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Devwudfw

Phwkrgv ri frqwlqxrxv wrsrorjlfdo hyroxwlrq/ h{suhvvhg lq whupv ri Fdu0
wdq*v wkhru| ri h{whulru gl�huhqwldo irupv/ duh xvhg wr frqvwuxfw d frvpr0
orjlfdo prgho ri wkh suhvhqw xqlyhuvh1 Wkh phwkrgv lqyrnh wrsrorjlfdo/
qrq0vwdwlvwlfdo/ wkhuprg|qdplf sulqflsohv zlwkrxw jhrphwulf frqvwudlqwv ri
phwulf/ frqqhfwlrq ru jdxjh1 Vwduv dqg jdod{lhv dsshdu dv vhoi rujdql}lqj
wrsrorjlfdo ghihfwv/ ru frqghqvdwhv/ ri Sid� wrsrorjlfdo glphqvlrq 6/ hp0
ehgghg lq d wxuexohqw glvvlsdwlyh/ exw yhu| gloxwh/ qrq0htxloleulxp phglxp
ri Sid� wrsrorjlfdo glphqvlrq 71 Vxfk ghihfwv irup orqj olyhg vwdwhv ri Sid�
glphqvlrq 6/ dqg dv vxfk duh vwdwhv idu iurp htxloleulxp zklfk duh ri Sid�
wrsrorjlfdo glphqvlrq ri 5 ru ohvv1 Wkh Mdfreldq pdwul{ ri wkh 40irup
ri Dfwlrq xvhg wr ghvfuleh wkh sk|vlfdo v|vwhp ohdgv wr d xqlyhuvdo skdvh
ixqfwlrq dv d fkdudfwhulvwlf sro|qrpldo ri irxuwk ghjuhh1 Wkh vlplodulw|
lqyduldqwv ri wkh Mdfreldq pdwul{ pd| eh xvhg wr h{suhvv wkh krorprusklf
sro|qrpldo lq dq lqwulqvlf pdqqhu1 Wkh skdvh ixqfwlrq fdq eh lqwhusuhwhg
dv d idplo| ri lpsolflw vxuidfhv lq dq lqwulqvlf 7G vsdfh/ zlwk d frpsoh{
idplo|/ ru rughu/ sdudphwhu1 Wkh hqyhorsh ri wkh idplo| lv krphrprusklf
wr wkh Jleev vzdoorzwdlo vxuidfh ri d ydq ghu Zddov jdv1 Wkh vlqjxodu
vhw ri wkh idplo| lv krphrprusklf wr wkh htxdwlrq ri vwdwh ri d ydq ghu
Zddov jdv1 Wkh lpsolfdwlrq lv wkdw d grpdlq ri Sid� wrsrorjlfdo glphq0
vlrq 7 fdq eh ghiruphg lqwr d uhsuhvhqwdwlrq wkdw plplfv d ydq ghu Zddov
jdv1 Li wkh jdv lv qhdu lwv fulwlfdo srlqw/ wkhuh duh odujh  xfwxdwlrqv lq ghq0
vlw|/ zklfk Odqgdx kdv vkrzq duh fruuhodwhg zlwk d 42u2 dwwudfwlyh irufh1
Khqfh/ d frvprorjlfdo prgho edvhg rq wkh dvvxpswlrq wkdw wkh xqlyhuvh lv
d gloxwh/ qrq0htxloleulxp wxuexohqw jdv qhdu lwv fulwlfdo srlqw h{sodlqv wkh
wkh judqxodulw| ri wkh qljkw vn|/ wkh lqyhuvh vtxduh odz ri judylwdwlrq/ dqg
wkh h{sdqvlrq ri wkh xqlyhuvh1



41 Lqwurgxfwlrq

Wkh remhfwlyh ri wklv duwlfoh lv wr h{dplqh wrsrorjlfdo dvshfwv dqg ghihfwv ri wkhu0
prg|qdplf sk|vlfdo v|vwhpv dqg wkhlu srvvleoh frqwlqxrxv wrsrorjlfdo hyroxwlrq/
fuhdwlrq/ dqg ghvwuxfwlrq rq d frvprorjlfdo vfdoh1 Wkh fuhdwlrq dqg hyroxwlrq ri
vwduv dqg jdod{lhv zloo eh lqwhusuhwhg khuhlq lq whupv ri wkh fuhdwlrq ri wrsrorjlfdo
ghihfwv dqg hyroxwlrqdu| skdvh fkdqjhv lq d yhu| gloxwh wxuexohqw/ qrq0htxloleulxp/
wkhuprg|qdplf v|vwhp ri pd{lpdo Sid� wrsrorjlfdo glphqvlrq 71 Wkh frvprorj|
vr frqvwuxfwhg lv rssrvlwh lq ylhzsrlqw wr wkrvh h�ruwv zklfk krsh wr ghvfuleh wkh
xqlyhuvh lq whupv ri surshuwlhv lqkhuhqw lq wkh txdqwxp zruog ri Ervh0Hlqvwhlq
frqghqvdwhv/ vxshu frqgxfwruv/ dqg vxshu xlgv ^4`1 Erwk dssurdfkhv xwlol}h wkh
lghdv ri wrsrorjlfdo ghihfwv/ exw wkhuprg|qdplfdoo| wkh dssurdfkhv duh rssr0
vlwh lq wkh vhqvh wkdw wkh txdqwxp phwkrg lqyroyhv/ hvvhqwldoo|/ htxloleulxp v|v0
whpv/ zkloh wkh dssurdfk suhvhqwhg khuhlq lv edvhg xsrq qrq0htxloleulxp v|vwhpv1
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 prwlydwlrq iru wklv frqmhfwxuh lv edvhg rq wkh fodvvlfdo wkhru| ri fru0
uhodwlrqv ri  xfwxdwlrqv suhvhqwhg lq wkh Odqgdx0Olivklw} yroxph rq vwdwlvwlfdo
phfkdqlfv ^6`1 Krzhyhu/ wkh phwkrgv xvhg khuhlq duh qrw vwdwlvwlfdo/ qrw txdq0
wxp phfkdqlfdo/ dqg lqvwhdg duh edvhg rq Fduwdq*v phwkrgv ri h{whulru gl�huhq0
wldo irupv dqg wkhlu dssolfdwlrq wr wkh wrsrorj| ri wkhuprg|qdplf v|vwhpv dqg
wkhlu frqwlqxrxv wrsrorjlfdo hyroxwlrq ^7`1 Odqgdx dqg Olivklw} hpskdvl}h 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/
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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 ixqfwlrq1 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
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 frqmhfwxuh suhvhqwhg khuhlq lv wkdw qrq0htxloleulxp wrsrorjlfdo ghihfwv lq
d qrq0htxloleulxp 7 glphqvlrqdo phglxp uhsuhvhqw wkh vwduv dqg jdod{lhv/ zklfk
duh judylwdwlrqdoo| dwwudfwhg vlqjxodulwlhv +fruuhodwlrqv ri  xfwxdwlrqv ri ghqvlw|
 xfwxdwlrqv, ri d uhdo jdv qhdu lwv fulwlfdo srlqw1 Qrwh wkdw wkh Fduwdq phwkrgv gr
qrw lpsrvh +d sulrul, d frqvwudlqw ri d phwulf/ frqqhfwlrq/ ru jdxjh/ exw gr xwlol}h
wkh wrsrorjlfdo surshuwlhv dvvrfldwhg zlwk frqvwudlqwv sodfhg rq wkh vlplodulw|
lqyduldqwv ri wkh xqlyhuvdo skdvh ixqfwlrq1
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4141 Wrsrorjlfdo Wkhuprg|qdplfv

Wkh wrsrorjlfdo wkhuprg|qdplf phwkrgv xvhg khuhlq duh edvhg xsrq Fduwdq*v wkh0
ru| ri h{whulru gl�huhqwldo irupv1 Wkh wrsrorjlfdo phwkrgv r�hu dq xqghuvwdqglqj
ri wkh frvprv zklfk lv frqvlghudeo| gl�huhqw iurp wkh jhrphwulf dssurdfk dvvxphg
e| wkh phwulfdo wkhru| ri jhqhudo uhodwlylw|1 Wkh wkhuprg|qdplf ylhz dvvxphv
wkdw wkh sk|vlfdo v|vwhpv wr eh vwxglhg fdq eh hqfrghg lq whupv ri d 40irup ri
Dfwlrq Srwhqwldov/ D> rq d 7 glphqvlrqdo ydulhw| ri rughuhg lqghshqghqw yduldeohv/
i��> �2> ��> �ej= Wkh ydulhw| vxssruwv d yroxph hohphqw le ' g��	g�2	g��	g�e=
Qr phwulf/ qr frqqhfwlrq/ qr frqvwudlqw ri jdxjh v|pphwu| lv lpsrvhg xsrq wkh 7
glphqvlrqdo ydulhw|1 Wrsrorjlfdo frqvwudlqwv zloo eh lpsrvhg lq whupv ri h{whulru
gl�huhqwldo v|vwhpv d5o

Lq rughu wr pdnh wkh htxdwlrqv pruh vxjjhvwlyh wr wkh uhdghu/ wkh v|perolvp
iru wkh ydulhw| ri lqghshqghqw yduldeohv zloo eh ri wkh irupdw i{> |> }> wj> exw eh
dzduh wkdw qr frqvwudlqwv ri phwulf ru frqqhfwlrq duh lpsrvhg xsrq wklv ydulhw|1
Iru lqvwdqfh/ lw lv QRW dvvxphg wkdw wkh ydulhw| lv hxfolghdq1 Lq wkdw zklfk
iroorzv dqrwkhu xvhixo irupdolvp ri lqghshqghqw yduldeohv zloo eh frqvwuxfwhg lq
whupv ri wkh rughuhg vhw ri vlploldulw| lqyduldqw ixqfwlrqv/ zklfk duh jlyhq wkh
v|perov i[P > \J> ]D> WNj= Wkh vlplodulw| lqyduldqw ixqfwlrqv duh wkrvh ghgxfhg
iurp wkh Mdfreldq pdwul{ ri wkh frh!flhqwv ri wkdw 40irup ri Dfwlrq/ D> suhvxphg
wr hqfrgh wkh surshuwlhv ri d sk|vlfdo v|vwhp1

Wkh 40irup ri Dfwlrq/ D> zloo kdyh frpsrqhqwv wkdw irup d fryduldqw gluhfwlrq
�hog/ DnE{> |> }> w�> wr zlwklq d qrq0}hur idfwru1 Hyroxwlrqdu| surfhvvhv zloo eh
ghwhuplqhg lq whupv ri 7 glphqvlrqdo frqwudyduldqw gluhfwlrq �hogv/ VeE{> |> }> w� /
wr zlwklq d qrq0}hur idfwru1 Frqwlqxrxv wrsrorjlfdo hyroxwlrq ^7` zloo eh gh�qhg
lq whupv ri Fduwdq*v pdjlf irupxod iru wkh Olh gl�huhqwldo/ zklfk/ zkhq dfwlqj rq
dq h{whulru gl�huhqwldo 40irup ri Dfwlrq/ D ' Dng{

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

Fduwdq*v Pdjlf Irupxod OEVe�D ' lEVe�gDn gElEVe�D� +414,

Iluvw Odz ri Wkhuprg|qdplfv G Z n gX ' T> +415,

Lqh{dfw 40irup ri Khdw OEVe�D ' T +416,

Lqh{dfw 40irup ri Zrun Z ' lEVe�gD> +417,

Lqwhuqdo Hqhuj| X ' lEVe�D= +418,

Lq h�hfw/ Fduwdq*v phwkrgv hvwdeolvk d wrsrorjlfdo edvlv ri wkhuprg|qdplfv lq
whupv ri d wkhru| ri frkrprorj|1 Wkh phwkrgv fdq eh xvhg wr irupxodwh suhflvh
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pdwkhpdwlfdo gh�qlwlrqv iru pdq| wkhuprg|qdplf frqfhswv lq whupv ri wrsrorj0
lfdo surshuwlhv 0zlwkrxw wkh xvh ri vwdwlvwlfv ru phwulf frqvwudlqwv1 Pruhryhu/
wkh phwkrg dssolhv wr qrq0htxloleulxp wkhuprg|qdplfdo v|vwhpv dqg luuhyhuvleoh
surfhvvhv/ djdlq zlwkrxw wkh xvh ri vwdwlvwlfv ru phwulf frqvwudlqwv1

414141 Wkh Sid� Wrsrorjlfdo Glphqvlrq

Rqh ri wkh prvw xvhixo wrsrorjlfdo wrrov lv wkdw gh�qhg dv wkh Sid� wrsrorj0
lfdo glphqvlrq1 Uhfdoo wkdw lw lv srvvleoh wr gh�qh pdq| wrsrorjlhv rq wkh
vdph vhw ri hohphqwv1 Iru dq| jlyhq h{whulru gl�huhqwldo 40irup ri ixqfwlrqv/
vd| D ' DnE{> |> }> w�g{

n> lw lv srvvleoh wr frqvwuxfw wkh Sid� vhtxhqfh ri whupv/
iD> gD>D	gD> gD	gDj= Wkhvh hohphqwv pd| eh xvhg wr frqvwuxfw d Fduwdq Wrsro0
rj| +iru dq| 40irup ^8`,1 Lq wkh Fduwdq wrsrorj|/ wkh h{whulru ghulydwlyh dfwv dv
olplw srlqw jhqhudwru1 Khqfh wkh xqlrq ri d irup dqg lwv h{whulru ghulydwlyh fuhdwh
wkh wrsrorjlfdo forvxuh ri wkh irup1

Iru dq| jlyhq 40irup/ wkh Sid� vhtxhqfh zloo frqwdlq P vxffhvvlyh qrq0}hur
whupv htxdo wr ru ohvv wkdq Q / wkh qxpehu ri jhrphwulf glphqvlrqv ri wkh edvh
lqghshqghqw yduldeohv1 Wkh qxpehu P lv gh�qhg dv wkh %Sid� wrsrorjlfdo gl0
phqvlrq% ru fodvv ri wkh jlyhq 40irup1 Wkh wkuhh lpsruwdqw 40irupv ri wkhupr0
g|qdplfv/ D> Z> dqg T> fdq kdyh gl�huhqw Sid� glphqvlrqv1 Vxssrvh wkh 40irup
ri zrun lv gh�qhg lq whupv ri wzr ixqfwlrqv dv Z ' SgY= Wkh Sid� vhtxhqfh
frqvlvwv ri wkh whupv iZ> gZ> f> fj( khqfh lq wklv h{dpsoh/ wkh Sid� glphqvlrq ri
Z lv 51 Iurp wkh �uvw odz/ xqghu wkh dvvxpswlrq wkdw Z ' SgY>

T ' Z n gX ' SgY n gX> +419,

gT ' gZ ' gS	gY> +41:,

T	gT ' Z	gZ n gX	gZ ' f n gX	gS	gY +41;,

gT	gT ' f= +41<,

Khqfh/ wkh Sid� glphqvlrq ri 5 iru wkh zrun 40irup fdq eh dvvrfldwhg zlwk d
Sid� glphqvlrq ri 6 iru wkh Khdw 40irup/ xqohvv wkh Suhvvxuh lv d ixqfwlrq ri wkh
lqwhuqdo hqhuj| dqg wkh yroxph1 Lq wklv odwwhu fdvh/ wkh Sid� glphqvlrq ri T dqg
Z duh erwk 51

Lq wklv duwlfoh/ dwwhqwlrq zloo eh irfxvhg rq glvvlsdwlyh Wxuexohqw v|vwhpv zlwk
wkhuprg|qdplf luuhyhuvleoh surfhvvhv vxfk wkdw wkh Sid� wrsrorjlfdo glphqvlrqv ri
D> Z> dqg T zloo eh pd{lpdo dqg htxdo wr 71 +Wkh whfkqltxhv fdq eh h{whqghg
wr kljkhu glphqvlrqdo vsdfhv1, Wkhvh Wxuexohqw v|vwhpv ri Sid� glphqvlrq 7
duh qrw wrsrorjlfdoo| htxlydohqw wr Htxloleulxp v|vwhpv +iru zklfk wkh wrsrorjlfdo
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glphqvlrq lv 5/ dw prvw,1 Wrsrorjlfdo ghihfwv lq wkh Wxuexohqw vwdwh zloo eh
dvvrfldwhg zlwk vhwv ri vsdfh wlph zkhuh wkh Sid� wrsrorjlfdo glphqvlrqv duh qrw
pd{lpdo1 Lw lv uhpdundeoh wkdw vxfk wrsrorjlfdo ghihfw vhwv fdq irup dwwudfwruv
fdxvlqj vhoi rujdql}dwlrq dqg orqj olyhg vwdwhv ri Sid� glphqvlrq 6/ zklfk duh idu
iurp htxloleulxp1

414151 Sk|vlfdo V|vwhpv

Lvrodwhg/ Forvhg dqg Rshq V|vwhpv Sk|vlfdo v|vwhpv dqg surfhvvhv duh
hohphqwv ri wrsrorjlfdo fdwhjrulhv ghwhuplqhg e| wkh Sid� wrsrorjlfdo glphqvlrq
+ru fodvv, ri wkh 40irupv ri Dfwlrq/ D> Zrun/ Z / dqg Khdw/ T= Iru h{dpsoh/
wkh Sid� wrsrorjlfdo glphqvlrq ri wkh h{whulru gl�huhqwldo 40irup ri Dfwlrq/ D>
ghwhuplqhv wkh ydulrxv vshflhv ri wkhuprg|qdplf v|vwhpv lq whupv ri glvwlqfw
wrsrorjlfdo fdwhjrulhv=

V|vwhpv G gh�qhg e| wkh Sid� glphqvlrq ri D ' �DEf� +4143,

D	gD ' f Lvrodwhg 0 Sid� glphqvlrq 5 +4144,

gED	gD� ' f Forvhg 0 Sid� glphqvlrq 6 +4145,

gD	gD 9' f= Rshq 0 Sid� glphqvlrq 71 +4146,

Lq hohphqwdu| wkhuprg|qdplfv lw lv riwhq vwdwhg wkdw lvrodwhg v|vwhpv gr qrw
shuplw wudqvsruw ri hqhuj| ru pdvv wr wkh hqylurqphqw1 Forvhg v|vwhpv shuplw
hqhuj| wudqvsruw/ exw qrw pdvv wudqvsruw wr wkh hqylurqphqw1 Rshq v|vwhpv
shuplw erwk hqhuj| dqg pdvv wudqvsruw wr wkh hqylurqphqw1 Qrwh wkdw wkhvh
wrsrorjlfdo vshfl�fdwlrqv dv jlyhq deryh duh ghwhuplqhg hqwluho| iurp wkh ixqf0
wlrqdo surshuwlhv ri wkh sk|vlfdo v|vwhp hqfrghg dv d 40irup ri Dfwlrq/ D1 Wkh
v|vwhp wrsrorjlfdo fdwhjrulhv gr qrw lqyroyh d surfhvv/ zklfk lv hqfrghg e| vrph
yhfwru gluhfwlrq �hog/ Ve= Wkh frvprorjlfdo prgho suhvhqwhg khuhlq lv edvhg rq
dq rshq/ Sid� glphqvlrq 7/ qrq0htxloleulxp/ Wxuexohqw sk|vlfdo v|vwhp/ zlwk lq0
whuqdo ghihfw vwuxfwxuhv ri ohvvhu Sid� wrsrorjlfdo glphqvlrq dfwlqj dv vwduv dqg
jdodfwlf pdvv djjuhjdwhv1

Htxloleulxp yv1 Qrq0Htxloleulxp V|vwhpv Wkh lqwxlwlyh lghd iru dq htxl0
oleulxp v|vwhp frphv iurp wkh h{shulphqwdo uhfrjqlwlrq wkdw wkh lqwhqvlyh ydul0
deohv ri suhvvxuh dqg whpshudwxuh ehfrph grpdlq frqvwdqwv lq dq htxloleulxp
vwdwh= gS , f> gW , f1 D gh�qlwlrq pdgh khuhlq lv wkdw wkh Sid� glphqvlrq ri
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d sk|vlfdo v|vwhp lq wkh htxloleulxp vwdwh lv dw prvw 5 ^9`1 Wkh Fduwdq wrsrorj|
jhqhudwhg e| wkh hohphqwv ri wkh Sid� vhtxhqfh iru D lv wkhq d frqqhfwhg wrsrorj|
ri rqh frpsrqhqw/ iD 9' f> gD 9' f> D	gD ' fj= Dowkrxjk wkh Sid� glphqvlrq ri
D lv dw prvw 5 lq wkh htxloleulxp vwdwh/ surfhvvhv lq wkh htxloleulxp vwdwh duh vxfk
wkdw wkh Zrun 40irup dqg wkh Khdw 40irup pxvw eh ri Sid� glphqvlrq 41 Iru
vxssrvh Z ' SgY> wkhq gZ ' gS	gY , f li wkh suhvvxuh lv d grpdlq frqvwdqw1
Vlploduo|/ vxssrvh T ' WgV> wkh gT ' gW	gV , f li wkh whpshudwxuh lv d grpdlq
frqvwdqw1 Khqfh erwk Z dqg T duh ri Sid� glphqvlrq 4 iru wklv h{dpsoh1

D pruh vwulqjhqw vx!flhqw frqglwlrq iru htxloleulxp fdq eh frqvwuxfwhg lq
whupv ri wkh vwuxfwxuh ri wkh v|vwhp/ ydolg iru dq| fkrlfh ri surfhvv1 Iru li
wkh Sid� glphqvlrq ri wkh 40irup ri Dfwlrq lv 4/ wkhq gD , f= Lw iroorzv wkdw
Z , f> khqfh wkh Suhvvxuh pxvw ydqlvk/ dqg Khdw 40irup lv d shuihfw gl�huhqwldo/
T ' gEX�=

Wkh frvprorjlfdo prgho sursrvhg khuhlq lv ri Sid� glphqvlrq 7/ zlwk ghihfw
vwuxfwxuhv ri Sid� glphqvlrq 61 Qhlwkhu wkh glvvlsdwlyh v|vwhp qru wkh ghihfw
vwuxfwxuh lv dq %htxloleulxp% wkhuprg|qdplf v|vwhp/ dv wkh Sid� glphqvlrq ri
vxfk vhwv grhv qrw vdwlvi| wkh fulwhuld ri htxloleulxp +zkhuh wkh Sid� glphqvlrq
lv 5 ru ohvv,1 Dowkrxjk wkh ghihfwv lq wkh Wxuexohqw qrq0htxloleulxp uhjlph duh
qrw qhfhvvdulo| htxloleulxp vwuxfwxuhv/ rqfh iruphg dqg vhoi rujdql}hg dv frkhuhqw
wrsrorjlfdo vwuxfwxuhv/ wkh| fdq hyroyh dorqj h{wuhpdo wudmhfwrulhv wkdw duh qrw
glvvlsdwlyh/ dqg pd| hyhq kdyh d Kdplowrqldq uhsuhvhqwdwlrq1 Wkhvh %vwdwlrqdu|%/
li qrw orqj olyhg +h{flwhg, vwdwhv/ lqghhg duh vwdwhv idu iurp htxloleulxp1

Wkh ghvfulswlyh zrugv ri vhoi0rujdql}hg vwdwhv idu iurp htxloleulxp duh de0
vwudfwhg iurp wkh lqwxlwlrq dqg frqmhfwxuhv ri L1 Suljrjlqh ^:`1 Krzhyhu/ wkh
wrsrorjlfdo wkhru| suhvhqwhg khuhlq suhvhqwv iru wkh �uvw wlph d vrolg irupdo mxv0
wl�fdwlrq +zlwk h{dpsohv, iru wkh Suljrjlqh frqmhfwxuhv1 Suhflvh gh�qlwlrqv ri
htxloleulxp dqg qrq0htxloleulxp v|vwhpv/ dv zhoo dv uhyhuvleoh dqg luuhyhuvleoh
surfhvvhv fdq eh pdgh lq whupv ri wkh wrsrorjlfdo ihdwxuhv ri Fduwdq*v h{whulru
fdofxoxv1 Wkhuprg|qdplf luuhyhuvlelolw| dqg wkh duurz ri wlph duh zhoo gh�qhg
lq d wrsrorjlfdo vhqvh ^;`/ d whfkqltxh wkdw jrhv eh|rqg +dqg zlwkrxw, vwdwlvwlfdo
dqdo|vlv1

Pxowlsoh Frpsrqhqwv Rqh ri wkh prvw uhpdundeoh surshuwlhv ri wkh Fduwdq
wrsrorj| jhqhudwhg e| d Sid� vhtxhqfh lv gxh wr wkh idfw wkdw zkhq D	gD ' f>
+Sid� glphqvlrq 5 ru ohvv, wkh sk|vlfdo v|vwhp lv uhgxfleoh wr d vlqjoh frqqhfwhg
wrsrorjlfdo frpsrqhqw1 Rq wkh rwkhu kdqg zkhq D	gD 9' f> +Sid� glphqvlrq 6
ru pruh, wkh sk|vlfdo v|vwhp dgplwv pruh wkdq rqh wrsrorjlfdo frpsrqhqw1 Wkh
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erwwrp olqh lv wkdw zkhq wkh Sid� glphqvlrq lv 6 ru juhdwhu +vxfk wkdw frqglwlrqv
ri wkh Iurehqlxv xqltxh lqwhjudelolw| wkhruhp duh qrw vdwlv�hg,/ vroxwlrq xqltxh0
qhvv wr wkh Sid!dq gl�huhqwldo htxdwlrq/ D ' f> lv orvw1 Li wkhuh h{lvw vroxwlrqv/
wkhuh lv pruh wkdq rqh1 Vxfk frqfhswv ohdg wr sursdjdwlqj glvfrqwlqxlwlhv +vlj0
qdov,/ hqyhorsh vroxwlrqv +Kx|jhq zdyhohwv,/ dq hgjh ri uhjuhvvlrq dqg odfn ri
wlph uhyhuvdo lqyduldqfh/ dqg wkh h{lvwhqfh ri luuhgxfleoh d!qh wruvlrq lq wkh wkh0
ru| ri frqqhfwlrqv1 Lw lv wkh rslqlrq ri wklv dxwkru wkdw d grjpdwlf lqvlvwhqfh
rq xqltxhqhvv klvwrulfdoo| kdv klqghuhg wkh xqghuvwdqglqj ri luuhyhuvlelolw| dqg
qrq0htxloleulxp v|vwhpv1

414161 Surfhvvhv

Uhyhuvleoh dqg Luuhyhuvleoh Surfhvvhv Wkh Sid� wrsrorjlfdo glphqvlrq ri
wkh h{whulru gl�huhqwldo 40irup ri Khdw/ T> ghwhuplqhv lpsruwdqw wrsrorjlfdo fdw0
hjrulhv ri surfhvvhv1 Iurp fodvvlfdo wkhuprg|qdplfv %Wkh txdqwlw| ri khdw lq d
uhyhuvleoh surfhvv dozd|v kdv dq lqwhjudwlqj idfwru% ^<` ^43` 1 Khqfh/ iurp wkh
Iurehqlxv xqltxh lqwhjudelolw| wkhruhp/ doo uhyhuvleoh surfhvvhv duh vxfk wkdw wkh
Sid� glphqvlrq ri T lv ohvv wkdq ru htxdo wr 51 Luuhyhuvleoh surfhvvhv duh vxfk wkdw
wkh Sid� glphqvlrq ri T lv juhdwhu wkdq 51 D glvvlsdwlyh luuhyhuvleoh wrsrorjlfdoo|
wxuexohqw surfhvv lv gh�qhg zkhq wkh Sid� glphqvlrq ri T lv 71

Surfhvvhv ' gh�qhg e| wkh Sid� glphqvlrq T +4147,

T	gT ' f Uhyhuvleoh 0 Sid� glphqvlrq 5 +4148,

gET	gT� 9' f= Wxuexohqw 0 Sid� glphqvlrq 71 +4149,

Qrwh wkdw wkh Sid� glphqvlrq ri T ghshqgv rq erwk wkh fkrlfh ri d surfhvv/ Ve>
dqg wkh v|vwhp/ D/ xsrq zklfk lw dfwv1 Dv uhyhuvleoh wkhuprg|qdplf surfhvvhv
duh vxfk wkdw T	gT ' f> dqg luuhyhuvleoh wkhuprg|qdplf surfhvvhv duh vxfk wkdw
T	gT 9' f> Fduwdq*v irupxod ri frqwlqxrxv wrsrorjlfdo hyroxwlrq fdq eh xvhg wr
ghwhuplqh li d jlyhq surfhvv/ Ve> dfwlqj rq d sk|vlfdo v|vwhp/ D/ lv wkhuprg|0
qdplfdoo| uhyhuvleoh ru qrw=�

Uhyhuvleoh Surfhvvhv Ve G OEVe�D	OEVe�gD ' f>
Luuhyhuvleoh Surfhvvhv Ve G OEVe�D	OEVe�gD 9' f=

�
+414:,

Lq wklv duwlfoh lw lv dvvxphg wkdw wkh frvprorjlfdo edfnjurxqg iru vsdfh0wlph
ehorqjv wr wkh glvvlsdwlyh luuhyhuvleoh Wxuexohqw qrq0htxloleulxp fdwhjru|/ zkhuh
wkh Sid� wrsrorjlfdo glphqvlrq +ru fodvv, lv pd{lpdo dqg htxdo wr 7/ doprvw
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hyhu|zkhuh/ iru hdfk ri wkh 40irupv ri Dfwlrq/ D> Zrun/ Z / dqg Khdw/ T= Ri
sduwlfxodu lqwhuhvw zloo eh wkrvh vxevhwv ri vsdfh dqg wlph zkhuh wkh Wxuexohqw
qrq0htxloleulxp fdwhjru| dgplwv/ ru hyroyhv lqwr/ wrsrorjlfdo ghihfwv vxfk wkdw wkh
Sid� wrsrorjlfdo glphqvlrq iru doo wkuhh 40irupv lv qr orqjhu pd{lpdo dqg htxdo
wr 71 Uhpdundeo|/ Fduwdq*v pdjlf irupxod fdq eh xvhg wr ghvfuleh wkh frqwlqxrxv
g|qdplf srvvlelolwlhv ri erwk uhyhuvleoh dqg luuhyhuvleoh surfhvvhv/ lq htxloleulxp
ru qrq0htxloleulxp v|vwhpv/ hyhq zkhq wkh hyroxwlrq lqgxfhv wrsrorjlfdo fkdqjh/
wudqvlwlrqv ehwzhhq h{flwhg vwdwhv/ dqg fkdqjhv ri skdvh/ vxfk dv frqghqvdwlrqv1

Lw lv lpsruwdqw wr qrwh wkdw wkh yhorflw| �hog qhhg qrw eh wrsrorjlfdoo| frq0
vwudlqhg vxfk wkdw lw lv vlqjxoduo| sdudphwhul}hg1 Wkdw lv/ wkh hyroxwlrqdu|
surfhvvhv ghvfulehg e| Fduwdq*v pdjlf irupxod duh qrw qhfhvvdulo| uhvwulfwhg wr
yhfwru �hogv wkdw vdwlvi| wkh wrsrorjlfdo frqvwudlqwv ri nlqhpdwlf shuihfwlrq/ g{n�
Y ngw ' f1 D glvfxvvlrq ri wrsrorjlfdo  xfwxdwlrqv dqg dq h{dpsoh  xfwxdwlrq
surfhvv lv ghvfulehg lq wkh odvw vhfwlrq1

Dgldedwlf Surfhvvhv 0 Uhyhuvleoh dqg Luuhyhuvleoh Wkh wrsrorjlfdo iru0
pxodwlrq shuplwv d suhflvh gh�qlwlrq wr eh pdgh iru erwk uhyhuvleoh dqg dq lu0
uhyhuvleoh dgldedwlf surfhvvhv lq whupv ri wkh wrsrorjlfdo surshuwlhv ri T= Rq d
jhrphwulfdo vsdfh ri Q glphqvlrqv/ d 40irup zloo dgplw Q04 yhfwru �hogv vxfk wkdw
lEYD�T ' f= Vxfk surfhvvhv YD duh gh�qhg dv dgldedwlf surfhvvhv ^9`1 Qrwh wkdw
dgldedwlf surfhvvhv duh gh�qhg e| yhfwru gluhfwlrq �hogv/ wr zlwklq dq duelwudu|
idfwru/ �E{> |> }> w�1 Wkdw lv/ li lEYD�T ' f> wkhq lw lv dovr wuxh wkdw lE�YD�T ' f=
Wkh gl�huhqfhv ehwzhhq wkh lqh{dfw 40irupv ri Zrun dqg Khdw ehfrph reylrxv
lq whupv ri wkh wrsrorjlfdo irupdw1 Erwk 40irupv ghshqg rq wkh surfhvv dqg
rq wkh sk|vlfdo v|vwhp1 Krzhyhu/ Zrun lv dozd|v wudqvyhuvdo wr wkh surfhvv/ dv
lEVe�Z ' lEVe�lEVe�gD ' f> exw Khdw lv qrw/ dv lEVe�T ' lEVe�gX , f> rqo|
iru dgldedwlf surfhvvhv1

Lw lv qrw reylrxv wkdw wkh dgldedwlf gluhfwlrq �hogv duh vxfk wkdw wkh Sid�
glphqvlrq ri T lv 51 Wkdw lv/ lw lv qrw reylrxv wkdw T fdq eh zulwwhq lq wkh irup/
T ' WgV> dv lv srvvleoh rq wkh pdqlirog ri htxloleulxp vwdwhv1 Iurp wkh Fduwdq
irupxodwlrq lw lv dssduhqw wkdw li T lv qrw }hur/ wkhq

lEVD�OEVD�D ' lEVD�lEVD�gDn lEVD�gElEVD�D� +414;,

' f n lEVD�gElEVD�D� ' lEVD�T

Khqfh/ iru dq Dgldedwlf surfhvv=
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Dgldedwlf surfhvv f n lEVD�gElEVD�D� ' lEVD�T , f> T 9' f= +414<,

D uhyhuvleoh surfhvv lv gh�qhg vxfk wkdw T lv ohvv wkdq Sid� glphqvlrq 6/ ru
T	gT ' f Khqfh lEVD�ET	gT� ' f= Exw

lEVD�ET	gT� ' ElEVD�T�	gT�T	lEVD�gT +4153,

zklfk shuplwv uhyhuvleoh dqg luuhyhuvleoh dgldedwlf surfhvvhv wr eh zhoo gh�qhg4

zkhq T 9' f=

Uhyhuvleoh Dgldedwlf Surfhvv ' �T	lEVD�gT , f> lEVD�T , f>+4154,

Luuhyhuvleoh Dgldedwlf Surfhvv ' �T	lEVD�gT 9' f> lEVD�T , f=+4155,

Lw lv fhuwdlqo| wuxh wkdw li OEV�D ' T ' f> lghqwlfdoo|/ wkhq doo vxfk surfhvvhv
duh dgldedwlf/ dqg uhyhuvleoh1 Lq vxfk fdvhv/ wkh Fduwdq irupdolvp lpsolhv wkdw
Z n gX ' f= Vxfk v|vwhpv duh hohphqwv ri wkh Kdplowrqldq fodvv ri surfhvvhv/
zkhuh Z ' gX1 Uhfdoo wkdw doo Kdplowrqldq surfhvvhv duh wkhuprg|qdplfdoo|
uhyhuvleoh1 Kdplowrqldq surfhvvhv duh dgldedwlf zkhq wkh lqwhuqdo hqhuj| X '
ElEY �D� lv dq hyroxwlrqdu| lqyduldqw1

Kdplowrqldq Dgldedwlf Surfhvv ' OEV�ilEY �Dj ' lEY �T ' f> +4156,

Z ' lEY �gD ' gX> +4157,

lEY �Z ' f> lEY �D ' X= +4158,

Qrwh wkdw iru d jlyhq 40irup ri khdw/ T/ lw lv srvvleoh wr frqvwuxfw d pdwul{ ri
Q04 qxoo yhfwruv/ dqg wkhq wr frpsxwh wkh dgmrlqw pdwul{ ri fridfwruv wudqvsrvhg
wr fuhdwh wkh xqltxh gluhfwlrq �hog +wr zlwklq d idfwru,/ VQxooDgmrlqw= Hyroxwlrq
lq wkh gluhfwlrq ri VQxooDgmrlqw grhv qrw uhsuhvhqw dq dgldedwlf surfhvv sdwk/ dv
lEVQxooDgmrlqw�T 9' f1 Iru d jlyhq T/ wkh Q04 qxoo yhfwruv qhhg qrw vsdq d
vprrwk k|shuvxuidfh zkrvh vxuidfh qrupdo lv sursruwlrqdo wr d judglhqw �hog1
Wkh frpsrqhqwv ri wkh 40irup pd| eh ylhzhg dv wkh qrupdo yhfwru wr dq lpsolflw
k|shuvxuidfh/ exw wkh lpsolflw k|shuvxuidfh lv qrw qhfhvvdulo| gh�qhg dv wkh }hur
vhw ri vrph ixqfwlrq1

4Lw lv dssduhqw wkdw l+Y,T@ 3 gh�qhv dq dgldedwlf surfhvv/ exw qrw qhfhvvdulo| d uhyhuvleoh
dgldedwlf surfhvv1 Wklv wrsrorjlfdo srlqw fohduv xs fhuwdlq plvfrqfhswlrqv wkdw dsshdu lq wkh
olwhudwxuh1
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4151 Wrsrorjlfdo Wruvlrq

Iru pd{lpdo/ qrq0htxloleulxp/ wxuexohqw v|vwhpv lq vsdfh0wlph wkh pd{lpdo hoh0
phqw lq wkh Sid� vhtxhqfh jhqhudwhg e| D>Z> ru T> lv d 70irup1 Rq wkh jhrphwulf
vsdfh ri 7 lqghshqghqw yduldeohv/ hyhu| 70irup lv joredoo| forvhg/ lq wkh vhqvh wkdw
lwv h{whulru ghulydwlyh ydqlvkhv hyhu|zkhuh1 Lw iroorzv wkdw hyhu| 70irup lv h{dfw
dqg fdq eh jhqhudwhg e| wkh h{whulru ghulydwlyh ri d 60irup1 Wkh h{whulru ghuly0
dwlyh ri wkh 60irup lv uhodwhg wr wkh frqfhsw ri d glyhujhqfh ri d frqwudyduldqw
yhfwru �hog1 Prvw ri wkh ghyhorsphqw lq wklv duwlfoh zloo eh ghyrwhg wr wkh vwxg|
ri vxfk 60irupv/ dqg wkhlu nhuqhov1 Lw lv d uhpdundeoh idfw wkdw doo 60irupv dgplw
lqwhjudwlqj ghqrplqdwruv/ vxfk wkdw wkhlu h{whulru ghulydwlyh ri d uhvfdohg 60irup
lv }hur doprvw hyhu|zkhuh1 Vsdfh wlph srlqwv xsrq zklfk wkh ghqrplqdwru kdv d
}hur ydoxh irup ghihfw wrsrorjlfdo vwuxfwxuhv1

Zkhq wkh Dfwlrq iru d sk|vlfdo v|vwhp lv ri Sid� glphqvlrq 7/ wkhuh h{lvwv d
xqltxh gluhfwlrq �hog/ Ae> gh�qhg dv wkh wrsrorjlfdo wruvlrq 70yhfwru/ wkdw fdq eh
hydoxdwhg hqwluho| lq whupv ri wkrvh frpsrqhqw ixqfwlrqv ri wkh 40irup ri Dfwlrq
zklfk gh�qh wkh sk|vlfdo v|vwhp1 Wr zlwklq d idfwru/ wklv gluhfwlrq �hog5 kdv wkh
irxu frpsrqhqwv ri wkh 60irup D	gD> zlwk wkh surshuwlhv vxfk wkdw

lEAe�le ' D	gD +4159,

Z ' lEAe�gD ' � D> +415:,

X ' lEAe�D ' f> +415;,

T	gT ' OEAe�D	OEAe�gD ' �2D	gD +415<,

gD	gD ' 2 � le= +4163,

Khqfh/ hyroxwlrq lq wkh gluhfwlrq ri Ae lv wkhuprg|qdplfdoo| luuhyhuvleoh/ zkhq
� 9' f dqg D lv ri Sid� glphqvlrq 71 Wkh nhuqho ri wklv yhfwru �hog lv gh�qhg dv
wkh }hur vhw xqghu wkh pdsslqj lqgxfhg e| h{whulru gl�huhqwldwlrq1 Lq hqjlqhhu0
lqj odqjxdjh/ wkh nhuqho ri wklv yhfwru �hog duh wkrvh srlqw vhwv xsrq zklfk wkh
glyhujhqfh ri wkh yhfwru �hog ydqlvkhv1 Wkh Sid� glphqvlrq ri wkh Dfwlrq 40irup
lv 6 lq wkh ghihfw uhjlrqv gh�qhg e| wkh nhuqho ri Ae1

Iru sxusrvhv ri pruh udslg frpsuhkhqvlrq/ frqvlghu d 40irup ri Dfwlrq/ D/
zlwk dq h{whulru gl�huhqwldo/ gD> dqg d qrwdwlrq wkdw dgplwv dq hohfwurpdjqhwlf

5D gluhfwlrq �hog lv gh�qhg e| wkh frpsrqhqwv ri d yhfwru �hog zklfk hvwdeolvk wkh %olqh
ri dfwlrq% ri wkh yhfwru lq d surmhfwlyh vhqvh1 Dq duelwudu| idfwru wlphv wkh gluhfwlrq �hog
gh�qhv wkh vdph surmhfwlyh olqh ri dfwlrq/ mxvw uhsdudphwhul}hg1 Lq phwulf edvhg vlwxdwlrqv/ wkh
duelwudu| idfwru fdq eh lqwhusuhwhg dv d uhqrupdol}dwlrq idfwru1
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lqwhusuhwdwlrq +, ' �C�@Cw�u!> dqg � ' u���6= Wkh h{solflw irupdw ri Ae

ehfrphv=

Ae ' �d,��n�!> � ��o Wrsrorjlfdo Wruvlrq 7 yhfwru> +4164,

D	gD ' lEAe�le +4165,

' W {
e g|	g}	gw� W |

eg{	g}	gwn W }
eg{	g|	gw� W w

eg{	g|	g}>+4166,

gD	gD ' 2E, ��� le +4167,

' iCW {
e@C{n CW |

e @C| n CW }
e @C} n CW w

e@Cwj le= +4168,

Zkhq wkh glyhujhqfh ri wkh wrsrorjlfdo wruvlrq yhfwru lv qrw }hur/ � ' E,��� 9' f>
dqg D lv ri Sid� glphqvlrq 7/ Z lv ri Sid� glphqvlrq 7/ dqg T lv ri Sid�
glphqvlrq 71 Wkh surfhvv jhqhudwhg e| Ae lv wkhuprg|qdplfdoo| luuhyhuvleoh1
Wkh hyroxwlrq ri wkh yroxph hohphqw uhodwlyh wr wkh luuhyhuvleoh surfhvv Ae lv
jlyhq e| wkh h{suhvvlrq/

OEAe�le ' lEAe�gle n gElEAe�le� +4169,

' f n gED	gD� ' 2E, ��� le= +416:,

Khqfh/ wkh gl�huhqwldo yroxph hohphqw +dqg wkhuhiruh wkh wxuexohqw frvprorjlfdo
xqlyhuvh, lv h{sdqglqj ru frqwudfwlqj ghshqglqj rq wkh vljq dqg pdjqlwxgh ri
, ��=

Li D lv +ru ehfrphv, ri Sid� glphqvlrq 6/ wkhq gD	gD , f zklfk lpsolhv wkdw
�2 , f> exw D	gD 9' f= Wkh gl�huhqwldo yroxph hohphqw le lv vxevhtxhqwo|
dq hyroxwlrqdu| lqyduldqw/ dqg hyroxwlrq lq wkh gluhfwlrq ri wkh wrsrorjlfdo wruvlrq
yhfwru lv wkhuprg|qdplfdoo| uhyhuvleoh1 Wkh sk|vlfdo v|vwhp lv qrw lq htxloleulxp/
exw wkh glyhujhqfh iuhh Ae hyroxwlrqdu| surfhvv irufhv wkh Sid� glphqvlrq ri Z
wr eh }hur/ dqg wkh Sid� glphqvlrq ri T wr eh dw prvw 41 Lqghhg/ d glyhujhqfh
iuhh Ae hyroxwlrqdu| surfhvv kdv d Kdplowrqldq uhsuhvhqwdwlrq1 Lq wkh grpdlq
ri Sid� glphqvlrq 6 iru wkh Dfwlrq/ D/ wkh vxevhtxhqw frqwlqxrxv hyroxwlrq ri wkh
v|vwhp/ D/ uhodwlyh wr wkh surfhvv Ae> surfhhgv lq dq hqhuj| frqvhuylqj pdqqhu/
uhsuhvhqwlqj d %vwdwlrqdu|% ru %h{flwhg% vwdwh idu iurp htxloleulxp1 Wkhvh h{flwhg
vwdwhv fdq eh lqwhusuhwhg dv wkh hyroxwlrqdu| wrsrorjlfdo ghihfwv lq wkh Wxuexohqw
glvvlsdwlyh v|vwhp ri Sid� glphqvlrq 71

6Wkh erog ohwwhu D uhsuhvhqwv wkh �uvw 6 frpsrqhqwv ri wkh 7 yhfwru ri srwhqwldov/ zlwk wkh
rughu lq djuhhphqw zlwk wkh rughulqj ri wkh lqghshqghqw yduldeohv1 Wkh ohwwhu D uhsuhvhqwv wkh
40irup ri Dfwlrq1
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Rq d jhrphwulf grpdlq ri 7 glphqvlrqv/ dvvxph wkdw wkh hyroxwlrqdu| surfhvv
jhqhudwhg e| Ae vwduwv iurp dq lqlwldo frqglwlrq +ru vwdwh, zkhuh wkh Sid� wrsr0
orjlfdo glphqvlrq ri D lv dovr 71 Ghshqglqj rq wkh vljq ri wkh glyhujhqfh ri Ae>
wkh surfhvv iroorzv dq luuhyhuvleoh sdwk iru zklfk wkh glyhujhqfh uhsuhvhqwv dq
h{sdqvlrq ru d frqwudfwlrq1 Li wkh luuhyhuvleoh hyroxwlrqdu| sdwk lv dwwudfwhg wr
d uhjlrq +ru vwdwh, zkhuh wkh Sid� wrsrorjlfdo glphqvlrq ri wkh 40irup ri Dfwlrq
lv 6/ wkhq , �� ehfrphv +ru kdv ghfd|hg wr, }hur1 Wkh }hur vhw ri wkh ixqfwlrq
, �� gh�qhv d k|shuvxuidfh lq wkh 7 glphqvlrqdo vsdfh1 Li wkh surfhvv uhpdlqv
wudsshg rq wklv k|shuvxuidfh ri Sid� glphqvlrq 6/ , �� uhpdlqv }hur/ dqg wkh Ae

surfhvv ehfrphv dq h{wuhpdo �hog1 Vxfk h{wuhpdo �hogv duh vxfk wkdw wkh yluwxdo
zrun 40irup ydqlvkhv/ Z ' lEAe�gD ' f> dqg wkh qrz uhyhuvleoh Ae surfhvv kdv d
Kdplowrqldq uhsuhvhqwdwlrq1 Wkh v|vwhp lv frqvhuydwlyh lq d Kdplowrqldq vhqvh/
exw lw lv lq d %h{flwhg% vwdwh rq wkh k|shuvxuidfh wkdw lv idu iurp htxloleulxp/ dv
wkh Sid� glphqvlrq ri wkh 40irup ri Dfwlrq lv 6/ dqg qrw 51 +Li wkh sdwk lv dw0
wudfwhg wr d uhjlrq zkhuh wkh ixqfwlrq, �� lv rvfloodwru|/ wkh v|vwhp hyroxwlrqdu|
sdwk gh�qhv d olplw f|foh1,

Wkh ixqgdphqwdo fodlppdgh lq wklv duwlfoh lv wkdw lw lv wkhvh wrsrorjlfdo ghihfwv
wkdw vhoi rujdql}h iurp wkh glvvlsdwlyh luuhyhuvleoh hyroxwlrq ri wkh Wxuexohqw vwdwh
lqwr %vwdwlrqdu|% vwdwhv idu iurp htxloleulxp wkdw irup wkh vwduv dqg wkh jdod{lhv ri
wkh frvprv1 Wkh| duh wkh orqj olyhg uhpqdqwv ru zdnhv jhqhudwhg iurp luuhyhuvleoh
surfhvvhv lq wkh glvvlsdwlyh qrq0htxloleulxp wxuexohqw phglxp1

51 Wkhuprg|qdplf Frvprorj|

5141 Wkh Mdfreldq Pdwul{ ri wkh Dfwlrq 40irup1

Wkh lghd lv wr h{suhvv wkh Mdfreldq pdwul{ ri wkh frh!flhqw ixqfwlrqv wkdw gh�qh
wkh 40irup li Dfwlrq/ D/ lq whupv ri %xqlyhuvdo% frruglqdwhv1 Wkhvh xqlyhuvdo
frruglqdwhv zloo eh wkh vlplodulw| lqyduldqwv ri wkh Mdfreldq pdwul{1 Iru d 40
irup ri Dfwlrq ri Sid� wrsrorjlfdo glphqvlrq 7/ wkh Fd|oh|0Kdplowrq wkhruhp
surgxfhv d Xqlyhuvdo Skdvh ixqfwlrq dv d sro|qrpldo ri 7wk ghjuhh1 Zkdw lv
uhpdundeoh derxw wklv Xqlyhuvdo Skdvh ixqfwlrq lv wkdw lw kdv surshuwlhv wkdw duh
krphrprusklfdoo| ghirupdeoh lqwr wkh irupdw ri d fodvvlf ydq ghu Zddov jdv1 Lw
lv wklv xqlyhuvdolw| wkdw jlyhv fuhghqfh wr wkh lghd wkdw wkh xqlyhuvh frxog eh d
qrq0htxloleulxp ydq ghu Zddov jdv qhdu lwv fulwlfdo srlqw1
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514141 Wkh 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 Wxuexohqw
wkhuprg|qdplf vwdwh 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|qrpldoXE{> |> }> w( [�zlwk 7 shukdsv frpsoh{
urrwv uhsuhvhqwlqj wkh shukdsv frpsoh{ hljhqydoxhv/ �n> ri wkh Mdfreldq pdwul{1

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

� n WN , f= +514,

Wkh ixqfwlrqv [PE{> |> }> w�> \JE{> |> }> w�> ]DE{> |> }> w�> WNE{> |> }> w� duh wkh vlpl0
odulw| lqyduldqwv ri wkh Mdfreldq pdwul{1 Li wkh hljhqydoxhv duh glvwlqfw/ wkhq wkh
vlplodulw| lqyduldqwv duh jlyhq e| wkh h{suhvvlrqv=

[P ' �� n �2 n �� n �e> +515,

\J ' ���2 n �2�� n ���� n �e�� n �e�2 n �e��> +516,

]D ' ���2�� n �e���2 n �e�2�� n �e����> +517,

WN ' ���2���e= +518,

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
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

514151 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"> +519,

zkhuh

! ' xe � Sx2y2 n ye �[PEx� � �xy2� n \JEx
2 � y2�� ]Dxn WN +51:,

" ' ex�y � exy� �[PE�x2y � y�� n 2\Jxy � ]Dy= +51;,
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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 +51<,

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

514161 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= +5143,

CX@C[ ' X[ ' e[� � �[P[2 n 2\J[� ]D , f= +5144,

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�hg1 Uhfdoo wkdw wkh hqyhorsh/ li lw
h{lvwv/ lv d k|shuvxuidfh lq wkh vsdfh ri vlplodulw| frruglqdwhv/ i[P > \J> ]D> WNj=

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 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, =

Glvfulplqdqw ri wkh Xqlyhuvdo Skdvh Ixqfwlrq +5145,

' �H[�]\ W � 2.]en\ 2[2]2�e\ �[2W n �ee\ [2W 2 +5146,

n�H[]�\ � �b2[]W 2�S[2]2W n �eeW]2\ � e[�]� +5147,

�2.[eW 2�e\ �]2n�S\ eW � �2H\ 2W 2n2DSW ��Hf[]\ 2W= +5148,
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Wkh glvfulplqdqw kdv holplqdwhg wkh idplo| rughu sdudphwhu1 Uhpdundeo|/
fkrrvlqj wkh frqvwudlqw frqglwlrq lq whupv ri wkh gxdo frqglwlrq wkdw wkh Phdq
Fxuydwxuh ydqlvkhv/ [P , f> ohdgv wr d uhgxfhg glvfulplqdqw/ zklfk gh�qhv d
xqlyhuvdo vzdoorz wdlo vxuidfh krphrprusklf +ghirupdeoh, wr wkh Jleev vxuidfh ri
d ydq ghu Zddov jdv +vxevfulswv vxssuhvvhg,=

Xqlyhuvdo Jleev Vzdoorzwdlo Hqyhorsh E[ ' f> \> ]> W � +5149,

' �2.]en�eeW]2\ � e\ �]2n�S\ eW � �2H\ 2W 2n2DSW �, f=

Lq rwkhu zrugv/ wkh Jleev ixqfwlrq iru d ydq ghu Zddov jdv lv d xqlyhuvdo lghd
dvvrfldwhg zlwk plqlpdo k|shuvxuidfhv/ [N ' 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 uhvxow lv wkdw doo wkhuprg|qdplf v|vwhpv ri Sid� wrsrorjlfdo
glphqvlrq 7 duh ghirupdeo| htxlydohqw wr d ydq ghu Zddov jdv1
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Lw lv lpsruwdqw wr uhfrjql}h wkdw wkh ghyhorsphqw ri d xqlyhuvdo qrq0htxloleulxp
ydq ghu Zddov jdv kdv qrw xwlol}hg wkh frqfhswv ri phwulf/ frqqhfwlrq/ vwdwlvwlfv/
uhodwlylw|/ jdxjh v|pphwulhv/ ru txdqwxp phfkdqlfv1

514171 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
lqwhuvhfwlrq vlqjxodulw|1 Li gX	gX[ ' f/ exwX[[ 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= +514:,

C�X@C[� ' X[[[ ' 2e[� S[P +514;,
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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> +514<,

|lhogv wkh

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

JEH@2.� ' f> +5153,

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 dqg rxw0
vlgh wkh vzdoorz wdlo uhjlrq wkhuh lv d xqltxh uhdo urrw1 Wkh hgjh ri uhjuhvvlrq
ixuqlvkhg e| wkh Fdugdqr ixqfwlrq gh�qhv wkh wudqvlwlrq ehwzhhq uhdo dqg lpdjl0
qdu| 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
rughu 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

514181 Jlqvexuj Odqgdx Fxuuhqwv

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= +5154,

4;



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 ' Nle ' glyan C�@Cw ' �E[e �[P[� n \J[
2 � ]D[�le= +5155,

Iru fxuuhqwv ri wkh irup

a ' judg [> +5156,

� ' [> +5157,

wkh Xqlyhuvdo Skdvh ixqfwlrq jhqhudwhv wkh xqlyhuvdo Jlqvexuj Odqgdx htxdwlrqv

u2[n C[@Cw ' �E[e �[P[� n \J[
2 � ]D[�= +5158,

5151 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> +5159,

wkhq wkh uhvfdohg Mdfreldq pdwul{

�
M
vfdohg
mn

�
' dCED@��m@C{

no +515:,

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=
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Vlqjxodu k|shuvxuidfh lq 7G= _i|dCED@��m@C{
no , f +515;,

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( [� +515<,

' [E[� �[P[2 n \J[� ]D� , f= +5163,

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 dsshqgl{ 41, 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

515141 Wkh Xqlyhuvdo ydq ghu Zddov jdv

Pruh wkdw 433 |hduv djr ydq ghu Zddov lqwurgxfhg lqwr wkh vflhqfh ri wkhuprg|0
qdplfv wkh htxdwlrq ri vwdwh qrz fdoohg wkh ydq ghu Zddov jdv=

S ' �UW@E�� e�� n d�2 +5164,

Wkh ydq ghu Zddov htxdwlrq pd| eh frqvlghuhg dv d fxelf frqvwudlqw rq wkh vsdfh
ri yduldeohv iq(S> Y> Wj zkhuh � ' q@Y lv gh�qhg dv wkh produ ghqvlw|1

�� � E�@e��2 n i�EUW n eS �@dej�n S@de ' f= +5165,

Wklv fxelf htxdwlrq lv wr eh frpsduhg zlwk wkh fkdudfwhulvwlf sro|qrpldo zulwwhq
lq whupv ri wkh vlplodulw| lqyduldqwv/ P> J> dqg D= Qrwh wkdw wkh urrwv ri wkh
fkdudfwhulvwlf sro|qrpldo duh qrw qhfhvvdulo| uhdo1 Wklv revhuydwlrq ohdgv wr d
zhoo gh�qhg surfhgxuh iru wuhdwlqj qrq0htxloleulxp wkhuprg|qdplfv v|vwhpv dv
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frpsoh{ ghyldwlrqv iurp wkh uhdo/ ru htxloleulxp/ v|vwhpv1 Wkh uhdolw| frqgl0
wlrq lv ghwhuplqhg e| wkh Fdugdqr ixqfwlrq wkdw ghvfulehv dq hgjh ri uhjuhvvlrq
glvfrqwlqxlw|1

Iru d wudqvirupdwlrq vxfk wkdw

EHW n S �@� ' \J@EP@��2> +5166,

S ' ]N@EP@���> +5167,

� ' ��@EP@��> +5168,

wkh fkdudfwhulvwlf sro|qrpldo ehfrphv dq htxdwlrq lq whupv ri glphqvlrqohvv sd0
udphwhuv/

XE�> W> S � ' E��� � �E��2 n dEHW n S �@�oE��� S ' f= +5169,

Wkh odvw irupdw jlyhq deryh lv wr eh uhfrjql}hg dv wkh Htxdwlrq ri Vwdwh ri d ydq
ghuZddov Jdv +frpsduh wr 515<,/ lq whupv ri glphqvlrqohvv Suhvvxuh/ Whpshudwxuh
uhodwlyh wr wkhlu ydoxhv dw wkh fulwlfdo srlqw1

5161 Wkh Idodfr Frvprorjlfdo Vrolwrq

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

Hylghqfh ri vxfk wrsrorjlfdo ghihfwv +dw wkh pdfurvfrslf ohyho, fdq eh ghprq0
vwudwhg e| wkh fuhdwlrq ri Idodfr Vrolwrqv lq d vzlpplqj srro ^47`1 Wkhvh h{shu0
lphqwv ghprqvwudwh wkdw vxfk wrsrorjlfdo ghihfwv duh dydlodeoh dw doo vfdohv1 Wkh
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Idodfr Vrolwrqv frqvlvw ri vsludo %yruwh{ ghihfw% vwuxfwxuhv +dqdorjrxv 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| ^46`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
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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
^47`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
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

5171 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

�
+516:,
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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 +516;,

Lw lv uhpdundeoh wkdw wkh frqvwuxfwlrq lv vxfk wkdw wkh Dgmrlqw fxuuhqw 60irup/ li
qrw }hur/ kdv }hur glyhujhqfh joredoo|=

eM ' lEean�le +516<,

g eM ' f= +5173,

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= +5174,

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 ^44` ^45` wkhuh h{lvwv d ixq0

gdphqwdo 60irup/ D	J> gh�qhg dv wkh %wrsrorjlfdo Vslq% 60irup/

Wrsrorjlfdo Vslq 60irup = D	J= +5175,

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= +5176,

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�# � , +5177,

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

Lqwhudfwlrq hqhuj| ghqvlw| = D	 eM ' ��ea� �!= +5178,
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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=
+5179,

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 +517:,

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 +517;,

Wkh h{whulru ghulydwlyh ri wklv 60irup ohdgv wr d fr0krprorjlfdo 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 wkhupr0
g|qdplf surfhvvhv/ zdv gh�qhg dv wkh %Lqwulqvlf Wudqvsruw Wkhruhp% lq 4<9< ^48`
=

Lqwulqvlf Wudqvsruw Wkhruhp +Vslq, G geV ' I	 eJ� D	 eM> +517<,

Iluvw Odz ri Wkhuprg|qdplfv +Hqhuj|, G gX ' T�Z +5183,

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�hfwv1

5181 Wrsrorjlfdo Ioxfwxdwlrqv

Wrsrorjlfdo  xfwxdwlrqv duh dgplwwhg zkhq wkh hyroxwlrqdu| yhfwru gluhfwlrq
�hogv duh qrw vlqjo| sdudphwul}hg=
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Ioxfwxdwlrqv lq srvlwlrq +suhvvxuh, = g � �gw ' { 9' f +5184,

Ioxfwxdwlrqv lq yhorflw| +whpshudwxuh, = g� � @gw ' {� 9' f +5185,

Ioxfwxdwlrqv lq prphqwd +ylvfrvlw|, = gT� ugw ' {T 9' f= +5186,

Wkhvh idloxuhv ri nlqhpdwlf shuihfwlrq xqgr wkh wrsrorjlfdo uh�qhphqwv lpsrvhg
e| d %nlqhpdwlf sduwlfoh% srlqw ri ylhz/ dqg sodfh hpskdvlv rq wkh frqwlqxxp
phwkrgv lqkhuhqw lq  xlgv dqg sodvpdv1 Iru h{dpsoh/ frqvlghu wkh Fduwdq0
Kloehuw 40irup ri Dfwlrq rq d vsdfh ri 6q.4 lqghshqghqw yduldeohv +wkh s� duh
suhvxphg wr eh lqghshqghqw Odjudqjh pxowlsolhuv,=

D ' OE >�> w�gwn s�Eg{
� � y�gw� ' OE{> y> w�gwn s�{{�� +5187,

Wkh Wrs Sid!dq lq wkh Sid� vhtxhqfh lv

EgD�qn� ' Eqn ��-iPq
�'�ECO@Cy

� � s�� � g�
�j	gs�	===gsq	gt

�	==gtq	gw> +5188,

dqg |lhogv d Sid� glphqvlrq ri 5q.5 iru wkh 40irup ri Dfwlrq/ gh�qhg rq wkh
jhrphwulf vsdfh ri 6q.4 yduldeohv i{�> s�> y

�> wj1 Wklv hyhq glphqvlrqdo vsdfh
gh�qhv d v|psohfwlf pdqlirog1

Iru wkh pd{lpdo qrq0fdqrqlfdo v|psohfwlf sk|vlfdo v|vwhp ri Sid� glphqvlrq
5q.5/ frqvlghu hyroxwlrqdu| surfhvvhv wr eh uhsuhvhqwdeoh e| yhfwru �hogv ri wkh
irup �Y�qn� ' �i�> @> u > �j> uhodwlyh wr wkh lqghshqghqw yduldeohv i >�>T> wj= Gh0
�qh wkh �yluwxdo zrun� 40irup/ Z / dv Z ' lE`�gD/ d 40irup zklfk pxvw ydqlvk
iru wkh h{wuhpdo fdvh/ dqg eh qrq0}hur/ exw forvhg/ iru wkh v|psohfwlf fdvh1 Iru dq|
q/ lw pd| eh vkrzq e| gluhfw frpsxwdwlrq wkdw wkh yluwxdo zrun 40irup frqvlvwv
ri wzr glvwlqfw whupv/ hdfk lqyroylqj d gl�huhqw  xfwxdwlrq=

Z ' iT� CO@C�j �{� n iu � CO@C j �{ +5189,

Zkhq wkh  xfwxdwlrqv lq yhorflw| duh }hur +whpshudwxuh, dqg wkh  xfwxdwlrqv lq
srvlwlrq duh }hur +suhvvxuh,/ wkhq wkh zrun 40irup zloo ydqlvk/ dqg wkh surfhvv dqg
sk|vlfdo v|vwhp dgplwv d Kdplowrqldq uhsuhvhqwdwlrq1 Rq wkh rwkhu kdqg li wkh
 xfwxdwlrqv lq yhorflw| duh qrw }hur dqg wkh  xfwxdwlrqv lq srvlwlrq duh qrw }hur/
wkhq wkh Zrun 40irup ydqlvkhv rqo| li wkh prphqwd +wkh Odjudqjh pxowlsolhuv/ T>
duh fdqrqlfdoo| gh�qhg +iT�CO@C�j , f, dqg wkh Qhzwrqldq irufh lv d judglhqw/
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iu � CO@C j , f= Wkhvh wrsrorjlfdo frqvwudlqwv duh xeltxlwrxvo| dvvxphg lq
fodvvlfdo phfkdqlfv1

Zkhq {{n , f> vxfk wkdw doo wrsrorjlfdo  xfwxdwlrqv ydqlvk/ wkhq wkh Sid�
glphqvlrq ri wkh sk|vlfdo v|vwhp gh�qhg lq whupv ri wkh Fduwdq0Kloehuw 40irup ri
Dfwlrq/ D> lv 5 +wkh htxloleulxp uhtxluhphqw,1

61 H{dpsohv

Lq rughu wr ghprqvwudwh frqwhqw wr wkh wkhuprg|qdplf wrsrorjlfdo wkhru|/ wzr
dojheudlfdoo| vlpsoh h{dpsohv duh suhvhqwhg ehorz1 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 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

613141 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�= +614,

Wkh 40irup ri Srwhqwldov ghshqgv rq wkh frh!flhqwv d dqg e= Wkh uhvxowv ri wkh
wrsrorjlfdo wkhru| duh +iru u2 ' {2 n |2 n }2 n w2�=

Phdq fxuydwxuh = FP ' �2ew}@Eu2��@2 +615,

Jdxvv fxuydwxuh = FJ ' �ie2E{2 n |2�� d2E}2 n w2�j@Eu2�2 +616,

Dgmrlqw fxuydwxuh = FD ' D	Mv ' �2d2ew}@Eu2�D@2 +617,

WrsbWruvlrq ' 2de � df> f> }>�wo@Eu2� +618,

Dgmrlqw Fxuuhqw = Mv ' Ed2e2 � d{> |> }> wo� @Eu2�2 +619,

Sid� Glphqvlrq 7 = gD	gD ' 2edEw2 � }2�@Eu2�2 le +61:,
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Wkh Mdfreldqpdwul{ kdv 4 }hur hljhq ydoxh dqg wkuhh qrq0}hur hljhqydoxhv1 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

613151 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�= +61;,

Wkh 40irup ri Srwhqwldov ghshqgv rq wkh frh!flhqwv d dqg e= Wkhuh duh wzr fdvhv
fruuhvsrqglqj wr ohiw dqg uljkw kdqghg �srodul}dwlrqv�= d ' e ru d ' �e1 Wkh
uhvxowv ri wkh wrsrorjlfdo wkhru| duh +iru u2 ' {2 n |2 n }2 n w2�=

Phdq fxuydwxuh = FP ' f> +61<,

Jdxvv fxuydwxuh = FJ ' ie2E{2 n |2� n d2E}2 n w2�j@Eu2�2+6143,

Dgmrlqw Fxelf fxuydwxuh = FD ' D	Mv ' f +6144,

WrsbWruvlrq ' 2de � d{> |> }> wo@Eu2� +6145,

Dgmrlqw Fxuuhqw = Mv ' Ede@2� � WrsbWruvlrq +6146,

Sid� Glphqvlrq 7 = gD	gD ' ede@Eu2� le +6147,

Zkdw lv uhpdundeoh iru wklv Dfwlrq 40irup lv wkdw erwk wkh phdq fxuydwxuh dqg
wkh Dgmrlqw fxuydwxuh ri wkh lpsolflw k|shuvxuidfh lq 7G ydqlvk/ iru dq| fkrlfh
ri d ru e1 Wkh Jdxvv fxuydwxuh lv qrq0}hur/ srvlwlyh uhdo dqg lv htxdo wr wkh
lqyhuvh vtxduh ri wkh udglxv ri d 7G hxfolghdq vskhuh/ zkhq d2 ' e21 Wkh Dgmrlqw
fxelf lqwhudfwlrq hqhuj| ghqvlw| lv }hur1 Wkh wzr qrq0}hur fxuydwxuhv duh sxuh
lpdjlqdu| frqmxjdwhv htxdo wr

� ' 	
s
�e2E{2 n |2�� d2E}2 n w2�@Eu2�= +6148,

Wkh Krsi vxuidfh lv d 5G lpdjlqdu| plqlpdo wzr glphqvlrqdo k|shu vxuidfh
lq 7G dqg kdv wzr qrq0}hur lpdjlqdu| fxuydwxuhv$ Vwudqjho| hqrxjk wkh fkdujh0
fxuuhqw ghqvlw| lv qrw }hur/ exw lw lv sursruwlrqdo wr wkh Wrsrorjlfdo Wruvlrq yhfwru
wkdw jhqhudwhv 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

5;



613161 Wkh volglqj erzolqj edoo

Dvvxph wkdw wkh sk|vlfdo v|vwhp ri d erzolqj edoo pd| eh uhsuhvhqwhg e| d 40irup
ri Dfwlrq frqvwuxfwhg iurp d sulplwlyh Odjudqjh ixqfwlrq zlwk frqvwudlqwv1 Wkh
Odjudqjh ixqfwlrq lv gh�qhg dv

O ' OE{> �> y> $> w� ' i�pE�$�2@2�py2@2j +6149,

Ohw wkh wrsrorjlfdo frqvwudlqwv eh gh�qhg dqkrorqrplfdoo| e| wkh Sid!dq v|vwhp=

ig{� ygwj , f> ig� � $gwj , f> ig{� �g�j , f +614:,

Wkh frqvwudlqhg 40irup ri Dfwlrq ehfrphv=

D ' OE{> �> y> $> w�gwn sig{� ygwjn oig� � $gwjn vi�g� � g{j +614;,

zkhuh is> o> vj duh Odjudqjh pxowlsolhuv1 Iru vlpsolflw|/ dvvxph lqlwldoo| wkdw wzr
ri wkh Odjudqjh pxowlsolhuv +prphqwd, duh gh�qhg fdqrqlfdoo|> h1j1/

s ' CO@Cy , �py> o ' CO@C$ , �p�2$ +614<,

zklfk lpsolhv wkdw

D ' E�py � v�g{n E�p�2$ n �v�g� � i�py2@2 n �pE�$�2@2jgw= +6153,

Wkh Sid� glphqvlrq ri wklv dfwlrq 40irup lv 91 Wkh yroxph hohphqw ri wkh
dvvrfldwhg v|psohfwlf pdqlirog lv jlyhq e| wkh h{suhvvlrq

SY ro ' Sp2��2iy � �$jg{	g�	gy	g$	gv	gw ' gD	gD	gD +6154,

Wkh v|psohfwlf pdqlirog kdv d vlqjxodu vxevhw xsrq zklfk wkh Sid� glphqvlrq
ri wkh Dfwlrq 40irup lv 5q.4 @ 81 Wkh frqvwudlqw iru vxfk d frqwdfw pdqlirog lv
suhflvho| wkh qr0vols frqglwlrq=

iy � �$j , f= +6155,

Rq wkh 8 glphqvlrqdo frqwdfw pdqlirog wkhuh h{lvwv d xqltxh h{wuhpdo +Kdplo0
wrqldq, �hog zklfk +wr zlwklq d surmhfwlyh idfwru, gh�qhv wkh frqvhuydwlyh uh0
yhuvleoh sduw ri wkh hyroxwlrqdu| surfhvv1
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Krzhyhu/ rq wkh 9 glphqvlrqdo v|psohfwlf pdqlirog/ wkhuh grhv qrw h{lvw d
xqltxh h{wuhpdo �hog/ qru d xqltxh vwdwlrqdu| �hog/ wkdw fdq eh xvhg wr gh�qh wkh
g|qdplfdo v|vwhp1 Wkhuh grhv h{lvw d xqltxh Wrsrorjlfdo Wruvlrq gluhfwlrq �hog
+ru fxuuhqw, gh�qhg +wr zlwklq d surmhfwlyh idfwru/ �� e| wkh 9 frpsrqhqwv ri wkh
8 irup/

Wruvlrq ' D	gD	gD +6156,

Wklv xqltxh yhfwru/ W / kdv wkh surshuwlhv wkdw

OEA�D ' K � D dqg lEA�D ' f= +6157,

Wklv �Wruvlrq� yhfwru gluhfwlrq �hog vdwlv�hv wkh htxdwlrq

OEA�D	OEA�gD ' T	gT 9' f= +6158,

Khqfh d surfhvv kdylqj d frpsrqhqw frqvwuxfwhg iurp wklv xqltxh Wruvlrq yhfwru
�hog ehfrphv d fdqglgdwh wr ghvfuleh wkh lqlwldo luuhyhuvleoh ghfd| ri dqjxodu
prphqwxp dqg nlqhwlf hqhuj|1

Vroylqj iru wkh frpsrqhqwv ri wkh Wruvlrq yhfwru iru wkh erzolqj edoo sureohp
ohdgv wr wkh +xqltxh, ghfd|lqj g|qdplfdo v|vwhp=

gy@gw ' ��@2i��2$2 � 2�y$ n y2j@Ey � �$� +6159,

g$@gw ' ��@2i���2$2 n 2��y$ � y2j@��Ey � �$� +615:,

gv@gw� �v ' �@2i�p��2$2 npy2j@Ey � �$� +615;,

g{@gw ' y +615<,

g�@gw ' $ +6163,

Lw lv wr eh qrwhg wkdw wkh qrq0fdqrqlfdo �v|psohfwlf prphqwxp� yduldeohv/ gh�qhg
e| lqvshfwlrq iurp wkh frqvwudlqhg 40irup ri Dfwlrq dv

S{
=
' �Epy n v�> S�

=
' Ep��2$ n v��> +6164,
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erwk ghfd| luuhyhuvleo| dw wkh vdph +xqlw �, udwh rq wkh pdqlirog ri Sid� wrsr0
orjlfdo glphqvlrq 9/ xqwlo wkh QrVols frqglwlrq lv vdwlv�hg dqg wkh wrsrorj| kdv
ehfrph ri Sid� wrsrorjlfdo glphqvlrq 81

Rqfh wkh QrVols frqglwlrq lv uhdfkhg +luuhyhuvleo|,/ wkh hyroxwlrq surfhhgv
zlwkrxw ixuwkhu wrsrorjlfdo fkdqjh/ lq d frqvhuydwlyh Kdplowrqldq pdqqhu1

71 Frqfoxvlrqv

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 +exw qrw htxloleulxp, vhoi0rujdql}lqj
vwuxfwxuhv ri Sid� wrsrorjlfdo glphqvlrq 6 iruphg e| luuhyhuvleoh wrsrorjlfdo hyr0
oxwlrq lq wklv qrq0htxloleulxp v|vwhp ri Sid� wrsrorjlfdo glphqvlrq 71

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 ri wkh xqlyhuvh1

81 Dsshqgl{ 41 Wkh vkdsh pdwul{ iru lpsolflw k|shuvxu0

idfhv1

K|shuvxuidfhv fdq eh gh�qhg lq vhyhudo zd|v1 Wkh prvw frpprq lv d gl�huhq0
wldeoh sdudphwulf pds iurpP glphqvlrqv lqwr d ydulhw| ri P.4 glphqvlrqv1 Wkh
vxuidfh lv xqltxho| gh�qhg/ zlwk 4 frpsrqhqw/ dqg fdq eh rulhqwdeoh ru qrw rul0
hqwdeoh1 D vhfrqg zd| lv wr gh�qh wkh vxuidfh lpsolflwo|/ lq whupv ri wkh }hur vhw ri
d ixqfwlrq1 Vxfk vxuidfhv duh rulhqwdeoh/ exw fdq frqvlvw ri pxowlsoh frpsrqhqwv1
Vrph vxuidfhv kdyh erwk d sdudphwulf irupxodwlrq dqg dq lpsolflw uhsuhvhqwdwlrq1

Li lq wkh sdudphwulf surfhvv wkh pdsslqj lv wr d vsdfh frqvwudlqhg e| d phwulf
+qrw qhfhvvdulo| hxfolghdq,/ wkhq wkh P.4 { P.4 fryduldqw phwulf rq vsdfh P.4
kdv d zhoo gh�qhg sxooedfn/ ru suhlpdjh rq wkh k|shuvxuidfh/ P1 Wkh lqgxfhg P {
P phwulf gh�qhv wkh �uvw ixqgdphqwdo irup ri wkh vxuidfh1 Wkh pruh lqwhuhvwlqj
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surshuwlhv duh ghwhuplqhg e| wkh vhfrqg ixqgdphqwdo irup/ ru wkh vkdsh pdwul{/
zklfk lv uhodwhg wr surshuwlhv ri wkh qrupdo �hog wr wkh vxuidfh lq P.4 vsdfh1
Fodvvlfdo wh{wv rq gl�huhqwldo jhrphwu| fryhu wkh sdudphwulf phwkrgv txlwh zhoo1

Krzhyhu/ wkh vdph fdqqrw eh vdlg iru lpsolflw k|shuvxuidfhv/ hvshfldoo| iru wkh
ghyhorsphqw ri wkh htxlydohqw ri wkh vkdsh pdwul{ lq whupv ri dq lpsolflw ixqfwlrq
uhsuhvhqwdwlrq1 D vrphzkdw revfxuh suhvhqwdwlrq lv jlyhq e| Kduoh| Iodqghuv1
D pruh ghwdlohg suhvhqwdwlrq iru lpsolflw vxuidfh ixqfwlrqv lv jlyhq lq R*Qhloo
^49`1 Iru vxuidfhv wkdw kdyh erwk d sdudphwulf dqg dq lpsolflw uhsuhvhqwdwlrq/
wkh suhvhqw dxwkru glvfryhuhg wkdw wkhuh lv dq htxlydohqfh ehwzhhq wkh vkdsh
pdwul{/ wkh Uhshuh Preloh/ dqg wkh Mdfreldq pdwul{ ri wkh vxuidfh qrupdo �hog
+wkh judglhqw ri wkh lpsolflw ixqfwlrq, 0 li wkh qrupdo �hog lv vfdohg +glylghg, e|
wkh hxfolghdq qrup +wkh Jdxvv pds,1 Wkhvh uhvxowv ohg wr d pruh lpsruwdqw
irupxodwlrq/ zkhuh wkh suhylrxv uhvxowv duh h{whqghg wr pruh jhqhudo lpsolflw
vxuidfhv/ zkhuh wkh qrupdo �hog lv jlyhq/ |hw wkh qrupdo �hog fdqqrw eh gh�qhg
dv d judglhqw ri d vlqjoh ixqfwlrq1 Wkh qrupdo �hog zkhq h{suhvvhg dv d 40irup/
qhhg qrw eh h{dfw dv lw lv lq wkh fodvvlf wkhru| ri lpsolflw| vxuidfhv1 Lqghhg/ wkh
40irup zkrvh frh!flhqwv duh irup wkh qrupdo �hog dw d srlqw fdq eh ri dq| Sid�
wrsrorjlfdo glphqvlrq lq wkh jhqhudo fdvh/ zkhuh lw lv dozd|v }hur lq wkh fodvvlf
fdvh1

Wkh vfdolqj ri wkh qrupdo �hog fdq dovr eh grqh xvlqj wkh jhqhudol}dwlrq ri
wkh hxfolghdq glvwdqfh jlyhq e| wkh Kroghu qrup 51591 Wkh nh| lghd lv wkdw dq|
irup ri wkh Kroghu qrup zklfk lv krprjhqhrxv ri ghjuhh 4 lq wkh frpsrqhqwv ri
wkh qrupdo �hog dozd|v ohdgv wr d Mdfreldq pdwul{ zlwk }hur ghwhuplqdqw1 Wkh
frqvwudlqw ri d }hur ghwhuplqdqw irupv d surmhfwlyh lqyduldqw v|vwhp1 Dssolfdwlrq
wr 7 glphqvlrqdo vsdfhv lqglfdwhv d fkdqjh ri wrsrorjlfdo glphqvlrq dv hyroxwlrqdu|
surshuwlhv hyroyh ru duh dwwudfwhg wr wrsrorjlfdo ghihfw uhjlrqv ri }hur ghwhuplqdqw1
Wkh uhvxow lv d grpdlq ri Sid� glphqvlrq 6 rffxuulqj lq uhjlrqv ri Sid� wrsrorjlfdo
glphqvlrq 7 ^4:`1 Iru wkh Jdxvv pds/ wkh ruljlq ehfrphv d vlqjxodu srlqw/ dqg
lv %uhpryhg% dv d wrsrorjlfdo ghihfw1 Iru rwkhu yhuvlrqv ri wkh Kroghu qrup/ wkh
vlqjxodu %srlqwv% kdyh d ydulhw| ri vkdshv1 Wkh wkhru| ri Krprjhqhrxv qrupdo
�hogv dqg wkh dssolfdwlrqv ri wkh Kroghu qrup zloo dsshdu hovhzkhuh1

Uhihuhqfhv

^4` Yroryln/ J1 H1/ %Wkh Xqlyhuvh lq d Kholxp gursohw%/ +Foduhgrq Suhvv/ R{irug/
5336,
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^5` Eu|dqw/ U1O1/Fkhuq/ V1V1/ Jdugqhu/ U1E1/Jrogvfkplgw/ K1O1/ dqg Jul!wkv/ S1
D1 / %H{whulru Gl�huhqwldo V|vwhpv% +Vsulqjhu/ Yhuodj 4<<4,

^6` Odqgdx/ O1 G1 dqg Olivklw}/ H1 P1/ %Vwdwlvwlfdo Sk|vlfv% +Shujdprq Suhvv/
Orqgrq 4<8;, s1 69<1

^7` Nlhkq/ U1P1 +4<<4, �Frqwlqxrxv Wrsrorjlfdo Hyroxwlrq�/ ODQO
du[ly2pdwk0sk23434365 +kwws=22zzz551sdlu1frp2fvgf2sgi2frqwhyro61sgi,

^8` Edogzlq/ S1 dqg Nlhkq/ U1 P1 +4<<4, �Fduwdq*v Wrsrorjlfdo Vwuxfwxuh�/
Srvwhu suhvhqwhg dw wkh vxpphu zrunvkrs/ �Wrsrorj| lq Ioxlg G|qdp0
lfv�/ Lqvw1 iru Wk1 Sk|1 XFVE/ Dxjxvw 4<<41 du[ly pdwk0sk23434366/
kwws=22zzz551sdlu1frp2fvgf2sgi2wrsvwux71sgi

^9` Edpehuj/ s1 dqg Vwhuqehuj/ V1/ %D frxuvh lq pdwkhpdwlfv iru vwxghqwv ri
sk|vlfv/ 5%/ +Fdpeulgjh Xqlyhuvlw| suhvv/ Fdpeulgjh/ 4<<5, s1 ::80 :;31

^:` Nrqghsxgl/ G1 dqg Suljrjlqh/ L1/ %Prghuq Wkhuprg|qdplfv% +Zloh|/ Qhz
\run/ 4<<;,

^;` Nlhkq/ U1 P1 +5336,/ �Wkhuprg|qdplf Luuhyhuvlelolw| dqg wkh Duurz ri Wlph�
lq U1 Exfkhu hw do1 +hgv1,/ Wkh Qdwxuh ri Wlph= Jhrphwu|/ Sk|vlfv dqg
Shufhswlrq/ 57605831 +kwws=22zzz551sdlu1frp2fvgf2sgi2duz�qdo1sgi,

^<` Jroghqeodw/ L1L1/ %Vrph sureohpv ri wkh phfkdqlfv ri frqwlqxrxv phgld%/
+Qrrugkr�/ Kroodqg 4<95, s14<6 %Wkh txdqwlw| ri khdw lq d uhyhuvleoh surfhvv
dozd|v kdv dq lqwhjudwlqj idfwru%

^43` Pruvh/ S1P1/ %Wkhupdo Sk|vlfv%/ +Ehqmdplq/ Q\/ 4<97, s1 93/

^44` Nlhkq/ U1 P1/ %D wrsrorjlfdo shuvshfwlyh ri Hohfwurpdjqhwlvp%/ wr eh sxe0
olvkhg lq %Fodvvlfdo hohfwurg|qdplfv= qhz krul}rqv%/ Hglwruv Dqguhz H1
Fkxe|ndor dqg Urpdq Vpluqry0Uxhgd/ Ulqwrq Suhvv/ Lqf1 +XVD,1 Dovr vhh
kwws=22zzz551sdlu1frp2fvgf2sgi2upnwrs1sgi

^45` Nlhkq/ U1 P1 +4<<<,/ �Wrsrorjlfdo hyroxwlrq ri fodvvlfdo hohfwurpdjqhwlf �hogv
dqg wkh skrwrq� lq Gyrhjod}ry/ Y1/ hg/ Skrwrq dqg Srlqfduì Jurxs/ Qryd
Vflhqfh Sxeolvkhuv/ Lqf1/ Frppdfn/ Qhz \run/ 4<<</ s157905951 LVEQ 40
893:50:4;0: +kwws=22zzz551sdlu1frp2fvgf2sgi2skrwrq1sgi,
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^46` Wruqnylvw/ R1 dqg Vfkurhghu/ H1/ +4<<:, %Yruwh{ g|qdplfv lq Glvvlsdwlyh
V|vwhpv%/ Sk|v Uhy1 Ohww1 :;/ 43 / s1 4<3;04<441

^47` Nlhkq/ U1 P1/ +4<;:, Wkh Idodfr H�hfw dv d wrsrorjlfdo ghihfw zdv �uvw
qrwlfhg e| wkh suhvhqw dxwkru lq wkh vzlpplqj srro ri dq rog PLW iulhqg/
gxulqj 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 xqlyhuvdo/
dqg zloo dsshdu dw doo ohyhov iurp wkh plfurvfrslf wr wkh jdodfwlf1 ODQO
du[ly2ju0tf234343<; +kwws=22zzz551sdlu1frp2fvgf2sgi2idodfr<:1sgi,

^48` Nlhkq/ U1P1 dqg Slhufh/ M1 I1/ +4<9<, %Dq Lqwulqvlf Wudqvsruw Wkhruhp1%
Sk|v1 Ioxlgv/ 45/ s14<:41 +kwws=22zzz551sdlu1frp2fvgf2sgi2lqwwudqv1sgi,

^49` Iodqghuv/ K1 +4<96, %Gl�huhqwldo Irupv% +Dfdghplf Suhvv/ Qhz \run, s14591
R*Qhloo/ E1 %Hohphqwdu| Gl�huhqwldo Jhrphwu|%+Dfdghplf Suhvv/ Qhz \run,
s14;<111

^4:` kwws=22zzz551sdlu1frp2fvgf2sgi2lpsolqru1sgi dqg
kwws=22zzz551sdlu1frp2fvgf2sgi2sdudphwulf1sgi
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