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Devwudfw

D joredo 40irup ri Dfwlrq/ D/ rq d vsdfh0wlph ydulhw| qrw rqo| dfwv
dv d Odjudqjh0Hxohu lqwhjudqg iru d yduldwlrqdo sulqflsoh/ exw dovr lq0
gxfhv d  xfwxdwlrq wrsrorj| rq ~{/|/}/w�1 Zkhq wkh lqgxfhg wrsrorj|
lv ri Sid� wrsrorjlfdo glphqvlrq 7/ wkh vroxwlrqv wr wkh yduldwlrq sure0
ohp edvhg rq vxfk dq dfwlrq/ prg  xfwxdwlrqv/ ohdg wr d qhfhvvdu|
vhw ri sduwldo gl�huhqwldo htxdwlrqv ri hyroxwlrq wkdw fdq eh sxw lqwr
fruuhvsrqghqfh zlwk wkh Qdylhu0Vwrnhv htxdwlrqv1 Wkh Hxohu fkdudf0
whulvwlf ri wkh wrsrorj| lqgxfhg e| vxfk h{wuhpdo yhfwru �hog vroxwlrqv
lv jhqhudwhg e| wkh 70irup N@gDagD ri Wrsrorjlfdo Sdulw|1 Dv gr0
pdlqv ri qrq0}hur Hxohu lqgh{ duh qhfhvvdu| wr euhdn sdulw| dqg wlph
uhyhuvdo v|pphwulhv dw d pdfurvfrslf ohyho/ lw iroorzv wkdw N 9@ 3 lv d
qhfhvvdu| frqglwlrq iru wkrvh yhfwru �hogv wkdw ghvfuleh d luuhyhuvleoh
ru wxuexohqw surfhvv ri hyroxwlrq1

41 Lqwurgxfwlrq

Wrsrorjlfdo dujxphqwv kdyh ehhq xvhg ^59` ^5:` wr vxjjhvw wkdw wkrvh fryduldqw
yhfwru �hogv wkdw uhsuhvhqw wkh wxuexohqw vwdwh lq d  xlg  rz pxvw eh ri Sid�
+wrsrorjlfdo, glphqvlrq 71 Wkhvh hduolhu lghdv zhuh edvhg xsrq wkh idfw wkdw
zkhq wkh Hxohu fkdudfwhulvwlf ri d pdqlirog lv qrw }hur/ wkhq hyhu| frqwudyduldqw
yhfwru �hog rq wkh pdqlirog/ zklfk lv dvvxphg wr eh frqwlqxrxv lq wkh iruzdug
gluhfwlrq/ pxvw kdyh dw ohdvw rqh vlqjxodu srlqw ru vhoi lqwhuvhfwlrq1 Li wkdw vshfl�f



iruzdug wudmhfwru| lv uhyhuvhg lq dq hyroxwlrqdu| vhqvh/ wkhq/ dv wkh vlqjxodulw| lv
dssurdfkhg lq wkh rssrvlwh vhqvh/ wkh uhwxuq elixufdwlrq eudqfk fdqqrw eh fkrvhq
xqdpeljxrxvo|1 Khqfh/ wkh lqyhuvh ri wkh frqwlqxrxv pdsslqj jhqhudwhg e| wkh
yhfwru �hog lv qrw frqwlqxrxv/ wkh pdsslqj lv qrw d krphrprusklvp/ dqg wkh
dvvrfldwhg yhfwru �hog lv luuhyhuvleoh lq d ghwhuplqlvwlf vhqvh1

Pruh uhfhqw lghdv edvhg rq wkhuprg|qdplf dujxphqwv kdyh ghprqvwudwhg wkdw
frqwlqxrxv wkhuprg|qdplf luuhyhuvleoh surfhvvhv lq jhqhudo ^6<` dovr uhtxluh wkdw
wkh 40irup ri Dfwlrq eh ri Sid� glphqvlrq 7 ^67`1 Iru k|gurg|qdplf v|vwhpv
wkdw dgplw hqfrglqj lq whupv ri d gl�huhqwldo 40irup ri Dfwlrq/ D/ rq d vsdfh
wlph ydulhw|/ wkhq Sid� glphqvlrq 7 uhtxluhv wkdw wkh Wrsrorjlfdo Sdulw| 7 irup
grhv qrw ydqlvk= N ' gD	gD 9' f= Vxfk dq dujxphqw dovr lpsolhv wkdw wkh Hxohu
fkdudfwhulvwlf ri wkh 7G grpdlq lv qrw }hur1 Wkh wrsrorjlfdo sdulw| 7 irup kdv dq
h{dfw suhlpdjh/ gh�qhg dv wkh Wrsrorjlfdo Wruvlrq 60irup/ K ' D	gD> vxfk wkdw
N ' gK= Wkh Wrsrorjlfdo Wruvlrq pxvw eh qrq0}hur li wkh Wrsrorjlfdo Sdulw| lv
wr eh qrq0}hur1 D qrq0}hur ydoxh iru wkh 60irup ri Wrsrorjlfdo Wruvlrq lpsolhv
wkdw wkh wrsrorj| lqgxfhg e| wkh 40irup ri Dfwlrq +uhsuhvhqwlqj wkh ghwdlov ri
wkh sk|vlfdo v|vwhp, lv d glvfrqqhfwhg wrsrorjlfdo ghihfw lq wkh wxuexohqw vwdwh1
Krzhyhu d glvfrqqhfwhg wrsrorj| lv qrw vx!flhqw wr surgxfh wxuexohqfh1 Lw lv
qrz dssuhfldwhg +5336, wkdw Sid� glphqvlrq 6 dqg 7 lpsolhv wkdw wkh sk|vlfdo
v|vwhp lv qrw lq wkhuprg|qdplf htxloleulxp +zklfk lpsrvhv wkh frqvwudlqw wkdw
wkh Sid� glphqvlrq ri D lv 5 ru ohvv

Dv doo uhvhdufkhuv lq k|gurg|qdplfv zloo djuhh wkdw luuhyhuvlelolw| lv d nh| ihd0
wxuh ri d wxuexohqw  rz/ lw iroorzv wkdw wkh wkuhh frqfhswv duh qhfhvvdu| frqglwlrqv
iru wkhuprg|qdplf luuhyhuvlelolw| dqg/ wkhuhiru/ wxuexohqw  rz=

41 Wkh Hxohu fkdudfwhulvwlf ri d vsdfh0wlph grpdlq lv qrw }hur1

51 Wkh Wrsrorjlfdo Sdulw| ri wkh vsdfh0wlph grpdlq lv qrw }hur1

61 Wkh grpdlq lv ri Sid� glphqvlrq 7 +K 9' f> N 9' f�1

K|gurg|qdplf  rzv fdq eh odplqdu dqg vwuhdpolqh +dvvrfldwhg zlwk d Sid�
glphqvlrq 5,/ uhyhuvleo| fkdrwlf +dvvrfldwhg zlwk d Sid� glphqvlrq 6, dqg luuh0
yhuvleo| wxuexohqw +dvvrfldwhg zlwk Sid� glphqvlrq � 7,1 Iru d sk|vlfdo v|v0
whp hqfrghg e| d 40irup ri Dfwlrq/ D>rq d 7 glphqvlrqdo ydulhw|/ i{> |> }> wj>d
qrq0}hur Hxohu fkdudfwhulvwlf dqg d Sid� glphqvlrq 7 doo uhtxluh wkdw wkh 70irup
N ' gD	gD> gh�qhg dv Wrsrorjlfdo Sdulw|/ fdqqrw ydqlvk1 Khqfh wkhuh lv dq lq0
wlpdwh fruuhvsrqghqfh ehwzhhq wkh wkuhh qhfhvvdu| frqglwlrqv iru iru wxuexohqfh
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jlyhq deryh/ dqg wkh luuhyhuvleoh surshuwlhv ri d wxuexohqw  rz1 Wkh ghwdlov ri
wkdw fruuhvsrqghqfh pdnh xs wkh exon ri wklv duwlfoh1

Uhfdoo wkdw d jlyhq ydulhw| i{> |> }> wj fdq vxssruw pdq| wrsrorjlhv/ dqg wkh
txhvwlrq dulvhv dv wr wkh vrxufh ri d sk|vlfdoo| xvhixo wrsrorj|1 D nh| suhplvh
ri wklv duwlfoh lv wkdw wkh yhu| h{lvwhqfh ri d gl�huhqwldo 40irup/ uhsuhvhqwlqj d
sk|vlfdo v|vwhp/ rq d 7G ydulhw| i{> |> }> wj jhqhudwhv d xvhixo wrsrorj| rq wkh
vhw ^5`1 Wkh Wrsrorjlfdo Sdulw| dqg khqfh wkh Hxohu fkdudfwhulvwlf ri wkdw lq0
gxfhg wrsrorj| pd| eh frpsxwhg lq vhyhudo gl�huhqw zd|v1 Iru k|gurg|qdplf
sxusrvhv/ dq hyroxwlrqdu| yhfwru gluhfwlrq �hog zloo eh wdnhq wr eh wkh  rz �hog
gh�qhg e| vrph vroxwlrq wr wkh Qdylhu0Vwrnhv sduwldo gl�huhqwldo htxdwlrqv1 Lw
zloo eh ghprqvwudwhg ehorz krz wr fkrvh dq dssursuldwh 40irup ri Dfwlrq wkdw zloo
jhqhudwh wkh Qdylhu0Vwrnhv sduwldo gl�huhqwldo htxdwlrqv1 Lq dgglwlrq wkh surshu0
wlhv ri d vroxwlrq wr wkh Qdylhu0Vwrnhv htxdwlrqv zklfk fdq eh wkhuprg|qdplfdoo|
luuhyhuvleoh dqg wkhuhiru wxuexohqw/ zloo eh ghprqvwudwhg1 Wklv uhvxow od|v wr uhvw
wkh frqmhfwxuh wkdw wkh Qdylhu0Vwrnhv htxdwlrqv pd| qrw eh fdsdeoh ri ghvfulelqj
wxuexohqw  rzv1

Dv dq| 40irup ri Dfwlrq pd| eh xvhg wr jhqhudwh d olqh exqgoh/ dqg d frq0
qhfwlrq/ wkhq wkh fodvvlfdo phwkrgv ri gl�huhqwldo jhrphwu| dovr pd| eh xvhg wr
frpsxwh wkh dvvrfldwhg dgmrlqw fxuydwxuh/ dqg xowlpdwho| wkh Hxohu fkdudfwhulvwlf1
Krzhyhu/ fhuwdlq wrsrorjlfdo dqg lqwulqvlf surshuwlhv iru d frqvwudlqhg ydulhw| fdq
eh pruh vlpso| hydoxdwhg xvlqj wkh phwkrgv ri Fduwdq*v h{whulru fdofxoxv edvhg
xsrq wkh xvh ri wkh Olh ghulydwlyh dfwlqj rq gl�huhqwldo irupv1

Wkhvh vlpsohu phwkrgv gr qrw ghshqg h{solflwo| rq d phwulf ru d frqqhfwlrq/
ru wkh qrz idvklrqdeoh phwkrgv ri �ehu exqgohv1 Dv lw lv wkh Fduwdq*v vlpsohu
phwkrgv zklfk duh h{sorlwhg lq wklv duwlfoh/ dqg dv lw lv dqwlflsdwhg wkdw pdq|
uhvhdufkhuv lq k|gurg|qdplfv gr qrw |hw kdyh pxfk h{shulhqfh zlwk wkh Fduwdq
frqqhfwlrq whfkqltxhv/ rqo| dq deuhyldwhg yhuvlrq ri wkh Fduwdq dssurdfk wr �ehu
exqgohv dqg frqqhfwlrqv lv suhvhqwhg lq Dsshqgl{ D1 Lw lv lpsruwdqw wr srlqw
rxw/ krzhyhu/ wkdw wkh �ehu exqgoh phwkrgv duh ri xwlolw| wr uhvhdufkhuv lq wkh
wkhru| ri ghihfwv/ iru lw lv srvvleoh wr ghyhors d surmhfwlyh wkhru| ri ghihfwv wkdw
lqfxghv erwk glvorfdwlrqv dqg glvfolqdwlrqv rq dq htxdo irrwlqj1 Vxusulvo| erwk
vshflhv ri ghihfwv fdq rffxu lq  xlgv ^64`/^65`1 Lq sduwlfxodu lw pd| eh vkrzq wkdw
wkh xvxdo frqwudyduldqw d!qh wuhdwphqwv fdqqrw lqfoxgh wkh vkhduv ri urwdwlrq
wkdw riwhq grplqdwh k|gurg|qdplfv1 Wkh suhvhqw dxwkru kdv orqj ehhq lqwhuhvwhg
lq wkh surgxfwlrq dqg ghvwuxfwlrq ri ghihfwv/ dqg rwkhu hylghqfhv ri wrsrorjlfdo
hyroxwlrq/ lq k|gurg|qdplfv ^63`1 Wklv lqwhuhvw vwhpv iurp wkh uhdol}dwlrq ^56`^57`
wkdw glvvlsdwlyh luuhyhuvleoh surfhvvhv pxvw eh dvvrfldwhg zlwk d fkdqjh lq wrsrorj|
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iurp wkh lqlwldo wr �qdo vwdwh1
Lw lv dvvxphg wkdw hyroxwlrqdu| surfhvvhv fdq eh hqfrghg lq whupv ri frq0

wudyduldqw yhfwru �hogv/ V/ dqg sk|vlfdo v|vwhpv shuplw ghvfulswlrq lq whupv ri d
40irup ri Dfwlrq/ D> zlwk fryduldqw frh!flhqwv1 Wkh hyroxwlrqdu| surfhvvhv rq d
ydulhw| i{> |> }> wj fdq eh sxw lqwr irxu jhqhudo htxlydohqfh fodvvhv/ hdfk fodvv kdy0
lqj gl�huhqw wrsrorjlfdo surshuwlhv1 Wkhvh wrsrorjlfdo surshuwlhv zloo eh gh�qhg
lq whupv ri wkh Sid� fodvv/ ru Sid� glphqvlrq/ ri wkh 40irup D> dqg wkh lqgxfhg
40irupv/ Z ' lEV�gD1 Wkh lghd lv wkdw dq h{whulru gl�huhqwldo irup ri d jlyhq
htxlydohqfh fodvv ri Sid� glphqvlrq/ q/ uhtxluhv d plqlpxp ri q ixqfwlrqv/ dqg
wkhlu ghulydwlyhv/ iru lwv ghvfulswlrq1 Wkh frqfhsw lv dw wkh edvlv ri wkh Gduerx{
uhgxfwlrq wkhruhpv/ dqg wkh wkhru| ri Fohevfk ixqfwlrqv1 Iru d irxu glphqvlrqdo
ydulhw|/ wkh Sid� glphqvlrq ri d grpdlq lv hlwkhu 4/ 5/ 6 ru 71 Rqo| 40irupv/ D/
wkdw ehorqj wr wkh htxlydohqfh fodvv ri Sid� glphqvlrq 7 zloo lqgxfh d qrq0}hur
Jdxvv fxuydwxuh rq wkh irxu glphqvlrqdo ydulhw|/ i{> |> }> wj1 Wklv htxlydohqfh
fodvv lv fkdudfwhul}hg e| wkh qrq0qxoo surshuw| gh�qhg dv Wrsrorjlfdo Sdulw|1 Iru
40irupv ri wklv htxlydohqfh fodvv/ wkhuh grhv qrw h{lvw d pdsslqj wr d ydulhw| ri
ohvv wkdq irxu ixqfwlrqv zklfk zloo dghtxdwho| ghvfuleh wkh wrsrorjlfdo surshuwlhv
jhqhudwhg e| wkh 40iurp1 Lq sduwlfxodu/ li wkh lqwhjudo ri wkh wrsrorjlfdo sdulw|
lv qrq0}hur/ wkhq doo vxfk frqwudyduldqw yhfwru �hogv wkdw fdq h{lvw rq d pdqliroh
ri Sid� glphqvlrq 7 pxvw kdyh vlqjxodulwlhv dqg vhoi0lqwhuvhfwlrqv1 Wklv frqfox0
vlrq lpsolhv wkdw dq xqdpeljxrxv uhwudfh ri wkh olqhv jhqhudwhg e| wkh yhfwru
�hog lv lpsrvvleoh/ khqfh wkh yhfwru �hog lv qrw uhyhuvleoh sdvw wkh vlqjxodulw| ru
vhoi0lqwhuvhfwlrq1 Pruhryhu lw fdq eh ghprqvwudwhg wkdw Sid� glphqvlrq 7 lv d
qhfhvvdu| fulwhuld iru frqwlqxrxv wkhuprg|qdplf surfhvvhv1

Qrwh wkdw wkh fodvvlf uhsuhvhqwdwlrq ri d yhfwru �hog lq whupv ri wkuhh Fohevfk
ixqfwlrqv grhv qrw surgxfh d yhfwru �hog ri Sid� glphqvlrq 7/ exw fdq eh d yhfwru
�hog ri Sid� glphqvlrq 61 Wkh dujxphqw ri wklv duwlfoh lv wkdw yhfwru �hogv ri
Sid� glphqvlrq 6 rq d vsdfh wlph ydulhw| fdq eh fkdrwlf/ exw qrw wxuexohqw1 Wkh
remhfwlyh ri wklv duwlfoh lv wr fodvvli| wkh yhfwru �hog vroxwlrqv wr wkh Qdylhu0Vwrnhv
htxdwlrqv/ dqg lq sduwlfxodu wr ghwhuplqh fulwhuld zkhq vxfk  rzv duh ri Sid�
glphqvlrq 71 Sid� glphqvlrq 7 lv d qhfhvvdu| uhtxluhphqw iru lqwulqvlf wkhupr0
g|qdplf luuhyhuvlelolw|/ dqg wkhuhiruh d qhfhvvdu| uhtxluhphqw iru wkh h{lvwhqfh ri
wkh wxuexohqw surfhvv1

Lw lv qrw jhqhudoo| dssuhfldwhg wkdw wkh h{lvwhqfh ri d hlwkhu d frqwudyduwdlqw
ru fryduldqw joredo yhfwru �hog lqgxfhv d wrsrorj| rq d ydulhw|1 Lq sduwlfxodu/ wkh
phwkrgv ri krz wr hydoxdwh wkh Hxohu fkdudfwhulvwlf ri wkh lqgxfhg wrsrorj| jhw
erjjhg grzq e| klvwrulfdo whfkqltxhv wkdw uho| khdylo| rq frruglqdwh jhrphwu|/
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dqg whqvru dqdo|vlv1 Iruwxqdwho|/ d vlpsohu phwkrg fdq eh ghyhorshg lq whupv ri
Fduwdq*v fdofxoxv ri h{whulru gl�huhqwldo irupv/ d phwkrg zklfk lv qrw rqo| frru0
glqdwh iuhh/ exw grhv qrw ghshqg h{solflwo| rq d phwulf ru frqqhfwlrq frqvwudlqw
lpsrvhg xsrq wkh ydulhw|1 Lq idfw/ wkh h{lvwhqfh ri d joredo 40irup/ D/ rq wkh
ydulhw| i{�> {2> ===> {q> vj pd| eh xvhg wr frqvwuxfw d edvlv iudph/ dqg d vhw ri frp0
sdwleoh frqqhfwlrq frh!flhqwv rq wkh ydulhw|/ iru zklfk wkh fodvvlfdo phwkrgv pd|
eh xvhg wr ghgxfh wkh Jdxvvldq fxuydwxuh dqg lwv lqwhjudo1 Suholplqdu| sruwlrqv
ri vxfk phwkrgv duh ghvfulehg eulh | lq Dsshqgl{ D1 Krzhyhu/ li wkh 40irup D
+zlwk fr0yduldqw frh!flhqwv, lv �uhqrupdol}hg� +ru dv Fkhuq vd|v/ surmhfwlyl}hg,
wkhq wkh frpsrqhqwv ri wkh 40irup pd| eh xvhg wr gh�qh dq dgmrlqw vxuidfh ri Q
glphqvlrqv lq dq Q.4 glphqvlrqdo vsdfh1 Wkh lpsruwdqw jhrphwulfdo txdqwlwlhv/
lqfoxglqj wkh Jdxvvldq fxuydwxuh/ ri wklv dgmrlqw Q glphqvlrqdo vxevsdfh/ duh +e|
wkh Fd|oh|0Kdplowrq wkhruhp, ghwhuplqhg e| wkh vlplodulw| lqyduldqw ixqfwlrqv ri
wkh Mdfreldq pdwul{/ frqvwuxfwhg iurp wkh �uvw sduwldo ghulydwlyhv ri wkh frpsr0
qhqwv ri wkh qrupdol}hg fryduldqw yhfwru �hog/ D1 Iru Q@5/ wklv Mdfreldq pdwul{
lv htxlydohqw wr wkh vkdsh pdwul{ ri fodvvlfdo vxuidfh wkhru|1 Wkh phdq fxuydwxuh
ri wklv 5G vxevsdfh lv uhodwhg wr wkh wudfh ri wkh Mdfreldq/ ru pruh ylylgo|/ lv htxdo
wr wkh glyhujhqfh ri wkh surmhfwlyl}hg dgmrlqw yhfwru �hog1 D yduldwlrqdo sulqflsoh
rq wkh Q.4 vsdfh surgxfhv d plqlpdo vxuidfh lq wkh vsdfh ri Q glphqvlrqv/ zkhq
wkh glyhujhqfh ri wkh qrupdol}hg dgmrlqw �hog lv vhw wr }hur1 Iru Q@5/ wkh Jdxvv
fxuydwxuh lv uhodwhg wr wkh ghwhuplqdqw ri wkh Mdfreldq pdwul{/ dqg lwv lqwhjudo
|lhogv wkh Hxohu fkdudfwhulvwlf1

Wkh phwkrg fdq eh h{whqghg wr kljkhu glphqvlrqdo ydulhwlhv/ i{�> {2> ===> {q> vj1
Wkh h{lvwhqfh ri d joredo Fduwdq 40irup ri Dfwlrq/ D/ fdq dovr eh xvhg wr frqvwuxfw
d olqh exqgoh ^Fkhuq/ 4<8:` ryhu wkh edvh/ i{> |> }> wj1 Khqfh/ iroorzlqj Fkhuq/ d
Wrs Sid!dq pd| eh frqvwuxfwhg iurp dojheudlf surgxfwv ri wkh pdwul{ ri fxuyd0
wxuh 50irupv1 Fkhuq kdv suryhg ^Fkhuq/ 4<87` wkdw wkh lqwhjudo ri wklv irup |lhogv
wkh Hxohu fkdudfwhulvwlf1 Wkh pdwul{ ri fxuydwxuh 50irupv lv frpsxwhg fodvvlfdoo|
e| gl�huhqwldwlqj d vhw ri frqqhfwlrq 40irupv zklfk frqvwudlq wkh ydulhw| dqg wkh
ghulydwlyhv ri wkh yhfwru �hog1 Krzhyhu/ frpsdulqj wkh surmhfwlyh olqh exqgoh dqg
Fduwdq*v phwkrgv/ lw pd| eh vkrzq wkdw wkh pdwul{ ri fxuydwxuh 50irupv fdq eh
frpsxwhg lq dq dowhuqdwh dojheudlf zd| wkdw grhv qrw ghshqg xsrq d vhfrqg gli0
ihuhqwldwlrq ri wkh yhfwru �hog1 Wkhvh phwkrgv duh jlyhq rxwolqhg lq Dsshqgl{
D1 Wkh uhvxow lv wkdw iru wkh qrupdol}hg 40irup/ D/ dqg lwv h{whulru ghulydwlyhv/
I ' gD/ wkh irupv/ I dqg N ' I2I / gh�qh wkh hohphqwv ri wkh �uvw dqg vhfrqg
Fkhuq fodvvhv iru wklv olqh exqgoh1 Iru d irxu glphqvlrqdo ydulhw|/ wkh Wrs Sidi0
�dq lv htxdo wr I2I / dqg lwv lqwhjudo lv dvvrfldwhg zlwk wkh Hxohu fkdudfwhulvwlf
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lqgxfhg e| wkh 40irup D1 Dv I2I pxvw qrw eh }hur li wkh Hxohu fkdudfwhulvwlf lv
qrw wr ydqlvk/ lw iroorzv wkdw wkh yhfwru �hog pxvw eh ri Sid� glphqvlrq 71 Lq wklv
duwlfoh/ wkh frpsoh{ pdfklqhu| ri �ehu exqgohv lv qrw qhhghg/ iru wkh Fduwdq sur0
fhgxuh lv pxfk pruh hdv| wr xvh lq hqjlqhhulqj dssolfdwlrqv1 Dq xqxvxdo uhvxow
glvfryhuhg e| Fkhuq dqg Vlprqv ^;` lqglfdwhv wkdw wkh lqwhjudo ri N ' I2I ryhu
wkh grpdlq lv uhodwhg e| Vwrnhv wkhruhp wr wkh lqwhjudo ri wkh wkuhh irup D	gD
ryhu wkh erxqgdu| ri wkh lqwhjudwlrq grpdlq1

Li wkh wrs Sid!dq lv htxdo wr }hur hyhu|zkhuh/ wkhq wkh dvvrfldwhg frqwudydul0
dqw yhfwru �hog/ lqwhusuhwhg dv d k|gurg|qdplf  rz yhfwru �hog/ lv zlwkrxw vhoi
lqwhuvhfwlrqv dqg wkhuhiruh lv xqdpeljxrxvo| uhyhuvleoh> l1h1/ qrw wxuexohqw1 Iru
k|gurg|qdplfv/ wkh sureohp lv wr ghwhuplqh vlpsoh h{suhvvlrqv zklfk fodvvli|
wkrvh yhfwru �hogv wkdw duh vroxwlrqv wr wkh Qdylhu0Vwrnhv htxdwlrqv1 Wkh �qdo
uhvxow lv wkdw wkh Wrs Sid!dq/ ru Wrsrorjlfdo Sdulw|/ iru  rz �hogv frqvwudlqhg
wr eh vroxwlrqv ri wkh Qdylhu0Vwrnhv htxdwlrqv/ lv htxdo wr

N ' �2 E$ � fxuo$�g{2g|2g}2gw= +414,

Zkhq N ' f/ wkh Hxohu fkdudfwhulvwlf ydqlvkhv +dw ohdvw ryhu frpsdfw rulhqwhg
7G pdqlirogv, dqg lw iroorzv wkdw vxfk  rzv duh qrw wxuexohqw1 Dv $ ' fxuo �
lv wkh yruwlflw| ri wkh  xlg  rz/ dqg  wkh nlqhpdwlf ylvfrvlw|/ lw iroorzv wkdw
Qdylhu0Vwrnhv vroxwlrqv iru zklfk wkh yruwlflw| yhfwru �hog lv frpsohwho| lqwhjudeoh
lq wkh vhqvh ri Iurehqlrxv fdq qhyhu eh wxuexohqw1 Lw lv wr eh uhpdunhg wkdw li
wkh hqvwursk| ri wkh  rz kdv d judglhqw ruwkrjrqdo wr wkh yruwlflw|/ wkhq wkh
lqwhjudeoh yruwlflw| �hog lv sursruwlrqdo wr wkh qrupdo �hog ri d plqlpdo vxuidfh
^66`1 Wklv plqlpdo vxuidfh/ olnh d Mxold vhw/ fdq erxqg dq lqwhulru lq zklfk wkh
yhorflw| �hog lv fkdrwlf1

Wkh irxu0irup ri wrsrorjlfdo sdulw|/ N lv dozd|v h{dfw/ dqg fdq eh jhqhu0
dwhg iurp wkh 60irup/ K ' D2gD>gh�qhg dv wkh wrsrorjlfdo wruvlrq1 Rq wkh vhw
i{> |> }> wj jhqhudwhv d frqwudyduldqw yhfwru �hog ri irxu frpsrqhqwv +gh�qhg khuhlq
dv wkh wruvlrq fxuuhqw iA> kj, wkdw pd| ru pd| qrw kdyh d }hur glyhujhqfh1 Wkh
h{sorlwdwlrq ri wklv yhfwru �hog lq k|gurg|qdplfv lv doprvw qrq0h{lvwhqw1 Pdwk0
hpdwlfldqv kdyh nqrzq derxw wklv yhfwru �hog dqg lwv dssolfdwlrqv wr sureohpv
zkhuh wkh vroxwlrqv wr v|vwhpv ri gl�huhqwldo htxdwlrqv duh qrw xqltxh iru pruh
wkdq 433 |hduv ^45`1

Lq wklv duwlfoh/ wklv wrsrorjlfdo shuvshfwlyh lv jlyhq ixuwkhu fuhghqfh e| ghyho0
rslqj d wkhru| ri wrsrorjlfdo hyroxwlrq/ lq zklfk lw pd| eh ghprqvwudwhg wkdw
wkh Qdylhu0Vwrnhv htxdwlrqv irup d vxevhw ri qhfhvvdu| frqglwlrqv htxlydohqw wr
frqvwudlqwv wkdw uh�qh wkh Fduwdq wrsrorj| lqgxfhg e| wkh joredo 40irup/ D1 Wkh
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srlqw ri ghsduwxuh lv wr uhfrjql}h wkdw wkh xvxdo nlqhpdwlf vwdwhphqw ri uljlg
erg| g|qdplfv/ { ' g � �gw ' f> lv d wrsrorjlfdo frqvwudlqw rq d grpdlq wkdw
qhhg qrw eh wuxh iru wkh hyroxwlrq ri ghirupdeoh phgld1 Wkh qrq0}hur ydoxhv ri
{ zloo eh gh�qhg dv ghirupdwlrq0 xfwxdwlrqv ri srvlwlrq1 Kljkhu rughu  xfwxd0
wlrqv dovr pd| eh gh�qhg1 Lq wklv duwlfoh/ wkh vsdfh wlph ydulhw| ri glphqvlrq 7
zloo eh surorqjhg wr kljkhu glphqvlrqv wr dffrpprgdwh wkh srvvleoh  xfwxdwlrqv1
Wkhq/ iroorzlqj Fduwdq*v phwkrg/ zklfk lv htxlydohqw wr d yduldwlrqdo sulqflsoh/
fhuwdlq wrsrorjlfdo frqvwudlqwv/ qrw htxlydohqw wr wkh qxoo  xfwxdwlrq frqvwudlqwv
ri uljlg erg| g|qdplfv/ fdq eh sodfhg rq wklv kljkhu glphqvlrqdo vsdfh1 Il0
qdoo|/ wkhvh uhvxowv fdq eh sxoohg edfn wr vsdfh0wlph e| ixqfwlrqdo vxevwlwxwlrq/
|lhoglqj wkh Qdylhu0Vwrnhv htxdwlrqv dv qhfhvvdu| frqglwlrqv wr vdwlvi| wkh wrsr0
orjlfdo frqvwudlqwv1 Iru fhuwdlq fodvvhv ri vroxwlrqv/ wkh uhvxowdqw jhrphwu| lv
qrq0Ulhpdqqldq/ exw frqwdlqv pdq| ri wkh ihdwxuhv ghyhorshg e| Ilqvohu ^9` dqg
Fduwdq iru vsdfhv wkdw vxssruw wruvlrq/ dqg qrq0lqwhjudeoh yhfwru �hogv1

Wkh wzr nh| uhvxowv ri wklv duwlfoh duh jlyhq e| hqjlqhhulqj irupxodv wkdw
uhsuhvhqw wkh Wrsrorjlfdo Wruvlrq 60irup/K ' D2I / dv d{ldo yhfwru fxuuhqw ri irxu
frpsrqhqwv rq wkh grpdlq ri vsdfh0wlph/ dqg wkh 70irup ri Wrsrorjlfdo Sdulw|/
N/ dv d ghqvlw| glvwulexwlrq rq wkh vsdfh0wlph ydulhw|/ i{> |> }> wj1 Wkh d{ldo
yhfwru fxuuhqw kdv ehhq frpsohwho| ljqruhg e| erwk h{shulphqwdo dqg wkhruhwlfdo
k|gurg|qdplflvwv/ shukdsv ehfdxvh lw lv hydqhvfhqw lq d ghwhuplqlvwlf/ qrq0fkdrwlf/
lqwhjudeoh uhjlph1 Li wkh Sid� glphqvlrq ri wkh grpdlq lv ohvv wkdq 7/ wkhq wkh
d{ldo yhfwru wruvlrq fxuuhqw vdwlv�hv d frqvhuydwlrq odz/ wkh Wrsrorjlfdo Sdulw| 70
irup ydqlvkhv/ dqg wkh Hxohu fkdudfwhulvwlf ri wkh lqgxfhg Fduwdq wrsrorj| lv }hur1
Wkh  rz lv uhyhuvleoh/ qrw wxuexohqw/ exw shukdsv ghvfulehv d fkdrwlf surfhvv1 Li
wkh Sid� glphqvlrq lv ohvv wkdq 6/ wkhq erwk wkh 60irup ri Wrsrorjlfdo Wruvlrq dqg
wkh 70irup ri wrsrorjlfdo sdulw| ydqlvk/ dqg wkh  rz �hog dgplwv d ghwhuplqlvwlf
dqg qrq0fkdrwlf uhdol}dwlrq1 Uhyhuvlqj wkh dujxphqw/ lq wkh fkdrwlf uhjlph/ wkh
d{ldo fxuuhqw yhfwru fdqqrw eh }hur1 Lq rughu iru wkh  rz �hog wr eh luuhyhuvleoh rq
wkh ydulhw| i{> |> }> wj/ lw lv qhfhvvdu| +exw qrw vx!flhqw, wkdw wkh Sid� glphqvlrq
eh 71

Lq vhfwlrq 5/ wkh ihdwxuhv ri wkh Fduwdq phwkrg dqg wkh wrsrorj| lqgxfhg e| d
v|vwhpv ri gl�huhqwldo irupv duh ghvfulehg1 Wkh frqfhsw ri Sid� glphqvlrq lv xvhg
wr gh�qh htxlydohqfh fodvvhv ri yhfwru �hogv11 Lq vhfwlrq 6/ wkh devwudfw Ilqvohu
vsdfh dqg lwv dvvrfldwhg joredo Fduwdq0Kloehuw 40irup ri Dfwlrq +frqvwuxfwhg rq d
whq glphqvlrqdo surorqjdwlrq ri wkh ruljlqdo vsdfh lq rughu wr dffrpprgdwh srvvl0
eoh nlqhpdwlf dqg g|qdplfdo  xfwxdwlrqv dqg glvvlsdwlrq, lv ghvfulehg1 Lq vhfwlrq
7/ htxdwlrqv fdsdeoh ri ghvfulelqj wrsrorjlfdo hyroxwlrq dqg luuhyhuvleoh skhqrp0
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hqd lq d qrq0vwdwlvwlfdo pdqqhu duh frqvwuxfwhg lq whupv ri wkh Olh ghulydwlyh
dfwlqj rq d v|vwhp ri gl�huhqwldo irupv jhqhudwhg iurp wkh Fduwdq0Kloehuw joredo
40irup ri Dfwlrq1 Lq vhfwlrq 8 lw lv ghprqvwudwhg wkdw wkh glvvlsdwlyh luuhyhuvleoh
Qdylhu0Vwrnhv htxdwlrqv duh ghgxfhg e| dsso|lqj wrsrorjlfdo frqvwudlqwv wr wkh
jhqhudo htxdwlrqv ri wrsrorjlfdo hyroxwlrq jhqhudwhg lq vhfwlrq 71 Lq dgglwlrq/ wkh
wrsrorjlfdo frqvwudlqwv wkdw |lhog wkh Qdylhu0Vwrnhv htxdwlrqv duh xvhg wr ghwhu0
plqh d qhfhvvdu| fulwhuld iru wkh wxuexohqw vwdwh1 Lq Dsshqgl{ D d wkh Fduwdq
phwkrg iru frqvwuxfwlqj d Olqh Exqgoh whfkqrorj| lv glvsod|hg1 Lq Dsshqgl{ E
wkh Fduwdq phwkrg lv xwlol}hg wr ghvfuleh dq hohfwurpdjqhwlf v|vwhp1

51 Wkh Hxohu Lqgh{ e| wkh Fduwdq Phwkrg

Wkh Hxohu lqgh{ lv rqh ri wkh nh| wrsrorjlfdo surshuwlhv ri d grpdlq1 Iru h{dpsoh
lq wzr0vsdfh/ wkh Hxohu lqgh{ ri d vskhuh lv 5/ wkh Hxohu lqgh{ ri d wruxv lv 3/
dqg wkh Hxohu lqgh{ ri d wzr kroh exwwrq lv 051 D yhfwru �hog fdq h{lvw joredoo|
zlwkrxw vlqjxodulwlhv +ru }hurv, rqo| rq d vsdfh ri }hur Hxohu lqgh{1 Wkh Hxohu
lqgh{ rq vsdfh0wlph ghshqgv rq wkh lqwhjudo ri d fhuwdlq 70irup gh�qhg wr eh wkh
Wrsrorjlfdo Sdulw| +vhh ehorz,1

E| vwxg|lqj wkh qhljkerukrrgv ri �vlqjxodu srlqwv� ri d yhfwru �hog rq d
ydulhw|/ fhuwdlq ihdwxuhv ri wkh xqghuo|lqj wrsrorj| pd| eh ghwhuplqhg1 Wkh yhfwru
�hog �glyhujhv� lq wkhvh qhljkerukrrgv lq zd|v wkdw |lhog wrsrorjlfdo lqirupdwlrq1
Wkh yhfwru �hog rq d vskhuh pxvw kdyh wzr ri wkhvh �vlqjxodu� qhljkerukrrgv/
wkdw fdq eh vkuxqn wr �srlqwv�1 Wkh yhfwru �hog rq d wruxv +Hxohu lqgh{ @
3, fdq eh zlwkrxw vlqjxodulwlhv1 Wkh lghd wkdw glyY @ 3 lq wkh lqwhulru ri d
grpdlq phdqv wkdw wkh yhfwru olqhv dvvrfldwhg zlwk yhfwru �hog fdq qhyhu vwrs
ru vwduw/ h{fhsw shukdsv dw �erxqgdu| srlqwv�1 Wkhvh frqfhswv kdyh ehhq xvhg
e| k|gurg|qdplflvwv wr vwxg| fhuwdlq ihdwxuhv ri  rz vhsdudwlrq rq dluirlov ^84`1
Wkh jhqhudo txhvwlrq lv= Zkdw lv wkh wrsrorj| lqgxfhg e| wkrvh yhfwru �hogv
wkdw uhsuhvhqw  xlg  rzv rq d grpdlq ri vsdfh wlphB Lq sduwlfxodu/ wkh wkhvlv
wr eh h{dplqhg khuhlq lv wkdw dv d wxuexohqw  rz lv luuhyhuvleoh/ lw lqgxfhv d
qrq }hur Hxohu lqgh{ rq d grpdlq ri vsdfh0wlph/ dqg wklv idfw lpsolhv wkdw wkh
Sid� glphqvlrq ri wkh grpdlq lv 71 Li wkh Sid� glphqvlrq lv ohvv wkdq 7/ Sdulw|
dqg Wlph0uhyhuvdo v|pphwu| ^Nlhkq/ 4<<4f` duh qrw eurnhq/ dqg wkh v|vwhp lv
uhyhuvleoh1

Dowkrxjk wkh vlqjxodulwlhv ri frqwudyduldqw yhfwru �hogv fdq eh xvhg wr fkdu0
dfwhul}h wkh lqgxfhg wrsrorj| rq wkh ydulhw| i{> |> }> wj/ wkhuh duh vrph sureohpv
wkdw duh ehwwhu kdqgohg lq whupv ri fryduldqw yhfwru �hogv1 Wr txrwh Duqrog=

;



�Wkh qrwlrq ri wkh lqgh{ ri d vlqjxodu srlqw ri d yhfwru �hog grhv qrw jhqhudol}h
gluhfwo| wr wkh fdvh ri pdqlirogv zlwk erxqgdu|1 Krzhyhu/ lw wxuqv rxw wkdw d jhq0
hudol}dwlrq wr wkh fdvh ri erxqgdu| vlqjxodulwlhv ehfrphv srvvleoh li yhfwru �hogv
duh uhsodfhg e| gl�huhqwldo irupv1 Iru d 40irup rq d pdqlirog zlwk erxqgdu|
zh gh�qh vlqjxodu srlqwv dqg wkhlu lqglfhv vr wkdw wkh vxp ri wkh lqglfhv ri doo
+lqwhulru dqg erxqgdu|, vlqjxodu srlqwv ri dq| 40irup zlwk lvrodwhg vlqjxodulwlhv
rq d frpsdfw pdqlirog zlwk erxqgdu| lv htxdo wr Hxohu lqgh{ ri wkh pdqlirog1� ^4`
Wkh lghd lv wkdw d joredoo| gh�qhg 40irup/ D/ lqgxfhv d wrsrorj| rq d ydulhw|/ dqg
lwv vlqjxodulwlhv pd| eh xvhg wr frpsxwh wkh wrsrorjlfdo surshuw| fdoohg wkh Hxohu
lqgh{1 Wklv vwdwhphqw e| Duqrog/ dqg wkh vljql�fdqfh ri vlqjxodulwlhv dv vwdjqd0
wlrq dqg vhsdudwlrq srlqwv lq  xlg  rzv/ lv wkh udlvrq g*íwuh iru d ghyhorsphqw ri
k|gurg|qdplfv lq whupv ri Fduwdq*v h{whulru gl�huhqwldo fdofxoxv ^44`

Lq wklv duwlfoh wkh sulqflsoh remhfw ri lqwhuhvw lv wkh Fduwdq 40irup ri Dfwlrq/
D/ gh�qhg zlwk lwv vlqjxodulwlhv joredoo| ryhu d grpdlq ri d vsdfh0wlph ydulhw|/
i{> |> }> wj=

D ' D�g{
�= +514,

Wkh ixqfwlrqdo surshuwlhv ri wklv 40irup pd| eh xvhg wr frqvwuxfw d wrsrorj|
rq wkh vhw i{> |> }> wj1 Jxlghg e| wkh idfw wkdw d gl�huhqwldo frqvwudlqw/ {g{n|g|n
}g} ' f/ lpsrvhg rq wkh 6 glphqvlrqdo ydulhw| ohdgv wr wkh 5 glphqvlrqdo wrsrorj|
ri d vskhuh/ wklv 40irup/ D/ rq vsdfh wlph zloo eh surorqjhg wr d vsdfh ri kljkhu
glphqvlrqv1 Wrsrorjlfdo frqvwudlqwv rq wkh kljkhu glphqvlrqdo vsdfh zloo wkhq eh
xvhg wr ghgxfh wkh Qdylhu0Vwrnhv htxdwlrqv dv d vhw ri qhfhvvdu| frqglwlrqv rq
wkh surorqjhg 40irup1 Khqfh/ vroxwlrqv wr wkh Qdylhu0Vwrnhv htxdwlrqv idoo lqwr
fodvvhv wkdw zloo jhqhudwh wkh Fduwdq wrsrorj|1

Vxssrvh wkdw vxfk d 40irup/ D/ lv jlyhq1 Wkhq/ wkh h{whulru ghulydwlyh ri D
surgxfhv d 50irup/ I ' gD/ zlwk frpsrqhqwv/

I ' gD ' I��g{
�	g{� = +515,

Wkh 40irup/ D/ dqg wkh 50irup/ I ' gD/ irup d �forvhg� h{whulru gl�huhqwldo
v|vwhp/ iD>Ij1 Xvlqj wkhvh wzr hohphqwv/ d vhtxhqfh ri kljkhu rughu vhwv fdq eh
frqvwuxfwhg dojheudlfdoo| e| iruplqj doo srvvleoh h{whulru surgxfwv ri D dqg I =
Wkh uhvxowlqj v|vwhp ri irupv lv gh�qhg dv wkh Sid� vhtxhqfh= iD>I ' gD>K '
D2gD>N ' gD2gD===j1

Rq vsdfh0wlph ri 7 glphqvlrqv/ wkhuh duh rqo| 7 srvvlelolwlhv iru wkh Sid�
vhtxhqfh/ dqg wkhvh vhwv duh gh�qhg dv=
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WRSRORJLFDO DFWLRQ D ' D�g{
�

WRSRORJLFDO YRUWLFLW\ I ' gD ' I��g{
�	g{�

WRSRORJLFDO WRUVLRQ K ' D	gD ' K���g{
�	g{�	g{�

WRSRORJLFDO SDULW\ N ' gD	gD ' N����g{
�	g{�	g{�	g{�

Wkh odujhvw qrq0qxoo hohphqw ri wkh Sid� vhtxhqfh gh�qhv wkh Sid� glphqvlrq
ri wkh grpdlq1 Fhuwdlq  rzv kdyh Sid� glphqvlrq 4> rwkhuv/ Sid� glphqvlrq 5/ 6/
dqg 71 H{dpsohv duh jlyhq lq ^5:`1

Wkh grpdlq ri vxssruw ri hdfk hohphqw ri wkh Sid� vhtxhqfh pd| eh frqvlghuhg
dv d �srlqw� ri zkdw zloo eh fdoohg wkh Fduwdq wrsrorj|1 Lq wklv vhqvh wkh �srlqw�/
D/ dqg lwv forvxuh/ D ^ I pd| eh xvhg dv edvh hohphqwv wr gh�qh �rshq vhwv� ri
wkh Fduwdq wrsrorj|1 Li wkh grpdlq lv vxfk wkdw K dqg N duh qxoo/ wkhq wkdw
lv wkh hqg ri wkh frqvwuxfwlrq/ dqg wkh Fduwdq wrsrorj| lv d frqqhfwhg wrsrorj|1
Krzhyhu/ vxssrvh wkdw wkhuh h{lvwv d grpdlq ri vxssruw iru wkh h{whulru surgxfw
ri D dqg I / vxfk wkdw K lv qrw hpsw|1 Wkhq frqvwuxfw wkh forvxuh ri K dv wkh
xqlrq/ K ^N/ dqg xvh wkhvh 7 �srlqwv�/ iD>D^I>K>K ^Nj/ dv d edvlv ri rshq
vhwv iru wkh Fduwdq wrsrorj|1 Wkh uhvxowlqj wrsrorj| lv QRW frqqhfwhg$ ^5` Wklv
fkrlfh iru d wrsrorj| lv h{wudruglqdu| lq wkdw wkh Fduwdq h{whulru ghulydwlyh pd|
eh lqwhusuhwhg dv d �olplw srlqw rshudwru� uhodwlyh wr wkh Fduwdq wrsrorj|1 Jlyhq
dq| vhw ri wkh wrsrorj|/ li wkh h{whulru ghulydwlyh ydqlvkhv/ wkhq wkh vhw kdv qr olplw
srlqwv1 Lq wklv vhqvh/ wkh yruwlflw| �hog/ dv wkh h{whulru ghulydwlyh ri wkh fryduldqw
yhorflw| �hog/ jhqhudwhv wkh olplw vhwv iru wkh fryduldqw yhorflw| �hog +uhodwlyh wr wkh
Fduwdq wrsrorj|,1 Iru fxuuhqwv frqvwuxfwhg lq whupv ri frqwudyduldqw yhfwru �hogv
+ru Q04 irupv,/ wkhq wkh ydqlvklqj ri wkh h{whulru ghulydwlyh +htxlydohqw wr wkh
ydqlvklqj ri wkh glyhujhqfh ri wkh frqwudyduldqw yhfwru �hog, lpsolhv wkdw qr olplw
srlqwv iru wkhvh fxuuhqwv h{lvw zlwklq wkh grpdlq ri vxssruw1 Li wkh glyhujhqfh
ydqlvkhv/ wkhq wkh dvvrfldwhg d{ldo yhfwru fxuuhqw vdwlv�hv d frqvhuydwlrq odz1 Wkh
�olqhv� dvvrfldwhg zlwk wklv yhfwru �hog gr qrw vwrs ru vwduw zlwklq wkh grpdlq1

Lw lv ri ixqgdphqwdo lqwhuhvw wr ghwhuplqh wkh ydoxh ri wkh Hxohu lqgh{ iru wklv
lqgxfhg Fduwdq wrsrorj|/ dv wkh Hxohu lqgh{ qrw rqo| lv rqh ri prvw ixqgdphqwdo
ri wrsrorjlfdo lqyduldqwv/ lw lv dovr fuxfldo lq ghwhuplqlqj li d  rz �hog lv xqdp0
eljxrxvo| uhyhuvleoh1 Fkhuq kdv jlyhq dq dssurdfk wr hydoxdwlqj wkh Hxohu lqgh{
^46` lq whupv ri dq lqwhjudo ryhu d fhuwdlq 5Q irup zklfk kh fdoov wkh �Wrs Sidi0
�dq�1 Dovr vhh Dsshqgl{ D1 Rq wkh 70glphqvlrqdo ydulhw| i{> |> }> wj/ wklv �Wrs
Sid!dq� lv sursruwlrqdo wr 70irup ri Wrsrorjlfdo Sdulw|/ N ' gD2gD1 Khqfh/ iru
wkrvh grpdlqv zkhuh N ' f/ dq lpphgldwh uhvxow lv wkdw wkh Hxohu lqgh{ pxvw
ydqlvk1 Dffruglqj wr wkh gh�qlwlrq/ wkh Sid� glphqvlrq lv ohvv wkdq 7 rq grpdlqv
iru zklfk N ' f1
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Prvw ri wkh nqrzq forvhg irup vroxwlrqv wr g|qdplfdo v|vwhpv duh wr eh dv0
vrfldwhg zlwk grpdlqv iru zklfk N ' f1 Lq idfw/ prvw nqrzq joredo vroxwlrqv
duh ri Sid� glphqvlrq 5/ zklfk lpsolhv wkdw erwk K dqg N duh qxoo1 Li wkh
Fduwdq0Sid� 40irup/ D/ lv frpsohwho| lqwhjudeoh lq wkh vhqvh ri Iurehqlxv/ wkhq
K ' D2gD ' f> N ' f dqg wkh Hxohu lqgh{ iru wkh vsdfh0wlph grpdlq lv }hur1
Frpsohwh lqwhjudelolw| phdqv wkdw wkhuh h{lvwv d xqltxh ixqfwlrq zklfk iru frq0
vwdqw ydoxhv irupv d vxuidfh wkurxjk zklfk wkh wudmhfwrulhv ri wkh dvvrfldwhg yhfwru
�hog sdvv wudqvyhuvho|1 Wklv phdqv wkdw wkh srlqwv rq qhljkerulqj wudmhfwrulhv duh
v|qfkurql}deoh joredoo| ryhu wkh zkroh grpdlq1 Vxfk yhfwru �hogv fdq dgplw yru0
wlflw|/ exw wkh yruwlflw| pxvw eh ruwkrjrqdo wr wkh yhorflw| dw hdfk srlqw1 Wkh
Wrsrorjlfdo Wruvlrq/ K/ pxvw ydqlvk iru d frpsohwho| lqwhjudeoh 40irup1

Dqrwkhu uhvxow ri Iurehqlxv frpsohwh lqwhjudelolw| +Sid� glphqvlrq 5 ru ohvv,
lv wkdw qhljkerulqj srlqwv duh lvrodwhg lq wkh Fdudwkhrgru| vhqvh wkdw wkh| uhvlgh
rq wkh htxlydohqw ri d wkhuprg|qdplf htxloleulxp k|shuvxuidfh ^48`1 Lq wkh k|gur0
g|qdplf fdvh/ d frpsohwho| lqwhjudeoh dfwlrq dozd|v fdq eh pdsshg wr d vsdfh ri
dw prvw wzr glphqvlrqv/ dqg wklv uhsuhvhqwdwlrq lv wkh hslwrph ri d odplqdu +wr eh
lq od|huv,  rz1 Li wkh v|vwhp grhv qrw vdwlvi| wkh Iurehqlxv lqwhjudelolw| wkhruhp/
wkhq wkhuh pd| h{lvw orfdo grpdlqv wkdw duh odplqdu/ exw wkh| duh lvrodwhg1 H{0
dpsohv ri vxfk v|vwhpv zlwk Sid� glphqvlrq 6/ wkdw vxssruw Wrsrorjlfdo Wruvlrq/
duh suhvhqwhg lq uhihuhqfh ^Nlhkq/ 4<<4d`1 Lq wklv duwlfoh/ v|vwhpv ri qrq0}hur N
duh ri lqwhuhvw/ dqg lw iroorzv wkdw vxfk v|vwhpv qhfhvvdulo| vxssruw Wrsrorjlfdo
Wruvlrq/ K1

Li d 40irup ri Dfwlrq lv frpsohwho| lqwhjudeoh lq wkh vhqvh ri Iurehqlxv/ wkhq
wkh dvvrfldwhg yhfwru �hog qhyhu jhqhudwhv fkdrwlf wudmhfwrulhv ^7<`1 D frpsohwho|
lqwhjudeoh yhfwru �hog dozd|v dgplwv d vprrwk joredo wudqvyhuvh k|shuvxuidfh vxfk
wkdw wkhuh grhv qrw h{lvw �dq h{wuhph vhqvlwlylw|� wr lqlwldo frqglwlrqv iru qhljk0
erulqj wudmhfwrulhv> wkh lqlwldo frqglwlrqv/ dqg wkh vxevhtxhqw hyroxwlrq ri wkhvh
srlqwv/ uhvlgh rq d vhtxhqfh ri joredoo| wudqvyhuvh k|shuvxuidfhv1 Rq wkh rwkhu
kdqg/ li wkh Iurehqlxv lqwhjudelolw| frqglwlrq lv qrw vdwlv�hg/ dqg vxssrvh wkdw
wkh Sid� glphqvlrq lv 6/ wkhq wkhuh h{lvwv d joredo vxephuvlrq wr d vsdfh ri 6
glphqvlrqv/ dqg d xqltxh vprrwk wudqvyhuvdo k|shuvxuidfh grhv qrw h{lvw ryhu
wkh zkroh grpdlq1 Dowkrxjk wkhuh fdq h{lvw orfdo vhwv ri k|shuvxuidfhv wkdw frq0
qhfw orfdo qhljkerukrrgv ri wudmhfwrulhv/ wkhuh h{lvw �qhdue|� wudmhfwrulhv zklfk
fdqqrw eh vr frqqhfwhg1 Srlqwv rq wkhvh qhdue|/ exw qrw frqqhfwhg/ wudmhfwrulhv
pd| h{klelw wkdw �h{wuhph vhqvlwlylw|� wr lqlwldo frqglwlrqv/ wkdw kdv ehfrph wkh
gh�qlwlrq ri ghwhuplqlvwlf fkdrv1 Srlqwv wkdw vwduw rxw lq d qhdue| grpdlq zloo
qrw qhfhvvdulo| hyroyh lqwr d wudqvyhuvho| frqqhfwhg vhw1 Lq idfw/ wklv lv rqh ri wkh
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reylrxv uhvxowv ri wkh Fduwdq wrsrorj|/ iru zkhq K dqg N duh }hur lw lv hdv| wr
vkrz wkdw wkh Fduwdq wrsrorj| lv frqqhfwhg/ exw zkhq K dqg N duh qrw }hur/ wkh
Fduwdq wrsrorj| lv glvfrqqhfwhg ^5`1

Lw iroorzv wkdw d qhfhvvdu| frqglwlrq iru d fkdrwlf yhorflw| �hog lv wkdw wkh
Sid� glphqvlrq ri wkh 40irup ri Dfwlrq vkdoo eh juhdwhu wkdq 51 Exw fkdrv lv
qrw wkh vdph dv wxuexohqfh/ iru wkh fkdrwlf  rz lv uhyhuvleoh dorqj hdfk qhdue|/
exw shukdsv glvfrqqhfwhg/ vsdfh wlph wudmhfwru|/ zlwkrxw dpeljxlw|= wkh fkdrwlf
wudmhfwrulhv qhyhu lqwhuvhfw lq vsdfh wlph1 Rq wkh rwkhu kdqg/ d wxuexohqw  rz
lv suhvxphg wr eh glvvlsdwlyh dqg luuhyhuvleoh1 Li wkh  rz olqhv lqwhuvhfw lq vsdfh
wlph/ lw lv lpsrvvleoh wr uhyhuvh wkh hyroxwlrq xqdpeljxrxvo| +xqltxho|, wkurxjk
wkh revwuxfwlrq/ ru elixufdwlrq vlqjxodulw|> vxfk  rzv duh gh�qhg wr eh luuhyhuvleoh1
Lq rughu iru wkh  rz olqhv wr kdyh luuhgxfleoh vhoi0 lqwhuvhfwlrqv lq vsdfh wlph/ lw
lv qhfhvvdu| wkdw wkh 70irup ri wrsrorjlfdo sdulw|/ N/ eh qrq0}hur1 D qrq0}hur
Hxohu lqgh{ lv d vljqdo wkdw wkh yhfwru �hog dgplwv vxfk vlqjxodulwlhv/ dqg wkh
dvvrfldwhg hyroxwlrq lv wkhuhiruh luuhyhuvleoh1 Lw iroorzv wkdw d qhfhvvdu| frqglwlrq
iru luuhyhuvlelolw| lv wkdw wkh Sid� glphqvlrq ri wkh grpdlq eh 71 Wkh frqfoxvlrq
uhdfkhg lv wkdw uhyhuvleoh fkdrv lv ri Sid� glphqvlrq 6/ dqg fdq eh glvwlqjxlvkhg
iurp wxuexohqfh/ zklfk lv luuhyhuvleoh dqg pxvw eh ri Sid� glphqvlrq 71

Wkhvh lghdv vxssruw wkh gh�qlwlrq wkdw wkh wxuexohqw vwdwh pxvw eh luuhgxfleo|
wlph ghshqghqw/ luuhgxfleo| 6 glphqvlrqdo lq vsdfh/ dqg glvvlsdwlyho| luuhyhuvleoh1
Dowkrxjk wlph0ghshqghqw wzr glphqvlrqdo  rzv fdq h{klelw fkdrv/ wkh| fdq qhyhu
eh wxuexohqw/ iru wkh| duh ri pd{lpxp Sid� glphqvlrq 61 Dw ohdvw 7 sdudphwhuv
duh uhtxluhg wr surgxfh d grpdlq zlwk Sid� glphqvlrq 71 Lw lv wkh rslqlrq ri
wklv dxwkru wkdw wkh frqfhsw ri �wzr� glphqvlrqdo wxuexohqfh lv qrw orjlfdo1 Wkh
Wrsrorjlfdo Sdulw| pxvw qrw ydqlvk joredoo| lq wkh wxuexohqw vwdwh/ d idfw wkdw
zrxog suhfoxgh wkh frqfhsw ri wxuexohqfh rq d wzr vsdfh0rqh wlph glphqvlrqdo
grpdlq1

Iru wklv dxwkru wkh dssuhfldwlrq wkdw Wrsrorjlfdo Wruvlrq dqg Wrsrorjlfdo
Sdulw| duh lpsruwdqw sk|vlfdo frqfhswv fdph �uvw iurp dssolfdwlrqv ri wkh Fduwdq
whfkqltxh wr sureohpv lq hohfwurpdjqhwlvp1 Dq devwudfw h{dpsoh ri wkh Fduwdq
whfkqltxh iru hohfwurpdjqhwlf v|vwhpv lv jlyhq lq Dsshqgl{ E/ zkhuh wkh 40irup
ri Dfwlrq/ D/ lv edvhg rq wkh hohfwurpdjqhwlf srwhqwldov1 D prvw lq xhqwldo uhvxow
ri wklv dqdo|vlv lv wkh idfw wkdw wkh Wrsrorjlfdo Sdulw| 70irup iru d Pd{zhoo v|vwhp
lv jlyhq e| wkh h{suhvvlrq/

N ' �2, ��g{2g|2g}2gw= +516,

Lq Odjudqjldq �hog wkhrulhv ri plfurvfrslf hohphqwdu| sduwlfohv/ qrq0}hur ydo0
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xhv ri , �� duh vljqdov wkdw sdulw| dqg wlph uhyhuvdo v|pphwulhv duh qrw suhvhuyhg
^7`1 H{dpsohv ri Sdulw| dqg Wlph0Uhyhuvdo v|pphwu| euhdnlqj dw d pdfurvfrslf
ohyho lq hohfwurpdjqhwlf v|vwhpv duh suhvhqwhg lq ^Nlhkq/ 4<<4`1 Wkhvh uhvxowv
lpso| wkdw wkh dvvrfldwhg hyroxwlrqdu| surfhvvhv duh qrw uhyhuvleoh/ dqg wkdw luuh0
yhuvlelolw| lv d wrsrorjlfdo lghd lqghshqghqw iurp vl}h dqg vfdohv1 Wkh lghdv ohg wklv
dxwkru wr frqmhfwxuh wkdw vlplodu surshuwlhv duh wr eh dvvrfldwhg zlwk luuhyhuvleoh/
glvvlsdwlyh/ wxuexohqw k|gurg|qdplf  rzv1 D �uvw vwhs lq wklv gluhfwlrq zdv wkh
vxjjhvwlrq wkdw wkh wudqvlwlrq wr wxuexohqfh lqyroyhg d wrsrorjlfdo wudqvlwlrq iurp
d odplqdu vwdwh zlwkrxw Wrsrorjlfdo Wruvlrq/ K ' D2gD ' f/ wr d vwdwh zkhuh
K 9' f1 Wklv wudqvlwlrq zdv h{suhvvhg e| vd|lqj wkdw wkh  rz v|vwhp zhqw iurp
d vwdwh wkdw zdv frpsohwho| lqwhjudeoh/ lq wkh vhqvh ri Iurehqlxv/ wr d v|vwhp wkdw
zdv qrw lqwhjudeoh ^Nlhkq 4<:9d`1 Dw wkdw wlph wkh srvvlelolw| ri dq lqwhuphgldwh
qrq0lqwhjudeoh fkdrwlf vwdwh ri Sid� glphqvlrq 6 rffxulqj ehiruh d luuhyhuvleoh/
luuhgxfleo| wlph0ghshqghqw dqg wkuhh glphqvlrqdo qrq0lqwhjudeoh wxuexohqw vwdwh
ri Sid� glphqvlrq 7 zdv qrw dssuhfldwhg1 Li wkh Sid� glphqvlrq lv ohvv wkdq 7/
wkh Hxohu lqgh{ uhodwlyh wr wkh Fduwdq wrsrorj| pxvw ydqlvk rq vsdfh wlph1

Wkh fuhdwlrq ri wxuexohqfh iurp d odplqdu vwdwh pxvw lqyroyh wkh wrsrorjlfdo
hyroxwlrq iurp d frqqhfwhg Fduwdq wrsrorj| +Sid� glphqvlrq ? 6, wr d glvfrq0
qhfwhg Fduwdq wrsrorj| +Sid� glphqvlrq A 5,1 Uhodwlyh wr wkh Fduwdq wrsrorj|/
lw pd| eh vkrzq wkdw doo F5 ixqfwlrqdo ghvfulswlrqv ri yhfwru �hogv duh frqwlq0
xrxv1 Dv d frqvhtxhqfh lw lv srvvleoh wr vwdwh wkdw wkh fuhdwlrq ri d wxuexohqw
vwdwh fdqqrw eh dffrpsolvkhg e| d frqwlqxrxv wudqvirupdwlrq/ exw wkh ghfd| ri
wxuexohqfh lv dphqdeoh wr dqdo|vlv e| phdqv ri frqwlqxrxv exw luuhyhuvleoh wudqv0
irupdwlrq ^63`1 Wkh lpsolfdwlrq lv wkdw qxphulfdo vlpxodwlrqv zklfk lpsrvh vwulfw
frqwlqxlw| frqglwlrqv rq wkh hyroxwlrq duh qrw fdsdeoh ri ghvfulelqj wkh fuhdwlrq
ri wxuexohqfh1 Rq wkh rwkhu kdqg/ frqwlqxrxv qxphulfdo vlpxodwlrqv fdq ghvfuleh
wkh ghfd| ri wxuexohqfh1

Lq wklv duwlfoh/ wkh whfkqltxh zloo eh wr gh�qh d 40irup ri dfwlrq/ D/ vlp0
lodu wr wkdw yduldwlrqdo lqwhjudqg sursrvhg e| Ilqvohu ^9` dqg Fduwdq lq wkhlu
vwxglhv ri qrq0Ulhpdqqldq jhrphwulhv wkdw dgplw wruvlrq1 Wkh Ilqvohu phwkrgv
prwlydwhg wklv dxwkru wr wuhdw wkh jhqhudo sureohp ri wrsrorjlfdo hyroxwlrq dv
dq h{wuhpdo sureohp rq d ydulhw| ri kljkhu glphqvlrqv1 Lq h�hfw/ wkh fodvvlf
nlqhpdwlf frqvwudlqwv ri uljlg erg| prwlrq duh frqvlghuhg wr eh �ryhuo| vhyhuh�
wrsrorjlfdo frqvwudlqwv rq  xlg prwlrq/ dqg duh uhod{hg vxfk wkdw wkh qhz wrsro0
rj| dgplwv � xfwxdwlrqv�1 Wkh  xfwxdwlrqv fdq eh lqwhusuhwhg lq pdq| zd|v> lq
sduwlfxodu wkh| fdq uhsuhvhqw ghyldwlrqv iurp wkh fodvvlf nlqhpdwlf frqvwudlqwv/
g � �gw ' f1 Wkhvh ghyldwlrqv pd| eh lqwhusuhwhg dv yduldwlrqv ri wkh lqlwldo
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frqglwlrqv/ ru wkh| pd| eh lqwhusuhwhg dv dq xqfhuwdlqw| ri wkh ruljlq/ exw iru wklv
dxwkru wkh| gr qrw lpso| wkdw d vwdwlvwlfdo dqdo|vlv lv qhfhvvdu|1 D uh�qhphqw/ ru
vshfldol}dwlrq/ ri wklv � xfwxdwlrq� wrsrorj| ohdgv wr wkh vhw ri qhfhvvdu| sduwldo
gl�huhqwldo htxdwlrqv zklfk duh uhfrjql}hg dv wkh Qdylhu0Vwrnhv htxdwlrqv iru d
frpsuhvvleoh/ ylvfrxv  rz1 Ri sduwlfxodu lpsruwdqfh lv wkh uhfrjqlwlrq wkdw wkh
g|qdplfv ri d ghirupdeoh v|vwhp duh wr eh dvvrfldwhg zlwk d �hog ri d{ldo �fxu0
uhqw�/ zkrvh 7 frpsrqhqwv irup wkh 60irup ri Wrsrorjlfdo Wruvlrq rq E{> |> }> w�1
Wklv d{ldo0yhfwru fxuuhqw lv d frpsohwho| dqwl0v|pphwulf wklug udqn whqvru �hog/
dqg lv hydqhvfhqw lq uljlg erg| v|vwhpv wkdw vdwlvi| wkh wrsrorjlfdo frqvwudlqwv ri
d shuihfw nlqhpdwlfv1 Wkh glyhujhqfh ri wklv d{ldo fxuuhqw pd| ru pd| qrw ydq0
lvk iru ghirupdeoh v|vwhpv/ dqg lw pd| ru pd| qrw eh dq hyroxwlrqdu| lqyduldqw1
Zkhq wkh glyhujhqfh lv dqrpdorxv/ wkh Wruvlrq Fxuuhqw fdq vwrs ru vwduw lq wkh
lqwhulru/ wkhuhe| jhqhudwlqj d wrsrorjlfdo ghihfw lq wkh grpdlq1

61 Wkh Ioxfwxdwlrq 40irup

Wkh irupdw ri wkh Fduwdq 40irup/ D/ zloo eh wkdw ri wkh Fduwdq0Kloehuw lqyduldqw
lqwhjudqg/

D ' OE > w(��gwn T � Eg � �gw�= +614,

Qrwh wkdw wkh ruljlqdo vsdfh0wlph/ i > wj kdv ehhq h{whqghg wr d 43 glphqvlrq
vsdfh ri ixqfwlrqv/ i > w(�>T j1 Rq wklv vhw/ lw lv frqyhqlhqw wr gh�qh d yhfwru
�hog/ Y / zlwk 43 frpsrqhqwv jlyhq e| wkh ixqfwlrqv/ i�> �( @> uj1 Gl�huhqwldo dqg
ixqfwlrqdo frqvwudlqwv zloo eh lpsrvhg rq wklv 43 glphqvlrq vsdfh wkhuhe| gh�qlqj
d wrsrorj|1 Ixuwkhu qrwh wkdw wkh Fduwdq0Kloehuw dfwlrq lqyroyhv d fodvvlf Odjudqjh
ixqfwlrq/ OE > w(��/ dqg d olqhdu frpelqdwlrq ri qrq0}hur srvlwlrq � xfwxdwlrq ru
ghirupdwlrq� 40irupv/ gh�qhg dv=

{ ' g � �gw 9' f = +615,

Wkh fryduldqw duud|/ T/ ri frh!flhqwv ri wkh  xfwxdwlrq 40irupv lq 614 pd| eh
ghvfulehg dv vhw ri Odjudqjh pxowlsolhuv1 Lw zloo eh ghprqvwudwhg ehorz wkdw wklv
fryduldqw �hog/ T/ gxdo wr wkh frqwudyduldqw yhorflw| �hog/ �/ sod|v wkh uroh ri wkh
fdqrqlfdo prphqwxp/ zkhq vxemhfwhg wr dgglwlrqdo/ exw fodvvlf/ frqvwudlqwv wkdw
duh htxlydohqw wr wkh frqvwudlqw ri }hur whpshudwxuh1

Wkh 40irupv/ { / duh gh�qhg dv  xfwxdwlrq0ghirupdwlrq 40irupv iru wkh| uhs0
uhvhqw ghyldwlrqv iurp wkh sxuh nlqhpdwlf srlqw ri ylhz dvvrfldwhg zlwk d uljlg
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erg| g|qdplfv ru wkh hyroxwlrq ri d srlqw sduwlfoh lq whupv ri d vlqjoh sdudphwhu
jurxs ri wudqvirupdwlrqv1 Dowkrxjk qrw dozd|v wuxh/ wkhvh ghyldwlrqv duh riwhq
vpdoo fruuhfwlrqv wr wkh nlqhpdwlf frqvwudlqwv/ { 'f/ dqg kdyh wkh dsshdudqfh
ri � xfwxdwlrqv� derxw wkh �nlqhpdwlf� olqhv wkdw dfw dv jxlglqj fhqwhuv iru wkh
hyroxwlrq1

Wkh  xfwxdwlrq 40irupv jlyhq e| 615 duh qrw qhfhvvdulo| }hur iru ghirupdeoh
phgld1 Li lw lv dvvxphg wkdw wkh �srlqwv�/ {/ hyroyh lq whupv ri d pds/ */ iurp d
vhw ri lqlwldo frqglwlrqv/ |/ wkhq wkh gl�huhqwldeoh pds

{n ' *nE|p> w�> +616,

g{n ' g*nE|p> w� ' EC*n@C|p�g{p n EC*n@Cw�gw +617,

ohdgv wr wkh gl�huhqwldo h{suhvvlrq/

{{n ' g{n � yngw ' g{n � EC*n@Cw�gw ' EC*n@C|p�g{p= +618,

Li wkh sdudphwhuv/ |p/ zklfk frxog eh lqwhusuhwhg hlwkhu dv lqlwldo frqglwlrqv ru
dv wkh frruglqdwhv ri wkh ruljlq/ duh qrw frqvwdqwv/ wkhq wkh UKV ri 618 lv qrw }hur/
dqg wkh v|vwhp grhv qrw hyroyh dffruglqj wr wkh nlqhpdwlf uxohv dvvrfldwhg zlwk d
vlqjoh sdudphwhu jurxs1 Wkh edvlf lghd lv wkdw wkh vwdwhphqw/ g{n�yngw ' f/ pxvw
eh lqwhusuhwhg dv d wrsrorjlfdo frqvwudlqw/ mxvw dv wkh vwdwhphqw {g{n|g|n}g} ' f
lv d wrsrorjlfdo frqvwudlqw rq Hxfolghdq 60vsdfh wkdw surgxfhv wkh wrsrorj| ri d
vskhulfdo vxuidfh1

Lq fodvvlfdo k|gurg|qdplfv/ wkh qrq0}hur  xfwxdwlrqv jlyhq e| 618 duh xvxdoo|
frqvwudlqhg e| wrsrorjlfdo frqglwlrqv vxfk wkdw wkhlu dvvrfldwhg 60irup dgplwv dq
lqwhjudwlqj idfwru/ �1 Wklv wrsrorjlfdo frqvwudlqw phdqv wkdw wkhuh pxvw h{lvw d
ixqfwlrq/ � ' �E{> |> }> w� vxfk wkdw wkh qrq0}hur 60irup/

l ' �Eg{� y{gw�	Eg| � y|gw�	Eg} � y}gw� +619,

kdv d ydqlvklqj h{whulru ghulydwlyh/

gl ' iglyE��� n C�@Cwjg{	g|	g}	gw ' f= +61:,

Wklv wrsrorjlfdo frqvwudlqw lv xvxdoo| fdoohg wkh �htxdwlrq ri frqwlqxlw|� iru gh0
irupdeoh phgld1 Lw pd| eh vkrzq wkdw wklv wrsrorjlfdo frqvwudlqw pdnhv l dq
devroxwh lqyduldqw ri wkh hyroxwlrq1 Li wkh  rz olqhv duh uhwudfhdeoh/ lpso|lqj wkdw
wkh Mdfreldq ghwhuplqdqw ri wkh dvvxphg pdsslqj lv ri udqn 6/ wkhq wkh wrsr0
orjlfdo frqvwudlqw pd| eh lqwhusuhwhg dv wkh �frqvhuydwlrq ri pdvv�1 Krzhyhu/ lw
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lv qrw dssduhqw wkdw qdwxuh dozd|v lqvlvwv rq wkh dvvxphg wrsrorjlfdo frqvwudlqw
dprqj wkh  xfwxdwlrq0ghirupdwlrq 40irupv1 Vxfk d frqvwudlqw lv d pdwwhu iru whvw/
hvshfldoo| lq wkh fdvh ri d wxuexohqw/ luuhyhuvleoh/ hyroxwlrqdu| surfhvv1

Wkh Fduwdq 40irup zloo eh xvhg qrw rqo| wr jhqhudwh wkh Fduwdq wrsrorj|/ exw
dovr wr jhqhudwh/ e| phdqv ri d surfhgxuh htxlydohqw wr d yduldwlrqdo sulqflsoh/
d vhw ri sduwldo gl�huhqwldo htxdwlrqv ri hyroxwlrq zlwk vroxwlrq yhfwru �hogv/ V1
Wkh frqwlqxrxv vprrwk fxuyhv wdqjhqw wr wkh yhfwru �hogv/ V/ lq wkh kljkhu gl0
phqvlrqdo jhrphwu| ri wkh sduwldo gl�huhqwldo v|vwhp pd| sxooedfn/ ru lqwhuvhfw/
ru surmhfw/ glvfrqwlqxrxvo| lq wkh orzhu glphqvlrqdo jhrphwu|1 Wkh ruglqdu| nlqh0
pdwlf gl�huhqwldo htxdwlrqv edvhg rq �/ zlwkrxw  xfwxdwlrqv/ |lhog vroxwlrq fxuyhv
wkdw dfw dv �jxlglqj fhqwhuv� iru wkh  xfwxdwlrq �hogv/ V/ lq wkh olplw wkdw wkh
 xfwxdwlrqv duh vpdoo1 Wkh surmhfwlrqv ri wkh frqwlqxrxv fxuyhv lq wkh jhrphwu|
ri wkh kljkhu glphqvlrqdo vsdfh pd| kdyh jdsv dqg wdqjhqwldo glvfrqwlqxlwlhv rq
vsdfh0wlph1 Wkh glvfrqwlqxlwlhv zrxog eh lqwhusuhwhg dv ghihfwv ru  xfwxdwlrqv lq
dq rwkhuzlvh krprjhqhrxv dqg frqwlqxrxv v|vwhp1 Wkhvh lghdv pd| eh frpsduhg
wr wkh frqfhsw ri Srlqfduh vhfwlrqv lq wkh wkhru| ri qrq0olqhdu g|qdplfv1 Wkh
Fduwdq phwkrg shuplwv wkh frqfhswv ri glvfrqwlqxrxv  xfwxdwlrqv wr eh sxw rq
d frqwlqxrxv edvlv lq d vsdfh ri kljkhu glphqvlrq1 Wklv wrsrorjlfdo lghd ri uh0
prylqj dssduhqw glvfrqwlqxlwlhv e| hpehgglqj lq d vsdfh ri kljkhu glphqvlrqv lv
vlplodu wr wkh jhrphwulf lghd zkhuh d fxuyhg vsdfh pd| eh hpehgghg lq d kljkhu
glphqvlrqdo hxfolghdq  dw vsdfh1

Sk|vlflvwv riwhq uhfrjql}h wkh Fduwdq Dfwlrq lq wkh irupdw/

D ' OE > w(��gwn T � Eg � �gw�

' T�g � ET � ��OE > w(���gw

' T�g �KE > w(�>T�gw> +61;,

exw gr qrw vhhp wr dssuhfldwh wkdw wklv frpsrvlwlrq pd| eh lqwhusuhwhg lq whupv
ri d  xfwxdwlrq jhrphwu| rq d vsdfh ri 43 glphqvlrqv/ dv jlyhq e| 6141 Lq fxu0
uhqw sk|vlfdo wkhrulhv/ lw lv riwhq dvvxphg wkdw wkh ixqfwlrq/ KE > w(�>T�/ fdq eh
zulwwhq hqwluho| lq whupv ri wkh yduldeohv E > w(T� dorqh1 Lq vxfk fdvhv wkh ixqf0
wlrq KE > w(T� ehfrphv wkh Kdplowrqldq ixqfwlrq ri fodvvlfdo phfkdqlfv/ dqg wkh
Odjudqjh pxowlsolhuv/ T/ zrxog eh lghqwl�hg dv wkh fdqrqlfdo prphqwxp1 Wklv
dvvxpswlrq fruuhvsrqgv wr d ixqfwlrqdo uhodwlrqvkls ru frqvwudlqw ehwzhhq wkh
yduldeohv � dqg T vxfk wkdw CKE > w(�>T�@C� 'f= Li wkh uhodwlrqvkls lv olqhdu/
wkhq wkhuh zrxog h{lvw d frqvwlwxwlyh ru phwulfdo uhodwlrqvkls ehwzhhq wkh gxdo
�hogv/ � dqg T1 Vxfk dvvxpswlrqv duh QRW pdgh d sulrul lq wklv duwlfoh1
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Frqvlghu �uvw d Fduwdq 40irup ri dfwlrq zkhuh wkh  xfwxdwlrqv ydqlvk ryhu d
grpdlq1 Wkhq wkh 50irup ri olplw srlqwv lv I ' gD ' gO2gw1 Lw iroorzv wkdw
K ' D2gD ' f> dqg N ' f1 Wkh Sid� glphqvlrq ri vxfk v|vwhpv lv 5 dw prvw1
Vxfk v|vwhpv fdq kdyh yruwlflw| exw duh zlwkrxw kholflw|/ ru Wrsrorjlfdo Wruvlrq1
Krzhyhu/ lq wklv duwlfoh/ v|vwhpv ri qrq0}hur K dqg qrq0}hur N duh ri lqwhuhvw1
H{dpsohv ri v|vwhpv wkdw gr vxssruw Wrsrorjlfdo Wruvlrq duh suhvhqwhg lq uhi0
huhqfh ^5:`1 Iurp wklv srlqw ri ylhz/ erwk Wrsrorjlfdo Wruvlrq dqg Wrsrorjlfdo
Sdulw| duh wr eh dvvrfldwhg zlwk wkh frqfhsw ri qrq0qxoo nlqhpdwlf  xfwxdwlrqv
zklfk duh qrw wudqvyhuvdo wr wkh v|vwhp prphqwxp/ T �{ 9' f=

Zkhq  xfwxdwlrqv duh shuplwwhg/ wkhq wkh h{whulru ghulydwlyh ri wkh Fduwdq
dfwlrq rq wkh 43 glphqvlrqdo vsdfh ehfrphv h{solflwo|/

gD ' iECO@C� � T� � g�j	gwn gT �{ niCO@C � g j	gw

' iECO@C� � T� �{�j	gwn{T �{ +61<,

Wkh whup/ {�/ uhsuhvhqwv wkh qrq0}hur 40irupv ri yhorflw|  xfwxdwlrqv/ gh�qhg
dv/

{� 'g� � @gw 9' f> +6143,

dqg/ {T/ lv gh�qhg dv wkh qrq0}hur 40irup ri Odjudqjh pxowlsolhu  xfwxdwlrqv/

{T 'gTniCO@C jgw 9' f= +6144,

Wkh ixqfwlrqv/ @/ duh gh�qhg wr eh wr wkh frqwudyduldqw dffhohudwlrq yhfwru �hog
+zlwk yhorflw|  xfwxdwlrqv, lq wkh vdph h{wuhpdo vhqvh wkdw � lv gh�qhg dv wkh
frqwudyduldqw yhorflw| yhfwru �hog +zlwk srvlwlrq  xfwxdwlrqv,1

Wkh Klhvhqehuj olnh qrwdwlrq/ {T �{ / vwdqgv iru wkh vxp ri 50irupv/

{T �{ '
[
n

EgsnniCO@C{njgw�	Eg{n � yngw� +6145,

zklfk lv vlplodu wr wkh grw surgxfw ri wzr yhfwruv/ exw khuh wkh frpelqdwruldo
dfwlrq lv wkurxjk wkh h{whulru surgxfw/ 21 Dowkrxjk forvho| uhodwhg wr dq h{shfwd0
wlrq ydoxh jhqhudwhg e| dq lqqhu surgxfw/ ru wr wkh lqwhjudqg ri d furvv0fruuhodwlrq
lqwhjudo/ qr vwdwlvwlfdo ru hqvhpeoh dyhudjlqj ri +<, lv dvvxphg lq wklv duwlfoh1 Wkh
ehdxw| ri wkh Fduwdq dqdo|vlv lv wkdw lw lv uhwurglfwlyho| ghwhuplqlvwlf dqg zhoo gh0
�qhg lq d sxooedfn vhqvh/ hyhq zkhq xqltxh/ ghwhuplqlvwlf suhglfwlrq lv lpsrvvleoh
^57`1
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Wkh eudfnhw idfwru/ ECO@C��T� ' �CK@C� lq htxdwlrq 61< zloo eh gh�qhg dv
wkh vfdohg fryduldqw yhfwru �hog/ !@V1 Wkh wrsrorjlfdo frqvwudlqw ! ' f shuplwv
wkh Odjudqjh pxowlsolhuv wr eh xqltxho| ghwhuplqhg dv wkh fdqrqlfdo prphqwd ri
fodvvlfdo phfkdqlfv/ T ' CO@C�= D gluhfw frpsxwdwlrq ri wkh Wrsrorjlfdo Wruvlrq/
K/ rq wkh 43 glphqvlrqdo vsdfh |lhogv/

K ' D2gD ' Ogw	E{T	{ �ni!@V �{��	ET�{ �	gw> +6146,

zklfk pd| eh hydoxdwhg lq sulqflsoh rq 7 glphqvlrqdo vsdfh wlph e| ixqfwlrqdo
vxevwlwxwlrq1

D vlplodu gluhfw frpsxwdwlrq lq wkh kljkhu glphqvlrqdo jhrphwu| ri yduldeohv
i > w(�>T j ri wkh h{whulru ghulydwlyh/ N ' gK/ surgxfhv d 70irup wkdw dovr fdq
eh sxoohg edfn wr i{> |> }> wj e| ixqfwlrqdo vxevwlwxwlrq1 Wkh Wrsrorjlfdo Sdulw|
70irup ehfrphv/

N ' gD2gD ' 2iECO@C� � T� �{�j	gw	E{T �{ � n E{T �{ �	E{T �{ �j
+6147,

Rq d vsdfh0wlph ydulhw|/ wklv 70irup ehfrphv Fkhuq*v wrs Sid!dq zkrvh lqwhjudo
jlyhv lqirupdwlrq frqfhuqlqj wkh Hxohu fkdudfwhulvwlf ri vsdfh0wlph1 Lw lv dssduhqw
wkdw N ghshqgv rq wkh h{whulru surgxfw ri wkh  xfwxdwlrqv ri srvlwlrq/ Odjudqjh
pxowlsolhuv/ dqg yhorflw|/ dv zhoo dv wkh eudfnhw idfwru/ECO@C� � T� ' �CK@C�/
dqg gw1

Wkh fodvvlf �uvw yduldwlrq ri wkh Dfwlrq lqwhjudo/
U
D/ lv dq h{wuhpdo sulqflsoh

zklfk iru wkh dfwlrq vshfl�hg e| 614 jhqhudwhv d Ilqvohu jhrphwu|1 Dffruglqj
wr Fkhuq/ wkh Ilqvohu yduldwlrq lv htxlydohqw wr vhwwlqj gD ' f/ prg { 1 Lq
dgglwlrq/ iru Ilqvohu jhrphwulhv/ wkh Odjudqjh ixqfwlrq lv suhvxphg wr eh krpr0
jhqhrxv ri ghjuhh 4 lq wkh �/ dqg wklv frqvwudlqw lv xvhg e| Fkhuq wr frqvwuxfw d
�surmhfwlyl}hg� wdqjhqw exqgoh1 Wkh krprjhqhlw| frqglwlrq lpsolhv wkdw wkh ydul0
deoh/ w/ fdq eh uhsdudphwul}hg/ dqg wkh yhfwru � irupv wkh hohphqwv ri d surmhfwlyh
jhrphwu|1

Lq fodvvlfdo �hog wkhru|/ wkh Ilqvohu frqvwudlqw lv riwhq lpsrvhg duelwudulo|=

!@V ' ECO@C� � T� ' �CK@C� ' f= +6148,

Dv phqwlrqhg deryh/ vxfk d frqvwudlqw xqltxho| gh�qhv wkh Odjudqjh pxowlsolhuv/
T/ dv wkh frpsrqhqwv ri wkh fdqrqlfdo prphqwxp1 Wkh Wrsrorjlfdo Sdulw| 70
irup lv wkhq ghshqghqw rq wkh h{whulru surgxfw ri � xfwxdwlrqv� lq srvlwlrq dqg
prphqwxp rqo|/ dqg kdv wkh vdph sk|vlfdo glphqvlrqv dv wkh vtxduh ri Sodqfn*v
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frqvwdqw1 Iurp d txdolwdwlyh srlqw ri ylhz/  xfwxdwlrqv lq yhorflw| fruuhvsrqg wr
wkh surshuw| ri whpshudwxuh1

71 Htxdwlrqv ri Wrsrorjlfdo Hyroxwlrq rq d 7G vsdfh1

Lq wkh Fduwdq phwkrg/ dq hyroxwlrqdu| surfhvv uhodwlyh wr d yhfwru �hog/ V/ lv
ghvfulehg e| wkh dfwlrq ri wkh Olh ghulydwlyh rq wkh s0irupv ri lqwhuhvw ^83`1 Wkh
dfwlrq ri wkh Olh ghulydwlyh rq 40irupv lv htxlydohqw wr wkh �frqyhfwlyh� ghuly0
dwlyh lq Fduwhvldq k|gurg|qdplfv/ exw wkh Olh ghulydwlyh lv gh�qhg zlwkrxw wkh
jhrphwulf frqvwudlqwv ri d phwulf ru d frqqhfwlrq1 Lq wkh suhvhqw duwlfoh/ wkh s0
irupv ri hyroxwlrqdu| lqwhuhvw duh wkrvh s0irupv wkdw pdnh xs wkh Sid� vhtxhqfh1
Li dq| s0irup lv lqyduldqw zlwk uhvshfw wr wkh hyroxwlrqdu| surfhvv/ Y/ wkhq lwv
Olh ghulydwlyh ydqlvkhv= OEV�D ' f1 Li doo s0irupv wkdw pdnh xs wkh wrsrorjlfdo
edvh ri wkh Fduwdq wrsrorj| duh lqyduldqw/ wkhq wkh wrsrorj| lv lqyduldqw/ dqg wkh
surfhvv lv d krphrprusklvp= +OEV�D ' f dqg OEV�gD ' f,1 Vxfk surfhvvhv duh
erwk frqwlqxrxv dqg uhyhuvleoh/ dqg duh wr eh ljqruhg lq wklv duwlfoh1

D pruh jhqhudo vhw ri hyroxwlrqdu| surfhvvhv wkdw fdq dgplw wrsrorjlfdo hyr0
oxwlrq lv ghvfulehg e| wkh wrsrorjlfdo frqvwudlqw wkdw wkh olplw vhwv/ gD ' I / duh
hyroxwlrqdu| lqyduldqwv1 Qr vxfk frqvwudlqw lv sodfhg rq wkh hyroxwlrq ri D1 Vxfk
surfhvvhv duh ghvfulehg e| wkh vwdwhphqwv=

OEV�D ' T 9' f> OEV�gD ' gT ' f= +714,

Lq whupv ri wkh Fduwdq wrsrorj|/ vxfk surfhvvhv/ ru yhfwru �hogv wkdw vdwlvi|
714/ duh vdlg wr eh xqlirupo| frqwlqxrxv1 Gluhfw frpsxwdwlrq rq F5 ixqfwlrqv
lqglfdwhv wkdw 714 lv htxlydohqw wr wkh frqvwudlqw wkdw 40irup ri zrun/ gh�qhg dv
Z ' lEV�gD/ lv forvhg +dqg wkhuhiruh kdv qr olplw srlqwv zlwk uhvshfw wr wkh
Fduwdq wrsrorj|,=

gElEV�gD� ' f= +715,

Lw pd| eh ghprqvwudwhg wkdw lq d k|gurg|qdplf irupdw vxfk 714 lv htxlydohqw wr
Khopkrow}* wkhruhp ri wkh frqvhuydwlrq ri yruwlflw| ^53` ^86`1 Lq dq hohfwrug|qdplf
irupdw/ 715 fruuhvsrqgv wr wkh �pdvwhu� htxdwlrq iru wkh �shuihfw sodvpd� ri
pdjqhwr0k|gurg|qdplfv=

C�@Cw ' fxuo E� ���= +716,
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Wklv frqvwudlqw ri xqlirup frqwlqxlw| lv vdwlv�hg e| wkh pruh vwulqjhqw vx!flhqw
frqglwlrq/

lEV�gD ' f> +717,

dq htxdwlrq ri klvwrulfdo vljql�fdqfh1 Iru d jlyhq Odjudqjh Dfwlrq/ D/ Fduwdq
kdv ghprqvwudwhg wkdw wkh �uvw yduldwlrq ri wkh Dfwlrq lqwhjudo lv htxlydohqw wr
wkh vhdufk iru wkrvh yhfwru �hogv/ V/ wkdw vdwlvi| htxdwlrq 717 jlyhq deryh1 Vxfk
yhfwru �hogv duh fdoohg h{wuhpdo yhfwru �hogv ^Nohlq 4<95/ Nlhkq 4<:8`1 Jlyhq D/
wkh uhvxowdqw htxdwlrqv ghgxfhg iurp 717 duh d vhw ri sduwldo gl�huhqwldo htxdwlrqv
wkdw uhsuhvhqw h{wuhpdo hyroxwlrq/ V1 Qrwh wkdw wkh h{wuhpdo frqglwlrqv duh
lqvhqvlwlyh wr dq| uhqrupdol}dwlrq ri wkh yhfwruv/ V1 Wkdw lv/ li V vdwlv�hv wkh
htxdwlrqv/ wkhq �V dovr vdwlv�hv wkh htxdwlrqv1 Vxfk d uhvxow lv frpprqsodfh lq
wkh surmhfwlyh jhrphwu| ri olqhv/ dqg grhv qrw uhtxluh wkh Ulhpdqqldq ru hxfolghdq
frqfhsw ri dq lqqhu surgxfw ru d phwulf ^78`1 Fduwdq ^4<8;` kdv vkrzq wkdw wklv
surmhfwlyh h{wuhpdo frqglwlrq lv qhfhvvdu| dqg vx!flhqw iru wkh g|qdplfdo v|vwhp/
V/ uhodwlyh wr wkh dfwlrq/ D/ wr eh Kdplowrqldq ^Nlhkq 4<:7`1 Vxfk Kdplowrqldq
v|vwhpv duh qrw glvvlsdwlyh/ dqg jxdudqwhh wkh h{lvwhqfh ri d vlqjoh sdudphwhu
jurxs iru wkh yhorflw| �hog jhqhudwhg e| wkh vroxwlrqv ri wkh qhfhvvdu| sduwldo
gl�huhqwldo htxdwlrqv wkdw ghvfuleh wkh wrsrorjlfdo frqvwudlqw1 Vxfk hyroxwlrqdu|
v|vwhpv fdqqrw ghvfuleh wkh fuhdwlrq ri wxuexohqfh1

Krzhyhu/ rq wkh  xfwxdwlrq vsdfh ri 43 glphqvlrqv/ i{/ w> y/ sj/ frqwudfwlrq
ri gD zlwk wkh yhfwru �hog/ V ' i�> �( @> uj h{solflwo| |lhogv/

lEV�gD ' �6 � Eg � �gw�� !@V � Eg� � @ gw� ' �6 �{ � !@V �{� +718,

zkhuh 6 ' u � E�CO@C � uhsuhvhqwv wkh glvvlsdwlyh frpsrqhqwv ri wkh �irufh�1
Wkh UKV ri 718 lv qrw qhfhvvdulo| }hur/ vr vxfk hyroxwlrqdu| surfhvvhv duh qrw qhf0
hvvdulo| Kdplowrqldq/ exw duh fdqglgdwhv iru d wxuexohqw hyroxwlrqdu| surfhvv1 Wkh
UKV ri 718 ghshqgv h{solflwo| xsrq wkh  xfwxdwlrqv lq srvlwlrq dqg yhorflw|/ dqg lv
h{solflwo| lqghshqghqw iurp  xfwxdwlrqv lq prphqwxp1 Wkh wzr fryduldqw yhfwru
�hogv/ 6 ' lEV�{T/ dqg !@V/ fdq eh lghqwl�hg zlwk wkh luuhyhuvleoh glvvlsdwlyh
phfkdqlvpv ri iulfwlrq dqg udgldwlrq lq wkh v|vwhp  xfwxdwlrq g|qdplfv1 Wkhvh
glvvlsdwlyh whupv duh qrw lqfoxghg h{solflwo| lq wkh xvxdo Odjudqjh wkhru|/ dqg
uhsuhvhqw  xfwxdwlrq lqwhudfwlrqv zlwk wkh hqylurqphqw1 Qrwh wkdw wkh Ilqvohu0
Fkhuq frqglwlrq/ gD ' f/ prg{ / lpsolhv !@V ' f> fuhdwlqj d frqvwudlqw wkdw rq
sk|vlfdo jurxqgv lpsolhv wkdw wkh v|vwhp grhv qrw ghshqg rq yhorflw|  xfwxdwlrqv
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+whpshudwxuh,1 Ixuwkhu qrwh wkdw wkh Fduwdq0Kdplowrq frqvwudlqw jlyhq e| 717 lv
vdwlv�hg e| vhyhudo glvwlqfw fodvvhv ri vx!flhqw frqglwlrqv/ ghshqglqj rq fkrlfhv
iru wkh irxu idfwruv lq wkh UKV ri 7181

81 Wkhuprg|qdplf Luuhyhuvlelolw|/ dqg wkh Wruvlrq yhfwru

rq d 7G ydulhw|

Wr xqghuvwdqg zkdw lv phdqw e| wkhuprg|qdplf luuhyhuvlelolw|/ uhdol}h wkdw Fdu0
wdq*v pdjlf irupxod ^76` ri wrsrorjlfdo hyroxwlrq lv htxlydohqw wr wkh �uvw odz ri
wkhuprg|qdplfv1

Fduwdq*v Pdjlf Irupxod OEV�D ' lEV�gDn gElEV�D� +44,

Iluvw Odz ri Wkhuprg|qdplfv ' Z n gX ' T= +814,

D lv wkh �Dfwlrq� 40irup wkdw ghvfulehv wkh k|gurg|qdplf v|vwhp1 V lv wkh yhfwru
�hog wkdw gh�qhv wkh hyroxwlrqdu| surfhvv1 Z lv wkh 40irup ri +yluwxdo, zrun1 T lv
wkh 40irup ri khdw1 Iurp fodvvlfdo wkhuprg|qdplfv/ d surfhvv lv luuhyhuvleoh zkhq
wkh khdw 40irup T grhv qrw dgplw dq lqwhjudwlqj idfwru1 Iurp wkh Iurehqlxv
wkhruhp/ wkh odfn ri dq lqwhjudwlqj idfwru lpsolhv wkdw T	gT 9' f= Khqfh d vlpsoh
whvw pd| eh pdgh iru dq| surfhvv/ V/ uhodwlyh wr d sk|vlfdo v|vwhp ghvfulehg e|
dq Dfwlrq 40irup/ D=

Li OEV�D	OEV�gD 9' f wkhq wkh surfhvv Y lv luuhyhuvleoh=

Wklv gh�qlwlrq lpsolhv wkdw v|psohfwlf surfhvvhv duh uhyhuvleoh +dv v|psohfwlf
surfhvvhv duh gh�qhg vxfk wkdw OE5�gD ' gT ' f�=

Wkh Wruvlrq yhfwru/ gh�qhg dv

Wruvlrq Yhfwru gluhfwlrq �hog lEW �g{	g|	g}	gw ' D	gD> +815,

lv reylrxvo| uhodwhg wr wkh frqfhsw ri Wrsrorjlfdo Wruvlrq/ D	gD1 Lw lv h{wudrugl0
qdu| wkdw hyroxwlrq lq wkh gluhfwlrq ri wkh wruvlrq yhfwru surgxfhv wkh htxdwlrqv
ri frqirupdo lqyduldqfh/

OEA�D ' �D dqg lEA�D ' f> +45,

vxfk wkdw
OEA�D	OEA�gD ' T	gT ' �2D	gD 9' f= +46,
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Wkh frh!flhqw � lv uhodwhg wr wkh qrq0}hur 7 glyhujhqfh ri wkh Wruvlrq yhfwru/
zklfk lv htxdo wr wkh frh!flhqw ri wkh Wrsrorjlfdo Sdulw| 70irup1

Khqfh lw lv ghprqvwudwhg wkdw d qrq0}hur Wrsrorjlfdo Sdulw|/ |lhoglqj d wsr0
orjlfdo Sid� glphqvlrq ri 7/ lv d qhfhvvdu| frqglwlrq wkh d surfhvv eh wkhuprg|0
qdplfdoo| luuhyhuvleoh1

91 Wkh Qdylhu Vwrnhv htxdwlrqv

Iru wkh oltxlg vwdwh/ jxlghg e| wkh sk|vlfdo lghd wkdw  xfwxdwlrqv lq yhorflw| duh
uhodwhg wr wkh frqfhsw ri whpshudwxuh/ dvvxph wkdw wkh htxdwlrqv ri wrsrorjlfdo
hyroxwlrq jlyhq e| 718 duh uh�qhg e| wkh frqvwudlqwv/

! 9' f> ! �{� ' VgEnW �> 6 '  fxuo fxuo �> 6 �{� 9' f= +914,

Lq wklv h{dpsoh/ wkh frqvwudlqw ri fdqrqlfdo prphqwxp E!@V ' f� lv uhod{hg wr
wkh dowhuqdwh frqvwudlqw wkdw wkh ghyldwlrq iurp fdqrqlfdo prphqwxp/ !@V/ eh
wudqvyhuvdo wr wkh  xfwxdwlrqv lq yhorflw|1 Wkdw lv/ li wkh v|vwhp lv dw frqvwdqw
whpshudwxuh/ wkhq gEnW � ' f1 Wkh htxdwlrqv ri prwlrq 718 ehfrph

lEV�gD ' � fxuo fxuo � �{ n gEnW �= +915,

Iru wkh fdvh ri d  xlg/ gh�qh wkh Fduwdq  xfwxdwlrq 40irup/ D/ dv/

D ' ��g �Kgw> +916,

zlwk wkh �edurwurslf Kdplowrqldq� ixqfwlrq vshfl�hg dv/

K '� � �@2 n

]
gS@�n �gly �= +917,

Vxevwlwxwlrq lqwr 718 |lhogv d qhfhvvdu| v|vwhp ri sduwldo gl�huhqwldo htxdwlrqv iru
wkh frqvwudlqhg wrsrorjlfdo hyroxwlrq=

C�@Cwn judgE� � �@2�� � � fxuo � ' �judgS@�n �gly � �  fxuo fxuo �= +918,

Htxdwlrqv 918 duh h{dfwo| wkh Qdylhu0Vwrnhv sduwldo gl�huhqwldo htxdwlrqv iru wkh
hyroxwlrq ri d frpsuhvvleoh ylvfrxv luuhyhuvleoh  rzlqj  xlg1 Lq rwkhu zrugv/
wkh Qdylhu0Vwrnhv htxdwlrqv ri k|gurg|qdplfv kdyh ehhq ghgxfhg e| lpsrvlqj d
vhw ri wrsrorjlfdo uh�qhphqwv rq wkh jhqhudo htxdwlrqv ri wrsrorjlfdo hyroxwlrq1
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Krzhyhu/ wkh yhfwru �hog zklfk lv d vroxwlrq wr wkh sduwldo gl�huhqwldo v|vwhp pd|
qrw eh wkh jhqhudwru ri d vlqjoh sdudphwhu jurxs ri wudqvirupdwlrqv/ dqg wkhuhe|
pd| h{klelw  xfwxdwlrqv dqg wdqjhqwldo glvfrqwlqxlwlhv zkhq surmhfwhg wr vsdfh
wlph1

Iru wkh Qdylhu0Vwrnhv v|vwhp/ dqg e| gluhfw frpsxwdwlrq/ wkh 50irup I ' gD
kdv frpsrqhqwv

I ' gD ' ${g|	g} n $|g}	g{n $}g{	g| n E@ � g �	gw +919,

zkhuh

$ ' fxuo � dqg @ ' �Cy@Cw� judgK= +91:,

Wkh 60irup ri Kholflw| ru Wrsrorjlfdo Wruvlrq/ K/ lv frqvwuxfwhg iurp wkh
h{whulru surgxfw ri D dqg gD dv/

K ' D2gD ' Klmng{
l2g{m2g{n +91;,

' nW {g|2g}2gw� W |g}2g{2gwn W }g{2g|2gw� k g{2g|2g}> +91<,

zkhuh A lv wkh  xlglf Wruvlrq d{ldo yhfwru fxuuhqw/

A ' E@� �� nK$ +9143,

dqg k lv wkh wruvlrq +kholflw|, ghqvlw|/

k ' � � $= +9144,

Wkh wruvlrq d{ldo yhfwru/ A/ frqvlvwv ri wzr sduwv1 Wkh �uvw whup uhsuhvhqwv
wkh vkhdu ri wudqvodwlrqdo dffhohudwlrqv/ E@ � ��/ dqg wkh vhfrqg sduw uhsuhvhqwv
wkh vkhdu ri urwdwlrqdo dffhohudwlrqv/ K$1 Wxexodu grpdlqv/ ru vlqjxodu olqhv ri A/
lq d k|gurg|qdplf v|vwhp fdq eh lqwhusuhwhg dv �ghihfw� vwuxfwxuhv wkdw fdq eh
sxw lqwr fruuhvsrqghqfh zlwk glvorfdwlrq dqg glvfolqdwlrq ghihfwv lq frqwlqxrxv
phgld/ ghshqglqj rq zkhwkhu ru qrw wkh �hog lv grplqdwhg e| wudqvodwlrqdo ru
urwdwlrqdo vkhduv1 Wkh wrsrorjlfdo wruvlrq whqvru/ Klmn � iA> kj/ lv d wklug udqn
frpsohwho| dqwl0v|pphwulf fryduldqw whqvru �hog/ zlwk irxu frpsrqhqwv rq wkh
ydulhw| i{> |> }> wj1 Lw wudqvirupv dv d wklug udqn whqvru �hog zlwk uhvshfw wr doo
gl�hrprusklvpv rq vsdfh0wlph/ lqfoxglqj wkh Jdolohdq wudqvirupdwlrq1

Wkh Qdylhu0Vwrnhv frqvwudlqw jlyhq e| 918 pd| eh xvhg wr h{suhvv wkh dffhohu0
dwlrq whup/ @/ nlqhpdwlfdoo|> l1h1/
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@ ' �judgK� C�@Cw ' �� � fxuo � n  �fxuo fxuo �= +9145,

E| vxevwlwxwlqj 9145 lqwr 9143/ wkh wruvlrq d{ldo yhfwru fxuuhqw ehfrphv h{suhvvleoh
lq whupv ri wkh kholflw| ghqvlw|/ k/ wkh Odjudqjldq ixqfwlrq/ O/ dqg wkh ylvfrvlw|
dv=

A ' ik� � Ofxuo �j �  �fxuo fxuo �> +9146,

zlwk k ' � � fxuo � +9147,

Qrwh wkdw wkh wruvlrq d{ldo yhfwru fxuuhqw shuvlvwv hyhq iru Hxohu  rzv/ zkhuh
 ' f= Wkh phdvxuhphqw ri wkh frpsrqhqwv ri wkh Wruvlrq d{ldo yhfwru fxuuhqw
kdyh ehhq frpsohwho| ljqruhg e| h{shulphqwdolvwv lq k|gurg|qdplfv1

Wkh Wrsrorjlfdo Sdulw| 70irup fdq eh hydoxdwhg e| h{whulru gl�huhqwldwlrq dv/

N ' gK ' gD2gD ' �2E@ � $�g{2g|2g}2gw= +9148,

Wkh 7 yhfwru ri Wrsrorjlfdo Wruvlrq dA> ko kdv d 7 glphqvlrqdo glyhujhqfh rq
i{> |> }> wj htxdo wr wkh frh!flhqw ri wkh Wrsrorjlfdo Sdulw|/ N>

glyAn Ck@Cw ' �2E@ � $� +9149,

dqg |lhogv wkh kholflw|0wruvlrq fxuuhqw frqvhuydwlrq odz/ li wkh dqrpdo|/ E@ � $�/
rq wkh UKV ydqlvkhv1 Lw lv wr eh revhuyhg wkdw zkhq N ' f/ wkh Hxohu lqgh{
lv }hur/ dqg wkh lqwhjudo ri K ryhu d erxqgdu| ri vxssruw ydqlvkhv e| Vwrnhv
wkhruhp1 Wklv lghd lv wkh jhqhudol}dwlrq ri wkh frqvhuydwlrq ri wkh lqwhjudo ri
kholflw| ghqvlw| lq dq Hxohuldq  rz1 Qrwh wkh uhvxow lv wuxh iru d ylvfrxv  xlg/
vxemhfw wr wkh frqvwudlqw ri }hur Hxohu lqgh{1 Krzhyhu/ li wkh wrsrorjlfdo sdulw|
70irup/ N/ grhv qrw ydqlvk/ wkhq wkh olqhv ri wkh wruvlrq fxuuhqw/ A/ gr qrw vdwlvi|
d frqvhuydwlrq odz dqg fdq vwduw ru vwrs zlwklq wkh  xlg lqwhulru1 Wkh sdulw| 70
irup/ N/ lv wkh vrxufh iru wkh surgxfwlrq ru ghvwuxfwlrq ri dqrpdorxv wrsrorjlfdo
ghihfwv lq wkh hyroxwlrqdu| surfhvv1

E| d vlplodu vxevwlwxwlrq ri 9145 lqwr 9149/ wkh wrsrorjlfdo sdulw| svhxgr0vfdodu
ehfrphv h{suhvvleoh lq whupv ri hqjlqhhulqj txdqwlwlhv iru d Qdylhu0Vwrnhv  rz dv/

N ' �2 Efxuo � � fxuo fxuo ��g{2g|2g}2gw +914:,

' �2 E$ � fxuo$�g{2g|2g}2gw +914;,
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------Dgghg 3725925336
Iru wkh fdvh zkhuh D ' � � _h�i�=�@2jgw> lw iroorzv iurp gD wkdw

$ ' fxuo � dqg @ ' �C�@Cw� judgi�=�@2jj +914<,

Wkhvh yhfwru �hogv dozd|v vdwlvi| wkh Srlqfduh0Idudgd| lqgxfwlrq htxdwlrqv/
gI ' ggD ' f> ru>

fxuo @� C$@Cw ' f> gly $ ' f= +9153,

Wkh 60irup ri Wrsrorjlfdo Wruvlrq/ K/ frqvwuxfwhg iurp wkh h{whulru surgxfw
ri D dqg gD/ kdv irxu frpsrqhqwv/ dqg fdq eh zulwwhq dv/

K ' D	gD ' K���g{
�	g{�	g{� +9154,

' W{g|	g}	gw� W|g{	g}	gwn W}g{	g|	gw� kg{	g|	g}> +9155,

zkhuh A lv wkh Wrsrorjlfdo Wruvlrq d{ldo yhfwru fxuuhqw/

A ' d@� � n i�=�@2j fxuo � ' @� � n i�=�@2j $>E� � fxuo �� +9156,

Li wkh Qdylhu0Vwrnhv htxdwlrqv dgplw d qrqedurwurslf suhvvxuh whup/ dqg d
glvvlsdwlrq uhodwhg wr frpsuhvvlelolw|/ wkhq wkh dffhohudwlrq/ @/ fdq eh gh�qhg dv

@ ' �djudgi�=�@2jnC�@Cwo ' ���fxuo �njudgS@���judgEgly ��nyifxuo fxuo �j=
+9157,

E| vxevwlwxwlqj wklv h{suhvvlrq iru d lqwr wkh irupxod iru wkh wruvlrq yhfwru fxuuhqw/
d vlpsoh hqjlqhhulqj uhsuhvhqwdwlrq lv rewdlqhg iru d Qdylhu0Vwrnhv  xlg=

A ' ik��i� � �@2jfxuo �j���judgSo�n�judgEgly ���yi�� Efxuo fxuo ��j
+9158,

Qrwh wkdw wkh wruvlrq d{ldo yhfwru fxuuhqw shuvlvwv hyhq iru Hxohu  rzv zlwk }hur
yruwlflw|/ $ ' f= Wkh phdvxuhphqw ri wkh frpsrqhqwv ri wkh Wruvlrq yhfwru kdyh
frpsohwho| ljqruhg e| h{shulphqwdolvwv +dqg wkhrulvwv, lq k|gurg|qdplfv1

E| d vlplodu vxevwlwxwlrq/ wkh wrsrorjlfdo sdulw| svhxgr0vfdodu ehfrphv h{0
suhvvleoh lq whupv ri hqjlqhhulqj txdqwlwlhv dv/
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N ' �i2Ed=$�jle ' i2ijudgS@��� gly ���fxuo �nyifxuo �=Efxuo fxuo ��jjle=
+9159,

Iurp wklv h{suhvvlrq lw lv dssduhqw wkdw hyhq lq wkh olplw ri }hur ylvfrvlw| +kljk
Uh|qrogv qxpehu,/ lw lv vwloo srvvleoh wr surgxfh wruvlrq ghihfwv zkhq wkh suhvvxuh
judglhqw dqg glyhujhqfh whupv duh qrw }hur/ dqg duh qrw ruwkrjrqdo wr wkh wkh
yruwlflw|/ $1 Pruhryhu/ Li wkh yruwlflw| �hog lv lqwhjudeoh lq wkh vhqvh ri Iurehqlxv/
wkhq ylvfrvlw| grhv QRW frqwulexwh wr wkh fuhdwlrq ri wruvlrq ghihfwv1 Wkh lqwhjudo
ri N ryhu ~{/|/}/w� jlyhv wkh Hxohu Lqgh{ ri wkh  rz1

------
Wkh lqwhjudo ri N ryhu i{> |> }> wj jlyhv wkh Hxohu lqgh{ ri wkh  rz1 Lw lv

wr eh revhuyhg wkdw wkh Wrsrorjlfdo Sdulw| svhxgr0vfdodu/ N/ lv dozd|v }hur iru
qrq0ylvfrxv Hxohuldq  rzv/ dqg fdq eh }hur iru ylvfrxv Qdylhu0Vwrnhv  rzv li wkh
yruwlflw| yhfwru/ $> vdwlv�hv wkh Iurehqlxv lqwhjudelolw| frqglwlrq/ E$ � fxuo$� 'f1
Iurp wkh uhvxow jlyhq deryh/ lw lv dssduhqw wkdw N/ dqg wkhuhiruh/ wkh Hxohu
lqgh{ ri wkh grpdlq ri vxssruw/ lv qrw qhfhvvdulo| }hur/ xqohvv wkh yruwlflw| �hog/
fxuo �/ dgplwv d iroldwlrq ri frglphqvlrq 41 Vhh Duqrog ^4`1 Li wkh  rz lv wr eh
luuhyhuvleoh/ wkh  rzolqhv pxvw kdyh dw ohdvw rqh srlqw ri lqwhuvhfwlrq lq vsdfh0
wlph/ dqg wkhuhiruh wkh Hxohu lqgh{ ri wkh grpdlq ri vxssruw fdqqrw eh }hur1 Lw
iroorzv wkdw N iru wkh grpdlq ri vxssruw fdqqrw eh }hur/ dqg wkhuhiruh wkh Sid�
glphqvlrq ri wkh wxuexohqw vwdwh pxvw eh 7/ dqg wkh yruwlflw| �hog ri d wxuexohqw
Qdylhu0Vwrnhv  xlg lv qrw lqwhjudeoh1

Li wkh UKV ri 718 jrhv wr }hur/ wkhq wkh frqvwudlqw ehfrphv htxlydohqw wr wkh
Hxohu htxdwlrqv ri prwlrq ri d qrq0ylvfrxv  xlg1 Wkh fulwhuld wkdw lEV�gD '
f kdv ehhq vkrzq e| Fduwdq ^8` wr eh qhfhvvdu| dqg vx!flhqw iru wkh vroxwlrq
yhfwru wr kdyh d Kdplowrqldq uhsuhvhqwdwlrq uhodwlyh wr wkh Dfwlrq/ D1 Wklv uhvxow
fruuhvsrqgv wr wkh zhoo nqrzq Fohevfk srwhqwldo uhsuhvhqwdwlrq iru dq Hxohu  rz
^74`1 Qrwh wkdw hyhq lq d ylvfrxv  rz/ li 6Eylvfrxv� '  fxuo fxuo � 'f/ wkh v|vwhp
kdv d Kdplowrqldq uhsuhvhqwdwlrq$ Li wkh nlqhpdwlfv duh zlwkrxw  xfwxdwlrqv/ wkhq
wkh frqfoxvlrq lv djdlq uhdfkhg wkdw wkh v|vwhp lv Kdplowrqldq1 Wkh lpsolfdwlrq
lv wkdw kduprqlf yhorflw| �hogv kdyh qr luuhyhuvleoh glvvlsdwlrq1

Dqdo|wlfdoo|/ li wkh UKV ri 718 ydqlvkhv ru lv forvhg/ wkhq wkh vroxwlrq yhfwru
�hogv duh xqlirupo| frqwlqxrxv/ iru wkh hyhq glphqvlrqdo hohphqwv ri wkh Sid�
vhtxhqfh/ +wkh olplw vhwv/ I ' gD dqg N ' gK ' I2I , duh lqyduldqwv ri
wkh  rz1 Krzhyhu/ wkh rgg glphqvlrqdo lqwhuvhfwlrqv ri wkh Sid� vhtxhqfh qhhg
qrw eh lqyduldqw/ lpso|lqj wkh srvvlelolw| ri d frqwlqxrxv exw fkdqjlqj wrsrorj|1
Li wrsrorj| fkdqjhv/ vxfk  rzv fdq qrw eh krphrprusklvpv/ exw duh xqlirupo|
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frqwlqxrxv> wkhuhiruh/ wkh| pxvw eh luuhyhuvleoh/ lq wkh vhqvh wkdw d frqwlqxrxv
lqyhuvh grhv qrw h{lvw1 Wlph uhyhuvdo v|pphwu| lv eurnhq1

Wkh frqvwudlqw ri xqlirup frqwlqxlw| pd| eh uhod{hg/ iru d  rz lv frqwlqxrxv
li wkh olplw srlqwv ri wkh  rz shupxwh lqwr wkh forvxuh ri wkh hyroylqj wrsrorj|
^Krfnlqj/ 4<;7`1 Vxfk d  rz lv vdlg wr eh frqwlqxrxv/ exw qrw qhfhvvdulo| xql0
irupo| frqwlqxrxv1 Lw lv srvvleoh wr vkrz wkdw uhodwlyh wr wkh Fduwdq wrsrorj|/ doo
hyroxwlrqdu| surfhvvhv jhqhudwhg e| wkh Olh ghulydwlyh zlwk uhvshfw wr F5 yhfwru
�hogv duh frqwlqxrxv1 Wkh htxdwlrqv ri frqwlqxrxv/ exw qrw xqlirupo| frqwlqxrxv/
hyroxwlrq pxvw vdwlvi| wudqvyhuvdo frqvwudlqwv ri wkh irup ^Nlhkq 4<:7`/

lEV�gD ' KDn iforvhg �� irupvj= +915:,

Wklv uhvxow lpsolhv wkdw wkh ylvfrxv irufhv/ 6/ lq 718 pxvw eh sursruwlrqdo wr wkh
fdqrqlfdo prphqwxp/ s/ d uhvxow w|slfdo ri hpslulfdo ylvfrxv iulfwlrq dvvxpswlrqv1
Lq rwkhu zrugv/ vroxwlrqv wr wkh Qdylhu0Vwrnhv htxdwlrqv 918/ zklfk duh ri wkh irup
/ pd| eh frqwlqxrxv exw luuhyhuvleoh uhodwlyh wr wkh Fduwdq  xfwxdwlrq wrsrorj|1
Lw lv wklv fodvv ri surfhvvhv wkdw fdq eh xvhg wr ghvfuleh wkh ghfd| ri wxuexohqfh/
exw qrw lwv fuhdwlrq1

:1 Vxppdu|

Lw kdv ehhq dujxhg wkdw d qhfhvvdu| frqglwlrq iru dq hyroxwlrqdu| surfhvv wr eh
luuhyhuvleoh lq vsdfh wlph lv wkdw wkh Hxohu fkdudfwhulvwlf ri Fduwdq wrsrorj| lq0
gxfhg rq vsdfh wlph e| wkh surfhvv lv qrq0}hur1 Lw iroorzv wkdw Wrsrorjlfdo Sdulw|
dvvrfldwhg zlwk vxfk surfhvvhv lv qrq }hur/ dqg wkh hyroxwlrqdu| �hog lv ri Sid�
glphqvlrq 71 Iru k|gurg|qdplf dssolfdwlrqv/ d  rz yhfwru �hog ri Sid� glphqvlrq
7 pxvw eh wlph0ghshqghqw/ dqg vsdwldoo| wkuhh glphqvlrqdo1 D wxuexohqw  rz lv
wkhuhiruh luuhyhuvleoh/ wlph ghshqghqw/ dqg luuhgxfleo| wkuhh glphqvlrqdo1 Iru d
Qdylhu0Vwrnhv  xlg/ li wkh yruwlflw| �hog lv lqwhjudeoh lq wkh vhqvh ri Iurehqlrxv/
wkh  rz lv qrw wxuexohqw/ exw fdq eh fkdrwlf1

;1 DSSHQGL[ D Wkh Fduwdq 40irup ri Dfwlrq dv d Olqh

Exqgoh

Wklv dsshqgl{ lv xvhg wr ghvfuleh wkh ghwdlov ri krz wr frpsxwh wrsrorjlfdo dqg
jhrphwulfdo surshuwlhv ri jhqhudol}hg vsdfhv xvlqj wkh Fduwdq h{whulru phwkrgv1
Wkh remhfwlyh lv wr frqvwuxfw Fduwdq*v frqqhfwlrq 40irupv/ +Uhshuh Preloh,/ dqg
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fdoo dwwhqwlrq wr wkh idfw wkdw wzr w|shv ri wruvlrq ghihfwv +erwk urwdwlrqdo dqg
wudqvodwlrqdo, fdq eh jhqhudwhg rq d surmhfwlyh pdqlirog ri glphqvlrq q.41 Do0
wkrxjk wkh d!qh wudqvodwlrqdo wruvlrq kdv d jurzlqj olwhudwxuh/ wkh surmhfwlyh
urwdwlrqdo wruvlrq kdv ehhq ljqruhg1 \hw/ urwdwlrqdo wruvlrq/ lqwxlwlyho|/ vhhpv wr
eh ri pruh lpsruwdqfh iru k|gurg|qdplf vlwxdwlrqv1 Wkh lghd lv wr glvsod| wkh
uxglphqwv ri Iudphv/ Fduwdq frqqhfwlrqv/ dqg pdwulfhv ri orfdo fxuydwxuh 50irupv/
zklfk fdq eh xvhg lq wkh irup ri Fkhuq fodvvhv ^:` zklfk lq wxuq duh xvhg wr hydox0
dwh wkh Hxohu fkdudfwhulvwlf rq d ydulhw|1 Wkh phwkrgv fdq eh xvhg wr glvsod| wkh
fruuhvsrqghqfh ehwzhhq wkh Hxohu fkdudfwhulvwlf dqg wkh frqfhsw ri Wrsrorjlfdo
Sdulw|1

Frqvlghu d 40irup ri Dfwlrq rq d 5q.5@ 7G grpdlq ri gh�qlwlrq jlyhq e| wkh
h{suhvvlrq/

D ' �E{> |> }> w�iynE{> |> }> w�g{
n � fgwj= +;14,

Dw dq| srlqw s ri wkh grpdlq/ wkhuh h{lvwv 5q.4@6 yhfwruv ip ri irxu frpsrqhqwv
wkdw duh ruwkrjrqdoo| wudqvyhuvdo wr wkh irup lq wkh vhqvh wkdw lEip�D ' f= Wkhvh
yhfwruv +wr zlwklq dq duelwudu| idfwru, pd| eh xvhg dv froxpq yhfwruv ri d edvlv
iudph dw wkh srlqw s1 Wkh frh!flhqw ixqfwlrqv ri wkh rqh irup lwvhoi +wr zlwklq dq
duelwudu| idfwru� irup wkh 5q.5 hohphqwv ri d edvlv iudph dw wkh srlqw s1 D xvhixo
exw qrw xqltxh fkrlfh iru d edvlv vhw dw wkh srlqw s lv jlyhq e| wkh h{suhvvlrq/

I ' din>?o ' I '
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6
::8 = +;15,

Wkh ghwhuplqdqw ri wklv pdwul{ lv htxdo _i|I ' f�Ef2 nD2
{ n D2

| n D2
}�> zklfk lv

qhyhu }hur iru � A f1 Khqfh wklv edvlv iudph kdv dq lqyhuvh doprvw hyhu|zkhuh1
Qrwh wkdw wkh frpsrqhqwv ri d 40irup/ D> wr zlwklq d idfwru/ kdyh ehhq xvhg
frqvwuxfw d edvlv iudph dw doprvw doo srlqwv ri wkh pdqlirog1 Dowkrxjk wkh dgmrlqw
qrupdo gluhfwlrq �hog/ ?> hvwdeolvkhg e| wkh frh!flhqwv ri wkh jlyhq 40irup/ duh
ruwkrjrqdo wr wkh rwkhu froxpq yhfwruv/ in/ lq wkh iudph/ lw lv dssduhqw wkdw wkh
in duh qrw ruwkrjrqdo wr rqh dqrwkhu1 Wkh gluhfwlrq �hog/ ?> frxog eh uhvfdohg
e| dssursuldwh fkrlfh ri wkh idfwru lq rughu wr irufh wkh Iudph pdwul{ wr eh
xqlprgxodu1 Krzhyhu/ wklv fkrlfh/ dv vkrzq ehorz/ lv d vhyhuh frqvwudlqw rq wkh
jhrphwu|1

Wkh h{lvwhqfh ri wkh lqyhuvh pdwul{/ ri frxuvh/ jxdudqwhhv wkdw wkh gl�huhqwldo
ri hyhu| edvlv yhfwru lv ghfrpsrvdeoh lqwr d olqhdu frpelqdwlrq ri wkh ruljlqdo
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hohphqwv ri wkh edvlv vhw/ lqghshqghqw ri wkh sduwlwlrq1 Wkh pdwul{ ri frh!flhqwv
ri wklv olqhdu h{sdqvlrq gh�qhv wkh +uljkw, Fduwdq pdwul{ ri frqqhfwlrq 40irupv/
Fu/

gI ' I � igI � I3�j ' I � i�gI3��Ij ' I � Fu +;16,

ryhu wkh grpdlq ri vxssruw iru wkh edvlv iudph +zkhuh I3� h{lvwv,1 +Dq dowhuqdwh
ghyhorsphqw zrxog xvh wkh ohiw Fduwdq pdwul{ uhsuhvhqwdwlrq/ gI ' Fo � I�=

Lw lv frqyhqlhqw wr sduwlwlrq wkh +duelwudu|, edvlv iudph I lq whupv ri wkh
dvvrfldwhg +krul}rqwdo/ lqwhulru/ frruglqdwh ru wudqvyhuvdo, yhfwruv/ in/ dqg wkh
dgmrlqw +qrupdo/ h{whulru/ sdudphwulf ru yhuwlfdo, �hog/ ?s/

I ' din>?o ' di�> i2> i�>?o= +;17,

Wkh fruuhvsrqglqj Fduwdq pdwul{ kdv wkh sduwlwlrq/

gI ' g
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6
::8 +;18,

Wkh yhfwru htxdwlrqv iru wkh ghulydwlyhv ri wkh froxpqv ri wkh iudph pdwul{ fdq
eh zulwwhq dv

gin ' ipK
p
n n ?kn +;19,

g? ' ip�
p n ?l> +;1:,

zklfk lqglfdwhv d forvxuh frqfhsw lq wkh vhqvh wkdw wkh gl�huhqwldov ri edvlv yhfwruv
duh frpsrvhg ri olqhdu frpelqdwlrqv ri wkhpvhoyhv1 Krzhyhu/ lw lv lpsruwdqw wr
qrwh wkdw lq jhqhudo wkh gl�huhqwldov ri wkh lqwhulru yhfwruv duh qrw olqhdu frpelqd0
wlrqv ri lqwhulru yhfwruv dqg wkh gl�huhqwldov ri h{whulru yhfwruv duh dovr qrw forvhg
dprqj wkhpvhoyhv1

Wkh Fduwdq pdwul{/ F/ lv d pdwul{ ri gl�huhqwldo 40irupv zklfk fdq eh hydo0
xdwhg h{solflwo| iurp wkh F4 ixqfwlrqv wkdw pdnh xs wkh edvlv iudph1 Pruhryhu/
wkh gl�huhqwldo ri wkh srvlwlrq yhfwru fdq eh h{sdqghg lq whupv ri wkh vdph edvlv
iudph dqg d vhw ri Sid!dq 40irupv=

g+ ' L �

������
g 
===
g|

.
' I � I3� �

������
g 
===
g|

.
' I �

������
�

===
$

.
> +;1;,

5<



zkhuh wkh yhfwru

������
�

===
$

.
lv d +7 frpsrqhqw, yhfwru ri 40irupv wkdw fdq eh frpsxwhg

h{solflwo|1 Wkh 40irup $ qhhg qrw eh forvhg/ dqg lq pdq| lqwhuhvwlqj fdvhv lv qrw
lqwhjudeoh/ $	g$ 9' f=

E| wkh Srlqfduh ohppd/ lw iroorzv wkdw

ggI ' gI	Fn I	gF ' I � iF	FngFj ' f> +;1<,

dqg

gg+ ' gI	

���� �$
 
n I �

���� g�g$
 

' I � iF	

���� �$
 
n

���� g�g$
 
j ' f= +;143,

Wkh eudfnhw idfwru

dFduwdq Fxuydwxuh 50irupvo ' iF	FngFj> +;144,

gh�qhv zkdw lv fdoohg wkh +joredo, pdwul{ ri Fduwdq Fxuydwxuh 50irupv/ dqg wkh
eudfnhw idfwru

mFduwdq Wruvlrq 50irupvl ' iF	

���� �$
 
n

���� g�g$
 
j +;145,

gh�qhv zkdw lv fdoohg wkh +joredo, yhfwru Fduwdq Wruvlrq 50irupv1 Iru dq| Iudph
pdwul{ zlwk lqyhuvh/ wkh joredo Fduwdq Wruvlrq 50irupv/ dqg wkh joredo Fduwdq
Fxuydwxuh 50irupv pxvw ydqlvk1 Krzhyhu/ dv vkrzq ehorz wkh yhfwruv ri Fduwdq
wruvlrq 50irupv dqg wkh Fduwdq fxuydwxuh 50irupv dvvrfldwhg wkh lqwhulru vxevsdfh
duh qrw qhfhvvdulo| }hur1 Wkh Wruvlrq 50irupv / dqg fdq eh ghfrpsrvhg lqwr
lqwhulru glvorfdwlrqv dqg h{whulru glvfolqdwlrqv1

Dv wkh Iudph pdwul{ dqg wkh Fduwdq pdwul{ duh sduwlwlrqhg uhodwlyh wr wkh
wdqjhqw +ru lqwhulru, yhfwruv i dqg wkh qrupdo +ru h{whulru, yhfwruv/ ?/ wkh Srlqfduh
ohppd euhdnv xs lqwr olqhduo| lqghshqghqw idfwruv/ hdfk ri zklfk pxvw ydqlvk1 Wkh
uhvxowv duh=

gg+ ' iig m�ln dKo	 m�l � $	 m�ljn ?ig$ nl	$ n k�m 	 m�lj ' f +;146,

ggi ' iigdKo n dKo	dKo n m�l 	 k�mjn ?ig k�mnl	 k�mn k�m 	dKoj ' f +;147,
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gg? ' iig m�ln dKo	 m�l � l	 m�ljn ?iglnl	ln k�m 	 m�lj ' f +;148,

E| uhdvrqv ri olqhdu lqghshqghqfh/ hdfk ri wkh fxuo| eudfnhw idfwruv pxvw ydqlvk/
ohdglqj wr wkh uhvxowv rq wkh lqwhulru grpdlq +frh!flhqwv ri in�=

g m�ln dKo	 m�l ' $	 m�l � mPl '

������
$	��

$	�2

$	��

.
+;149,

zlwk mPl ' wkh lqwhulru wruvlrq yhfwru ri glvorfdwlrq 50irupv1

gdKo n dKo	dKo ' � m�l 	 k�m � dXo @

5
7 ��	k� ��	k2 ��	k�

�2	k� �2	k2 �2	k�
��	k� ��	k2 ��	k�

6
8 +;14:,

zlwk dXo ' wkh pdwul{ ri lqwhulru fxuydwxuh 50irupv1

g m�ln dKo	 m�l ' l	 m�l � m[l '

������
l	��

l	�2

l	��

.
+;14;,

zlwk m[l ' wkh h{whulru wruvlrq yhfwru ri glvfolqdwlrq 50irupv1

m[l sk|vlfdoo| vhhpv wr uhsuhvhqw d gl�huhqw nlqg ri �wruvlrq� zkhq frpsduhg
wr wkh wruvlrq 50irupv uhsuhvhqwhg e| mPl = Wkh m[l frpsrqhqwv ghshqg xsrq
m�l dqg l> zkloh wkh mPl frpsrqhqwv ghshqg xsrq xsrq m�l dqg $= Nrqgr ^4:`
ghyhorshg wkh wkhru| ri glvorfdwlrq ghihfwv edvhg rq mPl/ zkloh lw dsshduv wkdw
m[l fdq uhsuhvhqw glvfolqdwlrq ghihfwv1

Wkh �uvw wzr htxdwlrqv ;149/ ;14: duh suhflvho| Fduwdq*v htxdwlrqv ri vwuxfwxuh
+rq dq d!qh grpdlq,1 Lw lv wkh odvw htxdwlrq ;14; ri h{whulru glvfolqdwlrq 50
irupv/ g m�l n dKo	 m�l ' l	 m�l ' m[l/ wkdw dsshduv wr eh d qhz htxdwlrq ri
vwuxfwxuh ydolg rq d surmhfwlyh grpdlq/ zkhq l 9' f= Wkh 40irup l/ gh�qhg dv
wkh deqrupdolw| 40irup/ fdq eh lqwhusuhwhg lq whupv ri d frpelqhg h{sdqvlrq dqg
urwdwlrq1 Wkh frpsrqhqwv m�l fdq eh lqwhusuhwhg lq whupv ri urwdwlrqv/ zkloh wkh
frpsrqhqwv k�m fdq eh lqwhusuhwhg lq whupv ri wudqvodwlrqv1
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Dgglwlrqdo frqvwudlqwv fdq eh lpsrvhg xsrq wkh Iudph pdwul{/ olplwlqj wkh
jhqhudolw| dqg dssolfdwlrq1 Zkhq wkh qrupdol}dwlrq idfwru/ �/ lv fkrvhq lq vxfk d
zd| dv wr irufh wkh ghwhuplqdqw ri wkh wudqvirupdwlrq wr eh xqlw| +ru d frqvwdqw,/
wkh deqrupdolw| 40irupl ehfrphv }hur1 Wklv vlqjoh frqvwudlqw rq wkh ghwhuplqdqw
fdq eh lqwhsuhwhg dv uhgxflqj wkh jhqhudo Fduwdq frqqhfwlrq pdwul{ wr d surmhfwlyh
Fduwdq pdwul{1 Lq vxfk fdvhv/ wkh glvfolqdwlrq 50irupv/ m[l/ ydqlvk1 Li wkh
duelwudu| Iudph pdwul{ lv orfdoo| frqvwudlqhg vxfk wkdw wkh Fduwdq frqqhfwlrq
pdwul{ lv dq hohphqw ri wkh ruwkrjrqdo vwuxfwxuh jurxs/ wkhq l ydqlvkhv/ dqg wkh
Fduwdq pdwul{/ ehfrphv dqwlv|pphwulf/ zlwk k�m ' � m�l = Wkhuh duh wzr w|shv
ri D!qh Fduwdq pdwulfhv1 Wkh �uvw w|sh lv dq hohphqw ri wkh pdwul{ jurxs zkhuh
m�l ' f= Wkh vhfrqg w|sh ri d!qh wudqvirupdwlrq lv dq hohphqw ri wkh pdwul{
jurxs zkhuh k�m ' f= Riwhq wkh vwuxfwxudo jurxs lv fkrvhq dv d Olh jurxs1

D sxusrvh ri wklv vhfwlrq zdv wr suryh frqvwuxfwlyho| wkh h{lvwhqfh ri m[l /
d yhfwru ri �h{whulru� wruvlrq 50irupv zklfk/ lw lv vxjjhvwhg khuhlq/ vkrxog eh
sxw lqwr fruuhvsrqghqfh zlwk glvfolqdwlrq ghihfwv/ urwdwlrqdo vkhduv dqg frkhuhqw
vwuxfwxuhv lq k|gurg|qdplfv1 Wklv yhfwru lv }hur rq hxfolghdq ruwkrqrupdo ru
d!qh pdqlirogv1 Dqrwkhu sxusrvh zdv wr irfxv dwwhqwlrq rq wkh Fduwdq pdwul{
ri fxuydwxuh 50irupv1

Wkh pdwul{ ri lqwhulru fxuydwxuh wzr irupv/ dXo> fdq eh frqvwuxfwhg iurp wkh
nqrzohgjh ri frqqhfwlrq frh!flhqwv/ gdKo n dKo	dKo/ +zklfk uhtxluhv wkh xvh ri d
vhfrqg gl�huhqwldo surfhvv,/ ru dojheudlfdoo| iurp wkh �rxwhu0h{whulru� surgxfw ri
� m�l 	 k�m =

m[l sk|vlfdoo| vhhpv wr uhsuhvhqw d gl�huhqw nlqg ri �wruvlrq� zklfk L dp
wu|lqj wr sxw lqwr fruuhvsrqghqfh zlwk glvfolqdwlrq ghihfwv1 Uhfdoo wkdw Nrqgr
kdv ghyhorshg wkh wkhru| ri glvorfdwlrq ghihfwv edvhg rq mPl =

Wkhuh duh dovr wkuhh htxdwlrqv ri vwuxfwxuh rq wkh h{whulru grpdlq +frh!flhqwv
ri ?, zklfk duh jlyhq e| wkh frqvwuxfwlrqv=

g$ nl	$ ' �k�m 	 m�l > +;14<,

g k�mnl	 k�m ' �k�m 	dKo> +;153,

glnl	l ' � ' �k�m 	 m�l > +;154,

zkhuh � uhsuhvhqwv wkh h{whulru fxuydwxuh 50irupv
D uhpdundeoh uhvxow ri wklv frqvwuxfwlrq lv wkh idfw wkdw wkh pdwul{ ri lqwhulru

fxuydwxuh 50irupv/ dXo / fdq eh frqvwuxfwhg lq wzr zd|v1 Wkh fodvvlfdo phwkrg
xwlol}hv gl�huhqwldo surfhvvhv igdKo n dKo	dKoj / zkloh wkh vhfrqg phwkrg lv sxuho|
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dojheudlf i� m�l 	 k�mj= Wkh rughu ri sduwldo ghulydwlyhv frqwdlqhg lq wkh dojheudlf
+h{whulru, h{suhvvlrq iru wkh lqwhulru fxuydwxuh i� m�l 	 k�mj lv rqh ohvv wkdq wkh
fodvvlf h{suhvvlrq exlow rq wkh frqqhfwlrq frh!flhqwv/ igdKo n dKo	dKoj=

H{whulru gl�huhqwldwlrq ri wkh pdwul{ ri lqwhulru fxuydwxuh 50irupv |lhogv=

gdXo ' �g m�l 	 k�m ' E� mg�l 	 k�m� n Em�l 	 kg�m� '

EdKo	 m�l 	 k�m�� El	 m�l 	 k�m�� Em�l 	l	 k�m�� Em�l 	 k�m 	dKo� ' f

Wkh ixqgdphqwdo uhvxow lv wkdw wkh pdwul{ ri 50irupv wkdw irupv wkh lqwhulru fxu0
ydwxuh pdwul{ lv forvhg$ Lw lv wklv idfw wkdw ohdgv xowlpdwho| wr wkh lghd uhodwlqj
wkh Hxohu fkdudfwhulvwlf dqg wkh frpsrqhqwv ri wkh fxuydwxuh 50irupv1

Lw lv lpsruwdqw wr qrwh wkdw gxh wr wkh sduwlwlrq/ wkh h{whulru fxuydwxuh lv d
forvhg +lq wklv h{dpsoh d vfdodu ydoxhg, 50irup � ' �k�m 	 m�l zlwk

g� ' �kg�m 	 m�lnk�m 	 mg�l ' nl	 k�m 	 m�lnk�m 	dKo	 m�l�k�m 	dKo	 m�lnk�m 	l	 m�l ' f>

lv forvhg1 Dv l lv d 40irup iru d vlqjoh h{whulru yhfwru/ / wkhq wkh 50irup � lv
h{dfw1 Wkh h{whulru h{whulru fxuydwxuh 50irupv fdq jhqhudwh d Pd{zhoo0Idudgd|
v|vwhp ri SGH*v Vhh Dsshqgl{ E,1

Erwk wkh h{whulru dqg wkh lqwhulru fxuydwxuh 50irupv fdq eh pdwul{ ydoxhg
ghshqglqj xsrq wkh sduwlwlrq ri wkh Iudph1 Hdfk fxuydwxuh pdwul{ h{klelwv d
vhw ri vlplodulw| lqyduldqwv ghgxfhg iurp wkh frh!flhqwv ri wkh Fd|oh|0Kdplowrq
fkdudfwhulvwlf sro|qrpldo1 Lw zrxog dsshdu wkhuhiruh wkdw wkhlu duh wzr vshflhv ri
Fkhuq fkdudfwhulvwlf fodvvhv wkdw fdq eh frqvwuxfwhg iurp wkh Fd|oh|0Kdplowrq
sro|qrpldo vlplodulw| lqyduldqwv1

Li +lq wkh h{dpsoh, wkh surmhfwlyh Fduwdq pdwul{ lv frqvwudlqhg wr eh hxfolghdq/
wkhq l ' �> dqg erwk � ' f>dqg � ' f= Khqfh erwk wkh lqwhulru dqg wkh h{whulru
fxuydwxuh ydqlvk1 Lqghhg/ wkhq erwk w|shv ri wruvlrq 50irupv ydqlvk1

Rq wkh rwkhukdqg/ li wkh Fduwdq pdwul{ lv dqwl0v|pphwulf +dv lw pxvw eh iru
dq ruwkrqrupdo iudph pdwul{, wkhq l ' f> dqg � ' ��= Khqfh/ wkh h{whulru
fxuydwxuh ydqlvkhv/ dqg m[l ' f/ exw wkh grpdlq frxog vxssruw lqwhulru fxuydwxuh
dqg glvorfdwlrq wruvlrq 50irupv/ mPl 9' f1 Li wkh Fduwdq pdwul{ lv ohiw d!qh/ wkhq
� ' f>l ' �= Wkh lqwhulru dqg h{whulru grpdlqv duh  dw/ exw wkh vwuxfwxuh frxog
dgplw erwk irupv ri wruvlrq 50irupv1
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Wkh prudo ri wklv dsshqgl{ lv wkdw wkhuh xvxdoo| lv pruh wkdq rqh zd| wr gr
wklqjv1 Lq wkh fdvh ri d surmhfwlyl}hg olqh exqgoh ryhu d ydulhw|/ wkh Fduwdq phwkrg
ri frpsxwlqj wkh vljql�fdqw txdqwlwlhv lv htxlydohqw wr wkh phwkrgv ri �ehu exqgoh
wkhru|/ exw lw lv pxfk vlpsohu wr xvh dqg hdvlhu wr lqwhusuhw lq sk|vlfdoo| xvhixo
zd|v iru hqjlqhhulqj dssolfdwlrqv1

<1 DSSHQGL[ E Wkh Hohfwurpdjqhwlf Irupdw

Iru wkh hohfwurpdjqhwlf fdvh/ wkh Fduwdq 40irup pd| eh gh�qhg lq whupv ri wkh
yhfwru dqg vfdodu srwhqwldov/

D ' P�
n'�DnE{> |> }> w�g{

n � !E{> |> }> w�gw ' ��gh�!gw= +<14,

Xvlqj wkh fodvvlfdo qrwdwlrq ri Vrpphuihog/ gh�qh wkh , dqg � �hog lqwhqvlwlhv dv

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

n= +<15,

Wkh frpsrqhqwv ri wkh Gduerx{0Fduwdq0Pd{zhoo �hog gD ' I ehfrph/

I ' gD ' iCDn@C{
m � CDm@C{

njg{m	g{n

' Imng{
m	g{n ' �}g{	g|===n,{g{	gw===> +<16,

zklfk pd| eh zulwwhq dv dq dqwl0v|pphwulf pdwul{ + ru dv d Vrpphuihog vl{0yhfwru,
ri vl{ ixqfwlrqv =

Imn '

5
997

f E} �E| H{

�E} f E{ H|

E| �E{ f H}

�H{ �H| �H} f

6
::8 +<17,

Wkh Wrsrorjlfdo wruvlrq/ K/ ehfrphv

K ' D2gD ' lEdW> ko�g{	g|	g}	gw +<18,

' W {g|2g}2gw� W |g}2g{2gwn W }g{2g|2gw� k g{2g|2g}> +<19,

zlwk wkh wruvlrq fxuuhqw gh�qhg dv/

W ' �d,��n�!o> +<1:,
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dqg wkh kholflw| ghqvlw|/

k ' �� ��= +<1;,

Wkh Wrsrorjlfdo Sdulw| 70irup ehfrphv wkh joredo wrs Sid!dq rq wkh 7 gl0
phqvlrqdo vsdfh0wlph ydulhw|/ dqg lv htxdo wr

N ' gD2gD ' �i2, ��jg{	g|	g}	gw +<1<,

Qrwh wkdw

glyAn Ck@Cw ' �2E, ���= +<143,

Wkh 60irup ri d{ldo fxuuhqw/ K/ lv QRW frqvhuyhg zkhq N 9' f= Wklv glyhujhqfh
dqrpdo| iru hohfwurpdjqhwlf v|vwhpv zdv ghprqvwudwhg iurp rwkhu dujxphqwv e|
^6`1

Iroorzlqj Fkhuq/ wkh Hxohu lqgh{ ehfrphv wkh lqwhjudo

[ ' frqvwdqw

]]]]
�i2, ��jg{	g|	g}	gw +<144,

Zkhq wkh hohfwulf �hog lv ruwkrjrqdo wr wkh pdjqhwlf �hog/ wkhq wkh Hxohu lqgh{ lv
}hur1 Wkh lghd wkdw wklv Srlqfduh lqyduldqw pljkw kdyh ghhshu phdqlqj ohg ^43` wr
vwdwh= �Lw lv vrphzkdw fxulrxv wkdw wkh vfdodu0surgxfw ri wkh hohfwulf dqg pdjqhwlf
irufhv lv ri vr olwwoh lpsruwdqfh lq fodvvlfdo wkhru|/ iru 11<143 11 zrxog vhhp wr eh
wkh prvw ixqgdphqwdo lqyduldqw ri wkh �hog1 Dsduw iurp wkh idfw wkdw lw ydqlvkhv
iru hohfwurpdjqhwlf zdyhv sursdjdwhg lq wkh devhqfh ri dq| erxqg hohfwulf �hog
+l1h1/ uhprwh iurp hohfwurqv,/ wklv lqyduldqw vhhpv wr kdyh qr vljql�fdqw surshuwlhv1
Shukdsv lw pd| wxuq rxw wr kdyh juhdwhu lpsruwdqfh zkhq wkh vwxg| ri hohfwurq0
vwuxfwxuh lv pruh dgydqfhg1�

Wkh frqfhsw ri d grpdlq ri qrq0qxoo Hxohu lqgh{/ N 9' f/ qrz dsshduv wr
eh xvhixo wr wkh wkhru| ri pdjqhwlf uhfrqqhfwlrq lq wkh hohfwurpdjqhwlf fdvh ^7:`
dqg wr yruwh{ uhfrqqhfwlrq ^77` lq wkh k|gurg|qdplf fdvh1 Wkh fruuhvsrqghqfh
ehwzhhq wkh eulgjlqj dqg ule vwuxfwxuhv surgxfhg lq qxphulfdo vlpxodwlrqv ri wxu0
exohqw  xlg  rzv dqg wkh 70vwulqj lqwhudfwlrq ri vxshuvwulqj wkhru| lv uhpdundeoh
^49`1 Wkh frqfhsw +N 9' f, dsshduv wr eh dssolfdeoh wr wkh xqghuvwdqglqj ri wkh
vwuhwfklqj ri olqhv dqg vxuidfhv lq wxuexohqw  rzv zkhuh wlph0uhyhuvdo v|pphwu|
lv ylrodwhg ^<`1 Wkh dsshdudqfh ri odujh vfdoh vwuxfwxuhv lq fhuwdlq  rzv kdv ehhq
dvvrfldwhg zlwk wkh odfn ri sdulw| lqyduldqfh ^85`1 Wkh frqfhswv ri pdfurvfrslf
ylrodwlrqv ri S dqg W v|pphwulhv dsshdu wr kdyh dssolfdwlrq wr wkh wkhru| ri wkh
txdqwxp Kdoo h�hfw ^87`1
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431 Dfnqrzohgjphqwv1

Wklv zrun kdv ehhq vxssruwhg lq sduw e| wkh Hqhuj| Ode dqg lq sduw e| LVVR dw
wkh Xqlyhuvlw| ri Krxvwrq1

Uhihuhqfhv

^4` Duqrog/ Y1 L1 +4<;4, Orqgrq Pdwk1 Vrf1 Ohfw1 Qrwh Vhulhv 86 +Fdpeulgjh
Xqlyhuvlw| Suhvv, 55801

^5` Edogzlq/ S1 dqg Nlhkq/ U1 P1 +4<<4, �Fduwdq*v Wrsrorjlfdo Vwuxfwxuh�/
Srvwhu suhvhqwhg dw wkh vxpphu zrunvkrs/ �Wrsrorj| lq Ioxlg G|qdplfv�/
Lqvw1 iru Wk1 Sk|1 XFVE/ Dxjxvw 4<<41 ODQO du[ly2pdwk0sk23434366
+kwws=22zzz551sdlu1frp2fvgf2sgi2wrsvwux1sgi,

^6` Ehujhu/ P1 D1 dqg Ilhog/ J1 E1 +4<;7, �Wkh wrsrorjlfdo surshuwlhv ri pdjqhwlf
kholflw|�/ M Ioxlg Phfk1 47:/ 466047;

^7` Fdoodq/ F1 J1/ Mu1/ Jlonh|/ S1E1/ Kdqvrq/ D1 M1 +4<:9, Sk|v1 Ohww 96E 66701
Qrwh wkh skudvh �Wklv +, �� 9' f lq wkh Odjudqjldq, fohduo| euhdnv S dqg
W lqyduldqfh11 � Dovr vhh Vfkxow}/ D1/ hw1 do1 +4<:<, �Oliwlqj ri wkh irxu irog
ghjhqhudf|111�/ Sk|v Ohww :7D/ 6;71

^8` Fduwdq/ H1 +4<8;, Ohfrqv vxu ohv lqyduldqwv lqwhjudx{v +Khupdqq/ Sdulv 4<8;,1

^9` Fkhuq/ V1V1 +4<7;, Vflhqfh Uhsruwv Qdw1 Wvlqj Kxd Xqly1 8/ <804541

^:` Fkhuq/ V1V1 +4<;;, Klvwrulfdo Uhpdunv rq Jdxvv0Erqqhw/ PVUL 37;3;0;;
Ehunhoh|/ FD1 Dovr vhh 111 +4<77, �D Vlpsoh lqwulqvlf surri ri wkh Jdxvv0
Erqqhw irupxod iru Forvhg Ulhpdqqldq Pdqlirogv�/ Dqqdov ri Pdwk1 78/ :7:0
:851

^;` Fkhuq/ V1V1 dqg Vlprqv/ M1/ +4<:7,/ �Fkdudfwhulvwlf irupv dqg jhrphwulf lq0
yduldqwv�/ Dqq1 ri Pdwk1 <</ s1

^<` Guxpprqg/ L1 W1 dqg Pxqfk/ Z1 K1 S1 +4<<3, �Wxuexohqw Vwuhwfklqj ri Olqhv
dqg Vxuidfhv�/ lq= K1 N1 Pr�dww dqg W1 V1 Wvlqrehu hgv/ Wrsrorjlfdo Ioxlg
Phfkdqlfv/ +Fdpeulgjh Xqlyhuvlw| Suhvv, 95;09691
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^43` Hgglqjwrq/ D1V1 +4<96, Wkh Pdwkhpdwlfdo Wkhru| ri Uhodwlylw| +Fdpeulgjh
Xqlyhuvlw| Suhvv, 4<71

^44` Iodqghuv/ K1 +4<96, Gl�huhqwldo Irupv +Dfdghplf Suhvv/ Qhz \run/4<96,

^45`

^46` Juhxe/ Z1/ Kdoshulq/ V1 dqg Ydqvwrqh/ U1 +4<:6, Frqqhfwlrqv/ Fxuydwxuh
dqg Frkrprorj| +Dfdghplf Suhvv/ Qhz \run,

^47` Krfnlqj/ M1 J1 +4<;7, Wrsrorj|/ Dgglvrq Zhvoh|/ Q1\1/ s15

^48` Khupdqq/ U1 +4<9;, Gl�huhqwldo Jhrphwu| dqg wkh Fdofxoxv ri Yduldwlrqv
+Dfdghplf Suhvv/ Qhz \run,

^49` Ndnx/ P1 +4<;;, Lqwurgxfwlrq wr Vxshuvwulqjv +Vsulqjhu0Yhuodj/ Qhz \run,
6;91

^4:` ddddddd

^4;` Nlhkq/ U1P1 +kwws=22zzz551sdlu1frp2fvgf2sgi2lqwwudqv1sgi,

^4<` Nlhkq/ U1P1+4<:7, �Dq H{whqvlrq ri Kdplowrq*v Sulqflsoh
wr Lqfoxgh Glvvlsdwlyh V|vwhpv�/ M1 Pdwk Sk|v1 8/ s1 <01
+kwws=22zzz551sdlu1frp2fvgf2sgi2kdpsulqf1sgi,

^53` Nlhkq/ U1P1 +4<:8, �Lqwulqvlf k|gurg|qdplfv zlwk dssolfd0
wlrqv wr vsdfh0wlph  xlgv�/ Lqw1 M1 ri Hqj1 Vfl1 46/ s1 <7401
+kwws=22zzz551sdlu1frp2fvgf2sgi2lqwk|gur1sgi,

^54` Nlhkq/ U1P1 +4<::, +kwws=22zzz551sdlu1frp2fvgf2sgi2shulrgv1sgi,

^55` Nlhkq/ U1P1 +4<<4, �Vrph Forvhg Irup Vroxwlrqv wr wkh
Qdylhu Vwrnhv Htxdwlrqv� ODQO du[ly2sk|vlfv23435335
+kwws=22zzz551sdlu1frp2fvgf2sgi2qyvro1sgi,

^56` Nlhkq/ U1P1 +4<:9d, QDVD0DPHV uhvhdufk grfxphqw QFD0
50RU05<80835 +4<:9,1 Dovr/ 111 +4<::, M1 Pdwk Sk|1 4;/ 9471
+kwws=22zzz551sdlu1frp2fvgf2sgi2upndphv1sgi,

^57` Nlhkq/ U1P1 +4<:9e, �Uhwurglfwlyh Ghwhuplqlvp�/ Lqw1 M1 ri Hqj1 Vfl1 47/ s1
:7<01 +kwws=22zzz551sdlu1frp2fvgf2sgi2uhwurglf1sgi,
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^58` Nlhkq/ U1 P1/ +4<;:, Wkh Idodfr H�hfw dv d wrsrorjlfdo ghihfw zdv �uvw
qrwlfhg e| wkh suhvhqw dxwkru lq wkh vzlpplqj srro ri dq rog PLW iulhqg/
gxulqj d ylvlw lq Ulr gh Mdqhlur/ dw wkh wlph ri Kdooh|*v frphw/ Pdufk 4<;91
Wkh frqfhsw zdv suhvhqwhg dw wkh Dxvwlq Phhwlqj ri G|qdplf Gd|v lq Dxvwlq/
Mdqxdu| 4<;:/ dqg fdxvhg vrph lqwhuhvw dprqj wkh uhvlghqw wrsrorjlvwv1 Wkh
hdvlo| uhsurgxfhg h{shulphqw dgghg wr wkh fuhghqfh ri wrsrorjlfdo ghihfwv
lq  xlgv1 Lw lv qrz shufhlyhg wkdw wklv wrsrorjlfdo skhqrphqd lv xqlyhuvdo/
dqg zloo dsshdu dw doo ohyhov iurp wkh plfurvfrslf wr wkh jdodfwlf1 ODQO
du[ly2ju0tf234343<; +kwws=22zzz551sdlu1frp2fvgf2sgi2idodfr<:1sgi,

^59` Nlhkq/ U1P1 +4<<3, �Wrsrorjlfdo Wruvlrq/ Sid� Glphqvlrq dqg Fr0
khuhqw Vwuxfwxuhv�/ lq= K1 N1 Pr�dww dqg W1 V1 Wvlqrehu hgv/
Wrsrorjlfdo Ioxlg Phfkdqlfv/ +Fdpeulgjh Xqlyhuvlw| Suhvv, 77<078;1
+kwws=22zzz551sdlu1frp2fvgf2sgi2fdpe;<1sgi,

^5:` Nlhkq/ U1 P1 +4<<4d, �Frpsdfw Glvvlsdwlyh Iorz Vwuxfwxuhv zlwk Wrsrorjlfdo
Frkhuhqfh Hpehgghg lq Hxohuldq Hqylurqphqwv �/ lq= Vdjghhy/ hw do1 hglwruv/
Wkh Qrq0olqhdu G|qdplfv ri Vwuxfwxuhv Zruog Vflhqwl�f Suhvv/ Vlqjdsruh1
+kwws=22zzz551sdlu1frp2fvgf2sgi2shupe1sgi,

^5;` Nlhkq/ U1 P1 / Nlhkq/ J1 S1/ dqg Urehugv/ +4<<4e, �Sdulw| dqg wlph0uhyhuvdo
v|pphwu| euhdnlqj/ vlqjxodu vroxwlrqv dqg Iuhvqho vxuidfhv=/ Sk|v1 Uhy D 76/
ss1 8498089:41 +kwws=22zzz551sdlu1frp2fvgf2sgi2wlphuhy1sgi,

^5<` Nlhkq/ U1P1 +4<<4f, �Frqwlqxrxv Wrsrorjlfdo Hyroxwlrq�/
vxeplwwhg iru sxeolfdwlrq1 ODQO du[ly2pdwk0sk23434365
+kwws=22zzz551sdlu1frp2fvgf2sgi2frqwhyro61sgi,

^63` Nlhkq/ U1 P1 +4<<5d, �Wrsrorjlfdo Ghihfwv/ Frkhuhqw Vwuxfwxuhv dqg Wxuex0
ohqfh lq Whupv ri Fduwdq*v Wkhru| ri Gl�huhqwldo Wrsrorj|� lq Ghyhorsphqwv
lq Wkhruhwlfdo dqg Dssolhg Phfkdqlfv/ Surfhhglqjv ri wkh VHFWDP [YL
frqihuhqfh/ E1 Q1 Dqwdu/ U1 Hqjhov/ D1D1 Sulqdulv dqg W1 K1 Prxoghq/ Hg0
lwruv/ Wkh Xqlyhuvlw| ri Whqqhvvhh Vsdfh Lqvwlwxwh/ Wxoodkrpd/ WQ 6:6;;
XVD1 +kwws=22zzz551sdlu1frp2fvgf2sgi2xwvl1sgi,

^64` Nlhkq/ U1 P1 +4<<5e, �Lqvwdelolw| Sdwwhuqv/ Zdnhv dqg Wrsrorjlfdo Olplw
Vhwv� lq M1S1Erqqhw dqg P1Q1 Jodxvhu/ +hgv, �Hgg| Vwuxfwxuh Lghqwl�fdwlrq
lq Iuhh Wxuexohqw Vkhdu Iorzv� Noxzhu Dfdghplf Sxeolvkhuv +4<<6, s1 6961
+kwws=22zzz551sdlu1frp2fvgf2sgi2srlwlhu1sgi,

6;



^65` Nlhkq/ U1 P1 +4<<5f,/ �K|gurg|qdplf Zdnhv dqg Plqlpdo Vxu0
idfhv zlwk Iudfwdo Erxqgdulhv� lq M1P1 Uhgrqgr/ R1 Phwdlv/ +hgv,
�Pl{lqj lq Jhrsk|vlfdo Iorzv� FLPQH Edufhorqd +4<<8, s185
+kwws=22zzz551sdlu1frp2fvgf2sgi2edufhorq1sgi,

^66` Nlhkq/ U1 P1 +4<<6, Wdon suhvhqwhg dw wkh HXURPHFK 63; phhwlqj dw
Fruwrqd/ Lwdo|1 Xqsxeolvkhg1+kwws=22zzz551sdlu1frp2fvgf2sgi2lwdo|1sgi,

^67` Nlhkq/ U1 P1 +4<<;,/ �Frkhuhqw Vwuxfwxuhv lq Ioxlgv duh Wrsrorjlfdo Wruvlrq
Ghihfwv�/ lq M1Q1 Vûuhqvhq/ hw do1/ hgv1/ �LXWDP V|psrvlxp rq Vlpxodwlrq
dqg Lghqwl�fdwlrq ri Rujdql}hg Vwuxfwxuhv lq Iorzv�/ Noxzhu Dfdghplf Sxe0
olvkhuv/ Gruguhfkw/ +4<<<, +kwws=22zzz551sdlu1frp2fvgf2sgi2frshq81sgi,

^68` Nlhkq/ U1 P1 +4<<<,/ �5 G Wxuexohqfh lv d p|wk� +lqylwhg vshdnhu LXWDP
frqi, +kwws=22zzz551sdlu1frp2fvgf2sgi2kdjxh91sgi,

^69` Nlhkq/ U1 P1 +4<<<,/ �Wrsrorjlfdo hyroxwlrq ri fodvvlfdo hohfwurpdjqhwlf �hogv
dqg wkh skrwrq� lq Gyrhjod}ry/ Y1/ hg/ Skrwrq dqg Srlqfduì Jurxs/ Qryd
Vflhqfh Sxeolvkhuv/ Lqf1/ Frppdfn/ Qhz \run/ 4<<</ s157905951 LVEQ 40
893:50:4;0: +kwws=22zzz551sdlu1frp2fvgf2sgi2skrwrq1sgi,

^6:` Nlhkq/ U1 P1/ +5335,/ �Fxuydwxuh dqg wruvlrq ri lpsolflw k|0
shuvxuidfhv dqg wkh ruljlq ri fkdujh�/ Dqqdohv gh od Irxqgd0
wlrq Orxlv gh Eurjolh/ yro 5:/ s17441 ODQO du[ly2ju0tf2343443<
+kwws=22zzz551sdlu1frp2fvgf2sgi2frqwhyro61sgi,

^6;` Nlhkq/ U1 P1 +5333, �Wkh Skrwrq Vslq dqg rwkhu Wrsrorjlfdo
Ihdwxuhv ri Fodvvlfdo Hohfwurpdjqhwlvp� lq Dprurvr/ U1/ hw do1/
hgv1/ Judylwdwlrq dqg Frvprorj|/ Iurp wkh Kxeeoh Udglxv wr wkh

Sodqfn Vfdoh/ Noxzhu= Gruguhfkw/ Qhwkhuodqgv/ 5335/ s14<:05391
+kwws=22zzz551sdlu1frp2fvgf2sgi2ylj53331sgi,

^6<` Nlhkq/ U1 P1 +5335,/ �Wkhuprg|qplf Luuhyhuvlelolw| dqg
wkh Duurz ri Wlph� lq BBBBB +wr eh sxeolvkhg,1
+kwws=22zzz551sdlu1frp2fvgf2sgi2duz�qdo1sgi,

^73` Nohlq/ M1+4<95, Dqq1 Lqvw1 DLIXE Irxulhu/ Juhqreoh 45/ 4

^74` Odpe/ K1 +4<78, K|gurg|qdplfv +Gryhu/ Qhz \run, 45<1

^75` Olsvfkxw}/ V1 +4<98, Jhqhudo Wrsrorj| +Vfkdxp/ Qhz \run,/ ;;1
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^76` M1H1Pduvghq dqg W1 V1 Uldwx/ +4<<7, Lqwurgxfwlrq wr Phfkdqlfv dqg V|pph0

wu| Vsulqjhu0Yhuodj/ s1455

^77` Phwfdoih/ U1 Z1 dqg Kxvvdlq/ I1 +4<<3, �Wrsrorj| ri Frkhuhqw vwuxfwxuhv
dqg Iodph Vkhhwv lq Uhdfwlqj Pl{lqj Od|huv�/ lq= K1 N1 Pr�dww dqg W1
V1 Wvlqrehu hgv/ Wrsrorjlfdo Ioxlg Phfkdqlfv/ +Fdpeulgjh Xqlyhuvlw| Suhvv,
98<09:;1 Dovr vhh= Phodqghu/ P1 Y1 dqg Kxvvdlq/ I1 +4<<3, �Wrsrorjlfdo
Dvshfwv ri Yruwh{ Uhfrqqhfwlrq�/ lq= orf1 flw1 7;807<<1

^78` Phvhuyh/ E1 H1 +4<;6, Surmhfwlyh Jhrphwu| + Gryhu/ Qhz \run ,

^79` ggg

^7:` Rwwr/ D1/ Khvvh/ P1/ dqg Vfklqgohu/ N1 +4<<3, �Jhqhudo Pdjqhwlf Uhfrqqhf0
wlrq lq 6G V|vwhpv�/ lq= K1 N1 Pr�dww dqg W1 V1 Wvlqrehu hgv/ Wrsrorjlfdo
Ioxlg Phfkdqlfv/ +Fdpeulgjh Xqlyhuvlw| Suhvv, 55805671

^7;` Vfkxow}/ D1/ Nlhkq/ U1 P1/ Srvw/ H1 M1/ dqg Urehugv/ U1 E1/ 4<:</ �Oliwlqj ri
wkh irxu irog HP ghjhqhudf| dqg SW dv|pphwu|�/ Sk|v Ohww :7D/ s16;71

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

^83` Vohgerg}lqvn|/ Z1 +4<:3, H{whulru irupv dqg wkhlu dssolfdwlrqv
+SZQ/Zduv}dzd,

^84` Vx/ Z1/ Olx Z1/ dqg Olx ]1 +4<<3,/ �Wrsrorjlfdo Vwuxfwxuhv ri Vhsdudwhg
Iorzv1�/ lq= K1 N1 Pr�dww dqg W1 V1 Wvlqrehu hgv/ Wrsrorjlfdo Ioxlg Ph0
fkdqlfv/ +Fdpeulgjh Xqlyhuvlw| Suhvv, 6<8073:1

^85` Vxohp/ S1 O1/ Vkh/ ]1 V1/ Vfkroo/ K1 dqg Iulvfk/ X1 +4<;<, �Jhqhudwlrq ri Odujh
Vfdoh Vwuxfwxuhv lq Wkuhh Glphqvlrqdo Iorz Odfnlqj Sdulw| Lqyduldqfh�/ M1
Ioxlg Phfk 538 67406851

^86` Wxu/ D1 Y1 dqg \dqryvn|/ Y1 Y1 +4<<4, �Lqyduldqwv lq glvvlsdwlrqohvv k|gur0
g|qdplf phgld�/ Dffhswhg iru sxeolfdwlrq lq M1 Ioxlg Phfk1

^87` Zhq/ [1J1/ Zlof}hn/ I1 dqg ]hh/ D1 +4<;<, �Fkludo vslq vwdwhv dqg vxshu
frqgxfwlylw|/ Sk|v Uhy E 6< 4474601
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