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Glvforvxuhv dqg Dvvhw Uhwxuqv�

K|xq Vrqj Vklq

Orqgrq Vfkrro ri Hfrqrplfv

Krxjkwrq Vwuhhw

Orqgrq/ ZF5D 5DH

k1v1vklqCovh1df1xn

Iheuxdu| 5334

Devwudfw

Sxeolf lqirupdwlrq wr �qdqfldo pdunhwv riwhq duulyhv wkurxjk wkh glvfor0

vxuhv ri lqwhuhvwhg sduwlhv zkr kdyh d pdwhuldo lqwhuhvw lq wkh uhdfwlrqv ri

wkh pdunhw wr wkh qhz lqirupdwlrq1 Zkhq wkh vwudwhjlf lqwhudfwlrq ehwzhhq

wkh vhqghu dqg wkh uhfhlyhu lv irupdol}hg dv d glvforvxuh jdph zlwk yhul�deoh

uhsruwv/ pdunhw sulfhv revhuyhg lq htxloleulxp fdq eh jlyhq d vlpsoh fkdu0

dfwhul}dwlrq wkdw uholhv rqo| rq wkh idfh ydoxh ri wkh dqqrxqfhphqw1 Dovr/

wklv fkdudfwhul}dwlrq suhglfwv wkdw wkh uhwxuq yduldqfh iroorzlqj d edg rxw0

frph lv kljkhu wkdq lw zrxog kdyh ehhq li wkh rxwfrph zhuh jrrg1 Zkhq

lqyhvwruv duh ulvn dyhuvh/ wklv ohdgv wr qhjdwlyh vhuldo fruuhodwlrq ri dvvhw

uhwxuqv1

�L dp judwhixo wr Vxglswr Ekdwwdfkdu|d/ Qhlo Vkhskdug dqg Gdylg Zhee iru hqfrxudjhphqw

dqg dgylfh gxulqj wkh suhsdudwlrq ri wklv sdshu1





fodlp wkdw rqh nqrzv d sduwlfxodu ihdwxuh ri wkh zruog/ dqg frqwudvw wklv zlwk
wkh gl!fxow| ri surylqj wkh qhjdwlyh 0 wkdw rqh lv ljqrudqw ri vrph ihdwxuh ri
wkh zruog1 Lq d uhfhqw sdshu/ Exoo dqg Zdwrq +5333, kdyh vrxjkw wr foduli| wkh
irxqgdwlrqdo lvvxhv frqfhuqlqj yhul�delolw| e| hqgrjhql}lqj wkh jhqhudwlrq dqg
glvforvxuh ri hylghqfh1

Wkhuh pdlq frqwulexwlrq ri wkh iudphzrun ghyhorshg khuh lv d vlpsoh sulflqj
uxoh iru htxloleulxp sulfhv wkdw fdq eh xvhg wr lqyhvwljdwh vrph ri wkh hpslulfdo
suhglfwlrqv frqfhuqlqj wkh wlph vhulhv surshuwlhv ri dvvhw uhwxuqv1 Lq sduwlfxodu/
wkh wkhru| jhqhudwhv wkh iroorzlqj suhglfwlrq1 Iroorzlqj d cedg* rxwfrph/ wkh
xqfhuwdlqw| ryhu vxevhtxhqw rxwfrphv lqfuhdvhv1 Wkxv/ iru h{dpsoh/ li wkh vwrfn
sulfh ri d �up idoov iroorzlqj dq xqidyrxudeoh glvforvxuh/ wkh yduldqfh ri vxevhtxhqw
uhwxuqv lqfuhdvhv1

Vxfk dq lqfuhdvh lq vwrfn uhwxuq yrodwlolw| iroorzlqj d edg rxwfrph lv idploldu
iurp wkh ors0vlghg �vploh� ru �vplun� lq lpsolhg yrodwlolw| lq rswlrq sulfhv/ exw
wklv ihdwxuh kdv dovr ehhq wkh wrslf ri dq dfwlyh olwhudwxuh lq wkh wlph vhulhv
surshuwlhv ri vwrfn uhwxuqv1 Eodfn +4<:9, grfxphqwhg krz orz vwrfn uhwxuq zdv
dvvrfldwhg zlwk dq lqfuhdvh lq wkh vxevhtxhqw uhwxuq yrodwlolw|/ dqg vxjjhvwhg wkh
k|srwkhvlv wkdw wkh uhgxfhg sursruwlrq ri htxlw| zlwklq wkh wrwdo dvvhwv ri wkh �up
pd| eh rqh h{sodqdwlrq iru wklv hpslulfdo uhjxodulw|1 Wklv �ohyhudjh k|srwkhvlv�
kdv uhfhlyhg pxfk dwwhqwlrq vlqfh/ dqg wkh whuplqrorj| kdv vwxfn hyhq wkrxjk
wkh lqfuhdvhg ohyhudjh kdv ehhq irxqg wr eh wrr vpdoo wr dffrxqw iru wkh vl}h
ri wkh h�hfw rq yrodwlolw| +Fkulvwlh +4<;5,/ Vfkzhuw +4<;<,/ Iljohzvnl dqg Zdqj
+5333,,1 Hfrqrphwulf whfkqltxhv kdyh hyroyhg wr dgguhvv wklv uhjxodulw|/ vxfk
dv wkh hjdufk dssurdfk ri Qhovrq +4<<4,/ dqg pruh uhfhqw whfkqltxhv vxfk dv
Eduqgru�0Qlhovhq dqg Vkhskdug +4<<;,1 Hqjoh dqg Qj +4<<6, vxuyh| vrph ri
wkh hduolhu whfkqltxhv1 Fdpsehoo dqg N|oh +4<<6, dvvxph wklv uhjxodulw| dv rqh
ri wkh exloglqj eorfnv ri wkhlu vwxg| ri dvvhw uhwxuqv1 Krzhyhu/ lq vslwh ri wkh
yroxplqrxv hpslulfdo olwhudwxuh/ pxfk uhpdlqv wr eh ohduqhg ri wkh xqghuo|lqj
plfurhfrqrplfv ri wklv skhqrphqrq1 Rqh prwlydwlrq iru ghyhorslqj wkh wkhru|
ehorz lv wr forvh wklv jds1

Dv zhoo dv wkh �ohyhudjh k|srwkhvlv�/ wkh wkhru| pd| dovr eh xvhixo lq dgguhvv0
lqj dqrwkhu dfwlyh duhd lq �qdqfh 0 wkdw ri wkh sulflqj ri ghidxowdeoh vhfxulwlhv1
Vlqfh wkh sd|r� wr d fuhglwru lv dnlq wr kdylqj d vkruw srvlwlrq lq d sxw rswlrq
rq wkh dvvhwv ri wkh �up/ zlwk d vwulnh sulfh htxdo wr wkh idfh ydoxh ri wkh ghew/
rswlrq sulflqj whfkqltxhv fdq eh xvhg wr ghwhuplqh wkh sulfh ri ghew1 Wklv zdv
wkh frqwulexwlrq ri Phuwrq*v +4<:7, fodvvlf sdshu1 Qhyhuwkhohvv/ wkh hpslulfdo
vxffhvv ri wklv dssurdfk kdv ehhq pl{hg/ zlwk wkh xvxdo glvfuhsdqf| dsshdulqj
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51 Prgho

Wkh �up xqghuwdnhv � lqghshqghqw dqg lghqwlfdo surmhfwv/ zkhuh hdfk surmhfw
vxffhhgv zlwk suredelolw| oc dqg idlov zlwk suredelolw| � � o1 Hdfk vxffhvvixo
surmhfw udlvhv wkh uhwxuq e| {/ zkhuh { lv d srvlwlyh frqvwdqw1 Wkh oltxlgdwlrq
ydoxh ri wkh �up jlyhq r vxffhvvhv dqg � � r idloxuhv lv jlyhq e|

E� n {�r �

Wkhvh sd|r�v fdq eh vhhq dv d vshfldo fdvh ri wkh elqrqrpldo wuhh prgho ri Fr{/
Urvv dqg Uxelqvwhlq +4<:<, zkhuh dq �xs� pryh lv ri vl}h E� n {�/ zkloh d �grzq�
pryh ohdyhv wkh ydoxh xqfkdqjhg1

Wkh h{ dqwh ydoxh ri wkh �up/ ghqrwhg e| Tf/ lv wkh h{shfwhg oltxlgdwlrq ydoxh
rewdlqhg iurp wkh elqrpldo ghqvlw| zlwk vxffhvv suredelolw| o1 Wkxv/
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' E� n o{�� c +514,

zklfk frlqflghv zlwk wkh sulfh ri d ulvn0iuhh erqg zlwk uhwxuq o{ iru hdfk surmhfw1
Wkhuh duh wkuhh gdwhv 0 lqlwldo/ lqwhulp dqg �qdo1 Zh lqgh{ wkhvh gdwhv e|

fc � dqg 2 uhvshfwlyho|1 Dw wkh lqlwldo gdwh/ qrwklqj lv nqrzq derxw wkh ydoxh ri
wkh �up rwkhu wkdq wkh ghvfulswlrq deryh1 Dv wlph surjuhvvhv/ wkh surmhfwv ehjlq
wr |lhog wkhlu rxwfrphv1 Dw wkh lqwhulp gdwh/ qrw hqrxjk wlph kdv hodsvhg iru
wkh pdqdjhu wr nqrz wkh rxwfrphv ri doo wkh surmhfwv1 Krzhyhu/ wkh rxwfrphv ri
vrph ri wkh surmhfwv zloo kdyh ehhq uhdol}hg1 Lq sduwlfxodu/ wkhuh lv d suredelolw|

w

wkdw wkh rxwfrph ri d surmhfw lv uhyhdohg wr wkh pdqdjhu e| wkh lqwhulp gdwh1
Wklv suredelolw| lv lghqwlfdo dfurvv doo surmhfwv/ dqg zkhwkhu wkh rxwfrph lv uh0
yhdohg lv lqghshqghqw dfurvv surmhfwv1 E| wkh �qdo gdwh krzhyhu/ doo xqfhuwdlqw|
lv uhvroyhg1 Wkh rxwfrphv ri doo wkh surmhfwv ehfrph frpprq nqrzohgjh1 Wkh
�up lv oltxlgdwhg/ dqg frqvxpswlrq wdnhv sodfh1
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Wkhuh lv gl�huhqwldo lqirupdwlrq dw wkh lqwhulp gdwh ehwzhhq wkh pdqdjhu ri
wkh �up dqg wkh uhvw ri wkh pdunhw1 Wkh pdqdjhu lv deoh wr revhuyh wkh vxffhvv
dqg idloxuh ri hdfk surmhfw dv lw rffxuv/ dqg khqfh nqrzv wkh qxpehuv ri vxffhvvhv
dqg idloxuhv dw wkh lqwhulp gdwh/ exw wkh uhvw ri wkh pdunhw grhv qrw1 Lqvwhdg/ wkh
rqo| lqirupdwlrq dydlodeoh wr wkh pdunhw dw wkh lqwhulp gdwh lv d glvforvxuh e|
wkh pdqdjhu1 Wkh pdqdjhu lv iuhh wr glvforvh vrph ru doo ri zkdw kh nqrzv/ e|
dfwxdoo| h{klelwlqj wkh rxwfrph ri wkrvh surmhfwv zkrvh rxwfrphv kdyh douhdg|
ehhq ghwhuplqhg1 Krzhyhu/ kh fdqqrw frqfrfw idovh hylghqfh1 Li kh nqrzv wkdw
surmhfw � kdv idlohg/ kh fdqqrw fodlp wkdw lw kdv vxffhhghg1 Lq wklv vhqvh/ dowkrxjk
wkh pdqdjhu kdv wr whoo wkh wuxwk/ kh fdqqrw eh irufhg wr whoo wkh zkroh wuxwk1

Wkh lpsolflw xqghuvwdqglqj lv wkdw wkh pdqdjhu*v glvforvxuhv duh yhul�deoh dw
d odwhu gdwh e| d wklug sduw|/ vxfk dv dq dxglwru/ zkr lv deoh wr lpsrvh d yhu|
odujh shqdow| li wkh hduolhu glvforvxuh lv h{srvhg wr eh xqwuxh/ l1h1 lqfrqvlvwhqw
zlwk hylghqfh pdgh dydlodeoh e| wkh pdqdjhu1 Exw krz pxfk sulydwh lqirupdwlrq
wkh pdqdjhu kdv dw wkh wlph ri glvforvxuh lv qrw yhul�deoh hyhq dw d odwhu gdwh1
Vr wkh pdqdjhu lv iuhh wr zlwkkrog lqirupdwlrq li vxfk lqirupdwlrq lv ghhphg wr
eh xqidyrxudeoh1 Dowkrxjk pdqdjhuv pd| guhvv xs wkh uhvxowv lq zd|v wkdw sodfh
d �up*v survshfwv lq wkh ehvw oljkw srvvleoh/ wkhuh duh zhoo0hvwdeolvkhg dffrxqwlqj
sulqflsohv zklfk lpsrvh eurdg olplwv rq zkdw lv srvvleoh1 Wkh xowlpdwh vdqfwlrq
lv wkh rqh djdlqvw iudxg1

Pruh irupdoo|/ wkh lqirupdwlrq dydlodeoh wr wkh pdqdjhu dw wkh lqwhulp gdwh
fdq eh vxppdul}hg e| wkh sdlu

Erc s �

zkhuh r lv wkh qxpehu ri vxffhvvhv revhuyhg/ zkloh s lv wkh qxpehu ri idloxuhv
revhuyhg1 Wkh pdqdjhu*v glvforvxuh vwudwhj| 6 E�� pdsv klv lqirupdwlrq Erc s� wr
wkh sdlu Er�c s ��/ jlylqj wkh qxpehu ri glvforvhg vxffhvvhv dqg idloxuhv/ zkhuh wkh
uhtxluhphqw ri yhul�delolw| lpsrvhv wkh frqvwudlqw wkdw

r� � r dqg s �
� s� +515,

Wklv frqvwudlqw uh hfwv wkh uhtxluhphqw wkdw wkh glvforvxuh wdnhv wkh irup ri
dfwxdoo| h{klelwlqj d vxevhw ri wkh uhdol}hg rxwfrphv wr wkh pdunhw1

Zh dvvxph wkdw wkh glvforvxuh srolf| ri wkh pdqdjhu lv prwlydwhg e| wkh
remhfwlyh ri pd{lpl}lqj wkh sulfh ri wkh �up1 Vlqfh wkh lqlwldo dqg �qdo sulfh ri
wkh �up lv edvhg rq v|pphwulf lqirupdwlrq/ wkh irfxv ri wkh dqdo|vlv zloo eh rq
wkh lqwhulp sulfh T�1 Wkh pdunhw/ krzhyhu/ dqwlflsdwhv wkh pdqdjhu*v glvforvxuh
srolf|/ dqg sulfhv wkh �up e| glvfrxqwlqj wkh pdqdjhu*v glvforvxuhv dssursuldwho|1
Wklv jlyhv ulvh wr d jdph ri lqfrpsohwh lqirupdwlrq1 Zh zloo prgho wkh �pdunhw�
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dv d sod|hu lq wkh jdph zkr vhwv wkh sulfh ri wkh �up wr lwv dfwxduldoo| idlu
ydoxh edvhg rq doo wkh dydlodeoh hylghqfh/ wdnlqj lqwr frqvlghudwlrq wkh uhsruwlqj
vwudwhj| ri wkh pdqdjhu1

Pruh irupdoo|/ wkh pdunhw*v vwudwhj| lv wkh sulflqj ixqfwlrq

Er�c s �� :$ T� +516,

Zh hqvxuh wkdw wkh pdunhw dlpv wr vhw wkh sulfh ri wkh �up wr lwv dfwxduldoo| idlu
ydoxh e| dvvxplqj wkdw lwv remhfwlyh lq wkh jdph lv wr plqlpl}h wkh vtxduhg orvv
ixqfwlrq=

ET� � T2�
2 +517,

zkhuh T2 lv wkh +frpprqo| nqrzq, oltxlgdwlrq ydoxh ri wkh �up dw wkh �qdo gdwh1
Wkh pdunhw wkhq vhwv T� htxdo wr wkh h{shfwhg ydoxh ri T2 frqglwlrqdo rq wkh
glvforvxuh ri wkh pdqdjhu/ dv jhqhudwhg e| klv glvforvxuh vwudwhj|1 Wkh pdqdjhu/
rq wkh rwkhu kdqg/ dqwlflsdwhv wkh rswlpdo uhvsrqvh ri wkh pdunhw/ dqg fkrrvhv
wkh glvforvxuh wkdw pd{pl}hv T�1

61 Surshuwlhv ri Htxloleulxp

6141 Ixoo Uhyhodwlrq Fdqqrw Rffxu lq Htxloleulxp

Rqh lpphgldwh frqfoxvlrq zh fdq gudz lv wkdw d srolf| ri ixoo glvforvxuh e| wkh
pdqdjhu fdq qhyhu eh sduw ri dq| htxloleulxp1 Wr vhh wklv/ vxssrvh iru wkh vdnh ri
dujxphqw wkdw wkh pdqdjhu dozd|v glvforvhv ixoo|/ vr wkdw wkh glvforvxuh vwudwhj|
lv wkh lghqwlw| ixqfwlrq=

6 Erc s� ' Erc s� �

Wkh ehvw uhso| e| wkh pdunhw lv wr vhw T� wr eh

T� Erc s� ' E� n {�r E� n o{��3r3s
c

vlqfh wkhuh duh � � r� s xquhvroyhg surmhfwv/ dqg wkh h{shfwhg ydoxh ri wkh �up
lv

E� n {�r
�3r3s[
�'f

�
�3r3s

�

�
do E� n {�o� E� � o��3r3s3�

' E� n {�r E� n o{��3r3s
� +614,

:



Exw wkhq/ wkh pdqdjhu*v glvforvxuh srolf| lv vxe0rswlpdo/ vlqfh wkh ihdvleoh glvfor0
vxuh Erc f� wkdw vxssuhvvhv doo idloxuhv holflwv wkh sulfh=

E� n {�r E� n o{��3r
c +615,

zklfk lv vwulfwo| kljkhu wkdq +614, iru srvlwlyh s 1 Khqfh/ zh duh ohg wr d frqwudglf0
wlrq li zh vxssrvh wkdw ixoo glvforvxuh fdq �jxuh lq dq htxloleulxp ri wkh glvforvxuh
jdph1

6151 Vrph Idloxuhv Pd| Eh Glvforvhg lq Htxloleulxp

Dowkrxjk ixoo uhyhodwlrq fdqqrw �jxuh lq dq htxloleulxp/ lw zrxog eh zurqj wr
frqfoxgh wkdw idloxuhv duh qhyhu glvforvhg lq htxloleulxp1 Frqvlghu wkh iroorzlqj
h{dpsoh zlwk � ' 21 Iljxuh 614 looxvwudwhv wkh dujxphqw1
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Iljxuh 614= Htxloleulxp Vwudwhj| zlwk Uhsruwhg Idloxuh

Wkh vrolg grwv lq �jxuh 614 uhsuhvhqw wkh srvvleoh w|shv ri wkh pdqdjhu lq wkh
Ed|hvldq jdph/ dqg wkh duurzv uhsuhvhqw wkh glvforvxuhv ri wkh uhvshfwlyh w|shv1
Lq wkh glvforvxuh vwudwhj| ghslfwhg lq �jxuh 614/ hyhu| w|sh h{fhsw w|sh Efc��
iroorzv wkh uxoh ri vxssuhvvlqj dq| idloxuhv1 W|sh Efc ��/ krzhyhu/ uhyhdov klv w|sh
wuxwkixoo|1 Zh zloo vkrz wkdw vxfk d vwudwhj| fdq irup sduw ri dq htxloleulxp iru
vrph sdudphwhu ydoxhv1 Lw lv xvhixo wr kdyh vrph qrwdwlrq iru wkh ixoo0uhyhodwlrq

;



ydoxh ri wkh �up/ dv ghulyhg lq htxdwlrq +614, deryh1 Gh�qh=

4 Erc s� � E� n {�r E� n o{��3r3s

4 Erc s � lv wkh ixoo0uhyhodwlrq ydoxh ri wkh �up lq wkh vhqvh wkdw/ li wkh w|sh Erc s �
ixoo| glvforvhg hyhu|wklqj wkdw kh nqhz/ wkhq wkh pdunhw ydoxh ri wkh �up zrxog
eh 4 Erc s�1

Frqvlghu wkh iroorzlqj sulflqj uxoh fkrvhq e| wkh pdunhw

5 4 Efc2�

idloxuhv 4 4 Efc�� 4 E�c ��

3 T� Efcf� T� E�c f� 4 E2c f�

3 4 5
vxffhvvhv

Wdeoh 615

zkhuh T� Efcf� dqg T� E�c f� duh wkh ehvw uhsolhv e| wkh pdunhw djdlqvw wkh glvfor0
vxuh vwudwhj| lq �jxuh 6141 Wkxv/ T� Efcf� lv wkh frqyh{ frpelqdwlrq ri 4 Efc f� dqg
4 Efc 2� zhljkwhg e| wkh srvwhulru suredelolw| ri w|shv Efcf� dqg Efc 2� uhvshfwlyho|1
T� E�c f� lv vlploduo| d frqyh{ frpelqdwlrq ri 4 E�c f� dqg 4 E�c ��1 Lq sduwlfxodu/

T� Efcf� '
E�� w�2 4 Efc f� n w2 E� � o�2 4 Efc2�

E� � w�2 n w2 E� � o�2

T� E�cf� '
E�� w� o4 E�c f� n w2o E� � o� 4 E�c ��

E�� w� o n w2o E� � o�

Qrz/ frqvlghu d vhw ri sdudphwhu ydoxhv vxfk wkdw

4 Efc �� ' T� Efcf� +616,

Iru h{dpsoh/ zkhq { ' � dqg o ' f�D/ wklv htxdolw| krogv zkhq w vroyhv

e E� � w�2 E4 Efc f�� 4 Efc ��� n w2 E4 Efc 2�� 4 Efc ��� ' f

<



iru zklfk wkhuh lv d urrw dw w r f�.�1 Jlyhq +616,/ zh fodlp wkdw wkh uhsruwlqj
vwudwhj| lq �jxuh 614 dqg wkh ydoxdwlrq uxoh lq wdeoh 615 frqvwlwxwh dq htxlole0
ulxp1 Zh vkrz wklv iru wkh qrwlrq ri vhtxhqwldo htxloleulxp/ gxh wr Nuhsv dqg
Zlovrq +4<;5,/ exw wkh h{dpsoh zrxog �w dq| vwdqgdug yhuvlrq ri Ed|hvldq Qdvk
htxloleulxp1

Iluvw frqvlghu wkh pdunhw*v ydoxdwlrq uxoh lq wdeoh 6151 Zh kdyh douhdg| qrwhg
wkdw T� Efcf� dqg T� E�c f� frqvwlwxwh wkh ehvw uhso| iru wkh pdunhw djdlqvw wkh
glvforvxuh vwudwhj| ri wkh pdqdjhu1 Wkh glvforvxuhv E2c f� dqg Efc �� duh wuxwkixo
dqg ixoo| uhyhdolqj/ vr wkdw wkh ehvw uhsolhv duh 4 E2cf� dqg 4 Efc �� uhvshfwlyho|1
Wkh uhpdlqlqj fhoov lq wkh wdeoh duh iru glvforvxuhv wkdw uhfhlyh }hur suredelolw|
lq wkh pdqdjhu*v uhsruwlqj vwudwhj|1 Wkh ydoxhv 4 Efc 2� dqg 4 E�c �� duh vxssruwhg
e| wkh r�0htxloleulxp eholhi wkdw wkh w|shv Efc 2� dqg E�c�� kdyh �wuhpeohg� dqg
kdyh glvforvhg wuxwkixoo| e| plvwdnh1

Qrz frqvlghu wkh uhsruwlqj vwudwhj| ri wkh pdqdjhu dv ghslfwhg lq �jxuh 6141
Vlqfh T� E�cf� : 4 E�c �� wkh vxssuhvvlrq ri wkh rqh idloxuh e| w|sh E�c �� lv rswlpdo
jlyhq wkh ydoxdwlrq uxoh1 Iru w|sh Efc 2�/ vlqfh T� Efcf� ' 4 Efc �� : 4 Efc 2�/ kh
fdqqrw gr ehwwhu wkdq wr vxssuhvv erwk idloxuhv1 W|shv Efcf�/ E�c f� dqg E2cf�
pxvw uhsruw wuxwkixoo|/ vlqfh wkhlu ihdvleoh vhw ri glvforvxuhv duh vlqjohwrqv1 Wklv
mxvw ohdyhv w|sh Efc ��1 Vlqfh 4 Efc �� ' T� Efc f�/ w|sh Efc �� fdqqrw gr ehwwhu wkdq
wr uhyhdo klpvhoi wuxwkixoo|1 Khqfh/ wkh uhsruwlqj vwudwhj| lq �jxuh 614 lv d ehvw
uhso| djdlqvw wkh ydoxdwlrq uxoh lq wdeoh 6151 Ilqdoo|/ wkh eholhiv wkdw xqghuolh wkh
ydoxhv lq wdeoh 615 fdq eh rewdlqhg dv wkh olplw ri d vhtxhqfh dv 0 whqgv wr }hur ri
ixoo vxssruw eholhiv lq zklfk w|shv Efc 2� dqg E�c �� uhyhdo wkhpvhoyhv e| plvwdnh
zlwk suredelolw| 01 Khqfh/ wkh vwudwhjlhv irup d vhtxhqwldo htxloleulxp1

6161 Jhqhulf Devhqfh ri Uhsruwhg Idloxuhv

Wkh h{dpsoh deryh vkrzv wkdw rqh fdq frqvwuxfw htxloleuld lq zklfk vrph idloxuhv
duh uhsruwhg/ exw wkh frqvwuxfwlrq uholhv rq wkh pdqdjhu ehlqj lqgl�huhqw ehwzhhq
vxssuhvvlqj d idloxuh dqg uhyhdolqj lw1 Li w|sh Efc �� vwulfwo| suhihuuhg wr uhyhdo wkh
vlqjoh idloxuh/ lpso|lqj wkdw 4 Efc�� : T� Efc f�/ wkhq w|sh Efc 2� zrxog vwulfwo|
suhihu wr ghyldwh/ dqg vxssuhvv mxvw rqh idloxuh udwkhu wkdq vxssuhvvlqj erwk ri
wkhp1 Lq wklv zd|/ wkh h{dpsoh deryh uhvwv rq d nqlih0hgjh surshuw| ri wkh sd|r�v/
dqg dq| shuwxuedwlrq ri wkh sdudphwhuv zrxog xsvhw wkh htxloleulxp1 Zh fdq
vkrz wkdw wkh sdudphwhu ydoxhv iru zklfk zh fdq frqvwuxfw vxfk h{dpsohv duh ri
phdvxuh }hur lq wkh vsdfh ri sdudphwhu ydoxhv1

Lq frqgxfwlqj rxu dujxphqw/ ohw xv lqwurgxfh wkh iroorzlqj whuplqrorj|1 Vd|
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Ohw 6
�
�|
�
eh wkh uhsruw ri w|sh �| lq htxloleulxp dqg frqvlghu wkh vhw ri w|shv

� � �
Erc s�m6 �

�|
� � Erc s� dqg r � �r

�
Wkh vhw � lv ghslfwhg lq �jxuh 615 dv wkh vkdghg uhjlrq1 Wkh vhw ri w|shv iru
zkrp wkhlu htxloleulxp glvforvxuh lv 6

�
�|
�
pxvw eh d vxevhw ri �1 Wkdw lv/ wkh

lqyhuvh lpdjh ri wkh htxloleulxp glvforvxuh vwudwhj| 6 hydoxdwhg dw 6
�
�|
�
pxvw

eh d vxevhw ri �1 Wklv lv vr iru wzr uhdvrqv1 Iluvw/ yhul�delolw| uhtxluhv wkdw li
w|sh Erc s � glvforvhv 6

�
�|
�
/ wkhq 6

�
�|
� � Erc s�1 Vhfrqg/ e| frqvwuxfwlrq/ dq|

w|sh zklfk kdv pruh wkdq �r vxffhvvhv zloo vdqlwl}h lwv uhsruw/ dqg khqfh fdqqrw
eh rqh ri wkrvh w|shv uhsruwlqj 6

�
�|
�
1

Wkh htxloleulxp T� hydoxdwhg dw 6
�
�|
�
lv d frqyh{ frpelqdwlrq ri wkh ixoo

uhohydwlrq ydoxhv 4 E|� ri w|shv | 5 �1 Lq rwkhu zrugv/ wkhuh lv vrph suredelolw|
glvwulexwlrq > ryhu wkh w|shv lq � vxfk wkdw

T�
�
6
�
�|
��

'
[
|M�

> E|� 4 E|� � +617,

Qrz/ frqvlghu wkh vhw ri w|shv zkrvh uhsruw lv 	| � E�rcf�1 Wklv lv wkh vhw 63�
�
	|
�
/

wkh lqyhuvh lpdjh ri wkh htxloleulxp vwudwhj| hydoxdwhg dw 	|1 Wklv vhw lv qrq0hpsw|/
vlqfh 	| lwvhoi ehorqjv wr wkdw vhw1 E| k|srwkhvlv/ w|sh �| vwulfwo| suhihuv wkh uhsruw
6
�
�|
�
/ hyhq wkrxjk wkh vdqlwl}hg uhsruw 	| lv dydlodeoh wr klp1 Wklv lpsolhv wkdw

63�
�
	|
� _ � lv hpsw|1 Wrjhwkhu zlwk wkh idfw wkdw hyhu| w|sh wr wkh uljkw ri �|

fkrrvhv d vdqlwl}hg uhsruw/ zh frqfoxgh wkdw 63�
�
	|
�
frqvlvwv ri w|shv wkdw kdyh

dv pdq| vxffhvvhv dv �|/ exw zlwk vwulfwo| ihzhu idloxuhv wkdq 6
�
�|
�
1 Wkhuhiruh wkh

ixoo uhyhodwlrq ydoxh ri dq| w|sh lq 63�
�
	|
�
pxvw eh vwulfwo| juhdwhu wkdq wkdw ri

dq| w|sh lq �1 Lq rwkhu zrugv/

4 E|� : 4 E|�� iru dq| | 5 63�
�
	|
�
dqg |� 5 � +618,

Iurp +617, dqg +618,/ zh kdyh

T�
�
	|
�
: T�

�
6
�
�|
��

zklfk frqwudglfwv wkh k|srwkhvlv wkdw w|sh �| suhihuv wkh glvforvxuh 6
�
�|
�
ryhu wkh

vdqlwl}hg glvforvxuh 	|1 Wklv suryhv wkhruhp 6141
Wkhruhp 614 frq�upv wkh vxvslflrq wkdw dq| qrq0vdqlwl}dwlrq htxloleulxp uholhv

rq wkh nqlih0hgjh surshuw| ri lqgl�huhqfh1 Vlqfh wkh ixoo uhyhodwlrq ydoxh 4 E|� ri
dq| w|sh | lv vwulfwo| lqfuhdvlqj lq o dqg {/ wkh vhw ri sdudphwhu frq�jxudwlrqv
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lq wkh vsdfh ri wulsohv Eoc{c w� wkdw jlyh ulvh wr dq htxloleulxp wkdw xvhv qrq0
vdqlwl}hg uhsruwv lv ri phdvxuh }hur1 Zh fdq wkxv fodlp wkdw/ jhqhulfdoo| lq wkh
vsdfh ri ixqgdphqwdov Eoc{c w�/ rqo| wkh vdqlwl}hg glvforvxuhv rffxu zlwk srvlwlyh
suredelolw| lq htxloleulxp1

Wr eh vxuh/ zh fdqqrw fodlp xqltxhqhvv ri htxloleulxp 0 qrw hyhq jhqhulfdoo|1
Dq htxloleulxp vwudwhj| pxvw vshfli| d ydoxh ri wkh �up iru hyhu| frqfhlydeoh uh0
sruw/ hyhq wkrvh wkdw uhfhlyh }hur suredelolw| lq htxloleulxp1 Wkhuh duh ihz frp0
shoolqj dujxphqwv wkdw wlh grzq wkh ydoxh ri wkh �up jlyhq wkhvh r�0htxloleulxp
uhsruwv1 Krzhyhu/ zh kdyh d uhvxow wkdw lv doprvw dv jrrg1 Zh kdyh vkrzq wkdw/
jhqhulfdoo| lq wkh vsdfh ri sdudphwhuv/ wkhuh duh qr uhsruwhg idloxuhv lq htxlole0
ulxp1 Wr wkh h{whqw wkdw wkh prwlydwlrq iru vwxg|lqj wklv jdph olhv lq wkh hpslul0
fdo wdvn ri h{sodlqlqj dvvhw uhwxuqv/ rxu wkhruhp ohqgv vxssruw wr h{dplqlqj rqo|
wkrvh htxloleuld lq zklfk edg qhzv lv vxssuhvvhg e| wkh pdqdjhu1

71 Htxloleulxp Sulfhv

Kdylqj hvwdeolvkhg wkh lpsruwdqfh ri vdqlwl}hg glvforvxuhv iru htxloleulxp/ zh
qrz wxuq wr wkh pdlq exvlqhvv ri wklv sdshu 0 wkdw ri fkdudfwhul}lqj wkh hpslu0
lfdo surshuwlhv ri dvvhw uhwxuqv1 Rxu irfxv lv rq wkh srvwhulru glvwulexwlrq ryhu
vxffhvvhv frqglwlrqdo rq wkh pdqdjhu*v glvforvxuh1 Wklv lv wkh nh| txhvwlrq iru
xv/ vlqfh wkh htxloleulxp sulfhv dw wkh lqwhulp gdwh duh ghwhuplqhg e| wklv srvwh0
ulru glvwulexwlrq1 Zh fdq srvh rxu txhvwlrq e| �uvw qrwlqj wkh iroorzlqj sdlu ri
revhuydwlrqv1

� Rq wkh rqh kdqg/ wkh h{ dqwh suredelolw| glvwulexwlrq ri wkh wuxh qxpehu ri
vxffhvvhv lv elqrpldo zlwk vxffhvv suredelolw| o1

� Phdqzkloh/ zkhq wkh pdqdjhu xvhv vdqlwl}hg glvforvxuhv/ wkh glvwulexwlrq
ri glvforvhg vxffhvvhv dw wkh lqwhulp gdwh lv dovr d elqrpldo glvwulexwlrq/
zlwk vxffhvv suredelolw| wo1 Wklv lv ehfdxvh wkh pdqdjhu revhuyhv d vxffhvv
dw wkh lqwhulp gdwh zlwk suredelolw| wo/ dqg revhuydwlrqv ri vxffhvvhv duh
lqghshqghqw dfurvv surmhfwv1

Zkdw lv wkh srvwhulru glvwulexwlrq ryhu uhdol}hg vxffhvvhv frqglwlrqdo rq d sdu0
wlfxodu glvforvxuhB Frqvlghu wkh mrlqw suredelolw| ghqvlw| ryhu glvforvhg vxffhvvhv
dw gdwh 4 dqg wkh uhdol}hg vxffhvvhv dw gdwh 51 Zh fdq ghslfw wklv ghqvlw| lq
wdexodu irup dv ehorz1
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Ohppd 7151 � ER�� E^� ' � ERn ^ � R^�

Surri1 Wkh E�c r�wk hqwu| ri � ER�� E^� lv jlyhq e|
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ERn ^ � R^�r3� dE� � R� E� � ^�o�3r c

zklfk lv wkh E�c r�wk hqwu| ri � ERn ^ � R^�1 Wklv suryhv wkh ohppd1

Vlqfh f � Rn ^ � R^ � � iru dq| suredelolwlhv R dqg ^/ elqrpldo pdwulfhv duh
forvhg xqghu pxowlsolfdwlrq1 Lq sduwlfxodu/ iru R ' ow dqg ^ ' Eo � ow� * E�� ow�/
zh kdyh

� ER�� E^� ' � Eo� � +716,

Vlqfh R ' ow/ wkh glvwulexwlrq ryhu glvforvhg vxffhvvhv lv jlyhq e| wkh wrs urz
ri � ER�1 Wkh wrs urz ri � Eo� jlyhv wkh h{ dqwh glvwulexwlrq ryhu vxffhvvhv1
Vlqfh wkh h{ dqwh glvwulexwlrq ryhu vxffhvvhv pxvw eh htxdo wr wkh dyhudjh ri wkh
srvwhulru glvwulexwlrqv zhljkwhg e| wkh suredelolw| ri hdfk glvforvxuh/ htxdwlrq
+716, frq�upv wkh uhvxow vwdwhg lq ohppd 714 wkdw wkh �wk urz ri � E^� jlyhv wkh
glvwulexwlrq ryhu uhdol}hg vxffhvvhv frqglwlrqdo rq glvforvhg vxffhvvhv ri �1

Qrwh wkdw � E^� whqgv wr wkh lghqwlw| pdwul{ dv w $ �1 Wklv kdv d qdwxudo
lqwhusuhwdwlrq1 Zkhq w lv odujh/ wkh pdqdjhu lv zhoo lqiruphg derxw wkh wuxh qxp0
ehu ri vxffhvvhv/ dqg wkh glvforvxuh lv lqirupdwlyh1 Lq wkh olplw/ wkh pdqdjhu lv
ixoo| lqiruphg/ vr wkdw wkhuh lv ixoo uhyhodwlrq ri wkh h{ srvw qxpehu ri vxffhvvhv1
Wkh pdunhw*v uhvsrqvh lv wr sxw doo wkh zhljkw rq wkh zruvw srvvleoh rxwfrph
frqvlvwhqw zlwk wkh pdqdjhu*v glvforvxuh1 Wklv lv wkh vr0fdoohg �xqudyhoolqj� du0
jxphqw glvfxvvhg lq Plojurp +4<;4,/ Jurvvpdq +4<;4, dqg Plojurp dqg Urehuwv
+4<;9,/ dqg pxfk ri wkh olwhudwxuh kdv irfxvhg rq wkh frqglwlrqv xqghu zklfk ixoo
uhyhodwlrq wdnhv sodfh +vxfk dv Olspdq dqg Vhssl +4<<8,/ Vhlgpdqq dqg Zlqwhu
+4<<:,,1 Krzhyhu/ dv orqj dv w 	 �/ wkh pdqdjhu lv qrw dozd|v ixoo| lqiruphg/ dqg
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' E� n {�r E� n ^{��3r � +719,

Iljxuh 714 ghslfwv wkh htxloleulxp sulfhv ryhu wlph1 Wkh orzhvw sulfh revhuyhg
dw gdwh 4 lv zkhq wkh pdqdjhu uhsruwv qr vxffhvvhv dw doo/ lq zklfk fdvh sulfh lv
T� Ef� ' E� n ^{�� 1 Wklv frpsduhv zlwk wkh h{ dqwh sulfh ri Tf ' E� n o{�� 1
Wkh kljkhvw srvvleoh sulfh dw gdwh 4 lv zkhq wkh pdqdjhu uhsruwv 433( vxffhvv
+l1h1 zkhq r ' �,1 Iru lqwhuphgldwh glvforvxuh &/ wkh lqwhulp sulfh lv jlyhq e|
E� n {�

& E� n ^{��3&1 Vlqfh & vxffhvvhv kdyh ehhq glvforvhg/ wkh �qdo oltxlgd0
wlrq ydoxh ri wkh �up olhv ehwzhhq E� n {�& dqg E� n {�� 1 Wkh wkhruhp whoov
xv wkdw wkh idfwru E� n ^{��3& lv wkh dssursuldwh vfdolqj idfwru iru wklv uhvlgxdo
xqfhuwdlqw|1
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Iljxuh 714= Htxloleulxp Sulfhv

81 Yduldqfh ri Uhwxuqv

Rqh yluwxh ri wkh vlpsoh sulflqj uxoh rxwolqhg deryh lv wkdw hpslulfdo suhglfwlrqv
rq wkh uhwxuq surfhvv fdq eh rewdlqhg zlwk plqlpdo h�ruw1 Lq sduwlfxodu/ zh fdq

4:





iru vpdoo {1 Vr zkhq w lv kljk +vr wkdw wkh pdqdjhu lv zhoo lqiruphg,/ wkh
glvforvxuh r pxvw eh kljk wr pdwfk wkh khljkwhqhg h{shfwdwlrq ri wkh pdunhw1
Dq| glvforvxuh wkdw idoov vkruw ri wklv zloo uhvxow lq d idoo lq sulfh1

Wkh vhfrqg shulrg uhwxuq frqglwlrqdo rq glvforvxuh r e| wkh pdqdjhu lv wkh

udqgrp yduldeoh T2 %T� Er� / zklfk wdnhv wkh ydoxh E� n {��
1
d� n ^{o�3r zlwk

suredelolw|
�
�3r
�

�
^� E� � ^��3r3�1 Vlqfh

H
�
-2

2mr
�
'

H
�
E� n {�2�

��� r�
d� n ^{o2E�3r�

'

%
^ E� n {�2 n � � ^

E� n ^{�2

&�3r

c

wkh yduldqfh ri vhfrqg shulrg uhwxuq frqglwlrqdo rq glvforvxuh r lv

Ydu E-2mr� '
k
�n^{E2n{�

E�n^{�2

l�3r

� �� +817,

Frqglwlrqdo yduldqfh lv ghfuhdvlqj lq r1 Xvlqj wkh uhodwlrq ehwzhhq glvforvxuh r
dqg wkh �uvw shulrg uhwxuq -� iurp +815,/ zh fdq ghulyh wkh h{suhvvlrq iru wkh ydul0
dqfh ri vhfrqg shulrg uhwxuq frqglwlrqdo rq -�1 Ohw -4@ 

� � d E� n {�% E� n o{�o�

eh wkh kljkhvw srvvleoh uhwxuq dw gdwh 4 +zkhq wkh pdqdjhu dqqrxqfhv d 433(
vxffhvv udwh rq wkh surmhfwv,1 Wkhq/

Ydu E-2m-�� ' '*L}E-4@ 
� %-�� � � +818,

zkhuh

' �
�
� n ^{E2 n{�

E� n ^{�2

��%*L}d �n{�n^{ o
� +819,

Wklv suryhv wkh wkhruhp1 D pruh xvhixo h{suhvvlrq iru wkh frqglwlrqdo yduldqfh
ri -2 fdq eh rewdlqhg zkhq wkh lqfuhphqw { lv vpdoo1 Vlqfh *L} E� n %� � % iru
vpdoo %/ zh kdyh wkh iroorzlqj dssur{lpdwlrq iru *L}' zkhq { lv vpdoo1

*L}' '
*L}E�n^E2{n{2��32 *L}E�n^{�

*L}E�n{�3*L}E�n^{�
� ^{

� � ^
� +81:,

Wkhq +818, kdv wkh dssur{lpdwlrq=

Ydu E-2m-�� �
�
-4@ 

�

-�

� ^{

�3^

� �� +81;,

Ixuwkhu vlpsol�fdwlrqv duh srvvleoh wkurxjk pruh irupdo dv|pswrwlf dqdo|vlv1 Eh0
iruh zh gr vr/ zh h{dplqh wkh sulflqj frqvhtxhqfhv ri ulvn dyhuvlrq1
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8141 Qhjdwlyh Vhuldo Fruuhodwlrq ri Uhwxuqv

Vr idu zh kdyh h{dplqhg sulflqj lq d ulvn0qhxwudo vhwwlqj1 Wklv hqwdlov wkdw erwk
wkh h{shfwhg �uvw shulrg uhwxuq dqg wkh h{shfwhg vhfrqg shulrg uhwxuq duh 41
Zh qrz h{dplqh wkh frqvhtxhqfhv ri lqwurgxflqj ulvn dyhuvlrq lqwr wkh sulflqj
irupxod1

Vlqfh frqglwlrqdo uhwxuq yduldqfh lv ghfuhdvlqj lq �uvw shulrg uhwxuq/ d orz
�uvw shulrg uhwxuq zloo eh dvvrfldwhg zlwk odujh yduldqfh lq vxevhtxhqw uhwxuqv1 Li
sulfhv uh hfw ulvn dyhuvlrq/ wkh �uvw shulrg sulfh pxvw eh fruuhvsrqglqjo| orzhu lq
rughu wr lqgxfh ulvn dyhuvh wudghuv wr krog wkh dvvhw1

H{solflw sulflqj irupxodh duh pdgh hdvlhu li zh dvvxph wkdw wkh uhsuhvhqwdwlyh
lqyhvwru kdv wkh frqvwdqw uhodwlyh ulvn dyhuvlrq xwlolw| ixqfwlrq1 Wkxv/ iru wklv
vxe0vhfwlrq rqo|/ zh dvvxph wkdw

� ES� '
S�3k

�� k
� +81<,

Wkhq/ wkh sulfh ri wkh �up dw wkh lqwhulp gdwh lv rewdlqhg iurp wkh vwdwh sulfhv
dfurvv wkh h{ srvw qxpehuv ri vxffhvvhv1 Hdfk vwdwh sulfh lv wkh qrupdol}hg ydoxh ri
wkh surgxfw ri wkh suredelolw| ri wkdw vwdwh dqg wkh pdujlqdo xwlolw| ri frqvxpswlrq
dw wkdw vwdwh1 Vlqfh pdujlqdo xwlolw| lv jlyhq e| �� ES� ' S3kc wkh sulfh ri wkh �up
dw wkh lqwhulp gdwh dv d ixqfwlrq ri wkh glvforvhg qxpehu ri vxffhvvhv r lv jlyhq
e|=

eT� Er� '

S�3r
�'f

�
�3r
�

�
^�
k
E� n {�rn�

l�3k
E� � ^��3r3�

S�3r
�'f

�
�3r
�

�
^�
k
E� n {�rn�

l
3k

E�� ^��3r3�

' E� n {�r
%
^ E� n {��3k n �� ^

^ E� n {�3k n �� ^

&�3r

Gh�qlqj wkh frqvwdqw

Z � ^ E� n {�3k

^ E� n {�3k n �� ^
+8143,

wkh sulfh fdq eh zulwwhq dveT� Er� ' E� n {�r E� n Z{��3r +8144,

Frpsdulqj wklv h{suhvvlrq zlwk wkh fruuhvsrqglqj sulflqj irupxod iru wkh ulvn0
qhwxudo fdvh +719,/ zh vhh wkdw wkh h�hfw lv wr uhsodfh ^ e| Z1 Vlqfh Z 	 ^/ wkh h�hfw
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ri ulvn dyhuvlrq lv wr uhgxfh wkh sulfh ri wkh �up dw wkh lqwhulp gdwh1 Wkh sulfh
ri wkh �up dw wkh lqwhulp gdwh zlwk ulvn dyhuvlrq frlqflghv zlwk wkh sulfh lq wkh
ulvn0qhxwudo fdvh zkhuh wkh srvwhulru suredelolw| ri vxffhvv kdv ehhq uhgxfhg iurp
^ wr Z1 Vhfrqg shulrg uhwxuq frqglwlrqdo rq glvforvxuh r lv d udqgrp yduldeoh wkdw

wdnhv wkh ydoxh E�n{��

d�nZ{o�3r
zlwk suredelolw|

�
�3r
�

�
^� E�� ^��3r3� � Khqfh h{shfwhg

vhfrqg shulrg uhwxuq frqglwlrqdo rq glvforvxuh r lv jlyhq e|

H E-2mr� '
�
� n ^{

� n Z{

��3r

� +8145,

H{shfwhg vhfrqg shulrg uhwxuq lv ghfuhdvlqj lq wkh glvforvxuh r1 Iroorzlqj jrrg
qhzv/ vxevhtxhqw h{shfwhg uhwxuq lv orz/ exw iroorzlqj edg qhzv/ vxevhtxhqw
h{shfwhg uhwxuq lv kljk1

Wkh sulfh ri wkh �up dw wkh lqlwldo gdwh/ ghqrwhg e| eTf/ fdq eh ghulyhg lq d
vlplodu zd|1 Lw lv jlyhq e|

eTf '

S�
�'f

�
�
�

�
o�
k
E� n {��

l�3k
E�� o��3�

S�
�'f

�
�
�

�
o�
k
E� n {��

l
3k

E�� o��3�

'

%
o E� n {��3k n � � o

o E� n {�3k n � � o

&�
' E� n �{�� +8146,

zkhuh

� '
o E� n {�3k

o E� n {�3k n �� o
+8147,

Iljxuh 814 ghslfwv wkh frqvhtxhqfhv ri ulvn dyhuvlrq iru dvvhw sulfhv dw gdwhv 3
dqg 41 Ulvn dyhuvlrq orzhuv sulfhv erwk dw wkh lqlwldo dqg lqwhulp gdwhv/ wkhuhe|
udlvlqj wkh h{shfwhg uhwxuq deryh wkh dfwxduldoo| idlu udwh ri 41

Iluvw shulrg uhwxuq zkhq r vxffhvvhv duh glvforvhg lv jlyhq e|

-� Er� '
eT� Er�eTf '

�
� n {

� n Z{

�r �
� n Z{

� n �{

��
�

vr wkdw iurp +8145,/ zh kdyh dq h{suhvvlrq iru wkh h{shfwhg vhfrqg shulrg uhwxuq
frqglwlrqdo rq �uvw shulrg uhwxuq1 Lw lv

H E-2 m-� � '

�
� n ^{

� n Z{

� �

*L} �n{
�nZ{

i*L}E-4@ 
� *-��j

+8148,
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Iljxuh 814= Sulfhv zlwk ulvn dyhuvlrq

zkhuh-4@ 
� lv wkh kljkhvw srvvleoh �uvw shulrg uhwxuq/ jlyhq e| dE� n {� %E� n �{�o� 1

Zh wkhuhiruh kdyh wkh iroorzlqj uhvxow1

Wkhruhp 8151 HE-2 m-� � lv d ghfuhdvlqj ixqfwlrq ri -�1

Wklv uhvxow lv d qdwxudo frqvhtxhqfh ri wkh idfw wkdw frqglwlrqdo yduldqfh ri
vhfrqg shulrg uhwxuq lv ghfuhdvlqj lq �uvw shulrg uhwxuq1 Iru ulvn dyhuvh lqyhvwruv
wr eh lqgxfhg wr krog wkh dvvhw iroorzlqj d edg rxwfrph dw gdwh 4/ wkh h{shfwhg
vhfrqg shulrg uhwxuq pxvw eh kljkhu1 Zh fdq rewdlq vlpsohu h{suhvvlrqv iru
frqglwlrqdo uhwxuq zkhq { lv vpdoo1 Xvlqj wkh dssur{lpdwlrq % � *L} E� n %�/ zh
fdq zulwh +8148, dv

H E-2 m-� � �
�
-4@ 

�

-�

� ^3Z

�3Z

� +8149,

8151 Dv|pswrwlf Dqdo|vlv

Zh zrxog qrz olnh wr wdnh olplwv zkhuh { $ f dqg � $ 4 lq vxfk d zd| wkdw
wkh uhwxuq glvwulexwlrqv duh qrq0ghjhqhudwh1 Zh gr wklv iru wkh ulvn0qhxwudo fdvh
rqo|1 Vlplodu dujxphqwv fdq eh ghsor|hg iru wkh ulvn dyhuvh fdvh1 Lq sduwlfxodu/
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zh zrxog olnh wr lpsrvh wkh frqvwudlqw wkdw

Ydu E-�� ' Ydu E-2m�� ' j2 +814:,

iru frqvwdqw j : f/ vr wkdw wkh �uvw shulrg uhwxuq yduldqfh lv htxdo wr wkh vhfrqg
shulrg uhwxuq yduldqfh dw wkh phdq1 Lq rughu wr �qg wkh uljkw olplwlqj surfhgxuh/
lw lv xvhixo wr qrwh wkh iroorzlqj dssur{lpdwlrqv iru vpdoo { lq wkh ulvn qhxwudo
fdvh1 ;AAAAAA?AAAAAA=

*L}-4@ 
� � �{E� � o�

Ydu E-�� � i T i�{2 ERn ^2 � R^2�j � �

Ydu E-2m-�� � i T

�
{^

� � ^
E�{E� � o�� *L}-��

�
� �

+814;,

E| vhwwlqj=

{2 '
*L} E� n j2�

g �� +814<,

iru frqvwdqw g/ dqg wdnlqj olplwv dv � $4/ zh kdyh

Ydu E-�� $ i T

�
Rn ^2 � R^2

g
� *L} �� n j2

��� �

Ydu E-2m �� $ i T

�
^ E�� o�

E� � ^�g
� *L} �� n j2

��� �

Wkhq/ iru

w '
2 � o �se � Ho n Do2

2o

g ' o � �

2

�
2 � o �se � Ho n Do2

�
zh kdyh

g ' Rn ^2 � R^2 '
^ E� � o�

E� � ^�

vr wkdw YduE-�� 'YduE-2m �� ' j2 lq wkh olplw/ dv ghvluhg1
Qrwh/ krzhyhu/ wkdw wklv sduwlfxodu olplwlqj surfhgxuh kdv wkh frqvhtxhqfh

wkdw wkh yrodwlolw| vploh glvdsshduv dv � ehfrphv odujh1 Wklv fdq eh vhhq iurp
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wkh h{suhvvlrq iru YduE-2m-�� lq +814;,1 Wkh whup lqyroylqj *L}-� hqwhuv zlwk

wkh vdph rughu ri pdjqlwxgh dv {/ zklfk lq wxuq lv ri wkh rughu ri �3
�
2 1 Wkh

glvdsshdudqfh ri wkh yrodwlolw| vploh lq wkh olplw vxjjhvwv wkdw zh vkrxog h{huflvh
vrph fdxwlrq lq xvlqj wkh odujh � dssur{lpdwlrq iru wkh jhqhudo fdvh zlwk �qlwh
� 1

Wkh uhdvrq iru wkh glvdsshduqfh ri wkh yrodwlolw| vploh lq wkh olplw fdq eh
xqghuvwrrg lq whupv ri wkh gl�huhqw udwhv dw zklfk wkh vxssruw ri wkh vxffhvv
glvwulexwlrq vkliwv dv frpsduhg wr wkh udwh dw zklfk wkh vwdqgdug ghyldwlrq vkliwv1
Wkh pd{lpxp qxpehu ri vxffhvvhv lv lqfuhdvlqj olqhduo| lq � / exw wkh vwdqgdug
ghyldwlrq lqfuhdvhv dw d pxfk vorzhu udwh 0 dw wkh udwh ri

s
� 1 Wkh yrodwlolw| vploh

lv d skhqrphqrq wkdw lv wlhg xs zlwk wkh pd{lpxp �uvw shulrg uhwxuq -4@ 
� /

dqg khqfh lv lqkhuhqwo| d ihdwxuh wkdw dsshdov wr wkh vl}h ri wkh vxssruw ri wkh
glvwulexwlrq ryhu vxffhvvhv1 Dv � ehfrphv odujh/ wkh vxssruw lv lqfuhdvlqj dw d
pxfk txlfnhu udwh wkdq wkh vwdqgdug ghyldwlrq ri �uvw shulrg uhwxuq1

8161 Dowhuqdwlyh olplwlqj surfhgxuh

Dqrwkhu zd| wr looxvwudwh wkh uroh ri wkh �qlwh vxssruw lq jhqhudwlqj wkh yrodwlolw|
vploh lv wr h{dplqh dq dowhuqdwlyh olplwlqj surfhgxuh wkdw uhvxowv lq d �qlwh vxssruw
lq wkh olplw1 Wklv fdq eh dffrpsolvkhg e| vhwwlqj

{ '
*L} E� n j2�s

�
+8153,

o ' � � �s
�

+8154,

w ' � � �

*L} E� n j2�
+8155,

Wkhq/ zh dfklhyh +814:,/ dqg kdyh wkh iroorzlqj olplwlqj h{suhvvlrqv1

-4@ 
� $ � n j2 +8156,

Ydu E-2m-�� $ � n j2

-�

� � +8157,

dqg wkxv rewdlq wkh yrodwlolw| vploh lq wkh olplw1
Krzhyhu/ wkh olplwlqj uhwxuq glvwulexwlrqv glvsod| d qxpehu ri xqfrqyhqwlrqdo

ihdwxuhv1 Wkh �uvw shulrg uhwxuq-� kdv phdq ri � dqg yduldqfh j
2/ exw lwv vxssruw

57



lv erxqghg1 Wkh pd{lpxp uhwxuq lv jlyhq e| � n j2/ dqg lwv plqlpxp uhwxuq
+jlyhq e| wkh olplw ri dE� n ^{� * E� n o{�o� , fdq eh vkrzq wr frqyhujh wr�

�

� n j2

�*L}E�nj2�3�
� +8158,

zklfk lv ohvv wkdq 4 iurp +8155,1 Wkxv/ -� olhv ehwzhhq +8158, dqg � n j21
Wkh vhfrqg shulrg uhwxuq -2 frqglwlrqdo rq glvforvxuh r kdv wkh orzhvw ydoxh ri
d�* E� n ^{�o�3r +zkhq qr ixuwkhu vxffhvvhv uhvxow iurp wkh xquhvroyhg surmhfwv,
dqg wkh kljkhvw ydoxh ri dE� n {� %E� n ^{�o�3r +zkhq doo uhpdlqlqj surmhfwv wxuq
rxw wr eh vxffhvvixo,1 Lq wkh olplw/ wkh iruphu whqgv wr }hur/ zkloh wkh odwwhu whqgv
wr E� n j2� *-�/ zkhuh -� lv wkh �uvw shulrg uhwxuq fruuhvsrqglqj wr glvforvxuh
r1 Vlqfh wkh vhfrqg shulrg frqglwlrqdo uhwxuq kdv phdq ri 4/ wkh vkdsh ri wkh
glvwulexwlrq gl�huv pdunhgo| ghshqglqj rq �uvw shulrg uhwxuq1 Jlyhq orz �uvw
shulrg uhwxuq/ wkh glvwulexwlrq ri vhfrqg shulrg uhwxuq lv srvlwlyho| vnhzhg/ zkloh
jlyhq d kljk �uvw shulrg uhwxuq/ lw lv qhjdwlyho| vnhzhg1 Dowkrxjk wkhvh ihdwxuhv ri
wkh uhwxuq glvwulexwlrq duh xqfrqyhqwlrqdo/ vxfk dq dssurdfk pd| ghvhuyh ixuwkhu
dwwhqwlrq jlyhq wkh hpslulfdo �qglqjv ri Nulvkqdq hw do1 +4<<<, zklfk grfxphqwv
hylghqfh wkdw wkh vnhzqhvv ri glvforvxuhv dqg uhwxuqv pd| kdyh d uroh lq h{sodlqlqj
wkh ghjuhh ri vfhswlflvp h{huflvhg e| wkh pdunhw rq wkh glvforvxuhv ri pdqdjhuv1

91 Frqfoxglqj Uhpdunv

Wkh wkhru| lq wklv sdshu kdv ehhq ghyhorshg lq wkh frqwh{w ri frusrudwh glvforvxuh/
dqg wklv kdv prwlydwhg rxu fkrlfh ri xvlqj wkh iudphzrun ri yhul�deoh uhsruwv lq
vhwwlqj xs rxu jdph1 Wkhuh duh pdq| rwkhu frqwh{wv lq zklfk wkh glvforvlqj sduw|
kdv dq lqwhuhvwhg lq wkh uhdfwlrqv ri wkh pdunhw wr lwv glvforvxuhv1 Qrw doo ri wkhvh
fdvhv zrxog eh ehvw ghdow zlwk e| xvlqj wkh yhul�deoh uhsruwv iudphzrun1 Iru
eurnhuv* vwrfn uhfrpphqgdwlrqv/ iru h{dpsoh/ wkh uhjxodwru| frqvwudlqwv rq wkh
jhqhudoo| dffhswhg dffrxqwlqj sulqflsohv +JDDS, zrxog qrw dsso|/ dqg lw zrxog
eh pruh uhdvrqdeoh wr hpsor| wkh fkhds wdon iudphzrun1 Prujdq dqg Vwrfnhq
+5333, h{dplqh wklv lvvxh1

Wkhuh duh vrph fdvhv iru zklfk wkh fkrlfh ri iudphzrun lv pruh �qho| edo0
dqfhg1 Glvforvxuhv e| jryhuqphqwv lv rqh ri wkhvh fdvhv1 Vryhuhljq ulvn kdv ehhq
qrwrulrxvo| gl!fxow wr fdswxuh lq d irupdo dvvhw sulflqj vhwwlqj vlqfh wkh qrwlrq
ri ghidxow lv hyhq ohvv fohdu wkdq lq wkh fdvh ri frusrudwh ghidxow1 Rssruwxqlvwlf
ehkdylrxu rq wkh sduw ri wkh ghewru fdqqrw eh uxohg rxw/ zkhuh wkh zloolqjqhvv
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wr uhsd| lv pruh uhohydqw wkdq wkh delolw| wr uhsd|1 Wkh vhulhv ri lqwhuqdwlrqdo
�qdqfldo fulvhv lq uhfhqw |hduv kdv ehhq d vdoxwdu| uhplqghu ri wkh vkruwfrplqjv
ri rxu fxuuhqw xqghuvwdqglqj ri �qdqfldo glvwuhvv lq lqwhuqdwlrqdo �qdqfh1

Rqh srolf| uhvsrqvh wr wkh wxuexohqfh lq lqwhuqdwlrqdo pdunhwv kdv ehhq wr
fdoo iru lqfuhdvhg wudqvsduhqf| ri glvforvxuh iurp jryhuqphqw dqg rwkhu r!fldo
vrxufhv/ dv zhoo dv pdmru pdunhw sduwlflsdqwv1 D vhulhv ri lqlwldwlyhv duh xqghu zd|
iurppxowlodwhudo rujdql}dwlrqv wrzdugv juhdwhu wudqvsduhqf| +vhh ELV +4<<<,/ LPI
+4<<;,,1 Wkh wkhru| suhvhqwhg lq wklv sdshu frxog eh vhhq dv rqh zd| wr irupdol}h
wkh qrwlrq wkdw xqfhuwdlqw| lqfuhdvhv gxulqj d fulvlv1 Wr wkh h{whqw wkdw jryhuq0
phqwv dqg prqhwdu| dxwkrulwlhv kdyh dq lqwhuhvw lq wkh uhdfwlrqv ri wkh pdunhw
wrzdugv d sduwlfxodu vhw ri rxwfrphv/ lwv glvforvxuh srolf| zloo eh qhfhvvdulo| lq0
 xhqfhg e| wklv1 Wkh dqdorj| ehwzhhq wkh glvforvxuhv e| jryhuqphqwv dqg r!fldo
erglhv rq wkh rqh kdqg/ dqg wkh dffrxqwlqj glvforvxuhv e| �upv rq wkh rwkhu lv
rqo| dv vwurqj dv wkh dvvxpswlrq wkdw glvforvxuhv e| jryhuqphqwv duh yhul�deoh1
Wr wkh h{whqw wkdw wkh dqdorj| fdq eh sxvkhg ixuwkhu/ wkh devhqfh ri qhzv lv vhhq
dv edg qhzv e| vrsklvwlfdwhg pdunhw sduwlflsdqwv/ dqg lw kdv wkh h�hfw ri lqfuhdv0
lqj xqfhuwdlqw| +e| udlvlqj wkh yduldqfh ri vxevhthqw uhwxuqv,1 Zkhq h{suhvvhg
lq wklv zd|/ wkh ghedwh rq wudqvsduhqf| ri glvforvxuhv fdq wkhq eh sodfhg pruh
�upo| zlwklq idploldu wkhruhwlfdo fdwhjrulhv1 Ixuwkhu h{sorudwlrq ri wklv dssurdfk
wr r!fldo glvforvxuh srolf| zrxog vhhp wr eh surplvlqj/ dqg pruh zrun rq wkh
lqvwlwxwlrqdo irxqgdwlrqv ri yhul�delolw|/ vxfk dv wkh zrun e| Exoo dqg Zdwvrq
+5333,/ lv fdoohg iru1
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Dsshqgl{

Surri ri ohppd 7141 Vlqfh wkh glvforvhg qxpehu ri vxffhvvhv dw wkh lqwhulp
gdwh fdqqrw h{fhhg wkh uhdol}hg qxpehu ri vxffhvvhv/ � E�c r� ' f iru � : r1 Zkhq
� E�c r� lv srvlwlyh/ lw lv wkh surgxfw ri wzr qxpehuv 0 wkh suredelolw| wkdw wkh
uhdol}hg qxpehu ri vxffhvvhv lv r/ dqg wkh suredelolw| wkdw � ri wkhvh vxffhvvhv lv
uhdol}hg e| wkh lqwhulp gdwh1 Lq rwkhu zrugv/ iru � � r/
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