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Devwudfw

Edvlf hfrqrplf wkhru| lghqwl�hv d qxpehu ri h!flhqf| jdlqv wkdw ghulyh

iurp lqwhuqdwlrqdo fdslwdo prelolw|1 Exw mxvw dv zlwk iuhh wudgh lq jrrgv/

wkhuh lv qr jxdudqwhh wkdw fdslwdo prelolw| pdnhv hyhu|rqh ehwwhu r�1 Frq0

vhtxhqwo|/ fdslwdo prelolw| pd| eh srolwlfdoo| xqvxvwdlqdeoh hyhq wkrxjk lw

hqkdqfhv h!flhqf|1 Wklv sdshu glvfxvvhv krz vxfk d glohppd pljkw dulvh/

dqg vxjjhvwv wkdw lqwhuqdwlrqdo wd{ frruglqdwlrq pljkw vhuyh dv d zd| rxw

xqghu vrph flufxpvwdqfhv1



Edvlf hfrqrplf wkhru| lghqwl�hv d qxpehu ri h!flhqf| jdlqv wkdw ghulyh

iurp lqwhuqdwlrqdo fdslwdo prelolw|1 Iuhh wudgh lq fdslwdo doorzv d vxshulru

xwlol}dwlrq ri uhvrxufhv/ wkh vsuhdglqj ri ulvn/ dqg xowlpdwho| d kljkhu udwh

ri hfrqrplf jurzwk wkurxjk wkh dgrswlrq ri kljkhu0|lhog/ kljkhu0ulvn df0

wlylwlhv +Revwihog 4<<7,1 Exw mxvw dv zlwk iuhh wudgh lq jrrgv/ wkhuh lv qr

jxdudqwhh wkdw fdslwdo prelolw| pdnhv hyhu|rqh ehwwhu r�1 Frqvhtxhqwo|/

fdslwdo prelolw| pd| eh srolwlfdoo| xqvxvwdlqdeoh hyhq wkrxjk lw hqkdqfhv

h!flhqf|1 Wklv sdshu glvfxvvhv krz vxfk d glohppd pljkw dulvh/ dqg vxj0

jhvwv wkdw lqwhuqdwlrqdo wd{ frruglqdwlrq pljkw vhuyh dv d zd| rxw xqghu

vrph flufxpvwdqfhv1

Zh irfxv rq d iudphzrun zlwk v|pphwulf frxqwulhv/ zkhuh wkh ehqh�wv

iurp fdslwdo prelolw| dulvh iurp wkh delolw| ri fdslwdo0rzqhuv wr glyhuvli|

frxqwu|0vshfl�f ulvn1 Dv orqj dv vkrfnv wr grphvwlf uhwxuqv wr fdslwdo duh

qrw shuihfwo| fruuhodwhg dfurvv frxqwulhv/ ulvn0dyhuvh fdslwdolvwv xqdpeljx0

rxvo| ehqh�w iurp lqwhuqdwlrqdo fdslwdo prelolw|1 Ulvn0dyhuvh zrunhuv orvh/

krzhyhu/ vlqfh wkh pryhphqw ri fdslwdo lq uhvsrqvh wr vkrfnv lqgxfhv  xf0

wxdwlrqv lq uhdo zdjhv dqg fuhdwhv d vrxufh ri ulvn iru oderu lqfrph1 Lq rwkhu

zrugv/ fdslwdo prelolw| hqwdlov d qhjdwlyh h{whuqdolw| iru zrunhuv +Urguln

4<<:/ fkds1 7,1 Uhdslqj wkh h!flhqf| jdlqv ri fdslwdo prelolw|/ wkhuhiruh/

pd| uhtxluh �qglqj zd|v ri vkdulqj wkh ehqh�wv zlwk zrunhuv1

Wkhuh lv vrph hylghqfh wkdw qdwlrqdo jryhuqphqwv/ sduwlfxoduo| ri wkh

ohiw0ohdqlqj nlqg/ kdyh uhfrjql}hg wkh srwhqwldo dgyhuvh h�hfwv ri fdslwdo

prelolw| rq zrunhuv dqg kdyh wulhg wr r�vhw lw1 Irfxvlqj rq 48 dgydqfhg

lqgxvwuldo frxqwulhv ryhu wkh 4<9:0<3 shulrg/ Jduuhww +4<<8, �qgv wkdw jry0

huqphqwv wkdw kdyh uhpryhg frqwurov rq fdslwdo  rzv duh olnho| wr vshqg

d kljkhu vkduh ri JGS/ hvshfldoo| li wkh| duh uxq e| sduwlhv ri wkh ohiw1

Kljkhu yroxphv ri wudgh/ uh hfwlqj lq sduw juhdwhu srvvlelolwlhv ri rxwvrxuf0

lqj/ duh dovr fruuhodwhg zlwk odujhu sxeolf vshqglqj 0lqfoxglqj frpshqvdwru|

wudqvihuv0 lq d eurdg vdpsoh ri frxqwulhv +Urguln 4<<;,1

D vxevlg| iru zrunhuv �qdqfhg e| d wd{ rq fdslwdo lqfrph lv wkh reylrxv
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uhphg| iru uhglvwulexwlqj wkh jdlqv iurp lqwhuqdwlrqdo fdslwdo prelolw|1 Exw

d kljk ohyho ri lqwhuqdwlrqdo fdslwdo prelolw| srvhv d sureohp iru vxfk d

srolf| lqvridu dv lw hqdeohv grphvwlf fdslwdolvwv wr hydgh wkh wd{ lpsrvhg

rq wkhp1 Grphvwlf �vfdo srolf| zloo eh jhqhudoo| lqdghtxdwh wr xqgr wkh

frvwv lpsrvhg rq zrunhuv e| fdslwdo prelolw|1 Wkhuhiruh/ wr wkh h{whqw wkdw

zrunhuv* vxssruw lv qhhghg iru pdmru srolf| fkdqjhv/ fdslwdo prelolw| pd|

qrw eh srolwlfdoo| vxvwdlqdeoh zkhq wd{ srolf| lv ghwhuplqhg dw wkh qdwlrqdo

ohyho dqg xqlodwhudoo|1 Wkh vroxwlrq lv wd{ frruglqdwlrq dw wkh lqwhuqdwlrqdo

ohyho1 Zh vkrz wkdw/ lq wkh v|pphwulf fdvhv zh irfxv rq/ wkhuh dozd|v h{lvwv

d frruglqdwhg wd{ uhjlph zklfk lv Sduhwr0vxshulru/ dqg khqfh srolwlfdoo|

vxvwdlqdeoh1

Wkh lghd wkdw d ghfhqwudol}hg +Qdvk, htxloleulxp lq wd{hv lv vxerswlpdo

lq d zruog ri fdslwdo prelolw| lv zhoo uhfrjql}hg1 Lq sduwlfxodu/ wd{ frp0

shwlwlrq lv jhqhudoo| h{shfwhg wr gulyh wd{ udwhv grzq wr lqh!flhqwo| orz

ohyhov1 Rxu frqwulexwlrq wr wklv olwhudwxuh lv wzrirog1 Iluvw/ dv d qrupdwlyh

pdwwhu/ zh pdnh wkh srlqw wkdw wd{ frpshwlwlrq ehfrphv d pruh vhulrxv

sureohp wkdq lv xvxdoo| uhfrjql}hg zkhq rqh wdnhv lqwr dffrxqw vrph ri wkh

uhglvwulexwlyh h�hfwv ri fdslwdo prelolw|1 Dv zh vkrz lq rxu prgho/ Sduhwr0

rswlpdolw| uhtxluhv wkdw fdslwdo prelolw| eh pdwfkhg zlwk dq lqfuhdvh lq

wkh wd{ rq fdslwdo +dqg qrw vlpso| zlwk wkh pdlqwhqdqfh ri wkh wd{ dw d

suh0h{lvwlqj ohyho,1 Fdslwdo prelolw| uhtxluhv frpshqvdwru| wudqvihuv wkdw/

wkdqnv wr prelolw|/ duh qrz kdughu wr �qdqfh1 Vhfrqg/ dv d srvlwlyh pdw0

whu/ zh dujxh wkdw fdslwdo prelolw| pd| qrw eh d srolwlfdo htxloleulxp zkhq

zrunhuv duh vx!flhqwo| lq xhqwldo lq wkh srolwlfdo vskhuh dqg wd{hv duh qrw

frruglqdwhg lqwhuqdwlrqdoo|1

Rxu dujxphqw iru lqwhuqdwlrqdo wd{ frruglqdwlrq dv d phfkdqlvp iru

jhwwlqj rxw ri d srolwlfdo lpsdvvh 0 uhdslqj wkh ehqh�wv ri fdslwdo prelolw|

zkloh frpshqvdwlqj wkh orvhuv0 kdv/ wr rxu nqrzohgjh/ qrw ehhq ghyhorshg lq

wkh dfdghplf olwhudwxuh1 Wkh glvfxvvlrq rq wd{ frruglqdwlrq w|slfdoo| irfxvhv

rq wkh txhvwlrq ri wkh h{whqw wr zklfk fdslwdo prelolw| gulyhv qdwlrqdo wd{
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udwhv grzq/ dqg rq lvvxhv ri lqvwlwxwlrqdo ghvljq uhjduglqj wkh vhohfwlrq ri

d frrshudwlyh wd{ udwh dw wkh lqwhuqdwlrqdo ohyho +vhh iru h{dpsoh Jrugrq

4<<5 dqg Ud}lq dqg Vdgnd 4<<4> Shuvvrq dqg Wdehoolql 4<<8 surylgh d qlfh

vxuyh|,1

D sdshu e| Shuvvrq dqg Wdehoolql +4<<5, lv qrwhzruwk| lq wkdw lw grhv

pdnh wkh frqqhfwlrq zlwk grphvwlf srolwlfv1 Wklv sdshu dqdo|}hv krz qd0

wlrqdo wd{ udwhv duh ghwhuplqhg lq d prgho ri d uhsuhvhqwdwlyh ghprfudf|

zkhuh yrwhuv wdnh lqwr dffrxqw wkh frqvwudlqw lpsrvhg e| fdslwdo prelolw|1

Wkh| vkrz wkdw wkh grzqzdug suhvvxuh rq wd{ udwhv fdq eh dpholrudwhg e|

yrwhuv hohfwlqj jryhuqphqwv zlwk d vwurqjhu suhihuhqfh iru wd{hv1 Khqfh gr0

phvwlf srolwlfv sduwldoo| r�vhwv wkh lqh!flhqf| ri Qdvk0Frxuqrw ehkdylru dw

wkh lqwhuqdwlrqdo ohyho1 Rxu orjlf gl�huv iurp Shuvvrq dqg Wdehoolql +4<<5,

lq rqh nh| uhvshfw= zh uhtxluh wkdw qr vljql�fdqw jurxs +l1h1/ oderu, eh d qhw

orvhu1 Wklv frqvwudlqw udlvhv wkh srvvlelolw| wkdw wkh frpshqvdwru| dgmxvw0

phqwv lq qdwlrqdo wd{ udwhv pd| qrw eh ihdvleoh lq wkh devhqfh ri h{solflw

frruglqdwlrq1

4 Wkh prgho

Zh zloo xvh d yhu| vlpsoh prgho wr fdswxuh wkh lqwxlwlrq ghvfulehg lq wkh

lqwurgxfwlrq1 Zh dvvxph d zruog zlwk wzr v|pphwulf frxqwulhv/ krph dqg

iruhljq1 Erwk frxqwulhv surgxfh dqg wudgh dq lghqwlfdo frqvxpswlrq jrrg1

Wklv jrrg lv surgxfhg xqghu frqvwdqw uhwxuqv wr vfdoh dqg wkurxjk d frp0

elqdwlrq ri fdslwdo dqg oderu1 Hdfk frxqwu| lv d�hfwhg e| d sduwlfxodu sur0

gxfwlylw| vkrfn/ % dqg %
W zkrvh mrlqw glvwulexwlrq kdv d phdq +%> %W, dqg d

yduldqfh0fryduldqfh pdwul{4

�
�2 �

� �2

�
=

4Zh ghqrwh zlwk d vwdu +-, doo wkh iruhljq yduldeohv1 Xqohvv uhtxluhg rwkhuzlvh/ zh

ghvfuleh ixqfwlrqv dqg yduldeohv rqo| iru wkh krph frxqwu|1
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Ohw wkh surgxfwlrq ixqfwlrq eh ghvfulehg e|

I +N>O, @ O+i+n, . %n,>

zlwk wkh xvxdo uhjxodulw| frqglwlrqv= Ig A 3> Iu A 3> Igg ? 3> Iuu ? 3

dqg Igu A 3= dqg zkhuh n � g
u
= Li zh qrupdol}h wkh frqvxpswlrq sulfh wr

rqh/ idfwru uhpxqhudwlrqv duh gh�qhg e|=

u @ i
�

. % dqg z @ i � ni
�

=

Wkh ghpdqg iru fdslwdo lv jlyhq e|

n @ i
�
3�+u � %, +4,

zlwk n
�

@ �

s
�� =

Wkh srsxodwlrq ri hdfk frxqwu| lv dvvxphg wr eh glylghg lqwr wzr jurxsv=

zrunhuv dqg fdslwdo rzqhuv1 Erwk w|shv duh ulvn dyhuvh dqg vkduh wkh vdph

lqgluhfw xwlolw| ixqfwlrq> Y +L, zkhuh L lv wkh glvsrvdeoh lqfrph dqg Y � A 3

dqg Y �� ? 31 Wkh jurxsv rqo| gl�hu lq wkhlu idfwru hqgrzphqw1 Zrunhuv

rzq rqh xqlw ri oderu dqg fdslwdo rzqhuv rqh xqlw ri fdslwdo1 Idfwruv ri

surgxfwlrq duh lqhodvwlfdoo| vxssolhg1 Hdfk frxqwu| lv hqgrzhg zlwk O xqlwv

ri oderu dqg N xqlwv ri fdslwdo1 Wkhuhiruh/ wkh qhw lqfrph ri d fdslwdo rzqhu

dqg d zrunhu duh uhvshfwlyho| jlyhq e|

L& @ u� W dqg L , @ z . Wn +5,

zkhuh W lv wkh vrxufh edvhg5 shu xqlw fdslwdo lqfrph wd{ dw krph/ n @ g

u

dqg wkh o +n, vxshuvfulsw ghqrwhv d zrunhu +fdslwdo rzqhu, yduldeoh1

Wkh vhtxhqfh ri hyhqwv lv wkh iroorzlqj=

+4, Zrunhuv dqg fdslwdo rzqhuv lq hdfk frxqwu| ghflgh ehwzhhq wzr uhjlphv=

+d, d vwdwxv0txr uhjlph zlwk qr lqwhuqdwlrqdo fdslwdo prelolw| lq zklfk

5E| d vrxufh edvhg wd{/ zh phdq d wd{ wkdw lv ohylhg dw wkh vrxufh ri wkh lqfrph1 Wklv

lv lq rssrvlwlrq wr d uhvlghqf| edvhg wd{ wkdw lv ohylhg dw wkh uhvlghqfh ri wkh uhflslhqw ri

wkh lqfrph1
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wkh uhglvwulexwlyh fdslwdo wd{ lv vhw htxdo wr }hur> dqg +e, dq dowhuqdwlyh

uhjlph lq zklfk lqwhuqdwlrqdo fdslwdo prelolw| lv doorzhg dqg dv d txlg

sur txr wkh jryhuqphqw vhohfwv d uhglvwulexwlyh fdslwdo wd{ wr pd{lpl}h

zrunhuv* h{shfwhg zhoiduh1 Wkh vhfrqg uhjlph lv dgrswhg rqo| li erwk

jurxsv suhihu lw wr wkh vwdwxv0txr1 Rwkhuzlvh wkh vwdwxv0txr uhjlph lv

pdlqwdlqhg16

+5, Fdslwdo wd{hv duh vhohfwhg vlpxowdqhrxvo| dqg lqghshqghqwo| lq hdfk

frxqwu|1

+6, Surgxfwlylw| vkrfnv xqirog1

+7, Htxloleulxp ohyhov ri uhpxqhudwlrq dqg ri fdslwdo doorfdwlrq ehwzhhq

wkh wzr frxqwulhv duh ghwhuplqhg1

Zh �uvw ghvfuleh wkh zhoiduh ri hdfk w|sh ri djhqwv xqghu wkh wzr uhjlphv1

Zh wkhq vroyh wkh wzr0vwdjh jdph edfnzdug1 Zh gh�qh wkh rswlpdo �vfdo

srolflhv zlwk dqg zlwkrxw olehudol}dwlrq/ dqg wkhq vkrz wkdw wkhuh duh fdvhv

zkhuh olehudol}dwlrq zrxog qrw sdvv1 Zh wkhq vkrz wkdw/ xqghu d prgl�hg

yhuvlrq ri wklv jdph zklfk doorzv iru �vfdo frruglqdwlrq/ olehudol}dwlrq zloo

dozd|v sdvv1

414 Zhoiduh h�hfw ri vkrfnv zkhq fdslwdo lv lppreloh

Ehfdxvh wkh ghflvlrq rq wkh olehudol}dwlrq ri wkh fdslwdo pdunhw lv wdnhq

ehiruh wkh surgxfwlylw| vkrfn xqirogv/ zh frqvlghu wkh h{shfwhg zhoiduh ri

hdfk w|sh ri djhqw1 Zkhq wkh fdslwdo pdunhw lv qrw olehudol}hg/ htxloleulxp

ydoxhv ghshqg/ lq hdfk frxqwu|/ rqo| rq wkh orfdo surgxfwlylw| vkrfn1 Wdnlqj

wkh Wd|oru h{sdqvlrq ri wkh xwlolw| ixqfwlrq Y +L, durxqg %> h{shfwhg xwlolw|

6 Lq sulqflsoh/ wkh ghflvlrqv zlwk uhjdug wr fdslwdo prelolw| pd| gl�hu lq wkh wzr frxq0

wulhv1 Exw vlqfh rxu prgho lv v|pphwulf/ zlwk wzr lghqwlfdo frxqwulhv/ zh zloo irfxv rq

htxloleuld zkhuh hlwkhu erwk frxqwulhv fkrrvh wr olehudol}h/ ru qhlwkhu frxqwu| grhv1
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fdq eh dssur{lpdwhg lq wkh iroorzlqj zd|=7

gHY @ H^Y .
gY

g%
+%� %, .

4

5

g2Y

g%2
+%� %,2` +6,

@ Y .
4

5

g2Y

g%2
�2

@ Y .
4

5
�2+L20Y

��

. L0L00Y
�

,

zkhuh Y vwdqgv iru Y +L+%> W ,,/ L0 iru YU

Y0
dqg L00 iru Y2U

Y02
= Wkh uhpxqhud0

wlrq ri surgxfwlyh idfwruv ghshqgv rqo| rq wkh qdwlrqdo surgxfwlylw| vkrfnv1

Gl�huhqwldwlqj wkh djhqwv* lqfrph ghvfulehg lq +5, zlwk uhvshfw wr wkh vkrfn>

L&0 @ 4 dqg L&00 @ 3

dqg

L ,0 @ 3 dqg L ,00 @ 3

Wkxv

gHY
&

+W , @ Y &+W , .
4

5
�2Y &��+W , dqggHY

,

+W , @ Y ,+W ,= +7,

zkhuh zh lqwurgxfh wkh W ghshqghqw yduldeoh iru odwhu xvh1 Ehfdxvh ri wkh

surgxfwlrq ixqfwlrq zh xvh/ fdslwdo rzqhuv duh wkh rqo| rqhv d�hfwhg e|

wkh surgxfwlylw| vkrfn1 Wkh odujhu wkh yduldqfh ri wkh vkrfn/ wkh orzhu wkh

zhoiduh ri wkh fdslwdo rzqhuv1 Wkh lqyduldqfh ri zrunhuv* zhoiduh wr wkh

surgxfwlylw| vkrfn xqghu qr fdslwdo prelolw| lv d xvhixo vlpsol�fdwlrq> zh

vkdoo eulh | frqvlghu wkh lpsolfdwlrqv ri dowhudwlrq lq wklv uhvxow odwhu rq1

415 Zhoiduh h�hfw ri vkrfnv zkhq fdslwdo lv shuihfwo| preloh

Lq rxu prgho/ wkh olehudol}dwlrq ri wkh fdslwdo pdunhw uhdoorfdwhv wkh glvwul0

exwlrq ri ulvn dprqj wkh wzr fodvvhv ri djhqwv1 Zkhq qdwlrqdo surgxfwlylw|

vkrfnv duh lglrv|qfudwlf/ fdslwdo prelolw| hqdeohv fdslwdo rzqhuv wr glyhuvli|

wkhlu ulvnv/ dqg lw lv wkhuhiruh zhoiduh0lpsurylqj iru wkhp1 Iru zrunhuv/ rq

7 Lq wklv vhfwlrq/ doo ixqfwlrqv/ h{fhsw zkhq phqwlrqhg/ duh hydoxdwhg dw 0�
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wkh rwkhu kdqg/ fdslwdo prelolw| uhvxowv lq h{srvxuh wr lqfrph ulvn1 D qhjd0

wlyh +srvlwlyh, surgxfwlylw| vkrfn dw krph lqgxfhv d fdslwdo rxw rz +lq rz,

dqg d uhgxfwlrq +lqfuhdvh, lq zdjhv1 Pruhryhu/ zrunhuv duh qrz dovr d�hfwhg

e| vkrfnv lq wkh iruhljq frxqwu|/ dv grphvwlf dqg iruhljq fdslwdo uhvsrqg wr

fkdqjhv lq surgxfwlylw| deurdg1

Ohw xv vhh irupdoo| krz wklv wdnhv sodfh lq rxu prgho1 Wkh h{shfwhg

zhoiduh ri hdfk fodvv ri djhqw qrz ghshqgv rq wkh vkrfnv lq erwk frxqwulhv1

Zh dssur{lpdwh h{shfwhg zhoiduh dv ehiruh yld d Wd|oru h{sdqvlrq durxqg

+%> %W,=

HY +W> W W, @ Y +W> W W, .
4

5
+L00�

2 . L0W0W�
2 . 5L0W0�,Y

�+W>W W, . +8,

4

5
+L20�

2 . L
2

0W�
2 . 5L0WL0�,Y

��+W> W W,

zkhuhHY +W> W W, dqg Y +W> W W, vwdqg iru Y +L+%> %W> W> W W,, dqg Y +L+%> %W> W> W W,,=

Shuihfw fdslwdo prelolw| dqg wkh vrxufh edvhg qdwxuh ri wkh fdslwdo wd{

lqgxfh wkh iroorzlqj duelwudjh frqglwlrqv=

i
�

. %� W @ i
�
W . %

W
� W

W @ �

zkhuh � lv wkh lqwhuqdwlrqdo uhpxqhudwlrq ri fdslwdo1 Pruhryhu wkh fdslwdo

pdunhw fohdulqj frqglwlrq lpsolflwo| gh�qhv �+W>W W> %> %W, dv wkh vroxwlrq ri

wkh iroorzlqj htxdolw|

n+�> W> %, . n
W+�> W W

> %
W, @ 5

N

O
@ 5n

zkhuh n+�> W> %, dqg nW+�> W W> %W, duh wkh ghpdqg iru fdslwdo gh�qhg e| +4,=

D srvlwlyh surgxfwlylw| vkrfn lqfuhdvhv wkh ghpdqg iru fdslwdo dqg wkhuhiruh

� kdv wr dgmxvw xszdug1 Irupdoo|/ �0 @
&
�

&
�

n&W
� A 3 dqg li/ iru wkh hdvh ri

frpsxwdwlrq/ zh dvvxph wkdw i
���

@ 38> wkhq

�00 @ 3 dqg �00W @ 3

8Wklv v|psoli|lqj dvvxpswlrq khosv xv wr dvvhv qhdwo| wkh h�hfw ri wkh fdslwdo prelolw|

rq wkh zhoiduh ri hdfk w|sh ri djhqw1 Lqghhg/ wkh vljq ri s
333

zrxog lq xhqfh wkh vljq ri

wkh T
3

frh!flhqw lq +D,1 Iru lqvwdqfh/ wklv frh!flhqw lv srvlwlyh iru wkh fdslwdo rzqhuv

zkhq s ��� lv srvlwlyh1 Wklv phdqv wkdw zkhq s
333

lv wrr qhjdwlyh/ fdslwdo prelolw| frxog

ehfrph ghwulphqwdo wr wkh fdslwdo rzqhuv1

:



Iru xvh ehorz/ ohw xv frpsxwh wkh iroorzlqj ghulydwlyhv=

gn

g%
@ +�0 � 4,n

�

@ �
nW

�

n
�

n
�

. n
W�
@ �

gnW

g%
A 3 dqg

g2n

g%2
@ 3=

Pruhryhu/ �vfdo srolflhv lq xhqfh wkh lqwhuqdwlrqdo uhpxqhudwlrq ri fdslwdo

lq wkh iroorzlqj zd|= �A @ � &
�

&
�

n&W
� ? 3=

41514 Wkh h{shfwhg zhoiduh ri fdslwdo rzqhuv

Wdnlqj wkh Wd|oru h{sdqvlrq ri wkh xwlolw| ixqfwlrq ghyhorshg lq +8,/ h{0

shfwhg zhoiduh lv jlyhq e|

HY
&+W> W W, @ Y

&+W> W W, .
4

5+n� . n
W�,2

+n
�
2
�
2 . n

W
�
2
�
2 . 5n

�

n
W
�

�,Y &��+W>W W,

Vlqfh zh dvvxph wkdw wkh frxqwulhv duh v|pphwulf/ wkh wd{ ohyhov lq wkh

suhvhqfh ri fdslwdo prelolw| duh htxdo1 Wkhuhiruh/ iru wkhvh sduwlfxodu wd{

ohyhov/ n
�

@ n
W
�

19 Wklv doorzv xv wr uhzulwh h{shfwhg zhoiduh dv iroorzv=

HY
&+W> W W, @ Y

&+W> W W, .
+�2 . �,

7
Y

&��+W>W W,

Frpsdulqj/ iru d jlyhq fdslwdo wd{/ wkh h{shfwhg zhoiduh ri fdslwdo rzqhuv

zkhq fdslwdo lv preloh dqg lppreloh/ zh jhw

HY
&+W> W ,� gHY &+W , @

4

7
+�� �

2,Y &��+W>W ,=

Wklv phdqv wkdw dv orqj dv vkrfnv duh qrw shuihfwo| srvlwlyho| fruuhodwhg

+l1h1 � ? �
2,/ iru d jlyhq fdslwdo wd{/ wkh olehudol}dwlrq ri wkh fdslwdo pdu0

nhw hqdeohv wkh fdslwdolvwv wr glyhuvli| wkhlu ulvn dqg lv wkhuhiruh zhoiduh

lpsurylqj1

41515 Wkh h{shfwhg zhoiduh ri zrunhuv

Ohw xv qrz wxuq wr wkh h�hfw rq zrunhuv* h{shfwhg zhoiduh1 Wkh qhw lqfrph

ri d zrunhu lv klv jurvv zdjh soxv gluhfw vxevlg|1

L
, @ z . Wn

9
Uhphpehu wkdw wkh ixqfwlrqv duh hydoxdwhg dw E0c 0W��

;



zkhuh n ghshqgv rq wkh dprxqw ri fdslwdo lqyhvwhg dw krph1 Dv zh vdz

lq wkh fdvh ri qr fdslwdo prelolw|/ wkh surgxfwlylw| vkrfn grhv qrw gluhfwo|

d�hfw wkh zdjh1 Lqghhg lw lv wkurxjk fdslwdo pryhphqwv wkdw zrunhuv duh

d�hfwhg1 Pruhryhu/ zrunhuv duh d�hfwhg e| wkh surgxfwlylw| vkrfn lq erwk

frxqwulhv1 D srvlwlyh vkrfn dw krph +deurdg, lqgxfhv/ iru krph/ d fdslwdo

lq rz +rxw rz, dqg wkhuhiruh dq lqfuhdvh +ghfuhdvh, ri wkh jurvv zdjh dqg/

jlyhq wkh fdslwdo wd{ ohyho/ dq lqfuhdvh +ghfuhdvh, lq wkh wudqvihu1 Lw lv

lpsruwdqw wr qrwh wkdw wd{ udwhv duh ghflghg h{0dqwh1 Irupdoo|/

L
,

0
@

gz

g%
. W

gn

g%
@ �

nW
�

n
�

. nW
�
+Wn

�

� n, @ �L ,0W A 3

Wdnlqj wkh vhfrqg ghulydwlyhv zh jhw

L
,

00 @
n

�

n
W�
2

+nW
�

. n
�

,2
@ L

,

0W0W @ �L
,

00W

Wklv jlyhv xv dq h{shfwhg zhoiduh

HY
,+W>W W, @ Y

,+W> W W, .
4

;
+�2 � �,+Y ,�+W>W W,n

�

. Y
,��+W> W W,+n

�

W � n,2,

+9,

dv nW
�

@ n
�

=

Frpsdulqj wklv ydoxh wr wkh h{shfwhg zhoiduh ri wkh zrunhuv zkhq fdslwdo

lv lppreloh/ zh jhw

HY
,+W>W ,�gHY ,+W , @

4

;
+�2 � �,+Y ,�+W>W ,n

�

. Y
,��+W>W ,+n

�

W � n,2, ? 3

zkhq W W @ W 1

Zrunhuv duh wkhuhiruh kxuw e| fdslwdo prelolw| +dv orqj dv �2 A �, dqg

qhhg frpshqvdwlrq wr dffhsw fdslwdo pdunhw olehudol}dwlrq1

416 Wkh olehudol}dwlrq jdph

Zkhwkhu olehudol}dwlrq wdnhv sodfh ru qrw lv wkh uhvxow ri d wzr vwdjh jdph1

Lq wkh �uvw vwdjh wkhuh lv d ghflvlrq e| xqdqlplw| zkhwkhu wr jr iruzdug rq

fdslwdo pdunhw olehudol}dwlrq dqg lq wkh vhfrqg d uhglvwulexwlyh fdslwdo wd{

lv ghflghg e| hdfk frxqwu| lqghshqghqwo|1 Zh vroyh wklv jdph edfnzdug1

<



41614 Ilvfdo srolf|

Wkh �vfdo ghflvlrq gl�huv juhdwo| zkhwkhu wkh fdslwdo pdunhw lv olehudol}hg

ru qrw1

Qr olehudol}dwlrq1 Li olehudol}dwlrq lv qrw doorzhg/ wkh suh0h{lvwlqj ohyho ri

wkh fdslwdo wd{ uhpdlqv lq irufh1 Lq rughu wr pdnh wkh olehudol}dwlrq ghflvlrq

dv dwwudfwlyh dv srvvleoh iru wkh zrunhuv/ zh vkdoo dvvxph wkdw zlwkrxw fdslwdo

olehudol}dwlrq/ wkh uhglvwulexwlyh fdslwdo wd{ lv htxdo wr }hur xqghu wkh vwdwxv

txr dqwh1 Wkhuhiruh wkh h{shfwhg zhoiduh ri wkh zrunhuv dqg fdslwdo rzqhuv

duh uhvshfwlyho| jlyhq e|

gHY ,+3, dqg gHY &+3,=

Ilvfdo frpshwlwlrq1 Li wkh fdslwdo pdunhw lv olehudol}hg/ jryhuqphqwv duh

dvvxphg wr pd{lpl}h wkh h{shfwhg xwlolw| ri wkh zrunhuv1 Wkh lghd xqghuo|0

lqj wklv dvvxpswlrq lv wkdw dv d txlg sur txr/ fdslwdo rzqhuv r�hu wkh zrunhuv

wkh rssruwxqlw| wr fkrrvh wkh fdslwdo wd{ wkdw pd{lpl}hv wkhlu zhoo0ehlqj1

Wklv hqvxuhv wkdw wkh olehudol}dwlrq ghflvlrq lv dv dwwudfwlyh dv srvvleoh iru

zrunhuv1 Wkh dqdo|vlv lv ri lqwhuhvw dv zh vkrz wkdw wkhuh duh fdvhv zkhuh/

hyhq zlwk wklv frpshqvdwlrq uxoh/ zrunhuv suhihu qrw wr olehudol}h1

Dv fdslwdo wd{hv lq xhqfh wkh lqwhuqdwlrqdo doorfdwlrq ri fdslwdo dqg dv zh

dvvxph wkdw qr �vfdo frruglqdwlrq wdnhv sodfh/ jryhuqphqwv ghflgh fdslwdo

wd{hv qrq0frrshudwlyho|> wkhuh lv �vfdo frpshwlwlrq1 Wklv vhfrqg vwdjh ri

wkh olehudol}dwlrq jdph lv ghvfulehg dv d qrq0frrshudwlyh jdph ehwzhhq wkh

wzr frxqwulhv zkrvh sod|huv duh wkh jryhuqphqwv/ zkhuh vwudwhjlhv duh wkh

fdslwdo wd{hv/ dqg zkhuh sd|r�v duh wkh zrunhuv* h{shfwhg xwlolw|=

�+W>W W, @ HY
,+W>W W, +:,

dw krph dqg/

�W+W> W W, @ HY
,W+W> W W, +;,
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deurdg1

Ehvw uhso| ixqfwlrqv ri wkh krph dqg wkh iruhljq jryhuqphqw/ uhvshfwlyho|

W +W W, dqg W W+W ,> duh lpsolflwo| gh�qhg e| wkh i1r1f1 ri hdfk jryhuqphqw

pd{lpl}dwlrq surjudp1

Dw krph/

gHY

gW
@

gHY

gL ,

gL ,

gW
.
4

;
+�2 � �,+Y ,��+W> W W,5+n

�

W � n,+n
�

� n
�

,

Wkh odvw h{suhvvlrq fdqfhov rxw dv n
�

@ n
�

= Wklv |lhogv=

gHY ,+W> W W,

gW
@

gHY

gL ,

gL ,

gW

Wkhuhiruh/ wkh h{shfwhg xwlolw| ri d zrunhu lv pd{lplvhg zkhq wkh zrunhu*v

h{shfwhg lqfrph lv dw lwv pd{lpxp1 Wkh vdph dssolhv deurdg1

Wkhuhiruh W +W W, dqg W W+W , duh lpsolflwo| gh�qhg e|

gL ,

gW
@ n

�

+�A . 4,W � n�A @ 3

gL ,W

gW W
@ n

W
�

+�A W . 4,W W

� n
W

�A W @ 3

Vhfrqg rughu frqglwlrqv duh vdwlv�hg dv n
�

+4��2
A
, ? 3 dqg nW

�

+4��2
A W, ? 3=

Ehfdxvh n
��

@ nW
��

@ 3> ehvw uhso| ixqfwlrqv duh olqhdu dqg �vfdo srolflhv

duh vwudwhjlf frpsohphqwv=

gW +W W,

gW W
@

�A�A W

+4� �2
A
,
A 3 dqg

gW W+W ,

gW
@

�A�A W

+4� �2
A W,

A 3=

Sursrvlwlrq 4 Wkhuh h{lvwv d xqltxh v|pphwulf htxloleulxp + �W> �W , zkhuh

�W @ � &

&�
=

Wklv phdqv wkdw zrunhuv dqg fdslwdo rzqhuv/ zkhq yrwlqj lq wkh �uvw

vwdjh/ dqwlflsdwh wkdw li fdslwdo pdunhw olehudol}dwlrq sdvvhv lq erwk frxq0

wulhv/ wkh fdslwdo wd{hv wkdw duh jrlqj wr eh ohylhg duh + �W> �W ,=
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41615 Wkh olehudol}dwlrq ghflvlrq

Lq wklv prgho/ olehudol}dwlrq wdnhv sodfh rqo| li fdslwdo rzqhuv dqg zrunhuv

djuhh rq lw lq erwk frxqwulhv1 Wklv phdqv wkdw hdfk djhqw kdv d yhwr srzhu

rq wklv ghflvlrq1

Dw wkh �uvw vwdjh ri wkh jdph/ djhqwv dqwlflsdwh zkdw wkhlu zhoiduh lv

jrlqj wr eh xqghu erwk dowhuqdwlyhv1 Li wkh olehudol}dwlrq sdvvhv/ wkh zhoiduh

ri zrunhuv dqg fdslwdo rzqhuv lv jlyhq e|

HY
,+ �W> �W , dqg HY

&+ �W> �W ,

Li olehudol}dwlrq grhvq*w sdvv lw lv jlyhq e|

gHY ,+3, A 3 dqg gHY &+3, A 3

Doo djhqwv idyru wkh olehudol}dwlrq zkhq wzr frqglwlrqv krog=

HY
,+ �W> �W ,�gHY ,+3, A 3 dqg HY

&+ �W> �W ,� gHY &+3, A 3

l1h1 wkh zrunhuv dqg wkh fdslwdo rzqhuv erwk jdlq iurp wkh fdslwdo pdunhw

olehudol}dwlrq1: Rxu irfxv lv rq wkh fdvhv zkhuh wkh fdslwdo pdunhw olehudo0

l}dwlrq lv uhmhfwhg e| zrunhuv1 Zh vkrz wkdw li qr �vfdo frruglqdwlrq wdnhv

sodfh/ �vfdo frpshwlwlrq frxog eh vr �hufh wkdw hyhq li wkh jryhuqphqwv wu| wr

pd{lpl}h wkh zhoiduh ri wkh zrunhuv/ wkh| duh xqdeoh wr frpshqvdwh zrunhuv

iru wkh lqfuhdvhg ulvn wkh| idfh ehfdxvh ri wkh fdslwdo pdunhw olehudol}dwlrq1;

Zrunhuv Zrunhuv uhmhfw wkh olehudol}dwlrq zkhq wkh zhoiduh frvw olqnhg wr

wkh lqfuhdvhg ulvn wkh| idfh ehfdxvh ri wkh iuhh wudgh lq fdslwdo lv wrr kljk1

Wklv zhoiduh orvv lv dq lqfuhdvlqj ixqfwlrq ri wkh ulvn dyhuvlrq ri wkh zrunhuv

:Reylrxvo| wkh vdph frqglwlrqv vkrxog krog deurdg1 Dv frxqwulhv duh v|pphwulf dqg

dv wkh �vfdo frpshwlwlrq htxloleulxp lv dovr v|pphwulf/ frqglwlrqv duh lghqwlfdo1
;Wkhuh duh dovr fdvhv zkhuh fdslwdo rzqhuv zrxog uhixvh wkh fdslwdo pdunhw olehudol}dwlrq

+zkhq �A lv kljk,1 Wklv lv d frqvhtxhqfh ri wkh w|sh ri remhfwlyh ixqfwlrq zh vhohfwhg iru

wkh jryhuqphqw lq fdvh ri �vfdo frpshwlwlrq1

45



dqg d ghfuhdvlqj ixqfwlrq ri wkh fruuhodwlrq ehwzhhq wkh frxqwu|0vshfl�f

vkrfnv1 Irupdoo| zrunhuv uhmhfw wkh olehudol}dwlrq zkhq

HY
,+ �W> �W ,�gHY ,+3, ? 3

zklfk lv htxlydohqw wr

�
2
� � �

Y ,+3,� Y ,+ �W> �W ,

Y ,�+ �W> �W ,n� . 7n
2
Y ,��+ �W> �W ,

A 3=

Wklv phdqv wkdw zrunhuv zloo yhwr fdslwdo pdunhw olehudol}dwlrq zkhq wkh

yduldqfh ri wkh vkrfnv lv odujh/ zkhq wkh vkrfnv duh kljko| qhjdwlyho| fru0

uhodwhg/ dqg2ru zkhq zrunhuv duh kljko| ulvn dyhuvh1 D vshfl�f qxphulfdo

h{dpsoh lv suhvhqwhg lq wkh dsshqgl{1

41616 Ilvfdo frruglqdwlrq

Zh vkrzhg deryh wkdw wkh htxloleulxp wr wkh qrq0frrshudwlyh �vfdo jdph

ehwzhhq wkh wzr frxqwulhv frxog ohdg wr d orz fdslwdo wd{/ dqg wkhuhiruh/

zlwkrxw frruglqdwlrq/ sur�wdeoh fdslwdo pdunhw olehudol}dwlrq frxog eh uh0

mhfwhg1

Zrxog wd{ frruglqdwlrq lpsuryh wkh vlwxdwlrqB

Frruglqdwlrq zrxog wdnh wkh iroorzlqj irup lq rxu prgho1 Zh lqwurgxfh

d vwdjh 3 lq rxu jdph1 Lq wklv vwdjh djhqw kdyh wkh fkrlfh ehwzhhq jrlqj

gluhfwo| wr vwdjh 4 ru edujdlqlqj zlwk wkh rwkhu frxqwu| ryhu d frruglqdwhg

fdslwdo wd{ ohyho1 Dv ehiruh/ lw lv dvvxphg wkdw hdfk djhqw kdv d yhwr srzhu

rq wkh olehudol}dwlrq ghflvlrq dqg edujdlqlqj wdnhv sodfh ehwzhhq wkh zrunhuv

dqg fdslwdo rzqhuv ri erwk frxqwulhv1 Rqfh d frruglqdwhg wd{ udwh lv vhohfwhg/

hdfk frxqwu| jlyhv xs lwv srzhu wr fkdqjh lw xqlodwhudoo|

Dv edujdlqlqj vroxwlrqv kdyh wr eh h!flhqw h{0dqwh dqg dv qr ghdgzhljkw

orvv lv lqfxuuhg e| hlwkhu hfrqrp| zkhq fdslwdo wd{hv duh v|pphwulf/ zh

uhvwulfw rxuvhoi wr v|pphwulf wd{dwlrq1 Ohw xv gh�qh W dv wkh fdslwdo wd{

wkdw zrxog mxvw frpshqvdwh zrunhuv lq erwk frxqwulhv dqg W wkh pd{lpxp

fdslwdo wd{ wkdw fdslwdo rzqhuv frxog dffhsw1 Dv iuhh wudgh lq fdslwdo lv
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srwhqwldoo| Sduhwr lpsurylqj lq hdfk frxqwu|/ wkhuh h{lvw v|pphwulf sdluv

ri wd{hv wkdw ixo�oo zrunhuv* dqg fdslwdo rzqhuv zhoiduh frqvwudlqw dqg duh

suhihuuhg wr wkh fdvh ri qr fdslwdo prelolw|1 Wkh htxloleulxp ri rxu pxowl0

vwdjh jdph zrxog eh wr dozd|v frruglqdwh �vfdo srolflhv1 Ilvfdo frruglqdwlrq

wdnhv wkh irup ri dq kduprql}dwlrq ri fdslwdo wd{ ohyhov1 Zkhq �W � W > wkh

fdslwdo pdunhw olehudol}dwlrq zrxog sdvv hyhq zlwkrxw frruglqdwlrq1 Wkh h{lw

rswlrq iru wkh qhjrwldwru lv wkhuhiruh �vfdo frpshwlwlrq wkdw ohdgv wr d fdslwdo

wd{ �W= Wkh kduprql}hg fdslwdo wd{ lv wkhuhiruh �W= Zkhq �W ? W> wkh h{lw

rswlrq ri wkh qhjrwldwru lv qr fdslwdo pdunhw olehudol}dwlrq1 Wkhuhiruh wkh

kduprql}hg fdslwdo wd{ olhv lq wkh lqwhuydo ^W >W `= Wkh odujhu wkh edujdlqlqj

srzhu ri wkh zrunhuv/ wkh forvhu lv wkh kduprql}hg wd{ wr W 1

Wkhvh kduprql}hg fdslwdo wd{hv pd{lpl}h wkh mrlqw zhoiduh ri wkh fdslwdo

rzqhuv dqg wkh zrunhuv lq erwk frxqwulhv1

Sursrvlwlrq 5 Zkhq djhqwv duh yhu| ulvn dyhuvh dqg zkhq surgxfwlylw|

vkrfnv duh kljko| qhjdwlyho| fruuhodwhg/ �vfdo frruglqdwlrq lv d qhfhvvdu| frq0

glwlrq iru fdslwdo pdunhw olehudol}dwlrq wr eh srolwlfdoo| vxvwdlqdeoh1 Pruhryhu/

wkhuh dozd|v h{lvwv d frruglqdwhg wd{ uhjlph zklfk lv Sduhwr0vxshulru/ dqg

khqfh srolwlfdoo| vxvwdlqdeoh1

Wklv sursrvlwlrq hpskdvl}hv wkh qhhg iru �vfdo frruglqdwlrq wr hqdeoh

fdslwdo pdunhw olehudol}dwlrq1 Lq wklv prgho/ �vfdo frruglqdwlrq hqdeohv fdsl0

wdolvwv wr frpplw wr uhglvwulexwlrq dqg wkhuhiruh doorzv wkh zrunhuv wr dffhsw

wkh olehudol}dwlrq ri fdslwdo pdunhwv1

5 Jhqhudol}dwlrq

Wkh prgho zh kdyh frqvlghuhg vr idu lv kljko| vw|ol}hg1 Zh kdyh fkrvhq

dvvxpswlrqv wkdw hqdeoh xv wr pdnh rxu srlqw dv fohdqo| dv srvvleoh1 Lq wklv

vhfwlrq zh glvfxvv d qxpehu ri jhqhudol}dwlrqv/ dqg vxjjhvw wkdw uhod{lqj

rxu sduwlfxodu dvvxpswlrqv zrxog qrw dowhu wkh vxevwdqfh ri rxu frqfoxvlrqv

+zkloh wkh| zrxog juhdwo| frpsolfdwh wkh dojheud,1
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Wkh w|sh ri vkrfnv1 Rxu surgxfwlylw| vkrfnv wdnh wkh olqhdu0dgglwlyh irup

dqg wkhlu gluhfw h�hfw lv olplwhg wr wkh uhwxuqv rq fdslwdo1 Wklv vshfl�fdwlrq

kdv wkh dgydqwdjh wkdw lw doorzv xv wr lvrodwh wkh h�hfw ri fdslwdo pdunhw lq0

whjudwlrq rq wkh ulvn h{srvxuh ri zrunhuv1 Lw uhqghuv wudqvsduhqw wkh wudqvihu

ri ulvn iurp fdslwdo rzqhuv wr zrunhuv dv fdslwdo prelolw| lqfuhdvhv1 Krzhyhu/

wkh srlqw wkdw ulvn0dyhuvh zrunhuv pd| orvh iurp fdslwdo0pdunhw olehudol}d0

wlrq lv pruh jhqhudo1 Dvvxplqj wkdw oderu lv lqhodvwlfdoo| vxssolhg/ zrunhuv

hqg xs idflqj dgglwlrqdo lqfrph ulvn zkhqhyhu wkh pryhphqw ri fdslwdo lq

uhvsrqvh wr lglrv|qfudwlf frxqwu| vkrfnv lqgxfhv dgglwlrqdo  xfwxdwlrqv lq

uhdo zdjhv1 Vwdqgdug surgxfwlrq wkhru| vxjjhvwv wkdw wkh ghpdqg iru dq|

idfwru +oderu, ehfrphv pruh yduldeoh zkhq wkh vxsso| ri rwkhu idfwruv +fds0

lwdo, lv pruh uhvsrqvlyh wr fkdqjhv lq wkh hfrqrplf hqylurqphqw1

Wr vhh wklv/ h{suhvv wkh pdujlqdo uhyhqxh surgxfw ri oderu dv U+N>O> �,/

zlwk N dqg O vwdqglqj iru wkh fdslwdo dqg oderu hqgrzphqwv dqg � iru

dq h{rjhqrxv surgxfwlylw| vkrfn1 Ohw � eh d srvlwlyh vkrfn/ vxfk wkdw

Uw+=, A 3= Ixuwkhu/ Ug+=, A 3= Htxloleulxp lq wkh oderu pdunhw uhtxluhv

z @ U+N>O> �,= Zlwk oderu lqhodvwlfdoo| vxssolhg +gO @ 3,> zh jhw

gz

g�
@ Uw .U&

gN

g�

Lw lv qdwxudo wr dvvxph wkdw srvlwlyh +qhjdwlyh, vkrfnv uhvxow lq d fdslwdo

lq rz +rxw rz, lq d zruog zlwk fdslwdo prelolw|= _g

_w
A 3= Lw lv hylghqw iurp

wklv h{suhvvlrq wkdw fdslwdo prelolw| lqfuhdvhv wkh dpsolwxgh ri  xfwxdwlrqv

lq zdjhv iru d eurdg udqjh ri vkrfnv/ lqfoxglqj fkdqjhv lq hfrqrp|0zlgh

surgxfwlylw| ru wkh whupv ri wudgh1 Wkh pruh jhqhudo fdvh lv ghyhorshg lq

Urguln +4<<:/ Dsshqgl{ D,1 Khqfh/ wkh lghd wkdw fdslwdo prelolw| lpsrvhv

d qhjdwlyh ulvn0h{srvxuh h{whuqdolw| rq zrunhuv zloo vxuylyh pdq| sodxvleoh

h{whqvlrqv ri wkh prgho rxwolqhg deryh1

Wkh wd{ lqvwuxphqw1 Wkh prgho frxog eh h{whqghg wr pruh vrsklvwlfdwhg

wd{ lqvwuxphqwv1 Lq wklv sdshu/ zh frqvlghu xqfrqglwlrqdo vrxufh edvhg fds0

lwdo wd{dwlrq1 Doorzlqj iru dq h!flhqw uhvlghqf| edvhg fdslwdo wd{ zrxog/ dv
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lq prvw ri wkh olwhudwxuh rq �vfdo frpshwlwlrq/ vxssuhvv wkh qhhg iru frru0

glqdwlrq1 Xqiruwxqdwho|/ wklv w|sh ri wd{ v|vwhp lv gl!fxow wr prqlwru dqg

wkhuhiruh ohdgv wr wd{ hydvlrq1 Khqfh/ wkh xvh ri vrxufh edvhg wd{dwlrq fdq

eh mxvwl�hg e| sudfwlfdo frqvlghudwlrqv1

Vwloo/ d pruh vrsklvwlfdwhg vrxufh0edvhg fdslwdo wd{ frqglwlrqdo rq wkh

uhdol}dwlrq ri wkh vkrfn frxog eh pruh h!flhqw1 Wklv w|sh ri �vfdo lqvwuxphqw

zrxog hqwdlo d qhjdwlyh fdslwdo wd{ zkhq d srvlwlyh vkrfn rffxuv dqg d

srvlwlyh rqh lq wkh fdvh ri d qhjdwlyh vkrfn1 Krzhyhu/ wkh orjlf ri rxu

dujxphqw zrxog qrw fkdqjh1 Zkdw lv lpsruwdqw lv wkdw zlwk iuhh wudgh

lq fdslwdo/ wkh qhhg iru uhglvwulexwlrq lqfuhdvhv lq wdqghp zlwk wkh frvw ri

ohy|lqj wd{hv +devhqw wd{ frruglqdwlrq,1 Wkh srvvlelolw| wkdw frpshqvdwru|

dgmxvwphqwv lq qdwlrqdo wd{ udwhv pd| qrw eh ihdvleoh lq wkh devhqfh ri

h{solflw frruglqdwlrq zrxog frqwlqxh wr h{lvw1

Wkh srolwlfdo phfkdqlvp1 Wkh vrfldo fkrlfh phfkdqlvp zh xvh vhuyhv wr

kljkoljkw wkh srwhqwldo frq lfw ri lqwhuhvw ehwzhhq zrunhuv dqg fdslwdolvwv

rq dffrxqw ri ulvn h{srvxuh zkhuh fdslwdo prelolw| lv frqfhuqhg1 Lw kdv wkh

shfxoldulw| wkdw hdfk w|sh ri djhqw kdv d yhwr srzhu dqg wkdw li olehudol}dwlrq

lv dffhswhg wkh jryhuqphqw lv erxqg wr lpsrvh fdslwdo wd{ pd{lpl}lqj wkh

zrunhuv h{shfwhg zhoiduh1 Rxu uhvxow zrxog jr wurxjk zlwk wkh jryhuqphqw

erxqg wr pd{lpl}h dq| remhfwlyh ixqfwlrq wkdw lv ohvv sur0zrunhu1 Wklv

zrxog reylrxvo| fkdqjh wkh htxloleulxp ohyho ri fdslwdo wd{dwlrq lq wkh fdvh

ri olehudol}dwlrq1 Exw lw zrxog qrw dowhu wkh idfw wkdw zrunhuv pd| suhihu

wr dyrlg fdslwdo0pdunhw olehudol}dwlrq lq dqwlflsdwlrq ri ehfrplqj zruvh r�/

dv lqghhg wkh| zrxog eh lq d qrq0frrshudwlyh htxloleulxp zkhuh wkh ohyho ri

wudqvihuv qhhghg wr frpshqvdwh wkhp lv vx!flhqwo| kljk1 Wkh vdph orjlf

zrxog dovr dsso| lq d phgldq0yrwhu prgho zkhuh wkh phgldq yrwhu lv d

�zrunhu� ru dq lqglylgxdo zlwk d fdslwdo0oderu hqgrzphqw orzhu wkdq wkh

hfrqrp|0zlgh dyhudjh1

Rwkhu vrfldo fkrlfh phfkdqlvpv fdq |lhog gl�huhqw rxwfrphv1 Li ghflvlrqv

duh pdgh e| d xwlolwduldq vrfldo sodqqhu/ fdslwdo pdunhw olehudol}dwlrq zloo
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dozd|v eh d zlqqhu lq d v|pphwulf vhw xs1 Pruh jhqhudoo|/ zkhq wkh srolwlfdo

v|vwhp ehkdyhv dv li lw pd{lpl}hv d zhljkwhg dyhudjh ri wkh h{shfwhg xwlolwlhv

ri wkh wzr jurxsv/ olehudol}dwlrq zloo hphujh dv wkh htxloleulxp rxwfrph

+hyhq devhqw wd{ frruglqdwlrq, dv orqj dv wkh lpsolflw zhljkw rq oderu lv qrw

wrr odujh1

Wkh doo0ru0qrwklqj uhjlph zlwk uhjdug wr fdslwdo prelolw|1 Lq wklv sdshu/

zh hlwkhu kdyh ixoo olehudol}dwlrq zlwk qr frvw ri prelolw| iru fdslwdo ru qr

prelolw| dw doo1 Reylrxvo|/ fdslwdo pdunhw olehudol}dwlrq frxog eh d vorz sur0

fhvv zkhuh wkh frvwv ri fdslwdo prelolw| jr grzq ryhu wlph1 Lqwurgxflqj d

prelolw| frvw zrxog doohyldwh wkh �vfdo frpshwlwlrq/ dqg uhgxfh wkh jdlqv

iurp fdslwdo prelolw|1 Lw lv hdv| wr vhh wkdw wkh orzhu wkh frvw ri fdslwdo

prelolw|/ wkh odujhu wkh qhhg iru uhglvwulexwlrq dqg wkh juhdwhu wkh gl!fxow|

lq ohy|lqj wd{hv1 Rxu uhvxow zrxog wkhuhiruh eh wkdw zkhq wkh frvw ri fds0

lwdo prelolw| jrhv ehorz d fhuwdlq wkuhvkrog/ wkh surfhvv ri fdslwdo pdunhw

olehudol}dwlrq zrxog qhhg �vfdo frruglqdwlrq lq rughu wr frqwlqxh1

Fdslwdo dffxpxodwlrq1 Rxu prgho lv vwdwlf/ zlwk d �{hg hqgrzphqw ri

fdslwdo lq wkh zruog hfrqrp| dv d zkroh1 Lq d g|qdplf prgho/ wkh srvvlelolw|

ri fdslwdo dffxpxodwlrq dv zhoo dv ri d ulfkhu vhw ri vwudwhjlf lqwhudfwlrqv

ehwzhhq qdwlrqdo �vfdo dxwkrulwlhv fdq frpsolfdwh wkh slfwxuh vljql�fdqwo|1

Zkloh zh h{shfw wkh frq lfw ri lqwhuhvw zh kdyh lghqwl�hg khuh wr vxuylyh

lq d g|qdplf vhwwlqj/ wkhuh lv rqh dpholrudwlqj idfwru wkdw lv zruwk srlqwlqj

rxw1 Vlqfh fdslwdo prelolw| doorzv fdslwdolvwv wr uhgxfh wkhlu h{srvxuh wr ulvn

+sduwo| e| vkliwlqj lw rq wr zrunhuv,/ lw pd| dovr hqkdqfh wkh udwh ri fdslwdo

dffxpxodwlrq1 Wklv zrxog kdyh d ehqh�fldo h�hfw rq zrunhuv lq doo frxqwulhv/

dv lw zrxog lqfuhdvh wkh udwh ri jurzwk ri uhdo zdjhv1 Frqvhtxhqwo|/ lw lv

srvvleoh wkdw d kljkhu jurzwk wuhqg lq uhdo zdjhv zrxog pruh wkdq pdnh xs

iru wkh lqfuhdvhg ulvn wkdw zrunhuv ehdu1

Vwuxfwxuh ri wkh hfrqrp|1 Lq rxu hfrqrp| wkhuh lv d vlqjoh jrrg sur0

gxfhg lq erwk frxqwulhv1 Wklv doorzv xv wr hvwdeolvk/ lq wkh vlpsohvw srvvleoh

iudphzrun/ d srvlwlyh uhodwlrqvkls ehwzhhq wkh fdslwdo vwrfn hpsor|hg lq wkh

4:



hfrqrp| dqg wkh ohyho ri uhdo zdjhv1 Rqh fdq lpdjlqh dowhuqdwlyh vhwwlqjv

zkhuh wkh uhdo zdjh lv lqghshqghqw ri wkh fdslwdo vwrfn1 Iru h{dpsoh/ lq d

prgho zlwk wzr wudghg jrrgv dqg dvvxplqj lqfrpsohwh vshfldol}dwlrq/ wkh

uhdo zdjh zrxog eh slqqhg grzq e| uhodwlyh jrrgv sulfhv/ dqg wkh grphvwlf

fdslwdo vwrfn zrxog lq xhqfh uhdo zdjhv rqo| wr wkh h{whqw wkdw surgxfw

sulfhv duh d�hfwhg1 Wr wkh h{whqw wkdw d fdslwdo rxw rz grhv qrw d�hfw gr0

phvwlf oderu dgyhuvho|/ rxu uhvxowv zrxog qrw jr wkurxjk1 Wklv lv d pdwwhu

wkdw fdq rqo| eh vhwwohg hpslulfdoo|1 Exw d prgho lq zklfk uhdo zdjhv duh

srvlwlyho| uhodwhg wr wkh fdslwdo vwrfn grhv qrw vwulnh xv dv ehlqj xquhdvrq0

deoh +ru wrr uhvwulfwlyh, iru sxusrvhv ri srolf| dqdo|vlv1

6 Frqfoxvlrq

Zh kdyh lghqwl�hg lq wklv sdshu d vrxufh ri srolwlfdo whqvlrq lq fdslwdo pdu0

nhw olehudol}dwlrq1 Fdslwdo pdunhw olehudol}dwlrq fdoov iru pruh uhglvwulexwlrq

zkloh pdnlqj wklv uhglvwulexwlrq gl!fxow1 Zh vkrzhg wkdw zkhq wkh wudqvihu

uhtxluhg wr frpshqvdwh zrunhuv lv odujh hqrxjk/ fdslwdo pdunhw olehudol}d0

wlrq/ zkloh h!flhqw/ lv qrw srolwlfdoo| vxvwdlqdeoh zlwkrxw �vfdo frruglqdwlrq1

Ilvfdo frruglqdwlrq dfwv dv d frpplwphqw ghylfh iru wkh fdslwdolvwv wr sd|

wkhlu wd{ iroorzlqj fdslwdo pdunhw olehudol}dwlrq1

Lq uhdolw|/ olehudol}dwlrq ghflvlrqv duh qrw vr deuxsw1 Fdslwdo pryhphqwv

duh lpshghg qrw rqo| e| ohjdo eduulhuv/ exw dovr e| rwkhu olplwdwlrqv/ olnh

gl�huhqfhv lq ohjdo v|vwhpv/ odqjxdjh ru fxowxudo kdelwv/ ru hyhq e| whfkqr0

orjlfdo sureohpv1 Zkdw rxu sdshu dujxhv lv wkdw wkh orqj surfhvv qhfhvvdu|

iru shuihfw fdslwdo prelolw| frxog eh lqwhuuxswhg li lqwhuqdwlrqdo �vfdo frru0

glqdwlrq grhv qrw wdnh sodfh1

Wkh irup wkdw wkh frruglqdwlrq vkrxog wdnh lv dqrwkhu txhvwlrq1 Lq wklv

sdshu/ frruglqdwlrq lv grqh wkurxjk ixoo kduprql}dwlrq1 Wkh ihdvlelolw| ri

vxfk kduprql}dwlrq gudvwlfdoo| ghshqgv rq wkh dvvxpswlrq zh pdgh derxw

wkh v|pphwu| ehwzhhq wkh wzr frxqwulhv1 Zlwk d odujhu qxpehu ri frxqwulhv

ru lq wkh suhvhqfh ri dv|pphwulhv/ lw lv olnho| wkdw wkh ghvludeoh frruglqdwlrq

4;



phfkdqlvp zrxog orrn txlwh gl�huhqw1<

<Vhh ydq \shuvhoh +4<<;, iru d uhodwhg glvfxvvlrq1
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7 Dsshqgl{

Wkh glvwulexwlrq ri wkh surgxfwlylw| vkrfn kdv d phdq % @ %W @ 3 dqg d

yduldqfh fryduldqfh pdwul{ �
�2 �

� �2

�
=

Wkh surgxfwlrq ixqfwlrq lq lqwhqvlyh irup lv jlyhq e|

I +N>O, @ O++45� n,n . %n,>

Wkhuhiruh wkh uhpxqhudwlrq ri idfwruv lv jlyhq e|

u @ 45� 5n dqg z @ n
2

Frxqwulhv duh dvvxphg wr eh hqgrzhg zlwk rqh xqlw ri fdslwdo +N @ N
W

@ 4,

dqg rqh xqlw ri oderu +O @ O
W

@ 4,=

Wkh zhoiduh ri dq djhqw zlwk dq lqfrph L lv jlyhq e|

Y ^L` @ orj^L `

Zlwkrxw fdslwdo pdunhw olehudolvdwlrq wkh h{shfwhg zhoiduh ri d zrunhu

lv jlyhq e|

gHY ,

+3, @ orj^4` @ 3

Li fdslwdo pdunhw lv olehudolvhg/ dv n
�

@ ��

2
> �vfdo frpshwlwlrq ohdgv wkh

shu0xqlw fdslwdo wd{hv wr + �W> �W , zlwk �W @ 5 +l1h1 d 53( fdslwdo wd{,1

Wkhuhiruh wkh h{shfwhg zhoiduh ri d zrunhu zkhq fdslwdo pdunhw lv olehu0

dolvhg lv jlyhq e|

HY
,+5> 5, @ orj^6`�

4

45
+�2 � �,

Wkhuhiruh zkhq

+�2 � �, A 45 orj^6`

fdslwdo pdunhw lv eorfnhg e| wkh zrunhuv1
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