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Lqwurgxfwlrq

414 Idu0iurp0htxloleulxp vhoi0rujdql}dwlrq
dqg hohfwurfkhplvwu|

�Dov lfk ghq yruljhq Yhuvxfk plw hlqhp Dqwkhlo hlqhu dqghuvkhu eh}rjh0
qhq r!flqhoohq Vloehudx ùvxqj dqvwhoowh/ zdu glh Deohqnxqj ghv Hlvhqv
hehqidoov dqidqjv srvlwly> vlh jlqj dehu edog lq glh hqwjhjhqjhvhw}wh qh0
jdwlyh ehu1 Lfk kdeh mhgrfk ehl zlhghukrowhq Yhuvxfkhq ehphunw/ gd glh
Huvfkhlqxqj klhuehl jhzùkqolfk qrfk qlfkw vwhkhq eolhe/ ylhophku gdv Dxi0
oùvhq ghv Hlvhqv xqg vhlq Zlhghueodqnzhughq qhevw Dx ùvxqj ghv jhiçoo0
whq Vloehuv zrko 7 elv 9 pdo/ riw vhku vfkqhoo klqwhu hlqdqghu dezhfkvho0
whq/ zrehl mhghvpdo glh Deohqnxqj ghu Pdjqhwqdgho dxi gdv Hqwjhjhqjh0
vhw}wh ehuvsudqj/ elv gdv Hlvhqvwçefkhq }xohw}w mhghvpdo xqzlunvdp olhjhq
eolhe1�

P1J1Wk1 Ihfkqhu/ Mdkuexfk ghu Fkhplh xqg Sk|vln/ 86LL +4;5;, 474

Wkh jlyhq txrwdwlrq lv wdnhq iurp d uhpdundeoh sxeolfdwlrq zklfk lv xvxdoo| flwhg
dv wkh yhu| �uvw uhsruw rq vsrqwdqhrxv/ shulrglf/ vhoi0rujdql}dwlrq skhqrphqd lq
hohfwurfkhplvwu|4 ^4`1 Ihfkqhu pdgh klv phprudeoh revhuydwlrqv mxvw irxu |hduv diwhu
Fduqrw kdg yhuedoo| irupxodwhg wkh wkhruhwlfdo ihdvlelolw| ri d f|folf surfhvv iru wkh
surgxfwlrq ri zrun iurp khdw1 Derxw dqrwkhu 73 |hduv sdvvhg ehiruh Fodxvlxv zdv
wr lqwurgxfh wkh qrwlrq ri Hqwurs| wkhuhe| rshqlqj xs wkh wulxpskdo pdufk ri htxl0
oleulxp wkhuprg|qdplfv1 Vwloo/ lw zdv qrw xqwlo 483 |hduv ru vr odwhu wkdw Ihfkqhu*v
vxusulvlqj �qglqjv frxog hqwluho| eh h{sodlqhg1

Lqlwldoo|/ wkh dgyhqw ri fodvvlfdo wkhuprg|qdplfv pdgh pdwwhuv zruvh1 Zkloh
Ihfkqhu*v frqwhpsrudulhv dssurdfkhg vsrqwdqhrxv g|qdplfdo skhqrphqd lq fkhp0
lvwu| zlwk d vhqvh ri sx}}ohg dgpludwlrq/ pdq| fkhplvwv gxulqj wkh vhfrqg kdoi ri

4Qrwh/ krzhyhu/ wkdw Wk1 Ihfkqhu klpvhoi iuhtxhqwo| uhihuv wr klv rzq h{shulphqwv dv d phuh
frq�updwlrq ri suhylrxv h{shulphqwv frqgxfwhg e| wkh fkhplvw Zhw}odu lq 4;5:1
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5 Lqwurgxfwlrq

wkh 4<wk fhqwxu| frqvlghuhg vxfk uhsruwv dv hylghqfh iru qrq0vhulrxv vflhqwl�f zrun
ru/ dw ehvw/ dv dq luuhohydqw fxulrvlw|1 Dw wkh khduw ri wklv xswljkw/ grjpdwlf ylhz od|
grxewohvvo| wkh vwulfw vwdwhphqwv ri wkh vhfrqg odz ri wkhuprg|qdplfv uhjduglqj wkh
lppxwdeoh lqfuhdvh lq hqwurs| gxulqj luuhyhuvleoh surfhvvhv lq forvhg v|vwhpv1

Zlwk wkh irupxodwlrq ri txdqwlwdwlyh uhodwlrqv ydolg lq qhdu0htxloleulxp vlwxdwlrqv/
wkh qrwlrq ri  x{hv/ irufhv dqg vwdwlrqdu| vwdwhv hyhqwxdoo| duulyhg lq wh{werrnv rq
wkhuprg|qdplfv gxulqj wkh �uvw kdoi ri wklv fhqwxu|1 Vwloo/ dqrwkhu uljlg hyroxwlrq
fulwhuld ri �qr uhwxuq� 0 wklv wlph shuwdlqlqj wr wkh udwh ri hqwurs| surgxfwlrq 0
ghwhuplqhg wkh idwh ri surfhvvhv lq wkh olqhdu uhjlph dqg ohiw qr urrp iru vxvwdlqhg
shulrglf udwhv1

Ilqdoo|/ Gh Jurrw/ Suljrjlqh dqg Jodqvgru� ^5/ 6`/ dprqj rwkhu shrsoh/ h{whqghg
rxu ylhz ri wkhuprg|qdplfv wr idu0iurp0htxloleulxp surfhvvhv lqwurgxflqj wkh qrwlrq
ri rshq v|vwhpv zlwk wkh delolw| wr h{fkdqjh pdvv dqg hqhuj| zlwk wkhlu vxuurxqglqjv1
Lq vr grlqj/ wkh| frxog orrvhq wkh vhhplqjo| wljkw juls ri wkh vhfrqg odz/ exw lqvwhdg
kdg wr wkurz rxw prvw txdqwlwdwlyh uhodwlrqv rq vwdwh ixqfwlrqv ydolg lq wkh qrq0olqhdu
uhjlph ohdylqj ehklqg d jhqhudol}hg hyroxwlrq dqg d vwdelolw| fulwhulrq rqo|1 Wkhvh
wkhuprg|qdplf uhodwlrqv/ krzhyhu/ xvxdoo| duh olwwoh lqvwuxfwlyh iru dq xqghuvwdqglqj
ru suhglfwlrq ri frpsoh{ fkhplfdo uhdfwlrq surfhvvhv1

Phdqzkloh/ vflhqwl�f iron ri ydulrxv vhsdudwhg glvflsolqhv vxfk dv wkhruhwlfdo sk|vlfv/
k|gurg|qdplfv/ elixufdwlrq wkhru|/ odvhu sk|vlfv/ elrpdwkhpdwlfv/ frpsxwhu vflhqfh/
hqjlqhhulqj ru wkhruhwlfdo elrorj| hwf1 vwduwhg wdonlqj wr hdfk rwkhu uhdol}lqj wkdw wkh
g|qdplfv ri wkhlu qrqolqhdu v|vwhpv xqghu lqyhvwljdwlrq kdg pxfk pruh lq frpprq
wkdq wkh| zrxog kdyh wkrxjkw1 Wkxv/ fhuwdlq vflhqwl�f frppxqlwlhv lqfuhdvlqjo| juhz
wrjhwkhu wkdqnv wr wkh judgxdo xvdjh ri frpprq pdwkhpdwlfdo wrrov dqg whuplqrorjlhv
iru wkh nlqhwlf ghvfulswlrq ri wkh frpsoh{ vsdwldo dqg whpsrudo skhqrphqd revhuyhg
lq prghov dqg h{shulphqwv1 Wklv zdv wkh wlph zkhq d vruw ri �Phwdglvflsolqh� zdv
eruq uhihuuhg wr dv �Frpsoh{ G|qdplfdo V|vwhpv Wkhru|� ru �Qrqolqhdu G|qdp0
lfv�> lwv jrdo kdv ehhq wr surylgh dq lqwhuglvflsolqdu| iudphzrun iru wkh prgholqj ri
txdolwdwlyho| vlplodu qdwxudo skhqrphqd1 \hw wkh vljql�fdqfh ri wklv iudphzrun zdv
qrw uhvwulfwhg wr frpprq pdwkhpdwlfdo wrrov/ lpsruwdqw wkrxjk wkdw lv1 Udwkhu/ wkh
frqfhswv ri Qrqolqhdu G|qdplfv hylghqfh d fhuwdlq lqqhu ixqfwlrqdo uhodwlrq ehwzhhq
pdq| qdwxudo surfhvvhv zklfk kdg ehhq xqnqrzq xqwlo wkhq1 Qhhgohvv wr vd| wkdw
wkh hphujlqj frpsxwhu srzhu fdwdo|}hg wklv ghyhorsphqw ixuwkhu surylglqj wkh srv0
vlelolw| ri qxphulfdo vroxwlrqv wr htxdwlrqv suhylrxvo| wrr kdug wr wdfnoh1 Wkh wkhru|
ri qrqolqhdu g|qdplfdo v|vwhpv ehfdph �qdoo| dsshdolqj hyhq iru hfrqrplvwv/ vrfldo
vflhqfhv dqg fhuwdlq eudqfkhv lq kxpdqlwlhv1 Dgplwwhgo| idvflqdwlqj/ wkrxjk/ lw vwloo
uhpdlqv wr eh vhhq zkhwkhu ru qrw wkh dssolfdwlrq ri sk|vlfdo frqfhswv lq wkhvh duhdv
zloo phhw wkh h{shfwdwlrqv1

Lq wkh 4<:3v dqg 4<;3v/ lw zdv gdzqlqj rq pruh dqg pruh fkhplvwv wkdw lw lv wkh
nlqhwlf dssurdfk ri Qrqolqhdu G|qdplfv udwkhu wkdq sxuh wkhuprg|qdplfv zklfk fdq
srvvleo| surylgh ydoxdeoh khos iru xqghuvwdqglqj fkhplfdo vhoi0rujdql}lqj lqvwdelolwlhv
zkhq wkh ghyldwlrqv iurp htxloleulxp ehfdph vx!flhqwo| pdunhg1 Lq wklv frqwh{w wkh
slrqhhulqj wkhruhwlfdo zrun e| Phlqkdugw dqg Jlhuhu ^7/ 8/ 9` dqg R1H1 Uùvvohu ^:/ ;`
lv zruwk phqwlrqlqj1 Dw wkh vdph wlph/ doohjhgo| vlqjxodu h{shulphqwdo �qglqjv/ h1j1
wkh rvfloodwru| Ehorxvry0]kderwlqvnll uhdfwlrq ^</ 43` ru dshulrglf elrfkhplfdo hq}|ph
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uhdfwlrqv ^44`/ zhuh vxgghqo| vhhq lq wkh oljkw ri wkh qhz sdudgljp dqg �w vprrwko|
lq wkh wkhruhwlfdo iudphzrun1 Vsdunhg e| hyhu pruh frpsoh{ fdofxodwlrqv ri vsdwldoo|
h{whqghg uhdfwlyh v|vwhpv/ vsdwldo fkhplfdo skhqrphqd lqfuhdvlqjo| fdph wr wkh iruh>
wkh| lqyroyhg vxvwdlqhg/ wudqvlhqw/ sursdjdwlqj ru vwdwlrqdu| pdfurvfrslf lqkrpr0
jhqhlwlhv lq frqfhqwudwlrqv/ srwhqwldo ru whpshudwxuh1 Wkh dvvrfldwhg uhvhdufk �hog
rffdvlrqdoo| uhihuuhg wr dv �fkhplfdo sdwwhuq irupdwlrq� ghdov zlwk wkh v|vwhpdwlf
kxqw iru qryho vsdwlrwhpsrudo vhoi0rujdql}lqj vwuxfwxuhv lq fkhplvwu| dqg judgxdoo|
idvflqdwhg uhvhdufkhuv ri dq lqfuhdvlqj qxpehu ri sk|vlfr0fkhplfdo glvflsolqhv vxfk dv
oltxlg0skdvh uhdfwlrqv/ frpexvwlrq fkhplvwu| ru vxuidfh vflhqfh dqg fdwdo|vlv1

Uhfhqw |hduv kdyh vhhq qrqolqhdu g|qdplflvwv irfxvlqj pruh dqg pruh rq wkh gh0
olehudwh frqwuro ri fkhplfdo sdwwhuqv udwkhu wkdq rq phuho| hylghqflqj wkhlu h{lvwhqfh1
�Fkdrv frqwuro� ^45` kdg ehfrph wkh sdwk0euhdnlqj sdudgljp ri wkh hduo| 4<<3v/ dqg
djdlq/ diwhu wkh whpsrudo wdplqj ri qrqolqhdu ehkdylru lq fhuwdlq v|vwhpv/ frqwuroohg
vsdwldo sdwwhuqv duh fxuuhqwo| wrs rq wkh uhvhdufk djhqgd1

Wkh shufhswlrq ri qrqolqhdu nlqhwlf frqfhswv lq Hohfwurfkhplvwu| suhww| pxfk
iroorzhg d vlplodu/ voljkwo| ghod|hg sdwwhuq dv srlqwhg rxw deryh1 Dw �uvw/ hohf0
wurfkhplvwv jdwkhuhg dq hqruprxv dprxqw ri h{shulphqwdo revhuydwlrqv/ gdwd dqg
phfkdqlvwlf vshfxodwlrqv rq rvfloodwru| hohfwurfkhplfdo surfhvvhv ^46`1 Qdwxudoo|/ hohf0
wurglvvroxwlrq udwkhu wkdq hohfwurfdwdo|wlf v|vwhpv zhuh grplqdwlqj wkh slfwxuh/ vlqfh
vhoi0rujdql}lqj v|vwhpv ri wklv nlqg kdyh orqj ehhq nqrzq dqg qhz rqhv zhuh hdv|
wr �qg1 Wklv ehfrphv frpsuhkhqvleoh li rqh uhfdoov wkdw hohfwurfkhplvwu| lv xvxdoo|
frqgxfwhg idu iurp htxloleulxp dqg wkdw wkh lqwhusod| ri fkhplfdo uhdfwlrqv/ pdvv
wudqvsruw dqg hohfwulfdo txdqwlwlhv xvxdoo| surylghv dq dssursuldwh qxpehu ri gl�hu0
hqw wlph vfdohv1 Erwk frqglwlrqv duh zhoo nqrzq wr eh qhfhvvdu| iru wkh rffxuuhqfh ri
vsrqwdqhrxv whpsrudo shulrglf ehkdylru1 Wkxv/ hohfwurfkhplvwu| r�huv lghdo g|qdp0
lfdo v|vwhpv iru wkh vwxg| ri wkh vsrqwdqhrxv hphujhqfh ri rughu1 Yhu| hduo|/ hyhq
vsdwldo skhqrphqd olnh sursdjdwlqj zdyhv kdg ehhq revhuyhg lq hohfwurglvvroxwlrq
v|vwhpv ^47`1 Hduo| g|qdplfdo prgholqj/ wkrxjk/ vwloo kdg wr lqyroyh glvfrqwlqxrxv
fkhplfdo nlqhwlfv durxqg wkh Iodgh srwhqwldo lq rughu wr dffrxqw iru shulrglf ehkdylru1
Lq wkh hduo| 4<:3v/ Zrmwrzlf} ^48` vxusulvhg wkh hohfwurfkhplfdo frppxqlw| zlwk frq0
fhswv rq srvvleoh phfkdqlvwlf ruljlqv ri hohfwurfkhplfdo rvfloodwlrqv vxfk dv d qhjdwlyh
gl�huhqwldo uhvlvwdqfh zklfk duh sduwldoo| vwloo ydolg wr gdwh1

Xqwlo wkdw wlph/ surplqhqw hohfwurfdwdo|wlf uhdfwlrq v|vwhpv h{klelwlqj nlqhwlf rv0
floodwlrqv lqyroyhg wkh r{lgdwlrq ri vpdoo rujdqlf frpsrxqgv zklfk zdv glvfryhuhg
e| H1 P oohu ^49`/ dv zhoo dv wkh uhgxfwlrq ri fhuwdlq dqlrqv olnh V2R23

H
^4:/ 4;/ 4<`1

Wkh odwwhu uhdfwlrq frqvwlwxwhv wkh prvw surplqhqw h{dpsoh ri d vlpsoh/ rqh0uhdfwlrq
hohfwurfdwdo|vlv dqg zdv wkrurxjko| vwxglhg e| Iuxpnlq ^4:`1 Wkh iruphu hohfwur0
fdwdo|wlf uhdfwlrqv zhuh nqrzq wr eh qrqwulyldo hohfwurfdwdo|wlf v|vwhpv lq wkh vhqvh
wkdw wkh| lqyroyhg pxowlsoh dqg sdudooho uhdfwlrq vwhsv> wkh| zhuh lqwhqvlyho| vwxglhg
xqghu erwk rvfloodwru| dqg vwdwlrqdu| frqglwlrqv rzlqj wr wkhlu hphujlqj whfkqrorj0
lfdo lpsruwdqfh iru frqwlqxrxv hqhuj| frqyhuvlrq +gluhfw phwkdqro ixho fhoo,1 Frq0
vhtxhqwo|/ d qxpehu ri glvsxwhg phfkdqlvwlf k|srwkhvhv shuwdlqlqj wr wkh r{lgdwlrq
ri phwkdqro dqg iruplf dflg kdyh ehhq sxw iruzdug ^53`1 Hyhq wkrxjk lw zdv nqrzq
wkdw d vxffhvvixo nlqhwlf ghvfulswlrq ri idu0iurp0htxloleulxp ehkdylru surylghv phdq0
lqjixo frqfoxvlrqv dv wr wkh sodxvlelolw| ri d k|srwkhwlfdo phfkdqlvp/ qr rqh kdg hyhu
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fohduo| vkrzq e| phdqv ri nlqhwlf prghov wkdw dq| ri wkh sursrvhg uhdfwlrq vfkhphv
zdv dfwxdoo| deoh wr dffrxqw iru wkh h{shulphqwdo qrqolqhdu ihdwxuhv1

Hyhqwxdoo|/ lq wkh plg 4<;3v ghwhuplqlvwlf fkdrv kdg dovr ehhq uhsruwhg lq h{shu0
lphqwdo hohfwurglvvroxwlrq v|vwhpv ^54/ 55`1 Vwloo/ ghvslwh d juhdw qxpehu ri vwxglhv rq
hohfwurfkhplfdo vhoi0rujdql}dwlrq/ wkh 4<;3v zlwqhvvhg qr vljql�fdqw surjuhvv lq wkh
phfkdqlvwlf xqghuvwdqglqj ri wkh ruljlq ri vsrqwdqhrxv lqvwdelolwlhv1

Ilqdoo|/ lw zdv Nrshu ^56` zkr vxffhhghg lq jlylqj vwulqjhqw hylghqfh iru wkh fuxfldo
uroh ri d qhjdwlyh gl�huhqwldo uhvlvwdqfh lq wkh rffxuuhqfh ri whpsrudo hohfwurfkhplfdo
lqvwdelolwlhv vxfk dv elvwdelolw| dqg rvfloodwlrqv1 Xvlqj wkh phwkrgrorj| ri Qrqolqhdu
G|qdplfv kh lpsuhvvlyho| vkrzhg iru hohfwurfkhplfdo v|vwhpv wkdw rshudwlqj zlwk
vlpsoh surwrw|sh prghov pd| vx!fh lq rughu wr dffrxqw iru frpsoh{ vhoi0rujdql}dwlrq1
Klv zrun dovr lqfoxghg d uh�qhg fdwhjrul}dwlrq ri hohfwurfkhplfdo rvfloodwruv zlwk
uhvshfw wr wkh rshudwlqj frqglwlrqv1

Lq wkh phdqwlph/ dqrwkhu qrq0wulyldo vhoi0rujdql}lqj hohfwurfdwdo|wlf v|vwhp kdg
dwwudfwhg frqvlghudeoh dwwhqwlrq1 Wkh r{lgdwlrq ri k|gurjhq lq wkh suhvhqfh ri dqlrqv
dqg phwdo fdwlrqv ^57/ 58/ 59/ 5:` doorzhg iru erwk srwhqwlrvwdwlf dqg jdoydqrvwdwlf rv0
floodwlrqv dqg/ wkhuhiruh/ wxuqhg lqwr d zrunkruvh iru jdoydqrvwdwlf rvfloodwru| v|vwhpv
^5;/ 5<`1 Ryhu wkh odvw ihz |hduv pruh dqg pruh glvwlqfw hohfwurfkhplfdo rvfloodwru|
skhqrphqd kdyh ehhq uhsruwhg lq olwhudwxuh +h1j1 ^63` dqg ^64` ru vhh wkh uhylhz
^65`,1 Lq rughu wr jdlq d v|vwhpdwlf xqghuvwdqglqj ri wkhvh rvfloodwruv/ d fodvvl�fdwlrq
zlwk uhvshfw wr wkh phfkdqlvwlf ruljlq ri wkh lqvwdelolw| lv d xvhixo wrro ^66`1 Vwloo/
dq lqfuhdvlqj qxpehu ri fkhplfdo uhdol}dwlrqv ri shulrglf lqvwdelolwlhv uhtxluhv hyhu
pruh vrsklvwlfdwhg phwkrgv iru d xqltxh h{shulphqwdo lghqwl�fdwlrq ri wkh uhvshfwlyh
phfkdqlvwlf fdwhjru|1 Wkxv/ d frpsuhkhqvlyh phfkdqlvwlf fdwhjrul}dwlrq vfkhph lq
frpelqdwlrq zlwk d uhdg| lghqwl�fdwlrq surfhgxuh vhhphg suhvhqwo| wr eh dssursuldwh1

Lqkrprjhqhrxv vsdwldo vwuxfwxuhv rq hohfwurgh lqwhuidfhv 0 wkrxjk orqj djr re0
vhuyhg lq hohfwurglvvroxwlrq v|vwhpv ^47/ 67` 0 kdg uhpdlqhg wkh odvw wkhruhwlfdo dqg
h{shulphqwdo fkdoohqjh zkhuh hohfwurfdwdo|wlf surfhvvhv zhuh frqfhuqhg1 Wkh pdmru
uhdvrq iru wklv olhv lq wkh qhfhvvlw| iru vrsklvwlfdwhg lpdjlqj whfkqltxhv iru hlwkhu
srwhqwldo ru fkhplfdo vxuidfh vshflhv1 Djdlq/ wkh vlpsohvw hohfwurfdwdo|vlv/ wkh V2R23

H

uhgxfwlrq rq Dj/ zdv vxemhfwhg �uvw wr d vsdwlrwhpsrudo lqyhvwljdwlrq ri wkh hohfwul0
�hg lqwhuidfh hpsor|lqj erwk qryho +sodvprq plfurvfrs| ^68`, dqg fodvvlfdo +srwhqwldo
plfursurehv ^69`, lpdjlqj whfkqltxhv1 Wkh sulqflsdo h{shulphqwdo �qglqjv lqyroyhg
orfdoo| wuljjhuhg/ dffhohudwhg srwhqwldo iurqwv xqghu elvwdeoh frqglwlrqv> lpsruwdqwo|/
wkh dffhohudwlrq frxog eh uhsurgxfhg e| d qxphulfdo prgho dvvxplqj d qrqorfdo pl0
judwlrq frxsolqj dfurvv wkh hohfwuro|wh ^69/ 6:/ 6;/ 6<`1 Wkh prgho kdv uhfhqwo| ehhq
h{whqghg e| M1 Fkulvwrsk wr dffrxqw iru fhqwur0v|pphwulf hohfwurgh jhrphwulhv dqg
wkh h�hfw ri wkh udqjh ri wkh qrqorfdo frxsolqj rq wkh iurqw yhorflw| kdv wkhruhwl0
fdoo| ehhq h{dplqhg ^73/ 74`1 Krzhyhu/ wkh txhvwlrq ri zkhwkhu dq hohfwurfdwdo|wlf
v|vwhpv lqyroylqj d pruh frpsoh{ fkhplvwu| frxog ohdg wr wkh revhuydwlrq ri pruh
frpsoh{ vsdwlrwhpsrudo vhoi0rujdql}dwlrq zdv vwloo xqfohdu1 Dovr gluhfw h{shulphqwdo
hylghqfh iru wkh uhodwlrqv ehwzhhq fhuwdlq prgho sdudphwhuv dqg wkh qdwxuh ri wkh
pljudwlrq frxsolqj dv vxjjhvwhg e| wkhru| ^73` zdv plvvlqj1 Wkxv/ dv idu dv vsdwldo
sdwwhuqv duh frqfhuqhg/ hohfwurfkhplvwu| lv vwloo lq wkh vwdjh ri froohfwlqj skhqrphqr0
orjlfdo gdwd dqg pdwfklqj wkhp wr prghov1 Wkh srvvlelolw| ri d sudfwlfdo ohyhudjh iru
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lqkrprjhqhrxv hohfwurfdwdo|vlv uhpdlqv wr eh vhhq1
Lq vxppdu|/ ghvslwh ri ryhu 483 |hduv ri frpsoh{ g|qdplfdo skhqrphqd/ hohfwur0

fkhplvwu| idfhv d qxpehu ri rqjrlqj/ hyhu lqwuljxlqj sureohpv frqfhuqlqj vsrqwdqhrxv
vhoi0rujdql}dwlrq= +l, wkh phfkdqlvwlf fodul�fdwlrq ri wkh whpsrudo vhoi0rujdql}dwlrq ri
lqglylgxdo lpsruwdqw uhdfwlrq v|vwhpv/ +ll, wkh sk|vlfdo dqg phfkdqlvwlf ruljlq dqg
vfrsh ri vsdwldo0sdwwhuq iruplqj surfhvvhv dv zhoo dv +lll, wkh srvvlelolw| ri d sudfwlfdo
ohyhudjh iru vhoi0rujdql}lqj idu0iurp0htxloleulxp vwuxfwxuhv1

415 Hvvhqwldov ri g|qdplfdo v|vwhpv wkhru|

Wklv vhfwlrq zloo surylgh d eulhi lqwurgxfwlrq wr vrph hvvhqwldo frqfhswv ri idu0iurp
htxloleulxp vhoi0rujdql}dwlrq skhqrphqd rffxuulqj lq frpsoh{ qrqolqhdu +fkhplfdo,
v|vwhpv1 G|qdplfdo v|vwhpv wkhru| sxwv hpskdvlv rq wkh nlqhwlf ghvfulswlrq ri qrq0
olqhdu skhqrphqd zkhuh wkhuprg|qdplfv idlov wr surylgh d surshu wkhruhwlfdo iudph0
zrun1 Wkh wuhdwphqw lv lqwhqwlrqdoo| qrw dq lq0ghswk pdwkhpdwlfdo hvvd|> udwkhu lw
zloo irfxv rq rqo| wkrvh frqfhswv zklfk zloo eh qhfhvvdu| iru d frpsuhkhqvlrq ri vxe0
vhtxhqw fkdswhuv> lw zloo/ wkhuhiruh/ uhpdlq lqfrpsohwh1 Pruh frpsohwh wuhdwphqwv
ri wklv vxemhfw/ hvshfldoo| zlwk uhvshfw wr fkhplfdo v|vwhpv/ fdq eh irxqg lq uhi1
^75/ 76/ 77/ 78/ 79`1

41514 Whpsrudo vhoi0rujdql}dwlrq skhqrphqd lq fkhplvwu|

Lq wkh devhqfh ri dq| vsdwldo lqkrprjhqhlw| wkh whpsrudo hyroxwlrq ri d fkhplfdo
g|qdplfdo v|vwhp fdq eh ghvfulehg e| frxsohg ruglqdu| gl�huhqwldo htxdwlrqv

b{ @ I+{>s,> +414,

zkhuh I uhsuhvhqwv wkh vhw ri qrqolqhdu gl�huhqwldo htxdwlrqv/ wkh yhfwru { frqvlvwv
ri wkh lqglylgxdo vwdwh yduldeohv {�> dqg s ghqrwhv wkh yhfwru ri v|vwhp sdudphwhuv1
Wkh qxpehu ri vwdwh yduldeohv q gh�qhv wkh glphqvlrq ri wkh skdvh vsdfh/ zkloh wkh
sdudphwhuv irup d sdudphwhu vsdfh1 Jhqhudoo|/ wkhuh duh pdq| sdudphwhuv lqyroyhg
lq d qrqwulyldo fkhplfdo v|vwhp/ exw iru sudfwlfdo uhdvrqv rqo| d ihz ri wkhp fdq dqg
zloo eh ydulhg h{shulphqwdoo|1

Lw lv xvhixo wr eh yhu| suhflvh derxw wkh xvdjh ri wkh whupv sdudphwhu dqg ydul0
deoh1 Sdudphwhuv duh txdqwlwlhv zklfk fdq xvxdoo| eh frqwuroohg e| wkh h{shulphqwhu
+frqvwudlqwv,1 H{dpsohv duh wkh h{whuqdoo| dssolhg srwhqwldo X lq hohfwurfkhplvwu|/
whpshudwxuh/ exon frqfhqwudwlrqv ri fhuwdlq fkhplfdo vshflhv ru sK hwf1 Yduldeohv/
krzhyhu/ duh w|slfdoo| wlph0ghshqghqw txdqwlwlhv zklfk duh fkrvhq e| wkh v|vwhp/ l1h1
e| lwv jryhuqlqj g|qdplfdo uhodwlrqv1 H{dpsohv duh wkh grxeoh od|hu srwhqwldo ! ru wkh
hohfwulfdo fxuuhqw lq d srwhqwlrvwdwlf h{shulphqw/ wkh frqfhqwudwlrqv ri vxuidfh vshflhv
ru/ lq jhqhudo/ ri dq| lqwhuphgldwh1 Wkh wrwdo fxuuhqw lq d jdoydqrvwdwlf h{shulphqw/
krzhyhu/ fkdqjhv edfn lqwr d sdudphwhu dv lw lv fkrvhq sulru wr wkh h{shulphqw1 Lq
xsfrplqj fkdswhuv/ lw zloo eh vhhq wkdw lw lv lq jhqhudo h{shulphqwdoo| ihdvleoh wr
wudqvirup sdudphwhuv lqwr yduldeohv dqg ylfh yhuvd e| dssursuldwho| fkdqjlqj wkh
h{shulphqwdo frqglwlrqv1
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Xvxdoo| iru jlyhq sdudphwhuv/ wkh g|qdplfdo v|vwhp xqghu frqvlghudwlrq/ l1h1 wkh
vroxwlrq +wudmhfwru|, ri ht1 414/ dxwrqrprxvo| hyroyhv wrzdugv d olplw vhw dv wlph
dssurdfkhv lq�qlw|1 Lq sk|vlfdoo| phdqlqjixo v|vwhpv/ wkhuh duh dozd|v rqh ru pruh
olplw vhwv lq skdvh vsdfh h{dfwo| rqh ri zklfk lv dssurdfkhg ghshqglqj rq wkh lql0
wldo ydoxhv ri wkh yduldeohv1 Wlph0lqghshqghqw olplw vhwv/ l1h1 orqj0whup vroxwlrqv/
duh fdoohg �{hg srlqwv ru vwdwlrqdu| vwdwhv +vwhdg| vwdwhv,1 Lw riwhq rffxuv lq frp0
soh{ v|vwhpv wkdw vhyhudo vwhdg| vwdwhv frh{lvw lq skdvh vsdfh1 Olplw f|fohv ghvfuleh
shulrglfdoo| rvfloodwlqj olplw vhwv/ l1h1 forvhg fxuyhv lq skdvh vsdfh1 Skhqrphqrorjl0
fdoo|/ rvfloodwlrqv fdq eh fkdudfwhul}hg dv kduprqlf/ zkhq lqyroylqj vprrwk vlqxvrlgdo
fkdqjhv/ ru uhod{dwlrq rvfloodwlrqv zklfk h{klelw vkdus fkdqjhv gxh wr wzr yhu| gli0
ihuhqw wlph vfdohv1 Pl{hg0prgh rvfloodwlrqv uhsuhvhqw d olplw vhw zkhuh wzr glvwlqfw
prghv ri rvfloodwlrqv duh shulrglfdoo| lqwhuzlqhg= uhjxodu odujh0dpsolwxgh uhod{dwlrq
rvfloodwlrqv duh lqwhuvshuvhg e| vpdoo0dpsolwxgh kduprqlf rvfloodwlrqv1 Xvxdoo|/ h{shu0
lphqwdo pl{hg0prgh gdwd duh uduho| vwulfwo| shulrglf rzlqj wr wkh qduurz sdudphwhu
udqjhv ri pl{hg0prgh uhjlphv zklfk ohdgv wr udqgrp mxpsv ri wkh v|vwhp wudmhfwru|
ehwzhhq gl�huhqw pl{hg0prgh vwdwhv1 Ilqdoo|/ wkh prvw frpsoh{ olplw vhw lv uhihuuhg
wr dv fkdrwlf dwwudfwru zklfk ohdgv wr dshulrglf wudmhfwrulhv zlwk kljk vhqvlwlylw| wr
lqlwldo frqglwlrqv1 Hyhq wkrxjk wkh v|vwhp g|qdplfv dsshduv wr eh udqgrp/ wkh
xqsuhglfwdeoh fkdrwlf wudmhfwru| ixo�oov wkh ghwhuplqlvwlf htxdwlrqv dw doo wlphv1

Olplw vhwv fdq rqo| eh uhdfkhg e| wkh v|vwhp li wkh| duh vwdeoh lq doo gluhfwlrqv1
Khuh/ vwdelolw| ri d olplw vhw phdqv wkdw qhdue| wudmhfwrulhv  rz wrzdugv wkh olplw vhw1
Htxdoo|/ wkh whup vwdelolw| lv xvhg iru fkdudfwhul}lqj wkh fxuuhqw vwdwh ri d g|qdplfdo
v|vwhp vlwwlqj rq d vwdeoh olplw vhw1 Wkhuh/ wkh v|vwhp vkrzv dq lqvhqvlwlylw| wr vpdoo
shuwxuedwlrqv + xfwxdwlrqv,= li d vpdoo shuwxuedwlrq wdnhv wkh v|vwhp dzd| iurp wkh/
iru lqvwdqfh/ vwhdg| vwdwh/ wkh v|vwhp zloo uhwxuq wr wkh vwdeoh vwdwh diwhu wkh shuwxu0
edwlrq kdv glhg rxw1 Frqyhuvho|/ lqvwdelolw| lpsolhv wkdw dq|  xfwxdwlrq/ qr pdwwhu
krz vpdoo/ zloo pdnh wkh v|vwhp ohdyh wkdw vwdwh1 Li wkhuh duh wudmhfwrulhv lq skdvh
vsdfh wkdw  rz erwk wrzdugv dqg dzd| iurp d olplw vhw/ wklv olplw vhw vroxwlrq lv ri d
vdggoh0w|sh/ h1j1 vwdwlrqdu| vdggohv ru vdggoh0ruelwv1 Qrwh wkdw wzr frh{lvwlqj vwdeoh
vwhdg| vwdwhv lpso| wkh h{lvwhqfh ri d wklug vdggoh0w|sh vwdwh +elvwdelolw|, wkh xqvwd0
eoh gluhfwlrq ri zklfk vhsdudwhv wkh edvlqv ri dwwudfwlrq ri wkh vwdeoh vwhdg| vwdwhv1
Dovr/ lq jhqhudo/ vsrqwdqhrxv rvfloodwlrqv lq d sk|vlfr0fkhplfdo v|vwhp duh uhodwhg wr
wkh idfw wkdw d vwhdg| vwdwh kdv ehfrph xqvwdeoh dqg lpso| lwv h{lvwhqfh vrphzkhuh
lq skdvh vsdfh1 Wkhuhiruh/ wkh txhvwlrq ri zk| vwdeoh rvfloodwlrqv rffxu dozd|v lq0
yroyhv wkh txhvwlrq ri zk| d vwhdg| vwdwh kdv ehfrph xqvwdeoh1 Vwdelolw| ri vlpsoh
olplw vhwv/ vxfk dv vwhdg| vwdwhv ru olplw f|fohv/ fdq eh dvvhvvhg e| d olqhdu vwdelolw|
dqdo|vlv1 Wklv lv d vwdqgdug whfkqltxh zklfk vwxglhv wkh vwdelolw| ri wkh hyroxwlrq
htxdwlrqv lq wkh olqhdu qhljkerukrrg ri d vwhdg| vwdwh zkhuh qrqolqhdu whup duh qhj0
oljleoh1 Vroylqj wkh olqhdul}hg htxdwlrqv uhvxowv lq wkh fdofxodwlrqv ri wkh hljhqydoxhv
ri wkh dvvrfldwhg Mdfreldq pdwul{ + Y6

Y 

�
�
rr
,1 +Olqhdu, vwdelolw| lv ghwhuplqhg e| wkh

vljqv ri wkh hljhqydoxhv= qhjdwlyh hljhqydoxhv lpso| d gdpslqj rxw ri  xfwxdwlrqv/
zkloh srvlwlyh rqhv uhsuhvhqw dq h{srqhqwldo jurzwk ri shuwxuedwlrqv/ l1h1 lqvwdelolw|1
Dffruglqj wr wkhlu hljhqydoxhv/ vwhdg| vwdwhv fdq eh fodvvl�hg lqwr qrghv +rqo| uhdo
hljhqydoxhv, dqg irfl +frpsoh{ frqmxjdwh hljhqydoxhv, zklfk fdq eh hlwkhu vwdeoh ru
xqvwdeoh1 Vlploduo|/ wkh vwdelolw| ri wkh vwdwlrqdu| lqwhuvhfwlrq ri d olplw f|foh zlwk dq
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Iljxuh 404= Vfkhpdwlf skdvh sruwud|v qhdu d vdggoh0qrgh elixufdwlrq dw s@31

q� 4 glphqvlrqdo k|shusodqh ghwhuplqhv wkh vwdelolw| ri wkh olplw f|foh1 Vlqfh olqhdu
vwdelolw| rqo| orrnv dw wkh lpphgldwh surshuwlhv qhdu d vwhdg| vwdwh/ lw uhsuhvhqwv wkh
orfdo qdwxuh ri wkh wudmhfwrulhv1 Joredo vwdelolw| dqdo|vlv/ lq frqwudvw/ uhtxluhv pruh
vrsklvwlfdwhg qrq0olqhdu vwdelolw| whvwv1

Dq| vljql�fdqw txdolwdwlyh fkdqjh ri wkh g|qdplfdo ehkdylru ri d v|vwhp xsrq
yduldwlrq ri d sdudphwhu lv fdoohg d elixufdwlrq dqg lv fdxvhg e| fkdqjhv lq vwdelolw|
ri wkh olplw vhw rq zklfk wkh v|vwhp zdv vlwwlqj1 Elixufdwlrq wkhru| vhhnv wr surylgh d
suhflvh irupdolvp lq rughu wr ghvfuleh dqg suhglfw zkhq d fhuwdlq elixufdwlrq fdq rffxu
lq d vhw ri gl�huhqwldo htxdwlrqv1 Elixufdwlrq wkhru| dovr whdfkhv d orw rq wkh xqlyhuvdo
dqg fkdudfwhulvwlf surshuwlhv ri elixufdwlrqv zklfk khosv h{shulphqwdolvwv lghqwli| wkh
rffxuuhqfh ri d fhuwdlq elixufdwlrq lq h{shulphqwv1 Wkuhh elixufdwlrqv duh ri sduwlfxodu
lqwhuhvw iru wkh vsrqwdqhrxv whpsrudo sdwwhuq irupdwlrq lq hohfwurfkhplfdo v|vwhpv1
Wkh vdggoh0qrgh elixufdwlrq dqg wkh Krsi elixufdwlrq duh erwk orfdo lq qdwxuh dqg fdq/
wkhuhiruh eh lghqwl�hg e| orfdo vwdelolw| dqdo|vlv/ zkhuhdv wkh krprfolqlf elixufdwlrq
uhsuhvhqwv d joredo elixufdwlrq ri d yhfwru �hog1 Wkh krprfolqlf elixufdwlrq fdq ixuwkhu
eh vxeglylghg lqwr d vdggoh0orrs elixufdwlrq dqg d vdggoh0qrgh elixufdwlrq rq d olplw
f|foh +VQLSHU@ vdggoh0qrgh lq�qlwh shulrg,1

D vdggoh0qrgh elixufdwlrq lv wkh vlpsohvw zd| ri vsrqwdqhrxv whpsrudo vhoi0rujd0
ql}dwlrq dqg rffxuv zkhq rqh hljhqydoxh sdvvhv wkurxjk }hur1 Khuh/ d vdggoh dqg d
vwhdg| vwdwh dqqlklodwh hdfk rwkhu ru duh fuhdwhg rxw ri wkh eoxh1 Ilj1 404 looxvwudwhv
wkh fkdudfwhulvwlf fkdqjhv lq skdvh vsdfh dv wkh sdudphwhu s sdvvhv wkurxjk wkh vdggoh0
qrgh elixufdwlrq dw s @ 3= Zkhuh wkh v|vwhp zloo vhwwoh diwhu wkh vwdeoh vwhdg| vwdwh
dqg wkh vdggoh kdyh dqqlklodwhg hdfk rwkhu/ fdqqrw eh h{wudfwhg eh wkh olqhdu dqdo|vlv1
Lq sudfwlfh/ krzhyhu/ wkh v|vwhp zloo vhwwoh rq dqrwkhu vwhdg| vwdwh ru rq shulrglf
vroxwlrqv1 Wklv lv zk| wklv elixufdwlrq lv w|slfdoo| hqfrxqwhuhg dw wkh erxqgdulhv ri
d elvwdeoh sdudphwhu uhjlrq= lq fkhplfdo v|vwhpv/ vdggoh0qrgh elixufdwlrqv frph lq
sdluv dqg ohdg wr V0vkdshg k|vwhuhvlv zklfk lv revhuydeoh dv d sdudphwhu lv vzhsw
edfn dqg iruwk dfurvv wkh elvwdeoh uhjlrq1

Krsi elixufdwlrqv duh wkh ruljlq ri vsrqwdqhrxv shulrglf vhoi0rujdql}dwlrq1 Wkh|
frqvwlwxwh g|qdplfdo vfhqdulrv zkhuh d irfxv orvhv vwdelolw| dqg d olplw f|foh zlwk
lqlwldoo| vpdoo dpsolwxgh lv eruq1 Khuh wkh uhdo sduw ri d sdlu ri frpsoh{ frqmxjdwh
hljhqydoxhv sdvvhv wkurxjk }hur1 Li wkh Krsi elixufdwlrq lv vxshufulwlfdo +vriw wudqvl0
wlrq,/ vhh Ilj1 405/ wkh rvfloodwru| vwdwh lv vwdeoh dqg rvfloodwlrqv zloo eh revhuyhg zlwk
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Iljxuh 405= Vfkhpdwlf elixufdwlrq gldjudp dqg skdvh vsdfh sorwv qhdu d vxshufulwlfdo
Krsi elixufdwlrq1

wkh dpsolwxgh jurzlqj judgxdoo| dv rqh pryhv dzd| iurp wkh elixufdwlrq srlqw1 Li wkh
Krsi elixufdwlrq li vxefulwlfdo +kdug wudqvlwlrq,/vhh Ilj1 406/ rvfloodwlrqv ri lpphgldwh
�qlwh dpsolwxgh pd| ru pd| qrw eh revhuyhg1 Wkh vxshufulwlfdo Krsi elixufdwlrq lv
wkh prvw zlghvsuhdg zd| lq zklfk rvfloodwlrqv rffxu lq fkhplfdo v|vwhpv1

D jhqhulf krprfolqlf elixufdwlrq lq rqh sdudphwhu lv wkh vdggoh0orrs elixufdwlrq>
lw dsshduv zkhq d olplw f|foh froolghv zlwk d vdggoh +vhh Ilj1 407,1 Xsrq froolvlrq wkh
rxwvhw +xqvwdeoh pdqlirog, ri wkh vdggoh lv vhhq wr eh lghqwlfdo zlwk lwv lqvhw iruplqj
d forvhg orrs fdoohg krprfolqlf ruelw1 Dssurdfklqj wklv elixufdwlrq wkh shulrg ri wkh
rvfloodwlrqv h{klelw d w|slfdo vfdolqj ehkdylru xqwlo lw ehfrphv lq�qlwh suhflvho| dw wkh
elixufdwlrq1 Lq fkhplfdo sudfwlfh/ d vdggoh0orrs elixufdwlrq uhsuhvhqwv d w|slfdo zd|
lq zklfk rvfloodwru| ehkdylru glvdsshduv diwhu ehlqj eruq lq d Krsi elixufdwlrq jlyhq
wkdw elvwdelolw| dqg rvfloodwru| ehkdylru frh{lvw1

Ilqdoo|/ Ilj1 408 looxvwudwhv eulh | wkh prvw frpprq elixufdwlrqv ri fr0glphqvlrq
wzr/ l1h1 srlqwv zkhuh wzr ru pruh elixufdwlrqv ri wkh w|sh glvfxvvhg deryh frlqflgh
^75`1

41515 Vsdwldo frxsolqj dqg vsdwlrwhpsrudo sdwwhuqv

Xs wr qrz lw kdv ehhq dvvxphg wkdw wkhuh duh qr vsdwldo lqkrprjhqhlwlhv suhvhqw lq
wkh fkhplfdo v|vwhp1 Lq uhdo v|vwhpv/ krzhyhu/ wkh vwdwh yduldeohv whqg wr h{klelw
vrph ghshqghqfh rq vsdwldo frruglqdwhv gxh wr lqfrpsohwh urwdwlrq/ khdwlqj hwf1 ri
wkh uhdfwlrq yhvvho1 Hvshfldoo| lq khwhurjhqhrxv fdwdo|vlv/ qr vlpsoh zd| iru dyrlglqj
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Iljxuh 406= Vfkhpdwlf elixufdwlrq gldjudp dqg skdvh vsdfh sorwv qhdu d vxefulwlfdo
Krsi elixufdwlrq1

Iljxuh 407= Vfkhpdwlf elixufdwlrq gldjudp dqg skdvh vsdfh sorwv qhdu d vdggoh0orrs
elixufdwlrq1
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Iljxuh 408= H{dpsohv ri xqiroglqjv ri fr0glphqvlrq 5 elixufdwlrqv= d, Fxvs F/ e,
Ghjhqhudwh Krsi GK/ f, Wdnhqv0Erjgdqry srlqw WE/ g, Vdggoh0qrgh0orrs VQO/ h,
Qhxwudo vdggoh0orrs QVO/ i, Grxeoh vdggoh0orrs elixufdwlrq GVO +dgdswhg iurp ^7:`,1
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vsdwldo lqkrprjhqhlwlhv ri vxuidfh vshflhv h{lvwv1 Vsdwldo frxsolqj ri orfdoo| whpsr0
udo uhdfwlrq hohphqwv ohdgv wr wkh hphujhqfh ri vsdwldo sdwwhuqv lq h{whqghg v|vwhpv
udqjlqj iurp udqgrpo| glvwulexwhg lqkrprjhqhlwlhv +vsdwldo  xfwxdwlrqv, wr frrshu0
dwlyho| hphujlqj idu0iurp htxloleulxp vsdwlrwhpsrudo vwuxfwxuhv +glvvlsdwlyh vsdwldo
sdwwhuqv,1

Vsdwldo frxsolqj lq fkhplfdo v|vwhpv lv jhqhudoo| edvhg rq judglhqwv lq fhuwdlq
txdqwlwlhv ohdglqj wr vsrqwdqhrxv wudqvsruw + x{, ri pdwwhu ru hqhuj|> wkh  x{hv
w|slfdoo| wu| wr dqqlklodwh wkh judglhqwv1 Wkxv/ ghshqglqj rq wkh udqjh ri wkh vsdwldo
frxsolqj rqh frxog vd| wkdw qhljkerulqj ru glvwdqw sduwv ri wkh uhdfwlyh fkhplfdo
v|vwhp �ihho� hdfk rwkhu*v suhvhqfh1 Wkh prvw zlghvsuhdg hqwlwlhv wudqvsruwhg dfurvv
fkhplfdo v|vwhpv duh khdw gxh wr d whpshudwxuh judglhqw +khdw  x{, dv zhoo dv pdvv
gxh wr frqfhqwudwlrqv judglhqwv +gl�xvlrqdo  x{,/ yhorflw| �hogv +frqyhfwlyh wudqvsruw,
ru lq hohfwurfkhplvwu| gxh wr srwhqwldo judglhqwv +pljudwlrq  x{,1

Doo wkhvh w|shv ri frxsolqj duh orfdo frxsolqjv lq wkh vhqvh wkdw hdfk lq�qlwhvlpdoo|
vpdoo orfdwlrq ri wkh h{whqghg v|vwhpv lv frxsohg wr wkh lpphgldwh qhljkerulqj uhjlrq
rqo|1 Lw lv ixuwkhu dvvxphg wkdw wkh wlph vfdoh ri wkh fkhplfdo uhdfwlrq surfhvvhv lv
vpdoo /l1h1 idvw/ frpsduhg wr wkh udwh ri vsdwldo sursdjdwlrq ri pdvv ru khdw1 Iroorzlqj
wh{werrnv ^7;/ 7<` rqh fdq zulwh wkh hyroxwlrq htxdwlrq iru d lvrwkhupdo vhw ri uhdfwlyh
fkhplfdo vshflhv lq rqh vsdfh glphqvlrq prvw jhqhudoo| dv
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zkhuh wkh whup M lqfoxghv wkh vsdwldo  x{hv ri doo vshflhv {� lq wkh } gluhfwlrq/ G�

ghqrwhv wkh gl�xvlrq frqvwdqw/ * wkh srwhqwldo lqvlgh wkh hohfwuro|wh/ y5 wkh yhorflw|
frpsrqhqw lq } gluhfwlrq dqg }� dqg I kdyh wkhlu xvxdo phdqlqj1 Lq wkh devhqfh
ri frqyhfwlrq dqg pljudwlrq rqh uhfryhuv wkh fodvvlfdo uhdfwlrq0gl�xvlrq htxdwlrqv
dssolfdeoh wr krprjhqhrxv dqg khwhurjhqhrxv uhdfwlrq v|vwhpv dolnh ^83/ 84/ 85`
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Ghshqglqj rq wkh orfdo g|qdplfv dqg wkh vsdwldo glphqvlrqdolw| vsdwlrwhpsrudo
sdwwhuqv vxfk dv wuljjhu zdyhv +sxovhv ru iurqwv,/ wdujhw sdwwhuqv/ vsludov/ fkhplfdo
wxuexohqfh hwf1 duh srvvleoh vroxwlrqv1 Li I h{klelwv elvwdeoh ehkdylru/ wkh prvw
frpprq sdwwhuq frqvlvwv ri fkhplfdo wuljjhu iurqwv/ l1h1 d prylqj lqwhuidfh ehwzhhq
grpdlqv ri gl�huhqw vwdeoh vwhdg| vwdwhv1 Wkh fuhdwlrq ri d wuljjhu iurqw fdq eh
udwlrqdol}hg dv iroorzv= Frqvlghu d v|vwhp zlwk dq xs dqg d grzq vwdwh1 Vlwwlqj
lqlwldoo| lq wkh grzq vwhdg| vwdwh wkh elvwdeoh v|vwhp lv orfdoo| shuwxuehg dw vrph srlqw
wr wkh xs vwdwh1 Vxevhtxhqwo|/ dq lqwhuidfh +grxeoh iurqw ru flufxodu zdyh/ ghshqglqj
rq wkh vsdwldo glphqvlrqdolw|, hphujhv dqg wkh xs vwdwh grpdlq vwduwv lqydglqj wkh
grpdlq ri wkh grzq vwdwh xqwlo wkh hqwluh v|vwhp lv lq wkh xs vwdwh1 Wkh iurqw yhorflw|
lv d ixqfwlrq ri wkh gl�xvlrq frqvwdqw dv zhoo dv ri wkh fkhplfdo uhdfwlrq udwhv dqg/
wkhuhiruh/ lv frqvwdqw lq uhdfwlrq0gl�xvlrq v|vwhpv dw jlyhq sdudphwhuv1 Wkh gluhfwlrq
lq zklfk wkh iurqw pryhv lv ghwhuplqhg e| wkh uhodwlyh vwdelolw| ri wkh wzr vwhdg|
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vwdwhv1 Vlqfh d rqh0yduldeoh qrqolqhdu v|vwhp doorzv wkh irupxodwlrq ri d nlqhwlf
srwhqwldo/ wkh uhodwlyh vwdelolw| lv dqdo|wlfdoo| zhoo gh�qhg iru hdfk sdudphwhu ydoxh
dorqj wkh k|vwhuhvlv1 Li wzr ru pruh yduldeohv duh lqyroyhg/ krzhyhu/ wkh dvvhvvphqw
ri wkh uhodwlyh vwdelolw| ri vwhdg| vwdwhv uhtxluhv qxphulfdo phwkrgv1 Iurqwv kdyh
ehhq revhuyhg dqg vxffhvvixoo| prghoohg e| ht1 417 lq qxphurxv fkhplfdo v|vwhpv
vxfk dv fdwdo|wlf vxuidfh uhdfwlrqv xqghu XKY frqglwlrqv ^86/ 85` ru wkh Ehorxvry0
]kderwlqvnll uhdfwlrq ^84`1 Qrwh wkdw wuljjhu iurqwv duh wudqvlhqw vsdwldo sdwwhuqv1
Vwdwlrqdu| vsdwlrwhpsrudo sdwwhuqv gxh wr orfdo frxsolqj lq ht1 417 duh srvvleoh zkhq
fhuwdlq h{shulphqwdo frqglwlrqv duh ixo�oohg= Wxulqj vwuxfwxuhv ^87` duh fkdudfwhul}hg
e| d wlph0lqghshqghqw/ shulrglf sdwwhuq lq vsdfh/ zkhuhdv vwdqglqj zdyhv ^88` h{klelw
shulrglf ehkdylru lq vsdfh dqg wlph zlwk rqh ru pruh srlqwv dorqj wkh v|vwhp dw uhvw
+zdyh qrghv,1 Wkh qxpehu ri orfdoo| frxsohg h{shulphqwdo v|vwhpv h{klelwlqj vxfk
vwuxfwxuhv lv vwloo udwkhu olplwhg ^84/ 86/ 85`1

Lq frqwudvw wr orfdo frxsolqj/ qrqorfdo frxsolqj lpsolhv wkdw hyhu| orfdwlrq ri wkh
h{whqghg fkhplfdo v|vwhp fdq lpphgldwho| �ihho� hyhq uhprwh fkdqjhv lq wkh uhdfwlyh
v|vwhp1 Wkh vwuhqjwk zlwk zklfk uhprwh hyhqwv duh lq xhqflqj wkh orfdo g|qdplfv
pd| ydu| zlwk glvwdqfh +joredo yhuvxv qrqorfdo frxsolqj,1 Fkhplfdo qrqorfdolw| lv
riwhq uhodwhg wr wkh vpdoo udwlr ri wkh wlph vfdohv ri fkhplfdo nlqhwlfv dqg vsdwldo
wudqvsruw surfhvvhv zkdw pdnhv shuwxuedwlrqv dsshdu lpphgldwho| dw d glvwdqw orfd0
wlrq1 Wkxv/ hyhq d vx!flhqwo| udslg gl�xvlrq fdq lq sulqflsdo ohdg wr d txdl0qrqorfdo
h�hfw1 Vwloo/ fhuwdlq sk|vlfdo hqwlwlhv whqg wr eh qdwxudoo| wudqvsruwhg rq d wlph
vfdoh idvwhu wkdq fkhplfdo uhdfwlrq nlqhwlfv dqg/ wkhuhiruh/ fdq eh frqvlghuhg dv qrq0
orfdoo| rshudwlqj frxsolqjv1 Qrqorfdo frxsolqj fdq dulvh lqkhuhqwo| lq h{shulphqwdo
uhdfwlrq0gl�xvlrq v|vwhpv zkhq fhuwdlq h{shulphqwdo frqglwlrqv duh dssolhg1 Lq vxu0
idfh uhdfwlrqv xqghu XKY frqglwlrqv d joredo pdvv frxsolqj dfurvv wkh jdv skdvh pd|
eh suhvhqw iru vpdoo sxps udwhv dv zhoo dv zhoo0pl{hg jdv skdvhv/ dv orfdo dgvruswlrq
fkdqjhv wkh sduwldo suhvvxuh ri wkh jdvhrxv uhdfwdqwv lpphgldwho| dfurvv wkh hqwluh
lvrwkhupdo fdwdo|vw ^85`1 Pruhryhu/ lq wkhuprnlqhwlf fdwdo|wlf vxuidfh uhdfwlrqv lq0
yroylqj dq hohfwulfdo khdwlqj ri wkh fdwdo|vw lpsolhv d joredo frxsolqj ri wkh fxuuhqw/ dv
dq| orfdo fkdqjh ri wkh uhdfwlrq udwh ohdgv wr fkdqjhv lq wkh orfdo hohfwulfdo uhvlvwdqfh
dqg/ lq wxuq/ lpphgldwho| lv iroorzhg e| fkdqjhv lq wkh wrwdo fxuuhqw dfurvv wkh fdwd0
o|vw ^89/ 8:/ 8;/ 8<`1 Lq wkh odwwhu v|vwhp wkh suhvhqfh ri d qhjdwlyh qrqorfdo ru joredo
frxsolqj dfurvv wkh v|vwhpv uhvxowhg lq wkh hphujhqfh ri vwdwlrqdu| vsdwlrwhpsrudo
sdwwhuqv vxfk dv vwdqglqj iurqwv1

Lq jhqhudo/ vwdwlrqdu| vsdwldo sdwwhuqv duh hdvlo| rewdlqhg lq uhdfwlrq0gl�xvlrq
v|vwhpv zkhq d qhjdwlyh orqj0udqjh lqwhudfwlrq lv rshudwlqj dfurvv wkh v|vwhp1 Iru
qrqorfdo frxsolqjv/ krzhyhu/ txdolwdwlyho| qhz ehkdylru fdq eh h{shfwhg1

416 Vfrsh dqg rxwolqh ri wklv wkhvlv

Wkh ryhuulglqj remhfwlyh ri wkh suhvhqw wkhvlv lv wkh frqwulexwlrq wr rxu xqghuvwdqg0
lqj ri vsrqwdqhrxv vhoi0rujdql}dwlrq skhqrphqd lq hohfwurfkhplvwu| zlwk dq hpskdvlv
rq hohfwurfdwdo|wlf v|vwhpv1 Wkh wkhvlv ghdov zlwk wkh h{shulphqwdo dqg wkhruhwl0
fdo lqyhvwljdwlrq ri fhuwdlq vhoi0rujdql}lqj hohfwurfkhplfdo uhdfwlrqv xqghu idu0iurp0
htxloleulxp frqglwlrqv lq rughu wr dfklhyh d phfkdqlvwlf xqghuvwdqglqj e| phdqv ri
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wkh frqfhswxdo pdfklqhu| ri Qrqolqhdu G|qdplfv1 Lq vr grlqj/ wkh suhvhqw wkhvlv
vhhnv wr jlyh dqvzhuv wr vhyhudo ri wkh rshq sureohpv lq hohfwurfkhplvwu|=

� Phfkdqlvwlf dqdo|vlv dqg fodul�fdwlrq ri whpsrudo rvfloodwru| vhoi0rujdql}dwlrq lq
d qxpehu ri hohfwurfdwdo|wlf uhdfwlrqv lv dfklhyhg xvlqj h{shulphqwv dqg nlqhwlf
prgholqj/

� Vsdwlrwhpsrudo sdwwhuqv lq d frpsoh{ hohfwurfdwdo|wlf hohfwurgh surfhvv duh lq0
yhvwljdwhg e| phdqv ri dq hohfwurfkhplfdo lpdjlqj whfkqltxh sodflqj vshfldo
hpskdvlv rq wkh fodul�fdwlrq ri wkh qdwxuh ri wkh vsdwldo frxsolqj1

� D xqli|lqj fdwhjrul}dwlrq vfkhph iru hohfwurfkhplfdo rvfloodwruv lv vxjjhvwhg
lqfoxglqj doo uhohydqw phfkdqlvwlf lqirupdwlrq nqrzq vr idu1 Lq dgglwlrq/ dq
rshudwlrqdo surfhgxuh iru d v|vwhpdwlf fodvvl�fdwlrq ri dq xqnqrzq rvfloodwru lv
surylghg1

Wkh ghwdlohg rxwolqh ri wkh wkhvlv lv dv iroorzv=
Fkdswhu 5 dqg 6 fryhu wkh edvlf frqfhswxdo qrwlrqv ri wkh hohfwurfkhplfdo lqwhuidfh

dqg wkh jhqhudo h{shulphqwdo ghwdlov ri phwkrgv dssolhg lq xsfrplqj fkdswhuv1
Wkh rvfloodwru| hohfwurfdwdo|wlf r{lgdwlrq ri iruplf dflg rq Sw vlqjoh fu|vwdov lv wkh

sulpdu| vxemhfw ri fkdswhuv 7 dqg 81 Lq fkdswhu 7/ wkh h{shulphqwdo fkdudfwhul}dwlrq
ri whpsrudo rvfloodwru| uhjlphv irxqg rq doo wkuhh orz0lqgh{hg Sw vlqjoh fu|vwdov +433,/
+443, dqg +444, lv uhsruwhg1 Fkdswhu 8 ghdov zlwk wkh ghyhorsphqw ri d ghwdlohg nlqhwlf
prgho iru wkh iruplf dflg r{lgdwlrq dqg jlyhv h{kdxvwlyh dffrxqw ri wkh phfkdqlvwlf
ruljlq ri wkh rvfloodwlrqv1

Wkh h{shulphqwdo dqg wkhruhwlfdo lqyhvwljdwlrq dqg phfkdqlvwlf fodul�fdwlrq ri
dqrwkhu fodvv ri rvfloodwru| hohfwurfdwdo|wlf uhdfwlrqv 0 wkh uhgxfwlrq ri LR3

�
dqlrqv

dqg uhodwhg v|vwhpv 0 lv ghvfulehg lq fkdswhu ;1
Lqwuljxlqj vsdwlrwhpsrudo sdwwhuqv rq sro|fu|vwdoolqh Sw hohfwurghv gxulqj wkh

iruplf dflg r{lgdwlrq v|vwhp duh wkh vxemhfw ri fkdswhu 91 Khuh/ wkh sdudphwhu
ghshqghqfh dv zhoo dv wkh xqghuo|lqj vsdwldo frxsolqj ri wkh vsdwldo vwuxfwxuhv duh
h{dplqhg

Fkdswhuv : dqg < irfxv rq d jhqhudo phfkdqlvwlf fodvvl�fdwlrq ri hohfwurfkhplfdo
rvfloodwruv1 Zkloh fkdswhu : vwuhvvhv wkh ohyhudjh ri ihhgedfn frqwuro phwkrgv iru wkh
sxusrvh ri d fodvvli|lqj glvwlqfwlrq ehwzhhq rvfloodwruv h{hpsol�hg lq wkh h{shulphqwdo
K2 r{lgdwlrq v|vwhp/ fkdswhu < jlyhv d ghwdlohg dffrxqw ri doo uhohydqw phfkdqlvwlf
fdwhjrulhv ri hohfwurfkhplfdo rvfloodwruv dqg wkhlu h{shulphqwdo ihdwxuhv dorqj vlgh
zlwk d sudfwlfdo h{shulphqwdo fodvvl�fdwlrq surfhgxuh1

Ilqdoo|/ fkdswhuv 43 dqg 44 frqfoxgh wklv wkhvlv vxppdul}lqj lwv lpsruwdqw hoh0
phqwv1
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