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Devwudfw

Dw suhvhqw/ doo Ydoxh dw Ulvn +YdU, lpsohphqwdwlrqv � l1h1/ doo ulvn phd0
vxuhv ri wkh �pd{lpxp orvv dw d jlyhq ohyho ri frq�ghqfh� w|sh � duh edvhg
rq wkh dvvxpswlrq wkdw wkh sruwirolr pl{ zloo qrw fkdqjh ehiruh wkh YdU
krul}rq1 Wklv k|srwkhvlv pd| eh xquhdolvwlf/ hvshfldoo| zkhq wkh YdU krul0
}rq lv hvwdeolvkhg e| wkh Uhjxodwruv +ELV,1 Dv d uhvxow/ zh phdvxuh YdU
glqdplfdoo|/ l1h1 wdnlqj lqwr frqvlghudwlrq sruwirolr pl{ dgmxvwphqwv ryhu
wlph= dgmxvwphqwv gr qrw rffxu frqwlqxrxvo|/ vlqfh wkh| duh frvwo|1 Zh
doorz erwk rswlpdo uhedodqflqj srolflhv/ zklfk hqwdlo fkdqjlqj wkh sruwirolr
pl{ zkhqhyhu lw lv wrr idu iurp wkh rswlpdo rqh/ dqg vxerswlpdo srolflhv/
zklfk phdq dgmxvwlqj dw suh0�{hg gdwhv1

Zh vkrz wkdw lq erwk fdvhv xvxdo YdU phdvxuhv xqghuhvwlpdwh sruwirolr
orvvhv/ hyhq li wkh xqghuo|lqj uhwxuqv duh qrupdo1 Zh vwxg| wkh ghshqghqfh
ri wkh plvhvwlpdwh rq wkh YdU krul}rq/ wkh lqlwldo sruwirolr pl{ dqg wkh ulvn
dyhuvlrq ri wkh sruwirolr pdqdjhu/ zklfk lq wxuq ghwhuplqhv wkh iuhtxhqf|
ri lqwhuyhqwlrqv1 Wkh eldv fdq eh pruh uhohydqw ryhu 4 gd| wkdq ryhu orqjhu
krul}rqv dqg hyhq li wkh lqlwldo sruwirolr lv qhduo| rswlpdo1 Zh dovr shuirup
edfnwhvwlqj dqg hvwlpdwh d �frkhuhqw� ulvn phdvxuh/ qdpho| frqglwlrqdo
YdU/ zklfk frq�upv wkh lqdssursuldwhqhvv ri wkh xvxdo/ vwdwlf YdU1

�Wkh Dxwkruv wkdqnv sduwlflsdqwv dw wkh XVL Ilqdqfh Vhplqduv/ dw wkh [[Ywk HZJIP dqg

wzr dqrq|prxv uhihuhhv iru khosixo vxjjhvwlrqv1 Wkh xvxdo glvfodlphuv dsso|1



Lqwurgxfwlrq

Gxulqj wkh odvw �yh |hduv d jurzlqj dwwhqwlrq kdv ehhq ghyrwhg wr wkh phd0
vxuh ri ulvn zruogzlgh nqrzq dv ydoxh dw ulvn +YdU,/ wkh pd{lpxp orvv zklfk
d sruwirolr fdq vx�hu/ dw d jlyhq ohyho ri frq�ghqfh dqg dw d jlyhq krul}rq1 Lq
vslwh ri wklv zlgh xvh dqg srsxodulw|/ wkh olwhudwxuh kdv sxw lqwr hylghqfh vhyhudo
zhdnqhvvhv ri hlwkhu YdU ru lwv lpsohphqwdwlrqv1

Zh frqfhqwudwh khuh rq wkh iroorzlqj idfw1 Fxuuhqw YdU lpsohphqwdwlrqv
duh edvhg rq wkh dvvxpswlrq wkdw qr vdohv ru sxufkdvhv zloo wdnh sodfh ehiruh
wkh YdU krul}rq/ vr wkdw wkh sruwirolr pl{ uhpdlqv xqfkdqjhg1 Lq wxuq/ wklv
dvvxpswlrq uhvwv rq wkh idfw wkdw frvwv ri frqwuroolqj wkh sruwirolr � vxfk dv
elg0dvn vsuhdgv � h{lvw1 Krzhyhu/ hyhq lq wkh suhvhqfh ri frvwv zklfk srvwsrqh
sruwirolr dgmxvwphqwv/ rswlpdo dv zhoo dv vxerswlpdo srolflhv fdq hqwdlo dgmxvwlqj
wkh sruwirolr pl{ ehiruh wkh YdU krul}rq= prvw ri wkh wlphv/ wkh krul}rq lv lpsrvhg
e| uhjxodwruv/ vxfk dv wkh Edvoh Frpplwwhh ^6`/ ru �{hg dw wkh �up lqvwhdg ri
wkh glylvlrq ru ghvn ohyho1 Lq erwk fdvhv/ lw lv h{rjhqrxvo| jlyhq wr sruwirolr
pdqdjhuv1 Dv d frqvhtxhqfh/ zh lqyhvwljdwh krz sruwirolr uhedodqflqj lqvhuwv d
zhgjh ehwzhhq wkh xvxdo ru vwdwlf YdU phdvxuh dqg wkh dfwxdo ru g|qdplf rqh1

Wklv sdshu vwxglhv wzr w|shv ri lqwhuyhqwlrq1 Iluvw zh ghdo zlwk rswlpdo
srolflhv lq wkh suhvhqfh ri frvwv/ l1h1/ sruwirolr srolflhv zklfk hqwdlo lqwhuyhqwlrq
rqo| zkhq wkh udwlr ulvn|2ulvnohvv dvvhw uhdfkhv dq xsshu ru d orzhu erxqgdu|1
Vhfrqg/ zh frqvlghu vxerswlpdo srolflhv/ lq zklfk lqwhuyhqwlrq wdnhv sodfh dw
vrph �{hg gdwhv1

Zh vwxg| wkh vljq dqg wkh pdjqlwxgh ri wkh eldv ri wkh xvxdo YdU zlwk
uhvshfw wr wkh dfwxdo rqh1 Zh dqdo|}h dovr lwv ghshqghqfh rq d qxpehu ri idfwruv/
vxfk dv wkh lqlwldo sruwirolr pl{/ wkh YdU krul}rq dqg wkh ulvn dwwlwxgh ri sruwirolr
pdqdjhuv/ zklfk lq wxuq ghwhuplqhv wkh iuhtxhqf| ri lqwhuyhqwlrqv1 Erwk wkh
vlpsoh frpsdulvrq dqg edfnwhvwlqj zloo vkrz wkdw lw lv qrw fruuhfw wr dgrsw d
vwdqgdug phdvxuh/ l1h1 wr glvuhjdug wkh fkdqjhv lq sruwirolr pl{/ ehfdxvh wkh
sruwirolr lv qhduo| rswlpdo1 Qhlwkhu lw lv fruuhfw ryhu vkruw krul}rqv/ qru edvhg rq
wkh dvvxpswlrq wkdw sruwirolr pdqdjhuv duh plogo| ulvn dyhuvh1

Zh frq�up rxu uhvxowv vwxg|lqj wkh ghsduwxuh ri uhwxuqv ri uhedodqfhg sruw0
irolrv iurp qrupdolw| dqg h{sorulqj d ulvn phdvxuh zklfk lv frkhuhqw dffruglqj
wr wkh wkhru| ri Duw}qhu/ Ghoedhq/ Hehu dqg Khdwk ^4`/ qdpho| h{fhvv ri orvv ru
frqglwlrqdo YdU1

Wkh sdshu lv vwuxfwxuhg dv iroorzv1 Vhfwlrq 4 uhylhzv vwdqgdug YdU phdvxuhv1
Vhfwlrq 5 h{dplqhv rswlpdo sruwirolr vwudwhjlhv lq wkh suhvhqfh ri dgmxvwphqw frvwv
dqg lqwurgxfhv vrph fdvh0vwxglhv rq zklfk zh zloo vlpxodwh wkh dfwxdo YdU zkhq
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wkh sruwirolr pl{ fkdqjhv dffruglqj wr rswlpdo srolflhv1 Vhfwlrq 6 frpsduhv dfwxdo
dqg vwdqgdug YdU phdvxuhv dqg edfnwhvwv wkhp1 Vhfwlrq 7 ghdov zlwk vxerswlpdo
srolflhv dorqj wkh olqhv ri vhfwlrq 51 Vhfwlrq 8 vwxglhv wkh idw0wdlohgqhvv ri sruwirolr
uhwxuqv1 Vhfwlrq 9 glvfxvvhv dq dowhuqdwlyh phdvxuh ri ulvn/ qdpho| frqglwlrqdo
YdU1 Vhfwlrq 9 vxppdul}hv dqg frqfoxghv1

41 Vwdqgdug YdU phdvxuh dqg lwv �{hg sruwirolr pl{ dv0

vxpswlrq

Ohw xv lqwurgxfh wkh iroorzlqj dvvxpswlrqv= wzr w|shv ri dvvhwv h{lvw

41 d ulvnohvv rqh/ zklfk hduqv dq lqvwdqwdqhrxv lqwhuhvw +lqwhqvlw|, 4c zlwk 4 : f

51 d ulvn| rqh/ zklfk fdq eh lghqwl�hg hlwkhu zlwk wkh pdunhw sruwirolr ru zlwk
d pxwxdo ixqg/ zkrvh sulfh hyroyhv dv d Jhrphwulf Eurzqldq prwlrq

Iluvw ri doo/ ohw xv qrwlfh wkdw/ dv orqj dv zh gr qrw wdnh frvwv lqwr frqvlghudwlrq/
zh frxog vxevwlwxwh rxu ulvn| sruwirolr zlwk ? ulvn| dvvhwv/ ? : �/ zlwk qr dgghg
gl!fxow|1 Krzhyhu/ rxu dlp lv wr glvwlqjxlvk d vdih dvvhw/ rxw ri zklfk wudqvdfwlrq
frvwv duh sdlg/ iurp wkh ulvn| sruwirolr/ zklfk lv erxjkw dw lwv dvn sulfh dqg vrog
dw wkh elg1

Zh ghqrwh zlwk �E|� wkh ydoxh ri kroglqjv lq wkh ulvnohvv dvvhw/ | 5 dfcn4�1
Zlwk qr lqwhuyhqwlrqv/ �E|� hyroyhv dffruglqj wr wkh ruglqdu| gl�huhqwldo htxdwlrq=

_�E|� ' 4�E|�_| 4 : fc �Ef� ' K +414,

zkloh wkh ydoxh dw wlph | ri kroglqjv lq wkh ulvn| dvvhw/ fE|�/ iroorzv wkh vwrfkdvwlf
gl�huhqwldo htxdwlrq

_fE|� ' E4n >�fE|�_|n jfE|�_~E|�c fEf� ' % +415,

zkhuh 4 n > : f dqg j2 : f uhsuhvhqw uhvshfwlyho| wkh lqvwdqwdqhrxv guliw dqg
yduldqfh ri wkh surfhvv/ ~ lv d Zlhqhu surfhvv zlwk ~Ef� ' f1

Wkh YdU iru wkh krul}rq A ri wkh zhdowk ru sruwirolr4 ` EA �
g
' �EA � nfEA �c

lv gh�qhg dv wkh pd{lpxp orvv zklfk fdq eh lqfxuuhg rq wkh sruwirolr dw wlph

4Xvxdoo| wkh Ydoxh dw Ulvn lv gh�qhg zlwk uhihuhqfh wr wkh ulvn| dvvhw rqo|1 Krzhyhu/ lw zloo

eh fohdu iurp wkh iroorzlqj vhfwlrqv wkdw zlwk d yduldeoh sruwirolr pl{ zh duh lqwhuhvwhg lq wkh

ydoxh dw ulvn ri wkh zkroh sruwirolr1
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A / dw d jlyhq ohyho ri frq�ghqfh +xvxdoo| << ru <8(,1 Pruh irupdoo|/ lw lv wkh
devroxwh ydoxh ri wkh �ffE� � @�0shufhqwloh ri wkh sruwirolr uhwxuq glvwulexwlrq +@
' �bb/ @ ' �bD,1

Zh ghqrwh zlwk �T @-@EA � wkh sruwirolr YdU iru wkh krul}rq A dqg wkh ohyho
ri frq�ghqfh @/ lpsolflwo| gh�qhg e|

�h
f

E` EA ��` Ef� � ��T @-
@
EA �� ' �� @

zkhuh �hf E�� lv wkh suredelolw| frqglwlrqdo rq ` Ef� ' %n K
g
' ��

Lw iroorzv iurp wklv gh�qlwlrq wkdw

��T @-@EA � ' � Ei TE�T @-@EA ��� ��

zkhuh T @- lv wkh YdU rq uhodwlyh +orj, uhwxuqv= �hf E*?E` EA �*�� � �T @-
@
EA �� '

� � @1
Ohw xv dvvxph/ iru wkh wlph ehlqj/ wkdw wkh sruwirolr pl{ lv xqfkdqjhg lq dfc A o1

Xqghu wklv k|srwkhvlv wkh YdU iru wkh zkroh sruwirolr uhodwlyh uhwxuqv lv

�T @-@EA � ' 4A n *?

#
�

� n wf
n

wf
� n wf

i T
��
>� j2*2

�
A �Dj

s
A
�$

+416,

zkhuh wf
g
' %*K dqg D lv wkh @ txdqwloh ri wkh vwdqgdug qrupdo +4198 iru @ ' bDIc

5166 iru @ ' bbI,> frqvhtxhqwo|/ wkh YdU iru devroxwh uhwxuqv wxuqv rxw wr eh

��T @-
@
EA � ' �

%
i T E4A �

#
�

� n wf
n

wf
� n wf

i T
��
>� j2*2

�
A �Dj

s
A
�$
� �

&

+417,
Dv srlqwhg rxw deryh/ erwk T @-@ dqg �T @-@ � zklfk zh zloo fdoo iurp

qrz vwdwlf ru vwdqgdug YdUv � duh edvhg rq wkh dvvxpswlrq wkdw qr ixqgv duh
wudqvihuuhg iurp wkh ulvnohvv wr wkh ulvn| dvvhw/ ru ylfh0yhuvd/ gxulqj wkh shulrg
^fc A o� Wklv lv lq frqwudvw erwk zlwk wkh wkhru| dqg/ dv d jhqhudo uxoh/ zlwk wkh
sudfwlfh1

Dv iru wkh wkhru|/ li wkhuh zhuh qr frvwv ri dgmxvwphqw/ zh kdyh ehhq wdxjkw
vlqfh Phuwrq*v vhplqdo zrun wkdw sruwirolrv zrxog eh frqwlqxrxvo| uhylvhg1 Li wkh
wudqvihu ri ixqgv ehwzhhq wkh wzr dvvhwv lv frvwo| 0 dv lw lv lq uhdolw| 0 frqwlqxrxv
uhylvlrq ehfrphv wrr h{shqvlyh/ exw zh fdqqrw h{foxgh wkdw ixqgv eh vzlwfkhg
iurp rqh dvvhw wr wkh rwkhu ehiruh A 1 Lw kdv ehhq ghprqvwudwhg5 wkdw xqghu

5Wkh fruuhvsrqglqj sruwirolr sureohp kdv ehhq vwxglhg lq ^8`1 D gl�huhqw remhfwlyh ixqfwlrq
lv lq ^7`1
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frpplvvlrq ihhv dqg pruh jhqhudoo| xqghu elg dvn vsuhdgv wkh rswlpdo gdwh ri
uhylvlrq lv d vwrsslqj wlph= dv d frqvhtxhqfh/ wkh �uvw uhylvlrq gdwh frxog suhfhgh
wkh YdU krul}rq1

Dv iru wkh sudfwlfh/ wkh qr0pl{ fkdqjh dvvxpswlrq lv d yhu| vwurqj rqh/ hvsh0
fldoo| zkhq wkh krul}rq lv �{hg e| wkh uhjxodwru| Dxwkrulw| dw whq ru pruh gd|v
dqg zkhq wkh sruwirolr xqghu h{dp lv wkh wudglqj rqh1

Lq wkh qh{w vhfwlrq zh dqdo|}h wkh sureohp ri phdvxulqj YdU xqghu rswlpdo
sruwirolr srolflhv/ zkloh lq vhfwlrq 6 zh irfxv rq vxerswlpdo srolflhv/ yhu| frpprq
lq wrgd|*v �qdqfh/ zklfk frqvlvw lq uhylvlqj wkh sruwirolr pl{ dw �{hg gdwhv +iru
lqvwdqfh/ hyhu| gd| ru zhhn,1

51 YdU phdvxuh xqghu rswlpdo sruwirolr srolflhv

Iru wkh vdnh ri vlpsolflw| zh zloo vwxg| wkh fdvh lq zklfk elg0dvn vsuhdgv duh
sursruwlrqdo wr wkh ydoxh ri wkh wudqvdfwlrq1 Zh wkhq dvvxph wkdw d xqlw ydoxh
ri wkh ulvn| dvvhw fdq eh frqyhuwhg lqwr � � k grooduv ri wkh ulvnohvv/ zlwk k : f�
Rq wkh rwkhu vlgh/ � n q grooduv ri wkh ulvnohvv dvvhw/ q : f/ fdq eh wxuqhg lqwr 4
groodu ri wkh ulvn|/ zlwk k : �q lq rughu wr dyrlg duelwudjh1 Zh dovr ghqrwh zlwk
uE|� dqg LE|� uhvshfwlyho| wkh fxpxodwlyh sxufkdvhv dqg vdohv ri wkh ulvn| dvvhw1

Zlwk frvwo| sruwirolr dgmxvwphqwv wkh g|qdplfv ri �E|� dqg fE|� wxuq lqwr6

_�E|� ' 4�E|�_|n E� � k� _L E|�� E� n q� _uE|� +514,

_fE|� ' E>n 4�fE|�_|n jfE|�_~E|�� _L E|� n _uE|� +515,

Lq rughu wr glvfxvv wkh ehkdylru ri wkh surfhvvhv u dqg L ehiruh wkh YdU
krul}rq/ zh qhhg wr vshfli| wkh remhfwlyh ri sruwirolr uhylvlrqv1 Frqvlghu wkh �qdo
sruwirolr ydoxh/ zklfk lv wkh oltxlgdwlrq rqh=

7̀ E|� ' �E|� n E�� k�fE|�

dqg dvvxph/ zlwkrxw pxfk orvv ri jhqhudolw|7 dqg iru wkh vdnh ri wudfwdelolw|/ wkdw
sruwirolr pdqdjhuv kdyh d srzhu xwlolw| ixqfwlrq/ �E%� ' %R*Rc R 	 �1 Zh dvvxph

6Wkh idfw wkdw vdohv dqg sxufkdvhv ri [ kdyh E dv d frxqwhusduw pdnhv lw vwrfkdvwlf= wklv
mxvwl�hv wkh idfw wkdw dovr lq vhfwlrq 4 zh kdyh frpsxwhg ulvn phdvxuhv iru wkh zkroh sruwirolr
dqg qrw iru wkh ulvn| dvvhw rqo|1

7Wkh jhqhudolw| ri uhvxowv rewdlqhg yld d srzhu xwlolw| ixqfwlrq lv glvfxvvhg lq ^;`1
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wkdw wkh sruwirolr pdqdjhu pd{lpl}hv wkh orqj0uxq glvfrxqwhg h{shfwhg xwlolw| ri
wkh sruwirolr

*�4 �?u
l<n"

i TE�bl� Hf
k
7̀ El�R*R

l
+516,

zkhuh wkh udwh b lv fkrvhq vr dv wr jxdudqwhh wkh erxqghgqhvv dqg h{lvwhqfh ri
d vroxwlrq/ dqg Hf d�o lv wkh h{shfwhg ydoxh dw wlph 3 xqghu wkh vxvwdlqdelolw|
frqvwudlqw 7̀ E|� � f d1v1 ;| : f1 Lw kdv ehhq ghprqvwudwhg wkdw wkh rswlpdo
vwdwlrqdu| srolf| lv lq whupv ri wkh sruwirolr pl{

wE|�
g
' fE|�*�E|�

dqg lv d eduulhu +ru wrohudqfh uhjlrq, rqh=

� gr qrw wudgh zkhqhyhu , 	 wE|� 	 �/ zlwk , dqg � rswlpdoo| fkrvhq/

� wudgh zkhq wE|� ' , ru wE|� ' �/ vr dv wr nhhs wkh udwlr wE|� dorqj wkh
fruuhvsrqglqj eduulhu1

Xqghu wkhvh srolflhv u dqg L duh wkh orfdo wlphv8 ri fE|� dw wkh �{hg eduulhuv ,
dqg � uhvshfwlyho|/ vr wkdw wkh �qdo ydoxh ri wkh zkroh sruwirolr

` EA � ' % i T
��
> � j2*2

�
A n j~EA �

�
n uEA �*,� LEA �*�n

ni TE4A �q n
] A

f

i T E4 EA � |�� dE�� k� _LE|�� E� n q� _uE|�o +517,

grh qrw kdyh qrupdo uhwxuqv dq| pruh1
Ohw xv ghqrwh zlwk T @-S

@EA � dqg �T @-
S
@EA � wkh YdU iru uhodwlyh dqg devroxwh

uhwxuqv/ zkhq zhdowk iroorzv wkh g|qdplfv +517,/ dqg fdoo wkhp g|qdplf ru dfwxdo

YdUv1 Gxh wr wkh suhvhqfh ri u dqg L / erwk T @-S
@EA � dqg �T @-S

@EA � fdqqrw
eh uh0zulwwhq xvlqj wkh prphqwv ri wkh xqghuo|lqj vwrfkdvwlf surfhvvhv> wkh| fdq
rqo| eh rewdlqhg e| PrqwhFduor vlpxodwlrq/ iru jlyhq ydoxhv ri wkh sdudphwhuv
dqg � frqvhtxhqwo| � ri wkh frqwuro eduulhuv1 Lq zkdw iroorzv/ zh duh jrlqj wr
vkrz wkdw hyhq ryhu vkruw krul}rqv wkh vwdqgdug YdU/ �T @-@EA � lq +416, ri sdjh
7/ lv qrw d jrrg dssur{lpdwlrq ri �T @-S

@EA �1
Wkh vlpxodwlrq sureohp kdv ehhq vroyhg e| h{sorlwlqj dq Hxohu dojrulwkp

ghyhorshg iru wkh uh hfwlqj Eurzqldq prwlrq lq ^43` dqg ghvfulehg lq Dsshqgl{
41

8Wkh Eurzqldq prwlrq orfdo wlph kdv ehhq h{whqvlyho| vwxglhg/ vlqfh ^44/ 45/ 49`1 D vxuyh|
ri lpsruwdqw uhvxowv lv fkdswhu 9 lq ^<`1
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Dv iru wkh sdudphwhuv/ e| irfxvlqj rq wkh ydoxhv 4 ' eIc > ' H�DIc j '
2fI/ zklfk duh frpprq wr prvw hpslulfdo vwxglhv/ zh vroyh wkh sruwirolr frqwuro
sureohp/ dffruglqj wr ^8`/ iru v|pphwulf elg0dvn vsuhdgv k ' q ' �I dqg iru
gl�huhqw ohyhov ri wkh xwlolw| sdudphwhu R +dqg frqvhtxhqwo| ri wkh ulvn dyhuvlrq
rqh/ � � R,= R� ' ���Dc R2 ' �2c R� ' �e1 Rxu fkrlfh ri gl�huhqw ulvn dyhuvlrq
sdudphwhuv lv mxvwl�hg e| wkh idfw wkdw wkh kljkhu lv ulvn dyhuvlrq/ wkh qduurzhu lv
wkh qr0wudqvdfwlrq uhjlrq d,c �o dqg wkh pruh lqwhuyhqwlrqv duh h{shfwhg/ zklfk lq
wxuq vkrxog fdxvh wkh dfwxdo YdU wr ghyldwh iurp wkh vwdqgdug rqh1 Wkh h�hfwv
ri lqfuhdvlqj ulvn dyhuvlrq/ lqfuhdvlqj ulvn ru ghfuhdvlqj wudqvdfwlrq frvwv kdyh
ehhq suryhg lq ^8` wr eh txdolwdwlyho| wkh vdph= wkdw lv zk| zh h{soruh wkh �uvw
srvvlelolw| rqo|1

Fruuhvsrqglqj wr wkh wkuhh ulvn dyhuvlrq fkrlfhv deryh zh jhw wkh qr lqwhuyhq0
wlrq uhjlrqv=

R� , , ' ec fbfb2(� ' HcDb.��

R2 , , ' �c H�S22(� ' �c�2e.�

R� , , ' fc DHf.2(� ' fcb��DD

E| ohwwlqj wkh elg0dvn vsuhdg jr wr 3/ zh dovr jhw wkh pl{ zklfk zrxog eh frq0
wlqxrxvo| pdlqwdlqhg lq wkh devhqfh ri elg0dvn vsuhdgv= wW

�
' D�S.c wW

2
' 2�e�c wW

�
'

f�.�b1 Sohdvh qrwh wkdw xvxdoo| lq YdU fdofxodwlrqv wkh ulvn dyhuvlrq lv hqforvhg
wkurxjk wkh fkrlfh ri wkh frq�ghqfh ohyho= krzhyhu/ wkh frq�ghqfh ohyho lv riwhq
fkrvhq dw wkh fhqwudo ohyho/ e| wkh uhjxodwruv/ qrw e| wkh vlqjoh sruwirolr pdq0
djhuv1 Jlyhq wkh frq�ghqfh ohyho/ iru lqvwdqfh wkh rqh lpsrvhg e| wkh ELV/ hyhu|
sruwirolr pdqdjhu fkrrvhv wkh qr wudqvdfwlrq uhjlrq dffruglqj wr klv rzq ulvn
wrohudqfh1

Iru hdfk ulvn dyhuvlrq ohyho/ zh uxq wkuhh jurxsv ri vlpxodwlrqv/ edvhg rq wkh
lqlwldo sruwirolr pl{ wf ' %*K1 Wkh �uvw jurxs/ ghqrwhg zlwk rw�c � ' �c 2c �/
vlpxodwhv dq lqlwldoo| vdih sruwirolr/ zklfk lv ohvv ulvn| wkdq wkh rswlpdo rqh1 Wkh
vhfrqg jurxs/ ow� / vlpxodwhv dq lqlwldoo| djjuhvvlyh sruwirolr/ zklfk lv pruh ulvn|
wkdq wkh rswlpdo rqh1 Wkh wklug jurxs kdv dq lqlwldo sruwirolr pl{ htxdo wr wkh
rswlpdo rqh/ wf ' wW� 1 Wkh vdih dqg djjuhvvlyh sruwirolrv duh fkrvhq vr wkdw wkh
h{shfwhg wlph9 wr uhdfk wkh orzhu eduulhu iurp rw� dqg wkh xsshu eduulhu eduulhu
irup ow� lv rqh gd| lq wkh vlpxodwlrqv 4d/5d dqg 6d/ 43 gd|v lq vlpxodwlrqv ri wkh
e jurxs +4e/5e/ 6e, dqg 4 |hdu lq wkh vlpxodwlrqv ri wkh f jurxs +4f/5f/6f,1

9Wkh h{shfwhg klwwlqj wlph ri wkh eduulhu lv frpsxwhg wdnlqj wkh ghulydwlyh ri wkh Odsodfh
wudqvirup lq Erurglq ^5`/ sdjh 5661

:



Dv d uhvxow/ zh jhw wkh iroorzlqj vlpxodwlrq vhwwlqjv/ zklfk doorz xv/ hyhq zlwk
rxu vw|ol}hg sruwirolr/ wr frqvlghu rxu frqfoxvlrqv txlwh jhqhudo=

Lqvhuw khuh wdeoh 4

61 Frpsdulvrq ri dfwxdo dqg vwdqgdug YdU

Iru hdfk vhwwlqj lq wdeoh 4/ dvvxplqj dq lqlwldo zhdowk ri 4333 xqlwv ri dffrxqw/
zh uxq 431333 vlpxodwlrqv zlwk 4333 vwhsv hdfk1 Lq rughu wr hvwlpdwh �T @-S/
dqg wkhq lwv uhodwlyh frxqwhusduw/ T @-S/ zh surfhhg dv iroorzv1 Zh frpsxwh wkh
�uvw shufhqwloh ri wkh devroxwh fkdqjh lq sruwirolr ydoxh +l1h1 ` EA � � ` Ef�,/
iru A ' �c �fc 2Df gd|v1 Wkh 4 gd| YdU lv fkrvhq zlwk uhihuhqfh wr wudglqj
sruwirolrv1 Wkh 43 gd|v fkrlfh lv wkh rqh vxjjhvwhg lq wkh ELV uhfrpphqgdwlrqv
dqg/ frqvhtxhqwo|/ wkh rqh dgrswhg lq lqwhuqdwlrqdo uhjxodwlrqv1 Wkh 583 gd|v
+rqh |hdu, rqh lv uhsruwhg lq ylhz ri YdU xvhv lq fdslwdo exgjhwlqj/ lqvxudqfh dqg
olplw h{srvxuhv1

Wdeoh 5 uhsruwv wkh uhvxow ri rxu vlpxodwlrqv iru devroxwh uhwxuqv/ �T @-S

�bb
EA �/

wrjhwkhu zlwk �T @-�bbEA �/ wkh YdU rewdlqhg � dffruglqj wr +417, ri sdjh 7 � lj0
qrulqj wkh sruwirolr pl{ fkdqjhv1 Wkh uhvxowv duh fohduo| rewdlqhg lq dq kljko|
vw|ol}hg iudphzrun= dv d frqvhtxhqfh/ pruh wkdq lq devroxwh ydoxhv/ zh duh lqwhu0
hvwhg lq wkh lpsolflw frpsdudwlyh vwdwlf1

Lqvhuw khuh wdeoh 5

Frqvlghu �uvw wkh YdU wkhpvhoyhv= iru hdfk jlyhq krul}rq A dqg hdfk jlyhq ulvn
dyhuvlrq/ �T @-S lv lqfuhdvlqj zlwk wkh zhljkw ri wkh ulvn| dvvhw lq wkh sruwirolr
+sdvvlqj iurp rw wr wW dqg ow, lq prvw fdvhv1 Zkhq lw lv qrw lqfuhdvlqj lq wkh
lqlwldo srvlwlrq/ lw lv vpdoohu iru wW wkdq iru wkh rwkhu sruwirolrv:1 Zkloh wklv
lqhtxdolw| lv reylrxv zlwk uhvshfw wr ow/ dv frqfhuqv rw lw lv gxh wr wkh idfw wkdw �
dv rqh fdq qrwlfh iurp wdeoh 4 � wkh lqwhuyhqwlrq uhjlrq lv qrw v|pphwulf durxqg
wkh rswlpdo ydoxh wW= pruh lqwhuyhqwlrqv rffxu dw wkh orzhu eduulhu/ vlqfh lw lv
forvhu wr wW1 Lq wxuq/ pruh lqwhuyhqwlrqv zkhq wkh sruwirolr lv �h{fhvvlyho|� vdih
pdnh wkh dfwxdo ulvnlqhvv ri wkh sruwirolr juhdwhu wkdq uh hfwhg e| d vwdqgdug YdU
phdvxuh1 Zlwk qr sruwirolr pl{ fkdqjh lqvwhdg zh kdyh � dv h{shfwhg � wkh ulvn
phdvxuh �T @- lqfuhdvlqj zlwk wkh zhljkw ri wkh ulvn| dvvhw lq sruwirolr1 Wklv

:Kljk ulvn dyhuvlrq +s @ �7, dqg orqj krul}rqv +W @ 583, dqqlklodwh wkh h�hfwv phqwlrqhg
lq wkh wh{w1

;



ehkdylru grhv qrw h{whqg wr wkh dfwxdo YdU/ �T @-S/ vlqfh wkh odwwhu uh hfwv qrw
rqo| wkh lqlwldo pl{/ exw dovr wkh hqvxlqj lqwhuyhqwlrqv1

Erwk �T @oS dqg �T @- ghfuhdvh/ doo rwkhuv htxdo/ zkhq ulvn dyhuvlrq 40R
lqfuhdvhv +iurp vhwwlqj 4 wr 6,1 Lq wkh qr sruwirolr pl{ fkdqjh fdvh wklv uhvxow
reh|v rxu lqwxlwlrq/ vlqfh dq lqfuhdvh lq ulvn dyhuvlrq fruuhvsrqgv wr dq lqfuhdvh
lq wkh ulvnohvv srvlwlrq;1 Lq wkh sruwirolr pl{ fkdqjh fdvh wkh dqdorj| ehwzhhq
wkh wzr ehkdylruv grhv qrw h{lvw ehfdxvh dq lqfuhdvh lq ulvn dyhuvlrq qrw rqo|
d�hfwv wkh lqlwldo ru rswlpdo sruwirolr pl{/ exw dovr uhgxfhv wkh zlgwk ri wkh qr
wudqvdfwlrq uhjlrq/ lqfuhdvlqj lq wklv zd| wkh qxpehu ri lqwhuyhqwlrqv dqg/ ehfdxvh
ri wudqvdfwlrq frvwv/ wkh YdU gl�huhqfhv1

Lqvhuw khuh �jxuh :16

Lq �jxuh :16 zh uhsruw wkh gl�huhqfhv +eldv, ehwzhhq wkh YdUv �T @-S dqg
�T @-/ zh qrwh �uvw ri doo wkdw prvw ri wkhp duh srvlwlyh1 Wkh vwdqgdug YdU/
�T @-/ xqghuhvwlpdwhv wkh dfwxdo rqh/ �T @-S/ lq prvw ri rxu fdvhv1 Wklv fdq eh
gxh vlpso| wr wkh dv|pphwu| ri wkh qr0wudqvdfwlrq uhjlrq/ zklfk � dv h{sodlqhg
deryh � hqwdlov lqfuhdvlqj wkh ulvnlqhvv ri wkh sruwirolr pruh riwhq wkdq ghfuhdvlqj
lw1 Dv iru wkh pdjqlwxgh ri wkh glvfuhsdqf| ehwzhhq wkh wzr YdUv/ srvlwlyh
glvfuhsdqflhv duh wzr gljlwv shufhqwdjhv/ zkloh qhjdwlyh eldv duh rqh gljlw1 Wkh
odwwhu wdnh sodfh dw orqj krul}rqv dqg zlwk wkh prvw djjuhvvlyh sruwirolrv/ vlqfh
lq wkhvh fdvhv rqh vwduwv forvh wr wkh lqwhuyhqwlrq eduulhu1

E| frpsdulqj iru hdfk krul}rq A dqg ulvn dyhuvlrq 40R wkh wkuhh shufhqwdjhv
fruuhvsrqglqj wr wkh lqlwldoo| vdih sruwirolr/ rw/ wkh rswlpdo/ wW/ dqg wkh ulvn| rqh/
ow/ zh uhpdun wkdw wkh gl�huhqfh ehwzhhq YdUv lv hlwkhu vpdoohu lq fruuhvsrq0
ghqfh wr wkh rswlpdo lqlwldo pl{ ru ghfuhdvlqj zlwk wkh lqlwldo ulvnlqhvv1 Lw dozd|v
ghfuhdvhv ryhu orqj krul}rqv/ zkhq wkh dv|pphwu| ri wkh lqwhuyhqwlrq uhjlrq hi0
ihfw lv fdqfhoohg e| wkh suhvhqfh ri d srvlwlyh guliw1 Lq jhqhudo/ wkh ghshqghqfh ri
wkh eldv ri �T @- zlwk uhvshfw wr �T @-S/ dv wkh lqlwldo pl{ fkdqjhv/ lv xqsuh0
glfwdeoh/ vlqfh lw ghshqgv rq wkh dv|pphwu| ri wkh uhjlrq/ wkh krul}rq dqg wkh
guliw pdjqlwxgh1

Wkh gl�huhqfh ehwzhhq �T @- dqg �T @-S grhv qrw lqfuhdvh qhlwkhu zlwk wkh
krul}rq EA � qru zlwk ulvn dyhuvlrq ER�1

Wkh iroorzlqj jhqhudo frqfoxvlrq krogv= xvxdo YdU xqghuhvwlpdwhv wkh dfwxdo
rqh lq d odujh shufhqwdjh ri fdvhv1 Wklv eldv lv olnho| wr ghshqg rq d qxpehu ri

;Sohdvh uhplqg wkdw �� / dqg frqvhtxhqwo| v� dqg u�/ zklfk duh uhvshfwlyho| ehorz dqg deryh

lw/ ghfuhdvh zlwk ulvn dyhuvlrq=

<



idfwruv/ vxfk dv wkh lqlwldo sruwirolr pl{/ wkh YdU krul}rq dqg wkh ulvn dwwlwxgh
ri sruwirolr pdqdjhuv1 Odvw exw qrw ohdvw/ lw ghshqgv rq wkh remhfwlyh ri sruwirolr
uhylvlrqv1 Zkdw pdwwhuv/ pruh wkdq wkh vljq/ lv wkh pdjqlwxgh ri wkh gl�huhqfh
ehwzhhq YdUv/ xs wr 5 gljlwv lq shufhqwdjh/ dqg wkh idfw wkdw lwv ghshqghqfh rq
wkh diruhphqwlrqhg idfwruv lv qrw fohdu0fxw1 Dv d frqvhtxhqfh/ phdvxulqj YdU lw
lv qrw fruuhfw wr glvuhjdug wkh fkdqjhv lq sruwirolr pl{ �l1h1/ wr xvh �T @- lqvwhdg
ri �T @-S � ehfdxvh wkh sruwirolr lv qhduo| rswlpdo1 Qhlwkhu lw lv fruuhfw ryhu
vkruw krul}rqv/ qru edvhg rq wkh dvvxpswlrq wkdw sruwirolr pdqdjhuv duh plogo|
ulvn dyhuvh1

Lq rughu wr ixuwkhu hydoxdwh wkh gl�huhqfh ehwzhhq vwdqgdug dqg dfwxdo YdUv/
zh edfnwhvw erwk phwkrgrorjlhv dqg shuirup d elqrpldo whvw ri wkh fruuhvsrqglqj
hvwlpdwlrq srzhu1

6141 Edfnwhvwlqj

Iru edfnwhvwlqj/ zh glylgh wkh uhvxowv ri wkh 43333 vlpxodwlrqv lqwr rqh kxqguhg
jurxsv ri rqh kxqguhg vlpxodwlrqv hdfk1 Vwduwlqj zlwk wkh �uvw jurxs/ zh wkhq
frpsxwh wkh YdU dffruglqj wr hdfk phwkrgrorj| +T @-@EA �c T @-S

@
EA �, dqg frp0

sduh lw wr wkh dfwxdo sur�w ru orvv uhsuhvhqwhg e| wkh 4vw gdwxp ri wkh iroorzlqj
jurxs1 Zkhq wkh dfwxdo orvv lv juhdwhu +lq devroxwh ydoxh, wkdq wkh YdU d yl0
rodwlrq lv vdlg wr rffxu1 Li wkh YdU phdvxuh lv fruuhfw/ qr pruh wkdq +40@,433
ylrodwlrqv vkrxog rffxu ryhu wkh jurxsv fruuhvsrqglqj wr hdfk vlpxodwlrq vhwwlqj/
gdwh dqg lqlwldo sruwirolr1

Zkloh shuiruplqj edfn0whvwlqj/ zh frqvlghu erwk wkh 8wk dqg wkh 4vw shufhqwloh
+fruuhvsrqglqj wr @ ' �bD dqg @ ' �bb,1 Dv zh zloo yhuli|/ wkh lqdssursuldwhqhvv
ri wkh vwdqgdug YdU/ T @-@EA �/ hphujhv yhu| idu rxw lq wkh wdlov= pruh dw wkh 4vw
wkdq dw wkh 8wk shufhqwloh1

Wklv lqdssursuldwhqhvv lv hydoxdwhg qrw rqo| e| frxqwlqj wkh qxpehu ri ylr0
odwlrqv/ exw dovr e| shuiruplqj wkh elqrpldo whvw lq ^47`1 Li pruh ylrodwlrqv wkdq
h{shfwhg rffxu/ wkh dowhuqdwlyh k|srwkhvlv lv wkdw YdU lv xqghuhvwlpdwhg> li/ rq
wkh frqwudu|/ ohvv ylrodwlrqv wkdq h{shfwhg rffxu/ wkh dowhuqdwlyh k|srwkhvlv lv wkdw
YdU lv ryhuhvwlpdwhg1 Wkhvh dowhuqdwlyh k|srwkhvhv duh frq�uphg e| d elqrpldo
suredelolw| +S, ydoxh vpdoohu wkdq DI�

Lq wdeoh 6/ zh uhsruw wkh qxpehu ri ylrodwlrqv ri wkh dfwxdo dqg vwdqgdug YdU/
dv zhoo dv wkh fruuhvsrqglqj S0ydoxhv iru hdfk ri wkh vlpxodwlrq vhwwlqjv ri wdeoh
4/ hdfk krul}rq dqg hdfk ohyho ri frq�ghqfh1

Lqvhuw khuh wdeoh 6
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Hyhq li zh frqvlghu rqo| wkh dyhudjhv/ zh qrwlfh wkdw wkh YdUS phdvxuhv
shuirup ehwwhu wkdq wkh YdU rqhv/ erwk dw wkh <8 dqg <<( o1r1f11

Vlqfh wkh xquhjxodwhg surfhvv lv qrupdo/ S0ydoxhv ohvv wkdq 8( duh qrw uhjlv0
whuhg rq dyhudjh/ qhlwkhu iru T @-S qrw iru T @-= krzhyhu/ li zh frqvlghu wkh vlqjoh
gdwd/ dw wkh ohyho ri frq�ghqfh 8( zh kdyh irxu Sv ehorz 8( iru wkh dfwxdo YdU/
qlqh iru wkh vwdqgdug rqh1 Dw wkh ohyho ri frq�ghqfh 4( zh kdyh wzr Sv ehorz 8(
iru wkh dfwxdo YdU/ vl{ iru wkh vwdqgdug rqh1 Erwk dw wkh �iwk dqg �uvw shufhqwloh
wkhq wkh dfwxdo YdU lv edgo| dssur{lpdwhg e| wkh vwdqgdug rqh= krzhyhu/ wkh
dssur{lpdwlrq lv hyhq zruvh dw wkh �uvw shufhqwloh1

Wkh frqfoxvlrq lv wkdw qrw rqo| wkh dfwxdo txdqwlohv +T @-S, duh edgo| ds0
sur{lpdwhg e| wkh vwdqgdug rqhv +T @-,/ exw wkh dssur{lpdwlrq zruvhqv dv zh
jr ixuwkhu lq wkh wdlov1 Wklv zdv qrw hylghqw lq wdeoh 5/ zklfk uhsruwhg rqo| wkh
@ ' bbI fdvh1

71 YdU phdvxuh xqghu vxerswlpdo sruwirolr srolflhv

Vxssrvh qrz wkdw sruwirolr srolflhv duh qrw wkh rswlpdo rqhv/ exw hqwdlo fkhfnlqj
zkhwkhu w lv lqvlgh ru rxwvlgh wkh wrohudqfh uhjlrq d,c �o dw h{rjhqrxvo| jlyhq gdwhv
|�c � ' �c 2c ���/ vxfk wkdw |� 	 |�n�1 Li w lv juhdwhu wkdq � ru vpdoohu wkdq ,/ lw lv
dgmxvwhg wr wkh forvhu eduulhu= gl�huhqwo| iurp wkh rswlpdo fdvh wkhq dgmxvwphqw
lv qrw lq�qlwhvlpdo/ exw fdq fdxvh mxpsv1 Dgmxvwphqw lv grqh wr wkh eduulhuv lq
rughu qrw wr lqfxu lqwr h{fhvvlyh frvwv1

Wkhvh srolflhv prgli| wkh qdwxudo g|qdplfv ri f/ dv jlyhq e| +415,/ lqwr

f E|�n� '

;
A?
A=

,� E|�n� li wE|��� � ,

�� E|�n� li wE|��� � �

fE|��� rwkhuzlvh

_fE|� ' E4n >�fE|�_|n jf_~E|� li | 9' |�

fEf� ' %

Wkh prqh| dffrxqw g|qdplfv wxuqv lqwr<

� E|�n� '

;
A?
A=

�E|���� E� n q� EfE|�n��fE|���� li wE|��� � ,

�E|��� n E� � k� EfE|����fE|�n�� li wE|��� � �

�E|��� rwkhuzlvh

<Wkh idfw wkdw wkh g|qdplfv ri E lv qrw ulvnohvv dq| pruh lpsolhv/ dv lq wkh rswlpdo srolf|

fdvh/ wkdw wkh txdqwlohv ri [ duh qrw vx!flhqw wr hydoxdwh wkh ryhudoo ulvn1
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�E|� ' 4�E|�_| li | 9' |�

�Ef� ' K

Erwk wkh ydoxh dw ulvn iru uhodwlyh uhwxuqv/ T @-S

@
EA �/ dqg wkh YdU ri devroxwh

uhwxuqv/ �T @-S

@
EA �/ fdq eh frpsxwhg xvlqj PrqwhFduor vlpxodwlrq1

Xvlqj wkh vdph vhwwlqjv dv lq wkh suhylrxv vhfwlrq/ zh uxq d PrqwhFduor vlp0

xodwlrq xvlqj rqh frqwuro d gd|1 E| vr grlqj/ zh jhw wkh iroorzlqj wdeoh/ zklfk

fruuhvsrqgv wr wdeoh 5 deryh=

Lqvhuw khuh wdeoh 7

Wkh pdlq ihdwxuh ri wkh wdeoh lv wkdw � dv lqwxlwlrq zrxog vxjjhvw � vwdqgdug

YdU xqghuhvwlpdwhv wkh dfwxdo rqh lq ohvv fdvhv dqg iru vpdoohu dprxqwv wkdq

xqghu rswlpdo srolflhv1 Wkh ghshqghqfh ri ��@-S rq wfc A dqg �� R lv wkh vdph
dv lq wkh rswlpdo fdvh/ zlwk wkh sduwldo h{fhswlrq ri wkh �uvw rqh1 Dv d frqvhtxhqfh
ri wklv odfn ri fohdufxw ghshqghqfh rq wf/ wkh ehkdylru ri wkh gl�huhqfh ehwzhhq
wkh wzr YdUv lq �jxuh :19 lv hyhq pruh xqsuhglfwdeoh wkdq lq wkh rswlpdo fdvh1

Lqvhuw khuh �jxuh :19

Wklv fdxvhv �T @- wr eh dq xquholdeoh dssur{lpdwlrq ri �T @-S xqghu vxers0
wlpdo srolflhv/ hyhq iru lqlwldoo| rswlpdo sruwirolrv ru ryhu vkruw krul}rqv ru zlwk
plogo| ulvn0dyhuvh lqyhvwruv1

Dv iru edfnwhvwlqj/ wdeoh 8 ehorz fruuhvsrqgv wr wdeoh 6 iru wkh rswlpdo srolf|
fdvh= lw suhvhqwv � erwk iru wkh dfwxdo YdU/ T @-S/ dqg iru wkh vwdqgdug rqh/
T @- � wkh qxpehu ri ylrodwlrqv dqg wkh fruuhvsrqglqj S0ydoxhv iru hdfk ri wkh
vlpxodwlrq vhwwlqjv ri wdeoh 4/ hdfk krul}rq dqg hdfk ohyho ri frq�ghqfh1

Lqvhuw khuh wdeoh 8

Lq wkh vxerswlpdo fdvh/ wkh qxpehu ri ylrodwlrqv iurp T @-S dqg T @- duh wkh
vdph/ dw wkh 4 dv zhoo dv wkh 8( frq�ghqfh ohyho1 Wkh lqdssursuldwqhvv ri YdU
wkhq grhv qrw lqfuhdvh zlwk wkh frq�ghqfh ohyho1

81 Idw wdlov ri frqwuroohg sruwirolrv

Erwk wkh rswlpdo dqg wkh vxerswlpdo fdvh fdoo iru d ixuwkhu vwxg| ri wkh idw0
wdlohgqhvv ri uhwxuqv zklfk duh d frqvhtxhqfh ri wkh idfw wkdw sruwirolr srolflhv
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pdnh wkh odwwhu d pl{wxuh ri qrupdov1 Lq rughu wr gr wkdw/ zh h{sorlw �uvw vrph
wudglwlrqdo phdvxuhv ri qrq0qrupdolw|/ l1h1 vnhzqhvv 7/ nxuwrvlvg dqg wkh Mdutxh0
Ehud lqgh{1

Zh frqvlghu orjdulwkplf uhwxuqv dw wlph A / t EA � ' *?E` EA �*��c zkrvh ghq0
vlw|/ lq wkh devhqfh ri lqwhuyhqwlrqv lv qrw qrupdo/ fdq eh suryhg wr eh=

)

3
C *?

�
E%n K� e+ � Ke4A

�
� *?%�6A

j
s
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4
D E%n K� e+

j
s
A EE%n K� e+ � Ke4A �

zkhuh ) lv wkh vwdqgdug qrupdo ghqvlw| dqg 6 ' 4 n > � j2*21 Wklv ghqvlw| lv
hylghqwo| qrw qrupdo= iru rxu sdudphwhu vhwwlqjv lw kdv vnhzqhvv 7 udqjlqj iurp
031394 wr 31436 ryhu 4 gd|/ iurp 3133< wr 314<; ryhu whq gd|v dqg iurp 3135 wr
31696 ryhu 4 |hdu1 Dv iru wkh nxuwrvlv g/ lw udqjhv iurp 51:98 wr 6 ryhu 4 gd|/
iurp 51<<9 wr 61367 ryhu 43 gd|v dqg iurp 61334 wr 614<9 ryhu 4 |hdu1

Nxuwrvlv dqg vnhzqhvv xqghu rswlpdo srolflhv lq h{fhvv zlwk uhvshfw wr wkh wkh0
ruhwlfdo rqhv duh uhsruwhg lq wdeoh 9 ehorz1 Wkh| uhmhfw wkh qrupdolw| k|srwkhvlv
iru wkh glvwulexwlrq ri orj uhwxuqv/ vlqfh wkh| duh erwk gl�huhqw iurp }hur1

Dv iru wkh Mdutxh Ehud vwdwlvwlfv/ gh�qhg dv
�
�

S
72 n

�

2e
Eg � ��2

�
� �2

2

zkhuh� lv wkh qxpehu ri gdwd/ �2

2
lv d fkl0vtxduh yduldwh zlwk 5 ghjuhhv ri iuhhgrp/

ydoxhv juhdwhu wkdq wkh fruuhvsrqglqj �2

2
rqh vljqdo ghsduwxuhv iurp qrupdolw|1

Zh sxw lqwr hylghqfh lq wdeoh 9 wkhvh h{fhhglqj ydoxhv/ zklfk duh frqfhqwudwhg
ryhu orqj krul}rqv ru iru kljk ulvn dyhuvlrq1 Qrupdolw| fdq eh uhmhfwhg pruh ru
ohvv rqh wklug ri wkh wlphv ryhu 4 gd|/ rqh kdoi ryhu 43 gd|v/ doprvw dozd|v ryhu
rqh |hdu1

Lqvhuw khuh wdeoh 9

Wdeoh : uhsruwv wkh vdph vwdwlvwlfv iru orjdulwkplf uhwxuqv xqghu wkh vxerswl0
pdo srolflhv1 Khuh qrupdolw| fdq eh uhmhfwhg lq d vpdoohu exw uhohydqw qxpehu ri
fdvhv= wkh zkroh glvwulexwlrq ri uhwxuqv lv ohvv d�hfwhg e| lqwhuyhqwlrqv1

Lqvhuw khuh wdeoh :

Lq wkh rswlpdo fdvh/ zh kdyh dovr h{soruhg ghsduwxuhv iurp qrupdolw| xvlqj
TT0sorwv dqg sorwwlqj wkh gl�huhqfh ehwzhhq wkh wkhruhwlfdo glvwulexwlrq dqg wkh
hpslulfdo rqh1
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Lqvhuw khuh TT sorw

Wkh TT0sorw/ uhsruwhg khuh iru wkh vhwwlqj 6d/ fdq eh frqvlghuhg uhsuhvhqwdwlyh
ri doo wkh rwkhu rqhv1 Lw surylghv ixuwkhu hylghqfh ri wkh idfw wkdw wkh gl�huhqfh
ehwzhhq wkh wkhruhwlfdo dqg dfwxdo glvwulexwlrq fdq eh vljql�fdqw hyhq ryhu vkruw
krul}rqv/ vxfk dv 4 gd|1 Wkh vwudljkw olqh fruuhvsrqglqj wr wkh qrupdo dqg wkh
40gd| olqh lq idfw duh txlwh dsduw/ hvshfldoo| idu dzd| lq wkh txhxhv +iru wkh kljkhvw
txdqwlohv,1

Dv d uhvxow/ lw vhhpv wr eh hyhq pruh gdqjhurxv wr xvh wkh vwdqgdug T @-
lqvwhdg ri wkh fruuhfw rqh/ T @-S/ dw 4 ru 43 gd|v wkdq dw 4 |hdu431

91 D frkhuhqw ulvn phdvxuh

Lq rughu wr frsh zlwk wkh idw wdlov dqg ghsduwxuhv irup qrupdolw| ghwhfwhg deryh/
lq wklv vhfwlrq zh surylgh d phdq orvv ru frqglwlrqdo YdU phdvxuh iru uhwxuqv rq
frqwuroohg sruwirolrv= qdpho|/ zh frpsxwh wkh h{shfwhg orvvhv xqghu YdU/ dqg
frpsduh wkhp zlwk YdU1 Wklv lv lqwhuhvwlqj shu vh/ jlyhq wkdw wkh h{fhvv ri orvv
phdvxuh lv frkhuhqw dffruglqj wr wkh ohdglqj wkhru|/ l1h1 wr wkh d{lrpv ri Duw}qhu/
Ghoedhq/ Hehu dqg Khdwk ^4`/ zkloh YdU lv qrw1 Dovr/ wkh frpsdulvrq ehwzhhq
phdq orvv dqg YdU jlyhv dq lqwulqvlf phdvxuh ri idw0wdlohgqhvv ri uhwxuqv/ vlqfh/
xqghu qrupdolw| ri t / wkh phdq orvv lv dssur{lpdwho| htxdo wr wkh YdU= orrvho|
vshdnlqj wkhq/ wkh pruh wkh| gl�hu/ wkh pruh uhwxuqv ghsduw iurp qrupdolw|1

Iluvw ri doo/ ohw xv uhplqg wkdw li ~ ghqrwhv orvvhv/ ~EA � ' ` EA � �` Ef� ru
~EA � ' t EA �/ wkh phdq orvv zlwk uhvshfw wr d wkuhvkrog 5 fdq eh gh�qhg/ dv lq
Hpeuhfkwv hw doll ^:`/ dv=

	eE5�
g
' .f d~EA � m ~EA � 	 5o

l1h1/ dv wkh h{shfwhg orvv ehorz d jlyhq ohyho 5/ jlyhq wkdw wkh orvv lv zruvh wkdq 51 Li
wkh wkuhvkrog lv wkh YdU/ wkh phdq orvv vhhpv d qdwxudo phdvxuh iru ulvn pdqdjhuv=
dffruglqj wr lw/ zkdw pdwwhuv lv qrw wkh orvv zklfk rffxuv zlwk suredelolw| 8 ru
4(/ exw krz odujh duh wkh orvvhv lq wkh 8 ru 4( zruvw fdvhv1

Lq wkh iroorzlqj wzr vxevhfwlrqv zh suhvhqw dqg frpphqw rq phdq orvv ydoxhv
iru rxu vlpxodwlrqv/ uhvshfwlyho| xqghu wkh rswlpdo dqg vxerswlpdo srolflhv1

43Wkh frqwulexwlrq ri N wr wkh Mdutxh0Ehud/ zklfk zh kdyh qrw uhsruwhg exw zklfk fdq eh

hdvlo| frpsxwhg dv wkh udwlr ri Q
57

+N � 6,5 wr wkh vwdwlvwlfv lwvhoi/ ehlqj lq prvw fdvhv juhdwhu

ryhu 4 gd| wkdq ryhu 4 |hdu/ frq�upv wkh vwdwhphqwv deryh1
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Wdeoh ; ehorz suhvhqwv wkh phdq orvv zlwk uhvshfw wr dfwxdo YdU/ 	eE�T @-S

�bb
EA ��/

dqg wkh rqh zlwk uhvshfw wr vwdqgdug YdU/ 	eE�T @-�bbEA ��/ iru rswlpdo srolflhv1
Wkh| kdyh wkh vdph ehkdylru zlwk uhvshfw wr Ac R dqg wkh lqlwldo sruwirolr pl{ dv
wkh fruuhvsrqglqj YdU phdvxuhv gr1 Lq sduwlfxodu/ wkh iruphu lv juhdwhu wkdq wkh
odwwhu prvw ri wkh wlphv1

Lqvhuw khuh wdeoh ;

Wkh wdeoh dovr frpsduhv hdfk phdq orvv zlwk lwv Ydu1 Wkh shufhqwdjh gl�hu0
hqfhv duh wzr gljlwv= wklv frq�upv rqfh pruh wkh lqdssursuldwhqhvv ri vwdqgdug
YdU/ zklfk xqghuhvwlpdwhv orvvhv qrw rqo| dw wkh �uvw shufhqwloh/ exw zkhqhyhu
wkh| jr ehorz wkh �uvw shufhqwloh1 Lq wdeoh ;/ li wkh lqlwldo sruwirolr pl{ ehfrphv
pruh ulvn|/ li A lqfuhdvhv ru ulvn dyhuvlrq grhv/ qr dssuhfldeoh wuhqg ri wkh eldv
ehwzhhq YdU dqg phdq orvv fdq eh revhuyhg1

Lq wdeoh < ehorz zh froohfw wkh vdph phdvxuhv dv lq wdeoh ;/ zlwk uhvshfw wr
vxerswlpdo srolflhv= wkh wdeoh vkrzv qrw rqo| wkdw 	eE�T @-SEA �� lv juhdwhu wkdq
	eE�T @-EA ��/ exw dovr wkdw wkh udqjh ri wkh gl�huhqfh ehwzhhq phdq orvvhv dqg
wkh fruuhvsrqglqj YdUv lv vpdoohu wkdq lq wkh rswlpdo fdvh1

Lqvhuw khuh wdeoh <

Vlqfh lq erwk wkh rswlpdo dqg vxerswlpdo fdvh wkh eldv ehwzhhq phdq orvv
dqg lwv wkuhvkrog +YdU, grhv qrw ghshqg rq Ac�� R ru wkh lqlwldo ulvnlqhvv ri wkh
sruwirolr/ zh frqfoxgh wkdw zh fdqqrw xvh d qrq0frkhuhqw phdvxuh vxfk dv YdU
lqvwhdg ri d frkhuhqw rqh/ edvhg rq wkh idfw wkdw wkh lqlwldo sruwirolr pl{ lv forvh
wr wkh rswlpdo rqh/ ru wkdw zh zrun ryhu d vkruw krul}rq/ ru wkdw ulvn dyhuvlrq lv
plog/ vr wkdw uhylvlrq lv qrw olnho|1

:1 Vxppdu| dqg frqfoxvlrqv

Wklv sdshu vwxglhv wkh h�hfwv ri sruwirolr dgmxvwphqwv rq ydoxh dw ulvn phdvxuhv
dqg rq wkh idw0wdlohgqhvv ri sruwirolr uhwxuqv zkhq wkh uhwxuqv rq wkh xqghuo|lqj
sruwirolr duh qrupdo1 Vlqfh wkh xvxdo mxvwl�fdwlrq iru kdylqj qr sruwirolr uhylvlrq
zkhq zh phdvxuh YdU lv wkdw dgmxvwphqw frvwv h{lvw/ zh kdyh uhfdoohg �uvw ri doo
wkdw 0 li wkh sruwirolr h{shfwhg jurzwk udwh lv pd{lpl}hg dqg rswlpdo sruwirolr
srolflhv duh iroorzhg 0 dgmxvwphqw gdwhv duh hqgrjhqrxv vwrsslqj wlphv1 Hyhq li
vxerswlpdo sruwirolr srolflhv duh iroorzhg/ wkh sruwirolr pl{ � hvshfldoo| iru vrph
sruwirolrv +wkh wudglqj rqhv, ru vrph +w|slfdoo| qrw yhu| vkruw, krul}rqv/ vxfk
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dv wkh rqhv lpsrvhg e| Uhjxodwruv � pd| fkdqjh ehiruh wkh YdU krul}rq1 Wkh
vxerswlpdo srolflhv zh frqvlghu/ zklfk hqwdlo fkhfnlqj shulrglfdoo| zkhwkhu wkh
sruwirolr pl{ lv lqvlgh ru rxwvlgh d wrohudqfh uhjlrq/ kdyh wklv frqvhtxhqfh1

Zh kdyh phdvxuhg YdU iru d qxpehu ri vlpsoh/ exw gl�huhqw sruwirolrv/ �uvw
ljqrulqj pl{ fkdqjhv/ wkhq dvvxplqj wkdw rswlpdo sruwirolr srolflhv duh iroorzhg
dqg lq wkh hqg frqvlghulqj vxerswlpdo srolflhv1

E| frpsdulqj rxu qxphulfdo YdU uhvxowv xqghu wkh xvxdo +qr pl{ fkdqjh, dv0
vxpswlrq dqg xqghu rswlpdo ru vxerswlpdo sruwirolr srolflhv/ zh kdyh frqfoxghg
�uvw ri doo wkdw wkh xvxdo ru vwdqgdug YdU jhqhudoo| ohdgv wr dq xqghuhvwlpdwlrq
ri wkh dfwxdo YdU/ zkhqhyhu wkh sruwirolr pl{ fkdqjhv ryhu wlph1 Lq wkh rswlpdo
srolflhv fdvh/ wkh rughu ri pdjqlwxgh ri wkh glvfuhsdqf|/ dw ohdvw lq rxu h{dpsohv/
udqjhv dssur{lpdwho| iurp 09 wr 74( ri wkh wuxh YdU ri devroxwh uhwxuqv/ ghshqg0
lqj rq wkh lqlwldo sruwirolr pl{/ wkh krul}rq dqg wkh ulvn dyhuvlrq ri wkh sruwirolr
pdqdjhu1 Dv iru vxerswlpdo srolflhv/ vlplodu xqghuhvwlpdwh uhvxowv krog/ exw lq d
vpdoohu qxpehu ri fdvhv dqg zlwk d udqjh iurp 071;( wr 5317( rqo|1

Xqghu rswlpdo srolflhv/ wkh dfwxdo YdU ghshqghqfh rq wkh lqlwldo sruwirolr
pl{ lv pxfk pruh frpsoh{ wkdq uh hfwhg e| wkh xvxdo YdU= lq rxu vlpxodwlrqv/
iru lqvwdqfh/ vlqfh wkh qr pl{ fkdqjh uhjlrq zdv dv|pphwulf/ wkh dfwxdo YdU
zdv qrw xqlirupo| lqfuhdvlqj zlwk wkh lqlwldo ulvnlqhvv ri wkh sruwirolr/ dw ohdvw
ryhu vkruw krul}rqv/ zkloh wkh vwdqgdug rqh zdv1 Fhwhulv sdulexv/ erwk YdUv duh
lqfuhdvlqj zlwk wkh krul}rq dqg ghfuhdvlqj zlwk ulvn dyhuvlrq1 Dv d frqvhtxhqfh/
wkh pdjqlwxgh ri wkh dssur{lpdwlrq grqh zkhq wdnlqj wkh vwdqgdug YdU lqvwhdg
ri wkh dfwxdo rqh grhv qhlwkhu lqfuhdvh qru ghfuhdvh zlwk wlph ru ulvn dyhuvlrq1

Xqghu vxerswlpdo srolflhv/ d vlplodu vlwxdwlrq krogv/ zlwk ohvv suhglfwlyh srzhu
rq wkh h�hfwv ri wkh lqlwldo sruwirolr pl{1

Erwk xqghu rswlpdo dqg vxerswlpdo srolflhv wkhq zh fdqqrw glvuhjdug sruwirolr
pl{ fkdqjhv edvhg rq wkh idfw wkdw zh vwduw iurp d qhduo| rswlpdo sruwirolr ru
duh zrunlqj ryhu vkruw krul}rqv ru zlwk plogo| ulvn0dyhuvh sruwirolr pdqdjhuv1

Zh kdyh edfnwhvwhg erwk wkh vlpxodwhg dqg wkh vwdqgdug YdU/ iru rswlpdo
dqg vxerswlpdo srolflhv1 Edfnwhvwlqj frq�upv wkh eldv lqgxfhg e| vwdqgdug YdU/
erwk li zh vlpso| frxqw wkh qxpehu ri ylrodwlrqv hlwkhu li zh shuirup d elqrpldo
whvw1 Lq wkh rswlpdo fdvh wkh lqdssursuldwhqhvv ri vwdqgdug YdU lv juhdwhu wkh
ixuwkhu zh jr lq wkh wdlov1

Zh kdyh jlyhq hylghqfh ri wkh idw0wdlohgqhvv ri frqwuroohg sruwirolrv/ xvlqj
wkh vnhzqhvv/ nxuwrvlv dqg Mdutxh0Ehud lqgh{/ lq dgglwlrq wr TTsorwv1 Idw wdlov
dqg ghsduwxuhv iurp qrupdolw| dsshdu lq vrph fdvhv dovr iru yhu| vkruw krul}rqv
+4 gd|,/ hvshfldoo| xqghu rswlpdo srolflhv1 Wklv frq�upv rqfh pruh wkdw xvlqj
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vwdqgdug YdU lqvwhdg ri wkh dfwxdo rqh fdq eh gdqjhurxv dovr ryhu vkruw krul}rqv1
Wr hqg xs zlwk/ zh kdyh frpsxwhg d ulvn phdvxuh/ phdq orvv ru frqglwlrqdo

YdU/ zklfk lv frkhuhqw dffruglqj wr ^4` dovr iru qrq0qrupdo glvwulexwlrqv1 Zlwk
rswlpdo dv zhoo dv vxerswlpdo srolflhv/ wkh phdq orvv zlwk uhvshfw wr dfwxdo YdU lv
juhdwhu wkdq wkh rqh zlwk uhvshfw wr vwdqgdug YdU/ lq prvw fdvhv= qr dssuhfldeoh
wuhqg ri wkh YdU eldv zlwk uhvshfw wr wkh phdq orvv fdq eh revhuyhg1

Zh frqfoxgh iurp wkh deryh dqdo|vhv wkdw zh fdqqrw xvh qhlwkhu d vwdwlf YdU
lqvwhdg ri d g|qdplf rqh qru YdU dv dq dssur{lpdwlrq ri frqglwlrqdo YdU/ edvhg
rq wkh idfw wkdw wkh lqlwldo sruwirolr pl{ lv forvh wr wkh rswlpdo rqh/ ru wkdw zh
zrun ryhu d vkruw krul}rq/ ru wkdw ulvn dyhuvlrq lv plog1 Hyhq lq wkh odwwhu fdvhv
glvuhjduglqj sruwirolr pl{ fkdqjhv fdq eh plvohdglqj1

Dsshqgl{ 4

Lq wklv Dsshqgl{ zh ghvfuleh wkh Prqwhfduor vlpxodwlrq iru wkh uh hfwlqj
Eurzqldq prwlrq zlwk wzr eduulhuv1 Wkh phwkrg wkdw zh kdyh xvhg kdv ehhq
lqwurgxfhg e| Ohslqjoh ^43` dqg lv edvhg rq d Hxohu0Shdqr vfkhph ghyhorshg iru
wkh Vnrurkrg sureohp zlwk d vlqjoh eduulhu ,1 Lqghhg/ lq wklv fdvh li zh frqvlghu
wkh orfdo wlph dw wkh eduulhu ,/ u| '

U
|

f �Efr',�_ur/ dqg wkhq wkh uhjxodwhg surfhvv
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Wkhruhp :141 Ohw L eh d Jdxvvldq fhqwhuhg udqgrp yduldeoh zlwk yduldqfh | dqg
ohw T eh dq h{srqhqwldo udqgrp yduldeoh zlwk sdudphwhu 42E2|� lqghshqghqw ri
L 1 Vhw=

t '
�

2

#
�jL � >|n

u
j2T n

t
EjL n >|�2

$

Wkhq wkh yhfwruv E~|c �|� dqg ELc t �kdyh wkh vdph glvwulexwlrq1

Wkh vlpxodwlrq ri wkh uhjxodwhg surfhvv uhtxluhv dw hyhu| vwhs wkh vlpxodwlrq ri

d vwdqgdug Jdxvvldq yduldeoh dqg ri d qhz lqghshqghqw h{srqhqwldo yduldeoh1 Lq

wklv zd| wkh surfhvv lv fkhfnhg dw hyhu| lqvwdqw ehwzhhq 4� dqg E4n��� dqg lw lv

qrw doorzhg wr ohdyh wkh kdoi0vsdfh % : ,1 Pruhryhu wkh huuru lq wkh glvfuhwl}dwlrq

jrhv wr }hur dv
s
�c l1h1 wkh vdph udwh ri frqyhujhqfh dv wkh Hxohu vfkhph dssolhg

wr wkh xquhjxodwhg vwrfkdvwlf gl�huhqwldo htxdwlrq1

Wkh vfkhph fdq eh h{whqghg lq d vlpsoh zd| wr wkh fdvh ri wzr eduulhuv= wkh

edvlf lghd lv wkdw lq d vpdoo lqwhuydo ri wlph d sdwk fdqqrw eh vlpxowdqhrxvo| forvh

wr wkh xsshu eduulhu dqg orzhu eduulhu/ vr wkdw wkhuh lv yhu| vpdoo suredelolw|

wkdw orzhu dqg xsshu frqwurov kdyh erwk wr zrun1 Ohslqjoh vkrzv wkdw wkh udwh ri

frqyhujhqfh lv dozd|v
s
�1 Zh duelwudulo| vhohfw , dqg �/ , 	,	�	 �/ dqg wkhq zh
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Iurp wkh wkhruhp deryh/ wkh vlpxodwlrq uhtxluhv dw hyhu| vwhs d qhz vwdqgdug

Jdxvvldq yduldeoh dqg dw prvw rqh qhz lqghshqghqw h{srqhqwldo yduldeoh1 Wkh

fkrlfh ri , dqg � lv duelwudu| dqg wr dyrlg wkh frpsxwdwlrq ri wrr pdq| fruuhfwlqj

whupv wkh| fdq eh fkrvhq forvh wr , dqg �1 Zh kdyh xvhg

, ' , � E� n f�ff2D�

� ' �� E�� f�ff2D�

Nh|zrugv= Ulvn dqdo|vlv/ Ydoxh dw Ulvn/ sruwirolr pdqdjhphqw/ rswlpdo sruw0

irolr srolflhv

Uhihuhqfhv

^4` Duw}qhu/ S1/ Ghoedhq/ I1/ Hehu/ M1 dqg Khdwk/ G1/ 4<<9/ Frkhuhqw phdvxuhv
ri ulvn/ Pdwkhpdwlfdo Ilqdqfh/ </ ss1 53605;1

^5` Erurglq/ D1Q1 dqg Vdoplqhq/ S1/ 4<<9/ Kdqgerrn ri Eurzqldq Prwlrq idfwv

dqg irupxodv/ Elunkdxvhu0Yhuodj/ Ehuolq1

^6` Edvoh Frpplwwhh rq Edqnlqj Vxshuylvlrq/ 4<<9/ Dphqgphqw wr wkh Fdslwdo

Dffrug wr Lqfrusrudwh Pdunhw Ulvnv/ Mdqxdu|/ Edvoh1

^7` Gdylv/ P1K1D1/ dqg D1 Qrupdq/ 4<<3/ Sruwirolr Vhohfwlrq Xqghu Wudqvdfwlrq
Frvwv/ Pdwkhpdwlfv ri Rshudwlrqv Uhvhdufk/ 48/ ss1 9:90:461

4<



^8` Gxpdv/ E1 dqg H1 Oxfldqr/ 4<<4/ Dq H{dfw Vroxwlrq wr d G|qdplf Sruwirolr
Fkrlfh Sureohp xqghu Wudqvdfwlrq Frvwv/ Mrxuqdo ri Ilqdqfh/ 79/ ss1 8::0<81

^9` Hpeuhfkwv/ S1/ Noxsshqehuj/ F1/ Plnrvfk/ W1/ 4<<;/ H{wuhph ydoxh wkhru|/
Vsulqjhu0Yhuodj/ Ehuolq1

^:` Hpeuhfkwv/ S1/ Uhvqlfn/ V1/ Vdprurgqlwvn|/ J1/ H{wuhph ydoxh wkhru| dv d
ulvn pdqdjhphqw wrro/ Zrunlqj Sdshu/ HWFK/ ]xulfk/ 4<<;1

^;` Kdndqvvrq/ Q1K1/ 4<:7/ Frqyhujhqfh wr lvrhodvwlf xwlolw| dqg srolflhv lq d
pxowlshulrg sruwirolr fkrlfh/ Mrxuqdo ri Ilqdqfldo hfrqrplfv/ 4/ ss1 5340571

^<` Ndudw}dv/ L1 dqg V1 H1 Vkuhyh/ 4<<4/ Eurzqldq Prwlrq dqg Vwrfkdvwlf Fdofx0

oxv/ Ehuolq= Vsulqjhu0Yhuodj +5qg hg1,1

^43` Ohslqjoh/ G1/ 4<<8/ Hxohu vfkhph iru uh hfwhg vwrfkdvwlf gl�huhqwldo htxd0
wlrqv/ cPdwkhpdwlfv dqg Frpsxwhuv lq Vlpxodwlrqv/ 6;/ ss1 44<0591

^44` Oìy|/ S1/ 4<73/ Vxu fhuwdlqhv surfhvvxv vwrfkdvwltxhv krprjëqhv/ Frpsrvlwlr
Pdwk1/ :/ ss1 5;6 066<1

^45` Oìy| S1/ 4<98/ Surfhvvxv vwrfkdvwltxhv hw Prxyhphqw Eurzqlhq/ 5qg1 hg1/
Sdulv= Jdxwklhu Ylooduv1

^46` Oxfldqr/ H1/ 4<<:/ Ixo�ophqw ri Uhjxodwru| Uhtxluhphqwv rq YdU xqghu Rs0
wlpdo Sruwirolr Srolflhv/ zrunlqj sdshu/ Xqlyhuvlwã gl Wrulqr/ Pd|/ suhvhqwhg
dw wkh [[Y HID phhwlqj/ 4<<;/ vxeplwwhg1

^47` PfQhlo/ D1 M1/ Iuh|/ U1/ Hvwlpdwlrq ri Wdlo0Uhodwhg Ulvn Phdvxuhv iru Khw0
hurvfhgdvwlf Ilqdqfldo Wlph Vhulhv= dq H{wuhph Ydoxh Dssurdfk/ zrunlqj
sdshu/ HWK]/ ]ÿulfk/ Dxjxvw 4<<;1

^48` Prujdq Jxdudqw| Wuxvw Frpsdq| Joredo Uhvhdufk/ Ulvn0PhwulfvA�0 Whfk0

qlfdo Grfxphqw/ 4<<8/ Qhz \run= M1S= Prujdq/ Pdufk1

^49` Wdnd*fv/ O1/ 4<<8/ Rq wkh orfdo wlph ri wkh Eurzqldq Prwlrq/ Wkh Dqqdov ri
Dssolhg Suredelolw|/ 8/ ss1 :740891
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Iljxuh :14= Sdudphwhuv dqg fruuhvsrqglqj eduulhu ohyhov iru wkh PrqwhFduor
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Iljxuh :15= Wkh wdeoh looxvwudwhv/ iru wkh vhwwlqjv lq wdeoh 4/ wkh YDU phdvxuhg
rq devroxwh uhwxuqv zkhq rswlpdo sruwirolr vwudwhjlhv duh iroorzhg +g|qdplf YdU/
DYdUf, dqg zlwk qr pl{ fkdqjhv +vwdwlf YdU/ DYdU,1
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Iljxuh :16= Shufhqwdjh gl�huhqfhv ehwzhhq g|qdplf dqg vwdwlf YdUv/ rswlpdo
srolflhv +t@w��
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Iljxuh :17= Edfnwhvwlqj uhvxowv rq DYdUf +Wdeoh 6d, dqg DYdU +Wdeoh 6e,/ l1h1
wkh qxpehu ri wlphv wkh YdU phdvxuh kdv ehhq juhdwhu wkdq wkh uhdol}hg orvv=
wkh �uvw urz li wkh Ydu kdv ehhq frpsxwhg dw d 8( ohyho/ wkh vhfrqg urz li lw kdv
ehhq frpsxwhg dw d 4( ohyho1 Wkh odvw wzr urzv frpsxwh wkh dyhudjh qxpehu
ri ylrodwlrqv dqg wkh fruuhvsrqglqj s0ydoxh= s0ydoxhv lq erog uhsuhvhqw vljql�fdqw
suredelolw| ri xqghuhvwlpdwlqj ru ryhuhvwlpdwlqj wkh YdU dw d frq�ghqfh ohyho ri
8( +�uvw urz, ru 4( +vhfrqg urz,1
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Iljxuh :18= Wkh wdeoh looxvwudwhv/ iru wkh vhwwlqjv lq wdeoh 4/ wkh YDU phdvxuhg
rq devroxwh uhwxuqv zkhq vxerswlpdo sruwirolr vwudwhjlhv duh iroorzhg +g|qdplf
YdU/ DYdUf, dqg zlwk qr pl{ fkdqjhv +vwdwlf YdU/ DYdU,1
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Iljxuh :19= Shufhqwdjh gl�huhqfhv ehwzhhq g|qdplf dqg vwdwlf YdUv/ vxerswlpdo
srolflhv +t@w��
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Iljxuh :1:= Edfnwhvwlqj uhvxowv rq DYdUf +Wdeoh 6d, dqg DYdU +Wdeoh 6e,/ l1h1
wkh qxpehu ri wlphv wkh YdU phdvxuh kdv ehhq juhdwhu wkdq wkh uhdol}hg orvv=
wkh �uvw urz li wkh Ydu kdv ehhq frpsxwhg dw d 8( ohyho/ wkh vhfrqg urz li lw kdv
ehhq frpsxwhg dw d 4( ohyho1 Wkh odvw wzr urzv frpsxwh wkh dyhudjh qxpehu
ri ylrodwlrqv dqg wkh fruuhvsrqglqj s0ydoxh= s0ydoxhv lq erog uhsuhvhqw vljql�fdqw
suredelolw| ri xqghuhvwlpdwlqj ru ryhuhvwlpdwlqj wkh YdU dw d frq�ghqfh ohyho ri
8( +�uvw urz, ru 4( +vhfrqg urz,1
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Iljxuh :1;= Pdlq vwdwlvwlfv iru uhodwlyh YdU zkhq rswlpdo srolflhv duh iroorzhg1
Wkh juh| fhoov fruuhvsrqg wr uhmhfwlrq ri qrupdolw| dw d frq�ghqfh ohyho ri <8(1
Rswlpdo srolflhv1
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Iljxuh :1<= Pdlq vwdwlvwlfv iru uhodwlyh YdU zkhq rswlpdo srolflhv duh iroorzhg1
Wkh juh| fhoov fruuhvsrqg wr uhmhfwlrq ri qrupdolw| dw d frq�ghqfh ohyho ri <8(1
Vxerswlpdo srolflhv1
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Iljxuh :143=
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Iljxuh :144= Dfwxdo dqg vwdqgdug frqglwlrqdo YdU/ uhvshfwlyho| �uvw dqg wklug
urz iru hdfk vhwwlqj/ dqg wkhlu shufhqwdjh gl�huhqfhv zuw wkh fruuhvsrqglqj xq0
frqglwlrqdo YdU/ vhfrqg dqg wklug urz iru hdfk vhwwlqj1 Rswlpdo srolflhv1
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Iljxuh :145= Dfwxdo dqg vwdqgdug frqglwlrqdo YdU/ uhvshfwlyho| �uvw dqg wklug
urz iru hdfk vhwwlqj/ dqg wkhlu shufhqwdjh gl�huhqfhv zuw wkh fruuhvsrqglqj xq0
frqglwlrqdo YdU/ vhfrqg dqg wklug urz iru hdfk vhwwlqj1 Vxerswlpdo srolflhv1
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