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Devwudfw
Zh dqdo|}h wkh uroh ri fkhds0wdon lq wzr sod|hu jdphv zlwk rqh0vlghg

lqfrpsohwh lqirupdwlrq1 Zh lghqwli| frqglwlrqv xqghu zklfk +4, sod|huv
fdq ixoo| frppxqlfdwh dqg frruglqdwh rq h!flhqw Qdvk htxloleuld ri wkh
xqghuo|lqj frpsohwh lqirupdwlrq jdph> dqg +5, sod|huv fdqqrw frppxql0
fdwh vr fkhds0wdon grhv qrw dowhu wkh htxloleulxp vhw ri wkh Ed|hvldq jdph1
Zh suhvhqw h{dpsohv wkdw looxvwudwh vhyhudo lvvxhv wkdw dulvh zkhq wkhuh lv
wzr0vlghg lqfrpsohwh lqirupdwlrq dqg dovr dqdo|}h wkh uroh ri fkhds0wdon lq
wkh hohfwurqlf pdlo jdph ri Uxelqvwhlq ^4<;<`1

41 Lqwurgxfwlrq

Zkhq duh fkhds wdon vwdwhphqwv fuhgleohB Iroorzlqj Iduuhoo ^4<<6`/ lw lv riwhq
dujxhg wkdw d fkhds wdon vwdwhphqw derxw |rxu sodqqhg ehkdylru lv fuhgleoh li lw
lv vhoi0frpplwwlqj= lw |rx h{shfwhg |rxu fkhds wdon vwdwhphqw wr eh eholhyhg/ |rx
zrxog kdyh dq lqfhqwlyh wr fduu| rxw |rxu sodq1 Xqghu wklv ylhz/ sod|huv vkrxog
dozd|v eh deoh wr frruglqdwh rq d Sduhwr0grplqdqw Qdvk htxloleulxp ri d frpsohwh
lqirupdwlrq jdph1 Dxpdqq ^4<<3` vxjjhvwhg d pruh vwulqjhqw vhoi0vljqdoolqj uh0
txluhphqw iru fuhglelolw|= |rxu fkhds wdon vwdwhphqw derxw |rxu sodqqhg ehkdylru
lv rqo| fuhgleoh li |rx zrxog rqo| zdqw lw wr eh eholhyhg li lq idfw lw zdv wuxh1

�Zh wkdqn vhplqdu sduwlflsdqwv dw Eurzq/ Froxpeld/ Who Dyly dqg Zdvklqjwrq Xqlyhuvlwlhv
iru frpphqwv/ Y1 Ekdvndu iru ydoxdeoh glvfxvvlrqv dqg Vwhyh Pdwwkhzv iru srlqwlqj rxw dq huuru
lq dq hduolhu yhuvlrq1 Pruulv lv judwhixo iru �qdqfldo vxssruw iurp wkh Doiuhg S1 Vordq Irxqgdwlrq
dqg QVI judqw &<:3<9341



Wkh frqwudvw ehwzhhq wkh ylhzv lv hvshfldoo| vwulnlqj li rqh frqvlghuv jdphv
zlwk erwk vwudwhjlf frpsohphqwdulwlhv dqg srvlwlyh vslooryhuv= hdfk sod|hu*v ehvw
uhvsrqvh lv lqfuhdvlqj lq rwkhu sod|huv* dfwlrqv> dqg hdfk sod|hu zrxog suhihu wkdw
rwkhu sod|huv fkrrvh kljkhu dfwlrqv1 Vxfk jdphv dulvh qdwxudoo| lq pdq| hfrqrplf
vhwwlqjv/ lqfoxglqj edqn uxqv dqg ydulrxv roljrsro| sureohpv1 Wkxv d ghsrvlwru lq
d edqn zloo dozd|v zdqw rwkhu ghsrvlwruv wr ohdyh wkhlu prqh| lq wkh edqn1 Wklv
ehlqj wkh fdvh/ zk| vkrxog kh eh eholhyhg zkhq kh fodlpv kh lv jrlqj wr ohdyh klv
prqh| lq wkh edqnB Wkhuh pd| eh dq htxloleulxp zkhuh doo ghsrvlwruv ohdyh wkhlu
prqh| lq wkh edqn/ exw zkdw lv lw derxw klv fkhds wdon vwdwhphqw wkdw pdnhv lw
pruh fuhgleoh wkdw wkh vshdnhu zloo sod| dffruglqj wr wklv ghvludeoh htxloleulxpB
Vlploduo|/ d gxrsrolvw dozd|v zdqwv klv frpshwlwru wr fkrrvh orzhu rxwsxw1 Zk|
vkrxog kh eh eholhyhg zkhq kh fodlpv kh zloo surgxfh orz rxwsxw +hyhq li lw lv
sduw ri d Qdvk htxloleulxp,B

Zh eulh | uhylhz wkh frpsohwh lqirupdwlrq ghedwh derxw fkhds wdon dqg fr0
ruglqdwlrq lq Vhfwlrq 51 Krzhyhu/ rxu sxusrvh lq wklv sdshu lv wr ghulyh ohvvrqv
derxw fkhds wdon dqg frruglqdwlrq zlwk lqfrpsohwh lqirupdwlrq1 Lq wklv frqwh{w/
zh fdq irupdol}h wkh lghd wkdw vhoi0vljqdoolqj lv qhfhvvdu| iru fkhds wdon vwdwhphqwv
wr eh fuhgleoh dqg wkdw srvlwlyh vslooryhuv suhyhqw frppxqlfdwlrq1 Zh zloo irfxv
rq wzr sod|hu jdphv zlwk rqh0vlghg lqfrpsohwh lqirupdwlrq +wkrxjk zh zloo r�hu
frpphqwv dqg h{dpsohv wr ghprqvwudwh wkh qhz lvvxhv wkdw dulvh lq jdphv ri wzr0
vlghg lqfrpsohwh lqirupdwlrq,1 Fudzirug dqg Vreho ^4<;5` dovr orrnhg dw fkhds
wdon jdphv ri rqh0vlghg lqfrpsohwh lqirupdwlrq exw doorzhg rqo| rqh sod|hu/ wkh
uhfhlyhu/ wr wdnh dq dfwlrq diwhu wkh sod|hu zlwk lqirupdwlrq/ wkh vhqghu/ vhqgv d
phvvdjh lq wkh fkhds wdon vwdjh1 Zh doorz wkh vhqghu dqg uhfhlyhu wr sod| d jdph
dqg wkhuhiruh iru erwk wr wdnh dfwlrqv diwhu wkh fkhds wdon vwdjh1 Wklv/ wkhuhiruh/
jhqhudwhv rxu nh| qhz lvvxh= li dqg zkhq lv lw srvvleoh iru wkh vhqghu wr fuhgleo|
frppxqlfdwh klv w|sh0ghshqghqw dfwlrq lq wkh jdph dqg wr frruglqdwh rq h!flhqw
rxwfrphvB

Irupdoo|/ zh frqvlghu wzr txhvwlrqv1 Zkhq lv wkhuh ixoo frppxqlfdwlrq/ lq
wkh vhqvh wkdw wkh lqiruphg sod|hu wuxwkixoo| uhyhdov klv w|sh dqg wkh wzr sod|huv
wkhq sod| d Qdvk htxloleulxp ri wkh xqghuo|lqj frpsohwh lqirupdwlrq jdphB Dqg
zkhq lv wkhuh qr frppxqlfdwlrq/ vr wkdw wkh htxloleuld ri wkh fkhds wdon jdph duh
rxwfrph htxlydohqw wr htxloleuld zkhuh fkhds wdon lv qrw doorzhgB

Frqvlghu �uvw rxu ixoo frppxqlfdwlrq uhvxow1 D frpsohwh lqirupdwlrq jdph lv
vhoi0vljqdoolqj li d sod|hu grhv qrw kdyh dq lqfhqwlyh wr ghfhlyh klv rssrqhqw derxw
zklfk dfwlrq kh lqwhqgv wr wdnh1 Lq sduwlfxodu/ frqglwlrqdo rq d sod|hu ehlqj irufhg
wr fkrrvh dfwlrq @/ kh zrxog suhihu wkdw klv rssrqhqw fkrrvh wkh ehvw uhvsrqvh
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wr @ wr klv fkrrvlqj wkh ehvw uhvsrqvh wr dq| rwkhu dfwlrq @�1 Dq dfwlrq @ iru wkh
lqiruphg sod|hu lv d Vwdfnhoehuj dfwlrq li kh frxog qrw gr ehwwhu e| frpplwwlqj
wr dqrwkhu dfwlrq @� dqg doorzlqj klv rssrqhqw wr fkrrvh d ehvw uhvsrqvh wr @�1
Zh vkrz wkdw lq d wzr sod|hu/ sulydwh ydoxhv/ rqh0vlghg lqfrpsohwh lqirupdwlrq
jdph zlwk vhoi0vljqdoolqj vdwlv�hg dqg d Vwdfnhoehuj/ Qdvk htxloleulxp h{lvwlqj iru
hyhu| w|sh sur�oh/ wkhuh h{lvwv dq htxloleulxp zlwk frppxqlfdwlrq zkhuh sod|huv
wuxwkixoo| dqqrxqfh wkhlu w|shv dqg sod| dffruglqj wr wkh Vwdfnhoehuj dfwlrq/
Qdvk htxloleulxp iru wkh dqqrxqfhg w|sh sur�oh +Sursrvlwlrq 615,1 Wkh vhoi0
vljqdoolqj frqglwlrq uxohv rxw wkh gl!fxow| lghqwl�hg e| Dxpdqq ^4<<3`1 Wkh
Vwdfnhoehuj dfwlrq uhtxluhphqw uxohv rxw sod| ri d grplqdwhg htxloleulxp iru wkh
lqiruphg sod|hu1 Rwkhuzlvh/ kh zrxog kdyh wkh lqfhqwlyh wr olh derxw klv w|sh
wr jhw klv rssrqhqw wr frruglqdwh rq klv suhihuuhg htxloleulxp1 Wkhuhiruh/ rxu
ixoo frppxqlfdwlrq uhvxow vkrzv wkdw wkhvh duh wkh rqo| wzr frq lfwv ehwzhhq
sod|huv wkdw lpshgh wkh vxffhvvixo wudqvplvvlrq ri lqirupdwlrq lq d sulydwh ydoxhv
hqylurqphqw1

Rxu vx!flhqw frqglwlrq iru qr frppxqlfdwlrq lv pxfk vwurqjhu1 Zh vkrz
wkdw zkhq wkh xqlqiruphg sod|hu rqo| kdv wzr dfwlrqv dqg doo w|shv ri wkh lq0
iruphg sod|hu kdyh wkh vdph suhihuhqfhv ryhu wkhvh dfwlrqv/ qr frppxqlfdwlrq
fdq rffxu lq htxloleulxp +Sursrvlwlrq 618,1 Wkxv d idloxuh ri vhoi0vljqdoolqj lp0
solhv wkdw frppxqlfdwlrq lv lpsrvvleoh1 Krzhyhu/ zh vkrz e| h{dpsoh wkdw lq
pdq| dfwlrq jdphv/ hyhq zkhq wkh vhqghu*v suhihuhqfhv ryhu pl{hg vwudwhjlhv duh
w|sh0lqghshqghqw/ frppxqlfdwlrq lv srvvleoh +wkrxjk lw lv yhu| iudjloh,1 Zh dovr
suhvhqw d vhulhv ri h{dpsohv wkdw ghprqvwudwh wkdw frppxqlfdwlrq zkhq wkhuh lv
wzr0vlghg lqfrpsohwh lqirupdwlrq suhvhqwv qhz lvvxhv lqyroylqj wudqvplvvlrq ri
fruuhodwhg lqirupdwlrq dqg wzr0zd| frppxqlfdwlrq1

Wkh deryh uhvxowv duh ghvfulehg lq Vhfwlrq 61 Lq Vhfwlrq 7/ zh ghvfuleh d
fruuhodwhg w|sh h{dpsoh qrw fryhuhg e| rxu jhqhudo uhvxowv +fkhds wdon lq wkh
hohfwurqlf pdlo jdph,1 Zh ehjlq zlwk d uhylhz ri wkh frpsohwh lqirupdwlrq fkhds0
wdon olwhudwxuh1

51 Fkhds Wdon dqg Frruglqdwlrq zlwk Frpsohwh Lqirupd0
wlrq= D Uhylhz

Zh surylgh d yhu| eulhi uhylhz lq wklv vhfwlrq ri vrph nh| lghdv lq wkh olwhudwxuh
rq fkhds wdon zlwk frpsohwh lqirupdwlrq1 Wkh uhdghu lv uhihuuhg wr Iduuhoo dqg
Udelq ^4<<9` iru d pruh frpsohwh glvfxvvlrq1
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5141 Ohdglqj H{dpsoh

Wkurxjkrxw wkh sdshu/ zh zloo eh lqwhuhvwhg lq wkh iroorzlqj h{dpsoh1 Wzr sod|0
huv2�upv pxvw ghflgh zkhwkhu wr lqyhvw +U, ru qrw lqyhvw +�,1 Wkh wzr sod|huv
pljkw eh �upv lq gl�huhqw lqgxvwulhv exw lq wkh vdph orfdo duhd vr rqh �up*v lq0
yhvwphqw ghflvlrq d�hfwv wkh rwkhu wkurxjk ghpdqg h{whuqdolwlhv1 Ru wkh| frxog
eh wzr �upv wkdw gr exvlqhvv zlwk hdfk rwkhu dqg duh ghflglqj zkhwkhu wr xsjudgh
wr d qhz whfkqrorj|/ vd|/ qhz vriwzduh1 Qrw lqyhvwlqj lv wkh fkrlfh ri vwd|lqj zlwk
wkh h{lvwlqj whfkqrorj|/ zkloh lqyhvwlqj lqyroyhv dgrswlqj wkh qhz whfkqrorj|/ l1h1/
sxufkdvlqj qhz vriwzduh1 Wkhuh lv d frvw S ri lqyhvwlqj dqg wkh �upv uhfhlyh d
uhwxuq rq wkhlu lqyhvwphqw rqo| li erwk lqyhvw= zh dvvxph wkh| hdfk uhfhlyh d
jurvv uhwxuq ri �ff lq wklv fdvh1 Wkxv wkhuh duh vwudwhjlf frpsohphqwdulwlhv +hdfk
�up kdv pruh lqfhqwlyh wr lqyhvw li wkh rwkhu �up lqyhvwv,1 Lq dgglwlrq/ wkhuh
lv d �vslooryhu� % wkdw rqh �up uhfhlyhv li wkh rwkhu �up lqyhvwv/ lqghshqghqw ri
zkhwkhu wkh �uvw �up lqyhvwv1 Wkxv sd|r�v duh jlyhq e| wkh iroorzlqj pdwul{=

Rssrqhqw*v Dfwlrq

Rzq
Dfwlrq

L Q
L �ff� S n % �S
Q % f
iljxuh 4

Zkhq wkh wzr �upv duh lq gl�huhqw lqgxvwulhv lq wkh vdph orfdolw|/ �up �*v lqyhvw0
phqw pljkw lqfuhdvh wkh �up 2*v sur�w e| lqfuhdvlqj ghpdqg lq wkh orfdo hfrqrp|/
vr wkhuh zloo eh d srvlwlyh vslooryhu +% : f,1 Li wkh wzr �upv duh grlqj exvlqhvv
wrjhwkhu/ wkhuh pd| eh d frvw wr �up 2 li rqh �up �*v xsjudghv lwv whfkqrorj|/ vr
wkhuh zloo eh d qhjdwlyh vslooryhu +% 	 f,1

Li lw lv frpprq nqrzohgjh wkdw wkh frvw ri lqyhvwlqj lv �orz� +S ' bf, iru erwk
sod|huv/ sd|r�v duh jlyhq e| wkh iroorzlqj el0pdwul{=

Sod|hu 5

Sod|hu 4
L Q

L �f n %c �f n % �bfc %
Q %c�bf fc f

iljxuh 5

Wklv jdph kdv wzr vwulfw Qdvk htxloleuld= erwk lqyhvw dqg erwk qrw lqyhvw1 Li % :
��fc wkh erwk lqyhvw htxloleulxp lv dq h!flhqw rxwfrph lq wkh jdph1 Frqyhqwlrqdo
zlvgrp krogv wkdw li rqh sod|hu +vd|/ sod|hu 4, lv deoh wr frppxqlfdwh derxw klv
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lqwhqwlrqv lq wklv jdph/ wkh h!flhqw htxloleulxp zloo eh sod|hg1 Iduuhoo ^4<<6`
dujxhg wkdw wkh surplvh �L zloo lqyhvw� e| sod|hu 4 zloo eh fuhgleoh wr sod|hu
5 ehfdxvh li sod|hu 4 h{shfwhg klv vwdwhphqw wr eh eholhyhg/ kh zrxog kdyh dq
lqfhqwlyh wr fduu| rxw klv surplvh1 Iduuhoo dqg Udelq ^4<<9` odeho wklv qrwlrq ri
fuhglelolw| vhoi0frpplwphqw1 Wkh surplvh �L zloo lqyhvw� zloo dozd|v eh fuhgleoh
lq wkh deryh jdph/ dqg vlqfh lw ohdgv wr sod|hu 4*v prvw suhihuuhg sd|r�/ kh zloo
dozd|v fkrrvh wr pdnh lw1

Dxpdqq ^4<<3` kdv dujxhg wkdw wklv fulwhulrq ri fuhglelolw| lv lqvx!flhqw/ dw
ohdvw lq vrph fdvhv1 Frqvlghu wkh deryh jdph lq wkh fdvh zkhuh % ' �/ vr wkh
sd|r� pdwul{ ehfrphv

Sod|hu 5

Sod|hu 4
L Q

L ��c �� �bfc �
Q �c�bf fc f
iljxuh 6

Lq wklv fdvh/ sod|hu 4 zrxog olnh sod|hu 5 wr lqyhvw lqghshqghqw ri wkh dfwlrq wkdw
sod|hu 4 sodqv wr fduu| rxw1 Wklv ehlqj wkh fdvh/ d surplvh wr lqyhvw e| sod|hu 4
frqyh|v qr lqirupdwlrq derxw sod|hu 4*v dfwxdo lqwhqw1 Lq sduwlfxodu/ vxssrvh wkdw
sod|hu 4 wkrxjkw lw zdv olnho| wkdw sod|hu 5 zrxog ljqruh dq| fkhds wdon vwdwhphqw
dqg zrxog sod| vdih e| qrw lqyhvwlqj exw wkdw wkhuh zdv d srvlwlyh suredelolw| wkdw
sod|hu 5 zrxog eholhyh klv fkhds wdon vwdwhphqw1 Wkhq kh zrxog kdyh dq lqfhqwlyh
wr dqqrxqfh �L zloo lqyhvw� dqg qrw gr vr1

Dxpdqq*v fulwltxh vxjjhvwv d vwurqjhu fuhglelolw| uhtxluhphqw +djdlq/ wkh whu0
plqrorj| lv wdnhq iurp Iduuhoo dqg Udelq ^4<<9`,= D vwdwhphqw lv vhoi0vljqdoolqj
li wkh vshdnhu zrxog zdqw lw wr eh eholhyhg rqo| li lw lv wuxh1 Wkh vwdwhphqw �L
zloo lqyhvw� lv vhoi0vljqdoolqj iru sod|hu 4 lq wkh jdph ri �jxuh 5 rqo| li % � f1 Li
% : f/ wkh vwdwhphqw �L zloo lqyhvw� lv qrw vhoi0vljqdoolqj ehfdxvh sod|hu 4 zrxog
zdqw wkdw vwdwhphqw wr eh eholhyhg hyhq li kh zhuh sodqqlqj wr qrw lqyhvw1

Wkh h{lvwlqj olwhudwxuh rq fkhds wdon uh�qhphqwv lq frpsohwh lqirupdwlrq
jdphv kdv iroorzhg Iduuhoo*v ohdg lq irfxvvlqj rq yduldwlrqv ri wkh vhoi0frpplwphqw
qrwlrq ri fuhglelolw| zkloh ljqrulqj wkh vhoi0vljqdoolqj lvvxh1 Erwk hyroxwlrqdu|
prghov ri htxloleulxp vhohfwlrq zlwk fkhds wdon +Nlp dqg Vreho ^4<<8`, dqg
h{shulphqwdo zrun +Fkduqhvv ^4<<;`, vhhp wr frq�up Iduuhoo*v ylhz wkdw vhoi0
frpplwphqw dqg qrw vhoi0vljqdoolqj lv wkh nh| fuhglelolw| uhtxluhphqw xqghu frp0
sohwh lqirupdwlrq1
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5151 Irupdol}lqj wkh Fuhglelolw| Surshuwlhv

Wkhuh duh wzr sod|huv/ � dqg 21 Hdfk sod|hu � kdv d �qlwh dfwlrq vhw ��1 D frpsohwh
lqirupdwlrq jdph lv ghvfulehg e| d sdlu ri sd|r� ixqfwlrqv E}�c }2�/ zlwk hdfk
}� G � $ U +zkhuh � ' �� � �2,1 Zh zloo irfxv rq jhqhulf frpsohwh lqirupdwlrq
jdphv/ dvvxplqj lq sduwlfxodu wkdw }� E@� 9' }� E@

�� iru doo @c @� 5 � zlwk @ 9' @�1
Zlwk wklv uhvwulfwlrq/ sxuh vwudwhj| ehvw uhvsrqvh ixqfwlrqv/ K� G �� $ ��/ duh
zhoo0gh�qhg=

K� E@�� � @h}4@ 
@�M��

}� E@�c @��

Zh zdqw wr frqvlghu wkh fuhglelolw| ri vwdwhphqwv e| rqh sod|hu/ vd|/ sod|hu 41

Gh�qlwlrq 5141 Dfwlrq @� lv vhoi0frpplwwlqj li }� E@�c K2 E@��� � }� E@
�

�
c K2 E@��� iru

doo @�
�
5 ��1

Dfwlrq @� lv vhoi0frpplwwlqj li lw lv wkh rswlpdo dfwlrq iru sod|hu 4 li kh h{shfwv
klv rssrqhqw wr fkrrvh d ehvw uhvsrqvh wr dfwlrq @�1 Dfwlrq @� lv vhoi0frpplwwlqj
h{dfwo| li E@�c K2E@��� lv d sxuh vwudwhj| Qdvk htxloleulxp ri }1 Lq wkh jdph ri
�jxuh 5/ wkh dfwlrq lqyhvw lv dozd|v vhoi0frpplwwlqj1

Zh zloo odwhu eh lqwhuhvwhg lq zklfk dfwlrq d sod|hu zrxog zlvk wr frpplw wr
+li kh zhuh deoh wr frpplw,1

Gh�qlwlrq 5151 Dfwlrq @� lv wkh Vwdfnhoehuj dfwlrq li }� E@�c K2 E@��� � }� E@
�

�
c K2 E@

�

�
��

iru doo @�
�
5 ��1

Lq wkh jdph ri �jxuh 5/ wkh dfwlrq lqyhvw lv wkh Vwdfnhoehuj dfwlrq iru sod|hu
4 li % : ��f1 Li @� lv vhoi0frpplwwlqj dqg @� lv wkh Vwdfnhoehuj dfwlrq/ wkhq
E@�c K E@��� lv wkh sxuh vwudwhj| Qdvk htxloleulxp } prvw suhihuuhg e| sod|hu 41

Irupdol}lqj wkh lghd ri vhoi0vljqdoolqj +d vwdwhphqw lv vhoi0vljqdoolqj li wkh
vshdnhu zrxog zdqw lw wr eh eholhyhg rqo| li lw lv wuxh, lv wulfn| dv lw ghshqgv
rq krz rwkhu vwdwhphqwv zrxog eh hydoxdwhg1 Wkh iroorzlqj gh�qlwlrq lv d yhu|
vwurqj surshuw| wkdw uhtxluhv wkdw doo vwdwhphqwv derxw wkh dfwlrq wr eh sod|hg
zrxog eh vhoi0vljqdoolqj1

Gh�qlwlrq 5161 Wkh jdph } lv vhoi0vljqdoolqj +iru sod|hu 4, li }� E@�c K2 E@��� �
}� E@�c @2� iru doo @� 5 �� dqg @2 5 �21
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Wklv surshuw| uhtxluhv wkdw li d sod|hu lv jrlqj wr fkrrvh dq dfwlrq @�/ wkhq
kh zrxog olnh klv rssrqhqw wr fkrrvh d ehvw uhvsrqvh wr wkdw dfwlrq1 Wkh jdph ri
�jxuh 5 lv vhoi0vljqdoolqj rqo| li % � f= li % : f/ wkhq li sod|hu 4 sodqqhg wr qrw
lqyhvw/ kh zrxog suhihu wkdw wklv rssrqhqw lqyhvw +zklfk lv qrw d ehvw uhvsrqvh,1
Revhuyh wkdw li @� lv wkh Vwdfnhoehuj dfwlrq dqg wkh jdph } lv vhoi0vljqdoolqj/ wkhq
@� lv vhoi0frpplwwlqj dqg E@�c K2 E@��� lv wkh prvw suhihuuhg dfwlrq sur�oh ri sod|hu
�/ vlqfh iru doo @�

�
5 �� dqg @2 5 �2

}� E@�c K2 E@��� � }� E@
�

�
c K2 E@

�

�
�� / vlqfh @� lv Vwdfnhoehuj

� }� E@
�

�
c @2� / vlqfh } lv vhoi0vljqdoolqj

Vrph ri wkh vljql�fdqfh ri wkhvh surshuwlhv fdq eh vhhq e| frqvlghulqj jdphv
zkhuh wkhuh lv d qdwxudo rughu rq wkh dfwlrqv ri erwk sod|huv1 Iroorzlqj wkh
whuplqrorj| ri Frrshu dqg Mrkq ^4<<;`/ zh xvh wkh iroorzlqj gh�qlwlrqv1

Gh�qlwlrq 5171 Wkh jdph } kdv vwudwhjlf frpsohphqwdulwlhv iru sod|hu � li K� lv
lqfuhdvlqj1

Gh�qlwlrq 5181 Wkh jdph } kdv srvlwlyh vslooryhuv iru sod|hu � li }� E@�c @�� lv
vwulfwo| lqfuhdvlqj lq @�1

Xqghu wkh qdwxudo rughulqj/ wkh jdph ri �jxuh 5 dozd|v kdv vwudwhjlf frpsoh0
phqwdulwlhv +iru erwk sod|huv,/ exw lw kdv srvlwlyh vslooryhuv rqo| li % : f +l1h1/
h{dfwo| zkhq wkh jdph lv qrw vhoi0vljqdoolqj,1 Li d jdph } kdv vwudwhjlf frpsoh0
phqwdulwlhv dqg srvlwlyh vslooryhuv iru erwk sod|huv/ wkhq wkhuh lv d �odujhvw htxl0
oleulxp� zklfk lv Sduhwr0suhihuuhg e| erwk sod|huv1 Plojurp dqg Urehuwv ^4<<9`
vkrz wkdw wklv odujhvw dqg Sduhwr0suhihuuhg htxloleulxp lv ^4` d vhplvwurqj Qdvk
htxloleulxp/ l1h1/ urexvw wr dq| frdolwlrqdo ghyldwlrq wkdw lv lwvhoi urexvw djdlqvw
dq| lqglylgxdo ghyldwlrq> dqg ^5` lv d frdolwlrq0surri fruuhodwhg htxloleulxp iru dq|
frdolwlrq frppxqlfdwlrq vwuxfwxuh1 Wklv vxjjhvwv wkdw fkhds wdon pljkw eh hvsh0
fldoo| h�hfwlyh lq dfklhylqj wkh h!flhqw htxloleulxp lq wklv vhwwlqj +dqg Plojurp
dqg Urehuwv flwh pdq| hfrqrplf dssolfdwlrqv zkhuh vwudwhjlf frpsohphqwdulwlhv
dqg srvlwlyh vslooryhuv duh erwk vdwlv�hg,1

\hw lw lv lpphgldwh wkdw d jdph zlwk srvlwlyh vslooryhuv idlov wkh vhoi0vljqdoolqj
frqglwlrq1 Lq d jdph zlwk srvlwlyh vslooryhuv/ d sod|hu dozd|v kdv dq lqfhqwlyh wr
jhw klv rssrqhqw wr fkrrvh d kljk dfwlrq/ lqghshqghqw ri zkdw kh sodqv wr gr1
Wkxv li wkh Dxpdqq ^4<<3` fulwltxh kdv dq| uhohydqfh/ lw vxuho| dssolhv wr jdphv
zlwk srvlwlyh vslooryhuv1 Lq wkh qh{w vhfwlrq/ zh zloo vhh wkdw zlwk lqfrpsohwh
lqirupdwlrq/ vrph irup ri vhoi0vljqdoolqj zloo eh uhtxluhg iru h�hfwlyh fkhds wdon
frppxqlfdwlrq dqg srvlwlyh vslooryhuv zloo whqg wr suhfoxgh frppxqlfdwlrq1

:



61 Fkhds Wdon dqg Frruglqdwlrq zlwk Lqfrpsohwh Lqirupd0
wlrq

Lq wkh olwhudwxuh rq fkhds wdon lq frpsohwh lqirupdwlrq jdphv glvfxvvhg lq wkh suh0
ylrxv vhfwlrq/ dxwkruv sursrvh uh�qhphqwv ri Qdvk htxloleulxp edvhg rq lqwxlwlyh
fuhglelolw| uhtxluhphqwv1 Wkhuh lv qr irupdo zd| ri hydoxdwlqj wkh fruuhfwqhvv ri
wkh lqwxlwlrq ehklqg wkh vroxwlrq frqfhswv1 Lq vwxg|lqj frruglqdwlrq zlwk lqfrp0
sohwh lqirupdwlrq/ zh fdq uhvwulfw dwwhqwlrq wr wkh vwdqgdug vroxwlrq frqfhsw ri
shuihfw Ed|hvldq htxloleulxp +zlwk qr vshfldo uh�qhphqwv,/ dqg wkhq vhh zklfk
ihdwxuhv ri wkh frruglqdwlrq jdph doorz fkhds wdon derxw dfwlrqv wr eh h�hfwlyh lq
htxloleulxp1 Zh zloo vhh wkdw wkh qhhg iru vhoi0vljqdoolqj dqg wkh lqfhqwlyh sure0
ohpv fuhdwhg e| srvlwlyh vslooryhuv hphujh qdwxudoo| iurp wkh htxloleulxp dqdo|vlv1

6141 Ohdglqj H{dpsoh

Qrz ohw wkhuh eh vrph xqfhuwdlqw| derxw wkh frvw ri lqyhvwlqj1 Wkh frvw ri lqyhvw0
lqj lv hlwkhu orz +S ' bf, ru kljk +S ' ��f,/ jlylqj wkh iroorzlqj sd|r� pdwulfhv=

Rssrqhqw*v Dfwlrq

Rzq
Dfwlrq

L Q
L �f n % �bf
Q % f

Orz Frvw

Rssrqhqw*v Dfwlrq

Rzq
Dfwlrq

L Q
L ��f n % ���f
Q % f
Kljk Frvw

iljxuh 7

Wkxv d sod|hu zlwk kljk frvwv kdv d grplqdqw vwudwhj| wr qrw lqyhvw1 Exw li lw
zdv frpprq nqrzohgjh wkdw erwk �upv kdg orz frvwv/ zh zrxog kdyh wkh jdph
ri Iljxuh 5 dqg wkhuh zrxog eh dq htxloleulxp zkhuh erwk lqyhvwhg1

Zh dvvxph wkdw wkhuh lv lqfrpsohwh lqirupdwlrq derxw frvwv1 Zkloh sod|hu 2
lv nqrzq wr eh orz frvw/ sod|hu � lv orz frvw zlwk suredelolw| e

D
dqg kljk frvw

zlwk suredelolw| �

D
1 Qrwlfh wkdw zh fdq dqdo|}h wkh htxloleuld ri wklv lqfrpsohwh

lqirupdwlrq jdph zlwkrxw nqrzlqj wkh ydoxh ri %= lw lv vwudwhjlfdoo| luuhohydqw1
Li sod|hu � lv kljk frvw/ kh kdv d grplqdqw vwudwhj| wr qrw lqyhvw1 Wkxv sod|hu 2
dvvljqv suredelolw| dw ohdvw �

D
wr sod|hu � qrw lqyhvwlqj1 Wkxv wkh qhw jdlq wr wkh

+orz frvw, sod|hu 2 +iurp lqyhvwlqj ryhu qrw lqyhvwlqj, lv dw prvw e

D
E�f�n �

D
E�bf� '

��f 	 f> vr wkhuh lv qr lqyhvwphqw lq dq| htxloleulxp1
Wklv rxwfrph lv lqh!flhqw= erwk sod|huv zrxog jdlq li wkh| frxog fr0ruglqdwh

rq lqyhvwphqw zkhq erwk wkhlu frvwv duh orz +dv orqj dv % : ��f,1 Zh zloo doorz

;



sod|hu � wr pdnh fkhds wdon vwdwhphqwv ehiruh wkh sod|huv vlpxowdqhrxvo| fkrrvh
dfwlrqv/ dqg vhh krz wklv lq xhqfhv wkh rxwfrph1 Lw wxuqv rxw wkdw zkdw lv fuxfldo
lv zkhwkhu wkhuh duh srvlwlyh vslooryhuv= wkh vljq ri % lv fulwlfdo1

614141 Dgglqj Fkhds Wdon zlwkrxw Srvlwlyh Vslooryhuv

Ohw % ' ��/ vr wkdw wkh deryh sd|r� pdwulfhv ehfrph=

Rssrqhqw*v Dfwlrq

Rzq
Dfwlrq

L Q
L b �bf
Q �� f

Orz Frvw

Rssrqhqw*v Dfwlrq

Rzq
Dfwlrq

L Q
L ��� ���f
Q �� f

Kljk Frvw
iljxuh 8

Wkh iroorzlqj lv dq htxloleulxp= sod|hu � wuxwkixoo| dqqrxqfhv klv w|sh1 Li kh
dqqrxqfhv wkdw kh lv orz frvw/ erwk sod|huv lqyhvw1 Li kh dqqrxqfhv wkdw kh lv kljk
frvw/ erwk sod|huv grq*w lqyhvw1

614151 Dgglqj Fkhds Wdon zlwk Srvlwlyh Vslooryhuv

Ohw % ' �/ vr wkdw wkh deryh sd|r� pdwulfhv ehfrph=

Rssrqhqw*v Dfwlrq

Rzq
Dfwlrq

L Q
L �� �bf
Q � f

Orz Frvw

Rssrqhqw*v Dfwlrq

Rzq
Dfwlrq

L Q
L �b ���f
Q � f

Kljk Frvw
iljxuh 9

Wuxwk0whoolqj lv orqjhu dq htxloleulxp1 Wkh sureohp lv wkdw qrz wkh kljk frvw
w|sh ri sod|hu � 0 zkr kdv d grplqdqw vwudwhj| wr qrw lqyhvw 0 zrxog qrz vwulfwo|
suhihu wkdw sod|hu 2 lqyhvwv qrqhwkhohvv1 Wkxv wkh orz frvw w|sh ri sod|hu � fdq
qr orqjhu fuhgleo| frqyh| lqirupdwlrq1 Rqh fdq yhuli| wkdw hyhu| htxloleulxp ri
wkh jdph zlwk fkhds wdon kdv qr lqyhvwphqw lq htxloleulxp1

Wkxv e| lqfuhdvlqj % iurp �� wr � +l1h1/ pdnlqj wkh erwk lqyhvw htxloleulxp
pruh dwwudfwlyh iru erwk sod|huv,/ zh kdyh sdudgr{lfdoo| ghvwur|hg wkh srvvlelolw|
ri h!flhqw lqyhvwphqw lq htxloleulxp14

4Dv Y1 Ekdvndu kdv srlqwhg rxw wr xv/ doo wkdw dfwxdoo| pdwwhuv lv wkdw { kdv lqfuhdvhg iru wkh

<



6151 Wkh Prgho

Wkhuh duh 2 sod|huv/ � dqg 21 Hdfk sod|hu � kdv d �qlwh vhw ri srvvleoh dfwlrqv/ ��1
Zh zulwh � ' �� � �21 Sod|hu � lv rqh ri d �qlwh vhw ri srvvleoh w|shv/ A 1 Wkh
sulru ryhu wkh w|sh vsdfh lv Z 5 {EA �1 Wkh lqiruphg sod|hu �*v xwlolw| ixqfwlrq lv
�� G �� A $ U> wkh xqlqiruphg sod|hu 2*v xwlolw| ixqfwlrq lv �2 G � $ U1

Zlwkrxw fkhds wdon/ d ehkdylrudo vwudwhj| iru wkh lqiruphg sod|hu lv d ixqfwlrqek� G A $ {E���1 D ehkdylrudo vwudwhj| iru wkh xqliruphg sod|hu lv mxvw d pl{hg
vwudwhj| ek2 5 {E�2�1 D +Ed|hv Qdvk, htxloleulxp lv gh�qhg lq wkh xvxdo zd|1

Qrz dgg d fkhds wdon vwdjh1 Wkhuh lv d glvfuhwh phvvdjh vsdfh iru wkh lqiruphg
sod|hu �/ � 1 Wkhuhiruh/ sod|hu �*v kdv d wdonlqj vwudwhj|/ > G A $ {E��> dqg
dq dfwlrq vwudwhj|/ k� G � � A $ {E���1 Wkh dfwlrq vwudwhj| iru sod|hu 2 lv
k2 G � $ {E�2�1 Eholhiv iru sod|hu 2 duh b G � $ {EA �1 Zh zloo eh lqwhuhvwhg
lq shuihfw Ed|hvldq htxloleuld ri wkh jdph zlwk fkhds wdon= E>c k�c k2c b� lv d
shuihfw Ed|hvldq htxloleulxp ^SEH` li hdfk sod|hu lv sod|lqj rswlpdoo| dw doo klv
lqirupdwlrq vhwv jlyhq wkh vwudwhj| ri wkh rwkhu dqg eholhiv duh xsgdwhg xvlqj
Ed|hv* uxoh zkhqhyhu srvvleoh1

Gh�qlwlrq 6141 E>c k�c k2c b� lv d shuihfw Ed|hvldq htxloleulxp li

^4` > E6 m|� : f , 6 5 @h}4@ 
6

�
M�

S
@M�

dk� E@�m6�c |�k2 E@2 m6� �o �� E@c |�

^5` k� E@� m6c |� : f , @� 5 @h}4@ 
@
�

�
M��

S
@2M�2

k2 E@2 m6� �� E@
�

�
c @2c |�

dqg k2 E@2 m6� : f , @2 5 @h}4@ 
@
�

2
M�2

S
|MA

Z E|�
S

@�M��

k� E@�m6c |� �2 E@�c @
�

2
�

^6` b E|m6� ' ZE|�>E6�|�S

|�MA

ZE|��>E6�|
� �

iru doo 6 5 �> � i6� G > E6�m |�� : f iru vrph |� 5 Aj 1

615141 Ixoo Frppxqlfdwlrq

Li wkh w|sh ri wkh lqiruphg sod|hu zhuh frpprq nqrzohgjh/ wkhq wkh sod|huv zrxog
fkrrvh d Qdvk htxloleulxp ri wkh fruuhvsrqglqj frpsohwh lqirupdwlrq jdph iru
hdfk uhdol}hg w|sh1 Vxssrvh zh �{ d Qdvk htxloleulxp iru hdfk uhdol}hg w|sh1
Zkhq lv wkhuh dq htxloleulxp ri wkh jdph zlwk lqfrpsohwh lqirupdwlrq ri sod|hu
�*v w|sh dqg fkhds wdon/ zkhuh sod|hu � wuxwkixoo| dqqrxqfhv klv w|sh dqg wkh ixoo
lqirupdwlrq htxloleulxp lv uhsolfdwhgB

frpplwwhg +kljk frvw, w|sh1 Li { zhuh srvlwlyh iru sod|hu 5 dqg wkh orz frvw w|sh ri sod|hu 4 exw
qhjdwlyh iru wkh kljk frvw w|sh ri sod|hu 4/ zh frxog vwloo kdyh frppxqlfdwlrq lq htxloleulxp1
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Vxssrvh wkdw wkhuh zdv d phvvdjh fruuhvsrqglqj wr hdfk srvvleoh w|sh ri sod|hu
�/ l1h1/ A � � 1 Zulwh >W iru wkh ixoo| uhyhdolqj wdonlqj vwudwhj|/ l1h1/

>W E6 m|� '
�

�/ li 6 ' |
f/ li 6 9' |

1

Ohw s� G A $ �� iru hdfk sod|hu �1 Zh vd| wkdw s ' Es�c s2� lv sod|hg lq d ixoo
uhyhodwlrq htxloleulxp ri wkh fkhds wdon jdph li wkh iroorzlqj vwudwhjlhv0eholhiv duh
d shuihfw Ed|hvldq htxloleulxp ri wkh fkhds wdon jdph=

> ' >W

k� E@�m6c |� '

�
�/ li @� ' s� E|�
f/ rwkhuzlvh

k2 E@2m6� '

�
�/ li @2 ' s2 E6�
f/ rwkhuzlvh

b E| m6� '

�
�/ li | ' 6
f/ rwkhuzlvh

Sursrvlwlrq 6151 Ohw �W

2
' i@2 G @2 ' s2 E|� iru vrph | 5 Aj1 Wkhq s lv sod|hg

lq d ixoo uhyhodwlrq htxloleulxp li dqg rqo| li

�� Es� E|� c s2 E|� c |� � �� E@�c @2c |� +614,

iru doo | 5 A dqg @2 5 �W

2
> dqg

�2 Es� E|� c s2 E|�� � �2 Es� E|� c @2� +615,

iru doo | 5 A dqg @2 5 �21

Surri1 Frqglwlrq +615, vlpso| vwdwhv wkdw sod|hu 2 fkrrvhv d ehvw uhvsrqvh wr
sod|hu �*v htxloleulxp dfwlrq1 Li +614, lv dovr vdwlv�hg/ wkhq zh fdq frqvwuxfw d
ixoo uhyhodwlrq htxloleulxp dv iroorzv1 Iru doo 6 5 � qA / ohw b E� m6� eh dq| eholhi
wkdw sxwv suredelolw| � rq vrph hohphqw ri �W

2
1 Qrz qr ghyldwlrq e| sod|hu �

zloo hyhu lqgxfh sod|hu 2 wr fkrrvh dq dfwlrq qrw lq �W

2
1 Wr vkrz wkh qhfhvvlw|

ri +614,/ vxssrvh wkdw +614, idlohg1 Wkhq wkhuh h{lvw e| 5 A / e@� 5 �� dqg e@2 5 �W

2

vxfk wkdw ��
�
s�

�e|� c s2 �e|� ce|� 	 ��
�e@�ce@2ce|�1 Vlqfh e@2 5 �W

2
/ wkhuh h{lvwv |� 5 A

vxfk wkdw s2 E|�� ' e@21 Qrz w|sh e| ri sod|hu � kdv d sd|r� lpsurylqj ghyldwlrq/
e| dqqrxqflqj wkdw kh lv w|sh |� dqg fkrrvlqj dfwlrq e@�1 �

Wkh h{dfw fkdudfwhul}dwlrq ri Sursrvlwlrq 615 fdq eh uhodwhg wr wkh surshuwlhv
ri wkh suhylrxv vhfwlrq dv iroorzv1 Uhfdoo wkdw zh vkrzhg lq wkh suhylrxv vhfwlrq
wkdw li

44



41 s2 E|� lv d ehvw uhvsrqvh iru sod|hu 5 wr s� E|�>

51 s� E|� lv d vhoi0frpplwwlqj dfwlrq iru sod|hu 4 lq wkh jdph � E�c |�>
61 s� E|� lv wkh Vwdfnhoehuj dfwlrq iru sod|hu 4 lq wkh jdph � E�c |�> dqg
71 wkh jdph � E�c |� vdwlv�hv vhoi0vljqdoolqj iru sod|hu 4>

wkhq
�� Es� E|� c s2 E|� c |� � �� E@�c @2c |�

iru doo @� 5 �� dqg @2 5 �21 Wkxv li wkh deryh irxu frqglwlrqv krog iru doo |/ wkhq
s lv sod|hg lq d ixoo uhyhodwlrq htxloleulxp1

Wkh irxu frqglwlrqv duh dovr doprvw qhfhvvdu| lq wkh iroorzlqj vhqvh1 Vxssrvh
wkdw s lv sod|hg lq d ixoo uhyhodwlrq htxloleulxp dqg doo dfwlrqv ri erwk sod|huv duh
fkrvhq xqghu s +l1h1/ iru doo @� 5 ��/ wkhuh h{lvwv | vxfk wkdw s� E|� ' @�,1 Wkh odwwhu
surshuw| zloo eh wuxh iru dq| s sod|hg lq d ixoo uhyhodwlrq htxloleulxp li/ iru hdfk
dfwlrq @� 5 �� wkhuh h{lvwv | 5 A vxfk wkdw @� lv d grplqdqw vwudwhj| iru sod|hu �
lq wkh jdph � E�c |�1 Wkhq iru doo | 5 A / zh pxvw kdyh +4,/ +5, dqg +6, kroglqj/ dqg
�� Es� E|� c s2 E|� c |� � �� Es� E|� c @2c |� iru doo @2 5 �21 Wklv odvw surshuw| uhtxluhv
wkdw hdfk dfwlrq @� lv vhoi0vljqdoolqj zkhq sod|hu 4 lv fdoohg xsrq wr fkrrvh lw1

Lw lv vwudljkwiruzdug wr h{whqg wkh vx!flhqw frqglwlrq iru wkh h{lvwhqfh ri d
ixoo| uhyhdolqj htxloleulxp wr wzr0vlghg lqfrpsohwh lqirupdwlrq +vhh dq hduolhu
yhuvlrq ri wklv sdshu/ Edoljd dqg Pruulv ^4<<;`,1 Lq sduwlfxodu/ wkhuh lv d ixoo|
uhyhdolqj htxloleulxp li wkh frpsohwh lqirupdwlrq jdphv duh vhoi0vljqdoolqj iru
erwk sod|huv dqg hdfk sod|hu lv fdoohg xsrq wr fkrrvh d Vwdfnhoehuj dfwlrq dqg
wkh Vwdfnhoehuj dfwlrq sur�oh irupv d Qdvk htxloleulxp1

Zh douhdg| vdz lq wkh srvlwlyh vslooryhuv h{dpsoh ri vhfwlrq 61415 d jdph zkhuh
wkh h!flhqw rxwfrph zdv qrw sod|hg lq d ixoo uhyhodwlrq htxloleulxp ehfdxvh ri d
idloxuh ri vhoi0vljqdoolqj frqglwlrq1 Zh qrz frqvlghu dq h{dpsoh zkhuh wkh jdph
lv vhoi0vljqdoolqj/ exw zh qrqhwkhohvv fdqqrw vxssruw dq h!flhqw ixoo uhyhodwlrq
htxloleulxp ehfdxvh wkh Vwdfnhoehuj frqglwlrq idlov1 H{dpsohv vxfk dv wklv prwl0
ydwh Edqnv dqg Fdoyhuw*v ^4<<5` dqdo|vlv ri fkhds wdon lq wkh Edwwoh ri wkh Vh{hv
jdphv1

Ohw sod|hu 5 kdyh wkh orz frvw sd|r�v ri �jxuh 8 +iru vxuh,1 Sod|hu 4 hlwkhu
kdv wkh kljk frvw sd|r�v ri �jxuh 8 ru kdv wkh iroorzlqj sd|r�v +dulvlqj zlwk orz
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frvw/ S ' bf/ dqg % ' ���,
Rssrqhqw*v Dfwlrq

Rzq
Dfwlrq

L Q
L �� �bf
Q ��� f

Orz Frvw/ Orz %
iljxuh :

Lq wklv jdph/ wkh vhoi0vljqdoolqj frqglwlrq lv dozd|v vdwlv�hg1 Exw li erwk �upv
duh orz frvw/ wkh erwk grq*w lqyhvw htxloleulxp lv suhihuuhg e| sod|hu 4 dqg wkh
erwk lqyhvw htxloleulxp lv suhihuuhg e| sod|hu 5= �up 4 kdv d suhihuhqfh iru wkh
rog vriwzduh zkloh �up 5 suhihuv wkh qhz vriwzduh1 Wkhuh lv qr htxloleulxp zkhuh
sod|hu 4 whoov wkh wuxwk dqg erwk sod|huv lqyhvw zkhq sod|hu 4 kdv orz frvw dqg qrw
lqyhvw zkhq sod|hu 4 kdv kljk frvw1 Wkh orz frvw w|sh ri sod|hu 4 kdv dq lqfhqwlyh
wr olh dqg suhwhqg kh lv kljk frvw wr shuvxdgh sod|hu 5 wr qrw lqyhvw dqg qrw lqyhvw
klpvhoi1 Wkh gl!fxow| lv wkdw dv wkh lqiruphg djhqw suhihuv wkh htxloleulxp zkhuh
wkh| erwk gr qrw lqyhvw wr wkh lqyhvw htxloleulxp wkdw lv sod|hg li kh whoov wkh
wuxwk1 Lq rxu whuplqrorj|/ �lqyhvw� lv qrw d Vwdfnhoehuj dfwlrq iru wkh orz frvw
w|sh ri sod|hu 41

615151 Qr Frppxqlfdwlrq

Zlwkrxw vhoi0vljqdoolqj/ ixoo uhyhodwlrq lv qrw srvvleoh1 Zh qrz h{dplqh zkhq
wkh lqfhqwlyh sureohpv duh vr juhdw wkdw lw lv lpsrvvleoh wr wudqvplw dq| sulydwh
lqirupdwlrq lq wkh fkhds0wdon jdph1 Qrwlfh wkdw wklv txhvwlrq lv txdolwdwlyho|
gl�huhqw iurp wkh txhvwlrq dvnhg deryh= wkhuh zh orrnhg iru frqglwlrqv iru wkh
h{lvwhqfh ri d ixoo| uhyhdolqj htxloleulxp +wkrxjk wkh htxloleulxp vhw frxog dqg
grhv frqwdlq rwkhu htxloleuld, zkloh khuh zh dvn wkdw wkh htxloleulxp vhw frqwdlq
rqo| qrq0frppxqlfdwlyh htxloleuld1 Zh zloo vkrz wkdw srvlwlyh vslooryhuv +dq
h{wuhph idloxuh ri vhoi0vljqdoolqj, lpso| wkdw qr frppxqlfdwlrq lv srvvleoh/ exw
rqo| xqghu uhvwulfwlyh frqglwlrqv1

Uhfdoo wkdw jlyhq d wdonlqj vwudwhj| >/ zh zulwh�> iru wkh vhw ri phvvdjhv vhqw
zlwk srvlwlyh suredelolw| e| vrph w|sh/ �> � i6 G > E6m |� : f iru vrph | 5 Aj �
Gh�qlwlrq 6161 Wkhuh lv qr frppxqlfdwlrq lq d SEH E>c k�c k2c b� li k2 E�c 6� '
k2 E�c 6�� iru doo 6 5 �>1

Revhuyh wkdw hyhu| qr frppxqlfdwlrq htxloleulxp lv rxwfrph htxlydohqw wr dq
htxloleulxp zlwkrxw fkhds wdon1
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Gh�qlwlrq 6171 Wkhuh duh elqdu| dfwlrq srvlwlyh vslooryhuv li �2 ' ifc �j dqg
�� E@�c �c |� : �� E@�c fc |� iru doo @� 5 �� dqg | 5 A 1

Sursrvlwlrq 6181 Li wkhuh duh elqdu| dfwlrq srvlwlyh vslooryhuv/ wkhq wkhuh lv qr
frppxqlfdwlrq lq dq| htxloleulxp ri wkh fkhds wdon jdph1

Surri1 Ohw E>c k�c k2c b� eh dq htxloleulxp ri wkh fkhds wdon jdph1 Vxssrvh 6
dqg 6� zhuh erwk hohphqwv ri �> dqg

k2 E� m6� � : k2 E� m6� 1 +616,

Ohw | eh d w|sh zkr vhqgv phvvdjh 6 zlwk srvlwlyh suredelolw| +> E6m |� : f, dqg
ohw @� eh dq dfwlrq sod|hg zlwk srvlwlyh suredelolw| e| w|sh | li kh vhqgv phvvdjh
6 +k� E@�m6c |� : f,1 Klv htxloleulxp sd|r� lv[

@2M�2

k2 E@2 m6��� E@�c @2c |�

W|sh |*v h{shfwhg sd|r� wr iroorzlqj wkh sxuh vwudwhj| �vhqg phvvdjh 6� dqg
fkrrvh dfwlrq @�� lv wkhq [

@2M�2

k2 E@2 m6� ��� E@�c @2c |�

dqg/ e| wkh srvlwlyh vslooryhuv surshuw| dqg +616,[
@2M�2

k2 E@2 m6� � �� E@�c @2c |� :
[
@2M�2

k2 E@2 m6� �� E@�c @2c |� �

Wklv frqwudglfwv rxu dvvxpswlrq wkdw E>c k�c k2c b� lv dq htxloleulxp1 �
Lw wxuqv rxw wkdw lw lv yhu| kdug wr zhdnhq wkh frqglwlrqv xqghu zklfk wklv

qhjdwlyh uhvxow krogv/ dv zh zloo ghprqvwudwh lq d vhulhv ri irxu h{dpsohv1 Fudzirug
dqg Vreho ^4<;5` dqg d qxpehu ri dssolhg sdshuv kdyh vkrzq wkdw hyhq zkhq
wkhuh lv d frq lfw ri lqwhuhvw ehwzhhq wkh vhqghu dqg uhfhlyhu lq d vhqghu0uhfhlyhu
jdph/ lw lv vwloo srvvleoh wr frqvwuxfw sduwldoo| uhyhdolqj htxloleuld1 Rxu h{dpsohv
ghprqvwudwh vlplodu h�hfwv zkhq wkh fkhds wdon frqfhuqv dq hqgrjhqrxv dfwlrq
dqg qrw dq h{rjhqrxv w|sh1

Iluvw/ frqvlghu wkh uhvwulfwlrq wr elqdu| dfwlrqv1 Rxu �uvw h{dpsoh looxvwudwhv
zk| zlwk pdq| dfwlrqv iru wkh xqlqiruphg sod|hu/ lw lv qrw hqrxjk wr kdyh frp0
prq suhihuhqfhv ryhu wkh rssrqhqw*v sxuh dfwlrqv1
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H{dpsoh 4= Ohw A� ' i|�c |��j/ zlwk hdfk w|sh htxdoo| olnho|1 Ohw �� ' iLc(j
dqg �2 ' iuc�c-j1 Sd|r�v duh jlyhq e|=

Sod|hu 2*v Dfwlrq

Sod|hu �*v
Dfwlrq

u � -
L �c � 2c f Sc �
( fc f �c � Dc f

W|sh |�

Sod|hu 2*v Dfwlrq

Sod|hu �*v
Dfwlrq

u � -
L fc � ec f Dc �
( �c f Dc � Sc f

W|sh |�
�

iljxuh ;

Wkhuh lv dq htxloleulxp zkhuh sod|hu � dqqrxqfhv 6 li klv w|sh lv |� dqg 6� li
klv w|sh lv |�

�
> kh wkhq fkrrvhv dfwlrq L li w|sh |� dqg ( li w|sh |�

�
1 Sod|hu 2

udqgrpl}hv 83283 ehwzhhq dfwlrqv u dqg - li wkh phvvdjh lv 6/ dqg fkrrvhv � li
wkh phvvdjh lv 6�1

Lq h{dpsoh 4/ sod|hu 4 kdv frqvwdqw suhihuhqfhv ryhu klv rssrqhqw*v sxuh df0
wlrqv +lqghshqghqw ri klv dfwlrq dqg w|sh,= kh dozd|v udqnv klv rssrqhqw*v dfwlrq
fkrlfh - " � " u1 Exw wkh h{dpsoh uholhv rq wkh idfw wkdw sod|hu 4 kdv ydu|lqj
suhihuhqfhv ryhu klv rssrqhqw*v pl{hg vwudwhjlhv1 Zkdwhyhu dfwlrq kh wdnhv/ w|sh
|�
�
vwulfwo| suhihuv sxuh dfwlrq � wr wkh 83283 frpelqdwlrq ri dfwlrqv u dqg -1
Wkh iroorzlqj h{dpsoh vkrzv wkdw hyhq li kh kdv frqvwdqw suhihuhqfhv ryhu klv

rssrqhqw*v pl{hg dfwlrqv/ lqirupdwlrq fdq eh frppxqlfdwhg1

H{dpsoh 5= Ohw A� ' i|�c |��j/ zlwk hdfk w|sh htxdoo| olnho|1 Ohw �� ' iLc(j
dqg �2 ' iuc�c-j1 Ohw sd|r�v eh jlyhq e|=

Sod|hu 2*v Dfwlrq

Sod|hu �*v
Dfwlrq

u � -
L �c � 2c f �c �
( fc f �c � 2c f

W|sh |�

Sod|hu 2*v Dfwlrq

Sod|hu �*v
Dfwlrq

u � -
L fc � �c f 2c �
( �c f 2c � �c f

W|sh |�
�

iljxuh <

Dv lq h{dpsoh 4/ wkhuh lv dq htxloleulxp zkhuh sod|hu � dqqrxqfhv 6 li klv
w|sh lv |� dqg 6� li klv w|sh lv |�

�
> kh wkhq fkrrvhv dfwlrq L li w|sh |� dqg (

li w|sh |�
�
1 Sod|hu 2 udqgrpl}hv 83283 ehwzhhq dfwlrqv u dqg - li wkh phvvdjh

lv 6/ dqg fkrrvhv � li wkh phvvdjh lv 6�1 Wklv lv dq htxloleulxp/ dqg ydoxdeoh
lqirupdwlrq lv frqyh|hg iurp sod|hu 4 wr sod|hu 51 Krzhyhu/ qrwh wkdw sod|hu 4 lv
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lqgl�huhqw ehwzhhq zklfk phvvdjh wr vhqg1 Lq wklv vhqvh/ wklv htxloleulxp lv qrw
yhu| vdwlvidfwru|= Li zh irfxv rq htxloleuld zkhuh w|shv zlwk wkh vdph suhihuhqfhv
ryhu htxloleulxp phvvdjhv vhqg wkh vdph phvvdjh/ wkhuh lv qr frppxqlfdwlrq lq
htxloleulxp +vhh Edoljd dqg Pruulv ^4<<;` iru d irupdo yhuvlrq ri wklv uhvxow,1

Wkh qr frppxqlfdwlrq uhvxow lv dovr pdlqwdlqhg zlwk wzr0vlghg xqfhuwdlqw|
dv orqj dv wkh w|shv ri wkh wzr sod|huv duh lqghshqghqw dqg dv orqj dv rqo| rqh
sod|hu lv doorzhg wr wdon1 Wklv lv ehfdxvh htxloleulxp dqqrxqfhphqwv kdyh +htxl0
oleulxp, lqwhusuhwdwlrqv wkdw wkh| uhyhdo lqirupdwlrq derxw wkh dfwlrqv wkdw wkh
vhqghu zloo wdnh1 Exw zlwk fruuhodwhg w|shv/ phvvdjhv pd| kdyh pruh frpsoh{
lqwhusuhwdwlrqv/ l1h1/ ghshqglqj rq wkh w|sh ri wkh uhfhlyhu/ wkh| frqyh| gl�huhqw
lqirupdwlrq derxw wkh vshdnhu*v lqwhqghg dfwlrqv1 Dv h{dpsoh 6 vkrzv/ wklv do0
orzv lqirupdwlrq wr eh frqyh|hg/ hyhq lq htxloleuld zkhuh wkh vshdnhu*v suhihuhqfhv
ryhu wkh uhfhlyhu*v pl{hg dfwlrqv duh wkh vdph iru doo w|shv dqg zkhuh wkhuh lv qr
lqgl�huhqfh ryhu wkh phvvdjhv vhqw lq htxloleulxp1

H{dpsoh 6= Ohw A� ' iMcucM �c u�j dqg A2 ' i|2c |�2j/ zlwk wkh sulru eh jlyhq
e| wkh iroorzlqj wdeoh=

Sod|hu 2*v W|sh

Sod|hu �*v
W|sh

|2 |�
2

M k

2E�nknk2nk��

k
2

2E�nknk2nk��

u �

2E�nknk2nk��

k
�

2E�nknk2nk��

M �
k
2

2E�nknk2nk��

k

2E�nknk2nk��

u�
k
�

2E�nknk2nk��

�

2E�nknk2nk��

iljxuh 43

zkhuh k 	 �

b
	 knk

2

�nk�
1 Erwk w|shv ri sod|hu 5 dqg w|shv u dqg u� ri sod|hu 4 kdyh

wkh orz frvw sd|r�v ri wkh srvlwlyh vslooryhu h{dpsoh ri vhfwlrq 61415 +vhh Iljxuh
7,1 W|shv M dqg M � ri sod|hu 4 kdyh wkh kljk frvw sd|r�v1

Lq wkh devhqfh ri fkhds wdon/ wkh xqltxh htxloleulxp kdv qr lqyhvwphqw1 Zlwk
fkhds wdon/ wkhuh lv dq htxloleulxp zkhuh w|shv M dqg u dqqrxqfh 6> w|shv M �

dqg u� dqqrxqfh 6�1 W|shv u dqg u� ri sod|hu � lqyhvw/ w|shv M dqg M � gr qrw
lqyhvw +lqghshqghqwo| ri phvvdjhv,1 W|sh |2 lqyhvwv rqo| li phvvdjh 6 lv vhqw1
W|sh |�

2
lqyhvwv rqo| li phvvdjh 6� lv vhqw1

Rqh pljkw lpdjlqh wkdw zlwk lqghshqghqw w|shv dqg wzr0vlghg lqirupdwlrq/
lqirupdwlrq fdqqrw eh frqyh|hg lq htxloleulxp li wkhuh duh elqdu| dfwlrq srvlwlyh
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vslooryhuv hyhq li erwk sod|huv fdq wdon1 Zh vkrz wklv lv qrw wkh fdvh15 Zkhq erwk
sod|huv vhqg phvvdjhv/ dfwlrqv fdq eh pdgh frqwlqjhqw rq wkh phvvdjh sur�oh1
Wkhuhiruh/ lq rxu ohdglqj h{dpsoh/ wkh �qdo suredelolw| ri lqyhvwphqw idfhg e|
sod|hu 4 ghshqgv dovr rq wkh phvvdjh vhqw e| sod|hu 51 Wkhuhiruh/ vrph w|sh ri
sod|hu 4 pljkw eh zloolqj wr vhqg d phvvdjh wkdw kdv d orzhu h{ dqwh suredelolw|
ri fdxvlqj sod|hu 5 wr lqyhvw exw lpsolhv d kljk h{ srvw suredelolw| ri lqyhvwphqw
iru fhuwdlq phvvdjh sur�ohv1

H{dpsoh 7= Zh uhwxuq wr wkh lqyhvwphqw jdph ri Iljxuh 41 Uhvwulfw dwwhqwlrq
wr wkh fdvh zkhuh % ' � dqg wkh frvw ri lqyhvwlqj wdnhv rqh ri wkuhh ydoxhv= orz
^O` +S ' �f,/ phglxp ^P` +S ' bf, ru kljk ^K` +S ' ��f,1 Wkxv sd|r�v duh=

Rssrqhqw*v Dfwlrq

Rzq
Dfwlrq

L Q
L b� ��f
Q � f

Orz Frvw ^O`

Rssrqhqw*v Dfwlrq

Rzq
Dfwlrq

L Q
L �� �bf
Q � f

Phglxp Frvw ^P`

Rssrqhqw*v Dfwlrq

Rzq
Dfwlrq

L Q
L �b ���f
Q � f

Kljk Frvw ^K`
iljxuh 44

Hdfk sod|hu lv orz frvw zlwk suredelolw| �

2
/ phglxp frvw zlwk suredelolw| �

�

dqg kljk frvw zlwk suredelolw| �

S
+w|shv duh lqghshqghqw,1

Wkh iroorzlqj lv d v|pphwulf sxuh vwudwhj| htxloleulxp ri wkh fkhds wdon jdph1
Wkh orz frvw dqg kljk frvw w|shv vhqg phvvdjh 61 Wkh phglxp frvw w|shv vhqg
phvvdjh 6�1 Wkh orz frvw w|shv lqyhvw li hlwkhu erwk sod|huv kdyh vhqw phvvdjh
6> ru erwk sod|huv kdyh vhqw phvvdjh 6�1 Wkh phglxp frvw w|shv lqyhvw rqo| li

5Zh wkxv vkrz wkdw Sursrvlwlrq 7144 lq Edoljd dqg Pruulv ^4<<;` zdv idovh dv vwdwhg1
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erwk sod|huv kdyh vhqw phvvdjh 6�1 Wkh kljk frvw w|shv qhyhu lqyhvw1 Irupdoo|/
hdfk sod|hu iroorzv wkh iroorzlqj vwudwhj|=

h6� E|�� '

�
6/ li |� ' u ru M
6�/ li |� ' �

h@� E|�c 6�c 6�� '

�
U/ li E|�c6�c 6�� ' Euc6c6� / Euc6�c 6�� ru E�c6�c 6��
� / rwkhuzlvh

Wr fkhfn rswlpdolw| ri wkh dfwlrq fkrlfhv/ �uvw qrwlfh wkdw wkh kljk frvw w|sh
qhyhu lqyhvwv/ wkh phglxp frvw w|sh lqyhvwv li wkh suredelolw| ri klv rssrqhqw
lqyhvwlqj lv dw ohdvw b

�f
> dqg wkh orz frvw w|sh lqyhvwv li wkh suredelolw| ri klv

rssrqhqw lqyhvwlqj lv dw ohdvw �

�f
1 Qrz revhuyh wkdw li erwk sod|huv kdyh vhqw

phvvdjh 6/ hdfk h{shfwv klv rssrqhqw wr lqyhvw zlwk suredelolw| �

e
> li erwk kdyh

vhqw phvvdjh 6�/ hdfk h{shfwv klv rssrqhqw wr lqyhvw zlwk suredelolw| �> li wkh|
kdyh vhqw gl�huhqw phvvdjhv/ hdfk h{shfwv wkh rwkhu wr lqyhvw zlwk suredelolw| f1

Qrz jr edfn wr wkh h{ dqwh vwdjh1 Vhqglqj phvvdjh 6 lpsolhv d 2

�
fkdqfh ri d

kdylqj suredelolw| �

e
wkdw wkh rssrqhqw zloo lqyhvw +dqg d �

�
fkdqfh wkdw kh zloo qrw

lqyhvw iru vxuh,1 Vhqglqj phvvdjh 6� lpsolhv d �

�
fkdqfh ri d kdylqj suredelolw|

� wkdw wkh rssrqhqw zloo lqyhvw +dqg d 2

�
fkdqfh wkdw kh zloo qrw lqyhvw iru vxuh,1

Qrz doo w|shv zrxog olnh wkh rssrqhqw wr lqyhvw exw wkh| kdyh gl�huhqw suhihuhqfhv
ryhu wkrvh rswlrqv1

Wkh kljk frvw w|sh lv qrw jrlqj wr lqyhvw dq|zd|/ vr kh mxvw zdqwv wkh kljkhvw
h{ dqwh suredelolw| ri lqyhvwphqw1 Vhqglqj phvvdjh6 jlyhv d 2

�
� �

e
' �

2
suredelolw|

ri lqyhvwphqw> vhqglqj phvvdjh 6� jlyhv d �

�
� � ' �

�
suredelolw|1 Vr wkh kljk frvw

w|sh vhqgv phvvdjh 61
Li wkh phglxp frvw w|sh vhqgv phvvdjh 6/ kh zloo qrw lqyhvw iru vxuh dqg klv

lqwhulp h{shfwhg xwlolw| +frqglwlrqdo rq vhqglqj phvvdjh6, zloo eh �

2
E��n �

2
Ef� '

�

2
1 Li kh vhqgv phvvdjh 6�/ kh zloo lqyhvw li klv rssrqhqw vhqgv phvvdjh 6� dqg
qrw rwkhuzlvh1 Vr klv lqwhulp h{shfwhg xwlolw| zloo eh 2

�
Ef� n �

�
E��� ' ��

�
1 Vr kh

vhqgv phvvdjh 6�1
Li wkh orz frvw w|sh vhqgv phvvdjh 6/ kh zloo lqyhvw li klv rssrqhqw vhqgv

phvvdjh 61 Vr klv lqwhulp h{shfwhg xwlolw| lv 2

�

�
�

e
Eb�� n �

e
E��f�

�
n �

�
Ef� ' 2S�

e
'

e�D

S
1 Li kh vhqgv phvvdjh 6�/ kh zloo lqyhvw li klv rssrqhqw vhqgv phvvdjh 6�1 Vr

klv lqwhulp h{shfwhg xwlolw| lv 2

�
Ef� n �

�
Eb�� ' b�

�
' �f�

�
1 Vr kh zloo vhqg phvvdjh

61

4;



71 Fkhds Wdon lq wkh Hohfwurqlf Pdlo Jdph

Dq lqfrpsohwh lqirupdwlrq jdph olwhudwxuh kdv ghprqvwudwhg krz h{ dqwh vpdoo
suredelolw| hyhqwv pd| kdyh d pdmru lpsdfw rq htxloleulxp sd|r�v yld kljkhu
rughu eholhiv +vhh/ h1j1/ Ndmll dqg Pruulv ^4<<:`,1 Lq sduwlfxodu/ wkhuh pd| eh du0
elwudulo| kljk h{ dqwh suredelolw| wkdw sd|r�v duh jlyhq e| d fhuwdlq frpsohwh
lqirupdwlrq jdph/ exw qrqhwkhohvv d vwulfw dqg Sduhwr0grplqdqw Qdvk htxlole0
ulxp ri wkdw frpsohwh lqirupdwlrq jdph lv qhyhu sod|hg lq dq| htxloleulxp ri wkh
lqfrpsohwh lqirupdwlrq jdph1 Vxfk frqfoxvlrqv uhtxluh wkdw wkhuh eh wzr0vlghg
lqfrpsohwh lqirupdwlrq dqg w|shv eh kljko| fruuhodwhg1 Lv wklv frqfoxvlrq urexvw
wr doorzlqj fkhds wdonB

Rxu �qr frppxqlfdwlrq� uhvxow zdv iru wkh rqh0vlghg lqfrpsohwh lqirupdwlrq
fdvh1 Lq wklv vhfwlrq/ zh vkrz wkdw qrqhwkhohvv lq d yhuvlrq ri wkh hohfwurqlf pdlo
jdph ri Uxelqvwhlq ^4<;<`/ d idloxuh ri wkh vhoi0vljqdoolqj frqglwlrq ohdgv wr qr
frppxqlfdwlrq1 Wkh h{dpsoh fdq dovr eh ghprqvwudwhv wkh srvvlelolw| ri ixoo
frppxqlfdwlrq zlwk wzr0vlghg lqfrpsohwh lqirupdwlrq dqg fruuhodwhg w|shv/ dv
orqj dv wkh xqghuo|lqj frpsohwh lqirupdwlrq jdph duh dozd|v vhoi0vljqdoolqj +dqg
Vwdfnhoehuj frqglwlrqv duh vdwlv�hg,1

Djdlq/ zh kdyh wzr sod|huv ghflglqj zkhwkhu wr lqyhvw +U, ru qrw lqyhvw +�,
zlwk sd|r�v dv lq �jxuh 71 Hdfk sod|hu*v w|sh vsdfh lv wkh vhw ri qrq0qhjdwlyh
lqwhjhuv/ A� ' A2 ' ifc �c 2c ����j/ zlwk wkh iroorzlqj suredelolw| glvwulexwlrq ryhu
w|shv=

Sod|hu 2*v W|sh

Sod|hu �*v
W|sh

f � 2 � ?
f 0 f f � f

� 0 E�� 0� 0 E�� 0�2 f � f

2 f 0 E�� 0�� 0 E�� 0�e � f
� � � � � �
? f f f � 0 E�� 0�2?

iljxuh 45

W|sh f ri sod|hu � lv kljk frvw +dqg wkxv kdv d grplqdqw vwudwhj| wr qrw lqyhvw,1
Doo rwkhu w|shv ri sod|hu �/ dqg doo w|shv ri sod|hu 2/ duh orz frvw16

6Wkh iroorzlqj vwru| iurp Uxelqvwhlq ^4<;<` pd| prwlydwh wkh lqirupdwlrq vwuxfwxuh1 Zlwk
suredelolw| % A 3/ sod|hu 4 lv kljk frvw dqg sod|hu 5 lv orz frvw1 Zlwk suredelolw| 4 � %/ erwk
�upv duh orz frvw1 Ilupv nqrz rqo| wkhlu rzq frvwv1 Li �up 4 lv kljk frvw/ kh vhqgv qr phvvdjh1
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D zhoo nqrzq dujxphqw +vhh Uxelqvwhlq ^4<;<`, vkrzv wkdw wkhuh lv d xqltxh
htxloleulxp lq wklv vhwwlqj +zlwkrxw fkhds wdon,= dozd|v sod| � 1 W|sh f ri sod|hu
4 grhv qrw lqyhvw dv lw lv d grplqdqw vwudwhj| wr qrw lqyhvw1 W|sh f ri sod|hu 2
dwwdfkhv suredelolw| �

230
: �

2
wr sod|hu 4 qrw lqyhvwlqj/ vr vkh pxvw qrw lqyhvw1

Wkh dujxphqw lwhudwhv1
Qrz vxssrvh wkdw fkhds wdon lv doorzhg1 Wkdw lv/ ehiruh fkrrvlqj wkhlu dfwlrqv/

wkh sod|huv vlpxowdqhrxvo| vhqg phvvdjhv lq vrph duelwudu| phvvdjh vsdfh1 Li % 	
f/ wkhq wkh xqghuo|lqj frpsohwh lqirupdwlrq jdph lv dozd|v vhoi0vljqdoolqj> vlqfh
wkh uhohydqw Vwdfnhoehuj frqglwlrqv duh dozd|v vdwlv�hg/ wkhuh h{lvwv dq htxloleulxp
zkhuh hdfk sod|hu wuxwkixoo| dqqrxqfhv klv w|sh dqg wkhq lqyhvwv dv orqj dv sod|hu
4 lv qrw ri w|sh f1

Exw vxssrvh wkdw % : f1 Lq wklv fdvh/ d wuxwk0whoolqj htxloleulxp grhv qrw
h{lvw= w|sh f ri sod|hu 4 zrxog kdyh dq lqfhqwlyh wr fodlp wr eh vrph rwkhu w|sh
+lq rughu wr lqgxfh lqyhvwphqw e| sod|hu 5,1 Lq idfw/ hyhu| htxloleulxp kdv qr
lqyhvwphqw e| dq| w|sh1 Wr vhh zk|/ �{ dq htxloleulxp dqg ohw �W eh wkh orzhvw
w|sh ri sod|hu 4 zkr hyhu lqyhvwv zlwk srvlwlyh suredelolw| +diwhu dq| phvvdjh,1
Vlqfh w|sh f kdv d grplqdqw vwudwhj| wr qrw lqyhvw/ zh pxvw kdyh �W � �1 Qrz doo
w|shv ri sod|hu 5 ohvv wkdq �W�� pxvw dwwdfk }hur suredelolw| wr sod|hu 4 lqyhvwlqj/
dqg wkhuhiruh pxvw qhyhu lqyhvw lq wkh htxloleulxp1

Vxssrvh wkhq wkdw w|sh �W�� lv wkh orzhvw w|sh ri sod|hu 5 zkr hyhu lqyhvwv lq
wkh htxloleulxp1 Ohw �W

�
eh wkh vhw ri phvvdjhv wkdw ohdg w|sh �W�� ri sod|hu 5 wr

lqyhvw zlwk srvlwlyh suredelolw|1 W|sh �W � � ri sod|hu 4 vhqgv d phvvdjh lq wkdw
vhw zlwk suredelolw| � +vlqfh kh nqrzv wkdw w|sh �W�2 lv qrw lqyhvwlqj/ kh fkrrvhv
klv phvvdjh wr pd{lpl}h wkh suredelolw| wkdw w|sh �W�� lqyhvwv,1 Qrz uhfdoo wkdw
h{ dqwh/ w|sh �W � � ri sod|hu 5 dvvljqhg suredelolw| �
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wr sod|hu 4 ehlqj ri w|sh

�W � �1 Frqglwlrqdo rqo| rq revhuylqj d phvvdjh lq �W

�
/ wkdw suredelolw| pxvw

zhdno| jr xs +w|sh �W�� dozd|v vhqgv d phvvdjh lq �W

�
/ hyhq wkrxjk w|sh �W pd|

qrw,1 Wkxv iru dw ohdvw rqh phvvdjh lq �W

�
/ sod|hu 5 pxvw dvvljq suredelolw| dw

ohdvw �
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wr sod|hu 4 ehlqj w|sh �W � �/ dqg wkhuhiruh qrw lqyhvwlqj1 Exw wkhq lw lv

d ehvw uhvsrqvh iru sod|hu 5 wr qrw lqyhvw/ d frqwudglfwlrq1
Wkxv zh jhw d frqwudglfwlrq li �W � � lv wkh orzhvw w|sh ri sod|hu 5 zkr hyhu

lqyhvwv lq wkh htxloleulxp1 Li �W lv wkh orzhvw w|sh ri sod|hu 5 zkr hyhu lqyhvwv lq
wkh htxloleulxp/ zh fdq vlploduo| frqvwuxfw d frqwudglfwlrq/ uhyhuvlqj wkh urohv ri
sod|huv 4 dqg 5 lq wkh dujxphqw1 Li wkh orzhvw w|sh ri sod|hu 5 zkr hyhu lqyhvwhg

Li kh lv orz frvw/ kh vhqgv d phvvdjh wr sod|hu 5/ orvw zlwk suredelolw| %1 Li uhfhlyhg/ 5 vhqgv d
frq�updwlrq/ dqg vr rq1 Qrz wkh w|sh ri hdfk sod|hu fruuhvsrqgv wr wkh qxpehu ri phvvdjhv
vhqw1
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lq htxloleulxp zhuh odujhu wkdq �W/ wkhq w|sh �W ri sod|hu 4 zrxog qhyhu lqyhvw lq
htxloleulxp/ djdlq d frqwudglfwlrq1

Xqiruwxqdwho|/ wklv dujxphqw ghshqgv fuxfldoo| rq wkh vshfldo vwuxfwxuh ri
w|shv lq wklv h{dpsoh dqg lw lv qrw fohdu krz wr jhqhudol}h lw1
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