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41 Frvprorj| dqg Wkhuprg|qdplfv

Diwhu phdvxulqj g|qdplfdo surshuwlhv ri vwduv lq jdod{lhv/ vwdu foxvwhuv dqg jdodf0
wlf foxvwhuv/ dvwurqrphuv duh vxjjhvwlqj wkdw rxu fxuuhqw xqghuvwdqglqj ri wkh
xqlyhuvh/ edvhg xsrq srqghudeoh judylwdwlqj pdwwhu/ grhv qrw dsshdu wr djuhh
zlwk wkh revhuydwlrqv1 Lq idfw/ wkhlu doprvw rxwudjhrxv frqmhfwxuhv vwdwh wkdw
ruglqdu| pdwwhu vhhpv wr dffrxqw iru rqo| d ihz shufhqw ri wkh wrwdo pdwwhu lq wkh
xqlyhuvh/ derxw :8( frqvlvwv ri gdun hqhuj|/ dqg derxw 58( frqvlvwv ri gdun pdw0
whu1 Lpphgldwho|/ wkh wkhruhwlfdo sk|vlfv frppxqlw| kdv mxpshg lq zlwk htxdoo|
rxwudjhrxv vxjjhvwlrqv +vlplodu wr wkh deruwlyh wkhruhwlfdo ghyhorsphqwv ri wkh
%�iwk irufh%, wkdw vxfk h�hfwv rq d jdodfwlf vfdoh duh gxh wr ydfxxp txdqwxp
 xfwxdwlrqv/ wr d pdvv lqgxflqj Kljjv srwhqwldo/ wr wkh whqvlrq ri lq�qlwhvlpdo
vwulqjv/ wr d frvprorjlfdo frqvwdqw prgl�fdwlrqv ri wkh phwulfdoo| edvhg Hlqvwhlq
judylwdwlrqdo wkhru|/ jdxjh frqvwudlqwv dqg pdq| rwkhu hvrwhulf wkhruhwlfdo frq0
frfwlrqv1

\hw frxog lw eh wkdw wkhuh lv d pxfk vlpsohu prgho wkdw frxog dffrxqw iru wkh
ydulrxv %ihdwxuhv% ri wkh %qhz% XqlyhuvhB Lq wklv duwlfoh wkh lghd lv suhvhqwhg wkdw
wkh xqlyhuvh lv d qrq0htxloleulxp wkhuprg|qdplf v|vwhp zlwk wrsrorjlfdo ihdwxuhv
ri d xqlyhuvdo ydq ghu Zddov jdv1 D wrsrorjlfdo shuvshfwlyh ri qrq0htxloleulxp
wkhuprg|qdplfv lv edvhg rq iroorzlqj d{lrpv=

41 Wkhuprg|qdplf sk|vlfdo v|vwhpv fdq eh hqfrghg lq whupv ri d 40irup ri
fryduldqw Dfwlrq Srwhqwldov/ DnE{> |> }> w�> rq d 7 glphqvlrqdo devwudfw yd0
ulhw| ri rughuhg lqghshqghqw yduldeohv/ i{> |> }> wj= Wkh ydulhw| vxssruwv d
devwudfw yroxph hohphqw le ' g{	g|	g}	gw=

51 Wkhuprg|qdplf surfhvvhv duh dvvxphg wr eh hqfrghg/ wr zlwklq d idfwru/
�E{> |> }> w�/ lq whupv ri frqwudyduldqw yhfwru gluhfwlrq �hogv/ VeE{> |> }> w�=

61 Frqwlqxrxv wrsrorjlfdo hyroxwlrq ri wkh wkhuprg|qdplf v|vwhp fdq eh hq0
frghg lq whupv ri Fduwdq*v pdjlf irupxod +vhh s1 455 lq ^Pduvghq 4<<7`,1
Wkh Olh gl�huhqwldo/ zkhq dssolhg wr d h{whulru gl�huhqwldo 40irup ri Dfwlrq/
D ' Dng{

n/ lv htxlydohqw devwudfwo| wr wkh �uvw odz ri wkhuprg|qdplfv1

71 Wkh frqfhsw ri Sid� wrsrorjlfdo glphqvlrq shuplwv wkh fuhdwlrq ri wkhupr0
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g|qdplf htxlydohqfh fodvvhv vxfk wkdw

Sk|vlfdo V|vwhpv G gh�qhg e| wkh Sid� glphqvlrq ri D +414,

gD ' f Htxloleulxp 0 Sid� glphqvlrq 4 +415,

D	gD ' f Lvrodwhg 0 Sid� glphqvlrq 5 +416,

gED	gD� ' f Forvhg 0 Sid� glphqvlrq 6 +417,

gD	gD 9' f= Rshq 0 Sid� glphqvlrq 71 +418,

81 Wkh Mdfreldq pdwul{ ri d wkhuprg|qdplf qrq0htxloleulxp wxuexohqw sk|v0
lfdo v|vwhp ri Sid� glphqvlrq 7 |lhogv d Fd|oh|0Kdplowrq 7wk rughu sro|0
qrpldo htxdwlrq wkdw lv htxlydohqw wr wkh wkhuprg|qdplf Skdvh0Srwhqwldo
ixqfwlrq iru wkh wkhuprg|qdplf v|vwhp1

91 Wkh 7wk rughu Skdvh ixqfwlrq lv ghirupdeo| htxlydohqw wr d ydq ghu Zddov
jdv1

Lw lv wr eh qrwhg wkdw wkh phwkrg grhv qrw h{solflwo| xwlol}h phwulf ru frqqhfwlrq
ihdwxuhv ri jhrphwulfdo wkhrulhv/ exw fdq |lhog uhodwlrqvklsv ehwzhhq %fxuydwxuhv%
wkdw lq lqfoxgh hqhuj| h�hfwv gxh wr %vwulqj% ru vxuidfh whqvlrq +phdq olqhdu
fxuydwxuh,/ Jdxvv txdgudwlf fxuydwxuh ri phwulf edvhg uhodwlylw|/ fxelf fxuydwxuh
lqwhudfwlrq dqg suhvvxuh h�hfwv +erwk qhjdwlyh dqg srvlwlyh,/ dqg �qdoo| h{sdq0
vlrq dqg frqwudfwlrq irxuwk rughu fxuydwxuh h�hfwv wkdw dffrxqw iru luuhyhuvleoh
glvvlsdwlrq1

51 D Frvprorjlfdo Frqmhfwxuh

Edvhg xsrq wkh vlqjoh dvvxpswlrq wkdw wkh xqlyhuvh lv d qrq0htxloleulxp wkhupr0
g|qdplf v|vwhp ri Sid� wrsrorjlfdo glphqvlrq 7 ohdgv wr d frvprorj| zkhuh wkh
xqlyhuvh/ dw suhvhqw/ fdq eh dssur{lpdwhg lq whupv ri wkh qrq0htxloleulxp vwdwhv
ri d yhu| gloxwh ydq ghu Zddov jdv qhdu lwv fulwlfdo srlqw1 Wkh vwduv dqg wkh jdod{0
lhv duh wkh wrsrorjlfdo ghihfwv dqg frkhuhqw 0 exw qrw htxloleulxp 0 vwuxfwxuhv ri
Sid� wrsrorjlfdo glphqvlrq 6 lq wklv qrq0htxloleulxp v|vwhp ri Sid� wrsrorjlfdo
glphqvlrq 71 Wkh wrsrorjlfdo wkhru| ri wkh xeltxlwrxv ydq ghu Zddov jdv ohdgv wr
wkh frqfhswv ri qhjdwlyh suhvvxuh/ vwulqj whqvlrq/ dqg d Kljjv srwhqwldo dv qdwxudo
frqvhtxhqfhv ri d wrsrorjlfdo srlqw ri ylhz dssolhg wr wkhuprg|qdplfv1 Shukdsv
ri pruh lpsruwdqfh lv wkh idfw wkdw wkhvh frqfhswv gr qrw ghshqg h{solflwo| xsrq
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wkh jhrphwulf frqvwudlqwv ri phwulf ru frqqhfwlrq/ dqg |lhog d gl�huhqw shuvshfwlyh
rq wkh frqfhsw ri judylw|1

Wkh ruljlqdo prwlydwlrq iru wklv frqmhfwxuh lv edvhg rq wkh fodvvlfdo wkhru| ri
fruuhodwlrqv ri  xfwxdwlrqv suhvhqwhg lq wkh Odqgdx0Olivklw} yroxph rq vwdwlvwlfdo
phfkdqlfv ^Odqgdx 4<8;`1 Krzhyhu/ wkh phwkrgv xvhg khuhlq duh qrw vwdwlvwlfdo/
qrw txdqwxp phfkdqlfdo/ dqg lqvwhdg duh edvhg rq Fduwdq*v phwkrgv ri h{whulru
gl�huhqwldo irupv dqg wkhlu dssolfdwlrq wr wkh wrsrorj| ri wkhuprg|qdplf v|vwhpv
dqg wkhlu frqwlqxrxv wrsrorjlfdo hyroxwlrq ^UPN4<<4 e`1 Odqgdx dqg Olivklw}
hpskdvl}hg wkdw uhdo wkhuprg|qdplf vxevwdqfhv/ qhdu wkh wkhuprg|qdplf fulwlfdo
srlqw/ h{klelw h{wudruglqdu| odujh  xfwxdwlrqv ri ghqvlw| dqg hqwurs|1 Lq idfw/
wkhvh dxwkruv ghprqvwudwh wkdw iru dq doprvw shuihfw jdv qhdu wkh fulwlfdo srlqw/
wkh fruuhodwlrqv ri wkh  xfwxdwlrqv fdq eh lqwhusuhwhg dv d 42u srwhqwldo jlylqj d
42u2 irufh odz ri dwwudfwlrq1 Khqfh/ dv d frvprorjlfdo prgho/ wkh doprvw shuihfw
jdv 0 vxfk dv d yhu| gloxwh ydq ghu Zddov jdv 0 qhdu wkh fulwlfdo srlqw |lhogv d uhdvrq
iru erwk wkh judqxodulw| ri wkh qljkw vn| dqg iru wkh 42u2 irufh odz dvfulehg wr
judylwdwlrqdo irufhv ehwzhhq iru pdvvlyh djjuhjdwhv1

Lq wklv duwlfoh/ d wrsrorjlfdo +dqg qrq vwdwlvwlfdo, wkhuprg|qdplf dssurdfk
lv xvhg wr ghprqvwudwh krz d irxu glphqvlrqdo ydulhw| fdq vxssruw d wxuexohqw/
qrq0htxloleulxp/ sk|vlfdo v|vwhp zlwk xqlyhuvdo surshuwlhv wkdw duh krphrpru0
sklf +ghirupdeoh, wr d ydq ghu Zddov jdv1 Wkh phwkrg ohdgv wr wkh qhfhvvdu|
frqglwlrqv uhtxluhg iru wkh h{lvwhqfh/ fuhdwlrq ru ghvwuxfwlrq ri wrsrorjlfdo ghihfw
vwuxfwxuhv lq vxfk d qrq0htxloleulxp v|vwhp1 Iru wkrvh sk|vlfdo v|vwhpv wkdw
dgplw ghvfulswlrq lq whupv ri dq h{whulru gl�huhqwldo 40irup ri Dfwlrq srwhqwldov
ri pd{lpdo udqn/ d Mdfreldq pdwul{ fdq eh jhqhudwhg lq whupv ri wkh sduwldo
ghulydwlyhv ri wkh frh!flhqw ixqfwlrqv wkdw gh�qh wkh 40irup ri Dfwlrq1 Zkhq
h{suhvvhg lq whupv ri lqwulqvlf yduldeohv/ nqrzq dv wkh vlplodulw| lqyduldqwv/ wkh
Fd|oh|0Kdplowrq 7 glphqvlrqdo fkdudfwhulvwlf sro|qrpldo ri wkh Mdfreldq pdwul{
jhqhudwhv d xqlyhuvdo skdvh htxdwlrq1 Fhuwdlq wrsrorjlfdo ghihfw vwuxfwxuhv fdq
eh sxw lqwr fruuhvsrqghqfh zlwk frqvwudlqwv sodfhg xsrq wkrvh +fxuydwxuh, vlp0
lodulw| lqyduldqwv jhqhudwhg e| wkh Fd|oh|0Kdplowrq 7 glphqvlrqdo fkdudfwhulvwlf
sro|qrpldo1 Wkhvh frqvwudlqwv gh�qh htxlydohqfh fodvvhv ri wrsrorjlfdo surshuwlhv1

Wkh fkdudfwhulvwlf sro|qrpldo/ ru Skdvh ixqfwlrq/ fdq eh ylhzhg dv uhsuhvhqw0
lqj d idplo| ri lpsolflw k|shuvxuidfhv1 Wkh k|shuvxuidfh kdv dq hqyhorsh zklfk/
zkhq frqvwudlqhg wr d plqlpdo k|shuvxuidfh/ lv uhodwhg wr d vzdoorzwdlo elixufdwlrq
vhw1 Wkh vzdoorzwdlo ghihfw vwuxfwxuh lv krphrprusklf wr wkh Jleev vxuidfh ri d
ydq ghu Zddov jdv1 Dqrwkhu srvvleoh ghihfw vwuxfwxuh fruuhvsrqgv wr wkh lpsolflw
k|shuvxuidfh vxuidfh gh�qhg e| d }hur ghwhuplqdqw frqglwlrq lpsrvhg xsrq wkh
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Mdfreldq pdwul{1 Rq 7 glphqvlrqdo ydulhw| +vsdfh0wlph, / wklv qrq0ghjhqhudwh
k|shuvxuidfh frqvwudlqw ohdgv wr d fxelf sro|qrpldo wkdw dozd|v fdq eh sxw lqwr
fruuhvsrqghqfh zlwk d vhw ri qrq0htxloleulxp wkhuprg|qdplf vwdwhv zkrvh nhuqho
lv d ydq ghu Zddov jdv1 Khqfh wklv xqlyhuvdo wrsrorjlfdo phwkrg iru fuhdwlqj d
orz ghqvlw| wxuexohqw qrq0htxloleulxp phgld ohdgv wr wkh vhwwlqj h{dplqhg vwdwlv0
wlfdoo| e| Odqgdx dqg Olivfklw} lq whupv ri fodvvlfdo  xfwxdwlrqv derxw wkh fulwlfdo
srlqw1

Wkh wxuexohqw qrq0htxloleulxp wkhuprg|qdplf frvprorj| ri d uhdo jdv qhdu
lwv fulwlfdo srlqw |lhogv dq h{sodqdwlrq iru=

41 Wkh judqxodulw| ri wkh qljkw vn| dv h{klelwhg e| vwduv dqg jdod{lhv1

51 Wkh Qhzwrqldq odz ri judylwdwlrqdo dwwudfwlrq sursruwlrqdo wr 42u2=

61 Wkh h{sdqvlrq dqg luuhyhuvleoh glvvlsdwlrq ri wkh xqlyhuvh +7wk rughu fxuyd0
wxuh h�hfwv,1

71 Wkh srvvlelolw| ri grpdlqv ri qhjdwlyh suhvvxuh +gdun hqhuj|, gxh wr d fodv0
vlfdo Kljjv phfkdqlvp iru djjuhjdwhv ehorz wkh fulwlfdo whpshudwxuh +6ug
rughu fxuydwxuh h�hfwv,

81 Wkh srvvlelolw| ri grpdlqv zkhuh judylwdwlrqdo h�hfwv +5qg rughu Jdxvv fxu0
ydwxuh h�hfwv, dsshdu wr eh uhodwhg wr hqwurs| dqg whpshudwxuh surshuwlhv
ri wkh wkhuprg|qdplf v|vwhp1

91 Wkh srvvlelolw| ri frkhvlrq surshuwlhv +gdun pdwwhu, gxh wr vwulqj ru vxuidfh
whqvlrq +4vw rughu Phdq fxuydwxuh h�hfwv,

:1 Eodfn Krohv +jhqhudwhg e| Shwury W|sh G vroxwlrqv lq judylwdwlrqdo wkhru|,
duh wr eh uhodwhg wr Plqlpdo Vxuidfh vroxwlrqv wr wkh Xqlyhuvdo wkhuprg|0
qdplf 7wk rughu Skdvh ixqfwlrq1

Doo ri wkh deryh duh fuhdwhg zlwkrxw h{solflw xvh ri wkh jhrphwulfdo ihdwxuhv ri
phwulf ru frqqhfwlrq1

Lq wkdw zklfk iroorzv/ hpskdvlv lv sodfhg xsrq wkh wkhuprg|qdplf wrsrorjlfdo
ihdwxuhv ri qrq0htxloleulxp/ wxuexohqw ydq ghu Zddov jdv1
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61 Wkh Xeltxlwrxv Wrsrorjlfdo ydq ghu Zdoov jdv

Wkh vlpsolvwlf htxdwlrq ri vwdwh iru dq lghdo +shuihfw, jdv/

Lghdo Jdv= S@UW ' � ' q@Y> +614,

grhv qrw hqfrgh fhuwdlq wkhuprg|qdplf ihdwxuhv +skdvh wudqvlwlrqv dqg fulwlfdo
srlqw ehkdylru, zklfk duh revhuydeoh lq %uhdo% jdvhv1 Lw kdv ehhq dujxhg wkdw wkh
%uhdo% jdv frqvlvwv ri jhrphwulf %sduwv% wkdw lqwhudfw zlwk rqh dqrwkhu/ lq frqwudvw
wr dq lghdo jdv/ zkhuh jhrphwulf ihdwxuhv +vl}h dqg vkdsh, ri vxfk %prohfxohv%
dqg wkhlu lqwhudfwlrqv kdg ehhq ljqruhg1 Prwlydwhg e| vxfk lghdv/ ydq ghu Zddov
fuhdwhg/ skhqrphqrorjlfdoo|/ dq htxdwlrq ri vwdwh iru %uhdo% jdvhv lq whupv ri
wzr sdudphwhuv/ d dqg e> zklfk zhuh lqwurgxfhg wr hqfrgh wkh lqwhudfwlrq dqg
jhrphwulf vl}h ihdwxuhv ri wkh %prohfxodu% frpsrqhqwv1 Wkh uhvxowlqj irupxod iru
dq htxdwlrq ri vwdwh zdv fxelf lq wkh produ ghqvlw|/ � ' q@Y=

Ydq ghu Zddov= S '
�UW

�� e�
� d�2> +615,

ru= de�� � d�2 n iUW n eSj�� S ' f= +616,

Wkh irupxod kdv hqmr|hg uhpdundeoh vxffhvv iru txdolwdwlyho| h{sodlqlqj wkh wkhu0
prg|qdplf ihdwxuhv ri uhdo jdvhv1 Wkh irupxod uhsuhvhqwv dq lpsolflw vxuidfh
lq wkh vsdfh ri yduldeohv/ ~S> W> �j= Krzhyhu/ wkh ghyhorsphqw zdv skhqrphqr0
orjlfdo/ dqg dowkrxjk prwlydwhg e| wkh frqfhsw ri plfurvfrslf %prohfxohv%/ wkh
ixqgdphqwdo surshuwlhv zhuh lqghshqghqw iurp wkh jhrphwulf vl}h ri lwv sduwv1 Dv
Vrpphuihog kdv vdlg

%Wkh dwrplvwlf/ plfurvfrslf srlqw ri ylhz lv dolhq wr wkhuprg|0
qdplfv1 Frqvhtxhqwo|/ dv vxjjhvwhg e| Rvwzdog/ lw lv ehwwhu wr xvh
prohv udwkhu wkdq prohfxohv1% s1 44 ^Vrpphuihog 4<97`1

Wkh lghdo jdv dssur{lpdwlrq kdv ehhq irxqg wr eh ri xwlolw| wr wkh vwxg| ri
djjorphudwhv ri sduwv wkdw udqjh iurp wkh jhrphwulf vl}h ri qxfohl wr wkh jhrphwulf
vl}h ri vwduv1 D pdmru sxusrvh ri wklv vhfwlrq lv wr ghprqvwudwh wkh xqlyhuvdolw|
ri wkh wrsrorjlfdo ydq ghu Zddov jdv wr wkh vwxg| ri frqghqvdwhv ri doo w|shv ri
%sduwv% lq qrq0htxloleulxp frq�jxudwlrqv1

E| gl�huhqwldwlqj wkh Ydq ghu Zddov htxdwlrq ri vwdwh zlwk uhvshfw wr wkh
produ ghqvlw|/ lw fdq eh ghwhuplqhg wkdw wkhuh h{lvwv d %fulwlfdo srlqw% rq wkh
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k|shuvxuidfh dw zklfk wkh ydoxhv ri wkh Suhvvxuh/ Whpshudwxuh dqg produ ghqvlw|
wdnh rq ydoxhv vxfk wkdw

dw wkh fulwlfdo srlqw/ Sf@Wf�f ' frqvwdqw1 +617,

Zkhq wkh wkhuprg|qdplf yduldeohv duh h{suhvvhg lq whupv ri glphqvlrqohvv +uh0
gxfhg, yduldeohv/ vfdohg lq whupv ri wkhlu ydoxhv dw wkh fulwlfdo srlqw/ wkh ydoxhv
ri wkrvh sdudphwhuv/ d dqg e/ zklfk zhuh xvhg wr prgho wkh jhrphwulf0lqwhudfwlrq
dqg jhrphwulf vl}h ihdwxuhv fdqfhoohg rxw1 Lq wklv vhqvh/ wkh %uhqrupdol}hg% ru
%uhgxfhg% ydq ghu Zddov htxdwlrq ri vwdwh ehfdph dq hohphqw ri htxlydohqw fodvv
zlwk xqlyhuvdo wrsrorjlfdo surshuwlhv +lqghshqghqw iurp vfdohv,/ dqg lqghshqghqw
iurp wkh vl}h dqg lqwhudfwlrq pdjqlwxghv ri lwv frpsrqhqw sduwv1 Lq whupv ri wkh
glphqvlrqohvv yduldeohv/

hS ' S@Sf> hY ' Y@Yf> hW ' W@Wf> � ' q@Y> +618,

wkh fodvvlf ydq ghu Zddov htxdwlrq pd| eh frqvlghuhg dv d fxelf frqvwudlqw rq
wkh vsdfh ri yduldeohv iq( hS> hW >h�j zkhuh h� ' q@hY lv gh�qhg dv wkh glphqvlrqohvv
produ ghqvlw|1 Wkh uhgxfhg xqlyhuvdo ydq ghu Zddov htxdwlrq ri vwdwh lv jlyhq e|
wkh fodvvlf fxelf h{suhvvlrq/

Fodvvlf Ydq ghu Zddov htxdwlrq +619,

+lq uhgxfhg frruglqdwhv, +61:,

f ' h�� � �h�2 n iEHhW n hS �@�jh�� hS = +61;,

Wklv irupxod vkrxog eh phprul}hg/ iru lw |lhogv d gluhfw frqqhfwlrq ri wkh ydq ghu
Zddov jdv dqg d fxelf sro|qrpldo1 Lq wkh ghyhorsphqw wkdw iroorzv wkh irupxod
zloo eh uhodwhg wr wkh Fd|oh|0Kdplowrq htxdwlrq iru d qrq0ghjhqhudwh 7{7 Mdfreldq
pdwul{ ri d qrq0htxloleulxp wxuexohqw sk|vlfdo v|vwhp1

Wkh Fd|oh|0Kdplowrq irupxod lv ri wkh w|sh

Fd|oh|0Kdplowrq sro|qrpldo ' �e �[P�� n \J�
2 � ]D�

� n WN ' f= +61<,

Li WN ' f/ wkhq wkh Fd|oh|0Kdplowrqldq htxdwlrq ehfrphv/

Fd|oh|0Kdplowrq sro|qrpldo ' E�� �[P�2 n \J�
� � ]D�� ' f> +6143,

:



Iljxuh 614=

dqg wkh frh!flhqwv ehfrph uhodwhg wr wkh fxuydwxuhv ri wkh lpsolflw vxuidfh1 Wkh
�uvw +fxelf, idfwru fdq eh sxw lqwr gluhfw fruuhvsrqghqfh zlwk wkh Fodvvlf ydq ghu
Zddov htxdwlrq

� ' h�> +6144,

Phdq Fxuydwxuh [P ' �> +6145,

Jdxvv Fxuydwxuh \J ' iEHhW n hS �@�j +6146,

Fxelf Fxuydwxuh ]D ' hS +6147,

Irufhv dqg hqhujlhv dvvrfldwhg zlwk wkh Phdq fxuydwxuh duh w|slfdo ri vxuidfh
whqvlrq h�hfwv1 Lw ehfrphv dssduhqw wkdw irufhv dqg hqhujlhv dvvrfldwhg zlwk wkh
Fxelf fxuydwxuh uhsuhvhqw wkh Suhvvxuhv ri lqwhudfwlrqv1 Wkh Jdxvv txdgudwlf
fxuydwxuhv duh grplqdwhg e| whpshudwxuh/ zlwk d suhvvxuh frqwulexwlrq1

D gudzlqj ri wkh lpsolflw vxuidfh wkdw sruwud|v wkh ydq ghu Zddov htxdwlrq ri
vwdwh lv jlyhq lq wkh qh{w �jxuh1

Qrwh wkdw gldjudp glvsod|v d fulwlfdo lvrwkhup wkdw vhsdudwhv d vlqjoh skdvh
+wkh jdv, iurp wkh gl�huhqw wrsrorjlfdo grpdlqv wkdw fdq eh lqwhusuhwhg dv oltxlgv
dqg ydsru1 Wkh vkdsh ri wkh fulwlfdo lvrwkhup vkrxog eh uhphpehuhg/ iru deryh
wkh fulwlfdo lvrwkhup/ wkhuh h{lvwv d xqltxh ydoxh iru wkh suhvvxuh/ dqg ehorz wkh
fulwlfdo lvrwkhup wkhuh lv pruh wkdq rqh ydoxh iru wkh suhvvxuh1 Wklv ihdwxuh uhs0
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uhvhqwv d wrsrorjlfdo surshuw| ri wkh ydq ghu Zddov jdv/ dqg zloo kdyh lpsruwdqfh
lq wkh vwxg| ri qrq0htxloleulxp v|vwhpv1 Ri lqwhuhvw wr frvprorjlvwv/ wkh Suhv0
vxuh iru wkh ydq ghu Zddov jdv/ iru ydoxhv ehorz wkh fulwlfdo lvrwkhup/ fdq wdnh rq
qhjdwlyh ydoxhv1 Dv zloo eh vkrzq ehorz/ wkh Skdvh ixqfwlrq ehorz wkh fulwlfdo
lvrwkhup kdv wkh vkdsh ri d Kljjv srwhqwldo1

Wkhuh h{lvwv d gxdo vxuidfh wr wkh htxdwlrq ri vwdwh dv gh�qhg e| d Ohjhqguh
wudqvirupdwlrq wr wkh Jleev ixqfwlrq/ j ' x � Wv n Sy= Wkh lpsolflw vxuidfh
gh�qhg e| wkh Jleev ixqfwlrq +iru d ydq ghu Zddov jdv, lv qrw vlqjoh ydoxhg/ dqg
dsshduv dv d ghirupdwlrq ri d vzdoorz wdlo elixufdwlrq vhw1 Wkh dfwxdo Jleev
vxuidfh iru wkh ydq ghu Zddov jdv fdq eh qxphulfdoo| frpsxwhg dqg lv suhvhqwhg
lq wkh qh{w Iljxuh1 Dq dffxudwh gudzlqj ri wkh 6G Jleev vxuidfh dsshduv rqo|
rffdvlrqdoo| lq wkhuprg|qdplf wh{w errnv1 Prvw suhvhqwdwlrqv/ li lq 6G/ duh jlyhq
e| vnhwfkhv/ dqg qrw e| dfwxdo frpsxwdwlrqv1 Iru h{dpsoh/ lq ^Dgnlqv/ F/M1 4<:8`
s14<9/ wkh Jleev vxuidfh plvvhv wkh idfw wkdw wkh vslqrgdo olqh irupv d fxvs dw wkh
fulwlfdo srlqw1 Lq wkh �jxuh ehorz/ wkh vdolhqw ihdwxuhv duh glvsod|hg e| qxphulf
frpsxwdwlrq ri wkh Jleev vxuidfh iru wkh ydq ghu Zddov jdv1 Uhpdundeo|/ wkh
gxdo Jleev vxuidfh glvsod|v wkh hqyhorsh ihdwxuhv ri wkh Xqlyhuvdo Skdvh ixqfwlrq1
Wkh fxvsrlgdo fulwlfdo srlqw vlqjxodulw|/ wkh zlqjhg fxvs uhsuhvhqwlqj wkh Vslqrgdo
olqh/ dqg wkh elqrgdo vhoi lqwhuvhfwlrq duh xqlyhuvdo wrsrorjlfdo ihdwxuhv ri wkh
glvfulplqdqw +hqyhorsh, k|shuvxuidfh1 Lq wkh �jxuh ehorz/ wkh zklwh lv zkhuh wkh
whpshudwxuh lv deryh wkh fulwlfdo lvrwkhup dqg uhsuhvhqwv wkh sxuh jdv1 Wkh rwkhu
vhfwruv duh ehorz wkh fulwlfdo lvrwkhup/ dqg duh lq xhqfhg e| wkh %Kljjv% ihdwxuhv
ri wkh Skdvh srwhqwldo1 Wkh gdun jud| vhfwru uhsuhvhqwv wkh  xlg skdvh/ dqg wkh
oljkw jud| vhfwru uhsuhvhqwv wkh ydsru skdvh1 Wkh oljkw eoxh vhfwru uhsuhvhqwv wkh
xqvwdeoh pl{hg skdvh uhjlrq1

Frqmhfwxuh 6141 Wkh wrsrorjlfdo ihdwxuhv ri wkh ydq ghu Zddov jdv duh xqlyhuvdo
ihdwxuhv +ghirupdwlrq lqyduldqwv iru doo sk|vlfdo v|vwhpv wkdw dgplw d uhdol}dwlrq
ryhu 7G vsdfh0wlph ydulhw|1 Wkh ydq ghu Zdoov jdv lv rqh hohphqw ri d wrsrorjlfdo
htxlydohqfh fodvv1
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Klvwrulfdoo| wkh wzr lpsolflw vxuidfhv gh�qhg e| wkh uhgxfhg ydq ghu Zddov
htxdwlrq ehfdph txlwh xvhixo wr fkhplfdo hqjlqhhuv dqg ohg wr wkh odz ri fruuh0
vsrqglqj vwdwhv1 Li surshuwlhv ri d jdv qhdu lwv fulwlfdo srlqw frxog eh phdvxuhg/
wkhq wkh odz ri fruuhvsrqglqj vwdwhv shuplwwhg hvwlpdwhv wr eh pdgh iru wkh surs0
huwlhv ri wkh jdv e| frpsdulvrq wr wkh xqlyhuvdo ydq ghu Zddov prgho1 Wkh
wrsrorjlfdo uhvxowv zhuh lqghshqghqw ri wkh jhrphwulf sdudphwhuv ri vl}h/ e> dqg
lqwhudfwlrq/ d1 Lq wklv dqg iroorzlqj vhfwlrqv/ wkh xqlyhuvdo wrsrorjlfdo ihdwxuhv ri
wkh Skdvh ixqfwlrq dqg wkh Jleev vxuidfh ri wkh jhqhudol}hg4 ydq ghu Zddov jdv
zloo eh ghyhorshg dqg dssolhg wr qrq0htxloleulxp v|vwhpv1 Wkh %jhqhudol}dwlrq%
frqvlvwv ri dgglqj d frqwulexwlrq wr wkh uhflsurfdo yroxph xvh lq wkh lqwhudfwlrq
whup1 Uhfdoo wkdw qrq0htxloleulxp uhtxluhv wkdw wkh Sid� wrsrorjlfdo glphqvlrq
ri wkh Dfwlrq 40irup lv 6 ru juhdwhu lq fhuwdlq uhjlrqv1 Qrq0htxloleulxp v|vwhpv
fdq h{lvw lq %vwdwlrqdu|% vwdwhv zkhuh wkhuh wrsrorjlfdo frkhuhqfh surshuwlhv duh
hyroxwlrqdu| lqyduldqwv1

Wkh sulqflsoh +xqlyhuvdo, wrsrorjlfdo ghihfw vwuxfwxuh ri d ydq ghu Zddov jdv
lv wkh h{lvwhqfh ri d qrq0}hur fulwlfdo srlqw1 Zkhq h{suhvvhg lq whupv ri uhgxfhg
frruglqdwhv/ i hS > hW >h�j/ wkh fulwlfdo srlqw ri wkh lpsolflw vxuidfh uhsuhvhqwlqj wkh
htxdwlrq ri vwdwh/ lv zkhuh wkh uhgxfhg +glphqvlrqohvv, ixqfwlrqv doo kdyh wkh

4Wkh %jhqhudol}dwlrq% frqvlvwv ri dgglqj d frqwulexwlrq wr wkh uhflsurfdo yroxph xvh lq wkh

lqwhudfwlrq whup1
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frpprq ydoxh xqlw|1 Wkh wrsrorjlfdo vljql�fdqfh ri wkh fulwlfdo lvrwkhup/ zklfk
sdvvhv wkurxjk wkh fulwlfdo srlqw/ kdv douhdg| ehhq phqwlrqhg deryh1 Dqrwkhu lp0
sruwdqw wrsrorjlfdo ghihfw vwuxfwxuh lv wkh h{lvwhqfh ri d vslqrgdo olqh/ ri xowlpdwh
skdvh vwdelolw|/ frqvlvwlqj ri wzr sduwv wkdw phhw lq d fxvs dw wkh fulwlfdo srlqw1
Wkh vslqrgdo olqh zloo eh hvwdeolvkhg e| dq hgjh ri uhjuhvvlrq lq wkh Jleev vxuidfh1
\hw dqrwkhu wrsrorjlfdo ghihfw vwuxfwxuh lv h{klelwhg e| wkh elqrgdo olqh/ gh�qlqj
sruwlrqv ri d uxohg vxuidfh uhsuhvhqwlqj wkh uhjlrq ri pl{hg skdvhv1 Wkh elqrgdo
olqh fdq eh ghvfulehg e| d ghirupdwlrq ri d slwfkirun elixufdwlrq hpdqdwlqj iurp
wkh fulwlfdo srlqw/ dqg olqh zklfk rxwolqhv wkh grpdlq ri pl{hg skdvhv1 Wkh gr0
pdlq ri pl{hg skdvh lv uhodwhg wr uhjlrqv zkhuh wkh Sid� wrsrorjlfdo glphqvlrq ri
wkh hqfrghg sk|vlfdo v|vwhp +wkh 40irup ri Dfwlrq, lv dw ohdvw 61 Wkh grpdlqv ri
lvrodwhg vlqjoh skdvh duh uhodwhg wr uhjlrqv zkhuh wkh Sid� wrsrorjlfdo glphqvlrq
lv 5 ru ohvv1

D orw fdq eh ohduqhg iurp wkh ydq ghu Zddov h{dpsoh/ iru lwv ihdwxuhv duh h{0
shulphqwdoo| yhul�deoh1 Wkh xqlyhuvdo txdolwlhv duh rewdlqhg lq whupv ri yduldeohv
wkdw uhsuhvhqw ghirupdwlrqv dqg qrq0htxloleulxp h{whqvlrqv ri wkh ydq ghu Zddov
surshuwlhv1 Wkh ydq ghu Zddov lqwhuqdo hqhuj| lv d Odjudqjldq +skdvh, ixqfwlrq lq
whupv ri h{whqvlyh yduldeohv1 Lq wkh odqjxdjh ri fodvvlfdo phfkdqlfv/ wkh Odjudqjh
ixqfwlrq lv d ixqfwlrq ri wkh edvh yduldeohv/ tn/ dqg wkhlu �uvw ghulydwlyhv/ yn/ ru
yhorflw| %h{whqvlyh% ixqfwlrqv1 D Ohjhqguh wudqvirupdwlrq ohdgv wr d Kdplo0
wrqldq ixqfwlrq lq whupv ri lqwhqvlyh yduldeohv/ wkh prphqwd/ sn1 Wkh fodvvlf ydq
ghu Zddov skdvh ixqfwlrq gh�qhv d k|shuvxuidfh lq wkh vsdfh ri h{whqvlyh yduldeohv
ri hqwurs|/ V/ yroxph/ Y> dqg hqhuj|/ X 1 D Ohjhqguh wudqvirupdwlrq surgxfhv d
%Jleev0Kdplowrqldq% ixqfwlrq ri lqwhqvlyh yduldeohv/ whpshudwxuh W> suhvvxuh/ S>
dqg Jleev iuhh hqhuj|/ Jleev=

Wkh }hur vhwv ri fhuwdlq dojheudlf frpelqdwlrqv ri wkh vlplodulw| fxuydwxuh lq0
yduldqwv ri wkhvh k|shuvxuidfhv gh�qh xqlyhuvdo wrsrorjlfdo ihdwxuhv ri wkh sk|vlfdo
v|vwhp/ zklfk duh ri ydoxh wr wkh vwxg| ri erwk htxloleulxp dqg qrq0htxloleulxp
v|vwhpv1 Udwkhu wkdw irupxodwlqj wkh qrq0htxloleulxp xqlyhuvdo skdvh htxdwlrq
lq d skhqrphqrorjlfdo pdqqhu/ lw zloo eh ghprqvwudwhg wkdw vxfk d xqlyhuvdo skdvh
ixqfwlrq fdq eh jhqhudwhg dv wkh Fd|oh|0Kdplowrq sro|qrpldo htxdwlrq ri wkh Md0
freldq pdwul{ iru wkh 40irup ri Dfwlrq/ D/ wkdw uhsuhvhqwv wkh sk|vlfdo v|vwhp1
Wkh wrsrorjlfdo Sid� glphqvlrq ri D shuplwv wkh gholqhdwlrq ehwzhhq wkrvh skdvh
ixqfwlrqv wkdw uhsuhvhqw qrq0htxloleulxp v|vwhpv dqg wkrvh wkdw gr qrw1

Wkh iroorzlqj vxevhfwlrqv �uvw zloo glvfxvv wkh lghdv dvvrfldwhg zlwk H{whqvlyh
dqg Lqwhqvlyh yduldeohv1 Wkhq wkh fodvvlf ydq ghu Zddov h{suhvvlrq iru d Skdvh
htxdwlrq zloo eh xvhg wr gh�qh dq lqwhuqdo hqhuj| vxuidfh lq whupv ri lqwhqvlyh

44



yduldeohv1 D gxdo frqvwuxfwlrq zloo eh xvhg wr fuhdwh wkh Jleev hqhuj| lq whupv
ri lqwhqvlyh yduldeohv1 Wkh Jleev vxuidfh lv ghirupdeo| +wrsrorjlfdoo|, htxlydohqw
wr wkh vzdoorz0wdlo glvfulplqdqw/ ru hqyhorsh ri wkh fodvvlf skdvh htxdwlrq1 Diwhu
wklv uhylhz ri fodvvlfdo wkhru| lq wkh odqjxdjh ri wrsrorjlfdo hyroxwlrq/ wkh wkhru|
zloo eh h{whqghg wr lqfoxgh qrq0htxloleulxp v|vwhpv ri wkh forvhg dqg rshq w|shv1

6141 H{whqvlyh dqg Lqwhqvlyh yduldeohv

H{shulphqw kdv lqglfdwhg wkdw wkhuh duh wzr vshflhv ri yduldeohv lq wkhuprg|qdplf
v|vwhpv/ H{whqvlyh yduldeohv vxfk dv Yroxph dqg Hqwurs| ~Y dqg V� 0 zklfk duh
dgglwlyh txdqwlwlhv/ dqg lqwhqvlyh yduldeohv/ vxfk dv Suhvvxuh dqg Whpshudwxuh ~S
dqg W� 0 zklfk duh qrw dgglwlyh lqwhqvlwlhv1 Dv Wlv}d srlqwv rxw ^Wlv}d 4<99`/
frpphqwlqj rq wkh jhrphwulfdo dssurdfkhv wr wkhuprg|qdplfv/

%Lw lv uhpdundeoh wkdw lqwulqvlf vxevsdfh fxuydwxuh surshuwlhv fdq
kdyh dq| wkhuprg|qdplf phdqlqj/ dv phwulfdo edvhg jhrphwulhv fdq
qrw eh xvhg wr glvwlqjxlvk ehwzhhq wkh wzr fodvvhv ri lqwhqvlyh dqg
h{whqvlyh wkhuprg|qdplf yduldeohv1%

Eh dzduh ri wkh idfw wkdw sk|vlfdo wkhrulhv wkdw gr qrw glvwlqjxlvk ehwzhhq
h{whqvlyh dqg lqwhqvlyh yduldeohv fdq kdyh rqo| d olplwhg dssolfdwlrq wr wkh sure0
ohp ri xqghuvwdqglqj wkhuprg|qdplfv1 Lq hohfwurpdjqhwlvp/ wkh hohfwulf dqg
pdjqhwlf �hog lqwhqvlwlhv +, dqg �� duh h{dpsohv ri lqwhqvlyh yduldeohv/ dqg wkh
hohfwulf dqg pdjqhwlf �hog h{flwdwlrqv +# dqg O� duh h{dpsohv ri h{whqvlyh ydul0
deohv1 Lw zloo eh ghprqvwudwhg ehorz wkdw vxfk wkhuprg|qdplf gl�huhqfhv duh
uhodwhg wr wkh frqfhswv ri sdlu dqg lpsdlu h{whulru gl�huhqwldo irupv1 Lqwhqvlwlhv
zloo eh uhodwhg wr fryduldqw whqvru �hogv +sdlu h{whulru gl�huhqwldo irupv 0zdyhv,/
dqg H{whqvlyh txdqwlwlhv zloo eh uhodwhg wr frqwud0yduldqw whqvru ghqvlwlhv +lpsdlu
h{whulru gl�huhqwldo irupv 0 sduwlfohv,1

Lq wkh fdofxoxv ri yduldwlrqv lw lv nqrzq wkdw wkrvh h{wuhpdo sulqflsohv wkdw
duh lqghshqghqw ri sdudphwulf vfdohv ohdg wr surmhfwlyh jhrphwulhv dqg Ilqvohu
vsdfhv1 Lqghhg/ Fkhuq ^Fkhuq 4<77` kdv vkrzq wkdw wkh nh| dvvxpswlrq ri d
Ilqvohu jhrphwu| lv wkdw wkh yduldwlrqdo lqwhjudqg eh krprjhqhrxv ri ghjuhh 4 lq
wkh yduldeohv ri wkh wdqjhqw vsdfh/ wkhuhe| iruplqj/ lq klv zrugv/ d �surmhfwlyl}hg�
wdqjhqw exqgoh1 Ilqvohu vsdfhv duh qrw zhoo nqrzq/ exw kdyh kdg d prghvw qxpehu
ri sk|vlfdo dssolfdwlrqv ^Dqwrqhool +4<<6,`1
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Frqmhfwxuh 6151 Wkh sk|vlfdo vflhqfh ri wkhuprg|qdplfv/ edvhg xsrq ixqfwlrqv

zklfk duh krprjhqhrxv ri ghjuhh 4/ lv zkhuh wkh wkhru| ri surmhfwlyl}hg Ilqvohu

vsdfhv fdq eh ri sudfwlfdo dssolfdwlrq1

D ixqfwlrq/ X> wkdw lv krprjhqrxv ri ghjuhh 4 lq wkh h{whqvlyh yduldeohv
EV> Y> X�> vdwlv�hv wkh Hxohu htxdwlrq

Y nCX@CY m ' VCX@CV n Y CX@CY n XCX@CX== ' X> +6148,

dqg wkh vfdolqj htxdwlrq

XE�V> �Y> �X� ' �XEEV> Y> X�= +6149,

Wkh sduwldo ghulydwlyh frh!flhqwv lq wkh Hxohu htxdwlrq gh�qh wkh lqwhqvlyh ydul0
deohv1 Wkh whvw iru krprjhqhlw| fdq eh sxw lqwr fruuhvsrqghqfh zlwk Fduwdq*v
pdjlf irupxod rshudwlqj rq ixqfwlrqv1 Ohw + ' dV> Y>X===o eh d srvlwlrq yhfwru lq
d vsdfh +ri h{whqvlyh yduldeohv,/ dqg ohw OEV> Y> ===q� eh d ixqfwlrq rq wkdw vsdfh1
Wkhq

OE+�X ' lE+�gX ' VCX@CV n Y CX@CY n XCX@CX== +614:,

Vr li X lv krprjhqhrxv ri ghjuhh 4/ wkhq wkh hyroxwlrq lq wkh gluhfwlrq ri wkh
h{sdqvlrq +srvlwlrq, yhfwru/ +/ |lhogv wkh uhvxow

Krprjhqhrxv ri ghjuhh 4 = OE+�XE+� ' XE+�= +614;,

Wkh dssolfdwlrq ri lqwhjhu dqg iudfwdo krprjhqhrxv frqfhswv duh glvfxvvhg lq pruh
ghwdlo lq Fkdswhu :1

Lw lv dovr ri vrph lpsruwdqfh wr qrwh wkdw prvw wh{werrn wuhdwphqwv ri wkhu0
prg|qdplfv djuhh zlwk wkh lghd wkdw wkh skdvh ixqfwlrq XEX> V> Y> q===� pxvw eh
krprjhqrxv ri ghjuhh 4/ exw wkh irupxodv riwhq suhvhqwhg iru wkh lghdo ru ydq ghu
Zddov jdv gr qrw vdwlvi| wkh Hxohu fulwhuld ri krprjhqhlw|1 D fruuhfw irupxodwlrq lv
suhvhqwhg ehorz1 Lw lv d idfw wkdw dq| ixqfwlrq fdq eh pdgh krprjhqhrxv ri ghjuhh
4 e| phuho| dgglqj d qhz yduldeoh/ dqg glylglqj/ ru uhqrupdol}lqj/ hdfk ri wkh rog
yduldeohv e| wkh qhz yduldeoh/ dqg wkhq pxowlso|lqj wkh qhz ixqfwlrq e| wkh qhz
yduldeoh1 Iru h{dpsoh/ frqvlghu iE{> |> }�1 Wkhq I E{> |> }> v� ' viE{@v> |@v> }@v�
lv krprjhqhrxv ri ghjuhh 4 lq wkh yduldeohv/ i{> |> }> vj1 Wklv vdph lghd fdq eh
h{whqghg wr yhfwruv= iru h{dpsoh/ ohw

� ' dY {> Y |> Y }o , V ' dY {> Y |> Y }> �EY {> Y |> Y }�o +614<,

, a ' � dY {@�> Y |@�> Y }@�o +6153,
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Wkh nh| ihdwxuh ri wkh skdvh ixqfwlrq ri wkhuprg|qdplfv lv wkdw Q/ ru q/ �wkh
qxpehu ri sduwv/ prohfxohv/ ru skdvhv� sod|v wkh uroh ri wkh uhqrupdol}dwlrq ydul0
deoh/ ghvljqdwhg dv v lq wkh h{dpsoh1 Iru wkhuprg|qdplfv wkh h{suhvvlrq

qXEV@q> Y@q> X@q==� ' XEV> Y> X> q==� +6154,

lv wr eh uhfrjql}hg dv d ixqfwlrq zklfk lv krprjhqhrxv ri ghjuhh 41 Wkh skdvh
ixqfwlrq lv d surmhfwlrq iurp d vsdfh ri 4 kljkhu glphqvlrq +wkh frruglqdwh q, wr
lqfoxgh wkh frqfhsw ri pxowlsoh frpsrqhqwv ru skdvhv1

Lq fodvvlfdo phfkdqlfv lw lv dovr dssuhfldwhg wkdw wkhuh duh wzr fodvvhv ri ydul0
deohv= frqwudyduldqw yhfwruv vxfk dv wkh frpsrqhqwv ri yhorflwlhv/ dqg fryduldqw
yhfwruv/ vxfk dv wkh frpsrqhqwv ri d judglhqw �hog1 Odjudqjldqv duh riwhq ixqf0
wlrqv ri frqwudyduldqw yhfwru frpsrqhqwv +yhorflwlhv/ Y n,/ zkloh Kdplowrqldqv duh
ixqfwlrqv ri fryduldqw yduldeohv +prphqwd/ Sn,1

6151 Odjudqjldq0Kdplowrqldq ihdwxuhv

Lq Kdplowrqldq0Odjudqjh irupdolvp/ wkh Ohjhqguh wudqvirupdwlrq lv jlyhq dv dq
htxdwlrq frqvwudlqlqj wkh Kdplowrqldq ixqfwlrq wr wkh Odjudqjh ixqfwlrq lq whupv
ri d k|shuerolf surgxfw ri gxdo yduldeohv/

K n O ' SnY
n= +6155,

Lw iroorzv wkdw

SnCK@CSn �K ' �ESnCO@CSn � O�> +6156,

Y nCK@CY n �K ' �EY nCO@CY n � O� +6157,

Li O lv krprjhqhrxv ri ghjuhh 4 lq wkh Y n wkhq wkh odvw htxdwlrq lpsolhv wkdw
hlwkhu K lv dovr Krprjhqhrxv ri ghjuhh 4 lq wkh Y n / ru K lv krprjhqhrxv ri
ghjuhh }hur/ dqg K htxdo wr }hur1 Lw lv wr eh qrwhg wkdw wkh Hxohu fulwhuld iru
krprjhqhlw| ri ghjuhh 4 lq wkh Y n lv jlyhq e| wkh h{suhvvlrq/ EY nCO@CY n�O� ' f1
Wkh yduldwlrqdo sureohp zkhq wkh yduldwlrqdo lqwhjudqg/ OE��/ lv krprjhqhrxv ri
ghjuhh 4 lq � lv nqrzq dv wkh Krprjhqhrxv Sureohp= �CO@C��OE�� , f> zklfk
lv suhflvho| wkdw frqvwudlqw xvhg lq wkh wkhru| ri vshfldo uhodwlylw|/ wkh wkhru| ri
plqlpdo vxuidfhv/ dqg lq Fkhuq*v yhuvlrq ri Ilqvohu jhrphwulhv exlow rq surmhfwlyh
frqqhfwlrqv1

Edvhg rq wkh frqfhsw wkdw gl�huhqw wkhuprg|qdplf skdvhv uhsuhvhqw wrsr0
orjlfdo surshuwlhv/ dqg wkdw d skdvh fkdqjh lv wr eh uhfrjql}hg dv d vljqdwxuh ri
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d wrsrorjlfdo hyroxwlrq/ wkh edvlf lghdv ri surmhfwlyh gl�huhqwldo jhrphwu| phq0
wlrqhg deryh zhuh xwlol}hg ^UPN 4<<3` wr gh�qh fhuwdlq wrsrorjlfdo surshuwlhv ri
k|gurg|qdplf  rzv +vhh vhfwlrq 61914,1 Gl�huhqw grpdlqv ri lqlwldo frqglwlrqv iru
d jlyhq k|gurg|qdplf  rz frxog eh dvvrfldwhg zlwk gl�huhqw skdvh uhjlrqv ri d
wkhuprg|qdplf vxevwdqfh1 D vshfl�f h{dpsoh zdv jlyhq iru d g|qdplfdo v|vwhp
lq zklfk wkh wkuhh glphqvlrqdo  rz h{solflwo| lqgxfhg wkh Jleev iuhh hqhuj| vxu0
idfh w|slfdo iru wkh Ydq ghu Zddov jdv1 Lw wkhq zdv srvvleoh wr ghwhuplqh wkdw
wkhuh zhuh grpdlqv ri lqlwldo frqglwlrqv iru zklfk wkh v|vwhp frxog eh sxw lqwr
fruuhvsrqghqfh zlwk wkh sxuh oltxlg/ sxuh jdv/ ru pl{hg skdvh uhjlrqv ri d wzr
skdvh v|vwhp1 Dq xqvwdeoh uhjlrq zrxog eh lq wkh grpdlq zklfk lv lqwhulru wr wkh
vslqrgdo olqh rq wkh vxuidfh uhsuhvhqwlqj wkh htxdwlrq ri vwdwh1 Dowkrxjk lqwxlwlrq
lpsolhg wkdw wklv fruuhvsrqghqfh zdv d xqlyhuvdo uhvxow/ qr vdwlvidfwru| dujxphqw
zdv nqrzq dw wkdw wlph wr vxevwdqwldwh wkh lghd ri xqlyhuvdolw|/ h{fhsw lq vshfl�f
h{dpsohv1

Lw wklv vhfwlrq lw zloo eh ghprqvwudwhg wkdw wkh revhuydwlrqv ghvfulehg deryh
duh lqghhg xqlyhuvdo frqfhswv= Dq| g|qdplfdo v|vwhp wkdw fdq eh ghvfulehg lq
whupv ri d qrq0olqhdu F4 yhfwru �hog lq wkuhh yduldeohv fdq eh dvvrfldwhg zlwk wkh
wkhuprg|qdplfv ri d Ydq ghu Zddov jdv1 Wklv xqlyhuvdo ehkdylru qrw rqo| mxvwl0
�hv wkh odz ri fruuhvsrqglqj vwdwhv lq fkhplvwu|/ exw dovr |lhogv h{solflw xqlyhuvdo
irupxodv +lq whupv ri furvv udwlrv ri vlplodulw| lqyduldqwv, wr ghvfuleh wkh olplwv
ri skdvh vwdelolw| wkdw duh htxlydohqw wr wkh Vslqrgdo Olqh dqg wkh Elqrgdo olqh
ri wzr skdvh wkhuprg|qdplf v|vwhpv1 Lq dgglwlrq/ wkh lghdv ohdg wr d zhoo gh0
�qhg surfhgxuh iru wuhdwlqj qrq0htxloleulxp wkhuprg|qdplf v|vwhpv dv frpsoh{
ghyldwlrqv iurp wkh uhdo/ ru htxloleulxp/ v|vwhpv1

Wklv fodlp ri xqlyhuvdolw| lv qrw wr eh wuhdwhg oljkwo|1 Iru h{dpsoh/ lw vkrxog eh
uhpdunhg wkdw klvwrulfdoo| pdq| dxwkruv/ lqfoxglqj Wkrp/ kdyh uhfrjql}hg wkdw
wkh fxvs fdwdvwurskh jhqhudwhg e| wkh fxelf irog kdv pdq| txdolwdwlyh ihdwxuhv
ri d Ydq ghu Zddov jdv1 Lq 4<:: Vhzhoo qrwhg d uhodwlrqvkls ehwzhhq Ohjhqguh
wudqvirupdwlrqv dqg elixufdwlrq wkhru|/ dqg fohduo| gh�qhg wkh uhodwlrqvkls eh0
wzhhq wkh Jleev iuhh hqhuj| vxuidfh ri d ydq ghu Zddov jdv dqg lwv uhodwlrqvkls
wr wkh vzdoorzwdlo fdwdvwurskh1 Krzhyhu/ wkh fodlpv wkdw fdwdvwurskh frqfhswv
kdyh xqlyhuvdo vljql�fdqfh kdyh ehhq fulwlfl}hg vkduso|/ erwk rq phwkrg dqg vw|oh
ri suhvhqwdwlrq dqg vshfl�fdoo| rq wkh jurxqgv wkdw qrw doo g|qdplfdo v|vwhpv
kdyh d judglhqw uhsuhvhqwdwlrq1 Krzhyhu/ wkh dqdo|vlv khuhlq jlyhv fuhghqfh wr
vrph ri Wkrp*v fodlpv ri xqlyhuvdolw| e| ghprqvwudwlqj krz wkh fxvs vlqjxodu0
lw| fdq eh frqvwuxfwhg lq whupv ri dq| F4 wkuhh glphqvlrqdo yhfwru �hog/ dqg wkh
vlplodulw| lqyduldqwv ri lwv Mdfreldq pdwul{1 Dqqxoolqj lqglylgxdo vlplodulw| lqydul0
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dqwv +zlwk uhvshfw wr wkdw vshfldo vxevhw ri surmhfwlyh wudqvirupdwlrqv +htxl0d!qh
wudqvirupdwlrqv, wkdw suhvhuyh sdudooholvp dqg shushqglfxodulw|, ohdgv wr orfdo
elixufdwlrqv/ dqg frqvwudlqlqj glphqvlrqohvv furvv udwlrv ri vlplodulw| lqyduldqwv
ohdgv wr joredo elixufdwlrq gldjudpv1 Wkhq xvlqj Vhzhoo*v uhvxow wkdw wkh elixufd0
wlrq vhw ri wkh vzdoorzwdlo vlqjxodulw| lv uhodwhg wr wkh Ohjhqguh gxdo ri wkh Fxvs
vlqjxodulw| frpsohwhv wkh xqlyhuvdo fruuhvsrqghqfh1

Rwkhuv kdyh dwwhpswhg wr xvh gl�huhqwldo jhrphwulf phwkrgv wr dqdo|}h wkhu0
prg|qdplf v|vwhpv/ exw doprvw dozd|v wkhvh dwwhpswv kdyh wulhg wr frqvwuxfw d
vxlwdeoh phwulf irupdolvp1 Iru h{dpsoh/ Wlv}d phqwlrqv wkdw Eodvknh dwwhpswhg
wr ghgxfh d gl�huhqwldo jhrphwu| wkdw zrxog dsso| wr wkh phwulf iuhh Jleev vsdfh/
exw zlwk rqo| olplwhg vxffhvv1 Lq Eodvknh*v jhrphwu|/ wkh surmhfwlyh vsdfh zdv
frq�qhg wr wkh htxl0d!qh jurxs/ zklfk irufhv wkh vkdsh pdwul{ wr eh v|pphwulf1
Vxfk htxl0d!qh v|vwhpv dgplw rqo| uhdo hljhq ydoxhv iru wkh vkdsh pdwul{/ zkhuh
wkh ulfkqhvv ri qrq0htxloleulxp wkhuprg|qdplfv/ dqg lwv srvvleoh dssolfdwlrq wr
wkh wkhru| ri g|qdplfdo v|vwhpv/ uhtxluhv wkh h{lvwhqfh ri grpdlqv ri erwk uhdo
dqg frpsoh{ hljhqydoxhv1 Lq wklv vhfwlrq/ d surmhfwlyh jhrphwu| zlwkrxw phwulf
lv suhvxphg wr eh wkh qdwxudo edvlv iru qrq0htxloleulxp/ exw uhyhuvleoh wkhuprg|0
qdplfv1

Lq wkh hduolhu zrun uhsruwhg dw wkh 4<:: Dvshq Frqihuhqfh rq %Qhz Iurqwlhuv
lq Wkhuprg|qdplfv%/ wkh Jleev vsdfh xvhg lq ghulylqj wkh vkdsh pdwul{ ri wkh
htxloleulxp �vxuidfh� zdv dvvxphg wr eh d surmhfwlyh jhrphwu| ri wkuhh glphq0
vlrqv/ EX@q> V@q> Y@qj/ rq zklfk wkh surmhfwlyh frqvwudlqw zdv wkdw jlyhq e| wkh
�uvw odz ri wkhuprg|qdplfv

$ ' gX �TnZ ' f= +6158,

Wkh suhvxpswlrq ri fodvvlfdo wkhuprg|qdplfv lv wkdw wkh �uvw odz lv orfdoo| htxly0
dohqw wr d Gduerx{ uhsuhvhqwdwlrq

$ ' gX � WgV n SgY n �gq , f= +6159,

Iurp dqrwkhu srlqw ri ylhz/ wkh vhyhq glphqvlrqdo vsdfh iX>W> V> S> Y> �> qj
lv wrsrorjlfdoo| frqvwudlqhg e| dq h{whulru gl�huhqwldo v|vwhp wkdw frqvlvwv ri d
ixqfwlrq krprjhqhrxv ri ghjuhh 4 lq wkh yduldeohv/ iX> V> Y> qj>

XEX> V> Y> q� ' qXEX@q> V@q> Y@q� , f> +615:,

dqg wkh gl�huhqwldo 40irup/

$ ' gX � WgV n SgY n �gq , f= +615;,
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Wkh ydqlvklqj ri wkh wkuhh irup/ $	g$ ' f> lqvxuhv wkdw wkh 40irup/ $> lv
lqwhjudeoh lq wkh vhqvh ri Iurehqlxv/ dqg wkh frqglwlrq lv dw wkh irxqgdwlrq li
Fdudwkhrgru|*v wkhru| ri htxloleulxp1 Wkh h{lvwhqfh ri wklv 40irup gh�qhv d
qrq0vwdqgdug/ ru Fduwdq vxuidfh/ iru zklfk wkh vkdsh pdwul{ lv qrw qhfhvvdulo|
v|pphwulf/ dqg wkhuhiruh fdq kdyh frpsoh{ hljhqydoxhv1 +Vhh Fkdswhu ;1, Lq
htxloleulxp wkhuprg|qdplfv wkh dgglwlrqdo frqvwudlqw wkdw $ lv lqwhjudeoh lpsolhv
wkh h{lvwhqfh ri d xqltxh vroxwlrq ixqfwlrq/ qXEX@q> V@q> Y@q� zklfk lv krprjh0
qhrxv ri ghjuhh 4 lq wkh h{whqvlyh yduldeohv iX> V> Y> qj= Wkh sduwldo ghulydwlyhv
ri wkh vroxwlrq ixqfwlrq zlwk uhvshfw wr wkh h{whqvlyh yduldeohv/ |lhog wkh wkhupr0
g|qdplf lqwhqvlwlhv1 Zkhwkhu wkh 40irup $ lv lqwhjudeoh ru qrw/ wkh ydqlvklqj ri
wkh 40irup frqvwudlqv wkh surmhfwlyh vkdsh pdwul{ wr eh v|pphwulf1

D srlqw ri ghsduwxuh lv uhdol}hg zkhq wkh surmhfwlyh frqvwudlqw lv fkrvhq vxfk
wkdw wkh vkdsh pdwul{ dgplwv frpsoh{ hljhqydoxhv1 Lq doo surmhfwlyh jhrphwulhv/
wkh ixqgdphqwdo lqyduldqwv duh frqvwuxfwhg iurp vl{ sulplwlyh furvv udwlrv/ wzr ri
zklfk duh erxqghg e| qhjdwlyh lq�qlw| dqg }hur/ wzr ri zklfk duh erxqghg e|
}hur dqg rqh +wkh suredelolw| grpdlq, dqg wzr ri zklfk duh erxqghg e| rqh dqg
lq�qlw|1 Lw zloo eh ghprqvwudwhg ehorz krz wklv vljqdwxuh ri wkh wkuhh surmhfwlyh
htxlydohqfh fodvvhv dsshdu lq wkh uhodwlrqvklsv wkdw uhodwh hqyhorshv wr elixufdwlrqv
lq surmhfwlyh vsdfh1

Zkhq wkh Jleev sulplwlyh skdvh vxuidfh ri wkh ydq ghu Zddov jdv lv pdsshg
wr lwv gxdo e| phdqv ri d Ohjhqguh wudqvirupdwlrq/ wkh Vslqrgdo olqh fdq eh
lqwhusuhwhg dv dq hgjh ri uhjuhvvlrq lq wkh gxdo vxuidfh ri �Jleev iuhh hqhuj|�1
Lw lv wklv foxh wkdw irfxvhv dwwhqwlrq rq wkh wkhru| ri hqyhorshv/ iru wkh hgjh ri
uhjuhvvlrq lv d vlqjxodulw| lq dq hqyhorslqj vxuidfh ^Vwuxln4<94`1 Lw lv dssduhqw lq
wkh gxdo vxuidfh ri Jleev iuhh hqhuj| wkdw/ lq dgglwlrq wr wkh hgjh ri uhjuhvvlrq/
wkhuh h{lvwv dqrwkhu wrsrorjlfdo ihdwxuh ri vlqjxodulw|/ d olqh ri vhoi lqwhuvhfwlrq
+zklfk lv qrw dq lqwulqvlf surshuw| wkdw fdq eh ghwhuplqhg orfdoo|,1 Wklv qrq0
phwulfdo ihdwxuh ri vhoi lqwhuvhfwlrq zdv lqwhusuhwhg dv wkh Elqrgdo olqh lq wkh
hduolhu zrun phqwlrqhg1 Xvxdoo|/ wkh Elqrgdo olqh lv gh�qhg wkurxjk d khxulvwlf
Pd{zhoo frqvwuxfwlrq rq wkh SYW vxuidfh uhsuhvhqwlqj wkh htxdwlrq ri vwdwh1 Dv
Wlv}d vwdwhv ^Wlv}d 4<99` lq uhihuhqfh wr wkh Pd{zhoo surfhgxuh/

%111d ydq ghu Zddov jdv +uhihuulqj wr wkh htxdwlrq ri vwdwh, grhv qrw
frqvwlwxwh d ixoo| gh�qhg wkhuprg|qdplf v|vwhp1 D frpsohwh gh�ql0
wlrq zrxog lqfoxgh wkh vshfl�f khdw dv d ixqfwlrq ri vd| whpshudwxuh
dqg yroxph1 111 Lq wkh frqfhsw ri d Ydq ghu Zddov jdv d vsxulrxv
lqwhusrodwlrq +wkh Pd{zhoo frqvwuxfwlrq, wkurxjk wkh lqvwdeoh udqjh
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+ri wkh htxdwlrq ri vwdwh, lv vxevwlwxwhg iru wkh plvvlqj +vshfl�f khdw,
lqirupdwlrq1%

Lq gl�huhqwldo jhrphwu|/ wkh olqh ri vhoi lqwhuvhfwlrq lv d orfxv ri vlqjxodulwlhv/
dqg dv vxfk zrxog r�hu d surmhfwlyh jhrphwulf gh�qlwlrq ri wkh Elqrgdo olqh/
zlwkrxw wkh khxulvwlf Pd{zhoo dvvxpswlrq1 Dowkrxjk ylvxdoo| dssduhqw lq wkh
htxloleulxp vxuidfh uhsuhvhqwlqj wkh Jleev iuhh hqhuj|/ wkh gl�huhqwldo jhrphwu|
ri wkh h{wulqvlf Elqrgdo olqh hoxghg dojheudlf irupxodwlrq1

6161 Wkh Skdvh ixqfwlrq iru d ydq ghu Zddov Jdv

Lq wkh fodvvlfdo ghyhorsphqw ri wkhuprg|qdplfv/ wkh ydq ghu Zddov jdv lv riwhq
xvhg dv d fruqhuvwrqh h{dpsoh1 Krzhyhu/ wkh skdvh ixqfwlrq/ X> jlyhq lq pdq|
wh{werrn wuhdwphqwv lv qrw h{solflwo| krprjhqhrxv ri ghjuhh 4 lq wkh h{whqvlyh
yduldeohv1 D krprjhqhrxvo| fruuhfw irupxodwlrq/ wr zlwklq d frqvwdqw/ lv jlyhq e|
wkh uhodwlrq=

Xi===V> Y> q(Xj ' qdh
V

qFy E
Y

q
� e�3

U

Fy � d

EY
q
n fe�

� X

q
o , f= +615<,

Wkh frqvwdqw e lv d uhsuhvhqwdwlyh vl}h ri wkh %sduwlfohv% wkdw pdnh xs produ
txdqwlwlhv ri wkh jdv1 Fxuuhqwo|/ lw lv xvxdo wr frqvlghu wkh %produ% txdqwlwlhv wr
eh plfurvfrslf prohfxohv/ exw wkh produ txdqwlwlhv iurp d wrsrorjlfdo shuvshfwlyh
fdq eh dq| vl}h/ udqjlqj iurp qxfohl wr vwduv1 Wr uhshdw Vrpphuihog*v vwdwhphqw=

%Wkh dwrplvwlf/ plfurvfrslf srlqw ri ylhz lv dolhq wr wkhuprg|0
qdplfv1 Frqvhtxhqwo|/ dv vxjjhvwhg e| Rvwzdog/ lw lv ehwwhu wr xvh
prohv udwkhu wkdq prohfxohv1% s1 44 ^Vrpphuihog 4<97`1

Wkh frqvwdqw d lv uhsuhvhqwdwlyh ri wkh lqwhudfwlrq irufhv ehwzhhq wkh produ
txdqwlwlhv1 Wkh whup d@EY

q
�2 kdv ehhq ghvfulehg e| Vrpphuihog dv uhsuhvhqwlqj

wkh %irufhv +ru hqhuj|, ri frkhvlrq% s1 8; ^Vrpphuihog 4<97` 1 Qrwh wkdw d
fruuhfwlrq idfwru/ fe/ kdv ehhq dgghg wr wkh klvwrulfdo froolvlrq whup d@EY@q� $
d@EY@q n fe� lq rughu wr dffrxqw iru wkh �qlwh lqwhudfwlrq vl}h +ru dq h�hfwlyh
vfdwwhulqj zdyhohqjwk fe, ri wkh lqwhudfwlqj produ sduwlfohv1 Wkh frh!flhqw f
fdq eh dgmxvwhg wr jlyh d ehwwhu �w ri wkh ydq ghu Zddov jdv htxdwlrq wr wkh
h{shulphqwdo gdwd ri lf ' EqUWf@SfYf� dw wkh fulwlfdo srlqw1

Wklv htxdwlrq iru XiV> Y> q(Xj vdwlv�hv wkh Hxohu frqglwlrq iru krprjhqhlw|
ri ghjuhh 4/ zlwk uhvshfw wr wkh h{whqvlyh yduldeohv iV> Y> q(Xj G

XCX@CX n Y CX@CY n VCX@CV n qCX@Cq�X ' f= +6163,
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Wkh sduwldo ghulydwlyhv wkh skdvh ixqfwlrq/ X> zlwk uhvshfw wr wkh h{whqvlyh ydul0
deohv pd| eh xvhg wr gh�qh lqwhqvlyh yduldeohv/ ES> W> ��>

ES ' �CX@CY> W ' CX@CV> � ' �CX@Cq> � ' �CX@CX�= +6164,

Iurp wkh skdvh ixqfwlrq + 615< ,/ sduwldo gl�huhqwldwlrq |lhogv=

W '
C

CV
EX� ' Eh

V

qFy E
Y

q
� e�3

U

Fy �@Fy +6165,

S ' � C

CY
EX� '

qUW

Y � eq
� d

q2

EY n feq�2
= +6166,

Gl�huhqwldwlqj S zlwk zlwk uhvshfw wr Y |lhogv

CS@CY ' � qUW

E�Y n eq�2
n 2d

q2

EY n feq��
> +6167,

dqg gl�huhqwldwlrq djdlq ohdgv wr

C2S@CY 2 ' �2
qUW

E�Y n eq��
� Sd

q2

EY n feq�e
= +6168,

Wkh fodvvlf dujxphqw wr ghwhuplqh wkh fulwlfdo srlqw vhwv wkhvh uhodwlrqv wr
}hur1 Wkh ydoxhv ri wkh wkhuprg|qdplf yduldeohv dw wkh fulwlfdo srlqw duh=

Yf ' eqE2fn ��> Wf '
Hd@2.

eUEfn ��
> Sf '

d@2.

e2Efn ��2
+6169,

zklfk ohdgv wr wkh xqlyhuvdo frqvwdqw/ lf> lqghshqghqw iurp wkh jhrphwulfdo sd0
udphwhuv id> ej=

lf ' qUWf@ESfYf� ' H
fn �

2fn �
= +616:,

Iru wkh ydq ghu Zddov jdv +f ' f,/ lf@4216:8/ exw iru pdq| uhdo jdvhv/ wkh
h{shulphqwdo ydoxh lv forvhu wr lf@4215:1 Wklv uhvxow lv lq jrrg djuhhphqw zlwk
wkh ydoxh ri f ' e1 Wkh ydoxh ri �@lf yhuvxv wkh frh!flhqw f lv glvsod|hg lq wkh
iroorzlqj �jxuh=

Iru wkh fodvvlf ydq ghu Zddov jdv Ef ' f�/ d uhgxfhg htxdwlrq ri vwdwh fdq
eh rewdlqhg lq whupv ri wkh glphqvlrqohvv yduldeohv/ vfdohg e| wkhlu ydoxhv dw wkh
fulwlfdo srlqw1

f ' h�� � �h�2 n iEHhW n hS �@�jh�� hS=
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Iljxuh 615=

Wkh fodvvlf ydq ghu Zddov irupxod ohdgv wr d fulwlfdo lvrwkhup wkdw wrsrorjlfdoo|
vhsdudwhv wkh sxuh jdv skdvh iurp wkrvh uhjlrqv wkdw dgplw oltxlg/ ru ydsru/ fr0
h{lvwhqw pl{hg skdvhv1 Wkh vkdsh ri wkh fulwlfdo lvrwkhup lv jlyhq lq wkh �jxuh
ehorz1 Lw lv d wrsrorjlfdo lqyduldqw dqg lv wr eh uhfrjql}hg e| lwv glvwlqfwlyh
vkdsh1

Iru duelwudu| frh!flhqw f/ wkh fxelf irupxod iru wkh uhgxfhg htxdwlrq ri vwdwh
lv ri wkh irupdw

EHhWf� n E2. n HhW n hS �f2 n Defn 2.�E�@E2fn ��� +616;,

nEE�2.� hS n �ShW �f2 n E�De n �ShW n 2 hS �f� 2.�E�@E2fn ��2 +616<,

nEE�2 hS n HhW �fn HhW n hS �E�@E2fn ���� hS , f= +6173,

Iru wkh vshfldo fdvh f ' �@2 wkh fxelf irupxod plplfv wkh fodvvlfdo Yluldo h{sdqvlrq
zkhuh wkh suhvvxuh lv h{sdqghg lq srzhuv ri wkh ghqvlw|=

hS ' n�hW�n�@�SE�2e�@en�2hW n�@e hS ��2n�@SeE�W n�@e hS n2e�@e���= +6174,

Wkh E hS> �� surmhfwlrq ri wkh lpsolflw vxuidfh iru f ' f mdv ehhq jlyhq deryh/ dqg
wkh surmhfwlrq iru f ' e lv jhqhudwhg lq wkh iroorzlqj �jxuh1 Lw lv reylrxv wkdw
wkh wzr �jxuhv duh ghirupdeo| htxlydohqw1
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Iljxuh 616=

Wkh uhdghu lv hqfrxudjhg wr slfn rxw wkh fulwlfdo lvrwkhup/ zklfk lv d ghiru0
pdwlrq ri wkh fulwlfdo lvrwkhup iru wkh ydq ghu Zddov jdv zlwk f @ 3 +vhh wkh
suhylrxv �jxuh iru wkh uhgxfhg suhvvxuh dw f @ 3,1 Lw lv dovr wuxh wkdw wkh Jleev
ixqfwlrq iru f@7 lv d ghirupdwlrq htxlydohqw wr wkh suhylrxv �jxuh wkdw ghvfulehv
wkh vzdoorz wdlo vxuidfh ri wkh ydq ghu Zddov +f@3, jdv1

6171 Wkh Mdfreldq Pdwul{ ri wkh Dfwlrq 40irup1

Lq prvw ri wkh suhylrxv zrun/ wkh Fduwdq wrsrorjlfdo phwkrgv ri h{whulru gl�hu0
hqwldo irupv kdyh hpskdvl}hg wkh dqwlv|pphwulf ihdwxuhv ri d sk|vlfdo v|vwhp/
hvshfldoo| wkurxjk wkh dqwl0v|pphwulf pdwul{ wkdw hqfrghv wkh 50irup gD= Wkh
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pruh jhrphwulf irupxodwlrq ri wkh ydq ghu Zddov jdv/ dv ghvfulehg lq wkh suhylrxv
vhfwlrq/ fdq dovr eh rewdlqhg iurp wkh v|pphwulfdo gl�huhqwldo surshuwlhv ri wkh
frh!flhqwv ri 40irup ri Dfwlrq/ D1 Lw zloo eh dvvxphg wkdw wkh 40irup ri Dfwlrq/
D/ wkdw hqfrghv wkh sk|vlfdo v|vwhp/ lv ri Sid� wrsrorjlfdo glphqvlrq 7/ h{fhsw
rq fhuwdlq vxevsdfhv ri wkh 7 lqghshqghqw yduldeohv1

Wkh lghd wr eh h{sorlwhg lq wkdw zklfk iroorzv lv wkdw wkh Mdfreldq pdwul{
M ' dCDn@C{

mo ri sduwldo ghulydwlyh ixqfwlrqv/ fuhdwhg iurp wkh frh!flhqwv ri wkh
40irup ri Dfwlrq/ vdwlv�hv d Fd|oh|0Kdplowrq pdwul{ sro|qrpldo htxdwlrq/ dqg
d frpsoh{ dojheudlf sro|qrpldo htxdwlrq lq whupv ri wkh hljhqydoxhv/ �> ri wkh
Mdfreldq pdwul{1

Fd|oh| Kdplowrq sro|qrpldo ' �e �[P�� n \J�
2 � ]D�

� n WN ' f= +6175,

Wkh frh!flhqwv ri wkh sro|qrpldov i[P > \J> ]D> WNj duh lqyduldqw zlwk uhvshfw
wr vlplodulw| wudqvirupdwlrq ri wkh Mdfreldq pdwul{/ dqg lq wklv vhqvh wkh phwkrg
lv xqlyhuvdo1 Wkh Mdfreldq pdwul{ frqwdlqv erwk v|pphwulf dqg dqwl0v|pphwulf
frpsrqhqwv/ zkhuh wkh 50irup/ gD> hpskdvl}hv wkh dqwl0v|pphwulf ihdwxuhv ri wkh
sduwldo ghulydwlyhv ri wkh 40irup frh!flhqwv1 Wkh v|pphwulf frpsrqhqwv duh
pruh uhodwhg wr jhrphwulf surshuwlhv ri wkh sk|vlfdo v|vwhp1

Lw lv dvvxphg wkdw wklv fkdudfwhulvwlf htxdwlrq/ dv d sro|qrpldo ri 7wk ghjuhh/
lv lq h�hfw d Xqlyhuvdo Wkhuprg|qdplf Skdvh ixqfwlrq/ XE{> |> }> w( �� G

Fd|oh|0Kdplowrq sro|qrpldo @ XE{> |> }> w( �� ' f= +6176,

Wkh Skdvh ixqfwlrq lv glvwlqfw iru gl�huhqw fkrlfhv ri wkh 40irup ri Dfwlrq/ D/ exw
doo vxfk Skdvh ixqfwlrqv duh uhodwhg wr wkh ghirupdwlrq htxlydohqfh fodvvhv wkdw
lqfoxgh wkh fodvvlf ydq ghu Zddov jdv1 Wkh Xqlyhuvdo Skdvh ixqfwlrq gh�qhv d
idplo| ri lpsolflw k|shuvxuidfhv lq wkh vsdfh ri %xqlyhuvdo% frruglqdwhv gh�qhg
lq whupv ri wkh vlplodulw| lqyduldqwv/ i[P > \J> ]D> WNj= Lw zloo eh ghprqvwudwhg
krz dqg zkhq wkh vlplodulw| lqyduldqwv fdq eh uhodwhg wr %fxuydwxuhv% ri wkh
xqlyhuvdo lpsolflw k|shuvxuidfh1 Krzhyhu/ qr phwulf lv xvhg h{solflwo| wr gh�qh
wkh %fxuydwxuhv%1

Wkh qrq0htxloleulxp h{whqvlrqv ri wkh ydq ghu Zddov jdv +ri Sid� wrsrorjlfdo
glphqvlrq 7, duh hqfrghg lq wkh wklug dqg irxuwk rughu vlplodulw| lqyduldqwv/ ]D

dqg WN/ dqg wkh srvvlelolwlhv wkdw wkh sro|qrpldo fdq kdyh frpsoh{ urrwv1 Zkhq
wkhvh wklug dqg irxuwk rughu vlplodulw| lqyduldqwv ydqlvk/ wkh Xqlyhuvdo Skdvh ixqf0
wlrq ghvfulehv lvrodwhg ru htxloleulxp yhuvlrqv ri wkh Xqlyhuvdo ydq ghu Zddov jdv
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+ri Sid� wrsrorjlfdo glphqvlrq � 2,1 Lw lv wklv xqlyhuvdolw| wkdw jlyhv fuhghqfh wr
wkh lghd wkdw wkh 7 glphqvlrqdo xqlyhuvh frxog eh uhsuhvhqwhg dv d qrq0htxloleulxp
ydq ghu Zddov jdv qhdu lwv fulwlfdo srlqw ^UPN5337 e`1

Lq wkh vshfldo lvrodwhg0htxloleulxp fdvhv/ wkh wrsrorjlfdo ihdwxuhv ri d xqlyhu0
vdo wkhuprg|qdplf fulwlfdo srlqw/ dqg d vslqrgdo olqh ri xowlpdwh skdvh vwdelolw|
kdyh uhdol}dwlrqv lq whupv ri wrsrorjlfdo frqvwudlqwv rq wkh skdvh ixqfwlrq lpsolflw
k|shuvxuidfh wkdw uhsuhvhqwv wkh xqlyhuvdo htxloleulxp ydq ghu Zddov jdv1 Zkhq
zulwwhq lq whupv ri fxuydwxuhv lw fdq eh ghprqvwudwhg wkdw wkh }hur vhw ri wkh
txdgudwlf vlplodulw| lqyduldqw +wkh Jdxvv fxuydwxuh, uhsuhvhqwv wkh vslqrgdo olqh/
ru wkh hgjh ri uhjuhvvlrq lq wkh Jleev vxuidfh/ ri d ydq ghu Zddov jdv1 Wkh wkhu0
prg|qdplf fulwlfdo srlqw rffxuv zkhq erwk wkh Phdq fxuydwxuh dqg wkh Jdxvv
fxuydwxuh ri wkh htxloleulxp vxuidfh ydqlvk1 Wkhvh frqfhswv zloo eh h{whqghg wr
wkh qrq0htxloleulxp v|vwhpv lq wkdw zklfk iroorzv1

6181 Wkh ghwdlov ri Xqlyhuvdo Fkdudfwhulvwlf Skdvh Ixqfwlrq

Wkh 40irup ri Dfwlrq/ xvhg wr hqfrgh d sk|vlfdo v|vwhp/ frqwdlqv rwkhu xvhixo
wrsrorjlfdo lqirupdwlrq/ dv zhoo dv jhrphwulf lqirupdwlrq1 Frqvlghu wkh ghwdlov
ri dq rshq wkhuprg|qdplf v|vwhp jhqhudwhg e| d 40irup ri Dfwlrq/ D> ri Sid�
wrsrorjlfdo glphqvlrq 71 Wkh frpsrqhqw ixqfwlrqv ri wkh Dfwlrq 40irup fdq eh
xvhg wr frqvwuxfw d 7{7 Mdfreldq pdwul{ ri sduwldo ghulydwlyhv/ dMmno ' dCED�m@C{

no1
Lq jhqhudo/ wklv Mdfreldq pdwul{ zloo eh d 7 { 7 pdwul{ wkdw vdwlv�hv d 7wk rughu
Fd|oh|0Kdplowrq fkdudfwhulvwlf sro|qrpldo htxdwlrq/ XE{> |> }> w( �� ' f> zlwk 7
shukdsv frpsoh{ urrwv uhsuhvhqwlqj wkh 7 shukdsv frpsoh{ hljhqydoxhv/ �n> ri wkh
Mdfreldq pdwul{1

XE{> |> }> w( �� ' �e �[P�� n \J�
2 � ]D�

� n WN , f= +6177,

Wkh Fd|oh|0Kdplowrq sro|qrpldo htxdwlrq gh�qhv d idplo| ri lpsolflw ixqfwlrqv lq
wkh vsdfh ri yduldeohv [PE{> |> }> w�> \JE{> |> }> w�> ]DE{> |> }> w�> WNE{> |> }> w�= Wkh
ixqfwlrqv [PE{> |> }> w�> \JE{> |> }> w�> ]DE{> |> }> w�> WNE{> |> }> w� duh wkh vlplodulw|
lqyduldqwv ri wkh Mdfreldq pdwul{1 Li wkh hljhqydoxhv duh glvwlqfw/ wkhq wkh vlpl0
odulw| lqyduldqwv duh jlyhq e| wkh h{suhvvlrqv=

[P ' �� n �2 n �� n �e ' Wudfh dMmno > +6178,

\J ' ���2 n �2�� n ���� n �e�� n �e�2 n �e��> +6179,

]D ' ���2�� n �e���2 n �e�2�� n �e����> +617:,

WN ' ���2���e ' _i| dMmno = +617;,
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Hdfk frh!flhqw fdq eh uhodwhg wr d v|pphwulf ixqfwlrq ri wkh fxuydwxuhv ri wkh
lpsolflw vxuidfh1 Wkh frh!flhqw [P lv d olqhdu ixqfwlrq ri wkh hljhqydoxhv/ dqg
fdq eh uhodwhg wr wkh Phdq +olqhdu, fxuydwxuh ri wkh lpsolflw vxuidfh1 Iurp wkh
wkhru| ri vwulqjv dqg vxuidfh whqvlrq/ wkh [P whup lv 0 lq d vhqvh 0 d olqhdu gh0
irupdwlrq frqwulexwlrq wr wkh %hqhuj|% ri wkh v|vwhp1 Wkh frh!flhqw \J fdq eh
uhodwhg wr wkh Jdxvv +txdgudwlf, fxuydwxuh ri wkh v|vwhp/ dqg lv uhodwhg wr dq duhd
ghirupdwlrq frqwulexwlrq1 Wkh frh!flhqw ]D fdq eh uhodwhg wr wkh Lqwhudfwlrq
+Fxelf, fxuydwxuh ri wkh v|vwhp/ dqg lv uhodwhg wr d yroxph ghirupdwlrq frqwul0
exwlrq +d Suhvvxuh, wr wkh %hqhuj|%1 Wkh odvw whup WN lv d txduwlf frqwulexwlrq
dqg fdq eh uhodwhg wr dq h{sdqvlrq ru frqwudfwlrq ri wkh 7 glphqvlrqdo yroxph
hohphqw1

V|perolfdoo|/ pxowlso| wkh skdvh ixqfwlrq e| x@�e dqg dqg frqvlghu x@� wr eh
d ohqjwk ghirupdwlrq/ �Ohqjwk> x@�2 wr eh dq duhd ghirupdwlrq/ �Duhd> x@�� wr eh
d yroxph ghirupdwlrq/ �Y ro> dqg x@�e wr eh dq vsdfh0wlph h{sdqvlrq ghirupdwlrq/
�H{sb{|}w1 Wkh vxjjhvwlyh irupxod ehfrphv

x�P � �OhqjwknJ � �Duhd� D � �Y ro nN � �H{sb{|}w +617<,

ru e| frpsdulvrq zlwk d ydq ghu Zddov jdv/ wkh frh!flhqwv duh+6183,

P � vxuidfhbwhqvlrq +6184,

J � Whpshudwxuh +6185,

D � �h hvvxuh +6186,

N � {|}w� H{sdqvlrq +6187,

Dxwrpdwlfdoo|/ wkh skdvh ixqfwlrq lqfrusrudwhv vwulqj ru vxuidfh whqvlrq h�hfwv
wkurxjk P> d phdq fxuydwxuh1 Judylw| h�hfwv gxh wr wkh Jdxvv fxuydwxuh J
duh %duhd% uhodwhg1 Iurp wkh lghd wkdw wkh hqwurs| ri d judylwdwlrqdo eodfn kroh
lv uhodwhg wr dq duhd/ dqg wkh idfw wkdw wkh skdvh irupxod iru d ydq ghu Zddov
jdv lpsolhv wkdw J lv grplqdwhg e| wkh whpshudwxuh +vhh ht+6144,/ wkh xqlyhuvdo
skdvh irupxod vxjjhvwv wkdw wkh lghd ri judylw| +dqg wkh Jdxvv fxuydwxuh, lv d
whpshudwxuh 0hqwurslf frqfhsw/ frqwulexwlqj hqhuj| ri wkh w|sh WV= Wkh skdvh
irupxod iru d ydq ghu Zddov jdv lpsolhv wkdw wkh D frh!flhqw lv uhodwhg wr Suhvvxuh
+zklfk fdq eh erwk qhjdwlyh ru srvlwlyh,/ dqg wkh hqhuj| frqwulexwlrq lv ri wkh w|sh
SY= Wkh odvw whup uhsuhvhqwv d {|}w h{sdqvlrq/ zklfk iurp wkh wrsrorjlfdo wkhru|
ri wkhuprg|qdplfv suhvhqwhg deryh fdq eh uhodwhg wr luuhyhuvleoh glvvlsdwlrq1

Wkh vlplodulw| lqyduldqwv pd| eh frqvlghuhg dv d frruglqdwh pds iurp wkh rulj0
lqdo ydulhw| ri lqghshqghqw yduldeohv/ i{> |> }> wj , i[P > \J> ]D> WNj= Zkhq wkh
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vlplodulw| lqyduldqwv duh wuhdwhg dv jhqhudol}hg frruglqdwhv/ wkhq wkh fkdudfwhulv0
wlf sro|qrpldo ehfrphv d Xqlyhuvdo Skdvh ixqfwlrq/ dqg zloo eh xvhg wr hqfrgh
xqlyhuvdo wkhuprg|qdplf surshuwlhv1

618141 Wkh uhgxfhg Skdvh ixqfwlrq

Wkhuh h{lvwv d zhoo nqrzq wudqvirupdwlrq ri frpsoh{ yduldeoh zklfk zloo uhirupx0
odwh wkh fkdudfwhulvwlf sro|qrpldo1 Vxevwlwxwh � ' vnP@e= Wkh uhvxow lv d qhz
%uhgxfhg% Skdvh sro|qrpldo ri wkh irup

xE{> |> }> w( v� ' ve n jv2 � dvn n ' f= +6188,

j ' E��@2[2
P@H n \J� +6189,

d ' E[P@2�� � \JE[P@2� n ]D� +618:,

n ' WN � ]DE[P@e� n \JE[P@e�2 � �E[P@e�e= +618;,

Frqvlghu wkh uhgxfhg Skdvh irupxod/ dqg lwv ghulydwlyhv zlwk uhvshfw wr wkh idplo|
sdudphwhu/ v=

x ' ve n jv2 � dvn n ' f> +618<,

, n ' �Eve n jv2 � dv�> +6193,

xv ' ev� n 2jv� d ' f +6194,

, d ' ev� n 2jv +6195,

xvv ' �2v2 n 2j ' f +6196,

Uhsodflqj wkh sdudphwhu d lq wkh htxdwlrq iru n |lhogv

n ' v2E�v2 n j�= +6197,

D sorw ri wkh htxdwlrq lv jlyhq ehorz
Li j @ 3 uhsuhvhqwv wkh %fulwlfdo srlqw%/ wkhq iru j +�whpshudwxuh, ydoxhv ehorz

wkh fulwlfdo srlqw/ wkh ixqfwlrq n lv d sro|qrpldo ri 7wk ghjuhh/ exw deryh wkh
%fulwlfdo whpshudwxuh% wkh ixqfwlrq n lv txdgudwlf1 Lw lv hylghqw wkdw ehorz wkh
fulwlfdo lvrwkhup/ wkh %h{sdqvlrq% whup n fdq erwk qhjdwlyh dqg srvlwlyh ydoxhv1
Wkh irupxod iru wkh 7G h{sdqvlrq frh!flhqw fdq kdyh srvlwlyh ru qhjdwlyh ydoxhv1
Wkh txdgudwlf %srwhqwldo% lv uhplqlvfhqw ri wkh %Kljjv% srwhqwldo lq uhodwlylvwlf
�hog wkhrulhv1 Qrwh wkdw wkhvh surshuwlhv kdyh ehhq rewdlqhg zlwkrxw h{solflw xvh
ri d phwulf ru frqqhfwlrq1
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Iljxuh 617=

Iurp wkh ydq ghu Zddov wkhru|/ wkh �uvw sduwldo ghulydwlyh ri wkh fodvvlf skdvh
ixqfwlrq |lhogv wkh Suhvvxuh1 Iru wkh xqlyhuvdo Skdvh sro|qrpldo wkh suhvvxuh lv
ghwhuplqhg e| wkh htxdwlrq xv ' f> Lqghhg/ wkh irupxod d ' ev� n 2jv |lhogv
wkh xqlyhuvdo htxdwlrq iru d +wkh Suhvvxuh, lq whupv ri wkh produ ghqvlw| �v�= D
sorw ri d +Suhvvxuh, yhuvxv v +produ ghqvlw|, dw �{hg j +whpshudwxuh, jlyhv wkh
idploldu fxelf vkdsh/ ghirupdeo| htxlydohqw wr wkh ydq ghu Zddov jdv1 Iru wkh
fulwlfdo whpshudwxuh +j ' f� wkh vkdsh ri wkh fulwlfdo lvrwkhup lv h{dfwo| wkh vdph
dv iru wkh fulwlfdo lvrwkhup ri wkh ydq ghu Zddov jdv1 Erwk n +H{sdqvlrq lq eoxh,
dqg d +Suhvvxuh lq eodfn, duh suhvhqwhg lq wkh iroorzlqj gldjudpv dv frqvwdqw j
+�whpshudwxuh, volfhv deryh dqg ehorz wkh fulwlfdo srlqw1
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Wkh wrsrorj| ri wkh txduwlf skdvh +srwhqwldo, ixqfwlrq lv vhsdudwhg e| d fulwlfdo
lvrwkhup lqwr wzr vhfwruv1 Iru whpshudwxuhv ehorz wkh fulwlfdo whpshudwxuh/
wkh txduwlf irupxod |lhogv d Kljjv0olnh vhfwru zkhuh h{sdqvlrq surshuwlhv n duh
qhjdwlyh/ dqg zkhuh oltxlg dqg ydsru skdvhv fdq frh{lvw1 Deryh wkh fulwlfdo
whpshudwxuh wkh 7wk rughu h{sdqvlrq surshuwlhv n duh srvlwlyh/ dqg wkh vhfwru kdv
orvw lwv Kljjv0olnh surshuwlhv1

618151 Wkh Elqrgdo olqh

Wkh }hur vhwv ri wkh uhgxfhg Suhvvxuh +d� rffxu rqo| iru whpshudwxuhv ehorz wkh
fulwlfdo srlqw dqg duh ghvfulehg e| wkh vroxwlrq irupxod/ f ' ev�n2jv= Dorqj zlwk
wkh vroxwlrq v ' f frplqj iurp wkh vhfrqg idfwru lq wkh jhqhudo skdvh irupxod
iru }hur n/ x ' ve n jv2 � dv ' f> d sorw ri wkh }hurv ri wkh Suhvvxuh lq wkh
v � j sodqh |lhog wkh Elqrgdo olqh dv d slwfkirun elixufdwlrq/ zlwk wkh wudqvlwlrq
rffxuulqj dw wkh fulwlfdo whpshudwxuh1 Iurp wkh ydq ghu Zddov jdv prgho/ wkh
Elqrgdo olqh gholqhdwhv wkh vlqjoh skdvh iurp wkh pl{hg skdvh uhjlrqv1 Wkh
Slwfkirun lv hvvhqwldoo| wkh olqh ri }hur �uvw sduwldo ghulydwlyhv ri wkh Kljjv vhfwru
ri wkh xqlyhuvdo skdvh ixqfwlrq51 Wkhvh Slwfkirun ihdwxuhv duh uhdglo| vhhq lq wkh
suhylrxv �jxuh jlylqj d 6G yhuvlrq ri wkh Kljjv 0 ydq ghu Zddov jdv srwhqwldo1

5Wklv uhvxow dsshduv wr eh wkh �uvw qrq0skhqrphqrorjlfdo ghulydwlrq ri wkh elqrgdo olqh1

5:



Iljxuh 618=

618161 Wkh Vslqrgdo Olqh

D vhfrqg slhfh ri wrsrorjlfdo lqirupdwlrq fdq eh rewdlqhg iurp wkrvh srlqwv zkhuh
wkh sduwldo ghulydwlyh ri wkh suhvvxuh ydqlvkhv1 Wkhvh srlqwv duh jlyhq e| vroxwlrqv
wr wkh htxdwlrq xvv ' �2v2 n 2j ' f= Djdlq rqo| iru whpshudwxuhv j ehorz wkh
fulwlfdo srlqw zloo wkh irupxod jlyh d vhw ri srlqwv wkdw ghvfulehv fodvvlfdoo| zkdw
kdv ehhq fdoohg wkh Vslqrgdo olqh1 Lq ydq ghu Zddov wkhru| wkh vslqrgdo olqh
gh�qhv wkh %olplw% ri vlqjoh skdvh vwdelolw| dqg fdq rqo| eh uhdol}hg wudqvlhqwo|/
lq wkh devhqfh ri  xfwxdwlrqv1 Erwk vslqrgdo olqh +eoxh, dqg wkh elqrgdo olqh
+eodfn, duh sorwwhg lq wkh qh{w �jxuh

6191 Plqlpdo vxuidfhv

Wkh Xqlyhuvdo Skdvh ixqfwlrq/ X> pd| eh frqvlghuhg dv d idplo| ri k|shuvxuidfhv
lq wkh 7 glphqvlrqdo vsdfh/ i[P > \J> ]D> WNj zlwk d frpsoh{ idplo| +rughu, sd0
udphwhu/ �= Pruhryhu/ lw vkrxog eh uhdol}hg wkdw wkh Xqlyhuvdo Skdvh Ixqfwlrq lv
d krorprusklf ixqfwlrq/ X ' !n l" lq wkh frpsoh{ yduldeoh � ' xn ly= Wkdw lv

XE[P > \J> ]D> WN ( �� , !n l"> +6198,

zkhuh

! ' xe � Sx2y2 n ye �[PEx2 � �y2�xn \JEx
2 � y2�� ]Dxn WN +6199,

" ' eEx2 � y2�xy �[PE�x2 � y2�y n 2\Jxy � ]Dy= +619:,
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Dv vxfk/ lq wkh 7G vsdfh ri wzr frpsoh{ yduldeohv/ ~! n l"> x n lyj> dffruglqj
wr wkh wkhruhp ri Vrskxv Olh/ dq| vxfk krorprusklf ixqfwlrq surgxfhv d sdlu ri
frqmxjdwh plqlpdo vxuidfhv lq wkh 7 glphqvlrqdo vsdfh i!> "> x> yj= Lw iroorzv wkdw
wkhuh h{lvw d vhtxhqfh ri pdsv/

i{> |> }> wj , i[P > \J> ]D> WNj , i!> "> x> yj +619;,

vxfk wkdw wkh idplo| ri k|shuvxuidfhv fdq eh ghfrpsrvhg lqwr d sdlu ri frqmxjdwh
plqlpdo vxuidfh frpsrqhqwv1 Wkh fulwhuld iru d plqlpdo vxuidfh lv htxlydohqw wr
wkh lghd wkdw [P ' f= E| vxlwdeoh uhqrupdol}dwlrq/ wkh vlplodulw| lqyduldqw [P

lv htxlydohqw wr wkh Phdq Fxuydwxuh ri wkh k|shuvxuidfh1

619141 Hqyhorshv

Wkh wkhru| ri lpsolflw k|shuvxuidfhv irfxvhv dwwhqwlrq xsrq wkh srvvlelolw| wkdw wkh
Xqlyhuvdo Skdvh ixqfwlrq kdv dq hqyhorsh1 Wkh h{lvwhqfh ri dq hqyhorsh ghshqgv
xsrq wkh srvvlelolw| ri �qglqj d vlpxowdqhrxv vroxwlrq wr wkh wzr lpsolflw vxuidfh
htxdwlrqv ri wkh idplo|=

XE{> |> }> w( �� ' �e �[P�� n \J�
2 � ]D� n WN , f= +619<,

CX@C� ' X� ' e�� � �[P�2 n 2\J� � ]D , f= +61:3,

Iru wkh hqyhorsh wr eh vprrwk/ lw pxvw eh wuxh wkdw C2X@C�2 ' X�� 9' f> dqg
wkdw wkh h{whulru 50irup/ gX	gX� 9' f vxemhfw wr wkh frqvwudlqw wkdw wkh idplo|
sdudphwhu lv d frqvwdqw= g� ' f= Wkh hqyhorsh dv d vprrwk k|shuvxuidfh grhv
qrw h{lvw xqohvv erwk frqglwlrqv duh vdwlv�hg +vhh Fkdswhu :,1

Wkh hqyhorsh lv ghwhuplqhg e| wkh glvfulplqdqw ri wkh Skdvh Ixqfwlrq sro|qr0
pldo/ zklfk dv d }hur vhw lv htxdo wr d xqlyhuvdo k|shuvxuidfh/ GLVFX , f/ lq wkh
7 glphqvlrqdo vsdfh ri vlplodulw| yduldeohv i[P > \J> ]D> WNj= Wklv ixqfwlrq fdq
eh zulwwhq lq whupv ri wkh vlplodulw| %frruglqdwhv% +vxssuhvvlqj wkh vxevfulswv, dv
=

Glvfulplqdqw +hqyhorsh, +61:4,

ri wkh Xqlyhuvdo Skdvh Ixqfwlrq X +61:5,

GLVFX ' �H[�]\ W � 2.]e n \ 2[2]2 � e\ �[2W n �ee\ [2W 2 +61:6,

n�H[]�\ � �b2[]W 2 � S[2]2W n �eeW]2\ � e[�]� +61:7,

�2.[eW 2 � e\ �]2 n �S\ eW � �2H\ 2W 2 n 2DSW � � Hf[]\ 2W=+61:8,
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Iljxuh 619=

Wkh glvfulplqdqw +hqyhorsh, kdv holplqdwhg wkh idplo| rughu sdudphwhu/ �1
Dq dowhuqdwh irupxodwlrq ghvfulehv wkh glvfulplqdqw ri wkh Uhgxfhg Skdvh skdvh
ixqfwlrq1

Glvfulplqdqw +hqyhorsh, ri wkh +61:9,

Uhgxfhg Xqlyhuvdo Skdvh Ixqfwlrq Xuhgxfhg +61::,

GLVFXuhgxfhg G ' �2.de n eE�j2 n �Sn�jd2 n �SnEen � j2�2 +61:;,

Wkh k|shuvxuidfh gh�qhg e| wkh glvfulplqdqw ri wkh skdvh ixqfwlrq J |lhogv wkh
+v|pphwul}hg, yhuvlrq ri wkh xqlyhuvdo vzdoorz wdlo k|shuvxuidfh1 D sorw +lq whupv
ri wkh frruglqdwhv +[ � � ' j> \ ' d> ] ' n� lv jlyhq lq wkh iroorzlqj Iljxuh1

Lw lv dssduhqw wkdw wkh ydq ghu Zddov jdv lv d ghirupdwlrq ri wkh xqlyhuvdo
vzdoorzwdlo k|shuvxuidfh iruphg dv wkh hqyhorsh ri wkh uhgxfhg skdvh ixqfwlrq/
Xuhgxfhg=

Uhpdundeo|/ fkrrvlqj wkh frqvwudlqw frqglwlrq lq whupv ri wkh k|srwkhwlfdo
frqglwlrq wkdw wkh Phdq Fxuydwxuh ydqlvkhv/ [P , f> ohdgv wr d grpdlq lq
wkh 7G vsdfh zkhuh wkh uhgxfhg glvfulplqdqw gh�qhv d xqlyhuvdo vzdoorz wdlo
vxuidfh krphrprusklf +ghirupdeoh, wr wkh Jleev vxuidfh ri d ydq ghu Zddov jdv
+vxevfulswv vxssuhvvhg,=

Plqlpdo Vxuidfh G Xqlyhuvdo Vzdoorzwdlo Hqyhorsh [P , f +61:<,

GLVFXE[P'f� ' �2.]e n �eeW]2\ � e\ �]2 n �S\ eW � �2H\ 2W 2 n 2DSW �+61;3,

r GLVFXuhgxfhg , f== +61;4,
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Lw pxvw eh uhphpehuhg wkdw wklv Plqlpdo vxuidfh lv d k|shuvxuidfh lq wkh vsdfh
ri Sid� wrsrorjlfdo glphqvlrq 71 H{dpsohv duh jlyhq lq wkdw zklfk iroorzv1

Dqrwkhu fkrlfh zrxog eh wr frqvwudlq wkh hqyhorsh vxfk wkdw lw uhvlghv lq d
grpdlq zkhuh wkh 40irup ri Dfwlrq lv ri Sid� wrsrorjlfdo glphqvlrq 61 Wkh sk|v0
lfdo v|vwhp lv forvhg/ exw lw lv qrw qhfhvvdulo| lq htxloleulxp1 Dq htxloleulxp ru
lvrodwhg sk|vlfdo v|vwhp frqvlvwv ri d vlqjoh wrsrorjlfdo frpsrqhqw/ ru skdvh +wkh
Fduwdq wrsrorj| lv d frqqhfwhg wrsrorj|,1 Grpdlqv zkhuh wkh Sid� wrsrorjl0
fdo glphqvlrq uhsuhvhqw pl{hg skdvhv lpso| pruh wkdq 4 wrsrorjlfdo frpsrqhqw/
dqg duh wr eh dvvrfldwhg zlwk uhjlrqv zkhuh wkh Sid� wrsrorjlfdo glphqvlrq lv
� �= Wkh fdvh ri Sid� glphqvlrq 6 zrxog fruuhvsrqg wr uhjlrqv zkhuh wkh 60iurp
ri Wrsrorjlfdo Wruvlrq lv qrw }hur +wkh Fduwdq wrsrorj| ehfrphv d glvfrqqhfwhg
wrsrorj| 0 Vhh Fkdswhu 7,1 Vxfk forvhg grpdlqv fruuhvsrqg wr wkh vlwxdwlrq zkhuh
wkh ghwhuplqdqw ri wkh e � e Mdfreldq pdwul{ ydqlvkhv1 Wkdw lv/ vhw WN ' f> wr
rewdlq wkh uhgxfhg +ru frqvwudlqhg, hqyhorsh=

Pl{hg Skdvhv G Sid� Glphqvlrq 6 Hqyhorsh 0 EVhw WN ' f� +61;5,

GLVFEWN'f� ' �2.]2 n E�e[� n �H[\ �] n[2\ 2 � e\ � , f= +61;6,

Lq rwkhu zrugv/ wkh Jleev ixqfwlrq iru d ydq ghu Zddov jdv lv d xqlyhuvdo lghd
dvvrfldwhg zlwk plqlpdo k|shuvxuidfhv/ [P ' f/ ri wkhuprg|qdplf v|vwhpv ri
Sid� wrsrorjlfdo glphqvlrq 71 Wkh vlplodulw| frruglqdwh WN sod|v wkh uroh ri wkh
Jleev iuhh hqhuj|/ lq whupv ri wkh Suhvvxuh E�]D� dqg wkh Whpshudwxuh E�\J�1
Wkh Vslqrgdo olqh dv d olplw ri skdvh vwdelolw|/ dqg wkh fulwlfdo srlqw duh lghdv wkdw
frph iurp wkh vwxg| ri d ydq ghu Zddov jdv/ exw khuhlq lw lv dssduhqw wkdw wkhvh
frqfhswv duh xqlyhuvdo wrsrorjlfdo frqfhswv wkdw uhpdlq lqyduldqw zlwk uhvshfw wr
ghirupdwlrqv1 Wkh xqlyhuvdo irupxodv iru vxfk frqvwudlqwv duh suhvhqwhg lq wkh
qh{w vhfwlrq1 Wkh xqlyhuvdo irupxodv iru vxfk frqvwudlqwv duh suhvhqwhg lq wkh
qh{w vhfwlrq1 Lw lv lpsruwdqw wr uhfrjql}h wkdw wkh ghyhorsphqw ri d xqlyhuvdo qrq0
htxloleulxp ydq ghu Zddov jdv kdv qrw xwlol}hg wkh frqfhswv ri phwulf/ frqqhfwlrq/
vwdwlvwlfv/ uhodwlylw|/ jdxjh v|pphwulhv/ ru txdqwxp phfkdqlfv1

619151 Wkh Hgjh ri Uhjuhvvlrq dqg Vhoi Lqwhuvhfwlrqv

Wkh hqyhorsh lv vprrwk dv orqj dv C2X@C[2 ' X�� 9' f> dqg wkdw wkh h{whulru
50irup/ gX	gX� 9' f vxemhfw wr wkh frqvwudlqw wkdw wkh idplo| sdudphwhu lv d
frqvwdqw= g� ' f= Li gX	gX� 9' f/ exw X�� ' f> wkhq wkh hqyhorsh kdv d vhoi
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lqwhuvhfwlrq vlqjxodulw|1 Li gX	gX� ' f/ exw X�� 9' f> wkhuh lv qr vhoi lqwhuvhfwlrq/
dqg qr hqyhorsh1

Li wkh hqyhorsh h{lvwv/ ixuwkhu vlqjxodulwlhv duh ghwhuplqhg e| wkh kljkhu rughu
sduwldo ghulydwlyhv ri wkh Xqlyhuvdo Skdvh ixqfwlrq zlwk uhvshfw wr �1

C2X@C�2 ' X�� ' �2�2 � S[P� n 2\J= +61;7,

C�X@C�� ' X��� ' 2e� � S[P +61;8,

Zkhq C�X@C�� ' X��� 9' f> dqg gX	gX�	gX�� 9' f/ wkh hqyhorsh whuplqdwhv lq
d hgjh ri uhjuhvvlrq1 Wkh hgjh ri uhjuhvvlrq lv ghwhuplqhg e| wkh vlpxowdqhrxv
vroxwlrq ri X ' f>X� ' f dqg X�� ' f= Iru wkh plqlpdo vxuidfh uhsuhvhqwdwlrq
ri wkh Jleev vxuidfh iru d ydq ghu Zddov jdv/ wkh hgjh ri uhjuhvvlrq gh�qhv wkh
Vslqrgdo olqh ri xowlpdwh skdvh vwdelolw|1 Wkh hgjh ri uhjuhvvlrq lv hylghqw lq wkh
Vzdoorzwdlo �jxuh +Iljxuh 514, ghvfulelqj wkh Jleev ixqfwlrq iru d ydq ghu Zddov
jdv1

Li X��� ' f> wkhq iru [P ' f> lw iroorzv wkdw \J ' f> ]D ' f> WN ' f> zklfk
gh�qhv wkh fulwlfdo srlqw ri wkh Jleev ixqfwlrq iru wkh ydq ghu Zddov jdv1 Lq
rwkhu zrugv/ wkh fulwlfdo srlqw lv wkh }hur ri wkh 70glphqvlrqdo vsdfh ri vlplodulw|
frruglqdwhv1

Li X�� ' f> wkhq iru [P ' f wkh hqyhorsh kdv d vhoi lqwhuvhfwlrq1 Lw iroorzv
iurp X�� ' f> wkdw �2 ' �\J@S> zklfk zkhq vxevwlwxwhg lqwr

X� ' e�� n 2\J� � ]D , f> +61;9,

|lhogv wkh

Xqlyhuvdo Jleev Hgjh ri Uhjuhvvlrq= ]2
D n \ �

JEH@2.� ' f> +61;:,

zklfk gh�qhv wkh Vslqrgdo olqh/ ri wkh plqlpdo vxuidfh uhsuhvhqwdwlrq iru d xql0
yhuvdo qrq0htxloleulxp ydq ghu Zddov jdv/ lq whupv ri %vlplodulw|% frruglqdwhv1

Zlwklq wkh vzdoorz wdlo uhjlrq wkh %Jleev% vxuidfh kdv 6 uhdo urrwv> rxwvlgh
wkh vzdoorz wdlo uhjlrq wkhuh lv d xqltxh uhdo urrw1 Wkh hgjh ri uhjuhvvlrq ixu0
qlvkhg e| wkh Fdugdqr ixqfwlrq gh�qhv wkh wudqvlwlrq ehwzhhq uhdo dqg lpdjlqdu|
urrw vwuxfwxuhv1 Wkh ghwdlov ri wkh xqlyhuvdo qrq0htxloleulxp ydq ghu Zddov jdv
lq whupv ri hqyhorshv dqg hgjhv ri uhjuhvvlrq zlwk frpsoh{ prodo ghqvlwlhv ru ru0
ghu sdudphwhuv zloo eh suhvhqwhg hovhzkhuh1 Wkhvh v|vwhpv duh qrw htxloleulxp
v|vwhpv iru wkh Sid� glphqvlrq lv qrw 51 Ri reylrxv lpsruwdqfh lv wkh lghd wkdw
wkh d }hur ydoxh iru erwk ]J dqg WN duh uhtxluhg wr uhgxfh wkh Sid� glphqvlrq
wr 5/ wkh qhfhvvdu| frqglwlrq iru dq htxloleulxp v|vwhp1
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619161 Jlqvexuj Odqgdx Fxuuhqwv

Zlwk d fkdqjh ri qrwdwlrq +� , [�/ wkh Xqlyhuvdo Skdvh ixqfwlrq fdq eh vroyhg iru
wkh ghwhuplqdqw ri wkh Mdfreldq pdwul{/ zklfk lv htxdo wr wkh vlplodulw| lqyduldqw
WN >

WN ' �i[e �[P[� n \J[
2 � ]D[j= +61;;,

Wkh vlplodulw| lqyduldqw WN uhsuhvhqwv wkh ghwhuplqdqw ri wkh Mdfreldq pdwul{1
Doo ghwhuplqdqwv duh lq h�hfw Q 0 irupv rq wkh grpdlq ri lqghshqghqw yduldeohv1
Doo Q0irupv fdq eh uhodwhg wr wkh h{whulru ghulydwlyh ri vrph Q04 irup ru fxuuhqw/
M= Khqfh

gM ' WNle ' Eglyan C�@Cw�le ' �E[e �[P[� n \J[
2 � ]D[�le= +61;<,

Iru fxuuhqwv ri wkh irup

a ' judg [> +61<3,

� ' [> +61<4,

wkh Xqlyhuvdo Skdvh ixqfwlrq jhqhudwhv wkh xqlyhuvdo Jlqvexuj Odqgdx htxdwlrqv

u2[n C[@Cw ' �E[e �[P[� n \J[
2 � ]D[�= +61<5,

61:1 Vlqjxodulwlhv dv ghihfwv ri Sid� glphqvlrq 6

Wkh idplo| ri k|shuvxuidfhv fdq eh wrsrorjlfdoo| frqvwudlqhg vxfk wkdw wkh wrsr0
orjlfdo glphqvlrq lv uhgxfhg/ dqg2ru frqvwudlqwv fdq eh lpsrvhg xsrq ixqfwlrqv ri
wkh vlplodulw| yduldeohv iruflqj wkhp wr ydqlvk1 Vxfk uhjlrqv lq wkh 7 glphqvlrqdo
wrsrorjlfdo grpdlq lqglfdwh wrsrorjlfdo ghihfwv ru wkhuprg|qdplf fkdqjhv ri
skdvh1 Lw lv uhpdundeoh wkdw iru d jlyhq 40irup ri Dfwlrq wkhuh duh dq lq�qlwh qxp0
ehu uhvfdolqj ixqfwlrqv/ �> vxfk wkdw wkh Mdfreldq pdwul{

�
Mvfdohgmn

�
' dCED@��m@C{

no
lv vlqjxodu +kdv d }hur ghwhuplqdqw,1 Iru li wkh frh!flhqwv ri dq| 40irup ri Dfwlrq
duh uhvfdohg e| d glylvru jhqhudwhg e| wkh Kroghu qrup/

Kroghu Qrup= � ' idED��
s n eED2�

s n fED��
s n hEDe�

sjp@s> +61<6,

wkhq wkh uhvfdohg Mdfreldq pdwul{

�
M
vfdohg
mn

�
' dCED@��m@C{

no +61<7,
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zloo kdyh d }hur ghwhuplqdqw/ iru dq| lqgh{ s/ dq| vhw ri lvrwurs| ru vljqdwxuh
frqvwdqwv/ d/ e/ f/ h/ li wkh krprjhqhlw| lqgh{ lv htxdo wr xqlw|= p ' �1 Wklv
krprjhqhrxv frqvwudlqw lpsolhv wkdw wkh vlplodulw| lqyduldqwv ehfrph surmhfwlyh
lqyduldqwv/ qrw mxvw htxl0d!qh lqyduldqwv1 Vxfk vshflhv ri wrsrorjlfdo ghihfwv fdq
kdyh wkh lpdjh ri d 60glphqvlrqdo lpsolflw fkdudfwhulvwlf k|shuvxuidfh lq vsdfh0
wlph=

Vlqjxodu k|shuvxuidfh lq 7G= _i|dCED@��m@C{
no , f +61<8,

Wkh vlqjxodu irxuwk rughu Fd|oh|0Kdplowrq sro|qrpldo ri dMmno wkhq zloo kdyh d
fxelf sro|qrpldo idfwru zlwk rqh }hur hljhqydoxh1

Iru h{dpsoh/ frqvlghu wkh vlpsoh fdvh zkhuh wkh ghwhuplqdqw ri wkh Mdfreldq
ydqlvkhv= WN , f= Wkhq wkh Skdvh ixqfwlrq ehfrphv

Xqlyhuvdo Htxdwlrq ri Vwdwh= XEi[P > \J> ]D> WN ' fj( �� +61<9,

' �E�� �[P�2 n \J� � ]D� , f=+61<:,

Wkh vsdfh kdv ehhq wrsrorjlfdoo| uhgxfhg wr 6 glphqvlrqv +rqh hljhq ydoxh lv
}hur,/ dqg wkh }hur vhw ri wkh uhvxowlqj vlqjxodu Xqlyhuvdo Skdvh ixqfwlrq ehfrphv
d xqlyhuvdo fxelf htxdwlrq wkdw lv krphrprusklf wr wkh fxelf htxdwlrq ri vwdwh
iru d ydq ghu Zddov jdv1

Zkhq wkh uhvfdolqj idfwru � lv fkrvhq vxfk wkdw s ' 2> d ' e ' f ' �>p ' �/
wkhq wkh Mdfreldq pdwul{/ dMmno > lv htxlydohqw wr wkh %Vkdsh% pdwul{ iru dq lpsolflw
k|shuvxuidfh lq wkh wkhru| ri gl�huhqwldo jhrphwu|1 +Vhh Fkdswhu ;1, Uhfdoo wkdw
wkh krprjhqhrxv vlplodulw| lqyduldqwv fdq eh sxw lqwr fruuhvsrqghqfh zlwk wkh
olqhdu Phdq fxuydwxuh/ [P , FP / wkh txdgudwlf Jdxvv fxuydwxuh/ \J , FJ/ dqg
wkh fxelf Dgmrlqw fxuydwxuh/ ]D , FD> ri wkh k|shuvxuidfh1 Wkh fkdudfwhulvwlf
fxelf sro|qrpldo fdq eh sxw lqwr fruuhvsrqghqfh zlwk d qrqolqhdu h{whqvlrq ri dq
lghdo jdv qrw qhfhvvdulo| lq dq htxloleulxp vwdwh1

61;1 Wkh Dgmrlqw Fxuuhqw dqg Wrsrorjlfdo Vslq

Iurp wkh vlqjxodu Mdfreldq pdwul{/
�
Mvfdohgmn

�
' dCED@��m@C{

no> lw lv dozd|v srvvleoh
wr frqvwuxfw wkh Dgmrlqw pdwul{ dv wkh pdwul{ ri fridfwruv wudqvsrvhg=

Dgmrlqw Pdwul{ =
keMnml ' dgmrlqw

�
M
vfdohg
mn

�
+61<;,

Zkhq wklv pdwul{ lv pxowlsolhg wlphv wkh uhvfdohg fryhfwru frpsrqhqwv/ wkh uhvxow
lv wkh surgxfwlrq ri dq dgmrlqw fxuuhqw/

Dgmrlqw fxuuhqw =
���eanH '

keMnml � m�m@�l +61<<,
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Lw lv uhpdundeoh wkdw wkh frqvwuxfwlrq lv vxfk wkdw wkh Dgmrlqw fxuuhqw 60irup/ li
qrw }hur/ kdv }hur glyhujhqfh joredoo|=

eM ' lEean�le +61433,

g eM ' f= +61434,

Iurp wkh uhdol}dwlrq wkdw wkh Dgmrlqw pdwul{ pd| dgplw d qrq0}hur joredoo| frq0
vhuyhg 60irup ghqvlw|/ ru fxuuhqw/ eM> lw iroorzv devwudfwo| wkdw wkhuh h{lvwv d 50irup
ghqvlw| ri %h{flwdwlrqv%/ eJ> vxfk wkdw

Dgmrlqw fxuuhqw = eM ' g eJ= +61435,

eJ lv qrw xqltxho| gh�qhg lq whupv ri wkh dgmrlqw fxuuhqw/ iru eJ frxog kdyh forvhg
frpsrqhqwv +jdxjh dgglwlrqv eJf> vxfk wkdw g eJf ' f,/ zklfk gr qrw frqwulexwh wr

wkh fxuuhqw/ eM=
Iurp wkh wrsrorjlfdo wkhru| ri hohfwurpdjqhwlvp ^UPN 5337` ^UPN 4<<< e`

wkhuh h{lvwv d ixqgdphqwdo 60irup/ D	J> gh�qhg dv wkh %wrsrorjlfdo Vslq% 60irup/

Wrsrorjlfdo Vslq 60irup = D	J= +61436,

Wkh h{whulru ghulydwlyh ri wklv 60irup surgxfhv d 70irup/ zlwk d frh!flhqw hqhuj|
ghqvlw| ixqfwlrq wkdw lv frpsrvhg ri wzr sduwv=

gED	J� ' I	J�D	 eM= +61437,

Wkh �uvw whup lv wzlfh wkh gl�huhqfh ehwzhhq wkh %pdjqhwlf% dqg wkh %hohfwulf%
hqhuj| ghqvlw|/ dqg lv d idfwru ri 5 wlphv wkh Odjudqjldq xvxdoo| fkrvhq iru wkh
hohfwurpdjqhwlf �hog lq fodvvlf �hog wkhru|=

Odjudqjldq Ilhog hqhuj| ghqvlw| = I	J ' � � O�# � , +61438,

Wkh vhfrqg whup lv gh�qhg dv wkh %lqwhudfwlrq hqhuj| ghqvlw|%

Lqwhudfwlrq hqhuj| ghqvlw| = D	 eM ' ��ea� �!= +61439,

Iru wkh vshfldo +Jdxvv, fkrlfh ri lqwhjudwlqj ghqrplqdwru/ � zlwk Es ' 2> d ' e '
f ' �>p ' �� lw fdq eh ghprqvwudwhg wkdw wkh Mdfreldq vlplodulw| lqyduldqwv duh
htxdo wr wkh fodvvlf fxuydwxuhv=

i[P > \J> ]D> WNj , iFPEphdqbolqhdu�> FJEjdxvvbtxdgudwlf�> FDEdgmrlqwbfxelf�> fj=
+6143:,
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Lw fdq eh ghprqvwudwhg wkdw wkh lqwhudfwlrq ghqvlw| lv h{dfwo| htxdo wr wkh Dgmrlqw
fxuydwxuh hqhuj| ghqvlw|=

Lqwhudfwlrq hqhuj| D	 eM ' FD le +Wkh Dgmrlqw Fxelf Fxuydwxuh,1 +6143;,

Wkh frqfoxvlrq uhdfkhg lv wkdw d qrq0}hur lqwhudfwlrq hqhuj| ghqvlw| lpsolhv wkh
wkhuprg|qdplf v|vwhp lv qrw lq dq htxloleulxp vwdwh1

Krzhyhu/ lw lv dozd|v srvvleoh wr frqvwuxfw wkh 60irup/ eV G

Wrsrorjlfdo Vslq 60irup = eV ' D	 eJ +6143<,

Wkh h{whulru ghulydwlyh ri wklv 60irup ohdgv wr d frkrprorjlfdo vwuxfwxudo htxdwlrq
vlplodu wkh �uvw odz ri wkhuprg|qdplfv/ exw xvhixo iru qrq0htxloleulxp v|vwhpv1
Wklv uhvxow/ qrz uhfrjql}hg dv d vwdwhphqw dssolfdeoh wr qrq0htxloleulxp wkhu0
prg|qdplf surfhvvhv/ zdv gh�qhg dv wkh %Lqwulqvlf Wudqvsruw Wkhruhp% lq 4<9<
^UPN 4<9<` =

Lqwulqvlf Wudqvsruw Wkhruhp +Vslq, G geV ' I	 eJ� D	 eM>+61443,
Iluvw Odz ri Wkhuprg|qdplfv +Hqhuj|, G gX ' T�Z +61444,

Li rqh frqvlghuv d froodsvlqj v|vwhp/ wkhq wkh jhrphwulf fxuydwxuhv lqfuhdvh zlwk
vpdoohu vfdohv1 Li Jdxvv txdgudwlf fxuydwxuh/ FJ> lv wr eh uhodwhg wr judylwdwlrqdo
froodsvh ri pdwwhu/ wkhq dw vrph ohyho ri vpdoohu vfdohv d whup fxelf lq fxuydwxuhv/
FK > zrxog grplqdwh1 Lw lv frqmhfwxuhg wkdw wkh fxelf fxuydwxuh surgxfhg e|
wkh lqwhudfwlrq hqhuj| h�hfw ghvfulehg deryh frxog suhyhqw wkh froodsvh wr d eodfn
kroh1 Frvprorjlvwv dqg uhodwlylvwv dssduhqwo| kdyh ljqruhg vxfk fxelf fxuydwxuh
h�hfwv dvvrfldwhg zlwk qrq0htxloleulxp wkhuprg|qdplf v|vwhpv

61<1 Qrq0Htxloleulxp H{dpsohv1

Lq rughu wr ghprqvwudwh frqwhqw wr wkh wkhuprg|qdplf wrsrorjlfdo wkhru|/ wzr
dojheudlfdoo| vlpsoh h{dpsohv duh suhvhqwhg ehorz1 +Wkh dojheud fdq ehfrph
whglrxv iru wkh uhvfdohg Dfwlrq 40irupv1 D Pdsoh surjudp kdv ehhq zulwwhq
frpsxwh wkh ydulrxv whupv1 Vhh KrsiSkdvh1pzv dqg Kroghu7g1pzv1, Wkh �uvw
fruuhvsrqgv wr d Mdfreldq fkdudfwhulvwlf htxdwlrq wkdw kdv d fxelf sro|qrpldo
idfwru/ dqg khqfh fdq eh lghqwl�hg zlwk d ydq ghu Zddov jdv1 Wkh vhfrqg h{dpsoh
h{klelwv wkh ihdwxuhv dvvrfldwhg zlwk d Krsi elixufdwlrq/ zkhuh wkh fkdudfwhulvwlf
htxdwlrq kdv d txdgudwlf idfwru zlwk wzr sxuh lpdjlqdu| urrwv/ dqg wzr qxoo
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urrwv1 Wkh wklug h{dpsoh ghprqvwudwhv krz d erzolqj edoo/ jlyhq lqlwldo dqjxodu
prphqwxp dqg hqhuj|/ vnlgv dqg2ru volsv fkdqjlqj lwv dqjxodu prphqwxp dqg
nlqhwlf hqhuj| luuhyhuvleo| yld iulfwlrq h�hfwv/ xqwlo wkh g|qdplfv lv vxfk wkdw wkh
edoo uroov zlwk rxw volsslqj1 Rqfh wkdw %h{flwhg% vwdwh lv uhdfkhg/ dqg wrsrorjlfdo
 xfwxdwlrqv duh ljqruhg/ wkh prwlrq frqwlqxhv zlwkrxw glvvlsdwlrq1 Wkh v|vwhp
lv lq dq h{flwhg vwdwh idu iurp htxloleulxp1

61<141 H{dpsoh 4= ydq ghu Zddov surshuwlhv iurp urwdwlrq dqg frqwudf0
wlrq

Lq wklv h{dpsoh/wkh Dfwlrq 40irup lv suhvxphg wr eh ri wkh irup

Df ' dE|g{� {g|� n eEwg} n }gw�= +61445,

Wkh 40irup ri Srwhqwldov ghshqgv rq wkh frh!flhqwv d dqg e= Wkh vlplodulw|
lqyduldqwv ri wkh Mdfreldq pdwul{ / M dEDf�o/ iruphg iurp Df/ duh=

Edvhg rq wkh 40irup Df G +61446,

[P ' f> +61447,

\J ' d2 � e2 +61448,

]D ' f +61449,

WN ' �d2e2 +6144:,

Wkh hljhq ydoxhv ri wkh Mdfreldq pdwul{ duh joredo frqvwdqwv= 	e>	s��d=
Li wkh 40irup ri Dfwlrq lv uhvfdohg e| wkh Jdxvv pds

Df , D ' Df@
s
Ed{�2 n Ed|�2 n Ee}�2 n Eew�2 +6144;,

u2 ' Ed{�2 n Ed|�2 n Ee}�2 n Eew�2 +6144<,

wkhq wkh Mdfreldq pdwul{ ehfrphv wkh htxlydohqw ri wkh vkdsh pdwul{/ dqg wkh vlp0
lodulw| lqyduldqwv ri wkh vkdsh pdwul{ duh uhodwhg wr wkh fxuydwxuhv ri wkh lpsolflw
Skdvh k|shuvxuidfh=

Edvhg rq wkh 40irup D G Jdxvv pds vfdolqj +61453,

Olqhdu Phdq fxuydwxuh = FP ' �2e�w}@Eu2��@2 +61454,

Txdgudwlf Jdxvv fxuydwxuh = FJ ' �d2e2iE{2 n |2�� E}2 n w2�j@Eu2�2+61455,

Fxelf Dgmrlqw fxuydwxuh = FD ' �2d2e�w}@Eu2�D@2 +61456,

Txduwlf Fxuydwxuh = FN ' f= +61457,
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Wkh Ghwhuplqdqw +7wk rughu fxuydwxuh, ydqlvkhv e| frqvwuxfwlrq ri wkh uhqrupdo0
l}dwlrq lq whupv ri wkh Jdxvv pds1 Wklv qxoo uhvxow grhv qrw phdq wkh Sid�
glphqvlrq ri D lv ohvv wkdq 7 joredoo|/ exw wkh frqvwudlqw gh�qhv d vlqjxodu vhw
xsrq zklfk wkhuh lv d forvhg Fxuuhqw1 Wklv fxuuhqw lv wkh Dgmrlqw fxuuhqw ri wkh
suhylrxv vhfwlrq1

Krzhyhu/ wkh uhvfdohg 40irup D lv vwloo ri Sid� glphqvlrq 7 dqg kdv d qrq0}hur
wrsrorjlfdo wruvlrq 60irup dqg d qrq0}hur wrsrorjlfdo wruvlrq 7 irup=

WrsbWruvlrq ' 2de � df> f>�}> wo@Eu2� +61458,

Sid� Glphqvlrq 7 = gD	gD ' ee�dEw2 � }2�@Eu2�2 le +61459,

Wkh Jdxvv pds shuplwv wkh frqvwuxfwlrq ri wkh %Dgmrlqw frqvhuyhg fxuuhqw%/
zklfk frpelqhg zlwk wkh frpsrqhqwv ri wkh Dfwlrq 40irup |lhog dq lqwhudfwlrq
hqhuj| ghqvlw| h{dfwo| htxdo wr wkh fxelf fxuydwxuh FD=

Dgmrlqw Fxuuhqw G av ' Ed{> |> }> wo� @Eu2�2> +6145:,

lqwhudfwlrq hqhuj| ghqvlw| = � � av � �! ' FD= +6145;,

Wkh uhvfdohg Mdfreldq pdwul{ kdv 4 }hur hljhq ydoxh dqg 6 qrq0}hur hljhqydo0
xhv1 Khqfh/ wkh fxelf sro|qrpldo zloo |lhog dq lqwhusuhwdwlrq dv d ydq ghu Zddov
jdv1 Wkh Dgmrlqw fxuuhqw uhsuhvhqwv d frqwudfwlrq lq vsdfh0wlph/ zkloh wkh  rz
dvvrfldwhg zlwk wkh 40irup kdv d urwdwlrqdo frpsrqhqw derxw wkh } d{lv1

61<151 H{dpsoh 5= D Krsi 40irup

Lq wklv h{dpsoh/wkh Krsi 40irup lv suhvxphg wr eh ri wkh irup

Df ' dE|g{� {g|� n eEwg} � }gw�= +6145<,

Wkh 40irup ri Srwhqwldov ghshqgv rq wkh fkludolw| frh!flhqwv d dqg e= Wkhuh
duh wzr fdvhv fruuhvsrqglqj wr ohiw dqg uljkw kdqghg �srodul}dwlrqv�= d ' e ru
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d ' �e1 Wkh uhvxowv ri wkh wrsrorjlfdo wkhru| duh =

Edvhg rq wkh 40irup Df G +61463,

[P ' f> +61464,

\J ' d2 n e2 +61465,

]D ' f +61466,

WN ' d2e2 +61467,

Hljhqydoxhv = 	s��e>	s��d +61468,

Wruvlrq Fxuuhqw ' d{> |> }> wode> +61469,

Sdulw| ' ede +6146:,

Wkh 7 hljhqydoxhv frph lq wzr lpdjlqdu| sdluv1 Wkh hohphqwv ri hdfk sdlu duh
htxdo dqg rssrvlwh lq vljq1

Zkdw lv uhpdundeoh iru wklv Dfwlrq 40irup lv wkdw erwk wkh olqhdu vlplodulw|
lqyduldqw [P dqg wkh fxelf vlplodulw| lqyduldqw ]D ri wkh lpsolflw skdvh k|shuvxu0
idfh lq 7G ydqlvk/ iru dq| uhdo ydoxhv ri d ru e1 Wkh txdgudwlf vlplodulw| lqyduldqw
lv qrq0}hur/ srvlwlyh uhdo dqg lv htxdo wr d2 ' e21 Wkh txduwlf vlplodulw| lqyduldqw
WN lv qrq0}hur/ srvlwlyh uhdo dqg lv htxdo wr d2e21 Wkh 40irup dovr vxssruwv d
Wrsrorjlfdo Wruvlrq fxuuhqw/ zlwk d qrq0}hur glyhujhqfh1

Krzhyhu/ li wkh 40irup Df lv vfdohg e| wkh Jdxvv pds/ wkh uhvxowlqj Krsi
lpsolflw vxuidfh lv d vlqjoh 7G lpdjlqdu| plqlpdo wzr glphqvlrqdo k|shu vxuidfh
lq 7G dqg kdv wzr qrq0}hur lpdjlqdu| fxuydwxuhv/ exw d srvlwlyh Jdxvv fxuyd0
wxuh$ Wklv d prvw xqxvxdo uhvxow/ iru wkh xvxdo 5G plqlpdo vxuidfh kdv htxdo dqg
rssrvlwh uhdo fxuydwxuhv/ zlwk d qhjdwlyh Jdxvv fxuydwxuh1

Edvhg rq wkh 40irup D G Jdxvv pds vfdolqj +6146;,

�2 ' Ed{�2 n Ed|�2 n Ee}�2 n Eew�2 +6146<,

u '
s
{2 n |2 n }2 n w2� +61473,

Olqhdu Phdq fxuydwxuh = FP ' f +61474,

Txdgudwlf Jdxvv fxuydwxuh = FJ ' nd2e2iu2j@E�2�2 +61475,

Fxelf Dgmrlqw fxuydwxuh = FD ' f +61476,

Txduwlf Fxuydwxuh = FN ' f +61477,

Hljhqydoxhv = df> f>n
s��>�s��oEdeu@�2�= +61478,

Vwudqjho| hqrxjk wkh fkdujh0fxuuhqw ghqvlw| lqgxfhg e| wkh Dgmrlqw fxuuhqw lv
qrw }hur/ exw lw lv sursruwlrqdo wr wkh Wrsrorjlfdo Wruvlrq yhfwru wkdw jhqhudwhv

6<



wkh 6 irup D	I= Wkh wrsrorjlfdo Sdulw| 7 irup lv qrw }hur/ dqg ghshqgv rq wkh
vljq ri wkh frh!flhqwv d dqg e1 Lq rwkhu zrugv wkh *kdqghgqhvv* ri wkh gl�huhqw
40irupv ghwhuplqhv wkh rulhqwdwlrq ri wkh qrupdo �hog zlwk uhvshfw wr wkh lpsolflw
vxuidfh1 Lw lv nqrzq wkdw d surfhvv ghvfulehg e| d yhfwru sursruwlrqdo wr wkh
wrsrorjlfdo wruvlrq yhfwru lq d grpdlq zkhuh wkh wrsrorjlfdo sdulw| lv qrq0}hur
eed@E{2 n |2 n }2 n w2� 9' f lv wkhuprg|qdplfdoo| luuhyhuvleoh1

71 Wkh Idodfr Vrolwrq 0 D Wrsrorjlfdo Vwulqj lq d Vzlpplqj
Srro

7141 Ylvxdo Wrsrorjlfdo Ghihfwv lq d Ioxlg

Dowkrxjk ri lpsruwdqfh wr wkh frvprorjlfdo frqfhsw ri d xqlyhuvh h{suhvvleoh dv
d orz ghqvlw| +qrq0htxloleulxp, ydq ghu Zddov jdv qhdu lwv fulwlfdo srlqw/ wkh idf0
wrul}dwlrq ri wkh Mdfreldq fkdudfwhulvwlf sro|qrpldo lqwr d fxelf lv qrw wkh rqo|
frvprorjlfdo srvvlelolw|1 Ri sduwlfxodu lqwhuhvw lv wkh idfwrul}dwlrq wkdw ohdgv wr
d Krsi elixufdwlrq1 Lq wklv fdvh wkh fkdudfwhulvwlf ghwhuplqdqw ydqlvkhv/ wkh Dg0
mrlqw fxelf fxuydwxuh ydqlvkhv/ wkh phdq fxuydwxuh ydqlvkhv +lqglfdwlqj d plqlpdo
vxuidfh,/ exw wkh Jdxvv fxuydwxuh lv srvlwlyh/ dqg wkh wzr uhpdlqlqj hljhqydoxhv
ri wkh fkdudfwhulvwlf sro|qrpldo duh sxuh lpdjlqdu| frqmxjdwhv1 Vxfk uhvxowv
lqglfdwh urwdwlrqv ru rvfloodwlrqv +dv lq wkh fkhplfdo Euxvvhodwru uhdfwlrqv, dqg
wkh srvvlelolw| ri vsludo frqfhqwudwlrq ru ghqvlw| zdyhv rq vxfk plqlpdo vxuidfhv1
Vxfk vwuxfwxuhv dw d frvprorjlfdo ohyho zrxog dsshdu wr h{sodlq wkh ruljlq ri vsludo
dup jdod{lhv1 Wkh Krsi w|sh plqlpdo vxuidfhv ri srvlwlyh Jdxvv fxuydwxuh gr
qrw uhsuhvhqw wkhuprg|qdplf htxloleulxp v|vwhpv/ iru wkhlu fxuydwxuhv/ dowkrxjk
wzr lq qxpehu/ duh sxuh lpdjlqdu|1 Wkh prodo ghqvlw| glvwulexwlrqv +ru rughu
sdudphwhuv, duh frpsoh{1

Wkh lghd wkdw vwduv frxog eh orqj olyhg wrsrorjlfdo ghihfwv dw d frvprorjlfdo
ohyho jdlqv fuhghqfh dw wkh pdfurvfrslf ohyho e| wkh fuhdwlrq ri Idodfr Vrolwrqv
+wrsrorjlfdo ghihfwv, lq d vzlpplqj srro1
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Vhh wkh skrwr wdnhq e| G1 Udgdedxjk ri wkh 6 sdluv ri Idodfr Vrolwrqv fuhdwhg
lq d vzlpplqj srro lq wkh odwh diwhuqrrq1 Wkh oljkwlqj dqg rswlfv hqdeohv wkh
glpsohg vxuidfh vwuxfwxuhv wr eh vhhq1 Qrwh wkh yhvwljhv ri pxvkurrp vsludov lq
wkh vxuidfh vwuxfwxuhv durxqg hdfk sdlu1 Wkh vxuidfh vsludo dupv fdq eh hqkdqfhg
e| vsuhdglqj fkdon gxvw rq wkh iuhh vxuidfh ri wkh srro1 Wkh skrwr ghprqvwudwhv
wkh h{lvwhqfh ri Idodfr Vrolwrqv/ d ihz plqxwhv diwhu fuhdwlrq1 Wkh nlqhwlf hqhuj|
dqg wkh dqjxodu prphqwxp lqlwldoo| jlyhq wr d sdlu ri Udqnlqh yruwlfhv +ri srvlwlyh
Jdxvv fxuydwxuh, fuhdwhg lq wkh iuhh vxuidfh ri zdwhu txlfno| ghfd| lqwr glpsohg/
orfdoo| xqvwdeoh/ vlqjxodu vxuidfhv +ri qhjdwlyh Jdxvv fxuydwxuh, wkdw kdyh dq
h{wudruglqdu| olihwlph ri pruh wkdq 48 plqxwhv lq d vwloo srro1 Wkh Idodfr Vrolwrq
lv revhuyhg e| phdqv ri wkh xqltxh rswlfv ri Vqhoo uhiudfwlrq iurp d vxuidfh ri
qhjdwlyh Jdxvv fxuydwxuh1 Wkh glpsohg vxuidfh lv doprvw d plqlpdo vxuidfh/ dqg
wkh surmhfwlrq wr wkh  rru ri wkh srro lv doprvw frqirupdo/ suhvhuylqj wkh flufxodu
dsshdudqfh ri wkh eodfn glvf/ lqghshqghqw iurp wkh dqjoh ri vrodu lqflghqfh1
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D uhpdundeoh ihdwxuh ri wkh Idodfr Vrolwrq ^UPN 4<;9` lv wkdw lw frqvlvwv
ri d sdlu ri wzr glphqvlrqdo wrsrorjlfdo ghihfwv/ lq d vxuidfh ri glvfrqwlqxlw|/
zklfk dssduhqwo| duh frqqhfwhg e| phdqv ri d wrsrorjlfdo vlqjxodu wkuhdg1 Lw
lv frqmhfwxuhg wkdw wkh whqvlrq lq wkh vlqjxodu wkuhdg surylghv wkh irufh wkdw
pdlqwdlqv wkh sdlu ri glpsohg vwuxfwxuhv1 Wkh htxloleulxp prgh iru wkh iuhh
vxuidfh lv wkdw lw eh  dw/ zlwkrxw glpsohv1 Wkh vrolwrqv duh uhsuhvhqwdwlyh ri
qrq0htxloleulxp orqj olyhg vwuxfwxuhv1 Li g|h gursv duh lqmhfwhg lqwr wkh zdwhu/
wkh g|h sduwlfohv zloo h{hfxwh d wruvlrqdo zdyh prwlrq wkdw rvfloodwhv xs dqg grzq
xqwlo wkh g|h pdsv rxw wkh wkuhdg vlqjxodulw| +d flufxodu duf, wkdw frqqhfwv wkh
wzr yhuwlfhv ri wkh Idodfr Vrolwrq1 Wkh vlqjxodu wkuhdg dfwv dv d jxlglqj fhqwhu
iru wkh wruvlrq zdyhv1 Li wkh wkuhdg lv vhyhuhg/ wkh hqgfds vlqjxodulwlhv glvdsshdu
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doprvw lpphgldwho|/ dqg qrw gl�xvlyho|1 Wkh orqj olihwlph ri wkh Idodfr Vrolwrq lv
gxh wr wklv joredo vwdelol}dwlrq ri wkh frqqhfwlqj vwulqj vlqjxodulw|1

7151 Idodfr Vrolwrqv dv Odqgdx Jlqvexuj vwuxfwxuhv lq plfur/ pdfur0
vfrslf dqg frvprorjlfdo v|vwhpv

Wkh Idodfr h{shulphqwv ghprqvwudwh wkdw vxfk wrsrorjlfdo ghihfwv duh dydlodeoh dw
doo vfdohv1 Wkh Idodfr Vrolwrqv frqvlvw ri vsludo %yruwh{ ghihfw% vwuxfwxuhv +dqdor0
jrxv wr FJO wkhru|, rq d wzr glphqvlrqdo plqlpdo vxuidfh/ rqh dw hdfk hqg ri d
40glphqvlrqdo %yruwh{ olqh% ru wkuhdg +dqdorjrxv wr JSJ wkhru|,1 Uhpdundeo|
wkh wrsrorjlfdo ghihfw vxuidfh vwuxfwxuh lv orfdoo| xqvwdeoh/ dv wkh vxuidfh lv ri
qhjdwlyh Jdxvv fxuydwxuh1 \hw wkh sdlu ri orfdoo| xqvwdeoh 50G vxuidfhv lv joredoo|
vwdelol}hg e| wkh 40G olqh ghihfw dwwdfkhg wr wkh %yhuwh{% srlqwv ri wkh plqlpdo
vxuidfhv1

Iru vrph vshfl�f sk|vlfdo v|vwhpv lw fdq eh ghprqvwudwhg wkdw shulrg +flu0
fxodwlrq, lqwhjudov ri wkh 40irup ri Dfwlrq srwhqwldov/ D> ohdg wr wkh frqfhsw ri
%yruwh{ ghihfw olqhv%1 Wkh lghd lv h{whqgdeoh wr %wzlvwhg yruwh{ ghihfw olqhv%
lq wkuhh glphqvlrqv1 Wkh %wzlvwhg yruwh{ ghihfwv% ehfrph wkh vsludo yruwlfhv ri
d Frpsoh{ Jlqvexuj Odqgdx +FJO, wkhru| / zkloh wkh %xqwzlvwhg yruwh{ olqhv%
ehfrph wkh ghihfwv ri Jlq}exuj0Slwdhyvnll0Jurvv +JSJ, wkhru| ^Wruqnylvw 4<<:`1

Lq wkh pdfurvfrslf grpdlq/ wkh h{shulphqwv ylvxdoo| lqglfdwh %doprvw  dw%
vsludo dup vwuxfwxuhv gxulqj wkh irupdwlyh vwdjhv ri wkh Idodfr vrolwrqv1 Lq wkh
frvprorjlfdo grpdlq/ lw lv vxjjhvwhg wkdw wkhvh xqlyhuvdo wrsrorjlfdo ghihfwv uhsuh0
vhqw wkh xeltxlwrxv %doprvw  dw% vsludo dup jdod{lhv1 Edvhg rq wkh h{shulphqwdo
fuhdwlrq ri Idodfr Vrolwrqv lq d vzlpplqj srro/ lw kdv ehhq frqmhfwxuhg wkdw P64
dqg wkh Plon| Zd| jdod{lhv frxog eh frqqhfwhg e| d wrsrorjlfdo ghihfw wkuhdg
^UPN 4<;9`1 Rqo| uhfhqwo| kdv skrwrjudsklf hylghqfh dsshduhg vxjjhvwlqj wkdw
jdod{lhv pd| eh frqqhfwhg e| vwulqjv1

Dw wkh rwkhu h{wuhph/ wkh urwdwlrqdo plqlpdo vxuidfhv ri qhjdwlyh Jdxvv fxu0
ydwxuh zklfk irup wkh wzr hqgfdsv ri wkh Idodfr vrolwrq/ olnh txdunv/ dssduhqwo|
duh frq�qhg e| wkh vwulqj1 Li wkh vwulqj +zkrvh %whqvlrq% lqgxfhv joredo vwdelo0
lw| ri wkh xqvwdeoh hqgfdsv, lv vhyhuhg/ wkh hqgfdsv +olnh xqfrq�qhg txdunv lq
wkh hohphqwdu| sduwlfoh grpdlq, glvdsshdu +lq d qrq0gl�xvlyh pdqqhu,1 Lq wkh
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Iljxuh 714=
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Iljxuh 715=

plfurvfrslf hohfwurpdjqhwlf grpdlq/ wkh Idodfr vrolwrq vwuxfwxuh r�huv dq dowhu0
qdwh/ wrsrorjlfdo/ sdlulqj phfkdqlvp rq d Ihupl vxuidfh/ wkdw frxog vhuyh dv dq
dowhuqdwh wr wkh Frrshu sdlulqj lq vxshufrqgxfwruv1
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^Fduwdq 4;<<` H1 Fduwdq �Vxu fhuwdlqhv h{suhvvlrqv gl�huhqwlhoohv hw
oh v|vwhph gh Sid�� Dqq Hf1 Qrup1 49 65< +4;<<,

^Fduwdq 4<55` H1 Fduwdq/ �V|vwhpv Gl�huhqwldov H{whulhxuv hw ohxuv
Dssolfdwlrqv Jhrphwultxhv� +Khupdqq/ Sdulv/ 4<55,1

^Fduwdq 4<6:` H1 Fduwdq/ �Od Wkhrulh ghv Vsdfhv d Frqqh{lrq Sur0
mhfwlyh�/ +Khupdqq/ Sdulv/ 4<6:,

^Fduwdq 4<8; +4<55,` Fduwdq/ H1/ +4<8;, %Ohfrqv vxu ohv lqyduldqwv lqwh0
judx{v%/ Khupdqq/ Sdulv 1

^Fduwdq 4<99` Fduwdq/ H1 +4<99, %Wkh Wkhru| ri Vslqruv%/ Gryhu/
Qhz \run/ s1 6<1

^Fdvlplu 4<7;` K1 E1 J1 Fdvlplu/ Surf1 Nrq1 Qhg1 Dndg1 Zhwhqvfk1
E84/ :<6 +4<7;,

^Fkhuq 4<77` Fkhuq/ V 1V1 +4<77,/ Dqqdov ri Pdwk1 78/ :7:0 :85 1

^Fkhuq 4<7;` Fkhuq/ V1V1 +4<7;, Vflhqfh Uhsruwv Qdw1 Wvlqj Kxd
Xqly1 8/ <804541
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^Fkhuq 4<;;` Fkhuq/ V1V1 +4<;;, %Klvwrulfdo Uhpdunv rq Jdxvv0
Erqqhw%/ PVUL 37;3;0;; Ehunhoh|/ FD1 Dovr vhh 111
+4<77, �D Vlpsoh lqwulqvlf surri ri wkh Jdxvv0Erqqhw
irupxod iru Forvhg Ulhpdqqldq Pdqlirogv�/ Dqqdov ri
Pdwk1 78/ :7:0 :851

^Guxpprqg 4<<3` L1 W1 Guxpprqg/ dqg Z1 K1 S1 Pxqfk/ �Wxuexohqw
Vwuhwfklqj ri Olqhv dqg Vxuidfhv�/ lq �Wrsrorjlfdo
Ioxlg Phfkdqlfv� K1 N1 Pr�dww dqg D1 Wvlqrehu/ hg0
lwruv/ +Fdpeulgjh Xqlyhuvlw| Suhvv/ 4<<3,/ s1 95;09691

^Hgglqjwrq 4<96 +4<56,` ^59` D1 V1 Hgglqjwrq/1 �Wkh Pdwkhpdwlfdo Wkhru| ri
Uhodwlylw|� +Fdpeulgjh Xqlyhuvlw| Suhvv 4<96,/ s1 4<71

^Hlvhqkduw 4<96` Hlvhqkduw/ O1 S1 +4<96, %Frqwlqxrxv Jurxsv%/ Gryhu/
Q1 \1

^Holdvkehuj/ 4<;<` Holdvkehuj/ H1 +4<;<, Fodvvl�fdwlrq ri ryhuwzlvwhg frq0
wdfw vwuxfwuxuhv rq 60pdqlirogv/ Lqyhqw1 pdwk/ <;/ s
95609<:1

^Hx 4<<9` Hx/ E1F1 dqg O1V1Jdufld0Frolq/ Sk|v Uhy H 87/6
+4<<9,

^Iodqghuv 4<96` Iodqghuv/ K1 +4<96, %Gl�huhqwldo Irupv%/ Dfdghplf
Suhvv/ Qhz \run/ s14591

^Ilehurswlfv`

^Irfn 4<97` Irfn/ Y1 +4<97,/ %Vsdfh/ wlph dqg judylwdwlrq%/
Shujdprq0PdfPloodq/ Qhz \run1

^Iruv|wk +4;<3, 4<8<` Iruv|wk/ D1U1 +4;<304<8<,/ %Wkhru| ri gl�huhqwldo
htxdwlrqv Y4 dqg Y5%/ Gryhu/ Q1\1

^Jd�hw 4<;8` E1 Jd�hw/ M1 Ioxlg Phfk1 489/ 474 +4<;8,1

^Jhoohuw 4<::` Z1 Jhoohuw/ hw1do1 Hglwruv �Wkh YQU Frqflvh Hqf|0
forshgld ri Pdwkhpdwlfv� / +Ydq Qrvwudqg/ Qhz \run
4<::,/ s19;91�
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^Juhxe 4<:6` Z1 Juhxe/ V1Kdoshulq dqg U1 Ydqvwrqh +Dfdghplf
Suhvv/ Qhz \run / 4<:6,1

^Jurpry`

^Jrogehuj 4<;5` Jrogehuj/ V1 L1/ +4<;5, �Fxuydwxuh dqg Krprorj|�
Gryhu/ Q1 \1

^Jroghqeodww 4<95` Jroghqeodw/ L1L1 +4<95,/ %Vrph sureohpv ri wkh ph0
fkdqlfv ri frqwlqxrxv phgld%/ Qrrugkr�/ Kroodqg/
s14<61 %Wkh txdqwlw| ri khdw lq d uhyhuvleoh surfhvv
dozd|v kdv dq lqwhjudwlqj idfwru%

^Jrolelwvnl 4<;8` Jroxelwvn|/ P1 dqg Vkdh�hu/ G1 J1 +4<;8, %Vlqjxodul0
wlhv dqg Jurxsv lq Elixufdwlrq Wkhru|% Vsulqjhu Yhu0
odj/ Q1\1

^Khupdqq 4<9;` Khupdqq/ U1 +4<9;,/ �Gl�huhqwldo Jhrphwu| dqg wkh
Fdofxoxv ri Yduldwlrqv�/ Dfdghplf Suhvv/ Qhz \run1

^Krfnlqj 4<94` Krfnlqj/ M1 J1 +4<94, �Wrsrorj|� Dgglvrq Zhvoh|/
Q1 \1 s151

^Krs�qjhu`

^kruqlj 4<<9` Kruqlj/ J1 dqg Vfklqgohu/ N1 +4<<9,/ Pdjqhwlf wrsro0
rj| dqg wkh sureohp ri lwv lqydudlqw gh�qlwlrq/ Sk|vlfv
ri Sodvpdv/ 6/ s1979

^Kruqlj 4<<;` Kruqlj/ J dqg Udvwdwwhu/ O1 +4<<;,/ Wkh Pdjqhwlf
Vwuxfwxuh ri E 9' f Uhfrqqhfwlrq/ Sk|vlfd Vfulswd/ Yro
W:7/ s16706<

^lpsolqru1sgi` kwws=22zzz551sdlu1frp2fvgf2sgi2lpsolqru1sgi dqg
kwws=22zzz551sdlu1frp2fvgf2sgi2sdudphwulf1sgi

^Ndnx 4<;;` Ndnx/ P1 +4<;;, �Lqwurgxfwlrq wr Vxshuvwulqjv�
Vsulqjhu0Yhuodj/ Qhz \run s16;91

^Nhvwlq 4<99` Nhvwlq/ M1 +4<99, �D Frxuvh lq Wkhuprg|qdplfv�
Eodlvgho/ Zdowkdp/ Pdvv1
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^Nohlq 4<95` Nohlq/ M1 +4<95,/ Dqq1 Lqvw1 DLIXE Irxulhu/ Juhqreoh
45/ 41

^Nolqh 4<98` Nolqh/ P1 dqg Nd|/ L1Z1 +4<98,/ %Hohfwurpdjqhwlf
Wkhru| dqg Jhrphwulfdo Rswlfv%/ Lqwhuvflhqfh/ Q1\1

^Nrfklqh 4<97` Nrfklq/ Q1H1/ Nleho/ L1D1/ Ur}h/ Q1 Q1/ +4<97, %Wkhr0
uhwlfdo K|gurg|qdplfv% Lqwhuvflhqfh Q\ s148:

^Nrvory 4<<8` Nr}ory/ Y1 +4<<8, K|gurg|qdplfv ri Qrqfrppxwdwlyh
Lqwhjudwlrq ri Kdplowrqldq V|vwhpv1 Dphu Pdwk Vrf
Wudqvo1 +5, 49; s1 55:056;

^Nxudwrzvnl 4<7;` Nxudwrzvnl/ N1 +4<7;, %Wrsrorj|% +Zduvdz/ / Yro1 L1

^Odpe 4<78` Odpe/ K1+4<78, �K|gurg|qdplfv� Gryhu/ Qhz \run/
s15781

^Odqgdx 4<8;` Odqgdx/ O1 G1 dqg Olivklw}/ H1 P1/ +4<8;,/ %Vwdwlvwlfdo
Sk|vlfv% Shujdprq Suhvv/ Orqgrq s1 69<1

^Odqgdx 4<93` Odqgdx/ O1 G1 dqg Olivklw}/ H1 P1 +4<93,/ %Hohfwurg|0
qdplfv ri Frqwlqxrxv Phgld%/ Shujdprq Suhvv/ Orq0
grq/ s1 <:1

^Odqgvehuj 4<94` Odqgvehuj/ S1 W1 +4<94,/ �Wkhuprg|qdplfv� Lqwhu0
vflhqfh Q\

^Odqjirug 4<;6` Odqjirug/ Z1 I1 +4<;6, lq %Qrq0olqhdu G|qdplfv dqg
Wxuexohqfh% Hglwhg e| J1L1 Eduuhqeodww/ hw1 do1 Slw0
pdq/ Orqgrq

^Olhehupdqq 4<;:` Olehupdqq S1 dqg Pduoh/ F0P1 +4<;:,/ %V|psohf0
wlf Jhrphwu| dqg Dqdo|wlfdo Phfkdqlfv% Ulhgho/ Gru0
guhfkw2Ervwrq s198

^Olhehupdqq 4<;:` Olehupdqq S1 dqg Pduoh/ F0P1 +4<;:,/ %V|psohf0
wlf Jhrphwu| dqg Dqdo|wlfdo Phfkdqlfv% Ulhgho/ Gru0
guhfkw2Ervwrq s163:

^Olsvfkxw} 4<98` Olsvfkxw}/ V1 +4<98, %Jhqhudo Wrsrorj|%/ Vfkdxp/
Qhz \run/ s1 ;;1
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^Pdsoh HP 5336` kwws=22zzz551sdlu1frp2fvgf2pdsoh2PdsohHP1sgi

^Pdsoh Iuhvqho 5336` kwws=22zzz551sdlu1frp2fvgf2pdsoh2PdsohIU1sgi

^Pduwlqhw +4<:3,` Pduwlqhw/ M1 +4<:3,/ Rq wkh Vlqjxodulwlhv ri Gl�huhqwldo
Irupv/ Dqq1 Lqvw1 Irxulhu/ Juhqreoh/ 53/ 4 / <804:;

^Pduvghq 4<<7` Pduvghq/ M1H1 dqg Uldwx/ W1 V1 +4<<7, %Lqwurgxfwlrq
wr Phfkdqlfv dqg V|pphwu|%/ Vsulqjhu0Yhuodj/ s1455

^PfGx� 4<<8` PfGx� dqg Vdodprq �Lqwurgxfwlrq wr V|psohfwlf
Wrsrorj|�

^Phvhuyh 4;<6` Phvhuyh/ E1 H1 +4<;6, %Surmhfwlyh Jhrphwu|%/ Gryhu/
Qhz \run R{irug Xqlyhuvlw| Suhvv +4<<8,

^Phwfdoi 4<<3` U1 Z1 Phwfdoih dqg I1 Kxvvdlq/ +4<<3,/ Wrsrorj| ri
Frkhuhqw vwuxfwxuhv dqg Iodph Vkhhwv lq Uhdfwlqj
Pl{lqj Od|huv/ lq �Wrsrorjlfdo Ioxlg Phfkdqlfv� K1
N1 Pr�dww dqg D1 Wvlqrehu/ hglwruv/ Fdpeulgjh Xql0
yhuvlw| Suhvv/ 98<09:;1 Dovr vhh= P1 Y1 Phodqghu/ dqg
I1 Kxvvdlq/ Wrsrorjlfdo Dvshfwv ri Yruwh{ Uhfrqqhf0
wlrq / lq= orf1 flw1 7;807<<1

^Pr�dw 4<9<` K1 N1 Pr�dww/ M1 Ioxlg Phfk1 68/44: +4<9<,1

^Pr�dww 4<<3` Edlhu/ N1/ Pr�dww/ K1 N1/ dqg Qh{/ I1/ +4<<3, %Vwhdg|
frq�qhg Vwrnhv  rzv fkdrwlf vwuhdpolqhv1% lq Wrsrorj0
lfdo Ioxlg Phfkdqlfv/ K1 N1 Pr�dww1du Wvlqrehu/ hgl0
wruv/ Fdpeulgjh Xqlyhuvlw| Suhvv/ 1 Dovr vhh N1 Edmhu
do N1 Pr�dww/ M1 Ioxlg Phfk1 545 +4<<3, 66:1

^Prqwjrphu| 4<;<` G1 Prqwjrphu| dqg O1 Skloolsv/ +4<;<, PKG Wxuex0
ohqfh= uhod{dwlrq surfhvvhv dqg yduldwlrqdo sulqflsohv/
lq �Dgydqfhv lq Ioxlg Wxuexohqfh� J1 Grrohq/ hw1 do1
hglwruv Qruwk Kroodqg Dpvwhugdp/ s1548

^Pruvh 4<97` Pruvh/ S1 P1 +4<97, %Wkhupdo Sk|vlfv%/ Ehqmdplq/
Q\/ s1 93
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^Qdvk 4<;<` F1 Qdvk dqg V1 Vhq/ �Wrsrorj| dqg Jhrphwu| iru
Sk|vlflvwv� / +Dfdghplf Suhvv/ Vdq Glhjr 4<;<,1

^Rqhloo 4<99` R*Qhloo/ E1 +4<99, %Hohphqwdu| Gl�huhqwldo Jhrph0
wu|%/ Dfdghplf Suhvv/ Qhz \run/ s14;<111

^Rvvhupdq 4<;9` Rvvhupdq/ U1 +4<;9, %D Vxuyh| ri Plqlpdo Vxuidfhv%/
Gryhu/ Q1\1 4<;9,

^Rwwr 4<<3` D1 Rwwr/ P1 Khvvh/ dqg N1 Vfklqgohu +4<<3, Jhqhudo
Pdjqhwlf Uhfrqqhfwlrq lq 6G V|vwhpv/ lq �Wrsrorjl0
fdo Ioxlg Phfkdqlfv�/ K1 N1 Pr�dww dqg D1 Wvlqrehu/
hglwruv/ Fdpeulgjh Xqlyhuvlw| Suhvv/ s1 55805671

^Shqurvh 4<<<` Shqurvh/ U1 +4<<<, Wkh fhqwudo surjudpph ri Wzlvwru
Wkhru|/ Fkdrv/ Vrolwrqv/ dqg Iudfwdov/ 43/ 506/ s18;40
9441

^Sk|vlfv Wrgd| Pd| 5333` Sk|vlfv Wrgd|/ Pd| 5333/ s14:

^Slwwlh 4<:9` Slwwlh/ K1Y1 +4<:9, %Fkdudfwhulvwlf fodvvhv ri Irold0
wlrqv%/ Uhv Qrwhv lq Pdwk1/ Glwpdq/ Orqgrq

^Srvw +4<95,` H1M1 Srvw +4<<:, %Irupdo Vwuxfwxuh ri Hohfwurpdjqhw0
lfv%/ Gryhu/ Q1\1

^Srvw 4<;6` H1M1 Srvw +4<;6, Sk|v Ohww1 D/ <7 s1 676

^Nrqghsxgl 4<<;` Nrqghsxgl/ G1 dqg Suljrjlqh/ L1/ %Prghuq Wkhuprg|0
qdplfv%/ Zloh|/ Qhz \run1

^ghUkdp 4<93` ghUkdp/ J1 +4<93, �Ydulhwhv Gl�huhqwdeohv�/ Khu0
pdqq/ Sdulv1

^5`

^UPN 4<9<` Nlhkq/ U1P1 dqg Slhufh/ M1 I1/ +4<9<,/ Dq Lqwulq0
vlf Wudqvsruw Wkhruhp/ Sk|v1 Ioxlgv/ 45/ s14<:41
+kwws=22zzz551sdlu1frp2fvgf2sgi2lqwwudqv1sgi,
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^UPN 4<:7` Nlhkq/ U1P1 +4<:7,/ H{whqvlrqv ri Kdplowrq*v Sulqfl0
soh wr Lqfoxgh Glvvlsdwlyh V|vwhpv/ M1 Pdwk Sk|v1 8/
s1 <

^UPN 4<:8 d` Nlhkq/ U1P1 +4<:8,/ Lqwulqvlf k|gurg|0
qdplfv zlwk dssolfdwlrqv wr vsdfh0wlph
 xlgv/ Lqw1 M1 ri Hqj1 Vfl1 46/ <741
+kwws=22zzz551sdlu1frp2fvgf2sgi2lqwk|gur1sgi,
du[ly2pdwk0sk23434365

^UPN 4<:8 e` Nlhkq/ U1 P1/ +4<:8,/ Jhrphwurg|qdplfv dqg Vslq%/
Ohww1 do Qxryr Flphqwr 45/ s1 633

^UPN 4<:8 f` Nlhkq/ U1 P1 +4<:8,/ Vxephuvlyh htxlydohqfh fodvvhv
iru phwulf �hogv/ Ohww1 do Qxryr Flphqwr 47/ s1 63;

^UPN 4<:8 g` Nlhkq/ U1P1 +4<:8,/ Frqirupdo Lqyduldqfh dqg Kdplo0
wrq Mdfrel wkhru| iru glvvlsdwlyh v|vwhpv/ M1 Pdwk
Sk|v1 49/ 4365

^UPN4<:9` Nlhkq/ U1P1 +4<:9,/ QDVD DPHV QFD050RU05<80
835 +kwws=22zzz551sdlu1frp2fvgf2sgi2upndphv1sgi,

^UPN 4<:9 e` Nlhkq/ U1P1 +4<:9,/ Uhwurglfwlyh Ghwhu0
plqlvp/ Lqw1 M1 ri Hqj1 Vfl1 47/ :7< 1
+kwws=22zzz551sdlu1frp2fvgf2sgi2uhwurglf1sgi,

^UPN 4<::` Nlhkq/ U1P1 +4<::,/ Shulrgv rq pdqlirogv/ txdq0
wl}dwlrq dqg jdxjh/ M1 Pdwk Sk|1 4;/ 9471
+kwws=22zzz551sdlu1frp2fvgf2sgi2shulrgv1sgi,

^UPN 4<:: e` Vdqghuv/ Y1 H1 dqg Nlhkq/ U1P1 +4<::,/ Gxdo Srodul}hg
Ulqj Odvhuv/ LHHH M Txdqw Hohf TH046/ s1 :6<

^UPN 4<:<` Vfkxow}/ D1/ Nlhkq/ U1 P1/ hw do1 +4<:<,/ Oliwlqj ri wkh
Irxu0irog HP Ghjhqhudf| dqg SW V|pphwu|/ Sk|v
Ohww :7D/ 6;71

^UPN 4<;9` Nlhkq/ U1 P1/ +4<;:, Wkh Idodfr H�hfw dv d wrsr0
orjlfdo ghihfw zdv �uvw qrwlfhg e| wkh suhvhqw dxwkru

86



lq wkh vzlpplqj srro ri dq rog PLW iulhqg/ gxu0
lqj d ylvlw lq Ulr gh Mdqhlur/ dw wkh wlph ri Kdooh|*v
frphw/ Pdufk 4<;91 Wkh frqfhsw zdv suhvhqwhg dw wkh
Dxvwlq Phhwlqj ri G|qdplf Gd|v lq Dxvwlq/ Mdqxdu|
4<;:/ dqg fdxvhg vrph lqwhuhvw dprqj wkh uhvlghqw
wrsrorjlvwv1 Wkh hdvlo| uhsurgxfhg h{shulphqw dgghg
wr wkh fuhghqfh ri wrsrorjlfdo ghihfwv lq  xlgv1 Lw lv
qrz shufhlyhg wkdw wklv wrsrorjlfdo skhqrphqd lv xql0
yhuvdo/ dqg zloo dsshdu dw doo ohyhov iurp wkh plfur0
vfrslf wr wkh jdodfwlf1 ODQO du[ly2ju0tf234343<;
+kwws=22zzz551sdlu1frp2fvgf2sgi2idodfr<:1sgi,1/ vhh
kwws=22zzz551sdlu1frp2fvgf2sgi2wrswxue1sgi

^UPN 4<;: e` Vwhuolqj 1 hw1do1 +4<;:,/ Zk| duh wkhvh glvnv gdunB
Sk|v Ioxlgv 63 s144

^UPN 4<;:` Nlhkq/ U1 P1 +4<;:,/ Idodfr Vrolwrqv/
kwws=22zzz551sdlu1frp2fvgf2sgi2idodfr341sgi

^UPN 4<;<` Nlhkq/ U1 P1/ +4<;<,/ Luuhyhuvleoh Wrsrorjlfdo Hyrox0
wlrq lq Ioxlg Phfkdqlfv/ DVPH ;<0ZD2IH081 Lqylwhg
sdqholvw %Xqdqvzhuhg txhvwlrqv lq Ioxlg Phfkdqlfv%
dw wkh VDI phhwlqj ri wkh DVPH rq

^UPN 4<<3` Nlhkq/ U1P1 +4<<3,/ Wrsrorjlfdo Wruvlrq/ Sid� Gl0
phqvlrq dqg Frkhuhqw Vwuxfwxuhv/ lq= %Wrsrorjlfdo
Ioxlg Phfkdqlfv%/ K1 N1 Pr�dww dqg W1 V1 Wvl0
qrehu hgv/ Fdpeulgjh Xqlyhuvlw| Suhvv s1 77<078;1
+kwws=22zzz551sdlu1frp2fvgf2sgi2fdpe;<1sgi,

^UPN 4<<4 d` Nlhkq/ U1 P1 +4<<4,/ Frpsdfw Glvvlsdwlyh Iorz
Vwuxfwxuhv zlwk Wrsrorjlfdo Frkhuhqfh Hpehgghg lq
Hxohuldq Hqylurqphqwv/ lq= %Qrq0olqhdu G|qdplfv ri
Vwuxfwxuhv%/ hglwhg e| U1]1 Vdjghhy/ X1 Iulvfk/ I1
Kxvvdlq/ V1 V1 Prlvhhy dqg Q1 V1 Hurnklq/ s146<0497/
Zruog Vflhqwl�f Suhvv/ Vlqjdsruh

^UPN4<<4 e` Nlhkq/ U1P1 +4<<4, �Frqwlqxrxv Wrsrorjlfdo
Hyroxwlrq�/ ODQO du[ly2pdwk0sk23434365
+kwws=22zzz551sdlu1frp2fvgf2sgi2frqwhyro61sgi,
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^UPN 4<<4 f` Nlhkq/ U1 P1 +4<<4,/ Duh wkhuh wkuhh nlqgv ri vxshu0
frqgxfwlylw|/ Lqw1 Mrxuq1 ri Prghuq Sk|vlfv/ yro8 &43
s1 4::<

^UPN 4<<4 g` Nlhkq/ U1 P1 / Nlhkq/ J1 S1/ dqg Urehugv/
+4<<4,/ Sdulw| dqg wlph0uhyhuvdo v|pph0
wu| euhdnlqj/ vlqjxodu vroxwlrqv dqg Iuhv0
qho vxuidfhv/ Sk|v1 Uhy D 76/ ss1 8498089:41
+kwws=22zzz551sdlu1frp2fvgf2sgi2wlphuhy1sgi,

^UPN 4<<4 h` Nlhkq/ U1P1 +4<<4, Vrph Forvhg Irup
Vroxwlrqv wr wkh Qdylhu Vwrnhv Htxd0
wlrqv/ ODQO du[ly2sk|vlfv23435335
+kwws=22zzz551sdlu1frp2fvgf2sgi2qyvro1sgi,

^UPN 4<<4 i` Nlhkq/ U1P1 +4<<4,/ �Glvvlsdwlrq/ Luuhyhuvlelo0
lw| dqg V|psohfwlf Odjudqjldq v|vwhpv rq
Wkhuprg|qdplf vsdfh ri glphqvlrq 5q.5�/
kwws=22zzz551sdlu1frp2fvgf2sgi2luuhy41sgi

^UPN 4<<5 d` Nlhkq/ U1 P1/ Wrsrorjlfdo Sdulw| dqg wkh Wxuexohqw
Vwdwh/ xqsxeolvkhg1

^UPN 4<<5 g` Nlhkq/ U1 P1 +4<<5,/ Wrsrorjlfdo Ghihfwv/ Frkhuhqw
Vwuxfwxuhv dqg Wxuexohqfh lq Whupv ri Fduwdq*v Wkh0
ru| ri Gl�huhqwldo Wrsrorj|/ lq %Ghyhorsphqwv lq Wkh0
ruhwlfdo dqg Dssolhg Pdwkhpdwlfv/ Surfhhglqjv ri wkh
VHFWDP [YL frqihuhqfh%/ E1 Q1 Dqwdu/ U1 Hqjhov/
D1D1 Sulqdulv dqg W1 K1 Prxoghq/ Hglwruv/ Wkh Xql0
yhuvlw| ri Whqqhvvhh Vsdfh Lqvwlwxwh/ Wxoodkrpd/ WQ
6:6;; XVD1

^UPN 4<<6 d` Nlhkq/ U1 P1 +4<<6,/ Lqvwdelolw| Sdwwhuqv/ Zdnhv dqg
Wrsrorjlfdo Olplw Vhwv/ lq �Hgg| Vwuxfwxuh Lghqwl�fd0
wlrq lq Iuhh Wxuexohqw Vkhdu Iorzv�/ M1S1Erqqhw dqg
P1Q1 Jodxvhu/ +hgv,/ Noxzhu Dfdghplf Sxeolvkhuv s1
6961
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^UPN 4<<6 e` Nlhkq/ U1 P1 +4<<6, Wdon suhvhqwhg dw wkh HX0
URPHFK 63; phhwlqj dw Fruwrqd/ Lwdo|1 Xqsxe0
olvkhg1 +kwws=22zzz551sdlu1frp2fvgf2sgi2lwdo|1sgi,

^UPN 4<<8` Nlhkq/ U1 P1 +4<<8,/ K|gurg|qdplf Zdnhv dqg Plq0
lpdo Vxuidfhv zlwk Iudfwdo Erxqgdulhv/ lq %Pl{lqj lq
Jhrsk|vlfdo Iorzv%/ M1 P1 Uhgrqgr dqg R1 Phwdlv/
Hglwruv FLPQH / Edufhorqd HUFRIWDF +phhwlqj lq
4<<5, s1 850961

^UPN 4<<< d` Nlhkq/ U1 P1/ +4<<<,/ Frkhuhqw Vwuxfwxuhv lq Iox0
lgv duh Wrsrorjlfdo Wruvlrq Ghihfwv/ lq M/ �LXWDP
V|psrvlxp rq Vlpxodwlrq dqg Lghqwl�fdwlrq ri Ru0
jdql}hg Vwuxfwxuhv lq Iorzv�/ 1Q1 Vûuhqvhq/ hw do1/
hgv1/ Noxzhu Dfdghplf Sxeolvkhuv/ Gruguhfkw/ 1 Vhh
+kwws=22zzz551sdlu1frp2fvgf2sgi2frshq81sgi,1 Suh0
vhqwhg dw wkh LXWDP0VLPIOR Frqihuhqfh dw GWX/
Ghqpdun/ Pd| 5805</ +4<<:,1

^UPN 4<<< e` Nlhkq/ U1P1 +4<<<,/ Wrsrorjlfdo hyroxwlrq ri fodv0
vlfdo hohfwurpdjqhwlf �hogv dqg wkh skrwrq/ lq/
%Skrwrq dqg Srlqfduì Jurxs%/ Y1 Gyrhjod}ry
+hg1,/ Qryd Vflhqfh Sxeolvkhuv/ Lqf1/ Frppdfn/ Qhz
\run/ s157905951 LVEQ 40893:50:4;0:1 Dovr vhh
+kwws=22zzz551sdlu1frp2fvgf2sgi2skrwrq81sgi,

^UPN 5333` Nlhkq/ U1 P1 +5333,/ 5G wxuexohqfh lv
d P|wk/ +lqylwhg vshdnhu LXWDP frqi,
kwws=22zzz551sdlu1frp2fvgf2sgi2kdjxh91sgi

^UPN 5334` Nlhkq/ U1P1 / +5334, Wrsrorjlfdo0Wruvlrq dqg
Wrsrorjlfdo0Vslq dv frkhuhqw vwuxfwxuhv lq
sodvpdv%/ du[ly sk|vlfv 234353341 Dovr vhh
kwws=22zzz551sdlu1frp2fvgf2sgi2sodvpdv1sgi/
dqg 11kroghu6g1sgi,

^UPN 5335 d` Nlhkq/ U1 P1 +5335,/ Fxuydwxuh dqg wruvlrq ri
lpsolflw k|shuvxuidfhv dqg wkh ruljlq ri fkdujh/
Dqqdohv gh od Irxqgdwlrq Orxlv gh Eurjolh/
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yro 5:/ s17441 ODQO du[ly 2ju0tf 2343443<
+kwws=22zzz551sdlu1frp2fvgf2sgi2frqwhyro61sgi,

^UPN 5335 e` Nlhkq/ U1P1 +5335,/ Wkh Skrwrq Vslq dqg rwkhu
Wrsrorjlfdo Ihdwxuhv ri Fodvvlfdo Hohfwurpdj0
qhwlvp/ lq %Judylwdwlrq dqg Frvprorj|/ Iurp wkh
Kxeeoh Udglxv wr wkh Sodqfn Vfdoh%/ Dprurvr/
U1/ hw do1/ hgv1/ Noxzhu/ Gruguhfkw/ Qhwkhu0
odqgv/ s14<:05391 Yljlhu 6 frqihuhqfh lq 53331
+kwws=22zzz551sdlu1frp2fvgf2sgi2ylj53331sgi,

^UPN 5336` Nlhkq/ U1 P1 +5336,/ Wkhuprg|qdplf Luuhyhuvlelolw|
dqg wkh Duurz ri Wlph/ lq %Wkh Qdwxuh ri Wlph=
Jhrphwu|/ Sk|vlfv dqg Shufhswlrq%/ U1 Exfkhu hw
do1 +hgv1,/ Noxzhu/ Gruguhfkw/ Qhwkhuodqgv/ s157605831
+kwws=22zzz551sdlu1frp2fvgf2sgi2duz�qdo1sgi,

^UPN 5337` Nlhkq/ U1 P1 +5337B,/ D wrsrorjlfdo shuvshf0
wlyh ri Hohfwurpdjqhwlvp/ wr eh sxeolvkhg lq
%Fodvvlfdo hohfwurg|qdplfv= qhz krul}rqv%/ Hgl0
wruv Dqguhz H1 Fkxe|ndor dqg Urpdq Vpluqry0
Uxhgd/ Ulqwrq Suhvv/ Lqf1 XVD1 Dovr vhh
kwws=22zzz551sdlu1frp2fvgf2sgi2upnwrs1sgi

^UPN5337 e` Nlhkq/ U1 P1 +5337B, %D Wrsrorjlfdo Shuvshf0
wlyh ri Frvprorj|1% wr eh sxeolvkhg1 Dovr vhh
kwws=22zzz551sdlu1frp2fvgf2sgi2frvprv1sgi

^UPN5337 f` Nlhkq/ U1 P1 +5337B, %D Wrsrorjlfdo Shuvshf0
wlyh ri Sodvpdv% wr eh sxeolvkhg1 Dovr vhh
kwws=22zzz551sdlu1frp2fvgf2sgi2sodvpdqhz1sgi

^Urehuwvrq` Urehuwvrq/ K1 S1 dqg Qrrqdq/ W1Z1 +4<9;, %Uhodwly0
lw| dqg Frvprorj|%/ Vdxqghuv/ Skloghoskld1

^Urelqvrq 4<<9` Urelqvrq/ G1F dqg Vkdggxfn/ Z1 I1/ +4<<9, Ilhogv
Lqvwlwxwh Frppxqlfdwlrqv/ Yro :/ 4<<9 s4;<1

^Uxqg 4<99` Uxqg1 K1/ +4<99, %Wkh Kdplowrq MDfrel Wkhru| ri wkh
Fdofxoxv ri Yduldwlrqv% Ydq Qrvwudqg/ Sulqfhwrq/ QM1
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^Vfkrxwhq 4<7<` Vfkrxwhq/ M1 D1 dqg Ydq ghu Nxon/ Z1 +4<7<, %Sid�*v
Sureohp dqg lwv Jhqhudol}dwlrqv%/ R{irug Foduhqgrq
Suhvv1

^Vhzhoo 4<;6`

^Voherg}lqvn| 4<:3` Z1 Voherg}lqvn|/ +4<:3, �H{whulru Irupv dqg wkhlu
Dssolfdwlrqv�/ SZQ/ Zduvdz1

^Vkxvwhu 4<;7` Vfkxvwhu/ K/ J1 +4<;7,/ %Ghwhuplqlvwlf Fkdrv%/
Sk|vlfv Yhuodj

^Vrpphuihog 4<97` Vrpphuihog/ D1 +4<97,/ %Wkhuprg|dplfv dqg Vwdwlv0
wlfdo Phfkdqlfv%/ Dfdghplf Suhvv/ Qhz \run1

^Vrpphuihog 4<85` Vrpphuihog/ D1 +4<85,/ %Hohfwurg|qdplfv%/ Dfdghplf
Suhvv/ Qhz \run1 Vrpphuihog fduhixoo| glvwlq0
jxvkhv ehwzhhq lqwhqvlwlhv dqg h{flwdwlrqv rq wkhupr0
g|qdplf jurxqgv1

^Vwudwwrq 4<74` Vwudwwrq/ M1D1/ +4<74, Hohfwurpdjqhwlf Wkhru| Pf0
Judz Kloo Q1\1

^Vwuxln4<94` Vwuxln/ G1 +4<94, �Gl�huhqwldo Jhrphwu|�/ Dgglvrq
Zhvoh|/ Uhdglqj/ Pdvv

^Vwxnh 4<<6` Vwxnh/ E1 +4<<6,/ %Wrzdugv d Ixqgdphqwdo Vwuxfwxuh
ri Frqwlqxxp phfkdqlfv%/ ]1 Qdwxuiruvfk1 7; d ;;60
;<7

^Vx 4<<3` Vx/ Z1/ Olx Z1/ dqg Olx ]1 +4<<3,/ Wrsrorjlfdo Vwuxf0
wxuhv ri Vhsdudwhg Iorzv/ lq= %Wrsrorjlfdo Ioxlg Ph0
fkdqlfv%/ K1 N1 Pr�dww dqg W1 V11 Wvlqrehu hgv/ Fdp0
eulgjh Xqlyhuvlw| Suhvv/ 6<8073:1

^Vxohp 4<;<` S1 O1 Vxohp/ ]1 V1 Vkh/ K1 Vfkroo/ dqg X1 Iulvfk/ M1
Ioxlg Phfk 538 674 +4<;<,1

^Wlv}d 4<99` O1 Wlv}d/ O1 +4<99, �Jhqhudol}hg Wkhuprg|qdplfv�/
PLW suhvv/ Fdpeulgjh/ s 14581
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^Wruqnylvw 4<<:` Wruqnylvw/ R1 dqg Vfkurhghu/ H1/ +4<<:, Yruwh{ g|0
qdplfv lq Glvvlsdwlyh V|vwhpv/ Sk|v Uhy1 Ohww1 :;/ 43
/ s1 4<3;04<441

^Wxuqexoo 4<93` K1 Z1 Wxuqexoo/ K1 Z1 +4<93, �Wkh Wkhru| ri ghwhu0
plqdqwv/ pdwulfhv dqg lqyduldqwv� Gryhu/ Qhz \run
+4<67,

^Wxu 4<<4` Wxu/ D1 Y1 dqg \dqryvn|/ Y1 Y1 +4<<4, �Lqyduldqwv
lq glvvlsdwlrqohvv k|gurg|qdplf phgld�/ Dffhswhg iru
sxeolfdwlrq lq M1 Ioxlg Phfk1

^Ydqgdqw}lj 4<67` Ydq Gdqw}lj1 G1 +4<67,/ Surf1 Fdpeulgjh Sklorv1 Vrf1
63/ 7541 Dovr vhh= yrq Gdqw}lj/ G1/ +4<67,/ Hohfwur0
pdjqhwlvp Lqghshqghqw ri phwulfdo jhrphwu|/ Surf1
Nrq1 Qhg1 Dndg1 y1 Zhw1 6:

^Yroryln 5336` Yroryln/ J1 H1/ +5336, %Wkh Xqlyhuvh lq d Kholxp
gursohw%/ Foduhgrq Suhvv/ R{irug/ 5336

^Zhlqkrog 4<:8` Zhlqkrog/+4<:8,/ Phwulf jhrphwu| ri Wkhuprg|qdp0
lfv L0LY/ M1 Fkhp1 Sk|v1 96 57:</57;7/57;;/57<91

^Zhq 4<;<` Zhq/ [1J1/ Zlof}hn/ I1/ dqg ]hh/ D1/ Sk|v Uhy E 6<
44746 +4<;<,1

^Zklwwdnhu 4<77` Zklwwdnhu/ H1W1 +4<77, �Dqdo|wlfdo G|qdplfv�/
Gryhu/ Qhz \run 1

^\runh 4<:8` \runh/ M1 +4<:8,/ DphulfdqPdwkhpdwlfdo Prqwko|/ ;5/
<;8

^]hoh}qln 4<:9` ]hoh}qln/ I1 M1 +4<:9, Wkhuprg|qdplfv/ M1 Pdwk Sk|v1
4:/ ;1 s148:<04943

^]klwrpluvnl +4<<4,` ]klwrpluvnl/ P1 +4<<4, %W|slfdo Vlqjxodulwlhv dqg Gli0
ihuhqwldo 40irupv dqg Sid!dq Htxdwlrqv%/ Wudqvod0
wlrqv ri Pdwkhpdwlfdo Prqrjudskv/ 446/ DPV Ukrgh
Lvodqg
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