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41 Lqwurgxfwlrq

Prvw ri wkh wd{ v|vwhpv dqdo|vhg lq wkh h{lvwlqj olwhudwxuh zhuh ruljlqdoo| ghvljqhg
iru ixoo| uhyhuvleoh lqyhvwphqw/ dqg uhtxluhg wkh v|pphwulf wuhdwphqw ri sur�wv dqg
orvvhv1 Lqvwhdg/ lqyhvwphqw lv dw ohdvw sduwldoo| luuhyhuvleoh4 / dqg wkh �up fdq ghflgh
zkhq wr xqghuwdnh lw1

Xqghu luuhyhuvlelolw|/ Ehuqdqnh +4<;6, vkrzv wkdw lqyhvwphqw ghflvlrqv duh d�hfwhg
rqo| e| edg qhzv1 Iroorzlqj wklv uhvxow/ Sdqwhjklql +5334, suryhv wkdw lw lv srvvl0
eoh wr ghvljq d wd{ v|vwhp/ zkhuh wd{ dv|pphwulhv r�vhw wkh dv|pphwulf h�hfwv ri
xqfhuwdlqw|1 Krzhyhu/ wkdw sdshu vx�huv ri vrph olplwdwlrqv/ lq wkdw xqfhuwdlqw| lv
dvvxphg wr ydqlvk diwhu rqh shulrg/ fdslwdo ghsuhfldwlrq lv glvuhjdughg/ dqg wkh �up*v
vkduhkroghuv duh ulvn0qhxwudo1

Lq wklv sdshu zh zdqw wr hqulfk wkh prgho lq wkhvh gluhfwlrqv1 Lq sduwlfxodu/ zh
dvvxph wkdw lqfrph xqfhuwdlqw| odvwv wr lq�qlw|1 Pruhryhu/ zh dvvxph wkdw fdslwdo
ghsuhfldwhv udqgrpo| dqg wkdw wkh uhsuhvhqwdwlyh �up pd| eh rzqhg e| ulvn0dyhuvh
vkduhkroghuv1 Ilqdoo|/ iroorzlqj vrph lq xhqwldo duwlfohv +vhh h1j1 Fxpplqv hw1 do1
+4<<9, dqg Kdvvhww hw do1 +4<<7,,/ zh ghvljq srolf| xqfhuwdlqw| dv d Srlvvrq surfhvv/ vr
wkdw ixwxuh wd{ udwhv duh qhlwkhu nqrzq qru fhuwdlq1 Ghvslwh wkh deryh jhqhudolvdwlrqv/
wkh dv|pphwulf ghvljq uhpdlqv qhxwudo1

Wklv duwlfoh lv vwuxfwxuhg dv iroorzv1 Vhfwlrq 5 lqwurgxfhv d vlpsoh frqwlqxrxv0wlph
prgho zlwk lqfrph xqfhuwdlqw|1 Vhfwlrq 6 lqwurgxfhv wkh dv|pphwulf wd{ ghvljq dqg
ghulyhv wkh edvlf qhxwudolw| uhvxow1 Lq vhfwlrqv 7 erwk srolf| dqg fdslwdo xqfhuwdlqw|
duh lqwurgxfhg1 Qhxwudolw| lv vkrzq wr krog hyhq zlwk wkhvh h{whqvlrqv1 Vhfwlrq 8
suhvhqwv d qxphulfdo h{dpsoh dqg vhfwlrq 9 vxppdulvhv wkh uhvxowv1

51 Wkh prgho

Lq wklv vhfwlrq zh lqwurgxfh d frqwlqxrxv0wlph prgho ghvfulelqj wkh ehkdylrxu ri d
uhsuhvhqwdwlyh �up1 Wkh iroorzlqj k|srwkhvhv krog5 =

l, ulvn lv ixoo| glyhuvl�deoh>
ll, wkh ulvn0iuhh lqwhuhvw udwh u lv �{hg>
lll, wkhuh h{lvwv dq luuhyhuvleoh lqyhvwphqw L> xqghuwdnhq e| wkh �up zkhq lw lv

zloolqj wr vwduw surgxfwlrq>
ly, fxuuhqw jurvv sur�wv iroorz d jhrphwulf Eurzqldq prwlrq

g�+w, @ ��+w,gw. ��+w,g}

zkhuh � dqg � duh wkh jurzwk udwh dqg yduldqfh sdudphwhu/ uhvshfwlyho|>

4 Luuhyhuvlelolw| pd| eh fdxvhg hlwkhu e| *ohprq h�hfwv*/ ru e| fdslwdo vshfl�flw|1 Hyhq zkhq
eudqg0qhz fdslwdo fdq eh hpsor|hg lq gl�huhqw surgxfwlrqv/ lw pd| ehfrph vshfl�f rqfh lqvwdoohg1
Luuhyhuvlelolw| pd| eh fdxvhg e| lqgxvwu| frpryhphqw dv zhoo= zkhq d �up fdq uhvhoo lwv fdslwdo/ exw
wkh srwhqwldo ex|huv rshudwlqj lq wkh vdph lqgxvwu| duh vxemhfw wr wkh vdph pdunhw frqglwlrqv/ wklv
frpryhphqw reoljhv wkh �up wr uhvruw wr rxwvlghuv1 Gxh wr uhfrqyhuvlrq frvwv/ krzhyhu/ wkh �up fdq
vhoo wkh fdslwdo dw d frqvlghudeo| orz sulfh wkdq dq lqvlghu zrxog eh zloolqj wr sd| li lw glg qrw idfh
wkh vdph edg frqglwlrqv dv wkh vhoohu +vhh Deho hw do1/ 4<<9/ dqg Jxlvr dqg Sduljl/ 4<<<,1

5Wkh uhdghu pd| �qg ixuwkhu ghwdlov ri wkh prgho lq Gl{lw dqg Slqg|fn +4<<7/ Fk1 5,1
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y, wkh �up lv ulvn0qhxwudo/ exw lwv rzqhuv pd| eh ulvn0dyhuvh1
Dvvxpswlrq y,/ lqwurgxfhg e| PfGrqdog dqg Vlhjho +4<;8/ 4<;9,/ ghvhuyhv vrph

frpphqwv1 Iroorzlqj wkh frqwlqjhqw fodlpv dssurdfk/ wkhvh dxwkruv dvvxph wkdw wkh
�up*v rswlrq wr ghod| luuhyhuvleoh lqyhvwphqw lv rzqhg e| zhoo0glyhuvl�hg lqyhvwruv1
Wr h{sodlq wklv srlqw/ ohw xv gh�qh � dv wkh wrwdo h{shfwhg udwh ri uhwxuq1 Dffruglqj
wr wkh Lqwhuwhpsrudo Fdslwdo Dvvhw Sulflqj Prgho/ wkh udwh � pxvw vdwlvi| wkh htxdolw|
� @ u . ���

P
> zkhuh � � +�

P � u,@�P lv wkh pdunhw sulfh ri ulvn/ zlwk �
P
> �5
P

dqg �
P

uhsuhvhqwlqj wkh h{shfwhg uhwxuq/ wkh yduldqfh ri wkh pdunhw sruwirolr dqg
wkh fruuhodwlrq frh!flhqw ehwzhhq wkh udwh ri uhwxuq rq wkh dvvhw dqg wkdw rq wkh
sruwirolr/ uhvshfwlyho|1 Wkh whup ���

P
lv wkhuhiruh dq dg krf frpshqvdwlrq uhtxluhg

e| ulvn0dyhuvh vkduhkroghuv1
Qh{w frpsxwh wkh gl�huhqfh � @ ���= Dv h{sodlqhg e| Gl{lw dqg Slqg|fn +4<<7/

Fk1 7 dqg 8, � fdq eh frqvlghuhg dv dq h{solflw ru lpsolflw glylghqg udwh6 1 Xvlqj wkh
deryh htxdolwlhv/ zh fdq qrz zulwh � @ � . � @ u . ���

P
1 Uhduudqjlqj wklv uhodwlrq

wkh htxdolw| u�� @ �����
P

lv rewdlqhg= Li wkh vkduhkroghuv duh ulvn0qhxwudo/ wkh whup
���

P
lv rplwwhg vr wkdw u � � @ � krogv1 Wkhuhiruh/ wkh �up*v sureohp xqghu ulvn

dyhuvlrq lv htxlydohqw wr wkh rqh xqghu ulvn qhxwudolw|/ h{fhsw wkdw u� � @ �� ���
P

lqvwhdg ri u � � @ �= Lq rwkhu zrugv/ wkh ulvn0dgmxvwhg guliw � � ���
P

doorzv wkh
ydoxdwlrq ri wkh �up dv li lw zhuh ulvn qhxwudo7 1

Jlyhq wkh deryh dvvxpswlrqv/ wkh �up*v sureohp lv rqh ri fkrrvlqj wkh rswlpdo
wlplqj ri luuhyhuvleoh lqyhvwphqw1 Wr vroyh wklv sureohp erwk wkh Ydoxh Pdwfklqj Frq0
glwlrq +YPF, dqg wkh Vprrwk Sdvwlqj Frqglwlrq +VSF, duh qhfhvvdu|1 Wkh iruphu
uhtxluhv wkh htxdolw| ehwzhhq wkh suhvhqw ydoxh ri wkh surmhfw +qhw ri wkh lqyhvwphqw
frvw,/ ^Y +�,� L` > dqg wkh ydoxh ri wkh rswlrq wr ghod| lqyhvwphqw/ R +�, =

Y +�,� L @ R+�,= +YPF,

Wkh odwwhu frqglwlrq uhtxluhv wkh htxdolw| ehwzhhq wkh vorshv ri ^Y +�,� L` dqg R+�,

C

C�
^Y +�,� L` @

CR+�,

C�
= +VSF,

Frqglwlrqv +YPF, dqg +VSF, wkxv |lhog wkh wuljjhu srlqw �� deryh zklfk lqyhvwphqw
lv lpphgldwho| sur�wdeoh1

61 Wkh dv|pphwulf wd{ v|vwhp

Ohw xv qrz lqwurgxfh wkh dv|pphwulf wd{ v|vwhp glvfxvvhg lq Sdqwhjklql +5334,1 Wklv
wd{ ghvljq lv edvhg rq dq lpsxwdwlrq phwkrg8 1 Dv lq Jduqdxw dqg Urvv +4<:8,/ wkh wd{
edvh lv jlyhq e| wkh �up*v uhwxuq/ qhw ri dq lpsxwdwlrq udwh/ uH 1 Frqwudu| wr Jduqdxw
dqg Urvv* sursrvdo/ krzhyhu/ zkhq wkh �up*v uhwxuq lv ohvv wkdq wkh lpsxwdwlrq udwh/

6Qrwh wkdw B pxvw eh srvlwlyh lq rughu iru wkh qhw ydoxh ri wkh �up wr eh erxqghg1
7Iru ixuwkhu ghwdlov vhh dovr Phuwrq +4<<3/ Fk1 48,1
8 Lw lv zruwk qrwlqj wkdw/ lq wkh Qlqhwlhv/ wd{ v|vwhpv edvhg rq wkh lpsxwdwlrq phwkrg zhuh

lqwurgxfhg lq wkh Qruglf frxqwulhv +vhh V�uhqvhq/ 4<<;,/ lq Furdwld +vhh Urvh dqg Zlvzhvvhu/ 4<<;,/
dqg lq Lwdo| +vhh Erugljqrq hw do1/ 4<<< dqg 5334,1 Uhfhqwo|/ dq lpsxwdwlrq wd{ ghvljq zdv dovr
sursrvhg iru Jhupdq| +vhh Ihku dqg Zlhjdug/ 5334,1
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qr wd{ uhixqgv duh doorzhg1 Jlyhq wkh fxuuhqw wd{ exughq/ l1h1 � pd{ ^�+w,� uHL> 3` >
qhw lqvwdqwdqhrxv sur�wv +ru orvvhv, duh htxdo wr

�Q +w, @ �+w,� � pd{ ^�+w,� uHL> 3`

Ohw xv wkhq zulwh wkh �up*v ydoxh dv d Ehoopdq ixqfwlrq

Y +�+w,, @ �Q +w,gw. h�ugwH ^Y +�+w, . g�+w,,` 1 +614,

Khuhdiwhu/ zh zloo rplw wkh wlph yduldeoh w1 Dv vkrzq lq wkh Dsshqgl{/ wkh ydoxh ri
wkh lqyhvwphqw surmhfw lv

Y +�, @

�
�

�
.D4�

�
4 >

+4� �,�
�
. � uH

u
L .E5�

�
5 >

li � ? uHL

li � A uHL
+615,

zkhuh �
4
A 3 dqg �

5
? 31 Lw lv zruwk qrwlqj wkdw erwk whupv D4�

�
4 dqg E5�

�
5

ghshqg rq wkh wd{ udwh dqg duh qhjdwlyh +vhh wkh Dsshqgl{,1 Wkh iruphu uhsuhvhqwv
wkh suhvhqw glvfrxqwhg ydoxh ri ixwxuh wd{ sd|phqwv li fxuuhqw sur�wv duh ohvv wkdq
uHL1 Wkh odwwhu phdvxuhv wkh suhvhqw glvfrxqwhg ydoxh ri wkh orvv gxh wr wkh odfn ri
uhixqgdelolw|/ li fxuuhqw sur�wv duh juhdwhu wkdq uHL1

Dv vkrzq e| Gl{lw dqg Slqg|fn +4<<7,/ wkh rswlrq ixqfwlrq kdv wkh iroorzlqj irup

R+�, @ K��4 +616,

zkhuh K lv dq xqnqrzq sdudphwhu +vhh wkh Dsshqgl{,1 Wkh iroorzlqj sursrvlwlrq
fdq hdvlo| eh suryhq1

Sursrvlwlrq 40Xqghu wkh dvvxpswlrq wkdw fxuuhqw jurvv sur�wv iroorz d jhrphwulf

Eurzqldq prwlrq/ li wkh lpsxwdwlrq udwh lv kljk hqrxjk/ l1h1 uH � u
�

H
�

�
4

�
4
�4

� �/ wkh

dv|pphwulf wd{ uhjlph lv qhxwudo/ qdpho| wkh wuljjhu srlqw

�
�

�

�
4

�
4
� 4

� �L +617,

lv xqd�hfwhg e| wkh wd{dwlrq1

Surri 0 Vhh wkh Dsshqgl{1
Sursrvlwlrq 4 vkrzv wkdw lqyhvwphqw wlplqj lv qrw glvwruwhg e| wd{dwlrq1 Wklv qhx0
wudolw| uhvxow fdq eh h{sodlqhg dv iroorzv1 Wkh dv|pphwulf wd{ ghylfh hqwdlov wkh
holplqdwlrq ri d wd{ ehqh�w +l1h1 wkh orvv0r�vhw duudqjhphqw,1 Lq rughu iru qhxwudo0
lw| wr krog/ wkhuhiruh/ wkh orvv ri wklv wd{ ehqh�w pxvw eh frpshqvdwhg zlwk d qhz
uholhi/ qdpho| e| dq lqfuhdvh lq wkh lpsxwdwlrq udwh1 Li wklv udwh lv kljk hqrxjk +l1h1
uH � u

�

H
,> wkh �up hqmr|v d vx!flhqwo| orqj wd{ krolgd|/ dqg lv deoh wr r�vhw wkh odfn

ri v|pphwu|1
Qrwlfh wkdw dq lqfuhdvh lq wkh wd{ udwh uhgxfhv wkh suhvhqw ydoxh ri ixwxuh glv0

frxqwhg sur�wv dqg lqgxfhv wkh �up wr ghod| lqyhvwphqw1 Krzhyhu/ wkh ghfuhdvh lq
Y +�, lv r�vhw e| d ghfuhdvh lq wkh rswlrq ydoxh/ zklfk/ lqvwhdg/ vwlpxodwhv lqyhvw0
phqw1 Sursrvlwlrq 4 wkxv vkrzv wkdw wkhvh h�hfwv qhxwudolvh hdfk rwkhu1 Qdpho|/ wkh
gl�huhqfh Y +�,�R+�, lv xqd�hfwhg e| fkdqjhv lq � / dqg qhxwudolw| krogv9 1

9Iru d vxuyh| rq wkh h�hfwv ri frusrudwh wd{dwlrq rq luuhyhuvleoh lqyhvwphqw vhh Qlhpdqq +4<<<,1
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Iroorzlqj Grpdu dqg Pxvjudyh +4<77, dqg ydq Zlmqehujhq dqg Hvwdfkh +4<<<,/
zh fdq dovr dujxh wkdw wkh frusrudwh wd{ lv htxlydohqw wr htxlw| sduwlflsdwlrq1 Xqghu
wd{ dv|pphwulhv/ wkh jryhuqphqw lv dovr hqgrzhg zlwk d sxw rswlrq zlwk }hur vwulnh

sulfh zulwwhq rq wkh �up*v sur�wv1 Qdpho|/ li wkh �up*v uhwxuq lv ohvv wkdq uHL / wkh
jryhuqphqw dfwv dv li lw vrog lwv htxlw| sduwlflsdwlrq dw }hur sulfh/ wkhuhe| vkdulqj qr
orvvhv1 Wkh jryhuqphqw*v sduwlflsdwlrq zloo wkhq eh uherxjkw +dw }hur sulfh, zkhq wkh
�up*v sur�wv h{fhhg uHL1

Dv|pphwulf wd{ ghylfhv kdyh ehhq frqvlghuhg dv vrxufhv ri glvwruwlrq/ h1j1 e|
Edoo dqg Erzhuv +4<;6, dqg Dxhuedfk +4<;9,1 Krzhyhu/ wkhvh dxwkruv lpsolflwo|
dvvxphg ixoo| uhyhuvlelolw|1 Xqghu wklv xquhdolvwlf dvvxpswlrq/ qhxwudolw| frxog eh
dfklhyhg rqo| iru �up0vshfl�f ydoxhv ri uH / ghshqglqj rq wkh ulvnlqhvv ri hdfk �up=

Iru wklv uhdvrq/ dq| dv|pphwulf wd{ ghylfh zdv frqvlghuhg dv lqirupdwlrqdoo| wrr
ghpdqglqj1 Xqghu luuhyhuvlelolw|/ lqvwhdg/ dq hqwluh uhjlrq ri qhxwudo lpsxwdwlrq udwhv/
l1h1 uH 5 ^u�

H
>4,> fdq eh ghulyhg: 1 Lq wkh uH 5 ^u�

H
>4, uhjlrq/ wkh h�hfwv ri dq

lqfuhdvh lq wkh lpsxwdwlrq udwh duh wzrirog1 Rq wkh rqh kdqg/ wkh jryhuqphqw*v htxlw|
sduwlflsdwlrq +l1h1 wkh h{shfwhg wd{ exughq, ghfuhdvhv1 Rq wkh rwkhu kdqg/ wkh ydoxh
ri wkh jryhuqphqw*v sxw rswlrq lqfuhdvhv/ qdpho|/ wkh qrq0uhixqgdelolw| duudqjhphqw
lv pruh ydoxdeoh1 Wkhvh wzr h�hfwv qhxwudolvh hdfk rwkhu1 Li wkh lpsxwdwlrq udwh lv

kljk hqrxjk/ wkhuhiruh/ wkh jryhuqphqw grhv qrw qhhg wr frpsxwh dg krf lpsxwdwlrq
udwhv1

71 Srolf| dqg fdslwdo xqfhuwdlqw|

Lq wklv vhfwlrq zh h{whqg wkh qhxwudolw| uhvxow e| lqwurgxflqj erwk srolf|; dqg fdslwdo
xqfhuwdlqw|1 Dv zh nqrz/ srolf| xqfhuwdlqw| pd| uhvxow lq d wlph lqfrqvlvwhqf|< 1 Wkh
jryhuqphqw pd| hlwkhu dqqrxqfh d wd{ udwh fkdqjh/ zklfk lv qrw lpsohphqwhg diwhu/
ru xqghuwdnh dq xqh{shfwhg wd{ fkdqjh1 Lq hlwkhu fdvh/ �upv zrxog ohduq wkdw wkh
jryhuqphqw pd| xqghuwdnh dfwlrqv gl�huhqw iurp wkrvh lqlwldoo| sodqqhg dqg wu| wr
dqwlflsdwh lwv fkrlfhv1 Dv zloo eh vkrzq/ wkh lqfrqvlvwhqf| sureohp ydqlvkhv li wkh
dv|pphwulf wd{ ghylfh lv hpsor|hg1

Wr pdnh wkh prgho pruh uhdolvwlf zh dovr lqwurgxfh fdslwdo xqfhuwdlqw|1 Lq sdu0
wlfxodu/ zh dvvxph wkdw lqyhvwphqw*v olihwlph lv udqgrp1 Pruhryhu/ zh dvvxph wkdw
zkhq wkh lqyhvwphqw surmhfw h{sluhv/ wkh �up jhwv d qrq0ghsuhfldeoh rswlrq wr uhvwduw1

Lq wklv fdvh/ lpphgldwh uhvwduwlqj pd| qrw eh sur�wdeoh1 Udwkhu/ wkh �up pd| �qg

lw sur�wdeoh wr zdlw xqwlo � zloo ulvh1 Zlwk vxfk dq rswlrq/ wkhuhiruh/ �up uhjdlqv d

:Qrwh wkdw oW
.
: o dozd|v krogv1 Xqghu wkh qrq0uhixqgdelolw| v|vwhp/ wkhuhiruh/ wkh gl�huhqwldo

o
W

.
3 o lv vx!flhqw wr qhxwudolvh wkh h�hfwv ri wkh dv|pphwulf wuhdwphqw ri sur�wv dqg orvvhv1
;Dv dujxhg e| Vdqgpr +4<:</ s14:9,/ �dfdghplf glvfxvvlrqv ri wd{ uhirup lq d zruog ri xqfkdqjlqj

wd{ udwhv lv vrphwklqj ri d frqwudglfwlrq lq whupv�1 Dv vkrzq lq Sdqwhjklql +5334,/ xqghu wklv
dv|pphwulf uhjlph/ wkh �up*v lqyhvwphqw fkrlfh lv d�hfwhg qhlwkhu e| fxuuhqw qru e| xqfhuwdlq
ixwxuh wd{dwlrq1 Lq olqh zlwk Vdqgpr*v dvvhvvphqw/ wkhuhiruh/ qhxwudolw| krogv iurp d g|qdplf srlqw
ri ylhz1 Iruixuwkhu ghwdlov rq srolf| xqfhuwdlqw|/ vhh Eùkp dqg Ixqnh +5333,1

<Plqw} +4<<8/ s1 94, dujxhv wkdw �Zkhq fdslwdo lv vxqn/ jryhuqphqwv pd| kdyh wkh luuhvlvwleoh
xujh wr wd{ vxfk d fdslwdo dw d kljk udwh lq wkh ixwxuh1 Wklv hqgrjhqhlw| ri jryhuqphqw ghflvlrqv
uhvxowv lq d sureohp ri wlph frqvlvwhqf| lq wd{ srolf| zkhuhe| jryhuqphqwv pd| zlvk wr wdnh dfwlrqv
lq wkh ixwxuh wkdw zrxog eh gl�huhqw iurp zkdw zrxog eh ruljlqdoo| sodqqhg111�1
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olplwhg ghjuhh ri uhyhuvlelolw|1

Erwk srolf| dqg fdslwdo xqfhuwdlqw| duh prghoohg dv Srlvvrq surfhvvhv1

Sursrvlwlrq 5 0 Dvvxph wkdw=
l, wkh olihwlph ri lqyhvwphqw iroorzv d Srlvvrq surfhvv/ qdpho| dw dq| wlph w wkhuh

lv d suredelolw| �4gw wkdw wkh h{lvwlqj surmhfw glhv gxulqj wkh vkruw lqwhuqdo gw>

ll, li wkh surmhfw glhv/ wkh �up jhwv wkh ruljlqdo rssruwxqlw| wr lqyhvw edfn djdlq
+vhh Gl{lw dqg Slqg|fn +4<<7,/ s1543,>

lll, wkh wd{ udwh � iroorzv d Srlvvrq surfhvv

g� @

�
3 z1s1 4� �5gw>

�� z1s1 �5gw>

zkhuh �� @ �qhz��rog +luuhvshfwlyh ri wkh vljq ri wkh gl�huhqwldo �qhz��rog,1 Li wkh

lpsxwdwlrq udwh lv kljk hqrxjk/ l1h1 uH A u�
3

H
�

�
4
+�4,

�
4
+�4,�4+� . �4,> wkh wuljjhu srlqw

��
3

@
�4+�4,

�4+�4,� 4
+� . �4,L +714,

lv xqd�hfwhg e| wd{dwlrq1

Surri 0 Vhh wkh Dsshqgl{1
Sursrvlwlrq 5 uhsuhvhqwv dq h{whqvlrq ri Sursrvlwlrq 4/ dqg lv lqwhuhvwlqj lq dw ohdvw
wkuhh uhvshfwv1 Iluvw/ d frpsdulvrq ehwzhhq +617, dqg +714, vkrzv wkdw wkh wuljjhu
srlqw lv d�hfwhg rqo| e| fdslwdo xqfhuwdlqw|/ zkhuhdv srolf| xqfhuwdlqw| grhv qrw
pdwwhu43 1 Li wkh lpsxwdwlrq udwh lv kljk hqrxjk/ wkh �up lqyhvwlqj lpphgldwho| zloo
qrw sd| dq| wd{ +ehfdxvh ri wkh wd{ krolgd|,> qru zloo lw ehqh�w iurp dq| wd{ uhixqg
+ehfdxvh ri wkh holplqdwlrq ri wd{ uhixqgdelolw|,1 Olnh wkh �up srvwsrqlqj lqyhvwphqw/
lw zloo wdnh lqwr dffrxqw rqo| ixwxuh wd{hv1 Luuhvshfwlyh ri zkhwkhu wkh �up lqyhvwv
lpphgldwho| ru zdlwv/ wkhuhiruh/ lw zloo idfh wkh vdph h{shfwhg wd{ exughq1 Wklv
lpsolhv wkdw xqfhuwdlq wd{dwlrq grhv qrw d�hfw wkh �up*v surshqvlw| wr lqyhvw1

Wkh vhfrqg lqwhuhvwlqj dvshfw ri Sursrvlwlrq 5 uhjdugv wkh lpsxwdwlrq udwh1 Lw lv
vkrzq wkdw srolf| xqfhuwdlqw| grhv qrw d�hfw u

�
3

H
1 Wklv lpsolhv wkdw wkh dprxqw ri

lqirupdwlrq uhtxluhg wr frpsxwh u
�
3

H
grhv qrw fkdqjh1

Wkh wklug dvshfw uhjdugv wlph frqvlvwhqf|1 Vlqfh srolf| xqfhuwdlqw| d�hfwv qhlwkhu

wkh wuljjhu srlqw qru wkh plqlpxp lpsxwdwlrq udwh/ wkh dv|pphwulf ghvljq lv htxly0

dohqw wr suh0frpplwwlqj e| wkh jryhuqphqw1 Khqfh/ wlph lqfrqvlvwhqf| fdqqrw wdnh

sodfh1

81 D qxphulfdo h{dpsoh

Ohw xv qh{w sursrvh d qxphulfdo h{dpsoh edvhg rq orqj0whup gdwd1 Dv zloo eh vkrzq/

wkh ghflvlrq wr hpsor| dq dv|pphwulf wd{ ghylfh frxog eh lpsohphqwhg rq wkh edvlv ri

43Wkh qhw h�hfw ri ghsuhfldwlrq rq wkh wuljjhu srlqw lv dpeljxrxv1 Wr vkrz wklv/ ohw xv frpsduh
+617, dqg +714,1 Rq wkh rqh kdqg/ ghsuhfldwlrq hqwdlov sduwldo uhyhuvlelolw|/ zklfk/ lq wxuq uhtxluhv

d orzhu pxowlsoh/ vr wkdw
q
4

q
4
3�

:
q
4
Eb4�

q
4
Eb4�3�

� Rq wkh rwkhu kdqg/ ghsuhfldwlrq uhtxluhv d kljkhu shu0

shulrg udwh ri uhwxuq/ qdpho| Bnb� lqvwhdg ri B� Iru ixuwkhu ghwdlov vhh Gl{lw dqg Slqg|fn +4<<9/ s1
533053:,1

9



uhdolvwlf ydoxhv ri u�
H
1 E| uhdolvwlf ydoxhv zh phdq ydoxhv deoh wr jdwkhu wd{ uhyhqxhv

dqg uh hfwlqj wkh orqj0whup +dqg/ wkxv/ vwdwlvwlfdoo| vljql�fdqw, shuirupdqfhv ri vwrfn
pdunhwv1

Lq wklv h{dpsoh zh xvh Mrulrq dqg Jrhw}pdq*v +4<<<, hvwlpdwhv ri �yh vwrfn pdu0
nhwv= Ghqpdun +4<560<8,/ Vzhghq +4<590<8,/ Vzlw}huodqg +4<540<8,/ wkh XN +4<540<8,
dqg wkh XVD +4<540<8,1 Lq sduwlfxodu/ zh xvh frxqwu|0vshfl�f hvwlpdwhv uhjduglqj wkh
wrwdo h{shfwhg udwh ri uhwxuq �> wkh glylghqg udwh �> dqg wkh vwdqgdug ghyldwlrq �=

Pruhryhu/ zh qhhg Krphu dqg V|ood*v +4<<4, gdwd rq wkh orqj0whup jryhuqphqw erqg
udwhv ri lqwhuhvw/ dv d sur{| ri u1 Wkhvh gdwd fryhu wkh 4<530;< shulrg/ zlwk wkh
h{fhswlrq ri Ghqpdun +4<630;<,1

Iru vlpsolflw|/ zh dvvxph wkdw fdslwdo grhv qrw ghsuhfldwh dqg wkdw vkduhkrog0
huv duh qrw ulvn0dyhuvh1 Iroorzlqj Sursrvlwlrq 4/ zh frpsxwh wkh frxqwu|0vshfl�f
lpsxwdwlrq udwh u�

H
1 Wkhq/ zh frpsduh lw zlwk � dqg u=

Frxqwu| � � u�
H

u�
H
� � u�

H
� u vwdqgdug huuru

Ghqpdun 71;; 7157 <174 7186 4184 4184
Vzhghq :146 61;6 ;167 4154 5189 41<<
Vzlw}huodqg 818: 6178 917< 31<5 5167 41:4
XN ;149 814: ;1<; 31;5 51:3 41:8
XVD ;155 71;7 ;15: 3138 6175 41<8

Wdeoh 40 D frpsdulvrq ri Vwrfn Pdunhw shuirupdqfhv dqg wkh plqlpxp rssruwxqlw|

frvw +lq (,1 Vrxufhv= Mrulrq dqg Jrhw}pdq +4<<<, +iru Vwrfn Pdunhwv gdwd, dqg Krphu dqg

V|ood +4<<4, +iru u,1

Dv vkrzq lq Wdeoh 4/ dw ohdvw wkuhh lqwhuhvwlqj uhvxowv fdq eh irxqg1 Iluvw/ ghvslwh
wkh uhodwlyho| kljk vwrfn yrodwlolw| ryhu wkh sdvw fhqwxu| +wkh vwdqgdug ghyldwlrq udqjhv
iurp 451;;( lq Ghqpdun wr 491;8( lq wkh XVD,/ wkh udqjh ri u�

H
lv idluo| qduurz +iurp

917<( iru Vzlw}huodqg wr <174( iru Ghqpdun,1
Vhfrqg/ wkh gl�huhqfh u

�

H
�� lv orz/ h{fhsw iru Ghqpdun +786 edvlv srlqwv,1 Lq wklv

frxqwu|/ krzhyhu/ wkh vwrfn pdunhw uhjlvwhuhg txlwh srru shuirupdqfhv1 Lq Vzhghq/
Vzlw}huodqg dqg wkh XN/ wkh vdph gl�huhqfh lv derxw rqh kxqguhg edvlv srlqwv +454/
<5 dqg ;5 uhvshfwlyho|,1 Ilqdoo|/ wkh XVD vkrz d gl�huhqfh ri mxvw 8 edvlv srlqwv= lq
whupv ri vwdwlvwlfdo vljql�fdqfh wklv gl�huhqfh lv qxoo/ dqg wkh qhxwudo lpsxwdwlrq udwh
lv htxdo wr wkh dyhudjh udwh ri uhwxuq44 1

Wkh wklug uhvxow uhjdugv wkh gl�huhqfh u�
H
�u/ zklfk phdvxuhv wkh dg krf dgglwlrqdo

ehqh�w deoh wr qhxwudolvh wkh qrq0uhixqgdelolw| dv|pphwu|1 Xqolnh wkh vhfrqg uhvxow/
wkh Gdqlvk sdudphwhu lv qrw dq rxwolhu/ dv lw zrxog uhtxluh rqo| dq dgglwlrqdo uholhi ri
484 edvlv srlqwv1 Lq wkh XVD/ wkh gl�huhqwldo u�

H
� u lv uhodwlyho| kljkhu1 Dv zh kdyh

vhhq/ krzhyhu/ udwh u
�

H
lv doprvw htxdo wr wkh dyhudjh udwh ri vwrfn uhwxuq dqg/ wkxv/

lwv ydoxh orrnv uhdolvwlf1
Wr vxp xs/ wkh jds ehwzhhq u

�

H
dqg/ uhvshfwlyho|/ � dqg u lv vpdoo1 Wkhuhiruh/ wkh

dv|pphwulf v|vwhp orrnv lpsohphqwdeoh1

44 Lw lv hdv| wr dvfhuwdlq wkdw wkh orzhu wkh gl�huhqfh o
W

.
3 > wkh juhdwhu lv wkh suhvhqw glvfrxqwhg

ydoxh ri wd{ uhyhqxhv/ iru d jlyhq � 1

:



91 Frqfoxvlrq

Lq wklv duwlfoh/ dq dv|pphwulf wd{ v|vwhp kdv ehhq glvfxvvhg1 Vlqfh qhlwkhu wkh

plqlpxp lpsxwdwlrq udwh qru wkh wuljjhu srlqw duh d�hfwhg e| wkh wd{ udwh/ qhxwudolw|
krogv1

Wkh v|vwhp glvfxvvhg lv qhxwudo iurp d g|qdplf srlqw ri ylhz dv zhoo1 Zh kdyh
vkrzq wkdw wkh h�hfwv ri ixwxuh xqfhuwdlq wd{dwlrq rq erwk wkh surmhfw dqg wkh rswlrq
ydoxh qhxwudolvh hdfk rwkhu1 Xqghu wklv uhjlph/ wkhuhiruh/ wlph frqvlvwhqf| sureohpv
duh qrw suhvhqw dqg wkh jryhuqphqw pd| ehqh�w iurp d kljkhu ghjuhh ri iuhhgrp1

Wkh prgho suhvhqwhg ghvfulehv dq rqfh0dqg0iru0doo lqyhvwphqw ghflvlrq1 Wkh vwxg|
ri lqfuhphqwdo lqyhvwphqw lv ohiw wr ixwxuh uhvhdufk1

:1 Dsshqgl{

:141 Frpsxwdwlrq ri wkh surmhfw*v ixqfwlrq

H{sdqglqj wkh uljkw0kdqg vlgh ri +614, dqg xvlqj Lw÷*v ohppd |lhogv

uY +�, @ �Q . +u � �,�Y� .
�5

5
�5Y��=

Li qr �qdqfldo exeeohv h{lvw dqg wkh frqglwlrq Y +3, @ 3 krogv> lw lv vwudljkwiruzdug

wr rewdlq

Y +�, @

�
�

�
.D4�

�
4 >

+4� �,�
�
. � uH

u
L .E5�

�
5 >

li � ? uHL

li � A uHL
+:14,

zkhuh �
4
dqg �

5
duh/ uhvshfwlyho|/ wkh srvlwlyh dqg qhjdwlyh urrwv ri wkh fkdudfwhulvwlf

htxdwlrq �5

5
�+��4,.+u��,�� u @ 3= Vxevwlwxwlqj +:14, lqwr wkh +YPF, dqg +VSF,

zh pdnh wkh wzr eudqfkhv ri wklv ixqfwlrq phhw wdqjhqwldoo| dw srlqw � @ uHL/ dqg
�qg

D4 @ �� �
u � �

5
+u � �,

+�
4 � �5,u�

� +uHL,
4��

4 ? 3/

E5 @ �� �
u � �

4
+u � �,

+�
4
� �

5
,u�

� +uHL,
4��

5 ? 31

:151 Surri ri Sursrvlwlrq 4

Ohw xv vhw wkh lpsxwdwlrq udwh kljk hqrxjk/ lq rughu iru lqhtxdolw| � ? uHL wr krog1
Jlyhq wklv lqhtxdolw| d wd{ krolgd| lv dvvxuhg wr wkh lqyhvwlqj �up1 Qh{w/ irfxv rq
wkh �uvw eudqfk ri ixqfwlrq +:14,1 Vxevwlwxwlqj +:14, dqg +616, lqwr +YPF, dqg +VSF,
zh rewdlq d wzr0htxdwlrq v|vwhp

�

�
.D4�

�
4
� L @ K��

4 >
4

�
. �

4
D4�

�
4
�4 @ �

4
K��

4
�4=

Vroylqj wkh deryh v|vwhp |lhogv wkh wuljjhu srlqw +6=7, dqg wkh frh!flhqw

K @ D4 . +
��

�
� L, �����4 = +:15,

;



Dv fdq eh vhhq/ �� lv xqd�hfwhg e| wd{dwlrq1 Pruhryhu/ xvlqj htxdwlrqv +616,/ +:14,/
dqg +:15, lw lv vwudljkwiruzdug wr vkrz wkdw wkh gl�huhqfh ^Y +�,�R+�,` lv xqd�hfwhg
e| wkh wd{ udwh1

Qrz/ ohw xv frpsxwh wkh plqlpxp lpsxwdwlrq udwh hqvxulqj qhxwudolw|1 Uhzulwh
frqglwlrq � ? uHL dv=

uH A
�

L
+:16,

Vxevwlwxwlqj +617, lqwr frqglwlrq +:16, |lhogv wkh plqlpxp lpsxwdwlrq udwh hqvxu0

lqj qhxwudolw| u�
H
�

�
4

�
4
�4

� �= Lqhtxdolw| uH � u
�

H
uhsuhvhqwv d vx!flhqw qhxwudolw|

frqglwlrq1 Sursrvlwlrq 4 lv wkxv suryhq1�

:161 Surri ri Sursrvlwlrq 5

Ohw xv gh�qh R3+�, dqg R4+�, dv wkh rswlrq ixqfwlrqv ehiruh dqg diwhu wkh uhirup/

uhvshfwlyho|1 Vlploduo|/ Y3+�, dqg Y4+�, duh wkh suh0 dqg srvw0uhirup ydoxh ixqfwlrqv1

Ilqdoo|/ ��

3

dqg ��

33

duh wkh wuljjhu srlqwv xqghu wkh suh0 dqg srvw0uhjlph1 Wkhvh

wuljjhu srlqwv zloo eh frpsxwhg odwhu1

Ohw xv vwduw zlwk wkh rswlrq ixqfwlrq1 Xvlqj g|qdplf surjudpplqj zh kdyh45

R4+�, @ h
�ugw i� ^R4+� . g�,`j > +:17,

dqg
R3+�, @ h�ugw i�5gw� ^R4+� . g�,` . +4� �5gw,� ^R3+� . g�,`j > +:18,

uhvshfwlyho|1 H{sdqg wkh UKV ri +:17,1 Xvlqj Lw÷*v Ohppd/ holplqdwlqj doo wkh whupv
pxowlsolhg e| +gw,5 dqg glylglqj e| gw/ rqh rewdlqv

uR4+�, @ +u � �,�R4�
.

�5

5
�5R4��

+:19,

Wkh vroxwlrq ri R4+�, kdv wkh vwdqgdug irup

R4+�, @ J��
4 > +:1:,

zkhuh sdudphwhu J lv xqnqrzq1 H{sdqg qrz wkh UKV ri +:=8,= Xvlqj Lw÷*v Ohppd
zh kdyh

+u . �5,R3+�, @ +u � �,�R3�
.

�5

5
�5R3��

. �5R4+�,= +:1;,

Qh{w/ gh�qh wkh gl�huhqfh Rv+�, � R3+�, � R4+�,> zklfk phdvxuhv wkh h�hfw ri
srolf| xqfhuwdlqw| rq wkh �up*v rswlrq ydoxh1 Vxewudfwlqj htxdwlrq +:=9, iurp +:=;,
rqh rewdlqv

+u . �5,Rv+�, @ +u � �,�Rv�
.

�5

5
�5Rv��

zklfk kdv wkh vwdqgdug vroxwlrq

Rv+�, @ Jv�
�
4
+�5,> +:1<,

45
Iru ixuwkhu ghwdlov rq wkh pdwkhpdwlfdo vwhsv/ vhh Gl{lw dqg Slqg|fn +4<<7/ ss1 533053:,1

<



dqg zkhuh J
v
lv xqnqrzq46 1 Xvlqj +:1:, dqg +:1<, zh fdq wkxv frpsxwh

R3+�, @ Rv+�, .R4+�, @ Jv�
�
4
+�5, .J��

4 1 +:143,

Ohw xv qrz wxuq wr wkh ydoxh ixqfwlrq1 Vwduw zlwk wkh srvw0uhirup ixqfwlrq1 Iro0

orzlqj Sursrvlwlrq 4/ vhw d vx!flhqwo| kljk lpsxwdwlrq udwh/ qdpho| uH A ��

3

L
> zkhuh

��

3

lv wkh wuljjhu srlqw wr eh ghwhuplqhg1 Wkxv wkh ydoxh ixqfwlrq frqvlvwv ri wkuhh

eudqfkhv1 Li wkh surmhfw glhv ryhu wkh udqjh � ? �
�

3

/ wkh �up uhjdlqv wkh uljkw wr

uh0xqghuwdnh lqyhvwphqw/ exw lw zdlwv1 Ryhu wkh udqjh uHL A � A �
�

3

/ lpphgldwh

lqyhvwphqw lv xqghuwdnhq/ dqg wkh �up hqmr|v d wd{ krolgd|1 Ilqdoo|/ zkhq � A uHL

lpphgldwh lqyhvwphqw lv sur�wdeoh dqg wd{hv duh sdlg vlqfh wkh ehjlqqlqj1 Wkxv/ zh

kdyh=

Y4+�, @

;AAAAAAA?
AAAAAAA=

�gw. h�ugw i+4� �4gw,� ^Y4+� . g�,` . �4gw� ^R4+� . g�,`j li � 5 ^3>��
3

,

�gw. h�ugw i+4� �4gw,� ^Y4+� . g�,` . �4gw� ^Y4+� . g�,� L`j li � 5 +��
3

> uHL,

�Qgw. h�ugw i+4� �4gw,� ^Y4+� . g�,` . �4gw� ^Y4+� . g�,� L`j li � 5 +uHL>4,

+:144,

Wkh frpsxwdwlrq ri wkh wuljjhu srlqw ��

3

lv ohvv frpsoh{ wkdq rqh zrxog wklqn1 Iro0
orzlqj Gl{lw dqg Slqg|fn +4<<7/ ss1 5360537,/ zh nqrz wkdw wkh �uvw dqg vhfrqg

eudqfk ri ixqfwlrq +:144, phhw wdqjhqwldoo| dw srlqw ��

3

= Dqdorjrxvo|/ wkh vhfrqg dqg

wklug eudqfk zloo phhw wdqjhqwldoo| dw srlqw � @ uHL A ��

3

= Krzhyhu/ wklv odwwhu
sduw ri wkh sureohp lv qrw uhohydqw iru rxu sxusrvhv/ vlqfh lq wkh +uHL>4, uhjlrq
lqyhvwphqw kdv douhdg| ehhq pdgh1 Wkxv/ ohw xv irfxv rq wkh �uvw wzr eudqfkhv1 Wr

frpsxwh ��

3

zh frxog xvh hlwkhu wkh �uvw ru wkh vhfrqg eudqfk ri ixqfwlrq +:144,= Vlqfh
wkh �uvw rqh |lhogv dq hdvlhu vroxwlrq zh xvh lw1 Ohw xv h{sdqg lwv UKV1 Xvlqj Lw÷*v
Ohppd |lhogv

+u . �4,Y4+�, @ �. +u � �,�Y4� .
�5

5
�5

Y4�� . �4R4+�,= +:145,

Qh{w/ gh�qh [
}
+�, � Y4+�,�R4+�,= Xvlqj htxdwlrqv +:144, dqg +:19, rqh rewdlqv

+u . �4,[}+�, @ �. +u � �,�}�
.
�5

5
�5

[}��
= +:146,

Vlqfh wkh erxqgdu| frqglwlrq [}+3, @ 3 pxvw krog +vhh Gl{lw dqg Slqg|fn/ 4<<7/
s1474,/ ht1 +:146, kdv wkh iroorzlqj vroxwlrq

[
}
+�, @

�

�4 . �
.J

}
��

4
+�4,> +:147,

46q
�
Eb2� lv wkh srvlwlyh urrw ri wkh fkdudfwhulvwlf htxdwlrq j

5

2
qEq 3 �� n Eo 3 B�q 3 Eo n b2� ' f�

Lw lv hdv| wr dvfhuwdlq wkdw q�Eb2� : q
�
: �1

43



zkhuh J
}
lv xqnqrzq47 1 Xvlqj htxdwlrqv +:1:, dqg +:147,/ zh kdyh

Y4+�, @
�

�4 . �
.J

}
��

4
+�4, .J��

4 = +:148,

Ohw xv wxuq wr wkh suh0uhirup ydoxh ixqfwlrq1 Vlploduo| wr ixqfwlrq +:144,/ lw frqvlvwv
ri wkuhh eudqfkhv zklfk phhw wdqjhqwldoo| dw wkh frpprq srlqwv ���

3

dqg uHL=

Y3+�, @

;AAAAAAAAAAAAAAAA?
AAAAAAAAAAAAAAAA=

�gw. h�ugw+4� �4gw, i�5gw� ^Y4+� . g�,`.
.+4� �5gw,� ^Y3+� . g�,`j.

.h�ugw�4gw i�5gw� ^R4+� . g�,` . +4� �5gw,� ^R3+� . g�,`j
li � 5 ^3>���

3

,

�gw. h�ugw+4� �4gw, i�5gw� ^Y4+� . g�,`.
.+4� �5gw,� ^Y3+� . g�,`j.

.h�ugw�4gw i�5gw� ^Y4+� . g�,` . +4� �5gw,� ^Y3+� . g�,`� Lj
li � 5 +���

3

> uHL,

�Qgw. h�ugw+4� �4gw,� i5gw� ^Y4+� . g�,`.
. +4� �5gw,� ^Y3+� . g�,`j.

.h�ugw�4gw i�5gw� ^Y4+� . g�,` . +4� �5gw,� ^Y3+� . g�,`� Lj
li � 5 +uHL>4,

+:149,

Wr frpsxwh ���
3

> ohw xv h{sdqg wkh UKV ri wkh �uvw eudqfk ri +:149, dqg xvh Lw÷*v
Ohppd1 Zh wkxv rewdlq

+u . �4 . �5,Y3+�, @ �. +u � �,�Y3� .
�5

5
�5
Y3�� . �5Y4+�, . �4R3+�,1 +:14:,

Qrz/ gh�qh [W +�, � ^Y3+�,� Y4+�,`� ^R3+�,�R4+�,`1 Xvlqj ixqfwlrq [W +�, dqg
htxdwlrqv +:19,/ +:=;,/ +:=45,> dqg +:=4:, lw lv vwudljkwiruzdug wr rewdlq

+u . �4 . �5,[W +�, @ �. +u � �,�[W�
+�, .

�5

5
�5[W��

+�, +:14;,

zklfk kdv wkh iroorzlqj vroxwlrq

[W +�, @ JW�
�
4
+�4.�5,> +:14<,

zkhuh JW lv xqnqrzq48 1 Vxevwlwxwlqj +:1<,/ +:148,/ dqg +:14<, lqwr +:14:, zh rewdlq

Y3+�, @ JW�
�
4
+�4.�5, .

�
�

� . �4
.J}�

�
4
+�4, .J��

4

�
.Jv�

�
4
+�5,1 +:153,

Vr idu/ zh kdyh frpsxwhg wkh vroxwlrqv ri wkh rswlrq dqg ydoxh ixqfwlrqv1 Xvlqj
wkh +YPF, dqg +VSF,/ zh fdq qrz frpsxwh wkh wuljjhu srlqwv1 Vwduw zlwk wkh srvw0
uhirup uhjlph1 Vxevwlwxwh htxdwlrqv +:1:, dqg +:148, lqwr wkh +YPF, dqg +VSF,1 D

47Qrwh wkdw q
�
Eb�� lv wkh srvlwlyh urrw ri wkh fkdudfwhulvwlf htxdwlrq

j
5

2
qEq3��nEo3B�q3Eonb�� '

f� Lw lv hdv| wr dvfhuwdlq wkdw q
�
Eb�� : q

�
: � dqg wkdw dq

�
Eb��3 q

�
Eb2�o x Eb� 3 b2�1

48q
�
Eb� n b2� : � lv wkh srvlwlyh urrw ri wkh fkdudfwhulvwlf htxdwlrq j

5

2
qEq 3 �� n Eo 3 B�q 3 Eo n

b� n b2� ' f1 Qrwh dovr wkdw q
�
Eb� n b2� : qEb�� � ' �c 21
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wzr0htxdwlrq v|vwhp lv rewdlqhg
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� . �4
.J��

4 .J}�
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�J��
4
� L @ 3>

4

� . �4
.J�4�
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4
�4 .J}�4+�4,�

�
4
+�4,�4

�J�4�
�
4
�4 @ 3=

Dv fdq eh vhhq/ wkh rswlrq ydoxh J��
4 lv hperglhg lq wkh ydoxh ixqfwlrq1 Wkxv wkh

ydoxh ri wkh xqnqrzq sdudphwhu J grhv qrw d�hfw wkh gl�huhqfh ^Y4+�,�R4+�,`1
Vroylqj wkh deryh wzr0htxdwlrq v|vwhp |lhogv
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4
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���
3

4��
4
+�4, ? 3=

Wkh frpsxwdwlrq ri wkh wuljjhu srlqw xqghu srolf| xqfhuwdlqw|/ ���

3

> lv wulfnlhu1 Vxe0
vwlwxwh htxdwlrqv +:143, dqg +:153, lqwr wkh +YPF, dqg +VSF,1 Diwhu vrph pdqlsx0
odwlrq/ zh rewdlq

�
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.J}�

�
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+�4, .JW�

�
4
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� L @ 3 +:154,

4
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.J}�4+�,�

�
4
+�4,�4 .JW�4+�4 . �5,�

�
4
+�4.�5,�4 @ 3 +:155,

Pxowlso| htxdwlrq +:155, e| �> dqg glylgh lw e| �4+�4 . �5,= Wkhq/ vxevwlwxwh lw lqwr

+:154,1 Ilqdoo|/ vxevwlwxwlqj wkh vroxwlrqv ri J
}
dqg ��

3

lqwr +:154, |lhogv wkh iroorzlqj
qrq0olqhdu htxdwlrq
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Pxowlso| e|
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Pxowlso| e|
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�
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vr dv wr rewdlq
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Dgglqj dqg vxewudfwlqj 4 iurp wkh OKV |lhogv
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Gh�qh { �
�

�
��

3

�
dqg ! �

k
�
4
+�4.�5,��4+�4,

�
4
+�4,^�4+�4.�5,�4`

l
? 4= Wkxv/ ht1 +:156, fdq eh uhzulwwhq

dv

{� 4 @ !
�
{�4+�4, � 4

�
= +:157,

Htxdwlrq +:157, kdv pruh wkdq rqh vroxwlrq1 Wkxv/ zh frpsxwh wkhp dqg lghqwli|
wkh rswlpdo rqh1 Dv fdq eh qrwhg/ vroxwlrq { @ 4 krogv lq htxdwlrq +:157,/ qdpho|

���

3

@ ��

3

1 Vxevwlwxwlqj ��

3

lqwr v|vwhp +:154,0+:155, rqh wkxv rewdlqv JW @ 3= Wklv
lv wkh �uvw frxsoh ri vroxwlrqv ri v|vwhp +:154,0+:155,1

Gh�qh {3 dv dq| rwkhu vroxwlrq1 Jlyhq lqhtxdolwlhv �
4
+�4, A 4> ! ? 4 dqg

�
4
+�4,! ? 4/ lw lv hdv| wr vkrz wkdw dq| rwkhu vroxwlrq lv {3 A 4= Wklv lpsolhv

wkdw wkh wuljjhu srlqw rewdlqhg zrxog eh ���
3

A ��

3

= Vxevwlwxwlqj wklv qhz vroxwlrq

lqwr v|vwhp +:154,0+:155, |lhogv JW A 3= Wkxv
�
�
��

3

A ��

3

>JW A 3
�

lv wkh vhfrqg

frxsoh ri vroxwlrqv1 Krzhyhu wklv frxsoh lv vxe0rswlpdo1 Wr vkrz wklv/ dvvxph de de0

vxugr wkdw
�
���

3

A ��

3

> JW A 3
�
lv wkh rswlpdo vroxwlrq1 Wkhq/ gh�qh wkh suh0uhirup

surmhfw*v sd|r�/ qhw ri erwk wkh rssruwxqlw| dqg wkh h�hfwlyh frvw/ dv

I +�, � ^Y3+�,�R3+�,� L` +:158,

Xvlqj +YPF, dqg ht1 +:158, zh rewdlq I +���
3

, @ 3= Uhfdoo qrz wkh gh�qlwlrq ri
[W +�, dqg htxdwlrq +:14<,/ dqg uhzulwh +:158, dv

I +�, @ ^Y4+�,�R4+�,� L` .JW�
�
4
+�4.�5,=

Vlqfh lq � @ ��
3

wkh srvw0uhirup surmhfw*v sd|r� ^Y4+�,�R4+�,� L` lv qlo/ zh nqrz

wkdw I +��
3

, @ JW�
�
3�4+�4.�5,

A 31 Qdpho|/ lq wkh lqwhuydo � 5 +3>���
3

,> wkhuh
h{lvwv dw ohdvw rqh srlqw +� @ ��

3

, vxfk wkdw wkh surmhfw*v sd|r� lv vwulfwo| srvlwlyh=
Wkxv/ d udwlrqdo �up/ idflqj d srvlwlyh sd|r� lq � @ ��

3

> lpphgldwho| lqyhvwv lqvwhdg
ri zdlwlqj xqwlo wkh wuljjhu srlqw ���

3

lv uhdfkhg1 Wklv frqwudglfwv wkh dvvhvvphqw

wkdw
�
���

3

A ��

3

>JW A 3
�
lv wkh rswlpdo vroxwlrq1 Wkhuhiruh/ wkh uhpdlqlqj vroxwlrq

+���

3

@ ��

3

> JW @ 3, lv wkh rswlpdo rqh1
Ilqdoo|/ qrwh wkdw wkh plqlpxp lpsxwdwlrq udwh hqvxulqj qhxwudolw| lv qrw di0

ihfwhg e| srolf| xqfhuwdlqw|1 Vxevwlwxwlqj +714, lqwr frqglwlrq +:16,/ |lhogv u�
3

H �

�
4
+�4,

�
4
+�4,�4+� . �4,= Vhwwlqj dq lpsxwdwlrq udwh uH � u

�
3

H lv d vx!flhqw qhxwudolw| frqgl0

wlrq1 Sursrvlwlrq 5 lv wkxv suryhq1�

Uhihuhqfhv

^4` Deho D1/ Gl{lw D1N1/ Hehuo| M1F1/ dqg Slqg|fn U1V1 +4<<9,/ Rswlrqv/ wkh Ydoxh
ri Fdslwdo/ dqg Lqyhvwphqw/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 444/ ss1 :860:::1

^5` Dxhuedfk D1M1 +4<;9,/ Wkh G|qdplf H�hfwv ri Wd{ Odz Dv|pphwulhv/ Uhylhz ri

Hfrqrplf Vwxglhv/ 53805581
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^6` Edoo U1 dqg Erzhuv M1 +4<;6,/ Glvwruwlrqv Fuhdwhg e| Wd{hv Zklfk Duh Rswlrqv
rq Ydoxh Fuhdwlrq= Wkh Dxvwudoldq Uhvrxufhv Uhqw Wd{ Sursrvdo/ Dxvwudoldq
Mrxuqdo ri Pdqdjhphqw/ ;/ s1 40471

^7` Ehuqdqnh E1V1 +4<;6,/ Luuhyhuvlelolw|/ Xqfhuwdlqw|/ dqg F|folfdo Lqyhvwphqw/ Wkh
Txduwhuo| Mrxuqdo ri Hfrqrplfv/ ss1 ;804361

^8` Erugljqrq P1/ V1 Jldqqlql/ dqg S1 Sdqwhjklql +4<<<,/ Frusrudwh Wd{dwlrq lq
Lwdo|= Dq Dqdo|vlv ri wkh 4<<; Uhirup/ Ilqd}Dufkly/ 89/ s1 66806951

^9` Erugljqrq P1/ V1 Jldqqlql/ dqg S1 Sdqwhjklql +5334,/ Uhiruplqj Exvlqhvv Wd{0
dwlrq= Ohvvrqv iurp Lwdo|B/ Lqwhuqdwlrqdo Wd{ dqg Sxeolf Ilqdqfh/ iruwkfrplqj1

^:` Eùkp K1 dqg Ixqnh P1 +5333,/ Rswlpdo Lqyhvwphqw Vwudwhjlhv xqghu Ghpdqg
dqg Wd{ Srolf| Xqfhuwdlqw|/ FHVlir Z1S1 Q1 6441

^;` Fxpplqv Mdvrq J1/ Nhylq D1 Kdvvhww/ U1 Johqq Kxeedug +4<<9,/ Wd{ uhirupv
dqg Lqyhvwphqw= D Furvv0Frxqwu| Frpsdulvrq/ Mrxuqdo ri Sxeolf Hfrqrplfv/

+95,405/ ss1 56:05:61

^<` Gl{lw D1 dqg Slqg|fn U1V1 +4<<7,/ Lqyhvwphqw xqghu Xqfhuwdlqw|/ Sulqfhwrq Xql0
yhuvlw| Suhvv1

^43` Grpdu H1G1 dqg Pxvjudyh U1D1 +4<77,/ Sursruwlrqdo Lqfrph Wd{dwlrq dqg Ulvn0
wdnlqj/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 8;/ ss1 6;;07551

^44` Ihku K1 dqg Zlhjdug Z1 +5334,/ Wkh Lqflghqfh ri dq H{whqghg DFH Frusrudwlrq
Wd{/ FHVlir Z1S1 Q1 7;71

^45` Jduqdxw U1 dqg Urvv D1F1 +4<:8,/ Xqfhuwdlqw|/ Ulvn Dyhuvlrq dqg wkh Wd{lqj ri
Qdwxudo Uhvrxufh Surmhfwv/ Wkh Hfrqrplf Mrxuqdo/ ;8/ ss1 5:505;:1

^46` Jxlvr O1 dqg Sduljl J1 +4<<<,/ Lqyhvwphqw dqg Ghpdqg Xqfhuwdlqw|/ Txduwhuo|

Mrxuqdo ri Hfrqrplfv/ Iheuxdu| 4/ y1 447/ lv1 4/ ss1 4;8055:1

^47` Kdvvhww N1D1 dqg Phwfdoi J1H1 +4<<7,/ Lqyhvwphqw zlwk Xqfhuwdlq Wd{ Srolf|=
Grhv Udqgrp Wd{ Srolf| Glvfrxudjh LqyhvwphqwB/ QEHU Z1S1 7:;3/ Mxqh1

^48` Krphu V1 dqg V|ood U1 +4<<4,/ D Klvwru| ri Lqwhuhvw Udwhv/ Wklug hglwlrq/ Qhz
Euxqvzlfn/ Q1M1 dqg Orqgrq/ Uxwjhuv Xqlyhuvlw| Suhvv1

^49` Mrulrq S1 dqg Jrhw}pdq Z1 Q1 +4<<<,/ Joredo Vwrfn Pdunhwv lq wkh Wzhqwlhwk
Fhqwxu|/ Mrxuqdo ri Ilqdqfh/ Mxqh 4/ 4<<</ y1 87/ lv11 6/ ss1 <860;31

^4:` PfGrqdog U1 dqg Vlhjho G1 +4<;8,/ Lqyhvwphqw dqg wkh Ydoxdwlrq ri Ilupv Zkhq
Wkhuh lv dq Rswlrq wr Vkxw Grzq/ Lqwhuqdwlrqdo Hfrqrplf Uhylhz/ 59/ ss1 6640
67<1

^4;` PfGrqdog U1 dqg Vlhjho G1 +4<;9,/ Wkh Ydoxh ri Zdlwlqj wr Lqyhvw/ Txduwhuo|
Mrxuqdo ri Hfrqrplfv/ 434/ ss1 :3:0:5;1
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^4<` Phuwrq U1 F1 +4<<3,/ Frqwlqxrxv0Wlph Ilqdqfh/ Eodfnzhoo hg1

^53` Plqw} M1 +4<<8,/ Wkh Frusrudwlrq Wd{= D Vxuyh|/ Ilvfdo Vwxglhv/ 49/ ss1 5609;1

^54` Qlhpdqq U1 +4<<<,/ Qhxwudo Wd{dwlrq xqghu Xqfhuwdlqw| 0 d Uhdo Rswlrq Ds0
surdfk/ Ilqdq}Dufkly/ 89/ ss1 840991

^55` Sdqwhjklql S1 P1 +5334,/ Rq Frusrudwh Wd{ Dv|pphwulhv dqg Qhxwudolw|/ Jhu0
pdq Hfrqrplf Uhylhz/ iruwkfrplqj1

^56` Ulfkwhu Z1 +4<;9,/ Gdv Mrkdqvvrq0Vdpxhovrq0Wkhruhp ehzhuwxqjvqhxwudohu De0
vfkuhlexqj Ldqjoheljhu Zluwvfkdiwvjÿwhu ehl Hlqnrpphqvehvwhxhuxqj/ Ilqdq0

}Dufkly/ 77/ ss1 768077<1

^57` Urvh P1/ dqg Zlvzhvvhu U1/ +4<<;, Wd{ Uhirup lq Wudqvlwlrq Hfrqrplhv= H{shul0
hqfhv iurp wkh Furdwldq Wd{ Uhirup Surfhvv ri wkh 4<<3*v lq Vûuhqvhq S1E1 +hg1,
Sxeolf Ilqdqfh lq d Fkdqjlqj Zruog/ PdfPloodq Suhvv/ Orqgrq/ ss158:05:;1

^58` Vdqgpr D1 +4<:<,/ D Qrwh rq wkh Qhxwudolw| ri wkh Fdvk Iorz Frusrudwlrq Wd{/
Hfrqrplfv Ohwwhuv/ 7/ ss1 4:6091

^59` V!uhqvhq S1E1 +4<<;,/ hg1/ Wd{ Srolf| dqg wkh Qruglf Frxqwulhv/ Pdfploodq Suhvv/
XN1

^5:` ydq Zlmqehujhq V1 dqg Hvwdfkh D1 +4<<<,/ Hydoxdwlqj wkh Plqlpxp Dvvhw Wd{
rq Frusrudwlrqv= Dq Rswlrq Sulflqj Dssurdfk/ Mrxuqdo ri Sxeolf Hfrqrplfv/
:4/ ss1 :80<91
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