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4 Lqwurgxfwlrq
H{foxvlrqv duh sduw ri dq| surshuw| lqvxudqfh1 D surwrw|slfdoo| vlpsoh frqwudfw
fryhuv orvvhv iurp d vlqjoh shulo exw h{foxghv orvvhv iurp doo rwkhu shulov dqg/ w|slfdoo|/
iurp wkh lqvxuhg shulo lq vrph lqvwdqfhv1 Dowhuqdwlyho|/ d frpsoh{ frqwudfw olnh dq|
ri wkh irupv ri krphrzqhuv lqvxudqfh fryhuv d zlgh udqjh ri shulov1 Wkh h{foxvlrqv
duh ihzhu exw pruh dfxwho| uhfrjql}hg/ w|slfdoo| fdwdvwurskh ulvnv vxfk dv  rrg dqg
hduwktxdnh1

Ghpdqg iru lqvxudqfh lv lpsdfwhg e| h{foxghg ulvnv1 Iru lqvwdqfh/ wkh odfn ri
hduwktxdnh fryhudjh fdq eh d vljql�fdqw idfwru lq wkh ghpdqg iru krphrzqhuv lqvxu0
dqfh/ dqg olplwdwlrqv rq fryhudjh ri dxwrpreloh oldelolw| fdq lq xhqfh wkh ghflvlrq wr
sxufkdvh fryhudjh iru froolvlrq1 Wkhuh duh wzr frqwudu| whqghqflhv khuh= H{foxvlrqv
pljkw lqfuhdvh ghpdqg e| khljkwhqlqj ulvn dyhuvlrq/ ru wkh| pljkw kdyh wkh rssrvlwh
h�hfw e| orzhulqj wkh txdolw| ri lqvxudqfh1 Wkh edodqfh ehwzhhq wkhvh whqghqflhv
ghshqgv xsrq wkh h{dfw irup ri wkh lqvxudqfh frqwudfw/ dv wklv sdshu vkrzv1

Klvwrulfdoo|/ wkh jurzwk ri fryhudjhv riwhq frqvlvwv ri dgglqj qhz shulov wr frq0
wudfwv iru suhylrxvo| fryhuhg shulov1 Wkxv fxuuhqw krphrzqhuv srolflhv dulvh iurp
fryhudjh �uvw ri �uh dqg wkhq iurp vxffhvvlyh dffxpxodwlrq ri wkhiw fryhudjh/ oldelolw|
fryhudjh/ dqg vr rq1 Wkhuh duh qxphurxv lqfhqwlyhv iru wklv w|sh ri dffxpxodwlrq/
dqg wkh lqwhuhvwlqj srvvlelolw| h{dplqhg khuh lv wkdw wkh dgglwlrq ri d qhz fryhudjh
pljkw lqfuhdvh ghpdqg iru wkh rog rqh1

5 Suhfxuvruv
Wkh fodvvlf wkhru| ri ghpdqg iru lqvxudqfh ljqruhv h{foxvlrqv ehfdxvh lw dvvxphv wkdw
ulvnv wr zhdowk duh lqvxudeoh1 Wkh wkhru| ri edfnjurxqg ulvn dphqgv wkh wkhru| e|
uhfrjql}lqj dq lpshuihfw delolw| wr lqvxuh41 Lq d w|slfdo dssolfdwlrq ri edfnjurxqg
ulvn/ zhdowk frqvlvwv ri ulvn| uhdo surshuw|/ zklfk lv lqvxudeoh/ dqg d ulvn| �qdqfldo
ru kxpdq fdslwdo sruwirolr/ zklfk lv qrw/ dqg wkh suhvhqfh ri wkh xqlqvxudeoh ulvn
lq xhqfhv wkh ghpdqg iru lqvxudqfh ri wkh lqvxudeoh rqh1

Wkh dvvxpswlrqv ri wkh fodvvlf dqg edfnjurxqg0ulvn prghov duh vxppdul}hg lq wkh
wdeoh ehorz1 Ulvn| zhdowk lv � lq wkh fodvvlf fdvh/ lw lv lqvxudeoh/ dqg frqvxphuv
vhohfw d yhfwru ri sdudphwhuv w vxfk dv suhplxp/ ghgxfwleohv dqg frlqvxudqfh/ ohdglqj
wr lqvxudqfh UE�( w� 1 Wkh frpsrqhqwv ri zhdowk lq wkh fdvh ri edfnjurxqg ulvn duh
udqgrp yduldeohv % dqg +1 Wkh ulvnv duh dgglwlyh dqg lqvxudqfh lv dydlodeoh rqo| iru
wkh % frpsrqhqw1

4Vhh Grkhuw| dqg Vfkohvlqjhu +4<;6,/ Vplwk dqg Pd|huv +4<;6,/ Nlpedoo +4<<3,/ Nlpedoo dqg
Hhfnkrxgw +4<<6,/ dqg Jduudww dqg Pduvkdoo +4<<<,1
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xwlolw| lqvxudqfh
fodvvlf LE�� UE�( w�

edfnjurxqg ulvn LE%n +� UE%( w�

Wkh h�hfwv ri edfnjurxqg ulvn xsrq rswlpxp lqvxudqfh vkrxog eh h{shfwhg wr
ghshqg xsrq wkh prgho ri lqvxudqfh UE%( w�1 Qhyhuwkhohvv/ wkh h{lvwlqj uhvxowv duh
txlwh vlplodu/ dqg w|slfdoo| kdyh wklv irup= Wkh vwduwlqj dvvxpswlrq lv wkdw + lv
lqvxudeoh dw idlu sulfhv/ lv wkhuhiruh ixoo| lqvxuhg/ dqg khqfh wkhuh lv qr edfnjurxqg
ulvn1 Uhprylqj lqvxudqfh ri + kdv qr h�hfw zkhq lqvxudqfh ri % lv idluo| sulfhg
ehfdxvh wkhq % lv ixoo| lqvxuhg uhjdugohvv ri wkh vwdwxv ri +1 Wkh lqwhuhvwlqj fdvh
lv wkdw lqvxudqfh ri % lv xqidluo| sulfhg dqg wkhuhiruh/ hyhq lq wkh edvh fdvh/ sduwldo1
Qrz wkh h�hfw ri edfnjurxqg ulvn lv ghshqghqw xsrq wkh fruuhodwlrq ehwzhhq % dqg
+1 Srvlwlyh fruuhodwlrq/ }hur fruuhodwlrq/ ru d vpdoo qhjdwlyh fruuhodwlrq doo lpso|
wkdw lqvxudqfh ri % zloo lqfuhdvh1 Vx!flhqw qhjdwlyh fruuhodwlrq ohdgv wr ohvv pdunhw
lqvxudqfh ri % ehfdxvh wkh frqvxphu srvvhvvhv lq + d nlqg ri vhoi0lqvxudqfh1 Wkh
sureohp lq vshfl�f lqvwdqfhv lv wr ghwhuplqh wkh ghjuhh ri fruuhodwlrq wkdw lv vx!flhqw
wr uhgxfh ghpdqg iru lqvxudqfh ri %/ dqg wkdw fdq eh d kdug sureohp wr vroyh1

Wkh suhydohqfh ri wklv w|sh ri uhvxow lv h{sodlqhg lq sduw e| fkdqfh dqg lq sduw e|
d whqghqf| wr prgho lqvxudqfh dv wkh fkrlfh ri d frlqvxudqfh iudfwlrq1 Lq Pd|huv dqg
Vplwk/ Grkhuw| dqg Vfkohvlqjhu/ dqg vrph ri wkh uhvxowv lq Nlpedoo dqg Hhfnkrxgw/
wkh prgho lv frlqvxudqfh dqg wkh uhvxowv duh ghshqghqw xsrq ghjuhhv ri fruuhodwlrq
ehwzhhq wkh lqvxudeoh dqg xqlqvxudeoh ulvnv1 Rwkhu uhvxowv ri Nlpedoo dqg Hhfnkrxgw
frqfhuq wkh ghgxfwleoh/ exw fruuhodwlrqv duh vwloo fhqwudo1 Jduudww dqg Pduvkdoo +4<<<,
h{dplqh d gl�huhqw prgho ri lqvxudqfh � wkh vdph rqh xvhg ehorz � lq wkh suhvhqfh
ri d sduwlfxodu w|sh ri edfnjurxqg ulvn/ dqg djdlq �qg wkdw fruuhodwlrqv duh fulwlfdo1

Wkh frqfhqwudwlrq ri dwwhqwlrq rq wkh frlqvxudqfh prgho lv qrw lqdssursuldwh1
Wkh prgho lv lqkhulwhg iurp wkh fodvvlf wkhru|/ lq zklfk ulvnv wr zhdowk duh lqvxuhg dqg
dv d frqvhtxhqfh wkhuh duh qr lpphgldwh eduulhuv wr ixoo lqvxudqfh ri zhdowk1 Lq wkdw
frqwh{w wkh frlqvxudqfh prgho lv dv jrrg dv dq| rwkhu/ dqg lw lv pruh frqyhqlhqw wkdq
prvw1 Wkhvh mxvwl�fdwlrqv duh zhdnhu lq wkh frqwh{w ri olplwhg lqvxudqfh1 Lqvwhdg ri
lqvxulqj zhdowk ru frpsrqhqwv ri zhdowk/ olplwhg lqvxudqfh frqwudfwv lqvxuh gdpdjhv/
oldelolwlhv/ dqg orvvhv1 Wudqvodwlqj gdpdjh lqwr uhgxfwlrq ri zhdowk lv/ dv looxvwudwhg lq
Jduudww dqg Pduvkdoo +4<<9/ 4<<<,/ dqg ehorz/ qrw frpsohwho| dxwrpdwlf1 Pruhryhu/
frlqvxudqfh srolflhv duh xqfrpprq lq lpsruwdqw lqvwdqfhv ri olplwhg lqvxudqfh vxfk
dv surshuw| lqvxudqfh/ zklfk lv wkh pdlq lqwhuhvw khuh1 Zkloh frlqvxudqfh srolflhv
duh uduh lq surshuw| lqvxudqfh/ srolflhv zlwk xsshu olplwv duh suhydohqw1 Wklv sdshu
h{dplqhv edfnjurxqg ulvn lq d prgho ri lqvxudqfh wkdw fhqwhuv rq fkrlfh ri wkh xsshu
olplw1
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6 H{foxvlrqv
Wkh edfnjurxqg ulvn zh vwxg| dulvhv iurp wzr w|shv ri h{foxvlrqv lq fryhudjh ri
gdpdjh wr surshuw|1 Rqh lv h{foxvlrq e| shulo � d krphrzqhu*v srolf| pd| fryhu �uh
exw h{foxgh ulvlqj zdwhuv1 Wkh vwuxfwxuh ri h{foxvlrq e| shulo lv qdwxudoo| ghvfulehg dv
iroorzv= Wkh frqvxphu kdv vrph qrqudqgrp frpsrqhqwv ri zhdowk wkdw duh ljqruhg1
Lq dgglwlrq/ vkh kdv d surshuw| zlwk xqgdpdjhg ydoxh 7� wkdw lv vxemhfw wr wzr shulov1
Gdpdjhv iurp wkh vhsdudwh shulov duh uhsuhvhqwhg e| wkh udqgrp yduldeohv | dqg o/
dqg wrwdo gdpdjh lv s zklfk vdwlv�hv s � 4@ d|c oo1 Lqvxudqfh lv dydlodeoh iru |
rqo|1

Wkh vhfrqg w|sh ri h{foxvlrq lv e| hyhqw � wkh srolf| h{foxghv orvvhv iurp wkh
lqvxuhg shulov li wkh fdxvh ri orvv lv/ iru lqvwdqfh/ dq dfw ri zdu ru d flylo lqvxuuhfwlrq1
Hyhqw h{foxvlrqv duh gl�huhqw1 Gdpdjh iurp wkh shulo lv ghqrwhg e| |/ dqg wkh hyhqw
� wkh zdu ru flylo lqvxuuhfwlrq � lv uhsuhvhqwhg e| d vhw ( ri ydoxhv ri d vhfrqg udqgrp
yduldeoh e1 Gdpdjh lv h{foxghg iurp wkh lqvxudqfh frqwudfw zkhq e ehorqjv wr (1
Dv ehiruh/ fkrlfh ri lqvxudqfh lv fkrlfh ri sdudphwhuv w1

xwlolw| lqvxudqfh
h{foxvlrq e| shulo �E7� � s� UE|( w�
h{foxvlrq e| hyhqw �E7� � |� UE|me *5 (( w�

H{foxvlrq e| hyhqw lv sdudooho wr lghdv vwxglhg e| Fkhq +4<<:, lq klv zrun rq
lqvroyhqf| ri lqvxudqfh frpsdqlhv1

Wkh wdeoh gh�qhv h{foxvlrq ulvnv lq d qdwxudo zd|/ exw lw lv qrw lpphgldwh wkdw
wkhvh h{foxvlrq ulvnv kdyh wkh qhfhvvdu| dgglwlyh ihdwxuh ri edfnjurxqg ulvn1 Wkh|
pxvw eh uhfdvw irupdoo| dv h{dpsohv ri edfnjurxqg ulvn1 Wkh ulvn ri h{foxvlrq e|
shulo fdq eh uhzulwwhq e| revhuylqj wkdw

7� � s ' 7� � |n E|� s�

Wkxv zhdowk lv wkh vxp ri dq lqvxudeoh 7� � |/ dqg dq xqlqvxudeoh | � s 1 Vlploduo|/
zhdowk lq h{foxvlrq e| hyhqw fdq eh ghfrpsrvhg lqwr wzr udqgrp yduldeohv1 Wkh| duh
% ' 7� � | li e *5 ( dqg % ' f rwkhuzlvh> dqg + ' 7� � | li e 5 ( dqg + ' f rwkhuzlvh1
Wkhq zhdowk lv %n + dqg wkh % frpsrqhqw lv lqvxudeoh zkloh wkh + frpsrqhqw lv qrw1
Wkhvh irupxodwlrqv duh xvhixo iru fodvvli|lqj wkh wzr w|shv ri h{foxvlrq dv edfnjurxqg
ulvnv/ exw wkh dgglwlyh irup lv vxssuhvvhg lq wkh dqdo|vlv ehorz1

7 Surshuw| lqvxudqfh
H{foxvlrq lv sduwlfxoduo| lqwhuhvwlqj lq prghov ri surshuw| lqvxudqfh iru frqvxphuv1
Fkdudfwhulvwlfdoo|/ wkh ghgxfwleoh lv lqvljql�fdqw/ wkhuh lv qr frlqvxudqfh/ dqg wkh
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fkrlfh yduldeoh lv wkh xsshu olplw1 Wkh lqvxudqfh frqwudfw lv zulwwhq lq whupv ri
gdpdjh wr surshuw|1 Wkh frqfhsw ri gdpdjh lv lpsruwdqw= lw lv wkh frvw wr uhvwruh
wkh surshuw| wr lwv suh0hyhqw frqglwlrq1 Sudfwlfdo dssolfdwlrq ri gdpdjh pd| ghyl0
dwh vrphzkdw iurp wkh gh�qlwlrq/ dv glvfxvvhg lq Jduudww dqg Pduvkdoo +4<<<,/ exw
wkh ghyldwlrqv duh voljkw dqg gr qrw pdwhuldoo| d�hfw wkh dqdo|vlv1 Wkh lpsruwdqw
fkdudfwhulvwlf ri uhdo surshuw| lv wkdw wkh suhvhqw exloglqj pljkw eh ud}hg dqg wkh
vlwh frqyhuwhg wr d gl�huhqw xvh1 W|slfdoo| wkh fxuuhqw exloglqj rq d vlwh lv lq vrph
phdvxuh ghsuhfldwhg dqg revrohwh/ dqg lw pd| eh hqwluho| gl�huhqw iurp wkh exloglqj
wkdw zrxog kdyh wkh kljkhvw ydoxh rq wkh vlwh e| wrgd|*v vwdqgdugv1

Dv d frqvhtxhqfh ri wkh rswlrq wr frqyhuw/ orvv ri zhdowk iurp gdpdjh lv erxqghg1
Diwhu voljkw gdpdjh wkh exloglqj lv uhvwruhg/ exw zkhq gdpdjh sdvvhv d fulwlfdo ohyho
wkh exloglqj lv ud}hg dqg uhsodfhg e| vrphwklqj gl�huhqw1 Rqfh gdpdjh sdvvhv wkh
fulwlfdo ohyho/ ixuwkhu gdpdjh grhv qrw uhgxfh zhdowk1 Lq wkdw zd|/ wkh dprxqw ri
gdpdjh wkdw lv eduho| vx!flhqw wr lqgxfh frqyhuvlrq lv wkh erxqg rq orvv ri zhdowk
iurp gdpdjh51

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 s 1 Wkh surshuw| lq
xqgdpdjhg frqglwlrq zrxog kdyh d ydoxh ri 7�1 Zkhq wkh rzqhu ri gdpdjhg surshuw|
uhvwruhv lw/ kh dwwdlqv zhdowk 7� � s 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 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 zkhwkhu wr uhvwruh ru frqyhuw lv wkh ghflvlrq wr vhohfw
wkh juhdwhu ri 7�� s dqg �W� S1 Dw wkh fulwlfdo ohyho ri gdpdjh/ 7̂ ' 7�� E�W� S�/ wkh
rswlrqv duh htxdoo| ydoxdeoh1 Diwhu vrph uhzulwlqj/ wkh rswlrq wr frqyhuw ehfrphv
wkh rswlrq wr srvvhvv 4@ d7�� sc 7�� 7̂o ru/ htxlydohqwo|/ 7��4�?dsc 7̂o1 Wkxv/ 7�� 7̂ 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 7̂1 Wkh ulvn ri s +frqglwlrqdo suredelolw| ghqvlw| ixqfwlrq
}Es m|�, pd| ru pd| qrw eh ghshqghqw rq wkh ulvn ri | +suredelolw| ghqvlw| ixqfwlrq
�E|�,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

5Jduudww dqg Pduvkdoo/ 4<<9/ 4<<< hoderudwh wkh srlqw1

7



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

7� �4�?d7̂c s o n 4�?dKc |o� � EK�� +5,

Wkh h{suhvvlrq fdswxuhv 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
Wkh h{foxvlrq lv vhhq lq wkh gl�huhqfh ehwzhhq wkh dfwxdo gdpdjh s dqg wkh lqvxudeoh
gdpdjh |1 Rwkhu ihdwxuhv duh vwdqgdug1

8 H{foxvlrq e| shulo
Wkuhh w|shv ri �gdpdjh� duh lqyroyhg1 Lqvxudeoh gdpdjh | lv wkh frvw wr uhvwruh orvvhv
fdxvhg e| rqh shulo/ xqlqvxudeoh gdpdjh o lv wkh frvw wr uhvwruh orvvhv fdxvhg e| wkh
rwkhu/ dqg mrlqw gdpdjh s lv wkh zkroh frvw wr uhvwruh wkh surshuw| wr lwv suh0gdpdjh
frqglwlrq1 Wkh wkuhh gdpdjhv duh mrlqwo| glvwulexwhg/ zlwk wkh iroorzlqj uhvwulfwlrqv=
Zkhq | ' f/ s ' o/ dqg zkhq o ' f/ s ' |1 Lq dgglwlrq/ wkh wrwdo frvw fdq eh dv olwwoh
dv 4@ d|c oo1 Iru lqvwdqfh/ li d krxvh lv vkdnhq wr slhfhv e| dq hduwktxdnh dqg dovr
exuqhg wr wkh jurxqg/ wkh zkroh frvw wr uhvwruh wkh surshuw| lv wkh frvw ri uhexloglqj
wkh krxvh1 Lq wkdw fdvh | ' o ' s 1 Dw ohdvw wkdw lv wuxh zkhq gl�huhqfhv lq ghprolwlrq
frvwv duh ljqruhg/ dv wkh| duh khuh1 Rq wkh rwkhu kdqg/ wkh mrlqw gdpdjh fdq h{fhhg
wkh vxp ri wkh lqvxudeoh dqg xqlqvxudeoh gdpdjhv/ dv zkhq d  rrg wdnhv dzd| wkh
gulyh/ d �uh ghvwur|v wkh krxvh/ dqg wkh odfn ri d gulyh pdnhv uhvwrudwlrq ri wkh krxvh
pruh h{shqvlyh e| ghod|lqj lw1

Wkh frqvxphu ri lqvxudqfh lv d ulvn dyhuvh pd{lpl}hu ri h{shfwhg xwlolw| zlwk
xwlolw| ixqfwlrq �1 Wkh sureohp ri wkh frqvxphu lv wr fkrrvh wkh xsshu olplw rq
lqvxudqfh/ K/ vr dv wr pd{lpl}h

.|cs�E7� �4�?ds c 7̂o n 4�?dKc |o� � � '
"]

|'f

5
7 "]
s'|

�E7� �4�?ds c 7̂o n 4�?dKc |o� � �}Es m|�_s
6
8�E|�_| +6,

Lw lv frqyhqlhqw wkdw wkh gdpdjh iurp wkh xqlqvxuhg shulo grhv qrw dsshdu h{solflwo|1
Ohvv frqyhqlhqw lv wkh idfw wkdw wkh ixqfwlrq ehlqj rswlpl}hg lv qrw joredoo| frqfdyh
lq K16

6J)P +4<<<, ghvfuleh wklv gl!fxow| lq ghwdlo1
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Wkh lqwhuhvwlqj vlwxdwlrqv duh rqhv lq zklfk wkh zkroh orvv s vrphwlphv h{fhhgv
wkh lqvxudeoh orvv |/ dqg vrphwlphv h{fhhgv wkh fds 7̂ rq gdpdjh sodfhg e| rswlrqv
wr frqyhuw1 Rwkhuzlvh wkh vlwxdwlrq uhgxfhv wulyldoo| wr d vlqjoh lqvxudeoh orvv1 Wkh
iroorzlqj uhvxow krogv wuxh li hlwkhu ri wkh qrq0wulyldolw| frqglwlrqv grhv1

Sursrvlwlrq 4 Vxssrvh wkdw � lv ulvn dyhuvh dqg wkdw wkhuh lv srvlwlyh suredelolw|
pdvv rq dw ohdvw rqh ri wkh vhwv/ iE|c s�m| 5 Efc 7̂�c s 5 E|c 7̂�j dqg iE|c s�m| 5
Efc 7̂�c s 5 E7̂c4�j1 Lqvxudqfh lv idluo| sulfhg1 Wkhq wkh rswlpxp xsshu erxqg
rq lqvxudqfh ri lqvxudeoh ulvn | lv K 	 7̂1

Surri1 Vlqfh frqfdylw| lv qrw joredo/ wkh surri frqvlvwv ri fkhfnlqj wkdw iru doo K � 7̂/
wkh ghulydwlyh ri wkh remhfwlyh lv qhjdwlyh1 Udwkhu wkdq surylqj gl�huhqwldelolw| dw
K ' 7̂/ lw lv pruh frqyhqlhqw wr vkrz wkdw erwk lwv uljkw0kdqg dqg ohiw0kdqg ghulydwlyhv
duh qhjdwlyh dw wkdw srlqw1 Hovhzkhuh gl�huhqwldelolw| lv reylrxv1 Ohw wkh remhfwlyh
lq htxdwlrq +6, eh ghqrwhg e| gEK�1 Orrn dw wkh vlwxdwlrq lq zklfk f 	 K 	 7̂1 Lq
wkdw udqjh/ h{shfwhg xwlolw| lv zulwwhq=
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Wkh ghulydwlyh zlwk uhvshfw wr K lv
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Wkh Ohleqlw} uxoh whupv fdqfho1
Xvh wkh gh�qlwlrq ri wkh suhplxp ixqfwlrq lq htxdwlrq +4, wr ghulyh
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Wkh lqwhjudqgv lq wkh lqqhu0prvw eudfnhwv duh qhjdwlyh rq vhwv kdylqj qrq}hur
suredelolw| dqg qrq srvlwlyh hyhu|zkhuh1 Wkhuhiruh/ zkhq dssurdfklqj iurp wkh ohiw/

g �E7̂� 	 f +44,

Wr frpsohwh wkh surri/ orrn dw wkh vlwxdwlrq lq zklfk f 	 7̂ 	 K1 Lq wkdw udqjh/
h{shfwhg xwlolw| lv zulwwhq=
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Wkh ghulydwlyh zlwk uhvshfw wr K lv
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Djdlq/ wkh Ohleqlw} uxoh whupv fdqfho1
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dqg jhw
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Wkhq
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Wkh h{suhvvlrqv lq vtxduh eudfnhwv duh vrphwlphv srvlwlyh dqg dozd|v qrq qhjdwlyh1
Wkhuhiruh g �EK� 	 f iru doo K : 7̂1

Wkh frqfoxvlrq lv wkdw wkh rswlpxp K vdwlv�hv K 	 7̂1

Lw lv reylrxv wkdw lq wkh devhqfh ri wkh xqlqvxuhg shulo/ wkh rswlpxp xsshu olplw
lv K ' 7̂1 Wkxv wkh ghulydwlrq vkrzv wkdw wkh xqlqvxuhg shulo pdnhv wkh rswlpxp
xsshu olplw ohvv wkdq lw zrxog eh lq wkh devhqfh ri wkh xqlqvxuhg shulo/ dqg ohvv wkdq
lw zrxog eh lq dq doo0shulo srolf| wkdw lqvxuhg s 1

Wkh uhvxow grhv qrw uho| rq dq| sduwlfxodu ghshqghqfh1 Hyhq li s lv shuihfwo|
fruuhodwhg zlwk |/ wkhuh lv qhyhuwkhohvv d uhgxfhg ghpdqg iru lqvxudqfh ri |1 Wklqn
ri wkh fdvh wkdw s ' 2|/ shuihfw fruuhodwlrq1 Vwduw zlwk vpdoo |1 Wkh wrwdo orvv lv
2|/ lqghpqlw| lv |/ dqg wkh xqlqvxuhg orvv lv |1 Qrz frqvlghu surjuhvvlyho| odujhu
uhdol}dwlrqv ri |1 Wkh xqlqvxuhg orvv jurzv xqwlo | ' �D7̂1 Dw wkdw srlqw s ' 7̂ dqg
ixuwkhu gdpdjh grhv qrw ixuwkhu glplqlvk zhdowk1 Dv | jurzv ixuwkhu/ wkh xqlqvxuhg
orvv ghfolqhv dqg uhdfkhv }hur zkhq | ' 7̂/ dvvxplqj wkdw K lv odujh hqrxjk1 Qrz
frqvlghu wkh srvvlelolw| wkdw K ' 7̂ pljkw eh wkh rswlpxp xsshu olplw1 Odujh orvvhv

<



duh ixoo| lqvxuhg/ vr d odujhu K pdnhv qr vhqvh/ dqg wkhuh lv/ lq idfw/ d uhdvrq wr orzhu
K1 Grlqj vr udlvhv zhdowk lq wkh kljk pdujlqdo xwlolw| vwdwhv olnh | ' �D7̂zkloh orzhulqj
lw lq vrph vwdwhv zlwk orz pdujlqdo xwlolw|/ olnh | ' 7̂1 Wkhuhiruh wkh rswlpxp xsshu
olplw lv ohvv wkdq K ' 7̂/ dv wkh surri deryh vkrzv1

Wkh uhvxow kdv dq lqwhuhvwlqj dssolfdwlrq1 Frqvlghu wkh lqvxudqfh frpsdq| r�hu0
lqj krph0rzqhuv lqvxudqfh1 Lw fdq udlvh wkh ghpdqg iru lwv surgxfw e| r�hulqj dq
hduwktxdnh ulghu1 Hyhq li wkh hduwktxdnh suhpld duh fhghg lq vxfk d zd| wkdw wkh|
gr qrw udlvh sur�w gluhfwo|/ wkh| udlvh lw lqgluhfwo| wkurxjk vwlpxodwlqj ghpdqg iru
wkh rwkhu lqvxudqfh surgxfw1

9 H{foxvlrq e| hyhqw
Wkh rwkhu w|sh ri h{foxvlrq lv wuljjhuhg e| dq hyhqw vxfk dv dq dfw ri zdu wkdw qhjdwhv
doo oldelolwlhv1 Frqvlghu dq doo0shulo krphrzqhu lqvxudqfh frqwudfw zlwk dq h{foxvlrq
iru doo gdpdjh lq wkh fdvh ri wkh hyhqw1 Ohw | eh gdpdjh1 Lq ghwhuplqlqj wkh
frqyhuvlrq rswlrq dqg wkh erxqg rq orvv ri zhdowk/ | kdv wkh vdph uroh dv s kdg lq
wkh suhylrxv vhfwlrq1

Wkh hyhqw kdsshqv zlwk suredelolw| Z1 Lq wkdw fdvh/ wkh suredelolw| glvwulexwlrq
ixqfwlrq ri gdpdjh lv }E|�1 Zlwk suredelolw| � � Z wkhuh lv qr hduwktxdnh/ exw wkh
krxvh vx�huv gdpdjh | dffruglqj wr wkh suredelolw| ghqvlw| ixqfwlrq �E|�1 Wkh idlu
suhplxp lv � jlyhq e|
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Wkh jrdo ri wkh frqvxphu lv wr fkrrvh K wr pd{lpl}h
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H{foxvlrq e| hyhqw xqdpeljxrxvo| orzhuv ghpdqg iru idluo| sulfhg lqvxudqfh1 Wkdw
lv wkh exughq ri

Sursrvlwlrq 5 Zkhq hyhqw h{foxvlrqv duh suhvhqw lq d idluo| sulfhg lqvxudqfh frq0
wudfw/ wkh ulvn dyhuvh frqvxphu ghpdqgv ohvv wkdq ixoo fryhudjh ri wkh lqfoxghg ulvnv1
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Surri1 Dv lq wkh suhylrxv sursrvlwlrq/ wkh surri frqvlvwv ri fkhfnlqj wkdw iru doo
K � 7̂/ wkh ghulydwlyh ri wkh remhfwlyh lv qhjdwlyh1 Lw lv djdlq pruh frqyhqlhqw wr vkrz
wkdw erwk uljkw0kdqg dqg ohiw0kdqg ghulydwlyhv duh qhjdwlyh dw K ' 7̂1 Wkh �uvw sduw
ri wkh surri vkrzv wkdw wkh ohiw0kdqg ghulydwlyh ri wkh remhfwlyh ixqfwlrq dw wkh srlqw
K ' 7̂ lv qhjdwlyh1 Wkh vhfrqg sduw vkrzv wkdw iru K : 7̂/ wkh ghulydwlyh lv dozd|v
qhjdwlyh1 Ehjlq/ wkhq/ zlwk K 	 7̂ dqg K lv dssurdfklqj 7̂ dv d olplw1 Lq wklv udqjh
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Zulwh wkh ghulydwlyh zlwk uhvshfw wr K1
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Hydoxdwlqj dw K ' 7̂/
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Wkh �uvw wzr whupv fdqfho1 Wkhq
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D qhjdwlyh txdqwlw|1 Frqvhtxhqwo| a �E 7̂� 	 f�
Frqvlghu qrz K : 7̂1
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Zulwh wkh ghulydwlyh zlwk uhvshfw wr K/ qrwlqj wkdw wkh Ohleqlw} whupv fdqfho1
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Xvlqj htxdwlrq +;, iru wkh ghulydwlyh ri wkh suhplxp ixqfwlrq/ wkh plggoh whup lv

E�� Z�� �EK���E7� � 7̂n K� � � +56,

Wkhq
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Lq wkh �uvw whup/ wkh vtxduh eudfnhw lv srvlwlyh ehfdxvh lq hdfk ri wkh lqqhu vtxduh
eudfnhwv/ wkh ydoxh lv vrphwlphv srvlwlyh dqg qhyhu qhjdwlyh1 Wkxv wkh zkroh �uvw
whup lv qhjdwlyh1 Vr lv wkh vhfrqg whup1 Wkhuhiruh/ iru doo K : 7̂/ a �EK� 	 f1 Wkxv
rswlpxp K vdwlv�hv K 	 7̂1

Wkh uhvxow pdnhv vhqvh= lqvwhdg ri ixoo| lqvxulqj iru wkh lqfoxghg shulov/ wkh frq0
vxphu dffhswv vrph ulvn iurp wkhp lq rughu wr wudqvihu zhdowk lqwr vwdwhv dvvrfldwhg
zlwk wkh h{foxghg orvv1 Lw lv dqrwkhu fdvh ri ghjudgdwlrq lq wkh txdolw| ri lqvxudqfh
ohdglqj wr uhgxfhg ghpdqg iru lw1
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: Frqfoxglqj uhpdunv
Suhylrxv uhvxowv rq edfnjurxqg ulvn frqvlghu d frlqvxudqfh frqwudfw zulwwhq iru ulvnv
wr zhdowk/ exw uhvxowv ghulyhg lq wkdw hqylurqphqw gr qrw jhqhudol}h wr doo vlwxdwlrqv1
Lq wkh xsshu0olplw vw|oh frqwudfwv vwxglhg lq wklv sdshu/ wkh fruuhodwlrqv wkdw zhuh
fhqwudo lq wkh frlqvxudqfh prgho wxuq rxw wr eh xqlpsruwdqw/ dqg wkh h�hfw ri edfn0
jurxqg ulvn lv xqdpeljxrxvo| wr uhgxfh wkh ghpdqg iru lqvxudqfh ri wkh lqvxudeoh
ulvn1

Wklv lqvljkw lv lpsruwdqw iru xqghuvwdqglqj frqvxphu ghpdqg iru lqvxudqfh exw lw
dovr vkhgv oljkw rq sur�w rssruwxqlwlhv iru lqvxuhuv1 Wkh lpsolfdwlrq lv wkdw lqvxuhuv
pljkw hduq grxeoh sur�wv iurp h{whqglqj fryhudjhv/ d sulpdu| sur�w iurp wkh qhz
fryhudjh/ dqg d vhfrqgdu| sur�w iurp lqfuhdvhg ghpdqg iru h{lvwlqj fryhudjh1 Lq
vrph fdvhv wkh vhfrqgdu| h�hfw fdq eh eljjhu wkdq wkh sulpdu| dqg fdq eh/ lq idfw/
wkh zkroh prwlydwlrq iru h{whqglqj fryhudjhv1 Wkxv zkhq fryhudjh ri wkhiw mrlqv zlwk
fryhudjh ri �uh lq d krphrzqhuv lqvxudqfh srolf|/ sur�wv iurp wkh lqfuhdvhg ghpdqg
iru �uh fryhudjh pd| eh pruh lpsruwdqw wkdq wkh sur�wv dulvlqj gluhfwo| iurp wkhiw
lqvxudqfh1 Dowhuqdwlyho|/ hduwktxdnh fryhudjh pd| eh r�huhg xqghu d uhlqvxudqfh
sdfw wkdw devruev doo sur�wv iurp lw/ exw wkh vxssolhu ri krphrzqhuv lqvxudqfh fdq
vwloo jdlq ehfdxvh ghpdqg iru wkh xqghuo|lqj fryhudjh lqfuhdvhv1

Uhihuhqfhv
^4` Fkhq/ \10\1/ 4<<:/ Lqvroyhqf| ri Lqvxudqfh Frpsdqlhv/ XFVE grfwrudo glvvhuwd0

wlrq1

^5` Grkhuw|/ Q1 D1 dqg K1 Vfkohvlqjhu/ 4<;6/ Rswlpdo Lqvxudqfh lq Lqfrpsohwh Pdu0
nhwv/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ <4= 4378043871

^6` Jduudww/ U1 dqg M1 P1 Pduvkdoo/ 4<<9/ Lqvxudeoh Lqwhuhvw/ Rswlrqv wr Frqyhuw/ dqg
Ghpdqg iru Xsshu Olplwv lq Rswlpxp Surshuw| Lqvxudqfh/ MUL/ 96= 4;805391

^7` Jduudww/ U1 dqg M1 P1 Pduvkdoo/ 4<<</ Htxlw| Ulvn/ Frqyhuvlrq Ulvn/ dqg wkh
Ghpdqg iru Lqvxudqfh/ 4<<<1

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

^9` Nlpedoo/ P1 dqg O1 Hhfnkrxgw/ Edfnjurxqg Ulvn/ Suxghqfh/ dqg wkh Ghpdqg iru
Lqvxudqfh/ lq Frqwulexwlrqv wr Lqvxudqfh Hfrqrplfv/ Jhrujhv Glrqqh hg1 Noxzhu
Dfdghplf Sxeolvkhuv/ Ervwrq/ 4<<5/ 56<05871
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^:` Pd|huv/ G1 dqg F1Z1 Vplwk Mu1/ 4<;6/ Wkh Lqwhughshqghqfh ri Lqglylgxdo Sruwirolr
Ghflvlrqv dqg wkh Ghpdqg iru Lqvxudqfh/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ <4= 6370
6441
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