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Devwudfw

Fodvvlfdo hohfwurpdjqhwlf wkhru| ri htxloleulxp v|vwhpv fdq eh sxw lqwr
fruuhvsrqghqfh zlwk wzr wrsrorjlfdo frqvwudlqwv sodfhg rq d 7 glphqvlrqdo
ydulhw| ri lqghshqghqw yduldeohv i{> |> }> wj1 Lq whupv ri wkh h{whulru gli0
ihuhqwldo v|vwhpv/ wkh wzr wrsrorjlfdo frqvwudlqwv duh I � gD @ 3 dqg
M � gJ @ 31 Wkh wrsrorjlfdo irupxodwlrq fdq eh dojheudlfdoo| surorqjhg/
ohdglqj wr wkh lqghshqghqw frqfhswv ri wrsrorjlfdo wruvlrq/ DaI / dqg wrsr0
orjlfdo vslq/ DaJ1 Qrq0}hur ydoxhv iru wkhvh 60irupv duh lqglfdwruv ri qrq0
htxloleulxp hohfwurg|qdplf v|vwhpv1 Wkhvh 60irupv duh lghqwlfdoo| }hur lq
htxloleulxp v|vwhpv ri Sid� glphqvlrq 51 Lq wkh qrq0htxloleulxp v|vwhpv/
wkh gluhfwlrq �hogv ri wkh 60irupv DaI dqg DaJ fdq h{klelw olqnlqj dqg
vhsdudwlrq ri wkh v|vwhpv lqwr glvfrqqhfwhg sduwv1 Wkh wrsrorjlfdo forvxuh
+h{whulru ghulydwlyh, ri wkhvh 60irupv gh�qh wkh wrsrorjlfdo Srlqfduh Lqydul0
dqwv1 Zkhq wkh Srlqfduh lqyduldqwv ydqlvk/ wkh 60irupv kdyh surshuwlhv
vlplodu wr wkh frqvhuydwlyh fkdujh fxuuhqw 60irup M @ gJ= Forvhg lqwh0
judov ri wkh forvhg 60irupv irup udwlrqdo wrsrorjlfdo shulrg lqwhjudov +txdq0
wxp qxpehuv,/ hyhq lq wkh qrq0htxloleulxp vlwxdwlrqv1 Krzhyhu zkhq wkh
Srlqfduh lqyduldqwv gr qrw ydqlvk wkh| ehfrph wkh vrxufh ri wrsrorjlfdo
hyroxwlrq/ luuhyhuvleoh fkdqjhv ri skdvh/ wrsrorjlfdo ghihfwv/ dqg wkh fuh0
dwlrq ri vwdwlrqdu| vwdwhv idu iurp htxloleulxp1 Wkh srvvleoh frqwlqxrxv
wrsrorjlfdo hyroxwlrq ri dq htxloleulxp ru qrq0htxloleulxp hohfwurpdjqhwlf
v|vwhp lv vwxglhg lq whupv ri Fduwdq*v pdjlf irupxod dfwlqj rq wkh vhw ri
h{whulru gl�huhqwldo irupv1 Wklv phwkrg h{whqgv wkh fryduldqw irupxodwlrq
ri whqvru dqdo|vlv wr lqfoxgh qrq0dgldedwlf surfhvvhv1 Htxlydohqfh fodvvhv



ri v|vwhpv dqg surfhvvhv fdq eh frqvwuxfwhg lq whupv ri wkh Sid� wrsr0
orjlfdo glphqvlrq ri wkh vhw ri h{whulru gl�huhqwldo irupv xvhg wr gh�qh dq
hohfwurpdjqhwlf v|vwhp1

41 LQWURGXFWLRQ

4141 Wrsrorjlfdo Xqlyhuvdolw|

Lw lv d uhpdundeoh idfw wkdw wkh sk|vlfdo wkhrulhv ri Wkhuprg|qdplfv/ Hohfwurg|0
qdplfv dqg K|gurg|qdplfv doo kdyh vlplodu wrsrorjlfdo irxqgdwlrqv1 Wkhvh vlp0
lodulw| ihdwxuhv ehfrph hylghqw/ dqg xvhixo/ zkhq wkh gl�huhqw glvflsolqhv duh h{0
suhvvhg lq wkh xqlyhuvdo odqjxdjh ri Fduwdq*v wkhru| ri h{whulru gl�huhqwldo irupv1

41 Hdfk glvflsolqh xwlol}hv wkh frqfhsw wkdw d sk|vlfdo v|vwhp fdq eh hqfrghg
lq whupv ri dq h{whulru gl�huhqwldo 40irup ri Dfwlrq/ D=

51 Hdfk glvflsolqh xwlol}hv wkh frqfhsw wkdw d surfhvv/ ru fxuuhqw/ dfwlqj rq wkh
sk|vlfdo v|vwhp/ fdq eh hqfrghg wr zlwklq d idfwru/ �> e| d frqwudyduldqw
gluhfwlrq �hog/ Y 1

61 Hdfk glvflsolqh kdv d g|qdplfv wkdw fdq eh h{suhvvhg lq whupv ri frqwlqx0
rxv wrsrorjlfdo hyroxwlrq edvhg xsrq wkh Olh gl�huhqwldo zlwk uhvshfw wr Y 1
Zduqlqj= wklv wrsrorjlfdo g|qdplfv lv qrw dozd|v ixoo| htxlydohqw wr wkdw
g|qdplfv jhqhudwhg e| wkh fryduldqw gl�huhqwldo ri whqvru dqdo|vlv1 Wkh
jhrphwulf g|qdplfv ri whqvru dqdo|vlv lv d vxevhw ri wkh wrsrorjlfdo g|qdp0
lfv1

Wkh dujxphqwv ri wkh ixqfwlrqv wkdw gh�qh wkh sk|vlfdo v|vwhp/ wkh surfhvv/
dqg wkh lqgxfhg dgglwlrqdo 40irupv/ lq wklv duwlfoh duh olplwhg +zlwk d ihz h{0
fhswlrqv, wr dq rughuhg ydulhw| ri q ' e lqghshqghqw edvh yduldeohv/ devwudfwo|
vshfl�hg dv i{> |> }> wj> dqg wkhlu gl�huhqwldov/ ig{> g|> g}> gwj1 Lw lv suhvxphg
wkdw rwkhu ydulhwlhv ri edvh yduldeohv i��> �2> ��> �ej fdq eh uhsuhvhqwhg lq whupv
ri gl�hrprusklf pdsv iurp i��> �2> ��> �ej wr i{> |> }> wj= Wr d sk|vlflvw/ wkh edvh
yduldeohv sod| wkh uroh ri dgplvvleoh frruglqdwhv li wkh| duh gl�hrprusklfdoo| uh0
odwhg1 Krzhyhu qr vshfl�f jhrphwulf phwulf ru frqqhfwlrq lv +qhfhvvdulo|, lpsrvhg
rq wkhvh ydulhwlhv ri suh0jhrphwulf glphqvlrq q ' e edvh yduldeohv1

Dowkrxjk wkh pdlq wkuxvw ri wklv duwlfoh lv wr vwxg| wrsrorjlfdo ihdwxuhv ri
qrq0htxloleulxp hohfwurg|qdplf v|vwhpv/ lw lv qhfhvvdu| wr suhidfh wkdw zrun zlwk
d ihz uhpdunv derxw wkh wrsrorjlfdo surshuwlhv ri wkh frqwlqxxp +vhfwlrq 4,/ dqg
wkhuprg|qdplfv iurp d wrsrorjlfdo srlqw ri ylhz +vhfwlrq 5,1
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4151 Sid� Wrsrorjlfdo Glphqvlrq

Shukdsv rqh ri wkh prvw lpsruwdqw wrsrorjlfdo wrrov wr eh xvhg zlwklq wkh wkhru|
ri frqwlqxrxv wrsrorjlfdo hyroxwlrq lv wkh frqfhsw ri Sid� wrsrorjlfdo glphqvlrq1
Wkh pd{lpxp Sid� glphqvlrq lv htxdo wr qxpehu ri lqghshqghqw yduldeohv lq wkh
edvh ydulhw|/ zklfk lq wklv duwlfoh kdv ehhq olplwhg wr q ' e= Iru d jlyhq 40irup
ri Dfwlrq/ D ' DnE{> |> }> w�g{

n gh�qhg rq wkh edvh ydulhw| ri i{> |> }> wj/ lw lv
srvvleoh wr dvn zkdw lv wkh luuhgxfleoh plqlpxp qxpehu ri lqghshqghqw ixqfwlrqv
�E{> |> }> w� uhtxluhg wr ghvfuleh wkh wrsrorjlfdo ihdwxuhv wkdw fdq eh jhqhudwhg e|
wkh vshfl�hg 40irup/ D1 Wklv luuhgxfleoh qxpehu ri ixqfwlrqv lv gh�qhg khuh lq
dv wkh %Sid� wrsrorjlfdo glphqvlrq% ri wkh 40irup/ D1 Iru h{dpsoh/ li

D ' Dng{
n , g�E{> |> }> w�luuhgxfleoh> +414,

vxfk wkdw Dn ' C�E{> |> }> w�@C{n> +415,

wkhq rqo| rqh ixqfwlrq �E{> |> }> w� lv uhtxluhg wr ghvfuleh wkh Dfwlrq/ qrw irxu1
Lq wklv h{dpsoh wkh luuhgxfleoh Sid� wrsrorjlfdo glphqvlrq ri wkh 40irup/ D/ lv 4/
dowkrxjk wkh glphqvlrq ri edvh ydulhw| lv 71

Uhodwlyh wr wkh Fduwdq wrsrorj| ^Edogzlq 4<<4`/ wkh %Sid� wrsrorjlfdo glphq0
vlrq% fdq eh jhqhudwhg e| hdfk ri wkh Sid!dq irupv dvvrfldwhg zlwk hdfk glv0
flsolqh1 Wkh luuhgxfleoh Sid� wrsrorjlfdo glphqvlrq iru dq| jlyhq 40irup D lv
uhdglo| frpsxwhg e| frqvwuxfwlqj wkh Sid� vhtxhqfh ri irupv=

Sid� vhtxhqfh iD> gD>D	gD> gD	gDj= +416,

Wkh Sid� wrsrorjlfdo glphqvlrq lv lv htxdo wr wkh qxpehu ri qrq0}hur whupv lq
wkh Sid� vhtxhqfh1 Iru h{dpsoh/ li wkh Sid� vhtxhqfh iru d jlyhq 40irup D lv
iD> gD> f> fj lq d uhjlrq X � i{> |> }> wj/ wkhq wkh Sid� wrsrorjlfdo glphqvlrq ri
D lv 5 lq wkh uhjlrq/ X= Wkh 40irup D> lq wkh uhjlrq X> wkhq dgplwv ghvfulswlrq lq
whupv ri rqo| wzr/ exw qrw ohvv wkdq 5/ lqghshqghqw yduldeohv/ vd| ix�> x2j= Iru
d gl�huhqwldeoh pds * iurp i{> |> }> wj , ix�> x2j/ wkh h{whulru gl�huhqwldo 40irup
gh�qhg rq wkh wdujhw ydulhw| X ri 5 suh0jhrphwu| glphqvlrqv dv

DEx�> x2� ' D�Ex
�> x2�gx� nD2Ex

�> x2�gx2> +417,

kdv d ixqfwlrqdoo| zhoo gh�qhg suh0lpdjh DE{> |> }> w� rq wkh edvh ydulhw| i{> |> }> wj
ri 7 suh0jhrphwulf glphqvlrqv1 Wklv ixqfwlrqdoo| zhoo gh�qhg suh0lpdjh lv re0
wdlqhg e| ixqfwlrqdo vxevwlwxwlrq ri x�> x2> gx�> gx2 lq whupv ri i{> |> }> wj dv gh�qhg
e| wkh pdsslqj != Wkh surfhvv ri ixqfwlrqdo vxevwlwxwlrq lv fdoohg wkh sxoo0edfn1
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DE{> |> }> w� ' Dng{
n ' *WEDEx�> x2�� ' *WED�gx

�� +418,

Lw pd| eh wuxh wkdw wkh ixqfwlrqdo irup ri d 40irup/ D> |lhogv d Sid� wrsrorjlfdo
glphqvlrq htxdo wr 5 joredoo| ryhu wkh grpdlq X � i{> |> }> wj> h{fhsw iru vxe
uhjlrqv zkhuh wkh Sid� glphqvlrq ri D lv 6 ru 71 Wkhvh vxe uhjlrqv uhsuhvhqw
wrsrorjlfdo ghihfwv lq wkh doprvw joredo grpdlq ri Sid� glphqvlrq 51 Frqyhuvho|/
wkh Sid� glphqvlrq ri D frxog eh 7 joredoo| ryhu wkh grpdlq/ h{fhsw iru vxe
uhjlrqv zkhuh wkh Sid� glphqvlrq ri D lv 6/ ru ohvv1 Wkhvh vxe uhjlrqv uhsuhvhqw
wrsrorjlfdo ghihfwv lq wkh doprvw joredo grpdlq ri Sid� glphqvlrq 71 Dssolfdwlrqv
ri erwk ylhzsrlqwv zloo eh ghvfulehg ehorz1 Wkh lpsruwdqw frqfhsw ri Sid�
wrsrorjlfdo glphqvlrq dovr fdq eh xvhg wr gh�qh htxlydohqfh fodvvhv ri sk|vlfdo
v|vwhpv dqg surfhvvhv1

Wkh frqfhsw ri Sid� %wrsrorjlfdo glphqvlrq% zdv ghyhorshg pruh wkdq 443
|hduv djr +vhh sdjh 5<3 ri Iruv|wk ^Iruv|wk +4;<3, 4<8<` ,/ dqg kdv ehhq fdoohg
wkh %fodvv% ri d gl�huhqwldo 40irup lq wkh pdwkhpdwlfdo olwhudwxuh1 Pruh uh0
fhqw pdwkhpdwlfdo ghyhorsphqwv fdq eh irxqg lq ^Vfkrxwhq 4<7<`1 Wkh phwkrg
dqg lwv surshuwlhv kdyh ehhq olwwoh xwlol}hg lq wkh dssolhg zruog ri sk|vlfv dqg
hqjlqhhulqj1 Ri nh| lpsruwdqfh lv wkh idfw wkdw wkh qrq0}hur h{lvwhqfh ri wkh
60irup D	gD ' D	I ri Wrsrorjlfdo Wruvlrq> dqg wkh 70irup ri Wrsrorjlfdo Sdulw|/
gD	gD ' I	I lpsolhv wkdw wkh Sid� wrsrorjlfdo glphqvlrq ri wkh uhjlrq lv 6 ru
7/ uhvshfwlyho|1 Hlwkhu ydoxh lv dq lqglfdwru wkdw wkh sk|vlfdo v|vwhp +lq wkh vxe
uhjlrq, lv QRW lq wkhuprg|qdplf htxloleulxp1 Wkh frqfhsw ri wrsrorjlfdo sdulw|/
I	I / kdv lwv irxqgdwlrqv lq wkh wkhru| ri Sid�*v sureohp/ zlwk d uhfrjql}deoh
7 glphqvlrqdo irupxodwlrq dsshdulqj lq Iruv|wk ^Iruv|wk +4;<3, 4<8<` sdjh 4331
Wkh lghd ri Wrsrorjlfdo Wruvlrq/ D	I / lv dvvrfldwhg zlwk wkh lghd ri pdjqhwlf
kholflw| ghqvlw|/ d frqfhsw wkdw dssduhqwo| kdg lwv hohfwurpdjqhwlf jhqhvlv zlwk
wkh vwxg| ri sodvpdv lq ZZLL1 Krzhyhu/ wkh frqfhsw ri kholflw| ghqvlw| lv exw rqh
frpsrqhqw ri wkh irxu glphqvlrqdo Wrsrorjlfdo Wruvlrq 7 yhfwru1

Uhfdoo wkdw d vsdfh fxuyh zlwk qrq0}hur Iuhqhw 0 Vhuuhw wruvlrq grhv qrw uhvlgh
lq d wzr glphqvlrqdo sodqh1 Qrq0}hur Iuhqhw 0 Vhuuhw wruvlrq ri d vsdfh fxuyh
lv dq lqglfdwru wkdw wkh jhrphwulfdo glphqvlrq ri wkh vsdfh fxuyh lv dw ohdvw 61
Wkh idfw wkdw wkh Sid� wrsrorjlfdo glphqvlrq ri wkh 40irup/ D> lv dw ohdvw 6/ zkhq
D	I lv qrq0}hur/ lv wkh edvlv ri zk| wkh 60irup/ D	I / zdv fdoohg %Wrsrorjlfdo
Wruvlrq%1 Wkh lghd ri qrq0}hur D	I dovr dsshduv lq wkh wkhru| ri wkh Krsi
Lqyduldqw ^Erww 4<<7`1

Wkh frqfhsw ri D	I kdv dovr dsshduhg lq wkh gl�huhqwldo jhrphwu| ri frq0
qhfwlrqv/ zkhuh wkh pdwul{ ydoxhg 60irup lv nqrzq dv wkh Fkhuq0Vlprqv 60irup1
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Krzhyhu/ rq ydulhwlhv zlwkrxw frqqhfwlrq ru phwulf/ wkh Fkhuq0Vlprqv frqfhsw lv
qrw zhoo gh�qhg/ exw wkh Wrsrorjlfdo Wruvlrq frqfhsw h{lvwv dqg lv dffhswdeoh/ iru
lw grhv qrw ghshqg xsrq wkh jhrphwulf ihdwxuhv ri phwulf dqg2ru frqqhfwlrq1

4161 Ghirupdwlrq Lqyduldqwv dv Wrsrorjlfdo Surshuwlhv

Wrsrorjlfdo surshuwlhv duh gh�qhg dv lqyduldqwv zlwk uhvshfw wr krphrprusklvpv1
D pruh pxqgdqh gh�qlwlrq lv wkdw d wrsrorjlfdo surshuw| lv dq lqyduldqw ri d frq0
wlqxrxv ghirupdwlrq1 Fhuwdlq lqwhjudo surshuwlhv ri dq hohfwurpdjqhwlf v|vwhp
duh ghirupdwlrq lqyduldqwv zlwk uhvshfw wr wkrvh frqwlqxrxv hyroxwlrqdu| surfhvvhv
wkdw fdq eh ghvfulehg e| d vlqjo| sdudphwhul}hg yhfwru �hog1 Wkh devroxwh ghiru0
pdwlrq lqyduldqwv ohdg wr wkh ixqgdphqwdo wrsrorjlfdo frqvhuydwlrq odzv ghvfulehg
lq wkh sk|vlfdo olwhudwxuh ri hohfwurpdjqhwlvp dv wkh frqvhuydwlrq ri fkdujh dqg
wkh frqvhuydwlrq ri  x{1 Uhfdoo wkh gh�qlwlrqv xvhg wr ghvfuleh surfhvvhv ri
frqwlqxrxv wrsrorjlfdo hyroxwlrq1

D frqwlqxrxv surfhvv lv gh�qhg dv d pds iurp dq lqlwldo vwdwh ri wrsro0
rj| Wlqlwldo lqwr d �qdo vwdwh ri shukdsv gl�huhqw wrsrorj| Wilqdo vxfk
wkdw wkh olplw srlqwv ri wkh lqlwldo vwdwh duh shupxwhg dprqj wkh olplw
srlqwv ri wkh �qdo vwdwh +vhh s1 <: hw1vht1 ^Olsvfkxw} 4<98`,1 Li wkh
rughulqj ri wkh olplw srlqwv lv lqyduldqw/ wkh surfhvv lv xqlirupo| frq0
wlqxrxv1 Li wkh rughulqj +dv lq d iroglqj ri d erxqgdu|, ru wkh qxpehu
ri wkh olplw vhwv lv fkdqjhg/ wkh surfhvv lv qrq0xqlirupo| frqwlqxrxv1

D wrsrorjlfdo ghirupdwlrq lqyduldqw lv gh�qhg dv dq lqwhjudo ri dq
h{whulru gl�huhqwldo s0irup ryhu d s glphqvlrqdo pdqlirog/ ru f|foh/
}sg> vxfk wkdw wkh Olh gl�huhqwldo ri wkh lqwhjudo ri wkh s0irup $ zlwk
uhvshfw wr d vlqjo| sdudphwhul}hg yhfwru �hog/ �Y n> ydqlvkhv/ iru dq|
fkrlfh ri ghirupdwlrq sdudphwhu/ �1

Lqwhjudo Ghirupdwlrq Lqyduldqw = OE�Y n�

]
s

$ ' f dq| � +419,

Wkh uhtxluhphqwv wkdw d jlyhq s0irup ehfrphv d ghirupdwlrq lqyduldqw +dqg wkhuh0
iru d wrsrorjlfdo surshuw|/ lqyduldqw zlwk uhvshfw wr krphrprusklvpv, lv h{suhvvhg
lq whupv ri fhuwdlq wrsrorjlfdo frqvwudlqwv1 Wkrvh remhfwv ru surshuwlhv wkdw uh0
pdlq wkh vdph xqghu frqwlqxrxv ghirupdwlrq uhsuhvhqw wrsrorjlfdo/ qrw jhrphwulf/
surshuwlhv1 Iru h{dpsoh/ wkh qxpehu ri krohv lq d wklq uxeehu vkhhw vwd|v wkh vdph
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dv wkh uxeehu vkhhw shuwxuehg e| d ghirupdwlrq1 Wkh qxpehu ri krohv lv d wrsr0
orjlfdo surshuw|1 Krzhyhu/ li wkh wrsrorjlfdo frqvwudlqwv uhtxluhg iru frqwlqxrxv
ghirupdwlrq duh qrw vdwlv�hg/ wkhq wrsrorjlfdo fkdqjh wdnhv sodfh1 Wrsrorjlfdo
fkdqjh zrxog uhtxluh wkdw wkh qxpehu ri krohv lq wkh wklq uxeehu vkhhw h{dpsoh
zhuh wr fkdqjh1 Wrsrorjlfdo fkdqjh fdq rffxu frqwlqxrxvo| ru glvfrqwlqxrxvo|1
Wkh irfxv lq wklv duwlfoh lv rq frqwlqxrxv wrsrorjlfdo fkdqjh/ dqg dv zloo eh ghprq0
vwudwhg ehorz/ wrsrorjlfdo fkdqjh lv d qhfhvvdu| uhtxluhphqw iru wkhuprg|qdplf
luuhyhuvlelolw| ^UPN 4<:9 e`1

416141 Devroxwh Lqwhjudo Lqyduldqwv

Wkhuh duh wzr w|shv ri lqyduldqw lqwhjudov/ Devroxwh dqg Uhodwlyh lqwhjudo lqydul0
dqwv1 Li wkh h{whulru s0irup wkdw irupv wkh lqwhjudqg lv h{dfw/ wkh Devroxwh
lqwhjudo lqyduldqw sodfhv frqglwlrqv rqo| rq wkh erxqgdu| ri wkh grpdlq ri lqwh0
judwlrq1 Lw lv wkhvh w|shv ri remhfwv +Devroxwh lqwhjudo lqyduldqwv, wkdw jlyh d
irupdolw| wr wkrvh wkhuprg|qdplf frqfhswv zkhuhe| d sk|vlfdo v|vwhp uhdfkhv
htxloleulxp xqlirupo| zlwklq lwv lqwhulru/ dqg |hw pd| frxsoh zlwk lwv h{whulru
hqylurqphqw yld  x{hv dfurvv lwv erxqgdu|1 Rqo| h�hfwv uhodwhg wr wkh erxqgdu|
duh ri frqvhtxhqfh1 Iru h{dpsoh/ frqvlghu sk|vlfdo v|vwhpv wkdw fdq eh gh�qhg
e| d 40irup ri Dfwlrq/ D/ vxfk wkdw wkh ghulyhg 50irup I ' gD> lv h{dfw1 Lw
iroorzv iurp Vwrnhv wkhruhp wkdw wkh 50glphqvlrq lqwhjudo ri I lv dq devroxwh
lqwhjudo ghirupdwlrq lqyduldqw zlwk uhvshfw wr doo frqwlqxrxv surfhvvhv wkdw fdq
eh gh�qhg e| d vlqjo| sdudphwhul}hg yhfwru �hog/ vxemhfw wr d erxqgdu| frqglwlrq
wkdw wkh qhw  x{/ lE�Y n�I> ri I> dfurvv wkh 40glphqvlrqdo erxqgdu| ri P lv }hur=

OE�Y n�

] ]
P

I '

] ]
P

lE�Y n�gI n

] ]
P

gElE�Y n�I � +41:,

' f n

]
erxqgdu| ri P

lE�Y n�I +41;,

Wklv frqfhsw lv dw wkh edvlv ri wkh Khopkrow} wkhruhpv ri yruwlflw| frqvhuydwlrq
+ru dqjxodu prphqwxp shu xqlw pdvv, lq k|gurg|qdplfv/ dqg wkh frqvhuydwlrq ri
 x{ lq fodvvlfdo hohfwurpdjqhwlvp1 Khuhlq/ wklv frqfhsw ri ghirupdwlrq lqyduldqfh
ri d wrsrorjlfdoo| frkhuhqw vwuxfwxuh zloo eh zulwwhq lq wkh irup ri dq h{whulru
gl�huhqwldo v|vwhp ^Eu|dqw 4<<4`/ I�gD ' f= Wkh h{whulru gl�huhqwldo v|vwhp lv wr
eh uhfrjql}hg dv wrsrorjlfdo frqvwudlqw1 Iurp Vwrnhv wkhruhp/ wkh 5 glphqvlrqdo
grpdlq ri �qlwh vxssruw iru I fdq qrw/ lq jhqhudo/ eh frpsdfw zlwkrxw erxqgdu|/
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xqohvv wkh Hxohu fkdudfwhulvwlf ydqlvkhv1 Wkhuh duh wzr h{fhswlrqdo fdvhv iru
devroxwh lqyduldqfh ri wkh lqwhjudo/ dqg wkh| rffxu zkhq wkh lqwhjudwlrq grpdlq
lv frpsdfw zlwkrxw erxqgdu|1 Vxfk wzr glphqvlrqdo grpdlqv zklfk kdyh d }hur
Hxohu fkdudfwhulvwlf duh wkh wruxv dqg wkh Nohlq0Erwwoh/ exw wkhvh vlwxdwlrqv uhtxluh
wkh dgglwlrqdo wrsrorjlfdo frqvwudlqw wkdw I	I , f= Wkh �hogv lq wkhvh h{fhswlrqdo
fdvhv pxvw uhvlgh rq wkhvh h{fhswlrqdo frpsdfw vxuidfhv zlwkrxw erxqgdu|/ zklfk
irup wrsrorjlfdo frkhuhqw vwuxfwxuhv1 Qrwh wkdw dq hyroxwlrqdu| surfhvv frxog
vwduw zlwk I	I 9' f> dqg srvvleo| hyroyh wr d vwdwh zlwk I	I ' f= Li vxfk
uhvlgxh vwdwhv duh frpsdfw zlwkrxw erxqgdu|/ wkhq wkh| pxvw eh hlwkhu wrul ru
Nohlq erwwohv1

Wkh vdph whfkqltxh fdq eh dssolhg wr qrq0h{dfw exw forvhg s0irupv1

416151 Uhodwlyh Lqwhjudo Lqyduldqwv

Li wkh lqwhjudwlrq ri wkh h{dfw 50irup/ I / lv ryhu d forvhg wzr glphqvlrqdo fkdlq/
ghvljqdwhg dv d 5 glphqvlrqdo f|foh/ }5g +zklfk pd| ru pd| qrw eh d 5 glphqvlrqdo
erxqgdu|,/ wkhq wkh Lqwhjudo lv lqyduldqw iru dq| ghirupdwlrq idfwru/ � G

OE�Y n�
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}2g

I '

] ]
}2g

lE�Y n�gI n
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}2g

gElE�Y n�I � ' f n f= +41<,

Wkh wzr lqwhjudov rq wkh uljkw ydqlvk/ wkh �uvw gxh wr wkh idfw wkdw gI ' f/
dqg wkh vhfrqg gxh wkh idfw wkdw wkh forvhg lqwhjudo ryhu dq h{dfw irup ydqlvkhv1
Forvh lqwhjudov ri h{dfw s0irupv duh dozd|v uhodwlyh ghirupdwlrq lqwhjudo lqyduldqwv1
Krzhyhu/ wkh vdph whfkqltxh fdq eh dssolhg wr qrq0h{dfw exw forvhg s0irupv1
Iru hohfwurpdjqhwlvp/ wkhuh duh vhyhudo h{dfw s0irupv/ hdfk surgxflqj d uhodwlyh
ghirupdwlrq lqwhjudo lqyduldqw1 Iru h{dpsoh/ wkh 60irup ri fkdujh0fxuuhqw ghqvlw|
lv h{dfw/ M ' gJ1 Wkh 70irupv wkdw gh�qh wkh Srlqfduh Lqyduldqwv duh h{dfw=
I	I ' gED	J� dqg I	J�D	M ' gED	J�=

Li wkh frqglwlrqv ri uhodwlyh lqwhjudo lqyduldqfh duh dssolhg wr dq duelwudu|
40irup ri Dfwlrq/ wkhq wkh uhodwlyh lqwhjudo lqyduldqfh frqglwlrq ehfrphv

OE�Y n�

]
}�g

D '

]
}�g

lE�Y n�gDn

]
}�g

gElE�Y n�D� +4143,

'

]
}�g

lE�Y n�I n f , f= +4144,

:



Lw iroorzv wkh lE�Y n�gD pxvw eh }hur rq wkh f|foh }�g iru dq| ghirupdwlrq sd0
udphwhu �= Fduwdq kdv vkrzq wkdw wklv lv wkh frqglwlrq wkdw lpsolhv wkh surfhvv
�Y n kdv d %Kdplowrqldq% uhsuhvhqwdwlrq ^Fduwdq 4<8; +4<55,`1

51 Wrsrorjlfdo Wkhuprg|qdplfv

Dv wkh hpskdvlv lq wklv duwlfoh lv rq hohfwurpdjqhwlf wkhru|/ wklv vhfwlrq rq
wrsrorjlfdo wkhuprg|qdplfv zloo eh deeuhyldwhg/ exw lv suhvhqwhg khuh lq rughu
wr ghprqvwudwh krz wkh xqlyhuvdo wrsrorjlfdo ylhzsrlqw frxsohv wkhuprg|qdplf
wklqnlqj wr hohfwurpdjqhwlvp1

5141 Fduwdq*v Pdjlf irupxod dqg wkh Iluvw Odz ri Wkhuprg|qdplfv

Wkh wrsrorjlfdo ylhz ri wkhuprg|qdplfv ghvfulehg khuhlq lv edvhg rq wkuhh d{0
lrpv1

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 ydulhw|
ri rughuhg lqghshqghqw yduldeohv/ i{> |> }> wj= Wkh ydulhw| vxssruwv d 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

Fduwdq*v Pdjlf Irupxod OE�Ve�D ' lE�Ve�gDn gElE�Ve�D� +514,

Iluvw Odz ri Wkhuprg|qdplfv G Z n gX ' T> +515,

Lqh{dfw 40irup ri Khdw OE�Ve�D ' Z n gX ' T +516,

Lqh{dfw 40irup ri Zrun Z ' lE�Ve�gD> +517,

Lqwhuqdo Hqhuj| X ' lE�Ve�D= +518,

Lq h�hfw/ Fduwdq*v phwkrgv fdq eh xvhg wr irupxodwh suhflvh pdwkhpdwlfdo
gh�qlwlrqv iru pdq| wkhuprg|qdplf frqfhswv lq whupv ri wrsrorjlfdo surshuwlhv
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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

Lq rughu wr pdnh wkh htxdwlrqv pruh vxjjhvwlyh wr wkh uhdghu/ wkh v|perolvp iru
wkh ydulhw| ri lqghshqghqw yduldeohv kdv ehhq fkrvhq wr 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 edvh ydulhw| lv hxfolghdq1

5151 Sk|vlfdo V|vwhpv= Htxloleulxp/ Lvrodwhg/ Forvhg dqg Rshq

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 fdwhjrulhv1 Wkh duh wzr wrsrorjlfdo wkhu0
prg|qdplf fdwhjrulhv wkdw duh ghwhuplqhg e| wkh forvxuh +ru gl�huhqwldo lghdo, ri
wkh 40irup ri Dfwlrq/ D^ gD> dqg wkh forvxuh ri wkh 60irup ri wrsrorjlfdo wruvlrq/
D	gD^gD	gD= Wkh �uvw fdwhjru| lv uhsuhvhqwhg e| d frqqhfwhg Fduwdq wrsrorj|/
zkloh wkh vhfrqg fdwhjru| lv uhsuhvhqwhg e| d glvfrqqhfwhg Fduwdq wrsrorj|1 Wkh
Fduwdq wrsrorj| lv glvfxvvhg lq ghwdlo lq Fkdswhu 61

515141 Frqqhfwhg Wrsrorj| D	I ' f

� Htxloleulxp sk|vlfdo v|vwhpv duh hohphqwv vxfk wkdw wkh Sid� wrsrorjlfdo
glphqvlrq lv 41

Lvrodwhg sk|vlfdo v|vwhpv duh hohphqwv vxfk wkdw wkh Sid� wrsrorjlfdo gl0
phqvlrq lv 5/ ru ohvv1

� Lvrodwhg v|vwhpv ri Sid� glphqvlrq 5 qhhg qrw eh lq htxloleulxp/ exw gr qrw
h{fkdqjh udgldwlrq ru pdvv zlwk wkh hqylurqphqw1

515151 Glvfrqqhfwhg Wrsrorj| D	I 9' f

� Forvhg sk|vlfdo v|vwhpv duh hohphqwv vxfk wkdw wkh Sid� wrsrorjlfdo glphq0
vlrq lv 61 Forvhg v|vwhpv fdq h{fkdqjh udgldwlrq/ exw qrw pdvv/ zlwk wkh
hqylurqphqw1

<



� Rshq sk|vlfdo v|vwhpv duh vxfk wkdw wkh Sid� wrsrorjlfdo glphqvlrq lv 71
Rshq sk|vlfdo v|vwhpv fdq h{fkdqjh erwk udgldwlrq dqg pdvv zlwk wkh hq0
ylurqphqw1

V|vwhpv G gh�qhg e| wkh Sid� glphqvlrq ri D +519,

gD ' f Htxloleulxp 0 Sid� glphqvlrq 4 +51:,

D	gD ' f Lvrodwhg 0 Sid� glphqvlrq 5 +51;,

gED	gD� ' f Forvhg 0 Sid� glphqvlrq 6 +51<,

gD	gD 9' f= Rshq 0 Sid� glphqvlrq 71 +5143,

Qrwh wkdw wkhvh wrsrorjlfdo vshfl�fdwlrqv dv jlyhq deryh duh ghwhuplqhg hqwluho|
iurp wkh ixqfwlrqdo 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 +wr zlwklq d idfwru, e| vrph yhfwru gluhfwlrq �hog/ Ve= Krzhyhu/ wkh
surfhvv Ve grhv lq xhqfh wkh wrsrorjlfdo surshuwlhv ri wkh zrun 40irup Z dqg
wkh Khdw 40irup T1

5161 Htxloleulxp yv1 Qrq0Htxloleulxp V|vwhpv

Wkh lqwxlwlyh lghd iru dq htxloleulxp v|vwhp frphv iurp wkh h{shulphqwdo uhfrj0
qlwlrq wkdw wkh lqwhqvlyh yduldeohv ri suhvvxuh dqg whpshudwxuh ehfrph grpdlq
frqvwdqwv lq dq htxloleulxp vwdwh= gS , f> gW , f1 D gh�qlwlrq pdgh khuhlq
lv wkdw wkh Sid� wrsrorjlfdo glphqvlrq lq wkh lqwhulru ri d sk|vlfdo v|vwhp zklfk
lv lq wkh htxloleulxp vwdwh lv dw prvw 4 ^Edpehuj 4<<5`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 ' f> D	gD ' f> gD	gD ' fj= Dowkrxjk wkh Sid�
wrsrorjlfdo glphqvlrq ri D lv dw prvw 5 lq wkh lvrodwhg vwdwh/ surfhvvhv lq wkh htxl0
oleulxp 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> wkhq gT ' gW	gV , f li wkh
whpshudwxuh lv d grpdlq frqvwdqw1 Khqfh erwk Z dqg T duh ri Sid� glphqvlrq
4 iru wklv htxloleulxp h{dpsoh1 Li wkh Sid� glphqvlrq ri wkh 40irup ri Dfwlrq lv
4/ wkhq gD , f= Lw iroorzv lq wklv pruh vwulqjhqw fdvh wkdw Z , f> khqfh wkh
Suhvvxuh pxvw ydqlvk/ dqg Khdw 40irup lv d shuihfw gl�huhqwldo/ T ' gEX�=
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Ri sduwlfxodu lqwhuhvw khuhlq duh wkrvh uhjlrqv ri edvh yduldeohv iru rshq/ qrq0
htxloleulxp/ Wxuexohqw sk|vlfdo v|vwhpv/ iruphg e| wkh forvxuh4 ri wkh 60irupv
D	gD/ Z	gZ / dqg T	gT1 Iru vxfk uhjlrqv/ wkh Sid� wrsrorjlfdo glphqvlrq
ri wkh 40irupv/ D> Z> dqg T> duh doo lqlwldoo| ri Sid� wrsrorjlfdo glphqvlrq 7/
vdyh iru ghihfw uhjlrqv wkdw duh ri Sid� glphqvlrq 61 Iru h{dpsoh/ hyroxwlrqdu|
glvvlsdwlyh luuhyhuvleoh surfhvvhv lq vxfk rshq v|vwhpv fdq ghvfuleh hyroxwlrq wr
uhjlrqv ri edvh yduldeohv zkhuh wkh Sid� wrsrorjlfdo glphqvlrq ri wkh 40irup ri
Dfwlrq/ D/ fkdqjhv iurp 7 wr 61 Vxfk surfhvvhv ghvfuleh wrsrorjlfdo fkdqjh lq wkh
sk|vlfdo v|vwhp1 Iru d jlyhq 40irup ri Dfwlrq/ D> wkrvh uhjlrqv ri Sid� wrsrorjlfdo
glphqvlrq 6/ rqfh fuhdwhg/ irup wrsrorjlfdo %ghihfw vwuxfwxuhv% lq wkh forvxuh ri
wkh 60irup/ D	I= Wkh ghihfw vwuxfwxuhv ri wkh 40irup ri Dfwlrq/ D> +ri Sid�
glphqvlrq 6, fdq ehkdyh dv orqj olyhg +h{flwhg, vwdwhv ri wkh lqlwldo sk|vlfdo v|vwhp/
exw wkh| duh idu iurp htxloleulxp dqg duh qrw lvrodwhg/ iru wkh| duh qrw ri Sid�
wrsrorjlfdo glphqvlrq htxdo wr 5 ru ohvv1 Vxfk h{flwhg vwdwhv +ri rgg wrsrorjlfdo
glphqvlrq, fdq dgplw h{wuhpdo surfhvvhv ri nlqhpdwlf shuihfwlrq/ dqg fdq kdyh
d Kdplowrqldq jhqhudwru iru wkh nlqhpdwlfv uhsuhvhqwhg dv �uvw rughu ruglqdu|
gl�huhqwldo htxdwlrqv1 Wkh Kdplowrqldq hyroxwlrq uhpdlqv frqwdlqhg lq wkh ghihfw
vwuxfwxuh/ xqohvv wrsrorjlfdo  xfwxdwlrqv ghvwur| wkh nlqhpdwlf shuihfwlrq1

Vxfk frqfhswv fdq eh dssolhg wr d prgho ri frvprorj| +zkhuh wkh vwduv duh wkh
ghihfw vwuxfwxuhv,/ wr wxuexohqw sodvpdv dqg  xlgv +zkhuh zdnhv duh wkh ghihfw
vwuxfwxuhv,/ dqg wr d ehwwhu xqghuvwdqglqj ri wkh duurz ri wlph1 Dowkrxjk wkh
ghihfwv lq wkh Wxuexohqw qrq0htxloleulxp uhjlph duh qrw qhfhvvdulo| htxloleulxp
vwuxfwxuhv/ rqfh iruphg dqg vhoi rujdql}hg dv frkhuhqw wrsrorjlfdo vwuxfwxuhv ri
Sid� glphqvlrq 6/ wkh| fdq hyroyh dorqj h{wuhpdo wudmhfwrulhv wkdw duh qrw glv0
vlsdwlyh/ dqg pd| hyhq kdyh d Kdplowrqldq uhsuhvhqwdwlrq1 Wkhvh %vwdwlrqdu|%/
li qrw orqj olyhg +h{flwhg, vwdwhv ri Sid� glphqvlrq 6/ lqghhg duh vwdwhv %idu%
iurp wkh htxloleulxp vwdwh/ zklfk uhtxluhv d Sid� glphqvlrq ri 41 Qrwh wkdw
wkh zrug %idu% grhv qrw lpso| d %glvwdqfh%1 Wkh Sid� glphqvlrq 6 dqg 7 vhwv
duh qrw hyhq %frqqhfwhg% wr wkh htxloleulxp vwdwhv lq d wrsrorjlfdo vhqvh1 Wkh
qrq0htxloleulxp vwdwhv ri d sk|vlfdo v|vwhp wkdw duh %qhdu0e|% wr wkh htxloleulxp
vwdwh/ duh %frqqhfwhg% wr wkh htxloleulxp vwdwh/ dqg duh ri Sid� glphqvlrq 51

Wkh ghvfulswlyh zrugv ri vhoi0rujdql}hg vwdwhv idu iurp htxloleulxp duh de0
vwudfwhg iurp wkh lqwxlwlrq dqg frqmhfwxuhv ri L1 Suljrjlqh ^Nrqghsxgl 4<<;`1
Krzhyhu/ wkh wrsrorjlfdo wkhru| suhvhqwhg khuhlq suhvhqwv iru wkh �uvw wlph d
vrolg/ irupdo/ pdwkhpdwlfdo mxvwl�fdwlrq +zlwk h{dpsohv, iru wkh Suljrjlqh frq0

4Wkh forvxuh ri wkh s0irup 	 lv wkh xqlrq ri 	 dqg g	> zklfk Fduwdq kdv fdoohg d gl�huhqwldo
lghdo1
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mhfwxuhv1 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 du0
urz ri wlph duh zhoo gh�qhg lq d wrsrorjlfdo vhqvh ^UPN 5336`/ d whfkqltxh wkdw
jrhv eh|rqg +dqg zlwkrxw, vwdwlvwlfdo dqdo|vlv1 Wkhuprg|qdplf luuhyhuvlelolw|
dqg wkh duurz ri wlph uhtxluhv wkdw wkh hyroxwlrqdu| surfhvv surgxfh wrsrorjlfdo
fkdqjh1

5171 Pxowlsoh Frpsrqhqwv

Rqh ri wkh prvw uhpdundeoh surshuwlhv ri wkh Fduwdq wrsrorj| ^Edogzlq 4<<4`/ jhq0
hudwhg e| wkh hohphqwv ri d Sid� vhtxhqfh/ lv gxh wr wkh idfw wkdw zkhq D	gD ' f>
+Sid� glphqvlrq 5 ru ohvv, wkh Fduwdq wrsrorj| ri wkh sk|vlfdo v|vwhp lv uhgxfleoh
wr d vlqjoh frqqhfwhg wrsrorjlfdo frpsrqhqw1 Wklv vlqjoh frpsrqhqw qhhg qrw
eh vlpso| frqqhfwhg1 Rq wkh rwkhu kdqg zkhq D	gD 9' f> +Sid� glphqvlrq 6 ru
pruh, wkh wkh Fduwdq wrsrorj| ri wkh sk|vlfdo v|vwhp lv d glvfrqqhfwhg wrsrorj|
ri pruh wkdq rqh wrsrorjlfdo frpsrqhqw1 Wkh erwwrp olqh lv wkdw zkhq wkh Sid�
glphqvlrq lv 6 ru juhdwhu +vxfk wkdw frqglwlrqv ri wkh Iurehqlxv xqltxh lqwhjud0
elolw| wkhruhp duh qrw vdwlv�hg,/ vroxwlrq xqltxhqhvv 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 +vljqdov,/ hqyhorsh vroxwlrqv +Kx|jhq
zdyhohwv,/ dq hgjh ri uhjuhvvlrq +wkh vslqrgdo olqh ri skdvh wudqvlwlrqv, d odfn
ri wlph uhyhuvdo lqyduldqfh/ dqg wkh h{lvwhqfh ri luuhgxfleoh d!qh wruvlrq lq wkh
wkhru| ri frqqhfwlrqv1 Lw lv wkh rslqlrq ri wklv dxwkru wkdw d grjpdwlf lqvlv0
whqfh wkdw %xvhixo% sk|vlfdo wkhrulhv pxvw surgxfh d xqltxh rxwfrph iurp jlyhq
vhw ri lqlwldo frqglwlrqv lv d vhyhuh wrsrorjlfdo frqvwudlqw zklfk kdv klqghuhg wkh
xqghuvwdqglqj ri luuhyhuvlelolw| dqg qrq0htxloleulxp v|vwhpv1

5181 Surfhvvhv

518141 Frqwlqxrxv Surfhvvhv

Doo frqwlqxrxv surfhvvhv pd| eh sxw lqwr htxlydohqfh fodvvhv dv ghwhuplqhg e|
wkh yhfwru �hogv/ V/ wkdw jhqhudwh wkh hyroxwlrq ri wkh sk|vlfdo v|vwhp/ D1 Iru
h{dpsoh/ iru wkh 40irup/ D/ wkrvh yhfwru �hogv wkdw vdwlvi| wkh wudqvyhuvdo htxdwlrq/

Dvvrfldwhg G lE�V�D ' f +5144,
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duh vdlg wr eh hohphqwv ri wkh %dvvrfldwhg fodvv% ri yhfwru �hogv uhodwlyh wr wkh
irup D1 Iru vxfk wkhuprg|qdplf surfhvvhv/ wkh fkdqjh ri lqwhuqdo hqhuj| lv
orfdoo| }hur1

Wkrvh yhfwruv wkdw vdwlvi| wkh htxdwlrqv/

H{wuhpdo G lE�V�gD ' f +5145,

duh vdlg wr eh hohphqwv ri wkh h{wuhpdo fodvv ri yhfwru �hogv1 Iru vxfk surfhvvhv/
wkh yluwxdo zrun ydqlvkhv/ Z ' f= Lw vkrxog eh qrwhg wkdw wkh 50irup gD dg0
plwv d xqltxh h{wuhpdo yhfwru rqo| rq wrsrorjlfdo vsdfhv ri rgg Sid� wrsrorjlfdo
glphqvlrq1 Vxfk wrsrorjlfdo vsdfhv gh�qh d Frqwdfw pdqlirog/ zklfk vhuyhv +lq
kljkhu glphqvlrqdo fdvhv, dv wkh 5q.4 glphqvlrqdo vwdwh vsdfh ri phfkdqlfv1 Li
wkh Sid� glphqvlrq ri wkh 40irup ri Dfwlrq/ D/ lv 7/ wkhq d xqltxh h{wuhpdo yhf0
wru grhv qrw h{lvw1 Vlploduo|/ wkh qrq0}hur 50irup/ gD> ri pd{lpdo udqn/ gh�qhv
d v|psohfwlf pdqlirog ri hyhq +5q.5, glphqvlrqv1 Krzhyhu/ rq wkh v|psohfwlf
pdqlirog wkhuh grhv h{lvwv d xqltxh yhfwru gluhfwlrq �hog/ wkh Wrsrorjlfdo Wruvlrq
yhfwru +ghvfulehg ehorz,/ exw qr h{wuhpdo yhfwru1

Yhfwruv zklfk duh erwk h{wuhpdo dqg dvvrfldwhg duh vdlg wr eh hohphqwv ri wkh
fkdudfwhulvwlf fodvv ri yhfwru �hogv ^Nohlq 4<95`1

Fkdudfwhulvwlf G lE�V�D ' f dqg lE�V�gD ' f +5146,

Qrwh wkdw fkdudfwhulvwlf  rz olqhv jhqhudwhg e| V ri wkh Fkdudfwhulvwlf fodvv
suhvhuyh wkh Fduwdq wrsrorj|/ iru hdfk irup ri wkh Fduwdq wrsrorjlfdo edvh lv lq0
yduldqw zlwk uhvshfw wr wkh dfwlrq ri wkh Olh ghulydwlyh uhodwlyh wr fkdudfwhulvwlf
 rzv1 Fkdudfwhulvwlfv duh riwhq dvvrfldwhg zlwk zdyh skhqrphqd/ dqg sursdjdw0
lqj glvfrqwlqxlwlhv1 Qrwh wkdw h{wuhpdo surfhvvhv uhodwlyh wr D duh fkdudfwhulvwlf
surfhvvhv uhodwlyh wr gD=

518151 Uhyhuvleoh dqg Luuhyhuvleoh Surfhvvhv

Wkh Sid� wrsrorjlfdo glphqvlrq ri wkh h{whulru gl�huhqwldo 40irup ri Khdw/ T>
ghwhuplqhv lpsruwdqw wrsrorjlfdo fdwhjrulhv ri surfhvvhv1 Iurp fodvvlfdo wkhupr0
g|qdplfv %Wkh txdqwlw| ri khdw lq d uhyhuvleoh surfhvv dozd|v kdv dq lqwhjudwlqj
idfwru% ^Jroghqeodww 4<95` ^Pruvh 4<97` 1 Khqfh/ iurp wkh Iurehqlxv xqltxh lq0
whjudelolw| wkhruhp/ zklfk uhtxluhv T	gT ' f> 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
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wrsrorjlfdoo| wxuexohqw surfhvv lv gh�qhg zkhq wkh Sid� glphqvlrq ri T lv 71

Surfhvvhv ' gh�qhg e| wkh Sid� glphqvlrq T +5147,

T	gT ' f Uhyhuvleoh 0 Sid� glphqvlrq 5 +5148,

gET	gT� 9' f= Wxuexohqw 0 Sid� glphqvlrq 71 +5149,

Qrwh wkdw wkh Sid� glphqvlrq ri T ghshqgv rq erwk wkh fkrlfh ri d surfhvv/ Ve>
dqg wkh sk|vlfdo 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/
OE�Ve�D ' T> fdq eh xvhg wr ghwhuplqh li d jlyhq surfhvv/ Ve> dfwlqj rq d sk|vlfdo
v|vwhp/ D/ lv wkhuprg|qdplfdoo| uhyhuvleoh ru qrw=

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

�
+514:,

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 gluhfwlrq �hog/ Ve/ qhhg qrw eh wrsrorjlfdoo|
frqvwudlqhg 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/ vxfk
dv g{n � yngw ' f1 D glvfxvvlrq ri nlqhpdwlf wrsrorjlfdo  xfwxdwlrqv/ zkhuh
g{n�yngw ' {{n 9' f> dqg d v|vwhp �uvw rughu htxdwlrqv +dv zhoo dv wkh nlqhpdwlf
 xfwxdwlrqv/ gyn � dngw ' {yn 9' f> dqg d v|vwhp ri vhfrqg rughu htxdwlrqv, lv
ghvfulehg ehorz1

518161 Dgldedwlf Surfhvvhv 0 Uhyhuvleoh dqg Luuhyhuvleoh

Wkh wrsrorjlfdo irupxodwlrq shuplwv d suhflvh gh�qlwlrq wr eh pdgh iru erwk uh0
yhuvleoh dqg dq luuhyhuvleoh dgldedwlf surfhvvhv lq whupv ri wkh wrsrorjlfdo surs0
huwlhv 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 orfdo dgl0
dedwlf surfhvvhv ^Edpehuj 4<<5`1 Wkh Q04 qxoo yhfwruv zloo irup d glvwulexwlrq
ri dgldedwlf surfhvvhv ruwkrjrqdo wr wkh 40irup T1 Wkh glvwulexwlrq ri dgldedwlf
surfhvvhv zloo qrw irup d vprrwk k|shuvxuidfh/ xqohvv wkh Sid� glphqvlrq ri T lv
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5 ru ohvv1 Lq rwkhu zrugv wkh qxoo fxuyhv +dgldedwv, irup dq vprrwk k|shuvxuidfh
lq wkh htxloleulxp vwdwh1 Qrwh wkdw doo 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 wklv 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 dozd|v wudqvyhuvdo/ dv lEVe�T '
lEVe�gX , f> rqo| iru dgldedwlf surfhvvhv1 Lw lv wklv ixqgdphqwdo gl�huhqfh
ehwzhhq Khdw/ T/ dqg Zrun/ Z / wkdw ohdg wr wkh Fduqrw0olnh vwdwhphqwv wkdw lw
lv srvvleoh wr frqyhuw zrun lqwr khdw zlwk 433( h!flhqf|/ exw lw lv qrw srvvleoh
wr frqyhuw khdw lqwr zrun zlwk 433( h!flhqf|1

Orfdo dgldedwlf gluhfwlrq �hogv/ gh�qhg dv qxoo fxuyhv ri T/ gr qrw lpso| wkdw
wkh Sid� glphqvlrq ri T pxvw eh 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� +514;,

' fEe| wudqvyhuvdolw|� n lEVD�gElEVD�D� ' lEVD�T

Li T lv qrw }hur/ dq Dgldedwlf surfhvv uhtxluhv wkdw /

Dgldedwlf surfhvv lEVD�T ' lEVD�gElEVD�D�� , f> T 9' f +514<,

zlwk d vx!flhqw frqglwlrq ' lEVD�D , f= +5153,

Wkh vx!flhqw frqglwlrq lpsolhv wkdw wkh surfhvv VD lv dq dvvrfldwhg yhfwru ri
wkh 40irup ri Dfwlrq1 Li wkh khdw 40irup lv }hur/ wkhq wkh surfhvv lv d uhyhuvleoh
dgldedwlf surfhvv ri d vshfldo w|sh1 D uhyhuvleoh surfhvv lv gh�qhg vxfk wkdw wkh
Sid� glphqvlrq ri T lv ohvv wkdq 6> ru/ T	gT ' f= Khqfh lEVD�ET	gT� ' f iru
uhyhuvleoh surfhvvhv1 Exw

lEVD�ET	gT� ' ElEVD�T�	gT�T	lEVD�gT> +5154,

zklfk shuplwv uhyhuvleoh dqg luuhyhuvleoh dgldedwlf surfhvvhv wr eh zhoo glvwlq0
jxlvkhg 5 zkhq T 9' f=

5Lw 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

48



Uhyhuvleoh Dgldedwlf Surfhvv ' �T	lEVD�gT , f> lEVD�T , f>+5155,

Luuhyhuvleoh Dgldedwlf Surfhvv ' �T	lEVD�gT 9' f> lEVD�T , f=+5156,

Lw lv fhuwdlqo| wuxh wkdw li OEV�D ' T ' f> lghqwlfdoo|/ wkhq doo vxfk surfhvvhv
duh dgldedwlf/ dqg uhyhuvleoh1 +Lq vxe0vhfwlrq/ 519/ lw zloo eh ghprqvwudwhg krz
wkhvh wkhuprg|qdplf lghdv fdq eh dvvrfldwhg zlwk wkh whqvru surfhvvhv ri frydul0
dqw gl�huhqwldwlrq dqg sdudooho wudqvsruw1,

518171 Surfhvvhv fodvvl�hg e| wrsrorjlfdo frqvwudlqwv

Fduwdq kdv vkrzq wkdw doo Kdplowrqldq surfhvvhv +v|vwhpv zlwk d jhqhudwru ri
ruglqdu| gl�huhqwldo htxdwlrqv,/ �VK / vdwlvi| wkh iroorzlqj htxdwlrqv ri wrsrorjlfdo
frqvwudlqw rq wkh zrun 40irup/ Z G

D Kdplowrqldq VK lv hlwkhu VH ru VE +5157,

H{wuhpdo Kdplowrqldq VH +5158,

ZH ' lE�VH�gD ' f Sid� glphqvlrq @ 3 +5159,

Ehuqrxool0Fdvlplu Kdplowrqldq VE +515:,

ZE ' lE�VE�gD ' gX Sid� glphqvlrq @ 4 +515;,

D vshfldo fdvh rffxuv zkhq wkh Ehuqrxool ixqfwlrq lv htxdo wr wkh qhjdwlyh ri wkh
lqwhuqdo hqhuj|/ iru wkhq wkh khdw 40irup surgxfhg e| wklv vshfldo Kdplowrqldq
surfhvv ydqlvkhv1

Iru v|psohfwlf surfhvvhv +zklfk duh qrw vwulfwo| Kdplowrqldq, wkh vlwxdwlrq lv
d elw pruh lqwulfdwh/ exw lq doo fdvhv wkh Sid� glphqvlrq ri wkh Zrun 40irup lv dw
prvw 41

Khopkrow} V|psohfwlf +515<,

ZV ' lE�VV�gD ' gXn � Sid� glphqvlrq @ 4 +5163,

gZV ' f dv � lv forvhg exw qrw h{dfw1 +5164,

Wkh forvhg exw qrw h{dfw irupv/ �/ lqwurgxfh qrq0xqltxhqhvv lqwr wkh gh�qlwlrq ri
wkh zrun 40irup1 Dv gT ' gEXn�nX� ' f/ iru doo wkuhh surfhvvhv gh�qhg deryh/
wkh duh doo uhyhuvleoh +vhh htxdwlrq + 5148,,/ exw hdfk fodvv ri surfhvvhv pxvw vdwlvi|
dq dgglwlrqdo wrsrorjlfdo frqvwudlqw li wkh surfhvv lv wr eh orfdoo| dgldedwlf=
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Dgldedwlf surfhvv lEVD�T ' lEVD�gElEVD�D�� , f> T 9' f +5165,

zlwk d vx!flhqw frqglwlrq ' lEVD�D , f= +5166,

Li gX ' f> wkhq �VH lv d fkdudfwhulvwlf surfhvv uhodwlyh wr wkh 50irup I= Li wkh
zrun 40irup lv ri Sid� wrsrorjlfdo glphqvlrq 3/ wkhq wkh surfhvv lv dq h{wuhpdo
surfhvv uhodwlyh wr D +vhh htxdwlrq 5146,1

H{wuhpdo surfhvvhv fdqqrw h{lvw rq d qrq0vlqjxodu v|psohfwlf grpdlq/ ehfdxvh
d qrq0ghjhqhudwh dqwl0v|pphwulf pdwul{ +wkh frh!flhqwv ri wkh 50irup gD� grhv
qrw kdyh qxoo hljhqyhfwruv rq vsdfh ri hyhq glphqvlrqv 1 Dowkrxjk xqltxh h{0
wuhpdo vwdwlrqdu| vwdwhv gr qrw h{lvw rq wkh grpdlq ri Sid� glphqvlrq 7/ wkhuh
fdq h{lvw hyroxwlrqdu| lqyduldqw Ehuqrxool0Fdvlplu ixqfwlrqv/ X> wkdw jhqhudwh qrq0
h{wuhpdo/ �vwdwlrqdu|�vwdwhv1 Vxfk Ehuqrxool surfhvvhv fdq fruuhvsrqg wr hqhuj|
glvvlsdwlyh v|psohfwlf surfhvvhv/ exw wkh|/ dv zhoo dv doo v|psohfwlf surfhvvhv/ duh
uhyhuvleoh lq wkh wkhuprg|qdplf vhqvh ghvfulehg ehorz1 Wkh phfkdqlfdo hqhuj|
qhhg qrw eh frqvwdqw/ exw wkh Ehuqrxool0Fdvlplu ixqfwlrq+v,/ X>duh hyroxwlrqdu|
lqyduldqw+v,/ dqg pd| eh xvhg wr ghvfuleh qrq0xqltxh vwdwlrqdu| vwdwh+v,1

Wkh htxdwlrqv/ deryh/ wkdw gh�qh vhyhudo idploldu fdwhjrulhv ri surfhvvhv/ duh
lq h�hfw frqvwudlqwv rq wkh wrsrorjlfdo hyroxwlrq ri dq| sk|vlfdo v|vwhp uhsuh0
vhqwhg e| dq Zrun 40irup/ D= Wkh Sid� glphqvlrq ri wkh 40irup ri yluwxdo zrun/
Z ' lEV�gD lv 4 ru ohvv iru doo wkuhh fdwhjrulhv1 Wkh H{wuhpdo frqvwudlqw ri
htxdwlrq +5158, wkdw wkh Sid� glphqvlrq ri Z fdq eh xvhg wr jhqhudwh wkh Hxohu
htxdwlrqv ri k|gurg|qdplfv iru d lqfrpsuhvvleoh  xlg1 Wkh Ehuqrxool0Fdvlplu frq0
vwudlqw ri htxdwlrq +515:, fdq eh xvhg wr jhqhudwh wkh htxdwlrqv iru d edurwurslf
frpsuhvvleoh  xlg1 Wkh Khopkrow} frqvwudlqw ri htxdwlrq +5164, fdq eh xvhg wr
jhqhudwh wkh htxdwlrqv iru d Vwrnhv  rz1 Doo vxfk surfhvvhv duh wkhuprg|qdpl0
fdoo| uhyhuvleoh dv gT ' f1 Qrqh ri wkhvh frqvwudlqwv rq wkh Zrun 40irup/ Z /
deryh zloo jhqhudwh wkh Qdylhu0Vwrnhv htxdwlrqv/ zklfk uhtxluh wkdw wkh wrsrorjlfdo
glphqvlrq ri wkh 40irup ri yluwxdo zrun pxvw eh juhdwhu wkdq 51

D fuxfldo lghd lv wkh uhfrjqlwlrq wkdw qrq0htxloleulxp surfhvvhv pxvw eh rq gr0
pdlqv ri Sid� glphqvlrq zklfk vxssruw Wrsrorjlfdo Wruvlrq/ D	gD 9' f> ru Wrsr0
orjlfdo Vslq/ D	J> zlwk dwwhqgdqw surshuwlhv ri qrq0xqltxhqhvv/ hqyhorshv/ uhjuhv0
vlrqv/ dqg surmhfwlyl}hg wdqjhqw exqgohv1 Vxfk grpdlqv duh ri Sid� glphqvlrq 6
ru juhdwhu1 Pruhryhu/ dv ghvfulehg ehorz/ lw zrxog dsshdu wkdw wkhuprg|qdplf
luuhyhuvlelolw| pxvw vxssruw d qrq0}hur Wrsrorjlfdo Sdulw| 70irup/ gD	gD 9' f=
Vxfk grpdlqv duh ri Sid� glphqvlrq 7 ru juhdwhu1
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Dowkrxjk wkhuh grhv qrw h{lvw d xqltxh jdxjh lqghshqghqw vwdwlrqdu| vwdwh
rq wkh v|psohfwlf pdqlirog ri Sid� glphqvlrq 7/ uhpdundeo| wkhuh grhv h{lvw d
xqltxh yhfwru �hog rq wkh v|psohfwlf grpdlq/ zlwk frpsrqhqwv wkdw duh jhqhudwhg
e| wkh 60irup D	gD1 Wklv xqltxh +wr zlwklq d idfwru, yhfwru �hog lv gh�qhg dv
wkh Wruvlrq Fxuuhqw/ Ae/ dqg vdwlv�hv +rq wkh 5q.5@7 glphqvlrqdo pdqlirog, wkh
htxdwlrq/

lEAe�g{	g|	g}	gw ' D	gD +5167,

Wklv +irxu frpsrqhqw, yhfwru �hog/ Ae/ kdv d qrq0}hur glyhujhqfh doprvw hyhu|0
zkhuh/ iru li wkh glyhujhqfh lv }hur/ wkhq wkh 70irup gD	gD ydqlvkhv/ dqg wkh
grpdlq lv qr orqjhu d v|psohfwlf pdqlirog$ Wkh Wruvlrq yhfwru/ Ae/ fdq eh
xvhg wr jhqhudwh d g|qdplfdo v|vwhp wkdw zloo ghfd| wr wkh vwdwlrqdu| vwdwhv
EglyeEAe� , f� vwduwlqj iurp duelwudu| lqlwldo frqglwlrqv1 Wkhvh surfhvvhv duh
luuhyhuvleoh lq wkh wkhuprg|qdplf vhqvh1 Lw lv uhpdundeoh wkdw wklv xqltxh hyr0
oxwlrqdu| yhfwru �hog/ Ae/ lv frpsohwho| ghwhuplqhg +wr zlwklq d idfwru, e| wkh
sk|vlfdo v|vwhp lwvhoi> h1j1/ wkh frpsrqhqwv ri wkh 40irup/ D/ ghwhuplqh wkh frpsr0
qhqwv ri wkh Wruvlrq yhfwru1 Uhfdoo wkdw li OE��D	OE��gD 9' f> wkhq wkh surfhvv
Y dfwlqj rq wkh sk|vlfdo v|vwhp/ D/ lv luuhyhuvleoh1 Wklv wrsrorjlfdo gh�qlwlrq
lpsolhv wkdw wkh wkuhh fdwhjrulhv +deryh, ri v|psohfwlf/ Kdplowrqldq0Ehuqrxool ru
Kdplowrqldq0h{wuhpdo surfhvvhv/ V � 5> duh uhyhuvleoh Edv OE5�gD'gT ' f�=
Krzhyhu/ iru hyroxwlrq lq wkh gluhfwlrq ri wkh Wruvlrq yhfwru/ Ae/ gluhfw frpsxwd0
wlrq ghprqvwudwhv wkdw wkh ixqgdphqwdo htxdwlrqv ohdg wr d frqirupdo hyroxwlrq0
du| surfhvv/ d surfhvv zklfk lv wkhuprg|qdplfdoo| luuhyhuvleoh=

OEAe�D ' �D dqg lEAe�D ' f> +5168,

vxfk wkdw

OEAe�D	OEAe�gD ' T	gT ' �2D	gD 9' f= +5169,

518181 Wrsrorjlfdo Wruvlrq dqg Luuhyhuvleoh Surfhvvhv1

Iru dq| sk|vlfdo v|vwhp hqfrghg e| d 40irup ri Dfwlrq/ D> rq d ydulhw| ri 7
lqghshqghqw edvh yduldeohv/ lw lv srvvleoh wr frqvwuxfw wkh 60irup ri Wrsrorjlfdo
Wruvlrq/ D	gD= Wklv 60irup lv htxlydohqw wr wkh frqwudfwlrq ri wkh Yroxph 70irup/
le/ zlwk wkh 7 frpsrqhqw yhfwru/ Ae>
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D	gD ' D	I ' lEAe�le= +516:,

Lq rwkhu zrugv/ wkh gluhfwlrq �hog/ Ae> lv gh�qhg hqwluho| iurp wkh ixqfwlrqdo
vwuxfwxuh ri wkh 40irup ri Dfwlrq/ D/ xvhg wr hqfrgh wkh sk|vlfdo v|vwhp1 Hyr0
oxwlrqdu| surfhvvhv fdq eh gh�qhg wr zlwklq d idfwru/ �/ e| Ae= Wklv wrsrorjlfdo
wruvlrq surfhvv gh�qhg e|/ �Ae> kdv uhpdundeoh surshuwlhv1

41 Wkh wrsrorjlfdo wruvlrq surfhvv/ �Ae> lv d qxoo yhfwru iru wkh 40irup ri Dfwlrq/
dqg wkhuhiru gh�qhv d orfdo dgldedwlf surfhvv=

�Ae lv orfdoo| dgldedwlf= lE�Ae�D ' lE�Ae�T ' f= +516;,

51 Wkh wrsrorjlfdo wruvlrq surfhvv/ �Ae> lv d frqirupdo yhfwru iru wkh 40irup ri
Dfwlrq/

OE�Ae�D ' lE�Ae�gD ' KD= +516<,

zlwk d frqirupdo idfwru K ' glyhujhqfhE�Ae�=

61 Wkh wrsrorjlfdo wruvlrq surfhvv/ �Ae> fuhdwhv d wkhuprg|qdplfdoo| luuh0
yhuvleoh surfhvv/ zkhq wkh 70glyhujhqfh ri �Ae lv qrw }hur=

T	gT ' K2D	gD 9' f= +5173,

71 Wkh wrsrorjlfdo wruvlrq yhfwru/ �Ae> lv d uhyhuvleoh dgldedwlf fkdudfwhulvwlf
yhfwru uhodwlyh wr D zkhq wkh 70glyhujhqfh/ K/ ri �Ae lv htxdo wr }hur1

Zkhq K ' f> +5174,

T	gT ' K2D	gD ' f> +5175,

lE�Ae�T ' f +5176,

lE�Ae�D ' f> lE�Ae�gD ' f= +5177,

Dv wkh glyhujhqfh ri D	I lv qrq0}hur rqo| li gD	gD lv qrw }hur/ lw lv dssduhqw
wkdw vxfk d grpdlq lv ri Sid� wrsrorjlfdo glphqvlrq 7/ uhodwlyh wr D= Uhfdoo wkdw
d sk|vlfdo v|vwhp ri Sid� glphqvlrq 7 fruuhvsrqgv wr dq rshq wkhuprg|qdplf
v|vwhp1 Lq wklv vhqvh/ wkhuprg|qdplf luuhyhuvlelolw| lv dq duwlidfw ri 7 glphq0
vlrqv1 Uhfdoo wkdw wkh 70irup I	I lv h{dfw/ dqg lv htxdo wr gED	I �= Khqfh wkh
7 glphqvlrqdo lqwhjudo ehfrphv d ghirupdwlrq lqyduldqw li wkh lqwhjudo ryhu wkh
erxqgdu| ri d grpdlq vdwlv�hv wkh frqglwlrq/
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] ] ] ]
P

I	I ' lv dq Devroxwh Ghirupdwlrq lqyduldqw/ li +5178,

f '

] ] ]
erxqgdu| ri P

E�Y n�ED	I � +5179,

Vlploduo| iru wkh 70irup gT	gT] ] ] ]
P

gT	gT ' lv dq Devroxwh Ghirupdwlrq lqyduldqw/ li +517:,

f '

] ] ]
erxqgdu| ri P

E�Y n�ET	gT� +517;,

Wkh odwwhu frqglwlrq fdq eh sxw lqwr fruuhvsrqghqfh zlwk d forvhg v|vwhp zkhuh
rqo| udgldwlrq lv sdvvhg wkurxjk wkh erxqgdu|/ exw pdvv lv qrw1 Li wkh devroxwh
fulwhuld lv qrw vdwlv�hg/ pdvv fdq eh h{fkdqjhg wkurxjk wkh erxqgdu| zlwk wkh
hqylurqphqw1

Qrwh wkdw iru d jlyhq 40irup ri Dfwlrq/ D/ lw lv srvvleoh wr frqvwuxfw d pd0
wul{ 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�D 9' f1 Iru d jlyhq D/ 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

5191 Wkh Olh gl�huhqwldo OEY � dqg wkh Fryduldqw gl�huhqwldo uEY �

Nrv}xo ^Khupdqq 4<9;` kdv jlyh d vhw ri d{lrpv wkdw fdq eh xvhg wr gh�qh d olqhdu
frqqhfwlrq dqg d fryduldqw ghulydwlyh1 Wkh fryduldqw ghulydwlyh d{lrpv uhtxluh
wkdw

uEiY �$ ' i uEY �$> +517<,

uEY �i$ ' EuEY �i �$ n i uEY �$= +5183,

Wklv d{lrpdwlf uhsuhvhqwdwlrq ri d fryduldqw ghulydwlyh dqg dq d!qh frqqhfwlrq
vkrxog eh frpsduhg wr wkh Olh gl�huhqwldo/
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OEiY �D ' i OEY �Dn gi ElEY �D�> +5184,

OEY �iD ' EOEY �i �Dn i OEY �D= +5185,

Rqo| li wkh odvw whup lq wkh h{sdqvlrq ri wkh Olh gl�huhqwldo/ gi ElEY �D�> lv }hur
grhv wkh irupxod iru wkh Olh gl�huhqwldo kdyh dq htxlydohqw uhsuhvhqwdwlrq dv d
fryduldqw ghulydwlyh lq whupv ri d frqqhfwlrq1 Vxssrvh wkdw lEY �D ' f> vxfk wkdw
wkh Olh gl�huhqwldo dqg wkh fryduldqw gl�huhqwldo duh htxlydohqw1

OEiY �D ' i OEY �D ' i uEY �D= +5186,

Lw iroorzv wkdw

OEiY �D ' i OEY �Dn gi ElEY �D� +5187,

' i OEY �D ' i T= +5188,

Exw lEY �T ' i lEY �lEY �gD ' f , lEY �T> +5189,

zkhuh lEY �T ' f gh�qhv dq dgldedwlf surfhvv1 +518:,

Khqfh/ doo fryduldqw ghulydwlyhv zlwk uhvshfw wr d frqqhfwlrq kdyh dq htxlydohqw

uhsuhvhqwdwlrq dv dq dgldedwlf surfhvv$$$
Vxfk fryduldqw dgldedwlf surfhvvhv qhhg qrw eh wkhuprg|qdplfdoo| uhyhuvleoh/

exw vxssrvh wkdw wkh dgldedwlf surfhvv lv vxfk wkdw

OEY �D ' T ' f= +518;,

Wkhq
gOEY �D ' OEY �gD ' gT ' f> +518<,

dqg lw iroorzv wkdw wkh dgldedwlf surfhvv lv uhyhuvleoh/ dv T	gT ' f1 Krzhyhu/ wkh
frqglwlrq wkdw T eh }hur lv wkh htxlydohqw wr wkh frqglwlrq ri sdudooho wudqvsruw=

OEY �$ ' uEY �$ ' f= +5193,

Wkh uhpdundeoh frqfoxvlrq lv wkdw wkh frqfhsw ri sdudooho wudqvsruw lq whqvru dqdo|0

vlv lv lq h�hfw dq dgldedwlf/ uhyhuvleoh surfhvv$$$
Wkhvh frqfoxvlrqv vkrxog kdyh lpsdfw rq wkh xqghuvwdqglqj +dqg olplwdwlrqv,

ri sk|vlfdo wkhrulhv +judylw| dqg jdxjh wkhrulhv lq sduwlfxodu, wkdw uho| rq wkh
fryduldqw ghulydwlyh/ dqg wkh wkhru| ri frqqhfwlrqv1 Vxfk frqqhfwlrq ghshqghqw
wkhrulhv fdq ghvfuleh rqo| dgldedwlf hyroxwlrq1
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61 Wrsrorjlfdo Hohfwurg|qdplfv

Iroorzlqj wkh suholplqdu| wrsrorjlfdo glvfxvvlrqv ri wkhuprg|qdplfv suhvhqwhg
deryh lq vhfwlrq 4 dqg lq vhfwlrq 5/ lw lv qrz srvvleoh wr dsso| d wrsrorjlfdo dqg
wkhuprg|qdplfdo shuvshfwlyh wr wkh wkhru| ri qrq0htxloleulxp hohfwurpdjqhwlf
sk|vlfdo v|vwhpv/ dqg wkhlu luuhyhuvleoh dqg uhyhuvleoh hyroxwlrqdu| surfhvvhv1 Wkh
wrsrorjlfdo ylhz ri Hohfwurg|qdplfv ghvfulehg khuhlq lv edvhg rq wkuhh d{lrpv1

41 Hohfwurg|qdplf sk|vlfdo v|vwhpv fdq eh hqfrghg lq whupv ri dq h{whulru gli0
ihuhqwldo 40irup ri fryduldqw Dfwlrq Srwhqwldov shu xqlw fkdujh/ DE{> |> }> w� '
DnE{> |> }> w�g{

n> rq d 7 glphqvlrqdo devwudfw ydulhw| ri rughuhg lqghshq0
ghqw yduldeohv/ i{> |> }> wj= Wkh ydulhw| vxssruwv d yroxph hohphqw le '
g{	g|	g}	gw=

51 Wkh 40irup ri Srwhqwldov fuhdwhv e| h{whulru gl�huhqwldwlrq dq h{dfw h{whulru
gl�huhqwldo 50irup

Ii{> |> }> wj � gDi{> |> }> wj ' f= +614,

61 Hohfwurg|qdplf fxuuhqwv aeE{> |> }> w� duh dvvxphg wr eh hqfrghg/ wr zlwklq
d idfwru/ �/ lq whupv ri frqwudyduldqw yhfwru gluhfwlrq �hogv/ VeE{> |> }> w�=
Wkh hohfwurpdjqhwlf fkdujh fxuuhqw ghqvlwlhv +ru Q � � ' �0irup ghqvlwlhv/
M ' lEae�le�> duh joredoo| forvhg/ khqfh h{dfw/ dqg pxvw eh jhqhudwhg e|
wkh h{whulru ghulydwlyh ri vrph Q � 2 ' 2� irup ghqvlw| Ji{> |> }> wj G

Mi{> |> }> wj � gJi{> |> }> wj ' f= +615,

Dv doo Q04 frqwudyduldqw gluhfwlrq �hogv/ VeE{> |> }> w�> dgplw dq lqwhjudwlqj
idfwru � lq wkh vhqvh wkdw

gE�lEVe�le� ' f> +616,

wkhq/ doo forvhg ru h{dfw yhfwru gluhfwlrq �hogv ri wkh irup �lEVe�le kdyh }hur
glyhujhqfh/ dqg jhqhudwh d frqvhuydwlrq odz xvxdoo| ghvfulehg dv dq %htxdwlrq
ri frqwlqxlw|%1 Duelwudu| surfhvvhv Ve lq wkhuprg|qdplfv duh qrw forvhg/ dqg
khqfh wkh prvw jhqhudo wkhuprg|qdplf surfhvvhv duh qrw h{dfw1

Khuhlq/ lw ehfrphv hylghqw wkdw fodvvlfdo hohfwurpdjqhwlvp lv htxlydohqw wr
d vhw ri wrsrorjlfdo frqvwudlqwv rq d ydulhw| ri lqghshqghqw yduldeohv1 Wkhvh
wrsrorjlfdo frqvwudlqwv fdq eh zulwwhq lq wkh odqjxdjh ri wzr h{whulru gl�huhqwldo
v|vwhpv ^Eu|dqw 4<<4`
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Frqvhuyhg  x{ G I � gD ' f , OE�Y n�

]
}2g

I ' f +617,

Frqvhuyhg fkdujh0fxuuhqw G M � gJ ' f , OE�Y n�

]
}�g

M ' f= +618,

Lw zdv hvwdeolvkhg e| Fduwdq wkdw h{whulru gl�huhqwldo v|vwhpv duh htxlydohqw wr
d v|vwhp ri sduwldo gl�huhqwldo htxdwlrqv1 Wkh wzr h{whulru gl�huhqwldo v|vwhpv
gh�qhg deryh zloo eh xvhg wr jhqhudwh wzr v|vwhpv ri sduwldo gl�huhqwldo htxdwlrqv/
nqrzq dv wkh Pd{zhoo0Idudgd| htxdwlrqv dqg wkh Pd{zhoo0Dpshuh htxdwlrqv/
zlwkrxw wkh jhrphwulf frqvwudlqwv ri d phwulf/ ru d frqqhfwlrq1

Wkh h{dfw 50irup ri wkhuprg|qdplf �hog %lqwhqvlwlhv% I E,>�� lv gh�qhg lq
whupv ri lqh{dfw 40irup ri srwhqwldov/ D/ lq xqlwv ri |@h= Wkh h{dfw 60irup ri
fkdujh fxuuhqw ghqvlw|/ M / lv gh�qhg lq whupv ri wkh lqh{dfw 50irup ghqvlw| ri
wkhuprg|qdplf �hog txdqwlwlhv/ ru %h{flwdwlrqv%/ JE#>O� lq xqlwv ri |1 Wkh
wzr irup/ I> klvwrulfdoo| lv dvvrfldwhg zlwk irufhv/ dqg wkh 50irup ghqvlw|/ J>
klvwrulfdoo| lv dvvrfldwhg zlwk vrxufhv1

6141 Wkh 50irup ri Ilhog Lqwhqvlwlhv +H dqg E,

Wkh �uvw wrsrorjlfdo frqvwudlqw I �gD ' f ohdgv wr wkh 50irup ri �hog lqwhqvlwlhv/
, dqg �/ dqg wkh Pd{zhoo0Idudgd| htxdwlrqv1 Iroorzlqj wkh xvxdo gh�qlwlrqv ri
wkh h{whulru ghulydwlyh/ wkh frpsrqhqwv ri wkh 50irup gD ehfrph

gD ' iCDn@C{
m � CDm@C{

njg{m	g{n ' Imng{
m	g{n ' n�}g{	g|===n,{g{	gw===

+619,
zkhuh lq xvxdo hqjlqhhulqj qrwdwlrq/

, ' �C�@Cw� judg!> � 'fxuo �= +61:,

Eh dzduh wkdw wkh hqjlqhhulqj qrwdwlrq/ zkhuh wkh vl{ frpsrqhqwv ri wkh vhfrqg
udqn fryduldqw whqvru/ Imn> duh jurxshg lqwr wzr 6 frpsrqhqw yhfwruv/ lv ghfhswlyh/
iru wkh gl�hrprusklf wudqvirupdwlrqdo surshuwlhv ri wkh �hog lqwhqvlwlhv +, dqg
�� duh qrw wkdw ri Fduwhvldq udqn 4 wkuhh glphqvlrqdo yhfwruv/ exw duh wkdw ri d
vhfrqg udqn fryduldqw whqvru �hog1

Qrwh wkdw wkh Srlqfduh ohppd dssolhg wr wkh wrsrorjlfdo frqvwudlqw EggD '
gI ' f� dozd|v ohdgv wr wkh �uvw Pd{zhoo sdlu ri +Idudgd| Lqgxfwlrq, htxdwlrqv=
h1j1/
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ggD ' ifxuo ,n C�@Cwj{g|	g}	gw� ==n ==� gly�g{	g|	g}j , f> +61;,

ru

ifxuo ,n C�@Cw ' f> gly� ' fj= +61<,

Wklv uhvxow lv dfwxdoo| wuxh iru d ydulhw| ri dq| glphqvlrq � e dqg iru dq| vhw ri
fryduldqw v|perov= Hyhq li wkh glphqvlrq ri wkh rughuhg grpdlq h{fhhgv 7/ wkh
frqfhsw ri ggD ' gI ' f> dozd|v |lhogv wkh vdph vhw ri sduwldo gl�huhqwldo htxd0
wlrqv uhodwlyh wr wkh �uvw irxu edvh yduldeohv1 Wkh �uvw Pd{zhoo vhw ri htxdwlrqv
irupv d qhvwhg vhw ri SGH*v rq ydulhwlhv ri suh0jhrphwulf glphqvlrq A 71 Wkh
dgglwlrq ri qhz lqghshqghqw edvh yduldeohv grhv qrw fkdqjh wkh irupdw ri wkh
�uvw irxu Pd{zhoo SGH htxdwlrqv/ exw mxvw dggv wr wkh vhw qhz SGH htxdwlrqv
lqyroylqj �hog frpsrqhqwv gh�qhg ryhu wkh qhz rughuhg vhw ri edvh yduldeohv1 Wkh
frqfhsw ri Idudgd| Lqgxfwlrq lv xqlyhuvdo/ dqg vkrxog qrw uhvwulfwhg wr wkh vflhqfh
ri hohfwurpdjqhwlvp1 Lw lv ydolg iru dq| sk|vlfdo v|vwhp zklfk fdq eh ghvfulehg
e| d 40irup ri Dfwlrq zlwk d Sid� glphqvlrq 5 ru odujhu/ vxfk dv d  xlg zlwk
yruwlflw|1

Wkh yhu| h{lvwhqfh ri wkh , dqg � �hogv lpsolhv wkdw wkh 50irup gD grhv qrw
ydqlvk1 Khqfh/ wkh 50irup gh�qhv d v|psohfwlf pdqlirog ri dw ohdvw Sid� glphqvlrq
51 Dv wkh 50irup lv h{dfw/ wkh v|psohfwlf 50pdqlirog fdqqrw eh frpsdfw zlwkrxw
erxqgdu|1 Wklv uhvxow iroorzv iurp Vwrnhv wkhruhp/ zlwk 5 h{fhswlrqv= wkh Nohlq
erwwoh dqg wkh wruxv1 H{fhsw iru wkhvh wzr h{fhswlrqv/ wkh h{dfw v|psohfwlf
grpdlq ri wkh hohfwurpdjqhwlf �hog lqwhqvlwlhv/ , dqg �/ pxvw hlwkhu eh rshq/ ru
li frpsdfw lw kdv d erxqgdu|1

6151 Wkh 50irup ghqvlw| J ri Ilhog h{flwdwlrqv dqg vrxufhv

Wkh vhfrqg wrsrorjlfdo frqvwudlqw dvvxphv wkh h{lvwhqfh ri d Q05 irup ghqvlw|/ J/
dv jlyhq e| wkh h{suhvvlrq/ +qrwh wkh vljqv,

J ' J�eg{	g|===nJ�2g{	gw=== ' �#}g{	g| � ==nO}g}	gwn === +6143,

H{whulru gl�huhqwldwlrq surgxfhv dq Q04 irup/ M ' a}g{	g|	gw=== � �g{	g|	g}=
Pdwfklqj wkh frh!flhqwv ri wkh h{whulru h{suhvvlrq gJ ' M ohdgv wr wkh Pd{zhoo0
Dpshuh htxdwlrqv/
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fxuoO� C#@Cw ' a +6144,

dqg

gly# ' �= +6145,

Wkh idfw wkdw M lv h{dfw ohdgv wr wkh fkdujh frqvhuydwlrq odz/ gM ' ggJ ' f> ru

Ca{@C{n Ca|@C| n Ca}@C} n C�@Cw ' f= +6146,

Uhfdoo wkdw lw vkrxog qrw eh suhvxphg wkdw wkh vhw ri v|perov i{> |> }> wj lv rq vrph
Fduwhvldq w|sh ri vsdfh1 Wkh duudqjhphqw dqg wkh h{whulru gl�huhqwldo htxdwlrqv
duh ghshqghqw rqo| rq wkh rughulqj ri wkh vhw i{> |> }> wj/ dqg qrw wkh h{solflw irup
ri wkh v|perov1

6161 Wrsrorjlfdo Ihdwxuhv ri Hohfwurg|qdplfv

616141 Xqlyhuvdo SGH*v

H{whulru gl�huhqwldo v|vwhpv ri wrsrorjlfdo frqvwudlqwv duh htxlydohqw wr v|vwhpv
ri sduwldo gl�huhqwldo htxdwlrqv1 Wkh wzr vhwv ri SGH/v wkdw fruuhvsrqg wr wkh
h{whulru gl�huhqwldo v|vwhp/ I � gD ' f> dqg wkh h{whulru gl�huhqwldo v|vwhp/
M � gJ ' f/ kdyh ehhq vkrzq deryh wr eh htxlydohqw wr wkh Pd{zhoo0Idudgd|
htxdwlrqv dqg wr wkh Pd{zhoo0Dpshuh htxdwlrqv/ uhvshfwlyho|1 Wkh SGH*v duh
fuhdwhg zlwkrxw wkh jhrphwulf frqvwudlqwv/ ru fkrlfh/ ri phwulf/ frqqhfwlrq/ ru
jdxjh1 Wr vxppdul}h lq hqjlqhhulqj irupdw=

Pd{zhoo Idudgd| SGH*v fxuo ,n C�@Cw ' f> gly� ' f> +6147,

Pd{zhoo Dpshuh SGH*v fxuoO� C#@Cw ' a> gly# ' �= +6148,

Lw lv dovr wuxh wkdw wkh devwudfw irup ri wkhvh hljkw SGH*v lv xqlyhuvdoo| wkh vdph/
zlwkrxw dgglwlrqdo ihdwxuhv/ ru whupv/ iru doo suh0jhrphwulf glphqvlrqv ri 7 ru
juhdwhu1 Wkh erwwrp olqh lv wkdw wkh v|vwhp ri SGH*v wkdw duh fdoohg Pd{zhoo*v
wkhru| ri Hohfwurpdjqhwlvp lv d wrsrorjlfdo wkhru|/ lqghshqghqw iurp jhrphwulfdo
frqvwudlqwv1
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616151 Wkhuprg|qdplf ihdwxuhv

Lw lv lpsruwdqw wr uhdol}h wkdw wkh Pd{zhoo0Idudgd| htxdwlrqv ri %lqwhqvlwlhv%
dqg wkh Pd{zhoo0Dpshuh htxdwlrqv ri %txdqwlwlhv% ehorqj wr wzr wkhuprg|qdplf
fdwhjrulhv zklfk duh wrsrorjlfdoo| glvwlqfw1 Lq wkh �uvw fdwhjru|/ wkh 40irup ri
srwhqwldov fdq kdyh qrq0xqltxh exw wrsrorjlfdoo| forvhg frpsrqhqwv/ Df> zklfk
gr qrw frqwulexwh wr wkh 50irup ri lqwhqvlwlhv/ I> dv gDf , f= Vlploduo|/ lq wkh
vhfrqg fdwhjru|/ wkh 50irup ghqvlw| ri h{flwdwlrqv fdq kdyh qrq0xqltxh exw forvhg
frpsrqhqwv/ Jf> zklfk gr qrw frqwulexwh wr 60irup ghqvlw| ri fkdujh0fxuuhqwv/
M> dv gJf , f= Lq wkh klvwrulf olwhudwxuh ri wkh odvw 83 |hduv/ wkh qrq0xqltxhqhvv
ri wkh srwhqwldov kdv ohg wr d odujh lqgxvwu| fdoohg jdxjh wkhrulhv1 Wkh qrq0
xqltxhqhvv ri wkh h{flwdwlrqv kdv qrw ehhq vr zhoo ghyhorshg1

616161 Qrq0xqltxhqhvv dqg wrsrorjlfdo ghihfwv

Wkhvh frqfhswv ri qrq0xqltxhqhvv fdq h�hfw wkh wrsrorjlfdo surshuwlhv ri wkh vr0
oxwlrqv wr wkh Pd{zhoo hohfwurg|qdplf v|vwhp1 Wkh qrq0xqltxhqhvv fdq ds0
shdu dv glvfrqwlqxlwlhv lq vroxwlrq dpsolwxgh dqg ghulydwlyhv +hohfwurpdjqhwlf vlj0
qdov,/ dv d vroxwlrq pxowl0ydoxhgqhvv +srodul}dwlrq,/ dv hqyhorsh +Kx|jhq zdyhohw
ru Fkhuhqnry, vroxwlrqv/ dqg lq pdq| rwkhu sk|vlfdoo| uhfrjql}deoh wrsrorjlfdo
surshuwlhv uhodwhg wr wkh frqwlqxlw|/ lqwhjudelolw|/ gl�huhqwldelolw|/ frpsdfwqhvv/
dqg uhdolw| ri wkh vroxwlrqv1 Lq vkruw/ wkh qrq0xqltxhqhvv ri erwk wkh srwhqwldov/
D> dqg wkh �hog h{flwdwlrqv/ J/ ohdg wr wkh frqfhsw ri d vshflhv ri wrsrorjlfdo
ghihfwv dv uhjlrqv zkhuh wrsrorjlfdo uh�qhphqwv ri xqltxhqhvv/ lqwhjudelolw|/ gli0
ihuhqwldelolw|/ frpsdfwqhvv/ ru uhdolw| idlo1 Ri sduwlfxodu qrwh lv wkh idfw wkdw wkh
vroxwlrqv wr wkh SGH*v zklfk lqyroyh wrsrorjlfdo ghihfwv qhhg qrw eh gh�qhg lq
d orfdoo| olqhdu/ dqg wkhuhiru xqltxh/ pdqqhu1 Wkh ghihfwv duh vhwv xsrq zklfk
wkh vroxwlrqv gr qrw ehkdyh dv whqvruv/ iru whqvruv uhtxluh wkdw gl�huhqw qhljkeru0
krrgv duh uhodwhg e| gl�hrprusklvpv dqg wkhuhiru lpsrvh xqltxhqhvv e| olqhdulw|1
Wkh xvh ri h{whulru gl�huhqwldo irupv flufxpyhqwv wkhvh olplwdwlrqv ri xqltxhqhvv
ghpdqghg e| wkh wkhru| ri whqvru dqdo|vlv/ iru gl�huhqwldo irupv duh ixqfwlrqdoo|
zhoo ehkdyhg lq d uhwurglfwlyh sxooedfn vhqvh ^UPN 4<:9 e` uhodwlyh wr gl�huhq0
wldo pdsv zklfk duh qrw rqh wr rqh gl�hrprusklvpv1 H{whulru gl�huhqwldo irupv
duh zhoo ehkdyhg zlwk uhvshfw wr hyroxwlrqdu| surfhvvhv wkdw lqfoxgh wrsrorjlfdo
fkdqjh/ dqg wkh surgxfwlrq ri wrsrorjlfdo ghihfwv1
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616171 Wrsrorjlfdo ghihfwv dqg %Txdqwl}dwlrq% lq frqqhfwhg v|vwhpv

Wrsrorjlfdo ghihfwv �qg uhsuhvhqwdwlrq lq whupv ri forvhg/ exw qrw h{dfw/ krpr0
jhqhrxv gl�huhqwldo irupv ri wrsrorjlfdo glphqvlrq P lpphuvhg lq vsdfhv ri suh0
jhrphwulf glphqvlrq Q � P 1 Wkh lqwhjudov ryhu forvhg lqwhjudwlrq fkdlqv +forvhg
f|fohv zklfk pd| qrw eh erxqgdulhv, ri vxfk forvhg/ exw qrw h{dfw/ h{whulru gli0
ihuhqwldo irupv duh wkh edvlv ri ghUkdp frkrprorj| wkhru| ^ghUkdp 4<93`1 Wkh
ydoxhv ri vxfk forvhg lqwhjudov kdyh udwlrqdo udwlrv dqg surylgh d wrsrorjlfdo edvlv
iru %txdqwl}dwlrq%1 Lqwhjudov ri h{dfw n0irupv ryhu forvhg f|fohv ru erxqgdulhv duh
dozd|v }hur1 Lqwhjudov ri forvhg exw qrw h{dfw n0irupv ryhu f|fohv zklfk duh qrw
erxqgdulhv duh qrw }hur1 Lqwhjudov ri forvhg exw qrw h{dfw n0irupv ryhu erxqgdulhv
kdyh }hur ydoxhv1 Lq d wrsrorjlfdo wkhru| ri hohfwurpdjqhwlvp/ wkh forvhg/ exw qrw
h{dfw/ frpsrqhqwv ri wkh 40irup ri srwhqwldov/ D/ ohdg wr 40glphqvlrqdo shulrg lq0
whjudov dqg wkh frqfhsw ri wkh  x{ txdqwxp dv d 40glphqvlrqdo wrsrorjlfdo ghihfw1
Vlploduo|/ forvhg exw qrw h{dfw frpsrqhqwv ri wkh 50irup ri h{flwdwlrq ghqvlwlhv/
J> ohdg wr 50glphqvlrqdo shulrg lqwhjudov dqg wkh frqfhsw ri wkh fkdujh txdqwxp
dv d 50glphqvlrqdo wrsrorjlfdo ghihfw1 Wkhvh shulrg lqwhjudo frqfhswv kdyh ehhq
glvfxvvhg hovhzkhuh ^UPN 4<::`1

616181 Wrsrorjlfdo ghihfwv dqg %Txdqwl}dwlrq% lq glvfrqqhfwhg v|vwhpv

Prvw ri wkh hpskdvlv lq wklv duwlfoh krzhyhu lv sodfhg xsrq wkh qrq0fodvvlfdo/
forvhg exw qrw h{dfw/ h{whulru gl�huhqwldo 60irupv dqg 70irupv/ zklfk fdq eh frq0
vwuxfwhg iurp D dqg J dqg wkhlu h{whulru ghulydwlyhv dqg h{whulru surgxfwv1 Wkh
wzr prvw lpsruwdqw ri wkhvh frqvwuxfwlrqv/ lq d grpdlq ri 7 suh0jhrphwulf gl0
phqvlrqv/ lv gh�qhg lq whupv ri wkh Wrsrorjlfdo Wruvlrq 60irup/ D	I / dqg wkh
Wrsrorjlfdo Vslq 60irup ghqvlw|/ D	J1 Wkh 60glphqvlrqdo wrsrorjlfdo ghihfwv dv0
vrfldwhg zlwk wkh forvhg exw qrw h{dfw frpsrqhqwv ri wkhvh 60irupv duh gh�qhg dv
wkh wrsrorjlfdo wruvlrq0kholflw| txdqwxp dqg wkh wrsrorjlfdo vslq0fkludolw| txdq0
wxp/ uhvshfwlyho|1 Lw fdq eh ghprqvwudwhg wkdw  x{ txdqwxp shulrg lqwhjudov
duh hohphqwv ri wrsrorjlfdo ghihfwv lq htxloleulxp wkhuprg|qdplf v|vwhpv/ exw
wkh wruvlrq0kholflw| txdqwd dqg wkh vslq0fkludolw| txdqwd duh hohphqwv ri wrsrorj0
lfdo ghihfwv lq qrq0htxloleulxp/ glvvlsdwlyh/ wkhuprg|qdplf v|vwhpv/ dqg fdq eh
fuhdwhg dv duwlidfwv ri luuhyhuvleoh surfhvvhv1 Lw lv wkh glvfryhu| ri wkhvh qrq0
htxloleulxp surshuwlhv wkdw ghprqvwudwhv wkh xwlolw| ri wkh wrsrorjlfdo shuvshfwlyh
ri hohfwurpdjqhwlvp1 Wkhvh lghdv zloo eh glvfxvvhg lq ghwdlo lq vhfwlrq 71
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6171 Vljqdov dqg Sursdjdwlqj Wrsrorjlfdo Ghihfwv

Wkh wrsrorjlfdo frqvwudlqwv/ khqfh wkh Pd{zhoo v|vwhp ri SGH*v wkh| jhqhudwh/ duh
ydolg lq dq| iudph ri dffhswdeoh +gl�hrprusklfdoo| uhodwhg, frruglqdwhv1 Vr zk|
lv wkh Oruhqw} v|vwhp ri wudqvirupdwlrqv vr grplqdqw lq fodvvlfdo hohfwurpdjqhwlf
wkhru|B Lq d uhpdundeoh slhfh ri zrun ^Irfn 4<97` Y1 Irfn ghprqvwudwhg wkdw wkh
srlqw vhw xsrq zklfk wkh vroxwlrqv wr wkh Pd{zhoo SGH*v duh qrw xqltxho| gh�qhg
irupv d sursdjdwlqj dpsolwxgh glvfrqwlqxlw|1 Kh fohduo| irupxodwhg wkh lghd wkdw
hohfwurpdjqhwlf vljqdov zhuh vxfk sursdjdwlqj �hog glvfrqwlqxlwlhv1 +Wklv frqfhsw
ri d vljqdo dqg lwv suhflvh uhodwlrqvkls wr hohfwurpdjqhwlf �hogv zdv qrw fohduo|
gh�qhg e| Hlqvwhlq,1

Wr txrwh Ylfwru Irfn=

�Wkh odzv ri sursdjdwlrq ri oljkw lq hpsw| vsdfh duh wkrurxjko| xq0
ghuvwrrg1 Wkh| �qg wkhlu h{suhvvlrq lq wkh zhoo0nqrzq htxdwlrqv ri
Pd{zhoo1 Krzhyhu/ zh duh qrw lqwhuhvwhg lq wkh jhqhudo fdvh ri oljkw
sursdjdwlrq/ exw rqo| lq wkh sursdjdwlrq ri d vljqdo dgydqflqj zlwk
pd{lpxp vshhg> l1h1/ wkh sursdjdwlrq ri d zdyh iurqw1 Dkhdg ri wkh
iurqw ri wkh zdyh doo frpsrqhqwv ri wkh �hog ydqlvk1 Ehklqg lw vrph ri
wkhp duh gl�huhqw iurp }hur1 Wkhuhiruh/ vrph ri wkh �hog frpsrqhqwv
pxvw eh glvfrqwlqxrxv dw wkh iurqw1 Rq wkh rwkhu kdqg/ jlyhq wkh
�hog +d vroxwlrq wr wkh htxdwlrqv, rq vrph vxuidfh prylqj lq vsdfh/
wkh ghulydwlyhv ri wkh �hog duh/ lq jhqhudo/ ghwhuplqhg e| Pd{zhoo*v
htxdwlrqv1 Khqfh wkh ydoxh ri wkh �hog dw dq lq�qlwho| qhdu vxuidfh lv
dovr +xqltxho|, ghwhuplqhg +e| dqdo|wlfdo frqwlqxdwlrq, dqg glvfrqwl0
qxlwlhv duh lpsrvvleoh1 Wkh rqo| fdvh zkhq wklv lv qrw vr lv zkhq wkh
irup dqg wkh prwlrq ri wkh vxuidfh vdwlv�hv fhuwdlq vshfldo frqglwlrqv
vxemhfw wr zklfk wkh ydoxhv ri wkh ghulydwlyhv lv qrw ghwhuplqhg e| wkh
ydoxhv ri wkh �hog frpsrqhqwv wkhpvhoyhv1 Vxfk d vxuidfh lv fdoohg d
fkdudfwhulvwlf vxuidfh/ ru eulh |/ d fkdudfwhulvwlf1 Wkxv glvfrqwlqxlwlhv
ri wkh �hog fdq rffxu rqo| rq d fkdudfwhulvwlf/ exw vlqfh wkhuh pxvw
fhuwdlqo| eh glvfrqwlqxlwlhv dw d zdyh iurqw + wkh vljqdo ,/ vxfk d iurqw
lv fohduo| d fkdudfwhulvwlf1�

Irfn dovr ghprqvwudwhg wkdw wkh fkdudfwhulvwlf ru vlqjxodu srlqw vhw iru wkh
v|vwhp ri Pd{zhoo SGH*v zdv jlyhq e| wkh qrq0olqhdu sduwldo gl�huhqwldo htxd0
wlrq fdoohg wkh Hlnrqdo htxdwlrq1 Wkh Hlnrqdo htxdwlrq lv d qrq0olqhdu sduwldo
gl�huhqwldo htxdwlrq wkdw frqvlvwv ri d +fdqrqlfdo, txdgudwlf irup zlwk vljqdwxuh
+./././0, ru +0/0/0/.,=
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Hlnrqdo E	C*@C{�2 	 EC*@C|�2 	 EC*@C}�2 
 �@f2EC*@Cw�2 ' f= +6149,

Wkhvh lghdv zhuh fkdpslrqhg e| Oxqhehuj +dqg rwkhuv, dw wkh hqg ri ZZLL1
Wkh nh| lghd lq Irfn*v zrun lv wkh uhvxow wkdw wkh fkdudfwhulvwlf vroxwlrqv

uhpdlq fkdudfwhulvwlf vroxwlrqv +glvfrqwlqxlwlhv uhpdlq glvfrqwlqxlwlhv 0 vljqdov uh0
pdlq vljqdov, rqo| xqghu d olplwhg vhw ri frruglqdwh wudqvirupdwlrqv1 Wkh odzv
ri Pd{zhoo dv whqvru htxdwlrqv duh zhoo ehkdyhg zlwk uhvshfw wr DOO gl�hr0
prusklvpv/ exw wkh fkdudfwhulvwlf vroxwlrqv wr Pd{zhoo*v htxdwlrqv uhwdlq wkhlu
wrsrorjlfdo surshuwlhv rqo| zlwk uhvshfw wr d uhvwulfwhg fodvv ri wudqvirupdwlrqv1
Irfn suryhv wkdw wkh olqhdu fodvv ri wudqvirupdwlrqv wkdw suhvhuyh vljqdov lv wkh
Oruhqw} jurxs/ iru zklfk d �qlwh sursdjdwlrq vshhg lv dq lqyduldqw frqfhsw1 Krz0
hyhu/ wkh sduw ri Irfn*v ghyhorsphqw wkdw kdv ehhq ljqruhg lv wkh lghd wkdw wkhuh
dovr h{lvwv d qrq0olqhdu wudqvirupdwlrq jurxs +wkh Prhelxv iudfwlrqdo surmhfwlyh
wudqvirupdwlrqv, wkdw dovr suhvhuyh glvfrqwlqxlwlhv/ vljqdov/ dqg wkh surshuwlhv ri
fkdudfwhulvwlfv1 Vxfk vljqdov duh qrw uhvwulfwhg wr �qlwh sursdjdwlrq vshhg1 Wkhvh
uhvxowv zloo eh wkh wrslf ri dqrwkhu suhvhqwdwlrq1

6181 Fkdudfwhulvwlfv

Iru wkh zrun suhvhqwhg khuhlq/ wkh vrxufh iuhh v|vwhp ri irupv Pf ' iI>Jj> iM '
fjzloo eh wuhdwhg dv d forvhg lghdo/ gPf ' igI> gJj ' f1 Wkh Fduwdq whfkqltxh
zloo eh xvhg wr vhdufk iru wzr v|vwhpv ri gxdo yhfwru �hogv wkdw gh�qh srlqw
vhwv zklfk duh frpsolphqwdu| lq d xqlrq dqg lqwhuvhfwlrq vhqvh1 Wklv sureohp
lv htxlydohqw wr �qglqj wkrvh srlqw vhwv xsrq zklfk wkh �hog dpsolwxghv dgplw
glvfrqwlqxlwlhv/ exw vwloo vdwlvi| Pd{zhoo*v htxdwlrqv1 Lq rwkhu zrugv/ wkh vroxwlrqv
wr Pd{zhoo*v htxdwlrqv duh qrw xqltxh xsrq wkh vlqjxodu srlqw vhw1 Wkhuh duh
wzr zd|v wr jr derxw wklv sureohp/ wkh ud| phwkrg +zkhuh d vhdufk lv pdgh
iru wkh fkdudfwhulvwlfv ri wkh gl�huhqwldo lghdo Pf� dqg wkh %gxdo% zdyh phwkrg
^UPN 4<<4 g`1 Lq wklv duwlfoh rqo| wkh zdyh phwkrg zloo eh sxuvxhg lq ghwdlo1

Frqvlghu wkh vhw ri fryduldqw �hogv n zklfk dqqlklodwh wkh v|vwhp ri irupv
ri wkh forvhg lghdo lq dq lqwhuvhfwlrq vhqvh1 Wkhvh srlqw vhwv duh jlyhq e| wkh
fryduldqw yhfwruv

!e ' i!> $j +614:,

vxfk wkdw wkh o0irup/ n ' ! � gh� $ gw> zloo kdyh qxoo lqwhuvhfwlrqv zlwk wkh forvhg
lghdo ri irupv iPfj> l1h1/ vhdufk iru n vxfk wkdw

5<



n	iPfj ' f> +614;,

ru
n	I ' f> n	J ' f= +614<,

Wkhvh htxdwlrqv ri fkdudfwhulvwlfv kdyh dq hqjlqhhulqj irupdw dv wkh vhw

!�,�$� ' f> ! �� ' f> +6153,

!�On$# ' f> ! �# ' f> +6154,

iurp zklfk lw lv dssduhqw wkdw ! kdv wkh gluhfwlrq ri wkh prphqwxp  x{ #��1
Lw lv wr eh qrwhg wkdw wkhvh vl{ lqghshqghqw htxdwlrqv iru wkh fryduldqw zdyh �hog
! duh wkh xvxdo vhwv ri htxdwlrqv zklfk gh�qh wkh srlqw vhwv xsrq zklfk �hog
glvfrqwlqxlwlhv pd| h{lvw dNolqh 4<98o= Wkh 40irup/ n/ fdq eh pxowlsolhg e| dq|
qrq0}hur ixqfwlrq zlwkrxw fkdqjlqj wkh irupdw ri wkh htxdwlrqv1 Lq idfw lw lv
pruh frqyhqlhqw wr xvh wkh fryduldqw �hog lq wkh irupdw n ' i!> $j ' $i?> �j=
+Wkh htxlydohqw dqdo|vlv lq whupv ri ud|v/ lpsolhv wkdw wkh ud| yhfwru lv lq wkh
gluhfwlrq ri wkh hqhuj|  x{/ ,�O= Wkh hqhuj|  x{ dqg wkh prphqwxp  x{ duh
qrw qhfhvvdulo| lq wkh vdph gluhfwlrq,1

Li wkh fkdudfwhulvwlf v|vwhp lv ylhzhg dv d vhw ri vl{ htxdwlrqv lq 45 xqnqrzqv
uhsuhvhqwlqj wkh frpsrqhqwv ri wkh �hogv/ wkhq wkh sureohp grhv qrw dgplw d
vroxwlrq zlwkrxw ixuwkhu frqvwudlqwv1 Wr doohyldwh wklv sureohp/ lw lv frqyhqlhqw
wr lpsrvh jhrphwulfdo frqvwudlqwv lq wkh irup ri frqvwlwxwlyh uhodwlrqv rq wkh
wrsrorjlfdo v|vwhp1 Lq whqvru odqjxdjh/ dvvxph

J�� ' "����I�� +6155,

Gxh wr wkh dqwlv|pphwulhv ri wkh irupv/ wkh 589 frpsrqhqwv ri wkh whqvru ghqvlw|/
"���� lq irxu glphqvlrqv pd| eh uhgxfhg wr 69 glvwlqfw ydoxhv/ d uhgxfwlrq zklfk
ohdgv wr wkh 9 yhfwru irupdolvp ri Vrpphuihog ^Vrpphuihog 4<85`> qdpho|/ lq
pdwul{ irupdw/

# ' �Ed� o � ,n d� o ��� +6156,

O ' �Ed�_o � ,n d�3�o ���= +6157,

Zkhq wkh frqvwlwxwlyh pdwul{ lv frpsoh{ lw fdq eh sduwlwlrqhg lqwr uhdo dqg lpdj0
lqdu| sduwv1 Wkh ydulrxv rswlfdo h�hfwv wkdw kdyh ehhq phdvxuhg lq fodvvlfdo
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hohfwurpdjqhwlvp wkhq fdq eh lqwr fruuhvsrqghqfh zlwk v|pphwulhv lqgxfhg e|
wkh gldjrqdo dqg r� gldjrqdo pdwul{ hohphqwv ri wkh sduwlwlrqhg uhsuhvhqwdwlrq
+Vhh Srvw ^Srvw 4<;6`,1

���� GK
 

'

�
dglhohfwulfbeluhiu=o dIuhvqhobIl}hdxo
dIuhvqhobIl}hdxo dpdjqhwlfbeluhiu=o

�
�
���� HE

 
n +6158,

s��

�
dglhohfwulfbIdudgd|o dRswbDfwo

dRswbDfwo dpdjqhwlfbIdudgd|o

�
�
���� HE

 
+6159,

6191 Iuhvqho 0 Nxpphu vxuidfhv

Wkh vl{ frqvwlwxwlyh htxdwlrqv jlyhq deryh pd| eh xvhg wr holplqdwh kdoi ri wkh
xqnqrzqv lq wkh vl{ htxdwlrqv iru wkh fkdudfwhulvwlf v|vwhp1 Iru h{dpsoh/ wkh
holplqdwlrq ri , dqg O lq wkh fkdudfwhulvwlf htxdwlrqv ohdyhv d krprjhqhrxv
v|vwhp ri vl{ htxdwlrqv lq vl{ yduldeohv1 Wkh Fudphuv ghwhuplqdqwdo frqglwlrq
rq wklv krprjhqhrxv vhw pxvw eh vdwlv�hg li d vroxwlrq h{lvwv1 Wkh Fudphuv
ghwhuplqdqw frqglwlrq/ KEq{>q|> q}� ' f ohdgv wr d txduwlf Nxpphu vxuidfh lq
wkh frpsrqhqwv ri wkh wkuhh yhfwru ri uhflsurfdo skdvh yhorflw|/ ? ' !@$=E|
xvlqj wkh pdwul{ uhsuhvhqwdwlrq/

d?f o '

5
7 f q} �q|

�q} f q{
q| �q{ f

6
8 +615:,

wkh Nxpphu vxuidfh E� ' �� fdq eh gh�qhg e| wkh htxdwlrq=

KEq{>q|> q}� ' ghwEd�o n d�od?fo� d?fod�_o n d?fod�3� od?fo� ' f= +615;,

Lq wkh wkuhh0glphqvlrqdo vsdfh ri yduldeohv Eq{>q|> q}� wkh lpsolflw k|shuvxuidfh
K ' f lv ri irxuwk ghjuhh dqg fuhdwhv dq h{whqvlrq ri wkh xvxdo Iuhvqho zdyh
vxuidfh wr lqfoxgh qrw rqo| dqlvrwurslf eluhiulqjhqfh/ exw dovr hohfwulf dqgpdjqhwlf
Idudgd| urwdwlrq/ rswlfdo dfwlylw|/ dqg Iuhvqho0Il}hdx skhqrphqd lq frpelqdwlrq1

Lq wkh fdvh ri eluhiulqjhqfh v|pphwulhv dorqh/ wkh txduwlf ixqfwlrqK ' f vsolwv
lqwr wzr grxeo| ghjhqhudwh txdgudwlf idfwruv zklfk duh wkh xvxdo uhsuhvhqwdwlrqv
ri wkh Iuhvqho hoolsvrlgv/ rqh hoolsvrlg iru hdfk vwdwh ri srodul}dwlrq1 Lq wkh fdvh ri
wkh Oruhqw} v|pphwulhv/ wkh Nxpphu vxuidfh lv irxuwk rughu ghjhqhudwh zlwk wkh
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skdvh yhorflw| ri sursdjdwlrq htxdo iru erwk vwdwhv ri srodul}dwlrq dqg iru erwk
gluhfwlrqv ri sursdjdwlrq1

Wkh jhqhudo Iuhvqho zdyh vxuidfhv duh glvwruwhg hoolsvrlgv zklfk gr qrw kdyh
d fhqwhu ri v|pphwu|1 Khqfh dq duelwudu| olqh wkurxjk wkh ruljlq lq uhflsurfdo
skdvh yhorflw| vsdfh zloo lqwhufhsw wkh Iuhvqho zdyh vxuidfh+v, lq irxu glvwlqfw
srlqwv uhsuhvhqwlqj irxu glvwlqfw skdvh yhorflwlhv= wzr pdjqlwxghv lq wkh rxw0
erxqg gluhfwlrq iru hdfk vwdwh ri srodul}dwlrq/ dqg wzr gl�huhqw yhorflwlhv lq
wkh lqerxqg gluhfwlrq/ rqh iru hdfk vwdwh ri srodul}dwlrq1 D Pdsoh edvhg sur0
judp +kwws=22zzz551sdlu1frp2fvgf2sgi2iuhvqho1sgi, lv dydlodeoh iru frpsxwlqj
wkh Iuhqho zdyh vxuidfhv1

Wkh olwwoh dssuhfldwhg uhvxow lv wkdw wkh sursdjdwlrq yhorflw| ri d vljqdo fdq eh
vhqvlwlyh wr wkh gluhfwlrq ri sursdjdwlrq/ zklfk ri frxuvh lpsolhv wkdw wkh frqvwl0
wxwlyh htxdwlrqv gr qrw kdyh wkh v|pphwulhv ri wkh Oruhqw} ydfxxp1 Wkhvh h�hfwv
zhuh h{shulphqwdoo| yhul�hg lq gxdo srodul}hg ulqj odvhu h{shulphqwv frqgxfwhg
e| Vdqghuv ^UPN 4<:: e`1 Zkhq wkh vroxwlrqv wr wkh Nxpphu vxuidfh htxdwlrq
duh qrw ghjhqhudwh +irxu glvwlqfw urrwv wr wkh irxuwk rughu sro|qrpldo,/ wkhq wkh
vroxwlrqv wr wkh zdyh htxdwlrq duh ehvw ghvfulehg lq whupv ri txdwhuqlrqv/ dqg qrw
uhdo ru frpsoh{ yhfwruv1

Wkh frqvwlwxwlyh whfkqltxh ghprqvwudwhv wkdw wkhuh h{lvw fkdudfwhulvwlf zdyh
vroxwlrqv wr Pd{zhoo*v htxdwlrqv iru zklfk wkh sursdjdwlrq yhorflw| lv qrw irxu0
irog ghjhqhudwh1 Hdfk ri wzr vwdwhv ri srodul}dwlrq fdq kdyh wzr gl�huhqw vshhgv lq
wkh rxwerxqg gluhfwlrq/ dqg wzr gl�huhqw skdvh vshhgv lq wkh lqerxqg gluhfwlrq1
Doo irxu skdvh vshhgv fdq eh glvwlqfw1 Lw lv d surshuw| ri wkh Oruhqw} Ydfxxp
frqvwlwxwlyh pds wkdw wkhvh 7 vshhgv duh ghjhqhudwh> wkdw lv/ wkh sursdjdwlrq
vshhgv iru hdfk srodul}dwlrq dqg hdfk gluhfwlrq duh wkh vdph1 Wkh Oruhqw} frq0
vwlwxwlyh pds dovr lqvxuhv wkdw wkh �hogv vdwlvi| erwk wkh Pd{zhoo0Idudgd| dqg
Pd{zhoo0Dpshuh htxdwlrqv dqg wkh ydfxxp frqglwlrq wkdw fkdujh0fxuuhqw 7 yhf0
wru ydqlvkhv1 Xqghu wkhvh frqvwudlqwv/ wkh �hogv vdwlvi| wkh yhfwru zdyh htxdwlrq
zlwk wkh vdph skdvh vshhg/ f1 Krzhyhu/ wkh Oruhqw} frqvwlwxwlyh htxdwlrqv duh
qrw wkh rqo| frqvwlwxwlyh htxdwlrqv zklfk kdyh wklv surshuw|1 Lq wkh qh{w vhfwlrq/
wkh frqfhsw ri d Fkludo ydfxxp zloo eh vwxglhg1 Wkh rqo| gl�huhqfh ehwzhhq wkh
Oruhqw} Ydfxxp dqg wkh Fkludo Ydfxxp lv lq wkh frqirupdo idfwru wkdw uhsuhvhqwv
wkh udgldwlrq lpshgdqfh1
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61:1 Wkh Fkludo ydfxxp

Lq wkh Oruhqw} ydfxxp fdvh/ wkh fodvvlf dvvxpswlrq uhgxfhv wkh frqvwlwxwlyh pdwul{
wr wkh irupdw

Oruhqw} ydfxxp +615<,���� #O
 

'

�
�f dWo dfo
dfo �@�f dWo

�
�
���� ,�

 
= +6163,

zkhuh %f dqg �@�f duh suhvxphg wr eh frqvwdqwv1 Lw lv qrw gl!fxow wr ghprqvwudwh
wkdw zlwk wkh Oruhqw} frqvwlwxwlyh frqvwudlqw/ doo �hogv/ #>O>,>� vdwlvi| wkh
yhfwru zdyh htxdwlrq ri wkh irup

u2,� �f�fC
2,@Cw2 ' u2,� E�@f2�C2,@Cw2 ' f> +6164,

�f�ff
2 ' �= +6165,

Krzhyhu frqvlghu wkh frqvwlwxwlyh frqvwudlqw gh�qhg dv wkh Fkludo ydfxxp/
zkhuh �@]f lv gh�qhg dv wkh Fkludo frh!flhqw1 Wkh Fkludo frh!flhqw idfwru/ �/
fdq eh hlwkhu srvlwlyh ru qhjdwlyh1 Lq d vhqvh wkh fkludo ydfxxp dgplwv hlwkhu d
ohiw kdqghg ru d uljkw kdqghg %urwdwlrq%/ dvvrfldwhg zlwk srodul}dwlrq1 Wkh idfwru
� fdq eh lqwhusuhwhg dv d frqirupdo idfwru/ dqg sod|v wkh uroh ri dq h{sdqvlrq ru
frqwudfwlrq1 Lq erwk wkh Oruhqw} fdvh dqg wkh Fkludo fdvh/ wkh Iluvw Srlqfduh
lqyduldqw lv wkh vdph1

Fkludo ydfxxp zlwk ]f '
s
�@� +6166,���� #O

 
' �

�
�f dWo �@]f dWo

��@]f dWo �@�f dWo

�
�
���� ,�

 
= +6167,

Lw djdlq lv vwudljkw iruzdug wr vkrz wkh �hogv duh vroxwlrqv ri wkh vdph yhfwru zdyh
htxdwlrqv1 Wkh gl�huhqfh ehwzhhq wkh wzr ydfxxp frqvwlwxwlyh dvvxpswlrqv lv
wkdw wkh ghwhuplqdqwv +uhodwhg wr wkh fxeh ri wkh udgldwlrq lpshgdqfh, duh qrw
wkh vdph1

Ghwhuplqdqw �

�
�f dWo �@]f dWo

��@]f dWo �@�f dWo

�
' �SE�@]f n �2@]f�

�= +6168,

Qrwh wkdw � fdq eh hlwkhu srvlwlyh ru qhjdwlyh/ lpso|lqj wkdw lv d ohiw kdqghg
dqg d uljkw kdqg fkludolw| gl�huhqfh lq wkh frqvwlwxwlyh pdwul{1 Wkh idfwru �
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lpsolhv d urwdwlrq ri vrph vruw lq 9 glphqvlrqv/ dqg wkh idfwru � fruuhvsrqgv wr
dq h{sdqvlrq idfwru1

Wkh txhvwlrq dulvhv dv wr wkh ydoxh ri �2@]fB D srvvleoh vxjjhvwlrq prwlydwhg
wkh Edwhpdq vroxwlrqv +zklfk duh glvfxvvhg ehorz, lv wkdw �2@]f ' �@]Kdoo= Li wklv
frqmhfwxuh lv ydolg wkhq wkh uhflsurfdo ri wkh udgldwlrq lpshgdqfh iru wkh Fkludo
ydfxxp lv E� n 2�� wlphv odujhu wkdq wkh uhflsurfdo udgldwlrq lpshgdqfh iru wkh
Oruhqw} ydfxxp1 Wkh qxpehu � � �@��. lv wkh �qh vwuxfwxuh frqvwdqw1

Wkh Iuhvqho0Nxpphu zdyh vxuidfh htxdwlrq iru wkh fkdudfwhulvwlf ri wkhPd{zhoo
htxdwlrqv pd| eh zulwwhq dv wkh sro|qrpldo/

EU2 � ��2 ' f> +6169,

zkhuh U2 ' q{
2 n q|

2 n q}
2 ' ? � ? uhsuhvhqwv wkh qrup ri wkh surmhfwlyl}hg

zdyh yhfwru +lqgh{ ri uhiudfwlrq yhfwru,/ ? ' !@$= Vroxwlrqv ri wkh fkdudfwhulvwlf
sro|qrpldo |lhog wkh skdvh yhorflwlhv ri sursdjdwlrq lq whupv ri wkh pdjqlwxgh ri
wkh uhflsurfdo lqgh{ ri uhiudfwlrq yhfwru/ ?1 Wkh Nxpphu vxuidfhv uhsuhvhqw wzr
vxshusrvhg vskhuhv lq ? vsdfh1 Erwk vroxwlrqv lpso| wkdw wkh 70yhfwru ri fkdujh
fxuuhqw ghqvlw| lv }hur1 Khqfh wkh lqwhudfwlrq hqhuj| ghqvlw|/ D	M> lv }hur1

Wkhvh duh d udwkhu vwduwolqj uhvxowv iru wkh| ghprqvwudwh wkdw wkh
Oruhqw} ydfxxp dqg wkh Fkludo ydfxxp fdq eh irupdoo| lqglvwlqjxlvk0
deoh/ h{fhsw iru wkh lpshgdqfh ri iuhh vsdfh +zklfk lv uhodwhg wr wkh
ghwhuplqdqw ri wkh frqvwlwxwlyh whqvru dqg wkhuhiru wr wkh fkludo dqg
h{sdqvlrq frh!flhqwv,1

71 Qrq0Htxloleulxp Hohfwurpdjqhwlf V|vwhpv

7141 Wrsrorjlfdo Vslq dqg Wrsrorjlfdo Wruvlrq

Wkh h{whulru gl�huhqwldo irupv wkdw pdnh xs wkh hohfwurpdjqhwlf v|vwhp rq d jhr0
phwulf grpdlq ri 7 glphqvlrqv frqvlvw ri wkh sulplwlyh 40irup/ D/ dqg wkh sulplwlyh
Q05 irup ghqvlw|/ J> wkhlu h{whulru ghulydwlyhv/ dqg wkhlu dojheudlf lqwhuvhfwlrqv
gh�qhg e| doo srvvleoh h{whulru surgxfwv1 Wkh frpsohwh Pd{zhoo v|vwhp ri h{wh0
ulru gl�huhqwldo irupv +wkh Sid� vhtxhqfh iru wkh Pd{zhoo v|vwhp rq 7 jhrphwulf
glphqvlrqv, lv jlyhq e| wkh vhw=

iD(I ' gD>J( M ' gJ>D	I>D	J>D	M (I	I>J	Jj= +714,
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Wkhvh gl�huhqwldo irupv dqg wkhlu xqlrqv pd| eh xvhg wr irup d wrsrorjlfdo edvh
rq wkh grpdlq ri lqghshqghqw yduldeohv1 Wkh Fduwdq wrsrorj| frqvwuxfwhg
rq wklv v|vwhp ri irupv kdv wkh xvhixo ihdwxuh wkdw wkh h{whulru ghulydwlyh pd|
eh lqwhusuhwhg dv d olplw srlqw/ ru forvxuh/ rshudwru lq wkh vhqvh ri Nxudwrzvnl
+vhh s1 :5 lq ^Olsvfkxw} 4<98`,1 Wkh h{whulru gl�huhqwldo v|vwhpv wkdw gh�qh
wkh Pd{zhoo0Dpshuh dqg wkh Pd{zhoo0Idudgd| htxdwlrqv deryh duh hvvhqwldoo|
wrsrorjlfdo frqvwudlqwv ri forvxuh1

Wkh frpsohwh Pd{zhoo v|vwhp ri gl�huhqwldo irupv +zklfk dvvxphv wkh h{0
lvwhqfh ri D dqg J dqg F5 gl�huhqwldelolw|, dovr jhqhudwhv wzr rwkhu h{whulru
gl�huhqwldo v|vwhpv/

EI	J� D	M�� gED	J� ' f> +715,

I	I � gED	I � ' f> +716,

zklfk surorqj wkh sulpdu| +h{dfw, h{whulru gl�huhqwldo v|vwhpv/

I � gD ' f> +717,

M � gJ ' f= +718,

Hdfk ri wkh irupv/ D> J> D	J> D	I / fdq kdyh forvhg exw qrw h{dfw frpsrqhqwv1
Wkh wzr 70irupv EI	J � D	M� dqg EI	I � duh h{dfw dqg kdyh forvhg lqwhjudov
zklfk duh hyroxwlrqdu| +uhodwlyh, lqyduldqwv ri frqwlqxrxv ghirupdwlrqv1 Wkh
forvhg lqwhjudov wkhuhiru ghvfuleh wrsrorjlfdo surshuwlhv1

Wkh �uvw 60irup ghqvlw|/ D	J> zlwk sk|vlfdo xqlwv ri |> lv fdoohg wkh %wrsr0
orjlfdo vslq% +ru fkludolw|, ^UPN 4<::` dqg wkh vhfrqg 60irup/ D	I> zlwk sk|v0
lfdo xqlwv ri +|@h�2> lv fdoohg wkh %wrsrorjlfdo wruvlrq% +ru kholflw|, ^UPN 4<<3`1
Wkhvh wzr h{whulru 60irupv/ D	J dqg D	I duh qrw xvxdoo| irxqg lq glvfxvvlrqv
ri fodvvlfdo hohfwurpdjqhwlvp1 Wkh 60irupv duh devwudfwo| gh�qhg +rq d vsdfh
ri 7 jhrphwulf glphqvlrqv zlwk d yroxph hohphqw/ le ' g{	g|	g}	gw, lq whupv
ri h{whulru pxowlsolfdwlrq/ exw fdq eh jlyhq uhdol}dwlrq lq whupv ri 7 frpsrqhqw
hqjlqhhulqj yduldeohv/ 5e dqg Ae=

Wrsrorjlfdo Vslq ghqvlw| G D	J ' lE5e�le +719,

5e ' d5> �o ' d��On#!>� �#o> +71:,

Wrsrorjlfdo Wruvlrq yhfwru G D	I ' lEAe�le +71;,

Ae ' dA> ko ' �d,��n�!>� ��o= +71<,
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Wkhvh frqvwuxfwlrqv vkrxog eh frpsduhg zlwk wkh h{dfw fkdujh fxuuhqw 70yhfwru
ghqvlw|/ M > zlwk d 7 frpsrqhqw hqjlqhhulqj uhsuhvhqwdwlrq/ ae ' da> �o= Wkh
frqfhswv ri wkh wrsrorjlfdo Vslq ghqvlw| +fxuuhqw, dqg wkh wrsrorjlfdo Wruvlrq
yhfwru kdyh kdg doprvw qr xwlol}dwlrq lq dssolfdwlrqv ri fodvvlfdo hohfwurpdjqhwlf
wkhru|1 Hdfk frqvwuxfwlrq ghshqgv h{solflwo| rq wkh h{lvwhqfh ri wkh 40irup ri
Dfwlrq0srwhqwldov1

Lq suhylrxv vhfwlrqv lw zdv qrwhg wkdw wkh forvhg frpsrqhqwv ri wkh 40irup
ri Dfwlrq gr qrw h�hfw wkh frpsrqhqwv ri wkh 40irup ri lqwhqvlwlhv/ I ' gD '
gEDf n Df� ' f n gEDf�= Krzhyhu/ wkhvh %jdxjh% dgglwlrqv gr lq xhqfh wkh
wrsrorjlfdo glphqvlrq ri wkh 40irup ri Dfwlrq1 Iru h{dpsoh/ ohw Df eh ri Sid�
Wrsrorjlfdo glphqvlrq 5/ uhsuhvhqwlqj dq htxloleulxp v|vwhp zkhuh Df	gDf ' f=
Wkhq e| dgglwlrq ri d forvhg frpsrqhqw wr wkh ruljlqdo dfwlrq/ D ' DfnDf frxog
kdyh d wrsrorjlfdo glphqvlrq ri 6/ dv

D	gD ' EDf nDf�	gDf ' Df	gDf 9' f= +7143,

Vr wkh dgglwlrq ri d forvhg frpsrqhqw wr wkh 40irup ri Dfwlrq frxog fkdqjh wkh
v|vwhp iurp dq htxloleulxp v|vwhp wr d qrq0htxloleulxp v|vwhp1 Wkh 70irup
gD	gD lv qrw lq xhqfhg e| wkh +jdxjh, dgglwlrq wr wkh ruljlqdo 40irup ri Dfwlrq1

gD	gD ' gDf	gDf= +7144,

Lq wkh h{dpsoh ehorz/ d 40irup uhsuhvhqwlqj d Erkp0Dkdudqry0Deulnrvry vlqjxodu
%yruwh{% vwulqj/ � ' eE|g{�{g|�@E{2n|2�> lv dgghg wr d 42u srwhqwldo iru d srlqw
vrxufh1 Wkh eduh p2u %Frxorpe% srwhqwldo/ Df ' p@

s
E{2 n |2 n }2�gw h{klelwv

qr Wrsrorjlfdo Wruvlrq/ exw grhv h{klelw Wrsrorjlfdo Vslq1 Wkh 42u srwhqwldo whup
lpsolhv wkdw gDf 9' f= Khqfh wkh 40irup ri Dfwlrq uhsuhvhqwlqj d eduh %frxorpe%
srwhqwldo/ lv qrw lq htxloleulxp/ exw grhv uhsuhvhqw d frqqhfwhg %lvrodwhg% wrsrorj|
ri Sid� glphqvlrq 51 Wkh frpelqhg 40irup ri Dfwlrq/

D ' eE|g{� {g|�@E{2 n |2� np@
s
E{2 n |2 n }2�gw +7145,

hyhq wkrxjk g� ' f> lv ri Sid� glphqvlrq 6/ qrw 51 Wkh dgglwlrq ri wkh EDD whup
fkdqjhv wkh wrsrorj| ri wkh 40irup iurp d frqqhfwhg wrsrorj| +Sid� glphqvlrq 5,
wr d glvfrqqhfwhg wrsrorj| +Sid� glphqvlrq 6,1 Wkh Wrsrorjlfdo Wruvlrq 60irup
D	I ghshqgv rq erwk e dqg p/ dqg lv }hur li e ' f/ ru li p ' f/ uhgxflqj wkh
Sid� glphqvlrq ri wkh prgl�hg 40irup edfn wr 51 Li e ' f dqg p 9' f> wkh 60irup
D	J lv qrw }hur1
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714141 Frxorpe soxv yruwh{ vlqjxodulw|1

Frqvlghu wkh Srwhqwldov iru wkh frpelqhg yruwh{ vlqjxodulw| dqg Frxorpe 42u
srwhqwldo=

D ' de|@E{2 n |2�>�e{@E{2 n |2�> f>�E�@e���p@uo> +7146,

u '
s

{2 n |2 n }2= +7147,

Wkh lqgxfhg �hogv +dvvxplqj # '%,> � '�O, duh=

, ' E�@e���pd{> |> }o@u� +7148,

� ' df> f> fo +7149,

Wrsrorjlfdo Wruvlrq Ae ' E�@e���ped�}{>�}|> E{2n|2�> fo@Eu�E{2n|2��= +714:,

Srlqfduh2 ' f +714;,

ae ' df> f> f> fo +714<,

� ' f +7153,

Wrsrorjlfdo vslq 5e ' E�@e���2�p2@ued{> |> }> fo = +7154,

Srlqfduh� ' �E�@e���2�p2@ue +7155,

,�O ' df> f> fo= +7156,

Ea � ,� ' f +7157,

E, ��� ' f> +7158,

E� ��� ' f> +7159,

E� �#� ' f +715:,
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7151 Wkh Srlqfduh Wrsrorjlfdo Lqyduldqwv

Wkh h{whulru ghulydwlyhv ri wkh 60irupv ri wrsrorjlfdo Vslq dqg wrsrorjlfdo Wru0
vlrq surgxfh wzr h{dfw 70irupv/ I	J�D	M dqg I	I >zkrvh forvhg lqwhjudov duh
wrsrorjlfdo remhfwv zklfk jhqhudol}h wkh frqirupdo lqyduldqwv ^Zklwwdnhu 4<77` ri
d Oruhqw} v|vwhp/ dv glvfryhuhg e| Srlqfduh dqg Edwhpdq1 Qrwh wkdw wkhvh wrsr0
orjlfdo surshuwlhv ri lqyduldqfh zlwk uhvshfw wr frqwlqxrxv ghirupdwlrqv duh ydolg
hyhq lq wkh qrq0htxloeulxp grpdlq ri glvvlsdwlyh fkdujh0fxuuhqwv dqg udgldwlrq1

Lq wkh irupdw ri lqghshqghqw yduldeohv i{> |> }> wj> zlwk d yroxph hohphqw le/
wkh h{whulru ghulydwlyh/ dfwlqj rq wkh 60irupv dv d wrsrorjlfdo olplw srlqw jhqhudwru/
fdq eh uhodwhg wr wkh fodvvlf 70glyhujhqfh ri wkh 70frpsrqhqw Wrsrorjlfdo Vslq dqg
Wrsrorjlfdo Wruvlrq yhfwruv/ 5e dqg Ae=

Srlqfduh � ' gED	J� ' I	J�D	M

' igly�E��On#!� n CE� �#�@Cwj le

' iE� �O�# �,�� E� � a� �!�j le> +715;,

' f iru wkh h{dpsoh lq wkh suhylrxv vhfwlrq1 +715<,

Srlqfduh 2 ' gED	I � ' I	I

' igly�E,��n�!� n CE� ���@Cwj le

' i2, ��j le +7163,

9' f iru wkh h{dpsoh lq wkh suhylrxv vhfwlrq1 +7164,

Wkh Srlqfduh lqyduldqwv duh/ lq h�hfw/ wkh hyroxwlrqdu| vrxufh whupv iru wkh 60irupv
ri wrsrorjlfdo vslq/ D	J> dqg wrsrorjlfdo wruvlrq/ D	I 1 Zkhq wkh Srlqfduh
lqyduldqwv duh }hur/ wkh forvhg lqwhjudov ri wkh hohfwurpdjqhwlf 60irupv ri D	J
dqg D	I ehfrph dgglwlrqdo wrsrorjlfdoo| frkhuhqw frq�jxudwlrqv lqyduldqw zlwk
uhvshfw wr doo hyroxwlrqdu| surfhvvhv ri frqwlqxrxv ghirupdwlrq1

Wkh �uvw whup lq wkh �uvw Srlqfduh lqyduldqw kdv d frh!flhqw ixqfwlrq zklfk
uhsuhvhqwv wzlfh wkh gl�huhqfh ehwzhhq wkh pdjqhwlf hqhuj| ghqvlw| dqg wkh hohf0
wulf hqhuj| ghqvlw| ri wkh hohfwurpdjqhwlf �hog lq d Odjudqjldq vhqvh=

Wrsrorjlfdo Ilhog Odjudqjldq= I	J ' E� �O�# � ,� le= +7165,

Wkh vhfrqg whup lq wkh �uvw Srlqfduh lqyduldqw kdv d frh!flhqw ixqfwlrq zklfk lv
gh�qhg dv wkh lqwhudfwlrq hqhuj| ghqvlw|=
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Wrsrorjlfdo Lqwhudfwlrq= D	M ' E� � a� �!� le= +7166,

Lq Odjudqjldq yduldwlrqdo phwkrgv/ wkh 70irup I	I> zklfk gh�qhv wkh vhfrqg
Srlqfduh lqyduldqw/ kdv ehhq uhodwhg wr wkh frqfhsw ri Wrsrorjlfdo Sdulw|=

Wrsrorjlfdo Sdulw|= I	I ' ni2, ��j le= +7167,

Xvlqj wkh h{dpsoh v|vwhp/ +BB, shuplwv wkh frqvwuxfwlrq ri wkh Wrsrorjlfdo
Vslq fxuuhqw dqg lwv glyhujhqfh uhodwlyh wr wkh Oruhqw}0Oruhq} frqvwlwxwlyh frq0
vwudlqw1

7161 Wrsrorjlfdo Wruvlrq dqg Vslq txdqwd

Zkhq hlwkhu Srlqfduh ghirupdwlrq lqyduldqw ydqlvkhv/ wkh fruuhvsrqglqj forvhg
60glphqvlrqdo lqwhjudov ri D	J dqg D	I ehfrph ghUkdp shulrg lqwhjudov1 Wkh
forvhg/ exw qrw h{dfw/ frpsrqhqwv ri hdfk 60irup fdq eh sxw lqwr fruuhvsrqghqfh
zlwk %txdqwl}hg% wrsrorjlfdo ghihfwv1

Wkh wrsrorjlfdo Vslq txdqwxp lv gh�qhg dv wkh forvhg lqwhjudo ri wkrvh forvhg
exw qrw h{dfw frpsrqhqwv ri wkh 60irup D	J +zklfk uhsuhvhqw wkh nhuqho ri wkh
�uvw Srlqfduh 70irup,/

Vslq txdqwxp '
UUU
}�g

D	J zlwk xqlwv q |= +7168,

Wkh shulrg lqwhjudov
UUU

}�g
D	J duh ghirupdwlrq lqyduldqwv +khqfh gh�qh d wrsr0

orjlfdo surshuw|, zlwk udwlrqdo udwlrv1 Wkh qrwdwlrq }�g ghvljqdwhv d forvhg
lqwhjudwlrq fkdlq gh�qhg lq uhjlrqv zkhuh gED	J� ' f=

Vlploduo|/ zkhq wkh vhfrqg Srlqfduh lqyduldqw ydqlvkhv/ wkh forvhg lqwhjudo ri
wkh 60irup ri Wruvlrq0Kholflw| ehfrphv d ghirupdwlrq lqyduldqw zlwk txdqwl}hg
ydoxhv=

Wruvlrq txdqwxp '
UUU
}�g

D	I zlwk xqlwv p +|@h�2= +7169,

Wkh shulrg lqwhjudov
UUU

}�g
D	I duh ghirupdwlrq lqyduldqwv +khqfh gh�qh d wrsr0

orjlfdo surshuw|, zlwk udwlrqdo udwlrv1 Lq wklv fdvh/ Wkh qrwdwlrq }�g ghvljqdwhv
d forvhg lqwhjudwlrq fkdlq gh�qhg lq uhjlrqv zkhuh gED	I � ' f=

Lw lv lpsruwdqw wr uhdol}h wkdw wkh wrsrorjlfdo frqvhuydwlrq odzv +ghirupdwlrq
lqyduldqwv zlwk uhvshfw wr krphrprusklvpv, duh ydolg lq d sodvpd dv zhoo dv lq wkh
ydfxxp/ vxemhfw wr wkh frqglwlrqv ri }hur ydoxhv iru wkh Srlqfduh lqyduldqwv1 Rq
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wkh rwkhu kdqg/ wrsrorjlfdo hyroxwlrq dqg wudqvlwlrqv ehwzhhq �txdqwl}hg� vwdwhv
ri Vslq0fkludolw| ru Wruvlrq0kholflw| uhtxluh wkdw wkh uhvshfwlyh Srlqfduh lqyduldqwv
duh qrw }hur1

Wkh 60irupv/ D	J> dqg D	I> duh qrw qhfhvvdulo| forvhg/ qru h{dfw1 Wkhlu h{wh0
ulru gl�huhqwldov +glyhujhqfhv, duh qrw qhfhvvdulo| }hur1 Wkh ydoxhv ri wkh 70irupv
fuhdwhg e| h{whulru gl�huhqwldwlrq ri wkhvh 60irupv gh�qh wkh lqwhjudqgv ri wkh
wrsrorjlfdo Srlqfduh lqyduldqwv1 Dv wkhvh 70irupv duh h{dfw e| frqvwuxfwlrq/ wkhlu
forvhg lqwhjudov duh dozd|v uhodwlyh lqwhjudo ghirupdwlrq lqyduldqwv dqg wkhuhe|
gh�qh wrsrorjlfdo surshuwlhv1 Wkh 60irupv duh qrw qhfhvvdulo|/ lq wkhpvhoyhv/
ghirupdwlrq lqyduldqwv1

Krzhyhu/ zkhq wkh Srlqfduh lqyduldqwv ydqlvk +}hur glyhujhqfh, wkh forvhg
lqwhjudo ri wkh fruuhvsrqglqj 60irup jhqhudwhv d wrsrorjlfdo txdqwlw| +Wrsrorjlfdo
Vslq ru Wrsrorjlfdo Wruvlrq uhvshfwlyho|, zklfk lv dovr d ghirupdwlrq lqyduldqw1
Lq vxfk vlwxdwlrqv/ wkh 60irupv duh forvhg/ exw qrw qhfhvvdulo| h{dfw1 Khqfh wkhlu
forvhg lqwhjudov jhqhudwh ghUkdp shulrg lqwhjudov ^Iodqghuv 4<96` ^ghUkdp 4<93`/
dqg kdyh udwlrqdo udwlrv1 Vxfk lv wkh vwx� ri wrsrorjlfdo txdqwl}dwlrq/ zklfk lv
lqghshqghqw iurp vfdohv1

Wkh wkhru| ri 60irupv dqg wkhlu shulrg lqwhjudov zdv lqyhvwljdwhg zlwk uhvshfw
wr hohfwurpdjqhwlvp dqg rwkhu �hog wkhrulhv e| wkh suhvhqw dxwkru/ �uvw zlwk uh0
vshfw wr wkh wkuhh irup gh�qhg ehorz dv wrsrorjlfdo vslq/ D	J> dqg wkhq odwhu zlwk
uhvshfw wr wkh 60irup ri wrsrorjlfdo wruvlrq/ gh�qhg dv D	I= Wkh �uvw dssolfdwlrq
ri D	I zdv lq wkh �hog ri wxuexohqfh ^UPN4<:9`/ zkhuh lw zdv frqmhfwxuhg wkdw
wkh wudqvlwlrq iurp vwuhdpolqh  rz E xqltxho| lqwhjudeoh lq wkh vhqvh ri Iurehqlxv/
vxfk wkdw D	I ' f� wr d wxuexohqw  rz + qrw xqltxho| lqwhjudeoh lq wkh vhqvh ri
Iurehqlxv/ D	I 9' f� pxvw lqyroyh d wrsrorjlfdo fkdqjh1 Dowkrxjk wkh lqwhuhvw
zdv irfxvhg rq k|gurg|qdplfv/ wkh hohfwurpdjqhwlf irupdw zdv dozd|v xvhg wr
hvwdeolvk d fuhghqfh ohyho lq wkh frpsxwdwlrqv wkdw zhuh grqh e| kdqg1 Lq wkh
prghuq zruog ri v|perolf fdofxodwruv rq |rxu ghvnwrs/ wklv dojheudlf whglxp kdv
ehhq doohyldwhg1 Vhh kwws=22zzz551sdlu1frp2fvgf2sgi2pd{zhoo1sgi

Rq grpdlqv zkhuh wkh Sid� wrsrorjlfdo glphqvlrq lv 6 +dqg qrw 7, wkhuh h{lvwv
d 6 glphqvlrqdo shulrg lqwhjudo ri wkh wrsrorjlfdo wruvlrq/ zklfk lv uhodwhg wr wkh
Krsi lqyduldqw +vhh s1 55; lq ^Erww 4<<7`,/

UUU
�bf|foh

D	I= Lw zloo eh ghprqvwudwhg

ehorz wkdw li wkh grpdlq lv ri Sid� glphqvlrq 6/ wkhq hyroxwlrqdu| surfhvvhv lq wkh
gluhfwlrq ri wkh hohfwurpdjqhwlf fkdujh fxuuhqw 7 yhfwru/ M / ohdyh wkh lqwhjudo ri
wkh Wrsrorjlfdo Wruvlrq fxuuhqw ryhu d 6 glphqvlrqdo erxqgdu| dv dq hyroxwlrqdu|
lqyduldqw1 Hyhq pruh uhpdundeoh lv wkh idfw wkdw vxfk d vwdwhphqw lv ydolg lq
grpdlqv zkhuh wkh Sid� glphqvlrq lv 7/ qrw 6/ li wkh fxuuhqw  rz lv rq wkh vxuidfh
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gh�qhg e| E, ��� ' f= Vhh wkh vhfwlrq ehorz rq wkh Krsi Lqyduldqw1

7171 Fkludolw| dqg Rulhqwdwlrq

Wkh lghd ri d fkludo frqvwlwxwlyh pds lqglfdwhv wkdw wkhuh h{lvwv d uljkw kdqghg ru
d ohiw kdqghg %urwdwlrq% wkdw grhv qrw d�hfw wkh Iluvw Srlqfduh lqyduldqw1 Wkh
Iluvw Srlqfduh lqyduldqw gh�qhv wkh rulhqwdwlrq +ru lqerxqg yhuvxv rxwerxqg gl0
uhfwlrqv, zklfk lv lqvhqvlwlyh wr wkh vhqvh ri wkh fkludo idfwru1 Li wkh rulhqwdwlrq
lv �{hg e| wkh Iluvw Srlqfduh lqyduldqw/ wkhuh duh wzr dgplvvleoh %urwdwlrqv% ru
srodul}dwlrqv shuplwwhg e| wkh fkludolw| idfwru1 Rq wkh rwkhu kdqg/ li wkh vhfrqg
Srlqfduh lqyduldqw lv �{hg/ wkhq wkhuh fdq eh wzr %wudqvodwlrq% gluhfwlrqv shuplw0
whg iru Iluvw Srlqfduh lqyduldqw/ zklfk zloo eh uhodwhg wr hlwkhu dq h{sdqvlrq ru d
frqwudfwlrq1

7181 Wrsrorjlfdoo| Wudqvyhuvh zdyhv

Wkh ydqlvklqj ri wkh wrsrorjlfdo Vslq 60irup lv d wrsrorjlfdo frqvwudlqw rq wkh
grpdlq wkdw gh�qhv wrsrorjlfdoo| wudqvyhuvh hohfwulf +WWH, zdyhv= wkh yhfwru
srwhqwldo/ �/ lv ruwkrjrqdo wr #> lq wkh vhqvh wkdw � �# ' f= Wkh ydqlvklqj ri
wkh wrsrorjlfdo Wruvlrq 60irup lv d gl�huhqw wrsrorjlfdo frqvwudlqw rq wkh grpdlq
wkdw gh�qhv wrsrorjlfdoo| wudqvyhuvh pdjqhwlf +WWP, zdyhv= wkh yhfwru srwhqwldo/
�/ lv ruwkrjrqdo wr�> lq wkh vhqvh wkdw� �� ' f= +Lq  xlg g|qdplfv/ � �� ' f
lv fdoohg wkh kholflw|,1 Zkhq erwk 60irupv ydqlvk/ wkh wrsrorjlfdo frqvwudlqw
rq wkh grpdlq gh�qhv wrsrorjlfdoo| wudqvyhuvh +WWHP, zdyhv1 Wkh jhrphwulf
gh�qlwlrqv ri wudqvyhuvh zdyhv pd| ru pd| qrw eh htxlydohqw wr wkh wrsrorjlfdo
gh�qlwlrqv1 Iru fodvvlf uhdo �hogv wklv grxeoh frqvwudlqw zrxog uhtxluh wkdw yhfwru
srwhqwldo/ �> lv froolqhdu zlwk wkh �hog prphqwxp/ #��> dqg lq wkh gluhfwlrq ri
wkh zdyh yhfwru/ !1 Wkhruhwlfdo h{dpsohv +dqg glhohfwulf zdyhjxlgh h{shulphqwv,
lqglfdwh wkdw d WWHP vroxwlrq grhv qrw udgldwh1 Wkh uhvxow jlyhv d srvvleoh
h{sodqdwlrq iru wkh sdudgr{ wkdw dq hohfwurq lq wkh Erku prgho lv dffhohudwhg/ |hw
grhv qrw vhhp wr udgldwh1 Wklv frqmhfwxuh zloo eh glvfxvvhg hovhzkhuh1

Qrwh wkdw li wkh 50irup I zdv qrw h{dfw/ vxfk wrsrorjlfdo frqfhswv ri wudqvyhu0
vdolw| zrxog eh zlwkrxw phdqlqj/ iru wkh 60irupv ri Wrsrorjlfdo Vslq dqg Wrsr0
orjlfdo Wruvlrq ghshqg xsrq wkh h{lvwhqfh ri wkh 40irup ri Dfwlrq0Srwhqwldov/ D1
Wkh wruvlrq yhfwru Ae dqg wkh Vslq yhfwru 5e duh %dvvrfldwhg% yhfwruv wr wkh
40irup ri Dfwlrq lq wkh vhqvh wkdw

lEAe�D ' f dqg lE5e�D ' f> +716:,
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d uhvxow zloo suryh wr eh ri lpsruwdqfh lq wkh ghvfulswlrq ri d wrsrorjlfdo edvlv iru
vxshufrqgxfwlylw|1 Hyroxwlrq lq wkh gluhfwlrq ri hlwkhu Ae ru 5e lv dgldedwlf1

7191 Zklwwdnhu vroxwlrqv1

Lw lv srvvleoh wr ghgxfh wkh Pd{zhoo0Idudgd| htxdwlrqv vwduwlqj iurp wkh dvvxps0
wlrq wkdw wkh 40irup ri Dfwlrq fdq eh zulwwhq lq whupv ri wzr frpsoh{ ixqfwlrqv/
�/ dqg �/ vxfk wkdw

D ' �g� � �g� , � ' �u� � �u�> ! ' �E�C�@Cw� �C�@Cw� +716;,

wkhq wkh ghulyhg 50irup I ' 2g�	g� jhqhudwhv wkh frpsoh{ �hog lqwhqvlwlhv/

, ' EC�@Cw�u� � EC�@Cw�u� dqg � ' u��u�>

Ixuwkhu dvvxph d %Vhoi Gxdo Fkludo% frqvwlwxwlyh pds ri wkh irup

Vhoi gxdo Fkludo ydfxxp zlwk ]f '
s
�@� +716<,���� #O

 
'

�
f

s��@]f dWo
�s��@]f dWo f

�
�
���� ,�

 
= +7173,

vxfk wkdw wkh uhvxowlqj %vhoi0gxdo% h{flwdwlrqv frqvwuxfwhg iurp wkh wzr duelwudu|
ixqfwlrqv lqghhg vdwlvi| wkh Pd{zhoo0Dpshuh htxdwlrqv dqg wkh ydfxxp uhtxluh0
phqw wkdw wkh fkdujh fxuuhqw ghqvlwlhv ydqlvk1 Wkh frqvwuxfwlrq |lhogv=

O ' E
s��@]f�EC�@Cw�u� � EC�@Cw�u� dqg # ' �E

s��@]f�u��u�=
+7174,

Wkh ixqfwlrqv � dqg � pd| eh xvhg wr frqvwuxfw dq duelwudu| ixqfwlrq/ I E�> ��>
dqg uhpdundeo| hqrxjk/ wkh duelwudu| ixqfwlrq I E�> �� vdwlv�hv wkh Hlnrqdo htxd0
wlrq/

EuI �2 � %�ECI@Cw�2 ' f= +7175,

Iurp h{shulhqfh zlwk Hlnrqdo vroxwlrqv dqg zdyh htxdwlrqv/ lw pljkw eh wkrxjkw
wkdw Hlnrqdo vroxwlrqv duh vx!flhqw1 Krzhyhu/ wkh Edwhpdq frqglwlrqv +vhh eh0
orz, duh qhfhvvdu|/ iru wkh fdqglgdwh vroxwlrq

� ' E{	 l|�@E} � fw�> � ' Eu � fw�> u '
s
{2 n |2 n }2�= +7176,
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vdwlv�hv wkh Hlnrqdo htxdwlrq/ exw qrw wkh Edwhpdq frqglwlrqv1 Zkhq wkh Edwh0
pdq frqglwlrqv duh vdwlv�hg/ wkh vroxwlrqv uhsuhvhqw WWHPprghv lq wkh ydfxxp/
dqg gr qrw udgldwh1 Iru duelwudu| ixqfwlrqv wkh dojheud ri hohfwurpdjqhwlvp fdq
ehfrph txlwh frpsoh{1 D Pdsoh v|perolf pdwkhpdwlfv surjudp iru frpsxwlqj
wkh ydulrxv whupv lv dydlodeoh +vhh kwws22zzz551sdlu1frp2fvgf2sgi2pd{zhoo1sgi,1

71:1 Frqmxjdwh dqg Plqlpdo Vxuidfh Zdyh Ixqfwlrqv

71:141 Edwhpdq*v Frqmxjdwh Vwulqj Vroxwlrqv

Lq 4<47/ lq d vpdoo prqrjudsk hqwlwohg Hohfwulfdo dqg Rswlfdo Zdyh Prwlrq
^Edwhpdq 4<47`/ K1 Edwhpdq lqwurgxfhg d qxpehu ri lqwhuhvwlqj vroxwlrqv wr
Pd{zhoo*v htxdwlrqv wkdw hpxodwh sursdjdwlqj vlqjxodu vwulqjv +qrw sodqh zdyhv,1
Edwhpdq lv shukdsv pruh idprxv iru klv zrun rq wkh htxdwlrqv wkdw ghvfuleh
wkh ghfd| fkdlqv ri udglrdfwlyh vshflhv1 Krzhyhu/ dv srlqwhg rxw e| Zklwwdnhu
^Zklwwdnhu 4<77`/ lw zdv Edwhpdq zkr ghwhuplqhg lq 4<43 wkdw wkh Pd{zhoo htxd0
wlrqv zhuh lqyduldqw zlwk uhvshfw wr wkh frqirupdo jurxs/ d pxfk zlghu jurxs wkdq
wkh Oruhqw} wudqvirupdwlrqv1 Edwhpdq lq 4<43 dovr uhfrjql}hg wkh uhodwlrqvkls ri
klv zrun wr wkh whqvru fdofxoxv ri Ulffl dqg Ohyl0Flylwd/ vhyhudo |hduv ehiruh wkh
Hlqvwhlq ghyhorsphqw ri jhqhudo uhodwlylw|1

Wudqvfulelqj wkh Edwhpdq lghdv wr pruh prghuq irup/ frqvlghu wkh wzrPd{zhoo
htxdwlrqv lq wkh irup gI ' f dqg gJ ' f= Xvh wkh fkludo ydfxxp frqvwlwxwlyh
htxdwlrqv +6167, wr fuhdwh wkh sdlu/

fxuo,n C�@Cw ' f> +7177,

fxuoO� C#@Cw ' E�@��fxuo�n %C,@Cw� �@]f ifxuo,n C�@Cwj ' f+7178,

Wkh fkdujh fxuuhqw 7 yhfwru ydqlvkhv zkhq erwk H dqg E vdwvli| wkh yhfwru zdyh
htxdwlrq/ dqg wkh uhvxow lv lqghshqghqw iurp wkh fkludo idfwru/ �@]f=

Irup wkh lqqhu 6G surgxfw ri wkh �uvw htxdwlrq zlwk �@� dqg wkh vhfrqg zlwk
,> wr fuhdwh wkh htxdwlrq

glyE,��� n CE�@2�2 n �@2�%,2�@Cw ' f> +7179,

zklfk lv htxlydohqw wr dq htxdwlrq ri frqwlqxlw| ri wkh irup glyE��� n C�@Cw ' f1
E| frpsdulvrq/ wklv �htxdwlrq ri frqwlqxlw|� |lhogv

�� ' ,�� zkhuh � ' E�@2�2 n �@2�%,2�= +717:,
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zlwk wkh hqhuj| ghqvlw| jlyhq e| wkh h{suhvvlrq iru �= Edwhpdq �qgv wkh h{wudru0
glqdu| uhvxow wkdw

�2E�@�%� � � �� ' �2Ef2 � � � �� +717;,

' �@eE,2 � f2�2�2 n f2E, ���2= +717<,

Kh uhpdunv wkdw �wkh udwh dw zklfk hqhuj|  rzv wkurxjk wkh �hog lv ohvv wkdw
wkh yhorflw| ri oljkw�/ xqohvv wkh wzr Srlqfduh lqyduldqwv rq wkh UKV ydqlvk1 Doo
ri wklv iroorzv zlwk ru zlwk rxw wkh fkludo idfwru/ �@]f1

Wkh nh| lghd dffruglqj wr Edwhpdq zdv wr �qg frpsoh{ 60glphqvlrqdo yhfwru
vroxwlrqv/� ' ,nlf�/ wr Pd{zhoo*v htxdwlrqv wkdw vdwlvi| wkh frpsoh{ frqvwudlqw
htxdwlrq/

� �� 'E,2 � f2�2� n 2
s��fE, ��� ' f= +7183,

Vxfk vroxwlrqv zhuh gh�qhg e| Edwhpdq dv vhoi frqmxjdwh vroxwlrqv1 Qrwh wkdw
wkh wzr idfwruv duh uhodwhg wr wkh �uvw dqg vhfrqg Srlqfduh lqyduldqwv1 Wkh
lpsruwdqfh ri wkh qxoo Srlqfduh lqyduldqwv ehfrphv reylrxv/ dv wkh| ixuqlvk wkh
uhtxluhphqw wkdw wkh �hog hqhuj| sursdjdwhv zlwk wkh vshhg ri oljkw1

Lq prghuq odqjxdjh ri gl�huhqwldo irupv/ Edwhpdq ghwhuplqhg wkdw li wzr
ixqfwlrqv �E{> |> }> w� dqg �E{> |> }> w� xvhg wr gh�qh wkh 50irup

I ' g�	g� ' �@2E�g� � �g��> +7184,

vxfk wkdw wkh �hog frpsrqhqwv

, ' EC�@Cw�u� � EC�@Cw�u� dqg � ' u��u�> +7185,

vdwlv�hg wkh Pd{zhoo Idudgd| htxdwlrqv/ fxuo,n C�@Cw ' f> wkhq wkh Q05 irup
gh�qhg e| frqvwuxfwlrq dv

J ' lEg��	lEg��l ' lEg��	lEg��g{	g|	g}	gw +7186,

zrxog vdwlvi| wkh Pd{zhoo Dpshuh htxdwlrqv fxuoO� C#@Cw ' f zlwk

O ' EC�@Cw�u� � EC�@Cw�u� dqg # ' u��u�= +7187,

Wklv frqvwuxfwlrq lpsolhv dq xqxvxdo frqvwlwxwlyh pds ri wkh irup# ' �s����
dqgO '

s���,= Iurp wkh glvfxvvlrq deryh/ lw lv dssduhqw wkdw wkh uhvxow xwlol}hv
wkh fkludo idfwru � lq wkh �ydfxxp� frqvwlwxwlyh htxdwlrqv jlyhq deryh1 Dq| sdlu
ri ixqfwlrqv fdq eh dgghg wr fdq eh dgghg wr d vroxwlrq ri wkh zdyh htxdwlrq/ dqg
Pd{zhoo*v htxdwlrqv iru d fkludo ydfxxp duh vdwlv�hg1
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71;1 Plqlpdo Vxuidfhv

71;141 Edwhpdq*v Plqlpdo Vxuidfh Vroxwlrqv

Qrz ri hyhq pruh h{wudruglqdu| lqwhuhvw lv wkh idfw wkdw Edwhpdq*v vhoi frqmxjdwh
vroxwlrqv/ edvhg rq d frpsoh{ yhfwru zlwk }hur vtxduh/ gh�qh d plqlpdo vxuidfh1
Ehiruh jrlqj rq qrwh wkdw wkh qrup ri wkh vhoi frqmxjdwh yhfwru vroxwlrq lv jlyhq
e| wkh h{suhvvlrq

�W�� ' df2�W ��n,W � ,o +7188,

zklfk lv sursruwlrqdo wr wkh hqhuj| ghqvlw| ri wkh �hog1 Li wklv whup lv qrq0}hur/
lw zloo wxuq rxw wkdw wkh plqlpdo vxuidfh zloo eh uhjxodu1

Iurp Rvvhupdq ^Rvvhupdq 4<;9`/ d jhqhudol}hg plqlpdo vxuidfh lq HQ lv d
qrq0frqvwdqw pds iurp d 50pdqlirog/ P/ zlwk d frqirupdo vwuxfwxuh +ryhu uhjxodu
uhjlrqv, vxfk wkdw wkh frruglqdwhv ri HQ duh kduprqlf rq P1 Ohw wkh pds eh
gh�qhg e|

[ G i�> �j , jnE�n
s���� +7189,

Gh�qh wkh frpsoh{ yhfwru

� ' CEjnE�n
s�����@C��s��CEjnE�n

s�����@C� , ,n
s��f� +718:,

Wkhq li � �� ' f wkh wzr ixqfwlrqv � dqg � irup d vhw ri lvrwkhupdo frruglqdwhv
rq d plqlpdo vxuidfh1 Wkh lqgxfhg phwulf j�� '

S
n Cj

n@C��Cjn@C� jhqhudwhv d
frqirupdo vwuxfwxuh/ dqg li�W�� 9' f/ wkh plqlpdo vxuidfh lv uhjxodu +zlwkrxw vhoi
lqwhuvhfwlrqv ru slqfk srlqwv,1 Iru uhdo , dqg � wkh plqlpdo vxuidfhv duh dozd|v
uhjxodu h{fhsw zkhq erwk frpsrqhqwv ydqlvk lghqwlfdoo| +Qr �hog lqwhqvlwlhv,1
Iru frpsoh{ , dqg � wkh plqlpdo vxuidfhv fdq kdyh vlqjxodulwlhv/ zklfk duh ri
sduwlfxodu lqwhuhvw iurp d wrsrorjlfdo srlqw ri ylhz1

Wkh vhoi frqmxjdwh +plqlpdo vxuidfh, frqglwlrq uhtxluhv wkdw wkh , �hog lv
ruwkrjrqdo wr wkh � �hog/ dqg wkh hohfwulf dqg pdjqhwlf hqhuj| ghqvlwlhv duh
htxdo1 Wkh frqfoxvlrq lv uhdfkhg wkdw sursdjdwlqj hohfwurpdjqhwlf zdyhv fdq
eh dvvrfldwhg zlwk plqlpdo vxuidfhv1 Wkh dvvrfldwhg plqlpdo vxuidfh lv dozd|v
uhjxodu dqg zlwkrxw vlqjxodulwlhv iru uhdo/ qrq0}hur , dqg �1 Zkhq wkh , dqg
� �hogv duh frpsoh{/ zklfk lq d sk|vlfdo vhqvh lpsolhv wkh h{lvwhqfh ri hoolswlfdo
srodul}dwlrq/ dqrwkhu lqwhusuhwdwlrq lv srvvleoh1
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Qrwh wkdw wkh surgxfw ri � ��/ li qrw }hur/ irupv dqrwkhu frpsoh{ yhfwru lq
wkh frpsoh{ grpdlq1 Wklv wzr frpsrqhqw yhfwru gh�qhv d krorprusklf fxuyh lq
whupv ri wkh Srlqfduh lqyduldqwv/ S� dqg S21

X ' � �� 'E,2 � f2�2� n 2
s��fE, ��� ' S� n 2

s��fS2= +718;,

Wkh pdjqlwxgh ri wkh frpsoh{ qxpehu/ X> lv

XWX ' E,2 � f2�2�2 n ef2E, ���2 +718<,

' ES��2 n ef2ES2�2 +7193,

zklfk lv 7 wlphv wkh UKV ri Edwhpdq*v htxdwlrq ri frqwlqxlw|/ +717<,1
Wklv dvvrfldwlrq ri hohfwurpdjqhwlf zdyh sursdjdwlrq zlwk plqlpdo vxuidfh

wkhru| zdv dssduhqwo| xqnqrzq wr Edwhpdq/ dqg qrw dssuhfldwhg e| wkh suhvhqw
dxwkru xqwlo rqo| yhu| uhfhqwo|/ iroorzlqj d qwk uh0uhdglqj ri Rvvhupdq*v errn
rq %D Vxuyh| ri Plqlpdo Vxuidfhv% ^Rvvhupdq 4<;9`1 Dffruglqj wr Rvvhupdq/
wkh frpsoh{ 60yhfwru uhsuhvhqwdwlrqv ri plqlpdo vxuidfhv zhuh nqrzq wr Hqqhshu
dqg Zhlhuvwudvv1 D vwxg| ri wkh plqlpdo vxuidfhv jhqhudwhg lq H7 lv jlyhq e|
Nrpphuhoo1 Wkh plqlpdo vxuidfhv vr jhqhudwhg lq H7 e| wklv fodvv ri yhfwru
�hogv zloo kdyh 60glphqvlrqdo lpdjhv wkdw duh qrw dozd|v uhjxodu1 Lq jhqhudo/ wzr
glphqvlrqdo qrq0uhjxodu vxuidfhv pd| kdyh �vlqjxodulwlhv� frqvlvwlqj ri �fxuyhv ri
grxeoh srlqwv� fuhdwhg e| lqwhuvhfwlrqv ri wzr orfdo vxuidfh sdwfkhv/ ru ri �wulsoh�
srlqwv frqvlvwlqj ri lqwhuvhfwlrqv ri wkuhh orfdo vxuidfh sdwfkhv/ ru ri fxuyhv ri
grxeoh srlqwv zklfk whuplqdwh rq �Slqfk� srlqwv zlwklq wkh lqwhulru ri wkh vxuidfh1
Wkhvh wkuhh w|shv ri vhoi lqwhuvhfwlrq vlqjxodulwlhv duh wkh rqo| wkuhh �vwdeoh�
vlqjxodulwlhv lq wkh vhqvh ri Zklwqh|1

Uhfdoo wkdw Zklwqh| suryhg wkdw dq| Q pdqlirog fdq eh hpehgghg lq 5Q.4
hxfolghdq vsdfh/ dqg lpphuvhg lq d 5Q hxfolghdq vsdfh1 Wkh lqgxfhg vxuidfhv pd|
eh rulhqwdeoh ru qrq0rulhqwdeoh1 Wkh qrq0rulhqwdeoh h{dpsohv duh fkdudfwhul}hg
e| wkh Nohlq0Erwwoh/ ru wkh Surmhfwlyh Sodqh/ dqg wkh rulhqwdeoh vxuidfhv e| wkh
Vskhuh1 Hdfk vxuidfh pd| kdyh wxexodu kdqgohv/ krohv dqg glvwruwlrqv1 Ri lqwhuhvw
wr wklv zrun duh qrw mxvw dq| vxuidfh/ exw wkrvh vxuidfhv zklfk lq sduwlfxodu duh
plqlpdo vxuidfhv1 Li wkh vxuidfh kdv qr vlqjxodulwlhv/ wkhq wkh vxuidfh lv vdlg wr
eh uhjxodu ru hpehgghg1 Wkh frqvwudlqw ri uhjxodulw| lpsolhv wkdw wkh vxuidfh
qrupdo yhfwru qhyhu jrhv wr }hur ryhu wkh vxuidfh/ ru wkh lqgxfhg phwulf rq wkh
vxuidfh lv dozd|v lqyhuwleoh1 Wklv lpsolhv wkdw duh dozd|v wzr olqhduo| lqghshqghqw
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gluhfwlrqv rq d uhjxodu grpdlq ri wkh vxuidfh1 Li wkh olqhv ri vhoi lqwhuvhfwlrq duh
glyhujhqfh iuhh rq wkh grpdlq +phdqlqj wkdw wkh| vwrs ru vwduw rqo| rq erxqgdu|
srlqwv/ ru duh forvhg xsrq wkhpvhoyhv/ wkhq wkh vxuidfh lv vdlg wr eh lpphuvhg lq
60Glphqvlrqv1 Wkh srlqwv zkhuh wkh glyhujhqfh ri wkh olqhv ri lqwhuvhfwlrq lv qrw
}hur duh gh�qhg dv Slqfk srlqwv1 Vxfk vxuidfhv fdqqrw eh lpphuvhg lq 60G1 Wkh
Slqfk srlqwv duh vljqdwxuhv ri wkh idfw wkh vxuidfh uhvlghv lq 70Glphqvlrqv +dv dq
lpphuvlrq,/ dqg fdqqrw eh lpphuvhg lq 60Glphqvlrqv1 D  rz yhfwru �hog pd|
kdyh grpdlqv zkhuh lw lv luurwdwlrqdo ru vrohqrlgdo/ dqg wkhvh grpdlqv pd| eh
vhsdudwhg e| d vxuidfh1 Li wkh vxuidfh ri vhsdudwlrq lv d plqlpdo vxuidfh/ wkhq wkh
 rz rq wklv vxuidfh lv kduprqlf1 Wkh plqlpdo vxuidfh qhhg qrw eh uhjxodu/ dqg
pd| kdyh olqhv ri vhoi0lqwhuvhfwlrq1 Wkhvh olqhv ri vxuidfh vhoi0lqwhuvhfwlrqv +olqhv
ri vlqjxodu grxeoh srlqwv, duh qrw qhfhvvdulo| vrohqrlgdo1 Lq idfw/ wkh Slqfk srlqwv
duh srlqwv zkhuh wkh olqhv ri vhoi0lqwhuvhfwlrq whuplqdwh qrw rq wkhpvhoyhv dqg qrw
rq d erxqgdu|/ exw lq wkh vxuidfh lqwhulru1 Wkh Slqfk srlqwv pd| eh ylhzhg dv wkh
�vrxufhv� ri wkh glyhujhqfh ri wkh olqhv ri vhoi0lqwhuvhfwlrq1 Wkh fodvvlf h{dpsoh
lv jlyhq e| Zklwqh|*v Xpeuhood ru Furvv0fds/ wkh odvw ri wkh rqo| wkuhh srvvleoh
vwdeoh/ exw vlqjxodu/ pdsslqjv1

71;151 Vslqru vroxwlrqv1

Lw lv shukdsv ri pruh lqwhuhvw wr uhdol}h wkdw wkh frpsrqhqwv ri wkh Hlnrqdo
txdgudwlf irup fdq eh lqwhusuhwhg dv dq lvrwurslf qxoo yhfwru/ iru zklfk H1 Fduwdq
jdyh wkh qdph Vslqru ^Fduwdq 4<99`1 Wklv wrsrorjlfdo uhvxow ri prghuq hohfwur0
pdjqhwlvp hpskdvl}hv wkh idfw wkdw vslqruv sod| d uroh lq zdyh skhqrphqd dw
doo vfdohv/ iurp wkh plfur zruog ri txdqwxp phfkdqlfv wr wkh pdfur zruog ri
frvprorj|1 Wkh Hlnrqdo htxdwlrq lv d txdgudwlf irup zlwk wkh vdph vljqdwxuh
dv wkh Plqnrzvnl phwulf olqh hohphqw1 Hlqvwhlq*v vshfl�fdwlrq wkdw oljkw wudyhov
dorqj d qxoo jhrghvlf iroorzv iurp wkh frqvwudlqw ri d phwulf jhrphwu|1 Krz0
hyhu/ wkh fkdudfwhulvwlf vroxwlrqv uhsuhvhqwlqj sursdjdwlqj glvfrqwlqxlwlhv iroorz
iurp wkh v|vwhp ri SGH*v zlwk rxw uhjdug wr d phwulf1 Vslqru vroxwlrqv iru wkh
fkdudfwhulvwlfv duh qrw whqvruv/ iru vslqruv kdyh dq dpeljxlw| xqghu uh hfwlrqv
zlwk uhvshfw wr d vljq1 Vxshusrvlwlrq ri +frqmxjdwh, vslqruv fdq eh duudqjhg wr
surgxfh yhfwruv/ zklfk duh whqvruv1 Wkhvh idfwv duh uhdol}hg lq vslqru vwdwhv ri flu0
fxodu srodul}dwlrq zklfk fdq eh frpelqhg lqwr yhfwru vwdwhv ri olqhdu srodul}dwlrq1
Wkhvh frqfhswv zloo eh ghwdlohg lq wkh vhfwlrq 81518 ehorz1

Dssolfdwlrqv ri frqvwlwxwlyh htxdwlrqv dqg wkhlu wrsrorjlfdo ihdwxuhv wr wkh
jhqhudwlrq ri wkh vlqjxodu vroxwlrq vhwv ri wkh SGH*v +ghvfulelqj grpdlqv ri surs0
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djdwlqj qrq0xqltxhqhvv, dqg wkh lqwhusuhwdwlrq lq whupv ri hohfwurpdjqhwlf vlj0
qdov duh jlyhq lq ^UPN 4<<4 g`1 D qrwdeoh uhvxow lv wkh ghprqvwudwlrq ri h{dfw
+txdwhuqlrq 0 vslqru, vroxwlrqv iru zklfk wkh 70irog ghjhqhudf| ri sursdjdwlqj vlj0
qdov lv eurnhq/ qrw rqo| iru srodul}dwlrq/ exw dovr iru sursdjdwlrq gluhfwlrq1 Wkh
sursdjdwlrq vshhg ri dq hohfwurpdjqhwlf vljqdo rxwerxqg lv qrw qhfhvvdulo| wkh
vdph dv wkh sursdjdwlrq vshhg lqerxqg$ Wkh vljqdo vshhg qhhg qrw eh wkh vdph
lq erwk gluhfwlrqv/ lq gluhfw frqiurqwdwlrq zlwk dq d{lrp ri vshfldo uhodwlylw|1 Wkh
uhvxowv zhuh yhul�hg lq gxdo srodul}hg ulqj odvhu h{shulphqwv ^UPN 4<:: e`1

71;161 Dq H{dpsoh iurp wkh Krsi Pds

Dq lpsruwdqw wrsrorjlfdo ihdwxuh ri wkh wzr 60irupv/ D	J dqg D	I> wkdw glvwlq0
jxlvkhv wkhp iurp wkh 40irup D dqg wkh 50irupv I dqg J/ lv wkdw erwk 60irupv
ydqlvk rq grpdlqv zklfk duh ri Sid� wrsrorjlfdo glphqvlrq 5 ru ohvv1 Wkdw lv/
wkh 60irupv ri Wrsrorjlfdo vslq dqg Wrsrorjlfdo Wruvlrq +dqg wkhlu h{whulru gl�hu0
hqwldov, ydqlvk iru htxloleulxp hohfwurg|qdplf v|vwhpv1 Wkh wzr 60irupv vxsso|
lpsruwdqw wrsrorjlfdo lqirupdwlrq lq qrq0htxloleulxp sodvpdv1

Lw fdq eh ghprqvwudwhg iru qrq0htxloeulxp hohfwurg|qdplf v|vwhpv ri Sid�
wrsrorjlfdo glphqvlrq 6/ wkhuh fdq h{lvw hohfwurpdjqhwlf grpdlqv iru zklfk wkh
pdjqhwlf �hog � lv luuhgxfleo| 6 glphqvlrqdo1 Pruhryhu/ wkhuh fdq h{lvw surs0
djdwlqj prghv iru vxfk �hogv vxfk wkdw pdjqhwlf �hog pxvw kdyh d orqjlwxglqdo
frpsrqhqw1 Wklv uhvxow vhwwohv wkh vrphzkdw frqwuryhuvldo dujxphqwv wkdw kdyh
dsshduhg lq wkh olwhudwxuh lq wkh odvw ihz |hduv frqfhuqlqj wkh srvvleoh h{lvwhqfh ri
orqjlwxglqdo pdjqhwlf �hogv1 Orqjlwxglqdo +qrq0wudqvyhuvh, pdjqhwlf �hogv zlwk
wkuhh luuhgxfleoh qrq0}hur frpsrqhqwv gr qrw h{lvw li wkh 60irup ri Wrsrorjlfdo
Wruvlrq fxuuhqw lv lghqwlfdoo| }hur1 H{lvwhqfh ri d qrq0htxloleulxp vroxwlrq wkdw
dgplwv d wrsrorjlfdo 60irup D	I dqg ghprqvwudwhv d sursdjdwlqj vroxwlrq zlwk
d orqjlwxglqdo frpsrqhqw ri � lv jlyhq lq Vhfwlrq 91517

81 Hyroxwlrqdu| Surfhvvhv dqg Hohfwurpdjqhwlvp

8141 Uhyhuvleoh htxloleulxp dqg qrq0htxloleulxp surfhvvhv

Frqvlghu dq duelwudu| surfhvv gh�qhg e| wkh frqwudyduldqw 7 yhfwru �hog ae '
�iV(�j zklfk zloo fdxvh wkh hyroxwlrq ri d sk|vlfdo v|vwhp gh�qhg e| d 40irup
ri Dfwlrq/ D1 Iru dq hohfwurpdjqhwlf 40irup ri Dfwlrq/ wkh 40irup ri yluwxdo
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Zrun/ Z ' ElEae�gD�> jhqhudwhv dq h{suhvvlrq wkdw gh�qhv wkh frpsrqhqwv ri
wkh Oruhqw} irufh odz=

Z ' lEae�gD ' E�i,nV ��jng{n � i�V � ,jgw�= +814,

Wkh txhvwlrq qrz dulvhv dv wr wkh Sid� wrsrorjlfdo glphqvlrq ri wkh 40irup ri
yluwxdo zrun/ Z / dqg lwv sk|vlfdo lpsolfdwlrqv1 Wkh vlpsohvw fdvh lv zkhq wkh
Sid� glphqvlrq ri wkh yluwxdo zrun 40irup lv }hur +joredoo|,1 Wkhq hdfk ri wkh
irxu frpsrqhqwv ri wkh yluwxdo zrun 40irup pxvw ydqlvk1 Vxfk d frqvwudlqw lv
lpsrvvleoh li wkh Sid� glphqvlrq ri wkh 40irup ri Dfwlrq lv 7/ iru wkhq wkhuh gr
qrw h{lvw dqg hljhqyhfwruv ri wkh pdwul{ ri frh!flhqwv/ Ipq> zlwk }hur hljhq ydoxhv1

814141 Wkh Kdplowrqldq H{wuhpdo Fodvv

Wkh Kdplowrqldq h{wuhpdo fodvv lv gh�qhg e| wkrvh surfhvvhv +ru fxuuhqwv, vxfk

Z ' lEae�gD ' f +815,

Wkh Sid� glphqvlrq ri wkh Zrun 40irup/ Z/ lv }hur1 Zkhq wkh Sid� glphqvlrq
ri wkh Dfwlrq 40irup lv 6/ wkh lqgxfhg 50irup I ' gD lv ri udqn 6 rq d irxu glphq0
vlrqdo grpdlq1 Wkdw lv/ wkh frh!flhqwv ri wkh 50irup irup d 7{7 dqwl0v|pphwulf
pdwul{/ zlwk wzr qxoo hljhqydoxhv1 Wkhuh h{lvwv/ wkhq/ wzr glvwlqfw hljhqyhfwruv
zlwk d qxoo hljhq ydoxh1 Wkhvh wzr hljhqyhfwruv gh�qh wzr hyroxwlrqdu| �hogv zklfk
duh h{wuhpdo yhfwru �hogv lq wkh vhqvh ri wkh fdofxoxv ri yduldwlrqv1 Wkdw lv/ erwk
yhfwru �hogv surgxfh d }hur ydoxh iru wkh Yluwxdo Zrun 40irup1 Vxfk h{wuhpdo hyr0
oxwlrqdu| surfhvvhv ohdyh wkh lqwhjudo ri wkh 40irup ri Dfwlrq vwdwlrqdu|/ dqg duh
fdoohg �h{wuhpdo� �hogv1 +Li wkh lqwhjudwlrq sdwk lv qrw forvhg/ wkhq wkh vwdwlrqdu|
yduldwlrqdo sulqflsoh lpsrvhv wkh dgglwlrqdo uhtxluhphqw wkdw �i� �V � !j , f
rq wkh erxqgdu|1 Wkh lqwhjudwlrq sdwk pxvw vwduw dqg whuplqdwh rq wkh }hur vhw
ri wklv +Odjudqjh, ixqfwlrq1,

Rqh ri wkh wzr yhfwru �hogv zlwk qxoo hljhq ydoxhv lv qrw rqo| h{wuhpdo/ exw
dovr lw lv fkdudfwhulvwlf/ lq wkh vhqvh wkdw qrw rqo| grhv wkh yluwxdo zrun ydqlvk
orfdoo|/ exw vr grhv wkh lqwhuqdo hqhuj| ri lqwhudfwlrq1 Vxfk yhfwruv duh erwk h{0
wuhpdo +yluwxdo zrun lv }hur, dqg dvvrfldwhg +lqwhudfwlrq lqwhuqdo hqhuj| lv }hur,1
Wkh dgghg erxqgdu| frqglwlrq lq wkh fdofxoxv ri yduldwlrqv lv qrw uhtxluhg iru wkh
fkdudfwhulvwlf �hog1 Wklv xqltxh fkdudfwhulvwlf hyroxwlrqdu| yhfwru �hog/ lv sursru0
wlrqdo wr wkh Wruvlrq yhfwru iru vlwxdwlrqv zkhuh wkh Sid� wrsrorjlfdo glphqvlrq
ri D lv 61 Hyroxwlrq dorqj wkh gluhfwlrq ri wkh fkdudfwhulvwlf yhfwru �hog lv dozd|v
dgldedwlf1
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Iru hyroxwlrq lq wkh gluhfwlrq ri dq| h{wuhpdo yhfwru �hog +zklfk pd| ru pd|
qrw eh dgldedwlf,/ wkh frpsrqhqwv ri wkh yluwxdo zrun 40irup zloo ydqlvk> h1j1/ wkh
Sid� glphqvlrq ri wkh Yluwxdo zrun lv }hur1 Vxfk dq hyroxwlrqdu| surfhvv gh�qhv
zkdw lv fdoo wkh �shuihfw� sodvpd surfhvv lq fodvvlfdo hohfwurpdjqhwlf wkhru|/ iru
wkhq wkhuh lv qr �rkplf� glvvlsdwlrq/ +i�V � ,j ' f� dqg wkh Oruhqw} irufh
ydqlvkhv/ �i,nV��j , f= Wklv frqglwlrq lv vxevxphg dv wkh fodvvlf frqvwudlqw
iru wkh vrskrpruh sureohp ri d fkdujh sduwlfoh prylqj lq furvvhg pdjqhwlf dqg
hohfwulf �hogv1 Li wkh h{wuhpdo surfhvv lv elw dgldedwlf dqg h{wuhpdo/ lw lv d
fkdudfwhulvwlf surfhvv1

H{wuhpdo dqg Fkdudfwhulvwlf yhfwru �hogv dozd|v dgplw d Kdplowrqldq uhsuh0
vhqwdwlrq iru wkh Dfwlrq 40irup1

D , sgt � kEs> t> w�gw= +816,

814151 Wkh Kdplowrqldq Ehuqrxool Fodvv

Wkh Kdplowrqldq Ehuqrxool surfhvv vdwlv�hv wkh htxdwlrq

Z ' lEae�gD ' gX= +817,

Wkh Sid� glphqvlrq ri wkh Zrun 40irup/ Z / lv xqlw|1 Wkh Ehuqrxool surfhvv lv
qhfhvvdulo| dgldedwlf1 Wkh nlqhpdwlf jhqhudwlqj ixqfwlrq lv X=

814161 Wkh Khopkrow} V|psohfwlf Fodvv +wkh Pdvwhu Htxdwlrq,

D vrphzkdw pruh jhqhudo fodvv ri hyroxwlrqdu| srvvlelolwlhv h{lvwv rq wkrvh gr0
pdlqv zkhuh wkh Sid� glphqvlrq ri wkh 40irup ri Dfwlrq lv 6/ exw wkh Sid� gl0
phqvlrq ri wkh yluwxdo zrun 40irup lv 4/ qrw }hur1 Lq wklv fdvh wkh yluwxdo zrun
40irup pxvw eh forvhg/ gElE`�gD� , f= Vxfk d frqvwudlqw gh�qhv wkh Khopkrow}
fodvv ri hyroxwlrqdu| surfhvvhv/ dqg ohdgv wr wkh �frqvhuydwlrq ri yruwlflw|� lq wkh
k|gurg|qdplf fdvh/ dqg wr wkh frqfhsw ri �iur}hq lq pdjqhwlf  x{� lq wkh hohf0
wurpdjqhwlf fdvh1 Wkh forvxuh frqglwlrq lpsolhv wkdw wkh Oruhqw} irufh qhhg qrw
eh }hur/ exw lw vkrxog kdyh }hur fxuo= gE�i,nV��jng{n�i�V�,jgw� ' f= Iluvw
frqvlghu wkdw fdvh zkhuh � lv d frqvwdqw1 Wkhq/ wkh qhfhvvdu| frqglwlrq wr vdwlvi|
wkh forvxuh frqglwlrq/ iru duelwudu| glvsodfhphqwv ri wkh lqghshqghqw yduldeohv/ lv
wkdw

fxuo i,nV��j ' f +818,
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dqg vlploduo|
Ci,nV ��j@Cwn judgiV � ,j ' f= +819,

Vxevwlwxwlqj wkh Pd{zhoo uhvxow/ fxuo, ' �C�@Cw> ohdgv wr wkh Pdvwhu htxdwlrq
ri wkh Lpshuihfw Sodvpd=

�C�@Cwn fxuoiV��j ' f= +81:,

Vxfk hyroxwlrqdu| surfhvvhv duh gh�qhg dv v|psohfwrprusklvpv lq wkh prghuq
olwhudwxuh1

Iru qrq0frqvwdqw �fkdujh ghqvlw| glvwulexwlrqv�/ �> wkh Khopkrow} forvxuh frq0
vwudlqw uhtxluhv wkdw

�E,nV��� ' �judgEX�= +81;,

Lq wklv fdvh/ wkh Pdvwhu htxdwlrq lv prgl�hg voljkwo| wr dffrxqw iru d qrq0frqvwdqw
glvwulexwlrqv/ � G

�C�@Cwn fxuoiV��j ' judg *? �� E,nV ���= +81<,

Lq hohphqwdu| sk|vlfv wkh vfdolqj ixqfwlrq � lv wr uhfrjql}hg dv wkh fkdujh ghqvlw|
glvwulexwlrq1 Lq hohphqwdu| pdwkhpdwlfv/ wkh vfdolqj ixqfwlrq � lv wr eh uhfrj0
ql}hg dv wkh lqwhjudwlqj idfwru1 Lq wrsrorjlfdo vlwxdwlrqv � fdq sod| wkh uroh ri d
ghirupdwlrq sdudphwhu1

Wkhuh duh wzr lpsruwdqw fdvhv wkdw pxvw eh h{dplqhg iru wkh Khopkrow} fodvv
ri hyroxwlrqdu| surfhvvhv1 Hlwkhu wkh Sid� glphqvlrq lv hyhq dqg ri glphqvlrq 7/
ru lw lv rgg dqg ri Sid� glphqvlrq 61 Li wkh Sid� glphqvlrq ri wkh Dfwlrq lv 7/
wkhq wkh v|psohfwlf pdqlirog frqglwlrq ri pd{lpdo udqn ryhu wkh 7 glphqvlrqdo
grpdlq uhtxluhv wkdw wkh vhfrqg Srlqfduh lqyduldqw lv qrw }hur=

gD	gD ' 2E, ���g{	g|	g}	gw 9' f= +8143,

Wkh Khopkrow} hyroxwlrqdu| surfhvv frqglwlrq uhtxluhv wkdw

�E, ��� ' � � judgX 9' f +8144,

Wkhuhiruh/ wkhuh pxvw h{lvw d judglhqw +ri suhvvxuh ru whpshudwxuh/ X, lq wkh
gluhfwlrq ri wkh � �hog olqhv1 Vlploduo|/ wkhuh lv rkplf glvvlsdwlrq li wkh prwlrq lv
lq wkh gluhfwlrq ri wkh judglhqw/ iru wkhq

�E, �V� ' V � judgX= +8145,
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Wkhuh lv qr �rkplf� glvvlsdwlrq lq wkh gluhfwlrq ruwkrjrqdo wr judg X 1
Sk|vlfdoo|/ wkhq/ lq d v|psohfwlf v|vwhp h{klelwlqj v|psohfwlf hyroxwlrq/ wkhuh

pxvw h{lvw d frpsrqhqw ri hohfwulf irufh , wkdw dffhohudwhv fkdujhg sduwlfohv dorqj
wkh pdjqhwlf � �hog olqhv/ dqg wkdw frpsrqhqw ri irufh/ dv dq duwlidfw ri wkh
v|psohfwlf frqvwudlqwv/ pxvw eh wkh xowlpdwh vrxufh ri wkh pdjqhwlf g|qdpr1
D vlplodu vlwxdwlrq krogv lq k|gurg|qdplfv zkhuh  xlg pdvv fdq eh dffhohudwhg
dorqj wkh olqhv ri yruwlflw|1 Iru wkh h{wuhpdo/ qrq0v|psohfwlf fdvh/ wkh Oruhqw}
irufh pxvw ydqlvk/ dqg wkhuh lv qr pdjqhwlf g|qdpr dfwlrq1

Iurp wkh dujxphqw ghyhorshg deryh iru v|psohfwlf v|vwhpv/ wkh Ehuqrxool0
Fdvlplu hqhuj| ixqfwlrq X lv hlwkhu ri wkh w|sh WV dqg2ru ri wkh w|sh SY 1 Iru
d vrolg/ dvvxph wkh iruphu uhsuhvhqwdwlrq grplqdwhv1 Wkhq wkh �Oruhqw} irufh�
pxvw kdyh wkh irup ri d vsdwldo judglhqw ri wkh whpshudwxuh/ �E, n V ��� '
judgEnW �= Iru prwlrq wkdw lv dorqj wkh pdjqhwlf �hog olqhv/ wkh whup V�� , f=
Wkhq/ lqfrusrudwlqj wkh hpslulfdo Rkplf uhodwlrq/ � ' �,> lw lv dssduhqw wkdw wkh
v|psohfwlf fdvh ohdgv wr d ghulydwlrq ri  x{ htxdwlrqv lq wkh Wkrpsvrq irupdw
iru wkhupdo srzhu=

� ' E�@���judgEnW � +8146,

Wkh vxjjhvwlrq lv wkdw wkh vrxufh ri pdjqhwlf g|qdpr irufhv lq sodvpdv lv wr eh
dvvrfldwhg zlwk d whpshudwxuh judglhqw dqg wkh h{lvwhqfh ri gl�huhqwldo yhorflw|
 xfwxdwlrqv lq d v|psohfwlf v|vwhp1

8151 Wkh Wrsrorjlfdo Kdoo h�hfw

Lq wkh Ehuqrxool fdvh ri d Sodvpd surfhvv/ wkh lqwhjudqg pxvw eh sursruwlrqdo wr
dq h{dfw 50irup/ g$= Wkhuh lv rqh reylrxv fdqglgdwh/ wkh 50irup/ I G

lE�Y �gJ ' �iEa� �V�{g|	g} � ===n Ea�V�{g{	gw=== ' �KdooI= +8147,

Wkh frqgxfwlylw| frh!flhqw �
Kdoo

lq wkh h{suhvvlrq pxvw eh d grpdlq frqvwdqw1
Frpsdulqj wkh frpsrqhqwv ri wkh htxdwlrq ri frqvwudlqw |lhogv wkh surshuwlhv ri
d Ehuqrxool Sodvpd surfhvv=

Ehuqrxool Sodvpd surfhvv/ aE ' �V n E�
Kdoo

@���> +8148,

dqg/ EaE �V� ' E�
Kdoo

@��,= +8149,
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E�
Kdoo

@��EaE � ,� , f +814:,

E�
Kdoo

@��EV � ,� , f +814;,

E�
Kdoo

@��E, ��� , f= +814<,

Wkxv wkh Ehuqrxool sodvpd surfhvv ohdgv wr d fxuuhqw aE zklfk lv ruwkrjrqdo
wr wkh , �hog dqg zkrvh pdjqlwxgh lv sursruwlrqdo wr wkh � �hog1 Wr txrwh
Odqgdx dqg Olivklw} ^Odqgdx 4<93` %Dv zh vhh/ lw +wkh Kdoo h�hfw, jlyhv ulvh wr d
fxuuhqw shushqglfxodu wr wkh hohfwulf �hog/ zkrvh pdjqlwxgh lv sursruwlrqdo wr wkh
pdjqhwlf �hog1% Wkh frqfoxvlrq lv wkdw wkh Ehuqrxool Sodvpd surfhvv jhqhudwhv
d Kdoo h�hfw/ dqg uhtxluhv wkdw wkh vhfrqg Srlqfduh frh!flhqw pxvw ydqlvk1 Lw
iroorzv wkdw wkh Wrsrorjlfdo Kdoo h�hfw h{lvwv lq qrq0htxloleulxp v|vwhpv zkhuh
wkh 40irup D fdqqrw eh ri Sid� glphqvlrq 7/ exw fdq eh ri Sid� glphqvlrq 61
Ehuqrxool sodvpd surfhvvhv duh qrw glvvlsdwlyh lq wkh vhqvh wkdw vxfk wkdw EaE �
,� ' f=

Wkh dsshdudqfh ri d pdjqhwlf frqgxfwdqfh/ �
Kdoo

> lv qryho wr wkh wrsrorjlfdo
irupdw ri hohfwurpdjqhwlvp dv suhvhqwhg khuhlq/ dqg lv ghgxfhg iurp wkh vroh
dvvxpswlrq wkdw wkh Sodvpd fxuuhqw gh�qhv d surfhvv gluhfwlrq �hog wkdw suhvhuyhv
wkh forvhg lqwhjudov ri wkh 50irup/ J= Sodvpd surfhvvhv gr qrw fkdqjh wkh qhw
fkdujh zlwklq wkh forvhg lqwhjudwlrq grpdlq1 Wkdw lv/ fkdujhv fdq eh surgxfhg
rqo| lq htxdo dqg rssrvlwh sdluv e| d �Sodvpd surfhvv�1 Wkh wrwdo qhw fkdujh lv
suhvhuyhg1

Wkh frqfoxvlrq lv wkdw wkh Kdoo h�hfw lv d wrsrorjlfdo surshuw| ri hohfwurpdj0
qhwlvp/ dqg fdq dsshdu dw doo vfdohv/ iurp wkh plfurzruog wr wkh pdfurzruog wr
wkh frvprorjlfdo zruog1 Lq wkh qh{w vhfwlrq/ dqg lq grpdlqv zkhuh wkh qrq0
htxloleulxp 60irupv ri Wrsrorjlfdo Wruvlrq dqg Wrsrorjlfdo Vslq duh forvhg/ lw
lv ghprqvwudwhg krz wkh Wrsrorjlfdo Kdoo h�hfw fdq kdyh dq lpshgdqfh pxowl0
solhg e| d udwlrqdo iudfwlrq1 Wkdw lv/ wkh udwlrqdo iudfwlrq Kdoo lpshgdqfh lv d
wrsrorjlfdo uhvxow/ lqghshqghqw iurp txdqwxp wkhru|1

8161 Wrsrorjlfdo Vxshufrqgxfwruv1

Srvw +vhh wkh dsshqgl{ lq ^UPN 4<<4 f`, uhfrjql}hg wkdw rqh ri wkh prvw uhpdun0
deoh ihdwxuhv ri hohfwurg|qdplfv ri wkh plfur zruog frpsduhg wr wkh pdfur zruog
lv wkdw zkhq zulwwhq lq whupv ri wkh PNV v|vwhp ri xqlwv/ wkh �qh vwuxfwxuh
frqvwdqw ehfrphv/
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� ' 2�h2@e�%kf ' �@2E�@%��@2@Ek@h2�= +8153,

Wklv irupxod ghprqvwudwhv wkdw � lv d udwlr ri wzr ixqgdphqwdo lpshgdqfhv/
wkh iuhh0vsdfh lpshgdqfh/

]f ' E�@%��@2 ' �.S=.�f���l> +8154,

dqg wkh Kdoo lpshgdqfh/

]Kdoo ' k@h2 ' 2DH�2=H�eb�l= +8155,

Wkh uhodwlrq ehwzhhq wkh txdqwxp phfkdqlfdo hqwlwlhv dqg wkh iuhh vsdfh lp0
shgdqfh dv jlyhq e| wkh htxdwlrq/

� ' �@2E]f@]Kdoo�> +8156,

hohydwhv wkh lpsruwdqfh ri wkh iuhh vsdfh lpshgdqfh/ ]f

Wkh remhfwlyh lv wr gh�qh vxshufrqgxfwlylw| lq d wrsrorjlfdo pdqqhu zklfk
lqfrusrudwhv wkh %txdqwl}dwlrq% ihdwxuhv ri ghUkdp frkrprorj| wkhru|1 Wkh
lghd iroorzv iurp wkh uhfrjqlwlrq wkdw wkh Kdoo lpshgdqfh h{klelwv udwlrqdo iudfwlrq
ehkdylru1 Wklv udwlrqdo iudfwlrq ehkdylru zdv suhglfwhg rq wrsrorjlfdo jurxqgv
e| H1 M1 Srvw ^Srvw 4<;6`1 Wkh lpsolfdwlrq lv wkdw vxshufrqgxfwlylw| lv uhodwhg wr
wrsrorjlfdo ghihfw vwuxfwxuhv1 Wkhuh duh wkuhh zd|v wr frqvwuxfw dq lpshgdqfh ]
+zlwk sk|vlfdo glphqvlrqv k2h2� iurp shulrg lqwhjudov ^UPN 4<<4 f`1

Ruglqdu| Vxshufrqgxfwruv = Lpshgdqfh =� '
K
D@
UU

}2
J

Dq|rq Kljk Wf B =2 '
UUU

}�
D	J@E

UU
}2
J�2

Iudfwlrqdo Kdoo = =� '
UUU

}�
D	I@

UUU
}�
D	J

+8157,

Lq rughu wr surgxfh udwlrqdo iudfwlrqv/ wkh forvhg lqwhjudov pxvw eh shulrg lqwhjudov/
zkhuh wkh lqwhjudqgv duh forvhg lq dq h{whulru gl�huhqwldo vhqvh ryhu wkh forvhg
grpdlqv +f|fohv ri 4/ 5 ru 6 glphqvlrqv, ri lqwhjudwlrq1 Wkh forvxuh frqglwlrq
rq wkh �uvw lpshgdqfh =� uhtxluhv wkdw gD , f> zklfk lpsolhv wkdw wkh grpdlq
h{foxghv wkh �hog lqwhqvlwlhv +Phlvvqhu uhsxovlrq,1 Wkh forvxuh frqglwlrq rq wkh
wklug lpshgdqfh/ =� uhtxluhv wkdw erwk Srlqfduh lqyduldqwv pxvw ydqlvk/ exw ,

dqg � �hogv duh shuplwwhg lq wkh grpdlq ri lqwhjudwlrq +dv lv revhuyhg lq wkh Kdoo
h�hfw,1

Wkh frqmhfwxuh wr eh h{soruhg khuhlq lv wkdw d vxshufxuuhqw fruuhvsrqgv wr
wkh fdvh zkhuh wkh hohfwurpdjqhwlf lqwhudfwlrq hqhuj| ghqvlw|/ D	M> ydqlvkhv lq d
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wrsrorjlfdo vhqvh1 Wkh prwlydwlrq iru vxfk dq dvvxpswlrq lv irxqghg xsrq wkh
revhuydwlrq wkdw li wkh 60irup ri fkdujh fxuuhqw ghqvlw|/ M / zdv sursruwlrqdo wr
hlwkhu wkh 60irup ri wrsrorjlfdo wruvlrq/ M ' D	I> ru wkh 60irup ri wrsrorjlfdo
vslq/ M ' D	J> wkhq lw iroorzv wkdw wkh lqwhudfwlrq hqhuj| ghqvlw| ri fodvvlfdo �hog
wkhru| zloo ydqlvk/ D	M , f= Dvvxph wkdw d vxshufxuuhqw frqwdlqv frpsrqhqwv
sursruwlrqdo wr wrsrorjlfdo wruvlrq 60irup dqg wkh wrsrorjlfdo vslq 60irup1 Lq
rughu iru wkh frpsrqhqwv ri vxfk d fkdujh fxuuhqw 70yhfwru wr eh forvhg +dqg
h{dfw, wkh uhvshfwlyh Srlqfduh lqyduldqwv ri lwv frpsrqhqwv pxvw eh }hur1 Xqghu
vxfk frqvwudlqwv/ wkh forvhg lqwhjudov ri wkh forvhg 60irupv ri wrsrorjlfdo wruvlrq
dqg wrsrorjlfdo vslq kdyh udwlrqdo +txdqwl}hg, ydoxhv/ dqg ehfrph %ghirupdeoh%
wrsrorjlfdo lqyduldqwv1 Dowkrxjk wkh jhrphwulfdo glphqvlrq ri vsdfh wlph lv 7/ wkh
frqvwudlqhg v|vwhp kdv wrsrorjlfdo Sid� glphqvlrq 6 dqg lv qrw dq htxloleulxp
v|vwhp1 Wkh hyroxwlrqdu| surfhvvhv uhsuhvhqwhg lq whupv ri wkh glyhujhqfh iuhh
irupv ri Ae dqg 5e duh qrw luuhyhuvleoh1 Vxfk irupxodwlrqv/ wkhuhiru/ duh srvvleoh
fdqglgdwhv iru qrq0glvvlsdwlyh vxshufxuuhqwv1

D wklug fdvh zrxog frqvlghu wkrvh vlwxdwlrqv zkhuh wkh 60irup fkdujh fxuuhqw
ghqvlw| kdv frpsrqhqwv sursruwlrqdo wr wkrvh frpsrqhqwv ri wkh 40irup ri srwhq0
wldov zklfk duh hohphqwv ri d vslqru/ M ' �Mvslqru1 Wkh 60irup fdq dozd|v eh
pxowlsolhg e| dq lqwhjudwlqj idfwru vxfk wkdw wkh uhvfdohg vslqru fxuuhqw kdv }hur
glyhujhqfh1 Vlploduo|/ vxssrvh wkh 40irup Dvslqru +wr zlwklq d idfwru, dovr kdv wkh
vdph vslqru frpsrqhqw ixqfwlrqv1 Wkhq wkh lqwhudfwlrq ghqvlw| ydqlvkhv/ dv

Vslqru Orqgrq fxuuhqw= Mvslqru ' lE�Dvslqru�l +8158,

Lqwhudfwlrq Hqhuj| ghqvlw|= D	M ' � kDvslqru � Dvslqrul le , f= +8159,

Khqfh/ d fkdujh fxuuhqw 60irup frpsrvhg ri wkuhh sduwv/ vxfk wkdw

Wrwdo Vxshufxuuhqw Mvxshufxuuhqw ' Mvslqru nD	I@�nD	J@�>+815:,

Zlwk Lqwhudfwlrq Hqhuj| ghqvlw| D	M ' D	Mvxshufxuuhqw , f> +815;,

lv d fdqglgdwh iru d vxshufrqgxfwlqj fxuuhqw/ zklfk lqwxlwlyho| kdv qr lqwhudfwlrq
hqhuj| ghqvlw|1

Li wkh Dfwlrq 40irup lv glylghg e| d vxlwdeoh e| d txdgudwlf Kroghu qrup/
wkhq wkh Mdfreldq pdwul{ ri wkh Dfwlrq 4 fdq eh frpsxwhg1 Wkh pdwul{ kdv d
ghwhuplqdqw }hur/ li wkh krprjhqhlw| lqgh{ lv 41 Wkh pdwul{ gh�qhv wkh htxlydohqw
wr wkh Vkdsh pdwul{ lq gl�huhqwldo jhrphwu|/ dqg lwv Fd|oh|�Kdplowrq vlplodulw|
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lqyduldqwv gh�qh wkh fxuydwxuhv jhqhudwhg e| wkh }hur vhw ri wkh Fd|oh|0Kdplowrq
fkdudfwhulvwlf sro|qrpldo1 Li wkh fxuuhqw Mdgmrlqw lv gh�qhg dv wkh surgxfw ri wkh
dgmrlqw ri wkh vkdsh pdwul{ wlphv wkh krprjhqhrxv frh!flhqwv ri wkh 40irup ri
Dfwlrq/ wkhq wkh krprjhqhrxv lqwhudfwlrq hqhuj|

Krprjhqhrxv Lqwhudfwlrq hqhuj| = Dkrprjhqhrxv	Mdgmrlqw +815<,

lv h{dfwo| htxdo wr wkh fxelf fxuydwxuh vlplodulw| lqyduldqw1

8171 Wkh Wruvlrq Yhfwru dqg Luuhyhuvleoh Hyroxwlrqdu| Surfhvvhv +Sid�
glphqvlrq 7,

Dvvxph wkdw wkh Sid� glphqvlrq ri wkh grpdlq ri lqwhuhvw lv 7/ khqfh wkh vsdfh
lv v|psohfwlf1 Krzhyhu/ frqvlghu hyroxwlrqdu| �hogv wkdw duh qrw frqvwudlqhg wr
eh v|psohfwlf vxfk wkdw gZ 9' f1 Gluhfw hydoxdwlrq ri wkh yluwxdo zrun 40irup/
Z ' lEVe�gD |lhogv +wkh Oruhqw} irufh,

Z ' lEVe�gD ' Ei�,n a{�jng{n � ia � ,jgw� +8163,

Wkh reylrxv �uvw fkrlfh iru wkh hyroxwlrqdu| yhfwru �hog kdv ehhq edvhg rq wkh
fodvvlf dvvxpswlrq wkdw Ve'da(�o , �dV( �o Wkh h{suhvvlrq iru yluwxdo zrun eh0
frphv

Z ' �Ei,nV{�jng{n � iV � ,jgw�= +8164,

Krzhyhu/ dqrwkhu shukdsv qrw vr reylrxv d fdqglgdwh iru d vroxwlrq yhfwru �hog
lv wkh h{suhvvlrq iru wkh Wruvlrq fxuuhqw1 Wkdw lv/ h{dplqh wkh hyroxwlrq dorqj
wkh xqltxh irxu glphqvlrqdo yhfwru �hog/

Ae ' �iE,��n�!�(� ��j= +8165,

Wkh h{suhvvlrq iru yluwxdo zrun ehfrphv

Z ' lE�Ae�gD ' �EiE� ���,nE,�����jng{n�i, ��!jgw� ' �E, ���D=
+8166,

Wkh wruvlrq fxuuhqw lv dq dvvrfldwhg �hog uhodwlyh wr wkh 40irup ri Dfwlrq/ lq wkh
vhqvh wkdw

lE�Ae�D , f= +8167,

Hyroxwlrq lq wkh gluhfwlrq ri wkh Wruvlrq yhfwru grhv qrw surgxfh dq| lqwhuqdo
hqhuj| ri lqwhudfwlrq/ hyhq wkrxjk wkh surfhvv lv qrw h{wuhpdo1 Wkh Ae surfhvv lv
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dgldedwlf1 Lq Sid� glphqvlrq 7/ wkh Wruvlrq yhfwru lv qrw h{wuhpdo/ exw dgldedwlf1
Lw lv dpd}lqj wkdw Ae ghfd|v wr d surfhvv zklfk lv fkdudfwhulvwlf> l1h1/ d surfhvv
zklfk lv dgldedwlf dqg krprjhqhrxv ri ghjuhh }hur1

Lw iroorzv wkdw wkh Olh ghulydwlyh ri wkh Dfwlrq dorqj wkh gluhfwlrq ri wkh Wruvlrq
fxuuhqw lv dq lvryhfwru surfhvv lq wkh vhqvh wkdw

OE�Ae�D ' KD ' �E, ���D ' T= +8168,

E| gluhfw frpsxwdwlrq/

OE�Ae�gD ' gK	Dn KgD ' gT +8169,

iurp zklfk lw iroorzv wkdw
T	gT ' K2D	gD= +816:,

Li wkh wrsrorjlfdo sdulw| K ' �E, ��� grhv qrw ydqlvk/ wkhq wkh Wruvlrq fxuuhqw �A
uhsuhvhqwv dq luuhyhuvleoh qrq0frqvhuydwlyh surfhvv1 Iru vxfk surfhvvhv wkh khdw
40irup/ T/ grhv qrw dgplw dq lqwhjudwlqj idfwru1

Wkh irupxod OE�Ae�D ' KD zdv wkh ixqgdphqwdo sulqflsoh xvhg e| wkh suhvhqw
dxwkru lq4<:7 wr ghvfuleh �Dq H{whqvlrq ri Kdplowrq*v Sulqflsoh wr Lqfoxgh Glv0
vlsdwlyh V|vwhpv� ^UPN 4<:7` ^UPN 4<:8 g/ UPN 4<:8 `1 Lw zdv qrw nqrzq dw
wkdw wlph wkh vxfk surfhvvhv lpsolhg wkh h{lvwhqfh ri d v|psohfwlf vwuxfwxuh/ qru
wkh idfw wkdw wkhvh surfhvvhv zhuh qrw v|psohfwrprusklvpv1

8181 Pruh rq Fkdudfwhulvwlf Yhfwruv

Rq wkh 7G pdqlirog/ wkrvh srlqw vhwv xsrq zklfk E, ��� ' f duh vshfldo/ iru
wkhq wkh v|psohfwlf pdqlirog ehfrphv d frqwdfw pdqlirog/ dqg dgplwv d xqltxh
gluhfwlrq �hog rq wkh 6G vxepdqlirog/ d Kdplowrqldq h{wuhpdo yhfwru �hog1 Iurp
wkh 7G srlqw ri ylhz/ wkh udqn ri wkh pdwul{ ri 50irup frh!flhqwv/ gD/ lv 5 +qrw
7,/ zklfk lpsolhv wkdw wkhuh duh wzr qxoo hljhq yhfwruv +rq 7 G,1 Rqh ri wkhvh
hljhq yhfwruv lv wkh Kdplowrqldq �hog vxfk wkdw lEV�gD ' f> exw lEV�D ' X
lv xqvshfl�hg1 Lq rwkhu zrugv/ rqh ri wkh qxoo hljhqyhfwruv rq wkh 7G vsdfh lv
h{wuhpdo/ exw qrw dvvrfldwhg1

Wkh rwkhu qxoo hljhqyhfwru lv erwk dqg h{wuhpdo dqg dvvrfldwhg> wkdw lv/ lw lv
d fkdudfwhulvwlf yhfwru �hog1 Wklv vshfldo yhfwru �hog +wr zlwklq d idfwru, lv jlyhq
e| wkh Wruvlrq Yhfwru �hog/ Ae ' �iE,��n�!�(� ��j vxemhfw wr wkh forvxuh
frqglwlrq wkdw GlyAe ' 2E, ��� ' f= Lq rwkhu zrugv/ wkh Wruvlrq Yhfwru gh�qhv
wkh dgldedwlf gluhfwlrq �hog lq vsdfh0wlph/ zklfk suhvhuyhv hyhu| hohphqw ri wkh
Sid� vhtxhqfh orfdoo|1
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Li E, ��� ' f> wkhq �Ae ' �e> d fkdudfwhulvwlf yhfwru +816;,

lE�Ae�D ' f> lE�Ae�gD ' f> OElAe�D ' f> +816<,

Fkdudfwhulvwlf yhfwruv uhodwlyh wr D duh dgldedwlf dqg vdwlvi| wkh htxdwlrqv

lE�e�D ' f> lE�e�gD ' f> OE�e�D ' f +8173,

lE�e�I ' f> lE�e�gI ' f> OE�e�I ' f

lE�e�J ' f> lE�e�gJ ' lE�e�M ' f=

Wkh fkdudfwhulvwlf �hog lv xvxdoo| dvvrfldwhg zlwk sursdjdwlqj glvfrqwlqxlwlhv/ ru
vljqdov1 +Zdyh skhqrphqd,

91 Krsi Pdsv dqg Plqlpdo Vxuidfhv

Frqvlghu wkh pds iurp wkh 7 glphqvlrqdo ydulhw| i{> |> }> fwj wr wkh 6 glphqvlrqdo
ydulhw|/ ix> y> zj> jlyhq e| wkh irupxodv +wkh Krsi pds,=

ix> y> zj ' i2E{} n fw|�> 2Efw{� |}�> E{2 n |2�� E}2 n Efw�2�j= +914,

Wkh wkuhh gl�huhqwldov igx> gy> gzj dgplw wkuhh h{whulru gl�huhqwldo 40irupv +ri
7 frpsrqhqwv, wr eh gh�qhg rq wkh ydulhw| i{> |> }> fwj lq whupv ri wkh judglhqw
ri wkh 6 ixqfwlrqv/ ix> y>zj zlwk uhvshfw wr wkh 7 lqghshqghqw yduldeohv= D 7wk
h{whulru gl�huhqwldo 40irup fdq eh gh�qhg dv wkh Krsi dgmrlqw 40irup wr wkhvh
6 judglhqw �hogv1 Wkdw lv vhdufk iru wkh 40irup D vxfk wkdw D	gx	gy	gz lv d
qrq0}hur yroxph hohphqw1 Wkh Krsi Dfwlrq 40irup lv gh�qhg dv

DKrsi ' |g{� {g| n fwg} � f}gw +915,

dqg kdv d Sid� wrsrorjlfdo glphqvlrq ri 71 Wkh irup

DKrsi ' |g{� {g| � fwg} n f}gw +916,

lv htxdoo| dffhswdeoh/ dqg zloo fkdqjh wkh vljq ri wkh vhfrqg Srlqfduh lqyduldqw1
D Kroghu qrup fdq eh gh�qhg lq whupv ri wkh frh!flhqwv ri wkh 40irup dv
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� ' Ed{s n e|s n n}s npEfw�s�q@s= +917,

zkhuh wkh frqvwdqw frh!flhqwv d/ e/ n/ p/ s/ q duh/ lq jhqhudo/ duelwudu|1 Wkh
Kroghu qrup lv d ixqfwlrq zklfk lv krprjhqhrxv ri ghjuhh q1 Glylvlrq ri dq
Dfwlrq 40irup e| wkh Kroghu qrup surgxfhv d krprjhqhrxv 40irup ri krprjhqhlw|
ghjuhh +52q, iru dq| d/ e/ n/ p/ ru s1 Lq wkdw zklfk iroorzv/ lw zloo eh dvvxphg
wkdw d ' e ' �> n ' 	�> p ' 	� dqg s ' 2= Irfxv zloo eh sodfhg rq wzr txduwlf
Eq ' e� h{dpsohv frqvwuxfwhg iurp wkh vtxduhv ri fhuwdlq txdgudwlf irupv/ � dqg
�> ri gl�huhqw lqgh{ +wkh lqgh{ lv gh�qhg dv wkh qxpehu ri plqxv vljqv lq wkh
txdgudwlf irup,1

�lqgh{ f ' EnEfw�2 n {2 n |2 n }2� +918,

�lqgh{ � ' E�Efw�2 n {2 n |2 n }2� +919,

�lqgh{ � ' EEfw�2 n {2 n |2 � }2� +91:,

�lqgh{ 2 ' E�Efw�2 n {2 n |2 � }2�= +91;,

9141 Krprjhqhrxv Krsi Dfwlrq 40irupv +ghjuhh 05/ lqgh{ 3,

Glylgh wkh Krsi Dfwlrq 40irup/ DKrsi e| �
2
lqgh{ f wr fuhdwh d Krprjhqhrxv +ghjuhh

05, Krsi 40irup ri Dfwlrq ri lqgh{ 3=

DKrprjhqhrxv Krsi ' E|g{� {g| n fwg} � f}gw�@�2
lqgh{ f= +91<,

Qrwh wkdw wkh vwdqgdug Krsi pds lv

ix> y> zj ' i2E{} n fw|�> 2Efw{� |}�> E{2 n |2�� E}2 n Efw�2�j +9143,

' i2E{} n fw|�> 2Efw{� |}�> E�lqgh{ 2�j= +9144,

Iroorzlqj wkh gh�qlwlrqv iru lqgh{ 3/ frpsxwh6 wkh frpsrqhqwv ri wkh , dqg �

�hogv wr |lhog=

, ' dnfE{} n fw|�> fE|} � fw{�>�E�lqgh{ 2�@2oe@�
�
f +9145,

� ' �d{} n fw|> |} � fw{>�E�lqgh{ 2�@2oe@�
�
f +9146,

6Vhh kwws=22zzz551sdlu1frp2fvgf2sgi2pd{zhoo1sgi
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Lw lv dssduhqw wkdw wkh � �hog lv luuhgxfleo| 6 glphqvlrqdo doprvw hyhu|zkhuh/ dqg
wkdw

gED	I � ' , �� ' �ef@�e
f 9' f= +9147,

Wkh , �hogv dqg wkh � �hogv duh dqwl0froolqhdu/ dqg frpsrqhqwv sursruwlrqdo wr
wkh frh!flhqwv ri wkh Krsi pds1 Lw iroorzv wkdw wkh 40irup ri Dfwlrq/ D/ lv ri
Sid� glphqvlrq 7/ dqg wkh hohfwurpdjqhwlf v|vwhp lv dq rshq qrq0htxloleulxp
wkhuprg|qdplf v|vwhp1

Lw lv uhpdundeoh wkdw wkh ghulyhg 50irup kdv frh!flhqwv E, dqg �� wkdw duh
sursruwlrqdo wr wkh vdph ixqfwlrqv wkdw gh�qh wkh Krsi Pds1 Xvlqj wkh plqxv
dpeljxlw| +sdulw|, vljq/ ohdgv wr wkh fodvvlf uhvxow wkdw ,2 ' F2�2> exw zlwk wkh
qrw0xvxdo uhvxow wkdw wkh , �hog lv dqwl0sdudooho wr wkh � �hog +Li wkh srvlwlyh
dpeljxlw| +sdulw|, vljq lv xvhg/ wkh , dqg � �hogv duh sdudooho,=

Wkh frpsrqhqwv ri wkh Wrsrorjlfdo Wruvlrq 7 yhfwru iru wkh h{dpsoh v|vwhp
ehfrph htxdo wr =

Ae � dA>ko ' n2fd{> |> }> fwo@�e
f> +9148,

glEAe�le 9' f Glyhujhqfh ri Ae lv qrw }hur1 +9149,

Wkh Wruvlrq yhfwru grhv qrw kdyh }hur glyhujhqfh/ khqfh wkh vhfrqg Srlqfduh lq0
yduldqw/ �ef@�e

fle/ lv qrw }hur1 Khqfh/ dowkrxjk wkh surfhvv jhqhudwhg e| Ae lv
orfdoo| dgldedwlf/ dv lEAe�D ' f +vhh htxdwlrq +5153,,/ lw pxvw eh wkhuprg|qdpl0
fdoo| luuhyhuvleoh +vhh htxdwlrq + 5173,,1

Vxemhfw wr wkh Oruhqw} frqvwlwxwlyh frqvwudlqwv/ lw lv vwudljkw iruzdug wr vkrz
wkdw wkh fkdujh fxuuhqw ghqvlw| jhqhudwhg e| wkh Pd{zhoo Dpshuh uhodwlrqv lv }hur/
rqo| zkhq wkh deqrupdo skdvh yhorflw| frqvwudlqw/ %�f2 n � ' f/ lv vdwlv�hg1

Fkdujh0Fxuuhqw ghqvlw| +Krsi Dfwlrq/ lqgh{ 3/ ghjuhh 05, +914:,

M{ ' eES{}fwn Df2w2| � |{2 � |� � |}2�E%�f2 n ��@��e
f +914;,

M| ' eE�S|}fw� Df2w2{n {|2 n {� n {}2�E%�f2 n ��@��e
f +914<,

M} ' �Hfw�E%�f2 n ��@��e
f +9153,

� ' f +9154,

gEM� ' gElEa> ��le ' f Glyhujhqfh ri ^a/�` lv dozd|v }hur1 +9155,

Wkh sursrvhg 40irup grhv QRW ixuqlvk d ydolg uhdol}dwlrq iru wkh Oruhqw} ydfxxp
frqvwudlqw/ lq wkdw lw surgxfhv d qrq0}hur }hur fkdujh fxuuhqw ghqvlw|/ xqohvv wkh
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%skdvh yhorflw|% frqvwudlqw/ E%�f2 n �� ' f= Wklv frqvwudlqw lv deqrupdo xqohvv
wkh frh!flhqwv % ru � duh qhjdwlyh1 Khqfh wkh vfdohg Krsi Dfwlrq/ zkhuh wkh
vfdolqj lv ri vljqdwxuh }hur/ grhv qrw ghvfuleh d fkdujh fxuuhqw iuhh ydfxxp/ iru
uhdo srvlwlyh ydoxhv ri %> �> dqg F= Rq wkh rwkhu kdqg/ li lw lv suhvxphg wkdw wkh
grpdlq lv vxfk wkdw vd| �> ru %> lv qhjdwlyh/ wkhq wkh Krsi Pds/ vfdohg dv deryh/
grhv jhqhudwh fkdujh0fxuuhqw iuhh zdyh vroxwlrqv1 Qhjdwlyh % dsshduv wr krog lq
phwdov dqg wkh Hduwk*v lrqrvskhuh1 Uhfhqw dqqrxqfhphqwv lqglfdwh frqvwuxfwlrqv
wkdw |lhog qhjdwlyh �= ^Sk|vlfv Wrgd| Pd| 5333`1 Krzhyhu/ iru vlwxdwlrqv zkhuh %
ru� duh qhjdwlyh/ wkh Krsi zdyh vroxwlrqv lpso| wkdw wkh Vslq dqjxodu prphqwxp
D	J lv qrw d ghirupdwlrq lqyduldqw +khqfh Vslq dqjxodu prphqwxp ri wkh �hog lv
qrw frqvhuyhg1,

Wkh frpsrqhqwv ri wkh Wrsrorjlfdo Vslq fxuuhqw fdq eh hydoxdwhg dv

Wrsrorjlfdo Vslq h{dpsoh +Krsi Dfwlrq/ lqgh{ 3/ ghjuhh 05,+9156,

V{ ' �2{E�f2w2 n {2 n |2 � �}2�@��D +9157,

V| ' �2|E�f2w2 n {2 n |2 � �}2�@��D +9158,

V} ' �2}E�|2 n �{2 � }2 n f2w2�@��D +9159,

� ' �2wE�|2 n �{2 � }2 n f2w2�@��D +915:,

gED	J� ' gElE5> ��le ' f +915;,

Glyhujhqfh ri Ve lv }hur +915<,

Dv ghprqvwudwhg e| wkh h{dpsoh vroxwlrq deryh/ wkh h{lvwhqfh ri luuhgxfleo|
wkuhh frpsrqhqw/ sursdjdwlqj/ pdjqhwlf �hog vroxwlrqv wr Pd{zhoo*v htxdwlrqv fdq
eh dffrpprgdwhg zlwkrxw lqyrnlqj d vshfldo jdxjh frqglwlrq/ ru d frqvwudlqw ri d
sduwlfxodu jurxs/ ru fodlplqj wkdw Pd{zhoo hohfwurpdjqhwlvp pxvw eh prgl�hg/ ru
uhsodfhg e| d \dqj0Ploov wkhru|1 Doo wkdw lv uhtxluhg lv wkdw wkh fodvvlfdo Pd{zhoo
wkhru| pxvw qrw eh frqvwudlqhg wr dq htxloleulxp vwdwh1

9151 Krprjhqhrxv Krsi Dfwlrq 40irupv +ghjuhh 05/ lqgh{ 4,

Qh{w/ wkh Krsi Dfwlrq 40irup/ DKrsi lv glylghg e| �2 wr fuhdwh d Krprjhqhrxv
+ghjuhh 05, Krsi 40irup ri Dfwlrq1

DKrprjhqhrxv Krsi ' E|g{� {g| n fwg} � f}gw�@�2
lqgh{ � +9163,

Qrwh wkdw wkh Krsi pds lv
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ix> y> zj ' i2E{} n fw|�> 2Efw{� |}�> E{2 n |2�� E}2 n Efw�2�j +9164,

' i2E{} n fw|�> 2Efw{� |}�> E�lqgh{ 2�j= +9165,

Iroorzlqj wkh gh�qlwlrqv iru lqgh{ 4/ frpsxwh wkh frpsrqhqwv ri wkh , dqg
� �hogv wr |lhog=

, ' dnfE{} � fw|�> fE|} n fw{�>�E�lqgh{ ��@2oe@�
� +9166,

� ' �d{} n fw|> |} � fw{>�E�lqgh{ ��@2oe@�
� +9167,

Iru wklv fkrlfh/ lw lv uhpdundeoh wkdw wkh ghulyhg 50irup kdv frh!flhqwv E,
dqg �� wkdw duh sursruwlrqdo wr gl�huhqw Krsi Pdsv1 Wkh Dfwlrq 40irup lv wkh
vdph dv deryh/ exw zlwk d gl�huhqw ghqrplqdwru1 Wklv idfw ohdgv wr wkh fodvvlf
uhvxow wkdw ,2 ' F2�2> exw qrz wkh , �hog lv qrw froolqhdu zlwk wkh � �hog1 Wkh
vroxwlrq kdv pdjqhwlf kholflw| dv � �� 9'f dqg lv udgldwlyh lq wkh vhqvh wkdw wkh
Sr|qwlqj yhfwru/ ,�O 9'f=

Lw lv dssduhqw wkdw wkh � �hog lv luuhgxfleo| 6 glphqvlrqdo doprvw hyhu|zkhuh/
dqg wkdw

gED	I � ' , �� ' �ef@�e 9' f= +9168,

Lw iroorzv wkdw wkh 40irup ri Dfwlrq/ D/ lv ri Sid� glphqvlrq 7/ dqg wkh hohfwurpdj0
qhwlf v|vwhp lv dq rshq qrq0htxloleulxp wkhuprg|qdplf v|vwhp1 Lw pd| frph
dv d vxusulvh/ exw erwk wkh , dqg wkh � �hogv vdwlvi| wkh yhfwru zdyh htxdwlrq1

Eu2 � �@f2C2@Cw2�

���� ,�
 

' f= +9169,

Wkh frpsrqhqwv ri wkh Wrsrorjlfdo Wruvlrq 7 yhfwru iru wkh h{dpsoh v|vwhp
ehfrph htxdo wr =

Ae � dA>ko ' 2fd{> |> }> fwo@�e> +916:,

glEAe�le 9' f Glyhujhqfh ri Ae lv qrw }hur1 +916;,

Wkh Wruvlrq yhfwru grhv qrw kdyh }hur glyhujhqfh/ khqfh wkh vhfrqg Srlqfduh lq0
yduldqw/ �ef@�ele/ lv qrw }hur1 Khqfh/ dowkrxjk wkh surfhvv jhqhudwhg e| Ae lv
orfdoo| dgldedwlf/ dv lEAe�D ' f +vhh htxdwlrq +5153,,/ lw pxvw eh wkhuprg|qdpl0
fdoo| luuhyhuvleoh +vhh htxdwlrq + 5173,,1
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Vlplodu wr wkh lqyhvwljdwlrq ghvfulehg deryh iru wkh lqgh{ }hur Krsi yhfwruv/
lw lv qdwxudo wr dvn li wkhvh , dqg � �hogv dgplw d Oruhqw} v|pphwu| frqvwlwxwlyh
frqvwudlqw vxfk wkdw ydfxxp vwdwh lv fkdujh fxuuhqw iuhh1 Djdlq/ vxfk d frqglwlrq
lpsolhv wkdw wkh �hogv duh vroxwlrqv ri wkh yhfwru zdyh htxdwlrq1 Wkh fkdujh
fxuuhqw ghqvlw| kdv wkh irupdw=

Fkdujh0Fxuuhqw ghqvlw| +Krsi Dfwlrq/ lqgh{ 4/ ghjuhh 05, +916<,

M{ ' eE�S{}fwn Df2w2| n |{2 n |� n |}2�E%�f2 � ��@��e +9173,

M| ' �eES|}fwn Df2w2{n {|2 n {� n {}2�E%�f2 � ��@��e +9174,

M} ' Hfw�E%�f2 � ��@��e +9175,

� ' f +9176,

gEM� ' gElEa> ��le ' f Glyhujhqfh ri ^a/�` lv dozd|v }hur1 +9177,

Wkh gluhfw frpsxwdwlrq ri wkh Pd{zhoo Dpshuh htxdwlrqv lqglfdwhv wkdw/ lqghhg/
gJ ' M ' f> li wkh skdvh yhorflw| frqvwudlqw ydqlvkhv/ %�F2 � � ' f= Khqfh
wkh vfdohg Krsi Dfwlrq/ zkhuh wkh vfdolqj lv ri lqgh{ rqh/ grhv ghvfuleh d fkdujh
fxuuhqw iuhh ydfxxp/ iru uhdo srvlwlyh ydoxhv ri %> �> dqg F= Khqfh wkh sursrvhg
40irup ixuqlvkhv d ydolg uhdol}dwlrq iru wkh Oruhqw} ydfxxp frqvwudlqw/ lq wkdw lw
surgxfhv d }hur fkdujh fxuuhqw ghqvlw|1

Wkh orfdo lqwhudfwlrq hqhuj| ghqvlw|/ D	M ' E� � a � �!� le> lv }hur iru wkh
h{dpsoh qrq0htxloleulxp v|vwhp1 Lw vkrxog eh qrwhg wkdw  xfwxdwlrqv lq wkh
skdvh yhorflw| ixqfwlrq/ E%�f2 � �� ' f fdq lqgxfh fxuuhqwv1 Wkh frpsrqhqwv ri
wkh Wrsrorjlfdo Vslq fxuuhqw fdq eh hydoxdwhg +iru dv

Wrsrorjlfdo Vslq h{dpsoh +Krsi Dfwlrq/ lqgh{ 4/ ghjuhh 05,+9178,

V{ ' �2{E�f2w2 n {2 n |2 � �}2�@��D +9179,

V| ' �2|E�f2w2 n {2 n |2 � �}2�@��D +917:,

V} ' �2}E�|2 n �{2 � }2 n f2w2�@��D +917;,

� ' �2wE�|2 n �{2 � }2 n f2w2�@��D +917<,

gED	J� ' gElE5> ��le ' f +9183,

Glyhujhqfh ri Ve lv }hur +9184,

Lw lv lpsruwdqfh wr qrwh wkdw wkh h{whulru ghulydwlyh ri D	J ydqlvkhv1 Khqfh wkh
lqwhjudo ri wkh 50irup ri wrsrorjlfdo vslq ryhu d forvhg 6 fkdlq |lhogv 6 glphqvlrq
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shulrg lqwhjudov/ dqg lv wrsrorjlfdoo| txdqwl}hg lq wklv h{dpsoh1 Lw lv frqmhfwxuhg
wkdw  xfwxdwlrqv ri wkh �shuihfw� ydfxxp skdvh uhodwlrqv/ zkhuh %�F2�� 9' f/ duh
dvvrfldwhg zlwk ]SI1 Qrwh wkdw wkhuh duh srvvleoh fkdujh0fxuuhqw iuhh + vlqjxodu
zdyh vroxwlrqv, wkdw duh jryhuqhg e| fxuyhv lq vsdfh wlph1 Wkhvh fxuyhv duh
jhqhudwhg e| wkh lqwhuvhfwlrq ri wkh wkuhh vxuidfhv fuhdwhg e| vhwwlqj hdfk ri wkh
frh!flhqwv ri wkh fxuuhqw ghqvlw| htxdo wr }hur1 Wkhvh vroxwlrqv duh ydolg iru dq|
skdvh yhorflw| dqg frxog eh d vrxufh ri �qhhgoh� udgldwlrq1

Wkh vroxwlrq jlyhq deryh lv qrw iuhh ri Wrsrorjlfdo Wruvlrq/ D	I> dqg wkhuh
lv d qrq0}hur ydoxh ri wkh vhfrqg Srlqfduh lqyduldqw/ , �� 9' f= Krzhyhu/ wkh
Vslq 60irup D	J lv dovr qrq0}hur/ exw lw kdv/ vxemhfw wr wkh skdvh frqvwudlqw/
d }hur 70glyhujhqfh1 +Wkh �uvw Srlqfduh lqyduldqw lv }hur1, Wkh glyhujhqfh ri
wkh Vslq 60irup/ kdv 5 sduwv1 Wkh �uvw sduw lv wzlfh wkh frqyhqwlrqdo Odjudqjh
ghqvlw| ri wkh �hogv/ E� �O�# � ,�= Wkh vhfrqg sduw lv wkh lqwhudfwlrq ehwzhhq
wkh srwhqwldov dqg wkh fkdujh fxuuhqwv/ E� � a � �!�= Zkhq wkh glyhujhqfh ri
wkh 60irup lv }hur/ wkhq wkh forvhg lqwhjudov ri Wrsrorjlfdo Vslq duh ghirupdwlrq
lqyduldqwv/ dqg kdyh forvhg lqwhjudov zlwk udwlrqdo +txdqwl}hg, udwlrv1 Wkdw lv/
zlwk uhjdug wr dq| vlqjo| sdudphwul}hg yhfwru �hog/ Y / ghvfulelqj dq hyroxwlrqdu|
surfhvv/

OE�Y �

]
}�

ED	J� '

]
}�

lE�Y �gED	J� n

]
}�

gElE�Y �D	J� +9185,

' f n f � hyroxwlrqdu| lqyduldqfh=

Wkh ixqfwlrq � lv dq duelwudu| ghirupdwlrq sdudphwhu1
Dv ghprqvwudwhg e| wkh h{dpsoh vroxwlrq deryh/ wkh h{lvwhqfh ri luuhgxfleo|

wkuhh frpsrqhqw/ sursdjdwlqj/ pdjqhwlf �hog vroxwlrqv wr Pd{zhoo*v htxdwlrqv fdq
eh dffrpprgdwhg zlwkrxw lqyrnlqj d vshfldo jdxjh frqglwlrq/ ru d frqvwudlqw ri d
sduwlfxodu jurxs/ ru fodlplqj wkdw Pd{zhoo hohfwurpdjqhwlvp pxvw eh prgl�hg/ ru
uhsodfhg e| d \dqj0Ploov wkhru|1 Doo wkdw lv uhtxluhg lv wkdw wkh fodvvlfdo Pd{zhoo
wkhru| pxvw qrw eh frqvwudlqhg wr dq htxloleulxp vwdwh1

9161 Krsi Yhfwruv dqg Vslqruv

Frqvlghu wkh pds iurp U+[/\/]/V, wr U6+x/y/z, jlyhq e| wkh irupxodv=

O� G Ue , U� +9186,

dx�> y�> z�o ' d2E[] n \ V�> 2E[V � \ ]�> E[2 n \ 2�� E]2 n V2�o=+9187,
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Wkhvh irupxodv gh�qh wkh irupdw ri d Krsi pds1 Wkh 6 frpsrqhqw Krsi yhfwru
O� lv uhdo dqg kdv wkh surshuw| wkdw

O� �O� ' Ex��2 n Ey��2 n Ez��2 ' E[2 n \ 2 n ]2 n V2�2= +9188,

Khqfh d uhdo +dqg lpdjlqdu|, 7 glphqvlrqdo vskhuh pdsv wr d uhdo 6 glphqvlrqdo
vskhuh1 Wkdw lv/ wkh frqvwudlqhg Krsi pds lv htxlydohqw wr wkh pds ri d 6
glphqvlrq vskhuh wr d 5 glphqvlrqdo vskhuh1 Li wkh ixqfwlrqv dx�> y�> z�o duh
gh�qhg dv d{@fw> |@fw> }@fwo> wkhq wkh 7G vskhuh ri xqlw udglxv/ E[2 n \ 2 n ]2 n
V2�2 ' �/ pdsv wr wkh 7G oljkw frqh1

Wkh Krsi pds fdq dovr eh uhsuhvhqwhg lq whupv ri frpsoh{ ixqfwlrqv e| d pds
iurp F5 wr U6/ dv jlyhq e| wkh irupxodv=

O� ' dx�> y�> z�o ' d� � �W n � � �W> lE� � �W � � � �W�> � � �W � � � �W= +9189,

Wkh yduldeohv � dqg � dovr fdq eh ylhzhg dv wzr glvwlqfw frpsoh{ yduldeohv
gh�qlqj rughuhg sdluv ri wkh irxu yduldeohv d[>\>]> Vo= Iru h{dpsoh/ wkh fodvvlf
irupdw jlyhq deryh iru O�� fdq eh rewdlqhg iurp wkh h{sdqvlrq/ � ' [ n
l\ > � ' ]nlV= Rwkhu vhohfwlrqv iru wkh rughuhg sdluv ri E[>\>]> V� +dorqj zlwk
shupxwdwlrqv ri wkh 6 yhfwru frpsrqhqwv, jlyh glvwlqfwo| gl�huhqw Krsi yhfwruv1
Iru h{dpsoh/ wkh rughuhg sdluv/ � ' [ n l] > � ' \ n lV> jlyh

O2 ' d2E\ [ � V]�>[2 n ]2 � \ 2 � V2>�2E]\ n V[�o> +918:,

zklfk lv dqrwkhu Krsi yhfwru/ d pds iurp U7 wr U6/ exw zlwk wkh surshuw| wkdw
O2 lv ruwkrjrqdo wr O� G

O2 �O� ' f= +918;,

Vlploduo|/ d wklug olqhduo| lqghshqghqw ruwkrjrqdo Krsi yhfwru O� fdq eh irxqg

O� ' d[2 n \ 2 � ]2 � V2>�2E\ [ n V]�> 2E�][ n V\ �o> +918<,

vxfk wkdw

O2 �O� ' O� �O2 ' O2 �O� ' f> +9193,

O� �O� ' O2 �O2 ' O� �O� ' E[2 n \ 2 n ]2 n V2�2= +9194,
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Wkh wkuhh olqhduo| lqghshqghqw Krsi yhfwruv fdq eh xvhg dv d edvlv ri U6 h{foxglqj
wkrvh srlqwv zkhuh wkh txduwlf irup ydqlvkhv1 Wkh pdsslqj ixqfwlrqv Ex> y> z� ri
wkh Krsi yhfwru fdq eh gl�huhqwldwhg zlwk uhvshfw wr E[>\> ]> V� wr surgxfh d vhw
ri wkuhh h{dfw 40 irup zkrvh frh!flhqwv irup 6 lqghshqghqw 7 frpsrqhqw yhfwruv
rq U71 D 7wk olqhduo| lqghshqghqw yhfwru fdq eh fuhdwhg dojheudlfdoo| dqg irupv
wkh �dgmrlqw� �hog iru wkh jlyhq Krsi yhfwru1 Wklv gluhfwlrq �hog fdq eh xvhg wr
frqvwuxfw d qrq0lqwhjudeoh 40irup/ D> ri Sid� glphqvlrq 71 Wkhvh wkuhh h{dfw
40irupv dqg wkh qrq0lqwhjudeoh 40irup fdq eh xvhg dv d edvlv iudph iru wkh vsdfh1
Wkh h{whulru ghulydwlyhv ri wkh edvlv iudph surgxfh wkh xvxdo Fduwdq frqqhfwlrq
zklfk lv qrw d!qh0wruvlrq iuhh lq lwv vxevsdfhv1 E| wklv phfkdqlvp wkh gl�huhqwldo
vwuxfwxuh ri U7 dv lqgxfhg e| wkh Krsi pds lv ghwhuplqhg1

Iru O�> wkh 7 lqghshqghqw 4 irupv duh jlyhq e| wkh h{suhvvlrqv=

gEx�� ' 2]gE[� n 2VgE\ � n 2[gE]� n 2\ gEV� +9195,

gEx2� ' 2VgE[�� 2]gE\ �� 2\ gE]� n 2[gEV� +9196,

gEx�� ' 2[gE[� n 2\ gE\ �� 2]gE]�� VgEV� +9197,

DKrsi ' i�\ gE[� n[gE\ �� VgE]� n ]gEV�j= +9198,

D Iudph Pdwul{ fdq eh jhqhudwhg e| wkh frh!flhqwv ri wkh 7 lqghshqghqw
40irupv1 Lw lv vrph lqwhuhvw wr h{dplqh wkh surshuwlhv ri wkh dgmrlqw 40irup/ D>
gh�qhg khuhdiwhu dv wkh Krsi 40irup1 Wkh Krsi 40irup lv ri Sid� glphqvlrq 71
Lw lv dovr ri lqwhuhvw wr frqvlghu idfwruv \ wkdw duh ri wkh irupdw ri wkh Kroghu
qrup/ zkhuh q dqg s duh lqwhjhuv/ dqg +d/e/n/p, duh duelwudu| frqvwdqwv=

\ ' Ed[s n e\ s n n]s npVs�q@s= +9199,

Wkh h{srqhqw q ghwhuplqh wkh krprjhqhlw| ri wkh uhvxowlqj 40irup/ zklfk lv jlyhq
ehorz dq dpeljxrxv irupdw +wkh soxv ru plqxv vljq, uhsuhvhqwlqj gl�huhqw rulhq0
wdwlrqv/

D� ' DE	�@\ ' i	E\ gE[��[gE\ ��� VgE]� n ]gEV�j@\= +919:,

Zkhq q ' s ' 2/ wkh vfdolqj idfwru ehfrphv uhodwhg wr wkh fodvvlf txdgudwlf irup1
Wkh vfdohg Krsi 40irup/ D> lv wkhq krprjhqhrxv ri ghjuhh }hur1 Iru duelwudu| q
dqg s/ wkh 60irup ri wrsrorjlfdo +Krsi, wruvlrq ehfrphv=
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Wrsrorjlfdo Wruvlrq ' ED��	gED�� ' lEAe�gE[�	gE\ �	gE]�	gEV�> +919;,

zkhuh wkh wrsrorjlfdo wruvlrq 7 yhfwru lv htxdo wr==

Ae ' 	d[>\> ]> Vo@\= +919<,

Wkh Wruvlrq yhfwru/ Ae> iru wkh Krsi pds lv sursruwlrqdo wr wkh srvlwlrq yhfwru
iurp wkh irxu glphqvlrqdo ruljlq dqg uhsuhvhqwv dq h{sdqvlrq ru d frqwudfwlrq
surfhvv1 Wkh idfwru \ ghshqgv xsrq wkh lqwhjhuv q dqg s dv zhoo dv wkh frqvwdqwv
+ d/e/n/p,1

Wkh Wrsrorjlfdo Sdulw| 70irup/ zkrvh frh!flhqw lv wkh 7 glyhujhqfh ri wkh
Wruvlrq yhfwru/ Ae>ehfrphv

Wrsrorjlfdo Sdulw| ' gED��	EgED�� +91:3,

' �eE	�Eq� 2�gE[�	gE\ �	gE]�	gEV�@\2= +91:4,

Lw lv prvw uhpdundeoh wkdw iru q@5/ dq| s dqg dq| +d/e/n/p,/ wkh wrsrorjlfdo
sdulw| ydqlvkhv> wkh vfdohg Krsi 40irup lv ri Sid� glphqvlrq 6/ qrw 71 Lq
vxfk fdvhv wkh udwlrv ri wkh lqwhjudov ri wkh wrsrorjlfdo wruvlrq 6 irup ryhu ydulrxv
forvhg pdqlirogv duh udwlrqdo/ dqg wkh forvhg lqwhjudov ri wkh 60irup duh wrsrorjlfdo
ghirupdwlrq lqyduldqwv1 +frkhuhqw vwuxfwxuhv,1

Dovr qrwh wkdw li wkh vfdolqj idfwru lv uhvwulfwhg wr ydoxhv vxfk wkdw q ' e> s '
2> d ' e ' n ' p ' �> wkhq wkh Iudph pdwul{ lv xqlprgxodu/ dqg wkh vfdohg Krsi
40irup lv krprjhqhrxv ri ghjuhh 05/ uhodwlyh wr wkh vxevwlwxwlrq [ , �[> hwf=
+D vrphzkdw gl�huhqw gh�qlwlrq ri krprjhqhlw| uhodwlyh wr wkh yroxph hohphqw
zloo eh jlyhq ehorz1, Hpskdvlv lv wr eh sodfhg rq wkrvh h{dpsohv iru zklfk
q ' e> s ' 2> d ' e ' n ' �> p ' 	�=

916141 Vslqruv dv olqhdu frpelqdwlrqv ri Krsi Pdsv

Wkh 6G lvrwurslf +qxoo, frpsoh{ srvlwlrq yhfwru/ d}�> }2> }�o fdq eh ghfrpsrvhg
lqwr d uhdo dqg dq lpdjlqdu| sduw/ vxfk wkdw erwk sduwv kdyh wkh vdph pdjqlwxgh
dqg duh ruwkrjrqdo1 Lq vkruw/ wkh Fduwdq Vslqru/ ^Fduwdq 4<99` fdq eh uhsuhvhqwhg
dv wkh frpsoh{ vxp ri wzr Krsi yhfwruv1 Wkh vslqruv frph lq wzr wulsohv ri wkh
irup=

m��2l ' mO�ln l mO2l zlwk k��2m � m��2l ' f +91:5,
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m�2�l ' mO2ln l mO�l zlwk k�2�m � m�2�l ' f +91:6,

m���l ' mO�ln l mO�l zlwk k���m � m���l ' f= +91:7,

Wkhvh frpsoh{ frpelqdwlrqv ri Krsi yhfwruv fdq eh xvhg wr jhqhudwh vroxwlrqv iru
zklfk wkh wrsrorjlfdo wruvlrq ydqlvkhv/ dqg |hw wkh wrsrorjlfdo vslq lv �qlwh dqg
txdqwl}hg1

Wkh 6G frpsoh{ Vslqruv frqvwuxfwhg dv deryh duh lvrwurslf qxoo yhfwruv/ dqg
dv vxfk uhsuhvhqw d plqlpdo vxuidfh +vhh sdjh 96 lq ^Rvvhupdq 4<;9`,1

916151 Odfn ri wlph uhyhuvdo v|pphwu|

Lw vkrxog eh qrwhg wkdw li wkh Dfwlrq 40irup lq wkh deryh h{dpsoh iru d Krsi lqgh{
4 pds lv vxemhfwhg wr wkh wlph uhyhuvdo rshudwlrq lq lwv frh!flhqwv +W , �W �/
wkh qhz Dfwlrq 40irup grhv QRW ghvfuleh d fkdujh fxuuhqw iuhh ydfxxp/ iru
uhdo srvlwlyh ydoxhv ri %> �> dqg F dqg wkh Oruhqw} frqvwlwxwlyh frqvwudlqw1 Wkh
srvlwlyh w jhqhudwhv }hur fkdujh0fxuuhqw ghqvlw|/ zkloh wkh 0w irupdw jhqhudwhv d
qrq0}hur fkdujh fxuuhqw ghqvlw|1

916161 Wzlvwruv frpsrvhg e| vxshusrvlqj wzr lqgh{ 4 Krsi 40irupv

E| vxshusrvlqj +dgglqj ru vxewudfwlqj, wzr gl�huhqw/ lqgh{ 4/ Krsi 40irupv +zklfk
zloo eh vkrzq ehorz wr eh htxlydohqw wr d Shqurvh wzlvwru vroxwlrq, lw lv srvvleoh
wr frqvwuxfw d ydfxxp +fkdujh fxuuhqw iuhh zdyh, vroxwlrq wr wkh Pd{zhoo v|vwhp/
vxemhfw wr wkh frqvwudlqw wkdw wkh skdvh vshhg vdwlv�hv wkh skdvh yhorflw| htxdwlrq/
E%�F2 � �� ' f1

Dv dq h{dpsoh frqvlghu dqrwkhu Krsi 40irup ri lqgh{ 4 irupxodwhg dv

D ' iFWgE[� n ]gE\ �� \ gE]��[FgEW �j@�e
�= +91:8,

Vlplodu irupxodv iru wkh �hog lqwhqvlwlhv fdq eh ghwhuplqhg dv deryh1 Qrwh wkdw
wkh sdulw| ri wkh Krsi irupv wr eh vxshusrvhg fdq eh wkh vdph ru gl�huhqw1 Li
wkh sdulw| ri wkh wzr vxshusrvhg Krsi 40irupv duh rssrvlwh/ wkhq zlwkrxw frqvlg0
hudwlrq ri wkh skdvh frqvwudlqw/ wkh Wrsrorjlfdo Wruvlrq ri wkh �wzlvwru� 40irup
ydqlvkhv/ D	I ' f1 \hw wkh txdqwl}hg wrsrorjlfdo vslq60irup D	J grhv qrw
ydqlvk/ dqg pruhryhu/ vxemhfw wr wkh skdvh frqvwudlqw/ wkh forvhg lqwhjudov ri wkh
Vslq 6 irup duh frqvhuyhg1 Wklv uhvxow lpsolhv wkdw vxfk d frqvwuxfwlrq |lhogv

9;



�txdqwl}hg� ydoxhv iru wkh Vslq lqwhjudov1 Wkhvh irupxodwlrqv fdq eh frpsduhg
zlwk wkh Shqurvh wzlvwru gh�qlwlrqv lq whupv ri gl�huhqwldo irupv ^Shqurvh 4<<<`1

9171 Wkh Erkp0Dkdudqry Lqgh{ dqg wkh Krsi Lqyduldqw

Wkhuh duh wzr wrsrorjlfdo frqfhswv wkdw fdq eh frqvwuxfwhg iurp wkh 40irup ri
Dfwlrq/ ru Pd{zhoo srwhqwldov/ D= Wkh �uvw lqyroyhv grpdlqv zkhuh wkh 50irup I '
gD , f +wkh hohfwurpdjqhwlf lqwhqvlwlhv ydqlvk,1 Wkh vhfrqg lqyroyhv grpdlqv
zkhuh wkh 70irup I	I ' gD	gD , f= Wkhvh frqvwudlqwv surgxfh wkh frqglwlrqv ri
forvxuh rq wkh 40irupD dqg wkh 60irup D	gD exw qhlwkhu gl�huhqwldo irup qhhg eh
h{dfw1 Iru h{dpsoh li wkh grpdlq gD , f gh�qhv krohv lq d slhfh ri d frqqhfwhg
vxuidfh/ wkhq iru forvhg f|fohv wkdw erxqg wkh kroh dqg duh lq wkh grpdlq gD ' f/
wkh ydoxh ri wkh olqh lqwhjudo/

K
�3f|foh

D�go * �?|i}ih 2�= Wklv lqwhjhu lv wkh Erkp0

Dkdudqry lqgh{ dqg lv wr eh dvvrfldwhg zlwk wkh  x{0txdqwxp k2h lq txdqwxp
phfkdqlfv1 Lw lv dq lqgh{ wkdw frxqwv wkh qxpehu ri �krohv� lq wkh frpsolphqw wr
wkh grpdlq ri wkh �hog lqwhqvlwlhv1

Frqvlghu wkh hyroxwlrq ri wkh lqwhjudo ri wkh Dfwlrq 40irup ryhu d f|foh uhodwlyh
wr wkh 70yhfwru Y

OEY �

L
�3f|foh

D '

L
�3f|foh

lEY �EgD� n

L
�3f|foh

gdlEY �ED�o '

L
�3f|foh

Z n f +91:9,

Li wkh Dfwlrq lq d uhodwlyh lqwhjudo lqyduldqw uhodwlyh wr wkh hyroxwlrq jhqhudwhg
e| wkh �hog Y / wkhq wkh UKV pxvw eh }hur1 Wkh vwdwhphqw lv htxlydohqw wr wkh
frqfhsw wkdw wkh yluwxdo zrun 40irup/ Z> eh h{dfw1 Vxfk lv wkh Fduwdq frqvwudlqw
wkdw wkh hyroxwlrqdu| �hog kdv d Kdplowrqldq uhsuhvhqwdwlrq1

Wkh wkuhh glphqvlrqdo lqwhjudo
UUU

forvhg �3f|foh
D	I dovr kdv ydoxhv wkdw �frxqw�

wkh qxpehu ri revwuxfwlrqv lq wkh grpdlq zkhuh I	I ' f= Wklv lqwhjhu lv gh�qhg
dv wkh Krsi Lqyduldqw +vhh s1 55; lq ^Erww 4<<7/ Erww` ,1 Erwk ri wkhvh wrsrorjlfdo
remhfwv duh frqvwuxfwhg iurp kduprqlf irupv/ dqg duh surshuwlhv ri wkh srwhqwldov
wkdw jhqhudwh wkh lqwhqvlyh yduldeohv1

Frqvlghu wkh hyroxwlrq ri wkh 60irup D	I lq wkh gluhfwlrq ri wkh fkdujh fxuuhqw
7 yhfwru/ M ' gJ=

OEM�

]]]
}�g

ED	I � '

]]]
}�g

lEM�EgD	gD� n

]]]
}�g

gdlEM�ED	I �o +91::,

'

]]]
}�g

2E, ���lEM�le n f +91:;,
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Rq grpdlqv ri Sid� glphqvlrq 6 uhodwlyh wr D/ wkh UKV ydqlvkhv/ dv E, ��� '
f1 Khqfh wkh lqwhjudo ri wkh 60irup D	I ryhu d forvhg f|foh lv dq hyroxwlrqdu|
lqyduldqw zlwk uhvshfw wr hyroxwlrq lq wkh gluhfwlrq ri wkh fkdujh0fxuuhqw 7 yhfwru1
+ Wkh Krsi lqyduldqw lv d uhodwlyh lqwhjudo lqyduldqw,1 Qrwh wkdw li wkh lqwhjudwlrq
grpdlq lv d erxqgdu|/ dqg li giE, ���lEM�lej ' f> wkhq e| Vwrnhv wkhruhp/ wkh
lqwhjudo ryhu d erxqgdu| ri D	I lv dq hyroxwlrqdu| lqyduldqw1 Wkh uhtxluhphqw
2E, ���lEM� le ' f lv htxlydohqw wr wkh lghd wkdw wkh fxuuhqw 70yhfwru lv frq�qhg
wr wkh k|shu0vxuidfh/ , �� ' f=

9181 Uhsulvh

Qrwh wkdw dowkrxjk doo ri wkh v|perov xvhg deryh duh idploldu lq wkh uhdop ri
hohfwurpdjqhwlvp/ wkh wrsrorjlfdo uhvxowv dqg irupxodv rewdlqhg dsso| wr dq| vhw
ri v|perov/ uhsuhvhqwlqj dq duelwudu| sk|vlfdo v|vwhp/ iru h{dpsoh d  xlg1 Wkh
Idudgd| Pd{zhoo htxdwlrqv duh xqlyhuvdo lghdv rq frqwlqxrxv sk|vlfdo v|vwhpv ri
F5 ixqfwlrqv1

Iru d frpsxwdwlrqdo h{dpsohv lq Pdsoh/ vhh

kwws=22zzz551sdlu1frp2fvgf2sgi2pd{zhoo1sgi

Uhihuhqfhv

^Edogzlq 4<<4` Edogzlq/ S1 dqg Nlhkq/ U1 P1 +4<<4, �Fduwdq*v Wrsr0

orjlfdo Vwuxfwxuh�/ Srvwhu suhvhqwhg dw wkh vxpphu

zrunvkrs/ �Wrsrorj| lq Ioxlg G|qdplfv�/ Lqvw1 iru

Wk1 Sk|1 XFVE/ Dxjxvw 4<<41 du[ly pdwk0sk23434366/

kwws=22zzz551sdlu1frp2fvgf2sgi2wrsvwux71sgi

^Edpehuj 4<<5` Edpehuj/ S1 dqg Vwhuqehuj/ S1 +4<<5, %D frxuvh lq pdwk0

hpdwlfv iru vwxghqwv ri sk|vlfv/ 5%/ Fdpeulgjh Xqlyhuvlw|

suhvv/ Fdpeulgj/ s1 ::80 :;3

^Edwhpdq 4<47` Edwhpdq/ K1 +4<4704<88, %Hohfwulfdo dqg Rswlfdo Zdyh

Prwlrq%/ Gryhu/ Q1\1/ s145

^Erww 4<<7` Erww1 U1 dqg Wx/ O1 Z1 +4<<7, %Gl�huhqwldo Irupv lq Do0

jheudlf Wrsrorj|%/ Vsulqjhu Yhuodj/ Q1\1
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^Eu|dqw 4<<4` Eu|dqw/ U1O1/Fkhuq/ V1V1/ Jdugqhu/ U1E1/Jrogvfkplgw/

K1O1/ dqg Jul!wkv/ S1 D1 +4<<4, %H{whulru Gl�huhqwldo

V|vwhpv%/ Vsulqjhu/ Yhuodj1

^Fduwdq 4<8; +4<55,` Fduwdq/ H1/ +4<8;, %Ohfrqv vxu ohv lqyduldqwv lqwhjudx{v%/

Khupdqq/ Sdulv 1

^Fduwdq 4<99` Fduwdq/ H1 +4<99, %Wkh Wkhru| ri Vslqruv%/ Gryhu/ Qhz

\run/ s1 6<1

^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 htxd0

wlrqv Y4 dqg Y5%/ Gryhu/ Q1\1

^Jroghqeodww 4<95` Jroghqeodw/ L1L1 +4<95,/ %Vrph sureohpv ri wkh phfkdqlfv

ri frqwlqxrxv phgld%/ Qrrugkr�/ Kroodqg/ s14<61 %Wkh

txdqwlw| ri khdw lq d uhyhuvleoh surfhvv dozd|v kdv dq lq0

whjudwlqj idfwru%

^Khupdqq 4<9;` Khupdqq/ U1 +4<9;,/ �Gl�huhqwldo Jhrphwu| dqg wkh

Fdofxoxv ri Yduldwlrqv�/ Dfdghplf Suhvv/ Qhz \run1

^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

^Nrvory 4<<8` Nr}ory/ Y1 +4<<8, K|gurg|qdplfv ri Qrqfrppxwdwlyh Lq0

whjudwlrq ri Kdplowrqldq V|vwhpv1 Dphu Pdwk Vrf Wudqvo1

+5, 49; s1 55:056;

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

:4



^Odqgdx 4<93` Odqgdx/ O1 G1 dqg Olivklw}/ H1 P1 +4<93,/ %Hohfwurg|qdp0

lfv ri Frqwlqxrxv Phgld%/ Shujdprq Suhvv/ Orqgrq/ s1

<:1

^Olsvfkxw} 4<98` Olsvfkxw}/ V1 +4<98, %Jhqhudo Wrsrorj|%/ Vfkdxp/ Qhz

\run/ s1 ;;1

^Pduvghq 4<<7` Pduvghq/ M1H1 dqg Uldwx/ W1 V1 +4<<7, %Lqwurgxfwlrq wr

Phfkdqlfv dqg V|pphwu|%/ Vsulqjhu0Yhuodj/ s1455

^Pruvh 4<97` Pruvh/ S1 P1 +4<97, %Wkhupdo Sk|vlfv%/ Ehqmdplq/ Q\/

s1 93

^Rqhloo 4<99` R*Qhloo/ E1 +4<99, %Hohphqwdu| Gl�huhqwldo Jhrphwu|%/

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 Pdj0

qhwlf Uhfrqqhfwlrq lq 6G V|vwhpv/ lq �Wrsrorjlfdo Ioxlg

Phfkdqlfv�/ K1 N1 Pr�dww dqg D1 Wvlqrehu/ hglwruv/ Fdp0

eulgjh Xqlyhuvlw| Suhvv/ s1 55805671

^Shqurvh 4<<<` Shqurvh/ U1 +4<<<, Wkh fhqwudo surjudpph ri Wzlvwru

Wkhru|/ Fkdrv/ Vrolwrqv/ dqg Iudfwdov/ 43/ 506/ s18;409441

^Sk|vlfv Wrgd| Pd| 5333` Sk|vlfv Wrgd|/ Pd| 53331

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

^Nrqghsxgl 4<<;` Nrqghsxgl/ G1 dqg Suljrjlqh/ L1/ %Prghuq Wkhuprg|qdp0

lfv%/ Zloh|/ Qhz \run1

^ghUkdp 4<93` ghUkdp/ J1 +4<93, �Ydulhwhv Gl�huhqwdeohv�/ Khupdqq/

Sdulv1

^UPN 4<9<` Nlhkq/ U1P1 dqg Slhufh/ M1 I1/ +4<9<,/ Dq Lq0

wulqvlf 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 Sulqflsoh wr

Lqfoxgh Glvvlsdwlyh V|vwhpv/ M1 Pdwk Sk|v1 8/ s1 <

^UPN 4<:8 g` Nlhkq/ U1P1 +4<:8,/ Frqirupdo Lqyduldqfh dqg Kdplowrq

Mdfrel wkhru| iru glvvlsdwlyh v|vwhpv/ M1 Pdwk Sk|v1 49/

4365

^UPN4<:9` Nlhkq/ U1P1 +4<:9,/ QDVD DPHV QFD050RU05<80835

+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/

txdqwl}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<<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,

^UPN4<<4 e` Nlhkq/ U1P1 +4<<4, �Frqwlqxrxv Wrsrorjlfdo

Hyroxwlrq�/ ODQO du[ly2pdwk0sk23434365

+kwws=22zzz551sdlu1frp2fvgf2sgi2frqwhyro61sgi,

^UPN 4<<4 f` Nlhkq/ U1 P1 +4<<4,/ Duh wkhuh wkuhh nlqgv ri vxshufrq0

gxfwlylw|/ Lqw1 Mrxuq1 ri Prghuq Sk|vlfv/ yro8 &43 s1 4::<

^UPN 4<<4 g` Nlhkq/ U1 P1 / Nlhkq/ J1 S1/ dqg Urehugv/ +4<<4,/ Sdu0

lw| dqg wlph0uhyhuvdo v|pphwu| euhdnlqj/ vlqjxodu vrox0

wlrqv dqg Iuhvqho vxuidfhv/ Sk|v1 Uhy D 76/ ss1 8498089:41

+kwws=22zzz551sdlu1frp2fvgf2sgi2wlphuhy1sgi,
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^UPN 4<<4 h` 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 g` Nlhkq/ U1 P1 +4<<5,/ Wrsrorjlfdo Ghihfwv/ Frkhuhqw Vwuxf0

wxuhv dqg Wxuexohqfh lq Whupv ri Fduwdq*v Wkhru| ri Gli0

ihuhqwldo Wrsrorj|/ lq %Ghyhorsphqwv lq Wkhruhwlfdo dqg

Dssolhg Pdwkhpdwlfv/ Surfhhglqjv ri wkh VHFWDP [YL

frqihuhqfh%/ E1 Q1 Dqwdu/ U1 Hqjhov/ D1D1 Sulqdulv dqg W1

K1 Prxoghq/ Hglwruv/ Wkh Xqlyhuvlw| 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�fdwlrq

lq Iuhh Wxuexohqw Vkhdu Iorzv�/ M1S1Erqqhw dqg P1Q1

Jodxvhu/ +hgv,/ Noxzhu Dfdghplf Sxeolvkhuv s1 6961

^UPN 4<<8` Nlhkq/ U1 P1 +4<<8,/ K|gurg|qdplf Zdnhv dqg Plqlpdo

Vxuidfhv zlwk Iudfwdo Erxqgdulhv/ lq %Pl{lqj lq Jhrsk|vl0

fdo Iorzv%/ M1 P1 Uhgrqgr dqg R1 Phwdlv/ Hglwruv FLPQH

/ Edufhorqd HUFRIWDF +phhwlqj lq 4<<5, s1 850961

^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 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 e` Nlhkq/ U1P1 +5335,/ Wkh Skrwrq Vslq dqg rwkhu Wrsr0

orjlfdo Ihdwxuhv ri Fodvvlfdo Hohfwurpdjqhwlvp/ lq %Judy0

lwdwlrq dqg Frvprorj|/ Iurp wkh Kxeeoh Udglxv wr wkh
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Sodqfn Vfdoh%/ Dprurvr/ U1/ hw do1/ hgv1/ Noxzhu/ Gru0

guhfkw/ Qhwkhuodqgv/ 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 shuvshfwlyh ri Hohf0

wurpdjqhwlvp/ wr eh sxeolvkhg lq %Fodvvlfdo hohfwurg|qdp0

lfv= qhz krul}rqv%/ Hglwruv Dqguhz H1 Fkxe|ndor dqg Ur0

pdq Vpluqry0Uxhgd/ Ulqwrq Suhvv/ Lqf1 XVD1 Dovr vhh

kwws=22zzz551sdlu1frp2fvgf2sgi2upnwrs1sgi

^Vfkrxwhq 4<7<` Vfkrxwhq/ M1 D1 dqg Ydq ghu Nxon/ Z1 +4<7<, %Sid�*v

Sureohp dqg lwv Jhqhudol}dwlrqv%/ R{irug Foduhqgrq

Suhvv1

^Voherg}lqvn| 4<:3` Z1 Voherg}lqvn|/ +4<:3, �H{whulru Irupv dqg wkhlu Dssol0

fdwlrqv�/ SZQ/ Zduvdz1

^Vrpphuihog 4<85` Vrpphuihog/ D1 +4<85,/ %Hohfwurg|qdplfv%/ Dfdghplf

Suhvv/ Qhz \run1 Vrpphuihog fduhixoo| glvwlq0

jxvkhv ehwzhhq lqwhqvlwlhv dqg h{flwdwlrqv rq wkhuprg|0

qdplf jurxqgv1

^Vwudwwrq 4<74` Vwudwwrq/ M1D1/ +4<74, Hohfwurpdjqhwlf Wkhru| PfJudz

Kloo Q1\1

^Wlv}d 4<99` O1 Wlv}d/ O1 +4<99, �Jhqhudol}hg Wkhuprg|qdplfv�/ PLW

suhvv/ Fdpeulgjh/ s 14581

^Ydqgdqw}lj 4<67` Ydq Gdqw}lj1 G1 +4<67,/ Surf1 Fdpeulgjh Sklorv1 Vrf1 63/

7541 Dovr vhh= yrq Gdqw}lj/ G1/ +4<67,/ Hohfwurpdj0

qhwlvp Lqghshqghqw ri phwulfdo jhrphwu|/ Surf1 Nrq1 Qhg1

Dndg1 y1 Zhw1 6:

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

Qhz \run 1
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^]hoh}qln 4<:9` ]hoh}qln/ I1 M1 +4<:9, Wkhuprg|qdplfv/ M1 Pdwk Sk|v1 4:/

;1 s148:<04943
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