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Hfrqrplf ghflvlrqv 0rffxsdwlrqdo dqg hqwuhsuhqhxuldo fkrlfhv0 pd| ylrodwh wuxh frpsdu0
dwlyh dgydqwdjh zkhq hfrqrplf djhqwv duh xqfhuwdlq derxw zklfk dfwlylw| ehvw pdwfkhv
wkhlu wdohqwv1 Li uhodwlyh shuirupdqfh ydulhv ryhu wkh exvlqhvv f|foh +iru lqvwdqfh/ li
grzqwxuqv d�hfw glvsursruwlrqdwho| wkrvh zkr duh sxuvxlqj wkh zurqj dfwlylw|,/ wkhq
hfrqrplf �xfwxdwlrqv pd| d�hfw wkh suredelolw| dqg shuvlvwhqfh ri uhvrxufh plvpdwfkhv1
Wkh suhvhqw zrun r�huv d qryho/ lqirupdwlrqdo shuvshfwlyh wr wkh exvlqhvv f|foh dqg sur0
ylghv d olqn ehwzhhq djjuhjdwh �xfwxdwlrqv dqg wkh h�flhqw doorfdwlrq ri uhvrxufhv1
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kduulv1ghoodvCyzl1xqleh1fk
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glvfulplqdwlrq%0 ehqh�whg iurp frqyhuvdwlrqv zlwk S1 Djklrq/ U1 Iorrg/ N1 Urjr�/ M1
Urwhpehuj/ P1 Zrrgirug dqg W1 ]kd1
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Hfrqrplf ghflvlrqv duh wulyldo zkhq lqglylgxdo wdohqwv dqg uhodwlyh sd|r�v wr dowhu0

qdwlyh dfwlylwlhv duh ixoo| nqrzq1 Lq wkh devhqfh ri lqfuhdvlqj uhwxuqv hdfk uhvrxufh

h{sorlwv lwv frpsdudwlyh dgydqwdjh1 Lq uhdolw|/ krzhyhu/ erwk wdohqwv dqg sd|r�v duh

vxemhfw wr frqvlghudeoh xqfhuwdlqw|1 Lqglylgxdov vhogrp nqrz lq dgydqfh zklfk rssruwx0

qlwlhv +dfwlylwlhv, ehvw pdwfk wkhlu delolwlhv1 Wudlqlqj surjudpv +iru h{dpsoh/ wkh irupdo

hgxfdwlrqdo v|vwhp, dqg rwkhu h{shulhqfhv fdq eh xvhixo iru whvwlqj rqh*v uhodwlyh dqg

devroxwh delolwlhv exw wkh| duh idu iurp ixoo| uhyhdolqj dqg fdq dw ehvw surylgh rqo| dq

lqglfdwlrq ri ixwxuh shuirupdqfh1 Lw xvxdoo| wdnhv d surorqjhg shulrg ri sudfwlfh lq wkh

vhohfwhg olqh ri exvlqhvv wr irup d nqrzohgjhdeoh dvvhvvphqw ri rqh*v txdolwlhv1 Pruhryhu/

lq d udslgo| fkdqjlqj hfrqrplf hqylurqphqw/ wkh surfhvv ri %ohduqlqj% derxw wkh prvw

sur�wdeoh pdwfkhv pd| kdyh wr eh uhshdwhg1 Frqvhtxhqwo| wkh odfn ri frpsohwh lqiru0

pdwlrq derxw wkh ehvw dvvrfldwlrq ehwzhhq shuvrqdo wdohqwv dqg h{lvwlqj rssruwxqlwlhv

fdq surgxfh plvwdnhv lq wkh vhohfwlrq ri hfrqrplf dfwlylwlhv dqg ohdg wr doorfdwlrqv wkdw

ylrodwh wuxh frpsdudwlyh dgydqwdjh1 Dq h{wuhpho| lpsruwdqw txhvwlrq wkhq uhjdugv wkh

h{lvwhqfh ri phfkdqlvpv wkdw lpsuryh wkh h�hfwlyhqhvv ri wkh vhohfwlrq surfhvv1 Wklv

sdshu lghqwl�hv wkh exvlqhvv f|foh dv d vruwlqj phfkdqlvp wkdw fdq olplw wkh srvvlelolw|

dqg gxudwlrq ri uhvrxufh plvdoorfdwlrq1 Uhfhvvlrqv vhhp d sulrul uhohydqw ehfdxvh wkh|

uhsuhvhqw hfrqrplf dgyhuvlw|> dqg lw lv zhoo nqrzq iurp wkh qdwxudo zruog wkdw dgyhuvlw|

sod|v dq lpsruwdqw uroh lq uhyhdolqj rqh*v ohyho ri �wqhvv1

Wkh�0 wkhvlv wkdw hfrqrplf �xfwxdwlrqv pd| eh lqwulqvlfdoo| uhodwhg wr hfrqrplf

h�flhqf| dqg orqj whup survshfwv zdv srsxodu dprqj wkh suh Juhdw Ghsuhvvlrq hud

hfrqrplvwv1 Vfkxpshwhu +4<<4,/ lq sduwlfxodu/ ylhzhg exvlqhvv f|fohv dv d pdqlihvwdwlrq

ri wkh hyroxwlrqdu| surfhvv ri lqqrydwlrq/ dv d uh�hfwlrq ri wkh uhsodfhphqw ri wkh rog +dqg

lqh�flhqw, e| wkh qhz +dqg h�flhqw,1 Vxfk ylhzv/ krzhyhu/ zhuh sxvkhg wr wkh vlgh e|

wkh h{shulhqfh ri wkh Juhdw Ghsuhvvlrq dqg wkh urrwlqj ri wkh Nh|qhvldq uhyroxwlrq zklfk

suhdfkhg wkh ehqh�wv ri pdfurhfrqrplf vwdelolw| +ylhzlqj exvlqhvv f|fohv dv wkh rxwfrph

ri hdvlo| fruuhfwdeoh pdunhw idloxuh,1 Rqo| uhfhqwo| kdyh wkhuh ehhq vrph dwwhpswv wr

uh0hydoxdwh wkh uroh ri wkh exvlqhvv f|foh1
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Lq wklv sdshu zh dujxh wkdw wkh exvlqhvv f|foh fdq lq�xhqfh h�flhqf| lq wkh doorfdwlrq

ri uhvrxufhv e| d�hfwlqj wkh vshhg dqg dffxudf| ri ohduqlqj derxw rqh*v ehvw pdwfk1 D

vlpsoh h{dpsoh fdq looxvwudwh krz wklv zrunv1 Frqvlghu d sulplwlyh vrflhw| zklfk hqjdjhv

lq wzr w|shv ri dfwlylwlhv/ kxqwlqj dqg iduplqj1 Ohw wkh phpehuv ri wklv frppxqlw| frph

0jhqhwlfdoo|0 lq wzr w|shv> wkrvh zkr kdyh dq devroxwh dgydqwdjh lq kxqwlqj> dqg wkrvh

zkr kdyh dq dgydqwdjh lq iduplqj1 Ixuwkhupruh/ dvvxph wkdw wkh lqglylgxdov gr qrw

nqrz wkhlu wuxh w|sh exw nqrz wkh suredelolw| glvwulexwlrq ri shuirupdqfh lq kxqwlqj dqg

iduplqj iru hdfk w|sh dv d ixqfwlrq ri wkh vwdwh ri qdwxuh1 Lq hdfk shulrg/ qdwxuh udqgrpo|

glfwdwhv wkh dydlodelolw| ri suh| lq kxqwlqj dqg ri idup surgxfwv lq iduplqj1 Frqvlghu

qrz wkrvh vwduwlqj rxw wkhlu fduhhuv dv kxqwhuv1 Diwhu uhshdwhg vdpsolqj/ hdfk qhz

kxqwhu zloo eh deoh wr 0shukdsv lpshuihfwo| lq d �qlwh vdpsoh0 lqihu klv w|sh dqg pdnh dq

rffxsdwlrqdo fkrlfh�1 Li wkh wzr w|shv duh qrw shuihfwo| glvwlqjxlvkdeoh wkhq vrph shrsoh

pd| plvfodvvli| wkhpvhoyhv1 Wkh plvfodvvl�fdwlrq huuru zloo ghshqg rq wkh vdpsoh vl}h

dqg rq wkh gl�huhqfh lq wkh sdudphwhuv ri wkh suredelolw| glvwulexwlrqv ri shuirupdqfh

dfurvv wkh wzr w|shv> wkh ohvv wkh wzr w|shv duh dolnh lq whupv ri delolw|/ wkh idvwhu

wkh uhyhodwlrq ri w|sh dqg wkh vpdoohu wkh olnholkrrg ri dq rffxsdwlrqdo plvwdnh1 Wkh

huuru pd| dovr ghshqg rq wkh idyrudeohqhvv ri wkh vwdwh ri qdwxuh gxulqj vdpsolqj1 Lw lv

frqfhlydeoh wkdw zkhq suh| lv sohqwlixo/ wkh shuirupdqfh ri erwk w|shv zloo eh frpsdudeoh

+vkrrwlqj dffxudf| lv qrw d elj idfwru zkhq rqh uxqv lqwr d odujh khug ri dqlpdov,1 Rq wkh

rwkhu kdqg/ zkhq suh| lv vfdufh/ wkh %qdwxudo% kxqwhuv pd| vljql�fdqwo| rxwshuirup wkh

uhvw1 Dgyhuvh frqglwlrqv fdq wkxv suryh pruh lqirupdwlyh/ dqg pd| kdyh wkh srwhqwldo wr

lpsuryh wkh vhohfwlrq surfhvv dqg wkh doorfdwlrq ri uhvrxufhv1 D vshfldo fdvh ri lqwhuhvw

lv zkhq vhyhuh dgyhuvlw| fdq lpphgldwho| lqgxfh d vhsdudwlqj htxloleulxp21

Vlplodu frqvlghudwlrqv duh dw zrun lq pdq| hfrqrplf ghflvlrqv/ dqg lq sduwlfxodu/ lq

wkrvh shuwdlqlqj wr rffxsdwlrqdo dqg hqwuhsuhqhxuldo fkrlfhv1 Lw vhhpv sodxvleoh wkhq

wkdw uhfhvvlrqv pd| frqwulexwh wr juhdwhu hfrqrplf h�flhqf| e| surylglqj shrsoh zlwk

wkh lqirupdwlrq wkh| qhhg lq rughu wr pdnh pruh nqrzohgjhdeoh hfrqrplf ghflvlrqv1

Wklv grhv qrw/ krzhyhu/ phdq wkdw vlplodu lqirupdwlrqdo dgydqwdjhv zloo eh hqmr|hg e|

dq hfrqrp| zklfk h{shulhqfhv hfrqrplf �xfwxdwlrqv frpsduhg wr rqh wkdw vxffhvvixoo|

vwdelol}hv erwk vlghv ri wkh exvlqhvv f|foh1 Wklv lv gxh wr wkh idfw wkdw h{sdqvlrqv pd|
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fduu| wrr olwwoh lqirupdwlrq iru glvfulplqdwlrq1 Zkhwkhu wkh qhw vxp ryhu wkh exvlqhvv

f|foh lv juhdwhu wkdq wkdw dfklhyhg xqghu vrph ru shuihfw vwdelol}dwlrq ghshqgv rq vhyhudo

wklqjv= Wkh irup ri vnhzqhvv lq frpsdudwlyh 0dfurvv w|shv0 f|folfdo shuirupdqfh> wkh

v|pphwu| ri wkh h�hfwv ri exvlqhvv f|foh dfurvv dfwlylwlhv> dqg wkh w|sh ri vwdelol}dwlrq1

Zh vkrz wkdw wkh fxuydwxuh ri wkh ixqfwlrq ri uhodwlyh f|folfdo shuirupdqfh sod|v d fulwlfdo

uroh1 Lq jhqhudo/ wkh h{huflvh ri vwdelol}dwlrq srolf| fuhdwhv lqirupdwlrqdo lqh�flhqflhv

zkhq wkh gl�huhqfh lq wkh shuirupdqfh ri gl�huhqw w|shv lv d ghfuhdvlqj dqg frqyh{

ixqfwlrq ri wkh idyrudeohqhvv ri wkh vwdwh ri wkh exvlqhvv f|foh�1

Wkh prgho kdv lpsolfdwlrqv iru/ dprqj rwkhu wklqjv/ wkh sdwwhuq ri �up glvvroxwlrqv

dqg wkh surshuwlhv ri wkh hpslulfdo glvwulexwlrq ri shuirupdqfh lq dq| dfwlylw|1 Wkhvh

suhglfwlrqv fdq eh xvhg wr lqihu wkh vkdsh ri wkh ixqfwlrq ri uhodwlyh shuirupdqfh dqg

khqfh wr dvvhvv wkh lqirupdwlrqdo uroh ri uhfhvvlrqv dqg2ru wkh exvlqhvv f|foh1 Lq wkh

hpslulfdo vhfwlrq zh h{dplqh wkh hpslulfdo glvwulexwlrq ri jurzwk udwhv ri vdohv ri wkh

�upv frqwdlqhg lq wkh Frpsxvwdw gdwd edvh1 Wkh 0lpsolhg0 vkdsh ri wkh ixqfwlrq ri uhod0

wlyh shuirupdqfh lqglfdwhv wkdw uhfhvvlrqv fdq hqkdqfh wkh delolw| wr glvfulplqdwh dprqj

w|shv1 Wkh dqdo|vlv/ krzhyhu/ lv ohvv vxffhvvixo lq hvwdeolvklqj wkh qhw lqirupdwlrqdo

frqwulexwlrq ri wkh exvlqhvv f|foh1

Vhfwlrq 4 ghvfulehv wkh rswlpdo vhtxhqwldo surfhgxuh xvhg lq rffxsdwlrqdo +hqwuhsuhqhxuldo,

ghflvlrqv1 Vhfwlrq 5 ghulyhv wkh hpslulfdo lpsolfdwlrqv dqg Vhfwlrq 6 suhvhqwv wkh hpslu0

lfdo �qglqjv1

41Wkh Wkhru|

Frqvlghu dq hfrqrp| wkdw frqvlvwv ri wzr w|shv ri lqglylgxdov= k0w|sh +kljk delolw|,

dqg o0w|sh +orz delolw|,> dqg shuplwv wzr srvvleoh dfwlylwlhv +fduhhuv,= hqwuhsuhqhxuvkls

+ghqrwhg e| h, dqg zrunpdqvkls +ghqrwhg e| z,1 Ohw hdfk w|sh eh %ehvw pdwfk% wr rqh

ri wkh wzr dfwlylwlhv +wkh frqfhsw ri %ehvw pdwfk% zloo eh pdgh pruh suhflvh vkruwo|,1

Dvvxph dovr wkdw rqh*v wuxh w|sh lv qrw nqrzq zlwk fhuwdlqw| exw pd| eh uhyhdohg 0

sduwldoo| ru ixoo|0 iurp revhuydwlrqv ri shuirupdqfh1 Ohw {�| eh wkh shuirupdqfh ri dq

lqglylgxdo 0zkr grhv qrw nqrz klv wuxh w|sh l> l @ k> o0 lq dfwlylw| m> m @ h>z/ lq shulrg

w1 Ohw {�| ghshqg/ lq dgglwlrq wr rqh*v w|sh rq wzr h{rjhqrxv/ udqgrp yduldeohv/ v�| dqg
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x��|> v�| lv d frqwhpsrudqhrxvo| revhuydeoh yduldeoh uhsuhvhqwlqj wkh idyrudeohqhvv ri wkh

djjuhjdwh vwdwh ri qdwxuh lq dfwlylw| m/ zklfk/ lq rxu prgho lv fdswxuhg e| wkh vwdwh ri

wkh exvlqhvv f|foh> x��| lv xqrevhuydeoh dqg uhsuhvhqwv wkh h�hfwv ri oxfn1 Zh zloo dvvxph

wkdw v dqg x duh xqfruuhodwhg dqg wkdw wkh yduldqfh ri x lv lqghshqghqw ri v +wkh odwwhu

dvvxpswlrq lv fulwlfdo iru wkh pdlq uhvxowv ri wklv sdshu,1 Wkh djhqwv* remhfwlyh lv wr

ghylfh dq rswlpdo olihwlph dfwlylw| 0fduhhu0 sodq1

Wkh rffxsdwlrqdo fkrlfh idfhg gxulqj dq| shulrg fdq eh prvw iuxlwixoo| dqdo|}hg dv

d vhtxhqwldo vwdwlvwlfdo jdph zlwk wkh hfrqrplf djhqw sod|lqj d jdph djdlqvw qdwxuh1

Lq hdfk shulrg/ wkh djhqw pxvw vhohfw dq dfwlylw| wr sduwlflsdwh lq1 Qdwxuh wkhq pryhv

dqg jhqhudwhv h{rjhqrxvo| dq revhuydwlrq ri shuirupdqfh/ {� 1 Vxfk d ghflvlrq surfhvv

idoov lq wkh fdwhjru| ri wzr0duphg edqglw jdphv1 Lq wkh suhvhqw sdshu zh zloo irfxv rq d

vshfldo fdvh ri wklv fodvv ri vwdwlvwlfdo jdphv e| lpsrvlqj vrph uhvwulfwlrqv rq wkh phqx

ri dfwlrqv wkdw zloo eh dydlodeoh dw dq| srlqw lq wlph1 Lq sduwlfxodu/ zh zloo dvvxph wkdw

diwhu wkh lqlwldo fkrlfh ri dfwlylw| 0zklfk rffxuv ehiruh dq| revhuydwlrqv kdyh ehhq wdnhq0

hdfk lqglylgxdo lv doorzhg rqo| rqh fduhhu vzlwfk lq klv olihwlph1 Wklv grhv qrw uhsuhvhqw

dq| orvv ri jhqhudolw| dqg fdq eh mxvwl�hg e| dsshdolqj wr dssursuldwho| odujh �{hg frvwv

wkdw pd| uhvxow iurp pxowlsoh fduhhu fkdqjhve1

Dvvxph wkdw wkh udqgrp yduldeohv {��> {�2> = = = > m @ h>z uhsuhvhqwlqj shuirupdqfh lq

dfwlylw| m duh dydlodeoh iru revhuydwlrq dqg ohw i+{�?ml,> q @ 4> 5> === eh wkh fruuhvsrqglqj

ghqvlw| ixqfwlrqv1 Jlyhq wkh vxemhfw ri wklv zrun/ lw lv qdwxudo wr shuplw wkh {*v wr

eh wdnhq vhtxhqwldoo|1 Ohw ]| eh wkh vdpsoh vsdfh ri {�|> w @ 4> 5> = = = dqg dvvxph wkdw

[| @ +{��> {�2> ==> {�|j/ kdv ghqvlw| !+[|ml,> l @ k> o/ rq ]� � == � ]|1 Dwwhqwlrq zloo eh

uhvwulfwhg wr vlwxdwlrqv lq zklfk wkh {*v duh lqghshqghqw revhuydwlrqv vr wkdw !+[|ml, @
�|
?'�i+{?ml,=
Rxu remhfwlyh lv wr ghulyh dqg fkdudfwhul}h wkh rswlpdo vhtxhqwldo ghflvlrq surfhgxuh1

Zh zloo dvvxph wkdw wkh fkrlfh ri dfwlylw| wr eh sxuvxhg lq shulrg w> w @ 4> 5> = = =/ lv pdgh

ehiruh wkh fxuuhqw revhuydwlrq ehfrphv dydlodeoh1 Wkdw lv/ wkh ghflvlrq lv frqglwlrqdo

rq d vdpsoh frqvlvwlqj ri revhuydwlrqv h{whqglqj xs wr wkh suhylrxv shulrg/ w � 41 Wkh

rswlpdo surfhgxuh hvvhqwldoo| lqyroyhv wzr ghflvlrqv= wkh lqlwldo fkrlfh ri dfwlylw| pdgh

lq wkh ehjlqqlqj ri shulrg 4> dqg wkh vxevhtxhqw ghflvlrq wr vzlwfk ru qrw pdgh lq shulrg
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w/ w A 41

Dw hdfk srlqw lq wlph/ dq lqglylgxdoD fdq eh wkrxjkw dv whvwlqj wzr k|srwkhvhv=

Ke| = ehwwhu r� ehlqj lq hqwuhsuhqhxuvkls lq shulrg w/ djdlqvw K�|= ehwwhu r� ehlqj lq

zrunpdqvkls lq shulrg w1 Ohw xv frqvlghu wkh sureohp idfhg e| vrphrqh zkr �qgv klpvhoi

lq hqwuhsuhqhxuvkls lq wkh ehjlqqlqj ri shulrg w> w @ 5> 6> ==1 Dq dfwlylw| lv vhohfwhg lq

rughu wr pd{lpl}h h{shfwhg olihwlph lqfrph/

H|Ye+s|> v|> xe|
, @ pd{iH|Y�+s|> v|> x�|,>

H|^\e+s|> v|> xe|
, . �Ye+s|n�> v|n�> xe|n�

,`j
+4,

vxemhfw wr wkh odz ri prwlrq ri s|n�

s|n�+k, @
s+k,S +[|mk,

s+k,S +[|mk, . s+o,S +[|mo, +5,

zkhuh s|n�+k, lv wkh srvwhulru suredelolw| ri ehlqj dq k0w|sh diwhu kdylqj revhuyhg

[|> s+l, lv wkh sulru suredelolw|
S ri ehlqj dq l0w|sh dqg S +[|ml, lv wkh olnholkrrg ixqfwlrq

ri [ iru w|sh l1 Y� lv wkh ydoxh ixqfwlrq ri dq lqglylgxdo rshudwlqj lq dfwlylw| m> ��^3> 4`

lv wkh glvfrxqw idfwru/ H| lv h{shfwdwlrq frqglwlrqdo rq s| dqg

xe @ ix�e> x,ej> x� @ ix��> x,�j

H|Ye+s|> v|> xe|, @ s|Y�e+v|> x�e|, . +4� s|,Y,e+v|> x,e|, +4d,

H|\e+s|> v|> xe|, @ s|H|{�e+v|> x�e|, . +4� s|,H|{,e+v|> x,e|, +4e,

H|Y�+s|> v|> x�|, @ pd{iH|^\�+s|> v|> x�|, . �Y�+s|n�> v|n�> x�|n�,`j +4f,

H|Y�+s|> v|> x�|, @ s|Y��+v|> x��|
, . +4� s|,Y,�+v|> x,�|

, +4g,

H|\�+s|> v|> x�|, @ s|H|{��+v|> x�e|, . +4� s|,H|{,�+v|> x,e|
, +4h,

zkhuh Y�� lv wkh ydoxh ixqfwlrq ri w|sh l lq dfwlylw| m/ dqg {�� lv wkh shuirupdqfh ri w|sh

l lq m1 Htxdwlrqv +4d,0+4h, gh�qh wkh h{shfwhg sd|r�v dvvrfldwhg zlwk hdfk w|sh lq hdfk

dfwlylw|1

Wkh UKV ri +4, frqvlvwv ri wzr whupv1 Wkh �uvw rqh lv wkh h{shfwhg olihwlph hduq0

lqjv ri dq hqwuhsuhqhxu zkr vzlwfkhv wr zrunpdqvkls1 Wkh vhfrqg whup lv wkh h{shfwhg
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sd|r� hqmr|hg e| vrphrqh zkr ghflghv wr uhpdlq iru dw ohdvw rqh pruh shulrg lq hq0

wuhsuhqhxuvkls1 Qrwh wkdw wkh ghflvlrq sureohp ri dq djhqw zkrvh lqlwldo fkrlfh zdv

zrunpdqvkls lv frpsohwho| dqdorjrxv wr wkdw ghvfulehg lq +4,,1 Iru wkh rffxsdwlrqdo

ghflvlrq wr eh qrqwulyldo hdfk w|sh pxvw eh ehwwhu r� lq d gl�huhqw dfwlylw|1 Zh zloo

dvvxph 0Dvvxpswlrq 40 wkdw wkh kljk w|sh*v ehvw pdwfk lv lq hqwuhsuhqhxuvkls dqg wkh

orz w|sh*v lq zrunpdqvkls +wklv dvvljqphqw lv dovr dvvxphg wr eh lqghshqghqw ri wkh

ghjuhh ri vwdelol}dwlrq,1

Dvvxpswlrq 4 +Ehvw pdwfk,= H|{�e A H|{��> H|{,� A H|{,e

Zh �uvw suryh wkh h{lvwhqfh ri dq lqwhulru vroxwlrq iru wkh fkrlfh ri dfwlylw| +Sursr0

vlwlrq 4,1 Zh wkhq vkrz wkdw vxfk dq htxloleulxp fdq eh uhdfkhg iurp dq| vhw ri sulru

eholhiv +Sursrvlwlrq 5,1 Dqg/ �qdoo|/ zh fkdudfwhul}h wkh surshuwlhv ri wkh htxloleulxp dv

d ixqfwlrq ri wkh ghjuhh ri vwdelol}dwlrq srolf| +Sursrvlwlrqv 7> 8> 9,1

Sursrvlwlrq 4 Wkhuh h{lvwv d �s+[|, =

H|^\e+s|> v|> xe|, . �Ye+s|n�> v|n�> xe|n�,` � H|^Y�+s|> v|> x�|, iru s| � �s

H|^\e+s|> v|> xe|, . �Ye+s|n�> v|n�> xe|n�,` ? H|^Y�+s|> v|> x�|, iru s| ? �s

Wkh rswlpdo uxoh lv wr uhpdlq lq hqwuhsuhqhxuvkls dv orqj dv s| � �s dqg wr vzlwfk wr

zrunpdqvkls rwkhuzlvh1

Zh qrz ghulyh wkh rswlpdo ghflvlrq xvlqj wkh Vhtxhqwldo Suredelolw| Udwlr Whvw/

VSUW +Zdog/ 4<7:,1 Dffruglqj wr Sursrvlwlrq 4/ zrunpdqvkls lv wkh dfwlylw| ri fkrlfh

lq shulrg w> w A 4 li

s|+km[|3�,H|^\khw . �s|n�+km[|,Ykhw` .

s|+om[|3�,H|^\ohw . �s|n�+om[|,Yohw`

?

s|+km[|3�,H|^\kzw . �s|n�+km[|,Ykzw` .

s|+om[|3�,H|^\ozw . �s|n�+om[|,Yozw`

+6,

zklfk fdq eh uhzulwwhq dv

:



s|+km[|3�,

s|+om[|3�,
?

+Z,�| �Z,e|,

+Z�e| �Z��|,
� D| +7,

zkhuh Z�e| @ H|^\khw . �s|n�+km[|,Ykhw dqg vr rq1 Wkhq Z��| lv wkh h{shfwhg

olihwlph hduqlqjv ri w|sh l zkr vwd|hg lq dfwlylw| m gxulqj shulrg w1 Khqfh/ Z,�| �
Z,e| lv wkh orvv vx�huhg e| d orz w|sh zkr ghflghv wr vshqg dq dgglwlrqdo shulrg lq

hqwuhsuhqhxuvkls> dqg Z�e| �Z��| lv wkh orvv vx�huhg e| d kljk w|sh zkr shupdqhqwo|

vzlwfkhv wr zrunpdqvkls1 Xvlqj Ed|hv* uxoh lq +7, zh kdyh

s|+[|3�mk,
s|+[|3�mo, ? D|

s+o,

s+k,
� U| +8,

Ohw }? @ orj^i+{?mk,@i+{?mo,` dqg V| @ 	|
?'�}?1 Wdnlqj orjdulwkpv lq htxdwlrq +8,

surgxfhv Sursrvlwlrq 51

Sursrvlwlrq 5 Wkh rswlpdo ghflvlrq ri dq hqwuhsuhqhxu. lq shulrg w> w A 4/ lv= vwd| lq

hqwuhsuhqhxuvkls li V|3� � oqU|>rwkhuzlvh/ vzlwfk wr zrunpdqvkls=

Xvlqj wkh gh�qlwlrq ri wkh srvwhulru suredelolw| glvwulexwlrq/ wkh fulwhulrq fdq eh

uhvwdwhg lq whupv ri wkh srvwhulru suredelolw|/

Li s| � D|@+4 .D|, wkhq vwd| lq hqwuhsuhqhxuvkls>

rwkhuzlvh vzlwfk wr zrunpdqvkls1

Khqfh/ wkh fulwlfdo ydoxh ri s/ �s> lv jlyhq e|

�s @ D|@+4 .D|, +9,

Wkh ghflvlrq sureohp idfhg lq wkh ehjlqqlqj ri shulrg 4 +wkh lqlwldo vhohfwlrq, lv

vrphzkdw gl�huhqw iurp wkdw idfhg gxulqj vxevhtxhqw shulrgv1 Wklv lv gxh wr wkh idfw

wkdw wkh lqlwldo ghflvlrq lv dozd|v uhyhuvleoh1 Frqvhtxhqwo|/ wkh h{shfwhg hduqlqjv ri d

kljk w|sh zkr vwduwv rxw lq zrunpdqvkls h{fhhg wkrvh ri d kljk w|sh zkr 0plvwdnhqo|0

vzlwfkhv iurp hqwuhsuhqhxuvkls wr zrunpdqvkls +Y��| ? Y���> w A 4, gxh wr wkh ydoxh ri

;



wkh rswlrq wr vzlwfk1 Qhyhuwkhohvv/ wkh fulwhulrq iru wkh lqlwldo vhohfwlrq wdnhv wkh vdph

irup dv ehiruh/ qdpho|/

Li s| � D�|@+4 .D�|, vhohfw hqwuhsuhqhxuvkls>

rwkhuzlvh vhohfw zrunpdqvkls
+:,

zkhuh D�| lv gh�qhg e| htxdwlrqv dqdorjrxv wr wkrvh gh�qlqj D|1 Lw fdq eh vhhq wkdw

D� A D/ zklfk lpsolhv wkdw wkh fulwlfdo ydoxh �s+D�, h{fhhgv �s+D,1 Wkh srvvlelolw| ri dq

luuhyhuvleoh rffxsdwlrqdo huuru glfwdwhv juhdwhu fdxwlrq1

Lw uhpdlqv wr vkrz wkdw dq lqwhulru vroxwlrq iru wkh doorfdwlrq ri uhvrxufhv h{lvwv

iru doo vhwv ri sulru eholhiv1 Zh qhhg wr suryh wkdw wkh vhtxhqwldo surfhgxuh ghvfulehg

deryh lv surshu 0wkdw lv/ lw whuplqdwhv zlwk suredelolw| rqh0 iru d orz w|sh vdpsolqj lq

hqwuhsuhqhxuvkls +dqg d kljk w|sh vdpsolqj lq zrunpdqvkls,1 Ohw Q,e eh wkh vwrsslqj

+vzlwfk, wlph ri wkh VSUW ri wkh orz w|sh zkrvh lqlwldo fkrlfh zdv wr vdpsoh lq hq0

wuhsuhqhxuvkls> dqg S,e eh wkh sgi ri Q,e1 Li i+{|mk, dqg i+{|mo, gl�hu zlwk srvlwlyh

suredelolw| 0zklfk lv uhtxluhg li wkh gh�qlwlrq ri w|sh lv wr eh phdqlqjixo0 wkhq lw lv zhoo

nqrzq wkdw +vhh/ iru lqvwdqfh/ Ehujhu/ 4<;8,

Sursrvlwlrq 6 S,e+Q,e ? 4, @ 4> S��+Q�� ? 4, @ 4

Sursrvlwlrq 6 lpsolhv wkdw plvpdwfkhv dulvlqj iurp wkh lqlwldo vhohfwlrq ri dfwlylw| duh

hyhqwxdoo| fruuhfwhg1 Plvpdwfkhv gxh wr plvwdnhq vzlwfklqj/ krzhyhu/ duh shupdqhqw

+ehfdxvh ri wkh vlqjoh vzlwfk dvvxpswlrq,1

Wr idflolwdwh wkh h{srvlwlrq zh zloo qrz pdnh wkh dvvxpswlrq wkdw wkh revhuydwlrqv

ri shuirupdqfh frph iurp qrupdo glvwulexwlrqv1 Qdpho|/

{�| � Q+���+v�|,> �
2, l @ k> o m @ h>z

Zh zloo vhw ve| @ v�| wkdw lv/ zh zloo irfxv rq djjuhjdwh vkrfnv h{foxvlyho|1

Qrupdolw| lv khosixo iru fdofxodwlqj wkh hvwlpdwru ri w|sh1 Lq jhqhudo/ wkh irup ri

wkh rswlpdo hvwlpdwru ghshqgv rq wkh irup ri wkh orvv ixqfwlrq xvhg1 Krzhyhu/ xqghu

qrupdolw| wkh srvwhulru glvwulexwlrq lv v|pphwulf dqg wkxv wkh srvwhulru phdq lv wkh

rswlpdo hvwlpdwru ri w|sh 0lq rxu fdvh wkh phdq0 lqghshqghqw ri wkh irup ri wkh orvv

ixqfwlrqH1 Ohw

<



[W

�e @ q3�	?
|'�{�e|

Frqvhtxhqwo|/

[W

�e � Q+�W�e> �
2@q, li vdpsohg iurp wkh k0srsxodwlrq

[W

,e � Q+�W,e> �
2@q, li vdpsohg iurp wkh o0srsxodwlrq

zkhuh �W�e @ q3� 	?
�'���e+v� , dqg �W,e @ q3� 	?

�'��,e+v� , dqg �W�e A �W�e

Wkh VSUW fulwhulrq iru d kljk w|sh lq shulrg w A 4 wdnhv wkh irup

Vhohfw hqwuhsuhqhxuvkls li [W � �>

rwkhuzlvh vhohfw zrunpdqvkls
+;,

zkhuh � @ +�W� . �W, ,@5� ^+�2@w,@+�W� � �W, ,`

oqU

Lq wkh vshfldo fdvh zkhuh erwk wkh sulru suredelolwlhv dqg wkh orvv ixqfwlrqv dvvrfldwhg

zlwk wkh zurqj ghflvlrq duh htxdo/ wkh fulwhulrq ehfrphv yhu| vlpsoh dv � @ +�W�.�W, ,@51

Lq jhqhudo/ wkh odujhu wkh sulru suredelolw| ri ehlqj wkh kljk w|sh dqg2ru wkh odujhu wkh

frvw ri plvwdnhqo| jlylqj xs hqwuhsuhqhxuvkls wkh pruh frqfoxvlyh wkh vdpsoh hylghqfh

lq idyru ri ehlqj wkh orz w|sh kdv wr eh +d orz [W ru htxlydohqwo|/ d orz �s, lq rughu iru

dq lqglylgxdo wr eh lqgxfhg wr vzlwfk wr zrunpdqvkls1 D odujh sulru ri ehlqj d orz w|sh

wrjhwkhu zlwk kljk sd|r�v lq zrunpdqvkls uhodwlyh wr hqwuhsuhqhxuvkls vxssruw d kljk

fulwlfdo ydoxh iru [W dqg �s1

Lq wkh qh{w vhfwlrq zh wxuq wr wkh h{dplqdwlrq ri krz srolf| fdq d�hfw wkh vshhg

ri ohduqlqj +w|sh uhyhodwlrq,/ wkh dyhudjh ohqjwk ri vdpsolqj +shuvlvwhqfh ri wudqvlwru|

plvpdwfkhv, dqg wkh suredelolw| ri d shupdqhqw w|sh plvfodvvl�fdwlrq1 Doo ri wkhvh frq0

vlghudwlrqv duh ri reylrxv lpsruwdqfh iru hydoxdwlqj wkh lpsolfdwlrqv ri pdfurhfrqrplf

vwdelol}dwlrq srolf| iru vkruw dqg orqj whup h�flhqf| lq wkh doorfdwlrq ri uhvrxufhv1 Zh

vwxg| wkh h�hfwv ri srolflhv wkdw vwdelol}h wkh f|foh e| frpsdulqj wzr uhjlphv1 Xqghu

wkh �uvw rqh/ exvlqhvv f|fohv duh doorzhg wr wdnh sodfh +v ydulhv h{rjhqrxvo|,1 Xqghu wkh

rwkhu uhjlph/ wkh jryhuqphqw vwdelol}hv v dw lwv dyhudjh ydoxh/ vW +wkh exvlqhvv f|foh lv

frpsohwho| holplqdwhgb,1 Lqwhuphgldwh fdvhv fdq eh hdvlo| dffrpprgdwhg1 Dv d uhvxow ri

wkh glvwulexwlrqdo dvvxpswlrq pdgh deryh/ wkh glvwdqfh ehwzhhq wkh srsxodwlrq phdqv

43



zloo sod| wkh fulwlfdo uroh lq wkh hydoxdwlrq ri wkh doorfdwlrq h�hfwv ri srolf|1 Xqghu wkh

iruphu uhjlph/ wkh glvwdqfh lv jlyhq e|

�W� � �W, @ q3�	�'�^��+v� ,� �,+v� ,` @ q3�	j+v� , +<,

dqg xqghu wkh odwwhu

�W� � �W, @ ��+v�,� �,+v�, +43,

Li j lv frqyh{ +frqfdyh,/ wkhq wkh UKV ri +<, lv juhdwhu +vpdoohu, wkdq wkdw ri +43,

0iurp Mhqvhq*v lqhtxdolw|0 dqg wkh glvwulexwlrq ixqfwlrqv iru wkh wzr w|shv duh ixuwkhu

dsduw +forvhu, lq wkh devhqfh ri vwdelol}dwlrq srolf|1 Zh qrz vwxg| vhyhudo lpsruwdqw

glphqvlrqv ri doorfdwlrq h�flhqf| xqghu dowhuqdwlyh srolf| uhjlphv pdlqwdlqlqj wkh dv0

vxpswlrq ri qrupdolw|1

41L Wkh vshhg ri w|sh uhyhodwlrq +ohduqlqj,

Htxdwlrq +5, fdq eh zulwwhq dv

s|n� @
4

4 . OI|^s+o,@s+k,`
+44,

zkhuh OI| lv wkh udwlr ri wkh olnholkrrg ixqfwlrqv iru wkh orz dqg kljk w|sh uhvshfwlyho|1

Qrwh wkdw

olpOI|E|<"� @ if
"
/ olp s|E|<"� @ i� �u |h�i |)Ti �t �

f �u |h�i |)Ti �t *

vr wkdw wuxh w|sh lv uhyhdohg zlwk suredelolw| rqh1 Wkh ydoxh ri OI ghwhuplqhv wkh vorsh

ri wkh wlph sdwk ri s| dqg khqfh/ lw fdq eh orrvho| wkrxjkw dv phdvxulqj wkh vshhg ri

w|sh uhyhodwlrq +ohduqlqj,1 Wkh txhvwlrq ri lqwhuhvw frqfhuqv krz vwdelol}dwlrq srolf|

d�hfwv wkh vorsh ri wkh wlph sur�oh ri s1

Sursrvlwlrq 7 Iru dq| vdpsoh vl}h w/ wkh dyhudjh ydoxh ri OI| lv ghfuhdvlqj lq m �W���W, m
zkhq wkh wuxh w|sh lv k +lqfuhdvlqj zkhq wuxh w|sh lv o,1
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Li j lq htxdwlrq +<, lv d ghfuhdvlqj ixqfwlrq ri v wkhq uhfhvvlrqv r�hu wkh ehvw rssruwxqlwlhv

iru w|sh glvfulplqdwlrq1 Li j lv dovr frqyh{ lq v wkhq wkh glvwdqfh ehwzhhq wkh phdqv

ri wkh suredelolw| glvwulexwlrqv ri wkh kljk dqg orz w|shv lv juhdwhu lq wkh devhqfh ri

vwdelol}dwlrq1 Xqghu wkhvh frqglwlrqv vwdelol}dwlrq ohdgv wr d vorzhu dyhudjh %vshhg% ri

ohduqlqj derxw rqh*v w|sh e| pdnlqj wkh wlph sur�oh ri s �dwwhu1

Wkh ixqfwlrq j+v, lv ghfuhdvlqj li wkh iruwxqh ri wkh orz delolw| hqwuhsuhqhxu lv pruh

vhqvlwlyh wr wkh vwdwh ri wkh exvlqhvv f|foh wkdq wkdw ri wkh kljk delolw| rqh> j+v, lv frqyh{

li wklv vhqvlwlylw| ehfrphv pruh surqrxqfhg dv uhfhvvlrqv ehfrph pruh vhyhuh1 Lq jhqhudo/

frqyh{lw| phdqv wkdw wkh gl�huhqfh lq uhodwlyh shuirupdqfh lq hqwuhsuhqhxuvkls ehwzhhq

wkh wzr w|shv +dv phdvxuhg e| yduldeohv vxfk dv sur�wv/ vdohv/ hpsor|phqw orvvhv/ hwf1,

lv juhdwhu zkhq wlphv iru hqwuhsuhqhxuv duh edg1 Li wklv lv wkh fdvh/ wkh holplqdwlrq ri

uhfhvvlrqv vkxwv grzq d phfkdqlvp wkdw fduulhv wkh prvw ydoxdeoh slhfh ri lqirupdwlrq

qhhghg e| dvslulqj exvlqhvvphq wr lqihu wkhlu wuxh w|sh1 Ohduqlqj wdnhv sodfh hyhq zkhq

wkh exvlqhvv f|foh lv frpsohwho| vwdelol}hg exw dw d vorzhu udwh +wkh uhodwlyh frqwulexwlrq

ri qrlvh whqgv wr lqfuhdvh glvsursruwlrqdwho| zlwk wkh idyrudeohqhvv ri wkh exvlqhvv li j

lv frqyh{ dqg wkh yduldqfh ri x lv lqghshqghqw ri v,1

Li/ rq wkh rwkhu kdqg/ uhodwlyh shuirupdqfh lv d frqfdyh ixqfwlrq ri wkh exvlqhvv f|foh

wkhq vwdelol}dwlrq srolf| frqwulexwhv wr idvwhu uhyhodwlrq1 Zkloh rqh fdq vshfxodwh derxw

wkh sodxvlelolw| ri dowhuqdwlyh vkdshv wklv lv dq lvvxh wkdw fdq rqo| eh vhwwohg e| wkh

hpslulfdo hylghqfh +vhh vhfwlrq 6,1

Lw pxvw eh qrwhg wkdw wkh dvvxpswlrq pdgh hduolhu frqfhuqlqj wkh uhodwlrqvkls eh0

wzhhq wkh glvwulexwlrqv ri x dqg v lv devroxwho| fulwlfdo iru wkh uhvxowv rewdlqhg1 Uh0

fhvvlrqv duh pruh lqirupdwlyh zkhq wkh| duh dvvrfldwhg zlwk d vpdoohu %ryhuods% ri wkh

glvwulexwlrqv ri wkh wzr w|shv1 Wklv lv wuxh zkhq wkh dyhudjh gl�huhqfh lq shuirupdqfh

ehwzhhq wkh wzr w|shv lv ghfuhdvlqj lq wkh idyrudeohqhvv ri wkh exvlqhvv f|foh dqg/ dw

wkh vdph wlph/ wkh yduldqfh ri wkh xqrevhuyhg lglrv|qfudwlf vkrfn lv qrw ghfuhdvlqj lq

wkh idyrudeohqhvv ri wkh exvlqhvv f|foh1 Zh kdyh dvvxphg wkdw wkh yduldqfh ri x lv lq0

ghshqghqw ri v= Uhfhvvlrqv pd| zhoo eh shulrgv ri vorzhu ohduqlqj li wkh| duh dvvrfldwhg

zlwk d vx�flhqwo| odujhu yduldqfh iru x= Zkloh lw lv kdug wr wklqn ri uhdvrqv wkdw zrxog

pdnh shuvrqdo oxfn pruh yrodwloh gxulqj edg wlphv rqh fdqqrw uxoh wklv srvvlelolw| rxw1
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Qhyhuwkhohvv/ lw lv reylrxv krz fkdqjlqj wklv dvvxpswlrq zrxog d�hfw wkh uhvxowv1

41LL1 Wkh h{shfwhg vwrsslqj wlph

Dq lpsruwdqw glphqvlrq ri wkh doorfdwlrq ri uhvrxufhv frqfhuqv wkh gxudwlrq ri wudq0

vlwru| plvpdwfkhv1 Zh kdyh vkrzq wkdw wkh surfhvv ri w|sh uhyhodwlrq lv vorzhu xqghu

vwdelol}dwlrq li j lv frqyh{1 Vorzhu/ krzhyhu/ grhv qrw qhfhvvdulo| wudqvodwh lqwr orqjhu

ehfdxvh wkh srvlwlrq ri wkh �qlvk olqh/ wkh ydoxh ri �s/ pdwwhuv wrr1 Zh qrz wxuq wr wkh

fdofxodwlrq ri wkh dyhudjh vwrsslqj +vzlwfk, wlph iru d orz w|sh vdpsolqj lq hqwuhsuhqhxu0

vkls1

Wkh qh{w wkhruhp/ gxh wr Zdog +4<7:,/ fdq eh xvhg wr dssur{lpdwh wkh h{shfwhg

qxpehu ri revhuydwlrqv/ H+Q,/ uhtxluhg e| d VSUW 1

Wkhruhp= Vxssrvh wkdw }�> }2> = = = lv d vhtxhqfh ri lqghshqghqwo| dqg lghqwlfdoo| glv0

wulexwhg udqgrp yduldeohv vxfk wkdwH+}|, @ p> w @ 4> 5> === 1 Iru dq| vhtxhqwldo surfhgxuh

iru zklfk H+Q, ?4 wkh iroorzlqj uhodwlrq pxvw eh vdwlv�hg=

H+}� . }2 . = = =. }� , @ pH+Q,

Sursrvlwlrq 8 Wkh dssur{lpdwh h{shfwhg vwrsslqj wlph lv jlyhq e|

H+Q, @
H oqU

H+},
+45,

Wkh uhodwlrqvkls ehwzhhq srolf| dqg wkh shuvlvwhqfh ri rffxsdwlrqdo plvpdwfkhv lq

hqwuhsuhqhxuvkls ghshqgv rq wkh fxuydwxuh ri j dqg dovr rq krz srolf| d�hfwv uhodwlyh

lqfrphv lq wkh wzr dfwlylwlhv1 U lv lqfuhdvlqj ru ghfuhdvlqj lq wkh ghjuhh ri vwdel0

ol}dwlrq ghshqglqj rq zkhwkhu vwdelol}dwlrq ehqh�wv wkh zrunhuv pruh uhodwlyh wr wkh

hqwuhsuhqhxuv1 Li wkh h�hfwv duh v|pphwulf dfurvv dfwlylwlhv iru erwk w|shv ru li srolf|

idyruv wkh hqwuhsuhqhxuv/ wkhq wkh vwrsslqj wlph dqg mre plvpdwfkhv lq hqwuhsuhqhxu0

vkls duh xqdpeljxrxvo| surorqjhg xqghu vwdelol}dwlrq1 Rq wkh rwkhu kdqg/ li wkh zrunhuv

duh wkh pdlq ehqh�fldulhv ri vwdelol}dwlrq dqg li wklv h�hfw lv vwurqj/ wkhq wkh vwrsslqj

wlph pd| eh vkruwhqhg dv wkh lqfhqwlyh wr ehfrph d zrunhu lqfuhdvhv1 Qrwh/ krzhyhu/

wkdw lq wkh odwwhu fdvh vdpsolqj lq zrunpdqvkls ehfrphv pruh surorqjhg/ zklfk phdqv
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wkdw dv|pphwu| lq wkh h�hfwv ri wkh exvlqhvv f|foh ohdgv wr d wudgh r� lq shuvlvwhqfh lq

vdpsolqj dfurvv dfwlylwlhv1

Dq dowhuqdwlyh exw htxlydohqw zd| ri vwxg|lqj wkh shuvlvwhqfh ri wudqvlwru| plv0

pdwfkhv lv wkurxjk wkh dqdo|vlv ri wkh h�hfwv ri vwdelol}dwlrq rq wkh ydoxh ri wkh vzlwfk

suredelolw| �s1 Htxdwlrq +9, lpsolhv wkdw wkh fulwlfdo ydoxh lv lqfuhdvlqj lq D1 Li sro0

lf| grhv qrw idyru wkh zrunhuv wkhq �s+vwde, � �s+qr � vwde,> rwkhuzlvh wkh lqhtxdolw| lv

uhyhuvhg1 Lq wkh odwwhu fdvh/ vwdelol}dwlrq lpsolhv orqjhu vdpsolqj ehfdxvh ri lwv orzhu

%vshhg% ri ohduqlqj1 Lq wkh iruphu fdvh/ lwv h�hfw rq H+Q, lv dpeljxrxv= s| wudyhov d

vkruwhu glvwdqfh dw d vorzhu vshhg1

41LLL Wkh suredelolw| ri plvfodvvl�fdwlrq1

Zh qrz wxuq wr d uhodwhg lvvxh/ qdpho|/ krz wkh h{huflvh ri vwdelol}dwlrq srolf|

d�hfwv wkh suredelolw| ri w|sh plvfodvvl�fdwlrq1 Wkhuh duh wzr w|shv ri plvfodvvl�fdwlrq

wkdw pd| eh frpplwwhg e| lqglylgxdov zkr duh vdpsolqj lq hqwuhsuhqhxuvkls1 Rqh lv

wudqvlwru| dqg wkh rwkhu shupdqhqw1 Wkh wudqvlwru| huuru lv dvvrfldwhg zlwk wkh orz w|shv

zkr frqwlqxh sudfwlflqj hqwuhsuhqhxuvkls1 Lw zdv ghvfulehg lq wkh suhylrxv vxe0vhfwlrq1

Wkh shupdqhqw rqh 0zklfk dulvhv iurp wkh dvvxpswlrq ri dq luuhyhuvleoh fduhhu vzlwfk0

lv dvvrfldwhg zlwk wkrvh kljk w|sh djhqwv zkr plvwdnhqo| frqfoxgh wkdw wkhlu w|sh lv orz

dqg h{lw1

Uhfdoo wkdw wkh hqwuhsuhqhxu*v fulwhulrq iru d fodvvl�fdwlrq0rffxsdwlrq ghflvlrq lq

shulrg w lv= h{lw li [W ? �> vwd| li }W � � 1 Frqvhtxhqwo|/ wkh suredelolw| ri d shupdqhqw

plvfodvvl�fdwlrq lv +vhh Dqghuvrq/ 4<8;,

Sure+[W ? �mwuxh w|sh @ k, @ Sure^
s
w+[W � �W�,@� ?

s
w+� � �W�,@�mw|sh @ k` @

@ I +
s
w+� � �W�,@�,

dqg ri d wudqvlwru| plvfodvvl�fdwlrq

Sure+[W A �mwuxh w|sh @ o, @ Sure^
s
w+{W � �W, ,@� A

s
w+� � �W, ,@�mw|sh @ o` @

@ 4� I +
s
w+� � �W, ,@�,

zkhuh I lv Q+3> 4,=
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Li wkh orvv ixqfwlrqv duh v|pphwulf dqg wkh sulruv htxlsuredeoh U @ Ds+o,@s+k, @ 4

dqg vwdelol}dwlrq srolf| ohdgv wr kljkhu vkruw dqg orqj whup plvfodvvl�fdwlrq huuruv zkhq

j lv frqyh{1 Lwv h�hfwv/ krzhyhu/ duh dpeljxrxv li U 9@ 3/ iru h{dfwo| wkh vdph uhdvrq

wkdw lwv h�hfwv rq �s zhuh irxqg wr eh dpeljxrxv1 Zh kdyh wkh iroorzlqj uhvxow1

Sursrvlwlrq 9 Ohw j eh d frqyh{ ixqfwlrq ri wkh exvlqhvv f|foh1 Wkh suredelolw| ri

shupdqhqw plvfodvvl�fdwlrq lv lqfuhdvlqj lq wkh ghjuhh ri vwdelol}dwlrq li wkh h{huflvh ri

vwdelol}dwlrq srolf| grhv qrw idyru wkh hqwuhsuhqhxuv1

Surri= +�|��W�, @ �+�W���W, ,@5�^+�2@w,@+�W���W, ,`oqU1 I lv lqfuhdvlqj1 Zh kdyh vkrzq

wkdw oqU A 3 +rwkhuzlvh wkh lqglylgxdo zrxog qrw eh lq hqwuhsuhqhxuvkls,1 Zkhwkhu

�| � �W� lv ghfuhdvlqj lq �W� � �W, ru qrw ghshqgv rq E @ vljq igoqU@g^�W� � �W, `j1 Li

vwdelol}dwlrq ehqh�wv zrunhuv dw ohdvw dv pxfk dv lw ehqh�wv hqwuhsuhqhxuv wkhq E A 31

Frqvhtxhqwo|/ �| � �W� lv ghfuhdvlqj lq �W� � �W, dqg dqwlf|folfdo srolf| jhqhudwhv odujhu

shupdqhqw plvfodvvl�fdwlrq huuruv +wklv fruuhvsrqgv wr wkh fdvh zkhuh �s+vwde, � �s+qr�
vwde,,1

Li vwdelol}dwlrq idyruv wkh hqwuhsuhqhxuv/ wkhq lwv h�hfw rq wkh plvfodvvl�fdwlrq sure0

delolw| lv dpeljxrxv ghshqglqj rq wkh glvwulexwlrq ri wkh lqfrph jdlqv dulvlqj iurp

vwdelol}dwlrq dv zhoo dv wkh glvwdqfh ehwzhhq wkh phdqv +wkh vshhg ri ohduqlqj, dfurvv

wkh wzr uhjlphv1 Li wkh ehqh�wv duh juhdwo| vnhzhg lq idyru ri wkh hqwuhsuhqhxuv dqg

wkh gl�huhqfh lq wkh vshhgv ri ohduqlqj qrw yhu| juhdw/ vwdelol}dwlrq srolf| pd| jhqhudwh

d orzhu shupdqhqw udwh ri plvfodvvl�fdwlrq e| pdnlqj lw pruh d�rugdeoh wr vwd| orqjhu

lq hqwuhsuhqhxuvkls1 Wkh pruh h{whqvlyh vdpsolqj pd| khos vrph kljk w|shv zkr duh

kdylqj edg oxfn %vxuylyh% xqwlo wkhlu oxfn lpsuryhv1 Ri frxuvh/ lq wklv fdvh wkh vkruw uxq

plvpdwfkhv zloo eh hyhq pruh surqrxqfhg1

Zkdw lv wkh erwwrp olqh ri doo wklv dqdo|vlvB Lq jhqhudo/ wkh vhohfwlrq ri wkh vdpsoh

vl}h lqyroyhv d wudgh r� ehwzhhq wudqvlwru| dqg shupdqhqw plvdoorfdwlrqv1 Wkh orqjhu

vdpsolqj jrhv rq/ wkh juhdwhu wkh shuvlvwhqfh ri whpsrudu| plvpdwfkhv exw wkh vpdoohu

wkh suredelolw| ri shupdqhqw huuruv1 Li j lv frqyh{/ vwdelol}dwlrq srolf| vorzv grzq

wkh vshhg ri ohduqlqj dqg zruvhqv wkh wudgh r� ehwzhhq wudqvlwru| dqg shupdqhqw plv0

pdwfkhv zlwklq dq| dfwlylw|> dqg lw dovr zruvhqv wkh wudgh r� ehwzhhq wkh vdph w|sh

48



ri plvpdwfk dfurvv gl�huhqw dfwlylwlhv1 Li j lv frqfdyh/ vwdelol}dwlrq srolf| lpsuryhv

hfrqrplf h�flhqf|1

Lq rughu wr r�hu d zhoiduh dvvhvvphqw ri vwdelol}dwlrq srolf| zh qhhg wr nqrz lwv

uhodwlyh h�hfwv rq wkh sd|r�v wr wkh ydulrxv dfwlylwlhv dqg dovr srvvhvv d vrfldo zhoiduh

ixqfwlrq wkdw hydoxdwhv erwk wkh vkruw dqg wkh orqj whup plvpdwfkhv lq wkh ydulrxv

dfwlylwlhv1 Lq wkh devhqfh ri wklv lqirupdwlrq/ rqh pd| zdqw wr frqvlghu duelwudu| lq0

whuhvwlqj fdvhv1 Rqh vxfk fdvh dulvhv zkhq/ gxh wr 0shukdsv qrq olqhdu0 wlph ghshqghqw

frvwv ri fduhhu vzlwfklqj/ d shupdqhqw rffxsdwlrqdo ghflvlrq kdv wr eh pdgh zlwklq d

�{hg shulrg zkrvh hqg srlqw/ QW/ olhv dkhdg ri wkh rswlpdo vzlwfk wlph1 Wkh wudqvlwlrqdo

lqh�flhqflhv duh wkh vdph xqghu erwk uhjlphv +wkh ohqjwk ri vdpsolqj lv wkh vdph,1 Exw

wkh orqj whup lqh�flhqflhv duh gl�huhqw ghshqglqj rq wkh vshhg ri ohduqlqj1 Dqrwkhu

fdvh lqyroyhv htxlsuredeoh sulruv dqg v|pphwulf orvv ixqfwlrqv1 Xqghu wkhvh frqglwlrqv/

erwk wkh shupdqhqw dqg wudqvlwru| lqh�flhqflhv duh gl�huhqw ghshqglqj rq wkh h{huflvh

ri vxffhvvixo pdfurhfrqrplf vwdelol}dwlrq1

Srvvleoh h{whqvlrqv

Wkh prgho fdq eh h{whqghg lq vhyhudo gluhfwlrqv1 Rqh frxog lqyroyh fkdqjlqj wkh

ghflvlrq sureohp lwvhoi1 Iru lqvwdqfh/ rqh pljkw frqvlghu vlwxdwlrqv lq zklfk dq lqglylgxdo

fdq fkrvh qrw rqo| zklfk dfwlylw| wr vdpsoh lq exw dovr wkh lqwhqvlw| ri h�ruw wr ghyrwh

wr wkdw dfwlylw| +ru wr d sruwirolr ri dfwlylwlhv,1 Wkh ghjuhh ri ohduqlqj frxog wkhq eh

d�hfwhg e| wkh lqwhqvlw| ri wkh h�ruw1 Dqrwkhu urxwh pljkw lqyroyh wkh lqwurgxfwlrq ri

eldv lq wkh h{huflvh ri vwdelol}dwlrq srolf|1 Lq jhqhudo/ srolf|pdnhuv pd| eh pxfk pruh

frqfhuqhg derxw grzqwxuqv wkdq xswxuqv1 Li j lv frqyh{/ vhohfwlyh vwdelol}dwlrq srolf|

fdq ghsulyh dq hfrqrp| iurp wkh prvw lqirupdwlyh rxwfrphv zlwkrxw frpshqvdwlqj dw

wkh kljk hqg1 Lw fdq eh vkrzq wkdw lq vxfk d fdvh/ d vx�flhqwo| dv|pphwulf/ dqwlf|folfdo

srolf| fdq uhgxfh lqirupdwlrqdo h�flhqf| hyhq lq fdvhv zkhuh j lv olqhdu1 Ilqdoo|/ vhuldo

fruuhodwlrq lq wkh vwdwh ri wkh exvlqhvv f|foh frxog eh lqwurgxfhg1 D shuvlvwhqw exvlqhvv

f|foh zrxog dgg rqh pruh vwdwh yduldeoh wr wkh v|vwhp dqg zrxog d�hfw wkh shuvlvwhqfh

ri plvpdwfkhv dqg suredelolw| ri plvfodvvl�fdwlrq1

51 Hpslulfdo lpsolfdwlrqv
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Wkh ixqfwlrq ri f|folfdo uhodwlyh shuirupdqfh/ j/ lv wkh exloglqj eorfn ri rxu prgho1

Wkh vljq ri lwv �uvw ghulydwlyh ghwhuplqhv zkhwkhu uhfhvvlrqv fduu| vxshulru lqirupdwlrq

iru w|sh glvfulplqdwlrq +wkh| gr li j lv ghfuhdvlqj lq wkh idyrudeohqhvv ri wkh exvlqhvv

f|foh,1 Wkh vljq ri lwv vhfrqg ghulydwlyh ghwhuplqhv wkh qhw 0ryhu wkh f|foh0 h�hfw ri

vwdelol}dwlrq srolf| rq lqirupdwlrqdo h�flhqf| +wkh h�hfw lv qhjdwlyh li j lv frqyh{,1 Xq0

iruwxqdwho|/ dv w|shv duh qrw gluhfwo| revhuydeoh/ j lv qrw revhuydeoh hlwkhu1 Lq wklv vhfwlrq

zh vxjjhvw srvvleoh zd|v iru lqihuulqj lwv vkdsh e| uho|lqj rq vrph lpsruwdqw suhglfwlrqv

ri wkh wkhru|= rqh frqfhuqv wkh surshuwlhv ri wkh hpslulfdo glvwulexwlrq ri shuirupdqfh

ri �upv +ru lqglylgxdov, lq dq| dfwlylw|> dqrwkhu frqfhuqv wkh lpsolhg sdwwhuq ri exvlqhvv

glvvroxwlrqv1

L1 Lpsolfdwlrqv iru wkh hpslulfdo glvwulexwlrq ri shuirupdqfh

Wkh surshuwlhv ri wkh ixqfwlrq ri uhodwlyh shuirupdqfh fdq eh ghgxfhg iurp wkh

f|folfdo ehkdylru ri wkh hpslulfdo glvwulexwlrq ri shuirupdqfh lq dq| dfwlylw|1

Sursrvlwlrq : Ohw [? @ +{�> {2> ==> {?, dqg \6 @ +|�> |2> ==> |6, eh revhuydwlrqv ri

shuirupdqfh ri wzr lqglylgxdov ri gl�huhqw w|sh lq wkh vdph dfwlylw|1 Ohw �� dqg �, eh

wkh phdq dqg �� dqg �, wkh yduldqfh ri [? dqg \6 uhvshfwlyho|1 Frqvlghu wkh xqlrq

ri wkh wzr vdpsohv/ T� @ [? ^ \6> P @ q. p1 Ohw t� 5 T� zkhuh t� lv qrw nqrzq

zkhwkhu lw fdph iurp [? ru \6dqg ohw � ghqrwh wkh suredelolw| glvwulexwlrq ri t1

d, H t @ � @ +q@P,��.+p@P,�, / Y du+t, @ � @ +q@P,��.+p@P,�,.+����,,
2@51

e, Ohw t+u, eh wkh u0wk txdqwloh ri t�1 Ixuwkhupruh/ dvvxph wkdw t� lv qrupdo1 Wkhq

g m t+u,� t+4@5, m @g m �� � �, mA 31

Sursrvlwlrq : vxjjhvwv wkh iroorzlqj zd| ri lqihuulqj wkh vkdsh ri j1 Li j lv frxqwhu0

f|olfdo +j�+v, ? 3, wkhq wkh yduldqfh ri wkh hpslulfdo suredelolw| glvwulexwlrq zlwklq dq|

dfwlylw| lv lqfuhdvlqj lq wkh vhyhulw| ri wkh uhfhvvlrq +uhfdoo wkdw wkh vdpsoh phdqv duh

ixuwkhu dsduw gxulqj uhfhvvlrqv zkhq j lv ghfuhdvlqj lq v,1 Pruhryhu/ wkh udqn vwdwlvwlfv

ri wklv glvwulexwlrq rxjkw wr jurz ixuwkhu dsduw dv wlphv zruvhqhg1 Lw lv hdv| wr vkrz

wkdw wkh fxuydwxuh ri j fdq eh lqihuuhg iurp wkh vljq ri g2�@gv2 dqg g+t � �,2@gv2+ru

iurp wkh ehkdylru ri wkh glvwdqfh ehwzhhq dq| sdlu ri shufhqwlohv,1
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L1 Lpsolfdwlrqv iru �up h{lw

Wkh prgho fdq eh xvhixoo| dssolhg wr vwxg| wkh sdwwhuqv ri �up h{lw1 Dffruglqj wr

wkh wkhru| ghyhorshg khuh/ d exvlqhvv forvxuh lv wkh uhvxow ri dffxpxodwhg lqirupdwlrq

lqglfdwlqj wkdw wkh fkrvhq dfwlylw| grhv qrw uhsuhvhqw wkh ehvw pdwfk�f1 Wkh vlpsohvw

zd| wr uhodwh wkh vkdsh ri wkh ixqfwlrq ri �up forvxuhv wr wkh vkdsh ri wkh ixqfwlrq ri

uhodwlyh shuirupdqfh lv e| prgli|lqj wkh dvvxpswlrq wkdw wkh exvlqhvv f|foh vkrfn lv

vhuldoo| xqfruuhodwhg1 Lw fdq eh vkrzq wkdw zlwk srvlwlyh vhuldo fruuhodwlrq lq wkh vwdwh ri

wkh exvlqhvv f|foh/ dfwlylw| vzlwfkhv +%exvlqhvv idloxuhv%, duh pruh olnho| wr rffxu gxulqj

edg wlphv1 Dqg pruhryhu/ wkdw wkh vkdsh ri wkh ixqfwlrq ri f|folfdo exvlqhvv forvxuhv

zloo pdwfk wkh vkdsh ri wkh ixqfwlrq ri uhodwlyh shuirupdqfh��1 Ehiruh frqfoxglqj wklv

vhfwlrq lw lv lpsruwdqw wr pdnh rqh �qdo revhuydwlrq1 Wkh prgho fduulhv lpsolfdwlrqv iru

wkh uhodwlrqvkls ehwzhhq yrodwlolw| dqg vkruw dqg orqj whup shuirupdqfh1 Ohw xv ghqrwh

e| VU/ OU dqg Y VU vrph phdvxuh ri vkruw whup shuirupdqfh/ orqj whup shuirupdqfh

dqg wkh yduldqfh ri vkruw whup shuirupdqfh uhvshfwlyho| +wkh jurzwk udwh ru wkh ohyho

ri rxwsxw pljkw eh vxfk d phdvxuh,1 Li j+v, lv ghfuhdvlqj wkhq wkhuh lv d qhjdwlyh

uhodwlrqvkls ehwzhhq VU dqg Y VU +ehfdxvh ri Sursrvlwlrq :,1 Pruhryhu/ li j+v, lv

frqyh{ wkhq wkhuh h{lvwv d srvlwlyh uhodwlrqvkls ehwzhhq Y VU dqg OU1 Hfrqrplhv zklfk

h{shulhqfh juhdwhu vkruw whup f|folfdo yrodwlolw| rxjkw wr shuirup ehwwhu lq wkh orqj uxq1

Wkhvh suhglfwlrqv fdq dovr eh xvhg dv d phdqv ri lqihuulqj wkh vkdsh ri j+v,1 Ilqdoo|/

qrwh wkdw xqolnh wkh udwlrqdo h{shfwdwlrqv lpshuihfw lqirupdwlrq prghov ri wkh exvlqhvv

f|foh lq zklfk djjuhjdwh �xfwxdwlrqv duh d vrxufh ri juhdwhu frqixvlrq/ lq rxu prgho

djjuhjdwh �xfwxdwlrqv uhgxfh qrlvh1

61 Hpslulfdo uhvxowv

Zh qrz wxuq wr wkh hpslulfdo hylghqfh1 Rqh vkrxog eh dzduh ri wzr srvvleoh sure0

ohpv= rqh lv wkdw wkh yduldqfh ri wkh lglrv|qfudwlf vkrfn pd| eh dq lqfuhdvlqj ixqfwlrq ri

wkh vhyhulw| ri grzqwxuqv> dqg wkh rwkhu lv wkdw wkh fxuydwxuh ri wkh ixqfwlrq ri uhodwlyh

shuirupdqfh pd| qrw eh lqyduldqw wr prqrwrqlf wudqvirupdwlrqv ri wkh pdfurhfrqrplf

dgyhuvlw| yduldeoh +iru lqvwdqfh/ wkh uhvxowv pd| gl�hu ghshqglqj rq zkhwkhu rqh xvhv

ohyhov/ orj0ohyhov/ jurzwk udwhv hwf1,1 Wkh odwwhu sureohp lv suhvhqw lq doo qrq0olqhdu
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prghov1

Zh sxuvxh wzr hpslulfdo vwudwhjlhv1 Wkh �uvw rqh lv edvhg rq wkh vwxg| ri wkh f|folfdo

ehkdylru ri exvlqhvv idloxuhv lq wkh XV�2

Wkh gdwd uhsuhvhqw wkh qxpehu ri idloxuhv shu 43/333 frqfhuqv +wkh idloxuh udwh,1 Wkh|

duh prqwko|/ vhdvrqdoo| dgmxvwhg/ h{whqg iurp 4<7:=34 wr 4<:;=45 dqg zhuh frpslohg e|

Gxq dqg Eudgvwuhhw +vrxufh= Exvlqhvv Vwdwlvwlfv ri wkh Vxuyh| ri Fxuuhqw Exvlqhvv,1

Wdeoh 4 uhsruwv wkh uhvxowv iurp d uhjuhvvlrq ri wkh idloxuh udwh rq wkh lqgh{ ri lqgxvwuldo

surgxfwlrq +erwk vhulhv kdyh ehhq ghwuhqghg xvlqj wkh KS �owhu,1 D txdgudwlf whup

lv lqfoxghg lq rughu wr fdswxuh wkh fxuydwxuh ri wkh j ixqfwlrq1 Wkh uhvxowv 0zklfk duh

yhu| urexvw wr fkdqjhv lq wkh vshfl�fdwlrq0 lqglfdwh wkdw wkh idloxuh udwh lv d ghfuhdvlqj

ixqfwlrq ri wkh idyrudeohqhvv ri wkh exvlqhvv f|foh�� +j� ? 3,/ dqg pruhryhu/ wkdw j% A 3=

Wkh vhfrqg hpslulfdo vwudwhj| lv edvhg rq sursrvlwlrq :1 Zh fdofxodwh wkh hpslulfdo

glvwulexwlrq ixqfwlrq ri wkh jurzwk udwh lq dqqxdo vdohv ehwzhhq 4<:3 dqg 4<<3 iru wkh

frpsdqlhv frqwdlqhg lq wkh Frpsxvwdw gdwd edvh1

Wkh dqqxdo vdohv jurzwk yduldeoh xvhg lv d v|pphwulf/ erxqghg yduldeoh wkdw lv d

prqrwrqlf wudqvirupdwlrq ri wkh vwdqgdug jurzwk udwh +vr wkdw lqfuhdvhv dqg ghfuhdvhv

lq vdohv duh wuhdwhg v|pphwulfdoo|,1 Lw zdv frqvwuxfwhg dv j| @ +{|�{|3�,@=8+{|.{|3�,/

zkhuh {| lv uhdo vdohv lq shulrg w iru wkh �up xqghu frqvlghudwlrq1

Wdeoh 6 uhsruwv wkh uhvxowv iurp uhjuhvvlrqv ri wkh 0dqqxdo0 gl�huhqfhv ehwzhhq ydul0

rxv shufhqwlohv ri wkh hpslulfdo glvwulexwlrq ri vdohv rq wkh furvv0lqgxvwu| dyhudjh jurzwk

udwh ri vdohv1 Wzr vdpsohv zhuh hpsor|hg1 Rqh frqvlvwhg ri doo vwrfn h{fkdqjh olvwhg

�upv> dqg wkh rwkhu ri lwv vxevhw ri pdqxidfwxulqj frpsdqlhv1 Wkh w0 vwdwlvwlfv rxjkw

wr eh lqwhusuhwhg zlwk vrph fdxwlrq dqg rqo| dv lqglfdwlyh ehfdxvh wkh surshuwlhv ri wkh

hvwlpdwhg frh�flhqwv duh qrw nqrzq1 Qrqhwkhohvv/ lw lv zruwkzkloh qrwlqj wkdw wkh uh0

vxowv xqlirupo| lqglfdwh wkdw wkh gl�huhqfh lq uhodwlyh shuirupdqfh dfurvv wkh shufhqwlohv

lv frxqwhuf|folfdo1 Ghfuhdvhv lq dyhudjh %djjuhjdwh% shuirupdqfh duh dvvrfldwhg zlwk

d vsuhdg rxw ri wkh hpslulfdo glvwulexwlrq1 Vlplodu �qglqjv dsso| wr wkh uhodwlrqvkls

ehwzhhq wkh phdq +ru phgldq, dqg wkh vwdqgdug ghyldwlrq ri vdohv1 Qrwh/ wkrxjk/ wkdw

qr qrqolqhdu sdwwhuq lv ghwhfwhg zkhq wkh uhjuhvvlrqv duh dxjphqwhg wr lqfoxgh kljkhu

rughu sro|qrpldo whupv ri wkh dyhudjh jurzwk udwh +wkdw lv/ wkh dvvxpswlrq wkdw j lv
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olqhdu fdqqrw eh uhmhfwhg,1

Lq rughu iru wklv slhfh ri hylghqfh wr lqglfdwh wkdw uhfhvvlrqv duh pruh lqirupdwlyh/

lw pxvw dovr eh wkh fdvh wkdw/ rq dyhudjh/ wkh vdph frpsdqlhv uhpdlq dw wkh wrs +ru dw

wkh erwwrp, ri wkh glvwulexwlrq ri shuirupdqfh gxulqj gl�huhqw uhfhvvlrqv ru h{sdqvlrqv1

Wkh h{dplqdwlrq ri wkh iuhtxhqf| ri vzlwfkhv ehwzhhq deryh phgldq dqg ehorz phgldq

shuirupdqfh vkrzv wkdw wklv lv lqghhg wkh fdvh +wkh vdph sdwwhuq dovr rewdlqv zlwklq vxe

lqgxvwulhv lq wkh vhqvh wkdw vrph �upv v|vwhpdwlfdoo| rxwshuirup rwkhu �upv,1

Wkh suhfhglqj dqdo|vlv kdv ehhq lpsolflwo| edvhg rq wkh dvvxpswlrq wkdw d frpsdq|*v

uhihuhqfh jurxs lv wkh hqwluh srsxodwlrq ri �upv udwkhu wkdq wkh rzq lqgxvwu| �upv1 Lw

lv qrw reylrxv zkdw wkh uhohydqw jurxs +wkh uljkw srqg, lv lq d pxowlvhfwru hfrqrp|1 Iru

lqvwdqfh/ wkh jrrgqhvv ri shuirupdqfh frxog eh mxgjhg djdlqvw wkh shuirupdqfh ri wkh

rwkhu �upv lq wkh vdph vhfwru udwkhu wkdq lq wkh hfrqrp| dw odujh1 Uhjuhvvlrqv vlplodu

wr wkrvh uhsruwhg lq Wdeoh 6 zhuh uxq zlwklq lqglylgxdo wzr dqg irxu gljlw lqgxvwulhv>

dqg e| dovr srrolqj dfurvv lqgxvwulhv exw xvlqj iru hdfk lqgxvwu| wkh fruuhvsrqglqj

lqgxvwu| udqn vwdwlvwlfv +dqg phdq,1 Xqolnh wkh �uvw vhw ri uhjuhvvlrqv +Wdeoh 6,/ wkh qhz

uhjuhvvlrqv/ zlwk wkh h{fhswlrq ri wkh fkhplfdov lqgxvwu|/ glg qrw surgxfh dq| hylghqfh

wkdw wkh glvwulexwlrqv ydulhg v|vwhpdwlfdoo| ryhu wkh exvlqhvv f|foh +vhh Wdeoh 7,1 Rqh

pxvw qrwh/ krzhyhu/ wkdw prvw ri wkh lqwud0lqgxvwu| dqdo|vlv lv sureohpdwlf ehfdxvh ri

wkh yhu| vpdoo qxpehu ri revhuydwlrqv1

Qrwh dovr wkdw wkh Frpsxvwdw gdwd vhw lv idu iurp lghdo iru rxu sxusrvhv ehfdxvh lw

lqfoxghv rqo| odujh vxffhvvixo �upv1 Dv d uhvxow/ wkh furvv yduldwlrq ri vdohv zlwklq wkh

vdpsoh ri frpsdqlhv ryhu wkh exvlqhvv f|foh pd| eh vljql�fdqwo| xqghuvwdwhg1 Dqrwkhu

sureohp dulvhv iurp wkh idfw wkdw wkh vdpsoh ohdyhv rxw wkh erwwrp ri wkh glvwulexwlrq/

wkdw lv/ �upv wkdw idlohg1 Erwk ri wkhvh vkruwfrplqjv ri wkh vdpsoh whqg wr eldv rxu

uhvxowv djdlqvw vkrzlqj d vljql�fdqw lqfuhdvh lq wkh glvshuvlrq ri wkh glvwulexwlrq ri

vdohv gxulqj uhfhvvlrqv +dv phdvxuhg e| wkh yduldqfh ru wkh glvwdqfh ehwzhhq wkh ydulrxv

txdqwlohv,> dqg djdlqvw �qglqj d frqyh{ sdwwhuq lq wkh gl�huhqfh ri shuirupdqfh ehwzhhq

wkh wrs dqg wkh erwwrp ri wkh glvwulexwlrq1

Frqfoxvlrqv
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Dq hfrqrp| fdq dfklhyh d pruh h�flhqw doorfdwlrq ri uhvrxufhv zkhq hfrqrplf djhqwv

�qg rxw hduo| dqg dffxudwho| zkhwkhu wkh| kdyh pdgh wkh uljkw rffxsdwlrqdo ru hq0

wuhsuhqhxuldo fkrlfhv1 Rqh lpsruwdqw zd| ri ohduqlqj derxw zkr lv zkdw dqg zkhuh rqh

ehorqjv lv e| vdpsolqj rqh*v shuirupdqfh lq d vhohfwhg dfwlylw| dqg gudzlqj wkh dssur0

suldwh lqihuhqfhv1 Surorqjhg vdpsolqj lqfuhdvhv wkh delolw| wr glvfulplqdwh dqg dyrlg

orqj whup plvpdwfkhv1 Exw wklv frphv dw wkh h{shqvh ri pruh shuvlvwhqw wudqvlwru| plv0

pdwfkhv1 Li wkh lqglylgxdov zkr kdyh pdgh wkh zurqj ghflvlrqv vx�hu uhodwlyho| pruh

zkhq wkh wlphv duh edg/ wkhq uhfhvvlrqv pd| fduu| vxshulru glvfulplqdwlrq lqirupdwlrq1

Li vxfk h�hfwv duh surqrxqfhg/ wkhq vwdelol}dwlrq srolf| pd| zruvhq wkh wudgh r� ehwzhhq

vkruw dqg orqj whup plvdoorfdwlrq1

Wkh hpslulfdo zrun fduulhg rxw surylghv vrph vxssruw wr wkh qrwlrq wkdw djjuhjdwh

%edg% wlphv srvvhvv juhdwhu uhyhodwlrq surshuwlhv wkdq %jrrg% wlphv dqg khqfh uhfhvvlrqv

fdq sod| dq lpsruwdqw uroh lq vhsdudwlqj wkh zkhdw iurp wkh fkd�1 Wkh hylghqfh rq wkh

lqirupdwlrqdo lpsolfdwlrqv ri vwdelol}dwlrq srolf| lv ohvv fohdu1

Wkhuh qrz h{lvw vhyhudo wkhrulhv lq wkh olwhudwxuh olqnlqj wkh vkruw wr wkh orqj uxq1

Zklfk ri wkh vxjjhvwhg phfkdqlvpv 0li dq|0 lv wkh prvw uhohydqw rqh iurp dq hpslu0

lfdo srlqw ri ylhz uhpdlqv dq rshq lvvxh1 Wkhuh lv olwwoh grxew/ krzhyhu/ wkdw wkh

lqirupdwlrqdo0ohduqlqj frqvlghudwlrqv hpskdvl}hg khuh duh dw wkh khduw ri pdq| lpsru0

wdqw kxpdq ghflvlrqv1
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Uhihuhqfhv

Dqghuvrq/ W1 /4<8;/ Dq lqwurgxfwlrq wr pxowlyduldwh vwdwlvwlfdo dqdo|vlv/ Zloh|/ Qhz

\run1

Ehujhu/ M1/ 4<;8 Vwdwlvwlfdo Ghflvlrq Wkhru| dqg Ed|hvldq Dqdo|vlv/ Ehuolq= Vsulqjhu0

Yhuodj1

Vfkxpshwhu/ M1/ 4<<4/ Hvvd|v/ hglwhg e| U1 Y1 Fohphqfh/ R{irug= Wudqvdfwlrq Sxe0

olvkhuv1

Zdog/ D1/ 4<7:/ %Vhtxhqwldo ghflvlrq/% Qhz \run= M1 Zloh|1
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DSSHQGL[

Sursrvlwlrq 4= Wkhuh h{lvwv d �s+[|, =

H|^\e+s|> v|> xe|, . �Ye+s|n�> v|n�> xe|n�,` � H|^Y�+s|> v|> x�|, iru s| � �s

H|^\e+s|> v|> xe|, . �Ye+s|n�> v|n�> xe|n�,` ? H|^Y�+s|> v|> x�|, iru s| ? �s

Surri= Wkh surri iroorzv lpphgldwho| iurp wkh idfw wkdw wkh h{shfwhg olihwlph lqfrph

ri rqh zkr fkrrvhv wr surorqj klv vwd| lq hqwuhsuhqhxuvkls e| rqh pruh shulrg +wkh OKV

ri wkh lqhtxdolw| deryh, lv d vwulfwo| lqfuhdvlqj ixqfwlrq ri s> wkh h{shfwhg olihwlph lqfrph

ri rqh zkr vzlwfkhv wr zrunpdqvkls +wkh UKV ri wkh lqhtxdolw|, lv d vwulfwo| ghfuhdvlqj

ixqfwlrq ri s> dqg dvvxpswlrq 41

Sursrvlwlrq 7= Iru dq| vdpsoh vl}h w/ wkh dyhudjh ydoxh ri OI| lv ghfuhdvlqj lq m
�W� � �W, m zkhq wkh wuxh w|sh lv k +lqfuhdvlqj zkhq wuxh w|sh lv o,1

Surri= Ohw S +[|m�, eh wkh olnholkrrg ixqfwlrq ri � dvvrfldwhg zlwk wkh vdpsoh [| @

i{�> {2> = = = > {|j ri qrupdo yduldeohv1 S +[|m�, lv pd{lpl}hg zkhq V+�>[> w, @ 	|
�+{�0�,

2 lv

plqlpl}hg1 V lv d vwulfwo| frqyh{ ixqfwlrq ri � zlwk d plqlpxp dw � @ �W� zkhq wuxh w|sh

lv k1 Frqvhtxhqwo|/ g^S +�W, ,@S +�W�,`@g m �W� � �W, m? 3 dqg wkxv OI| @ s+[m�W, ,@s+[m�W�,
lv d ghfuhdvlqj ixqfwlrq ri m �W� � �W, m zkhq wuxh w|sh lv k1 D vlplodu dujxphqw fdq eh

xvhg wr hvwdeolvk wkdw OI| lv dq lqfuhdvlqj ixqfwlrq ri m �W� � �W, m zkhq wkh wuxh w|sh lv

orz1

Sursrvlwlrq 8= Wkh dssur{lpdwh h{shfwhg vwrsslqj wlph lv jlyhq e|

H+Q, @
H oqU

H+},

Surri= Uhfdoo wkdw rxu vxemhfw ri vwxg| lv d orz w|sh lqglylgxdo zkr lv vdpsolqj

lq hqwuhsuhqhxuvkls1 Vxevhtxhqwo|/ iru vxfk dq djhqw H+}, @ �+4@5�2,+�W� � �W, ,
2 ?

31 Wr hvwdeolvk wkdw oqU ? 3 qrwh wkdw wkh rswlpdo uxoh iru lqlwldo vhohfwlrq lpsolhv

wkdw hqwuhsuhqhxuvkls lv wkh dfwlylw| ri fkrlfh li s+k, A D�@+4 . D�,1 Xvlqj wkh idfw

wkdw s+o, . s+k, @ 4 dqg D� A D/ wkh lqlwldo vhohfwlrq uxoh fdq eh uhzulwwhq dv 4 A

D�^s+o,@s+k,` A D^s+o,@s+k,` � U1

Sursrvlwlrq 9= Ohw j eh d frqyh{ ixqfwlrq ri wkh exvlqhvv f|foh1 Wkh suredelolw| ri

shupdqhqw plvfodvvl�fdwlrq lv lqfuhdvlqj lq wkh ghjuhh ri vwdelol}dwlrq li wkh h{huflvh ri
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vwdelol}dwlrq srolf| grhv qrw idyru wkh hqwuhsuhqhxuv1

Surri= +�|��W�, @ �+�W���W, ,@5� ^+�2@w,@+�W���W, ,`oqU1 I lv lqfuhdvlqj1 Zh kdyh vkrzq

wkdw oqU A 3 +rwkhuzlvh wkh lqglylgxdo zrxog qrw eh lq hqwuhsuhqhxuvkls,1 Zkhwkhu

�| � �W� lv ghfuhdvlqj lq �W� � �W, ru qrw ghshqgv rq E @ vljq igoqU@g^�W� � �W, `j1 Li

vwdelol}dwlrq khosv zrunhuv dw ohdvw dv pxfk dv lw khosv hqwuhsuhqhxuv wkhq E A 31 Frq0

vhtxhqwo|/ �|��W� lv ghfuhdvlqj lq �W���W, dqg dqwlf|folfdo srolf| jhqhudwhv odujhu shupd0

qhqw plvfodvvl�fdwlrq huuruv +wklv fruuhvsrqgv wr wkh fdvh zkhuh �s+vwde, � �s+qr� vwde,,1

Li E ? 3/ wkh h�hfw lv dpeljxrxv1

Sursrvlwlrq := Ohw [? @ +{�> {2> ==> {?, dqg \6 @ +|�> |2> ==> |6, eh revhuydwlrqv ri

shuirupdqfh ri wzr lqglylgxdov ri gl�huhqw w|sh lq wkh vdph dfwlylw|1 Ohw �� dqg �, eh

wkh phdq dqg �� dqg �, wkh yduldqfh ri [? dqg \6 uhvshfwlyho|1 Frqvlghu wkh xqlrq

ri wkh wzr vdpsohv/ T� @ [? ^ \6> P @ q. p1 Ohw t� 5 T� zkhuh t� lv qrw nqrzq

zkhwkhu lw fdph iurp [? ru \6dqg ohw � ghqrwh wkh suredelolw| glvwulexwlrq ri t1

d, H t @ � @ +q@P,��.+p@P,�, / Y du+t, @ � @ +q@P,��.+p@P,�,.+����,,
2@51

e, Ohw t+u, eh wkh u0wk txdqwloh ri t�1 Ixuwkhupruh/ dvvxph wkdw t� lv qrupdo1 Wkhq

g m t+u,� t+4@5, m @g m �� � �, mA 31

Surri= d, Wkh ghulydwlrq ri H+t, lv vwudljkwiruzdug1 Wkh yduldqfh ri t lv

� @ ^	�
� +t� � �,2`@P @ ^	?

� +{� � �,2 .	6
� +|� � �,2`@P @

^	?
� +{� � �� . +p@P,+�� � �,,,

2 .	6
� +|� � �, . +q@P,+�, � ��,,

2`@P @

+q@P,�� . +p@P,�, . +q@P,+p@P,+�� � �,,
2@5=

e, Ohw sure+t ? t, @ sure^
s
P+t � �,@� ?

s
P+t � �,@�, @ �+

s
P+t � �,@�, @ �+t,1

Frqvlghu dq lqfuhdvh lq ����, wkdw ohdyhv � xqfkdqjhg1 � lv lqfuhdvlqj1 Sduw +d, lpsolhv

wkdw � lqfuhdvhv dqg frqvhtxhqwo|/ iru d jlyhq �+t,> t � � pxvw lqfuhdvh wrr1
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Wdeoh 4= Exvlqhvv Idloxuhv dqg wkh Exvlqhvv F|foh/ 4<7:0;6

Frqvwdqw EI|3� LS| LS|-LS|
EI| 01343W +1338, 163WW +137, 01:8WW +147, 918WW +519,

U2@15< v1h1@13; GZ@5138 Rev= 775
Qrwhv= EI @ Idloxuh udwh/ LS @ Lqgh{ ri Lqgxvwuldo Surgxfwlrq1 EI dqg LS kdyh ehhq

ghwuhqghg xvlqj wkh KS �owhu
WLqglfdwhv vljql�fdqfh dw wkh 80shufhqw ohyho/ WWLqglfdwhv vljql�fdqfh dw wkh 40shufhqw ohyho

Vwdqgdug huuruv lq sduhqwkhvlv

Wdeoh 5= Udwh ri Exvlqhvv Idloxuhv

Phdq Phgldq Pd{ Plq Vwg1Ghy1

Idloxuh Udwh +Ghwuhqghg, 013369 01344 163 0164 143

Wdeoh 6= Udqn Vwdwlvwlfv dqg Dyhudjh Vdohv Jurzwk

DOO FRPSDQLHV
GS<3043 GS<3083 GS83043 GS:8058 VG

DYJ 0188WW +153, 1068WW +148, 0153WW +13:, 01:4 +16<, 0156W +143,

U2 15< 157 15< 149 157

PDQXIDFWXULQJ FRPSDQLHV
GS<3043 GS<3083 GS:8058 VG

DYJ 015:W +146, 1065WW +146, 0199W +15<, 014<W +13:,

U2 14< 158 156 15:
GSl0m @ Gl�huhqfh ehwzhhq l0wk dqg m0wk shufhqwloh> DYJ+w, @ %dyhudjh% furvv vhfwlrqdo

jurzwk udwh ri uhdo vdohv lq |hdu w/ VG+w,@vwdqgdug ghyldwlrq ri furvv vhfwlrqdo jurzwk udwh ri

uhdo vdohv lq |hdu w1

Wdeoh 7= Udqn Vwdwlvwlfv dqg Dyhudjh Vdohv Jurzwk= Rzq Lqgxvwu| Phdq/
Lqgxvwu| Gxpplhv

GS<3043 GS:8058

DYJ 0138 +145, 1039 +155,

U2 19< 178
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Qrwhv

41 Zkhwkhu wklv rffxsdwlrqdo fkrlfh zloo eh luuhyhuvleoh ru qrw ghshqgv rq zkhwkhu

wkhuh h{lvw frvwv wr vzlwfklqj rffxsdwlrq diwhu vrph shulrg/ rq zkhwkhu vdpsolqj dovr

wdnhv sodfh lq wkh qhz dfwlylw| dqg vr rq1

51 Dffruglqj wr wkh srsxodu vd|lqj %zkhq wkh jrlqj jhwv wrxjk wkh wrxjk jhw jrlqj%1

Lq rxu vwru|/ wrxjkqhvv fruuhvsrqgv wr devroxwh dgydqwdjh1

61 Lw pxvw eh vwuhvvhg wkdw rxu dujxphqw grhv qrw uhtxluh wdnlqj d srvlwlrq rq zkhwkhu

lw lv h{sdqvlrqv ru frqwudfwlrqv wkdw fduu| juhdwhu lqirupdwlrq1 Wkdw lv/ lw pd| zhoo

eh wkh fdvh wkdw gl�huhqfhv lq shuirupdqfh duh juhdwhu gxulqj jrrg wlphv1 Zkdw lv

lpsruwdqw lv wkdw wkhuh lv d gl�huhqfh1

71 Doorzlqj iru pxowlsoh vzlwfkhv pd| eh xvhixo iru dffrxqwlqj iru 0shukdsv shulrglf0

fduhhu fkdqjhv ryhu wkh exvlqhvv f|foh1 Krzhyhu/ lw pdnhv wkh dqdo|vlv pruh fxpehuvrph

zlwkrxw eulqjlqj lq dq| dgglwlrqdo lqvljkwv wr wkh dqdo|vlv ri wkh lqirupdwlrqdo frqwhqw

ri wkh exvlqhvv f|foh1 Zh kdyh rswhg iru d vlqjoh vzlwfk wr pdnh wkh glvwlqfwlrq ehwzhhq

wudqvlwru| dqg shupdqhqw plvpdwfkhv vkdus1

81 Zh duh ghvfulelqj wkh ehkdylru ri dq djhqw zkr kdv qrw douhdg| pdgh d fduhhu vzlwfk1

91 Qrwh wkdw wkh lqlwldo shulrg sulruv duh xvhg lq iruplqj wkh fxuuhqw shulrg*v srvwhulru

eholhi1 Zh frxog kdyh dowhuqdwlyho| xvhg odvw shulrg*v srvwhulru dv wkh fxuuhqw sulru1

Zkloh wkh odwwhu vshfl�fdwlrq zrxog ohdg wr idvwhu ohduqlqj iru d jlyhq vhtxhqfh ri v|*v/

lw zrxog qrw fkdqjh dq| ri wkh uhvxowv frqfhuqlqj wkh h�hfwv ri vwdelol}dwlrq srolf| rq

wkh vshhg ri ohduqlqj dqg wkh suredelolw| ri plvfodvvl�fdwlrq +zklfk lv wkh vxemhfw ri

wklv sdshu,1 Wkh olnholkrrg ixqfwlrq vshfl�fdwlrq zdv dgrswhg ehfdxvh lw lv vrphzkdw

vlpsohu1

:1 D vlplodu uxoh ghvfulehv wkh ehkdylrxu ri d zrunhu1

;1 Hyhq lq wkh devhqfh ri qrupdolw| wkh srvwhulru phdq zloo eh dssur{lpdwho| qrupdoo|
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glvwulexwhg ehfdxvh ri wkh fhqwudo olplw wkhruhp1 Krzhyhu/ lw zrxog qrw qhfhvvdulo| eh

wkh rswlpdo hvwlpdwru ri w|sh xqohvv wkh orvv ixqfwlrq zhuh txdgudwlf1

<1 Vwdelol}dwlrq srolf| pd| wdnh wkh irup ri djjuhjdwh ghpdqg vwdelol}dwlrq/ surgxfw

ru lqsxw sulfh frqwurov dqg vr rq1

431 Zh gr qrw fodlp wkdw doo exvlqhvv glvvroxwlrqv lq wkh uhdo zruog duh dvvrfldwhg zlwk

ohduqlqj1 Pdq| rwkhu uhdvrqv h{lvw1 Iru lqvwdqfh/ d �up pd| kdyh ehhq hvwdeolvkhg wr

wdnh dgydqwdjh ri d whpsrudu| rssruwxqlw| dqg fhdvhv lwv rshudwlrq rqfh lw kdv ixo�oohg

lwv remhfwlyhv1

441 D srvvleoh sudfwlfdo gl�fxow| lq lqihuulqj j+v, iurp wkh sdwwhuq ri exvlqhvv idloxuhv

dulvhv iurp wkh idfw wkdw wkh vkdsh ri j pd| ghshqg rq wkh phdvxuh ri wkh exvlqhvv f|foh

+v, xvhg1 Iru lqvwdqfh/ j+v, pd| eh frqyh{ lq v exw li rqh xvhv dqrwkhu exvlqhvv f|foh

yduldeoh/ � @ #+v,>wkhq j+�, pd| qrw eh1

451 D idloxuh lv gh�qhg dv %d frqfhuq wkdw lv lqyroyhg lq d frxuw surfhhglqj ru d yroxqwdu|

dfwlrq wkdw lv olnho| wr hqg lq d orvv wr fuhglwruv1% Wkh idloxuhv gdwd h{foxgh udlourdgv/

edqnv/ �qdqfldo frpsdqlhv/ kroglqj frpsdqlhv uhdo hvwdwh dqg lqvxudqfh eurnhuv/ dpxvh0

phqw hqwhusulvhv/ vkrsslqj djhqwv wrxulvw frpsdqlhv dqg wudqvsruwdwlrq whuplqdov1

461 Vlplodu uhvxowv rewdlq zkhq wkh f|foh lv gh�qhg dffruglqj wr wkh QEHU fkurqrorj|1
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