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Htxlw| Ulvn/ Frqyhuvlrq Ulvn/ dqg wkh Ghpdqg iru
Lqvxudqfh

Urg Jduudww dqg Mrkq P1 Pduvkdoo4

Ghsduwphqw ri Hfrqrplfv
Xqlyhuvlw| ri Fdoliruqld/ Vdqwd Eduedud <6439

pduvkdooChfrq1xfve1hgx
jduudwwChfrq1xfve1hgx

Iheuxdu| 4:/ 4<<<

4Lq uhfrjqlwlrq ri ydoxdeoh frpphqwv/ zh wkdqn Gdylg Qlfnhuvrq dqg rwkhu sduwlflsdqwv
dw wkh 4<<; phhwlqjv ri wkh Dphulfdq Ulvn dqg Lqvxudqfh Dvvrfldwlrq1



Devwudfw

Wkh sdshu vwxglhv rswlpdo surshuw| lqvxudqfh lq wkh suhvhqfh ri htxlw| ulvn dqg
frqyhuvlrq ulvn1 Htxlw| ulvn lv udqgrpqhvv ri wkh ydoxh ri d surshuw|1 Lw whqgv
wr udlvh ghpdqg iru frqyhqwlrqdo lqvxudqfh rq wkh surshuw| e| h�hfwlyho| lqfuhdvlqj
wkh ulvn dyhuvlrq ri wkh surshuw| rzqhu1 Lq frqwudvw/ frqyhuvlrq ulvn lv udqgrpqhvv
lq wkh ydoxh wkh surshuw| zrxog kdyh li/ diwhu vhyhuh gdpdjh/ lw zhuh frqyhuwhg wr
wkh kljkhvw0ydoxhg xvh1 Lw lv glvwlqfw iurp htxlw| ulvn ehfdxvh wkh fxuuhqw xvh lv
w|slfdoo| qrw wkh rqh wkdw kdv kljkhvw ydoxh1 Frqyhuvlrq ulvn pd| udlvh ru orzhu wkh
ghpdqg iru surshuw| lqvxudqfh1 Lqvxudqfh frqwudfwv wkdw idlo wr dgguhvv frqyhuvlrq
whqg wr xqghuplqh wkh rughuo| glvsrvlwlrq ri reoljdwlrqv dqg uhgxfh wkh jdlqv iurp
uhdoorfdwlrq ri ulvnv wkurxjk lqvxudqfh1



4 Lqwurgxfwlrq
Zkhq surshuw| lv ghvwur|hg lw lv w|slfdoo| qrw uhsodfhg e| d uhsolfd ri lwvhoi exw e|
vrphwklqj gl�huhqw � vrphwklqj pruh xs0wr0gdwh/ pruh h!flhqw/ ru pruh vxlwdeoh1
Wklv jhqhudo revhuydwlrq lv prvw dssduhqw zkhq wkh ghvwuxfwlrq lv wkh uhvxow ri d
glvdvwhu dqg frqyhuvlrq h{whqgv ryhu wkh zkroh ylflqlw|1 Iru lqvwdqfh/ hdfk ri wkh
glvdvwurxv �uhv dqg hduwktxdnhv lq Vdq Iudqflvfr ohg wr d vljql�fdqw uhduudqjhphqw
ri exvlqhvv dqg uhvlghqwldo glvwulfwv1 Wkh duhd ri wkh Rdnodqg �uh kdv ehhq uhexlow
lq idu judqghu uhvlghqwldo vwuxfwxuhv wkdq wkh rqhv ghvwur|hg1 Lq vrph ri wkh duhdv
vwulfnhq e| wkh Qruwkulgjh hduwktxdnh/ qhz exloglqj lv douhdg| ehlqj uhpdunhg dv dq
lpsuryhphqw rq zkdw zdv orvw1 Vxfk h{dpsohv vkrz wkh suhydohqfh ri frqyhuvlrq
ryhu uhsodfhphqw14

D zhoo0lqiruphg frqvxphu nqrzv derxw frqyhuvlrq dqg zdqwv wr idfwru lw lqwr
khu ghpdqg iru lqvxudqfh1 Wkh gl!fxow| lv wkdw wkh ydoxhv ehklqg wkh frqyhuvlrq
ghflvlrq ghshqg xsrq wkh hfrqrplf hqylurqphqw dw wkh wlph ri orvv dqg khqfh duh
wkhpvhoyhv udqgrp yduldeohv1 Wkh ulvnv ri fkdqjh lq wkh hfrqrplf hqylurqphqw duh/
eulh |/ h{whuqdolw| ulvnv1 Glvdvwhu lv dq reylrxv vrxufh ri h{whuqdolw| ulvn1 Diwhu
glvdvwhu/ wkh qhljkerukrrg uhexlogv1 Li lw ehfrphv d uhwdlo ixuqlwxuh glvwulfw/ wkh
ydoxh ri dsduwphqwv lv frpsurplvhg1 Li lw uhjhqwul�hv/ frqyhuwlqj d surshuw| wr orz0
lqfrph krxvlqj lv xqzlvh1 Li lw lv wdnhq iru d vwdglxp/ d sdunlqj orw pd| ehfrph wkh
ehvw odqg xvh1 Rwkhu vrxufhv dovr frqwulexwh/ iru lq wkh qrupdo frxuvh ri hyhqwv/ d
qhljkerukrrg pd| xsjudgh/ ghwhulrudwh/ ru vlpso| fkdqjh/ dowhulqj wkh vxuurxqglqjv
ri dq lqvxuhg vwuxfwxuh dqg wkxv wkh ydoxhv ehklqg wkh ghflvlrq wr uhsodfh ru frqyhuw1
Pruhryhu/ ydoxhv fdq  xfwxdwh dv wkh uhvxow ri hfrqrp|0zlgh yduldwlrqv/ fuhdwlqj ulvnv
ri wkh w|sh glvfxvvhg khuh1

Qhljkerukrrg frqyhuvlrq fdq khos ru kxuw wkh lqglylgxdo odqg0rzqhu/ ghshqglqj
rq flufxpvwdqfhv1 Suhgrplqdqwo|/ lw khosv1 Wkh uhdvrq lv d uhgxfwlrq lq frqvwudlqwv1
Zkhq rqo| d vlqjoh surshuw| lv frqyhuwhg/ fkrlfh lv frqvwudlqhg e| wkh djh dqg fkdu0
dfwhu ri wkh h{lvwlqj qhljkerukrrg1 Wkdw frqvwudlqw ydqlvkhv zkhq doo surshuwlhv
duh frqyhuwhg wrjhwkhu/ dqg rzqhuv fdq dwwdlq kljkhu ydoxhv1 Fhuwdlqo| idloxuhv ri
frruglqdwlrq dqg frvwv ri edujdlqlqj pd| dovr d�hfw frqyhuvlrq/ exw lq wkh pdlq
qhljkerukrrg fkdqjh udlvhv ydoxhv1 Lq wkh fdvh wkdw fkdqjh lv wuljjhuhg e| glvdvwhu
orvvhv/ lw whqgv wr vriwhq wkhlu lpsdfw1

H{whuqdolw| ulvn kdv wzr frpsrqhqwv= htxlw| ulvn dqg frqyhuvlrq ulvn1 Htxlw|
ulvn lv yduldelolw| lq wkh ydoxh ri wkh fxuuhqwo| h{lvwlqj surshuw|1 Ghpdqg iru lqvxudqfh

4Wkh skhqrphqrq lv uhfrjql}hg e|/ iru lqvwdqfh/ Grxjodv Gdf| dqg Krzdug Nxquhxwkhu +4<9<, lq
d orqj vhfwlrq wkdw uhdgv/ lq sduw 1 �Lq idfw/ d glvdvwhu pd| wxuq rxw wr eh d eohvvlqj lq glvjxlvh111wkhuh
lv dq rssruwxqlw| iru frpphufldo hvwdeolvkphqwv dqg krphrzqhuv wr lpsuryh wkhlu idflolwlhv1� +s1
49;,1 Wkh| looxvwudwh wkh jhqhudo sulqflsoh zlwk revhuydwlrqv iurp glvdvwhu uhfryhu| lq vhyhudo flwlhv1
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ghshqgv xsrq surshuw| ydoxhv/ dqg wkh idfw wkdw surshuw| ydoxhv duh ulvn| dovr kdv
dq h�hfw1

Frqyhuvlrq ulvn lv xqfhuwdlqw| derxw wkh ydoxhv ri vwuxfwxuhv wkdw frxog uhsodfh
wkh fxuuhqw rqh li lw zhuh edgo| gdpdjhg1 Lw lv ohvv reylrxv wkdq htxlw| ulvn ehfdxvh
vdohv ri frpsdudeoh surshuwlhv/ zklfk whvwli| wr wkh htxlw| ulvn/ duh pruh qxphurxv
wkdq frqyhuvlrqv wkdw grfxphqw wkh frqyhuvlrq ulvn1 Frqyhuvlrq rssruwxqlwlhv/ dqg
khqfh wkh frqyhuvlrq ulvn/ duh fhqwudo lq wkh ghpdqg iru lqvxudqfh ehfdxvh frqyhuvlrq
olplwv wkh dprxqw ri zhdowk wkdw fdq eh orvw1

5 Xsshu olplwv dqg frqyhuvlrq
Wklv sdshu ghyhorsv d prgho vshfl�fdoo| iru vwxg|lqj h{whuqdolw| ulvn1 Lw kdv wzr
fkdudfwhulvwlfv wkdw duh ghvludeoh iru wkh sxusrvh= Wkh lqvxudqfh frqwudfw lv zulwwhq
lq whupv ri gdpdjh wr surshuw|/ dqg wkh fkrlfh yduldeoh iru wkh frqvxphu lv wkh xsshu
olplw rq wkh dprxqw lqvxuhg1 Dv lq rwkhu prghov/ frqvxphuv ghpdqg lqvxudqfh iru
wkh sxusrvh ri olplwlqj yduldwlrqv lq zhdowk1 Wkh gl�huhqfh lv wkdw khuh yduldwlrqv lq
zhdowk duh frqqhfwhg wr wkh frqyhuvlrq rssruwxqlwlhv1 Jduudww dqg Pduvkdoo +4<<9,
xvhg d vlplodu prgho zlwkrxw frqvlghulqj wkh qhz vrxufhv ri ulvn wkdw duh wkh wrslf
khuh1

Pdnlqj wkh prgho ghshqg rq gdpdjh vhhpv reylrxv/ exw wkh frqfhsw ri gdpdjh lv
frpsoh{1 Wkh ehvw gh�qlwlrq lv wkdw gdpdjh iurp dq hyhqw lv wkh frvw wr uhvwruh wkh
surshuw| wr lwv suh0hyhqw frqglwlrq1 Wkh gh�qlwlrq lv vxemhfw wr fduhixo lqwhusuhwdwlrq
ehfdxvh ri wkh gl!fxow| lq uhvwrulqj surshuw| zlwkrxw vlpxowdqhrxvo| uhqhzlqj ru
lpsurylqj lw1 Uhvwrudwlrq zlwk qhz pdwhuldov dqg iuhvk sdlqw lv qrupdoo| fkhdshu
wkdq uhvwrudwlrq zlwk xvhg pdwhuldov dqg zhdwkhuhg sdlqw/ li wkh odwwhu uhvwrudwlrq
zhuh hyhq srvvleoh1 Wkhuhiruh/ lq vrph sudfwlfdo lqvwdqfhv/ gdpdjh lv xqghuvwrrg
voljkwo| gl�huhqwo|1 Lw lv ylhzhg dv wkh ohdvw frvw wr uhwxuq wkh surshuw| wr d vwdwh qr
zruvh wkdq lwv suh0gdpdjh vwdwh1 Lq rwkhu lqvwdqfhv/ gdpdjh lv lqwhusuhwhg vwulfwo|/
dv zkhq lqvxuhuv uhixvh wr ehdu frvwv ri frpso|lqj zlwk fxuuhqw exloglqj dqg }rqlqj
frghv zkhq wkh gdpdjhg surshuw| phw roghu/ ohvv rqhurxv rqhv1 Wkh sureohp ri krz
wr pdnh wkh frqwudfw sd| iru gdpdjh/ dqg qrw iru vrphwklqj hovh/ lv lqkhuhqw lq wkh
lghd ri surshuw| lqvxudqfh1 D frqwudfw lq gdpdjh dv gh�qhg khuh lv wkh lghdo wkdw
dfwxdo frqwudfwv uhvhpeoh pruh ru ohvv forvho|1

Qrwdwlrq lv qhhghg1 Orrn dw wkh vlwxdwlrq wkdw h{lvwv zkhq dq hyhqw kdv fdxvhg
gdpdjh1 Wkh uhdol}dwlrq ri wkh udqgrp yduldeoh iru gdpdjh lv |1 Wkh surshuw| lq
xqgdpdjhg frqglwlrq zrxog kdyh d ydoxh ri �c zklfk lv dovr wkh uhdol}dwlrq ri d
udqgrp yduldeoh1 Zkhq wkh rzqhu ri gdpdjhg surshuw| uhvwruhv lw/ kh dwwdlqv zhdowk
�� |1 Rq wkh rwkhu kdqg/ wkhuh lv vrph ehvw rswlrq iru frqyhuwlqj wkh surshuw|1 Wkh
frqyhuvlrq fkrvhq e| wkh surshuw| rzqhu lv wkh rqh wkdw pd{lpl}hv qhw ydoxh1 Ohw wkh
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ydoxh ri wkh odqg dqg lpsuryhphqwv lq wkh kljkhvw ydoxhg xvh eh �W/ dqg ohw wkh frvw
ri exloglqj wkh ehvw lpsuryhphqwv eh S1 Dprqj wkh frqyhuvlrq rswlrqv/ wkh juhdwhvw
dwwdlqdeoh qhw ydoxh lv �W � S/ zklfk lv dovr wkh ydoxh ri wkh odqg1 Wkh ghflvlrq wr
uhvwruh ru frqyhuw lv wkh ghflvlrq wr vhohfw wkh juhdwhu ri � � | dqg �W � S1 Dw wkh
fulwlfdo ohyho ri gdpdjh/ ^ ' � � E�W � S�/ wkh rswlrqv duh htxdoo| ydoxdeoh1 Diwhu
vrph uhzulwlqj/ wkh rswlrq wr frqyhuw ehfrphv wkh rswlrq wr srvvhvv 4@ d�� |c �� ^o
ru/ htxlydohqwo|/ ��4�?d|c ^o1 Wkxv/ �� ^ lv d  rru ehqhdwk zklfk zhdowk fdqqrw idoo/
qr pdwwhu wkh h{whqw ri gdpdjh1 Wkh vhfrqg h{suhvvlrq lv frqyhqlhqw dqg htxdoo|
lqwxlwlyh1 Lw vd|v wkdw wkh orvv ri zhdowk gxh wr gdpdjh lv qr pruh wkdq ^1

Lq fkrrvlqj dq lqvxudqfh frqwudfw/ wkh frqvxphu vhohfwv wkh xsshu olplw/ zklfk
lv ghqrwhg e| K dqg wkrxjkw ri dv �erxqg1� Wkhuh lv qr frlqvxudqfh ru ghgxfwleoh1
Xqghu wkhvh frqglwlrqv/ wkh lqvxudqfh sd|phqw lv 4�?dKc |o/ dqg lwv h{shfwhg ydoxh lv
wkh idlu suhplxp zklfk lv/ jlyhq d suredelolw| ghqvlw| ixqfwlrq ri gdpdjh �E|�/

� EK� '

] K

f

|�E|�_|n K

]
"

K

�E|�_|� +4,

Frpelqlqj wkh suh0lqvxudqfh zhdowk zlwk wkh lqvxudqfh yduldeohv/ lqvxuhg zhdowk lv

� �4�?d^c |o n 4�?dKc |o� � EK�� +5,

Wkh h{suhvvlrq fdswxuhv wkh wzr nh| ihdwxuhv ri surshuw| lqvxudqfh= wkh rswlrq wr
frqyhuw dsshduv lq wkh vhfrqg whup/ dqg wkh lqghpqlw| zlwk xsshu olplw lv lq wkh
wklug whup1 Rwkhu ihdwxuhv duh vwdqgdug1

H{shfwhg xwlolw|1 Wkh frqvxphu ri lqvxudqfh lv d ulvn dyhuvh pd{lpl}hu ri h{0
shfwhg xwlolw| zlwk xwlolw| ixqfwlrq �1 Vrph uhvxowv ghshqg rq wkh dvvxpswlrqv wkdw
devroxwh ulvn dyhuvlrq dqg devroxwh suxghqfh duh ghfuhdvlqj lq zhdowk1 Wkh jrdo lv
wr fkrrvh K wr pd{lpl}h

.�E� �4�?d^c |o n 4�?dKc |o� � EK�� +6,

Wkh ixqfwlrq ehlqj rswlpl}hg kdv vrph xqxvxdo ihdwxuhv1 Wkh suhvhqfh ri wkh frqyh{
ixqfwlrq �� EK� lq wkh remhfwlyh vxjjhvwv wkdw wkh remhfwlyh pljkw qrw eh joredoo|
frqfdyh lq K/ dqg wkdw lv lq idfw fruuhfw1 Odfn ri joredo frqfdylw| lv fkdudfwhulvwlf
ri lqvxudqfh kdylqj xsshu olplwv1 Wkh suhydohqfh ri xsshu olplwv lq uhdo frqwudfwv
vxjjhvwv wkdw pdunhwv duh xqfrqfhuqhg derxw qrq0frqfdylw| dqg wkdw lqvxudqfh wkhru|
vkrxog ghdo zlwk lw/ dv lv grqh lq wkh iroorzlqj vhfwlrq1
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6 Rswlpxp xsshu olplwv
Wkh �uvw wdvn lv wr hvwdeolvk wkh qhfhvvdu| frqglwlrq iru wkh xsshu olplw wr eh rswl0
pl}lqj1 Iru lqwxlwlrq/ frqvlghu lqfuhdvlqj K1 Wkdw kdv gl�huhqw h�hfwv ghshqglqj rq
wkh uhdol}dwlrq ri gdpdjh |1 Iru | � K/ wkh lqfuhdvh orzhuv zhdowk e| lqfuhdvlqj wkh
suhplxp1 Iru | : K lw udlvhv zhdowk e| udlvlqj lqghpqlw| pruh wkdq wkh suhplxp1
Wkxv udlvlqj K lv ehqh�fldo li wkh frqglwlrqdo h{shfwdwlrq ri pdujlqdo xwlolw| lq wkh
zhdowk0uhfhlylqj vwdwhv lv deryh wkdw lq wkh zhdowk0orvlqj vwdwhv1 Ru udwkhu/ wkdw lv
wkh fdvh xqghu idlu sulflqj1 Zkhq suhpld duh ordghg/ wkh ehqh�w vkrxog eh uhgxfhg
e| d idfwru ghshqghqw rq ordglqj1

Wr mxvwli| wkh lqwxlwlrq/ vrph qrwdwlrq lv qhhghg1 Dv ehiruh/ wkh xqfrqglwlrqdo
suredelolw| ghqvlw| ri gdpdjh lv �E|�1 Jlyhq |/ wkh frqglwlrqdo suredelolw| ghqvlw|
ri � dqg ^ lv }E�c ^m|�/ wkh vxssruw ri zklfk lv frqwdlqhg lq d�fc ��o� d^fc ^�o1 Ehfdxvh
gdpdjh lv wkh rqo| udqgrp yduldeoh lq wkh lqvxudqfh frqwudfw/ wkh suhplxp ixqfwlrq
lv lqghshqghqw ri ^ dqg � dqg lv vwloo jlyhq e| htxdwlrq +4,1 Wkh mrlqw ghqvlw| ri �/
^ dqg | lv }E�c ^m|��E|�1 Li wkhuh lv ordglqj/ lw lv uhsuhvhqwhg e| wkh sdudphwhu b � f
dqg wkh zkroh suhplxp lv E� n b�� EK�1 Lqvxuhg zhdowk lv wkhq

� �4�?d^c |o n 4�?dKc |o� E� n b�� EK� +7,

Wkh frqwudfw kdv d vlqjoh xsshu erxqg wkdw dssolhv uhjdugohvv ri wkh uhdol}dwlrq ri �
dqg ^1 Lq wklv fdvh/ wkh jrdo ri wkh frqvxphu lv wr fkrrvh K wr pd{lpl}h wkh remhfwlyh

A EK(b� '
"]

|'f

57 ��]
�'�f

^�]
^'^f

�E� �4�?d|c ^o n 4�?dKc |o� E� n b�� EK��}E�c ^m|�_�_^
68�E|�_| +8,

Wkh frqglwlrqdo h{shfwhg pdujlqdo xwlolwlhv duh

.d��E��m| � Ko '

K]
|'f

57 ��]
�'�f

^�]
^'^f

��E� �4�?d|c ^o n 4�?dKc |o� E� n b�� EK��}E�c ^m|�_�_^
68 �E|�U K

f
�E|��_|�

_|

+9,

dqg

.d��E��m| : Ko '
"]

|'K

57 ��]
�'�f

^�]
^'^f

��E� �4�?d|c ^o n 4�?dKc |o� E� n b�� EK��}E�c ^m|�_�_^
68 �E|�U

"

K
�E|��_|�

_|

+:,
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Qrz wkh edvlf uhvxow lv frqwdlqhg lq

Ohppd 4 Ohw .d��E��m| � Ko dqg .d��E��m| : Ko eh wkh frqglwlrqdo h{shfwdwlrqv ri
pdujlqdo xwlolw| ri zhdowk lq wkh lqwhuydov dfc K� dqg dKc4o/ uhvshfwlyho|1 Ohw A EK(b� eh
h{shfwhg xwlolw| dqg dvvxph wkdw

U
"

K
�E|�_| 	 �*E� n b�1 Wkhq

r�}?dAKEbc K�o ' r�}?d.d��E��m| : Ko�
�
� n

b

�� E� n b�� �EK�

�
.d��E��m| � Koo +;,

Wkh frqglwlrq
U
"

K
�E|�_| 	 �*E� n b� uhtxluhv wkdw wkh xsshu olplw K vkrxog qrw

eh wrr forvh wr }hur1 Lw lv ehvw xqghuvwrrg e| uhfrjql}lqj wkdw/ iurp htxdwlrq +4,/]
"

K

�E|�_| ' � �EK� +<,

Wkh frqglwlrq rq K lv wkhq E�nb�� �EK� 	 �/ zklfk uhtxluhv wkdw wkh suhplxp lqfuhdvh
ohvv udslgo| wkdq wkh lqghpqlw|1 Lw pdwwhuv ehfdxvh/ dv glvfxvvhg diwhu wkh surri/ wkh
suhplxp jurzv idvwhu wkdq wkh lqghpqlw| dw orz ydoxhv ri K1

Surri1 Wkh ghulydwlyh lv

AKEK(b� ' � �EK� �599997
"U

|'K

%
��U

�'�f

^�U
^'^f

��E� �4�?d|c ^o n 4�?dKc |o� E� n b�� EK��}E^m|�_�_^
&

�E|�
� �EK�

_|

�E� n b�
"U

|'f

%
��U

�'�f

^�U
^'^f

��E� �4�?d|c ^o n 4�?dKc |o� E� n b�� EK��}E^m|�_�_^
&
�E|�_|

6::::8

' � �EK�

�
.d��E��m| : Ko�

E�� � �EK��E� n b�.d��E��m| � Ko� E� n b�� �EK�.d��E��m| : Ko

�
+43,

Idfwru lq d frqyhqlhqw zd| wr |lhog/

AKEK(b� ' � �EK�E�� E� n b�� �EK�� ��
.d��E��m| : Ko�

�
� n

b

�� E� n b�� �EK�

�
.d��E��m| � Ko

�
+44,

Xqghu wkh k|srwkhvlv wkdw/ jlyhq wkh ordglqj b/ K lv qrw wrr qhdu wr }hur/ wkh �uvw wzr
whupv duh dozd|v srvlwlyh/ lpso|lqj wkdw wkh vljq ri wkh ghulydwlyh lv wkdw ri wkh whup
lq vtxduh eudfnhwv1
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v-P(b)

v-P(b’)

b q b’

insured
wealth

t

Iljxuh 4= Lqvxuhg zhdowk zlwk wzr xsshu olplwv1

Idlu sulflqj1 Dv d vwduwlqj srlqw iru wkh dqdo|vlv ri odwhu vhfwlrqv/ frqvlghu wkh
fdvh ri idlu sulflqj dqg qr h{whuqdolw| ulvn/ wkdw lv/ b ' f/ ^ ' 7̂ dqg � ' �1 H{shfwhg
xwlolw| lv

A EK( fc �c 7̂� '

]
"

|'f

�E� �4�?d7̂c |o n 4�?dKc |o� � EK���E|�_| +45,

Dw wkh srlqw K ' 7̂/ wkh frqvxphu lv ixoo| lqvxuhg/ dqg wkh ixoo0lqvxudqfh srlqw lv
nqrzq wr eh wkh pd{lpxp ri xwlolw| dydlodeoh dw idlu suhplxpv zkhq wkh frqvxphu lv
iuhh wr lqvxuh lq pdunhwv wkdw duh frpsohwh1 Wkh ixoo0lqvxudqfh srlqw lv dovr dydlodeoh
xqghu wkh pruh frqvwudlqhg/ xsshu0olplw vw|oh ri lqvxudqfh/ dqg lw lv/ d iruwlrul/ wkh
pd{lpxp wkhuh1

Dq dowhuqdwlyh surri ri wkh vdph wklqj kdv wkh dgydqwdjh wkdw lw fdq eh jhqhudol}hg1
Vwduw zlwk wkh ohppd1 Orrn dw dq| ydoxh ri K 5 Efc 7̂�1 Zhdowk kdv d sur�oh olnh wkdw
ri wkh ghfuhdvlqj ixqfwlrq lq Iljxuh 41 Zhdowk lv frqvwdqw dw ��� EK� rq wkh lqwhuydo
| 5 dfc Ko/ lw idoov dw d 78 ghjuhh dqjoh rq | 5 EKc 7̂�/ dqg lw lv djdlq  dw rq | 5 d7̂c4�1

Vlqfh pdujlqdo xwlolw| ulvhv dv zhdowk idoov/ wkh sur�oh ri pdujlqdo xwlolw| lv d
pluuru lpdjh/ kljk iru kljk ydoxhv ri gdpdjh dqg orz iru orz ydoxhv ri gdpdjh/ zlwk
d prqrwrqh +exw qrw olqhdu, vhjphqw frqqhfwlqj wkh wzr sodwhdxv1 Vsolwwlqj wkh judsk
dw | ' K/ doo pdujlqdo xwlolwlhv wr wkh uljkw ri K duh kljkhu wkdq doo pdujlqdo xwlolwlhv

9



wr wkh ohiw1 Frqvhtxhqwo| wkh frqglwlrqdo h{shfwdwlrq ri pdujlqdo xwlolw| lv juhdwhu rq
wkh uljkw1 Iurp wkh ohppd/ wkh remhfwlyh lv lqfuhdvlqj lq wklv udqjh1

Wxuqlqj wr wkh grpdlq lq zklfk K 5 E7̂c4�/ zhdowk kdv d sur�oh olnh wkdw ri
wkh lqfuhdvlqj ixqfwlrq lq Iljxuh 4 dqg wkurxjk dujxphqwv olnh wkrvh deryh/ wkh
frqglwlrqdo h{shfwdwlrq ri pdujlqdo xwlolw| rq wkh ohiw lv juhdwhu wkdq rq wkh uljkw1 Lq
wklv grpdlq/ wkh remhfwlyh lv ghfuhdvlqj1 Fohduo| K ' 7̂pxvw eh wkh rswlpxp1 Vxfk
wklqnlqj lv uhodwlyho| dznzdug lq wkh fdvh ri idlu sulfhv dqg qr h{whuqdolw| ulvn/ exw
lw lv wkh edvlv iru dqdo|vlv lq wkh jhqhudo fdvh1

Wkh ohppd dovr uhyhdov wkdw h{shfwhg xwlolw| kdv dqrwkhu fulwlfdo srlqw dw K ' f1
Iurp htxdwlrq +<,/ � �Ef� ' �/ dqg khqfh iurp htxdwlrq +44, lw iroorzv wkdw

AKEf( f� ' f +46,

Wkh fulwlfdo srlqw dw K ' f lv d plqlpxp1 Dv vxfk/ lw lv d srlqw ri frqyh{lw|
dqg ghprqvwudwhv wkdw wkh h{shfwhg xwlolw| ixqfwlrq lv qrw joredoo| frqfdyh lq K1 Lw
lv/ krzhyhu/ vwulfwo| txdvl0frqfdyh rq Efc4�15

Ordglqj1 Dv d vhfrqg dssolfdwlrq ri wkh ohppd/ frqvlghu wkh fdvh ri d ordghg
suhplxp1 Wkhuh lv qr h{whuqdolw| ulvn1 Wr dyrlg wulyldo fdvhv/ dvvxph wkdw

� �E7̂� 	
�

E� n b�
+47,

zklfk phdqv/ iurp htxdwlrq +<,/ wkdw 7̂ lv qrw wrr forvh wr }hur1 Vxevwlwxwlqj 7̂ lq
wkh rswlpdolw| frqglwlrq iru ordghg suhplxpv |lhogv

r�}?dAKE7̂(bc 7�c 7̂�o '

r�}?

�
.d��E�( 7�c 7̂�m| : 7̂o�

�
� n

b

�� E� n b�� �E7̂�

�
.d��E�( 7�c 7̂�m| � 7̂o

�
+48,

Dw wkh srlqw K ' 7̂/ wkh revhuydwlrqv lq wkh suhylrxv vhfwlrq dvvxuh wkdw/

.d��E�( 7�c 7̂�m| : 7̂o ' .d��E�( 7�c 7̂�m| � 7̂o� +49,

5D ixqfwlrq i+e, lv vwulfwo| txdvl0frqfdyh li iru dq| e4 dqg e5 9@ e4 lq wkh grpdlq ri wkh ixqfwlrq/
dqg iru dq| � 5 ^3> 4`/

i+�e4 . +4� �,e5, A plq^i+e4,> i+e5,`

Jlyhq gl�huhqwldelolw|/ vwulfw txdvl0frqfdylw| rq dq rshq lqwhuydo +3>4,zloo lpso| wkdw wkh pd{lpxp
ri i+e, lv xqltxh dqg rffxuv zkhuh i 3+e, @ 31

:



Khqfh/ lw iroorzv wkdw AKE7̂(bc 7�c 7̂� 	 f/ zklfk phdqv wkdw dw ordghg suhpld/ wkh
pd{lpxp lv vrphzkhuh wr wkh ohiw/ dw d ydoxh K 	 7̂1 Wkhuhiruh rswlpxp xsshu0olplw
lqvxudqfh lv ohvv wkdq ixoo/ dv h{shfwhg1

D ixoo| rswlpxp lqvxudqfh frqwudfw iru wklv fdvh zrxog kdyh d ghgxfwleoh +Udyly
4<:<,/ diwhu zklfk lqvxudqfh zrxog eh ixoo xs wr 7̂/ d uhgxfwlrq ri fryhudjh lq wkh orz
hqg ri wkh orvv vshfwuxp1 Udyly +4<:</ ss1 <40<5, surylghv rqh h{sodqdwlrq iru zk|
ghgxfwleohv pljkw qrw eh dydlodeoh1 Kh vxjjhvwv wkdw xsshu olplw srolflhv pd| uhvxow
iurp uhjxodwru| frqvwudlqwv rq lqvxuhuv1 Lq wkdw ylhz/ wkh lqvxuhuv fkrrvh wr uhgxfh
h{shfwhg lqghpqlwlhv e| wuxqfdwlqj kljk0pdjqlwxgh orvvhv udwkhu wkdq lq dq| rwkhu
zd| � iru lqvwdqfh/ e| xvlqj odujhu ghgxfwleohv1 Wkhuh duh qxphurxv rwkhu uhdvrqv wr
frqvlghu wkdw ghgxfwleohv duh qrw dydlodeoh1 Wkh pdlq uhdvrq lv wkdw lq pdq| w|shv ri
surshuw| lqvxudqfh wkh ghgxfwleoh lv d vpdoo pdjqlwxgh vx!flhqw wr glvfrxudjh wulyldo
fodlpv1 Wkh uhvxow deryh vkrzv wkdw zkhq d ghgxfwleoh lv qrw dydlodeoh/ wkh frqvxphu
lqvwhdg uhgxfhv fryhudjh dw wkh kljk hqg1

D vxusulvlqj idfw lv wkdw zkhq wkh xsshu olplw lv qhdu }hur/ wkh pdujlqdo ydoxh ri
lqfuhdvhg lqvxudqfh lv qhjdwlyh1 Dw K ' f/ xvlqj htxdwlrq +44,/

AKEf(bc 7�c 7̂� ' �b.d��E�( 7�c 7̂�m| : fo 	 fc +4:,

vr wkh remhfwlyh lv idoolqj lq wkh ylflqlw| ri K ' f1 Dw vxfk orz ydoxhv ri wkh xsshu
olplw/ dgglwlrqdo lqvxudqfh grhv pruh kdup e| udlvlqj suhplxpv wkdq lw grhv jrrg
e| uhgxflqj ulvn1

7 Rswlpxp xsshu olplwv
Zkhq d ghgxfwleoh lv qrw dydlodeoh/ wkh frqvxphu lqvwhdg uhgxfhv fryhudjh dw wkh
kljk hqg1 D shukdsv vxusulvlqj idfw lv wkdw zkhq wkh xsshu olplw lv qhdu }hur/ wkh
pdujlqdo ydoxh ri lqfuhdvhg lqvxudqfh lv qhjdwlyh1 Dw K ' f/ xvlqj htxdwlrq +44,/

AKEf(bc 7�c 7̂� ' �b.d��E�( 7�c 7̂�m| : fo 	 fc +4;,

vr wkh remhfwlyh lv idoolqj lq wkh ylflqlw| ri K ' f1 Dw vxfk orz ydoxhv ri wkh xsshu
olplw/ dgglwlrqdo lqvxudqfh grhv pruh kdup e| udlvlqj suhplxpv wkdq lw grhv jrrg
e| uhgxflqj ulvn1

714 D frpsdulvrq prgho ri lqvxudqfh

Lq vrph rwkhu lqvxudqfh prghov/ wkh remhfwlyh lv joredoo| frqfdyh1 Iru lqvwdqfh/
frqvlghu wkh frsd|phqw vw|oh ri lqvxudqfh1 Lq wkdw w|sh ri lqvxudqfh/ d idluo| sulfhg

;



frqwudfw kdv qr xsshu olplw dqg sd|v �| zkhq gdpdjh lv |1 Wkh fkrlfh yduldeoh iru
wkh frqvxphu lv �1 Gh�qh h{shfwhg orvv dv

.| '

]
"

|'f

|�E|�_|

Wkh idlu suhplxp lv �.|/ d olqhdu ixqfwlrq ri �/ dqg wkh frqvxphu pd{lpl}hv

gE�� '

]
"

|'f

�E� � | n �|� �.|��E|�_| +4<,

Rqh uhdglo| frpsxwhv wkdw

g �E�� '

]
"

|'f

E|� .|���E� � | n �|� �.|��E|�_| +53,

zklfk lv/ dw � ' f/ d vwulfwo| srvlwlyh qxpehu1 Wkh vhfrqg ghulydwlyh

g ��E�� '

]
"

|'f

E|� .|�2���E� � | n �|� �.|��E|�_| +54,

lv dozd|v qhjdwlyh1 Wkh remhfwlyh ixqfwlrq lv joredoo| frqfdyh1

Ohvvrqv iurp wkh frpsdulvrq1 Wkh �uvw ohvvrq lv wkdw lqvxudqfh pdunhwv duh qr
uhvshfwhuv ri frqfdylw|1 Lq surshuw|0lqvxudqfh pdunhwv/ wkh frsd|phqw vw|oh zlwkrxw
dq xsshu olplw lv uduh exw wkh xsshu0olplw vw|oh lv frpprq1 Frsd|phqwv duh ri
frqvlghudeoh lpsruwdqfh lq khdowk lqvxudqfh/ exw wkdw*v qrw uhohydqw khuh ehfdxvh/ dv
qxphurxv sdshuv kdyh vkrzq/ wkh surshu prgho ri khdowk lqvxudqfh lqyroyhv xwlolw|
ixqfwlrqv wkdw ydu| zlwk wkh vwdwh ri khdowk1

Lw lv lqwhuhvwlqj wr frpsduh wkh frsd|phqw frqwudfw zlwk wkh xsshu olplw frqwudfw1
Qhdu wkh srlqw ri ixoo lqvxudqfh/ wkh srolflhv duh vlplodu/ iru erwk duh orfdoo| frqfdyh1
Wkh gl�huhqfhv duh dw wkh h{wuhphv/ zkhuh lqvxudqfh lv hlwkhu qhjoljleoh ru jurvvo|
h{fhvvlyh1 Lqvxudqfh vxssolhuv kdyh wkhlu rzq uhdvrqv iru glvolnlqj wkh h{wuhphv ri
xqghu0 dqg ryhu0lqvxudqfh/ exw khuh wkh wrslf lv ghpdqg1 Dw lqfuhdvlqjo| h{fhvvlyh
ydoxhv ri frsd|phqw lqvxudqfh/ wkh xwlolw| ri lqvxudqfh idoov dzd| zlwkrxw erxqg
ehfdxvh wkh ixqfwlrq lv joredoo| frqfdyh1 Wkh xsshu0olplw srolf| lv ehwwhu lq wklv
udqjh ehfdxvh xwlolw| lv erxqghg iurp ehorz1 Li wkh frqvxphu pxvw huu rq wkh vlgh
ri wrr0kljk lqvxudqfh/ wkh xsshu olplw srolf| lv d ehwwhu fkrlfh1 Dw yhu| orz ydoxhv
ri wkh fkrlfh yduldeoh � K ru � � wkh frqvxphu lv hvvhqwldoo| zlwkrxw lqvxudqfh1 Lq
wklv qhljkerukrrg wkh xsshu0olplw srolf| kdv/ dv vkrzq lq wkh ghulydwlrqv/ ydqlvklqjo|
orz ru qhjdwlyh +lq wkh fdvh ri ordglqj, pdujlqdo ehqh�w zkloh wkh frsd|phqw srolf|
kdv/ ehfdxvh ri frqfdylw|/ vxevwdqwldo srvlwlyh pdujlqdo ehqh�w1 Wkxv iru d shuvrq
zkr pxvw uhpdlq h{wuhpho| xqghu0lqvxuhg iru vrph uhdvrq/ wkh frsd|phqw vw|oh lv
wkh ehwwhu fkrlfh1

<



8 Htxlw| ulvn
Wkh sxusrvh ri wklv vhfwlrq lv wr h{dplqh htxlw| ulvn lq lvrodwlrq/ dvvxplqj wkdw
frqyhuvlrq ulvn grhv qrw h{lvw1 Wkh vlwxdwlrq lv uhdvrqdeoh hpslulfdoo|/ dv pd| eh
mxgjhg e| dq h{dpsoh= Frqvlghu d qhljkerukrrg ri vlqjoh0vwru| krphv iru zklfk wkh
kljkhvw0ydoxhg frqyhuvlrq lv wr wzr0vwru| krphv1 Hlwkhu w|sh ri krph ehfrphv pruh
ydoxdeoh dv lwv qhljkerukrrg lv lqfuhdvlqjo| pdgh xs ri wzr0vwru| krphv1 Vxssrvh
lq dgglwlrq wkdw wkh lqfuhdvh lq ydoxh dv wkh qhljkerukrrg lpsuryhv lv h{dfwo| wkh
vdph iru erwk w|shv ri krphv1 Lq qrwdwlrq/ wkh frqyhuvlrq srlqw lv ^ ' � � E�W � S�/
dqg wkh frvw ri frqyhuvlrq S lv frqvwdqw1 Wkh ydoxh ri dq h{lvwlqj/ rqh0vwru| krph
lv �/ dqg wkdw ri d qhz wzr0vwru| krph lv �W1 Wkh dvvxpswlrq lv wkdw wkh gl�huhqfh
� � �W lv lqyduldqw dv erwk ydoxhv ydu| udqgrpo|1 Zkhq wkhvh dvvxpswlrqv duh qrw
wrr ylrohqwo| glvreh|hg/ wkh vlwxdwlrq lv yhu| qhduo| rqh ri sxuh htxlw| ulvn1

Wr xqghuvwdqg htxlw| ulvn/ uhwxuq wr wkh frqvxphu zkr sxufkdvhg ixoo lqvxudqfh
zkhq ^ ' 7̂ dqg � ' � zhuh ghwhuplqlvwlf1 Qrz lq dgglwlrq wr wkh lqvxudeoh ulvn ri
sk|vlfdo gdpdjh/ vkh idfhv dq xqlqvxudeoh ulvn lq wkh udqgrp yduldeoh �/ wkh htxlw|
lq khu krph1 Khu xqlqvxuhg zhdowk lv

� �4�?d7̂c |o +55,

Wkh vxevwlwxwlrq ri wkh udqgrp � iru wkh �{hg � lv yhu| pxfk olnh wkh dgglwlrq ri d
vhfrqg/ xqlqvxudeoh surshuw|1 Zhdowk lv wkh vxp ri wzr udqgrp frpsrqhqwv/ rqo| rqh
ri zklfk lv lqvxudeoh1 Vxfk vlwxdwlrqv duh vwxglhg e| Grkhuw| dqg Vfkohvlqjhu +4<;6,
dqg Nlpedoo +4<<3,/ zkr fdoo wkh xqlqvxudeoh dgglwlyh frpsrqhqw d edfnjurxqg ulvn1

Dssolfdwlrqv ri edfnjurxqg ulvn wr lqvxudqfh duh h{dplqhg e| Grkhuw| dqg Vfkohvlqjhu
+4<;6, dqg e| Nlpedoo dqg Hhfnkrxgw +4<<5,1 Wkhlu zrun fuhdwhv h{shfwdwlrqv iru
wkh suhvhqw vlwxdwlrq1 Grkhuw| dqg Vfkohvlqjhu irxqg wkdw dw ordghg sulfhv/ d edfn0
jurxqg ulvn wkdw lv lqghshqghqw ri wkh lqvxudeoh ulvn errvwv ghpdqg iru lqvxudqfh1
Nlpedoo dqg Hhfnkrxgw h{whqg wkh �qglqj wr d pruh jhqhudo vhwwlqj dqg vkrz wkdw
wkh rswlpxp ghgxfwleoh lv dovr udlvhg e| dq lqghshqghqw edfnjurxqg ulvn1 Wkh
wdvn khuh lv wr frq�up wkdw vlplodu uhvxowv krog lq wkh xsshu0olplw frqwudfw/ jlyhq
lqghshqghqfh ri wkh htxlw| ulvn1

Wr wkdw hqg wkh iroorzlqj qrwdwlrq lv hpsor|hg1 Wkh suredelolw| ghqvlw| ixqfwlrq
ri ydoxh � lv }E��/ zklfk lv lqghshqghqw ri |1 Wkh frqvxphu kdv xwlolw| ixqfwlrq �1
Wkh idlu suhplxp lv � EK�c dv vshfl�hg lq +4, dqg lw lv ordghg e| d idfwru E� n b�1
Vwdwh0frqwlqjhqw zhdowk ri wkh frqvxphu diwhu fkrrvlqj lqvxudqfh lv

� �4�?d7̂c |o n 4�?dKc |o� E� n b�� EK� +56,

Ordglqj pdwwhuv ehfdxvh/ lq lwv devhqfh/ wkh rswlpxp fkrlfh ri xsshu olplw zrxog
eh ixoo lqvxudqfh/ lq vslwh ri dq| udqgrpqhvv lq htxlw|1 Ehfdxvh ri wkh ordglqj/ wkh
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rswlpxp xsshu olplw lv ohvv wkdq ixoo lqvxudqfh/ zklfk zdv ghprqvwudwhg lq vhfwlrq
6 deryh iru wkh fdvh ri ghwhuplqlvwlf htxlw|1 Wkh iroorzlqj ghulydwlrqv vkrz wkdw
lqvxudqfh lv djdlq ohvv wkdq ixoo zkhq suhplxpv duh ordghg dqg htxlw| lv udqgrp/
exw wkh pdlq uhvxow lv wkdw wkh yduldelolw| lq htxlw| udlvhv wkh dprxqw ri lqvxudqfh
ghpdqghg1

Wkh remhfwlyh ri wkh frqvxphu lv wr fkrrvh K lq rughu wr pd{lpl}h

"]
|'f

57 ��]
�'�f

�E� �4�?d7̂c |o n 4�?dKc |o� E� n b�� EK��}E��_�

68�E|�_| +57,

Wkh nh| sod|hu khuh lv d vxuurjdwh frqvxphu zkr ehkdyhv lq wkh devhqfh ri htxlw|
ulvn mxvw dv wkh ruljlqdo frqvxphu zrxog lq lwv suhvhqfh1 Wkh vxuurjdwh kdv xwlolw|

	LE�� '

��]
�'�f

�E� n E� � 7���}E��_� +58,

Lw lv fohdu wkdw 	LE�� lv lqfuhdvlqj dqg frqfdyh lq �1 Vxevwlwxwh wkh h{suhvvlrq

� ' � �4�?d7̂c |o n 4�?dKc |o� E� n b�� EK�

lqwr htxdwlrq +58,1 Wkh uhvxow lv

	LE� �4�?d7̂c |o n 4�?dKc |o� E� n b�� EK�� '
��]

�'�f

�E� �4�?d7̂c |o n 4�?dKc |o� E� n b�� EK��}E��_�� +59,

Wkh uljkw kdqg vlgh lv wkh vdph dv wkh lqqhu whup lq wkh remhfwlyh ixqfwlrq lq htxdwlrq
+57,1 Wkhuhiruh htxdwlrq +57, fdq eh uhzulwwhq

eA Ebc K( �c 7̂� '
"]
f

	LE� �4�?d7̂c |o n 4�?dKc |o� E� n b�� EK���E|�_|� +5:,

Lq rwkhu zrugv/ zkhq �{hg htxlw| lv uhsodfhg e| ulvn| htxlw|/ wkh h�hfw lv wkh vdph dv
li wkh frqvxphu zhuh uhsodfhg e| dqrwkhu/ voljkwo| gl�huhqw frqvxphu/ zkr vwloo vroyhv
d �{hg htxlw| sureohp1

Wkh qhz frqvxphu lv ulvn0dyhuvh dqg iru uhdvrqv jlyhq lq vhfwlrq 6 fkrrvhv ohvv
wkdq ixoo lqvxudqfh zkhq sulfhv duh ordghg1 Wkh txhvwlrq lv zkhwkhu wkh qhz frqvxphu
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fkrrvhv pruh ru ohvv lqvxudqfh wkdq wkh ruljlqdo rqh fkrvh1 Wkh txhvwlrq lv dqvzhuhg
wkurxjk wkh xvh ri dq lqwhuhvwlqj ohppd e| Nlpedoo vkrzlqj wkh frqvxphu uhsuhvhqwhg
e| 	LE�� lv/ xqghu uhdvrqdeoh frqglwlrqv/ pruh ulvn dyhuvh wkdq wkh rqh zkr kdg �E��1

Lq srvlqj wkh ohppd/ ulvn suhplxp ZE�c �� dqg suhfdxwlrqdu| suhplxp �E�c ��
duh qhhghg1 Wkh| duh gh�qhg e|

�E� � ZE�c ��� ' .d�E� n E� � ���o +5;,

dqg

��E� � �E�c ��� ' .d��E� n E� � ���o� +5<,

Wkh dvvxpswlrq ri ghfuhdvlqj devroxwh ulvn dyhuvlrq lv htxlydohqw wr YZE�c��*Y� 	 f/
dqg wkh dvvxpswlrq ri ghfuhdvlqj devroxwh suxghqfh lv htxlydohqw wr Y�E�c��*Y� 	 f�
Vhh Nlpedoo +4<<3, dqg Nlpedoo dqg Hhfnkrxgw +4<<5, iru glvfxvvlrq ri wkh htxlyd0
ohqfh1

Ohppd 5 +Nlpedoo, Vxssrvh wkh xwlolw| ixqfwlrq � h{klelwv ghfuhdvlqj devroxwh ulvn
dyhuvlrq dqg ghfuhdvlqj devroxwh suxghqfh1 Wkhq 	L lv devroxwho| pruh ulvn dyhuvh
wkdq � dw doo srlqwv �1

Surri1 +Iurp Nlpedoo dqg Hhfnkrxgw +4<<5,/ zkr fuhglw Jroolhu iru lpsuryhphqwv
lq wkh surri1, Wkh ulvn suhplxp lv srvlwlyh ehfdxvh wkh udqgrp yduldeoh � � � kdv
phdq }hur dqg xwlolw| lv ulvn dyhuvh1 Wkh suhfdxwlrqdu| suhplxp lv dovr srvlwlyh
ehfdxvh jlyhq ghfuhdvlqj devroxwh ulvn dyhuvlrq/ lw lv juhdwhu wkdq wkh ulvn suhplxp
+Nlpedoo dqg Hhfnkrxgw/ 4<<5,1 Qrz zulwh

	L �E�� ' .d��E� n E� � ���o ' ��E� � �E�c ����

Lw iroorzv wkdw

	L ��E�� ' E�� Y�E�c ��

Y�
����E� � �E�c ���c

dqg khqfh/

�
	L ��E��

	L �E��
'

�
�� Y�E�c ��

Y�

��
����E� � �E�c ���

��E� � �E�c ���

�
�

Wkh whup lq urxqg sduhqwkhvhv lv juhdwhu wkdq xqlw| ehfdxvh devroxwh suxghqfh lv
ghfuhdvlqj1 Devroxwh ulvn dyhuvlrq idoov zkhq zhdowk ulvhv e| wkh dprxqw �E�c ��1
Khqfh/ iru doo �

�
	L ��E��

	L �E��
� ����E��

��E��
�
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Ohppd 5 lv xvhg wr suryh wkdw wkh lqwurgxfwlrq ri htxlw| ulvn udlvhv wkh rswlpxp
xsshu olplw1 Wkh orjlfdo vhtxhqfh lv fohdu= Lqwurgxflqj htxlw| ulvn pdnhv wkh frq0
vxphu pruh ulvn dyhuvh/ dqg d frqvxphu zkr lv pruh ulvn dyhuvh ghpdqgv d kljkhu
xsshu olplw1 Wkh surfhvv ri surylqj lw ohdgv wr dgglwlrqdo lqvljkwv1 Wkh sursrvlwlrq
lv olplwhg wr d pdwkhpdwlfdo qhljkerukrrg lq zklfk wkh frqvxphu ex|v lqvxudqfh lq
vslwh ri ordglqj dqg/ pruhryhu/ wkh remhfwlyh ixqfwlrq lv txdvl frqfdyh1 Wkh qhljk0
erukrrg pljkw eh vpdoo li wkh frqvxphu lv yhu| ulvn0wrohudqw ru wkh frqyhuvlrq0srlqw
lv yhu| qhdu wr }hur/ ehfdxvh lq vxfk fdvhv wkh frqvxphu ohdyhv wkh pdunhw dw orz
ohyhov ri ordglqj1 Wkh sursrvlwlrq dssolhv zkhq wkh frqvxphu lv qrw oldeoh wr eh
gulyhq iurp wkh pdunhw/ dqg wkh qhljkerukrrg lq zklfk wkdw lv wuxh frqwdlqv doo ri
wkh srlqwv dw zklfk lqvxudqfh lv sxufkdvhg1 Wkh sursrvlwlrq uhsuhvhqwv h{shfwhg
xwlolw| e| wkh qrwdwlrq

A EK(bc �c 7̂� '

]
"

|'f

�E� �4�?d7̂c |o n 4�?dKc |o� E� n b�� EK���E|�_| +63,

Sursrvlwlrq 6 Vxssrvh wkh ulvn0dyhuvh xwlolw| ixqfwlrq � h{klelwv ghfuhdvlqj devroxwh
ulvn dyhuvlrq dqg ghfuhdvlqj devroxwh suxghqfh1 Wkh frqyhuvlrq srlqw 7̂ lv ghwhuplq0
lvwlf1 Wkh suhplxp lv ordghg e| d idfwru E�nb�1 Htxlw| ulvn � lv lqghshqghqw ri wkh
lqvxudeoh ulvn |1 Ohw wkh rswlpxp xsshu olplw xqghu htxlw| ulvn eh K�Eb�1 Zkhq wkh
htxlw| ulvn lv uhsodfhg e| d fhuwdlqw| ydoxh � ' .�/ wkh rswlpxp xsshu olplw lv KEb�1
Dvvxph wkdw AKKE7̂( fc �c 7̂� 	 f1 Wkhq wkhuh lv d qhljkerukrrg lq Kc b0vsdfh frqwdlqlqj
wkh srlqw EKc b� ' E7̂c f� vxfk wkdw iru bc K lq wkdw qhljkerukrrg/ wkh ixqfwlrqv KEb� dqg
K�Eb� h{lvw/ dqg KEb� 	 K�Eb� 	 7̂1

Wkh dvvxpswlrq wkdw AKKEKEf�( fc �c 7̂� 	 f lv qrw hvvhqwldo dqg lv pdgh iru frqyh0
qlhqfh rqo|1 Wkh hvvhqwldo ihdwxuh lv vwulfw frqfdylw| dw KEf�/ dqg wkdw lv jxdudqwhhg
ehfdxvh K ' KEf� lv dq rswlpxp dqg wkh frqvxphu lv vwulfwo| ulvn dyhuvh1 Vwulfw frq0
fdylw| dvvxuhv wkdw wkh �uvw qrq0}hur ghulydwlyh ri wkh irup AKK���KEKEf�( fc �c 7̂� pxvw eh
qhjdwlyh/ dvvxulqj lq wxuq wkdw wkh vhfrqg ghulydwlyh lv vwulfwo| qhjdwlyh lq d qhljk0
erukrrg ri EKEf�c f�/ h{fhsw srvvleo| dw EKEf�c f� lwvhoi1 Wkdw frqglwlrq lv vx!flhqw wr
frpsohwh wkh surri/ exw qrw zlwkrxw dq dujxphqw wkdw juhdwo| frpsolfdwhv lw1 Wkh
lqfuhdvh lq jhqhudolw| lv voljkw/ dqg khqfh wkh dvvxpswlrq1

Surri1 Iru d jlyhq b/ dqg �{hg ydoxhv 7� dqg 7̂c d fulwlfdo srlqw ri K lv rqh iru zklfk

AKEK(bc 7�c 7̂� ' f
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Wkh htxdwlrq gh�qhv wkh vroxwlrq ixqfwlrq KEb�1 Qrwh wkdw wkh gh�qlqj ixqfwlrq
lv wzlfh frqwlqxrxvo| gl�huhqwldeoh lq K dqg b dqg wkdw wkhuh lv d vroxwlrq KEf� ' 7̂
dw b ' f1 E| dvvxpswlrq/ AKKE7̂( fc 7�c 7̂� 	 f1 H{lvwhqfh ri wkh lpsolflw ixqfwlrq
ghshqgv xsrq wkh txdqwlw| AKKEK(bc 7�c 7̂� uhpdlqlqj qrq}hur1 E| frqwlqxlw|/ wkhuh lv
d qhljkerukrrg �� ri EKc b� ' E7̂c f� lq zklfk yduldwlrqv lq K dqg b suhvhuyh frqfdylw|
iru wkh remhfwlyh/ wkdw lv/ rq ��/

AKKEK(bc 7�c 7̂� 	 f +64,

Khqfh/ wkh vroxwlrq ixqfwlrq KEb� lv zhoo0gh�qhg lq wkh qhljkerukrrg ��ri EKc b� '
E7̂c f�1 Lq wklv qhljkerukrrg/ lqflghqwdoo|/ r�}?d Y

Yb
KEb�o ' r�}?dAbKEK(bc 7�c 7̂�o 	 f1

E| frqwlqxlw| ri wkh remhfwlyh A EK(bc 7�c 7̂�/ wkhuh lv d qhljkerukrrg �2 ri EKc b� '
E7̂c f� lq zklfk yduldwlrqv lq K dqg b suhvhuyh wkh vxshulrulw| ri qhdu0ixoo lqvxudqfh
ryhu qr0lqvxudqfh/ l1h1/

A EKEb�(bc 7�c 7̂� : A Ef(bc 7�c 7̂� +65,

Ohw � ' �� _ �21 Lq wkh qhljkerukrrg � ri EKc b� ' E7̂c f�/ KEb� h{lvwv dqg lv d
joredo pd{lpl}hu ryhu K ri wkh remhfwlyh ixqfwlrq A EK�1

Olnhzlvh/ wkhuh h{lvwv d qhljkerukrrg �� ri wkh srlqw EKc b� ' E7̂c f� lq zklfk K�Eb�

h{lvwv dqg lv iru hdfk b d joredo pd{lpl}hu ryhu K ri wkh remhfwlyh ixqfwlrq eA EK(bc 7�c 7̂�
irxqg lq htxdwlrq +5:,/ qdpho|

eA EK(bc 7�c 7̂� '
"]

|'f

k
	LE7� �4�?d7̂c |o n 4�?dKc |o� E� n b�� EK��

l
�E|�_| +66,

Lq wkh qhljkerukrrg �� ' ��_�� ri wkh srlqw EKc b� ' E7̂c f�/ wkh frpsdulvrq ri K�Eb�
dqg KEb� fdq eh pdgh ehfdxvh lq �� / erwk pd{lpxp0ydoxh ixqfwlrqv duh frqfdyh1

Orrn dw wkh vlwxdwlrq iru d �{hg ydoxh ri b1 Wkh �uvw rughu frqglwlrq iru wkh
rswlpxp xsshu olplw lv

.d��E�( 7�c 7̂�m| : Ko�
�
� n

b

�� E� n b�� �EK�

�
.d��E�( 7�c 7̂�m| � Ko ' f +67,

Wkh vroxwlrq lv K� ' KEb�1
Wkh wdvn lv wr vkrz wkdw wkh ghulydwlyh ri wkh remhfwlyh xvlqj 	L lv vwloo srvlwlyh

hydoxdwhg dw K�� wkh rswlpxp iru wkh ulvn0wrohudqw �1 Wkdw lv/ vkrz wkdw

.d 	L �E�( 7�c 7̂�m| : K�o�
�
� n

b

�� E� n b�� �EK��

�
.d 	L �E�( 7�c 7̂�m| � K�o : f� +68,
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Wkh �uvw vwhs lv wr pdnh � dqg 	L djuhh lq ydoxh dqg lq vorsh dw wkh srlqw zkhuh
| ' K�1 Dw wkdw srlqw/ 7� �4�?d7̂c |o n 4�?dK�c |o � E� n b�� EK�� ' 7� � E� n b�� EK���
Zlwkrxw orvv ri jhqhudolw|/ 	L pd| eh pxowlsolhg e| dq dssursuldwh srvlwlyh qxpehu
vr wkdw

	L �d7� � E� n b�� EK��o ' ��d7� � E� n b�� EK��o

dqg dq dssursuldwh frqvwdqw fdq dovr eh dgghg vr wkdw

	L d7� � E� n b�� EK��o ' �d7� � E� n b�� EK��o

krogv wuxh1 Qrz wkh pruh ulvn dyhuvh ixqfwlrq 	L olhv hyhu|zkhuh ehorz wkh ohvv ulvn
dyhuvh �/ zlwk d wdqjhqf| dw wkh srlqw 7� � E� n b�� EK��1

Orrnlqj dw wkh wdqjhqf| srlqw 7� � E� n b�� EK��/ lw lv judsklfdoo| dssduhqw dqg
hdv| wr suryh wkdw iru dq| � 	 7� � E� n b�� EK�� � dw d srlqw ehorz wkh wdqjhqf| �
wkh pruh ulvn dyhuvh xwlolw| kdv d kljkhu pdujlqdo xwlolw|/ l1h1/ 	L �E�� : ��E��� Iru doo
| : K�/ gdpdjh lv pruh wkdq wkh xsshu olplw ri lqvxudqfh dqg frqvhtxhqwo|

7� �4�?d7̂c |o n 4�?dK�c |o� E� n b�� EK�� 	 7� � E� n b�� EK��

Lw iroorzv wkdw wkh �uvw whupv lq htxdwlrqv +67, dqg +68, vdwlvi|

.d 	L �E�( 7�c 7̂�m| : K�o : .d��E�( 7�c 7̂�m| : K�o +69,

Wkdw wdnhv fduh ri | 5 EK�c4�1
Orrn dw | 5 dfc K�o1 Zkhq | � K�/ gdpdjh lv ohvv wkdq wkh frqyhuvlrq srlqw dqg

dovr ohvv wkdq wkh xsshu olplw1 Wkxv zhdowk uhgxfhv wr 7� � E� n b�� EK��/ wkh zhdowk
dw wkh wdqjhqf| srlqw1 Wkhq wkh vhfrqg whupv lq htxdwlrqv +67, dqg +68, ehdu wkh
uhodwlrq

.d 	L �E�( 7�c 7̂�m| � K�o ' .d��E�( 7�c 7̂�m| � K�o +6:,

Xvh wkh uhvxowv iurp htxdwlrqv +69, dqg +6:, wr frpsduh htxdwlrqv +68, dqg +67,1
Fohduo| wkh h{suhvvlrq lq htxdwlrq +68, lv srvlwlyh1 E| Ohppd 4 wkh remhfwlyh lv
lqfuhdvlqj/ dqg khqfh wkdw wkh rswlpxp xsshu olplw lv juhdwhu iru wkh frqvxphu zkr
lv pruh ulvn dyhuvh1 Wklv krogv iru hdfk ydoxh ri b lq �� 1 Wkhuhiruh KEb� 	 K�Eb� 	 7̂1

814 Hqgrjhqrxv htxlw| ulvn

Wkh uhvxow suryhg deryh dvvxuhv wkdw dq h{rjhqrxv lqfuhdvh lq htxlw| ulvn lqfuhdvhv
ghpdqg iru lqvxudqfh ri wkh xsshu0olplw w|sh1 Lw lv h{shfwhg iurp sdudoohov lq wkh
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olwhudwxuh/ exw lw vkrxog eh lqwhusuhwhg zlwk fdxwlrq ehfdxvh frqvxphuv pljkw dfwlyho|
fkrrvh wkh ohyho ri htxlw| ulvn lqvwhdg ri dffhswlqj lw dv dq xqdyrlgdeoh qxlvdqfh1 Vxfk
frqvxphuv duh lqwhuhvwlqj ehfdxvh lq sudfwlfh wkh htxlw| ulvn lv wr d juhdwhu ru ohvvhu
h{whqw d fkrlfh yduldeoh1 D surshuw| rzqhu fdq fkrrvh ohvv htxlw| ulvn e| rzqlqj ohvv
surshuw|/ exloglqj ohvv h{shqvlyh vwuxfwxuhv/ prylqj wr d gl�huhqw orfdwlrq/ hqjdjlqj
lq dqrwkhu w|sh ri odqg xvh/ ru sduwlflsdwlqj lq pdunhwv wkdw khgjh wkh htxlw| ulvn lq
wkh fkrvhq vwuxfwxuh/ orfdwlrq/ dqg xvh1

Wdnhq wr wkh h{wuhph/ wkh fkrlfh ri htxlw| ulvn lv d sruwirolr ghflvlrq frpsdudeoh
wr wkh fkrlfh ri d ulvn| vwrfn ru erqg1 Iurp wkh sursrvlwlrq deryh/ lw lv dssduhqw
wkdw wkh sruwirolr ghflvlrq lqwhudfwv lq vrph zd| zlwk wkh lqvxudqfh ghflvlrq1 Lq idfw/
Pd|huv dqg Vplwk +4<;6, �uvw ghyhorshg frqglwlrqv iru lqghshqghqfh ehwzhhq wkh
ghflvlrqv1 Wkrvh frqglwlrqv lqfoxgh odfn ri fryduldqfh ehwzhhq wkh lqvxudeoh ulvn dqg
sruwirolr ulvnv � dv lv qdwxudo lq wkh frqwh{w ri wkh phdq0yduldqfh xwlolw| prgho wkh|
xvhg1 Lq fdvh ri glvdvwhu lw lv w|slfdo wkdw htxlw| frydulhv srvlwlyho| zlwk gdpdjh/
phdqlqj wkdw htxlw| ulvn lv/ wr vrph h{whqw/ d qdwxudo lqvxudqfh1 Wkxv wkh ghflvlrq
wr dffhsw htxlw| ulvn dqg wkh ghflvlrq wr ex| lqvxudqfh duh qrw vhsdudeoh1

Pdunhwv lq htxlw| ulvn kdyh lq idfw ehhq sursrvhg e| Fdvh/ Vkloohu dqg Zhlvv
+4<<6,16 Wkh| zrxog lqyroyh h{fkdqjh ri ixwxuhv frqwudfwv rq lqgh{hv wkdw hvwlpdwh
dyhudjh surshuw| ydoxhv lq hdfk pdlo gholyhu| +}ls frgh, glvwulfw1 Wkh krph0rzqhu
khgjhv e|/ lq hvvhqfh/ vhoolqj ixwxuhv lq klv orfdo lqgh{/ sur�wlqj rq wkh khgjh zkhq
wkh lqgh{ dqg klv surshuw| ydoxh idoo/ orvlqj rq wkh khgjh lq wkh frqwudu| fdvh1 Wkh
pdunhw lq htxlw| ulvn lv d fohdu lqvwdqfh ri fkrlfh ri htxlw| ulvn1

Lq khgjlqj wkh htxlw| ulvn/ rzqhuv idfh vrph xqidluqhvv ri sulfhv/ mxvw dv lq wkh
lqvxudqfh pdunhw1 Jlyhq wkh frvwv ri khgjhv dqg lqvxudqfh/ rzqhuv iroorz glyhuvh
vwudwhjlhv1 Vrph fkrrvh kljk htxlw| ulvn/ shukdsv ehfdxvh ri kljkhu zhdowk ru juhdwhu
ulvn0wrohudqfh1 Vxfk prwlyhv iru kljkhu htxlw| ulvn duh dovr prwlyhv iru ohvv lqvxudqfh1
Lw vwdqgv wr uhdvrq wkdw wkh rzqhu zkr fkrrvhv wr ehdu vrph ulvn zrxog glyhuvli| ulvnv
e| fduu|lqj vrph ulvn wr htxlw| dqg vrph ulvn ri xqlqvxuhg gdpdjh1 Wkrvh zkr ehdu
kljkhu ulvn vwloo glyhuvli|/ ehdulqj pruh ri hdfk w|sh ri ulvn1 Wkxv wkhuh lv dq dujxphqw
vxjjhvwlqj wkdw zkhq kljkhu htxlw| ulvn lv fkrvhq/ ohvv lqvxudqfh zloo dovr eh fkrvhq1

Zkhq pdunhwv lq htxlw| ulvn duh odfnlqj/ wkh orjlf fduulhv ryhu vrphzkdw lpshu0
ihfwo|1 Pruh h{dpsohv rffxu wr vkrz wkdw wkh uhodwlrq ri htxlw| ulvn dqg xqghulqvxu0
dqfh frxog idoo hlwkhu zd|1 Iru lqvwdqfh/ frqvlghu wkh shuvrq zkr fkrrvhv kljk htxlw|
ulvn ehfdxvh ri d frqvxpswlrq suhihuhqfh iru d sduwlfxodu w|sh ri krph/ wkdw lv/ iru
uhdvrqv rxwvlgh wkh suhvhqw prgho1 Vxfk d shuvrq frxog zhoo ghpdqg pruh lqvxudqfh
udwkhu wkdq ohvv1 Wkh vdph orjlf dssolhv wr d mre vhhnhu zkr dffhswv zrun lq dq duhd
lq zklfk htxlw| ulvnv duh kljkhu1 Wkh xsvkrw lv wkdw lqvxudqfh dqg khgjlqj fdq eh
srvlwlyho| ru qhjdwlyho| dvvrfldwhg lq uhdo0zruog gdwd1

6Lq dgglwlrq/ vhh Vkloohu dqg Zhlvv +4<<;,1
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815 Glvdvwhuv dqg htxlw| ulvn

Wkh uhvxowv fdq eh lqwhusuhwhg iru wkh htxlw| ulvn dvvrfldwhg zlwk glvdvwhuv1 Dv dujxhg
lq wkh lqwurgxfwlrq/ glvdvwhuv duh d vrxufh ri htxlw| ulvn/ dqg wkdw ulvn lv lq dgglwlrq
wr wkh htxlw| ulvn wkdw hyhu| krph rzqhu wklqnv derxw1 Uhsuhvhqw wkh �xvxdo� htxlw|
ulvn e| �z � uhdg � ruwkrjrqdo � dqg frqvlghu lw wr eh suredelolvwlfdoo| lqghshqghqw
ri |1 Doo ghshqghqfh ehwzhhq htxlw| ulvn dqg gdpdjh | lv fdswxuhg lq �_/ zklfk lv
pdlqo| wkh h{whuqdolw| ulvn dvvrfldwhg zlwk d glvdvwhu1 Qrz suh0lqvxudqfh zhdowk lv

�z n �_ �4�?d7̂c |o +6;,

Wkh lqghshqghqw ruwkrjrqdo ulvn kdv wkh h�hfwv dwwulexwhg wr lw lq wkh suhfhglqj vhf0
wlrqv1 Wr wkh h{whqw wkdw lw lv xqdyrlgdeoh/ lw lqfuhdvhv ghpdqg iru ordghg lqvxudqfh/
dqg wr wkh h{whqw wkdw lw lv d fkrlfh yduldeoh/ lw sod|v wkh pruh frpsoh{ uroh ghvfulehg
lpphgldwho| deryh1

Wkh txhvwlrq khuh lv wkh dgglwlrqdo uroh ri wkh glvdvwhu0uhodwhg frpsrqhqw1 Lq
h{dplqlqj wkdw uroh lw lv hvvhqwldo wr uhphpehu wkdw glvdvwhu fryhudjhv duh dvvrfldwhg
zlwk vshfl�f shulov vxfk dv  rrg ru hduwktxdnh/ dqg wkdw wkhvh shulov fdq fdxvh orvvhv
zhoo vkruw ri wrwdo ghvwuxfwlrq ri qhljkerukrrgv1 Ryhu wkh hqwluh udqjh ri vhyhulw|/
wkh uhvsrqvh ri �_ lv M0vkdshg � plog orvvhv ghsuhvv ydoxhv/ vhyhuh rqhv udlvh wkhp
djdlq wr ohyhov kljkhu wkdq lq wkh qr0gdpdjh vwdwh1 Lq d glvdvwhu zlwk plog orvvhv/
wkh voljkwo| gdpdjhg surshuwlhv duh uhvwruhg/ qrw frqyhuwhg/ dqg e| wkhlu qxpehuv
wkh| suhyhqw dq| fkdqjh ri fkdudfwhu ri qhljkerukrrgv1 Ghvwur|hg surshuwlhv duh
uhexlow/ li dw doo/ lq dffrugdqfh zlwk wkh vwdwxv txr1 Lq fdvh ri h{wuhpho| kljk orvvhv/
wkh uhgxfwlrq ri frqvwudlqwv ohdgv wr dq lqfuhdvh lq qhljkerukrrg ydoxhv/ wkh wdoo vwhp
ri wkh M1 Ryhudoo/ wkh dvvrfldwlrq ri �_ dqg | lv suredeo| srvlwlyh/ wkh htxlw| ulvn
lv d qdwxudo lqvxudqfh ri wkh fdwdvwursklf shulo/ dqg dv vxfk lw uhgxfhv wkh ghpdqg
iru pdunhw lqvxudqfh1 Wkxv wkh srvvlelolw| ri dssuhfldwlrq pd| khos h{sodlq wkh
yhu| odujh ghgxfwleohv wkdw duh suhydohqw lq hduwktxdnh lqvxudqfh1 Zlwk vxfk odujh
ghgxfwleohv/ d sduwldo orvv lv kdugo| frqwhpsodwhg/ dqg wkh ghgxfwleoh lv lq h�hfw d
ghfuhdvh lq fryhudjh1

9 Frqyhuvlrq ulvn
Frqyhuvlrq ulvn lv xqfhuwdlqw| derxw wkh ydoxhv ri wkh dowhuqdwlyh vwuxfwxuhv wkdw
frxog eh exlow lq sodfh ri wkh fxuuhqw rqh1 Ehfdxvh wkhvh ydoxhv jryhuq wkh frqyhuvlrq
ghflvlrq/ wkh| erxqg wkh orvv ri zhdowk/ dqg dv d frqvhtxhqfh duh txlwh lpsruwdqw lq
wkh ghpdqg iru lqvxudqfh1 Suhglfwlqj frqyhuvlrq rswlrqv dqg ydoxhv lv dq lqwhuhvwlqj
dqg fkdoohqjlqj sduw ri zulwlqj d surshuw| lqvxudqfh frqwudfw/ dqg lw kdv qrw uhfhlyhg
hqrxjk dwwhqwlrq lq wkh olwhudwxuh1
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Iroorzlqj wkh sudfwlfh ri wkh suhylrxv vhfwlrq/ wklv rqh h{dplqhv frqyhuvlrq ulvn lq
lvrodwlrq/ phdqlqj wkdw wkh ydoxh ri wkh h{lvwlqj surshuw| lv uhjdughg dv ehlqj �{hg1
Vxfk vlwxdwlrqv dulvh xqghu sodxvleoh/ lqwhuhvwlqj frqglwlrqv1 Lq rqh vfhqdulr/ wkh
frqvxphu zkr kdv erwk w|shv ri ulvn kdv khgjhg wkh htxlw| ulvn lq vrph pdqqhu/
shukdsv lq d pdunhw olnh wkh rqh sursrvhg e| Fdvh/ Vkloohu dqg Zhlvv1 Wkdw grqh/
vkh frqiurqwv wkh frqyhuvlrq ulvn1

Dowhuqdwlyho|/ htxlw| ulvn pd| eh devhqw iru whfkqlfdo uhdvrqv1 Wklqn ri wkh
fhphqw sodqwv orfdwhg qhdu wkh zdwhuiurqw lq Vdqwd Eduedud1 Qr vlqjoh rzqhu whduv
grzq klv sodqw wr exlog krxvlqj dplg wkh rwkhu gxvw| zrunsodfhv1 Krzhyhu/ li wkh
qhljkerukrrg lv ghydvwdwhg e| dq hduwktxdnh dqg uhexlow hqwluho| dv uhvlghqfhv/ wkh
ydoxh ri d uhpdlqlqj fhphqw idfwru| lv wkh vdph dv ehiruh/ exw wkh ydoxh ri frqyhuwlqj
lw wr krxvlqj lv pxfk kljkhu1 Wkh jhqhudo ghvfulswlrq ri wklv vlwxdwlrq lv wkdw wkh
ydoxh lq wkh h{lvwlqj xvh lv qrw d�hfwhg e| wkh qhljkerukrrg exw wkh kljkhvw ydoxhg
frqyhuvlrq lv wr d xvh wkdw grhv ghshqg rq lw1 Lq vxfk fdvhv/ glvdvwhu vwlpxodwhv
frqyhuvlrq e| orzhulqj wkh frqyhuvlrq srlqw1

Udqgrpqhvv ri ^ pd| dovr dulvh iurp yduldwlrqv lq wkh frvw ri frqyhuvlrq S1 D
glvdvwhu fdq ohdg wr d errp lq uhfrqvwuxfwlrq wkdw udlvhv frvwv dqg glvfrxudjhv frq0
yhuvlrq1 Wkh frvw yduldwlrq wkhq whqgv wr r�vhw wkh yduldwlrqv ghvfulehg deryh/ exw
rqo| sduwldoo|1 Wkh vwlpxodwlyh h�hfwv duh pruh olnho| dqg pruh frpshoolqj dqg duh
wkh suhgrplqdqw rqhv qhhglqj vwxg|1 Lq wkh devhqfh ri glvdvwhu/ ri frxuvh/ wkh frvwv
dqg ydoxhv ri dowhuqdwlyh vwuxfwxuhv pd| fkdqjh dqg wkxv lqgxfh d frqyhuvlrq ulvn1

Wkh sureohp iru wkh frqvxphu lv wr vhohfw d elqglqj xsshu erxqg rq gdpdjh dw idlu
sulfhv/ lq wkh suhvhqfh ri xqfhuwdlqw| derxw ^1 Wkh ghflvlrq lv hdv| xvlqj frqwudfwv
wkdw glvwlqjxlvk wkh sd|phqwv dffruglqj wr wkh ydoxh ri ^1 Vxfk frqwudfwv pdnh wkh
lqvxudqfh pdunhw hvvhqwldoo| frpsohwh dqg doorz wkh frqvxphu wr ghpdqg d frqwudfw
kdylqj dq xsshu erxqg ri ^ lq hyhu| ^0vwdwh1 Vkh lv/ dv xvxdo/ ixoo| lqvxuhg dw idlu
sulfhv1

Zkhq frqvxphuv ex| rqh frqwudfw iru �uh dqg dqrwkhu iru hduwktxdnh/ wkh| duh
wdnlqj d vpdoo vwhs wrzdug dssur{lpdwlqj wkh frpsohwh0pdunhwv vroxwlrq1 Ehfdxvh
glvdvwhu orzhuv wkh frqyhuvlrq srlqw/ ohvv lqvxudqfh lv ghpdqghg lq wkh glvdvwhu vwdwh1
Vrph hpslulfdo frq�updwlrq ri wklv lghd pd| eh suhvhqw lq wkh yhu| odujh ghgxfwleohv
wkdw suhydlo lq hduwktxdnh lqvxudqfh1 Ehfdxvh wkh ghgxfwleoh lv vr odujh/ sduwldo orvvhv
duh kdugo| frqwhpsodwhg/ dqg wkh ghgxfwleoh lv/ lq h�hfw/ d ghfuhdvh lq wrwdo fryhudjh1
Wklv h{sodqdwlrq lv zkroo| frqvlvwhqw zlwk wkh rqh jlyhq deryh/ wkdw wkh ghgxfwleohv
duh hqfrxudjhg e| glvdvwhu0lqgxfhg lqfuhdvhv lq wkh ydoxh ri htxlw|1 Erwk ihdwxuhv
plwljdwh glvdvwhu orvvhv1 Wkh lqfuhdvhg htxlw| ydoxh khosv wkh rzqhu zkrvh surshuw|
lv sduwldoo| gdpdjhg dqg phuho| uhvwruhg/ dqg wkh uhgxfhg frqyhuvlrq srlqw khosv wkh
rzqhu zkrvh surshuw| lv edgo| gdpdjhg dqg wkhuhiruh frqyhuwhg1 Wkh dowhuqdwlyh
lghd/ wkdw wkh ghgxfwleohv duh glfwdwhg e| vxssolhuv ri lqvxudqfh/ pljkw dovr frqwulexwh
wr h{sodlqlqj wkh odujh ghgxfwleohv/ exw wkdw vhhpv qrw wr kdyh ehhq h{dplqhg lq wkh
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olwhudwxuh1
Pdunhwv wkdw jlyh gl�huhqw lqvxudqfh iru gl�huhqfh ydoxhv ri ^ duh lq wkhru| frp0

sohwh dqg lq sudfwlfh xqfrpprq1 Wkh pruh uhdolvwlf fdvh lv wkdw ri d frqwudfw zlwk
d vlqjoh xsshu erxqg wkdw dssolhv uhjdugohvv ri wkh uhdol}dwlrq ri ^1 Lq uhvsrqvh wr
wkh frqyhuvlrq ulvn/ wkh frqvxphu pxvw vrphkrz fkrrvh dq xsshu olplw zkhq wkh
frqyhuvlrq srlqw/ zklfk zrxog ruglqdulo| eh wkh wdujhw/ ydulhv udqgrpo|1 Wkh jhqhudo
sulqflsoh vwloo dssolhv= jlyhq idlu suhplxpv/ wkh h{shfwhg pdujlqdo xwlolw| lq wkh }rqh
ehorz wkh xsshu olplw vkrxog htxdo wkh h{shfwhg pdujlqdo xwlolw| lq wkh }rqh deryh lw1
Lq wkh frxuvh ri ixuwkhu ghvfulelqj wklv rswlpl}dwlrq/ lqwhuhvwlqj dssolfdwlrqv dulvh1

Wkh yduldwlrq ri ^ lv olplwhg wr d �qlwh lqwhuydo d^fc ^�o1 Lqwxlwlyho| wkh rswlpxp
K vkrxog olh ehwzhhq ^f dqg ^�/ exw vrph ghulydwlrqv duh qhhghg wr frq�up wkh lqwx0
lwlrq1 Wkh vljql�fdqw dvvxpswlrq lv wkdw yduldwlrq lq � lv qlo dqg wkxv � ' �1 Wkh
xqfrqglwlrqdo suredelolw| ri lqvxudeoh orvv | lv �E|�1 Wkh suredelolw| glvwulexwlrq ri
frqyhuvlrq ulvn ghshqgv lq vrph zd| rq |/ dqg lv ghqrwhg }E^m|�1 Rwkhu qrwdwlrq lv
dv ehiruh= Wkh rswlrq wr frqyhuw lv wkh rswlrq wr dfklhyh � � 4�?d|c ^o1 Lqvxudqfh
ri gdpdjh kdv qhlwkhu ghgxfwleoh qru frsd|phqw/ exw lw grhv kdyh dq xsshu olplw K
vhohfwhg e| wkh frqvxphu1 Wkh lqghpqlw| lv 4�?dKc |o/ dqg dv ehiruh d idlu suhplxp
� EK� lv sdlg iru lw1

Wkh frqvxphu*v zhdowk lv

� �4�?d|c ^o n 4�?dKc |o� � EK�

Wkh jrdo ri wkh frqvxphu lv wr fkrrvh K wr pd{lpl}h wkh remhfwlyh
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Wkh rswlpxp lv irxqg e| fkrrvlqj K wr htxdwh wkh frqglwlrqdo pdujlqdo xwlolw| ri
zhdowk lq wkh wzr hyhqwv/ dfc K� dqg dKc4�1 Wkh frqglwlrqdo h{shfwdwlrqv ri pdujlqdo
xwlolw| ri zhdowk duh jlyhq lq htxdwlrqv +9, dqg +:,1 Wkh uhvxow K 5 d^fc ^�o zrxog eh
hdv| wr ghprqvwudwh li wkh xvxdo vhfrqg0rughu frqglwlrqv zhuh vdwlv�hg1 Rqh zrxog
fkhfn wkh vorsh ri wkh remhfwlyh dw ^f dqg ^�/ exw rqfh djdlq/ frqfdylw| lv odfnlqj1
Khqfh/ wkh surri lqyroyhv fkhfnlqj wkh vorsh ri wkh remhfwlyh wkurxjkrxw wkh grpdlq
ri K1

Sursrvlwlrq 7 Ohw � eh ulvn dyhuvh dqg 7� ghwhuplqlvwlf1 Iru doo |/ ohw wkh suredelolw|
ghqvlw| ixqfwlrq }E^m|� ri ^ kdyh vxssruw frqwdlqhg lq d^fc ^�o dqg phdq frqwdlqhg lq
E^fc ^��1 Wkhq wkh rswlpxp xsshu olplw rq lqvxudqfh/ KW/ vdwlv�hv ^f 	 KW 	 ^�1 Lq
wkh olplw dv ^f $ ^�/ KW dssurdfkhv ^f ' ^�1
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Surri1 Frqvlghu K 5 dfc ^fo1 Rq | 	 K/ h{shfwhg pdujlqdo xwlolw| lv frqvwdqw dw

��E7� � � EK�� '

] ^�

^'^f

��E7� � � EK��}E^m|�_^ +73,

dqg ulvhv wr kljkhu ohyhov rq | : K ehfdxvh orvvhv lq h{fhvv ri wkh xsshu olplw zloo
uhgxfh zhdowk dqg udlvh pdujlqdo xwlolw|1 Lq wklv udqjh

.d��E�( 7��m| : Ko� .d��E�( 7��m| � Ko : f +74,

E| Ohppd 4/ wkdw phdqv wkh vorsh ri wkh remhfwlyh lv srvlwlyh iru doo K 	 ^f1
Frqvlghu K 5 d^�c4�1 Rq | 	 ^f/ h{shfwhg pdujlqdo xwlolw| lv frqvwdqw dw ��E� �

� EK�� dv ehiruh1 Rq | 5 d^fc ^�o/ pdujlqdo xwlolw| dv d ixqfwlrq ri | lv] ^�

^'^f

��E� �4�?d|c ^o n |� � EK��}E^m|�_^ +75,

Wkh dujxphqw ri ��E�( 7�� rq wklv grpdlq lv dq htxdo ru vpdoohu txdqwlw| ehfdxvh zhdowk
lv ulvlqj lq dw ohdvw vrph ri wkh uhdol}dwlrqv ri ^1 Rq | 5 E^�c K�c pdujlqdo xwlolw| lv
idoolqj ehfdxvh iru doo ydoxhv ri ^/ zhdowk lv ulvlqj1 Rq | 5 dKc4�/ zhdowk lv frqvwdqw
dqg vr lv pdujlqdo xwlolw|/ dw wkh plqlpxp ohyho dfklhyhg dw | ' K1 Frqglwlrqdo
pdujlqdo xwlolwlhv wkhuhiruh vdwlvi|

.d��E�( 7��m| : Ko� .d��E�( 7��m| � Ko 	 f +76,

E| Ohppd 4/ wkdw phdqv wkh vorsh ri wkh remhfwlyh lv qhjdwlyh iru doo K : ^�1
Lw lv fohdu wkdw KW pxvw eh vrphzkhuh lq wkh lqwhuydo d^fc ^�o1 Wkh ehkdylru lq wkh

olplw dv ^f $ ^� lv reylrxv1

914 Xqghulqvxudqfh lq glvdvwhuv

Wkh sursrvlwlrq kdv sudfwlfdo vljql�fdqfh1 Frqvlghu wkh lqyhvwljdwlrqv xvxdoo| pdgh
lq wkh zdnh ri glvdvwhu iru wkh sxusrvh ri ghwhuplqlqj zkhwkhu wkh ylfwlpv zhuh
surshuo| lqvxuhg1 Wkh xvxdo �qglqj lv wkdw prvw ri wkhp zhuh qrw/ dqg wkh suhvhqw
prgho fdq eh dssolhg wr wu| wr h{sodlq wkdw �qglqj1

Vxssrvh wkh frqyhuvlrq0srlqw yduldeoh ^ wdnhv rq rqo| wkh wzr h{wuhph ydoxhv ^f
dqg ^�1 Glvdvwhu qrupdoo| hqfrxudjhv frqyhuvlrq ri wkh qhljkerukrrg/ riwhq pdnlqj
lw pruh ghvludeoh/ dqg wkdw phdqv wkdw wkh frqyhuvlrq srlqw lv orzhu lq d glvdvwhu
wkdq rwkhuzlvh1 Khqfh wkh orz ydoxh ri 7̂ dssolhv wr glvdvwhu orvvhv dqg wkh kljk ydoxh
fruuhvsrqgv wr qrq0glvdvwhu orvvhv1 Wkh frqyhqwlrqdo edvlv iru mxgjlqj wkh dghtxdf|
ri lqvxudqfh lv wkh qrq0glvdvwhu vwdwh lq zklfk wkh frqyhuvlrq wdnhv wkh kljk ydoxh/
dqg wkh frqyhqwlrqdo vwdqgdug ri ixoo lqvxudqfh lv lqvxudqfh xs wr wkdw ydoxh1 Hyhq
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diwhu d glvdvwhu rffxuv/ wkh dydlodeoh pdunhw gdwd duh iurp ehiruh wkh glvdvwhu dqg wkh
glvdvwhu0lqgxfhg ydoxhv ri odqg dqg lpsuryhphqwv duh xqrevhuydeoh xqwlo vrphwlph
lq wkh ixwxuh1 E| Sursrvlwlrq 5/ wkh frqvxphu fkrrvhv rswlpdoo| dq xsshu erxqg
ehorz wkh qrq0glvdvwhu ydoxh dqg wkxv lv xqghu0lqvxuhg e| frqyhqwlrqdo vwdqgdugv1
Sdudgr{lfdoo|/ wkh rswlpl}lqj frqvxphu lv ryhu0lqvxuhg lq wkh glvdvwhu vwdwh ehfdxvh
wkh rswlpxp xsshu olplw lv kljkhu wkdq wkh orz/ glvdvwhu0uhodwhg/ frqyhuvlrq srlqw1

915 Grhv ghpdqg lqfuhdvhB

Dq lqghshqghqw htxlw| ulvn ohdyhv xqfkdqjhg wkh ghpdqg iru lqvxudqfh dw idlu sulfhv1
Lq frqwudvw/ dq lqghshqghqw frqyhuvlrq ulvn fdq hlwkhu udlvh ru orzhu ghpdqg/ ghshqg0
lqj xsrq wkh glvwulexwlrq ri orvvhv1 Wklv idfw lv looxvwudwhg wkurxjk dq h{dpsoh1

Orrn dw wkh iroorzlqj frpsdulvrq ri wzr vlwxdwlrqv1 Lq wkh lqlwldo vlwxdwlrq/ wkh
frqyhuvlrq srlqw lv ghwhuplqlvwlf dw 7̂ ' �1 Wkh rswlpxp xsshu olplw lv K ' 7̂ ' �1
Frpsduh wkdw wr wkh vlwxdwlrq lq zklfk wkh frqyhuvlrq ulvn lv ^ ' f ru ^ ' 2 zlwk
htxdo suredelolw|/ d glvwulexwlrq zlwk d phdq ri �/ wkh vdph dv lq wkh lqlwldo vlwxdwlrq1
Wkh glvwulexwlrq ri gdpdjh lq erwk fdvhv lv wkh qhjdwlyh h{srqhqwldo �E|� ' e3|1
Frqvhtxhqwo|/ � EK� ' � � e3K1 Xwlolw| lv wkh wlph0krqruhg �E�� ' *?E��/ dqg 7� ' e1
Wkh jrdo ri wkh frqvxphu lq wkh vhfrqg fdvh lv wr fkrrvh K wr pd{lpl}h
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Wkh rswlpxp lv dfklhyhg dw wkh srlqw K ' ��ef�1 Wkdw ghprqvwudwhv wkh srvvlelolw|
wkdw dq lqghshqghqw frqyhuvlrq ulvn fdq udlvh wkh ghpdqg iru lqvxudqfh/ khuh e| iruw|
shufhqw1

Dowhuqdwlyho|/ wkh vlwxdwlrq pd| eh fkdqjhg e| xvlqj d glvwulexwlrq ri gdpdjh
htxdo wr �E|� ' ee3e|/ zklfk kdv wkh h�hfw ri vkliwlqj suredelolw| zhljkw iurp kljkhu
wr orzhu ohyhov ri gdpdjh1 Lq wkdw fdvh/ wkh rswlpxp xsshu olplw lv K ' �D�D/ d
ghfuhdvh lq ghpdqg ri 7; shufhqw1 Wkxv/ dv surplvhg/ wkh lqghshqghqw frqyhuvlrq
ulvn fdq hlwkhu udlvh ru orzhu ghpdqg iru wkh xqghuo|lqj lqvxudqfh1
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: Frqfoxglqj uhpdunv
Htxlw| ulvn lv vhhq frqwlqxdoo| lq wkh  xfwxdwlrqv ri uhdo hvwdwh pdunhwv/ exw frqyhuvlrq
ulvnv duh klgghq1 Lq wkhru| wkh frqyhuvlrq ulvn lv revhuydeoh dv d  xfwxdwlrq lq wkh
gl�huhqfh ehwzhhq surshuw| ydoxh dqg odqg ydoxh/ exw lq sudfwlfh pdunhwv lq ydfdqw
odqg duh wklq dqg sulfhv lq wkhp duh qrw sxeolfl}hg1 Pruhryhu/ frqyhuvlrq lvvxhv
duh qrw sduw ri wkh lqirupdo lqvxudqfh hgxfdwlrq wkdw frqvxphuv devrue iurp wkhlu
lqvxudqfh djhqwv1

Frqyhuvlrq lv dq lvvxh zkhq orvvhv duh odujh/ dqg odujh orvvhv dffrxqw iru d vxe0
vwdqwldo iudfwlrq ri lqghpqlwlhv sdlg lq prvw olqhv ri surshuw| lqvxudqfh1 Lw zrxog
vhhp wr iroorz wkdw frqyhuvlrq lv fhqwudo wr lqvxudqfh ghflvlrqv/ exw surshuw| lqvxu0
dqfh frqwudfwv gr qrw dgguhvv lw1 Ehfdxvh frqyhuvlrq lv qrw wuhdwhg lq wkh frqwudfw/
lvvxhv wkdw vkrxog eh sduw ri wkh djuhhphqw duh ohiw wr eh qhjrwldwhg diwhu wkh hyhqw1
Fhuwdlqo| hyhu| pdmru orvv zloo hqg zlwk vrph qhjrwldwlrq ehwzhhq wkh lqvxuhu dqg wkh
folhqw1 Vxfk srvw frqwudfwxdo qhjrwldwlrq lv dw ehvw frvwo| dqg dw zruvw dq lqylwdwlrq
wr dexvh1 Lq rqh jdpelw/ khdy| gdpdjh rffxuv dqg wkh ehvw ghflvlrq lv wr frqyhuw1
Wkh folhqw pdnhv d fodlp edvhg xsrq dq hvwlpdwh ri wkh gdpdjh � dq hvwlpdwh/ wkdw lv/
ri wkh frvw wr uhvwruh wkh surshuw|1 Wkh lqvxuhu glvsxwhv wkh dprxqw dqg fkdoohqjhv
wkh folhqw wr suryh wkh mxvwlfh ri klv kljkhu fodlp e| dfwxdoo| uhvwrulqj wkh surshuw|/
d fkdoohqjh erwk sduwlhv nqrz lv kljko| xqdsshdolqj dqg zdvwhixo1 Hdfk sduw| kdv
d prwlyh wr glvwruw/ ohdglqj wr d frq lfw ri wkh vruw wkdw frqwudfwxdo uhodwlrqv duh
vxssrvhg wr suhyhqw1 Krz frqwudfwv pljkw eh fkdqjhg wr dgguhvv frqyhuvlrq ydoxh
lv xqfohdu dqg d zruwkzkloh duhd iru ixuwkhu vwxg| dqg lqqrydwlrq1 Phdqzkloh/ wkh
rqh sdooldwlyh lv iru folhqwv wr xqghu lqvxuh e| dprxqwv vx!flhqw wr suhyhqw srvw0orvv
glvsxwhv1

Frqyhuvlrqv duh w|slfdoo| pruh pdunhg lq glvdvwhu orvvhv wkdq lq rwkhuv1 Wkxv glv0
dvwhuv duh dq h{wuhph fdvh lq zklfk wkh frqwudfwv duh lqdssursuldwh/ dqg lw lv h{shfwhg
wkdw srvw0hyhqw qhjrwldwlrq zloo eh frpprq1 Wkh Rdnodqg �uh lv d kljko| sxeolfl}hg
h{dpsoh1 Lq wkdw fdvh/ fxulrxvo|/ wkh rxwfrph idyruhg wkh folhqwv1 Dowkrxjk lqvxuhuv
frxog kdyh dujxhg wkdw orvvhv zhuh ohvv wkdq wkh| vhhphg/ wkh| glg qrw gr vr/ shukdsv
ehfdxvh wkh devhqfh ri dq| phqwlrq ri frqyhuvlrq lq wkh xqghuo|lqj frqwudfwv jdyh
wkhp qr jurxqgv1

Lqvxuhuv vrphwlphv r�hu d krphrzqhu*v srolf| wkdw sd|v �uhsodfhphqw frvw1� Wkh
lghd lv wkdw wkh frvw wr uhvwruh wkh surshuw| pljkw wxuq rxw wr eh kljkhu wkdq wkh
xsshu olplw flwhg lq wkh frqwudfw/ dqg wkh lqvxuhu surplvhv lq wkdw fdvh wr sd| wkh
kljkhu frvw1 Vxfk srolflhv kdyh olplwhg ydoxh wr wkh folhqw zkhq frqyhuvlrq rffxuv/
vlqfh wkh �uhsodfhphqw frvw� fdqqrw eh yhul�hg1

Uhfhqwo| krphrzqhuv* frqwudfwv r�hu d ulghu wr fryhu wkh h{wud frvw ri xsjudghv
wkdw duh uhtxluhg wr phhw fxuuhqw exloglqj frghv/ d frvw wkdw lv uhsruwhg wr eh vxe0
vwdqwldo1 Wkh ulghu lv dq h{solflw uhfrjqlwlrq wkdw frqyhuvlrq ri dw ohdvw rqh w|sh lv
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w|slfdo1 Dw wkh vdph wlph/ wkh ulghu lv uhwurjudgh lq dvvxplqj wkdw wkh frqyhuvlrq
zloo frqvlvw vroho| ri frgh xsjudghv qhhghg wr uhsodfh wkh h{lvwlqj vwuxfwxuh/ dqg lq
wkdw zd| lw suhvhuyhv wkh dgmxvwhu*v ohyhudjh wr glvsxwh wkh uhsodfhphqw frvw zkhq wkh
folhqw fkrrvhv wr frqyhuw1 Vhsdudwlqj wkh fryhudjhv lv d wkhruhwlfdo lpsuryhphqw lq
frqwudfwv ehfdxvh lw hqdeohv sodqqlqj iru frqyhuvlrq1 Dv vxfk lw looxvwudwhv wkh jdlqv
wkdw duh dydlodeoh iurp h{solflwo| uhfrjql}lqj frqyhuvlrq1

Uhihuhqfhv
^4` Fdvh/ Nduo H1/ Urehuw M1 Vkloohu dqg Doodq Q1 Zhlvv/ 4<<6/ Lqgh{0Edvhg Ixwxuhv

dqg Rswlrqv Pdunhwv lq Uhdo Hvwdwh/ Mrxuqdo ri Sruwirolr Pdqdjhphqw/ Zlqwhu1
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^7` Jduudww/ U1 dqg M1 P1 Pduvkdoo/ 4<<9/ Lqvxudeoh Lqwhuhvw/ Rswlrqv wr Frqyhuw/
dqg Ghpdqg iru Xsshu Olplwv lq Rswlpxp Surshuw| Lqvxudqfh/ Mrxuqdo ri Ulvn
dqg Lqvxudqfh/ 96= 4;805391

^8` Jroolhu/ F1/ 4<;:/ Wkh Ghvljq ri Rswlpdo Lqvxudqfh zlwkrxw wkh Qrqqhjdwlylw|
Frqvwudlqwv rq Fodlpv/ Mrxuqdo ri Ulvn dqg Lqvxudqfh/ 87= 64506571

^9` Nlpedoo/ P1 V1/ 4<<3/ Suhfdxwlrqdu| Vdylqj lq wkh Vpdoo dqg lq wkh Odujh/ Hfrqr0
phwulfd/ 8;= 860:61

^:` Nlpedoo/ P1 V1/ 4<<6/ Vwdqgdug Ulvn Dyhuvlrq/ Hfrqrphwulfd/ 94= 8;<09441

^;` Nlpedoo/ P1 dqg O1 Hhfnkrxgw/ Edfnjurxqg Ulvn/ Suxghqfh/ dqg wkh Ghpdqg
iru Lqvxudqfh/ 4<<5/ lq Frqwulexwlrqv wr Lqvxudqfh Hfrqrplfv/ Jhrujhv Glrqqh
hg1 Noxzhu Dfdghplf Sxeolvkhuv/ Ervwrq/ 56<05871

^<` Pd|huv/ G1 dqg F1 Z1 Vplwk Mu1/ 4<;6/ Wkh Lqwhughshqghqfh ri Lqglylgxdo Sruw0
irolr Ghflvlrqv dqg wkh Ghpdqg iru Lqvxudqfh/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ <4=
63706441

^43` Udyly/ D1/ 4<:</ Wkh Ghvljq ri dq Rswlpdo Lqvxudqfh Srolf|/ Dphulfdq Hfrqrplf
Uhylhz/ 9<= ;70<91
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^44` Vkloohu/ Urehuw M1 dqg Doodq Q1 Zhlvv/ Krph Htxlw| Lqvxudqfh/ 4<<;/ Qdwlrqdo
Exuhdx ri Hfrqrplf Uhvhdufk Zrunlqj Sdshu 4<<7/ iruwkfrplqj lq Mrxuqdo ri
Uhdo Hvwdwh Ilqdqfh dqg Hfrqrplfv1
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