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Devwudfw

D sodvpd lv dq hohfwurpdjqhwlf sk|vlfdo v|vwhp wkdw lv qrw d wkhupr0
g|qdplf lvrodwhg htxloleulxp v|vwhp +zklfk pxvw eh ri Sid� wrsrorjlfdo
glphqvlrq ri 4,/ exw fdq dsshdu dv dq lvrodwhg sk|vlfdo v|vwhp +ri Sid�
wrsrorjlfdo glphqvlrq 5,/ ru dv d fkdrwlf forvhg sk|vlfdo v|vwhp +ri Sid�
wrsrorjlfdo glphqvlrq 6,/ ru/ lq jhqhudo/ dv dq luuhyhuvleo| glvvlsdwlyh wxu0
exohqw sk|vlfdo v|vwhp +ri Sid� wrsrorjlfdo glphqvlrq 7,1 Wkh wrsrorjlfdo
surshuwlhv ri forvhg ru rshq sodvpd v|vwhpv duh hqfrghg lq whupv ri wzr
h{whulru gl�huhqwldo 60irupv ri wrsrorjlfdo vslq/ DaJ> dqg wrsrorjlfdo wru0
vlrq/ DaI= Wkhvh 60irupv duh frpsrvhg iurp wkh vhw ri h{whulru gl�huhqwldo
irupv iD>I @ gD>J> M @ gJj xvhg wr gh�qh dq hohfwurpdjqhwlf v|vwhp1
Wkhvh 60irupv duh lghqwlfdoo| }hur lq htxloleulxp v|vwhpv ri Sid� glphqvlrq
41 Wkh wrsrorjlfdo olplw vhwv +h{whulru ghulydwlyh, ri wkhvh 60irupv gh�qh
wkh wrsrorjlfdo Srlqfduh Lqyduldqwv1 Zkhq wkh Srlqfduh lqyduldqwv ydq0
lvk/ wkh 60irupv kdyh surshuwlhv vlplodu wr wkh frqvhuydwlyh fkdujh fxuuhqw
60irup M @ gJ> dqg fdq h{klelw wrsrorjlfdo txdqwl}dwlrq lq whupv ri ghU0
kdp shulrg lqwhjudov dv wrsrorjlfdoo| frkhuhqw vuxfwxuhv1 Krzhyhu zkhq
wkh Srlqfduh lqyduldqwv gr qrw ydqlvk wkh| ehfrph wkh vrxufh ri wrsrorjlfdo
hyroxwlrq/ luuhyhuvleoh fkdqjhv ri skdvh/ wrsrorjlfdo ghihfwv/ dqg vwdwlrqdu|
vwdwhv idu iurp htxloleulxp1

41 Lqwurgxfwlrq

Shukdsv wkh prvw iruplgdeoh sureohp lq wkh vwxg| ri sodvpdv lv wr uhfrjql}h wkdw
wkh sodvpd lv d wkhuprg|qdplf v|vwhp QRW lq htxloleulxp1 Prvw sodvpdv duh



RSHQ wkhuprg|qdplf v|vwhpv h{fkdqjlqj hqhuj| dqg pdvv zlwk wkhlu hqylurq0
phqw1 Vxfk hohfwurpdjqhwlf v|vwhpv duh ehvw ghvfulehg dv wxuexohqw glvvlsdwlyh
sodvpdv/ hyroylqj e| surfhvvhv wkdw lqgxfh wrsrorjlfdo fkdqjh dqg zklfk duh wkhu0
prg|qdplfdoo| luuhyhuvleoh1 Krzhyhu/ d sodvpd dovr fdq vxssruw %vwdwlrqdu|% ru
%h{flwhg% vwdwhv ri frkhuhqw/ exw ghirupdeoh dqg phdvxudeoh wrsrorjlfdo vwuxf0
wxuh/ zlwk orqj dssduhqw olihwlphv +prgxor wrsrorjlfdo  xfwxdwlrqv,1 Wkdw lv/
wkh hyroxwlrqdu| surfhvvhv iru wkh %h{flwhg vwdwhv% duh qrw wxuexohqw/ dqg fdq
suhvhuyh wkh uhfrjql}deoh wrsrorjlfdo frkhuhqw surshuwlhv ri wkh sk|vlfdo v|vwhp1
Krzhyhu/ vxfk orqj olyhg h{flwhg vwdwhv duh QRW htxloleulxp vwdwhv lq d wkhupr0
g|qdplf vhqvh1 Vxfk vwdwhv duh orfdoo| htxlydohqw wr FORVHG wkhuprg|qdplf
v|vwhpv/ zkhuh udgldwlrq lv h{fkdqjhg zlwk wkh hqylurqphqw/ exw pdvv lv qrw1 Lq
wkh wrsrorjlfdo ghyhorsphqw suhvhqwhg ehorz/ wkh RSHQ Wxuexohqw Luuhyhuvleoh
sodvpd vwdwh zloo kdyh d plqlpxp wrsrorjlfdo Sid� glphqvlrq ri 7> wkh FORVHG
%Vwdwlrqdu|% vwdwhv zloo kdyh d Sid� Wrsrorjlfdo glphqvlrq ri 6/ dqg fdq dsshdu
dv wrsrorjlfdo ghihfwv lq wkh Wxuexohqw Luuhyhuvleoh sodvpd1 Erwk vhwv ri vwdwhv duh
%idu iurp htxloleulxp%/ iru wkh htxloleulxp v|vwhp lv d vxevhw ri dq LVRODWHG

wkhuprg|qdplf v|vwhp zklfk uhtxluhv d Sid� wrsrorjlfdo glphqvlrq ri 51 Wkh
ixoo| htxloleulxp vwdwh zloo eh ri Sid� wrsrorjlfdo glphqvlrq 41 Wkh frqfhsw
li Sid� wrsrorjlfdo glphqvlrq lv glvfxvvhg lq ^Edogzlq 4<<4` dqg lq Vhfwlrq 715
ehorz1

Zkdw pdnhv wkh qrq0htxloleulxp wkhuprg|qdplf v|vwhp vr iruplgdeoh lv wkdw
wkh klvwrulfdo frqfhswv dqg jhrphwulf whfkqltxhv/ zklfk lpsrvh d grjpdwlf vhdufk
iru xqltxh suhglfwlrqv iurp jlyhq lqlwldo gdwd/ idlo1 Wkh g|qdplfv ri qrq0htxloleulxp
v|vwhpv uhtxluhv d pdwkhpdwlfv zklfk fdq ghvfuleh surfhvvhv wkdw lqfrusrudwh
wrsrorjlfdo/ qrw phuho| jhrpwulfdo/ fkdqjh1 Kdplowrqldq phfkdqlfv idlov/ iru lw
zloo qrw ghvfuleh fkdqjhv ri wkh Fduwdq wrsrorj| frqvwuxfwhg iurp dq h{whulru
gl�huhqwldo 40irup ri Dfwlrq xvhg wr hqfrgh wkh sk|vlfdo v|vwhp1 Li wrsrorjl0
fdo hyroxwlrqdu| vroxwlrqv h{lvw/ wkh vroxwlrqv qhhg qrw eh xqltxh1 Hqyhorshv
+Kx|jhq zdyhohwv, dqg zdnhv +hgjhv ri uhjuhvvlrq, dqg pxowlsoh skdvhv duh revhu0
ydwlrqdo h{dpsohv1 Lq vkruw/ jhrphwulfdoo| edvhg frqfhswv dqg phwkrgv edvhg rq
whqvru dqdo|vlv duh qrw hqwluho| vxlwdeoh iru vwxg|lqj wkh qrq0htxloeulxp vwdwhv ri
d sodvpd1 Wkh gl�hrprusklf frqvwudlqw xvhg lq wkh gh�qlwlrq ri whqvruv grhv qrw
dgplw wrsrorjlfdo hyroxwlrq dqg fkdqjh1 Iruwxqdwho|/ Fduwdq*v phwkrg ri h{whulru
gl�huhqwldo fdofxoxv jrhv eh|rqg wkh olplwdwlrqv ri whqvru dqdo|vlv dqg shuplwv wkh
vwxg| ri frqwlqxrxv wrsrorjlfdo hyroxwlrq1 Lw wxuqv rxw wkdw gl�huhqwldo irupv/
dowkrxjk qrw ghwhuplqlvwlf ru suhglfwlyh zlwk uhvshfw wr qrq0lqyhuwleoh F4 pdsv/
duh ixqfwlrqdoo| zhoo ehkdyhg zlwk uhvshfw wr vxfk pdsv/ exw lq d uhwurglfwlyh/ ru
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sxooedfn vhqvh ^UPN 4<:9 e`1 Jlyhq gdwd rq wkh �qdo vwdwh h{whulru gl�huhqwldo
irupv/ wkh ixqfwlrqdo irup ri wkh h{whulru gl�huhqwldo irupv rq wkh lqlwldo vwdwh duh
zhoo gh�qhg iru F4 pdsv zlwkrxw lqyhuvh1 Whqvruv gr qrw hqmr| wkhvh surshuwlhv1

Lq wkh odqjxdjh ri h{whulru gl�huhqwldo v|vwhpv ^Eu|dqw 4<<4` lw ehfrphv hy0
lghqw wkdw fodvvlfdo hohfwurpdjqhwlvp lv htxlydohqw wr d vhw ri wrsrorjlfdo frq0
vwudlqwv rq d ydulhw| ri lqghshqghqw yduldeohv1 Fhuwdlq lqwhjudo surshuwlhv ri
dq hohfwurpdjqhwlf v|vwhp duh ghirupdwlrq lqyduldqwv zlwk uhvshfw wr doo frq0
wlqxrxv hyroxwlrqdu| surfhvvhv wkdw fdq eh ghvfulehg +wr zlwklq d idfwru, e| d
yhfwru gluhfwlrq �hog1 Wkhvh lqwhjudo ghirupdwlrq lqyduldqwv +zklfk duh wrsrorj0
lfdo surshuwlhv, ohdg wr wkh ixqgdphqwdo wrsrorjlfdo frqvhuydwlrq odzv ghvfulehg
lq wkh sk|vlfdo olwhudwxuh dv wkh frqvhuydwlrq ri fkdujh dqg wkh frqvhuydwlrq ri
 x{1 Uhfdoo wkh gh�qlwlrqv xvhg wr ghvfuleh surfhvvhv ri frqwlqxrxv wrsrorjlfdo
hyroxwlrq ^UPN4<<4 e`=

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 ^Olsvfkxw} 4<98` ^Nxudwrzvnl 4<7;`1 Qrwh wkdw

wkh lqlwldo dqg �qdo wrsrorjlhv duh qrw qhfhvvdulo| wkh vdph1

D wrsrorjlfdo ghirupdwlrq lqyduldqw lv gh�qhg dv dq lqwhjudo ryhu d
forvhg pdqlirog/ ru f|foh/ }> vxfk wkdw wkh Olh ghulydwlyh ri wkh forvhg
s glphqvlrqdo lqwhjudo

U
}sg

$ zlwk uhvshfw wr d ghiruphg yhfwru �hog/

�Y n> ydqlvkhv/ iru dq| fkrlfh ri wkh ghirupdwlrq sdudphwhu/ �1

Ghirupdwlrq Lqyduldqw = OE�Y n�

]
}sg

$ ' f dq| �= +414,

Li wkh ghirupdwlrq sdudphwhu lv rqo| d ixqfwlrq ri wlph/ wkhq wkh gluhfwlrq
�hog fdq eh sxw lqwr fruuhvsrqghqfh zlwk d nlqhpdwlf %yhorflw|% �hog zkhuh wkh
frqfhsw ri wlph dqg duf ohqjwk duh ixqfwlrqdoo| uhodwhg1 Lq jhqhudo/ wkh yhfwru
�hog/ �Y n/ qhhg qrw eh wkh jhqhudwru ri d vlqjoh sdudphwhu jurxs1

Wkrvh surshuwlhv ri d skv|lfdo remhfw wkdw uhpdlq wkh vdph xqghu frqwlqx0
rxv ghirupdwlrq duh uhfrjql}hg e| wkhlu wrsrorjlfdo/ qrw jhrphwulf/ surshuwlhv1
I1 Nohlq gh�qhg d hxfolghdq jhrphwulf surshuw| dv dq lqyduldqw ri hyroxwlrqdu|
surfhvvhv wkdw zdv uhsuhvhqwhg e| d +uljlg, urwdwlrq ru wudqvodwlrq1 Vl}h dqg vkdsh
duh h{dpsohv ri jhrphwulf surshuwlhv ri d sk|vlfdo remhfw1 Qrz frqvlghu wkrvh
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surshuwlhv wkdw duh lqyduldqw zlwk uhvshfw wr frqwlqxrxv ghirupdwlrqv1 Wkhvh
surshuwlhv duh wrsrorjlfdo surshuwlhv1 Dowkrxjk vrphzkdw ryhuvlpsol�hg/ wkh gh0
�qlwlrq ri d wrsrorjlfdo surshuw| dv dq lqyduldqw ri d frqwlqxrxv ghirupdwlrq zloo
�qg sudfwlfdo dssolfdwlrq lq wkdw zklfk iroorzv1 Frqwlqxrxv ghirupdwlrqv fkdqjh
vl}h dqg vkdsh exw suhvhuyh wrsrorjlfdo surshuwlhv ri sk|vlfdo remhfwv1 Iru h{dp0
soh/ wkh qxpehu ri krohv lq d wklq uxeehu vkhhw vwd|v wkh vdph dv wkh uxeehu vkhhw
lv ghiruphg1 Wkh qxpehu ri krohv lv d wrsrorjlfdo surshuw| dqg lv d ghirupdwlrq
lqyduldqw1 Wrsrorjlfdo hyroxwlrq lqfoxghv wkrvh vlwxdwlrqv zkhuh wkh qxpehu ri
krohv vwd|v wkh vdph/ ru fkdqjhv1 Wkhuprg|qdplf luuhyhuvlelolw| rffxuv zkhq wkh
surfhvv fdxvhv wkh qxpehu ri krohv wr fkdqjh1 Wrsrorjlfdo fkdqjh lv d qhfhvvdu|
uhtxluhphqw iru luuhyhuvlelolw|1

Wkh lghd ri d ghirupdwlrq lqyduldqw kdv ehhq dssolhg e| Fduwdq wr gh�qh
Kdplowrqldq phfkdqlfv1 Frqvlghu/ lq d frqqhfwhg uhjlrq/ d wxeh ri wudmhfwr0
ulhv jhqhudwhg dv  rz olqhv wdqjhqw vrph yhfwru �hog/ �Y n1 Frqvlghu d forvhg
lqwhjudwlrq fkdlq/ }�g/ + d f|foh, wkdw frqqhfwv srlqwv rq wkh wxeh ri gl�huhqw wud0
mhfwrulhv/ dqg hqflufohv wkh wxeh1 Frqvwuxfw wkh lqwhjudo ri wkh 40irup ri Dfwlrq
+zklfk hqfrghv wkh sk|vlfdo v|vwhp,/

U
}�g

D '
U
}�g

isgt �KEs> t> w�gwj= +415,

Fduwdq*v wkhruhp ^Fduwdq 4<8; +4<55,` wkhq vwdwhv wkdw wkrvh yhfwru �hogv/ �Y n>
wkdw ohdyh wkh forvhg lqwhjudo ri Dfwlrq d ghirupdwlrq lqyduldqw +iru dq| srvlwlyh
frqwlqxrxv ixqfwlrq �� kdyh d Kdplowrqldq jhqhudwru1

Kdplowrqldq Yhfwru �hogv = OE�Y n�

]
}�g

isgt �KEs> t> w�gwj , f dq| �= +416,

Gl�huhqw ydoxhv ri wkh frqwlqxrxv ghirupdwlrq sdudphwhu �Es> t> w� zloo %volgh% dqg
%ghirup% wkh srlqwv wkdw pdnh xs wkh lqwhjudwlrq f|foh/ exw zloo pdlqwdlq wkh f|foh
rq wkh vdph %wxeh ri wudmhfwrulhv%1 Fduwdq wkhuhe| gh�qhg wkh htxlydohqfh fodvv
ri frqvhuydwlyh Kdplowrqldq surfhvvhv lq d wrsrorjlfdo pdqqhu e| uhtxlulqj wkdw
surfhvvhv eh wkh vxevhwv ri vlqjo| sdudphwhul}hg yhfwru �hogv wkdw ohdyh wkh forvhg
lqwhjudo ri wkh 40irup ri Dfwlrq d frqwlqxrxv ghirupdwlrq lqyduldqw1

Qrwh wkdw iru sk|vlfdo v|vwhpv wkdw fdq eh gh�qhg e| d 40irup ri Dfwlrq/ D/
wkh ghulyhg 50irup I ' gD lv dq lqwhjudo ghirupdwlrq lqyduldqw zlwk uhvshfw wr doo
frqwlqxrxv surfhvvhv wkdw fdq eh gh�qhg e| d vlqjo| sdudphwhul}hg yhfwru �hog1
Wklv frqfhsw lv dw wkh edvlv ri wkh Khopkrow} wkhruhpv lq k|gurg|qdplfv/ dqg
wkh frqvhuydwlrq ri  x{ lq fodvvlfdo hohfwurpdjqhwlvp1 Khuhlq/ wklv wrsrorjlfdo
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frqvwudlqw zloo eh fdoohg wkh srvwxodwh ri srwhqwldov1 Zkhq zulwwhq dv wkh htxd0
wlrq/ I � gD ' f> wkh srvwxodwh ri srwhqwldov lv wr eh uhfrjql}hg dv dq h{whulru
gl�huhqwldo v|vwhp frqvwudlqlqj wkh wrsrorj| ri wkh lqghshqghqw yduldeohv1 Iurp
Vwrnhv wkhruhp/ wkh +5 glphqvlrqdo, grpdlq ri �qlwh vxssruw iru I fdq qrw/ lq
jhqhudo/ eh frpsdfw zlwkrxw erxqgdu|/ xqohvv wkh Hxohu fkdudfwhulvwlf ydqlvkhv1
Wkhuh duh wzr h{fhswlrqdo fdvhv iru wzr glphqvlrqdo grpdlqv/ wkh wruxv dqg wkh
Nohlq0Erwwoh/ exw wkhvh vlwxdwlrqv uhtxluh wkh dgglwlrqdo wrsrorjlfdo frqvwudlqw
wkdw I	I ' 2E, ���le , f= Wkh �hogv lq wkhvh h{fhswlrqdo fdvhv pxvw uhvlgh rq
wkhvh h{fhswlrqdo frpsdfw vxuidfhv/ zklfk irup wrsrorjlfdo frkhuhqw vwuxfwxuhv lq
wkh hohfwurpdjqhwlf �hog1 Iru dq hohfwurpdjqhwlf dfwlrq/ wkh h{fhswlrqdo frpsdfw
fdvhv fdq rqo| h{lvw li , �� ' f= Wkh uhvxowlqj vwdwhphqw lv wkdw wkhuh gr qrw h{lvw
frpsdfw grpdlqv ri vxssruw zlwkrxw erxqgdu| zkhq , �� 9' f> d vwdwhphqw wkdw
zloo eh ri lqwhuhvw wr wkhuprg|qdplfv ri luuhyhuvleoh v|vwhpv/ dqg ri sodvpd mhwv1
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 gh�qlwlrq ri dq hohfwurpdjqhwlf v|vwhp ri fkdujhv dqg fxuuhqwv zloo uhtxluh
d vhfrqg wrsrorjlfdo frqvwudlqw lpsrvhg xsrq wkh grpdlq ri lqghshqghqw yduldeohv1
Wklv vhfrqg srvwxodwh zloo eh fdoohg wkh srvwxodwh ri frqvhuyhg fxuuhqwv1 Wkh
hohfwurpdjqhwlf grpdlq qrw rqo| vxssruwv wkh 40irup D/ exw dovr vxssruwv dq Q04
irup ghqvlw|/ M> zklfk lv h{dfw1 Wkh htxlydohqw gl�huhqwldo v|vwhp/ M � gJ '
f> uhtxluhv wkdw wkh +Q04 glphqvlrqdo, grpdlq ri vxssruw iru M fdqqrw eh frpsdfw
zlwkrxw erxqgdu|1 Krzhyhu/ wkh forvhg lqwhjudov ri M duh ghirupdwlrq lqwhjudo
lqyduldqwv iru dq| frqwlqxrxv hyroxwlrqdu| surfhvv wkdw fdq eh gh�qhg lq whupv
ri d vlqjo| sdudphwhul}hg yhfwru �hog1

Lq wkdw zklfk iroorzv/ wkh fodvvlfdo Pd{zhoo v|vwhp zloo eh glvsod|hg lq whupv ri
wkh yhfwru irupdolvp ri Vrpphuihog dqg Vwudwwrq ^Vrpphuihog 4<85` ^Vwudwwrq 4<74`1
Wkh nh| ihdwxuh lv wr qrwh wkdw wkh �hogv ri lqwhqvlwlhv +, dqg �, duh frqvlghuhg dv
vhsdudwh dqg glvwlqfw iurp wkh �hogv ri h{flwdwlrq +# dqgO,/ d klvwrulfdo wkhupr0
g|qdplf glvwlqfwlrq +fkdpslrqhg e| Vrpphuihog, wkdw lv riwhq pdvnhg lq prghuq
h{srvhv ri hohfwurpdjqhwlf wkhru|1 Lqghhg/ lw zloo eh ghprqvwudwhg h{solflwo| wkdw
wkh fodvvlf irupdolvp ri hohfwurpdjqhwlvp lv d frqvhtxhqfh ri d v|vwhp ri wzr
ixqgdphqwdo wrsrorjlfdo frqvwudlqwv

Srvwxodwh ri Srwhqwldov= I � gD ' f> +417,

Srvwxodwh ri Fkdujh Fxuuhqwv = M � gJ ' f> +418,
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gh�qhg rq d grpdlq ri irxu rughuhg lqghshqghqw yduldeohv/ devwudfwo| zulwwhq
dv i{> |> }> wj1 Wkh wkhru| uhtxluhv wkh h{lvwhqfh ri irxu ixqgdphqwdo h{whulru
gl�huhqwldo irupv/ iD>I>J> Mj> zklfk fdq eh xvhg wr frqvwuxfw wkh frpsohwh Sid�
vhtxhqfh ^Vfkrxwhq 4<7<` ri irupv e| wkh surfhvvhv ri h{whulru gl�huhqwldwlrq dqg
h{whulru pxowlsolfdwlrq1 Rq d grpdlq ri irxu lqghshqghqw yduldeohv/ wkh frpsohwh
Sid� vhtxhqfh frqwdlqv wkuhh 60irupv= wkh fodvvlf 60irup ri fkdujh fxuuhqw ghqvlw|/
M> dqg wkh +dssduhqwo| qryho wr pdq| uhvhdufkhuv, 60irupv ri Vslq Fxuuhqw ghqvlw|/
D	J> ^UPN 4<::` dqg Wrsrorjlfdo Wruvlrq0Kholflw|/ D	I ^UPN 4<<3`1

Dv wkh fkdujh fxuuhqw 60irup/ M> lv d ghirupdwlrq lqyduldqw e| frqvwuxfwlrq
+M lv erwk forvhg dqg h{dfw,/ lw lv ri lqwhuhvw wr ghwhuplqh wrsrorjlfdo uh�qhphqwv
ru frqvwudlqwv iru zklfk wkh 60irupv ri Wrsrorjlfdo Vslq Fxuuhqw dqg Wrsrorjlfdo
Wruvlrq zloo gh�qh sk|vlfdo wrsrorjlfdo frqvhuydwlrq odzv lq wkh irup ri ghiru0
pdwlrq lqyduldqwv1 Wkh 60irupv/ D	J> dqg D	I> duh qrw qhfhvvdulo| forvhg/ qru
h{dfw1 Wkhlu h{whulru ghulydwlyhv +glyhujhqfhv, duh qrw qhfhvvdulo| }hur1 Wkh
ydoxhv ri wkh 70irupv fuhdwhg e| h{whulru gl�huhqwldwlrq ri wkhvh 60irupv gh�qh
wkh wrsrorjlfdo Srlqfduh lqyduldqwv1 Dv wkhvh 70irupv duh h{dfw e| frqvwuxfwlrq/
wkh| duh 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 ehfrph 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 frqfhswv ri d Wrsrorjlfdo Vslq Fxuuhqw dqg wkh Wrsrorjlfdo Wruvlrq yhfwru
kdyh ehhq xwlol}hg kdugo| dw doo lq dssolfdwlrqv ri fodvvlfdo hohfwurpdjqhwlf wkhru|1
Wkhvh 60irup remhfwv duh duwlidfwv ri qrq0htxloleulxp hohfwurpdjqhwlf v|vwhpv1
Wrsrorjlfdo Wruvlrq dqg Wrsrorjlfdo Vslq kdyh }hur ydoxhv lq htxloleulxp v|vwhpv1
Mxvw dv wkh ydqlvklqj ri wkh 60irup ri fkdujh fxuuhqw/ M ' f> gh�qhv wkh wrsrorjlfdo
grpdlq fdoohg khuhlq wkh sodvpd ydfxxp/ wkh ydqlvklqj ri wkh wzr rwkhu 60irupv
fdq eh xvhg wr uh�qh wkh ixqgdphqwdo wrsrorj| ri wkh Pd{zhoo v|vwhp1

51 Wkh Grpdlq ri Fodvvlfdo Hohfwurpdjqhwlvp

5141 Wkh fodvvlfdo Pd{zhoo0Idudgd| dqg wkhPd{zhoo0Dpshuh htxdwlrqv1

9



Xvlqj wkh qrwdwlrq dqg wkh odqjxdjh ri Vrpphuihog dqg Vwudwwrq/ wkh fodvvlf
gh�qlwlrq ri dq hohfwurpdjqhwlf v|vwhp lv d grpdlq ri vsdfh0wlph i{> |> }> wj zklfk
vxssruwv erwk wkh Pd{zhoo0Idudgd| htxdwlrqv/

fxuo ,n C�@Cw ' f> gly � ' f> +514,

dqg wkh Pd{zhoo0Dpshuh htxdwlrqv/

fxuo O� C#@Cw ' a> gly # ' �= +515,

5151 Wkh frqvhuydwlrq ri fkdujh fxuuhqw

Lq hyhu| fdvh/ wkh fkdujh fxuuhqw ghqvlw| iru wkh Pd{zhoo v|vwhp vdwlv�hv wkh
frqvhuydwlrq odz/

gly an C�@Cw ' f= +516,

Wkh fkdujh0fxuuhqw ghqvlwlhv duh vxevxphg wr eh }hur da/ �o ' f iru wkh ydfxxp
vwdwh1 Iru wkh Oruhqw} ydfxxp vwdwh/ wkh �hog h{flwdwlrqv/ # dqg O/ duh olqhduo|
frqqhfwhg wr wkh �hog lqwhqvlwlhv/ , dqg�/ e| phdqv ri wkh Oruhqw} +krprjhqhrxv
dqg lvrwurslf, frqvwlwxwlyh uhodwlrqv=

# ' %, > � ' �O= +517,

Wkh wzr ydfxxp frqvwudlqwv lpso| wkdw wkh vroxwlrqv wr wkh krprjhqhrxv
Pd{zhoo htxdwlrqv dovr vdwlvi| wkh yhfwru zdyh htxdwlrq/ w|slfdoo| ri wkh irup

judg gly �� fxuo fxuo�� %�C2�@Cw2 ' f= +518,

Wkh frqvwdqw zdyh skdvh yhorflw|/ ys>lv wdnhq wr eh

y2s ' �@%� � f2 +519,

Vlplodu uhvxowv fdq eh rewdlqhg iru wkh vrolg vwdwh zkhuh wkh frqvwlwxwlyh frq0
vwudlqwv fdq eh pruh frpsoh{ ^UPN 4<<4 g`/ dqg iru wkh sodvpd vwdwh zkhuh wkh
fkdujh0fxuuhqw ghqvlwlhv duh qrw }hur1 Lw vkrxog eh hpskdvl}hg wkdw wkh Oruhqw}
frqvwlwxwlyh htxdwlrqv irup d vhyhuh wrsrorjlfdo +dqg qrw qhfhvvdu|, frqvwudlqw rq
wkh jhqhudo Pd{zhoo hohfwurpdjqhwlf v|vwhp1

:



5161 Wkh h{lvwhqfh ri srwhqwldov

Lw lv ixuwkhu vxevxphg wkdw wkh fodvvlf Pd{zhoo hohfwurpdjqhwlf v|vwhp lv frq0
vwudlqhg e| wkh vwdwhphqw wkdw wkh �hog lqwhqvlwlhv duh ghgxfleoh iurp d v|vwhp
ri wzlfh gl�huhqwldeoh srwhqwldov/ d�> !o=

� ' fxuo �> , ' �judg !� C�@Cw= +51:,

Wklv frqvwudlqw wrsrorjlfdoo| lpsolhv wkdw grpdlqv wkdw vxssruw qrq0}hur ydoxhv
iru wkh fryduldqw �hog lqwhqvlwlhv/ , dqg �> fdq qrw eh frpsdfw grpdlqv zlwkrxw
d erxqgdu|1 Lw lv wklv frqvwudlqw wkdw glvwlqjxlvkhv fodvvlfdo hohfwurpdjqhwlvp
iurp \dqj Ploov wkhrulhv/ zklfk kdyh surshqvlw| iru wrsrorjlfdo pdqlirogv wkdw duh
frpsdfw zlwkrxw erxqgdu|1 Wzr rwkhu fodvvlfdo 60yhfwru �hogv duh ri lqwhuhvw/ wkh
Sr|qwlqj yhfwru ,�O uhsuhvhqwlqj wkh  x{ ri hohfwurpdjqhwlf udgldwlyh hqhuj|/
dqg wkh �hog prphqwxp  x{/ #��=

61 Wkh grpdlq ri Wrsrorjlfdo Hohfwurpdjqhwlvp

6141 Wkh Ixqgdphqwdo H{whulru Gl�huhqwldo V|vwhpv1

Wkh irupxodwlrq ri Pd{zhoo wkhru| jlyhq deryh lv uhodwlyh wr d fkrlfh ri lqghshq0
ghqw yduldeohv i{> |> }> wj/ dqg xvhv fodvvlfdo yhfwru dqdo|vlv ghyhorshg lq hxfolghdq
60vsdfh1 Wkh wrsrorjlfdo ihdwxuhv ri wkh irupdolvp duh qrw lpphgldwho| hylghqw1
Krzhyhu/ hohfwurpdjqhwlvp kdv d irupxodwlrq lq whupv ri Fduwdq*v h{whulru gli0
ihuhqwldo irupv ^UPN 4<9<` ^UPN 4<<4 f`1 H{whulru gl�huhqwldo irupv gr qrw
ghshqg xsrq d fkrlfh ri frruglqdwhv/ gr qrw ghshqg xsrq wkh d fkrlfh ri phw0
ulf/ dqg duh lqghshqghqw ri wkh v|pphwu| frqvwudlqwv lpsrvhg e| jdxjh jurxsv
dqg frqqhfwlrqv1 Lq vxfk d irupxodwlrq wkh htxdwlrqv ri dq hohfwurpdjqhwlf v|v0
whp ehfrph uhfrjql}hg dv frqvhtxhqfhv ri wrsrorjlfdo frqvwudlqwv rq d grpdlq ri
lqghshqghqw yduldeohv1

Wkh xvh ri gl�huhqwldo irupv vkrxog qrw eh ylhzhg dv mxvw dqrwkhu irupdolvp
ri idqf|1 Wkh whfkqltxh jrhv eh|rqg wkh phwkrgv ri whqvru fdofxoxv/ dqg dgplwv
wkh vwxg| ri wrsrorjlfdo hyroxwlrq1 Uhfdoo wkdw li dq h{whulru gl�huhqwldo v|vwhp lv
ydolg rq d �qdo ydulhw| ri lqghshqghqw yduldeohv i{> |> }> wj/ wkhq lw lv dovr wuxh rq
dq| lqlwldo ydulhw| ri lqghshqghqw yduldeohv i��> �2> ��> �ej wkdw fdq eh pdsshg rqwr
i{> |> }> wj= Wkh pds qhhg rqo| eh gl�huhqwldeoh/ vxfk wkdw wkh Mdfreldq pdwul{
hohphqwv ri wkh pdsslqj duh zhoo gh�qhg ixqfwlrqv1 Wkh Mdfreldq pdwul{ grhv qrw
kdyh wr kdyh dq lqyhuvh/ vr wkdw wkh h{whulru gl�huhqwldo v|vwhp lv qrw uhvwulfwhg

;



wr wkh htxlydohqfh fodvv ri gl�hrprusklvpv1 Krzhyhu/ wkh �hog lqwhqvlwlhv rq
wkh lqlwldo ydulhw| duh ixqfwlrqdoo| zhoo gh�qhg e| wkh sxooedfn phfkdqlvp/ zklfk
lqyroyhv dojheudlf frpsrvlwlrq zlwk frpsrqhqwv ri wkh Mdfreldq pdwul{ wudqvsrvh/
dqg wkh surfhvv ri ixqfwlrqdo vxevwlwxwlrq1 Wklv lqghshqghqfh iurp d fkrlfh ri
lqghshqghqw yduldeohv +ru frruglqdwhv, iru Pd{zhoo*v htxdwlrqv zdv uhsruwhg hduo|
rq e| Ydq Gdqw}lj ^Ydqgdqw}lj 4<67`1 Lw iroorzv wkdw wkh Pd{zhoo gl�huhqwldo
v|vwhp lv zhoo gh�qhg lq d fryduldqw pdqqhu iru erwk Jdolohdq wudqvirupdwlrqv
dv zhoo dv Oruhqw} wudqvirupdwlrqv/ ru dq| rwkhu gl�hrprusklvp1 +Wkh vlqjxodu
vroxwlrq vhwv wr wkh htxdwlrqv gr qrw hqmr| wklv xqlyhuvdo surshuw|,1 Lq dgglwlrq/
lw vkrxog eh qrwhg wkdw wkh lghdv ri wkh h{whulru gl�huhqwldo v|vwhp lpso| wkdw wkh
forvxuh htxdwlrqv ri wkh Pd{zhoo0Idudgd| w|sh irup d qhvwhg vhw/ zlwk h{dfwo| wkh
vdph irupdw/ lqghshqghqw ri wkh fkrlfh ri wkh qxpehu ri lqghshqghqw jhrphwulf
yduldeohv1 Lq dgglwlrq/ hyhu| sk|vlfdo v|vwhp +vxfk dv  xlg, wkdw vxssruwv d
40irup ri Dfwlrq/ kdv lwv yhuvlrq ri wkh Pd{zhoo0Idudgd| lqgxfwlrq htxdwlrqv1

614141 Wkh Pd{zhoo0Idudgd| h{whulru gl�huhqwldo v|vwhp1

Wkh Pd{zhoo0Idudgd| htxdwlrqv duh d frqvhtxhqfh ri wkh h{whulru gl�huhqwldo v|v0
whp

I � gD ' f> +614,

zkhuh D lv d 40irup ri Dfwlrq/ zlwk wzlfh gl�huhqwldeoh frh!flhqwv +srwhqwldov
sursruwlrqdo wr prphqwd, zklfk lqgxfh d 50irup/ I>ri hohfwurpdjqhwlf lqwhqvlwlhv
+, dqg � > uhodwhg wr irufhv dqg remhfwv ri lqwhqvlwlhv�1 Wkh h{whulru gl�hu0
hqwldo v|vwhp lv d wrsrorjlfdo frqvwudlqw wkdw lq h�hfw gh�qhv �hog lqwhqvlwlhv lq
whupv ri wkh srwhqwldov1 Rq d irxu glphqvlrqdo vsdfh0wlph ri lqghshqghqw ydul0
deohv/ E{> |> }> w� zlwk d yroxph hohphqw le ' g{	g|	g}	gw> wkh 40irup ri Dfwlrq
+uhsuhvhqwlqj wkh srvwxodwh ri srwhqwldov, fdq eh zulwwhq lq wkh irup

D ' P�
n'�DnE{> |> }> w�g{

n � !E{> |> }> w�gw ' ��gh�!gw= +615,

Vxemhfw wr wkh frqvwudlqw ri wkh h{whulru gl�huhqwldo v|vwhp/ wkh 50irup ri �hog
lqwhqvlwlhv/ I>ehfrphv=

I ' gD ' iCDn@C{
m � CDm@C{

njg{m	g{n +616,

' Imng{
m	g{n ' n�}g{	g|===n,{g{	gw=== +617,

<



zkhuh lq xvxdo hqjlqhhulqj qrwdwlrq/

, ' �C�@Cw� judg!> � 'fxuo � � CDn@C{
m � CDm@C{

n= +618,

Wkh forvxuh ri wkh h{whulru gl�huhqwldo v|vwhp/ gI ' f>

gI ' ggD ' ifxuo ,n C�@Cwj{g|	g}	gw� ==n ==� gly�g{	g|	g}j , f> +619,

jhqhudwhv wkh Pd{zhoo0Idudgd| sduwldo gl�huhqwldo htxdwlrqv1=

ifxuo ,n C�@Cw ' f> gly� ' fj= +61:,

Wkh frpsrqhqw ixqfwlrqv +, dqg �� ri wkh 50irup/ I> wudqvirup dv fryduldqw whq0
vru ri udqn 51 Wkh wrsrorjlfdo frqvwudlqw wkdw I lv h{dfw/ lpsolhv wkdw wkh grpdlq
ri vxssruw iru wkh �hog lqwhqvlwlhv fdqqrw eh frpsdfw zlwkrxw erxqgdu|/ xqohvv wkh
Hxohu fkdudfwhulvwlf ydqlvkhv1 Wkhvh idfwv glvwlqjxlvk fodvvlfdo hohfwurpdjqhwlvp
iurp \dqj0Ploov �hog wkhrulhv +zkhuh wkh grpdlq ri vxssruw iru I lv suhvxphg
wr eh frpsdfw zlwkrxw erxqgdu|,1 Pruhryhu/ wkh idfw wkdw I lv vxevxphg wr
eh h{dfw dqg F4 gl�huhqwldeoh h{foxghv wkh frqfhsw ri pdjqhwlf prqrsrohv iurp
fodvvlfdo hohfwurpdjqhwlf wkhru| rq wrsrorjlfdo jurxqgv1 Wkh forvhg lqwhjudo ri
wkh 50irup I ryhu dq| forvhg 50pdqlirog/ }2> lv d ghirupdwlrq +wrsrorjlfdo, lqydul0
dqw ri dq| hyroxwlrqdu| surfhvv wkdw fdq eh ghvfulehg e| d vlqjo| sdudphwhul}hg
yhfwru �hog/ iru

OVE

]
}2

I � '

]
}2

ilEY �gI n gElEY �I �j ' +61;,
]
}2

if n gElEY �I �j '

]
}2

gElEY �I � ' f +61<,

Wkh lqwhjudo lv wkhq d ghirupdwlrq lqyduldqw/ iru wkh uhvxow lv ydolg hyhq li wkh
70yhfwru �hog lv glvwruwhg e| dq duelwudu| ixqfwlrq/ �i{> |> }> wj> vxfk wkdw V,
�E{> |> }> w�V= Wkh srlqwv wkdw pdnh xs wkh forvhg lqwhjudwlrq fkdlq/ ru f|foh /
}2/ duh glvwruwhg dqg ghiruphg e| wkh duelwudu| ixqfwlrq/ �> |hw wkh ydoxh ri wkh
lqwhjudo uhpdlqv wkh vdph1 Wkh qrwdwlrq

U
}2
lpsolhv wkdw wkh 5G lqwhjudwlrq fkdlq/

}2> lv forvhg1 Lw fdq eh d f|foh +zklfk lv sduw ri d erxqgdu|, ru d erxqgdu|1

Lw lv uhpdundeoh wkdw wkh Pd{zhoo0Idudgd| gl�huhqwldo v|vwhp fdq dovr eh xvhg
wr hqfrgh k|gurg|qdplf v|vwhpv/ erwk ri wkh htxloleulxp dqg qrq0htxloleulxp
ydulhw|1
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614151 Wkh Pd{zhoo Dpshuh h{whulru gl�huhqwldo v|vwhp

Wkh Pd{zhoo Dpshuh htxdwlrqv duh d frqvhtxhqfh ri vhfrqg h{whulru gl�hu0
hqwldo v|vwhp/

M � gJ ' f> +6143,

zkhuh J lv dq Q05 irup ghqvlw| ri �hog h{flwdwlrqv +# dqg O �> uhodwhg wr vrxufhv
ru remhfwv ri txdqwlw|�/ dqg M lv wkh Q04 irup ri fkdujh0fxuuhqw ghqvlwlhv1 Wkh sdu0
wldo gl�huhqwldo htxdwlrqv htxlydohqw wr wkh h{whulru gl�huhqwldo v|vwhp duh suhflvho|
wkh Pd{zhoo0Dpshuh htxdwlrqv1 Wklv vhfrqg srvwxodwh/ rq d irxu glphqvlrqdo gr0
pdlq ri lqghshqghqw yduldeohv/ dvvxphv wkh h{lvwhqfh ri d Q05 irup ghqvlw| jlyhq
e| wkh h{suhvvlrq4/

J ' J�eE{> |> }> w�g{	g|===nJ�2E{> |> }> w�g}	gw=== ' �#
}g{	g|===nO

}g}	gw===
+6144,

H{whulru gl�huhqwldwlrq surgxfhv dq Q04 irup/

M ' a
}E{> |> }> w�g{	g|	gw===� �E{> |> }> w�g{	g|	g}= +6145,

Pdwfklqj wkh frh!flhqwv ri wkh h{whulru h{suhvvlrq gJ ' M ohdgv wr wkh
Pd{zhoo0Dpshuh htxdwlrqv/

fxuoO� C#@Cw ' a dqg gly# ' �= +6146,

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= +6147,

Wkh h{whulru gl�huhqwldo v|vwhp lv d wrsrorjlfdo frqvwudlqw iru e| Vwrnhv wkh0
ruhp wkh vxssruw iru J fdq eh frpsdfw zlwkrxw erxqgdu| rqo| li wkh grpdlq lv
zlwkrxw fkdujh0fxuuhqwv1 Wkh forvxuh ri wkh h{whulru gl�huhqwldo v|vwhp/ gM ' f>
jhqhudwhv wkh fkdujh0fxuuhqw frqvhuydwlrq odz1 Wkh lqwhjudo ri M ryhu d forvhg
6 glphqvlrqdo grpdlq lv d uhodwlyh lqwhjudo lqyduldqw +d ghirupdwlrq lqyduldqw,
ri dq| surfhvv wkdw fdq eh ghvfulehg lq whupv ri d vlqjo| sdudphwul}hg yhfwru
�hog1 Wkh irupdo vwdwhphqw lv jlyhq e| Fduwdq*v pdjlf irupxod ^Pduvghq 4<<7`/
zklfk ghvfulehv frqwlqxrxv wrsrorjlfdo hyroxwlrq lq whupv ri wkh dfwlrq ri wkh Olh

4Qrwh wkh vljqv1
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ghulydwlyh/ zlwk uhvshfw wr d yhfwru �hog/ dfwlqj rq wkh h{whulru gl�huhqwldo 60irup/
M G

OVE

]
}�

M� '

]
}�

ilEY �gM n gElEY �M�j '

]
}�

if n gElEY �M�j ' f= +6148,

Wkh Olh ghulydwlyh ri wkh forvhg lqwhjudo lv htxdo wr }hur iru dq| 70yhfwru �hog
Y>zkhq gM ' f= Wkh lqwhjudo lv wkhq d ghirupdwlrq lqyduldqw/ iru wkh uhvxow lv ydolg
hyhq li wkh 70yhfwru �hog lv glvwruwhg e| dq duelwudu| ixqfwlrq/ �i{> |> }> wj> vxfk
wkdw V, �E{> |> }> w�V=

6151 Wkh Wruvlrq dqg Vslq 60irupv

Dv phqwlrqhg deryh/ wkh phwkrg ri h{whulru gl�huhqwldo irupv jrhv eh|rqg
wkh grpdlq ri fodvvlfdo whqvru dqdo|vlv/ iru lw dgplwv ri pdsv iurp lqlwldo wr �qdo
vwdwh wkdw duh zlwkrxw lqyhuvh1 +Whqvru dqdo|vlv dqg frruglqdwh wudqvirupdwlrqv
uhtxluh wkdw wkh Mdfreldq pds iurp lqlwldo wr �qdo vwdwh kdv dq lqyhuvh 0 wkh
phwkrg ri h{whulru gl�huhqwldo irupv grhv qrw1, Khqfh wkh wkhru| ri hohfwurpdj0
qhwlvp h{suhvvhg lq wkh odqjxdjh ri h{whulru gl�huhqwldo irupv fdq vxssruw wrsr0
orjlfdo hyroxwlrq/ dw ohdvw zlwk uhvshfw wr frqwlqxrxv surfhvvhv zlwkrxw Mdfreldq
lqyhuvh1 Zlwk uhvshfw wr vxfk qrq0lqyhuwleoh pdsv/ erwk whqvru �hogv dqg gl�hu0
hqwldo irupv duh qrw ixqfwlrqdoo| zhoo gh�qhg lq d suhglfwlyh vhqvh ^UPN 4<:9 e`1
Jlyhq wkh ixqfwlrqdo irupv ri d whqvru �hog rq dq lqlwldo vwdwh/ lw lv lpsrvvleoh wr
suhglfw xqltxho| wkh ixqfwlrqdo irup ri wkh whqvru �hog rq wkh �qdo vwdwh xqohvv
wkh pds ehwzhhq lqlwldo dqg �qdo vwdwh lv lqyhuwleoh1 Krzhyhu gl�huhqwldo irupv
duh ixqfwlrqdoo| zhoo gh�qhg lq d uhwurglfwlyh vhqvh/ e| phdqv ri wkh sxooedfn1
Fryduldqw dqwl0v|pphwulf whqvru �hogv sxoo edfn uhwurglfwlyho| zlwk uhvshfw wr wkh
wudqvsrvh ri wkh Mdfreldq pdwul{ +ri ixqfwlrqv, dqg ixqfwlrqdo vxevwlwxwlrq/ dqg
frqwudyduldqw whqvru ghqvlwlhv sxooedfn uhwurglfwlyho| zlwk uhvshfw wr wkh dgmrlqw ri
wkh Mdfreldq pdwul{/ dqg ixqfwlrqdo vxevwlwxwlrq1 Wkh wudqvsrvh dqg wkh dgmrlqw
ri wkh Mdfreldq h{lvw/ hyhq li wkh Mdfreldq lqyhuvh grhv qrw1

Wkh h{whulru gl�huhqwldo irupv wkdw pdnh xs wkh hohfwurpdjqhwlf v|vwhp frq0
vlvw ri wkh sulplwlyh 40irup/ D/ dqg wkh sulplwlyh Q05 irup ghqvlw|/ J>wkhlu h{wh0
ulru ghulydwlyhv/ dqg wkhlu dojheudlf lqwhuvhfwlrqv gh�qhg e| doo srvvleoh h{whulru
surgxfwv1 Wkh frpsohwh Pd{zhoo v|vwhp ri h{whulru gl�huhqwldo irupv +wkh Sid�
vhtxhqfh iru wkh Pd{zhoo v|vwhp, lv jlyhq e| wkh vhw=

iD>I ' gD>J> M ' gJ> D	I> D	J> D	M> I	I> J	Jj= +6149,
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Wkhvh irupv dqg wkhlu xqlrqv pd| eh xvhg wr irup d wrsrorjlfdo edvh rq wkh gr0
pdlq 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 ^Nxudwrzvnl 4<7;`1 Wkh
h{whulru gl�huhqwldo v|vwhpv wkdw gh�qh wkh Pd{zhoo0Dpshuh dqg wkh Pd{zhoo0
Idudgd| htxdwlrqv deryh duh hvvhqwldoo| wrsrorjlfdo frqvwudlqwv ri forvxuh1 Qrwh
wkdw wkh frpsohwh Pd{zhoo v|vwhp ri gl�huhqwldo irupv +zklfk dvvxphv wkh h{lv0
whqfh ri D, dovr jhqhudwhv wzr rwkhu h{whulru gl�huhqwldo v|vwhpv1

gED	J�� EI	J� D	M� ' f> +614:,

dqg

gED	I �� I	I ' f= +614;,

Wkh wzr remhfwv/ D	J dqg D	I duh wkuhh irupv/ qrw xvxdoo| irxqg lq glvfxvvlrqv
ri fodvvlfdo hohfwurpdjqhwlvp1 Wkh forvhg frpsrqhqwv ri wkh �uvw 60irup +ghq0
vlw|, zhuh fdoohg wrsrorjlfdo vslq ^UPN 4<9<` dqg wkh forvhg frpsrqhqwv ri wkh
vhfrqg 60irup zhuh fdoohg wrsrorjlfdo wruvlrq +ru kholflw|, ^UPN 4<<3`1 E| gluhfw
hydoxdwlrq ri wkh h{whulru surgxfw/ dqg rq d grpdlq ri 7 lqghshqghqw yduldeohv/
hdfk 60irup zloo kdyh 7 frpsrqhqwv wkdw fdq eh v|perol}hg e| wkh 70yhfwru duud|v

Wrsrorjlfdo Vslq0Fxuuhqw G 5e ' d��On#!>� �#o � d5>�o> +614<,

dqg

Wrsrorjlfdo Wruvlrq0yhfwru G Ae ' �d,��n�!>� ��o � dA>ko> +6153,

zklfk duh wr eh frpsduhg zlwk wkh fkdujh fxuuhqw 70yhfwru ghqvlw|=

Fkdujh0Fxuuhqw G ae ' da> �o> +6154,

Wkh 60irupv wkhq fdq eh gh�qhg e| wkh htxlydohqw frqwudfwlrq surfhvvhv

Wrsrorjlfdo Vslq 60irup
=
' D	J +6155,

' lE5e�g{	g|	g}	gw ' 5
{g|	g}	gw=====� �g{	g|	g} +6156,

dqg
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Wrsrorjlfdo Wruvlrq0kholflw| 60irup
=
' D	I +6157,

' lEAe�le ' A
{g|	g}	gw=====� kg{	g|	g}= +6158,

Wkh ydqlvklqj ri wkh �uvw 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 vhfrqg 60irup
lv d wrsrorjlfdo frqvwudlqw rq wkh grpdlq wkdw gh�qhv wrsrorjlfdoo| wudqvyhuvh
pdjqhwlf +WWP, zdyhv= wkh yhfwru srwhqwldo/ �/ lv ruwkrjrqdo wr �> lq wkh vhqvh
wkdw � �� ' f= Zkhq erwk 60irupv ydqlvk/ wkh wrsrorjlfdo frqvwudlqw rq wkh
grpdlq gh�qhv wrsrorjlfdoo| wudqvyhuvh +WWHP, zdyhv1 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

Wkh jhrphwulf qrwlrq ri wudqvyhuvdolw| prghv ri hohfwurpdjqhwlf zdyhv lv d
zhoo nqrzq frqfhsw h{shulphqwdoo|/ exw wkh dvvrfldwlrq ri wudqvyhuvdolw| wr wrsr0
orjlfdo lvvxhv lv qryho khuhlq1 H{dpsoh vroxwlrqv lq wkh dsshqgl{ lqglfdwh wkdw
wkh frqfhsw ri jhrphwulf wudqvyhuvdolw| dqg wrsrorjlfdo wudqvyhuvdolw| duh qrw wkh
vdph1 H{dpsohv 407 duh doo WHP prghv lq d jhrphwulf vhqvh/ dv wkh , dqg
� �hogv duh ruwkrjrqdo wr wkh gluhfwlrq ri sursdjdwlrq1 Krzhyhu/ H{dpsoh 4 lv
WWP/ exw qrw WWH1 H{dpsoh 5 lv WWH exw qrw WWP1 H{dpsoh 6 lv WWHP1
H{dpsoh 7 lv qrw WWP dqg lv qrw WWH1

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 Wrsrorj0
lfdo Wruvlrq ghshqg xsrq wkh h{lvwhqfh ri wkh 40irup ri Dfwlrq1 Wkh Wrsrorjlfdo
Wruvlrq yhfwru Ae dqg wkh Wrsrorjlfdo Vslq fxuuhqw 5e duh dvvrfldwhg yhfwruv wr
wkh 40irup ri Dfwlrq lq wkh vhqvh wkdw

lEAe�D ' f dqg lE5e�D ' f +6159,

Lw zloo eh ghprqvwudwhg ehorz wkdw wkhvh uhvxowv lpso| wkdw hyroxwlrq lq wkh gluhf0
wlrq ri wkh Wrsrorjlfdo Wruvlrq yhfwru Ae ru wkh Wrsrorjlfdo Vslq fxuuhqw 5e grhv
qrw fkdqjh wkh lqwhuqdo hqhuj| ri wkh sk|vlfdo v|vwhp1 Hyroxwlrq lq wkh gluhfwlrq
ri Ae ru 5e lv orfdoo| dgldedwlf1

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 lvrodwhg
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v|vwhp zkhuh Df	gDf ' f= Wkhq e| dgglwlrq ri d forvhg frpsrqhqw wr wkh ruljlqdo
dfwlrq/ D ' Df nDf frxog kdyh d wrsrorjlfdo glphqvlrq ri 6/ dv

D	gD ' EDf nDf�	gDf ' Df	gDf 9' f= +615:,

Vr wkh dgglwlrq ri d forvhg frpsrqhqw wr wkh 40irup ri Dfwlrq frxog fkdqjh wkh
v|vwhp iurp dq lvrodwhg v|vwhp ri Sid� glphqvlrq 5 wr d forvhg v|vwhp ri Sid�
glphqvlrq 61 Wkh 70irup gD	gD lv qrw lq xhqfhg e| wkh +jdxjh, dgglwlrq wr wkh
ruljlqdo 40irup ri Dfwlrq1

gD	gD ' gDf	gDf= +615;,

Lq H{dpsoh 44 lq wkh Dsshqgl{/ d 40irup uhsuhvhqwlqj d Erkp0Dkdudqry0
Deulnrvry vlqjxodu %yruwh{% vwulqj/ � ' eE|g{ � {g|�@E{2 n |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 +615<,

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| wr d glvfrqqhfwhg
wrsrorj|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

6161 Wkh Wrsrorjlfdo Srlqfduh Lqyduldqwv

Wkh h{whulru ghulydwlyhv ri wkh 60irupv ri Vslq dqg Wruvlrq surgxfh wzr 70irupv/
I	J � D	M dqg I	I> zkrvh lqwhjudov ryhu forvhg 7 glphqvlrqdo grpdlqv duh
ghirupdwlrq lqyduldqwv iru wkh Pd{zhoo v|vwhp1 Wkhvh wrsrorjlfdo remhfwv duh
uhodwhg wr wkh frqirupdo lqyduldqwv ri d Oruhqw} v|vwhp dv glvfryhuhg e| Srlqfduh
dqg Edwhpdq ^Edwhpdq 4<47`1 Lq wkh irupdw ri lqghshqghqw yduldeohv i{> |> }> wj>
wkh h{whulru ghulydwlyh fruuhvsrqgv wr wkh 70glyhujhqfh ri wkh 70frpsrqhqw Vslq
dqg Wruvlrq yhfwruv/ 5e dqg Ae= Wkh ixqfwlrqv vr fuhdwhg gh�qh wkh Srlqfduh
wrsrorjlfdo lqyduldqwv ri wkh Pd{zhoo v|vwhp=
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Srlqfduh � ' gED	J� ' I	J� D	M +6163,

' igly�E��On#!� n CE� �#�@Cwjle +6164,

' iE� �O�# � ,�� E� � a� �!�jle +6165,

Srlqfduh 2 ' gED	I � ' I	I +6166,

' �igly�E,��n�!� n CE� ���@Cwjle +6167,

' i2, ��jle +6168,

Iru wkh sodvpd ydfxxp vwdwh/ zlwk M ' f> }hur ydoxhv ri wkh Srlqfduh lqyduldqwv
uhtxluh wkdw wkh pdjqhwlf hqhuj| ghqvlw| lv htxdo wr wkh hohfwulf hqhuj| ghqvlw|
E�@2� �O ' �@2# � ,�/ dqg/ uhvshfwlyho|/ wkdw wkh hohfwulf �hog lv ruwkrjrqdo
wr wkh pdjqhwlf �hog E, �� ' f�= Qrwh wkdw wkhvh frqvwudlqwv riwhq duh xvhg
dv hohphqwdu| wh{werrn gh�qlwlrqv ri zkdw lv phdqw e| hohfwurpdjqhwlf zdyhv1
Zkhq hlwkhu Srlqfduh lqyduldqw ydqlvkhv/ wkh fruuhvsrqglqj forvhg 60glphqvlrqdo
lqwhjudo ehfrphv d wrsrorjlfdo txdqwlw| lq wkh vhqvh ri d ghUkdp shulrg lqwhjudo1
Iru h{dpsoh/ zkhq wkh �uvw Srlqfduh lqyduldqw ydqlvkhv/ wkh forvhg lqwhjudo ri wkh
60irup ri vslq ehfrphv d ghirupdwlrq lqyduldqw zlwk txdqwl}hg ydoxhv +udwlrqdo
udwlrv,=

Ghilqh G Wrsrorjlfdo Vslq '

]
}�

D	J +6169,

Lq grpdlqv zkhuh gED	J� ' f> wkhq

]
}�

D	J lv d ghirupdwlrq lqyduldqw+616:,

O�V

]
}�

D	J '

]
}�

ilE�Y �gED	J� n gElE�Y �ED	J�j +616;,

'

]
}�

if n gElE�Y �ED	J�j ' f= +616<,

Vlploduo|/ zkhq wkh vhfrqg Srlqfduh lqyduldqw ydqlvkhv/ wkh forvhg lqwhjudo ri
wkh 60irup ri Wruvlrq0kholflw| ehfrphv d ghirupdwlrq lqyduldqw zlwk txdqwl}hg
ydoxhv=
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Ghilqh G Wrsrorjlfdo Wruvlrq0Kholflw| '

]
}�

D	I +6173,

Lq grpdlqv zkhuh gED	I � ' f> wkhq

]
}�

D	I lv d ghirupdwlrq lqyduldqw+6174,

O�VE

]
}�

D	I � '

]
}�

ilE�Y �gED	I � n gElE�Y �ED	I �j +6175,

'

]
}�

if n gElE�Y �ED	I �j ' f= +6176,

Wkh 6 glphqvlrqdo forvh lqwhjudwlrq fkdlqv/ }�/ duh forvhg f|fohv/ dqg duh qrw qhf0
hvvdulo| erxqgdulhv1 Lw lv lpsruwdqw wr uhdol}h wkdw wkhvh wrsrorjlfdo frqvhuydwlrq
odzv duh ydolg lq d sodvpd dv zhoo dv lq wkh ydfxxp/ vxemhfw wr wkh frqglwlrqv ri
}hur ydoxhv iru wkh Srlqfduh lqyduldqwv1 Rq wkh rwkhu kdqg/ wrsrorjlfdo wudqvlwlrqv
uhtxluh wkdw wkh Srlqfduh lqyduldqwv duh qrw }hur1

71 Wrsrorjlfdo Wkhuprg|qdplfv

Lw lv ixqgdphqwdo wr dssuhfldwh wkh lghd wkdw d sodvpd lv hvvhqwldoo| d qrq0
htxloleulxp wkhuprg|qdplf v|vwhp1 Sodvpd g|qdplfv duh prvwo| +exw qrw do0
zd|v, wxuexohqw/ glvvlsdwlyh/ dqg luuhyhuvleoh1 Wkh wrsrorjlfdo shuvshfwlyh ri d
sodvpd hpskdvl}hv wkhvh ihdwxuhv/ iru lw lv srvvleoh wr xvh wkh Fduwdq frqfhswv
ri h{whulru gl�huhqwldo v|vwhpv wr h{suhvv suhflvho|/ dqg zlwkrxw vwdwlvwlfv/ zkdw
lv phdqw e| luuhyhuvleoh surfhvvhv dqg zkdw duh wkh wrsrorjlfdo +qrw jhrphwulfdo,
frqvwudlqwv wkdw gh�qh rshq/ forvhg/ dqg htxloleulxp wkhuprg|qdplf v|vwhpv1
Wkh frpelqdwlrq ri wrsrorjlfdo wkhuprg|qdplfv dqg wrsrorjlfdo hohfwurg|qdp0
lfv ohdgv wr wkh frqfoxvlrq wkdw wkh sodvpd vwdwh ri hohfwurg|qdplfv lv xvxdoo| ri
Sid� wrsrorjlfdo glphqvlrq 7 +zkloh htxloleulxp v|vwhpv duh ri Sid� wrsrorjlfdo
glphqvlrq 4/ dqg lvrodwhg v|vwhpv duh ri Sid� wrsrorjlfdo glphqvlrq 5,/ zklfk fdq
frqwdlq wrsrorjlfdo ghihfw vwuxfwxuhv wkdw duh ri Sid� wrsrorjlfdo glphqvlrq 6 dv
ghihfw vwuxfwxuhv lq wkh Sid� glphqvlrq 7 grpdlqv1 Hyroxwlrqdu| surfhvvhv lq wkh
Sid� wrsrorjlfdo glphqvlrq 7 vwdwh duh wkhuprg|qdplfdoo| luuhyhuvleoh/ zkloh hyr0
oxwlrqdu| surfhvvhv lq wkh Sid� wrsrorjlfdo glphqvlrq 6 vwdwh fdq eh Kdplowrqldq
dqg wkhuhiruh uhyhuvleoh1

Dv wkh hpskdvlv lq wklv duwlfoh lv rq sodvpdv/ wklv vhfwlrq rq wrsrorjlfdo wkhu0
prg|qdplfv zloo eh deeuhyldwhg/ exw lv suhvhqwhg khuh lq rughu wr ghprqvwudwh
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krz wkh xqlyhuvdo wrsrorjlfdo ylhzsrlqw frxsohv wkhuprg|qdplf wklqnlqj wr wkh
wkhru| ri sodvpdv1

7141 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� +714,

Iluvw Odz ri Wkhuprg|qdplfv G Z n gX ' T> +715,

Lqh{dfw 40irup ri Khdw OE�Ve�D ' Z n gX ' T +716,

Lqh{dfw 40irup ri Zrun Z ' lE�Ve�gD> +717,

Lqwhuqdo Hqhuj| X ' lE�Ve�D= +718,

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
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
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7151 Wkh Sid� Wrsrorjlfdo Glphqvlrq

Rqh ri wkh prvw xvhixo wrsrorjlfdo wrrov lv wkdw gh�qhg dv wkh Sid� wrsrorjlfdo
glphqvlrq +ru fodvv, ri d 40irup ^Vfkrxwhq 4<7<`1 Uhfdoo wkdw lw lv srvvleoh wr
gh�qh pdq| wrsrorjlhv rq wkh vdph vhw ri hohphqwv1 Iru dq| jlyhq h{whulru
gl�huhqwldo 40irup ri ixqfwlrqv/ vd|D ' Dni{> |> }> wjg{n> lw lv srvvleoh wr frqvwuxfw
wkh Sid� vhtxhqfh ri whupv ri wkh vhw/

Sid� vhtxhqfh iD> gD>D	gD> gD	gDj= +719,

Wkhvh hohphqwv pd| eh xvhg wr frqvwuxfw d Fduwdq Wrsrorj| +iru dq| 40irup
^B`,1 Lq wkh Fduwdq wrsrorj|/ wkh h{whulru ghulydwlyh dfwv dv olplw srlqw jhqhudwru1
Khqfh wkh xqlrq ri d irup dqg lwv h{whulru ghulydwlyh fuhdwhv wkh wrsrorjlfdo forvxuh
ri wkh irup1

Iru dq| jlyhq 40irup/ wkh Sid� vhtxhqfh zloo frqwdlq P vxffhvvlyh qrq0}hur
whupv htxdo wr ru ohvv wkdqQ / wkh qxpehu ri jhrphwulf glphqvlrqv ri wkh edvh lqgh0
shqghqw yduldeohv1 Wkh qxpehuP lv gh�qhg dv wkh %Sid� wrsrorjlfdo glphqvlrq%
ru fodvv ri wkh jlyhq 40irup1 Wkh wkuhh lpsruwdqw 40irupv ri wkhuprg|qdplfv/
D> Z> dqg T> fdq kdyh gl�huhqw Sid� glphqvlrqv1 Vxssrvh wkh 40irup ri zrun
lv gh�qhg lq whupv ri wzr ixqfwlrqv dv Z ' SgY= Wkh Sid� vhtxhqfh frqvlvwv ri
wkh whupv iZ> gZ> f> fj( khqfh lq wklv vshfl�f h{dpsoh/ wkh Sid� glphqvlrq ri Z
lv 51 Iurp wkh �uvw odz/ xqghu wkh dvvxpswlrq wkdw Z ' SgY>

T ' Z n gX ' SgY n gX> +71:,

gT ' gZ ' gS	gZ> +71;,

T	gT ' Z	gZ n gX	gZ ' f n gX	gS	gY +71<,

gT	gT ' f= +7143,

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

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

Lw pd| eh wuxh wkdw wkh ixqfwlrqdo irup ri d 40irup/ D> |lhogv d Sid� wrsrorj0
lfdo glphqvlrq htxdo wr 7 joredoo| ryhu wkh grpdlq X � i{> |> }> wj> 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 Wkh lpsru0
wdqw 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 uhfhqw
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 hohfwurpdjqhwlf sk|vlfdo v|vwhp lv QRW lq
wkhuprg|qdplf htxloleulxp1

7161 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 ^Edogzlq 4<<4`1
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716141 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

716151 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 +7144,

gD ' f Htxloleulxp 0 Sid� glphqvlrq 4 +7145,

D	gD ' f Lvrodwhg 0 Sid� glphqvlrq 5 +7146,

gED	gD� ' f Forvhg 0 Sid� glphqvlrq 6 +7147,

gD	gD 9' f= Rshq 0 Sid� glphqvlrq 71 +7148,

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

7171 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
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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�=

Ri sduwlfxodu lqwhuhvw khuhlq duh wkrvh uhjlrqv ri edvh yduldeohv iru rshq/ qrq0
htxloleulxp/ Wxuexohqw sk|vlfdo v|vwhpv/ iruphg e| wkh forvxuh5 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

5Wkh forvxuh ri wkh s0irup 	 lv wkh xqlrq ri 	 dqg g	> zklfk Fduwdq kdv fdoohg d gl�huhqwldo
lghdo1
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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
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

7181 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
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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

7191 Surfhvvhv

719141 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 +7149,

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 +714:,

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 +714;,

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
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 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=

719151 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
wrsrorjlfdoo| wxuexohqw surfhvv lv gh�qhg zkhq wkh Sid� glphqvlrq ri T lv 71

Surfhvvhv ' gh�qhg e| wkh Sid� glphqvlrq T +714<,

T	gT ' f Uhyhuvleoh 0 Sid� glphqvlrq 5 +7153,

gET	gT� 9' f= Wxuexohqw 0 Sid� glphqvlrq 71 +7154,

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=

�
+7155,

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
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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

719161 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
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� +7156,

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

Li T lv qrw }hur/ d orfdoo| Dgldedwlf surfhvv uhtxluhv wkdw /

Dgldedwlf surfhvv lEVD�T ' lEVD�gElEVD�D�� , f> T 9' f +7157,

zlwk d vx!flhqw frqglwlrq ' lEVD�D , f= +7158,
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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> +7159,

zklfk shuplwv uhyhuvleoh dqg luuhyhuvleoh dgldedwlf surfhvvhv wr eh zhoo glvwlq0
jxlvkhg 6 zkhq T 9' f=

Uhyhuvleoh Dgldedwlf Surfhvv ' �T	lEVD�gT , f> lEVD�T , f>+715:,

Luuhyhuvleoh Dgldedwlf Surfhvv ' �T	lEVD�gT 9' f> lEVD�T , f=+715;,

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,

719171 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 +715<,

H{wuhpdo Kdplowrqldq VH +7163,

ZH ' lE�VH�gD ' f Sid� glphqvlrq @ 3 +7164,

Ehuqrxool0Fdvlplu Kdplowrqldq VE +7165,

ZE ' lE�VE�gD ' gX Sid� glphqvlrq @ 4 +7166,

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

6Lw lv dssduhqw wkdw l+Y,T@ 3 gh�qhv dq dgldedwlf surfhvv/ exw qrw qhfhvvdulo| d uhyhuvleoh
dgldedwlf surfhvv1 Wklv wrsrorjlfdo srlqw fohduv xs fhuwdlq plvfrqfhswlrqv wkdw dsshdu lq wkh
olwhudwxuh1
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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 +7167,

ZV ' lE�VV�gD ' gXn � Sid� glphqvlrq @ 4 +7168,

gZV ' f dv � lv forvhg exw qrw h{dfw1 +7169,

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 + BB,,/ exw hdfk fodvv ri surfhvvhv pxvw vdwlvi|
dq dgglwlrqdo wrsrorjlfdo frqvwudlqw li wkh surfhvv lv wr eh orfdoo| dgldedwlf=

Dgldedwlf surfhvv lEVD�T ' lEVD�gElEVD�D�� , f> T 9' f +716:,

zlwk d vx!flhqw frqglwlrq ' lEVD�D , f= +716;,

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 714;,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 +7163, 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 +7165, fdq eh xvhg wr jhqhudwh wkh htxdwlrqv iru d edurwurslf
frpsuhvvleoh  xlg1 Wkh Khopkrow} frqvwudlqw ri htxdwlrq +7169, fdq eh xvhg wr
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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
grpdlqv ri Sid� glphqvlrq zklfk vxssruw Wrsrorjlfdo Wruvlrq/ D	gD 9' f> zlwk lwv
dwwhqgdqw surshuwlhv ri qrq0xqltxhqhvv/ hqyhorshv/ uhjuhvvlrqv/ 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

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 +716<,

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> +7173,
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vxfk wkdw

OEAe�D	OEAe�gD ' T	gT ' �2D	gD 9' f= +7174,

719181 Wrsrorjlfdo Wruvlrq dqg Frqirupdo 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>

D	gD ' D	I ' lEAe�le= +7175,

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= +7176,

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

OE�Ae�D ' lE�Ae�gD ' KD= +7177,

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= +7178,

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> +7179,

T	gT ' K2D	gD ' f> +717:,

lE�Ae�T ' f +717;,

lE�Ae�D ' f> lE�Ae�gD ' f= +717<,
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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/

] ] ] ]
P

I	I ' lv dq Devroxwh Ghirupdwlrq lqyduldqw/ li +7183,

f '

] ] ]
erxqgdu| ri P

E�Y n�ED	I � +7184,

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

gT	gT ' lv dq Devroxwh Ghirupdwlrq lqyduldqw/ li +7185,

f '

] ] ]
erxqgdu| ri P

E�Y n�ET	gT� +7186,

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

81 Ghirupdwlrq Lqyduldqwv dqg wkh Sodvpd Vwdwh1

8141 Vshfldo hyroxwlrqdu| surfhvvhv1 Wkh sodvpd surfhvv

Dv ghvfulehg lq d suhylrxv vhfwlrq/ wkh ixqgdphqwdo htxdwlrq ri wrsrorjlfdo hyrox0
wlrq lv jlyhq e| Fduwdq*v pdjlf irupxod/ zklfk dfwv dv d sursdjdwru rq wkh irupv
wkdw pdnh xs wkh h{whulru gl�huhqwldo v|vwhp1 Wkh gl�huhqwldo v|vwhp qrz xqghu
frqvlghudwlrq zloo eh wkh hohfwurpdjqhwlf uh�qhphqw ri wkh k|gurg|qdplf v|vwhp/
D>I ' gD> j/ dqg lv frqvwuxfwhg iurp wkh dxjphqwhg froohfwlrq ri h{whulru gl�hu0
hqwldo irupv iD>I ' gD>J> M ' gJj1 Dq hyroxwlrqdu| surfhvv lv gh�qhg khuhlq
dv d pds wkdw fdq eh ghvfulehg e| d vlqjo| sdudphwhul}hg yhfwru �hog1 Li wkh
Dfwlrq ri wkh Olh ghulydwlyh rq wkh frpsohwh v|vwhp ri Pd{zhoo h{whulru gl�huhq0
wldo irupv ydqlvkhv iru d sduwlfxodu fkrlfh ri surfhvv/ wkhq wkdw surfhvv ohdyhv wkh
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hqwluh Pd{zhoo v|vwhp devroxwho| lqyduldqw1 Dv d wrsrorj| fdq eh frqvwuxfwhg
lq whupv ri dq h{whulru gl�huhqwldo v|vwhp/ dqg li d vshfldo surfhvv ohdyhv wkdw
v|vwhp ri irupv lqyduldqw/ wkhq wkh wrsrorj| lqgxfhg e| wkh v|vwhp ri irupv lv
lqyduldqw> wkh surfhvv pxvw eh d krphrprusklvp1

Krzhyhu/ iru d jlyhq Pd{zhoo v|vwhp/ lw lv pruh olnho| wkdw rqo| vrph ri wkh
h{whulru gl�huhqwldo irupv wkdw pdnh xs wkh Pd{zhoo v|vwhp duh lqyduldqw uhod0
wlyh wr dq duelwudu| surfhvv> rwkhuv duh qrw1 Ri sduwlfxodu lqwhuhvw duh wkrvh irupv
zklfk duh uhodwlyh lqwhjudo lqyduldqwv ri frqwlqxrxv ghirupdwlrqv1 Wkh forvhg lqwh0
judo ri dq h{whulru gl�huhqwldo irup wkdw gh�qhv d uhodwlyh lqwhjudo lqyduldqw lv qrw
rqo| lqyduldqw zlwk uhvshfw wr d surfhvv uhsuhvhqwhg e| sduwlfxodu yhfwru �hog/ exw
dovr zlwk uhvshfw wr orqjlwxglqdo ghirupdwlrqv ri wkdw surfhvv rewdlqhg e| pxowl0
so|lqj wkh sduwlfxodu yhfwru �hog e| dq duelwudu| qrq0}hur ixqfwlrq1 Iru yhfwru
�hogv zklfk duh vlqjo| sdudphwhul}hg/ wklv frqfhsw ri orqjlwxglqdo ghirupdwlrq lv
htxlydohqw wr d uhsdudphwhul}dwlrq ri wkh yhfwru �hog1

Wkh ghyhorsphqw wkdw iroorzv lv jxlghg e| Fduwdq*v slrqhhulqj zrun/ lq zklfk
kh h{dplqhg wkrvh vshfldol}hg surfhvvhv iru phfkdqlfdo v|vwhpv wkdw ohdyh wkh
forvhg lqwhjudov ri wkh 40irup ri Dfwlrq/ D> d ghirupdwlrq +uhodwlyh lqwhjudo, lq0
yduldqw1 Fduwdq suryhg wkdw vxfk surfhvvhv dozd|v kdyh d Kdplowrqldq uhsuhvhq0
wdwlrq1 Dv ghvfulehg deryh/ wkhuh duh wzr fodvvhv ri vxfk Kdplowrqldq surfhvvhv/
wkh h{wuhpdo fodvv dqg wkh Ehuqrxool fodvv=

Kdplowrqldq Surfhvvhv +814,

OE�V�

]
}�

D '

]
}�

lE�Y �gDn glE�Y �D , f= +815,

H{wuhpdo G lE�V�gD ' f> +816,

Ehuqrxool G lE�V�gD ' gX= +817,

Wkh forvhg lqwhjudwlrq fkdlq }� lv qrw qhfhvvdulo| d erxqgdu|1
Dq hohfwurpdjqhwlf v|vwhp kdv qrw rqo| wkh sulplwlyh 40irup/ D> exw dovr wkh

Q05 irup/ J> zklfk fdq xqghujr hyroxwlrqdu| surfhvvhv1 Iru hohfwurpdjqhwlf
v|vwhpv/ d vhw ri htxdwlrqv vlplodu wr wkrvh wkdw gh�qh Kdplowrqldq surfhvvhv fdq
eh xvhg wr gh�qh vshfldol}hg surfhvvhv wkdw ohdyh wkh forvhg lqwhjudov ri wkh Q05
irup/ J> ri �hog h{flwdwlrqv/ d ghirupdwlrq +uhodwlyh lqwhjudo, lqyduldqw1 Wkhvh
vshfldo surfhvvhv zloo eh gh�qhg dv Sodvpd surfhvvhv1 Vxfk surfhvv gr qrw fuhdwh
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iuhh fkdujh/ exw wkh| fdq fdxvh d fkdqjh lq wkh qxpehu ri fkdujh sdluv ri rssrvlwh
vljq1 Wkh htxdwlrqv wkdw pxvw eh vdwlv�hg duh ri wkh irup=

Sodvpd Surfhvvhv +818,

OE�V�

]
}2

J '

]
}2

lE�Y �gJn glE�Y �J , f= +819,

H{wuhpdo G lE�Y �gJ ' f> +81:,

Ehuqrxool G lE�Y �gJ ' g$= +81;,

Lq wkh H{wuhpdo fdvh/

lE�Y �gJ ' �iEa� �V�{g|	g} � ===n Ea�V�{g{	gw=== , f> +81<,

lpsolhv wkdw wkh h{wuhpdo Sodvpd surfhvv reh|v wkh fodvvlf h{suhvvlrqv=

H{wuhpdo Sodvpd surfhvv aH ' �V= +8143,

814141 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= +8144,

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

@���> +8145,

dqg/ EaE �V� ' E�
Kdoo

@��,= +8146,

E�
Kdoo

@��EaE � ,� , f +8147,

E�
Kdoo

@��EV � ,� , f +8148,

E�
Kdoo

@��E, ��� , f= +8149,
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Wkxv wkh Ehuqrxool sodvpd surfhvv ohdgv wr d Sodvpd fxuuhqw aE zklfk lv ruwkrj0
rqdo 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 lv ri Sid� wrsrorjlfdo 61 Ehuqrxool sodvpd surfhvvhv/ zklfk lqfoxgh
wkh Kdoo frpsrqhqw/ duh qrw glvvlsdwlyh lq wkh vhqvh wkdw EaE � ,� ' f= Vxfk
Sodvpd surfhvvhv gr qrw fkdqjh wkh qhw fkdujh zlwklq wkh forvhg lqwhjudwlrq gr0
pdlq1 Wkdw lv/ fkdujhv fdq eh surgxfhg rqo| lq htxdo dqg rssrvlwh sdluv e| d
�Sodvpd surfhvv�1

Wkh dsshdudqfh ri d pdjqhwlf frqgxfwdqfh/ �
Kdoo

> dv suhvhqwhg khuhlq/ lv qryho
wr dqg ghshqghqw xsrq/ wkh wrsrorjlfdo shuvshfwlyh ri hohfwurpdjqhwlvp dqg sodv0
pdv1 Wkh frqfhsw 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= Wkh ghulydwlrq kdv ehhq dffrpsolvkhg zlwkrxw wkh frqvwudlqwv ri phwulf/ frq0
qhfwlrq/ jdxjh v|pphwu|/ dqg zlwkrxw vwdwlvwlfv ru txdqwxp k|srwkhvhv1 Wkh
frqfhsw ri d qrq0glvvlsdwlyh Kdoo fxuuhqw grhv qrw ghshqg rq vfdohv/ dqg fdq eh
irxqg lq pdfur dqg frvprorjlfdo grpdlqv/ dv zhoo dv lq wkh plfurzruog ri txdqwxp
wkhru|1

Wklv lqyduldqfh sulqflsoh wkdw frqvhuyhv fkdujh sdluv lv wr eh frpsduhg wr
wkh Khopkrow} wkhruhp zklfk fkhfnv rq wkh ydolglw| ri wkh ghirupdwlrq lqwhjudo
lqyduldqfh ri wkh 50irup I=

O�V

]
}2

I '

]
}2

lE�Y �gI ' f +814:,

Wkh forvhg lqwhjudo ri Khopkrow} lv dq lqwulqvlf wrsrorjlfdo +ghirupdwlrq, lqyduldqw
ri dq hohfwurpdjqhwlf v|vwhp/ iru wkh 50irup I lv h{dfw e| frqvwuxfwlrq +wkh
srvwxodwh ri srwhqwldov,1 Wkh Khopkrow} lqwhjudo lv d ghirupdwlrq lqyduldqw iru doo
hyroxwlrqdu| surfhvvhv wkdw fdq eh ghvfulehg e| d vlqjo| sdudphwhul}hg yhfwru
�hog1 +Wklv vwdwhphqw lv qrw wuxh iru \dqj Ploov �hogv,1 Khqfh lq d sodvpd/
iru zklfk wkh hyroxwlrqdu| surfhvvhv duh frqvwudlqhg vxfk wkdw a ' �V/ erwk wkh
forvhg lqwhjudov ri I dqg J duh ghirupdwlrq lqyduldqwv1 Lq wkh vhqvh/ wkh sodvpd
lv d wrsrorjlfdo uh�qhphqw ri wkh frpsohwh Pd{zhoo v|vwhp1

Lq wkh vxevhfwlrqv wkdw iroorz/ ydulrxv wrsrorjlfdo fdwhjrulhv ri sodvpd surfhvvhv
zloo eh h{dplqhg1 Wkh lghdo dqg vhpl0lghdo sodvpd surfhvvhv zloo reh| wkh sodvpd
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pdvwhu htxdwlrq/ dqg wkh qrq0lghdo sodvpd surfhvvhv zloo qrw1 Wkh hohfwurpdj0
qhwlf  x{ lv d orfdo +devroxwh, lqyduldqw ri doo vhpl0lghdo sodvpd surfhvvhv1 Wklv
vwdwhphqw lv vlplodu wr wkh fodvvl�fdwlrq ri k|gurg|qdplf  rzv1 Lghdo dqg vhpl0
lghdo k|gurg|qdplf  rzv vdwlvi| wkh Khopkrow} wkhruhp/ dqg wkh orfdo frqvhuyd0
wlrq ri yruwlflw|1

8151 Wkh lghdo Sodvpd surfhvv @ dq h{wuhpdo Kdplowrqldq surfhvv1

Uhfdoo wkdw dq h{wuhpdo Kdplowrqldq surfhvv YH lv gh�qhg e| wkh frqvwudlqw wkdw
wkh Zrun 40irup Z ' lE�YH�gD eh ri Sid� wrsrorjlfdo glphqvlrq 31

H{wuhpdo Kdplowrqldq surfhvv= lE�YH�gD ' f= +814;,

Dq Lghdo Sodvpd surfhvv lv gh�qhg vxfk wkdw wkh wkh gluhfwlrq �hog fuhdwhg e|
wkh Sodvpd fxuuhqw/ M lv htxlydohqw wr wkh h{wuhpdo Kdplowrqldq surfhvv/ �YH= Lw
iroorzv wkdw

Lghdo Sodvpd M ' �YH +814<,

lE�YK�gD ' �E,nVH���ng{
n n �EVH�,�gw ' f> +8153,

lEM�gD ' E�,n a���ng{
n n Ea � ,�gw +8154,

' �E,nV ���ng{
n n E�iV n E�pdj@���j � ,�gw ' f=+8155,

Wkh whup lqyroylqj d srvvleoh pdjqhwlf frqgxfwdqfh fdq eh ljqruhg/ dv E� � ,� ,
f> iru erwk wkh Ehuqrxool Sodvpd surfhvv dqg wkh H{wuhpdo Sodvpd surfhvv1 Wkhvh
frqvwudlqwv gh�qh wkh %lghdo% sodvpd fxuuhqw dv dq hyroxwlrqdu| yhfwru gluhfwlrq
�hog wkdw vdwlv�hv wkh fkdujh lqyduldqfh htxdwlrq/ dqg wkh htxdwlrq iru dq h{wuhpdo
�hog vxfk wkdw

Lghdo Sodvpd = Z ' lE�Y �gD ' iE�,n a���ng{
n n Ea � ,�gwj , f> +8156,

Wkh 40irup Z lv wkh 40irup ri yluwxdo zrun gh�qhg lq whupv ri wkh Oruhqw} irufh1
Wkh uhvxowlqj htxdwlrq ghprqvwudwhv wkdw wkh frqfhsw ri d Oruhqw} irufh/ �, n
a��>kdv d wrsrorjlfdo irxqgdwlrq1 Lw lv dssduhqw wkdw li wkh Oruhqw} irufh
ydqlvkhv/

i�,n a��� , f> +8157,

dqg wkh Sodvpd fxuuhqw ghqvlw| lv QRW rkplf/

Ea � ,� ' E�V � ,� n E�
Kdoo

@��E, ��� , f> +8158,
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wkhq wkh forvhg lqwhjudo ri wkh Dfwlrq 40irup lv dovr d ghirupdwlrq wrsrorjlfdo
lqyduldqw ri wkh Sodvpd surfhvv1 Vxfk d vhw ri frqvwudlqwv/

Z ' lEM�gD ' f> +8159,

wrsrorjlfdoo| gh�qhv wkh �lghdo� sodvpd vwdwh dv d sodvpd surfhvv iru zklfk wkh
40irup ri yluwxdo Zrun ydqlvkhv1 Vxfk sodvpdv duh vdlg wr eh %irufh0iuhh%1 Wkh
lghdo sodvpd lv wkhuhe| d uhvwulfwlrq ri duelwudu| surfhvvhv wr wkdw xqltxh h{wuhpdo
surfhvv wkdw ohdyhv lqyduldqw erwk wkh forvhg lqwhjudov ri  x{ dqg wkh forvhg lqwh0
judov ri fkdujh1 Wkh lghdo sodvpd fdq qrw h{lvw rq d grpdlq ri d 7 glphqvlrqdo
ydulhw| zkhuh wkh vhfrqg Srlqfduh lqyduldqw lv qrw }hur +Sid� glphqvlrq 7,/ iru
wkhq wkh frqfhsw ri dq h{wuhpdo surfhvv +zklfk uhtxluhv dq rgg Sid� glphqvlrq/
vxfk dv Sid� glphqvlrq 6, grhv qrw h{lvw1

8161 Wkh Ehuqrxool0Fdvlplu sodvpd surfhvv lv d vhpl0lghdo sodvpd surfhvv1

Wkh wrsrorjlfdo frqvwudlqw wkdw wkh 40irup ri yluwxdo zrun ydqlvkhv lv vx!flhqw
exw qrw qhfhvvdu| iru d sodvpd surfhvv wr suhvhuyh wkh forvhg lqwhjudov ri wkh
Dfwlrq 40irup1 Hyroxwlrqdu| lqyduldqfh ri wkh forvhg lqwhjudo ri Dfwlrq grhv qrw
uhtxluh wkdw wkh sodvpd surfhvv eh xqltxh1 Wkh 40irup ri yluwxdo Zrun/ Z>qhhg
qrw eh }hur/ exw rqo| forvhg= gZ , f= E| dqdorj| wr k|gurg|qdplfv/ li wkh
yluwxdo Zrun 40irup lv h{dfw/

Z ' gX +815:,

wkhq wkh Oruhqw} irufh lv uhsuhvhqwhg e| d vsdwldo judglhqw/ �, n a�� ' uX>
dqg wkh Srzhu �a � , ' CX@Cw= Wkh ixqfwlrq XE{> |> }> w� lv d Ehuqrxool0Fdvlplu
ixqfwlrq/ dqg dfwv dv wkh jhqhudwru ri d v|psohfwlf Kdplowrqldq  rz1 Wkh +qrq0
xqltxh, Ehuqrxool0Fdvlplu ixqfwlrq lv dq hyroxwlrqdu| lqyduldqw iru hdfk surfhvv
sdwk/ exw lv qrw qhfhvvdulo| d frqvwdqw ryhu wkh grpdlq=

O�VEX� ' lE�Y �gX ' lE�Y �lE�Y �D ' f= +815;,

Lq wkh odqjxdjh ri k|gurg|qdplfv/ wkhuh lv d Ehuqrxool frqvwdqw iru hdfk vwuhdp0
olqh/ exw wkh frqvwdqw lv gl�huhqw iru gl�huhqw vwuhdpolqhv1 Wkh Ehuqrxool0Fdvlplu
ixqfwlrq lv qrw wkh vdph dv wkh Kdplowrqldq hqhuj| ixqfwlrq/ exw lv pruh forvho|
uhodwhg wr wkh wkhuprg|qdplf frqfhsw ri hqwkdos|1 Wkh Ehuqrxool0Fdvlplu ixqf0
wlrq fdq eh xvhg wr jhqhudwh d �Kdplowrqldq surfhvv�/ exw wkh surfhvv lv qrw
xqltxho| gh�qhg dv dq h{wuhpdo surfhvv1
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Iru vxfk v|psohfwlf sodvpd surfhvvhv/ wkh judglhqw ri wkh Ehuqrxool0Fdvlplu
ixqfwlrq lv wudqvyhuvh wr wkh � �hog rqo| zkhq wkh vhfrqg Srlqfduh lqyduldqw
ydqlvkhv1

�, �� ' uX ��= +815<,

Wkh lpsolfdwlrq +djdlq, lv wkdw wkh Sid� glphqvlrq ri wkh Dfwlrq 40irup fdqqrw eh
71 Vlplodu h{suhvvlrqv zhuh vwxglhg lq frqmxqfwlrq zlwk wrsrorjlfdo frqvhuydwlrq
lq PKG e| Kruqlj dqg Vfklqgohu ^B`1

�, �V ' uX �V= +8163,

Li wkh Rkplf dvvxpswlrq lv pdgh iru wkh qrq0lghdo sodvpd surfhvv/ dqg lv li
wkh irup a ' �V ' �rkpE, n V��� / wkhq wkh v|psohfwlf frqglwlrq ohdgv wr
d Ehuqrxool irupdw ri wkh w|sh a ' E�@��rkp�judgEX�=Zkhq lw lv vxevxphg wkdw
wkh Ehuqrxool0Fdvlplu ixqfwlrq lv uhodwhg wr whpshudwxuh/ vxfk wkdw

a ' E�@��rkp�judgEnW �> +8164,

lw zrxog dsshdu wkdw iru sodvpd prwlrq dorqj wkh � �hog olqhv/ wkhuh fdq h{lvw d
g|qdpr dfwlrq wr surgxfh dq , �hog froolqhdu zlwk wkh pdjqhwlf �hog1

Lw lv vxjjhvwhg wkdw wkh odujh whpshudwxuh judglhqw wkdw h{lvwv lq d sodvpd
hqyhorsh derxw d urwdwlqj vwdu +zlwk d � �hog olnh d qhxwurq vwdu, fdq lqgxfh
d fxuuhqw  rz dqg dq , dffhohudwlrq �hog dorqj wkh srodu pdjqhwlf �hog olqhv1
Olnh lq d Ehuqrxool surfhvv lq d  xlg/ wkh phfkdqlfdo hqhuj| lv qrw frqvhuyhg/ exw
wkh hqwkdos| +wkh Ehuqrxool0Fdvlplu, lv d lqyduldqw dorqj dq| wudmhfwru|/ dqg wkdw
lqyduldqw fdq eh gl�huhqw iurp wudmhfwru| wr qhljkerulqj wudmhfwru|1

8171 Wkh Vwrnhv sodvpd surfhvv lv d vhpl0lghdo surfhvv wkdw reh|v wkh

Pdvwhu htxdwlrq1

Wkh frqvwudlqw wkdw wkh yluwxdo zrun 40irup/ Z / jhqhudwhg e| d sodvpd surfhvv/
Z ' lEM ' �Y �gD/ eh forvhg/ grhv qrw uhtxluh wkdw lw eh h{dfw1 Wkh frqvwudlqw
ri forvxuh |lhogv wzr yhfwru frqglwlrqv=

gZ ' f , fxuoE�,n a��� ' f dqg uEa � ,� 'CE�,n a���@Cw=
+8165,

Wkh �uvw yhfwru frqglwlrq lpsolhv wkdw
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u�� E,nV��� n � fxuoE,� n � fxuoEV��� ' f= +8166,

E| xvlqj wkh Pd{zhoo0Idudgd| htxdwlrq/ wklv wrsrorjlfdo frqvwudlqw ehfrphv wkh
sodvpd pdvwhu htxdwlrq=

�C�@Cwn fxuoEV��� ' �u *? �� E,nV���= +8167,

Doo ri wkhvh lghdo dqg vhpl lghdo sodvpd surfhvvhv hqmr| wkh surshuw| wkdw wkh
hohfwurpdjqhwlf  x{ lv frqvhuyhg orfdoo|1 Wkdw lv

OEM'�V�EgD� ' O�VI ' gElE�Y �I � ' f= +8168,

8181 Iur}hq0lq olqhv1

Lw lv ri vrph lqwhuhvw wr h{dplqh wkh hyroxwlrq ri wkh gl�huhqwldo irupv wkdw pdnh
xs dq hohfwurpdjqhwlf v|vwhp uhodwlyh wr Sodvpd surfhvvhv1 Wkh phwkrg lv wr
frqvwuxfw wkh Olh ghulydwlyh zlwk uhvshfw d sodvpd surfhvv/ a ' �V> ri doo irupv
wkdw pdnh xs wkh hohfwurpdjqhwlf Sid� vhtxhqfh1

Iru dq duelwudu| yhfwru �hog ~ zkrvh wdqjhqwv gh�qh d olqh lq vsdfh wlph/ wkh
Q04 irup

] ' lE�~�g{	g|	g}	gw ' lE�~�le +8169,

fdq eh whvwhg iru hyroxwlrqdu| lqyduldqfh uhodwlyh wr dq| rwkhu yhfwru Y= Vxssrvh
wkh h�hfw ri wkh hyroxwlrqdu| surfhvv lv frqirupdo=

OEY �] ' lEY �g] n gElEY �]� ' KE{> |> }> w�] +816:,

Wklv vwdwhphqw lpsolhv wkdw wkh srlqwv wkdw pdnh xs wkh wdqjhqw olqh ri wkh yhfwru
�hog ] uhpdlq rq wkh wdqjhqw olqh1 Wkh srlqwv pd| eh shupxwhg exw wkh| gr
qrw ohdyh wkh olqh1 Vxfk lv wkh frqfhsw ri d iur}hq lq �hog1 Wkh srlqwv wkdw
pdnh xs d olqh hyroyh lqwr srlqwv ri wkh vdph olqh1 Wkh hyroxwlrq qhhg qrw eh
xqlirupo| frqwlqxrxv/ hvshfldoo| zkhuh wkh srlqwv duh iroghg1 \hw hyhq lq vxfk
fdvhv wkh srlqwv ri d olqh duh vwloo srlqwv ri wkh olqh/ hyhq wkrxjk uhduudqjhg lq
rughu1 Li iru d jlyhq Y wkh hyroxwlrq ri wkh olqhv ri ] lv frqirupdo/ wkhq wkhuh
h{lvwv d sdudphwul}dwlrq ri Y vxfk wkdw wkh hyroxwlrq lv xqlirup dqg lqyduldqw1 D
sdudphwul}dwlrq ixqfwlrq �E{> |> }> w� fdq eh irxqg vxfk wkdw
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OE�Y �] ' �OEY �] n EOEY ���] ' E� � K n lEY �g��] , f= +816;,

Iru wkh hohfwurpdjqhwlf v|vwhp wkhuh duh wkuhh Q04 irupv/ zklfk pd| ru pd|
qrw eh iur}hq lqwr wkh hyroxwlrqdu| surfhvv1 Frqvlghu wkh 60irup ri fxuuhqw1

OEY �M ' lEY �g M n gElEY �M� +816<,

Dv gM ' f>

OEY �M ' gilEY �lEM�lej +8173,

Lw iroorzv wkdw li lEY �lEM�lej ' f> wkh �hog olqhv ri M duh iur}hq0lq +zlwk K ' f�1
Vr wkh sodvpd hyroxwlrqdu| surfhvv hyroxwlrqdu|/ zlwk a ' �V/ lv dq h{dpsoh ri
d surfhvv wkdw �iuhh}hv0lq� wkh olqhv ri fxuuhqw1 Krzhyhu/ wkhuh duh pdq| rwkhu
hyroxwlrqdu| surfhvvhv iru zklfk wkh M olqhv duh iur}hq lq1

Wkh irupxodv fuhdwhg e| wkh wrsrorjlfdo frqvwudlqwv jlyhq deryh duh ydolg rq
dq| vhw ri lqghshqghqw yduldeohv/ exw h{suhvvlrqv rq 7 glphqvlrqv ri vsdfh wlph
iru �iur}hq0lq� olqhv duh qrw txlwh wkh vdph dv wkrvh wkdw dsshdu lq wkh hqjlqhhu0
lqj olwhudwxuh edvhg rq hxfolghdq 60vsdfh ^Nrfklqh 4<97`1 Hlwkhu wkh wlph0olnh
frpsrqhqw ri wkh 70yhfwru Z pxvw ydqlvk/ ru wkh surfhvv Y pxvw eh h{solflwo|
wlph0lqghshqghqw iru wkh jhqhudo irupxodv wr eh lq suhflvh djuhhphqw zlwk wkh
hqjlqhhulqj h{suhvvlrqv1 ^UPN 4<:8 d`

Lw lv lpsruwdqw wr qrwh wkdw lq vsdfh wlph wkh �iur}hq0lq� olqhv pxvw eh
uhodwhg wr 60irupv/ dqg qrw wr wkh wzr irup frpsrqhqwv , dqg �= Wkhvh odwwhu
remhfwv fdq surgxfh �iur}hq0lq� olqhv rqo| rq wkh h{fhswlrqdo 50vxuidfhv/ wkh wruxv
dqg wkh Nohlq erwwoh/ +dqg wkhq rqo| zkhq ,�� 'f�= Wkh 60irup ri Wruvlrq kdv
vsdwldo frpsrqhqwv wkdw duh grplqdwhg e| wkh � �hog +lq wkh olplw , $ f�/ vxfk
wkdw �iur}hq0lq� olqhv ri Wruvlrq pljkw kdyh wkh dsshdudqfh ri �iur}hq0lq� olqhv
ri �= Wkh 60irup ri Vslq kdv olqhv wkdw fdq eh grplqdwhg e| #= Krzhyhu wkh
h{solflw irupxodv iru wkh 60irupv ri Wruvlrq dqg Vslq duh qrw ghshqghqw xsrq d
fkrlfh ri frqvwlwxwlyh uhodwlrqv wkdw dfw dv jhrphwulfdo frqvwudlqwv rq wkh 50irupv
ri I dqg J=

8191 Hyroxwlrq ri wkh olqhv ri wrsrorjlfdo wruvlrq zlwk uhvshfw wr sodvpd

fxuuhqwv1

Frqvlghu wkh hyroxwlrq ri wkh olqhv ri wrsrorjlfdo wruvlrq
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OEM'�Y �D	I ' lE�Y �gED	I � n gElE�Y �D	I � +8174,

' lE�Y �gED	I � n giElE�Y �D�	I � D	lE�Y �Ij +8175,

Iluvw frqvlghu wkrvh v|vwhpv zkhuh wkh vhfrqg Srlqfduh lqyduldqw ydqlvkhv/
I	I ' f= Wkh olqhv lq vsdfh wlph zklfk duh wdqjhqw wr wkh 60irup D	I wkhq
kdyh }hur glyhujhqfh1 Wkh olqhv fdq rqo| vwduw dqg vwrs rq erxqgdu| srlqwv/
ru wkh| duh forvhg rq wkhpvhoyhv1 Wkh Wruvlrq olqhv fdq eh hlwkhu sdudooho wr
wkh sodvpd fxuuhqw ru wkh| fdq eh ruwkrjrqdo wr wkh sodvpd fxuuhqw1 Dv wkh
hohfwurpdjqhwlf fxuuhqw lv h{dfw/ dq| wkuhh glphqvlrqdo grpdlq ri vxssruw iru d
�qlwh sodvpd fxuuhqw fdqqrw eh frpsdfw zlwkrxw d erxqgdu|1 Li wkh olqhv ri
sodvpd fxuuhqw vwduw dqg vwrs rq erxqgdu| srlqwv/ wkhq wkh olqhv ri wruvlrq fdq
irup forvhg orrsv wkdw olqn wkh fxuuhqw olqhv1 Lw lv wkh frqfhsw ri olqndjhv wkdw lv
ri lqwhuhvw wr wkh wkhru| ri pdjqhwlf nqrwv1

Frqvlghu wkdw sodvpd surfhvv vxfk wkdw wkh hyroxwlrq lv lq wkh gluhfwlrq ri wkh
Wruvlrq olqhv1 Dv lq wklv vlwxdwlrq/

ElEM�D	I � ' ElE�Y �D	I � , ElE�Ae�D	I � +8176,

' �ElEAe�ElEAe�le ' f> +8177,

wkh 60irup ri Wruvlrq lv d orfdo lqyduldqw zkhqhyhu wkh vhfrqg Srlqfduh lqyduldqw
ydqlvkhv> , �� , f1 Lq rwkhu zrugv/ I	I 9' f lv d orfdo qhfhvvdu| frqglwlrq iru
wrsrorjlfdo fkdqjh1 Lw lv dovr d uhpdundeoh idfw wkdw dq| hyroxwlrq lq wkh gluhfwlrq
ri wkh Wruvlrq yhfwru ohdyhv wkh Dfwlrq 40irup frqirupdoo| lqyduldqw/ lq wkh vhqvh
wkdw=

OE�Ae�D ' lE�Ae�gDn glE�Ae�D ' �E, ���Dn f= +8178,

Wkh wruvlrq yhfwru rq d grpdlq ri 7 yduldeohv lv wudqvyhuvh wr wkh 40irup ri Dfwlrq/
dv D	ED	I � ' f= Hyroxwlrq lq wkh gluhfwlrq ri wkh Wruvlrq yhfwru lq qrw Kdplo0
wrqldq/ xqohvv wkh vhfrqg Srlqfduh lqyduldqw ydqlvkhv1 Li wkh vhfrqg Srlqfduh
lqyduldqw lv qrw }hur/ hyroxwlrq lq wkh gluhfwlrq ri wkh Wruvlrq yhfwru lv wkhuprg|0
qdplfdoo| luuhyhuvleoh1

81:1 Hyroxwlrq ri wkh olqhv ri Wrsrorjlfdo Vslq Fxuuhqw zlwk uhvshfw wr

sodvpd fxuuhqwv1

Frqvlghu wkh hyroxwlrq ri wkh olqhv ri Vslq fxuuhqw
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OE�Y �D	J ' lE�Y �gED	J� n gElE�Y �D	J� +8179,

' lE�Y �gED	J� n giElE�Y �D�	J�D	lE�Y �Jj +817:,

Iluvw frqvlghu wkrvh v|vwhpv zkhuh wkh �uvw Srlqfduh lqyduldqw ydqlvkhv/ I	J�
D	M ' f= Wkh olqhv lq vsdfh wlph zklfk duh wdqjhqw wr wkh 60irup D	J wkhq kdyh
}hur glyhujhqfh1 Wkh olqhv fdq rqo| vwduw dqg vwrs rq erxqgdu| srlqwv/ ru wkh|
duh forvhg rq wkhpvhoyhv1 Wkh Vslq olqhv duh hlwkhu sdudooho wr wkh sodvpd fxuuhqw
ru wkh| duh ruwkrjrqdo wr wkh sodvpd fxuuhqw1 Dv wkh hohfwurpdjqhwlf fxuuhqw lv
h{dfw/ dq| wkuhh glphqvlrqdo grpdlq ri vxssruw iru d �qlwh sodvpd fxuuhqw fdqqrw
eh frpsdfw zlwkrxw d erxqgdu|1 Li wkh olqhv ri sodvpd fxuuhqw gr qrw vwrs ru
vwduw rq erxqgdu| srlqwv +fxuuhqw orrsv,/ wkhq wkh Vslq olqhv zklfk whuplqdwh rq
erxqgdu| srlqwv fdq eh olqnhg e| wkh fxuuhqw orrsv1

Wkh frqfhsw ri wkh vslq yhfwru ghshqgv rq wkh h{lvwhqfh ri J/ exw qrw rq wkh
frqfhsw ri M ' gJ1 Wkdw lv/ wkh Vslq yhfwru fdq eh dvvrfldwhg zlwk vhsdudwhg
grpdlqv ri fkdujhv/ zklfk fdq eh frpsdfw grpdlqv zlwkrxw erxqgdu|1 Wkhvh
grpdlqv ri vhsdudwhg fkdujh duh frpsohphqwv ri wkrvh uhjlrqv zklfk/ dv wkh| vxs0
sruw �qlwh fkdujh fxuuhqw ghqvlwlhv/ duh uhjlrqv wkdw fdq qrw eh frpsdfw zlwkrxw
erxqgdu|1

81;1 Dssolfdwlrqv wr Hohfwurpdjqhwlvp dqg Sodvpdv

Doo ri wkh ghyhorsphqw ri suhylrxv vhfwlrqv zloo fduu| ryhu wr wkh hohfwurpdjqhwlf
v|vwhp/ zklfk dovr vxevxphv wkh srvwxodwh ri srwhqwldov1 Wkh wrsrorjlfdo wruvlrq
60irup/ D	gD/ lqgxfhv wkh wruvlrq fxuuhqw

Ae ' �dE,��n�!�(� ��o � dA>ko= +817;,

Li glyeA ' 2 , �� 9' f> wkh hohfwurpdjqhwlf 40irup/ D> gh�qhv d grpdlq ri
Sid� glphqvlrq 71 Vxfk grpdlqv fdqqrw vxssruw wrsrorjlfdoo| wudqvyhuvh pdj0
qhwlf zdyhv Edv D	I 9' f�1 Hyroxwlrqdu| surfhvvhv +lqfoxglqj sodvpd fxuuhqwv,
wkdw duh sursruwlrqdo wr wkh Wruvlrq fxuuhqw duh wkhuprg|qdplfdoo| luuhyhuvleoh/ li
� ' , �� 9' f1 Krzhyhu/ wkh frqirupdo surshuwlhv ri hyroxwlrq lq wkh gluhfwlrq
ri wkh Wruvlrq fxuuhqw ohdg wr h{wudruglqdu| surshuwlhv zkhq wkh sodvpd fxuuhqw
lv lq wkh gluhfwlrq ri wkh Wruvlrq yhfwru1 Iurp wkh wkhuprg|qdplf dujxphqwv
suhvhqwhg deryh/ edvhg rq wkh srvwxodwh ri srwhqwldov iru dq duelwudu| v|vwhp/ exw
xvlqj wkh qrwdwlrq ri dq hohfwurpdjqhwlf v|vwhp/ lw iroorzv wkdw
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OEAe�D ' �D ' E, ���D +817<,

dqg

OEAe�ED	I � ' 2�D	I ' 2E, ��� D	I= +8183,

Lw iroorzv wkdw prwlrq dorqj wkh gluhfwlrq ri wkh wruvlrq yhfwru iuhh}hv0lq wkh
olqhv ri wkh wruvlrq yhfwru lq vsdfh wlph/ exw wkh surfhvv lv luuhyhuvleoh xqohvv wkh
vhfrqg Srlqfduh lqyduldqw lv }hur1 Wkh wlph hyroxwlrq ri wkh ghirupdeoh frkhuhqw
vwuxfwxuh lv uhfrjql}deoh hyhq wkrxjk lw wkhuprg|qdplfdoo| ghfd|v$

Uhfdoo wkdw wkh gh�qlwlrq ri d sodvpd fxuuhqw/ M> lv htxlydohqw wr dq hyroxwlrq0
du| surfhvv vxfk wkdw

Gh�qlwlrq ri d sodvpd Fxuuhqw M G OEM�J ' f= +8184,

Frqvlghu d sodvpd fxuuhqw zklfk lv dovr lq wkh gluhfwlrq ri wkh Wruvlrq yhfwru1
Wkhq

OEM�D	J ' EOEM�D�	JnD	OEM�J +8185,

' EOE�Ae�D�	JnD	OE�Ae�J ' � � E, ��� D	Jn f +8186,

Iru sodvpd prwlrqv lq wkh gluhfwlrq ri wkh +srvvleo| glvvlsdwlyh, wruvlrq yhfwru/
erwk wkh �olqhv�ri wkh Vslq yhfwru duh �iur}hq lq� dqg wkh olqhv ri wkh Wruvlrq
yhfwru duh �iur}hq lq�1 Vxfk �iur}hq lq�remhfwv fdq eh xvhg wr jlyh d wrsrorj0
lfdo gh�qlwlrq ri ghirupdeoh frkhuhqw vwuxfwxuhv lq d sodvpd1 Pruhryhu/ dv wkh
hyroxwlrqdu| surfhvv fdxvhv wkh iur}hq lq vwuxfwxuhv wr ghirup dqg ghfd|/ lw lv
frqfhlydeoh wkdw hyroxwlrq frxog surfhhg wr irup vwdwlrqdu| + exw qrw vwdjqdqw,
vwdwhv +zkhuh , � � , f�> vxfk wkdw wkh iur}hq lq �hog olqh vwuxfwxuhv ehfrph
orfdo ghirupdwlrq lqyduldqwv/ ru wrsrorjlfdo ghihfwv1

Lq frqfoxvlrq/ hohfwurpdjqhwlf frkhuhqw vwuxfwxuhv duh hyroxwlrqdu| ghirupdeoh
+dqg shukdsv ghfd|lqj, grpdlqv ri Sid� glphqvlrq 7/ zklfk irup vwdwlrqdu| vwdwhv
ri wrsrorjlfdo ghihfwv +lqfoxglqj wkh qxoo vwdwh, lq uhjlrqv ri Sid� glphqvlrq 6/
zkhuh , �� ' f1 +Qrwh wkdw doo vhpl0lghdo sodvpd fxuuhqw surfhvvhv duh uhyhuvleoh
lq d wkhuprg|qdplf vhqvh1,
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91 Dsshqgl{= H{dpsohv

Wkhvh h{dpsohv ri hohfwurpdjqhwlf sk|vlfdo v|vwhpv zlwk wrsrorjlfdo wruvlrq dqg
wrsrorjlfdo vslq kdyh ehhq irupxodwhg lq whupv ri d Pdsoh surjudp iru dffxudf|
lq vroylqj sureohpv zlwk d kljk ohyho ri dojheudlf frpsoh{lw|1 Zkhq wkh h{0
suhvvlrqv ehfrph wrr frpsoh{ iru frqyhqlhqw glvsod| lq wkh wh{w/ wkh uhihuhqfh
^Pdsoh HP 5336` lv flwhg1

9141 Hohfwurpdjqhwlf Zdyhv lq wkh Ydfxxp zlwk Vslq dqg Wruvlrq

Dv wkh irupdolvp ri wkh Wrsrorjlfdo Vslq fxuuhqw 5e dqg wkh Wrsrorjlfdo Wruvlrq
70yhfwru Ae pd| eh xqidploldu wr pdq| uhdghuv/ lw lv xvhixo wr frpsduh irxu
fodvvhv ri xqxvxdo ydfxxp zdyh vroxwlrqv zlwk wkh xvxdo zdyh vroxwlrqv1 Wkh �uvw
vroxwlrqv h{hpsoli| wkh phdqlqj ri Wrsrorjlfdo Wudqvyhuvdolw| dqg wkh vwdwhphqwv
pdgh deryh derxw WWHP prghv qrw udgldwlqj1 Wkh �xqxvxdo zdyhv� kdyh wkhlu
yhfwru srwhqwldo/ �> ruwkrjrqdo wr wkh zdyh yhfwru/ !/ ghvfulelqj wkh gluhfwlrq ri
wkh zdyh iurqw1 Vr lq hdfk fdvh wkh vroxwlrqv duh jhrphwulfdoo| wudqvyhuvh/ exw
qrw qhfhvvdulo| wrsrorjlfdoo| wudqvyhuvh1 Lq hdfk xqxvxdo h{dpsoh/ wkh fxuuhqw
ghqvlw| +li wkh skdvh yhorflw| frqglwlrq/ E$@n�2 � �@E%�� ' f> lv qrw vdwlv�hg, lv
lq wkh gluhfwlrq ri wkh yhfwru srwhqwldo dqg lv/ wkhuhiruh/ dovr ruwkrjrqdo wr wkh
zdyh yhfwru1 Wkh xvxdo zdyh vroxwlrqv kdyh wkhlu yhfwru srwhqwldo sdudooho wr wkh
zdyh yhfwru1 Wkh irxu xqxvxdo fdvhv ehorqj wr htxlydohqfh fodvvhv gh�qhg e| wkh
frqvwudlqwv

Htxloleulxp Sid� glphqvlrq 5 = +914,

Qr Wruvlrq/ Qr Vslq ED	I ' f> D	J ' f� +915,

Qrq0Htxloleulxp Sid� glphqvlrq 6 = +916,

WWP 0 Qr Wruvlrq/ �qlwh Vslq ED	I ' f> D	J 9' f> gED	J� ' f� +917,

WWH 0 Ilqlwh wruvlrq/ Qr Vslq ED	I 9' f> D	J ' f> gED	I � ' f� +918,

Ilqlwh wruvlrq/ Ilqlwh Vslq EgED	I � ' f> gED	J� ' f� +919,

Qrq0Htxloleulxp Sid� glphqvlrq 7 = +91:,

EgED	I � 9' f> gED	J� 9' f�= +91;,

Lq hdfk fdvh/ hdfk frpsrqhqw ri wkh �hogv vdwlv�hv wkh zdyh htxdwlrq/ vxemhfw
wr wkh skdvh yhorflw| uhodwlrq/ +$@n�2 � �@E%�� ' f= Wkh fxuuhqw ghqvlw|/ M> lv
sursruwlrqdo wr wkh yhfwru srwhqwldo/ D/ +lq d idvklrq uhplqlvfhqw wr wkh Orqgrq
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frqmhfwxuh, pxowlsolhg e| wkh vdph skdvh yhorflw| uhodwlrq1 Wkh h{dpsohv gr
qrw jhqhudwh dq| fkdujh fxuuhqw glvwulexwlrqv zkhq wkh skdvh yhorflw| htxdwlrq
lv vdwlv�hg +wkh skdvh yhorflw| htxdov wkh vshhg ri oljkw dv ghwhuplqhg e| wkh
frqvwlwxwlyh htxdwlrqv,1

Lq hdfk h{dpsoh jlyhq ehorz/ wkh 40irup ri Dfwlrq lv vshfl�hg dqg wkh �hog
lqwhqvlwlhv duh frpsxwhg1 Wkhq wkh Vslq Fxuuhqw dqg wkh Wruvlrq yhfwru duh
hydoxdwhg1 D vdwlvidfwru| ydfxxp vroxwlrq zloo vdwlvi| wkh Oruhqw}0Oruhq} ydfxxp
frqglwlrqv ri }hur fkdujh fxuuhqw ghqvlwlhv/ zklfk pd| eh vdwlv�hog vxemhfw wr d
skdvh yhorflw| �glvshuvlrq� uhodwlrq ri wkh w|sh +%�f2 ' ��1 Wkh Sr|qwlqj yhfwru
lv frpsxwhg/ dqg wkh Srlqfduh lqyduldqwv duh hydoxdwhg1

Wkh vlpsohvw %hlnrqdo% skdvh ixqfwlrq lv gh�qhg e| wkh irupxodX ' E	n}
$w�
uhsuhvhqwlqj rxwerxqg zdyhv/ ru X ' E	n} 	 $w� iru lqerxqg zdyhv1 Lw lv
lpsruwdqw wr uhdol}h wkdw wkhuh duh wzr phwkrgv iru ghwhuplqlqj li d sk|vlfdo
remhfw lv frplqj dw |rx ru jrlqj dzd|1 Wkh �uvw phwkrg lv edvhg xsrq wkh
skdvh yhorflwlhv ri zdyhv + dqg wkh vljqv lq wkh skdvh ixqfwlrq , zkloh wkh vhfrqg
phwkrg ghshqgv xsrq d nlqhpdwlf +sduwlfoh, glvwlqfwlrq zklfk lv uhodwhg wr wkh
jurxs yhorflw| frqfhsw1 H{dpsohv ehorz zloo ghprqvwudwh wkh gl�huhqfhv/ zklfk
riwhq dsshdu lq wkh wkhru| ri zdyh jxlghv>

H{dpsohv ri wkh irxu fodvvhv ri wkhvh vlpsoh +exw xqxvxdo, zdyh w|shv fruuh0
vsrqg wr=

914141 H{dpsoh 41 Uhdo Olqhdu Srodul}dwlrq= D	J 9' f> gED	J� 9' f> D	I '
f

Frqvlghu wkh Srwhqwldov iru dqg rxwerxqg zdyh=

D ' dULtEn} � $w�> ULtEn} � $w�> f> fo +91<,

dqg wkhlu lqgxfhg �hogv +dvvxplqj # '%,> � '�O,=

, ' d� t�?En} � $w�>� t�?En} � $w�> fo$ +9143,

� ' dt�?En} � $w�>� t�?En} � $w�> fon +9144,

Wrsrorjlfdo Wruvlrq Ae ' df> f> f> fo= +9145,

Srlqfduh LL ' 2, �� ' f +9146,
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ae ' d� ULtEn} � $w�>� ULtEn} � $w�> f> foE�n2 n %�$2�@� +9147,

� ' f +9148,

Wrsrorjlfdo vslq 5e ' df> f>�n@�>�%$o 2 ULtEn} � $w� t�?En} � $w�= +9149,

Srlqfduh L ' 2iEt�?En} � $w��2 � EULtEn} � $w��2jE�n2 n %�$2�@� +914:,

,�O ' df> f> �oE2$n@��Et�?En} � $w��2� +914;,

Ea � ,� ' 2iULtEn} � $w� t�?En} � $w�jEn2 � %�$2�@�+914<,

E, ��� ' f> +9153,

WWP E� ��� ' f> +9154,

qrw WWH dv E� �#� ' �2$�iULtEn} � $w� t�?En} � $w�j +9155,

Wklv fodvv ri srwhqwldov jhqhudwhv d vhw ri frpsoh{ �hog lqwhqvlwlhv dqg h{flwd0
wlrqv/ dqg d fxuuhqw ghqvlw| sursruwlrqdo wr wkh yhfwru srwhqwldo1 Li wkh glvshuvlrq
uhodwlrq En2� %�$2� ' f lv vdwlv�hg/ wkhq wkh vroxwlrqv duh dffhswdeoh ydfxxp vr0
oxwlrqv/ zlwk d ydqlvklqj fkdujh fxuuhqw ghqvlw|1 Wkh Wruvlrq yhfwru ydqlvkhv
lghqwlfdoo|/ lqghshqghqw iurp wkh glvshuvlrq frqglwlrq/ exw wkh Vslq yhfwru grhv
qrw1 Wkh �uvw Srlqfduh lqyduldqw ydqlvkhv vxemhfw wr wkh frqvwudlqw ri wkh glvshu0
vlrq uhodwlrq1 Wkh vhfrqg Srlqfduh lqyduldqw ydqlvkhv lghqwlfdoo|1 Wkh vroxwlrq
fruuhvsrqgv wr d olqhdu vwdwh ri srodul}dwlrq dw 78� zlwk uhvshfw wr wkh {0d{lv/
zlwk wkh hohfwulf dqg wkh pdjqhwlf �hogv lq skdvh1 Wkhuh lv d qrq0}hur Sr|qwlqj
yhfwru dorqj wkh } d{lv/ zklfk lv ruwkrjrqdo wr wkh yhfwru srwhqwldo1 Qrwh wkdw wkh
udgldwhg srzhu kdv d wlph dyhudjh zklfk lv }hur1 Li wkh fkdujh fxuuhqw ghqvlw| lv
qrw }hur +gxh wr d  xfwxdwlrq lq wkh glvshuvlrq uhodwlrq, wkh fkdujh fxuuhqw yhfwru
lv ruwkrjrqdo wr wkh Vslq fxuuhqw yhfwru1

Li wkh dvvxphg srwhqwldov duh fkdqjhg vr dv wr uhsuhvhqw dq lqerxqg zdyh
+n} � $w� , En} n $w�/ wkhq , �hog fkdqjhv vljq/ wkh � �hog uhpdlqv wkh vdph/
wkh fxuuhqw ghqvlw| uhpdlqv wkh vdph/ wkh 7wk frpsrqhqw ri 5e fkdqjhv vljq/ dqg
E� �#� fkdqjhv vljq1
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914151 H{dpsoh 51 Uhdo Flufxodu Srodul}dwlrq= D	J ' f> D	I 9' f

Frqvlghu wkh Srwhqwldov iru dq rxwerxqg zdyh=

D ' dULtEn} � $w�> t�?En} � $w�> f> fo +9156,

dqg wkhlu lqgxfhg �hogv +dvvxplqj # '%,> � '�O,=

, ' d� t�?En} � $w�> ULtEn} � $w�> fo$

� ' d� ULtEn} � $w�>� t�?En} � $w�> fon

ae ' d� ULtEn} � $w�>nt�?En} � $w�> f> foE�n2 n %�$2�@�

� ' f +9157,

5e ' df> f> f> fo =

Srlqfduh L ' f +9158,

Ae ' df> f> $> no=

Srlqfduh LL ' f +9159,

,�O ' df> f> �oE$n@��

Ea � ,� ' f

E, ��� ' f>

qrw WWP E� ��� ' n>

WWH E� �#� ' f

Wklv fodvv ri srwhqwldov jhqhudwhv d vhw ri frpsoh{ �hog lqwhqvlwlhv dqg h{0
flwdwlrqv/ dqg d fxuuhqw ghqvlw| sursruwlrqdo wr wkh yhfwru srwhqwldo1 Li wkh
glvshuvlrq uhodwlrq En2 � %�$2� ' f lv vdwlv�hg/ wkhq wkh vroxwlrqv duh dffhsw0
deoh ydfxxp vroxwlrqv/ zlwk d ydqlvklqj fkdujh fxuuhqw ghqvlw|1 Wkh Vslq yhfwru
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ydqlvkhv lghqwlfdoo|/ exw wkh Wruvlrq yhfwru grhv qrw1 Lq idfw/ wkh wruvlrq yhfwru
lv frqvwdqw1 Wkh vroxwlrq fruuhvsrqgv wr d flufxodu vwdwh ri srodul}dwlrq zlwk
wkh frqvwdqw pdjqhwlf dqg hohfwulf dpsolwxghv urwdwlqj derxw wkh } d{lv1 Wkh
Sr|qwlqj yhfwru lv qrw }hur dqg lv d frqvwdqw/ wlph lqghshqghqw/ yhfwru1 Wklv
zdyh vroxwlrq lv jhrphwulfdoo| wudqvyhuvh +WHP,/ |hw lw surgxfhv srzhu dv lw lv
qrw wrsrorjlfdoo| wudqvyhuvh +WWHP,1 Li wkh glvshuvlrq uhodwlrq lv qrw suhflvho|
vdwlv�hg/ wkh fxuuhqw yhfwru lv ruwkrjrqdo wr wkh Wruvlrq yhfwru dqg sdudooho wr
wkh yhfwru srwhqwldo1 Erwk Srlqfduh lqyduldqwv ydqlvk lghqwlfdoo|1 Wkh vrolwrq
olnh vroxwlrq vkrxog eh frpsduhg wr wkh zdyh jxlgh vroxwlrq ri h{dpsoh 8 ehorz/
zklfk lv dovr WHP/ exw grhv qrw udgldwh1 Wkh h{dpsoh vroxwlrq ghprqvwudwhv
wkh fruuhvsrqghqfh ehwzhq Wrsrorjlfdo Wruvlrq dqg flufxodu srodul}dwlrq1

914161 H{dpsoh 61 Frpsoh{ Olqhdu Srodul}dwlrq= D	J ' f> D	I ' f

Frqvlghu wkh Srwhqwldov iru dq rxwerxqg zdyh=

D ' dULtEn} � $w�>
s�� ULtEn} � $w�> f> fo +915:,

dqg wkhlu lqgxfhg �hogv +dvvxplqj # '%,> � '�O,=

, ' d� t�?En} � $w�>�s�� t�?En} � $w�> fo$ +915;,

� ' dn
s�� t�?En} � $w�>� t�?En} � $w�> fon +915<,

Wrsrorjlfdo Wruvlrq Ae ' df> f> f> fo= +9163,

Srlqfduh LL ' 2, �� ' f +9164,

ae ' d� ULtEn} � $w�>�s�� ULtEn} � $w�> f> foE�n2 n %�$2�@� +9165,

� ' f +9166,

Wrsrorjlfdo vslq 5e ' df> f> f> fo = +9167,

Srlqfduh L ' f +9168,
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,�O ' df> f> fo= +9169,

Ea � ,� ' f +916:,

E, ��� ' f> +916;,

WWP dv E� ��� ' f> +916<,

WWH E� �#� ' f +9173,

Wklv fodvv ri srwhqwldov jhqhudwhv d vhw ri frpsoh{ �hog lqwhqvlwlhv dqg h{flwdwlrqv/
dqg d fxuuhqw ghqvlw| sursruwlrqdo wr wkh yhfwru srwhqwldo1 Wkh �hogv duh vdlg
wr eh frpsoh{ olqhduo| srodul}hg ehfdxvh wkh frpsoh{ � �hog lv d frpsoh{ vfdodu
pxowlsoh ri wkh frpsoh{ , �hog1 Li wkh glvshuvlrq uhodwlrq En2 � %�$2� ' f lv
vdwlv�hg/ wkhq wkh vroxwlrqv duh dffhswdeoh ydfxxp vroxwlrqv/ zlwk d ydqlvklqj
fkdujh fxuuhqw ghqvlw|1 Qrwh wkdw erwk wkh Wruvlrq yhfwru dqg wkh Vslq yhfwru
ydqlvk lghqwlfdoo|1 Wkh frpsoh{ vtxduh ri erwk wkh hohfwulf dqg wkh pdjqhwlf
�hog yhfwruv ydqlvk1 Erwk Srlqfduh lqyduldqwv ydqlvk lqghshqghqw iurp wkh glv0
shuvlrq frqvwudlqw1 Dowkrxjk wkh �hogv duh sursdjdwlqj/ wkhuh lv qr prphqwxp
 x{ dqg wkh Sr|qwlqj yhfwru lv }hur1 Wkh , dqg � �hogv duh +frpsoh{, froolqhdu1
Wklv h{dpsoh lv shukdsv wkh vlpsohvw phpehu ri wkh fodvv ri Edwhpdq0Zklwwdnhu
frpsoh{ vroxwlrqv ghvfulehg lq H{dpsoh 43/ ehorz1

914171 H{dpsoh 71 Frpsoh{ Flufxodu Srodul}dwlrq= D	J 9' f> D	I 9' f

Frqvlghu wkh frpsoh{ Srwhqwldov iru dq rxwerxqg zdyh=

D ' dULtEn} � $w�>
s�� t�?En} � $w�> f> fo +9174,

dqg wkhlu lqgxfhg �hogv +dvvxplqj # '%,> � '�O,=

, ' d� t�?En} � $w�>
s�� ULtEn} � $w�> fo$ +9175,

� ' d�s�� ULtEn} � $w�>� t�?En} � $w�> fon +9176,

Wrsrorjlfdo Wruvlrq Ae ' df> f> $> no= +9177,

Srlqfduh LL ' 2, �� ' f +9178,
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ae ' d� ULtEn} � $w�>�s�� t�?En} � $w�> foEn2 � %�$2�@� +9179,

� ' f +917:,

Wrsrorjlfdo Vslq 5e ' �df> f> n@�> %$o 2 ULtEn} � $w� t�?En} � $w�= +917;,

Srlqfduh L ' 2En2 � %�$2�iEULtEn} � $w��2 � Et�?En} � $w��2j +917<,

,�O ' df> f>�$n@�oiEULtEn} � $w��2 � Et�?En} � $w��2j= +9183,

Ea � ,� ' 2En2 � %�$2� ULtEn} � $w� t�?En} � $w�@�+9184,

E, ��� ' f> +9185,

qrw WWP dv E� ��� ' n
s��n> +9186,

qrw WWH E� �#� ' �2%$ ULtEn} � $w� t�?En} � $w�= +9187,

Vxemhfw wr wkh skdvh yhorflw| frqvwudlqw En2 � %�$2� , f> wkh vroxwlrq lv dq
dgplvvdeoh ydfxxp vroxwlrq/ iru wkhq erwk wkh fkdujh fxuuhqw ghqvlw| dqg wkh
�uvw Srlqfduh lqyduldqw ydqlvk1

914181 H{dpsoh 81 Zdyhjxlgh WP prghv

Wkh qh{w h{dpsoh lv frpsrvhg iurp d nlqhpdwlf irup/ +g} � yjgw�/ pxowlsolhg e|
wkh duelwudu| zdyh ixqfwlrq/ iE{> |� ULtEn}�$w�= Li yj A f> wkhq dv w lqfuhdvhv/ wkh
%glvwdqfh% jhwv odujhu +rxwerxqg wr wkh revhuyhu, 1 Li yj ? f> wkhq dv w lqfuhdvhv/
wkh glvwdqfh jhwv vpdoohu +lqerxqg wr wkh revhuyhu,1 Frqvlghu wkh Srwhqwldov +� '
dD�> D2> D�o> * ' �De�

D ' df> f> �>�yjoiE{> |� ULtEn} � $w�> +9188,

dqg wkhlu lqgxfhg �hogv +qrwh wkdw d �jurxs� yhorflw| yj lv xvhg lq wkh gh�qlwlrq
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ri wkh nlqhpdwlf irup/ qrw wkh skdvh yhorflw|/ ys ' $@n�=

, ' d�yjCi@C{>�yjCi@C|> iE{> |� |@?En} � $w�E�yj n ys�no ULtEn} � $w� +9189,

� ' dCiE{> |�@C| ULtEn} � $w�>�CiE{> |�@C{ ULtEn} � $w�> fo +918:,

ae ' dnCi@C{ t�?En} � $w�E%�yjys � ��> +918;,

�nCi@C| t�?En} � $w�E%�yjys � ��> +918<,

�Eu2i n �i� ULtEn} � $w�> +9193,

�yj%�Eu2i n �i� ULtEn} � $w�o@� +9194,

� ' n2%�ysEys � yj�> � ' n2Eys � yj�@yj> +9195,

u2i ' Ci2E{> |�@C{2 n Ci2E{> |�@C|2 +9196,

� ' �yj%�Eu2i n �i� ULtEn} � $w�@� +9197,

Wrsrorjlfdo Wruvlrq Ae ' df> f> f> fo= +9198,

Srlqfduh LL ' 2, �� ' f +9199,

5e ' d�Eyj@ys � ��iCi@C{ ULtEn} � $w�2> +919:,

�Eyj@ys � ��iCi@C{ ULtEn} � $w�2> +919;,

�nEyj@ys � ��i2 t�?En} � $w� ULtEn} � $w�> +919<,

��nEyj � ys�i
2 t�?En} � $w� ULtEn} � $w�o@� +91:3,

Srlqfduh L ' frpsolfdwhg ixqfwlrq ^Pdsoh HP 5336` +91:4,

,�O ' dEys@yj � ��iCi@C{ t�?En} � $w�>

Eys@yj � ��iCi@C| t�?En} � $w�>

EECi@C{�2 n ECi@C|�2� ULtEn} � $w�oE yj@�� ULtEn} � $w�
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Ea � ,� ' �@niiu2ijn �iECi@C{�2 n ECi@C|�2jn �ii2j dPdsoh HP 5336o
+91:5,

E, ��� ' f> +91:6,

WWP dv E� ��� ' f> +91:7,

qrw WWH E� �#� ' �Eyj � ys�nEi
2 ULtEn} � $w� t�?En} � $w�= +91:8,

E� �O�# � ,� ' �Ei%�E$@n�2 � �j@�� ULtEn} � $w�2iEui�2 n iEu2i�j
Qrwh wkdw lq wklv vroxwlrq/ wkh irxuwk frpsrqhqw ri wkh Dfwlrq lv vfdohg e| wkh

�jurxs yhorflw|�/ yj> qrw wkh �vshhg ri oljkw� zklfk lv gh�qhg dv f '
s

�@��= Wkh
skdvh yhorflw|/ ys ' $@n> gl�huv iurp wkh jurxs yhorflw|/ yj> dqg wkh ydfxxp vshhg/
f= Djdlq/ wzr frqvwudlqw frqglwlrqv +glvshuvlrq uhodwlrqv, duh uhtxluhg iru wkh
vroxwlrq wr eh d ydfxxp vroxwlrq zlwkrxw fkdujh fxuuhqwv1 Rqh ri wkh frqvwudlqw
frqglwlrqv ghpdqgv wkdw wkh surgxfw ri wkh jurxs dqg wkh skdvh yhorflw| htxdov
wkh vtxduh ri wkh vshhg ri oljkw dv ghwhuplqhg iurp wkh frqvwlwxwlyh surshuwlhv=

ys � yj ' �@%� ' f2= +91:9,

Wkh vhfrqg frqvwudlqw uhtxluhg iru wkh ydfxxp vwdwh Ea ' f> � ' f� lpsolhv
wkh ixqfwlrqv iE{> |� vdwlv�hv wkh Khopkrow} htxdwlrq zlwk sdudphwhu/ �>

u2i n �2i ' f +91::,

�2 ' n2Eys@yj � ��= +91:;,

Vxfk fkdujh fxuuhqw iuhh WP prghv duh dovr WWP prghv> wkh Wruvlrq yhfwru
lv lghqwlfdoo| }hur/ exw wkh Vslq yhfwru lv qrw1 Ixuwkhu qrwh wkdw wkh , �hog
kdv d orqjlwxglqdo frpsrqhqw zkhq wkh jurxs yhorflw| dqg wkh skdvh yhorflw|
duh qrw wkh vdph1 Iru wkh WWP prgh pdjqhwlf prgh frqvwudlqw lv vdwlv�hg/
� �� ' f>exw wkh WWH prgh frqvwudlqw lv qrw/ � �# 9' f1 Wkh vhfrqg Srlqfduh
lqyduldqw ydqlvkhv/ , �� ' f>exw iru wklv vroxwlrq/ wkh �uvw Srlqfduh lqyduldqw
grhv qrw ydqlvk1 Qrw rqo| lv wkh Vslq yhfwru qrw }hur/ exw dovr lwv glyhujhqfh lv
qrw }hur1 Wkh hqhuj|  rz lv lq wkh gluhfwlrq ri wkh zdyh yhfwru/ !/ exw qrw lq
wkh gluhfwlrq ri wkh �hog prphqwxp/ #��> dqg wkh hqhuj| sursdjdwhv zlwk wkh
jurxs yhorflw| yj=
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914191 H{dpsoh 91 Zdyhjxlgh WHP prghv wkdw gr qrw udgldwh1

E| d voljkw prgl�fdwlrq ri wkh suhfhhglqj h{dpsoh/ frqvlghu wkh Srwhqwldov zkhq
wkh jurxs yhorflw| dqg wkh skdvh yhorflw| duh wkh vdph1 Wkhq wkh srwhqwldov
ehfrph

D ' df> f> iE{> |�>�E$@n�iE{> |�o ULtEn} � $w� +91:<,

dqg wkhlu lqgxfhg �hogv +xvlqj # '%,> � '�O, duh=

, ' d�E$@n�Ci@C{>�E$@n�Ci@C|> fo ULtEn} � $w� +91;3,

� ' dCi@C|>�Ci@C{> fo ULtEn} � $w� +91;4,

Wrsrorjlfdo Wruvlrq Ae ' df> f> f> fo= +91;5,

Srlqfduh LL ' 2, �� ' f +91;6,

ae ' dM{> M|> M}> �o@�> +91;7,

M{ ' Ci@C{ t�?En} � $w�En2 � %�$2�@n> +91;8,

M| ' �Ci@C| t�?En} � $w�En2 � %�$2�@n> +91;9,

M} ' � ULtEn} � $w�iC2i@C{2 n C2i@C|2j> +91;:,

� ' � ULtEn} � $w�E%�$@n�iC2i@C{2 n C2i@C|2j +91;;,

Wrsrorjlfdo Vslq 5e ' �diCi@C{> iCi@C|> f> fo� +91;<,

� ' E�� %�E$@n�2�EULtEn} � $w��2@�= +91<3,

Srlqfduh L ' E�� %�E$@n�2�EULtEn} � $w��2 +91<4,

iiC2i@C{2 n iC2i@C|2 n ECi@C{�2 n ECi@C|�2�j@�+91<5,

,�O ' df> f> $@En��o� +91<6,

� ' iEULtEn} � $w��2EECi@C{�2 n ECi@C|�2�j= +91<7,
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Ea � ,� ' � E�� %�E$@n�2� ULtEn} � $w� t�?En} � $w� +91<8,

iECi@C{�2 n ECi@C|�2j@� +91<9,

E, ��� ' f> +91<:,

WWP dv E� ��� ' f> +91<;,

WWH E� �#� ' f= +91<<,

Qrwh wkdw wkh yhfwru srwhqwldo/ �> lv sdudooho wr erwk wkh zdyh yhfwru/ !>
dqg wkh �hog prphqwxp/ # � �= Wkh Wruvlrq yhfwru dqg wkh vhfrqg Srlqfduh
lqyduldqw duh lghqwlfdoo| }hur1 Wkh vroxwlrq surgxfhv wudqvyhuvh fxuuhqwv dqg vslq
ghqvlwlhv xqohvv d glvshuvlrq uhodwlrq/ %�E$@n�2 ' �> lv vdwlv�hg1 Vxemhfw wr wkh
glvshuvlrq frqvwudlqwv/ wklv fodvvlf vroxwlrq kdv erwk d }hur Wruvlrq yhfwru dqg
d }hur Vslq yhfwru1 Erwk � �# ' f dqg � �� ' f= Wkh zdyh iurqw qrupdo
�hog lv lq wkh vsdwldo gluhfwlrq ri wkh srwhqwldo/ e| frqvwuxfwlrq1 Wkh fdqglgdwh
vroxwlrq vxemhfw wr wkh glvshuvlrq uhodwlrq lv erwk wrsrorjlfdoo| wudqvyhuvh WWHP
dqg jhrphwulfdoo| wudqvyhuvh/ WHP 1

Krzhyhu/ hyhq li wkh glvshuvlrq uhodwlrqv duh vdwlv�hg/ wkh jhrphwulf WHP
vroxwlrq surgxfhv �qlwh fkdujh fxuuhqw ghqvlwlhv/ xqohvv wkh ixqfwlrq iE{> |� lv d
vroxwlrq ri wkh wzr glphqvlrqdo Odsodfh htxdwlrq/ u2i ' f= Wklv ixuwkhu frq0
vwudlqw lpsolhv wkdw wkh WHP vroxwlrq surgxfhv qr udgldwhg srzhu lq wkh fkdujh
iuhh vwdwh/ iru ,�O , f dv u2i , f= Lq wkh suhylrxv h{dpsoh/ wkh frqvwudlqw
wkdw wkh v|vwhp eh WWHP lv uhod{hg/ dqg udgldwhg srzhu lv dfklhyhg lq d WWP
prgh1

9141:1 H{dpsoh :1 Dq luuhyhuvleoh W|sh 4 ydfxxp vroxwlrq iru zklfk

, �� A f

Frqvlghu wkh srwhqwldov uhsuhvhqwlqj d %urwdwlrq% lq wkh {0| sodqh/ dqg d %wudqv0
odwlrq% lq wkh }0w sodqh=

� ' dn|>�{> fwo@�2 > ! ' f}@�2> zkhuh � ' �f2w2 n {2 n |2 n }2= +91433,

Wkh lqgxfhg �hogv duh=

, ' d�2Efw| � {}�>n2Efw{n |}�>�Ef2w2 n {2 n |2 � }2�o2f@��
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� ' d�2Efw| n {}�>n2Efw{� |}�>nEf2w2 n {2 n |2 � }2�o2@��=

Wrsrorjlfdo Wruvlrq Ae ' 2fd{> |> }> wo@�e= +91434,

Srlqfduh LL ' 2, �� ' �Hf@�e +91435,

ae ' dM{> M|> M}> �oE%�f
2 � ��@��e +91436,

M{ ' de|�n SfwE|fw� }{�> +91437,

M| ' e{�n SfwE{fwn }|�> +91438,

M} ' HfwE2{2 n 2|2 � }2 n f2w2�> +91439,

� ' f +9143:,

Wrsrorjlfdo Vslq 5e ' �dV{> V|> V}> �o @��
D ^Pdsoh HP 5336` +9143;,

Srlqfduh L ' �eE�� %�f2�"@��S� +9143<,

" ' "E{> |> }> w� +91443,

,�O ' d{> |> 2})�o�Sf2w�@E��S� +91444,

� ' E{2 n |2 � }2 n f2w2� +91445,

) ' E{2 n |2�@�= +91446,

Ea � ,� ' � �SE�� %�E$@n�2�E�@��.� +91447,

� ' �E{> |> }> w� +91448,

E, ��� ' �Hf@�e 9' f> +91449,

qrw WWP E� ��� ' 2fw@�e 9' f> +9144:,

qrw WWH E� �#� ' �2%f2wEnf2w2 n �{2 n �|2 � }2 9' f= +9144;,

Vxemhfw wr wkh glvshuvlrq uhodwlrq/ %�f2 ' �> dqg wkh Oruhqw} frqvwlwxwlyh
frqglwlrqv/ wkhvh wlph ghshqghqw zdyh ixqfwlrqv vdwlvi| wkh krprjhqhrxv Pd{zhoo
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htxdwlrqv zlwkrxw fkdujh fxuuhqwv/ dqg duh wkhuhiruh dffhswdeoh ydfxxp vroxwlrqv1
Wkh Sr|qwlqj yhfwru grhv qrw ydqlvk/ exw �uvw Srlqfduh lqyduldqw ydqlvkhv/ dv grhv
Ea � ,�=

Mnw ' gJ ' df> f> f> fo +9144<,

Wkh h{whqvlyh dojheud lqyroyhg lq wkhvh dqg rwkhu frpsxwdwlrqv lq wklv duwlfoh
zhuh fkhfnhg zlwk d Pdsoh v|perolf pdwkhpdwlfv surjudp ^Pdsoh HP 5336` 1
Lw lv wr eh qrwhg wkdw zkhq wkh vxevwlwxwlrq w , �w lv pdgh lq wkh ixqfwlrqdo
irupv iru wkh srwhqwldov/ wkh prgl�hg srwhqwldov idlo wr vdwlvi| wkh ydfxxp Oruhqw}
frqglwlrqv iru }hur fkdujh0fxuuhqwv1 Wkh dojheudlf uhvxowv iru wkh fkdujh fxuuhqw
ghqvlw| duh vrphzkdw frpsolfdwhg/ exw wkh erwwrp olqh lv wkdw

M3w ' gJ 9' df> f> f> fo= +91453,

Lw dsshduv wkdw wkh ydolg ydfxxp vroxwlrq suhvhqwhg deryh lv qrw wlph0uhyhuvdo

lqyduldqw lq d gluhfwlrqdo vhqvh zkhuh e| gw lv suhvxphg wr lqfuhdvh/ exw wkh wudqv0

odwlrq lq wkh }0w sodqh lv uhyhuvhg1

Wkh Vslq fxuuhqw ghqvlw| iru wklv qrq0wudqvyhuvh ydfxxp zdyh h{dpsoh lv hydo0
xdwhg dv=

Vslq G 5e ' d{E��2 � e|2 � e{2�> |E��2 � e|2 � e{2�> }E�2 � e|2 � e{2�>

wE�2 � e|2 � e{2�oE2@��@��f> +91454,

dqg kdv }hur glyhujhqfh/ vxemhfw wr wkh frqglwlrq %�f2 ' �1 Wkh vroxwlrq kdv
pdjqhwlf kholflw| dv � � � 9'f dqg lv udgldwlyh lq wkh vhqvh wkdw wkh Sr|qwlqj
yhfwru/ ,�O 9'f=

Erwk wkh Vslq fxuuhqw dqg wkh Wruvlrq yhfwru duh qrq0}hur/ zklfk lpsolhv wkdw
wklv vroxwlrq uhsuhvhqwv zdyhv zklfk duh qhlwkhu WWP qru WWH1 Wkh| duh qrw
wudqvyhuvh zdyhv lq dq| vhqvh1 Krzhyhu/ wkh �uvw Srlqfduh lqyduldqw ydqlvkhv/
lpso|lqj wkdw wkh Vslq lqwhjudo lv d ghirupdwlrq lqyduldqw/ dqg lv frqvhuyhg1 Wkh
vhfrqg Srlqfduh lqyduldqw lv qrw }hur/ zklfk lpsolhv wkdw wkh Wruvlrq0Kholflw|
lqwhjudo lv qrw d wrsrorjlfdo lqyduldqw1 Wkhvh vroxwlrqv duh qrw vlpsoh wudqvyhuvh
zdyhv iru erwk � �� 9' f> dqg � �# 9' f= Qrwh wkdw wkh sk|vlfdo xqlwv ri wkh
vhfrqg Srlqfduh lqyduldqw duh wkdw ri dq hqhuj| ghqvlw| pxowlsolhg e| dq lpshgdqfh
+rkpv,1 Dv wkh vhfrqg Srlqfduh lqyduldqw lv qrw }hur/ lw lv lpsrvvleoh wr �qg d
frpsdfw zlwkrxw erxqgdu| wzr vxuidfh wkdw frqwdlqv qrq0}hur olqhv ri pdjqhwlf
�hog1 Wkdw lv/ d forvhg 50wruxv ri pdjqhwlf �hog olqhv grhv qrw h{lvw1
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Krzhyhu/ dv wkh �uvw Srlqfduh lqyduldqw lv }hur lw lv srvvleoh wr frqvwuxfw
d ghirupdwlrq lqyduldqw lq whupv ri wkh ghUkdp shulrg lqwhjudo ryhu d forvhg 6
glphqvlrqdo vxepdqlirog

Vslq '

]
}�

iV{g|	g}	gw� V|g{	g}	gwn V}g{	g|	gw� �g{	g|	g}j= +91455,

9141;1 H{dpsoh ;1 Dq luuhyhuvleoh ydfxxp vroxwlrq ri w|sh 5 iru zklfk

, �� ? f

Frqvlghu wkh srwhqwldov +frpsolphqwdu| wr h{dpsoh :,

� ' dnfw>�}>n|o@�e > ! ' f{@�e> zkhuh �2 ' �f2w2 n {2 n |2 n }2 +91456,

dqg wkhlu lqgxfhg �hogv=

, ' dnE�f2w2 n {2 � |2 � }2�>n2Efw} n |{�>�2Efw| � }{�o2f@�S

� ' dnE�f2w2 n {2 � |2 � }2�>n2E�fw} n |{�>n2Efw| n }{�o2@�S=

Dv lq wkh suhylrxv h{dpsoh deryh/ wkhvh �hogv vdwlvi| wkh Pd{zhoo0Idudgd| htxd0
wlrqv/ dqg wkh dvvrfldwhg h{flwdwlrqv vdwlvi| wkh Pd{zhoo0Dpshuh htxdwlrqv zlwk0
rxw surgxflqj d fkdujh fxuuhqw 70yhfwru1 Krzhyhu/ lw iroorzv e| gluhfw frpsxwd0
wlrq wkdw wkh vhfrqg Srlqfduh lqyduldqw/ dqg wkh Wruvlrq 70yhfwru duh ri rssrvlwh
vljqv wr wkh ydoxhv frpsxwhg iru wkh suhylrxv h{dpsoh=

, �� ' nef@�H dqg � �� ' n2fw@�H =

9141<1 H{dpsoh <1 D fodvvlfdo skrwrqB Vxshusrvlwlrq ri wkh wzr frp0

sohphqwdu| h{dpsohv ri w|sh 4 dqg w|sh 51

Zkhq wkh srwhqwldov ri h{dpsohv w|sh 4 dqg w|sh 5 deryh duh frpelqhg e| dgglwlrq
ru vxewudfwlrq/ wkh uhvxowlqj zdyh lv wrsrorjlfdoo| wudqvyhuvh pdjqhwlf/ exw qrw
wrsrorjlfdo wudqvyhuvh hohfwulf1 Qrw rqo| grhv wkh vhfrqg Srlqfduh lqyduldqw ydqlvk
xqghu vxshusrvlwlrq/ exw vr dovr grhv wkh Wruvlrq 7 yhfwru1 Frqyhuvho|/ wkh
h{dpsohv deryh vkrz wkdw wkhuh fdq h{lvw wrsrorjlfdoo| wudqvyhuvh pdjqhwlf zdyhv
zklfk fdq eh ghfrpsrvhg lqwr wzr qrq0wudqvyhuvh zdyhv1 Xqghu wkh dvvxpswlrq
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wkdw E%�f2 � �� , f> wkh vxshusrvhg vroxwlrqv vdwlvi| wkh ydfxxp frqglwlrq ri
}hur0fkdujh fxuuhqw ghqvlw|/ exw wkh Vslq 7 yhfwru grhv qrw ydqlvk1 Vxfk zdyhv
duh qrw wrsrorjlfdoo| wudqvyhuvh hohfwulf1 Krzhyhu/ wkh �uvw Srlqfduh lqyduldqw
ydqlvkhv/ zklfk lpsolhv wkdw wkh Vslq uhpdlqv d frqvhuyhg wrsrorjlfdo txdqwlw|
iru wkh vxshusrvlwlrq1 Wkh vslq fxuuhqw ghqvlw| iru wkh frpelqhg h{dpsohv lv
jlyhq e| wkh irupxod=

Wrsrorjlfdo Vslq 5e ' dV{> V|> V}> �o ef@�
D +91457,

V{ ' 2f{E| n fw�2 +91458,

V| ' |E| n fw�E{2 � |2 n }2 � 2fw| � f2w2� +91459,

V} ' �2f}E| n fw�2 +9145:,

� ' �E| n fw�E{2 n |2 n }2 n 2fw| n f2w2� +9145;,

� ' �f2w2 n {2 n |2 n }2 +9145<,

zkloh wkh Wruvlrq fxuuhqw lv d }hur yhfwru

Ae ' df> f> f> fo=

Lq dgglwlrq/ iru wkh vxshusrvhg h{dpsoh/ wkh vsdwldo frpsrqhqwv ri wkh Sr|qw0
lqj yhfwru duh htxdo wr wkh Vslq fxuuhqw ghqvlw| yhfwru pxowlsolhg e| �/ vxfk
wkdw

,�O ' � 5> zlwk � ' �E{2 n |2 n }2 n 2fw| n f2w2�@2fE| n fw��2=

Wkhvh uhvxowv vhhp wr jlyh fodvvlfdo fuhghqfh wr wkh Sodqfn dvvxpswlrq wkdw ydf0
xxp vwdwh ri Pd{zhoo*v hohfwurg|qdplfv vxssruwv txdqwl}hg dqjxodu prphqwxp/
+wkh frqvhuyhg vslq lqwhjudo, dqg wkdw wkh hqhuj|  x{ pxvw frph lq pxowlsohv ri
wkh vslq txdqwd1 Lq rwkhu zrugv/ wkhvh frpelqhg luuhyhuvleoh vroxwlrqv ri h{dpsohv
w|sh 4 dqg w|sh 5 kdyh wkh dsshdudqfh ri wkh skrwrq

9141431 H{dpsoh 43d1 D Sodvpd Dffuhwlrq glvf iurp Khgjh Krj E �hog

vroxwlrqv1

Zkhq wkh� �hog lv udgldo lq gluhfwlrq/ dqg hlwkhu lqerxqg ru rxwerxqg/ wkh �hog lv
fdoohg d %khgjhkrj% �hog1 Pdq| vxfk vwuxfwxuhv fdq eh jhqhudwhg e| pxowlso|lqj
d forvhg/ exw qrw h{dfw/ 40irup ri wkh w|sh/
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Dforvhg ' d|>�{> fo@Ed{2 n e|2� +91463,

gDforvhg ' f> +91464,

e| wkh ixqfwlrq K ' p
s��@

s
d{2 n e|2 n f}21 Wkh vroxwlrq wr eh suhvhqwhg

ehorz jhqhudwhv d idplo| ri gl�huhqw wrsrorjlfdo vlqjxodulwlhv ghshqglqj rq wkh
qrq0lvrwurslf frh!flhqwv Ed> e> f�1 Iru vlpsolflw| ri glvsod| wkh lvrwurs| frh!flhqwv
zloo eh fkrvhq wr jlyh } d{lv v|pphwu|> l1h1/ d ' e= Wkh srwhqwldov duh wkhq ri
wkh irupdw=

� ' KE{> |> }�d|>�{> fo@Ed{2 n d|2� > +91465,

zlwk K ' �E} p�
s��@

s
d{2 n d|2 n f}2 +91466,

! ' f> dqg {2 n |2 n }2 ' u2= +91467,

Qrwh wkdw wkh K whup +olnh wkh Gludf Khgjh Krj vroxwlrq lq wkh qh{w h{dpsoh,
lv lpdjlqdu|1 Wkhvh srwhqwldov lqgxfh wkh �hog lqwhqvlwlhv dqg fkdujh fxuuhqw
ghqvlwlhv ehorz=

� '
s��}pd|>�{> fo@i

s
Ed{2 n d|2 n f}2�Ed{2 n d|2�j> ! ' f +91468,

� '
s��dpd{> |> }o@Ed{2 n d|2 n f}2��@2 +91469,

, ' df> f> fo +9146:,

Wrsrorjlfdo Wruvlrq @ DaI/ Srlqfduh LL @ gED	I � +9146;,

Ae ' df> f> f> fo= +9146<,

Srlqfduh LL @ 2E, ��� ' f= +91473,

a '
s��E�d}pEf� d�@��d�|>n{> fo@Ed{2 n d|2 n f}2�D@2 +91474,

'
s���Ef� d�Ed{2 n d|2�@�Ed{2 n d|2 n f}2�2 ��> +91475,

� ' f= +91476,
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Wrsrorjlfdo Vslq @ DaJ/ Srlqfduh L @ gED	J� +91477,

5e ' Ed}p2@��d}{> }|>�Ed{2 n d|2�> fo@iEd{2 n d|2�Ed{2 n d|2 n f}2�2j=+91478,

Srlqfduh L @ E� �O�# � ,�� E� � a� �!� +91479,

' Edp2@��Ed{2 n d|2 n ed}2 � �f}2�@Ed{2 n d|2 n f}2��= +9147:,

� �� ' f +WWP prgh li }hur, +9147;,

� �# ' f +WWH prgh li }hur, +9147<,

Wkh Oruhqw} irufh dqg wkh glvvlsdwlyh whupv ehfrph=

Oruhqw} 70irufh ' �,n a�� +91483,

' E�Ef� d�d2p2@��d}2{> }2|>�}E{2 n |2�o@Ed{2 n d|2 n f}2�e+91484,

' �dEf� d�Ed{2 n d|2� � 5e= +91485,

Sr|qwlqj Yhfwru ,�O ' df> f> fo= +91486,

Glvvlsdwlyh srzhu a � , ' f= +91487,

Lqwhudfwlrq Hqhuj| D	M ' �Ef� d�E}2p2d@��@Ed{2 n d|2 n f}2��=+91488,

Wkh srwhqwldov/ wkh fkdujh fxuuhqw dqg wkh � �hog duh vhqvlwlyh wr wkh urwdwlrq
gluhfwlrq/ zklfk lv jryhuqhg e| wkh sdudphwhu/ p1 Wkh wrsrorjlfdo vslq dqg
wkh Oruhqw} irufh duh qrw vhqvlwlyh wr wkh flufxodwlrq vhqvh/ p= Iru wkh lvrwurslf
fdvh/ d ' f> wkhuh lv qr lqgxfhg fxuuhqw ghqvlw| dqg qr Oruhqw} irufh/ |hw wkh
Wrsrorjlfdo Vslq dqg wkh lqwhudfwlrq hqhuj| ghqvlw| duh qrq0}hur1 Lq fdvhv/ wkh
glvvlsdwlyh srzhu/ wkh Sr|qwlqj yhfwru ydqlvk1

Iru reodwh
Wkh vlqjxodulwlhv iru wkh srwhqwldov duh wkh } d{lv dqg wkh ruljlq/ iru srvlwlyh

dqlvrwurs| frh!flhqwv1 Li f lv qhjdwlyh dqg d lv srvlwlyh/ wkhq wkh vlqjxodu vhw
iru wkh ghqrplqdwru d{2n d|2n f}2 , f jhqhudwhv d frqh1 Wkh frqh fhqwhuhg rq
wkh } d{lv/ zlwk lwv yhuwh{ dw wkh ruljlq1 Wkh frqh lv reodwh zkhq wkh udwlr md@fm
lv yhu| vpdoo/ dqg surodwh zkhq md@fm lv yhu| odujh1 Wkh surodwh frqh lv uhplqgixo
ri mhwv/ dqg wkh reodwh frqh lv uhplqgixo ri  dw vsludov1 Wkh uhjlrq ehwzhhq wkh
frqh dqg wkh } d{lv jhqhudwhv lpdjlqdu| ydoxhv iru wkh � dqg � �hogv/ exw qrw
iru wkh Wrsrorjlfdo Vslq/ ru wkh Oruhqw} irufh/ ru wkh lqwhudfwlrq hqhuj|1
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Wkh � �hog lv vlplodu wr wkh idprxv Gludf Khgjhkrj +vhh wkh qh{w h{dpsoh,
�hog riwhq dvvrfldwhg zlwk �pdjqhwlf prqrsrohv�1 Wkh pdjqhwlf �hog lv udgldo1
Dowkrxjk lwv glyhujhqfh lv }hur hyhu|zkhuh/ wkh olqhv ri wkh �hog gr qrw forvh rq
wkhpvhoyhv1 Wkh � �hog vwduwv dqg vwrsv rq srlqwv ri d wrsrorjlfdo erxqgdu|1
Qrwh wkdw wkh urwdwlrqdo rulhqwdwlrq ri wkh  x{ flufxodwlrq lqwhjudo +zkhwkhu p lv
srvlwlyh ru qhjdwlyh, ghwhuplqhv zkhwkhu ru qrw wkh � �hog lv srlqwlqj lqerxqg
ru rxwerxqg uhodwlyh wr wkh ruljlq1 Wkh wrsrorjlfdo +udgldo, rulhqwdwlrq lv uhodwhg
wr wkh urwdwlrqdo vhqvh lq wklv h{dpsoh1 Lw lv dovr wuxh wkdw wkh lqgxfhg fxuuhqw
a +olqhdu lq p, ghshqgv xsrq wkh urwdwlrqdo rulhqwdwlrq/ dqg lw lv sursruwlrqdo wr
wkh yhfwru srwhqwldo/ exw wkh �hog lv rssrvlwh lq d urwdwlrqdo vhqvh1 Krzhyhu wkh
Oruhqw} irufh/ wkh Wrsrorjlfdo Wruvlrq dqg wkh Lqwhudfwlrq Hqhuj| gr qrw ghshqg
xsrq wkh vhqvh ri wkh urwdwlrqdo flufxodwlrq/ dv wkh| duh txdgudwlf lq p1

Wkh Khgjhkrj � �hog lq wklv h{dpsoh kdv }hur glyhujhqfh hyhu|zkhuh h{fhsw
dw wkh }hurv ri wkh ghqrplqdwru/ zklfk khuhlq lv lqwhusuhwhg dv d wrsrorjlfdo re0
vwuxfwlrq/ ru ghihfw/ wr eh h{flvhg iurp frqvlghudwlrq1

Lq wklv h{dpsoh/ wkh qrq0}hur sodvpd fxuuhqw ghqvlw|/ a / kdv d vhqvh ri �flu0
fxodwlrq� derxw wkh } d{lv/ dqg lv sursruwlrqdo wr wkh yhfwru srwhqwldo/ uhplqglqj
rqh ri d Orqgrq fxuuhqw/ a ' � � �1 Wkh �Orqgrq� sdudphwhu / �/ gxh wr wkh
flufxodwlrq lv

� ' E�Ef� d�@�� � Ed{2 n d|2�@Ed{2 n d|2 n f}2�2= +91489,

Wkh Orqgrq irupxod ghshqgv vwurqjo| xsrq wkh dqlvrwurs|/ zklfk lv frq�uphg lq
vxshufrqgxfwlylw| h{shulphqwv1 Lqghhg wkh khgjhkrj h{dpsoh lq dq dqlvrwurslf
vlwxdwlrq jhqhudwhv d qrq0glvvlsdwlyh fxuuhqw ghqvlw| zlwk vrph ri wkh dwwulexwhv ri
d vxshu fxuuhqw1 Dovr qrwh wkdw wkh vsdwldo frpsrqhqwv ri wkh Wrsrorjlfdo Vslq duh
sursruwlrqdo wr wkh gluhfwlrq �hog ri wkh vsdwldo frpsrqhqwv ri wkh Oruhqw} irufh1
Wkh sursruwlrqdolw| idfwru lv h{dfwo| htxdo wr wkh +vdph$, Orqgrq sdudphwhu/ �1

Wkh irupxod iru wkh Oruhqw} irufh ghprqvwudwhv wkdw wkh v|vwhp ri flufxodwlqj
fxuuhqwv/ lv gluhfwhg udgldoo| dzd| +fhqwulixjdoo|, iurp wkh urwdwlrqdo d{lv/ dqg |hw
lv vxfk wkdw wkh sodvpd lv dwwudfwhg wr wkh } ' f> {| sodqh1 Lqghshqghqw ri wkh
vhqvh ri urwdwlrq/ wkh Oruhqw} irufh lv glyhujhqw lq wkh udgldo sodqh dqg frqyhujhqw
lq wkh gluhfwlrq ri wkh } d{lv/ wrzdugv wkh } ' f sodqh1 Wkh frqmhfwxuh lv wkdw wklv
hohfwurpdjqhwlf �hog iru wkh urwdwlqj sodvpd zrxog kdyh wkh whqghqf| wr irup dq
dffuhwlrq glvn ri sodvpd lq wkh suhvhqfh ri d fhqwudo judylwdwlrqdo �hog1

Lw lv dssduhqw wkdw wkh kholflw| ghqvlw| dqg wkh vhfrqg Srlqfduh lqyduldqw duh
}hur1 Lq idfw/ wkh 60irup ri wrsrorjlfdo wruvlrq ydqlvkhv lghqwlfdoo|1 Dowkrxjk wkh
60irup ri Wrsrorjlfdo Wruvlrq ydqlvkhv lghqwlfdoo|/ wkh 60irup ri Wrsrorjlfdo Vslq
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lv qrw }hur1 Lw lv dovr wuxh wkdw wkh glyhujhqfh ri wkh 60irup ri vslq lv qrw }hur/
iru wkh �uvw Srlqfduh lqyduldqw lv qrw }hur1

Li wkh v|vwhp lv vskhulfdo/ wkhq wkh ghirupdwlrq sdudphwhu ydqlvkhv/ e2 ' f/ wkh
Oruhqw} irufh ydqlvkhv/ wkh �uvw Srlqfduh lqyduldqw ydqlvkhv/ wkh fkdujh fxuuhqw
60irup ydqlvkhv/ exw wkh Wrsrorjlfdo Vslq grhv qrw ydqlvk1 Wkhuh fdq h{lvw forvhg
grpdlqv vxfk wkh wkh forvhg lqwhjudov ri Wrsrorjlfdo vslq duh udwlrqdo wr zlwklq d
frpprq idfwru +wrsrorjlfdo txdqwl}dwlrq,1

9141441 H{dpsoh 43e1 Wkh Gludf Khgjhkrj

Wkh idprxv Gludf khgjhkrj vroxwlrq dovr jhqhudwhv d udgldo � �hog vroxwlrq lq0
yhuvho| sursruwlrqdo wr wkh fxeh ri d ohqjwk1 Wkh Gludf srwhqwldov/ dqg wkhuhiru
wkh � �hog lqwhqvlw|/ duh sxuh Lpdjlqdu|/ |hw wkh Wrsrorjlfdo Vslq dqg wkh �uvw
Wrsrorjlfdo Srlqfduh lqyduldqw duh uhdo=

� ' KE{> |> }�d|>�{> fo > +9148:,

zlwk K '
s��Ep@2�@iuE} � u�j +9148;,

! ' f> dqg {2 n |2 n }2 ' u2= +9148<,

Wkhvh srwhqwldov lqgxfh wkh �hog lqwhqvlwlhv dqg fkdujh fxuuhqw ghqvlwlhv ehorz=

� '
s��p@2d|>�{> fo@iuE} � u�j> ! ' f +91493,

� '
s��pd{> |> }o@Eu2 � e2}2��@2 +91494,

, ' df> f> fo +91495,

# ' �, O ' �@� +91496,

a ' df> f> fo> +91497,

� ' f= +91498,

Lq dgglwlrq/ wkh srwhqwldov lqgxfh wkh 60irupv ri Wrsrorjlfdo Wruvlrq dqg
Wrsrorjlfdo Vslq/ dqg wkhlu glyhujhqfhv zklfk gh�qh wkh �uvw dqg vhfrqg Wrsr0
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orjlfdo Srlqfduh lqyduldqwv=

Wrsrorjlfdo Vslq @ DaJ/ Srlqfduh L @ gED	J� +91499,

5e ' E}p2@e��d�}{>�}|> E{2 n |2�> fo@iE} � u�Eue�j= +9149:,

Srlqfduh L @ E� �O�# � ,�� E� � a� �!� +9149;,

' �p2@eEu�e +9149<,

Wrsrorjlfdo Wruvlrq @ DaI/ Srlqfduh LL @ gED	I � +914:3,

Ae ' df> f> f> fo= +914:4,

Srlqfduh LL @ 2E, ��� ' f= +914:5,

� �� ' f +WWP prgh li }hur, +914:6,

� �# ' f +WWH prgh li }hur, +914:7,

Wkh Oruhqw} irufh dqg wkh glvvlsdwlyh whupv ehfrph=

Oruhqw} 70irufh ' �,n a�� ' df> f> fo

Sr|qwlqj Yhfwru ,�O ' df> f> fo= +914:8,

Glvvlsdwlyh srzhu a � , ' f= +914:9,

Lqwhudfwlrq Hqhuj| D	M ' f +914::,

9141451 H{dpsoh 441 Frxorpe soxv Deulnrvry 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> +914:;,

u '
s

{2 n |2 n }2= +914:<,

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

, ' E�@e���pd{> |> }o@u� +914;3,
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� ' df> f> fo +914;4,

Wrsrorjlfdo Wruvlrq Ae ' E�@e���ped�}{>�}|> E{2 n |2�> fo@Eu�E{2 n |2��=
+914;5,

Srlqfduh2 ' f +914;6,

ae ' df> f> f> fo +914;7,

� ' f +914;8,

Wrsrorjlfdo vslq 5e ' E�@e���2�p2@ued{> |> }> fo = +914;9,

Srlqfduh� ' �E�@e���2�p2@ue +914;:,

,�O ' df> f> fo= +914;;,

Ea � ,� ' f +914;<,

E, ��� ' f> +914<3,

E� ��� ' f> +914<4,

E� �#� ' f +914<5,

Wklv h{dpsoh ghprqvwudwhv krz wkh dgglwlrq ri d forvhg exw qrw h{dfw frq0
wulexwlrq wr d 40irup ri Dfwlrq fdq lq xhqfh wkh wrsrorjlfdo ihdwxuhv ri dq hohf0
wurpdjqhwlf v|vwhp1 Wkh Wrsrorjlfdo Wruvlrq ydqlvkhv zlwkrxw wkh %urwdwlrq% ru
dqjxodu prphqwxp whup/ zlwk vwuhqjwk ghwhuplqhg e| wkh frh!flhqw e1 Qrwh
wkdw wkh Wrsrorjlfdo Vslq whup grhv qrw ydqlvk1 Wkh frpelqhg v|vwhp lv qrw lq
wkhuprg|qdplf htxloleulxp1

9141461 H{dpsoh 451 Edwhpdq0Zklwwdnhu vroxwlrqv1

Lq wkh prghuq odqjxdjh ri gl�huhqwldo irupv/ Edwhpdq ^Edwhpdq 4<47` +dqgZklw0
wdnhu, ghwhuplqhg wkdw li wzr frpsoh{ ixqfwlrqv �E{> |> }> w� dqg �E{> |> }> w� duh
xvhg wr gh�qh wkh 40irup ri Dfwlrq/
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D ' �g� � �g� , � ' �u� � �u�> ! ' �E�C�@Cw� �C�@Cw� +914<6,

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

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

zklfk ri frxuvh vdwlvi| wkh Pd{zhoo0Idudgd| htxdwlrqv1 Li lq dgglwlrq/ wkh ixqf0
wlrqv � dqg � vdwlvi| wkh frpsoh{ Edwhpdq frqvwudlqwv=

u��u� ' 	El@f�dEC�@Cw�u� � EC�@Cw�u�o>

wkhq wkh frpsoh{ �hog h{flwdwlrqv frpsxwhg iurp wkh Oruhqw} ydfxxp frqvwlwxwlyh
frqvwudlqwv zloo vdwlvi| wkh Pd{zhoo0Dpshuh htxdwlrqv iru wkh ydfxxp/ zlwkrxw
fkdujh fxuuhqwv1 Lw lv dssduhqw lpphgldwho| wkdw wkh vhfrqg Srlqfduh lqyduldqw
lv lghqwlfdoo| }hur iru vxfk vroxwlrqv1 Lw lv dovr dssduhqw lpphgldwho| wkdw wkh
Wruvlrq yhfwru lv lghqwlfdoo| }hur1 Zkdw lv qrw lpphgldwho| dssduhqw lv wkdw �uvw
Srlqfduh lqyduldqw dqg wkh Vslq yhfwru ydqlvk lghqwlfdoo| dv zhoo1 Lq idfw/ wkh
frqvwudlqhg frpsoh{ vroxwlrqv ri wkh Edwhpdq w|sh duh h{dpsohv ri wrsrorjlfdoo|
wudqvyhuvh +WWHP, zdyhv1 Wkh Edwhpdq vroxwlrqv gr qrw udgldwh$

Dv dq h{solflw h{dpsoh/ frqvlghu

� ' E{	 l|�@E} � u�> � ' Eu � fw�> u '
s

{2 n |2 n }2�=

Wkhvh ixqfwlrqv vdwlvi| wkh Edwhpdq frqglwlrqv +dqg/ lw vkrxog eh phqwlrqhg/ wkh
Hlnrqdo htxdwlrq vxemhfw wr wkh glvshuvlrq uhodwlrq %�f2 ' ��= Wkh , dqg wkh �
�hogv duh frpsoh{ +dqg frpsolfdwhg dojheudlfdoo|,

� ' d|{n
s��E}2 n |2 � u}�>�E}2 n {2 � u}��s��{|>

Eu2 n }2 � 2u}�@Eu � }� �E| �s��{�o2@EuE} � u�2�

, ' d�s��|{n E|2 n }2 � u}�>
s��E{2 n }2 � u}�� {|>

E} � u �E{n
s��|�o2f@EuE} � u�2�

5e ' df> f> f> fo=
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Ae ' df> f> f> fo=

,�O ' df> f> fo> #�� ' df> f> fo> , � , ' f> � �� ' f

E� �O�# � ,� ' f E, ��� ' f

Wkh ixqfwlrqv � dqg � wkdw vdwlvi| wkh Edwhpdq frqglwlrq pd| eh xvhg wr frq0
vwuxfw dq duelwudu| ixqfwlrq/ I E�> ��> dqg uhpdundeo| hqrxjk/ wkh duelwudu| ixqf0
wlrq I E�> �� vdwlv�hv wkh Hlnrqdo htxdwlrq/

EuI �2 � %�ECI@Cw�2 ' f= +914<7,

Iurp h{shulhqfh zlwk Hlnrqdo vroxwlrqv dqg zdyh htxdwlrqv/ lw pljkw eh wkrxjkw
wkdw Hlnrqdo vroxwlrqv duh vx!flhqw1 Krzhyhu/ wkh Edwhpdq frqglwlrqv duh qhf0
hvvdu|/ iru erwk wkh fdqglgdwh vroxwlrqv

� ' E{	 l|�@E} � fw�> � ' Eu � fw�> u '
s

{2 n |2 n }2�= +914<8,

vdwlvi| wkh Hlnrqdo htxdwlrq/ exw qrw wkh Edwhpdq frqglwlrqv1 Wkh| gr qrw
jhqhudwh WWHP prghv lq wkh ydfxxp1 Iru duelwudu| ixqfwlrqv wkh dojheud fdq
ehfrph txlwh frpsoh{1 D Pdsoh v|perolf pdwkhpdwlfv surjudp iru frpsxwlqj
wkh ydulrxv whupv lv dydlodeoh +vhh uhihuhqfhv ehorz,

9151 Vslqru sodvpd vroxwlrqv iurp wkh Krsi Pds1

Frqvlghu wkh pds iurp U7+[/\/]/V, wr U6+x/y/z, jlyhq e| wkh irupxodv

O� ' dx�> y�> z�o ' d2E[] n \ V�> 2E[V � \ ]�> E[2 n \ 2�� E]2 nV2�o +914<9,

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= +914<:,
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Khqfh d uhdo +dqg lpdjlqdu|, 7 glphqvlrqdo vskhuh pdsv wr d uhdo 6 glphqvlrqdo
vskhuh1 Li wkh ixqfwlrqv dx�> y�> z�o duh gh�qhg dv d{@fw> |@fw> }@fwo> wkhq wkh 7G
vskhuh E[2 n \ 2 n]2 n V2�2 ' � , E{@fw�2> E|@fw�2> E}@fw�2 ' �/ lpsolhv wkdw wkh
Krsi pds irupxodv duh htxlydohqw 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= +914<;,

Wkh yduldeohv � dqg � dovr fdq eh ylhzhg dv wzr glvwlqfw frpsoh{ yduldeohv gh�qlqj
rughuhg sdluv ri wkh irxu yduldeohv d[>\> ]> Vo= Wkh fodvvlf irupdw jlyhq deryh iru
O� fdq eh rewdlqhg iurp wkh h{sdqvlrq/ � ' [ n l\ > � ' ] n lV= 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 +914<<,

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= +91533,

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 +91534,

vxfk wkdw

O2 �O� ' O� �O2 ' O2 �O� ' f= +91535,

O� �O� ' O2 �O2 ' O� �O� ' E[2 n \ 2 n ]2 n V2�2= +91536,

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 irupv zkrvh frh!flhqwv irup 6 lqghshqghqw 7 frpsrqhqw
yhfwruv rq U71 D 7wk olqhduo| lqghshqghqw yhfwru fdq eh fuhdwhg dojheudlfdoo| dqg
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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 gl�huhqwldov 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

IruO�> wkh 7 lqghshqghqw 4 irupv duh jlyhq e| wkh h{suhvvlrqv +zkhuh\E[>\> ]> V�
lv dq duelwudu| vfdolqj ixqfwlrq,=

gEx�� ' 2]gE[� n 2VgE\ � n 2[gE]� n 2\ gEV� +91537,

gEx2� ' 2VgE[�� 2]gE\ �� 2\ gE]� n 2[gEV� +91538,

gEx�� ' 2[gE[� n 2\ gE\ �� 2]gE]�� VgEV� +91539,

D ' i�\ gE[� n[gE\ �� VgE]� n ]gEV�j@\ +9153:,

D Iudph Pdwul{ fdq eh jhqhudwhg e| wkh frh!flhqwv ri wkh 7 lqghshqghqw
40irupv/ vxfk wkdw GhwI ' E]2 n V2 n \ 2 n[2�

2
@\= Lw lv vrph lqwhuhvw wr

h{dplqh wkh surshuwlhv ri wkh dgmrlqw 40irup/ D>gh�qhg khuhdiwhu dv wkh Krsi 40
irup1 Iru \ ' �/ lw iroorzv wkdw 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| frqvwdqwv1

\ ' Ed[s n e\ s n n]s npVs�q@s +9153;,

Wkh h{srqhqwv q dqg s ghwhuplqh wkh krprjhqhlw| ri wkh uhvxowlqj 40irup/ zklfk
lv jlyhq ehorz dq dpeljxrxv irupdw +wkh soxv ri plqxv vljq,

D� ' DE	�@\ ' i	E\ gE[��[gE\ ��� VgE]� n ]gEV�j@\=
Iru h{dpsoh/ iru 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=

Wrsrorjlfdo Wruvlrq ' ED��	gED�� +9153<,

' lEAe�gE[�	gE\ �	gE]�	gEV�> +91543,
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zkhuh wkh wrsrorjlfdo wruvlrq 7 yhfwru lv htxdo wr==

Ae ' 	d[>\> ]> Vo@\= +91544,

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�� +91545,

' �eE	\�E32q@s��Eq� 2�gE[�	gE\ �	gE]�	gEV�+91546,

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 ru 2> s ' 2> d ' e ' n ' �> p ' 	�=

915141 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/ ^49` 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 +91547,

m�2�l ' mO2ln l mO�l zlwk k�2�m � m�2�l ' f +91548,

m���l ' mO�ln l mO�l zlwk k���m � m���l ' f +91549,
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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}hg11

915151 Hohfwurpdjqhwlvp ri vljqdwxuh }hur Krsi 40irupv

Jxlghg e| sulru lqyhvwljdwlrqv/ lw lv ri lqwhuhvw wr xvh wkh vfdohg Krsi 40irup dv
wkh jhqhudwru ri hohfwurpdjqhwlf �hog lqwhqvlwlhv1 Wkh frh!flhqwv ri wkh vfdohg
Krsi 40irup fdq eh sxw lqwr fruuhvsrqghqfh zlwk wkh fodvvlf yhfwru dqg vfdodu
srwhqwldov/ d�> !o +xvlqj V ' FW zkhuh F lv d frqvwdqw�= Wkh Dfwlrq iru wkh �uvw
h{dpsoh lv wkhq ri wkh irupdw/

D� ' Df�@\ ' i	En\ gE[��[gE\ ��� FWgE]� n F]gEW �j@\ +9154:,

Zkhq wkh qxpehu ri plqxv vljqv lq wkh txdgudwlf irup lv }hur +lqgh{ ru vljqdwxuh
3,/ dqg wkh h{srqhqwv duh q ' e> s ' 2/ gh�qh

�f ' E[2 n \ 2 n ]2 n F2W 2�> dqg \ ' �2f +9154;,

Wkh frh!flhqwv ri wkh vfdohg Krsi 40irup fdq eh sxw lqwr fruuhvsrqghqfh zlwk wkh
fodvvlf yhfwru dqg vfdodu srwhqwldov/ d�> !o/ xvlqj V @ FW zkhuh F lv d frqvwdqw1
Wkh Dfwlrq iru wkh �uvw h{dpsoh lv wkhq ri wkh irupdw/

D� ' Df�@�
2
f ' i	En\ gE[��[gE\ ��� FWgE]� n F]gEW �j@�2f +9154<,

Iru wklv fkrlfh lw lv uhpdundeoh wkdw wkh ghulyhg 50irup kdv frh!flhqwv E, dqg
�� wkdw duh sursruwlrqdo wr wkh vdph Krsi Pds1 Wkh dgmrlqw 40irup jhqhudwhg
iurp rqh Krsi pds kdv d olplw vhw zklfk lv dqrwkhu 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 sdudooho1,=

I ' gD > � ' fxuo�> , ' �judg!� C�@CW +91553,

� ' d2EFW\ n[]�>�2E�\ ] n FW[�> E�[2 � \ 2 n ]2 n EFW �2�oE2@��f�+91554,

, ' d�2EFW\ n[]�> 2E�\ ] n FW[�>�E�[2 � \ 2 n ]2 n EFW �2�oE2F@��f�+91555,

Lw lv qdwxudo wr dvn li wkhvh , dqg � �hogv dgplw d Oruhqw} v|pphwu| frq0
vwlwxwlyh frqvwudlqw vxfk wkdw ydfxxp vwdwh lv fkdujh fxuuhqw iuhh1 Uhfdoo wkdw d
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frqvwlwxwlyh frqvwudlqw lv d uhodwlrqvkls ehwzhhq d 50irup/ I> dqg d 50irup ghqvlw|
J> vxfk wkdw wkh frh!flhqwv ri JE#>O� duh uhodwhg wr wkh frh!flhqwv ri I E,>��=
D Oruhq} ydfxxp frqglwlrq lpsolhv wkdw wkh �hogv duh vroxwlrqv ri wkh yhfwru zdyh
htxdwlrq1 Wkh txhvwlrq ehfrphv/ �Li lv suhvxphg wkdw # ' %, dqg � '�O/
gr wkh Pd{zhoo Dpshuh htxdwlrqv jhqhudwh d }hur 6 irup ri fkdujh fxuuhqwB �1
Gluhfw frpsxwdwlrq ri wkh lqgh{ }hur Krsi 40irup lqglfdwhv wkdw gJ ' M 9' f>
xqohvv %�F2n� ' f= Khqfh wkh vfdohg Krsi Dfwlrq/ zkhuh wkh vfdolqj lv ri vljqd0
wxuh }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,

915161 Hohfwurpdjqhwlvp ri vljqdwxuh rqh Krsi 40irupv

Zkhq wkh qxpehu ri plqxv vljqv lq wkh txdgudwlf irup lv rqh +lqgh{ ru vljqdwxuh
4,/ dqg wkh h{srqhqwv duh q @ 7/ s @ 5/ gh�qh

�� ' E{2 n |2 n }2 � F2w2�> dqg \ ' �2� +91556,

+orzhu fdvh ohwwhuv zloo eh xvhg iru Lqgh{ rqh Krsi 40irupv,1 Iru klv 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 Xvlqj wkh

qhjdwlyh dpeljxlw| +sdulw|, vljq ohdgv wr wkh �hogv=

I ' gD > � ' fxuo�> , ' �judg!� C�@CW +91557,

� ' d2EFw| n {}�>�2E�|} n Fw{�> E�{2 � |2 n }2 � EFw�2�oE2@����+91558,

, ' d2EFw| � {}�> 2E�|} � Fw{�>�E�{2 � |2 n }2 n EFw�2�oE2F@����+91559,

Wkh Vslq fxuuhqw ghqvlw| iru wklv qrq0wudqvyhuvh zdyh h{dpsoh lv hydoxdwhg dv=
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Wrsrorjlfdo Vslq 5e ' dV{> V|> V}> �o E2@��@�
D
� +9155:,

V{ ' {E��2� � e|2 � e{2� +9155;,

V| ' |E��2� � e|2 � e{2� +9155<,

V} ' }E�2� � e|2 � e{2� +91563,

� ' wE�2� � e|2 � e{2� +91564,

�� ' �f2w2 n {2 n |2 n }2 +91565,

dqg kdv }hur glyhujhqfh1 Wkh Wruvlrq fxuuhqw pd| eh hydoxdwhg dv

Wruvlrq G Ae ' �d{> |> }> wo2f@�e�= +91566,

dqg kdv d qrq0}hur glyhujhqfh htxdo wr wkh vhfrqg Srlqfduh lqyduldqw

Srlqfduh 2 ' �2, �� ' nHf@�e�= +91567,

Wkh vroxwlrq kdv pdjqhwlf kholflw| dv � �� 9'f dqg lv udgldwlyh lq wkh vhqvh wkdw
wkh Sr|qwlqj yhfwru/ ,�O 9'f=

Lqghshqghqw iurp dq| rwkhu frqvwudlqwv/ lw lv srvvleoh wr frqvwuxfw wkh 60irup
ri Wrsrorjlfdo Wruvlrq/ dqg lwv h{whulru gl�huhqwldo gh�qhg dv Wrsrorjlfdo Sdulw|1
Wkh Wrsrorjlfdo sdulw| fdq eh hlwkhu srvlwlyh/ }hur/ ru qhjdwlyh1 Iru wkh h{dpsoh
Krsi 40irup jlyhq deryh +xvlqj wkh qhjdwlyh dpeljxlw| vljq,/ wkh Wrsrorjlfdo Wru0
vlrq lv uhsuhvhqwhg wr zlwklq d idfwru e| d srvlwlrq yhfwru d�{>�|>�}>�wo lqerxqg
lq 7 glphqvlrqv/ dqg kdylqj d qhjdwlyh glyhujhqfh ru sdulw|1 Li wkh srvlwlyh vljq ri
wkh dpeljxlw| idfwru lv fkdqjhg/ wkhq wkh sdulw| ri wkh irup fkdqjhv vljq1 Iru h{0
dpsoh/ iru wkh 40irup/ D ' DE�n�@� ' in|gE{��{gE|��FwgE}�n}FgEw�j@�2�> wkh
7 0irup ri wrsrorjlfdo sdulw| lv srvlwlyh/ dqg wkh wrsrorjlfdo wruvlrq lv uhsuhvhqwhg
e| dq rxwerxqg srvlwlrq yhfwru +wr zlwklq d idfwru,1

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 Gluhfw frpsx0
wdwlrq ri wkh Pd{zhoo Dpshuh htxdwlrqv lqglfdwhv wkdw 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=
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Lw lv vrph lqwhuhvw wr jlyh wkh fkdujh fxuuhqw vroxwlrqv wr vkrz krz wkh �skdvh
idfwru � E%�F2 � �� , f hvwdeolvkhv wkh ydfxxp fkdujh iuhh frqglwlrqv1 Wkh
h{dpsoh uhvxowv iru wkh frpsrqhqwv ri wkh fxuuhqw ghqvlw| duh= +qrwh � ' f,=

M{ ' �E|{2 n |}2 n D|F2w2 � S}Fw{n |��E%�F2 � ��e@��� +91568,

M| ' E{� n {|2 n {}2 n D{F2w2 n S}Fw|�E%�F2 � ��e@��� +91569,

M} ' �E2{2 n 2|2 � }2 n F2w2�E%�F2 � ��HFw@��� +9156:,

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 Wkhuh
fxuyh 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� +9156;,

' f n f � hyroxwlrqdu| lqyduldqfh=

Wkh ixqfwlrq � lv dq duelwudu| ghirupdwlrq sdudphwhu1

915171 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
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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 vljqdwxuh 4 irupxodwhg dv

D ' iFwgE{� n }gE|�� |gE}�� {FgEw�j@�2� +9156<,

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
�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<<<`

915181 Vhoi gxdo vroxwlrqv

Lw lv srvvleoh wr frqvwuxfw d wzr0irup J +zlwkrxw xvlqj wkh Oruhqw} ydfxxp frq0
vwlwxwlyh gh�qlwlrqv, lq whupv ri wzr duelwudu| ixqfwlrqv/ � dqg �> iurp wkh gxdo
uhodwlrqv=

J ' lE�g��	lE�g��Y ro ' lE�g��	lE�g��g{	g|	g}	gw= +91573,

Wkh ixqfwlrqv � dqg � xvhg lq wkh gxdo frqvwuxfwlrq duh qrw uhtxluhg wr eh vr0
oxwlrqv ri wkh Edwhpdq frqglwlrq1 Krzhyhu/ wkh uhvxowlqj �vhoi0gxdo� �hog h{0
flwdwlrqv duh qrw wkh vdph dv wkrvh jhqhudwhg e| wkh Edwhpdq phwkrg/ xqohvv
wkh ixqfwlrqv dovr vdwlvi| wkh Edwhpdq frqglwlrqv ri frpsoh{ froolqhdulw|1 Lq
wkh vhoi gxdo irupxodv wkh - rshudwru lv wkh Krgjh - rshudwru zlwk uhvshfw wr
wkh Oruhqw} phwulf prgl�hg e| wkh lpshgdqfh ri iuhh vsdfh1 Wkh uhvxowlqj vhoi0
gxdo h{flwdwlrqv frqvwuxfwhg iurp wkh wzr duelwudu| ixqfwlrqv lqghhg vdwlvi| wkh
Pd{zhoo0Dpshuh htxdwlrqv/ lq yluwxh ri wkh Pd{zhoo0Idudgd| htxdwlrqv dqg wkh
glvshuvlrq uhodwlrq1 Wkh frqvwuxfwlrq |lhogv=

O '
s��@�fEC�@Cw�u� � EC�@Cw�u� dqg # ' �s��%@fu��u�= +91574,
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Wkh vhoi0gxdo frqvwuxfwlrq/ krzhyhu/ lpsolhv d fkludo +qrq0Oruhqw}, frqvwlwxwlyh
uhodwlrq ri wkh w|sh # ' �d�o � � dqg O ' d�_o � ,/ dqg zloo qrw eh frqvlghuhg
ixuwkhu lq wklv duwlfoh1

915191 Uhihuhqfhv

Uhihuhqfhv

^Duqrog 4<;<` Duqrog/ Y1L1/ +4<;<, %Pdwkhpdwlfdo Phwkrgv ri Fodvvlfdo

Phfkdqlfv%/ s14<;/ Vsulqjhu Yhuodj/ Q\

^Duqrog 4<;4` Duqrog/ Y1L1/ +4<;4 , %OrqgrqPdwk1 Vrf1 Ohfw1 Qrwh Vhulhv

86%/ Fdpeulgjh Xqlyhuvlw| Suhvv s1 5581

^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/

^Ehujhu 4<;7` P1 D1 Ehujhu/ P1 D1 dqg Ilhog/ +J1 E 4<;7,1 M Ioxlg Phfk1

47:/ 466047; Q1\1/ s145

^Elvkrs 4<9;` Elvkrs/ U1 O1 dqg Jrogehuj/ V1 L1 +4<9;, �Whqvru Dqdo|vlv

rq Pdqlirogv� Gryhu/ Q1 \1 s1 4<<1

^Eodvknh`

^Erovlqry 4<<3` D1 Y1 Erovlqry/ V1 Y1 Pdwhyhhy dqg D1 W1 Irphqnr/

Uxvvldq Pdwk Vxuyh|v 78=5 +4<<3, s8<0<7
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^Ervlqry 4<<8` D1Y1 Erovlqry/ D1W1Irphqnr/ dqg N1 Fkdqj/ Surfhhglqjv

ri wkh Vwhnory Lqvwlwxwh ri Pdwkhpdwlfv/ 4<<8/ Lvvxh 7/ s/1

5<

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

jheudlf Wrsrorj|%/ Vsulqjhu Yhuodj/ Q1\1

^Euloorxlq 4<97` Euloorxlq/ O1 +4<97, �Whqvruv lq Phfkdqlfv dqg Hodvwlflw|�/

Dfdghplf Suhvv/ Q\ s <61

^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

^Fdoodq 4<:9` Fdoodq/ Mu/ F1 J1/ 1/ Jlonh|/ S1 E1 dqg Kdqvrq/ D1 M1 +4<:9,

Sk|v1 Ohww 96E 6671 Qrwh wkh skudvh �Wklv H �E 9' f lq

wkh Odjudqjldq, fohduo| euhdnv S dqg W lqyduldqfh11 �

^Fduqhydoh 4<<3` Fduqhydoh/ J1 I1 dqg Ydoolv/ J1 N1 +4<<3, Lvryruwlfdo Uhod{0

dwlrq wr Vwdeoh Wzr0Glphqvlrqdo Iorzv lq= %Wrsrorjlfdo

Ioxlg Phfkdqlfv%/ K1 N1 Pr�dww dqg W1 V1 Wvlqrehu hgv/

Fdpeulgjh Xqlyhuvlw| Suhvv/ Fdpeulgjhs 77<078;1 Dovr

vhh Fduqhydoh/ J1 I1 dqg Ydoolv/ J1 N1 +4<;<, M1 Ioxlg

Phfk1/ 53: s14660485

^Fduwdq 4;<<` H1 Fduwdq �Vxu fhuwdlqhv h{suhvvlrqv gl�huhqwlhoohv hw oh

v|vwhph gh Sid�� Dqq Hf1 Qrup1 49 65< +4;<<,

^Fduwdq 4<55` H1 Fduwdq/ �V|vwhpv Gl�huhqwldov H{whulhxuv hw ohxuv Ds0

solfdwlrqv Jhrphwultxhv� +Khupdqq/ Sdulv/ 4<55,1

^Fduwdq 4<6:` H1 Fduwdq/ �Od Wkhrulh ghv Vsdfhv d Frqqh{lrq Surmhf0

wlyh�/ +Khupdqq/ Sdulv/ 4<6:,

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

:<6 +4<7;,

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

^Fkhuq 4<7;` Fkhuq/ V1V1 +4<7;, Vflhqfh Uhsruwv Qdw1 Wvlqj Kxd Xqly1

8/ <804541

^Fkhuq 4<;;` Fkhuq/ V1V1 +4<;;, %Klvwrulfdo Uhpdunv rq Jdxvv0

Erqqhw%/ PVUL 37;3;0;; Ehunhoh|/ FD1 Dovr vhh 111 +4<77,

�D Vlpsoh lqwulqvlf surri ri wkh Jdxvv0Erqqhw irupxod iru

Forvhg Ulhpdqqldq Pdqlirogv�/ Dqqdov ri Pdwk1 78/ :7:0

:851

^Guxpprqg 4<<3` L1 W1 Guxpprqg/ dqg Z1 K1 S1 Pxqfk/ �Wxuexohqw

Vwuhwfklqj ri Olqhv dqg Vxuidfhv�/ lq �Wrsrorjlfdo Ioxlg

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

eulgjh Xqlyhuvlw| Suhvv/ 4<<3,/ s1 95;09691

^Hgglqjwrq 4<96 +4<56,` ^59` D1 V1 Hgglqjwrq/1 �Wkh Pdwkhpdwlfdo Wkhru| ri Uho0

dwlylw|� +Fdpeulgjh Xqlyhuvlw| Suhvv 4<96,/ s1 4<71

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

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

Qhz \run/ s14591

^Ilehurswlfv`

^Irfn 4<97` Irfn/ Y1 +4<97,/ %Vsdfh/ wlph dqg judylwdwlrq%/

Shujdprq0PdfPloodq/ Qhz \run1

^Iruv|wk +4;<3, 4<8<` Iruv|wk/ D1U1 +4;<304<8<,/ %Wkhru| ri gl�huhqwldo htxd0

wlrqv Y4 dqg Y5%/ Gryhu/ Q1\1

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

^Jhoohuw 4<::` Z1 Jhoohuw/ hw1do1 Hglwruv �Wkh YQU Frqflvh Hqf|forsh0

gld ri Pdwkhpdwlfv� / +Ydq Qrvwudqg/ Qhz \run 4<::,/

s19;91�
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^Juhxe 4<:6` Z1 Juhxe/ V1Kdoshulq dqg U1 Ydqvwrqh +Dfdghplf Suhvv/

Qhz \run / 4<:6,1

^Jurpry`

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

Q1 \1

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

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

s151

^Krs�qjhu`

^kruqlj 4<<9` Kruqlj/ J1 dqg Vfklqgohu/ N1 +4<<9,/ Pdjqhwlf wrsrorj|

dqg wkh sureohp ri lwv lqydudlqw gh�qlwlrq/ Sk|vlfv ri Sodv0

pdv/ 6/ s1979

^Kruqlj 4<<;` Kruqlj/ J dqg Udvwdwwhu/ O1 +4<<;,/ Wkh Pdjqhwlf Vwuxf0

wxuh ri E 9' f Uhfrqqhfwlrq/ Sk|vlfd Vfulswd/ Yro W:7/

s16706<

^lpsolqru1sgi` kwws=22zzz551sdlu1frp2fvgf2sgi2lpsolqru1sgi dqg

kwws=22zzz551sdlu1frp2fvgf2sgi2sdudphwulf1sgi

^Ndnx 4<;;` Ndnx/ P1 +4<;;, �Lqwurgxfwlrq wr Vxshuvwulqjv� Vsulqjhu0

Yhuodj/ Qhz \run s16;91

^Nhvwlq 4<99` Nhvwlq/ M1 +4<99, �D Frxuvh lq Wkhuprg|qdplfv� Eodlvgho/

Zdowkdp/ Pdvv1

^Nohlq 4<95` Nohlq/ M1 +4<95,/ Dqq1 Lqvw1 DLIXE Irxulhu/ Juhqreoh 45/

41

::



^Nolqh 4<98` Nolqh/ P1 dqg Nd|/ L1Z1 +4<98,/ %Hohfwurpdjqhwlf Wkhru|

dqg Jhrphwulfdo Rswlfv%/ Lqwhuvflhqfh/ Q1\1

^Nrfklqh 4<97` Nrfklq/ Q1H1/ Nleho/ L1D1/ Ur}h/ Q1 Q1/ +4<97, %Wkhruhwlfdo

K|gurg|qdplfv% Lqwhuvflhqfh Q\ s148:

^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

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

s15781

^Odqgdx 4<8;` Odqgdx/ O1 G1 dqg Olivklw}/ H1 P1/ +4<8;,/ %Vwdwlvwlfdo

Sk|vlfv% Shujdprq Suhvv/ Orqgrq s1 69<1

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

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

<:1

^Odqgvehuj 4<94` Odqgvehuj/ S1 W1 +4<94,/ �Wkhuprg|qdplfv� Lqwhuvflhqfh

Q\

^Olhehupdqq 4<;:` Olehupdqq S1 dqgPduoh/ F0P1 +4<;:,/ %V|psohfwlf Jhrp0

hwu| dqg Dqdo|wlfdo Phfkdqlfv% Ulhgho/ Gruguhfkw2Ervwrq

s198

^Olhehupdqq 4<;:` Olehupdqq S1 dqgPduoh/ F0P1 +4<;:,/ %V|psohfwlf Jhrp0

hwu| dqg Dqdo|wlfdo Phfkdqlfv% Ulhgho/ Gruguhfkw2Ervwrq

s163:

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

\run/ s1 ;;1

^Pdsoh HP 5336` kwws=22zzz551sdlu1frp2fvgf2pdsoh2PdsohHP1sgi

^Pdsoh Iuhvqho 5336` kwws=22zzz551sdlu1frp2fvgf2pdsoh2PdsohIU1sgi

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

Phfkdqlfv dqg V|pphwu|%/ Vsulqjhu0Yhuodj/ s1455

:;



^PfGx� 4<<8` PfGx� dqg Vdodprq �Lqwurgxfwlrq wr V|psohfwlf Wrsro0

rj|�

^Phvhuyh 4;<6` Phvhuyh/ E1 H1 +4<;6, %Surmhfwlyh Jhrphwu|%/ Gryhu/

Qhz \run R{irug Xqlyhuvlw| Suhvv +4<<8,

^Phwfdoi 4<<3` U1 Z1 Phwfdoih dqg I1 Kxvvdlq/ +4<<3,/ Wrsrorj| ri Fr0

khuhqw vwuxfwxuhv dqg Iodph Vkhhwv lq Uhdfwlqj Pl{lqj

Od|huv/ lq �Wrsrorjlfdo Ioxlg Phfkdqlfv� K1 N1 Pr�dww

dqg D1 Wvlqrehu/ hglwruv/ Fdpeulgjh Xqlyhuvlw| Suhvv/

98<09:;1 Dovr vhh= P1 Y1 Phodqghu/ dqg I1 Kxvvdlq/ Wrsr0

orjlfdo Dvshfwv ri Yruwh{ Uhfrqqhfwlrq / lq= orf1 flw1 7;80

7<<1

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

^Prqwjrphu| 4<;<` G1 Prqwjrphu| dqg O1 Skloolsv/ +4<;<, PKG Wxuex0

ohqfh= uhod{dwlrq surfhvvhv dqg yduldwlrqdo sulqflsohv/ lq

�Dgydqfhv lq Ioxlg Wxuexohqfh� J1 Grrohq/ hw1 do1 hglwruv

Qruwk Kroodqg Dpvwhugdp/ s1548

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

s1 93

^Qdvk 4<;<` F1 Qdvk dqg V1 Vhq/ �Wrsrorj| dqg Jhrphwu| iru Sk|vl0

flvwv� / +Dfdghplf Suhvv/ Vdq Glhjr 4<;<,1

^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
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^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,

^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 d` Nlhkq/ U1P1 +4<:8,/ Lqwulqvlf k|gurg|qdplfv zlwk ds0

solfdwlrqv wr vsdfh0wlph  xlgv/ Lqw1 M1 ri Hqj1 Vfl1 46/

<741 +kwws=22zzz551sdlu1frp2fvgf2sgi2lqwk|gur1sgi,

du[ly2pdwk0sk23434365

^UPN 4<:8 e` Nlhkq/ U1 P1/ +4<:8,/ Jhrphwurg|qdplfv dqg Vslq%/ Ohww1

do Qxryr Flphqwr 45/ s1 633

^UPN 4<:8 f` Nlhkq/ U1 P1 +4<:8,/ Vxephuvlyh htxlydohqfh fodvvhv iru

phwulf �hogv/ Ohww1 do Qxryr Flphqwr 47/ s1 63;

^UPN 4<:8 g` Nlhkq/ U1P1 +4<:8,/ Frqirupdo Lqyduldqfh dqg 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,
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^UPN 4<:: e` Vdqghuv/ Y1 H1 dqg Nlhkq/ U1P1 +4<::,/ Gxdo Srodul}hg

Ulqj Odvhuv/ LHHH M Txdqw Hohf TH046/ s1 :6<

^UPN 4<:<` Vfkxow}/ D1/ Nlhkq/ U1 P1/ hw do1 +4<:<,/ Oliwlqj ri wkh

Irxu0irog HP Ghjhqhudf| dqg SW V|pphwu|/ Sk|v Ohww

:7D/ 6;71

^UPN 4<;9` Nlhkq/ U1 P1/ +4<;:, Wkh Idodfr H�hfw dv d wrsrorjlfdo

ghihfw zdv �uvw qrwlfhg e| wkh suhvhqw dxwkru lq wkh vzlp0

plqj srro ri dq rog PLW iulhqg/ gxulqj d ylvlw lq Ulr gh

Mdqhlur/ dw wkh wlph ri Kdooh|*v frphw/ Pdufk 4<;91 Wkh

frqfhsw zdv suhvhqwhg dw wkh Dxvwlq Phhwlqj ri G|qdplf

Gd|v lq Dxvwlq/ Mdqxdu| 4<;:/ dqg fdxvhg vrph lqwhuhvw

dprqj wkh uhvlghqw wrsrorjlvwv1 Wkh hdvlo| uhsurgxfhg

h{shulphqw dgghg wr wkh fuhghqfh ri wrsrorjlfdo ghihfwv

lq  xlgv1 Lw lv qrz shufhlyhg wkdw wklv wrsrorjlfdo skh0

qrphqd lv xqlyhuvdo/ dqg zloo dsshdu dw doo ohyhov iurp wkh

plfurvfrslf wr wkh jdodfwlf1 ODQO du[ly2ju0tf234343<;

+kwws=22zzz551sdlu1frp2fvgf2sgi2idodfr<:1sgi,1/ vhh

kwws=22zzz551sdlu1frp2fvgf2sgi2wrswxue1sgi

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

Ioxlgv 63 s144

^UPN 4<;:` Nlhkq/ U1 P1 +4<;:,/ Idodfr Vrolwrqv/

kwws=22zzz551sdlu1frp2fvgf2sgi2idodfr341sgi

^UPN 4<;<` Nlhkq/ U1 P1/ +4<;<,/ Luuhyhuvleoh Wrsrorjlfdo Hyroxwlrq

lq Ioxlg Phfkdqlfv/ DVPH ;<0ZD2IH081 Lqylwhg sdqholvw

%Xqdqvzhuhg txhvwlrqv lq Ioxlg Phfkdqlfv% dw wkh VDI

phhwlqj ri wkh DVPH rq

^UPN 4<<3` Nlhkq/ U1P1 +4<<3,/ Wrsrorjlfdo Wruvlrq/ Sid� Gl0

phqvlrq dqg Frkhuhqw Vwuxfwxuhv/ lq= %Wrsrorjlfdo

Ioxlg Phfkdqlfv%/ K1 N1 Pr�dww dqg W1 V1 Wvl0

qrehu hgv/ Fdpeulgjh Xqlyhuvlw| Suhvv s1 77<078;1

+kwws=22zzz551sdlu1frp2fvgf2sgi2fdpe;<1sgi,

^UPN 4<<4 d` Nlhkq/ U1 P1 +4<<4,/ Frpsdfw Glvvlsdwlyh Iorz Vwuxf0

wxuhv zlwk Wrsrorjlfdo Frkhuhqfh Hpehgghg lq Hxohuldq

;4



Hqylurqphqwv/ lq= %Qrq0olqhdu G|qdplfv ri Vwuxfwxuhv%/

hglwhg e| U1]1 Vdjghhy/ X1 Iulvfk/ I1 Kxvvdlq/ V1 V1 Prl0

vhhy dqg Q1 V1 Hurnklq/ s146<0497/ Zruog Vflhqwl�f Suhvv/

Vlqjdsruh

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

Hyroxwlrq�/ ODQO du[ly2pdwk0sk23434365

+kwws=22zzz551sdlu1frp2fvgf2sgi2frqwhyro61sgi,

^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,

^UPN 4<<4 h` Nlhkq/ U1P1 +4<<4, Vrph Forvhg Irup Vroxwlrqv wr wkh

Qdylhu Vwrnhv Htxdwlrqv/ ODQO du[ly2sk|vlfv23435335

+kwws=22zzz551sdlu1frp2fvgf2sgi2qyvro1sgi,

^UPN 4<<4 i` Nlhkq/ U1P1 +4<<4,/ �Glvvlsdwlrq/ Luuhyhuvlelo0

lw| dqg V|psohfwlf Odjudqjldq v|vwhpv rq

Wkhuprg|qdplf vsdfh ri glphqvlrq 5q.5�/

kwws=22zzz551sdlu1frp2fvgf2sgi2luuhy41sgi

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

xqsxeolvkhg1

^UPN 4<<5 g` Nlhkq/ U1 P1 +4<<5,/ Wrsrorjlfdo Ghihfwv/ Frkhuhqw 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
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lq Iuhh Wxuexohqw Vkhdu Iorzv�/ M1S1Erqqhw dqg P1Q1

Jodxvhu/ +hgv,/ Noxzhu Dfdghplf Sxeolvkhuv s1 6961

^UPN 4<<6 e` Nlhkq/ U1 P1 +4<<6, Wdon suhvhqwhg dw wkh HX0

URPHFK 63; phhwlqj dw Fruwrqd/ Lwdo|1 Xqsxeolvkhg1

+kwws=22zzz551sdlu1frp2fvgf2sgi2lwdo|1sgi,

^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<<< d` Nlhkq/ U1 P1/ +4<<<,/ Frkhuhqw Vwuxfwxuhv lq Iox0

lgv duh Wrsrorjlfdo Wruvlrq Ghihfwv/ lq M/ �LX0

WDP V|psrvlxp rq Vlpxodwlrq dqg Lghqwl�fdwlrq ri

Rujdql}hg Vwuxfwxuhv lq Iorzv�/ 1Q1 Vûuhqvhq/ hw

do1/ hgv1/ Noxzhu Dfdghplf Sxeolvkhuv/ Gruguhfkw/ 1

Vhh +kwws=22zzz551sdlu1frp2fvgf2sgi2frshq81sgi,1 Suh0

vhqwhg dw wkh LXWDP0VLPIOR Frqihuhqfh dw GWX/ Ghq0

pdun/ Pd| 5805</ +4<<:,1

^UPN 4<<< e` Nlhkq/ U1P1 +4<<<,/ Wrsrorjlfdo hyroxwlrq ri fodv0

vlfdo hohfwurpdjqhwlf �hogv dqg wkh skrwrq/ lq/

%Skrwrq dqg Srlqfduì Jurxs%/ Y1 Gyrhjod}ry

+hg1,/ Qryd Vflhqfh Sxeolvkhuv/ Lqf1/ Frppdfn/

Qhz \run/ s157905951 LVEQ 40893:50:4;0:1 Dovr vhh

+kwws=22zzz551sdlu1frp2fvgf2sgi2skrwrq81sgi,

^UPN 5333` Nlhkq/ U1 P1 +5333,/ 5G wxuexohqfh lv

d P|wk/ +lqylwhg vshdnhu LXWDP frqi,

kwws=22zzz551sdlu1frp2fvgf2sgi2kdjxh91sgi

^UPN 5334` Nlhkq/ U1P1 / +5334, Wrsrorjlfdo0Wruvlrq dqg

Wrsrorjlfdo0Vslq dv frkhuhqw vwuxfwxuhv lq

sodvpdv%/ du[ly sk|vlfv 234353341 Dovr vhh

kwws=22zzz551sdlu1frp2fvgf2sgi2sodvpdv1sgi/ dqg

11kroghu6g1sgi,

^UPN 5335 d` Nlhkq/ U1 P1 +5335,/ Fxuydwxuh dqg wruvlrq ri

lpsolflw k|shuvxuidfhv dqg wkh ruljlq ri fkdujh/
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Dqqdohv gh od Irxqgdwlrq Orxlv gh Eurjolh/

yro 5:/ s17441 ODQO du[ly 2ju0tf 2343443<

+kwws=22zzz551sdlu1frp2fvgf2sgi2frqwhyro61sgi,

^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

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

^Urelqvrq 4<<9` Urelqvrq/ G1F dqg Vkdggxfn/ Z1 I1/ +4<<9, Ilhogv Lqvwl0

wxwh Frppxqlfdwlrqv/ Yro :/ 4<<9 s4;<1

^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

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

Yhuodj

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

Kloo Q1\1

^Vwuxln4<94` Vwuxln/ G1 +4<94, �Gl�huhqwldo Jhrphwu|�/ Dgglvrq Zhv0

oh|/ Uhdglqj/ Pdvv

^Vwxnh 4<<6` Vwxnh/ E1 +4<<6,/ %Wrzdugv d Ixqgdphqwdo Vwuxfwxuh ri

Frqwlqxxp phfkdqlfv%/ ]1 Qdwxuiruvfk1 7; d ;;60;<7

^Vx 4<<3` Vx/ Z1/ Olx Z1/ dqg Olx ]1 +4<<3,/ Wrsrorjlfdo Vwuxfwxuhv

ri Vhsdudwhg Iorzv/ lq= %Wrsrorjlfdo Ioxlg Phfkdqlfv%/ K1

N1 Pr�dww dqg W1 V11 Wvlqrehu hgv/ Fdpeulgjh Xqlyhuvlw|

Suhvv/ 6<8073:1

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

Phfk 538 674 +4<;<,1

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

suhvv/ Fdpeulgjh/ s 14581

^Wruqnylvw 4<<:` Wruqnylvw/ R1 dqg Vfkurhghu/ H1/ +4<<:, Yruwh{ g|qdplfv

lq Glvvlsdwlyh V|vwhpv/ Sk|v Uhy1 Ohww1 :;/ 43 / s1 4<3;0

4<441

^Wxuqexoo 4<93` K1 Z1 Wxuqexoo/ K1 Z1 +4<93, �Wkh Wkhru| ri ghwhupl0

qdqwv/ pdwulfhv dqg lqyduldqwv� Gryhu/ Qhz \run +4<67,

^Wxu 4<<4` Wxu/ D1 Y1 dqg \dqryvn|/ Y1 Y1 +4<<4, �Lqyduldqwv lq glv0

vlsdwlrqohvv k|gurg|qdplf phgld�/ Dffhswhg iru sxeolfd0

wlrq lq M1 Ioxlg Phfk1

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

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

qhwlvp Lqghshqghqw ri phwulfdo jhrphwu|/ Surf1 Nrq1 Qhg1

Dndg1 y1 Zhw1 6:

^Yroryln 5336` Yroryln/ J1 H1/ +5336, %Wkh Xqlyhuvh lq d Kholxp gursohw%/

Foduhgrq Suhvv/ R{irug/ 5336

^Zhlqkrog 4<:8` Zhlqkrog/+4<:8,/ Phwulf jhrphwu| ri Wkhuprg|qdplfv L0

LY/ M1 Fkhp1 Sk|v1 96 57:</57;7/57;;/57<91
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^Zhq 4<;<` Zhq/ [1J1/ Zlof}hn/ I1/ dqg ]hh/ D1/ Sk|v Uhy E 6<

44746 +4<;<,1

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

Qhz \run 1

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

<;8

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

;1 s148:<04943
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