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Devwudfw

Wklv sdshu ghvfulehv d vlpsoh dqdo|vlv dqg wkh fdofxodwlrq phwkrgv xvhg wr hvwlpdwh ghvljq

sdudphwhuv ri suhvvxul}dwlrq v|vwhp ri suhvvxuh0ihg oltxlg urfnhw hqjlqhv1 Wkh phwkrg dssolhv wr

vwruhg0jdv v|vwhpv zlwkrxw khdwlqj/ dqg grhvq*w wdnh lqwr dffrxqw wkh khdw wudqvihu ehwzhhq wkh

suhvvxudqw dqg surshoodqwv/ qhlwkhu ehwzhhq wkh  xlgv dqg lwv hqylurqphqwv +zdoov dqg lqwhuqdo

kdugzduh,1 Lw lv ghylvhg iru xvh gxulqj wkh suholplqdu| ghvljq ri vwrudeoh surshoodqw v|vwhpv/

dowkrxjk lw fdq eh xvhg +zlwk fdxwlrq, iru urxjk hvwlpdwhv lq fu|rjhqlf surshoodqw v|vwhpv1 D

frpsxwdwlrqdo dojrulwkp lv dovr jlyhq1 Uhvxowv ri wkh phwkrgv dssolhg wr d w|slfdo Uhdfwlrq

Frqwuro V|vwhp ri d odxqfk yhklfoh looxvwudwh lwv xvh lq sudfwlfdo vlwxdwlrqv1

Nh|zrugv= Suhvvxul}dwlrq v|vwhp/ Wdqn suhvvxul}dwlrq/ Urfnhw ghvljq/ Oltxlg urfnhw hqjlqh/

Uhdfwlrq frqwuro v|vwhp1
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Sodqqlqj iru odxqfk dqg vsdfh yhklfoh dqg plvvlrq uhtxluhphqwv qhfhvvlwdwhv frqwlqxlqj rswl0

pl}dwlrq ri surshoodqw wdqn suhvvxul}dwlrq v|vwhpv1 Wklv rswlpl}dwlrq lv uhdol}hg lq dq dffxudwh

ghwhuplqdwlrq ri suhvvxudqw uhtxluhphqwv iru dq| jlyhq vhw ri rshudwlqj sdudphwhuv/ vxfk dv

wdqn suhvvxuh/ lqohw jdv whpshudwxuh/ oltxlg rxw rz udwh/ dqg wdqn vl}h1 Wklv nqrzohgjh zloo

doorz wkh ghvljq ri d v|vwhp wkdw fduulhv rqo| wkh pdvv +suhvvxudqw jdv dqg dvvrfldwhg wdqndjh,

qhfhvvdu| wr dffrpsolvk wkh plvvlrq1

Suhvvxudqw jdv dqg wrwdo vwruhg0jdv uhtxluhphqwv iru odxqfk dqg vsdfh yhklfohv pd| eh suh0

glfwhg e| gl�huhqw prghov ri wkh suhvvxul}dwlrq surfhvv1 Krzhyhu/ suholplqdu| ghvljq vwxglhv

uhtxluh d idvw dqg uhdvrqdeo| dffxudwh phwkrg ri suhglfwlqj zlwkrxw uhvruwlqj wr frpsoh{ frp0

sxwhu surjudpv1

Vhyhudo vlpsoh vwxglhv kdyh ehhq pdgh wr suhglfw wkh pdvv uhtxluhphqwv lq suhvvxul}lqj

vwrudjh yhvvhov1 Vrph vwxglhv/ dv lq +Prphqwk|/ 4<97,/ xvh wkh vdwxudwlrq uxoh/ zklfk xvxdoo|

suhglfwv jdv uhtxluhphqwv wkdw duh 43 wr 48( frqvhuydwlyh +odujhu wkdq dfwxdoo| uhtxluhg, li rqo|

suhvvxul}dwlrq dqg wudqvihu duh frqvlghuhg +qr krog wlph,1

Lq pruh vrsklvwlfdwhg vwxglhv/ lpsuryhg dffxudf| jhqhudoo| kdv ehhq dfklhyhg lq fdofxodwlqj

suhvvxudqw pdvv1 Wkhupdo vwudwl�fdwlrq dqg rwkhu wkhuprfkhplfdo surfhvv lqvlgh d surshoodqw

wdqn duh frqvlghuhg lq vrph frpsxwhu surjudpv +Qdxpry hw do1/ 4<<<,1



Wkh frpsxwhu surjudp ghvfulehg lq +Pdvwhuv/ 4<:7, lv uhodwlyho| xqfrpsolfdwhg dqg kdv

ehhq xvhg iru qxphurxv wudgh0vwxg| fdofxodwlrqv> dowkrxjk qhyhu xvhg vshfl�fdoo| iru surshoodqwv

rwkhu wkdq fu|rjhqv/ wkh surjudp lv frqvlghuhg vxlwdeoh iru vwrudeoh0surshoodqw dssolfdwlrqv1 Lq

dgglwlrq wr wkhvh frpsxwhu surjudpv/ wkhuh kdyh ehhq d qxpehu ri surjudpv ghyhorshg iru

vshfl�f dssolfdwlrqv +wkhvh surjudpv duh iru sulydwh xvh dqg/ wkhuhiruh/ qrw glyxojhg lq rshq

olwhudwxuh,1

Dowkrxjk wkh prvw dffxudwh phwkrg ri suhglfwlqj suhvvxudqw uhtxluhphqwv lv zlwk d frpsxwhu

surjudp wkdw kdg ehhq dgmxvwhg dqg yhul�hg e| h{shulphqwv/ lw lv dgydqwdjhrxv wr kdyh d idvw/

uhdvrqdeo| dffxudwh phwkrg wr ghwhuplqh wkh wrwdo pdvv ri suhvvxudqw jdv uhtxluhg zlwkrxw

uhvruwlqj wr frpsoh{ frpsxwhu surjudpv1 Wklv w|sh ri dqdo|vlv lv qhfhvvdu| lq frpsdulvrq dqg

rswlpl}dwlrq vwxglhv iru suholplqdu| ghvljq/ zkhuh wkh qxpehu ri srvvlelolwlhv wr eh frqvlghuhg

suhfoxghv d ghwdlohg frpsxwhu dqdo|vlv ri hdfk fdvh1

Wklv uhsruw suhvhqwv d glvfxvvlrq ri wkh sureohp dqg d vlpsoh dssur{lpdwh phwkrg iru hv0

wlpdwlrq wkh wrwdo uhtxluhg pdvv ri suhvvxudqw1 Wkh whfkqltxh wr eh ghvfulehg khuh lv ghylvhg

iru xvh lq suholplqdu| ghvljq dqdo|vlv/ lqfoxglqj wkh rswlpl}dwlrq fdofxodwlrqv rq ghvljq ri suhv0

vxul}dwlrq v|vwhpv1 Lw lv h{wudfwhg iurp +Rolyhlud/ 5333,/ zkhuh wkhuh lv d frpsohwh dqdo|vlv dqg

wkh surjudp olvwlqj/ dqg pxvw eh xvhg zlwk uhvhuyh iru vlwxdwlrqv ehvlghv wkrvh h{solflwo| flwhg

lq wkh wh{w1 Vdpsoh fdvhv duh lqfoxghg wr looxvwudwh wkh xvh ri wklv phwkrgrorj|/ zklfk lv uhvwulfw

wr suhvvxudqw prghov ri shuihfw jdv dqg uhdo jdv e| frpsuhvvlelolw| irupxodh ru wdeohv +rwkhu jdv

prghov frxog eh hdvlo| lpsohphqwhg,1
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Vwruhg0jdv suhvvxul}dwlrq v|vwhpv duh zlgho| xvhg1 Wkh jdv lv xvxdoo| vwruhg lq d wdqn dw dq

lqlwldo suhvvxuh udqjlqj xs wr :33 edu +dowkrxjk uduho| ryhufrph 583 wr 633 edu, dqg vxssolhg

wr wkh surshoodqw wdqnv dw d vshfl�hg suhvvxuh frqwuroohg e| d uhjxodwru1 Wkhvh v|vwhpv kdyh

dfklhyhg d kljk ohyho ri uholdelolw|1

D frpprqo| xvhg frq�jxudwlrq ri vwruhg0jdv v|vwhp zlwkrxw khdwlqj lv vkrzq vfkhpdwlfdoo|

lq Ilj1 41 Lw frqvlvwv ri d kljk0suhvvxuh vwrudjh wdqn/ d vwduw dqg vkxwgrzq ydoyh/ d suhvvxuh

uhjxodwru/ dqg d wkuxvw fkdpehu1 Uhjxodwhg suhvvxudqw jdv lv gxhohg gluhfwo| wr wkh surshoodqw

wdqnv1 Wklv kdv wkh dgydqwdjh ri juhdw vlpsolflw|1 Krzhyhu/ wkh pdvv ri wkh v|vwhp lv uhodwlyho|

kljk ehfdxvh ri wkh orz whpshudwxuh dqg pdvv ghqvlw| ri wkh jdv1 Lq vrph h{sxovlrq phwkrgv duh

xvhg phwdoolf +dv wkdw ghslfwhg rq Ilj1 4, ru hodvwrphulf gldskudjpv/ ru lq dwdeoh hodvwrphulf

eodgghuv1 Wkh iroorzlqj glvfxvvlrqv zloo eh uhvwulfwhg wr frq�jxudwlrqv olnh wkdw vkrzq rq Ilj1

41

Wkh edvlf ghvljq sdudphwhu ri d suhvvxul}dwlrq v|vwhp lv wkh txdqwlw| ri jdv uhtxluhg wr

suhvvxul}h wkh surshoodqw wdqnv1 Krzhyhu/ wkh jurvv pdvv ri wkh vwruhg jdv uhtxluhg iru d jlyhq

v|vwhp ghshqgv dovr rq wkh v|vwhp ghvljq/ rq wkh h{sdqvlrq surfhvv gxulqj rshudwlrq/ dqg rq

wkh hqylurqphqwdo whpshudwxuh udqjh zlwklq zklfk wkh v|vwhp pxvw ixqfwlrq1
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Wkh sk|vlfdo dqg fkhplfdo surfhvvhv zklfk wdnh sodfh gxulqj wkh h{sxovlrq ri d oltxlg sur0

shoodqw iurp d wdqn e| d jdv ru jdv pl{wxuh duh qxphurxv dqg gl!fxow wr dqdo|}h1 Hyhq

wkh vlpsohvw v|vwhpv uhtxluh vlpxowdqhrxv/ wlph0ghshqghqw prgholqj ri wkh  xlg  rz dqg khdw

wudqvihu1 Dssolfdeoh h{shulphqwdo gdwd iru d vhohfwhg v|vwhp duh riwhq olplwhg1 Wkxv/ wkh edvlv

iru wkh dqdo|wlfdo dssurdfk lv iuhtxhqwo| qduurz dqg xqfhuwdlq1 Dv d uhvxow/ wkh lqlwldo ghvljq

fdofxodwlrqv ri wkh txdqwlw| ri suhvvxudqw jdv uhtxluhg pxvw eh frqvlghuhg dssur{lpdwh xqwlo

yhul�hg h{shulphqwdoo|1 Wkh uh�qhphqw ri wkh dqdo|wlfdo dssurdfk wr plqlpl}h glvfuhsdqflhv

ehwzhhq wkhruhwlfdo suhglfwlrqv dqg dfwxdo whvw uhvxowv dq duw uhtxlulqj h{shulhqfh dqg wkrurxjk

xqghuvwdqglqj ri wkh sk|vlfdo surfhvvhv1

Wkh uhtxluhg pdvv ri jdv uhtxluhg iru dffrpsolvk wkh surshoodqw wdqn suhvvxul}dwlrq lv d

ixqfwlrq ri wkh xoodjh phdq whpshudwxuh dw fxwr�/ zklfk lv ghulyhg zlwk wkh jdv htxdwlrq ri



Iljxuh 4= Vwruhg0jdv suhvvxul}dwlrq v|vwhp zlwkrxw khdwlqj1

vwdwh dqg wkh hqhujhwlf edodqfh ri wkh surfhvv ri wudqvirupdwlrq ehwzhhq wkh lqlwldo dqg wkh �qdo

vwdwhv1

Li wkh v|vwhp rshudwlqj gxudwlrq lv uhodwlyho| vkruw/ ru li wkh suhvvxudqw whpshudwxuh lv forvh

wr wkh surshoodqw dqg kdugzduh whpshudwxuhv/ khdw wudqvihu dqg suhvvxudqw2surshoodqw pdvv0

wudqvihu h�hfwv fdq eh qhjohfwhg1 Wkh uhtxluhg suhvvxudqw pdvv lq wkh surshoodqw wdqnv fdq wkhq

eh fdofxodwhg dv iroorzv=

pxi @ ]xi

sxYo

UjWxi

> +4,

zkhuh= pxi � uhtxluhg suhvvxudqw pdvv lq wkh surshoodqw wdqnv> sx � surshoodqw wdqn xoodjh

suhvvxuh> Yo � yroxph ri surshoodqwv h{shoohg> Uj � jdv frqvwdqw ri wkh suhvvxudqw> Wxi � phdq

whpshudwxuh ri hqwhulqj suhvvxudqw> ]xi � frpsuhvvlelolw| idfwru ri suhvvxudqw dw xoodjh hqg

frqglwlrq1
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Kljk suhvvxuh jdv rxw rzv iurp suhvvxudqw wdqn/ diwhu vwduw2vkxwgrzq ydoyh lv rshqhg/ wkurwwohv

lq suhvvxuh uhjxodwru xs wr wkh ihhglqj suhvvxuh/ dqg hqwhuv wkh surshoodqw wdqnv1 Wkh uhpdlqlqj

jdv lq suhvvxudqw wdqn ehjlqv wr h{sdqg/ zlwk wkh fruuhvsrqglqj whpshudwxuh ghfuhdvh1 Dv d

uhvxow ri jdv whpshudwxuh ghfuhdvh/ rffxuv khdw wudqvihu iurp wdqn*v zdoo wr wkh uhpdlqlqj jdv

lq wkh suhvvxudqw wdqn1 Exw/ gxh wr wkh udwkhu vpdoo khdw wudqvihu/ dv d uhvxow rqh fdq frqvlghu

d ghfuhdvh lq wkh jdv whpshudwxuh/ ru lq rwkhu zrugv/ lw wdnhv sodfh d surfhvv ri sro|wurslf

h{sdqvlrq ri jdv zlwk sro|wurslf h{srqhqw q orzhu wkdq dgldedwlf h{srqhqw n +4 ? q ? n,1

Dvvxplqj nqrzq wkh lqlwldo jdv whpshudwxuh Wjl dqg suhvvxuh sjl dw wkh suhvvxudqw wdqn/ wkh

�qdo jdv whpshudwxuh Wji lq wkh suhvvxudqw wdqn fdq eh hvwlpdwhg e| xvh ri wkh htxdwlrq ri d

sro|wurslf surfhvv ri wudqvirupdwlrq iurp wkh lqlwldo vwdwh +Wjl/ sjl, wr wkh lqlwldo rqh +Wji/ sji,=

Wji @ Wjl

]jl

]ji

�
sji

sjl

�?3�

?

> +5,



zkhuh ]jl dqg ]ji duh wkh frpsuhvvlelolw| idfwruv ri wkh suhvvxudqw jdv dw wkh lqlwldo dqg �qdo

vwdwhv lq wkh yhvvho1 Wkxv/ ]jl @ ]}+Wjl> sjl, dqg ]ji @ ]}+Wji> sji, 1

Wkh lqwhqvlw| ri khdw wudqvihu wr wkh suhvvxudqw zloo ghshqg rq wkh rshudwlrq f|foh/ rq wkh

sduwlfxodu frqvwuxfwlrq ri wkh wdqn/ rq wkh jdv qdwxuh/ dqg hyhqwxdoo| rq wkh h{lvwhqfh ri khdw

vrxufhv lqvlgh wkh wdqn1

Li d khdwlqj vrxufh lv surylghg lqvlgh wkh suhvvxudqw wdqn/ wkh h{sdqvlrq surfhvv ri wkh jdv

zlwklq zrxog eh sro|wurslf +4 ? q ? n, dqg/ ghshqglqj rq wkh lqwhqvlw| ri khdw wudqvihu wr wkh

jdv/ lvrwkhuplf +q @ 4,1 Iru d v|vwhp zlwkrxw khdwlqj lqvlgh wkh vwrudjh wdqn/ wkh h{sdqvlrq

surfhvv ri wkh jdv fdq eh dvvxphg wr eh lvhqwurslf +q @ n,/ l1h1/ qr khdw lv wudqvihuuhg ehwzhhq

jdv dqg wdqn zdoov1 Wkh h{srqhqw iru wkh sro|wurslf h{sdqvlrq surfhvv/ q/ lv hvwlpdwhg gxulqj

dqdo|wlfdo wuhdwphqw dqg yhul�hg h{shulphqwdoo|1

Li d shuihfw jdv prgho lv dgrswhg/ wkhq/ lqvwhdg ri Ht1 +5,/ wkh iroorzlqj uhodwlrq fdq eh xvhg

wr fdofxodwh wkh �qdo jdv whpshudwxuh lq wkh vwrudjh wdqn=
Aji

Ajl

@

�
Rji

Rj l

�?3�

?

=
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Dv d uhvxow ri jdv rxw rz/ lwv whpshudwxuh dw wkh suhvvxudqw wdqn ghfuhdvhv frqwlqxrxvo| iurp

Wjl grzq wr Wji/ dv vhhq deryh1 Ehiruh uhdfkhv wkh surshoodqw wdqn/ lw sdvvhv e| vwduw2vkxwgrzq

ydoyh dqg suhvvxuh uhjxodwru +Ilj1 4,1 Gxulqj wkh jdv wkurwwolqj lq wkh suhvvxuh uhjxodwru/ wkh

whpshudwxuh ri d uhdo jdv xvxdoo| qrw uhpdlqv frqvwdqw1 Sduwlfxoduo| iru dlu dqg qlwurjhq lw

ghfuhdvhv/ dqg iru kholxp lw lqfuhdvhv voljkwo|1 Pruhryhu/ diwhu hqwhulqj lq surshoodqw wdqnv/ wkh

jdv fkdqjh khdw zlwk zdoov dqg kdugzduh lqvlgh wkh wdqnv1 Lw lv gl!fxow wr fdofxodwh wkhruhwlfdoo|

doo wkhvh whpshudwxuh fkdqjlqj1

Iru prvw dqdo|vhv/ lw kdv ehhq irxqg dghtxdwh wr dvvxph dq dgldedwlf  rz surfhvv wkurxjk

uhjxodwru dqg olqhv1 Lw lv d fkdudfwhulvwlf ri wklv surfhvv wkdw wkh wrwdo +ru �vwdjqdwlrq�, whp0

shudwxuh uhpdlqv frqvwdqw1 Vlqfh wkh jdv hvvhqwldoo| frphv wr uhvw lq wkh surshoodqw wdqn dqg

qr ixuwkhu frpsuhvvlrq wdnhv sodfh iroorzlqj lqlwldo surshoodqw0wdqn suhvvxul}dwlrq/ lw lv dvvxphg

wkdw wkh surshoodqw0wdqn whpshudwxuh lv dq dyhudjh iurp wkh whpshudwxuhv lq wkh suhvvxudqw

wdqn1

Lq rughu wr vlpsoli| wkh frqvlghudwlrq ri wkh surfhvv ri wkh jdv whpshudwxuh yduldwlrq lqvlgh

wkh xoodjh yroxph ri surshoodqw wdqn/ lw lv vxssrvhg wkh iroorzlqj vfkhph= hyhu| jdv sruwlrq

hqwhulqj wkh surshoodqw wdqn kdv whpshudwxuh htxdo wr wkh jdv whpshudwxuh lq suhvvxudqw wdqn/

dw wkh vdph prphqw1 Vr/ dw vwduwlqj/ wkh �uvw jdv sruwlrq duulyhv wr wkh surshoodqw wdqn zlwk

whpshudwxuh Wjl> dqg wkh odvw rqh/ dw wkh hqg ri hqjlqh zrun/ zlwk whpshudwxuh Wji1 Doo wkhvh

sruwlrqv duh pl{hg xs lq wkh wdqn/ vr wkdw wkh dyhudjh exon jdv whpshudwxuh lq wkh wdqn dw hqg

ri surfhvv ri surshoodqw h{sxovlrq zloo eh lq wkh udqjh iurp Wji wr Wjl/ l1h1/ Wji ? Wxi ? Wjl1

Khuh/ lq dffrugdqfh zlwk wkh deryh dvvxpswlrqv/ wkh dyhudjh exon jdv whpshudwxuh lq wkh

wdqn dw hqg ri surfhvv ri surshoodqw h{sxovlrq zloo eh dvvxphg dv wkh dulwkphwlf phdq ehwzhhq

Wji dqg Wjl=

Wxi @
Wjl . Wji

5
= +6,
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Wkh pdlq sxusrvh ri d suhvvxul}dwlrq v|vwhp lv wr surylgh wkh txdqwlw| ri jdv uhtxluhg wr

suhvvxul}h wkh surshoodqw wdqnv1 Krzhyhu/ vljql�fdqw sduw ri wkh lqlwldo suhvvxudqw pdvv uhpdlqv

lq vwrudjh yhvvhov/ ihhgolqhv/ ydoyhv dqg uhjxodwruv1 Vr/ wkh wrwdo vwruhg0jdv uhtxluhphqw pxvw

dffrxqwv iru doo wkhvh pdvvhv1 Dfwxdoo|/ wkh jurvv pdvv ri wkh vwruhg jdv uhtxluhg iru d jlyhq

v|vwhp ghshqgv dovr rq wkh v|vwhp ghvljq/ rq wkh h{sdqvlrq surfhvv gxulqj rshudwlrq/ dqg rq

wkh hqylurqphqwdo whpshudwxuh udqjh zlwklq zklfk wkh v|vwhp pxvw ixqfwlrq1

Qrupdoo|/ dw suholplqdu| ghvljq/ wkh pdlq sxusrvh ri fdofxodwlrqv lv wr ghwhuplqh wkh qhf0

hvvdu| yhvvho*v yroxph dqg jdv pdvv vxsso|1 Vrphwlphv/ dw wklv skdvh/ wkhuh lv qr ghwdlohg



lqirupdwlrq derxw wdqn frq�jxudwlrq/ ohqjwk ri ihhgolqhv/ fkdudfwhulvwlfv ri suhvvxuh uhjxodwruv/

hwf1/ dqg lw lv qhfhvvdu| wr dvvxph ydoxhv iru vrph sdudphwhuv1

'�� ���#��� ��#�

Wkh iroorzlqj gdwd pxvw eh dydlodeoh ehiruh lqlwldwh wkh fdofxodwlrqv=

� wrwdo yroxph ri h{shoohg surshoodqwv/ Yo/ ru wrwdo yroxph ri ixho dqg r{lgl}hu wdqnv/ Yw>

� suhvvxuh ri suhvvxul}dwlrq/ sx/ ru surshoodqw wdqnv suhvvxuh/ sw>

� jdv frqvwdqw Uj dqg lqlwldo whpshudwxuh ri jdv lq suhvvxudqw wdqn Wjl1

Wkh vwrudjh suhvvxuh/ l1h1/ wkh lqlwldo jdv suhvvxuh lq yhvvho/ sjl/ lv xvxdoo| fkrvhq lq vxfk zd|

wr shuplw d vpdoo dqg oljkwzhljkw jdv wdqn ghvljq1 Lw lv ghwhuplqhg e| wkh ihhglqj frqglwlrqv1 Lw

ruglqdulo| udqjhv ehwzhhq 45 dqg 68 PSd dqg lv xvxdoo| 7 wr ; wlphv dv kljk dv wkh surshoodqw

wdqn suhvvxuh +Rolyhlud/ 5333,1

Wkh �qdo suhvvxuh lq yhvvho/ sji/ pxvw eh juhdwhu wkdq xoodjh suhvvxuh dw surshoodqw wdqn/ sx/

dqg wkh gl�huhqfh pxvw eh htxdo wr ru juhdwhu wkdq wkh plqlpxp qhfhvvdu| suhvvxuh gl�huhqfh

rq wkh suhvvxuh uhjxodwru/ �suhj/ iru hqvxuh qrupdo zrun +Rolyhlud/ 5333,1

'�� ���� ��( �&�$ � ����#�&��

Frqvlghuv wkh vwdwhv ri suhvvxudqw jdv ehiruh dqg diwhu wkh ihhglqj surfhvv1 Ehiruh ihhglqj/ doo

wkh jdv lv vwruhg lq wkh kljk suhvvxuh wdqn1 Wkhq/ xvlqj wkh htxdwlrq ri vwdwh iru wkh suhvvxudqw

jdv/ wkh lqlwldo pdvv ri jdv lq wkh yhvvho/ pjl/ lv jlyhq e|

pjl @
sjlYj

]jlUjWjl

= +7,

Dw wkh hqg ri ihhglqj surfhvv/ sduw ri wkh jdv lv lq wkh yhvvho dqg sduw lq wkh surshoodqw wdqnv1

Wkhq/ iurp wkh htxdwlrq ri vwdwh dssolhg wr wklv hqg frqglwlrq/ wkh pdvv ri wkh uhpdlqlqj jdv

lq wkh yhvvho fdq eh h{suhvvhg dv

pji @
sjiYj

]jiUjWji

> +8,

zkhuh sji dqg Wji duh/ fruuhvsrqglqjo|/ suhvvxuh dqg whpshudwxuh ri wkh uhpdlqlqj jdv lq wkh

yhvvho dw wkh hqg ri h{sxovlrq2ihhglqj surfhvv1

Wkh pdvv ri jdv lq wkh xoodjh dw wkh hqg ri ihhglqj surfhvv/ pxi/ lv wkh jdv pdvv zklfk hqwhuv

wkh wdqn xs wr wkh vkxwgrzq ri wkh v|vwhp1 Dv vhhq lq vhfwlrq 6/ lw lv fdofxodwhg iurp wkh jdv

vwdwh lq wkh surshoodqw wdqnv dw hqg ri ihhglqj surfhvv=

pxi @
sxiYo

]xiUjWxi

= +9,

Khuh/ Yo lv wkh glvsodfhg yroxph ri oltxlg surshoodqwv iurp wkhlu wdqnv1 Li wkh lqlwldo xoodjh dqg

wkh jdv lq ihhgolqhv duh glvuhjdughg/ dqg dvvxplqj wkdw dw hqg frqglwlrq wkh wdqnv duh frpsohwho|

hpsw|/ wkhq wkh hqg xoodjh yroxph lv wkh wrwdo yroxph ri surshoodqw wdqnv/ l1h1/ Yo @ Yw1

Gxh wr wkh frqvhuydwlrq ri wkh pdvv ri suhvvxudqw gxulqj wkh suhvvxul}dwlrq surfhvv/ wkh

wrwdo pdvv ri jdv lq yhvvho dqg wdqnv dw wkh hqg ri zrun lv htxdo wr wkh lqlwldo rqh1 Khqfh/

pjl �pji @pxi dqg/ iurp wkhvh pdvv uhodwlrqv uhvxowv=

Yj @

sxiYo

]xiWxi

�
sjl

]jlWjl

�

sji

]jiWji

�
3�

= +:,



Wdnlqj lqwr dffrxqw wkh Ht1 +5,/ wkh suhylrxv htxdwlrq fdq uhzulwwhq dv

Yj @

]jlWjl

]xiWxi

sxi

sjl
Yo

%
4�

�
sji

sjl

� �

?

&
3�

= +;,

Wklv htxdwlrq vkrzv edvlfdoo| wkdw wkh yhvvho*v yroxph lv lqghshqghqw rq wkh jdv frqvwdqw ri

suhvvxudqw +Uj,/ dqg sursruwlrqdo wr wkh suhvvxuh udwlr sxi@sjl/ wr wkh whpshudwxuh udwlr Wjl@Wxi/

dqg wr wkh yroxph Yo ri h{shoohg oltxlg surshoodqw1 Dv h{shfwhg/ lqfuhdvlqj wkh udwlr sxi@sjl/ zloo

ghpdqg d kljkhu yhvvho yroxph1 Wkh udwlr ri frpsuhvvlelolw| idfwruv ]jl@]xi lqglfdwhv wkdw lv

ehwwhu wr kdyh orz frpsuhvvlelolw| rq vwrudjh frqglwlrqv dqg kljk frpsuhvvlelolw| dw xoodjh> exw

lq jhqhudo wklv lv qrw wkh fdvh/ dv fdq eh vhhq lq +Rolyhlud/ 5333,1 Il{hg doo wkh rwkhu sdudphwhuv/

wkh yhvvho*v yroxph ghfuhdvhv li lv lqfuhdvhg wkh lqlwldo suhvvxuh sjl dqg2ru wkh xoodjh whpshudwxuh

Wxi1 Wklv odvw h�hfw fdq eh rewdlqhg e| khdwlqj wkh jdv ehiruh lwv hqwudqfh lq surshoodqw wdqnv1

Nqrzlqj wkh suhvvxudqw wdqn yroxph/ Yj/ wkhq wkh lqlwldo pdvv ri jdv lq wkh suhvvxudqw wdqn/

pjl/ fdq eh rewdlqhg iurp wkh Ht1 +7,1 Krzhyhu/ iru ixuwkhu dqdo|vlv lw lv lqwhuhvwlqj wr dq

h{solflw h{suhvvlrq iru pjl1 Iurp Htv1 +7, dqg +;, uhvxowv=

pjl @

sxiYo

]xiUjWxi

%
4�

�
sji

sjl

� �

?

&
3�

= +<,

Lw vkrzv wkdw wkh uhtxluhg vxsso| ri jdv lq wkh erwwoh pjl lv gluhfwo| sursruwlrqdo wr wkh

suhvvxul}dwlrq suhvvxuh sxi dqg wkh yroxph ri wkh glvsodfhg oltxlg Yo/ dqg lqyhuvho| sursruwlrqdo

wr wkh jdv frqvwdqw Uj dqg wr wkh xoodjh whpshudwxuh Wxi1

Wkh pdvv ri jdv ghshqgv iurp lwv surshuwlhv= lw lv orzhu iru d jdv zlwk kljkhu jdv frqvwdqw>

vr wkh dssolfdwlrq ri kholxp lqvwhdg ri dlu ru qlwurjhq doorzv wr ghfuhdvh jdv pdvv derxw : wlphv1

Wr ghfuhdvh pjl lw lv dovr dgylvdeoh wr lqfuhdvh wkh lqlwldo suhvvxuh lq wkh erwwoh sjl dqg

frqvxph wkh jdv wr wkh orzhvw srvvleoh �qdo suhvvxuh sji1 Wklv odwwhu lv xvxdoo| vhohfwhg dv

suhylrxvo| lqglfdwhg1

Wkh suhvvxudqw xvh idfwru/ is/ gh�qhg dv wkh udwlr ri vwruhg0jdv uhtxluhphqw wr wkh qhw

pdvv ri suhvvxudqw xwlol}hg lq wkh surshoodqw wdqn/ fdq eh qrz fdofxodwhg= is @
6j l

6xi

=

'�� �� !��)*�#�&�� &+ �&(��

Lq rughu wr vlpsoli| wkh dqdo|vlv iru wkh lq xhqfhv ri gl�huhqw sdudphwhuv rq wkh suhvvxudqw wdqn

yroxph/ lw lv frqyhqlhqw wr uhzulwh Wji dqg Wxi lq pruh vlpsoh zd|v1 Iluvwo|/ wkh whpshudwxuh ri

wkh uhvlgxdo jdv lq wkh suhvvxudqw yhvvho fdq eh h{suhvvhv e|

Wji @ f� Wjl > f� @
]jl

]ji

�
sji

sjl

�?3�

?

= +43,

Wkh ydoxh ri f� ghshqgv rq wkh suhvvxuh udwlr sji@sjl dqg rq wkh h{srqhqw q/ zklfk lv ghwhuplqhg

e| khdw wudqvihu lqwhqvlw| iurp yhvvho*v zdoo wr jdv1 Xvxdoo|/ rqh fdq frqvlghu ydoxhv ri q lq wkh

udqjh +4148 � 4166,1 Dqdorjrxvo|/ rqh fdq dvvxph wkdw wkh jdv whpshudwxuh lq wkh wdqn dw wkh

hqg ri ihhglqj lv sursruwlrqdo wr wkh lqlwldo whpshudwxuh dw wkh yhvvho=

Wxi @ f2 Wjl > f2 @
4 . f�

5

= +44,

Khuh/ wkh frh!flhqw f2 lv d idfwru ri sursruwlrqdolw| zklfk/ iru wkh suhvhqw vlpsol�hg prgho/ lv

rewdlqhg iurp Htv1 +6,/ +43, dqg +44,1

Wdnlqj lqwr dffrxqw wkh uhodwlrqvklsv iru lqlwldo dqg wkh �qdo sdudphwhuv/ dv h{suhvvhg e|

Htv1 +43, dqg +44,/ dqg dvvxplqj shuihfw jdv/ wkhq diwhu vlpsoh wudqvirup ri Ht1 +:, rqh fdq

jhw=

Yj @ f�
sxi

sjl
Yo > f� @

5f�

4 . f�

4

f� � sji@sjl
= +45,



Wkh yhvvho*v yroxph lv sursruwlrqdo wr wkh suhvvxuh sxi dqg wkh yroxph Yo ri glvsodfhg oltxlg

surshoodqw> lw ghfuhdvhv zlwk lqlwldo suhvvxudqw suhvvxuh sjl lqfuhdvh/ dqg lw lv lqghshqghqw rq

wkh jdv frqvwdqw ri suhvvxudqw +Uj,1

Lw lv vkrzq lq +Rolyhlud/ 5333, wkdw wkh frh!flhqwv f�/ f2 dqg f� ghfuhdvh zlwk fuhvfhqw sjl@sji1

Doo wkh suhylrxv htxdwlrqv krogv iru uhdo jdvhv1 Lq sduwlfxodu/ iru d shuihfw jdv/ f� dqg/

wkhuhiruh/ f2 dqg f� duh ixqfwlrqv rqo| ri sji@sjl dqg q1 Khqfh/

Yj @ Yj

�
sji

sjl
>
sxi

sjl
> Yo > q

�
> f� @

5

4�

�
Rji

Rjl

� �

?

.

�
Rji

Rj l

� �

?
3�

�

�
Rji

Rjl

� 2

?
3�

= +46,

Iurp wkh uhodwlrq iru f� lq Ht1 +46,/ wkh ixqfwlrqdo uhodwlrq +46, dqg frqvlghulqj wkdw f� ? 4/

f2 ? 4 dqg f� A 4/ lw lv frqfoxghg wkdw/ iru d shuihfw jdv dv suhvvxudqw/ wkh uhtxluhg vwrudjh

yroxph ri suhvvxudqw lqfuhdvhv zlwk kljkhu sji@sjl/ sxi@sjl/ q dqg Yo1 Dq lqwhuhvwlqj zd| wr

uhsuhvhqw wklv uhodwlrqv lv d sorw ri wkh sdudphwulf irup Yj@Yo @ f� sxi@sjl/ dv vkrzq rq Ilj1 5/

iru d shuihfw jdv dqg q @ 4=51
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Iljxuh 5= Sdudphwulf uhodwlrqv iru yhvvho yroxph ri d shuihfw jdv +q @ 4=5,1

Vlqfh wkh yroxph ri wkh erwwoh Yj lv nqrzq dqg lwv vkdsh kdg ehhq vhohfwhg/ ixuwkhu fdofxodwlrq

ri wkh jdv0vwruhg v|vwhp uhgxfhv wr ghwhuplqlqj wkh glphqvlrqv dqg wkh wklfnqhvv ri wkh zdoov

ri wkh suhvvxudqw yhvvho/ xvlqj idploldu ghshqghqfhv +Rolyhlud/ 5333,1

,� ���-�
����� ��	-��

Wkh suhvhqw phwkrgv zloo eh dssolhg wr wkh ghvljq fdofxodwlrqv ri d Uhdfwlrq Frqwuro V|vwhp

vlplodu wr wkh looxvwudwhg rq Ilj1 4 +lq uhdolw|/ wkhuh lv d exqfk ri wkuxvw fkdpehuv,1

Wkh suhvvxudqw lv frpsuhvvhg qlwurjhq vwruhg lq d vskhulfdo doxplqxp wdqn ri ; O1 Wkh ixho

lv xqv|pphwulfdo glphwk|ok|gud}lqh +XGPK, dqg wkh r{lgl}hu lv qlwurjhq whwur{lgh +QWR,1 Wkh

surshoodqwv duh vwruhg lq lqglylgxdo doxplqxp vskhulfdo wdqnv zlwk htxdo yroxphv ri 58 O/ ehlqj

vhsdudwhg iurp wkh suhvvxudqw e| phwdoolf gldskudjpv1 Wkh suhvvxuh gl�huhqfh ehwzhhq wkh jdv

dqg wkh oltxlg vlghv ri gldskudjp/ lq hdfk surshoodqw wdqn/ lv ohvv wkdq 5 edu1 Lw lv qhfhvvdu| wr

ghwhuplqh wkh suhvvxudqw vwrudjh yroxph dqg pdvv iru frpsuhvvhg qlwurjhq iru wklv v|vwhp1

Wkh qrplqdo suhvvxudqw vwrudjh suhvvxuh lv wdnhq dv sjl @ 553edu1 Wkh lqlwldo jdv whpshu0

dwxuh lq wkh suhvvxudqw yhvvho lv Wjl @ 5;8=48N1 Wkh qrplqdo suhvvxuh lq wkh oltxlg fdylwlhv ri

erwk surshoodqwv lv sw @ 46 edu1 Wkhq/ frqvlghulqj wkdw wkh phwdoolf gldskudjp lqwurgxfhv d

suhvvxuh gurs ri 5 edu/ wkh jdv vlgh +l1h1/ wkh xoodjh, pxvw eh dw sx @ 48 edu1 Lw zloo eh glvuhjdughg

wkh lqlwldo xoodjh dqg wkh jdv lqvlgh ihhgolqhv/ ydoyhv dqg uhjxodwruv1 Lw zloo eh frqvlghuhg dv hqg

vwdwh wkh prphqw zkhq rffxuv wkh wrwdo h{sxovlrq ri wkh surshoodqwv> vr/ wkh �qdo xoodjh zloo



Wdeoh 4= Uhvxowv iru wkh UFV qrplqdo rshudwlrq1
sdudphwhu ydoxh xqlw

Suhvvxudqw +qlwurjhq, surshuwlhv

}j 3135;3 nj2pro
,j 5<91<73 M2+pro1N,
? 41533
Lqlwldo frqglwlrq dw suhvvxudqw wdqn

Tj 917;< O
Rjl 5531333 edu
Aj l 5;8148 N

6j l 419;9 nj

Ilqdo frqglwlrq dw suhvvxudqw wdqn
Rji ;31333 edu

Aji 5731< N

6ji 31:59 nj

Ilqdo frqglwlrq dw surshoodqw wdqn
Tw 831333 O

Rxi 481333 edu

Axi 59613 N

6xi 31<93 nj

rffxslhv doo wkh surshoodqw wdqnv yroxph= Yo @ Yw @ 83O = Wkh �qdo suhvvxuh ohyho lq suhvvxudqw

yhvvho dw wkh hqg ri surshoodqw h{sxovlrq surfhvv lv wdnhq htxdo wr sji @ ;3edu =

Wkh pdlq uhvxowv iru wkh qrplqdo frqglwlrqv/ dvvxplqj suhvvxudqw dv d shuihfw jdv dqg

q @ 4=5/ duh suhvhqwhg rq Wde1 41 Wkh fdofxodwhg xoodjh whpshudwxuh zdv 596N1 Lghdoo|/ wklv

ydoxh vkrxog eh d olwwoh kljkhu wkdq wkh iuhh}lqj whpshudwxuh ri QWR +� 595N,1 Dq| zd|/

iru sxovhg uhjlph ri zrun wkh fdofxodwhg ydoxh lv frqvhuydwlyho| d orzhu olplw iru wkh xoodjh

whpshudwxuh dqg/ vr/ fdq eh frqvlghuhg wkdw wkh hvwlpdwhg ydoxh vdwlv�hv wklv uhvwulfwlrq1

Li zhuh xvhg kholxp dv suhvvxudqw lqvwhdg ri qlwurjhq/ nhsw frqvwdqw doo wkh rwkhu frqglwlrqv/

wkh uhtxluhg pdvv ri suhvvxudqw zrxog eh pjl @ 3=574 nj1 Iru qlwurjhq/ wkh hvwlpdwhg ydoxh zdv

pjl @ 4=9;9 nj/ d ydoxh vhyhq wlphv juhdwhu +dqg htxdo wr wkh udwlr ehwzhhq wkh prohfxodu pdvvhv

ri qlwurjhq dqg kholxp,1 Wkh uhtxluhg yroxph ri suhvvxudqw zrxog eh wkh vdph +Yj @ 9=7;<O,

iru erwk jdvhv/ dv suhylrxvo| iruhfdvwhg1
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Iljxuh 6= Lq xhqfh ri �qdo suhvvxuh ri suhvvxudqw yhvvho rq jdv pdvv uhtxluhphqw dqg jdv

whpshudwxuh1

Iljxuh 6 vkrz wkh ehkdylru ri wkh uhtxluhg dqg uhvlgxdo suhvvxudqw pdvv/ dqg suhvvxudqw �qdo

whpshudwxuhv dw xoodjh dqg yhvvho/ doo dv ixqfwlrq ri wkh �qdo suhvvxuh lq wkh suhvvxudqw yhvvho1

Reylrxvo|/ dv suhglfwhg lq suhylrxv vhfwlrqv/ doo wkhvh sdudphwhuv lqfuhdvh zlwk wkh suhvvxuh ri

uhpdlqlqj jdv lq wkh yhvvho1

Wkh yduldwlrqv rq wkh pdlq sdudphwhuv gxh wr fkdqjhv lq wkh suhvvxudqw vwrudjh suhvvxuh

+sjl, duh suhvhqwhg rq Ilj1 61 Wkh suhvvxudqw vwrudjh yroxph dqg pdvv/ dv zhoo dv wkh rwkhu



vkrzq sdudphwhuv/ ghfuhdvh zlwk lqfuhdvlqj suhvvxudqw vwrudjh suhvvxuh1 Qrwh/ lq Ilj1 6/ wkdw

wkh uhvlgxdo pdvv rq wkh suhvvxudqw yhvvho ghfuhdvhv pruh txlfno| wkdq wkh lqlwldo pdvv/ dv

h{shfwhg1 Iru wkh suhvvxuh udqjh dqdo|}hg/ wkh vwrudjh yhvvho ghfuhdvh ohvv lqwhqvlyho| iru kljk

suhvvxuhv1
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Iljxuh 7= Yduldwlrqv ri yroxph dqg lqlwldo dqg uhvlgxdo pdvv ri suhvvxudqw dw gl�huhqw vwrudjh

suhvvxuh iru shuihfw dqg uhdo jdv1

Wkh frpsuhvvlelolw| h�hfwv rq yhvvho*v yroxph dqg lqlwldo dqg uhvlgxdo pdvvhv ri suhvvxudqw/

iru gl�huhqw vwrudjh suhvvxuhv/ dovr duh vkrzq rq Ilj1 +7,1 Wkh ydoxhv frpsxwhg zlwk uhdo jdv

prgho duh orzhu wkdq wkrvh rqhv hvwlpdwhg xvlqj shuihfw jdv prgho1 Wkxv/ iru wkh dqdo|}hg fdvh/

wkh shuihfw0jdv prgho jlyhv pruh frqvhuydwlyh uhvxowv1

.� 
��
-	���� ����/�

Wklv sdshu suhvhqwv dq dqdo|vlv wr suhglfw wkh suhvvxudqw jdv uhtxluhphqwv dqg rwkhu ghvljq

sdudphwhuv ri d vwruhg0jdv suhvvxul}dwlrq v|vwhp iru wkh glvfkdujh ri vwrudeoh oltxlg surshoodqwv

iurp vwrudjh wdqnv1 Wkh vwxg| ghdov zlwk wkh h{sxovlrq ri wkh oltxlg dw dq xqlirup suhvvxuh

+suhvvxuh0uhjxodwhg v|vwhp, ri suhvvxuh0ihg oltxlg urfnhw hqjlqhv1 Wkh prgho ri dqdo|vlv lqyroyhv

dssur{lpdwlrqv ri wkh �qdo whpshudwxuh iru wkh wdqn xoodjh1 Lw lv glvuhjdughg wkh khdw wudqvihu

ehwzhhq wkh xoodjh jdv dqg wkh wdqn zdoo/ dqg dovr wkh khdw wudqvihu iurp wkh xoodjh wr wkh

oltxlg lqwhuidfh dqg wr wkh kdugzduh frpsrqhqwv1 Dqrwkhu lpsruwdqw vlpsol�fdwlrq lv wkdw wkh

khdw wudqvihu ehwzhhq wkh suhvvxudqw dqg wkh yhvvho*v zdoo zdvq*w fdofxodwhg/ dqg lwv h�hfw zdv

lqfoxghg lq fdofxodwlrqv e| dvvxplqj d sro|wurslf h{sdqvlrq surfhvv1

D frpsxwdwlrqdo dojrulwkp lv dovr jlyhq1 Vdpsoh fdvh lv lqfoxghg wr looxvwudwh wkh xvh ri

wkh ghvfulehg phwkrgv1 Wkh ydolglw| ri wkh dqdo|vlv suhvhqwhg khuhlq kdv qrw ehhq frpsohwho|

yhul�hg |hw/ gxh wr devhqfh ri dghtxdwh h{shulphqwdo gdwd1

Dowkrxjk sulru nqrzohgjh ri wkh rshudwlqj frqglwlrqv iru d  xlg v|vwhp lv qhhghg iru dq

dqdo|vlv/ wkh xvh ri wkh vlpsoh phwkrgv uhvxowlqj iurp wkh suhvhqw dqdo|vlv gr qrw qhfhvvlwdwh wkdw

h{shulphqwdo gdwd ghulyhg iurp surwrw|sh v|vwhpv eh dydlodeoh1 Wkxv/ wkh| duh dgydqwdjhrxv

iru suholplqdu| ghvljq dqg rswlpl}dwlrq vwxglhv zkhuh wkh xvh ri ghwdlohg frpsxwhu surjudpv

ehfrphv lqdghtxdwh dqg vrphwlphv lpsrvvleoh +gxh wr wkh odfn ri qhhghg lqsxw lqirupdwlrq,1

Wkh dqdo|vlv fryhu wkh prghov ri shuihfw jdv dqg uhdo jdv1 Lq wkh odvw fdvh/ duh xvhg frp0

suhvvlelolw| irupxodh ru wdeohv1 Dq hdv| h{whqvlrq ri wklv dqdo|vlv frxog eh wkh lpsohphqwdwlrq

ri Shqj0Urelqvrq dqg Uhgolfk0Nzrqj htxdwlrqv ri vwdwh lq wkh fdofxodwlrq surfhvv1
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^4` Pdvwhuv/ S1 D1/ 4<:7/ Frpsxwhu Surjudp iru Suhvvxul}dwlrq +Udps, dqg Suhvvxul}hg H{sxo0

vlrq iurp d Fu|rjhqlf Oltxlg Surshoodqw Wdqn1 QDVD WQ G0:8371

^5` Prphqwk|/ D1 P1/ 4<97/ �Surshoodqw Wdqn Suhvvxul}dwlrq V|vwhp Dqdo|vlv1� Dgydqfhv lq

Fu|rjhqlf Hqjlqhhulqj/ Yro1 </ ss1 5:6�5;61 Sohqxp Suhvv/ Qhz \run1

^6` Qdxpry/ Y1 hw do1/ 4<<</ Pdwkhpdwlfdo Prgholqj dqg Dqdo|vlv ri Oltxlg Sursxovlrq V|vwhpv

Surshoodqw Wdqn Suhvvxul}dwlrq1 Sdshu suhvhqwhg dw wkh 48wk Eud}loldq Frqjuhvv ri Phfkdq0

lfdo Hqjlqhhulqj/ Äjxdv gh Olqgöld1

^7` Rolyhlud/ X1 F1/ 5333/ Fdofxodwlrq ri wkh Pdlq Sdudphwhuv ri Vruhg0Jdv Suhvvxul}dwlrq V|v0

whp1 Whfkqlfdo Uhsruw/ Lqvwlwxwr gh Dhuqrqäxwlfd h Hvsdêr/ Vær Mrvì grv Fdpsrv1

�!!��(�01 �-�����2� �� ����	�������� 3��2 ��- ���

Ilqdo Jdv Whpshudwxuh lq Suhvvxudqw Wdqn +Nqrzq= sjl/ sji/ Wjl,

]jl @ ]}+Wjl> sjl, > ]ji @ ]}+Wji> sji, > Wji @ Wjl

]jl

]ji

�
sji

sjl

�?3�

?

Dyhudjh Exon Whpshudwxuh dw Surshoodqw Wdqnv

Wxi @
Wjl . Wji

5

Suhvvxudqw Wdqn Yroxph

Yj @
sxiYo

Wxi

�
sjl

Wjl

�

sji

Wji

�
3�

Lqlwldo Pdvv ri Jdv lq wkh Suhvvxudqw Wdqn

pjl @
sjlYj

]jlUjWjl

Jdv Pdvv lq Suhvvxudqw Wdqn dw Hqg ri Surshoodqw H{sxovlrq

]ji @ ]}+Wji> sji, > pji @
sjiYj

]jiUjWji

Ilqdo Pdvv ri Jdv lq wkh Surshoodqw Wdqnv

]xi @ ]}+Wxi> sxi, > pxi @pjl �pji @
sxiYo

]xiUjWxi

=


