
Fkdswhu 5

Jhqhudo Nlqhwlf Ghvfulswlrq ri
Hohfwurfkhplfdo Lqwhuidfhv

Wklv fkdswhu lqwurgxfhv edvlf qrwlrqv frqfhuqlqj wkh pdwkhpdwlfdo ghvfulswlrq ri
lqwhuidfldo surfhvvhv dw hohfwul�hg lqwhuidfhv ^93`/ wkh rffxuuhqfh ri hohfwurfkhplfdo
whpsrudo lqvwdelolwlhv dv zhoo dv wkh ghvfulswlrq ri vsdwldo frxsolqj h�hfwv lq hohfwur0
fkhplfdo v|vwhpv1

514 Vwdwh htxdwlrqv ri wkh lqwhuidfh

Wkh vwxg| ri d sk|vlfdo skhqrphqrq riwhq ohdgv wr wkh hoderudwlrq ri d prgho1 Rqh
orrnv iru d prgho wkdw lv dq dssursuldwh uhsuhvhqwdwlrq/ riwhq pdwkhpdwlfdo/ ri d
skhqrphqrq dqg zklfk fdswxuhv wkh hvvhqwldo ihdwxuhv ri wkh uhdo v|vwhp xqghu vwxg|1
Wkh sxusrvh ri vxfk d prgho lv pdq|0irog= Iluvw/ lw fdq uhsurgxfh +lghdoo| doo, wkh
idfwv glvfryhuhg h{shulphqwdoo|/ lw fdq khos suhglfw wkh h{shulphqwdo v|vwhp ehkdylru
xqghu ydulrxv frqglwlrqv zkdw wkhuhdiwhu +krshixoo|, fdq eh h{shulphqwdoo| yhul�hg
dqg/ �qdoo| dqg pd|eh prvw lpsruwdqwo|/ lw khosv udwlrqdol}h wkh revhuyhg idfwv zlwklq
wkh prgho*v fdwhjrulhv ri ghvfulswlrq1 Prghov riwhq ghdo zlwk wkh yhu| vwuxfwxuh ri d
v|vwhp/ exw lw fdq dovr eh xvhixo wr hoderudwh prghov ri wkh *lqsxw0rxwsxw* w|sh zklfk
ghvfuleh wkh v|vwhp ehkdylru zlwk uhvshfw wr lwv hqylurqphqw1

Wkh dlp ri dq hohfwurfkhplvw lv wr lghqwli| wkh surfhvvhv rffxuulqj dw wkh hohfwul�hg
lqwhuidfh ehwzhhq d zrunlqj hohfwurgh dqg wkh hohfwuro|wh/ hlwkhu e| hoderudwlqj d
prgho iru wkh lqwhuidfh ehkdylru ru e| wu|lqj wr �qg ydoxh ri vrph sdudphwhuv ri wkh
v|vwhp ri lqwhuhvw zkhq wkh uhdfwlrq phfkdqlvp lqyroyhg lv douhdg| nqrzq1 Krzhyhu/
lq vrph sudfwlfdo fdvhv/ hpslulfdo uhodwlrqvklsv duh vx!flhqw1

Dw wklv srlqw/ vrph frpphqwv rq edvlf frqfhswv uhjduglqj wkh vwuxfwxuh ri wkh
lqwhuidfh ^7;` duh dssursuldwh1 Ilj1 504 looxvwudwhv wkh jhqhudoo| dffhswhg Vwhuq prgho
ri wkh hohfwul�hg lqwhuidfldo uhjlrq/ fdoohg wkh grxeoh od|hu1 Fkdujhg xqvroydwl}hg
ru vroydwl}hg lrqv duh dgvruehg forvh dw wkh hohfwurgh +frpsdfw ru Khpkrow} od|hu,
vklhoglqj vrph ri wkh hohfwulf �hog zklfk h{whqgv lqwr wkh vroxwlrq> ixuwkhupruh zlwklq
vrph glvwdqfh iurp wkh vxuidfh/ fdoohg wkh gl�xvh od|hu/ h{fhvv lrqv duh irxqg dffruglqj
wr d Erow}pdqq glvwulexwlrq1 Wkh frpsdfw od|hu lv ixuwkhu vxeglylghg e| wkh sodqh
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49 Hohfwurfkhplfdo Lqwhuidfhv

Iljxuh 504= Looxvwudwlrq ri wkh frpsdfw +vhyhudo Dqjvwurhp lq zlgwk @ udglxv ri
vroydwl}hg lrqv, dqg wkh gl�xvh grxeoh od|hu wkh zlgwk ri zklfk ghshqgv rq lrqlf
vwuhqjwk ri wkh vroxwlrq +43 0 433 Dqjvwurhp,1 ç1K1@ rxwhu Khopkrw} sodqh1

ri forvhvw dssurdfk iru wkh fhqwhuv ri wkh lrqv zklfk duh qrqvshfl�fdoo| dgvruehg
+rxwhu Khopkrow} sodqh/ ç1K1 lq wkh �jxuh,/ l1h1 lrqv zklfk vwloo duh vxuurxqghg e|
vroyhqw prohfxohv dqg e| wkh sodqh iru wkh fhqwhuv ri vshfl�fdoo| dgvruehg lrqv +lqqhu
Khopkrow} sodqh/ qrw vkrzq,1 Eh|rqg wkh gl�xvh sduw ri wkh grxeoh od|hu/ exon
frqfhqwudwlrq frqglwlrqv dqg hohfwur0qhxwudolw| lv dvvxuhg1

Wkh hoderudwlrq ri d prgho iru wkh lqwhuidfh ehkdylru lv ghulyhg iurp wkh jhqhudo
htxdwlrqv ri sk|vlfv wkdw wdnh dffrxqw ri wkh qrq0olqhdu fkdudfwhu ri wkh surfhvvhv
lqyroyhg1 Wkh vsdwldo glvwulexwlrq ri wkh jhqhudo vwdwh yduldeohv !+u> w, dqg f

�

+u> w,
0wkh hohfwulf srwhqwldo dqg frqfhqwudwlrq ri vshflhv l dw srlqw u ri wkh hohfwurfkhplfdo
v|vwhp dqg wlph w 0 lv ghwhuplqhg e| d vhw ri gl�huhqwldo htxdwlrqv/ vxemhfw wr wkh
dssursuldwh erxqgdu| dqg lqlwldo frqglwlrqv1
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Wkh �uvw ri wkhvh frxsohg +p . 4, htxdwlrqv jhqhudol}hv wkh Srlvvrq htxdwlrq/
zkhuh �

S

lv wkh hohfwulf fkdujh ghqvlw| shu xqlw yroxph dqg
�$
S wkh glhohfwulf srodul}d0

wlrq1 Wkh vhfrqg vhw ri htxdwlrqv jhqhudol}hv wkh k|gurg|qdplf htxdwlrqv dqg dssolhv
wr wkh p w|shv ri fkhplfdo hqwlwlhv lqyroyhg lq wkh v|vwhp> f
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lv hlwkhu d vxuidfh ru d
exon frqfhqwudwlrq/ �M

�
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lv d whup uhsuhvhqwlqj wkh surgxfwlrq ru frq0
vxpswlrq ri d fkhplfdo vshflhv l jhqhudoo| dulvlqj iurp fkhplfdo dqg hohfwurfkhplfdo
uhdfwlrqv1 Wklv odvw whup fdq eh pdgh h{solflw iurp wkh pdvv edodqfh ri wkh uhdfwlrq
vfkhph wr eh whvwhg dqg iurp wkh odzv ri krprjhqhrxv dqg khwhurjhqhrxv nlqhwlfv1

Vwduwlqj iurp wklv jhqhudo iudph zrun/ wkh hoderudwlrq ri d prgho iru wkh lqwhuidfh
zloo eh shuiruphg e| pdnlqj d fhuwdlq qxpehu ri k|srwkhvhv zklfk jhqhudoo| doorz
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rqh wr vlpsoli| wkh lqlwldo htxdwlrqv1 Wklv vlpsoli|lqj k|srwkhvlv idoo lqwr vhyhudo
fdwhjrulhv/ hdfk ri zklfk lv qrz eulh | ghvfulehg1

51414 Srlvvrq htxdwlrq yhuvxv Odsodfh htxdwlrq

Wkh fkdujh ghqvlw|/ �
S

> lq ht1 514 fdq eh frqvlghuhg dv qrq0}hur lq sduwlfxodu vlwxd0
wlrqv1 Iluvwo|/ durxqg d uhihuhqfh lrq lq wkh vroxwlrq/ lq wkh Ghe|h0K fnho wkhru| ^94`1
Vhfrqgo|/ lq wkh Khopkrow} sduw dv zhoo dv lq wkh gl�xvh sduw ri wkh grxeoh od|hu iru
zklfk d vwdwlf dqg g|qdplf ghvfulswlrq kdv ehhq jlyhq ^94/ 7;`1

Lq sudfwlfh/ krzhyhu/ lw lv riwhq dvvxphg wkdw qhw hohwulf fkdujhv zlwklq wkh vroxwlrq
fdq eh qhjohfwhg dqg wkhuhiruh wkh Odsodfh htxdwlrq lv d uhdvrqdeoh dssur{lpdwlrq
iru wkh ghvfulswlrq ri wkh srwhqwldo glvwulexwlrq lq wkh hohfwuro|wh=

u2! @ 3 +516,

Wklv lv ydolg iru hyhu| yroxph hohphqw ri wkh vroxwlrq/ vlqfh wkh hohfwuro|wh/ dv d
zkroh/ lv hohfwur0qhxwudo/ l1h1 wkhuh duh qr qhw vrxufhv ri fkdujh1 Hduo| hohfwurfkhplfdo
prghov ghdolqj zlwk wkh srwhqwldo glvwulexwlrq zlwklq wkh hohfwuro|wh sodfhg hpskdvlv
h{foxvlyho| rq judglhqwv shushqglfxodu wr wkh hohfwurgh vxuidfh1 Wklv ohg wr wkh frq0
fhsw wkdw wkh rkplf srwhqwldo gurs gxh wr wkh vroxwlrq uhvlvwdqfh U pxvw eh dgghg
wr wkh srwhqwldo gurs uljkw dw wkh lqwhuidfh
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zkhuh X lv wkh srwhqwldo gurs ehwzhhq wkh zrunlqj hohfwurgh dqg wkh srlqw ri wkh
uhihuhqfh hohfwurgh e| zklfk wkh srwhqwldo ri wkh zrunlqj hohfwurgh lv frqwuroohg1 !f4

ghqrwhv wkh lqwhuidfldo srwhqwldo gurs/ fdoohg wkh grxeoh od|hu srwhqwldo/ ghwhuplqlqj
wkh hohfwurfkhplfdo surfhvvhv51 L

|J|

uhsuhvhqwv wkh fxuuhqw  rzlqj ehwzhhq wkh zrun0
lqj hohfwurgh dqg wkh uhihuhqfh hohfwurgh1 Uhfdoo/ krzhyhu/ wkdw lghdoo| wkhuh lv qr
fxuuhqw dfwxdoo|  rzlqj lqwr wkh uhihuhqfh hohfwurgh> lqvwhdg/ doo fxuuhqw lv froohfwhg
e| wkh wklug hohfwurgh ri dq hohfwurfkhplfdo vhwxs/ wkh frxqwhu +dx{loldu|, hohfwurgh
+vhh fkdswhu 6,1 Ilj1 505 looxvwudwhv wkh srwhqwldo gursv ehwzhhq zrunlqj dqg uhihu0
hqfh hohfwurgh1 Ht1 517 zloo ehfrph fuxfldo dv hohfwurfkhplfdo lqvwdelolwlhv zloo eh
glvfxvvhg1

51415 Htxdwlrqv ghvfulelqj wkh frqfhqwudwlrq fkdqjh

Wkh k|srwkhvlv riwhq pdgh lv wkdw ri d gloxwh vroxwlrq iru zklfk wkh  x{ ri d vshflhv
l fdq eh vhsdudwhg lqwr d  x{ gxh wr gl�xvlrq dqg d  x{ gxh wr pljudwlrq lq dq
hohfwulf �hog ^95`1 Dvvxplqj wkdw wkh wudqvsruw surshuwlhv +G
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4Qrwh wkdw wkh vxevfulsw *3* zloo eh gursshg lq vxevhtxhqw fkdswhuv zkhuh qr srwhqwldo lqvlgh wkh
vroxwlrq lv frqfhuqhg1

5Qrwh wkdw d ixuwkhu uh�qhphqw ri wklv vwdwhphqw zloo eh jlyhq zkhq grxeoh od|hu h�hfwv zloo eh
glvfxvvhg1
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Iljxuh 505= Jhqhudo htxlydohqw flufxlw ri dq hohfwurfkhplfdo fhoo/ Lwrw@ wrwdo pljudwlrq
fxuuhqw/ U@ rkplf hohfwuro|wh uhvlvwdqfh/ F@ grxeoh od|hu fdsdflwdqfh/ ]@ idudgdlf
lpshgdqfh/ X@ rxwhu dssolhg srwhqwldo/!f @grxeoh od|hu srwhqwldo1

wkh vroxwlrq exon dqg lqghshqghqw ri wkh frqfhqwudwlrq f
�

/ wkh frqfhqwudwlrq fkdqjh
lq wkh devhqfh ri dq| fkhplfdo uhdfwlrq lv jlyhq e|=
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lv wkh gl�xvlrq frqvwdqw ri d vshflhv l/ �y wkh yhorflw| �hog ri wkh oltxlg/
x
�

wkh prelolw| ri l/ }
�

lwv fkdujh qxpehu dqg ! wkh srwhqwldo dv jlyhq lq ht1 516 +vhh
vhfwlrq 415,1 Wkh frqfhqwudwlrq fkdqjh lv prvw jhqhudoo| jryhuqhg e| Gl�xvlrq +�uvw
whup,/ frqyhfwlrq +vhfrqg whup, dqg pljudwlrq +wklug whup,1

Li hohfwur0qhxwudolw| lv dvvxuhg/ lq wkh suhvhqfh ri lqhuw pdmru lrqlf vshflhv lq h{0
fhvv +vxssruwlqj hohfwuro|wh,/ rqh fdq qhjohfw wkh pljudwlrq whupv ri wkh hohfwurdfwlyh
vshflhv1 Jhqhudoo|/ fdofxodwlrq ri frqfhqwudwlrqv lq wkh suhvhqfh ri frqyhfwlrq lv gl!0
fxow xqohvv yhu| vshfldo frqyhfwlyh frqglwlrqv krog1 Wkh nqrzq h{dpsoh ri d urwdwlqj
glvf hohfwurgh/ iru lqvwdqfh/ jlyhv ulvh wr d frqvwdqw judglhqw dw wkh lqwhuidfh1 Prvwo|
krzhyhu/ fdofxodwlrq ri frqfhqwudwlrq lv vlpsoh rqo| li rqh fdq qhjohfw frqyhfwlrq1
Wklv lv vx!flhqwo| zhoo ixo�oohg li Vfkplgw*v qxpehu +ylvfrvlw|2gl�xvlrq frh!flhqw,
lv vx!flhqwo| kljk +vhyhudo wkrxvdqg,1 Wkh frqfhqwudwlrq judglhqw lv wkhq orfdwhg lq
wkh vr0fdoohg Qhuqvw od|hu +vhh fkdswhu 8 dqg ;, ri wklfnqhvv �> zlwklq zklfk wkh oltxlg
lv qhduo| prwlrqohvv1 Wkh wudqvsruw htxdwlrq wkhq uhgxfhv zlwk jrrg dffxudf| wr wkh
vlpsoh Ilfn*v odz ri gl�xvlrq=
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Frqyhfwlrq lv qrz wdnhq lqwr dffrxqw e| dsso|lqj wkh erxqgdu| frqglwlrqv rq f
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wkdw lv f
�

htxdov lwv exon ydoxh dw d �qlwh glvwdqfh iurp wkh lqwhuidfh lqvwhdg ri dw
lq�qlw|1

51416 Vhsdudwlrq ri wkh idudgdlf fxuuhqw iurp wkh fkdujlqj fxuuhqw
ri wkh grxeoh od|hu

Vwulfwo| vshdnlqj/ wkhuh lv forvh frxsolqj ehwzhhq idudgdlf fxuuhqwv/ l1h1 fkdujh wudqv0
ihu gxh wr fkhplfdo uhdfwlrqv/ dqg fdsdflwlyh fxuuhqwv/ l1h1 fkdujh  rzlqj lqwr wkh
grxeoh od|hu1 Vwloo/ lq prvw prghov/ lq sduwlfxodu dw kljk frqfhqwudwlrqv ri wkh vxs0
sruwlqj hohfwuro|wh/ fdofxodwlrq ri wkh grxeoh od|hu srwhqwldo lv juhdwo| vlpsol�hg e|
wkh k|srwkhvlv wkdw d vhsdudwlrq ehwzhhq wkhvh fxuuhqwv lv srvvleoh1 Wkhq/ wkh ryhudoo
fxuuhqw lv jlyhq e|=
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Ht1 51: lv sduwlfxoduo| lpsruwdqw lq iruwkfrplqj prghov ri hohfwurfkhplfdo v|vwhpv
dqg zloo vhuyh dv wkh whpsrudo hyroxwlrq htxdwlrq iru wkh grxeoh od|hu srwhqwldo1 Wkh
htxdwlrq fdq htxlydohqwo| eh frqvlghuhg dv d fkdujh frqvhuydwlrq htxdwlrq dv zhoo dv
d fxuuhqw edodqflqj htxdwlrq1

51417 Khwhurjhqhrxv uhdfwlrqv dw wkh lqwhuidfh

Lq dsso|lqj odzv ri khwhurjhqhrxv fkhplfdo nlqhwlfv wr wkh dgvruehg vshflhv lqyroyhg
lq hohfwurfkhplfdo nlqhwlfv/ wkh pdvv edodqfh htxdwlrq iru d vshflhv l fdq eh zulwwhq=
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> wkh vrxufh whup/ fdq eh hlwkhu srvlwlyh ru qhjdwlyh dqg uhsuhvhqwv wkh
hohfwurfkhplfdo ru fkhplfdo vxuidfh uhdfwlrqv/ wkh dgvruswlrq ru ghvruswlrq1 G
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lv wkh pd{lpxp vxuidfh frqfhqwudwlrq ri l1 E| dqdorj| zlwk jdv skdvh
dgvruswlrq/ dq h{suhvvlrq iru wkh ydoxh ri �

�

lv rewdlqhg e| fkrrvlqj dq lvrwkhupdo
odz +lvrwkhup,1Wkh vkdsh ri wkh lvrwkhup fulwlfdoo| lq xhqfhv wkh uhodwlrq ehwzhhq wkh
khwhurjhqhrxv uhdfwlrq udwh dqg wkh yroxph frqfhqwudwlrq ri vshflhv qhdu wkh grxeoh
od|hu1

51418 Fkdujh0wudqvihu dw wkh lqwhuidfh

Wkh fkdujh edodqfh jlyhv wkh idudgdlf fxuuhqw zklfk lv d ixqfwlrq ri vhyhudo txdqwlwlhv
^7;/ 96`1

Wkh jhqhudo h{suhvvlrq ri wkh udwh ri fkdujh wudqvihu zlwk idvw pdvv wudqvsruw
uhdgv=
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ehlqj wkh exon frqfhqwudwlrq ri l> W> s devroxwh whpshudwxuh dqg suhv0
vxuh/ D wkh hohfwurgh duhd dqg $ wkh urwdwlrq vshhg +urwdwlqj glvf,1 Wkh prvw frp0
prqo| dgrswhg irupdolvp iru wkh ghvfulswlrq ri L

s@o

ri d vlpsoh hohfwurfkhplfdo uh0
dfwlrq D 
 E . qh3/ zkhuh q hohfwurqv duh h{fkdqjhg zlwk wkh hofwurgh/ lv wkh
Exwohu0Yrophu h{suhvvlrq=
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Khuh/ wkh vxuidfh frqfhqwudwlrqv f
�

> wkh udwh frqvwdqw n dqg wkh grxeoh od|hu
srwhqwldo ! duh uhodwhg wr wkh revhuydeoh fkdujh wudqvihu1 !f lv wkh vwdqgdug srwhqwldo
ri wkh uhdfwlrq dqg � ghqrwhv wkh v|pphwu| idfwru ^7;`1 Lq vlwxdwlrqv zkhuh wkh pdvv
wudqvsruw lv vorz wkh vxuidfh frqfhqwudwlrq f
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51419 Wkh Iuxpnlq h�hfw

Lq d suhylrxv vhfwlrq/ wkh vsolwwlqj ri wkh grxeoh od|hu lqwr d frpsdfw sduw dqg d
gl�xvh sduw kdv ehhq lqwurgxfhg1 Htxlydohqwo|/ wkh wrwdo srwhqwldo gurs dfurvv wkh
grxeoh od|hu/ !> fdq eh vxeglylghg lqwr d sruwlrq dfurvv wkh frpsdfw od|hu xs wr wkh
rxwhu Khopkrow} sodqh dqg wkh sruwlrq zklfk gursv dfurvv wkh gl�xvh sduw/ fdoohg !2
+vhh Ilj1506 zkhuh wkh srwhqwldo lq wkh exon vroxwlrq zdv vhw wr }hur,1 Wklv srwhqwldo
vsolwwlqj fdq d�hfw wkh hohfwurgh uhdfwlrq lq wzr zd|v1 +l, Wkh frqfhqwudwlrq ri wkh
hohfwurdfwlyh vshflhv dw wkh rxwhu Khopkrow} sodqh zloo eh gl�huhqw iurp wkdw rxwvlgh
wkh Qhuqvw gl�xvlrq od|hu gxh wr frxorpe lqwhudfwlrqv1 Wkh frqfhqwudwlrq gl�huhqfh
zloo jhqhudoo| eh d ixqfwlrq ri !21 +ll, Wkh srwhqwldo gl�huhqfh gulylqj wkh hohfwurgh
uhdfwlrq lv qrw !> exw lqvwhdg +!� !2,> wkxv wkh h�hfwlyh hohfwurgh srwhqwldo +grxeoh
od|hu srwhqwldo, lv X�LU�!2= Erwk h�hfwv fdq ohdg wr d qrq0wulyldo L�! fkdudfwhulvwlf
ri dq hohfwurgh surfhvv1 Lq sduwlfxodu/ wkh udwh ri fkdujhg wudqvihu pljkw ghfuhdvh zlwk
lqfuhdvlqj ryhusrwhqwldo ryhu vrph srwhqwldo lqwhuydo/ zkhq dqlrq uhgxfwlrq ru fdwlrq
r{lgdwlrq lv frqvlghuhg1

515 Srodulvdwlrq frqwuro

Dv Ilj1 505 vxjjhvwv/ wkh hohfwurfkhplfdo v|vwhp xqghu srwhqwlrvwdwlf frqwuro fdq
eh wkrxjkw ri dv dq hqvhpeoh ri dq lqqhu flufxlw +grxeoh od|hu, zlwk idudgdlf dqg
fdsdflwlyh fxuuhqwv sodfhg lq vhulhv zlwk dq h{whuqdo flufxlw +ordg olqh, zlwk rkplf
uhvlvwdqfh U1 Wklv hqvhpeoh lv fkdudfwhul}hg e| ghshqghqw vwdwh yduldeohv vxfk dv
fxuuhqw L dqg grxeoh od|hu srwhqwldo ! dqg sdudphwhuv jryhuqhg e| wkh h{shulphqwhu
+frqvwudlqwv, vxfk dv wkh rxwhu srwhqwldo X ehwzhhq uhihuhqfh dqg zrunlqj hohfwurgh1
Lq d vwdwlrqdu| vwdwh wkh vwdwh yduldeohv ri wkh h{whuqdo dqg wkh lqwhuqdo flufxlw dqg
wkh lpsrvhg frqvwudlqw pxvw eh pdwfkhg1 Xvxdoo|/ wkh vwhdg| vwdwh fkdudfwhulvwlfv
lv sorwwhg e| ydu|lqj wkh frqvwudlqwv lpsrvhg dqg e| phdvxulqj wkh fkdqjh ri d
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Iljxuh 506= +d, Wkh gl�huhqwldo fdsdflwdqfh lq wkh Vwhuq prgho dv d vhulhv ri Khopkrow}
dqg gl�xvh od|hu fdsdflwdqfhv1 +e, Vsdwldo sur�oh ri srwhqwldo wkurxjk wkh vroxwlrq
vlgh ri wkh grxeoh od|hu +fdofxodwhg iru 3134 P 4=4 hohfwuro|wh lq zdwhu 58�F,=

vwdwh yduldeoh +h1j1 L � X sorwv,1 Wklv whfkqltxh lv fdoohg srodulvdwlrq frqwuro1 Wkh
ghshqghqfh ri vwdwh yduldeohv dqg frqvwudlqwv lq wkh ordg olqh duh hvvhqwldoo| fdswxuhg
lq ht15171 Pdwfklqj wkh fxuuhqwv lq wkh vwhdg| vwdwh ohdgv wr
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Wklv uhodwlrq zloo khos udwlrqdol}h wkh rffxuuhqfh ri g|qdplfdo lqvwdelolwlhv lq
hohfwurfkhplfdo v|vwhpv1 Ehiruh wkh phfkdqlvwlf ruljlq ri lqvwdelolw| lv lqwurgxfhg/
krzhyhu/ wkh gl�huhqw w|shv ri srodulvdwlrq frqwuro qhhg wr eh glvfxvvhg1

Iluvw/ wkhuh duh srodulvdwlrq frqglwlrqv/ zkhuh wkh rkplf uhvlvwdqfh U lv �qlwh dqg/
frqvhtxhqwo|/ ! pd| eh gl�huhqw iurp wkh �{hg rxwhu srwhqwldo X > vxfk frqglwlrqv
duh fdoohg srwhqwlrvwdwlf zlwk �{hg rxwhu srwhqwldo ru vlpso| srwhqwlrvwdwlf dqg duh
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prvw iuhtxhqwo| hpsor|hg lq wkh xsfrplqj fkdswhuv1 Vhfrqgo|/ frqglwlrqv ri hohf0
wurfkhplfdo phdvxuhphqwv iru ydqlvklqj rkplf uhvlvwdqfh U duh uhihuuhg wr dv wuxo|
srwhqwlrvwdwlf frqglwlrqv/ vlqfh ! @ X @ frqvw1 Lq wklv fdvh/ wkh grxeoh od|hu srwhqwldo
lv qr orqjhu d vwdwh yduldeoh/ exw lqvwhdg d v|vwhp sdudphwhu1

Ilqdoo|/ li wkh wrwdo fxuuhqw lv nhsw frqvwdqw/ wkh srodulvdwlrq frqglwlrqv duh uh0
ihuuhg wr dv jdoydqrvwdwlf1

516 G|qdplfdo lqvwdelolwlhv dw hohfwurfkhplfdo lqwhuidfhv

51614 Ruljlq ri hohfwurfkhplfdo elvwdeoh ehkdylru

Frqvlghu Ilj1 507 zkhuh wkh ordg olqh dqg wkh idudgdlf srodulvdwlrq fxuyh duh sorwwhg
dw jlyhq frqvwudlqwv X dqg U= Lq Ilj1 507d wkh idudgdlf surfhvv h{klelwv d qrupdo
srvlwlyh uhjxodwlrq ryhu wkh hqwluh srwhqwldo lqwhuydo1 Lw lv vhhq wkdw wkhuh lv rqo|
rqh vwdwlrqdu| vhw +L> !, ri vwdwh yduldeohv ghwhuplqlqj wkh v|vwhp ehkdylru1 Pxowlsoh
zrunlqj srlqwv ehfrph srvvleoh/ krzhyhu/ li wkh vwdwlrqdu| idudgdlf srodulvdwlrq fxuyh
vkrzv d uhjlrq ri lqyhuvh uhjxodwlrq +qhjdwlyh idudgdlf lpshgdqfh ] @

_U
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_�

ru htxdoo|
qhjdwlyh gl�huhqwldo uhvlvwdqfh / Q0vkdshg srodulvdwlrq fxuyh, dv jlyhq lq Ilj1 507e
dqg f1 Dffruglqj wr Nrshu ^97` wkh ruljlq ri d uhjlrq ri qhjdwlyh lpshgdqfh fdq eh
udwlrqdol}hg dv iroorzv= vlqfh wkh idudgdlf fxuuhqw lv jlyhq dffruglqj wr
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? 3, fdq wkhuhiruh vwhp iurp d Iuxpnlq h�hfw lq wkh

grxeoh od|hu + _S
_�

? 3,/ wkh srwhqwldo0ghshqghqw dg0 dqg ghvruswlrq ri d fdwdo|vw + _&
_�

?

3, ru wkh srvvlelolw| wkdw wkh dydlodeoh vxuidfh duhd ehfrphv srwhqwldo0ghshqghqw/ h1j1
gxh wr idvw dgvruswlrq surfhvvhv +_�

_�

? 3,= Xvxdoo|/ lq wkh fdvh ri wkuhh vwdwlrqdu|
vwdwhv/ wzr ri wkhp duh vwdeoh zkhuhdv wkh wklug rqh lv xqvwdeoh1 Xsrq shuwxuelqj
wkh v|vwhp iurp rqh vwdeoh vwdwlrqdu| vwdwh/ d wudqvlwlrq wr wkh rwkhu vwdeoh vwhdg|
vwdwh fdq eh dfklhyhg zlwkrxw fkdqjhv lq wkh frqvwudlqwv1 Qrwh wkdw wkh g|qdplf
elvwdeoh ehkdylru lv ghwhuplqhg e| wkh whpsrudo hyroxwlrq ri wkh grxeoh od|hu rqo|1
Doo fkhplfdo vshflhv d�hfwlqj wkh uhdfwlrq duh dvvxphg wr eh vwdwlrqdu| dw doo wlphv1

Lw lv reylrxv iurp Ilj1 507 wkdw iru elvwdelolw| wr rffxu dsduw iurp wkh suhvhqfh ri d
srwhqwldo uhjlrq zlwk qhjdwlyh lpshgdqfh +@ qhjdwlyh gl�huhqwldo uhvlvwdqfh/ QGU,/ d
frqglwlrq dv wr wkh devroxwh ydoxh ri wkh rkplf uhvlvwdqfh U pxvw eh ixo�oohg/ qdpho|
m]

s

m ? U / zkhuh ]
s

lv wkh idudgdlf lpshgdqfh1 Wklv ihdwxuh kdg ehhq frqmhfwxuhg
iurp hduo| rq wr eh fulwlfdoo| lqyroyhg lq wkh lqvwdelolw| phfkdqlvp ^98/ 99`

Lq dgglwlrq wr wkh hohfwurfkhplfdo elvwdelolw|/ dq hohfwurfkhplfdo v|vwhp fdq eh0
frph elvwdeoh gxh wr d sxuho| fkhplfdo elvwdelolw| qrw lqyroylqj wkh grxeoh od|hu
srwhqwldo dv hvvhqwldo yduldeoh1 Wkhuh duh rqo| ihz nqrzq h{shulphqwdo elvwdeoh v|v0
whpv ri wklv w|sh ^9:`1
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Iljxuh 507= Wkh ruljlq ri pxowlsoh vwdwlrqdu| vwdwhv lq hohfwurfkhplfdo v|vwhpv1 d,
Dozd|v rqh vwdeoh vwhdg|1vwdwh1 e, dqg f, Gxh wr dq Q0vkdshg vwdwlrqdu| srodulvdwlrq
fxuyh/ d wudqvlwlrq wr elvwdelolw| +wkuhh vwdwlrqdu| srlqwv, fdq rffxu1

51615 Hohfwurfkhplfdo rvfloodwlrqv

Vxvwdlqhg shulrglf ehkdylru lv jhqhudoo| rewdlqhg iurp elvwdelolw| li dq dgglwlrqdo
vorz ghjuhh ri iuhhgrp dvvrfldwhg zlwk d vorz vwdwh yduldeoh dulvhv lq wkh v|vwhp1 Li
wkh uhjxodwlrq ehwzhhq wkh elvwdeoh sduw ri wkh v|vwhp dqg wkh dgglwlrqdo yduldeoh lv
fkrvhq surshuo| ^9;/ 66/ 9<` dqg li wkh wlphvfdohv duh vx!flhqwo| gl�huhqw/ wkh idvw
srvlwlyh ihhgedfn edvhg rq wkh hohfwulfdo txdqwlwlhv dqg wkh vorz qhjdwlyh ihhgedfn fdq
lqwhudfw wr |lhog hohfwurfkhplfdo rvfloodwlrqv1 Dv douhdg| frqmhfwxuhg lq hduo| hohfwur0
fkhplfdo olwhudwxuh wkh vorz qhjdwlyh ihhgedfn fdq uhvxow iurp wkh udwh0ghwhuplqlqj
vorz wudqvsruw ri hohfwurdfwlyh vshflhv ohdglqj wr yduldwlrqv lq wkh grxeoh od|hu frq0
fhqwudwlrq ^98/ 99/ :3/ :4/ :5`1 D jhqhudo pdwkhpdwlfdo irupxodwlrq ri wkh sureohp
wrjhwkhu zlwk d wkrurxjk dqdo|vlv ri hohfwurfkhplfdo rvfloodwlrqv zdv iru wkh �uvw wlph
jlyhq e| Nrshu ^:6/ 97/ :7`1

Vxvwdlqhg rvfloodwlrqv lq fxuuhqw ru srwhqwldo duh dovr frqfhlydeoh lq sxuo| fkhplfdo
rvfloodwruv zlwk rqh ru pruh uhdfwlrq vwhsv ehlqj dvvrfldwhg zlwk fkdujh wudqvihu dw
wkh lqwhuidfh1 Vxfk rvfloodwruv zrxog qrw lqyroyh wkh grxeoh od|hu srwhqwldo dv dq
hvvhqwldo yduldeoh +wuxo| srwhqwlrvwdwlf rvfloodwruv,1

51616 Phfkdqlvwlf fodvvl�fdwlrq ri hohfwurfkhplfdo rvfloodwruv

Wkh �uvw phfkdqlvwlf fodvvl�fdwlrq ri rvfloodwru| hohfwurfkhplfdo v|vwhpv kdv ehhq sxw
iruzdug e| Zrmwrzlf} ^48` zkr jhqhudoo| glvwlqjxlvkhg ehwzhhq sxuho| fkhplfdo rvflo0
odwruv zlwk fkdujh wudqvihu dqg hohfwurfkhplfdo rvfloodwruv fkdudfwhul}hg e| dq lqwhu0
dfwlrq ri h{whuqdo dqg lqwhuqdo flufxlw1 Pruh uhfhqwo|/ Nrshu ^:6/ 97/ :7/ 56` ghyhorshg
d pruh suhflvh slfwxuh dv wr d srvvleoh fdwhjrul}dwlrq ri hohfwurfkhplfdo rvfloodwlrqv=
Nrshu lghqwl�hg wkh jurxs ri rvfloodwruv zklfk uhtxluh erwk d qhjdwlyh gl�huhqwldo uh0
vlvwdqfh dqg d �qlwh rkplf uhvlvwdqfh U iru lqvwdelolwlhv1 Zlwklq wklv jurxs/ kh ixuwkhu
vxeglylghg lqwr hohfwurfkhplfdo rvfloodwruv zklfk rvfloodwh rqo| xqghu srwhqwlrvwdwlf
frqglwlrqv +zlwk dgglwlrqdo h{whuqdo rkplf uhvlvwdqfh li wkh vroxwlrqv uhvlvwdqfh lv
qrw vx!flhqw, dqg wkrvh zklfk h{klelw srwhqwldo rvfloodwlrqv xqghu jdoydqrvwdwlf frq0
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glwlrqv dv zhoo1 Dffruglqj wr uhi1 ^5:` rvfloodwruv ri wkh iruphu dqg odwwhu w|sh duh
uhihuuhg wr dv �QGU0rvfloodwruv� dqg �KQGU0rvfloodwruv�/ uhvshfwlyho|/ lqglfdwlqj wkh
uhtxluhphqw ri d qhjdwlyh gl�huhqwldo uhvlvwdqfh1 KQGU vwdqgv iru *klgghq qhjdwlyh
gl�huhqwldo uhvlvwdqfh*1 Wkh surplqhqw ihdwxuh ri d KQGU0rvfloodwru lv wkh idfw wkdw
wkh gl�huhqwldo uhvlvwdqfh lv qhjdwlyh rqo| rq d idvw wlph vfdoh dqg wkhuhiruh lv qrw
ylvleoh lq d vwdwlrqdu| L@X fxuyh1 Wkh idvw wlph vfdoh fdq eh fdxvhg e| d idvw dg0 dqg
ghvruelqj vshflhv zklfk eorfnv iuhh vxuidfh vlwhv dqg wkhuhe| ohdgv wr d qhjdwlyh _�

_�

1

Wkhuh duh qxphurxv h{shulphqwdo h{dpsohv ri wkhvh wzr rvfloodwru fodvvhv> Lq�n

uhgxfwlrq lq wkh suhvhqfh ri fdwdo|vwv dv zhoo dv wkh uhgxfwlrq ri shur{rglvxoskdwh lq
dondolqh vroxwlrq duh surplqhqw h{dpsohv ri QGU rvfloodwruv/ zkhuhdv wkh rvfloodwru|
k|gurjhq r{lgdwlrq uhdfwlrq lq wkh suhvhqfh ri XSGphwdov dqg dgvruelqj lrqv ehorqjv
wr wkh odwwhu KQGU w|sh ^:8/ 5<`1 Nrshu ixuwkhu srlqwhg rxw klv �qglqj wkdw QGU
rvfloodwruv xvxdoo| vkrz wkh vr0fdoohg furvv0vkdshg skdvh gldjudp +[SG, ^77` lq wzr0
sdudphwhu elixufdwlrq gldjudpv/ zkhuhdv KQGU rvfloodwru jhqhudoo| h{klelw pruh
frpsoh{ elixufdwlrq gldjudpv lqyroylqj d vdggoh0orrs elixufdwlrq ri vwdeoh shulrglf
ruelwv ^97/ 5</ 59`1 Wkh vkdsh ri wkhvh elixufdwlrq gldjudpv lv uhodwhg wr wkh h{lvwhqfh
ri kljko| ghjhqhudwh elixufdwlrq srlqwv wkdw fdqqrw rffxu lq v|vwhpv zlwk d [SG
^:7`1 D v|vwhpdwlf vwxg| ri wklv skhqrphqrq/ lq sduwlfxodu wkh vwxg| ri wkh wudqvlwlrq
ehwzhhq wkh elixufdwlrq gldjudpv ri wkh wzr rvfloodwru fodvvhv zdv vwloo plvvlqj1

Ixuwkhupruh/ Nrshu slfnhg xs wkh frqfhsw ri sxuho| fkhpfldo rvfloodwruv uhihuulqj
wr wkhp dv wuxo| srwhqwlrvwdwlf rvfloodwruv ^56`1 Wkhvh rvfloodwruv vkrz vxvwdlqhg sh0
ulrglf ehkdylru hyhq lq wkh olplwlqj fdvh ri wuxo| srwhqwlrvwdwlf frqglwlrqv/ l1h1zkhuh
wkh grxeoh od|hu srwhqwldo lv nhsw frqvwdqw zlwkrxw txhqfklqj wkh rvfloodwlrqv1 Vlqfh
wkh lqvwdelolw| lv ri fkhplfdo qdwxuh/ wkh fodvvl�fdwlrq vfkhph ri fkhplfdo rvfloodwru|
v|vwhpv fdq eh dssolhg ^66` li d vlpsoh v|qhujlvwlf dxwrfdwdo|vlv lv lqyroyhg1 Iru pruh
frpsolfdwhg phfkdqlvpv ri lqvwdelolw| +frpshwlwlyh dxwrfdwdo|vlv ru dxwrfdwdo|vlv0iuhh
rvfloodwru| lqvwdelolw|, fodvvl�fdwlrq vfkhphv duh vwloo wr eh hoderudwhg1 Qrwh wkdw dw
kljkhu ydoxhv ri wkh rkplf uhvlvwdqfh/ ! grhv lq idfw rvfloodwh hyhq li lw lv qrqhvvhqwldo
iru wkh g|qdplfv1 Wkhuh duh d ihz h{shulphqwdo v|vwhpv zklfk duh eholhyhg wr idoo lqwr
wklv fodvv exw fohdu hylghqfh iru wkh sxuho| fkhplfdo qdwxuh ri wkhlu lqvwdelol| lv vwloo
plvvlqj ^:9/ 9:/ ::/ :;`1 Frqvhtxhqwo|/ wkh elixufdwlrq ehkdylru dqg wkh lpshgdqfh
vshfwud ri wkrvh hohfwurfkhplfdo v|vwhp duh srruo| lqyhvwljdwhg erwk lq h{shulphqw
dqg wkhru|1

517 Vsdwlrwhpsrudo ghvfulswlrq ri hohfwurfkhplfdo lqwhu0
idfhv

Vr idu lq wklv fkdswhu/ wkh nlqhwlf ghvfulswlrq ri dq hohfwul�hg lqwhuidfh frqvlghuhg
h{foxvlyho| vsdwldoo| krprjhqhrxv v|vwhpv/ l1h1 v|vwhpv lq zklfk dq| vsdwldo srwhq0
wldo yduldwlrq zdv qhjohfwhg1 Krzhyhu/ lw lv zhoo nqrzq iurp vwxglhv e| Rvwzdog dqg
Iudqfn^47/ 46` wkdw wkh hohfwurgh fdqqrw dozd|v eh dvvxphg wr eh vsdwldoo| krprjh0
qhrxv1 Dv srlqwhg rxw lq fkdswhu 4 iru jhqhudo fkhplfdo v|vwhpv/ vsdwldo wudqvsruw
surfhvvhv pd| rffxu sdudooho wr wkh uhdfwlyh lqwhuidfh dqg qhhg wr eh lqfoxghg dv
vsdwldo frxsolqj whupv lqwr d frpsohwh g|qdplf prgho ghvfulswlrq1
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Ilj1 508 uhylhzv wkh prvw frpprq w|shv ri vsdwldo frxsolqj= D joredo frxsolqj lv
gh�qhg dv rqh wkdw lv ihow lqvwdqwdqhrxvo| dqg htxdoo| vwurqjo| dw dq| vsdwldo srvlwlrq
{ ri wkh v|vwhp1 D orfdo frxsolqj/ lq frqwudvw/ lpsolhv/ wkdw rqo| wzr srlqwv lq forvh
glvwdqfh duh frxsohg/ zkhuhdv wzr glvwdqw srlqwv gr qrw *ihho* hdfk rwkhu dw doo1 Ilqdoo|/
d qrqorfdo frxsolqj lv lqwhuphgldwh joredo dqg orfdo lq wkh vhqvh wkdw wkh uhjlrq ri
frxsolqj lv zlghu wkdq lq wkh orfdo fdvh/ srvvleo| lqfoxglqj wkh hqwluh v|vwhp/ dqg wkdw
wkh frxsolqj vwhqjwk ehwzhhq wzr srlqwv ydulhv zlwk wkhlu vsdwldo glvwdqfh1 Qrwh wkdw
lq Ilj1 508 doo vsdwldo srlqwv dorqj wkh hohfwurgh duh dvvxphg wr eh vxemhfw wr wkh vdph
frxsolqj ixqfwlrq1 Uhfhqw fdofxodwlrqv iru vshfl�f hohfwurgh jhrphwulhv lqglfdwh wkdw
wklv lv qrw qhfhvvdulo| wkh fdvh ^73`1 Orfdo frxsolqj/ h1j1 gl�xvlrq/ dv zhoo dv joredo
frxsolqj/ h1j1 wkurxjk wkh jdv skdvh lq XKY h{shulphqwv/ kdyh ehhq h{whqvlyho|
vwxglhg lq prghov dqg h{shulphqwv dqg duh zhoo xqghuvwrrg ^:</ ;3/ 8:/ 8</ 89/ 8;`1

Xqolnh uhdfwlrq0gl�xvlrq v|vwhpv zkhuh vsdwlrwhpsrudo sdwwhuqv dulvh iurp wkh
lqwhudfwlrq ri dq dxwrfdwdo|vlv dqg gl�xvlrqdo frxsolqj/ lq hohfwurfkhplfdo v|vwhpv
dq dgglwlrqdo wudqvsruw phfkdqlvp rffxuv wkurxjk wkh wudqvsruw ri fkdujhg vshflhv
lq dq hohfwulf srwhqwldo judglhqw +pljudwlrq surfhvvhv,1 Dv srlqwhg rxw suhylrxvo|/ wkh
vwurqj whqghqf| ri pljudwlrq wr qhxwudol}h qhw fkdujhv zlwklq wkh vroxwlrq mxvwl�hv
wkh k|srwkhvlv wkdw wkh srwhqwldo glvwulexwlrq lv jryhuqhg e| wkh Odsodfh udwkhu wkdq
e| wkh Srlvvrq htxdwlrq1 Wklv dvvxpswlrq lv dfwxdoo| wkh vwduwlqj srlqw ri doo uh0
fhqw prgholqj dssurdfkhv ri vsdwldo hohfwurfkhplfdo sdwwhuq irupdwlrq1 Ixuwkhupruh/
wkh suhvhqfh ri pljudwlrq frxsolqj lq hohfwurfkhplfdo v|vwhpv jlyhv ulvh wr shfxoldu
surshuwlhv devhqw lq uhdfwlrq0gl�xvlrq v|vwhpv1

Hduo| prgholqj dgguhvvhg frpsoh{ vsdwldo sdwwhuq vxfk dv zdyhv dqg dqwlskdvh
rvfloodwlrqv revhuyhg gxulqj Ql glvvroxwlrq lq vxoixulf dflg ^;4/ 67/ ;5`1 Hyhq wkrxjk
wkhuh zdv d fruuhvsrqghqfh ri prgho dqg h{shulphqwv/ wkh qxphulfdo uhvxowv uhpdlq
txhvwlrqdeoh gxh wr vrph xquhdvrqdeoh prgho dvxpswlrqv1

D prgho dssurdfk e| Nrshu dqg Vox|whuv ^;6` idlov wr doorz iru d qrqolqhdu srwhq0
wldo glvwulexwlrq ehwzhhq zrunlqj dqg uhihuhqfh hohfwurgh zklfk uhgxfhv wkh frxsolqj
sdudooho wr wkh lqwhuidfh dfurvv wkh hohfwuro|wh wr d irupdo gl�xvlrq1 Ixuwkhupruh/ sr0
whqwldo lqkrprjhqhlwlhv rxwvlgh wkh gl�xvlrq od|hu duh qhjohfwhg zklfk lv lq frqwudwv
wr h{shulphqwv ^69`1 Khqfh/ wkh odwwhu prgho dssurdfk lv dovr xqdeoh wr dghtxdwho|
fdswxuh wkh fkdudfwhulvwlfv ri hohfwurfkhplfdo frxsolqj1

Ioçwjhq dqg Nulvfkhu ^;7/ ;8/ ;9` uhsruwhg rq vsdwlr0whpsrudo skhqrphqd lq wkh
elvwdeoh ru rvfloodwru| uhjlph gxulqj shur{rglvxoskdwh uhgxfwlrq/ d QGU rvfloodwru/
dw d Dj ulqj hohfwurgh ru glvn1 Wkh| irxqg wudyhoolqj srwhqwldo iurqwv dorqj wkh
hohfwurgh phgldwlqj wkh wudqvlwlrq ehwzhhq wkh dfwlyh dqg sdvvlyh vwdwh1 Xqolnh
uhdfwlrq0gl�xvlrq iurqwv/ wkh hohfwurfkhplfdo iurqwv glg qrw vkrz d frqvwdqw yhorf0
lw| exw h{klelwhg dffhohudwlrq ^;8`1 Vlplodu dffhohudwlqj iurqwv zhuh revhuyhg gxulqj
fredow hohfwurglvvroxwlrq ^;:`1 Vroylqj wkh Odsodfh htxdwlrq lq wzr vsdfh glphqvlrqv
{ dqg }> fruuhvsrqglqj wr wkh gluhfwlrq sdudooho dqg uhvshfwlyho| shushqglfxodu wr wkh
hohfwurgh/ e| phdqv ri Irxulhu prghv/ Ioçwjhq dqg Nulvfkhu fdofxodwhg wkh pljudwlrq
whup L

6�}

> l1h1 wkh srwhqwldo judglhqw dw wkh lqwhuidfh lq gluhfwlrq ri }/ lq wkh fkdujh
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Iljxuh 508= Frpprq w|shv ri rqh0glphqvlrqdo vsdwldo frxsolqj lq g|qdplfdo v|vwhpv
zlwk shulrglf erxqgdu| frqglwlrqv 1 K ghqrwhv wkh frxsolqj vwuhqjwk/ +{0{*, uhsuhvhqwv
wkh vsdwldo srvlwlrq uhodwlyh wr d uhihuhqfh srlqw {*1

edodqfh htxdwlrq ^69/ 5:`

F
_,

C!f+{> w,

Cw
@ �L

s@o

. L
6�}

@ �L
s@o

+{> w,� �

�

C!+{> w,

C}

����
�?| ihu @Se

= +5146,

Lw lv wklv htxdwlrq zklfk jryhuqv wkh wlph hyroxwlrq ri wkh lqwhuidfldo srwhqwldo +vhh
dovr ht151:, dqg wkhuhiruh lv wkh fuxfldo sduw ri wkh prgho1 F

_,

ghqrwhv wkh lqwhuidfh
fdsdflw|/ � lv d jhrphwulfdo sdudphwhu dqg � lv wkh frqgxfwlylw| ri wkh vroxwlrq1
Vlpxodwlrqv xvlqj wkh Ioçwjhq0Nulvfkhu prgho uhyhdohg wkdw wkh suhvhqfh ri d qrqorfdo
frxsolqj dfurvv wkh hohfwuro|wh gxh wr pljudwlrq fxuuhqwv sdudooho wr wkh hohfwurgh pxvw
eh khog uhvsrqvleoh iru wkh dffhohudwlrq ^;7/ 69`1

Pd}rx} hw do1 ^6:/ 6;` ixuwkhu lqyhvwljdwhg wkh wzr0glphqvlrqdo Ioçwjhq0Nulvfkhu
prgho zlwk uhvshfw wr wkh udqjh dqg vwuhqjwk ri wkh vsdwldo frxsolqj1 Dv wr wkh
udqjh ri wkh frxsolqj/ wkh| vwuhvvhg wkh vljql�fdqfh ri wkh ohqjwk vfdoh ri wkh hohf0
wurfkhpfldo v|vwhp �/ l1h1 wkh udwlr ri wkh glvwdqfh ehwzhhq wkh zrunlqj hohfwurgh dqg
dq htxlsrwhqwldo sodqh +uhihuhqfh hohfwurgh, dqg wkh duhd ri wkh zrunlqj hohfwurgh/
zkhuhdv wkh frqgxfwlylw| zdv irxqg uhvsrqvleoh iru wkh vwuhqjwk ri wkh vsdwldo frx0
solqj1 Odujh � zhuh irxqg wr lqfuhdvh wkh udqjh ri wkh frxsolqj/ zkhuhdv yhu| vpdoo
� ohg wr gl�xvlrq0olnh frxsolqj1

Fkulvwrsk/ �qdoo|/ uhfhqwo| vxjjhvwhg dq dowhuqdwlyh dssurdfk wr wkh fdofxodwlrq
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ri wkh wrwdo pljudwlrq fxuuhqw L
6�}

lq wkh fkdujh edodqfh htxdwlrq1 Zkhuhdv Ioçw0
jhq xvhg d Irxulhu prgh uhsuhvhqwdwlrq/Fkulvwrsk hpsor|hg wkhruhpv rq Juhhq*v
ixqfwlrqv lq rughu wr ghyhors d qxphulfdoo| wudfwdeoh irpdolvp iru ht1 5146 hyhq iru
frpsoh{ hohfwurgh jhrphwulhv/h1j1 uhtxlulqj pl{hg erxqgdu| frqglwlrqv ^73`1 Xqolnh
suhylrxv hohfwurfkhplfdo prghov Fkulvwrsk*v dssurdfk ohg wr dq looxvwudwlyh lqwhjudo
uhsuhvhqwdwlrq ri ht1 5146 ^74`1 Lq wkh fdvh ri shulrglf erxqgdu| frqglwlrqv dorqj
wkh lqwhuidfh ri d ulqj hohfwurgh zlwk d urwdwlrqdo0 v|pphwulf srlqw0olnh uhihuhqfh
hohfwurgh/ ht1 5146 ehfrphv

C!f+{> w,
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� !f,g{� +5147,

zkhuh wkh vsdwldo frxsolqj lv hqwluho| wdnhq fduh ri e| wkh lqwhjudo h{suhvvlrq
frqwdlqlqj wkh frxsolqj ixqfwlrqK dqg wkh srwhqwldo gl�huhqfh ri wzr srlqwv +!�

f
�!f,

frqvlghuhg1 Wkh ixqfwlrq K uhsuhvhqwv wkh frxsolqj ehwzhhq d jlyhq uhihuhqfh srlqw {
dqg wkh rwkhu srlqwv dorqj wkh ulqj> iru wkh ulqj jhrphwu| frqvlghuhg/K lv lghqwlfdo iru
doo { / wkxv ghshqgv rqo| rq glvwdqfh +{��{,1 Wkh ixqfwlrq I lqfoxghv doo orfdo fkhplfdo
g|qdplfv1 Fkulvwrsk*v lqwhjudo irupdolvp qrw rqo| doorzv wkh suhflvh irupxodwlrq ri
d wkuhh0glphqvlrqdo ulqj jhrphwu| lqfoxglqj d �qlwh ulqj zlgwk/ exw dovr fdq eh xvhg
wr dssurdfk frpsoh{ jhrphwulhv vxfk dv uleerq ru glvn hohfwurghv1 Jhqhudoo|/ lq
Fkulvwrsk*v irupdolvp wkh frxqwhu hofwurgh lv frqvlghuhg wr eh dw lq�qlw|1

Iru wkh jhrphwu| ri lqwhuhvw iru iruwkfrplqj h{shulphqwv lq fkdswhu 9/ l1h1 shulrglf
erxqgdu| frqglwlrqv lq { gluhfwlrq dorqj d *txdvl rqh0glphqvlrqdo* zrunlqj hohfwurgh
zlwk srlqw uhihuhqfh hohfwurgh rq wkh urwdwlrqdo d{lv/ wkh ghshqghqfh ri K rq v|vwhp
frqvwudlqwv vxfk dv +l, wkh jhrphwulf dvshfw udwlr � ri wkh v|vwhp dqg +ll, dq h{whuqdo
rkplf uhvlvwdqfh U

e%

lq vhulhv wr wkh zrunlqj hohfwurgh fdq eh oxpshg lqwr d vlqjoh
sdudphwhu E =

K @ K+E,

E @ E+dvshfw udwlr> U
e%

,=

Ilj1 509 vxppdul}hv wkh suhglfwlrqv ri wkh lqwhjudo irupdolvp dv wr wkh ghshqghqfh
ri wkh vljq ri K rq wkh v|vwhp sdudphwhu E1 Wkh v|vwhp ohqjwk zdv qrupdol}hg
wr 4 dqg wkh uhihuhqfh srlqw frqvlghuhg lv orfdwhg dw { @ 3=81 Iru d odujh ydoxh
ri wkh dvshfw udwlr/ l1h1 d odujh glvwdqfh ehwzhhq zrunlqj dqg srlqw0olnh uhihuhqfh
hohfwurgh/ dqg lq wkh devhqfh ri dq h{whuqdo rkplf uhvlvwdqfh/ wkh ydoxh ri E lv
}hur dqg wkh K lv jlyhq e| wkh plggoh fxuyh lq Ilj1 5091 Doo srlqwv dorqj wkh
ulqj duh frxsohg srvlwlyho| zlwk wkh frxsolqj vwuhqjwk ghfuhdvlqj zlwk glvwdqfh1 Li
wkh uhihuhqfh hohfwurgh lv dssurdfkhg wrzdugv wkh fhqwhu ri wkh ulqj hohfwurgh/ E
ehfrphv qhjdwlyh> wklv ohdgv rw d qhjdwlyh r�vhw ri K uhvxowlqj lq d qhjdwlyh qrqorfdo
frxsolqj dorqj wkh ulqj hohfwurgh/ l1h1 d srvlwlyh vkruw0udqjh/ exw qhjdwlyh orqj0udqjh
frxsolqj/ dv vkrzq lq wkh orzhu fxuyh lq Ilj1 5091 Wkh qhjdwlyh qrqorfdo frxsolqj
kdv lpsruwdqw frqvhtxhqfhv dv wr wkh g|qdplfdo ehkdylru ri wkh v|vwhp1 Zkhuhdv
wzr dgmdfhqw srlqwv whqg wr v|qfkurql}h wkhlu ehkdylru/ wzr glvwdqw srlqwv gr wkh
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Iljxuh 509= Ghshqghqfh ri wkh frxsolqj ixqfwlrq K rq sdudphwhu E iru d uhihuhqfh
srlqw orfdwhg dw {@3181 Iru odujh dvshfw udwlrv dqg qr h{whuqdo uhvlvwdqfh +E@3,/
K uhsuhvhqwv d srvlwlyh qrqorfdo frxsolqj1 Iru vpdoo dvshfw udwlrv dqg qr h{whuqdo
uhvlvwdqfh +E qhjdwlyh, d qhjdwlyh qrqorfdo frxsolqj/ l1h1 d srvlwlyh vkruw0udqjh dqg
qhjdwlyh orqj0udqjh frxsolqj/ dulvhv1 Dq dgglwlrqdo h{whuqdo uhvlvwdqfh lqfuhdvhv E
zklfk ohdgv wr d srvlwlyh r�vhw ri K xqwlo lq wkh jdoydqrvwdwlf olplw d vwurqj srvlwlyh
qrqorfdo frxsolqj h{lvwv +dgdswhg iurp ^73`,1

rssrvlwh1 Xqolnh d qhjdwlyh joredo frxsolqj/ wkh qrqorfdolw| ri wkh qhjdwlyh frxsolqj
frq�qhv wkh rssrvlwh frxsolqj wr d pruh orfdol}hg sruwlrq ri wkh hohfwurgh1 Li dq
h{whuqdo uhvlvwdqfh lv sxw lq vhulhv zlwk wkh zrunlqj hohfwurgh/ wkh ydoxh ri E lqfuhdvhv
ohdglqj wr dsrvlwlyh r�vhw ri wkh frxsolqj ixqfwlrq dv vkrzq lq wkh xsshu fxuyh lq
Ilj1 5091 Lq wkh jdoydqrvwdwlf olplw d vwurqj srvlwlyh qrqorfdo frxsolqj uhvxowv zklfk
lqvwdqwdqhrxvo| whqgv wr v|qfkurql}h wkh hohfwurgh1

Wkh qhjdwlyh qrqorfdo fkdudfwhu ri K fdq jlyh ulvh wr txdolwdwlyho| qhz g|qdplfdo
vwdwhv dqg skhqrphqd xqnqrzq lq uhdfwlrq0gl�xvlrq v|vwhpv1 Lq fkdswhu 9/ h{shu0
lphqwdo hylghqfh zloo eh surylghg lq idyru ri wkh qxphulfdo suhglfwlrqv rewdlqhg e|
Fkulvwrsk xvlqj wkh lqwhjudo irupdolvp1


