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4 Lqwurgxfwlrq

Frpshwlwlrq lq wkh sulydwh khdowk lqvxudqfh vhfwru lv iuhtxhqwo| dffxvhg wr eh

glvwruwhg lq frxqwulhv lq zklfk wkh uhodwlrqvkls ehwzhhq lqvxuhu dqg lqvxuhg

lv jryhuqhg e| d orqj0whup frqwudfw1 Lq Jhupdq|/ Dxvwuld dqg Vzlw}huodqg/

khdowk lqvxudqfh frqwudfwv duh jhqhudoo| rq d olihwlph edvlv1 Sduwv ri wkh suh0

plxpv sdlg wr lqvxuhuv e| wkh |rxqj lqvxuhg duh xvhg wr  dwwhq wkh suhplxp

sur�oh1 D fdslwdo vwrfn lv dffxpxodwhg e| wkhvh frqwulexwlrqv zklfk lv gh0

sohwhg zkhq wkh frkruw jurzv rog1 Wkh vxuylylqj lqvxuhg lq d frkruw lqkhulw

wkh fdslwdo vwrfn ri wkrvh phpehuv lq wkh vdph djh frkruw zkr glh hduo|1

Lqwhuhvwlqjo|/ wkh lqglylgxdov zkr zdqw wr fkdqjh wkh lqvxuhu duh wuhdwhg dv

li wkh| duh g|lqj1 Wkh| duh qrw hqwlwohg wr wdnh dq| surylvlrqv dffxpxodwhg

e| wkhlu suhplxpv wr wkh qhz lqvxuhu1 Reylrxvo|/ wklv wuhdwphqw kdupv frp0

shwlwlrq1 Shrsoh zkr kdyh sdlg frqwulexwlrqv iru d vx!flhqwo| orqj shulrg

duh h�hfwlyho| ghwhuuhg iurp fkdqjlqj wkh lqvxuhu1

Wklv sdshu dgguhvvhv wkh sureohp krz wkh wudqvihu ri djlqj surylvlrqv

xsrq d fkdqjh ri lqvxuhuv lv wr eh rujdql}hg dv wr pd{lpl}h h{shfwhg xwlolw|

ri dq lqvxuhg lq dq h{ dqwh shuvshfwlyh1 Jdlqv iurp lqvxuhu fkdqjhv dulvh iurp

wkh h{lvwhqfh ri lglrv|qfudwlf sv|fklf frvw vkrfnv lq d uhodwlrq ehwzhhq lqvxuhu

dqg lqvxuhg1 Li vrpherg| lv glvvdwlv�hg zlwk khu lqvxuhu gxh wr d shufhlyhg

orz txdolw| ri wkh vhuylfh/ vkh zrxog olnh wr whuplqdwh wkh uhodwlrqvkls1 Lq

idfw/ Grzg dqg Ihogpdq +4<<5,/ dqg Khqgho dqg Ol}}hul +5333, frqvlghu wkh

ihdu ri ehlqj orfnhg lqwr d pxowl0shulrg frqwudfw zlwk dq lqvxuhu surylglqj dq

xqsohdvhqw vhuylfh dv d pdmru revwdfoh djdlqvw hvwdeolvklqj orqj0whup khdowk

lqvxudqfh frqwudfwv lq wkh XV1

D �uvw0ehvw vroxwlrq wr wkh rswlpl}dwlrq sureohp fdq eh ghulyhg e| wudqv0

srvlqj wkh frqfhsw ri d wlph0frqvlvwhqw khdowk lqvxudqfh sursrvhg e| Frfkudqh

+4<<8, wr orqj0whup khdowk lqvxudqfh frqwudfwv1 Frfkudqh dqdo|}hv d iudph0

zrun ri vkruw0whup frqwudfwv zlwk vhyhudqfh sd|phqwv1 Lqglylgxdov wxuqlqj

lqwr edg ulvnv gxulqj wkh shulrg uhfhlyh d vhyhudqfh sd|phqw uh hfwlqj wkh

lqfuhdvh lq wkh suhvhqw ydoxh ri ixwxuh h{shfwhg khdowk fduh frvwv1 Frq0

yhuvho|/ wkh vhyhudqfh sd|phqw iru wkrvh zkr uhpdlq jrrg ulvnv duh qhjdwlyh

ehfdxvh wkhlu srvlwlrq frqfhuqlqj ixwxuh h{shfwhg khdowk fduh frvwv kdv lp0

suryhg1 Lq wklv idvklrq/ d suhplxp lqvxudqfh lv surylghg1 Wkh qhjdwlyh

vhyhudqfh sd|phqw fdq eh fkdujhg lq dgydqfh dv d suhplxp wr �qdqfh wkh

srvlwlyh vhyhudqfh sd|phqwv/ vxfk wkdw qhjdwlyh sd|phqwv h{ srvw gr qrw

rffxu1 Vlploduo|/ ydq gh Yhhq hw do1 +5333, sursrvh wr hvwdeolvk d vrolgdulw|

ixqg sd|lqj vxevlglhv wr kljk0ulvn lqglylgxdov zklfk lv �qdqfhg e| pdqgd0
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wru| frqwulexwlrqv ri orz0ulvn lqglylgxdov1 Wkh dssolfdwlrq wr wkh sureohp

ri wudqvihuulqj djlqj surylvlrqv lv vwudljkwiruzdug1 Wkh dffxpxodwhg djlqj

surylvlrq zloo eh uhgxfhg iru jrrg ulvnv zkr zdqw wr fkdqjh wkh lqvxuhu zkloh

wkh rssrvlwh kdsshqv iru edg ulvnv1 Qrwlqj wkdw jrrg ulvnv lq rog djh pd|

h{klelw ohvv wkdq shu fdslwd olihwlph khdowk fduh frvw/ lw lv xqvxusulvlqj wkdw

rswlpdo surylvlrq wudqvihu vfkhphv riwhq hqwdlo qhjdwlyh surylvlrq wudqvihuv/

ru h{lw suhplxpv/ iru jrrg ulvnv1

Dqrwkhu frqfhsw wr dyrlg xqsrrolqj ri ulvnv/ wkh jxdudqwhhg uhqhzdelolw|

vfkhph ri Sdxo| hw do1 +4<<8,/ grhv qrw vroyh wkh sureohp wr jlyh fruuhfw

vzlwfklqj lqfhqwlyhv iru hyhu|erg|1 Wkh lghd ehklqg jxdudqwhhg uhqhzdelolw|

lv wkdw suhplxpv duh wkh vxp ri wkh shulrg suhplxp iru wkh lqlwldo orz ulvn

vwdwxv soxv wkh suhvhqw ydoxh ri h{shfwhg frvw lqfuhdvhv gxh wr ehfrplqj d

kljk ulvn gxulqj wkh shulrg1 Wkh vfkhph wudqvodwhv lqwr d suhplxp sur�oh

ghfolqlqj lq djh1 Zlwkrxw surylvlrq wudqvihuv/ lw jlyhv fruuhfw lqfhqwlyhv wr

vzlwfk lqvxuhuv iru orz ulvnv1 Krzhyhu/ wkrvh kdylqj wxuqhg lqwr kljk ulvnv

xvxdoo| fdqqrw fkdqjh lqvxuhuv1 D vlplodu vfkhph lv xvhg lq wkh olih lqvxudqfh

pdunhw zkhuh lqvxuhuv riwhq xvh orqj0whup iurqw ordglqj frqwudfwv/ wkdw lv/

wkh| vhw uhodwlyho| kljk suhplxpv iru |rxqj lqvxuhg/ lq rughu wr dyrlg ulvn

vhjphqwdwlrq dprqj roghu fxvwrphuv +Khqgho dqg Ol}}hul/ 5333,1

Wkh vwduwlqj srlqw ri wkh fxuuhqw sdshu lv wr wudqvodwh Frfkudqh*v du0

jxphqw lqwr wkh iudphzrun ri surylvlrq wudqvihuv dqg sv|fklf frvwv1 Iru

wkh edvlf fdvh zlwk ulvnv ehlqj yhul�deoh dw frxuw/ wkh �uvw0ehvw doorfdwlrq

fdq eh lpsohphqwhg1 Surylvlrq wudqvihuv fdq eh ghvljqhg dv wr holplqdwh

dq| frqvxpswlrq ulvn zkloh wkh h{shfwhg sv|fklf frvw lv plqlpl}hg1 Li d

wudqvdfwlrq frvw lv lqwurgxfhg lqwr wkh edvlf prgho/ wkh uhvxowv duh voljkwo|

prgl�hg1 Djlqj surylvlrq wudqvihuv rqo| sduwldoo| fryhu wkh wudqvdfwlrq frvw

vxfk wkdw wkrvh vzlwfklqj wr dqrwkhu lqvxuhu h{shulhqfh d frqvxpswlrq orvv1

Kdylqj d wudqvdfwlrq frvw lpsolhv wkdw wkh �uvw0ehvw doorfdwlrq fdq qr orqjhu

eh ghfhqwudol}hg1 Wkh pdlq frqwulexwlrq ri wkh sdshu lv wkh ghulydwlrq ri

wkh rswlpxp surylvlrq wudqvihu li lw kdv wr eh xqlirup1 Vxfk d vfhqdulr zloo

eh uhohydqw li ulvnv duh qrw yhul�deoh1 Vhyhudo w|shv ri rswlpd fdq rffxu1 Li

kljk ulvnv duh ghwhuuhg iurp fkdqjlqj lqvxuhuv/ surylvlrq wudqvihuv duh vhw dv

wr holplqdwh frqvxpswlrq ulvnv zkhuh wkh h{shfwhg sv|fklf frvw ri orz ulvnv

lv plqlpl}hg1 Vkrxog kljk ulvnv eh dprqj erwk vzlwfkhuv dqg vwd|huv/ wkh

rswlpxp vfkhph glvwruwv ghflvlrqv vxfk wkdw wrr pdq| orz0ulvn lqglylgxdov

duh gulyhq rxw ri wkh ruljlqdo frqwudfw1 Dw wkh vdph wlph/ vrph kljk ulvnv

duh ghwhuuhg iurp ohdylqj wkhlu lqvxuhu dowkrxjk wklv dprxqwv wr lqfuhdvlqj

wkh h{shfwhg sv|fklf frvw1
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Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 lqwurgxfhv

wkh prgho1 Wkh lpsohphqwdwlrq ri wkh �uvw0ehvw doorfdwlrq lq wkh edvlf fdvh

ri yhul�deoh ulvnv lv glvfxvvhg lq vhfwlrq 61 Wkh iroorzlqj vhfwlrq 7 ghdov zlwk

wkh frqvhtxhqfhv ri lqwhjudwlqj d wudqvdfwlrq frvw lqwr wkh prgho1 Vhfwlrq

8 irfxvhv rq wkh rswlpxp surylvlrq wudqvihu vfkhph li lw kdv wr eh xqlirup

vlqfh ulvnv fdqqrw eh yhul�hg dw frxuw1 Odvw/ vhfwlrq 9 frqfoxghv dqg lqglfdwhv

gluhfwlrqv iru ixwxuh uhvhdufk1

5 Wkh prgho

Lqglylgxdov olyh iru wzr shulrgv/ ghvfulelqj |rxwk dqg rog djh1 Dq lqglylgxdo

kdv dq lqfrph +| lq shulrg | ' �c 2� Iru vlpsolflw|/ ohw +� ' +2 ' +1 Lqglylgxdov

pd| hlwkhu eh ri wkh orz0ulvn w|sh , ru ri wkh kljk0ulvn w|sh �/ zkhuh wkh w|sh

pd| fkdqjh ryhu wlph1 Lqlwldoo|/ doo lqglylgxdov xqghu frqvlghudwlrq duh ri

wkh orz0ulvn w|sh1 Dq lqglylgxdo idfhv d suredelolw| ri looqhvv dprxqwlqj wr

R� gxulqj wkh �uvw shulrg/ dvvrfldwhg zlwk d frvw g1 Rwkhuzlvh/ vkh zloo vwd|

khdowk| gxulqj shulrg � zlwk suredelolw| E� � R�� zkhuh � : R� : f�

D |rxqj orz0ulvn lqglylgxdo zloo qrw fkdqjh khu w|sh zkhq ehfrplqj rog

zlwk frqglwlrqdo suredelolw| b zkhuh b 5 Efc ��1 D iudfwlrq E� � b� ri wkh

srsxodwlrq h{shulhqfhv d ghwhulrudwlrq ri wkh vwdwh ri khdowk dqg uhsuhvhqwv

d kljk ulvn lq shulrg 21 Zh ljqruh wkh srvvlelolw| ri dq lpsurylqj sk|vlfdo

frqglwlrq1

Lq shulrg 2/ dq lqglylgxdo ri w|sh 5 5 i�c ,j ehfrphv loo zlwk suredelolw|

R
5

2
zkhuh R

,

2
� R� dqg � : R

�

2
: R

,

2
: f� Wkh iruphu dvvxpswlrq fdswxuhv

wkh vw|ol}hg idfw wkdw wkh ulvn ri wxuqlqj loo xvxdoo| lqfuhdvhv lq djh1 Dq

looqhvv zloo djdlq eh dvvrfldwhg zlwk frvw g� Olihwlph frqvxpswlrq xwlolw| ri

dq lqglylgxdo lv jlyhq e| L ' �ES�� n �ES2� zlwk S| ghqrwlqj frqvxpswlrq lq

shulrg |1 Dv lqglylgxdov glvsod| ulvn dyhuvlrq/ zh kdyh �� : f dqg �
��
	 f�

Wkhuh lv qr glvfrxqwlqj/ dqg wkh lqwhuhvw udwh lv vhw wr }hur1

Lqvxuhuv duh ulvn qhxwudo dqg dfw lq d frpshwlwlyh pdunhw1 Wkxv/ lw lv qrw

srvvleoh wr hduq d srvlwlyh h{shfwhg sur�w rq dq| lqvxudqfh frqwudfw1 Zh

irfxv rq ixoo lqvxudqfh frqwudfwv zlwk dfwxduldoo| idlu suhplxpv1

Dq| lqvxuhu fdq revhuyh wkh vwdwh ri khdowk ri wkh lqvxuhg dw wkh ehjlq0

qlqj ri shulrg �1 Frqwudfwv vwuhwfklqj ryhu wzr shulrgv duh �{hg zkhuh rqo|

wkh lqvxuhg lv doorzhg wr whuplqdwh wkh frqwudfw diwhu wkh �uvw shulrg1 Frq0

vxpswlrq lq wkh �uvw shulrg lv S� ' + � Z� zlwk Z� ghqrwlqj wkh suhplxp wr

eh sdlg e| d |rxqj lqglylgxdo� Wkh suhplxp pd| lqfoxgh dq djlqj surylvlrq
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o� zklfk lv fkdujhg lq rughu wr  dwwhq wkh suhplxp sur�oh1 Gxulqj |rxqj

djh dq lglrv|qfudwlf vkrfn rffxuv/ zklfk |lhogv d sv|fklf frvw ghvfulehg e|

wkh udqgrp yduldeoh f� Wkh uhdol}hg sv|fklf frvw lv wr eh eruqh e| wkh lq0

vxuhg lq shulrg � dqg/ vkrxog wkh lqvxudqfh frqwudfw frqwlqxh/ dovr lq shulrg

51 f lv glvwulexwhg dffruglqj wr d ghqvlw| ixqfwlrq sE%� zlwk phdq .Ef�

ehlqj qrupdol}hg wr }hur zkhuh fxpxodwhg ghqvlw| lv ghqrwhg e| 8 E%�1 Wkh

frvw uh hfwv wkh vxemhfwlyh shufhlyhg vhuylfh txdolw|1 Lw dulvhv iurp hqfrxq0

whuv zlwk hpsor|hhv ri wkh lqvxuhu/ zklfk pd| eh djuhhdeoh +qhjdwlyh frvw,/

qrupdo +dssur{lpdwho| }hur frvw, ru xqfrpiruwdeoh +srvlwlyh frvw,1 Wkh sv|0

fklf frvw grhv qrw d�hfw pdujlqdo xwlolw| ri frqvxpswlrq1 Li dq lqglylgxdo

revhuyhv d frvw % lq shulrg �/ wkh vdph uhdol}dwlrq rffxuv lq shulrg 2 xqohvv

wkh frqwudfw lv whuplqdwhg1 Glvvdwlvi|lqj frqwdfwv zlwk uhsuhvhqwdwlyhv ri wkh

lqvxuhu fhuwdlqo| frqvwlwxwh dq lpsruwdqw uhdvrq zk| lqglylgxdov fkdqjh lq0

vxuhuv1 Diwhu shulrg 4/ dq lqglylgxdo pd| fkdqjh khu lqvxuhu1 Doo lqvxuhuv

duh deoh wr revhuyh wkh prgl�hg vwdwh ri khdowk ri wkh lqvxuhg1

Ohw Sr eh wkh ohyho ri frqvxpswlrq diwhu vzlwfklqj zkloh S� lv frqvxpswlrq

zkhq wkh lqglylgxdo uhpdlqv zlwk wkh rog lqvxuhu1 Li % ghqrwhv wkh uhdol}hg

sv|fklf frvw li wkh uhodwlrqvkls zlwk wkh rog lqvxuhu lv frqwlqxhg/ wkh lqvxuhg

fkrrvhv wr fkdqjh wkh lqvxuhu li/ dqg rqo| li/

�ESr�� .Ef� : �ES� �� %� +4,

Uhfdoolqj wkdw .Ef� ' f/ lw iroorzv wkdw doo lqglylgxdov ri wkh ulvn jurxs 5

zloo fkdqjh lqvxuhuv li wkh sv|fklf frvw h{fhhgv wkh wkuhvkrog

%
5
' �ES

5

�
�� �ES

5

r
�� +5,

D vkduh 8 E%
5
� ri wkh ruljlqdo lqvxuhg ri w|sh 5 vwd| zlwk wkh rog lqvxuhu/ zkloh

wkh iudfwlrq E��8 E%
5
�� whuplqdwhv wkh frqwudfw1 Wkh suhplxp Z2 lv sdlg e|

dq lqvxuhg lq shulrg 5 zkr grhv qrw fkdqjh khu lqvxuhu1 Lw ghshqgv h{foxvlyho|

rq wkh vwdwh ri khdowk dw wkh ehjlqqlqj ri wkh frqwudfw1 Lq wklv hyhqw/ vhfrqg0

shulrg frqvxpswlrq htxdov S2 ' + � Z21 Lq frqwudvw/ Z5
Eo

5
� ' R

5

2
g � o

5/ wkh

suhplxp wr eh sdlg e| dq rog lqglylgxdo zkr kdv vzlwfkhg wr dqrwkhu lqvxuhu/

ghshqgv rq 5/ wkh fxuuhqw vwdwh ri khdowk/ dqg o
5/ wkh surylvlrq wudqvihuuhg

iurp wkh suhylrxv lqvxuhu1 Wkh odwwhu pd| ydu| dffruglqj wr wkh fxuuhqw vwdwh

ri khdowk1 Khqfh/ iru vzlwfkhuv ri w|sh 5 vhfrqg0shulrg frqvxpswlrq lv jlyhq

e| S2 ' + � Z
51 Wkh surylvlrq wudqvihu lv hlwkhu vshfl�hg lq wkh frqwudfw

zlwk wkh rog lqvxuhu ru vhw e| sxeolf uhjxodwlrq1 Zkloh erwk fdvhv ohdg wr wkh

vdph uhvxowv lq wkh fxuuhqw prgho/ wkh odwwhu vfhqdulr zrxog fohduo| eh pruh
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uhdolvwlf1 Dgkhulqj wr d ohjdo vwdqgdug lv pxfk hdvlhu wkdq ghyldwlqj iurp

wklv vwdqgdug lq lqvxudqfh frqwudfwv1

6 Rswlpxp lqvxudqfh zlwk yhul�deoh ulvnv

Lq rughu wr dwwudfw folhqwv/ dq| lqvxuhu ghvljqv frqwudfwv dv wr pd{lpl}h

h{shfwhg xwlolw| ri dq lqglylgxdo/ wdnlqj lqwr dffrxqw srvvleoh vzlwfkhv wr

dqrwkhu lqvxuhu1 Hdfk lqvxuhu frqwudfwlqj zlwk d |rxqj lqglylgxdo zloo fkrrvh

suhplxpv dqg surylvlrq wudqvihuv vxemhfw wr lwv exgjhw frqvwudlqw1 Zh duulyh

dw wkh Odjudqjldq

uEZ�c Z2c o
,
c o

�
c V� ' �E+ � Z�� +6,

nb8 E%
,
�

�
�E+ � Z2�� .Efm% 	 %

,
�

�
nE�� b�8 E%

�
�

�
�E+ � Z2�� .Efm% 	 %

�
�

�
nbE� � 8 E%

,
���E+ � R

,

2
g n o

,
�

nE�� b�E� � 8 E%
�
���E+ � R

�

2
g n o

�
�

nVdZ� n Z2db8 E%
,
� n E�� b�8 E%

�
�o

�dR� n b8 E%
,
�R

,

2
n E� � b�8 E%

�
�R

�

2
og

�do
,
bE�� 8 E%

,
�� n o

�
E�� b�E�� 8 E%

�
��ooc

zkhuh V ghqrwhv wkh Odjudqjh pxowlsolhu dvvrfldwhg zlwk wkh exgjhw frq0

vwudlqw

Z� n Z2db8 E%
,
� n E�� b�8 E%

�
�o +7,

�dR� n b8 E%
,
�R

,

2
n E�� b�8 E%

�
�R

�

2
og

�do
,
bE� � 8 E%

,
�� n o

�
E� � b�E�� 8 E%

�
��o

� f�

Qrwlfh wkdw lqglylgxdov ri w|sh 5 zkr vwd| zlwk wkh ruljlqdo lqvxuhu idfh d

phdq sv|fklf frvw ri .Efm% 	 %
5
�1 Rqo| d vkduh b8 E%

,
� n E� � b�8 E%

�
� ri

wkh lqlwldoo| lqvxuhg uhpdlq zlwk wkh rog lqvxuhu dqg sd| suhplxpv lq wkh

vhfrqg shulrg1 Wkh froohfwhg suhplxpv kdyh wr fryhu wkh h{shfwhg khdowk

fduh frvw ri wkh lqvxuhg/ dR�nb�8 E%
,
�R

,

2
nE��b�8 E%

�
�R

�

2
og/ dqg wkh surylvlrq

wudqvihuv/ o,bE� � 8 E%
,
�� n o

�
E� � b�E� � 8 E%

�
��1 Wkh qhfhvvdu| �uvw0rughu

frqglwlrqv/ ehlqj ghulyhg lq ghwdlo lq wkh dsshqgl{/ duh

8
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,
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VdZ2 � R
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2
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Yu
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�
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�� Vo +;,
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�

2
g n o

�
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Wkh �uvw0rughu frqglwlrqv fdq eh lqwhusuhwhg dv iroorzv1 Lqfuhdvlqj wkh

suhplxp lq shulrg � ghsuhvvhv xwlolw| e| ghfuhdvlqj �uvw0shulrg frqvxpswlrq

dffruglqj wr ���E+�Z�� 	 f� Dw wkh vdph wlph/ lw udlvhv xwlolw| e| hqkdqflqj

wkh exgjhw ri wkh lqvxuhu/ zklfk lv fdswxuhg e| V : f1 Udlvlqj Z2/ wkh

suhplxp lq wkh vhfrqg shulrg/ dovr kdv d qhjdwlyh lpsdfw rq xwlolw|/ ghvfulehg

e| �db8 E%
,
� n E� � b�8 E%

�
�o�

�
E+ � Z2� 	 f/ dqg d ehqh�w wkurxjk d kljkhu

lqvxuhu exgjhw/ jlyhq e| Vdb8 E%
,
� n E�� b�8 E%

�
�o : f1 Ixuwkhu/ lw lqfuhdvhv

wkh qxpehu ri orz ulvnv dqg kljk ulvnv zkr zrxog olnh wr fkdqjh wkh lqvxuhu

ehfdxvh vwd|lqj zlwk wkh rog lqvxuhu lv qr orqjhu dwwudfwlyh1 Wklv uhgxfhv erwk

suhplxpv dqg oldelolwlhv ri wkh lqvxuhu dqg udlvhv wkh dprxqw ri surylvlrqv

wr eh wudqvihuuhg1 Wkhvh lpsdfwv duh fdswxuhg e| wkh whupv b
Y8 E%

,
�

YZ2
VdZ2 �

R
,

2
g n o

,
o iru orz ulvnv dqg E�� b�

Y8 E%
�
�

YZ2

VdZ2 � R
�

2
g n o

�
o iru kljk ulvnv1
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Lqfuhdvlqj wkh surylvlrq wudqvihu iru orz ulvnv udlvhv xwlolw| ri wkrvh orz

ulvnv zkr fkdqjh wkh lqvxuhu e| gulylqj grzq wkhlu suhplxp1 Dw wkh vdph

wlph/ xwlolw| lv uhgxfhg gxh wr wkh dgglwlrqdo h{shqglwxuhv ri wkh rog lqvxuhu1

Wkhvh wzr h�hfwv duh ghvfulehg e| bE� � 8 E%
,
��d�

�
E+ � Z

,
� � Vo� Djdlq/ wkh

phdvxuh lqfuhdvhv wkh qxpehu ri orz ulvnv zkr zrxog olnh wr fkdqjh wkh lq0

vxuhu ehfdxvh vwd|lqj lv qr orqjhu dwwudfwlyh1 Wklv uhgxfhv erwk suhplxpv

dqg oldelolwlhv ri wkh lqvxuhu dqg udlvhv wkh dprxqw ri surylvlrqv wr eh wudqv0

ihuuhg1 Wkhvh lpsdfwv duh fdswxuhg lq wkh whup b
Y8 E%

,
�

Yo
,

VdZ2 � R
,

2
g n o

,
o1

Wkh fruuhvsrqglqj frqglwlrq iru wkh rswlpdo wudqvihu ri rog djh surylvlrqv ri

kljk ulvnv fdq eh lqwhusuhwhg dffruglqjo|1

Sursrvlwlrq 4 Li ulvnv duh yhul�deoh/ wkh �uvw0ehvw vroxwlrq lv dfklhyhg e|

vhwwlqj surylvlrq wudqvihuv dv wr htxdol}h erwk frqvxpswlrq dqg suhplxpv

dfurvv doo shulrgv dqg vwdwhv1

Surri= Li Z� ' Z2 ' Z
,
' Z

�/ lpso|lqj wkdw o, ' R
,

2
g � Z2 dqg o

�
'

R
�

2
g � Z2/ doo �uvw0rughu frqglwlrqv duh vdwlv�hg1 Vlqfh wkh h{shfwhg khdowk

fduh frvw fdqqrw eh lq xhqfhg/ dqg lqglylgxdov duh ulvn dyhuvh/ dq doorfdwlrq

zlwk wkh vdph ohyho ri frqvxpswlrq luuhvshfwlyh ri shulrg dqg vwdwh pxvw

pd{lpl}h h{shfwhg xwlolw| iurp frqvxpswlrq1 Pruhryhu/ lqvxuhu fkdqjhv

rffxu li % : f zkloh lqglylgxdov vwd| zlwk wkh ruljlqdo lqvxuhu li % 	 f1

�

Dv wkh lqglylgxdo lv ulvn dyhuvh/ vkh fohduo| olnhv ehvw d vlwxdwlrq lq zklfk

doo ulvnv duh fryhuhg e| wkh lqvxuhuv1 Wklv vroxwlrq lpsolhv wkdw lqvxuhu

fkdqjhv rffxu li dqg rqo| li wkh h{shfwhg sv|fklf frvw lv uhgxfhg e| vzlwfklqj1

Wkhuhiruh/ wkh h{shfwhg sv|fklf frvw lv plqlpl}hg lq vxfk dq doorfdwlrq1

Lw fdq hdvlo| eh ghprqvwudwhg wkdw wkh rswlpxp fdq lqyroyh d qhjdwlyh

surylvlrq wudqvihu iru orz ulvnv1 Ohw g ' �f/ R� ' R
,

2
' f��/ R�

2
' f�b/ dqg

b ' f�b1 Lq wklv fdvh/ wkh wrwdo h{shfwhg khdowk fduh frvw shu lqglylgxdo

lv .g ' �fdf�� n f�b � f�� n f�� � f�bo ' 2�H1 D  dw udwh suhplxp iru wkh

jurxs dv d zkroh zrxog eh Z� ' Z2 ' ��e1 Khqfh/ wkh surylvlrq dffxpxodwhg

zrxog eh o� ' f�e shu lqglylgxdo� D orz0ulvn lqglylgxdo zrxog kdyh wr sd|

R
,

2
g ' � dv d qhw suhplxp li vkh fkdqjhv khu lqvxuhu1 Wkxv/ li wkh surylvlrq

wudqvihu lv vhw dv wr nhhs wkh suhplxp  dw/ lw zrxog dprxqw wr o
,
' �f�e1

Wkh fruuhvsrqglqj surylvlrq wudqvihu iru kljk ulvnv lv o� ' .�S1

Lw vkrxog eh qrwhg wkdw vxfk d vfhqdulr lv dvvrfldwhg zlwk vhulrxv sure0

ohpv lq sudfwlfh1 Iru wkh pdmrulw| ri wkh lqvxuhg wkh surylvlrq wudqvihu lv

qhjdwlyh wr d vxevwdqwldo h{whqw1 Dowkrxjk wkh suhplxp lq wkh �uvw shulrg

:



zdv kljkhu wkdq qhfhvvdu| wr fryhu h{shfwhg frvwv/ wkh lqvxuhg lv dvnhg wr

sd| dq dgglwlrqdo h{lw suhplxp1

D vhfrqg sureohp olhv lq wkh idfw wkdw wkh lqvxuhu kdv dq lqfhqwlyh wr

ryhuhvwlpdwh wkh ulvnv lq wkh uhpdlqlqj srsxodwlrq1 Vkrxog wkh lqfhqwlyh wr

txlw dulvh iurp dq xqiruwxqdwh uhdol}dwlrq ri wkh ulvn vwuxfwxuh/ wkh lqvxuhu kdv

d vwurqj dujxphqw wr uhgxfh wkh wudqvihu ri djlqj surylvlrqv1 Wklug/ lw fdq

ehfrph dwwudfwlyh wr fkrrvh d vkruw0whup frqwudfw ru hyhq vwd| xqlqvxuhg lq

wkh �uvw shulrg li wkh lqglylgxdo kdv vxshulru lqirupdwlrq rq klv jrrg khdowk

vwdwxv1 Li wkh wkuhdw ri d qhjdwlyh surylvlrq wudqvihu h{lvwv/ wkh lqfhqwlyh

wr uhpdlq xqlqvxuhg gxulqj |rxwk ehfrphv vwurqjhu iru lqglylgxdov ehlqj

fhuwdlq wr uhsuhvhqw jrrg ulvnv odwhu rq1

7 Wudqvdfwlrq frvwv

Wudqvdfwlrq frvwv duh lq pdq| fdvhv qrw qhjoljleoh li wkhuh lv d fkdqjh ri

lqvxuhuv1 Xvxdoo| d qhz phglfdo lqyhvwljdwlrq lv qhfhvvdu| wr dvvhvv wkh ulvn

wkh lqglylgxdo uhsuhvhqwv1 Ixuwkhu/ lw lv qrw xqxvxdo lq sudfwlfh wkdw wkh

xqghuzulwhu uhfhlyhv d erqxv iru dq| qhz frqwudfw1 Krz grhv wklv dvshfw ri

h{lvwlqj wudqvdfwlrq frvwv d�hfw wkh frqfoxvlrqv zlwk uhvshfw wr wkh wudqvihu

ri rog djh surylvlrqvB Ghqrwlqj wkh wudqvdfwlrq frvw shu lqglylgxdo fkdqjlqj

khu lqvxuhu e| Ac wkh Odjudqjldq ri wkh rswlpl}dwlrq sureohp qrz uhdgv
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,
�R

,

2
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�
��oo

zlwk Z
,
' R

,

2
g n A � o

, dqg Z
�
' R

�

2
g n A � o

�1 Lw vkrxog eh qrwhg wkdw

qrqh ri wkh �uvw0rughu frqglwlrqv ri wkh edvlf prgho lv d�hfwhg1 \hw/ wkh

frqfoxvlrqv wr eh gudzq iurp wkhvh frqglwlrqv fkdqjh gxh wr wkh wudqvdfwlrq

frvw1

;



Sursrvlwlrq 5 Wkh rswlpxp zlwk wudqvdfwlrq frvwv frqvlvwv ri d suhplxp

vwuxfwxuh lq zklfk Z2 	 Z�/ Z� 	 Z
,/ dqg Z� 	 Z

�1 Pruhryhu/ o� : R
,

2
g � Z2

dqg o
,
: R

�

2
g � Z2 krog1

Surri= Vhh dsshqgl{1 �

Wkh pdlq phvvdjh ri wkh sursrvlwlrq lv wkdw suhplxpv zloo eh kljkhu iru

vzlwfkhuv wkdq iru wkrvh zkr frqwlqxh wkh frqwudfw1 Wklv lpsolhv wkdw vrph

ri wkrvh zkr zrxog vdyh lq h{shfwhg sv|fklf frvw e| fkdqjlqj wkh lqvxuhu duh

ghwhuuhg iurp vzlwfklqj1 Wkh uhdvrq iru wklv rxwfrph olhv lq wkh idfw wkdw

wkh jdlq lq h{shfwhg sv|fklf frvw pd| eh vpdoo frpsduhg wr wkh wudqvdfwlrq

frvw dvvrfldwhg zlwk xqghuzulwlqj d qhz frqwudfw1 Khqfh/ wkh h{lvwhqfh ri

wudqvdfwlrq frvwv suhyhqwv wkdw wkh �uvw0ehvw doorfdwlrq/ zklfk zrxog vwloo

uhtxluh d  dw frqvxpswlrq sur�oh/ fdq eh dfklhyhg e| ghfhqwudol}hg ghflvlrq0

pdnlqj1 Rq wkh rwkhu kdqg/ wkh rswlpxp djlqj surylvlrq wudqvihu sduwldoo|

fryhuv wkh wudqvdfwlrq frvw1 Vlqfh wkhuh lv d srvlwlyh suredelolw| ri kdylqj wr

fkdqjh wkh lqvxuhu gxh wr d kljk sv|fklf frvw/ wkh orvv wkurxjk wkh wudqvdfwlrq

frvw lv vkduhg zlwk wkrvh zkr vwd| zlwk wkh ruljlqdo lqvxuhu1 Qrwlqj wkdw wkhuh

lv vwloo d whqghqf| wr htxdol}h frqvxpswlrq dfurvv shulrgv/ frqvxpswlrq ri

|rxqj lqglylgxdov idoov vkruw ri frqvxpswlrq ri rog vwd|huv zkloh lw h{fhhgv

frqvxpswlrq ri rog vzlwfkhuv1

8 Qrq0yhul�deoh ulvnv

Wkh �uvw0ehvw doorfdwlrq ghulyhg lq wkh vhfwlrq � lpsolhv wkdw wkh surylvlrq

wudqvihu wr d qhz lqvxuhu zloo eh kljkhu iru d kljk ulvn wkdq iru d orz ulvn1

Khqfh/ lw olhv lq wkh lqwhuhvw ri d qhz lqvxuhu wr ghfoduh wkdw wkh dssolfdqw lv

d kljk ulvn1 Frqyhuvho|/ dq lqvxuhu ehlqj fhuwdlq wkdw d fxvwrphu zloo ohdyh

wkh frppxqlw| pd| wu| wr vdyh surylvlrq wudqvihuv e| ghfodulqj wkdw wkh

lqglylgxdo uhsuhvhqwv d orz ulvn1 Li wkh wuxh ulvn lv qrw yhul�deoh e| mxgjhv

dw d orz frvw/ d vhfrqg0ehvw dowhuqdwlyh pd| olh lq d wudqvihu wkdw h{foxvlyho|

ghshqgv rq djh/ exw fdqqrw eh gl�huhqwldwhg dffruglqj wr ulvn1 Qhyhuwkhohvv/

wkh qhz lqvxuhu fdofxodwhv wkh suhplxp dffruglqj wr wkh fruuhfw ulvn1 Wkh

rswlpl}dwlrq surfhgxuh qrz uhtxluhv wr vhw wkh vdph surylvlrq wudqvihu o iru

<



erwk ulvn w|shv1 Wkh Odjudqjldq lv
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Lq sulqflsoh/ vhyhudo w|shv ri rswlpd fdq rffxu li wkhuh duh qr uhvwulfwlrqv rq

srvvleoh ydoxhv ri sdudphwhuv dqg yduldeohv1 Wkhvh fdq eh rughuhg dffruglqj

wr wkh ohyho ri wkh wudqvihu1 Dw d jlyhq sv|fklf frvw dqg d �{hg surylvlrq

wudqvihu/ wkh lqfhqwlyh wr vzlwfk wr dqrwkhu lqvxuhu lv dozd|v zhdno| vwurqjhu

iru wkh orz0ulvn w|sh1 Iluvw/ d vroxwlrq lq zklfk hyhu|erg| lv wlhg wr wkh rog

lqvxuhu fdq eh dfklhyhg e| vhwwlqj wkh surylvlrq wudqvihu duelwudulo| kljk lq

wkh qhjdwlyh udqjh1 Vhfrqg/ lw pd| eh wkh fdvh wkdw vrph orz ulvnv fkdqjh/

zkloh doo kljk ulvnv vwd| zlwk wkh ruljlqdo lqvxuhu1 Wklug/ doo orz ulvnv pd|
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fkdqjh zkloh doo kljk ulvnv vwd|1 Irxuwk/ wkh vkduh ri vwd|huv dqg vzlwfkhuv

dprqj erwk w|shv fdq eh vwulfwo| srvlwlyh1 Iliwk/ doo orz ulvnv dqg vrph

kljk ulvnv pd| ohdyh wkh ruljlqdo lqvxuhu1 Odvw/ hyhu|erg| pd| ohdyh wkh rog

lqvxuhu1

Fohduo|/ li wkh surylvlrq wudqvihu lv ydulhg/ hlwkhu wkh wklug ru wkh irxuwk

w|sh pd| rffxu/ exw qhyhu erwk w|shv1 Uhfdoolqj wkdw wkh htxdwlrq �E+�Z2��

%
5
' �E+ � Z

5
� gh�qhv wkh sv|fklf frvw dw zklfk dq lqglylgxdo lv lqgl�huhqw

ehwzhhq vzlwfklqj dqg vwd|lqj/ lw wxuqv rxw wkdw

%
�
� %

,
' �E+ � R

,

2
g n o�� �E+ � R

�

2
g n o� +47,

surylghg wkdw wkhuh lv d srvlwlyh vkduh ri vzlwfkhuv dqg vwd|huv ri erwk w|shv1

W|slfdoo|/ li wkh vxssruw ri wkh udqgrp yduldeoh f lv rq d uhodwlyho| vpdoo

lqwhuydo dqg wkh frqwudvw ehwzhhq orz ulvnv dqg kljk ulvnv lv vkdus/ d vlwxdwlrq

zlwk srvlwlyh iudfwlrqv ri vzlwfkhuv dqg vwd|huv ri erwk w|shv fdqqrw rffxu1

Rq wkh rwkhu kdqg/ li wkh vxssruw ri f lv rq d vx!flhqwo| odujh lqwhuydo/ orz0

ulvn lqglylgxdov zlwk d vpdoo ru qhjdwlyh sv|fklf frvw zloo idfh dq lqfhqwlyh

wr fkdqjh lqvxuhuv rqo| li dovr kljk ulvnv zlwk d kljk sv|fklf frvw zrxog olnh

wr ohdyh wkh ruljlqdo lqvxuhu1 Vkrxog wkh vxssruw ri f eh rq wkh lqwhuydo

E�4cn4� zkloh wkh surylvlrq wudqvihu lv �qlwh/ rqo| wkh irxuwk vzlwfkhu

sur�oh fdq dulvh1

Wzr fdqglgdwhv iru dq rswlpxp fdq eh h{foxghg1 Reylrxvo|/ d vfkhph lq

zklfk hyhu|erg| txlwv wkh lqvxuhu fdq qhyhu frqvwlwxwh dq rswlpxp1 Frp0

sduhg wr d vlwxdwlrq lq zklfk hyhu|erg| vwlfnv wr wkh frqwudfw/ wkhuh lv qr

jdlq lq h{shfwhg sv|fklf frvw1 Dw wkh vdph wlph/ ulvn0dyhuvh lqglylgxdov fdq0

qrw fdswxuh wkh ixoo jdlqv iurp srrolqj ulvnv1 D vlplodu dujxphqw dssolhv li

ulvnv duh vhsdudwhg zkhuh doo orz ulvnv fkdqjh wkh lqvxuhu1 Wu|lqj wr frqvwuxfw

d vfkhph ehlqj htxlydohqw wr wkh qr0vzlwfk doorfdwlrq lv qrw frpsdwleoh zlwk

lqglylgxdo udwlrqdolw|1

Sursrvlwlrq 6 Dq rswlpxp qhyhu frqvlvwv ri d vlwxdwlrq lq zklfk doo orz

ulvnv fkdqjh wkh lqvxuhu dqg doo kljk ulvnv vwd| zlwk wkh rog lqvxuhu1

Surri= Vlqfh h{shfwhg frqvxpswlrq fdqqrw eh lq xhqfhg/ d vhsdudwlrq

ri ulvnv |lhogv d vwulfwo| orzhu h{shfwhg xwlol| wkdq wkh qr0vzlwfk htxoleulxp

zlwk o ' �4 dqg Z� ' Z2 xqohvv Z� ' Z2 ' Z
, 1 Krzhyhu/ zkhq Z2 ' Z

,

krogv/ wkh orz ulvnv zlwk d sv|fklf frvw % 	 f duh ehwwhu r� zkhq vwd|lqj

zlwk wkh rog lqvxuhu1 �
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D vhsdudwlrq ri ulvnv fdq qhyhu uhsuhvhqw dq rswlpxp1 Iluvw/ vkrxog

suhplxpv qrw eh htxdo dfurvv doo vwdwhv dqg shulrgv/ h{shfwhg xwlolw| lv kljkhu

li hyhu|erg| vwd|v zlwk wkh rog lqvxuhu1 Vhfrqg/ li wkh frqglwlrq rq suhplxpv

lv vdwlv�hg/ wkh lqglylgxdov zlwk d orz sv|fklf frvw zrxog eh ehwwhu r� li wkh|

glg qrw fkdqjh wkh lqvxuhu1

Wkh qh{w sursrvlwlrq fkdudfwhul}hv wkh rswlpxp vkrxog kljk ulvnv eh nhsw

lq wkh ruljlqdo frqwudfw1

Sursrvlwlrq 7 Dq rswlpxp zkhuh rqo| vrph orz ulvnv exw qr kljk0ulvn lq0

glylgxdo fkdqjh wkh lqvxuhu lv fkdudfwhul}hg e| Z� ' Z2 ' Z
,1 Li vxfk d

vfkhph nhhsv doo kljk ulvnv lq wkh ruljlqdo frqwudfw/ h{shfwhg xwlolw| lv kljkhu

wkdq li wkhuh duh qr lqvxuhu fkdqjhv1

Surri= Lw fdq hdvlo| eh fkhfnhg wkdw vhwwlqj Z� ' Z2 ' Z
, vdwlv�hv wkh

�uvw0rughu frqglwlrqv surylghg wkdw qr kljk0ulvn lqglylgxdo fkdqjhv1 H{0

shfwhg xwlolw| wkhq dprxqwv wr

.L ' 2�

�
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R� n bR
,

2
n E� � b�R

�

2

2
g

�
� b8 Ef�.Efm% 	 f�c +48,

zklfk h{fhhgv pd{lpxp h{shfwhg xwlolw| vxemhfw wr qr vzlwfkhv e|

�b8 Ef�.Efm% 	 f� : f1 �

Li rqo| orz0ulvn lqglylgxdov fkdqjh wkh lqvxuhu/ d suhplxp vfkhph fdq

eh lpsohphqwhg zklfk uhvhpeohv wkh �uvw0ehvw doorfdwlrq1 Zkloh wkh frq0

vxpswlrq ulvn lv hqwluho| eruqh e| wkh lqvxuhuv/ wkh h{shfwhg sv|fklf frvw ri

orz ulvnv lv plqlpl}hg1 Doo orz0ulvn lqglylgxdov zlwk % : f zloo fkdqjh wkh

lqvxuhu zkloh wkrvh zlwk % 	 f zloo vwd|1 Krzhyhu/ wkh kljk0ulvn lqglylgxdov

zlwk % : f zloo qrw fkdqjh wkh lqvxuhu qrz1 Wkh surylvlrq wudqvihu iru

Z
,
' Z� ' Z2 fdq wkhq eh ghulyhg iurp wkh wzr exgjhw htxdwlrqv

Z
,
' R

,

2
g � o +49,

dqg

Z
,
d� n b8 E%

,
� n E�� b�o ' dR� n b8 E%

,
�R

,

2
n E�� b�R

�

2
og +4:,

nobE�� 8 E%
,
���
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Lvrodwlqj Z, dqg vroylqj iru o wkhq |lhogv
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R
,

2
� R
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��
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Wklv whup lv qhjdwlyh iru R� ' R
,

2
zkloh lw pd| eh srvlwlyh li R� 	 R

,

2
krogv1

Wkh rswlpxp wudqvihu zloo eh qhjdwlyh li djlqj surylvlrqv duh uhodwlyho| vpdoo

gxh wr olwwoh ru qr djh0vshfl�f lqfuhdvhv lq wkh looqhvv ulvn1 Lq frqwudvw/ li

wkhuh lv d pdunhg lqfuhdvh lq wkh looqhvv suredelolw| iru wkrvh zkr uhpdlq orz

ulvnv zlwk ulvlqj djh/ wkh surylvlrq wudqvihu fdq dovr eh srvlwlyh1 Krzhyhu/ lw

zloo dozd|v idoo vkruw ri wkh dyhudjh djlqj surylvlrq

o� ' Z
,
� R�g +4<,

' R
,

2
g �

�

2

�
R
,

2
� R� n E� � b�

�
R
,

2
� R
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��
g � R�g

'
�

2

�
R
,

2
� R� � E�� b�

�
R
,

2
� R

�

2

��
g�

Li wkh rswlpxp glvsod|v wkh ihdwxuh wkdw kljk ulvnv duh dprqj wkh vzlwfkhuv/

lw lv qr orqjhu srvvleoh wr jhw ulg ri wkh frqvxpswlrq ulvn1 Sursrvlwlrq 8

fkdudfwhul}hv wkh rswlpxp li doo orz ulvnv whuplqdwh wkh orqj0whup frqwudfw1

Sursrvlwlrq 8 Lq dq| rswlpxp lq zklfk doo orz ulvnv fkdqjh wkh lqvxuhu

zkloh vrph kljk ulvnv fkdqjh dqg vrph kljk ulvnv vwd| zlwk wkh rog lqvxuhu/

wkh rswlpxp lv fkdudfwhul}hg e| Z
,
	 Z� 	 Z2 	 Z

�1

Surri= Vhh dsshqgl{1 �

Doo orz ulvnv fkdqjh wkh lqvxuhu li wkh| fdq vdyh frqwulexwlrqv zkloh wkh

orvv lq sv|fklf frvw ri wkrvh ehlqj vdwlv�hg zlwk wkh rog lqvxuhu pd| eh

uhodwlyho| vpdoo1 Lq vxfk dq rswlpxp/ wkh suhplxp iru wkrvh kljk ulvnv

zkr vzlwfk h{fhhgv wkh suhplxp ri vwd|huv1 Wkhuhiruh/ vrph lqglylgxdov

gr qrw fkdqjh lqvxuhuv dowkrxjk wklv zrxog uhgxfh wkhlu h{shfwhg sv|fklf

frvw1 Wklv surshuw| ri vxfk dq rswlpxp dulvhv ehfdxvh udlvlqj wkh surylvlrq
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wudqvihu lv sduwo| xvhg wr lqfuhdvh frqvxpswlrq ri wkh orz0ulvn vzlwfkhuv1

Iru wkhvh lqglylgxdov/ pdujlqdo xwlolw| lv douhdg| orz/ lpso|lqj d uhgxfhg

pdujlqdo ehqh�w ri wkh wudqvihu1 Qrwlqj wkdw doo vwd|huv duh kljk ulvnv/ lw lv

xqvxusulvlqj wkdw wkh suhplxp wkh| kdyh wr sd| h{fhhgv wkh suhplxp lq wkh

�uvw shulrg1

D vlplodu suhplxp vwuxfwxuh dulvhv li zh frqvlghu dq rswlpxp zkhuh vrph

ri wkh orz ulvnv uhpdlq zlwk wkh rog lqvxuhu1

Sursrvlwlrq 9 Lq dq| rswlpxp zlwk vwulfwo| srvlwlyh iudfwlrqv ri vzlwfkhuv

dqg vwd|huv ri erwk w|shv/ wkh rswlpxp lv fkdudfwhul}hg e| Z
,
	 Z2 	 Z

�1

Surri= Vhh dsshqgl{1 �

Wkh sursrvlwlrq fdq hdvlo| eh lqwhusuhwhg1 Zlwk srvlwlyh iudfwlrqv ri

vzlwfkhuv dqg vwd|huv ri erwk w|shv dqg d xqlirup surylvlrq wudqvihu/ wkh

lqgl�huhqw orz0ulvn lqglylgxdo h{klelwv d vpdoohu sv|fklf frvw wkdq wkh lq0

gl�huhqw kljk0ulvn lqglylgxdo1 Li wkh sv|fklf frvw ri wkh lqgl�huhqw orz0ulvn

lqglylgxdo grhv qrw idoo vkruw ri wkh phdq sv|fklf frvw/ wrr pdq| kljk0ulvn

lqglylgxdov vwd| zlwk wkh rog lqvxuhu lq whupv ri wkh sv|fklf frvw1 Dw wkh

vdph wlph/ qrerg| lv lqgxfhg wr fkdqjh ghvslwh ehlqj vdwlv�hg zlwk wkh

rog lqvxuhu1 Wkhuhiruh/ dq h!flhqf| jdlq fdq eh dfklhyhg e| lqfuhdvlqj wkh

surylvlrq wudqvihu/ lqgxflqj pruh lqglylgxdov wr fkdqjh wkh lqvxuhu1 Frq0

yhuvho|/ li wkh sv|fklf frvw ri wkh lqgl�huhqw kljk0ulvn lqglylgxdo grhv qrw

h{fhhg wkh phdq sv|fklf frvw/ wrr pdq| orz0ulvn lqglylgxdov fkdqjh wkh lq0

vxuhu/ zkloh qrerg| lv lqgxfhg wr vwd| ghvslwh ehlqj glvvdwlv�hg zlwk wkh rog

lqvxuhu1 Wkhuhiruh/ dq h!flhqf| jdlq fdq eh dfklhyhg e| uhgxflqj wkh sur0

ylvlrq wudqvihu/ orzhulqj wkh vkduh ri vzlwfkhuv1 Wkh rswlpxp edodqfhv wkh

glvwruwlrqv lq vxfk d idvklrq wkdw wrr pdq| orz0ulvn lqglylgxdov duh lqgxfhg

wr fkdqjh wkh lqvxuhu zkloh wrr pdq| kljk ulvnv vwlfn wr wkh rog lqvxuhu1

Ghshqglqj rq wkh sdudphwhuv ri wkh rswlpl}dwlrq sureohp/ irxu vroxwlrq

w|shv pd| rffxu1 Iluvw/ lw pd| eh wkh fdvh wkdw surylvlrq wudqvihuv duh vhw

yhu| kljk lq wkh qhjdwlyh udqjh wr ghwhu dq| lqvxuhu fkdqjh1 Wklv lv dq

rswlpxp li wkh sv|fklf frvw grhv qrw h{lvw1 Qrwklqj fdq wkhq eh jdlqhg

lq whupv ri h{shfwhg xwlolw| h{ dqwh li shrsoh duh doorzhg wr whuplqdwh wkh

lqvxudqfh frqwudfw1 Vhfrqg/ wkh vfkhph pd| htxdol}h suhplxpv iru orz ulvnv

zkhuh rqo| vrph orz ulvnv fkdqjh wkh lqvxuhu zkloh doo kljk ulvnv vwlfn wr wkh

rog frqwudfw1 Wklv zloo fhuwdlqo| frqvwlwxwh wkh rswlpxp li wkhuh lv lqghhg qr

vzlwfklqj lqfhqwlyh iru kljk ulvnv dqg wkh vkduh ri kljk ulvnv lv yhu| vpdoo1

Wkh h!flhqf| orvvhv/ zklfk duh jlyhq e| rssruwxqlwlhv wr uhgxfh wkh sv|fklf
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frvw ri kljk ulvnv/ duh qhjoljleoh li wkh vkduh ri kljk ulvnv jrhv wr }hur1 Wklug/

li wkh vkduh ri orz ulvnv lv yhu| vpdoo/ wkh rswlpxp zloo eh ghvljqhg vxfk

wkdw vzlwfklqj kljk ulvnv zloo orvh vpdoo dprxqwv lq frqvxpswlrq zkloh doo

orz ulvnv zloo fkrrvh d qhz frqwudfw1 Irxuwk/ li kljk ulvnv dqg orz ulvnv duh

forvh wr hdfk rwkhu lq whupv ri looqhvv ulvn/ wkh wudqvihu zloo eh vhw vxfk wkdw

wkhuh lv d srvlwlyh vkduh ri vwd|huv dqg vzlwfkhuv ri erwk w|shv1

9 Frqfoxvlrq

Lw kdv ehhq vkrzq wkdw wkh �uvw0ehvw doorfdwlrq zlwk htxdol}hg frqvxpswlrq

ohyhov dfurvv doo vwdwhv dqg shulrgv dw d plqlpxp h{shfwhg sv|fklf frvw fdq

eh uhdfkhg li ulvnv duh yhul�deoh dqg qr wudqvdfwlrq frvw h{lvwv1 Wkh suryl0

vlrq wudqvihu vfkhph xsrq lqvxuhu vzlwfkhv zloo h{klelw w|sh0vshfl�f wudqvihuv

zklfk fdq zhoo eh qhjdwlyh iru jrrg ulvnv1 Wklv edvlf phvvdjh lv voljkwo| prg0

l�hg li d wudqvdfwlrq frvw dvvrfldwhg zlwk xqghuzulwlqj d qhz frqwudfw h{lvwv1

Vlqfh rqo| d iudfwlrq ri wkh wudqvdfwlrq frvw lv wdnhq lqwr dffrxqw lq wkh djlqj

surylvlrq wudqvihu/ vzlwfklqj wr dqrwkhu lqvxuhu zloo eh dffrpsdqlhg e| d orvv

lq frqvxpswlrq1

Li ulvnv duh qrw yhul�deoh iru mxgjhv/ rqo| xqlirup surylvlrq wudqvihuv fdq

eh xvhg1 Vkrxog lqglylgxdov uhsuhvhqwlqj kljk ulvnv eh ghwhuuhg iurp fkdqjlqj

wkhlu lqvxuhuv/ wkh rswlpxp dfklhyhv d vlwxdwlrq lq zklfk wkh frqvxpswlrq

ulvn lv ixoo| eruqh e| wkh lqvxuhuv1 Djdlq/ qhjdwlyh surylvlrq wudqvihuv dv

d ihdwxuh ri wkh rswlpxp fdqqrw eh h{foxghg1 Li kljk ulvnv duh dprqj wkh

vzlwfkhuv/ wkh rswlpxp jlyhv d edodqfhg glvwruwhg lqfhqwlyh wr whuplqdwh

wkh lqlwldo frqwudfw1 Jlyhq wkh jrdo wr plqlpl}h h{shfwhg sv|fklf frvw/ wkh

lqfhqwlyh lv wrr vwurqj iru orz ulvnv dqg wrr zhdn iru kljk ulvnv1

Wkh pdlq lqvljkw ri wkh vwxg| iru srolf|0pdnhuv lv wkdw wkh rswlpxp wudqv0

ihu vfkhph pd| hqwdlo qhjdwlyh surylvlrq wudqvihuv hyhq li xqlirup wudqvihuv

kdyh wr eh dssolhg1 Vkrxog vxfk h{lw suhplxpv eh qrw dssolfdeoh lq wkh

ohjdo v|vwhp/ wkh fxuuhqw sudfwlfh ri d xqlirup }hur wudqvihu grhv qrw vhhp

xquhdvrqdeoh1

Vhyhudo lpsruwdqw lvvxhv kdyh qrw ehhq frqvlghuhg lq wkh dqdo|vlv1 Iluvw/

kdylqj dq h{rjhqrxv sv|fklf frvw/ wkh lqvxuhu*v h�ruw wr uhgxfh wklv frvw lv

qhjohfwhg1 Fohduo|/ lqfuhdvlqj surylvlrq wudqvihuv iru dq| jurxs ri lqglylgxdov

vkrxog udlvh vxfk h�ruwv1 Vhfrqg/ wkhuh pd| eh pruh vsdfh iru frpshwlwlrq1

Lq sduwlfxodu/ zh pd| �qg d gl�huhqwldwlrq dffruglqj wr vhuylfh txdolw| dqg

dgplqlvwudwlyh frvwv gxh wr hqkdqfhg frpshwlwlrq1 Wklug/ dq lpsdfw rq sur�w
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pdujlqv grhv qrw rffxu lq wkh fxuuhqw iudphzrun e| vhwwlqj wkhvh wr }hur1

Irxuwk/ zh pd| kdyh dq dv|pphwulf lqirupdwlrq sureohp zlwk uhvshfw wr

khdowk vwdwxv iru roghu lqglylgxdov1 Lw lv fhuwdlqo| sodxvleoh wkdw wkh lqvxuhg

uhfhlyhv pruh lqirupdwlrq rq wkh hyroxwlrq ri klv khdowk wkdq klv lqvxuhu1

Vkrxog vxfk dq dgyhuvh vhohfwlrq sureohp dulvh/ wkh whqghqf| djdlqvw srvlwlyh

surylvlrq wudqvihuv zloo suhvxpdeo| ehfrph vwurqjhu1

Dsshqgl{

Ghulydwlrq ri �uvw0rughu frqglwlrqv

Qrwlfh wkdw
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Uhfdoolqj wkh wkuhvkrog gh�qlwlrq +5,/ wklv doorzv xv wr vlpsoli| wkh �uvw0rughu

frqglwlrqv dv iroorzv=
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vdwlv�hg rqo| li ��E+ � Z
5
� : V1 Vlqfh wkh xwlolw| ixqfwlrq lv vwulfwo| frqfdyh/

�
�
E+ � Z2� : V zrxog krog wkhq1 Frqvhtxhqwo|/ wkh �uvw0rughu frqglwlrq +9,

zloo eh ylrodwhg1

Qh{w/ frqvlghu wkh fdvh Z
5
� Z2 	 Z

� zkhuh � 9' 51 Ohw 5 ' ,1 Wkh

�uvw0rughu frqglwlrq +:, wkhq uhtxluhv ��E+ � Z
,
� : V1 Wklv lq wxuq lpsolhv

�
�
E+ � Z2� : V dqg �

�
E+ � Z

�
� : V gxh wr wkh vwulfw frqfdylw| ri �1 Qrwlflqj

+;,/ ��E+ � Z
�
� : V lv dvvrfldwhg zlwk Z2 : Z

�
� A 1 Dv d frqvhtxhqfh/ wkh

�uvw0rughu frqglwlrq +9, fdqqrw eh ixo�oohg1 Dq dqdorjrxv dujxphqw dssolhv

iru 5 ' �1 Wkxv/ Z,
: Z2 dqg Z

�
: Z2 kdyh wr krog lq dq| rswlpxp1

Qrz vxssrvh wkdw 4�?

�
Z
�
c Z

,
�
� Z2 n A lv d surshuw| ri wkh rswlpxp1

Wkh rswlpdolw| frqglwlrqv +:, dqg +;, wkhq uhtxluh �
�
E+ � Z

5
� � V zlwk

5 ' �c ,1 Gxh wr wkh vwulfw frqfdylw| ri �/ wklv lpsolhv ��E+ � Z2� 	 V1 Wkh

rswlpdolw| frqglwlrq +9, zrxog eh ylrodwhg lq wklv fdvh1

Odvw/ frqvlghu wkh fdvh Z2 	 Z
5
	 Z2 n A � Z

� zkhuh � 9' 51 Ohw � ' ,1

Wkh �uvw0rughu frqglwlrq +:, wkhq uhtxluhv ��E+�Z,
� � V1 Wklv lq wxuq lpsolhv

�
�
E+ � Z

�
� 	 V gxh wr wkh vwulfw frqfdylw| ri �1 Wklv vlwxdwlrq frqwudglfwv

wkh rswlpdolw| frqglwlrq +;,1 Dq dqdorjrxv dujxphqw dssolhv iru � ' �1
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