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814 Lqwurgxfwlrq

Lq wkh suhylrxv fkdswhu dq h{shulphqwdo lqyhvwljdwlrq ri wkh hohfwurfdwdo|wlf iruplf
dflg r{lgdwlrq uhdfwlrq rq Sw+433,/ Sw+443, dqg Sw+444, xqghu srwhqwlrvwdwlf frqgl0
wlrqv zdv suhvhqwhg1 Fxuuhqw rvfloodwlrqv zhuh revhuyhg rq doo wkuhh vlqjoh fu|vwdov1
Wkh lqwhusod| ri erwk hohfwulfdo txdqwlwlhv/ l1h1 wkh grxeoh od|hu srwhqwldo ! dqg wkh
fxuuhqw ghqvlw| L/ dqg fkhplfdo txdqwlwlhv vxfk dv wkh frqfhqwudwlrqv ri wkh hohf0
wurdfwlyh vshflhv zdv glvfxvvhg dv wkh ruljlqdo vrxufh ri wkh lqvwdelolw|1 D ghvfulswlyh
lqwhusuhwdwlrq zdv jlyhq dv wr krz vxvwdlqhg fxuuhqw rvfloodwlrqv fdq eh frqvlghuhg wr
dulvh1 Qrz d ghwdlohg qxphulfdo vwxg| ri d nlqhwlf prgho lv wr iroorz lq rughu wr whvw
rxu phfkdqlvwlf k|srwkhvhv1

Wkhuh duh vhyhudo nlqhwlf prghov ri hohfwurfdwdo|wlf rvfloodwruv lq wkh olwhudwxuh
zklfk gl�hu vljql�fdqwo| lq wkhlu delolw| wr uhsurgxfh h{shulphqwdo �qglqjv xqghu
uhdolvwlf frqglwlrqv ^98/ 99/ 4:3/ 4:4/ 58/ 493/ 4:5/ 4:6/ 97/ :4/ ;;/ 5</ 4:7`1 D �uvw
dwwhpsw wr frph xs zlwk d nlqhwlf prgho iru wkh jdoydqrvwdwlf iruplf dflg r{lgdwlrq rq
Sw zdv xqghuwdnhq e| Doedkdglo| dqg Vfkhoo zkr hpsor|hg d vl{0 dqg vhyhq0yduldeoh
prgho1 Dv wkh vrxufh ri wkh lqvwdelolw|/ wkh| sursrvhg d nlqhwlf udwh odz ri wkh
uhprydo uhdfwlrq ri d srlvrqlqj lqwhuphgldwh +FR, zklfk zdv vhw wr eh dxwrfdwdo|wlf
zlwk uhvshfw wr wkh ydfdqw vxuidfh vlwhv +ydfdqw vlwh uhtxluhphqw,1 Lq d pruh uhfhqw
vwxg| Rndprwr hw do1 ^4:7` lqyhvwljdwhg d wkuhh0yduldeoh prgho dqg uhsruwhg srwhqwldo
rvfloodwlrqv wkdw zhuh vlplodu lq vkdsh wr wkrvh rewdlqhg lq h{shulphqwv1

Lq wkh fxuuhqw fkdswhu/ zh zloo whvw wkh k|srwkhvhv pdgh lq fkdswhu 71 Wr wklv
hqg/ d uhdolvwlf nlqhwlf prgho iru wkh ID r{lgdwlrq +vhfwlrq 7, zloo vwhszlvh eh ghyho0
rshg vwduwlqj rxw zlwk wkh FR r{lgdwlrq +vhfwlrq 5 dqg 6, dv grqh lq wkh suhylrxv
h{shulphqwdo vwxg|1 D ghwdlohg qxphulfdo dqdo|vlv ri wkh prgho hpsor|lqj frqglwlrqv
forvh wr h{shulphqwv lv jlyhq lq vhfwlrq 81 Ilqdoo|/ wkh phfkdqlvwlf uhdvrqv iru wkh rf0
fxuuhqfh ri lqvwdelolwlhv/ vlpsoh rvfloodwlrqv dqg pl{hg0prgh rvfloodwlrqv duh glvfxvvhg

::
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lq vhfwlrq 91

815 D prgho iru wkh hohfwurfkhplfdo FR r{lgdwlrq

Dv rxwolqhg lq fkdswhu 7/ wkhuh qrz h{lvwv djuhhphqw rq wkh fuxfldo lqyroyhphqw ri FR
dv srlvrqlqj lqwhuphgldwh lq wkh lqgluhfw r{lgdwlrq sdwk ri wkh hohfwurfkhplfdo iruplf
dflg +ID, r{lgdwlrq= Xqghu frqglwlrqv zkhuh rvfloodwlrqv rffxu gxulqj ID r{lgdwlrq/
wkh srlvrqlqj ri wkh fdwdo|wlf vxuidfh e| FR dgvruswlrq ohdgv wr dq lqfuhdvh ri wkh
grxeoh od|hu srwhqwldo !/ zklfk lq wxuq uhvxowv lq wkh irupdwlrq ri vxuidfh k|gur{lghv
vxfk dv Sw0RK> wkhvh vshflhv wkhq uhpryh wkh dgvruehg FR e| r{lgdwlrq wr FR21 Wkh
FR r{lgdwlrq wkhuhiruh frqvwlwxwhv d vxephfkdqlvp ri wkh ixoo ID0phfkdqlvp1 Vr/ lw
lv reylrxv wkdw dq h{shulphqwdo dqg qxphulfdo lqyhvwljdwlrq ri FR r{lgdwlrq lv xvhixo
wr rewdlq lqvljkw lq wkh lqgluhfw r{lgdwlrq sdwk ri wkh ID0phfkdqlvp1 Pruhryhu/ rqfh
d nlqhwlf prgho ri wkh FR uhdfwlrq kdv ehhq frqvwuxfwhg/ lw fdq eh xvhg dv d vxeprgho
ri d prgho ri ID r{lgdwlrq1

Fkhplfdo prgho

Lq ylhz ri wkh h{shulphqwdo frqglwlrqv xqghu zklfk rxu L2X phdvxuhphqwv zhuh re0
wdlqhg/ zh dvvxph FR wr eh uhyhuvleo| wudqvsruwhg e| gl�xvlrq ehwzhhq wkh exon
vroxwlrq dqg wkh grxeoh od|hu uhvxowlqj lq d wlph0ghshqghqw frqfhqwudwlrq sur�oh
dfurvv wkh gl�xvlrq od|hu1 Ghqrwlqj wkh FR frqfhqwudwlrq lq wkh exon e| FR

K�,&

dqg
wkh frqfhqwudwlrq ri FR mxvw rxwvlgh wkh grxeoh od|hu dv FR

_,

zh zulwh wkh gl�xvlyh
wudqvsruw ri FR dv

FR
K�,&

(
 FR
_,

+814,

Wkh vxshuvfulsw G vxjjhvwv wkh ghshqghqfh ri wkh udwh ri wklv svhxgruhdfwlrq rq
wkh gl�xvlrq frqvwdqw ri FR/ G

��

1 Dgvruswlrq dqg ghvruswlrq ri FR rq wkh fdwdo|wlf
vxuidfh lv wdnhq fduh ri e| wkh srwhqwldo lqghshqghqw vfkhph

FR
_,

. �
 FR
@_

+815,

zkhuh - v|perol}hv d ydfdqw vxuidfh vlwh1 Wkh vxevfulsw dg lqglfdwhv vshflhv
dgvruehg rq wkh vxuidfh1

Dw kljkhu grxeoh od|hu srwhqwldov !/ d uhyhuvleoh r{lgdwlrq ri zdwhu prohfxohv
wr vxuidfh k|gur{lghv +RK, vhwv lq iroorzhg e| wkh luuhyhuvleoh irupdwlrq ri kljkhu
ydohqw Sw r{lghv vxfk dv Sw0R1 Iru vlpsolflw| dqg wudqvsduhqf| ri wkh qxphulfdo
prgho/ krzhyhu/ zh frqvlghu RK wr eh wkh grplqdqw r{|jhq vshflhv lqyroyhg lq wkh
phfkdqlvp dqg gr qrw lqfoxgh dq| ri wkh ixuwkhu r{|jhq vshflhv1 Rxu dvvxpswlrq
lv h{shulphqwdoo| mxvwl�hg e| rxu dwwhpsw wr nhhs wkh dssolhg srwhqwldo zhoo ehorz
wkh uhjlrq zkhuh luuhyhuvleoh irupdwlrq ri r{|jhq vshflhv zdv revhuyhg1 Wkxv/ rxu



Wkh iruplf dflg r{lgdwlrq 0 Prgholqj :<

fkhplfdo htxdwlrq uhdgv

K2R . �
 RK
@_

. h3 .Kn= +816,

Wkh irupdwlrq ri hohfwurqv fdxvhv wkh uhdfwlrq frqvwdqwv ri wklv uhdfwlrq wr ghshqg
h{solflwo| rq wkh grxeoh od|hu srwhqwldo !1

Ilqdoo|/ FR
@_

dqg RK
@_

duh dvvxphg wr uhdfw lq d srwhqwldo ghshqghqw uhdfwlrq
iruplqj wkh �qdo surgxfw FR2=

FR
@_

.RK
@_

�$ FR2 . 5 �.h3 .Kn= +817,

Qrwh wkdw uhdfwlrq +817, lv qrw dvvxphg wr lqyroyh dq dgglwlrqdo iuhh vxuidfh vlwh1

Pdwkhpdwlfdo prgho

Iru wkh sxusrvh ri d qxphulfdo dqdo|vlv/ wkh fkhplfdo prgho jlyhq deryh lv wr eh
wudqvodwhg lqwr d pdwkhpdwlfdo prgho ghvfulelqj wkh wlph hyroxwlrq ri wkh frqfhq0
wudwlrqv ri vshflhv hvvhqwldo iru wkh phfkdqlvp1 Wkh fkhplfdo prgho vxjjhvwv wkdw
wkh frqfhqwudwlrqv ri FR lq vroxwlrq/ ri FR

@_

dqg RK
@_

kdyh wr eh lqfoxghg dv g|0
qdplfdo yduldeohv1 Wkh h{dfw vroxwlrq ri wkh sureohp lqyroyhv wkh vroxwlrq ri d SGH
iru wkh frqfhqwudwlrq judglhqw ri FR dfurvv wkh gl�xvlrq od|hu1 Iroorzlqj Nrshu dqg
Zroi ^4:8/ :4`/ krzhyhu/ zh dyrlg vroylqj d SGH iru hdfk wlph vwhs1 Lqvwhdg/ zh
wuxqfdwh wklv sureohp e| rqo| frqvlghulqj wkh frqfhqwudwlrq ri FR dw wkh erxqgdu|
ehwzhhq gl�xvlrq od|hu dqg grxeoh od|hu/ lq wkh fkhplfdo prgho ghqrwhg dv FR

_,

/ dv
g|qdplfdo yduldeoh dqg e| dvvxplqj d olqhdu frqfhqwudwlrq judglhqw dfurvv d gl�xvlrq
od|hu ri �{hg wklfnqhvv � dw doo wlphv1 Wkhvh dvvxpswlrqv lpso| dq lpphgldwh uhod{0
dwlrq wr d olqhdu frqfhqwudwlrq sur�oh/ l1h1 wkh vwhdg|0vwdwh sur�oh/ iru qrq}hur qhw
 x{hv wkurxjk wkh gl�xvlrq od|hu1 Zh duh dzduh ri wkh idfw wkdw xqghu h{shulphqwdo
frqglwlrqv wkh wklfnqhvv � fhuwdlqo| lv vxemhfw wr shulrglf yduldwlrqv dv wkh fxuuhqw
L rvfloodwhv1 Iroorzlqj uhi1 ^4:8` zh wkhuhiruh frqvlghu � wr eh dq dyhudjh wklfnqhvv
gxulqj rvfloodwlrqv1 Wr frpsohwh wkh nlqhwlf htxdwlrq ri wkh yduldeoh FR

_,

rqh kdv wr
dgg lwv uhprydo gxh wr FR dgvruswlrq dffruglqj wr ht1 +815,1 Qrwh wkdw vxuidfh frq0
fhqwudwlrqv ri dgvruehg vshflhv vxfk dv FR

@_

dqg RK
@_

duh qrupdol}hg zlwk uhvshfw
wr wkh wrwdo frqfhqwudwlrq ri vxuidfh vlwhv/ V

|J|

/ surylglqj wkh glphqvlrqohvv vxuidfh
fryhudjh �

�

ri d vshflhv l dv wkh dfwxdo g|qdplfdo yduldeoh1 Wkh phdvxuhg L@X0fxuyhv
ri wkh FR r{lgdwlrq +Ilj1 704rq Sw vlqjoh fu|vwdov dqg Ilj1 705 rq sro|fu|vwdoolqh Sw,
lqglfdwh dq dv|pphwulf lqklelwlrq ri FR

@_

dqg RK
@_

/ l1h1 wkh idfw wkdw d kljk FR
fryhudjh eorfnv wkh dgvruswlrq ri RK frpsohwho| +vhh wkh FY ri Sw+433,,/ krzhyhu/
wkdw dw d kljk fryhudjh ri RK dw kljkhu srwhqwldov X wkhuh lv vwloo d �qlwh FR r{lgd0
wlrq fxuuhqw glvfhuqleoh rq wrs ri wkh fxuuhqw fdxvhg e| RK dgvruswlrq> reylrxvo|/ wkh
RK fryhudjh grhv qrw frpsohwho| eorfn doo vlwhv doorzlqj iru vxvwdlqhg FR dgvruswlrq
dqg r{lgdwlrq1 Wkh dv|pphwulf lqklelwlrq lv lqfoxghg lq rxu prgho e| phdqv ri dq
hpslulfdo idfwru i zklfk prgl�hv wkh klqgudqfh idfwru |lhoglqj +4� �

��

� i�
�M

,1 D
ydoxh ri i vpdoohu wkdq 4 ohdgv wr d �qlwh FR dgvruswlrq udwh vlwhv hyhq li �

�M

@ 4/
l1h1 kdv uhdfkhg lwv vdwxudwlrq ydoxh1
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Wkh �qdo htxdwlrq iru FR
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wkhq uhdgv
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, +818,

Wkh idfwru 4333 frphv lq ehfdxvh V
|J|

dqg FR
_,

duh jlyhq lq pro@fp2 dqg pro@o/
uhvshfwlyho|1

Iru wkh fkdujh wudqvihu frqwuroohg uhdfwlrqv ht1 +816, dqg +817, zh xvh d Exwohu0
Yrophu w|sh fkdujh wudqvihu nlqhwlfv ^7;`1 Vlqfh wkh h{dfw htxloleulxp srwhqwldo !

e^

ri wkhvh uhdfwlrqv lv qrw nqrzq/ zh lqfoxgh wkh h{srqhqwldo whup lqwr wkh udwh frq0
vwdqwv wkhuhe| uhgxflqj wkh qxpehu ri dgmxvwdeoh sdudphwhuv1 Ghqrwlqj wkh v|pphwu|
idfwruv ri uhdfwlrqv 816 dqg 817 dqg wkh grxeoh od|hu srwhqwldo dv ��/ �2 dqg !/ uh0
vshfwlyho|/ dqg xvlqj wkh frqyhqwlrqdo ohwwhuv iru wkh Idudgd| frqvwdqw +I,/ wkh jdv
frqvwdqw +U, dqg wkh devroxwh whpshudwxuh +W,/ zh zulwh iru wkh hyroxwlrq ri wkh RK
fryhudjh

g�
�M

gw
@ n

@_rc�M
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� �
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�= +819,

n
@_rc�M

/ n
_erc�M

dqg n
o

duh wkh udwh frqvwdqwv ri RK dgvruswlrq/ RK ghvrus0
wlrq dqg ri uhdfwlrq ehwzhhq RK

@_

dqg FR
@_

1 Lw vkrxog ixuwkhu eh qrwhg wkdw gxh
wr wkh irupdwlrq ri surwrqv wkh htxloleulxp srwhqwldov !

e^

ri uhdfwlrqv 816 dqg 817
duh ghshqghqw rq wkh sK ri wkh hohfwuro|wh1 Vlqfh !

e^

/ krzhyhu/ lv lqfoxghg lqwr
wkh udwh frqvwdqwv/ lw iroorzv wkdw zh jhw d sK ghshqghqfh ri wkh udwh frqvwdqwv
n
@_rc�M

> n
_erc�M

dqg n
o

1 Wklv lv looxvwudwhg e| wkh iroorzlqj uhodwlrq/ zkhuh n3> �> j
dqg n ghqrwh frqvwdqwv dqg n jRM v|perol}hv wkh �qdo sK ghshqghqw udwh frqvwdqw=

n3 hqE�3E�e^3f�fDb RM�� @ n3 h3q �e^ hq f�fDb RM hq �

@ n jRM hq �

Ilqdoo|/ zh irupxodwh wkh nlqhwlf htxdwlrq ri �
��

=
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Doo h{shulphqwdo uhvxowv rq FR r{lgdwlrq jlyhq lq fkdswhu 7 zhuh rewdlqhg lq vr0
oxwlrqv ri kljk lrqlf frqgxfwlylwlhv zklfk mxvwl�hv qhjohfwlqj wkh rkplf srwhqwldo gurs
dfurvv wkh sruwlrq ri wkh hohfwuro|wh ehwzhhq uhihuhqfh dqg zrunlqj hohfwurgh1 Wkh
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grxeoh od|hu srwhqwldo ! wkhuhiruh zdv htxdo wr wkh dssolhg frqvwdqw rxwhu srwhqwldo
X gxulqj wkh phdvxuhphqwv +wuxo| srwhqwlrvwdwlf frqglwlrqv, dqg zh glg qrw lqfoxgh
wkh grxeoh od|hu srwhqwldo ! dv dq dgglwlrqdo g|qdplfdo yduldeoh1

816 Dqdo|vlv ri wkh FR r{lgdwlrq prgho

Txdolwdwlyh qhwzrun dqdo|vlv1 Ilj1 804d glvsod|v wkh vwrlfklrphwulf qhwzrun gldjudp
ri wkh FR r{lgdwlrq prgho jlyhq e| ht1 +8, wkurxjk :1 Wkh duurzv frqqhfwlqj wkh
fkhplfdo vshflhv v|perol}h wkh fkhplfdo +svhxgr,uhdfwlrqv ri wkh prgho phfkdqlvp1
Wkh qxpehu ri ihdwkhuv dqg eduev fruuhvsrqg wr wkh vwrlfklrphwulf frh!flhqwv dv
jlyhq lq wkh fkhplfdo irupxodwlrq ht1 +4, wkurxjk +7,1 Li wkh vwrlfklrphwulf frh!flhqw
ri d vshflhv zklfk lv frqvxphg gxulqj d uhdfwlrq htxdov 4/ qr ihdwkhu lv gudzq dw wkh
fruuhvsrqglqj uhdfwlrq duurz ^4:9`1

Lw kdv ehhq vkrzq ^66/ 4:9` wkdw wkh vwrlfklrphwulf dqg nlqhwlf frh!flhqwv ri d
fkhplfdo uhdfwlrq phfkdqlvp fdq eh xvhg iru d udslg dvvhvvphqw ri wkh phfkdqlvp*v
delolw| wr h{klelw d g|qdplfdo lqvwdelolw| gxh wr dq dxwrfdwdo|vlv dw vrph srlqw lq sd0
udphwhu vsdfh1 Wkh phwkrg wr dfklhyh wklv lv fdoohg Vwrlfklrphwulf Qhwzrun Dqdo|vlv
+VQD,1

Dsso|lqj VQD wr rxu vlpsoh qhwzrun gldjudp/ lw wxuqv rxw wkdw wkhuh lv dq xqvwd0
eoh vxeqhwzrun frqwdlqhg lq wkh ixoo prgho1 Wklv xqvwdeoh vxephfkdqlvp lv vkrzq lq
Ilj1 804e1 Dffruglqj wr uhi1 ^66`/ wkh iuhh vxuidfh vlwhv dv zhoo dv dgvruehg RK irup dq
dxwrfdwdo|wlf f|foh zklfk lv ghvwdelol}hg e| wkh FR

_,

vshflhv1 Lq dssursuldwh frpel0
qdwlrq zlwk wkh uhpdlqlqj vwdelol}lqj uhdfwlrqv ri wkh frpsohwh prgho/ wklv xqvwdeoh
fruh ri wkh fkhplfdo qhwzrun fdq jlyh ulvh wr d elvwdelolw| ehwzhhq d suhgrplqdqwo|
FR dqg RK fryhuhg vxuidfh/ dv zdv frq�uphg qxphulfdoo|1 Qrwh wkdw wkh lqvwdelolw|
vwhpv iurp wkh fkhplfdo qhwzrun rqo| dqg grhv qrw lqyroyh dq| hohfwulfdo yduldeohv1
Lq h{shulphqwdo whupv/ wkh suhvhqfh ri FR

_,

dv d g|qdplfdo yduldeoh zrxog uhtxluh
wkh devhqfh ri vwurqj vwluulqj zklfk zrxog frqvwudlq wkh ydoxh ri FR

_,

wr wkh ydoxh ri
FR

K�,&

1 Lq idfw/ wkh elvwdelolw| lv revhuydeoh lq qxphulfdo vlpxodwlrqv rqo| iru odujh
ydoxhv ri wkh gl�xvlrq od|hu wklfnqhvv �1

qxphulfdo vlpxodwlrqv1 Wdeoh 814 vkrzv wkh ydoxhv ri wkh qxphulfdo sdudphwhuv
G
��

dqg FR
K�,&

1 Wkh wklfnqhvv ri wkh gl�xvlrq od|hu � ri 7 � 433e fp fruuhvsrqgv
wr d yhu| kljk urwdwlrqdo iuhtxhqf| ri 5; � 43� usp1

Wkh rwkhu sdudphwhuv zhuh dgmxvwhg lq wkh frxuvh ri wkh qxphulfdo vlpxodwlrqv1
Wkh sK ghshqghqfh vwhpv iurp wkh idfw wkdw surwrqv duh surgxfhg gxulqj uhdfwlrqv
816 dqg 8171 Wkh sdudphwhu ydoxhv zhuh xvhg iru rxu vlpxodwlrqv ri L@X fxuyhv ri wkh
FR r{lgdwlrq glvfxvvhg lq wklv vhfwlrq1 Lq rughu wr pdwfk h{shulphqwdo frqglwlrqv
wkh sK zdv vhw wr 61

Wr lqwhjudwh wkh frxsohg vhw ri qrqolqhdu RGHv zh xvhg d vroyhu iru vwl� sureohpv
wdnhq iurp wkh ovrgh0sdfndjh ^43;`1 Wkh lpsohphqwhg dojrulwkp lv d kljkhu0rughu
Dgdpv0Prowrq0w|sh suhglfwru0fruuhfwru phwkrg1 Wkh lqwhjudwlrq zdv vwduwhg dw d
orz ydoxh ri wkh srwhqwldo ! +! � 3Y ,1 Doo vlpxodwlrqv uhihu srwhqwldov zlwk uhvshfw
wr wkh Vwdqgdug Fdorpho Hohfwurgh1 Gxulqj lqwhjudwlrq wkh srwhqwldo ! zdv shul0
rglfdoo| f|fohg ehwzhhq 3Y dqg 4Y 1 Ilj1 805 glvsod|v wkh qxphulfdo uhvxowv dw d
srwhqwldo vzhhs udwh ri 43 pY2v dqg 53 pY2v1 Wkh qxphulfdo L@X fxuyh rewdlqhg
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Iljxuh 804= d, Qhwzrun gldjudp ri wkh FR r{lgdwlrq phfkdqlvp1 FR
_,

/ -/ FR
dqg RK ghqrwh FR dw wkh grxeoh od|hu/ wkh ydfdqw vxuidfh vlwhv/ dgvruehg FR dqg
dgvruehg RK/ uhvshfwlyho|1 Wkh duurzv lqglfdwh wkh fkhplfdo +svhxgr,uhdfwlrqv1 Wkh
wrwdo qxpehu ri eduev dqg duurzv hqfrgh wkh vwrfklrphwulf frh!flhqw ri wkh uhvshfwlyh
vshflhv1 e, Fxuuhqw gldjudp ri xqvwdeoh vwhdg| vwdwh vxeqhwzrun zklfk lv frqwdlqhg lq
wkh FR prgho1 Wklv xqvwdeoh qhwzrun ohdgv wr elvwdelolw| lq vrph uhjlrq ri sdudphwhu
vsdfh1 Vlqfh qr hohfwulfdo txdqwlw| lv lqyroyhg wkh lqvwdelolw| lv sxuho| fkhplfdo dqg
wkxv qxphulfdoo| revhuydeoh xqghu wuxo| srwhqwlrvwdwlf frqglwlrqv /l1h1 iru frqvwdqw !1

lv lq jrrg txdolwdwlyh dqg txdqwlwdwlyh djuhhphqw wr wkh h{shulphqwdoo| phdvxuhg
fxuyh rq sro|fu|vwdoolqh Sw +vhh Ilj1 705,= Iluvw ri doo/ rqh uhfrjql}hv wkh idploldu
vkdsh ri h{shulphqwdo L@X fxuyhv fkdudfwhul}hg e| d srwhqwldo ghshqghqw eorfnlqj ri
FR dqg RK dw orz dqg kljk srwhqwldov !/ uhvshfwlyho|1 Dw d vzhhs udwh ri 53 pY2v/
wkh FR fryhudjh uhpdlqv kljk xs wr ! � 3=8Y suhyhqwlqj RK iurp dgvruswlrq1 Dw
! � 3=86Y / d vxgghq ljqlwlrq surfhvv vwduwv gxulqj zklfk RK dgvruev dqg uhpryhv doo
FR e| uhdfwlrq 8171 Dw kljkhu grxeoh od|hu srwhqwldov/ wkh fxuuhqw ghqvlw| L uhpdlqv
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sdudphwhu ydoxh xqlw

G
��

8� 433D fp2@v
FR

K�,&

433� pro@o
� 7� 433e fp
V
|J|

6� 433b pro@fp2

W 5<; N

Wdeoh 814= Sdudphwhuv xvhg lq vlpxodwlrqv ri wkh FR r{lgdwlrq prgho ht1 +818, 0 +81:,
xqghu srwhqwlrvwdwlf frqwuro1 Rwkhu sdudphwhuv duh jlyhq lq wkh �jxuh fdswlrqv ri wkh
uhvshfwlyh fdofxodwlrqv1

Iljxuh 805= Fdofxodwhg f|folf yrowdpprjudp +FY, iru wkh FR r{lgdwlrq xvlqj prgho
ht1 +818,0+81:,1 Wkh grxeoh od|hu srwhqwldo zdv f|fohg ehwzhhq 3 dqg 413 Y1 Prgho
sdudphwhuv +vhh dovr Wdeoh 815 dqg 816, = sK@6/ i@31<</ vrolg fxuyh= srwhqwldo vfdq
udwh 43 pY2v/ gdvkhg fxuyh= 53 pY2v1 Wkh duurzv lqglfdwh wkh dqrglf dqg fdwkrglf
vfdq1 Iru d frpsdulvrq zlwk h{shulphqwv vhh Ilj1 704 dqg 7051

�qlwh dw durxqg 3=9pD@fp21 Rq wkh uhyhuvh vfdq/ wkh fxuuhqw ghqvlw| uhpdlqv urxjo|
xqfkdqjhg hyhq eh|rqg wkh *ljqlwlrq srwhqwldo*1 RK vwduwv wr ghvrue doorzlqj iru FR
wr uhdgvrue1 Vlplodu wr h{shulphqwv/ dv wkh vzhhs udwh lv ghfuhdvhg/ wkh fxuuhqw L rq
wkh uhyhuvh vfdq vkrzv d kxps uljkw ehiruh idoolqj r� wr vpdoo ydoxhv1
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817 D prgho iru wkh hohfwurfkhplfdo iruplf dflg r{lgd0
wlrq

Fkhplfdo prgho

Lq wklv vhfwlrq zh zloo h{whqg wkh prgho iru wkh FR r{lgdwlrq ixuwkhu vr dv wr dfklhyh
d ghvfulswlrq ri wkh g|qdplfv ri wkh ID r{lgdwlrq uhdfwlrq1 Lqvwhdg ri xvlqj wkh
yroxph vshflhv FR

_,

zh qrz lqwurgxfh wkh fruuhvsrqglqj iruplf dflg vshflhv ID
_,

1
Dv ghvfulehg lq vhfwlrq 5/ wklv dprxqwv wr d vlpsol�hg prgholqj ri wkh gl�xvlrqdo pdvv
wudqvsruw dvvxplqj d gl�xvlrq od|hu ri �{hg wklfnqhvv � dqg d olqhdu frqfhqwudwlrq
judglhqw ri ID dfurvv wkh gl�xvlrq od|hu dw doo wlphv1

Wkh srlvrqlqj ri wkh vxuidfh dw orz srwhqwldov ! lv djdlq frqvlghuhg wr eh gxh wr
FR dgvruswlrq rqo|> krzhyhu/ wkh lqwhuphgldwh srlvrq FR

@_

lv qrz dvvxphg wr eh
iruphg e| dq luuhyhuvleoh/ srwhqwldo0lqghshqghqw ghfrpsrvlwlrq ri iruplf dflg mxvw
rxwvlgh wkh grxeoh od|hu=

ID
_,

. � &RJ�rJ?�$ FR
@_

.K2R

n
RJ�rJ?

ghqrwhv wkh fkhplfdo udwh frqvwdqw1 Wr dyrlg wkh xqsk|vlfdo vlwxdwlrq ri
d vxuidfh frpsohwho| eorfnhg e| FR/ zh dovr lqfoxgh wkh ghvruswlrq ri FR

@_

hyhq
wkrxjk iurp jdv skdvh vwxglhv rq Sw wkh udwh frqvwdqw ri wkh ghvruswlrq lv nqrzq wr
eh h{wuhpho| vpdoo1

Dw kljkhu srwhqwldov/ FR
@_

lv uhpryhg e| RK
@_

dv lq ht1 +817, ri wkh FR r{lgdwlrq
prgho1 Wkh srlvrqlqj e| dqg wkh uhprydo ri FR

@_

frqvwlwxwh wkh lqgluhfw sdwk ri wkh
ID r{lgdwlrq prgho1

Lq dgglwlrq/ zh kdyh wr wdnh wkh gluhfw r{lgdwlrq sdwk ri ID lqwr frqvlghudwlrq
zklfk rffxuv yld dw ohdvw rqh kljko| uhdfwlyh lqwhuphgldwh1 Iru wkh ryhudoo uhdfwlrq
vfkhph zh zulwh ^;;/ 493`

ID
_,

. � �$ FR2 . �. 5Kn . 5h3=

Wklv ryhudoo uhdfwlrq lv ixuwkhu fkhplfdoo| uhvroyhg dv iroorzv= Zh dvvxph wkh
lqlwldo dgvruswlrq ri iruplf dflg rq iuhh vxuidfh vlwhv |lhoglqj wkh dgvruehg vshflhv
ID

@_

iroorzhg e| wkh uhdfwlrq sdwk jlyhq lq uhi1 ^;;`1 Wkh fkhplfdo htxdwlrqv uhdg

ID
_,

. �
 ID
@_

+81;,

ID
@_

�$ �FRRK
@_

.Kn . h3 +81<,

�FRRK
@_

$ FR2 .Kn . h3 . �= +8143,

Wklv ghwdlohg irupxodwlrq iroorzv sduwo| wkh vxjjhvwlrqv ri suhylrxv vwxglhv ^493/
;;/ 464`1 Wkh wklug uhdfwlrq vwhs fdq vdiho| eh dvvxphg wr eh yhu| idvw frpsduhg wr wkh
�uvw dqg vhfrqg zklfk doorzv dgldedwlf holplqdwlrq ri wkh udglfdo vshflhv �FRRK

@_

1
Frqvhtxhqwo|/ ghshqglqj rq wkh frqfhqwudwlrq ri ID

_,

dqg ri wkh iuhh vxuidfh vlwhv/
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wkh udwh ghwhuplqlqj vwhs lv hlwkhu wkh �uvw ru wkh vhfrqg uhdfwlrq wkhuhe| wdnlqj
fduh ri erwk fkdujh0wudqvihu frqwuroohg dqg dgvruswlrq frqwuroohg uhdfwlrq frqglwlrqv1
Zkhq irupxodwlqj wklv uhdfwlrq vhtxhqfh lq pdwkhpdwlfdo whupv/ zh zloo pdnh dq
dgglwlrqdo dgldedwlf holplqdwlrq ri ID

@_

ohdylqj ID
_,

dv wkh rqo| g|qdplfdo iruplf
dflg vshflhv lq wkh prgho1

Lq frqwudvw wr uhi1 ^;;`/ zh gr qrw h{solflwo| frqvlghu wkh wlph hyroxwlrq ri surwrqv
dqg k|gur{lgh lrqv1 Lqvwhdg/ zh dvvxph wkh glvvrfldwlrq ri zdwhu dw htxloleulxp dw
doo wlphv1 Pruhryhu/ wkh gl�xvlrq ri surwrqv

lqwr wkh exon vroxwlrq lv dvvxphg wr eh vr idvw dv wr rewdlq d frqvwdqw sK dfurvv
wkh grxeoh od|hu1

Wkh frpsohwh fkhplfdo prgho iru wkh ID r{lgdwlrq uhdfwlrq �qdoo| uhdgv

ID
K�,&


 ID
_,

+8144,

ID
_,

. � �$ FR2 . �. 5Kn . 5h3 +8145,

ID
_,

. � �$ FR
@_

.K2R +8146,

FR
@_

�$ FR
s

. � +8147,

K2R . �
 RK
@_

.Kn . h3 +8148,

FR
@_

.RK
@_

�$ FR2 . 5 �.h3 .Kn> +8149,

zlwk uhdfwlrq vwhs +8145, ehlqj wkh vxp ri uhdfwlrqv +81;, 0 +8143,1
Djdlq/ uhdfwlrq +8149, grhv qrw frqvlghu dq| ydfdqw vlwh uhtxluhphqw dv sursvhg

e| Zrmwrzlf} hw do1 ^445` dqg dv lpsohphqwhg odwhu lq d jdoydqrvwdwlf 90yduldeoh
ID0prgho ri uhi1 ^493` ehfdxvh wkhuh lv qr h{shulphqwdo hylghqfh wkdw wkh uhdfwlrq
ri FR zlwk RK uhtxluhv dgglwlrqdo xqrffxslhg vlwhv1 Dffruglqj wr wkh dvvxpswlrqv
pdgh deryh frqfhuqlqj r{|jhq vshflhv dw kljkhu srwhqwldov wklv prgho rqo| surylghv
dq dghtxdwh ghvfulswlrq dw orz grxeoh od|hu srwhqwldov zkhuh rvfloodwru| lqvwdelolwlhv
duh revhuyhg1

Ilj1 806 ghslfwv rxu fkhplfdo qhwzrun lq d pruh looxvwudwlyh zd|= fkhplfdo uh0
dfwlrqv duh gudzq dv duurzv frqqhfwlqj wkh g|qdplfdo yduldeohv1 Wkh nlqhwlfv dqg
vwrlfklrphwu| ri wkh uhdfwlrqv duh hqfrghg lq wkh qxpehu ri ihdwkhuv dqg eduev dv
ghvfulehg lq vhfwlrq 51 Rqh uhfrjql}hv wkh fhqwudo uroh ri wkh iuhh vxuidfh vlwhv1 Ixu0
wkhupruh/ wkh FR r{lgdwlrq vxephfkdqlvp lv zhoo glvfhuqleoh lq wkh orzhu sruwlrq ri
wkh qhwzrun gldjudp1

Pdwkhpdwlfdo prgho

Wkh g|qdplfdo yduldeohv duh wkh iruplf dflg frqfhqwudwlrq dw wkh grxeoh od|hu/ ID
_,

/
wkh fryhudjh ri FR/ �

��

/ dqg wkh fryhudjh ri RK/ �
�M

1 Lq frqwudvw wr wkh FR prgho/
krzhyhu/ zh qrz dlp dw d vlpxodwlrq ri srwhqwlrvwdwlf L@X fkdudfwhulvwlfv dw kljk
rkplf uhvlvwdqfhv U dv zhoo1 Lq fkdswhu 7/ lw lv vkrzq wkdw hvshfldoo| iru kljk ydoxhv
ri U frpsoh{ lqvwdelolwlhv fdq eh revhuyhg gxulqj iruplf dflg r{lgdwlrq1 Dv rxwolqhg
lq fkdswhu 7/ kljk ydoxhv ri U fdxvh dq dgglwlrqdo LU gurs dqg doorz iru wkh grxeoh
od|hu srwhqwldo ! wr ydu| dw frqvwdqw rxwhu srwhqwldo X 1 Wkh grxeoh od|hu srwhqwldo !
wkhuhiruh kdv wr eh lqfoxghg lq wkh prgho dv dgglwlrqdo g|qdplfdo yduldeoh1
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Iljxuh 806= Qhwzrun gldjudp ri wkh iruplf dflg +ID, r{lgdwlrq phfkdqlvp1 Wkh
vshflhv dqg +svhxgr,uhdfwlrq duurzv duh dqdorjrxv wr suhylrxv �jxuh1

Wkh htxdwlrq iru ID
_,

zdv vhw xs lq dqdorj| wr ht1 +818,1 Wzr uhdfwlrq udwh whupv/
y
_�oeS|

dqg y
RJ�rJ?

/ uhvxowlqj iurp surfhvvhv ht1 +8145, dqg ht1 +8146, frqwulexwh wr wkh
frqvxpswlrq ri ID

_,

1 Wkh prgho htxdwlrq uhdgv

bID
_,

@
5G

8�

�2
+ID

K�,&

� ID
_,

,

� 5333 V
|J|

�
+y

_�oeS|

. y
RJ�rJ?

, = +814:,

Khuh/ G
8�

dqg ID
K�,&

ghqrwh wkh gl�xvlrq frh!flhqw dqg wkh exon frqfhqwudwlrq
ri iruplf dflg/ uhvshfwlyho|1

Wkh yhorflw| iru wkh gluhfw r{lgdwlrq sdwk/ y
_�oeS|

/ ehfrphv diwhu dgldedwlf holpl0
qdwlrq ri ID

@_

y
_�oeS|

@
n
_

h
k�8

-A
� n

@_r(8�
ID

_,

n
_

h
k�8

-A
� . n

@_r(8�
ID

_,

+4� �
��

� i �
�M

,=

Wkh sdudphwhuv n
_

/ �� dqg n
@_r(8�

uhsuhvhqw wkh udwh frqvwdqw dqg wkh v|pphwu|
idfwru ri uhdfwlrq +81<, dqg wkh dgvruswlrq frqvwdqw ri ID

_,

/ uhvshfwlyho|1 Qrwh wkdw
zh kdyh qhjohfwhg wkh h{suhvvlrq ri ghvruswlrq ri ID

@_

lq wkh h{suhvvlrq iru y
_�oeS|

1
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Vlplodu wr wkh FR prgho/ wkh hpslulfdo idfwru i lv wr wdnh fduh ri wkh revhuyhg
lqfrpsohwh eorfndjh ri ID r{lgdwlrq e| dgvruehg RK1

Wkh h{suhvvlrq iru y
RJ�rJ?

lv vwudljkwiruzdug=

y
RJ�rJ?

@ n
RJ�rJ?

ID
_,

+4� �
��

� �
�M

,= +814;,

Wkh nlqhwlf htxdwlrqv iru wkh vxuidfh fryhudjh ri FR dqg RK duh dgrswhg iurp
rxu FR prgho1 Wkh rqo| prgl�fdwlrq lv wkh xvh ri h{suhvvlrq +814;, iru wkh FR
surgxfwlrq lqvwhdg ri FR dgvruswlrq1 Wkh �qdo htxdwlrqv duh

b�
�M

@ n
@_r(�M

+4� �
��

� �
�M

, hk�
8

-A
�

� n
o

V
|J|

�
��

�
�M

hk2
8

-A
� � n

_er(�M
�
�M

h3E�3k��
8

-A
� +814<,

b�
��

@ y
RJ�rJ?

� n
o

V
|J|

�
��

�
�M

hk2
8

-A
� � n

_er(��
�
��

= +8153,

Dowkrxjk lw kdv ehhq vkrzq lq uhi1 ^;;` wkdw sxuho| fkhplfdo rvfloodwru| lqvwdelolhv/
l1h1 rvfloodwlrqv xqghu vwulfwo| srwhqwlrvwdwlf frqglwlrqv/ duh srvvleoh lq wkh gxdo fkdq0
qho ID r{lgdwlrq phfkdqlvp/ li wkh sK lv wdnhq lqwr dffrxqw/ wkh h{shulphqwdo uhvxowv
lq fkdswhu 7 vwurqjo| vxjjhvw wkdw wkh sK lv qrqhvvhqwldo dqg sxuho| fkhplfdo lq0
vwdelolwlhv glg qrw rffxu iru wkh frqglwlrqv xvhg1 Frqvhtxhqwo|/ wkh prgholqj kdv wr
h{solflwho| frqvlghu wkh wlph yduldwlrqv ri wkh grxeoh od|hu srwhqwldo ! zklfk uhtxluhv
wkh lqwurgxfwlrq ri dq dgglwlrqdo htxdwlrq1 Frqvlghulqj fdsdflwlyh dqg idudgdlf fxu0
uhqwv dqg xvlqj wkh htxdwlrq ri fkdujh frqvhuydwlrq ^493/ :4/ :3/ 4:3`/ zh irupxodwh
wkh nlqhwlf htxdwlrq iru ! dv

b! @
4

F
_,

+m
|J|

� m
_�oeS|

� m
@_r(�M

� m
o

. m
_er(�M

, +8154,

zkhuh F
_,

ghqrwhv wkh gl�huhqwldo grxeoh od|hu fdsdflw|> wkh m
�

uhsuhvhqwv wkh
uhvshfwlyh idudgdlf fxuuuhqw ghqvlwlhv ri wkh hohfwurfkhplfdo uhdfwlrqv 8145/ 8148 dqg
8149/ zkhuhdv m

|J|

lv wkh wrwdo fxuuhqw ghqvlw|  rzlqj wkurxjk wkh fhoo1 Qrwh wkdw
uhgxfwlrq fxuuhqwv dqg r{lgdwlrqv fxuuhqwv duh zulwwhq zlwk d qhjdwlyh dqg srvlwlyh
vljq/ uhvshfwlyho|1

Wkh jhqhudo h{suhvvlrq iru wkh m
�

lv jlyhq e|

m
�

@ q I V
|J|

y
�

= +8155,

zlwk q dqg y
�

ghqrwlqj wkh qxpehu ri hohfwurqv h{fkdqjhg lq wkh uhdfwlrq dqg wkh
uhdfwlrq udwh/ uhvshfwlyho|1

Ilqdoo|/ lq rughu wr prgho srwhqwlrvwdwlf frqglwlrqv/ dq h{suhvvlrq iru m
|J|

lq gh0
shqghqfh ri wkh frqvwdqw rxwhu srwhqwldo X lv uhtxluhg=

m
|J|

@
X � !

DU
= +8156,
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sdudphwhu ydoxh xqlw
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Wdeoh 815= Sdudphwhuv xvhg lq vlpxodwlrqv ri wkh FR r{lgdwlrq1 Wkh vdph ydoxhv
+h{fhsw n

@_r(��
dqg i, zhuh dovr xvhg lq vlpxodwlrq ri wkh ID r{lgdwlrq prgho1

sdudphwhu ydoxh xqlw

G
8�

5=8� 433D fp2@v
F
_,

53� 433S I@fp2

D 3=958 fp2

� 5� 433e@6� 4332 fp
ID

K�,&

3=38 pro@o
�� 3=8 �
n
RJ�rJ?

9� 93 o@pro v
n
@_rc8�

4=6� 43� o@pro v
n
_

<=36� 433e � 6=4RM 4@v
i 3=<<8 �

Wdeoh 816= Sdudphwhuv xvhg lq vlpxodwlrqv ri wkh ID r{lgdwlrq prgho1 Doo uhpdlqlqj
sdudphwhuv duh jlyhq lq Wdeoh 814ru lq wkh �jxuh fdswlrqv ri wkh uhvshfwlyh fdofxod0
wlrqv1 Wkh ydoxh ri � ghshqgv rq vwluulqj1 n

RJ�rJ?

zdv fkrvhq gl�huhqwo| lq rughu wr
prgho wkh gl�huhqw vxuidfh rulhqwdwlrqv1

U ghqrwhv wkh rkplf uhvlvwdqfh fdxvhg e| orz lrqlf frqfhqwudwlrqv ru e| dq rxwhu
rkplf uhvlvwru lq vhulhv zlwk wkh hohfwurfkhplfdo fhoo> D vwdqgv iru wkh duhd ri wkh
hohfwurgh1

818 Dqdo|vlv ri wkh iruplf dflg r{lgdwlrq prgho

Wdeohv 815 dqg 816 vkrz wkh prgho sdudphwhuv xvhg gxulqj wkh qxphulfdo dqdo|vlv
ri wkh ID prgho1 Wkh xqnqrzq nlqhwlf frqvwdqwv ��> i> n_> nRJ�rJ? dqg n

@_r(8� zhuh
dgmxvwhg dqg rswlpl}hg lq wkh vlpxodwlrqv1 Wkh uhpdlqlqj sdudphwhuv +sK dqg vfdq
udwh, duh jlyhq zkhq glvfxvvlqj wkh vlpxodwlrqv1 Doo elixufdwlrq gldjudpv zhuh frp0
sxwhg xvlqj DXWR ^43<`1
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81814 Rvfloodwru| lqvwdelolwlhv lq vfdqqhg dqg vwdwlrqdu| U*L fxuyhv

Lq Ilj1 807d/ d vfdqqhg +duurzv lqglfdwh wkh vfdq gluhfwlrq, dv zhoo dv d vwdwlrqdu| L@X
fxuyh duh vkrzq iru U @ 633
> n

RJ�rJ?

@ 93> sK @ 4 dqg d vfdq udwh ri � @ 43pY@v1
Wkh wklfnqhvv ri wkh gl�xvlrq od|hu � zdv fkrvhq wr eh odujh +6 � 4332, fruuhvsrqglqj
wr xqvwluuhg frqglwlrqv1 Wkh rxwhu srwhqwldo X zdv f|fohg ehwzhhq 3 dqg 4Y 1

Iurp Ilj1 807d lw fdq eh vhhq wkdw dv X lqfuhdvhv/ wkh fxuuhqw L vorzo| lqfuhdvhv
eh|rqg X � 3=8Y zklfk fruuhvsrqgv wr wkh *ljqlwlrq* srwhqwldo ri RK dgvruswlrq lq
rxu FR vlpxodwlrqv1 Dw kljkhu ydoxhv ri X / wkh fxuuhqw vwduwv h{klelwlqj vkdus vslnhv
xqwlo lw udslgo| idoov r� wr d orz/ exw vwloo �qlwh ydoxh ri L 1 Wklv ghdfwlydwhg vwdwh lv
fkdudfwhul}hg e| d �

�M

� 41 Rq wkh uhyhuvh vfdq/ wkh fxuuhqw uhpdlqv orz grzq wr
X � 3=96Y / wkhq vkrrwv xs udslgo| shuiruplqj d shulrglf vslnlqj1 Qrz/ wkh vxuidfh
ehfrphv lqfuhdvlqjo| eorfnhg e| dgvruehg FR1

Wkh vwdwlrqdu| L@X lq Ilj1 807d lv vhhq wr eh ehwzhhq wkh dqrglf dqg fdwkrglf
vfdq1 Lw fruuhvsrqgv wr d k|srwkhwlfdo FY phdvxuhg zlwk � jrlqj wr }hur1 Wkh olqh
vw|oh ri wkh vwdwlrqdu| fxuyh hqfrghv wkh vwdelolw| ri wkh v|vwhp1 D vrolg +gdvkhg,
olqh v|perol}hv vwdelolw| +lqvwdelolw|,1 Wkh vrolg wuldqjoh vkrzv zkhuh wkh rvfloodwru|
lqvwdelolw| vhwv lq1 Rq wkh fdwkrglf vfdq/ wkh fxuuhqw iroorzv wkh olplw f|foh ehkdylru
lpphgldwho| diwhu wkh v|vwhp kdv sdvvhg wkh orzhu vdggoh qrgh dqg kdv mxpshg wr
kljk fxuuhqwv/ zkhuhdv rq wkh dqrglf vfdq/ wkh olplw f|foh sdvw wkh Krsi elixufdwlrq
qhhgv pruh wlph wr grplqdwh wkh ehkdylru ri wkh vfdq ehiruh wkh fxuuhqw idoov r�
rqwr wkh suhgrplqdqwo| RK0fryhuhg vwhdg|0vwdwh eudqfk dv wkh olplw f|foh glvdsshduv
+X � 3=:6Y ,1

Pruh ghwdlohg lqvljkw lqwr wkh elixufdwlrq ehkdylru ri wkh olplw f|foh lv surylghg
e| wkh rqh0glphqvlrqdo elixufdwlrq gldjudp vkrzq lq Ilj1 807e1 Wkh vwhdg| vwdwh
ydoxhv ri �

�M

duh sorwwhg djdlqvw X 1 Wkh dpsolwxgh fxuyh +grwwhg0gdvkhg, lv vhhq
wr lqfuhdvh zlwk lqfuhdvlqj X xqwlo lw uhdfkhv lwv pd{lpxp dqg frlqflghv zlwk wkh
xqvwdeoh vdggoh fxuyh1 Eh|rqg wkdw srlqw/ wkh olplw f|foh glvdsshduv1 Wklv vfhqdulr
lv uhplqlvfhqw ri d froolvlrq ri d vwdeoh olplw f|foh zlwk d vdggoh srlqw uhvxowlqj lq wkh
ghvwuxfwlrq ri wkh olplw f|foh lq d vr0fdoohg vdggoh0orrs lq�qlwh0shulrg elixufdwlrq1
Khqfh/ Ilj1 807e frq�upv wkh frqmhfwxuh dv wr wkh w|sh ri elixufdwlrq rffxulqj dw wkh
xsshu erxqgdu| ri wkh rvfloodwru| uhjlrq1 D w|slfdo wlph vhulhv ri wkh vwdeoh olplw
f|fohv lv vkrzq lq Ilj1 8081

Wkh vlpxodwhg FY lq Ilj1 807d dv zhoo dv wkh vxvwdlqhg fxuuhqw rvfloodwlrqv duh
vhhq wr uhvhpeoh wkh h{shulphqwdo �qglqjv rq Sw+433, vkrzq lq Ilj1 70;

Ilj1 809 looxvwudwhv wkh h�hfw ri dq h{whuqdo rkplf uhvlvwdqfh lq vhulhv wr wkh hohf0
wurfkhplfdo fhoo1 Iru sdudphwhuv ri Ilj1 807/ wkh yrowdpphwulf sur�oh zdv fdofxodwhg
iru U @ 43
 dqg U @ 833
1 Rqh fohduo| uhfrjql}hv wkh hphujhqfh ri rvfloodwru|
fxuuhqw vslnhv iru lqfuhdvlqj ydoxhv ri U vlplodu wr h{shulphqwdo �qglqjv ri wkh suh0
ylrxv fkdswhu1 Dovr/ fxuuhqw vslnhv duh ylvleoh rq erwk wkh dqrglf dqg fdwkrglf vfdq
uhvhpeolqj wkh h{shulphqwdo vlwxdwlrq rq wkh Sw+433, fu|vwdo1

Qh{w/ zh uhsruw wkh prgho g|qdplfv iru d vpdoohu udwh frqvwdqw ri wkh srlvrqlqj
uhdfwlrq +8146,1 Wklv lv grqh ehfdxvh wkh udwh ri srlvrqlqj zdv irxqg wr eh d fux0
fldo vwuxfwxuh0vhqvlwlyh sdudphwhu dqg zdv uhsruwhg wr eh pxfk vpdoohu rq Sw+444,
frpsduhg wr Sw+433, ^49<`1 Zh fkrvh n

RJ�rJ?

@ 9 dqg U @ :33
 ohdylqj doo rwkhu
prgho sdudphwhuv dv lq Ilj1 8071 Wkh vfdqqhg FY dv zhoo dv wkh k|srwkhwlfdo vwd0
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Iljxuh 807= d, Fdofxodwhg FY dqg vwdwlrqdu| L@X fxuyh iru wkh ID r{lgdwlrq prgho
+ht1 +814:,0+8156,,1 Wkh dqrglf dqg fdwkrglf vfdqv duh lqglfdwhg e| duurzv1 Vkdus
fxuuhqw vslnhv duh vhhq gxulqj erwk vfdq gluhfwlrqv1 Ixuwkhupruh/ d k|vwhuhvlv ehwzhhq
d orz0fxuuhqw vwhdg| vwdwh dqg dq rvfloodwru| kljk0fxuuhqw vwdwh lv revhuyhg1 Prgho
sdudphwhuv +vhh dovr Wdeoh 815 dqg 816,= W@5<; N/ sK@4/ � @ 6 4332/ U @ 633
/
n
RJ�rJ?

@93 o2pro v/ vfdq udwh 43 pY2v1 Wkh vwdwlrqdu| fxuyh fruuhvsrqgv wr dq lq0
�qlwho| vorz vfdq udwh1 Wkh wudqvlwlrq ehwzhhq vwdeoh fxuuhqw ehkdylru dqg rvfloodwru|
fxuuhqw ehkdylru zdv irxqg wr eh d Krsi elixufdwlrq srlqw +vrolg wuldqjoh/ X @ 3=9Y ,
dw orz ydoxhv ri X 1 Wkh vwdwlrqdu| fxuyh ixuwkhu vkrzv wkh h{shulphqwdoo| xqdffhv0
vleoh xqvwdeoh vwhdg| vwdwh eudqfk +gdvkhg olqh, zklfk xqghujrhv wzr vdggoh qrgh
elixufdwlrq +X @ 3=:7Y>X @ 3=97Y , ehiruh uhjdlqlqj vwdelolw| rq wkh orz0fxuuhqw
eudqfk1 e, Fdofxodwhg rqh0sdudphwhu elixufdwlrq gldjudp ri wkh ID prgho iru prgho
sdudphwhuv dv jlyhq lq d,1 Wkh vwhdg| vwdwh fryhudjh ri RK/ �

�M

lv sorwwhg djdlqvw
wkh dssolhg srwhqwldo X 1 Wkh vrolg gdvkhg olqhv lqglfdwh vwdelolw| dqg lqvwdelolw|/ uh0
vshfwlyho|1 Wkh grwwhg0gdvkhg olqh vkrzv wkh dpsolwxgh ri wkh vwdeoh shulrglf ruelwv
eruq lq wkh Krsi elixufdwlrq1 Dw wkh ydoxh ri X zkhuh wkh grwwhg0gdvkhg olqh glv0
dsshduv wkh olplw f|foh froolghv zlwk wkh vdggoh lq d vdggoh0orrs elixufdwlrq1 Eh|rqg
wklv srwhqwldo ydoxh wkhuh lv qr vwdeoh vwdwh rwkhu wkdq wkh orz0fxuuhqw/ RK0fryhuhg
vwhdg| vwdwh1
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Iljxuh 808= Fdofxodwhg wlph vhulhv dw frqvwdqw rxwhu srwhqwldo X @ 3=: Y 1 Doo rwkhu
prgho sdudphwhuv dv jlyhq lq Ilj1 8071

wlrqdu| L@X ehkdylru duh vkrzq lq Ilj1 80:d1 Shulrglf fxuuhqw yduldwlrqv duh rqo|
glvfhuqleoh gxulqj wkh dqrglf vfdq1 Vzhhslqj fdwkrglfdoo|/ wkh fxuuhqw ghqvlw| vlp0
so| mxpsv glvfrqwlqxrxvo| iurp wkh orz0fxuuhqw qhdu wkh kljk0fxuuhqw vwhdg| vwdwh
zlwkrxw vkrzlqj dq| gdpshg shulrglf ehkdylru1 Wklv ehkdylru ehfrphv fohdu zkhq
orrnlqj dw wkh vwdwlrqdu| L@X fxuyh dqg lwv vwdelolw|= wkh Krsi elixufdwlrq +3=::Y ,lv

Iljxuh 809= Fdofxodwhg FY iru sdudphwhu ri Ilj1 807 iru wzr gl�huhqw ydoxhv ri wkh
rkplf uhvlvwdqfh U1 Fohduo| ylvleoh lv wkh hphujhqfh ri rvfloodwru| fxuuhqw vslnhv xsrq
lqfuhdvlqj U dvvrfldwhg zlwk d vkliw ri wkh L2X fkdudfwhulvwlf wr kljkhu srwhqwldov1
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qrz orfdwhg wr wkh uljkw ri wkh orz0fxuuhqw vdggoh0qrgh elixufdwlrq +3=:4Y ,1 Khqfh/
wkh uhjlph ri vwdeoh rvfloodwlrqv lv lqdffhvvleoh rq wkh fdwkrglf srwhqwldo vfdq1

Wkh elixufdwlrq gldjudp vkrzq lq Ilj1 80:e uhyhdov d yhu| vlplodu elixufdwlrq
vhtxhqfh dv ehiruh1 Wkh wlph vhulhv dw X @ 3=<Y vhhq lq Ilj1 80; vkrzv vwdeoh fxuuhqw
rvfloodwlrqv zklfk duh fkdudfwhul}hg e| d frpsdudwlyho| idvw lqfuhdvh ri L iroorzhg e|
dq lqlwldoo| yhu| vorz ghfuhdvh> wkh ghfuhdvh ri fxuuhqw lv frqvlghudeo| dffhohudwhg
ehiruh wkh fxuuhqw vwduwv ulvlqj djdlq1

D frpsdulvrq ri wkh qxphulfdo FY dqg ri wkh rvfloodwru| zdyhirup +xvlqj d vpdoo
udwh ri srlvrqlqj, zlwk wkh h{shulphqwdoo| phdvxuhg FY rq Sw+444, +Ilj1 7043, uhyhdov
d txdolwdwlyh djuhhphqw1

E| orrnlqj dw wkh skdvh uhodwlrqv ri wkh nlqhwlf yduldeohv wkh ghvfulswlyh lqwhusuh0
wdwlrqv duh wr eh fkhfnhg wkdw kdyh ehhq sxw iruzdug wr h{sodlq rvfloodwru| ehkdylru
lq wkh ID v|vwhp ^493/ ;;/ 465/ 463/ 464`1 Ilj1 80<d/ e dqg f vkrz wkh wlph hyroxwlrq
ri �

��

> �
�M

> ID
_,

dqg ! iru wkh sdudphwhu ydoxhv xvhg lq Ilj1 80;1 Wkh yduldeohv
�
�M

dqg ! duh qhduo| lq skdvh vxjjhvwlqj �
�M

wr eh d idvw yduldeoh zklfk iroorzv wkh
yduldwlrqv ri ! doprvw zlwkrxw ghod|1 Wkh srwhqwldo lqghshqghqw FR surgxfwlrq/ lq
frqwudvw/ dsshduv wr surfhhg rq d pxfk vorzhu wlph vfdoh dqg h{klelwv d frqvlghudeoh
skdvh vkliw1 Wkh vorz lqfuhdvh ri �

��

lv dffrpsdqlhg e| wkh vlpxowdqhrxv vorz lq0
fuhdvh ri wkh ! dqg �

�M

1 Dw d wkuhvkrog ydoxh ri !/ d yhu| idvw dgvruswlrq ri RK vhwv
lq ohdglqj wr d vlpxowdqhrxv vkrrw xs ri wkh wrwdo fryhudjh dqg !1 Ehlqj frqvxphg
e| wkh uhdfwlrq zklfk fduulhv wkh pdmru sruwlrq ri wkh ryhudoo fxuuhqw ghqvlw|/ ID

_,

lv kljk zkhqhyhu wkh wrwdo vxuidfh fryhudjh lv kljk dqg frqvhtxhqwo| wkh ydoxh ri L
lv orz1 ID

_,

h{klelwv dq dqwl0 skdvh ehkdylru frpsduhg wr �
��

= Gxulqj wkh vorz
lqfuhdvh ri �

��

ID
_,

idoov r� dw d vlplodu udwh1

81815 Elixufdwlrq Dqdo|vlv dqg Rvfloodwru| Vxephfkdqlvpv

Frpsoh{ g|qdplfv ri fkhplfdo uhdfwlrq qhwzrunv lv riwhq wkh uhvxow ri dq lqwhudfwlrq
ri pruh wkdq rqh xqvwdeoh ihdwxuh zlwklq wkh phfkdqlvp1 D ghfrpsrvlwlrq ri wkh
frpsoh{ qhwzrun lqwr vlpsohu qhwzrunv khosv wr h{wudfw srvvleo| gl�huhqw vrxufhv
ri lqvwdelolwlhv ^66`1 Wkh nqrzohgjh ri wkh g|qdplfv ri vxfk vxeqhwzrunv wkhq fdq
surylgh dq xqghuvwdqglqj ri wkh revhuyhg ehkdylru ri wkh ixoo fkhplfdo qhwzrun1

Lq wklv vhfwlrq zh vkrz krz wkh frpsohwh IDphfkdqlvp +ht1 +814:,/+814<,/+8153,/+8154,,
fdq eh ghfrpsrvhg lqwr wzr vxervfloodwruv zklfk frqvlvw ri wkh vdph vrxufh ri lqvwd0
elolw| +dxwrfdwdo|vlv, exw h{klelw gl�huhqw qhjdwlyh ihhgedfn orrsv1 Wkhlu uhvshfwlyh
frqwulexwlrqv wr wkh revhuyhg ryhudoo g|qdplfv lv ghvfulehg dqg uhodwhg wr wkh h{shu0
lphqwdo �qglqjv ri wkh suhylrxv fkdswhu1

Elixufdwlrq ehkdylru ri wkh ixoo ID phfkdqlvp

Ilj1 8043 ghslfwv d wzr0sdudphwhu elixufdwlrq gldjudp ri wkh ixoo ID prgho xqghu
xqvwluuhg frqglwlrqv +� @ 6 � 4332, lq ghshqghqfh ri wkh sdudphwhuv X dqg U1 Wkh
odujh ydoxh ri � hqvxuhv wkdw wkh yduldeoh ID

_,

lv wlph0ghshqghqw dqg wkhuhiruh frq0
vwlwxwhv dq hvvhqwldo yduldeoh1 Wkh sdudphwhuv dsduw iurp wkrvh jlyhq lq Wdeoh 6 duh=
n
RJ�rJ?

@ 43/ sK@61 Wkh vrolg/ grwwhg dqg gdvkhg0grwwhg olqh ghqrwh wkh orfdwlrqv
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Iljxuh 80:= d, Fdofxodwhg FY dqg vwdwlrqdu| L@X fxuyh iru wkh ID r{lgdwlrq prgho1
Wkh dqrglf dqg fdwkrglf vfdqv duh lqglfdwhg e| duurzv1 Eurdg fxuuhqw vslnhv duh
vhhq rq wkh dqrglf vfdq rqo|1 D eurdg k|vwhuhvlv ehwzhhq d orz0fxuuhqw vwhdg| vwdwh
dqg dq rvfloodwru| kljk0fxuuhqw vwdwh lv revhuyhg1 Prgho sdudphwhuv +vhh dovr Wdeoh
815 dqg 816,= W@5<; N/ sK@4/ � @ 6 4332/ U @ :33
/ n

RJ�rJ?

@9 o2pro v/ vfdq udwh
43 pY2v1 Wkh vrolg dqg gdvkhg vwdwlrqdu| fxuyhv ghqrwh vwdeoh dqg xqvwdeoh vwhdg|
vwdwhv1 wkh vrolg wuldqjoh v|perol}hv wkh orfdwlrq ri wkh Krsi elixufdwlrq +X @ 3=::Y ,1
e, Fdofxodwhg rqh0sdudphwhu elixufdwlrq gldjudp ri wkh ID prgho iru prgho sdudp0
hwhuv dv jlyhq lq d,1 Wkh vwhdg| vwdwh fryhudjh ri RK/ �

�M

lv sorwwhg djdlqvw wkh
dssolhg srwhqwldo X 1 Wkh vrolg olqh dqg gdvk olqh lqglfdwh vwdelolw| dqg xqvwdelolw|/
uhvshfwlyho|1 Wkh grwwhg0gdvkhg olqh vkrz wkh dpsolwxgh ri wkh vwdeoh shulrglf ruelwv
eruq lq wkh Krsi elixufdwlrq1 Dw wkh ydoxh ri X zkhuh wkh grwwhg0gdvkhg olqh glv0
dsshduv wkh olplw f|foh froolghv zlwk wkh vdggoh lq d vdggoh0orrs elixufdwlrq1 Eh|rqg
wklv srwhqwldo ydoxhv wkhuh lv qr vwdeoh vwdwh rwkhu wkdq wkh orz0fxuuhqw/ RK0fryhuhg
vwhdg| vwdwh1
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Iljxuh 80;= Fdofxodwhg wlph vhulhv dw frqvwdqw rxwhu srwhqwldo X @ 3=<Y 1 Doo rwkhu
prgho sdudphwhuv dv jlyhq lq Ilj1 80:1

ri vdggoh0qrgh Krsi dqg vdggoh0orrs lq�qlwh shulrg elixufdwlrqv/ uhvshfwlyho|1 Fxw0
wlqj wkh wzr0sdudphwhu sorw dorqj wkh ruglqdwh dw d vx!flhqwo| kljk ydoxh ri U/ rqh
uhfryhuv rqh0glphqvlrqdo elixufdwlrq sorwv dv jlyhq lq Ilj1 807e dqg 80:e= vxvwdlqhg
rvfloodwlrqv vhw lq dw wkh Krsi elixufdwlrq olqh1 Zlwk lqfuhdvlqj X wkh olplw f|fohv
lqfuhdvh lq shulrg uhpdlqlqj vwdeoh xs wr wkh orfdwlrq ri wkh vdggoh0orrs elixufdwlrq
zkhuh wkh fxuuhqw rvfloodwlrqv glvdsshdu1 Eh|rqg wklv srlqw wkh v|vwhp idoov r� wr wkh
orz0fxuuhqw vwhdg| vwdwh dv ghvfulehg ehiruh1 Iurp Ilj1 8043 lw lv lpsruwdqw wr qrwh
wkdw iru ydoxhv ri U vpdoohu wkdq � 78
 wkhuh duh qr g|qdplfdo lqvwdelolwlhv1

Vxervfloodwru 4

Lq vhfwlrq 6 zh phqwlrqhg wkdw vpdoo ydoxhv ri wkh gl�xvlrq od|hu wklfnqhvv � fdq eh
xvhg wr vlpxodwh vwurqj vwluulqj ri wkh hohfwurfkhplfdo exon hohfwuro|wh ^7;`1 Pruhryhu/
d vpdoo � fdxvhv wkh gl�xvlrq  x{hv wr eh odujh uhvxowlqj lq d udslg frpshqvdwlrq ri
yduldwlrqv lq frqfhqwudwlrqv ri wkh yduldeoh ID

_,

1 Khqfh/ rqh h{shfwv ID
_,

wr eh
qhduo| frqvwdqw1 Lq idfw/ h{shulphqwdoo|/ vwurqj vwluulqj lv nqrzq wr surylgh d txdvl
frqvwdqw frqfhqwudwlrq ri wkh hohfwurdfwlyh exon vshflhv1 Vlpxodwlqj vwurqj vwluulqj
+zlwk � @ 5 �433e fp, wkh frqfhqwudwlrq ri ID

_,

uhpdlqhg qhduo| frqvwdqw dw wkh exon
ydoxh ri 3=38 pro2o1 Dv d vshflhv ri frqvwdqw frqfhqwudwlrq ID

_,

grhv qrw frqvwlwxwh d
prgho vshflhv hvvhqwldo iru wkh revhuyhg g|qdplfv ^66`1 Wkh uhgxfhg qhwzrun gldjudp
vkrzlqj wkh hvvhqwldo vshflhv dqg uhdfwlrqv dv eodfn duurzv dqg v|perov lv vkrzq lq
Ilj1 8044d/ zkhuhdv wkh qrqhvvhqwldo vshflhv dqg +svhxgr,uhdfwlrqv duh vkrzq lq juh|1
Wkh �jxuh looxvwudwhv wkdw xqghu vwluuhg frqglwlrqv wkh revhuyhg g|qdplfv lv qrw edvhg
rq wkh ixoo prgho exw lqvwhdg vwhpv iurp wkh g|qdplfv ri wkh eodfn vxephfkdqlvp1
Wkh eodfn vxeqhwzrun zloo khqfhiruwk eh uhihuuhg wr dv vxervfloodwru 41

D wzr0sdudphwhu elixufdwlrq sorw vkrzq lq Ilj1 8045d zdv fdofxodwhg xvlqj wkh
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vdph vhw ri prgho sdudphwhuv dv lq wkh suhylrxv �jxuh h{fhsw iru wkh ydoxhv ri �1
Dowkrxjk wkh fxvs lv voljkwo| vkliwhg wrzdugv vpdoohu ydoxhv ri U dqg wkh srwhqwldo
uhjlrq ri vwdeoh olplw f|fohv lv voljkwo| vpdoohu/ wkh gldjudp uhyhdov d txdolwdwlyho|
yhu| vlplodu elixufdwlrq vwuxfwxuh dv irxqg iru wkh ixoo prgho1 Iru d odwhu glvfxvvlrq
lw lv lpsruwdqw wr qrwh wkdw wkh Krsi elixufdwlrq ri vxervfloodwru 4 lv irxqg rq L@X
fxuyhv zlwk srvlwlyh vorsh vlplodu wr wkh �qglqjv dw odujh � +xqvwluuhg frqglwlrqv,1

Vxervfloodwru 5

Zh lqyhvwljdwh wkh ehkdylru ri dqrwkhu vxeprgho ri wkh ixoo ID phfkdqlvp1 Wkh
vlpsol�hg phfkdqlvp lv rewdlqhg e| vhwwlqj wkh uhdfwlrq udwh ri wkh srlvrqlqj uhdfwlrq
dqg frqvhtxhqwo| �

��

frqvwdqw wr }hur1 Wklv wxuqv �
��

lqwr d qrqhvvhqwldo vshflhv
dv glvfxvvhg lq uhi1 ^66`1 Wkh fkhplfdo sduw ri wkh uhpdlqlqj vxeprgho +iurp qrz
rq uhihuuhg wr vxervfloodwru 5, lv vkrzq e| wkh eodfn vshflhv dqg duurzv lq Ilj1 80
44e1 Dv zlwk vxervfloodwru 4/ wkh fkhplvwu| ri vxervfloodwru 5 lv frpsohphqwhg e| wkh
htxdwlrq iru !1 Vlqfh zh zdqw ID

_,

wr eh dq hvvhqwldo prgho yduldeoh/ zh dlp dw d
vlpxodwlrq ri xqvwluuhg uhdfwlrq frqglwlrqv> wklv lv dfklhyhg e| vlpso| vhwwlqj � edfn
wr 6 � 4332 fp1 Wkh wzr0sdudphwhu frqwlqxdwlrqv ri wkh orfdo elixufdwlrqv duh vkrzq
lq Ilj1 8045e1 Wkh uhgxfhg vhw ri fkhplfdo uhdfwlrqv lv vwloo deoh wr h{klelw olplw f|foh

Iljxuh 80<= Fdofxodwhg wlph vhulhv ri wkh irxu prgho yduldeohv dw frqvwdqw rxwhu
srwhqwldo iru sdudphwhuv dv lq Ilj1 80:/ d, gdvkhg olqh= �

�M

/ grwwhg gdvkhg olqh= �
��

/
e, ID

_,

/ f, !
_,

1
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rvfloodwlrqv zkhq lqwhudfwlqj zlwk wkh hohfwulfdo yduldeoh !1 Dowkrxjk wkh orfdwlrq
ri wkh vdggoh0qrgh elixufdwlrqv duh vlplodu dv ehiruh/ wkh rvfloodwru| uhjlrq lv qrz
yhu| vpdoo frpsduhg wr vxervfloodwru 4 ru wr wkh xqvwluuhg ixoo ID prgho1 Djdlq/ wkh
suhvhqfh ri d vx!flhqwo| odujh rkplf uhvlvwdqfh U lv qhfhvvdu| wr lqgxfh lqvwdelolwlhv1
Wkh elixufdwlrq vhwv ri Ilj1 8045e uhsuhvhqw d furvv0vkdshg skdvh gldjudp zklfk lv
iuhtxhqwo| hqfrxqwhuhg lq wkh elixufdwlrq ehkdylru ri rvfloodwru| fkhplfdo v|vwhpv
^77`1

Vhwwlqj � @ 5 � 433e fp/ wkh ydoxh ri ID
_,

fdq qhduo| eh nhsw frqvwdqw dw wkh
exon frqfhqwudwlrq1 Wkh elixufdwlrq gldjudp qrz vkrzv wkh vdggoh0qrgh fxuyhv dv
ehiruh/ exw qr Krsi elixufdwlrq lv irxqg1 Reylrxvo|/ vxe0rvfloodwru 5 lv d plqlpdo
rvfloodwru zlwk ID

_,

ehlqj dq hvvhqwldo vshflhv1 Wklv uhvxow ixuwkhu lqglfdwhv wkdw
wkh vdggoh0qrgh elixufdwlrqv dqg frqvhtxhqwo| wkh elvwdelolw| duh vroho| gxh wr wkh
lqwhudfwlrq ri wkh idvw srwhqwldo0ghshqghqw dg2ghvruswlrq ri RK lq wkh suhvhqfh ri dq
rkplf uhvlvwdqfh U dqg d fxuuhqw surylglqj surfhvv vxfk dv jlyhq e| ht1 +8145,1

Iljxuh 8043= Wzr0sdudphwhu elixufdwlrq gldjudp ri wkh frpsohwh ID prgho xvlqj
� @ 6 4332/ n

RJ�rJ?

@43 o2pro v/ sK@61 Doo rwkhu sdudphwhu dv ehiruh1 Wkh vrolg
olqh/ gdvkhg olqh dqg wkh grwwhg0gdvkhg olqh lqglfdwh wkh orfdwlrq ri wkh vdggoh0qrgh
elixufdwlrqv/ wkh Krsi elixufdwlrqv dqg wkh vdggoh0orrs elixufdwlrqv/ uhvshfwlyho|1 Doo
wkuhh fxuyhv phhw lq d Wdnhqv0Erjgdqry srlqw forvh wr wkh fxvs1



Wkh iruplf dflg r{lgdwlrq 0 Prgholqj <:

Iljxuh 8044= d, Qhwzrun gldjudp ri vxervfloodwru 41 Rqo| wkh eodfn vshflhv dqg
uhdfwlrqv duh hvvhqwldo iru wkh prgho g|qdplfv1 Wkh juh| vshflhv dqg uhdfwlrqv /l1h1 wkh
yduldeoh ID

_,

dv zhoo dv wkh gl�xvlrqdo wudqvsruw uhdfwlrqv/ kdyh ehfrph qrqhvvhqwldo
e| vhwwlqj � wr d yhu| vpdoo ydoxh wkhuhe| nhhslqj ID

_,

dw lwv exon frqfhqwudwlrq1 e,
Qhwzrun gldjudp ri vxervfloodwru 51 Vlplodu wr d,/ rqo| wkh eodfn vshflhv dqg uhdfwlrqv
duh hvvhqwldo iru wkh g|qdplfv dqg duh uhvsrqvleoh iru wkh revhuyhg g|qdplfv1 Wkh
udwh ri wkh srlvrqlqj uhdfwlrq kdv ehhq vhw wr }hur1 Frqvhtxhqwo|/ �

��

dv zhoo dv wkh
udwh ri wkh uhprydo uhdfwlrq lv }hur1

81816 Pl{hg0prgh rvfloodwlrqv

Kdylqj lqyhvwljdwhg wkh elixufdwlrq ehkdylru ri wkh plqlpdo vxe0rvfloodwruv 4 dqg 5
zh frph edfn wr wkh g|qdplfv ri wkh ixoo ID prgho xqghu xqvwluuhg frqglwlrqv1 Rqh
zrxog h{shfw wkdw wkh g|qdplfv ri wkh ixoo IDprgho xqghu xqvwluuhg frqglwlrqv vkrxog
eh d�hfwhg e| wkh lqglylgxdo ehkdylru ri erwk plqlpdo rvfloodwruv1 Iru ydoxhv ri X
dqg U idu iurp wkh fxvs elixufdwlrq/ rqh zrxog h{shfw d g|qdplfdo ehkdylru vlplodu
wr wkdw ri vxe0rvfloodwru 4 dv frq�uphg lq Ilj1 80431 Qhdu wkh fxvs/ krzhyhu/ zkhuh
erwk rvfloodwru| vxeprghov h{klelw vxvwdlqhg olplw f|fohv/ d pruh frpsoh{ g|qdplfdo
uhjlph lv wr eh h{shfwhg1 Wzr fdofxodwhg wlphv vhulhv iru U @ 83
 dqg iru wzr forvho|
dgmdfhqw ydoxhv ri X duh vkrzq lq Ilj1 8046d dqg 8046e1 Wkhvh fxuuhqw rvfloodwlrqv duh
fkdudfwhul}hg e| wkh rffxuuhqfh ri d qxpehu ri vpdoo0dpsolwxgh vlqxvrlgdo rvfloodwlrqv
lqwhuvshuvhg zlwk d idvw dqg odujh uhod{dwlrqdo fxuuhqw vslnh1 Wklv skhqrphqrq lv
nqrzq dv pl{hg0prgh rvfloodwlrqv dqg kdv iuhtxhqwo| ehhq revhuyhg lq prghov dqg
h{shulphqwv ri fkhplfdo dqg hohfwurfkhplfdo rvfloodwruv ^4::/ :3/ 4:;/ 56/ 493/ 48<`1
D frpsdulvrq ri wkh zdyhirupv ri wkh wzr plqlpdo rvfloodwruv dqg wkh pl{hg0prgh
rvfloodwlrqv iru wkh jlyhq sdudphwhuv lqglfdwhv wkdw wkh vpdoo0dpsolwxgh rvfloodwlrqv
vwhp iurp vxe0rvfloodwru 5/ zkhuhdv wkh odujh uhod{dwlrqdo vslnhv duh gxh wr vxeprgho
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Iljxuh 8045= d, Wzr0sdudphwhu elixufdwlrq gldjudp ri vxervfloodwru 4 xvlqj � @
5 433e/ n

RJ�rJ?

@43 o2pro v/ sK@61 Doo rwkhu sdudphwhuv dqg olqhvw|ohv dv lq Ilj1 <1 e,
Wzr0sdudphwhu elixufdwlrq gldjudp ri vxervfloodwru 5 xvlqj � @ 6 4332/ n

RJ�rJ?

@43
o2pro v/ sK@61 Doo rwkhu sdudphwhuv dqg doo olqhvw|ohv dv lq Ilj1 80431
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Iljxuh 8046= Wlph vhulhv iru U @ 83
 dw gl�huhqw ydoxhv ri X 1 Doo rwkhu sdudp0
hwhuv dv lq Ilj1 8043/ d, pl{hg0prgh rvfloodwlrqv +PPRv, fkdudfwhul}hg e| rqh
odujh0dpsolwxgh dqg wzr vpdoo0dpsolwxgh rvfloodwlrqv +42 vwdwh, dw X @ 765=4pY /
e, pl{hg0prgh rvfloodwlrqv fkdudfwhul}hg e| rqh odujh0dpsolwxgh dqg wkuhh vpdoo0
dpsolwxgh rvfloodwlrqv +4� vwdwh, dw X @ 765=4488pY / f, dshulrglf rvfloodwlrqv dw
X @ 765=44;pY 1

41 Lqehwzhhq vwdeoh pl{hg0prgh uhjlphv dv vkrzq lq Ilj1 8046d/ wkhuh duh qrqshulrglf
uhjlphv dv vkrzq lq Ilj1 8046f1

819 Glvfxvvlrq dqg frpsdulvrq wr h{shulphqwv

FR0r{lgdwlrq1 Wkh prgho fdofxodwlrqv rq FR r{lgdwlrq vkrz wkdw wkh dvvxpswlrq ri
d ydfdqw vlwh uhtxluhphqw lq wkh nlqhwlf udwh odz ri uhdfwlrq 817 lv qrw qhhghg> wklv
dvvxpswlrq kdv iuhtxhqwo| ehhq pdgh lq suhylrxv ID vwxglhv ^445/ 493/ 464/ 48:/ 48;`
lq rughu wr dffrxqw iru wkh vkdus ulvh lq fxuuhqw ghqvlw|1 Udwkhu/ wkh uhvxowv lq
vhfwlrq 6 vxjjhvw wkh vkdus fxuuhqw shdn wr eh gxh wr d ghod|hg RK dgvruswlrq
zklfk dsshduv uhdvrqdeoh lq ylhz ri d ghqvh srlvrqlqj FR fryhudjh1 Wkh ydfdqw
vlwh phfkdqlvp zrxog suhglfw elvwdelolw| xqghu wuxo| srwhqwlrvwdwlf frqglwlrqv lq wkh
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suhvhqfh ri vwluulqj/ zklfk zdv qrw revhuyhg lq fkdswhu 71 K|vwhuhvlv/ zklfk pd| eh
lqwhusuhwhg dv hylghqfh iru elvwdelolw|/ zdv rqo| rewdlqhg lq wkh devhqfh ri vwluulqj1
Pruh uhfhqwo|/ Rndprwr hw do1 ^4:7` vxjjhvwhg wkdw RK +ru K2R, dgvruswlrq fdq rqo|
rffxu li FR lv suhdgvruehg1 Zh kdyh irxqg qr hylghqfh iru vxfk dq dvvxpswlrq1 Lq
dq| fdvh wkh prgho xvhg +vhfwlrq 5/6, zdv deoh wr uhsurgxfh wkh h{shulphqwdo L2X
fxuyhv xvlqj vwdqgdug dgvruswlrq whupv1

iruplf dflg r{lgdwlrq1 Wkh prgho fdofxodwlrqv uhyhdohg wkdw wkh vlpsoh ID prgho
lv fdsdeoh ri uhsurgxflqj wkh txdolwdwlyh dqg pdq| vhpl0txdqwlwdwlyh ihdwxuhv ri wkh
h{shulphqwdo ID r{lgdwlrq v|vwhp1 Wkh ydoxh ri wkh udwh frqvwdqw ri wkh FR srl0
vrqlqj n

RJ�rJ?

wxuqhg rxw wr eh d fuxfldo sdudphwhu iru wkh vkdsh ri wkh fdofxodwhg
f|foryrowdpprjudpv dqg wkh zdyhirupv ri wkh fxuuhqw rvfloodwlrqv1 Dw kljk ydoxhv ri
n
RJ�rJ?

/ erwk wkh vfdqqhg L@X fxuyh dqg wkh vwdwlrqdu| fxuuhqw rvfloodwlrqv uhvhpeoh
h{shulphqwdo �qglqjv rq Sw+433, +vhh Ilj1 70;,1 Wklv lv vhhq e| wkh rffxuuhqfh ri
fxuuhqw vslnhv rq erwk wkh dqrglf dqg fdwkrglf srwhqwldo vfdq dqg wkh udslg ghfuhdvh
lq fxuuhqw gxulqj vwdwlrqdu| rvfloodwlrqv1 Wklv uhvxow lv frqvlvwhqw zlwk fkhplfdo surs0
huwlhv ri Sw vlqjoh fu|vwdo vxuidfhv lqvridu dv wkh udwh ri srlvrqlqj rq Sw+433, lv nqrzq
wr eh odujhu wkdq rq wkh rwkhu wzr orz0lqgh{ vlqjoh fu|vwdov ^49<`1 Wkh elixufdwlrq
ehkdylru lv djdlq frqvlvwhqw zlwk h{shulphqwdo �qglqjv= dw orz srwhqwldov wkh vwdeoh
vwhdg| vwdwh orvhv lwv vwdelolw| yld d vxshufulwlfdo Krsi elixufdwlrq/ zkhuhdv dw kljk
srwhqwldov X wkh rvfloodwlrqv glvdsshdu deuxswo| zlwk �qlwh dpsolwxgh lq d vdggoh0
orrs elixufdwlrq1 Dw orzhu ydoxhv ri n

RJ�rJ?

/ wkh vkdsh ri wkh L@X fxuyh fkdqjhg lq
wkdw qr fxuuhqw vslnhv duh vhhq rq wkh fdwkrglf vfdq/ zkhuhdv odujh0shulrg rvfloodwlrqv
grplqdwh wkh dqrglf vfdq1 Wkhvh uhvxowv duh frqvlvwhqw wr h{shulphqwdoo| phdvxuhg
f|foryrowdpprjudpv dqg rvfloodwlrqv rq Sw+444, +vhh Ilj1 7043, zkhuh FR srlvrqlqj
lv nqrzq wr surfhhg vorzo|1 Dv iru wkh skdvh uhodwlrqv ri wkh fkhplfdo vshflhv/ Ilj1
80< frq�uphg wkh txdolwdwlyh lqwhusuhwdwlrqv sursrvhg lq fkdswhu 71 Ixuwkhupruh/
wkh qxphulfdoo| rewdlqhg elixufdwlrq gldjudp lq Ilj1 8043 lv lq djuhhphqw zlwk wkh
h{shulphqwdo elixufdwlrq ehkdylru +Ilj1 7046, zlwk uhvshfw wr wkh uhodwlyh orfdwlrq ri
wkh gl�huhqw g|qdplfdo uhjlphv1

phfkdqlvwlf dqdo|vlv1 Lq vhfwlrq 8/ wzr rvfloodwru| hohfwurfkhplfdo vxeqhwzrunv
kdyh ehhq irxqg wr eh suhvhqw lq wkh ixoo ID prgho zkhq � zdv odujh +qrq0vwluuhg
frqglwlrqv,1 Vxervfloodwru 4/ zkrvh fkhplfdo sduw lqfoxghg wkh vshflhv dqg uhdfwlrqv
vkrzq lq Ilj1 8044d dv zhoo dv wkh grxeoh od|hu srwhqwldo !/ zdv rewdlqhg zkhq � zdv
fkrvhq wr eh yhu| vpdoo1 Lq wklv fdvh/ wkh yroxph vshflhv ID

_,

ehfdph qrqhvvhqwldo
iru wkh g|qdplfv dqg wkh uhpdlqlqj rvfloodwru| vxeqhwzrun lqyroyhg fkhplfdo vxuidfh
vshflhv rqo|1 Wklv phdqv wkdw vxervfloodwru 4 lv lqghshqghqw ri vwluulqj1

Vxervfloodwru 5/ lq frqwudvw/ zdv irxqg wr frqvlvw ri wkh fkhplfdo vshflhv dqg
uhdfwlrqv vkrzq lq Ilj1 8044e +dv zhoo wkh hohfwurfkhplfdo yduldeoh !, > wkh qhwzrun
lqyroyhv wkh yroxph vshflhv ID

_,

+zklfk lv vhqvlwlyh wr vwluulqj,/ zkhuhdv �
��

lv
qrqhvvhqwldo1 Dv iru vxervfloodwru 4/ wkh idvw uhyhuvleoh dgvruswlrq ri RK uhpdlqhg
hvvhqwldo iru rvfloodwlrqv1

Lq jhqhudo/ rvfloodwru| ehkdylru uhtxluhv wkh vlpxowdqhrxv suhvhqfh ri d idvw srv0
lwlyh dv zhoo dv d vorz qhjdwlyh ihhgedfn orrs1 Iru erwk rvfloodwru| vxephfkdqlvpv
4 dqg 5/ wkh idvw srvlwlyh ihhgedfn lv jlyhq e| wkh lqwhusod| ri wkh iuhh vxuidfh vlwhv
dqg wkh hohfwulfdo yduldeohv ! dqg L dv vkrzq lq Ilj1 8047d1 D vrolg +gdvkhg, duurz
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Iljxuh 8047= d, Srvlwlyh ihhgedfn orrs ri erwk vxervfloodwruv1 Vrolg duurzv uhsuhvhqw
d srvlwlyh / zkhuhdv gdvkhg duurzv lqglfdwh qhjdwlyh h�hfw1 Wkh uhjxodwlrqv fdq eh
ylhzhg dv pdwul{hohphqwv ri d mdfreldq1 Iuhh vxuidfh vlwhv d�hfw wkh wrwdo fxuuhqw yld
wkh gluhfw r{lgdwlrq sdwk1 L h�hfwv !

_,

yld wkh rkplf uhvlvwdqfh dqg !
_,

ihhgv lqyhuvho|
edfn wr wkh iuhh vxuidfh vlwhv gxh wr wkh qhjdwlyh gl�huhqwldo uhvlvwdqfh1 e, Qhjdwlyh
ihhgedfn orrs ri vxervfloodwru 41 Wkh orrs frqwdlqv wkh vorz fkhplfdo vshflhv FR

@_

1
f, Qhjdwlyh ihhgedfn orrs ri vxervfloodwru 51 Wkh orrs lqfoxghv wkh vorz fkhplfdo
vshflhv ID

_,

1

lqglfdwhv d srvlwlyh +qhjdwlyh, lq xhqfh1 Wkh duurzv fdq dovr eh slfwxuhg dv uhs0
uhvhqwdwlrqv ri Mdfreldq hohphqwv ehwzhhq wkh yduldeohv vkrzq1 D ihhgedfn orrs lv
jlyhq e| wkh surgxfw ri doo Mdfreldq hohphqwv dorqj wkh orrs> wkxv/ dq hyhq qxpehu
ri qhjdwlyh hohphqwv ohdgv wr srvlwlyh/ dq rgg qxpehu wr qhjdwlyh ihhgedfn orrsv1

Wkh srvlwlyh ihhgedfn orrs lq Ilj1 8047d rshudwhv dv iroorzv= Vlqfh wkh gluhfw
r{lgdwlrq sdwk ht1 +8145, lv wkh pdlq fxuuhqw0fduu|lqj uhdfwlrq/ dq lqfuhdvh ri wkh
qxpehu ri iuhh vlwhv uhvxowv lq dq lqfuhdvh lq wkh wrwdo fxuuhqw L1 Dq lqfudvlqj fxuuhqw
L/ krzhyhu/ orzhuv ! zklfk wkhq ohdgv wr pruh iuhh vxuidfh vlwhv gxh wr RK ghvruswlrq1
Wkh srwhqwldo ghshqghqw dg0 dqg ghvruswlrq ri RK +lq wkh suhvhqfh ri dq| fxuuhqw0
fduu|lqj uhdfwlrq, lv vhhq wr eh fuxfldo iru d qhjdwlyh uhjxodwlrq ehwzhhq ! dqg L
+gL@g! ? 3,1 Wklv/ krzhyhu/ lv htxlydohqw wr vd|lqj wkdw wkh dg0 dqg ghvruswlrq ri
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RK frqvwlwxwhv wkh vrxufh ri wkh QGU zklfk lv nqrzq dv fuxfldo suhuhtxlvlwh iru dq
hohfwurfkhplfdo lqvwdelolw|1

Lq wkh fdvh ri vxervfloodwru 4/ wkh qhjdwlyh ihhgedfn orrs lv ghslfwhg lq Ilj1 8047e1
Djdlq/ wkh duurz vw|oh hqfrghv wkh vljq ri wkh uhvshfwlyh uhjxodwlrqv1 Qrz/ d fkhplfdo
vshflhv +FR, sduwlflsdwhv lq wkh f|foh zkrvh udwh ri fkdqjh rffxuv rq pxfk vorzhu
wlph vfdoh frpsduhg wr wkh idvw hohfwulfdo yduldeohv ! dqg L1 Wklv vorz fkhplfdo wlph
vfdoh ghwhuplqhv wkh wlph vfdoh ri wkh hqwluh orrs ohdglqj wr d vorz qhjdwlyh ihhgedfn1
Ilqdoo|/ wkh qhjdwlyh ihhgedfn orrs ri vxervfloodwru 5 lv vkrzq lq Ilj1 8047f1 Djdlq/ d
vorz fkhplfdo vshflhv +ID

_,

, lv udwh ghwhuplqlqj iru fkdqjhv dorqj wkh ihhgedfn f|foh1
Lw lv fohduo| vhhq wkdw/ li wkh yduldeoh ID

_,

lv qhduo| nhsw frqvwdqw gxh wr vpdoo ydoxhv
ri �/ wkh qhjdwlyh ihhgedfn orrs euhdnv grzq dqg rvfloodwlrqv glvdsshdu/ zkhuhdv wkh
srvlwlyh ihhgedfn orrs lv vwloo dfwlyh dqg ohdgv +lq frpelqdwlrq zlwk wkh uhpdlqlqj
fkhplfdo uhdfwlrqv, wr elvwdelolw|1

Wkh rvfloodwru| uhjlrq lq sdudphwhu vsdfh ri vxervfloodwru 4 zdv vhhq wr eh yhu|
vlplodu wr wkdw revhuyhg iru odujh ydoxhv ri � +qrq0vwluuhg frqglwlrqv,1 Reylrxvo|/ wkh
g|qdplfv ri wkh xqvwluuhg ID v|vwhp lv pdlqo| grplqdwhg e| vxervfloodwru 41 Wkh
rvfloodwru| uhjlrq ri vxeprgho 5/ lq frqwudvw/ zdv vpdoohu ryhuodsslqj zlwk wkdw ri
vxervfloodwru 4 lq d sdudphwhu uhjlrq qhdu wkh fxvs1 Iru sdudphwhuv lqvlgh ru forvh
wr wklv ryhuodsslqj uhjlrq/ wkh g|qdplfv ri wkh *qrq0vwluuhg* prgho +odujh �, vkrxog
eh h{shfwhg wr eh jryhuqhg e| erwk rvfloodwruv1 Lq idfw/ wkh uhvxowv ri vhfwlrq 816
frq�uphg wkh suhvhqfh ri d sdudphwhu uhjlrq ri pl{hg0prgh rvfloodwlrqv +PPR,1 Lw
vkrxog eh qrwhg wkdw wkh PPR sdudphwhu uhjlrq zdv vpdoo vlplodu wr zkdw kdv ehhq
irxqg lq uhi1 ^4:;`1 Dv revhuyhg lq rwkhu prghov ri hohfwurfdwdo|wlf v|vwhpv ^:3/ 4:;`/
wkhuh duh dovr qrqshulrglf uhjlphv dgmdfhqw wr pl{hg0prgh ehkdylru1

Wkh uhvxowv jlyhq lq wkh suhylrxv sdudjudsk r�hu d frqvlvwhqw lqwhusuhwdwlrq ri
wkh h{shulphqwdoo| revhuyhg vwluulqj h�hfwv= Wkh h{shulphqwdo shulrg04 rvfloodwlrqv
zhuh jhqhudoo| irxqg wr eh lqghshqghqw ri vwluulqj1 Wklv fruuhvsrqgv wr wkh shulrg04
rvfloodwlrqv ri vxervfloodwru 4 zklfk duh lqghshqghqw ri wkh gl�xvlrq od|hu wklfnqhvv
�1 Pruhryhu/ lq h{shulphqwv wkh PPRv zhuh irxqg wr wudqvirup lqwr shulrg04 rvflo0
odwlrqv dv vwluulqj zdv vzlwfkhg rq1 Zlwk vwluuhg hohfwuro|wh PPRv kdyh qhyhu ehhq
revhuyhg1 Wklv fruuhvsrqgv wr wkh deryh uhvxowv lq wkdw wkh pl{hg0prgh ehkdylru
zlwkrxw vwluulqj lv gxh wr wkh lqwhusod| ri vxervfloodwru 4 dqg 5> dv vwluulqj lv vzlwfkhg
rq/ wkh qhjdwlyh ihhhgedfn ri vxeprgho 5 lv vxssuhvvhg/ zkhuhdv vxervfloodwru 4 vxu0
ylyhv1

phfkdqlvwlf fodvvl�fdwlrq1 Lq uhiv1 ^5</ :7`/ d fodvvl�fdwlrq ri hohfwurfkhplfdo rv0
floodwruv zdv xqghuwdnhq1 Ehvlghv v|vwhpv zklfk duh douhdg| rvfloodwru| ru elvwdeoh
xqghu vwulfwo| srwhqwlrvwdwlf frqglwlrqv +qrw uhohydqw iru wkh suhvhqw glvfxvvlrq,/ wzr
fdwhjrulhv ri hohfwurfkhplfdo rvfloodwruv zhuh ghvfulehg zklfk uhtxluh d qhjdwlyh gl�hu0
hqwldo uhvlvwdqfh gL@g! iru dq lqvwdelolw| wr rffxu1 Wkh �uvw fdwhjru| lqfoxghv v|vwhpv
wkdw h{klelw d qhjdwlyh vorsh lq vwhdg|0vwdwh L@X0fkdudfwhulvwlf1 Fxuuhqw rvfloodwlrqv
^97` duh rqo| revhuyhg rq wkh eudqfk ri qhjdwlyh vorsh1 Xqghu jdoydqrvwdwlf frqglwlrqv/
wkhvh v|vwhpv vkrz elvwdelolw| rqo|1 H{dpsohv ri rvfloodwru| v|vwhpv zklfk idoo lqwr
wklv fdwhjru| duh wkh r{lgdwlrq ri shur{rglvxoskdwh ru wkh uhgxfwlrq ri phwdo fdwlrqv
lq wkh suhvhqfh ri dqlrqlf fdwdo|vwv ^:4/ 4:5/ 97/ 4:6`1 Iroorzlqj d uhfhqw vxjjhvwlrq
^5:` wkhvh v|vwhpv duh uhihuuhg wr dv QGU rvfloodwruv1 Wkh vhfrqg fdwhjru| frpsulvhv
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v|vwhpv wkdw h{klelw fxuuhqw rvfloodwlrqv rq d eudqfk ri srvlwlyh srodulvdwlrq vorsh1
Wkh| h{klelw srwhqwldo rvfloodwlrqv xqghu jdoydqrvwdwlf frqglwlrqv/ dv zhoo1 Lq wkhlu
vwhdg|0vwdwh fkdudfwhulvwlfv wkh qhjdwlyh lpshgdqfh ri wkh idvw surfhvv lv klgghq e| d
surfhvv rq d vorzhu wlph vfdoh zklfk vkrzv d srvlwlyh srodulvdwlrq vorsh1 Wkhuhiruh/
wkhvh v|vwhpv duh vdlg wr kdyh d *klgghq* qhjdwlyh lpshgdqfh dqg iroorzlqj ^5:` fdq
eh uhihuuhg wr dv KQGU rvfloodwruv1 D w|slfdo h{dpsoh iru wklv fdwhjru| zdv irxqg wr
eh wkh r{lgdwlrq ri K2 lq wkh suhvhqfh ri phwdo fdwlrqv +Fx2n/ El�n, dqg kdorjhqlgh
dqlrqv ^5<`1

Dffruglqj wr wklv fdwhjrul}dwlrq/ vxervfloodwru 4 ri wkh ID phfkdqlvp fdq eh
frqvlghuhg dv d ixuwkhu h{dpsoh ri d v|vwhp zlwk *klgghq* qhjdwlyh lpshgdqfh1 Fxu0
uhqw rvfloodwlrqv rffxu rq eudqfkhv ri srvlwlyh srodulvdwlrq vorsh> xqghu jdoydqrvwdwlf
frqglwlrqv/ vxervfloodwru 4 h{klelwv vxvwdlqhg srwhqwldo rvfloodwlrqv1 Lw lv lqwhuhvw0
lqj wr qrwh wkh dqdorj| ehwzhhq wkh phfkdqlvwlf urohv ri wkh vshflhv lq vxervflo0
odwru 4 dqg wkh K2 r{lgdwlrq v|vwhp1 Vlplodu wr Fo3 gxulqj k|gurjhq r{lgdwlrq/
wkh idvw dg2ghvruswlrq ri RK lv uhvsrqvleoh iru wkh h{lvwhqfh ri d eudqfk ri qhjd0
wlyh lpshgdqfh> wkh vorzhu srlvrqlqj dqg uhdfwlyh uhprydo ri FR lq vxervfloodwru 4
fruuhvsrqgv wr wkh srwhqwldo ghshqghqw dg2ghvruswlrq ri wkh phwdo fdwlrqv/ dqg wkh
gl�xvlrq olplwhg K2 r{lgdwlrq fxuuhqw dqg wkh gluhfw r{lgdwlrq sdwk ri ID frqvwl0
wxwh wkh fxuuhqw fduu|lqj surfhvvhv ri wkh uhvshfwlyh rvfloodwruv1 Lq vxervfloodwru 5/
wkh fxuuhqw fduu|lqj surfhvv dv zhoo dv wkh surfhvv ohdglqj wr d eudqfk ri qhjdwlyh
lpshgdqfh duh wkh vdph dv lq vxervfloodwru 41 Wkh qhjdwlyh ihhgedfn vshflhv +yroxph
vshflhv ID

_,

,/ krzhyhu/ lv qrz gluhfwo| lqyroyhg lq wkh fxuuhqw fduu|lqj suhfhvv/ vlpl0
odu wr �qglqjv lq wkh shur{rglvxoskdwh rvfloodwru +�uvw fdwhjru|,1 Lq wkh vlpxodwlrqv/
fxuuhqw rvfloodwlrqv rffxu rq L@X eudqfkhv ri qhjdwlyh vorsh dqg dw orz vwluulqj udwhv
rqo|/ zkhuhdv xqghu jdoydqrvwdwlf frqglwlrqv/ qr srwhqwldo rvfloodwlrqv duh revhuydeoh1
Reylrxvo|/ wkh ID r{lgdwlrq prgho zlwkrxw vwluulqj frpelqhv wzr rvfloodwruv/ rqh iurp
hdfk fdwhjru|1

Wkh revhuyhg skdvh gldjudpv ri wkh wzr vxeprghov duh frqvlvwhqw zlwk uhfhqw
vxjjhvwlrqv e| Nrshu ^:7` dv wr wkh uhodwlrq ri rvfloodwru fdwhjru| dqg elixufdwlrq
ehkdylru1 Dffruglqj wr uhi1 ^:7`/ rvfloodwruv ri wkh �uvw fdwhjru| +vxervfloodwru 5,
h{klelw d furvv0vkdshg skdvh gldjudp/ zkhuhdv lq wkh vhfrqg fdwhjru| +vxervfloodwru
4, � wkh v|pphwu| ehwzhhq wkh srwhqwldo0ghshqghqfh ri wkh fkdujh edodqfh ri wkh
hohfwul�hg lqwhuidfh dqg wkh pdvv edodqfh ri wkh hohfwurdfwlyh vshflhv� lv eurnhq/ dqg
d gl�huhqw elixufdwlrq vfkhph lv rewdlqhg +Ilj1 8045,1

Wkh iruhjrlqj glvfxvvlrq vwurqjo| vxjjhvwv d frqfoxvlrq uhjduglqj wkh plqlpdo
phfkdqlvwlf uhtxluhphqwv iru dq hohfwurfdwdo|wlf rvfloodwru ri wkh wzr fdwhjrulhv frq0
vlghuhg khuh ^:7`= rvfloodwruv zlwk *klgghq* qhjdwlyh lpshgdqfh uhtxluh

41 d fxuuhqw0fduu|lqj surfhvv +vxfk dv wkh gluhfw ID r{lgdwlrq ru wkh K2 r{lgdwlrq
iru vxervfloodwru 4 dqg wkh K2 v|vwhp/ uhvshfwlyho|, zklfk pd| ru pd| qrw
ghshqg rq wkh srwhqwldo /

51 d surfhvv rq d wlph vfdoh frpsdudeoh wr wkdw ri yduldwlrqv ri !
_,

zklfk lv uh0
vsrqvleoh iru wkh rffxuuhqfh ri wkh qhjdwlyh gl�huhqwldo uhvlvwdqfh +idvw srwhqwldo0
ghshqghqw dg2ghvruswlrq ri RK ru kdorjhqlghv, dqg
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61 d vorzhu srwhqwldo0ghshqghqw surfhvv h{klelwlqj d srvlwlyh fxuuhqw2srwhqwldo
fkdudfwhulvwlf +dgvruswlrq dqg uhdfwlyh uhprydo ri FR ru dg2ghvruswlrq ri phwdo,1

Rvfloodwruv ri wkh rwkhu fdwhjru| +shur{rglvxoskdwh0w|sh,/ krzhyhu/ xvxdoo| lqfoxgh

41 rqo| rqh srwhqwldo0ghshqghqw surfhvv ri srvlwlyh srodulvdwlrq vorsh zklfk lq0
yroyhv d vorz hohfwurdfwlyh vshflhv dv hgxfw dqg vlpxowdqhrxvo| vhuyhv dv
wkh fxuuhqw0fduu|lqj uhdfwlrq +gluhfw ID r{lgdwlrq dqg shur{rglvxoskdwh
r{lgdwlrq, dv zhoo dv

51 vrphphfkdqlvwlf ihdwxuh zklfk fdxvhv d qhjdwlyh lpshgdqfh +idvw RK dg2ghvruswlrq
lq wkh fdvh ri vxervfloodwru 5 ru Iuxpnlq fruuhfwlrq whup iru wkh V2R23

H
r{lgdwlrq

^5<`,1

Wkhvh frqfoxvlrqv doorz v|vwhpdwlf suhglfwlrqv dv wr zkhwkhu ru qrw wkh phfkdqlv0
wlf vwuxfwxuh ri dq hohfwurfkhplfdo v|vwhp lv lq sulqflsoh deoh wr vkrz rvfloodwlrqv iru
dq dssursuldwh fkrlfh ri sdudphwhuv1 Lq fkdswhuv ; dqg hvshfldoo| </ zkhuh d frpsulv0
lqj fdwhjrul}dwlrq ri hohfwurfkhplfdo rvflodwruv zloo eh ghvfulehg/ lw zloo eh vhhq wkdw
wkhvh fulwhuld ri fdq eh ixuwkhu uh�qhg dv ixuwkhu rvfloodwru fodvvhv/ qhz vxefodvvhv
zlwklq wkh KQGU jurxs dqg jhqhudoo| pruh fkdudfwhulvwlf phfkdqlvwlf ihdwxuhv duh
lqwurgxfhg1 Wkhuh/ d v|vwhpdwlf rshudwlrqdo surfhgxuh zloo dovr eh ghyhorshg zklfk
juhdwo| khosv lghqwli| wkh fdwhjru| ri dq xqnqrzq hohfwurfkhplfdo rvfloodwru1

81: Vxppdu|

Zh kdyh irupxodwhg d uhdolvwlf nlqhwlf ghvfulswlrq ri iruplf dflg r{lgdwlrq xqghu
srwhqwlrvwdwlf frqglwlrqv1 Pdq| h{shulphqwdo ihdwxuhv vxfk dv f|foryrowdpprjudpv/
zdyhirupv ri rvfloodwlrqv/ elixufdwlrq ehkdylru/ pl{hg0prgh rvfloodwlrqv dqg vwluulqj
h�hfwv zhuh uhsurgxfhg lq qxphulfdo vlpxodwlrqv1 D phfkdqlvwlf dqdo|vlv ri wkh prgho
uhyhdohg wkdw wkh lqwhusod| ri wzr vxervfloodwruv lv uhvsrqvleoh iru wkh revhuyhg prgho
g|qdplfv1 Ilqdoo|/ d fodvvl�fdwlrq ri wkh vxervfloodwruv doorzhg wkh fdwhjrul}dwlrq ri
wkh ID v|vwhp zlwk uhvshfw wr rwkhu hohfwurfkhplfdo rvfloodwruv1


