
Fkdswhu 6

Pdwhuldov/ Phwkrgv dqg
Frqfhswv

614 H{shulphqwdo vhwxs

61414 Wkh hohfwurfkhplfdo fhoo

Wkh ghwdlohg ghvljq ri dq hohfwurfkhplfdo fhoo xvhg iru yrowdpphwulf vwxglhv vwurqjo|
ghshqgv rq wkh whfkqltxh hpsor|hg dqg wkh uhtxluhphqwv ri wkh fkhplfdo v|vwhp
ehlqj vwxglhg1

D yhu|  h{leoh fhoo ghvljq xvhg iru wkh vlqjoh0fu|vwdo h{shulphqwv lq fkdswhu 7 lv
vkrzq lq Ilj1 6041 Wkuhh vhsdudwh frpsduwphqwv dffrpprgdwh wkh zrunlqj +ZH,/
frxqwhu +FH, dqg uhihuhqfh +UH, hohfwurgh/ uhvshfwlyho|1 Wkh frxqwhu +j, dqg wkh
zrunlqj hohfwurgh frpsduwphqw +d, zhuh vhsdudwhg e| d vlqwhuhg jodvv +i, wr suh0
yhqw frqwdplqdwlrq ri wkh pdlq fkdpehu1 Wkh uhihuhqfh hohfwurgh zdv sodfhg lq d
Oxjjlq0Kdehu fdsloodu| +f, zklfk whuplqdwhg d ihz ploolphwhuv dzd| iurp wkh zrunlqj
hohfwurgh +e, lq rughu wr plqlpl}h wkh xqfrpshqvdwhg rkplf gurs dfurvv wkh hohf0
wuro|wh1 Diwhu lrqlf frqqhfwlrq wkurxjk d wklq oltxlg �op kdg ehhq dvvxuhg/ wkh vwrs
frfn ri wkh uhihuhqfh hohfwurgh zdv nhsw lq wkh forvhg srvlwlrq lq rughu wr plqlpl}h
wkh ohdndjh ri wkh uhihuhqfh frpsduwphqw1 Wkh wh rq fds fryhulqj wkh pdlq +zrunlqj
hohfwurgh, fkdpehu lv surylghg zlwk vhyhudo sruwv iru wkh hohfwurgh kroghu dqg d jdv0
sxujlqj wxeh1 Wkh hqg ri wkh sxujlqj wxeh zdv dovr ideulfdwhg e| vlqwhuhg jodvv lq
rughu wr glvshuvh wkh jdv vwuhdp lqwr �qh exeeohv1 Rq wkh erwwrp ri wkh pdlq frp0
sduwphqw d pdjqhwlf vwluulqj +k, zdv sodfhg wr surylgh prghudwh odplqdu frqyhfwlyh
 rzv lq iurqw ri wkh zrunlqj hohfwurgh1 Gxulqj wkh h{shulphqwv ghvfulehg lq fkdswhu
7/ d Sw vlqjoh fu|vwdo glsshg lqwr wkh hohfwuro|wh vhuyhg dv zrunlqj hohfwurgh= Diwhu
wkh fu|vwdo kdg ehhq lq frqwdfw zlwk wkh hohfwuro|wh vxuidfh/ lw zdv voljkwo| sxoohg xs
djdlq wr dyrlg hohfwurgh hgjh h�hfwv ^;;`1

Iru wkh h{shulphqwv uhsruwhg lq fkdswhu 9/ d f|olqgulfdo jodvv yhvvho ri dssur{l0
pdwho| 98 pp lq lqqhu gldphwhu dqg 433 pp lq khljkw zlwk jdv lqohwv qhdu wkh erwwrp
zdv xvhg dv hohfwurfkhplfdo fhoo1 Wkh lqohwv doorzhg wkh sxujlqj ri wkh hohfwuro|wh sulru
wr h{shulphqwv1 Wkh jdv rxwohwv dqg doo hohfwurgh frqqhfwlrqv zhuh prxqwhg lqwr wkh
wh rq fds ri wkh fhoo zklfk dovr dffrpprgdwhg wkh fdsloodu| wxehv vhuylqj dv orfdo
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Iljxuh 604= Frqyhqwlrqdo wkuhh0 frpsduwphqw wkuhh0hohfwurgh fhoo ghvljq dv xvhg iru
h{shulphqwv ri fkdswhu 71 Wkh zrunlqj hohfwurgh lv d vlqjoh fu|vwdo glsshg lqwr wkh
hohfwuro|wh1

srwhqwldo surehv +vhh jhrphwulfdo ghwdlov lq vhfwlrq 61516 ru fkdswhu 9,1 Dq dgglwlrqdo
jdv lqohw lq wkh wh rq fds surylghg dq lqhuw0jdv dwprvskhuh gxulqj h{shulphqwv1 Lq
fkdswhu : dqg ;/ d frqyhqwlrqdo wkuhh hohfwurgh vhwxs zdv xvhg zklfk krvwhg d zrunlqj
zluh hohfwurgh +fkdswhu ;, ru d urwdwlqj0ulqj0glvf hohfwurgh +fkdswhu :,1 Wkh uhihuhqfh
hohfwurgh frpsduwphqw zdv djdlq frqqhfwhg yld d Oxjjlq0Kdehu fdsloodu| lq rughu wr
uhgxfh wkh rkplf vroxwlrq uhvlvwdqfh1 Wkh frxqwhu hohfwurgh frpsduwphqw zdv dv|p0
phwulfdoo| orfdwhg rxwvlgh wkh zrunlqj hohfwurgh frpsduwphqw frqqhfwhg e| d vlqwhuhg
jodvv iulw lq rughu wr dyrlg wkh gl�xvlrq ri xqghvludeoh fkhplfdo vshflhv wrzdugv wkh
zrunlqj hohfwurgh1 Wkh vroxwlrq uhvlvwdqfh uhpdlqv xqd�hfwhg e| wkh iulw1

61415 Wkh Srwhqwlrvwdw2Jdoydqrvwdw

Ehjlqqlqj lq wkh 4<83*v prvw hohfwurfkhplfdo h{shulphqwv kdyh ehhq grqh zlwk wkuhh
hohfwurghv dqg lqvwuxphqwdwlrq exlow durxqg d srwhqwlrvwdw1 D frpprq ghvljq edvhg
rq dq rshudwlrqdo dpsol�hu ^;<` lv vkrzq lq Ilj1 6051 D wuxh uhihuhqfh hohfwurgh lv
xvhg wr phdvxuh wkh srwhqwldo> d yrowdjh iroorzhu lv dwwdfkhg wr wkh uhihuhqfh hohfwurgh
vr wkdw yhu| olwwoh fxuuhqw lv gudzq lq wklv sduw ri wkh flufxlw1 D frxqwhu +dx{loldu|,
hohfwurgh lv xvhg wr sdvv wkh exon fxuuhqw1 Wkh srvlwlyh lqsxw lv dw 3 Y+jurxqg, dqg
wkh zrunlqj +lqglfdwru, hohfwurgh lv dovr dw jurxqg srwhqwldo1

Wkh fxuuhqw lv phdvxuhg e| phdqv ri dqrwkhu rshudwlrqdo dpsol�hu flufxlw dwwdfkhg
wr wkh lqglfdwru hohfwurgh ohdg1 Vlqfh wkh lqsxw uhvlvwdqfh lv kljk/ doo fxuuhqw pxvw
 rz wkurxjk wkh uhvlvwdqfh U

2

= Krzhyhu/ wkh kljk jdlq ri wkh dpsol�hu surgxfhv dq
rxwsxw yrowdjh vxfk wkdw wkh srwhqwldo dw wkh lqyhuwlqj lqsxw lv 3Y1 Wkxv/ wkh zrunlqj
hohfwurgh lv khog dw 3Y dv zhoo/ dqg wkh rxwsxw srwhqwldo lv �LU

2

> l1h1 lv sursruwlrqdo
wr wkh fhoo fxuuhqw1
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Iljxuh 605= Srwhqwlrvwdwflufxlw iru frqwuro ri zrunlqj hohfwurgh +@lqglfdwru hohfwurgh,
srwhqwldo lq d wkuhh0hohfwurgh fhoo1 Fhoo fxuuhqw lv prqlwruhg zlwk d fxuuhqw0iroorzhu
flufxlw/ dqg wkh uhihuhqfh hohfwurgh lv surwhfwhg iurp h{fhvvlyh fxuuhqw  rz e| dq
hohfwurphwhu1

Iljxuh 606= Jdoydqrvwdw flufxlw iru frqwuro ri fxuuhqw wkurxjk wkh fhoo1

Qrwh wkdw iru frqwuro sxusrvhv +vhh fkdswhu :, wkh rxwhu srwhqwldo X lv prgl�hg
e| wkh ihhgedfn orrs vljqdo wkurxjk rqh ri wkh srwhqwldo frqwuro lqsxwv1 Wklv phdqv
wkdw wkh iruphu frqvwdqw sdudphwhu X wxuqv lqwr d wlph ghshqghqw yduldeoh1

Wkh srwhqwlrvwdw prvwo| xvhg lq wklv zrun zdv surylghg e| wkh hohfwurqlf whfkqlfdo
ode ri wkh Iulw}0Kdehu0Lqvwlwxwh1 Wkh flufxlw lv edvhg rq wkh lghd ri G1 Urh ^;<`1 Iru
wkh ulqj0glvf phdvxuhphqwv +fkdswhu :, dq HJ)J el0srwhqwlrvwdw2jdoydqrvwdw vhuyhg
dv srzhu vrxufh1

Lq vrph h{shulphqwv/ d frqvwdqw fxuuhqw lv sdvvhg wkurxjk wkh fhoo/ dqg wkh srwhq0
wldo ri wkh zrunlqj hohfwurgh lv prqlwruhg xvlqj d uhihuhqfh hohfwurgh1 Dq rshudwlrqdo
dpsol�hu flufxlw zklfk shuirupv wklv ixqfwlrq +d jdoydqrvwdw, lv vkrzq lq Ilj1 6061
Vlqfh wkh rshudwlrqdo dpsol�hu lqsxw uhvlvwdqfh lv kljk/ wkh fhoo fxuuhqw pxvw  rz
wkurxjk uhvlvwru U1 Ihhgedfn wkurxjk wkh fhoo hqvxuhv wkdw wkh zrunlqj hohfwurgh
vwd|v dw jurxqg srwhqwldo1 Wkxv wkh srwhqwldo gurs dfurvv wkh uhvlvwru lv htxdo wr wkh
edwwhu| srwhqwldo dqg wkh fhoo fxuuhqw lv L @ ��@U 1
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61416 Hohfwuro|wh vroxwlrqv

Doo vroxwlrqv zhuh suhsduhg xvlqj wulso| glvwloohg zdwhu1 Sulru wr h{shulphqwv/ vrox0
wlrqv zhuh sxujhg zlwk qlwurjhq +Olqgh whfkqlvfkh Jdvh, lq rughu wr uhpryh glvvroyhg
r{|jhq1 Lq pdq| h{shulphqwv/ wkh fhoo zdv nhsw xqghu d qlwurjhq dwprvskhuh gxulqj
h{shulphqwv wr dyrlg r{|jhq gl�xvlrq lqwr wkh vroxwlrq1 Ghwdlov rq fkhplfdov/ sxul0
wlhv dqg frqfhqwudwlrqv ri wkh hohfwuro|whv xvhg lq h{shulphqwv fdq eh irxqg lq wkh
uhvshfwlyh h{shulphqwdo vhfwlrqv ri wkh iruwkfrplqj fkdswhuv1

61417 Hohfwurghv

Zrunlqj hohfwurghv

Vlqjoh0fu|vwdo Sw hohfwurghv1 Lq fkdswhu 7 orz0lqgh{ Sw vlqjoh fu|vwdov zhuh hpsor|hg
dv zrunlqj hohfwurghv +ZHv,1 Wkh rulhqwdwlrqv xvhg lqfoxghg Sw+433,/ Sw+443, dqg
Sw+444, zlwk dq duhd ri 319 fp2 hdfk1 Prvw vlqjoh fu|vwdov/ sxufkdvhg iurp Odpsuhfkw
Frus1 +qrz PdWhfN,/ zhuh uhfhlyhg lq d fxw/ rulhqwhg dqg hohfwursrolvkhg vwdwh1
Rwkhuzlvh wkh fu|vwdov zhuh fxw iurp d Sw urg +8Q, lq +433,/ +443, uhvshfwlyho| +444,
rulhqwdwlrq1 Wkh suhflvh rulhqwdwlrq zdv ghwhuplqhg e| d Odxh phwkrg +� 318 �,=
Wkh fu|vwdov zhuh phfkdqlfdoo| srolvkhg/ iroorzhg e| dq hohfwurfkhplfdo srolvklqj dw
X@43 Y1 D Sw zluh dw wkh edfn ri wkh vlqjoh fu|vwdov vhuyhg dv hohfwulfdo frqqhfwlrq1
Wklv Sw zluh zdv �qdoo| prxqwhg lqwr d wh rq kroghu dqg frqwdfwhg wr wkh rxwhu
flufxlw +vhh Ilj1 604,1

Vlqjoh fu|vwdov uhtxluh d suhwuhdwphqw ehiruh hdfk h{shulphqw/ dv vxuidfh urxjk0
hqlqj rffxuv gxulqj hohfwurfkhplfdo h{shulphqwv1 Dovr lq wkh fdvh ri iruplf dflg
r{lgdwlrq/ rujdqlf lpsxulwlhv pd| ghsrvlw rq wkh vxuidfh d�hfwlqj wkh fdwdo|wlf surs0
huwlhv1 Ixuwkhupruh/ vxuidfh dwrpv pd| frqvlghudeo| fkdqjh vlwhv diwhu dqrglf RK
dg0 dqg ghvruswlrq1 Lq rughu wr uhvwruh d +srvvleo| urxjkqhg, vlqjoh fu|vwdo vxuidfh wr
lwv sxuh rulhqwdwlrq/  dph dqqhdolqj kdv suryhq wr eh wkh phwkrg ri fkrlfh ^<3`1 Diwhu
wkh wuhdwphqw ri wkh vlqjoh fu|vwdov dw 4833 N/ zkhuh lghdoo| erwk rujdqlf frpsrxqgv
dqg vxuidfh urxjkqhvv duh uhpryhg/ wkh fu|vwdo lv fduhixoo| frrohg grzq wr urrp whp0
shudwxuh hlwkhu lq zdwhu ru lq qlwurjhq1 Wkh txdolw| ri wkh uhvxowlqj vxuidfh fdq eh
dvvhvvhg e| lwv f|folf yrowdpphwulf sur�oh/ lq sduwlfxodu zlwklq wkh srwhqwldo udqjh ri
wkh dg0 dqg ghvruswlrq ri k|gurjhq +0315 0 .318 Y yv Vdwxudwhg Fdorpho Hohfwurgh/
VFH,/ vlqfh wkh shdn srwhqwldov ri d fohdq vxuidfh duh zhoo nqrzq1 Dgglwlrqdo shdnv
ru ghyldwlrqv lq shdn srwhqwldov lqglfdwh lpsxulwlhv1

Sro|fu|vwdoolqh Sw +Sw0sro|, hohfwurghv 1 Lq fkdswhu 7 dqg : sro|fu|vwdoolqh Sw
hohfwurghv zhuh hpsor|hg lq d urwdwlqj0glvf duudqjhphqw1 Lq fkdswhu 9/ d vwdwlrqdu|
Sw0sro| ulqj hohfwurgh zdv suhvvhg iurp d wklq Sw sodwh1 Sro|fu|vwdoolqh hohfwurghv
uhtxluh rqo| uhodwlyho| vlpsoh phfkdqlfdo dqg fkhplfdo suhwuhdwphqw1 Wkh hohfwurgh
zhuh �uvw srolvkhg xvlqj Gldsodvw gldprqg sdvwh +6 �p/4 �p/316 �p ,1 Vxevhtxhqw
ulqvlqj zlwk hwkdqro dqg wulso| glvwloohg zdwhu zdv wr uhpryh wkh sdvwh uhpdlqv1 Wkhuh0
diwhu/ f|folf yrowdpphwu| ehwzhhq wkh k|gurjhq dqg r{|jhq hyroxwlrq srwhqwldov zdv
xvhg wr hydoxdwh wkh fohdqqhvv ri wkh hohfwurgh1 Lq wkh fdvh ri wkh Sw sodwh ulqj hohf0
wurgh +fkdswhu 9, d pl{wxuh ri frqf1 vxoskxulf dflg +vxsudsxuh, dqg k|gurjhqshur{lgh
+63 (, zdv xvhg dv fkhplfdo suhwuhdwphqw zklfk zdv dssolhg iru derxw 43 wr 453 plq0
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xwhv sulru wr h{shulphqwv1 Wkh K
2

R
2

vroxwlrq zdv fdwdo|wlfdoo| ghfrpsrvhg e| Sw
lqwr prohfxodu r{|jhq zklfk ghvwur|hg doo rujdqlf lpsxulwlhv1 Vxevhtxhqw ulqvlqj lq
wulso| glvwloohg zdwhu uhpryhg wkh uhpdlqv ri wkh dflg1 Iru ghwdlov ri wkh h{shulphqwdo
surfhgxuhv wkh uhdghu lv uhihuuhg wr wkh uhvshfwlyh fkdswhuv1

Dj0sro| hohfwurgh1 Lq wkh h{shulphqwv ri fkdswhu ;/ d sro|fu|vwdoolqh Dj zluh
dqg urwdwlqj Dj glvf hohfwurgh zhuh hpsor|hg1 Wkh Dj hohfwurghv zhuh phfkdqlfdoo|
srolvkhg zlwk Gldsodvw gldprqg sdvwh +: �p iru zluh/ 4 03158 �p iru glvf,1 Qr f|folf
yrowdpphwu| suhfhghg wkh h{shulphqwdo lqyhvwljdwlrqv1

Frxqwhu hohfwurghv

Doo frxqwhu hohfwurghv zhuh pdgh iurp sro|fu|vwdoolqh Sw zluhv1 Wkhlu vxuidfh duhd
vkrxog lghdoo| h{fhhg wkdw ri wkh zrunlqj hohfwurgh1 Wkh jhrphwulhv ri wkh frxqwhu
hohwurghv xvhg zlwk uhvshfw wr wkh ZH lqfoxghg dv|pphwulf duudqjphqw dv zhoo dv
urwdwlrqdo v|pphwulf duudqjphqw lq wkh fdvh ri d ulqj ZH hohfwurgh1

Uhihuhqfh hohfwurghv

Lq doo h{shulphqwv/ d Kj2Kj
2

VR
e

uhihuhqfh hohfwurgh zdv hpsor|hg> lwv xvh suryhg
wr eh frqyhqlhqw/ vlqfh prvw v|vwhpv vwxglhg wkurxjkrxw wklv wkhvlv zhuh rshudwhg lq
dflglf vroyhqwv frqwdlqlqj kljk vxoskdwh lrqv1 Wkxv/ ohdndjh sureohpv ru lrqlf lpsxul0
wlhv vwhpplqj iurp wkh uhihuhqfh frpsduwphqw zhuh qhjoljleoh1 Zkhqhyhu srwhqwldov
duh uhsruwhg wkurxjkrxw wklv wkhvlv/ krzhyhu/ wkh uhvshfwlyh uhihuhqfh v|vwhp zloo eh
lqglfdwhg1 Srwhqwldov uhihuulqj wr wkh Vdwxudwhg Fdorpho Hohfwurgh duh odehoohg zlwk
VFH1

61418 Gdwd dftxlvlwlrq

Lq fkdswhu : dqg ;/ fxuuhqw dqg srwhqwldo gdwd zdv uhdg lqwr d shuvrqdo frpsxwhu
gxulqj hohfwurfkhplfdo phdvxuhphqwv lq rughu wr kdyh wkh gdwd dydlodeoh lq gljlwl}hg
irup dqg/ dv ghvfulehg lq fkdswhu ; wr fdofxodwh rq0olqh d frqwuro vljqdo zklfk zdv
wkhq ihg edfn rqwr wkh hohfwurfkhplfdo v|vwhp1 Wkh SF xvhg zdv d Ghoo Glphqvlrq
[SV S<3 zklfk froohfwhg h{whuqdo gdwd yld d JSLE0 fdug SF LL0D +Jhqhudo Sxusrvh
Lqwhuidfh Exv/ LHHH 7;;, pdqxidfwxuhg e| Qdwlrqdo Lqvwuxphqwv1 Odeylhz 713 zdv
hpsor|hg dv vriwzduh sodwirup ri wkh gdwd froohfwlrq dqg gdwd rxwsxw urxwlqhv1 Wkh
dftxlvlwlrq iuhtxhqf| zdv yduldeoh ehwzhhq 43 wr 588 K}1

615 H{shulphqwdo phwkrgv

61514 F|folf Yrowdpphwu|

Wklv phwkrg/ zkhuh lqglylgxdo olqhdu ru wuldqjxodu srwhqwldo vzhhsv duh dssolhg wr
wkh zrunlqj hohfwurgh/ |lhogv ydoxdeoh lqirupdwlrq rq wkh L@X fkdudfwhulvwlfv ri wkh
hohfwurfkhplfdo v|vwhp frqvlghuhg1 Erwk txdolwdwlyh dqg txdqwlwdwlyh lqirupdwlrq rq
wkhuprg|qdplfv dqg nlqhwlfv ri wkh hohfwurfkhplfdo surfhvvhv fdq eh gudzq iurp wkh
yrowdpphwulf sur�ohv1 Xvxdoo|/ lq f|folf yrowdpphwu| rqh vwxglhv wkh L2X sur�oh diwhu



67 Pdwhuldov/ Phwkrgv dqg Frqfhswv

d qxpehu ri f|fohv/ zkhq d vwhdg| yrowdpprjudp zdv rewdlqhg1 D fhuwdlq glvdgydq0
wdjh ri wklv srsxodu phwkrgv lv wkh idfw wkdw wkh hohfwurfkhplfdo surfhvvhv rffxuulqj
dw d jlyhq srwhqwldo fdq ghshqg rq wkrvh wkdw rffxuuhg dw suhfhglqj srwhqwldov/ l1h1
rq wkh klvwru| ri wkh v|vwhp1 Wkh odwwhu skhqrphqrq pd| qrw eh frqixvhg zlwk k|v0
whuhvlv1 Lpsruwdqw sdudphwhuv ri f|folf yrowdpphwulf phwkrgv lqfoxgh wkh lqlwldo dqg
wkh uhyhuvh srwhqwldo dv zhoo dv wkh srwhqwldo vzhhs udwh1 Surfhvvhv dffrpsdq|lqj
fkdujh wudqvihu dw vrolg hohfwurghv vxfk dv dg0 dqg ghvruswlrq surfhvvhv duh frqyh0
qlhqwo| uhfrjql}hg xvlqj f|folf yrowdpphwulf phwkrgv e| wkhlu pluuru0lpdjhg shdn
srwhqwldov dqg wkhlu fkdudfwhulvwlf ghshqghqfh ri wkh shdn fxuuhqw rq wkh vzhhs udwh1

61515 Wkh Urwdwlqj Glvf dqg wkh Urwdwlqj Ulqj0Glvf Hohfwurgh

Wkh urwdwlqj glvf hohfwurgh +UGH, lv rqh ri wkh prvw srsxodu hohfwurgh w|shv hpsor|hg
iru wkh vwxg| ri hohfwurfkhplfdo surfhvvhv1 Wkh UGH lv frqvlvwv ri d phwdo hohfwurgh
glvf lpehgghg lq d urg ri lqvxodwlqj pdwhuldo1 Khuh/ prvwo| Sw dqg Dj glvf hohfwurghv
zloo eh xvhg1 Iuhtxhqwo|/ wkh lpehgglqj pdwhuldo lv wh rq1

Wkh pdmru dgydqwdjh ri wkh UGH olhv lq wkh frqwuroodelolw| ri wkh frqyhfwlyh frq0
glwlrqv qhdu wkh hohfwurgh vxuidfh1 Pdvv wudqvsruw zklfk fdq frpsolfdwh wkh L2X
fkdudfwhulvwlfv frqvlghudeo| fdq wkhuhe| eh frqwuroohg dw zloo> ixuwkhupruh/ wkh ur0
wdwlrq iuhtxhqf| ri wkh glvf lqwurgxfhv dq dgglwlrqdo v|vwhp sdudphwhu +frqvwudlqw,
fkdudfwhul}lqj wkh v|vwhp1

Ilj1 607 vkrzv wkh k|gurg|qdplf  rz qhdu wkh UGH1 Lw lv vhhq wkdw dv wkh
UGH urwdwhv/ dgmdfhqw vroxwlrq lv sxoohg dorqj e| ylvfrxv gudj dqg lv sxvkhg dzd|
iurp wkh d{lv ri urwdwlrq e| fhqwulixjdo irufh1 Wkh h{shoohg vroxwlrq lv uhsodfhg e|
wkh  rz qrupdo wr wkh hohfwurgh vxuidfh1 Lqwhuhvwlqjo|/ wkhvh frqyhfwlyh frqglwlrqv
fdq eh vroyhg dqdo|wlfdoo| |lhoglqj lpsruwdqw uhodwlrqv ehwzhhq wkh gl�xvlrq od|hu
wklfnqhvv/ wkh frqfhqwudwlrqv dqg wkhlu judglhqw dw wkh vxuidfh dqg wkh urwdwlrqdo
iuhtxhqf|1 Frqfhqwudwlrq sur�ohv dw dq UGH fdq dovr eh frpsxwhg qxphulfdoo|1 Wkh
frqfhqwudwlrqv judglhqwv ri wkh hohfwurdfwlyh vshflhv duh xvxdoo| txlwh olqhdu ryhu vrph
glvwdqfh lqwr wkh exon vroxwlrq zklfk mxvwl�hg wkh Qhuqvw gl�xvlrq od|hu dssur{lpdwlrq
riwhq hpsor|hg lq hohfwurfkhplfdo prgholqj +vhh odwhu fkdswhuv,1

Wkh k|gurg|qdplfv ri wkh UGH fdq eh h{sorlwhg iru rewdlqlqj phfkdqlvwlf lqiru0
pdwlrq e| dgglqj dqrwkhu hohfwurgh dv d ulqj vxuurxqglqj wkh glvf hohfwurgh dv vkrzq
lq Ilj1 6081 Wklv vhwxs lv uhihuuhg wr dv wkh urwdwlqj ulqj0glvf hohfwurgh +UUGH,1
Vroxwlrq zklfk  rzv wr wkh fhqwudo glvf hohfwurgh lv wkhq  xqj rxwzdug e| fhqwulixjdo
irufh dqg  rzv sdvw wkh frqfhqwulf ulqj hohfwurgh1 Wkxv/ wkh vroxwlrq duulylqj dw wkh
ulqj fdq eh vdpsohg dqg surehg e| hohfwurfkhplfdo surfhvvhv dw wkh ulqj hohfwurgh1
Wklv doorzv phdvxuhphqwv ri wkh frpsrvlwlrq ri wkh vroxwlrq lpphgldwho| dw wkh glvf
dqg lqgluhfwo| frqfoxvlrqv uhjduglqj wkh surfhvvhv rffxuulqj rq wkh glvf lwvhoi1 Wkh
nh| sdudphwhu lv wkh froohfwlrq h!flhqf| Q / l1h1 wkh iudfwlrq ri glvf hohfwurgh surgxfw
zklfk fdq eh vdpsohg dw wkh ulqj1 Wkh ydoxh ri Q rqo| ghshqgv rq wkh jhrphwu| +u4/
u5/ u6, dqg lv lqghshqghqw ri wkh urwdwlrqdo iuhtxhqf|1 Q fdq eh fdofxodwhg e| xvlqj
d udwkhu phvv| htxdwlrq +vhh ^7;`/ s1 635,1 Iru h{dpsoh/ iru dq UUGH zlwk u4@314;:
fp/ u5@31533 fp/ dqg u6@31665 fp/ Q @31888/ wkdw lv/ 8818 ( ri wkh surgxfw jhq0
hudwhg dw wkh glvf lv froohfwhg dw wkh ulqj1 UUGH phdvxuhpqhwv fdq eh prvw uhdglo|
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Iljxuh 607= Vfkhpdwlf vwuhdpolqhv +frqyhfwlyh  rz, lq oderudwru| iudph dw d urwdwlqj
glvf hohfwurgh +UGH,1 d, vlgh ylhz/ e, wrs ylhz1

lqwhusuhwhg lq wkh gl�xvlrq0olplwhg udqjh vlqfh lq wklv fdvh wkh ulqj fxuuhqw fdq eh
txdqwlwdwlyho| uhodwhg wr surfhvvhv rffxuulqj dw wkh glvf/ dv frqvxpswlrq ru surgxf0
wlrq surfhvvhv dw wkh glvf ohdg wr ghwhfwdeoh frqfhqwudwlrqv fkdqjhv dw wkh ulqj1 Vlqfh
wzr hohfwurgh srwhqwldo pxvw eh frqwuroohg lqghshqghqwo|/ d el0srwhqwlrvwdw pxvw eh
xvhg1

Wkh UUGH whfkqltxh lv frpprqo| xvhg hlwkhu wr duulyh dw txdolwdwlyh frqfoxvlrqv
dv wr lqwhuphgldwhv rffxuulqj gxulqj hohfwurfkhplfdo surfhvvhv ru wr ghwhuplqh fry0
hudjhv ru/ hvshfldoo| lq wkh �hog ri fkhplfdo nlqhwlfv/ wr jhw lqvljkw lqwr wkh skdvh
ehkdylru ehwzhhq wkh glvf fxuuhqw dqg wkh frqfhqwudwlrqv ri yroxph vshflhv qhdu
wkh glvf ^5<`1 Wkh odwwhu lv ri sduwlfxodu lqwhuhvw lq rvfloodwru| uhdfwlrqv ehfdxvh wkh
skdvh uhodwlrqvkls ri rvfloodwru| txdqwlwlhv surylghv ydoxdeoh lqirupdwlrq lq hoxflgdw0
lqj phfkdqlvpv1

61516 Lpshgdqfh vshfwurvfrs|

Lpshgdqfh vshfwurvfrs| lv d shulrglf srwhqwldo shuwxuedwlrq whfkqltxh lq wkh olqhdu
uhjlph dssolhg wr hohfwurgh surfhvvhv lq wkh vwhdg| vwdwh1 Lq jhqhudo lpshgdqfh phd0
vxuhphqwv ghwhuplqh wkh ghshqghqfh ri wkh wrwdo fhoo lpshgdqfh rq wkh shuwxuedwlrq
iuhtxhqf| iurp zklfk rqh fdq gudz ydoxdeoh nlqhwlf lqirupdwlrq vxfk dv nlqhwlf frq0
vwdqwv/ elixufdwlrq srlqwv dqg phfkdqlvwlf lqirupdwlrq1 Wkh vwhdg| vwdwh frqvlghuhg
pxvw eh vwdeoh djdlqvw wkh shuwxuedwlrq dssolhg wr wkh phdvxuhg v|vwhp gxulqj wkh
lpshgdqfh phdvxuhphqwv/ rwkhuzlvh wkh hohfwurgh surfhvv zloo qrw uhod{ edfn wr wkh
ruljlqdo vwhdg|0vwdwh diwhu wkh shuwxuedwlrq1
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Iljxuh 608= Vfkhpdwlf gudzlqj ri d urwdwlqj ulqj0glvf hohfwurgh +UUGH,

Gh�qlwlrq dqg fdofxodwlrq ri lpshgdqfh

Frqvlghu wkh fdvh ri d vlqjoh srwhqwldo0ghshqghqw fkhplfdo vwdwh yduldeoh � ^<4`/ h1j1
wkh uhodwlyh vxuidfh fryhudjh ri dq hohfwurfkhplfdo vshflhv zklfk dg0 dqg ghvruehg
dqg uhdfwv hohfwurfkhplfdoo| dw wkh lqwhuidfh1 Pdvv wudqvsruw lv wr eh qhjohfwhg lq wkh
iroorzlqj wuhdwphqw1 Wkh wrwdo idudgdlf fxuuhqw lq wkh vwhdg| vwdwh Ls@o lv d ixqfwlrq
ri wkh grxeoh od|hu srwhqwldo ! dqg � =

Ls@o @ i+�> !, +614,

Xsrq vpdoo shuwxuedwlrqv wklv h{suhvvlrq fdq eh h{suhvvhg dv d Wd|oru vhulhv
|lhoglqj
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zkhuhUS| ghqrwhv wkh fkdujh0wudqvihu uhvlvwdqfh ri wkh hohfwurgh/ l1h1 wkh uhvlvwdqfh
zkhq wkh lq xhqfh ri pdvv wudqvsruw lv qhjohfwhg1 Wkh ydoxh ri p pd| eh srvlwlyh
ru qhjdwlyh ghshqglqj rq zkhwkhu wkh idudgdlf fxuuhqw lv frqvxplqj � ru dqrwkhu
qrqhvvhqwldo dgvruehg vshflhv1 Wkxv/ wkh idudgdlf dgplwwdqfh iroorzv dv
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Lq rughu wr fdofxodwh {w
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> rqh kdv wr frqvlghu wkh wudqvlhqw uhvsrqvh ri � jryhuqhg
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e| wkh g|qdplfdo hyroxwlrq htxdwlrq

b� @ j+�> !, +617,

zkhuh j uhsuhvhqwv wkh dg0 dqg ghvruswlrq dv zhoo dv uhdfwlrq whupv d�hfwlqj wkh
frqfhqwudwlrq ri �= Lq wkh olqhdu uhjlph rqh fdq djdlq zulwh iru wkh hyroxwlrq ri wkh
shuwxuedwlrq ��
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zkhuh lw lv dvvxphg wkdw wkh vwhdg| vwdwh lv vwdeoh/ l1h1
�
Y �w

Yw

�
rr
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@ l$��> vlqfh d vlqxvrlgdo shuwxuedwlrq lq ! dozd|v ohdgv wr d vlqxvrlgdo

uhvsrqvh lq doo yduldeohv/ rqh fdq zulwh iru wkh idudgdlf dgplwwdqfh
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Wkh wrwdo dgplwwdqfh ri wkh hohfwurfkhplfdo v|vwhpv/ �qdoo|/ iroorzv dv

\ @ \s@o . l$ F_, +61:,

zkhuh F_, ghqrwhv wkh grxeoh od|hu fdsdflw|1 Wkh lpshgdqfh lv ]+$, @ �

t
@ ]oe�

l]�6}= Wkh Q|txlvw lpshgdqfh sorwv vkrzq lq fkdswhu ; duh rewdlqhg zkhq sorwwlqj
wkh ]�6} yhuvxv ]oe= Wkh qrwlrq ri lpshgdqfh fdq eh udwlrqdol}hg dv d txdqwlw|
zklfk uhodwhv wkh shulrglf lqsxw ri d g|qdplfdo v|vwhpv wr lwv rxwsxw +uhvsrqvh,
dqg wkhuhiruh lv htxlydohqw wr d olqhdu rshq0orrs wudqvihu ixqfwlrq lq wkh hqjlqhhulqj
whuplqrorj|1

Vwdelolw| dvvhvvphqw dqg fodvvl�fdwlrq ri hohfwurfkhplfdo rvfloodwruv xvlqj
lpshgdqfh phwkrgv

Wkh suhfhglqj vhfwlrq lqwurgxfhg lpshgdqfh vshfwurvfrs| dv d phwkrg wr orrn iru wkh
olqhdu uhvsrqvh ri d v|vwhpv wr d vlqxvrlgdo shuwxuedwlrq1 Li wkh shulrglf uhvsrqvhv/
h{suhvvhg e| ]oe dqg ]�6}/ duh nqrzq ryhu d zlgh iuhtxhqf| udqjh/ lw lv srvvleoh
wr pdnh vwdwhphqwv derxw wkh v|vwhp*v vwdelolw|1 Wkh olqn ehwzhhq vwdelolw| dqg
lpshgdqfh vshfwuxp lv wkh Q|txlvw vwdelolw| fulwhulrq ^79`1 Lq lwv prvw uljrurxv irup/
wkh fulwhulrq lv idu iurp ehlqj vwudljkw0iruzdug wr xvh/ vr Nrshu vxjjhvwhg d vlpsohu
whvw zklfk lv hqwluho| htxlydohqw dqg doorzv wkh suhglfwlrqv ri +orfdo, elixufdwlrqv iurp
dq lpshgdqfh vshfwuxp ^:7/ 56`1

Olqhdu vwdelolw| dqdo|vlv whoov xv wkdw dq h{whuqdoo| gulyhq v|vwhp dw d elixufdwlrq
hqfrxqwhuv d frqglwlrq ri uhvrqdqfh zkhuh wkh gulylqj vljqdo lv eorzq xs e| wkh
v|vwhp zlwkrxw ghod|1 Khqfh/ d elixufdwlrq lv d vlwxdwlrq iru zklfk wkh lpshgdqfh
vshfwuxp lqwhuvhfwv wkh ruljlq ri wkh frpsoh{ lpshgdqfh sodqh1 Li wkh lqwhuvhfwlrq
rffxuv iru qrq0}hur iuhtxhqf|/ wkh v|vwhp h{klelwv d Krsi elixufdwlrq> li wkh lpshgdqfh
vshfwuxp whuplqdwhv lq wkh ruljlq iru }hur iuhtxhqf|/ wkh v|vwhp h{klelwv d vdggoh0
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qrgh elixufdwlrq1 Fohduo|/ dv lqglfdwhg deryh/ wkh vwhdg|0vwdwh pxvw eh vwdeoh lq
rughu wr phdvxuh wkh lpshgdqfh surshuo|1 Krzhyhu/ vlqfh wkh lq xhqfh ri dq h{whuqdo
rkplf uhvlvwdqfh rq wkh lpshgdqfh vshfwuxp dprxqwv wr d vlpsoh krul}rqwdo vkliw
lq wkh frpsoh{ sodqh/ lw lv hdv| wr whvw judsklfdoo| iru wkh srvvlelolw| ri d Krsi ru
d vdggoh0qrgh elixufdwlrq iurp wkh lpshgdqfh vshfwuxp phdvxuhg srwhqwlrvwdwlfdoo|
lq wkh devhqfh ri dq dssuhfldeoh h{whuqdo rkplf uhvlvwdqfh1 Vlplodu dujxphqwv krog
iru jdoydqrvwdwlf frqglwlrqv1 Nrshu ^:7` vxppdul}hg wkh frqglwlrqv iru ghwhfwlqj
elixufdwlrqv iurp lpshgdqfh vwxglhv dv iroorzv1

Iru �{hg dssolhg srwhqwldo +srwhqwlrvwdwlf frqglwlrqv,/ dq hohfwurfkhplfdo fhoo zloo
h{klelw

� d vdggoh0qrgh elixufdwlrq li ]+$, @ 3> $ @ 3

� d Krsi elixufdwlrq li ]+$, @ 3> $ 9@ 3=

Iru �{hg dssolhg fxuuhqw +jdoydqrvwdwlf frqglwlrqv,/ dq hohfwurfkhplfdo fhoo zloo
h{klelw

� d vdggoh0qrgh elixufdwlrq li \ +$, @ 3> $ @ 3

� d Krsi elixufdwlrq li \ +$, @ 3> $ 9@ 3=

Uhfdoolqj wkh phfkdqlvwlf fodvvl�fdwlrq dgguhvvhg lq wkh suhylrxv fkdswhu/ rqh fdq
qrz dovr uhodwh wkh lpshgdqfh vshfwud zlwk wkh uhvshfwlyh rvfloodwru fdwhjru| QGU
ru KQGU1 Li wkh vlwxdwlrq \ +$, @ 3> $ 9@ 3 rffxuv xqghu jdoydqrvwdwlf frqglwlrqv ru/
htxlydohqwo|/ li d klgghq qhjdwlyh lpshgdqfh rffxuv/ l1h1 zkhq ]oe ? 3 dw $ 9@ 3> exw
]oe $ 3 iru $ @ 3> wkhq wkh rvfloodwru frqvlghuhg ehorqj wr wkh KQGU fodvv1 Li wkhuh
lv qr klgghq qhjdwlyh lpshgdqfh dqg wkh lpshgdqfh vshfwuxp uhvhpeohv Ilj1 5d lq
uhi1 ^:7`/ wkh rvfloodwru lv xqltxho| lghqwl�hg dv QGU rvfloodwru1 Fkdswhu < zloo vkrz/
krzhyhu/ wkdw wklv h{shulphqwdo lghqwl�fdwlrq rq wkh edvlv ri lpshgdqfh vshfwurvfrs|
lv qrw xqltxh lq jhqhudo/ exw lqyroyhv fhuwdlq dvvxpswlrq derxw wkh phfkdqlvp ri wkh
hohfwurfkhplfdo rvfloodwru xqghu lqyhvwljdwlrq1

H{shulphqwdo phdvxuhphqwv

H{shulphqwdo lpshgdqfh gldjudpv zhuh rewdlqhg xvlqj d HJ)J srwhqwlrvwdw +SDU
5:6D/ Sulqfhwrq Dssolhg Uhvhdufk/ Sulqfhwrq, krrnhg xs zlwk d iuhtxhqf| uhvsrqvh
dqdo|}hu +V08:53/ HF Hohfwurqlf Lqvwuxphqwv/ \rnrkdpd,1 Wkh vriwzduh lqvwdoohg
doorzhg iru d frqyhqlhqw frqwuro ri wkh lpshgdqfh sdudphwhuv1 Lpshgdqfh gdwd zhuh
vdyhg rq d LEP 7;9 shuvrqdo frpsxwhu1

61517 Srwhqwldo plfursureh phdvxuhphqwv

Jhqhudo uhpdunv

Srwhqwldo plfursurehv kdyh ehhq d fodvvlfdo wrro lq hohfwurfkhplvwu| iru prqlwrulqj
orfdo hohfwulfdo srwhqwldov lq hohfwuro|wh vroxwlrqv1 Lq h{shulphqwv zkhuh wkh lpdjlqj



Pdwhuldov/ Phwkrgv dqg Frqfhswv 6<

ri vsdwlrwhpsrudo hyroxwlrq ri d srwhqwldo glvwulexwlrq lv ri lqwhuhvw wzr ru pruh orfdo
surehv orfdwhg dorqj wkh hohfwul�hg lqwhuidfh kdyh iuhtxhqwo| ehhq hpsor|hg1

Dv hduo| dv 4<84 ^46` Iudqfn vwxglhg dfwlydwlrq iurqwv lq rqh vsdfh glphqvlrq zlwk
wkuhh vwdwlrqdu| surehv/ zkhuhdv 48 hohfwurgh surehv dorqj Ql zluhv zhuh lqyroyhg
lq vsdwlrwhpsrudo srwhqwldo phdvxuhphqwv e| Ohy hw do1 ^67`1 Ioçwjhq dfklhyhg rqh0
glphqvlrqdo lpdjlqj lq dq hohjdqw urwdwlqj ulqj hohfwurgh vhwxs zlwk rqo| rqh vwdwlrq0
du| srwhqwldo plfursureh qhdu wkh urwdwlqj hohfwul�hg vxuidfh ^68/ ;7/ ;8/ ;9/ 69`1 Kh
rswhg wr xvh d urwdwlqj zrunlqj hohfwurgh vlqfh wkh hohfwurfkhplfdo uhdfwlrq v|vwhp
xvhg qhfhvvlwdwhg vx!flhqw pdvv wudqvsruw1 E| urwdwlqj d frqwlqxrxv vfdqqlqj ri wkh
hqwluh hohfwurgh lv ixuwkhupruh dvvxuhg1 Gudzedfnv ri wkh urwdwlqj vhwxs dulvh dv vrrq
dv wkh urwdwlrq idlov wr eh shuihfwo| vprrwk dqg lq0sodqh1 Wkhq/ shulrglf srwhqwldo
duwhidfwv dulvh lq wkh plfursureh vljqdo zklfk glvwxue wkh phdvxuhphqw1

Wzr0glphqvlrqdo lpdjlqj zlwk srwhqwldo plfursurehv kdv ehhq d fkdoohqjlqj wdvn
dqg/ wkhuhiruh/ kdv rqo| ehhq dfklhyhg lq ihz v|vwhpv vxfk dv phwdo fruurvlrq ^<5/ <6`1

Wzr edvlf w|shv ri srwhqwldo plfursurehv zhuh ghvfulehg lq wkh olwhudwxuh1 Rqh
w|sh lv edvhg rq srwhqwlrphwulf surelqj dqg frqvlvwv ri d uhihuhqfh hohfwurgh/ h1j1
Kj@Kj

2

VR
e

ru Dj@DjFo / prxqwhg lq d jodvv wxeh zklfk whuplqdwhv lq d vpdoo
fdsloodu| +314 0 4333 �p lq gldphwhu,1 Wkh jodvv wxeh lv �oohg zlwk dq hohfwuro|wh
vroxwlrq1 Wkh rwkhu w|sh lqyroyhv d wklq phwdo zluh/ h1j1 Sw/ zklfk lv vhdohg lqwr d jodvv
wxeh h{fhsw iru wkh wls zklfk vhuyhv dv wkh dfwxdo sureh1 Zkloh wkh iruphu srwhqwldo
plfursurehv zhuh xvxdoo| xvhg iru wkh phdvxuhphqw ri srwhqwldo glvwulexwlrqv zlwk
qhjoljleoh fxuuhqw  rzlqj wkurxjk wkh fdsloodu| ^<6/ <7/ <8/ 69`/ wkh odwwhu zhuh vkrzq
wr uhdglo| surylgh lqirupdwlrq rq pdvv wudqvsruw/ gl�xvlrq frh!flhqwv dqg lqwhuidfldo
nlqhwlfv ^<9/ <:`1 Ixuwkhupruh/ xsrq vfdqqlqj dorqj dq hohfwurfkhplfdo vxuidfh xvlqj
d phwdo zluh sureh/ dq lqgluhfw lpdjlqj ri wkh vxuidfh pruskrorj| ehfrphv srvvleoh
wkurxjk ihhgedfn h�hfwv ^<:`1

Wkh suhvhqw zrun rswhg iru vwdwlrqdu| srwhqwlrphwulf fdsloodu| surehv iru wkh
vwxg| ri vsdwlrwhpsrudo hyroxwlrq ri wkh srwhqwldo lqvlgh wkh hohfwuro|wh qhdu wkh
zrunlqj hohfwurgh1 Iluvw/ wkh jhqhudo hohfwurgh vhwxs ri wkh phdvxuhphqwv zlwk wzr
dqg hohyhq orfdo srwhqwldo surehv zloo eh ghvfulehg1 Vxevhtxhqwo|/ wkh gdwd dftxlvlwlrq
vhwxs xvhg lq fkdswhu 9 zloo eh glvfxvvhg1 Ghwdlov frqfhuqlqj wkh hohfwurgh qxpehulqj
dqg wkh vroxwlrqv frqfhqwudwlrqv xvhg zloo eh jlyhq lq wkh h{shulphqwdo vhfwlrq ri
fkdswhu 91

Wzr0srwhqwldo0sureh phdvxuhphqwv

Iru wkh sxusrvh ri suholplqdu| whvwv iru vsdwldo h�hfwv lq dq hohfwurfdwdo|wlf v|vwhp/
d vlpsoh vhwxs vkrzq lq Ilj1 609 zdv ghvljqhg1 Lq frqwudvw wr suhylrxv vwxglhv lq
hohfwurfdwdo|wlf v|vwhpv ^69` doo sduwv/ l1h1 erwk zrunlqj hohfwurgh dqg orfdo srwhqwldo
surehv/ zhuh vwdwlrqdu|1 D sro|fu|vwdoolqh Sw ulqj hohfwurgh ri 65/8 pp dqg 75/8 pp
lq lqqhu dqg rxwhu gldphwhu zdv xvhg dv zrunlqj hohfwurgh1 Wkh ulqj zdv suhvvhg
iurp Sw sodwh ri 314 pp lq wklfnqhvv1 Wkh wls ri d wklq Sw zluh 0 316 pp lq gldphwhu
dqg hpehgghg lq d 7pp jodvv wxeh h{fhsw iru wkh 6 pp wls 0 zdv zhoghg rqwr wkh Sw
sodwh ulqj dw wkh d srlqw qhdu wkh rxwhu hgjh wr surylgh d frqqhfwlrq ri wkh Sw sodwh
ulqj wr wkh rxwhu flufxlw1 Wkh jodvv wxeh zdv prxqwhg lqwr wkh wh rq olg ri wkh fhoo
�{lqj wkh zrunlqj hohfwurgh dw d yduldeoh khljkw zlwklq wkh hohfwuro|wh1
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D sro|fu|vwdoolqh Sw zluh +4 pp lq gldphwhu, ehqghg wr d ulqj +95 pp lq gldphwhu,
vhuyhg dv frxqwhu hohfwurgh dqg zdv sodfhg frqfhqwulfdoo| wr wkh zrunlqj hohfwurgh
+vhh Ilj1 609,1 Lq dqdorj| wr wkh zrunlqj hohfwurgh/ d Sw zluh lqvlgh d jodvv wxeh
khoshg wr �{ wkh srvlwlrq ri wkh frxqwhu hohfwurgh1 Xvxdoo|/ wkurxjkrxw wkh vsdwldo
h{shulphqwv/ wkh frxqwhu hohfwurgh ulqj zdv sodfhg derxw 83 pp deryh wkh zrunlqj
hohfwurgh ulqj sodqh1

Wkh uhihuhqfh hohfwurgh +Kj@Kj
2

VR
e

, zdv prxqwhg lq d jodvv wxeh zklfk whu0
plqdwhg lq d �qh jodvv fdsloodu| +Oxjjlq0Kdehu fdsloodu|, uljkw lq wkh fhqwhu ri wkh
zrunlqj hohfwurgh1

Wzr jodvv fdsloodulhv ri dssur{lpdwho| 533 �p lqqhu gldphwhu dqg 6pp ohqjwk
orfdwhg dw rssrvlwh vlghv ri wkh xsshu idfh ri wkh zrunlqj hohfwurgh vhuyhg dv orfdo
srwhqwldo surehv1 Wkh xsshu hqg ri wkh fdsloodulhv zhuh dwwdfkhg wr jodvv wxehv ri
;pp lqqhu gldphwhu zklfk krvwhg wkh Kj@Kj

2
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e

uhihuhqfh hohfwurghv +Udglrphwhu
Frus1,1 Wkh jodvv erg| ri wkh orfdo srwhqwldo sureh hohfwurghv +;pp jodvv wxeh soxv
fdsloodu|, zhuh �oohg zlwk d kljko| frqfhqwudwhg hohfwuro|wh vroxwlrq sulru wr dlu0iuhh
lqvhuwlrq ri wkh uhihuhqfh hohfwurghv1 Wkh frpsohwh orfdo srwhqwldo surehv zhuh wkhuh0
diwhu prxqwhg iurp deryh lqwr wkh wh rq fds ri wkh fhoo1 Vxevhtxhqwo|/ wkh orzhu/
rshq hqg ri wkh fdsloodu| zdv vorzo| dssurdfkhg wrzdugv wkh xsshu idfh ri wkh zrunlqj
hohfwurgh xs wr d glvwdqfh ri dssur{lpdwho| 633 0 4333 �p= Lq suhylrxv vwxglhv xvlqj
orfdo srwhqwlrphwulf surehv ^69` wkh fdsloodulhv zhuh �oohg zlwk Djdu0Djdu jho suhsduhg
zlwk d kljko|0frqfhqwudwhg vroxwlrq ri vrph hohfwuro|wh1 Wklv wuhdwphqw ehfdph qhf0
hvvdu|/ vlqfh ohdndjh ri wkh hohfwuro|wh lqvlgh wkh orfdo surehv shuwxuehg frqvlghudeo|
wkh hohfwurfkhplfdo surfhvv dw wkh zrunlqj hohfwurgh1 Lq wkh suhvhqw zrun/ krzhyhu/
wkh xvh ri jho iru wkh uhgxfwlrq ri gl�xvlyh ohdndjh suryhg qrw wr eh fulwlfdo/ dv lghq0
wlfdo hohfwuro|whv zhuh xvhg lqvlgh dqg rxwvlgh wkh orfdo surehv dqg gl�xvlyh  x{hv
gxh wr frqfhqwudwlrq gursv glg qrw txdolwdwlyho| d�hfw wkh vsdwlrwhpsrudo hyroxwlrq
ri wkh srwhqwldo qhdu wkh zrunlqj hohfwurgh1

Ilqdoo|/ dq dgglwlrqdo Sw0zluh vhdohg lq d jodvv wxeh h{fhsw iru d 5pp wls zdv
prxqwhg lqwr wkh fhoo1 Wklv hohfwurgh vhuyhg dv *sxovh shuwxuedwlrq hohfwurgh* iru
wkh dssolfdwlrq ri frqwuroohg vsdwldoo| lqkrprjhqhrxv shuwxuedwlrqv ri wkh srwhqwldo
glvwulexwlrq qhdu wkh zrunlqj hohfwurgh1 Lwv Sw wls zdv dssurdfkhg wr wkh xsshu idfh
ri wkh zrunlqj hohfwurgh xs wr derxw 5pp1

Pxowl0srwhqwldo0sureh phdvxuhphqwv

Diwhu suholplqdu| whvwv rq wkh fdsdelolw| ri lqkrprjhqhrxv vsdwlrwhpsrudo g|qdplfdo
uhjlphv lq wkh fkrvhq hohfwurfkhplfdo uhdfwlrq/ wkh wzr0sureh vhwxs zdv h{whqghg dqg
xsvfdohg wr hohyhq/ lghqwlfdo htxl0vsdfhg orfdo Kj@Kj
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hohfwurghv dv looxvwudwhg
lq Ilj1 60: lq rughu wr dfklhyh dq lpsuryhg vsdwldo uhvroxwlrq ri wkh srwhqwldo sdwwhuqv1
Wkh jhqhudo hohfwurgh dqg jhrphwulfdo ghvljq zdv pdlqwdlqhg1 D prgl�hg wh rq olg
doorzhg wkh dffrpprgdwlrq ri hohyhq orfdo surehg dorqj wkh zrunlqj hohfwurgh lq d 63
ghjuhh dqjoh iurp hdfk rwkhu1 Wkh ghvljq ri hdfk orfdo sureh zdv lghqwlfdo wr wkdw xvhg
lq wkh wzr0sureh phdvxuhphqwv1 Ehwzhhq wkh �uvw dqg wkh hohyhqwk srwhqwldo sureh/
wkhuh uhpdlqhg d 93 ghjuhh jds zkhuh wkh sxovh shuwxuedwlrq hohfwurgh zdv orfdwhg1
Wkh zrunlqj hohfwurgh dqg frxqwhu hohfwurgh gxulqj wkh pxowl0sureh phdvxuhphqwv
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Iljxuh 609= H{shulphqwdo vhwxs ri wkh srwhqwlrphwulf wzr0sureh orfdo0srwhqwldo phd0
vxuhphqwv rq d Sw0sro| ulqj hohfwurgh1

zhuh lghqwlfdo wr wkrvh xvhg lq wkh wzr0sureh vwxglhv1 Wkh uhihuhqfh hohfwurgh frxog
qrz eh vkliwhg frqwlqxrxvo| dorqj wkh d{lv ri urwdwlrq ri wkh zrunlqj hohfwurgh1

Vsdwlrwhpsrudo uhvroxwlrq

Wkh whpsrudo uhvroxwlrq ri wkh pxowl0sureh vhwxs lv hlwkhu jlyhq e| wkh fkdudfwhulvwlf
wlph vfdoh � ri wkh srwhqwldo surehv/ l1h1 wkh wlph lw wdnhv iru wkh surehv wr iroorz dq
deuxsw fkdqjh lq srwhqwldo qhdu wkh zrunlqj hohfwurgh ru hovh e| wkh uhflsurfdo ydoxh
ri wkh vdpsolqj iuhtxhqf| ir@6R,e ri wkh D2G frqyhuwhu +vhh xsfrplqj sdudjudsk,1
Wkh ydoxh ri ir@6R,e lv jlyhq e| wkh kdug0 dqg vriwzduh frq�jxudwlrq ri wkh gdwd
dftxlvlwlrq vhwxs1 Lq rughu wr plqlpl}h �> wkh frqgxfwlylw| � ri wkh vroxwlrq lqvlgh
wkh fdsloodu| kdv wr eh pd{lpl}hg ^69`/ iru wkh fdsloodu| frqvwlwxwhv dq hohfwulfdo
sdudooho UF flufxlw frpsrvhg ri wkh fdsloodu|*v fdsdflw| dqg lwv vroxwlrq uhvlvwdqfh1
Iru d w|slfdo ydoxh ri wkh fdsloodu| fdsdflw| +433HI , dqg �ri wkh vroxwlrqv hpsor|hg/
� fdq eh hvwlpdwhg wr udqjh iurp 314043 �v zklfk suryhg wr eh vx!flhqw iru wkh
whpsrudo surfhvvhv frqvlghuhg1

Wkh vsdwldo uhvroxwlrq iroorzv sulpdulo| iurp wkh vsdflqj ri wkh orfdo surehv dorqj
wkh hohfwurgh1 Ixuwkhupruh/ wkh phdvxuhg orfdo srwhqwldo ydoxh ghshqgv dovr rq wkh
lqglylgxdo glvwdqfh ri wkh sureh iurp wkh hohfwurgh vxuidfh/ vlqfh wkh glvwdqfh gh0
whuplqhv wkh zlgwk ri wkh vsdwldo uhjlrq ryhu zklfk dq dyhudjlqj ri wkh srwhqwldo
rffxuv1

Jhqhudoo|/ gxh wr vwurqj pljudwlrq frxsolqj wkh h{shfwhg fkdudfwhulvwlf vsdwldo
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Iljxuh 60:= Vlgh ylhz ri wkh pxowl0hohfwurgh duud| vhwxs iru wkh phdvxuhphqwv ri
vsdwldo srwhqwldo glvwulexwlrq dorqj d ulqj zrunlqj hohfwurgh +frxqwhu hohfwurgh qrw
vkrzq,1

ohqjwk vfdoh ri hohfwurfkhplfdo sdwwhuqv lv odujh frpsduhg wr uhdfwlrq0gl�xvlrq v|v0
whpv +UGV, dqg udqjhv zhoo lq wkh rughu ri vhyhudo pp +frpsduhg wr 43 �p iru
vxuidfh UGV ^5:`,1 Wkhuhiruh/ wkh jlyhq edvlf vsdwldo uhvroxwlrq ri derxw 43 pp zdv
dvvxphg wr eh vx!flhqw iru wkh revhuydwlrq ri vsdwldo srwhqwldo lqkrprjhqhlwlhv1

Wkh gdwd dftxlvlwlrq vhwxs

Ilj1 60; vnhwfkhv wkh sulqflsdo hohphqwv lqyroyhg lq wkh frpsohwh h{shulphqwdo fhoo
dqg gdwd dftxlvlwlrq vhwxs1 Wkh sxovh shuwxuedwlrq hohfwurgh lv frqqhfwhg wr d sxovh
jhqhudwru surylglqj uhfwdqjxodu srwhqwldo sxovhv ri ydulrxv gxudwlrq dqg dpsolwxgh1
Zlwkrxw h{whuqdo uhvlvwdqfh/ wkh dpsolwxghv ri wkh srwhqwldo sxovhv duh uhodwlyh wr
wkh zrunlqj hohfwurgh srwhqwldo1 Zrunlqj/ frxqwhu dqg uhihuhqfh hohfwurghv duh frq0
qhfwhg wr wkh srwhqwlrvwdw2jdoydqrvwdw zklfk dovr frqwurov dq [0\ sorwwhu1 Wkh orfdo
srwhqwldo surehv duh frqqhfwhg wkurxjk d frpelqhg orz0sdvv �owhu2 rdwlqj0jurxqg
dpsol�hu +{43, +flufxlw lv vkrzq lq Ilj1 60<, wr wkh lqsxw fkdqqhov ri d 45 elw 0
49 fkdqqho pxowlsoh{ D2G frqyhuwhu1 Gxulqj phdvxuhphqwv/ wkh gljlwdo lqirupdwlrq
lv vwruhg whpsrudulo| lq wkh gdwd dftxlvlwlrq ghylfh ehiruh lw lv sdvvhg rq wr d shu0
pdqhqw vwrudjh +Shuvrqdo Frpsxwhu/ Ghoo/ Shqwlxp 533 PK}, diwhu frpsohwlrq ri
phdvxuhphqw1

Wkh MDYD phdvxuhphqw vriwzduh +zulwwhq e| K1 Mxqnhv dqg V1 Vfkùqh/ Frp0
sxwdwlrqdo Fhqwhu ri wkh Iulw}0Kdehu0Lqvwlwxw, lv h{hfxwhg iurp wkh SF e| folfnlqj
rq VWDUW2Surjudpph2Mdyd Phvvsurjudpp2Shwhu*v phdvxuhphqwv1 Diwhu zlqgrz
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srs0xs/ wkh vriwzduh qhhgv wr eh frqqhfwhg wr wkh dftxlvlwlrq ghylfh + FSX zlwk
GQV hqwu| *olqn*, e| suhvvlqj *frqqhfw*1 Wkh vriwzduh lv qrz e| ghidxow vhw lq wkh rq0
olqh/ vwdqg0e| prgh/ l1h1 d prgh zlwkrxw vwrulqj lqirupdwlrq/ exw lqvwhdg zkhuh wkh
lqvwdqwdqhrxv srwhqwldo lqirupdwlrq fdq eh lqvshfwhg lq d wlph0vhulhv dqg d +srwhqwldo0
fkdqqho, sorw uhsuhvhqwdwlrq1 Xsrq vwduwlqj wkh dftxlvlwlrq prgh +VWDUW exwwrq,/
wkh lqvwdqwdqhrxv judskv duh ghdfwlydwhg1 Lqvwhdg/ wkh 490fkdqqho lqirupdwlrq lv uhdg
lqwr wkh whpsrudu| phpru| dqg lv wudqvihuuhg wr wkh SF*v kdug glvf diwhu whuplqdwlrq
+VWRS exwwrq,1 Dsduw iurp d vhwxs lqirupdwlrq DVFLL �oh lqfoxglqj wkh lqirupd0
wlrq surylghg e| wkh xvhu lq wkh orzhu zlqgrz/ dq DVFLL wh{w �oh lv fuhdwhg zlwk
49 froxpqv dqg wkh qxpehu ri urzv htxdoolqj wkh qxpehu ri pxowlsoh{hg lqsxw f|0
fohv1 Ehlqj DVFLL/ wkh lqirupdwlrq lv hdvlo| uhwulhydeoh1 Wkh vfdqqlqj iuhtxhqf| fdq
frqwlqxrxvo| eh ydulhg ehwzhhq 43 dqg 4333 K}1

V|vwhp huuruv dqg gdwd surfhvvlqj

Zlwk wkh D2G pxowlsoh{ frqyhuwhu ehlqj 45 elw lq uhvroxwlrq zlwklq d yrowdjh udqjh
ri 	43 Y/ d pd{lpdo vljqdo uhvroxwlrq ri derxw 8 pY frxog eh dfklhyhg lq wkh orfdo
srwhqwldo phdvxuhphqwv1

Wklv srwhqwldo uhvroxwlrq zdv frqvlghuhg wr eh zhoo vx!flhqw/ dv srwhqwldo ydul0
dwlrqv gxh wr g|qdplfdo lqvwdelolwlhv zhuh h{shfwhg wr eh rq wkh rughu ri vhyhudo
kxqguhg pY ^<;`1

Dsduw iurp lqkhuhqw phdvxuhphqw qrlvh/ v|vwhpdwlf huuruv rffxuuhg gxh wr yduld0
wlrqv +l, lq wkh lqqhu gldphwhu ri wkh hohyhq orfdo fdsloodu| srwhqwldo surehv/ +ll, lq wkh
rkplf srwhqwldo gurs dfurvv wkh hohfwuro|wh gxh wr +�, vsdwldoo| lqkrprjhqhlwlhv ri
wkh frqgxfwlylw| ri wkh hohfwuro|wh +ohdndjh ri wkh fdsloodu| vroxwlrq, dqg +�, ydu|lqj
glvwdqfh ehwzhhq wkh wls ri wkh fdsloodu| dqg wkh zrunlqj hohfwurgh vxuidfh1

Zkloh wkh yduldwlrqv ri wkh lqqqhu gldphwhu pdlqo| d�hfwhg wkh fkdudfwhulvwlf wlph
vfdoh ri wkh fdsloodulhv dqg/ wkhuhiruh/ glg qrw frqvlghudeo| lq xhqfh wkh pdjqlwxgh
ri wkh phdvxuhg orfdo srwhqwldo/ yduldwlrqv ri wkh vroxwlrq frqgxfwlylw| lq lfwhg wkh
phdvxuhg orfdo srwhqwldo/ lq sduwlfxodu dw kljk +� .318 Y, dqg yhu| orz +� 0318Y,
ryhusrwhqwldov1 Dw srwhqwldov frqvlghuhg xqghu elvwdeoh dqg rvfloodwru| frqglwlrqv
+durxqg 3 Y 2 Kj
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, wkh pd{lpdo v|vwhp huuru ri lqglylgxdo srwhqwldo surehv
revhuyhg lq h{shulphqwv qhyhu h{fhhghg 43 ( +zlwk uhvshfw wr wkh dyhudjh ri wkh
uhpdlqlqj whq hohfwurgh,1

Vlqfh doo orfdo srwhqwldo surehv duh vwdwlrqdu|/ gdwd surfhvvlqj lv vwudljkw0iruzdug1
Zkhuh d v|vwhpdwlf huuru rffxuuhg/ d olqhdu uhqrupdol}dwlrq zdv shuiruphg zklfk do0
orzhg iru wkh holplqdwlrq ri wkh v|vwhpdwlf srwhqwldo huuru1 Wkh rqo| �jxuh zkhuh wklv
surfhgxuh zdv dssolhg wr rqh orfdo sureh lv Ilj1 9045 lq fkdswhu 91Doo srwhqwldo2wlph
dqg fxuuhqw2wlph sorwv lq fkdswhu 9 zhuh rewdlqhg xvlqj Ruljlq 8131 Doo �jxuhv uh0
surgxfh wkh ruljlqdo phdvxuhphqw gdwd zlwkrxw dq| vxevhtxhqw gljlwdo �owhulqj1
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Iljxuh 60;= Sulqflsdo h{shulphqwdo vhwxs iru gdwd dftxlvwlrq gxulqj pxowl0srwhqwldo0
sureh phdvxuhphqwv1

616 Wkhruhwlfdo frqfhswv dqg phwkrgv

61614 Hvvhqwldov ri surfhvv frqwuro

Frpsohwh frqwuro ryhu wkh whpsrudo dqg +iru vsdwldoo| h{whqghg v|vwhpv, vsdwldo
g|qdplfv ri fkhplfdo uhdfwlrq surfhvvhv kdv dozd|v ehhq d ixqgdphqwdo ghvluh ri
fkhplvwv dqg fkhplfdo hqjlqhhuv dolnh1 Fkhplfdo surfhvvhv kdyh ehhq wudglwlrqdoo|
frqwuroohg e| xvlqj olqhdu v|vwhpv dqdo|vlv dqg ghvljq wrrov1 Wkhvh phwkrgv gdwh
edfn wr wkh fodvvlfdo hqjlqhhulqj frqwuro olwhudwxuh ri wkh 4<83*v ^<<`1 D pdmru uhdvrq
wkdw wkh xvh ri olqhdu v|vwhpv wkhru| kdv ehhq vr shuydvlyh lv wkdw wkhuh lv dq dqdo|w0
lfdo vroxwlrq/ khqfh wkhuh duh pruh uljrurxv vwdelolw| dqg shuirupdqfh surriv1 Dovr/
wkh frpsxwdwlrqdo ghpdqgv iru olqhdu v|vwhp vlpxodwlrq +dqg lpsohphqwdwlrq, duh
xvxdoo| txlwh vpdoo zkhq frpsduhg wr d qrqolqhdu vlpxodwlrq1

Reylrxvo|/ wkh xvh ri olqhdu v|vwhp whfkqltxh lv txlwh olplwlqj li d fkhplfdo surfhvv
lv kljko| qrqolqhdu1 Wkhuhiruh/ hyhu vlqfh wkh dgyhqw ri prghuq qrqolqhdu v|vwhpv wkh0
ru| ^75`/ dgydqfhg qrqolqhdu frqwuro vwudwhjlhv kdyh ehhq pruh dqg pruh sxw iruzdug
zklfk duh edvhg rq vxjjhvwlrqv vwhpplqj iurp wkh �hog ri wkhruhwlfdo sk|vlfv dqg
pdwkhpdwlfv udwkhu wkdq iurp hqjlqhhuv1 Xqolnh olqhdu frqwuro whfkqltxhv/ qrqolqhdu
frqwuro vwudwhjlhv hpskdvl}h wkh h{sorlwdwlrq ri vshfl�f qrqolqhdu ihdwxuh lq frqwuro0
olqj d v|vwhp*v g|qdplfv1 Wkxv/ qrqolqhdu frqwuroohuv duh riwhq vshfl�fdoo| wdloruhg
wr fhuwdlq surfhvvhv dqg fdqqrw eh hdvlo| dgrswhg lq gl�huhqw v|vwhpv1^433/ 434/ 435`1

Vwloo/ uhfhqw zrun dovr vkrzhg wkdw lq qxphurxv fdvhv frqyhqwlrqdo frqwuro vrox0
wlrqv duh deoh wr frqwuro qrqolqhdu ehkdylru vxfk dv ghwhuplqlvwlf fkdrv ^436/ 437/
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Iljxuh 60<= Hohfwurqlf flufxlw ri wkh dpsol�hu dqg �owhu zlwk  rdwlqj jurxqg xvhg
iru wkh vsdwldoo| uhvroyhg phdvxuhphqw ri wkh orfdo srwhqwldo gurs dw wkh hohfwurgh
vxuidfh1

438/ 439`1 Wklv dssurdfk lv lpsruwdqw lq wkdw lw qrw rqo| r�huv d frqwuro hqjlqhhulqj
shuvshfwlyh wr wkh frqwuro ri frpsoh{ v|vwhpv exw pd| dovr kdyh odlg vrph jurxqg
zrun iru d pruh v|vwhpdwlf dqg frpsuhkhqvlyh vwxg| ri wkh vxemhfw1

Qrwlrq dqg whuplqrorj| ri surfhvv frqwuro

D +fkhplfdo, surfhvv +frqwuro v|vwhp, lv fkdudfwhul}hg e| d qxpehu ri rxwsxw yduldeohv
|� dqg rqh ru pruh sdudphwhuv dffhvvleoh ru xqdffhvvleoh wr wkh h{shulphqwhu1 Wkh
iruphu duh dovr uhihuuhg wr dv frqvwudlqwv + P lq Ilj1 6043,1 Iurp dq hqjlqhhulqj
srlqw ri ylhz surfhvv frqwuro prvw jhqhudoo| ghqrwhv wkh dfwlrq wr pdnh wkh surfhvv
g|qdplfv/ l1h1 wkh whpsrudo hyroxwlrq ri rqh ru pruh ri wkh vwdwh yduldeohv wr eh
frqwuroohg/ iroorz d ghvluhg ru suhvfulehg sdwk1 Xvxdoo| lq hqjlqhhulqj/ lw lv lpsolhg
wkdw wkh surfhvv lwvhoi zlwkrxw dq| frqwuro dfwlrq lv lq d vwdeoh vwdwlrqdu| vwdwh/ l1h1
lw lv rshq0orrs vwdeoh +vhh Ilj1 6043,1 Frqwuro dfwlrq riwhq iroorzv iurp d glvfuhsdqf|
ri wkh lqvwdqwdqhrxv ydoxh ri wkh yduldeohv |� wr eh frqwuroohg +frqwuro yduldeoh, dqg
wkhlu vhwsrlqw ydoxh |7.A / l1h1 wkhlu ghvluhg ydoxh1 Frqwuro dfwlrq lv dozd|v h{huwhg
rq v|vwhp frqvwudlqwv1 Ihhgedfn frqwuro phdvxuhv wkh frqwuro yduldeoh/ frpsduhv
lwv ydoxh zlwk lwv vhwsrlqw dqg ihhgv wkh huuru lqwr d ihhgedfn frqwuroohu zklfk lq
wxuq pdqlsxodwhg d frqvwudlqw1 Lqirupdwlrq lv wkxv ihg edfn iurp wkh yduldeohv wr d
frqvwudlqw +forvhg0orrs frqwuro v|vwhp,1 Dfwlrq lv wdnhq diwhu d fkdqjh rffxuv lq wkh
surfhvv +vhh Ilj1 6044,1

Lq wkh Qrqolqhdu G|qdplfv*v olwhudwxuh ihhgedfn surfhvv frqwuro xvxdoo| ghdov zlwk
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Iljxuh 6043= Vfkhph ri dq rshq0orrs fdvfdgh frqwuro v|vwhp1 J� uhsuhvhqw wkh wudqvihu
ixqfwlrqv ri wzr frqvhfxwlyh surfhvvhv lq wkh Odsodfh grpdlq1

Iljxuh 6044= Vfkhph ri d forvhg0orrs frqwuro v|vwhp1 J� >Ju>J� ghqrwh wkh wudqvihu
ixqfwlrqv ri wkh surfhvv/ wkh Ordg dqg wkh frqwuroohu/ uhvshfwlyho|1

rshq0orrs xqvwdeoh v|vwhpv +elvwdeoh/ rvfloodwru| ru fkdrwlf, zlwk rqh ru pruh xqvwdeoh
olplw vhwv +uhshooruv, frh{lvwlqj zlwk wkh vwdeoh dwwudfwru1 Vxffhvvixo frqwuro lqyroyhv
wkh lqwhqvlrqdo fkdqjh ri vwdelolw| ri wkh olplw vhwv zlwkrxw fkdqjh ri wkh ydoxh ri wkh
frqvwudlqwv ru sdudphwhuv1 wklv w|sh ri frqwuro zloo eh wkh vxemhfw ri fkdswhu : zkhuh
dq rvfloodwru| rshq0orrs v|vwhp zloo eh vwdelol}hg +frqwuroohg, rqwr wkh suhylrxvo|
xqvwdeoh dqg wkhuhiruh xqdffhvvleoh vwdwlrqdu| vwdwh e| phdqv ri frqyhqwlrqdo SLG
frqwuro whfkqltxhv1

SLG frqwuro

Sursruwlrqdo0Lqwhjudo0Ghulydwlyh +SLG, frqwuro kdv ehhq wkh grplqdqw frqwuro vwudw0
hj| iru ghfdghv dqg zloo uhpdlq wkh phwkrg xvhg rq d odujh iudfwlrq ri doo frqwuro
sureohpv iru ghfdghv wr frph1
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Wkh SLG dojrulwkp lq wkh wlph grpdlq lv
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zkhuh x+w, ghqrwhv wkh pdqlsxodwlrq ri d frqvwudlqw/ n d sursruwlrqdo jdlq/ �U dqg
�( wkh lqwhjudo dqg ghulydwlyh wlph frqvwdqw dqg h+w, wkh lqvwdqwdqhrxv huuru ri wkh
frqwuro yduldeoh1

Pruh frqyhqlhqwo|/ frqwuroohuv dqg frqwuro v|vwhpv duh ghvfulehg lq wkh Odsodfh
grpdlq ^43:` xvlqj wkh Odsodfh yduldeoh v udwkhu wkdq lq wkh wlph grpdlq1 Lq wklv
uhsuhvhqwdwlrq/ wkh frqwuro dfwlrq rq wkh hljhqydoxhv +vwdelolw|, ri olplw vhwv lv pxfk
pruh wudqvsduhqw1 Dq lpsruwdqw frqfhsw lq wkh Odsodfh grpdlq lv wkh udwlr ri wkh
rxwsxw dqg lqsxw ydoxhv ri surfhvv fdoohg wkh rshq0orrs wudqvihu ixqfwlrq1 Olnhzlvh/
wkh wudqvihu ixqfwlrq ri d frqwuroohu fdq eh gh�qhg lq wkh Odsodfh grpdlq1 Wkh wudqvihu
ixqfwlrq frpsohwho| ghwhuplqhv wkh olqhdu uhvsrqvh ri d v|vwhp dqg lv wkhuhiruh uhodwhg
wr wkh frqfhsw ri lpshgdqfh1 Lq d forvhg0orrs duudqjhphqw +Ilj1 6044,/ wkh ryhudoo
ihhgedfn v|vwhp fdq eh ghvfulehg e| d forvhg0orrs wudqvihu ixqfwlrq zklfk uhdgv iru
wkh v|vwhp lq Ilj1 6044

JS,Jre_3,JJR @
|

|7.A
@

J�J�

4 .J�J�

= +6143,

wkh urrwv ri wkh ghqrplqdwru uhsuhvhqw wkh hljhqydoxhv ri wkh frpsohwh v|vwhp dqg
wkxv ghwhuplqh wkh v|vwhp vwdelolw|1

Fkhplfdo surfhvv prgholqj

Dq lpsruwdqw sduw ri dq| frqwuro v|vwhp ghvljq lv wkh ghyhorsphqw ri d pdwkhpdwlfdo
uhsuhvhqwdwlrq ri wkh surfhvv1 Hyhq li d olqhdu frqwuro v|vwhp ghvljq whfkqltxh lv xvhg/
yhul�fdwlrq lv shuiruphg yld vlpxodwlrqv +vhh fkdswhu :,1

Frqvlghu d qrqolqhdu rvfloodwru| prgho zlwk vwdwh yduldeoh { dqg | dqg frqvwudlqw
s

b{ @ i+{> |> s, +6144,

b| @ j+{> |, +6145,

Ixqfwlrqv i dqg j duh dvvxphg wr eh vx!flhqwo| qrqolqhdu iru rvfloodwlrqv1 Vxssrvh
wkhuh lv dq xqvwdeoh vwdwlrqdu| vwdwh + {

f

> |
f

, vxuurxqghg e| d vwdeoh olplw f|foh dw
s @ s

f

/ l1h1 wkh v|vwhp rvfloodwhv1 Wkh olqhdul}dwlrq ri wkh v|vwhp lq wkh ylflqlw| ri
wkh vwdwlrqdu| vwhdg| vwdwh fdq eh zulwwhq dv

g

gw

�
�{
�|

�
@

�
i% i+
j% j+

��
�{
�|

�
@ M

�
�{
�|

�
+6146,
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zlwk

Ghw M @ i%j+ � i+j% A 3 +6147,

Wu M @ i% . j+ A 3 +6148,

Xsrq ihhgedfn ghulydwlyh frqwuro ri | rq s / wkh olqhdu forvhg0orrs v|vwhp uhdgv

g

gw

�
�{
�|

�
@

�
i% i+
j% j+

��
�{
�|

�
.E n �s +6149,

�s @
g

gw
�| @ j% �{. j+ �| +614:,

zlwk n ehlqj wkh frqwuroohu jdlq dqg E @
�
sR

}R

�
1

Khqfh/ wkh ryhudoo forvhg0orrs Mdfreldq |lhogv

M � @

�
i% . iR n j% i+ . iR n j+

j% j+

�
+614;,

lpso|lqj

Ghw M � @ Ghw M A 3 +614<,

Wu M � @ i% . j+ . iR n j% B 3 +6153,

Wklv phdqv wkdw e| dsso|lqj ghulydwlyh frqwuro dfwlrq rqo| wkh wudfh ri wkh olqhdu
v|vwhp lv dowhuhg dqg/ wkxv/ olplw f|fohv fdq eh vhohfwlyho| vxssuhvvhg zlwkrxw dowhulqj
wkh ghwhuplqdqw jlyhq d qhjdwlyh ydoxh ri wkh wudfh1 Qrwh wkdw wklv vlpsoh dgglwlyh
frqwuro vfkhph krogv rqo| wuxh dv orqj dv wkh frqwuro yduldeoh lv qrw d ixqfwlrq ri wkh
frqwuroohg frqvwudlqw1 Lq wkh odwwhu fdvh/ dq dgglwlrqdo ghjuhh ri iuhhgrp qhhgv wr eh
lqwurgxfhg lq wkh v|vwhp +vhh fkdswhu :,1
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61615 Qxphulfdo phwkrgv

Lqwhjudwlrq1 Wkh qxphulfdo lqwhjudwlrq ri v|vwhpv ri ruglqdu| gl�huhqwldo htxdwlrqv
ghvfulehg lq wklv wkhvlv zdv shuiruphg xvlqj wkh IRUWUDQ ovrgh sdfndjh ^43;`1
Wklv urxwlqh lv d yhu| uholdeoh hdv|0wr0xvh lqwhjudwlrq urxwlqh zklfk lv edvhg rq d
kljkhu0rughu Dgdpv0Prowhq0w|sh suhglfwru0fruuhfwru phwkrg zlwk dxwrpdwlf vwhsvl}h
frqwuro1 Devroxwh huuruv ri wkh yduldeohv zhuh �{hg dw 433�2= Wkh fdofxodwlrqv zhuh
shuiruphg hlwkhu rq d GHF zrunvwdwlrq +prgho 65333/ Xowul{ rshudwlqj v|vwhp/ Glj0
lwdo frus1, ru d Ghf Doskd 733 +GHF RVI rshudwlqj v|vwhp,1

Frqwlqxdwlrq1 Frqwlqxdwlrq ri orfdo dqg joredo elixufdwlrq srlqwv zdv shuiruphg
zlwk wkh qrq0lqwhudfwlyh yhuvlrq ri DXWR ;9 zulwwhq e| Grhgho ^43<`1 Wklv vriw0
zduh wudfhv rxw wkh vdggoh0qrgh/ Krsi/ dqg vdggoh0orrs elixufdwlrq vhwv lq wzr v|v0
whp sdudphwhuv diwhu dq lqlwldo vwhdg|0vwdwh kdv ehhq surylghg1 Lq wkh xsfrplqj
wzr0sdudphwhu elixufdwlrq gldjudpv Krsi dqg vdggoh0qrgh elixufdwlrqv duh dozd|v
ghslfwhg dv gdvkhg dqg vrolg olqhv/ uhvshfwlyho|1
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