jrrg edqnuxswf| dqg frpsdq| odzv/ wkh surwhfwlrq ri rxwvlgh
lqyhvwruv kdv ehhq yhu| srru gxh wr wkh lqh�hfwlyhqhvv ri wkh phfkdqlvpv ri
hqirufhphqw41 Wklv kdv nhsw Uxvvld*v �qdqfldo ghyhorsphqw vljql�fdqwo| ehklqg
wkdw ri prvw Hdvw Hxurshdq Frxqwulhv1

Wkh vdph frqfoxvlrq fdq eh ghulyhg e| orrnlqj wkh uhvxowv ri d uhfhqw hpslul0
fdo olwhudwxuh1 Od Sruwd/ Orsh}0gh0Vlodqhv/ Vkohlihu dqg Ylvkq| +4<<:, vkrz wkdw
frxqwulhv zklfk ehwwhu surwhfw fuhglwruv kdyh d kljkhu udwlr ri sulydwh ghew wr
JGS1 Xvlqj Lwdoldq gdwd/ Eldqfr/ Mdsshool dqg Sdjdqr +5333, whvw wkh k|srwk0
hvlv wkdw zhdn ohjdo hqirufhphqw lv dvvrfldwhg zlwk orz fuhglw dydlodelolw| dqg
kljk fuhglw frqvwudlqwv wr wkh frusrudwh vhfwru1 Wkh| �qg wkdw wkh hqirufhphqw
yduldeohv duh dozd|v vljql�fdqw dqg zlwk wkh h{shfwhg vljq= mxglfldo lqh!flhqf|

4Wklv zdv irxqg e| Od Sruwd/ Orsh}0gh0Vlodqhv/ Vkohlihu dqg Ylvkq| +4<<<,1
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uhgxfhv wkh dprxqw ri ordqv judqwhg e| edqnv wr wkh frusrudwh vhfwru dqg lq0
fuhdvhv wkh olnholkrrgv ri fuhglw udwlrqlqj1 Fulvwlql/ Pr|d dqg Srzhoo +4<<<, �qg
vwurqj hylghqfh derxw wkh lpsruwdqfh ri dq h!flhqw ohjdo v|vwhp iru wkh ghyho0
rsphqw ri wkh fuhglw pdunhw lq Dujhqwlqd1 Lq dq| fdvh/ wkh h{sodqdwru| srzhu
ri ohjdo yduldeohv lv iuhtxhqwo| vwurqj/ vxjjhvwlqj dq lpsruwdqw uroh ri wkh ohjdo
vhfwru1 Jurss/ Vkro} dqg Zklwh +4<<9, dqdo|}h krz furvv vwdwh gl�huhqfhv lq
XV shuvrqdo edqnuxswf| uxohv d�hfw wkh vxsso| dqg wkh ghpdqg iru krxvhkrog
fuhglw/ xvlqj gdwd iurp wkh 4<<6 Vxuyh| ri Frqvxphu Ilqdqfhv1 Wkh| �qg wkdw
jhqhurxv vwdwh edqnuxswf| h{hpswlrqv uhgxfh wkh dprxqw ri fuhglw dydlodeoh wr
orz0dvvhw krxvhkrogv/ frqglwlrqlqj rq wkhlu revhuydeoh fkdudfwhulvwlfv +zkloh wkh
h�hfw lv wkh rssrvlwh iru kljk0dvvhw krxvhkrogv,/ dqg lqfuhdvh wkh lqwhuhvw udwh
rq dxwrpreloh ordqv iru orz0dvvhw krxvhkrogv1 Lq wkh krxvlqj pruwjdjh pdunhw/
wkhuh lv dovr vrph hylghqfh wkdw wkh frvw ri ohjdo hqirufhphqw d�hfwv wkh frvw ri
fuhglw1 Lq wkh Xqlwhg Vwdwhv/ Phdgru +4<;5, dqg Md�h +4<;8, �qg wkdw pruwjdjh
lqwhuhvw udwh zhuh jhqhudoo| kljkhu lq vwdwhv zkhuh wkh odz h{whqghg wkh ohqjwk
dqg h{shqvhv ri wkh iruhforvxuh surfhvv1

Hyhq li doo wkhvh uhvxowv vhhp wr vxjjhvw wkdw d edg ixqfwlrqlqj ri wkh mxglfldo
v|vwhp fdq kdyh kljk vrfldo frvwv/ zkhqhyhu lw pdnhv pruh gl!fxow wkh dffhvv wr
wkh fuhglw pdunhw/ vr idu wkh wkhruhwlfdo olwhudwxuh kdv ehhq vlohqw rq wklv lvvxh1
Wkh wzr sdshuv zklfk glvfxvv/ iurp d wkhruhwlfdo srlqw ri ylhz/ wkh uhodwlrqvkls
ehwzhhq ohjdo lqvwlwxwlrqv dqg fuhglw dydlodelolw| duh irfxvlqj rq wkh frqwhqw ri
wkh odzv/ dqg qrw rq wkh ohjdo hqirufhphqw1 Ehujori/ Urodqg dqg yrq Wkdgghq
+5333, dv zhoo dv Elvlq dqg Udpslql +5333, vkrz wkdw wkh lqwurgxfwlrq ri d
edqnuxswf| odz lq d iudphzrun ri dv|pphwulf lqirupdwlrq fdq lqfuhdvh wkh
ghew fdsdflw| ri wkh �up1

Wkh sxusrvh ri wklv fkdswhu lv wr �oo wklv jds/ e| surylglqj d wkhruhwlfdo
iudphzrun deoh wr udwlrqdol}h wkh hpslulfdo hylghqfh vkrzlqj d srvlwlyh uhod0
wlrqvkls ehwzhhq wkh ghjuhh ri ohjdo hqirufhphqw ri wkh fuhglwru*v uljkwv dqg
wkh ohyho ri h{whuqdo �qdqfh1 Lq sduwlfxodu/ zh frqfhqwudwh rxu dwwhqwlrq wr wkh
frusrudwh fuhglw pdunhw wr dqvzhu wr wkh iroorzlqj txhvwlrq= Duh gl�huhqfhv lq

wkh txdolw| ri wkh ohjdo hqirufhphqw ri fuhglwru uljkwv deoh wr h{sodlq gl�huhqfhv

lq sulydwh lqyhvwphqw ohyhovB

Lq rughu wr surylgh dq dqvzhu iru wklv/ zh xvh d prgho ri frusrudwh �qdqfh
zlwk d froodwhudol}hg ghew frqwudfw1 Zh xvh wkh prudo kd}dug dujxphqw lq rughu
wr h{sodlq zk| vrph eruurzhuv duh frqvwudlqhg e| �{hg olqhv ri fuhglw 5 dqg zh
lqwurgxfh lq wkh fuhglw frqwudfw wkh srvvlelolw| wr sohgjh wzr gl�huhqw w|shv ri
dvvhwv wr wkh ohqghuv1 Dv prvw ri wkh uhvhdufk kdv hpskdvl}hg/ sohgjlqj vrph
dvvhw fdq eh xvhg wr plwljdwh lqirupdwlrqdo sureohp= froodwhudo dqg jxdudqwhhv
duh srzhuixo wrrov wkdw doorz �qdqfldo lqvwlwxwlrqv wr r�hu fuhglw rq idyrudeoh
whup wr exvlqhvvhv zkrvh lqirupdwlrqdo rsdflw| pljkw rwkhuzlvh uhvxow lq hlwkhu
fuhglw udwlrqlqj ru wkh h{whqvlrq ri fuhglw rqo| rq uhodwlyho| xqidyrudeoh whupv1
Zh glvwlqjxlvk ehwzhhq lqvlgh dqg rxwvlgh froodwhudo1 Lqvlgh froodwhudo lv dq dvvhw

5Fuhglw udwlrqlqj lv dfwxdoo| frqvlghuhg dv dq htxloleulxp skhqrphqrq/ gulyhq e| dv|p0
phwulf lqirupdwlrq ehwzhhq eruurzhuv dqg ohqghuv1 Hfrqrplvwv kdyh xvhg erwk prudo kd}dug
dqg dgyhuvh vhohfwlrq dujxphqwv/ wr h{sodlq zk| d ohqghu zrxog qrw olnh wr udlvh wkh lqwhuhvw
udwh hyhq li wkh eruurzhu zhuh zloolqj wr sd| kljkhu lqwhuhvw udwhv1
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rzqhg e| wkh �up1 Wklv w|slfdoo| uhrughuv wkh fodlpv ri wkh �up*v fuhglwruv e|
jlylqj rqh ri wkhp sulrulw| yld d vhfxulw| lqwhuhvw rq d vshfl�f dvvhw1 Rxwvlgh
froodwhudo lv dq dvvhw rzqhg rxwvlgh wkh �up/ w|slfdoo| dq dvvhw ehorqjlqj wr
wkh �up*v rzqhu1 Rxwvlgh froodwhudo jxdudqwhhv wkh surwhfwlrq ri wkh fodlp ri
d vlqjoh fuhglwru zlwkrxw glplqlvklqj wkh fodlpv ri wkh rwkhu fuhglwruv lq wkh
hyhqw ri edqnuxswf|1 Wkhvh w|shv ri fuhglw frqwudfw duh w|slfdoo| xvhg dprqj
vpdoo0phglxp vl}h �upv/ ehfdxvh wkh| duh fkdudfwhul}hg e| pruh lqirupdwlrqdo
rsdflw|1

Zh lqwurgxfh lq wkh prgho d sxeolf vhfwru zklfk lv uhvsrqvleoh iru wkh hq0
irufhphqw ri wkh fuhglw frqwudfwv1 Vr idu lq wkh olwhudwxuh/ wkh jryhuqphqw kdv
ehhq frqvlghuhg dv dq djhqw deoh wr d�hfw wkh ehkdylru ri wkh sulydwh vhfwru lq
wzr gl�huhqw zd|v= rq wkh rqh kdqg/ sxeolf vhuylfhv fdq hqwhu gluhfwo| wkh xwlolw|
ixqfwlrq ri frqvxphuv> rq wkh rwkhu kdqg wkh| fdq hqwhu wkh surgxfwlrq ixqfwlrq
ri �upv1 Lq wklv vhfrqg fdvh/ lw lv xvxdoo| dvvxphg wkdw wkh pdujlqdo surgxfwly0
lw| ri wkh sulydwh lqsxwv lv lqfuhdvlqj lq wkh ohyho ri sxeolf jrrg6 1 Lq rxu prgho/
wkh sxeolf jrrg d�hfwv wkh pdujlqdo surgxfwlylw| ri wkh fdslwdo lqsxw lqgluhfwo|/
e| plwljdwlqj wkh pdunhw lpshuihfwqhvv gxh wr dv|pphwulf lqirupdwlrq1

Zh vkrz wkdw wkh h{lvwhqfh ri fuhglw frqvwudlqwv dqg wkhlu ohyho ghshqg rq
wkh ghjuhh ri ohjdo hqirufhphqw ri wkh fuhglwru uljkwv1 Jryhuqphqwv fdq lqfuhdvh
wkh ohyho ri sulydwh lqyhvwphqw zkhqhyhu wkhuh duh fuhglw frqvwudlqwv gxh wr
prudo kd}dug sureohpv/ e| lqyhvwlqj d odujhu dprxqw ri sxeolf h{shqglwxuh
lq wkh ohjdo v|vwhp1 Li wkh froodwhudol}deoh iudfwlrq ri wkh lqyhvwphqw jrrgv
lv vx!flhqwo| kljk/ jryhuqphqwv fdq frpsohwho| holplqdwh wkh fuhglw udwlrqlqj1
Rwkhuzlvh/ sxeolf h{shqglwxuh lq mxvwlfh fdq rqo| uhgxfh wkh glvwruwlrq lq wkh
fuhglw pdunhw1 Lq wklv vhfrqg fdvh/ zh vkrz wkdw wkhuh h{lvwv dq rswlpdo ohyho ri
sxeolf h{shqglwxuh/ zklfk lv lqfuhdvlqj lq wkh ohyho ri lqvlgh htxlw| dqg rxwvlgh
froodwhudo1

Wkh sdshu lv rujdql}hg dv iroorzv1 Lq vhfwlrq 5/ zh ghvfuleh wkh prgho1 Lq
vhfwlrq 6/ zh �qg wkh rswlpdo fuhglw frqwudfw dqg zh lqyhvwljdwh wkh uroh ri wkh
ohjdo surwhfwlrq lq wkh fuhglw pdunhw1 Lq vhfwlrq 7/ zh doorz wkh ohyho ri ohjdo
surwhfwlrq wr eh rswlpdoo| fkrvhq e| d vrfldo sodqqhu1 Zh �qg wkh rswlpdo ohyho
ri ohjdo hqirufhphqw dqg zh lqyhvwljdwh krz lw ghshqgv rq wkh �upv* zhdowk
hqgrzphqw dqg rq wkh fkdudfwhulvwlfv ri wkh surmhfw1 Vhfwlrq 8 frqfoxghv1

5 Wkh Prgho

Zh frqvlghu dq hfrqrp| zlwk wkuhh djhqwv= hqwuhsuhqhxuv +�upv,/ lqwhuphgldwh
vhfwru +edqnv, dqg jryhuqphqw1

Wkhuh lv d frqwlqxxp ri hqwuhsuhqhxuv zlwk glphqvlrq htxdo wr 41 Hdfk
hqwuhsuhqhxu lv hqgrzhg zlwk dq lqlwldo dprxqw ri prqh| +D, zklfk kh fdq xvh
lq wzr gl�huhqw zd|v= kh fdq hpsor| lw dv rzq shuvrqdo uhvrxufhv lq d surmhfw

6Iru pruh ghwdlov dqg uhihuhqfhv/ vhh Eduur dqg Vdod0l0Pduwlq +4<<8,/ vshfl�fdoo| wkh �Sxe0
olf jrrgv prgho ri surgxfwlyh jryhuqphqw vhuylfhv� dqg wkh �Frqjhvwlrq prgho ri surgxfwlyh
jryhuqphqw vhuylfhv�1
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+htxlw|, ru kh fdq xvh lw iru frqvxpswlrq1 Wr lpsohphqw wkh surmhfw +L,/ wkh
hqwuhsuhqhxu pxvw eruurz wkh txdqwlw| +L �D, iurp wkh ohqghu7 1

Wkhuh duh frqvwdqw uhwxuqv wr vfdoh lq wkh lqyhvwphqw whfkqrorj|= dq lq0
yhvwphqw L � ^3>4, |lhogv d yhul�deoh lqfrph fL> li wkh surmhfw vxffhhgv/ dqg
qr lqfrph lq fdvh ri idloxuh1 Wkh suredelolw| ri vxffhvv lv ghqrwhg e| s1 Wkh
surmhfw lv vxemhfw wr prudo kd}dug1 Wkh hqwuhsuhqhxu fdq �ehkdyh� +h{huflvlqj
srvlwlyh h�ruw, ru �plvehkdyh� +vklunlqj,1 Ehkdylqj |lhogv d suredelolw| s @ sk
ri vxffhvv dqg qr sulydwh ehqh�wv wr wkh hqwuhsuhqhxu1 Plvehkdylqj |lhogv d
suredelolw| s @ so ? sk ri vxffhvv dqg sulydwh ehqh�wv EL A 381 Wklv lpsolhv
wkdw ghidxow lv pruh suredeoh zkhq wkh eruurzhu ghflghv wr h{huw wkh orzhu ohyho
ri h�ruw1

Wkh ghidxow zh duh frqvlghulqj lv wkh dfflghqwdo rqh= d eruurzhu ghidxowv
ehfdxvh kh lv xqdeoh wr uhsd| wkh ordq1 Wkhuh lv dqrwkhu w|sh ri ghidxow/ fdoohg
vwudwhjlf/ lq zklfk wkh eruurzhu/ wkrxjk srwhqwldoo| vroyhqw/ lv xqzloolqj wr uhsd|
wkh ordq1 Ehvlghv ehlqj lqwulqvlfdoo| gl�huhqw/ lqdelolw| wr uhsd| dqg xqzloolqj0
qhvv wr uhsd| ghshqg rq wrwdoo| gl�huhqw idfwruv1 D eruurzhu lv xqdeoh wr uhsd|
li klv surmhfw idlov/ zklfk pljkw eh gxh hlwkhu wr edg oxfn/ lqfrpshwhqfh ru orz
h�ruw lq pdqdjlqj wkh surmhfw/ ru wr d frpelqdwlrq ri wkhvh idfwruv1 D vroyhqw
eruurzhu pd| eh xqzloolqj wr uhsd| li wkh ehqh�wv ri ghidxowlqj duh juhdwhu wkdq
wkh shufhlyhg frvw ri vdqfwlrqv dvvrfldwhg zlwk ghidxow1 Erwk w|shv ri ghidxowlqj
pd| ghshqg rq wkh ohjdo v|vwhp dqg lwv hqirufhphqw1

Wkh eruurzhu kdv wkh srvvlelolw| wr sohgjh vrph dvvhwv dv froodwhudo wr wkh
ohqghu lq fdvh ri idloxuh1 Zh frqvlghu wzr gl�huhqw w|shv ri dvvhwv1 Wkh �uvw lv
wkh lqyhvwphqw jrrg +lqvlgh froodwhudo,/ kdylqj d srvlwlyh pdunhw ydoxh diwhu wkh
surgxfwlrq dfwlylw|1 Zh gh�qh +�L, wkh dprxqw ri lqyhvwphqw jrrgv zklfk fdq
eh froodwhudol}hg1 Wkh sdudphwhu �> zklfk wdnhv ydoxhv lq wkh forvhg lqwhuydo
^3>4`/ gh�qhv wkh vkduh ri hdfk xqlw ri lqyhvwphqw wudqviruphg lqwr sk|vlfdo
dvvhwv zlwk srvlwlyh pdunhw ydoxh1 Wklv sdudphwhu uh hfwv wkh surshuwlhv ri
whfkqrorj| xvhg lq wkh surmhfw dqg wkh ghjuhh ri uhghsor|delolw| ri wkh dvvhwv1
Ilupv xvlqj d fdslwdo lqwhqvlyh whfkqrorj| dqg zlwk orz uxqqlqj frvwv kdyh d
odujhu � wkdq �upv zlwk oderu lqwhqvlyh surgxfwlrq ixqfwlrq1 Pruhryhu/ wkh
ydoxh ri wkh dvvhw ghshqgv rq wkh suhvhqfh ri d pdunhw iru lw1 Wkh uhvdoh sulfh
ghshqgv rq zkhwkhu wkhuh duh ex|huv zloolqj wr uhsxufkdvh wkh dvvhw1 Wklv lq
wxuq ghshqgv rq zkhwkhu rwkhu �upv wkdw zrxog eh srwhqwldo fdqglgdwhv kdyh
lqghhg dffxpxodwhg wkh nqrzohgjh qhfhvvdu| wr pdqdjh wkh dvvhwv1 Li wklv lv wkh
fdvh/ wkhq wkhuh zloo eh d oltxlg pdunhw dqg khqfh vhoolqj wkh dvvhw zloo eh txlwh
hdv| lq fdvh ri ghidxow ri �upv1 Wklv lqfuhdvhv wkh ydoxh ri �9 1 Wkh vhfrqg w|sh

7Wkh prgho zh xvh lv wdnhq iurp Kroprvwurp0Wluroh +4<<:,1
8Zh fdq lqwhusuhw sulydwh ehqh�wv dv d glvxwlolw| ri h�ruw vdyhg e| wkh hqwuhsuhqhxu zkhq kh

vklunv1 Zh dvvxph/ dv lq Kroprvwurp0Wluroh +4<<:,/ wkdw sulydwh ehqh�wv duh lqfuhdvlqj lq wkh
vl}h ri wkh surmhfw1 Zh frxog dovr dvvxph wkdw sulydwh ehqh�wv duh frqvwdqw> wkh txdolwlwdwlyh
uhvxowv ri wkh dqdo|vlv zrxog qrw fkdqjh1

9Wklv srlqw lv ghhso| dqdo|}hg e| Vkohlihu dqg Ylvkq| +4<<5,1 Wkh| vkrz wkdw wkh htxl0
oleulxp lqyhvwphqw ohyho ghshqgv rq wkh froodwhudo ydoxh/ zklfk dovr ghshqgv rq wkh ohyho ri
lqyhvwphqw ri rwkhu �upv1 Wkh pdlq lghd lv wkdw dvvhwv duh idluo| vshfldol}hg dqg kdyh ydoxh
rqo| iru wkh �upv lq wkh lqgxvwu| zklfk kdyh lqyhvwhg lq wkh vdph w|sh ri nqrzohgjh1 Wkh
odujhu wkh uhghsor|delolw| ri htxlsphqwv sohgjhg dv froodwhudo/ wkh odujhu wkh lqyhvwphqw ohyho
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ri froodwhudo lv dq dvvhw hqgrzphqw +K,> zklfk lv qrw sduw ri wkh lqyhvwphqw
jrrgv exw kdv d srvlwlyh pdunhw ydoxh +rxwvlgh froodwhudo,1 W|slfdoo| lw zloo eh
dq dvvhw ehorqjlqj wr wkh �up*v rzqhu1

Dv hpskdvl}hg e| wkh olwhudwxuh rq fuhglw udwlrqlqj/ zh dovr dvvxph wkdw
wkhuh lv d gl�huhqfh ehwzhhq wkh froodwhudo ydoxh iru wkh eruurzhu +�L .K, dqg
wkh froodwhudo ydoxh iru wkh ohqghu/ jlyhq e| +�L .K,e zkhuh 3 � e � 4: 1 Wkhuh
duh gl�huhqw uhdvrqv iru wklv= wkhuh pd| eh wudqvdfwlrqv frvwv ri vhoolqj wkh
dvvhw wr wklug sduwlhv/ vxfk dv ihh/ wd{hv ru lqirupdwlrqdo frvwv1 Dowhuqdwlyho|/
wkh eruurzhu pd| ghulyh ehqh�wv iurp wkh rzqhuvkls wkdw d wklug sduw| zrxog
qrw hqmr| ru kh pd| eh ulvn dyhuvh1 Lq wklv fdvh/ sohgjlqj wkh uhpdlqlqj uhvrxufhv
lq fdvh ri ghidxow pd| lq lfw wrr odujh frvwv rq wkh eruurzhu1

Zh duh irfxvlqj rq wkh �uvw w|sh ri h{sodqdwlrq1 Lq sduwlfxodu/ zh lqwhusuhw
wudqvdfwlrq frvwv dv ohjdo frvwv/ wkdw lqyhvwruv kdyh wr sd| lq rughu wr rewdlq wkh
surshuw| uljkw rq wkh dvvhw sohgjhg dv froodwhudo1

Erwk/ wkh eruurzhu dqg wkh ohqghu duh ulvn qhxwudo1
Wkh eruurzhu lv surwhfwhg e| olplwhg oldelolw|1 Wklv lpsolhv wkdw lq fdvh

ri idloxuh/ zklfk rffxuv zlwk suredelolw| +4 � sk, li wkh hqwuhsuhqhxu ehkdyhv
dqg zlwk suredelolw| htxdo wr +4 � so, li kh vklunv/ wkh hqwuhsuhqhxu rewdlqv d
qhw sd|0r� htxdo wr +�D, li kh ehkdyhv dqg d qhw sd|0r� htxdo wr +EL � D,/
li kh vklunv1 Lq erwk vlwxdwlrqv/ wkh froodwhudol}hg lqyhvwphqw jrrgv +�L, dqg
wkh rxwvlgh froodwhudo +K, duh nhsw e| wkh ohqghu1 Wkhq/ lq fdvh ri idloxuh/
wkh ohqghu rewdlqv d qhw lqfrph htxdo wr ^e+�L .K,� +L �D,` lqghshqghqw ri
zkhwkhu wkh eruurzhu ehkdyhv ru vklunv1 Wkh uhdvrq zk| lw lv rswlpdo wr sohgjh
dq dvvhw wr wkh ohqghu/ lv wkdw lqfhqwlyh frqvlghudwlrqv uhtxluh wkdw wkh eruurzhu
lv sxqlvkhg lq fdvh ri srru shuirupdqfh1 Pruhryhu/ li srru shuirupdqfh phdqv
qr ru olwwoh lqfrph/ wkh rqo| srvvleoh sxqlvkphqw lv wkh vhl}lqj ri wkh dvvhw; 1
Lq fdvh ri vxffhvv/ wkh wzr sduwlhv vkduh wkh wrwdo lqfrph fL = Ue jrhv wr wkh
eruurzhu dqg Uo jrhv wr wkh ohqghuv1 Wkhq/ wkh eruurzhu*v qhw sd|0r� lv htxdo
wr +Ue � D . �L . K, li kh ehkdyhv dqg kh kdv vxffhvv dqg lw lv htxdo wr
+Ue�D. L�.K .EL, li wkh eruurzhu vklunv exw kh kdv vxffhvv1 Wkh ohqghu*v
qhw sd|0r� lv htxdo wr ^Uo � +L � D,`> lq erwk fdvhv/ exw zlwk wzr gl�huhqw
suredelolwlhv1

Zh dvvxph wkdw wkh srsxodwlrq ri ohqghuv kdv xqlw vl}h dqg wkhuh lv iuhh
hqwu| lq wkh fuhglw pdunhw1 Wklv lpsolhv wkdw hdfk ohqghu pdnhv }hur h{shfwhg
sur�wv1

Wkh wklug djhqw lq wkh hfrqrp| lv wkh jryhuqphqw zklfk lv h{shfwhg wr eh
uhvsrqvleoh iru wkh hqirufhphqw ri fuhglw frqwudfwv1 Kh lv deoh wr gr wklv/ e|
surylglqj d sxeolf jrrg/ zklfk lv wkh dfwlylw| ri hqirufhphqw fduulhg rxw e|
sxeolf lqvwlwxwlrqv olnh mxglfldo v|vwhp1 Zh dvvxph wkdw wkh dprxqw ri sxeolf
jrrg d�hfwv wkh whupv ri wkh fuhglw frqwudfw xqghu zklfk eruurzhuv duh deoh

lq wkh lqgxvwu|1
:Vrph sdshuv iurp wklv olwhudwxuh duh Ehvwhu +4<;8/4<;:,/ Ehvdqnr0Wkdnru +4<;:, dqg

Fkdq0Ndqdwdv +4<;8,1
;Odfnhu +4<<5, �qgv frqglwlrqv xqghu zklfk wkh rswlpdo fuhglw frqwudfw ehwzhhq d eruurzhu

dqg ohqghuv lv ghew frqwudfw zlwk froodwhudol}hg dvvhw/ dvvxplqj lq sduwlfxodu wkdw eruurzhu
ydoxhv wkh froodwhudo jrrg pruh wkdq wkh ohqghuv1
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wr rewdlq h{whuqdo ixqgv1 Lq sduwlfxodu/ wkh dprxqw ri wkh sxeolf jrrg vkdshv
wkh ydoxh ri wkh dvvhw sohgjhg dv froodwhudo lq fdvh ri ghidxow iru wkh ohqghu1
Wkh lghd lv wkh iroorzlqj= li lw wdnhv d orw ri wlph wr rewdlq wkh wudqvihu ri
wkh surshuw| uljkw dqg wkh oltxlgdwlrq ydoxh ri wkh froodwhudo dvvhw/ ehfdxvh ri
wkh plvehkdylqj ri Frxuwv/ lqyhvwruv kdyh wr lqfxu d kljk frvw wr h{huflvh wkh
uljkw wr uhsrvvhvv froodwhudo lq fdvh ri ghidxow1 Wkhvh frvwv uhgxfh wkh ydoxh ri
wkh dvvhw iurp wkh lqyhvwru*v srlqw ri ylhz<1 Zh fdq h{suhvv zkdw zh vdlg/ e|
dvvxplqj wkdw wkh sdudphwhu e lv dq lqfuhdvlqj ixqfwlrq lq wkh dprxqw ri sxeolf
h{shqglwxuh J = e @ i+J,> zkhuh wkh ixqfwlrq i kdv wkh iroorzlqj surshuwlhv=
i+J, lv gh�qhg rq wkh lqwhuydo ^3>4, zlwk udqjh wkh lqwhuydo ^3>4`/ zlwk i A 3>
dqg i 3 A 3 iru dq| ydoxh ri J dqg dovr frqfdyh +i 33 ? 3,1

6 Rswlpdo Fuhglw Frqwudfw Dqdo|vlv

Wkh �uvw vwhs lv wr dqdo|}h wkh rswlpdo fuhglw frqwudfw/ zklfk gh�qhv wkh rswlpdo
lqyhvwphqw ohyho +L,> dqg wkh rswlpdo vkdulqj uxoh +Ue> Uo,1 Iroorzlqj Wluroh
+4<<:,/ zh frqvlghu wkh fdvh zkhuh wkh surmhfw lv yldeoh rqo| li wkh eruurzhu
ehkdyhv1 Wklv lpsolhv wkdw zh duh uxqqlqj rxu dqdo|vlv xqghu wkh iroorzlqj
k|srwkhvlv=

Dvvxpswlrq 4 sof. ^so . +4� so,i+J,` ^�.K` .E � 4 ? 3

Dvvxpswlrq 5 skf. ^sk . +4� sk,i+J,`�.E A 4

Dvvxpswlrq 4 jxdudqwhhv wkdw wkh surmhfw kdv d qhjdwlyh qhw suhvhqw ydoxh
+QSY , lq fdvh ri plvehkdylru ri wkh hqwuhsuhqhxu431 Dvvxpswlrq 5 jxdudqwhhv
wkdw wkh qhw suhvhqw ydoxh ri wkh surmhfw lv srvlwlyh lq fdvh ri jrrg ehkdylru44 1
Dv zh vhh/ dq lqfuhphqw lq wkh ohqghu*v ydoxh ri wkh dvvhwv pdnhv wkh surmhfw
pruh olnho| wr kdyh d srvlwlyh qhw suhvhqw ydoxh1

Dvvxpswlrq 6
�
f � E

+sk�so,

�
A 3

Dvvxpswlrq 6 lv lqwurgxfhg wr pdnh rxu dqdo|vlv lqwhuhvwlqj1 Lw jxdudqwhhv
wkdw wkh uhwxuq ri wkh ohqghu lq jrrg vwdwh +Uo, lv odujhu wkdq wkh pd{lpxp rqh
wkdw kh pljkw jhw lq edg vwdwh i+J, +�L .K,1

Wr �qg wkh rswlpdo lqyhvwphqw vl}h +L, dqg wkh rswlpdo vkdulqj uxoh +Ue/
Uo,> wkh eruurzhu kdv wr pd{lpl}h klv xwlolw| ohyho/ ehlqj fduhixo wr suhvhuyh
hqrxjk ri wkh vwdnh iru klpvhoi/ lq rughu wr kdyh wkh lqfhqwlyh wr jrrg ehkdyh

<Zh frxog dowhuqdwlyho| dvvxph wkdw wkh ehkdylru ri mxglfldo v|vwhp d�hfwv wkh wlph ehiruh
wkh sd|phqw wdnhv sodfh dovr iru wkh eruurzhu1 Zh frqvlghu wklv fdvh lq Dsshqgl{ 9141

43Wkh QSY ri wkh surmhfw lq fdvh ri orz ohyho ri h�ruw lv jlyhq e|
tR,SU n dR, n E�3 R,�sEC�o dkU n Mo n �U� 3 U 1 Li zh frqvlghu wkh fdvh zkhuh wkh hq0
grzpqhw ri oltxlg zhdowk lv vx!flhqw odujh E� : ��/ d frqglwlrq wkdw jxdudqwhhv d qhjdwlyh
QSY iru hdfk ohyho ri lqyhvwphqw lv wkh iroorzlqj= R,SndR, n E�3 R,�sEC�o dkn Mon�3� 	 f

44Wkh QSY ri wkh surmhfw lq fdvh ri jrrg ehkdylru lv jlyhq e|
tR�SU n dR� n E�3 R��sEC�o dkU nMo n �U� 3 U 1 D vx!flhqw frqglwlrq iru wkdw lv wkh
iroorzlqj= R�Sn dR� n E�3 R��sEC�ok : �1
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dqg d vx!flhqwo| kljk lqfrph iru wkh ohqghu/ zkr pxvw dw ohdvw euhdn hyhq/ lq
rughu wr eh zloolqj wr �qdqfh wkh surmhfw1 Wkh hqwuhsuhqhxu wdnhv wkh sdudphwhu
J dv jlyhq1

Zh fdq �qg wkh rswlpdo fuhglw frqwudfw/ e| vroylqj wkh iroorzlqj pd{lpl}d0
wlrq sureohp=

Pd{
L>Ue>Uo

HXe @ sk+Ue .�L .K,

+Ue . �L .K,sk � so+Ue .�L .K, .EL +4,

skUo . +4� sk,i+J,+�L .K, @ +L �D, +5,

fL @ +Ue .Uo, +6,

Lqhtxdolw| +4, lv wkh Lqfhqwlyh Frpsdwlelolw| frqvwudlqw iru wkh eruurzhu1 Kh
zloo ehkdyh li wkh qhw h{shfwhg lqfrph/ ghulylqj iurp wkh jrrg ehkdylru/ +ohiw
kdqg vlgh,/ lv odujhu ru htxdo wr wkh rqh lq fdvh ri vklunlqj +uljkw kdqg vlgh,1

Lw fdq eh uhzulwwhq lq d pruh lqwxlwlyh zd|= Ue �
k

EL
+sk�so,

� +�L .K,
l
1 Wkh

ohiw kdqg vlgh lv fdoohg djhqf| uhqw1 Lw lv wkh plqlpxp dprxqw ri lqfrph wkdw
pxvw eh ohiw wr wkh hqwuhsuhqhxu wr suhvhuyh klv lqfhqwlyh wr ehkdyh1 Dv zh
fdq vhh/ wkh djhqf| uhqw lv lqfuhdvlqj lq wkh ohyho ri sulydwh ehqh�wv/ exw lw lv
ghfuhdvlqj lq wkh froodwhudo1 Lq idfw/ wkh srvvlelolw| wr sohgjh lqvlgh ru rxwvlgh
froodwhudo dvvhwv plwljdwhv wkh lqirupdwlrqdo sureohp e| lqfuhdvlqj wkh frvw ri
wkh plvehkdylqj iru wkh eruurzhu1

Htxdwlrq +5, uhsuhvhqwv wkh Sduwlflsdwlrq Frqvwudlqw iru wkh ohqghu/ zklfk
krogv zlwk htxdolw| jlyhq wkh k|srwkhvlv ri iuhh hqwu|1 Wkh h{shfwhg lqfrph iurp
wkh uhsd|phqw ri wkh ordq lq fdvh ri vxffhvv +Uosk, dqg wkh h{shfwhg oltxlgdwlrq
ydoxh ri wkh wzr dvvhwv/ ^i+J,+4� sk,+�L .K,`/ pxvw eh vx!flhqwo| kljk wr
uhsd| wkh frvw ri �qdqflqj +L � D,1 Zh duh dvvxplqj wkdw wkh hqwuhsuhqhxu
sohgjhv wr wkh ohqghu wkh ixoo dprxqw ri wkh dvvhwv1

Htxdwlrq +6, lv d ihdvlelolw| frqglwlrq1 Lw whoov xv wkdw lw lv xqihdvleoh wr jlyh
wr wkh wzr sduwlhv ri wkh frqwudfw pruh wkdq zkdw wkh surmhfw surgxfhv1

Vxevwlwxwlqj wkh ihdvlelolw| frqglwlrq dqg wkh }hur sur�w frqglwlrq lq wkh
remhfwlyh ixqfwlrq dqg lq wkh lqfhqwlyh frpsdwlelolw| frqvwudlqw/ zh fdq uhzulwh
wkh pd{lpl}dwlrq sureohp lq wkh iroorzlqj zd|=

Pd{
L
i^skf.�+4� sk,i+J, . �sk � 4` L . ^i+J,+4� sk, . sk`Kj

skfL �

�
EskL

+sk � so,
��Lsk �Ksk

�
. ^i+J,+4� sk,+�L .K,` � +L �D, +7,

:



Lqhtxdolw| +7, uhtxluhv wkdw wkh wrwdo h{shfwhg lqfrph sohgjhdeoh wr wkh
ohqghu +ohiw kdqg vlgh, lv odujhu wkdq wkh wrwdo frvw ri wkh lqyhvwphqw +uljkw kdqg
vlgh,1 Wkh wrwdo h{shfwhg sohgjhdeoh lqfrph iru wkh ohqghu lv wkh vxp ri wzr
sduwv1 Wkh �uvw rqh lv wkh h{shfwhg lqfrph lq fdvh ri vxffhvv ri wkh surmhfw/
zklfk lv jlyhq e| wkh gl�huhqfh ehwzhhq wkh wrwdo lqfrph iurp wkh surmhfw
+fskL, dqg wkh vkduh ri wklv wr eh ohiw wr wkh eruurzhu wr suhvhuyh klv lqfhqwlyh

wr ehkdylqj
�

EskL
+sk�so,

� �Lsk �Ksk

�
1 Wkh vhfrqg whup ri wkh ohiw kdqg vlgh lv

wkh h{shfwhg lqfrph lq fdvh ri idloxuh ^i+J,+4� sk,+�L .K,`1
Zh lqwurgxfh wkh iroorzlqj wzr dvvxpswlrqv=

Dvvxpswlrq 7 ^skf.�+4� sk,i+J, . �sk � 4` A 3

Dvvxpswlrq 8 sk

k
f�

�
E

+sk�so,
��

�l
. �i+J,+4� sk, ? 4

Dv zh fdq vhh e| orrnlqj dw wkh remhfwlyh ixqfwlrq lq wkh suhylrxv pd{lpl}d0
wlrq sureohp/ dvvxpswlrq 7 jxdudqwhhv wkdw wkh h{shfwhg xwlolw| ixqfwlrq ri wkh
hqwuhsuhqhxu lv lqfuhdvlqj lq wkh lqyhvwphqw ohyho1 Li zh frpsduh dvvxpswlrqv 5
dqg 7/ zh fdq hdvlo| vhh wkdw wkh vhfrqg rqh lpsolhv wkh �uvw rqh1 Wklv phdqv
wkdw zkhqhyhu wkh xwlolw| ixqfwlrq lv lqfuhdvlqj lw lv dovr wuxh wkdw wkh qhw suhvhqw
ydoxh ri wkh surmhfw lv srvlwlyh xqghu wkh kljk ohyho ri h�ruw1 Dvvxpswlrq 8 gh0
�qhv wkh vsdfh ri sdudphwhuv iru zklfk wkh pd{lpl}dwlrq sureohp kdv d �qlwh
vroxwlrq1 Jlyhq wkh olqhdulw| ri wkh surgxfwlrq ixqfwlrq dqg ri wkh h{shfwhg xwlo0
lw| ri wkh eruurzhu/ wklv frqglwlrqv lpsolhv wkh h{lvwhqfh ri d fuhglw udwlrqlqj1
Qrwh wkdw dvvxpswlrq 8 ghshqgv rq wkh froodwhudol}deoh iudfwlrq ri lqyhvwphqw
jrrgv +�,> dv zhoo dv rq wkh ohjdo hqirufhphqw yduldeoh i+J,1 Odujh ydoxhv ri
froodwhudol}delolw| dqg hqirufhdelolw| pdnh wklv frqglwlrq pruh vwulqjhqw1

Sursrvlwlrq 4 Wkh ghew fdsdflw| ri wkh �up +O @ L �D, lv d olqhdu frpel0

qdwlrq ri wkh hqwuhsuhqhxu*v htxlw| lqyhvwhg lq wkh �up +D, dqg klv rxwvlgh

froodwhudo +K, zlwk wzr srvlwlyh dqg jhqhudoo| gl�huhqw frh!flhqwv=

O @

+
sk+f�

E
+sk�so,

,.�^sk.+4�sk,i+J,`

4�sk+f�
E

+sk�so,
.�,��+4�sk,i+J,

,
D.

�
^sk.+4�sk,i +J,`

4�sk+f�
E

+sk�so,
.�,��+4�sk,i+J,

�
K

Surri1 Iurp dvvxpswlrq 7/ zh nqrz wkdw wkh remhfwlyh ixqfwlrq ri wklv
pd{lpl}dwlrq sureohp lv lqfuhdvlqj lq wkh lqyhvwphqw ohyho1 Vlqfh wkh xwlolw| lv
olqhdu lq wklv yduldeoh/ wkh rswlpdo ghflvlrq vkrxog eh lqyhvw dv pxfk dv srvvleoh1
Lw iroorzv wkdw lqhtxdolw| +7, lv elqglqj1 Lwv xsshu erxqg gh�qhv wkh vroxwlrq

ri wkh pd{lpl}dwlrq sureohp= L @ D.^sk.+4�sk,i +J,`Kk
4�sk+f�

E
+sk�so,

.�,��+4�sk,i +J,
l = Iurp wklv

h{suhvvlrq/ zh fdq hdvlo| ghulyh wkh pd{lpxp dprxqw ri h{whuqdo �qdqflqj
+O,1 Diwhu vrph dojheud/ lw fdq eh zulwwhq dv d olqhdu frpelqdwlrq ri wkh lqlwldo
htxlw| +D, dqg wkh rxwvlgh froodwhudo +K, zlwk frh!flhqwv wzr gl�huhqw ixqfwlrqv
ri wkh sdudphwhuv ri wkh prgho1 Ohw xv fdoo wkh �uvw frh!flhqw pxowlsolhu ri

lqvlgh htxlw| +g4, dqg wkh vhfrqg rqh pxowlsolhu ri rxwvlgh froodwhudo +g5,1
Dvvxpswlrq 6 jxdudqwhhv wkdw wkh qxphudwru ri g4 lv srvlwlyh dqg dvvxpswlrq

;



8 jxdudqwhhv wkdw wkh ghqrplqdwru ri erwk pxowlsolhuv lv dovr srvlwlyh1 Iurp
wkhvh wzr frqvlghudwlrqv lw iroorzv wkdw erwk pxowlsolhuv duh odujhu wkdq }hur1

Wkh qh{w vwhs ri wkh dqdo|vlv lv xqghuvwdqglqj zkhwkhu dqg wr zkdw h{whqg
wkh ghjuhh ri ohjdo hqirufhphqw ri wkh fuhglw frqwudfwv d�hfwv wkh dprxqw ri
fuhglw uhfhlyhg e| �upv1

614 Ohjdo Hqirufhphqw dqg wkh Ohyho ri Fuhglw Udwlrqlqj

Sursrvlwlrq 5 Wkh pxowlsolhu ri wkh hqwuhsuhqhxu*v htxlw| lqyhvwhg lq wkh �up

+g4, dqg wkh pxowlsolhu ri klv rxwvlgh froodwhudo +g5, ghshqg srvlwlyho| rq wkh

ghjuhh ri ohjdo hqirufhphqw ri fuhglwru uljkwv dqg rq wkh froodwhudol}deoh iudfwlrq

ri wkh �up*v dvvhw edvh1

Surri1 Zhzloo suryh sursrvlwlrq +:,/ e| vkrzlqj wkdw wkh sduwldo ghulydwlyhv
ri wkh wzr pxowlsolhuv zlwk uhvshfw wr � dqg J duh srvlwlyh=

Cg4
CJ

@ �+4�sk,i
3+J,k

4�sk+f�
E

+sk�so,
.�,��+4�sk,i+J,

l5 A 3

Cg5
CJ

@
+4�sk,i

3+J,
k
4�sk+f�

E
+sk�so,

,
l

k
4�sk+f�

E
+sk�so,

.�,��+4�sk,i+J,
l5 A 3

Cg4
C�

@ ^sk.+4�sk,i +J,`k
4�sk+f�

E
+sk�so,

.�,��+4�sk,i+J,
l5 A 3

Cg5
C�

@ ^sk.+4�sk,i +J,`5k
4�sk+f�

E
+sk�so,

.�,��+4�sk,i+J,
l5 A 3

Wkh hfrqrplf lqwxlwlrq ehklqg sursrvlwlrq 5 lv wkdw wkh pruh h�hfwlyh wkh
hqirufhphqw ri fuhglwru uljkwv lv dqg wkh odujhu wkh froodwhudol}deoh iudfwlrq ri
wkh lqvlgh froodwhudo/ wkh kljkhu zloo eh wkh h{shfwhg lqfrph wkdw ohqghuv fdq
rewdlq iurp �qdqflqj wkh surmhfw1 Ohw xv frqvlghu wkh ghwhuplqdqwv ri wkh wzr
pxowlsolhuv1

Wkh pxowlsolhu ri wkh lqlwldo htxlw| +g4, ghshqgv srvlwlyho| rq wkh ohqghu*v
h{shfwhg sohgjhdeoh lqfrph shu xqlw ri lqyhvwphqw1 Wklv dulvhv iurp wzr gl�hu0
hqw vrxufhv1 Iluvw ri doo/ wkh srvvlelolw| wr sohgjh lqvlgh froodwhudo lqfuhdvhv wkh
vkduh ri wrwdo uhwxuq zklfk fdq eh wudqvihuuhg wr wkh ohqghu lq fdvh ri vxffhvv ri
wkh surmhfw

k
sk+f �

E
+sk�so,

.�,
l
/ wkurxjk d uhgxfwlrq lq wkh djhqf| uhqw ri wkh

eruurzhu1 Vhfrqg/ wkh suhvhqfh ri wkh lqvlgh froodwhudo lqfuhdvhv wkh lqfrph ri
wkh ohqghu lq fdvh ri ghidxow ^�+4� sk,i+J,`= li wkh eruurzhu lv xqdeoh wr uhsd|
wkh ordq/ wkh ohqghu fdq h{huflvh klv surshuw| uljkw rq wkh froodwhudo dvvhw lq ru0
ghu wr rewdlq wkh oltxlgdwlrq ydoxh1 Wkh oltxlgdwlrq ydoxh ri wkh dvvhw ghshqgv
srvlwlyho| qrw rqo| rq wkh vkduh ri wkh lqyhvwphqw jrrgv +�,/ exw dovr rq wkh
ohyho ri hqirufhdelolw| ri fuhglwru uljkwv i+J,1

Vlplodu frpphqwv krog iru wkh pxowlsolhu ri wkh rxwvlgh froodwhudo +g5,= Dv
ehiruh/ wkh pd{lpxp dprxqw ri fuhglw wkdw wkh eruurzhu lv deoh wr rewdlq iru dq|
xqlw ri rxwvlgh froodwhudo ghshqgv srvlwlyho| rq wkh ohqghu*v h{shfwhg sohgjhdeoh
lqfrph shu xqlw ri lqyhvwphqw1 Wkh whup zklfk dsshduv dw wkh qxphudwru ri

<



g5 fdswxuhv wkh uroh ri sohgjlqj wkh rxwvlgh froodwhudo1 Wkh �uvw whup +sk,
uhsuhvhqwv wkh h�hfw ri sohgjlqj wklv w|sh ri dvvhw rq wkh djhqf| uhqw1 Wkh
ghflvlrq wr h{huw wkh orzhu ohyho ri h�ruw/ lpsolhv qrw rqo| wkh srvvlelolw| wr
rewdlq d }hur lqfrph iurp wkh surmhfw zlwk d odujhu suredelolw| wkdq lq fdvh ri
jrrg ehkdylru +4� so, A +4� sk,/ exw dovr wkh srvvlelolw| wr orrvh wkh surshuw|
rq wklv dvvhw +K, zlwk wkh vdph suredelolw| +4� so,1 Sohgjlqj dq dvvhw phdqv
orrvlqj d orw ri xwlolw| lq fdvh ri ghidxow1 Wklv frqvlghudwlrq uhgxfhv wkh lqfhqwlyh
ri wkh eruurzhu wr plvehkdylqj1 Lq whupv ri rxu dqdo|vlv/ sohgjlqj wkh dvvhw K
uhgxfhv wkh h{shfwhg djhqf| uhqw ri wkh eruurzhu e| wkh txdqwlw| +skK,1 Wkh
vhfrqg whup ^+4� sk,i+J,` uhsuhvhqwv wkh ohqghu*v h{shfwhg lqfrph lq fdvh ri
ghidxow shu xqlw ri rxwvlgh froodwhudo1 Lq idfw/ lq wklv fdvh wkh ohqghu fdq h{huflvh
klv surshuw| uljkw rq wkh dvvhw +K,> iurp zklfk kh fdq rewdlq dq h{shfwhg
oltxlgdwlrq ydoxh htxdo wr ^+4� sk,i+J,K`/ zklfk djdlq ghshqgv rq wkh txdolw|
ri wkh ohjdo surwhfwlrq wr fuhglwru uljkwv1

Lq wkh qh{w sduw ri wkh dqdo|vlv zh zdqw wr lqyhvwljdwh wkh gl�huhqw uroh ri
lqvlgh dqg rxwvlgh dvvhw1 Iluvw/ zh zrqghu li wkhuh lv vrph gl�huhqfh ehwzhhq
lqyhvwlqj rqh htxlw| lq wkh surmhfw dqg sohgjlqj rqh xqlw ri wkh rxwvlgh froodwhudo1
Vhfrqg/ ohw xv frqvlghu dq lqfuhphqw lq wkh ohjdo hqirufhphqw ri fuhglwru uljkwv1
Zh nqrz iurp sursrvlwlrq 5 wkdw wkh pxowlsolhu ri wkh lqvlgh htxlw| dv zhoo
dv wkh pxowlsolhu ri wkh rxwvlgh froodwhudo lqfuhdvh/ gxh wr d odujhu oltxlgdwlrq
ydoxh ri wkh lqvlgh dqg wkh rxwvlgh froodwhudo1 Wkh txhvwlrq lv= lv wkh vl}h ri wkh
lqfuhphqw wkh vdph iru erwk pxowlsolhuv ru rqh ri wkhp lv pruh vhqvlwlyh wr wkh
ghjuhh ri ohjdo surwhfwlrq wkdq wkh rwkhu rqhB

Sursrvlwlrq 6 Li wkh froodwhudol}deoh iudfwlrq ri wkh lqyhvwphqw jrrgv lv vx!0

flhqwo| kljk/ wkhq wkh dprxqw ri h{whuqdo �qdqfh rewdlqhg rq hdfk xqlw ri htxlw|

lv odujhu wkdq wkh dprxqw jhqhudwhg e| sohgjlqj rqh xqlw ri rxwvlgh froodwhudo>

l1h1 wkhuh h{lvwv dq ��/ vxfk wkdw li � A ��wkhq g4 A g5/ dqg li � ? �� wkhq

g4 ? g51

Surri1 Lq rughu wr suryh sursrvlwlrq 6/ zh frqvlghu wkh udwlr ehwzhhq wkh

wzr pxowlsolhuv g4
g5

@

�
sk+f�

E
+sk�so,

,.�^sk.+4�sk,i+J,`

^sk.+4�sk,i +J,`

�
1 Wklv udwlr lv prqrwrqlf

lq wkh sdudphwhu �= Zh fdq �qg wkh ydoxh ri � zklfk pdnhv htxdo wkh wzr

pxowlsolhuv �� @

�
4�

sk+f�
E

+sk�so,
,

^sk.+4�sk,i+J,`

�
= Li � A ��> g4 A g51 Lq wklv fdvh/ wkh

lqfuhphqw lq wkh ghew dprxqw iurp sohgjlqj rqh pruh xqlw ri lqvlgh htxlw| lv
odujhu wkh rqh rewdlqhg iurp sohgjlqj rqh pruh xqlw ri rxwvlgh froodwhudo1 Wkh
frqwudu| rffxuv zkhq � ? ��1

Wkh hfrqrplf lqwxlwlrq ehklqg sursrvlwlrq 6 lv wkh gl�huhqw qdwxuh ri ht0
xlw| dqg rxwvlgh froodwhudo lq wkh fuhglw frqwudfw1 Htxlw| lv prqh| lqyhvwhg lq
wkh surmhfw1 Wkhuhiruh/ wkurxjk wkh surgxfwlrq dfwlylw|/ lw surgxfhv d srvlwlyh

uhwxuq iru wkh ohqghu jlyhq e|
k
sk+f�

E
+sk�so,

,
l
1 Pruhryhu/ diwhu wkh surgxfwlrq

dfwlylw|/ lw ehfrphv lqvlgh froodwhudo1 Wklv w|sh ri dvvhw surgxfhv d qhz srvl0
wlyh vwuhdp ri lqfrph lq erwk vwdwhv ri qdwxuh/ zklfk ghshqgv rq wkh vkduh ri
froodwhudol}deoh iudfwlrq � ^sk . +4� sk,i+J,` = Rxwvlgh froodwhudo lv dq dvvhw qrw
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xvhg lq surgxfwlrq dfwlylw|/ wkhuhe| lw surgxfhv rqo| wkh vhfrqg w|sh ri lqfrph/
exw lqghshqghqwo| ri wkh iudfwlrq ri froodwhudol}deoh dvvhw ^sk . +4� sk,i+J,` =
Li wkh oltxlgdwlrq ydoxh ri wkh lqvlgh froodwhudo lv yhu| vpdoo/ lw fdq kdsshq wkdw
wkh h{shfwhg lqfrph iurp rqh pruh xqlw ri rxwvlgh froodwhudo lv odujhu wkdq wkh
wrwdo lqfrph iurp rqh pruh xqlw ri htxlw|1

Sursrvlwlrq 7 Li wkh froodwhudol}deoh iudfwlrq ri wkh lqyhvwphqw jrrgv lv vx!0

flhqwo| kljk/ dq lqfuhphqw lq wkh surylvlrq ri wkh ohjdo hqirufhphqw lqfuhdvhv wkh

pxowlsolhu ri wkh hqwuhsuhqhxu*v htxlw| pruh wkdq wkh pxowlsolhu ri klv rxwvlgh

froodwhudo> l1h1 wkhuh h{lvwv dq �/ vxfk wkdw li � A � wkhq Cg4
CJ

A Cg5
CJ

/ dqg li � ?

� wkhq Cg4
CJ

? Cg5
CJ

1

Surri1 Ohw xv frqvlghu wkh gl�huhqfh ehwzhhq wkh ghulydwlyhv ri wkh wzr
pxowlsolhuv zlwk uhvshfw wr wkh hqirufhphqw yduldeoh=

�
Cg4
CJ
� Cg5

CJ

�
@

�+4�sk,i
3+J,�+4�sk,i

3+J,
k
4�sk+f�

E
+sk�so,

,
l

k
4�sk+f�

E
+sk�so,

.�,��+4�sk,i+J,
l5

Wklv gl�huhqfh lv qhjdwlyh li � ?
k
4� sk+f�

E
+sk�so,

,
l
1 Zh fdoo wklv whup �= Lw

iroorzv wkdw li � ? �/ wkhq Cg4
CJ

? Cg5
CJ

1 Wklv phdqv wkdw wkh ohjdo surwhfwlrq
lv pruh lpsruwdqw iru �upv sohgjlqj rxwvlgh froodwhudo1 Li lqvwhdg/ � A �/
wkhq Cg4

CJ
A Cg5

CJ
= Lq wklv vhfrqg fdvh/ wkh uljkw wr uhsrvvhvv lqvlgh froodwhudo lq

fdvh ri ghidxow lv pruh lpsruwdqw wkdq wkh uljkw wr uhsrvvhvv rxwvlgh froodwhudo1
Li zh frpsduh wkh ohyhov ri ��dqg �/ zh vhh wkdw �� � �/ ehfdxvh wkh whup
^sk . +4� sk,i+J,` lv orzhu wkdq 4= Lw iroorzv wkdw/ li wkh pxowlsolhu ri wkh lqvlgh
htxlw| lv odujhu wkdq wkh rqh ri wkh rxwvlgh froodwhudo +g4 A g5,/ wkhq lw dovr wuxh
wkdw wkh ohjdo surwhfwlrq ri wkh uljkw wr uhsrvvhvv wkh lqvlgh froodwhudo kdv d
odujhu hfrqrplf ydoxh

�
Cg4
CJ

A Cg5
CJ

�
1 Pruhryhu/ wkhuh duh ydoxhv ri wkh sdudphwhu

� +�� � � � �,/ vxfk wkdw wkh pxowlsolhu ri wkh lqvlgh htxlw| lv orzhu wkdq wkh
pxowlsolhu ri wkh rxwvlgh froodwhudo/ exw wkh lqvlgh froodwhudo lv vwloo pruh vhqvlwlyh
wr wkh ohjdo surwhfwlrq wkdq wkh rxwvlgh rqh1

Rqh zd| wr ehwwhu xqghuvwdqg wkh uroh ri wkh wkuhh dvvhwv xvhg lq wklv prgho
+D> L>K, dqg wkh lpsolfdwlrqv ri kdylqj gl�huhqw ghjuhh ri ohjdo surwhfwlrq lv
wr frpsduh wklv prgho zlwk wkh Wluroh*v rqh +4<<:,1 Zh fdq rewdlq wkh ruljlqdo
Wluroh*v prgho dv d vshfl�f fdvh ri wklv pruh jhqhudo vhw0xs/ e| dvvxplqj wkdw wkh
eruurzhu kdv qr rxwvlgh froodwhudo +K @ 3, dqg doo wkh lqyhvwphqw lv xvhg wr sd|
uxqqlqj frvwv +� @ 3,= Xqghu wkhvh k|srwkhvlv/ iurp sursrvlwlrq 4/ zh nqrz wkdw

wkh ghew fdsdflw| ri �upv ghshqgv rqo| rq htxlw|= O @ D

+
sk+f�

E
+sk�so,

,

4�sk+f�
E

+sk�so,
,

,
=

Pruhryhu/ vlqfh wkh lqyhvwphqw jrrgv kdyh qr uhvlgxdo ydoxh diwhu wkh surgxfwlrq
dfwlylw|/ wkh pxowlsolhu ri htxlw| +g4, grhv qrw ghshqg rq wkh vxsso| ri wkh
sxeolf jrrg +J,= Wklv phdqv wkdw wkhuh lv qr uroh iru jryhuqphqw lqwhuyhqwlrq=
wkh ghjuhh ri wkh ohjdo surwhfwlrq ri fuhglwruv uljkwv grhv qrw d�hfw wkh ohyho ri
fuhglw1
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Iurp sursrvlwlrq 4 dqg sursrvlwlrq 5/ lw iroorzv wkdw lqfuhdvlqj ydoxhv ri wkh
sdudphwhuv � dqg K/ lqfuhdvh wkh ghew fdsdflw| +O,= Wklv phdqv wkdw wkh ghew
fdsdflw| ghulyhg iurp wkh Wluroh*v prgho lv wkh orzhu erxqg1

615 Ohjdo Hqirufhphqw dqg wkh H{lvwhqfh ri Fuhglw Ud0

wlrqlqj

Vr idu/ zh kdyh vhhq wkdw wkh ohyho ri wkh ohjdo surwhfwlrq surylghg e| wkh sxeolf
vhfwru wr wkh fuhglwru uljkwv d�hfwv wkh ghew fdsdflw| dqg wkhuhiruh wkh ohyho ri

fuhglw frqvwudlqwv/ wkdw �upv idfh lq wkh fuhglw pdunhw1 Lq wklv vhfwlrq/ zh zrqghu
li wkh hqirufhphqw yduldeoh fdq dovr d�hfw wkh h{lvwhqfh ri fuhglw frqvwudlqwv1

Dvvxpswlrq 9 � � 4� sk

�
f� E

+sk�so,

�
Dvvxpswlrq 9 jxdudqwhhv wkdw wkhuh lv d srvlwlyh dprxqw ri sxeolf jrrg

vxfk wkdw dvvxpswlrq 8 fdq qrw eh vdwlv�hg1 Dvvxpswlrq 9 lv ghulyhg wdnlqj
lqwr dffrxqw wkh surshuwlhv ri wkh ixqfwlrq i+=,45 =

Sursrvlwlrq 8 Xqghu dvvxpswlrq 9/ li wkh sxeolf vhfwru lv deoh wr surylgh d

vx!flhqwo| kljk ghjuhh ri ohjdo hqirufhphqw ri wkh fuhglw frqwudfwv/ wkh fuhglw

frqvwudlqwv glvdsshdu1 Wkh wkuhvkrog ohyho ri sxeolf jrrg
�
J
�
lv lpsolflwo| gh�qhg

e| wkh iroorzlqj frqglwlrq=

i+J,�
4

�+4� sk,
.

sk

�+4� sk,

�
f�

E

+sk � so,
.�

�
@ 3 +8,

Surri1 Wdnh dvvxpswlrq 7 dqg gh�qh J/ dv wkh ohyho ri sxeolf jrrg zklfk
pdnhv dvvxpswlrq 7 kroglqj zlwk htxdolw|1

Iurp sursrvlwlrq 8/ lw lv fohdu wkdw rqo| li wkh froodwhudol}deoh iudfwlrq ri
wkh lqyhvwphqw jrrgv lv vx!flhqwo| kljk/ wkh sxeolf vhfwru lv deoh wr holplqdwh
wkh udwlrqlqj lq wkh fuhglw pdunhw/ e| surylglqj pruh ohjdo surwhfwlrq wr wkh
fuhglwru uljkwv1 Lq idfw/ ohw xv vxssrvh wkdw wkh ghjuhh ri froodwhudol}delolw| lv
htxdo wr }hur +� @ 3,= Lq wklv fdvh wkh frqglwlrq vxssruwlqj wkh fuhglw frqvwudlqwv

grhv qrw ghshqg rq wkh surylvlrq ri sxeolf jrrg=
k
4� sk

�
f� E

+sk�so,

�l
A 3=

Lq idfw wklv frqglwlrq lv vdwlv�hg iru hdfk ydoxh ri i+J,1 Hyhq zlwk shuihfw
hqirufhdelolw| ri fuhglwru uljkwv ^i+J, @ 4` > wkh pd{lpxp dprxqw ri lqyhvwphqw

lv �qlwh/ L @ +D.K,k
4�sk

�
f� E

+sk�so,

�l =

Sursrvlwlrq 9 Wkh ohyho ri sxeolf jrrg deoh wr uhpryh wkh lqh!flhqf| gxh wr

dv|pphwulf lqirupdwlrq ghshqgv rq wkh whfkqrorj| ri wkh surmhfw dqg rq wkh vh0

ulrxvqhvv ri wkh prudo kd}dug sureohp1 Wkh jryhuqphqw kdv wr surylgh d orzhu

45Dvvxpswlrq 9 lv ghulyhg e| lpsrvlqj wkdw sEC� $ �� Wkh rwkhu lpsruwdqw surshuw| ri

wkh ixqfwlrq sc sEC� D f/ zrxog uhtxluh wkh iroorzlqj dvvxpsulrq= k $ �
Rk

3
�
S3 �

ERk3Ro�

�
c

zklfk lv dozd|v vdwlv�hg xqghu dvvxpswlrq 81
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ohyho ri sxeolf jrrg zkhqhyhu wkh suredelolw| ri vxffhvv +sk,/ wkh pdujlqdo surgxf0

wlylw| ri wkh surmhfw +f, dqg wkh ghjuhh ri fdslwdo lqwhqvlw| ru dvvhw vshfldol}dwlrq

+�, duh kljkhu dqg d odujhu dprxqw ri sxeolf jrrg zkhqhyhu wkh ohyho ri sulydwh

ehqh�wv +E, lv odujhu1

Surri1 Ohw xv frqvlghu htxdwlrq +8,1 Lw gh�qhv wkh wkuhvkrog ohyho J1 Ds0
so|lqj wkh Lpsolflw Ixqfwlrq Wkhruhp/ zh duh deoh wr �qg wkh vljq ri wkh sduwldo
ghulydwlyhv ri J zlwk uhvshfw wr wkh sdudphwhuv=

CJ
CE

@
k

4
+sk�so,i 3+J,

l
A 3

CJ
Cf

@ �
k

sk
�+4�sk,i 3+J,

l
? 3

CJ
C�

@

�
sk

�
f� E

+sk�s,

�
�4

�5+4�sk,i 3+J,

�
? 3

CJ
Csk

@

;?
=

4�

�
f�

E+s5
k
�so,

+sk�so,
.�

�

�+4�sk,i 3+J,+sk�so,5

<@
> ? 3

Qrwh wkdw/ e| k|srwkhvlv i 3+J, A 3= Iurp wklv frqvlghudwlrq/ lw iroorzv wkdw J lv
lqfuhdvlqj lq wkh pdujlqdo surgxfwlylw| +f, dqg ghfuhdvlqj lq wkh sulydwh ehqh�wv
+E, = Ohw xv frqvlghu wkh rwkhu wzr ghulydwlyhv1 Iurp dvvxpswlrq 7/ lw iroorzv

wkdw wkh whup
k
sk

�
f� E

+sk�s,

�
� 4

l
lv orzhu wkdq }hur/ zklfk lpsolhv wkdw

�
CJ
C�

�
lv qhjdwlyh1 Ilqdoo|/ ohw xv frqvlghu wkh odvw ghulydwlyh1 Vlqfh +s5k�so, � 4> iurp

dvvxpswlrq 8 lw iroorzv wkdw wkh whup
q
4�

k
f � E+s5k�so,

+sk�so,
. �

lr
lv qhjdwlyh46 1

Wklv lpsolhv wkdw wkh sxeolf jrrg lv dovr ghfuhdvlqj lq wkh suredelolw| ri vxffhvv
lq fdvh ri kljk ohyho ri h�ruw1

7 Zhoiduh Dqdo|vlv

Lq wklv vhfwlrq zh zdqw wr �qg wkh rswlpdo vxsso| ri ohjdo surwhfwlrq dqg wr
lqyhvwljdwh krz lw ghshqgv rq wkh �up*v zhdowk hqgrzphqw1 Zh dvvxph wkdw
sxeolf h{shqglwxuh duh �qdqfhg e| oxps0vxp wd{hv sdlg e| ohqghuv1 Zh frxog
dovr frqvlghu wkh fdvh lq zklfk sxeolf h{shqglwxuh duh �qdqfhg e| sursruwlrqdo
wd{hv rq wkh wrwdo uhwxuqv ri wkh surmhfw1 Dv zh vkrz lq Dsshqgl{ 915/ wkh uhvxow
grhv qrw fkdqjh1

Iurp wkh suhylrxv vhfwlrq/ lw iroorzv wkdw li wkhuh h{lvwv d ohyho ri ohjdo
hqirufhphqw deoh wr uhpryh wkh fuhglw frqvwudlqwv

�
J
�
dqg lw fdq eh �qdqfhg/

wkhq lw zloo eh wkh rswlpdo rqh1 Li wklv lv wkh fdvh/ wkhq zh hqg rxw zlwk dq
hfrqrp| zkhuh hyhu|wklqj jrhv wr lq�qlwlyh1 Lq rughu wr pdnh wkh dqdo|vlv
pruh lqwhuhvwlqj/ zh frqvlghu wkh fdvh lq zklfk wkhuh lv qr d srvlwlyh dprxqw ri

46Iurp dvvxpswlrq 8/ zh nqrz wkdw
k
�3 R�

�
S3 �

ERk3Ro�

�
3 k

l
$ f dqg wkhuhiruh lw lv dovr

wuxh wkdw
k
�3

�
S3 �

ERk3Ro�

�
3 k

l
$ f�
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sxeolf h{shqglwxuh zklfk lv deoh wr frpsohwho| holplqdwh wkh fuhglw udwlrqlqj1
Wklv phdqv wkdw zh uxq rxu dqdo|vlv xqghu wkh iroorzlqj dvvxpswlrq=

Dvvxpswlrq : � ? 4� sk

�
f� E

+sk�so,

�
47

Zh fkrrvh dv vrfldo zhoiduh lqglfdwru wkh vxp ri wkh xwlolw| ohyho ri eruurzhuv
dqg ohqghuv=

VZ @ ^skX
v
e . +4� sk,X

x
e . skX

v
o . +4� sk,X

x
o `

zkhuh sk lv wkh sursruwlrq ri eruurzhuv pdqdjlqj d vxffhvvixo surmhfw dqg dovr
wkh sursruwlrq ri ohqghuv jhwwlqj edfn wkh ordq/ zkloh +4� sk, lv wkh sursru0
wlrq ri xqvxffhvvixo eruurzhuv dqg dovr wkh sursruwlrq ri ohqghuv uhfhlylqj wkh
oltxlgdwlrq ydoxh ri wkh froodwhudo dvvhwv1 Xv

e lv wkh xwlolw| ohyhov ri eruurzhuv
pdqdjlqj d vxffhvvixo surmhfw zkloh Xx

e lv wkh xwlolw| ohyho ri eruurzhuv ghidxow0
lqj> Xv

o lv wkh xwlolw| ohyho ri ohqghuv surylglqj ixqgv wr vxffhvvixo hqwuhsuhqhxuv
dqg Xx

o lv wkh xwlolw| ohyhov ri ohqghuv zkr duh irufhg wr oltxlgdwh wkh froodwhudo
dvvhwv/ gxh wr wkh ghidxow ri hqwuhsuhqhxuv1 Gxh wr wkh k|srwkhvlv ri iuhh hq0
wu| lq wkh fuhglw pdunhw/ wkh vxp ri wkh xwlolw| ohyhov ri erwk w|shv ri ohqghuv
^skXv

o . +4� sk,Xx
o ` lv htxdo wr }hur1 Wkhq/ zh rewdlq wkdw wkh vrfldo zhoiduh

ixqfwlrq frlqflgh zlwk wkh h{shfwhg xwlolw| ri hdfk eruurzhu=

VZ @ skX
v
e . +4� sk,X

x
e @ sk+Ue . �L .K,

Lq rughu wr pdnh wkh dqdo|vlv lqwhuhvwlqj/ zh dvvxph wkdw wkhuh h{lvwv d
ohyho ri sxeolf h{shqglwxuh vxfk dv wkh wrwdo ohyho ri vxusoxv jhqhudwhg e| wkh
surmhfw xqghu wklv ghjuhh ri ohjdo surwhfwlrq lv kljk hqrxjk wr doorz wkh ohqghuv
wr �qdqfh lw1 Li wkhuh h{lvwv d vxfk ohyho ri sxeolf h{shqglwxuhv/ wkhq dovr wkh
ohyho fkrvhq rswlpdoo| e| wkh vrfldo sodqqhu zloo eh srvlwlyh1 Wklv zloo doorz xv
wr qhjohfw wkh fruqhu vroxwlrq lq zklfk wkh rswlpdo ghjuhh ri ohjdo surwhfwlrq lv
htxdo wr }hur1

Wkh rswlpdo ohyho ri ohjdo surwhfwlrq fruuhvsrqgv wr wkh vroxwlrq ri wkh pd{l0
pl}dwlrq sureohp lq zklfk wkh vrfldo sodqqhu fkrrvhv wkh ohyho ri sxelf h{shqgl0
wxuh +J, lq vxfk d zd| wr suhvhuyh wkh lqfhqwlyh ri wkh eruurzhu wr jrrg ehkdyh
dqg wr lqgxfh wkh ohqghu wr �qdqfh wkh surmhfw=

Pd{
L>Ue>Uo>J

VZ @ sk+Ue . �L .K,

+Ue . �L .K,sk � so+Ue .�L .K, .EL +9,

47Dvvxpswlrq : lv wkh rssrvlwh zlwk uhvshfw wr dvvxpswlrq 91
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skUo . +4� sk,i+J, +K . �L, @ +L �D, . W +:,

fL @ +Ue .Uo, +;,

W @ J +<,

Zlwk uhvshfw wr wkh dqdo|vlv lq vhfwlrq 6/ zh kdyh wzr gl�huhqw frqvwudlqwv
dqg d qhz fkrlfh yduldeoh +J,= Htxdwlrq +:, lv wkh qhz sduwlflsdwlrq frqvwudlqw
iru wkh ohqghu1 Jlyhq wkh k|srwkhvlv ri iuhh hqwu| lq wkh �qdqfldo pdunhw/ wkh
ohqghu*v wrwdo h{shfwhg uhyhqxhv iurp wkh surmhfw pxvw fryhu qrw rqo| wkh frvw
ri wkh surmhfw +L � D,> exw dovr wkh sd|phqw ri wd{hv wr wkh jryhuqphqw +W ,1
Htxdwlrq +<, lv wkh exgjhw edodqfh frqglwlrq iru wkh sxeolf vhfwru1

Vxevwlwxwlqj wkh sduwlflsdwlrq frqvwudlqw iru wkh ohqghu/ wkh exgjhw edodqfh
frqglwlrq dqg wkh ihdvlelolw| frqglwlrq lq wr wkh remhfwlyh ixqfwlrq dqg lq wr
wkh lqfhqwlyh frpsdwlelolw| frqvwudlqw ri wkh eruurzhu/ zh fdq uhzulwh wkh vrfldo
zhoiduh sureohp lq whupv ri wkh ohyho ri sxeolf h{shqglwxuhv +J, dqg wkh ohyho
ri lqyhvwphqw +L,=

Pd{
L>J

VZ @ ^fsk . �sk .�+4� sk,i+J,� 4` L . ^sk . +4� sk,i+J,`K �J

L

�
4� sk

�
f�

E

+sk � so,
. �

�
� i+J,+4� sk,�

�
� D.K ^sk . i+J,+4� sk,`�J

+43,

Orrnlqj dw wkh remhfwlyh ixqfwlrq/ zh pljkw fohduo| vhh wkdw wkh vrfldo zhoiduh
ohyho lv lqfuhdvlqj lq wkh ohyho ri lqyhvwphqw +L,1 Qrw frpsohwho| fohdu lv wkh uroh
ri wkh sxeolf jrrg/ ehfdxvh lw kdv wzr gl�huhqw h�hfwv rq wkh zhoiduh ohyho1 Rq
wkh rqh kdqg/ d odujhu ghjuhh ri ohjdo surwhfwlrq lqfuhdvhv wkh vrfldo pdujlqdo
surgxfwlylw| shu xqlw ri lqyhvwphqw e| ^�+4� sk,i+J,` dqg wkh vrfldo ydoxh ri
hdfk xqlw ri rxwvlgh froodwhudo e| ^+4� sk,i+J,`1 Rq wkh rwkhu kdqg/ d ehwwhu
ohjdo surwhfwlrq lqwurgxfhv d vrfldo frvw ehfdxvh wkh wd{hv uhgxfh wkh dprxqw ri
sulydwh uhvrxufhv zklfk fdq eh vkduhg ehwzhhq eruurzhuv dqg ohqghuv1

Sursrvlwlrq : Wkh rswlpdo ohyho ri sxeolf h{shqglwxuh +J�, lv wkh rqh wkdw

htxdol}hv wkh h{shfwhg pdujlqdo lqfuhphqw lq wkh oltxlgdwlrq ydoxh ri wkh froodw0

hudo dvvhwv wr wkh pdujlqdo frvw ri wd{dwlrq l1h1=

+4� sk,i
3+J�, ^�L+J�, .K` @ 4 +44,
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Surri1 Diwhu kdylqj vxevwlwxwhg wkh rswlpdo ohyho ri lqyhvwphqw/ jlyhq e|
wkh xsshu erxqg ri lqhtxdolw| +43,/ lqwr wkh vrfldo zhoiduh ixqfwlrq/ zh fdq �qg
wkh frqglwlrq iru wkh rswlpdo vxsso| ri ohjdo hqirufhphqw=

CVZ

CJ
@ 3/

^+4�sk,i 3+J,^�L+J,.K `�4`
k

Esk
+sk�so,

l
k
4�sk+f�

E
+sk�so,

.�,��+4�sk,i+J,
l @ 3

Vlqfh wkh whup

�
Esk

+sk�so,

4�sk+f�
E

+sk�so,
.�,��+4�sk,i+J,

�
lv srvlwlyh/ wkhq wkh rswlpdo

ohyho ri sxelf h{shqglwxuh +J�, lv gh�qhg e| wkh iroorzlqj wzr htxdwlrqv=

J� = +4� sk,i
3+J�, ^�L+J�, .K` @ 4 +45,

zkhuh L+J�, lv wkh ohyho ri lqyhvwphqw fkrvhq rswlpdoo| e| wkh sulydwh vhfwru
zkhq wkh sxeolf vhfwru lv vxsso|lqj wkh rswlpdo ohyho ri ohjdo surwhfwlrq/ L� @

L+J�, @ +D�J�,.^sk.+4�sk,i+J
�,`Kk

4�sk+f�
E

+sk�so,
.�,��+4�sk,i +J�,

l
Ohw xv lqwhusuhw wkh htxdwlrq +44,1 Wkh ohiw kdqg vlgh lv wkh vrfldo pdujlqdo

ehqh�w ri rqh ixuwkhu xqlw ri sxeolf jrrg1 Lw lv htxdo wr wkh h{shfwhg pdujlqdo
lqfuhphqw lq wkh oltxlgdwlrq ydoxh ri froodwhudo dvvhwv1 Wklv whup ghshqgv rq wkh
surshuwlhv ri wkh ixqfwlrq i+=, dqg rq wkh wrwdo vwrfn ri dvvhwv zklfk duh d�hfwhg
e| wkh sxeolf jrrg1 Wkh uljkw kdqg vlgh lv wkh vrfldo pdujlqdo frvw ri wd{dwlrq1
Jlyhq wkh k|srwkhvlv ri oxps0vxp wd{dwlrq lw lv frqvwdqw dqg htxdo wr 41 Zh
fdq lqwhusuhw wkh ixqfwlrq i+=, dv wkh surgxfwlrq ixqfwlrq ri wkh sxeolf vhfwru
xvlqj wd{hv dv lqsxw dqg surgxflqj wkh ohjdo surwhfwlrq dv rxwsxw1 Vlploduo|/
wkh sduwldo ghulydwlyh i 3+, fdq eh lqwhusuhwhg dv wkh pdujlqdo surgxfwlylw| ri
wkh sxeolf vhfwru lq surylglqj wkh sxeolf jrrg1 Iroorzlqj wklv lqwhusuhwdwlrq/
frqglwlrq +44, whoov xv vrphwklqj derxw wkh jrrgqhvv ri kdylqj d sxeolf vhfwru1
Lw vhhpv wr vxjjhvw wkdw wkh delolw| ri d sxeolf vhfwru wr lqfuhdvh wkh zhoiduh ohyho
ri wkh vrflhw|/ e| plwljdwlqj wkh qhjdwlyh h�hfw ri wkh dv|pphwulf lqirupdwlrq rq
wkh fuhglw pdunhw/ ghshqgv rq wkh pdujlqdo surgxfwlylw| ri wkh mxglfldo v|vwhp1

Sursrvlwlrq ; Wkh rswlpdo ohyho ri sxeolf h{shqglwxuh +J�, lv lqfuhdvlqj lq

wkh ohyho ri lqvlgh htxlw| +D, dqg lq wkh ghjuhh ri dvvhw froodwhudol}delolw| +�,/
zkloh lw lv ghfuhdvlqj lq wkh eruurzhu*v sulydwh ehqh�wv +E,1

Surri1 Vxevwlwxwlqj wkh rswlpdo ohyho ri lqyhvwphqw lq wr htxdwlrq +44,/
zh �qg wkh rswlpdo ohyho ri sxeolf h{shqglwxuh dv dq lpsolflw ixqfwlrq ri wkh
sdudphwhuv ri wkh prgho= j+sk> so> �>E>D>K>J

�, @ 3

+4� sk,i
3+J�,� +D�J�,.^sk.+4�sk,i+J

�,`Kk
4�sk+f�

E
+sk�so,

.�,��+4�sk,i +J�,
l . +4� sk,i

3+J�,K � 4 @ 3

Xvlqj wkh Lpsolflw Ixqfwlrq Wkhruhp/ zh fdq �qg krz wkh rswlpdo ohyho ri
sxeolf h{shqglwxuh ghshqgv rq wkh lqvlgh htxlw|/ wkh ghjuhh ri dvvhw froodwhudo0
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Iljxuh 4= Wkh rswlpdo ohyho ri sxeolf h{shqglwxuh lq mxvwlfh

l}delolw| dqg wkh eruurzhu*v sulydwh ehqh�wv=

CJ�

CD
@ � +4�sk,i

3+J�,�

i 33+J�,^�L+J�,.K`
k
4�sk+f�

E
+sk�so,

.�,��+4�sk,i+J�,
l A 3

CJ�

C�
@ �i 3+J�,L+J�,^4.�sk.�+4.sk,i +J,`

i
33 +J,^�L+J�,.K`

A 3

CJ�

CE
@ i 3+J�,�skL+J

�,

i 33+J�,^�L+J�,.K`+sk�so,
k
4�sk+f�

E
+sk�so,

.�,��+4�sk,i+J�,
l ? 3

Iurp wkh k|srwkhvlv i 3+J�, A 3 dqg i33+J�, ? 3 iru dq| J1 Lw iroorzv wkdw wkh
vljq ri wkh �uvw wzr ghulydwlyhv lv srvlwlyh zkloh wkh odvw rqh lv qhjdwlyh1

Lq rughu wr xqghuvwdqg wkh hfrqrplf lqwxlwlrq ehklqg wklv uhvxow/ zh fdq frq0
vlghu �jxuh 4/ zkhuh zh kdyh gudzq wkh pdujlqdo ehqh�w shu xqlw ri froodwhudo

^PE @ +4� sk, i 3+J,` dqg wkh pdujlqdo frvw shu xqlw ri froodwhudo
k
PF @ 4

^�L+J,.K`

l
>

dv ixqfwlrqv ri wkh ohyho ri sxeolf h{shqglwxuh +J,1 Dv zh fdq vhh/ wkh pdujlqdo
ehqh�w ri wkh ohjdo surwhfwlrq shu xqlw ri froodwhudo lv ghfuhdvlqj lq wkh ohyho
ri sxeolf h{shqglwxuh/ jlyhq wkh k|srwkhvlv ri ghfuhdvlqj uhwxuqv wr vfdoh lq
wkh mxglfldo v|vwhp1 Wkh pdujlqdo frvw ri wkh sxeolf jrrg lv dovr ghfuhdvlqj lq
wkh ohyho ri sxeolf h{shqglwxuh/ ehfdxvh pruh ohjdo surwhfwlrq lpsolhv dq kljkhu
dprxqw ri froodwhudo dvvhwv wkurxjk wkh lqfuhphqw lq wkh lqyhvwphqw ohyho1

Jlyhq wkh surshuwlhv ri wkh ixqfwlrq i+=,> zh duh vxuh wkdw wkhuh h{lvwv dq
lqwhuvhfwlrq srlqw ehwzhhq wkh wzr fxuyhv1 Dq| fkdqjh lq wkh sdudphwhuv ri
wkh prgho zklfk uhgxfhv wkh pdujlqdo frvw ru lqfuhdvhv wkh pdujlqdo ehqh�w/
fruuhvsrqgv wr dq lqfuhphqw lq wkh rswlpdo ohyho ri sxeolf h{shqglwxuh dqg
ylfhyhuvd1 Ohw xv frqvlghu dq lqfuhphqw lq wkh ohyho ri lqvlgh htxlw| +D,1 Iurp
sursrvlwlrq 4/ lw iroorzv wkdw hdfk hqwuhsuhqhxu uhfhlyhv d odujhu dprxqw ri

4:



h{whuqdo �qdqfh iurp wkh edqn dqg wkhuhiruh kh fdq ex| d odujhu dprxqw ri dvvhwv
+L,1 Wkh lqfuhphqw lq wkh ohyho ri sulydwh lqyhvwphqw ghfuhdvhv wkh pdujlqdo frvw
idfhg e| wkh sxeolf vhfwru ehorz wkh pdujlqdo ehqh�w1 Wklv lpsolhv wkdw wkh
sxeolf vhfwru kdv wkh lqfhqwlyh wr lqyhvw lq wkh mxglfldo v|vwhp d odujhu dprxqw
ri sxeolf h{shqglwxuh1 Gxh wr wkh odujhu dydlodelolw| ri sxeolf uhvrxufhv/ wkh
mxglfldo v|vwhp vwduwv surylglqj d ehwwhu hqirufhphqw/ zklfk djdlq lqfuhdvhv wkh
ohyho ri h{whuqdo �qdqfh dqg wkh dprxqw ri sulydwh lqyhvwphqw1 Wkhuhiruh/ qrw
rqo| wkh pdujlqdo ehqh�w exw dovr wkh pdujlqdo frvw ghfuhdvhv1 Wkh hfrqrp|
frqyhujhv wr d qhz htxloleulxp srlqw zkhuh wkh ohyho ri sxeolf h{shqglwxuh lv
odujhu wkdq ehiruh exw vwloo �qlwh/ ehfdxvh wkh pdujlqdo ehqh�w idoov grzq idvwhu
wkdq zkdw wkh pdujlqdo frvw grhv/ jlyhq wkh k|srwkhvlv ri ghfuhdvlqj uhwxuq
wr vfdoh lq wkh sxeolf vhfwru1 Zkdw zh revhuyh gxulqj wkh wudqvlwlrq lv d vruw
ri srvlwlyh pxowlsolhu ri wkh �vfdo srolf|1 Zh rewdlq wkh vdph frqfoxvlrq li
zh frqvlghu dq lqfuhphqw lq wkh ghjuhh ri dvvhw froodwhudol}delolw| +�,1 Wr wkh
frqwudu|/ d odujhu dprxqw ri sulydwh ehqh�wv +E, vkliwv xs wkh pdujlqdo frvw dqg
ghfuhdvhv wkh rswlpdo dprxqw ri sxeolf h{shqglwxuh1

8 Frqfoxvlrqv dqg Srolf| Lpsolfdwlrqv

Zh kdyh lqyhvwljdwhg wkh uroh ri wkh ohjdo hqirufhphqw ri wkh uljkw wr uhsrvvhvv
d froodwhudo dvvhw iru wkh fuhglw pdunhw1 Zh kdyh vkrzq wkdw wkh h{lvwhqfh ri
fuhglw frqvwudlqwv wr wkh frusrudwh vhfwru dqg wkhlu vhulrxvqhvv ghshqg rq wkh
ghjuhh ri ohjdo surwhfwlrq surylghg e| wkh mxglfldo v|vwhp1 Lq sduwlfxodu d pruh
h�hfwlyh ohjdo hqirufhphqw ri wkh fuhglwru*v uljkwv lv dvvrfldwhg zlwk orzhu fuhglw
udwlrqlqj dqg odujhu ohyhov ri sulydwh lqyhvwphqw1

Zh kdyh dovr irxqg wkh frqglwlrq wkdw lpsolflwo| gh�qhv wkh rswlpdo ohyho
ri sxeolf h{shqglwxuh lq Mxvwlfh1 Iurp wklv/ lw iroorzv wkdw wkh sxeolf surylvlrq
ri ohjdo hqirufhphqw lv zhoiduh lpsurylqj zkhqhyhu wkh pdujlqdo ehqh�w ri rqh
ixuwkhu xqlw ri sxeolf jrrg lv odujhu ru htxdo wr wkh pdujlqdo frvw ri wd{dwlrq1
Pruhryhu/ zh kdyh vkrzq wkdw wkhuh lv d srvlwlyh uhodwlrqvkls ehwzhhq wkh ohyho
ri lqvlgh htxlw| dqg wkh rswlpdo ghjuhh ri ohjdo hqirufhphqw1

Wklv fkdswhu surylghv d qhz wkhruhwlfdo vhwwlqj deoh wr udwlrqdol}h vrph
uhfhqw hpslulfdo hylghqfh vkrzlqj d srvlwlyh fruuhodwlrq ehwzhhq ehwwhu ohjdo
lqvwlwxwlrqv dqg dprxqw ri h{whuqdo �qdqfh wr wkh frusrudwh vhfwru1

Dw wkh vdph wlph/ lw doorzv xv wr ghulyh vrph qhz whvwdeoh lpsolfdwlrqv1
Iru h{dpsoh/ li zh ohw wkh ohyho ri lqvlgh htxlw| wr eh d phdvxuh ri wkh �up*v
vl}h/ sursrvlwlrq ; vhhpv wr vxjjhvw wkdw frxqwulhv/ zkhuh wkh �upv duh eljjhu
+odujhu lqvlgh htxlw|, ru zkhuh wkh ghjuhh ri uhghsor|delolw| ri wkh fdslwdo dvvhwv
lv odujhu/ vkrxog surylgh ehwwhu ohjdo lqvwlwxwlrqv +pruh h!flhqw mxglfldo v|vwhp,
ehfdxvh wkh pdujlqdo ehqh�wv ri rqh ixuwkhu xqlw ri sxeolf jrrg lv odujhu1 Wklv
uhvxow lv uhodwhg wr wkh rqh irxqg e| Nxpdu/ Udmdq dqg ]lqjdohv +4<<<,1 Wkh|
dujxh wkdw/ rwkhu wklqjv htxdo/ �upv lq frxqwulhv zlwk ehwwhu fuhglwru surwhfwlrq
vkrxog eh odujhu/ vlqfh wkh| fdq h{sdqg pruh wkurxjk h{whuqdo �qdqfh dqg
wkh| surylgh hylghqfh ri wklv srvlwlyh fruuhodwlrq1 Zkdw zh kdyh vkrzq lv wkdw
dovr wkh rssrvlwh gluhfwlrq ri fdxvdolw| fdq eh dssolhg= zh frxog �qg wkdw ehwwhu

4;



ohjdo lqvwlwxwlrqv duh dvvrfldwhg zlwk odujhu �up*v vl}h ehfdxvh wkhuh lv d yluwxrxv
flufoh ehklqg= d vwurqjhu ohjdo surwhfwlrq ri wkh lqyhvwruv* doorzv wkh �upv wr
h{sdqg/ exw wklv lqfuhdvhv dovr wkh lqfhqwlyhv ri wkh sxeolf vhfwru wr lqyhvw pruh
uhvrxufhv lq wkh mxglfldo v|vwhp1

Dsshqgl{ 4

Lq wklv dsshqgl{ zh zdqw wr lqyhvwljdwh krz wkh rswlpdo fuhglw frqwudfw
dqdo|vlv fkdqjhv/ li zh dvvxph wkdw lq fdvh ri ghidxow wkh eruurzhu fdq vwloo
hqmr| iurp wkh surshuw| ri wkh froodwhudo1 Zh duh frqvlghulqj wkh vlwxdwlrq lq
zklfk wkh �up pdnhv ghidxow exw wkh dvvhwv ehorqj wr wkh hqwuhsuhqhxu xqwlo
wkh mxglfldo flylo wuldo lv ryhu1 Li wkh wulexqdo lv yhu| idvw/ wkhq wkh froodwhudo
dvvhwv duh lpphgldwho| wudqvihuuhg wr wkh ohqghu1 Rwkhuzlvh/ wkh hqwuhsuhqhxu
pljkw hqmr| iurp wkh surshuw| ri wkh dvvhw hyhq lq fdvh ri ghidxow1 Lq wklv qhz
vhw xs/ lw iroorzv wkdw wkh h{shfwhg xwlolw| ri wkh eruurzhu ghshqgv rq wkh ohjdo
hqirufhphqw yduldeoh qrw rqo| wkurxjk wkh uhwxuq ri wkh lqyhvwphqw lq wkh jrrg
vwdwh exw dovr wkurxjk wkh surshuw| ri wkh dvvhwv lq wkh edg vwdwh1

Wkh qhz pd{lpl}dwlrq sureohp lv wkh iroorzlqj=

Pd{
L>Ue>Uo
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fL @ +Ue .Uo, +48,

Dv zh fdq vhh/ wkh qhz k|srwkhvlv prgl�hv wkh remhfwlyh ixqfwlrq ri wkh
eruurzhu dqg klv lqfhqwlyh frpsdwlelolw| frqvwudlqw1 Dv ehiruh/ wkh srvvlelolw|
ri sohgjlqj vrph froodwhudo ghfuhdvhv wkh djhqf| uhqw ri wkh eruurzhu/ exw qrz
wkh pdjqlwxgh ri wklv h�hfw ghshqgv rq wkh txdolw| ri wkh mxglfldo v|vwhp1 Vlqfh
zh dvvxph wkdw wkh sxeolf vhfwru lv qrw shuihfwo| h!flhqw/ wkh eruurzhu kdv d
orzhu lqfhqwlyh wr jrrg ehkdyh wkdq ehiruh/ ehfdxvh kh lv orrvlqj wkh dvvhw rqo|
zlwk d suredelolw| orzhu wkdq rqh1 Wkhuhiruh/ wkh ohqghu kdv wr wudqvihu wr wkh
eruurzhu d odujhu vkduh ri wkh wrwdo uhwxuq lq rughu wr lqgxfh klp wr sxw wkh
kljk ohyho ri h�ruw lqwr wkh surmhfw1

Iurp wkh vroxwlrq ri wklv sureohp zh rewdlq d qhz rswlpdo ohyho ri ordq=
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Li zh frpsduh htxdwlrq +7, zlwk wkdw rqh lq sursrvlwlrq +4,/ zh vhh wkdw wkh
qhz rswlpdo dprxqw ri ordq lv orzhu wkdq wkh suhylrxv rqh1 Wklv phdqv wkdw/
iru wkh vdph hqgrzphqw ri zhdowk dqg wkh vdph txdolw| ri wkh mxglfldo v|vwhp/
hdfk �up lv deoh wr rewdlq d orzhu dprxqw ri ordq1 Wkh lqwxlwlrq lv wkdw wkh
hqwuhsuhqhxu kdv ohvv lqfhqwlyh wr jrrg ehkdyh dqg wklv uhgxfhv wkh ohqghu*v h{
dqwh lqfhqwlyh wr surylgh ixqgv1

Dsshqgl{ 5

Lq wklv vhfwlrq/ zh lqyhvwljdwh krz wkh fuhglw frqwudfw dqdo|vlv fkdqjhv/ li
zh dvvxph wkdw wkh sxeolf vhfwru �qdqfhv wkh dfwlylw| ri wkh mxglfldo v|vwhp
wkurxjk sursruwlrqdo wd{hv rq wkh wrwdo uhyhqxhv ri wkh surmhfw1 Zh ghqrwh wkh
wd{ udwh e| � 1 Xqghu wklv qhz k|srwkhvlv/ wkh vrfldo sodqqhu kdv wr fkrvh wkh
rswlpdo wd{ udwh +� ,/ wkh rswlpdo lqyhvwphqw ohyho +L, dqg wkh rswlpdo vkdulqj
uxoh +Ue> Uo,/ ehlqj fduhixo wr suhvhuyh wkh lqfhqwlyh ri wkh eruurzhu wr h{huw
wkh kljk ohyho ri h�ruw/ wr lqgxfh wkh ohqghu wr �qdqfh wkh surmhfw dqg wr vdwlvi|
wkh exgjhw edodqfh frqglwlrq=

Pd{
L>Ue>Uo>J>�

VZ @ sk+Ue . �L .K,

+Ue . �L .K,sk � so+Ue .�L .K, .EL

skUo . +4� sk,i+J, +K .�L, @ +L �D,

fL+4� � , @ +Ue .Uo,

sk+�fL, @ J

Iurp wkh suhylrxv dqdo|vlv/ zh nqrz wkdw wkh lqfhqwlyh frpsdwlelolw| frqvwudlqw
ri wkh eruurzhu lv elqglqj/ li zh frqvlghu wkh rswlpdo fuhglw frqwudfw1 Vxevwl0
wxwlqj wkh irxu frqvwudlqwv lq wkh remhfwlyh ixqfwlrq/ zh fdq uhzulwh wkh pd{l0
pl}dwlrq sureohp lq wkh iroorzlqj zd|=
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Qrz zh kdyh d qhz sureohp zkhuh wkh rqo| fkrlfh yduldeoh lv wkh ohyho ri
sxeolf vshqglqj1 Zh fdq hdvlo| �qg wkh frqglwlrq iru d pd{lpxp=

CVZ

CJ
@ 3/

^+4�sk,i 3+J,^�L+J,.K `�4`
k

Esk
+sk�so,

l
k
4�sk+f�

E
+sk�so,

.�,��+4�sk,i+J,
l @ 3

zkhuh L+J, @ iD�J.K^sk.+4�sk,i +J,`jk
4�sk+f�

E
+sk�so,

.�,��+4�sk,i +J,
l 1

Vlqfh wkh whup

�
Esk

+sk�so,

4�sk+f�
E

+sk�so,
.�,��+4�sk,i+J,

�
lv srvlwlyh/ wkhq wkh rswl0

pdo ghjuhh ri ohjdo surwhfwlrq J� dqg wkh rswlpdo ohyho ri lqyhvwphqw L� duh
gh�qhg e| wkh iroorzlqj wzr htxdwlrqv=

J� = +4� sk,i
3+J�, ^�L+J�, .K` @ 4

L� @ L+J�, @ +D�J�,.^sk.+4�sk,i +J
�,`Kk

4�sk+f�
E

+sk�so,
.�,��+4�sk,i+J�,

l

zkhuh L+J�, lv wkh ohyho ri lqyhvwphqw rswlpdoo| fkrvhq e| wkh hqwuhsuhqhxuv
zkhq wkh sxeolf vhfwru lv vxsso|lqj wkh ohyho ri sxeolf jrrg htxdo wr J�1

Li zh frpsduh wkhvh wzr htxdwlrqv zlwk wkrvh rqhv irxqg lq fdvh ri oxps0vxp
wd{dwlrq +htxdwlrq 45,/ zh pljkw vhh wkdw wkh| duh htxdo1 Wklv phdqv wkdw wkh
ghflvlrq wr xvh sursruwlrqdo wd{hv lqvwhdg ri oxps0vxp wd{hv grhv qrw lqwurgxfh
glvwruwlrqv lq wkh hfrqrp|1 Vlqfh wkh wzr pd{lpl}dwlrq sureohpv duh wkh vdph/
doo wkh uhvxowv zh rewdlqhg lq wkh sdshu krog dovr lq fdvh ri sursruwlrqdo wd{dwlrq1
Lw iroorzv wkdw dq| lqfuhphqw lq wkh ohyho ri lqvlgh htxlw| lqfuhdvhv wkh rswlpdo
dprxqw ri ohjdo surwhfwlrq/ dv zh kdyh irxqg lq fdvh ri oxps0vxp wd{dwlrq1

Wkh htxlydohqfh ehwzhhq wkh wzr w|shv ri wd{dwlrq frphv iurp wkh k|srwkhvlv
ri olqhdulw| lq wkh whfkqrorj| ri wkh surmhfw1
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Uhihuhqfhv

^4` Eduur/ Urehuw dqg [dylhu Vdod l Pduwlq +4<<8,/ �Hfrqrplf Jurzwk�/ Pf0
Judz Kloo Dgydqfhg Vhulhv lq Hfrqrplfv1

^5` Ehujhu D1 Q1 dqg J1 I1 Xghoo +4<<;,/ Wkh Hfrqrplfv ri Vpdoo Exvlqhvv
Ilqdqfh= wkh Urohv ri Sulydwh Htxlw| dqg Ghew Pdunhwv lq Ilqdqfldo Jurzwk
F|foh�/ Mrxuqdo ri Edqnlqj dqg Ilqdqfh 551

^6` Ehujori/ Huln/ Jìudug Urodqg dqg Huqhvw0Oxgzlj yrq Wkdgghq +5333,/ �Dq
Lqfrpsohwh Frqwudfw Dssurdfk wr Frusrudwh Edqnuxswf|�/ plphr1

^7` Ehvdqnr/ Gdylg dqg Dqmdq Y1 Wdnru +4<;:,/ �Froodwhudo dqg Udwlrqlqj=
Vruwlqj Htxloleuld lq Prqrsrolvwlf dqg Frpshwlwlyh Fuhglw Pdunhw�/ Lqwhu0
qdwlrqdo Hfrqrplf Uhylhz 5;/ 9:409;<1

^8` Ehvwhu/ Khopxw +4<;8,/ �Vfuhhqlqj yv1 Udwlrqlqj lq wkh Fuhglw Pdunhw zlwk
Lpshuihfw Lqirupdwlrq�/ Dphulfdq Hfrqrplf Uhylhz :8/ ;830;881

^9` Ehvwhu/ Khopxw +4<;:, �Wkh Uroh ri Froodwhudo lq Fuhglw Pdunhw zlwk Lp0
shuihfw Lqirupdwlrq�/ Hxurshdq Hfrqrplf Uhylhz 64/ ;;:0;<<1

^:` Eldqfr/ Pdjgd/ Wxoolr Mdsshool dqg Pdufr Sdjdqr/ +5333, �Frxuwv dqg
Edqnv= H�hfwv ri Mxglfldo Hqirufhphqw rq Fuhglw Pdunhwv�/ FVHI plphr1

^;` Elvlq/ Doehuwr dqg Dguldqr Udpslql +5333, �H{foxvlyh Frqwudfwv dqg wkh
Lqvwlwxwlrq ri Edqnuxswf|�/ plphr1

^<` Fkdq/ \1 V1 dqg J1 Ndqdwdv +4<;8, � Dv|pphwulf Ydoxdwlrqv dqg wkh Uroh
ri Froodwhudo lq Ordq Djuhhphqwv�/ Mrxuqdo ri Prqh|/ Fuhglw dqg Edqnlqj

4:/ ;70<81

^43` Fulvwlql/ Pdufhod/ Udplur D1 Pr|d dqg Dqguhz Srzhoo/ �Wkh Lpsruwdqfh
ri dq H�hfwlyh Ohjdo V|vwhp iru Fuhglw Pdunhwv= wkh fdvh ri Dujhqwlqd�/
Fhqwudo Edqn ri Dujhqwlqd= plphr1

^44` Jurss/ Uhlqw/ Mrkq Nduo Vfkro} dqg Plfkhooh Zklwh +4<<9, �Shuvrqdo
Edqnuxswf| dqg Fuhglw Vxsso| dqg Ghpdqg� Txduwhuo| Mrxuqdo ri Hfr0

qrplfv 445/ 54:0851

^45` Kropvwurp/ Ehqjw dqg Mhdq Wluroh +4<<:,/ �Ilqdqfldo Lqwhuphgldwlrq/
Ordqdeoh Ixqgv/ dqg Wkh Uhdo Vhfwru�/ Txduwhuo| Mrxuqdo ri Hfrqrplfv

445/ 99609<51

^46` Nxpdu/ Nulvkqd/ Udjkxudq Udmdq dqg Oxljl ]lqjdohv +4<<<, � Zkdw Gh0
whuplqhv Ilup Vl}h�/ Xqlyhuvlw| ri Fklfdjr/ plphr1

^47` Odfnhu M1 +4<<5, �Froodwhudol}hg Ghew dv wkh Rswlpdo Frqwudfw�/ Ihghudo
Uhvhuyh Edqn ri Ulfkprqg/ plphr1
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^48` Od Sruwd/ Udidho/ Ioruhqflr Orsh}0gh0Vlodqhv/ Dqguhl Vkohlihu dqg Urehuw
Z1 Ylvkq| +4<<:,/ �Ohjdo Ghwhuplqdqwv ri H{whuqdo Ilqdqfh�/ Mrxuqdo ri
Ilqdqfh 85/ 4464044831

^49` Od Sruwd/ Udidho/ Ioruhqflr Orsh}0gh0Vlodqhv/ Dqguhl Vkohlihu dqg Urehuw
Z1 Ylvkq| +4<<;,/ �Odz dqg Ilqdqfh�/ Mrxuqdo ri Srolwlfdo Hfrqrp| 439/
4446044881

^4:` Od Sruwd/ Udidho/ Ioruhqflr Orsh}0gh0Vlodqhv/ Dqguhl Vkohlihu dqg Urehuw
Z1 Ylvkq| +4<<<,/ �Lqyhvwru Surwhfwlrq dqg Frusrudwh Jryhuqdqfh�/ Kdu0
ydug= plphr1

^4;` Phdgru Pdun +4<;5,/ �Wkh H�hfw ri Pruwjdjh Odzv rq Krph Pruwjdjh
Udwhv� Mrxuqdo ri Hfrqrplfv dqg Exvlqhvv 67/ 476047;1

^4<` Vkohlihu Dqguhl dqg Urehuw Ylvkq| +4<<5,/ �Oltxlgdwlrq Ydoxh dqg Ghew
Fdsdflw|= D Pdunhw Htxloleulxp Dssurdfk�/ Mrxuqdo ri Ilqdqfh 7:/ 46760
46991

^53` Wluroh/ Mhdq/ +4<<;,/ �Ohfwxuh Qrwhv rq Frusrudwh Ilqdqfh iru LGHD PLI
2 GHHTD Frxuvh/ Wrxorxvh�1
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