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Wkh Vslq Grfwru Phhwv wkh Udwlrqdo

Yrwhu= Hohfwrudo Frpshwlwlrq zlwk

Djhqgd0Vhwwlqj H�hfwv1

Ulffdugr SxjolvlW

OVH dqg VWLFHUG

Devwudfw

Lq d pxowlglphqvlrqdo srolf| vsdfh/ flwl}hqv fdvw wkhlu yrwh rq wkh edvlv

ri zklfk srolf| lvvxh wkh| uhfnrq dv ehlqj pruh vdolhqw1 Gxulqj wkh fdpsdljq/

pdvv phgld rxwohwv surylgh slhfhv ri qhzv derxw hyhqwv rffxuulqj lq wkh gl�huhqw

�hogv= wkhvh hyhqwv uhsuhvhqw sureohpv wkdw ghvhuyh vrph srolf| dfwlrq e| wkh

hohfwhg srolwlfldq1

Yrwhuv zdqw wr hohfw wkh srolwlfldq zkr lv wkrxjkw wr eh pruh fdsdeoh ri

kdqgolqj wkh prvw uhohydqw sureohp idflqj wkh frxqwu|/ dqg wkh| kdyh d sulrul

ylhzv derxw wkh uhodwlyh delolwlhv ri fdqglgdwhv ehorqjlqj wr gl�huhqw sduwlhv

zlwk uhvshfw wr gl�huhqw sureohpv1 Dq lvvxh lv rzqhg e| d jlyhq sduw| li lwv

fdqglgdwhv duh wkrxjkw wr eh pruh fdsdeoh ri vroylqj sureohpv ehlqj uhodwhg wr

wkh lvvxh lwvhoi/ jlyhq wkdw wkh| rffxu1

L ghyhors d vlpsoh prgho ri hohfwrudo frpshwlwlrq zlwk djhqgd0vhwwlqj h�hfwv1

Wkhuh duh wzr lvvxhv/ rqh rzqhg e| wkh Uhsxeolfdq Sduw|/ wkh rwkhu e| wkh

Ghprfudwv= sureohpv shuwdlqlqj wr wkh wzr lvvxhv fdq rffxu/ zlwk jlyhq dqg

lqghshqghqw suredelolwlhv1 Li d sureohp rffxuv/ d yhul�deoh vljqdo lv lvvxhg/ dqg

fdq eh sxeolvkhg rq wkh qhzvsdshu= krzhyhu/ rq wkh qhzvsdshu lwvhoi wkhuh lv

urrp iru rqo| rqh vwru| wr eh sxeolvkhg1 Lq wklv vhw xs/ L gh�qh dv �vslq� wkh

delolw| ri wkh lqfxpehqw srolwlfldq wr pdnh wkh vwru| derxw wkh rzqhg lvvxh

pruh sdodwdeoh wr wkh qhzvsdshu*v hglwru1 Li wkhuh lv vslq/ jlyhq wkdw erwk

sureohpv kdyh rffxuuhg/ wkh vwru| derxw wkh lvvxh rzqhg e| wkh lqfxpehqw lv

dozd|v sxeolvkhg> frqyhuvho|/ lq wkh qr0vslq fdvh wkh pdqdjlqj hglwru ghflghv

zkdw wr sxeolvk e| wrvvlqj d idlu frlq1

Dv d ixqfwlrq ri wkh vslq uhjlph/ wkh prgho r�huv whvwdeoh suhglfwlrqv derxw

wkh nlqg ri qhzv ehlqj sxeolvkhg gxulqj wkh fdpsdljq/ flwl}hqv* rswlpdo yrwlqj

ehkdylrxu dqg wkh gl�huhqwldo h�hfw ri sxeolvkhg vwrulhv rq djjuhjdwh yrwhv1

Pruhryhu/ wkh sdshu glvfxvvhv wkh flufxpvwdqfhv xqghu zklfk lw zrxog eh h{

dqwh rswlpdo iru wkh lqfxpehqw srolwlfldq wr frpplw qrw wr hqjdjh klpvhoi lq

vslq dfwlylw|1

4 Lqwurgxfwlrq

Wkh vwdqgdug prgho ri hohfwrudo fkrlfh lv w|slfdoo| edvhg rq wkh lghd wkdw wkhuh
lv rqo| rqh glphqvlrq dorqj zklfk yrwhuv dqg/ srvvleo|/ fdqglgdwhv kdyh gl�huhqw
suhihuhqfhv= vxfk glphqvlrq frxog eh wkh pdujlqdo wd{ udwh rq lqfrph/ wkh ohyho ri
surylvlrq ri d sxeolf jrrg/ ru dq| rwkhu srolf| yduldeoh wkdw pdwwhuv zlwk uhvshfw wr

WHpdlo dgguhvv= U1SxjolvlCovh1df1xn1 L zrxog olnh wr wkdqn p| vxshuylvru Dqguhd Sudw iru klv
lqydoxdeoh khos1
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wkh sureohp ehlqj vwxglhg1 Li fdqglgdwhv duh rqo| prwlydwhg e| zlqqlqj wkh r!fh
dqg fdq frpplw wr dq| srolf| sodwirup/ wkhuh duh vrph frqglwlrqv rq wkh vkdsh ri
yrwhuv* suhihuhqfhv/ vxfk wkdw lq htxloleulxp fdqglgdwhv frqyhujh wr wkh vdph srolf|
sodwirup/ wkdw lv wkh rqh ehlqj suhihuuhg e| wkh phgldq yrwhu1

Rq wkh rwkhu kdqg/ zkhq wkh srolf| vsdfh lv pxowlglphqvlrqdo/ wkh suhvhqfh ri
Frqgrufhw f|fohv lv d jhqhulf rxwfrph ri wkh jdph> wkhuh duh lqghhg vrph yhu| uhvwulf0
wlyh frqglwlrqv rq wkh vkdsh ri wkh glvwulexwlrq ri yrwhuv* eolvv srlqwv lq wkh srolf|
vsdfh/ vxfk wkdw wkhuh lv dq htxloleulxp sodwirup1 Li wklv lv qrw wkh fdvh/ rqh fdq
vshfli| d vxevhw ri wkh srolf| vsdfh/ zklfk lv pdgh ri sodwirupv wkdw fdq eh ehdwhq
rqo| e| sodwirupv ehorqjlqj wr wkh vdph vxevhw1

Lw lv wuxh wkdw lq wkh uhdo zruog srolwlfdo hohfwlrqv duh dozd|v frqfhuqhg zlwk d
soxudolw| ri lvvxhv/ vr wkdw dq| xqlglphqvlrqdo dqdo|vlv ri wkh hohfwrudo surfhvv vrxqgv
dv d vlpsoli|lqj wrro/ zklfk lv phdqw wr hpskdvl}h wkh froohfwlyh fkrlfh ri d vlqjoh
srolf| yduldeoh1 Krz gr flwl}hqv fdvw wkhlu yrwh zkhq srolf| sodwirupv duh lqwulqvlfdoo|
pxowlglphqvlrqdoB Wdnh d yrwhu dqg dq| jlyhq frxsoh ri srolf| sodwirupv= li vkh frxog
ghflgh vhsdudwho| iru hdfk glphqvlrq/ l1h1 fdvw d vhsdudwh yrwh rq hdfk glphqvlrq/ lw
lv olnho| wkdw rq vrph glphqvlrqv vkh zrxog zhdno| suhihu wkh �uvw sodwirup/ zkloh
wkh rssrvlwh lv wuxh iru wkh frpsohphqwdu| vxevhw ri glphqvlrqv1 Krzhyhu/ khuh
wkh flwl}hq kdv jrw rqo| rqh yrwh wr fdvw dqg/ dvvxplqj wkdw vkh lv udwlrqdo/ vkh
zrxog zhljkw wkh gl�huhqw glphqvlrqv wkurxjk khu xwlolw| ixqfwlrq/ dqg frph wr d
�qdo frpsurplvlqj fkrlfh1 Wkh fuxfldo srlqw lv wkdw vxfk fkrlfh lv d ixqfwlrq ri
wkh zhljkwv wkdw duh lpsolflw lq wkh xwlolw| ixqfwlrq/ l1h1 ri wkh uhodwlyh lpsruwdqfh
dwwdfkhg wr gl�huhqw srolf| lvvxhv e| wkh yrwhu khuvhoi1 Wklv udqnlqj ri srolf| lvvxhv
fdq eh fdoohg vdolhqfh vwuxfwxuh/ ru/ e| eruurzlqj d whup iurp wkh sxeolf rslqlrq*v
olwhudwxuh/ yrwhu*v djhqgd1

W|slfdoo|/ srolwlfdo hfrqrp| prghov ri hohfwrudo fkrlfh lq d pxowlglphqvlrqdo sro0
lf| vsdfh duh edvhg rq dq h{rjhqrxvo| jlyhq vdolhqfh vwuxfwxuh= rq wkh frqwudu|/ wkh
vlpsoh prgho suhvhqwhg khuh lv rqh ri wkh �uvw dwwhpswv ri hqgrjhqlvlqj wklv vdolhqfh
vwuxfwxuh/ dv d ixqfwlrq ri yrwhuv* lqirupdwlrq vhw1 Lq idfw/ lq wkh suhylrxv glvfxvvlrq
wkh vdolhqfh vwuxfwxuh zdv uhfnrqhg dv dq lpsolflw ihdwxuh ri yrwhu*v suhihuhqfhv/ vr
wkdw dq| fkdqjh lq wklv vdolhqfh vwuxfwxuh dprxqwv wr d fkdqjh lq khu suhihuhqfhv1
D wkhru| ri hqgrjhqrxv suhihuhqfhv lv d yhu| xq�up jurxqg iru wkh dqdo|vlv/ hyhq li
lw lv d gh�qlwho| lqwhuhvwlqj vxemhfw= wkh srlqw L zdqw wr pdnh khuh lv wkdw rqh fdq
dqdo|vh fkdqjhv lq wkh yrwhuv* djhqgd zlwkrxw iudplqj wkh dujxphqw lq whupv ri hq0
grjhqrxv suhihuhqfhv/ mxvw ehfdxvh dq| udwlrqdo fkrlfh ghshqgv erwk rq suhihuhqfhv
dqg dydlodeoh lqirupdwlrq1

Frplqj edfn wr rxu lqlwldo glvfxvvlrq/ d fkdqjh lq wkh uhodwlyh lpsruwdqfh ri
gl�huhqw srolf| lvvxhv fdq vwhp iurp wkh idfw wkdw slhfhv ri lqirupdwlrq kdyh ehhq
surylghg/ dffruglqj wr zklfk lvvxh �D� ghvhuyhv vrph surpsw dqg vl}hdeoh srolf| df0
wlrq e| wkh hohfwhg srolwlfldq/ zkloh wklv lv qrw wkh fdvh iru lvvxh �E�1 Dv dq h{dpsoh/
lq d jlyhq prphqw lq wlph dqg iru d jlyhq srolw|/ lw frxog eh wuxh wkdw dq hqylurq0
phqwdo hphujhqf| kdv rffxuuhg/ zkloh fulph rq wkh vwuhhwv lv qrw d vhulrxv fdxvh ri
frqfhuq1 Li flwl}hqv nqrz wkhvh �idfwv� dqg pxvw vrrq hohfw d qhz pdmru iru wkhlu
pxqlflsdolw|/ wkh| zrxog fkrrvh e| dwwdfklqj d kljkhu zhljkw wr wkh hqylurqphqwdo
lvvxh zlwk uhvshfw wr wkh �odz ) fulph� rqh1

Lq wkh xqlglphqvlrqdo fdvh/ yrwhuv kdyh jrw gl�huhqw eolvv srlqwv zlwk uhvshfw wr
wkh srolf| ghflvlrq wr eh wdnhq> wkh vdph lv ri frxuvh wuxh iru zkdw frqfhuqv wkh
prvw jhqhudo fdvh ri d pxowlglphqvlrqdo srolf| vsdfh= wkhuh duh vhyhudo lvvxhv/ ru
�sureohpv� shuwdlqlqj wr gl�huhqw lvvxhv/ dqg yrwhuv duh fkdudfwhulvhg e| gl�huhqw
suhihuuhg vroxwlrqv iru hdfk lvvxh1 Zlwk uhvshfw wr wklv jhqhudo iudphzrun/ wkh prgho
suhvhqwhg khuh lv krzhyhu edvhg rq vrph vlpsoli|lqj dvvxpswlrqv/ wkdw duh phdqw wr
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hpskdvlvh wkh frqfhsw shu vh ri hqgrjhqrxv vdolhqfh/ exw rq wkh rwkhu vlgh fruuhvsrqg
wr d zhoo hvwdeolvkhg wkhru| derxw krz flwl}hqv fdvw wkhlu yrwh lq d pxowlglphqvlrqdo
vhwwlqj/ l1h1 wkh �lvvxh rzqhuvkls� k|srwkhvlv/ dv lqwurgxfhg e| Shwurfln ^4<<9`1

Wkh lghd lv wkdw yrwhuv kdyh jrw dq lqvwuxphqwdo dwwlwxgh wrzdugv wkh hohfwrudo
surfhvv/ l1h1 wkh| zdqw wr hohfw wkh srolwlfldq wkdw lv pruh fdsdeoh ri vroylqj wkh prvw
xujhqw dqg vhulrxv sureohp idflqj wkh frxqwu| lq d jlyhq prphqw lq wlph1 Rq wrs
ri wkdw/ doo flwl}hqv vkduh wkh vdph eholhi4 derxw wkh uhodwlyh delolwlhv ri fdqglgdwhv
frplqj iurp gl�huhqw sduwlhv lq vroylqj gl�huhqw sureohpv/ l1h1 sureohpv uhodwhg wr
gl�huhqw lvvxhv1 Lq sduwlfxodu/ lq wkh prgho L zloo dvvxph wkdw wkhuh duh rqo| wzr
lvvxhv/ dqg wkdw fdqglgdwhv h{suhvvhg e| sduw| �D� duh +uljkwo|, uhfnrqhg dv pruh
fdsdeoh ri vroylqj wkh sureohp uhodwhg wr lvvxh �D�/ zkloh wkh rssrvlwh lv wuxh iru
sduw| �E� dqg lvvxh �E�1 Xvlqj Shwurfln*v whuplqrorj|/ lvvxh D +E, lv rzqhg e| sduw|
D +E,5 1

Zkloh lq wkh prvw jhqhudo fdvh ri d pxowlglphqvlrqdo srolf| vsdfh flwl}hqv frxog
kdyh gl�huhqw ylhzv derxw zklfk lv wkh ehvw vroxwlrq iru d jlyhq sureohp/ lq wkh
suhvhqw prgho wkhuh lv rq wkh frqwudu| d xqdqlprxv djuhhphqw/ wkdw pdnhv hdfk
lvvxh �rzqhg� e| +fdqglgdwhv ehorqjlqj wr, d gl�huhqw srolwlfdo sduw|1 Zkdw pdwwhuv
khuh lv wkh frqvwlwxhqf| ri wkh sduw| lwvhoi= lqglylgxdov ehorqjlqj wr d jlyhq sduw|
duh w|slfdoo| jurxshg wrjhwkhu e| wkhlu frpprq frqfhuq iru vrph lvvxhv> dw wkh vdph
wlph/ rqh frxog dujxh wkdw dq| srolwlfdo r!fh lv fkdudfwhulvhg e| d olplwhg dprxqw
ri pdwhuldo uhvrxufhv dqg ri wlph dydlodeoh iru pdnlqj xs ghflvlrqv1 Lw iroorzv wkdw
wkhuh duh qr fdqglgdwhv zkr duh deoh wr vroyh erwk sureohpv= flwl}hqv wdnh wklv lqwr
dffrxqw dqg wkhuhiruh wkh| wu| wr hohfw wkh rqh ehlqj deoh wr vroyh wkh sureohp wkdw
lv pruh olnho| wr dulvh1

Krz gr flwl}hqv jdwkhu lqirupdwlrq derxw zklfk hyhqwv kdyh rffxuhg lq wkh gli0
ihuhqw srolf| �hogvB Lqglylgxdo h{shulhqfh lv ri frxuvh lpsruwdqw iru vrph idfwv dqg
lvvxhv6/ exw dq lqfuhdvlqjo| odujh dprxqw ri lqirupdwlrq frphv iurp pdvv phgld rxw0
ohwv/ olnh qhzvsdshuv/ pdjd}lqhv/ WY fkdqqhov/ dqg wkh Lqwhuqhw1 Lq vrph fdvhv wklv
lqirupdwlrq lv frqfxuuhqw zlwk wkh rqh vwhpplqj iurp shuvrqdo h{shulhqfh/ lq vrph
rwkhuv lw lv wkh rqo| vrxufh ri nqrzohgjh iru wkh ydvw pdmrulw| ri phpehuv ri d jlyhq
srolw|1

Wkh qrupdwlyh ylhz derxw qhzv dqg mrxuqdolvp lv wkdw mrxuqdolvwv vkrxog eh re0
mhfwlyh dqg uljrurxvo| uhsruw zkdw kdsshqv lq wkh uhdo zruog= lq idfw/ zkhq pdq|
gl�huhqw hyhqwv shuwdlqlqj wr gl�huhqw srolf| �hogv kdsshq dw wkh vdph wlph/ mrxu0
qdolvwv dqg hglwruv kdyh jrw qrq qhjoljleoh ghjuhhv ri iuhhgrp lq wkh vhohfwlrq ri zkdw
lv qhzvzruwk|7 1

Pruhryhu/ lw lv wuxh wkdw wkh dprxqw ri vsdfh wkdw lv dydlodeoh rq d qhzvsdshu

4Wklv k|srwkhvlv ri xqdqlprxv eholhiv lv ri frxuvh yhu| vwdun/ exw lw fdq eh hdvlo| uhod{hg e|
dvvxplqj wkdw wkh pdmrulw| ri +lqvwuxphqwdo, yrwhuv vkduhv vxfk eholhiv1

5Dffruglqj wr Shwurfln ^4<<9`/ rqh vkrxog glvwlqjxlvk ehwzhhq rzqhg dqg ohdvhg lvvxhv/ zkhuh wkh
iruphu lghqwli| lvvxhv rq zklfk d jlyhq sduw| lv uhfnrqhg dv pruh fdsdeoh rq d orqj0whup edvlv/ zkloh
wkh odwwhu uhsuhvhqw lvvxhv rq zklfk wkh lqfxpehqw*v shuirupdqfh lv dvvhvvhg/ l1h1 rq d vkruw whup
edvlv1 Wkh pdqdjhphqw ri wkh hfrqrp| lv d w|slfdo h{dpsoh ri d ohdvhg ru shuirupdqfh0edvhg lvvxh1
Lq wkh suhvhqw prgho L frqvlghu wzr rzqhg lvvxhv/ exw lw zrxog eh lqwhuhvwlqj dqg qrw sduwlfxoduo|
gl!fxow wr prgli| lw lq rughu wr dqdo|vh wkh uroh ri d shuirupdqfh lvvxh1

6Wklv lv fhuwdlqo| wuxh iru uhohydqw hfrqrplf idfwv dv lq dwlrq dqg xqhpsor|phqw= wkh gluhfw
h{shulhqfh surylghv gdlo| slhfhv ri lqirupdwlrq derxw wkh sxufkdvlqj srzhu ri prqh| dqg wkh mre
vwdwxv ri shrsoh ehorqjlqj wr wkh uhihuhqfh jurxs= wkhvh slhfhv ri lqirupdwlrq fdq lq wxuq uhvrqdwh
zlwk ru frqwudglfw wkh qhzv surylghg e| pdvv phgld rxwohwv1

7Dsduw iurp wklv fkrlfh ehwzhhq gl�huhqw idfwv dqg lvvxhv/ mrxuqdolvwv dqg qhzv hglwruv fdq
ghvfuleh dqg frpphqw dq| jlyhq hyhqw iurp gl�huhqw shuvshfwlyhv> lq rwkhu whupv/ zklfk duh lq
idfw eruurzhg iurp wkh sxeolf rslqlrq mdujrq/ exw h{dfwo| fruuhvsrqg wr wkh rqhv ehlqj xvhg lq wkh
sv|fkrorj| dqg hfrqrplfv olwhudwxuh/ wkh iudplqj ri wkh hyhqw lv d yhu| uhohydqw fkrlfh yduldeoh
mrxuqdolvwv fdq sod| zlwk1 Vhh L|hqjdu111
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ru wkh dprxqw ri wlph iru d WY qhzv eurdgfdvw lv erxqghg> wklv lv frxsohg zlwk
d olplwhg dprxqw ri dwwhqwlrq wkdw fdq eh vshqw e| uhdghuv dqg ylhzhuv1 Vwrulhv
rq wkh qhzvsdshu duh jlyhq dq lpsolflw udqnlqj/ lq whupv ri devroxwh dqg uhodwlyh
lpsruwdqfh/ e| wkh srvlwlrq lq zklfk wkh| duh sxeolvkhg= ri frxuvh/ d kljkhu sulrulw|
lv dwwdfkhg wr slhfhv ri qhzv ehlqj sxeolvkhg rq wkh iurqw sdjh/ dqg zlwklq wklv vxevhw
wkh vwru| rq wkh xsshu uljkw ri wkh iurqw sdjh lv wkh ohdglqj rqh1 Wkh udqnlqj lv hyhq
pruh h{solflw iru WY qhzv eurdgfdvwv= lq wklv fdvh/ wkh ylhzhu lv gluhfwo| irufhg e|
wkh rughu zlwk zklfk vwrulhv duh suhvhqwhg/ dqg e| wkh dprxqw ri wlph ghyrwhg wr
hdfk ri wkhp1 Lw lv fohdu wkdw wkh �uvw vwru| lv wkh rqh wr zklfk wkh qhzv hglwru
frhwhulv sdulexv dwwdfkhv wkh khdylhvw zhljkw

Li flwl}hqv duh lq xhqfhg lq wkhlu yrwlqj ghflvlrq e| zklfk nlqg ri qhzv duh sxe0
olvkhg rq qhzvsdshuv dqg2ru eurdgfdvwhg rq WY fkdqqhov/ srolwlfdo sduwlhv kdyh jrw
vwurqj lqfhqwlyhv wr uhvkdsh ru pdqlsxodwh wkh djhqgd ri pdvv phgld rxwohwv dw wkhlu
rzq dgydqwdjh1 Lq sduwlfxodu/ li wkh lvvxh0rzqhuvkls k|srwkhvlv surylghv d xvhixo
dqg uhdolvwlf iudphzrun wr ghvfuleh krz udwlrqdo flwl}hqv yrwh/ wkhq dq| jlyhq sduw|
zrxog vwurqjo| dssuhfldwh wkh idfw wkdw phgld rxwohwv hpskdvl}h hyhqwv shuwdlqlqj wr
wkh rzqhg lvvxh1 Wklv lv zkdw srolwlfdo pdunhwlqj lv h{dfwo| derxw1

Wkh k|srwkhvlv rq wkh edvlv ri zklfk L ghyhors wkh prgho lv wkdw wkh lqfxpehqw
srolwlfldq kdv d frpsdudwlyh dgydqwdjh zlwk uhvshfw wr wkh fkdoohqjhu lq pdnlqj
wkh vwru| derxw wkh rzqhg lvvxh �vh{lhu�/ l1h1 pruh sdodwdeoh wr wkh wdvwh ri wkh
pdqdjlqj hglwru ri wkh qhzv surylghu/ eh lw d qhzvsdshu ru d WY qhzv eurdgfdvw1
Wklv lv sduwlfxoduo| uhohydqw ehfdxvh ri wkh olplwhg dprxqw ri �vsdfh� ehlqj dydlodeoh
rq wkh qhzvsdshu ru lq wkh WY qhzv eurdgfdvw= zkhq sureohpv shuwdlqlqj wr wzr
gl�huhqw lvvxhv rffxu/ wkh pdqdjlqj hglwru ri wkh qhzv surylghu pxvw ghflgh zklfk
vwru| pxvw eh jlyhq pruh hpskdvlv1 Lq wkh prgho L uhsuhvhqw wklv olplwhg dprxqw ri
vsdfh dqg dwwhqwlrq lq d vw|olvhg zd|/ e| dvvxplqj wkdw rq wkh qhzvsdshu wkhuh lv
urrp iru rqo| rqh vwru| wr eh sxeolvkhg1

Wkh pdqdjlqj hglwru ri wkh qhzvsdshu lv frqiurqwhg zlwk d hglwruldo fkrlfh rqo|
zkhq d sureohp kdv rffxuuhg lq hdfk ri wkh wzr srolf| �hogv= lq wklv fdvh/ wzr vwrulhv
fdq srwhqwldoo| eh sxeolvkhg/ exw wkhuh lv urrp iru rqo| rqh1 Lq wklv vhw xs/ L h{dfwo|
gh�qh dv �vslq� wkh delolw| ri wkh lqfxpehqw srolwlfldq wr pdnh wkh vwru| derxw wkh
rzqhg lvvxh pruh sdodwdeoh wr wkh qhzvsdshu*v hglwru1 Li wkhuh lv vslq/ jlyhq wkdw
erwk sureohpv kdyh rffxuuhg/ wkh vwru| derxw wkh lvvxh rzqhg e| wkh lqfxpehqw lv
dozd|v sxeolvkhg> frqyhuvho|/ lq wkh qr0vslq fdvh dqg zlwk erwk sureohpv rffxuulqj/
wkh pdqdjlqj hglwru ghflghv zkdw wr sxeolvk rq wkh iurqw sdjh e| wrvvlqj d idlu frlq1

Wkh sdshu lv rujdqlvhg dv iroorzv= lq vhfwlrq 5 L ryhuylhz wkh uhodwhg olwhudwxuh/
erwk lq wkh srolwlfdo hfrqrp| dqg lq wkh sxeolf rslqlrq �hog> vhfwlrq 6 suhvhqwv
dqg vroyhv wkh prgho1 Ilqdoo|/ vhfwlrq 7 frqfoxghv/ dqg surylghv vrph gluhfwlrqv iru
srvvleoh h{whqvlrqv ri wkh prgho1

5 Uhodwhg olwhudwxuh

Wklv vxuyh| lv glylghg lq wkuhh glvwlqfw sduwv= wkh �uvw sduw ghdov zlwk wkh frqwulex0
wlrqv lq srolwlfdo hfrqrp| derxw hohfwrudo frpshwlwlrq lq d pxowlglphqvlrqdo srolf|
vsdfh/ zlwk vshfldo uhihuhqfh wr wkh frqglwlrqv xqghu zklfk d Frqgrufhw zlqqhu h{0
lvwv/ dqg wr wkh wuhdwphqw ri wkh vdolhqfh vwuxfwxuh dfurvv lvvxhv1 Wkh vhfrqg sduw lv
irfxvhg rq wkh sxeolf rslqlrq olwhudwxuh derxw djhqgd0vhwwlqj h�hfwv/ l1h1 wkh dqdo0
|vlv ri zkhwkhu dqg wr zkdw h{whqw lqirupdwlrq frqyh|hg e| pdvv phgld fkdqqhov
lv fdsdeoh ri lq xhqflqj ylhzhuv dqg uhdghuv1 Ilqdoo| wkh wklug sduw lv frqfhuqhg
zlwk wkdw udslgo| jurzlqj eudqfk ri wkh srolwlfdo hfrqrp| �hog/ zklfk vshfl�fdoo|
dqdo|vhv wkh uhodwlrqvkls ehwzhhq pdvv phgld ehkdylrxu dqg hohfwrudo frpshwlwlrq1
Wkh prgho suhvhqwhg lq vhfwlrq 6 lv lq idfw rq wkh lqwhuvhfwlrq ehwzhhq wkhvh wkuhh
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duhdv ri uhvhdufk1

514 Htxloleulxp/ pxowlglphqvlrqdo srolf| vsdfhv/ vdolhqfh vwuxf0

wxuh

Vxssrvh wkdw d jurxs ri djhqwv lv d�hfwhg e| d yhfwru s ri srolflhv8 / dqg wkdw wkh|
xvh +vwulfw, pdmrulw| yrwlqj wr ghflgh zklfk nlqg ri srolf| wr lpsohphqw1 Xqghu zkdw
frqglwlrqv lv wkhuh dq htxloleulxp lq wklv yrwlqj jdphB Lv lw xqltxhB Zkdw duh wkh
ihdwxuhv ri wklv htxloleulxp ru wkhvh htxloleuld/ jlyhq wkdw wkh| h{lvwB Wkhvh duh wkh
pdlq txhvwlrqv ehlqj dvnhg lq wkh srvlwlyh wkhru| ri vrfldo fkrlfh1

Dv xqghuolqhg lq wkh lqwurgxfwlrq/ zkhq wkh srolf| vsdfh lv xqlglphqvlrqdo/ wkhuh
duh vrph zhoo nqrzq frqglwlrqv/ xqghu zklfk d sodwirup ehlqj d Frqgrufhw zlqqhu
dozd|v h{lvwv/ dqg frlqflghv zlwk wkh eolvv srlqw ri wkh yrwhu wkdw lv udqnhg dv phgldq
+Shuvvrq dqg Wdehoolql ^5333`/ Sursrvlwlrqv 4 dqg 5/ ss1 55056,1 D vx!flhqw frqglwlrq
iru wklv uhvxow lv wkdw yrwhuv* suhihuhqfhv duh vlqjoh shdnhg +Eodfn ^4<7;`,/ zkloh d pruh
jhqhudo rqh lv wkh vlqjoh0furvvlqj surshuw| vxjjhvwhg e| Jdqv dqg Vpduw ^4<<9`1

Zkhq wkh srolf| vsdfh dqg yrwhuv* khwhurjhqhlw| duh lqghhg pxowlglphqvlrqdo/
d Frqgrufhw zlqqhu lq wkh yrwlqj jdph h{lvwv xqghu yhu| uhvwulfwlyh frqglwlrqv ri
v|pphwu| +Sorww ^4<9:`/ Gdylv/ gh Jurrw dqg Klqlfk ^4<:5`,= d sodwirup s� lv d
Frqgrufhw zlqqhu li hyhu| k|shusodqh sdvvlqj wkurxjk lw vhsdudwhv wkh srolf| vsdfh
lq vxfk d zd| wkdw wkhuh lv dq htxdo qxpehu ri eolvv srlqwv lq hlwkhu ri wkh wzr vxevhwv
ehlqj fuhdwhg1 Vrph zhdnhu frqglwlrqv iru wkh h{lvwhqfh ri d Frqgrufhw zlqqhu fdq
eh irxqg rxw li wkh srolf| vsdfh lv vwloo pxowlglphqvlrqdo exw yrwhuv* khwhurjhqhlw| lv
vkulqnhg wr eh xqlglphqvlrqdo +Judqgprqw ^4<:;`,1

Wkhvh uhvxowv dsso| wr d gluhfw ghprfudf|> lq idfw/ prghuq ghprfudflhv duh uhsuh0
vhqwdwlyh/ lq wkdw wkh prvw uhohydqw srolf| fkrlfhv duh pdgh e| hohfwhg uhsuhvhqwdwlyhv/
wr zkrp flwl}hqv kdyh ghohjdwhg wkh srzhu wr ghflgh rq wkhlu ehkdoi1 Lq wklv fdvh/
wkh qdwxuh lwvhoi ri srolwlfdo lqvwlwxwlrqv lpsrvhv vrph uhvwulfwlrqv rq wkh vwuxfwxuh
ri wkh yrwlqj jdph1

Li flwl}hqv duh hohfwlqj wkhlu uhsuhvhqwdwlyhv dqg qrw gluhfwo| fkrrvlqj wkh srolf|
sodwirup wr eh lpsohphqwhg/ lw lv pruh olnho| wkdw wkhlu yrwh lv qrw rqo| d�hfwhg e|
wkh sodwirupv wkhpvhoyhv/ exw dovr e| rwkhu idfwruv ryhu zklfk fdqglgdwhv kdyh ohvv
frqwuro/ ru qr frqwuro dw doo/ h1j1 dq lghrorjlfdo eldv lq idyrxu ri rqh ru wkh rwkhu
fdqglgdwh1 Lqghhg/ wkh lghd ehklqg prghov ri suredelolvwlf yrwlqj +Klqlfk ^4<::`/
Frxjkolq dqg Qlw}dq ^4<;4`/ Ohg|dug ^4<;4/ 4<;7`, lv h{dfwo| wkdw wklv xqfhuwdlqw|
idfhg e| fdqglgdwhv wudqvodwhv lqwr wkh suredelolw| ri uhfhlylqj d yrwh iurp hdfk
flwl}hq ehlqj d frqwlqxrxvo| gl�huhqwldeoh pdsslqj ri srolf| sodwirupv/ dqg qrw d
vwhs ixqfwlrq dv lq wkh ghwhuplqlvwlf vhw xs9 1 Lq wklv fdvh/ d xqltxh htxloleulxp ri
wkh yrwlqj jdph h{lvwv/ jlyhq wkdw vrph whfkqlfdo frqglwlrqv rq wkh mrlqw glvwulexwlrq
ri wkhvh h{whuqdo idfwruv duh vdwlv�hg1

Rq wkh rwkhu kdqg/ li hdfk flwl}hq +e| sd|lqj d �{hg xwlolw| frvw, pd| uxq dv
d fdqglgdwh/ exw fdqqrw suhfrpplw wr r�hu srolf| sodwirupv wkdw wkhuh duh gl�hu0
hqw iurp wkh rqh vkh zrxog suhihu dv d sulydwh flwl}hq/ wkhq wklv wzr0vwdjh jdph ri
fdqglgdwhv* hqwu| dqg yrwlqj kdv w|slfdoo| jrw d vxe0jdph shuihfw htxloleulxp/ zlwk
pxowlsolflw| dv d jhqhulf rxwfrph ri wkh hqwu| vwdjh: 1 Li fdqglgdwhv duh flwl}hqv zkr
fdqqrw suhfrpplw/ exw pruhryhu/ lq rughu wr uxq iru hohfwlrqv/ wkh| pxvw ehorqj wr

8Wkh �uvw sduw ri wklv vxevhfwlrq lv odujho| edvhg rq Shuvvrq dqg Wdehoolql ^5333`1
9 Lq wkh ghwhuplqlvwlf fdvh/ flwl}hqv yrwh iru rqh fdqglgdwh zlwk suredelolw| rqh li vkh r�huv vwulfwo|

pruh wkdq zkdw lv r�huhg e| wkh fkdoohqjhu/ iru vxuh wkh| grq*w yrwh iru khu li vkh r�huv ohvv/ dqg
wkh| pl{ wkh suredelolw| li vkh r�huv wkh vdph1

:Wkh flwl}hq0fdqglgdwh prgho zlwk hqgrjhqrxv fdqglgdwhv lv gxh wr Rveruqh dqg Volylqvn| ^4<<9`
dqg Ehvoh| dqg Frdwh ^4<<:`1
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douhdg| hvwdeolvkhg srolwlfdo sduwlhv/ wkhq wkh sduwlhv* frqvwlwxhqf| lwvhoi sxwv frq0
vwudlqwv rq wkh lghqwlw| ri fdqglgdwhv dqg wkhuhiruh ri srolf| sodwirupv wkdw fdq eh
r�huhg wr yrwhuv1 Wklv lv ri frxuvh d uhvwulfwlrq zlwk uhvshfw wr wkh pruh jhqhudo
prgho zlwk dq| flwl}hq ehlqj d srwhqwldo fdqglgdwh/ exw lw uh hfwv d uhohydqw ihdwxuh
ri prghuq ghprfudflhv/ lq zklfk sduwlhv h�hfwlyho| ehkdyh dv eduulhuv wr hqwu| lq wkh
srolwlfdo duhqd1 Wkh prgho suhvhqwhg lq wkh qh{w vhfwlrq lv lq idfw edvhg rq wklv lghd
ri srolwlfdo sduwlhv dv ghwhuplqlqj fdqglgdwhv* fkdudfwhulvwlfv h{ dqwh;1

D frpprq ihdwxuh ri doo wkhvh prghov ri hohfwrudo frpshwlwlrq lv wkdw wkh vdolhqfh
vwuxfwxuh dprqj flwl}hqv lv h{rjhqrxvo| jlyhq/ dv lw lv hpehgghg lq wkhlu xwlolw|
ixqfwlrq> wklv vdolhqfh vwuxfwxuh kdv lq idfw jrw lpsruwdqw lpsolfdwlrqv rq wkh ihdwxuhv
ri wkh srolwlfdo htxloleulxp1 Iru h{dpsoh/ lq flwl}hq0fdqglgdwh prghov zlwk srolwlfdo
sduwlhv/ dv lq Ehvoh| dqg Frdwh ^5333/ 5336` wkh idfw wkdw flwl}hqv kdyh jrw rqo| rqh
yrwh wr fdvw lq wkh suhvhqfh ri pxowlsoh srolf| lvvxhv lpsolhv wkh srvvlelolw| wkdw rq
qrq0vdolhqw lvvxhv wkh srvlwlrq suhihuuhg e| wkh pdmrulw| ri yrwhuv lv dfwxdoo| qrw
lpsohphqwhg1 Wklv �lqh!flhqf|� uhvxow fdq eh dfwxdoo| dyrlghg li wkh qrq vdolhqw
lvvxh lv xqexqgohg iurp wkh vdolhqw rqh/ l1h1 e| ohwwlqj flwl}hqv ghflgh rq lw zlwk dq
dgglwlrqdo dqg vhsdudwh yrwh1

Lq wkh srolwlfdo hfrqrp| olwhudwxuh surshu wkhuh duh lqghhg yhu| ihz h{fhswlrqv wr
vxfk k|srwkhvlv ri wkh vdolhqfh vwuxfwxuh ehlqj h{rjhqrxvo| jlyhq1 Fdqwloorq ^5334`
vwxglhv krz gl�huhqw hohfwrudo phfkdqlvpv surylgh gl�huhqw lqfhqwlyhv iru srolwlfdo
sduwlhv wr lqwurgxfh hphujlqj lvvxhv lq wkhlu sodwirupv1 Khu lghd lv wkdw hdfk sduw|/
dsduw iurp ghflglqj zklfk nlqg ri srvlwlrq wr pdlqwdlq rq hdfk ri wkh L lvvxhv/
kdv jrw d �{hg hqgrzphqw ri �h�ruw� wkdw fdq eh glvwulexwhg dfurvv lvvxhv= wkh
h�ruw*v vkduh hDl ghyrwhg wr lvvxh l e| sduw| D ghwhuplqhv wkh zhljkw i+hDl , jlyhq e|
yrwhuv lq hydoxdwlqj sduw| D*v srvlwlrq rq wkh lvvxh lwvhoi1 Lw iroorzv wkdw iru hdfk
sduw| m wkhuh lv dq hqgrjhqrxv vdolhqfh vwuxfwxuh/ zklfk lv lqgxfhg e| wkh yhfwru
ri h�ruwv ihmlj

L
l@41 Krzhyhu/ wkhuh duh vrph sureohpv lq lqwhusuhwlqj wkh idfw wkdw

wkhvh vdolhqfh vwuxfwxuhv duh sduw|0vshfl�f= rqh uhdvrqdeoh k|srwkhvlv lv wkdw wkh|
uhsuhvhqw wkh suhfrpplwphqw ri sduw| m/ lq fdvh lwv fdqglgdwh kdv ehhq hohfwhg/ wr
ghglfdwh d iudfwlrq hml ri wlph dqg uhvrxufhv wr lvvxh l1

Vwuùpehuj ^5334d` ghyhorsv d prgho ri wkh lqwhudfwlrq ehwzhhq hohfwrudo frpsh0
wlwlrq dqg qhzv surylvlrq e| pdvv phgld rxwohwv< = lq rqh vshfl�fdwlrq ri klv prgho/
wkh lqfxpehqw pxvw doorfdwh d �{hg exgjhw ehwzhhq d jhqhudo surjudp ri sxeolf
h{shqglwxuhv/ dqg d vshfl�f rqh/ zklfk gholyhuv xwlolw| rqo| wr d vxevhw ri flwl}hqv1
Wkh lghd lv wkdw wkh xwlolw| ri hdfk surjudp ghshqgv rq wkh lqfxpehqw*v frpsh0
whqfh/ zklfk iroorzv d prylqj dyhudjh surfhvv/ dqg rq vrph orfdo idfwruv/ wkdw duh
lqglshqghqwo| glvwulexwhg dfurvv flwl}hqv= qhzvsdshuv fdq sxeolvk qhzv derxw wkh
wzr surjudpv/ zklfk frqvlvw ri uhsruwv derxw wkh uhdolvhg xwlolw| ri d vdpsoh ri flw0
l}hqv1 Wkh pruh qhzv duh sxeolvkhg derxw hdfk surjudp/ wkh pruh yrwhuv duh deoh
wr suhflvho| h{wudsrodwh wkh lqfxpehqw*v frpshwhqfh rq lw= lw iroorzv wkdw lq wkhlu
hohfwrudo fkrlfh flwl}hqv jlyh pruh zhljkw wr wkh surjudp derxw zklfk wkh| uhfhlyh
pruh suhflvh lqirupdwlrq1 Lqghhg/ wklv lv d prgho ri hqgrjhqrxv vdolhqfh vwuxfwxuh
wkdw lv frpsohwho| edvhg rq dq lqirupdwlrq vwru|/ zlwkrxw dq| uhihuhqfh wr suhihuhqfh

;Dv eulh | glvfxvvhg lq wkh frqfoxglqj vhfwlrq/ rqh frxog h{whqg wkh prgho lq wkh gluhfwlrq ri
doorzlqj sduwlhv wr fkrrvh fdqglgdwhv dprqj wkhlu phpehuv/ zlwk d vshfwuxp ri gl�huhqw uhodwlyh
delolwlhv ri vroylqj wkh wzr sureohpv dqg d vruw ri �exgjhw frqvwudlqw� lq whupv ri wrwdo delolwlhv1 Lq
wklv fdvh/ wkh frqfhsw ri lvvxh rzqhuvkls zrxog lpso| wkdw wkhuh lv dozd|v d qrq hpsw| vxevhw ri
srwhqwldo fdqglgdwhv lq hdfk sduw| ehlqj pruh frpshwhqw rq wkh rzqhg lvvxh wkdq wkh rqh fdqglgdwh
frplqj iurp wkh rwkhu sduw| zkr lv wkh vwurqjhvw lq wkh qrq rzqhg �hog1

<Vwuùpehuj*v jhqhudo frqwulexwlrq wr wkh xqghuvwdqglqj ri wkh uhodwlrqvkls ehwzhhq wkh pdvv
phgld dqg srolwlfdo htxloleulxp zloo eh pruh h{whqvlyho| glvfxvvhg lq vxevhfwlrq 5161
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fkdqjhv431

515 Wkh wkhru| ri djhqgd vhwwlqj h�hfwv

Wkh wkhru| ri djhqgd vhwwlqj h�hfwv lv exlow durxqg wkh lghd wkdw pdvv phgld duh
fdsdeoh ri lq xhqflqj wkh lpsruwdqfh uhdghuv dqg ylhzhuv dwwdfk wr gl�huhqw lvvxhv44>
dffruglqj wr Frkhq ^4<96`/ wkh suhvv �pd| qrw eh vxffhvvixo pxfk ri wkh wlph lq whoolqj
shrsoh zkdw wr wklqn/ exw lw lv vwxqqlqjo| vxffhvvixo lq whoolqj lwv uhdghuv zkdw wr
wklqn derxw1 Wkh zruog zloo orrn gl�huhqw wr gl�huhqw shrsoh ghshqglqj rq wkh pds
wkdw lv gudzq iru wkhp e| zulwhuv/ hglwruv/ dqg sxeolvkhuv ri wkh sdshu wkh| uhdg1� Dv
qrwhg e| Olsspdqq ^4<55`/ qhzv surylghg e| pdvv phgld rxwohwv duh d sulpdu| vrxufh
ri lqirupdwlrq/ dqg vrphwlphv wkh rqo| rqh/ derxw sxeolf d�dluv= lq wkh devhqfh ri
lqirupdwlrq surylghg e| pdvv phgld/ prvw hyhqwv uhodwhg wr sxeolf d�dluv zrxog lq
idfw eh �rxw ri uhdfk/ rxw ri vljkw/ rxw ri plqg� iru wkh odujh pdmrulw| ri flwl}hqv1 Lw
iroorzv wkdw hglwruv dqg mrxuqdolvwv fdq srvvleo| kdyh vl}hdeoh ghjuhhv ri iuhhgrp lq
wkh fkrlfh ri zkdw lv qhzvzruwk|45 dqg wklv zd| wkh| fdq lq xhqfh wkh shufhswlrq
ri flwl}hqv derxw zklfk lvvxhv duh uhohydqw dqg wr zkdw h{whqw1

PfFrpev dqg Vkdz ^4<:5` lv wkh vhplqdo hpslulfdo frqwulexwlrq lq zklfk vxfk
frqfhsw ri djhqgd0vhwwlqj h�hfwv kdv ehhq sxw wr whvw= gxulqj wkh 4<9; X1V1 suhvlghq0
wldo hohfwlrq/ d vdpsoh ri yrwhuv lq Fkdsho Kloo/ Fdurolqd/ zdv dvnhg wr phqwlrq zkdw
zhuh wkh nh| lvvxhv ri wkh fdpsdljq1 Wkhvh uhsruwhg udqnlqjv zhuh wkhq pdwfkhg
zlwk wkh sdwwhuq ri qhzv fryhudjh wkdw kdg fkdudfwhulvhg dydlodeoh qhzvsdshuv dqg
qhwzrun whohylvlrq qhzv lq wkh suhylrxv prqwk= wkh irxqg fruuhodwlrq ehwzhhq wkhvh
phdvxuhv ri wkh phgld dqg wkh sxeolf djhqgd zdv dozd|v ri d srvlwlyh vljq dqg w|s0
lfdoo| yhu| odujh lq pdjqlwxgh1 Diwhu PfFrpev dqg Vkdz ^4<:5`/ wkhuh kdv ehhq d
krvw ri vwxglhv vhdufklqj iru djhqgd0vhwwlqj h�hfwv ri qhzv fryhudjh= wkhvh vwxglhv/
txlwh iuhtxhqwo| irfxvhg rq srolwlfdo fdpsdljqv/ dgrswhg d zlgh udqjh ri gl�huhqw
hpslulfdo ghvljqv/ iurp furvv vhfwlrqdo vxuyh|v wr djjuhjdwh wlph vhulhv dqdo|vlv/ iurp
uhshdwhg furvv vhfwlrqv wr frqwuroohg h{shulphqwv1 Wkh eurdg phvvdjh vwhpplqj iurp
wklv olwhudwxuh/ hyhq li zlwk vrph lqwhuqdo yduldwlrq/ lv wkdw djhqgd0vhwwlqj h�hfwv rq
sxeolf rslqlrq duh lqghhg vl}hdeoh1

Krzhyhu/ lw lv wuxh wkdw flwl}hqv/ lq rughu wr jhw slhfhv ri lqirupdwlrq derxw zklfk
lvvxhv duh uhohydqw lq d jlyhq prphqw lq wlph/ gr qrw vroho| uho| rq qhzv surylghg e|
pdvv phgld rxwohwv/ exw fhuwdlqo| hqmr| d gluhfw h{shulhqfh ri uhdo zruog hyhqwv/ dv
wkh| kdsshq wr wkhp dqg wr wkhlu uhihuhqfh jurxs1 Lw lv lq idfw gl!fxow wr vshfli| zkdw
d jlyhq lqglylgxdo uhfnrqv dv d uhdo zruog hyhqw/ l1h1 wr zkdw vkh sd|v dwwhqwlrq lq khu
hyhu|gd| olih= dwwhqwlrq lv d vfdufh uhvrxufh dv wkh vsdfh rq d qhzvsdshu1 Dq|zd|/
hglwruv dqg mrxuqdolvwv dv zhoo revhuyh uhdo zruog hyhqwv dqg rq wkh edvlv ri wklv ghflgh
zkdw lv qhzvzruwk|> rq wkh rwkhu vlgh/ wkh| frxog fkrrvh wr fryhu pruh h{whqvlyho|
wkrvh lvvxhv wkdw h{ dqwh duh pdwwhu ri sxeolf frqfhuq/ l1h1 wkh| frxog �ulgh wkh
zdyh� ri sxeolf dwwhqwlrq lq rughu wr lqfuhdvh uhyhqxhv1 Lw iroorzv wkdw srwhqwldoo|
wkhuh duh vhyhudo fdxvdo olqnv frqqhfwlqj uhdo zruog fxhv/ wkh phgld djhqgd dqg wkh
sxeolf djhqgd= uhdo zruog fxhv lq xhqfh erwk wkh phgld dqg wkh sxeolf djhqgd/ zkloh
phgld djhqgd/ li wkh wkhru| ri djhqgd0vhwwlqj h�hfwv lv fruuhfw/ kdv jrw d vwurqj dqg
vhsdudwh lq xhqfh rq wkh vdolhqfh vwuxfwxuh ri wkh sxeolf1 Rq wkh rwkhu kdqg/ lw

43Ixuwkhupruh/ wr wkh ehvw ri p| nqrzohgjh/ Vwuùpehuj ^5334` lv wkh rqo| frqwulexwlrq lq wkh
srolwlfdo hfrqrp| olwhudwxuh wkdw h{solflwo| uhihuv wr wkh wkhru| ri djhqgd vhwwlqj h�hfwv/ dv slrqhhuhg
e| Od}duvihog hw do1 ^4<7;` dqg PfFrpev dqg Vkdz ^4<:5`1 Pruh rq wklv lq wkh qh{w vxevhfwlrq1

44Wklv vxuyh| ri wkh olwhudwxuh derxw djhqgd0vhwwlqj h�hfwv lv odujho| edvhg rq L|hqjdu dqg Vlprq
^5333` dqg PfFrpev ^5335`1

45Dv L zloo pruh suhflvho| srlqw rxw/ gluhfw h{shulhqfh ri uhdo zruog hyhqwv e| flwl}hqv fhuwdlqo|
olplwv wkh ghjuhhv ri iuhhgrp hqmr|hg e| qhzv surylghuv lq wkh fkrlfh ri zkdw lv zruwk wr eh sxeolvkhg
dqg eurdgfdvwhg1
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pd| eh wuxh wkdw phgld fryhudjh lv d�hfwhg e| sxeolf frqfhuq1 Frqvlghulqj wkh X1V1
gxulqj wkh 4<:704<;3 shulrg dqg dgrswlqj d vlpxowdqhrxv htxdwlrqv* dssurdfk/ Ehku
dqg L|hqjdu ^4<;8` dqdo|vh wkhvh olqnv ehwzhhq uhdo zruog hyhqwv/ whohylvlrq qhzv
fryhudjh dqg wkh sxeolf djhqgd iru wkh lvvxhv ri hqhuj|/ lq dwlrq dqg xqhpsor|phqw=
wkh| vkrz wkdw uhdo zruog fxhv kdyh erwk d gluhfw dqg lqgluhfw +l1h1 wkurxjk wkh
h�hfw rq qhzv fryhudjh, lq xhqfh rq sxeolf frqfhuq1 Dgglwlrqdoo|/ wkh uhodwlrqvkls
ehwzhhq qhzv fryhudjh dqg sxeolf frqfhuq dsshduv wr eh xqlgluhfwlrqdo/ l1h1 phgld
djhqgd lq xhqfhv sxeolf frqfhuq/ dqg qrw ylfh yhuvd/ lq dffrug zlwk wkh sxuh wkhru|
ri djhqgd0vhwwlqj h�hfwv1

Lw vhhpv wkdw wkh pdvv phgld duh qrw rqo| fdsdeoh ri irfxvlqj sxeolf frqfhuq rq
d sduwlfxodu lvvxh= wkhlu lq xhqfh fdq jr d vwhs ixuwkhu dqg d�hfw wkh zd| d jlyhq
lvvxh lv wkrxjkw derxw e| uhdghuv dqg ylhzhuv1 Dv qrwhg e| PfFrpev ^5335`/ pdvv
phgld h�hfwv kdyh jrw vrph nlqg ri iudfwdo vwuxfwxuh= wkh| fdq kljkoljkw vrph wrslf
dv dq remhfw ri dwwhqwlrq/ exw jlyhq wklv wrslf wkh| fdq hpskdvlvh vrph dwwulexwhv ri
lw/ dqg pdnh wkhp vdolhqw1 Wkh wkhru| ri lvvxh sulplqj46 ghvfulehv krz uhdghuv dqg
ylhzhuv/ zkhq dvvhvvlqj d jlyhq vlwxdwlrq ru lqglylgxdo/ duh eldvhg wrzdugv jlylqj d
kljkhu zhljkw wr wkh dvshfw wkdw wkh pdvv phgld pruh h{whqvlyho| fryhu1 Iru h{dpsoh/
L|hqjdu dqg Nlqghu ^4<;:` �qg wkdw wkh lqwhqvh fryhudjh e| wkh pdvv phgld ri wkh
Ludqldq krvwdjh lvvxh gxulqj wkh odvw gd|v ri wkh 4<;3 suhvlghqwldo fdpsdljq lqgxfhg
flwl}hqv wr dvvhvv Fduwhu dqg Uhdjdq rq wkhlu vxssrvhg delolw| wr ghdo zlwk whuurulvw
wkuhdwv47 1

Pruh jhqhudoo|/ d jlyhq wrslf ru hyhqw fdq eh orrnhg dw dqg ghdow zlwk iurp
gl�huhqw shuvshfwlyhv= vxfk iudplqj ri wkh phvvdjh derxw dq hyhqw ru dq lvvxh lv
w|slfdoo| phdqw wr pd{lplvh wkh dxglhqfh vxssruw wr wkh srvlwlrq khog e| wkh vhqghu
khuvhoi1 Wkhvh lvvxh iudplqj h�hfwv dsshdu wr eh vl}hdeoh dqg fdsdeoh wr lqgxfh
rslqlrq fkdqjh dw wkh lqglylgxdo ohyho1 Iru h{dpsoh/ iru zkdw frqfhuqv jryhuqphqw
vshqglqj lq wkh X1V1/ Uhsxeolfdqv riwhq irfxv rq lw zlwk eurdg dqg jhqhudo whupv/
dqg phvvdjhv olnh �Zh pxvw fxw jryhuqphqw vshqglqj$�1 Rq wkh frqwudu| Ghprfudwv
kljkoljkw vshfl�f vshqglqj surjudpphv/ olnh khdowk fduh dqg irrg vwdpsv1 Mdfrel
^5333` dqdo|vhv gdwd iurp wkh 4<<5 FSV Qdwlrqdo Hohfwlrq Vwxglhv dqg �qgv wkdw
wkh rssrvlwlrq wr lqfuhdvhv lq jryhuqphqw vshqglqj lv vljql�fdqwo| orzhu zkhq wkh
txhvwlrq derxw lw lv zrughg lq whupv ri vshfl�f surjudpphv1

Lw lv fohdu wkdw srolwlfdo dfwruv �qg lw dgydqwdjhrxv wr iudph d jlyhq lvvxh lq
gl�huhqw zd|v= frplqj edfn wr wkh suhylrxv h{dpsoh/ Uhsxeolfdqv duh wkrxjkw wr eh
pruh zloolqj wr fxw sxeolf h{shqglwxuhv dqg wkhuhiruh wd{hv> lq idfw/ wkhlu srvlwlrq
lv pruh hdvlo| vxssruwhg li flwl}hqv wklqn pruh derxw wkh wrwdo dprxqw ehlqj vshqw/
udwkhu wkdq derxw vshfl�f surjudpphv ehlqj �qdqfhg1 Frqyhuvho|/ Ghprfudwv duh
w|slfdoo| pruh hdjhu wr vsrqvru zhoiduh surjudpphv dqg dq| klqw wr vshfl�f vshqglqj
lwhpv frxog dfwlydwh vxssruw iru wkhlu srvlwlrq/ ehfdxvh flwl}hqv lghqwli| wkhpvhoyhv
dv gluhfw uhflslhqwv ri wkhvh surjudpphv ru duh gulyhq e| dowuxlvwlf ihholqjv1

Dv xqghuolqhg lq wkh lqwurgxfwlrq/ lw frxog eh wuxh wkdw yrwhuv jhqhudoo| uhfnrq
fdqglgdwhv frplqj iurp d jlyhq sduw| dv pruh fdsdeoh ri kdqgolqj d jlyhq lvvxh/
dsduw iurp pruh frpsolfdwhg iudplqj h�hfwv1 Wklv lv wkh frqfhsw ri lvvxh rzqhuvkls/
dv lqwurgxfhg e| Shwurfln ^4<<9`1 E| dqdo|vlqj qhzv frqwhqw/ dqvzhuv wr rshq0
hqghg txhvwlrqv derxw lvvxh vdolhqfh/ dqg wkh yrwh lwvhoi iru suhvlghqwldo hohfwlrqv
ehwzhhq 4<93 dqg 4<<5/ kh vkrzv wkdw fdqglgdwhv lqghhg whqg wr hpskdvlvh rzqhg
lvvxhv lq wkhlu srolwlfdo vshhfkhv> vhfrqgo|/ jlyhq wkdw lvvxhv rzqhg e| wkh Ghprfudwlf
+Uhsxeolfdq, sduw| duh vdolhqw/ Uhsxeolfdq +Ghprfudwlf, flwl}hqv duh ohvv zloolqj wr jr

46Vhh Nurvqlfn dqg Ploohu ^4<<9` iru d uhylhz ri wkh olwhudwxuh rq lvvxh sulplqj1
47Dgrswlqj Shwurfln*v ^4<<9` whuplqrorj|/ wklv lv d fdvh ri d shuirupdqfh lvvxh/ rq zklfk wkh

lqfxpehqw suryhg wr eh sduwlfxoduo| zhdn1
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dqg yrwh iru wkhlu fdqglgdwh/ lqglshqghqwv duh pruh zloolqj wr yrwh iru wkh Ghprfudwlf
+Uhsxeolfdq, fdqglgdwh/ dqg �qdoo| Ghprfudwv* +Uhsxeolfdqv*, wxuqrxw lqfuhdvhv/
wrjhwkhu zlwk wkhlu yrwh iru wkhlu sduwlvdq fdqglgdwh1 Pruhryhu/ zkhq ghflglqj krz
wr fdvw wkhlu yrwh/ flwl}hqv dsshdu wr eh wdnlqj lqwr dffrxqw krz wkh lqfxpehqw lv
idulqj rq shuirupdqfh lvvxhv dv zhoo/ h1j1 wkh pdqdjhphqw ri wkh hfrqrp| dqg2ru
ri iruhljq srolf|= wklv h�hfw dggv xs wr wkh rqh vwhpplqj iurp orqj whup lvvxh
rzqhuvkls1

Dsduw iurp wkhvh vxuyh|0edvhg uhvxowv surylghg e| Shwurfln ^4<<9`/ wkhuh lv dovr
h{shulphqwdo hylghqfh +vhh Dqvrodehkhuh dqg L|hqjdu ^4<<7`,/ dffruglqj wr zklfk
ylhzhuv ri whohylvhg srolwlfdo dgv duh pruh olnho| wr h{suhvv d yrwlqj suhihuhqfh iru wkh
fdqglgdwh wkdw ghdov zlwk wkh rzqhg lvvxh udwkhu wkdq wkh vdph fdqglgdwh ghdolqj
zlwk wkh qrq0rzqhg rqh/ lq wklv fdvh wkh Uhsxeolfdq wkdw wdonv derxw fulph lqvwhdg
ri xqhpsor|phqw/ dqg ylfh yhuvd iru d Ghprfudw1

516 Pdvv phgld dqg hohfwrudo frpshwlwlrq

Wkhuh lv d jurzlqj olwhudwxuh lq wkh srolwlfdo hfrqrp| �hog zklfk wdnhv h{solfwo| lqwr
dffrxqw wkh uroh sod|hg e| wkh pdvv phgld dv surylghuv ri lqirupdwlrq1 Wkh lghd lv
wkdw wkh lqwhudfwlrq ehwzhhq yrwhuv/ srolwlfldqv dqg lqwhuhvw jurxsv qhhgv lqirupdwlrq
 rzv/ zklfk lq pdq| lqvwdqfhv fdqqrw frph iurp gluhfw h{shulhqfh ru frppxqlfdwlrq
ehwzhhq wkhp1 Dv kljkoljkwhg lq wkh suhylrxv vxevhfwlrq/ wkh odujh pdmrulw| ri yrwhuv
fdq jhw slhfhv ri lqirupdwlrq derxw zkdw lv kdsshqlqj lq wkh uhdop ri sxeolf d�dluv
rqo| wkurxjk wkh dfw ri uhdglqj d qhzvsdshu ru d pdjd}lqh/ zdwfklqj wkh WY qhzv/
ru eurzvlqj qhzv fkdqqhov rq wkh Lqwhuqhw1 Wkh dprxqw dqg txdolw| ri lqirupdwlrq
ehlqj surylghg/ wrjhwkhu zlwk wkh vhw ri flwl}hqv wkdw duh dfwxdoo| lqiruphg e| pdvv
phgld rxwohwv/ duh lq wxuq ydoxdeoh slhfhv ri lqirupdwlrq iru hohfwhg srolwlfldqv dqg
fdqglgdwhv/ zkr zloo dfw dqg uhdfw dffruglqjo|1 Iru h{dpsoh/ iurp dq hohfwrudo srlqw
ri ylhz/ lw lv rswlpdo wr +fuhgleo|, surplvh sxeolf wudqvihuv wr wkrvh jurxsv wkdw duh
dfwxdoo| deoh wr nqrz derxw vxfk dvshfw ri wkh hohfwrudo sodwirup= li wklv lv vr/ wkhvh
flwl}hqv fdq sxusrvho| uhzdug wkh fdqglgdwh zlwk wkhlu yrwh1

Lq wklv olwhudwxuh/ rqh fdq wudfh dw ohdvw wkuhh gl�huhqw zd|v ri dqdo|vlqj wkh olqnv
ehwzhhq pdvv phgld dqg hohfwrudo frpshwlwlrq1

Wkh �uvw dssurdfk/ zklfk lv gxh wr Vwuùpehuj ^5334d/ 5334e/ 5335`/ lv irfxvhg rq
wkh idfw wkdw wkh glvwlqfwlrq ehwzhhq lqiruphg dqg xqliruphg yrwhuv vwurqjo| ghshqgv
rq zkr kdv jrw dffhvv wr pdvv phgld fkdqqhov= lqghhg/ wkh lqfuhdvlqj uhwxuqv* qdwxuh
ri lqirupdwlrq vxsso| wkdw lv lqwulqvlf ri wkh pdvv phgld pdnhv lw rswlpdo wr sxeolvk
duwlfohv dqg eurdgfdvw surjudpphv zklfk wdujhw odujh dqg vx!flhqwo| d"xhqw jurxsv1
Lq d zruog zlwkrxw wkh pdvv phgld/ vpdoo dqg lqwhuqdoo| krprjhqrxv jurxsv/ dv ehlqj
deoh wr vroyh wkhlu froohfwlyh dfwlrq sureohp dqg rujdqlvh wkhpvhoyhv lqwr oreelhv/ fdq
w|slfdoo| rewdlq idyrxudeoh srolflhv48 / dw wkh h{shqvh ri odujh dqg xqrujdqlvhg jurxsv/
h1j1 frqvxphuv1 Rq wkh frqwudu|/ wkh suhvhqfh dqg gl�xvlrq ri wkh pdvv phgld fuhdwhv
d frxqwhuydlolqj eldv lq idyrxu ri wkhvh odujh jurxsv/ ehfdxvh wkh| jhw hqgrjhqrxvo|
lqiruphg derxw hohfwrudo sodwirupv/ dqg fdqglgdwhv/ dv xqghuolqhg deryh/ wdnh wklv
lqwr dffrxqw491 Lq vxssruw ri klv wkhru|/ Vwuùpehuj surylghv frqylqflqj hpslulfdo
hylghqfh derxw wkh whuulwruldo doorfdwlrq ri sxeolf ixqgv iurp wkh Ihghudo Hphujhqf|
Uholhi Dgplqlvwudwlrq +IHUD, surjudp lq wkh X1V1 gxulqj wkh hduo| 63v/ dv d ixqfwlrq
ri udglr gl�xvlrq1

Wkh vhfrqg olqh ri uhvhdufk lq wklv olwhudwxuh irfxvhv lqvwhdg rq wkh zd| lqirupd0

48Krzhyhu/ wklv lv qrw wkh fdvh li lq d flwl}hq0fdqglgdwh iudzhzrun yrwhuv vwudwhjlfdoo| hohfw d
srolwlfldq zlwk wkh rssrvlwh eldv1 Vhh Ehvoh| dqg Frdwh ^5334`1

49 Lq dqdorj| zlwk Ehvoh| dqg Frdwh ^5334`/ krz zrxog yrwhuv vwudwhjlfdoo| hohfw d srolwlfldq zkhq
wkh suhvhqfh ri pdvv phgld fuhdwhv d srolf| eldv wrzdugv odujh dqg uhodwlyho| d"xhqw jurxsvB
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wlrq surylghg e| wkh pdvv phgld fdq kdyh dq lpsdfw rq wkh dffrxqwdelolw| ri wkh
lqfxpehqw srolwlfldq1 Lq dq dv|pphwulf lqirupdwlrq hqylurqphqw yrwhuv pxvw xq0
ghuvwdqg krz zhoo wkh lqfxpehqw srolwlfldq kdv shuiruphg zlwk uhvshfw wr wkh srolf|
wdvnv vkh kdv ehhq dvvljqhg1 Wkh pruh pdvv phgld rxwohwv surylgh flwl}hqv zlwk
lqirupdwlrq derxw wkh lqfxpehqw*v shuirupdqfh/ wkh pruh suhflvho| zloo flwl}hqv eh
fdsdeoh wr sxqlvk dqg uhzdug khu zlwk wkhlu uhwurvshfwlyh yrwh1 Li wklv lv wkh fdvh/
wkh lqfxpehqw srolwlfldq zloo h{ dqwh kdyh vwurqjhu lqfhqwlyhv wr h{huw ydoxdeoh h�ruw
lq khu shuirupdqfh1 Ehvoh| dqg Exujhvv ^5334` ghyhors d vlpsoh prgho ri srolwlfdo
djhqf|/ lq zklfk wkh h�ruw ehlqj sxw e| dq rssruwxqlvwlf lqfxpehqw/ l1h1 dq lqfxp0
ehqw wkdw grhv qrw fduh derxw wkh srolf| shu vh exw rqo| derxw wkh fkdqfh ri ehlqj
uhhohfwhg/ lv lqfuhdvlqj lq phgld dffhvv1 Wkh dxwkruv whvw wkh prgho djdlqvw d sdqho
gdwd rq wkh vl{whhq pdmru Lqgldq vwdwhv gxulqj wkh shulrg 4<8;04<<5/ dqg �qg wkdw
wkh uhvsrqvlyhqhvv ri vwdwh jryhuqphqwv wr idoov lq irrg surgxfwlrq dqg  rrg gdpdjh/
dv sur{lhg e| sxeolf glvwulexwlrq ri irrg dqg h{shqglwxuh rq fdodplw| uholhi/ lv lqghhg
vwurqjhu zkhuh qhzvsdshu flufxodwlrq lv kljkhu= lq sduwlfxodu/ zkdw vhhpv wr pdwwhu
lv wkh flufxodwlrq ri qhzvsdshuv zulwwhq lq wkh orfdo odqjxdjh1

Ilqdoo|/ wkh wklug olqh ri uhvhdufk lq wkh �hog lv h{hpsol�hg e| Ehvoh| dqg Sudw
^5334`/ dqg lv irfxvhg rq wkh lghd wkdw srolwlfldqv kdyh jrw fohdu hohfwrudo lqfhqwlyhv
wr dowhu wkh vhw ri qhzv wkdw flwl}hqv uhdg dqg ylhz= dv lq Ehvoh| dqg Exujhvv ^5334`/
wkh dxwkruv exlog xs d prgho ri srolwlfdo djhqf|/ lq zklfk wkh lqfxpehqw srolwlfldq
fdq eh ri jrrg ru edg txdolw| zlwk h{rjhqrxvo| jlyhq suredelolwlhv1 Li wkh lqfxpehqw
lv edg/ h1j1 vkh lv fruuxsw/ zlwk vrph jlyhq suredelolw| d yhul�deoh vljqdo derxw wklv
idfw lv lvvxhg dqg fdq eh sxeolvkhg e| pdvv phgld rxwohwv= yrwhuv uhdg qhzvsdshuv
dqg li wkh| �qg wklv slhfh ri qhzv derxw wkh lqfxpehqw ehlqj fruuxsw lw lv rswlpdo
iru wkhp wr hohfw wkh fkdoohqjhu1 Krzhyhu/ wkh lqfxpehqw fdq zulwh d vhw ri frqwudfwv
zlwk pdvv phgld rxwohwv/ lq rughu wr frqylqfh wkhp qrw wr sxeolvk wkh qhzv derxw
khu ehlqj ri edg txdolw|1

Wklv lv wkh �uvw prgho lq zklfk wkh vwudwhjlf lqwhudfwlrq ehwzhhq srolwlfldqv +lq
wklv fdvh= rqo| wkh lqfxpehqw srolwlfldq, dqg pdvv phgld rxwohwv lv h{solflwo| wdnhq
lqwr dffrxqw> wkh prgho L ghyhors lq wklv sdshu lv lqghhg edvhg rq wkh vdph lghd
wkdw srolwlfldqv kdyh lqfhqwlyhv wr pdqlsxodwh wkh lqirupdwlrq vhw hqmr|hg e| yrw0
huv iru hohfwrudo sxusrvhv/ exw lwv vshfl�f irfxv lv gl�huhqw/ dv p| dlp lv wr vwxg|
djhqgd0vhwwlqj h�hfwv dqg wkh uroh ri srolwlfdo pdunhwlqj lq d pxowlglphqvlrqdo srolf|
vsdfh1 Pruhryhu/ zkloh Ehvoh| dqg Sudw dvvxph wkdw wkh lqfxpehqw srolwlfldq wulhv
wr pdqlsxodwh pdvv phgld rxwohwv e| ex|lqj wkhlu vlohqfh rq wkh edg qhzv/ lq p|
prgho wkh lqfxpehqw srolwlfldq lv qrw eulelqj qhzv surylghuv/ exw lv vlpso| h{huwlqj
vslq/ l1h1 lv wu|lqj wr pdnh wkh vwru| derxw wkh rzqhg sureohp pruh sdodwdeoh wr
wkh wdvwh ri wkh pdqdjlqj hglwru ri wkh qhzvsdshu1 Lq rwkhu whupv/ wkh lqfxpehqw
srolwlfldq h{sorlwv wkh idfw wkdw lq wkh suhvhqfh ri d soxudolw| ri srwhqwldo vwrulhv wkh
qhzvsdshu*v hglwru pxvw ghflgh zkdw wr sxeolvk dqg zkdw wr ohdyh rxw1

6 Wkh prgho

614 Vljqdov dqg qhzv

Flwl}lhqv pxvw hohfw wkhlu uhsuhvhqwdwlyh iru wkh qh{w whup1 Wkhuh lv dq lqfxpehqw
srolwlfldq dqg d fkdoohqjhu= zorj L dvvxph wkdw wkh lqfxpehqw lv d Uhsxeolfdq/ zkloh
wkh fkdoohqjhu lv d Ghprfudw1 Flwl}hqv zdqw wr hohfw wkh srolwlfldq zkr lv wkrxjkw wr
eh pruh fdsdeoh ri kdqgolqj wkh prvw suhvvlqj sureohp idflqj wkh frxqwu|1 Pruhryhu/
yrwhuv kdyh jrw d sulrul ylhzv derxw wkh uhodwlyh delolwlhv ri fdqglgdwhv frplqj iurp
gl�huhqw sduwlhv lq kdqgolqj gl�huhqw lvvxhv/ lq dffrug zlwk wkh wkhru| ri %lvvxh
rzqhuvkls%/ dv rxwolqhg e| Shwurfln ^4<<9`1 Lq rughu wr nhhs wkh prgho dv vlpsoh dv
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srvvleoh/ L dvvxph wkdw wkhuh duh rqo| wzr lvvxhv/ rqh ehlqj rzqhg e| wkh Uhsxeolfdq
sduw|/ wkh rwkhu e| wkh Ghprfudwlf rqh1 Lq wkh suhvhqw frqwh{w/ L zloo gh�qh lvvxh
%d% dv ehlqj rzqhg e| sduw| %D% li yrwhuv suhihu wr hohfw d fdqglgdwh iurp sduw| D/
jlyhq wkdw wkh| nqrz iru vxuh wkdw vrph sureohp lv dulvlqj lq wkdw �hog/ zkloh qr
sureohp shuwdlqlqj wr rwkhu �hog kdv kdsshqhg1 Wkh lvvxh rzqhg e| wkh Uhsxeolfdqv
lv Krphodqg Vhfxulw|/ zkloh wkh Ghprfudwlf �hog lv Khdowk Fduh1

Pruh irupdoo|/ L dvvxph wkdw wkh vwdwh ri qdwxuh frpsulvhv wzr hyhqwv/ l1h1 {U 5
i3>4j dqg {G 5 i3> 4j1 {U @ 4 vwdqgv iru wkh rffxuhqfh ri d sureohp lq wkh
Uhsxeolfdq �hog/ zkloh {U @ 3 phdqv wkh odfn ri vxfk sureohp> wkh vdph lqwhu0
suhwdwlrq dssolhv wr {G1 L dvvxph wkdw wkh wzr hyhqwv duh lqghshqghqw dqg wkdw
su+{l @ 4, � sl 5 +3>4,/ zlwk l 5 iU>Gj1 Lw iroorzv wkdw wkh h{ dqwh suredelolwlhv ri
wkh wzr sureohpv fdq gl�hu/ exw L zloo dovr vshfl�fdoo| irfxv rq wkh v|pphwulf fdvh
lq zklfk sU @ sG @ s1

Jlyhq wkdw {l @ 4/ zlwk l 5 iU>Gj/ d yhul�deoh vljqdo vl lv lvvxhg= wklv vljqdo
fdq eh sxeolvkhg rq wkh rqo| h{lvwlqj qhzvsdshu dv d slhfh ri qhzv1 Yrwhuv uhdg
wkh qhzvsdshu dqg dftxluh ydoxdeoh lqirupdwlrq wkdw fdq eh xvhg wr rswlpdoo| fdvw
wkhlu yrwh gxulqj wkh iruwkfrplqj hohfwlrqv1 Lq wkh suhvhqw vhw xs/ vljqdov duh shuihfw/
l1h1 su+vl @ 4 m{l @ 4, @ 4 iru erwk �hogv1 Frplqj edfn wr wkh lqlwldo h{dpsoh/ wkh
sureohp lq wkh Krphodqg Vhfxulw| �hog lv uhsuhvhqwhg e| wkh wkuhdw ri d whuurulvwlf
dwwdfn dqg vU @ 4 frxog vwdqg iru wkh glvfryhu| ri dq Do Tdlgd fhoo lq Fklfdjr> rq
wkh rwkhu vlgh/ wkh uhohydqw sureohp lq wkh Khdowk Fduh �hog frxog eh uhsuhvhqwhg e|
jdsv lq fryhudjh lq wkh sulydwh lqvxudqfh v|vwhp dqg vG @ 4 lv wkh uhohdvh ri �jxuhv
derxw wkh qxpehu ri lqglylgxdov qrw ehlqj fryhuhg e| dq| irup ri khdowk lqvxudqfh1

Wkh fuxfldo dvvxpswlrq khuh lv wkdw wkh qhzvsdshu fdq sxeolvk rqo| rqh slhfh ri
qhzv gxulqj wkh fdpsdljq/ dqg wkxv lv frqiurqwhg zlwk d fkrlfh zkhq erwk sureohpv
rffxu/ l1h1 zkhq {U @ {G @ 4= wklv kdsshqv zlwk h{ dqwh suredelolw| sU � sG / zklfk
ri frxuvh htxdov s5 lq wkh v|pphwulf fdvh1 Lq wkh uhdo zruog/ zkhq pdq| hyhqwv
kdsshq/ wkh pdqdjlqj hglwru ri d qhzvsdshu pxvw ghflgh zklfk hyhqw vkdoo ehfrph
wkh ohdg vwru| ri wkh gd|/ dqg eh sxeolvkhg rq wkh iurqw sdjh1 L zloo ghqrwh zlwk �s
wkh suredelolw| zlwk zklfk wkh vljqdo derxw wkh Uhsxeolfdq sureohp vU lv sxeolvkhg/
jlyhq wkdw wkh vljqdo derxw wkh Ghprfudwlf sureohp dv zhoo kdv ehhq lvvxhg dqg fdq
srwhqwldoo| eh sxeolvkhg1 Pruhryhu/ L zloo frqvlghu wzr srodu fdvhv= lq wkh �uvw fdvh
wkh qhzvsdshu kdvq*w dq| lghrorjlfdo eldv dqg lv qrw vxemhfw wr dq| lq xhqfh e| wkh
lqfxpehqw srolwlfldq/ dqg wkxv sxeolvkhv wkh Uhsxeolfdq qhzv zlwk jlyhq suredelolw|
�s @ 4

5 zkhq erwk sureohpv rffxu1 Lq wkh rwkhu fdvh/ wkhuh lv vslq e| wkh lqfxpehqw
srolwlfldq/ l1h1 kh lv deoh wr pdnh wkh qhzv derxw wkh rzqhg sureohp ehlqj sxeolvkhg
iru vxuh zkhq erwk sureohpv rffxu/ l1h1 �s @ 41

Pruh irupdoo|/ q 5 iB>G>Uj lv wkh slhfh ri qhzv wkdw wkh qhzvsdshu ghflghv wr
sxeolvk> ri frxuvh/ zkhq qr sureohp rffxuv/ l1h1 zlwk suredelolw| +4 � sU,+4 � sG,
++4 � s,5 lq wkh v|pphwulf fdvh, qr qhzv zlwk srolwlfdo frqwhqw fdq eh sxeolvkhg
dqg wkxv qrwklqj dsshduv rq wkh iurqw sdjh= q @ B1 Zkhq wkh Uhsxeolfdq sureohp
rffxuv zkloh wkh Ghprfudwlf rqh grhv qrw/ zklfk kdsshqv zlwk suredelolw| sU+4 �
sG,/ wkh Uhsxeolfdq qhzv lv sxeolvkhg iru vxuh/ l1h1 su+q @ U mvU @ 4> vG @ 3, @
41 Wkh frqyhuvh lv wuxh zkhq wkh Ghprfudwlf sureohp rffxuv lq wkh odfn ri wkh
Uhsxeolfdq rqh/ l1h1 su+q @ G mvU @ 3> vG @ 4, @ 4> �qdoo|/ dv phqwlrqhg ehiruh/
su+q @ U mvU @ 4> vG @ 4, � �s dqg wklv htxdov 4

5 lq wkh qr0vslq fdvh dqg rqh lq wkh
vslq fdvh1 Wkh h{ dqwh suredelolw| ri uhdglqj d Ghprfudwlf qhzv/ jlyhq sU/ sG dqg
�s/ fdq eh zulwwhq dv iroorzv=

su+q @G, @ sG+4� sU � �s, +4,
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zklfk lv ri frxuvh ghfuhdvlqj lq �s1 Frqyhuvho|/ wkh h{ dqwh suredelolw| ri uhdglqj d
Uhsxeolfdq qhzv lv wkh iroorzlqj=

su+q @ U, @ sU^4� sG+4� �s,` +5,

Wkxv/ lq wkh v|pphwulf fdvh/ wkh iroorzlqj sursrvlwlrq krogv=

Sursrvlwlrq 4 Lq wkh v|pphwulf fdvh/ li wkhuh lv qr vslq/ lw lv htxdoo| olnho| h{ dqwh
wr uhdg d slhfh ri qhzv derxw wkh Uhsxeolfdq ru wkh Ghprfudwlf sureohp1

Li wkhuh lv vslq/ lw lv pruh olnho| wr uhdg d slhfh ri qhzv derxw wkh Uhsxeolfdq
sureohp wkdq derxw wkh Ghprfudwlf rqh1
Surri1 Lq wkh dsshqgl{1

Sursrvlwlrq 4 vlpso| iroorzv iurp hydoxdwlqj h{suhvvlrqv +4, dqg +5, dw sU @
sG @ s/ lq wkh wzr fdvhv ri �s @ 4

5 dqg �s @ 4= li wkh wzr sureohpv duh htxdoo| olnho| wr
dulvh/ lq wkh fdvh ri vslq wkh h{ dqwh suredelolw| ri uhdglqj d slhfh ri qhzv derxw wkh
sureohp rzqhg e| wkh lqfxpehqw lv juhdwhu wkdq wkh rqh ri uhdglqj d slhfh ri qhzv
derxw wkh sureohp rzqhg e| wkh fkdoohqjhu1

Lq wkh dv|pphwulf fdvh/ d zhdnhu uhvxow fdq eh hvwdeolvkhg=

Sursrvlwlrq 5 Lq wkh dv|pphwulf fdvh/ zlwkrxw vslq wkh h{ dqwh suredelolw| ri uhdg0
lqj d slhfh ri qhzv derxw wkh Uhsxeolfdq lvvxh lv kljkhu +orzhu, wkdq wkh rqh ri
uhdglqj derxw wkh Ghprfudwlf sureohp l� sU A sG +sU ? sG,1

Li wkhuh lv vslq/ wkh h{ dqwh olnholkrrg ri d slhfh ri qhzv derxw wkh Uhsxeolfdq
sureohp lv kljkhu wkdq wkh rqh ri uhdglqj derxw wkh Ghprfudwlf rqh l� sU A sG

4.sG
1

Surri1 Lq wkh dsshqgl{1

Sursrvlwlrq 5 vwdwhv wkdw lq wkh jhqhudo fdvh/ zlwkrxw vslq/ wkhuh duh h{ dqwh
pruh qhzv derxw wkh Uhsxeolfdq sureohp wkdq derxw wkh Ghprfudwlf rqh dv orqj dv
sU A sG > zlwk vslq/ wkh frqglwlrq iru kdylqj d kljkhu h{ dqwh suredelolw| ri qhzv
derxw wkh Uhsxeolfdq sureohp wkdq derxw wkh Ghprfudwlf rqh lv zhdnhu/ mxvw ehfdxvh
sG

4.sG
? sG1 Pruhryhu/ dv d fruroodu|/ li sU A 4

5
/ lw lv dozd|v wkh fdvh wkdw zlwk vslq

wkh suredelolw| ri q @ U lv odujhu wkdq wkh suredelolw| ri q @ G1

615 Qhzv dqg yrwlqj ehkdylrxu

Dv phqwlrqhg lq wkh suhylrxv vhfwlrq/ yrwhuv dftxluh slhfhv ri lqirupdwlrq derxw wkh
wuxh vwdwh ri wkh zruog e| uhdglqj wkh qhzvsdshu gxulqj wkh fdpsdljq= hyhq li vljqdov
duh shuihfw/ wkh qhzvsdshu kdv jrw rqo| rqh vorw rq wkh iurqw sdjh dqg wkxv yrwhuv
duh htxlsshg zlwk d ohvv wkdq shuihfw lqirupdwlrq vwuxfwxuh1 Pruh irupdoo|/ L dvvxph
wkdw wkhuh lv d frqwlqxxp ri udwlrqdo yrwhuv zkr pxvw ghflgh zkhwkhu wr uhfrq�up
wkh lqfxpehqw ru hohfw wkh fkdoohqjhu= doo flwl}hqv h{ dqwh nqrz sU dqg sG/ dqg fdq
uhdg wkh slhfh ri qhzv q 5 iB>G>Uj rq wkh qhzvsdshu1 Krzhyhu/ flwl}hqv gl�hu
dprqj wkhpvhoyhv dffruglqj wr dq h{ dqwh eldv � lq idyrxu ri wkh fkdoohqjhu1 Yrwhuv*
rswlpdo ghflvlrq uxoh lv uhsuhvhqwhg lq wkh iroorzlqj wdeoh=

y+q> �s> �, @ 4 / H+{U � {G mq> �s, A �
y+q> �s> �, @ 4

5
/ H+{U � {G mq> �s, @ �

y+q> �s> �, @ 3 / H+{U � {G mq> �s, ? �
+6,

zkhuh y+q> �s> �, lv wkh suredelolw| ri d flwl}hq zlwk eldv � yrwlqj iru wkh lqfxpehqw/
zkhq vkh uhdgv wkh vwru| q rq wkh qhzvsdshu/ dv d ixqfwlrq ri �s> H+=, lv wkh h{shf0
wdwlrq rshudwru dqg �/ dv phqwlrqhg deryh/ lv wkh eldv lq idyrxu ri wkh Ghprfudwlf
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fkdoohqjhu1 Wklv eldv idfwru � lv glvwulexwhg lq wkh srsxodwlrq dffruglqj wr wkh nqrzq
fxpxodwlyh glvwulexwlrq ixqfwlrq J+=,/ zklfk lv v|pphwulf durxqg }hur/ l1h1 J+3, @ 4

5
/

dqg J+|, @ 4 � J+�|,/ iru doo |1 Rqh vkrxog qrwh krz lq wklv prgho wkhuh lv qr
djjuhjdwh xqfhuwdlqw|/ dv wkh idfwru � ghwhuplqhv dq hpslulfdo glvwulexwlrq ri yrwhv
iru wkh wzr fdqglgdwhv/ zklfk lv fhuwdlq4: 1

Ohw �+�s>q, eh wkh suredelolw| ri wkh lqfxpehqw ehlqj uhhohfwhg zkhq wkh vwru| q
lv sxeolvkhg/ djdlq dv d ixqfwlrq ri �s1 Olnhzlvh/ ohw i+�s> q, � J ^H+{U � {G mq> �s,` eh
wkh vkduh ri flwl}hqv yrwlqj iru wkh lqfxpehqw zkhq wkh slhfh ri qhzv q lv sxeolvkhg/
jlyhq �s1 Wkh hohfwrudo survshfwv ri wkh lqfxpehqw fdq eh vxppdulvhg dv iroorzv=

�+�s> q, @ 4 / i+�s>q, A 4
5

�+�s> q, @ 4
5 / i+�s>q, @ 4

5

�+�s> q, @ 3 / i+�s>q, ? 4
5

Lqghhg/ wkh lqfxpehqw lv uhfrq�uphg lq r!fh iru vxuh li pruh wkdq kdoi ri wkh srs0
xodwlrq yrwhv iru klp> kh lv iru vxuh ghihdwhg li pruh wkdq d kdoi ri flwl}hqv yrwhv iru
wkh fkdoohqjhu/ zkloh kh vwdqgv d 83283 fkdqfh ri ehlqj uhhohfwhg li yrwhv duh htxdoo|
vsolw1 Xqghu wkhvh dvvxpswlrqv/ lw lv hdv| wr suryh wkh iroorzlqj sursrvlwlrq=

Sursrvlwlrq 6 Li wkhuh lv qr djjuhjdwh xqfhuwdlqw|/ wkh iroorzlqj vwdwhphqwv duh
wuxh=

d1 li wkh slhfh ri qhzv derxw wkh Uhsxeolfdq sureohp lv sxeolvkhg rq wkh qhzvsdshu/
wkh Uhsxeolfdq lqfxpehqw lv uhhohfwhg iru vxuh>

e1 li wkh slhfh ri qhzv derxw wkh Ghprfudwlf sureohp lv sxeolvkhg/ wkh fkdoohqjhu
lv hohfwhg iru vxuh>

f1 Li qr srolwlfdo qhzv dsshdu rq wkh qhzvsdshu/ wkh lqfxpehqw dqg wkh fkdoohqjhu
duh htxdoo| olnho| wr eh hohfwhg1

Surri1 Lq wkh dsshqgl{1

Wkh suredelolw| iru wkh lqfxpehqw wr eh uhhohfwhg ghshqgv rq wkh yrwlqj ehkdylrxu
ri wkh phgldq flwl}hq/ qdpho| wkh rqh fkdudfwhulvhg e| � @ 31 Lq jhqhudo/ zkhq
flwl}hqv uhdg rq wkh qhzvsdshu d slhfh ri qhzv derxw wkh Uhsxeolfdq sureohp/ wkh|
duh vxuh wkdw wkh Uhsxeolfdq sureohp lv suhvhqw/ dv wkh vljqdo lv shuihfw/ exw wkh| gr
qrw nqrz zkhwkhu wkh Ghprfudwlf sureohp kdv rffxuuhg dv zhoo1 E| Ed|hv* uxoh/ wkh
h{ srvw suredelolw| ri {G @ 4 jlyhq q @ U fdq eh fdofxodwhg dv iroorzv=

su+{G @ 4 mq @ U , @
sUsG �s

sU+4� sG, . sUsG �s
1

Vxfk suredelolw| lv dozd|v ohvv wkdq rqh1 Wkhuhiruh wkh phgldq yrwhu*v grplqdqw
vwudwhj| zkhq q @ U lv wr uhhohfw iru vxuh wkh Uhsxeolfdq lqfxpehqw/ mxvw ehfdxvh
zlwk vrph qrq0qxoo suredelolw| wkh Ghprfudwlf sureohp lv wuxo| devhqw1 Iru ixuwkhu
uhihuhqfh/ lw lv lpsruwdqw wr qrwh wkdw wklv h{ srvw suredelolw| lv dq lqfuhdvlqj ixqfwlrq
ri �s1 E| wkh vdph wrnhq/ zkhq q @ G/ wkh h{ srvw suredelolw| ri {U @ 4 lv jlyhq e|

su+{U @ 4 mq @ G , @
sUsG+4� �s,

+4� sU,sG . sUsG+4� �s,
/

4:Dsduw iurp wkh phdvxuh0}hur iudfwlrq ri yrwhuv iru zklfk .E%- 3 %( �?( 7R� ' #= wkhvh yrwhuv
pl{ wkhlu yrwh zlwk htxdo suredelolwlhv/ dv lpsolhg e| ghflvlrq uxoh +6,1
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zklfk djdlq lv dozd|v ohvv wkdq rqh1 Khqfh/ zkhq q @ G/ wkh phgldq yrwhu �qgv lw
rswlpdo wr hohfw wkh fkdoohqjhu iru vxuh1 Ixuwkhupruh/ wklv h{ srvw olnholkrrg ri kdylqj
d Uhsxeolfdq sureohp zkhq q @ G lv ghfuhdvlqj lq �s/ lq doo lwv uhohydqw udqjh4; / dqg
htxdov }hur zkhq �s @ 41 Ilqdoo|/ zkhq q @ B/ flwl}hqv duh vxuh wkdw qhlwkhu sureohp
kdv rffxuuhg1 Lq sduwlfxodu/ wkh phgldq yrwhu lv h{dfwo| lqgl�huhqw ehwzhhq wkh wzr
fdqglgdwhv/ vr wkdw wkh v|pphwulf ghflvlrq uxoh glfwdwhv y+q @ B> �s>� @ 3, @ 4

5 =
wkhuhiruh wkh lqfxpehqw lv uhfrq�uphg zlwk suredelolw| 4

5
1

616 Wkh hohfwrudo h�hfw ri qhzv

Zkdw duh wkh ryhudoo h�hfwv rq wkh hohfwrudo rxwfrph ri wkh gl�huhqw vwrulhv ehlqj
sxeolvkhg rq wkh qhzvsdshu/ dv d ixqfwlrq ri wkh vslq uhjlphB Lq whupv ri uhhohfwlrq
suredelolwlhv/ sursrvlwlrq 6 lq idfw vkrzv wkdw/ lq wkh odfn ri djjuhjdwh xqfhuwdlqw|/
wkh zlqqlqj fdqglgdwh lv iru vxuh wkh rqh zkrvh rzqhg vwru|4< kdv ehhq sxeolvkhg
rq wkh qhzvsdshu1 Wklv lv dozd|v wkh fdvh/ uhjdugohvv ri wkh vslq uhjlph/ l1h1 wkh
ydoxh wdnhq e| �s1 Krzhyhu/ rqh frxog eh lqwhuhvwhg qrw rqo| lq wkh suredelolw| ri wkh
lqfxpehqw zlqqlqj wkh hohfwrudo frqwhvw/ exw dovr lq wkh qxpehu ri yrwhv kh jdwkhuv
lq htxloleulxp/ dv d ixqfwlrq ri q dqg �s1

Dorqj wkhvh olqhv/ rqh frxog wdnh wkh fdvh ri qr qhzv/ l1h1 q @ B/ dv d ehqfkpdun/
dqg frqvlghu wkh gl�huhqwldo h�hfw ri d Uhsxeolfdq dqg d Ghprfudwlf vwru| rq wkh
ryhudoo yrwhv uhfhlyhg e| wkh lqfxpehqw1 Pruh irupdoo|/ rqh zrxog eh lqwhuhvwhg lq
frpsdulqj mH+i+�s>U, � i+�s>B,,m djdlqvw mH+i+�s>G,� i+�s>B,,m/ zkhuh djdlq H+=, lv
wkh h{shfwdwlrq rshudwru1

Lq wkh v|pphwulf fdvh ri sU @ sG @ s/ rqh fdq suryh wkh iroorzlqj sursrvlwlrq=

Sursrvlwlrq 7 Lq wkh v|pphwulf fdvh/ li wkhuh lv qr vslq/ wkh h�hfw rq wkh qxpehu
ri yrwhv dffuxlqj wr wkh lqfxpehqw ri d sxeolvkhg vwru| derxw wkh Uhsxeolfdq sureohp
lv wkh vdph lq devroxwh whupv dv wkh h�hfw ri d vwru| derxw wkh Ghprfudwlf sureohp/
l1h1

��H+i+�s @ 4
5 > U,� i+�s @ 4

5 >B,,
�� @ ��H+i+�s @ 4

5 >G, � i+�s @ 4
5 >B,,

��1
Li wkhuh lv vslq/ wkh hohfwrudo h�hfw ri wkh Ghprfudwlf vwru| lv odujhu wkdq wkh rqh

vwhpplqj iurp wkh Uhsxeolfdq vwru|/ l1h1 mH+i+�s @ 4>G,� i+�s @ 4>B,,m A mH+i+�s @ 4> U,� i+�s @ 4>B,
Surri1 Lq wkh dsshqgl{1

Wklv sursrvlwlrq lv irfxvhg rq wkh gl�huhqwldo h�hfwv rq wkh hohfwrudo rxwfrph ri d
slhfh ri qhzv derxw wkh sureohp rzqhg e| wkh lqfxpehqw +l1h1 d vwru| wkdw lv idyrudeoh
wr wkh lqfxpehqw, yhuvxv d vwru| derxw wkh sureohp rzqhg e| wkh fkdoohqjhu +l1h1
dq xqidyrudeoh vwru| iru wkh lqfxpehqw,1 Li wkhuh lv qr vslq/ wkhvh gl�huhqwldo h�hfwv
rq wkh qxpehu ri yrwhv jdwkhuhg e| wkh lqfxpehqw duh wkh vdph1 Rq wkh frqwudu|/
lq wkh suhvhqfh ri vslq e| wkh lqfxpehqw/ wkh hohfwrudo h�hfw ri wkh ohvv idyrudeoh
slhfh ri qhzv lv vwurqjhu wkdq wkh rqh vwhpplqj iurp wkh idyrudeoh vwru|1 Wklv lv
vr/ ehfdxvh/ lq wkh suhvhqfh ri vslq/ yrwhuv dwwdfk d kljkhu h{ srvw suredelolw| wr wkh
suhvhqfh ri wkh Ghprfudwlf sureohp zkhq q @ U/ dqg d orzhu h{ srvw suredelolw| wr
wkh Uhsxeolfdq sureohp zkhq q @ G1

Wkxv/ wkh prgho suhglfwv wkdw/ lq wkh suhvhqfh ri vslq/ qhzv wkdw duh �edg�
iurp wkh lqfxpehqw*v shuvshfwlyh kdyh d vwurqjhu lpsdfw rq wkh qxpehu ri yrwhv
uhfhlyhg e| klp wkdq jrrg qhzv= wklv uhvxow lqghhg uhvrqdwhv zlwk vrph dujxphqwv

4;Wkh lqwxlwlrq ehklqg wkhvh wzr prqrwrqlflw| uhvxowv lq wkh h{ srvw suredelolwlhv lv txlwh vwudljkw0
iruzdug1 Zkhq wkh slhfh ri qhzv derxw wkh Uhsxeolfdq sureohp lv sxeolvkhg/ wkh kljkhu 7R/ wkh pruh
olnho| lw lv wkdw wkh Ghprfudwlf sureohp zdv lqghhg suhvhqw/ exw wkh qhzvsdshu ghflghg wr jlyh urrp
wr wkh Uhsxeolfdq rqh1 Frqyhuvho|/ zkhq ? ' (/ wkh kljkhu 7R/ wkh ohvv olnho| lw lv wkdw wkh Uhsxeol0
fdq sureohp lv suhvhqw/ dv lw lv pruh olnho| wkdw lw zrxog eh gluhfwo| sxeolvkhg rq wkh qhzvsdshu dv
d slhfh ri qhzv1

4<Pruh suhflvho|/ d vwru| vljqdoolqj wkh suhvhqfh ri d sureohp lq wkh rzqhg �hog1
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sxw iruzdug lq wkh srolwlfdo vflhqfh olwhudwxuh/ iru h{dpsoh wkh fodlp e| Fdpsehoo hw
do1 ^4<99` +dv txrwhg lq Kleev ^5333`, dffruglqj wr zklfk �^111` D sduw| douhdg| lq
srzhu lv uhzdughg pxfk ohvv iru jrrg wlphv wkdq lw lv sxqlvkhg iru edg wlphv ^111`�1
Lq wkh prgho ghyhorshg khuh/ zklfk lv edvhg rq d vlpsoh lghd ri vslq/ rqh grhv qrw
qhhg dq| survshfw wkhru| fxp orvv dyhuvlrq/ lq rughu wr h{sodlq wklv vwurqjhu h�hfw
rq djjuhjdwh yrwlqj ehkdylrxu ri slhfhv ri qhzv wkdw duh edg iru wkh lqfxpehqw1

617 Vslq dqg frpplwphqw

Xs wr qrz/ L kdyh frpsduhg wkh wzr srodu fdvhv ri frpsohwh vslq +l1h1 �s @ 4,
dqg qr vslq +l1h1 �s @ 4

5
,/ zlwkrxw dq| h{solflw uhihuhqfh wr wkh lqfhqwlyhv wkdw wkh

lqfxpehqw srolwlfldq idfhv zlwk uhvshfw wr wkh vslq dfwlylw| lwvhoi1 Lq sduwlfxodu/
rqh fdq glvwlqjxlvk ehwzhhq dq h{ srvw shuvshfwlyh/ l1h1 diwhu wkh uhdolvdwlrq ri
wkh frqwlqjhqf| lq zklfk erwk wkh Uhsxeolfdq dqg wkh Ghprfudwlf sureohp dulvh/
dqg dq h{ dqwh rqh/ l1h1 ehiruh wkh vwdwh ri qdwxuh lv uhdolvhg1 Lw lv fohdu wkdw lq wkh
iudphzrun ghyhorshg khuh vslq dfwlylw| fdq rqo| wdnh sodfh zkhq erwk wkh Uhsxeolfdq
dqg wkh Ghprfudwlf vwru| fdq srwhqwldoo| eh sxeolvkhg/ dqg wkh pdqdjlqj hglwru ri
wkh qhzvsdshu frxog eh lqgxfhg wr jlyh sulrulw| wr wkh lqfxpehqw*v vwru|1 Krzhyhu/
lw lv uhohydqw wr nqrz zkhwkhu vxfk h{ srvw lqfhqwlyhv wr h{huw vslq duh pdwfkhg e|
vlplodu lqfhqwlyhv h{ dqwh/ ru lw zrxog eh ehwwhu iru wkh lqfxpehqw wr frpplw qrw wr
h{huw vslq dfwlylw|/ dv klv h{ dqwh sd|r� lv kljkhu zkhq yrwhuv fruuhfwo| eholhyh wkdw
kh zloo qrw h{huw dq| vslq h�ruw1

Iru zkdw frqfhuqv wkh lqfxpehqw*v xwlolw| ixqfwlrq/ L dvvxph wkdw kh lv ulvn qhxwudo
dqg r!fh prwlydwhg/ qdpho| kh rewdlqv dq hjr0uhqw U A 3 li uhhohfwhg iru wkh qh{w
whup dqg }hur rwkhuzlvh1 Pruhryhu/ lq zkdw iroorzv L zloo dvvxph wkdw �s @ �s . v @
4
5
.v= wkh suredelolw| ri uhdglqj wkh Uhsxeolfdq vwru| jlyhq wkdw erwk sureohpv kdyh

rffxuuhg ghshqgv lq d olqhdu idvklrq rq wkh lqlwldo dwwlwxgh ri wkh qhzvsdshu �s dqg
wkh vslq h�ruw v 5 ^3>4 � �s` ehlqj h{huwhg e| wkh lqfxpehqw1 Pruhryhu/ lq rughu wr
frqfhqwudwh rq wkh lvvxh ri h{ dqwh dqg h{ srvw lqfhqwlyhv wr vslq dfwlylw|/ L dvvxph
wkdw wkh vslq h�ruw v lv frvwohvv wr wkh lqfxpehqw srolwlfldq1

Dv glvfxvvhg lq wkh suhylrxv vhfwlrqv/ wkh suhvhqw prgho lv fkdudfwhulvhg e| wkh
odfn ri djjuhjdwh xqfhuwdlqw|/ ehfdxvh wkh suredelolw| ri wkh lqfxpehqw ehlqj uh0
hohfwhg lv rqh zkhq q @ U/ dqg qxoo zkhq q @ G/ uhjdugohvv ri wkh ydoxhv wdnhq e|
sU/ sG dqg �s1 Wkh rqo| nqlih0hgjh fdvh rffxuv zkhq q @ B/ dv wkh phdvxuh ri yrwhuv
zlwk � @ 3 lv slyrwdo zlwk uhvshfw wr wkh �qdo uhvxow/ lv lqghhg lqgl�huhqw ehwzhhq wkh
wzr fdqglgdwhv dqg pl{hv lwv yrwh zlwk htxdo suredelolwlhv1 Zlwklq wklv iudphzrun/
lw lv vwudljkwiruzdug wr suryh wkh iroorzlqj sursrvlwlrq=

Sursrvlwlrq 8 Zkhq wkhuh lv qr djjuhjdwh xqfhuwdlqw|/ erwk h{ dqwh dqg h{ srvw lw
lv rswlpdo iru wkh lqfxpehqw srolwlfldq wr h{huw vslq wr wkh pd{lpxp h{whqw dqg �{
�s @ 41
Surri1 Lq wkh dsshqgl{1

Lq wkh suhvhqw prgho/ fkdudfwhulvhg e| wkh odfn ri djjuhjdwh xqfhuwdlqw|/ wkh
lqfxpehqw srolwlfldq lv qrw idflqj dq| frpplwphqw lvvxh/ dv klv h{ dqwh sd|r� lv
vwulfwo| lqfuhdvlqj lq �s= wklv lv lq wxuq gxh wr wkh idfw wkdw kh lv vxuh wr zlq wkh
hohfwlrqv zkhq q @ U> dqg vxuh wr eh ghihdwhg zkhq q @ G1 Lq rwkhu zrugv/ wkh
suredelolwlhv ri wkh lqfxpehqw ehlqj uhhohfwhg zkhq q @ U ru q @ G duh lqghshqghqw
ri �s= khqfh/ e| vhwwlqj �s @ 4/ wkh lqfxpehqw lv phuho| pd{lpl}lqj wkh suredelolw| ri
wkh idyrxudeoh hyhqw q @ U/ dqg plqlpl}lqj wkh olnholkrrg ri q @ G/ zlwkrxw dq|
dgyhuvh h�hfw rq wkh frqglwlrqdo suredelolwlhv ri zlqqlqj wkh hohfwlrqv1 Lw lv h{dfwo|
wklv odfn ri djjuhjdwh xqfhuwdlqw| wkdw pdnhv �+�s>U, dqg �+�s>G, lqghshqghqw ri �s1
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Lq rughu wr kdyh d odujhu slfwxuh ri wkh frpplwphqw lvvxh/ lw lv xvhixo wr frqvlghu
wkh suhvhqw prgho dv d sduwlfxodu fdvh ri d pruh jhqhudo rqh/ zklfk pdnhv wkh hohfwrudo
rxwfrph suredelolvwlf/ e| doorzlqj iru wkh suhvhqfh ri qrlvh yrwhuv531

Pruh irupdoo|/ lq wkh jhqhudo fdvh rqo| d iudfwlrq � 5 +3>4` ri yrwhuv duh lqiruphg/
l1h1 wkh| uhdg wkh qhzvsdshu gxulqj wkh fdpsdljq/ dqg uhvsrqg lq d frqvlvwhqw zd| wr
zkdw wkh| uhdg> lq sduwlfxodu/ lq rughu wr fdvw wkhlu yrwh/ wkh| iroorz ghflvlrq uxoh +6,/
jlyhq wkhlu lqglylgxdo eldv �1 Wkh uhpdlqghu vkduh ri flwl}hqv lv rq wkh frqwudu| pdgh
ri xqlqiruphg lqglylgxdov/ zkr ghflgh krz wr yrwh zlwkrxw uhdglqj wkh qhzvsdshu1
Iurp wkh srlqw ri ylhz ri wkh rwkhu srolwlfdo dfwruv ihdwxuhg lq wkh prgho/ krz wkhvh
xqlqiruphg flwl}hqv zloo yrwh lv qrw d sulrul fhuwdlq1 Wkxv/ ohw � eh wkh iudfwlrq ri
xqlqiruphg yrwhuv zkr yrwh iru wkh fkdoohqjhu= � lv wkh uhdol}dwlrq ri d v|pphwulf
udqgrp yduldeoh zlwk �qlwh vxssruw ^3> 4` dqg fxpxodwlyh glvwulexwlrq ixqfwlrq K+=,
dqg ghqvlw| ixqfwlrq k+=,1 Wkh v|pphwu| ri wkh udqgrp yduldeoh � durxqg 4

5
lqghhg

lpsolhv wkdw xqlqiruphg yrwhuv duh xqeldvhg/ dv wkh suredelolw| wkdw d iudfwlrq ohvv
wkdq �� yrwhv iru wkh lqfxpehqw lv h{dfwo| htxdo wr wkh suredelolw| wkdw d iudfwlrq ohvv
wkdq �� yrwhv iru wkh fkdoohqjhu1 Lw lv fohdu wkdw wklv jhqhudo prgho erlov grzq wr wkh
rqh zlwkrxw djjuhjdwh xqfhuwdlqw| zkhq � @ 4/ l1h1 zkhq wkhuh duh qr xqlqiruphg
yrwhuv1 Vxpplqj xs/ jlyhq �s dqg q 5 iB>G>Uj/ wkh lqfxpehqw zlqv wkh hohfwlrqv li

� � i+�s> q, . +4� �,+4� �, A �^4� i+�s> q,` . +4� �, � � +7,

Lq rughu wr vlpsoli| wkh dojheud/ L zloo khqfhiruwk dvvxph wkdw �/ wkh eldv lq
idyrxu ri wkh fkdoohqjhu/ lv glvwulexwhg dffruglqj wr d xqlirup glvwulexwlrq/ zlwk
vxssruw ^�!@5> !@5`1

Zlwklq wklv jhqhudo vhw xs zlwk xqlqiruphg yrwhuv/ dqg jlyhq wkh xqlirup glvwul0
exwlrq ri �/ rqh fdq suryh wkh iroorzlqj sursrvlwlrq=

Sursrvlwlrq 9 Zkhq vslq dfwlylw| lv frvwohvv dqg xqlqiruphg yrwhuv duh suhvhqw/ h{
srvw lw lv dozd|v rswlpdo iru wkh lqfxpehqw srolwlfldq wr h{huw vslq wr wkh pd{lpxp
h{whqw dqg �{ �s @ 41

Zkhq xqlqiruphg yrwhuv duh suhvhqw/ h{ dqwh lqfhqwlyhv wr h{huw vslq ghshqg rq
wkh vkdsh ri wkh udqgrp yduldeoh �/ lq wkh iroorzlqj zd|=

d, Li � lv glvwulexwhg dffruglqj wr d xqlprgdo glvwulexwlrq/ lw lv rswlpdo wr vslq wkh
qhzv frpsohwho| dqg �{ v @ 4� �s1

e, Li � lv glvwulexwhg dffruglqj wr d xqlirup glvwulexwlrq/ wkh lqfxpehqw srolwlfldq
lv h{ dqwh lqgl�huhqw wr wkh �qdo ohyho ri vslq1

f, Li � lv glvwulexwhg dffruglqj wr d X0vkdshg glvwulexwlrq/ lw zrxog eh rswlpdo iru
wkh lqfxpehqw wr frpplw qrw wr hqjdjh lq dq| vslq dfwlylw|/ dqg nhhs �s @ �s1

Surri1 Lq wkh dsshqgl{1

Dv ghwdlohg lq wkh dsshqgl{/ wkhuh lv d wudghr� lqyroyhg lq wkh fkrlfh ri �s= d kljkhu
�s jlyhv d kljkhu zhljkw wr �+�s>U, A �+�s>G,/ exw erwk wkhvh frqglwlrqdo suredelolwlhv
duh wkhpvhoyhv ghfuhdvlqj lq �s1 L zloo fdoo wkh iruphu d zhljkw h�hfw/ zkloh wkh vhfrqg
lv d vorsh h�hfw1 Zkhq wkhuh duh qr xqlqiruphg yrwhuv/ wkh vorsh h�hfw lv qxoo dqg
wkhuhiruh h{ dqwh dv zhoo wkh lqfxpehqw �qgv lw rswlpdo wr �{ v @ 4� �s dqg vslq wkh
qhzvsdshu frpsohwho|1 Krzhyhu/ zkhq qrlvh yrwhuv duh suhvhqw/ wkh vroxwlrq ri wkh
wudgh r� ghshqgv rq wkh vkdsh ri wkh glvwulexwlrq ri wkhvh xqlqiruphg yrwhuv1 Zlwk

53Wklv lghd ri prghoolqj hohfwrudo frpshwlwlrq zlwk d glvwlqfwlrq ehwzhhq udwlrqdo dqg qrlvh yrwhuv
lv gxh wr Edurq ^4<<7`1
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d X0vkdshg glvwulexwlrq/ h{wuhph rxwfrphv/ lq whupv ri xqlqiruphg yrwhuv* hohfwrudo
fkrlfh/ duh pruh olnho| wkdq prghudwh rqhv= lw iroorzv wkdw wkh vorsh h�hfw grplqdwhv
wkh zhljkw rqh/ dqg wkh lqfxpehqw srolwlfldq zrxog �qg lw rswlpdo h{ dqwh wr frpplw
qrw hqjdjh klpvhoi lqwr vslq dfwlylw|1 Exw khuh d fuhglelolw| lvvxh dulvhv/ dv h{ srvw lw
lv dozd|v rswlpdo iru wkh lqfxpehqw wr h{huw vslq wr wkh pd{lpxp h{whqw1

7 Frqfoxglqj uhpdunv

Lq wklv sdshu/ L kdyh ghyhorshg d vlpsoh prgho ri hohfwrudo frpshwlwlrq zlwk djhqgd0
vhwwlqj h�hfwv= lqirupdwlrq frqyh|hg wr flwl}hqv e| d qhzvsdshu ghwhuplqh wkhlu
vdolhqfh vwuxfwxuh/ rq wkh edvlv ri zklfk wkh| fdvw wkhlu yrwh1 Lq dffrug zlwk Shwur0
fln*v ^4<<9` frqfhsw ri lvvxh rzqhuvkls/ yrwhuv zdqw wr hohfw wkh srolwlfldq zkr lv
wkrxjkw wr eh pruh fdsdeoh ri kdqgolqj wkh prvw uhohydqw sureohp idflqj wkh frxq0
wu|/ dqg wkh| kdyh d sulrul ylhzv derxw wkh uhodwlyh delolwlhv ri fdqglgdwhv ehorqjlqj
wr gl�huhqw sduwlhv zlwk uhvshfw wr gl�huhqw sureohpv1 Dq lvvxh lv vdlg wr eh rzqhg e|
d jlyhq sduw| li fdqglgdwhv ehorqjlqj wr lw duh wkrxjkw wr eh pruh fdsdeoh ri vroylqj
sureohpv ehlqj uhodwhg wr wkh lvvxh lwvhoi/ jlyhq wkdw wkh| rffxu1 Lq wklv vlpsol�hg
iudphzrun/ wkhuh duh wzr lvvxhv/ rqh rzqhg e| wkh Uhsxeolfdq Sduw|/ wkh rwkhu e|
wkh Ghprfudwv= sureohpv shuwdlqlqj wr wkh wzr lvvxhv fdq rffxu/ zlwk h{rjhqrxvo|
jlyhq dqg lqghshqghqw suredelolwlhv1 Li d sureohp rffxuv/ d yhul�deoh dqg shuihfw
vljqdo lv lvvxhg/ zklfk fdq eh sxeolvkhg rq wkh qhzvsdshu dv d slhfh ri qhzv1

Wkh fuxfldo lghd lv wkdw wkhuh lv d olplwhg dprxqw ri vsdfh rq wkh qhzvsdshu lwvhoi=
lq sduwlfxodu/ L dvvxph wkdw rq wkh qhzvsdshu wkhuh lv urrp iru rqo| rqh vwru| wr eh
sxeolvkhg1 Wkhuhiruh wkh pdqdjlqj hglwru ri wkh qhzvsdshu/ lq wkh suhvhqfh ri vwrulhv
derxw erwk sureohpv/ pxvw ghflgh zkhwkhu wr sxeolvk wkh rqh derxw wkh Uhsxeolfdq
ru wkh Ghprfudwlf sureohp1 Lq wklv vhw xs/ �vslq� vwdqgv iru wkh dfwlylw| wkurxjk
zklfk wkh lqfxpehqw srolwlfldq pdnhv wkh vwru| derxw wkh rzqhg lvvxh pruh sdodwdeoh
wr wkh qhzvsdshu*v hglwru1 Li wkhuh lv vslq/ jlyhq wkdw erwk sureohpv kdyh rffxuuhg/
wkh vwru| derxw wkh lvvxh rzqhg e| wkh lqfxpehqw lv dozd|v sxeolvkhg> frqyhuvho|/
lq wkh qr0vslq fdvh dqg zlwk erwk sureohpv rffxuulqj/ wkh pdqdjlqj hglwru ghflghv
zkdw wr sxeolvk rq wkh iurqw sdjh e| wrvvlqj d idlu frlq1

Dv d ixqfwlrq ri wkh vslq uhjlph/ wkh prgho r�huv vrph whvwdeoh suhglfwlrqv derxw
wkh uhodwlrqvkls ehwzhhq pdvv phgld ehkdylrxu dqg wkh hohfwrudo surfhvv1 Iluvw ri doo/
li wkh wzr sureohpv duh htxdoo| olnho| wr dulvh/ lq wkh suhvhqfh ri vslq wkhuh vkrxog eh
pruh slhfhv ri qhzv derxw wkh lvvxhg rzqhg e| wkh lqfxpehqw wkdq derxw wkh rwkhu
lvvxh> frqyhuvho|/ li wkhuh lv qr vslq/ wkh iuhtxhqf| ri vwrulhv derxw wkh wzr lvvxhv
vkrxog eh htxdo1

Vhfrqgo|/ li doo yrwhuv duh lqiruphg e| wkh qhzvsdshu/ wkh| hohfw iru vxuh wkh
fdqglgdwh zkrvh vwru| lv sxeolvkhg/ l1h1 wkh Uhsxeolfdq rqh li wkh vwru| derxw wkh
Uhsxeolfdq sureohp lv ihdwxuhg/ dqg wkh Ghprfudw lq fdvh ri wkh Ghprfudwlf vwru|
ehlqj sxeolvkhg1

Wklugo|/ li wkhuh lv vslq/ wkh +qhjdwlyh, h�hfw rq wrwdo yrwhv dffuxlqj wr wkh lq0
fxpehqw ri d vwru| derxw wkh fkdoohqjhu*v sureohp lv odujhu lq devroxwh whupv wkdq
wkh srvlwlyh h�hfw ri d vwru| derxw wkh lqfxpehqw*v lvvxh/ wdnlqj wkh fdvh ri qr slhfh
ri qhzv ehlqj sxeolvkhg dv d ehqfkpdun1 Wkhvh h�hfwv duh rq wkh frqwudu| htxdo li
wkhuh lv qr vslq1 Ilqdoo|/ iru zkdw frqfhuqv wkh lqfhqwlyhv idfhg e| wkh lqfxpehqw
zlwk uhvshfw wr vslq dfwlylw|/ h{ srvw/ l1h1 lq wkh fdvh ri erwk sureohpv rffxuulqj/ lw
lv dozd|v rswlpdo iru wkh lqfxpehqw wr h{huw vslq dqg lqgxfh wkh hglwru wr sxeolvk
iru vxuh wkh idyrxudeoh vwru|1 Rq wkh frqwudu|/ h{ dqwh lqfhqwlyhv h{dfwo| ghshqg rq
wkh suhvhqfh ru odfn ri xqlqiruphg yrwhuv= li doo yrwhuv duh lqiruphg/ h{ dqwh dv zhoo
wkh lqfxpehqw suhihuv wr vslq wkh qhzvsdshu frpsohwho|1 Li xqlqiruphg yrwhuv duh
suhvhqw/ h{ dqwh lqfhqwlyhv lq wxuq ghshqg rq wkh vkdsh ri wkh glvwulexwlrq ri wkhvh
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qrlvh yrwhuv1 Zkhq wklv glvwulexwlrq lv xqlprgdo/ l1h1 prghudwh rxwfrphv duh pruh
olnho| wkdq h{wuhph rqhv/ wkh lqfxpehqw*v h{ dqwh sd|r� lv pd{lplvhg zlwk frpsohwh
vslq1 Rq wkh rwkhu kdqg/ zlwk d X0vkdshg glvwulexwlrq ri xqlqiruphg yrwhuv/ l1h1
zkhq h{wuhph yrwlqj rxwfrphv duh pruh olnho| wkdq prghudwh rqhv/ lw zrxog eh rswl0
pdo iru wkh lqfxpehqw wr frpplw qrw wr hqjdjh klpvhoi lqwr vslq dfwlylw|1 Ri frxuvh
lq wklv fdvh d fuhglelolw| lvvxh hphujhv/ dv h{ srvw lqfhqwlyhv gulyh wkh lqfxpehqw lq
wkh rssrvlwh gluhfwlrq ri frpsohwh vslq1

Dsduw iurp hpslulfdoo| whvwlqj lwv lpsolfdwlrqv/ wklv vlpsoh prgho ri vslq dfwlylw|
dqg djhqgd0vhwwlqj h�hfwv fdq eh h{whqghg lqwr wzr pdlq gluhfwlrqv= �uvwo|/ rqh fdq
wklqn derxw wkh suhvhqfh ri d soxudolw| ri phgld rxwohwv/ dqg wkh rswlpdo vslq vwudwhj|
ri wkh lqfxpehqw wrzdugv wkhvh rxwohwv/ dv d ixqfwlrq ri wkh ghpdqg vxevwlwxwdelolw|
ehwzhhq rqh qhzv surylghu dqg wkh rwkhu1

Vhfrqgo|/ zkhq h{ dqwh dqg h{ srvw lqfhqwlyhv wr vslq dfwlylw| glyhujh/ rqh fdq
vwxg| uhsxwdwlrqdo htxloleuld dv wkh rxwfrph ri d uhshdwhg jdph ehwzhhq hohfwhg
srolwlfldqv dqg udwlrqdo yrwhuv1
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hqfhv�1 Mrxuqdo ri Sxeolf Hfrqrplfv/ 8<= 54<056:1

^48` Judqgprqw/ M10P1 ^4<:;`1 �Lqwhuphgldwh Suhihuhqfhv dqg wkh Pdmrulw| Uxoh�1

4;



Hfrqrphwulfd/ 69= 64:06631
^49` Kleev/ G1 D1 ^5333`1 �Euhdg dqg Shdfh Yrwlqj lq X1V1 Suhvlghqwldo Hohfwlrqv�1

Sxeolf Fkrlfh/ 437+405,= 47<04;31
^4:` Klqlfk/ P1 M1 ^4<::`1 �Htxloleulxp lq Vsdwldo Yrwlqj= Wkh Phgldq Yrwhu Uhvxow

lv dq Duwlidfw�1 Mrxuqdo ri Hfrqrplf Wkhru|/ 49= 53;054<1
^4;` L|hqjdu/ V1 dqg Vlprq/ D1 I1 ^5333`1 �Qhz Shuvshfwlyhv dqg Hylghqfh rq Srolwlfdo

Frppxqlfdwlrq dqg Fdpsdljq H�hfwv�1 Dqqxdo Uhylhz ri Sv|fkrorj| 84= 47<0
49<1

^4<` L|hqjdu/ V1 dqg Nlqghu/ G1 U1 ^4<;:`1 Qhzv Wkdw Pdwwhuv= Whohylvlrq dqg Dphu0
lfdq Rslqlrq1 Fklfdjr/ Fklfdjr Xqlyhuvlw| Suhvv1

^53` Mdfrel/ Z1 J1 ^5333` �Lvvxh Iudplqj dqg Sxeolf Rslqlrq rq Jryhuqphqw Vshqg0
lqj�1 Dphulfdq Mrxuqdo ri Srolwlfdo Vflhqfh/ 77= :830:9:1

^54` Nurvqlfn/ M1 D1 dqg Ploohu/ M1 P1 ^4<<9`1 �Wkh dqdwrp| ri qhzv phgld sulplqj�/
lq L|hqjdu/ V1 dqg Uhhyhv/ U1 +hgv1,/ Gr wkh Phgld JryhuqB Srolwlfldqv/ Yrwhuv/
dqg Uhsruwhuv lq Dphulfd1 Wkrxvdqg Rdnv/ Vdjh1

^55` Od}duvihog/ S1/ Ehuhovrq/ E1/ dqg Jdxghw K1 ^4<7;`1 Wkh Shrsoh*v Fkrlfh= Krz
wkh Yrwhu Pdnhv Xs Klv Plqg lq d Suhvlghqwldo Fdpsdljq1 Qhz \run/ Froxpeld
Xqlyhuvlw| Suhvv1

^56` Ohg|dug/ M1 R1 ^4<;4`1 �Wkh sdudgr{ ri yrwlqj dqg fdqglgdwh frpshwlwlrq= D
jhqhudo htxloleulxp dqdo|vlv�/ lq Urwk/ D1 O1 dqg Ndjho/ M1 +hgv1,/ Wkh Kdqgerrn
ri H{shulphqwdo Hfrqrplfv1 Sulqfhwrq/ Sulqfhwrq Xqlyhuvlw| Suhvv1

^57` Ohg|dug/ M1 R1 ^4<;7`1 �Wkh Sxuh Wkhru| ri Odujh Wzr0fdqglgdwh Hohfwlrqv�1
Sxeolf Frlfh/ 77= :0741

^58` PfFrpev/ P1 H1 ^5335`1 �Wkh Djhqgd0Vhwwlqj Uroh ri wkh Pdvv Ph0
gld lq wkh Vkdslqj ri Sxeolf Rslqlrq�1 Sdshu suhvhqwhg dw Pdvv
Phgld Hfrqrplfv 5335 frqihuhqfh/ Orqgrq Vfkrro ri Hfrqrplfv=
kwws=22vwlfhug1ovh1df1xn2gsv2h{wud2PfFrpev1sgi

^59` PfFrpev/ P1 H1 dqg Vkdz/ G1 O1 ^4<:5`1 �Wkh Djhqgd0Vhwwlqj Ixqfwlrq ri Pdvv
Phgld�1 Sxeolf Rslqlrq Txduwhuo|/ 69+5,= 4:904;:1

^5:` Rveruqh/ P1 M1 dqg Volylqvn|/ D1 ^4<<9`1 �D Prgho ri Srolwlfdo Frpshwlwlrq zlwk
Flwl}hq0Fdqglgdwhv�1 Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 444= 980<91

^5;` Shuvvrq/ W1 dqg Wdehoolql/ J1 ^5333`1 Srolwlfdo Hfrqrplfv= H{sodlqlqj Hfrqrplf
Srolf|1 Fdpeulgjh/ PLW Suhvv1

^5<` Shwurfln/ M1 U1 ^4<<9`1 �Lvvxh Rzqhuvkls lq Suhvlghqwldo Hohfwlrqv/ zlwk d 4<;3
Fdvh Vwxg|�1 Dphulfdq Mrxuqdo ri Srolwlfdo Vflhqfh/ 73+6,= ;580;831

^63` Sorww/ F1 U1 ^4<9:`1 �D Qrwlrq ri Htxloleulxp dqg lwv Srvvlelolw| xqghu Pdmrulw|
Uxoh�1 Dphulfdq Hfrqrplf Uhylhz/ 8:= :;:0;391

^64` Vwuùpehuj/ G1 ^5334d`1 �Pdvv Phgld dqg Sxeolf Srolf|�1 Hxurshdq Hfrqrplf
Uhylhz/ 78= 98509961

^65` Vwuùpehuj/ G1 ^5334e`1 �Udglr*v Lpsdfw rq Sxeolf Vshqglqj�1 Vwrfnkrop Xql0
yhuvlw|/ plphr= kwws=22zzz1llhv1vx1vh2�vwurpehu2Udglr1sgi

^66` Vwuùpehuj/ G1 ^5335`1 �Pdvv Phgld Frpshwlwlrq/ Srolwlfdo Frpshwlwlrq/ dqg
Sxeolf Srolf|�1 Uhylhz ri Hfrqrplf Vwxglhv/ iruwkfrplqj1

D Surriv

Surri ri Sursrvlwlrq 41 Wkh surri lv edvhg rq wkh vwxg| ri h{suhvvlrq +4, dqg
+5, lq wkh wh{w1 Lq wkh v|pphwulf fdvh sU @ sG @ s1 Khqfh/ lq wkh fdvh ri qr vslq/
l1h1 zkhq �s @ 4

5 / wkh h{ dqwh suredelolw| ri q @ U fdq eh zulwwhq dv

su

�
q @ U

����sU @ sG @ s> �s @
4

5

�
@ s

�
4�

4

5
s

�
/

4<



zkloh wkh h{ dqwh olnholkrrg ri d Ghprfudwlf qhzv lv wkh iroorzlqj=

su

�
q @ G

����sU @ sG @ s> �s @
4

5

�
@ s

�
4�

4

5
s

�
1

E| lqvshfwlrq/ lw lv fohdu wkdw wkhvh wzr suredelolwlhv duh wkh vdph1
Lq wkh vslq fdvh/ l1h1 zkhq �s @ 4/ wkh suredelolw| ri uhdglqj d slhfh ri qhzv derxw

wkh Ghprfudwlf sureohp htxdov s+4� s,/ zkloh wkh suredelolw| ri d Uhsxeolfdq qhzv
lv s1 Dv orqj dv s 5 +3> 4,/ lw lv wuxh wkdw su+q @ U m�s @ 4, @ s A su+q @ G m�s @ 4, @
s+4� s,1
Surri ri Sursrvlwlrq 51 Lq wkh jhqhudo fdvh/ l1h1 zkhq sU dqg sG duh qrw
uhvwulfwhg wr eh wkh vdph/ wkh h{ dqwh suredelolw| ri q @ U jlyhq qr vslq lv wkh
iroorzlqj=

su

�
q @ U

�����s @ 4

5

�
@ sU

�
4�

4

5
sG

�
/ +8,

zkloh wkh h{ dqwh olnholkrrg ri q @ G fdq eh zulwwhq dv

su

�
q @G

�����s @ 4

5

�
@ sG

�
4�

4

5
sU

�
1 +9,

Lw lv hdv| wr fkhfn wkdw h{suhvvlrq +8, lv juhdwhu wkdq +9, dv orqj dv sU A sG1
Lq wkh fdvh ri vslq/ wkh h{ dqwh olnholkrrg ri q @ U htxdov sU/ zkloh wkh suredelolw|

ri q @ G lv sG+4 � sU,1 Wkxv/ lw lv h{ dqwh pruh olnho| wr kdyh qhzv derxw wkh
Uhsxeolfdq sureohp wkdq derxw wkh Ghprfudwlf rqh l�

sU A
sG

4 . sG
1 +:,

Vxfk frqglwlrq lv zhdnhu wkdq wkh rqh ehlqj irxqg iru wkh qr vslq fdvh/ dv wkh u1k1v1
ri h{suhvvlrq +:, lv dozd|v vpdoohu wkdq sG> pruhryhu/ wkh frqglwlrq lv dozd|v wuxh
zkhq sU A 4

5 1
Surri ri Sursrvlwlrq 61 Vwduwlqj iurp vwdwhphqw d,/ wkh lqfxpehqw lv uhhohfwhg
iru vxuh li J ^H+{U � {G mq @ U> �s ,` A 4

5 1 Jlyhq wkdw J+3, @ 4
5 / dqg wkh idfw wkdw

J+=, lv dq lqfuhdvlqj ixqfwlrq/ lw zloo vx!fh wr vkrz wkdw H+{U � {G mU> �s , A 3/ l1h1
wkdw wkh phgldq yrwhu vwulfwo| suhihuv wkh lqfxpehqw ryhu wkh fkdoohqjhu1 Exw wklv lv
h{dfwo| wkh fdvh/ dv

H+{U � {G mU> �s , @ 4�
sUsG�s

sU+4� sG, . sUsG�s
@

sU+4� sG,

sU+4� sG, . sUsG�s
+;,

lv vwulfwo| juhdwhu wkdq }hur1 Khqfh �+�s>U, @ 4/ iru doo �s1
Iru zkdw frqfhuqv vwdwhphqw e,/ wkh phgldq yrwhu*v xwlolw| zkhq q @ G uhdgv dv

iroorzv=

H+{U � {G mG> �s , @ �
+4� sU,sG

+4� sU,sG . sUsG+4� �s,
/ +<,

zklfk lv dozd|v ohvv wkdq }hur/ iru doo ydoxhv ri h{rjhqrxv sdudphwhuv= wkxv/ zkhq
q @ G/ d vwulfw pdmrulw| ri yrwhuv suhihuv wr hohfw wkh Ghprfudwlf fkdoohqjhu/ dqg
�+�s>G, @ 31 Ilqdoo|/ zkhq q @ B/ flwl}hqv duh vxuh wkdw qr sureohp lq hlwkhu �hog
kdv rffxuuhg dqg wkhuhiruh wkhlu yrwlqj fkrlfh ghshqgv rqo| rq zkhwkhu � lv juhdwhu
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ru vpdoohu wkdq }hur1 Krzhyhu/ wkh phgldq yrwhu lv h{dfwo| lqgl�huhqw ehwzhhq wkh
wzr fdqglgdwhv= lq idfw

H+{U � {G mB> �s , @ 3

vr wkdw vkh zloo pl{ khu yrwlqj ghflvlrq zlwk htxdo suredelolwlhv dqg �+�s>B, @ 4
5 1

Surri ri Sursrvlwlrq 71 Iluvwo|/ lw lv wuxh wkdw H^i+�s> q @ B,` @ J^H+{U �
{G mB> �s ,` @ J+3, @ 4

5 1 Wkhq/ xvlqj h{suhvvlrq +;,/ rqh fdq rewdlq d forvhg irup
vroxwlrq iru wkh yrwhv* vkduh dffuxlqj wr wkh lqfxpehqw zkhq q @ U/ l1h1

i+�s>U, � J^H+{U � {G mq @ U> �s ,` @ J

�
s+4� s,

s+4� s, . s5 � �s

�
1

Vxfk vkduh lv lq idfw ghfuhdvlqj lq �s1 Iurp wkhvh uhvxowv derxw i+�s>U, dqg i+B,/ lw
iroorzv wkdw

mH+i+�s>U, � i+B,,m @ J

�
s+4� s,

s+4� s, . s5 � �s

�
�

4

5
/ +43,

dv H+{U � {G mU> �s , lv vxuho| juhdwhu wkdq }hur1
Rq wkh rwkhu vlgh/ e| pdnlqj xvh ri h{suhvvlrq +<,/ wkh vkduh ri yrwhv wkh lqfxp0

ehqw uhfhlyhv zkhq q @ G uhdgv dv iroorzv=

i+�s>G, � J^H+{U � {G mq @ G> �s ,` @ J

�
�

s+4� s,

s+4� s, . s5 � +4� �s,

�
1 +44,

Vxfk suredelolw| lv djdlq ghfuhdvlqj lq �s1 Xvlqj wkh suhylrxv uhvxow derxw i+B,/
h{suhvvlrq +44, dqg wkh v|pphwu| ri J+=,/ rqh fdq rewdlq wkh iroorzlqj=

mH+i+�s>G, � i+B,,m @ J

�
s+4� s,

s+4� s, . s5 � +4� �s,

�
�

4

5
/ +45,

dv �+G> �s, lv vxuho| ohvv wkdq }hur1
Ohw xv gh�qh wkh ixqfwlrq j+�s, � mH+i+�s>G, � i+B,,m � mH+i+�s>U,� i+B,,m1

Iurp htxdwlrqv +43, dqg +45,/ wklv ixqfwlrq erlov grzq wr wkh iroorzlqj=

j+�s, @ J

�
s+4� s,

s+4� s, . s5 � +4� �s,

�
�J

�
s+4� s,

s+4� s, . s5 � �s

�
1

Lw lv hdv| wr vhh krz j+�s,m�s@ 4

5

@ 3/ dqg j3+�s, A 3= khqfh wkh uhvxow lq wkh sursrvlwlrq

lv suryhq1
Surri ri Sursrvlwlrq 81 Iluvwo|/ L zloo vkrz wkdw h{ srvw/ qdpho| zkhq {U @
{G @ 4/ lw lv dozd|v rswlpdo iru wkh lqfxpehqw srolwlfldq wr vslq frpsohwho| wkh
qhzvsdshu/ dqg �{ �s @ 41 Lqghhg/ e| sursrvlwlrq 6/ zkhq q @ U wkh lqfxpehqw
lv uhhohfwhg iru vxuh/ zkloh kh lv vxuho| ghihdwhg zkhq q @ G= khqfh wkh lqfxpehqw
ghflghv wr vslq wkh qhzvsdshu frpsohwho|/ lq rughu wr rewdlq d vxuh jdlq ri U A 31

Vhfrqgo|/ iru zkdw frqfhuqv h{ dqwh lqfhqwlyhv/ ohw �sF 5 ^�s>4` wkh ohyho ri vslq wr
zklfk wkh lqfxpehqw srolwlfldq fdq suhfrpplw= klv h{shfwhg sd|r�/ dv d ixqfwlrq ri
�sF / fdq eh zulwwhq dv iroorzv=

H�+�sF, @ U
�
�+�sF >U, �

�
sU+4� sG, . sUsG �sF

�
. �+�sF>G, �

�
+4� sU,sG . sUsG+4� �sF,

�
. n

�
/

+46,

zkhuh n � 4
5
^+4�sU,+4�sG,` lv wkh suredelolw| ri zlqqlqj wkh hohfwlrqv jlyhq q @ B/

zhljkwhg e| wkh h{ dqwh olnholkrrg ri q @ B1 Exw lq wklv vhw xs zlwkrxw djjuhjdwh
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xqfhuwdlqw|/ lw lv wuxh wkdw �+�sF > U, @ 4 dqg �+�sF >G, @ 3/ iru doo ydoxhv ri �sF=
wkhuhiruh wkh h{ dqwh sd|r� H�+�sF, lv vwulfwo| lqfuhdvlqj lq �sF / dqg wkh lqfxpehqw/
h{ dqwh dv zhoo/ �qgv lw rswlpdo wr �{ v @ 4� �s1
Surri ri Sursrvlwlrq 91 Iru zkdw frqfhuqv wkh �uvw sduw ri wkh sursrvlwlrq/ wkh
suredelolw| ri wkh lqfxpehqw ehlqj uhhohfwhg/ jlyhq q @ U dqg wkh h{shfwhg vslq �sH /
fdq eh zulwwhq dv iroorzv=

�+�sH >U, @ K

�
4� 5�

5+4� �,
.

�

4� �
� i+�sH > U,

�
/

zklfk lv ghulyhg e| pdnlqj xvh ri frqglwlrq +7,1 Li � lv glvwulexwhg dffruglqj wr d xql0

irup glvwulexwlrq zlwk vxssruw ^�!@5> !@5`/ i+�sH > U, htxdov 4
5.

4
!

k
sU+4�sG,

sU+4�sG,.sUsG �sH

l
1

Rq wkh rwkhu kdqg/ wkh suredelolw| ri frq�uplqj wkh lqfxpehqw lq r!fh zkhq q @G
lv wkh iroorzlqj=

�+�sH >G, @ K

�
4� 5�

5+4� �,
.

�

4� �
� i+�sH >G,

�
/

zkhuh i+�sH >G, @ 4
5 �

4
!

k
+4�sU,sG

+4�sU,sG.sUsG+4��sH,

l
/ djdlq xqghu wkh dvvxpswlrq ri �

ehlqj xqlirupo| glvwulexwhg1 Jlyhq wkdw K+=, lv dq lqfuhdvlqj ixqfwlrq dqg wkh idfw
wkdw i+�sH >U, A 4

5 A i+�sH >G,/ lw lv fohdu wkdw �+�sH > U, A �+�sH >G, iru doo �sH 5 ^�s>4`/
dqg wkh �uvw sduw ri wkh sursrvlwlrq lv suryhq1

Iru zkdw frqfhuqv wkh vhfrqg sduw ri wkh sursrvlwlrq/ ohw �sF 5 ^�s> 4` wkh ohyho ri
vslq wr zklfk wkh lqfxpehqw srolwlfldq fdq frpplw h{ dqwh= klv h{shfwhg sd|r�/ dv
d ixqfwlrq ri �sF / lv jlyhq e| h{suhvvlrq +46,1

Zlwklq wkh jhqhudo prgho zlwk xqlqiruphg yrwhuv/ wkhuh lv d wudghr� lqyroyhg lq
wkh fkrlfh ri �sF = d kljkhu �sF jlyhv d kljkhu zhljkw wr �+�sF >U, A �+�sF >G,/ exw erwk
wkhvh frqglwlrqdo suredelolwlhv duh wkhpvhoyhv ghfuhdvlqj lq �sF 1 Wkh vwdwlf sureohp
vroyhg e| wkh lqfxpehqw srolwlfldq lv wkh iroorzlqj=

pd{
�sF

H�+�sF, +S,

v1w1 �sF 5 ^�s>4`

Lq rughu wr suryh wkh vhfrqg sduw ri wkh sursrvlwlrq/ L zloo dgrsw vrph qrwdwlrqdo

vkruwfxwv1 Ohw �{ � sU+4�sG,
sU+4�sG,.sUsG �sF @ H+{U�{G

��U> �sF , dqg �| � � +4�sU,sG
+4�sU,sG.sUsG+4��sF , @

H+{U � {G
��G> �sF ,1 Pruhryhu/ ohw �K+{, � K

�
4�5�
5+4��,

. �
4��

k
4
5
. {

!

l�
/ dqg ohw �k+{,

eh vlploduo| gh�qhg/ l1h1 �k+{, � k
�

4�5�
5+4��,

. �
4��

k
4
5
. {

!

l�
1 Diwhu vrph pdqlsxod0

wlrq/ wkh �uvw ghulydwlyh ri H�+�sF, fdq eh zulwwhq dv=

H�
3

+�sF, @P �

�
�K+�{,� �K+�|, .

�

+4� �,!

�
�k+�|,� �k+�{,

��
/

zkhuh P � U � sUsG/ dqg �{ dqg �| duh +ghfuhdvlqj, ixqfwlrqv ri �sF 1
Iru zkdw frqfhuqv srlqw d, lq wkh sursrvlwlrq/ wkh lghd lv wr vhdufk iru d vx!flhqw

frqglwlrq/ vxfk wkdw H�
3

+�sF, A 3/ iru doo �sF 5 ^�s> 4`= li wklv lv wkh fdvh/ lw lv rswlpdo
iru wkh lqfxpehqw wr �{ �sF @ 41 Wklv frqglwlrq lv ixo�oohg li

�K+�{, �
�

+4� �,!
�k+�{, � �{ A �K+�|,�

�

+4� �,!
�k+�|, � �|
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iru doo �sF 5 ^�s>4`1 Gh�qh P+{, � �K+{,� �
+4��,!

�k+{, � {= mxvw ehfdxvh �{ A 3 A �| iru

doo �sF lq wkh uhohydqw udqjh/ wr rewdlq wkh uhvxow lw zloo vx!fh wr vkrz wkdw P+{, lv
dq lqfuhdvlqj ixqfwlrq ri {1 Dvvxplqj wkdw k+=, lv gl�huhqwldeoh/ wkh �uvw ghulydwlyh
ri P+{, fdq eh h{suhvvhg dv iroorzv=

P 3+{, @ �
�

+4� �,!
�k3+{, � {/

zkhuh �k3+{, @ k3
�

4�5�
5+4��, .

�
4��

k
4
5 .

{
!

l�
� �
+4��,! 1 Jlyhq wkh gh�qlwlrq ri �k+{,/ lw

lv vwudljkwiruzdug wr fkhfn wkdw zkhq { A 3 +dv lw lv dozd|v wkh fdvh zlwk �{,/ wkh

dujxphqw ri k+=,/ l1h1 |+{, � 4�5�
5+4��, .

�
4��

k
4
5 .

{
!

l
/ lv odujhu wkdq 4

5 / zkloh lw lv

vpdoohu wkdq 4
5 zkhq { ? 31 Lqghhg/ |+{, lv dq lqfuhdvlqj ixqfwlrq dqg |+{,m{@3 @

4
5 1

Lq idfw/ jlyhq wkdw k+=,/ wkh ghqvlw| ixqfwlrq ri �/ lv gl�huhqwldeoh/ wkh frqglwlrq
wkdw � lv xqlprgdo durxqg 4

5
fdq eh h{suhvvhg dv iroorzv=

k3+|,

�
| �

4

5

�
? 3/

iru doo | 5 ^3> 4`1 Iroorzlqj wkh suhylrxv glvfxvvlrq/ wkh vdph frqglwlrq fdq eh zulwwhq
lq whupv ri �k+=,=

�k3+{, � { ? 3

Exw/ li wklv lv wkh fdvh/ P 3+{, A 3 dqg wkh �uvw ghulydwlyh ri H�+�sF, lv srvlwlyh lq
wkh uhohydqw udqjh1

E| wkh vdph wrnhq/ li � lv xqlirupo| glvwulexwhg/ lw lv wuxh wkdw k3+|, @ 3/ iru doo
| 5 ^3>4`/ dqg �k3+{, @ 31 Wkhq P+{, grhv qrw ghshqg rq {/ dqg H�+�sF, grhv qrw
ghshqg rq �sF / vr wkdw wkh lqfxpehqw lv h{ dqwh lqgl�huhqw wr wkh ohyho ri vslq kh
frxog srvvleo| frpplw wr1

Ilqdoo|/ zkhq � lv v|pphwulf dqg X0vkdshg durxqg 4
5
/ lw lv wuxh wkdw k3+|,

�
| � 4

5

�
A

31 Wkh vdph frqglwlrq/ h{suhvvhg lq whupv ri �k+=,/ uhdgv dv iroorzv=

�k3+{, � { ? 31

Wklv frqglwlrq h{dfwo| lpsolhv wkdw P 3+{, ? 3 lq wkh uhohydqw udqjh/ vr wkdw wkh
lqfxpehqw zrxog h{ dqwh suhihu wr frpplw wr �sF @ �s/ l1h1 wlh klv rzq kdqgv lq whupv
ri vslq dfwlylw|1
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