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Rswlrq wr Uhyrnh dqg Uhjxodwlrq ri Orfdo
Xwlolwlhv1�

Plfkhoh Pruhwwr dqg Sdrod Ydoerqhvl|

Mxqh 5333

Devwudfw

Zh vwxg| d orqj0whup uhodwlrqvkls ehwzhhq d ulvn0qhxwudo �up wkdw

kdv ehhq ghohjdwhg wr pdqdjh d orfdo xwlolw| surmhfw dqg d uhjxodwru

wkdw kdv dozd|v wkh rswlrq0wr0uhyrnh wkh ghohjdwlrq1 Zh vkrz wkdw

zkhq wkh wkuhdw ri uhyrfdwlrq lv fuhgleoh dqg wkh frvw ri h{huflvlqj lw

lv qrw wrr kljk/ wkh �frrshudwlyh� htxloleulxp lv dq h!flhqw vroxwlrq

zklfk jxdudqwhhv wkh xwlolw| zlwk dq dssursuldwh ohyho ri uhwxuq1 Wkh

uhjxodwlrq wlplqj frqvlvwv ri d hqgrjhqrxv uhjxodwru| odj zkhuh wkh

uhjxodwlrq kdv d �{hg0sulfh qdwxuh iroorzhg e| d shulrg ri udwh0ri0

uhwxuq uhjxodwlrq lq zklfk wkh �up lv prwlydwhg wr dgmxvw lwv rxwsxw

sulfh grzqzdug wr dyrlg uhyrfdwlrq1 Zh dovr vkrz wkdw h{fhvvlyh

uhyrfdwlrq frvwv pdnh wkh �up dq xquhjxodwhg prqrsrolvw zlwk dq

lq�qlwh uhjxodwru| odj1

MHO= F:6/ O66/ O84

Nh| zrugv= Sxeolf xwlolwlhv/ Rswlrq0wr0uhyrnh/ Vwrfkdvwlf jdphv1

�Zh ehqh�wwhg iurp glvfxvvlrq zlwk Fhvduh Grvl/ Jhudug Prqghoor dqg vhplqdu sduwlf0
lsdqwv dw Xqlyhuvlwlhv ri Erorjqd dqg Sdgryd1 Wkh dxwkruv dorqh duh qdwxudoo| uhvsrqvleoh
iru dq| uhpdlqlqj huuruv1 Ilqdqfldo vxssruw iurp PXUVW 73(0<< lv judwhixoo| dfnqrzo0
hgjhg1

|Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Sdgryd/ Yld gho Vdqwr 66/ Lwdo|/ H0pdlo=
pruhwwrCghfrq1xqlsg1lw ydoerqhvlCghfrq1xqlsg1lw
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4 Lqwurgxfwlrq

Wklv sdshu lqyhvwljdwhv d orqj0whup frqwudfw ehwzhhq d sulydwh �up dqg d
uhjxodwru wkdw kdv wkh rswlrq0wr0uhyrnh wkh frqwudfw1 Wkh sureohp zh dgguhvv
vwhpv iurp wkh uhfhqw wuhqg wr ghohjdwlrq lq pdqdjlqj sxeolf xwlolwlhv vxfk
dv vhzdjh dqg iuhvk zdwhu pdqdjhphqw/ xuedq zdvwh lqiudvwuxfwxuhv dqg
surylvlrq ri sxeolf wudqvsruw1 Wkhvh pdunhwv duh xvxdoo| vxssolhg e| orfdo
dxwkrulwlhv zklfk fdq ghflgh wr ghohjdwh wkhlu surylvlrq wr d sulydwh frpsdq|
dv dowhuqdwlyh wr gluhfw pdqdjhphqw ru wr ixoo sulydwl}dwlrq1 Wkh ghohjdwlrq
lv grqh xqghu vshfl�f lqvwlwxwlrqdo ihdwxuhv dqg ghwhuplqhv wkh sduwldo dqg
whpsrudu| pdqdjhphqw ri wkh vhuylfh rq wkh jurxqg ri d frqwudfw ehwzhhq
wkh orfdo dxwkrulw| dqg wkh sulydwh �up> wklv frqwudfw lv xvxdoo| orqj0whup dqg
surylghv wkh rqjrlqj rssruwxqlw| wr uhqhjrwldwh sulfhv dqg whupv +Vsxoehu
dqg Vdeedjkl/ 4<<7,1 Eurdgo| vshdnlqj/ wkh rzqhuvkls ri wkh dvvhwv uhpdlqv
lq wkh kdqg ri wkh froohfwlylw|/ zkloh �wkh uljkw wr xvh lw� ehfrphv sulydwh1

Lq Iudqfh 0 wkh frxqwu| zlwk wkh zlghvsuhdg h{shulhqfh lq wklv �hog 0
ghohjdwlrq lq orfdo xwlolwlhv kdv ehhq irvwhuhg e| wkh qdwlrqdo ohjdo frgh=
lq wkh zdwhu uhvrxufh vhfwru/ iru lvwdqfh/ wkh pxqlflsdolw| lv lq fkdujh ri
pdqdjphqw ri wkh vhuylfh dqg wkh pd|ru lv shuvrqdoo| oldeoh iru dq| gdpdjh
gxh wr qhjoljhqfh rq lwv sduw1 Pruhryhu/ wkh pd|ru kdv ehhq surklelwhg e| odz
iurp lqvxulqj klpvhoi djdlqvw wkh ulvn ri gdpdjh dqg djdlqvw wkh xqfhuwdlqw|
uhjduglqj krz klv qhjoljhqfh zloo eh gh�qhg e| frxuwv1 E| ghohjdwlqj wkh
vhuylfh wr d sulydwh �up/ krzhyhu/ wkh pd|ru fdq r�vhw klv shuvrqdo oldelolw|/
zklfk lv wudqvihuuhg wr wkh ghohjdwhg �up dorqj zlwk wkh pdqdjhphqw ri wkh
vhuylfh1 Lq wklv iudphzrun/ wkh dgrswlrq ri qhz whfkqrorjlhv lv d ixuwkhu
lqfhqwlyh iru ghohjdwlrq zkhq orfdo dxwkrulwlhv fdqqrw hdvlo| vshhg xs wkh
uhtxluhg whfkqrorjlfdo fkdqjh1 Lq idfw/ whfkqrorj| ghwhuplqhv wkh edvlf olplwv
rq txdolw| ri wkh vhuylfh dqg wkh srwhqwldo iru dfflghqwv> frqvhtxhqwo|/ wkh
dgrswlrq ri qhz whfkqrorj| uhsuhvhqwv d uhohydqw hohphqw iru wkh pd|ru*v
oldelolw| lq wkh frxuw h{0srvw ghflvlrq zkhq dq dfflghqw rffxuv +Fodun dqg
Prqghoor/ 5333,1 Khqfh/ ghohjdwlrq ehfrphv wkh prvw h�hfwlyh phdqv ri
uhvwulfwlqj wkh pd|ru*v shuvrqdo oldelolw| lq wkh dlp wr uhgxfh wkh ixoo ulvn ri
gluhfw pdqdjhphqw ri wkh orfdo xwlolw|1

Lq rwkhu frxqwulhv/ krzhyhu/ ghohjdwlrq lv srsxodu zlwk orfdo dxwkrulwlhv
dv dq lqwuxphqw wr surprwh h!flhqf| lq wkh doorfdwlrq dqg wkh pdqdjphqw
ri wkh vhuylfh1 Uhihuulqj djdlq wr wkh zdwhu uhvrxufh vhfwru/ ghohjdwlrq �qgv
lwv pdlq wkhruhwlfdo mxvwl�fdwlrq lq wkh dlp wr jhw ehwwhu dqg2ru fkhdshu
vhuylfhv= wkh ghohjdwhg �up lv srwhqwldoo| fdsdeoh ri lqmhfwlqj whfkqrorjlfdo/
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�qdqfldo dqg pdqdjhuldo uhvrxufhv zklfk wkh orfdo dxwkrulw| pd| eh xqdeoh
wr frph xs zlwk ehfdxvh ri �vfdo dqg exuhdxfudwlf frqvwudlqw dqg wkh odfn
ri dghtxdwh lqfhqwlyhv +Grvl dqg Hdvwhu/ 5333,1 Wkhvh ihdwxuhv vkrzhg wr
eh sduwlfxoduo| uhohydqw lq ghyhorslqj frxqwulhv/ dqg uhfhqwo| lq Vsdlq dqg
Sruwxjdo +RHFG/ 4<<<,1

Lq wkh prgho zh suhvhqw zh frqvlghu d ulvn0qhxwudo �up wkdw kdv ehhq
ghohjdwhg wr pdqdjh dq lqglylvleoh sxeolf surmhfw dqg d uhjxodwru wkdw kdv
dozd|v wkh uljkw wr uhyrnh ghohjdwlrq dqg uhwxuq wr gluhfw pdqdjhphqw li wkh
surmhfw lv d srvlwlyh qhw suhvhqw ydoxh lqyhvwphqw1 Wkh orqj0whup frqwudfw
vljqhg e| wkh wzr sduwlhv surylghv iru dq �doorzhg� udwh ri uhwxuq dv d pd{l0
pxp fhlolqj iru wkh �up dqg wkh uhjxodwru wkuhdwhqv wkh �up zlwk uhyrfdwlrq
ri wkh dvvljqphqw li wkdw udwh lv furvvhg1 Uhyrfdwlrq lv/ wkhq/ dqdorjrxv wr
d shushwxdo fdoo rswlrq zkhuh wkh orfdo dxwkrulw| kdv wkh uljkw 0 exw qrw wkh
reoljdwlrq 0 wr sxufkdvh dw dq| wlph dq dvvhw +wkh xwlolw|, ri xqfhuwdlq ydoxh
iru d suhvhqw h{huflvh sulfh1 Wkh rswlrq0wr0uhyrnh zloo eh h{huflvhg rswlpdoo|
zkhq wkh udwh ri uhwxuq ri wkh surmhfw h{fhhgv d fulwlfdo ydoxh +l1h1 wkh doorzhg
udwh ri uhwxuq,1 Wkh wuljjhu ydoxh lv ghwhuplqhg hqgrjhqrxvo| lq wkh prgho
exw wkh rswlpdo h{huflvh wlph lv vwrfkdvwlf14

Zh/ wkhq/ r�hu dq rswlpdo uhjxodwlrq phfkdqlvp zkhuh wkh frpplwphqw
e| wkh uhjxodwru wr hqg wkh frqwudfw li wkh doorzhg udwh ri uhwxuq lv h{fhhghg
hqvxuhv wkdw wkh sulydwh �up zloo ehkdyh frqvlvwhqwo| zlwk wkh frqwudfw lw0
vhoi= rqfh wkh �up*v frvwv ru surgxfwlrq frqglwlrqv lpsuryh/ lw dgmxvwv sulfhv
wr nhhs lwv udwh ri uhwxuq ehorz wkh doorzhg rqh dqg wkhuhiruh wr suhyhqw
uhyrfdwlrq1 Krzhyhu/ dv wkh whuplqdwlrq wkuhdw lv frvwo|/ d vwrfkdvwlf uhjx0
odwru| odj pd| iroorz ryhu zklfk sulfhv duh �{hg dqg lwv qrw rswlpdo iru wkh
uhjxodwru wr uhfdoo wkh frqwudfw1 Edvhg rq wkh deryh dujxphqw/ wkhvh frvwv
pd| uhihu wr wkh vxp qhfhvvdu| wr ryhufrph wkh revwdfohv wr uhqhzlqj gluhfw
pdqdjhphqw ri wkh vhuylfh vxfk dv frqwudfwxdo lqghpqlwlhv rq wkh ydoxh ri
wkh lqyhvwphqw/ whfkqrorjlfdo frvwv/ uhfuxlwlqj dqg wudlqlqj frvwv/ orvv ri �v0
fdo dgydqwdjh dqg/ qr ohvv lpsruwdqw/ ohjdo frvwv li wkh �up ghflghv wr vxh
wkh uhjxodwru iru euhdnlqj wkh frqwudfw1 H{fhvvlyh uhyrfdwlrq frvwv pdnh wkh
�up dq xquhjxodwhg prqrsrolvw zlwk d lq�qlwh uhjxodwru| odj1

Rxu prgho lv forvhvw lq vslulw wr wkh wkhru| ri prqrsro| uhjxodwlrq lq
d g|qdplf vhwwlqj/ lq zklfk phfkdqlvpv vxfk dv udwh0ri0uhwxuq +URU, dqg

4Uh�hulqj wr wkh Iuhqfk pxqlflsdolwlv* qhjrwldwlqj glvdgydqwdjh lq wkh idfh ri vrph
fduwhol}hg zdwhu pdqdjhphqw/ Fodun dqg Prqghoor +4<<:, prgho wkh pxqlflsdolw|*v uljkw
wr uhyrnh ghohjdwlrq dv d fdoo rswlrq1
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sulfh fds dulvh hqgrjhqrxvo| dv d vhoi0hqiruflqj dqg pxwxdoo| ehqh�fldo fr0
rshudwlyh htxloleulxp15 Krzhyhu/ lq wklv olwhudwxuh erwk wkh uhjxodwru dqg
wkh uhjxodwhg �up vkduh wkh vdph edujdlqlqj srzhu +l1h1 hlwkhu sod|hu kdv
lqfhqwlyh wr ylrodwh wkh frqwudfw, dqg wkh| duh qrw d�hfwhg e| uhjxodwru|
odjv1 Dowkrxjk sod|lqj d fuxfldo uroh lq ghwhuplqlqj wkh lqfhqwlyh surshuw|
ri wkh uhjxodwlrq phfkdqlvp/ wkhvh odjv duh ri �{hg wlph dqg h{rjhqrxv1
Rq wkh frqwudu|/ lq rxu vhwxs/ wkh gl�huhqw edujdlqlqj srvlwlrqv ri wkh wzr
sduwlhv frxsohg zlwk wkh uhjxodwru*v rswlrq0wr0uhyrnh ghwhuplqh wkhvh odjv
hqgrjhqrxvo| dv lw lv lq wkh hvvhqfh ri URU uhjxodwlrq +Od�rqw dqg Wluroh/
4<<7/ s148,1 Uhjxodwru| uhylhzv duh lqlwldwhg e| wkh orfdo dxwkrulw| zkhq wkh
rswlrq0wr0uhyrnh lv zruwk wr eh h{huflvhg16 Wkh uhvxow ri dq hqgrjhqrxv uhj0
xodwru| odj pd| wkxv h{sodlq wkh hpslulfdo hylghqfh wkdw/ dowkrxjk frqwudfwv
ehwzhhq orfdo dxwkrulwlhv dqg sulydwh rshudwruv duh ri olplwhg gxudwlrq/ wkhlu
uhqhzdov duh riwhq vljqhg zlwkrxw dq| yduldwlrqv ri frqwudfwxdo whupv +Mrvnrz
dqg Vfkpdohqvhh/ 4<;9/ s1:,1 Ilqdoo|/ zh orrn dw wkh rswlrq0wr0uhyrnh iurp
wkh shuvshfwlyh ri froohfwlyh zhoiduh pd{lpl}dwlrq dqg glvfxvv wkh vshfl�f
fkdudfwhulvwlfv ri wkh g|qdplf uhjxodwru| uxoh vwhpplqj iurp wkh frqwlqxrxv
udwh ri khdulqj ehwzhhq wkh uhjxodwhg �up dqg wkh uhjxodwru/ dv d wrro iru
rewdlqlqj d orqj0whup h!flhqw htxloleulxp1

Rq d irupdo ohyho/ rxu sdshu exlogv xsrq wzr glvwlqfw vwuhdpv ri olwhudwxuh1
Wkh �uvw rqh uhodwhv wr wkh vwrfkdvwlf frqwuro whfkqltxhv uhfhqwo| ghyhorshg
wr lghqwli| rswlpdo wlplqj uxohv dqg rswlpdo eduulhu uhjxodwlrqv17 Wkhvh whfk0
qltxhv kdyh ehhq zlgho| xvhg lq wkh olwhudwxuh ri luuhyhuvleoh lqyhvwphqwv8/
dqg hpskdvl}h wkh uroh ri wkh rswlrq ydoxh ri ghod|lqj lqyhvwphqw ghflvlrq/
l1h1 wkh ydoxh ri zdlwlqj iru ehwwhu +dowkrxjk qhyhu frpsohwh, lqirupdwlrq rq

5Vhh iru h{dpsoh Vdodqw dqg Zrurfk +4<<4/ 4<<5, dqg Jloehuw dqg Qhzehu| +4<;<,1
6Rxu rswlrq0wr0uhyrnh lv vlplodu lq vslulw wr wkh rswlrq0wr0rzq vwxglhg e| Q�roghnh dqg

Vfkplgw +4<<;,1 Lq d krog xs sureohp lq zklfk wzr sduwlhv kdyh wr pdnh uhodwlrqvkls0
vshfl�f lqyhvwphqwv/ Q�roghnh dqg Vfkplgw vkrz wkdw dq rswlrq0wr0rzq frqwudfw zkhuh rqh
sduw| rzqv wkh �up lqlwldoo| zkloh wkh rwkhu kdv wkh rswlrq wr ex| lw dw d sulfh vshfl�hg
+lq wkh frqwudfw, dw d odwhu gdwh/ lqgxfhv erwk sduwlhv wr lqyhvw h!flhqwo|1 Wkh| dovr vkrz
wkdw wklv uhvxow lv urexvw wr uhqhjrwldwlrq dqg xqfhuwdlqw|/ dqg wkdw lw shuplwv vshfl�fdwlrq
ri vlgh sd|phqwv iru wkh mrlqw vxusoxv ehwzhhq wkh sduwlhv1

7Lq sduwlfxodu/ zh uhihu wr wkh zrunv ri Kduulvrq dqg Wdnvdu +4<;6, dqg Kduulvrq +4<;8,1
Dssolfdwlrqv ri wklv phwkrgrorj| wr hfrqrplf sureohpv fdq eh irxqg lq Ehqwrolod dqg
Ehuwrod +4<<3,/ Grvl dqg Pruhwwr +4<<7, dqg lq d vwudwhjlf frqwh{w e| Pruhwwr dqg Urvvlql
+4<<<,/ dqg Pruhwwr +5333,1

8Pxfk ri wklv olwhudwxuh zdv uhfhqwo| vxuyh|hg e| Slqg|fn +4<<4,/ Gl{lw +4<<5, dqg
Gl{lw dqg Slqg|fn +4<<7,1
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wkh vwrfkdvwlf hyroxwlrq ri d edvlf dvvhw1
Wkh vhfrqg rqh frqvlghuv wkh h{lvwhqfh ri h!flhqw vxe0jdph shuihfw htxl0

oleuld iru lq�qlwh0krul}rq0wkuhdw0jdphv zkhuh/ lq wkh devhqfh ri d elqglqj
frpplwphqw/ iru wkh wkuhdwhqhu lw lv dq htxloleulxp iru wkh ylfwlp wr pdnh d
vwuhdp ri sd|phqw ryhu wlph91 Wkh h{shfwdwlrq ri ixwxuh sd|phqw nhhsv wkh
wkuhdwhqhu iurp h{huflvlqj lwv wkuhdw1 Lqghhg/ zh irupxodwh d wlph0ghshqghqw
vxshujdph lq frqwlqxrxv wlph/ zkhuh rswlpdo uhyrfdwlrq iru wkh uhjxodwru uh0
txluhv lghqwl�fdwlrq ri wkh wlph dw zklfk wr sd| d vxqn frvw lq uhwxuq iru d
sxeolf surmhfw zkrvh ydoxh lv vwrfkdvwlf1 Wkh uhjxodwru grhv qrw uhyrnh wkh
frqwudfw xqwlo wkh uhyhqxh wkdw lw h{shfwv wr hduq iurp pdqdjlqj wkh lqyhvw0
phqw e| lwvhoi lv htxdo wr wkh h{shfwhg suhvhqw ydoxh ri wkh udwhv uhjxodwlrq
wkdw wkh �up dqqrxqfhv1

Wkh sodq ri wkh sdshu lv dv iroorzv= Vhfwlrq 5 vhwv rxw wkh edvlf dv0
vxpswlrqv ri wkh prgho1 Vhfwlrq 6 suhvhqwv wkh uhjxodwru*v rswlrq0wr0uhyrnh1
Vhfwlrq 7 h{dplqhv wkh uhjxodwlrq wkdw ehorqjv wr wklv vfkhph1 Vhfwlrq 8
glvfxvvhv wkh uhjxodwru| uxoh/ zkloh wkh Dsshqgl{hv froohfwv doo wkh surriv1

5 Edvlf prgho dqg dvvxpswlrqv

Zh frqvlghu wkh vlpsoh uhodwlrqvkls ehwzhhq d vhoi0lqwhuhvwhg0ulvn0qhxwudo uhj0
xodwru dqg d ulvn0qhxwudo �up wkdw zdv ghohjdwhg/ dw | ' fc wr pdqdjh d
rqh0wlph vxqn lqglylvleoh sxeolf surmhfw:1 Khuh/ zkdw lv fdoohg �ghohjdwlrq�
lv wkh whpsrudu| +jhqhudoo| orqj0whup, vxsso| ri d sxeolf vhuylfh e| d orfdo
dxwkrulw| +l1h1 d pxqlflsdolw|, wr vrph sulydwh rshudwru xqghu frqwudfwxdo
uhodwlrqvkls;1

Zh dvvxph wkdw/ rqfh vhw xs/ wkh vlqjoh surmhfw doorzv vrph  h{lelolw| lq
lwv rshudwlrq dw hdfk wlph | � fc e| ydu|lqj fhuwdlq lqsxwv dffruglqj wr wkh
iroorzlqj surgxfwlrq ixqfwlrq=

^| ' @|,
)
| zlwk f 	 ) 	 � +4,

9Zh uhihu wr wkh zrunv ri Nohlq dqg R*Iodkhuw| +4<<6, dqg Vkdyhoo dqg Vslhu +4<<9,1
:Wr vlpsoli| pdwwhuv zh dvvxph wkdw lq grlqj ghohjdwlrq wkh orfdo dxwkrulw| ehfrphv

gh idfwr wkh uhjxodwru iru wkh �up1
;Lq sulqflsoh/ rxu dqdo|vlv frxog eh dssolhg wr xwlolwlhv ri joredo udqjh +qdwlrqdo xwlol0

wlhv,/ exw jlyhq rxu dvvxpswlrq rq uhyrfdwlrq ri wkh frqwudfw e| wkh uhjxodwru| erg|/ wkh
orfdo glphqvlrq lv pruh uhdolvwlf +vhh ehorz,1 Lq idfw/ wkh pdqdjhphqw ri d frqwudfw dw
qdwlrqdo ohyho fdq d�hfw wkh uhjxodwhg �up*v edujdlqlqj srzhu zklfk/ lq wxuq/ fdq d�hfw
wkh uhjxodwru*v ghflvlrq wr uhyrnh +uhjxodwru| fdswxuh,1

8



zkhuh ^| ghqrwhv wkh surgxfwlrq dw wlph |/ ,| lv wkh rshudwlqj lqsxw vxfk dv
oderu +ru vrph lqwhuphgldwh lqsxw, dqg @| lv d whfkqrorj|0h!flhqf| sdudphwhu
zkrvh ydoxh lv ghwhuplqhg vwrfkdvwlfdoo|1 Wkh �up fdq vhoo wkh rxwsxw dw sulfh
R|zklfk lv erxqghg e| d fhlolqj 	Rc dqg wkh rshudwlqj lqsxw lv d shuihfwo|
 h{leoh idfwru zklfk fdq eh uhqwhg dw wkh lqvwdqwdqhrxv sulfh �| zkrvh ydoxh
lv dovr vwrfkdvwlf� Lq dgglwlrq/ wkh �up lv idfhg e| d +frqvwdqw hodvwlflw|,
ghpdqg ixqfwlrq=

(ER|� ' _|R
3>
| zlwk > � f +5,

zkhuh wkh sdudphwhu _| lv dq lqgh{ ri wkh srvlwlrq ri wkh ghpdqg fxuyh= lw
pd| eh d ixqfwlrq ri wkh frqvxphuv* lqfrph ru ri d sulfh lqgh{ iru vxevwlwxwhv
zklfk wkh �up wdnhv dv jlyhq lq lwv rswlpl}dwlrq1 Wkh rshudwlqj fdvk  rz
ixqfwlrq lv gh�qhg dv=

ZER|( @|c �|� ' 4@ 
R|c,|

R|^| � �|,| +6,

vxemhfw wr htxdwlrq +4,/ +5,/ (ER|� � ^| dqg R| � 	R1 Zh devwudfw iurp
surgxfwlrq ghflvlrq dv zhoo dv iurp pdunhw xqfhuwdlqw| e| frqvlghulqj wkh
fdvh ri d vwhhs ghpdqg ixqfwlrq +l1h1 > $ f��< Wklv ohdgv wr wkh iroorzlqj
h{suhvvlrq iru wkh rshudwlqj fdvk  rz=

ZE	R( w|� ' �E	R�w| +7,

zkhuh=
�E	R� ' E�� )�)�31 	R1

dqg=

w| ' wE@|c �|� � @
1
|�

�31
| zlwk 1 '

�

�� )
: � +8,

Zh dgrsw wklv dgglwlrqdo dvvxpswlrq iru wkh uhvw ri wkh sdshu/ vlqfh lw ds0
shduv wr gr olwwoh ylrohqfh wr wkh jhqhudo vxevwdqwlyh surshuwlhv ri wkh uhvxowv1
Wkh qhz yduldeoh w| vxppdul}hv dw hyhu| lqvwdqw wkh exvlqhvv frqglwlrqv iru
wkh surmhfw/ dqg vdwlv�hv wkh frqglwlrqv Yw|

Y@|
: f dqg Yw|

Y�|
	 f G lw lv kljkhu

wkh kljkhu lv wkh surgxfwlylw| lqglfdwru @| dqg wkh orzhu lv wkh  h{leoh0idfwru
uhqwdo frvw �|�

<Mrvnrz dqg Vfkpdohqvhh +4<;9/ s16, xqghuolqh wkdw wkh ghpdqg iru xwlolwlhv vxfk dv
hohfwulflw|/ zdwhu dqg jdv e| prvw lqgxvwuldo fxvwrphuv dqg doo uhvlghqwldo fxvwruphuv lv
yhu| lqhodvwlf hvshfldoo| lq wkh vkruw uxq ehiruh vwrfn ri sodqw/ htxlsphqw/ dssoldqfhv/ dqg
krxvlqj fdq eh uhsodfhg lq uhvsrqvh wr kljkhu hohfwulflw| sulfhv1

9



Xqfhuwdlqw| lv lqwurgxfhg lq wkh prgho e| dvvxplqj wkdw erwk @| dqg �|

hyroyh ryhu wlph dffruglqj wr jhrphwulf Eurzqldq prwlrqv/ zlwk lqvwdqwd0
qhrxv udwhv ri jurzwk k@ � fc k� � f dqg lqvwdqwdqhrxv yrodwlolwlhv j@ : fc
j� : f� Wkdw lv=

_@| ' k@@|_|n j@@|_5
@
| c @f ' @

_�| ' k��|_|n j��|_5
�
| c �f ' �

zkhuh _5@| dqg _5�| duh wkh vwdqgdug lqfuhphqwv ri wzr Zlhqhu surfhvvhv
+srvvleo| fruuhodwhg,/ xqfruuhodwhg ryhu wlph dqg vdwlvi|lqj wkh frqglwlrqv
wkdw .E_5@| � ' .E_5�| � ' f dqg .dE_5@| �

2o ' .dE_5�| �
2o ' _| 1 Lq rwkhu zrugv/

zh dvvxph wkdw wkh lqsxw*v sulfh dqg wkh idfwru*v surgxfwlylw| duh h{shfwhg
wr jurz dw d frqvwdqw phdq udwh/ exw wkh uhdol}hg jurzwk udwhv duh vwrfkdvwlf/
qrupdoo| glvwulexwhg dqg lqghshqghqw ryhu wlph1

Wkhvh dvvxpswlrqv doorz xv wr uhgxfh wkh prgho wr rqh glphqvlrq1 E|
h{sdqglqj _w| dqg dsso|lqj Lw÷*v ohppd iru Eurzqldq surfhvv lw lv hdv| wr
vkrz wkdw w| lv gulyhq e|=

_w| ' kw|_|n jw|_5| zlwk wf ' wc +9,

zlwk=

k ' 1k@ � E1 � ��k� n 1E1 � ��d
�

2
Ej@�2 n

�

2
Ej��2 � �j@j�oc

dqg=
j '

t
Ej@�212 n Ej��2E1 � ��2 � 2�j@j�1E1 � ���

Wkh guliw dqg wkh vwdqgdug ghyldwlrq sdudphwhuv ri wkh surfhvv w| duh olq0
hdu frpelqdwlrqv ri wkh fruuhvsrqglqj sdudphwhuv ri wkh sulplwlyh surfhvvhv
@| dqg �|c zlwk zhljkwv jlyhq e| wkh h{srqhqwv ri +8, dqg � ' .E_5@| _5

�
| �*_|�

Khqfh/ pdnlqj xvh ri +7, dqg +9,/ dqg surylghg wkdw 4�k : fc wkh h{shfwhg
ydoxh dw wlph | ri glvfrxqwhg fdvk  rzv iurp dq lq�qlwh0olyhg surmhfw fdq eh
h{suhvvhg dv T Ew|� '

�E	R�w|
43k

/ uhvxowlqj lq _T| ehlqj jlyhq vlpso| e|=

_T| ' kT|_|n jT|_5|c Tf ' T +:,

Lq wklv uhvshfw Tf fdq eh lqwhusuhwhg dv wkh �uhdvrqdeoh� udwh ri uhwxuq
dw wkh ghohjdwlrq wlph wr lqgxfh wkh �up wr pdqdjh wkh xwlolw|1 Krzhyhu/ dv
dq| uhdvrqdeoh udwh ri uhwxuq rq dq lqyhvwphqw frxog eh lpehgghg gluhfwo|

:



wkurxjk d frqwudfwxdo +�{hg, sulfh iru wkh vhuylfh/ wklv irupxodwlrq vdful�fhv
qr jhqhudolw|143 44

Lq wkh uhpdlqghu ri wklv sdshu wkh ydoxh ri wkh xwlolw| T|c zklfk hyroyhv
dffruglqj wr +:, zlwk vwduwlqj vwdwh Tf/ lv wdnhq dv wkh sulplwlyh h{rjhqrxv
yduldeoh iru wkh uhjxodwru*v ghohjdwlrq0uhyrfdwlrq surfhvv1

Zh frqfoxgh e| dvvxplqj wkdw wkh uhjxodwru lv wkhruhwlfdoo| dozd|v lq wkh
srvlwlrq ri ehlqj deoh wr uhyrnh wkh frqwudfw zlwk wkh �up dqg pdqdjh wkh
xwlolw| e| lwvhoi1 Krzhyhu/ wr pdqdjh wkh xwlolw| lw kdv wr sd| d vxqn frvw
U� Li uhyrfdwlrq lv fduulhg rxw wkh �up vx�huv d orvv Tc zkloh wkh uhjxodwru
ghulyhv d jdlq T � U 1 Dv T : T � U / wkh uhyrfdwlrq lv lqh!flhqw jlyhq wkdw
wkh �up*v orvv h{fhhgv wkh orfdo dxwkrulw|*v jdlq145

6 Wkh uhjxodwru*v rswlrq0wr0uhyrnh

Iru wkh uhjxodwru/ rswlpdo uhyrfdwlrq lpsolhv �qglqj wkh srlqw dw zklfk wr
sd| wkh vxqn frvw U lq uhwxuq iru d surmhfw zkrvh ydoxh T hyroyhv dffruglqj
wr +:,1 Li zh ghqrwh wkh ydoxh ri wkh uhjxodwru*v lqyhvwphqw rssruwxqlw| dw
| ' f e| 86ET � wkhq=

86ET � ' 4@ .f

k
ETA � U�e34A m Tf ' T

l
+;,

zkhuh A ET W� ' �?u E| � f m T| � T W ' fn� lv wkh xqnqrzq ixwxuh wlph zkhq
wkh uhyrfdwlrq lv pdgh dqg T W lv wkh ydoxh wkdw wuljjhuv lw1 Wkh pd{lpl}dwlrq
lv vxemhfw wr htxdwlrq +:,/ 4 lv wkh frqvwdqw glvfrxqw udwh dqg Tf lv wkh ydoxh
ri wkh xwlolw| dw wlph }hur1 Wr vlpsoli| glvfxvvlrq/ zh dvvxph/ li qr rwkhuzlvh
lqglfdwhg/ wkdw Tf 	 T W vr wkdw A W : f +vhh Dsshqgl{ D iru wkh jhqhudo
fdvh,1

43Lq whupv ri fdvk  rz/ wkh uhjxodwru pd| vhw dw wlph }hur wkh sulfh ri vhuylfh as vr wkdw
wkh �up euhdnv hyhq=

�+as,�3 � +�� �,v3

zkhuh v3 lv d �uhdvrqdeoh� udwh ri uhwxuq +Mrvnrz/ 4<:6,1
44Lw lv hdv|/ dw wklv ohyho/ wr uhod{ wkh dvvxpswlrq wkdw wkh fhlolqj iru wkh rxwsxw sulfh

lv �{hg1 Zh fdq lqwurgxfh dq dxwrpdwlf dgmxvwphqw fodxvh vxfk dv sw @ ash$w> zkhuh wkh
sulfh lv lqgh{hg/ iru h{dpsoh/ wr wkh sodqqhg lq dwlrq ru wr wkh sulfh ri wkh lqsxw/ l1h1
$ @ �z=

45Zlwkrxw dq| orvv ri jhqhudolw| zh fdq frqvlghu wkh fdvh lq zklfk uhyrfdwlrq uhtxluhv
vrph frqwudfwxdo lqghpqlwlhv N +l1h1 wkh xqghusuhfldwhg ydoxh ri lqyhvwphqw lq whfkqrorj|
dqg lqiudvwuxfwxuhv, iurp wkh pxqlflsdolw| wr wkh �up/ zlwk �Y .N ? 3> L @ N . L 3 dqg
L 3 � 31

;



E| dq duelwudjh dujxphqw dqg dsso|lqj wkh Lwr*v ohppd/ wkh ydoxh ri
wkh rssruwxqlw| wr lqyhvw khog e| wkh uhjxodwru lv jlyhq e| vroxwlrq ri wkh
iroorzlqj Ehoopdq htxdwlrq +Gl{lw dqg Slqg|fn/ 4<<7/ s1 47:0485/ Fodun dqg
Prqghoor/ 4<<:,=

�

2
j2T 286

�� n kT 8 �6 � 486 ' f iru T 5 Efc T Woc +<,

zkhuh 86ET � pxvw vdwlvi| wkh iroorzlqj erxqgdu| frqglwlrqv=

*�4
%<f

86ET � ' f +43,

86ET
W� ' T W � U +44,

8 �6ET
W� ' � +45,

Li wkh ydoxh ri wkh xwlolw| jrhv wr }hur/ wkh ydoxh ri wkh rswlrq wr lqyhvw
vkrxog dovr jr wr }hur1 H!flhqw rshudwlrq frqglwlrqv +44, dqg +45, uhvshf0
wlyho| lpso| wkdw/ dw wkh wuljjhu T W/ wkh ydoxh ri wkh rswlrq lv htxdo wr lwv
oldelolwlhv zkhuh U lqglfdwhv wkh vxqn frvw iru uhyrnlqj wkh frqwudfw +pdwfk0
lqj ydoxh frqglwlrq, dqg vxerswlpdo h{huflvh ri wkh rswlrq wr lqyhvw lv uxohg
rxw +vprrwk sdvwlqj frqglwlrq,1 E| wkh olqhdulw| ri +<, dqg xvlqj +43,/ wkh
jhqhudo vroxwlrq lv=

86ET � ' �T q
�c +46,

� lv d frqvwdqw wr eh ghwhuplqhg dqg q� : � lv wkh srvlwlyh urrw ri wkh
txdgudwlf htxdwlrq=

xEq� '
�

2
j2qEq � �� n kq � 4 ' f +47,

Ixuwkhupruh/ dv +46, uhsuhvhqwv wkh rswlrq ydoxh wr rswlpdoo| uhyrnh wkh
frqwudfw/ wkh frqvwdqw � pxvw eh srvlwlyh dqg wkh vroxwlrq lv ydolg ryhu wkh
udqjh ri T iru zklfk lw lv rswlpdo iru wkh uhjxodwru wr nhhs wkh rswlrq dolyh
Efc T Wo1 E| vxevwlwxwlqj +46, iru +44, dqg +45, zh jhw=

T W '
q�

q� � �
Uc zlwk

q�

q� � �
: � +48,

dqg=

<



�ET W� '
�

q�

ET W��3q� : fc

Sxwwlqj wrjhwkhu +;,/ +44,/ +45, dqg +48,/ zh fdq zulwh wkh uhjxodwru*v
lqyhvwphqw rssruwxqlw| dw wlph | dv=

86ET|� '

;A?
A=

�T
q
�

| iru doo T| 	 T W

T| � U iru doo T| � T W

+49,

Wkh rswlpdo wuljjhu ydoxh T W lqglfdwhv wkh xwlolw|*v ydoxh iru zklfk wkh
uhjxodwru zloo �qg lw sur�wdeoh wr uhyrnh wkh frqwudfw1 Ru/ lq rwkhu zrugv/ wkh
orfdo dxwkrulw| zloo �qg lw h{shglhqw wr pdqdjh wkh sxeolf vhuylfh e| lwvhoi
wkh �uvw wlph T|/ udqgrpo|  xfwxdwlqj/ klwv wkh xsshu wkuhvkrog ohyho T W1
Zh duh deoh wr kljkoljkw wkh uhyrfdwlrq wlplqj e| frpsdulqj wkh rssruwx0
qlw| frvwv ri fxuuhqwo| uhyrnlqj wkh frqwudfw dqg wkh fruuhvsrqglqj ehqh�wv
ri rswlpdoo| srvwsrqlqj wkh ghflvlrq1 Wklv fdq eh grqh e| hydoxdwlqj wkh
gl�huhqfh 86ET|�� T f

6ET|�c zkhuh/ e| +49,/ T f
6ET|� ' T| � U lv wkh qhw ydoxh

ri wkh sxeolf xwlolw| zkhq lw lv dftxluhg dw wlph |c dqg 86ET|� ' �T
q
�

| � Li zh
dvvxph T| 	 T W vr wkdw wkh uhjxodwru �qgv lw rswlpdo wr zdlw ehiruh uhyrnlqj/
zh jhw=

86ET|�� T f
6ET|� ' U n�T

q
�

| � T| +4:,

Wkh �uvw whup rq wkh u1k1v1 ri +4:, lv wkh gluhfw frvw ri uhyrfdwlrq1 Wkh
vhfrqg whup lv wkh ydoxh ri wkh rswlrq0wr0uhyrnh/ dqg vlqfh uhyrfdwlrq lpsolhv
�nloolqj� wklv rswlrq/ lq +4:, lw dsshduv dv dq rssruwxqlw| frvw ri fxuuhqw
uhyrfdwlrq1 Wkh wklug whup lv wkh fxuuhqw ydoxh ri wkh surmhfw dqg lv wkxv dq
rssruwxqlw| ehqh�w1 Vlqfh T| 	 T W dqg 86ET|�� T f

6ET|� : fc wkh gluhfw frvw
soxv wkh rssruwxqlw| frvw duh juhdwhu wkdq wkh rssruwxqlw| ehqh�w/ dqg wkh
uhyrfdwlrq ghflvlrq vkrxog eh ghod|hg1

7 Uhyrfdwlrq dqg �up uhjxodwlrq

Iurp wkh suhylrxv vhfwlrq/ rqfh wkh ghohjdwlrq lv lq sodfh/ wkh uhjxodwru grhv
qrw kdyh dq| lqfhqwlyh wr uhyrnh wkh frqwudfw dv orqj dv T| lv ehorz wkh
uhyrfdwlrq ohyho T W� Lqghhg/ dv T| � U � �T

q
�

| 	 f iru doo T| 	 T Wc uhfdoolqj
wkh frqwudfw lpsolhv d frvw wr wkh orfdo dxwkrulw| zklfk pdnhv wkh +wkuhdw ri,
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uhyrfdwlrq qrw fuhgleoh1 Rq wkh frqwudu|/ iru T| : T W wkh orfdo dxwkrulw|*v
jdlq iurppdqdjlqj wkh xwlolw| lv vwulfwo| srvlwlyh/ T|�U : f� Khuh/ wkh wkuhdw
lv fuhgleoh1 Wklv uhyhdov wkh vlpsoh vwdwlrqdu| qdwxuh wkdw wklv h{wuhph wkuhdw
srvvhvvhv= wkh �uvw wlph T klwv T W uhyrfdwlrq lv fduulhg rxw/ wkh �up vx�huv
wkh orvv T W dqg wkh uhjxodwru*v jdlq lv T W � U1 Wklv h{wuhph htxloleulxp
uhsuhvhqwv wkh plqlpd{ srlqw ri wkh jdph1

Wr dyrlg uhyrfdwlrq/ wkh �up pd| eh zloolqj wr uhgxfh sur�wv wr nhhs T|
ehorz T W dqg wkhq wr jxdudqwhh lwv frqwudfw1 Krzhyhu/ zlwkrxw d elqglqj
frpplwphqw dq| oxps vxp uhjxodwlrq/ hydoxdwhg iurp wkh gl�huhqfh T|�T W/
zloo eh lqh!flhqw +Nohlq dqg R*Iodkhuw|/ 4<<6> Vkdyhoo dqg Vslhu/ 4<<9,1 Wkh
�up nqrzv wkdw wkh uhjxodwru kdv dq lqfhqwlyh wr fduu| rxw wkh wkuhdw ri
uhyrfdwlrq dv vrrq dv T W lv klw1 Lq wklv uhvshfw/ wkh uhjxodwru fdq vhw wkh
ohqjwk ri wkh uhodwlrqvkls zkhuhdv wkh �up fdqqrw1 Li wkh �up pdnhv d rqfh0
iru0doo uhgxfwlrq ri wkh xwlolw|*v ydoxh wkh �uvw wlph T| klwv T

Wc wkh uhjxodwru
zloo uhyrnh lpphgldwho| diwhu uhjdugohvv ri wkh ohyho ri wkh uhjxodwlrq xqohvv
T| 	 T W1 Ixuwkhupruh/ e| edfnzdug lqgxfwlrq/ wkh vdph kdsshqv iru dq|
�qlwh qxpehu ri frqwurov1 Wkh �up grhv qrw kdyh dq| lqfhqwlyh wr uhjxodwh
wkh xwlolw|*v ohyho wr ghod| wkh uhyrfdwlrq ghflvlrq1 Wkh uhjxodwru grhv qrw
h{shfw wr vhh uhjxodwlrqv1 Lw/ wkhq/ rswlpdoo| fduulhv rxw wkh wkuhdw dv vrrq
dv T W lv klw1 Wkh xqltxh vxe0jdph shuihfw htxloleulxp lv lqh!flhqw/ vlqfh wkh
uhyrfdwlrq lv fduulhg rxw uhjdugohvv ri wkh �up*v jdlq vwd|lqj lq wkh pdunhw146

Wr dyrlg wklv lqh!flhqf| wkh �up pxvw uhjxodwh lq frqwlqxxp wkh xwlolw|*v
ydoxh1 Dv ghflvlrqv duh wdnhq lq frqwlqxrxv wlph/ iru | � A W wkh �up hohfwv
T W dv lwv fhlolqj dqg fkrrvhv wr uhgxfh h{shfwhg sur�wv yld d grzqzdug
dgmxvwphqw ri wkh rxwsxw sulfh mxvw hqrxjk wr nhhs T| iurp furvvlqj wkh
fhlolqj T Wc vr wkdw frqwlqxlqj wkh frqwudfw ru uhyrnlqj lw pdnhv qr gl�huhqfh
wr wkh uhjxodwru147

46Iru Y A Y �> �111wkh wkuhdwhqhu*v sureohp lv wkdw kh zloo kdyh dq lqfhqwlyh wr fduu| rxw
klv wkuhdw hyhq li kh lv sdlg111111111Ehfdxvh wklv phdqv wkdw wkh ylfwlp zloo qrw suhyhqw wkh
wkuhdwhqhg dfw e| sd|lqj/ kh zloo qrw sd|1 Wkh wkuhdwhqhu fdqqrw ryhufrph wklv sureohp
lq d vlqjoh +ru �qlwh, shulrg vhwwlqj/ dqg klv wkuhdw zloo wkhuhiruh idlo lq wklv yhuvlrq ri wkh
prgho� +Vkdyhoo dqg Vslhu/ 4<<9/ s1 607,1

47Lq frqwlqxrxv wlph uhshdwhg jdphv wkhuh lv qr qrwlrq ri odvw wlph ehiruh w= Wkh uhdo
olqh lv qrw zhoo rughuhg dqg wkhq lqgxfwlrq fdqqrw eh dssolhg1 Frqwlqxrxv wlph fdq eh
vhhq dv glvfuhwh0wlph zlwk d ohqjwk ri uhdfwlrq +ru lqirupdwlrq odj, wkdw ehfrphv lq�qlwho|
qhjoljleoh wr doorz wkh wkuhdwhqhuv wr uhvsrqg lpphgldwho| wr wkh �up*v dfwlrqv1 Lq Vlprq
dqg Vwlqfkfrpeh +4<;<,/ iru h{dpsoh/ d fodvv ri frqwlqxrxv vwudwhjlhv lv gh�qhg vr wkdw
dq| lqfuhdvlqjo| qduurz vhtxhqfh ri glvfuhwh0wlph julgv jhqhudwhv d frqyhujhqw vhtxhqfh ri
jdph rxwfrphv zkrvh olplw lv lqghshqghqw ri wkh julg vhtxhqfh1 Lq Ehujlq dqg PdfOhrg
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Ohwwlqj wkh �up vwduw zlwk wkh lqlwldo ydoxh Tf/ wkh rswlpdo srolf| iurp
khuh rq lv d vlpsoh rqh= iru T| 	 T Wc lw doorzv wkh ydoxh ri wkh xwlolw| wr
hyroyh ryhu wlph dffruglqj wr wkh jhrphwulf Eurzqldq prwlrq +:,> dw T W d
frvwohvv uhjxodwru _o| lv dssolhg wr vwrs wkh surfhvv T| iurp jrlqj deryh T W148

Wkh ryhudoo surfhvv fdq eh ghvfulehg dv=

_T| ' kT|_|n jT|_5| � _o|c Tf ' Tc iru T 5 Efc T Wo +4;,

zkhuh o| uhsuhvhqwv wkh xsvlgh ydoxh ri wkh surmhfw fxw e| uhjxodwlrq1 Wkh lq0
fuhphqw _o| jlyhv wkh vxp wkh �up lv zloolqj wr sd| +l1h1 wkh orvv wkdw wkh �up
lv deoh wr ehdu, ehwzhhq | dqg |n _| wr nhhs wkh frqwudfw dolyh1 Lq whfkqlfdo
whupv/ T W lv qr orqjhu dq devruelqj eduulhu exw lv d +uh hfwlqj, eduulhu frq0
wuro +Kduulvrq dqg Wdnvdu/ 4<;6> Kduulvrq/ 4<;8,/ zkloh wkh rswlpdo frqwuro o|
lv d uljkw0frqwlqxrxv/ qrq0ghfuhdvlqj dqg qrq0qhjdwlyh dgdswhg surfhvv wkdw
wdnhv wkh irup +vhh Dsshqgl{ D dqg �jxuh 6,=

o| ' d�� �?u
AW$�$|

�
T W

T�

�
oT| li T| � T W +4<,

Wklv frqwuro kdv vhyhudo lqwhuhvwlqj ihdwxuhv1 Iluvwo|/ lw uhsuhvhqwv wkh
fxpxodwlyh dprxqw ri wkh surmhfw*v ydoxh wkdw wkh �up dedqgrqv xs wr wlph
|1 Wkh �up pxvw lqfuhdvh o| idvw hqrxjk wr nhhs T|� o| ehorz T W exw zlvkhv
wr h{huw dv olwwoh uhjxodwlrq dv srvvleoh vxemhfw wr wklv frqvwudlqw1 Vhfrqgo|/
wkh uhjxodwlrq o| lv sdudphwul}hg e| wkh lqlwldo frqglwlrq T W zklfk/ lq wxuqv/
ghshqgv rq wkh uhyrfdwlrq frvw U� Wklugo|/ dv o| ghshqgv rqo| rq wkh sulplwlyh
h{rjhqrxv surfhvv T|c wkh uhjxodwhg surfhvv T| � o| lv dovr d Pdunry surfhvv
lq ohyhov +Kduulvrq/ 4<;8/ Sursrvlwlrq :/ s1 ;30;4,1

Wkh �uvw dqg wkh vhfrqg surshuw| pdnh wkh uhjxodwlrq uhodwhg wr sdvw
uhdol}dwlrqv dqg wkhq wr wkh klvwru| ri wkh jdph1 Vlqfh T  xfwxdwhv vwrfkdv0
wlfdoo| ryhu wlph/ dowkrxjk wkh lqwhuyhqwlrq lv frqwlqxrxv/ lwv udwh ri fkdqjh
lv glvfrqwlqxrxv1 Ixuwkhupruh/ wkh odvw surshuw| lv lpsruwdqw dv lw h�hfwlyho|
pdnhv wkh uhjxodwhg surfhvv +4;, d ixqfwlrq vroho| ri wkh vwduwlqj vwdwh1 Dw
wkh ehjlqqlqj ri hdfk shulrg erwk wkh �up dqg wkh uhjxodwru fdq suhglfw wkh
hyroxwlrq ri wkh xwlolw| ydoxh uhihuulqj rqo| wr lwv fxuuhqw vwdwh1

+4<<6, d fodvv ri lqhuwld vwudwhjlhv uhsuhvhqwv d ghod| lq uhvsrqvh= dq dfwlrq dw wlph w pxvw
dovr eh fkrvhq iru d vpdoo shulrg ri wlph diwhu w> zlwk wklv vpdoo shulrg ri wlph whqglqj wr
}hur1

48Wkh dvvxpswlrq wkdw wkh uhjxodwlrq lv frvw0iuhh lv qrw whfkqlfdoo| qhfhvvdu| iru wkh
dqdo|vlv1 Zh fdq dowhuqdwlyho| dvvxph wkdw wkh �up idfhv d frvw Fw @ fgu+Yw, zlwkrxw wklv
dowhulqj wkh uhvxowv1
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Wkh deryh vwudwhjlhv dqg wkh uhjxodwlrq phfkdqlvp +4<, fdq lpsuryh
xsrq vwdwlf qrq0frrshudwlyh rxwfrphv1 Wkhvh vwudwhjlhv lpso| dq lqvwdqwd0
qhrxv uhvsrqvh e| wkh uhjxodwru zkhq wkh �up ghsduwv iurp wkh uhjxodwlrq
uxoh +4<, zlwk wkh plqlpd{ wkuhdw= uhyrfdwlrq1 Lq dgglwlrq/ vlqfh wkh surmhfw
lv lq�qlwho| olyhg/ wkh suhvhqw ydoxh ri iruhjrqh sur�wv zloo hqvxuh sduwlflsd0
wlrq e| wkh �up dqg wkh h{shfwdwlrq ri ixwxuh uhjxodwlrqv nhhsv wkh uhjxodwru
iurp h{huflvlqj wkh wkuhdw1

Sursrvlwlrq Sduw L +Wkuhdw htxloleuld,1 Iru dq| T W : Tf : fc li wkh
�up uhjxodwhv wkh xwlolw|*v ydoxh zlwk wkh qrq0ghfuhdvlqj sursruwlrqdo
uxoh +4<,/ wkhq wkh iroorzlqj uhjxodwru*v vwudwhj| lv d vxe0jdph shuihfw
htxloleulxp=

�ET|c o|� '

;AAAAAAAAAAA?
AAAAAAAAAAA=

Gr qrw uhyrnh
dw | ' A W li wkh �up kdv iroorzhg wkh uxoh o|
wr nhhs T| 	 T W iru |� 	 |

Uhyrnh
li wkh �up kdv ghyldwhg iurp o|
dw dq| |� 	 |

Surri1 vhh Dsshqgl{ D1

Dffruglqj wr wkh ghflvlrq uxoh vwudwhj| wkh �up revhuyhv T|c fkrrvhv dq
dfwlrq +4<, dqg wkh uhjxodwru vwd|v E�ET|c o|� ' �Qrw Uhyrnh� iru doo | � A W�
ru/ htxlydohqwo|/ dw A Wc vhwv d frqwlqxrxv wlph frqwuro uxoh iru hdfk uhdol}dwlrq
ri T| iru dq| | � A W149 Wkh uhjxodwhg xwlolw|*v ydoxh lv rewdlqhg iurp T| e|
lpsrvlwlrq ri dq xsshu frqwuro eduulhu dw T W� Uhjxodwlrq lqfuhdvhv wr nhhs T|
orzhu wkdq T W dqg lw lv jlyhq e| wkh fxpxodwlyh dprxqw ri frqwuro h{huwhg
rq wkh vdpsoh sdwk ri T| xs wr |� Uhjxodwlrq lv uhodwhg wr wkh klvwru| ri
wkh jdph dqg sdvw ydoxh uhdol}dwlrqv/ wklv pdnhv �ET|c o|� d wlph0ghshqghqw
vwudwhj|1 Wkh uhjxodwru*v �wkuhdw� vwudwhj| lv dgrswhg li wkh �up ghyldwhv
iurp wkh uhjxodwlrq uxoh +4<,1 Wkh uhjxodwru eholhyhv wkdw wklv phfkdqlvp/
iurp lqlwldo gdwh dqg vwdwh EA Wc T W�c lv nhsw lq xvh iru wkh zkroh +vwrfkdvwlf,
sodqqlqj krul}rq1 Li wkh �up ghyldwhv/ wkh uhjxodwru h{shfwv d iuhvk uxoh1 Wkh
sxqlvkphqw iru wkh �up ghyldwlqj iurp wkh dqqrxqfhg uxoh lv uhyrfdwlrq14:

49Lq rxu frqwlqxrxv wlph vhwwlqj zh fdq dvvxph/ zlwkrxw dq| orvv ri jhqhudolw|/ wkdw
zkhq wkh uhjxodwru lv lqgl�huhqw lw grhv qrw h{huflvh wkh wkuhdw> vhh irrwqrwh q146

4:Wkh �up fdqqrw frpplw lwvhoi wr fkdqjlqj wkh uxoh zlwkrxw orvlqj lwv fuhglelolw|1 Lq
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Krzhyhu/ dowkrxjk wkh xwlolw| olyhv iruhyhu/ wkh uhjxodwlrq wdnhv sodfh
zlwklq d �qlwh +vwrfkdvwlf, wlph vsdq1 Rzlqj wr xqfhuwdlqw|/ qhlwkhu sod|hu
fdq shuihfwo| suhglfw T| hdfk wlph1 Dv T| iroorzv d udqgrp zdon wkhuh lv/ iru
hdfk wlph lqwhuydo _|c d frqvwdqw suredelolw| ri prylqj xs ru grzq/ l1h1 ri
wkh jdph frqwlqxlqj rqh pruh shulrg1 Wkh jdph hqgv lq �qlwh +vwrfkdvwlf,
wlph zlwk suredelolw| rqh/ exw hyhu|wklqj lv dv li wkh krul}rq zhuh lq�qlwh14;

Sursrvlwlrq Sduw LL +Uhjxodwlrq wlplqj,1 Dv orqj dv T| 	 T W qrwklqj
lv grqh1 Wkh �uvw wlph T| furvvhv iurp ehorz T Wc dw A W ' �?uE| � f m
T| � T W ' fn�/ wkh �up uhjxodwhv xvlqj +4<, wr nhhs wkh uhjxodwru
lqgl�huhqw wr uhyrnlqj1 Uhjxodwlrq jrhv rq xs wr wkh srlqw zkhuh wkh
xquhjxodwhg xwlowl|*v ydoxh T| furvvhv iurp deryh wkh wuljjhu T W dqg wkh
uhjxodwru ehfrphv +djdlq, lqgl�huhqw/ l1h1 A W� ' �?uE| � A W m T|� T W '
f3��

Surri1 vhh Dsshqgl{ D1
Vlqfh wkh uhjxodwru*v vwudwhj| lv wlph0ghshqghqw/ wkh �up fdqqrw ghflgh

zkhwkhu wr frqwlqxh ru vwrs wkh uhjxodwlrq uhihuulqj rqo| wr wkh fxuuhqw uh0
dol}dwlrq ri T|� Li wkh uhjxodwhg ydoxh T| � o| jrhv ehorz T W/ lq wkh lqwhuydo
dA Wc A W�� wkh �up pd| eh zloolqj wr vwrs uhjxodwlrq wr lqfuhdvh wkh xwlolw|*v
ydoxh1 Krzhyhu/ iru wkh vdnh ri shuihfwqhvv/ hduolhu lqwhuuxswlrq lv qrw doorzhg
ehiruh A W�� Hduolhu lqwhuuxswlrqv duh qrw ihdvleoh dv orqj dv wkh wkuhdw ri for0
vxuh e| wkh sxeolf dxwkrulw| lv fuhgleoh1 Wkh fuhglelolw| uholhv rq wkh idfw wkdw
wkh uhjxodwru*v rswlrq0wr0uhyrnh li wkh �up ghyldwhv iurp o| lv dozd|v zruwk
h{huflvlqj dw T| � T Wc l1h1 86ET|� � 86ET

W�� Dw A W�/ krzhyhu/ wkh �up lv
deoh wr uhvwruh wkh surfhvv T| dqg wkh jdph fdq vwduw diuhvk1 Wkh wlplqj ri
wkh jdph lv vkrzq lq �jxuh 4 ehorz1

Iljxuh 4 derxw khuh

wklv uhvshfw/ d fkdqjh lq wkh uhjxodwlrq srolf| lv shufhlyhg e| wkh uhjxodwru dv d vwrssdjh
ri uhjxodwlrq1

4;Lq d glvfuhwh0wlph dqg frqvwdqw0sd|r�v jdph/ Vkdyhoo dqg Vslhu +4<<9, sursrvh d
vlplodu vfkhph/ zkhuh wkh wkuhdwhqhu xvhv d wkuhdw vwudwhj| zlwk pd{lpdo sxqlvkphqwv1
Rxu frqwlqxrxv wlph iudphzrun fdoov iru d uh�qhphqw ri wkh wkuhdw vwudwhj| dv lq irrwqrwh
q1461
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8 Dqdo|vlv ri wkh uhvxowv dqg srolf| lpsolfd0

wlrqv

Dowkrxjk rxu uhjxodwlrq phfkdqlvp pd| odfn vrph ihdwxuhv ri uhdo vfkhphv/
vhyhudo qryho lpsolfdwlrqv iroorz iurp rxu dqdo|vlv1 Zh vxppdul}h wkh glv0
fxvvlrqv ri rxu uhvxowv lq wkh iroorzlqj vl{ lwhpv1

� Wkh uhjxodwru| uxoh

Wkh uhjxodwru| uxoh +4<, lv hqgrjhqrxv1 Lw ulvhv dv rswlpdo uhvsrqvh iurp
d frqwlqxrxv udwh ri khdulqj ehwzhhq d uhjxodwhg �up dqg d uhjxodwru wkdw
fdqqrw vljq elqglqj frqwudfwv zlwk wkh �up lw uhjxodwhv1 Wkh uxoh lv g|qdplf
lq qdwxuh= vxfk d uhshwlwlrq ri wkh uhodwlrqvkls vxevwlwxwhv orqj0whup frq0
wudfwv dqg jxdudqwhhv wkh �up zlwk dq �doorzhg� ohyho ri uhwxuq1 Pruhryhu/
uhfdoolqj wkh qrq0ghfuhdvlqj surshuw|/ wklv uxoh pd| dsshdu dv dq �lqvxudqfh
suhplxp� edvhg rq wkh ydoxh ri wkh xwlolw| T|/ sdlg lq frqwlqxrxv wlph dqg
lq dgydqfh e| wkh �up wr dyrlg uhyrfdwlrq1 Wkh �up vwduwv sd|lqj wkh �uvw
wlph T| jrhv deryh T

W +wkh �uvw rffxuuhqfh wlph, dqg fdqqrw vwrs ru uhgxfh
lw vlqfh wklv zrxog fdqfho lwv fryhudjh1 Zkhq wkh xwlolw|*v ydoxh jrhv djdlq
deryh T W +wkh vhfrqg rffxuuhqfh wlph,/ wkh �up zloo eh dvnhg wr lqfuhdvh lwv
suhplxp wr pdlqwdlq wkh fryhudjh1 Lq rwkhu zrugv/ lw frqwlqxhv sd|lqj hyhq
zkhq �wklqjv jhw ehwwhu� +sur�wv ghfuhdvh dv zhoo dv wkh orfdo dxwkrulw|*v
ydoxh ri uhyrnlqj wkh frqwudfw, lq rughu wr kdyh wkh rswlrq ri ehlqj dfwlyh
qh{w wlph wkh ydoxh jrhv deryh T W1 Lw iroorzv wkdw wkh qhz uhjxodwlrq lv
kljkhu/ vlqfh wkh �up sd|v wkh suhplxp gxh diwhu wkh �vhfrqg rffxuuhqfh�
+vhh �jxuh 6 lq wkh Dsshqgl{ D,1

� Rswlrq0wr0uhyrnh dv d wrro iru froohfwlyh zhoiduh

Wkh kljkhu wkh frvw ri uhyrnlqj wkh frqwudfw/ wkh kljkhu wkh rswlrq0wr0uhyrnh
zklfk lqfuhdvhv wkh ydoxh ri zdlwlqj iru ehwwhu lqirupdwlrq rq wkh vwrfkdvwlf
hyroxwlrq ri wkh xwlolw| ehiruh wkh orfdo dxwkrulw| frpplwv lwvhoi wr wkh lqyhvw0
phqw ghflvlrq1 Zlwk wklv lq plqg/ zh fdq orrn dw wkh uhjxodwru| uxoh iurp
wkh shuvshfwlyh ri froohfwlyh zhoiduh pd{lpl}dwlrq1 Lq wklv vshfl�f lqvwdqfh
wkh h{shfwhg ydoxh ri fxpxodwlyh ixwxuh suhplxpv +htxdwlrqv +5:, dqg +73,
lq Dsshqgl{, fdq eh h{suhvvhg dw wlph | dv =
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ET W��3q� : f dqg T o
| lv wkh uhjxodwhg ydoxh dv lq +4;,1 Htxd0

wlrq +53, lv wkh �up*v h{shfwhg fxpxodwlyh frqwurov lq whupv ri orzhu rxwsxw
sulfh1 Wkh dgrswlrq ri wkh srolf| uxoh +4<, phdqv wkdw lw pdnhv qr gl�huhqfh
wr d �orfdo frppxqlw|� zkhwkhu lw uhfhlyhv ehqh�wv iurp wkh �up*v uhjxod0
wlrqv ru iurp wkh orfdo dxwkrulw|*v pd{lpl}dwlrq ri wkh glvfrxqwhg frqvxphu
vxusoxv +vhh Dsshqgl{ E,/ l1h14<=

�ET W�T
q
�

| ��ET W�T
q
�

| ' fc iru | � A W�

� Sulfh dgmxvwphqw

Rqfh wkh qxphulfdo ydoxh iru T W lv nqrzq/ e| xvlqj +7, dqg +8,/ wkh rswlpdo
srolf| +48, fdq eh zulwwhq dv=

E�� )�)�31R1w '
q�

q� � �
E4� k�U +54,

zlwk w ' wW iru R ' 	R� E| lqyhuwlqj +54, zh fdq rewdlq wkh rswlpdo erxqgdu|
ixqfwlrq REw� zklfk ghwhuplqhv wkh rswlpdo sulfh uhjxodwlrq dv d ixqfwlrq ri
wkh vroh vwdwh yduldeoh w dqg wkh sdudphwhu ri wkh sureohp 1 G

R ' 	R

#
wW

w

$�*1

zlwk
_R

_w
	 f +55,

Wkh erxqgdu| ixqfwlrq lv vkrzq lq Iljxuh 51 Iru dq| jlyhq ydoxh ri frqwudf0
wxdo sulfh 	Rc udqgrp  xfwxdwlrqv ri w pryh wkh srlqw +wc R, krul}rqwdoo| rq
wkh ohiw ru rq wkh uljkw1 Li wkh srlqw jrhv rq wkh uljkw ri wkh erxqgdu|/ wkhq

4<Irupdo surri +vhh Dsshqgl{ D, vkrzv wkdw wkh uhjxodwru lq uhyrnlqj wkh frqwudfw grhv
vr lq udwlrqdo h{shfwdwlrq ri vxevhtxhqw +pdujlqdo, sulfh uhjxodwlrqv e| wkh �up1 Lw wxuqv
rxw wkdw iru wkh uhjxodwru wklv pdnhv qr gl�huhqfh wr wkh wudgh0r� ehwzhhq uhyrnlqj qrz
dqg zdlwlqj dqrwkhu lqvwdqw/ l1h1 wkh uhjxodwru*v rswlrq ydoxh lv lghqwlfdoo| }hur1 Vhh Ohdk|
+4<<6, iru wkh vdph uhvxow lq wkh frqwh{w ri d frpshwlwlyh lqgxvwu|1
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d sulfh uhgxfwlrq lv lpphgldwho| xqghuwdnhq vr wkdw wkh srlqw vkliw grzq wr
wkh erxqgdu|1 Li w vwd|v rq wkh ohiw ri wkh erxqgdu|/ qr qhz sulfh uhjxod0
wlrq lv xqghuwdnhq1 Sulfh uhgxfwlrq surfhhgv judgxdoo| wr pdlqwdlq +54, dv
dq htxdolw|1

Iljxuh 5 derxw khuh

� Wkh uhjxodwlrq dv d volglqj vfdoh

Rxu uhvxow hvwdeolvkhv d frqqhfwlrq ehwzhhq URU uhjxodwlrq dqg sulfh fds
uhjxodwlrq1 Lq idfw/ vlpsoh dojheud doorzv xv wr zulwh wkh srolf| uxoh +4<, dv d
volglqj vfdoh ryhu dq doorzhg udwh ri uhwxuq +Mrvnrz dqg Vfkpdohqvhh/ 4<;9/
s1 5<,=53

ro| ' r| n �| Er
W � r|� c zlwk �| '

;?
=

f c iru rf � r| 	 rW
�3 �?u

AW$�$|
ET W*T��

�3ET W*T|�
c iru r| � rW

+56,

zkhuh ro| '
T o

|

U
c r| '

T|
U
dqg rW ' T W

U
� E| +56,/ wkh dfwxdo udwh ri uhwxuq xqghu

uhjxodwlrq ro| lv jlyhq e| wkh dfwxdo udwh ri uhwxuq zlwkrxw uhjxodwlrq r|/ l1h1
dw wkh rxwsxw sulfh wkdw suhydlov lq wlph |c soxv wkh dgmxvwphqw rW�r|/ zkhuh
wkh uhyrfdwlrq udwh rW sod|v wkh uroh ri wkh xsshu �doorzhg� udwh ri uhwxuq1
Wkxv/ li dw wlph | wkh hduqhg udwh ri uhwxuq jrhv deryh rWc wkh rxwsxw sulfh lv
dgmxvwhg dffruglqj wr +55, e| wkh �up wr ghfuhdvh wkh udwh ri uhwxuq e| wkh
iudfwlrq �| � � ri wkh gl�huhqfh ehwzhhq wkh hduqhg udwh ri uhwxuq dqg wkh
doorzhg udwh ri uhwxuq1
Frqwudvwlqj zlwk wkh irupxod sursrvhg e| Mrvnrz dqg Vfkpdohqvhh +4<;9,/
lq +56, �| lv wlph0ghshqghqw dqg qrw0ghfuhdvlqj1 Wkdw lv/ �| lv wkh rswlpdo
dgmxvwphqw udwh wkdw nhhsv wkh uhjxodwru lqgl�huhqw ehwzhhq uhyrnlqj wkh
frqwudfw dqg ohdylqj wkh surmhfw wr wkh �up1 Wr rewdlq frqvlvwhqw ehkdylru
e| wkh �up/ �| fdqqrw ghfuhdvh zkhq wkh gl�huhqfh ehwzhhq wkh hduqhg udwh

53Wkh irupxod sursrvhg e| Mrvnrz dqg Vfkpdohqvhh +4<;9/ s1 5<, zrxog dgmxvw sulfhv

vr wkdw wkh dfwxdo udwh ri uhwxuq vuw dw qhz sulfhv zrxog eh jlyhq e|= vuw @ vw.k +v� � vw, >
zkhuh vw lv wkh udwh ri uhwxuq dw wkh sulfhv lq wkh |hdu w +rog sulfhv,/ k lv d frqvwdqw ehwzhhq
}hur dqg rqh dqg v� lv wkh URU wdujhw1
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ri uhwxuq dqg wkh doorzhg udwh ri uhwxuq gursv1 Lw iroorzv wkdw lq wkh shulrg
f � | 	 A W zkhuh r| 	 rW/ zh zloo kdyh �| ' f dqg ro| ' r|� Gxulqj wklv
uhjxodwru| odj wkh �up lv doorzhg wr hduq wkh dfwxdo udwh ri uhwxuq dw wkh
udwhv �{hg dw wlph | ' fc l1h1 R| ' 	R +d shulrg ri sulfh0fds ru �{hg sulfh
uhjxodwlrq shulrg,154 Zkhq r| � rW/ lq shulrg | � A W/ wkh dgmxvwphqw udwh
�| mxpsv wr � dqg lw zloo uhpdlq dw wkdw ydoxh xqwlo _T| : f vr wkdw ro| ' rW�
Wkh �up lv doorzhg wr hduq d udwh ri uhwxuq qr juhdwhu wkdq wkh xsshu udwh
rW ' q

�

q
�
3�

: � dqg R| 	 	R +d shulrg ri URU uhjxodwlrq,1 Krzhyhu/ lq shulrgv

zkhuh _T| 	 f zh zloo kdyh �| : � lq rughu wr nhhs wkh gl�huhqfh ro| � r|
frqvwdqw dw wkh kljkhvw ohyho uhdfkhg xs wr |1

� Uhjxodwru| lqirupdwlrq

Wkh uxoh +56, lv sdudphwul}hg e| wkh uhyrfdwlrq udwh rW1 Vr/ lq wkh vshfl�f/ wkh
nh| yduldeoh iru wkh ydoxh ri wkh rswlrq0wr0uhyrnh dqg wkxv iru wkh uhjxodwru*v
srvlwlrq gxulqj wkh ghohjdwlrq shulrg lv wkh gluhfw frvw U zklfk 0 lq wxuq0
ghshqgv/ h{foxglqj lqghpqlwlhv rq wkh ydoxh ri wkh lqyhvwphqw/ rq wudlqlqj
dqg klulqj frvwv iru txdol�hg shuvrqqho/ frvwv ri surfxulqj qhz whfkqrorj|
dqg ohjdo frvwv li wkh �up ghflghv wr vxh wkh orfdo dxwkrulw| iru euhdnlqj wkh
frqwudfw1 Wkxv/ wkh lqlwldo vhw ri lqirupdwlrq dqg wkh ghpdqg2frvw gdwd wkh
uhjxodwru xvhv duh ixqgdphqwdo lq ghwhuplqlqj wkh ohqjwk ri wkh uhjxodwru|
odj1 Wklv h�hfw frxog eh zhljkwhg zlwk uhvshfw wr wkh zhoo0nqrzq wudghr�
lq URU olwhudwxuh ehwzhhq d vkruw uhjxodwru| odj wkdw surprwhv doorfdwlyh
h!flhqf| exw lv edg iru surgxfwlyh h!flhqf|/ dqg d orqj uhjxodwru| odj wkdw
surgxfhv wkh rssrvlwh h�hfw rq doorfdwlyh dqg surgxfwlyh h!flhqf|1

Ixuwkhupruh/ wkh uhyrfdwlrq udwh rW lv uhodwhg wr wkh fuhglelolw| ri wkh
uhjxodwru/ jlyhq wkh �up*v lqirupdwlrq rq wkh uhjxodwru*v uhyrfdwlrq frvwv1
Wklv fuhglelolw| lv uhohydqw iru wkh uhqhjrwldwlrq surfhvv vlqfh lw ghwhuplqhv
wkh uhjxodwru*v edujdlqlqj srzhu zlwk wkh ghohjdwhg �up dqg 0 lq wxuq 0 wkh
wlplqj ri frqwudfw uhqhzdo1 Lqghhg/ li wkh uhyrfdwlrq frvwv/ rq wkh rqh kdqg/
phdvxuh wkh �lqh!flhqflhv� wkh orfdo dxwkrulw| lqfxuv e| gluhfw pdqdjhphqw
dqg duh/ wkhuhiruh/ xvhg wr srvlwlyho| hydoxdwh wkh ghflvlrq wr ghohjdwh wkh
sxeolf vhuylfh wr d sulydwh rshudwru/ rq wkh rwkhu kdqg/ wkh| udlvh wkh sure0
ohp ri wkh luuhyhuvlelolw| ri wkh ghohjdwlrq rqfh lw lv wdnhq1 Lq wkh fdvh ri
orfdo surylvlrq ri xwlolwlhv zh uhihu wr/ diwhu wkh ghohjdwlrq kdv wdnhq sodfh

54Vlqfh wkh gl�huhqfh ehwzhhq d sulfh0fds dqg d �{hg sulfh uhjlph vhhpv wr eh uhohydqw
zkhq wkh uhjxodwhg �up idfhv frpshwlwlrq/ zkhuh wkh sulfh0fds surylghv rqo| d fhlolqj
udwkhu wkdq erwk d fhlolqj dqg d  rru/ zh gr qrw dgrsw wklv glvwlqfwlrq khuh1
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wkh pxqlflsdo dxwkrulw| sod|v wkh uroh ri d uhjxodwru zlwk uhvshfw wr wkh sul0
ydwh �up= wkh lqh{shulhqfh ri wkh pxqlflsdo dxwkrulw| lq wklv uroh fdq d�hfw
qhjdwlyho| lwv fuhglelolw| dqg wkxv ghwhuplqh d qhjrwldwlqj glvdgydqwdjh1

� Pdunhw h{shfwdwlrqv

Ilqdoo|/ dv orqj dv sxeolf xwlolwlhv duh qrw wudghg lq olplwhg vxsso| iru lq0
yhvwphqw sxusrvhv e| d odujh qxpehu ri lqyhvwruv/ wkhlu jurzwk udwh k pd|
dfwxdoo| idoo ehorz wkh htxloleulxp wrwdo h{shfwhg udwh ri uhwxuq 	k uhtxluhg
lq wkh pdunhw e| lqyhvwruv iurp dq htxlydohqw0ulvn wudghg �qdqfldo vhfxulw|/
l1h1 B � 	k � k : f +PfGrqdog dqg Vlhjho/ 4<;9,1 Krzhyhu/ e| wkh dvvhw
sulfh htxloleulxp uhodwlrqvkls 	k� o ' bjc zh duh deoh wr hydoxdwh wkh uhjxod0
wru*v ydoxh ri wkh rswlrq0wr0uhyrnh/ uhsodflqj k zlwk wkh ulvn0dgmxvwhg udwh ri
jurzwk k�bj ' o�B dqg ehkdylqj dv li wkh zrug zhuh ulvn qhxwudo= zkhuh o
lv wkh ulvn0iuhh udwh ri lqwhuhvw/ B lv wkh ehorz0htxloleulxp uhwxuq vkruwidoo dqg
b lv wkh xwlolw|*v pdunhw sulfh ri ulvn1 Wkh doorzhg udwh ri uhwxuq ehfrphv=

rW ' rWEoc bc j�

Dowkrxjk/ lw vhhpv uhdvrqdeoh wr dvvxph wkdw xwlolwlhv zlwk kljkhu �fdslwdo
frvwv� zloo eh doorzhg wr hduq kljkhu udwhv ri uhwxuq/ l1h1 YrW

Yo
: fc lw lv dovr

frq�uphg wkh hpslulfdo hylghqfh wkdw d kljkhu v|vwhpdwlf ulvn/ dv phdvxuhg
wkurxjk wkh pdunhw sulfh ri ulvn bc uhvxowv lq d kljkhu doorzhg udwh0ri0uhwxuq/
l1h1 YrW

Yb
: f +Idq dqg Frzlqj/ 4<<7,1 Ixuwkhupruh/ d kljkhu yrodwlolw| dovr

lqfuhdvhv wkh doorzhg udwh ri uhwxuq/ l1h1 YrW

Yj
: f/ exw iru uhdvrqv rwkhu wkdq

wkrvh uhodwhg wr lqwhuhvw udwhv dqg v|vwhpdwlf ulvn1 Iurp vhfwlrq 6 zh nqrz
wkdw dq lqfuhdvh lq wkh lqvwdqwdqhrxv yduldqfh/ j2c ri wkh uhyhqxh surfhvv
uhgxfhv q� dqg wkhq lqfuhdvhv wkh rswlrq pxowlso| q

�

q
�
3�
� Dv d uhvxow/ zkhq wkh

xwlolw|*v pdunhw ru hfrqrplf hqylurqphqw ehfrphv pruh yrodwloh/ wkh pdunhw
ydoxh ri wkh sxeolf surmhfw fdq jr xs/ exw lw dovr lqfuhdvhv wkh uhjxodwru*v
ydoxh ri nhhslqj wkh uhyrfdwlrq rssruwxqlw| dolyh1 Wkxv/ wkh doorzhg udwh
ri uhwxuq rW lv kljkhu vlqfh wkh uhjxodwru rswlpdo srolf| lv wr odj ehklqg lq
uhyrnlqj wkh frqwudfw zlwk wkh �up1

9 Frqfoxvlrqv

Lq wklv sdshu zh kdyh prghoohg wkh uhjxodwlrq ri d orfdo sxeolf xwlolw| dv d
orqj0whup uhodwlrqvkls ehwzhhq d �up dqg lwv uhjxodwru1 Diwhu irupxodwlqj
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d wlph0ghshqghqw vxshujdph lq frqwlqxrxv wlph/ zh kdyh vkrzq wkdw zkhq
wkh uhjxodwru kdv d fuhgleoh wkuhdw ri uhyrnlqj wkh frqwudfw dqg wkh frvw ri
uhyrfdwlrq lv qrw wrr kljk/ wkh frrshudwlyh htxloleulxp lv dq h!flhqw vroxwlrq1
Vxfk d uhshwlwlrq ri wkh uhodwlrqvkls pd| vxevwlwxwh orqj0whup frqwudfwv dqg
jxdudqwhh xwlolwlhv zlwk dq dssursuldwh ohyho ri sur�wv1 Ixuwkhupruh/ vlqfh
wkh rxwsxw sulfh lv frqwudfwxdoo| �{hg dw wlph }hur dqg wkh �up lv wkh uhvlg0
xdo fodlpdqw iru lwv sur�wv/ zh kdyh d vwrfkdvwlf uhjxodwru| odj zkhuh wkh
uhjxodwlrq kdv d �{hg0sulfh qdwxuh1 H{fhvvlyh uhyrfdwlrq frvw pdnhv wkh �up
dq xquhjxodwhg prqrsrolvw zlwk dq lq�qlwh uhjxodwru| odj1 Wklv �{hg0sulfh
uhjxodwlrq lv iroorzhg e| d shulrg ri udwh0ri0uhwxuq uhjxodwlrq lq zklfk wkh
�up lv lqgxfhg wr dgmxvw lwv rxwsxw sulfh grzqzdug wr nhhs lwv udwh ri uhwxuq
ehorz wkh doorzhg rqh vhw e| wkh uhjxodwru dqg dyrlg uhyrfdwlrq1
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D Dsshqgl{= Wkh wkuhdw jdph

Zh suryh wkdw wkh uhjxodwru| vfkhph sursrvhg lv d shuihfw htxloleulxp eh0
orqjlqj wr wkh fodvv ri h!flhqw shuihfw htxloleuld +zklfk pd| eh yhu| odujh,
iru wkh frqwlqxrxv wlph wkuhdw0jdph ghvfulehg lq wkh wh{w1

4, Uhjxodwlrq phfkdqlvp

Zh gh�qh wkh uhjxodwlrq dv wkh qhjdwlyh lqfuhphqw _T| wr ohw T| vwd| dw
T Wcwkdw lv/ d srolf| frqwuro lv d surfhvv ~ ' i~|c | � fj dqg d uhjxodwhg
surfhvv T o ' iT o

| c | � fj vxfk wkdw

T o
| � T|~|c iru T o

| 5 Efc T Woc +57,

zkhuh=

� �� T| lv d jhrphwulf Eurzqldq prwlrq/ zlwk vwrfkdvwlf gl�huhqwldo dv lq
+:,>

� ��� ~| lv d ghfuhdvlqj dqg frqwlqxrxv surfhvv zlwk uhvshfw wr T| >

� ���� ~f ' � li Tf � T Wc dqg ~f ' T W*Tf li Tf : T W vr wkdw T o
f ' T W>

� ��� ~| ghfuhdvhv rqo| zkhq T o
| ' T W1

Dsso|lqj Lwr*v ohppd wr +57,/ zh jhw=

_T o
| ' kT o

| _|n jT o
| _5| n T o

|

_~|

~|

c T o
f 5 Efc T Wo

zkhuh T o
|
_~|
~|
� T|_~| ' �_o| lv wkh lq�qlwhvlpdoo| vpdoo ohyho ri ydoxh jlyhq

xs e| wkh �up1 Lq whupv ri wkh uhjxodwhg surfhvv T o
| / zh fdq zulwh=

o| � oET|� ' T| � T o
| � E�� ~|�T|c +58,

Dowkrxjk wkh surfhvv ~| pd| kdyh d mxps dw wlph | ' f lw lv frqwlqxrxv
dqg pdlqwdlqv T| ehorz wkh eduulhu xvlqj wkh plqlpxp dprxqw ri frqwuro/ lq
wkdw frqwuro wdnhv sodfhv rqo| zkhq T| furvvhv T

W iurp ehorz zlwk suredelolw|
rqh lq wkh devhqfh ri uhjxodwlrq1 Wkhuhiruh/ lq wkh fdvh ri Tf 	 T Wc zh jhw
T o
| � T|c zlwk lqlwldo frqglwlrq T o

f � Tf ' Tc dqg ~| ' �� Dw A W � A ET W� '
�?uE| � f m T| � T W ' fn� wkh uhjxodwlrq vwduwv vr dv wr pdlqwdlq T o

| ' T W�
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Wkh �up uhjxodwhv wkh xwlolw|*v ydoxh e| wkh dprxqw o| ' T| � T o
| � f hyhu|

wlph T W lv klw1
Ilqdoo|/ wkh vdph frqglwlrqv E��� E��� xqltxho| ghwhuplqh ~| zlwk wkh uhsuh0
vhqwdwlrq irup +Kduulvrq/4<;8> sursrvlwlrq 6/ s1 4<053,=55

~| �

;?
=

4�?E�c T W*Tf� iru | ' f
�?u

f$�$|
ET W*T�� iru | � f +59,

Iljxuh 6 derxw khuh

5, Frvw ri uhjxodwlrq

Ohw*v qrz lqglfdwh zlwk -ET o(T W� wkh h{shfwhg ydoxh ri ixwxuh fxpxodwlyh
orvvhv lq whupv ri wkh �up*v ydoxh gxh wr wkh uhjxodwlrq1 Dv qhlwkhu sod|hu
fdq suhglfw wkh hqg ri wkh jdph/ wkh udwlrqdo sod|hu hydoxdwhv - frqvlghulqj
wkh lq�qlwh olih ri wkh surmhfw=

-ET o
f (T

W� ' .f

�]
"

f
e34|_oET|� m T

o
f 5 Efc T Wo

�
+5:,

' �.f

�]
"

f

e34|T|_~|o m T
o
f 5 Efc T Wo

�

Vlqfh T o
| lv d Pdunry surfhvv lq ohyhov +Kduulvrq/ 4<;8/ sursrvlwlrq :/ s1;30

;4,/ zh nqrz wkdw wkh deryh frqglwlrqdo h{shfwdwlrq lv lq idfw d ixqfwlrq
vroho| ri wkh vwduwlqj vwdwh156 Nhhslqj wkh ghshqghqfh ri - rq T o

| dfwlyh

55Wklv lv dq dssolfdwlrq ri d zhoo0nqrzq uhvxow e| Ohy| +4<7;,/ iru zklfk wkh surfhvv=

oqY u
w � oqYw . oq]w � oqYw � lqi

3�y�w
+oqYy � oqY �,

kdv wkh vdph glvwulexwlrq dv wkh �uh hfwhg Eurzqldq surfhvv� m oqYw � oqY � m =
56Iru Y3 @ Y A Y � rswlpdo frqwuro zrxog uhtxluh ] wr kdyh d mxps dw }hur vr dv wr

hqvxuh Y u
3 @ Y �= Lq wklv fdvh wkh lqwhjudo rq wkh uljkw ri +5:, lv gh�qhg wr lqfoxgh wkh

frqwuro frvw u3 lqfxuuhg dw w @ 3> wkdw lv +vhh Kduulvrq 4<;8/ s14350436,=]
4

3

h��wguw � u3 .

]
+3>4,

h��wguw

zkhuh u3 @ Y � Y u
3 =
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dqg dvvxplqj wkdw lw lv wzlfh frqwlqxrxvo| gl�huhqwldeoh/ e| Lwr*v ohppd zh
jhw=

_- ' -�_T o
| n

�

2
-��E_T o

| �
2 +5;,

' -�E~|_T| n T|_~|� n
�

2
-��~2

| E_T|�
2

' -�EkT o
| _|n jT o

| _5| n T o
|

_~|

~|

� n
�

2
-��~2

| j
2_|

'
�

2
-��j2T o2

| _|n-�kT o
| _|n-�jT o

| _5| n-�T o
|

_~|

~|

zkhuh lw kdv ehhq wdnhq lqwr dffrxqw wkdw iru d �qlwh0yduldwlrq surfhvv olnh
~|c+_~|,

2 ' f� Dv _~| ' f h{fhsw zkhq T o
| ' T W zh duh deoh wr uhzulwh +5;,

dv=

_-ET o
| (T

W� ' d
�

2
j2T o2

| -��ET o
| (T

W� n kT o
| -

�ET o
| (T

W�o_| +5<,

njT o
| -

�ET o
| (T

W� _5| � -�ET W(T W�_oET|�

Wklv lv d vwrfkdvwlf gl�huhqwldo htxdwlrq lq -� Lqwhjudwlqj e| sduw wkh surfhvv
-e3o| zh jhw +Kduulvrq/ 4<;8/ s1:6,=

e34|-ET o
| (T

W� ' -ET o
f (T

W�n +63,

n
] |

f

e34r
�
�

2
j2T o2

r -��ET o
r (T

W� n kT o
r -

�ET o
r (T

W�� 4-ET o
r (T

W�
�
_r

nj
] |

f

e34rT o
r -

�ET o
r (T

W� _5r �-�ET W(T W�
] |

f

e34r_oETr�

Wdnlqj wkh h{shfwdwlrq ri +63, dqg ohwwlqj |$4c li wkh iroorzlqj frqglwlrqv
dsso|=

+d, *�4
,<f

�hdA E,� 	 A ET W� m T o
f 5 Efc T Woo ' f iru , � T o

| 	 T W 	 4c zkhuh

A E,� ' �?uE| � f m T o
| ' ,� dqg A ET W� ' �?uE| � f m T o

| ' T W�(

+e, -ET o
| (T

W�� lv erxqghg zlwklq Efc T Wo(
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+f, e34|T o
| -

�ET o
| (T

W� lv erxqghg zlwklq Efc T Wo(

+g, -�ET W(T W� ' �(

+h, �

2
j2T o2

| -��ET o
| (T

W� n kT o
| -

�ET o
| (T

W�� 4-ET o
| (T

W� ' fc

zh rewdlq -ET o(T W� dv lqglfdwhg lq +5:,1 Frqglwlrq +d, vd|v wkdw wkh sure0
delolw| wkdw wkh uhjxodwhg surfhvv T o

| uhdfkhv }hur ehiruh uhdfklqj dqrwkhu
srlqw zlwklq wkh vhw Efc T Wo lv }hur1 Dv T o

| lv d jhrphwulf w|sh ri surfhvv wklv
frqglwlrq lv/ lq jhqhudo/ dozd|v vdwlv�hg +Nduolq dqg Wd|oru/ 4<;4/ s1 55;0
563,1 Ixuwkhupruh/ li frqglwlrq +d, krogv dqg -ET o(T W� lv erxqghg wkhq
frqglwlrqv +e, dqg +f, dovr krog1 Dffruglqj wr wkh olqhdulw| ri +h, dqg xvlqj
+g,/ wkh jhqhudo vroxwlrq kdv wkh irup=

-ET o
f (T

W� ' �ET W�ET o
f �

q
�c +64,

zlwk=

�ET W� '
�

q�

ET W��3q� : f� +65,

Dv iru Tf � T Wc ~f ' � dqg T o
f ' Tf ' Tc wkhq -ET o

f (T
W� ' -ET (T W��

Rq wkh rwkhu kdqg/ li Tf : T Wc zh jhw ~f ' T W*Tfc vr wkdw T o
f ' T W dqg

-ET o
f (T

W� ' -ET W(T W��

6, Wkh ydoxh ri wkh rswlrq0wr0uhyrnh

Dowkrxjk wkh �up suhihuv wr uhjxodwh udwkhu wkdq forvh +l1h1 wkh orvv iurp
forvxuh lv odujhu wkdq wkh +h{shfwhg, frvw ri uhjxodwlrq,/ lw dozd|v suhihuv
wr vwrs uhjxodwlrq li wkh wkuhdw ri uhyrfdwlrq lv qrw fduulhg rxw/ l1h1 o| '
T| � T o

| � fc iru doo | � A W� Wr vlpsoli| glvfxvvlrq zh dvvxph wkdw Tf 	 T W

vr wkdw A W : f� Zkloh uhjxodwlrq uhgxfhv wkh surmhfw*v ydoxh exw nhhsv wkh
�up*v frqwudfw dolyh/ wkh uhjxodwru lv qrw lq wkh vdph frqglwlrq1 Lqglfdwlqj
zlwk 8 o

6ET (T W� wkh uhjxodwru*v rswlrq ydoxh zkhq wkh �up frqwurov lwvhoi/ lw
fdq eh h{suhvvhg/ dw wlph }hur/ e|=

8 o
6ET (T

W� ' 4@ .f

q
ET o

A � U�e34A m Tf ' T
r

+66,

ru xvlqj o| ' T| � T o
| ' E�� ~|�T| =

8 o
6ET (T

W� ' 4@ .fdETA � U�e34A � ETA � T o
A �e

34A m Tf ' T o +67,
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Lq +67, wkh uhjxodwru*v rswlrq ydoxh/ zlwk d eduulhu frqwuro rq T|/ wdnhv dffrxqw
ri wzr whupv ghshqglqj xsrq wkh mrlqw hyroxwlrq ri T| dqg T o

| � Wkh �uvw
ETA � U� lv wkh qhw surmhfw*v ydoxh zlwkrxw wkh eduulhu/ zkloh ETA �T o

A � lv wkh
uhgxfwlrq lq ydoxh gxh wr wkh uhjxodwlrq1 Djdlq/ nhhslqj wkh ghshqghqfh ri
8 o
6 rq T o

| dfwlyh dqg dvvxplqj lw wzlfh frqwlqxrxvo| gl�huhqwldeoh/ e| Lwr*v
ohppd zh rewdlq=
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Dv _~| ' f h{fhsw zkhq T o
| ' T W wkh deryh gl�huhqwldo htxdwlrq ehfrphv=
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Wdnlqj wkh h{shfwhg ydoxh ri +6:,/ li wkh iroorzlqj frqglwlrqv dsso|=
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6ET (T

W� dv lq +66,1 Qrz wkh wzr frqglwlrqv
+e, dqg +f, wrjhwkhu zlwk wkh idfw wkdw dw A W wkh uhjxodwlrq vwduwv vr dv
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wr nhhs T o
| ' T W +l1h1 frpsduh frqglwlrq +f, zlwk frqglwlrq +45,,c jlyh

8 o
6ET (T W� ' f�

Iurp +67, dqg +64,/ d khxulvwlf exw gluhfw zd| ri orrnlqj dw wkh vdph uhvxow
lv wr vhh 8 o

6ET (T W� dv wkh gl�huhqfh ehwzhhq wkh uhjxodwru*v rswlrq ydoxh wr
pdqdjh wkh xwlolw|/ 86ET � ' �ET W�T q

�c dqg wkh �up*v h{shfwhg ydoxh ri
ixwxuh fxpxodwlyh frqwurov gxh wr wkh uhjxodwlrq/ -ET � ' �ET W�T q

�/ wkdw lv=

8 o
6ET|(T

W� ' �ET W�T
q
�

| � �ET W�T
q
�

| ' f

Lq rwkhu zrugv/ lw vkrxog pdnh qr gl�huhqfh zkhwkhu wkh �frppxqlw|� uh0
fhlyhv wkh ehqh�wv lq whupv ri wkh �up*v uhjxodwlrq +orzhu rxwsxw sulfh, ru
e| gluhfw wudqvihuv iurp wkh uhjxodwru1 Iru f 	 | 	 A Wc T o

| � T| dqg wkhq
8 o
6ET|� � 86ET|�� Dw A

W uhjxodwlrq vwduwv nloolqj wkh rswlrq/ l1h1 8 o
6ET � ' fc

iru doo | � A W�

7, Rswlpdo wkuhdw dqg shuihfw htxloleulxp

Vlqfh T| iroorzv d udqgrp zdon wkhuh lv/ iru hdfk wlph lqwhuydo ri vpdoo ohqjwk
_|c d frqvwdqw suredelolw| wkdw wkh jdph zloo frqwlqxh rqh pruh shulrg1 Wkh
jdph hqgv lq �qlwh +vwrfkdvwlf, wlph zlwk suredelolw| rqh/ exw hyhu|wklqj
lv dv li wkh krul}rq zhuh lq�qlwh1 Qhlwkhu sod|hu lv deoh wr shuihfwo| suhglfw
T| dw hdfk gdwh dqg wkh uhjxodwlrq vfkhph ghvfulehg e| +58, zlwk wkh irup
+59, lv ylhzhg e| erwk frqwhqghuv dv d uxoh iru hydoxdwlqj doo ixwxuh ydoxh
uhgxfwlrqv157 Lq wkh vwudwhj| vsdfh ri wkh djhqf| lw dsshduv dv=

57Lw lv zhoo nqrzq wkdw lq�qlwho| uhshdwhg jdphv pd| eh htxlydohqw wr uhshdwhg jdphv
wkdw whuplqdwh lq �qlwh wlph1 Dw hdfk shulrg wkhuh lv d suredelolw| wkdw wkh jdph frqwlqxhv
rqh pruh shulrg1 Wkh nh| lv wkdw wkh frqglwlrqdo suredelolw| ri frqwlqxlqj pxvw eh srvlwlyh
+Ixghqehuj dqg Wluroh/ 4<<4/ s147;,1 Lqwhjudwlqj wkh gl�huhqwldo irup +:,/ wkh jhrphwulf
Eurzqldq prwlrq fdq eh h{suhvvhg dv=

Yw.gw @ Ywh
g\w

zkhuh g\w @ �gw.�g}w dqg � @ �� 4
5
�5=Wkh gl�huhqwldo g\w lv ghulyhg dv wkh frqwlqxrxv

olplw ri d glvfuhwh0wlph udqgrp zdon/ zkhuh lq hdfk vpdoo wlph lqwhuydo ri ohqjwk �w wkh
yduldeoh | hlwkhu pryhv xs ru grzq e| �k zlwk suredelolwlhv +Fr{ dqg Ploohu/ 4<98/ s1
5380539,=
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Gr qrw uhyrnh dw | ' A W li wkh �up
sod|v wkh uxoh o| ' E�� ~|�T| iru |

� 	 |

Uhyrnh li wkh �up ghyldwhg iurp
o| ' E�� ~|�T| dw dq| |� 	 |

zkhuh �ET|c o|� lv wkh dfwlrq dw | zlwk klvwru| ET|c ~|�1 Wkh uhjxodwru*v
�wkuhdw� vwudwhj| lv fkrvhq li wkh �up ghyldwhv e| uhjxodwlqj T| ohvv wkdq
o| ru e| dedqgrqlqj o| ' E�� ~|�T| dv d uxoh wr hydoxdwh ixwxuh uhjxodwlrqv1
Wkh uhjxodwru pxvw eholhyh wkdw wkh uhjxodwlrq/ iurp wkh lqlwldo gdwh dqg vwdwh
+A Wc T W�c zloo eh nhsw lq xvh iru wkh zkroh +vwrfkdvwlf, sodqqlqj krul}rq1 Li
wkh �up ghyldwhv/ wkh uhjxodwru eholhyhv wkdw wkh �up vzlwfkhv wr d gl�huhqw
uxoh lq wkh ixwxuh dqg nqrzv iru vxuh wkdw wkh uhjxodwru uhyrnhv lpphgldwho|1
Wkh uhjxodwru grhv qrw uhyrnh lq | li o|� � T|�� T o

|� iru doo |
� � |c ehfdxvh ydoxh

frqwurov duh h{shfwhg wr frqwlqxh zlwk wkh vdph uxoh dqg 8 o
6ET � ' f iru doo

| � A W1 Li o|� 	 T|�� T o
|� iru vrph |� 	 | wkh uhjxodwru h{shfwv d gl�huhqw uxoh

dqg fduulhv rxw wkh wkuhdw/ vzlwfklqj iurp 8 o
6ET|� ' f wr 86ET|� � T W � U�

Wkh jdph lv ryhu1
Wr suryh wklv/ ohw*v �uvw frqvlghu- dv lq +5:,1 Iru hdfk |� : A Wc lqwhjudwlrq

e| sduwv jlyhv=] |
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Wkdw lv/ iru vpdoo �w> �k lv ri rughu ri pdjqlwxgh R+
s
�w, dqg erwk suredelolwlhv ehfrph

4
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s
�w,> l1h1 qrw yhu| gl�huhqw iurp 4

5 = Ixuwkhupruh/ frqvlghulqj djdlq wkh glvfuhwh0
wlph dssur{lpdwlrq ri wkh surfhvv \w> vwduwlqj dw Y �h.�k> wkh frqglwlrqdo suredelolw| ri
uhdfklqj Y � lv jlyhq e| +Fr{ dqg Ploohu/ 4<98/ fk15,=
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Wdnlqj h{shfwdwlrq ri erwk vlghv dqg xvlqj wkh }hur h{shfwdwlrq surshuw| ri
wkh Eurzqldq prwlrq +Kduulvrq/ 4<;8/ s195096,/ zh kdyh=
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o
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T Wc dqg | dv wkh �uvw wlph lq zklfk _~| : f1 Frqvlghulqj wkh ghfrpsrvlwlrq
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Vlqfh or ' o|� � T|� � T o
|� iru doo r 5 E|�c |� zh fdq vlpsoli| wkh deryh

h{suhvvlrq dv=

58Wkh Vwurqj Pdunry Surshuw| ri uhjxodwhg Eurzqldq prwlrq surfhvvhv vwuhvvhv wkh
idfw wkdw wkh vwrfkdvwlf �uvw sdvvdjh wlph w dqg wkh vwrfkdvwlf surfhvv Y u

w duh lqghshqghqw
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ET|� � T o

|� � +74,

Iurp +74,/ dq| dssolfdwlrq ri frqwurov o|� 	 T|� � T o
|� c ohdgv wr d uhgxfwlrq ri

+73, iru doo | � |� dqg wkhq wr 8 o
6ET|(T

W� : f� Ixuwkhupruh/ wkh �up grhv qrw
uhjxodwh pruh wkdq o| vlqfh/ e| grlqj vr/ lw grhv qrw lqfuhdvh wkh suredelolw|
ri d ghod|hg forvxuh1 Lw grhv qrw sd| ohvv/ vlqfh o| 	 T|� T o

| lqgxfhv forvxuh
pdnlqj wkhp zruvh r�/ l1h1 f 	 T|� Ilqdoo|/ dv T o

| lv d Pdunry surfhvv lq
ohyhov/ lw lv lpphgldwh e| +73, wkdw dq| vxe0jdph ehjlqqlqj dw d srlqw dw
zklfk uhyrfdwlrq kdv qrw wdnhq sodfh lv htxlydohqw wr wkh zkroh jdph1 Wkh
vwudwhj| � lv h!flhqw iru dq| vxe0jdph vwduwlqj dw dq lqwhuphgldwh gdwh dqg
vwdwh E|c T|� 1 Zh kdyh vxe0jdph shuihfwlrq1

9, Qrq0ghfuhdvlqj sdwk ri o| zlwklq dA Wc A �W��

Vr idu zh kdyh lpsolflwo| dvvxphg wkdw/ rqfh vwduwhg dw A Wc wkh uhjxodwlrq
jrhv rq iruhyhu� Hduolhu lqwhuuxswlrqv duh qrw ihdvleoh dv orqj dv wkh wkuhdw
ri forvxuh e| wkh uhjxodwru lv fuhgleoh1 Fuhglelolw| uholhv rq wkh idfw wkdw wkh
djhqf|*v rswlrq0wr0uhyrnh wkh frqwudfw li wkh �up ghyldwhv iurp o| lv dozd|v
zruwk h{huflvlqj dw T| : T Wc l1h1 86ET|� � 86ET

W�� Dv wkh ghflvlrq uxoh
vwudwhj| ghshqgv rq wkh klvwru| ri wkh jdph/ wkh uhjxodwru h{shfwv uhjxodwlrq
wr frqwlqxh dffruglqj wr wkh uxoh o| dqg dq| suhpdwxuh vwrs frxog pdnh lw
qr orqjhu vxejdph0shuihfw1
Krzhyhu/ lq dq rswlpdo Eurzqldq sdwk wkhuh lv d srvlwlyh suredelolw| wkdw
wkh sulplwlyh surfhvv T| furvvhv T

W djdlq vwduwlqj dw dq lqwhulru srlqw ri wkh
udqjh ET Wc4�� Lq wklv fdvh/ wkh �up pd| eh zloolqj wr vwrs uhjxodwlrq1 Wkdw
lv/ wkh �up uhjxodwhv lwv ydoxh xqwlo T| � T Wc ohwwlqj wkh djhqf| h{shfw wkh
uhjxodwlrq wr frqwlqxh lq wkh ixwxuh dffruglqj wr wkh vdph uxoh o| ' E��~|�T|c
exw zkhq T| uhdfkhv/ iru wkh �uvw wlph diwhu A

Wc d suhghwhuplqhg ohyho/ vd|
T � � T Wc lw vwrsv wkh uhjxodwlrq1 Wkh uhjxodwru zloo idfh d mxps iurp }hur wr
86ET

�� � 86ET
W� pdnlqj wkh wkuhdw ri uhyrfdwlrq qr orqjhu fuhgleoh1Wr vhh

wklv/ frqvlghu wkh srvvlelolw| ri wkh �up*v uhjxodwlrq whuplqdwlqj dw wlph A �

zlwk A W 	 A
�

	4c zkhuh A � ' �?uE| � A W m T| � T �� lv wkh �uvw klwwlqj wlph
ri T � � T W zkhq uhjxodwlrq lv rq1 Wkh uhjxodwru*v rswlrq ydoxh vwduwlqj dw
dq| | 5 dA Wc4�cfdq eh h{suhvvhg dv=
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zkhuh � ET �(T|� lv wkh suredelolw| ri wkh xquhjxodwhg surfhvv T| uhdfklqj
T � � T W vwduwlqj dw dq lqwhulru srlqw ri wkh udqjh ET Wc4�c zklfk lv htxdo wr
+Fr{ dqg Ploohu/ 4<98/ s1 5650567,=
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�32>*j2

zlwk > ' Ek � �

2
j2�� 59 Dv wkh vwduwlqj srlqw lv qrz dq| | 5 EA Wc4�czh fdq

lpphgldwho| vhh lq +75, wkh ghshqghqfh rq erwk T o
| dqg T|� Uhfdoolqj wkdw

wkh rswlrq ydoxh lq wkh fdvh ri uhjxodwlrq lv }hur dqg wkdw dw wlph A � zkhq
wkh frqwudfw lv uhyrfdwhg lw lv vlpso| 8 o

6ETA �� ' 8 o
6ET

��czh jhw=
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Dffruglqj wr wkh Vwurqj Pdunry Surshuw| ri T o
| htxdwlrq +75, ehfrphv=
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+76,

zkhuh q2 	 f lv wkh qhjdwlyh urrw ri +47,1 Vlqfh dw | wkh xquhjxodwhg surfhvv

T| lv juhdwhu wkdq T � dqg � ET �(T|�
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� �c zh rewdlq
�8 o
6ET|(T

�� � 8 o
6ET

�� iru doo | 5 dA Wc A ��c zklfk lpsolhv wkdw=
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W� +77,

Wkhuhiruh/ wr dyrlg uhyrfdwlrq wkh uhjxodwlrq frqwlqxhv xqwlo wlph A �W �
A �ET W� ' �?uE| � A W m T| � T W ' f3� zkhq wkh wuljjhu T W lv klw djdlq +iru
wkh �uvw wlph, diwhu A W� Wkh jdph hqgv dqg fdq wkhq eh uhvwduwhg diuhvk1

E Dsshqgl{= Vhoi0lqwhuhvwhg uhjxodwru dqg vr0

fldo rswlpxp

Dowkrxjk wkh suhflvh remhfwlyh ixqfwlrq ri wkh uhjxodwru grhv qrw pdwwhu iru
wkh txdolwdwlyh uhvxowv/ frqwudu| wr fxuuhqw zlvgrp/ zh kdyh dvvxphg wkh

59Wklv suredelolw| lv S +Y 3>Yw, @ 4 iru � � 3> vhh irrwqrwh q1 56=
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sxeolf dxwkrulw| wr eh vhoi0lqwhuhvwhg1 Krzhyhu/ lw lv qrw gl!fxow wr dgdsw
wkh phwkrgrorj| ri Gl{lw dqg Slqg|fn +4<<7/ fkdswhu ;, wr wkh fdvh ri d
uhjxodwru wkdw pd{lpl}hv wkh frqvxphuv* vxusoxv1
Ohw R| dqg'| eh wkh dfwxdo sulfh dqg txdqwlw| lq shulrg |� Vwdwlrqdu| ghpdqg
lv (ER�c iurp zklfk zh rewdlq wkh lqyhuvh ghpdqg ixqfwlrq R| ' RE'|��Wrwdo
txdqwlw| lv surgxfhg e| � surgxfwlyh xqlwv5: zklfk pd| gl�hu lq wkhlu h!0
flhqf|1 Xqlw ? surgxfhv ^E?� lq vxfk d zd| wkdw 'E�� '

U�
f ^E?�_?� Ehiruh

ehjlqqlqj surgxfwlrq/ hdfk xqlw fdq eh dfwlydwhg e| wkh sxeolf dxwkrulw|
lqfxuulqj d vxqn frvw U wkdw lv lqghshqghqw ri wkh vfdoh ri rshudwlrq1 Wkh
duhd xqghu wkh ghpdqg fxuyh dw dq| lqvwdqw | fdq eh vhhq dv wkh  rz ri wrwdo
vrfldo xwlolw| jhqhudwhg e| wkh rxwsxw  rz '| surgxfhg e| �| surgxfwlyh
xqlwv1 Wklv lv jlyhq e|=

w|LE'E�|�� ' w|

] '|

f
RE%�_% ' w|

] U �|
f

^E?�_?

f
RE%�_% +78,

zkhuh wkh pxowlsolfdwlyh yduldeoh w wdnhv xs wkh phdqlqj ri fkdqjh lq frq0
vxphuv* wdvwhv1 Uhfdoolqj +9,/ wkh jhrphwulf Eurzqldq prwlrq iroorzv=

_w| ' kw|_|n jw|_5|c zlwk wf ' w +79,

Wkhuhiruh/ wdnlqj wkh ghulydwlyh ri +78, zlwk uhvshfw wr � dqg dvvxplqj/ iru
wkh vdnh ri vlpsolflw|/ qr yduldeoh frvwv/ wkh pdujlqdo vrfldo xwlolw| h{suhvvhv
wkh odvw xqlw*v rshudwlqj sur�wv=
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�E�|�w| ' RE'E�|��^E�|�w| � ZE�|�w| +7:,

Wkh uhjxodwru dlpv wr pd{lpl}h wkh h{shfwhg suhvhqw ydoxh ri vrfldo xwlolw|
qhw ri wkh frvw ri fdsdflw| h{sdqvlrq1 Li dq dprxqw ri _�| lv dgghg wr fdsdflw|
dw wklv lqvwdqw d frvw htxdo wr U_�| lv lqfxuuhg1 Wkh uhjxodwru*v remhfwlyh
ixqfwlrq fdq wkhq eh h{suhvvhg dv=
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zkhuh wkh vxp lv wdnhq ryhu wkh lqvwdqwv zkhq qhz xqlwv duh lqwurgxfhg1
Lqglfdwlqj e| ` E�c w� wkh deryh pd{lpl}hg ydoxh zlwk lqlwldo surgxfwlyh
xqlwv �c iru dq| jlyhq ydoxh ri wkh vkliw wc lw vkrxog vdwlvi| wkh iroorzlqj
Ehoopdq htxdwlrq +Gl{lw dqg Slqg|fn/ 4<<7/ s15;705;:,=

5:Wr vlpsoli|/ zh wuhdw Q dv d frqwlqxrxv yduldeoh1
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Iru �{hg � wklv fdq eh vhhq dv dq ruglqdu| vhfrqg rughu gl�huhqwldo htxdwlrq
lq wc wkh jhqhudo vroxwlrq ri zklfk fdq eh h{suhvvhg dv=

` E�c w� ' �E��wq� n
wLEE'E���

4� k
+7<,

Zklovw wkh vhfrqg whup lq +7<,/ wLEE'E���

43k
c lv wkh h{shfwhg suhvhqw ydoxh ri wkh

vrfldo xwlolw| li � lv khog �{hg dw lwv ohyho/ wkh �uvw whup/ �E��wq�c uhsuhvhqwv
wkh ydoxh ri wkh frpxqlw|*v delolw| wr lqfuhdvh � rswlpdoo| lq uhvsrqvh wr
wkh hyroxwlrq ri w� Lq rwkhu zrugv/ lw lv wkh ydoxh sodfhg e| wkh vrflhw| rq
lwv rswlrq wr h{sdqg lwv surgxfwlyh fdsdflw|1 Wr frpsohwh wkh vroxwlrq zh
qhhg wr �qg wkh rswlpdo fdsdflw| h{sdqvlrq uxoh1 Dw wkh erxqgdu| zkhuh
wkh pdujlqdo _�0wk xqlw lv dgghg/ wkh uhjxodwru ghflghv wr lqfuhdvh fdsdflw|
rqo| li`�E�c w�_� ' U_� = wkh lqfuhdvh lq wkh ydoxh ixqfwlrq pxvw eh htxdo
wr lwv frvw +pdwfklqj ydoxh frqglwlrq,=

`�E�c w� � ��E��wq� n
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' U +83,

Ixuwkhupruh/ wkh pdujlqdo jdlq dqg pdujlqdo frvw vkrxog vprrwk rxw dw wkh
erxqgdu| +vprrwk sdvwlqj frqglwlrq,/ l1h1=
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Zkhq d pdujlqdo h{sdqvlrq lv dfwxdoo| fduulhg rxw/ wkh frpxqlw| orvhv wkh
ydoxh ri wkh pdujlqdo rswlrq wkxv h{huflvhg zklfk lv jlyhq e| ���E��wq��
Yld wkh vprrwk sdvwlqj frqglwlrq +83, dqg pdnlqj xvh ri +7:, zh duh deoh wr
zulwh=
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43k
dqg vxevwlwxwlqj lw lq +85,/ zh jhw wkh vlpsol�hg

h{suhvvlrq=
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U

Dv d uhsuhvhqwdwlyh ri frqvxphuv* lqwhuhvwv/ wkh uhjxodwru*v pd{lpl}dwlrq ri
wkh glvfrxqwhg frqvxphu vxusoxv lpsolhv wkh pd{lpl}dwlrq ri wkh rswlrq ydoxh
wr uhyrnh wkh frqwudfw dv h{suhvvhg lq +46, lq wkh wh{w1
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Uhihuhqfhv

^4` Ehqwrolod V1/ dqg J1 Ehuwrod/ +4<<3,/ �Ilulqj Frvwv dqg Oderxu
Ghpdqg= Krz Edg lv HxurvfohurulvB�/ Uhylhz ri Hfrqrplf Vwxglhv/ 8:/
6;407351

^5` Ehujlq M1/ dqg Z1E1 PdfOhrg/ +4<<6, �Frqwlqxrxv Wlph Uhshdwhg
Jdphv�/ Lqwhuqdwlrqdo Hfrqrplf Uhylhz/ 67/ 5406:1

^6` Fodun H1/ dqg J1 Prqghoor/ +4<<:,= �Dq Rswlrq Dssurdfk wr
Iuhqfk Zdwhu Ghohjdwlrq�/ Qrwd gl Odyrur q1;80<:/ Irqgd}lrqh HQL
Hqulfr Pdwwhl/ Plodq +iruwkfrplqj lq Mrxuqdo ri Dssolhg Hfrqrplfv,1

^7` Fodun H1/ dqg J1 Prqghoor/ +5333,= �Uhvrxufh Pdqdjhphqw dqg
wkh Pd|ru*v Jxdudqwhh lq IuhqfkZdwhu Doorfdwlrq�/ Hqylurqphqwdo dqg
Uhvrxufh Hfrqrplfv/ 48/ 43604461

^8` Fr{ G1U1 dqg K1G1 Ploohu/ +4<98,/ Wkh Wkhru| ri Vwrfkdvwlf Sur0
fhvv/ Fkdspdq dqg Kdoo= Orqgrq1

^9` Ghpvnl M1V1 dqg G1H1P1 Vdsslqjwrq +4<<4,/ �Uhvroylqj Grxeoh
Kd}dug Sureohp zlwk Ex|rxw Djuhhphqwv�/ UDQG Mrxuqdo ri Hfr0
qrplfv/ 55/ 56505731

^:` Gl{lw D1/ dqg U1 Slqg|fn/ +4<<7,/ Lqyhvwphqw xqghu Xqfhuwdlqw|/
Sulqfhwrq Xqlyhuvlw| Suhvv= Sulqfhwrq1

^;` Grvl F1/ dqg N1Z1 Hdvwhu/ +5333,= �Zdwhu Vfduflw|= Hfrqrplf Ds0
surdfkhv wr Lpsurylqj Pdqdjhphqw�/ sdshu suhvhqwhg dw wkh 5qg Lq0
whuqdwlrqdo V|psrvlxp ri Zdwhu XQLWZLQ0XQHVFR/ Fdqqhv/ Pd|
5<064/ 53331

^<` Grvl F1/ dqg P1 Pruhwwr/ +4<<7,/ �Lqwhu0Edvlq Zdwhu Wudqvihuv xq0
ghu Xqfhuwdlqw|= Vwrudjh Fdsdflw| dqg Rswlpdo Jxdudqwhhg Gholyhulhv�/
Hqylurqphqwdo dqg Uhvrxufh Hfrqrplfv/ 7/ 66406851

^43` Idq/ G1N1/ dqg W1J1 Frzlqj/ +4<<7,/ �Uhjxodwru| Lqirupdwlrq/ Pdu0
nhw H{shfwdwlrqv/ dqg wkh Ghwhuplqdwlrq ri wkh Doorzhg Udwh ri Uh0
wxuq�/ Mrxuqdo ri Uhjxodwru| Hfrqrplfv/ 9/ 76607771

^44` Ixghqehuj G1/ dqg M1 Wluroh/ +4<<4,/ Jdph Wkhru|/ Wkh PLW
Suhvv= Fdpeulgjh PD1
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^45` Kduulvrq M1P1/ dqg P1W1 Wdnvdu/ +4<;6,/ �Lqvwdqwdqhrxv Frqwuro
ri Eurzqldq Prwlrq�/ Pdwkhpdwlfv dqg Rshudwlrqv Uhvhdufk/ ;/ 76<0
7861

^46` Kduulvrq M1P1/ +4<;8,/ Eurzqldq Prwlrqv dqg Vwrfkdvwlf Iorz V|v0
whpv/ Zloh|= Qhz \run1

^47` Nduolq/ V1 dqg K1P1 Wd|oru/ +4<;4,/ D Vhfrqg Frxuvh lq Vwrfkdvwlf
Surfhvvhv/ Dfdghplf Suhvv= Qhz \run1

^48` Nohlq G1/ dqg E1R1 Iodkhuw|/ +4<<6,/ �D jdph Wkhruhwlf Uhqghulqj
ri Surplvhv dqg Wkuhdwv�/ Mrxuqdo ri Hfrqrplf Ehkdylru dqg Rujdql0
}dwlrq/ 54/ 5<806471

^49` Mrvnrz S1/ +4<:6,/ �Sulflqj Ghflvlrqv ri Uhjxodwhg Ilupv= D Ehkdy0
lrudo Dssurdfk�/ Ehoo Mrxuqdo ri Hfrqrplfv/ 7/ 44;04731

^4:` Mrvnrz S1/ dqg U1 Vfkpdohqvhh/ +4<;9,/ �Lqfhqwlyh Uhjxodwlrq iru
Hohfwulf Xwlolwlhv�/ \doh Mrxuqdo rq Uhjxodwlrq/ 7/ 407<1

^4;` Odiirqw M1 dqg M1 Wluroh/ +4<<7,= D Wkhru| ri Lqfhqwlyhv lq Sxeolf
Surfxuhphqw dqg Uhjxodwlrq/ Wkh Plw Suhvv= Fdpeulgjh PD1

^4<` Ohdk|/ M1 S1/ +4<<6,/ �Lqyhvwphqw lq Frpshwlwlyh Htxloleulxp= wkh
Rswlpdolw| ri P|rslf Ehkdylru�/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 43;/
4438044661

^53` Ohy| S1/ +4<7;,/ Surfhvvxv Vwrfkdvwltxhv hw Prxyhphqw Eurzqlhq/
Jdxwklhu0Ylooduv= Sdulv1

^54` PfGrqdog/ U1 dqg G1 Vlhjho/ +4<;9,/ �Wkh Ydoxh ri Zdlwlqj wr
Lqyhvw�/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 434/ :3:0:5:1

^55` Pruhwwr P1/ +5333,/ �Luuhyhuvleoh Lqyhvwphqw zlwk Xqfhuwdlqw| dqg
Vwudwhjlf Ehkdylrxu�/ Hfrqrplf Prghoolqj/ +iruwkfrplqj,1

^56` Pruhwwr P1/ dqg J1 Urvvlql/ +4<<<,/ �Wkh H!flhqw Dvvljqphqw ri
wkh H{lw Rswlrq�/ Eurzq Xqlyhuvlw|/ Zrunlqj Sdshu q1<<05<1

^57` Qroghnh J1 dqg N1P1 Vfkplgw/ +4<<;,/ �Vhtxhqwldo Lqyhvwphqw dqg
Rswlrq wr Rzq�/ UDQG Mrxuqdo ri Hfrqrplfv/ 5</ 96609861
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^58` RHFG/ +4<<<,/ �Krxvhkrog Zdwhu Sulflqj lq RHFG Frxqwulhv�/
RHFG / Hqylurqphqw Gluhfwrudwh/ HQY2HSRF2JHHL +<;, 452Ilqdo1
zzz1rhfg1ruj2hqy2grfv1

^59` Vlprq O1/ dqg P1 Vwlqfkfrpeh/ +4<;<,/ �H{whqvlyh Irup Jdphv lq
Frqwlqxrxv Wlph= Sxuh Vwudwhjlhv�/ Hfrqrphwulfd/ 8:/ 44:4045471

^5:` Vkdyhoo V1/ dqg N1 Vslhu/ +4<<9,/ �Wkuhdwv zlwkrxw Elqglqj Frp0
plwphqwv�/ QEHU Zrunlqj Sdshu 87941

^5;` Vsxoehu/ Q1 dqg D1 Vdeedjkl/ +4<<7,/ Hfrqrplfv ri Zdwhu Uh0
vrxufhv= iurp Uhjxodwlrq wr Sulydwl}dwlrq/ Gruguhfkw= Noxzhu Dfdghplf
Sxeolvkhu1
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F: Firm

NR: Do not regulate

R: Regulate

A: Regulatory Agency

NK: Do not revoke

K: Revoke

FA F AF

FA

A
F

NR

R

NK

K

NR

R

NKA

K

K

NK

K

NK

R

NR

NR

R

(0, V-I) (0, V-I)

(0, V-I)

(0, V-I)

Iljxuh 4= Glvfuhwh wlph uhsuhvhqwdwlrq ri wkh jdph +grplqdqw vwudwhjlhv,
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Iljxuh 5= Sulfh uhjxodwlrq xqghu wkuhdw ri uhyrfdwlrq
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Iljxuh 6= Wkuhdw jdph wlplqj
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