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Prghuq hohfwurpdjqhwlf wkhru| uhfrjql}hv wkdw wkh fodvvlf Pd{zhoo0

Idudgd| dqg Pd{zhoo0Dpshuh �hog htxdwlrqv ehorqj wr wzr wkhuprg|qdp0

lfdoo| glvwlqfw wrsrorjlfdo fdwhjrulhv1 Wkh fodvvlf Pd{zhoo SGH*v fdq eh

ghgxfhg iurp d Fduwdq h{whulru gl�huhqwldo v|vwhp/ edvhg rq wzr wrsrorj0

lfdo srvwxodwhv/ I0gD@3/ dqg M0gJ@3/ lqghshqghqw iurp dq| jhrphwulfdo

frqvwudlqwv lpsrvhg e| d phwulf/ ru frqqhfwlrq/ ru jdxjh/ dqg iru dq| jhr0

phwulf glphqvlrq juhdwhu wkdq 61 Erwk wkh srwhqwldov/ D/ dqg wkh �hog

h{flwdwlrqv/ J/ duh qrw xqltxho| gh�qhg e| wkh �hog htxdwlrqv/ d idfw zklfk

ohdgv wr wrsrorjlfdo ghihfwv dqg frkhuhqw vwuxfwxuhv/ lq erwk htxloleulxp

frqvhuydwlyh dqg wxuexohqw glvvlsdwlyh v|vwhpv1 Wkh qrq0htxloleulxp wrsr0

orjlfdo frkhuhqw vwuxfwxuhv glvfryhuhg iurp d wrsrorjlfdo shuvshfwlyh ri hohf0

wurpdjqhwlvp duh uhsuhvhqwhg e| wkh 60irupv ri Wrsrorjlfdo Wruvlrq/ DaI/

dqg Wrsrorjlfdo Vslq/ DaJ1

41 Lqwurgxfwlrq

4141 Prghuq Hohfwurg|qdplfv dv d wrsrorjlfdo wkhru|

Lq wklv deeuhyldwhg vxppdu| duwlfoh ^4` lw lv uhfrjql}hg wkdw wkh prghuq wkhru| ri
hohfwurpdjqhwlvp fdq eh xqghuvwrrg dv d wrsrorjlfdo wkhru| h{suhvvhg lq whupv
ri dq h{whulru gl�huhqwldo v|vwhp ri wzr srvwxodwhv ^5`=

�= Wkh srvwxodwh ri frqvhuyhg  x{ G I � gD ' f> +414,

2= Wkh srvwxodwh ri frqvhuyhg fxuuhqwv G M � gJ ' f= +415,



Wkh h{dfw 50irup ri wkhuprg|qdplf �hog %lqwhqvlwlhv% I EH>E� lv gh�qhg lq whupv
ri lqh{dfw 40irup ri srwhqwldov/ D/ lq xqlwv ri |2h= Wkh h{dfw 60irup ri fkdujh
fxuuhqw ghqvlw|/ M / lv gh�qhg lq whupv ri wkh lqh{dfw 50irup ghqvlw| ri wkhuprg|0
qdplf �hog txdqwlwlhv/ ru %h{flwdwlrqv%/ JEG>K� lq xqlwv ri |1 Wkh wzr irup/
I> klvwrulfdoo| lv dvvrfldwhg zlwk irufhv/ dqg wkh 50irup ghqvlw|/ J> klvwrulfdoo| lv
dvvrfldwhg zlwk vrxufhv1

Iurp wkhvh wzr wrsrorjlfdo srvwxodwhv/ lw lv srvvleoh +zlwkrxw wkh jhrphwulf
frqvwudlqwv/ ru fkrlfh/ ri phwulf/ frqqhfwlrq/ ru jdxjh, wr ghgxfh/ devwudfwo|/ wzr
vhwv ri fodvvlfdo SGH*v 1 Wkh �uvw vhw lv nqrzq dv wkh Pd{zhoo0Idudgd| htxdwlrqv/
dqg wkh vhfrqg vhw lv nqrzq dv wkh Pd{zhoo0Dpshuh htxdwlrqv1 Lq Hqjlqhhulqj
irupdw=

Pd{zhoo Idudgd| SGH*v ifxuo ,n C�@Cw ' f> gly� ' fj> +416,

Pd{zhoo Dpshuh SGH*v ifxuoO� C#@Cw ' a> gly# ' �j= +417,

Lw lv dovr wuxh wkdw wkh devwudfw irup ri wkhvh hljkw SGH*v lv xqlyhuvdoo| wkh vdph/
zlwkrxw dgglwlrqdo ihdwxuhv/ ru whupv/ lq doo jhrphwulf glphqvlrqv ri 7 ru juhdwhu1
Lq vkruw/ wkh %prghuq% dqg wkh %fodvvlfdo% hohfwurpdjqhwlf wkhru| kdyh wkh vdph
edvh ri sduwldo gl�huhqwldo �hog htxdwlrqv1

Wkh gl�huhqfhv ehwzhhq wkh %prghuq% wkhru| dqg wkh %fodvvlfdo% wkhru| fdq
eh dvfulehg wr wkh idfw wkdw wkh Pd{zhoo0Idudgd| htxdwlrqv ri %lqwhqvlwlhv% dqg
wkh Pd{zhoo0Dpshuh htxdwlrqv ri %txdqwlwlhv% duh uhfrjql}hg wr ehorqj wr wzr
wkhuprg|qdplf fdwhjrulhv zklfk duh wrsrorjlfdoo| glvwlqfw1 Lq wkh �uvw fdwhjru|/
wkh 40irup ri srwhqwldov fdq kdyh qrq0xqltxh exw wrsrorjlfdoo| forvhg frpsrqhqwv/
Df> zklfk gr qrw frqwulexwh wr wkh 50irup ri lqwhqvlwlhv/ I> dv gDf , f= Vlploduo|/
lq wkh vhfrqg fdwhjru|/ wkh 50irup ghqvlw| ri h{flwdwlrqv fdq kdyh qrq0xqltxh exw
forvhg frpsrqhqwv/ Jf> zklfk gr qrw frqwulexwh wr 60irup ghqvlw| ri fkdujh0
fxuuhqwv/ M> dv gJf , f= Lq wkh klvwrulf olwhudwxuh ri wkh odvw 83 |hduv/ wkh
qrq0xqltxhqhvv ri wkh srwhqwldov kdv ohg wr d odujh lqgxvwu| fdoohg jdxjh wkhrulhv1
Wkh qrq0xqltxhqhvv ri wkh h{flwdwlrqv kdv qrw ehhq vr zhoo ghyhorshg1

Wkhvh frqfhswv ri qrq0xqltxhqhvv fdq h�hfw wkh wrsrorjlfdo surshuwlhv ri wkh
vroxwlrqv wr wkh Pd{zhoo hohfwurg|qdplf v|vwhp1 Wkh qrq0xqltxhqhvv fdq ds0
shdu dv glvfrqwlqxlwlhv lq vroxwlrq dpsolwxgh dqg ghulydwlyhv +hohfwurpdjqhwlf vlj0
qdov,/ dv d vroxwlrq pxowl0ydoxhgqhvv +srodul}dwlrq,/ dv hqyhorsh +Kx|jhq zdyhohw
ru Fkhuhqnry, vroxwlrqv/ dqg lq pdq| rwkhu sk|vlfdoo| uhfrjql}deoh wrsrorjlfdo
surshuwlhv uhodwhg wr wkh frqwlqxlw|/ lqwhjudelolw|/ gl�huhqwldelolw|/ frpsdfwqhvv/
dqg uhdolw| ri wkh vroxwlrqv1 Lq vkruw/ wkh qrq0xqltxhqhvv ri erwk wkh srwhqwldov/
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D> dqg wkh �hog h{flwdwlrqv/ J/ ohdg wr wkh frqfhsw ri wrsrorjlfdo ghihfwv dv uh0
jlrqv zkhuh wrsrorjlfdo uh�qhphqwv ri xqltxhqhvv/ lqwhjudelolw|/ gl�huhqwldelolw|/
frpsdfwqhvv/ ru uhdolw| idlo1 Ri sduwlfxodu qrwh lv wkh idfw wkdw wkh vroxwlrqv wr
wkh SGH*v zklfk lqyroyh wrsrorjlfdo ghihfwv qhhg qrw eh gh�qhg lq d orfdoo| olqhdu/
dqg wkhuhiru xqltxh/ pdqqhu1 Wkh ghihfwv duh vhwv xsrq zklfk wkh vroxwlrqv gr
qrw ehkdyh dv whqvruv/ iru whqvruv uhtxluh wkdw gl�huhqw qhljkerukrrgv duh uhodwhg
e| gl�hrprusklvpv dqg wkhuhiru lpsrvh xqltxhqhvv e| olqhdulw|1 Wkh xvh ri h{0
whulru gl�huhqwldo irupv flufxpyhqwv wkhvh olplwdwlrqv ri xqltxhqhvv ghpdqghg e|
wkh wkhru| ri whqvru dqdo|vlv/ iru gl�huhqwldo irupv duh ixqfwlrqdoo| zhoo ehkdyhg
lq d uhwurglfwlyh sxooedfn vhqvh ^6` uhodwlyh wr gl�huhqwldo pdsv zklfk duh qrw rqh
wr rqh gl�hrprusklvpv1 H{whulru gl�huhqwldo irupv duh zhoo ehkdyhg zlwk uhvshfw
wr hyroxwlrqdu| surfhvvhv wkdw lqfoxgh wrsrorjlfdo fkdqjh/ dqg wkh surgxfwlrq ri
wrsrorjlfdo ghihfwv1

Wrsrorjlfdo ghihfwv �qg uhsuhvhqwdwlrq lq whupv ri forvhg/ exw qrw h{dfw/ kr0
prjhqhrxv gl�huhqwldo irupv ri wrsrorjlfdo glphqvlrq P lpphuvhg lq vsdfhv ri
jhrphwulf glphqvlrq Q � P 1 Wkh lqwhjudov ryhu forvhg lqwhjudwlrq fkdlqv +forvhg
f|fohv zklfk pd| qrw eh erxqgdulhv, ri vxfk forvhg/ exw qrw h{dfw/ h{whulru gl�hu0
hqwldo irupv duh wkh edvlv ri ghUkdp frkrprorj| wkhru| ^7`1 Wkh ydoxhv ri vxfk
forvhg lqwhjudov kdyh udwlrqdo udwlrv dqg surylgh d wrsrorjlfdo edvlv iru %txdqwl}d0
wlrq%1 Lqwhjudov ri h{dfw n0irupv ryhu forvhg f|fohv ru erxqgdulhv duh dozd|v }hur1
Lqwhjudov ri forvhg exw qrw h{dfw n0irupv ryhu f|fohv zklfk duh qrw erxqgdulhv duh
qrw }hur1 Lqwhjudov ri forvhg exw qrw h{dfw n0irupv ryhu erxqgdulhv kdyh }hur
ydoxhv1 Lq d wrsrorjlfdo wkhru| ri hohfwurpdjqhwlvp/ wkh forvhg/ exw qrw h{dfw/
frpsrqhqwv ri wkh 40irup ri srwhqwldov/ D/ ohdg wr 40glphqvlrqdo shulrg lqwhjudov
dqg wkh frqfhsw ri wkh  x{ txdqwxp dv d 40glphqvlrqdo wrsrorjlfdo ghihfw1 Vlp0
loduo|/ forvhg exw qrw h{dfw frpsrqhqwv ri wkh 50irup ri h{flwdwlrq ghqvlwlhv/ J>
ohdg wr 50glphqvlrqdo shulrg lqwhjudov dqg wkh frqfhsw ri wkh fkdujh txdqwxp dv
d 50glphqvlrqdo wrsrorjlfdo ghihfw1 Wkhvh shulrg lqwhjudo frqfhswv kdyh ehhq
glvfxvvhg hovhzkhuh ^8`1

Prvw ri wkh hpskdvlv lq wklv duwlfoh krzhyhu lv sodfhg xsrq wkh qrq0fodvvlfdo/
forvhg exw qrw h{dfw/ h{whulru gl�huhqwldo irupv/ zklfk fdq eh frqvwuxfwhg iurp
D dqg J dqg wkhlu h{whulru ghulydwlyhv dqg h{whulru surgxfwv1 Wkh wzr prvw
lpsruwdqw ri wkhvh frqvwuxfwlrqv/ lq d grpdlq ri 7 jhrphwulf glphqvlrqv/ lv gh0
�qhg lq whupv ri wkh Wrsrorjlfdo Wruvlrq 60irup/ D	I / dqg wkh Wrsrorjlfdo Vslq
60irup ghqvlw|/ D	J1 Wkh 60glphqvlrqdo wrsrorjlfdo ghihfwv dvvrfldwhg zlwk wkh
forvhg exw qrw h{dfw frpsrqhqwv ri wkhvh 60irupv duh gh�qhg dv wkh wrsrorjlfdo
wruvlrq0kholflw| txdqwxp dqg wkh wrsrorjlfdo vslq0fkludolw| txdqwxp/ uhvshfwlyho|1
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Lw fdq eh ghprqvwudwhg wkdw  x{ txdqwxp shulrg lqwhjudov duh hohphqwv ri wrsr0
orjlfdo ghihfwv lq htxloleulxp wkhuprg|qdplf v|vwhpv/ exw wkh wruvlrq0kholflw|
txdqwd dqg wkh vslq0fkludolw| txdqwd duh hohphqwv ri wrsrorjlfdo ghihfwv lq qrq0
htxloleulxp/ glvvlsdwlyh/ wkhuprg|qdplf v|vwhpv/ dqg fdq eh fuhdwhg dv duwlidfwv
ri luuhyhuvleoh surfhvvhv1 Lw lv wkh glvfryhu| ri wkhvh qrq0htxloleulxp surshuwlhv
wkdw ghprqvwudwhv wkh xwlolw| ri wkh wrsrorjlfdo shuvshfwlyh ri hohfwurpdjqhwlvp1

4151 Qrq0xqltxhqhvv/ glvfrqwlqxlwlhv/ wrsrorjlfdo ghihfwv

Wkh wrsrorjlfdo srvwxodwhv/ khqfh wkh SGH*v wkh| jhqhudwh/ duh ydolg lq dq| iudph
ri uhihuhqfh1 Vr zk| lv wkh Oruhqw} v|vwhp ri wudqvirupdwlrqv vr grplqdqw lq
fodvvlfdo hohfwurpdjqhwlf wkhru|B Lq d uhpdundeoh slhfh ri zrun ^9` sxeolvkhg lq
4<65/ Y1 Irfn ghprqvwudwhg wkdw wkh srlqw vhw xsrq zklfk wkh vroxwlrqv wr wkh
Pd{zhoo SGH*v duh qrw xqltxho| gh�qhg gh�qhv d sursdjdwlqj glvfrqwlqxlw|/ dqg
wklv srlqw vhw lv gh�qhg lq whupv ri vroxwlrqv wr wkh Hlnrqdo htxdwlrq1 Wkh Hlnrqdo
htxdwlrq lv d qrq0olqhdu sduwldo gl�huhqwldo htxdwlrq wkdw frqvlvwv ri d +fdqrqlfdo,
txdgudwlf irup zlwk vljqdwxuh +./././0, ru +0/0/0/.,=

Hlnrqdo E	C*@C{�2 	 EC*@C|�2 	 EC*@C}�2 
 �@f2EC*@Cw�2 ' f= +418,

Wkh rqo| olqhdu vhw ri wudqvirupdwlrqv wkdw suhvhuyhv wkh Hlnrqdo qxoo txdgudwlf
irup lv wkh Oruhqw} v|vwhp ri wudqvirupdwlrqv1 Khqfh d sursdjdwlqj glvfrqwl0
qxlw| +wkh Irfn gh�qlwlrq ri dq hohfwurpdjqhwlf vljqdo, dsshduv dv d sursdjdwlqj
glvfrqwlqxlw| +d vljqdo zlwk �qlwh xqlyhuvdo sursdjdwlrq vshhg/ f, wr doo Oruhqw}
htxlydohqw revhuyhuv1 Lw lv qrw wkh SGH*v ri Pd{zhoo wkdw jlyh lpsruwdqfh wr wkh
Oruhqw} wudqvirupdwlrqv/ lw lv wkh vlqjxodu %fkdudfwhulvwlf% vroxwlrqv ri sursdjdw0
lqj glvfrqwlqxlwlhv +d wrsrorjlfdo ghihfw, wkdw lqvxuh wkh lpsruwdqfh ri wkh Oruhqw}
wudqvirupdwlrqv1 Irfn dovr ghprqvwudwhg wkdw wkh qrq0olqhdu iudfwlrqdo Prhelxv
wudqvirupdwlrq dovr suhvhuyhv wkh hlnrqdo htxdwlrq1 Wkh surmhfwlyh pdsslqj shu0
plwv wkh sursdjdwlrq vshhg ri wkh glvfrqwlqxlw| wr eh ohvv wkdq ru juhdwhu wkdq
f1

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

Dssolfdwlrqv ri frqvwlwxwlyh htxdwlrqv dqg wkhlu wrsrorjlfdo ihdwxuhv wr wkh
jhqhudwlrq ri wkh vlqjxodu vroxwlrq vhwv ri wkh SGH*v +ghvfulelqj grpdlqv ri sursd0
jdwlqj qrq0xqltxhqhvv, dqg wkh lqwhusuhwdwlrq lq whupv ri hohfwurpdjqhwlf vljqdov
duh jlyhq lq ^;`1 D qrwdeoh uhvxow lv wkh ghprqvwudwlrq ri h{dfw +txdwhuqlrq 0
vslqru, vroxwlrqv iru zklfk wkh 70irog ghjhqhudf| ri sursdjdwlqj vljqdov lv eurnhq/
qrw rqo| iru srodul}dwlrq/ exw dovr iru sursdjdwlrq gluhfwlrq1 Wkh sursdjdwlrq
vshhg ri dq hohfwurpdjqhwlf vljqdo rxwerxqg lv qrw qhfhvvdulo| wkh vdph dv wkh
sursdjdwlrq vshhg lqerxqg$ Wkh vljqdo vshhg qhhg qrw eh wkh vdph lq erwk gl0
uhfwlrqv/ lq gluhfw frqiurqwdwlrq zlwk dq d{lrp ri vshfldo uhodwlylw|1 Wkh uhvxowv
zhuh yhul�hg lq gxdo srodul}hg ulqj odvhu h{shulphqwv ^<`1

51 Wrsrorjlfdo Vslq dqg Wrsrorjlfdo Wruvlrq

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

iD(I ' gD>J( M ' gJ>D	I>D	J>D	M (I	I>J	Jj= +514,

Wkhvh gl�huhqwldo irupv dqg wkhlu xqlrqv pd| eh xvhg wr irup d wrsrorjlfdo edvh
rq wkh grpdlq ri lqghshqghqw yduldeohv1 Wkh Fduwdq wrsrorj| frqvwuxfwhg
rq wklv v|vwhp ri irupv kdv wkh xvhixo ihdwxuh wkdw wkh h{whulru ghulydwlyh pd|
eh lqwhusuhwhg dv d olplw srlqw/ ru forvxuh/ rshudwru lq wkh vhqvh ri Nxudwrzvnl
^43`1 Wkh h{whulru gl�huhqwldo v|vwhpv wkdw gh�qh wkh Pd{zhoo0Dpshuh dqg wkh
Pd{zhoo0Idudgd| htxdwlrqv deryh duh hvvhqwldoo| wrsrorjlfdo frqvwudlqwv ri forvxuh1

Wkh frpsohwh Pd{zhoo v|vwhp ri gl�huhqwldo irupv +zklfk dvvxphv wkh h{0
lvwhqfh ri D dqg J dqg F5 gl�huhqwldelolw|, dovr jhqhudwhv wzr rwkhu h{whulru
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gl�huhqwldo v|vwhpv1

EI	J� D	M�� gED	J� ' f> +515,

I	I � gED	I � ' f= +516,

Wkh wzr 70irupv EI	J�D	M� dqg EI	I � duh h{dfw dqg kdyh forvhg lqwhjudov zklfk
duh hyroxwlrqdu| lqyduldqwv ri frqwlqxrxv ghirupdwlrqv1 Wkh forvhg lqwhjudov
wkhuhiru ghvfuleh wrsrorjlfdo surshuwlhv1

Wkh �uvw 60irup ghqvlw|/ D	J> zlwk sk|vlfdo xqlwv ri |> lv fdoohg wkh wrsrorjlfdo
vslq +ru fkludolw|, ^8` dqg wkh vhfrqg 60irup/ D	I> zlwk sk|vlfdo xqlwv ri +|@h�2>
lv fdoohg wkh wrsrorjlfdo wruvlrq +ru kholflw|, ^44`1 Wkhvh wzr h{whulru 60irupv/
D	J dqg D	I duh qrw xvxdoo| irxqg lq glvfxvvlrqv ri fodvvlfdo hohfwurpdjqhwlvp1
Wkh 60irupv duh devwudfwo| gh�qhg +rq d vsdfh ri 7 jhrphwulf glphqvlrqv zlwk d
yroxph hohphqw/ le ' g{	g|	g}	gw, lq whupv ri h{whulru pxowlsolfdwlrq/ exw fdq
eh jlyhq uhdol}dwlrq lq whupv ri 7 frpsrqhqw hqjlqhhulqj yduldeohv/ 5e dqg Ae=

Wrsrorjlfdo Vslq ghqvlw| G D	J ' lE5e�le +517,

5e ' d��On#!>� �#o> +518,

Wrsrorjlfdo Wruvlrq yhfwru G D	I ' lEAe�le +519,

Ae ' �d,��n�!>� ��o= +51:,

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

5141 Wrsrorjlfdoo| Wudqvyhuvh zdyhv

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

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

lEAe�D ' f dqg lE5e�D ' f> +51;,

d uhvxow zloo suryh wr eh ri lpsruwdqfh lq wkh ghvfulswlrq ri d wrsrorjlfdo edvlv iru
vxshufrqgxfwlylw|1

5151 Wkh Srlqfduh Wrsrorjlfdo Lqyduldqwv

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

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

Srlqfduh � ' gED	J� ' I	J�D	M

' igly�E��On#!� n CE� �#�@Cwj le

' iE� �O�# � ,�� E� � a� �!�j le= +51<,
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Srlqfduh 2 ' gED	I � ' I	I

' igly�E,��n�!� n CE� ���@Cwj le

' i2, ��j le= +5143,

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

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

Wrsrorjlfdo Ilhog Odjudqjldq= I	J ' E� �O�# � ,� le= +5144,

Wkh vhfrqg whup lq wkh �uvw Srlqfduh lqyduldqw kdv d frh!flhqw ixqfwlrq zklfk lv
gh�qhg dv wkh lqwhudfwlrq hqhuj| ghqvlw|=

Wrsrorjlfdo Lqwhudfwlrq= D	M ' E� � a� �!� le= +5145,

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

Wrsrorjlfdo Sdulw|= I	I ' ni2, ��j le= +5146,

Wkh suh0lpdjh 60irup ri wrsrorjlfdo Wruvlrq kdv ehhq dvvrfldwhg zlwk Fkhuq0
Vlprqv whupv lq �ehu exqgoh wkhru|1

5161 Wrsrorjlfdo Wruvlrq dqg Vslq txdqwd

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

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

;



Vslq txdqwxp '
UUU
]�

D	J zlwk xqlwv q |= +5147,

Wkh shulrg lqwhjudov
UUU

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

orjlfdo surshuw|, zlwk udwlrqdo udwlrv1 ]� lv d forvhg lqwhjudwlrq fkdlq gh�qhg lq
uhjlrqv zkhuh gED	J� ' f=

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

Wruvlrq txdqwxp '
UUU
]�

D	I zlwk xqlwv p +|@h�2= +5148,

Wkh shulrg lqwhjudov
UUU

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

orjlfdo surshuw|, zlwk udwlrqdo udwlrv1 Lq wklv fdvh/ ]� lv d forvhg lqwhjudwlrq
fkdlq gh�qhg lq uhjlrqv zkhuh gED	I � ' f=

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

5171 Wkhuprg|qdplfv dqg wkh Sid� Wrsrorjlfdo glphqvlrq

Wkh uhdol}dwlrq wkdw hohfwurpdjqhwlvp fdq eh h{suhvvhg lq whupv ri dq h{whulru
gl�huhqwldo v|vwhp shuplwv Fduwdq*v pdjlf irupxod wr eh dssolhg wr wkh sureohpv
ri frqwlqxrxv wrsrorjlfdo hyroxwlrq ^45`/ zlwk wkh ghvwuxfwlrq ru fuhdwlrq ri hohf0
wurpdjqhwlf wrsrorjlfdo ghihfwv1 Iru dq| sk|vlfdo v|vwhp wkdw dgplwv ghvfulswlrq
lq whupv ri d 40irup ri Dfwlrq/ D> dqg iru hyroxwlrqdu| surfhvvhv wkdw fdq eh gh0
vfulehg lq whupv ri vlqjo| sdudphwul}hg yhfwru �hogv/ Y / Fduwdq*v pdjlf irupxod
ri frqwlqxrxv wrsrorjlfdo hyroxwlrq ehfrphv wkh devwudfw htxlydohqw wr wkh �uvw
odz ri wkhuprg|qdplfv1

OEV�D ' ilEV�gDn gElEV�D�j ' iZ n gXj ' T= +5149,

Qrwh wkdw wkh yluwxdo zrun 40irup/ Z / iru dq hohfwurpdjqhwlf v|vwhp lv lq h�hfw
wkh zrun lqgxfhg e| wkh Oruhqw} irufh odz=

Z ' lEV�gD , i,nV ��j � gh�i, �Vjgw= +514:,
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Gl�huhqw hyroxwlrqdu| g|qdplfv ehorqj wr htxlydohqfh fodvvhv lq gl�huhqw wrsr0
orjlfdo fdwhjrulhv1 Wkhvh fdwhjrulhv duh gh�qhg lq whupv ri wkh Sid� wrsrorjlfdo
glphqvlrq ri wkh 40irupv ri Dfwlrq/ D> dqg wkh lqgxfhg 40irupv ri Zrun/ Z / dqg
Khdw/ T1 Wkh Sid� wrsrorjlfdo glphqvlrq/ ru fodvv/ ri d 40irup lv ghwhuplqhg
iurp wkh qxpehu ri vxffhvvlyh qrq }hur hohphqwv ri lwv Sid� vhtxhqfh1 Iru wkh
40irup ri Dfwlrq/ D> wkh Sid� vhtxhqfh rq d jhrphwulf vsdfh ri 7 glphqvlrqv lv
jlyhq e| wkh vhw iD> gD>D	gD> gD	gDj= Wkh Sid� wrsrorjlfdo glphqvlrq lv wkh
luuhgxfleoh qxpehu ri ixqfwlrqv P +wkdw gh�qh vxephuvlyh pdsv iurp wkh jhr0
phwulf glphqvlrq Q wr wkh wrsrorjlfdo vsdfh ri glphqvlrq/ P� wkdw hqfrgh wkh
wrsrorjlfdo surshuwlhv ri wkh vshfl�f h{whulru gl�huhqwldo 40irup1 Wkh Sid� wrsr0
orjlfdo glphqvlrq lv ohvv wkdq ru htxdo wr wkh jhrphwulf glphqvlrq ri wkh grpdlq
ri lqwhuhvw1

517141 Htxloleulxp v|vwhpv dqg Uhyhuvleoh surfhvvhv

Wkh wkhuprg|qdplf lqwhusuhwdwlrq ri Fduwdq*v pdjlf irupxod ghshqgv xsrq erwk
wkh hohphqwv ri d sk|vlfdo v|vwhp/ hqfrghg dv dq h{whulru gl�huhqwldo v|vwhp/ dqg
wkh hyroxwlrqdu| surfhvv/ hqfrghg dv d yhfwru �hog/ V= Htxloleulxp v|vwhpv zloo
eh gh�qhg dv grpdlqv zkhuh wkh wrsrorjlfdo glphqvlrq ri wkh 40irup ri Dfwlrq lv
5/ ru ohvv1 Fdudwkhrgru|*v frqfhsw ri uhyhuvleoh surfhvvhv uhtxluhv wkdw wkh khdw
40irup lv lqwhjudeoh/ vxfk wkdw wkh Iurehqlxv lqwhjudelolw| wkhruhp lv vdwlv�hg=
T	gT ' f= Khqfh/ iru uhyhuvleoh surfhvvhv/ wkh Sid� wrsrorjlfdo glphqvlrq ri
T lv 5/ ru ohvv ^47`1 Dgldedwlf surfhvvhv duh vxfk wkdw lEV�T ' f/ exw fdq eh
uhyhuvleoh ru luuhyhuvleoh1

H{wuhpdo Kdplowrqldq surfhvvhv duh vxfk wkdw wkh Sid� glphqvlrq ri wkh
zrun 40irup/ Z> lv }hur +Z ' lEV�gD , f,1 Wkh Sid� glphqvlrq ri wkh
zrun 40irup/ Z> lv xqlw| iru erwk Ehuqrxool0Fdvlplu surfhvvhv/ +zkhuh wkh ylu0
wxdo zrun 40irup lv h{dfw= Z ' lEV�gD , gX�/ dqg iru wkh Khopkrw}0Vwrnhv0
V|psohfwlf surfhvvhv +zkhuh wkh yluwxdo zrun 40irup lv forvhg exw qrw h{dfw=
gZ ' glEV�gD , f�= Doo vxfk surfhvvhv duh uhyhuvleoh surfhvvhv/ dv wkh Sid�
glphqvlrq ri wkh khdw 40irup/ T> +iru vxfk surfhvvhv, lv dw prvw 41

Dv wkh Sid� glphqvlrq ri wkh 40irup/ D> ri dq htxloleulxp v|vwhp lv dw prvw 5/
wkh htxloleulxp 40irup vdwlv�hv wkh Iurehqlxv frqglwlrqv ri xqltxh lqwhjudelolw|/
D	gD ' f= Vxfk htxloleulxp v|vwhpv gr qrw vxssruw d qrq0}hur wrsrorjlfdo wruvlrq
yhfwru/ D	I , f/ exw wkh Sid!dq htxdwlrq/ D ' f> dgplwv d orfdo lqwhjudwlqj
idfwru1 D forvhg/ exw qrw h{dfw/ 40irup ri Dfwlrq> Df> lq d grpdlq ri Sid�
glphqvlrq 5 zloo dgplw ghvfulswlrq lq whupv ri wzr lqghshqghqw ixqfwlrqv ri wkh
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lqghshqghqw jhrphwulfdo yduldeohv/ {n> dw prvw1 D fodvvlf h{dpsoh lv jlyhq e| wkh
h{suhvvlrq=

Df ' E| g{� { g|�@E{2 n |2� +514;,

Lq d vsdfh ri 6 jhrphwulf glphqvlrqv/ i{> |> }j/ wklv 40irup lv forvhg lq dq h{whulru
gl�huhqwldo vhqvh +gD ' f � }hur fxuo, hyhu|zkhuh h{fhsw dorqj wkh } d{lv1 Wkh
40irup lv ri Sid� glphqvlrq rqh doprvw hyhu|zkhuh/ h{fhsw dorqj wkh }0d{lv1 Wkh
40irup ehfrphv vlqjxodu dorqj wkh } d{lv/ dqg lw lv wklv vlqjxodulw| wkdw gh�qhv
wkh wrsrorjlfdo ghihfw1

Wkh yhfwru �hog ri frpsrqhqwv d|@E{2n |2�>�{@E{2n |2�> fo ghvfulehv d flufx0
odwlrq derxw wkh } d{lv/ zlwkrxw yruwlflw|/ dqg |hw jhqhudwhv d qrq0}hur ydoxh iru d
%flufxodwlrq% olqh lqwhjudo

K
Df zkhq wkh sdwk ri lqwhjudwlrq hqflufohv wkh } d{lv1

Qrwh wkdw wkh vlqjxodulw| lv dq rshq 40glphqvlrqdo olqh1 Lw lv qrz frpprq sodfh
lq pdq| glvflsolqhv wr fdoo wklv wrsrorjlfdo olqh vlqjxodulw| d %yruwh{% 0 hyhq wkrxjk
wkh yruwlflw| lq d k|gurg|qdplf vhqvh lv }hur h{whulru wr wkh vlqjxodulw|1 Vxfk
40glphqvlrqdo ghihfwv duh xeltxlwrxv lq w|sh LL vxshufrqgxfwruv1 Wkrvh uhjlrqv
zkhuh Df lv forvhg/ exw qrw h{dfw/ h{sho wkh pdjqhwlf �hogv +Phlvvqhu uhsxovlrq,1

Dv dqrwkhu h{dpsoh lq 6G jhrphwulfdo vsdfh/ frqvlghu wkh forvhg exw qrw h{dfw
40irup

Df ' E� g} � } g��@E}2 n �2�> zlwk � ' E
s
{2 n |2 � d�= +514<,

Wkh 40irup/ Df> lv forvhg/ exw qrw h{dfw/ doprvw hyhu|zkhuh/ h{fhsw rq wkh flufoh
{2 n |2 ' d2 lq wkh } ' f sodqh1 Wkh vlqjxodulw| +wrsrorjlfdo ghihfw, lv d forvhg
4 glphqvlrqdo flufoh/ zklfk frxog eh frpsduhg wr d %vprnh ulqj yruwh{%1 Wkhuh
h{lvwv d �qlwh flufxodwlrq lqwhjudo

K
}�
Df iru dq| f|foh wkdw olqnv wkh ulqj ri udglxv

d lq wkh } ' f sodqh1
Wkh wzr rqh irupv fdq eh frpelqhg wr |lhog d %wruxv% frq�jxudwlrq zlwk wzr

f|fohv/ rqh hqforvlqj wkh } d{lv dqg wkh rwkhu hqforvlqj wkh ulqj1 Pruh frpsol0
fdwhg %yruwlfhv% dgplw vsludo wruvlrq surmhfwlrqv lq 6G jhrphwulfdo grpdlqv1 Lq
vxppdu|/ forvhg exw qrw h{dfw 40irupv duh wrsrorjlfdo ghihfwv +krohv dqg kdqgohv,
lq htxloleulxp v|vwhpv ri Sid� wrsrorjlfdo glphqvlrq 51

517151 Wxuexohqw glvvlsdwlyh v|vwhpv dqg luuhyhuvleoh surfhvvhv

Li gD	gD ' n2 , �� le 9' f> wkh hohfwurpdjqhwlf 40irup/ D> lv ri Sid� wrsrorjl0
fdo glphqvlrq 7/ zklfk lv pd{lpdo lq uhjlrqv ri jhrphwulf glphqvlrq 71 Vxfk qrq0
htxloleulxp grpdlqv vxssruw wkh wrsrorjlfdo wruvlrq yhfwru ri 7 jhrphwulf frpsr0
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qhqwv/ Ae/ exw gr qrw uhtxluh wkdw wkh pdjqhwlf �hog eh wrsrorjlfdoo| wudqvyhuvh/
Edv D	I 9' f�1 E| gluhfw dssolfdwlrq ri Fduwdq*v pdjlf irupxod ri frqwlqxrxv
wrsrorjlfdo hyroxwlrq/ uhodwlyh wr d gluhfwlrq �hog jlyhq e| wkh wrsrorjlfdo wruvlrq
yhfwru/ Ae/ lw iroorzv wkdw OEAe�D ' �D ' E, ���D> dqg

OEAe�D	OEAe�gD ' T	gT ' E, ���2D	gD= +5153,

Uhfdoo wkdw wkh fodvvlf wkhuprg|qdplf fulwhuld iru luuhyhuvleoh surfhvvhv lv jlyhq
e| wkh frqvwudlqw/ T	gT 9' f ^48`1 Khqfh surfhvvhv frqwdlqlqj d frpsrqhqw
sursruwlrqdo wr Ae duh wkhuprg|qdplfdoo| luuhyhuvleoh zkhq wkh 40irup ri Dfwlrq
lv ri Sid� glphqvlrq 7/ iru wkhq , �� 9' f> D	gD 9' f dqg wkhuhiru T	gT 9' f=
Zkhq gD	gD ' 2E, ���le , f> exw D	gD 9' f> wkh Sid� wrsrorjlfdo glphqvlrq
ri D ehfrphv htxdo wr 6/ dqg wkh surfhvv gh�qhg e| wkh gluhfwlrq �hog Ae lv
uhyhuvleoh1 Dv wkh Sid� glphqvlrq ri wkh Dfwlrq lv qrw 5/ vxfk surfhvvhv duh qrw
%htxloleulxp% surfhvvhv/ exw uhsuhvhqw uhyhuvleoh qrq0htxloleulxp +ru %idu iurp
htxloleulxp%, surfhvvhv/ zklfk pd| eh fkdrwlf1

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

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

Lq h�hfw/ wkh wrsrorjlfdo ghihfwv uhsuhvhqwhg e| forvhg exw qrw h{dfw frpsr0
qhqwv ri wkh 60irup D	I fdq eh jhqhudwhg e| glvvlsdwlyh dqg luuhyhuvleoh surfhvvhv
ohdylqj wkh wrsrorjlfdo ghihfwv dv uhpqdqwv lq vwdwhv idu iurp htxloleulxp1 D fodv0
vlf phfkdqlfdo h{dpsoh lv jlyhq e| wkh vnlgglqj erzolqj edoo +Sid� glphqvlrq
5q.5, zkhuh wkh lqlwldo dqjxodu prphqwxp dqg nlqhwlf hqhuj| ghfd| luuhyhuvleo|
xqwlo wkh vwdwh lv uhdfkhg zkhuh wkh uroolqj wdnhv sodfh zlwkrxw volsslqj +Sid�
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glphqvlrq 5q.4,1 Wkh vxevhtxhqw hyroxwlrq lv uhyhuvleoh lq d wkhuprg|qdplf
vhqvh/ exw wkh vwdwh lv idu iurp wkh vwdwh ri uhvw/ wkh htxloleulxp vwdwh1

Lq vxppdu|/ iurp d wrsrorjlfdo shuvshfwlyh/ forvhg exw qrw h{dfw hohfwurg|0
qdplf 60irupv fdq irup wrsrorjlfdo ghihfwv ru orqj0olyhg uhpqdqwv dqg frkhuhqw
vwuxfwxuhv/ vxfk dv zdnhv dqg vhoi rujdql}hg frqghqvdwhv/ lq glvvlsdwlyh wxuexohqw
grpdlqv ri Sid� glphqvlrq 71

61 Wkh Wrsrorjlfdo Sodvpd

Iru hohfwurpdjqhwlf v|vwhpv/ d sduwlfxodu lqwhuhvwlqj fkrlfh ri vshfldol}hg surfhvvhv
duh wkrvh wkdw ohdyh wkh forvhg lqwhjudov +durxqg f|fohv }2� ri wkh 5 irup ri �hog
h{flwdwlrqv/ J> d ghirupdwlrq +uhodwlyh, lqwhjudo lqyduldqw1 Vxfk surfhvvhv �Y
zklfk suhvhuyh wkh qhw qxpehu ri fkdujhv/ joredoo|/ duh gh�qhg dv hohphqwv ri wkh
fdwhjru| ri sodvpd surfhvvhv=

O�Y E
UU
}2

J� '
UU
}2

lE�Y �gJn
UU
}2

gElE�Y �J� '
UU
}2

lE�Y �M , f= +614,

Wkh fulwhuld iru uhodwlyh lqwhjudo lqyduldqfh zlwk dq duelwudu| ghirupdwlrq sdudph0
whu/ �> lpsolhv wkdw lE�Y �M ' �iEY e

a� �V�{g|	g} � ===n Ea�V�{g{	gw==j , f=
Wklv frqvwudlqw kdv h{suhvvlrq lq hqjlqhhulqj odqjxdjh dv/

Sodvpd Surfhvvhv= a ' �V> a�V ' f= +615,

D sodvpd surfhvv qhhg qrw frqvhuyh hqhuj|1 Djdlq/ wkh 60irupv/ M> D	J dqg
D	I duh ri sduwlfxodu lqwhuhvwhg iru wkhlu wdqjhqw pdqlirogv gh�qh �olqhv� lq wkh
70glphqvlrqdo ydulhw| ri vsdfh dqg wlph1 Uhodwlyh wr sodvpd surfhvvhv/ wkh wrsr0
orjlfdo hyroxwlrq dvvrfldwhg zlwk vxfk olqhv/ dqg wkhlu hqwdqjohphqwv/ lv ri xwlolw|
lq xqghuvwdqglqj vrodu frurqd dqg sodvpd lqvwdelolw|1

Wkh lqyduldqfh sulqflsoh wkdw gh�qhv d sodvpd surfhvv rq J vkrxog eh frp0
sduhg wr wkh Khopkrow} surfhvv rq I =

O�VE
UU
}2

I � '
UU
}2

lE�Y �gI , f= +616,

Wkh forvhg lqwhjudo ri hohfwurpdjqhwlf  x{ 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 Lq d sodvpd/ iru zklfk wkh hyroxwlrqdu| surfhvvhv
duh frqvwudlqhg vxfk wkdw a ' �V> erwk wkh forvhg lqwhjudov ri I dqg J duh
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ghirupdwlrq lqyduldqwv1 Lq wkh vhqvh/ wkh sodvpd lv d wrsrorjlfdo uh�qhphqw ri
wkh frpsohwh Pd{zhoo v|vwhp1

Wkh %shuihfw% sodvpd lv gh�qhg dv d surfhvv wkdw lv erwk d sodvpd surfhvv
dqg d Kdplowrqldq h{wuhpdo surfhvv1 Lw iroorzv wkdw wkh yluwxdo zrun 40irup
pxvw ydqlvk1 Wkh sodvpd surfhvv zloo kdyh wkh irup M ' �dV> �o vxfk wkdw wkh
Kdplowrqldq h{wuhpdo fulwhuld |lhogv wkh %Zrun Iuhh% htxdwlrq=

Z ' lEM�gD ' �E,nV��� � ghn�EV � , �gw , f +617,

Wkh %shuihfw ru lghdo% sodvpd lv wkhuhiru d %Irufh Iuhh% sodvpd zkhq wkh Oruhqw}
irufh lv }hur1 Li wkh sodvpd lv d %irufh iuhh% sodvpd/ wkhq li iroorzv wkdw

Irufh Iuhh sodvpd surfhvv= V � , ' f> , �� ' f> a � , ' f= +618,

Rwkhu sodvpd g|qdplfv ^49` ehorqj wr fdwhjrulhv wkdw ghshqg xsrq wkh Sid�
glphqvlrq ri wkh Zrun 40irup1

6141 H{wuhpdo yv1 Ehuqrxlool sodvpdv

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, lqyduldqw1
Fduwdq suryhg wkdw vxfk surfhvvhv dozd|v kdyh d Kdplowrqldq uhsuhvhqwdwlrq1
Wkhuh duh wzr fodvvhv ri vxfk Kdplowrqldq surfhvvhv/ wkh H{wuhpdo fodvv dqg wkh
Ehuqrxool fodvv=

Kdplowrqldq Surfhvvhv +619,

OE�V�

]
}�

D '

]
}�

lE�Y �gDn glE�Y �D , f= +61:,

H{wuhpdo G lE�V�gD ' f> +61;,

Ehuqrxool G lE�V�gD ' gX= +61<,

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
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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@5
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
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 +6143,

OE�V�

]
}2

J '

]
}2

lE�Y �gJn glE�Y �J , f= +6144,

H{wuhpdo G lE�Y �gJ ' f> +6145,

Ehuqrxool G lE�Y �gJ ' g$= +6146,

Lq wkh H{wuhpdo fdvh/

lE�Y �gJ ' �iEa� �V�{g|	g} � ===n Ea�V�{g{	gw=== , f> +6147,

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

H{wuhpdo Sodvpd surfhvv aH ' �V= +6148,

6151 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= +6149,

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

@���> +614:,

dqg/ EaE �V� ' E�
Kdoo

@��,= +614;,
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E�
Kdoo

@��EaE � ,� , f +614<,

E�
Kdoo

@��EV � ,� , f +6153,

E�
Kdoo

@��E, ��� , f= +6154,

Wkxv wkh Ehuqrxool sodvpd surfhvv ohdgv wr d fxuuhqw aE zklfk lv ruwkrjrqdo wr
wkh , �hog dqg zkrvh pdjqlwxgh lv sursruwlrqdo wr wkh � �hog1 Wr txrwh Odqgdx
dqg Olivklw} ^4:` %Dv zh vhh/ lw +wkh Kdoo h�hfw, jlyhv ulvh wr d fxuuhqw shushqglf0
xodu 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 fdq0
qrw eh ri Sid� glphqvlrq 71 Ehuqrxool sodvpd surfhvvhv duh qrw glvvlsdwlyh lq wkh
vhqvh wkdw vxfk wkdw EaE �,� ' f=

Wkh dsshdudqfh ri d pdjqhwlf frqgxfwdqfh/ �
Kdoo

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

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

71 Wrsrorjlfdo Vxshufrqgxfwruv1

Wkh remhfwlyh lv wr gh�qh vxshufrqgxfwlylw| lq d wrsrorjlfdo pdqqhu zklfk lq0
frusrudwhv wkh %txdqwl}dwlrq% ihdwxuhv ri ghUkdp frkrprorj| wkhru|1 Wkh lghd
iroorzv iurp wkh uhfrjqlwlrq wkdw wkh Kdoo lpshgdqfh h{klelwv udwlrqdo iudfwlrq
ehkdylru1 Wklv udwlrqdo iudfwlrq ehkdylru zdv suhglfwhg rq wrsrorjlfdo jurxqgv
e| H1 M1 Srvw ^4;`1 Wkh lpsolfdwlrq lv wkdw vxshufrqgxfwlylw| lv uhodwhg wr wrsrorj0
lfdo ghihfw vwuxfwxuhv1 Wkhuh duh wkuhh zd|v wr frqvwuxfw dq lpshgdqfh ] +zlwk
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sk|vlfdo glphqvlrqv k2h2� iurp shulrg lqwhjudov ^4<`1

Ruglqdu| Vxshufrqgxfwruv = Lpshgdqfh =� '
K
D@

UU
}2
J

Dq|rq Kljk Wf B =2 '
UUU

}�
D	J@E

UU
}2
J�2

Iudfwlrqdo Kdoo = =� '
UUU

}�
D	I@

UUU
}�
D	J

+714,

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

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

Wkh frqmhfwxuh wr eh h{soruhg khuhlq lv wkdw d vxshufxuuhqw fruuhvsrqgv wr wkh
fdvh zkhuh wkh hohfwurpdjqhwlf lqwhudfwlrq hqhuj| ghqvlw| ydqlvkhv lq d wrsrorjlfdo
vhqvh1 Wkh prwlydwlrq iru vxfk dq dvvxpswlrq lv irxqghg xsrq wkh revhuydwlrq
wkdw li wkh 60irup ri fkdujh fxuuhqw ghqvlw|/ M / zdv sursruwlrqdo wr hlwkhu wkh 60
irup ri wrsrorjlfdo wruvlrq/ M ' D	I> ru wkh 60irup ri wrsrorjlfdo vslq/ M ' D	J>
wkhq lw iroorzv wkdw wkh lqwhudfwlrq hqhuj| ghqvlw| ri fodvvlfdo �hog wkhru| zloo ydq0
lvk/ D	M , f= Dvvxph wkdw d vxshufxuuhqw frqwdlqv frpsrqhqwv sursruwlrqdo
wr wrsrorjlfdo wruvlrq 60irup dqg wkh wrsrorjlfdo vslq 60irup1 Lq rughu iru wkh
frpsrqhqwv ri vxfk d fkdujh fxuuhqw 70yhfwru wr eh forvhg +dqg h{dfw, wkh uhvshf0
wlyh Srlqfduh lqyduldqwv ri lwv frpsrqhqwv pxvw eh }hur1 Xqghu vxfk frqvwudlqwv/
wkh forvhg lqwhjudov ri wkh forvhg 60irupv ri wrsrorjlfdo wruvlrq dqg wrsrorjlfdo
vslq kdyh udwlrqdo +txdqwl}hg, ydoxhv/ dqg ehfrph %ghirupdeoh% wrsrorjlfdo lq0
yduldqwv1 Dowkrxjk wkh jhrphwulfdo glphqvlrq ri vsdfh wlph lv 7/ wkh frqvwudlqhg
v|vwhp kdv wrsrorjlfdo Sid� glphqvlrq 6 dqg lv qrw dq htxloleulxp v|vwhp1 Wkh
hyroxwlrqdu| surfhvvhv uhsuhvhqwhg lq whupv ri wkh glyhujhqfh iuhh irupv ri Ae dqg
5e duh qrw luuhyhuvleoh1 Vxfk irupxodwlrqv/ wkhuhiru/ duh srvvleoh fdqglgdwhv iru
qrq0glvvlsdwlyh vxshufxuuhqwv1

D wklug fdvh zrxog frqvlghu wkrvh vlwxdwlrqv zkhuh wkh 60irup fkdujh fxuuhqw
ghqvlw| kdv frpsrqhqwv sursruwlrqdo wr wkrvh frpsrqhqwv ri wkh 40irup ri srwhq0
wldov zklfk duh hohphqwv ri d vslqru/ M ' �Mvslqru1 Wkh 60irup fdq dozd|v eh
pxowlsolhg e| dq lqwhjudwlqj idfwru vxfk wkdw wkh uhvfdohg vslqru fxuuhqw kdv }hur
glyhujhqfh1 Vlploduo|/ vxssrvh wkh 40irup Dvslqru +wr zlwklq d idfwru, dovr kdv wkh
vdph vslqru frpsrqhqw ixqfwlrqv1 Wkhq wkh lqwhudfwlrq ghqvlw| ydqlvkhv/ dv
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Vslqru Orqgrq fxuuhqw= Mvslqru ' lE�Dvslqru�l +715,

Lqwhudfwlrq Hqhuj| ghqvlw|= D	M ' � kDvslqru � Dvslqrul le , f= +716,

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

Wrwdo Vxshufxuuhqw Mvxshufxuuhqw ' Mvslqru nD	I@�nD	J@�> +717,

Zlwk Lqwhudfwlrq Hqhuj| ghqvlw| D	M ' D	Mvxshufxuuhqw , f> +718,

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

81 Wrsrorjlfdo ghihfwv/ Txdunv wr Jdod{lhv

Lw zdv ghprqvwudwhg lq vhfwlrq 51714 wkdw shulrg +flufxodwlrq, lqwhjudov ri wkh
40irup ri hohfwurpdjqhwlf Dfwlrq srwhqwldov/ D> ohdg wr wkh frqfhsw ri %yruwh{
ghihfw olqhv% 1 Wkh lghd lv h{whqgdeoh wr %wzlvwhg yruwh{ ghihfw olqhv% lq wkuhh
glphqvlrqv1 Wkh %wzlvwhg yruwh{ ghihfwv% ehfrph wkh vsludo yruwlfhv ri d Frpsoh{
Jlqvexuj Odqgdx +FJO, wkhru| / zkloh wkh %xqwzlvwhg yruwh{ olqhv% ehfrph wkh
ghihfwv ri Jlq}exuj0Slwdhyvnll0Jurvv +JSJ, wkhru| ^53`1

Hylghqfh ri vxfk wrsrorjlfdo ghihfwv +dw wkh pdfurvfrslf ohyho, fdq eh ghprq0
vwudwhg e| wkh fuhdwlrq ri Idodfr Vrolwrqv lq d vzlpplqj srro ^54`1 Wkhvh h{shu0
lphqwv ghprqvwudwh wkdw vxfk wrsrorjlfdo ghihfwv duh dydlodeoh dw doo vfdohv1 Wkh
Idodfr Vrolwrqv frqvlvw ri vsludo %yruwh{ ghihfw% vwuxfwxuhv +dqdorjrxv wr FJO
wkhru|, rq d wzr glphqvlrqdo plqlpdo vxuidfh/ rqh dw hdfk hqg ri d 40glphqvlrqdo
%yruwh{ olqh% ru wkuhdg +dqdorjrxv wr JSJ wkhru|,1 Uhpdundeo| wkh wrsrorjlfdo
ghihfw vxuidfh vwuxfwxuh lv orfdoo| xqvwdeoh/ dv wkh vxuidfh lv ri qhjdwlyh Jdxvv
fxuydwxuh1 \hw wkh sdlu ri orfdoo| xqvwdeoh 50G vxuidfhv lv joredoo| vwdelol}hg e|
wkh 40G olqh ghihfw dwwdfkhg wr wkh %yhuwh{% srlqwv ri wkh plqlpdo vxuidfhv1

Wkh urwdwlrqdo plqlpdo vxuidfhv ri qhjdwlyh Jdxvv fxuydwxuh zklfk irup wkh
wzr hqgfdsv/ olnh txdunv/ dssduhqwo| duh frq�qhg e| wkh vwulqj/ exw li wkh vwulqj
+zkrvh %whqvlrq% lqgxfhv joredo vwdelolw| ri wkh xqvwdeoh hqgfdsv, lv vhyhuhg/ wkh
hqgfdsv +olnh txdunv lq wkh hohphqwdu| sduwlfoh grpdlq, glvdsshdu +lq d qrq0
gl�xvlyh pdqqhu,1 Lq wkh plfurvfrslf hohfwurpdjqhwlf grpdlq/ wkh Idodfr vrol0
wrq vwuxfwxuh r�huv dq dowhuqdwh/ wrsrorjlfdo/ sdlulqj phfkdqlvp wkdw fdq eh
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frpsduhg wr wkh Frrshu sdlulqj lq vxshufrqgxfwruv1 Lq wkh pdfurvfrslf gr0
pdlq/ wkh h{shulphqwv ylvxdoo| lqglfdwh %doprvw  dw% vsludo dup vwuxfwxuhv gxu0
lqj wkh irupdwlyh vwdjhv ri wkh Idodfr vrolwrqv1 Lq wkh frvprorjlfdo grpdlq/
frxog wkhvh xqlyhuvdo wrsrorjlfdo ghihfwv uhsuhvhqw wkh xeltxlwrxv %doprvw  dw%
vsludo dup jdod{lhvB Frxog P64 dqg wkh Plon| zd| eh frqqhfwhg e| d wrsr0
orjlfdo ghihfw wkuhdgB Wdnh qrwh ri wkh uhfhqw Kxeeoh skrwr hqwlwohg %Lqwhu0
jdodfwlf *Slsholqh* Ixqqhov Pdwwhu Ehwzhhq Froolglqj Jdod{lhv% dqg srvwhg dw
kwws=22kxeeohvlwh1ruj2qhzvfhqwhu2dufklyh2533423521

91 Pd{zhoo Wrsrorjlfdo Ghihfwv dqg Eodfn Krohv1

D w|slfdo sureohp lq fodvvlfdo hohfwurpdjqhwlvp vwduwv zlwk dq dvvxphg glvwulex0
wlrq ri frqvhuyhg fkdujhv dqg fxuuhqwv/ M> zklfk duh xvhg wr ghgxfh d vhw ri �hog
h{flwdwlrqv/ JEG>K�= Wkhq d frqvwlwxwlyh frqvwudlqw lv lpsrvhg wr ghwhuplqh wkh
�hog lqwhqvlwlhv/ I EH>E�= Wkh h{flwdwlrqv duh qrw xqltxho| ghwhuplqhg/ dqg wkh
srwhqwldov/ D> duh ljqruhg $

Wkhuh h{lvwv d olwwoh xvhg %uhyhuvh% surfhgxuh wkdw zloo surgxfh d joredoo|
forvhg fkdujh fxuuhqw ghqvlw|/ vwduwlqj iurp d vhw ri srwhqwldov/ exw zlwkrxw wkh
h{solflw xvh frqvwlwxwlyh htxdwlrqv1 Wkh frqfhsw lv vlplodu wr wkh Orqgrq iru0
pxodwlrq ri vxshufrqgxfwlylw| +zklfk xvhv wkh frqmhfwxuh wkdw a � ��> exw wkh
jhqhudo surfhgxuh grhv qrw ghshqg xsrq d txdqwxp dujxphqw1 Vwduwlqj iurp dq
duelwudu| vhw ri F4 gl�huhqwldeoh frpsrqhqwv iru d 40irup ri Dfwlrq srwhqwldov/ D>
lw lv srvvleoh wr frqvwuxfw d joredoo| forvhg 60irup ghqvlw|/ Mv> e| dojheudlf surfh0
gxuhv1 Wkh phwkrg lv dq h{whqvlrq ri wkh wkhru| ri wkh gl�huhqwldo jhrphwu| iru
lpsolflw vxuidfhv wr wkrvh vxuidfhv zkhuh d qrupdo �hog lv jlyhq/ exw iru zklfk wkh
qrupdo �hog lv qrw d shuihfw h{dfw gl�huhqwldo ^55`1 Lq hvvhqfh/ d vkdsh pdwul{
fdq eh gh�qhg dv wkh Mdfreldq pdwul{ ri wkh frpsrqhqwv ri wkh jlyhq 40irup ri
Dfwlrq/ glylghg e| d Kroghu qrup dv d vfdolqj idfwru/ � ' i

S
	EDn�

sjq@s zlwk
krprjhqhrxv lqgh{ q1 Wkh vkdsh pdwul{ lv gh�qhg iru wkh fkrlfh q@4/ s@5/ dqg
d hxfolghdq vljqdwxuh1

Vkdsh pdwul{= dM o '
�
CEDn@��@C{

m
�
= +914,

Wkh uhvxowlqj vkdsh pdwul{ kdv ghwhuplqdqw }hur/ khqfh gh�qhv d k|shuvxuidfh
+ghihfw, lq 7 vsdfh1 Wkh vlplodulw| lqyduldqwv ri wkh vkdsh pdwul{ duh uhodwhg wr
wkh fxuydwxuhv ri wkh k|shuvxuidfh/ dqg duh ghwhuplqhg iurp wkh Fd|oh|0Kdplowrq
fkdudfwhulvwlf sro|qrpldo iru wkh vkdsh pdwul{1 Wklv surfhgxuh lv suhflvho| wkh
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surfhgxuh xvhg wr ghvfuleh wkh gl�huhqwldo jhrphwu| ri lpsolflw vxuidfhv/ zkhuh wkh
qrupdo �hog wr wkh vxuidfh lv d judglhqw ri wkh ixqfwlrq zkrvh }hur vhw gh�qhv wkh
lpsolflw vxuidfh1 Wkh jhqhudo surfhgxuh dgplwv lqyhvwljdwlrq ri vxuidfhv zkrvh
qrupdo �hog lv qrw d joredo judglhqw1

Wkh olqhdu Phdq fxuydwxuh ri wkh k|shuvxuidfh lv uhodwhg wr wkh vxp ri wkh
hljhqydoxhv +fxuydwxuhv, dqg lv hdvlo| ghwhuplqhg iurp wkh wudfh ri wkh vkdsh
pdwul{1 Wkh txdgudwlf Jdxvv fxuydwxuh lv uhodwhg wr wkh vxp ri wkh shupxwhg
surgxfw sdluv ri wkh fxuydwxuhv1 Wkh fxelf Dgmrlqw fxuydwxuh lv uhodwhg wr wkh
shupxwhg surgxfw wulsohv ri wkh fxuydwxuhv1 Wkh Dgmrlqw fxuydwxuh lv hdvlo|
frpsxwhg dv wkh wudfh ri wkh Dgmrlqw vkdsh pdwul{1 Wkh Dgmrlqw vkdsh pdwul{/k eM l

> lv gh�qhg dv wkh pdwul{ ri fridfwruv +ri wkh vkdsh pdwul{, wudqvsrvhg1 Wkh

Dgmrlqw vkdsh pdwul{ lv zhoo gh�qhg hyhq wkrxjk wkh vkdsh pdwul{ vr frqvwuxfwhg
grhv qrw kdyh dq lqyhuvh1

Li rqh frqvwuxfwv wkh frqwudyduldqw whqvru ghqvlw|

~e '
k eM l

� mDn@�l +915,

e| pxowlso|lqj wkh frpsrqhqwv ri wkh uhvfdohg 40irup ri Dfwlrq e| wkh Dgmrlqw
vkdsh pdwul{/ wkh uhpdundeoh uhvxow lv wkdw wkh 60irup Mv ' lE~e�le lv joredoo|
forvhg= gMv ' f= Khqfh/ iurp wkh srwhqwldov/ d fdqglgdwh kdv ehhq frqvwuxfwhg
+zlwkrxw wkh xvh ri d frqvwlwxwlyh frqvwudlqw ru vrph rwkhu dvvxpswlrq, wkdw frxog
sod| wkh uroh ri dq hohfwurpdjqhwlf fkdujh0fxuuhqw ghqvlw|1

Hyhq pruh uhpdundeo|/ wkh wrsrorjlfdo frpsrqhqw gh�qhg dv wkh lqwhudfwlrq
hqhuj| ghqvlw|/ zkhq frqvwuxfwhg zlwk wklv fxuuhqw dqg srwhqwldo ehfrphv sursru0
wlrqdo wr wkh fxelf Dgmrlqw fxuydwxuh ri wkh vkdsh pdwul{=

Lqwhudfwlrq hqhuj| ghqvlw|= D	Mv ' iwudfh
k eM l

j le= +916,

Lq rwkhu zrugv wkh lqwhudfwlrq hohfwurpdjqhwlf hqhuj| vr frpsxwhg lv fxelf lq wkh
k|shuvxuidfh fxuydwxuhv1

Li rqh frqvlghuv d froodsvlqj v|vwhp/ wkhq wkh jhrphwulf fxuydwxuhv lqfuhdvh
zlwk vpdoohu vfdohv1 Li Jdxvv txdgudwlf fxuydwxuh lv wr eh uhodwhg wr judylwdwlrqdo
froodsvh ri pdwwhu/ wkhq dw vrph ohyho ri vpdoohu vfdohv d whup fxelf lq fxuydwxuhv
zrxog grplqdwh1 Lw lv frqmhfwxuhg wkdw wkh fxelf fxuydwxuh surgxfhg e| wkh
hohfwurpdjqhwlf h�hfw ghvfulehg deryh frxog suhyhqw wkh froodsvh wr d eodfn kroh1
Frvprorjlvwv dqg uhodwlylvwv dssduhqwo| kdyh ljqruhg vxfk fxelf fxuydwxuh h�hfwv1
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:1 Frqfoxvlrqv

D wrsrorjlfdo shuvshfwlyh ri hohfwurpdjqhwlvp ghprqvwudwhv wkdw wkh hohfwurpdj0
qhwlf wkhru| ri Pd{zhoo lv d xqlyhuvdo wkhru| wkdw jrhv eh|rqg wkh xvxdo suh0
vhqwdwlrqv zklfk lpsrvh jhrphwulf frqvwudlqwv ri phwulf/ frqqhfwlrq/ frqvwlwxwlyh
uhodwlrqv ru frqvwudlqwv ri htxloleulxp wkhuprg|qdplfv1 Lq idfw/ wkh wrsrorjlfdo
shuvshfwlyh ohdgv wr %txdqwxp0olnh% frkhuhqw vwuxfwxuhv dqg wrsrorjlfdo ghihfwv/
vxfk dv wkh % x{ txdqwxp% dqg wkh %fkdujh txdqwxp%/ zlwkrxw wkh lpsrvlwlrq
ri d Frshqkdjhq yhuvlrq ri txdqwxp phfkdqlfv1 Pruhryhu/ wkh wrsrorjlfdo shu0
vshfwlyh srlqwv rxw wkdw wkhvh wrsrorjlfdo frkhuhqw vwuxfwxuhv duh qrw frqfhswv
uhvwulfwhg wr wkh plfursk|vlfv grpdlq/ exw 0 dv wrsrorjlfdo frqfhswv lqghshqghqw
iurp vfdohv 0 duh wr eh irxqg dw pdfurvfrslf dqg frvprorjlfdo vfdohv1

Wkh wrsrorjlfdo shuvshfwlyh ghprqvwudwhv wkh fodvvlfdo hohfwurpdjqhwlvp fdq
eh dssolhg wr qrq0htxloleulxp wkhuprg|qdplf v|vwhpv/ dqg ohdgv wr wkh glvfryhu|
ri wzr pruh %txdqwxp0olnh% frkhuhqw vwuxfwxuhv/ zklfk duh wr eh irxqg rqo| lq
qrq0htxloleulxp wkhuprg|qdplf v|vwhpv1 Wkhvh qhz remhfwv duh wkh Wrsrorjlfdo
Vslq/ D	J/ dqg wkh Wrsrorjlfdo Wruvlrq/ D	I / zklfk 0 lq grpdlqv zkhuh wkh
Srlqfduh lqyduldqwv ydqlvk 0 kdyh forvhg lqwhjudov wkdw duh ghirupdwlrq lqyduldqwv
dqg kdyh udwlrqdo udwlrv +riwhq dvvrfldwhg zlwk plfurvfrslf txdqwxp skhqrphqd,1
Wkhvh wrsrorjlfdo frkhuhqw vwuxfwxuhv ri Sid� wrsrorjlfdo glphqvlrq 6 fdq irup
orqj olyhg vwdwhv idu iurp htxloleulxp dv wrsrorjlfdo ghihfwv lq qrq0htxloleulxp
wxuexohqw grpdlqv ri Sid� wrsrorjlfdo glphqvlrq 71 Wkh sudfwlfdo xwlolw| ri wkhvh
qhz wrsrorjlfdo hohfwurpdjqhwlf surshuwlhv kdv mxvw ehjxq1
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