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Devwudfw= H{whulru gl�huhqwldo irupv/ xqolnh whqvru �hogv/ duh
zhoo ehkdyhg zlwk uhvshfw wr F4 gl�huhqwldeoh/ exw qrw lqyhuwleoh/
pdsv/ vxfk dv wkrvh xvhg wr ghvfuleh surmhfwlrqv1 Uhodwlyh wr wkhvh
qrq0krphrprusklf pdsv wkdw lqgxfh wrsrorjlfdo fkdqjh/ d orjlfdo
duurz ri wlph lv jhqhudwhg/ iru wkh ixqfwlrqdo frh�flhqwv ri wkh h{0
whulru gl�huhqwldo irupv pd| eh uhwurglfwhg iurp gdwd rq wkh �qdo
vwdwh/ exw qrw suhglfwhg iurp gdwd rq wkh lqlwldo vwdwh1 Lw iroorzv
wkdw Fduwdq*v phwkrgv ri h{whulru gl�huhqwldo irupv fdq eh xvhg
wr vwxg| frqwlqxrxv wrsrorjlfdo hyroxwlrq/ dqg wkhuprg|qdplf lu0
uhyhuvlelolw|1 Wkh phwkrgv duh dssolhg wr wkrvh sk|vlfdo v|vwhpv
wkdw fdq eh ghvfulehg e| d 40irup ri Dfwlrq/ D/ dqg wr surfhvvhv
wkdw dgplw ghvfulswlrq lq whupv ri d yhfwru �hog/ Y1 Fduwdq*v hyr0
oxwlrqdu| irupxod xvhv wkh Olh ghulydwlyh zlwk uhvshfw wr wkh yhfwru
�hog/ Y/ dfwlqj rq wkh 40irup ri Dfwlrq/ D/ wr fuhdwh dq hyroxwlrqdu|
40irup T1 Wkhvh g|qdplfdo htxdwlrqv ri wrsrorjlfdo hyroxwlrq hv0
wdeolvk d irupdo frqqhfwlrq wr wkh �uvw odz ri wkhuprg|qdplfv/ dqg
fdq eh xvhg wr ghprqvwudwh wkdw wkhuprg|qdplf luuhyhuvlelolw| lv dq
duwhidfw ri Sid� wrsrorjlfdo glphqvlrq ri dw ohdvw 71
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Lq wklv duwlfoh/ d wrsrorjlfdo shuvshfwlyh zloo eh xvhg wr hvwdeolvk wkh orqj vrxjkw
iru/ qrq0vwdwlvwlfdo/ frqqhfwlrq ehwzhhq g|qdplf phfkdqlfdo v|vwhpv/ wkhuprg|0
qdplf luuhyhuvlelolw|/ dqg wkh duurz ri wlph 41 Lq h�hfw/ lw zloo eh ghprqvwudwhg
wkdw wkh Erow}pdqq sdudgr{ fdq eh uhvroyhg lq whupv ri Frqwlqxrxv Wrsrorjl0
fdo Hyroxwlrq ^4`/ zklfk gl�huv iurp fodvvlfdo jhrphwulf wkhrulhv ri Frqwlqxrxv
Hyroxwlrq zlwkrxw wrsrorjlfdo fkdqjh1 Frqvlghu wkh gh�qlwlrqv=
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41 Fdxvdo hyroxwlrq lv gh�qhg dv d pds ri F4 ixqfwlrqv iurp d grpdlq ri
edvh yduldeohv wr d xqltxh udqjh ri edvh yduldeohv1 Wkh pdsv pd| eh pdq| wr
rqh dqg duh qrw qhfhvvdulo| krphrprusklvpv1

51 Suhglfwlrq lpsolhv wkdw zhoo ehkdyhg ixqfwlrqdo irupv +qrw mxvw qxphulf
srlqw gdwd, rq wkh udqjh ri edvh yduldeohv fdq eh ghgxfhg iurp ixqfwlrqdo irupv
gh�qhg rq wkh grpdlq ri edvh yduldeohv1

61 Uhwurglfwlrq lpsolhv wkdw ixqfwlrqdo irupv rq wkh grpdlq fdq eh ghgxfhg
iurp ixqfwlrqdo irupv rq wkh udqjh1

Wkh ixqgdphqwdo d{lrpv xwlol}hg lq wklv duwlfoh duh=

D{lrp 4 Wkh wrsrorjlfdo vwuxfwxuh ri Sk|vlfdo V|vwhpv rq d grpdlq ri lqgh0
shqghqw edvh yduldeohv fdq eh hqfrghg lq whupv ri h{whulru gl�huhqwldo irupv
+v|perolfdoo| uhsuhvhqwhg e| D,1

D{lrp 5 Sk|vlfdo Surfhvvhv fdq eh gh�qhg lq whupv ri frqwudyduldqw yhfwru
gluhfwlrq �hogv/ zklfk pd| ru pd| qrw eh jhqhudwruv ri 40sdudphwhu jurxsv/ dqg
lq sduwlfxodu qhhg qrw eh krphrprusklvpv +v|perolfdoo| uhsuhvhqwhg e| Y,1

D{lrp 6 Wkh wrsrorjlfdo vwuxfwxuh ri Sk|vlfdo V|vwhpv rq d grpdlq ri lqgh0
shqghqw edvh yduldeohv fdq eh hqfrghg lq whupv ri h{whulru gl�huhqwldo irupv
+v|perolfdoo| uhsuhvhqwhg e| D,1Htxdwlrqv ri Frqwlqxrxv Hyroxwlrq ghvfulelqj
erwk uhyhuvleoh dqg luuhyhuvleoh Surfhvvhv dfwlqj rq Sk|vlfdo V|vwhpv duh hq0
frghg e| Fduwdq*v pdjlf irupxod =

O+Y,D @ l+Y,gD. g+l+Y,D, +4,

Wkhvh d{lrpv dqg gh�qlwlrqv zloo eh xvhg wr ghprqvwudwh wkdw =

Wkhruhp 7 Wrsrorjlfdo hyroxwlrq lv d qhfhvvdu| frqglwlrq iru erwk wlph dv|p0
phwu| dqg wkhuprg|qdplf luuhyhuvlelolw|/ exw wlph dv|pphwu| lv qrw vx�flhqw
iru wkhuprg|qdplfdo luuhyhuvlelolw|1

Wkhruhp 8 Wkhuh dozd|v h{lvwv rq d wrsrorjlfdo vsdfh ri rgg glphqvlrq q @
5n.4 +n@4/5/6111, d xqltxh h{wuhpdo gluhfwlrq �hog zklfk uhsuhvhqwv d Kdplo0
wrqldq surfhvv wkdw lv frqvhuydwlyh dqg uhyhuvleoh lq d wkhuprg|qdplf vhqvh1
Fkdrv uhtxluhv n A 31

Wkhruhp 9 Wkhuh dozd|v h{lvwv rq d wrsrorjlfdo vsdfh ri hyhq glphqvlrq q @
5n.5 +n@4/5/6111, d xqltxh gluhfwlrq �hog zklfk uhsuhvhqwv d surfhvv wkdw lv
wkhuprg|qdplfdoo| luuhyhuvleoh1 Wxuexohqfh uhtxluhv n A 31

Gxh wr vsdfh olplwdwlrqv/ khuhlq/ wkh surriv ri wkh wkhruhpv dqg ghwdlohg
h{dpsohv duh wr eh irxqg hovhzkhuh ^5`1

Wrsrorjlfdo Vwuxfwxuh= Lw lv vxevxphg wkdw wkh suhvhqfh ri d sk|vlfdo v|v0
whp hvwdeolvkhv d wrsrorjlfdo vwuxfwxuh rq d +srvvleo| jhrphwulf, edvh vsdfh ri
lqghshqghqw yduldeohv1 Wklv frqfhsw lv gl�huhqw iurp/ exw vlplodu wr/ wkh jh0
rphwulf shuvshfwlyh ri jhqhudo uhodwlylw|/ zkhuhe| wkh suhvhqfh ri d sk|vlfdo
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v|vwhp lv suhvxphg wr hvwdeolvk d phwulf rq d edvh vsdfh ri lqghshqghqw ydul0
deohv1 Qrwh wkdw d jlyhq edvh ri lqghshqghqw yduldeohv pd| vxssruw pdq|
gl�huhqw wrsrorjlfdo vwuxfwxuhv> khqfh d jlyhq edvh pd| vxssruw pdq| gl�huhqw
sk|vlfdo v|vwhpv1 Iru wkrvh F4 gl�huhqwldeoh/ frqwlqxrxv pdsv zklfk suhvhuyh
wrsrorj| +gl�hrprusklvpv,/ erwk Suhglfwlrq/ dqg Uhwurglfwlrq/ ri wkrvh ixqf0
wlrqv wkdw gh�qh whqvru �hogv lv srvvleoh1 Iru wkrvh F4 gl�huhqwldeoh/ frqwlqxrxv
pdsv zklfk gr qrw suhvhuyh wrsrorj| dqg dgplw wrsrorjlfdo fkdqjh/ Suhglfwlrq
lv lpsrvvleoh ^6`1 Krzhyhu/ Uhwurglfwlrq lv srvvleoh iru wkrvh dqwl0v|pphwulf
fryduldqw whqvru �hogv xvhg wr frqvwuxfw %sdlu% h{whulru gl�huhqwldo irupv/ dqg
wkrvh dqwl0v|pphwulf frqwudyduldqw whqvru ghqvlwlhv xvhg wr frqvwuxfw %lpsdlu%
h{whulru gl�huhqwldo irupv1 Khqfh wkh frqfhsw ri frqwlqxrxv wrsrorjlfdo hyrox0
wlrq hvwdeolvkhv d wlph dv|pphwu| dqg d orjlfdo duurz ri wlph/ zkloh frqwlqxrxv
hyroxwlrq zlwkrxw wrsrorjlfdo fkdqjh grhv qrw1

Frqwlqxlw|= Dowkrxjk F4 qrq0lqyhuwleoh pdsv duh qrw krphrprusklvpv/ dqg
wkhuhiruh wkh wrsrorj| ri wkh lqlwldo vwdwh dqg wkh wrsrorj| ri wkh �qdo vwdwh duh
qrw wkh vdph/ vxfk pdsv fdq eh frqwlqxrxv1 Frqwlqxrxv wrsrorjlfdo hyroxwlrq lv
qrw dq r{|prurq/ iru wrsrorjlfdo frqwlqxlw| lv gh�qhg vxfk wkdw wkh olplw srlqwv
ri hyhu| vxevhw lq wkh grpdlq +uhodwlyh wr wkh wrsrorj| rq wkh lqlwldo vwdwh,
shupxwh lqwr wkh forvxuh ri wkh vxevhwv lq wkh udqjh +uhodwlyh wr wkh wrsrorj|
rq wkh �qdo vwdwh,1 Wkh lqlwldo dqg �qdo vwdwh wrsrorjlhv qhhg qrw eh wkh vdph1
Sdvwlqj wrjhwkhu lv d frqwlqxrxv surfhvv iru zklfk wkh wrsrorj| ri wkh �qdo
v|vwhp vwdwh lv qrw qhfhvvdulo| wkh vdph dv wkh wrsrorj| ri wkh lqlwldo v|vwhp
vwdwh1 Vhsdudwlrq ru fxwwlqj lqwr sduwv lv d glvfrqwlqxrxv surfhvv iru zklfk wkh
v|vwhp wrsrorj| ri wkh �qdo vwdwh lv qrw wkh vdph dv wkh v|vwhp wrsrorj| ri wkh
lqlwldo vwdwh1 Glvfrqwlqxrxv wrsrorjlfdo hyroxwlrq lv qrw wr eh frqvlghuhg lq wklv
duwlfoh1

Fduwdq*v Pdjlf Irupxod= Fduwdq*v %pdjlf irupxod% +d ghvfulswlyh skudvh
lqwurgxfhg e| Pduvghq ^7`, uhsuhvhqwlqj wkh %hyroxwlrq% ri wkh 40irup ri Dfwlrq/
D/ zlwk uhvshfw wr wkh %�rz% jhqhudwhg e| wkh yhfwru �hog/ Y/ lv wkh fruqhuvwrqh
ri wkh ghyhorsphqw1 Wkh Fduwdq irupxod grhv qrw ghshqg xsrq wkh frqvwudlqwv
ri d jhrphwulf frqqhfwlrq ru phwulf/ dqg kdv ehhq fdoohg wkh %krprwrs| irupxod%
e| Duqrog ^8`1 Li wkh frh�flhqw ixqfwlrqv ri D dqg Y duh F5 gl�huhqwldeoh/ wkhq
lw lv srvvleoh wr suryh wkdw wkh hyroxwlrqdu| surfhvv ghvfulehg e| Fduwdq*v pdjlf
irupxod lv frqwlqxrxv1 Wkh F5 frqvwudlqwv fdq eh uhod{hg/ exw vxfk vshfldo fdvhv
zloo qrw eh vwxglhg dw suhvhqw1

Khuhlq/ wkh iroorzlqj gh�qlwlrqv duh pdgh=

41 Wkh whupZ @ l+Y,gD lv gh�qhg dv wkh lqh{dfw 40irup ri %yluwxdo zrun%1
51 Wkh ixqfwlrq X @ l+Y ,D lv gh�qhg dv wkh %lqwhuqdo hqhuj|%1
61 Wkh vxp ri wkh wzr whupv/ Z . gX> gh�qh wkh 40irup ri %khdw%/ T=

T dqg Z duh qrw qhfhvvdulo| h{dfw 40irupv1
Iurp wkhvh gh�qlwlrqv/ lw lv dssduhqw wkdw Fduwdq*v pdjlf irupxod qrw rqo|

uhsuhvhqwv d wrsrorjlfdo hyroxwlrqdu| surfhvv/ zkhuh wkh surfhvv Y dfwv rq wkh
sk|vlfdo v|vwhp D wr surgxfh wkh 40irup ri khdw/ T> exw dovr lv irupdoo| htxly0
dohqw wr wkh frkrprorjlfdo ghvfulswlrq ri wkh Iluvw Odz ri Wkhuprg|qdplfv1
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O+Y,D @ l+Y,gD. g+l+Y,D, @ T +5,

@ Z . gX @ T

Lq wklv duwlfoh wklv irupdo fruuhvsrqghqfh lv wdnhq vhulrxvo|1 Wkh pdjlf lq
Fduwdq*v irupxod lv gxh wr wkh idfw wkdw lw fdq eh xvhg wr ghvfuleh erwk wkrvh
hyroxwlrqdu| surfhvvhv zkhuh wrsrorj| lv lqyduldqw dqg wkrvh hyroxwlrqdu| sur0
fhvvhv zkhuh wkh wrsrorj| ri wkh lqlwldo vwdwh lv qrw wkh vdph dv wkh wrsrorj|
ri wkh �qdo vwdwh1 Pruhryhu wkh irupxod fdq eh xvhg wr ghwhuplqh htxlyd0
ohqfh fodvvhv ri hyroxwlrqdu| surfhvvhv/ iru d jlyhq sk|vlfdo v|vwhp/ zklfk duh
wkhuprg|qdplfdoo| uhyhuvleoh ru luuhyhuvleoh1

Wkhuprg|qdplf luuhyhuvlelolw|= Iroorzlqj wkhuprg|qdplf h{shulhqfh/ d wkhu0
prg|qdplf surfhvv lv gh�qhg wr eh d uhyhuvleoh surfhvv li wkh khdw 40irup/ T/
dgplwv dq lqwhjudwlqj idfwru1 Wkh lqwhjudwlqj idfwru +lq wkhuprg|qdplfv, gh0
�qhv wkh frqfhsw ri whpshudwxuh1 Wkhuhiruh/ li wkh khdw 40irup grhv qrw dgplw
dq lqwhjudwlqj idfwru/ wkh wkhuprg|qdplf surfhvv lv luuhyhuvleoh ^9`1 Iurp
d wrsrorjlfdo srlqw ri ylhz/ wkh khdw 40irup dgplwv dq lqwhjudwlqj idfwru li
dqg rqo| li T vdwlv�hv wkh frqglwlrqv ri wkh Iurehqlxv lqwhjudelolw| wkhruhp/
TagT @ 3= Wklv gh�qlwlrq ri wkhuprg|qdplf luuhyhuvlelolw|/ zkhq frpelqhg
zlwk Fduwdq*v pdjlf irupxod/ shuplwv wkh fruuhvsrqghqfh wr eh pdgh ehwzhhq
wkhuprg|qdplfv dqg phfkdqlfdo v|vwhpv1 D vlpsoh whvw iru wkhuprg|qdplf
luuhyhuvlelolw| ri d surfhvv dfwlqj rq d v|vwhp lv jlyhq e| wkh htxdwlrqv=

TagT @ +O+Y,D,a+O+Y,gD, @ 3 � wkh surfhvv lv uhyhuvleoh= +6,

TagT @ +O+Y,D,a+O+Y,gD, 9@ 3 � wkh surfhvv lv luuhyhuvleoh= +7,

Wrsrorjlfdo Glphqvlrq/ q/ yhuvxv Jhrphwulfdo Glphqvlrq/ p= Ri nh| lp0
sruwdqfh iru dq| sduwlfxodu sk|vlfdo v|vwhp lv wkh fkrlfh ri wkh %fruuhfw% 40irup
ri Dfwlrq/ D/ zklfk hqfrghv wkh wrsrorjlfdo ihdwxuhv ri d vshfl�f sk|vlfdo v|v0
whp1 H{shulhqfh +jxhvvzrun, dqg wkh ghjuhh ri djuhhphqw zlwk phdvxuhphqw ri
erwk lqyduldqfh ru hyroxwlrq ri wrsrorjlfdo +txdqwxp, qxpehuv zloo vdwlvi| wkh
zrunlqj vflhqwlvw1 Iru dq| jlyhq 40irup/ D/ ixqfwlrqdoo| gh�qhg rq d +shukdsv
jhrphwulfdo, edvh vsdfh/ ru ydulhw|/ ri glphqvlrq p/ lw lv srvvleoh wr frpsxwh
wkh %Sid� vhtxhqfh%/ iD/ gD/ DagD/ gDagD111j1 Lw lv uhpdundeoh wkdw wklv
vhtxhqfh whuplqdwhv dw d plqlpxp qxpehu/ q � p> uhsuhvhqwlqj wkh luuhgxfleoh
plqlpxp qxpehu ri lqghshqghqw ixqfwlrqv uhtxluhg wr gh�qh wkh wrsrorjlfdo
hqfrglqj1 Wklv qxpehu q lv fdoohg wkh Sid� wrsrorjlfdo glphqvlrq/ dqg wkh
odvw qrq0}hur hohphqw ri wkh Sid� vhtxhqfh lv gh�qhg dv wkh wrs Sid�dq1 Wkh
wrsrorjlfdo glphqvlrq/ q/ lv ohvv wkdq ru htxdo wr wkh jhrphwulf glphqvlrq/ p1
Qrwh wkdw wkh uhtxluhphqw iru wkhuprg|qdplf luuhyhuvlelolw| lpsolhv wkdw wkh
Sid� glphqvlrq ri wkh khdw 40irup T pxvw eh 6 ru juhdwhu/ zklfk phdqv wkh wkh
Iurehqlxv wkhruhp ri xqltxh lqwhjudelolw| idlov1 Wkh lghd lv wkdw wkh Sid� wrsr0
orjlfdo glphqvlrq lpsolhv wkh h{lvwhqfh ri d frqwlqxrxv pds iurp wkh ydulhw| ri
glphqvlrq p A q wr d ydulhw| ri glphqvlrq q1
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Dq h{solflw sk|vlfdo 40irup/ D/ zloo jhqhudwh d %Fduwdq wrsrorj|% rq wkh
grpdlq1 Lw lv hdv| wr ghprqvwudwh wkdw wkh Fduwdq wrsrorj| lv d frqqhfwhg
wrsrorj| li wkh Sid� glphqvlrq lv 5 ru ohvv/ dqg d glvfrqqhfwhg wrsrorj| li
wkh Sid� glphqvlrq lv 6 ru pruh ^:`1 Kdplowrqldq phfkdqlfv dqg Hxohuldq
vwuhdpolqh �rzv lq k|gurg|qdplfv +rq edvh vsdfhv ri jhrphwulf glphqvlrq 7, duh
dvvrfldwhg zlwk Dfwlrq 40irupv ri Sid� wrsrorjlfdo glphqvlrq 5 ru ohvv/ dqg duh
wkhuprg|qdplfdoo| uhyhuvleoh1 Wxuexohqfh/ ehlqj wkh dqwlwkhvlv ri vwuhdpolqh
�rz/ pxvw eh uhsuhvhqwhg e| d wrsrorj| ri Sid� glphqvlrq 7 ru pruh/ dqg lv
wkhuprg|qdplfdoo| luuhyhuvleoh1 Djdlq/ wkh frqvwudlqw ri frqwlqxrxv wrsrorjlfdo
hyroxwlrq lqgxfhv d orjlfdo %Duurz ri Wlph%1 Qrwh wkdw wkh ghfd| ri wxuexohqfh
fdq eh vwxglhg e| frqwlqxrxv phwkrgv/ exw wkh fuhdwlrq ri wxuexohqfh fdqqrw1 Lq
erwk fdvhv/ wrsrorjlfdo hyroxwlrq wdnhv sodfh dv wkh Sid� wrsrorjlfdo glphqvlrq
fkdqjhv/ exw wkh fuhdwlrq ri wxuexohqfh fdqqrw eh frqwlqxrxv/ zkhuh wkh ghfd|
ri wxuexohqfh fdq eh frqwlqxrxv1

Frqwdfw pdqlirogv= Zkhq wkh 40irup D lv ri rgg wrsrorjlfdo glphqvlrq +q@
6 ru juhdwhu,/ wkhq wkh 50irup gD fdq eh sxw lqwr fruuhvsrqghqfh zlwk dq rgg0
glphqvlrqdo q@5n .4 dqwlv|pphwulf pdwul{ ri ixqfwlrqv ri pd{lpdo udqn1 Wklv
pdwul{ kdv rqh xqltxh hljhqyhfwru zlwk d qxoo hljhq ydoxh1 Khqfh wkh wrsrorjl0
fdo hqfrglqj ri d sk|vlfdo v|vwhp ghwhuplqhv d xqltxh gluhfwlrq �hog gh�qhg dv
wkh %h{wuhpdo% gluhfwlrq �hog +rq wkh 5n . 4 glphqvlrqdo ydulhw|,1 Hyroxwlrq lq
wkh gluhfwlrq ri wklv xqltxh %h{wuhpdo% yhfwru �hog/ YH / lpsolhv wkdw wkh yluwxdo
zrun/ Z/ ydqlvkhv/ dqg wkdw wkh h{whulru ghulydwlyh ri khdw 40irup gT ydqlvkhv/
dv T lv h{dfw1 Vxfk h{wuhpdo yhfwru �hogv dozd|v kdyh d Kdplowrqldq jhqhu0
dwru/ dqg duh qrw wkhuprg|qdplfdoo| luuhyhuvleoh/ dv TagT@31 Wkh h{wuhpdo
Kdplowrqldq hyroxwlrq suhvhuyhv wkh hyhq glphqvlrqdo wrsrorjlfdo ihdwxuhv ri
wkh sk|vlfdo v|vwhp +wkh Srlqfduh lqyduldqwv,1 Li wkh h{wuhpdo surfhvv lv dovr
dgldedwlf/ vxfk wkdw erwk T @ 3 dqg gT @ 3/ wkhq wkh surfhvv suhvhuyhv erwk
rgg dqg hyhq wrsrorjlfdo ihdwxuhv/ dqg lv d krphrprusklvp1 Wkh htxlydohqfh
fodvv ri surfhvvhv wkdw vdwlvi| wkh forvxuh uhtxluhphqw/ +gT@3, lqfoxghv qrw rqo|
h{wuhpdo �hogv/ l+YH,gD @ 3/ exw dovr wkrvh wkdw fdq kdyh d Fdvlplu jhqhudwru
+Ehuqrxool �rzv, ru wkrvh wkdw fdq jhqhudwh olplw f|fohv1

V|psohfwlf pdqlirogv= Zkhq wkh 40irup D lv ri hyhq wrsrorjlfdo glphqvlrq
+q @ 7 ru juhdwhu,/ wkhq wkh 50irup gD fdq eh sxw lqwr fruuhvsrqghqfh zlwk dq
hyhq0glphqvlrqdo dqwlv|pphwulf pdwul{ ri ixqfwlrqv ri pd{lpdo udqn1 H{wuhpdo
�hogv +zlwk qxoo hljhqydoxh, gr qrw h{lvw/ exw wkhuh lv d xqltxh hyroxwlrqdu|
gluhfwlrq �hog/ YW / rq wkh q @ 5n . 5 glphqvlrqdo ydulhw| wkdw lv frpsohwho|
ghwhuplqhg iurp wkh wrsrorj| ri wkh sk|vlfdo v|vwhp/ lqgxfhg e| wkh 40irup/ D1
Rq d q @ 7 glphqvlrqdo edvh pdqlirog/ wklv xqltxh gluhfwlrq �hog lv gh�qhg e|
wkh htxdwlrqv/

DagD @ l+YW ,g{ag|ag}agw= +8,

Wklv yhfwru �hogYW lv gh�qhg dv wkh Wrsrorjlfdo Wruvlrq yhfwru1 Dv DaDagD @
3 wkh Wrsrorjlfdo Wruvlrq yhfwru lv wudqvyhuvh zlwk uhvshfw wr wkh 40irup ri

8



Dfwlrq= l+YW ,D @ 3= E| gluhfw fdofxodwlrq lw lv srvvleoh wr vkrz wkdw Z @
l+YW ,gD @ �D= Lq rwkhuzrugv wkh 40irup ri yluwxdo zrun lv sursruwlrqdo wr
wkh 40irup ri Dfwlrq1 Fduwdq*v pdjlf irupxod ehfrphv

O+YW ,D @ �D +9,

zkhuh � htxdov 425 wkh frh�flhqw ri wkh qrq0}hur 70irup

gDagD @ 5 � �+{> |> }> w,g{ag|ag}agw @ igly7+YW ,jg{ag|ag}agw= +:,

Dv wkh 50irup lv ri pd{lpdo udqn/ �+{> |> }> w, 9@ 3= Lw iroorzv wkdw hyroxwlrq lq
wkh gluhfwlrq ri wkh Wruvlrq Yhfwru lv wkhuprg|qdplfdoo| luuhyhuvleoh/ dv

TagT @ O+YW ,DaO+YW ,gD @ �5DagD 9@ 3> +;,

Wkh idfwru �5 sod|v d uroh uhodwhg wr wkh hqwurs| surgxfwlrq udwh1

Dq Hohfwurpdjqhwlf H{dpsoh = Rq wkh irxu glphqvlrqdo vsdfh0wlph ri
lqghshqghqw yduldeohv/ +{> |> }> w, wkh 40irup ri Dfwlrq fdq eh zulwwhq lq wkh
irup D@	6

n@4Dn+{> |> }> w,g{
n � !+{> |> }> w,gw zklfk jhqhudwhv wkh 50irup gD @

E}g{ag|===.H{g{agw===== Wkh 60irup ri Wrsrorjlfdo Wruvlrq ehfrphv DagD @
l+YW ,g{ag|ag}agw @ V{g|ag}agw=====�kg{ag|ag}>vxfk wkdw lq hqjlqhhulqj odq0
jxdjh/

YW @ �i+H�D.E!,>D �Ej � iV> kj dqg � @ +H �E,= +<,

Wkh 70irup ri Wrsrorjlfdo Sdulw| ehfrphv gDagD @ 5+H �E,g{ag|ag}agw @
+glyV . Ck@Cw,g{ag|ag}agw1 Iurp +:, dqg +;,/ hyroxwlrq lq wkh gluhfwlrq ri
wkh Wrsrorjlfdo Wruvlrq yhfwru lv wkhuprg|qdplfdoo| luuhyhuvleoh1

Glvvlsdwlyh Hyroxwlrq wr Vwdwhv Idu iurp Htxloleulxp= Vwduwlqj zlwk d sk|v0
lfdo v|vwhp ri hyhq wrsrorjlfdo glphqvlrq/ glvvlsdwlyh luuhyhuvleoh hyroxwlrq lq
wkh gluhfwlrq ri wkh Wrsrorjlfdo Wruvlrq yhfwru/ YW / fdq xowlpdwho| dfklhyh d
vwdwh zkhuh wkh glvvlsdwlyh frh�flhqw � ydqlvkhv ryhu fhuwdlq vxevhwv ri wkh
edvh1 Wkh sk|vlfdo v|vwhp xqghujrhv d %wrsrorjlfdo skdvh fkdqjh% iurp d
v|psohfwlf pdqlirog wr dq dwwudfwru frqwdfw pdqlirog1 Wkh rgg glphqvlrqdo
frqwdfw vxepdqlirog dgplwv d xqltxh h{wuhpdo gluhfwlrq �hog/ YH > uhsuhvhqwlqj
d uhyhuvleoh/ qrq glvvlsdwlyh/ hyroxwlrqdu| surfhvv1 Wkhvh frqwdfw pdqlirog uh0
jlrqv dfw dv wrsrorjlfdo ghihfwv lq wkh v|psohfwlf pdqlirog/ dqg fdq uhsuhvhqw
orqj olyhg frqvhuydwlyh wrsrorjlfdo vwdwhv wkdw duh idu iurp htxloleulxp1 Dv dq
h{dpsoh/ frqvlghu wkh elooldug edoo jlyhq lqlwldo dqjxodu prphqwxp dqg wudqvod0
wlrqdo nlqhwlf hqhuj| dqg wkhq sodfhg rq d vxuidfh wkdw lv qrw iuhh ri %iulfwlrq%1
Dw �uvw wkh edoo vnlgv ru volsv dv wkh v|vwhp hyroyhv luuhyhuvleo| rq d v|psohfwlf
pdqlirog1 Wkhq/ zkhq wkh frqvwudlqw ri uroolqj zlwkrxw volsslqj lv hvwdeolvkhg/
wkh vxevhtxhqw prwlrq lv qr orqjhu glvvlsdwlyh/ dqg wkh v|vwhp hyroyhv rq d
frqwdfw pdqlirog ^;`1 Wkh xowlpdwh htxloleulxp vwdwh zrxog eh dvvrfldwhg zkhq
wkh olqhdu dqg dqjxodu prphqwxp duh }hur 0 wkh vwdwh ri uhvw1
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Odjudqjldq phwkrgv/ Dqkrorqrplf Ioxfwxdwlrqv/ Qrq0Fdqrqlfdo Prphq0
wxp1 Frqvlghu d sk|vlfdo v|vwhp wkdw fdq eh gh�qhg lq whupv ri wkh Fduwdq0
Kloehuw fkrlfh iru wkh Dfwlrq 40irup

D @ O+w> t> y> s,gw. sm+gt
m � ymgw,> +43,

gh�qhg rq wkh p @ 6n .4 ydulhw| iw> t> y> sj= Qrwh wkdw wkh Odjudqjh ixqfwlrq
lv suhvxphg wr eh ghshqghqw xsrq p @ 6n . 4 yduldeohv/ qrw mxvw wkh 5n.4
yduldeohv ri vwdwh vsdfh1 Gr qrw dvvxph wkdw s lv frqvwudlqhg wr eh d mhw> h1j1/
sm 9@ CO@Cym = Lqvwhdg/ frqvlghu sn wr eh d Odjudqjh pxowlsolhu wr eh ghwhuplqhg
odwhu1 Lq dgglwlrq/ gr qrw dvvxph wkdw wkh wrsrorjlfdo olplw +gt � ygw, @ 3 lv
qhfhvvdulo| ydolg ryhu wkh zkroh grpdlq1 Wklv odfn ri nlqhpdwlf shuihfwlrq lv
gh�qhg dv dq dqkrorqrplf �xfwxdwlrq/ �t1

E| gluhfw frpsxwdwlrq lw iroorzv wkdw wkh Sid� vhtxhqfh ri wkh Fduwdq0
Kloehuw Dfwlrq lv ri glphqvlrq q @ 5n . 5 dqg qrw 6n . 41 Wkh dfwxdo irupxod
iru wkh wrs Sid�dq lq wkh vhtxhqfh lv/

+gD,n.4 @ +n . 4,$i	n
m@4+CO@Cy

m � sm, � gy
mja
sa
tagw> +44,

zkhuh 
s @ gs4a===agsq> +45,

dqg 
t @ gt4a===agtq= +46,

Wkh Fduwdq0Kloehuw Dfwlrq 40irup lv dvvrfldwhg zlwk d v|psohfwlf pdqlirog ri
glphqvlrq 5n . 51 Wkh v|psohfwlf pdqlirog vxssruwv d xqltxh gluhfwlrq �hog/
W/ vxfk wkdw hyroxwlrq lq wkh gluhfwlrq ri W lv wkhuprg|qdplfdoo| luuhyhuvleoh1

Da+gD,n @ n$iO+w> t> y> s,� smCO+w> t> y> s,@Csmja
sa
tagw

�n$i	n
m@4+CO@Cy

m � sm, � gy
mja+l+s�,
s,a
tagw+47,

zkhuh +l+s�,
s, @ s4gs5ags6===agsq � s5gs4ags6===agsq . === +48,

Li wkh Fduwdq0Kloehuw 40irup ri Dfwlrq lv frqvwudlqhg vxfk wkdw

i	n
m@4+CO@Cy

m � sm, � gy
mj @ 3> prg 
sa
tagw +49,

wkhq wkh Sid� vhtxhqfh jhqhudwhv d frqwdfw vwuxfwxuh rq 5n.4 vwdwh vsdfh zlwk
wkh irupxod iru wkh wrs Sid�dq=

Da+gD,n @ n$iO+w> t> y> s,� smCO+w> t> y> s,@Csmj
sa
tagw= +4:,

Rqh xeltxlwrxv phwkrg iru vxfk d uhgxfwlrq iurp q @ 5n . 5 glphqvlrqv wr
q @ 5n . 4 glphqvlrqv lv wr dvvxph wkdw wkh prphqwd eh gh�qhg fdqrqlfdoo|>
l1h1/ +CO@Cym � sm, @ 3= Wkh fdqrqlfdo vsdfh ri 5n . 4 glphqvlrqv wkhq fdq
eh uhgxfhg wr d 5n skdvh vsdfh +dqg xowlpdwho| wr wkhuprg|qdplf htxloleulxp,
rqo| li wkh Odjudqjldq lv krprjhqhrxv ri ghjuhh 4 lq wkh sm = Rwkhuzlvh wkh
Dfwlrq 40irup gh�qhv d frqwdfw vwuxfwxuh ri glphqvlrq q @ 5n.41 Qrwh wkdw
wkh fdqrqlfdo frqvwudlqw grhv qrw frqvwudlq wkh dqkrorqrplf �xfwxdwlrqv1

:



Frqvlghu hyroxwlrqdu| surfhvvhv gh�qhg rq wkh q @ 5n.5 glphqvlrqdo v|p0
sohfwlf vsdfh lq whupv ri d gluhfwlrq yhfwru �hog �Y @ � ^4> y> d> i `> uhodwlyh wr
^w> t> y> s`1 Frqvwuxfw wkh 40irup Z ri yluwxdo zrun wr |lhog lq hyhu| fdvh=

Z @ l+Y,gD @ +4;,

@ is� CO@Cyj�y . ii � CO@C{j�t +4<,

zlwk �xfwxdwlrqv �y @ gy � dgw 9@ 3> dqg �t @ gt � ygw 9@ 3= +53,

Zkhq wkh 50irup gD lv v|psohfwlf/ wkh zrun 40irup +zklfk fdq qrw ydqlvk, kdv
wzr whupv> wkh �uvw lqyroyhv �y dqg wkh vhfrqg lqyroyhv �t= Wkh v|psohfwlf
vwuxfwxuh uhtxluhv wkdw wkh wkh �uvw whup fdqqrw ydqlvk= wkh prphqwd fdq0
qrw eh fdqrqlfdo/ wkhuh pxvw eh �xfwxdwlrqv lq yhorflw|/ dqg wkh qrq0fdqrqlfdo
prphqwd pxvw qrw eh ruwkrjrqdo wr wkh �xfwxdwlrqv lq yhorflw|1 Wkh xqltxh
gluhfwlrq �hog gh�qhg e| wkh Wrsrorjlfdo Wruvlrq yhfwru/ YW > rq wkh v|psohfwlf
vsdfh surgxfhv dq hyroxwlrqdu| surfhvv zklfk lv wkhuprg|qdplfdoo| luuhyhuvleoh1
Li �xfwxdwlrqv lq srvlwlrq duh lghqwl�hg zlwk suhvvxuh/ dqg �xfwxdwlrqv lq yh0
orflw| duh lghqwl�hg zlwk whpshudwxuh/ wkhq lw dsshduv wkdw qrq0}hur yhorflw|
+whpshudwxuh, �xfwxdwlrqv duh qhfhvvdu| iru wkhuprg|qdplf luuhyhuvlelolw|/ exw
qrq0}hur srvlwlrq +suhvvxuh, �xfwxdwlrqv/ duh qrw1 Wklv lqwhuhvwlqj uhvxow zloo
eh lqyhvwljdwhg ixuwkhu1

2 +,6,+,��,5

41 Nlhkq/ U1 +5334, Frqwlqxrxv wrsorjlfdo hyroxwlrq/ kwws=22du{ly1ruj2dev2pdwk0
sk23434365/

51 Nlhkq/ U1 +5335, Wkhuprg|qdplf Luuhyhuvlelolw| dqg wkh Duurz ri WLph/
kwws=22zzz551sdlu1frp2fvgf2fdu2sgi2duzwkhru1sgi

61 Nlhkq/ U1/ +4<:9, Uhwurglflwlyh Ghwhuplqlvp/ Lqw1 M1 Hqjqj1 Vfl +4<:9,
47 ss1 57<0:87

71 Pduvghq/ M1H1 dqg Uldwx/ W1 V1 +4<<7, Lqwurgxfwlrq wr Phfkdqlfv dqg
V|pphwu|/ Vsulqjhu0Yhuodj/ Q\ s14551

81 Duqrog/ Y1L1 +4<;<,Pdwkhpdwlfdo Phwkrgv ri Fodvvlfdo Phfkdqlfv/ Vsulqjhu
Yhuodj/ Q\/ s14<;1

91 Pruvh/ S1P1 +4<97, Wkhupdo Sk|vlfv/ Ehqmdplq/ Q\ s1 931

:1 Nlhkq/ U1 +5334, Fduwdq*v Wrsrorjlfdo Vwuxfwxuh/ kwws=22du{ly1ruj2dev2pdwk0
sk23434366/

;1 Nlhkq/ U1 +4<<904<<<, %Glvvlsdwlrq/ Luuhyhuvlelolw| dqg V|psohfwlf Od0
judqjldq V|vwhpv11% 111kwws=22zzz551sdlu1frp2fvgf2sgi2luuhy41sgi dqg
+4<<:, %Wkh Uroolqj Edoo%/ kwws=22zzz551sdlu1frp2fvgf2sgi2urooedoi1sgi

;


