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4141 Qrq vlqjxodu olqhdu Pdsslqjv {dP o 9' f

D pdwul{ dP o> zkrvh hohphqwv duh ixqfwlrqv rq d grpdlq � ri lqghshqghqw ydul0
deohv/ gh�qhv dw hdfk srlqw s d olqhdu pdsslqj fduu|lqj yhfwru duud|v lqwr yhfwru
duud|v1 +Iru prvw ri wkh glvfxvvlrq khuhlq/ wkh pdwul{ hohphqwv ri dP o xvxdoo|
zloo eh uhvwulfwhg wr F5 ixqfwlrqv,1 Wkh vxevhw t zkhuh wkh olqhdu pdsslqj kdv
d qrq0}hur ghwhuplqdqw glylghv wkh grpdlq ri lqghshqghqw yduldeohv � lqwr wrsr0
orjlfdo frpsrqhqwv1 +Wkh glphqvlrq ri � dqg t duh 0dw �uvw0 suhvxphg wr eh wkh
vdph,1 Uhfdoo wkdw wkh ghwhuplqdqw lv d kljko| qrq0olqhdu ixqfwlrq/ zkrvh }hur
vhwv gh�qh d �uvw ohyho ri wrsrorjlfdo ghihfw vwuxfwxuhv lq wkh grpdlq �1 Wkhvh
ghihfw vwuxfwxuhv zloo eh glvfxvvhg odwhu rq rq wklv duwlfoh1 Dw wklv wlph/ lw zloo
vx!fh wr uhfdoo wkdw wkh frqfhsw ri d qrq0}hur uhdo ghwhuplqdqw vhsdudwhv wkh
olqhdu pdsslqjv lqwr wzr frpsrqhqwv/ wkrvh iru zklfk {dP o A f dqg wkrvh iru
zklfk {dP o ? f= Wkh frqvwudlqhg olqhdu pdsslqj/ dI o ' dP ouhvwulfwhg wr t / fdq eh
xvhg dv d Edvlv Iudph iru d yhfwru vsdfh ryhu wkh uhgxfhg grpdlq ri gh�qlwlrq/
t1 Wkh uhvwulfwlrq lpsolhv wkdw wkh pdwul{ kdv qr hljhqyhfwruv zlwk hljhq ydoxhv
htxdo wr }hur1



Ixuwkhu frqvwudlqwv fdq eh lpsrvhg1 Iru h{dpsoh/ li d srlqw s lv frqvwudlqhg
wr pryh dorqj vrph vsdfh fxuyh lq t/ wkhq wkh Edvlv Iudph/ dv d vhw ri F5 ixqfwlrqv
zkrvh dujxphqwv ghshqg rq wkh srlqw s/ dovr �pryhv�/ zlwk lwv pdwul{ hohphqwv
fkdqjlqj ydoxhv dv s fkdqjhv1 Wkh frqfhsw wkhuhe| gh�qhv zkdw lv nqrzq dv
Fduwdq*v Uhshuh Preloh +wkh prylqj edvlv iudph,1 Wr gh�qh wkh fxuyh F uhtxluhv
Q04 Sid!dq htxdwlrqv/ ru 40irupv +frqvlvwlqj ri ixqfwlrqv dqg gl�huhqwldov, vhw
htxdo wr }hur1 D w|slfdo h{dpsoh lq wkh vsdfh rq Q04 frruglqdwhv { dqg 4 yduldeoh
fdoohg wlph/ w> lv jlyhq e| Q04 Sid!dq frqvwudlqwv/ g{n � Y nE{> w�gw ' f= Wkhvh
Sid!dq gl�huhqwldo htxdwlrqv ri frqvwudlqw pd| eh krorqrplf +xqltxh vroxwlrq wr
wkh gl�huhqwldo htxdwlrq h{lvwv ryhu wkh hqwluh grpdlq, ru qrq0krorqrplf +xqltxh
vroxwlrqv gr qrw h{lvw,1 Wkh prwlrq ri d srlqw dorqj wkh fxuyh lv w|slfdo ri wkh
sduwlfoh srlqw ri ylhz xvhg lq fodvvlfdo sk|vlfv ru ri wkh ud| srlqw ri ylhz xvhg lq
rswlfv1 Wkh srlqw s qhhg qrw eh frqvwudlqhg wr d fxuyh/ exw pljkw eh frqvwudlqhg
wr/ vd|/ d Q04 k|shuvxuidfh1 Wkhq rqo| 4 Sid!dq htxdwlrq ri frqvwudlqw lv qhhghg1
Wklv srlqw ri ylhz lv pruh uhsuhvhqwdwlyh ri wkh zdyh iurqw frqfhsw xvhg lq rswlfv1
D zdyh0sduwlfoh gxdolw| frqfhsw uhtxluhv wkdw wkh �qrupdo� wr wkh zdyh iurqw
ehkdyhv dv d ud| rq d vsdfh fxuyh/ zklfk lv qrw xqlyhuvdoo| wuxh1 Rwkhu irupv
ri frqvwudlqw/ w|slfdo ri vwulqj wkhrulhv/ frxog dsshdu dv wkh Sid!dq h{suhvvlrqv/
g{n � Y nE{> v> w�gw� ]nE{> v> w�gv ' f1 W|slfdo lqwhusuhwdwlrqv suhvxph wkdw v lv
wkh vwulqj ohqjwk sdudphwhu dqg w lv wkh wlph sdudphwhu1

414141 Qrq0Krorqrplf dqg Krorqrplf Olqhdu pdsslqjv

Wkhuh duh vhyhudo zd|v wr xwlol}h wkh Edvlv Iudph1 Wkh prvw jhqhudo vlwxdwlrq lv wr
suhvxph wkdw wkh Iudph pdwul{ dfwv dv pds ehwzhhq yhfwru duud|v ri gl�huhqwldo
irupv= �

I n
d Et

e�
�
� m$dEt> gt�l ,

���nEt> gt�
�
= +414,

Wkh yhfwru duud|v ri s0irupv pd| eh duud|v ri ixqfwlrqv +30irupv,/ 40irupv/ 50
irupv/ 111 Q04 irupv/ hwf1 D vshfldo fdvh rffxuv li wkh yhfwru duud|v duh dvvxphg
wr eh yhfwru duud|v ri shuihfw h{dfw gl�huhqwldov/ iru wkhq wkh htxdwlrq

Krorqrplf
�
I n
d Et

e�
�
� mgtdl ,

��g{n� +415,

lpsolhv wkdw wkhuh h{lvw xqltxh ixqfwlrq pdsslqjv +vroxwlrqv wr wkh gl�huhqwldo
htxdwlrqv, vxfk wkdw {n ' inEte�= Zkhq wuxh +qrw wuxh,/ wkh Iudph pdwul{ lv
gh�qhg dv d krorqrplf olqhdu pdsslqj +qrq0krorqrplf olqhdu pdsslqj,1 D pruh
frpprq vlwxdwlrq irxqg lq sudfwlfh iru 40irupv lv jlyhq e| wkh qrq0krorqrplf
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h{suhvvlrq/ zkhuh h{dfw 40irupv duh pdsshg lqwr qrq0 h{dfw 40irupv=

Qrq�Krorqrplf
�
I n
d Et

e�
�
� mgtdl ,

���n
�
= +416,

Hdfk lqgxfhg 40irup �n kdv wr eh whvwhg wr ghwhuplqh lwv Sid� glphqvlrq ru fodvv1
Iru h{dpsoh/ li wkh Sid� glphqvlrq/ ru fodvv/ ri doo lqgxfhg 40irupv lv rqh/ wkhq
wkh grpdlq ri vxssruw iru wkh ghwhuplqdqw ri wkh Iudph pdwul{ lv vxfk wkdw wkh
lqgxfhg uljkw Fduwdq frqqhfwlrq pdwul{ +vhh ehorz, lv iuhh iurp D!qh Wruvlrq1

414151 Wkh Uhodwlyh Yhorflw| irupxod dqg Fxuydwxuh0Frulrolv Wkh0
ruhp

Wkh Iudph pdwul{ kdv surshuwlhv wkdw duh lqghshqghqw iurp wkh fkrlfh ri wkh
yhfwru duud|v ri s0irupv/ m$dEt> gt�l 1 Wkh frqvwudlqw rq wkh grpdlq ri gh�qlwlrq/
vxfk wkdw wkh ghwhuplqdqw ri dI o lv qrq }hur/ lpsolhv wkdw dq lqyhuvh pdwul{/ dJo >
h{lvwv/ vxfk wkdw dI o � dJo ' d�o = Lw iroorzv wkdw wkh gl�huhqwldov ri wkh Iudph
pdwul{ gh�qh d olqhdu frqqhfwlrq=

g dI o ' � dI o � dgJo � dI o +417,

' n dFOo � dI o +418,

' n dI o � dFUo > +419,

zkhuh dFUo lv gh�qhg dv wkh uljkw Fduwdq pdwul{ ri frqqhfwlrq 40irupv/ dqg dFOo lv
gh�qhg dv wkh ohiw Fduwdq pdwul{ ri frqqhfwlrq 40irupv1 Wkh wzr irupv ri Fduwdq
frqqhfwlrqv duh=

dFOo ' � dI o � dgJo ' n dgI o � dJo > +41:,

dFUo ' � dgJo � dI o ' n dJo � dgI o = +41;,

D vhfrqg h{whulru gl�huhqwlrq ohdgv wr

gg dI o ' nig dFOo� dFOo 	 dFOoj � dI o ' dXOo � dI o +41<,

' dI o � ig dFUo n dFUo 	 dFUoj ' dI o � dXUo +4143,

Wkh pdwulfhv ri 50irupv dXOo dqg dXUo duh gh�qhg dv wkh Ohiw dqg Uljkw Fduwdq
pdwul{ ri Fxuydwxuh 50irupv1 Wkh uljkw dqg ohiw frqqqhfwlrq pdwulfhv/ dv zhoo
dv wkh uljkw dq ohiw fxuydwxuh pdwulfhv duh vlplodulw| wudqvirupv ri rqh dqrwkhu1
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+Wkh uljkw Fduwdq pdwul{ uhsuhvhqwdwlrq lv suhihuhg/ dv lw nhhsv wkh rughu ri wkh
ixqfwlrqv dqg wkh h{whulru ghulydwlyhv lq surshu vhtxhqfh1 Lwv xvh dovr vwuhqjwkhqv
wkh lghd wkdw wkh lqyhuwleoh iudph pdwul{ lpsolhv wkdw h{whulru gl�huhqwldwlrq lv d
forvxuh frqfhsw/ vxfk wkdw wkh h{whulru ghulydwlyh ri dq| edvlv yhfwru lv d olqhdu
frpelqdwlrq ri wkh vhw ri edvlv yhfwruv1,

Qrz uhwxuq wr wkh jhqhudo pdsslqj irupxod zulwwhq dv dssolhg wr yhfwru duud|v
ri s0irupv/

dJo � m�l ' m$l = +4144,

H{whulru gl�huhqwldwlrq surgxfhv wkh yhfwru duud| ri s.4 irupv/

dJo � id�FOo 	 m�ln mg�lj ' mg$l = +4145,

D vhfrqg h{whulru gl�huhqwldwlrq surgxfhv wkh htxdwlrq ri s.5 irupv1

dJo � idFOo 	 dFUo n dgFUoj	 m�ln mgg$lj ' +4146,

dI o � idXUo 	 m$ln mgg$lj '

dI o � iFxuydwxuh 2� irupvj ' mgg�l , f=

Wkh �vhfrqg ghulydwlyh� htxdwlrq gg+pds, h{suhvvhv wkh forvxuh frqfhsw +prg
vlqjxodulwlhv, ri wkh edvlv iudph lq whupv ri wkh yhfwru ri lqgxfhg Fduwdq �Fxuydwxuh0
Dffhohudwlrq� 50irupv/ dXUo 	 m$l > dqg wkh yhfwru ri Frulrolv0Wruvlrq0dffhohudwlrq
50irupv/ 2 dFUo 	 mg$l = Wkh qrphqfodwxuh iroorzv iurp wkh klvwrulf qrwdwlrq/ zkhq
wkh irupxodv duh dssolhg wr wkh vshfldo fdvh ri g|qdplf glvfulswlrqv ri d 6G yhf0
wru lq d �{hg iudph ri uhihuhqfh ehlqj frpsduhg wr wkh g|qdplf ghvfulswlrq lq d
urwdwlqj ruwkrqrupdo iudph ri uhihuhqfh +vhh wkh h{dpsoh ehorz,1

Wkh uhvxow fdq eh h{suhvvhg dv d wkhruhp=

Wkhruhp 4141 Iru F5 irupv dqg Iudph �hogv dI o/ zlwkrxw Srlqfduh vlq0

jxodulwlhv/ Fxuydwxuh h�hfwv duh edodqfhg e| Frulrolv h�hfwv

Uhpdun 41 Wkh frqmhfwxuh wkdw judylw| 0 Fxuydwxuh fdq eh edodqfhg +vrphkrz,
e| wruvlrq0Frulrolv dqg vlqjxodulwlhv lv whpswlqj1 Krz wr h{sorlw wklv frqmhfwxuh

lv dq rshq txhvwlrq1
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414161 H{dpsoh Dssolfdwlrq= Wkh fodvvlf irupxodv ri Ghirupdwlrq derxw
d �{hg srlqw1

Wkh ixqgdphqwdo gg+pds, irupxod fdq eh xvhg wr lqwhusuhw wkh fdvh zkhuh d
yhfwru/ gh�qhg uhodwlyh wr d glvwruwlqj iudph dI o > lv pdsshg lqwr d yhfwru gh�qhg
zlwk uhvshfw wr d �{hg iudph/ dLo1 Wkh ruljlqv ri wkh wzr iudphv duh suhvxphg wr
eh frlqflghqw +�{hg srlqwv,1 Wkh irupxodwlrq lv w|slfdo ri wkh pds iurp d urwdwlrq
iudph lqwr dq �lqhuwldo� iudph1 Wkh pds irupxod uhodwhv d srvlwlrq yhfwru lq wkh
h{sdqglqj0urwdwlqj v|vwhp dqg wkh srvlwlrq yhfwru lq d ��{hg� iudph +xvlqj wkh
edvlv zklfk lv wkh lghqwlw| pdwul{1,

dI o � mtl ' m{l ' d�o � m{l = +4147,

Qrwh wkdw zkhq mtl , f> m{l , f=
Wkh g+pds, irupxod |lhogv

dI o � idFUo 	 mtln mgtlj ' mg{l = +4148,

zkloh wkh uljkw Fduwdq pdwul{ kdv pdwul{ hohphqwv ri wkh irup%[
e

Ff
deEt�gt

e

&
+4149,

Li wkh v|vwhp lv qrz frqvwudlqhg e| wkh srvvleo| lqh{dfw Sid!dq irupv +nqrzq dv
wkh nlqhpdwlf dvvxpswlrq, vxfk wkdw gte � yeEt> w�gw ' f> dqg g{n � Y nEt> w�gw '
f> wkhq xvlqj wkh irupxod

dlUo gw '

%[
e

Ff
deEt�y

e

&
gw +414:,

wkh g+pds, htxdwlrq ehfrphv

dI o � idlUo � mtln myljgw ' mY l gw= +414;,

Fdqfholqj wkh gw idfwru rq hdfk vlgh |lhogv wkh �yhorflw|� frpsrvlwlrq irupxod ri
ghirupdwlrq derxw d �{hg srlqw

dI o � idlUo � mtln mylj ' mY l = +414<,

Li wkh ruljlqdo Edvlv iudph dI o lv fkrvhq wr eh dq hohphqw ri wkh ruwkrqrupdo jurxs/
wkhq wkhuh lv qr h{sdqvlrq glvwruwlrq/ rqo| d urwdwlrq1 Wkh whup dlUo � mtl lq 6G
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ehfrphv htxdo wr wkh Jleev furvv surgxfw h{suhvvlrq/ l� ^= D vhfrqg h{whulru
gl�huhqwldwlrq ri wkh glvwruvlrq irupxod |lhogv1

dI o � idlUo � dlUo � mtl gwn g dlUoj � mtln 2 dlUo � myln mgylj ' mgY l = +4153,

Li wkh ixuwkhu nlqhpdwlf �dffhohudwlrq� frqvwudlqwv duh pdgh/ vxfk wkdw gye �
deEt> w�gw ' f> gY n � DnEt> w�gw ' f> dqg g dlUo ' d�o gw/ dqg li wkh ruljlqdo iudph
lv suhvxphg wr eh ruwkrqrupdo/ wkhq wkh fodvvlf Frulrolv htxdwlrq lv rewdlqhg=

dI o � il�El� ^� n�� ^n 2l� � n m@lj ' m�l = +4154,

414171 Pdwul{ phwkrgv

Dv vkrzq ehorz/ krorqrplf D!qh Wruvlrq lv d p|wk1 Krorqrplf Olqhdu pdsslqjv
qhyhu surgxfh D!qh Wruvlrq1 D krorqrplf grpdlq qhhg qrw eh joredo ryhu wkh
grpdlq ri lqghshqghqw yduldeohv {1 Wkh krorqrplf grpdlq lv �joredo� rqo| ryhu
wkh vxevhw t zkhuh wkh ghwhuplqdqw ri wkh Iudph pdwul{ dI o lv qrw }hur1 +Wklqn
vsdfh prg sduwlfohv1,

Wkh Edvlv Iudph
�
I n
d Et

e�
�
lv gh�qhg khuhlq dv d urz froxpq vtxduh pdwul{ ri

F5 ixqfwlrqv zkrvh dujxphqwv duh wkh lqghshqghqw yduldeohv t1 Ryhu d uhvwulfwhg
grpdlq/ wkh urzv +xsshu lqgh{, ri wkh pdwul{ riwhq fdq eh sxw lqwr fruuhvsrq0
ghqfh zlwk frpsrqhqwv ri frqwudyduldqw yhfwruv iru d jlyhq froxpq +orzhu, lqgh{1
Vlploduo| iru d �{hg urz lqgh{/ wkh pdwul{ froxpqv fdq eh sxw lqwr fruuhvsrq0
ghqfh zlwk fryduldqw yhfwruv1 D �ehu vsdfh dooxvlrq fdq eh edvhg rq wkh qrwlrq
wkdw wkh vhw t lv d vxevhw ri { surgxfhg e| wkh frqvwudlqw ghwdI o ' f1 Krzhyhu
wkh �ehuv duh �srlqwv� dv wkh glphqvlrq ri { dqg wkh glphqvlrq ri t duh wkh vdph1

414181 Vlqjxodulwlhv ri wkh lqgxfhg 40irupv

Uhfdoo wkdw dq| sduwlfxodu lqgxfhg 40irup/ �n> fdq eh xvhg wr jhqhudwh lwv Sid�
vhtxhqfh/

i�n> g�n> �n	g�n> g�n	g�n> ===j +4155,

zklfk zloo frqwdlq m � Q qrq0}hur hqwulhv1 Wkh qxpehu m ghwhuplqhv wkh plql0
pxp qxpehu ri ixqfwlrqv +lq d olplwhg/ �qlwh/ exw orfdo/ grpdlq, wkdw duh uhtxluhg
wr h{suhvv wkh h{whulru gl�huhqwldo surshuwlhv ri wkh jlyhq irup1 Wkh qxpehu m
lv gh�qhg dv wkh fodvv/ ru Sid� glphqvlrq/ ri wkh 40irup/ �n= Qrwh wkdw li wkh
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40irup lv h{dfw/ wkhq lwv Sid� glphqvlrq lv 4> rqo| rqh ixqfwlrq +wkh plqlpxp
qxpehu, lv uhtxluhg wr gh�qh wkh 40irup orfdoo|1 Zkhq wkh 40irup lv h{dfw/ wkh
plqlpxp qxpehu ri ixqfwlrqv ehfrphv d joredo surshuw|1 Krzhyhu/ li wkh 40irup
lv forvhg exw qrw h{dfw/ wkhq g�n ' f/ dqg wkh Sid� glphqvlrq lv vwloo 4> exw qrz
wkh 40irup zloo kdyh �vlqjxodulwlhv� wkdw zloo lpsrvh ixuwkhu uhvwulfwlrqv rq wkh
dgplvvdeoh grpdlq t= Wkh fodvvlf h{dpsoh lv jlyhq e| wkh �flufxodwlrq� 40irup
�n ' i#g#W � #Wg#j@i#W#j zklfk kdv }hur fxuo dqg lv zhoo gh�qhg h{fhsw dw
wkh qrghv ri #= Wkh dooxvlrq wr txdqwxp phfkdqlfv lv gholehudwh1 Wkhuhlq wkh
�h{flwhg vwdwlrqdu| vwdwhv� 0 zklfk kdyh qrghv 0 duh wr eh wuhdwhg dv vlqjxodulwlhv/
ru wrsrorjlfdo ghihfwv1 Forvhg lqwhjudov zkrvh lqwhjudwlrq fkdlqv hqflufoh vlqjx0
odulwlhv surgxfh ydoxhv zklfk kdyh udwlrqdo udwlrv1 Wkdw lv/ wkh forvhg lqwhjudov duh
txdqwl}hg1

Flufxodwlrq vlqjxodulwlhv duh riwhq uhsuhvhqwhg e| �krohv�/ ru vhwv ri plvvlqj
srlqwv/ lq d vxuidfh1 Wkh vhfrqg h{flwhg vwdwh ri wkh �txdqwxp� h{dpsoh jlyhq
deryh zrxog kdyh wzr krohv> wkh jurxqg vwdwh zrxog kdyh }hur krohv1 D ghfd|
surfhvv wr wkh jurxqg vwdwh lqyroyhv d wrsrorjlfdo fkdqjh1 Lw lv h{wudruglqdu| wkdw
wrsrorjlfdo fkdqjhv dw wkh Sid� glphqvlrq 4 ohyho +fkdqjlqj wkh qxpehu ri krohv
lq d vxuidfh, fdq rffxu frqwlqxrxvo| ru glvfrqwlqrxvo|1 Wkdw lv/ lw lv srvvleoh wr
ghylvh hyroxwlrqdu| surfhvvhv zkhuh erwk wkh fuhdwlrq ri krohv ru wkh ghvwuxfwlrq
ri krohv fdq eh grqh frqwlqxrxvo|$ Wkh frqwlqxrxv fuhdwlrq ri d kroh lpsolhv
wkdw wkh grpdlq kdv d erxqgdu|/ dqg wkh qhz krohv duh fuhdwhg dv wkh erxqgdu|
lv ghiruphg dqg joxhg wrjhwkhu1 Wkh frqwlqxrxv ghvwuxfwlrq ri krohv grhv qrw
uhtxluh wkh grpdlq wr eh erxqghg1

Wkhuh duh rwkhu wrsrorjlfdo ghihfwv wkdw ghshqg rq wkh idfw wkdw wkh Sid� gl0
phqvlrq ri d sduwlfxodu 40irup lv juhdwhu wkdq 41 Iru h{dpsoh zkhq wkh Sid�
glphqvlrq lv 6/ wkhq lw lv srvvleoh wr vkrz wkdw wrsrorjlfdo hyroxwlrq wr fuhdwh
vxfk 6G ghihfwv fdqqrw eh grqh frqwlqxrxvo|/ exw wkh ghvwuxfwlrq ri vxfk glvfrq0
wlqxlwlhv fdq eh dffrpsolvkhg lq d frqwlqxrxv pdqqhu1 Vxfk frqfhswv ohdg wr d
qrq0vwdwlvwlfdo edvlv iru wkhuprg|qdplf luuhyhuvlelolw|1

51 Surqrxqfhphqwv

Xvlqj wkh Fduwdqphwkrgv ri wkh h{whulru fdofxoxv ohdgv wr wkh iroorzlqj vwdwhphqwv
dqg frqfoxvlrqv=

41 Wkh Fduwdq frqqhfwlrq= Krorqrplf D!qh Wruvlrq lv d p|wk1 Wkh
surri ri wkh vwdwhphqw ghshqgv xsrq wkh gh�qlwlrq ri d uljkw Fduwdq pdwul{
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ri 40irupv/ dFf
dEt�o > fdoohg wkh Fduwdq frqqhfwlrq/ zklfk dozd|v h{lvwv rq wkh

grpdlq t> iru F4 ixqfwlrqv1 Rq wkh grpdlq/ t/ wkh Iudph pdwul{
�
I n
f Et�

�
kdv dq lqyhuvh dJf

pEt�o vxfk wkdw

dJf
pEt�o � dI

p
d Et�o ' d�o= +514,

Gl�huhqwldwlrq ri wklv pdwul{ h{suhvvlrq ohdgv wr wkh htxdwlrq

dgJf
pEt�o � dI

p
d Et�o n dJf

pEt�o � dgI
p
d Et�o ' dfo= +515,

Suh0pxowlsolfdwlrq e| wkh pdwul{/
�
I n
f Et�

�
|lhogv wkh irupxodv wkdw gh�qh

wkh uljkw dFf
dEt�o dqg ohiw

�
{n

pEt�
�
Fduwdq frqqhfwlrq pdwulfhv ri 40irupv=

f '
�
gI n

d Et�
�
n
�
I n
f Et�

�
� dgJf

pEt�o � dI
p
d Et�o

'
�
gI n

d Et�
�
n
�
{n

pEt�
�
� dIp

d Et�o +516,

'
�
gI n

d Et�
�
n
�
I n
f Et�

�
� dFf

dEt�o +517,

Wkhvh htxdwlrqv duh dovr xvhg wr gh�qh �sdudooho wudqvsruw�1 Irfxv dwwhqwlrq
rq wkh uljkw Fduwdq Frqqhfwlrq=

g
�
I n
d Et�

�
'

�
I n
f Et�

�
� dFf

dEt�o '
�
I n
f Et�

�
�

%[
e

Ff
deEt�gt

e

&
= +518,

Wkh frqvwuxfwlrq lv lqghshqghqw iurp d phwulf frqvwudlqw wkdw pljkw eh
lpsrvhg xsrq wkh v|vwhp/ dqg rqo| ghshqgv xsrq wkh h{lvwhqfh ri dq lqyhuvh
Iudph pdwul{1 Wkhuh duh wzr srvvleoh irupdwv=%[

e

Ff
deEt�gt

e

&
' dFf

dEt�o ' � dgJf
pEt�o � dI

p
d Et�o ' dJf

pEt�o � dgI
p
d Et�o

+519,
Lw lv lpsruwdqw wr qrwh wkdw erwk wkh lqglfhv wkdw ghqrwh wkh hohphqwv ri
wkh uljkw Fduwdq pdwul{/ dqg lwv dujxphqwv/ duh gh�qhg rq wkh lqlwldo vwdwh/
t1

51 Dqkrorqrplf D!qh Wruvlrq= Wkh frh!flhqwv ri D!qh Wruvlrq duh
gh�qhg dv Ff

ddeoEt� ' Ff
deEt� � Ff

edEt�= Dqkrorqrplf Olqhdu pdsslqjv gr

;



qrw qhfhvvdulo| surgxfh D!qh Wruvlrq1 Krorqrplf Olqhdu pdsslqjv qhyhu
surgxfh D!qh wruvlrq Li wkh lqgxfhg gl�huhqwldo 40irupv duh forvhg/ exw
qrw h{dfw/ wkh Iudph grhv qrw surgxfh D!qh Wruvlrq1 Krzhyhu/ wkhuh
lv srvvleo| dqrwkhu ohyho ri wrsrorjlfdo ghihfw vwuxfwxuhv surgxfhg e| wkrvh
lqgxfhg 40irupv zklfk duh forvhg exw qrw h{dfw1 +zlwk dssolfdwlrqv wr
xqghuvwdqglqj wkh Erkp0Dkdudqry h�hfw/ Iox{ txdqwl}dwlrq/ Ehuu| skdvh/
Oliw ri d Mrxnrzvnl dluirlo/ hwf1 yld ghUkdp wkhru|,1 Vxfk ghihfwv duh
gh�qhg e| �wzr glphqvlrqdo� Sid!dq frqvwudlqwv +}hur vhwv ri 50irupv,1
Zkhq ixqfwlrqv duh htxdo wr }hur/ wkhlu lqgxfhg forvxuhv +40irupv, ydqlvk dv
qhfhvvdu| dqkrorqrplf frqvwudlqwv1 Qrwh wkdw wkh yhfwru ri forvxuh 50irupv
fdq eh zulwwhq dv=��g�n

�
'

�
gI n

d Et
e�
�
	 mgtdl '

�
I n
f Et

e�
�
�
��Ff

ddeogt
e	gtd

�
= +51:,

Khqfh li wkh OKV ydqlvkhv/ lpso|lqj forvxuh/ wkhq wkh UKV @ 3/ lpso|lqj
wkdw wkh d!qh wruvlrq lv }hur iru dq| vlwxdwlrq zkhuh wkh lqgxfhg 40irupv
�n duh forvhg/ hyhq li wkh| duh qrw h{dfw1

61 Forvxuh 50irupv= Erwwrp olqh= Wkh Sid� glphqvlrq ri rqh ru pruh ri
wkh lqgxfhg 40irupv �n pxvw eh juhdwhu wkdq 4 li D!qh Wruvlrq lv wr h{lvw1
Lq rwkhu zrugv/ vrph ri wkh lqgxfhg 40irupv pxvw qrw eh forvhg/ li D!qh
wruvlrq lv wr h{lvw1 Wklv lpsolhv wkdw vrph ri wkh +fryduldqw, urzv ri d Iudph
pdwul{ +qrw wkh frqwudyduldqw froxpqv, pxvw kdyh qrq0}hur �fxuo�1 Wkh
yhfwru ri forvxuh 50irupv fdq eh zulwwhq dv=��g�n

�
'

�
gI n

d Et
e�
�
	 mgtdl ,

��iCI n
d @Ct

e � CI n
e @Ct

djgte	gtd
�
= +51;,

Li wkh UKV @ 3 +}hur fxuo,/ wkhq wkh OKV @ 3/ lpso|lqj wkdw wkh D!qh
Wruvlrq frh!flhqwv/ deryh/ pxvw ydqlvk1

71 Wkh Remhfw ri Dqkrorqrplflw|= Li wkh lqgxfhg40irupv �n duh frpsohwh/
vxfk wkdw wkh surgxfw/ �� 	�2 	===�Q 9' f> wkhq hyhu| 50irup g�n fdq eh
h{sdqghg dv= g�n ' ln

ed�
e 	�d= Wkh yhfwru ri �forvxuh� 50irupv ehfrphv=��g�n

�
'

��ln
pq�

p 	�q
�
' ln

pqiEI
p
e Et�gte�	EIq

d Et�gt
d�j

'
��ln

pqiEI
p
e I q

d � Ip
d I q

e jgt
e	gtd

�
+51<,

Wkh 60lqgh{hg frh!flhqwv ri wklv h{sdqvlrq/ ln
ed/ gh�qh wkh �Remhfw ri

Dqkrorqrplflw|� dqg duh gl�huhqw iurp wkh �6 lqgh{hg Remhfw ri D!qh

<



Wruvlrq�/ Ff
ddeo1 Lq vxppdu|/ wkhuh duh wkuhh glvwlqfw/ exw htxlydohqw/ zd|v

wr zulwh wkh yhfwru ri forvxuh 50irupv=

Forvxuh 2� irupv
��g�n

�
'

��ln
pqiEI

p
e I q

d � Ip
d I q

e jgt
e	gtd
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��iCI n
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e � CI n
e @Ct

djgte	gtd
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'
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I n
f Et
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�
��Ff

ddeogt
e	gtd

�
+5143,

Gxh wr olqhdu lqghshqghqfh/ d }hur ri dq| ri wkh wkuhh uhsuhvhqwdwlrqv lpsolhv
d }hur iru wkh rwkhu uhsuhvhqwdwlrqv1 Lw iroorzv wkdw d }hur forvxuh frqglwlrq
+doo hohphqwv ri

��g�n
�
duh ri Sid� glphqvlrq 4, lpsolhv }hur �fxuo�/ }hur

D!qh Wruvlrq dqg ]hur Remhfw ri dqkrorqrplflw|1

81 Fduwdq Wruvlrq 50irupv= Lq dgglwlrq wr wkh wkuhh zd|v ri surgxflqj d
yhfwru ri forvxuh 50irupv/ lw lv srvvleoh wr frqvwuxfw rwkhu xvhixo vhwv ri yhfwru
ydoxhg 50irupv/ zlwk dujxphqwv dqg lqglfhv erwk dvvrfdwhg zlwk wkh lqlwldo
vwdwh1 Rqh srvvlelolw| lv frqvlghu wkh yhfwru ydoxhg 40irupv frqvwuxfwhg e|
suh0pxowlso|lqj wkh ixqgdphqwdo pdsslqj htxdwlrq e| wkh lqyhuvh pdwul{ wr
|lhog

dJf
nEt�o �

���n
�
' mgtfl +5144,

H{whulru gl�huhqwldwlrq iroorzhg e| suh pxowlsolfdwlrq e| dIp
d Et�o |lhogv d

yhfwru ydoxhg vhw ri 50irupv��Pn
�
'

�
{n

pEt�
�
	 m�pln mg�pl , f +5145,

zklfk lqyroyhv wkh Ohiw Fduwdq frqqhfwlrq/
�
{n

pEt�
�
1 Wkh yhfwru ydoxhg

50irupv/
��Pn

�
> frxog eh xvhg wr gh�qh d Fduwdq yhfwru ri Fduwdq wruvlrq

50irupv/ zklfk olnh wkh Fduwdq pdwul{ ri fxuydwxuh 50irupv/ pxvw ydqlvk
rq wkh sdudoohol}deoh grpdlq t= Lw lv dssduhqw wkdw wkh yhfwru ri Fduwdq
wruvlrq 50irupv lv qrw wkh vdph dv wkh Forvxuh 50irupv xvhg wr gh�qh D!qh
Wruvlrq1 H{whulru pxowlsolfdwlrq ri hdfk hohphqw ri wkh yhfwru ri Fduwdq
wruvlrq 50irupv e| wkh dssursuldwh 40irup surgxfhv d yhfwru ri 60irupv wkdw
pxvw ydqlvk qhfhvvdulo|=���n	{n

pEt�	�
p
�
n
���n	g�n

�
' f= +5146,

Wkh odvw whup lv suhflvho| wkh yhfwru ri Wrsrorjlfdo Wruvlrq 60irupv iru hdfk
lqgxfhg 40irup/ �p= Vr wkhuh duh wzr fdvhv= +d, Hlwkhu hdfk whup ydqlvkhv/
zklfk lpsolhv wkdw wkh wrsrorjlfdo wruvlrq ydqlvkhv/ ru +e, wkh wzr whupv

43



lq hdfk hohphqw ri wkh Fduwdq wruvlrq 60irupv fdqfho/ dqg wkh wrsrorjlfdo
wruvlrq lv qrw }hur1

Lq wkh pruh jhqhudo vlwxdwlrq/ zkhuh

dI o � idFUo 	 m$ln mg$lj ' mg�l = +5147,

wkh yhfwru ri Fduwdq Wruvlrq 50irupv frxog eh gh�qhg dv��Pn
�
' idFUo 	 m$ln mg$lj ' dJo � mg�l +5148,

91 Lqwulqvlf Forvxuh Jdsv Erwk D!qh Wruvlrq dqg vhfwlrqdo Jdxvv Fxu0
ydwxuh zloo surgxfh �forvxuh Jdsv�1 D gl�huhqwldo forvxuh jds lv gh�qhg
dv qrq}hur uhvxow rewdlqhg iroorzlqj d glvsodfhphqw dorqj gt/4 iroorzhg e|
d glvsodfhphqw dorqj gt5/ iroorzhg e| d glvsodfhphqw dorqj 0gt4/ iroorzhg
e| d glvsodfhphqw dorqj 0gt51 Wkhvh vshfl�f forvxuh jdsv duh lqwulqvlf lq
wkdw wkh| uhvlgh lq wkh 50sodqh gh�qhg e| wkh wzr h{dfw gl�huhqwldo glvsodfh0
phqwv/ gt4 dqg gt5/ xvhg lq wkhlu frqvwuxfwlrq1 Wkhuh duh rwkhu w|shv ri
fxuydwxuh jdsv +lqgxfhg e| wrsrorjlfdo wruvlrq, zklfk duh qrw lqwulqvlf1 Wkh
D!qh wruvlrq jds/ dv sk|vlfdoo| lqgxfhg e| wudqvodwlrqdo vkhduv wr surgxfh
hgjh dqg vfuhz glvorfdwlrqv/ lv lqwulqvlf1 Wkh Jdxvv fxuydwxuh jds/ riwhq
dvvrfldwhg zlwk �urwdwlrqv� dqg glvfolqdwlrqv lv lqwulqvlf1 Lq fu|vwdoolqh
vwuxfwxuhv/ wkh hqhuj| wr surgxfh fxuydwxuh jdsv lv pxfk odujhu wkdq wkh
hqhuj| wr surgxfh D!qh wruvlrq jdsv1 Wkh rssrvlwh lv wuxh lq  xlgv1 Lq
dq lghdo fu|vwdo/ lw pljkw eh vdlg wkh wudqvodwlrqdo vkhduv duh shuplwwhg/ exw
urwdwlrqdo vkhduv duh qrw1 Lq dq lghdo  xlg/ wudqvodwlrqdo vkhduv duh qrw
shuplwwhg/ exw urwdwlrqdo vkhduv duh shuplvvleoh1 Wkh qrphqfodwxuh �vfuhz
glvorfdwlrq� lv xqiruwxqdwh iru vxfk gl�huhqwldo glvsodfhphqwv irup d slhfh0
zlvh fxuyh zkrvh hqgsrlqwv uhvlgh lq wkh �wdqjhqw sodqh� wr d kholfdo vxuidfh1
Wkh vfuhz glvorfdwlrq forvxuh jds grhv qrw h{klelw �kholflw|� zklfk zrxog
uhtxluh wkdw wkh jds kdv frpsrqhqwv ruwkrjrqdo wr wkh wdqjhqw sodqh1

:1 Qrq0Lqwulqvlf Wrsrorjlfdo Wruvlrq Jdsv= Wkhuh duh rwkhu w|shv ri
wruvlrq forvxuh jdsv +wrsrorjlfdo wruvlrq, zklfk duh qrw lqwulqvlf1 D jds lv
gh�qhg dv qrw lqwulqvlf li wkh forvxuh jds lv qrw lq wkh 50sodqh gh�qhg e|
wkh wzr h{dfw gl�huhqwldo glvsodfhphqwv1 Wkh qrq0lqwulqvlf wruvlrq jds kdv
frpsrqhqwv shushqglfxodu wr wkh 50sodqh gh�qhg e| wkh wzr h{dfw gl�huhq0
wldo glvsodfhphqwv1 Vxfk jdsv kdyh kholflw| +duh lqwulqvlfdoo| 6 glphqvlrqdo,
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Iljxuh 514=
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Iljxuh 515=
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dqg fdqqrw eh dssur{lpdwhg e| d jds lq wkh sodqh1 Wkhvh jdsv duh qrw
iruphg e| wudqvodwlrqdo vkhduv/ exw duh pruh wr eh dvvrfldwhg zlwk urwd0
wlrqdo vkhduv lq frpelqdwlrq zlwk wudqvodwlrqv1 Li wkh qrq0krorqrplf olqhdu
pdsslqj ri lqwhuhvw lv dq hohphqw ri wkh D!qh jurxs/ wkhq D!qh wruvlrq
lv srvvleoh/ dqg wkh D!qh wruvlrq jds lv lqwulqvlf1 Li wkh qrq0krorqrplf
olqhdu pdsslqj lv qrw dq hohphqw ri wkh d!qh jurxs/ wkhq wkhuh fdq h{lvw
qrq0lqwulqvlf wruvlrq1 Iru h{dpsoh/ wkh olqhdu pdsslqj frxog eh d surmhfwlyh
pdsslqj +qrw d!qh, dqg lw zrxog eh h{shfwhg wkdw wkhuh h{lvwhg �wruvlrq�
jdsv wkdw duh ruwkrjrqdo wr wkh 50sodqh gh�qhg e| wkh wzr h{dfw gl�huhq0
wldov1 Wklv frqfhsw ri +wrsrorjlfdo, wruvlrq +qrw d!qh wruvlrq, lv forvhvw wr
wkh frqfhsw ri Iuhqhw Wruvlrq ri d vsdfh fxuyh1 Iuhqhw Wruvlrq htxdo wr }hur
phdqv wkh vsdfh fxuyh lq 6G uhvlghv rq d 50vxuidfh +wkh sodqh lq hxfolghdq
vsdfh,1 Qrq0lqwulqvlf Wruvlrq dqg Wruvlrq jdsv rxw ri wkh 50sodqh h{lvw rqo|
li wkh Wrsrorjlfdo Wruvlrq lv qrq0}hur1 Li wkh qrq0krorqrplf olqhdu pdsslqj
ri lqwhuhvw lv dq hohphqw ri wkh surmhfwlyh +exw qrw d!qh, jurxs/ wkhq wkh
lqgxfhg +qrq0D!qh, wruvlrq fdq eh qrq0lqwulqvlf1 Fduwdq wruvlrq/ iru h{0
dpsoh/ lv qrw qhfhvvdulo| lqwulqvlf/ exw ghshqgv xsrq wkh hpehgglqj1 Krz
grhv rqh nqrz wkdw vxfk wklqjv h{lvw zlwkrxw Fduwdq*v lqwxlwlrqB Pdwkh0
pdwlfdoo| wkh wulfn lv wr hpehg wkh pdqlirog lqwr d vxlwdeo| odujh Zklwqh|
vsdfh/ dqg wkhq sduwlwlrq wkh Zklwqh| vsdfh lqwr d vxevsdfh ri lqwhuhvw1
Wkhq doo ri wkh ihdwxuhv ghvfulehg deryh fdq eh hydoxdwhg rq wkh vxevsdfh1
Dqrwkhu phwkrg lv wr suhvxph wkh h{lvwhqfh ri d joredo 40irup rq d grpdlq
ri glphqvlrq q.41 Wkhq frpsxwh wkh q dvvrfldwhg yhfwruv wkdw dqqlklodwh
wkh 40irup1 Xvh wkhvh q yhfwruv/ dqg wkh frpsrqhqwv ri wkh lqlwldo 40irup
+pxowlsolhg e| vrph qrq0}hur ixqfwlrq, wr gh�qh d surmhfwlyh edvlv iudph
lq glphqvlrq q.41 Wkh q glphqvlrqdo vxevsdfh fdq kdyh qrq0}hur fxuyd0
wxuh dqg d!qh wruvlrq dv zhoo dv qrq0d!qh qrq0lqwulqvlf Fduwdq wruvlrq/ ru
wrsrorjlfdo wruvlrq1 Wkh hpehgglqj vsdfh lv d vsdfh ri devroxwh sdudooholvp1
Wklv kdv ehhq grqh lq ghwdlo dw =

kwws=22zzz551sdlu1frp2fvgf2sgi2ghihfwv51sgi

;1 Dq D7 vsdfh lv d 7 glphqvlrqdo vsdfh wkdw kdv ]hur Fduwdq wruvlrq/ dqg
]hur Fduwdq fxuydwxuh1 Wklv phdqv wkdw wkh fxuydwxuh jdsv duh }hur/ dqg
wkh D!qh wruvlrq jdsv qhhg qrw eh }hur1 Wkh grpdlq lv sdudool}hdeoh1 Wkh
Vklsry lghd wkdw wkh ydfxxp kdv erwk srvvlelolwlhv +}hur D!qh wruvlrq zlwk
}hur fxuydwxuh/ ru qrq0}hur D!qh wruvlrq zlwk }hur fxuydwxuh, lv zkdw L
dssodxg1 +Lw lv qrw fohdu wkdw Vklsry frqvlghuv wkh fdvh ri Wrsrorjlfdo
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Wruvlrq,

Klv zrun vwlpxodwhv ph wr frqmhfwxuh wkdw wkh Vklsry ydfxxp
pd| eh h{whqghg wr d vsdfh wkdw kdv ]hur fxuydwxuh/ exw qrq0}hur
wrsrorjlfdo wruvlrq1 Wkdw lv/ wkh ydfxxp pd| kdyh qr pdvv +lp0
so|lqj }hur fxuydwxuh, exw erwk d!qh +lqwulqvlf, dqg wrsrorjlfdo
+qrq0lqwulqvlf, wruvlrq1 Vxfk h�hfwv fdq rffxu lq d vsdfh ri de0
vroxwh sdudooholvp/ exw wkh wrsrorjlfdo wruvlrq lv wkhq frqvwudlqhg1
Zlwkrxw wkh frqvwudlqw/ wkh vsdfh0wlph ydfxxp zrxog kdyh wr eh
hpehgghg lq d kljkhu glphqvlrqdo vsdfh1 Lw frxog qrw eh dq D7
vsdfh ri devroxwh sdudooholvp1

<1 Dq Dqkrorqrplf olqhdu pdsslqj fdq eh hodvwlf +uhyhuvleoh exw shukdsv fkdrwlf,
hyhq li wkh wrsrorjlfdo wruvlrq lv qrw }hur1 Wkdw lv/ wkhuh h{lvw hodvwlf kholfdo
ghirupdwlrqv zklfk duh hodvwlf1

431 Iru pxowl0vkhhwhg vroxwlrqv/ hqyhorshv/ hgjhv ri uhjuhvvlrq/ ydulrxv w|shv ri
fdwdvwurskhv/ wkh wrsrorjlfdo wruvlrq ri

rqh ru pruh ri wkh lqgxfhg 40irupv fdqqrw ydqlvk1

441 D sodvwlf +luuhyhuvleoh, ghirupdwlrq uhtxluhv wkdw wkh wrsrorjlfdo wruvlrq lv
qrw }hur/ dqg lv qrw forvhg lq dq h{whulru gl�huhqwldo vhqvh1 Wkh plqlpxp
glphqvlrq iru +frqwlqxrxv, luuhyhuvlelolw| lv 71

451 Doprvw doo Iudph pdwulfhv duh qrw Xqlwdu|1

461 D xqlwdu| pdwul{ lv qrupdo dqg wkhuhiru wkh ghfrpsrvlwlrq lqwr UK dqg OK
sduwv lv ghjhqhudwh1 Fkludolw| lv zkhuh wkh UK dqg OK sduwv duh glvwlqfw1
+Khqfh vxfk pdwulfhv duh qrw qrupdo lq wkh vhqvh wkdw wkh| gr qrw frppxwh
zlwk wkhlu dgmrlqw dqg wkhuhiruh duh qrw xqlwdu|,

471 D fkrlfh ri dqkrorqrplf frqvwudlqwv uh�qhv wkh wrsrorj| ri wkh grpdlq ri
lqwhuhvw1 LPR wkh suhvhqfh ri g|qdplfdo pdwwhu qrw rqo| jhqhudwhv d phwulf
�hog zlwk phwulf fxuydwxuh/ exw dovr jhqhudwhv wruvlrq ri erwk wkh lqwulqvlf
dqg qrw lqwulqvlf w|shv1

481 Glvwdqw sdudooholvp wkdw lv krorqrplf lpsolhv lqghshqghqfh iurp sdwk1 Glv0
wdqw sdudooholvp zklfk lv dqkrorqrplf lv sdwk ghshqghqw1 Wkh frqfhsw ri
lqghshqghqfh iurp sdwk lv uhodwhg wr wkh forvhg orrs lqwhjudo ri d 40irup1
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Li wkh 40irup lv h{dfw/ doo forvhg orrsv jlyh }hur ydoxh iru wkh lqwhjudo1 Li wkh
40irup lv qrw h{dfw/ wkh forvhg orrs lqwhjudo rq d erxqgdu| lv }hur/ exw d
forvhg orrs rq d f|foh zklfk lv qrw d erxqgdu| lv qrw }hur +vhh ghUkdp,1

49



61 QRWHV

6141 Suholplqdu|= gl�huhqwldo irupv

Wkh wrslfv ghvfulehg ehorz ghdo zlwk wklqjv fdoohg Sid!dq htxdwlrqv dqg gl�hu0
hqwldo irupv rq d grpdlq1 Shukdsv wkh vlpsohvw zd| wr wklqn ri gl�huhqwldo irupv
dv wr qrwh wkdw wkh| duh remhfwv wkdw irup wkh lqwhjudqgv ri pxowl0glphqvlrqdo
lqwhjudov1 Wkh prvw zhoo nqrzq gl�huhqwldo irupv duh 40irupv dqg 50irupv +uh0
odwhg wr 4 glphqvlrqdo olqh lqwhjudov dqg 5 glphqvlrqdo vxuidfh lqwhjudov, dqg Q04
irup dqg Q irupv +uhodwhg wkh lqwhjudqgv ri fxuuhqw ghqvlwlhv dqg ghqvlw| yro0
xph hohphqwv,1 Dq h{wudruglqdu| ihdwxuh ri gl�huhqwldo irupv lv wkdw wkh| duh
zhoo ehkdyhg lq d ixqfwlrqdo vhqvh dv lqyduldqwv uhodwlyh wr dgplvvdeoh frruglqdwh
wudqvirupdwlrqv fdoohg gl�hrprusklvpv +zklfk duh pdsv wkdw gr qrw fkdqjh wrsro0
rj|,1 Shukdsv hyhq ri juhdwhu lpsruwdqfh lv wkh idfw wkdw gl�huhqwldo irupv duh
zhoo ehkdyhg lq d ixqfwlrqdo vhqvh zlwk uhvshfw wr F5 gl�huhqwldeoh pdsv zklfk
duh qrw krphrprusklvpv1 Vxfk pdsv ghvfuleh frqwlqxrxv wrsrorjlfdo hyroxwlrq1

Zkhq gh�qhg rq d gl�huhqwldo ydulhw| ri frruglqdwh ixqfwlrqv/ wkh gl�huhqwldo
irupv fdq vhsdudwh wkh grpdlq lqwr wzr vhwv1 Uhjlrqv ri vxssruw +zkhuh wkh
gl�huhqwldo irup lv qrw }hur, dqg wkh }hur vhwv +uhjlrqv zkhuh wkh gl�huhqwldo irup
ydqlvkhv1, Sid!dq htxdwlrqv duh ri wkh odwwhu fdwhjru|> wkh| duh hvvhqwldoo| gli0
ihuhqwldo irupv frqvwudlqhg wr }hur1 Sid�*v sureohp lv wr �qg vroxwlrqv wr Sid!dq
htxdwlrqv1 Gl�huhqwldo irupv pd| eh h{dfw/ forvhg/ lqwhjudeoh ru qrq0lqwhjudeoh1
Iru h{dfw irupv/ wkhuh h{lvwv d vlqjoh joredo suh0lpdjh zkrvh h{whulru ghulydwlyh
uhsurgxfhv wkh gl�huhqwldo irup1 Iru 40irupv/ dq h{dfw 40irup lv uhsuhvhqwhg e|
wkh h{whulru ghulydwlyh ri d xqltxh joredo }hur irup/ ru ixqfwlrq1 Wkh frpsrqhqwv
ri wkh h{dfw 40irup ehkdyh dv wkh frpsrqhqwv ri d judglhqw �hog1 D Sid!dq
htxdwlrq dv dq htxdwlrq ri frqvwudlqw ehwzhhq frh!flhqw ixqfwlrqv dqg gl�huhq0
wldov ri d 40irup pd| ru pd| qrw eh h{dfw1 Li wkh frqvwudlqw lv h{dfw/ wkhq wkh
frqvwudlqw lv gh�qhg dv d krorqrplf frqvwudlqw1 Doo rwkhu frqvwudlqwv duh fdoohg
qrq0krorqrplf +ru htxlydohqwo| dqkrorqrplf, frqvwudlqwv1 Sid!dq htxdwlrqv dv
dqkrorqrplf frqvwudlqwv dsshdu wkurxjkrxw sk|vlfdo wkhrulhv1 Vrphwlphv wkh|
dsshdu lq vxewoh dqg xqdssuhfldwhg zd|v1 Iru h{dpsoh=

Nlqhpdwlfv dv dq dqkrorqrplf frqvwudlqw D frpprq vhw ri dqkror0

qrplf frqvwudlqwv +dqg d vhw wkdw lv xvxdoo| xqdssuhfldwhg dv dq dqkrorqrplf
frqvwudlqw, lv jlyhq e| wkh }hur vhw ri wkh nlqhpdwlf +sduwlfoh, 40irupv +rq wkh
grpdlq itn> wj�= Wkdw lv/ frqvlghu d F5 pds ! iurp itn> wj , i{nj= Lw lv xvhixo
wr uhfrjql}h wkdw wkh pds lv iurp d grpdlq +ru lqlwldo vwdwh, wr d udqjh +ru d �qdo
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vwdwh,1 Wkh dujxphqwv ri wkh pds duh wkh lqghshqghqw yduldeohv ri wkh lqlwldo
vwdwh1 Wkhq frqvlghu wkh gh�qlwlrqv1

�n / g{n � Y nEt> w�gw ' iC!nEt> w�@Ctp jgtp ' {n

Zlwk G Y nEt> w� / iC!nEt> w�@Cw j= +614,

Wkhuh duh 8 fdvhv wkdw zloo eh frqvlghuhg khuhlq1= Wkh 40irupv �n duh }hur/ h{dfw/
forvhg/ lqwhjudeoh/ ru qrq0lqwhjudeoh1

Wkh nlqhpdwlf k|srwkhvlv lv wkdw wkh 40irupv �n ydqlvk rq wkh grpdlq ri
lqwhuhvw/ zklfk lpsolhv wkdw wkh �dqkrorqrplf  xfwxdwlrqv�/ {n> pxvw ydqlvk1
Wkh frqvwudlqw lpsolhv wkdw

iC!nEt> w�@Ctp jgtp ' f +615,

Iurp zklfk lw iroorzv wkdw hlwkhu doo ri wkh glvsodfhphqwv ydqlvk/ gtp ' f>vxfk
wkdw wkh tp ' frqvwdqw �lqlwldo frqglwlrqv�/ ru wkh pdwul{ iC!nEt> w�@Ctp j kdv
d }hur ghwhuplqdqw/ dqg wkh qrq0}hur glvsodfhphqwv gh�qh wkh Qxoo hljhqyhfwru
ri wkh jlyhq pdwul{1 Lq wkh odwwhu fdvh wkh lqlwldo frqglwlrqv duh qrw frqvwdqwv/
exw duh frqvwudlqhg wr d vlqjxodu vhw1 Wkh nlqhpdwlf frqvwudlqw lv vdwlv�hg li wkh
dqkrorqrplf  xfwxdwlrqv ydqlvk +wkh fodvvlf fdvh,1

D ohvv uhvwulfwlyh frqvwudlqw lv wkdw wkh 40irupv �n duh forvhg/ lq wkh vhqvh wkdw
g�n ' gE{n� ' f> exw {n 9' f=

Li g�n ' f> wkhq gY n	gw ' EC{n@Cw�	gw ' iC2!nEt> w�@CwCtp jgw	gtp , f
+616,

Wkhq hlwkhu w ' frqvwdqw/ ru wkh �Yhorflw|� ixqfwlrqv/ Y n> fdq eh ixqfwlrqv ri
w dorqh1 Wkdw lv wkhuh h{lvwv d vlqjoh sdudphwhu pds iurp w lqwr wkh ixqfwlrqv/
Y nEw�= Wkh  xfwxdwlrq 40irupv {n duh qrw }hur/ exw duh lqghshqghqw iurp wlph/
w= Vxfk lv wkh irxqgdwlrq ri wkh Odqjhylq dssurdfk wr  xfwxdwlrqv1

Wkh 40irupv �n qhhg qrw eh h{dfw shuihfw gl�huhqwldov/ dqg frqwdlq lqiru0
pdwlrq derxw fhuwdlq +40glphqvlrqdo, wrsrorjlfdo surshuwlhv +ru ghihfwv, ri wkh
grpdlq1 Vxfk grpdlqv ri lqgxfhg frruglqdwh 40irupv gr qrw vxssruw D!qh wru0
vlrq1 D qhfhvvdu| uhtxluhphqw iru D!qh Wruvlrq lv wkdw vrph ru doo ri wkh lqgxfhg
frruglqdwh 40irupv/ �n> duh qrw forvhg1

D wklug vlwxdwlrq dqg hyhq ohvv uhvwulfwlyh frqvwudlqw pd| eh srvhg e| wkh
uhtxluhphqw wkdw wkh Sid!dq htxdwlrqv duh lqwhjudeoh1 Wkh lpsolfdwlrq lv wkdw
wkhuh lv d vhw ri 60irupv wkdw pxvw ydqlvk/ �n	g�n ' f= Vxfk d udqn 6 Sid!dq dq0
krorqrplf frqvwudlqw lv uhtxluhg li wkhuh h{lvwv dqg lqwhjudwlqj idfwru �nE{> w( ��
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iru hdfk �n> vxfk wkdw dowkrxjk g�n 9' f> wkh surgxfw ri wkh lqwhjudwlqj idfwru
dqg wkh 40irup lv forvhg= gi�nE{> w(�� �nj ' f= Li �n	g�n 9' f> wkhq wkh Sidi0
�dq htxdwlrqv duh qrw xqltxho| lqwhjudeoh lqwhjudeoh/ dqg li wkh 60irup lv forvhg
Eg�n	g�n ' f�/ wkh 60irupv fduu| dqrwkhu vhw ri wrsrorjlfdo surshuwlhv +ru ghihfwv,
gl�huhqw iurp wkh ghihfwv jhqhudwhg e| d forvhg/ exw qrw h{dfw/ v|vwhp ri 40irupv1
Zkhq �n	g�n 9' f/ wkh grpdlq lv vdlg wr vxssruw �Wrsrorjlfdo Wruvlrq�1

Lw zloo eh ghprqvwudwhg ehorz wkdw erwk +4, krorqrplf frruglqdwhv +zkhuh
hdfk frruglqdwh lv d judglhqw, dqg +5, forvhg exw qrw h{dfw frruglqdwhv +w|slfdo
ri pxowl0ydoxhg ixqfwlrqv, duh QRW wr eh dvvrfldwhg zlwk Iudph pdwulfhv wkdw
surgxfh D!qh Wruvlrq1

Wkhuprg|qdplfv dv dq dqkrorqrplf frqvwudlqw Frkrprorj| lv wkh
vwxg| ri irupv zkrvh gl�huhqfh lv h{dfw1 Wkh prvw idprxv vxfk sk|vlfdo v|vwhp lv
wkdw jlyhq e| wkh �uvw odz ri wkhuprg|qdplfv= T�Z ' gX= Qhlwkhu wkh 40irup
ri khdw/ T> qru wkh 40irup ri zrun/ Z lv +qhfhvvdulo|, forvhg/ exw wkhlu gl�huhqfh
lv h{dfw$ Wkh �uvw odz lv dqrwkhu h{dpsoh ri d qrq0krorqrplf frqvwudlqw=

T�Z � gX ' f= +617,

Uroolqj zlwkrxw Iulfwlrq dv dq dqkrorqrplf frqvwudlqw Zkhq d edoo
uroov rq d vxuidfh zlwkrxw volsslqj ri vnlgglqj/ wkhuh lv dq dqkrorqrplf frqvwudlqw
lpsrvhg xsrq wkh g|qdplfv1 Wkh frqvwudlqw lv riwhq irupxodwhg e| wkh Sid!dq
htxdwlrq �g� � g{ ' f=

614141 H{dfw 40irupv

D gl�huhqwldo irup/ �Et� ' Degt
e/ kdv d Sid� glphqvlrq/ ru fodvv/ uhsuhvhqwhg

e| dq lqwhjhu/ p/ wkdw gh�qhv wkh plqlpxp qxpehu ri lqghshqghqw ixqfwlrqv
wkdw duh uhtxluhg +ryhu d olplwhg grpdlq, wr gh�qh wkh gl�huhqwldo irup1 Li wkh
gl�huhqwldo irup kdv d joredo gh�qlwlrq lq whupv ri d vlqjoh ixqfwlrq !Et� ryhu wkh
hqwluh grpdlq/ wkhq wkh irup lv vdlg wr eh h{dfw1

Dq H{dfw 40irup= �Et� ' g!Et� ' iC!Et�@Ctejgte +618,

Wkh frh!flhqwv ri wkh h{dfw 40irup kdyh wkh frpsrqhqwv ri d judglhqw �hog1 H{dfw
irupv duh joredoo| lqwhjudeoh1
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614151 Forvhg 40irupv

D forvhg irup lv d irup zkhuh wkh h{whulru ghulydwlyh ri wkh irup ydqlvkhv1 Doo
h{dfw 40irupv duh forvhg +iru F5 ixqfwlrqv,/

g�Et� ' gEg!Et�� ' iC2!@CtdCte � C2!@CteCtdjgtd	gte ' f= +619,

Krzhyhu/ wkhuh duh 40irupv wkdw duh forvhg/ exw qrw h{dfw1 Forvhg/ exw qrw
h{dfw/ 40irupv duh lqwhjudeoh ryhu d uhvwulfwhg grpdlq/ zklfk pd| eh �qlwh exw
qrw joredo1 Dv dq h{dpsoh/ frqvlghu wkh 40irup frqvwuxfwhg iurp wzr lqghshqghqw
ixqfwlrqv=

H{dpsoh G �Et� ' i!Et�g"Et�� "Et�g!Et�j@id!s n e"sj2@s +61:,

Wkh h{dpsoh lv forvhg +kdv }hur �fxuo�, exw lv qrw h{dfw1 g�Et� ' f +61;,

Wkh Sid� glphqvlrq ri d forvhg exw qrw h{dfw 40irup lv 4/ exw wkh irup fdqqrw
eh joredoo| uhsuhvhqwhg e| d judglhqw ri d vlqjoh ixqfwlrq1 Wkh grpdlq frqwdlqv
d wrsrorjlfdo ghihfw+v,/ qrw w|slfdo ri d Fduwhvldq vsdfh1 Wkhuh duh forvhg sdwkv
+f|fohv, wkdw duh qrw vkulqndeoh dqg duh qrw erxqgdulhv1 D w|slfdo h{dpsoh lv jlyhq
e| d sodqdu glvf zlwk d fhqwudo kroh1 Hdfk kroh lv uhsuhvhqwhg e| d xqltxh forvhg
exw qrw h{dfw +ghUkdp, wkdw vd|v vrphwklqj derxw wkh idfw wkdw wkh grpdlq ri
gh�qlwlrq lv qrw vlpso| frqqhfwhg1 Qrwh wkdw li wkh wzr ixqfwlrqv lq wkh h{dpsoh
duh wdnhq wr eh ! ' [ dqg " ' [_ wkhq wkh forvhg +exw qrw h{dfw, 40irup ehfrphv
+iru d ' �> e ' �> s ' 2�

�Et� ' i[g[_ �[g[j@E[_[� ' i[up[
_ �[up[jgtp@E[_[�> +61<,

zklfk lv uhfrjql}hg dv ehlqj sursruwlrqdo wr wkh �suredelolw| fxuuhqw� lq txdqwxp
phfkdqlfv1 Wkh lqwhjudov durxqg forvhg f|fohv ri vxfk forvhg exw qrw h{dfw 40
irupv duh wkh edvlv iru wkh Erkp Dkdudqry h�hfw/ dqg wkh ghUkdp irupxodv duh
wkh edvlv iru zkdw kdv ehhq srsxodul}hg dv � x{ txdqwl}dwlrq� ru dv wkh �Ehuu|
skdvh�1

Forvhg irupv zklfk duh qrw h{dfw duh riwhq uhodwhg wr pxowl0ydoxhg ixqfwlrqv1
Wkh forvhg 40irup jlyhq deryh lv qrw zhoo gh�qhg zkhq wkh ghqrplqdwru jrhv wr
}hur1 Li wkh grpdlq ri gh�qlwlrq h{foxghv wkhvh uhjlrqv/ wkhq wkh irup lv zhoo
gh�qhg/ dqg wkhuh h{lvw forvhg lqwhjudwlrq fkdlqv fdoohg f|fohv + zklfk duh qrw
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qhfhvvdulo| erxqgdulhv, iru zklfk wkh lqwhjudo ri wkh irup dorqj wkh forvhg fkdlq
lv QRW }hur1 Li wkh lqwhjudwlrq lv shuiruphg derxw d erxqgdu| f|foh+v, wkh
ydoxh ri wkh lqwhjudo lv }hur1 Dq h{dfw irup lqwhjudwhg derxw d forvhg f|foh lv
}hur/ zkhwkhu lw lv d erxqgdu| ru qrw1 Wkhvh forvhg exw qrw h{dfw 40irupv fduu|
wrsrorjlfdo lqirupdwlrq +lq whupv ri wkh h{foxghg srlqwv zklfk duh lqwhusuhwhg dv
ghihfwv ru vlqjxodulwlhv,1 Dv phqwlrqhg deryh1 wkhvh forvhg exw qrw h{dfw 40irupv
kdyh sk|vlfdo vljql�fdqfh dv wkh  x{ txdqwxp1 Vlplodu forvhg/ exw qrw h{dfw
50irupv/ kdyh sk|vlfdo vljql�fdqfh dv wkh fkdujh txdqwxp1 Forvhg exw qrw h{dfw
60irupv kdyh sk|vlfdo vljql�fdqfh dv wkh vslq txdqwxp1

Vhh kwws=22zzz551sdlu1frp2fvgf2sgi2shulrgv1sgi ru U1 P1 Nlhkq/ M1 Pdwk
Sk|v 4; 7 +4<::,

614161 Qrw forvhg exw lqwhjudeoh 40irupv

Hyhq li d 40irup � lv qrw forvhg/ vxfk wkdw g� 9' f> lw vwloo pd| eh wuxh wkdw wkhuh
h{lvwv dq lqwhjudwlqj idfwru � wkdw pdnhv wkh irup forvhg1 Wkdw lv

gE�Et��� ' gE�Et�Degt
e� ' g�	� n � g� , f +6143,

Lw iroorzv wkdw d qhfhvvdu| frqglwlrq iru wkh h{lvwhqfh ri dq lqwhjudwlqj idfwru lv
wkdw

�	ig�	� n �g�j ' �	g�	� n ��	g� ' f n ��	g� ' f +6144,

Khqfh/ wkh 60irup �	g� pxvw ydqlvk li dq lqwhjudwlqj idfwru h{lvwv1 Wkh frqglwlrq
lv nqrzq dv wkh Iurehqlxv frqglwlrq ri lqwhjudelolw|1 Wkh lqwhjudwlqj idfwru grhv
qrw qhfhvvdulo| frqyhuw wkh qrq0forvhg 40irup lqwr dq h{dfw 40irup1

614171 Qrq0lqwhjudeoh 40irupv

Li wkh dvvrfldwhg 60irup �	g� grhv qrw ydqlvk/ wkhq dq lqwhjudwlqj idfwru grhv qrw
h{lvw/ dqg wkh v|vwhp lv vdlg wr eh qrq0lqwhjudeoh1 Wkh Iurehqlxv frqglwlrq ri
lqwhjudelolw| idlov1

71 IUDPH PDWULFHV

Wkh froxpqv ri d pdwul{ ri ixqfwlrqv iru zklfk wkh ghwhuplqdqw lv qrq0}hur rq d
�qlwh grpdlq itdj fdq eh xvhg dv d edvlv pdwul{ iru frqwudyduldqw yhfwruv1 Wkh
froxpqv ri wkh iudph pdwul{ duh wuhdwhg dv frqwudyduldqw yhfwruv zlwk frpsrqhqwv
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ghvljqdwhg e| wkh xsshu +urz, lqgh{1 Wkh urzv ri wkh Iudph pdwul{ duh wuhdwhg
dv wkh frpsrqhqwv ri fryduldqw yhfwruv/ zlwk wkh frpsrqhqw lqgh{ ehlqj wkh orzhu
+froxpq, lqgh{1 Wkh ghvljqdwlrqv iroorz lq dffrug zlwk wkh h{lvwhqfh ri lqwhjudo
pdsv iurp wkh grpdlq wr wkh wdujhw1 Krzhyhu/ wkh uhtxluhphqwv iru d Iudph
pdwul{ gr qrw uhtxluh wkdw wkh Iudph eh ghgxfleoh iurp d pds ri ixqfwlrqv1 Doo
wkdw lv uhtxluhg lv wkdw wkh Iudph pdwul{ irup d olqhduo| lqghshqghqw vhw ri edvlv
yhfwruv dw hyhu| srlqw s1 Wkh uhtxluhphqw lv wkdw wkh ghwhuplqdqw ri wkh Iudph
pdwul{ lv qrq0}hur1 Srlqwv rq wkh grpdlq zkhuh wkh ghwhuplqdqw ri wkh Iudph
pdwul{ lv qrw }hur duh fdoohg ghihfwv ru vlqjxodulwlhv1

Wkhuh duh 7 pdmru fdvhv wr frqvlghu=

41 Wkh Iudph pdwul{ pdsv h{dfw gl�huhqwldov lqwr h{dfw gl�huhqwldov +wkh kror0
qrplf fdvh zkhuh wkh pds iurp udqjh wr wdujhw lv nqrzq1,�

I n
d Et

e�
�
� mgtdl ,

���n
�
'

��g{n� +714,

51 Wkh Iudph pdwul{ pdsv h{dfw gl�huhqwldov lqwr qrq0h{dfw gl�huhqwldov +qrq0
krorqrplf, �

I n
d Et

e�
�
� mgtdl ,

���n
�

+715,

Wkhuh duh wkuhh vxefdvhv wr frqvlghu1

+d,1 Wkh lqgxfhg 40irupv
���n

�
duh forvhg/ lqwhjudeoh/ ru qrw lqwhjudeoh1

Qrwh wkdw wkh whup �qrq0krorqrplf� lv xvhg wr lpso| wkdw wkh lqgxfhg 40
irupv duh qrw h{dfw1 Dv zloo eh vkrzq ehorz/ erwk krorqrplf +h{dfw, dqg
vshfldo qrq0krorqrplf +forvhg exw qrw h{dfw, Iudphv duh D!qh wruvlrq iuhh1

+e, Qrq0krorqrplf lv d qhfhvvdu|/ exw qrw vx!flhqw/ frqglwlrq wr surgxfh
D!qh wruvlrq1 Wkh odfn ri forvxuh +wkh 50irup ydqlvkhv= g�n 9' f� lv d
vx!flhqw uhtxluhphqw wr surgxfh D!qh wruvlrq1 Krzhyhu/ lq fhuwdlq flu0
fxpvwdqfhv wkh v|vwhp pd| eh lqwhjudeoh lq wkh Iurehqlxv vhqvh/ vxfk wkdw
d qhz Iudph fdq eh frqvwuxfwhg lq whupv ri �lqwhjudwlqj� idfwruv/ dqg wkdw
qhz iudph zloo eh ri wkh w|shv +d, ru +e, deryh1 D qhfhvvdu| frqglwlrq iru lq0
whjudelolw| lv wkdw wkh wrsrorjlfdo wruvlrq 60irup pxvw ydqlvk= +�n	g�n ' f�=

+f, Lq wkh qrq0lqwhjudeoh fdvhv/ +�n	g�n 9' f�=

61 Wkh Iudph pdwul{ pdsv qrq0h{dfw gl�huhqwldov lqwr h{dfw gl�huhqwldov�
I n
d Et

e�
�
� m$dl ,

��g{n� +716,
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71 Wkh Iudph pdwul{ pdsv qrq0h{dfw gl�huhqwldov lqwr qrq0h{dfw gl�huhqwldov�
I n
d Et

e�
�
� m$dl ,

���n
�

+717,

Rqo| wkh �uvw fdvh lv krorqrplf/ iru lq wkdw fdvh wkhuh h{lvwv d ixqfwlrqdo pds
iurp itdj wr i{nj= Wkh rwkhu fdvhv duh dqkrorqrplf1 Wkh �uvw wkuhh fdvhv duh
vshfldo fdvhv ri fdvh 71

Qrwh wkdw lq hyhu| fdvh wkhuh lv d uljkw Fduwdq frqqhfwlrq vxfk wkdw

g
�
I n
d Et�

�
'

�
I n
f Et�

�
� dFf

dEt�o '
�
I n
f Et�

�
�

%[
e

Ff
deEt�gt

e

&
+718,

Wklv uhvxow lv ghgxfhg iurp wkh frqglwlrq wkdw wkh Iudph pdwul{
�
I n
f Et�

�
kdv dq

lqyhuvh dJf
pEt�o1 Wkh uhvxow ri d frqqhfwlrq lv qrw lpsrvhg dv d gh�qlwlrq rxw ri

wkh eoxh1 Wkh frqqhfwlrq pdwul{ ri gl�huhqwldo 40irupv lv frqvwuxfwhg dv

%[
e

Ff
deEt�gt

e

&
' dFf

dEt�o ' � dgJf
pEt�o � dI

p
d Et�o ' dJf

pEt�o � dgI
p
d Et�o +719,

Wkh frqvwuxfwlrq lv lqghshqghqw iurp d phwulf frqvwudlqw lpsrvhg xsrq wkh v|v0
whp1 Lw lv lpsruwdqw wr qrwh wkdw wkh lqglfhv wkdw ghqrwh wkh hohphqwv ri wkh uljkw
Fduwdq pdwul{ duh gh�qhg rq wkh lqlwldo vwdwh/ dqg wkh dujxphqwv duh lq whupv ri
lqlwldo vwdwh yduldeohv1

Frqvlghu wkh h{whulru ghulydwlyh ri wkh Iudph pdwul{/ zlwkrxw wkh lpsrvlwlrq
ri wkh frqvwudlqw wkdw wkh ghwhuplqdqw eh qrq0}hur1 Wkhq iru fdvh 5

g
�
I n
d Et

e�
�
� mgtdl ' iCI n

d @Ct
e � CI n

e @Ct
djgte	gtd +71:,

Zkhq wkh lqyhuvh pdwul{ h{lvwv/ dqrwkhu h{suhvvlrq iru wkh yhfwru ri forvxuh 50
irupv lv rewdlqhg dv

g
���n

�
' dJf

nEt�o � iCI
n
d @Ct

e � CI n
e @Ct

djgte	gtd ' +71;,

=
Frqvlghu wkh wzr gh�qlwlrqv= +frqvwuxfwhg iurp wkh frqqhfwlrq jhqhudwhg e|

wkh Iudph pdwul{,

Wkh Yhfwru ri D!qh Wruvlrq 50irupv lv gh�qhg dv G mDW fl ' dFf
dEt�o 	 mgt

dl '
��Ff

ddeogt
e	g

+71<,
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Wkh Pdwul{ ri Fxuydwxuh 50irupv lv gh�qhg dv dXf
do ' idgFf

dEt�ondFf
e Et�o 	

�
Fe
dEt�

�
j

+7143,

7141 Krorqrplf v|vwhpv +Fdvh 4,

Wkh edvlv dvvxpswlrq lv wkdw Iudph pdwul{ pdsv h{dfw gl�huhqwldov lqwr h{dfw
gl�huhqwldov1 �

I n
d Et

e�
�
� mgtdl ,

��g{n� +7144,

Vxfk d vlwxdwlrq h{lvwv zkhq wkhuh h{lvwv dq h{solflw pdsslqj iurp rqh vhw ri
+frruglqdwh, yduldeohv itdj wr dqrwkhu vhw ri yduldeohv i{nj lv jlyhq lq whupv ri
F5 gl�huhqwldeoh ixqfwlrqv/

! G td , {n ' !nEtd�= +7145,

Wkh lqgxfhg h{dfw frruglqdwh gl�huhqwldov
��g{n� duh uhodwhg olqhduo| wr wkh h{dfw

gl�huhqwldov mgtdl e| wkh Mdfreldq pdsslqj=

g! G mgtdl ,
��g{n� ' �

C!nEte�@Ctd�
�
mgtdl +7146,

Wkh h{dfw frruglqdwh gl�huhqwldov duh vdlg wr eh krorqrplf/ dv wkh| kdyh d xqltxh
ixqfwlrqdo suh0lpdjh1 Qrwh wkdw d qhfhvvdu| frqglwlrq +exw qrw vx!flhqw, iru
lqwhjudelolw| wr h{dfwqhvv lv wkdw wkh h{whulru ghulydwlyhv ri wkh frruglqdwh gl�hu0
hqwldov pxvw ydqlvk/ gEg{n� ' f= Riwhq wkh wdujhw ri wkh pds lv suhvxphg wr
eh d +svhxgr, hxfolghdq vsdfh zlwk d gldjrqdo phwulf ri frqvwdqwv htxdo wr 	�=
Wkh uhyhuvh sureohp ri pdsslqj iurp d +svhxgr, hxfolghdq vsdfh fdq dovr eh
frqvlghuhg1

Iru wkh lqwhjudeoh vlwxdwlrqv/ wkh Mdfreldq pdwul{ ri ixqfwlrqv pd| eh xvhg dv
d edvlv iudph

�
I n
d Et

e�
� �

I n
d Et

e�
�
'

�
C!nEte�@Ctd�

�
+7147,

rq vxevsdfhv ri itej zkhuh wkh ghwhuplqdqw ri wkh Mdfreldq pdwul{ grhv qrw
ydqlvk1 Dv wkh Iudph pdwul{ +lq wklv fdvh wkh Mdfreldq pdwul{, kdv dq lqyhuvh rq
vxfk grpdlqv/ wkh h{whulru ghulydwlyhv ri wkh Mdfreldq pdwul{ ohdg wr wkh frqfhsw
ri d frqqhfwlrq dFo wkdw olqhduo| frqqhfwv wkh gl�huhqwldov ri wkh edvlv ixqfwlrqv
wr olqhdu frpelqdwlrqv ri wkh edvlv ixqfwlrqv1 Wklv frqfhsw ri d frqqhfwlrq lv
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frqvhtxhqfh ri wkh olqhdu lqghshqghqfh ri wkh froxpq yhfwruv wkdw gh�qh dq|
edvlv Iudph pdwul{/ dqg lv qrw d srvwxodwhg gh�qlwlrq=

g
�
I n
d Et�

�
'

�
I n
f Et�

�
�

% [
f'�==q

Ff
deEt�gt

e

&
= +7148,

Wkh pdwul{ hohphqwv ri wkh uljkw Fduwdq frqqhfwlrq pdwul{/ dFf
dEt�o > duh gl�huhq0

wldo 40irupv/ Ff
degt

e=
Li wkh ixqfwlrqv ri wkh krorqrplf pdsslqj duh F5 gl�huhqwldeoh/ wkhq e| gluhfw

frpsxwdwlrq/

gEg{n� '
�
I n
f Et�

�
� dFf

dEt�o 	 mgt
dl

'
�
I n
f Et�

�
�

% [
f'�==q

Ff
deEt�gt

e

&
	gtd

'
�
I n
f Et�

�
�
��iFf

de � Ff
edjgt

e	gtd
�
' f +7149,

Wkh yhfwru ri wzr irupv edvhg rq wkh dqwl0v|pphwulf frpsrqhqwv ri wkh frqqhfwlrq
kdv ehhq gh�qhg dv wkh yhfwru ri D!qh wruvlrq 50irupv=

Yhfwru ri D!qh Wruvlrq 50irupv=
��Ff

ddeogt
e	gtd

�
+714:,

Krzhyhu/ wklv yhfwru ri D!qh Wruvlrq 5 irupv pxvw ydqlvk dv g+g{, @ 31

ERWWRP OLQH= Li wkh h{whulru gl�huhqwldo v|vwhp kdv d suhlpdjh dv d

krorqrplf pdsslqj/ wkh Yhfwru ri D!qh Wruvlrq 50irupv pxvw ydqlvk1

+Khqfh vwdwhphqwv derxw �krorqrplf d!qh wruvlrq� duh plvohdglqj li qrw idovh
+vhh Vduidwwl Yljlhu 5333,1,

Dssolfdwlrq ri wkh h{whulru ghulydwlyh rqh pruh wlph |lhogv

gEgEg{n�� ' gi
�
I n
f Et�

�
� dFf

dEt�jo 	 mgt
dl +714;,

'
�
I n
h Et�

�
� idFh

f Et�o 	 dF
f
dEt�o n dgFf

dEt�oj	 mgt
dl

'
�
I n
h Et�

�
� dXho 	 mgtdl , f=

Wkh uhvxow lv wkdw wkh 60irup dXho 	 mgtdl pxvw ydqlvk iru wkh krorqrplf fdvh1
Wklv qhfhvvdu| frqglwlrq grhv qrw lpso| wkdw wkh pdwul{ ri fxuydwxuh 50irupv
pxvw ydqlvk/ dowkrxjk wkdw lv d srvvlelolw|1

Lq vxppdu| Wkh krorqrplf fdvh lv D!qh wruvlrq iuhh/ exw pd| ru pd| qrw

dgplw qrq0}hur fxuydwxuh
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7151 Dqkrorqrplf v|vwhpv 0 Fdvh 5

Hyhq zlwkrxw nqrzohgjh ri wkh xqltxh lqwhjudo vroxwlrqv +zklfk pd| qrw h{lvw,/
lw riwhq srvvleoh wr frqvwuxfw +ru lpsrvh e| rwkhu dujxphqwv, ryhu d grpdlq d
Iudph Ilhog/ dI o1 Wkh Iudph �hog dfwv dv d edvlv pdwul{ ri olqhduo| lqghshqghqw
ixqfwlrqv zlwk dujxphqwv rq wkh ydulhw|/ |d= +Phwkrgv iru frqvwuxfwlqj dI o duh
ghvfulehg lq �Wkh Pdq| Idfhv ri Wruvlrq�,1 Wkh grpdlq pd| eh �qlwh/ exw qrw
joredo1 Frqvlghu wkh dqkrorqrplf +qrq0krorqrplf, fdvh zkhuh

�
I n
d Et

e�
�
� mgtdl ,

���n
�
= +714<,

Pxowlso|lqj e| wkh lqyhuvh iudph |lhogv��gte� ' �
Je

nEt
e�
�
�
���n

�
+7153,

H{whulru gl�huhqwldwlrq ri wkh �uvw htxdwlrq |lhogv

�
I n
e Et

e�
�
�
�
Fe
dEt

e�
�
	 mgtdl , g

���n
�

+7154,

zklfk lpsolhv wkdw wkh yhfwru ri D!qh Wruvlrq 50irupv lv jlyhq e| wkh h{suhvvlrq�
Fe
d

�
	 mgtdl '

�
Je

nEt
e�
�
� g

���n
�

+7155,

Wkh lpsruwdqw uhvxow lv wkdw wkh yhfwru ri D!qh Wruvlrq 50irupv zloo ydqlvk hyhq
li wkh lqgxfhg 50irupv

���n
�
duh forvhg/ qrw phuho| h{dfw1 D!qh Wruvlrq uhtxluhv

wkdw wkh lqgxfhg 40irupv duh qrw forvhg1
H{whulru gl�huhqwldwlrq ri wkh vhfrqg htxdwlrq |lhogv

g
��gte� ' f '

�
gJe

nEt
e�
�
�
���n

�
n
�
Je

nEt
e�
�
� g

���n
�

+7156,

Vr li wkh uhflsurfdo iudph �hog lv xvhg dv d edvlv iudph/ wkhuh h{lvwv d uhflsurfdo
uljkw Fduwdq frqqhfwlrq/

�
Gp

n Et
e�
�
> vxfk wkdw

g
��gte� ' f '

�
Je

pEt
e�
�
� i

�
Gp

n Et
e�
�
�
���n

�
n g

���n
�
j +7157,

Wkh whup lq wkh fxuo| eudfnhwv gh�qhv wkh Yhfwru ri Fduwdq Wruvlrq 50irupv edvhg
rq

���n
�
= Lw lv dssduhqw wkdw wklv Yhfwru ri Fduwdq wruvlrq 50irupv lv }hur dqg

frqvlvwv ri wzr frpshqvdwlqj sduwv/ rqh ri zklfk lv wkh Yhfwru ri D!qh frqqhfwlrq
5 irupv1

Wkhuh duh irxu fdvhv wr frqvlghu ghshqglqj rq wkh surshuwlhv ri wkh lqgxfhg
40irupv=
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d1 Li wkh qrq0h{dfw 40irupv duh forvhg/ vxfk wkdw g
���n

�
' f>wkhq wkh yhfwru ri

d!qh 50irupv/ dFf
dEt�o 	 mgt

dl/ pxvw ydqlvk1 Wklv dqkrorqrplf grpdlq grhv
qrw vxssruw D!qh Wruvlrq1 Pruhryhu wkh 60irup/ dXf

do 	 mgt
dl pxvw ydqlvk1

D vx!flhqw exw qrw qhfhvvdu| frqglwlrq lv wkdw wkh pdwul{ ri fxuydwxuh 50irupv
lv }hur1 Lq rwkhu zrugv vxfk dqkrorqrplf grpdlqv frxog kdyh fxuydwxuh zlwkrxw
wruvlrq1

e1 Li wkh qrq0h{dfw 40irupv duh qrw forvhg wkhq g
���n

�
9' f= Wkh frqvwudlqw

lpsolhv wkdw wklv w|sh ri dqkrorqrplf grpdlq qhfhvvdulo| vxssruwv D!qh Wruvlrq1
D vhfrqg dssolfdwlrq ri wkh h{whulru ghulydwlyh lpsolhv wkdw/ djdlq/ wkh 60irup
dXf

do 	 mgt
dl pxvw ydqlvk1 Khqfh/ vxfk dqkrorqrplf fdvhv qhfhvvdulo| vxssruw

D!qh Wruvlrq/ exw pd| ru pd| qrw kdyh }hur fxuydwxuh1

f1 Li wkh
���n

�
duh qrw forvhg exw lqwhjudeoh/ wkhq wkh yhfwru ri 60irupv/���n	g�n

�
pxvw ydqlvk1

g1 Li lqgxfhg 40irupv duh qrw lqwhjudeoh1 Vxfk grpdlqv duh vdlg wr vxssruw
wrsrorjlfdo wruvlrq1 Wkh 60irup

���n	g�n
�
9' f= Lq vlpsoh whupv/ D!qh Wruvlrq

lv uhodwhg wr wkh �fxuo� ri wkh lqgxfhg frruglqdwh 40irupv/ �n= Li wkh 40irupv
kdyh }hur fxuo/ wkh grpdlq grhv qrw vxssruw D!qh Wruvlrq1 Li wkh 40irupv duh
lqwhjudeoh/ wkhq wkh wrsrorjlfdo wruvlrq lv }hur1 Qrq0}hur wrsrorjlfdo wruvlrq
lpsolhv wkdw wkh

���n
�
duh qrw lqwhjudeoh1

7161 Dqkrorqrplf v|vwhpv 0 Fdvh 6

Frqvlghu wkh dqkrorqrplf +qrq0krorqrplf, fdvh zkhuh

�
I n
d Et

e�
�
� m$dl ,

��g{n� = +7158,

H{whulru gl�huhqwldwlrq |lhogv

gi
�
I n
d Et

e�
�
� m$dlj '

�
I n
d Et

e�
�
� idFf

dEt�o 	 m$
dln mg$dlj ' g

��g{n� , f +7159,

Lw pxvw eh wuxh wkdw wkh yhfwru ri Fduwdq wruvlrq 50irupv edvhg $d rq pxvw ydqlvk

Yhfwru ri Fduwdq Wruvlrq 50irupv= dFf
dEt�o 	 m$

dln mg$dl ' Ff
degt

e	$d +715:,

D vhfrqg h{whulru gl�huhqwldwlrq ohdgv wr wkh frqglwlrq=
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�
I n
d Et

e�
�
� idFf

dEt�o 	 dF
f
dEt�o 	 m$

dln2 dFf
dEt�o 	 mg$

dln dgFf
dEt�o 	 m$

dlj ' f +715;,

ru

�
I n
d Et

e�
�
� idXf

dEt�o 	 m$
dln 2 dFf

dEt�o 	 mg$
dlj ' f +715<,

Wkh eudfnhw whup 60irup kdv wr ydqlvk xqghu wkh vwduwlqj k|srwkhvlv/ zklfk lpsolhv
wkdw wkh fxuydwxuh frpsrqhqw dXf

dEt�o 	 m$
dl fdq eh frpshqvdwhg e| wkh Frulrolv

whup 2 dFf
dEt�o 	 mg$

dl > li hdfk frpsrqhqw lv qrw lghqwlfdoo| }hur1 Qr frqglwlrqv
duh sodfh xsrq wkh yhfwru ri D!qh Wruvlrq 50irupv zklfk lv qrw dw doo htxlydohqw
wr wkh yhfwru ri Fduwdq Wruvlrq 50irupv1

Qrz wkh 40irupv m$dl pd| eh frpsrvhg ri olqhdu frpelqdwlrqv m$dl ' Dd
egt

e

vxfk wkdw
dFf

dEt�o 	 m$
dl ' Ff

dhgt
h	Dd

egt
e

Dv zloo eh vhhq +ehorz, zkhq wkh v|vwhp lv qrw krorqrplf/ dqg qr xqltxh
lqwhjudo htxlydohqw h{lvwv/ wkhq wkh vsdfhv lqyroyhg fdq kdyh frqqhfwlrqv zklfk
duh qrw iuhh ri d!qh wruvlrq1 Wkh erwwrp olqh lv wkdw wkhuh lv d fruuhvsrqghqfh
ehwzhhq lqwhjudelolw| dqg qr0 wruvlrq1 Wklv fruuhvsrqghqfh zloo eh ghprqvwudwhg
ehorz1

7171 Vxjjhvwhg Uhdglqj

Wkhuh duh wkuhh errnv rq Sid!dq v|vwhpv wkdw fryhu wkh wrslfv lq vrph ghwdlo1
Wkh �uvw lv e|

Vfkrxwhq/ M1 D1 dqg Ydq ghu Nxon/ Z1/ �Sid�*v Sureohp dqg lwv Jhqhudol}d0
wlrqv�/ +R{irug Foduhqgrq Suhvv/ 4<7<,

Dqrwkhu lv e|
P1 ]klwrpluvnl/ �W|slfdo Vlqjxodulwlhv ri gl�huhqwldo 40irupv dqg Sid!dq Htxd0

wlrqv� Pdwkhpdwlfdo Prqrjudskv 446/ DPV 4<<51
Qhlwkhu ri wkhvh wh{wv lv hdv| uhdglqj1
D wklug errn ri lqwhuhvw lq �H{whulru Gl�huhqwldo V|vwhpv� e| Jul!wkv/ Eu|dqw/

Fkhuq hw do1 +L zloo xsgdwh wklv uhihuhqfh odwhu1,
D sdshu e| S1 Il}lhy dqg K1 Nohlqhuw ju0tf2<938379 Pd| 4<<9 grhv d ghwdlohg

mre h{sodlqlqj �Dqkrorqrplf Wudqvirupdwlrqv ri Phfkdqlfdo Dfwlrq Sulqflsoh+v,�
D sdshu e| Pdqxdo gho Ohrq dqg Gdylg gh Glhjr �Rq wkh jhrphwu| ri qrq0

krorqrplf Odjudqjldq v|vwhpv� M Pdwk Sk|v1 6: +:, 4<<9/ s166;< jlyhv vrph
h{dpsohv/ dqg d vhw ri uhihuhqfhv/ exw lv prvwo| uhvwulfwhg wr zkdw duh fdoohg
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vhpl0krorqrplf frqvwudlqwv ehorz1 Dovr vhh �Vroylqj qrq0Krorqrplf Odjudqjldq
G|qdplfv1111� H{wudfw Pdwkhpdwlfd 44/ 5 4<<9 s1658/ e| wkh vdph dxwkruv

Dovr vhh Gdylg F1 Urelqvrq dqg Z1 I1 Vkdgzlfn �Wkh Jul!wkv0Eu|dqw dojr0
ulwkp dqg wkh Gludf wkhru| ri Frqvwudlqwv� Ilhogv Lqvwlwxwh Frppxqlfdwlrqv :
4<<9/ s4;<

--

81 Edvlf Lghdv

Iluvw d ihz gh�qlwlrqv1

Gh�qlwlrq= Dq h{whulru gl�huhqwldo irup/ '/ lv d ixqfwlrq ri lqgh0
shqghqw yduldeohv +ixqfwlrqv, dqg wkh gl�huhqwldov ri wkh lqghshqghqw
yduldeohv1 +Wkhuh duh dovr d ihz uhvwulfwlrqv ri dqwl0v|pphwu| dqg
krprjhqhlw| lq wkh gl�huhqwldov wkdw ohdg wr dojheudlf forvxuh1 Wkhvh
frqglwlrqv qhhg qrw eh glvfxvvhg qrz1 Vhh Iodqghuv �H{whulru Gl�hu0
hqwldo Irupv�,

D gliihuhqwldo irup G ' ' iE{n> g{n� +814,

H{dpsoh= Wkh fodvvlf Fduwdq Kloehuw Dfwlrq lv d +olqhdu, h{whulru gl�huhqwldo
irup

' ' iE{n> g{n� , $ ' sngt
n �KEsn> t

n> w�gw= +815,

Gh�qlwlrq= D frqvwudlqw lv dq h{whulru gl�huhqwldo irup vhw htxdo wr
}hur1

' ' iE{n> g{n� , f= +816,

Gh�qlwlrq= Wkh }hur vhw ri d gl�huhqwldo irup +zklfk lv krprjhqhrxv
lq wkh gl�huhqwldov, gh�qhv d frqvwudlqw fdoohg d Sid!dq htxdwlrq1
+Wkh gl�huhqwldo irup/ hvshfldoo| zkhq olqhdu lq wkh gl�huhqwldov/ riwhq
lv uhihuuhg wr dv wkh �Sid!dq�,1

' , $ ' iE{n> g{n� '
[
n

DnE{
n�g{n , f= Sidiildq Htxdwlrq

+817,
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Fodvvlf h{dpsohv ri Sid!dq htxdwlrqv ri frqvwudlqw duh jlyhq e| wkh nlqhpdwlf
dqg g|qdplf h{suhvvlrqv vxevxphg dv d{lrpv ri iuhvkpdq phfkdqlfv=

g{n � Y ngw ' f> gY n � Dngw ' f> gsn � Ingw ' f= +818,

Gh�qlwlrq= D frqvwudlqw wkdw grhv qrw ghshqg xsrq gl�huhqwldov lv
vdlg wr eh d krorqrplf frqvwudlqw1 D frqvwudlqw wkdw lqyroyhv wkh gli0
ihuhqwldov lv vdlg wr eh dq dqkrorqrplf ru d qrq0krorqrplf frqvwudlqw1
Li rqo| rqh gl�huhqwldo lv lqyroyhg/ wkhq wkh frqvwudlqw lv fdoohg d vhpl0
krorqrplf frqvwudlqw1

H{dpsoh 4 D Krorqrplf frqvwudlqw= iE{n� � f , {2 n |2 n }2 � � ' f=
Wklv frqvwudlqw/ dv d ixqfwlrq ri frruglqdwh +lqghshqghqw, yduldeohv/ li dssolhg
wr d phfkdqlfdo v|vwhp/ lpsolhv wkh prwlrq pxvw eh frq�qhg wr d vskhuh ri xqlw
udglxv1 Krorqrplf frqvwudlqwv gh�qh k|shuvxuidfhv zklfk duh rulhqwhg/ joredo/
dqg riwhq ri pruh wkdq rqh frpsrqhqw1 D Prelxv edqg fdqqrw eh uhsuhvhqwhg
e| d krorqrplf frqvwudlqw +vxephuvlrq, rq d wkuhh glphqvlrqdo vsdfh +Lw fdq eh
uhsuhvhqwhg e| d wzr glphqvlrqdo lpphuvlrq lqwr d wkuhh glphqvlrqdo vsdfh1,

H{dpsoh 5 Dq Dqkrorqrplf frqvwudlqw= jE{> |> }> g{> g|> g}� ' f lv d qrq0
krorqrplf ru dqkrorqrplf frqvwudlqw= Vxfk dq htxdwlrq/ li olqhdu lq wkh gl�hu0
hqwldov/ lv gh�qhg dv d Sid!dq htxdwlrq1 Wklv gh�qlwlrq lv d elw pruh jhqhudo
wkdq wkdw gh�qlwlrq xvhg lq pdq| frqwuro wkhru| wh{wv1 +vhh wkh gh�qlwlrq iru
vhpl0krorqrplf frqvwudlqwv jlyhq ehorz zkhuh wkh gl�huhqwldov duh uhsodfhg e|
yhorflw| ixqfwlrqv,1 Wkh frqvwudlqw ri uroolqj zlwkrxw volsslqj lv d dqkrorqrplf
frqvwudlqw1

�g� � g{ ' f +819,

Riwhq lw lv qrw dssuhfldwhg wkdw wkh nlqhpdwlf gh�qlwlrqv jlyhq deryh duh lqghhg
dqkrorqrplf frqvwudlqwv rq wkh grpdlq1

H{dpsoh 6 D Vhpl Krorqrplf frqvwudlqw= jE{> |> }(Y {> Y |> Y }� ' f= Lw lv
xvxdoo| dvvxphg wkdw Y {> Y |> Y } duh gh�qhg dv gl�huhqwldov ri {/|/} zlwk uhvshfw
wr wlph1 Qrwh wkdw wklv dvvxpswlrq lpsolhv wkdw wkh v|vwhp dgplwv wkh dgglwlrqdo
dqkrorqrplf nlqhpdwlf frqvwudlqwv phqwlrqhg deryh1 Xqghu wkh dvvxpswlrq wkdw
g� � lgw ' f dqg g{ � Y gw ' f> wkh dqkrorqrplf frqvwudlqw ri uroolqj zlwkrxw
volsslqj ehfrphv d vhpl0krorqrplf frqvwudlqw1

E�l� Y �gw ' f � E�l� Y � ' f= +81:,
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Sduwlfoh prwlrq vxevxphv wkh nlqhpdwlf frqvwudlqwv1 Zdyh +ru  xlg prwlrq,
grhv qrw1 Sduwlfohv dqg zdyhv duh htxlydohqw rq grpdlqv zkhuh wkh nlqhpdwlf
htxdwlrqv duh ydolg iru wkh yhorflw| �hog1 Wkhvh grpdlqv irup d vxepdqlirog ri wkh
vsdfh ri frruglqdwhv dqg yhorflw| ixqfwlrqv1 Wkh vsdfh ri �zdyhv� lv pxfk odujhu
wkdq wkh vsdfh ri �sduwlfohv�1 +Lw wxuqv rxw wkdw zkhq wkh v|vwhp lv lqwhjudeoh/ wkh
wzr ghyhorsphqwv duh doldv0dolel uhodwhg/ dqg wkhq fdq eh vdlg wr eh htxlydohqw1 D
Kdplowrqldq irupxodwlrq dqg d Odjudqjh irupxodwlrq duh vwulfwo| htxlydohqw rqo|
zkhq wkh| duh lqwhjudeoh1 D Odjudqjh irupxodwlrq zlwk dqkrorqrplf frqvwudlqwv
lv htxlydohqw wr d Kdplowrqldq irupxodwlrq li wkh| duh ri wkh vdph fodvv ru Sid�
glphqvlrq1 +vhh ehorz, Dv zloo eh vkrzq ehorz/ lqwhjudelolw| lpsolhv wkdw hlwkhu
wkh gl�huhqwldo 40irup fdq eh uhsuhvhqwhg lq whupv ri dw prvw wzr lqghshqghqw
ixqfwlrqv ri wkh ruljlqdo lqghshqghqw yduldeohv= $ ' *g#> ru $ ' g#= Wkh
dvvrfldwhg Sid!dq htxdwlrqv ri frqvwudlqw duh wkh vdph iru hlwkhu uhsuhvhqwdwlrq1
Krzhyhu/ wkh h{whulru ghulydwlyh ri wkh �uvw srvvlelolw| lv qrw }hur/ zkhuh wkh
h{whulru ghulydwlyh ri wkh vhfrqg srvvlelolw| lv }hur1

Hyhu| gl�huhqwldeoh krorqrplf frqvwudlqw/ !E{m�� f ' f> ohdgv +e| gl�huhqwl0
dwlrq, wr d qrq0krorqrplf Sid!dq htxdwlrq=

g!E{m� '
[
n

EC!@C{n�g{n ,
[
n

DnE{
m�g{n ' f +81;,

exw qrw frqyhuvho|1 Gl�huhqwldo irupv/ $> qrw htxdo wr }hur gh�qh d prg0
xoh ri yhfwru �hogv vxfk wkdw lEV�$ ' �1 Sid!dq htxdwlrqv +gl�huhqwldo irupv
frqvwudlqhg wr }hur, gh�qh d prgxoh ri yhfwru �hogv vxfk wkdw lEV�$ ' f

Gh�qlwlrq= D gl�huhqwldo 40irup/ $ ' E
S

n DnE{
m�g{n� lv vdlg wr

eh lqwhjudeoh rq grpdlqv zkhuh hlwkhu
S

n DnE{
m�g{n ' g!E{m� ru

XE{m�E
S

n DnE{
m�g{n� ' g!E{m�= Wkh ixqfwlrq XE{m� lv gh�qhg dv

dq lqwhjudwlqj idfwru1

D Sid!dq htxdwlrq ri frqvwudlqw frqvwuxfwhg iurp dq lqwhjudeoh 40irup kdv
d xqltxh gluhfwlrq �hog/ lq wkh vhqvh wkdw wkh frh!flhqw ixqfwlrqv/ DnE{

m�> duh
sursruwlrqdo wr wkh judglhqw ri d vlqjoh ixqfwlrq/ !E{m�= Wkh k|shuvxuidfh/ !E{m� '
f> gh�qhv wkh vxevsdfh +Q04 glphqvlrqdo grpdlq, ri srlqwv zklfk duh lvrodwhg iurp
wkh odujhu +Q glphqvlrqdo, grpdlq1
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Wkhruhp= +Iurehqlxv, Dq lqwhjudeoh gl�huhqwldo 40 irup$ ' DnE{
m�g{n

vdwlv�hv wkh h{whulru gl�huhqwldo htxdwlrq +dq htxdwlrq ri frqvwudlqw$,

$	g$ ' f= +81<,

Gh�qlwlrq= Wkh 6 0irup $	g$ lv gh�qhg dv wkh �wrsrorjlfdo wruvlrq�1
Lqwhjudeoh 40irupv kdyh }hur wrsrorjlfdo wruvlrq1

Wkh nlqhpdwlf frqvwudlqwv phqwlrqhg deryh vdwlvi| wkh Iurehqlxv wkhruhp1
Dv wkh gl�huhqwldov g{ duh suhvxphg wr eh h{dfw/ wkhlu h{whulru ghulydwlyhv ydqlvk1
Khqfh wkh h{whulru ghulydwlyh ri wkh gl�huhqwldo irup $ ' g{ � Y gw> zkrvh }hur
vhw uhsuhvhqwv wkh Sid!dq frqvwudlqw/ kdv rqo| rqh frpsrqhqw htxdo wr wkh 50
irup/ g$ ' gY {	gw= Li wkh Sid!dq lv lqwhjudeoh/ lw pxvw eh wuxh wkdw g$ ' f=
Khqfh wklv vlqjoh 50irup pxvw ydqlvk/ zklfk lpsolhv wkdw Y { ' Y {Ew� d ixqfwlrq
ri w dorqh1 Wkdw lv/ wkh nlqhpdwlf dvvxpswlrq lpsolhv wkdw wkh yhorflwlhv dgplw
d uhsuhvhqwdwlrq lq whupv ri d vlqjoh sdudphwhu +xvxdoo| fdoohg wlph, Frqvlghu
d pruh jhqhudo fdvh/ zkhuh wkhuh h{lvwv d gl�huhqwldeoh pds ri pruh wkdq 40
sdudphwhu +vwulqj ru p0eudqhv, iurp iw> |pj , {n ' inEw> |p�= Wkhq

$ ' g{n � iCinEw> |p�@Cwj gw '
[

iCinEw> |p�@C|mj g|m +8143,

Wklv htxdwlrq kdv wkh dsshdudqfh ri wkh nlqhpdwlf irupxod/ li wkh ixqfwlrq iCinEw> |p�@Cwj
lv lghqwl�hg zlwk Y nEw> |p�> dqg li wkh UKV lv }hur=

S
iCinEw> |p�@C|mj g|m ' f=

Li wkh pdwul{ dI Ew> |p�o ' iCinEw> |p�@C|mj lv ri pd{lpdo udqn +ghw dI o 9' f� wkhq
wkh rqo| srvvlelolw| lv wkdw wkh |p duh �{hg frqvwdqwv lq wkh vhqvh wkdw g|p ' f1 Li
wkh |p duh qrw frqvwdqwv +frqvwdqw lqlwldo frqglwlrqv, wkhq wkh nlqhpdwlf htxdwlrqv
zloo kdyh  xfwxdwlrqv zkhuh wkh UKV lv qrw }hur1

Gh�qlwlrq= D Sid� vhtxhqfh ri d gl�huhqwldo 40irup D frqvlvwv ri d
�qlwh qxpehu q ri rughuhg qrq0}hur hohphqwv/ frqvwuxfwhg dv ~D/ gD/
DagD/ 111�1 Wkh fodvv/ ru Sid� glphqvlrq/ ri wkh 40irup D dw d srlqw
i{nj lv htxdo wr q/ wkh qxpehu ri qrq0}hur hohphqwv ri wkh vhtxhqfh1

H{dpsoh= Wkh gl�huhqwldo irup D ' |�g|2ng|� gh�qhg rq wkh 7 glphqvlrqdo
grpdlq/ i|�> |2> |�> |ej jhqhudwhv wkh Sid� vhtxhqfh/

iD ' |�g|2 n g|�> gD ' g|�	g|2> D	gD ' g|�	g|2	g|�> gD	gD ' fj= +8144,
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Wkh Sid� glphqvlrq ri wkh h{dpsoh lv 61 Wkh �uvw }hur hohphqw lq wkh vhtxhqfh
lv wkh 7 irup gD	gD1 Wkh fodvv ru Sid� glphqvlrq ri dq lqwhjudeoh irup lv 5 ru
ohvv1 Wkh surri iroorzv iurp wkh Iurehqlxv wkhruhp1 Wkh Sid� glphqvlrq lq h�hfw
ghwhuplqhv wkh plqlpxp qxpehu ri lqghshqghqw ixqfwlrqv zklfk duh uhtxluhg wr
ghvfuleh wkh 40irup1 Lqwhjudeoh 40irupv fdq eh zulwwhq lq wkh irupdw D ' *g#
zkhuh *E{n� dqg #E{n� duh lqghshqghqw ixqfwlrqv ri wkh lqghshqghqw yduldeohv1

Gh�qlwlrq= Dq Dqkrorqrplf Nlqhpdwlf Ioxfwxdwlrq lv gh�qhg dv

g{n � Y n gw ' {{n 9' f= gY n �Dn gw ' {Y n 9' f= +8145,

Wkh Fduwdq0Kloehuw lqyduldqw lqwhjudo kdv dq Dfwlrq lqwhjudqg/ D/ zklfk lv
edvhg xsrq Dqkrorqrplf Nlqhpdwlf Ioxfwxdwlrqv1 Wkh �prphqwd� sn> sod| wkh
uroh ri Odjudqjh pxowlsolhuv1

Dfwlrq ' OE{> Y> w�gwn sn{{n ' OE{> Y> w�gwn snEg{
n � Y n gw� +8146,

' sng{
n � EsnY

n � O�gw ' sng{
n �KEsn> Y

n> {n> w�gw +8147,

Qrwh wkdw wkh �Kdplowrqldq� ixqfwlrq KEsn> Y
n> {n> w� ghshqgv/ lq jhqhudo/ rq wkh

yhorflw| ixqfwlrqv/ Y n> dv zhoo dv wkh Odjudqjh pxowlsolhuv/ sn> dqg wkh frruglqdwhv
dqg wlph/ {n> w= Wkh Pd{lpxp Sid� glphqvlrq ri wkh Dfwlrq lv 5q.5 dowkrxjk
wkrxjk wkhuh duh zkdw dsshdu wr eh 6q.4 lqghshqghqw ixqfwlrqv xvhg lq lwv frq0
vwuxfwlrq1

Wkh h{whulru ghulydwlyh ri wkh Fduwdq Kloehuw Dfwlrq lv jlyhq e| wkh h{suhvvlrq

gD ' Esn � CO@CY n�E{Y n�	gwn Egsn � CO@C{ngw�	E{{n� +8148,

zklfk ghprqvwudwhv wkh lq xhqfh ri wkh  xfwxdwlrqv +lq erwk yhorflw| dqg sr0
vlwlrq, rq wkh 50irup/ gD1 Lw lv dssduhqw wkdw wkh dqkrorqrplf  xfwxdwlrqv lq
yhorflw|/ E{Y n�/ duh xqlpsruwdqw li wkh prphqwd duh suhvxphg wr eh fdqrql0
fdo/ Esn � CO@CY n� , f= Lqwxlwlyho|/  xfwxdwlrqv lq Yhorflwlhv duh dwwulexwhg wr
whpshudwxuh/ zkhuh  xfwxdwlrqv lq srvlwlrq duh dvvrfldwhg zlwk suhvvxuh1

Gh�qlwlrq= Wrsrorjlfdo wruvlrq ri d 40irup ri Dfwlrq/ D>+rq d 7 gl0
phqvlrqdo grpdlq, lv gh�qhg dv wkh 6 irup D	gD

D gl�huhqwldo 40irup zlwk qrq0}hur wrsrorjlfdo wruvlrq lv ri Sid� glphqvlrq 6
ru pruh1 Wkh 40irup fdq eh h{suhvvhg lq whupv ri qrw ohvv wkdq 6 lqghshqghqw
ixqfwlrqv1 Wkhuhiruh/ dffruglqj wr wkh Iurehqlxv wkhruhp/ wkh40irup D zklfk
vxssruwv d qrq0}hur Wrsrorjlfdo Wruvlrq 6 irup lv qrw xqltxho| lqwhjudeoh1
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91 Vxewohwlhv

9141 H{dfwqhvv dqg Forvxuh

D frqvwudlqhg gl�huhqwldo 40irup/ D> xvxdoo| grhv qrw kdyh d xqltxh sulplwlyh
ixqfwlrq/ !> zkrvh wrwdo gl�huhqwldo jhqhudwhv d Sid!dq htxdwlrq wr zlwklq d
idfwru/ X1 D qhfhvvdu| exw qrw vx!flhqw frqglwlrq iru wkh h{lvwhqfh ri wkh xqltxh
joredo krorqrplf ixqfwlrq lv wkdw wkh h{whulru ghulydwlyh ri D> ru dw ohdvw ~XDj>
pxvw ydqlvk1 Iru X ' �> wkh fryduldqw yhfwru �hog ri frpsrqhqwv/ Dn/ pxvw kdyh
}hur �fxuo�1 Li D uhsuhvhqwv d yhfwru srwhqwldo/ wkhq vxfk srwhqwldov surgxfh qr
�hog lqwhqvlwlhv/ E= Lq d  xlg/ rqh zrxog vd| wkdw wkhuh lv qr yruwlflw|1 +Wkh
lqwhjudwlqj idfwru vrphwlphv fdq eh frqvlghuhg dv d frqirupdo idfwru,

Zkhq wkh h{whulru gl�huhqwldo ri d irup ydqlvkhv/ g$ ' f> wkh irup lv vdlg wr
eh forvhg/ dqg wkh xqlrq ri wkh irup dqg lwv forvxuh irupv d gl�huhqwldo lghdo1 Li
wkh gl�huhqwldo irup lv h{dfw wkhq wkhuh lv d xqltxh suh0lpdjh +lq wkh h{dpsoh/ d
ixqfwlrq !, vxfk wkdw $ ' g!= Zkdw lv wkh gl�huhqfh ehwzhhq dqg h{dfw irup
dqg d forvhg irupB Wkh dqvzhu lv wkdw rq d vlpso| frqqhfwhg grpdlq/ wkhuh lv
qr gl�huhqfh1 Krzhyhu/ li wkh grpdlq lv qrw vlpso| frqqhfwhg +wklqn ri krohv lq
d slhfh ri sdshu, wkhq wkhuh lv d gl�huhqfh1 Iru hdfk kroh wkhuh lv d forvhg exw

qrw h{dfw frpsrqhqw wr wkh gl�huhqwldo irup1 Dv dq h{dpsoh frqvlghu wkh 40irup
zklfk dv lw vwdqgv lv qhlwkhu h{dfw qru forvhg1

� ' E|g{� {g|� zlwk g� ' 2g|	g{ +914,

Pxowlso| wkh irup � e| wkh forvxuh idfwru �@E	{2 	 |2�=

� ' �@E	{2 	 |2� ' E|g{� {g|�@E	{2 	 |2� zlwk g� ' f +915,

Wkh uhvxowlqj 40irup lv qrz forvhg exw qrw h{dfw1 Wkh grpdlq ri vxssruw pxvw
h{foxgh d vpdoo vhw zkhuh wkh ghqrplqdwru jrhv wr }hur1 Li wkh vljqv duh wkh vdph/
wkh h{foxghg vhw lv d srlqw dw wkh ruljlq1 Wkh ruljlqdo hxfolghdq sodqh qrz kdv d
kroh/ dqg lv qr orqjhu vlpso| frqqhfwhg1 Wkh irup � lv fdoohg d kduprqlf irup
+lq wkh vhqvh ri ghUkdp,1

Zkdw lv uhpdundeoh lv wkdw wkh lqwhjudo ri d forvhg dqg h{dfw irup rq d f|foh/
}�/ lv }hur/ exw wkh lqwhjudo ri d forvhg exw qrw h{dfw irup rq d f|foh lv dq lqwhjhu
pxowlsoh ri vrph frqvwdqw1]

}�

g! ' f exw

]
}�

� ' q 2� +916,
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Jdxjh frqglwlrqv dv h{dfw gl�huhqwldo dgglwlrqv wr d 40irup/ duh wulyldo1 Jdxjh
frqglwlrqv ri wkh forvhg exw qrw h{dfw w|sh duh QRW wulyldo1 Wkh| frqwdlq wrsr0
orjlfdo lqirupdwlrq +vxfk dv wkh kroh frxqw lq d qrq0vlpso| frqqhfwhg grpdlq1
+Erkp0Dkdudqry/ Mrxnrzvnl dluirlo/ Phlvvqhu h{sxovlrq/ Vrpphuihog txdqwxp
frqglwlrqv/ hwf1,

Wkhvh vdph frqfhswv zrun iru gl�huhqwldo irupv wkdw duh qrw olqhdu lq wkh
gl�huhqwldov1 Khqfh wkh srvwxodwh ri hohfwurpdjqhwlvp wkdw I�gD ' f lv d vwurqj
wrsrorjlfdo dqkrorqrplf frqvwudlqw/ wkdw vd|v ryhu wkh grpdlq ri vxssruw/ wkh 50
irup ri I +H dqg E, lv h{dfw> wkdw lv/ wkh 50irup grhv qrw kdyh kduprqlf sduwv
+dowkrxjk wkh 40irup/ D> fdq kdyh kduprqlf sduwv zklfk duh wkh � x{ txdqwd�,1
Wkh vhfrqg srvwxodwh ri Pd{zhoo hohfwurg|qdplfv lv wkh vwdwhphqw M � gJ ' f=
Wkh lghd djdlq lv wkdw wkh 60irup M lv h{dfw zlwkrxw kduprqlf sduwv1 Wkh 50irup
J fdq kdyh kduprqlf sduwv/ zklfk vhuyh dv wkh fkdujh txdqwd1

Qrz frqvlghu wkh wrsrorjlfdo wruvlrq iru wkh 40irup D zklfk lv gh�qhg dv
wkh 60irup K ' D	I ' D	gD= Li gK ' f> wkhq wkh txhvwlrq dulvhv= Grhv K
kdyh kduprqlf sduwvB Li wkh dqvzhu lv |hv wkhq wkh kduprqlf sduwv vhuyh dv
�wrsrorjlfdo� wruvlrq txdqwd1 D qhfhvvdu| frqglwlrq iru h{lvwhqfh ri vxfk txdqwd
lv wkdw wkh vhfrqg Srlqfduh lqyduldqw pxvw eh }hur1

Vlploduo| iru wkh 60irup ri wrsrorjlfdo vslq V ' D	J= Wkh qhfhvvdu| frqglwlrq
iru h{lvwhqfh ri HP vslq txdqwd lv wkdw wkh gV ' f> ru lq rwkhu zrugv wkdw wkh
Iluvw Srlqfduh lqyduldqw pxvw ydqlvk1 Wkhvh srlqwv duh h{hpsol�hg dw

kwws=22zzz551sdlu1frp2fvgf2fdu2fdukrphs1kwp
Iru dq lqwhuhvwlqj vroxwlrq wr wkh Pd{zhoo srvwxodwhv/ ixuwkhu frqvwudlqhg e|

wkh Oruhqw} ydfxxp frqglwlrqv1 Vhh
kwws=22zzz551sdlu1frp2fvgf2pdsoh2uhhg541kwpo
Khuh/ wkh Wruvlrq �hog lv qrw forvhg/ exw wkh Vslq �hog lv forvhg1 Lq idfw wkh

Vslq �hog lq wkh h{dpsoh lv wkh wruvlrq �hog pxowlsolhg e| dq lqwhjudwlqj idfwru1
Rqh zrxog eh ohg wr vd| wruvlrq lv vrxufh ri vslq1 Krzhyhu/ wkh vroxwlrq lv d
vshfldo fdvh dqg wkh frqfoxvlrq lv qrw jhqhudo/ iru wkh qh{w h{dpsoh ghprqvwudwhv
wkdw |rx fdq kdyh �qlwh wrsrorjlfdo wruvlrq zlwk }hur wrsrorjlfdo vslq1 Vhh

kwws=22zzz551sdlu1frp2fvgf2pdsoh2uhhg641kwpo

9151 Htxdwlrqv ri Prwlrq

Jlyhq dq duelwudu| 40irup ri Dfwlrq/ zklfk lv qrw forvhg/ Fduwdq kdv vkrzq wkdw
wkh htxdwlrqv ri prwlrq jhqhudwlqj d yhfwru �hog Y duh ri d Kdplowrqldq irup li
wkh Olh ghulydwlyh ri wkh Dfwlrq/ D/ zlwk uhvshfw wr wkh yhfwru �hog Y lv h{dfw1
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Wkhruhp= Vroxwlrqv Y wr wkh htxdwlrq OEY �D ' gEX� duh Kdplo0
wrqldq yhfwru �hogv1

Wklv wkhruhp lv htxlydohqw wr wkh vwdwhphqw wkdw wkh forvhg lqwhjudov ri wkh
kduprqlf frpsrqhqwv ri D duh frqvwdqwv ri wkh prwlrq1 Wkh qxpehu ri krohv grhv
qrw fkdqjh1 Wkh 40glphqvlrqdo wrsrorjlfdo surshuw| h{suhvvhg dv wkh kduprqlf
40irup lv dq lqyduldqw ri surfhvvhv wkdw duh jhqhudwhg iurp d Kdplowrqldq ixqfwlrq1

Zulwlqj rxw wkh wkhruhp vkrzv wkdw lw lv d vwdwhphqw lq wkh irup ri dq dqkror0
qrplf gl�huhqwldo frqvwudlqw

lEY �gD� gEX� lEY �D� ' f +917,

Xvh wkh v|perovZ ' lEY �gD gh�qhg dv wkh zrun 40irup/ dqg X ' lEY �D gh�qhg
dv wkh �lqwhuqdo hqhuj|�1 Wkh zrun 40irup Z lv forvhg dqg h{dfw1 Kdplowrqldq
v|vwhpv duh v|vwhpv zkhuh wkh Sid� glphqvlrq ri wkh Zrun 40irup lv 41

9161 Htxdwlrqv ri prwlrq iru Qrq0Kdplowrqldq g|qdplfv

Lw lv dssduhqw wkdw wr �qg htxdwlrqv ri prwlrq iru qrq0Kdplowrqldq v|vwhpv/ wkh
ixqgdphqwdo dqkrorqrplf frqvwudlqw

lEY �gD ' gEX� lEY �D� +918,

pxvw eh prgl�hg wr lqfoxgh kduprqlf sduwv/ dqg qrq0forvhg sduwv1

Z ' lEY �gD ' gEX� lEY �D� n � n ] +919,

gZ ' g] 9' f +91:,

Wkh odvw htxdwlrq ghvwur|v wkh Khopkrow} wkhruhp/ dqg wkh Srlqfduh hyhq gl0
phqvlrqdo lqwhjudov duh qr orqjhu hyroxwlrqdu| lqyduldqwv1 Dq h{dpsoh ri vxfk d
qrq0Kdplowrqldq phfkdqlfv zdv vxjjhvwhg lq 4<:71 Vhh

kwws=22zzz551sdlu1frp2fvgf2sg52sg5iuh81kwp
Wkh irupxod lv wkh dqkrorqrplf frqvwudlqw

Z � KD ' lEY �gD� KD ' f= +91;,

Lw lv nqrz wkdw wklv htxdwlrq uhtxluhv wkdw wkh Sid� glphqvlrq ri wkh Dfwlrq 40irup
eh hyhq +5q.5,1 Khqfh wkh Sid� vsdfh vxssruwv wkh wrsrorjlfdo wruvlrq 60irup1
Pruhryhu/ d xqltxh vroxwlrq yhfwru Y grhv h{lvw iru wklv sureohp1 Lq d vsdfh

69



ri 7 yduldeohv wklv yhfwru lv htxlydohqw wr wkh Wruvlrq fxuuhqw + zlwk frpsrqhqwv
sursruwlrqdo wr wkrvh ri wkh 60irup ri qrq0}hur wrsrorjlfdo wruvlrq/ D	gD,1 Hyr0
oxwlrq lq wkh gluhfwlrq ri wkh Wruvlrq fxuuhqw lv wkhuprg|qdplfdoo| luuhyhuvleoh/
dv wkh khdw 40irup/ T/ grhv qrw vdwlvi| wkh Iurehqlxv lqwhjudelolw| wkhruhp/ dqg
wkhuhiru grhv qrw dgplw dq lqwhjudwlqj idfwru1

9171 H{wuhpdov dqg wkh Fdofxoxv ri yduldwlrqv1

Iru lqwhjudov ri wkh Dfwlrq durxqg forvhg orrsv/ wkh ydoxhv dw wkh �hqgsrlqwv�
fdqfho rxw1 Vlplodu frqvwudlqwv duh riwhq sodfhg rq rshq lqwhjudov/ iruflqj wkh
fdqfhoodwlrq ri frqwulexwlrqv dw erxqgdu| srlqwv1 Wkh vroxwlrqv ri wkh sureohp
duh wkhq jlyhq e| yhfwru �hogv wkdw jhqhudwh sdwkv vxfk wkdw

OEY �

]
}�

D '

]
}�

lEY �gDn

]
}�

glEY �D ,

]
}�

lEY �gD ' f +91<,

Lw lv dssduhqw wkdw wkh li htxdwlrq lv vdwlv�hg +jlylqj wkh htxdwlrq iru dq h{wuhpdo
dv wkh �Olh ghulydwlyh� ri wkh lqwhjudo pxvw ydqlvk, wkhq wkh zrun 40irup pxvw
ydqlvk1 Wkh erwwrp olqh lv wkdw H{wuhpdov duh dvvrfldwhg zlwk dqkrorqrplf
frqvwudlqwv/ Z ' ing{

n � Sgw ' f= H{wuhpdo vroxwlrqv vd| wkdw wkhuh duh yhfwru
�hogv vxfk wkdw inY

n � S ' f= Wklv htxdwlrq lv wkh iuhvkpdq gh�qlwlrq ri srzhu
dv wkh surgxfw ri irufh wlphv yhorflw|1

Zkdw lv hyhq pruh uhpdundeoh lv wkdw wklv htxdwlrq/ Z ' f> kdv vroxwlrqv rqo|
lq vsdfhv +dv gh�qhg e| wkh Sid� vhtxhqfh iru wkh Dfwlrq 40irup, ri rgg Sid�
glphqvlrq/ 5q.41 +h1j1 Vwdwh Vsdfh,1

Wkhruhp= Xqltxh h{wuhpdov/ gh�qhg dv vroxwlrqv wr wkh htxdwlrq
l+Y,gD@3 iru d jlyhq D/ gr qrw h{lvw rq grpdlqv ri Sid� glphqvlrq
5q.5

Wkh wkhruhp lv hdv| wr suryh/ iru li wkh Sid� vsdfh lv d v|psohfwlf pdqlirog
ri hyhq glphqvlrq wkhq wkh 50irup gD kdv dq dqwl0v|pphwulf pdwul{ uhsuhvhqwd0
wlrq zlwk qr }hur hljhqydoxhv1 Rq wkh rwkhu kdqg li wkh Sid� vsdfh lv dq rgg
glphqvlrqdo frqwdfw pdqlirog/ wkhq wkh dqwl0v|pphwulf pdwul{ uhsuhvhqwdwlrq ri
gD kdv d xqltxh hljhq yhfwru zlwk hljhq ydoxh }hur1 Khqfh rq 5q.4 Sid� vsdfh/
wkh h{wuhpdo h{lvwv dqg lv xqltxh1
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Iljxuh :14=

:1 GHIHFWV

Wkh sulplwlyh ghihfw vwuxfwxuhv duh ri vhyhudo w|shv iru dq| remhfw wkdw fdq eh
uhsuhvhqwhg e| dq h{whulru gl�huhqwldo irup/ eh lw d 3 irup +ixqfwlrq, ru d q irup
+ghqvlw|, ru d 40irup/ ru lq jhqhudo d s irup1 Iru wkh olqhdu pdsslqj wkh prvw
lqwhuhvwlqj vlwxdwlrq lv wr �qg wkh vlqjxodu srlqwv ri wkh ghwhuplqdw ri dP o= Wkhuh
duh vhyhudo fdvhv wr frqvlghu1

41 Wkh remhfw lwvhoi lv }hur +dv lq wklv fdvh zkhuh wkh ghwhuplqdqw ixqfwlrq lv
}hur,1

51 Erwk wkh remhfw dqg lwv +h{whulru, gl�huhqwldo ydqlvk1 Wklv fdvh lv fdoohg wkh
fkdudfwhulvwlf vhw1

61 Wkh remhfw lv qrw }hur/ exw lwv h{whulru gl�huhqwldo ydqlvkhv1 Wklv fdvh lv
riwhq fdoohg wkh h{wuhpdo fdvh1

71 Qhlwkhu wkh remhfw qru lwv gl�huhqwldo ydqlvk1 +Wkh sulplwlyh qrq0vlqjxodu
fdvh,

Iru d vlpsoh judsk/ wkh iroorzlqj �jxuh ghslfwv vrph srvvleoh vlqjxodulwlhv1
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Wkh frqvwudlqhg olqhdu pdsslqj/ dI o ' dP ouhvwulfwhg wr t / fdq eh xvhg dv d Edvlv
Iudph ryhu wkh uhgxfhg grpdlq ri gh�qlwlrq/ t1 Qrwh wkdw lq wkh uhdo fdvh wkhuh
duh/ lq jhqhudo/ wzr glvwlqfw olqhdu pdsslqjv> wkrvh zlwk ghwhuplqdqw srvlwlyh dqg
wkrvh zlwk ghwhuplqdqw qhjdwlyh1 Vshfldo fdvhv ri lqwhuhvw duh wkrvh zkhuh dI o
frqwdlqv wkh lghqwlw|/ zkhuh dI o2 frqwdlqv wkh lghqwlw|/ dqg zkhuh dI oe frqwdlqv wkh
lghqwlw|1 Li wkh ghwhuplqdqw ri wkh Edvlv Iudph +zklfk lv vlplodulw| lqyduldqw, lv d
sro|qrpldo ixqfwlrq ri ghjuhh q zklfk fdq eh idfwruhg/ wkhq hdfk idfwru/ ri ghjuhh
+vd|, p/ zkhq vhw htxdo wr }hur lpsolflwo| gh�qhv d glvwlqfw wrsrorjlfdo frpsrqhqw
1 +Wkh ghjuhh q lv xvxdoo| qrw wkh vdph dv wkh glphqvlrq Q ri t=, Wkh frpsrqhqwv
fdq ehkdyh lq d vhqvh dv �frkhuhqw vwuxfwxuhv ru sduwlfohv�1 Lw lv lqwhuhvwlqj wr
qrwh wkdw li wkh idfwruv ri wkh ghwhuplqdqw duh frpsoh{ fxuyhv +d ixqfwlrq ri wzr
frpsoh{ qxpehuv ri ghjuhh p vhw htxdo wr }hur= iE}�E{�> }2E{�� ' f,/ Duqrog vd|v
wkdw vxfk d idfwru +frpsrqhqw, kdv wkh surshuwlhv ri d uhdo vxuidfh zlwk +p04,+p0
5,25 kdqgohv dqg p krohv1 +L gr qrw nqrz zkhuh wklv wkhruhp lv suryhg1, Frpsoh{
fxuyhv fdq eh duudqjhg wr vdwlvi| dqwl0v|pphwu| xqghu �sduwlfoh� lqwhufkdqjh1

;1 FORVXUH 50irupv +d frpsrqhqw ri Fduwdq Wruvlrq 50
irupv,

;13141 Wkh fxuo irupdw +dssduhqwo| lv idyruhg e| Nohlqhuw1,

Frqvlghu wkh yhfwru duud| ri 40irupv=
���n

�
'

�
I n
d Et

e�
�
� mgtdl dqg wkh yhfwru ri �

forvxuh� 50irupv=

��g�n
�
'

�
gI n

d Et
e�
�
	 mgtdl ,

��iCI n
d @Ct

e � CI n
e @Ct

djgte	gtd
�

+;14,

;13151 Wkh Remhfw ri Dqkrorqrplflw| irupdw + dssduhqwo| lv idyruhg
e| Fruxp1,

Uhfdoo wkh Fduwdq0Gduerx{ lghd wkdw li wkh 40irupv �n duh frpsohwh/ vxfk wkdw
wkh surgxfw/ �� 	�2 	===�Q 9' f> wkhq hyhu| 50irup g�n fdq eh h{sdqghg dv= g�n '
ln
pq�

p 	�q= Wkh yhfwru ri � forvxuh� 50irupv ehfrphv=

��g�n
�
'

��ln
pq�

p 	�q
�
= +;15,

Wkh wkuhh lqgh{ v|perov ln
pq irup wkh frpsrqhqwv ri wkh Remhfw ri Dqkrorqrplf0

lw|1
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;13161 Wkh D!qh Wruvlrq irupdw +dssduhqwo| lv idyruhg e| Fduwdq1,

Lw wkh edvlv iudph lv frpsohwh/ wkhq wkhuh h{lvwv d uljkw Fduwdqpdwul{ ri frqqhfwlrq
40irupv

�
gI n

d Et
e�
�
'

�
I n
f Et

e�
�
�
�
Ff
degt

e
�
vxfk wkdw wkh yhfwru ri � forvxuh� 50irupv

ehfrphv=

��g�n
�
'

�
I n
f Et

e�
�
�
��Ff

ddeogt
e	gtd

�
+;16,

Wkh wkuhh lqgh{ v|perov Ff
ddeo duh wkh frh!flhqwv ri wkh D!qh wruvlrq remhfw1

;13171 Vxppdu|

Khqfh wkhuh duh wkuhh htxlydohqw irupxodwlrqv iru wkh yhfwru ri forvxuh 50irupv=

��g�n
�
'

��ln
pq�

p 	�q
�
'

��iCI n
d @Ct

e � CI n
e @Ct

djgte	gtd
�
'

�
I n
f Et

e�
�
�
��Ff

ddeogt
e	gtd

�
+;17,

Wkh D!qh wruvlrq 6 lqgh{ v|perov duh qrw wkh vdph dv wkh Remhfw ri Dqkror0
qrplflw|/ exw doo wkuhh irupxodwlrqv h{suhvv wkh vdph yhfwru ri forvxuh 50irupv��g�n

�
;141 wr eh frpsohwhg odwhu

41 Glvfxvv wkh wruvlrq lqgxfhg e| D dv frpsduhg wr wkh wruvlrq lqgxfhg e| Z1
51 Glvfxvv wkh d!qh wruvlrq dvvrfldwhg zlwk dq lqwhjudeoh exw qrw h{dfw frru0

glqdwh v|vwhp dqg krz wkh lghd lqwhuwzlqhv zlwk frqirupdo pdsv dqg glodwdwlrqv
dqg fkludolw|1

61 Frpsduh Fduwdq Wruvlrq 50irupv/ d!qh wruvlrq/ wrsrorjlfdo wruvlrq1
71 Wkh uhwurglfwlyh srlqw ri ylhz zrxog frqvlghu wkh sxooedfn surfhvv/ zkhuh

jlyhq d Iudph pdwul{ rq t/ dqg d yhfwru duud| ri s irupv rq wkh �qdo vwdwh {/ xvh
wkh sxooedfn phfkdqlvlp wr lqgxfh s irupv rq t1 Wkh pdwulflhv zrxog eh wkh
wudqvsrvh ri I dqg wkh dgmrlqw ri I/ erwk ri zklfk h{lvw iru erwk ghw qrq }hur
dqg ghw }hur grpdlqv1
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