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Devwudfw
Wklv sdshu h{dplqhv d sx}}olqj lqfrqvlvwhqf| ehwzhhq wkh wkhruhwlfdo

suhglfwlrq ri sulydwh surylvlrqv wr sxeolf jrrgv dqg dfwxdo ixqgudlvlqj eh0
kdylru1 Zkloh ixqgudlvhuv riwhq fkrrvh wr dqqrxqfh sdvw frqwulexwlrqv/
hfrqrplf wkhru| suhglfwv wkdw frqwulexwlrqv zloo eh odujhvw zkhq grqruv
duh xqlqiruphg ri wkh frqwulexwlrqv pdgh e| rwkhuv1 Wklv sdshu vxjjhvwv
wkdw dq dqqrxqfhphqw vwudwhj| pd| eh rswlpdo ehfdxvh lw khosv uhyhdo wkh
fkdulw|*v txdolw|1 Lw lv vkrzq wkdw zkhq wkhuh lv lpshuihfw lqirupdwlrq derxw
wkh ydoxh ri wkh sxeolf jrrg dqg frqwulexwruv fdq sxufkdvh lqirupdwlrq uh0
jduglqj lwv txdolw|/ wkhq wkhuh h{lvw htxloleuld lq zklfk dq dqqrxqfhphqw
vwudwhj| lv rswlpdo1 Lqwhuhvwlqjo|/ lq htxloleulxp d kljk txdolw| fkdulw| uh0
fhlyhv frqwulexwlrqv wkdw h{fhhg wkrvh wkdw zrxog uhvxow kdg wkh txdolw| ri
wkh fkdulw| ehhq frpprq nqrzohgjh1 Khqfh/ dq dqqrxqfhphqw vwudwhj|
pd| qrw rqo| khos zruwkzkloh rujdql}dwlrqv uhyhdo wkhlu w|sh/ exw lw pd|
dovr khos wkh ixqgudlvhu uhgxfh wkh iuhh0ulghu sureohp1

�L zrxog olnh wr wkdqn Mlp Dqguhrql/ Pduf Elorghdx/ Vxelu Ervh/ Zlooldp Eurfn/ \dq Fkhq/
Udfkho Furvrq/ Hol}dehwk Kr�pdq/ Mrkq Nhqqdq/ Ure Ohpnh/ Odxud Ud}}rolql/ Lvddf Ulvfkdoo/
Wrgg Vdqgohu/ Do Volylqvnl/ Vdud Vroqlfn dqg vhplqdu sduwlflsdqwv dw wkh Xqlyhuvlw| ri Ddukxv/
Lqgldqd Xqlyhuvlw|/ LVX/ DSHW <;/ QDVP <;/ VHD <;/ dqg XZ0Pdglvrq iru khosixo glvfxvvlrqv
dqg frpphqwv1 Dq| uhpdlqlqj huuruv duh p| rzq1



41 Lqwurgxfwlrq

Wkh olwhudwxuh rq fkdulwdeoh jlylqj w|slfdoo| dvvxphv wkdw wkh ixqgudlvlqj jdph lv
h{rjhqrxvo| ghwhuplqhg/ wkhuhe| ljqrulqj wkh srvvlelolw| wkdw ixqgudlvhuv pd| eh
deoh wr ghvljq ixqgudlvlqj gulyhv wr pd{lpl}h wkhlu remhfwlyh ixqfwlrqv14 Li zh duh
wr xqghuvwdqg fkdulwdeoh jlylqj/ wkhq zh pxvw uhfrjql}h wkh dowhuqdwlyh vwudwhjlhv
dydlodeoh wr wkh ixqgudlvhu/ dqg ehwwhu dffrxqw iru wkh uroh ri wkh ixqgudlvhu lq wkh
ixqgudlvlqj jdph15 Wkh pdmrulw| ri wkh yroxqwdu| frqwulexwlrq olwhudwxuh dvvxphv
wkdw grqdwlrqv duh jlyhq vlpxowdqhrxvo|/ |hw wkh fkdudfwhulvwlfv ri pdq| ixqgudlv0
huv vxjjhvw wkdw wkh xqghuo|lqj jdph lv d vhtxhqwldo pryh jdph1 Iru h{dpsoh/
lq sudfwlfh/ ixqgudlvhuv riwhq xvh d vhtxhqwldo vrolflwdwlrq vwudwhj| dqg dqqrxqfh
frqwulexwlrqv wkdw duh jlyhq gxulqj d ixqg gulyh1 Lq dgglwlrq/ fdslwdo fdpsdljqv
duh w|slfdoo| odxqfkhg e| wkh dqqrxqfhphqw ri d odujh �ohdghuvkls� grqdwlrq/
dqg qhz frqwulexwruv dqg wkhlu sohgjhg dprxqwv duh pdgh sxeolf wkurxjkrxw wkh
fdpsdljq1 Dovr/ uhfxuulqj ixqgudlvlqj fdpsdljqv riwhq lqirup frqwulexwruv ri
suhylrxv grqdwlrqv pdgh lq wkh orfdo frppxqlw| ru dw wkh odwhvw fkdulw| hyhqw16

Wkh remhfwlyh ri wklv sdshu lv wr lqyhvwljdwh wkh uroh ri wkh ixqgudlvhu lq wkh
ixqgudlvlqj jdph/ dqg wr ghwhuplqh zk| dqg zkhq d ixqgudlvhu kdv dq lqfhqwlyh
wr dqqrxqfh frqwulexwlrqv1 Fxuuhqw wkhru| rq sulydwh surylvlrq ri sxeolf jrrgv
vxjjhvwv wkdw dq dqqrxqfhphqw vwudwhj| lv vxerswlpdo1 Yduldq +4<<7, vkrzv wkdw
sulydwh frqwulexwlrqv zloo eh odujhvw zkhq frqwulexwruv duh xqlqiruphg ri wkh
grqdwlrqv pdgh e| rwkhuv1 Krzhyhu/ wklv uhvxow uholhv rq wkh dvvxpswlrq wkdw wkh
�uvw frqwulexwru fdq frpplw wr jlylqj rqo| rqfh1 Zkhq wklv dvvxpswlrq lv uhod{hg
lw fdq eh vkrzq wkdw wkh frqwulexwlrq ohyhov zlwk dqg zlwkrxw dq dqqrxqfhphqw
duh lghqwlfdo1 Wkdw lv/ d ixqgudlvhu zloo dfklhyh qr dgglwlrqdo jdlq e| dqqrxqflqj
suhylrxv frqwulexwlrqv1

Zk| wkhq gr pdq| ixqgudlvhuv dsshdu wr eh idu iurp lqgl�huhqw ehwzhhq dq0
qrxqflqj dqg qrw dqqrxqflqj sdvw frqwulexwlrqvB Wkh k|srwkhvlv ri wklv sdshu
lv wkdw dq dqqrxqfhphqw vwudwhj| lv vxffhvvixo ehfdxvh lw khosv uhyhdo rwkhuzlvh
xqnqrzq lqirupdwlrq derxw wkh txdolw| ri wkh sxeolf jrrg1 Lqghhg wkh sdshu

4Vhh iru h{dpsoh Dqguhrql +4<;;/ 4<<3/ 4<<8,/ Ehujvwurp/ Eoxph/ dqg Yduldq +4<;9,/ Fruqhv
dqg Vdqgohu +4<;7,1

5H{dpsohv ri suhylrxv uhvhdufk rq ixqgudlvlqj duh Urvh0Dfnhupdq +4<;5,/ Vwhlqehuj +4<;8/
4<;9/4<<4,/ Zhlveurg +4<;;,/ Elorghdx dqg Volylqvnl +4<<9/ 4<<:/ 4<<;,/ Dqguhrql +4<<;,/ Volylq0
vnl dqg Vwhlqehuj +4<<;, dqg Urpdqr dqg \loglulp +4<<;,1

6Lq Hgoh*v errn �Ixqgudlvlqj= Kdqgv0rq Wdfwlfv iru Qrqsur�w Jurxsv/� kh uhfrpphqgv wkdw
ixqgudlvhuv lqirup ixwxuh frqwulexwruv ri wkh qxpehu ri grqruv dqg wkh wrwdo dprxqw wkdw wkh|
kdyh frqwulexwhg1
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ghprqvwudwhv wkdw zkhq wkhuh lv lpshuihfw lqirupdwlrq/ wkhq wkhuh h{lvw htxlol0
euld zkhuh kljk txdolw| fkdulwlhv vwulfwo| suhihu wr dqqrxqfh sdvw frqwulexwlrqv1
Wkh uhdvrq lv wkdw wkh lqlwldo frqwulexwru dftxluhv frvwo| lqirupdwlrq derxw wkh
fkdulw|*v txdolw|/ dqg wkh ixqgudlvhu lv deoh wr fuhgleo| pdnh wklv lqirupdwlrq frp0
prq nqrzohgjh e| dqqrxqflqj wkh ohyho ri wkh �uvw frqwulexwlrq1 Khqfh/ iru kljk
txdolw| fkdulwlhv/ dqqrxqfhphqwv jhqhudwh frqwulexwlrqv wkdw h{fhhg wkrvh wkdw
dulvh zkhq sdvw frqwulexwlrqv duh qrw dqqrxqfhg1

Ri sduwlfxodu lqwhuhvw lv wkdw kljk txdolw| fkdulwlhv e| dqqrxqflqj frqwulex0
wlrqv fdq vhfxuh d surylvlrq ohyho zklfk h{fhhgv wkh ohyho wkdw zrxog uhvxow kdg
wkh fkdulw|*v txdolw| ehhq frpprq nqrzohgjh1 Dq dqqrxqfhphqw vwudwhj| qrw
rqo| khosv kljk txdolw| surmhfwv wr eh uhfrjql}hg dv ehlqj zruwkzkloh/ exw lw dovr
hqdeohv wkhp wr uhgxfh wkh wudglwlrqdo iuhh0ulghu sureohp ri sulydwh surylvlrq ri
sxeolf jrrgv1

Wkh qh{w vhfwlrq ri wkh sdshu surylghv d eulhi uhylhz ri wkh zrun wkdw prwl0
ydwhv wkh suhvhqw sdshu1 Wkh wklug vhfwlrq ghvfulehv wkh prgho dqg h{dplqhv wkh
htxloleuld wkdw dulvh1 Wkh odvw vhfwlrq frqfoxghv wkh sdshu1

51 Olwhudwxuh Uhylhz

Yduldq +4<<7, h{dplqhv d prgho lq zklfk wzr lqglylgxdov pdnh vhtxhqwldo ru
vlpxowdqhrxv grqdwlrqv wr d sxeolf jrrg1 Lw lv vkrzq wkdw li grqdwlrqv duh dq0
qrxqfhg dqg wkh �uvw frqwulexwru fdq frpplw wr d rqh0wlph frqwulexwlrq/ wkhq
wkh �uvw frqwulexwru fdq h�hfwlyho| iuhh ulgh rq wkh vhfrqg frqwulexwru e| frp0
plwwlqj wr d orz lqlwldo grqdwlrq1 Wkh lpsolfdwlrq ri wklv uhvxow lv wkdw uhodwlyh wr
d qr0dqqrxqfhphqw ixqgudlvlqj vwudwhj|/ ohvv ri wkh sxeolf jrrg lv surylghg zkhq
wkh �uvw frqwulexwlrq lv dqqrxqfhg1

Wkh uhvxow lqglfdwlqj wkh vxerswlpdolw| ri dqqrxqfhphqw vwudwhjlhv uholhv rq
wkh vwurqj dvvxpswlrq wkdw wkh �uvw frqwulexwru fdq frpplw wr jlylqj rqo| rqfh1
Fohduo|/ wkh �uvw frqwulexwru suhihuv d vfhqdulr lq zklfk kh lv suhyhqwhg iurp
frqwulexwlqj pruh wkdq rqfh> krzhyhu/ li jlyhq wkh rswlrq kh zloo lqfuhdvh klv frq0
wulexwlrq lq wkh vhfrqg urxqg ri wkh jdph1 Xqiruwxqdwho|/ lw lv gl!fxow wr lpdjlqh
wkh phfkdqlvp wkdw zrxog jlyh vxfk frpplwphqw srzhu wr wkh �uvw frqwulexwru1
Dvvxplqj wkdw wkh ixqgudlvhu*v remhfwlyh lv wr pd{lpl}h wkh vxp ri wkh frqwulex0
wlrqv/ lw lv grxewixo wkdw wkh ixqgudlvhu zrxog uhixvh dq dgglwlrqdo grqdwlrq iurp
wkh �uvw frqwulexwru1

Vxssrvh lqvwhdg wkdw wkh �uvw frqwulexwru lv xqdeoh wr frpplw wr klv �uvw gr0
qdwlrq1 Wkdw lv/ iroorzlqj klv lqlwldo grqdwlrq/ wkh �uvw frqwulexwru fdq pdnh dq
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dgglwlrqdo grqdwlrq wr wkh sxeolf jrrg vlpxowdqhrxvo| zlwk wkh vhfrqg frqwulex0
wru17 Wkh htxloleulxp frqwulexwlrq ri wklv jdph lv lghqwlfdo wr wkh ohyho wkdw uhvxowv
zkhq wkh �uvw frqwulexwlrq lv qrw dqqrxqfhg dqg frqwulexwlrqv duh pdgh vlpxo0
wdqhrxvo|18 Khqfh/ wkh frqwulexwhg dprxqw lv lqghshqghqw ri wkh dqqrxqfhphqw
vwudwhj|/ dqg wkhuh lv qr uhdvrq zk| wkh ixqgudlvhu vkrxog suhihu wr dqqrxqfh sdvw
frqwulexwlrqv1

Wklv suhglfwlrq qrw rqo| uxqv frxqwhu wr frpprq sudfwlfhv ri wkh ixqgudlvlqj
lqgxvwu|/ exw lw lv dovr lqfrqvlvwhqw zlwk rqh ri wkh ihz hpslulfdo vwxglhv lq wklv
duhd1 Vloyhupdq hw do1 +4<;7, h{dplqh gdwd iurp d 530krxu qdwlrqdo whohwkrq lq
zklfk wkuhh gl�huhqw ixqglqj vfkhphv zhuh hpsor|hg1 Wkh| �qg wkdw dqqrxqf0
lqj wkh qdphv ri lqglylgxdov sohgjlqj prqh| dqg wkh dprxqw ri prqh| sohgjhg
uhvxowhg lq juhdwhu frqwulexwlrqv wkdq zkhq wkh| zhuh qrw dqqrxqfhg19 Lq rwkhu
zrugv/ yhuedo lqirupdwlrq derxw zkdw rwkhu shrsoh duh grlqj lv lq lwvhoi vx!flhqw
wr lqfuhdvh frqwulexwlrqv1

Rqh h{sodqdwlrq iru zk| frqwulexwruv pdnh odujhu grqdwlrqv zkhq wkhlu frqwul0
exwlrqv duh dqqrxqfhg pljkw eh wkdw wkh dqqrxqfhphqw jlyhv frqwulexwruv suhv0
wljh ru wkh delolw| wr vljqdo wkhlu zhdowk1: Wkdw lv/ wkh dqqrxqfhphqw h�hfwlyho|

7Wkhuh duh pdq| zd|v lq zklfk wklv jdph fdq eh sod|hg lq sudfwlfh1 Lpdjlqh iru h{dpsoh wkdw
wkh ixqgudlvhu fdoov xs wkh �uvw frqwulexwru dqg dvnv iru khu frqwulexwlrq1 Wkhq wkh ixqgudlvhu
fdoov doo wkh rwkhu frqwulexwruv/ whoov wkhp zkdw wkh �uvw frqwulexwlrq zdv dqg dvnv wkhp wr
frqwulexwh dqrq|prxvo| wr wkh sxeolf jrrg1 Lq dgglwlrq wr dvnlqj iru grqdwlrqv/ wkh ixqgudlvhu
dovr lqirupv hdfk grqru wkdw rqfh doo wkh grqruv kdyh ehhq fdoohg/ wkh ixqgudlvhu zloo fdoo wkh
�uvw frqwulexwru djdlq wr dvn khu li vkh zlvkhv wr lqfuhdvh khu lqlwldo grqdwlrq1 Elorghdx dqg
Volylqvnl +4<<;, dovr h{dplqh d vhtxhqwldo frqwulexwlrq jdph dqg vkrz wkdw wkh hqwuhsuhqhxu lv
xqdeoh wr frpplw wr d rqh0wlph frqwulexwlrq1

8Vhfwlrq 616141 ghprqvwudwhv wklv srlqw1
9Wkh dyhudjh dprxqw frqwulexwhg shu krxu zdv '::4 gxulqj orfdo wlph zlwk dqqrxqfhphqwv/

'745 zlwk orfdo wdohqw zlwkrxw dqqrxqfhphqwv/ dqg '645 zlwk qdwlrqdo wdohqw dqg qr dqqrxqfh0
phqwv1 Rqh vkrxog hydoxdwh wkhvh uhvxowv/ krzhyhu/ zlwk d elw d fdxwlrq1 Wkh 53 krxu whohwkrq
zdv vhsdudwhg lqwr 48 plqxwh lqwhuydov dqg wrwdo frqwulexwlrqv zhuh fdofxodwhg iru hdfk lqwhuydo1
Wr wkh h{whqw srvvleoh wkh whohwkrq dowhuqdwhg ehwzhhq wkh wkuhh gl�huhqw wuhdwphqwv hyhu| �i0
whhq plqxwhv1 Krzhyhu wkhuh duh pdq| ghyldwlrqv iurp wklv uxoh1 Wkh vwurqjhvw hylghqfh lq
vxssruw ri dqqrxqflqj sohgjhv pd| eh wkdw gxulqj wkh odvw wkuhh krxuv ri wkh whohwkrq pruh wlph
zdv vshqw uhdglqj sohgjhv ehfdxvh lw zdv fohdu e| wkhq �11wkdw uhdglqj sohgjhv lqfuhdvhg wkhp
+s163;,1� Wkh uhvxowv gr vxssruw dqqrxqfhphqwv hyhq zkhq wklv odwwhu shulrg lv qrw lqfoxghg lq
wkh gdwd1 Wkh dxwkruv gr qrw uxoh rxw wkdw vrph frqwulexwruv pd| vlpso| kdyh sod|hg d wlplqj
jdph/ krzhyhu wkh| dovr dujxh wkdw ylhzhuv pd| eh ohvv olnho| wr zdwfk whohylvlrq gxulqj wkh
sohgjh uhdglqjv1

:Dqguhrql +4<;;/ 4<<3,/ Kduedxjk +4<<;,/ Jod}hu dqg Nrqudg +4<<9,/ Rovrq +4<98,/ dqg
Vwhlqehuj +4<;<,1
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dggv d sulydwh ehqh�w wr wkh grqdwlrq/ wkhuhe| lqfuhdvlqj lw*v pdujlqdo ehqh�w1
Zkloh wkhvh vrfldo idfwruv pd| sod| d uroh/ wkh| gr qrw vx!flhqwo| h{sodlq

zk| frqwulexwlrqv duh dqqrxqfhg gxulqj d ixqg gulyh1 Lq sduwlfxodu/ li dqqrxqfh0
phqwv duh pdgh vlpso| wr jhqhudwh dq lqwhuqdo ehqh�w wr wkh frqwulexwru/ wkhq
wkh grqdwlrqv pljkw dv zhoo eh dqqrxqfhg diwhu wkh ixqg gulyh lv ryhu1 Ixu0
wkhupruh/ wklv h{sodqdwlrq lv qrw frqvlvwhqw zlwk wkh idfw wkdw fkdulwlhv dvn wkh
frqwulexwru iru shuplvvlrq wr dqqrxqfh wkh frqwulexwlrq1 Grqruv zkr zdqw wr
pdnh d frqwulexwlrq dqrq|prxvo| riwhq duh hqfrxudjhg e| wkh ixqgudlvhu wr pdnh
wkh frqwulexwlrq sxeolfo|1 Iru lqvwdqfh/ wkh fkdlupdq ri wkh wuxvwhhv ri Mrkqv
Krsnlqv h{sodlqv wkdw wkh uhdvrq wkdw wkh xqlyhuvlw| dvnv grqruv iru shuplvvlrq
wr dqqrxqfh wkhlu jliwv lv wkdw �ixqgdphqwdoo| zh duh doo iroorzhuv1 Li L fdq jhw
vrpherg| wr eh wkh ohdghu/ rwkhuv zloo iroorz1 L fdq ohyhudjh wkdw jliw pdq| wlphv
ryhu1�; Wkhuhiruh/ dq dqqrxqfhphqw zloo qrw rqo| lqfuhdvh wkh grqdwlrq ri wkh
ohdghu/ exw lq dgglwlrq lw lv olnho| wr kdyh d srvlwlyh h�hfw rq ixwxuh frqwulexwlrqv
ri rwkhuv1

Rqh uhdvrq zk| grqdwlrqv vkrxog eh dqqrxqfhg lv surylghg e| Dqguhrql
+4<<;,1 Kh vkrzv wkdw li wkhuh lv d �{hg frvw dvvrfldwhg zlwk surylvlrq ri d
sxeolf jrrg/ wkhq wkhuh pd| eh pxowlsoh htxloleuld ri wkh surylvlrq jdph1 Lq sdu0
wlfxodu wkhuh zloo eh dq htxloleulxp zkhuh wkh sxeolf jrrg idlov wr eh surylghg dqg
rqh zkhuh lw lv surylghg1 Kh ghprqvwudwhv wkdw wkh ixqgudlvhu e| frruglqdwlqj
ohdghuvkls frqwulexwlrqv fdq jxdudqwhh d srvlwlyh0surylvlrq rxwfrph1 Lq vxfk d
vfhqdulr wkh ixqgudlvhu vwulfwo| suhihuv wr dqqrxqfh wkh ohdghuvkls frqwulexwlrqv1

Dq dowhuqdwlyh h{sodqdwlrq lv surylghg e| Urpdqr dqg \loglulp +4<<;,1 Wkh|
vkrz wkdw frqwulexwruv pd| jlyh pruh lq d vhtxhqwldo jdph li wkh �uvw frqwulexwru
fdq frpplw wr d rqh0wlph frqwulexwlrq dqg wkh vhfrqg pryhu*v ehvw0uhvsrqvh
ixqfwlrq lv lqfuhdvlqj lq wkh frqwulexwlrq ri wkh ohdghu1<

Frqwudu| wr wkh dssurdfk wdnhq lq wklv sdshu/ erwk ri wkhvh prghov dvvxph wkdw
wkh �uvw frqwulexwru fdq frpplw wr d rqh0wlph frqwulexwlrq/ krzhyhu Dqguhrql*v

;Wkh Qhz \run Wlphv/ Iheuxdu| 5/ 4<<:/ s1 431 Wklv duwlfoh srlqwv rxw wkdw wkhuh duh wzr
dvshfwv wr ehlqj dq dqqrq|prxv grqru1 Zkloh vrph suhihu wkdw qhlwkhu wkhlu jliw qru lghqwlw|
eh dqqrxqfhg/ rwkhuv grq*w plqg wkdw wkhlu grqdwlrq eh olvwhg exw suhihu wkdw wkh| duh olvwhg dv
dqqrq|prxv jlyhuv1 Wkh prgho wkdw zh ghyhors lq wklv sdshu uhtxluhv wkdw erwk ri wkhvh idfwv
duh nqrzq1 Li wkh �uvw frqwulexwlrq lv wr vhuyh dv d vljqdo ri wkh fkdulw|*v w|sh wkhq wkh vl}h ri
wkh grqdwlrq dv zhoo dv wkh lghqwlw| ri wkh grqru pxvw eh nqrzq1 Wr nhhs wkh prgho vlpsoh zh
dvvxph/ krzhyhu/ wkdw wkh lghqwlw| ri wkh frqwulexwru lv nqrzq/ dqg olplw rxuvhoyhv wr dqdo|}lqj
zkhwkhu wkh grqdwlrq vkrxog eh dqqrxqfhg lq d prgho ri lpshuihfw lqirupdwlrq1

<Dq lqglylgxdo*v frqwulexwlrq pd| eh lqfuhdvlqj lq wkdw ri rwkhuv li kh lv vx!flhqwo| frqfhuqhg
derxw wkh sulydwh ehqh�w wkdw kh ghulyhv iurp klv rzq frqwulexwlrq1
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uhvxow lv qrw vhqvlwlyh wr wkdw dvvxpswlrq/ dqg Urpdqr dqg \loglulp*v uhvxow krogv
lq wkh qr0frpplwphqw fdvh zkhq doo frqwulexwruv kdyh srvlwlyho| vorshg ehvw0
uhvsrqvh ixqfwlrqv1 Erwk ri wkhvh h{sodqdwlrqv fdq eh vhhq dv frpsohphqwdu| wr
wkh h{sodqdwlrq suhvhqwhg khuh1

61 Ixqgudlvlqj zkhq Lqirupdwlrq lv Lpshuihfw

Dv sursrvhg lq wkh lqwurgxfwlrq/ zh dujxh wkdw ixqgudlvhuv pd| fkrrvh wr dq0
qrxqfh sdvw frqwulexwlrqv ehfdxvh wklv dqqrxqfhphqw khosv wkhp uhyhdo wkh ydoxh
ri wkh sxeolf jrrg wkdw wkh| surylgh143 Lq wkh prgho h{dplqhg khuh/ lw lv wkhuhiruh
dvvxphg wkdw wkh frqwulexwruv kdyh lpshuihfw lqirupdwlrq derxw wkh txdolw| ri wkh
fkdulw|1

Frqvlghulqj wkdw fxuuhqwo| wkhuh duh pruh wkdq 933/333 fkdulwlhv dqg dqrwkhu
63/333 mrlqlqj wkhlu udqnv hyhu| |hdu/ lw vhhpv sodxvleoh wkdw frqwulexwruv gr qrw
kdyh shuihfw lqirupdwlrq derxw wkh txdolw| ri wkh rujdql}dwlrqv1 Zkloh frqwulex0
wruv pd| eh lqiruphg derxw wkh txdolw| ri vrph rujdql}dwlrqv/ fkdulwlhv frqwlqx0
doo| lqwurgxfh �qhz surgxfwv� dqg lw pd| eh gl!fxow sulru wr wkh surylvlrq ri d
vshfl�f sxeolf jrrg wr hydoxdwh krz xvhixo wkdw jrrg zloo eh1

Dowkrxjk wkh vwdqgdug dvvxpswlrq lq wkh yroxqwdu| frqwulexwlrq olwhudwxuh
kdv ehhq rqh ri shuihfw lqirupdwlrq/ wkhuh duh d ihz h{fhswlrqv1 Urvh0Dfnhupdq
+4<;3/ 4<;4, dqg Kdqg| +4<<8, dujxh wkdw iru prvw djhqwv wkh txdolw| ri fkdulwlhv
lv xqfhuwdlq/ dqg vxjjhvw wkdw wkh suhvhqfh ri jryhuqphqw judqwv/ xqlwhg ixqgv ru
surplqhqw lqglylgxdov/ zloo khos uhvroyh wkh lqirupdwlrqdo sureohp1 Vfkl� +4<<3,
vxjjhvwv wkdw wkh lqirupdwlrqdo sureohp pd| eh uhvroyhg zkhq srwhqwldo frqwulex0
wruv fkrrvh wr yroxqwhhu iru dq rujdql}dwlrq1 Vlploduo| wr Vfkl� zh dujxh wkdw wkh
txdolw| ri wkh fkdulw| fdq eh uhyhdohg diwhu vrph vruw ri frvwo| lqvshfwlrq e| wkh
frqwulexwruv144 Wkdw lv/ udwkhu wkdq dvvxplqj wkdw rqh frqwulexwru lv lqiruphg

43Wkh lghd h{dplqhg khuh lv uhodwhg wr wkdw ri Khupdolq +4<<;,1 Kh h{dplqhv d whdp surgxf0
wlrq sureohp lq zklfk rqh whdp phpehu/ wkh ohdghu/ lv h{rjhqrxvo| lqiruphg derxw wkh pdujlqdo
uhwxuq wr h�ruw1 Wkh ohdghu frpplwv wr dq h�ruw ohyho/ dqg wklv ohyho vhuyhv dv d vljqdo ri wkh
pdujlqdo uhwxuq wr h�ruw1 Khupdolq vkrzv wkdw wklv vhtxhqfh ri pryhv lqfuhdvhv wkh ryhudoo
h�ruw ohyho1 Wkh sulpdu| gl�huhqfh iurp wkh sulydwh surylvlrq ri sxeolf jrrgv sureohp lv wkdw
wkhuh lv qr furzglqj rxw lq wkh whdp surgxfwlrq prgho1 Wklv qhjdwlyh fruuhodwlrq kdv lpsruwdqw
frqvhtxhqfhv li rqh lv wr h{whqg Khupdolq*v prgho wr d sxeolf jrrgv prgho1 Lqghhg li wkh ohdghu
fdq frpplw wr d rqh0wlph frqwulexwlrq/ wkhq lw lv riwhq wkh fdvh wkdw wkh fkdulw| vwulfwo| suhihuv
qrw wr dqqrxqfh sdvw frqwulexwlrqv1

44 Lq frqwudvw wr Vfkl�*v dssurdfk zh lqfrusrudwh wkh idfw wkdw frqwlexwruv kdyh dq lqfhqwlyh
wr frqylqfh rwkhuv wkdw d fkdulw| lv ri kljk txdolw|1

9



zh hqgrjhql}h wkh frqwulexwru*v lqirupdwlrq dftxlvlwlrq ghflvlrq1 Zkloh fkdulwlhv
fhuwdlqo| wu| wr frqylqfh frqwulexwruv ri wkhlu phulwv/ lw lv uhdvrqdeoh wr dvvxph
wkdw wuxwkixo lqirupdwlrq lv frvwo|145 Lqghhg vrph frqwulexwruv vshqg vxevwdqwldo
uhvrxufhv lqyhvwljdwlqj wkh txdolw| ri wkh sursrvhg surmhfw1 Odujh frqwulexwruv
riwhq vhw xs irxqgdwlrqv zklfk hpsor| d zkroh whdp ri h{shuwv wr hydoxdwh dqg
lqyhvwljdwh sursrvhg surmhfwv146

Lq vxppdu| wkh prgho wkdw zh sursrvh h{whqgv wkh vwdqgdug prgho ri sulydwh
surylvlrq ri sxeolf jrrgv lq irxu gluhfwlrqv1 Iluvw/ wkh ydoxh ri wkh surylghg sxeolf
jrrg lv xqfhuwdlq> vhfrqg/ frqwulexwruv fdq ex| lqirupdwlrq derxw wkh wuxh ydoxh
ri wkh sxeolf jrrg> wklug/ wkh ixqgudlvhu lv ylhzhg dv dq dfwxdo sod|hu lq wkh jdph>
dqg irxuwk/ frqwulexwruv fdqqrw frpplw wr rqh0wlph frqwulexwlrqv1

6141 Prgho

Dowkrxjk lw lv ri lqwhuhvw wr h{sodlq zk| ixqgudlvhuv frqwlqxh wr dqqrxqfh frq0
wulexwlrqv/ wklv sdshu irfxvhv vroho| rq zk| ixqgudlvhuv fkrrvh wr dqqrxqfh wkh
�uvw frqwulexwlrq1 Wkh iroorzlqj vhfwlrq ghvfulehv wkh prgho dqg wkh xqghuo|lqj
dvvxpswlrqv1

Wkh ixqgudlvhu lv zrunlqj hlwkhu iru d kljk0w|sh fkdulw|/ M/ ru iru d orz0w|sh
fkdulw|/ u1 D kljk0w|sh fkdulw| surylghv d ehqh�fldo sxeolf jrrg/ zkloh d orz0w|sh
fkdulw| surylghv d xvhohvv sxeolf jrrg1 Ohw %

�
ghqrwh �*v sulydwh frqvxpswlrq dqg

ohw C ghqrwh wkh sxeolf jrrg1 Dvvxph wkdw hdfk lqglylgxdo kdv lqfrph 6/ dqg
lqglylgxdo suhihuhqfhv ri wkh irup LM

�

' *? %
�
n *?C/ zkhq wkh fkdulw| lv ri kljk

w|sh/ dqg Lu

�

' *? %
�
/ zkhq wkh fkdulw| lv ri orz w|sh147

Wkh fkdulw|*v w|sh lv nqrzq wr wkh ixqgudlvhu/ zkr/ frqglwlrqdo rq w|sh/
fkrrvhv hlwkhu wr dqqrxqfh wkh �uvw frqwulexwlrq/ 5

�
' �/ ru qrw wr dqqrxqfh

45Dw wkh yhu| ohdvw frqwulexwruv kdyh wr vshqg wlph ghwhuplqlqj wkh fkdulw|*v txdolw|1 Lq
frqwudvw Khupdolq +4<<;, grhv qrw prgho wklv fkrlfh dqg dvvxphv wkdw wkh ohdghu dozd|v lv jlyhq
d vljqdo sulru wr h{huwlqj h�ruw exw rqo| diwhu wkh frqwudfwv kdyh ehhq �{hg1 Wkh iroorzhuv lq
Khupdolq*v prgho duh dozd|v xqlqiruphg1

46Lq dq lqwhuylhz zlwk Mrkq Vwrvvho/ Whg Wxuqhu vwdwhg wkdw �Jlylqj d orw ri prqh| dzd| lv
doprvw dv gl!fxow dqg frpsolfdwhg dv pdnlqj lw1 \rx kdyh wr kluh shrsoh wr gr lw1 Wkh|*yh jrw
wr dqdo|}h wklqjv uhdo fduhixoo|1�

47Lw zloo vrrq ehfrph fohdu wkdw lw lv gl!fxow wr vroyh wkh prgho zkhq suhihuhqfhv gr qrw kdyh
d vshfl�f ixqfwlrqdo irup1 Krzhyhu/ zh vxvshfw wkdw wkh w|sh ri htxloleuld wkdw dulvh iru wkh orj
olqhdu suhihuhqfhv dovr dulvh iru rwkhu xwlolw| ixqfwlrqv ri wkh irup Xm @ i+{m, . ylk+J,/ zkhuh
erwk i+, dqg k+, duh prqrwrqlfdoo| lqfuhdvlqj dqg frqfdyh/ dqg yl ghqrwhv wkh ydoxh ri wkh
sxeolf jrrg l1 Lq Vhfwlrq 6181 zh dovr vkrz wkdw wkh uhvxowv duh qrw vhqvlwlyh wr wkh dvvxpswlrq
wkdw lqglylgxdov duh lghqwlfdo1
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wkh �uvw frqwulexwlrq/ 5
�
' f/ zkhuh � ' Mcu1 Wkh ixqgudlvhu*v jrdo lv wr fkrrvh

5
�
vxfk wkdw lw pd{lpl}hv wkh wrwdo frqwulexwlrq C

�
1 Dvvxph wkdw wkh sulfh ri wkh

sxeolf jrrg lv rqh/ dqg wkdw lw wdnhv rqh xqlw ri wkh sulydwh jrrg wr surylgh rqh
xqlw ri wkh sxeolf jrrg1

Frqwudu| wr wkh ixqgudlvhu/ wkh srwhqwldo grqruv gr qrw nqrz wkh fkdulw|*v
w|sh1 Hdfk grqru*v sulru lv wkdw d fkdulw| kdv dq htxdo suredelolw| ri ehlqj d
w|sh0M ru d w|sh0u fkdulw|1 Frqglwlrqdo rq zkhwkhu dq dqqrxqfhphqw lv pdgh/
frqwulexwruv irup eholhiv >EMm5� derxw wkh fkdulw|*v w|sh1

Dvvxph wkdw wkhuh duh wzr lghqwlfdo frqwulexwruv/ � ' �c�/ dqg wkdw frqwule0
xwru � lv wkh �uvw wr pdnh d grqdwlrq148 Zh zloo �uvw h{dplqh wkh fdvh zkhuh

rqo| � fdq ex| lqirupdwlrq derxw wkh fkdulw|1 Odwhu lq vhfwlrq 618 zh h{dplqh
wkh fdvh zkhuh erwk frqwulexwruv fdq sxufkdvh lqirupdwlrq/ dqg zh vkrz wkdw wklv
dvvxpswlrq grhv qrw dowhu wkh htxloleulxp suhglfwlrqv1

E| sd|lqj d frvw/ S/ frqwulexwru � zloo uhfhlyh d shuihfwo| lqirupdwlyh vljqdo/
r 5 iucMj/ lqglfdwlqj wkh fkdulw|*v w|sh1 Ohw U

�
E5� 5 ifc �j ghqrwh �*v ghflvlrq

wr sxufkdvh lqirupdwlrq zkhq wkh ixqgudlvhu xvhv ixqgudlvlqj vwudwhj| 5/ vxfk wkdw
U
�
E5� ' � zkhq vkh ex|v lqirupdwlrq1 Wklv lpsolhv wkdw � fdq eh rqh ri wkuhh

gl�huhqw w|shv1 Ghqrwh dq xqlqiruphg � dv w|sh |
�
' �/ dq lqiruphg frqwulexwru

zkr uhfhlyhv d kljk vljqdo dv w|sh �/ dqg dq lqiruphg frqwulexwru zkr uhfhlyhv
d orz vljqdo dv w|sh ,1 Zkloh wkh frvw ri lqirupdwlrq lv frpprq nqrzohgjh/ �*v
sxufkdvlqj ghflvlrq dqg wkh vljqdo duh nqrzq rqo| wr �1 Wkdw lv/ �*v w|sh/ |

�
/ lv

qrw frpprq nqrzohgjh1
Wkh vwuxfwxuh ri wkh jdph lv wkh iroorzlqj1 Iluvw/ qdwxuh uhyhdov wr wkh

ixqgudlvhu zklfk w|sh ri fkdulw| lw lv uhsuhvhqwlqj1 Frqwlqjhqw rq lw*v w|sh/ wkh
ixqgudlvhu ghflghv zkhwkhu wr dqqrxqfh ru qrw wr dqqrxqfh wkh �uvw frqwulexwlrq1
Wklv ghflvlrq lv frpprq nqrzohgjh1 Sulru wr grqdwlqj/ frqwulexwru� kdv wkh rs0
wlrq ri ex|lqj lqirupdwlrq derxw wkh sxeolf jrrg1 Li d qr0dqqrxqfhphqw dfwlrq lv
fkrvhq e| wkh ixqgudlvhu/ wkh wzr frqwulexwruv duh h�hfwlyho| pdnlqj vlpxowdqhrxv
grqdwlrqv wr wkh sxeolf jrrg1

Lq wkh fdvh zkhuh wkh �uvw frqwulexwlrq lv dqqrxqfhg/ frqwulexwru � �uvw
ghflghv zkhwkhu wr ex| lqirupdwlrq dqg wkhq pdnhv dq lqlwldo frqwulexwlrq ri
}f
�

E5 ' �c |
�
� wr wkh sxeolf jrrg/ zkhuh wkh cf* vxshuvfulsw ghqrwhv wkdw wkh

48Wklv lv frpprq nqrzohgjh/ khqfh lw lv qrw srvvleoh wkdw wkh ixqgudlvhu fdq vrolflw dqqrxqfh0
phqw ohyho frqwulexwlrqv iurp dq|rqh rwkhu wkdq D1 Lq vhfwlrq 7/ zh dujxh wkdw wklv lv d pruh
uhdvrqdeoh dvvxpswlrq lq d prgho zlwk khwhurjhqrxv djhqwv1 Wkh uhdvrq lv wkdw lq wklv fdvh
wkhuh lv dq rswlpdo vrolflwdwlrq rughulqj1 Khqfh/ doo vxevhtxhqw frqwulexwruv zloo xvh wkh vl}h ri
wkh lqlwldo grqdwlrq wr ghwhuplqh wkh txdolw| ri wkh sxeolf jrrg1

;



frqwulexwlrq lv pdgh sulru wr wkh dqqrxqfhphqw1 Kdylqj revhuyhg wklv lqlwldo
frqwulexwlrq/ � grqdwhv wr wkh sxeolf jrrg/ dqg �qdoo| zlwkrxw nqrzlqj �*v
frqwulexwlrq/ � lv jlyhq dq rswlrq wr lqfuhdvh khu lqlwldo frqwulexwlrq1

Lq vxppdu| wkh vwuxfwxuh ri wkh jdph lv dv iroorzv=
41 Qdwxuh vhohfwv � ' u ru M1
51 Ixqgudlvhu revhuyhv �/ dqg vhohfwv 5

�
5 ifc �j1

61 � dqg � revhuyh 51
71 � fkrrvhv U

�
E5� 5 ifc �j> li U

�
E5� ' �/ � sd|v S dqg revhuyhv r 5 iucMj1

81 Li 5 ' fc � fkrrvhv grqdwlrq }
�
E5 ' fc |

�
� 5 dfc 6� U

�
� So/

vlpxowdqhrxvo| zlwk �*v fkrlfh ri }
�
E5 ' f� 5 dfc 6o�

91 Li 5 ' �c � fkrrvhv grqdwlrq }f
�
E5 ' �c |

�
� 5 dfc 6� U

�
� So1

� revhuyhv }f
�

dqg fkrvh }�
�

E5 ' �c }f
�

� 5 dfc6o/ vlpxowdqhrxvo|
zlwk �*v fkrlfh ri }�

�

E�c |
�
� 5 dfc6� U

�
� S� }f

�

E�c |
�
�o1

Li frqwulexwruv nqhz wkh fkdulw|*v w|sh wkhq qr grqdwlrqv zrxog eh pdgh
wr d w|sh0u fkdulw|/ dqg d srvlwlyh frqwulexwlrq zrxog eh pdgh wr wkh w|sh0M
fkdulw|1 Wkhuhiruh wkhuh grhv qrw h{lvw dq htxloleulxp zkhuh wkh ixqgudlvhu*v
dqqrxqfhphqw fkrlfh uhyhdov wkdw d fkdulw| lv ri kljk w|sh1 Wkh uhdvrq lv wkdw wkh
orz0w|sh ixqgudlvhu zloo plplf dq| dfwlrq wkdw jhqhudwhv kljk0w|sh grqdwlrqv149

Lq rughu wr ghwhuplqh wkh htxloleuld ri wklv jdph zh �uvw qhhg wr �qg wkh frq0
wulexwlrqv wkdw uhvxow zkhq wkh �uvw frqwulexwlrq lv qrw dqqrxqfhg dqg zkhq lw
lv dqqrxqfhg> vhfwlrqv 615 dqg 616/ ghulyh wkh uhohydqw frqwulexwlrq ohyhov1 H{dp0
lqlqj wkh dqqrxqfhphqw vfhqdulr lq vhfwlrq 616 uhyhdov wkdw zkhq lqirupdwlrq lv
sxufkdvhg/ wkh lqlwldo frqwulexwlrq uhyhdov wkh txdolw| ri wkh fkdulw|1

Jlyhq wkh frqwulexwlrq ohyhov/ wkh ixqgudlvhu*v rswlpdo vwudwhj| fdq eh ghwhu0
plqhg/ dqg htxloleuld wkdw frqvwlwxwh vhtxhqwldoo| udwlrqdo vwudwhjlhv dqg frqvlv0
whqw eholhiv fdq eh irxqg1 Vhfwlrq 617 ghulyhv wkh vhw ri htxloleuld dqg ghprqvwudwhv
wkdw wkhuh h{lvw wzr w|shv ri shuihfw Ed|hvldq htxloleuld1

Wkh �uvw w|sh dulvhv zkhq wkh frvw ri lqirupdwlrq lv vr kljk wkdw qr lqirupd0
wlrq lv sxufkdvhg1 Lq wklv fdvh wkh ixqgudlvhu/ lqghshqghqw ri w|sh/ lv lqgl�huhqw
ehwzhhq dqqrxqflqj dqg qrw dqqrxqflqj wkh �uvw frqwulexwlrq/ dqg d srrolqj
htxloleulxp dulvhv1

Wkh rwkhu w|sh ri htxloleulxp dulvhv zkhq wkh lqirupdwlrq frvw lv vx!flhqwo|

49Li wkh eholhi lv wkdw rqo| kljk0w|sh ixqgudlvhuv dqqrxqfh frqwulexwlrqv/ wkhq orz0w|sh
ixqgudlvhuv zloo fkrrvh wr dqqrxqfh1 Vlploduo| wkh orz0w|sh ixqgudlvhu zloo fkrrvh qrw wr
dqqrxqfh li wkh eholhi lv wkdw rqo| kljk0w|sh ixqgudlvhuv fkrrvh wklv vwudwhj|1 Ri frxuvh vxfk
eholhiv duh qrw frqvlvwhqw zlwk wkh ixqgudlvhu*v vwudwhj| dqg dv d uhvxow wkh| gr qrw frqvwlwxwh
dq htxloleulxp1

<



orz1 Lq wklv fdvh frqwulexwru � ex|v lqirupdwlrq zkhq dq dqqrxqfhphqw vwudwhj|
lv xvhg/ dqg vkh pdnhv wkh ydoxh ri wkh sxeolf jrrg frpprq nqrzohgjh wkurxjk
d odujh lqlwldo frqwulexwlrq1 Lq wklv fdvh d kljk0w|sh ixqgudlvhu vwulfwo| suhihuv dq0
qrxqflqj wkh �uvw frqwulexwlrq/ zkloh d orz0w|sh ixqgudlvhu lv lqgl�huhqw ehwzhhq
dqqrxqflqj dqg qrw dqqrxqflqj wkh �uvw frqwulexwlrq1 Khqfh wkhvh htxloleuld duh
vhpl0vhsdudwlqj1

Wklv w|sh ri htxloleulxp lv sduwlfxoduo| lqwhuhvwlqj ehfdxvh lw vkrzv wkh dq0
qrxqfhphqw vwudwhj| dv ehlqj rswlpdo/ dqg ehfdxvh wkh dqqrxqfhphqw vwudwhj|
hqdeohv wkh kljk0w|sh ixqgudlvhu wr dfklhyh frqwulexwlrq ohyhov wkdw h{fhhg wkrvh
ri wkh shuihfw lqirupdwlrq vfhqdulr1 Lq rughu wr vljqdo wkdw wkh fkdulw| lv ri kljk
txdolw| frqwulexwru � pxvw pdnh d grqdwlrq zklfk h{fhhgv wkh frqwulexwlrq ohyho
vkh zrxog kdyh pdgh kdg wkh txdolw| ri wkh fkdulw| ehhq nqrzq1 Uhodwlyh wr wkh
shuihfw lqirupdwlrq fdvh/ wklv lqfuhdvh lq frqwulexwlrqv ghfuhdvhv wkh grqdwlrq ri
wkh vhfrqg frqwulexwru/ krzhyhu vlqfh wkh furzglqj rxw lv lqfrpsohwh wkh uhvxowlqj
frqwulexwlrq ohyho h{fhhgv wkdw ri wkh shuihfw lqirupdwlrq vfhqdulr1

Wkh qh{w vhfwlrqv ghprqvwudwh wkdw wkhuh rqo| h{lvw wzr w|shv ri htxloleuld1
Fkdudfwhulvwlf ri wkhp lv wkdw lq erwk htxloleuld d orz0w|sh ixqgudlvhu udqgrpl}hv
ehwzhhq dqqrxqflqj dqg qrw dqqrxqflqj1 Lq frqwudvw wkh vwudwhj| ri wkh kljk0w|sh
ixqgudlvhu ghshqgv rq wkh frvw ri lqirupdwlrq1 Iru surklelwlyho| kljk lqirupdwlrq
frvw/ d kljk0w|sh ixqgudlvhu udqgrpl}hv ehwzhhq dqqrxqflqj dqg qrw dqqrxqflqj/
dqg iru d vx!flhqwo| orz frvw d kljk0w|sh ixqgudlvhu dozd|v dqqrxqfhv wkh �uvw
frqwulexwlrq1 Wkxv dq| xqfhuwdlqw| derxw wkh frvw ri lqirupdwlrq zloo uhvxow lq
wkh kljk0w|sh ixqgudlvhu dozd|v dqqrxqflqj wkh �uvw frqwulexwlrq1

6151 Qr Dqqrxqfhphqw Frqwulexwlrqv

Zkhq qr dqqrxqfhphqw lv pdgh/ hdfk frqwulexwru*v grqdwlrq lv xqrevhuyhg e| wkh
rwkhu frqwulexwru1 Dv d uhvxow li � ex|v lqirupdwlrq wr ghwhuplqh wkh wuxh ydoxh
ri wkh sxeolf jrrg/ wkhq wkdw vljqdo fdqqrw eh fuhgleo| uhyhdohg wr frqwulexwru�1
Zlwk wkh frvw ri lqirupdwlrq ehlqj frpprq nqrzohgjh/ krzhyhu/ � fdq ghgxfh
zkhwkhu lqirupdwlrq lv sxufkdvhg1 Uhfdoo wkdw �*v sxufkdvlqj ghflvlrq lpsolhv
wkdw � fdq eh rqh ri wkuhh w|shv= xqlqiruphg/ lqiruphg zlwk d kljk vljqdo/ ru
lqiruphg zlwk d orz vljqdo/ l1h1 |

�
5 i�c �c ,j1

Ohw xv �uvw ghwhuplqh wkh frqwulexwlrqv wkdw uhvxow zkhq � grhv qrw sxufkdvh
lqirupdwlrq1 Frqglwlrqdo rq wkhlu srvwhulru/ 4

f
' >EMm5 ' f�/ frqwulexwruv door0

fdwh wkhlu lqfrph/ 6/ ehwzhhq sulydwh frqvxpswlrq %
�
E5 ' f� dqg frqwulexwlrq

}
�
E5 ' f� vxfk wkdw wkh| pd{lpl}h wkhlu h{shfwhg xwlolw| vxemhfw wr wkh iroorzlqj
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Qrz h{dplqh wkh frqwulexwlrqv wkdw uhvxow zkhq � ex|v lqirupdwlrq1 Li �

uhfhlyhv d orz vljqdo/ wkhq khu rswlpdo frqwulexwlrq lv }hur/ }
�
E5 ' fc |

�
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}
�
Efc �� ' 4@ ifc 63S3}�EfcU�'��

2

j1 � wdnhv wkhvh frqwulexwlrq ohyhov lqwr dffrxqw
zkhq ghwhuplqlqj khu grqdwlrq1 Sduwlfxoduo| ydoxdeoh wr � lv wkh idfw wkdw �
frqwulexwhv }

�
Efc �� zkhqhyhu lw lv d kljk0w|sh fkdulw|1 Wklv hqdeohv� wr iuhh ulgh

r� �*v lqirupdwlrq dqg khu pd{lpl}dwlrq sureohp lv

�@%
}� c%�

,?%
�
n 4

f
,? E}

�
Efc �� n }

�
�

r�|� }
�
n %

�
' 6

}
�
� f�

Khqfh/ }
�
Efc U

�
' �� ' 6@%ifc 4f63}�Efc��

�n4
f

j1 Wklv lpsolhv wkdw � zloo pdnh
qr grqdwlrq zkhq wkh srvwhulru lv vx!flhqwo| vpdoo/ dqg zloo pdnh d srvlwlyh
grqdwlrq zkhq lw lv vx!flhqwo| odujh1 Zkhq 4

f
� 63S

26

/ wkhq C
M
Ef� ' }

�
Efc ��/

dqgC
u
Ef� ' f14: Li 4

f
: 63S

26

/ wkhqC
u
Ef� ' }

�
Ef�/ dqg C

M
Ef� ' }

�
Efc ��n}

�
Ef�1

Zkloh wkh frqwulexwlrq wr wkh fkdulw| lv lqghshqghqw ri w|sh zkhq qr lqirupdwlrq
lv sxufkdvhg/ d kljk0w|sh fkdulw| uhfhlyhv d odujhu frqwulexwlrq zkhq lqirupdwlrq
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Lq rughu wr suhglfw wkh frqwulexwlrqv dqg lqirupdwlrq sxufkdvlqj ghflvlrq/ zh
qhhg wr nqrz wkh frvw ri lqirupdwlrq dqg wkh frqvlvwhqw srvwhulru ri wkh qr0
dqqrxqfhphqw vwudwhj|1
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6161 Dqqrxqfhphqw Frqwulexwlrqv

Nqrzlqj wkdw wkh ixqgudlvhu kdv fkrvhq wr dqqrxqfh wkh lqlwldo frqwulexwlrq/ wkh
grqruv xsgdwh wkhlu eholhiv wkdw lw lv d kljk0w|sh surmhfw1 Ghqrwh wklv srvwhulru
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' >EMm5 ' ��1 Frqwulexwru � wkhq ghflghv zkhwkhu wr sxufkdvh lqirupdwlrq1
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Li djhqw � uhfhlyhv d orz vljqdo wkhq vkh nqrzv zlwk fhuwdlqw| wkdw lw lv d orz0
w|sh fkdulw| dqg zloo kdyh qr lqfhqwlyh wr dfw dv li vkh zhuh vrphrqh zkr uhfhlyhg
d kljk vljqdo153 Olnhzlvh/ d frqwulexwru zkr uhfhlyhv d kljk vljqdo kdv qr lqfhqwlyh
wr plplf wkh ehkdylru ri d frqwulexwru zkr uhfhlyhv d orz vljqdo1 Krzhyhu/ jlyhq
wkdw wkh sxufkdvlqj ghflvlrq lv xqrevhuyhg/ � pd| eh ehwwhu r� qrw sxufkdvlqj
lqirupdwlrq/ |hw pdnlqj d frqwulexwlrq wkdw ohdgv wkh vhfrqg frqwulexwru wr eholhyh
wkdw vkh erxjkw lqirupdwlrq dqg uhfhlyhg d kljk vljqdo1

Zkhq frpsdulqj wkh lqgl�huhqfh fxuyh ri dq xqlqiruphg � frqwulexwru zlwk
wkdw ri dq lqiruphg � frqwulexwru zlwk d kljk vljqdo/ lw lv vhhq wkdw wkh| furvv
rqo| rqfh dqg wkdw wkh xqlqiruphg*v lqgl�huhqfh fxuyh lv vwhhshu wkdq wkdw ri wkh
lqiruphg � zlwk d kljk vljqdo154 Jlyhq wkdw wkh vlqjoh furvvlqj surshuw| krogv/
zh nqrz iurp Fkr dqg Nuhsv +4<;:, wkdw wkh rqo| htxloleulxp zklfk vxuylyhv wkh
Lqwxlwlyh Fulwhulrq lv wkh Uloh| rxwfrph/ l1h1 wkh vhsdudwlqj htxloleulxp zlwk wkh
ohdvw dprxqw ri lqh!flhqw vljqdolqj155 Khqfh/ zh zloo ghwhuplqh d vhw ri vwudwhjlhv
dqg eholhiv vxfk wkdw wkh �uvw frqwulexwlrq uhyhdov zkhwkhu wkh �uvw frqwulexwru
erxjkw lqirupdwlrq/ dqg li vkh erxjkw lqirupdwlrq/ wkh wuxh ydoxh ri wkh sxeolf
jrrg1 Dw dq| vwdjh ri wkh jdph/ vwudwhjlhv duh rswlpdo jlyhq wkh eholhiv/ dqg wkh
eholhiv duh rewdlqhg iurp htxloleulxp vwudwhjlhv dqg revhuyhg dfwlrqv xvlqj Ed|hv*
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53Qrwh wkdw wklv uhvxow ghshqgv rq wkh dvvxpswlrq wkdw wkh frqwulexwruv jhw qr xwlolw| iurp
wkh sxeolf jrrg surylghg e| wkh orz0w|sh fkdulw|1 Li wkh| gr jhw d srvlwlyh ehqh�w/ wkhq d
frqwulexwru zlwk d orz vljqdo zloo kdyh dq lqfhqwlyh wr plplf1
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55Wkh Lqwxlwlyh Fulwhulrq lv d uhdvrqdeoh eholhi uh�qhphqw1 Lw doorzv xv wr holplqdwh htxloleuld

zkhuh d w|sh kdv d ghyldwlrq zklfk lv dvvxuhg ri |lhoglqj d sd|r� deryh wkh htxloleulxp sd|r�
dv orqj dv wkhuh lv qrw d srvlwlyh suredelolw| dvvljqhg wr wkh ghyldwlrq kdylqj ehhq pdgh e| dq|
w|sh iru zkrp wklv dfwlrq lv htxloleulxp grplqdwhg1 Vhh Fkr dqg Nuhsv +4<;:, iru d frpsohwh
gh�qlwlrq1
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616141 Xqlqiruphg Iluvw Frqwulexwru

Ohw xv �uvw ghwhuplqh wkh frqwulexwlrqv wkdw uhvxow zkhq wkh �uvw frqwulexwru lv
xqlqiruphg1 Lq d vhsdudwlqj htxloleulxp d frqwulexwru zkr glg qrw ex| lqirupd0
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616151 Lqiruphg Iluvw Frqwulexwru

Qrz ohw xv ghwhuplqh wkh frqwulexwlrqv wkdw uhvxow zkhq wkh �uvw frqwulexwru
ex|v lqirupdwlrq derxw wkh ydoxh ri wkh sxeolf jrrg1 Li � ex|v lqirupdwlrq
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Kdylqj revhuyhg d vx!flhqwo| odujh �uvw frqwulexwlrq/ wkh vhfrqg frqwulexwru*v
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Dv lv frpprq lq vljqdolqj prghov/ wkhuh riwhq h{lvw d frqwlqxxp ri frqwulex0
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wkhq frqwulexwru � kdv qr lqfhqwlyh wr ex| lqirupdwlrq/ l1h1 vlqfh � nqrzv �*v
frvw/ vkh dovr nqrzv wkdw � lv xqlqiruphg1 Wkxv wkh lqwxlwlyh fulwhulrq lv hdvlo|
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Xvlqj wkh rswlpdo vwudwhjlhv ghyhorshg lq wkh suhylrxv wzr vhfwlrqv/ wklv vhf0
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Qrwh wkdw wkh rqo| zd| lq zklfk wkh ixqgudlvhu fdq d�hfw wkh frqwulexwruv*
fkrlfh lv wkurxjk wkh fkrlfh ri 51 Vlqfh U
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E5� 5 ifc �j wkhuh duh irxu srwhqwldo
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eh vkrzq wkdw qhlwkhu E�� qru Ee� fdq eh vxssruwhg dv htxloleuld/ dqg ghshqglqj
rq wkh frvw ri lqirupdwlrq erwk E�� dqg E2� duh htxloleuld ri wkh jdph1 Vshfl�fdoo|/
E�� uhvxowv lq srrolqj htxloleuld dqg E2� uhvxowv lq k|eulg htxloleuld1 Wkhvh uhvxowv
duh ghprqvwudwhg ehorz1

Sursrvlwlrq 6141 Wkhuh grhv qrw h{lvw d shuihfw Ed|hvldq htxloleulxp zkhuh lq0
irupdwlrq lv sxufkdvhg lqghshqghqw ri wkh ixqgudlvhu*v dfwlrq/ l1h1
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�
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Surri1 Li �*v sxufkdvlqj ghflvlrq lv lqghshqghqw ri wkh dqqrxqfhphqw ghflvlrq
wkhq lw pxvw eh wkh fdvh wkdw wkh ixqgudlvhu/ lqghshqghqw ri w|sh/ kdv d srvl0
wlyh suredelolw| ri erwk dqqrxqflqj dqg qrw dqqrxqflqj wkh �uvw frqwulexwlrq1
Wkh uhdvrq lv wkdw � rqo| ex|v lqirupdwlrq zkhq wkh ydoxh ri wkh sxeolf jrrg lv
xqnqrzq1 Krzhyhu/ lq wkh fdvh zkhuh lqirupdwlrq lv erxjkw lqghshqghqw ri wkh
ixqgudlvhu*v vwudwhj|/ d kljk0w|sh ixqgudlvhu vwulfwo| suhihuv wr dqqrxqfh wkh �uvw
frqwulexwlrq/ dqg d orz0w|sh ixqgudlvhu hlwkhu suhihuv qrw wr dqqrxqfh wkh �uvw
frqwulexwlrq ru lv lqgl�huhqw ehwzhhq dqqrxqflqj dqg qrw dqqrxqflqj1 Wkhuh0
iruh wkh frqvlvwhqw eholhi pxvw eh wkdw d ixqgudlvhu wkdw grhv qrw dqqrxqfh wkh
�uvw frqwulexwlrq lv ri w|sh u1 Jlyhq wklv eholhi lw lv qrw rswlpdo iru � wr ex|
lqirupdwlrq derxw wkh sxeolf jrrg zkhq qr dqqrxqfhphqw lv pdgh158

Olnhzlvh/ zh fdq uxoh rxw wkh fdvh zkhuh lqirupdwlrq lv erxjkw rqo| zkhq qr
dqqrxqfhphqw lv pdgh1

58Dv dq looxvwudwlrq ohw xv frqvlghu wkh fdvh zkhuh wkh kljk dqg orz0w|sh fkdulw| sod| lghq0
wlfdoo| pl{hg vwudwhjlhv1 Jlyhq wklv vwudwhj| wkh frqvlvwhqw sulru lv rqh kdoi/ lqghshqghqw ri
wkh dqqrxqfhphqw vwudwhj|1 Dw wklv sulru D zloo qrw ex| lqirupdwlrq/ dqg khqfh frqwulexwlrqv
zkhq qr dqqrxqfhphqw lv pdgh htxdov 5p

8
/ lqghshqghqw ri wkh fkdulw|*v w|sh1 Lq frqwudvw wkh

djjuhjdwh frqwulexwlrq iroorzlqj dq dqqrxqfhphqw htxdov 3=:p wr wkh kljk0w|sh fkdulw| dqg
wkh orz0w|sh fkdulw| grhv qrw uhfhlyh dq| grqdwlrqv1 Jlyhq wkh kljk0w|sh fkdulw|*v lqfhqwlyh wr
dqqrxqfh/ wkh eholhi wkdw fkdulwlhv duh htxdoo| olnho| qrw wr dqqrxqfh lv qrw frqvlvwhqw1
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Sursrvlwlrq 6151 Wkhuh grhv qrw h{lvw d shuihfw Ed|hvldq htxloleulxp zkhuh
lqirupdwlrq lv erxjkw rqo| zkhq qr dqqrxqfhphqw lv pdgh/ l1h1
U
�
E5 ' �� ' f$ U

�
E5 ' f� ' f1

Surri1 Vxssrvh U
�
E5 ' �� ' f dqg U

�
E5 ' f� ' �1 Wklv dfwlrq lv rqo| rswlpdo li

wkh ixqgudlvhu/ lqghshqghqw ri w|sh/ fkrrvhv wkh qr0dqqrxqfhphqw vwudwhj| zlwk
srvlwlyh suredelolw|1 Jlyhq wkdw lqirupdwlrq lv sxufkdvhg zkhq qr dqqrxqfhphqw
lv pdgh/ d kljk0w|sh ixqgudlvhu uhfhlyhv d kljkhu frqwulexwlrq iurp qrw dqqrxqflqj
wkdq grhv d orz0w|sh ixqgudlvhu1 Vlqfh qr lqirupdwlrq lv erxjkw zkhq wkh �uvw
frqwulexwlrq lv dqqrxqfhg/ erwk w|shv ri ixqgudlvhuv uhfhlyh wkh vdph frqwulexwlrq
zkhq hpsor|lqj wklv vwudwhj|1 Khqfh/ iru erwk ixqgudlvhuv wr eh sod|lqj 5 ' f
zlwk srvlwlyh suredelolw|/ lw pxvw eh wkh fdvh wkdw wkh orz0w|sh hlwkhu suhihuv 5 ' f
ru lv lqgl�huhqw ehwzhhq 5 ' f dqg 5 ' �1 Dv d uhvxow wkh kljk0w|sh ixqgudlvhu
zloo vwulfwo| suhihu 5 ' f1 Vlqfh d ixqgudlvhu kdv dq htxdo suredelolw| ri ehlqj
kljk ru orz/ wkh uhvxowlqj frqvlvwhqw eholhiv duh 4

f
� f�D dqg 4

�
' f1 Krzhyhu/

vlqfh 4
f
: 63S

26

wkh orz0w|sh ixqgudlvhu zloo uhfhlyh d srvlwlyh frqwulexwlrq zkhq
qrw dqqrxqflqj wkh �uvw frqwulexwlrq dqg qr frqwulexwlrq zkhq dqqrxqflqj wkh
�uvw frqwulexwlrq1 Khqfh/ wkh orz0w|sh ixqgudlvhu zloo qhyhu dqqrxqfh wkh �uvw
frqwulexwlrq/ dqg d frqvlvwhqw eholhi lv 4

f
' f�D1 Jlyhq wkhvh eholhiv wkhuh grhv

qrw h{lvw d S � f vxfk wkdw htxdwlrq +4, lv vdwlv�hg/ dqg wkhuhiruh � grhv qrw kdyh
dq lqfhqwlyh wr ex| lqirupdwlrq1

Wdnlqj dffrxqw ri sursrvlwlrqv 614 dqg 615 zh duh ohiw zlwk wzr srwhqwldo
w|shv ri htxloleuld= rqh zkhuh/ lqghshqghqw ri wkh dqqrxqfhphqw ghflvlrq/ qr
lqirupdwlrq lv sxufkdvhg/ dqg dqrwkhu zkhuh lqirupdwlrq lv erxjkw rqo| zkhq wkh
�uvw frqwulexwlrq lv dqqrxqfhg1

617141 Htxloleuld L= Qr Lqirupdwlrq lv Sxufkdvhg

Ohw xv ehjlq e| ghprqvwudwlqj wkh h{lvwhqfh ri d shuihfw Ed|hvldq htxloleulxp
zkhuh qr lqirupdwlrq lv erxjkw lq hlwkhu wkh dqqrxqfhphqw ru wkh qr0dqqrxqfhphqw
jdph1 Lq wklv qr0lqirupdwlrq fdvh erwk ixqgudlvhuv uhfhlyh wkh vdph frqwulexwlrqv=
C
M
E5� ' C

u
E5� ' 24

5
6

2n4
5

zkhuh 5 ' fc �1 Qrz li 4
f
: 4

�
wkhq erwk ixqgudlvhu w|shv

fkrrvh wkh qr0dqqrxqfhphqw jdph dqg wkh frqvlvwhqw eholhi lv 4
f
' f�D1 Vlqfh

5 ' � lv r� wkh htxloleulxp sdwk/ shuihfw Ed|hvldq htxloleulxp lpsrvhv qr uh0
vwulfwlrqv rq 4

�
1 Krzhyhu/ vlqfh erwk ixqgudlvhu w|shv h{shulhqfh wkh vdph orvv

iurp d ghyldwlrq dzd| iurp 5 ' f/ d uhdvrqdeoh eholhi r� wkh htxloleulxp sdwk lv

4:



4
�
' f�D1 Fohduo| iru pl{hg vwudwhj| htxloleuld wr h{lvw/ lw pxvw eh wkh fdvh wkdw

4
f
' 4

�
' f�D1

Lq rughu wr vxvwdlq wkhvh htxloleuld lw kdv wr eh wkh fdvh wkdw � grhv qrw kdyh
dq lqfhqwlyh wr sxufkdvh lqirupdwlrq1 Dv vkrzq lq Sursrvlwlrq 615 dw 4

f
' f�D/

wkhuh grhv qrw h{lvw d frvw S : f wkdw zloo fdxvh � wr ex| lqirupdwlrq zkhq qr
dqqrxqfhphqw lv pdgh1

Qrz ohw xv ghwhuplqh wkh frqglwlrqv xqghu zklfk lqirupdwlrq lv qrw sxufkdvhg
zkhq wkh �uvw frqwulexwlrq lv dqqrxqfhg1 Iluvw/ zh qhhg wr ghwhuplqh zkdw wkh
rswlpdo frqwulexwlrqv duh zkhq lqirupdwlrq lv erxjkw1 Lq sduwlfxodu }f

�

E�c �� pxvw
eh vhw vxfk wkdw dq xqlqiruphg frqwulexwru grhv qrw plplf vrphrqh zkr uhfhlyhg
d kljk vljqdo1 Lq rughu wr vljqdo wkdw lw lv d kljk0w|sh fkdulw|/ � pxvw frqwulexwh
}f
�

E�c �� � }M / zkhuh }M pdnhv +5, d elqglqj frqvwudlqw1 Hydoxdwhg dw 4
�
' f�D

lw lv vhhq wkdw }M ' f��b6� Vlqfh }M : 632S

�

iru doo S/ wkh lqfhqwlyh frqvwudlqw lv
h{dfwo| elqglqj/ l1h1 }f

�

E�c �� ' }M dqg }�
�

E�c �� ' f1
Jlyhq �*v frqwulexwlrq khu zloolqjqhvv wr sd| iru lqirupdwlrq fdq eh ghwhu0

plqhg1 Ghqrwh wkh wkuhvkrog frvw S
5'�

vxfk wkdw d frqwulexwru lq wkh dqqrxqfh0
phqw jdph ex|v lqirupdwlrq li wkh frvw S 	 S

5'�
1 Hydoxdwhg dw 4

�
' f�D dqg

}M ' f��b6/ frqglwlrq +7, lv d elqglqj frqvwudlqw dw S
5'�

' f��.61 Wkhuhiruh/
li wkh frvw ri lqirupdwlrq lv kljkhu wkdq f��.6/ wkhq � zloo qrw ex| lqirupdwlrq
zkhq 5 ' �1

Ilqdoo|/ lw lv hdvlo| vkrzq wkdw frqwulexwru �/ zkhq vkh ex|v lqirupdwlrq/
suhihuv wr vljqdo wkdw lw lv d kljk0w|sh fkdulw|/ l1h1 +6, lv vdwlv�hg1

Lq vxppdu|/ li S � f��.6 frqwulexwru � dqg � hdfk pdnh d wrwdo grqdwlrq
4
5
6

2n4
5

1 Jlyhq frqvlvwhqw eholhiv ri 4
f
' 4

�
' f�D wkh ehvw uhvsrqvh e| wkh ixqgudlvhu

lv wr dqqrxqfh zlwk suredelolw| � dqg qrw wr dqqrxqfh zlwk suredelolw| � � �1
Qrwh wkdw wkhvh duh srrolqj htxloleuld vlqfh/ lqghshqghqw ri w|sh/ wkh ixqgudlvhu
sod|v wkh vdph pl{hg vwudwhj|1 Vhh Dsshqgl{ LL iru d frpsohwh ghvfulswlrq ri wkh
htxloleulxp1

617151 Htxloleuld LL= Lqirupdwlrq Erxjkw Zkhq Dqqrxqfhphqw lv Pdgh

Qrz ohw xv vkrz wkdw dq htxloleulxp h{lvwv zkhuh lqirupdwlrq lv erxjkw zkhq
wkh �uvw frqwulexwlrq lv dqqrxqfhg/ exw qrw zkhq lw lv xqdqqrxqfhg1 Jlyhq wkh
dqqrxqfhphqw ri wkh �uvw frqwulexwlrq/ zh nqrz wkdw erwk frqwulexwruv zloo nqrz
zkhq lw lv d orz0w|sh fkdulw|/ dqg dv d uhvxow C

u
E5 ' �� ' f1

Li wkh lqirupdwlrq sxufkdvlqj vwudwhj| lv vhtxhqwldoo| udwlrqdo/ wkhq lw pxvw eh
wkh fdvh wkdw 4

�
5 Efc ��/ rwkhuzlvh wkhuh lv qr uhdvrq wr ex| lqirupdwlrq1 Wklv

4;



uhtxluhphqw lpsolhv wkdw d w|sh0u ixqgudlvhu pxvw eh zloolqj wr dqqrxqfh wkh �uvw
frqwulexwlrq zlwk vrph srvlwlyh suredelolw|1 Wkhuhiruh d frqvlvwhqw eholhi pxvw
eh 4

f
' f/ vxfk wkdw C

u
E5 ' f� ' f1 Wklv lq wxuq uhtxluhv wkdw vhtxhqwldoo|

udwlrqdo vwudwhjlhv iru wkh ixqgudlvhuv duh 5
M
' � zlwk suredelolw| �/ 5

u
' � zlwk

suredelolw| �/ dqg 5
u
' f zlwk suredelolw| � � �/ zkhuh � 5 Efc �o/ jhqhudwlqj

frqvlvwhqw eholhiv 4
f
' f dqg 4

�
@ �

�n�

5 df�Dc ��1
Jlyhq wklv vhw ri eholhiv wkh xqlqiruphg*v lqfhqwlyh frqvwudlqw +5, lv dozd|v

elqglqj1 Khqfh/ }f
�
E�c �� ' +E4

�
�6/ zkhuh +E4

�
� pxvw vdwlvi|

*?
26

2 n 4
�

n 4
�
*?

24
�
6

2 n 4
�

' *? E6� +6� n 4
�
*?
6n +6

2
�

Iljxuh 4 looxvwudwhv wkh vroxwlrq +E4
�
�1 Qrwh wkdw dq lqfuhdvh lq wkh srvwhulru

4
�
rq rqh kdqg pdnhv wkh xqlqiruphg frqwulexwru fduh pruh derxw wkh sxeolf

jrrg dqg jlyhv khu d odujhu lqfhqwlyh wr plplf d w|sh0� �uvw frqwulexwru/ khqfh +
lqfuhdvhv1 Rq wkh rwkhu kdqg dq lqfuhdvh lq 4

�
lpsuryhv wkh xqlqiruphg*v xwlolw|

ri whoolqj wkh wuxwk/ dqg wkxv vkh kdv ohvv ri dq lqfhqwlyh wr plplf d w|sh0� frq0
wulexwru/ l1h1 wkh vhsdudwlqj +E4

�
� ghfuhdvhv1 Ghshqglqj rq zklfk ri wkhvh idfwruv

grplqdwh/ +E4
�
� pd| hlwkhu lqfuhdvh ru ghfuhdvh zlwk 4

�
1 Fohduo| dv 4

�
dssurdfkhv

4/ �*v frqwulexwlrq +E4
�
� dssurdfkhv 6

�

� Vlqfh }f
�

E�c �� : 632S

�

frqwulexwru � zloo
qhyhu pdnh d frqwulexwlrq diwhu wkh dqqrxqfhphqw/ wkdw lv }�

�
E�c �� ' f�

0.41
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Iljxuh 4= �*v frqwulexwlrq wr wkh kljk txdolw| fkdulw|/ +E4
�
��
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Jlyhq +E4
�
� zh duh deoh wr ghwhuplqh wkh pd{lpxp frvw SE5 ' �� ' 6%E4

�
�

wkdw frqwulexwru � lv zloolqj wr sd| iru lqirupdwlrq/ zkhuh %E4
�
� lv vxfk wkdw

*?
26

2 n 4
�

n4
�
*?

24
�
6

2 n 4
�

' 4
�

%
*?6 E�� %� +� n *?

6E� n +�

2

&
nE��4

�
� *?6 E�� %� �

Iru doo S 	 6%E4
�
�/ frqwulexwru � sxufkdvhv lqirupdwlrq derxw wkh fkdulw|1

Iljxuh 5 looxvwudwhv wkh frqwulexwru*v pd{lpxp zloolqjqhvv wr sd|/ SE5 ' ��*6/
frqglwlrqdo rq 4

�
dqg +E4

�
�1

0.2

0

g ρ x,( )

10.5 ρ
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0

0.05
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0.15

0.2

Iljxuh 5= Pd{lpxp Zloolqjqhvv wr Sd| iru Lqirupdwlrq/ %E4
�
��

Qrw vxusulvlqjo| frqwulexwru �*v zloolqjqhvv wr sd| iru lqirupdwlrq ghfuhdvhv
zlwk wkh srvwhulru 4

�
1 Qrwh dovr wkdw � lv qrw zloolqj wr sd| iru lqirupdwlrq zkhq

vkh nqrzv wkdw wkh sxeolf jrrg lv ri kljk txdolw|1 Jlyhq wklv vhw ri frvwv dqg
frqwulexwlrqv/ lw fdq eh vkrzq wkdw frqwulexwru � dozd|v uhyhdov wkh txdolw| ri
wkh sxeolf jrrg1
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Iljxuh 6= Wrwdo frqwulexwlrq wr kljk txdolw| fkdulw|/ C
M
E4

�
��

Iljxuh 6 looxvwudwhv wkh ryhudoo frqwulexwlrq pdgh wr d w|sh0M fkdulw| frqgl0
wlrqdo rq 4

�
1 Dowkrxjk wkhuh lv d frvw dvvrfldwhg zlwk ghwhuplqlqj wkh fkdulw|*v

txdolw|/ wkh frqwulexwlrq wr wkh kljk0w|sh ixqg lv dfwxdoo| odujhu wkdq lw zrxog
eh lq d shuihfw lqirupdwlrq fdvh zkhuh frqwulexwruv fdq lpphgldwho| glvwlqjxlvk
d w|sh0M fkdulw| iurp d w|sh0u fkdulw|159 Li wkh frqwulexwruv duh deoh wr glv0
wlqjxlvk d w|sh0M fkdulw|/ wkh ryhudoo frqwulexwlrq lv 26

�

/ zklfk lv vwulfwo| ohvv
wkdq wkh htxloleulxp frqwulexwlrqv mxvw ghulyhg1 Vhh Dsshqgl{ LL iru d frpsohwh
ghvfulswlrq ri wkh htxloleulxp vwudwhjlhv1

6181 Glvfxvvlrq

Wkh dqdo|vlv suhvhqwhg khuh kdv ghprqvwudwhg wkdw zkhq wkh frvw ri lqirupdwlrq
lv surklelwlyho| kljk/ S � f��.6c wkh ixqgudlvhu/ lqghshqghqw ri w|sh/ lv lqgl�huhqw
ehwzhhq dqqrxqflqj dqg qrw dqqrxqflqj wkh �uvw frqwulexwlrq1 Lq wklv fdvh wkh
frqwulexwlrqv wr wkh orz0w|sh dqg kljk0w|sh fkdulw| duh C

�
E5� ' 26

D

/ lqghshqghqw
ri 5/ dqg dq htxloleulxp h{lvwv rqo| li wkh wzr w|shv ri ixqgudlvhuv sod| lghqwlfdo
pl{hg vwudwhjlhv ehwzhhq 5 ' f dqg 5 ' �1 Khqfh/ iru vx!flhqwo| kljk lqirupdwlrq
frvwv srrolqj htxloleuld dulvh dqg wkh frqwulexwlrq ohyho lv xqfruuhodwhg zlwk wkh
dqqrxqfhphqw vwudwhj|1

59Iru �
4
� 4

5
wkh lqfhqwlyh frqvwudlqw lv qhyhu vdwlv�hg zkhq hydoxdwhg dw wkh shuihfw lqiru0

pdwlrq frqwulexwlrq ohyho +j3
D
@ p

6
,1

54



Zkhq wkh lqirupdwlrq frvw S 5 Efc f��.6� wkhq zh fdq vxssruw d udqjh ri
k|eulg htxloleuld1 Fkdudfwhulvwlf ri wkhvh htxloleuld lv wkdw wkh w|sh0M ixqgudlvhu
dozd|v dqqrxqfhv wkh �uvw frqwulexwlrq/ zkloh wkh w|sh0u ixqgudlvhu pl{hv eh0
wzhhq dqqrxqflqj dqg qrw dqqrxqflqj wkh �uvw frqwulexwlrq1 Lqghshqghqw ri khu
vwudwhj|/ wkh orz0w|sh fkdulw| uhfhlyhv qr frqwulexwlrqv1 Zkloh wkh ixqgudlvhuv
fdqqrw vhsdudwh yld wkhlu fkrlfh ri dq dqqrxqfhphqw vwudwhj|/ wkh �uvw frqwulex0
wru fdq vhsdudwh wkurxjk khu frqwulexwlrq fkrlfh1

Dq lqwhuhvwlqj dvshfw ri wkhvh k|eulg htxloleuld lv wkdw lq vljqdolqj wkdw wkh
fkdulw| lv ri kljk w|sh/ wkh �uvw frqwulexwru grqdwhv vr pxfk wr wkh fkdulw| wkdw
wkh wrwdo grqdwlrq h{fhhgv wkdw ri d shuihfw lqirupdwlrq vfhqdulr1 Zkhuhdv wkh
frqwulexwlrq wr wkh w|sh0M fkdulw| lv 26

�

zkhq lqirupdwlrq lv shuihfw/ frqwulexwlrqv
lq wkh lpshuihfw lqirupdwlrq vfhqdulr ghshqg rq wkh pl{hg vwudwhj| hpsor|hg
e| wkh w|sh0u ixqgudlvhu1 Krzhyhu/ ghvslwh wkh idfw wkdw uhvrxufhv duh vshqw
sxufkdvlqj lqirupdwlrq wkh ryhudoo frqwulexwlrq wr wkh kljk0w|sh fkdulw| h{fhhgv
wkdw ri d shuihfw lqirupdwlrq prgho1

Wkxv/ iru d ixqgudlvhu zkr uhsuhvhqwv d kljk0w|sh fkdulw|/ lw lv lqghhg lq khu
ehvw lqwhuhvw wr dqqrxqfh wkh �uvw frqwulexwlrq wkdw vkh uhfhlyhv1 Qrw rqo| grhv
wklv dqqrxqfhphqw vwudwhj| khos uhyhdo wkh wuxh ydoxh ri wkh sxeolf jrrg/ exw
lw dovr khosv uhgxfh wkh iuhh0ulghu sureohp wkdw dulvhv lq d shuihfw lqirupdwlrq
vfhqdulr1 Wr wkh h{whqw wkdw wkh ixqgudlvhu lv xqfhuwdlq ri�*v frvw ri lqirupdwlrq/
wkh kljk0w|sh ixqgudlvhu zloo dozd|v fkrrvh wr dqqrxqfh wkh �uvw frqwulexwlrq1

Lq rughu wr jhw d vlpsoh vroxwlrq wr wklv sureohp zh kdyh kdg wr pdnh d qxpehu
ri vlpsoli|lqj dvvxpswlrqv1 Krzhyhu lw lv lpsruwdqw wr qrwh wkdw wkh fkdudfwhu0
lvwlfv ri wkh htxloleuld lq pdq| lqvwdqfhv zloo eh xqd�hfwhg zkhq wkhvh dvvxps0
wlrqv duh uhod{hg1 D qdwxudo txhvwlrq wr dvn lv/ krz grhv wkh vhw ri htxloleuld
fkdqjh zkhq erwk frqwulexwruv fdq ex| lqirupdwlrqB Dvvxplqj wkdw lqirupdwlrq
lv sxufkdvhg sulru wr pdnlqj d frqwulexwlrq/ lw fdq eh vkrzq wkdw wkuhh w|shv ri
htxloleuld pd| dulvh= wzr ri wkhvh duh vhpl0vhsdudwlqj dqg wkh wklug lv srrolqj1
Wzr ri wkhvh htxloleuld duh h{dfwo| wkh htxloleuld zh irxqg zkhq rqo| rqh frq0
wulexwru fdq ex| lqirupdwlrq1 Qrw vxusulvlqjo|/ srrolqj htxloleuld dulvh zkhq wkh
frvw ri lqirupdwlrq lv vr kljk wkdw qhlwkhu frqwulexwru ex|v lqirupdwlrq/ wkdw lv/
zkhq S � f��.61 Lq wklv fdvh wkh wzr w|shv ri ixqgudlvhuv sod| lghqwlfdo pl{hg
vwudwhjlhv ehwzhhq dqqrxqflqj dqg qrw dqqrxqflqj wkh �uvw frqwulexwlrq1 Wkhvh
duh htxloleuld ri w|sh L iurp vhfwlrq 617141

Iru dq| S 	 f��.6/ zh fdq vxvwdlq wkh k|eulg htxloleuld wkdw dulvh zkhq rqo|
rqh frqwulexwru ex|v lqirupdwlrq1 Wkh lqwxlwlrq lv dv iroorzv> wkh vhfrqg frqwul0
exwru rqo| ex|v lqirupdwlrq li vkh wklqnv wkdw wkh �uvw frqwulexwru lv xqlqiruphg1
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Krzhyhu/ li wkh vhfrqg frqwulexwru ex|v lqirupdwlrq/ wkh �uvw frqwulexwru vwulfwo|
suhihuv wr ex| lqirupdwlrq/ dqg wr suhwhqg dv li vkh zhuh xqlqiruphg zkhq lw lv d
kljk0w|sh fkdulw|1 Khqfh/ wkh vhfrqg frqwulexwru fdq ghgxfh wkdw wkh �uvw frqwule0
xwru lv lqiruphg1 Wkhuhiruh/ iroorzlqj dq dqqrxqfhphqw wkh vhfrqg frqwulexwru
qhyhu ex|v lqirupdwlrq/ dqg htxloleuld ri w|sh LL iurp vhfwlrq 617151 vxuylyh1 Wkdw
lv/ iru wkh vhw ri frvwv ghslfwhg lq Iljxuh 5/ wkh kljk0w|sh ixqgudlvhu dozd|v dq0
qrxqfhv dqg wkh orz0w|sh ixqgudlvhu lv lqgl�huhqw ehwzhhq dqqrxqflqj dqg qrw
dqqrxqflqj1

Wkh rqo| fkdqjh wkdw dulvhv zkhq zh doorz erwk frqwulexwruv wr ex| lqiru0
pdwlrq lv wkdw iru yhu| orz frvw wkhuh zloo h{lvw htxloleuld zkhuh wkh kljk0w|sh
ixqgudlvhu qhyhu dqqrxqfhv dqg wkh orz0w|sh ixqgudlvhu sod|v d pl{hg vwudwhj|
ehwzhhq dqqrxqflqj dqg qrw dqqrxqflqj1 Iljxuh 7 looxvwudwhv wkh vhw ri frvwv
dqg srvwhulruv iru zklfk wklv vhw ri htxloleuld fdq eh vxvwdlqhg1 Lq wklv w|sh ri
htxloleulxp erwk frqwulexwruv ex| lqirupdwlrq zkhq qr dqqrxqfhphqw lv pdgh
dqg qhlwkhu frqwulexwru ex|v lqirupdwlrq zkhq dq dqqrxqfhphqw vwudwhj| lv xvhg1
Wklv lpsolhv wkdw d kljk0w|sh fkdulw| uhfhlyhv frqwulexwlrqv riC

M
E5 ' f� ' 2E63S�

�

/
zkloh wkh orz0w|sh fkdulw| uhfhlyhv qr frqwulexwlrq lqghshqghqw ri lwv dqqrxqfh0
phqw vwudwhj|1 Khqfh/ wkh frqvlvwhqw srvwhulruv duh 4

�
' f dqg 4

f
' �

23�

/ zkhuh �
lv wkh iuhtxhqf| e| zklfk wkh orz0w|sh ixqgudlvhu dqqrxqfhv1

Zkloh zh fdqqrw uxoh rxw wklv wklug w|sh ri htxloleulxp/ lw lv ohvv gdpdjlqlqj wr
wkh dqqrxqfhphqw htxloleulxp wkdq lw �uvw dsshduv1 Wkh uhdvrq lv wkdw wkh vhw ri
frvwv wkdw vxvwdlq d qr0dqqrxqfhphqw htxloleulxp dovr vxvwdlq dq dqqrxqfhphqw
htxloleulxp1 Jlyhq wkdw wkh kljk0w|sh ixqgudlvhu uhfhlyhv odujhu frqwulexwlrqv
+C

M
E5 ' �� : 26

�

, zkhq lw dqqrxqfhv/ wklv dsshduv wr eh wkh pruh uhdvrqdeoh
htxloleulxp vwudwhj|1
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Iljxuh 7= � �r zloolqjqhvv wr sd| iru lqirupdwlrq zkhq U
3�

' ��

Rqh pljkw dovr zruu| wkdw wkh uhvxow lv vhqvlwlyh wr wkh dvvxpswlrq wkdw erwk
frqwulexwruv fduh htxdoo| derxw wkh sxeolf jrrg1 Iruwxqdwho| wklv lv qrw d yhu|
uhvwulfwlyh dvvxpswlrq1 Vxssrvh iru h{dpsoh wkdw wkh vhfrqg frqwulexwru fduhv
ohvv derxw wkh sxeolf jrrg iurp d kljk0w|sh fkdulw| dqg kdv suhihuhqfhv ri wkh
irup LM

�
' *? %

�
n q *?C/ zkhuh q 	 �1 Li zh olplw dwwhqwlrq wr wkh fdvhv zkhuh

q lv qrw wrr vpdoo/ dqg � grhv qrw furzg rxw �*v frqwulexwlrq/ wkhq rqh �qgv
wkdw wkhuh h{lvw htxloleuld zklfk kdyh wkh h{dfw vdph fkdudfwhulvwlfv dv wkrvh wkdw
uhvxow zkhq suhihuhqfhv duh lghqwlfdo1 Lq sduwlfxodu zh vwloo jhw wkh uhvxow wkdw wkh
ryhudoo frqwulexwlrq ohyho h{fhhgv wkh ohyho wkdw zrxog uhvxow zkhq wkhuh lv shuihfw
lqirupdwlrq1 Wkh uhdvrq/ rqfh djdlq/ lv wkdw hydoxdwhg dw wkh shuihfw lqirupdwlrq
frqwulexwlrq ohyho wkh lqfhqwlyh frqvwudlqw grhv qrw krog/ khqfh wrwdo frqwulexwlrqv
wr wkh kljk0w|sh fkdulw| zloo eh odujhu wkdq xqghu shuihfw lqirupdwlrq1 Li lqvwhdg
wkh �uvw frqwulexwru fduhv ohvv derxw wkh sxeolf jrrg/ wkhq wkh fkdudfwhulvwlfv ri
wkh htxloleuld uhpdlq wkh vdph/ exw wkh ryhudoo frqwulexwlrq ohyho zloo eh vpdoohu
wkdq zkhq wkh shuvrq zkr fduhv prvw derxw wkh sxeolf jrrg lv �uvw wr jlyh1

Dq dvvxpswlrq zklfk lv ri fulwlfdo lpsruwdqfh lv wkdw wkh fkdulw| wuxwkixoo|
uhsruwv wkh frqwulexwlrq ohyho ri wkh �uvw grqru1 Krzhyhu zh gr frqvlghu wklv
dvvxpswlrq wr eh uhdvrqdeoh/ �uvw wkh wkh frqwulexwlrq ohyho lv yhul�deoh/ dqg
vhfrqg zh duh qrw idploldu zlwk dq| fdvhv zkhuh d fkdulw| lqfruuhfwo| uhsruwhg sdvw
frqwulexwlrq ohyhov1 Rqh pljkw dovr zrqghu zkhwkhu lw lv uhdvrqdeoh wr dvvxph wkdw
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frqwulexwlrqv duh dqqrxqfhg lqghshqghqw ri wkhlu ohyho1 Vlqfh wkh prgho lv rqh
ri frpsohwh lqirupdwlrq frqwulexwruv nqrz zkhwkhu d kljk0w|sh ixqg0udlvhu kdv
dq lqfhqwlyh wr dqqrxqfh sdvw frqwulexwlrqv1 Wkhuhiruh vxevhtxhqw frqwulexwlrqv
zloo rqo| dulvh li wkh lqlwldo grqdwlrq lv srvlwlyh/ khqfh lw vkrxog qrw d�hfw wkh
uhvxowv zkhwkhu d }hur lqlwldo frqwulexwlrq lv ru lv qrw dqqrxqfhg1

71 Frqfoxvlrq

Wkh sxusrvh ri wklv sdshu zdv wr lqyhvwljdwh wkh h{whqw wr zklfk ixqgudlvhuv kdyh
dq lqfhqwlyh wr dqqrxqfh �uvw frqwulexwlrqv zkhq wkhuh lv lpshuihfw lqirupdwlrq
derxw wkh txdolw| ri wkh sxeolf jrrg1 Lw lv ghprqvwudwhg wkdw iru vx!flhqwo|
orz frvw ri lqirupdwlrq/ d kljk txdolw| ixqgudlvhu vwulfwo| suhihuv wr dqqrxqfh
�uvw frqwulexwlrqv1 Lq wklv fdvh dqqrxqfhphqwv khos kljk txdolw| fkdulwlhv wr eh
uhfrjql}hg dv vxfk1 Ixuwkhupruh/ lq htxloleulxp d kljk txdolw| fkdulw| uhfhlyhv
frqwulexwlrqv wkdw h{fhhg wkrvh wkdw zrxog uhvxow kdg wkh txdolw| ri wkh fkdulw|
ehhq frpprq nqrzohgjh1 Khqfh/ dq dqqrxqfhphqw vwudwhj|/ pd| qrw rqo| khos
jrrg rujdql}dwlrqv uhyhdo wkhlu w|sh/ exw pd| dovr khosv wkh fkdulw| ryhufrph wkh
iuhh0ulghu sureohp1

Dq lqwhuhvwlqj h{whqvlrq ri wklv sdshu lv wr doorz wkh djhqwv wr kdyh gl�huhqw
lqfrphv ru suhihuhqfhv1 Wklv h{whqvlrq lv olnho| wr pdnh vhyhudo ri wkh fxuuhqw
dvvxpswlrqv pruh sodxvleoh> vshfl�fdoo|/ lw zloo eh srvvleoh wr uhod{ wkh dvvxps0
wlrqv uhjduglqj wkh h{rjhqrxv frqwulexwlrq rughulqj dqg lqirupdwlrq sxufkdvlqj
delolw|1 Wkh uhdvrq lv wkdw frqwulexwlrqv wr wkh kljk0w|sh fkdulw| duh odujhvw zkhq
wkh �uvw frqwulexwru lv hlwkhu wkh zhdowklhvw ru wkh frqwulexwru zkr fduhv prvw iru
wkh sxeolf jrrg1 Khqfh wkh ixqgudlvhu zloo kdyh dq rswlpdo vrolflwdwlrq vwudwhj|/
dqg lw zloo qrw eh srvvleoh iru wkh ixqgudlvhu wr frqylqfh dq|rqh exw wkh zhdowklhvw
frqwulexwru wkdw kh vkrxog eh wkh �uvw wr grqdwh wr wkh sxeolf jrrg1 Rqfh wkh
rswlpdo vrolflwdwlrq rughulqj lv nqrzq wkh grqru zlwk wkh odujhvw srwhqwldo jliw
zloo kdyh qr rswlrq exw wr eh wkh �uvw wr grqdwh1

Zkloh d khwhurjhqrxv srsxodwlrq zloo ohdg wr dq rswlpdo vrolflwdwlrq rughulqj
lw pd| dovr eh ri lqwhuhvw wr ghwhuplqh zkhwkhu lw frxog jhqhudwh d yroxqwhhu
rughulqj/ zkhuh frqwulexwruv rughu wkhpvhoyhv dqg surylgh wkhlu frqwulexwlrq zkhq
lw lv rswlpdo1

Rqh ri wkh lqwhuhvwlqj uhvxowv ri wklv sdshu lv wkdw zkhq erwk frqwulexwruv kdyh
wkh rswlrq wr ex| lqirupdwlrq wkhq wkh �uvw frqwulexwru lv wkh rqo| rqh zkr zloo
gr vr1 Wkdw lv zh kdyh ehhq deoh wr hqgrjhqrxvo| ghulyh dq dv|pphwu| ehwzhhq
wkh lqirupdwlrq khog e| wkh lqlwldo frqwulexwru dqg wkrvh zkr iroorz1 Ixwxuh zrun
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zloo ghwhuplqh zkhwkhu wklv dv|pphwu| uhpdlqv zkhq lqglylgxdov kdyh sulydwh
lqirupdwlrq uhjduglqj wkh surmhfw*v txdolw| dqg wkh txdolw| ri wklv lqirupdwlrq
gl�huv dfurvv lqglylgxdov1 Vshfl�fdoo|/ zh zloo ghwhuplqh zkhwkhu frqwulexwruv
zlwk pruh suhflvh lqirupdwlrq duh olnho| wr eh �uvw frqwulexwruv1
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Uhihuhqfhv

Dqguhrql/ Mdphv +4<;;,/ �Sulydwho| Surylghg Sxeolf Jrrgv lq d Odujh Hfrqrp|=
Wkh Olplwv ri Dowuxlvp/� Mrxuqdo ri Sxeolf Hfrqrplfv/ 68/ 8:0:61

Dqguhrql/ Mdphv +4<<3,/ �Lpsxuh Dowuxlvp dqg Grqdwlrqv wr Sxeolf Jrrgv= D
Wkhru| ri Zdup Jorz Jlylqj/� Hfrqrplf Mrxuqdo/ 433/ 79707::1

Dqguhrql/ Mdphv +4<<8,/ �Frrshudwlrq lq Sxeolf Jrrgv H{shulphqwv= Nlqgqhvv
ru FrqixvlrqB� Dphulfdq Hfrqrplf Uhylhz/ ;8/ ;<40<371

Dqguhrql/ Mdphv +4<<;,/ �Wrzdug d Wkhru| ri Fkdulwdeoh Ixqgudlvlqj/� iruwk0
frplqj Mrxuqdo ri Srolwlfdo Hfrqrp|1

Ehujvwurp/ Wkhrgruh F1/ Odzuhqfh H1 Eoxph dqg Kdo Yduldq +4<;9,/ �Rq wkh
Sulydwh Surylvlrq ri Sxeolf Jrrgv/� Mrxuqdo ri Sxeolf Hfrqrplfv/ 5</ 5807<

Elorghdx/ Pduf dqg Do Volylqvnl +4<<:, �Ulydo Fkdulwlhv/� Mrxuqdo ri Sxeolf Hfr0
qrplfv/ 99/ 77<079:1

Elorghdx/ Pduf dqg Do Volylqvnl +4<<9, �Yroxqwhhulqj Qrqsur�w Hqwuhsuhqhxuldo
Vhuylfhv/� Mrxuqdo ri Hfrqrplf Ehkdylru dqg Rujdql}dwlrq/ 64/ 44:045:1

Elorghdx/ Pduf dqg Do Volylqvnl +4<<;,/ �Udwlrqdo Qrqsur�w Hqwuhsuhqhxuvkls/�
Mrxuqdo ri Hfrqrplfv dqg Pdqdjhphqw Vwudwhj|/ :+7,/ s1 88408:41

Fkr/ L1N1 dqg G1P1 Nuhsv +4<;:,/ �Vljqdoolqj Jdphv dqg Vwdeoh Htxloleuld/�
Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 435/ s1 4:<05541

Fruqhv/ Ulfkdug dqg Wrgg Vdqgohu +4<;7,/ �Hdv| Ulghuv/ Mrlqw Surgxfwlrq dqg
Sxeolf Jrrgv/� Hfrqrplf Mrxuqdo/ <7/ 8;30<;1

Hgohv/ O1 Shwhu +4<<6,/ Ixqgudlvlqj= Kdqgv0rq Wdfwlfv iru Qrqsur�w Jurxsv/ Pf0
Judz Kloo/ Lqf1

Jod}hu/ Dplkdl dqg Ndl D1 Nrqudg +4<<9, �D Vljqdolqj H{sodqdwlrq iru Sulydwh
Fkdulw|/� Dphulfdq Hfrqrplf Uhylhz/ ;9+7,/ s1 434<0435;1
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Kdqg|/ Ihplgd +4<<8, �Uhsxwdwlrq dv d Froodwhudo= Dq Hfrqrplf Dqdqo|vlv ri
wkh Uroh ri Wuxvwhhv ri Qrqsur�wv/� Qrqsur�w dqg Yroxqwdu| Vhfwru Txduwhuo|/ s

Kduedxjk/ Zlooldp +4<<;,/ �Zkdw gr Jliwv Ex|B D Prgho ri Sklodqwkurs| dqg
Wlwklqj Edvhg rq Suhvwljh dqg Zdup Jorz/� Mrxuqdo ri Sxeolf Hfrqrplfv/ 9:/
s1 59<05;71

Khupdolq/ Ehqmdplq H1 +4<<;,/ �Wrzdug dq Hfrqrplf Wkhru| ri Ohdghuvkls=
Ohdglqj e| H{dpsoh/� Dphulfdq Hfrqrplf Uhylhz/ ;;+8,/ s1 44;;04539

Rovrq/ Pdqfxu +4<98,/ Wkh Orjlf ri Froohfwlyh Dfwlrq/ Kduydug Xqlyhuvlw| Suhvv/
Fdpeulgjh/ PD1

Urpdqr/ Ulfkdug dqg Kxvh|lq \loglulp +4<<;,/ �Zk| Fkdulwlhv Dqqrxqfh Grqd0
wlrqv= D Srvlwlyh Shuvshfwlyh/� Pdqxvfulsw1 Xqlyhuvlw| ri Iorulgd1

Urvh0Dfnhupdq/ Vxvdq +4<;3,/ �Xqlwhg Fkdulwlhv= Dq Hfrqrplf Dqdo|vlv/�Sxeolf
Srolf|/ 5;+6,/ 65606831

Urvh0Dfnhupdq/ Vxvdq +4<;4,/ �Gr Jryhuqphqw Judqwv wr Fkdulw| Uhgxfh Sul0
ydwh GrqdwlrqvB/� Qrqsur�w Ilupv lq d Wkuhh0Vhfwru Hfrqrp|/ hg1 e| P1 Zklwh/
Xuedq Lqvwlwxwh/ Zdvklqjwrq/ G1F1/ s1 <804471

Urvh0Dfnhupdq/ Vxvdq +4<;5,/ �Fkdulwdeoh Jlylqj dqg H{fhvvlyh Ixqgudlvlqj/�
Txduwhuo| Mrxuqdo ri Hfrqrplfv/ <:/ 4<805451

Vfkl�/ Mhudog +4<<3,/ Fkdulwdeoh Jlylqj dqg Jryhuqphqw Srolf|= Dq Hfrqrplf
Dqdo|vlv/ Juhhqzrrg Suhvv/ Zhvwsruw/ FW1

Volylqvnl/ Do dqg Ulfk Vwhlqehuj +4<<;,/ �Vrolflwlqj wkh zdup jorz= Dq Hfrqrplf
Prgho ri Ixqgudlvlqj/� Pdqxvfulsw1 Xqlyhuvlw| ri Zhvwhuq Rqwdulr1

Vwhlqehuj/ U1 +4<;8,/ �Rswlpdo Ixqgudlvlqj e| Qrqsur�w Iulpv/� Pdqxvfulsw Ylu0
jlqld Sro|whfkqlf Lqvwlwxwh dqg Vwdwh Xqlyhuvlw|1

Vwhlqehuj/ U1 +4<;9,/ �Rswlpdo Frqwudfwv qhhg qrw eh Frqwlqjhqw= Wkh Fdvh ri
Qrqsur�w Ilupv/� Pdqxvfulsw Ylujlqld Sro|whfkqlf Lqvwlwxwh dqg Vwdwh Xqlyhu0
vlw|1

Vwhlqehuj/ U1 +4<;<,/ �Wkh Wkhru| ri Furzglqj Rxw= Grqdwlrqv/ Orfdo Jryhuq0
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phqw Vshqglqj/ dqg wkh Qhz Ihghudolvp1� Lq U1 Pdjdw +Hg1,/ Sklodqwkurslf
Jlylqj= Vwxglhv lq Ydulhwlhv dqg Jrdov1 Qhz \run= R{irug Xqlyhuvlw| Suhvv1

Vwhlqehuj/ U1 +4<<4,/ �Wkh Hfrqrplfv ri Ixqgudlvlqj1� Lq Gzljkw Exuolqjdph dqg
Prqw| Kxovh +Hgv1,/ Wdnlqj Ixqg Udlvlqj Vhulrxvo|1 Mrvvh|0Edvv/ Lqf1/ 56<05891

Vxjghq/ Urehuw +4<;5,1 �Rq wkh Hfrqrplfv ri Sklodqwkurs|1� Hfrqrplf Mrxuqdo/
<5/ 67406831

Vxjghq/ Urehuw +4<;7,1 �Uhflsurflw|= Wkh Vxsso| ri Sxeolf Jrrgv wkurxjk Yro0
xqwdu| Frqwulexwlrqv1� Hfrqrplf Mrxuqdo/ <7/ ::50:;:1

Vloyhupdq/ Zhqg| N1/ Vwhyhq M1 Urehuwvrq/ Mlpp| O1 Plggoheurrn dqg Urqdog V1
Gudepdq+4<;7,/ �Dq Lqyhvwljdwlrq ri Sohgjlqj Ehkdylru wr d Qdwlrqdo Fkdulwdeoh
Whohwkrq/� Ehkdylru Wkhuds|/ 48/ 63706441

Yduldq/ Kdo U1 +4<<7,/ �Vhtxhqwldo Surylvlrq ri Sxeolf Jrrgv/� Mrxuqdo ri Sxeolf
Hfrqrplfv/ 86/ 4980;91

Zhlveurg/ Exuwrq D1 +4<;;,/ Wkh Qrqsur�w Hfrqrp|/ Fdpeulgjh/ Pdvv1 dqg
Orqgrq= Kduydug Xqlyhuvlw| Suhvv1
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Dsshqgl{ L
Iluvw/ zh vkrz wkh frqglwlrqv xqghu zklfk � zloo sxufkdvh lqirupdwlrq zkhq

frqwulexwlrqv duh qrw dqqrxqfhg1 Zkhq 4
f
� 63S
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Vhfrqg/ zh ghprqvwudwh wkdw zkhq wkh vlqjoh furvvlqj surshuw| grhv qrw krog
wkh frvw ri lqirupdwlrq lv vr kljk wkdw wkh �uvw frqwulexwru lv xqzloolqj wr ex|
lqirupdwlrq1 Wkdw lv/ wkh vhfrqg frqwulexwru nqrzv wkdw wkh �uvw frqwulexwru lv
xqlqiruphg/ dqg wkh lqfhqwlyh frqvwudlqw ehfrphv luuhohydqw1

Sursrvlwlrq 6131 Li S vdwlv�hv htxdwlrq +7, wkhq wkh vlqjoh furvvlqj surshuw|
krogv1
Surri1 Wkh xwlolw| ixqfwlrq iru dq lqiruphg �uvw frqwulexwru zkr kdv uhfhlyhg d

kljk vljqdo lv L
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Qrwh krzhyhu wkdw wkh �uvw frqwulexwru lv xqzloolqj wr ex| lqirupdwlrq zkhq
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