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Devwudfw

Kljkhu hgxfdwlrq sod|v dq lpsruwdqw uroh lq ghwhuplqlqj olihwlph hduqlqjv1 Lq wxuq/
wkh ghflvlrq wr ehfrph hgxfdwhg ghshqgv rq lqqdwh delolw| dqg idplo| fkdudfwhulvwlfv
olnh zhdowk dqg hgxfdwlrqdo edfnjurxqg1 Zh devwudfw iurp idplo| lqfrph gl�huhqfhv
wr frqfhqwudwh rq wkh h�hfwv ri �vfdo srolflhv rq hgxfdwlrqdo ghflvlrqv zkhq wkh fxowxudo
edfnjurxqg pdwwhuv1 Lq d g|qdplf iudphzrun/ zkhuh jhqhudwlrqv duh olqnhg e| wkh
hgxfdwlrqdo edfnjurxqg/ zh ghulyh rswlpdolw| frqglwlrqv iru d olqhdu lqfrph wd{ dqg
d oxps0vxp vxevlg| wr hgxfdwlrq1 Idfwruv ghwhuplqlqj wkhlu vljq dqg pdjqlwxgh
lqfoxgh frqfhuqv iru uhglvwulexwlrq/ h!flhqf| dqg wkh hgxfdwlrqdo h{whuqdolw| rq ixwxuh
jhqhudwlrqv1

Nh|zrugv= Rswlpdo olqhdu lqfrph wd{/ Vxevlglhv/ Kljkhu hgxfdwlrq/ Hgxfdwlrqdo edfn0
jurxqg

MHO Fodvvl�fdwlrq= K54/ K74
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Uhvhdufk ri wkh dxwkruv zdv vxssruwhg uhvshfwlyho| e| Ixqgdflöq Udpöq Duhfhv +Vsdlq, dqg wkh Hxurshdq
Frpplvlrq WPU Qhwzrun Surjudp dqg d �Pdulh Fxulh� ihoorzvkls ri wkh Hxurshdq Frppxqlw|1 Zh duh
judwhixo wr Urelq Erdgzd|/ Pdxulfh Pdufkdqg/ Sklolssh Plfkho dqg Slhuuh Shvwlhdx iru wkhlu khosixo
frpphqwv1 Huuruv uhpdlq rxuv1



4 Lqwurgxfwlrq

Lw lv jhqhudoo| dffhswhg wkdw wkhuh duh wkuhh pdlq lqsxwv wr wkh surgxfwlrq ri kxpdq fds0

lwdo= lqlwldo hqgrzphqwv olnh lqqdwh delolw|/ wlph vshqw e| wkh lqglylgxdo lq kxpdq fdslwdo

lqyhvwphqw/ dqg rwkhu lqsxwv wkdw duh sxufkdvhg e| lqglylgxdov ru surylghg e| wkhlu idp0

lolhv ru wkh jryhuqphqw +vhh Ehkupdq hw do1 ^<9`,1 Dprqj wkh odvw/ lw lv zruwk phqwlrqlqj

wkh uroh ri erwk idplo| zhdowk dqg fxowxudo edfnjurxqg +iru lqvwdqfh/ wkh ohyho ri hgxfdwlrq

ri wkh sduhqwv,1

Kxpdq fdslwdo irupdwlrq kdv dq xqghqldeoh h�hfw rq pdunhw surgxfwlylw|1 Iru wklv uhdvrq/

hgxfdwlrqdo srolflhv duh zlgho| uhfrjql}hg wr eh rqh ri wkh prvw lpsruwdqw srolf| wrrov lq

rxu vrflhwlhv1 Wklv lv suredeo| wkh uhdvrq zk| lq prvw lqgxvwuldol}hg frxqwulhv wkhuh duh

vxevwdqwldo sxeolf vxevlglhv/ �qdqfhg e| jhqhudo wd{dwlrq/ iru kljkhu hgxfdwlrq1

Frqvhtxhqwo|/ lw lv lpsruwdqw wr ghwhuplqh zklfk ri wkh ghwhuplqdqwv ri kxpdq fdslwdo

fdq eh prvw h!flhqwo| frqwuroohg1 Hpslulfdo zrun frqfhuqhg zlwk wklv lvvxh +iru lqvwdqfh/

Ehkupdq dqg Wdxepdq ^:9`, vxjjhvwv wkdw wkh ghjuhh ri hgxfdwlrq lv prvwo| ghwhuplqhg

e| delolw| dqg e| idplo| fkdudfwhulvwlfv1 Delolw| lv lqqdwh dqg/ wkxv/ jlyhq1 Idplo| zhdowk

dqg hgxfdwlrqdo edfnjurxqg uhpdlq dv wkh pdlq yduldeohv wkdw frxog eh lq xhqfhg e|

sxeolf srolf|1

Lq wklv fkdswhu/ zh devwudfw iurp lqlwldo lqfrph gl�huhqfhv wr frqfhqwudwh rq wkh uroh ri

wkh hgxfdwlrqdo edfnjurxqg1 Zh frqvlghu d jryhuqphqw wkdw fduhv iru erwk h!flhqf| dqg

uhglvwulexwlrq1 Lq rughu wr frpshqvdwh lqglylgxdov zlwk ohvv lqlwldo hqgrzphqwv/ ri erwk

delolw| dqg hgxfdwlrqdo edfnjurxqg/ wkh jryhuqphqw fdq fkrrvh wr xvh dq lqfrph wd{ v|v0

whp1 Krzhyhu/ wkh wd{dwlrq ri hduqlqjv kdv glvlqfhqwlyh h�hfwv rq erwk oderu vxsso| dqg

hgxfdwlrq1 Li ohvv lqglylgxdov ghflgh wr dwwhqg xqlyhuvlw| wrgd|/ wkh qxpehu ri xqidyrudeo|

hqgrzhg lqglylgxdov/ lq whupv ri orzhu hgxfdwlrqdo edfnjurxqg/ zloo eh odujhu wrpruurz1

Dowhuqdwlyho|/ wkh jryhuqphqw fdq fkrrvh wr vxevlgl}h hgxfdwlrq lq rughu wr surprwh lw

dqg lqfuhdvh suhvhqw dqg ixwxuh lqfrph1 Krzhyhu/ dv qrwhg e| Kdpdgd ^:7`/ Kduh dqg

Xosk ^:<` dqg Fuhhg| ^<8` dprqj rwkhuv/ wkh uhflslhqwv ri wkhvh vxevlglhv wxuq rxw wr eh

wkh lqglylgxdov zlwk kljkhu olihwlph hduqlqjv1 Wkh vxevlg| wr hgxfdwlrq pd| wkhq eh frq0
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vlghuhg dv d uhjuhvvlyh srolf|1

Wkh dlp ri wklv fkdswhu lv wr lghqwli| wkh rswlpdo frpelqdwlrq ri lqfrph wd{hv dqg vxe0

vlglhv wr hgxfdwlrq wkdw eulqjv wrjhwkhu doo wkhvh frqvlghudwlrqv1 Lq rughu wr gr vr/ zh

frqvlghu d g|qdplf iudphzrun lq zklfk lqglylgxdov ehorqjlqj wr wzr gl�huhqw hgxfdwlrqdo

edfnjurxqgv vxsso| oderu dqg ghpdqg kljkhu hgxfdwlrq1 \rxqj lqglylgxdov gl�hu lq erwk

wkhlu delolw| wr ehqh�w iurp hgxfdwlrq dqg wkhlu hgxfdwlrqdo edfnjurxqg +l1h1/ wkh ohyho ri

hgxfdwlrq ri wkhlu sduhqwv,1 Wkhvh wzr yduldeohv d�hfw wkh frvwv dqg/ wkxv/ wkh ghflvlrq wr

xqghuwdnh hgxfdwlrq1 Iroorzlqj Prqwjrphu| ^<5` surgxfwlylw|/ phdvxuhg e| wkh zdjh dq

lqglylgxdo fdq hduq/ lv wkh uhvxow ri irupdo dqg krph hgxfdwlrq1 Zkhq wkh jryhuqphqw

wulhv wr uhglvwulexwh lqfrph/ lw d�hfwv wkh hgxfdwlrqdo ghflvlrqv pdgh e| lqglylgxdov dqg/

khqfh/ wkh sursruwlrqv ri hgxfdwhg dqg xqhgxfdwhg sduhqwv lq wkh iroorzlqj jhqhudwlrq1 Lw

dovr d�hfwv oderu vxsso| dqg wkxv wd{ uhyhqxh wrgd|1

Rwkhu sdshuv kdyh frqvlghuhg wkh h�hfwv ri idplo| zhdowk lqhtxdolw| rq kxpdq fdslwdo

lqyhvwphqw1 Iru lqvwdqfh/ lq Edukdp hw do1 ^<8`/ �qdqflqj iru hgxfdwlrq lv rewdlqhg iurp

zlwklq wkh idplo| dqg wkh xqhtxdo glvwulexwlrq ri lqfrph uhvxowv lq xqhtxdo rssruwxqlwlhv

wr dftxluh kljkhu hgxfdwlrq1 Lq wkhlu prgho/ dowkrxjk sduhqwv duh qrw dowuxlvwlf/ wkh| kdyh

d ehwwhu nqrzohgjh ri wkhlu fkloguhq*v delolwlhv wr vxffhhg lq hgxfdwlrq dqg duh khqfh zloolqj

wr ohqg wkhp wkh ixqgv wkh| qhhg wr sxuvxh wkhlu vwxglhv1 Rwkhu prghov frqvlghu dowuxlvwlf

sduhqwv +Erumdv ^<5`/ Wruyln ^<6`,1 Sduhqwv ohdyh ehtxhvwv ru lqyhvw lq wkh hgxfdwlrq ri

wkhlu fkloguhq ehfdxvh wkh| ghulyh d kljkhu xwlolw| wkh kljkhu wkh zhoiduh ri wkhlu fkloguhq1

Wkh frqfoxvlrqv duh vlplodu wr wkdw lq Edukdp hw do1 ^<8`= gl�huhqfhv lq lqfrph lpso|

gl�huhqfhv lq rssruwxqlw|1

Krzhyhu/ wkh lqhtxdolw| ri rssruwxqlw| wr dftxluh hgxfdwlrq pd| qrw rqo| eh gxh wr idp0

lo| lqfrph gl�huhqfhv1 Lq idfw/ wkh prvw vhulrxv revwdfohv wr dwwhqglqj xqlyhuvlw| lq pdq|

frxqwulhv wxuq rxw wr uho| rq wkh fxowxudo edfnjurxqg ri wkh srwhqwldo vwxghqw +l1h1/ wkh

ohyho ri hgxfdwlrq ri khu idplo|,1 Lqghhg/ dffruglqj wr RHFG^<;`/ �ghvslwh frqwlqxlqj

lqfuhdvhv lq wkh sursruwlrq ri wkh srsxodwlrq frpsohwlqj vhfrqgdu| dqg whuwldu| hgxfd0

wlrq/ wkh hgxfdwlrqdo fkdqfhv ri lqglylgxdov uhpdlq khdylo| lq xhqfhg e| wkhlu rzq idplo|

edfnjurxqg�1 Fkloguhq ri kljko| hgxfdwhg sduhqwv duh ehwzhhq wzr dqg wkuhh wlphv dv
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olnho| wr jdlq whuwldu| hgxfdwlrq wkdq wkrvh ri srruo| hgxfdwhg sduhqwv1

Wkh idplo| hgxfdwlrqdo edfnjurxqg ri ixwxuh jhqhudwlrqv fdq dovr eh d�hfwhg e| sxeolf

srolf|1 Dowkrxjk lqglylgxdov fdqqrw lq xhqfh wkhlu lqkhulwhg idplo| edfnjurxqg/ wkh| duh

uhvsrqvleoh iru wkh edfnjurxqgv wkh| sdvv rq wr ixwxuh jhqhudwlrqv1 Wkxv/ wkh ghflvlrq wr

xqghuwdnh kljkhu hgxfdwlrq e| dq lqglylgxdo zloo d�hfw klv hduqlqjv/ exw dovr wkh olnholkrrg

wkdw klv fkloguhq dwwhqg kljkhu hgxfdwlrq1 Lq rwkhu zrugv/ lqglylgxdo*v ghflvlrqv lpsrvh

dq h{whuqdolw| rq wkhlu fkloguhq1

Wkh fkdswhu lv rujdql}hg dv iroorzv1 Lq vhfwlrq 5/ zh ghvfuleh wkh prgho dqg zh surylgh

d fkdudfwhul}dwlrq ri wkh oderu vxsso| dqg hgxfdwlrqdo fkrlfhv ri lqglylgxdov1 Zh dovr

dqdo|}h wkh g|qdplfv ri wkh prgho dqg frpsxwh wkh �uvw0ehvw vroxwlrq1 Lq vhfwlrq 6/ zh

fkdudfwhul}h wkh ehkdylru ri wkh jryhuqphqw1 Iluvw/ zh vwxg| wkh h�hfwv ri �vfdo srolf| rq

lqglylgxdo ghflvlrqv1 Lqgxfhg glvwruwlrqv rq wkh ghflvlrq wr dwwhqg kljkhu hgxfdwlrq zloo

prgli| wkh sursruwlrqv ri hgxfdwhg dqg xqhgxfdwhg lqglylgxdov lq wkh hfrqrp|1 Ilqdoo|/

zh dqdo|}h wkh frqglwlrqv iru rswlpdolw| ri wkh oderu lqfrph wd{ udwh dqg wkh vxevlg| wr

hgxfdwlrq1 Vhfwlrq 7 frqfoxghv1

5 Wkh prgho

514 Lqglylgxdo*v oderu vxsso| dqg hgxfdwlrqdo fkrlfh

Lq wklv vhfwlrq zh dqdo|}h wkh ehkdylru ri lqglylgxdov ehorqjlqj wr d jlyhq jhqhudwlrq1

Lqglylgxdov gl�hu erwk lq wkhlu delolw| wr ehqh�w iurp hgxfdwlrq dqg lq wkhlu hgxfdwlrqdo

edfnjurxqg1 Delolw| wr ehqh�w iurp hgxfdwlrq/ ghqrwhg e| d> lv vwrfkdvwlfdoo| ghwhuplqhg

dw eluwk1 Iru vlpsolflw|/ zh frqvlghu wkdw d lv xqlirupo| glvwulexwhg ehwzhhq 3 dqg 41 Dq

lqglylgxdo*v hgxfdwlrqdo edfnjurxqg lv uhsuhvhqwhg e| wkh hgxfdwlrq ri klv sduhqwv/ h3�1

Zh dvvxph wkdw wkh ohyho ri hgxfdwlrq fkrvhq e| dq lqglylgxdo/ h> fdq wdnh rqh ri wzr

ydoxhv= hlwkhu 3/ li wkh lqglylgxdo grhv qrw dwwhqg xqlyhuvlw|/ ru 4/ li vkh grhv1

Lqglylgxdov olyh iru wkuhh shulrgv1 Lq wkh �uvw shulrg/ lqglylgxdov zrun iru d orz zdjh

�z dqg pd| ru pd| qrw dwwhqg kljkhu hgxfdwlrq1 Vwxg|lqj hqwdlov d �qdqfldo frvw wkdw

ghshqgv rq wkhlu delolw| wr ehqh�w iurp hgxfdwlrq dqg rq wkh hgxfdwlrq ri wkhlu sduhqwv1

Zh dvvxph wklv frvw wr eh �e3�
F +d, > zkhuh wkh sdudphwhu �e3�

uhsuhvhqwv wkh h�hfw ri
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wkh sduhqwv* hgxfdwlrq rq wkhlu fkloguhq*v hgxfdwlrqdo frvwv1 Zh srvlw �f A �� wr uh hfw

wkh idfw wkdw hgxfdwlrq lv pruh frvwo| iru wkh fkloguhq ri xqhgxfdwhg sduhqwv1 F +=, lv d

ghfuhdvlqj dqg frqyh{ ixqfwlrq ri delolw| +l1h1/ F
�
? 3> F

��
A 3,1

Lq wkh vhfrqg shulrg/ gxh wr hlwkhu wkh h{shulhqfh jdlqhg dw zrun ru wkh dftxluhg hgxfd0

wlrq/ lqglylgxdov hduq d kljkhu zdjh ze
e3�

A �z= Dv wkurxjkrxw wkh fkdswhu/ wkh vxelqgh{

dffrxqwv iru wkh hgxfdwlrq ohyho ri wkh sduhqwv/ h3�/ dqg wkh vxshulqgh{ dffrxqwv iru wkh

hgxfdwlrq ohyho ri wkh lqglylgxdo/ h1 Lq jhqhudo/ gxh wr wkh h�hfw ri lqkhulwhg kxpdq fds0

lwdo/ fkloguhq ri hgxfdwhg sduhqwv hduq kljkhu zdjhv/ zkhwkhu wkh| lqyhvw rq hgxfdwlrq

ru qrw= zf
� A zf

f dqg z�
� A z�

f= Pruhryhu/ zh dvvxph wkdw wkh ehqh�w lq whupv ri zdjhv

ri lqyhvwlqj lq hgxfdwlrq lv dw ohdvw dv odujh iru fkloguhq ri hgxfdwhg sduhqwv dv lw lv iru

fkloguhq ri xqhgxfdwhg sduhqwv= z�
� �zf

� � z�
f �zf

f=

Gxulqj wkhlu zrunlqj olyhv/ lqglylgxdov fdq vdyh lq rughu wr frqvxph lq wkh wklug shulrg/

zkhq wkh| duh uhwluhg1 \rxqjhu lqglylgxdov fdq dovr glvdyh +h1j1/ eruurz djdlqvw ixwxuh

hduqlqjv lq shulrg 4,1 Wkh fdslwdo pdunhw lv dvvxphg wr eh shuihfw/ zklfk suhfoxghv

lqglylgxdov iurp ehlqj oltxlglw| frqvwudlqhg1 Iru vlpsolflw|/ zh dovr dvvxph wkdw wkh srs0

xodwlrq lv frqvwdqw dqg wkdw wkh lqwhuhvw udwh lv }hur1

Rqfh wkh ghflvlrq wr vwxg| ru qrw kdv ehhq wdnhq/ surgxfwlylw| dqg wkxv zdjhv lq wkh

vhfrqg shulrg duh ghwhuplqhg1 Wkhq/ lqglylgxdov ghflgh krz pxfk wr zrun1 Ohw k+o,

eh wkh glvxwlolw| ri oderu phdvxuhg lq xqlwv ri frqvxpswlrq dw hdfk shulrg/ zlwk o ehlqj

wkh qxpehu ri krxuv vshqw dw zrun hdfk shulrg1 Zh dvvxph wkdw wkh glvxwlolw| ri od0

eru lv lqfuhdvlqj dqg frqyh{ +k� A 3> k�� A 3,1 Iroorzlqj Gldprqg +4<<;,/ wkh suhihuhqfhv

iru frqvxpswlrq dqg ohlvxuh duh uhsuhvhqwhg e| d txdvl0olqhdu xwlolw| ixqfwlrq +olqhdu lq

frqvxpswlrq,1 Lqglylgxdo olihwlph xwlolwlhv duh wkxv jlyhq e|=

xff @ �z �o � k+�o, .zf
f o

f
f � k+off, +4,

xf� @ �z �o � k+�o, .zf
� o

f
� � k+of�, +5,

x�f @ �z �o � k+�o, .z�
fo

�
f � k+o�f,� �fF+d, +6,

x�� @ �z �o � k+�o, .z�
�o

�
� � k+o��,� ��F+d, +7,
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Lqglylgxdov fkrrvh/ lq wkh �uvw dqg vhfrqg shulrgv/ wkh oderu vxsso| wkdw pd{lpl}hv wkhlu

olihwlph xwlolw| +xee3�
,1 Dw wkh rswlpxp/ wkh| vxsso| wkh dprxqw ri oderu wkdw vdwlv�hv lq

hdfk fdvh=

�z @ k�
��o� > ze

e3�
@ k�

�
oee3�

�
Hdfk lqglylgxdo fkrrvhv zkhwkhu wr ehfrph hgxfdwhg ru qrw e| frpsdulqj olihwlph xwlolw|

zlwk dqg zlwkrxw hgxfdwlrq1 Wkh hgxfdwlrqdo ghflvlrq ghwhuplqhv/ iru hdfk w|sh h3�/ d

wkuhvkrog ydoxh ri delolw| deryh zklfk lqglylgxdov zloo dwwhqg xqlyhuvlw|1 Zh zloo ghqrwh e|

ede3� wkh delolw| ohyho iru zklfk lqglylgxdov ri w|sh h3� duh lqgl�huhqw ehwzhhq xqghuwdnlqj

kljkhu hgxfdwlrq ru qrw1

Jlyhq wkh hgxfdwlrq ri sduhqwv/ h3�/ wkh wkuhvkrog delolw| ohyho lv khqfh ghwhuplqhg e|

htxdwlqj olihwlph xwlolw| ri dq xqhgxfdwhg dqg dq hgxfdwhg lqglylgxdo1 Jlyhq wkdw �uvw

shulrg zdjh dqg oderu vxsso| duh wkh vdph iru erwk w|shv ri lqglylgxdov/ wkh uhvxowlqj

frqglwlrq lv

�fF+edf, @
�
z�
fo

�
f � k

�
o�f

��
�

�
zf
fo

f
f � k

�
off

��
+8,

��F+ed�, @
�
z�
�o

�
� � k

�
o��

��
�

�
zf
�o

f
� � k

�
of�

��
+9,

Wkxv/ dw wkh wkuhvkrog delolw| ohyho ede3�/ wkh frvw ri hgxfdwlrq htxdov wkh jdlq lq whupv ri

qhw olihwlph hduqlqjv=

Doo lqglylgxdov zlwk sduhqwv zlwk hgxfdwlrq h3� zkrvh delolw| lv odujhu wkdq ede3� +l1h1/

hgxfdwlrq frvwv orzhu wkdq �e3�
F+ede3�,, zloo dwwhqg xqlyhuvlw|1 Lqglylgxdov ri delolw|

de3� ? ede3� zloo qrw1

Hgxfdwlrq lv pruh frvwo| iru wkh fkloguhq ri xqhgxfdwhg sduhqwv +vlqfh �f A ��,1 Ixuwkhu/

jlyhq rxu dvvxpswlrq wkdw z�
� � zf

� � z�
f � zf

f> z
�
�o

�
� � k

�
o��
�
� +zf

�o
f
� � k+of�,, � z�

fo
�
f �

k
�
o�f
�
� +zf

fo
f
f � k+off,=

4

Dv d frqvhtxhqfh/ edf A ed�= wkh wkuhvkrog delolw| ohyho lv kljkhu li sduhqwv duh xqhgxfdwhg1

Khqfh/ ohvv fkloguhq ri xqhgxfdwhg sduhqwv zloo dwwhqg xqlyhuvlw| dqg wkh rqhv wkdw gr zloo

lq dyhudjh eh pruh deoh wkdq wkh fkloguhq ri hgxfdwhg sduhqwv1

4Iurp wkh hqyhorsh wkhruhp zh jhw
Y

Y�
E�, 3 �E,�� ' , : f� Rq wkh rwkhu kdqg/

Y,

Y�
' �

�33
: f� Wkhq/

wkh h�hfw ri d kljkhu zdjh rq hduqlqjv qhw ri wkh glvxwlolw| ri oderu lv srvlwlyh dqg lqfuhdvlqj1
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515 G|qdplfv ri wkh prgho

Wkh hyroxwlrq ryhu wlph ri wkh sursruwlrqv ri hgxfdwhg dqg xqhgxfdwhg shrsoh lq wklv

hfrqrp| fdq eh ghvfulehg e| d Pdunry fkdlq zlwk wkh iroorzlqj wudqvlwlrq pdwul{=

S @

# edf 4� edfed� 4� ed�
$

zkhuh +4 � edf, lv wkh suredelolw| ri dwwhqglqj xqlyhuvlw| iru d fklog zkrvh sduhqwv kdyh

qrw dqg +4� ed�, lv wkh suredelolw| ri dwwhqglqj xqlyhuvlw| zkhq wkh sduhqwv kdyh1 Uhfdoo

wkdw d lv xqlirupo| glvwulexwhg ehwzhhq 3 dqg 41 Khqfh/ edf dqg ed� duh wkh suredelolwlhv

ri uhpdlqlqj xqhgxfdwhg zkhq kdylqj dq xqidyrudeoh dqg idyrudeoh idplo| edfnjurxqg/

uhvshfwlyho|1

Dw wkh vwhdg| vwdwh/ lw pxvw eh wkh fdvh wkdw=

+�f> ��, @ +�f> ��, S +:,

Wkh sursruwlrq ri hgxfdwhg dqg xqhgxfdwhg shrsoh lq wkh hfrqrp| uhsolfdwhv lwvhoi rqfh

wkh vwhdg| vwdwh kdv ehhq uhdfkhg1 Zh fdq hdvlo| rewdlq wkh yhfwru ri olplwlqj ru vwhdg|

vwdwh suredelolwlhv e| vxevwlwxwlqj wkh pdwul{ S lqwr +:, dqg xvlqj wkh idfw wkdw �f.�� @ 4=

�f @
ed�

4� edf . ed� +;,

�� @
4� edf

4� edf . ed� +<,

Khqfh/

g�f

gedf @
�f

4� edf . ed� @ �
g��

gedf +43,

g�f

ged� @
��

4� edf . ed� @ �
g��

ged� +44,

Zlwk d frqvwdqw srsxodwlrq/ dq lqfuhdvh lq wkh suredelolw| ri uhpdlqlqj xqhgxfdwhg iru

fkloguhq ri hlwkhu idplo| edfnjurxqg lqfuhdvhv wkh qxpehu ri xqhgxfdwhg lqglylgxdov lq wkh

vwhdg| vwdwh dqg uhgxfhv wkh qxpehu ri hgxfdwhg lqglylgxdov lq h{dfwo| wkh vdph dprxqw1

516 Wkh �uvw ehvw

Lw vhhpv frqyhqlhqw wr fkdudfwhul}h wkh �uvw ehvw vroxwlrq wkdw surylghv wkh pd{lpxp

ydoxh ri vrfldo zhoiduh1 Zh dvvxph/ dw wklv vwdjh/ wkdw wkh jryhuqphqw fdq frqwuro doo wkh

:



lqvwuxphqwv wr dfklhyh ixoo uhglvwulexwlrq1

Lq wklv lghdo vlwxdwlrq/ wkh jryhuqphqw zrxog ghwhuplqh erwk wkh ohyho ri hgxfdwlrq dqg wkh

oderu vxsso| ri hdfk lqglylgxdo lq rughu wr pd{lpl}h wkh xwlolw| jhqhudwhg lq wkh ryhudoo

hfrqrp|1 Wkhq/ lw zrxog htxdoo| glvwulexwh wklv joredo xwlolw| dprqj wkh flwl}hqv1 Iru

jlyhq ohyhov ri hgxfdwlrq lq wklv hfrqrp|/ lw zrxog fkrrvh wkh oderu vxsso| ohyhov wkdw

pd{lpl}h frqvxpswlrq qhw ri oderu glvxwlolw| dw wkh vwhdg| vwdwh1 Wkh jryhuqphqw khqfh

pd{lpl}hv=

�fHxf . ��Hx�

zkhuh=

Hxf @ edf xff .

�]
e@f x�f gd +45,

Hx� @ ed� xf� .

�]
e@� x�� gd +46,

vwdqg iru wkh h{shfwhg qhw frqwulexwhg lqfrph ri fkloguhq ri xqhgxfdwhg sduhqwv +h3� @ 3,

dqg hgxfdwhg sduhqwv +h3� @ 4,/ uhvshfwlyho|1 Wkh frqglwlrqv iru rswlpdolw| uhjduglqj

oderu vxsso| duh=

�z @ k�
��o� dqg ze

e3�
@ k�

�
oee3�

�
= +47,

Wkh �uvw0ehvw ohyhov ri oderu vxsso| frlqflgh zlwk wkh ohyhov lqglylgxdov zrxog fkrrvh lq d

ghfhqwudol}hg hfrqrp|/ zlwkrxw jryhuqphqw lqwhuyhqwlrq1

Wkh jryhuqphqw dovr ghwhuplqhv wkh rswlpdo wkuhvkrog delolw| ohyhov/ edf dqg ed�/ wkdw
pd{lpl}h wkh dyhudjh qhw frqvxpswlrq1 Wkh �uvw ehvw fxw0r� delolw| ohyhov zloo eh ghqrwhg

e| ed8�
f dqg ed8�

� = Diwhu vrph uhduudqjlqj/ wkh rswlpdolw| frqglwlrqv uhjduglqj edf dqg ed�
zkhq wkh rswlpxp lv lqwhulru duh uhvshfwlyho|=5

Hxf �Hx�
4� edf . ed� . +zf

fo
f
f � k

�
off

�
� +z�

fo
�
f � k

�
o�f

�
, . �fF+edf,, @ 3 +48,

Hxf �Hx�
4� edf . ed� . +zf

�o
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�
of�

�
� +z�

�o
�
� � k
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o��

�
, . ��F+ed�,, @ 3 +49,

5Vhfrqg0rughu frqglwlrqv iru pd{lpxp fdq dovr eh vkrzq wr krog1
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Vlqfh +z�
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lv ghfuhdvlqj/ lw iroorzv wkdw ed8�
f A ed8�

� 1

Lq wklv prgho/ wkh jryhuqphqw frqwurov doo wkh lqvwuxphqwv uhtxluhg wr dffrpsolvk ixoo

uhglvwulexwlrq1 Wkxv/ e| plqlpl}lqj wkh frvwv dvvrfldwhg wr wkh rswlpdo ohyho ri lqyhvwphqw

lq hgxfdwlrq lw pdqdjhv wr uhglvwulexwh pruh lqfrph1 Wklv lv wkh uhdvrq zk|/ dw wkh �uvw

ehvw/ ohvv fkloguhq ri xqhgxfdwhg wkdq ri hgxfdwhg sduhqwv zloo hquroo lq kljkhu hgxfdwlrq=

hgxfdwlrq lv pruh frvwo| iru wkh iruphu wkdq iru wkh odwwhu iru d jlyhq delolw| ohyho1 Dowkrxjk

wklv fohduo| ohdgv wr lqhtxdolw| ri rssruwxqlwlhv dw wkh rswlpxp/ qrwh wkdw htxdol}dwlrq ri

wkh wkuhvkrog delolw| ohyhov lv d jrdo wkdw kdv qrw ehhq h{solflwo| lqfoxghg lq wkh remhfwlyh

ixqfwlrq ri wkh sodqqhu1 Wkhuhiruh/ qrw vxusulvlqjo|/ lw grhv qrw uhvxow1

Rq wkh rwkhu kdqg/ lw lv zruwk qrwlflqj wkdw wkh �uvw ehvw wkuhvkrog ydoxhv ri d gr qrw

frlqflgh zlwk wkrvh uhvxowlqj iurp wkh ghfhqwudol}hg lqglylgxdo ghflvlrqv lq wkh devhqfh ri

jryhuqphqw lqwhuyhqwlrq ru odlvvh}0idluh +vhh +8,/ +9, dqg +48,/ +49,,1

Vlqfh/ dw wkh odlvvh}0idluh/ wkh h{shfwhg olihwlph xwlolw| lv odujhu iru wkh fkloguhq ri hgxfdwhg

sduhqwv/ zkr hduq kljkhu qhw lqfrphv zkhwkhu wkh| vwxg| ru qrw +Hx� A Hxf, lqglylgxdov

zkr pdnh wkhlu hgxfdwlrqdo ghflvlrq lq wkh devhqfh ri jryhuqphqw lqwhuyhqwlrq hqg xs

frqvxplqj wrr olwwoh hgxfdwlrq1 Lq rwkhu zrugv/ lqglylgxdov xqghulqyhvw lq hgxfdwlrq dw

wkh odlvvh}0idluh vroxwlrq1 Qrwh wkdw zkhq hgxfdwlrqdo edfnjurxqg grhv qrw pdwwhu/ wkh

�uvw0ehvw ohyho ri wkuhvkrog delolw| dqg wkh odlvvh}0idluh rqh frlqflgh1 Wkh xqghulqyhvwphqw

lq hgxfdwlrq zkhq hgxfdwlrqdo edfnjurxqg pdwwhuv lv gxh wr wkh idfw wkdw lqglylgxdov idlo

wr wdnh lqwr dffrxqw wkh h�hfw ri wkhlu hgxfdwlrqdo ghflvlrq rq wkhlu fkloguhq*v ehkdylru

dqg/ wkxv/ rq dyhudjh lqfrph lq wkh vwhdg| vwdwh1 Lq wkh devhqfh ri ixoo uhglvwulexwlrq/

lqglylgxdov zloo wu| wr pd{lpl}h wkhlu qhw olihwlph hduqlqjv6/ wkxv qhjohfwlqj wkh h�hfw ri

wkhlu ghflvlrqv rq ixwxuh jhqhudwlrq*v h{shfwhg lqfrph1 Wkhuh lv khqfh d uroh iru sxeolf

srolf|1

6Rqfh dq lghqwlfdo ohyho ri xwlolw| lv hqvxuhg wr doo lqglylgxdov/ lw lv lq wkhlu rzq lqwhuhvw wr pd{lpl}h
dyhudjh xwlolw|1

<



6 Wkh jryhuqphqw

Wkh jryhuqphqw pd| lq xhqfh wkh ohyhov ri lqglylgxdo lqfrphv dqg/ wkxv/ wkh ohyho ri vrfldo

zhoiduh lq wkh hfrqrp| e| phdqv ri lwv �vfdo srolf|1 Zh dvvxph wkdw wkh jryhuqphqw*v

dydlodeoh srolf| wrrov duh d olqhdu lqfrph wd{ dqg d oxps0vxp vxevlg| iru hgxfdwlrq71 Wkh

olqhdu lqfrph wd{ v|vwhp lv fkdudfwhul}hg e| d pdujlqdo wd{ udwh � dqg d ghprjudqw J1

Zkloh wkh lqfrph wd{ dssolhv wr doo lqglylgxdov/ wkh oxps0vxp vxevlg| V lv wdujhwhg wr

lqglylgxdov zkr xqghuwdnh kljkhu hgxfdwlrq1 Erwk wkh oderu vxsso| dqg wkh hgxfdwlrqdo

fkrlfhv ri wkh lqglylgxdo zloo eh d�hfwhg e| wkhvh srolf| yduldeohv1

Rqfh wd{hv dqg vxevlglhv duh lqwurgxfhg/ lqglylgxdo xwlolwlhv ehfrph=

yff @ +4� �,
�
�z�o .zf

fo
f
f

�
� k+�o,� k+off, . 5J +4:,

yf� @ +4� �,
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f
�

�
� k+�o,� k+of�, . 5J +4;,

y�f @ +4� �,
�
�z�o .z�

fo
�
f

�
� k+�o,� k+o�f,� �fF+d, . V . 5J +4<,

y�� @ +4� �,
�
�z�o .z�

�o
�
�

�
� k+�o,� k+o��,� ��F+d, . V . 5J +53,

Wkh frqglwlrq wkdw ghwhuplqhv wkh rswlpdo ohyhov ri oderu vxsso| lv=

+4� �,z @ k�+o, ;z> o= +54,

Lw lv zruwk qrwlflqj wkdw wkh rqo| srolf| wrro wkdw d�hfwv oderu vxsso| lv wkh wd{ udwh=

o @ o ++4� �,z, = Ehfdxvh ri wkh txdvl0olqhdu xwlolw| ixqfwlrq wkh oderu vxsso| lv qrw vxemhfw

wr lqfrph h�hfwv dqg/ wkxv/ lv qrw d�hfwhg e| V dqg J=

Uhjduglqj wkh hgxfdwlrqdo fkrlfh/ htxdwlrqv +8,/ +9, ehfrph qrz=

�fF+edf, @ +4� �,+z�
fo

�
f �zf

fo
f
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� k
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off
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. V +55,

��F+ed�, @ +4� �,+z�
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�
of�
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. V +56,

dqg wkh wkuhvkrog delolw| ohyhov zloo ghshqg rq wkh wd{ udwh dqg wkh oxps0vxp vxevlg| iru

hgxfdwlrq1
7 Lw fdq eh dujxhg wkdw d olqhdu wd{ v|vwhp grhv qrw pdnh pxfk vhqvh zkhq zh kdyh glvfuhwh ydoxhv iru

oderxu lqfrph1 Lw zrxog wkhq eh htxlydohqw wr gl�huhqwldwhg oxps0vxp wd{hv1 Krzhyhu/ wkh dvvxpswlrqv
derxw wkh zdjh vwuxfwxuh uxoh rxw wklv srvvlelolw|1
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614 Frpsdudwlyh vwdwlfv

Dv qrwhg suhylrxvo|/ wkh rqo| srolf| wrro wkdw d�hfwv wkh oderu vxsso| ghflvlrq lv wkh wd{

udwh1 Jlyhq wkh fkdudfwhulvwlfv ri wkh glvxwlolw| ri oderu ixqfwlrq/ k +=,/ lw lv vwudljkwiruzdug

wr vkrz wkdw dq lqfuhdvh lq wkh wd{ udwh lqgxfhv d ghfuhdvh lq oderu vxsso|1

Krz gr � dqg V d�hfw wkh ghflvlrq wr xqghuwdnh kljkhu hgxfdwlrqB E| fkhfnlqj wkh h�hfw

ri wkhvh sdudphwhuv rq wkh wkuhvkrog delolw| ydoxh/ zh zloo eh deoh wr ghwhuplqh wkh lqgxfhg

h�hfw rq wkh qxpehu ri vwxghqwv ri hdfk jurxs/ dqg rq wkh frpsrvlwlrq ri wkh srsxodwlrq

dw wkh vwhdg| vwdwh1

Gl�huhqwldwlrq ri +55,/ +56, zkhq gV @ 3> |lhogv=
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D pdujlqdo lqfuhdvh lq wkh wd{ udwh lqyroyhv d glvlqfhqwlyh wr xqghuwdnh hgxfdwlrq1 Lqgl0

ylgxdov zkr ehfrph hgxfdwhg lq wkh �uvw shulrg zloo sd| kljkhu wd{hv lq wkh vhfrqg1 Rq

wkh frqwudu|/ wkh oxps0vxp vxevlglhv wr hgxfdwlrq zloo surylgh lqfhqwlyhv wr vwxg|1 E|

wrwdo gl�huhqwldwlrq ri +55,/ +56, zkhq g� @ 3> zh rewdlq=

gedf
gV

@
4

�fF
�+edf, ? 3 +59,

ged�
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4

��F
�+ed�, ? 3 +5:,

Qrwh wkdw wkhuh h{lvwv d uhodwlrqvkls ehwzhhq wkh h�hfwv ri wd{hv dqg vxevlglhv rq wkh

wkuhvkrog delolw| ohyhov=
gedf
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Zkhq zh lqfuhdvh wkh wd{ udwh/ lqglylgxdov kdyh ohvv lqfhqwlyhv wr ehfrph hgxfdwhg/

zkhuhdv lqfuhdvlqj wkh vxevlg| surprwhv hgxfdwlrq1 Wkh whupv ri sursruwlrqdolw| lq wkh

suhylrxv h{suhvvlrqv/ +z�
e3�

o�e3�
�zf

e3�
ofe3�

,> ghwhuplqh wkh txdqwlw| e| zklfk wkh vxevlg|

vkrxog eh lqfuhdvhg/ zkhq wkh wd{ ulvhv/ lq rughu wr nhhs ede3� frqvwdqw1 Lw lv zruwk qrwlflqj

wkdw/ vlqfh hgxfdwhg fkloguhq zlwk hgxfdwhg sduhqwv uhfhlyh kljkhu zdjhv wkdq hgxfdwhg

fkloguhq zlwk xqhgxfdwhg sduhqwv/ wkh uxoh ri sursruwlrqdolw| gl�huv e| w|shv h3�1 Wkhuh0

iruh/ dq lqfuhdvh lq wkh vxevlg| lq uhvsrqvh wr dq lqfuhdvh lq wkh wd{ wkdw vhhnv wr ohdyh edf
xqfkdqjhg zloo qrw eh hqrxjk wr ohdyh ed� xqd�hfwhg1 Wkh odwwhu zloo qhyhuwkhohvv lqfuhdvh
lq uhvsrqvh wr wkh wd{= ohvv fkloguhq ri hgxfdwhg sduhqwv ehfrph hgxfdwhg1 Wklv lv vr

ehfdxvh lq rughu wr frpshqvdwh lqglylgxdov zlwk kljkhu zdjhv iru wkh lqfuhdvh lq wkh wd{

udwh zh zrxog qhhg kljkhu vxevlglhv1

Lw zrxog wkhq eh lqwhuhvwlqj wr ghwhuplqh krz sxeolf srolf| d�hfwv wkh jds ehwzhhq edf dqged�1 Li zh kdg edf @ ed�> lqglylgxdov zrxog kdyh wkh vdph suredelolw| ri ehfrplqj hgxfdwhg

lqghshqghqwo| ri wkhlu fxowxudo edfnjurxqg1 Htxdolw| ri rssruwxqlw| pd| eh gh�qhg/ lq

wkh suhvhqw frqwh{w/ dv xqlyhuvlw| dwwhqgdqfh ehlqj lqghshqghqw ri sduhqwdo hgxfdwlrq1

Wkh juhdwhu wkh gl�huhqfh +edf � ed�,/ wkh juhdwhu wkh lqhtxdolw| ri rssruwxqlw|1 Lw fdq eh

vkrzq wkdw=
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Vlqfh oderu hduqlqjv/ qhw ri wkh glvxwlolw| ri oderu/ duh kljkhu iru lqglylgxdov zlwk kljkhu

qhw zdjhv/ wkh uljkw kdqg vlgh ri wkh vhfrqg lqhtxdolw| fdq eh vkrzq wr eh vpdoohu wkdq

rqh1 Lwv ohiw kdqg vlgh lv odujhu wkdq rqh li F
�
+=, @F +=, lv qrqlqfuhdvlqj lq d18 Lq wklv fdvh/

wkh jds lv uhgxfhg e| wkh pdujlqdo lqfuhdvh lq wkh vxevlg| wr hgxfdwlrq1

Hyhq xqghu wklv odvw dvvxpswlrq/ wkh h�hfw ri wkh wd{ udwh rq htxdolw| ri rssruwxqlw| lv

dpeljxrxv1 Qrwh wkdw wkh uhodwlrqvkls ehwzhhq wkh h�hfwv ri wd{hv dqg vxevlglhv rq wkh

8Qrwh wkdw _

_@
E�

3

E@�
�E@� � '

�
3

E@�
�E@� E

�
33

E@�

�
3
E@�

3

�
3

E@�
�E@� �� Lw wkhq vx!fhv iru �

3

E�� *� E�� wr eh ghfuhdvlqj lq @ wkdw

wkh ghjuhh ri frqyh{lw| ri wkh frvw ixqfwlrq lv qrw wrr odujh1
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Zkhq wkh jds lv uhgxfhg e| wkh lqfuhdvh lq wkh vxevlg|/ lw whqgv wr eh lqfuhdvhg e| wkh

lqfuhdvh lq wkh wd{1 Krzhyhu/ li wkh gl�huhqfh lq wkh ehqh�w iurp hgxfdwlrq ehwzhhq

hgxfdwhg fkloguhq ri hgxfdwhg dqg xqhgxfdwhg sduhqwv lv kljk hqrxjk/ lw frxog eh wkh

fdvh wkdw wkh frpelqhg lqfuhdvhv lq V dqg � whqg wr uhgxfh wkh jds +l1h1/ uhgxfh wkh

lqhtxdolw| ri rssruwxqlwlhv,1 Wklv lv gxh wr wkh idfw wkdw vxevlg| lqfuhdvhv frpshqvdwh

w|sh03 lqglylgxdov pruh wkdq w|sh04 lqglylgxdov iru wkh ulvh lq wkh wd{1 Khqfh/ w|sh04

lqglylgxdov duh uhodwlyho| pruh glvwruwhg e| wkh wd{1

Ilqdoo|/ wkh h�hfw ri wkh srolf| sdudphwhuv rq wkh sursruwlrq ri hgxfdwhg dqg xqhgxfdwhg

lqglylgxdov dw wkh vwhdg| vwdwh lv jlyhq e|=
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615 Rswlpdo wd{hv dqg vxevlglhv

Wkh remhfwlyh ri wkh jryhuqphqw lv wr pd{lpl}h h{shfwhg xwlolw|1 Zh dvvxph wkdw wkh

jryhuqphqw dssolhv d frqfdyh wudqvirupdwlrq X +=, wr lqglylgxdo xwlolwlhv y +zklfk qrz

lqfoxgh wkh �vfdo sdudphwhuv,1 Wkh kljkhu wkh jryhuqphqw*v dyhuvlrq wr lqhtxdolw|/ wkh

pruh frqfdyh wkh zhoiduh ixqfwlrq zloo eh1 X+yee3�
, lv khqfh wkh vrfldo ydoxdwlrq ri wklv

lqglylgxdo*v xwlolw|1 Wkh jryhuqphqw*v sureohp lv wkh iroorzlqj=
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zkhuh � lv wkh Odjudqjh pxowlsolhu dvvrfldwhg wr wkh jryhuqphqw*v exgjhw frqvwudlqw1 Wkh

h{suhvvlrq lq eudfnhwv lq wkh exgjhw frqvwudlqw uhsuhvhqwv wkh wd{ edvh1 Zh zloo ghqrwh

lw e| E1 Li/ lq dgglwlrq/ zh ghqrwh wkh h{shfwhg vrfldo +olihwlph, xwlolw| ri d fklog zlwk

xqhgxfdwhg dqg hgxfdwhg sduhqwv/ uhvshfwlyho|/ e|=

HX+yf, @ edfX+yff, .

�]
e@f X+y�f,gd> +5;,

HX+y�, @ ed�X+yf�, .

�]
e@� X+y��,gd= +5<,

Wkh uhvxowlqj Odjudqjldq lv=

O @ �fHX+yf, . ��HX+y�, . � +�E � 5J� ��V,

dqg wkh �uvw0rughu frqglwlrqv zlwk uhvshfw wr wkh wkuhh ghflvlrq yduldeohv duh=

IRF+J, =

�fedfX �+yff, . �f

�]
e@f X �+y�f,gd. ��ed�X �+yf�, . ��

�]
e@� X �+y��,gd � HX � @ � +63,

IRF+�, =

C�f

C�
+HX+yf,�HX+y�,, . �f

CHX+yf,

C�
. ��

CHX+y�,

C�
@ ��+E . �

CE

C�
� V

C��

C�
, +64,

IRF+V, =

C�f

CV
+HX+yf,�HX+y�,, . �f

CHX+yf,

CV
. ��

CHX+y�,

CV
@ ��+�

CE

CV
� V

C��

CV
� ��, +65,

HX � lq +63, vwdqgv iru h{shfwhg vrfldo pdujlqdo xwlolw| dqg fdq eh uhzulwwhq dv iroorzv=

HX � @ �fedfX �+yff, . ��ed�X �+yf�, . �f +4� edf,HX �+y�f, . �� +4� ed�,HX �+y��,>

zkhuh

HX �+y�f, @

�U
e@f X �+y�f,

+4� edf, dqg HX �+y��, @

�U
e@� X �+y��,

+4� ed�,
duh wkh h{shfwhg vrfldo pdujlqdo xwlolw| ri hgxfdwhg fkloguhq zlwk xqhgxfdwhg dqg hgxfdwhg

sduhqwv/ uhvshfwlyho|1 Zh fdq vxevwlwxwh � e| HX � lqwr htxdwlrqv +64, dqg +65,1
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61514 Rswlpdo lqfrph wd{ udwh

Wkh whup

�f
CHX+yf,

C�
. ��

CHX+y�,

C�
HX �

.E

lq +64, fdq/ diwhu vrph pdqlsxodwlrq/ eh zulwwhq dv

�fedf
#
4�

X �+yff,

HX �

$
zf
fo

f
f . ��ed�

#
4�

X �+yf�,

HX �

$
zf
�o

f
� .

�f +4� edf,
#
4�

HX �+y�f,

HX �

$
z�
fo

�
f . �� +4� ed�,

#
4�

HX �+y��,

HX �

$
z�
�o

�
�

@ �fry

#
HX �+yee3�

,

HX �
> ze

e3�
oee3�

$

Wkh rswlpdolw| frqglwlrq iru wkh wd{ udwh fdq wkhq eh vwdwhg dv=

C�f

C�
+HX+yf,�HX+y�,,

HX �
� fry

#
HX �+yee3�

,

HX �
> ze

e3�
oee3�

$
. �

CE

C�
� V

C��

C�
@ 3 +66,

Wkh fryduldqfh lq +66, fdq lq wxuq eh ghfrpsrvhg lq=

�f

�
adf

�
L �E�ff�
.L � �

.L �E�ef�
.L �

�
zf
fo

f
f . +4� adf,

�
.L �E��f�
.L � �

.L �E�ef�
.L �

�
z�
fo

�
f

�
.��

�
ad�

�
L �E�f��
.L � �

.L �E�e��
.L �

�
zf
�o

f
� . +4� ad�,

�
.L �E����
.L � �

.L �E�e��
.L �

�
z�
�o

�
�

�
.�f

�
.L �E�ef�
.L � � 4

�
H +ze

f o
e
f, . ��

�
.L �E�e��
.L � � 4

�
H +ze

� o
e
�,

Wkhuhiruh

fry

�
.L �E�ee3�

�

.L � > ze
e3�

oee3�

�
@ �ffry

�
.L �E�ef�
.L � > ze

fo
e
f

�
. ��fry

�
.L �E�e��
.L � > ze

�o
e
�

�
.fry

�
.L �E�e3��

.L � > H+ze3� oe3�,

�
+67,

Wkh �uvw fryduldqfh lq +67, uhihuv wr wkh fkloguhq ri xqhgxfdwhg sduhqwv1 Iurp +4:,/ +4<,

dqg +55, wkh fkloguhq ri xqhgxfdwhg sduhqwv zkr hduq kljkhu zdjhv kdyh kljkhu qhw lq0

frphv dqg/ vlqfh pdujlqdo xwlolw| lv ghfuhdvlqj lq lqfrph/ fry +HX �+yef,@HX �> ze
fo

e
f, ? 3=

Wkh vdph dujxphqw dssolhv/ iurp +4;,/ +53, dqg +56, wr wkh fkloguhq ri hgxfdwhg sduhqwv

dqg/ wkhuhiruh/
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fry +HX �+ye�,@HX �> ze
�o

e
�, ? 31

Rq wkh rwkhu kdqg/ wkh odvw fryduldqfh whup lq +67, lv wkh fryduldqfh ehwzhhq wkh dyhudjh

zdjh hduqlqjv ri hdfk w|sh ri lqglylgxdo +fkloguhq ri hgxfdwhg dqg xqhgxfdwhg sduhqwv

uhvshfwlyho|, dqg wkhlu h{shfwhg pdujlqdo xwlolwlhv1 Zh nqrz wkdw fkloguhq ri hgxfdwhg

sduhqwv hduq pruh wkdq fkloguhq ri xqhgxfdwhg sduhqwv/ zkhwkhu wkh| vwxg| ru qrw1 Eh0

vlghv/ wkh| vxssruw orzhu hgxfdwlrqdo frvwv1 Wkhq h{shfwhg hduqlqjv dqg xwlolw| duh kljkhu

iru fkloguhq ri hgxfdwhg sduhqwv dqg fry
�
HX �+ye3�,@HX �> H+ze3� oe3�,

�
? 3=

Wkh vljq ri wkh fryduldqfh whup lq +66, lv wkxv qhjdwlyh1

Wkh whup CE@C� uhsuhvhqwv wkh fkdqjh lq wkh wd{ edvh dw wkh vwhdg| vwdwh gxh wr wkh

fkdqjh lq wkh srsxodwlrq frpsrvlwlrq dqg wr fkdqjhv lq oderu vxsso| lqgxfhg e| wkh

wd{1 Erwk h�hfwv fdq eh vkrzq wr eh qhjdwlyh= zkhq wkh wd{ udwh lqfuhdvhv/ wkh wd{ edvh

glplqlvkhv erwk gxh wr wkh ghfuhdvh lq oderu vxsso| dqg wr wkh lqgxfhg fkdqjhv lq wkh

frpsrvlwlrq ri wkh srsxodwlrq= � kdv d srvlwlyh h�hfw rq �f dqg wkhuhiruh d qhjdwlyh h�hfw

rq ��= Vlqfh lqglylgxdov lq �� +l1h1/ hgxfdwhg lqglylgxdov, hduq kljkhu zdjhv/ wkh wrwdo

h�hfw rq wd{ uhyhqxh lv qhjdwlyh1

Iroorzlqj wkh wudglwlrq ri wkh rswlpdo olqhdu wd{dwlrq olwhudwxuh/ zh fdq zulwh=

�W @

C�f

C�
+HX+y�,�HX+yf,,

HX �
. fry

#
HX �+yee3�

,

HX �
> ze

e3�
oee3�

$
. V

C��

C�

CE

C�

+68,

zklfk surylghv xv zlwk wkh rswlpdo wd{ udwh iru d jlyhq vxevlg| V= Wklv nlqg ri h{suhvvlrq/

zklfk lv wudglwlrqdoo| nqrzq dv �ã od Vkhvklqvn|�/ lv vrphkrz plvohdglqj vlqfh � d�hfwv

dv zhoo wkh uljkw kdqg vlgh ri wkh h{suhvvlrq1 Krzhyhu/ lw dovr doorzv wr lvrodwh wkh irxu

pdlq hohphqwv wkdw xqghuolh wkh vljq dqg pdjqlwxgh ri wkh wd{ udwh1

Lq wkh ghqrplqdwru ri +68, zh �qg/ dv xvxdo/ dq h!flhqf| whup1 Lw lqfoxghv wkh glvlqfhqwlyh

h�hfwv ri lqfrph wd{dwlrq rq erwk oderu vxsso| dqg hgxfdwlrq1 Wkurxjk lwv glvlqfhqwlyh

wr hgxfdwlrq/ wkh wd{ lq xhqfhv wkh frpsrvlwlrq ri wkh srsxodwlrq1

Uhjduglqj wkh qxphudwru ri +68,/ vrph whupv sod| lq idyru ri d odujhu pdujlqdo wd{ udwh

dqg rwkhuv djdlqvw1 Wkh fryduldqfh whup lv dvvrfldwhg zlwk wkh zloolqjqhvv wr uhglvwulexwh
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lqfrph iurp ulfkhu wr srruhu lqglylgxdov1 Lw kdv d qhjdwlyh vljq zklfk/ wrjhwkhu zlwk wkh

qhjdwlyh vljq ri wkh ghqrplqdwru/ lpsolhv wkdw wkh pdujlqdo wd{ udwh lv odujhu wkh pruh zh

fduh iru lqfrph uhglvwulexwlrq1

Rq wkh rwkhu kdqg/ wkh �uvw whup lq wkh qxphudwru ri +68, uhsuhvhqwv wkh gl�huhqfh ri

h{shfwhg xwlolw| ehwzhhq fkloguhq ri hgxfdwhg dqg xqhgxfdwhg sduhqwv/ zhljkwhg e| wkh

h�hfw ri wkh wd{ rq wkh sursruwlrqv ri hgxfdwhg dqg xqhgxfdwhg lqglylgxdov lq wkh vwhdg|

vwdwh1 Lw wkxv uhsuhvhqwv wkh h�hfw ri wkh hgxfdwlrq h{whuqdolw| rq ixwxuh jhqhudwlrqv1 Wkh

odujhu wklv h{whuqdolw| h�hfw/ wkh vpdoohu zloo eh wkh pdujlqdo wd{ udwh frpsdwleoh zlwk d

jlyhq glvlqfhqwlyh wr hgxfdwlrq1

Ilqdoo|/ wkh odvw whup lq wkh qxphudwru uh hfwv wkh idfw wkdw/ e| d�hfwlqj wkh sursruwlrqv

ri hgxfdwhg lqglylgxdov/ wkh jryhuqphqw fkdqjhv wkh sursruwlrqv ri lqglylgxdov uhfhlylqj

wkh vxevlg| V= Li � lqfuhdvhv/ wkh qxpehu ri hgxfdwhg lqglylgxdov/ ��> idoov dqg vxevlg|

sd|phqwv idoo dffruglqjo|1

61515 Rswlpdo vxevlg| wr hgxfdwlrq

Dv zh glg zlwk wkh rswlpdolw| frqglwlrq iru wkh wd{ udwh/ zh uhduudqjh wkh rswlpdolw|

frqglwlrq iru wkh vxevlg|=

C�f

CV
+HX+yf,�HX+y�,,

HX �
. �f +4� edf,

#
HX �+y�f,

HX �
� 4

$

.�� +4� ed�,
#
HX �+y��,

HX �
� 4

$
. �

�
CE

CV

�
� V

C��

CV
@ 3 +69,

Zh fdq wkhq h{suhvv wkh rswlpdo ohyho ri V ã od Vkhvklqvn|/ dv d ixqfwlrq ri d jlyhq � =

VW @

C�f

CV
+HX+yf,�HX+y�,,

HX �
. fry

#
HX �+yee3�

,

HX �
>
Cyee3�

CV

$
. �

CE

CV

C��

CV

+6:,

Wkh fryduldqfh whup fdq qrz eh zulwwhq dv

�f

�
+4� adf,

�
.L �E��f�
.L � �

.L �E�ef�
.L �
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. ��

�
+4� ad�,

�
.L �E����
.L � �
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.�f

�
.L �E�ef�
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Cyef
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Wkh wzr �uvw hohphqwv duh fohduo| qhjdwlyh vlqfh wkh pdujlqdo h{shfwhg xwlolw| ri lqfrph lv

orzhu iru wkrvh zkr jhw hgxfdwhg zlwklq hdfk jurxs1 Vlqfh
Cyef
CV

@
Cye�
CV

> wkh odvw wzr whupv

glvvdshdu1 Wkhuhiruh/ wkh fryduldqfh whup lq +6:, lv/ rqfh djdlq/ qhjdwlyh1

Qrwh wkdw/ gxh wr wkh vshfl�fdwlrq ri wkh xwlolw| ixqfwlrq lq wklv prgho/ oderu vxsso| kdv qr

lqfrph h�hfw dqg lv khqfh xquhvsrqvlyh wr fkdqjhv lq V= Iru wklv uhdvrq/ wkh whup CE@CV

lq +6:, uh hfwv rqo| wkh h�hfw ri wkh vxevlg| rq wkh frpsrvlwlrq ri wkh srsxodwlrq1 Wkh

ghqrplqdwru lv wkhq srvlwlyh= wkh qxpehu ri hgxfdwhg lqglylgxdov lqfuhdvhv dv d uhvxow ri

dq lqfuhdvh lq wkh vxevlg|1

Doo wkh hohphqwv wkdw sod|hg lq idyru ri d odujhu wd{ udwh/ vxfk dv wkh frqfhuq iru uhglv0

wulexwlrq/ sod| qrz djdlqvw d odujh oxps0vxp vxevlg| wr hgxfdwlrq/ wkh vxevlg| ehlqj d

uhjuhvvlyh phdvxuh1 Vlploduo|/ wkh lqwhuqdol}dwlrq ri wkh h{whuqdolw| dqg wkh h!flhqf| whup/

wkdw zrxog lqgxfh d orzhu wd{ udwh/ lpso| qrz d odujhu oxps0vxp vxevlg| wr hgxfdwlrq/

vlqfh lqglylgxdov duh wkhq pruh zloolqj wr erwk zrun dqg xqghuwdnh hgxfdwlrq1

Vlqfh uhglvwulexwlrq/ h!flhqf| dqg hgxfdwlrqdo h{whuqdolw| duh vlpxowdqhrxvo| frqvlghuhg

e| wkh jryhuqphqw/ wkh rswlpdo srolf| zloo eh jlyhq e| +68, dqg +6:,= wkh pl{ ri wd{hv

dqg vxevlglhv wkdw ehvw frqfloldwhv wkhvh frq lfwlqj remhfwlyhv1

7 Frqfoxglqj uhpdunv

Zh kdyh dqdo|}hg rswlpdo �vfdo srolflhv zkhq wkh olihwlph lqfrph ri dq lqglylgxdo gh0

shqgv rq klv hgxfdwlrqdo ohyho dqg/ lq wxuq/ klv ghflvlrq wr ehfrph hgxfdwhg lv ghwhuplqhg

e| erwk delolw| wr ehqh�w iurp hgxfdwlrq dqg hgxfdwlrqdo edfnjurxqg +l1h1/ wkh ohyho ri

hgxfdwlrq zlwklq wkh idplo|,1 Wr frqfhqwudwh rq wkh uroh ri wkh hgxfdwlrqdo edfnjurxqg/

zh kdyh devwudfwhg iurp wkh h�hfw wkdw idplo| lqfrph frxog kdyh rq wkh kxpdq fdslwdo

lqyhvwphqw ghflvlrq/ douhdg| wuhdwhg lq d qxpehu ri sdshuv1

Zh kdyh frqvlghuhg d g|qdplf iudphzrun lq zklfk lqglylgxdov iurp wzr gl�huhqw hg0

xfdwlrqdo edfnjurxqgv ghflgh zkhwkhu ru qrw wr xqghuwdnh kljkhu hgxfdwlrq1 Zh kdyh

dvvxphg wkdw lqglylgxdov idfh gl�huhqw hgxfdwlrqdo frvwv dffruglqj wr wkhlu lqqdwh delolw|

dqg wr wkh hgxfdwlrqdo ohyho ri wkhlu sduhqwv1 Wkh lqglylgxdo ghflvlrq wr dwwhqg kljkhu

hgxfdwlrq wrgd| kdv d srvlwlyh h{whuqdolw| h�hfw rq ixwxuh jhqhudwlrqv* h{shfwhg lqfrph1

4;



Idloxuh wr dffrxqw iru wklv h{whuqdolw| ohdgv wr xqghulqyhvwphqw lq hgxfdwlrq1

Vxevlglhv wr hgxfdwlrq fdq vhuyh wkh sxusrvh ri lqwhuqdol}lqj wklv h{whuqdolw|1 Krzhyhu/

vlqfh h{shfwhg olihwlph lqfrphv ri hgxfdwhg lqglylgxdov duh kljkhu wkdq wkdw ri xqhgx0

fdwhg rqhv/ wkh vxevlg| wr hgxfdwlrq lv d uhjuhvvlyh srolf|1 Wr �jkw lqhtxdolw|/ zh pd|

xvh wd{dwlrq1 Krzhyhu/ dq lqfrph wd{ lqgxfhv/ lq wklv iudphzrun/ glvwruwlrqv wr erwk wkh

oderu vxsso| dqg wkh hgxfdwlrqdo fkrlfhv1 Lq sduwlfxodu/ wkh lqfrph wd{ d�hfwv qhjdwlyho|

wkh ghflvlrq wr xqghuwdnh kljkhu hgxfdwlrq dqg/ wkurxjk wkh lqgxfhg qhjdwlyh h�hfw rq

ixwxuh jhqhudwlrqv/ whqgv wr uhgxfh wrwdo lqfrph lq wkh orqj uxq1 Wkh rswlpdo srolf| lv

wkhq d pl{ ri erwk lqvwuxphqwv/ wkh rqh wkdw ehvw frqfloldwhv wkh frq lfwlqj remhfwlyhv ri

wkh jryhuqphqw= uhglvwulexwlrq/ h!flhqf| dqg wkh hgxfdwlrqdo h{whuqdolw| rq ixwxuh jhq0

hudwlrqv1

Ohw xv frqfoxgh zlwk d ihz zrugv rq htxdolw| ri rssruwxqlw|1 Qrwh wkdw/ lq rxu prgho/

htxdolw| ri rssruwxqlw| kdv qrw ehhq frqvlghuhg dv dq h{solflw remhfwlyh ri wkh jryhuqphqw1

Hgxfdwlrq lv pruh frvwo| iru wkh fkloguhq ri xqhgxfdwhg sduhqwv1 D srolf| wkdw zrxog dlp

dw htxdol}lqj rssruwxqlwlhv pljkw uhvxow lq d orzhu sursruwlrq ri hgxfdwhg lqglylgxdov lq

wkh vwhdg| vwdwh1 Joredo lqfrph zrxog wkhq eh uhgxfhg1 Rxu frqmhfwxuh lv wkhuhiruh wkdw

vxfk dq remhfwlyh pljkw eh wrr frvwo| lq whupv ri h!flhqf|1 Wkh uhodwlrqvkls ehwzhhq

htxdolw| ri rssruwxqlw| dqg uhglvwulexwlrq ghvhuyhv/ krzhyhu/ ixuwkhu uhvhdufk1
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